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ME HYELSKEPC) BRETHEYET. SHYRBESBRMWAXAREY  EPEEREHESYR—
XESLREBOESTFRALLSY. BETRIEH. PCs AR HRKGSH) AEONRBRER MG R, HE
RS HXEENEL AR UYL FNETEKPCIBRSPCs ERAXNNLITEE. HPESKE
ESBLRBETFESHRBELSFEIMWESY UNKEEAZHARAFARRS BS540 THHE
DESRES RN EDEARNBEHEINELSFREOAMWESY AMEANEZRESRAHADHGEE
R, MEYEARERESYNEH VSR . EERERESRMENASHT THR XS EH
BMRFEBE T —LEFE.
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Phytochelatins and their roles in phyto-tolerance to heavy metals;

A review

CAI Bao-Song'?*, LEI Mei’?, CHEN Tong-Bin’, ZHANG Guo-Ping 5 CHEN Yang’
(1. Department of Agromomy, Huajiachi Campus, Zhejiang University, Huangzhou 310029, China; 2. Laboratory of
Environmental Remediation, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciencess Beijing 100101, Chinay 3.College of Agriculture and Biology, Shanghai Jiaotong University. Shanghai
201101, China). Acta Ecologica Simica,2003,23(10):2125~2132.

Abstract ; Phytochelatins (PCs) commonly found in plants are verified to be closely related to the phyto-
tolerance of metal heavy. Phytochelatins and their complexes are low molecular weight (LMW) complexes
which are rich in cysteine analogues. It has been proven that PCs is synthesized through enzyme catalysis
reaction using glutathione (GSH) as the substrate and regulated by relevant genes. Genes involved in PC
synthesis have been isolated and identified in the mutants of Arabidopsis, a model plant widely used in
genetic study. The PCs in plants can combine with heavy metal ions to form LMW compounds and then be
transported into vacuole via symplast. The LMW complex may combine with another molecular of PC to
form high molecular weight complex (HMW ) with lower phytotoxicity which leads to alleviate the
phytotoxicity of heavy metal. In this paper, chemical structure, bio-synthesis and genetic regulation of’

phytochelatins and their compounds, as well as the processes and possible mechanisms related to the
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alleviation of phytotoxicity of heavy metal are reviewed.
Key words :phytochelatins (PCs); heavy metal; phytotoxicity; tolerance
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BESBELRELBRN-THEMNFEREY, ELREFIH - THRE AYRSRALF T HE
SERINAE KRS MBS PMBESE . BARE AR, B HPEKBHNIEIEPERT —FEMNE
g, — Y EAUBRBRNEL RN, HREPRESBAEZENS THE, FREFEREMIT
BAATAUNBHEYHRSESHE ATERAYAESRAR FTHERAEME ™R N FTREH
AERFEREGATERAENEYMEEHRAEEE .

PHAMMY L AYRAESBREET—NA 3 MU O B X E S /87 6 RN, A T # 5% 4H
ZAAHES,QELAMEK(GSH) B HEBNTERESF N FHEeY . URERREBESMT)H
HYEARPCHERUAESELRBRATABED @K = 4 (compartmentalization ) {E 3 , B3 R A
BE4RMERTHYNETHM ATSHEEPHAH MR ABMESEY. PCs RPN EELR
ERTrEN—RER.NELREFRESENBRRB. CELRYRBARTLIBRPRERAEIERAN. PC
MELRFAENYERESAE FHEAHMYEE SHRANYPCEEEBREAY . REREIRENS
MB(EEIER .FTRXETLEAES AMTARETFAESREFERERKRIEDBBEIWMNEE. &
TEEME TiHR PCs LMW i HMW SEPRESRBAMNEXRUE PCHMEYM SRS EANAE.

1 PCsEEBHE | |

BNERYPERBEFRRESRESK OIMTHPCH, BIEESER S PCs ERARAH AT
#j B 5§ (sephadex G5O FHER S REH FRKBHETRENLZR . THEMNXF 4 HHDE S K
(PCHO WA TRHEYESKESYHMWREL2 TERADMESRESHBOAMWII FER, MT R—&H
EHESNEHN. EIERERNBEITFRER . TESERERRELINRARSESRGSERALTERRSE
BAY MNMBEESREE. RAMERSAYTILEIAREN —KELRE G KR PCsH,

BEMCI"HARYE HXSPCsEAHER LMW ESYW. K o)l BEEEAEAT . HABR
P R, B T 7 HY /Cd* ¥ 1 #5532 & 3 (antiporte) M E AT A MM A S & ko2 RE B BSOS
THABEARKE LMW ESY.PC.S AC ERBEAERHMW B4 B ZERRAY HMW
HAMTHEHYNEERE AP EREIFR HMW B4 EY 2 FEERET . “ENEERE TH
RS,

2 PCsRyMAETER

PCs R—F kRt EE SEARMHERMARNIHBLR. 2 TR -BA 1. 5~4KD, AR XA, PCs
B 5H LR HEHSFE -Glu-Cys)-X(n=2~11.X BEKHE C-REER, BE 2R 5 B C-HEE
B [E B9 PCs, 4+ 81 B . (7-Glu-Cys ).-Gly . (7-Glu-Cys ),-Glu, (7-Glu-Cys ) ,.-#-Ala, (¥-Glu-Cys),-Ser 1 7-
(Glu-Cys ), B,

Gnll 2L IHEF IR ER D AE 200 pmol/L Cd MY ¥R R (Rauvel fia serpenting) PEKST B
) Cd-EEY. Mt HPLC KRMEEH A s e RESY. 4 TEA 1. 4KD, H7E 220nm 4L R Y
W, KRERH IHBEANEOGFHER.AERAITERABNIHEESY HEALEHY  (NH;)-
7-Glu-Cys-7-Glu-Cys-7-Glu-Cys-Gly-COO~, — 8 HEECIBANABPLRENIIREKESY K2
BB (Cadystin) , BH Cd SERBERUESH ., Gekeler VB INBEESMANAKEDPIERAX
B AAACIEREILHAESREEEHL BENRHFLAEAYHN 200 2 MR P LRENAKRE
HNESRESY . FEREL 7THYE S (Phytochelatin) S, 4 FH KN : (V-Glu-Cys),-Gly (=2~
11).8E % PC,.n 48 7-Glu-Cys B EHE ', Mehra F'E I .Cu 3B HFREMB (Candida glabrata)
R PC MIMT . Kneer F G E BB HKEHFR TR AFLECURE. ESPINEBRARK NE. ERED K
S EXBER HENNESHYPUEL T PCHTFEGRD,
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RARLEHT R X HETHBEOFHSEE I EREXAFOKARERERY . PCEFYT Cd-S
NIBHEN 2.5240.02A ¥, Manccnza 5 R ENHEBI L EBRAFERHR PCESYEREIN,CAPC));
R—MAHEMENEAY .CAPC), EAYF S—CI—SHEBMA 175. 7 BERH 2. 424, Cd(PCy), £
—FHEWREARIAEHNE S BETFUTRETEANEEMEKAPR.CI—S FHRKHR 2.6A.
HMW 5 LMW W8S E LM EA TR ERESARE T HMW X BEMYFRE Cd(PC), BT ]
ASTHAEY LMW BEELHRYFER CAPC) I THhAET S hagHm.

1 EARMPIEYEPCs ERMAE
Table 1 Types of PCs isolated from different plant species

% %) MR ARAHNOAY EEHFHENEY

Types Structure First identified species The relevant plants

¥R K (Rauvolfia serpentina) , B (Nicotiana) . £ 8 PE
(Y-Glu-Cys)-Gly 8 B K ( Rauvolfia B (D. metal) .5 (Phaseolus

PC
® (n=2~11) serpentinag} valgaris) ., & K (Zea mays) . T Wi (Lycopersicon mill) \ H
W5 (Brassica oleracea) WI/NE (Triticum linn) 54 Py 913
{T—Gl ‘“C }n" ‘Pkl <. {Ph f —_
B S E2 PC u-Cys),-B-Ala G ' aseolus G B (Leguminosae)l1617)
(n=2~7) vulgaris)
(?‘Gl "C )H‘Gl
BFAMAE PC ¢ zu ;;S ’ E XK {(Zea mays) E K (Zea mays)yLid1e]
“: A
(7-Glu-Cys),-S
WAk PC ¢ 2u 43;5) . KB (Oryza linn, ) I (Oryza linn. Y07
n — —
. (-GluCys), EXK (Zea mays) B |
mﬁam P(./ ( —--3:--..4) (Armﬂrﬂffﬂ E*(Zf‘a mays)‘ﬁﬂﬁ (Ar‘morﬂf!ﬂ gafrfﬂ- ){2‘13-21]
" rusticana)
. (7-Glu-Cys),-Gl (A ]
AEMEX PC e " ﬁiﬁ rmoraca BEAR IR (Armoracia gaerin. Y121
(n=3~4) rusticana)

3 PCsRIEWRRERAE

PCs R—ERBBEAAN.EFIHRERANABLFEZR. R ERTREFNAR
(Schizosaccharomyces pombe) PRI MG A EXEMHE . REXNILELHFAHEYD SRR KEePIRNERE
HE - SRHAEY PRI RN,
3.1 PCsHWEPDSRE

RAEFRIEE,PCHEME R GSHYHEYWBERMESR. B1 2 PCAEYERE—-BEE™.

B4k 7-GCS fK#k ATP 4 Glu # Cys B8R 7-Glu-Cys, A5 H ATP RARE, K H K& XM GS)
£ 7-Glu-Cys ¥ C- R HFEE —4 Gly RE MNTAR— 9 FH r-GluCys-Gly . Bl GSH. XF GSH g
A B PCs. IR EZ¥FEMBE h 78 B ¥ bk T8 KE H KB (Y-glutamyleysteine dipeptidyl
transpeptidase,EC 2.3.2.15), B 1§ ¥y & & BK & & B8 (Phytochelatin synthase, PCS) # £, & B & W
el B ERdBN.PCARMP NKAEHER . ECHAEAESKEME, ZEX Cd® FEHN.C
BMESRMABREMERES AU NSRS REAREN  YBRPFEC N . FSRNBERZIAS
FHRENES S Ca” Cys GARRBFARNTHRGREN. B N REERRFHEAEE. £ N RME
., — 2 FH GSH &= PC 4 .R#MIL T 58 —4r & GSH § WL PC,,PC, kL 5 GSH i PC. &
X3 BEIERMNEM PCr ™. Grill 25838 FRE (Silene cucubalis)MPREEFE L GSH HEYH K

&/ T PC,
3.2 PCs P& MEAE

EMITEBIMANHEY PCs MAEPRSRERHETRE N GSH AP SR AE MY PCS EHm
S, AMTHES S RE LM T I (Brassica juncea)GSH £ 1 & BB ARMNEBEF A PCH
BAYL EMBE TERESOMEEE LD, XIERATLUAZT AT GSH WA S RERKX NI PC EHY
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Glu + Cys e

Q|9 L HICE | gMw e P2

28 - ) .
7- Glu - Cys + Gly hmi 1

d

]

c@ > LMW J 52

GSH .

3~

‘H

PC

M1 PCHEDEREBRRAREINE

Fig. 1 Biosynthetic pathway of phytochelatin (PC) and detoxificationGlu: & # B8 Cys : E P B M GCS. - EM

A B AR A RS Gly: HEBGSH. M H B GS: S H K S KB PCS. P ESR A AWM, PC.HY B4 K

LMW B2 FREAY HMW . B4 T RIS H+/Ca2  E/REmitiaEQ
KA. Chen EAEIHRBIBHWHEARALZR . HHEARANSEREREREGUBEER TIE
WHEAEEAET, IAF— A MERE. TLGETRY S ER LR ERARBEEAY PC AW &R,
ol — RN IEE YR GCS EXWERERAY AL HEL GSH Rl ¥ GCS G s W
frles] PR HRRIET PCS B LAY PCARAFENHER. B IF cadl BEKPHAR RN,
BRZEFEEARGSH WA REHA BB HF ,Hibh FHk% PCS MIiEH#, ZREEM Cd R &8 E R
. FlH cadl REKGE BN PCSHPBRE CAD] BRRBEREAARM G EEA TS CAD]
FREMERE. BRHETEABETARPCSHEN  ERXMETHAR CA B EBY, WH.H
AtPCS1 fl TaPCS1 ZRAAEARFE S R PCs BT R (Saccharomyces cerevisiae) BT RBRE G RER
TREEE & R APk, 17 HLAR 2 K8 Cd*" AR PY PCs A9 B BLS5,
3.3 PCsHEYERERNNTH

HRCAMEXHYRETEPLEHEPC AREBRPINILNMEERE, XERFQES PCHEAMN
HEM el BEMSG STHAF XM o2 ZEH LIRS PC ERBHEXP CADL A,

PCs M LMW # ABRNEBHAEEARE TREREHITHSNER, LAET A Ame] BH &G
f i ABC(ATP-binding cassette) iz B 3 £ shiE Mgt AWM hrr2 HEARE — M REER LY ELT R
B XFEENEARERN ST HARER. TECIHRIRANMARBRIIEN, , BT HMW §E4
PHERENEE. LMW ESPR G LAAS  SS5TARER MW 49 . HHH WSR2 F PC-
CdESYHELARERESES CAAEBRBEHERN HMW B4 . Ane2 B4 BER R EMHREE
TERESFPC-CAdEAYSRPEHILH ST #ABE NTHTHMW ZGHRNER. BiIE &8
AR AERBNAEREYGRTERSBEHNEE T hou2 BN,

e 1989 4E.Grill FMOL A AW R HEMESKARBPCOHORALEE . BEP 1999 & . XMH
ERASINREF BEENEAEES SN/ FE DM ZEERMF AL, B8 0E:
AtPCS1 (B8 CADD) .SpAtPCS1 M TaPCS1 . B EAR G TR 50~55KD, REFHREHERA
40% ~50 % B S ML HE .

4 PCGERASHERADRESMMHERNXR
4.1 PCs fIEPMESRILE
PCs REYEANEERBTYR. Grll ¥RE. £ 10 B EBFHY P .PCs BBE S HTRIH 950008
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CdB?, Verklei] 5 iR WA BIEH Cd ZELF 0 R PCESYERAFE. IRERH, ERMK
ELBEENLCATREAHEDARANMMRE R PLENP PCs B IHMEFRABLONER PC 5 HAKY
WEAEARPSRETHUHBEREHX, AEXEABRT. A MBS~ EEMESK . MAEHHE
) EE P (Y-Glu-Cys),-Gly BES Bk, GRHAY 4 (V-Glu-Cys).-f-Ala BE S K, KEF > £ (7-Glu-
Cys).-Ser KB GBS, Kneer®™ P KITF MY & B 4 N GE & 7= 4 KB A 5] 28 B A9 2 BK , i FF 2 1K
FENAFDFEB PCs,

PCHERBEFES ROLBRETFHYNEETNTNEBAYRAESLBRBBENER >, RBRX
WL O 6pmol/L M CA AT AR PC OIS RTERERLPRERY . BRE EXWMBEHE
PMASEPC, RERHEEEX —KETERERK.PC: SHYRHAFVNXRE . HEEEF .PC 5
B RES TTURPWNESBERAOBEAEE. 0,20 Y PCs-Zn BEESHFEN  IH UK 1.5-
TR BRI E 8 (Rubisco) KB R D Z B W, (AMEFRA,1.5- —REBENBERILE/ I
B HREES. . ZREAN.-RREHEREN . REYRERENME . 2R Cd B ET HEREx
. ERLFHEERIMBE N B PCs-Cd K 10-1000 5!, BN PC:s 5 CuZn BAMNERB T LA RIEEE
HERITHEE. ERKKRCALEHN PC-Co M PC-Zn A Y HESHEHFE S % — A H L8 (diamino oxidase,
DAO ) F1 8 i% 5 1 5% 88 KF B¥ (carbonic anhydrase,CAYY, ZEFFH M PC-Zn 4P, Zn-[(¥-Glu-Cys),-
Gly ] FERBHBISHKENE/NEBYEN. HEREIIERFENHBREIEBEEHEEBNY PCs TEE.
4.2 PCsHERAYEHDESRIINHHEXR

BEXEHEYP.PCHTRESHPHTBEEY LR, AR . FENKRORR JEYS W PCs M5
IH A —FESHPARESREER NS EHX B TEBRAYNARERLZI HEARASHPCs &
fENRM/DFHBRRABEE ., XEAFKREE PCs SHPBEMNXLRD.,

HE AR ER HMW ESYHNER SR MIHXAE R RE? . Subhash %A 4 M E MM A
R, ARG ARERTENBESLEREN. B4 FRES RO 2Ny BE . Muoh
ZUVIMTUER.BRPCH LMW SN IBRERABE BAE~E HMW E S YA RERAEAER
BHRTALFAMEEHHAAFTRRSIHNRENSE. 3—REER . HABHEBOUFIFELERK cadl K
BEARHMW 5459, #— 4R EHR. RBEHESEFEES R PCHERER. HEREEDED,
PC.LMW ZE4%E HMW S4B AR X FIEFMEE, F ABEERREH HMW 495, XE
NAEERESWEEEYTRBIEH UMW ESSHYRBEENEIAEEINXE,

AW, AW HMW B4 S5 PCs R LMW ZEAYWHIERXRRRYEZSIARE., #0 RiE
UHPBRIIES LMW ESS PCHEARIMW EAYNERFTDRR. BARERAPERENREE
HERECHDEANEHSRETFHRE., YN EN MR EE FAEYENESEAE FHIXE
— A HEEHER.IVLESCRETRAEEHDEARY T EIEN LMW ES59.PC A
HMW £ 2 RERNE LIS RAKESHEB FASKENNEAYHNERNFEEYFEH S
(B, X — BN RANRB R EAYRANTELRETE FHNRARKE., PCHEREBKREHYENA
UL SESRETODANESLS AR . PCEERNEDRIESANBHILER. LMW ESY
RPCELREFEARNEA RERMOESAEROB NS . HAESU TR L% EEL £
EHHEARNEBEE5SREF.SS SR HMW 54,  HERRARZAEE  SEX T HEADE
NFENELREF . GHYEANAZSESCRETRIF-1M3I5FH. HMW ES5 P EYHNEERME,
REVYEANESRB TFHTEELAZ—.

R R EEDEENEDENRER. OPCHEREE . OB PCER LMW E5YNER,
(DLMW EAELR BMW E4HEE . OFFHMW MEESE, HP PCHSHER . LMW &
HMW 4 EURYHF HMW ESYNAR REARHMMRESREINEREE.

5 Ra
PCs RHE G ESHYARMBEATNMNXR . HE. XFEANHTANMLTELSHR, §BHEL
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T JL A m R sy

() BEFHAAFMGETEREN PCHEYESRMINERETHRE AN FEYFEFRB R LS
MEEAEATEEHE, - FEXERRAUNPCHEL A THESBHRRERMMN .5 —FH
] LIS PCHAERERNENMRATISR PCXRE S IMEDHTE.

() PCEHESYHEY SR EBRREN, M RES AR E R MBS, M PC REESYEM
MARKES AL WTRBEDOHRE . X HERFREDE E (phytoremediation) FIR M 4 = # 4k
FEHE,

B HESEBEHDEARNNBRRAEH IHERY W TREANEEAF RN, MHLAX TR EE A G
SHEEREHEYARALNBENRZHEEKFERRA X, HIHR PCs fl PCs KB AW SHPHERA
EEREEMNEXR BFAYTALTAEREZ SRHRFARNAVHESREENE, RiF BT EYE
PCRHESYMEN. BB EAARELHHERY . EWEEDN TS, JERENBRI U DS EHHE
HHOEHECRERERMENTE.

(4 BUE AHFAOHEEETERDIHEAFRBORMENTEELC L EBR. EYWIHS
HEFEARAEEN AR REESNBRE LS PCs A X HEMEBS MM MAR . ESEHUHRPHT
HE 3208
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