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(TAA) (ABA) JA) , Tl : (ED) ,
(SA) (RA) 5 70eV, 200°C,
GC-MS , (SIM)
N 1.3.3
y(A /A )
1 x(C /C )
1.1 , )
(Gracilaria lemaneiformis) 2009 (ng/g) = (A
4 (26°36'N, 119°42'E), /A JaxM)/W , A , a
25°C 1, , M , W
2 Provasoli 1.3.4 Provasoli N
(Provasoli, 1968), 25°C, 60pmol/(m*s), 115.4umol/L, N
L:D (12h: 12h), 25 19.7umol/L, N 95.7umol/L
1.2 N ON 1IN 2N 3N 4N,
- ( QP2010); N 19.7 1154 211.1 306.5
( ); ( 402.2pmol/L , ,
Supelco ) TAA JA SA RA , 3 ,
Sigma ; ABA 3d Oh 1h 3h 6h 10h 24h 48h 72h
(dhJA) (TCD); , ,
; , -80°C
1.3
1.3.1 1.0g
, , 4°C 100mg/L 2
BHT : :HC1 (2 :1:0.002) 4ml 2.1
100ng, 4 4000r/min SPB-1 SPB-5 SPB-50
15min, s 2ml : : HCI 5
, , 4°C 100mg/L SPB-5 SPB-50
BHT 4ml, / , , SPB-1
30°C Iml Oasis HLB , ,
, : Sml 100% 5
5ml HLB , , , )
s S5ml 5% - s ,
, 3ml 100% , )
Iml, 20ul ,
(2mg/L), 30°C
1h, , 1ml, R
GC-MS HCI(2:1:0.002)
1.3.2 - : SPBI
(30mx0.32mmx0.25um) ,
40°7C, 3min, 20°C/min 200°C, ,
10min, 30°C/min 280 10min
250°C , 99.999%, ,
Iml/min , 10:1 (2.0mol/L)
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2.2 >
10pg/ml 2.3
GC-MS , 5 1.0mg/ml,
(D 50.0 250 100 50 1.0 0.5 O.lpg/ml
(TIC) ; lug ,
#1 EMEMAENARORENE. AEETE ’ 0
Tab.1 The retention time and selective ion peaks of five kinds 2 » S
of phytohormones and IS 0.01—0.025pg/ml
(min) (m/z) 2.4
8.943 92 120 152
10.400 103 131 162
12.332 83 151 224 1.0g ’
12.389 83 153 226 5 6
13.780 130 189 190 3 76.7%—
18.514 134 162 192 104.3%, 1.4%—2.9%
F 2 EMIEYHZRAYEYA 75 IEFOAEN PR
Tab.2 The regression equation and limit of detection of five kinds of phytohormones
r’ (ng/ml) (ng/ml)
y=0.012x+0.0018 0.9987 0.1—50 0.020
y=0.166x +0.0138 0.9981 0.1—50 0.015
y=0.259x + 0.0153 0.9998 0.1—10 0.025
y =1.504x + 0.2510 0.9968 0.1—10 0.015
y=0.0422x + 0.0131 0.9943 0.1—10 0.010
%3 AHEYH R R RIS E (n=6) 25
Tab.3 The recovery and accuracz/ of five kinds of phytohor- 1A ) TAA N
mones (N=6)
(ng) (ng) %)  RSD(%) N 211.1jamol/L
39.26 100 76.7—80.1 1.7 IAA » 10h Provasoli
150 87.0—90.6 22 ( ) 32.88% N (19.7pamol/L)
250 85.9—95.0 2.8 N (306.5  402.2umol/L) IAA
45.63 100 82.4—89.7 1.4 ,
150 80.6—92.1 2.6 Provasoli N ’ 1
250 85.3—101.2 3.1 N
38.70 100 77.3—88.5 2.5
150 78.4—87.9 2.3 1B ’ ABA
250 95.3—100.7 16 211.1umol/L ABA
145.49 100 89.7—93.6 1.7 ’ » 24h ’
150 92.7—100.2 2.1 74.21%, 72h N
250 92.5—103.7 2.3 (19.7umol/L) N (306.5 402.2pumol/L)
24.33 100 84.2—97.4 2.1 ABA , 6h  10h
150 91.7—104.3 2.5 , 296.16% 119.23%

250 93.3—101.3 22 185.56% (P<0.05), , 72h
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DETECTION OF MULTIPLE PHYTOHORMONES BY GC-MS TECHNIQUE IN
GRACILARIA LEMANEIFORMIS AND THE RESPONSE TO NITROGEN STRESSES

CAI Xi-Li, SHAO Min-Wei, SUN Xue, XU Nian-Jun

(Key Laboratory of Applied Marine Biotechnology, Minister of Education, Ningbo University, Ningbo, 315211; Key Laboratory of Ma-
rine Biotechnology, College of Oceanology, Ningbo University, Ningbo, 315211)

Abstract A highly sensitive method was developed for simultaneous determination of trace levels of endogenous
phytohormones indole-3-acetic acid, abscisic acid, jasmonic acid, salicylic acid and cinnamic acid in marine red algae
Gracilaria lemaneiformis using gas chromatography mass spectrometry (GC-MS) technology, and the response of five
kinds of phytohormones of G. lemaneiformis under different nitrogen stresses was studied. The optimized method was as
followings: samples were extracted by 1-propanol/H,O/HC1 (2 : 1: 0.002, V/V), and the extracts were purified by SPE with
HLB column, then derived by trimethylsilyldiazomethane, finally detected by GC-MS with SIM model. By using this
method, the correlation coefficient of five kinds of phytohormones ranged from 0.9943 to 0.9998, and the average recov-
eries varied from 76.7% to 104.3% with RSDs of 1.4%—2.9%, and LOD of 0.010—0.025pg/ml. This method was showed
to be a simple, sensitive, accurate, and reproducible method. When the G. lemaneiformis was stressed by low and high ni-
trogen concentration, the content of IAA was lower than the normal Provasoli medium group. But under low and high ni-
trogen stresses, the content of ABA, JA and RA increased sharply in the primary phase, then decreased gradually in the
later phase. The content of SA under low nitrogen stress increased faster than the control group in the primary phase, but
gradually declined in the later phase; the content of SA under high nitrogen stress showed no significant change than the
control group.

Key words Gracilaria lemaneiformis, Phytohormones, GC-MS, Nitrogen stress



