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B E: EERRUERERAEER CEARMERF B S REE, ST Cd M E4ERIIF Arabis paniculata
Franch. M5 FIMRZRH Zn MU, WA AFLEE SR, SREWH, CdORMALSMERERIF WA
KRN Zn BRI, Zn TERISERGIT P ABFE2ATESIATE; M A 2B, /K. NaCl, HAc RIS Zn )W Ho 4148
¥5y; MARPFELZERBESH NaCl #2854 E, HAc 5 HCLREAS Zn B4 B-5 0 5 10 E 2 g,
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Effects of Cadmium on Uptake, Subcellular Distribution and Chemical
Form of Zinc in Arabis paniculata Franch.

YU Fangming' ,TANG Yetao"” ,ZHOU Xiaoyong' , HE Erkai'
ZHANG Tao' ,YING Rongrong' ,LI Qingfei* ,QIU Rongliang"*
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Abstract: Using the differential centrifugation technique and sequential chemical extraction method,
effects of Cd on subcellular distribution and chemical form of Zn in multi-metal hyperaccumulator Arabis

paniculata Franch under nutrient solution culture were analyzed. Results show that the biomass of A.

paniculata has no significant variance increased between before transplant and with Zn/Cd treated 21 days
(p>0.05). The cadmium in the nutrient solution has no obvious influence on Zn absorption. NaCl-,
ethanol-, water-, HAc-exiractable Zn are the predominant fractions in leaves of the plant, NaCl-, etha-
nol-extractable Zn are predominat fractions in root. Other chemical forms are very low in content. Zn is
mainly distributed in cell wall and in karyon which suggests that cell wall and karyon in the plant are ma-
jor storage for Zn. The cadmium in the nutrient solution has heightened the percentage of Zn in the cell

wall and promoted the transportation of Zn to the cell wall, but it has no obvious influence on subcellular
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distribution and chemical form of Zn in A. paniculata Franch.

Key words; Arabis paniculata Franch. ; subcellular distribution; chemical form; zinc
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Table I The addition of Zn and Cd to the culture medium
I H CK A B. C D E F G H
p(Zn) O 0 0 10 10 10 100 100 100
p(Cd) 0 1 10 0 1 10 0 1 10

1) BB RA my/L

1.2 Rk ‘

1.21 MR Rmpil o5 Fi Weigel
U Gabbuielli 251 i 77 vk th sk 5 HEAT - YT
FREUAE MR &£ 4£ 0.500 0 g, Jn A 20 mL $2& B
(0.25 mmol/L FEHE + 50 mmol/L Tris-HCI 2% wh i
(pH7.5)), WHESMK, MR, IKER
YHROEERR 75 JBVEAE 600 r/min T B0 10 min, IT
VEN MU AZER 735 BARWRAE 2 000 +/min T B L
15 min, PORENMGHERD; EWEIEAE 10 000 1/min
TEG0 20 min, YUIERLRLETRS; HIEWCA &
WERRI TR, BATIKE L, SFHIELE4 C
TR, :

1.2.2 Cd EMHMHAE AT S04 RALE
WHZEARBUENY, BRBAEI T . v AR EUE
BREEHFE 0.500 0 g, A A 20 mL $EGR B S 513 5
550 mL j¥ERL B0, 7R 25 CHHIRYED 22 h
J5, 5000 r/min B0 10 min, 5l EE®R, BN
A 10 mL B94RBGH, 25 ClEEYRY 1 h, 5000 r/min
B0 10 min, I BER. SIFHIR LIER. SRA
T 5 FRBGIMR GRS R 0 =80% ZFE (F
BRBERMEEAR, AERBENTENYIR),
EETFK (FERBUKBHEAVEE), 1 mol/L
FACETE B (FBEEPRERE:, 5EARE S
SHWHENESRS), ¢ =2%0KR (FEIER
MEE TN ESBHREE), 0.6 mol/L #HIR (F
RIS ), BEARES

1.2.3 Zn&eymz DRIGIERNZEAR, i
TR R T W 4 o O BE 3 (AAS, HITACHI-Z
5000) EENE Zn A& FRIEFUURE R 5 H
FETFREWwEA 100 mL /43S, TRk b
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Effect of Zn/Cd compound pollution on biomass of Arabis paniculata Franch
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Table 2 The content of Zn in the A. paniculata mg/kg
(Zn) p(Cd)
LB e R
0 659.1+743.2 ¢ 247.6 £19.4 C

0 1 440.6 £25.9 be
10 685.7 £54.1 be
0 4835.2+426.1b

434.4 +£243.0 C
672.0 £493.6 BC
2482.6 £696.8 B

10 1 4451.4 £719.9 be 2945.4+941.3 B
10 4 118.5+170.2 be 3165.8+1257.3 B
0 15105.4+3452.9a 15054.6+1479.9 A

100 1 14645.8+3036.7a 15775.8x1030.2 A

10 15857.7+1245.9a 15530.12140.9 A
1) RS R FREFRIRTE 5% K L 2R B

2.3 Cd BRI Zn LEHASHIR M

M3 R AT LA Y, IR 4 T TR A v e
Zn FRIE Zn LLPFTRIRE AT N, &5
TR (BFE) K% 25148 mg/ke, TERMERIT
MR Zo BRI ZS DL K HCL IRBUS & BHUK, ™
HALF BT G 8 ELBI/NT 8.3% o T Zn [ 2R, UK.
NaCl, HAc $RIRUSTE [ 4 pa 57 i+ A A 89 20 T LE A1)

BH5), AFE Zn RS —ER, FEE Cd &
WRBE RN, AT A TR L. X R S A
MBS VAR LS Zn, Cd 138 S IR e
52 4 T ST AR R P Y Zn B EE D) 2R R BUAS R
NaCl 2B £ (W3 4), HAc 5 HCl $2HUS Zn
st B B 5 BT S W At S B . R R4
FTFRA ) Zn EF DLIOHLERER LA K & IR T
e, HFEMYRY—Ia 2n 5EBE ., RKRSE
gih, MEAEVR. TFRULSTHLGDEEN
In /0, 76 In MR EYRIE R O mg/L i, ZFE
PRIAS Zn B Cd AbHE B W BE R38N 2 F
P, (HAKIREAS Zn EINMA L, 7E Zn 203
JREHEE K 10 mg/L B, LA NaCl 425U Zn 54,
HoN 2R, ZESTEEE CdAHEE
e BE B3N TG N, NaCl $REUGS & % Cd 4b 3
JER VR BE R BE I, AR 5 A LR 2 T R
HE¥ o FE Zn VRN B EVEE N 100 mg/L B, DA
NaCl, ZREIEHAS Zn 56, HAEM 87% UL,

k3 InEHSEREETTH T 5K

Table 3  Effect of Cd on the chemical forms of Zn in leaves of A. paniculata mg/kg
p(Zn)/(mg - L1 0 0 100
p(Cd)/(mg - L") 0 1 10 0 1 10 0 1 10
7 23.9+8.8° 41.6+6.2 21.2+9.5 57.2x16.1 42.0+17.2 64.6+8.8 437.9+19.6 455.5+78.5 452.8 +102.1
25.0° 47.5 20.5 13.2 10.0 15.7 24.0 20.6 21.2
K 13.4+1.1 14.3+5.7 11.6x3.4 74.8x13.3 63.0+7.7 68.4 2.5 481.7+17.6  601.1x92.1 608.7 +150.2
7
14.0 16.3 11.2 17.3 15.0 16.6 26.4 21.2 28.6
NaCl 24.5£12.0 11.5+0.3 15.8+1.1 91.5%5.2 93.2+10.6 88.7x15.2 560.2+69.5 592.5+94.3  530.5+86.9
al
25.7 13.1 15.2 21.2 22.2 21.5 30.7 26.8 24.9
HA 26.1+1.2 13.0x1.6 48.1+5.9 183.4x12.4 190.0+21.3 157.9+18.8 318.5x41.5 527.9+84.6 501.1+79.9
c
27.4 14.8 46.5 42.5 45.2 38.3 17.5 23.9 23.5
_ 3.4£0.4 3.620.6 4.6z0.9 18.8 £5.5 23.9%2.8 8.8x1.6 18.1%3.1 25.0£2.8 31.4£13.5
3.5 4.1 4.5 4.3 5.7 2.1 1.0 1.1 1.5
. 4.1+1.2  3.7x1.6 2.1+0.7 6.3+1.3 8.2x0.1 23.8+5.9 8.9+0.4 6.10.6 7.5+1.1
4.3 4.2 2.1 1.4 2.0 5.8 0.5 0.3 0.4
BE 95.4 87.6 103.5 431.7 420.4 412.3 1825.2 2208.0 2 131.9
SLWE 105.3 £10.8 100.5 £12.3 112.1 £13.4 455.8 £34.3 452.5£32.9 461.2+41.6 2107.6+116.2 2 514.8 £325.6 2 408.9+129.0
[El 2R/ % 90.6 87.2 92.3 94.7 92.9 89.4 86.6 87.8 88.5
1) a JREAT BT RN X & 8 b IifEfT T RR S EBME R, SEVWAEREESE, TH

2.4 Cd M EIHERTF: Zn 040 R 5 7 B 25 M

MRS TR, [RAEF I R Zn EZIHF
THHRREE R G A% R, WA BT R R R
65% , FRIFIAF 83.5% , MR Zn &R
B, QRERY Zn SrEEAL, 7€ Zn IR E WK
20 100 mg/L [, B35 Cd Ab BT & vk B A 38 n
HBEEE T Zn B 5 LLBIG 0, TAZEIR R Zn i Y
HoBlgiob, FHH Cd R 3E T Zn [a) 40 i B Sl A 2

WEH Xz, W0 TABEZSIXH Zn 18 &,
I ) TR T B B TE AT

ML 6 HATIE , BHERE TR AR H 9 Zn 76
SRR FIRAR A J0 AR RIS B, A e 40 B
BEMZARNAZ S, PIE I 2Rm 42.7% ~87.3%
TE Zn FORVRBE — @RS, BEE Cd Ab 3R &k Y
ShN, Zn TEARMEE BT & LG A R TR R B g T
¥, R Cd X Zn BB, A A —E IR o
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Table 4 Effect of Cd on the chemical forms of Zn in roots of A. paniculata mg/kg
p(Zn)/(mg + L71) 0 0 100
p(Cd)/(mg- L") 0 1 10 0 1 10 0 1 10
37.3+3.4 32.7%3.9 25.0+3.0 106.6+15.2 119.8+12.6 95.8+7.5 1059.6x181.2 630.6+99.1 1467.6+397.6
LR 38.1 33.8 24.6 27.0 28.6 27.6 41.7 23.5 57.1
10.1+0 17.6+1.2 32.4x4.3 10.9x0.7 10.2 £0.9 7.5+2.1 10.4 1.1 16.2£1.7 8.3£1.5
* 10.3 18.1 32.0 2.7 2.4 2.2 0.4 0.6 0.3
22.79.1 17.4x1.6 27.7+2.3 206.9+20.7 208.7+29.9 152.6£20.5 1292.2+235.1 1726.8+108.1 943.5+107.8
Ncl 23.2 17.9 27.3 52.4 49.8 43.9 50.8 64.2 36.7
N 0.1+0 0.8+0.5 2.4+0.1 21.0+1.4 21.0 6.1 14.3 4.6 113.4 +27 186.2 £17.2 91.6+13.1
Hhe 0.1 0.8 2.4 5.3 5.0 4.1 4.5 6.9 3.6
4.9+0.1 6.8+0.9 2.4+0.9 9.0x1.2 7.2+0.8 7.8 0.7 9.2+1.8 22.8+2.8 9.1+0.9
Ha 5.1 7.0 2.3 2.3 1.7 2.2 0.4 0.8 0.4
P 22.8+4.8 21.7+3.9 11.5+£2.7 40.7+10.8 52.0+11.5 69.3+9.8 58.6+13.1 105.2 £15.7 49.2£10.2
s
23.3 22.4 11.3 10.3 12.4 20.0 2.3 3.9 1.9
B 97.7 96.9 101.4 395.0 418.8 347.4 2543.4 2688.0 2569.2
SME 108.3+6.7 105.6 +10.7 112.3+10.2 399.8 +17.2 432.2+32.7 411.6+9.7 2700.2+251.1 2999.9 +289.1 2 816.9 +345.7
Bl &% 90.2 91.8 90.3 98.8 96.9 84.4 94.2 89.6 91.2
&5 In ERESTT R T M
Table 5 Effect of Cd on the subcellular distribution of Zn in leaves of A. paniculata mg/kg
p(Zn)/(mg - L~Y) 0 0 100
p(Cd)/(mg - L1 0 1 10 0 1 10 0 1 10
il 31.9+5.1 28.6x6.1 45.9£3.3 220.3+14.7 174.3+10.8 235.8+20.8 840.5+335.5 1161.3+343.3 1135.1+239.2
33.4 29.2 45.8 55.4 39.7 55.0 43.2 50.5 55.1
A 30.4+£5.3 36.3+3.9 30.5+7.8 111.6+10.6 168.3+19.1 99.4+29.7 519.5+101.1 505.7+103.5 564.1+160.1
3.8 37.1 30.4 28.1 38.3 23.2 2.7 2.0 25.4
4l 13.1£0.2 13.4%3.2 9.1x1.4 27.7%9.9 33.5£3.7 27.2 £5.7 75.4 +14.2 78.6 £13.1 112.9+21.4
13.7 13.7 9.1 7.0 7.6 6.3 3.9 3.4 5.1
3.0£0.6 3.0+£0.7 4.0:0.9 8.7x1.4 13.6 1.6 11.0£6.0 34.5£16.9 39.3+10.1 32.1£19.9
E 7 '
3.2 3.0 4.0 2.2 3.1 2.6 1.8 1.7 1.4
el 17.1£0.9 16.6+1.4 10.6+0.6 29.1x1.3 49.4+£3.0 55.8+17.6 475.3+166.0 516.3+211.6 375.8x53.8
17.9 16.9 10.6 7.3 11.3 13.0 24.4 22.4 16.9
B 95.5 97.8 100. 1 397.4 439.1 429.2 1945.1 2301.1 2220.0
SEE 105.3+10.8 100.5 £12.3 112. 1 +13.4 455.8 £34.3 452.5+32.9 461.2+41.6 2107.6+116.2 2 514.8 £325.6 2 408.9 £129.0
EllheA 90.7 97.3 89.7 87.2 97.1 93.1 92.3 91.5 92.2
K6 Zn AR IR F 0GR
Table 6  Effect of Cd on the subcellular distribution of Zn in roots of A. paniculata mg/kg
p(Zn)/(mg- L") 0 0 100
_p(Cd)/(mg - L7 0 1 10 0 1 10 0 1 10
s 21.8+£1.5 15.0+5.8 10.2+1.7 149.0+31.9 161.7+23.4 171.4+11.2 1521.4+319.0 1387.8+287.2 2 086.5 +662.8
21.4 15.4 10.2 39.4 39.9 42.3 58.6 48.7 73.3
P, 42.8+6.9 26.7%2.2 42.1£8.7 146.4+24.6 145.4£15.5 65.2+13.3 498.4+91.1 763.6+185.7 399.6+41.8
42.0 21.3 42.0 38.7 35.9 16.1 19.2 26.8 14.0
I 3.6 £6.3  18.9+2.4 28.9+4.5 51.8+8.9 33.6x11.3 25545 252.6+43.1 293.6x43.5 126.9£56.5
31.0 19.4 28.8 13.7 8.3 6.3 9.7 10.3 4.5
- 3.320.4  2.0£0.8 2.9%0.5 25.8£5.8 29.0+5.5 4.5+1.7 109.4 £14.5  196.0+26.7 56.8 £16.7
o 3.2 2.1 2.9 6.8 7.1 11 4.2 6.9 2.0
- 24204 349250 16.1x4.8 5.0=0.1 35.9=11.1 139.0+17.8 214.4+51.4  209.8+23.5  176.3+33.9
i 2.4 35.8 16.1 1.3 8.9 34.3 8.3 7.4 6.2
B 102.0 91.5 100.3 378.2 405.7 405.6 2596.2 2 850.8 2 846.1
SEE 108.3£6.7 105.6 £10.7 112.3 £10.2 399.8 £17.2 432.2232.7 411.6+9.7 2700.2£251.1 2999.8 £289.1 2 816.9 +345.7

/% 94.2 92.3 89.3 94.6 93.9 98.5 9.1 95.0 101.0
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