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Analysis of Auxins and Their Amino Acid Conjugates in Rice by
Liquid Chromatography Tandem Mass Spectrometry

CAO Zhaoyun' > MA You-ning CHEN Mingxue’ MOU Ren=xiang’ HU Xiu-fang'"
(1. Department of Life Science Zhejiang Sci — Tech University Hangzhou 310018 China; 2. Rice Product Quality Inspection
and Supervision Center Ministry of Agriculture China National Rice Research Institute Hangzhou 310006 China)

Abstract: A liquid chromatography — tandem mass spectrometric (LC — MS/MS) method was devel-
oped for the simultaneous determination of indole-3-butyric acid(IBA) indole3-acetic acid (IAA)
and its 7 amino acid conjugates including IAA — Asp TAA - Ala TAA - Val TAA -Trp IAA -
Leu IAA -1Ile and IAA — Phe in rice. The sample was extracted with 80% methanol for 12 h at 4
C. The extract was cleaned up on an Oasis MAX cartridge (60 mg X3 ml) and eluted with metha—
nol contained 0. 5% formic acid. 9 analytes were separated on a C;g column (1.8 pm 100 mm x
2.1 mm i. d. ) using 5 mmol/L. ammonium formate( A) - acetonitrile(B) as mobile phase by gradi—
ent elution. The analytes were detected by positive-ion electrospray ionization — mass spectrometry un—
der multiple reaction monitoring( MRM) mode. The recoveries of 9 analytes from the matrixes of root
sheath leaf and seed in rice tissue ranged from 75% to 106% with relative standard deviations( RS-
Ds) of 3.6% —15.2% . The detection limits(S/N =3) ranged from 0. 01 wg/kg to 25 pg/kg. The
method was sensitive and reliable and could meet the requirements for quantification of auxins and
their amino acid conjugates in rice at the physiological level.

Key words: liquid chromatography — tandem mass spectrometry (LC = MS/MS) ; auxin; amino acid

conjugates; rice
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TAA. 3-  (IBA) 10-14
o Tam " GC - MS IAA - Asp 4
I1AA IAA GC - MS
o7 LC - MS/MS N
GC - MS #721 Kojima HLB
(MCX) LC - MS/MS IAA - Ala. TAA -Leu 7
o 80% - MAX LC - MS/MS
9 o N 9
1
1.1 N
Survryor v TSQ Quantum Access Max N
Biofuge Primo R( Thermo Fisher )o
N ( Merck ); ( Tedia ); ( Fluka
); (25% ~28% ); OASIS MAX
(60 mg x3 mL.  Waters ); Milli-Q ; 5 mmol /L : 0.315 ¢
1 000 mL. 9 : (1AA) . (IBA) . N« 3- ) -
L- (TAA - Ala) . N 3- ) - L- (TAA - Val) . N 3- ) - L-
(TAA - Leu) . N 3- ) - L- (TAA -Tle) ( 98%  Sigma Aldrich );
N 3- ) -L- (IAA - Asp) . NL( 3- ) -L- (IAA - Trp) (Olomouc
) N« 3-  )-L- (TAA —Phe) ( 98% 1L )o
1 000 mg/L -40 C o
1 )
7d o N
4 30 s -40 C o
1.2
1.2.1 0.2 ¢g( 0.001 g) 5 mL
2mL 4<% 80% 4C 12 h 4C
10 000 x g 10 min 5 mL 1 mL 80%
60 wL o
1.2.2 MAX 2 mL 2 mL 1%
ImlL 1% 80% ; 2
mL 1% 2 mL ; 2ml  0.5% 2 10 mL
10% 0.5 mL 0.22 pm
1.3
> ZORBAX Extend-C (2.1 mm x 100 mm 1.8 wm); Az 5 mmol/L ;
B: ; :0~30 min 10%~45%B; 30 ~35 min 45%~95% B; 35~35.1 min
95%~10%B; 35.1~55 min 10% B. : 150 pL/min 140 °C; D2 ulo

(ESI +) 3500 V; 300 °C ; © 5250 kPa;
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Table 1  Precursor ions product ions tube lenses and collision energy of 9 auxins and their amino acid conjugates
Auxin Precursor ion(m/z)  Product ion(m/z) Tube lens(V) Collision energy (V)
IMAC 3- ) 176. 1 130. 2 83 16
IBA( 3- ) 204.2 186.2 80 13
TAA - Asp(N—( 3- ) -L- ) 291.2 130.2 94 35
IAA = Phe(N~ 3~ )-L- ) 323.2 130. 2 85 35
IAA = Tle(N=( 3- ) -I- ) 289.3 130. 2 95 32
TAA — Ala(N< 3- ) -I- ) 247.2 130. 2 81 21
TAA - Trp(N< 3= ) -I- ) 362.2 130.2 96 32
IAA - Val (N 3 )-L- ) 275.2 130.2 90 23
TAA - Leu(N~ 3~ )-I- ) 289.3 130. 2 91 34
2
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Fig.4 LC - MS/MS chromatograms of 9 analytes mixed standard
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80% ( ) 0.1% .
0.5% 1% - 2% 80% 50 pg/L(IAA  TAA - Asp 2 000 pg/L)
“0.2.27 o 1%
9 1% 80% o
1% 80% 50 wg/L(TAA  TAA -
Asp 2 000 pg/L) “1.2.2” o
4 mL 0.5%
85% 9
0.5% - o
0.5% - 3 mL 84 %
9 4 mL 0.5%
° 1207
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Fig. 6 SNR of TAA without any cleanup(A) and with MAX cleanup(B) (n =5)
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(TAA. TAA -Asp 500, 5000 wg/kg) (n=5) RSD.
9 75% ~106% RSD  3.6% ~15.2% -
2 9 N 4 (n=5)
Table 2 Linear relationships LODs of 9 analytes and their mean recoveries and RSDs obtained from 4 matrices(n =5)
. Linear range . . LOD w/ Added w/ Mean recovery RSD
Auxin . Linear equation r . 4 e
p/(pg kg™ ) (pgkg™  (pgoke™ RI% 5,1%
1AA 10 ~5 000 y =40312x 6619.4 0.999 6 5 500 5 000 89 93 9.4 3.6
IBA 0.1~500 y = 36534x 8095.4 0.999 8 0.05 1 10 79 103 8.1 7.3
TAA - Asp 50 ~5 000 y =1285.8x 1858.0 0.999 9 25 500 5 000 75 86 10.9 7.2
TAA - Ala 0.02 ~200 y =64 374x -6 158.0 0.995 8 0.01 1 10 97 80 11.2 8.7
TAA - Val 0.02 ~200 y =39 899x 3510.2 0.999 8 0.01 1 10 77 93 7.7 5.8
TAA - Trp 0. 05 ~500 y =20203x 1117.5 0.999 6 0.03 1 10 9 88 6.3 6.9
TAA - Leu 0.02 ~500 y = 31 567x -5 386.3 0.999 6 0.01 1 10 90 106 15.2 9.5
IAA - 1le 0. 05 ~500 y =44 178x 3 792.8 0.999 7 0.03 1 10 81 84 12.1 6.2
TAA - Phe 0.02 ~200 y =32846x 3793.9 0.999 9 0.01 1 10 79 85 7.4 4.5
y: peak area; x> mass concentration(ug * L’l)
2.6
1 ( )18
7d 3 ( 1.
2.3 1 ) 4 3d 2 7d IBA.
TAA 7 o TAA. TAA - Asp. TAA - Trp TAA - Phe
( 3). 3 TAA. TAA - Asp

TAA
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7d 3549 pglkg 35d 757.7 pglke TAA - Asp ( 15
d 2026 pg/kg ) 2134 pg/kg 4551 wg/kg. IAA -Trp TAA - Phe
1.59 ~3.39 pg/kg  0.06 ~0.33 pg/kg 5 o
3 9 (n=3)

Table 3 Analytical results of 9 analytes in seed harvested at different flowering stages of rice (n =3) w/ (ug*kg™")

Sampling time

Auxin
mC 7 ) 1 11 ) 15" 15 ) 19"C 19 ) 27 27 ) 35MC 35 )
IAA 3549 2 465 2207 1 451 1182 757.7
TAA - Asp 2134 2720 2 026 2 869 3353 4551
TAA - Trp 3.35 3.22 3.04 1.86 3.39 1.59
IAA — Phe 0.30 0.22 0.33 0.27 0.06 0.14
3
9 —
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