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Bacterial acid tolerance mechanism based on acid signal
transduction system and its applications

HU Tong, LI Shuang, ZHONG Weihong"

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014,
Zhejiang, China

Abstract: The acid signal transduction system can sense the acidic environment and translate it
into signals to regulate various acid tolerance mechanisms within bacteria, helping them to cope
with the stress of the acidic environment and survive the acidic environments. This review
describes several major acid signal transduction systems that play important roles in
acid-tolerant bacteria: EvgS/EvgA, PhoQ/PhoP, ArsS/ArsR, and CadC. The structural
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components of these systems and their regulation of acid-tolerant systems were used to analyze
how acid-tolerant bacteria transduce signal in an acid environment to activate the corresponding
acid-tolerance mechanisms and cope with the acid stress. An in-depth understanding of the
regulatory mechanisms of acid-tolerant systems can help the mining, optimal design and
construction of multiple acid-tolerant parts to improve the growth and metabolism of target
strains in acidic environments. It helps to better utilize engineered microorganisms with super
acid-resistance for industrial production of valuable metabolites, bioremediation of pollution in
acidic environments. Moreover, it also helps to provide novel targets for inhibiting the growth
of acid-tolerant pathogenic bacteria.

Keywords: acid signal transduction systems; acid resistance mechanisms; applications of

acid-resistance systems
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ik pH B ; Na'. KURBE)E: O, MEA KM

Figure 1 Structure diagram of activated EvgS/EvgA two-component transduction system and pattern
diagram of activation-related genes in Escherichia coli ). EvgS functions as dimer, each subunit of EvgS
contains two VFT (venus flytrap) domain, a Pas (periplasm) domain, a TM (transmembrane) domain, a PAS
(Per-ARNT Sim) domain, an HK (histidine kinase) domain, a receiver domain and an HPt (histidine
phosphate transfer) domain. The phosphate group will be transferred from the HK domain to EvgA in a cis
manner to complete the activation of the EvgS/EvgA. + indicates activation; The black boxes indicate the
binding sites where EvgA and YdeO activate the corresponding genes. Drug resistance genes (blue): ermy,
ermK; Acid-resistant genes (red): ydeP; Regulation of acid-resistant system genes (yellow): ydeO, gadE;
Two-component transduction system genes (purple): evgA, evgS; The safA encodes a linker protein that
associates the two-component signaling system EvgS/EvgA with PhoQ/PhoP. H' represents low pH; Na*, K"
represent alkali metals; O, represents aerobic conditions.
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Figure 2 Schematic diagram of activated PhoQ/PhoP two-component signal transduction system and
feedback mechanism for controlling the number of Phop-p in Salmonella®’!. PhoQ functions as dimer, each
subunit of PhoQ contains a Pas (periplasm) domain, a TM (transmembrane) domain, an HAMP (histidine
kinase, adenyl cyclase, methyl-accepting chemotaxis protein and phosphatase) domain, a kinase domain and
a DHp (dimerization and histidine phosphotransfer) domain. The phosphate group will be transferred from
the kinase domain to PhoP in a cis manner to complete the activation of the PhoQ/PhoP. “+” indicates
activation; “—” indicates inhibition; The black box indicates the site that PhoP-p binds when it activates or
inhibits the corresponding gene. SstB promotes ugtL transcription; UgtL and MgtA promote autophosphorylation
of PhoQ and PhoP, respectively; MgrB inhibits PhoQ autophosphorylation; MgtC inhibits the hydrolysis of
protease adaptor Clps protein to PhoP and PhoP-p, so as to increase the number of PhoP and Phop-p. H
represents low pH.
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Figure 3 Schematic diagram of activated ArsS/ArsR two-component transduction signal and activated
acid-resistant gene in Helicobacter pylori'*'l. ArsS contains a Pas (periplasm) domain, a TM (transmembrane)
domain, an HAMP (histidine kinase, adenyl cyclase, methyl-accepting chemotaxis protein and phosphatase)
domain and a kinase domain. The phosphate group will be transferred from the kinase domain to ArsR in a
CiS manner to complete the activation of the AsrS/ArsR. + indicates activation; Black box indicates the

binding site when ArsR-p activates the corresponding gene; Acid-tolerant genes (blue): ureAB, urelEFGH,
hp1186; Two-component transduction system genes (green): arsR, arsS. H' represents low pH.
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Figure 4 Structural diagram of activated CadC single-component signal transduction system and lysine
transporter LsyP in Escherichia coli'*’. CadC contains a Pas (periplasm) domain, a TM (transmembrane)
domain, a DB (DNA-binding) domain. + indicates activation; Black box indicates the binding site when
CadC activates the corresponding gene; The acid-resistant genes (green): cadB, cadA; Two-component
transduction system genes (blue): cadC. H' represents low pH; Lys represents lysine.
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RO\ T S 2 2 A B P, A K pH
KL R R K DL AR e K ST B4 ) st A
FAA RGP, I, CadC RIS =R
W BE () HAAL AR, MR, IRl 5
R4 SHVEB B LysP (lysozyme, Lys)AH G4
i S [RET f 7 9253 (1] 3)

LysP J&— 7l i85 3 fl 15 K[ W Ko (Lys) A
2.5 umol/L], J& FRILMEZIAFIEDY, Hise
B, M7EIE Cad HRMEOLT, LysP 5 CadC
BEEGARMBRG S 5. HMACKUL, LysP
H 2 LR Asp-275 11 Asp-278 Lk K CadC &g 3k
R Arg-265 Fll Arg-268 il i T Wb M K E 5+
LR, SRR, LS AN
FUNEEG /B R S i LysP (478
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b, 804 LysP 5 CadC ZI01 9 %% i M B4R
MK pH BT, LysP 5 CadC Z I8 Y J&] Br#h ir
(AR VR R — 2 055, MIT#E CadCPl,
X CadC i ot % 2% i 235 1l s AR 85 4 358 - i 245
KR, HANERGMEAE 2 ST, 2 A~ F
B REA AR, ESENTN . 1A
SEANLEANLT CadC iy BT, S4NoMY
J MG R, e S 2 AR
g G,  RIK SR S G0 R R,
XF CadC 7 A B S BRIy, BENS B R S AR
AR A, T BRI

T34, CadC Refl o 50T Qw48 s A -+
ompR 1A Bl EAZAE R R ompR B33k, H
LA R s VT i oA B BT, R S0 T B
1% 240 it 14 A= 2= 14 T (Li steria monocytogenes) H
CadC BE %38 o 410 ] i ) B 2 1115 55 K 7 3
IspB 1) 15 Sk [] 422 b 410 o G 2 LA E AL A
(lipoprotein promoting entry A, LpeA)#E [/ il
MR, WESR LpeA #ifE F o RG], i
L. monocytogenes 7E 1 3= 4i il HF A5 LAAE G BT

i bk, RIG5H RS EvgS/EvgA.
PhoQ/PhoP. ArsS/ArsR DI &% CadC X255 1
TN G A ot — D I A T B, AT
FANESREHTHNDLE, MR 1R,

2 BEFERRAGANAERNR
A b9 R 42 1

PR A7 5 e T 2R 0 B PR M PR ) 3 3 52 4%
FA) 8 J65 A RIS 200 TR (A P A T R AL o 200 R TR I 7R
B RS, A S 258 EvgS/A . PhoQ/PhoP 4%
W E T AL B A IR R R 48 DL A
EAMBEIIRE, WA RS ArsS/R 21
VEMRBEA RS, WAL 55 3 ARS8 CadC N2
308 3 YR RS 2 TR O PR AT 47 T ke PO T PR g
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*1 BRESESAZMILE
Table I Summary of acid signal transduction systems
Components Strains Structural domains Activation conditions Activation of related  References
acid tolerance genes
EvgS/A Escherichia coli Pas, VFT, TM, Acidic pH, >150 mmol/L ydeo, gadE, ydeP, [9,18,20,41]
Shigella flexneri PAS, HK, Receiver, of alkali metal and safA, hdeA, hdeB
HPt aerobic environment
PhoQ/P Salmonella Typhimurium  Pas, TM, HAMP,  Sub-millimolar divalent iraM, gadw, hdeD, [23,26-28]
Escherichia coli DHp, Kianse cations or acidic pH or  hdeA, hdeB
anti-bacterial peptide
ArsR/S Helicobacter pylori Pas, TM, HAMP,  Acidic pH ureAB, urelEFGH, [41-43]
Kinase amiE, amiF, hp1186
CadC Escherichia coli Pas, TM, DB Acidic pH and lysine cadA, cadB [47,52]

Vibrio cholera
Salmonella Typhimurium

Pas: Periplasm; VFT: Venus flytrap; TM: Transmembrane; PAS: Per-ARNT Sim; HK: Histidine kinase; HPt: Histidine
phosphate transfer; HAMP: Histidine kinase, adenyl cyclase, methyl-accepting chemotaxis protein and phosphatase; DHp:

Dimerization and histidine phosphotransfer; DB: DNA-binding.

21 BRESESRESZMIERREAIRE
ER

PErh HETA 4 BT 208 IR IR 1Y TN R
Z 5t (acid resistant system, AR), Hi 4l i kg
P -5"-WE IR PLP A58k JI R g FHRH 0L 1Y) [ i i
M AL, FAEAS BRI R R SE(ARD) ., i
F IR T R 22 G (AR2) | K 2 R M3 i 1R 3R 42
(AR3)HI % 28 FR UK R AR G (AR4) . EfiTiE d
IR BN 4 P R RR S AL Bt 7, [R] Y
FEH', GRS i is B 1 HE ) DA 3B Y
AR, WA 40 A N AR IR Y pH TR o

TE R i B2 38 TR, A S R K T R &R ¢
(AR HAED AL T K RPER , BEf
) AR, AR1 RGUEHMAM A RIS 2
R fy-2 3 T TR I s 85 11 GadC AN, PR
T 2 Py BRI R R T8 GadA/GadB il H'JX
oA AR AR -2 T R, GadC & y-2d ik
TE&UFEU\T@EX@%@& R, L RBRIHAER

TR EN AR AN P K B (5P,
GadE, /& AR1 R I E A, ERBT
B R, B 43 R Y R 48 EvgS/EvgA . PhoQ/PhoP,
A e A R T F(regulator of capsule synthesis,

&: 010-64807509

Res) =44 Z 4t ResC/ResD/ResB i i ] 4% 5% B
BenfE e GadE 9FR3E, NIMEGE ART AL
N FEH gadAB Fil gadC 91k, EvgS/EvgA 45
fih % SafA-YdeO ¥R\ T HISRIK, YdeO JEBifi
{A ¥/ A A (arabinose/xylose, AraC/XylS) i 17 5 ,
H A GadE. PhoQ/PhoP NI JE: i % 4% 55 1
SafA 75 H), SafA H EvgS/EvgA #5574,
JE 2 NS EFEBT R . PhoQ/PhoP TG
T — N ERE M raM, %8 A i 2 A
BEHT RssB MTHHEARAMN T RssB X RNA R4
MR Fa E BBt o [AF(stable phase o factor of
RNA polymerase, RopS)fJ[%f#, RopS 3 hNfiE
#F GadE 92155 (H 5). £V E ', PhoP
REME(E HEPUAE B IE#E T IraP PRI PFH I
RopS # [ A%,
i 2 R K BT 2R 48 (AR 2) PR 51 22 PR o AR
B CadA B IR/ )7 e eIz 8 1 CadB FIEA
HNHERIL AL 55> F CadC 41, CadC FEF
LysP MHEAEFT, RE08 B 80 IR 1 PR 5% A i)
FRA AR, IEE cadBA (45 5% . 1D
ITRFFR Y, cadAB S BERIUIERIAF H-NS
M5, 1 PhoP RS ve ik H-NS £ 11 A 5L A
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IraM 'RssB-

GABA -

cssmesssssessseds ...-'

bk

Lys Cad
GABA

BSs HEABHERETRESESAENTERMNHBEMES  Om: S%; Put: JBHE; SpeF:
SRR ES ; PotE: SR/ IZIR; Glu: BREMR; GABA: y-ZIE TR; GadC: A2 R /y-2 5k
TIREER; GadA/B: R ATRBIRM; Lys: #i%MR; Cad: J'W; CadB: BEPR/)MHeiz{k; CadA:
AR RN ; Arg: KRER; Agm: WTHE; AdIC: KE&EBR/MUT HeE52ik; AdiA: KRR BRI ;
CHORWE 5 ORI 3 FRE R 5 08 S0 MBS R A (056 2 002 iSRRI : hdeD . hdeA, hdeB;
H R RAK pH fH

Figure 5 Regulatory network of acid tolerance mechanism based on acid signal transduction system in
Escherichia coli®™. Orn: Ornithine; Put: Putrescine; SpeF: Ornithine decarboxylase; PotE: Ornithine/Putrescine
transporter; Glu: Glutamate; GABA: y-aminobutyric acid; GadC: Glutamate/y-aminobutyric acid transporter;
GadA/B: Glutamate decarboxylase; Lys: Lysine; Cad: Cadaverine; CadB: Lysine/Cadaverine transporter;
CadA: Lysine decarboxylase; Arg: Arginine; Agm: Agmatine; AdiC: Arginine/Agmatine transporter; AdiA:
Arginine decarboxylase. + indicates activation; — indicates repression; White box indicates the binding site

when the transcription factor activates the corresponding gene; Acid-tolerant genes: hdeD, hdeA, hdeB; H"
represents low pH.
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DUER, #i ) cadAB Kik, MZAMRNIREE CadA
WELTHFE 1A HY, Rz B % b o 7 e A — A4
fot, B/ iR 2 | CadB K ) ek
A A R (B S)o Fh ) e L 2 R
LA, CadB A 3 B FP 43 B30 ] %08 2%
SHESS pH T BARRR CadA TE
pH Jy 5.7 B, W& HEEAE, FrLUBARIKS R 58
e FE BRI 38 o B A 3

TN, KGR 22 5L (AR3) I 2 TR A
AG(ARDAEHIT EveS/EveA B%, BATR
Wt B AR S L pH 23510 4.9-5.2 F1 7.0 (K 5)P8,
DL L 4 Fi AR TERR 38 HH AR & AR1>AR3>
AR2>AR4, TAEHA R KAINER RS, 7l HE
JER A AR REE R IEER
22 BESRSASZNFRERERIEERE
AR E1E R

FERRTESR S, AR R BT AS ) pH {H 43 PR
W, AR T T R AR &
PR, SEEARCEIERITE. FFEEE
HNS & #i ' 2% 35 (HNS-dependent expression,
Hde) HdeA F1 HdeB &M Fl/INIY o-1RTEFE
HdeA &4 2 NS 5IRMIE G WG KR
(I: 49-55 AA, i I1: 28-35 AA)FI 3 N ERH
X IR AL Bl C (A:46-51 AA; B: 34-40 AA;
C: 24-29 AA), EATATLFEAL pH B (pH<3.0)
SRANIEYEALSS, Bk ERE
IR PG YRR S o S 7E Pk pH (I, HdeA
il HdeB ¥J2 “RARE A ARG HEARDS, 7R
PEZ T (pH<3.0), BT 2 25 0 T P B
R MK X SRMEE S, BRGNS
4 pH (K Z 2 PRt , HdeA 1 HdeB LAT] &
BRI YEN .

TERWBAFE Y, EvgS/EvgA il EvgA-
YdeO-GadE L DNA 254 5 %8745 KT YdeO
PRIk, IR a7 A S5 S hdeAB 1Y

&: 010-64807509

5L PES(E] 5),YdeO J& T AraC/XylS F i,
S0 FoAh T R B K ¥ %3k, 40 gadBC. gadA.,
hdeD F1 yhiE 55, A A58 K 5 b R
ydeO JE[H 5 2 B A fis F2 il i EveA A1 iR
Peo AN, BEBRILAY PhoP K AT #EW T A 1
gadW ¥4 5%, GadW 15 hdeA J3 3 74545,
SRR AT RS HdeAB #2901 1954 5%
(F 5P, B4 RNA RAEEERALENT Crl
i L P % B % R 3R G 8 (RNA polymerase,
Rpo) RpoS i A LAiE— 4 il hdeAB (4 #3511
IEAk, PhoP BEMS B H:IE hdeD JLIA (1F5 5%
HdeD /& — A (LT REARFN ISR (1, 7 KT
DR 2 B 2 B P AR AR T, B SR R I T AT
FRy i R 01
23 BRIESHSRFXIREKERIIEIEIER
I P 4 R A T SR AT T ZE M L 3
18 B A R 1 2% AT BB EOH: AR K R R AR T
BRMREG . ArsS/R XU 4 Z o v IR g 1) 22 5 L
HEENEM, BRETCHE Bk arsS KK 11
I THETERT TR 58 A8 AR AS BEAE /N BT P9 i Ik e
A | TR THE AT TR P JOR S DR oAy 7 S SR
ST 2 DA IR B (urease, ure) % 5k 5T
ureAB H1 urel EFGH, 45 2 A JIk Jifi MV B 037 F A&
ureA Fl ureB, NI pH [ 145 R Z i iE urel (1%
pH [ 195 /R 23 iH e e IR M 2% 1 T B B IR R it
AL, T 0 R Y AL 23 ) D S 2
76 VE R Bt Ir 0T AU JETR ureE | ureF . ureG il
ureH 7% ureAB Fil urelEFGH A% %1% pH
A IE AR, XA E R 8 ArsS/R XUAH 73 &
BT TR AL SV JH T2 ArsR 455 2] Purea
H Pye JE 8 FE B GEA X I, 1 ) 877 R 5
IR 5E S, T ArsS B IE JLF- 58 M bi T Xt
ureA I urel I BR T K pH AR TRSE,
ureAB FYFESEREE Ni™ B 1 A0 e B (0 38 i i 52
FIEGAATTO, AT BT B R A SR e — AT 3T
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G, — 7, BN SR BERT I e AL sh
PR PR R A AE FE S T4y % ) —Jr i,
WAHBRIRBEAAERSFMET, EXTH TR
HUZSAM . PrLL, BARERT BEE i N JR IR il 1
P ) SR AR (R R A7 . Wen 28U 1% BL—Fipr (1)
JIRBEJR LS, AL ArsR A5 7EHPERY
ZMF, AEBERR 1LY ArsR 4545 %) 5'ureB-sRNA
R shFe s, KIEIEEEEM . S'ureB-sRNA
B—R L sRNA, 5 ureAB mRNA 17
BRIEIC X, sRNA-ureB mRNA WU 12 1Y 46 5
T B A LR Sk o B R U R R R AR, T3
ureB W0 ureB (19 3 X kAT, IREETGPER
[ ArsS/R XiF 5'ureB-sRNA iz % X & i 15 1
. e e pH F, S'ureB-sRNA YR ik %
ArsS/R IEJ¥E ; 7ERTEIABE T, S'ure B-sRNA
(723532 ArsS/R Iy fr 472

WA T T SEFF TR A s 4o 1k R TR 4 )7 S AR AR AL
W oy RGBT D EY 2 —, BARAM
A SR Tt PR il RS 24 1R I 24 16 W] U5 420 F1 RposS .
g L RTIR DRI FR G0 B 1 SR B R 1 1
YRR R T EE, a2 20 IRl 8 42 14 WA
3 R4 ArsS/R AT LI A BTG [ BRAT B L 1
WTEIRITHE

3 ETHHWRAGZHAENT
438 M B R

MR RS ZAFAET M EH, NFL AR
RIBAFIR . TR R A0 [T TR 45, B F
ST BRI A B TR AR ¢ B A BoR Y E
A, BT A R RO T IR AR SR A )iz
TR E S Y BT E AR . IR AR
15 . Wil i St A W A TS 45 T
3.1 MERRZEMERE~EREED RIS A

FURR TR 2 W T8 bl I Uk, A |

http://journals.im.ac.cn/cjben

BEAL . BRI 74, JFRBAEAE A 45 A TR e FH
Tl , e R, (HRFLRRE K
B 23 T A P o 7 v 7 A ) LR B 1 PR V)
TR, BT LA 58 LR A A T R k%o R e 2
AEREREED, BattARemsr, ma
X} 4 A DA AT PR 3R e A T A0 BB T , SR B S 3
WA ZEE B, B0, Zhang 2507
1 7 3L IR 55 Bk 2 TR Ak FL 2 FL 3K 1R (Lactococcus
lactis) NZ9000 (j~4& 2 810 IU/mL)F 5 A T 3k
H E. coli Byl FR 3 K hdeA/B DL K 2 5 41 1 41 Jifd
BE 1) JOR SROME -5 Bl ) B S 5% B T MurG 1Y) G A 2
N, #45m %35 hdeAB, murG i TREF#E, H:
FLIRBERRZ 7 1l #3850 IU/mL Fi
4377 UL, i FHIRTEE ] Lol8 7EANTE %
SR 36 B BE S B A g i ot 2 VORI E R, 3T
KRS AN B A RS E P, Weidmann 2570k
H g B2 B Y T 2% Bk 1 (Oenococcus  oeni)
Lol8 #ifiB LR 7E L. lactis MG1363 HsZ B
Fik, PRI L. lactis TFEFE R AR E 11535 2
FARTE, BB Tk R R A P RE R B T
Ji4bh, B BESEAE Ea d ak A E B P YR
T PR 56 DR g ke 8 v 7 R A= ) ) T R 2 R
AHLR " i, SRS TR AS ) A] L
XAPE AR AL, JFHH S
B, TR R URAR IR , ) TR Tl
Tk Ak . SRR e L 258 RN AR K B i
1, BRARZEAUAT B (Clostridium prazmowski) 2 1.
R T R A - bk, BTE R e R rhi
B2 BB TR 0 B T BRI A RICR KR B
TR A TR — A MERE, AR TR T
2 #%2 1 (Clostridium tyrobutyricum) ATCC 25755
bl B R IA G 1 R PR T T 4 S 3L A hsp,
ST IZ R R T R 2 VA R P .
Hh, K 7 & I (heat shock protein, HSP), LK
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Jor AR, TTEAAE T AR Y, JfE
DB 1 2 11 T E B 4 & B8 Bh AR A & 1
5 BT I A AT R A T AR T RETO

BRI Z A, BRI — R WAtk 2= b kL
Tz TR s A e aiom ek, s
95 1.2 A ) 2 BQ T 82 1 7 (Propi onibacterium
jensenii)ZE 7 IN RIS, 7 AE 7 Je J 25 Tt T PR
Wi P. jensenii A=A HIE DL,  PRLICAE 7= TRIAR A TR
i T o TR R (A 55 A N A 7oK 28 G L Guan 25177
P2 0 A T AR A 2 1R Mot 2 T AR A 2 TR 5 R i
X2 ANSCHERIT R ICER , SR 0 240 Pt 4+ 41
W pH Fa S IRE ST, LLORI P. jensenii H32 N R
it W5 E AR P. jensenii Hid FK ik gwAg
K 2R I 2 e A = R IR OR IR 5 Ak
(arcA. arcC. gadB. gdh F ybaS)Hi5s 1 F##k 1Y
MR RE ST, AR & T X R bl S5
W&, SEMERALL, RAERINN IR
PRI T 22.0%7,
3.2 MERAZENEEMEEPRINA

AL B ML A R T 15 e PR v s A 18
TR S Stk — Ak, Flin, —se A
I 2y ik TR HIL ) ) I T 240 T T LA SR 1k Vs e )
P v A A WD R A, K A 0 v 5 T PR P % DD AR
KB FER TTF T A AT R Y R i an i, a]
DA H 1 4 0 PR M PR %) A B S S

PR T il b o B T2 5 BCHE i B A B
W BRYE R Y B, ER AN A A ML e
) e [ ¥ G BRI 1 rh e 4 R i ) 9 A 4 %
fiftRE 11 o Zhou ZEhE 1 B K T AR FBe 51 ASME
2% 52 R i #2 il (glutamate  decarboxylase, GAD)
WA 2 8 R S 8 S B e R BRIE T 8 (IerE), 42
=15 G W I A S AR5 L T (Pseudomonas
putida) S16 FYTH PR YE . 5 BF A= RUAH I, B GAD
A G ey IrE A0 TAREE MR AT LIZE pH 45
AU ARSI A KRB, A B

&: 010-64807509

FF#i (Methylobacterium sp.) XILW [&f# 2 175
YUy e, AN BRI R, BRI T 40 i
AR SR, BALT R REfRRE . £
DU AT IR ROk B K AR B G A R
RIS TR R R 45 GAD RYTERE, #2607 H 2
FFF TR I A Y T8 B XoF P R ) T 32 7 DA R %o FY B 1)
FffE% 24 h 5 EABERR RS ARBE ) 5
WP R RRA ELER T 10% 2470, 4, 1R
HoAth 75 Y Wy 5 TR R BR TN 32 B8 0, W RE R 2
FRT5 R0 SR B T B6-210 | A SR M PR R
(Pseudomonas aeruginosa) DQS8® LA Kz fils AT 1
(Acetobacter Beijerinck)®, JCEEA BT ok 3512
15 YR AT

R, DLAR TR R T AR A Sy R 1 B 55 v g
AR TH, MTFRWUEFMTAEDER
T EE, WEEGEREYSE, EHEAMT
A AR A A P T TR ML, DT X T 7R ke A A 1 A
WYiie 2 AE H B KTk
3.3 E TR R G W858 & fw TR

BIRPEBOR R 5 AN AETE B BRI A
MR A U, dR UL R T B LA
WITRE . BORME R . AT TR IR 4
ENEA I pH HEEHRE S, BB 2RIt
FLENIRM IR TR E , SR )5 LUBAR A B L5
RPN o a0 R BB BOW TR R S8
X N2 B H A I 2L 2 40 930997 R 57 W 1 s
HAREEE L,

EAMRH B RESES RS, U
BRI BT T 0L B DB AT IR R i g
RN, BRESH S RGEAAETHRE S,
BEAFET R, XER eI HBH
FAL A YA 5] SR, i, Gonzélez
SEBND) R R ETH] ArsRAE g A 1 B T R
YL RIRIT S, T i B T A AR il )
I IR R s i B RN A TS TR e R
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M 25k ATCC 700684 A THREIHEE T 32 fi%5.
PITEGEH PhoP/PhoQ WAL 5 G ARG+
BT F 22—, Cabezudo Z558614
th PhoP/PhoQ I 371 05 A Mt Sk it , A BEAEN
WITIRE LR S Y. Hi, DIRESHS
B BT A B R B LB AT 45 B e R
PRI S5 4 B BP0 TRNA T A BE A, SR B 1/
R T 12 8 T 2 AT AT Y

PRI A T TR T e i PR AT i 40 BTS2
DL SRR R 25 SR BOR TR R A T A 1 AN
J O Z ] etk
3.4  FHEIMER B4R T RY R F

R T A% 58 (T PR 2R 46 e Tt 2 3 47 1 45 411
T I 2 — e 5T i ) B T R T A T
AT R 25 150 A B T T R Rk A A e

[ 1% 5. &' %5 #1 74 (Cronobacter  sakazakii)Je:
AAETE N RS W 18 N ) —Fh s == IR BV TG 2
PR, AT LA AR I N R, U
XPFEA L, REME T R AE | AN A AT IR AT
MNGEE RGP, BOLE SIS 40%-80%,
JERTRERE T EH ML R GG HAE, I
W98 F BT SR I E EOR . T PR SE
ZEIRRW], BRI v A TR P A R R R B
HIHE £ F (novel lipoprotein, nlp) nlpD 7E it 2| iR
Jih A B e TR i I N, A AR B0 TR bR Y T
MRRE I3 R, 78 B RIS TP EA B ) Bow BE
F1. BT nipD BERE RIS ANBERE 25, Ji 0
W, nlpD BE % M 1 1R P4 458 38 J- O 457 40 AR FEE 1)
SeEVE, M4 K BR AE T o 5 e 45 R
WER T AR DY BRI, REER T nipD Y B BR7E BR B
BT 2 M S 50 B 1k A2 BURE IR, BRI A7 BE ) B 3
TR R ST HE AT LUK nlpD 1R A8 AE R
P AT, 3 A BRI O TR AR 04 R T 37 RE
AT I 55 HEAE 78 2 M 18 IR TP AETG BE T, ik
FIFEAREE TR H A,
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Zhu B3 L. lactisNZ9000 2 5 5L K 41 [7]
U5 E A 9T 5 TR AR R T 32 58 1 % VDA G I 4
(recombination, rec)F& A recT i Rk, FRIGAYE
AL TH RN FLER (pH 4.0)AY TR 37 1 Fb BT A= Y T ik
PEET 104 £, BRI A7 TR B A A B 1L
BT T

— LR A R 45 TR 7 AT REAE SR I S A R
PRI 9 R 7 J5 %o 40 A TS IR R S 3 R 4 A
FHo fdn, YARSVEI L. lactis g0 1R
I sSRNA 277 5 L. lactis AR R fE /1 25 U1 AH
Ko T3] pH 5.0 RYEAEIMAR, sRNA [
Tk T 33 miH, sRNA277 AT H
A SR W8 A SRR YthA 3RIK,
DT ) 2 300 1 S R A4 R BR AR, X TR AR
P T R B T ™ AR SRR AR AE T . DL, O R R
sRNA 277, JHHuAe s 1 v i i 1k 1 L B L 2R
W OTRERER, S TR EEH RN
o AR IS

AR S 5 30 1 A 1 5 R 1) R TEA
AU T T U AR P AT B XOLW T I PR Pl
BT AR S A BE ) o 32 B I XA DL
PJE ST B i S s, ARAS AT R TR A
PR FH S 4% A i JFC R R R 2 5 o L M A TR B e
/0 57.35%, AHMUAETE 24T 2 26.32%, W1
P& = TR Wt R g 1 B AL T — R B SR . X
Sl R R ML RO R LS M E S
T R 2R 58 SR I FH G 4 N SR

i Bk, ASCHARTR REELEY T
FRSTIR H ) N FHEA T T IH 98 B2, ik 2 FitR .

4 RZ

RSO T X PR AN BT HH R A 5 5 3 R ALY
SER LR TAEHL ] AL , T 200 o] P X 240
FAR ST BR AL A IR AR T, 4z . TRA
b1 figR RS PR 20 BT A TR I3 R A A B — R A S O
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Table 2 Application of acid-resistant system in the field of biotechnology

Field Strain Genes Method Results References
Construction of  Lactococcus lactis hdeA, hdeB Exogenous Streptomycin lactate (IU/mL) [74-77]
engineering NZ9000 transfer 2 810—3 850
strain murG 2 810—4 377
Lactococcus lactis Lol8 Exogenous Anti-resistant ability increased
MG1363 transfer
Clostridium hsp Over express  Butyric acid tolerance and yield
tyrobutyricum increased
Propionibacterium arcA, arcC, Over express  The propionic acid yield
jensenii gadB, gdh, ybaS increased by 22.0%
Bioremediation =~ Pseudomonas IrrE Exogenous More than 90% of pollutants were [78-79]
of environment  putida S16 transfer degraded within 48 h at pH 5.0
Methylobacterium sp. GAD Exogenous The degradation rate of
XILW system transfer formaldehyde was improved
Prevention of Helicobacter pylori arsR Inhibited Survival ability is reduced by 32 [80,85-87]
intestinal disease express times
Salmonella PhoP Inhibited PhoP transcription level
Typhimurium express decreased
Cronobacter sakazakii nlpD Knockout Survival rate increased
Discovery of Lactococcus recT Over express  Survival rate increased by 10.4 [88-89]
new acid lactisNZ9000 times at pH 4.0
resistant system SRNA 277 Knockout Survival rate increased

A9 LE BB o UYL AT TR T A% 240 R 1 PR 2R
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