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Chemo-Pharmaceutical Studies on the Glycosphingolipid Constituents
from Echinoderm, Sea Cucumbers, as the Medicinal Materials

Koji YAMADA

Graduate School of Pharmaceutical Sciences, Kyushu University,
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan
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Glycosphingolipids (GSLs), together with glycopeptides, are typical constituents of various cell membranes in a
wide variety of organisms. In particular, it is known that GSLs have numerous physiological functions due to variations
in the sugar chain, in spite of the very small quantity of constituents. Those are classified into cerebrosides, sulfatides,
ceramide oligohexosides, globosides, and gangliosides based on the constituent sugars. Gangliosides, sialic acid-contain-
ing GSLs, are especially enriched in the brain and nervous tissues and are involved in the regulation of many cellular
events. Recently, a number of GSLs have been isolated from marine invertebrates such as echinoderms, poriferans, and
mollusks. We have also been researching biologically active GSLs from echinoderms to elucidate the structure-function
relationships of GSLs and to develop novel medicinal resources. This review summarizes the structures and biological
activities of GSLs from sea cucumbers. This study showed that the characteristics of GSLs and structure-activity
relationships had neuritogenic activity toward the rat pheochromocytoma cell line PC12. That is, most of the cerebro-
side constituents of the sea cucumber are same glucocerebrosides as in other animals, except for some constituents, while
the ganglioside constituents were unique in that a sialic acid directly binds to the glucose of cerebroside, they are mutual-
ly connected in tandem, and some are located in the internal parts of the sugar chain. It also became apparent that sialic
acid is indispensable for the neuritogenic activities.
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Holothuria pervicax Stichopus japonicus
—tsnrFva
Holothuria leucospilota
Fig. 2. MR & i B 0 43R
‘Whole bodies of specimens
1) homogenated in MeOH
2) Extraced with MeOH/CHCly=1:4—1:2
3) Filtrated
1
MeOH/CHCI; suspension Residue

l Evaporated in vacuo
Aqueous suspension

Extracted with n-hexane

1
n-hexane layer Agqueous layer

Evaporated in vacuo

Extracted with 2~-BuOH

Residue n-BuOH

Dissolved in acetone

Acetone insoluble part Residue

Column chromatography
Silica gel (CHCl3/MeOH/H,0=90:10:0—50:50:10)

CHCl3/MeOH/H,0=85:15:0 elute

l Evaporated in vacuo

Aqueoug layer
Evaporated in vacuo
Residue
Dissolved in CHCl;/MeOH=50:50
CHCl3/MeOH=50:50 soluble part

I Evaporated in vacuo
Residue

CHCl3/MeOH/H,0=70:30:5~60:40:10 elute

I

Column chromatography
ODS (60%MeOH-»100%MeOH)

Column chromatography
Silica gel (CHCl/MeOH/H,0=90:10:0—50:50:10)
DEAE-TOYOPEARL (CHCl3/MeOH/H,0=30:60:8
—CHCl3/MeOH/NH40Ac=30:60:8)

100%MeOH elute

Column chromatography
Silica gel (CHCly/MeOH/H,0=90:10:0—50:50:10)
DEAE-TOYOPEARL (CHCl3/MeOH/H,0=30:60:8
—CHCl3/MeOH/NH,0Ac=30:60:8)

Sephadex LH-20 (CHClyMeOH/H,0=50:50:10)
Gangliosides

Fig. 3.
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COWRE O L1 O OERZHRHN-. Z+ O b I—JVIZRENEMFER P T /2. &I
DOREERIE, Fig. 9ITRLEZEBDTH S, BH TN EREEOREICHHEL, NGF (Nerve

3-2. GEMFAERER PCI12 HifIT X3 2 fiifg Growth Factor) EFIZIRMLU 7=, EHEOHEICTIE
Zefi R E R BICDWTIE, Fig. 10I2RLES 96 FFREHIIA I D EVWEEZHIITIL T 54l

=7~ 2 (Stichopus japonicus)

SJG-1 NeuGeo2—-6Glcf1-1Cer

=+ £ O30 (Holothuria leucospilota)

HLG-1 NeuGca2—-6GlcB1-1Cer
HLG-2 NeuGcea2-4NeuAco2—-6Glcp1-1Cer
HLG-3 Fucol-11NeuGeo2—4NeuAco2—6Glef1-1Cer

ASYF b bF (Asterias amurensis versicolor)

GAA-7 NeuGco2—4(NeuGea2-6)GalNAcB1-3Galpf1-4Glc1-1Cer

F =& BT (Acanthaster planci)

AG-2 Galff1-3Galol-4NeuAco2-3GalB1-4Glcf1-1Cer

AG-3 Galff1-3Galal-3Galal-4NeuAco2-3Galf1-4Glef1-1Cer
SRR

Desulfo-CG-1  NeuGcua2-6Glcf1-1Cer
TH7LENY

GM-1 GalP1-3GalNAcB1-4(NeuAco2-3)Galp1-4GlcB1-1Cer

Globoside I GalNAcB1-3Galo1—4Galp1-4GIcB1-1Cer
CDH-1 GalB1-4GlcB1-1Cer

Fig. 9. PCI2 #il2i 9 2t ZeR iR IEMRBR 21T o e X 7 1 > TREIRE H>

10% FBS, 5% HS/DMEM
5% COy, at 37T
Replaced Medium with DMEM/F-12 | ‘

(serum-free) [ >

5% CO,, at 37C

[Sample (33, 10, 33 pM)]
NGF (5 ng/ml)

/

Fig. 10. Protocol for Evaluation of Neuritogenic Effect on PC12 Cells
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DT INVEBEOENENWZFELDBNEEZRT I &
MBS -, & 15 ”%‘ﬂﬂ TR EIETEAEREIC
DWTHRHZEITO2DIC, &7 17T EIiENZ T

SJG-1 (10 uM)

SJG-1 (10 pM) + NGF (5 ng/ml)

Fig. 11.

LR, 35 yayA14 7o 704K
MICE T OIEEDOHEN R SN 5 T ENH L NI
o7, ZDZEXVEHOREBIZHEAL TNWS Y
TIWBRDEMNLNZTE XD EWNEEZ/RT T EAUR
WX, EEE/ 37084 TOH 7 UFTR
TlE, D22 7u¥A4 70N T UFT ROFEER
B2, TIVENIEHEONBIIHESL TWS
AG-2 % AG-3 IZ X DIBWIEMENTD s =0, &
NIHEEBET DD DDHEIZL D DD EEZZ 5N

NGF (5 ng/ml)

Example of the Neuritogenic Effect on PC12 Cells for SJG-1

Neurite bearing cells [%]

s
»gyg» Y

disialo type

S ey

monosialo type

i '¢°é\° s“%@
¢ $°
oF ©

another type control

Fig. 12. Neuritogenic Activities of Glycosphingolipids
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IRBY)S RS 2 D £ U IR REER R A
ekt B, tROME AR O SLHE L BT %
T, £k, AMEOEKITOZDHBE, M ITE
E R UL IUNRFER LB 8%, =AR
SRR TN IR FEREBEE A FERe B T, it
BESEEICONSEHOBEZEZERLET. £/, K&
AR MIVORETE I <TEEWELE, JUNK
FRABEEAVTEB N T, Wb e, JTAUNKR

FRFBE ARG E, IRHASF RN, HH
RFET B, Bk — AR <#IFLH L kg
9. I5I, AWEERITICHZDEKH %
0 F U7z IR R F e S A 5e B 5 35 B R PR R
FoBWOBEE—FICHESEH WL ET. £/,
BEQ T IZMEMELE U THigE< 230k
U7z, @faiiErEOREREDO S 2 IE<#ELHEL E
FET. REBIC, AFFRO I, SCTERHEE T
Bibhe, HAZMIRE SR AR EHE S, OE
HEEFM AR RGBS 2 G TITDODNLZBD
ThHo, PFETR#NZLET
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