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Progresses of plants response to cadmium

JING Hong-Mei, ZHENG Hai-Lei, ZHAO Zhong-Qiu, ZHANG Chun-Guang  (Sckoot of
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Abstract: The paper summarizes progresses in the field of plants response 1o cadmium{(Cd)}, an important
and widespread heavy metal in enviroment. We analvse the toxic effects of Cd on plants and discuss the
response mechanisms of plants 10 Cd stress including exclusion, immobilization and compartmentalization
of 1the ions. synthesis of phytochelalins and metallothionein, inducements of stess protein and stess
cthylene. The higher plants are able to uptake Cd depending on concentration and bivavaitabiltiiy of Cd in
the soil, The processes of uptake were modulated by the presence of organic matter, pH, redox potential,
temperature and concenirations of other elements. As soon as Cd enters the roots. 1t can reach the xylem
through an apoplastic and/or a symplastic pathway. complexed by several ligands such as organic acids
and/or. perhaps. phytochelations. Cd damages the roots by aliering the synthesis of RNA and inhibits
ribonuclease activity, Cd interacts with the water balance and damages the photosyntheuc apparatus. Cd
significantly reduces the normal 11* /K* exchange and the stomatal opening. but how it dose so has yet 10
be established. Cd was found to produce oxidative stress by inhibnt the activity of several antioxidative
enzymes, Potential effecis of Cd on host-pathogen interactions were very recently examined. In response
to Cd stress. the plant can resort to a number of defense systems. (d can be immobtlized by mcans of the
cell wall and extracellular carbohydrates. The importance of this mechanism may vary in accardance with
the concentration of Cd supplied and the species involved, etc. But no differences in cell wall binding
hetween normal and Cd tolerant plants were ohserved. Preventing Cd ilons from entering the cytosel
through the action of the plastna membrane could theoretically represents the best defense mechanism, Cd
stress gave increased levels of asparagine in root exudates, However, this response was probably due 1a
disfunrtion of the plant membranes at Cd concentration above lpm. rather than 1o a specific mechanism of
amino acid induction aimed at directly chelating Cd ions. A deeper understanding of these events would be
very useful in widening our knowledge of Cd exclusion in higer plants. Cd has a high affinity 1o metabolic
processes of the sulphur metabolism, and its first effect is on ATP-sulfurylase, thus activate the synthesis

of phytochelatins. Phytochelarins chelate Cd and form varicus complexs with Cd. As a result. it’s
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prevented from circulating as free Cd®* inside the cytosol. The production of phytochelatins is a
widespread mechanism of Cd detoxification in higher plants. In animals, cyancbacteria and Tungi. Cd can
be complexed and detoxified by metallothioneins. a group of gene-encoded Cys-rich peptides. which
generally lack aromatic acids, But there is no certain indication of the existence in higher plants of
metallothioneins induced by Cd., Thus, their role in Cd detoxification seems ta he at present of secondary
importance as compared with phytochelatins and stress proteins., Vacuolar compartmenialization can
prevent the free circulation of Cd ions in the cytosol and force them into a limited area. thus plays a very
significant role in Cd detoxification and tolerance. The mechanism of compartmentalization was disscusd n
this paper. Being subjected to various stresses. plants often start the synthesis of heat shock proteins,
Ubiquitin and stress ethylene, But now it's impossible to understand exactly the relationship between
ethylene biosynthesis and Cd stress at a molecular/cellular level. Response to Cd in normal higher plantis s
a complex phenomenon. Cd can evoke a number of paralle]l and/or consecutive events at molecular,
physiological and morphological levels. Indentification of individual biochemical pathway such as
phytochelatin production and preteclysis. etc, is essential. Without integration into a cellular response.
however such studies may lose direction and overemphasize the averall importance of a given pathway in
achieving tolerance. Therefore, furthur efforts are urgently required in order ta establish definitely the
mechanism of (d tolerance in higher plants.
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Cd(p=8.-6g/co ) B — R H HELR B FEZERHARE D . HEKTEP AR MBI ME
EPh/ZInWAETBIIEARTERERLA. THRIMPCIFIEUEDN 0. 04~0. 32uM . P EHE AL N
0.32~ 1M IR ARBKW Cd RERFFELES B RMBTEMBERCIMMRKEHPHELGH
R HEAERY. REHRYRE Cl HEREKBR T L RP CdMRERNENERARE. F2HE
s B.pH EEERSG B HEXENKESHERE. SMECIHMMKrAESEHERLE
(Mg.K.Ca.Fe .Mn,Cu.Ni) ) #5 £ & fF %0,

O Yok & d:oFk 3.3 4

Cd AfRE ol ZH S AR . Bl —Ri/MESR L AAEEAFEARRERY ., EH5EEMAN
BOEESKSIENY., W KREFBERB I REEF L RTAFHELITHELHFETE TR
Emisl R Cdmb-,

Cd &y RRE A EFHC AT RNA S P RNAase WA EMAER FREMGEML. CdOT 5
BiEHSDOREBEOFTRELES AVBRRASRAELTHLTITE (Ca’” Mg?" [ Zo® (Fe'" ) . TR
A FRMME . TS, T WM E B QT R,

Cd B KTFilg . ERASTHEE.EXASHEFTROK, . WH RuBP BAMEMS . EwWHBE. . HKE
Hill KR (PSIPSH % f M IRAE XL ER R ED, Cd Mg pk H M SaEeE ik T eRhi ik AR
AL -, KA I EeEBPODOEZ CdRBSFANMENIErERE . SEE CdESE
BW RS K.CaMg ZERTEMD B RELTEREESEHEN.BRES Pz, v MO0
HAEE RERCD,

Cd KABALH /K" 8. MBI ERATP BEL FILEB OIS R H-o-H IR X8 (G-6-PD,
AERMEEMGDH) . ¥EMM. FITERNEMN. BN BRI RLA- e mErE .

CdiEF 8kt AMEAREESETEHEA. ERAG FEMAY A+ BIERE T HLE
F$ L F LA R B ENE BELYEE{LESOD) i ¥\t M (CAT), ascorbate B H L. A IKH

RS M Cd B M EAM O RN T TTRES CdBEAKFRriE A CERITE{k
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CAdBPMMASFA T PBEHUBEHNFERE. TEMNCIEBA TR K™ .Ca¥” RIE T HAK PR ERAINHE
X",

BEFREMRAEEC SEEREERMHEFERAMEERN KB UREH Cd M THFRRAEZRE,
#FCAdESH# 5ol iEH £ MK (polyaminc ) & 5/,
2 R e B B AL

CdxH#iymTEEL A, AN A LR E 7R READE S Cd B g B #E B . 5 €
f EREEARMADESK.ERAEH . MEED . MBILEFT.
2.1 HBoMFBEHLE

FZERADERREREENEEFAZ—. HPESKEMYIKAGFENCdHRARE., Bt
B H K CGSH) , 2L B& #H %088 (His) by BB & Ccitrate ) F/hr TR LB SWEE 5.
2.1.1 HYPELSK CAdMSHRBEIEERSFME.CAdEEHTTDRMAM ™ E —F EHDOMS 2 X R
B kO Cd BRMAEAT ATP-BLBHABEERAR AR ER RETLE SRS K-HHES
ik (Phytocheatins PCY, #HIA A4 PCHREDMAZSHESRBEMANR. H -RE5HAKXS
(V-Glu-Cys)-Xon=2~11, X AR C-iREER AETEBRMHAREE PC 285 PREK: (Y-Glu-Cys),-
Gly . (7-Giu-Cys ., (Y-Glu-Cys)-Glu, (Y-Glu-Cys),-Ser, (Y-Glu-Cys),-B-Ala, P E G P Cys MERES
EEAS NMTMERERE Y (T8 3600~25000 B IET A Cd* WTEER 8 4l BUBM BETER TS
MR Cd WHBMnE., —EBABRTERNSESDSMCIAIBE#EK 2.52+0. AN CA—S &, LIRS
BEYHMBEEER CdBERRA.

PCAEXMNEEHENTY . MEHAKBRGSHE PC SR MNELEESR .. LR A RFKE. Cadl
SRR NS . EEASSENA SN ERETMOKY EATERE G K, HM A Cd 8.

R EE PCRBCIEMITENH . CHPCHENCIENSYIIC. PC.RH PC(—HE
B A ED B Gly- 24 KT AME PR A et BB, B Gly- e R EIRT — M EE R
Gly BB IEE X PC RERE. ARE. £ T Cd BH RIS 18 BB GSH B . Schizosacchanumgees
pombe 4 PC 4.
2.1.2 2RGEEN HYEARCESREES . BAE AN, —RIAABRZEMER.BDER HITHE
B/ HESHRRNESNESRAERD. ERAFAMTIA AT X LHEAR (Cys E2Y 300K
SFRERESED, REZFHFEREER HYESRHEOD Cys BEFEL A H Cys-x-Cys.Cys-x-
x-Cys.Cys-Cys(E) . x f£F Cys LASME -FEEB.MT & Cd KMESH#E L K T GSH.citrate, Cd Fri
EASEE. EHENIEAMT SR MTHEECys RREEMAER SO FEERETH KKENL
A AN CdE . Bimsity EEMWKCIEASMTHEZREMX . B RAE - H R THTT
HEMMT EOREERAEE ZAREXEMASSERS HZREHRAIKE (ZH ABAKFRY.
MEZEOAEE B SBEE—EWEFTH.
2.2 KB

HOMBESWYURRERABENEY MEYRERPIENBCdFESRHEAEDRE. HARAR
CAELEBREAMBERBKEEYEETHRSE T REA N XEPICd B 95 e L o) 6t
B RREE R R ET AT A EEAY S Cd TS 40 ¥ 18 W 22 51 4 40 e R o 8 4 iy A< [,

Cd S ARBNG  HRHTF—HRIX .G M ER RS RME B RFEA. B E 7R
CAEMCIMSTREEAEMN. dASHYSRADESCR IFSZEEERASKRITRE S
(LMW) . THME S SRAFARES W ERNRRERNNR T FRESYHAMW)  FHRARY 2 &
B HMTI BEASARE ), TR.CAdHESHEDES RSN S HRBRH At Cd Ax. AMEE
ST LMW A CdHEBW RN ER PP Cd TELUHMW EGYRHEHMETRMRY . IMTT &
Ay kS EATRBREAED HMW ESWSB R Cd 6851 Mg-ATP FF 484 & P04 ia 3 b B A
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HHEEAEMAER. ERAREREE, A Cd° ol Cd* /2H Kb ia i A RH, WD B
pHE HMW 82 .Cd XERENGRGTER . FRM 2/ 5SS . HHLAYESRER
WAWMMBBE. R TRER BRERTTROA. JLABAWNCIENS HMW E 8k i w3 i 8
X.MSHYEERSRER L HXHES, LMW ESWH ABRUMERELRF HMW E&

Hf LMW B EEEREAAKY R Cd FABRED . T HMW ES P ERERSE Cd A,
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Fig. 1 Mechanism of Cd chelation and compartmentalation in the vacuole
LU Cell wall 2) Plasma membrane 3 Pc Synthetase (1) Cd &) Cytosol 8 LMW (7. Cd=+Pc
W GSH & MMW 0 Cd t organic acid 40 HMW  12Pe  13Cd  OHMW {5 Vacuole

2.3 SMESEE

Bk Cd i PR A MR SRR e E RB B BEoLH . MY E RS ES OB EENE
SREE MCE B ARERAZHMILFADPAETE. Rveta FNTUREHF PR FEFERH.CA BE
AR Ca? EE S AMBE . X FERIBETIERATH,

HEBECIRREETHAELRER HHSEEHAHASS BH. AFEBET CAdAATHHARNYE
BEHE? ATHAEELKRE TTARTER. ML L RKESHHEBERS.

2.4 WHYM

241 W¥AH CUESLELEDER MMM KBS iR EE . BRABE . AAHER. N
—Fh Cd BYMZBEBTORAFFRNEE, (dLEBSs~10h BEFRBLEEERBE.HEH
Id S Cd KM THA. ELHEBEBTEAE. HAL.EXE F#Z8/0L9 4R S Cd a2 6 /£ 4)
T MHKE ERBT R, R CAX Ca KEFEHTHRSHNEZHER L.

MW ZEERYN CdHEFARAFUTILAOER - OMNEATR- K- HWEEOS LR ON
EmmEARFE IR EFHEREARETAMRBBHAMN L. @QFF ascorbate pf HAEBHIEN .8
RUEMAMABEHE. . CHKEEEZE - HBSRAEAAHES Y WA H KK . R ADE 5K
A Al
2.4.2 MEEA £YRA.ZE4¢R.4EF.TEEARNBOEF . AOEREaGEANKREH (HSP),
Ubiguitin DnaJ-like EA LT ..o MEHE S Y HEBMMEER (PRP) . E5 S MY E
(1IGRPYAIHRBEMHEEAPRIEXRBEE. ISP.Dnal-like EH S LT B E AL BB EME B iLE ST
HELHAGENBESY L . BEMERNRHZR. MBYLOI X8 Hep70 SRS TEB SRR N H
R . Ubiquitin BB/ B4 A SN S B0 BB LT AG . WEHE M PR S0 FER .8



12 HA LT 8% A0 Y 4 58 30 ma 57 3 O 9 0 R 2129

B AR BRI RHEY RS 80 :PRP .GRP £ 5 3 1§ 41 g 8 &0 46 2 Fn i B . 3% 2557 3% & O PR fF
A-UEBRTERD . SFARTEQH BEHBIIRE. £XT4.CdBIHA Gmhsp26-A B HH R
mRNA fIAARFFHEMAEYREASE AANEZ AN E - FrHE R LR A2 — TR0
NSRS ST

H Ca/CaM KR R ES HHURBLELTAAR A5 AR PRI CaM EF G AT HEREAHR
MALERRE.
2.5 PLEfLbrE

MFHFACAEmERAHA . MU EERPENERHELREU BRI RZER2ZHTE . Halliwell-
asada Wit Y P —FTEMRMEILES, TE ) SOND, APX (ascvorbate Peroxidase ) f1 GR {(glutathione
reductase ) T4 B .GSH RER T MMRER, R —FEEH AW E . ela Cd Brast WAL H POD BHEH
B.CXUREEUNTAERMHAEREN, 6 AFEEHA S POD K BEE R BTG RERH R
MBS Y Cd R EAMEE N TEH. TS Cd K FAFERHHL(FRTAATFEERE A
* -
3 HMEBpEN—EZX

FEEARR.CAMEPHNHERRESN . ZFEN, BEFBERE.JEERN. AP CdHEEaHE
HHSEREHACERTEZFEERN. AERE KB E. '

Hii st FHORMZN 4 FRfEAMERE 2R, #ARHHEXRT EFRESHNENT B A
BHRESHE - A R B R AV BN EEREARES TN MR,

B . SHEEM Cd M AEERERMHGE HS SEL KB R BIUEE . T8E PC HHE Cd WIS N REHE 5 4
B ELE., MBS EREZMKREE N Cd HFEMFEMPLMMB®RS AP EE " BRI A4 {4
. EORFNAR AL BEAR - FREHEENE.HE DT — HLH 0] 68 5 2% 6] 8 2 w4 U5
i, —HEFREMAAH - NEIE LEED BER AR vAERBE a2 KB REEN
) d R L S TR A H Y AR T

AT THOFBHEBRL I IBENZER. ET/RE—FEAAD OH M trREN 2. FHin
R — EEE R ESREAYTRNITRR R WA AR E.
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