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Effects of Pseudomonas aeruginosa on subcellular distribution and chemical speciation of Cd in Solanum
nigrum

ZHANG Hai-li', WANG Tao', ZOU Lu-yi', YU Hong—yan', GU Wen—xiu*>, TENG Yue'

(1.School of Environment and Civil Engineering, Jiangnan University, Wuxi 214122, China; 2.School of Chemical and Material Engineering,
Jiangnan University, Wuxi 214122, China)

Abstract: The effects of Pseudomonas aeruginosa on the distribution and chemical forms of Cd in Solanum nigrum were studied via a pot-
ting experiment. The concentration of Cd in the pot experiment was set at 0, 25, 50, and 100 mg - kg™'. The subcellular distribution and
chemical forms of Cd in Solanum nigrum were studied using differential centrifugation and stepwise extraction of chemical reagent. The re-
sults showed that the Cd content of Solanum nigrum leaves inoculated with Pseudomonas aeruginosa was 1.14~1.46 times higher than that
of the non—inoculated leaves. Pseudomonas aeruginosa also promoted the transfer of Cd from roots to stems and leaves in the plants. Com-
pared with the non—inoculation treatment, inoculation increased the Cd proportion in the cell wall of the roots and the Cd content in the solu-
ble components of the leaves. In addition, inoculation decreased Cd uptake by up to 45.87% in the organelles of roots and leaves. Moreover,
inoculation with Pseudomonas aeruginosa increased the proportion of low—activity Cd in the leaves of Solanum nigrum. Therefore, inocula-
tion with Pseudomonas aeruginosa can promote the tolerance to Cd of Solanum nigrum by promoting the transfer of Cd to aboveground parts
of the plant and changing the distribution and form ratio of Cd in the plant. These results will be beneficial for further studies on plant—mi-
crobe symbiosis in heavy—metal—contaminated soils.
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Table 1 The content of Cd in roots, stems and leaves of Solanum nigrum

Al g - kg Cd & /mg - kg ia ZH
Gisd i H-2£ E

0 - 12.15+0.69¢ 8.96+0.11f 13.29+0.88f 0.742+0.07d 1.486+0.20b

+ 11.15+0.33e 10.06+0.15f 15.17+0.51f 0.864+0.06¢ 1.508+0.09h

25 - 48.83+0.52d 28.25+0.5%¢ 35.88+4.49¢ 0.579+0.02¢ 1.267+0.25bc

+ 45.17+2.53d 31.02+0.89¢ 57.42+2.00d 0.692+0.09d 1.851+0.07a

50 - 70.92+3.93¢ 55.51+1.07¢ 61.29+1.59¢d 0.788+0.08cd 1.104+0.06¢

+ 110.35+4.55a 52.31+0.58d 69.92+5.22¢ 0.475+0.03e 1.339+0.19bc

100 - 90.94+1.68b 94.58+1.96a 101.88+2.16b 1.040+0.01b 1.078+0.05¢

+ 69.28+1.75¢ 81.81+6.16b 148.33+3.08a 1.184+0.09a 1.815+0.11a

FE = Rl o+ 1P 5 R Cd 5 2 O R MR B 5 P e o BB AR 0 22 (n=3) 5 [A] — B I AN [R] /N 7B R 28 53 1835 (P<0.05) ¢

NCIE

Note: —: Non—inoculated ; + : inoculated ; The content of Cd in the table is based on fresh weight of plant; The data in the table are mean + standard devia-

tion(n=3) ; Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
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Table 2 Subcellular distribution of Cd in roots and leaves of Solanum nigrum
W CaATmg - ke Cd Fhit/mg - kg'! S/ %
F1 2 F3 F1 2 F3

Ui 0 - 4.44+0.20d 3.46+0.70f 4.25+0.72e 36.54 28.47 34.99
+ 4.65+0.25d 2.40+0.20f 4.63+0.44¢ 39.82 20.54 39.64

25 - 22.15+0.34¢ 6.15+0.15¢ 20.54+0.67¢ 45.35 12.59 42.06

+ 17.04+1.82¢ 5.44+0.13e 22.69+1.86bc 37.73 12.04 50.23

50 - 41.35+6.44b 8.23+0.11d 21.33+5.71¢ 58.31 11.60 30.08

+ 60.25+8.73a 10.38+0.13¢ 39.73+0.52a 54.60 9.40 36.00

100 - 37.50+0.63b 25.00+0.60a 28.44+0.72b 41.24 27.49 31.27

+ 40.63+0.64b 17.19+0.76b 11.46+0.35d 58.65 24.81 16.54

it 0 - 4.06+0.56e 4.54+0.55cd 4.69+0.43f 30.56 34.17 35.27
+ 5.33+0.94e 2.81+0.16d 7.02+0.43f 35.16 18.54 46.29

25 - 12.81+1.23d 4.81+0.85¢cd 18.25+2.44e 35.71 13.41 50.87

+ 24.08+3.21bc 6.71+0.43¢ 26.63+0.80d 41.94 11.68 46.37

50 - 25.46+2.61b 6.54+0.62¢ 29.29+2.88d 41.54 10.67 47.79

+ 22.21+1.81bc 5.69+0.34¢ 42.02+4.87¢ 31.76 8.13 60.10

100 - 18.75+0.65¢ 8.75+0.92h 74.38+0.59h 18.40 8.59 73.01

+ 36.67+1.32a 18.33+1.01a 93.33+0.78a 24.72 12.36 62.92

R AHIRREL 2, P2 A AR L0, F3 AT 4L 4% o
Note:F1:Cell wall fraction; F2: Organelle fraction; F3:Soluble fraction.
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Figure 1 The percentage of each extractable forms of Cd in roots

of Solanum nigrum
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Figure 2 The content of each extractable forms of Cd in roots of Solanum nigrum
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Figure 3 The precentage of each extractable forms of Cd in leaves

of Solanum nigrum

Ar
TDD
)
i
E
iz
&1
S
+
=
0 25 50 75 100
8 A3 Cd 7 i /mg - kg
Tm
-~
i
£
iz
&1
=
]
'
=
=5
0 1 n 1 n 1 n 1 n 1
0 25 50 75 100
3r A3 Cd F fE/mg kg
TbD
<
o 2F
£
I
4
3
= I
=
= L
0 1 " 1 " 1 " 1 " 1
0 25 50 75 100

43 Cd F i /mg kg

—B- Non-inoculated R{EF

AR AR R Cd SR Zo 9k B ph YR 2 B i o] s
A X AL, DT 40 25 20 20 Y Cd Bb ) 55 o B b o
1%, fe ik 27.85% . X IE/0 T CAXTA R R E VR
P TR FENT Cd WM YE . DA Cd Whaa T, 4
) 2 11 B T T e AR R A LR P R A
Cd 22 W A7 G TE AR A 008 M A AR i 37 Jr , DT 3k
SN AR LRI

AL 2L 1 Cd A R TR B 2E AR T RS
RETT, LA L E LB T KR LA B Cd B 55
(13245 BE 1 5 LR A B 1 2 1 T S TR R R
S AER B AR €™ ABESE T, e ZE ML Cd 1k 2%
TEAS 3 A MRS PEZS (BE TR R R IZ BUS sk 25 ) h
FG, H A8 cd b TR E (100 mg-kg™) B, 25
) 2 {1 P R AR R 25 AR S TE RS Cd B i SRR,

16

—_
[}
T

FIH Cd % 5 /mg kg™
ES oo

25 50 75 100

0
Iar e Cd it /mg kg
ThD
-
éﬂ 8
]
&1
S
47
=
=
oL . . . . . . .
0 25 50 75 100
+ 4 Cd & it /mg kg
ar

FVIH Cd % & /mg - kg™
[\

25 50 75 100
+3Erp Cd F i /mg kg

ok

O~ Tnoculated 4}

B4 REMHFAERRECSE

Figure 4 The content of each extractable forms of Cd in leaves of Solanum nigrum
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