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2.2
5 cm 300 mL o
4 ) ( 14 ), 4 1
0.1 mol/L NaOH 0.1 mol/L HCI pHS5.5 24 h o 16
Cd 2 Cd 0 40 pmol/L 11
4 8d o
2.3
3~5 50 mL
) 6 h o N GC-MS
15 16 o 10 mL
40 nL 20 g/L 37 C 2 h
70 pL MSTFA 37 C 30 min o 0.45 pm GC
GC-MS o
GC : Thermo TR5-MS (30 mx0.32 mm x0.25 pum) ;
70°C 1 min 1 °C /min 76 C 5 °C /min 330 °C 10 min;
1230 °C; N : 99.999% 1 mL/min( );
0.75 min 50: 1; S VY DS
MS :El 70 €eV; 1250 °C; 1250 C;
m/z 50 ~600:; :3 mino
2.4
GC-MS AMDIS Fiehn ~ GMD
70% METADEA  AMDIS
( )
SIMCA-P 13.0 ( Principal component analysis PCA)
( Orthogonal to partial least squares discriminant analysis OPLS-DA) N
( Variable importance factor VIP) ( Analysis of variance ANOVA)
3
3.1 GCMS
0 40 pmol/L 4 8 GC-MS
( TIC) 1. GC-MS 58 N N
7 o
( RSD) 10%
3.2
58 ( PCA)
( OPLS-DA) 4 8 2.
58 PCA ( 2A)
0 40 pmol/L 8 o
OPLS-DA 2B)
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Fig.1 GC-MS TIC chromatograms of root exudates of the hyperaccumulator S. alfredii

A.0 pmol/L 4 ; B.40 pmol/L 4 ; C.0 wmol/L 8 ; D.40 pmol/L 8

A. 0 pmol/L Cd treatment for 4 days; B. 40 pmol/L Cd treatment for 4 days; C. O wmol/L Cd treatment for 8 days;
D. 40 pmol/L Cd treatment for 8 days.

c 1. ( Glycerol 3TMS) ; 2. ( Threonic acid4TMS) ; 3. ( Ribitol 5TMS) ;
4. ( Tetradecanoic acid4TMS) ; 5. ( 9-Hexadecenoic aciddTMS) ; 6. ( Hexadecanoic acid—
1TMS) ; 7. ( Oleic acid4TMS) ; 8. ( Octadecanoic acid4TMS) ; 9. ( n-Docosane) ; 10.
( 1-Monohexadecanoylglycerol 2TMS) ; 11. ( Trehalose-8TMS) ; 12. ( Cholesterol4 TMS) .
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Fig.2  Principal component analysis ( PCA) and orthogonal partial least-squares discrimination analysis ( OPLS-
DA) scores plots of root exudates of the hyperaccumulator S. alfredii
A. PCA (@0 umol/LCd 4 (A)40 pmol/LCd 4 (E)Opmol/LCd 8  ( ¥)40 pmol/L Cd
8 ;B. OPLS-DA o
A. PCA scores plots ( @) 0 pmol/L Cd treatment for 4 days ( A) 40 pwmol/L Cd treatment for 4 days (M) O wmol/L Cd
treatment for 8 days ( ¥) 40 pmol/L Cd treatment for 8 days; B. OPLS-DA scores plots.
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(p<0.05)( 1).
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R2x[1]=0.315, R2x[2]=0.152
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02} i o OPLS-DA
S o1k e e 9 ] ‘. ° 0. Fig. 3 Orthogonal partial least-squares discrimination
o ® (1) . . )
% 0.0 A e o> & [ analysis ( OPLS-DA) loading plots of root exudates of the
I ’ ™ (] ° ..
% 0e® hyperaccumulator S. alfredii
S -01F o 6 o9 ® k.A v ,
=] L ® ° (@)X ( the root exudate variable) ; ( A) Y
b A® [
-0.2} % o :
» ( the group variable) .
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Table 1  Potential biomarkers in root exudates of the hyperaccumulator S. alfredii
0 pmol/L 4 40 pmol/L 4 0 pmol /L 8 40 pmol/L 8
0 pmol/L Cd 40 pmol/L Cd 0 pmol/L Cd 40 pmol/L Cd
Compounds treatment for 4 days treatment for 4 days treatment for 8 days treatment for 8 days
(n=11) (n=11) (n=11) (n=11)
Decanoic acid 0.00 £0.00 1.00 £0. 14 0.61 £0.04 0.00 £0.00
Benzoic acid 0.00 +0.00 1.00 +0.06 0.00 +0.00 0.31+0.02
Dodecanoic acid 1.00 £0.09 2.13 +0.26 2.13 +0.20 0.67 £0.12
Nonanoic acid 1.00 £0.09 1.10 £0.09 0.41 £0.05 0.19 £0.03
Fructose 1.00 0. 17 0.00 +0.00 1.68 +0.43 0.33 +0.06
Erythritol 1.00 +0. 14 0.00 +0.00 0.27 +0.05 0.00 +0.00
2 Hydroxyacetic acid 1.00 £0.13 0.82 +0.10 0.25+0.03 0.13 £0.01
Mannitol 1.00 £0.18 0.06 +0.03 0.08 +0.02 0.00 +0.00
Trehalose 1.00 £0.15 0.07 £0.02 0.20 £0.04 0.07 £0.02
Ribitol 1.00 £0. 14 0.09 £0.02 0.00 £0.00 0.00 £0.00
Phosphoric acid 1.00 £0.13 0.84 +0.22 7.78 +1.51 7.95 +1.96
Glycerol 1.00 £0.28 0.33 +£0.06 0.00 +£0.00 0.00 +0.00
+ o

The value is the ratio of the peak areas of the compounds which have the same retention time among the different treatments mean + standard de—
viation.
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Metabonomics Study on Root Exudates of Cd
Hyperaccumulator Sedum Alfredii

LUO Qing' > SUN Li-Na"? HU Xiao-Min'
'( School of Resources and Civil Engineering Northeast University Shenyang 110004 China)
*( Key Laboratory of Regional Environment and Eco-Remediation of Ministry of Educatione

Shenyang University ~Shenyang 110044  China)

Abstract A metabonomics method based on gas chromatography-mass spectrometry ( GC-MS) was developed
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for detecting the significant differences of root exudates of the Cd hyperaccumulator Sedum alfredii under
different treatments and study the effect mechanism of S. alfredii tolerating or accumulating the heavy metal
Cd. The root exudates were collected after treatment for 4 and 8 days with 0 and 40 pmol/L Cd. The collected
solution was lyophilized and dissolved with methanol and after derivatization with methoxyamine hydrochloride
and N-methyl-V4rifluoroacetamide the samples were analyzed by GC-MS. Principal component analysis
(PCA) and orthogonal partial least-squares discrimination analysis ( OPLS-DA) were carried out for pattern
recognition and a clear separation among the different treatments was achieved. Twelve compounds which
caused the separation among the different treatments were found and identified. With the change of treatments
the relative amount of these 12 compounds revealed different trends which indicated that the Cd
hyperaccumulator S. alfredii could adjust the secretion of root exudates to tolerate or accumulate the heavy
metal Cd.

Keywords Hyperaccumulator; Sedum alfredii; Root exudates; Metabonomics; Gas chromatography-mass

spectrometry
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