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A MONOGALACTOSYL DIACYLGLYCEROL FROM A CULTURED 
MARINE DINOFLAGELLATE, SCRZPPSIELLA TROCHOIDEA 

YOSHITERU O~HIMA, SHO-HEI YAMADA, KIMIHIRO MATSUNAGA, 
TAKAHIRO MORIYA, and YASUSHI OHIZLJMI* 

Pbarmacerrtical Institute, Toboku Uniwsity, Aoba-yam, Aoba-ku, S d i  980, Japan 

ARSTRACT.-A novel monogalactosyl diacylglycerol [l] has been isolated from a cultured 
marine dinoflagellate Srrippsiella twrbozdea, and its structure was elucidated by spectroscopic 
methods. 

Recently, marine microorganisms 
such as blue-green algae (1) and dino- 
flagellates (2) have been studied as a 
valuable new source of pharmacologi- 
cally useful compounds. In our search for 
bioactive substances from marine micro- 
organisms, we observed that the EtOAc 
solubles of a MeOH extract of a cultured 
dinoflagellate, Scrippsiella trocboidea, 
showed marked cytotoxic action against 
P-388 andL-1210 leukemiacellsinvitro 
at a concentration of 0.1 mg/ml. The 
EtOAc solubles were repeatedly chro- 
matographed over Si gel to afford a 
monogalactosyl diacylglycerol mixture 
as a bioactive fraction. Further separation 
of the mixture by hplc using an ODS 
column yielded the novel monogalactosyl 
diacylglycerol E l ) .  

The monogalactosyl diacylglycerol 
[I), [a)*’D -6.0” (c=0.37, CHCl,), 
showed a quasimolecular ion peak at mlz 
789 [M+Na)+ in its fabms. The ir spec- 
trum of 1 displayed absorption bands at 
3400 and 1740 cm-’, indicating thepres- 
ence of hydroxyl and ester hnctionalities 
in its molecule. In the ‘H-nmr spectrum 

of 1, there was a triplet methyl signal at 
6 0.98 (6H, t,J=7.5 Hz), a mass of 
signals between 6 3.50 and 5.27 for oxy- 
methylene and oxymethine hydrogens, 
and signals between 8 5.30 and 5 . 6 4  
(20H, m) for olefinic hydrogens. These 
spectral features are characteristic for gly- 
colipids bearing highly unsaturated fatty 
acids. Analysis of the ‘H-IH COSY spec- 
trum of 1 gave assignments of all the ’H- 
nmr signals for sugar and glycerol moi- 
etiesasfollows: 64.28(1H,d,J=7.0Hz, 

(lH,m,H-3),3.90(1H,brd,J=2.3Hz, 
H-4), 3.54 ( l H ,  m, H-5), 3.77 (2H, m, 
H-6) [sugarpart); 3.76(1H, dd,J=ll.O 
and 5.2 Hz, H-1’), 3.97 ( lH ,  d d J = l l  .O 
and 5.4 Hz, H-1’), 5.25 ( lH ,  m, H-2’), 
4.28(1H,ddJ= 11.8 and 6.6 Hz, H-3’), 
4.41 ( l H ,  dd,J= 11.8 and 3.3 Hz, H-3’) 
Eglycerol part). The chemical shifts and 
splitting patterns of the signals clearly 
pointed out that 1 is a P-galactosyl2’,3’- 
diacyl-glycerol. In addition to these, char- 
acteristic ‘H-nmr signals were observed 
at 8 3.18 and 3.20 (2H, each d, J=5.8 
Hz), the chemical shifts ofwhich matched 

H-l),3.54(1H,t,J=7.0H~,H-2), 3.54 

R = R  
R=H 



April 19941 Oshima et af. : Diacylglycerol Derivative from Srrippsiella 535 

well with those of methylene hydrogens 
lying between double bond and carbonyl 
funaionalities. The methylene signals, 
together with the integration of the ole- 
finic hydrogen signals and the fragment 
ion peak at mlz 2 5 7 produced by cleavage 
a- to the carbonyl group, indicated the 
presence of two moles of octadeca- 
3,6,9,12,15-pentaenoic acid in the mol- 
ecule, and this was substantiated by cata- 
lytic hydrogenation of 1 &ording mono- 
galactosyl 2’,3’-distearylglycerol E21 
{fabms: m l z  809  [M+Na]+,  267 
[C,,H,5COI+; ‘H nmr: 6 0.95 (6H, t, 
J z6 .0  Hz), 1.22-2.00 (6OH, br s) and 
2.15 (4H, t Jz7 .0  Hz)). The absence of 
significant ir absorption at 965 cm-‘ 
indicated that all the double bonds of the 
octadeca-3,6,9,12,15 -pentaenoic acid 
unit in 1 have cis- geometry (3). Alkaline 
hydrolysis of 2 with NaOMe in MeOH 
yielded methyl stearate and a monogal- 
actosyl glycerol 137 which was identical 
in all respects with (2’R)-l-O-glyceryl- 
P-Dgalactopyranoside (4), confirming the 
stereochemistry of both the sugar and 
glycerol parts in 1. The structure of the 
new monogalactosyl diacylglycerol was 
therefore represented as formula 1. 

Although compound 1 was not cyto- 
toxic against P-388 and L-1210 leuke- 
mia cells in vitro at a concentration of 
50 pg/ml, a preliminary physiological 
examination showed that an acetyl mix- 
ture ofthe monogalactosyl diacylglycerol 
fraction had strong inhibitory activity 
against Cai+ ion-influx in rabbit platelet 
cells (Y. Oshima, K. Furukawa, S. 
Yamada, and Y. Ohizumi, unpublished 
data). The physiological functions of this 
class of compounds is of great interest for 
future investigation. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.--O~- 

tical rotations were measured on a Jasco DIP-360 
digital polarimeter. T h e  ir spectrum was taken on 
a Shimadzu IR-408 spectrometer. Ei and fab mass 
spectra were obtained on a JEOL JMS DX-303 
spectrometer. ‘H-Nmr spectra were recorded on a 
JEOL JNM GX-500 spectrometer using TMS as 
an internal standard. 

CULTIVATION.-The dinoflagellate, sm’p- 
psiella trocboidea, was supplied by the National 
Institute for Environmental Studies, Environment 
Agency, Japan. Uni-algal cultures of S. tmboidea 
were grown in 3-liter glass bottles containing 2 
liters of sea water medium enriched with modified 
ESM supplement (5) which consisted of the fol- 
lowing elements in 1 liter of sea water: NaNO,, 
120 mg; K,HPO,, 5 mg; Fe-EDTA, 259 pg; Mn- 
EDTA, 332 pg; vitamin B,,, 1 pg; thiamine 
hydrochloride (vitamin B,), 100 kg; Dbiotin (vi- 
tamin H), 1 pg; tris(hydroxymethy1)amino- 
methane, 1 g. The pH of the supplement was 
adjusted to 8.0 with 3 M HCI, prior to mixing 
with sea water which was sterilized by autoclav- 
ing. Cultures were incubated statically at 25’ in an 
apparatus where illumination from a fluorescent 
light source was supplied in a cycle of 16 h light 
and 8 h darkness. After 10-14 days the cultured 
cells were harvested with a glass filter (GFE, 
Whatmann), by suction, to yield the cells. 

ISOLATION OF A MONOGALACTOSYL 2’,3‘- 
D I A M  GLYCEROL [1].-The harvested cells from 
500 liters of culture were extracted with MeOH 
(300 mlX3) to give a MeOH extract that was 
partitioned withEtOAc/H,O. TheEtOAcsolubles 
(993 mg) were subjected to Si gel cc (Kieselgel60, 
Merck) eluted with CHCl,/MeOH to give a 
monogalactosyl diacylglycerol mixture. T h e  frac- 
tion was separated by hplc [column: Tosoh TSKgel 
ODS-120A (2.54 cm i.d. X 30 cm); flow rate: 4 ml/ 
min; solvent: H,O-MeOH (5:95); detection: uv 
(2 15 nm)] to give a monogalactosyl diacylglycerol 
[I] (8 mg) as an amorphous powder, [aI2’D -6.0” 
( ~ 0 . 3 7 ,  CHCI,); fabms mlz 789 [M+Na]+, 257; 
ir(nujo1)vmax 3400,1740cm-’; ’H nmr(Me,CO- 
d6) 6 0.98 (6H, t, J=7.5 Hz), 3.18,3.20 (2H each, 
d,J=5.8Hz), 3.54(1H,t,J=7.0Hz), 3.54(2H, 
m), 3.76 ( lH ,  dd,J=ll.O and 5.2 Hz), 3.77 (2H, 
m), 3.90 ( lH ,  br d,]=2.3 Hz), 3.97 ( lH ,  dd, 
J =  11 .Oand 5.4Hz),4.28(1H,dJ=7.0Hz),4.28 
( lH ,  dd,J=11.8 and 6.6 Hz), 4.41 ( lH ,  dd, 
J=11.8 and 3.3 Hz), 5.25 ( lH ,  m). 

Hydrogwtion of 1.-A solution of 1 (5 mg) 
in MeOH (2 ml) was hydrogenated with PtO, (5 
mg) catalyst for 24 h at atmospheric pressure. 
Filtration and removal of the solvent at reduced 
pressure gave a quantitive yield of monogalactosyl 
2’,3’-distearylglycerol [2] (5 mg) as an amor- 
phous powder, [a l”~  -9.5” ( ~ 0 . 4 0 ,  CHCI,); 
fabms m/z 809 [M+Na)+, 267; ’H nmr (CDCI,) 6 
0.95 (6H, t,J=6.0 Hz), 1.22-2.00 (60H, br s), 
2.15 (4H, t,J=7.0 Hz), 3.61 ( lH ,  br t,J=5.6 Hz, 
H-5), 3.67 ( lH ,  dd,J=9.5 and 3.1 Hz, H-3), 3.75 
( lH ,  m, H-l’), 3.75 ( lH ,  m, H-2),4.06 ( lH ,  brd, 
J=3.1 Hz, HA), 3.90 ( lH ,  dd,J=ll.O and 5.6 
Hz, H-6), 3.93 ( lH ,  dd,J=10.9 and 5.0 Hz, H- 
1 ’), 4.04 ( lH ,  dd, J= 11 .O and 5.6 Hz, H-6), 4.20 
( lH ,  dd,J=11.3 and 6.3 Hz, H-3’), 4.34(1H,d, 
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J=7.5 Hz, H-1), 4.34 ( lH,  dd, J=11.3 and 3.1 
Hz, H-3’), 5.29 ( lH ,  m, H-2’). 

Alkaline bydrvlyssir of 2.-A solution of 2 (5 
mg)inMeOH(0.5 ml)was treated with 3% NaOMe/ 
MeOH (0.5 ml) at mom temperature for 20 min. 
The reartion mixture was neutralized with Dowex 
50WX8 (H’ form) and partitioned between n- 
hexane and MeOH. Evaporation of the solvent at 
reduced pressure from the MeOH solubles yielded a 
residue, which was purified by Si gel cc (CHCI,/ 
MeOH) to furnish (Z’R)-l-O-glyceryl p-D- 
galactopyranoside 131 (2 mg) as an amorphous pow- 
der, [Uf’D -9.0’ ( ~ 0 . 2 0 ,  H,O); fabms n l z  277 
IM+NaI+;’Hnmr(qD,N+l dropofD,O)G4.07 
(lH, dd, J=6.4 and 5.6 Hz, H-5), 4.12 ( lH,  d, 
J=5.5 Hz, H-3’), 4.15 ( lH,  d, J=4.7 Hz, H-3’), 
4.15 ( lH,  dd, J=9.4 and 3.5 Hz, H-3), 4.26 ( lH,  
dd,J=10.0 and4.2 Hz, H-l’),4.45 (2H,m, H-6), 
4.45(1H,m,H-2’),4.46(1H,dd,J=lO.Oand5.9 

4.55(1H,d,J=3.5Hz,H4,4.92(1H,d,J=7.5 
Hz, H-1). The n-hexane solubles were evaporated at 
reduced pressure to give methyl stearate as a color- 
less oil, which showed a single peak on gc (SS-4,40 
m; column temp., 185’; N, flow rate, 1.4 d m i n ) ,  
eims: n l z  298 M’. 

Hz, H- 1 ’), 4.50 (1 H, dd, J=9.4 and 7.5 Hz, H-2), 
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