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Molecular species of digalactosyldiacylglycerols in the brown alga Sargassum yezoense

MaASAKI HONDA,! AKIHIRO KASHIMA,!
KORETARO TAKAHASHI2 AND YuTAKA ITABASHIZ*

LGraduate School of Fisheries Sciences, 2Faculty of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido
041-8611, Japan

Using reversed-phase high-performance liquid chromatography (HPLC) and electrospray ionization mass
spectrometry (ESI-MS), we have determined the molecular species of digalactosyldiacylglycerols (DGDG) in
the brown alga Sargassum yezoense, which is widely distributed in the coast of the Sea of Japan and rich in polyun-
saturated fatty acids but not used effectively. The diacylglycerols released from DGDG by periodate oxidation fol-
lowed by hydrazinolysis were converted to their 3,5-dinitrophenylurethanes (DNPU) and subjected to HPLC on a
highly efficient ODS column (250 x4 mm i.d., 4 um particle size) using acetonitrile as the mobile phase, which
gave clear resolution of individual molecular species. Reversed-phase HPLC in conjunction with negative ESI-MS
gave weak [RCOOQO]~ ions in addition to prominent deprotonated molecules [M—-H]~, by which individual molecu-
lar species could be identified. The most predominant molecular species was 20:5n-3/18:4n-3 (46.8% of total
DGDG), followed by 20:5n-3/18:3n-3 (11.1%). The DNPU derivatives were also analyzed by chiral-phase
HPLC on (R)-and (S)-1-(1-naphthyl) ethylamine polymers, which gave complete resolution of enantiomeric 1,2—
and 2,3-diacyl-sn-glycerols. The results clearly showed that the glycerol moieties in all the DGDG molecules had
S-configuration (1,2-diacyl-sun-glycerols) . The present study demonstrates that S. yezoense is a good source of poly-
unsaturated fatty acid-rich DGDG.

F—1— K : Sargassum yezoense, TA AF XX TVEE, TV RVET, ATV EZFHATF STV, ESHEK
HRoyax 2757 40—, NS VYTV a—)v, BESW, HTE

NS 7 F YT VIV yn—) (DGDG, Fig.
)&, £/ 0527 VYTV YR — )1
(MGDG) ®° ZWKF /R TV 7 Y m—)
(SQDG) ¢ RAMRICERMAT S A FIEEHK T 5 EE
FRERS Th D, il s & SMmicIh < 51m
L, BERICEBWTEEZEEHZR/L W5,V Th
57 ) OEIEEL, o7 U Uk Y ORREEIC T
U CERFRIER, B« ZREFEFRLEOEEYE
L,23) £MEBICR L T, PR at—va v
EE, ERIREEORBIREEH, bl is miE A
(AVATE—)VOEREI 2, ESIEIEDFEIEIRIC
B 72 ¥ OIEEY RS, XU HR BV 7 8O
BIWEEHET 5 L HEEDCAEBNORRM L F]

Fig. 1 Structure of a digalactosyldiacylglycerol: 1,2-di-
O-acyl-3-0-(6'-O-a-D-galactopyranosyl-f-D—
galactopyranosyl)—-sn—glycerol.

* Tel : 81-138-40-8802. Fax : 81-138-40-8802. Email : yutaka@fish.hokudai.ac.jp
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AP Tw%, 4% H%kDGDG i3 MGDG %
SQDG L ARIC2 2D T VIV (JRIFEE) OMAED
H ORI D EROHF I LRI N TV A 7-DEM
B x R4, DGDG DAEALFREE CBRRIL 5 /I
o TRESBLEDEEZONDL T D, ZOFHME
B 5T 5T &k, DGDG % A= 3 M I F H
T5ETUWETH 5,

KV EFUSEO®ETLY /Y E T Sargassum
yezoense 13, HHETILAL#EE D> b RIGFEO H AR F
BROBEBBEOKEER 2T AL 949 5 K FIH
DUFEETH 5.8 — I Sargassum J&OHGHEEIT T A a9
XA TV (EPA) 7n &K KEAYICER O EEAE
FENiE % % < &40, TOXEGHFHEVETH LT
2O EIRE OS5 TREICE I A0S, Bx BEAR D
I N TWE\, AFETIE, EEOWERICEET TS
IV XRVE T D DERCEERIBE Y E OB RAER) A
WS NT\\% DGDG =5 BEL, ZO4n T % &K
thro< 757 — (HPLC) ¢tV 7 A/ L —
A F B ESHE (ESI-MS) #BWTH LI 7
DTHET 5o

ES BR

AMEIEEME 2007 4 7 HICEET RO TR
BL7-TY ) %7 Sargassum yezoense % FEER I {f F
L7z, MIYIL 7-#{k 7 & Bligh-Dyer 19 CHe'E % hli
L, SNEPHRVICLZH->T, ASL7AXETS
Ty —t@Brsrax 757 44— (TLC) I L T

Il
O H,C—0—C—R,

R,—C—0—C—H
H,C—0 HIO,
HO O,
CH,—0 RT, 90 min

OH OH HO/f—0

CH,0H
OH OH

DGDG % HBEL 7,

IEBIEESI TV —IUffEA7 ) a—F v v/
THEML -REB& M T, DGDG (3mg) % 5%HCI- 4
# /) —)Vil#E & 90°C T 1 R SUL S & THRIEE A 51
IATFNVERHBML, 1D AT AR T S5T 4 —
(GLC) THhH#r L TIRIFBEME R & KD 7zs ¥ 1 5 LT
{2 Omegawax 320 (Supelco #, 30 m x 0.32 mm i.d.,
BRI 0.25 um) ZMEHL, FrUXY—HA (NUTL)
Vi 1.2ml/min, 55 AMRE 190°C KO 170~230°C
(2°C/min), BB OEADEE 230C, A7V v b
H1/50 DE&ETAF VI ATV (NFYVBK) &9
Brl7co BB, BERBOICEE L 2o g e B Ay i i
WilsD GLC 7 #r OFER & il L CRIE L 7,

TN O—)LOFREE Heinze 5 OHEDC
L7 TRB L 22, 97bbH, DGDG (3 mg) IZ
0.2M HIO,«2H,0- A % / — )Lk (1ml) &z, =
5« BFTC 90 0 RIRG S #7248, 7omskiLA (4ml)
£ 0.45% NaCl % (1.5ml) Az TR ERL, &
ODOMLT2BICH 72, TR (yaakLag) #
ERL, PEDO2-F0/X ) — Va2, FETA
THELRBREL 72, BIEIC 1% L1-VAFILL FS VYV
B 2-7 /% ) —)-raai)b LK, 3.5:3:
1.5:1 (v/v/v/v), 0.5ml} %Nz, ZEE, FEHTC 46
MG S /72, RIGICAHTZ—5)V (3ml) & 50
mM KH,PO, W 2ml) =z TL<HEHLHE, L
JExEIRL T1,2-v7 V)7 yta—)b (1,2-DAG)
#1587z (Fig. 2),

0
C|> HZ(ID—O—C—RI

R;—C—O0—C—H

o (CH,),N-NH,

O,

H{?izi RT, 4h
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ﬁ) HZCII—O—C_RI 0=C=N , Toluene, Py (|:|> HZC—O—!I—RI NO,
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H,C—OH > ol —0—C—
30°C, 3h H
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Fig. 2 Preparation of the 3,5—-dinitrophenylurethane (DNPU) derivatives of 1,2-diacylglycerols from digalactosyldiacylglycerols.
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FEEOREE BHOICLN-T, RNV
(0.5ml) ICHfEL 7-DAG (1-2mg) I 35-Y =1
T A VYT x—1 (bmg, 0.5mligE LTy
W) Lwiry vy (20ul) Az, 30°C T 3R
KIGS®T35-v=rra7 =)L & (DNPU)
FHEA TR /- (Fig. 2), KINEE&W2» 5 TLC {v
) H 4L 60 Fosy TLCHZ, 20x20 cm, JEX 0.25 mm ;
BEIHE, "FYv-vrootx-1x /=) (40 :
10 : 3, v/v/v)} R\ T DNPU #HE (kA58 L 7-.
ST (UV) CTHEMHREZRTNVE (RE0.6-0.7)
AHER LB, VIFILVT—FIVHWTY U DT VRE
M L 7o,

F¥Z )L HPLC YV HABEORLL2EHEON T A
(A-K03 K1¥ A-L03, 250x4.6mm id., 5um, YMC
$) ZF\T 1,2-DAG (DNPU k) OF 5 )45 HT
EiT o720 FIIVHT A% L6000 K~ (HIr#l) 1
Bfil, B9 LEEAERM (Model 557, GL Sciences
) #HAWTLI0°CICReE L 7o, BEHICIE, RN
0.45 um © PTEE 7 ¢ ) % — (Millipore #) % F\T
HBL7HPLC HONFY v /vrnn A gy /T x
/= (40:30:1, v/v/v) ORKZH\, &% 1.0
ml/min &L, 4V 755 ¢ v ZHHEETHI L7, &
¥ 1mg/ml ORI/ kDI 2-7 /8 ) — VI
L, Obul% N5 NMIHEALZZ, BHEICIE L-
4000 (HAzZ8) Z# AL, WHIS % 2564 nm TEZ X —
L7ce TFVvFA~—EEERICIE, TSAREHRDO Y
TV a =) HEELL 72 sn-1,2(2,3)-DAG O
DNPU #FE MK HH L 72,10

¥ HPLC UV #& i/ HPLC (HPLC/UV) %
AT, 1,2-DAG (DNPU #F#Efk) O5 TS M 1T
-7z ODS 715 2 (Superspher 100 RP-18, 250x4.0
mmid., 4um, Merck $) % L-7100 R/ (HIZH)
Ikt L, 1EIRM (CTO-10AS, Bg#l) Z#H\WTh
I LRER 20C ICFEE L 7o BEMEICIE HPLC o7
r=hUoL (B sER) 28V, JiE% 0.5ml/
min ¥ LCAV I 55 ¢ v ZEHEETHN L/, B2
1213 L-7455 (H8) %L, MmosHseit
L7235 ) HPLC L RIEETH - 72,

##8 HPLC/ESI-MS ¥ # HPLC #+ /5 A / ESI-
MS % F\C 1,2-DAG (DNPU ¥ (k) D4 FHE#% [F
F L 72o HPLC Ry /1C1% P4000 (Finnigan #4) % {ifi
L7, 384 100 ug/ml OEREIT/ 5 kD12 2-7/ 0
IR —VICHIRL, —F A vy %x— (AS3000,
Finnigan #) Z#HA\T, ZD 3~5ul # N5 LMTHEAL
720 o> HPLC i3 bxbi L 72548 HPLC O35 & & [H
BThoto MSHITICIE, A4V Ry TRIEESH
7 LCQ (Finnigan #) A#FHL, M+~ 50U -
£ 270°C, A/ —EE4.2kV, V—AH A (%EF) i

& 80 arb (arbitrary units), #HEIH A (%F£) UiE 30
arb, F¥ V'S5 —EE-28V RUOF 2 —T UV VAT T
ty P2 -60VICEREL, ESIRICL DA A T AN
7 R lE L 72 (B E#EPH 150~1500 amu), & O
MS & EIC (M-H]- % FEE#EA 4 VB 1EH
Nniz, lBiMmko 7527 A 44w ([RCOO]-)
13, st rV+E— (source CID energy) %
40% ICREET AT LI k- THE LN,

WREER

ERREEMEAR LU FICk % &k 5IC, ¥ HPLC/ESI-
MS IZ & » Tl % © DGDG % 1 O FER AR 15 1 % 45 &
TE5D, H5H U GLC T#H DGDG D fIgBHEE fH B
HROTEL &, HFEOREHERT 5 ETHY
Thb, KPZETH WY /% V€27 D DGDG D
IhEg R % Table 11~ d, EfEliM&IX, =4 a9
VAT VEE (20:5n-3), AF7 U RV (18: 4n-3),
o=V /U Vs (18 :3n-3) RUVULIFVEE (16:0)

Table 1 Fatty acid composition of digalactosyldiacyl-
glycerols in Sargassum yezoense®

Fatty acid wt%
14:0 1.5
15:0 0.2
16:0 10.4
17: 0 0.1
18:0 0.6
20:0 0.1
22:0 0.1
¥ Saturates 12.9
16 : 1n-9 0.2
16 : In-7 1.1
18 : In-9 2.3
18 : In-7 0.1
20 : 1n-9 0.4
Y Monoenes 4.1
16 : 2n—4 0.8
18 : 2n-6 4.7
18 : 3n-6 0.3
18 : 3n-3 12.7
18 : 4n-3 26.1
20 : 2n—6 0.1
20 : 3n—6 0.2
20 : 4n—6 5.2
20 : 4n-3 0.3
20 : 5n-3 31.9
¥ Polyenes 82.3
Others 0.7

2 GLC conditions: column, Omegawax 320 (30 m X 0.32 mm i.d.);
carrier gas (He), 1.2 m//min; column temperature; 170°C-230°C
at 2°C/min.
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Fig. 3 Chiral-phase HPLC profiles of the DNPU derivatives of 1,2-diacylglycerols released from digalactosyldiacylglycerols of
Sargassum yezoense (A and B), and of standard sn—1,2(2,3)—diacylglycerols derived from tuna orbital oil triacylglycerols by par-
tial Grignard degradation (C and D) on columns containing (R)-1-(1-naphthyl) ethylamine polymer (A and C, YMC A-K03)
and (S)-1-(1-naphthyl)ethylamine polymer (B and D, YMC A-L03).

THH, thrthaelfgEad31.9%, 26.1%, 12.7%,

10.4% w57z, RIEO A VEY S, pallidum 27 1€
7' S. horneri, %At (S. marginatum, S. thunbergil, S.
confusum) TO 20 : 5n-3 8L, £MEE+H1~8% T
HD,7 DGDG HTH 17X @EE v, T/, 18
n-3 TN HOMITITFEL e\ h, O fFEELAEL T
L2FEF 4~8K ITBEL VW, TNHDT b,

KPFFETHH Lo /) % VT 71 Sargassum J§ D h
THE\20:5n-3,18 : 4n-3 G BRI LAHL N
1275572,

KB RMAS Fig. 31, TV /% VE 7 DGDG
OB 72 1,2-DAG SR & L TE S ARE WD
HFELL /- sn-1,2(2,3)-DAG @ DNPU FHE A% 5 )1
HPLC T #r L 72 /5 R & /m 9, fib O3B & [ AR
12, 31016 7 3 LD GER & NEFIE OFE W L 5385
W7zt mERd b=, A-K03 715 ATt sn-1,2—
DAG 75 sn-2,3-DAG XV &icE L (Fig. 34, 30),
A-KO03 71 5 A L 3HOVARBLE % H 4 % A-L03 71 5 A
Tl sn-2,3-DAG 23 sn—1,2-DAG Xk D £ICHEH L 72
(Fig. 3B, 3D), &b 60N ARFHLTHTY /%

VEZ DY — 7 (ZEHER O sn—-1,2-DAG &I FIFR U
MIZBEH L Ens, =V /%VEZ DGDG O 7Y
=IO ARELE T, BEEOBESHY - o E
D Y RIS sn-1,2-V 7 OVEL (HoeidiE S, Fig. 1)
THAHZ EDPHLNITIE > T,

AFENE TV +VEZDODGDG LR /-
sn—=1,2-DAG © DNPU & A0 HPLC/UV 7 1~
75 L% Fig. 410573 d, BEIHICT 2= UL
AERANTAV 75T 4 v 7 EHRETHWT L 72kER, 4
7 ED 16 G BMRIC SNz, £ESE, ECN
(equivalent carbon number) {E2IDC L 728> THS
LA BEH L7 (Table 2), FEROBGRIL, AT 7F
VIV Ut — Vg (K A-DNPU) Ot
HPLCYIC B W ThBEIN T5, BB
(Table 1) ¢ LI TFIC/Rd ESI-MS O E 25, 1T
EAETRTOGFHEDEH L 7o &l T CThBEH L7
Lo LHr s, SFEOHEBRSTPES ThHI EH
RHOENIz, 16 E—27DFT, U—27 1/46.8% (€
V%) EdOIA, THUIIRIBS T OESE (Table 1)
2518 :4n-3 & 20 : 5n-3 A S LG FHETH 5 & #HEM
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Fig. 4 Reversed-phase HPLC profile of the DNPU derivatives of diacylglycerols released from digalactosyldiacylglycerols of Sar-

gassum yezoense.

Table 2 Molecular species composition of digalactosyl-
diacylglycerols from Sargassum yezoense obtained by
HPLC/UV

Teak MOlesZu_l?r/ssnp_ezdesw ECNY RTY  Mol%

1 20:5n-3/18 : 4n-3 20 20.85 46.8+1.9
2 18:3n-3/18 : 4n-3 22 24.83 1.9+0.1
3 20:5n-3/16 : 2n—4 22 25.71 1.6+0.1
4 20:5n-3/18 : 3n-3 22 26.85 11.1+0.4
5 20:4n-6/18 : 4n-3 22 2797 4.9=x0.2
6 18:3n-3/18 : 3n-3 24 32.32 3.0+0.1
7 20:4n-6/18 : 3n-3 24 36.53  2.5+04
8 18:3n-3/18 : 2n—6 26 45.17 0.8+0.1
9 14 : 0/18 : 3n-3 26 47.39 0.5+0.1
10 20 :5n-3/16 : 0 26 59.55 4.4+£0.2
11 14 :0/18 : 2n—6 28 67.33 1.5+0.3
12 16 : 0/18 : 3n-3 28 75.12 3.7+£0.2
13 14 :0/18 : 1n-9 30 104.75 0.8+£0.4
14 16 : 0/18 : 2n-6 30 108.19 6.9+0.4
15 18:0/18 : 3n-3 30 120.88 0.3+0.1
16 16 : 0/18 : 1n-9 32 170.37  2.4%1.0

a) Peak numbers correspond to those in Fig. 4.

b Tentative identification based on the relative intensities of [RCOO ]~
ions derived from the sn—1 and sn—2 positions.

o Equivalent carbon number =total acyl carbon number-2 x number
of double bonds.

@ Retention time (min).

¢ Average value=SD (n=3).

N7,

AFEORFE #HMHHPLC THEfSI /=& 5 T
(Fig. 4) %# 45 A4 VESI-MSIC XV RE Lz TV
J %V 27 ODGDG H» 6 FHEL L /2 sn-1,2-DAG D
DNPU %38 {£0sif HPLC/ESI-MS IZ & » T 5 h 7z
wAX VAV rra< 7S5 A (TIC) # Fig. bA IC
~Y, UVEH (Fig. 4) rFAFEOV—7 g Bkt S
Nice BE—7 DAL T AT Pz, (EIFHE—D
Wi a b Ak T (IM-H]-) 2AMZEsn/zo7T,
CDA T LIRS OFEFR (Table 1) #HWT%
S REAEHENL 72, #l2E, TIC 1T 20~22 73
L7-¥—27 11k m/z2842 1T858\ [M-H]- &2 (AX
7 PRI ), THIEEFEEMR (Table 1) 2256
18 :4n-3 &£ 20 : 5n-3 A G L TR TH S LHER S h
720 FARRICL THEOVY — 27 S RIE SN/, T EDO%
LWy (fzbzid, ¥—274 Y —25) Z#RIETS
7oL, &B ORBURIFIEICE 4 2 R BETH
5726 FIT, A FVIEICEBEE (source CID energy,
40%) HEIIMLCTT S 7 AV TF— a V&El{T- iR,
FEAIE KO [DNPU-2H]- (m/2208) { F/
DA, 1,2-DAG DJeIM 2 ML 72 [RCOO]- (&
WRFV V=T 2A4V) OFAXT M AL VBRI S
N/z, Fig. 5B & 5D 12, F—o [M-H]- (m/z844)
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Fig. 5 Reversed-phased HPLC/ESI-MS profiles of the DNPU derivatives of diacylglycerols released from digalactosyldiacyl-
glycerols of Sargassum yezoense. A: total ion chromatogram (TIC); B and C: mass spectra averaged over peak 4 between 26.0
and 27.0 min on TIC. D and E: mass spectra averaged over peak 5 between 27.5 and 28.0 min on TIC. Source CID energy: A, B

and D, 0%; Cand E, 40%.

TRTYE—27 4 L E—27 50 CID FIIIRiO < A A7
L%, Fig. 5C & 5E i CID FIINED AR 7 L% %
NZhRd, BEDODAXRZ F LI A bR 5%
[RCOO]- A A v D m/zfin b, ¥—2 4(318: 3n-3
L 20:5m-3%&¢ & (Fig.5C), £/, £—27 50D
HER GRS 18 : 4n-3 & 20 : 4n-6 THAHZ LS
e o7, FABEICL THPLC THBE SN/ NTD
S¥ERRIEINT (Table 2), FEICIRY DWW &
3, RAZAR TS AhE, HE—T7Om/zEE K
B LI Ik DRI N/ (Fig. 6),

WAz » WG 2-7 /R ) — )VICEER L 72 1,2-DAG
(DNPU ##fR) A V72— a VKK D ESI A 4
VIRICEAL, MS e« MS 27 L ERIEL 7SR,
RER B e 2516 : 0218 1 1 (i 18 : 2) DRI
[RCOO]- OMBEEISE R A BN, sn—2 MOJRIEES
sn=1fDFN LD LWHEEL T VW &, RU20:4%
22 : 60Dk D EERTIEN % & 1,2-DAG T
%, T OIENEEIIAS G ALE TR & ¢ HiEE L 9\ H
MOBL T ERE L, Tiabb, MR T/

TV (F72id v VIRV 267 % 1,2-DAG O%E,

MS « MS iZ X » TEIEMEE O & (718 % ISR E T
& 575, FAFRERARE & & AT % & 35 & (i
BROFEEME X FNT HOIREETHSH Z L amL 7,

—77, KPR TIEIMS « MS # i35 &7 <, CID
TEHIINT A LI ko5 Tl HPLC/MS 7 #7 C
[RCOO]- A AV HEERI® LT ENTEID, ZDA
FVEREE MS « MS OBE18 & FERIC RS O A
&L REEMEBICKAET AL RSN, TV /%Y
£ 27 DGDG #3k 1,2-DAG O X4 T 1 13 5 A g
fEDORT THD, MS e« MS ClitfrEDRENRNEETH
o> B ETRIINE & SR S/ D0 T el &
o, WO A &L [RCOO]- A A4 v D
DRI TEL LD EEZ DN, 7o& 2L, WEK
5 CTd 5 20 : 5n-3/18 : 4n-3 D4 T (¥—~ 1, Fig.
S5A) ITHBWT, 18:4n3HkKDTST AV A F VD
MEEEIE 20 b3 HIkOZ N LD L3 EEVMEE R L
72 C &% (Table 3), 20 : 5n-3 23 sn—1 21, 18 : 4n—
3P sn2(fLICHFET S L ERBEd 5, Ak, £8
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Fig. 6 Mass chromatograms representing [ M-H ]~ ions of major molecular species of digalactosyldiacylglycerols from Sargassum

yezoense.

Table 3 Molecular related and product ions of the 3,5-dinitrophenylurethanes of 1,2-diacyl-sun-glycerols generated from digalactosyl-
diacylglycerols of Sargassum yezoense by reversed-phase HPLC in conjunction with negative ESI-MS

Relative intensity, %

Peak no.d Molecular species [M-H]- [RICOO]- ¥ [R2CO0O]- @
sn—1/sn—2b m/z m/z m/z [RICOO]- [R2CO0]-
1 20 : 5n-3/18 : 4n-3 842.2 301.2 275.1 33 100
2 18 : 3n-3/18 : 4n-3 818.1 277.1 275.1 40 100
3 20 : 5n-3/16 : 2n—4 818.3 301.1 251.3 40 100
4 20 : 5n-3/18 : 3n-3 844.1 301.1 277.2 20 100
5 20 : 4n-6/18 : 4n-3 844.2 303.5 275.1 40 100
6 18 : 3n-3/18 : 3n-3 820.1 277.2 277.2 100 100
7 20 : 4n-6/18 : 3n-3 846.2 303.5 277.2 45 100
8 18 : 3n-3/18 : 2n-6 822.2 277.2 279.3 70 100
9 14 : 0/18 : 3n-3 770.1 227.4 277.3 5 100
10 20 :5n-3/16 : 0 822.2 301.1 255.3 75 100
11 14 :0/18 : 2n-6 772.2 227.4 279.3 10 100
12 16 : 0/18 : 3n-3 798.1 255.3 277.3 5 100
13 14 :0/18 : 1n-9 774.2 227.4 281.7 5 100
14 16 : 0/18 : 2n-6 800.2 255.3 279.3 15 100
15 18 : 0/18 : 3n-3 826.2 283.7 277.3 5 100
16 16 : 0/18 : 1n-9 802.2 255.3 281.5 20 100

a) Peak numbers correspond to those in Fig. 4.
b Tentative identification based on the relative intensities of [RCOO ]~ ions derived from the sn—1 and sn—2 positions.
¢ [RICOO]- ion derived from the sn—1 position.
9 [R2CO0]- ion derived from the sn—2 position.
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Fig. 7 Mechanism leading to the formation of the sn—1(3) and sn—-2-carboxylate ions derived from the DNPU derivatives of 1,2—

diacylglycerols by negative ESI-MS.1®

M5 15Th5 20 :5n-3/18 : 3n-3('— 7 4) T3,
18 : 3n-3 fizk® [RCOOI~ A A v DsRFEIL 20 : 5n-3
Hko [RCOOJ- A4 A VHE LD W LMITKEL
(Fig. 5, Table 3), 18 : 3n-3 L sn—2 212, 20 : 5 | su—
IS HFETH 0 LIS N/, SO X DI L THEE
LTV /% VE 27 DGDG D % F fE %4 Table 2 &
Table 3 {Z/R7,

Fig. 71V RFV L —F A 2 ([RCOO]-) Dt
BT, F1OIC, FEETSO7 I Fisar6~
o VAREEL T [M-H]- A 2 VAL, K\WTH
AL L 72 VIRV IVEOABMOBBIC L > T6 R
Bi(a) 72135 BB (b) OBBRENEH S h, ZOHK
Za—FIBAEAELT T [RCOOI- A4 & VAR T
HEEZOLND, sn-2fL@KD [RCOO]- 14/ H
sn=1 kD [RICOO]- A A v XD b & ARTSH
ElE, 6 BBRED L5 BROBBRESEH I LT
CEER®BT L, WTE R vAbsF ([M-H]-) O
SE o 7REE GIAREE) gD 57012, sn-1{L &
D sn-2frp 5B [RCOOT- A v pilEfEd 540D &%

Z2bN5b, RAT7 7»FV)Ibal /o ESI/MS & &R
THEEEES T (FAB/MS) (W T%, [RCOO]-
A F 86 BFRE /213 5 BEROEMIREEA FETER L,
sn=2 ko [R2COO]- 73 su—1 ek [RICOO]-
FDHELAERTHT ERREIN TS, 192D
DFEMEM WM HPLC/UV TRD/-TY /) 2VE
27 DGDG Oy T % Table 2 IZ/Rd . w%EET I
20 : 5n-3/18 : 4n-3 D 46.8% TH v, K\ T 20 : 5n-
3/18 : 3n-3 M 11.1% TH o7z, TN H 2 DO FHT
LS THOK58% & hedic, FOMOERS TR
18 : 2n—6/16 : 0(6.9%), 20 : 4n—6/18 : 4n-3(4.9%),
20 :5n-3/16 : 0 (4.4%) TH -7 THOHDFERND,
TV /%€ 7O DGDG & E R R 2 5T
G HE, $12 20 :5n-3/18 : 4n-3 ICEA TWAHZ
EMBHONIC IR 572, Teds, RFgETHMLIcTY /*®
VEZORRBEE®EZ22% (BEREL) THO, flio
Sargassum J& DOYGET L FBE Th -7z, £72, TLC
SIIC kY, BIEED 20~30% 7 DGDG & REL &
Nize 5, AEPEREMA4H4 % DGDG & & L T
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