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Subcellular distribution and chemical forms of cadmium in cucumber seedlings

YAN Lei, ZHU Yuan—chen, CHEN Chen, ZHANG Si—jia, DING Gong—yao, LA Yue—peng, QU Juan—juan”

(School of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: To investigate the characteristics of cadmium uptake and accumulation in cucumber seedlings, cucumber seedlings were cul-
tured in nutrient solution at different cadmium concentrations (0, 10, 50, 100, 200, 300 mol-L™) for 17 d. The cadmium contents in shoot
and root of cucumber seedlings and the subcellular and chemical morphological distribution of cadmium in leaves were determined. The re-
sults showed that with the increase of cadmium concentration, the transfer coefficient decreased gradually, and the cadmium transport ca-
pacity from root to shoot of cucumber decreased. The cadmium contents of different subcellular components in cucumber leaves increased
significantly with time or concentration. The trend of cadmium accumulation was in the order of soluble part > cell wall > organelle, and
cadmium contents of soluble fraction(44.88%~84.94% ) were much higher than those of organelle(3.10%~17.05%) and cell wall(11.20%~
39.66%). When cadmium concentration was increased under the same cultivation time, the proportion of cadmium in cell wall increased
first and then decreased, and that of soluble cadmium decreased initially and increased afterwards. With the prolongation of cultivation

time, the proportion of Cd in cell wall decreased, while the proportion of Cd in soluble fraction increased. The highest proportion of NaCl-
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extracted cadmium was found in cucumber leaves(33.69%~54.23% ), but with the increase of cadmium concentration, the proportion of eth-

anol—extracted cadmium and hydrogen peroxide—extracted cadmium increased. When cadmium concentration reached 300 pmol « L™', the

cadmium in cucumber leaves existed mainly in ethanol-extracted, hydrogen peroxide—extracted and NaCl-extracted speciation. At the or-

gan level, cucumber reduces cadmium toxicity to shoots by limiting cadmium transport from root to shoot. At the subcellular level, cell wall

binding and vacuolar compartmentalization are very important for the Cd detoxification in cucumber leaves, while the former is dominant.

At the chemical morphological distribution, the chemical transformation of cadmium is also an important strategy for cucumber to deal with

cadmium stress.

Keywords : cadmium(Cd); cucumber seedlings; accumulation; subcellular distribution; chemical form
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Table 1 Cadmium contents in cucumber seedlings under the

treatments with different concentrations of Cd

KA FIVRE Cd S i Cd concentration/mg-kg™' DW &L Z %

Cd concentration/ b 135 AR Translocation
pmol - L™ Above—ground Root factor

0 0.58+0.03f 0.42+0.02f 1.38+0.05a

10 28.99+2.04e 26.12+1.84e 1.11+0.04b

50 60.59+4.74d 74.42+2.14d 0.81+0.08¢

100 73.98+0.61c 91.73+4.52¢ 0.80+0.03¢

200 86.53+6.36b 123.85+6.10b  0.69+0.04d

300 105.44+7.72a 183.75+9.05a  0.57+0.03e

TE - AN PR R BN R R B AN R 285 235 (P<
0.05). T

Note: Different lowercase letters meant significant difference among
treatments in the same organs of cucumber variegate at 0.05 level. The

same below.

®2 BEMM A THABESANRSENTEZSN
Table 2 Analysis of variance of Cd concentration in subcellular

fractions of cucumber leaves

i3 s 1] TR I X [i]
A2 5 Concentration Time ConcentrationXTime
Subcellular fractions
P F P F P
MIMIBE Cell wall — 284.60 **  51.55  #% 6.16 ok
AHHL#S Cell organelle 415.46 *%  98.69  ** 18.06 ok
R T A S SPVR VIR

Soluble fraction

T FRIRTE P<O.01 /K FAHSC A IR 35

Note: ** Correlation is significant at the 0.01 level.
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Figure 1 Cadmium contents of subcellular components in cucumber leaves
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Figure 2 Distribution percentages of Cd among different subcellular fractions in leaves of cucumber
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Table 3 Chemical distribution of cadmium in cucumber leaves(mg-kg™ FW)
FEPOET FEHRJE Cd concentration/pwmol - L™
Extraction forms 10 50 100 200 300
Fy 2.73+1.34c¢ 9.48+1.01b 11.35+4.46h 13.50+6.90b 24.79+2.07a
(24.64%) (23.11%) (24.21%) (26.69%) (30.71%)
Fy 1.08+0.37d 9.15+0.76¢ 13.20+5.90bc 15.57+0.21b 23.60+1.21a
(9.76%) (22.30%) (28.16%) (30.79%) (29.24%)
Fra 6.0120.85¢ 19.42+1.15h 18.48+1.81b 19.42+1.92h 27.2020.45a
(54.23%) (47.32%) (39.42%) (38.39%) (33.69%)
Fux. 0.38+0.11¢ 2.06+013ab 2.63%1.42a 1.1720.31bc 2.58+0.70a
(3.47%) (5.01%) (5.62%) (2.32%) (3.21%)
Fua 0.81=0.30bh 0.85+0.25h 1.1320.40b 0.62+0.13b 2.08+0.45a
(7.34%) (2.09%) (2.41%) (1.23%) (2.58%)
Fr 0.06=0.01¢ 0.0720.00¢ 0.08+0.04¢ 0.2920.07b 0.4420.11a
(0.56%) (0.17%) (0.18%) (0.58%) (0.57%)

T Fe Py Frao Fue Fua Fu 289 FR8 CEEFRIGS OKIRIGS  GAAL PR IGE (BERR AR IGE Hh BRAR IS FIak it 2550 7 -
Note: Fr . Fw . Fx.\Fuae . Fua  Fr stand for cadmium contents of ethanol, H,O, NaCl, HAc, HCI extractable fractions and residual forms.
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(1] O AL O, BP0 11 3 AT £ 78 4 o 4 i 1 T R RS I [, b
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