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Effects of sulfur on accumulation subcellular distribution and chemical
forms of cadmium in hyperaccumulator- Sedum alfredii Hance
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Abstract Differential centrifugation techniques and sequential chemical extraction method were used to study the effects
of sulfur on accumulation subcellular distribution and chemical forms of cadmium in hyperaccumulator- Sedum alfredii
Hance. The results showed that Cd contents and amounts of Cd accumulated in leaves stems and roots of Sedum alfredii
Hance increased significantly with increasing S supplies from 1.5 to 2.25 mmol/L. The contents and percentage of Cd in
roots stems and leaves of hyperaccumulator- Sedum alfredii Hance decreased in the following pattern cell wall F1 >
soluble fraction F3 > > cell organ and membrane F2 and most of Cd was bound to the cell wall of hyperaccumulator-
Sedum alfredii Hance. The contents of Cd in F1 F2 F3 fraction of roots stems and leaves of hyperaccumulator- Sedum
alfredii Hance were increased and the change of percentage of Cd were different with increasing S supplies. As to Cd
chemical forms NaCl- acetic acid- and water-extractable Cd forms were dominant. With increasing S supplies contents
and percentages of NaCl- acetic acid- and water-extractable Cd forms in roots NaCl- and acetic acid- extractable Cd
forms in stems were increased but ethanol- and HCl-extractable Cd forms in root and water- ethanol- and HCl-ex-
tractable Cd forms in stem were decreased. Increasing S supplies enhanced contents of NaCl- acetic acid- and water- ex-
tractable Cd forms in leaves but little effect on their percentages.
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2.00 mmol/L Ca NO; - 4H,0 0.10
mmol/L. KH,PO, 0.50 mmol/L. MgSO,- 7H,0 0.10
mmol/L. KCl 0.70 mmol/L K,SO; 10.00 pmol/L
H;BO; 0.50 mmol/L MnSO, 1.00 pmol/L ZnSO,-
7H,0 0.20 pmol/L. CuSO; - 5H,0 0.01 pmol/L
NH; ¢Mo;0,4 100 pmol/L Fe-EDTA

1/4 1 1/

1 10
2 10 Cd10 100

Cd NO; , 3
1.5 2 2.25 mmol/L. S3

pmol/L Cd100
0.75 S1

K,S0, KCl K*

70% —~80 % 26°C 20°C 16

h 8h 1 pH pH 0.1

mol/L. HC1 0.1 mol/L. NaOH 5.5+
0.2 4d

30d 20 mmol/L Na, —ED-

TA 15 min Cd*+

1.2

12

1.000 g 20
ml 0.25 mol/L + 50 mmol/L Tris-HCI
pH7.5 +1.0 mmol/L
1 h 4000 r/min
2 F1 3
16000 r/min 45 min
F2
F3 4 C
Cd F1
F2 100 mL
2 mL

10 min
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2
Table 2 Subcellular distribution of cadmium in root stem and leaf of hyperaccumulator- Sedum alfredii Hance

Cd Cd content mg/kg FW Rec. Percentage %
Treatments ~ Parts F1 F2 F3 % F1 F2 F3
Cd10 S1 Root 66.65+3.25 10.11+£1.66 31.96+£2.20 90.3 61.3 9.3 29.4
Stem 83.79+5.62 18.05+2.45 52.46 +4.78 89.4 54.3 11.7 34.0
Leaf  102.37+12.34 16.96 + 1.76 87.48+6.13 93.2 49.5 8.2 42.3
2 Root 77.09 +8.39 12.58 +0.98 32.50+3.11 90.1 63.1 10.3 26.6
Stem 88.95+7.21 19.41+1.33 71.34+£5.47 90.3 49.5 10.8 39.7
Leaf  118.45+12.43 24.06+2.75 88.84+9.21 91.3 51.2 10.4 38.4
S3 Root 96.19+8.27 15.06 +1.25 42.41+3.58 91.3 62.6 9.8 27.6
Stem  102.80+ 11.56 21.29+1.98 75.62 +4.55 90.7 51.3 10.7 38.0
Leaf  120.99 + 13.68 30.55+2.60 92.88+9.32 93.4 49.5 12.5 38.0
Cd100 S1 Root  105.31+13.35 14.98 + 1.34 35.73+2.89 91.5 67.5 9.6 22.9
Stem  105.91 +8.20 25.91+2.56 58.67 +4.69 89.6 55.6 13.6 30.8
Leaf  144.44 +15.47 27.28+2.44 115.44 + 10.09 90.5 50.3 9.5 40.2
2 Root  113.27+10.53 19.62+1.21 37.70 +2.66 89.5 66.4 11.5 22.1
Stem  126.37 +11.35 27.41+3.12 88.77+7.83 90.1 52.1 11.3 36.6
Leaf  166.43 +19.28 37.27+4.51 117.60 + 14.43 92.7 51.8 11.6 36.6
S3 Root  129.64 + 14.45 20.92+2.00 46.77 +4.65 90.6 65.7 10.6 23.7
Stem  142.73 +17.58 30.74 £ 1.56 70.51+6.53 90.3 58.5 12.6 28.9
Leafl  167.99 +16.55 45.75+£3.32 120.23 + 11.77 91.8 50.3 13.7 36.0

Fl— F2— F3— cd + n=3

Note F1—Cell wall fraction F2—Cell organ and membrane F3—Soluble fraction. The content of Cd in the table is based on fresh weight of plant values

are means + SD n=3 .

3
Cd
Cd 8
500 pmol/L
Fraer Frae  Fw
23.4%~28.1% 22.6%—~27.6% 18.9%
~22.2% Fg  Fyq 14.1%~
16.8% 8.1%—~12.9% F, 1.2% ?
~2.7% 2 S3 6 3%~5%
Frae  Fuac Fy Fg Met Cys GSH PC
Fha Cd100 > Cd10 GSH PC
Faal 6
29.9%~32.8% Fuse  Fyw GSH PC
26.9%—129.6% 17.9%—20.6% Fg cd
Fua F. 9.6% 4 Sirguey 15
Fra Frae  Fw

GSH
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3 mg/kg FW
Table 3 Cd distribution of chemical forms in root stem and leaf of hyperaccumulator- Sedum alfredii Hance
Cd10 Cd100
Parts Chemical forms S1 S2 S3 S1 S2 S3
Reot F, 21.34+1.34 20.61 +3.66 21.15+£2.23 25.98+1.11 23.77+1.55 27.63+2.34
14.7 12.2 11.4 13.9 11.5 12.3
Fy 23.96 +3.52 29.22+2.11 33.58+2.11 32.89+2.34 38.24 +2.87 41.78 £3.19
16.5 17.3 18.1 17.6 18.5 18.6
Fo 38.62 +2.88 47.12+1.53 48.97+5.87 51.21+3.67 58.50+4.76 63.56 +5.77
26.6 27.9 26.4 27.4 28.3 28.3
Fi, 36.01 +1.98 43.41+£2.77 51.01 +4.65 49.34 +£3.78 57.67+4.44 63.34+7.76
' 24.8 25.7 27.5 26.4 27.9 28.2
Fiu 17.28 + 1.11 18.07+2.83 18.36 £ 1.34 22.43+1.99 19.64 +1.07 22.91+1.11
11.9 10.7 9.9 12.0 9.5 10.2
P 7.99+0.98 10.47£0.99 12.43+£0.98 5.05+£0.32 8.89+£0.93 5.39+0.45
' 5.5 6.2 6.7 2.7 4.3 2.4
Total 145.2+12.23 168.9+19.96 185.5+14.44 186.9+21.76  206.7 +26.98 224.6 +21.34
Stem F, 31.23+2.48 32.96+3.76 31.47+2.43 41.21+£2.49 43.38 £3.56 43.10+3.56
16.5 16.1 14.1 16.8 15.5 14.3
Fy 42.02+2.16 43.60 +4.55 47.10 £ 3.45 52.98 +3.63 52.90 +4.90 58.77+3.50
22.2 21.3 21.1 21.6 18.9 19.5
Fuu 44.30 £ 2.65 53.84+4.89 60.71 £6.65 60.83 +5.61 76.69+£9.21 84.69 +3.43
23.4 26.3 27.2 24.8 27.4 28.1
. 42.78 +4.34 50.15+3.21 58.70+4.76 58.63+3.44 74.73+£5.33 83.19+7.30
22.6 24.5 26.3 23.9 26.7 27.6
Fio 24.42 +2.00 21.70+1.11 21.43+1.43 25.02+3.78 26.87+1.19 24.41 +1.42
12.9 10.6 9.6 10.2 9.6 8.1
F 4.54+0.54 2.46+0.59 3.79+0.23 6.62+0.75 5.32+3.22 7.23+5.56
' 2.4 1.2 1.7 2.7 1.9 2.4
Total 189.3+£23.37 204.7+£26.78 223.2+27.76 245.8+29.90 279.9+25.89 301.4 +32.46
Loaf ¥ 19.64 +1.99 22.31+1.66 22.45+2.11 30.27+£2.76 26.07+2.77 37.10+2.23
8.7 8.4 8.1 9.6 7.3 9.3
Fy 41.32+3.67 54.71£3.27 49.60 +2.54 62.11+4.33 70.71 +4.49 72.20+£5.58
18.3 20.6 17.9 19.7 19.8 18.1
Fau 70.45 £ 8.60 81.54+7.88 90.89 +5.32 94.27+7.77 107.8+11.32  124.46+15.44
31.2 30.7 32.8 29.9 30.2 31.2
Fi, 62.55+5.44 71.45+9.21 82.02+7.88 90.81+7.40 102.49+13.36 110.10+9.27
27.7 26.9 29.6 28.8 28.7 27.6
Fiu 19.42 +13.32 21.78 +1.05 16.90 + 3.39 23.02+1.19 30.00+2.11 29.92+1.15
8.6 8.2 6.1 7.3 8.4 7.5
F 12.42 +1.67 13.81+2.71 15.24+0.88 14.82+0.76 20.00+1.29 25.13+£1.27
' 5.5 5.2 5.5 4.7 5.6 6.3
Total 225.8+29.90 265.6+32.64 277.1+31.11 315.3+39.98 357.1+40.03  398.9+42.68
Fr— Fy— Frac— Fua— Fra— F— Cd
+ n=3 %

Note Fg—FEthanol- extractable form Fy—Water extractable form Fy,c—NaCl extractable form Fyy—HAc extractable form Fyo—HCI extractable

form F,—Residual form. The content of Cd in the table is based on fresh weight of plant values are means + SD n=3 .The values in brackets are percentage.
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