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HPLC assay of phytochelatins in rice root under cadmium or arsenic stress
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Abstract: Phytochelatins ( PCs) and other thiol-containing compounds in rice roots exposed to cadmium ( Cd) and arsenic ( As) were analyzed by RP—
HPLC separation and fluorescence detection with monobromobimane pre-column derivatization. The results showed that GSH and PCs in the mixed
standard solutions and rice roots can be separated by using ACN-O. 1% TFA binary gradient elution. PC2 PC3 and PC4 were found in the rice roots that
were exposed to Cd and the concentrations of PC3 were the highest. In response to As stress PCs in rice roots were complicated. In addition to PC2 and
PC3  there are other forms of PCn that need further identification.
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AtPCS1
1 ( Introduction)
TaPCS1 PCs
( phytochelatins PCs) PCs
( cysteine Cys) ( Vatamaniuk et al. 1999; Clemens
(yGluCys) ,-Gly(n =2 ~11) et al. 1999). PCS PCS
( yGluCys) ,8Ala (yGlu-Cys) ,Ser ( Gong et al. 2003)
( yGlu-Cys) ,-Glu . PCs . N
( phytochelatin PCs
synthase PCS) GSH PCS
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Cd ( Zenk 1996) . Cd
Cd PCs ( Vogelidange & Wagner
1990) . Zhao  (2003) As
— 1% ~3% As  PCs
PCs As
( Karimi et al. 2009) . Pickering  (2000)
Dhankher (2002) As
B. juncea
As 96% ~ 100% ;
Thunbergia alata 40% 55% ~64%
As . PCs

PCs

( Grill et al.
1989; Cobbett 2000a; 2000b)
As ( Liu

et al. 2010; Zhang et al. 2010);

PCS PCs

Cu PCs

( Cobbett &
Goldsbrough 2002) .
Li  (2007) RNAi
0sPCS1 Cd
PCS PCs Cd
PCs
Cd
( 2005) PCs
()
HPLC N
PCs
PCs As Cd
2 ( Materials and methods)
2.1
10% H,0,( )

15 min 1.5 L

.18d

PVC ( 7.5 cm 14 cm)
1/3

( Hewitt 1966; Liu et al. 2004) 5 mmol L™
NH,NO, 2 mmol-L " K,SO, 4 mmol-L~" CaCl, 1.5
mmol+L.~" MgSO, * 7H,0 1.3 mmol*L~" KH, PO,
50 wmol*L. ™" Fe ( II) -ethylenediaminetetraacetic acid
(EDTA) 10 pmol « L' H, BO, 1.0 pmol * L'
ZnSO#7H,0 1.0 pmol *L.™" CuSO,*5H,0 5.0 pmol L~
MnSO, * H,0 0.5 pmol*L™" Na, MoO, * 2H, 0
0.2 pmol*L ™" CoSO, * 7H,0.
KOH HCl pH 5.5.
14 h (260 ~350 pwmol*m *es™")

60% ~70% 28°C 20°C

. 2 Cd( 50
pmol*L.™" CdCl, * 2.5H,0)  As(50 pmol*L"'
Na;AsO, ¢ 12H,0) N

3 3d 1

6d
2.2 ( Non-protein thiol

NPT)
2.2.1 PCs

Sneller  ( 2000)
72 h. 0.1¢

10 mL 0. 1% TFA( 6.3
mmol*L.~" DTPA) ( pH <1)

10000 g 4 C 10 min
0.45 pm
2.2.2 0. 1% TFA( 6.3
mmol L "' DTPA) Immol-L™" 4
:PCn Cd-PC (
Meinhart H. Zenk ) .Cys.GSH 4 C
. GSH 0. 1% TFA ( 6.3
mmol+L.~" DTPA) 0 ~500 wmol L'
Cys.PCn  Cd-PC
2.2.3 ( non—protein thiol
NPT) 1.8 mmol « L”' DTNB
( Ellman ) ( 6.3 mmol*L~" DTPA
200 mmol*L " HEPPS pH =7.8)
250 pL 250 pL. DTNB
30C 2 min. NPT DTNB
NPT  1:1

412 nm
( Gasic & Korban 2007) .
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2.2.4 mBBr ( ) NPT
100% 25 mmol*L. "' mBBr (50pumolL.™")  Cd  As
4 C . NPT As NPT
(2005)  Sneller (2000) Cd
250 pL 4 sor
450 wL 200 mmol+L~" HEPPS( s
6.3 mol L' DTPA pH = 8. 2) 10 pL 25 T
mmol*L. "' mBBr 45 C 30 min % 301
300 L 1 mmol+L ™" MSA 1
41 20F
4 C £ b
~ 10 - B
HPLC .
2.2.5 RP-HPLC ( 1200 0
Control Cd As
Series Agilent technologies) : SBC18
(4.6 mm x250 mm 3.5 pm Agilent USAWX1230) 1 Cd.As NPT
ig. concentrations in rice roots under Cd or As stress
(2005) Fig. 1 NPT concentrations in r ts under C As str
2.3 3.2 PCs
SPSS11.5 PCs.GSH
( Student-Newman-keuls ) (p < mBBr  45°C 30 min
0. 05) SigmaPlot 9.0 mBSR. ACN ~0.1% TFA
20pmol + L™ PCs.
3 ( Results) pmo ;
Cd-PC GSH PCs 4
3.1 N GSH > PC2 > PC3 > PC4 (
1 Cd As 2).
60 ™ a. Apo-PCs 200 b. Cd-PCs GSH PC2
50
3 PC2 3150 |-
540 | 5
2 PC3 2
230 2100
2., 2 PC3
2 2 sot-
10
PC4
0 ) 0 I : L
0 10 20 30
{/min
2 PCs GSH
Fig. 2 Chromatogram of phytochelatins and GSH compounds in mixed standard solution
3.3 N GSH PCs As pC2
Cd Cd
3 50 pmol*L.™"  Cd  As As PC3
GSH ;o Cd pC4 . Cd
. PC3 pPC2  PC4
Zn.Cu Fe As Cd : As
pPC2 PC2  PC3 ( 3.
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4)
100 a. Root Cd 140 [ b.Root As
3 80 | g 120
2 2100
2 60 2
: S sl
= =
240 | 2 60f
- | = a0l PC2
2 5L GSH &
Wbt 0 o el
0 L 0 ——ri™ |
0 10 20 30 0 10 20 30
{/min {/min
100 —
¢. Root Control
g 80
g
é 60 |
|
2w
= GSH|
& 90
LIZSJE\'“%V‘L
0 1
0 10 20 30
{/min
3 GSH PCs
Fig. 3 Chromatogram of phytochelatins and GSH compounds in the solution extracted from rice root
1.6 - 30—
14 : a 1 PC2 aa" aa”
— T 251 =3 PC3 o
‘?D 12 T:D zZZa pC4 Iaa
=] = 20
2T 2 g
1 08 T =15 b
iﬂ 06 iﬂi 1.0 %
8 oal rf“; ' bb
02l 051 b f
0 1 0 |_-=| 1
Control Cd As Control Cd As
4 Cd.As GSH PCs
Fig. 4 GSH and PCs concentrations in rice roots under Cd or As stress
o PCs 55% ~79%  27% ~40%
4 ( Discussion)
Cd. PC HMW LMW
cd As 84% ~88%  Cd( Rauser 2003) .
Cd PCs
. Cd PC2. Cd . Cd
PC3  PC4 PCs ( Lima 2006) . As( V)
Cd PCs PCs .
PC2.PC3  PC4 . Cd As PCs  As
PCs PC3 10 pmol=L™"  As( 1)
( Vazquez 2006; Lima 2006) . Stolt 39% As  PCs 50 pmol L' As( V)
(2003) PCs PC As  35% ( Srivastava et al.

PCSH Cd 2 4 2007) As — PCs
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As As 1~3% pPC2
( Zhao et al. 2003) . 50 wmol*L~" As
(V) PC2  PC3
PCs As
As PCs
PCs
( 2005) . mBBr
- PCS ~
( 2005) . HPLC
Cd PCs
As
Cd
As PCs :
LCACP-MS  LCHES-MS/ICP-MS
As PCs
( Bluemlein et al. 2008; Liu et al. 2010)
HPLC
As PCs . N
5 ( Conclusions)
1) mBBr
Cd
PCs
2) Cd As PCs
Ralf Kneer Meinhart H. Zenk
PCs
. E-mail: gzzhaoh@ 126. com.
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