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Effects of Different Copper Levels on Subcellular Distribution and Chemical Forms of Copper in Maize Cells
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Abstract: The differential centrifugation technique and sequential chemical extraction method were used to study the subcellular distribution
and chemical forms of copper in the roots, leaves and stems of maize. Results showed that copper was mainly bound to cell walls and soluble
fraction, and little found in the cell organelle fraction in maize cells. Copper content in cell walls was more than that in the soluble fraction in
the control and 1pmol - L'Cu—treatment roots. With the elevation of copper concentrations in solution, distribution of copper was reduced in
cell wall fraction and increased in the soluble fraction. Copper content in soluble fraction was highest in subcellular parts under different cop—
per concentrations in maize stems, whereas that in cell wall fraction came next. On the contrary, copper was mainly distributed in cell wall
fraction under different copper concentrations in leaves. Chemical forms of copper in roots, stems and leaves of maize were significantly dif-
ferent at different copper levels. HCI extractable copper was the main form in roots while several copper forms were observed in shoots under
the control condition. HCI extractable copper was still superior to other forms in roots and NaCl extractable copper was advantageous in shoots
at 1 pmol-L'Cu. Ethanol extractable copper became dominant in roots and leaves with the increase of copper supply. NaCl extractable cop—
per mainly existed in stems at 20 and 50 wmol- L™ Cu while water and NaCl extractable copper was most at 80 pmol-L™ Cu.
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Table 1 Cu distribution in subcellular fractions of maize under different copper concentrations

il it/gg! I3 AT,
WO oy GAVRER GRE GEAMAR Lo AAURE  GAVRER &G aEemd
WA NS W woRma ST s e W RS
R 0.32 2.08¢C 1.16dD 0.92dD 1.48dD 5.64 36.89 20.46 16.37 26.28
1 2.46cC 1.16dD 1.03dD 1.42dD 6.07 40.49 19.10 16.96 23.45
20 54.23bB 6.44cC 3.33¢C 110.30cC 174.29 31.11 3.69 1.91 63.28
50 141.27aA 11.21bB 5.45bB 240.05bB 397.99 35.50 2.82 1.37 60.32
80 142.31aA 23.48aA 16.35aA 258.25aA 440.39 32.31 5.33 3.71 58.64
ES 0.32 0.42dC 0.41 0.33 0.62dD 1.76 23.67 22.99 18.44 34.90
1 0.52¢dBC 0.40 0.44 0.71cC 2.07 24.92 19.35 21.38 34.35
20 0.60bcAB 0.34 0.44 0.81bB 2.19 27.43 15.70 19.90 36.97
50 0.63bAB 0.43 0.45 0.82bB 2.32 27.22 18.30 19.25 35.23
80 0.75aA 0.41 0.41 0.92aA 2.48 30.08 16.37 16.57 36.98
ns ns
i 0.32 1.35bB 0.64 0.65 1.04 3.68 36.71 17.35 17.57 28.37
1 2.03bAB 0.64 0.60 1.22 4.49 45.16 14.34 13.45 27.05
20 2.34abAB 0.73 0.54 1.34 4.95 47.24 14.72 11.00 27.05
50 3.43aA 0.65 0.61 1.30 5.98 57.29 10.78 10.16 21.77
80 3.24aA 0.73 0.61 1.46 6.04 53.60 12.15 10.05 24.20
ns ns ns

TE SRR ETT, a b, . d, e Fll A, B, C, D, E 4353 R BEEAE] 0.05 1 0.01 /K-F22 5 Bk, “ns " FRIRAL IR AIE 2 83K,
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Table 2 Analysis of copper forms in roots, stems and leaves of maize under different copper concentrations

o Wi ngg! IR %
Jumol-L! LFE - RETK NaCl HAc HCI st CF KET O NaCl o HAc HCL i
REmE RS EmES RRES E#mES BRE KIRRE RRE RS WS

B 032 402dD  090dD  2.13eD  2.02dD  11.13eE  0.80bA  19.14 4.29 10.13 9.60 53.01 3.82

1 338dD  091dD  3.08dD  2.18dD  1538dD  0.74bA  13.17 3.56 11.98 8.50 59.90 2.89

20 36.10cC  1020cC  525¢C  20.12¢C  2725¢C  091abA 3616  10.21 5.26 20.16 2730 0.91

50  81.15bB  15.15bB  7.30bB  39.32bB  38.00bB  1.05abA  44.59 8.33 4.01 21.61 2088 0.58

80  8725aA  1620aA  1123aA  4621aA  57.13aA  122aA  39.80 7.39 5.12 21.08  26.06 0.56

2% 032 106¢BC 127bB  128dC 1.39 0.62bA  083bB 1639 1970 1981  21.60 9.60 12.90

1 1.01¢cC  138bB  2.33¢dC 1.41 0.73bA  0.62bB  13.55 1841 3112 18.88 9.77 8.27

20 125¢BC  126bB  3.03 cBC 1.35 0.84abA  093bB 1444 1453 3502  15.63 9.67 10.71

50 2.12bB  1.07bB  4.45bB 2.24 0.84abA  094bB 1821 9.18 3819 19.18 7.21 8.02

80 333aA 10302A  8.35aA 2.17 139aA  332aA 1153 3568  28.94 7.53 4.83 11.50

ns

M 032 1.36¢C 1.17 1.13dD  141bC  130cB  1.14bB  18.11 1557 1501 18.81 17.31 15.21
1 1.47 ¢C 1.06 1.15dD 227 bBC 1.04 091bB  18.61 13.41 1458 2872 1312 1157

20 3.05bBC 1.19 2.08¢cC  224bBC  1.16¢B  1.10bB 2823  11.02 1921 2069 1069  10.16

50  4.27aAB 1.20 315bB  341aAB  1.93bB  1.14bB 2830 7.94 20.87 22,60  12.77 7.52

80 5.17 aA 1.44 405aA  4.02aA  4.17aA  228aA 2445 6.82 19.17  19.02 1974  10.80

ns 1.16 cB

T S R LR

a,b,c,d,e 1 A, B, C, D, E 25IF/RAEFRA] IR E] 0.05 F1 0.01 /K -2 5 W, «

ns” FIRAE IR AR IE F) B HF AR
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