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(phosphatidylethanolamine, PE). #f & Bt Nl ¢
(phosphatidylinositol, PI). i I % (phosphatidic acid,
PA)EE. TR A e o = AR IR A &,
It ESI-MS/MS BARARRAE S0 A0 1l A ) g o 41
Forbr EAFBIN . AR, R E RN
WS JLEZ A, FEECAMPINR B bR T > S i
JEAE, SEZ AL AT IR (R 1), W3l
B H ¥ — B8 (monogalactosyldiaclyglycerol, MGDG)-
X B H v FiH(digalactosyldiacylglycerol, DGDG)-
it AR Bl 200 H vk B (sulfoquinovosyldiacylglycerol,
SQDG)% M. T3] 2002 4, I E 7E 5 E HL5" 17 N

SEREE AR B 2A R A 4 P B IR o 4
2% WF 9% 7 0 (Kansas Lipidomics Research Center,
KLRC), #5%) JURh = ZHE MR Ad o T Ho 25 R0 2 A
R RE A G, ¥ ESI-MS/MS HiAR K4
JEBIFED G P 2 () 53 . 1EJE TR 4
2, FYINE A A E A T . ESI-MS/MS
FOR G B E R R N2 G, i ARG 55
TP PAYTEMME [ N A KRB & 2P it
P E I GE. A SO ESI-MS/MS BARBEAT A
M, HE SRR T I TS AR NG A 2T
.

Table 1 The acyl lipid composition of plant leaves

x1 TEMEEYM R HEEEREEN

i DR (ot I I 2 S PO 7T 4 )

EL7)| N i
MGDG DGDG SQDG PC PG PE PI
SR 46 28 4 7 6 5 1 3
fit= 26 14 9 24 9 12 5 1
ES 9 31 5 6 7 3 1 2
K 43 26 5 11 6 4 1 4
LeP 39 29 4 10 7 5 2 4
) 38 30 6 7 6 4 2 7

1 ESI-MS/MS AR #7H8 R

1.1 BEEBEEETFLIERE

HI T 55 L 25 (ESD A H LT 20 120 804 AR
K. ESL W A7 A5 4 73 (1) 0 o s e R 1R B
IR R, Y R R TR I A R R, B
JERFMLL 5y FIERCSARM 2 P87, FRgE N 2R
F TS TR BEATR I . EST A 5t o 35 (R AR AE T
EAR AT W, BIRTDAEAEY) o A
Wi L N TR AL, BT b e, A
FIFFERIRAYIMENT. 50— MR AT 2 B
ST TRT AR TEMFES R TR T
L P TR, EST AR AL A5 5
FRAT AN F T HE R IR R A Ko 1
Wk~ B AT b

B o3 My AE SR IE A B AL x0T Y HL 25 2%
K, SR ESI-MS/MS H7 A/ M R B 1) 7 3 [N 2%
2. AR A AR, N P P G2 b A
Jois RETERRH & P Finad, DA e
an PR BS 80 g T A b i R 22 b A R

. O SRAE . CRENE. NS R|5ERET)
TG ST A4 L, 30 K B L) IR B RE 20 J
fir, I LR, LMieidt MGDG #1 DGDG ]
BN  AE k, HEF28 Bt MGDG At DGDG;
F A LR, HT 73 Hr SQDG BT A 1
5[8’9]'
1.2 FUuEomdiE

ESI-MS/MS J 43 #7 JIg Jot 1 &5 A F 1) & = 5
DY B2 AF £ 1G5 5% X (triple quadrupole tandem mass
spectrometry), IXFfBTHHCH = AN PUARTT 2 AT s
S AN DU R 23 T S (MS 1) RIS = AN DU R 5 54
FrasMS2)H T otE 4 5, 25 =AD& A AT i
FH F-All J5 75 A6 % 25 (collision-activated dissociation,
CAD). i s b3 &5 % FH U A4 25 51 4fi (precursor
ion scanning, Pre) fll i P % & #71 ¥ (neutral loss
scanning, NL)PIRPFARIAA . 7o A7 & & A8
A, MST AT AR, S AN VUTE S a
HATRERE S R S (A & i), B MS2 4%
A8 IR B 1 (R € I B R D AT 4, Al
S BN E RERE T Lt MS2 1E 17 & 11 5
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I BT L (1RSI N R 1Y s W iU B2 N
=05 P 1 S i 1 2 S |87 9 )
FKARMEIT. e R, Eokdk e —
HPERE R, MS1 AT MS2 [A] I, R R E e
P 22 (i R ), A A e R IX —
PEWE R AR N, DR, SRR PR
Noas BEN x T — N 48,
T b Al G R AR RN w—a (RS, BIAT LA
Krig]. 22 45 T N ESI-MS/MS 2041 ig i i

AN TR A o0 i R R 7R o A s
Ko, ATLABAT — R AR RS PR R ok
4, DIRREEAR Tk L, RS R
RS IR AR IEN, Pk e R S AR A
AU AR AR LG, AT 45 2810 IR ot ) ok 3 454 L0,
Hur, N ESI-MS/MS iR & aeug X+ 8
KNG 156 o FANEAT A by, [Rl— 2K
JECHR 3 1 S A MR G I - 4 A v T 7 P
FEBE I 1 BRI R B AN T

Table 2 Precursor and neutral loss scans for lipid species from plants® ™

2 BIABE TSR R EEESENEY Aa T AR R

Rz 4 96 R Rl g ERE[ N et HiHLE /v FAHH ) /min
PC/ LysoPC [M+H]* Pre 184+ + 40 1.5

PE/ LysoPE [M+H] NL 141 + 28 3
PA/PG/ LysoPG [M-H] Prel53- - =57 4
PI [M-H]- Pre 241~ - -58 3
PS [M-H] NL 87 - -34 4
SQDG [M-H] Pre225- - -60 4
MGDG [M+Na] Pre243+ + 50 5
DGDG [M+Na] Pre 243+ + 84 5

ESI-MS/MS 2 W I 1 i3 J5t 41 43 7 i A0 #5215
THEA, EEA S, 1 HEE SRR R,
BT ML, AN, VRS R A S
SFPESR, BT AR . R R 2 A T AR
Tl F5 f 2t 1190 /S DA S AR ot 7 () 45440, i ELER
THREMARZAL AN, FrE iz, Sa R ot
ARSI R . XL g AR EEMHAE
B TR BERAR MR T, B3 70 B S22 1 g
J oy T, A BL BN i A0 A (3 (high-
performance liquid chromatography, HPLC) & %t ,
SRS [RGB 4 . AR5 T A ESI-MS/MS
f Rl =R ST AN [ 2P AP EAT A I, 1 5%
PErm T M i (R B R RARE , it L nl e G o
L = 1Y) s Ul 1 T o7 O (E P51 DN
HPLC £ S8 #7 IS, B e T A i
P oA A3 4 R0,

2 ET ESI-MS/MS ¥ ARHIEYIAE R4A F 4
RiftERE
2.1 #RHBER D REFRBAES MEHT

EPRMEEDGESERNE
ok [ S LR S i 2 W A B A R R A

) Danforth F 4 F} 27 HCy I R84 15 1L 6% 307 i o 4
LW LA, K ESIEMS/MS JIE B B A
) g A e T B A, o B iR B D
(phospholipase D, PLD) % Ji& i i1 K 3L 7= ) (AN [F)
() PA 4 T FlOZE KLY (0 VR Wi e N B3
SIS FSANE L N = 2 Buw B I
Ihie.

211 IEFEMNE Y. Welti 2585 I PLDo JE R 4%
AT 540, B T TR PR A AR 2 N S . At
I8 ] ESI-MS/MS 43 A ¥4 55 Jpip e Ab B ) B 2
RN PLD fif 5 B FE R EAT 40 I MR S5 4127 40 A
#5757 PLDa S A T4 R S HUER I L. 4R35 0
IR PLDo 55 BRI A AR I P o 41 S PC /K i
(R EAUE R AR 2, RN PA AR ) A 2 B
AT PC AR T AW A E AR, 1
PA TEVKVR I Ca? AR S5 A T € 33 J5t JIE T - & A 5
TERE TS A TE WAL, B3R T BRI R0y 12
gk, FERMEEEEREAL. Prih, PLDa 3P4
O | M T A R A AL, i T Al R Y A
PE, WSR TR BUE M. % R IR E 2
ESI-MS/MS 5 A s Py % I T~ R 4 i ot 4127 23 7 1)
1 RARIL L. 2004 4 LiVERIL PLD JE K K



2010; 37 (10)

IHFE: ETRBTHEERKRERANENERAEFMRER

* 1077 »

W 5y — AN 53 PLDS 2 5 KW (1) V5 5 38 J
N, XMt E E R ER. N
ESI-MS/MS H A 55 e A 22 5 140 /e 5+ PLDS
LD SR SRR Tk IR GEAR AN B A= RS AR AT
JESRAL M R B, ¥R F WA PLDS (130 % 4
JEE Tt I 7K A 1R DT R AN K, HUZ: PLDS B RIS REPE L
B AR P A I 2 AN HLRT PA 43 TRl A&
i PLDS 7K I BN 7= A2 1) PA BT LAJAE H,0, %)
SR, T PLDS A LA RN HLO, R
PESE S VRS D ia A HO, & &R,
PLDS JE DR B R A MR DR YE T 1. IX 2o 4 R R
PLDS A~ 2 1 ik Il IR B Aidt Dy e s e i A0 () ik v
M2 IS ) PA IIME 5 5% T Dy e de mia o 1k
A FERAPT, A S PR TE. Li 550
JE R TR I, 7EVR 3 5 B, PLDS I
TR T Ui 5 AR A b IR B K B A 2 12 AR A
X R BT R P R L 4 FH ) g — R TR L.
2.1.2 R TELSME RN, Li F09NH ESI-MS/
MS FAR T T W3 T B A N LR A AR
HR S0 140 FRBRAE RGBT AR AL, 25 R, B
RO, BEIRSE TR SE . K
AR AR R ) B T B BESTIE K
L PLDgs Z SV IR 5 bk ROV, FERE 3R 5 ik
MR, PLDCs /Kfi# PC, A4 HARIHE AL T LB,
P I H B (diglyceride, DAG)H] T DGDG [
PG, Zhang ST ST R PLDal 2 5
IR (ABA)S Tk 1A/ 40 o o NADPH S AL B
W RE. IERAME R, ABA ACERREMSHE A
{& P40 e o NADPH % A6 1F195 1, 08 350 1 4
(reactive oxygen species, ROS)[FJZE k. {HJE ABA
WEERRL R I pldad 588K, EIARERSSE T AR
40 i NADPH % 4L (1975 ¥, PLDal 7K fif 3 JIG
7715 PA, N ESI-MS/MS $AR SRR | v
(1) PA AT i r T I,  ABA AERJS, pldad 5
AR G PR b PA R AR ARG L L &
TR EARE. 1E pldad AR AL R I+
R4 mA 16 1 0~18 : 2 PA J5, Helis
NADPH %A Eg B35, 1mA 16 1 0~18 © 2 PC
HIBAIXMAER. X Eegs R Y] ABA A FEGE T
PLDal, 7245 74551 PA 4> 10, HETMEE T
NADPH %A L.

2.1.3 KK E. Davaiah M ] ESI-MS/MS
RS PLDocl 55 DR s [ 80 RN A 70 300 i T b1 3B AT
RRJRAL M7, KIN PLDal FE R 575 (P R AR B 1~ rh

PA. ¥ Ifn % 1§ ®E 10 Bk (lysophosphatidylcholine,
lysoPC). % M ®F & B & M &
(lysophosphatidylethanolamine, lysoPE) [f'] ¥ & i %
KT B AR, F ] PLDal 8 Fh 1~ 11 40 i i A 5 b
PR M. 2 J5, Davaiah Z5U99E 5 —HF 5T
HE, U ST PLDal R S . AR T
FAEIE T AT A RN SR 58 R IR & ) A i i)
Foe i, N ESEMS/MS $ AR PLDal 3
DRIk 2 200 5 8 A R KR AR PR b~ BB AT I S5 20 B B
PLDecd F PR 2R B T~ v AN 0 60 J07 1R ke 2> 1) £
AR REAL I B B TR AER . mwH,
PLDal HE R0 RASBE I - L PLDaul H5 DR 2K
BRI A 7 ar K. ki, HI99 PLDad
SEDRIR IR 2 38 i IR AR e T RO 7 i o 5 A i 11
—4i&1%. Hong %P PLDe FE PRI b Fisk 2R X b
MRIEAT 0 Mt B, PLDe XU I S AR AR (1 42 K AT 1E
WATYE. N ESI-MS/MS $2 A 3 3 b 5k A 74
FEEEAT B LA AT RS2, 5 BT 45 5 1K) PLDe 7K fif
PE 72 /E 18] PA 40l AR ) AE KRS 10 1 4 1 .
2.1.4 PA [{ZhfiE. PLDs ZAHM 12 5 A 1) i
K, AT EC&iNT 124 PLp B, W
PLDa(3)~ B(2)~ y(3)~ &+ & Ml PLD{(2) M. IX 4L
PLD i 25 FLMURE IR IS5 4 . B0 4% 1 A )Ry
PERL N EIR AT AT I, BR T PLDo AEVRTE WriE T
HT PLDS 1E 5 5 (1 Wk 52 I B 38 1ok 8% AR /K R T fig
SEMTHPI PR YESS, 2 %0 PLDs i@ id /=4 PA
SO A5 5 i A T s R A (e S B A A
KRG, mH, &M PLD 5K fe SCH )k
FlbRIE, e e A Re g g oA PLDs X
. B RE—Fh PLD 30, #8245 K I ol T 2
1 PA, AHAER) PA J3 1B LA S & 5 1R ) & 1)
AZER. XL FHEHAFE T PA 4> TR {EAYI
IREEI I8 S AR R B I AR o B AR IR Dl e
B AN PA 20 TR 045 5 5 SAE AL,
NESSEBINIE R /R I IR EINR O N Gl S Rt ) SERH
FEAH RS i e 3 ML L 25 . ESI-MS/MS

B RAFHESNVEA] .
2.2 RHATERAGHHEXERNERE

FERR B ek b, BEAIR (16 ¢ 0). A IR IR
(18 : O)EENR Wi e Ae Bk h G e, 15 ME 2
1A E& M (acyl carrier protein, ACP)45 4, ZJih 181 0-
ACP 754 A WS - W358 28 44 85 11 i & 1 (stearoyl-
ACP desaturases)[FI{E ] N AL 18 1 1-ACP, FHAE
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FUARER A BT b 2 OB IR « BE IR 55 S 26 IR
JT. SSI2 LR 22 b i AR TOE i - Tk ik 4844t 1 I A
B BEDR . SR T ssi2 SE AR MEAR T 18 © 0-ACP
) 18 1-ACP ¥ ALt FE th B r, FE0r
JEBUSE TR, U S IR BUR I IR B4 s R AR
FAR. sfd] TN sfdd TEALRARIE 5512 FALARE R
RAFEAN . sfd] A sfdd(BHR fad6) T N 548 5
T ssi2 RV Z RN, KY sfdl A
sfdd IHI T ssi2 R IED. B H ESI-MS/MS £ AR
XF ssi2 sfdl R ssi2 sfd4 XSS NG BT 73 B (1) 45
BRI, ssi2 sfdl XSG ARFERE IR BT i) 2 5 A0
18 0 1 IGIWIMRIN 1 43 PR R S AR B, ssi2 sfd4
RERET 18 1 1 IR & EAR i, & 18C MEILIH
2 AN R 5 B2 (polyunsaturated fatty acids, PUFAs)
AR T, sfdl R sfd4 53R 5416 ¢ 3
JI W T S (P Pl T o R B, X e gh R W SEDI
R SFD4 PR 4% i ot 5 e ) 25 Y. Tl ok DNA
W75 58 H SFD4 HE AR w6- I 7 18 Mt S I 26k AT
SFDI HE R 2 — F2 5 75 Wt 1R e 30 D g s [R] 2324,
Maeda 5P I, ARIEACEL T 4842 38 B- 6K 2(vie2)
SAZRIY) PUFAs 41 5 B9 A4 B B AN TR], W2 RR IR
(18 * 3) /K TR WAk ER(18 & 2)/K . #E—25 1)
B AL 25 o0 T R IR, X HE AR AN T AE AR 18
Ty vte2 SRR T BRI BE I G O@ AT XU IR
(dienoic acid) ] = 4% R (trienoic acid) [ ¥4 4k Ik /b BT
. AE vie2 FEAEPR AT ON PJTIN JI 7 1R I S 5
I fad2 N fad6 J&, WHNE]T vie2 FEARRIXLL
RO L. X2l B WAL T AR P A B 4
A% B AR M 8 R B R Hh PUFAs AR
VTE2 J2& V¥ I AT 8 A2 i B BERL A
2.3 BRI ERG 1 R K B By E A

ssi2 FARRR I KM R (salicylic acid, SA)H
SRR O, TGS 22 B i T A B
YU SE 5 ). SFDT 55 R S8R 502 SEAZ RN
Z B R PR B, T BRSOk B
(systemic acquired resistance, SAR)IX — 7] if5 T ¥) X
I 15 i B (R UL g A ). SSI2 A SFDT 2
e\ A IR AR T ZEIE R, sfdl R ssi2 534K
(RIS &5 R G B I RS 5 5 2 b R
HEZEM. KEMIFFCEUESE, eIk IR A
=R R IR (AR RTIR) 2 5 TR SR 1) ) & A
T B 25 22 i 7229, Buseman 25275 [ ESI-TOF-MS
5 ESI-MS/MS iR 454, faos 4w 7+ 1A% 1 IR
Jii PG. MGDG Ml DGDG %5 &5 Felin sk, X 2R

e AR R R B 12- A - Y IR
(12-oxophytodienoic acid, OPDA)FI -+ Nk (K44 —
il (dinor-oxophytodienoic acid, dnOPDA). 7EA i
Pttt b, S AT FRRR IR IR BT ) 7K ARAS, R
FEAEZ B 51 15 min N5 AT 2 AN FRBREE 1B IR
Er ECRIE I N 200~ 1 000 fiF, IFSE T IX L85 FR G
(RURE T A2 SR N R R AE 0 & IR 1), SR
[ 7 860 S . o R %)), Yang 25295 i ESI-MS/MS
FE AN 65 A2 BL TR KA A5 1R (Botrytis cinerea)f? 445
(R4 e TR R BEAT AR 4L 40 8 KB, PG F1 DGDG
7T R B, AN LeAR P g TR 7K A nl e oA LT
75 F K HIR (jasmonic acid, JA) T LA 5y /A4
BT R AR T2 R R G FURAR B I I AcPLAT
B DA 2R 98 AR A b 1 AR TR R AT G 5T A A BN
AtPLAT 50512 55 AR A5 J B A7 G 3 1R 0L v 7 LAl
JA TN s 53 M 404 T AL T 0 7 2 70 T 1)
P, AHJE AePLAT LD IR 8RR T AN 5 Wi 2 41 26 £
BTSSR JA TV B RRIR (1) 45 1 LA B ST N JTig 5t
(I 7K i
24 BBRES . TS

Devaiah 25093 Ff ESI-MS/MS 5 AU G I+ )
1) AN E AN £ 27 N1 B SN [ 1 e N e = e
KARVENG BT 140 2450 TR EAT 204, BRI T A
A B 2 [RGB o1 A S 35 22 s FRo AN R (R
Jig ot A W A7 AR #% R M. Wanjie 55 PN H]
ESI-MS/MS 52 AR A 3 R e 24 391 (10 A5 A 21 4 4
P I B R A AT I Bl 2 A, B AR T Al PRk
AR A 4 B o 3 R b 0 T 8 T S A i P
. N H ESI-MS/MS A 5T & HLIE % (lipid
droplet) HL A G iz fm e, Ma i SO PRAE i i i
(adiposome), FELEPPENRTIIEA 1K, SN
JEE e S . il o A A R
] REVE A B 28 H R 4t (dynamic organelle system)
Z: 5 20 i s i LA SR 1) BB RN 40 iR, Bartz
5B ] ESI-MS/MS 5 NMR 545 R 4545 (1 77 10356t
JI A 1) I ot A s AT A3 AT, R IR W R4
10%~ 20% [ PR JFOA R G e JmT 44 o B3 T b
NEFoh, BEfRfEE & FALYE 1%~2%, HAISE
160 Z oy 1. i3 & IR 2E A PC,
K& PE. PI DL S &+ T —A> L1 1) PC(ePC).
XSG RRN], IR AR IR AR A0 T s i 75
ok ¥ B EAE R . Fauconnier 453 L | SLAE A7
TR AR R DR ) S A ) R IR B
%1 9-S- A i AL P (9-hydroperoxide, 9-HPOD).
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¥ FH ESI-MS/MS £ AR 531 Jlg B 22 48, IR PC.
PE. PI. MGDG. DGDG [fj & &) T, Xii
A% g J53 9 2 ek /D> 1) 2 5 9-HPOD Al colneleic
acid ZE B BEAH SRR GE, #om b S g Ar i FE
JIE T A g 12
2.5 HMBERBIEELI

i 5 A 5T B R AH 45 5, ESIE-MS/MS
TEB G % 5 T R ¥ T AE A . Fauconnier %512
¥ ] ESI-MS/MS #; K 5 ESI-TOF-MS £ K 45 4,
Mot EoH 2R p % g 1416 : 0, 2-colneleic
phosphatidylinositol (PT), X /& ¥ K % & &
colneleic acid [\ 5. Moreau 2553 ] ESI-MS/MS.
HPLC-ESI-MS Fil HPLC-APCI-MS $ A 454, 1iFsk
T DGDG & #e 2 b v f £ & (B, JF L
B %5 s BOBr B AR . 2 BB i) DGDG &8
PR (W - A= - A2 BR), 2 Fh =308 H o —
fi (trigalactosyldiacylglycerol, TriGDG)AZ N Big( 5. -
AW - & W B ) M 1 M DY i DGDG
(tetragalactosyldiacylglycerol, TetraGDG) A& W
(P - SN ER), FEARILAEGE R BE BEAS PR o ZHE
JIE B IR 29%, 3K T IRAE F AR SRR I T o e
LB - FIX - A A .

3 R E

ESI-MS/MS $0R, B —Fl fig H 2 20 Bt
(B R AT RO, R T, H AL B AR
1M HLRE AR RIS Ta) A 58 1 R ZE IR0 APl e, A
LS 2k e fis YAl S N =S S VA T &t B oS S vl
RIFREE AR RN A KR B 5 R I AL 2R P IR B 231 e 1)
WEAAL. EBARIERYIIR BT BN H B4
W AR LAY NG A A R, RN 7R IR FAR
LA ) (P00 B Jpip e s N 877 s 8 8 35 i A
IFEKREREE I BEPRMER. 54,
ESI-MS/MS iR 5 [ In) AL 2 He R 455, 648
AU R i B DB DR S A AL
HAA A5 5 e AU T T 2 L

A% H TN A ESI-MS/MS $A B4 B i %) kil
VIRR LA %, R LR AR 5T A dhA T e 5 )
M, AEATFE ZEXT ESI-MS/MS 7 A ZE AT 55 Ffr 1 4 45
XTI R, k24 K H IR s iva i,
53 HT#E R (sphingolipid).  — I H Jili(triacylglycerol)«
1% %2 L% (phosphoinositides). N- FE 3 i H5 Bk £ %
Jl% (N-acyl phosphatidyl ethanolamine). i 2 iz Jlij IR

(free fatty acid) Fl 5 AL G 2K (oxylipins)%5. Y34k, H
HI ESI-MS/MS A754R J& BT % 00 1 s . 45
L5 B EH ARG 73BT, 0 4 R A K0 i 3T BTG i
(R HT I LA PR A, TR, I i 5 At o R
Meis, LA amB e s e e, ik, hT
JEFR RS L, MRS, IS e sy
S TAHEAE B, REW5UIRIR TR 575 ML
i, A FFEIF & ESI-MS/MS $A 5 HiAth 2 1 T- B
(W1 GCv HPLC Z5)MBFEOR, Wk IEAH my oA
3% (NPLC). % #H & 20 Wi AH (5 3% (RPLC) 5
ESI-MS/MS #REEH, BAor i 2 248 G Wb it g
53 Rl R = (IR 5T

2 % x M

[1] Watson A D. Lipidomics: a global approach to lipid analysis in
biological systems. J Lipid Res, 2006, 47(10): 2101-2111

[2] SRR, PR, MR, 45 IR AL ot ik ke AR S A
MR, 2010, 37(2): 121-128
Cai TX,LiuPS,Y F Q, et al. Prog Biochem Biophys, 2010, 37(2):
121-128

[3] Wang X M. Lipid signaling. Cur Opin Plant Biol, 2006, 7(3): 329~
326

[4] Wang X M, Devaiah S P, Zhang W H, et al. Signaling functions of
phosphatidic acid. Prog Lipid, 2006, 45: 250-278

[5] Han X L, Gross R W. Global analyses of cellular lipidomes directly
from crude extracts of biological samples by ESI mass spectrometry:
a bridge to lipidomics. J Lipid Res, 2003, 44: 1071-1079

[6] Briigger B, Erben G, Wieland F T, et al. Quantitative analysis of
biological membrane lipids at the low picomole level by nano-
electrospray ionization tandem mass spectrometry. Proc Natl Acad
Sci USA, 1997, 94(6): 2339-2344

[71 Gunstone F D, Harwood J L, Dijkstra A J. The Lipid Handbook
(third edition). Boca Raton: CRC Press, 2006: 123

[8] WeltiR,Li WQ, Li MY, et al. Profiling membrane lipids in plant
stress responses. Role of Phospholipase Da in freezing- induced
lipid changes in Arabidopsis. J Biol Chem, 2002, 227 (35):
31994-32002

[91 Wang X M, Li W Q, Li M Y, et al. Profiling lipid changes in plant
response to low temperatures. Physiol Plant, 2006, 126(1): 90-96

[10] Han X L, Gross R W. Shotgun lipidomics electrospray ionization
mass spectrometric analysis and quantitation of cellular lipidomes
directly from crude extracts of biological samples. Mass Spectr,
2005, 24: 367412

[11] Welti R, Shah J, LeVine S, et al. High-throughput lipid profiling to
identify and characterize genes involved in lipid metabolism,
signaling, and stress response. In: Feng L, Prestwich G D, eds.
Functional Lipidomics, Boca Raton: CRC Press, 2005: 307-322

[12] Hou W M, Zhou H, Elisma F, et al. Technological developments in



*+ 1080 SMFEEMYIRER

Prog. Biochem. Biophys. 2010; 37 (10)

lipidomics. Brief Funct Genomic Proteomic, 2008, 7(5): 395-409

[13]LiW Q,Li MY, Zhang W H, et al. The plasma membrance-bound
phospholipase D3 enhances freezing tolerance in Arabidopsis
thaliana. Nat Biotech, 2004, 22(4): 427-433

[14] Zhang W H, Wang C X, Qin C B, et al. The oleate-stimulated
phospholipase D, PLD§ and phosphatidic acid decrease H,O,-
induced cell death in Arabidopsis. Pl Cell, 2003, 15: 2285~ 2295

[15] Li W Q, Wang R P, Li M Y, et al. Differential degradation of
extraplastidic and plastidic lipids during freezing and post-freezing
recovery in Arabidopsis thaliana. J Biol Chem, 2008, 283(1): 461~
468

[16]Li M Y, Welti R, Wang X M. Quantitative profiling of A rabidopsis
polar glycerolipids in response to phosphate starvation. Roles of
PLD{1 and PLD{2 in phosphatidylcholine hydrolysis and
digalactosyldiacylglycerol accumulation in phosphate-starved root.
Plant Physiol, 2006, 142(2): 750-761

[17] Zhang Y Y, Zhu H Y, Zhang Q, et al. Phospholipase Dal and
phosphatidic acid regulate NADPH oxidase activity and production
of reactive oxygen species in ABA-mediated stomatal closure in
Arabidopsis. P1 Cell, 2009, 21: 2357-2377

[18] Devaiah S P, Roth M R, Baughman E, et al. Quantitative profiling
of polar glycerolipid species from organs of wild-type Arabidopsis
and a phospholipase Dalphal knockout mutant. Phytochem, 2006,
67: 1907-1924

[19] Devaiah S P, Pan X Q, Hong Y Y, e al. Enhancing seed quality and
viability by suppressing phospholipase D in Arabidopsis. Plant J,
2007, 50: 950-957

[20] Hong Y Y, Devaiah S P, Bahn S C, et al. Phospholipase De and
phosphatidic acid enhance Arabidopsis nitrogen signaling and
growth. Plant J, 2009, 58: 376-387

[21] Qin C B, Wang X M. The Arabidopsis phospholipase D family.
characterization of a calcium-independent and phosphatidylcholine-
selective PLD{1 with distinct regulatory domains. Plant Physiol,
2002, 128: 1057-1068

[22] Shanklin J, Cahoon E B. Desaturation and related modifications of
fatty acids. Ann R Plant, 1998, 49: 611-641

[23] Nandi A, Krothapalli K, Buseman C M, et al. Arabidopsis sfd

mutants affect plastidic lipid composition and suppress dwarfing,

cell death and the enhanced disease resistance phenotypes resulting
from the deficiency of a fatty acid desaturase. Pl Cell, 2003,
15:2383-2398

[24] Nandi, A, Welti, Shah J. The Arabidopsis thaliana dihydroxyacetone
phosphate reductase gene Suppressor of fatty acid desaturase
deficiency! is required for glycerolipid metabolism and for the
activation of systemic acquired resistance. Pl Cell, 2004,
16: 465-477

[25] Maeda H, Sage T L, Isaac G, et al. Tocopherols modulate extra-
plastidic polyunsaturated fatty acid metabolism in Arabidopsis at
low temperature. Pl Cell, 2008, 20: 452-470

[26] Turner J G, Ellis C, Devoto A. The jasmonate signal pathway. Pl
Cell, 2002, Suppl: 153-164

[27] Buseman, C M, Tamura P, Sparks A A, et al. Wounding stimulates
the accumulation of glycerolipids containing oxophytodienoic acid
and dinor-oxophytodienoic acid in Arabidopsis leaves. Plant
Physiol, 2006, 142(1): 28-39

[28] Yang W Y, Devaiah S P, Pan X Q, et al. AtPLAI is an LRR-
containing acyl hydrolase involved in basal jasmonic acid
production and Arabidopsis resistance to Botrytis cinerea. J Biol
Chem, 2007, 282(25): 18116-18128

[29] Wanjie S W, Welti R, Moreau R A, et al. Identification and
quantification of glycerolipids in cotton fibers: reconciliation with
metabolic pathway predictions from DNA databases. Lipids, 2005,
40(8): 773785

[30] Bartz R, Li W H, Venables B, et al. Lipidomics reveals adiposomes
store ether lipids and mediate phospholipid traffic. J Lipid Res,
2007, 48(4): 837-847

[31] Fauconnier M L, Welti R, Blée E, et al. Lipid and oxylipin profiles
during aging and sprout development in potato tubers (Solanum
tuberosum L.). Biochim Biophys Acta, 2003, 1633: 118-126

[32] Fauconnier M L, Williams T D, Marlier M, et al. Potato tuber
phospholipids contain colneleic acid in the 2-position. FEBS
Letters, 2003, 538: 155158

[33] Moreau R A, Doehlert D C, Welti R, et al. The identification of
mono-, di-, tri-, and tetragalactosyl- diacylglycerols and their
natural estolides in oat kernels. Lipids, 2008, 43(6): 533-548



2010; 37 (10) TESE: ETEBREEEBERITNANEYERAFMRIER - 1081 *

Advances in ESI-MS/MS Approach-based Plant Lipidomics®

WANG Tao, ZHONG Xiu-Li, MEI Xu-Rong™, ZHANG Yan-Qing

(" Key Laboratory of Dryland Farming and W ater-Saving A griculture, Ministry of Agriculture, Institute of Environment
and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Bejjing 100081, China;
Y Yunnan Reascend Tobacco Technology (Group) Co., Ltd, Kunming 650106, China)

Abstract As shown by many researches, various lipids are not only involved in many cellular processes, such as
plant signal transduction, vesicular transport, and cytoskeletal rearrangements, but also play a pivotal role in
mediating plant growth, development and stress responses. However, due to the diversity and complexity of lipids,
and the limitation of analytical approach, its hard to have a deep understanding on lipids. Electrospray ionization
tandem mass spectrometry (ESI-MS/MS) is a direct-infusion, high-throughput analytical strategy. By utilizing this
approach, most lipid molecular species can be quantified in a short time only need small samples, detection of
minor changes in plant lipids induced by environmental changes and growth and development has thus been greatly
facilitated. The successful application of this approach in plants has led to great progress in plant lipidomics in
recent years. Functions of some lipids and lipid-hydrolyzing enzymes in plant stress and defense responses have
been revealed, and several novel genes related to plant lipid metabolism have been identified, all owing to the
facilitation of this approach. Moreover, some new discoveries related to lipid distribution, transport, and
transformation and identification of new lipid species have been made through the ESI-MS/MS approach coupled
with other lipid analyzing methods. The paper firstly gives a brief depiction on the characteristics of the
ESI-MS/MS approach, then provides an overview of application advances of the approach in plant lipidomics, and

offers some prospective options to its future development in the final part.
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