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Advances in research progress on acid tolerance mechanism of Gram-

negative bacteria mediated by molecular chaperone protein

7ZHU Hao, LIU Nan
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Abstract The tolerance of microorganism under acid stress is of significant importance to the growth and indus-
trial production of bacterial strain. When the bacterial cells are exposed to the external acid environment, proteins
in periplasmic space are under higher acid stress and are thusmore susceptible to severe damage from acid than
the intracellular protein, and these are also more susceptible to severe damage from acid than the intracellular
protein. During the acid-resisting process of Gram-negative bacteria, in addition to the intracellular decarboxylase
system, the molecular chaperone can also participate in the identification and protection of the space structure of
protein as an important "correcting" mechanism. This paper, reviews the current researches on the function,
structure, acid-resisting mechanism of variousmolecular chaperones, including HdeA, HdeB, DnaK and GroEL.
Finally, the research progress of the acid-resisting mechanism among Gram-negative bacteria is summarized.
Through in-depth investigation and analysis of the physiological adaptation strategy of molecular chaperone to
the acid stress environment, this study can help to conduct physiological property modification of target strain
and improve their viability and tolerance in acid stress environment, which has its important theoretical and prac-
tical significance.
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FEAR A 19 J o 2% (] i R ML A AR A DG i 4
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1 BAR=ZEkRES FHERNEHERIEE

L1 R 2P R R e 6 25 H
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W 3% B8 2 1 iR Iz 2= AR N DR A, AT B 22
I A& ML, X 2K T AR B I A S S i
FEIIE B, BRSO Ay AR . AR DI RE 1
PR 32 2 PR 50 88 11 70 (Hsp70) AR AR 5 85 1
60 (Hsp60) K F % : Hsp70 5 #4337 & 09 & H i
T WRAE AN B K XA B S A L BT Ik e
[A] 55 AE 2™ s Hsp60 W) [ B I8 UM 3 4544 , 1%
AT B A AT ATE P AT A RO AT
FIT A 19 5T AR AT E A AT il 7% 1 DA i3 3 7K
ATP A F) T 58 e 28 19 B 4 8 2ok A8 b B B Y RE R
TERIGBRAE S, B EZE S5 8 523 [ R I
IV (453 T PR R HdeA \HdeB , 641 , 75 —SLIE R 14
4N Picrophilus oshimae ', H GroEL  DnaK ZH h% %) 43
TR R M |, [RIRE AT 72 ATP (9 BB T & 45 5
PR Ji o s 8] 2 1 B SO RE o
1.3 FZWREGSTHIEEH

Hsp70 /2 — 28 It 4 i A B AR LF- iy
A=Wk b S B EL AL R DRSF AR ST 2
JBi o Hsp70 H1 45 kD N-7K i #% 11 B8 45 & 25 44 35k
(nucleotide binding domain, NBD) 125 kD i) C-7K
Vit JIS W) 4t A 45 K I (substrate binding domain,
SBD)ZH ™', NBD HA 454 FIK g ATP 1 2IRE
H PSS 235 R 3 (TR D) 238, 9 1 I 45 g Js S
P2 o 4 A5 (TA TTAJIB TIB) . #E LRI
P45 K 1 (0] A R85, BT R &5 65 L s T3¢
BEMIRIR . A[R AM S EREE A ROT 75 5 Hsp70
AR B FUBUOE ST & O A0 e 2 A B
B 55 0 S A SR A R SR AR W T RE
Hsp60 7 7E T T A7 1Y J5E A% S A% A ) 8 2R A4 AT
A JEAZAE M Hsp60 22 R 5% A
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H LA Hsp60 B :UAF7E , Hsp60 7E LML AR SR X S5 L)
BRI SRR R A BRI 3 2 TR D e
Hb I EAUMH AL T 2 5 RAE S U SO
IRE , 528 R GBI A G TR 2 BT
Hh, S PR % UIAH G R IR S 2 AL 45 TR T Hsp70
) HdeA/B . DnaK F1J& T Hsp60 1 GroEL 4%

5% 22 W1, HdeA 1 HdeB J2 8 15 40 14 40 i £
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2.2 GroEL %142
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HAR, BIOABMRAR G o 3 FEes: &R
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Ee {f )\ GroES-GroEL B A B K . 244M 5t
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T, TEZHTA T DnaK & THKR S M 70 5405 , B
NBD LA K SBD Wi Z5 #4938 . ATP A7 4% & & , DnaK
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B DnaK Af DL &5 HOW 2LIRR 9 it 32 /K7, S5 8 46 58
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Zo N X ML A 8107 R P PR AR 5. I AR R i
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4 J7 sk H %2 T2 (global transcription
machinery engineering , g TME ) 28 4 MU FliE AL 4
R s R B SRR OGRS E 2
BE 2 A ARG SRR A5 S AL SO R SRoKCF LA
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iy T v ok 3R 3k H-NS kDR 3 i % i 21 2% T
7R, H-NS ] PP 22 i R AL ] ik DR , 5 250 4 i T
W2 fig 717216 , W HdeA \HdeB . HdeD, iX % W] H-NS
S KM 35 A TR 1R 3 2 i 2 1 R 45 1. Gao
O L S B PCRAFHIAR fE R A 1 MG 1655
P AL H-NS S AR RSO, ARARTERR PR R T 1
PR AR K RE ) f 35 2 i AT 79 T AR, 9% 72 Y T R
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— Pl 5 SR A M R H-NS ZRAE (R ] i 3%
WG AR2 3 15 L I HdeA F1 HdeB , M T % 31 42 155
RN 3525 TR T PR R 1 699 LAY
3.2 ABC#:iE /K

ABC ¥z & (ATP-binding cassette transporter)
Je T A s R b e R — 28z ik, iz o
i T IERAE Y B ILF e i Rl K
0 ABC Z 5 e iz A 2 5 T 4 1, o A B
ATP K i BT R RE DR RS IR . ABC 5%z (R4
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A2~ NBD 41e FLERFLERER 7L Tolk A& el A v
o3 R R R LR S A TR PR AR 7 0, 5 ) 4
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A BAR G By, BRI AR ™ 7 Zha SFTERL
FRFLERA L. lactis NZ9000 it %35 ABC #1214/
4 Ffr 3£ A RbsA . RbsB . MsmK 2 DppA , 45 5 i /R
4 Y FAH PEARFRE IS T AR K 2 h R R AR R R
FETE R B 7.0.10. 3.163. 3.2, 0%, 55 %40
2RO S 7 4 R R A TR T R R IR A SR AR Y
A TR AR R 0 25 M R o 4 PP ABCHE i (R M
F 3t 22 K AT I 2 i LR FLBR A P R . AT L
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3.3 HAMEHRERAEES

B 22 ] B e A A IR 4R LA T BN Y
FE DA 3 3 8 T 3k 4 5 PR] (98 i 2 A T LA A A
XTRR TN 5Z o RpoS A& — B R Mie f2 07 1 35 2L 4%
PRI, T ORI e S e i TR 6 PR ) 3, BRI ALk g
T L v LA R R PR T R Bl i A
i AR 2% B TR AN Shigella flexneri 4B i 2
PR S | 3 ATK 240 P RS 3 s e L ) 1A AR B
0 i LE A7 BE JT 5 GadEWX™ | ResB K2 K15V 23 5% 1)
AR2 &2 H GadA Ml GadX 335, 78 K IR 745 1A
Escherichia coli K-12 MG1655 T fi & GadEWX 3%
T SR A AR ORI R |, Gad EWX 5 [H (1)
Tk GadA I RIKXZIEH K, GadEWX 1 w5 Al
BT R AR R PR PR BT T A7 258 5 76 il R BEER TR Klebsi-
ella pneumoniae CG43S3 W SR ResB 1] 1 25 B IR IR
R 38 B R AT R I TR GadA FE K Y 2238 5 41
ResB 5 KvhA B2 X 1 0] 4% HdeB . HdeD #1 Y{dX,
AT 52 ) 48 B4 440 6L P ) TS T2 R T 5 K 3% A T
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RGP EUR A SR LN, S SRR
P 5 PR 5 i e i PR F T 4, Fur i PR i) 2 0 4
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HREBE T Tl A= P B AR BIF 5 i PR ZH
3 L 3 MR R 2 e SR 2L T TE A A R
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) T P A 358 ) R A O 2 4 80 o R P AR o 3B i
Eb 58 43 B 20 Ak TR ok 5 B 4 R TR R A0 B 4 4 L R K
2l 16 PR 28KV LA SR S 2 KK S 2R B
T 7 T S R ] A5 PR AR B A PR AR R 3 R
ML SE R ERE TS BN pH R BRI

PESAKOE (B BF AR BRI 61% ) , TR W38 T BB A=
AU TE FRAF 15 R 3 15 39% , LA, WF 53 v ks BN %
FE AU TR, W AR AR 8 1 Cg1328 4
Jil 53 248 1 FisE/X BE Wi BR & BB Fas 73 1F15
HscA %, it —BWt5cte s, i S A S-S S
DNA ££472E F1 (KatA-Dps ) /-5 B9 P4 375 1 S0 B
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AN 500 RE % U W) 2 55 43 G R T T 1) IR 7 1
AT 37 RV 2 2 T 4 G2 R R T TR e R A 3L e
L A Bl O G B A A R R s R A B
T IV SR, Sk TR A AR 1 T & B AL T — Tl 4 Y

,EE\E%LWO
4 BE

20 BT A A S R R B T i KRk
TE L2 A 0T HIL R SFe O X & R ) R . e iR
PEFREE TS 40 B 200 A A i R AL i 2 4 A G TS
JilaZ—. HHGE M2 fh 2 5w R B R 4
(AR2-ARS) . 4fl i ] Jit = 18] 73 5 £ 15 /9 15 H]
(HdeA \HdeB) , A A7 22 ol SR RE TN B0 22 15 7]
52 1) 210 T 200 L P T R ML (H-NS L ABC transporter
ResF ResC &%) , 3 SEHLHI A9 & X T IC iR 42 Tl
AR B A 340 2 i R BT A 7 BE A e R B
A B e AR 1 5T A) AR AR P A A i 1
TELS AR P TR AR ST AT o 1 AR XS
R I 38 PR 58 1) A JLEE W SR, LA SBT3k 26 01
PO 00 B R R A7 A R B R, $2 8 T BR AR TR
PRI BRI T B AE I BE 3 AN 32 1%, T 5893 &
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