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Abstract: Lipid is one of the important biological components, and it plays multiple critical roles in cellular func-
tions. As a branch of metabolomics, lipidomics is aimed at specific analysis of the alteration of lipid metabolism, i-
dentification of lipid biomarkers, and understanding the pathways that respond to physiological perturbation. The
advance of modern analytical technology, especially with the use of mass spectrometry and chromatography in the
research, has significantly accelerated the development of lipidomics and broadened its application in recent years.
Here we introduce the methodology of lipidomics and its application in environmental research fields. We mainly
discussed the application of lipidomics and multiple omics technologies in the response of organisms to environ-

mental stress and in the toxicological evaluation of environmental contaminants.
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Bt Bk 22 BOR B A W gk 28 B A 2H 2% (Genom-
ics) F% 53 21 2% (Transcriptomics ) 1 2 H 5t £H 2% (Pro-
teomics)HUAS 1 PR & i ] Hsf X A= ) AR 525 240 L oY
A AR A 7 8 PR A E 53 A AR 2H 27 (Meta-
bonomics)W iz MM A=, SR 1M B T A= P A 1)
FKYZ HE A% ARAMEH A —Fh 75 ik — U 2 B A D
A BARTI , DRI AR A5 4 00 R S M o LA T
WS B ATE UG B A 4 2 WA 2 2 |
BRI 2E RN F 0L Hig R
P AT AR AR 2 D fig , B T 20 44 R A 2 2
Y —> H 2L 53 S, W RN 3 A R 1 B AR R
2003 4, Han Fl Gross™ i YCH H g AR i 41 2% (Lip-
idomics) AME & K HE R KA WA | 2 2l 3 4
JLrb B B 5T A K 5 HAR ELAE T 40 F #6742 T R S0
HIoAT S8, T IR BT S5 A F Dy e, 48 7R g
B S A 28 E S AR AR e R 2 ]
KARB 128},

B A AR A TP I — R T A HLA A
ANET KB AEA2E s S 850 LAY — itk &9,
FEAL G B W7 IR B R AR 7 A B AT AR ) (A T B
Jie), AR S H A W6 s S RE AR DG AL &P, iR
B 0 2T BB B A o Ry 8 SR ZE L R IR 2K
(fatty acyls, FA)  H il (glycerolipids, GL) , HHi
T g 2% (glycerophospholipids, GP) . ¥ ig 25 (sphingo-
lipids, SP)., [& /% 5 25 (sterol lipids, ST) ., 24 st i g
Z(prenol lipids, PR) . ## i§ 25 (saccharolipids, SL), %
Fii2 (polyketides, PK)™ , g FTRH 26 i ZFEEIR T 1
HZR @20 LY F6e, HONUT UAE SR 1Y
R AF A A PR B AL f, [R] s 2 A4 R 1Y) R
o1, 15 B AE R A RS0 TE O Thiig . 2R IR Lo F 2
AR P — S A TS PR T A S R A S L
BRI FA B R AT 5 0+, TEA MR 515 Tl 72
HORIEVER . A, Kb oE R IR B A = 8 AT
IR 2 NISBNR , L 45 B 2% 1 BRAE b PR I JHE
i | Kok AR AT A0 A5 | 38 5 4 A A o ) AR A 0T 4 i
FRAEIAR &Y, AT LA R B I BT R I2 4 A SR
W), A ML A7 PR BE 30 | 3 I PR R AR Ak A AR v B
A JCHAE T, B ot 2H 1 1% 28 Ak S — 6 g J5T 6 B
TP AR | BT A AR A B B AR Ak 1 e i
ML IS B RE 1, AR SCRE R o 2 2 R i 92 0 ik
AP b 0 0 S AT R 32200 5 T i ot

4127 RO FAt 4~ 15 B 22 21 2 BORTE SR
M 32 PRSE 5 R W T M PO 507 A R

1 BB F BB X 77 7% ( Analytical methods of
lipidomics )

Jig o 20 2 52 B T ALY [R] B, R e R
(1) 2 ke Mo it 9 07 i el itk | E 3l 1 Bl o 4 2 1) P
KIE, NRBTA = M 9T BT i B ny S e Bg i
(5385 N o AT s I B A O A= s B2s AR
SCIGTR AR LI 1™
1.1 JEBTAYHRERK

BT AT RN s, A 1 ke S A= A N R T B

K H A NG Y B B e 1 T FE
PUET LAt B, B 0T A B B — 73 A VRO AR B
FEFAAEI 2 B 077k, fecw A W0 A UM 3R 02
1957 4F- Folch & QI gt () /& iR R (2 = 1, V/
V), FKfi5 Bligh " 78 AL Rk k47 7 ekt il ad
P —7E LA 7K 8838 FoAth el M350 (an & 12, 7T LA
A A50RE e i T 1Y) 9 A 2 I 4R R B S iR, 5
Folch My 5 AR L, IE C e/ N EERIIA R (3 = 2, V/
VIRF N REEPE R/ , (H B BUR BT 1 80R A =
il D WRFEBU IR R AR 2, an T i/
AR 2 T F TR R IR | R T S ik H T [ e
PRI AU A AR 7= Py 4 DA A L RR -
[P A B, JEL T SR AR T A VR RS S T A A o
HARE A YW, SRS i B B R T o 2 4R
Je PR O e sl S 05 55 A AL TR0 A R ok it
WM B, LR B B s 4R H Y, %
FHAY FEIAHAE B 2 C18 AR ZEBUINE: , 55 AME A
-CN, -NH, %53 A5 A i AR A BOH: , DL RS 128
AL R AR A A A0S A B A 2= A, R
FHURAD 77 T e A R 2 IR o, Bk T 52 5 1 H
() X AR AT A 2E T, ORI RR S F i
FRREZEAE A1 5 % T30 1) A QU A 24 BT TR 2 3RO
Ty AR s Y R T VR A BRI AR AR H
Ah ARG BT HR I G AT — L8 0 5 2%, i Ak
FEPRERT R ARG HC 0 He s R A A
1.2 BRBTAY 53 A i

i At e DL R At () 615 o A 2 T
B BT 2H 58 0 B B T B, KRBT LA =
X BT R BUE BT BT IS BT ]
(3t BT ir ik . BRI
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Lipidomics
oI X
! 1
| ALY 10 mg SO 1| KER R AE
1 Tissue (10 mg) or Cell (10° 1 Samples collection
' cells - mL™) '
! 1 |m T e e - 1
S 1 1 1
! Ve tn T 1 !
I Lyophilization !
I
I 1
1
BRI [ . A PIERAL A !
N ! Lipids extraction il Addition of internal standards |4
i
o EEHERERTE ML ) i — :
1 Direct—infusion MS—based 1 : EFIHEEL N
| analysis ' ! Solvent extraction !
: : e e e e e = = !
| O FEBH ik |
' Chromatograph'—based/MS :_ HE AT
' analysis ! Lipidomics analysis ettt ettt
i 1 i -
! ! Y Zoegi R PCA.
1 ik 1 | OPLS-DA . S—Plot%;
1| Spectroscopy—based analysis |} ' Multivariate statistical
: 1 1 analysis: OCA, OPLS-DA,
b oo - : . | S—Plot, etc.
AWME !
Bioinformatics

HE WP SLRTRE: ROC 131

I3 ARHBE IR ST
Biological interpretation:
Pathway analysis, ROC

discriminant analysis, etc.

1 ERAEAFRREZER
TE:PCA J& F 5353 H7 15775, OPLS-DA J& 1E 3¢ i fie/ — e 31 53-#7 , S-Plot J& A% 4318 ,ROC & 321 # TAERHEMZR
Fig. 1 The flow chart of lipidomics research

Note: PCA, Principal Component Analysis; OPLS-DA, Orthogonal Partial Least Squares Discrimination Analysis;

S-Plot, Score Plot; ROC, Receiver Operating Characteristic Curve.

BTk R B ey i A PR o HL YT ] B A R
Ak AR A 5 55 B, 5 (Electrospray Ionization, ESI)$
ARPYJ J Bl O A7 W B 75 (Matrix-Assisted  Laser
Desorption Ionization, MALDI)* 25 | Btk 2z 41, Ji
P& A% 3 AR (Mass Spectrometry Imaging, MSI)®! J&
IS Z2 2 5 I 5323 [l o3 A 5 B T be R . 5
T B 4 B8 5 20 B i PR R B 1 43 2
ORI A, AR A B R R SE)E
&5 (Thin Layer Chromatography, TLC)™ < AH 0%
(Gas Chromatography, GC)™ | & % i A {2, % (High-
Performance Liquid Chromatography, HPLC)™ | Ilfi %
TR 4 3% 35 (Supercritical Fluid Chromatography,
SFC)* &40 % H1 7k (Capillary Electrophoresis, CE)>*
L, B M EARE G, R YA E
PRIXE , SR /0 FH T AR B 40 Hr , FHAS AR5 22 Y S A%

L4 (Nuclear Magnetic Resonance, NMR)®" 47 &
i (Raman Spectroscopy)™

RE BT AT 5 VAR 2 (B P B 7 B B AE A
H B AN R Z AL 30K TLARAS I 5 35 e ) B A 47 L
BN s, Hrp AR AT —Fp 3 A 7 L #R T
2% [ A0 248 6L PN B T b i B 3, (H R R[]
ST HR A G AT LA R0 KR o AN [ i v i A
W= KRR R B, P, 7 S 4
NG BT 2 A B 22 B o A R B LU A
B KNR BT2H 2= (AR T 0 . AR B2~ i i Y
O3B A R A IR (NMR) | AORH €8 33 - 33 3k ]
(Gas Chromatography - Mass Spectrometry, GC-MS)
VAR 6,35 -5 3% BX F (Liquid Chromatography - Mass
Spectrometry, LC-MS) , & 4% Fi. JK Jit i (Capillary E-
lectrophoresis - Mass Spectrometry, CE-MS)%:* . H
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T, GC 4% 5 AT ] BT 1% (Time-of-Flight, TOF-
MS) I, 1T LA R 3 ) Bsf 43 Ar 22 b A 2 1 T AS T
LG, LA ML M2 K2 BRI R s
28 BB Wi LA KI5 & W5 . GC-MS I s 78 T4k
i A A 4, X (AR ™ 0 1) 6 S A X 25 5 6 s 8%
M GC-MS B, 4y HARfL& YIMESE &, 75 2 %)
AR A AT A XSG AR Z AT G .
LC-MS [AHHAG 4w i 2508 HL 38 ‘B0 5 W P v
il o Fyu B T e &, Aok )z
MR Y, % GC-MS T 5, LC-MS T35 14k
b AR R A e B 7 T 5000 R AN 8 4w, PR TR
B A A 2= B g AR T S S, LR LT
X R 5 A o B A I ik T AR 5L 56 H A A R
IR G, 255 207 R R Ik

1.3 R i Rdla b 3t

5 H A 2= —FF | 5 B 215 2 2 K E i |
ZUEREE , TR AL 2 a2 A E B
5 R RS Tl o AT B 7 R B R s . 7R Rk
T8 75 ZER AN [R] s 1) AN [m] 5 Ak 35 SR AR 1)
RS AT 4028, B R Y 20 B B 2 AR 2R 1 (Pat-
tern Recognition), & & —> 345  Ab B 4 ORI fir
AL BB A AR B A R A
RS T 2 Te B 7t , T T BRI
H R A U BT R AEA U2 W e Ak TR
TR B AR AL 45 E 7B (Unsupervised )2 > J7 2 F
£ WiE (Supervised)2: > il AR B2 ik E
B F A4 43 B (Principal Components Analysis,
PCA) AE£& P 5 (Nonlinear Mapping, NLM) &2

R1 AREBERS NI ER LR

Table 1 Comparative analysis of different methods using for lipidomics
Tk AT S Pesi R A
Method Classification Advantage Drawback
" . . P B AR [ e AR A 5
FL IS 35 P B BT PR H R o )
Tonization suppression; Hard to
ESI-MS Ultrahigh resolution, direct infusion L
R distinguish isomers
B o prik HE T RO NLHTZ AR ARSI 2 A 4 JE T AE 1A B ELARME 5l B AR I
Direct-Infusion MS- % B, B I Widely used and simultaneous detection Limited quantitation capability and difficulty
Based Analysis MALDI-MS of different chemicals to hyphenate with other techniques
B AR B AR AL, AT R i ) 325 A5 1] AR A REPEAE
MSI Visualization and dynamic spatial distribution Low sensitivity
2 - B AT ERL BT K i M
TLC-MS Simple, rapid, and high-throughput Poor reproducibility
oy " X R it Ak TR TR A, A e
i i T SRR PR SO B4 e
) S AT . ) . 2 R S T A A Ak
APk High resolution and selectivity, i i _
GC-MS ) Non-volatile and semi-volatile
Chromatograph- integrated database

Based/MS Analysis

AR @3- B

RAE S HERT  TOELE

High sensitivity and resolution,

organics need to be derived

Hg e A4, T EE LB YA IR

The databases are not enough to identify

HPLC-MS
good reproducibility all lipid metabolites
, . R, AR 2 2R MIR & W IX 73T
B FEIIEE, P Bk ELX LT3 S T
Low sensitivity, hard to discriminate
NMR Quickly, Nondestructive
SeiE 4B s complex mixtures
Spectroscopy- JCTEHE 1 3 Bk Ll R T K
Based Analysis hrEoLk XA T, T DA P L T S 3 AR 5 v B ufe

Raman Spectroscopy

Nondestructive, single-cell level

Expert ability needed and hard to
identify lipid metabolites

Note: ESI-MS, Electrospray Ionization - Mass Spectrometry; MALDI-MS, Matrix-Assisted Laser Desorption Ionization - Mass Spectrometry; MSI, Mass

Spectrometry Imaging; TLC-MS, Thin Layer Chromatography - Mass Spectrometry; GC-MS, Gas Chromatography - Mass Spectrometry; HPLC-MS,

High-Performance Liquid Chromatography; NMR, Nuclear Magnetic Resonance.
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/M7 (Hierarchical Cluster Analysis, HCA)%¥ , £ W&
=}

Al

520 07 1 T T S S 1] (Y B 2 A A % SR
[EEeNEIR S SN DA =W NTIR 3 ER 2L AN A =k ey
YWZI W C &R, B T8 n) 204 PLS-DA
(Partial Least Squares-Discriminant Analysis), OPLS-
DA(Orthogonal Partial Least Squares Discriminant A-
nalysis) , ANN(Artificial Neural Network)Z:*!

B 2H 2 VA K R () TR B, 35820 vy e T 5
ARG EICHE P2 o 3ok S8 5040 T R 0% A5 30 i 5T ) 5T 44
PR32k Wy ah iy b (s B A RO R B A I
REL R B SE 3, TSR 28 R A e 5 38 St —
Huhns 1R BT H SRR . Hrp i R BB e
LIPID Maps, J& 2003 4F H 36 [E [ 37 25 & B 2= e AL
¥J (National Institute of General Medical Sciences,
NIGMS)ZH AUk st , 72« g o AR A A i A2 F 52 3R
W% (LIPID MAPS)” 15 H A9 5% A, LIPIDMaps
R T Ui B A T R L[ I CH I =R BRI S 8 000
AP —JR BT Z5 A A5 EA I AL HE T 81 ARk
276 MR FUL G W 45 A 15 B Y BRIk =Z 41,
A E GBI AT BN ST T B O

AR 27 08 3 B SR AP B 8 P ] T i o )
FsE & 4 ¥, Al F| KEGG (Kyoto Encyclopedia of
Genes and Genomes) ] 26 B4 17 g J5 1€ it 21 B4 it
AU & B AT AL, AT 23 AT B IR 1Y) 5 ORI A A |
JIFL [ B R IR AR s AR S 0T E B AR T4 2
BRI 2 Fios

2 PBERA 8K B ( Application of lipidomics in
environmental research)

R e T 58 AR e Rl A 3T R B
BOFERI AW A K, Ho)™ 12 B T 4 A 4
N, B2 40U P B 12 W FUET 25 0 PR I8 s v
(75 YL V) R B WIE T AR VEDE O B 2 A U b Y
BN, S54RI SR BB IR B A AR BRI
UYL
2.1 JRBUEH AR PR U i

Ji BT 2H 27— I TWF S8 A= AR N R B B4 R 4
AR AR S LB A AR PR R MR R R AR AL R, iR
Jo2H 2 AR H O L T 2 s AU ) R 0 3, PR 5T M IR
SO A= W A K 20 5 i i 32 1 ) A= B i el

2 BEBRAZWRPHOEIEZHEE
Table 2 Main databases in lipidomics research

B4R

Database names

s

Profile

IR NG BRI, (45 10 000 Z2FIR BT BEIE AR B, 4028 R Se g i it

The largest lipid database which includes over 10 000 kinds of lipid mass spectra information,

LIPID Maps
(http://www.lipimaps.org )

classification and even related experimental design information

Lipid Bank
(http://lipidbank.jp )
LIPIDAT
(http://www.caffreylab.ul.ic)
Cyber Lipids
(http://www.cyberlipid.org)
Sphingo Map
(http://sphingolab.biology.gatech.edu)
Lipid Library

A5 BRI Y R B AR B

Cover lipids from animals to plant

BRI AL E A T 45 5 B

Including the information of thermodynamic, phase diagram and molecular structure

i AT S i e A7 B K

Adatabase about the information and links related to lipids

MR NG L BURAR
Pathway map of Sphingomyelin biosynthesis
£ Wi B AL R A M 15 B R AR BT

(http://www.lipidlibrary.co.nk )

The Human Metabolome Database

HMDB (http://www.hmdb.ca)

KEGG
(http://www.genome.jp/kegg)

GOLD
(http://gold.uni-graz.at/index.html)

Composed of information about lipid chemistry, biology and analysis

TR IR ZE A B 2R, A B NS DC RO LTE e e i AR PR B
The largest metabolomics database, including spectroscopic, quantitative, analytic

and physiological information about human metabolites
i W R 4 FSU R e IEL 1 B R g e R e A2 5
The biosynthesis and degradation of fatty acids, sterol metabolism, and phospholipids pathways

Ll B EETLAR KA

Including genes associated with lipid imbalance
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DA 7R A MIER A L T AH DG A T 3 i 43 A T
DIRRZESME TR 9 /E AL A 0 fE B . I
I, B o 2H 2 P sl g 07 P ke At ik, il AR
F50 2 A7 D) IREE A T 32 T PR 5 2) 75 4
TR BRI LA
2.1.1 BB SAAE PR A0 i 52 P A i i
I S5 R IR pH B SR FR R
¥y BRAUARM R SR N, B RIS E AT AN [ 46
Yy (Wt AU T4 s e B A 55 R AR
YIRTIT T — R GG R 05T . KI5 1%
AT DASIZ R W Ah SR B AR A B 5 | S 1) A 0 1 PN g
B SARH A IE B, 2012 4F Lu P55 — 0ok
BIZH 2 F 55 NaCl Brif 4514 oo () A B
RALA , Hol i GC-MS Mr AR IS5 £ st
J7 1543 1 NaCl 38 2544 5 A B (Chlamydomonas
nivalis) ¥ i 15 R 41 5378 A6 K6 105 R A6 W b ) 26
L, RI 6 Fifig TR AE PR &Y (C16:0 ,C16:3 | C18:
0.C18:1 ,C18:2 1 C18:3), B 14 Bh Tk 2% 41 M e i
S PERNS 7 M T 4 i T A BT v B A A2 4
Lu A5V Bi Ji5 ) FH 6 fea 2800 AH €0 3% - DU AR AT A 7 B[]
Jii%(UPLC/QTOF-MS) R 45 & Z ot 4i 1t 5 ik it —
538 NaCl i 5504 T 25 A5 9 i o 20 5378 £k )
Y SERR AR bR TR 7 AN 35 Rk AR
JEAE R AR NaCl Jiir36 (9 B ot A pAn s, HL gk
JEXF GC-MS 4317 g I 1R 435 S 1) b 78, 1k — 2 i B¢
AL 25 4K 36 I8 NaCl 3 £ 2 10 i I AR 43 F
PFATHLE] . Vitova S5 LT K AE F A 0335
5§ 2% Ji 1% (HILIC-LC/ESI-MS)$% R %3+ A [\ pH (pH
=1.2 3 .4) ¥3E 55 T 4% (Galdieria sulphuraria)it)
RIS 2 AIE 5%, 22 SRR TR v 8] 43 S5 A A ) L o) 3
hn,BE%E pH B4 K#BEIE (PG, PC, PE, PI, PS, PA) I
IE(MGDG, DGDG, SQDG) & 2 4 il i &t & i i 7
i (DGTA, DGTS) ik /b, i BEXT FAE Y 0 2R K 2 ¢
FE SRS m AR e A K R
. ¥R T 4 CHM N2 14 d J5, Degenkol-
be A5 FH R = A50ROFH (0135 - I i /fody HEL k2 o o i
(UPLC-MS/FT-MS)# AR 73 #r 1 Ho it 5 fig 5 25 43 1Y
A R ARSI N S it R R BT R (H R
A AR R 2B BE AN R = Bk H g, 1R
B HIJLF-AZE, Higashi 53T LC-MS BT 4H
SN T RIS T 0 v T R R X UL R T I IR Y
M), 2 3 e Tk | R Pt S 2 ST AR R i R ik b, =
Y T3k 28 Ak A5 P A i B A e v ] =4

Marcher 2™ 2% FH 3 1 53 (1) 1 50 412 7 i
8 T /INERUm 7 FE VS A5 F T 48 (0 1 2E 2 e H i
(AR Ak, , 2 B = Tk H- i e - i R 2 Bk 3 2SR
Hahn, H i BEE R AR R, Hu ST
VA £, 1% - T 3% (UFLC-MS) 32 AR 14 g 5 41 2% 43 #7
ia I E /N BRI ALY Hh R 5 B 0 i A2 4k, 45
FEOAT 132 Bl I I v I 25 1 o e 2 B4, i PRk
2 Bl =B H R 3G n ; 2802 35 LA H = H
Fias /b, Al fE 2 i T8 3 T SR Wi R L 51 &,
Yan ZEUHE — YOI 2 4 0 H T 5% fa 0T A 2%
PREZAY A= # o 1B7 , # | UPLC/QTOF-MS 7 AR % #i
2oty R I AR R0 P 0 K B R B ket T
AN A P 7 R A2 R A A AR A AR Ak
W1, i —20 B NR oA W hr i P 4 e R B iR AN TR
15 U 2 T L8 S 0 D0 e R i ol T 4 TS Wl i ik
b R ) R T AR R 2 R H A
LA U 5E ., Gorrochategui 2517 % FH AR HE 7] IR
F AR 2 55 A A 2T ARG B A0 X Ah
T5A W 0T e 7, A ) s ) 6 T WY 4 LT
AR R 2
2.1.2  JRETH AR TS e ) 2 18 W o8 SO BRI
HH 1R 1

AR R AR A i 28 Ak T LR LA G A1 A
ISR R R s e 17, fR T B S 4 9 AR AR T L
RS 7R B SR TR AR SRR B KT B
PERON | AR B VE P R0 A ) R A B R o 4 2%
BEARVEAS PRI 15 e ) 2 15 P 5 | ke 1) B PR RON , JF AR
Pt B T A= b i A W FL R AR FE A 4 DL LA
PO R R PR SO, B IR R e
B BT Y A B RO DA LA AR BRI 3

JIR I 2 2 IR 85 5 Y ) B DA, 3R
g e N TCHL A & JC 2 IF I, X1 WY LR &
H4JE U Pb Hg .Cr.Cd As 4 E 5, B4 @ X
FA AU A B 2 R 3 3 el A B 114 5 3 1
TR A0 MR () T BE™ ., Al M2 i =, H 4R
2| A M R Ak, SR K B . Cu Cr NI J Zn £
518/ NER ¥ (Chlorella vulgaris)™ J§ it &4k ; Cr'* &
HOKFEL A 20 B g T it K Hassan 5552 il
() — e 5T 48 2 T 4 B AN AN 235 RS FOKR A i it 480
b, i sgm  EE A K, S TR, EE)E
ST MAVUERNIR AL GV G, B8 1987 4F,
Cloez 2114 U RS B 2H 2 N2y T 2 HI A58 T Pb
I Hg X 7N BRI & BBl 44 448 22 G i B M0 - He 2%
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RRAE S5 « R BT 2 2 7R B U 1) 7 7

o G P B D 0 E R B, (LT 25 1 T
PR B B o A BT BG N 5 1T P X /0 B K ik ) ] A 28
ARG A XN, Calvano 5P IR 45 & TLC
Fl MALDIMS £ AR 537 5 4 J& 2§ F Co®" I CrOy
JMIE S5 T A0 B A T AR A AE 0, B 9T R B 2 FheR
& JE B F W ia £ T 40 4 7 (Rhodobacter sphae-
roides) g B 41 3 B AR AL B R, Co®' 51 A Wi g ik H
M (phosphatidylglycerols, PGs)Ji /L | /0> #5 I (cardio-
lipins, CLs) A AL 55 B 254 H 7 — 5 (sulfoquinovo-
syldiacylglycerols, SQDGs) 3 Jill, 1fij CrO; 5l PGs
1 SQDGs #fi/b \CLs A, ZERIERAESIR IR B4l
SEROTIEAESE Cd X A G AR A2 ) 3 T R AR
A28 G 55 50 4 B A W FeL 5 AT IR ] BT i
(HPLC/MALDI-TOF-MS)#; R % Bl #% 10 d J5 i s
LA 41 21 v B 5 /I (phosphatidylcholine, PC) 7 & &
FH R AR RE 20 d 4 5% BRI 22 5, U] PC AT
DIE R 6 f0 % Cd 2 M B 9 A= 045 7S ) . Mar-
ques JEPOIE FAR R ) g 5T 41 2% 19 7 1%, IR UPLC/
QTOF-MS $ R 4r M1 As™ X} 7% 22 38 ( Planktothrix
agardhii) A1 37 5] 15 (Anabaena) (52 ) | 435 S % PR = vk
B A B TR 7 d 2 PR B A Bk AR B i AR
b, SRR A W 2 AR I A W I A5 )
22U H 7 — T8 (monogalactosyldiglyceride, MGDG)
PISOCAEERIA R 42 3 MR R TR
T As® 23 EE R R OGS E S R
AR, AT e B K B o 4 2 R N AL
A YRR IS . FEAVEA HLTS G4 (POPs)
HA WA PERENE 2R FH AR B A 4 20k g A4
HEATVPAL RE A — 2L IR LB PE/E FH LI . Kania-
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