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Effects of Zn on Subcellular Distribution and Chemical Forms of Cd in Potentilla griffithii var. velutina
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Abstract: Using the differential centrifugation technique and sequential chemical extraction methods, effects of Zn on subcellular distribution
and chemical forms of Cd under nutrient solution culture were studied to understand the influence of Zn on Cd tolerance in Zn hyperaccumu—
lator Potentilla griffithii var. velutina. The results showed that 72%~95% of total Cd were bound to cell wall and soluble fraction in the plant,
and only a small quantity of Cd distributed in chloroplast, karyon and mitochondrion, which suggested that cell wall and soluble fraction in
the plant were major storage sites for Cd. Moreover, cell wall binding Cd fraction increased with the increasing of Cd or Zn concentrations in
the nutrient solution. As to Cd chemical forms, 73%~93% of total Cd existed as water— and ethanol-extractable forms in the plants under the
control, and 86%~96% of total Cd existed as NaCl—, water— and ethanol—extractable Cd forms in other treatments. Whereas NaCl—extractable
form, accounting for 42%~78% of total Cd, was dominant in Zn/Cd compound treatments. The percentage of NaCl—extractable Cd form in—
creased but those of ethanol— and water—extractable Cd forms decreased with the increasing of Cd or Zn concentration, which indicated that
Cd or Zn addition facilitated the transferring of Cd from relatively higher active chemical forms to less active ones. The results mentioned
above indicate that cell wall binding, vacuolar compartmentalization in the soluble fraction and transferring to lower active chemical forms are
main tolerance mechanisms for Cd in Potentilla griffithii var. velutina.
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B Zn PESINGE Cd A& LR PRI Y 73 e Le 13
N 109%~37% 11 Cd BI7KSE I o LU R B 18%~
42% , BN AL IS U K SR BGES B R 43 B L4915

&1 Cd ERFBERRM F MHRARF LA

Table 1 Subcellular distribution of Cd in leaves, leafstalks and roots of Potentilla griffithii var. velutina

AL mg Lt Cd i /mg + kg' e / SYTCELA 1%
cd zm M F1 P R 4ot % F1 P R F4
0 0 M 2831063 062019 0200.11d  10.06+1.65 1420£1.00  97.18 2051 452 208 7290
W 17020470 040:022 0.204020¢ 6794282 8.92+1.92 10203 18.68 443 223 7465
B 2080716 090032 03720.11c 73043.78a 1138+290  93.66 1953 848 344  68.58
5 0 M 14731697 112:049% 1145055 2836995  44.57+1270 10175 3249 247 251  62.54
Wi 2323:1045a 573399 3206159 23105573 60.44:2142 9158 4197 1036 595  41.73
434081419  3034x159Tbc 698413 7643:2190a  163.13:2852 9633  27.61 1931 444  48.64
10 M 43305632a  3.841094c  390:l4lc 28235750  85.87+8.64 9275 5473 481 487 3559
Wi 57241739 10.64+1.58c 11724293  32.74#6.01b  120.93+1049  93.07 5032 945  10.65  29.58
I 424383708 623:237b  247+1.32b 381246992 97.59+7.91 9151 4778 684 276 4261
100 M 3555:2.86a  4.00+1.84c  434x120c  12.6413.01b  62.42+1420 9177 6328 691  7.63 2217
W 56471999  10.68:391c  9.24x1.58  21.86:1.13b 10451896 9373 5733  10.82 938 2247
B 3274427a  7.90£1.04b  3.53xl.14b  28.01£256a  74.8127.84 9674 4534 1093 482 3890
20 0 W 51854797 7.59+126¢ 578:076c  8232+1270a  158.45:1847  93.11  35.14 514 392 5580
Wi 1778342805  5930£1087bc  3129:604 71464026  343.88+2534  98.84 5232 17.45 921  21.03
B 3600180882 1788012027  4003:1070c  19436£3232b  789.0448394  97.99  46.56  23.12 518  25.14
10 M 156.99:24.65a 17.64:0.82c  19.36x1.58c  4591+1.61b  270.78+31.72  88.61 6524 739 811  19.26
Wi 149.94:14.05a 41.69+3.23c  2937+2.77c  70.90+11.15b  282.82:36.63 9830 5137 1430 1006 2427
i 230.65:26.86a 51.98+348c  22.6043.44c  168.70420.52b  532.86x35.66  92.60  48.60 1096 476  35.68
100 M 88.02+1137a  10.69+0.97c  10.14x1.17c  29.40+1.73b  141.17£1539 9795 6358  7.74 733 2135
Wi 143.18+17.30a  23.58+2.84c  14.38:2.00c  53.6247.20b 249341583  94.11  60.89 1013 619 2278

M 272.93+45.00a 52.26x15.41c

20.22+4.73¢c = 214.19+13.24b

576.66+72.17 96.97 48.65 9.21 3.61 38.52

E - F1I-AUARRELL Y, Fo-ANA A AN SR IR A ST, F3-ZORi R 7y, FA-TT2H 03, 3R Cd 5 i AR RR B T 5 s 3R P U P I (B R 22 (n=3),

[F—AT A0 09 Cd B R R FEEROR A 13 25 7 (P<0.05) -

Note: F1-cell wall fraction; F2-nucleus and chlorophyll fraction; F3—motochondrion fraction; F4-soluble fraction. The content of Cd in the table is based

on fresh weight of plant, values are means+SD(n=3), different letters in the same row denote significant difference(P<0.05).
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PAFEIBCE Y 3 T e U B Cd A FHE AR 32 1 15 i R
WRHEIN s S UL, 7E Zn/Cd B A AL A 45 5B A
Cd B K FEIPGE AN 2 B S U B S0 B L) MR AS |
MR Zn ACPEAR P AOHS I o b IREE SR, B
Cd 5% Zn ZE B E AEAN, Cd 7R % 3007 Hh i
BRI A S IE BT b LB Em > B2 Cd 258
TR A
3 it

20 e [ 4 TR0 X B A ] BETEAR I ) 465
FROSRR T | MR i SR T T B A O B AR
T Thlaspi caerulescens F Arabidopsis halleri 11
Cd T2 5 BEAEAR PR e 0%) 200 B R P PR 4 L 1 Y 9
HhoI8 6 e AR A W) 2R B 52 K (Sedum alfredii) Y Cd
B AR RE , LUCTE Al i, AR R
SR R 138 AR A ORI R R Cd EEZ oy
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Table 2 Cd distribution of chemical forms in leaves, leafstalks and roots of Potentilla griffithii var. velutina

JbEE mg - L7 36 Cd & /mg « kg’ El&S SAELERBI | %
cd z Fz Fw Fraci Faiac Faic Fr % R Fw P Fa Fao Fe
0 0 I 4.23+0.54b 6.50+0.58a 0.25+0.07¢ 0.24+0.10c ~ 0.07+£0.01c  0.24+0.02¢  81.23 36.72 56.37 2.17 2.08 0.58 2.11
i 3.39+1.28a 2.74+0.95a 0.44+0.26b 0.16+£0.04b  0.29+0.09b 0.24+0.10b  81.29 46.7137.75 6.02 221 4.00 3.26
R 5.85+0.21a 2.01+0.47b 1.46+0.36b 0.53+0.26¢ 0.69+0.31c  0.1740.08c  94.10 54.65 18.74 13.63 495 6.41 1.62
5 0 M 6.43+x1.32bc  23.99+7.35a  8.1122.62b  1.53+0.64cd 0.31+0.11d 0.09+0.03d  90.79 15.89 59.29 20.04 3.79 0.77 0.22
1] 8.66+0.74b  17.22+2.25a 19.74+10.55a 1.87+1.00bc  0.21+0.04c 0.1320.05¢  79.56 18.1135.99 41.26 391 045 0.28
M 62.50+£6.54a 31.32+19.71b 63.13x13.22a 3.19+1.27c  0.57+0.27c 0.74+0.18c  98.97 38.7119.40 39.10 1.98 0.35 0.46
10 I 14.39+2.94b 13.51+1.74b  44.29+7.03a  4.86x0.30c  0.40+0.01c 0.19+0.10c 91.33 18.6817.43 56.82 6.30 0.52 0.26
N 30.44x2.78b 14.95+1.70c 64.92+7.81a 4.15£1.00d  0.33+0.03d 0.24+0.03d 95.64 26.5313.00 56.35 3.63 0.28 0.21
R 2543+3.67b 8.93+1.31c  55.67+3.56a 3.23+0.08d  0.63x0.24d 0.71x0.31d 97.10 26.84 9.44 58.89 342 0.66 0.75
100 I 8.03+2.12¢ 13.07+£0.76b  31.33£2.39a  2.45+0.70d 0.52+0.09d 0.28+0.15d 91.07 14.28 23.52 56.30 4.43 095 0.52
i 10.87+0.54c 25.26+3.65b 47.96+421a  8.17+2.28¢c 0.58+0.12d 0.71+0.29d 89.66 11.6327.07 51.25 8.69 0.62 0.75
M 3.94+1.00bc  6.51+2.01b  52.93+4.98a 3.88+1.64bc  2.34+0.34c 1.00£0.09c 94.45 5.66 9.17 75.03 539 3.32 1.42
20 0 I 19.02+1.08c  68.88+£9.92a  50.20+3.36b 16.04+1.98c  2.35+0.19d 0.22+0.07d  98.89 12.14 43.96 32.03 10.23 1.50 0.14
i 25.05+2.58c 55.34+5.15b  179.03%7.51a 19.59+1.71c  1.97+0.75d 0.23+0.08d 81.78 8.91 19.68 63.67 6.97 0.70 0.08
e 105.86+15.68b 96.66+11.96b 496.67+67.61a 38.30+8.50c 34.85+4.29c 1.62+0.84d 98.09 13.68 12.49 64.17 495 4.50 0.21
10 H 62.06+10.98b 55.52+6.72b 96.91+8.73a  16.62+1.95c  1.17+0.34d 0.43+0.26d 85.91 26.5523.86 41.75 7.15 0.50 0.19
W 54.51+6.41b 49.07+8.57b 145.16x15.57a 16.06+4.18c  6.20+2.22d 0.67+0.06d 96.55 20.1018.02 53.41 5.93 230 0.25
M 28.51+4.37b  27.30+4.98b 156.10+15.29a 25.69+5.91b  4.76x1.56c 3.64+0.94c 91.37 11.56 11.05 63.55 10.40 1.95 1.48
100 I 26.22+4.80b 31.06+3.28b 52.15£3.98a  8.60+0.41c 2.20+0.73d 0.16+0.03d 85.41 21.6725.79 43.37 7.18 1.86 0.13
] 18.91+2.49b 25.2949.09b 146.36+8.90a 17.49+2.50b  4.07+2.70c 0.25+0.15¢ 85.42 8.90 11.84 68.99 8.24 1.92 0.12
R 26.24+546c 59.00+8.13b 388.61+35.57a 24.17+4.16c 1.11+0.31d 0.34+0.15d 86.79 5.22 11.79 77.88 4.82 0.22 0.07

T P SRR Py KRS, Froo- FALBIR S, Foy ~ BRI IUGS , Fro— R BR RIS P AR B 25 s 30D Cd & i A R et o 5 i s R P s
AR ERE (n=3) , Rl —1 T AR 1 FRE R 35 25 5 (P<0.05)

Note: Fy—ethanol—extractable form; Fy—water extractable form; Fyg—NaCl extractable form; Fy,,—~HAc extractable form; F,q—HCI extractable form; Fp—
residual form. The content of Cd in the table is based on fresh weight of plant, values are means+SD(n=3), different letters in the same row denote significant

difference(P<0.05).
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B4 AP R R 8 Cd 7 40 R EE RN RT3 443 19 49 B H
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Cd FEZRBE 1) 73 BE FL BT RE Cd 5 Zn Ab3RMRRE (138
T8I0, 1 Cd 78 AT 45 B o BBl b . X
SEZERBEIIRG Cd M Zn/Cd E A WRafEm, KFE
T bR A B R AR MO BEXT Cd AT BA 1 AR 3G 58 | L)
BHIEEE 219 Cd 2E A0 R, AT S B00] 5 443
Cd W E Il o ANEE A A & O i A T A e Az
AR HE W — BB, U A 4 ARk B R
I ) Py A R U081 ] Ay 200 R 114 SR S TR 2 W R 2R
FA BT A G A m AR TR R R B ac A, T
V4 T 4 R [ e L2 2 3 190 I L 3 400 i
FEIR Cd Zead BEE AP, DASIS 20X Cd 1Y
fERERILAN B4 20 RE ) 285 A7 s ik B A, i
AP 8 R 43 T 4 B e i 2 S H R Y
FEEETR PSR A R A5 A HLRR 4 & T ik 21 X B AL AR
FRRI, 3t Cd ARBRET Zn B9AS I AR AR Y
C7E 20 LR R DAY 3 A = 4 T 20 4 ) 0 T L £33
TA R PR LA 5T A5 AL S, i & i
R EOK AR EEE S Cd B 4rTE L BIRE Cd b PR B3
TG e 721 7o FERINRE B2 RS Cd A BRI K2
Hiu 1 E TR0 Cd 75, I IR S 40 B 1) B
S0, R, Cd 76 20 R [EHSr AT A 20 43 ATt X
BT e R K ZBZBRM Cd MALHIZ—.

K T BTk AN TSR R ER TR S5 N TR
PRI Gt A O 4 i B T A A U i 25
T4, Bl EaR RO B P p 35, FrSR ECH (10 B 4
JEAEREYIR N 05 R RIE RS RE ) A KTREAIR 22,
ARG BOR RE S AL A P20 2 8 7oKk £ 2
PEEUE 4 B 5K Y R4S G B S ok A HL
PR LR A —AR BB 45 5 80% L T HE B LI AR £ . 1k
Yok B TCHLER A FE R R 55 5 1 mol - L™ NaCl i
PEIUR IR R R 05 25 11 T 45 6 2 ol 2 T A 0 T 4
J& % 52% HAc #EBCERE TR E S BEFREL ;0.6
mol - L7 HCI $2HRFLREL A . A BFFE W /INAZ FIZK AR
R AR Cd B LA AR RIS Sy F 02 KRR
) Cd LA BE R R SRR BRI (5 A0 %, ihi
AR LA SR G RS TR B A S 2R K

A R EE (Hydrilla verticillat) T 2 H A Cd 3222
DA AR S AR R4 BUSAA e >, A LTI 25
JEATAL AR B Y P Cd FE LSRR A A
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