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Effects of Cadmium and Lead on Subcellular Distribution and Chemical Form of

Zinc in Potentilla griffithii var . velutina
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Abstract: Using the differential centrifugation technique and sequential chemical extraction methods effects of Cds Pb and different Zn salts on
subcellular distribution and chemical form of Zn in Zn hyperaccumulator Potentilla griffithii var. velutina under nutrient solution culture were
analyzed. Under all treatments except for the control; 46%-74% and 16%-33% of total Zn in the plants are distributed in cell wall and in
soluble fraction, respectively. Further, 74%-95% of total Zn are localized in these two parts under all treatments; which suggest that cell wall
and soluble fraction in the plant are major storage sites for Zn. Compared with the control, Zn percentage significantly increases by 9%-38% in
the cell wall and decreases by 6%-40% in the soluble fraction with addition of Zn, Cd and Ph treatment (p < 0.05) . Although the addition of
Cd and Pb has no influence on the pattern of Zn subcellular distribution presenting cell wall > soluble fraction > karyon and chloroplast >
mitochondrion, it generally reduces Zn percentage in the chloroplast, karyon and mitochondrion and increases that in the cell wall or soluble
fraction, suggesting that Cd and Pb promote the transferring processes of Zn from organelle to either cell wall or vacuole. As to the chemical
forms; 61 9%-87% of total Zn exist as ethanol- and water-extractable forms in plants under control and only leaves under Zn addition treatment;
while 62%-73% of total Zn exist as NaCl- and ethanol-extractable forms in leafstalks and roots under Zn addition treatment. NaCl-; ethanol-
and water-extractable forms are also the main chemical forms in the plants, occupied almost 70%-89% of total Zn under Zn/Cd and Zn/Pb
compound treatments. The addition of Zn, Cd and Pb generally increases the percentage of NaCl-extractable Zn forms, but decreases that of
ethanol-extractable Zn, which facilitates Zn chemical form transferring from relatively higher active forms to less active ones. These results

mentioned above indicate that cell wall binding, vacuolar compartmentalization and reduction of total percentage in higher active chemical forms
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are main tolerance mechanisms for Zn in Potentilla griffithii var. velutina in response to Zn, Zn/Cd and Zn/Pb treatments. Additionally, different

Zinc salts have no obvious influence on Zn subcellular distribution in the plant, whereas the treatment of Zinc nitrate turns Zn ethanol-extraction

to a dominant chemical form.

Key words: Potentilla griffithii var. velutina; subcellular distribution; chemical form; zinc
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Table 1 Effect of Cd on Zn subcellular distribution of leaves; leafstalks and roots in Potentilla griffithii var. velutina

ﬂ‘ﬂ/mg'L’l iy Znﬁi/rng'kg’l [EE & I lic el 9%
/n o Fl 2 F3 £ 1% Fl R 3 4
M 33.27:8.89b  11.60£2.3lc  3.95:1.59¢  62.57+5.1la  106.47+9.62  94.86 29.61b 10.34ab 3.49%hc  56.56a
0 0 K 20.18£3.70a  8.51+1.79b  5.04=1.13b  25.52+5.63a 57.20£2.40  95.60 35.30d 14.11a 8.34abc  42.26a
B 27.86+2.84a  9.10+0.5b  7.50+1.43b  24.93:5.3la 75.60£2.68  88.71 40.13¢ 13.19b 11.00a  35.67a
M 191.42:14.38a 36.68+7.30b 13.59:1.70c  49.02+3.25h  318.94+15.04 91.15 65.79 12.66a 4.67hc  16.89%
0 H 132.12+9.09a  24.96+1.84b  13.00£1.60c  33.33+4.52b  246.45+25.12  82.53 64.92ab 12.30ab 6.4lcd  16.37c
B 135.52+17.52a  40.33+2.09b  19.17+4.34c  45.53+2.10b  275.50+28.59  87.32 56.20c 16.83a 7.98b  18.99d
M 146.57:16.04a  19.98£3.37c  20.93+9.06c  55.63:9.48b  269.09+17.55  90.97 60.39a 8.25hc 8.58a  22.78hc
10 5 f 126.74:8.52a 23.75:7.47c 18.58+1.94c  36.26£1.56b  211.05£22.04  97.41 61.80bc 1l.4labc 9.06a  17.74c
B 130.51+14.86a 17.56+3.19c  8.61+1.63c  45.74%8.81b  218.53+9.67  92.81 64.46b 8.64c 4.30d  22.6lc
M 152.60£24.55a 24.22+5.25c  13.9+4.44c  62.94:11.19b  259.32£21.00 98.36 60.19a 9.51bc 5.46b  24.85h
20 W 136.77£14.67a  20.77£5.68c  15.48x1.65c  44.73£9.32b  231.96+19.78  94.08 62.76abc 9.46hc 7.12bc  20.65c
B 89.62+16.10a 26.76+2.0lc  16.80+2.50c  49.07+2.93b  191.9+11.82 94.96 48.%4d 14.79ab 9.27ab  27.0lb
M 401.78+18.82a 43.33+5.58c 21.14+2.85d  177.38+10.73b  806.88+27.13  79.77 62.42a 6.75¢cd 3.28hc  27.56b
0 B 591.95:16.94a 92.31£15.73c 42.04x13.67d 142.22+2.27b  1060.10+14.43  81.93 68.19a 10.61hc 4.82d  16.37c
B 605.69+31.91a 146.72+2.67b  48.16+3.5lc  160.10£7.21b  1016.43£37.89  94.51 63.03b 15.28ab 5.03cd  16.67d
M 818.01+51.94a 57.18+32.67c 34.63+5.62c 307.73+101.11b 1427.17+215.00 85.55 67.77a 4.53de 2.85hc  24.86b
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Table 2 Effect of Pb on Zn subcellular distribution of leaves; leafstalks and roots in Potentilla griffithii var. velutina

ﬂfﬂ/mg'lfl s 7n /H\;_:f/mg'kg’l [l St/ 9%
/n  Pb I F1 F2 F3 F4 o) 1% F1 F2 F3 F4
M 33.27+£8.89b  11.60+2.3lc  3.95+1.59¢ 62.57+5.1la 106.47+9.62 94.86 29.61b 10.34ab 3.49b 56.56a
0 0 #i 21.18%3.70a 8.51=1.79b 5.04+1.13b 25.52+5.63a  57.20=2.40 95.60 35.30d 14.1la 8.34ab 42.26a
M 27.86+2.84a  9.1020.56b  7.50=1.43b 24.93+5.31a  75.60+2.68 88.71 40.13d 13.19b 11.00a 35.67a
M 191.42+14.38a 36.68+7.30b 13.59+1.70c  49.02+3.25b  318.94+15.04 91.15 65.79a 12.66a 4.67b 16.89¢
0 Wi 132.12+9.09a 24.96+1.84b 13.00+1.60c  33.33+4.52b  246.45+25.12 82.53 64.92a 12.30abc 6.41bc 16.37e
M 135.52+17.52a 40.33£2.09b 19.17+4.34c  45.53+2.10b  275.50+28.59 87.32 56.20bc16.83a 7.98b 18.99¢
M 165.17£20.93a 18.39+6.4lc  14.39+2.48c  77.50+15.25b 276.87+26.01 99.79 59.86a 6.62b 5.25ab 28.28b
10 10 H#i 138.46+11.36a 28.53+3.97¢ 21.62x1.13¢  67.30+13.20b 257.98+13.18 99.04 54.21b 11.12bc 8.55ab 26.12¢
M 124.72+16.38a 21.33+£2.86c 18.44+1.72c 67.42+3.62b  235.78+38.77 99.08 53.66¢ 9.18¢c 7.98b 29.18b
M 150.62+£50.91a 23.19+3.89bc 13.82%5.17c  70.71+12.90b 266.95+54.15 96.62 57.48a 9.40ab 5.57ab 27.55b
40 Wi 90.14+15.06a 25.69+7.08c 19.56+5.66c  59.38+8.13b  198.67+51.03 99.54 46.25¢ 13.05ab 10.05a 30.65b
R 88.73+11.92a 22.91+6.0lb 17.98+2.40b  29.20+3.16b  167.30£24.87 95.37 55.88bc14.33ab 11.41a 18.39¢
M 401.78 +£18.82a 43.33+5.58c 21.14+2.85d 177.38+10.73b 806.88+27.13 79.77 62.42a 6.75b 3.28b 27.56b
0 M 591.95+16.94a 92.31+15.73¢c 42.04+13.67d 142.22+2.27b 1060.10=14.43 81.93 68.19a 10.6lc 4.82c 16.37e
R 605.69+31.91a 146.72+2.67b 48.16+3.51c  160.10=7.21b 1016.43+37.89 94.51 63.03a 15.28ab 5.03cd 16.67c
M 418.59+101.08a 78.49+3.98bc 33.95+7.04c 187.75+62.28b 789.91+119.88 90.69 58.00a 11.22a 4.73b 26.05b
100 10 #i 517.52+48.09a 100.80 = 11.91c 59.08 + 18.76¢c 244.77 +18.76b 1029.64 = 138.82 89.97 56.14b 10.92bc 6.33bc 26.61c¢
e 490.59 +131.90a 73.62+3.83¢c 28.00%13.79¢ 216.06+20.03b 869.92+211.65 93.87 60.08ab 9.27c 3.64d 27.00b
M 369.11+£76.92a 56.84+17.40c 46.49 +13.23¢ 152.24+45.47b 679.37+82.73 91.27 59.29a 9.13ab 7.43a 24.16hc
40 Wi 504.08+19.84a 63.16+14.98c 44.67+0.65¢c 158.82+16.24b 791.42+50.98 97.47 65.47a 8.14d 5.81bc 20.57d
M 538.13+111.87a 77.40 £20.51c 53.59+ 14.21c 159.37+23.29b 844.73+122.58 97.56 64.92a 9.27¢ 6.42¢ 19.39¢
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BCEE A BEAR 7% ~ 14 % , T SAL BA 32 B 1 43 I L
BB EIEIN 9% ~ 18% . AEHERRHY, VS I Cd % Zn 11
FEFEEA BE LW AR, %0 cd A
Zn T AL BN B A 1R 23 C b A5 S = 389, (7] ) 5 35
LIFPE AR E T 13% ~ 19% s BARAE ) Zn 1)
Cd PRI DA ZK S B (19 73 TE Lo ) 8 2% B, B L
PEHES RN ZK SIS 1) 2 L L) 2 R B Zn A BB
ik, BA ES5 U0 cd s i 2 A0 AR N 1) Zn 1)
R ESER .

{E Zn/Pb BEMB PR 4, 5 Zn/Cd A AL
— B, RSB A 2 LS LU E AL AR IGS L 2
PR FUKIEE N EFBE, =& H BT 79%
~89% . [}, Ph XT Zn (R4 27 T 25 53 Al A1 38 A7)
SEME LE Iy AT L K Zn B IN Ph X Zn B 5L
BRI OB IS FUKIR IS S XS IBEL
RO 5y Zn BV N Ph A £ T 4R A 1 43 Tid b
B BAR 15% ~ 23% » 1117 SAL BN F2 B 16 70 i LL 491 (2
EYEIN 9% ~27% ;5 Cd AHEL, & Zn B I0 Ph A
Jv R AR ) £ BB IS 1 43 T LA 22 982D 9% ~
16% » 111} 4 A 40 32 B AS 19 43 e Bl 22 386 0 99 ~
15% oAy i Zn IR0 Ph Al A0 BN 32 EX
BT RIS, 1 ORISR E A
PRAE 340, AL T/KAR IS 2 5  AEAR Y, Ph (R
AR Zn 1R G000 B0 $ A 1 20 T B ) Bk =2 3
15% ~ 17%, AN S ORI B2 T 14% ~
21% s HAR Ph HIVS A AR i /K SR S (1) 40 e L )1
T AR Z BEFE IS AR BUAS 1) 43 FiE E A7) 5 0 B
Zn AEBFRIIK 7% ~ 12% X625 JLU B Ph (1933 048
DRI Zn RS TER IS LS

[ I AFE 3 FN3 4 vl 1, BT A7 Ab B e, AR A #5350
7 Zin 18] TS IS AN K A 1) 43 e EL ] 2 Fn
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SR BRI < FEAR < W, L0 0 B A1 1 F 38
AR IR N 229% <35% F1 41 % , 1X W Zn FEAR T 3= 22
S A4 B Is i, e b DUV
BRI TEASATAE W] e 55 A7 WLIR 55 4% 6 6 A7 70 L
HEAR, Zn SRR EETEAS R B R e
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Pk AR ) A, U A AT AR e AR R AR B A
Hat2ed), 70 8 SR Arabidopsis halleri 1) Zn F
TR AT NS 3R B 10 4N M BE RN I DR A PR
it B, Zn BB R SR W) R B St R C Sedum
alfredii)':F‘ () Zn F Z 0 A (R 40 e o, JLAE T %
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0 A% - S AR N GREAAR rp 43 AT LD, 3 W40 i e
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(1) 2 MR EEIAL 2o W RE S KR BRI
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A RS2 Zn R T IR S — 30 R B s 2 N A PN R OK
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AR AE LAV 3 1 AT A A L A P s e 2
B RIG, Zn 76 20 MR 0 3 AN T S5 R0 IX
R AL mT e 2 KRB RREENN Zn HIALHIZ —.

[FIE, N 1 FIER 2 AT 401, Cd A Ph B N 2E A
AR ) A 1Y) Zin 7 40 AR SR AR R 2 R A
(1) 53 TC AT W A7 Jd 25 38 0, R 22 B0 D0 1 S %
N A R BT R 43 1) 43 IE B AR AR K 2 Sk B
TEFE BT X RYIAE Zo/Cd M Zn/Pb BETTEET,
LR FTICHE Cd M Ph — 5 23 404 TAHY) 1) 40 i i
MR RAR T, REOX R H PN ES AT
WP T 5 Zn AR BRI 1) Zn®* R B, AHIE I 9 D Zn
TEIX LB IR 23 A1, FF 1) 48 1 B 5 DL A 3 11
AR e, LAIAR Cd AT Ph X R4 I e, X
WV KR BEBEIEN Zn/Cd M1 Zn/Pb A5 4
(1 —F i LRI

WAk, AR GG DUAH [F) 1) B Zn A BEIR B C10 AN
100 mge L™ DFIEFFRIF ] (21 DR HEAF Zn #5556
T2 B2 % S .41 43 A5 [P 52 . ZnS0, * 7TH, O Ab 3
AEREA) BRI Zn 3250 A 40 B 53 (40 % ~
55% ), HUZ T (17 % ~ 27 %), 16 Zf A4
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Y HBAL I Zn B 32 B 03 A 40 M0 BE S 0> (56% ~
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A, K FEBZ K KA ZnS0, « TH,0 AL HE 1)
T ZE A DLEAL AR R S TR S UGS I = S R4,
X2 BT LB BR AR Zn AREE (9 F A AR
G, JEEHAE 55% ~ 729% 2 18NS T AE A IRV (1
Zn(NO, ), *6H,0 4 FEF (3£ 3), #¥ i fy w LL &1
PSR AKIEMENE, WEHEHNEEW 61% ~
69 % » M AR FIAR Hh 31 DL GG 0 32 S R O I A
KB TERAS 2 PR TR B 1) 62% ~73% . N af
LA H S, Zn(NO, ), * 6H,0 Ab B AE £ W42 B A 4
FILE, WHIAIR Zn i KR BRE M ZRAT”
AR RN, X LI ) A LR I A DA R
BECEULEE N E R ML R IR Hh A e

it

N

AT 8 23 B 50 1°) 40 i e R0 5 A W A4k 1) T o
oy A Zn TEA MU I8 B A A i e 2 A
YLA3 (X AR D5 B Zn AbFE . Zn/Cd B Zn/Pb E A Ak
PRHAR 2 22k Zn 5 40 L BE 1) 'F 2 (p < 0.05), [A] N
BERD Zn TEVHE T AT (p <0.05): 55 Zn
A FRAH LG, HUAR Cd AT Ph A O Zn 7B 41 L4
AT RN F1 > F4 > F2 > F3 0040 B AR 5, (R3S
A LD 7o 16 A0 MR < I SR AR S R [ 40 A
IR AE 41 B B B R R 4 1 LAg , AT (2 2E Zn ) 4
0 R R e A

(O KBRS N I Zn 22 TE
SR M AN AR 1) < 0J FECr 1) 25 38457 FH5 Zn AR PR
e DL 2B S B KSR A 3, B Zn Ab7E
() A R AR HH 3 2 LA A S S I B S
PEAATEZS s A A3 A R ) 25 3L Zn # DA AL
BRI . SRS AR 3 TET A A
B, Zn (9 56 TR 4 MU RER B A 0 BT o LG g R 4
fiG; Zns Cd AT Pb VS IR 2 R 2 & 42 &1 Zn I SAL
PRI 1) o0 T LA, T 2 PR L £ B AR A 1
B L, AT RE Zn VSRS M & A B S
.

ORI Zn EHALFEX K FBEBE AN Zn 1)
VA0 i 3 A A% S A T k5 i, T A TR Ak B A 2
BESE S N IRFILE .

S %3

[ 1] Baker A J M. Metal tolerance[ J1. New Phytologist, 1987, 106: 93-
111.

L 21 Kipper H, Zhao F J, McGrath S P. Cellular compartmentation of zinc
in leaves of the hyperaccumulator Thlaspi caerulescens [ J 1. Plant
Physiology»> 1999, 119: 305-311.

[ 3] Hall J L. Cellular mechanisms for heavy metal detoxification and
tolerance [ J]. Journal of Experimental Botany,2002,53: 1-11.

[ 4] TLiu D H, Kottke I.Subcellular localization of copper in the root cells
of Allium sativum by electron energy loss spectroscopy (EELS) [J].
Bioresource Technology, 2004,94: 153-158.

[ 5] Kipper H, Lombi E; Zhao F J; et al. Cellular compartmentation of
cadmium and zinc in relation to other elements in the
hyperaccumulator Arabidopsis halleril J1. Planta, 2000, 212: 75-84..

L 61 Frey B Keller C, Zierold K et al . Distribution of Zn in functionally
different leaf epidermal cells of the hyperaccumulator Thlaspi
caerulescens[ J1. Plant, Cell and Environment, 2000, 23: 675-687 .

[ 7] ZhaoF J, Lombi E, Breedon T, et al. Zinc hyperaccumulation and
cellular distribution in  Arabidopsis halleri [ J 1. Plant, Cell and
Environment, 2000, 23: 507-514.



2036 wooos B 29 %

[8] LiTQ Yang X E;Yang J Y; et al . Zn accumulation and subcellular TS G BALT]. P IE PR, 1993, 13(4):263-268.
distribution in the Zn hyperaccumulator Sedum alfredii Hance [J]. [18] Kuéimer U, Pickering T J» Prince R C» et al . Subcellular Localization
Pedosphere, 2006, 16(5): 616-623. and Speciation of Nickel Hyperaccumulator and Non-Accumulator

L 9] Vazquez M D, Barcels J, Poschenrieder C H, et al . Localization of Thlaspi speciesL J1. Plant Physiology, 2000, 122: 1343-1353.
zinc and cadmium in Thlaspi caerulescens C Brassicaceae )s a [19] Wu F B, Dong J» Qian Q Q, et al. Subcellular distribution and
metallophyte that can accumulate both metals [ J1. Journal of Plant chemical form of Cd and Cd-Zn interaction in different barley
Physiology» 1992, 140: 350-355. genotypes [ J]. Chemosphere, 2005, 60: 1437-1446.

[10] MaJF, Ueno D; Zhao F J» et al . Subcellular localisation of Cd and Zn [20] QiuR L, Fang X H, Tang Y T» et al. Zinc Hyperaccumulation and
in the leaves of a Cd-hyperaccumulating ecotype of Thlaspi Uptake by Poteniilla griffithii Hook [ JJ. International Journal of
caerulescens [ J]. Planta, 2005,220: 731-736. Phytoremediation, 2006, 8(4):299-310.

L11]  Vazquez M D, Poschenrieder C H, Barcels J. Ultrastructural effects [21] Weigel H J, Jiger H J. Subcellular distribution and chemical form of
and localization of low cadmium concentrations in bean rootsl J1. New cadmium in bean [ J]. Plant Physiology, 1980, 65: 480-482.
Phytologist> 1992, 120: 215-226. [22] Gabbrielli R, Panddfini T, Vergnano O, et al. Comparison of two

[12]  TLozano-Rodriguez E; Hernandez L. E» Bonay Ps et al . Distribution of serpentine species with different nickel tolerance strategies [ J1. Plant
cadmium in shoot and root tissues of maize and pea plants: and Soil> 1990, 22:271-277.
physiological disturbances[ J1. Journal of Experimental Botany, 1997, [23] Cosio C> Martinoia E; Keller C. Hyperaccumulation of Cadmium and
48:123-128. Zinc in Thlaspi caerulescens and Arabidopsis halleri at the Leaf

[13] Ager F J, Ynsa M D, Dominguez-Solis J R, et al. Cadmium Cellular Level [J]. Plant Physiology, 2004, 134:716-725.
localization and quantification in the plant Arabidopsis thaliana using [24] Bidwell S D, Crawford S A, Woodrow T E; et al. Sub-cellular
micro-PIXE [ J 1. Nuclear Instruments and Methods in Physics localization of Ni in the hyperaccumulators Hybanthus floribundus
Research B> 2002, 189:494-498 . (Lindley) F.Muell [J]. Plant, Cell and Environment> 2004, 27: 705-

L14] AR, 5E&, B3R, 5% NTA B FOKIK A CusZn INBLR K 716.

A5 A5 AL ] SR BERE 5 2005, 26(6): 126-130. (251 F4=8, brtlss . o 4 40 B 4 70 R 55 1A V9 100 70 2 20 A F 5

(151 R, FEBUE, GRS, 55 B KR BZ BRI P I 2> i A CI1FRBEREE 5 5 R, 2005, 28(1): 34-35, 60.

2 AR ). A PR, 2006, 15(1): 40-44 . [26] JEWi%e. iR 5t K Sedum alfredii Hance) X £ [ i 4 1 e AR 22

L16]  VrsaBk, 8071, Mo, 5 RAE VPR Dot i i (K16 22 TE 25 BLEIRFFEL D] BTN« 3T R 2%, 2002.71-78
WAL, N R4, 1991, 2(3):244-248 . [27] JAER, 5635, BREED, 55 NTA X F KA CanzZn LR Je

[17]

W 2, 51, 5RETT B E AR A 0 P9 R A R R

TEARFEML )] AR R A 223, 2007, 26(2): 453-457 .





