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Phyto- | o763
mining 2 1
Restiction * 2 Bind-
ing ¥ 3 Reducing ** 4
Active efflux ¥ 5
Chelation 6
Vacuole compartmentation ' * 7
Repair-
ing ®* 8 Transformation and volatiliza-
1
Table 1 Partial genes cloned from bacteria fungi plants and animals which confered tolerance or accumulation of heavy metals
Gene Source Product Main fuction Reference
gshl E. coli ¥-Glu-Cys synthase Cd T&A Murata and Kimura 1982 '
ArsC E. coli Arsenate reductase AsY —As A Dhankher et al. 2002 "
CzcD Gram-negative Cation transporter Co/Zn/Cd T Nies 1992 '8
Bacteria

MniA L. plantarum Mn/Cd transporter Mn/Cd uptake H Hao et al. 1999 ¥
ZitB E. coli Zn transporter Zinc efflux T Grass et al. 2001 2
MerA Gram-negative Hg Il reductase Hg T Wang et al. 1989 2!

Bacteria

CUPI S. cerevisiae MT Cd/Cu T Jeyaprakash et al 1991 %

Zrtl S cerevisiae Zn transporter Zn uptake H Zhao et al. 1996 =
Cd uptake Gomes et al . 2002 %

Zrel S. cerevisiae Zn transporter Zn storage T Li and Kaplan 1998 %
Zhf S . pombe Zn/Co/Cd/Ni transporter Zn/Co T Cd/Ni S Clemens et al. 2002 %
APSI A . thaliana ATP sulfurylase Se A Leustek et al. 1994 7
ZATI A . thaliana Zn transporter In T Van der Zaal et al. 1999 2
IRT1 A . thaliana Fe transporter Fe/Zn/Mn/Cd uptake Eide et al. 1996 % Korshunova
etal. 1999 ¥  Rogers e al. 2000 3

ADTX1 A thaliana MATE-related efflux protein  Toxic compounds/Cd detoxification Li etal. 2002 *
Cdl19 A . thaliana putative metal bingding protein Cd T Suzuki et al. 2002 3
ZNT1 T'. caerulesens Zn transporter Zn uptake Pence et al. 2000 °©
TgMTPI T'. geoesingense TgMTPltlp Cd/Co/Zn T Persans et al . 2001 7
TgMTP112p Ni T Persans et al. 2001 7

PuSR2 P. vulgaris Heavy metal stress related protein Cd T Zhang et al. 2001 *
TaPCSI Wheat PCs Cd T&A Clemens et al. 1999 3
NiCBP4 N. tabacum Cation channel Ni T Pb A Arizi et al. 1999 ¥
MT-1 Mouse MT Cd T Brzezinski et al. 1987 %
ZnTI Rat Zn transporter Zn efflux T Palmiter and Findley 1995 ¥

A Accumulation H High affinity S Sensitive T Tolerance
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tion As As' > As"  Hg Hg" -H? o o' —>a" Zn 85%
e 15% * 358
CAX2
2 Ca*  Mn’? 4 Cd
Mn®* Samuelsen  *' 1998
Bioavail- Fe FREI  FRE2
ability Fe
50%
67 ZIp
Arazi  * 1999 NCBP4
Nt-
“ Organic acids Amino CBP4 Pb Ni
acids Phytochelatins Metallothio- 1.5~2.0 Pb
neins "% 50% 90pmol/L, 200pmol/L Ni
Ni Ni
NiCBP4  Ni
Ni LCT1 ¢DNA
LCTI Cd*
3 Ca 2 Song 2003 ¥
ATP Yefl
Yefl Pb  Cd
Yefl
3.1
De La Fuente  * 1997 Pseudomoas aeruginosa 3.3
Nicotiana tabacum L. Hg merA merB
Carica papaya 35S Hg MerA
10 Hg'* He' merB CH;Hg"
4 2 APY He’ merA Rugh *
1996  merA 35S
merAPe9 50 ~ 100pmol/LL
U “  Pickering ¥ 2000 HeCl,
As™* Au’
As 5 As merAPe9 500 x 107° mol/L. Hg’*
As’ Hg
As B
Pb*  Au®
Rugh * 1998 merAl8
3.2 yellow poplar  Liriodendron tulipifera
He’ 10 10pmol/L. HeCl,
CPx Hg' lpg
ATP © NRAMP 7 CE °7 ATP g CH; He™ merAPe9
ABC 43 / 35S merB
CAX®  AMHXI ® 2pmol/L CH, Hg* 7 MerA
merB 10pmol/L. CH; Hg*
7n CH; He*
ZATI Zn 200pmol/L © i ERE0 s 9w 7 A Samol/ € Hel v/, journals. Heie. cn
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merA merB

GSH
30%

7-Glu-Cys
ACT2p
ArsC

Arsenite

2~3

SRS1p/ArsC

3.4
3.4.1

61

69 63

ao

o

MTs

CUPI

14.4 ~ 85.0 pg He- ¢!
Hg
merA  merB

Hg

» APSI¢DNA ATP

APSI

Brassica juncea

27 60

100%

ATP
Cd
Dhankher

2002 " As
FEscherichia coli
ArsC SRS1p

ECS

Arsenate
ECS

SRS1p/ArsC ~ ACT2p/v-ECS

17

Cottonwood

ACT2p/v-ECS

MTs MTs cys
Cd Cu Zn
MT-like
MTs

MTs MTs
Cd Cu o
MTs
300pmol/L Cd
MTs 100 ~ 200pmol/L Cd
10pmol/L Cd
oleracea

64 65 B .
400pmol/L. Cd

25umol/L. Cd %

50pmol/L Cd

25pmol/L Cd

10% ~70% Cd
MTs PsMTA
8 Cu®  Thomas 2003 *
MTs CUPI Cu
CUPI 2~3
Cu CUPI Cd
MTs Cd
Cu
MTs
MTs
3.4.2 PCs PCs
Cd Hg Ag Cu Ni Au Pb 7n
PCs cd ®
PCs 7-Glu-Cys , X X Gly v-Ala Ser
Glu n=2~12 n=2~4 PCs Y-
Glu-Cys PC GSH GSH
7-Glu-Cys v-ECS Glu
Cys 7-Glu-Cys GSH GS ATP
Gly — 7-Glu-Cys 7-Glu-Cys-Gly GSH -
ECS GSH Cys o
Zhu "' 1999a E. coli GS gsh2
Cd gsh2 GSH
5 2 7-Glu-Cys 2-Gly PC2
gsh2 Cd 25% 150pumol/L
50% Zhu ™ 1999b E. cli -
ECS gshl gshl
P70  CaMV 35S gshl Y-
ECS v-ECS wT
Cd PCs GSH
Cd gshl
Cd 40% ~ 90%
14d 4%  10%
Arisi 7 2000 poplar
7-ECS gosll  ggs28 7-ECS
30 v-EC
10 GSH 3.5 0~1100pg ¢~ ' Cd
Cd Cd
Cys 7-ECS  GSH
GSH Rennenberg ™ 2000
Cd
»-ECS GS GSH PCs
PCs Cd
v-ECS Cd
7-ECS Cd Cd
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Dominguez-Solis ~ * 2001

o- Ateys-3A
250pmol/L CdCl, Cd
9 Cd  Atcys-
3A Cys Cys
GSH  PCs
PCs Pb
Gisbert ™ 2003 PCs TaPCsl

Nicotiana glauca R.

Graham
TaPCsl
Pb Cd L6
Pb 1572 % 10 ®mol/L
2 Pb
4
30
77
17 56 58 63 75 76
Bennett .
2003
ECS GS APS
6%
Zn  25% Cd ECS
wT 2.4~3 Cr Cu Pb
MTs Plasmamembrane efflux pro-
teins 20 32 33 35 37
PvsR2
0.1mmol/LL Cd PusR2
td PuvsR2
td o PusR2
PvSR2p
CE cation-efflux 4

c¢DNA BjCETI-4 GenBank

Fe Zn Se

80

gene arrays
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Advances in the Research of Genetic Engineering of Heavy Metal
Resistance and Accumulation in Plants
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Abstract Using plants to remove or inactivate heavy metal pollutants from soils and surface waters provide a cheap and sustain-
able approach of Phytoremediation. However field trials suggested that the efficiency of contaminant removal using natural hy-
peraccumulators is insufficient due to that many of these species are slow growing and produce little shoot biomass. These factors
severely constrain their potential for large-scale decontamination of polluted soils. Moreover both the micronutrient and toxic
metal content accumulated in crops determine the quality and safety of our food-chain. By a transgenic approach the introduction
of novel genes responsible for hyperaccumulating phenotype into high biomass plants and/or stable crops uptaking minerals as food
is a promising strategy for the development of effective techniques of phytoremediation and improvement of nutritional value of sta-
ble food through a viable commercialization. Recently the progress at molecular level for heavy metal uptaking detoxification
and hyperaccumulation in plants  and also the clarification of some functional genes in bacteria yeasts plants and animals

have advanced the research on genetic engineering plants of heavy metal resistance and accumulation and on the functional
genes e.g. gshl MerA and ArsC and their genetic transformated plants. These studies demonstrated commercialization po-
tentials of phytoremediation. In this paper the molecular approach effects and problems in gene transformation were discussed

in details and also the strategy and emphases were probed into the future research.

Key words plants genetic engenieering heavy metal resistance accumulation
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