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E. MY G I(PCs) B THEA RENGE, R EEELBE T MNEEBWHRNMEREEEEN. LR (Cd) 5%
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Effect of Cadmium Stress on Phytochelatins in Amaranthus hypochondriq“éus' L.
j 1 o ]

During Different Growth Periods ¢ 1 w4

LIU Jia-xin' , CHEN Wen- qing'*” Y.ANG 14 . LI Na , WANG Yu- hao KANC Yu-chen' P 4

(1. College of Arch],tecture & Environment,, Slchuan Unlvq.rsn_y, Chengdu 610065, Chlna 2. State Key Laboratory of Hydrau‘hcs and
Mountaln River E’ngmperln g, Sichuan University Chﬁnvd_g.-610065 China) .‘ 4 0 = : '.
Abstract: Phytogl‘ielatms (PCs) can chelate hedvy ‘métal,i Jdons=due to their large nyiber of thiolsand ‘play an 1mp011dnt role in heaVy!

metal accumulation and detoxification. A hypocfwndrmcus K472 a cadmium (‘Cd)f enriched plant was selected as’ the research
obJect Six Cd|treatment concentrations, namel'y 0 (CK)‘I 10 (Tl) 25 (T2), 50 (“T3) ,1100 (T4), and 200 mg-kg ™" (TS) “Were
used_lo anglyze the wariation of PCs in different growth stdges upder, different degrees of ‘Cd stress and to explore the mechanism by
Whicﬂ: PCs chelattfil and detgxify Cd. The results showed that ﬂreE_Lant height, root length, and biomass of K472 decreased significantly
with increaging ‘d ‘concentration, and the range of (fecrqase-‘gf'z:ldually became less pronounced with the growth and development of
K472. K472 exhibited the maximum ability to enrich Cd during the middle vegetative growth period. The maximum concentration was
6 695. 35 mg, and the maximum bioconcentration factor was 6. 3. In addition, with increasing Cd concentration, the Cd content of
K472 roots, stems, and leaves was positively correlated with the concentration of PCs. PC3 had the strongest response to Cd stress in
roots and stems, whereas PC2 responded to stress in leaves. For practical applications, harvesting K472 in the middle of vegetative
growth is an optimal strategy for the remediation of Cd-contaminated soil.

Key words : soil pollution; cadmium(Cd) ; enrichment plant; Amaranthus hypochondriacus L. ; phytochelatins
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22.44 mg-kg MY TSP AR HL RS> Cd i
39K 22. 59 mg-kg "' F1216. 60 mg-kg ", ATHLFK K
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(1 Cd 5 B A B A R i n L 3 AT DA R
RARTRAE R BT B, AR B SR 6] R S
KBRS SEAER g™ &4 %
(17 5.

ARG DUFF R T K472 RSx4, 454 ﬁuﬁﬁ
A AR XA R AR B B AR 25 Fnnt v Cd 77
SEUEAT 53 #r, O I S He B G & ) (GSH L Cys A1
PCs) B A KL R SR ST LM Cd PR, 4 1) WO A
KB B PCs 17 F e AR A u%ﬁﬁfﬂ%mﬂ’ﬁa
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1.1 ﬁtW‘MJr [

i ﬁ)uﬁ' EF (A hypochondriacus! K472) é HE
ﬂ?&ﬁ@ﬂ%%%ﬁﬁﬁ%ﬁﬁ‘
%ﬁiﬁlMJJMfﬁ%&@Shﬂﬁfﬁﬁr
FIZARE 8T (25 = 1) °C BT IR Fe 40 h AT 2%
IR TPIRAE 7 d 5 B R R R B A L
i B3R 2 Cd AE PR B,
1.2 5t

AHRGE Ry 55 ) ARG, Rk B RS
L AE A BRZA W] it 138 (pH 6. 56, &1 Cd 0. 18
“UARMAS Cd0.05 mg-kg ) XA IRE I
2 mm GRG0 )5 BT 80 cm x40 cm x40 cm %8
Bk B Y 75 kg B Cd LA CdCL, -H,0
(2.5 L) IERIInE L R indR &l 0
(CK) . 10(T1) . 25(T2) . 50(T3) . 100 (T4) Fl 200
mg-kg ' (T5) , FEAMRSIIRE. FEEFERI (&
520 d) EFRAERKPIHCEZ G 40 d) FIEFRAK
JEWI R 60 d) KRB SRR 43 3 A
FAbE A TR E R R SR 20 d. B 0B
M3 ANER. AR T 4 H FAHFG, 7 A A
S5O HERE (29 £2)°C K] HREE (18 +2) C.
1.3 MY e

RAE 3 Bk K472 FE AR, MR 1R K o gk 4 7
+J5, BT WA E 10 mmol-L~" CaCl, ¥ K 2

mg - kg

K4,Z2 ﬁ?% o

10 min, Z2BRAR 1 S B i 25 (BB A9 Cd. P
SliZKIEVE 3 YR, WK 404 T I R L 0 £ ok v
KR (AR — A EHE AR ) , FE T4
TR EE (80°C, 48 h)  FRH T H I %,
1.4 Y515 cd Faile

RAE K472 FEPR, HEATHR Cd 1Y 58 e SA R I
VETAE, BT 2 AE . 0 ARBUR 2R, 0.3 ¢,
KR I f# 32, H HNO,-HCIO, (5: 1, /K FL L) 78
it , PRI 5 5 B 1A R B 1A (ICPE- 9000, H
AL HEA TR, 1 1A 6 R0 AR
i (GBW 07063 ) i1 7t #51 (95% +5% ).

[ R AE K472 FERAR PR 18, 24 AR5
WFEE 3 100 H . BRI 0.2 g s ke 5, 5 H A
Wil 2, HNO,-HF-HC10, (5:5: 3, &K FLH) 1
fife, Pl £ 26 8 T 1A R S5 (ICPE= 9000,
HA I ) dE ARG, 35 2 EIXTH@%C@,%EIZK*T
HEYI BT (GBW, 08303)1_%%%}“”%(95% +5% ).
1.5 HYFELS Yy E ;_)"'f |
1.5.1 P ﬁﬂ%AWMﬁm N 7 F

KA 6 Bk K472 FEpR JRIREET TRR 2 Cd BE R S
HEARTE /5’511’15 %ME&?JFFFH@ F&Lz_lxﬂ%%r
T 80°C U v, AHEARE N — A T MRS
%hmﬁﬁﬁﬁaﬁm%ﬁnﬁ%ﬁmﬁﬁﬁm
(R ERE L 2O PR, I 2 mL 0. 1% TFA (7%
6.3 mmol-L~" DTPA) Fo /- | UKIR#E A 30 min J&
Bl »(4°C, 10000 r- min_] 10 min) ,L{ﬁ{@‘l{/?\ﬁﬁﬁ

FHIALEYIR AT E . j\?ﬁ%ﬁyw%ﬂﬁ% Yy fhas

SRR S B TR A AL RN
1.5.2 St b G brE i i EL

PL0.1% TFA(P 6.3 mmol L' DTPA)EBE
—E RN Cys, GSH, PC2, PC3 Hil PC4 X 5 Fh#i
AL SR (0.2 mg-mL™") T 4°C £ 4%, LA GSH
Jl, 0. 1% TFA( N5 6.3 mmol -1 DTPA ) £
WAL 1. 25 ~ 80 ng- L~ (UARMEZR S, 7 B 4T
*ﬁt_ﬁ‘ﬁﬁfimﬁr‘

F1 100% ACN /ﬁﬁ@ﬂﬁi‘ﬂ 25 mmol-L~" mBBr fij
AR, PR35 TR 55 3 4°C PR A7, BEECEE . 4
FIAT A2 AL B 22 IR Sneller 25120 (B9 5% 77 122, BI [i)
250 pL 5 FhEiIAL A Ybr R s Y A 2 iR
fn A 450 wL 200 mmol-L~' HEPPS (N & 6.3
mmol-L~" MDTPA ,pH =8.2) 110 pL 25 mmol-L ™'
mBBr, 7R A, 45°C [ 30 min JF A 300 pL 1
mmol-L~" MSA £k N, $845], F B EAE O 6
TEVERRIE N, 4°C P-AF, B3 HPLC 43 A . [R] B
YRR ZS AT AE AR B 7 28 11 4 T 0.
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1.5.4 HPLC #6444

K LC-20 w0 AR 0 R0 (e, hE).
Z: M Sneller ™ Fl Tang 25" 1943 8 J5 B 04618, il
YERkE. SR T BE BEVE IR R G2 I T 43 B mBBr
Y. SRR AN B (R ETR) 2380 nm,
E (RGHER) :470 nm; WEhHH A 25 0. 1% 19 TFA,
TshA B 4 100% ACN; Hiii# 0.5 mL-min~"; #EFE
O 10 pl; BEEEVRMREIY :12% ~25% B(15 min) ,
25% ~35% B(14 min), 35% ~50% B(21 min).
1.6 ZlabH

FIrA B8 % H Microsoft Excel 2019 WA &L,
K H OriginPro 2016 fE&], 2% H IBM SPSS Statistics

19 PEATHECAE 23 B | B DR 3 07 2243 B Fl Duncan £
H LR
2 HREHW

2.1 BHEE Cd s i APRIOE K472 A % 7 R B
AR K B B By K472 H%%maﬁﬁfﬁﬁs Cd db
P B TFE MRRAR (6 1) . 50T BRZHAR Y, 3 B

BL K472 =B SN 1T bl 59. 6%, 23.8% %n_d

20. 8%, Cd X Bk S AR i 41 il 5g
AT BT Dk 553
BACHR A 5 B A H, R A AR K B B K472
W ZEFI AR YR B Cd Ak P K /Y TH s R R
W (R 1), &K B BOARER A Y i 5 K 51
9 95% ., 49. 5% K 38. 7%, 253 1 Wy B KR
WK 85. 1%, 41. 4% F 43. 1%, W 1 A Wy ik fi K I
43501~ 85. 0%, 58.2% il 54. 1% . bfi# K472 4+
K, =Xt Cd JHhif it 32 56 2R i o, 78 IR — 4 K
Wi, btiE Cd A FRAKSF- B K K472 At i REAIG
R WAR /N, R IAE & & i Cd R T A
5 T A7 B 7. 55 0T AR HE, 2 A K B BE K472 R
AEWETE TS KV T Fem 2, Bk 20 3k 12,25,
11.12 #116. 94 g.
2.2 BBIE Cd Mt X APRLTE K472 & 45 b RBA
1 () s  AE—A K BB 1 Ka72 48k € 2
BERART Cd AbBHAKSY 9 TR RS , 7 15 2K Tk 1
K. 3 AR B KAT2 SRk Cd GAEEE )
1898. 66, 470, 66716 695,35 mg, - XJ M AL17.9

JIHEA KAT2 1)

17. 3% *Ekmkﬁ%ma/\%l J 49. 0%, ‘2}1%@
#1 #ECd M%TT\HEHMX K472 £ KIgtRE Y

.;.

34.1 F124. 6.1 %ﬂﬁW%ik$%~ﬁﬁik
B> LRIy & -

! Table 1 Changes in growth mdexes of K472 at different growth stages uﬂder gradient cadmium stress

L ! T TR g i
[=5TR gir *?*‘A”“‘ [ = G BTE
N VK| o T 5.1£027a |4 1404004 5.45 £0. 02a 7.45 £0.07a 14.30 0. 05a
Tl 4 35 +1.70b 3.3 +£0.16b 0 46‘1-(). 03b 1.41 £0.02b 2.98 +0. 06b 4.84 +0.08b
20 d T2 31 +1.25bc 3.1+0.18¢c 0.32 +0.01c 0.94 +0.02c 1.73 £0. 04¢ 2.99 +0.02¢
T3 28 +0. 82bed 3.0 +0.32¢ 0.16 +0.01d 0.87 +0.01d 1. 48 +0.02d 2.51 £0.01d
T4 26 +2.45¢d 2.7 +0.19d 0.15 +0.01d 0.85 +0.02d 1.15 +£0.01e 2.15 £0.03e
TS 23 +2.16d 2.6+0.18d 0.12 £0.01d 0.81 +0.01d 1.12 £0. 02e 2.05 £0.03e
CK 63 +2.05a 5.9 £0.30a 2.16 £0.03a 6.88 +0.49a 12.37 £0. 02a 21.41 £0. 5a
T1 57 +1.25ab 5.6+1.7b 2.03 +£0.02b 6.78 +0. 06a 7.11 +0.02b 15.92 +0. 05b
40 d T2 53 +2.05bc 4.9 £0. 16d 1.85 0. 03¢ 6.27 +0.03b 7.04 0. 04b 15.16 £0. 04b
T3 61 +1.25be 5.3+0.18¢c 1.42 0. 03d 5.84 +0.03b 5.71 £0. 03¢ 12.98 £0. 05¢
T4 57 +1.25¢ 4.4 £0.17e 1.16 £0. 03e 4.22 +0.01c¢ 5.32 +0.01d 10. 69 £0. 04d
T5 48 +1.70d 4.3 +£0.2le 1.09 £0.0le 4.03 £0.07¢ 5.17 £0. 06e 10.29 0. 05d
CK 75 +£2.87a 7.2 £0.30a 2.92 £0.02a 17.60 £0. 03a 15.20 £0. 00a 35.71 £0. 04a
T1 70 +1. 25ab 6.5+0.18b 2.83 £0.07a 13.62 £0. 04b 9.93 +0.02b 23.38 +0. 09b
60 d T2 64 +1.25bc 6.2+0.17¢ 2.29 £0.07b 9.91 +0.01d 6.95 +0. 03¢ 19.15 £0. 08¢
T3 67 +4. 11bc 5.9+0.17d 1.99 £0. 03¢ 9.58 +0.01e 6.88 +0.07¢ 18.45 £0. 05d
T4 62 £0.47¢ 6.5+0.18b 1.77 £0. 02d 10. 16 £0. 12¢ 6.89 0. 03¢ 18.81 +0. 15¢d
T5 63 +1.63c 5.7+0.17e 1.79 £0.03d 10. 01 £0. 06d 6.97 £0. 03¢ 18.77 £0. 13d

1) B AP IME + PR R/ NG FRER R 45 A B ) 28 5 3% (P <0.05)

B 1(b) 7R, B IR K Ko P A K472 &4
FEBEE Cd BB T e Tt s FEREAR 78 T3 K
IR B, Hor EFRAERWI K472 iR K EER
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Fig. 1 Variation characteristics of cadmium content in different organs of K472 at different growth stages under gradient cadmium stress
16
(a) 160 - (b) a
14 F i B
140 |
o 2T - 10k
2 L @ b
) 10 Eﬂ 100 | %
= £ ] 7
= 8k E L c et
& @ % TR b K 7
3 = ] ] 7
S 6f z 60 - 7% ) 1%
g s
41d ¢ 40 |-d f-" 2%
g 475 | K 7
2 |
0 0 51| 72 7 %
CK CK Tl T2 T3 T4 T5
450 1200
400 | (c) a (d)
a 1000 -T-
350 ]
' 300 L o 800 L
F) ] / E)
£ 20t b E b
= e = 600 -
& 200 f 4
g b S
150 | % £ 400 | .
100 % 7z %
. % 200 | b
ol 7 / fiL%m,
0?‘“.?‘%‘ . 1 % olesd eshd . | .
CK Tl T2 T3 T4 T5 CK Tl T2 T3 T4 TS
AL
700 | (e) a
600 | -I-
— 500}
2 b CJ20d
£ 400 | ¢ ] zza 404
e 3 60d
& 300 - a
-
o
-5
200 | b | a
100 : 2 ?
- de d 5 Z
0 w| Lm%, ARZ
CK Tl T2 T3 T4 T5

AL BR

B2 #E CdMETAREKME KI2 REFEN SV S ETHIFE

Fig. 2 Variation of thiol compounds in roots of K472 at different growth stages under gradient cadmium stress
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Fig. 3 Variation of thiol compounds in shoots of K472 at different growth stages under gradient cadmium stress
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Fig. 4 Variation of thiol compounds in leaves of K472 at different growth stages under gradient cadmium concentration
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Table 2 Correlation analysis between cadmium concentration and thiol compounds content of A. Hypochondriacus ( K472)
R B i
Cd PC2 PC3 PC4 Cd PC2 PC3 PC4 Cd PC2 PC3 PC4
Cd 1
W PC2 0. 807 ** 1 )
PC3 0.930™ 0.883™ 1
PC4 0.908 ™ 0.832" 0.981™ 1
Cd 0.869 ™ 0.865™ 0.919™ 0.912™ 1
2 PC2 0.834™ 0.920™ 0.871™ 0.812™ 0.740™ 1
PC3 0.930™ 0.883"" 1.000™ 0.981™ 0.919™ 0.871" 1
PC4 0.914™ 0.848™ 0.940™ 0.890™ 0.794™ 0.949™ 0.940™ 1
Cd 0.815™ 0.661™ 0.775™ 0.786™ 0.914™ 0.504* 0.775™ 0.532" 1
i PC2 0.738™ 0.633™ 0.744™ 0.793™ 0.889™ 0.436 0.744™ 0.471" 0.946™ 1
PC3 0.646™ 0.588" 0.710™ 0.773™ 0.876™ 0.377 0.710™ 0.476" 0.909* 0.955™ 1
PC4 0.740™ 0.549" 0.792™ 0.851™ 0.842" 0.459 0.792™ 0.624™ 0.869™ 0.897™ 0.904 ™ 1

1) w7 P <0.01, « 22 P <0.05
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