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Abstract: Metals like iron, copper, zinc, and manganese are trace elements essential for the
survival and growth of diverse organisms. They influence the protease activity, immune
response, physiological processes, and anti-infection mechanism in organisms. During bacterial
infection, the host can limit or increase the availability of metal ions in the internal
environment to inhibit bacterial proliferation. Meanwhile, bacteria have evolved various
transport systems to adapt to the changes in metal ion levels in the host. The metal ion efflux
systems exhibit distinctive efflux patterns due to variations in the structural and biochemical
properties. We reviewed the available articles and our own research findings about the bacterial
efflux systems of iron, copper, zinc, and manganese ions, aiming to provide an overview of the
progress in the research on the regulatory mechanisms governing bacterial metal homeostasis.
This review of metal ion efflux systems across different bacteria highlights the adaptation that
enables bacterial survival in diverse host environments.

Keywords: metal ion efflux system; bacterial infection; metal homeostasis; regulatory mechanism

BB AR RN AR O 3 A B AR AL
W R R N AT AN R, 4
B T B = A A T SO AR S R R
AR, AR SOV R L AR R
MFRE LS . S R LIg R
T L4 T VAR by i TR 1 e R ) R R o
SR 25%, AR EERE N BN B
EEA LGRS A, 5w E A A P
ORI ORI s R B X (S T U LR (S
FIL BB . (555 S M 5L

TERRGLIYIIA], 4 A o SR T 32 A 20
AR M PR oE a4 s B A U Al A
Mk ASMEG RS T, A S s TR,
YedlaE , BRI e 1 Al BB A S A
B X AR TRt I EEPEAE T, SR A R A, AL

40 5 75 P 4 (reactive oxygen species, ROS)HY)
AN SEEAA L. &EE
FIEE AL SE g B D15, I, SEARE
FRPEZF BT B v, Rk K
B I8 241 L B < & A FH AP W o
LI, T8 TR RG T AR LU 5
HAARNFR PR AN, /) FUSRGL 6 S AT
WG, MW RGENRIEEIUR, A4S
WERREFFS, BArk N, B FEHEEPE
PUR AL H P O AR -, AR /MA N
AT 5 R PR s W B 4 R i R R, 1
DU AR D4 78 32 20 23 20 i i) (] o ) P 46 T 1
AR PEI AN R A R TR — B ik
T FE A3 PR AN e T A TR R
HU, B R A AR N Ik S TR R NI B AR Ak

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



674

DONG Xinnan et al. | Acta Microbiologica Snica, 2024, 64(3)

KPS BT, RS IR R E K, HAE
05 240 0 fin AR BB T35 S 500 T E— 20 4 i) 4
PR3 5

TR A R 4 R EE R AL S 2D R 4 )R A
BEAL, AR 4l 20 B 25 4 43 25 At AR IR T v
ML 240 i 5 TeT W R AL o) 0 240 L 1 5 i 2 L
T B O A s 1 o W S s i)
SJRIMNEEN . HEESEAREN . 248
FEAVAE T B 20 it P 3 DX AR P AR
AN pE 4 R HUHELEI 2 —E R 2, &R A E
A4 JE A HEEE 3 H i MerR B¢ ArsR/SmtB
e SR DR 1 SR B % R A LR R KRB
MerR 21 [m] 540 368 2ok 4 Jes A6t 1 1y 4 52 A5 Ak
QN ST = ) Rl P D L4 22T O 1 Y
ArsR/SmtB KR [FIEYI AR 2455 4 & 25 Bl il
s

YA ) 4 )R AN HE R G 45t 2 2% HoAR 5 T
1B, BRI AN 4 T8 B vk BE R AR AT,
I 2 PR T R A =2 G PH A T Y 4 & AN HE &R
GiA WD 25 R o A 22 TR M T 7 2 P R A )
JoT A B S S A, R A JE o () B o R ik By
SRAEGRINEOEN NGB E FiiE
f R ) st s A REANHERR 1 CzeD KRR
T Bz B A Rl B, SRS G s
1 Czel 455 B WEARE S, M HESMEE N
CzcCBA #%iz Z /MO i # % 1 P B Hh i 41
HERGAS R 2 T o, R o AH W Ak
HE#E 1 . M8 48 SME R G A S FF
ERNERE T, JFHESRRSHE. Kl
J1. TS Bl KN RT G g5 2 Jf R K A5 T TR
AHELFZW . A SCH LUE W4 T8 B 18k 4.
BEFVER R, T 2 I R A 2 e e R
MXRIMERSE, T4 s M ER SR T
ek, A BT 2R AT 4 4 B A S A
2 B AH 24 F AL

<l actamicro@im.ac.cn, & 010-64807516

1 RIHER SR

11 BEBIRSHEALKEFRERG
ileS]

BREAEYR P RBAENI SR, WiE
JHfL S A 85 K L PN 8 KT B A R R g 1 T
[ R OCHAE T o BRe F I B MR KR |
PR T A R = ik 2 (8] 0 AR A 0 R 4
SRR R A 1/ 22 ) R e b Al R Y
L I 240 L YT 7 4 T S % P — 1 D B 5 s e
LR B R AT A kv SR i IR i
JEEXH R W SOR R T e Sl A B A
WEUEFRIUR WS RS AT M, X AES
B EWE, HEEMR R, B
AT g VR DU TR R A R MR N Bk s A
Y IR s, , FF15 T NADH % fLi§ 2 (NADH
oxidase 2, Nox2)FIZ5 4 f## b J b Jm &R L ROS
FEA U AT R BN P AR AT T . T 4N 1
AR 2 MR R PUETE T, X 5K
32T P G R RSB S A S =
Wk, Jaz by 2 40 T I A O 8 SRR IR A kI
R AR A 20
1.2 HAEPEESHHEBEFINERSIERE
MRE MM

Wit 5 T 24 Bk 0T A TR Y R kAR A A
PESFWE ISR, AR A T R e o A rh A T
MaEocR, SHACMEE ., FIA . S
BLHIRE 2 DT o THI X e 2 40 B R A3 1 T B
G ANATRE B0 B SRR AS, fRIE R 88T
RO A B AR, R B 1k v Bk
5 R A LA A A, R H AT RAT St
LR J5 W]

BRI B RITEAE 4 RERAMER (A 1),
(1) P B ATP g2 f 75 5 4 i N8 o5 2 13 R )R Jot
EHMEAREE, H=80am: 6-8 4



WK | AR, 2024, 64(3)

675

Extracellular space
. @ ®
e ©

00060000800
Cell membrane

Fur/PerR

Cytosol

E1 HEPEENSKIIMERGEBREE
Figure 1

P BB E A L) TM Z5 A4 580 . ATP 255 45 44 duk
FAnf R A AL 2. Pip-ATPase W% 54 )@ 5
THBH R REY], Piss ZRE OTEA # 2
PR A Ak A R I ) 25 oA
FRER RN A 21 2 R0 i A R TR 55 40 B B 3
P BRIMHRR P, JX SEBL DR % K P32 Fur By
PerR Z & FAYE, 1A TR SEAL N R
AXEMEM . (2) e TP HUe W7 R %
(cation diffusion facilitator family, CDF)J& %4
i A rp sl A Y B R s E P A, HUA
ZhElEL Vs En, FEASTE . B
AR I, 2005 4F, KIARAH
(XUFR R AP N CDF KK & 1 FieF (YiiP)
VE B A IMHEER B DL 22 A 240 81 Bk W38 Y % i
B ARARGER BARBUAYEE N Fur 2K
Q€20 T P e ERER L EGl /R SENDE 2SS

Diagram of iron efflux systems in bacteria.
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Figure 2 Diagram of copper efflux systems in bacteria.
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