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Chiral-phase High-performance Liquid Chromatography/Atmospheric Pressure Chemical Ionization

Mass Spectrometry of 1- O-alkylglycerols Derived from Muscle Lipids of Stromateus stellatus

Tomohiro YAMASHINAY, Jong-Soo LEE? and Yutaka ITABASHI®

Abstract

The chirality and molecular species of 1-O-alkylglycerols derived from muscle lipids from a Stromateidei fish,
Stromateus Stellatus, were determined by chiral-phase high-performance liquid chromatography (HPLC) and
mass spectrometry (MS). For this purpose, |-O-alkylglycerols were derived from 1-O-alkyl-2,3-diacylglycerols
by methanolysis and were then converted into bis-3,5-dinitrophenylurethane (DNPU) derivatives. These were
then analyzed by chiral-phase HPLC in conjunction with atmospheric pressure chemical ionization mass
spectrometry (APCI-MS). The HPLC separation was performed on a column (25 cmX4.6 mm i.d., 5 gm particle
size) having a chiral phase of N-[(S)-1-(1-naphthyl)ethylaminocarbonyl]-(S)-zert-leucine and using hexane/
dichloromethane/ethanol (40: 12 : 4, by vol) as the mobile phase. The APCI-MS was carried out using an ion-
trap mass spectrometer. Post-column addition of 2-propanol was used to assure APCI in the negative mode. In
addition to a prominent solvent adduct ion [DNPU+CH,CH(OH)CH,—H]~ (base peak), the spectra showed
[M—DNPU]-, [M—DNPU+CI]- and [M+CI]- ions, from which the major molecular species could be
identified. The results clearly showed that the glycerol moieties in all the alkylglycerols had an S-configuration
(sn-1-0-) and that the major molecular species were 14:0, 16:0, and 18: 1. The fragment ions related to the
minor components (18:0, 16: 1, 17: 0 and 20: 1), which were previously detected by chiral-phase HPLC/electros-
pray ionization MS [Yamashina, Lee and Itabashi: Bunseki Kagaku, 55, 643-650 (2006)], were not observed
under the conditions employed. Thus, the present method demonstrates that the chiral-phase HPLC/APCI-MS
provides unambiguous information about the chirality and can be used for identification of the major molecular
species of natural 1-O-alkylglycerols.

Key words : Alkylglycerol, Alkyldiacylglycerol, Atmospheric pressure chemical ionization mass spectrometry,
Chiral-phase HPLC, 3,5-Dinitrophenylurethane, Enantiomer, Molecular species, Post-column solvent addition,

Stromateus Stellatus
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Structures of 1-O-alkylglycerol (A) and its bis(3,5-dinitrophenylurethane) derivative (B).

A B
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Fig. 1.

ERECIER S %5 2 ik, ——7 VIRE OBERE & B 25t
T3 ETARARTHB1E0D T, RGEEDE S S
YEETHLEEZONS,

I—FNVIRBESFHOL—T MEEOMERX, ZOx)
VFAR— BT B EICEVRETE S, TIVFELY
7YY ka—nvopr)rrFAv— (1-0-7 IV F)-2,
-7 VIN-sn-7 ) ka—)vE 3-0-TIVFEN-12-VT ¥
N-sn-7 ) xa—)) 2r7ux NS5 74 —CHEET B
LD CTIRBETH 25 (Itabashi, 2005), 1% HIASH#
LTESNETAFLT ) Lo — L2 ER-35-Y=}n
7xz=)V 7V ¥ (DNPU) FHE (Fig. 1) TEHL T
FINERWE 7 0~ 57 4 — (HPLC) THHT 3
ZriZEY, 1-O-7)VF)-sn-7 ) ku—)vk 3-0-7 v
F)-sn-27") xa— )V O F > F & ~—IZEABRIC S5 B
&N, T—TNVEBDMBERFHRET LI ENTES
(Takagi and Itabashi, 1986 ; Itabashi et al, 1997 ; Hui& « #
H, 2000), —F, 7NVF I Iea—vOSFREER (7
VEFNVEDR) 134 Y 7ut) Ty, M) XFLV) L
I—T ), 7T — g EOFERICEHL -5, K[
fidzu~xb7574— (GLC) TOHHTBZLICL VS
WZT B ENTES (Myher, 1978 ; Christie, 1989), Z 1L
5 DRHEFFICTEHERERE G 2 508, MEEZHHAT 0
BEMETOHTCERBZ2ET %, FESRBRERICBWVLT,
*Z )WV HPLC/ZVv 7 hu R 7 Vv—A % MEBEESHE
(ESI-MS) ZFWTT7 A F V7 ) £ a— ORI E
(=T MEEE OALE) &5 FREHEL % FIRFICRE 3 5 fifi
ERHERBERL, Ry Ty XHEK1-0-7LF LY
Ou—OEERITCEB L7 ZOHER, ¥V
HPLCIZ k> T ) v F 4 ~v—(sn-1-0- KV sn-3-0-)
EZEAIL, D ESI-MS Ik > TE5>N 5 [M—DNPU]-
A4 EFALUEZ O FEEZRET 2D THS (LU
Bl5, 2006),

AHFETIX, ESIE &M MERMAEA LSV OREERRNTIC A
CFIHEI TR RK[EFEA £ 1E (APCI) DT v
FNT) O —NADHERIZOWTHREH Lz, Thbb,
¥ 7 )V HPLC/APCI-MS Z L TR ¥y T~ ¥ AH¥E I-
O-7NVF¥ N7 ) ua— V&L, BohifE%E ESI-
MSEEHIRT 22 ik D, ZOREEHS»IZLI,
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NO,

Z DOfER, APCI-MS I BESOMHEICIEZRHE TH S
, FEEOSDFT) T 4 — S FROPEICIE ESI-MS
LIEBRIZERITH 2 Z LD SN D THRE T 5,

x B H &

e L UBEFORER

2000 FFiZF ) WTHE s L, BEICEA SRRy T
Y REFRFER LTz BRPSTVENY T YNVT Y
u— VEEIREZMEHL, Z0O/ 20 mg 12 5% HERE- X 5
J— VR 2ml iz, 90°C TLEIRIGS ¥ TT v+
V7)o — )V EFEL: (UES, 2006), KIESYID
SHEsa~ NS5 74— (TLC) {Merck 83V # 4 v
60GF,;, 7L — b (B & 0.5mm, 20X20cm), FEHH : ~F
Y-V F NI —F VB (30:70: 1, v/v/v)} BHWT
TNFNT) a— (R~=012) ZHHEL 7z, L
LT, Sigma#id 1-0-, 2-0-, KUV 3-0-~FHT V)~
sn-7"Va—) (16:0) ZEHEHAL 72,

TNFENTY) O —v (Img) ZEEN VY EEHEL
2B 1ml) KB, 35-Y=ta 7z v VYT
F—1F (5mg) BHIZ, BEREY O IR, 40 4l)
FAETFTI0C T 1 REKIGE ¥ T, ST 5 EX-35-
—hao7z=NV7 V¥ Yy (EA-DNPU) FEA2THE L
120 RIGREYH 5 TLC {Merck 3V % 7 )V 60GF,5, 7
L—b (BE& 05mm,20X20cm), B#EFH: ~FH-v 7
Tu Xy - /—v (40:10:3, v/v/v)} ERWTEHEY
2L 72, UVIBRH T CHEEHERT NN
(R=0.18) RHERELI:tk, YTFNIT—TINVEHANTYY
A7 N SEIR LT (IWES, 2006),

* )L HPLC/APCI-MS

¥ 7 ) HPLC/APCI-MS 437 12 i3 FE L2 > & —
DHF A (AL F 7))V OA-4600, 250X 4.6 mm id., 5 pm)
PHERALZ. 7 AAOECFEHREOST—FH T L (X3
Ny 7 A7 4 )V F—PG-0DS, 10X40mm id) ZHD fif
F7z, OA=4600 1ZF 7V tLv 7% —& LT N-[(S)-1-(1-
FI7FMNIZFINT I HINVRZNV]-(S)-tert-a A4 & %
FEEHHICEth T LTHY, 7VFELT)ka—NDIF



WELS : Ay T~ Y XBAIEERE 1-0-7 VvF V7)) xa—DF F ) HPLC/APCI-MS

v F 4 <— (EX-DNPU FHEK) % RIFIC0MET 5 2 &
DHI5N T3 (Itabashi e al., 1997), OA-4600 % P4000
R 7 (Finnigan ) 1286 L, SHMTRE % 20C IC3RE L
T BEHICIEAF V> -Y7ua gy -8 /—)L (40:
12:4, v/v/v) ORBZFEH L2, FHi#EiE 0.5ml/min &L,
AV 77T 14y 7 EHRETHT LTz, £72, APCI-MS T®D
WS DOA 4 Moz RET 27201, 2-7 a8/ —)
(Fid: 03 ml/min) 7213 2-7 0,8 — ) -28% 7 ~E=
77K (99.5:0.5, v/v, fii& : 0.3 ml/min) DR % LC-6A
Ry 7 (BE) 2HVWTERA MA T ALY APCL
WWHAL, TUETNARVIEA A Y E—RTIYRAARY b
WEHIE LIz, NFH Y, YZuuryy, 8/ —NVKk
U2-7m,8/ —)Vik HPLC i (RDEMEE T8 2 Huv,
8% 7 =7 KISFHEAZE EIRILFR) 2EERAL,
TNFNT ) a—ViFEEA (EA-DNPU) % 10 ug/
mOBERXELLIRIAFH-YZ7oury -4
/= (40:12:4, v/v/v) DRIRCEHEL, A—1+ A4 >~
Y x 7 ¥ — (AS3000, Finnigan #) #H\\T, 2D 3~5 4l
247 ATHEALT, BEIHOXKICIE P00 K > 7
(Finnigan &) ZHW/z, MSIZiX, 14> oy 7RERE
s3frat LCQ (Finnigan 8) 2EAL, EAF v+ £ 7 ) —i
B 200°C, SALIEE 450°C, YV —AEFE 60kV, Y —AHF X
(8 %) Wi & 70 arbitrary units, ¥ ¥ 5 ) —EFE 38V,
Fa—TVAEF 7y b 60V ICREL, BA A ARY
MVEEIE LT (BEREPH 200~1,000 amu), IEA A > A
7 MViE, FYEZV—BRELF2—TVXFT7EY b
BEOFRFSRIEICYID B2 THIE LTz,

BREE
EESODHT
HPLC/APCI-MS \3MERBMEAL &) D RS fAT 12 IR < F
HAEhTwnz, AFH izl 7o b V5P ZEED
WREEIM IS %2 £ 4 Lz { wizd APCI-MS
WIS e, RA MY T AETHEHEKIC T VI —LR
TYREZTREDT 0 N MBEEEMZSZ L2k, H

HPLC pump [] Auto-injector

N Chiral-HPLC column

Mobile phase
(Hexane-dichloromethane-ethanol,
40:12:4, by vol, 0.5 ml/min)

ERRDOA A AZEERA LSS 2 LHTE 5 (Agren
and Kuksis, 2002 ; Lindmark et al, 2002; Chen et al,
2005), AHFZE TRV ¥ F )V HPLC OREEIZ~F ¥ > -
vryuanaRxy -y /) —)v (40:12:4,v/v/v) THY, &
BO7NVaA—VEELD, LE LT RiFs APCI-MS A
7 MVEBRDICEATAERTHo T, DD, KA b
AT AET2-7axN) =gl 2-7asX) —-28% 7
YEZT K (99.5:05, v/v) % 0.3 ml/min OFiET APCI
FICHALTA A MBI E2ED 5 L2 A Tz (Fig
2)o F DFER, 2-7 /N ) —VRHERLIEA 4 E—FT
BELIR—AT A L BRMEOH % RIFiR AT P Vb3
Behiz, Fig 312, ¥ HPLC/APCI-MS TH S L7
TIvF )7 o — )VEEREEEY) (sn-1-0-16:0, sn-2-
0-16:0, sn-3-0-16:0) Ot A-DNPU FHEEDIBA # >
Avvbzux b7 I A (TIC) EXRAARY b V2R
¥, ¥ 7V HPLC/ESI iz MS (ILUElS, 2006) & [ERE,
% )V HPLC/APCI-MS T % =} > F % v — (sn-1-0O-
16:0 & sn-3-0-16:0) L LEEZMEE (sn-2-0-16:0) 1T
HuICHABICSBEX Wz (Fig 3A)e WTNORMEED S
b, DNPU IZ 2-7 1,8/ — L OfHnL 7236 [DNPU+
CH,CH(OH)CH,—H]- (m/z 268, _R—Z ¥ —72) &
DNPU %8 sn-267 & 72 1k sn-306L 5 & BilE L 72 [M—
DNPU]- (m/z 524), RU'Y7uuxy vHkeEZoh
A & oL 72 [M—DNPU+3%Cl]- (m/z
560) & [M—DNPU+3Cl]~ (m/z562) D757 A b4
A U&7z (Figs. 3B-3D), W70 b MEDF ([M—
H]-, m/z 733) i& sn-1-0-16:0 & sn-3-0-16:0 O =
FrFEAZ—hoRRE SN oTH, sn-2-0-16:0 D
FrE SR 513 T FOBE TR S vz (Fig 3C), &
DZEZF, Z7Va—OFE 1 FE FaoF L BEESL
72 DNPU O 7 3 FEDARIE 2H/DZh LD b K50
BELRT W L BRBT 5, 3 bWA 4 oLz
[M+3CI]- (m/z 769) & [M~+%Cl]- (m/z771) »33:1 D
BELLTRHE SN, —F, RA M AZLET2-7an
J—=-28%7 ¥E=T K (99.5:05, v/v) DEHK % 03
ml/min TEE L, S TFEOFREICHEILOT Y E=T

T-Connector

APCI
S —— (Negative)

MS

HPLC pump Data system

Post-column solvent
(2-propanol, 0.3 ml/min)

Fig.2. Schematic diagram of chiral-phase HPLC/APCI-MS equipment set-up with post-column solvent addition

employed in this study.
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Fig. 3. Chiral-phase HPLC/APCI-MS profiles of the bis(3,5-dinitrophenylurethane) derivatives of enantiomeric and
regioisomeric hexadecylglycerols. A, total ion chromatogram (TIC) ; B, mass spectra averaged over the peak
3 between 12.1 and 12.4 min on the TIC ; C, mass spectra averaged over the peak 2 between 13.2 and 13.5 min
on the TIC ; D, mass spectra averaged over the peak 1 between 16.2 and 16.5 min on the TIC. Post-column
solvent addition of 2-propanol was used to assure APCI in the negative mode. Column: OA-4600. Other
HPLC conditions as given in text. APCI-MS conditions : capillary temp., 200°C ; vaporizer temp., 450°C ;
source voltage, 6.0 kV ; sheath gas (N,) flow-rate, 70 arb ; capillary voltage, —38 V ; tube lens offset, —60 V.

Table I  Relative intensities (%) of the fragment ions of the bis(3,5-dinitrophenylurethane) derivatives of
enantiomeric and regioisomeric hexadecylglycerols

APCI-MS® ESI-MS©
Fragment ion® m/z
sn-1(3)-0- sn-2-0- sn-1(3)-0- sn-2-0-
[DNPU+CH,CH(OH)CH,—H]~ 269.0 100.0 100.0 29.5 373
[M—DNPU]- 524.3 78.0 78.6 100.0 100.0
(M—H]- 733.3 0.0 6.7 0.1 231
[M+Cl]- 769.8 24 6.0 22.5 16.4
[M—DNPU+CI1]- 559.8 58.0 62.5 0.0 0.0

2 DNPU = 3,5-dinitrophenylurethane.

» Chiral-phase HPLC/APCI-MS conditions as given in text.

9 Date from Yamashina et al (2006).

A& % (EA A V) OERERAID, BRRIEA 4~
BRRH I N holz,

¥ 5 ) HPLC/APCI-MS T4 6 h iz F B MR (B & -
DNPU FEK) D7 77 A > M F > OHEXEEE %51
#4172+ 7 )L HPLC/ESI-MS & Lz L C Table 1 127
Fo 777 AT —¥ a vidWiA 4 ALETEL 7228,

Bonl&A A OHEMEEIIHECRKE L Bl
ESI-MS T3/ FEOEEICER [M—DNPU]- 3% b
<, RXWwT [DNPU+CH,CH(OH)CH,—H]-, ZL<T
[M+Cl]-&72i% [M—H]- THh-7z (LUEIS, 2006), —
15, BB CTRET L7z APCI-MS Tix, 3 FREBEHROES
v [DNPU+CH,CH(OH)CH,—H]- A4 & > » & b 78
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Fig. 4. Chiral-phase HPLC/APCI-MS profiles of the bis (3,5-dinitrophenylurethane) derivatives of 1-O-alkyl-sn-

glycerols derived from the muscle lipids of Stromateus stellatus. A, total ion chromatogram (TIC) ; B, mass
spectra averaged over the peak 1 between 16.2 and 17.6 min on the TIC. Chiral-phase HPLC/APCI-MS
conditions are the same as those in Fig. 3.

{, KT [M—DNPU]-, #L7T [M—DNPU+Cl]-T
o7z, sn-2-0-16: 0 Btk r» S S izflii 7 v + 1k
53 F1% ESI-MS Tl 23.1% ThH - 7255, APCI-MS TlI55

Table 2

Fragment ion intensities of the bis(3,5-dinitro-
phenylurethane) derivatives of 1-O-alkylglycer-
ols derived from the muscle lipids of Stromateus
stellatus

{ 67% IZMBE e ino Tz, [IMACL 12 2WT b [RIREDE

Intensity (%)

MAED BN, sn-2-0-16:0 kD [M—H]- 1T APCI-MS Molecular [M—DNPU]-
Ti 6.0%, ESI-MS Tidk V¥l 164% TH -7z, species (m/z) APCI-MS  ESI-MS?
RO SR 14:0 496.3 27 16.8
15:0 510.3 —o tr.9
RYTRYADTNVFNY TN ) 2a—vn 6 16:0 5243 87.0 58.0
L7 VFNLT) £a—)LDF ) HPLC/APCI-MS 16:1 522.3 — 3.6
WEo>THESNKZTIC EZDYAARY bV % Fig. 41 17:0 538.3 — 0.6
T, ¥ 7 )VHPLC/ESI-MS O35& & Ak (LES, 18:0 5523 — 9.4
2006), sn-1-O-xL.F > FA+~— (SHE) 2RTE—Y— 18: 1 550.3 10.3 11.3
I ESNIz, ZDE—2 D APCI-MS A7 MV EHIE 18:2 548.3 re tr.
20: 1 578.3 — 0.3

L7z458, [M—DNPU]-, [M—DNPU+CIl]- XU [M+

Cll- A & >3 m/z450 ~ m/z800 D EFH Ic B E s L /2
(Fig. 4B); TNLH6DA 4 > 2 HAWT 14:0,16:0 KU 18: 1
D 3 FEED S TRELSFE & s, F 7 HPLC/ESI-MS
(L&ES, 2006) TRHEXM15:0,16:1,17:0,18:0, 18:
2RU20: 1 DDERCONWTIE T T T A M 4 B8
BRESHT, AECIZES Z»o/ (Table2), ¥ 7V
HPLC/MS T o627 57 A b A & ¥ OIERTRE »

8 Average values of three analyses.

® Date from Yamashina et al (2006).
9 Not detected.

9 Trace (less than 0.1%).
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YA X VBEOMHBEIZES T S Z EBSBETH B,
16: 0 3 ZERSTHY, KROTI8:1FLT14:0%2% <
&1 Z XX Endo et al (2001) ik HPLC/ESI-TOF-
MS 3H7 DGR K UHEEE S (2002) D GLC 3 HT DfEHR &
—¥3 5,

[E—& (#7 50 pmol) OFEI% F Z )V HPLC 7 7 A2
AL, APCI-MS & ESI-MS O A # >Ab% bl U 7o f5 48,
APCI-MS TH & 1L 72 R E (1.5X10°~4.5X 10°) 1 ESI-
MS (8.5X10~1.5X10°) £ D /NI W EBFED S
Nizo 72, APCI-MS TiZ 7V FVEDRIBCHIID T F
TR AF VDBEMNESI-MS DFE LD /&L
(Table | 2R), VEKSOFEERT 7T T A ML
bR SN rolzZ £ 5, ¥ 7))V HPLC/APCI-MS 1
TNVENLT V) Xa—NVDFT7) T 4 —EEBLSTREDME
EIIERTH %05, VEKS OFEEICIZ ESI-MS »3Eh
T3 ZEBHLNIZR ST,

& Hb W I

I—F VIEE R EEENEY X OFf i S BICEET S
fth, & DLV X DRKS L UTAL L,
FHHECEb o720, MVIMEEEERT & L TOEE®
BT 22 EBAISNTWS (Mangold and Paltauf, 1983 ;
R, 1982), &7z, Bl CIXFEREREDIEMAL P RIRELE
RESKEREREZE TSI EVHESAIIATVLS (E
F o+ #J1l, 2004; #E)I| - B, 2005), AHWFIETHES L7z ¥
Z )V HPLC/APCI-MS ¥ 3 = — 7 \VIRE DA & F
B VFNEOBGRIEERE LTEMTHY, HEEYH
DO —7 )\VIEE OREE & BSREICBE I 2HF3RIC RO E b
5,
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