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The Sub-cellular Chromium (Cr®t) Distribution and Tolerance Mechanism
to Chromium Stress in Different Tolerant Brassica chinensis
L. Cultivars

ZHANG Haimin, YANG Wenjia, WANG Qingya, SUN Jianyun”

(College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract:In order to elucidate absorption, distribution and tolerance mechanisms of Brassica chinensis L.
to chromium (Cr’" ) stress, we grew two DBrassica cultivars; ¢ Meijiahua’ (Cr®" -stress tolerant) and
‘Sanyueman’ (Cr’" -stress sensitive) hydroponically in Hoagland 0, 10, 50 and 100 ymol « L™" Cr’". The
differencesin Cr absorbed contents and subcellular distribution, non-proteinthiol, phytochelatins(PCs) and
antioxidant enzyme activities in shoots and roots were studied. The results were as follows: (1) the con-
tents of Cr in shoots were significantly lower than those in the roots in both cultivars. The Cr root con-
tents, Cr retention rate and the ratio of wall-bounded Cr to total Cr in shoots and roots of ‘Meijiahua’
were significantly higher than those in ‘Sanyueman’, but the ratio of water soluble Cr to total Cr was op-
posite. (2) Cr®" treatments at all concentrations significantly increased the concentrations of non-protein

thiol and phytochelatins (PCs) in shoots of both cultivars, but the increment in ‘Meijiahua’ was signifi-
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cantly higher than that in ‘Sanyueman’. (3) Under low concentration of Cr"" (10 ymol « L™") ,the activi-

ties of SOD, POD and CAT were significantly increased, but the extent of increase was significantly higher

in ‘Meijiahua’ than that in ‘Sanyueman’. The activities of SOD, POD and CAT were significantly down-

regulated under high concentration of Cr’” (100 pmol « L™'), but the magnitude of downregulation in

‘Meijiahua’ was significantly lower than that in ‘Sanyueman’. These results indicated that under Cr®"

stress, as compared to ‘Sanyueman’, more Cr was distributed in cell walls in shoot and root in ¢ Meiji-

ahua’ to inhibit the transmembrane Cr to intracellular flow. Moreover, it has higher antioxidant enzyme

activities and PCs content, so it showed a stronger tolerance to Cr’" .

Key words: Brassica chinensis L. ; Cr®" ; subcellular distribution; non-protein thiol; antioxidant enzyme.
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Table 1 Effect of Cr’" treatments on the biomass of Brassica chinensis
b 3B Shoot R % Root
% Ny
[=} A
fn A . . % % b /AR R
Variety Cr concentratﬁon A4+ Biomass Tﬁ]lfﬁﬂ? 4 M) Biomass Tﬂlfﬁ']}i Shoot/Root
/Cumol « L™1) / = Inhibition , 1 Inhibition
/(g e« plant— 1) 7) / (g« plant™!) 9
percentage /o percentage/ %
0 6.89+0.20 b 0.61£0.01 ¢ 11.44+0.5 b
5.89+ / 50 + +
%huﬂé 10 5.8940.17d 14. 6 0.50 20.01d 18.1 11.8£0.4 b
Meijiahua 50 4.8140.14 e 30. 2 0.4340.02 e 29.9 11.340.6 b
100 3.23+0.21 g 53.1 0.2640.07 57.9 13.74+1.2 a
0 9.9540.09 a 1.05%0.07 a 9.5£0.7 ¢
=8 10 6.27+0.35 ¢ 37.0 0.68+0.02 b 35.3 9.2+0.5 ¢
f—y >z
Sanyueman 50 4,060, 15 f 59. 2 0.5440.02 d 48.8 7.64+0.5d
100 2.62+0.16 h 73.7 0.28%+0.02 f 73.3 9.44+0.9 ¢

T [RS8 5 78 22 5 1k 1B 3 K F (P<20. 05) s A i LU T3

Note: Different letters in the same column indicate significant difference at 0. 05 level; The biomass is dry weight.
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Table 2 The content, retention rate,accumulation and translocation ratio of Cr of B. chinensis
S 1 oL
Vi?iy Cr co%f:pﬁ(;\rt%aition Cr concentrﬁi(?n/g’l( mg * kg™ 1) l;ﬁférljl;i;n Accumulafﬁf?&f‘ plant™1) Trai%j%iion
/(pmol « L™1) rate/ % ratio/ %
i 19 Shoot & Root Hi 17 Shoot H & Root
0 nd nd nd nd
= 4 10 10.040.3 e 669.948.0d 98.5+0.1a 58.9+3.6 ¢ 333.24+6.0b 17.740.8 e
Meijiahua 50 26.140.7d  874.2410.7¢ 97.0F0.1b  125.6+7.1b  371.9+21.3a  32.24+1.9d
100 79.4+2.9b 1247.2+87.6 a 93.6%+0.3 d 257.3+18.2 a 320.0429.7b 80.5+2.3 b
0 nd nd nd nd
= A1 10 9.24+0.4 e 463.5+17.8 e 98.0+0.1a 57.646.1c 314.1+£14.5 b 18.3F1.1e
Sanyueman 50 34.34+1.6 ¢ 693.4+5.7d  95.140.2¢ 139.14+12.0b  37L.5+14.9a  38.54+2.2¢
100 101.7+1.9 a 1104.1£69.1b  90.84+0.8 e 266.1410.0 a 309.6+27.2b 86.3+7.5a

T ond FoREARMEB] . [5 5 AR R 52 B 7R 22 53k B 35 K P (P<<0. 05) s 8% & LA T T

Note: nd indicates not detectable. Different letters in the same column indicate significant difference at 0. 05 level; The Cr content calcu-

lates by dry weight.
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Table 3 Concentration of Cr in subcellular fractions and their percentages of two varieties of B. chinensis
under Cr’" treatments
; Sl i X Sr LR
A KR SR AT i R C o Cr concentration/ (mg « kg~ 1) Total Cr Percentages/ %
. r concentration .
Plant part  Variety 1 concentration
/(pmol « L™1) /(mg * ke~ 1)
F1 F2 F3 g Xe F1 F2 F3
10 1.294+0.26 ¢ 0.48+0.07 d 0.54740.04 e 2.30+£0.31e 55.6b 21.0b 23.4b
1k
%}Juﬂ_ 50 4.0240.20 ¢ 0.62+0.03d 1.2640.25d 5.90+0.43d 68.3a 10.5d 21.2b
Meijiahua
+0.5 + + +0. 8 X , .
HF Ay 100 7.34740.54 a 1.30+0.07 ¢ 2.1740.28 ¢ 10.81£0.83b 67.9a 12.0d 20.1b
Shoot 10 0.83+0.10e  0.65+0.03 d 1.0440.06 d  2.5240.10e 32.8c 25.8a 4l.4a
q:ﬂ/rﬁ 50 2.58+0.19d 1.5440.09 b 3.45£0.34 b 7.58%+0.14 ¢ 34.1¢ 20.4b 45.5a
Danyueman
100 4,97+£0.59 b 2.15+0.27 a 5.9840.27 a 13.0940.98a 37.9c 16.4c 45.7a
10 32.8645.85 cd 5.46+0.54 ¢ 9.13+0.57 d 47.454+5.89e 68.9b 11.6b 19.5¢
1k
%bﬂ " 50 56.65+3.87 b 9.44-+0.90 b 11.57+1.30 cd  77.66+2.97 ¢ 72.9ab 12.2b 14.9d
Meijiahua
Bz 100 81.6949.09 a 20.35%3.65 a 20.30£1.89b 104.21£7.19a 78.3a 19.7a 19.5¢c
Root 10 24.0544.44d  3.4740.96 ¢  11.26+1.19 cd 38.78+5.75e 61.8c 9.0b 29.2a
S = 50 39.3742.90 ¢ 5.6340.93 ¢ 14.01+£1.53 ¢ 59.01£2.06d 66.7bc 9.5b 23.8b
Danyueman
100 56.73%5.75b 10.94+1.51b 24.81%£2.19a 92.4845.05b 61.3c 11.9b 26.8 ab

T < (R ) v T) — B P85 AN [ 8 3 78 22 5 3K B 2K F (P<C0. 05) o B8 i LABEEE 3. F1 M AU BEAL 705 F2 N A0 & 41205 B3 S A0 )

LA .

Note: Different letters of the same plant site in the same column indicate a significant difference at 0. 05 level. The Cr content calculates by

fresh weight. Cells were separated into different fractions: cell wall (F1), organelle (F2),

technique at 4 C.
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P b EB A9 MDA & B AR (10 pmol « L)
Cr" AhHT 5 X} HR 34 00 1 35 25 5, T A6 b L R R

PR ERANT 2
AR (PCs) By &5 &, H 8 g 75 B4 5 o 115, 9% ~
267. 2% 52. 1% ~100%.

FHFR (P<C0.05),

100 pmol -
Ny

soluble fraction (F3) by gradient centrifugation

AT S A o L SRR 2R DA AR )

Hb 1B Y HE b K
PR R PCs 147
50 pmol « L7 Cr'" 4b BT 3K 3 £ K {H.

T AE

50 FiI

L 'Crf" b H R, & hnde” 1 |38 PCs
AT L % BRI 242, 2% F1 219. 9%, ¢ =

P8 4r BIBE N 267, 1% H1 203, 5%, “ E AR 1 & &
W AR Co AR E T = A8 & & (P
<0.05);:2 A A AR RN PCs 19 &
Cr"" b ¥ T JC i 3% 2 5 (P>>0.05),
AV LA m C R T
NPT 6 5, H R - #ae &l £ &

HAEY S Cr Za

TR RN Z —.
2.5 Cr'"@hEXEFR MDA §E0

54 ]][']

IR 7R A A e S

RN PCs

I R B SR A

A A Cr' A PR B R .2 A

(50,100 pmol «

n

i

mENEELE

S i A

L) Cr® 4k BER 2y LX) AR 2 1

SO R = g B i

GylR 12, 1%~

24. 1% F 21. 9% ~43. 3%, “ FEhnde’ i 14 0E W E A



5 1] ke I A, S O [T A P T SR R et % ST A0 A B it 4 L B 959
B 55 )n#E Meijiahua []= A% Sanyueman
300 a 300
2 A B
5} b b
2 250t 250 F
s
S2i, 200F = ¢ 200f
=E 2
TmEE I150[ e ¢ 150 |
285 joof toof a2 g8 a4 b b
5 w W B N
10 50 100 = CK 10 50 100
70 F D
- a
N b X 60 b
wEBT 50
b c
=83 d a0 d
gl
=zt ° 01 :
S f f
¢ 20}
T 0 h M
10 50 100 250:: CK 10 50 100
a F
250 b b 200
=y c
i/: g IN) 200 d ¢ 150 F
=0 .
{1 o —=
MEE 150F e
S5E 100f . b
ZES100f Q2 L a
L ab ap
0 W0
CK 10 50 100 CK 10 50 100
BB AL FR R
Cr concentration/( 1 mol * g™")
B 1 Cr'' A BN 75 5 B3R (A CLE) MR &R (B.D.F) f AR 3R [ % 3 48 B ORI 42 25 4 TR &2 19 52
Fig. 1 Effects of Cr treatments on non-protein thiols, GSH and PCs contents in shoots (A,C,E) and roots

(B,D,F) of B. chinensis

TR B BT © = A8 3 IR (P<<0. 05), 2
AR Zh MDA & &7 Cr% g B R 1 Heoxf B8 g 3
e, A F = A% 7E 10~100 pmol « L™
Cr®" AbFER 1) 38 I 30 B 43 3 K 6. 306 ~47. 400
11.9% ~64. 8% ., TEMMME Cr'" 4T, =H
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Fig. 2

Effects of Cr'" treatments on the MDA content and the activities of SOD, POD and CAT in shoots

(A,C,E,D) and roots (B,D,F,H) of B. chinensis
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