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RIS & — RN S B H I IR 28, B 4 1Y
g Wi B8 F — 43 F 19 B 2k =k 3 20 B, Dembitsky!"!
Xof S B 1) A Ak 45 #L) R A ) 2 D R AR T A Y i
T o U VERCE T R RSB S 3 RS R
i -N-= H 3 5 22 % R ( diacylgycerol-N-trimethylho-
moserine, DGTS), — I H i1 -5 A 2 -N,N,N- = 1 2 -B-
M % B2 ( diacylglyceryl-hydroxymethy-N,N,N- trimethyl-
B-alanine, DGTA) 1 — Ji H il -O-¥2 % HY 2 IH i, ( di-
acylglyceryl-carboxyhydroxymethylcholine, DGCC) , J&
VOB Th ) = KRR 2 — o WIS AR A 4 R AL
OO T s B 1k 2 o B LAY R S, TSR IR 1)
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I I3 TR 2L st R 5 B A i 20 7T AR g 38 3R bR, 7T
i VNI G e E N e/ R D (ST
ZEW AETRERBR ¥ (Nannochloropsis granulata) W43 &5 H
6 f DGTS, Bl (28)-1,2-bis-Oeicosapentaenoylgly-
ceryl-3-O-4'-(N,N,N-trimethyl)-homoserine, (2S)-1-
O-cicosapentaenoyl-2-O-arachidonoylglyceryl-3-O-
4 '-(N,N,N-trimethyl)-homoserine, (2S)-1-Oeicosap-
entaenoyl-2-O-myristoylglyceryl-3-O-4 '-(N,N,N-tri-
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(N,N,N-trimethyl)-homoserine., X & DGTS n D) il
i T — A A A B Y 2R 38 R AT RAW264.7 E
Wit 41 L rf NO 1 7= A=, 1 Ik % W] DGTS S0/ HAT It R
W BLAh, TSRO NG 5 v s i 2B 4 R B v A G,
DGTS i & 50 58 47 B F 1 it S o 26 K sl id 35 1 4L
i, FEA £ T 55 5% 0o Al A PR R o,
TR P R EEADOCA AR, B &
B FH R R 4 R DL A AN S, R
Pl I A8 AR TP AR S IR L 1 XA 7 g BRI A
WAy R AR U, SRR e — 2
ERP YA/ R Sl A <X ) S I R T
AT LR QB B TR IR B (PC ) 20 Fo5 3 24 41 it 1 % 10 2
) L G o B ) A S N 2 € e P e e
TSR B NG 28 3k 52 44 ) A0 26 Ak R A6 J5 P YRAH €35
A €8 1% B SR 0T — 0T R B FH A 1 DU T SR
YL R, ARk, VRORE £ 1% N RS 6 R G R 1
PR RS S ERAE T — R O ke
R SR FH R v A5 A 8 % — D0 T — AT I ) B Bk
FH 23 BT 2 %t (UPLC-Q-TOF MS) &t 57 1 — bt [a] B 46; 1]
VR E A e TR 3 2SR 14 23 BT T i, 6 4 AN TEET]
Y 14 FhRCEE 1) IS B 23 2 AL B AR N7 A 7 R
B4 2B B 53 A R AT 0 AT o AV VA T A A 2 A O 4
BEFE IR A, J2E— 25 b W A S 0 SR B i) — 33
TAE, A B 5 T i SR 7E N S Ak B S Y

PEHTs 55— J7 T, XA [5] Fof S 98 P S v R SR 73
A BIWESE, AT LR (0 B9 R Gk & Je A o e f it
A LA

2 MREIRE

2.1 SEIebF

DGTS #5 & 1,2-Dipalmitoyl-sn-glycero-3-O-4-(N,N,
N-trimethyl) homoserine (16:0-16:0 DGTS) L\ &2 DGTS K
[&] 57 25 s #E i (1,2-di-palmitoyl-sn-glycero-3-O-4'-[N,N,
N-trimethyl( D9) -homoserine ) £ 4 3£ H 3¢ [E Avanti Po-
lar Lipids 23 75 JIr A FH T FF a2 5B, 15T 0 B 19 12855
PIohaag g gk ok A F Milli-Q 2l 7K A% ft A 4k 5
2, 6- AT FHEXT i (BHT, >99.9%), 1 [ & [ Sigma
NI
22 HRKEFKE

1 TR By 14 FhCRE X o 7 R S W VLA T T
A ) S O R T R AR . T RO R SR Y
Vg K 4 22 S REA ok 0 L BRI BE, T A A AR TR K
Wo SRR 02 BEJ7 0, SR AE 5 000 mL EJE R
H1(20+2) °C B RO TR, 5 K48 s BUR, JF FBURDRL
JE B BT A (10 RO A AR R s A B2 =) il
WS, 14 R AT B WO, B O Y
HAE 5 000 r/min ) 4% 75T 5 2 B0 10 min 2R BORJE,
BT 1L (€ [ Labeonco 2 ) TR J5 £ H o FE i

F1 MWEERENMBENTRES

Table 1 The strain number and species name of 14 species of microalgae

s FieS TS = sk PLT 2R

1 FHEE] NMBjah045 IR S g Prorocentrum donghaiense
2 NMBjah047-1 RN Karlodinum veneficum

3 NMBjah043 TR/ NP Ll R Alexandrium minutum

4 RPN NMBIuh015-1 INER Chlorella sp.

5 NMBIuh014 TR Nannochloropsis oceanica
6 NMBIuh014-1 PR e Nannochloris sp.

7 TE R ] NMB;ih026-1 i Pleurochrysis carterae

8 NMB;jih022-2 YT AR 4 Isochrysis zhanjiangensis
9 NMB;jih021-2 BRAT M4 9 Isochrysis galbana
10 e NMBguh003-4 MEM Chaetoceros sp.
11 NMBguh005 B v Thalassiosira pseudonana
12 NMBguh021 T PGS Conticribra weissflogii
13 NMBguh001 =fTE e Phaeodactylum tricornutum
14 NMBguh002 S EES A Nitzschia closterium f. minutissima
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FATHFR 3 M 100 8 800.61
23 HAH&E
A3 I FR B4 B2 0 M 50 mg Tk, fin A G477 /H e i
(1: 1, VV)IRBEHE RSN, A AW (EE gnﬂé‘ S0k
ATR AR KT, HEE G440 0.22 um 1Y &
U I (3 [ Mil-lipore 4 7)) 85 0 it U , SRR #E4T UP- 0 L

LC-Q-TOF-MS( 3 [# Waters /A ) ) 43 M7 . BT A5 #5561 o
¥ A 50 ug/mL BHT.,
2.4 UPLC-Q-TOF 4#7

FH TR & 43 1T B WRORH €2 335 BT % 2% 1 I 2 2% S
ik [17].
25 FHEWENFEEESH

ISR TG 092 2 B2 43 0 7E B — Fh SO A o
A 5 ug/mL Y 1,2-dipalmitoyl-sn-glycero-3-O-4> -[N,N,N
trimethyl(D9)] homoserine DGTS [F] {37 % M #5 (i T H
HI T3 b A DGTS (14 [R5 2 P bs AR I i, (e h
JIF A TSR 08R 1 2 o8 153 BT S BROAH I DGTS N A5 1)
DS TE R) WA it R A7 2 i B o3 A o AR IS U S A L A9 1Y
HUAR , FRAT AR SRR Y B T AR RCR , DR A 8 e
00 1% PR e i IBORE it v B — TSR R 0 B
o335 & M4 AN 5] 9 2l A Lo T i S SR md i 10 2 1k
RO, FJAG AR N 04 T RRRR A o RS i e T R 9k B Y
LMk F, FI TR 28 Fm v s 7 e J3 R g T AR o it
R it b B 2 5 T R RIS BRAR B3 AP AT A
R

3 FiRHie

3.0 EHEWAEREMERLEEHEAR

AT H AT 5 1SR E DGCC Y AH SE bR i,
SCHBE I SCHR © R 3E 5 9 & DGCC I A e 0 AT
DGCC %5 1) T 15 W 24 FUHE 0 40 B o 9% SCik [15] A,
B R TR v R ARG I 21 31~ 2H 1R 16:0/22:6 DGCC,
HBE B 7 i foy He Ry 799.59. 1l ] UPLC-Q-TOF MS Xif
15 A Y 7 4% 8 P 16:0/22:6 DGCC (43 1 18 T k47
— SR G R . BSTIR AL B R A — R
75 & E (& 1a), m/z=800.61 {32 1 /& 16:0/22:6 DGCC
F [MAH] 9 B B 05 76 Rl BB 1 R 45 eV I 5%
T (K 1b), m/z=104.11, m/z=132.10 Fl m/z=178.11
HIE 8 F T R AU 518 [CHNOT . [CH,,NO,]
Al [C,H,NO,J, iX 5 Kato &5 fi fff 57 45 e — 5k, Horp
m/z=104.11 B 85 09 F= BE 8 i, 7] LAAE A DGCC 1y
FRIERE R B 1, AT DGCC . Ibobh, m/z=472.37
([M+H-R,COOHT") 1 m/z=544.36( [M+H-R,COOH]T") I¥J
T Fr B 0, AT T DGCC g 5 PR B i 23 .

2 4 6 8 10 12 14 16 18 20 22 24

3 B3 I 1 /min
+ miz=13210 =2 . X
100 ., [CHLNO] i s e RioO
104.11 o e W
BON -~ og/Y5\o 5y,
- - o CooHyy
< /z=178.11 T
g »R.COOH
= S50
Jat
i [CeH,NO, ] [M+H-R,COOH]*
132.10 47237 [M+H]*
[CH,NO,J* [M+H-R,COOH]" g00.61
0l 17.8']1 s s \ .544'36. s l
100 200 300 400 500 600 700 800

m/z
B IEE T MS® R, BRI R D 16:0/22:6
DGCC (IM+H]', m/z=800.61) fi it & T $& B2 i 1
T (a); 1E B AR T R G R e A T ) [
12.98 min16:0/22:6 DGCC [M+H]"(m/z=800.61) 2%
Bii &l (b)

Fig. 1 EIC of 16:0/22:6 DGCC ([M+H]", m/z= 800.61) in
T. pseudonana at the low collision energy of 6 V in the positive
mode with the MSF technique (a); the MS2 spectrum of the
[M+H]" ion at m/z=800.61 of 16:0/22:6 DGCC at retention time

12.98 min extracted from 7. pseudonana (b)

BT C B451 DGCC M T i 24 HL A, ok A MS®
AR AR 5 R 1 DGCC AT 4347, AT LAAE— Ytk
B A4 v 38 Ao e K A e e A SRR b R — AN
1R B B R R B RS 0 T I A, fE MISE I )
Jo i e, B T 2 T ] AR B AR, DA R Al 4
RE A 1 BB TR B AR U m/z=104.11 1R
ERAE Fr 25 7 1 % R R J 78 A [ £ B3 s I A5, AAAIE
il 475 A 2t 451 B 10 B T R b R SR R RS Y
[M+H] 1Y RE B T B 35— A il AT =9
MY, #E— 0 F DGCC Ry ZEH . 1 fu1, 76 9 A7
%) 1o il i e 451 A 0 RS 3 T R B L m/z=104.11
TR T B 1 i G 0 () 2b), MG $8 RE 1 41 38 19
5 U R 4 5% B £ B B[] R B 4 — 4~ DGCC fY BE B
T (&l 2a), SR 5 51X B — A BEES 540 i AT 900
T3, X4 —~ DGCC W4 F 4L A7 % 52 . it
HE— 25 W T A A, E A v — A D E)
17 7 DGCC It =t (5 2).

DGTS M1 DGTA J2 W i [F] 43 5+ #4 44, [M+H] 9 —
G 5 1% i 24 7 AR B A AL, ¥ AT LR AR RRAE AR R B
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100
a TOF MS ESI*
TIC
&
-
= 50}
p
L ’h M A AN L m.«/v-’k\ I .
25 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
{7 B4 15} []/min
100 - 13+14
b 104.11 Da
3 15
C>\\"
= 12
=50 4 10
op
N 17
9
12. , 748 16
) 6 allv,

25 50 7.5 10.0 12.515.0 17.5 20.0 22.5 25.0
£ 88 i ]/min

B2 IEEF MSE L, WA S BRI & WY Ik =
BT A (a); B R R MS® @ 1k ] 2 1K
DGCC H5 T J B T m/z=104.11 B985 F i (4% & (b)
Fig. 2 TIC of the lipid mixture extracted from P. carterae at
the low collision energy of 6 V in the positive mode with the
MSE technique (a); EIC of m/z=104.11 for characteristic product
ion of DGCC in P. carterae from high collision energy
scans (ramp of 30—60 V) in the positive mode with the
MS* technique (b)

T mlz=236.15 Fl m/z=144.10, N T W 4 % H % &
X533 7 b I SR BORR 9 43 5 2H B, AR SCR A [MAH]
ML PR AN & 8 2 85 & 1 k. TER sh Al
JIA 0.01% LiCl #10.1% HCOOH, ] A[RIAH6:E] DGTS
Al DGTA B [M+H] Al [M+Li] A9 £ 8 71§ . 5 e
[M+H]"HY 25 14 F 3 o R AE A 5 25 1 R I R ik 1) o
B T % E Y DGTS B{ DGTA 4 43 T4 1%, 2R )5 18
[M+LAT Y = 9% JiT i (4] o AR 40 15 v 28 IX 43 DGTS #ll
DGTA. 7T DGTS #l DGTA ELAK (1) — 2% it L0 K2
RIS 5 7 k2 IR S0 % & R R Uk [17]
32 4MEBERGEPIHXHEENARTDH

ML DL E BIF 5 Y S B I 1) 4 AR A R JH:
Oy MR T, X4 AT 14 Fh s i S SR IR
2 HEAT 43 B o RS E Y 133 Bh R SR B AR, AL 4
53 #f DGCC. 41 ' DGTS #139 f DGTA(K 2 2% 4),
AT T MS® 2R #5719 R G5 4 B v v e b
SKE B A P a0 12 SR R Ty, A DN B S A 1 R
KW £, Cahavate 551 7 {1 ok B 5 B i v A6 ) 3]
8 F DGCC, it 4= F 7% 7 i vk L ¥ % ¢ v 4G I 1Y
26 F DGCC 47+, Hh i 45 6 F L&A — 5 N5 105
R BE U E SRR , 12 5 1 2 8 Y R S Al BoA I i

e

Armada 55 OV X B E Hi 4 W Pseudoisochrysis
paradoxa VLP( %5 #f 4 3 4, Isochrysidaceae) £l Diac-
ronema vikianum VLP( I R 5 44, Pavlovaceae) " %) Fif
S0 g B AE 5T & IR, 55 HE 4 i A4 1Y P. paradoxa VLP
AL [ PG I0 1) 3 b 2 AL (SR A T B R 9 A 1
D. vikianum VLP F1 K I 3] DGCC #1 DGTS #i f 2
R 0E . H 14:0/18:1 DGTS (5 D. vikianum VLP
o DGTS 19 90.9% Lk o ARWFGE Y 3 i #i 4
H, VT A5 B o R R A I 4 R S T A I A AN, M
WA T A R A, T A A o R Rk S 4 e
H R T DGCC M4 I 7] 14:0/18:1 DGTS, X 5 Ar-
mada 55 P (1 BIF 5 25 S — B, 100 A 3R R T ] Y
DGTS I 7 W4 2 i M 16:0/22:6, BF5T 45 B, 45
i 4 E A9 2 BRI SRR S DGCC, HAL & A B 2%
o 14:0/18:1 DGTS, # — 2 UE B 14:0/18:1 DGTS ;&
FEE B 7 H T DAAE by A5 B4 B AN A RRAE B SR TS, R
I A I A M A T R G AR Rl Y
WA

8 1k 784 1 4 3 v %% B 26 B DGCC, 8 FG i % i
Hi & B 25 F DGCC M1 1 DGTS, ffi & #% 0 & 3
16 Flt DGCC; 7E/INB H 22 T8 S = M e i h I &
P DGCC, 1H 43 B4 I 2 27 Fh A1 30 # DGTA., 4%
SRR, Arun ik A (centric ditom) B 3 Fh Ak e, B
TR TR 4 5 L B DV B RN A B S b ARG B 1 S
BB = %2 i DGCC, 1% A £ 0 2] DGTA, i 78 3 2 fif
# 20 (pennate diatom) 19 W5 F 1k 5 /N B H 22 T8 3 Fll =
148 48 B bk DU 2 B S BRI AU A DGTA. #4E Vo-
gel Fil Eichenberger!"! [ i 5¥, DGTS /& DGTA £ i 11
HifA, B DGTA J2& il i DGTS # P 3k & it ¥ 56 0 58
T ROR AL, LA H 43— JI8 I £ R 156 AL B
I, BT A & A DGTA Y0 J5t ) 1 #80 5 A /D d 5UR
i Y DGTS, DGTS 11 7K 7 Bt e T B % 46 il DGTA 1Y
R /INVETH 228 8 — fads i UGN R DGTA,
A g2 B 2 DGTS &t KAR, B A 35 2 AH B 53 BT ) 6
MFR . XUE % (Amphora sp.) J& T ) SURE B 29 1) RE #,
Li 2507 A5 XU 8 (Amphora sp.) PRGN E] 16 7 DGTA
19 Fh DGTS, #4 K1l 2] DGCC, H DGTA ({2 H1
i Z T DGTS. U BH X Fp AL b 41 il i) AN Tl B F
S TR 0 TR AN AN TR 49, A O A AF 9 IR BH 13X — 25
s s R, YRR AL R A AN TR 9
BT SR 1 A ML AT R K AR SRR

ZREETTY 3 b A e bR T B B S B 1
DGTS, HANSH & i o T HA 1305 i DGTS.
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®2 IMIBEREDDGCCHEANREE ( nmol/mg FiE#H )

Table 2 The composition and content of DGCC in 9 microalgae ( nmol/mg dry microalgae )

M [M+H]" sn-1/sn-2

G|

FH )

TEHIBET]

R R B RN R

BUNEDILCREE  WiasE BTG SR

DGCC-1 462.34

DGCC-2 486.35

DGCC-3 488.36

DGCC-4 490.37

DGCC-5 504.39

DGCC-6 510.34

DGCC-7 514.37

DGCC-8 516.39

DGCC-9 518.4

DGCC-10 536.36

DGCC-11 538.37

DGCC-12 562.37

DGCC-13 672.54

DGCC-14 698.56

DGCC-15 700.53

DGCC-16 720.53

DGCC-17 720.54

DGCC-18 724.57

DGCC-19 726.59

DGCC-20 728.6

DGCC-21 746.56

DGCC-22 746.55

DGCC-23 748.57

DGCC-24 752.59

DGCC-25 754.63

DGCC-26 756.64

DGCC-27 768.54

DGCC-28 770.56

DGCC-29 772.58

DGCC-30 772.57

DGCC-31 774.59

DGCC-32 774.58

DGCC-33 776.61
DGCC-34 780.63
DGCC-35 794.55
DGCC-36 794.55
DGCC-37 796.58
DGCC-38 798.6
DGCC-39 798.57

14:0

20:5

20:4

22:6
14:0/14:0
14:0/16:1
14:0/16:0
16:0/16:4
14:0/18:4
16:1/16:1
16:0/16:1
16:0/16:0
16:0/18:5
14:0/20:5
16:0/18:4
16:0/18:2
16:0/18:1
16:0/18:0
16:3/20:5
16:2/20:5
16:1/20:5
14:0/22:6
14:0/22:5
16:0/20:5

16:0/20:4
18:1/18:1
18:4/20:5

16:3/22:6
18:3/20:5
16:1/22:6
16:0/22:5

0.026+0.002

0.017+0.002

0.055+0.004

0.009+0.001

0.046+0.004

0.053+0.004

0.144+0.005

0.178+0.009

0.091+0.005

0.175+0.009

0.404+0.013

0.103+0.004

0.095+0.007

0.055+0.002

0.153+0.010

0.728+0.045

0.902+0.060

0.124+0.005

0.056+0.003
0.142+0.009

0.179+0.010

0.057+0.008 0.017+0.001

0.474+0.031

0.219+0.027

0.191£0.019 0.059+0.003

0.153+0.016 0.096+0.006

0.628+0.091 0.423+0.028

0.218+0.009

0.739+0.086 0.272+0.018

0.326+0.020

0.298+0.049

0.430+0.024

0.205+0.020 0.421+0.016

1.762+0.170

0.244+0.034

0.164+0.022

0.072+0.005

0.855+0.011 1.002+0.065

0.574+0.028

0.993+0.173 0.354+0.018

0.131£0.012

0.224+0.005

0.077+0.038

0.35540.063

0.145+0.016

0.139+0.014

0.046+0.008

0.013+0.003

0.004+0.001

0.125+0.031

0.016+0.004

0.122+0.006

0.027+0.007

0.092+0.031

0.031+0.007

0.007+0.002

0.075+0.015

0.016+0.002

0.025+0.003

0.012+0.003

0.010+0.003

0.097+0.018

0.023+0.004

0.010+0.002 0.059+0.010

1.053+0.080 0.025+0.003

0.077+0.005

0.133£0.011

0.418+0.034

1.41940.054 0.135+0.036 0.691+0.065

0.020+0.002 0.118+0.007

0.281+0.020 0.047+0.005

0.112+0.034  0.139+0.012

0.030+0.005

0.255+0.012

2.990+0.059

1.542+0.260 9.156+0.935

0.017+0.002

8.025+0.171

0.478+0.033

0.073+£0.014
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k] HIE] TEHEEET]
M [M+H] sn-1/sn-2 -
s IR B RIBEFE  REWE BUNEILRE  Baw BLSHEA R BRI

DGCC-40 798.58 18:2/20:5 0.170+0.012 0.678+0.035
DGCC-41 800.59 18:1/20:5 0.156+0.017

DGCC-42 800.6 16:0/22:6 0.180+0.012 0.762+0.151

DGCC-43 802.62 16:0/22:5

DGCC-44 816.52 19:0/20:5 0.338+0.051

DGCC-45 820.57 18:4/22:6

DGCC-46 820.57 20:5/20:5 0.534+0.067 3.556+0.374 0.483+0.025
DGCC-47 822.59 20:4/20:5 0.343+0.017
DGCC-48 826.61 18:1/22:6
DGCC-49 828.63 18:0/22:6
DGCC-50 842.53 19:0/22:6 0.365+0.075

DGCC-51 846.58 20:5/22:6 1.532+0.173 3.762+0.563 0.472+0.032
DGCC-52 870.57 22:5/22:6

DGCC-53 872.59 22:6/22:6

0.457+0.043 0.366+0.015

0.401+0.007
0.459+£0.041  6.076+0.391 0.624+0.115 0.878+0.086

0.240+0.030

1.082+0.110 0.126+0.026 0.090+0.012

3.619+0.400 0.220+0.038 0.389+0.031

0.057+0.016
0.004-+0.001 7.534+0.260

0.085+0.012  0.143+0.022

0.011£0.002  15.478+0.236 1.327+0.196 6.857+0.941
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Table 3 The composition and content of DGTS in 8 microalgae ( nmol/mg dry microalgae )

T HBEr] LRI ] TEHEBE]

A% [M+H]" sn-1/sn-2
JB TG R JNER (esz & P 6 FIPaE: HITARMI S BRI G

DGTS-1 47236 16:1 0.214+£0.045 0.332+0.060
DGTS-2 47438 16:0 0.156+0.027 0.175+0.032  0.045+0.002
DGTS-3  496.36 18:3 0.191+0.034  0.215+0.005
DGTS-4  498.38 18:2 0.039+£0.006  0.053+0.010 0.063+0.014
DGTS-5 520.36 20:5 1.305+0.322  2.247+0.303
DGTS-6  522.37 20:4 0.136+0.028  0.487+0.099
DGTS-7 682.57 14:0/16:1 0.434+0.082  0.105+0.007
DGTS-8 706.56 16:0/16:3 0.168+0.039

DGTS-9 708.57 14:0/18:2 0.080+0.008

DGTS-10 708.57 16:1/16:1 0.258+0.046  0.099+0.004
DGTS-11  708.59 16:0/16:2 0.077+0.013

DGTS-12 710.59 14:0/18:1 0.568+0.082  0.482+0.051
DGTS-13  710.57 16:0/16:1 0.138+0.013 1.509+0.183  0.748+0.031
DGTS-14  724.59 16:0/17:1 0.071£0.007

DGTS-15 728.55 16:3/18:3 0.035+0.006

DGTS-16 730.57 16:3/18:2 0.037+0.005

DGTS-17 730.55 14:0/20:5 0.546+0.045 0.263+0.006
DGTS-18 732.57 14:0/20:4 0.131+0.023

DGTS-19 732.58 16:3/18:1 0.045+0.010

DGTS-20 734.58 16:0/18:3 0.045+0.006  0.130+0.016

DGTS-21 734.59 18:0/16:3 0.286+0.049

DGTS-22 736.61 16:0/18:2 0.119+£0.023  0.480+0.064

DGTS-23  736.6 18:0/16:2 0.091+0.013

DGTS-24 738.63 16:0/18:1 0.033£0.004 0.069+0.006 0.037+0.001
DGTS-25 754.55 16:2/20:5 0.108+0.017

DGTS-26 756.57 16:1/20:5 1.186+0.076  0.537+0.007
DGTS-27 758.59 16:0/20:5 2.622+0.278  1.683+0.050
DGTS-28 758.6 18:2/18:3 0.066+0.015

DGTS-29 760.61 18:2/18:2 0.055+0.003

DGTS-30 760.61 16:0/20:4 0.477+0.077  0.417+0.011
DGTS-31 762.62 20:0/16:3 0.402+0.055

DGTS-32  762.63 18:1/18:2 0.011+0.00

DGTS-33  764.65 18:1/18:1 0.017+0.006  0.020+0.002

DGTS-34 764.64 20:0/16:2 0.152+0.026

DGTS-35 782.59 18:2/20:5 0.340+0.056

DGTS-36 784.6  18:1/20:5 0.286+0.038

DGTS-37 784.59 16:0/22:6 0.352+0.017
DGTS-38 786.59 18:1/20:4 0.062+0.007

DGTS-39 792.68 20:0/18:2 0.041+0.003

DGTS-40 804.56 20:5/20:5 3.023£0.304 0.855+0.057

DGTS-41 806.58 20:4/20:5 1.015+0.083  0.565+0.046
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Table 4 The composition and content of betaine lipid in 3 microalgae ( nmol/mg dry microalgae )

] Cik A
2T [M+H]" sn-1/sn-2
U EES 7 =ArETE B RE B

DGTA-1 472.36 16:1 0.173+0.001

DGTA-2 496.36 18:3 0.598+0.016
DGTA-3 498.38 18:2 0.554+0.050 0.523+0.033
DGTA-4 500.39 18:1 1.744+0.129 0.686+0.040
DGTA-5 520.35 20:5 0.227+0.017 1.115+0.102
DGTA-6 522.38 20:4 0.172+0.008 1.593+0.095
DGTA-7 546.37 22:6 0.383+0.034 0.336+0.019
DGTA-8 654.53 14:0/14:1 0.146+0.004
DGTA-9 656.54 14:0/14:0 0.579+0.035
DGTA-10 682.57 14:0/16:1 0.188+0.028 0.556+0.033
DGTA-11 704.55 14:0/18:4 0.060+0.006
DGTA-12 706.57 14:0/18:3 0.408+0.023
DGTA-13 708.58 16:1/16:1 0.081+0.005

DGTA-14 708.57 14:0/18:2 0.066:+0.007 0.621+0.039
DGTA-15 710.59 14:0/18:1 1.024+0.152 0.863+0.049
DGTA-16 730.57 14:0/20:5 0.268+0.031 1.260+0.106
DGTA-17 732.57 14:0/20:4 0.072+0.021 1.303+0.045
DGTA-18 734.59 14:0/20:3 0.301+0.033
DGTA-19 734.59 16:1/18:4 0.047+0.002

DGTA-20 736.62 16:1/18:1 0.361+0.011
DGTA-21 736.6 16:0/18:2 0.193+0.012

DGTA-22 738.62 16:0/18:1 0.125+0.015 0.126+0.008
DGTA-23 752.55 16:3/20:5 0.021+0.004

DGTA-24 754.56 16:2/20:5 0.026+0.003 0.014+0.002
DGTA-25 756.57 16:1/20:5 0.094+0.007 0.209+0.030
DGTA-26 756.57 14:0/22:6 0.025+0.002 0.507+0.026
DGTA-27 758.59 16:1/20:4 0.350+0.016
DGTA-28 758.6 16:0/20:5 0.187+0.014
DGTA-29 760.61 16:0/20:4 0.026+0.003 0.209+0.015
DGTA-30 764.64 18:1/18:1 0.112+0.021

DGTA-31 778.56 18:4/20:5 0.035+0.003
DGTA-32 780.58 18:3/20:5 0.030+0.001 0.431+0.032
DGTA-33 782.59 16:1/22:6 0.070+0.005

DGTA-34 784.61 18:1/20:5 0.517+0.026 0.603+0.042
DGTA-35 804.57 20:5/20:5 0.776+0.144 0.588+0.029
DGTA-36 806.59 20:4/20:5 0.078+0.013 0.358+0.039
DGTA-37 806.59 20:5/20:4 1.189+0.098
DGTA-38 808.6 20:4/20:4 0.226+0.012
DGTA-39 830.59 20:5/22:6 0.065+0.003 0.247+0.015
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Table 5 Characteristics of fatty acids of betaine lipids in marine microalgae
il ] T LRI FEHIET]
DGTA  14:0, 16:0, 16:1, 16:2, 16:3, 18:1, 18:2, 18:3, 14:0, 14:1 14:0, 16:1, 18:3, 18:4, 20:5, 22:6
18:4, 20:3, 20:4, 20:5, 22:6
DGTS 14:0, 15:0, 16:0,16:1, 17:1, 18:1, 18:2 18:1,18:2 14:0, 16:0, 16:1, 16:2, 16:3, 17:1, 18:0,  14:0, 16:0, 16:1, 18:0, 18:1, 18:2,
18:1, 18:2, 18:3, 20:0, 20:4, 20:5 18:3, 18:4, 20:5, 22:6
DGCC  14:0, 16:0, 16:1, 16:2, 16:3, 16:4, 18:1, 18:2, 14:0, 16:0, 17:0, 14:0, 16:0, 16:1, 18:1, 18:3, 18:4,
18:3, 18:4, 19:0, 20:4, 20:5, 22:6 18:0, 20:5, 22:6 18:5, 20:4, 20:5, 22:5, 22:6
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Distribution of betaine lipids in 14 species of microalgae

Li Yanrong*, Mu Tong', Huang Lili', XuJilin?, Zhou Chengxu®, Yan Xiaojun?

(1. Ningbo Institute of Oceanography, Ningbo 315832, China; 2. Key Laboratory of Applied Marine Biotechnology, Ministry of Education,
Ningbo University, Ningbo 315832, China)

Abstract: The qualitative and quantitative analyses on betaine lipids of microalgae were conducted by means of the
quadrupole flight time ultra-high performance liquid chromatography tandem mass spectrometry (UPLC-Q-TOF-
MS) using electron spraying ionization. As a result, 133 betaine lipids including 53 DGCC, 41 DGTS and 39 DGTA
were identified from 14 species of microalgae in four major phyla. DGCC was the dominant betaine lipid in dinofla-
gellates and haptophytes, while DGTS was the main betaine lipid in chlorophytes. There were two main types of be-
taine lipid in diatoms: DGCC in centric diatom and DGTA in pennate diatom. The differences of fatty acid of be-
taine lipid in marine microalgae were only observed at the phyla and class levels, but at lower taxonomic levels the
differences were less stable. DGCC existed in diatoms, dinoflagellates and chlorophytes, which contained C14—C18
saturated and unsaturated fatty acids and C20 and C22 polyunsaturated fatty acids. The difference in DGCC is that
saturated C14—C18 fatty acids existed in dinoflagellates, while the fatty acids of odd carbon numbers C19 occurred
only in diatoms. The results of description and molecular characterization of betaine lipid in microalgae can be
served in future investigation in chemotaxonomy, physiology, ecological role of microalgae and functional proper-

ties of these phosphorous-lacking polar lipids.
Key words: microalgae; betaine lipids; UPLC-Q-TOF-MS
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