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Abstract: Mercury (Hg)-contaminated soil poses a significant threat to the environment and
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human health. Hg-resistant microorganisms have the ability to survive under the stress of
inorganic and organic Hg and effectively reduce Hg levels and toxicity. Compared to physical
and chemical remediation methods, microbial remediation technologies have garnered
increasing attention in recent years due to their lower cost, remarkable efficacy, and minimal
environmental impact. This paper systematically elucidates the molecular mechanisms of Hg
resistance in microbes, with a focus on their potential applications in phytoremediation of
Hg-contaminated soils through plant-microbe interactions. Furthermore, it highlights the critical
role of microbes in enhancing the effectiveness of transgenic plants for Hg remediation, aiming
to provide a theoretical foundation and scientific basis for the bioremediation of
Hg-contaminated soils.

Keywords: microorganisms; molecular mechanisms of mercury resistance; mercury-contaminated

soil; bioremediation
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Figure I Microbial mechanisms of mercury resistance.
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R refers to alkyl groups.
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Table 1 Different genes in the bacterial mer operon and their function

Genes Coded Protein Location Functions References
merA  Hg?' reductase Cytoplasm Conversion of Hg?" to Hg? [26]
merB  Organomercurial lyase Cytoplasm Lysis of C-Hg bond [26]
merP  Periplasmic Hg?" binding protein Periplasm Transfer of Hg?" to integral membrane proteins [53]
merT  Hg?' transport protein Inner membrane Transport of Hg?" [54]
merC Hg?" transport protein Inner membrane Transport of Hg?" [54]
merF  Hg?" transport protein Inner membrane Transport of Hg?" [54]
merE  MeHg transport protein Inner protein Uptake of organo-mercurials into cytoplasm [55]

merG  Phenylmercury resistance protein Periplasm
merR  Regulator protein Cytoplasm

merD  Regulator protein Cytoplasm

Resistance to phenyl-mercury by efflux mechanism [56]
57]
58]

Positively regulates the mer operon [
[

Negatively regulates the mer operon
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Figure 2 Mechanism of bacterial mer operon resistance to inorganic mercury (narrow spectrum) and
organic mercury (broad spectrum). R refers to alkyl groups.
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goosegrass) (4= Py Ml Heg WAE WAL S5, F 20
R -FE PR A 1R R AL 8 /D T ISR Ab Y 80% 1)
Ko Mg —Leifs L], PGPB FEAL 1 1A £ 48
Yroxt ook 9 W Ik . #E Flh Pseudomonas  sp.
SAICEUPSM" fi& # 1 Jic 5 4t + 5 vh [ ) i &
(Lupinus albus) A4 K, A8 0800 T YIA %
X R AL BT, e I i 5 i 1] (Pseudomonas
alkylphenolica)KL28 RE % i 1+ [& & -3 H 1Y He
U o3 %o A% 4 (Pl atycodon grandifloras) 27 ,
H9d DR AEFE YR N I LR Y, Pseudomonas
sp. AN-B15 BB 3 1 44 & Tl 7 1 FH R AR 1 18
o Hg™ M & fnagEdt, (kA Ifmid
R AP AL RLY, FiRwFsE R, PRM
PGPB XJfE ) R FL R 52 2 AN E 1. BRI,
TERIH PGPB-H WK S8 2 ok 15 Yy TRy, A
HERE T EY, DUl B IR 2% . AH
K, EBERRIEAR Y ECA B M E A, AU
RERE A RUE ok TS Y -8, 3 mT 4R (LR iy 0
FMAT s . Bk, A TR EZH A kA F1) H i
TE TR 4 5 R TR ) e [RGB SR T
T3, DIRFOZ R AR A B YE SoRkT5 g4 +
% EWER T

AL, W T SRE Y SR R ] S A
KEFR, FHERHEY - W S8 2 k15 s+
Bl 2 — YIS AT AT B SR o AR T ol ek D
) b b R SR B R s, DA T e A L AR
AL AR . B, MR, PR E
F M B A Rk PO 0 IR R 5 18 AR AL A
(Bradyrhizobium canariense) L-7AH J&, H#IHY
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MR . ARFFEAR TR E AR B T REroR, Wit
FNFNFHE b AR AR I R0k 5 X R 2P B DA
PURME R BT, AT DA R A - &
BRIk, FWHBEEEm AL P, Nl T
SRR, RIS T X A g T 7E
BT, DRk, R SR A 5 AR T R 2R A
Rk TG e R — - BA R Sk #E .
322 HHA

& AR EL & (mycorrhizal fungi, MF)BENS % FH
THYAR R . 2SR i, wafe ek
BREL . AHIRERSFEME LIRS R o, (L dkmk
KAEG YR, IR MR LMY, HMmTErE
Yy ) 4% Y BT IR AL 2 A5 5, TAE A W) 2k
FOOTOU Al M 5 B B BAE XU A
FI) s FEPIAR F O T A R s A A A LA
T L A 0 o T T 2 4% e A R T, R
A SR e UM, BT, T EE
R B oK TS e R FE R BT AMF
T RN AMF BRRSTERINA S50 T fE A
AT RS OO g oR IR I AN, e g
KN 6 mg/kg AT, MR AMF
ZAEHE T F ML EE (Chrysopogon zizanioides) 1 4=
K Hx R A AL RIS Kodre SEUMEffF 57
BT, 2280 R TS Y dth 2553 B 19 AMF 1 2K (Zea
mays L.), HARF R Rt (439 mg/kg) % & T
RAEFHAE PR FoK . BeFh AMF 5, HHYIARER AT
TEBL AR EEF (TR 22 . IR . BE3), FFAG I 5
W AORE &Y, HIE A 4 5 AR Bk
PRI SR AR e 3 2% V) IE AR G L iX 3R B AMF Al {2 iff
KA, HTHIE SOE BB B,
AT 2 5 R IR I AR RS % bAh, 5
R XT FEZEAH LE , BRI L. AMF 1) 2454
22 B (Lolium perenne L.)AR Z % 5K (1 W e 5 (.
FPewE, MAEH B REAL, BoR i
AMF-A ) 2 A A 2 X6 Al 4 W WAC 755 G 4 Jr X

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

A1

AMF TE5R {5 % + A Wi 2 b iV A
FEOESERE ARG L 4R AR FR R oK R WS B AT
B B 137 R 2 N (= = WL g N ok
S B A W 20 2L HARHLE M N Rf . tAh,
METHGE LR E AMF |, = % bt 3
PEER ARG 7RG . UE Y- B
1652 oKk V5 g L3R —Fh I AR R X A )
B2 7, BTG EAR AN [R] () 1 eSS R R A5
KM EREENMAEY YA S, IFEE%IE
HE A A R 55, DASEBLE A B R AR .
3.2.3 HEREYEERSRIIE

B T AR AR 2 5 0K A 5 10 4 1
RICngnpE mer #2\FORAZIEHE Y, LifE
mAEYI R AR R RE AR, A HETA RO
et EE G R EN Tz —. B, &
TE4LlFF 7T (Arabidopsis thaliana) . 4 %% (Nicotiana
tabacum L.). Zx7J5 F1#%(Populus deltoides Bartr.
ex Marsh.), 7K#i(Oryza sativa)Fl7 i (Solanum
lycoper sicum) & A ) T iE 17 40 TR 45 O\ - 2 D &%
b, DA mAa ) 25 bk 3 SR R SR,
W T A . AR AN Sl ) 2 1) A 1) i 41
22 5 ARK , tRNA TR 51 57 1 25 A 1) dife 2k sl A1
A AT e S BOR R Y o AR R R 2R A AR
AGLO0-1O81 iy 1hb 45 A o 5 B AR 4 A DG AR 0 11 2%
FBE A R, DU O e A ) Hh ks 31
MRBRRIE,

R LR ARG Y, AR
M E. coli Jukr Hh 43 25 it gt oR b J5i i mer A &
N, WHR e RS REE A, KT
Fi5 mer A JE R () MR BCAR B T E A Y, SR
SRR HeCl IRE SN, IbAh, & A merA
LN ) B A (Buxus sinica)’s L8 0 R s B
S KPR #E & R I RE IO FEAHLRIBE R
D7 1A, 20 B mer B 3 DR 2 i 1) R 2 it 2 1 BB S
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AT HLR 24/ A He? 2, Singh S MBI 5
HIAN T mer Bpe 3 K 48 4 B AR Y L R 4L
KIN merBpe % 5L PR AE Py 26 A [ 1) Jit iR R SR vk
JE T AAHE R, T % BEAE P AE K 32 20 7™ F1 P o]
FERIET, R, B IE R WA merA 5L DK
merB 5 K 2[R £ F A7 LK ff B8 A 8 224
o ¥ merA. merB J& K %4 51 (0w R4S
R, @ B0m TR R FURRE S, B3t
DRI AR B I o W M 2 B A TR Y 100 51 R, 2
eI, B2 mer A JE AT merB 36 R 44 5 4R
Jr R, kA S DR R B ) I R R R HLA R
SR N 32, HOGE LR ARG W ) A e U L
Y A= AU 2-3 A5 B, T AR FE Y mer AVB
SR LD i AR T B RS 2 B - S v 1 i I i R
FEMF . YRR R, B BUE R
SORG Y LIENZAEY MY, ZIFsE R,
1) 200 TR P 56 DR i 1 B 5 DR ) T S BROR
s RSN, SR TBERITY
8577 AL

BT REALIER AN, 40T mer RO\ T ik
A Gt R 2 E A merC. merT. merP 3
R, XK FG 32 88 1 RE U R S IR B E AL R A
AHRITH H iz 2 AN PO, 5 merC X
K 2wt MerC 2 BRI MER, %
FLHEAY  MerC BT MeHg Mi%iz

FZES, $ew T RTELIR T AR R = ARG Y
G Sasaki SEMONRESR B AL IR BR AT B

(Acidithiobacillus ferrooxidans)i merC &K 5
ARk B L R A AR He R 22 2 iy
AEFUHY 2 %, IESE T AR B % ia E 1 MerC
TERE LR R Y L 2 He® N W 1 4B MerE
5 3a VA B T8 e ALK FA Lok i iz 2 41 i
JIE5 -, Sone 517N E. coli 1Y merE £:H 5 A
M, KB A merE SE IR A 5 L R UL RS 5T AR
BEEAR, R T H LM MeHg FIRE T,

Z&: 010-64807509

FEXF T 2V, KU MerE fiE i T MeHg
R B F eI T R e iz AR . 405 mer T
5 DKL G R P DA S 200 B S5 26 1 Mer' T A5 B T 48
1A MU TCALR iz 2R IAJEAL A, Xu SFM
B B {55 7 (Pseudomonas al caligenes) H i)
REEEEAIEN merT 538, AN
MerT 25 1 O T #0077 It A B A, 3 m 1
LR I X Hg TN 320 , I 1ok 755
FOTE PR SRR A, AT ORI HE ) B 52 A D 3
JH B GR 454 8 F MerP 1] L5 He* 454, (EE T
MLIR & Tt A4, Hsieh 212030 76 /e
I 2 35 H R ZE A AT 1 (Bacil lus megaterium) i
merP L[, AR I Xk . AT A
A 5 ) 2 PR A W R

FE T P TR B WO AR Y AE AR 5 R T
g - R BRI T, B alE 24
BT R o FEVEA X S LA ) 4
PEWCSCRET, BFFE G0 [RI B A T R A 2
KBS AL, DA PR SE M B 2 B4 R TS
gt ek B py e atE R Rk . Ah, iR
Y IEE ORI SR N Z NN (PO E- TSN
FOR MR, AL HZ AR IR 5 0 H

4 REHREZE

M FORTEA S RGEHILIE AR, e
i PR A A R A OR, X AR
ZR G N S A PR B F R, DRI e 7 A R
TR, ARk, A MABRE L
BHGRITRIINES R T2 R T Jiki
A=Wy (CELAR AR TR | LT B2 DR L R ok 3 7 Y
Fitk, RIMBEORG R ENERE T A
SCPEAN IR T PORBEY R PLE], A5 Sh b
5 (ML SR AN R M DEE) LR R R AR M e AL
5, It THORBUEY RIS AA R
TEAB SR 15 e LR T I, RIS PEAL
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mer e B DR R ) A T2 0T e ) B A

TR M A AT ok 5 e - B 22—
MhEdE . sk, AlEFSE AR Rk o SR,
TESEBR N Z 1T, o500 337 1Y ok 1% ik F 1
RRVGEH S AP T PRGN PEAL , DA R B A
B, SREB R T IORBUEY 1
R T T - 3 R AR IS FRIATY T 1 1 22k R 1 i R
AR, .

(1) A7 H e 5 52 br i AT S . H
B, RTRAMADE LW TR 25 PSR
=, HARRYURBUAE DT ok 15 G e r &
SRR o Nt — 2 s B e, TR
A S BORAE A7 4 1) SE BRI . 1
b, A FTORBUEYIE B 3R 15 Y L
K, IR TR A B A R AR Ay
P, IR R BTR

(2) HIEHIREB RGN IR IMIMNER
BRI R AT RE 2252 R R B R VR A, T
WEAE G NIRRT R B R, T2 5eo)
I8 LIRS RGN, I TR I
FIPEAL, Lo OR A2 R R RR .

(3) Bt “ RIS UBT IR TR ALY 5E AL
ERIT, 3Erp L) He® #E ARG AT BE
BORAUOKEY,, JFH He il A Yy s R 2= 1
I ATREF UM R 3 . DTS Qe KU
AT LIRS B R WA 90 55 1 25 00 W0 B B A (A 3
BB, LIEsRX5 K& He” B HRE Ty . LAh,
BT AWFAEA, FR A AT oK E E
(U s M SR B | A= i iE R AE MU RR SO e A= 1
R R et NIk, A2 B sE X oKk
DA A T BRI 5 T

(4) WREGTRBEEAR T L 50E
2PN ZREGREA IS0, NG
HA B 2/ R BUEE Y M ik, Jf
s AL 2R W18 52 BRI e A0 A

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

BZ, PURTADIAE R TS e B 5
B R T, B A g — 2 BT S A
ARIF K, R BAE BIRL 7 AR AR PR,
SEBIZ T 5 AT AN
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