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Lipid rafts and caveolae are microdomains in the cell membranes, which contain cholesterol, glycolipids, and sphin-
gomyelin. While caveolae are relatively stable because caveolin, an integral protein, supports the structure, lipid rafts are
considered to be unstable, being dynamically produced and degraded. Recent studies have reported that lipid rafts con-
tain many signaling molecules, such as glycosylphosphatidylinositol-anchored proteins, acylated proteins, G-protein-
coupled receptors (GPCRs), trimeric and small G-proteins and their effectors, suggesting that the lipid rafts have an im-

portant role in receptor-mediated signal transduction. Therefore drugs that modify the composition of lipid rafts might
influence the efficacy of cellular signal transduction. In this review, we demonstrate the role of lipid rafts in GPCR-G-
protein signaling and also present our recent results showing that the wasp toxin mastoparan modifies G,/;;-mediated
phospholipase C activation through the interaction with gangliosides in lipid rafts.
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Fig. 1. Model for the Organization of Microdomains in the Plasma Membrane

(a) Chemical structures of phosphatidylcholine, sphingomyelin, ganglioside GM1 and cholesterol. (b) Model for the organization of lipid rafts and caveolae in
the plasma membrane. Lipid rafts are separated from the other regions of the lipid bilayer in which unsaturated phosphatidylcholine is predominantly in the ex-
oplasmic leaflet. Lipid rafts contain GPI-anchored proteins, proteins binding to the cytoplasmic leaflet by acyl chains, or proteins containing the transmembrane
regions. Flotillin associates with lipid rafts. In contrast to lipid rafts, caveolae are stabilized by caveolin making a hairpin loop in the membrane.
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Table 1.

Signaling Molecules Related to GPCR-mediated Signaling in Lipid Rafts/Caveolae

GPCR
Adrenergic £, >
Bradykinin B,
Cannabinoid CB,
Chemokine CXCRI1

EDG-1

Endothelin ET,, ETy
11728 (1994).

Eur. J. Biochem., 270, 1816
(2003) .

Gamma-aminobutyric J. Neurochem., 79, 787 (2001).

acid GABAg

Gonadotropin-releasing
hormone GnRH

Neurokinin NK1
Thyrotropin TSH
Trimeric G proteins

G, J. Cell Biol., 126, 127 (1994).
Giso J. Cell Biol., 126, 127 (1994).

G, Curr. Biol., 12, 421 (2002).

Gy/11 J. Biol. Chem., 273, 22298 (1998) .
Gy, J. Biol. Chem., 271, 32409 (2002).
Gp Proc. Natl. Acad. Sci. U.S.A., 92,

10104 (1995).

J. Biol. Chem., 276, 42063 (2001) .
Mol. Pharmacol., 61, 546 (2002) .
J. Biol. Chem., 280, 12212 (2005) .
Mol. Cell. Biol., 25, 5752 (2005) .
Sphingosine 1-phosphate J. Biol. Chem., 275, 32363 (2000) .

Proc. Natl. Acad. Sci. U.S.A., 91,

J. Biol. Chem., 278, 31593 (2003) .

J. Biol. Chem., 280, 7135 (2005).
Endocrinology, 144, 4725 (2003) .

Regulator of G protein Signaling

RGS9-1 Curr. Biol., 12, 421 (2002).

RGS16 J. Biol. Chem., 278, 19301 (2003).
Lipids

PIP, J. Biol. Chem., 273, 22298 (1998) .

Effector etc.

Adenylyl cyclase AC3, Mol. Pharmacol., 62, 983 (2002) .
Cé6

ACS5, A

Protein kinase C-a J. Cell Biol., 131, 929 (1995).
TRP1 J. Biol. Chem., 275, 11934 (2000) .
J. Biol. Chem., 275, 11934 (2000) .
J. Neurosci., 22, 7154 (2002).

Proc. Natl. Acad. Sci. U.S.A., 92
1759 (1995).

Calmodulin J. Biol. Chem., 271, 6518 (1996).
Src family tyrosine kinase J. Cell Biol., 126, 111 (1994).

(c-Sre, Fyn, Lynetc.) ;o1 Chem., 272, 3554 etc.
(1997) .

eNOS Proc. Natl. Acad. Sci. U.S.A., 93
6448 (1996) .

IP; receptor
Kir; channel
Ca?*-ATPase
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Fig. 2. Characterization of Mastoparan-mediated Inhibition of UTP-induced Phosphoinositide Hydrolysis or the Intracellular Ca2*

Mobilization in PC12 Cells

(a) UTP-induced phospholipase C activation was inhibited by mastoparan in a concentration-dependent manner. [3H]inositol-labeled PC12 cells were stimu-
lated by UTP (100 um) in the presence of 2 mm EGTA and increasing concentration of mastoparan. [3H]inositol phosphates formed were separated by Dowex
AG1X8 column. Data are calculated as the percentage of control response without mastoparan, and expressed as the mean+S.E. from six experiments. (b) UTP-
induced Ca2* mobilization was inhibited by mastoparan. Fura-2-loaded suspended PC12 cells were stimulated by UTP (100 um) in the presence of 2 mm EGTA and
increasing concentration of mastoparan, with constant stirring at 37°C. Data are calculated as the percentage of control response without mastoparan, and expressed
as the mean=+S.E. from three experiments. *Significant difference from without mastoparan (a and b) (p<{0.05).
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Fig. 3. UTP-induced Phosphoinositide Hydrolysis Was In-

hibited by the Disruption of Lipid Rafts with MBCD

PC12 cells were pretreated with MBCD for 30 min before the addition of
UTP (100 um). Data are calculated as the percentage of control response
without MBCD, and expressed as the mean+S.E. from six experiments.
*Significant difference from without mastoparan (p<{0.05).

WHEINTHBO (Table 1), 512 NG108-15 il iz
U PCI2 HIlEIZBWNWT Gag © GBI ZNETOD
HWEC—-HLTIRES 7 M&ELFNITHEEL 2
DRM iZ#tie Nz (Fig. 5 ZH). LLEOFEFRZ

Z D P2Y, ZHME—Gyn— R AKRY )N—1F CiEE
EDRATy THIEE T 7 MZBWTHEL TS afEE

PHEREBL TS,

RAMNG VBRI TATFv—Y%HT 53D
DY P UEEESTFNICTEL TV, —7F, Hilak
FOHTIVF L REIHT T4 T F v —P DY
TIIVEEEREEET DI EnS, W TI3MEAEER%

AR AREMENE X 5N Tabs, YARNT >
DEMEALIHT > 7 VAT RTHD, Inicziaun
LU CHEETDIEE S 7 N TH L HEENE XS

Nz, 22T, AT >OERICHT %50 kM4
T IVF L MEEMONRIT DOV THRE L. K
IZRAMNT oEEIEE 2 7 hNDTT > 7 ) F
T RICESG U TIERRRT 2451, Mifastic ki
RO T )FT RERMLUZSGS, YARNT >
DIEE T 7 h\OEENHEWITHESN, O
RIYZX N COERNPIHEINS EEA NS,
TIT, UTMHERDOT U AT RIEGY 2/
WHILE L 72E 25, YA RNT VXD HRAKRY
IN—1t C MIHIERIMERR S N EmZRL 7= (Fig.
4@). H>Z7UAT ROEAKEL I RE
&, B0 RUOIHIHALESTIVEEXD
5. )42 C7Uy¥—t) 13, #Hile
[RERHICFET DA IR T IVBEGT > 7 )4
RIIERL T Y IVIREE Z GRS ® 5. 22T,



No. 1 35
MlazdohCd /A SV —VFYUHTE L, < n5, ZODRMIIEE S 7 NERZEDH O EF)
ZMNTG DORAFRYN—F CHIFHIERIZ 1 F WriL7z. SHICINETOHREIT—HLT, AR

R -FYOREKGFENICMEER S Nz (Fig. 4
(). L,nL, >7IVEZEBEMTHEICERS &
EHEE, AT CORIBICELS EEEZDZ5
I7molz (Fig. 4(@). ZTHNHDRERIT, X B
INT WA T F T RNITEETS 5 > 7 )VEE TR
TR, PT7IVBEESDEEEGSET IR
BREBEMICHHSL TWDZEEREBLTNS,
P2Y, 2B ENT D2 T FIGRENEE T 7 b
ZALTWSAREEN RSN &, S 5ITHIR
DEDERA NG >OEHTFINA T IF TR
ThHhHAREMENRBINZZENG, AN
DIEE T 7 N ORI SN DOFEE S 725 9 ]k
WENEZ 5N, T I T, PCI2 #ifld? 5 DRM O
SEEER A D T LT L. M7 Triton X-100 4L
B4 E— el aRELAREOTHEEL, K
BEEMMNSIEIZ 1207527 2 a>zEILL THY
<&, K—9oraEEEORm (ZZTE7I7
a4k 5I2HY) IZ DRM EansEsi/
(Fig. 5). 5507 DRM IZIZFHR L =JEE 5 7 ~
X — N —% >\ & flotillin-1 EEL T3 IF
n, lBEZ 7 MRS THDH > 7 U F TR
GMI I L X700 )b EFIZFENTNHS I &

(a)
E100f
°

w
>
° 80
e
2
a 60}
e
4]
S
E 10
o
5 20
control (<) SA gan

MP (10 uM)

Fig. 4.
ded Ganglioside Mixtures and Neuraminidase

(b)

UTP-induced PI hydrolysis (%)

—h
o
o

J)N—+ CIEMEALIZRD D Gayi  GB H DRM
ZaEN TV, Znuel, YA NI > &2iliE
L=Mila» 5% 507z DRM T, flotillin-1 %
GMI D REICIZH £V EEIA NN N

Gagn KT GB, X 5123 L A5 0—)L7A DRM [
SMHBHRLTNWS ZENBRINZ. IS O
R, AT ONNEET T b EMSMOHELE
RZEEZL, IBEZ 7 NO#zETLL TWaafFetk
ERBLTWS, —F, YA NNT AERHTH >
TUFT REGWZELEBEL TH &L, AT
I2& % Gog,, GBZT L TIALATO—)LERBOK
TOERICHEBREN, DRMiZa> ro—)L &Z&D
SIRWNY =R 2002 ENG, YA
XS A LT > 7 F RERGELT
BEZ 7 NMCTHEMERL, MSHhOEEICX0IEE
77 NEHEILTHHE, Gyu DREEELIES
HOEEDbND., £IT, PCRABASESNE
MRy E A RMNT & > FaxX—hLIzE
2%, JuAa MR E S IR S T W Gagy ®
G WHREE N S REL, 1> FaxX—2 3> Ny
Ty —HiZBmHINS I EEERELE. ZBIKG
%5 2N EVETT & BERGBEAE AT & O MR A (R 2 [

@
o
T

(=2
o
T

S
o
T

Ly | | |

-) 03 1 3
Neuraminidase (mU/well)

N
o

Attenuation of the Inhibitory Effect of Mastoparan on the UTP-induced Phosphoinositide Hydrolysis by Exogeneously Ad-

(a) Effects of sialic acid (SA, 10 um) and ganglioside mixtures (gan, 20 ug/ml) on the mastoparan (MP)-mediated inhibition of the phosphoinositide hydroly-
sis stimulated by UTP. (b) Effect of neuraminidase on the mastoparan-mediated inhibition of phosphoinositide hydrolysis stimulated by UTP. Cells were pretreated
with neuraminidase (0.3-3 mU) for 20 min, and incubated with (@) or without (O) mastoparan, followed by the incubation with UTP (100 um) . The data are ex-
pressed as the mean=+S.E. from six experiments. *Significant difference from without neuraminidase (p<0.05).
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Fig. 5. Effect of Mastoparan on the Composition of the Detergent-resistant Membrane Fraction

PC12 cells were incubated with or without mastoparan (MP: 30 um) in the presence or absence of ganglioside mixtures (300 ug/ml) for 1 hr at 37°C. Cell ly-
sates were collected by addition of lysis buffer containing 0.1% Triton X-100, and separated by the sucrose gradient ultracentrifugation. Twelve fractions were ob-
tained from each sample, and DRM was isolated between fraction 4 and 5. The contents of flotillin-1 (a), ganglioside GM1 (b), Gagy; (¢), GB (d) and cholesterol
(e) were analyzed. *Significant difference from control (p<{0.05). *Significance between mastoparan alone and mastoparan with gangliosides (p<{0.05).
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Fig. 6. Effects of Several Gangliosides on Mastoparan-elicit-
ed Lactate Dehydrogenase Release

(a) Structures of each ganglioside used in this experiment. (b) PC12
cells were preincubated with increasing concentration of GM1 (@), GDla
(O), GD1b (W), GT1b (O), asialoGM1 (A) or GQlb (A) for 15 min,
and stimulated by mastoparan (10 um) for 15 min at 37°C. LDH release in-
duced by mastoparan alone was expressed as 100%, and data are expressed
as mean+S.E. from three experiments. *Significant difference from
mastoparan alone (p<{0.05).
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