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Abstract: Soil pollution is increasingly becoming more threatening to humanity, and being in diversification and complication. The heavy
metal pollution in soil has been studied very well. A mass of sequences of transporters, chelators and chaperones have been identified, which
are involved in the uptake, distribution and detoxification of metal ions; while the research of agricultural chemical pollution is still focusing
on the physiology and biochemistry, especially the sulfonylurea herbicides. The research of combined pollution of heavy metals and sulfony—
lurea herbicides is less reported, and just in exploring phase. In this review, the advances in gene responses and interaction of heavy meatals
and sulfonylurea herbicides in plant was analyzed and expounded, and the research trends in the future was proposed according to the present
environmental pollution situation and international research fronts.
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1 BEERHNEENEIH

TV 42 R B 7 R Tt i A R Y, T Lok
B TSR B AT LR 59 4 R T 32
PEREALS], P EE T 2R TR s
HIBREES -

L1 ERBEFRKFAEEILHE

YA —E 78X &R BT MHAT Y
FREIR M R GE, 5 iz RGAE R E 0 EE A
Mo HEEBERSTHEARNERE, — RN REERR
BT RO e iz B B DI R 4 5 , I ZIP(ZRT,
IRT -like proteins ) ZZ % . Nramps ( Natural resistance —
associated macrophage proteins) Z & \HMAs ( Heavy
Metal ATPases ) F k%54,

1.1.1 ZIP(ZRT, IRT-like proteins ) Z ik

ZIP G R —R T EEREEEN, HAE Zn
5 Fe BT BRZ WD T FIE L. B RE] Fe Zn,
Mn #1 Cd % & 8 B T 0¥ 2"", 124576 NCBI LiF
WH ZIP ZE LA B &3k %) 593 N, XS 1)z
FETEBAEYS, HPfRESH X ETHEY
(AR, KREHH ZIP A HEIER &7 8 A
T TE B BS S5 038, NS Fl C—-I #9057 T IS M= o
AtIRT1 55— FORER) ZIP SO ™, B R
AR Fe JLER I FEEZEAYY, J5RE
RIEFFEXS Zn 1 Cd F &R E T HARKIZEEND,
ZRT1 F1 ZRT2 52 AP B rh SRR 9T ZIP S5
B AT 53 5 RIS X Zn> B [R5 Fn Ay 0624 T
ZRT3 BRRILM N Zo> IR RSN, BRI T
CAd* B —EFEF 1% Pence et al®H1, & B ZNT1 Zghg
R EBREEIE Zo™8h, AR FIER) CA A —&
MBI RE ST, XTE—E R L ULH] , FYIX Zn F1 Cd
IR ORI LE B RIS0N, o [FIBBFSR K B ZIP 58
B BRREYRE R 8 T R B &,
O B A AR RN,

1.1.2 Nramps( Natural resistance—associated macrophage
protein ) Z ik

Nramps ZK &S0 —REENEREEZED, M
HilFEX Mn*, Zn*, Cu®, Fe*, Cd*, Ni** 1 Co*4%K
BEZREN™, BT ARAR 8 FHBY @ E A H o Nramps
FIRTEAN TS (Wb AEY S T AP e
JKAEH) OsNrampl .2 3P R H 9 B E /), F,
Nramps Z & P51 AR R RS, i b
HFEH B RIPEER R T 40% 1E Fe = BTELT , )

BIJT H ¥ AtNrampsl.3.4 Fik & b, Hd A
Nramp3 A FZHE T X+ Cd B KCAmEURME:, #H—2
AR ST & B AtNramp3 ZEFU RS IT AOMR 22RO 4R 4
WHRX, HART S 5 T &R B FRKIEREE™,
Chiang et al® i1t cDNA B 434 K3, & )8 &
FREMEY B Nramps ZEFRBKFBERE, B
Tl < R B T B i R R B R R A
1.1.3 HMA(Heavy Metal ATPase: CPx-type ATPase )Z i
P-type ATPase /2 —RHiZEAMEIE, EIFE
FORTE OSBRI  AR P A BRI Th )7 B
— A 8 | 12 M BRI A — KA 40 B B A 4H A
Hod ATP 856 (LS BB AL 5 . IRIEHIRY)
Fi SR R GE R A5, P—type ATPase #7345 I
Kk, ENFERT —RIHEFIERRGE RTE
iz, Hor Py ATPase WA W &R B T H55 .
By HMA1-8 28 8 4~ Py ATPase (Bf HMAs )&
HRI X Co® 1y 5% 15 16 P, Hodh ,HMA2 il
HMAA4 %} Zo* () P85 28 /55 E Y, A 1R Zo* /Y
R A PR IR I s I R PR B EEAEA,
[FE X CI L HA G, Verret et al®BFFIH,
KIL,HMA 58 B F AR Y R IR A ZE A3 K2
TS RE, XE— R E FRVHAES RS
T HIARER 1] ZEER A i AR
12 EBRBEFHBSIH
HTREHEE B T EHEMRE R, A ER
Ry R PR S T R E SR B LS —a
B S VER , Rea et al™ & BUTE BB} 40 FP R FETEYF
BESNHE T AV ER—RINAAEGELRET
BEIH/ N7, BN E R, HEE S RN ESRE T
BRI EERIRE S Y, AT NE &R BT
Btk MY P EE A SR IR Y S R (PCs ) &
BB H (MTs) A HLBRKE A EEERRE
1.2.1 H4 24 BR(PCs )R EE
YR GIR—EE SRENEREK, KPR
SR 24T % B (Schizoaccharomyces pombe ) F & LI,
EATEAY R B M R MR- e H B R 45
=, ; (y=Glu-Cys ))n-Gly(n=2~11)¥1, PCs &%k
HEZEREBENY, TREELBBEIR T, HE
JoEH BR(GSH) ) B AR M 2L & ARG U A AL T o
HERBETFHEAEYE, BE5 PCs 8T
LMW 259,78 hmtl JE¥ 2 EBERT B AR
W TRl SR B 7 HYC ¥ #5i2 E HERT
FEAWIL AN ;S 7E hmt2 BEFE2 8 A ER T AR
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W, ARG LMW 254 . PC.SF1 CA*FEMRIE N A
HMW &6, 3 B EERIEAN . HMW 5 WX
ARG, A IE 58 T S HMW & A Y A
X EERERE, AN ESEE THRDES .

A, PCs ) %2 e 31 f145 AtPCs1.SePCsl Fi
TaPCsl ZA% 2 H A 40%~50% M AHLF 511, &
185 F 88 50~55 kd . EE R FH IR I AW I 12
R YA PCs F1 GSH & &, 7E Cd 1 Cu AYME5F
BRIRIE T, gsh 1™ gsh29F] gr1PEL 12k B wFa
FEREE, T H A F PCs R Rk ZE , iXFF mRNA
REBSREWHEBRNFINXRRAEEHET
PCs R AR, TETFHFHEY T, £k
WRE R G LR IR OB BB (SAT) iR B b
P8, AT B0 B GSH 1 B, NgSAT i &Rk
FEREH GSH ¥k B B B 42 15 , F-R I XF Ni Co.Zn
1 Cd B, (B EEL R Z WML L,
Freeman et al®HWA\ i FE &M F GSH /- F 1ALk JR
N, AR B IAHE) GSH Fil PCs YIS A K
PR B9VE . T B.i T PCs AJ& 3 N B4R AL A 7=
W, RAE TR A PCs 7388 eSS F B iRk18 PCs £
A BT AR TR S A YRR R IR
ZRNSNF Cd a2, BT DL, HIhRR iR 7 2 i —
HHIEH
1.2.2 &J@ AR (MT)MEEER

EERREAN—AES Cys WS TELSRS
AEA, BEAREESERETERESY. 5
PCs ANl MT 2 E#:H mRNA 3524 p0 B ES
JRFERFE AN, B G H ) MT(PsMTa ) 7E3%4 FC H Y
FRIRIE RS, HXF CdZn 1 Cu ZRE RIFMES
ER, =&/ MT2 ZEEER AR IS, HE R
= T HXS Cd A Cu i 2L

& EmEAEFEF MY A ARG B
RS, HIEEITH MT1a F1 MT2a 7EHAFEHEL
ME, MELSEEFIHEHRE X5 e,
T HAER) R 3 g B Ui MT RAT RS 5 T
&R BT RKia IR,

ERMEAIFARESBR B AEN, B
YRS BB S T3RE , T BX 2R A5 )
THERA W, e An/NEE FIK RS MT 55 (R 78 SR A s
FEYI R Z B DL T ER A T RR,
1.2.3 AU AR

HTF&EET5 S.N.O KR NiEM:, HEER
MRERMMEYRAEBE FEERAE; 5K .

SRR ELIRGFH S 5 &8 TN 324 R N 88 B 1
TEAR BRI IE S, BT IR, #rgeie vl LS Cd> \Ni*
Mo E &Y, ey RN BT,
Krimer et a3 i & HBRN LRI A B, &R 2 Ni
HIZEE ), FFTEARBIR P 5 Ni & 2R A5
W fR—FrE i AR , 2 Feofl Fe* LA 571,
BRI R F YR N B Fe K HE B 5512 Jo ik 1F #
1, WMISBCT Y™ E R A K S A KR SAE
TR e 6 R S LR R © S AEA R P 2l sa
H e,
13 EBEETREIH

ARG B AR B TR, AR S 4
JRLVA B, X — 3 R AT DA R 4 T B TR X B
B RS o AH A R A R AL ) 28R
AW, & BB FEgRE e, 2 5% —
Pl 35 B FE R UER, W ABC (ATP-binding
cassette ) & Jii .CDF (Cation Diffusion Facilitator) & Ji&
F%E,
1.3.1 ABC(ATP-binding cassette ) ZZJi%

ABC BE R — M ERMEHAMMBEERR
B, B A ET R MEZEY S, B RIRZ A
HNFR, SEEN ABC HizEHEE 2 MREGIKL
B 2 MEFRIBRERES X, BE=FH ATP
FAI 7K fifk BB B XTI 5 TP & R AR W) o3 AT IS R R 1B
HEIZ YR ZS S, iR IEH A AR I, ABC ¥
BEABSHNT THERE %, Hi HA MRP
FIATM/HMT P EGEIEYS B T 42 )@ 85 F %18 - MRPs
A PEH BR S-SLHE ™, BERE i) ScYCF1 & H 7T LA
¥ Cd ZEY i B8 AW, T H ScYCF1
3k BE IR AT USSR AR ST Pb 1 Cd (97 32449,
ARG IT H1 ) MRPs H1, AtMRP3 ¥ J Cd ) fif 5 Fl %
iz, i ERE B RSP Cd 2%, 3 A
8 Cd ZEAEWI A AR RE™, ATM/HMTs 2 {R sl
W FEIEER, SREKET LA ZER
CrCdsl 3@ Hs Cd HEH Sobiid, AT b A 552
Cd ) FEEVER™ ™, Kim et al ™48 R 3, ARSI
HiafEH AATM3 7EAEY 40t Cd F1 Pb fyAb3E)S K
TR KV B, T R RA R T AR
Cd [T 321 o SEIP 2458 B BF ) SpHMT1 "W 5% iz
EHZH T Cd-PC E-SW AR A BRI s
PUL
1.3.2 CDF( Cation Diffusion Facilitator ) 5 ji&

CDFs %2 ARG Z #2548 MNP
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AR, kL8R Ak I R 4 8 R B T i b
Wi, 40 Zn* Cd*,Co™ Ni*55 557 H 4 i S HE Hh 40,
BT AT, MBI T 5 —1 CDF
B EAEREPEIT P E AMTPL(ZAT)™, K2
WX Zo* ()RR S T Zo A - A A T,
Hid &Rk SRS TR Zo® 5T 32 MR kN
) I E B, BT E&RBHERF A hdleri 1
AhMTP1 % 2235 & B 8 & 35 8 s T &,
AhMTP] #i2 B H FEERERE D RE, FENR
I FERE P R B,

2 EBARFEREF R EE M ELH

T DR IR 288 B 591 5 e ML A O AR I L, ZE R J
TR BTG T, O A AR i i i B
B B FEA BAE VLR P-450 A+ SRR R
Mo BETEIRIEBRE A VE FIFEAR 2 Z BEFL IR &
(ALS)/ZBRFE TR A B (AHAs ) 5551 Gl 3 1 47
HIFYI ) ALS/AHAS, BH 11 2 S 5 (N iR .52
AR FE M) WA B, BN B 5T 40 53 241 5]
DNA &l , A 202451k, i EBEEE
G1 1 G2 BB MW A KM ARG T ™, 44
SR R SR B, ALS SRR LIRS BRI 1Y
ME—VE FSERR, (B2, FIERNL SR — , e EiR 5
YEHEFEAEGZ M, A% ALS 305150048 B K 24 Bt
ALS HIFIBT NIRRT B ARRER A, BFFE SR
PR A faE JEEFHEAR S FHEL
PR R R A EZ S, BRATPT ALS i
FIFI A2 EHE DS EFHE] 99 R, Har gt 45
4 B B A7 A R o LA A ] — PR BES] . 7E P-450 7
T, #RAE 400 KW FHE 28 ik, (B 1 AE —/NE
Sy T REAS R I6 IS,

3 EGREEBRXREFNESTEAR

THEBRIEEH S MEZ LR, &
RIV 2 Mhim gt R — S R R 5 3, BRI 55
e, (B i TR BFEAAFAIGR BRI, IRTR 2
BHE TARERER T3 A5 Qe 7 B AR R P i o
A ZSBUN, T LA ) i R B SR SR HE A5 e 7 ) HE
PRI R SR AR IR b R T BRI 5 Qe 5

TR SRR LR EEP TESREN
RSB RAT T, /N A VB  EOKAENT Cd
A 2% Zn BN, 3R Zn BESIN T
HI%t Cd MR,

17 it % 4 4R TR V0K 4 TR 5 TR R 2 ok 25
BAE TGV S R, 0 KB BEIR I R 5
H5E£RENESTH R ML EERANEMRCES
— TR, FEXTRE B IR S B 55 R w5 B e (BSM)
4395 Cd #1 Pb M A 75 4ext IR A0 2 A s
Heel R B BSM 5 E 4 B A B MR B,
BE L RIAFE— R IR T X IR IR, 55—
JIEFER T BSM [ FEARETE], THAEXT BSM 5 Cd &
A 15 G KRB AE K A i e o R B, 0.1~0.2
mg- L™ ) BSM BB PR K REXT Cd BT BT e ; 0.4~
1.0 mg-L™ /) BSM BB HINEAR #RXF Cd B+ iRk,
BHIMH T Cd B F MR B E ; T
2BSM 5 Cd ¥4 FEGE WK BB, X /KR40 2
HIEEER .. X—45 1%, 24 BSM 4 F—E ik E
BRI B, T DA AR K R AR Y Cd B B vk B, B FR i
EBK Cd B FRRES WA ZEAR T ; 1 288 2 3 — vk
R, N5 Cd B E B MR, B hnxs K #E iy
i, FTIL,BSM 5 Cd B &5 Jx Y Ve 2
FHEMIRE TR R0 R, HEARFREE
154,

4 HRREE

TE B 4 38 B VR LT T, BE 3 R A
FHEYBGRR D, BoRME N E SR E R RLEY
PRI, 24 CENGER#IT 500 2R, XAl
AT A B AR RE SR A AR AR
B0 BAE YD , ST AE % B R A IR, S AR
Wik i AR RS LRIR I T R AR ST
OB, FEIR T R AR A. lyrata G
L, B2HF 3115 Zn Cd R R A BCE Aok
FE R BEGARICT T, oAl BE 1 {5 800~3 000 MAHK
HN HIX LTt FEAE P E SR AN RN E S
JE BB AL b, T AEAE Y X B R S BRI B
BT 52615 S AR IR A AL R 2 LR Wi 192 0 T A BF 9 3
Ab TR B B, DT A A THIRGETR

AVERTAOPIE C ZIER , BE R SIABIRERR
B [ A7 R AR B EARRN , BSM fE— WL T,
5 Cd B 174 T HEHTR0, T 7E i Xk BE s X
5 Cd BT B RN . X 24 SRR B BSM w] LI
s K REREAR T Cd BT 3244 , I 7] BEFS K RE AR S
Zhxt Cd RFRETAENLE . E SR SIEBEIRISER T
AR SR 1 B RO AR 5 DR S 28 B 5T SR I S
FRIE R TT
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BE& T REZE DR 2L RISk, 28 A \RNA T4
ERRK R SRR, DL — BT AR A 1Y
IS PRI, ANBAE DK B B B TR R
o ERBIFRMAE S B SRF . BATSEREITAERE
“EZR BARB RSB T, 2T T A RIS A
TN EEE Cd SEABARIEHRFSN BSM £ 5153
A ZE N K OBESE R E B i B M 55 5
A RIR R BATRAERE TR AAR itk —
NS R I D RE AT IRE, IR A E SR S
TAMEAR SR BR R 2515 YL AR M B IR B & BL ] , o =
HMSEE R AT Y B | E PR TS Y pn v A
PG YN NE R R RAEAR L PR % 25
RAE A BISIRIE
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