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Abstract; Heavy metal ( HM ) toxicity is a worldwide concern because it damages plants by altering their major
physiological and metabolic processes. The heavy metal cadmium (Cd) is a nonessential element, and is a valid inhibitor of
plant growth. The toxic effect of cadmium is closely related to its transfer from the soil to the plant above ground parts.
Understanding the transport pathway and regulatory mechanism of cadmium in plants may improve plant resistance to this
heavy metal, in addition to providing a theoretical basis for the phytoremediation soils contaminated by cadmium. In this
paper, we reviewed the transport pathways of Cd* in plants and what limits its mobility based on the cytological structural
and molecular regulation mechanism of plants. As the main organ for transporting water and nutrients to the plant body, the
plant root is also the main organ that absorbs toxic metals, such as cadmium. During the process of Cd** transfer from the
root cortex to the xylem, most Cd** is deposited between the cells of the root cortex, with some reaching stele, before being
transferred to the plant organs, such as the leaves in the above ground part of the plant. The transport pathway of Cd**
through the root cortex is mainly apoplastic, with the cytoplasmic accumulation of Cd** possibly causing apoplastic transport
towards the vascular cylinder to decline. The transport pathway of Cd*" in the vascular cylinder is also mostly apoplastic,

with cytoplasmic accumulation reducing Cd* transfer to the xylem. Since the aboveground parts of plants are more
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susceptible to Cd*" poisoning, two cellular strategies to restrict the absorption and transfer of cadmium have evolved. First,
the Casparian strip surrounding radial wall and the endodermis wall prevents Cd** from entering the root xylem via the
apoplastic pathway. In addition, the Casparian strip promotes Cd*" transport via the endodermis, leading to vacuolar
isolation and cytoplasmic precipitation. Second, heavy metal detoxification occurs by chelating Cd* to form stable
compounds, which are then deposited inside the vacuole. Third, excess cadmium also activates oxidative stress defense
mechanisms and the synthesis of heavy metal stress related proteins to minimize metal toxicity, which includes the use of
metallothiones and ion channels, such as H'/Cd** binding or sequestrating Cd*" into vacuoles. For systematic improvements
in the phytoremediation of heavy metal pollution, a more comprehensive understanding of cellular mechanisms involved in
Cd avoidance, uptake, transport, and accumulation is required. Furthermore, the excluder strategy by extensive
sequestration and retranslocation of cadmium through symplastic and apoplastic pathways should be confirmed and explored

in future studies.

Key Words: heavy metal; cadmium; symplastic pathway; apoplastic pathway; regulatory mechanism
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Fig. 1 Diagram of apoplastic (red) and symplastic ( green)
pathways to transport Cd** in Zea mays

A K2 ;B SN C AR ;D ATEE MBI E B, O
B AR SN )2 - Cd> LLBSMA R AR A3 B A B, 32 3 1F
W RE RIS JZE LA R BRSO B U S % 2 B R
SRR PR R )2 CA> DLBRAMAGR AR E AR B2, 2 Sl i v e e )2
20 RE (44 38 B3R N B2 TE R R B I B2 BLER A 25 BRAS Ca**
FEAN P BE th E— 25 1Ak, N BB A BA ILIRAT IS Ca>* Al LUIBUR
I N )R BRI @ R Y Cd LB AMA i A 1) e
B )2 I B 2 32 B P R )2 L B B BEL A 5 (AR Bl /D i 3 B4 A Je
JZ : Cd™* 3t 2 B A RS I A 2 i B BILICAN 1 S0 B J2 i 3
AL OREA B SN K2 (B K2 A /N : Cd>
Sl A SP I T e f S A0 BE | 8 T 5 de A B2 R ok e A
BB A B2 00 L P 2 U5, 4 L ) o D 3% 22 1% 338 Gt il
Cd™ AL @R B A MU S 1 2, HLA B2 40 ML 454
C™* 3 4+F 3 o (AR 42 TE T 0 A I B S 12 2 A At ., S il 38 3k 4
(EEN

caerulescens ) H, 70—90% ) Cd™>" 5 7 41 i BE / Joi AIMACIE T8 1T AS 2 40 e o/ e e v

W5 & 3, AL 32 SR I 0 B BE 1) BH 88 1 S8 e e J sk ) | 35 5 o 7 S PO 2% S TR A AE ( Gossypium
hirsutum,) FI1E 3 s RAURE T BULE ST 2 AR 2E 4 200 0 RE A0 i =2 i), 246 A5 SR b A A0 A R R R
L, GAAIURE SE T BULE P B J2 5 AR S8 22 1) 4 JO A/ AR 32 D e P B )2 5 e R B A i e e 2 L
T RO TR R SR A IR R U , LA AR DR /I B35 e Py JE I v e on > s i AR PR 435 DURRAE 43
FELH BSOS S S R AR VR TL 207 PR B O A O R B R L v s H R ORI A7 7 5 30 200 i e
(Y 2 LR T 206 SR P B CRRUR A A P 2 AR I3 0 22 i) Fr s 2 ), DURRE 8 45 R 200 v 1
HE— 2D AE ] TG 1) RS A2 R R

2 EYHRER RS S AR

HRERSI L JZ 1h 73 24 22 J2= AR 0 2 BRI, TR AR S B AL ZURR O B2 T, N B SR B o5 vh AR B R T, HhA: 4
TR P ) 7 ) AV T 1) 3t S S ) B 0 TR L A Y AR AR TR 5 R P A B A L RE B E ) R
JE AR RS UL LT B A R, AL SO P 1 S AR B - SRR ] 43, 3 ) 5 o P B
JZ 2R M) 4 25 B, 0 B 2 T R e e | S I [ AR B 1 AR A JS MR 5 e, BEL L 9 B i i e A MA i A2 A

http ; //www.ecologica.cn



23 ) EWEH  AF ERIRE(CD) M AN iz e LR P 5

AT S B
2.1 CAd™ TEAHPIAR R PG5 1 F e

BIL AT TR I A FAR P B 2 AN 3 (0 S5 b) 9 B, Sl DG B I 090 L E 1 A7 7 ol 7K 43 S 7
ARELABTAMA SRR 25 N K 2, g ik P R J2 4 M B A SR R %) B B L S BRI AR 1) R B AR 3, ARSI
Fz 2 AN BE T R R AR T A DR AR R 2 R AR B % BN B 2 B X T A MA A2
{14 B A FH, R LA 118 S X 30 4 il 7K R8s I LA S MU 38 ) A BB A i 3h 70 L e I 1 0 348 5 4
LT 5 B30 TR P | A B o Ak R 7 ), LR AR A e v ) B i S e K RS sl R R B,
PR IT 9 AR 1A g T PN B2 S AR o (9 5 st 1 I 8l 38 AR T K Gk AR JBE98 1) 3 388 1 A b 18 43 Ca®  Min™* |
o™ B E AR U R AR TP A 2 S TR N 2 ME— 5 MR K 3 A T e S5 AMAR 3 A 1) K ST
RS RN 2 AR 2R ORI U A OO B TR R AIEEE ™ eah A A0 Bz 4L R RE RS IR K B8 7 A
s R TG 3, X Cd™ i 32t B BRAIVE T

SVEZ AP R0 AR P R E RS 2 0 & AR 7R AR R R R LR 0 K2 B
AT R AN RRE K BIRG IR Rt MRAME JSR P B A 2 S e 1) €6 BIR ) ™ DA AR 3 12 2k
KRBT, A 57 5 4 Jm A a0 B R B B A2 B, 2 7 B S AR AR ARG 1 AL T L Y
Vaculik 557 WA SHFIEH (5 wmol/L) MYF TR P 1537 10 d M9 F K4, RIUXT FRALR B TE B A
PR B AR o5 BRI 10% , MR AL BRZH AR BSEr AR 2R, i B 1Y 45% , 2 I 10 JBim 2 B3 Ok 1 W g
JEAAE 5T DX A A A BT A S TN B2 i, i — 20090 & B, SR AN 2 B KRR N 2R
BRI R 2 & 0, iR Sl AR A 2 > L DA AR R R S A Ry e o ST A MA R AR i A SR
IS T A 1 P 7 1 B
2.2 Cd™ Win NIRRT S S50 i A2 Ak

HE TR R v BE AL 23 PR IN B J2 A B J2 1 e 7 SR B, A 25 B2 e AR 1 T 25 45 4 AR 4 UK X TR L R
SPRIAZE RIS FEE K B DN (Raphanus sativus ) K3 TR % ( Sorghum bicolor) WAF5E & 3, 5 45 J@ 4R 40 1
FRAG A K, SN FE ARG AAR B A HIE:, W] Cd™ indie 7 3 Sehl M AR A0 B ) 4 3 R > BRI, A T ik
FERMNE T BN ( Salix alba) . F# ( Populus euroamericana ) F1E | | 2 H AR BECRE I8 /D 3R K7 B Aok
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