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Sphingomyelin metabolism underlies Ras excitability for efficient cell migration and chemotaxis
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In eukaryotic motile cells, the active Ras (Ras—GTP)-enriched domain is generated in an asymmetric
manner on the cell membrane through the excitable dynamics of an intracellular signaling network. This
asymmetric Ras signaling regulates pseudopod formation for both spontaneous random migration and
chemoattractant—induced directional migration. While membrane lipids, such as sphingomyelin and
phosphatidylserine, contribute to Ras signaling in various cell types, whether they are involved in
the Ras excitability for cell motility is unknown. Here I report that functional Ras excitability
requires the normal metabolism of sphingomyelin for efficient cell motility and chemotaxis. The
pharmacological blockade of sphingomyelin metabolism by an acid-sphingomyelinase inhibitor, fendiline
and other inhibitors suppressed the excitable generation of the stable Ras-GTP-enriched domain. The
suppressed excitability failed to invoke enough basal motility to achieve directed migration under
shallow chemoattractant gradients. The fendiline—induced defects in Ras excitability, motility and
stimulation—elicited directionality were due to an accumulation of sphingomyelin on the membrane
which could be recovered by exogenous sphingomyelinase or phosphatidylserine without changing the
expression of Ras. These results indicate a novel regulatory mechanism of the excitable system by
membrane lipids, in which sphingomyelin metabolism provides a membrane environment to ensure Ras

excitation for efficient cellular motility and chemotaxis.
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HEZAEY QBB EO & W T, a7 A BER Yy FU— 27 OB BEHNEHLIZ LD | IEPER Ras (Ras—
GTP) 2SR b o> P SEIsIC IR L7z R A A UEEDN AR SN S, Ras—GTP J#E K A A U B3I OFT S & 72 %
rFrELTEE MRNESHT S, 25 L BRENRETERMBMEO AT, T % R B A O M Id R
Dictyostelium discoideum 75t N HIMERIZE 2 F THALICHRTFESINTEBY, B LD A =X L0NH
LNl > CT& 7, T OWIETIX, Ras—GTP IR K A A  OARN I R (excitable system) OFF# % =
T ENDNro TEY, MMMERE I R K D B IRA 22T BIE R R O 2 iR 2 720 OE T VA
WL THMIEMEATHND, BIEROEF vy bU—27 %, MK ECRIGEFIEREZ T2 &6, MIakE
BLZOREEMPEERZHE T AR TE LTHEBEINLTWAN, FMeRFITED N TI 2o,

KM O B R A RERK T % RasG XM FLEEMAL O K-Ras & —RHEEEDSHELL L TW A2, MFLEMAIC W
T K-Ras IC LD MIE@AN S 7 FNABZBICHBEBERED A7 4 FI Y > (SM) OEFLRR#RLEL ET
W, BlAIE, HEAEZ AV THIEED SMo&EZEbEE &, MIRAEOR A7 7 F Lt v (PS) O
WA L K-Ras DIGPEICEET 52 L RHM BN TWD, PS OAERMIL K-Ras ® C R 7 v F—HElF| &I Lz
M & OMBEERICKNEE S, 25 LEFHEMEERICE 5T K-Ras OF /7 7 AZ B3R E I, K-Ras
DIRMENZ LV T FNABZEDER R E D REENRB SN TS, T LEMROERN D K-Ras D 7 F L
BEIZEIT D SMAAHOBE G A 507 o TE 223, Ras OBEM:, MAES), E(MISEICRBT 5 SMLH
FROEENZONWTIEA L NIT > TV o iz,

T, AELRXOBFEEIT. SMORBZNET D8k~ RGME MWD 2 L T, Ras OBUEM, i
), EEISEICBOTSMRE RO IEF 2@ E PN LB CTHLZ L2 LMN L, Bl A7 4TI
F—EHEFEATHD 7 2V LI LD | Ras—GTP i KA A OAERDE S v, MIaES)CE/ERN
PRSI D Z & &R LTz, Ras O ARWRBEXNMGEISND Z & T, FIIWEEEOKWEETOEMMIGE
DIAFENDHZEHHEALTCEY, BRNZABELOEHENERDP LT L TWDS, Fio, @B EEMEE
ZHWCIEMER Ras O ECOEM DA EF /) A—F—A 7 — L THETHZ LI2X D, 200 nm OF/N%E
ICB VT 10~20 53 F D Ras 7/ 7 T AZBREROEHEEHBL TERSIND LW IHLVEHELHERLL
72 Ras OF /7 T RAXZFHIL, BERIIBITL2RTT 47 74— KN\ 7 OHBAETRBT LD THY B
IRV Lo TV D,

AL OERIC LT, MREEEDO AT 4TI Y U OEFRMNHD Ras OBERERBLIZLE & 7 2 Ml
BRERBE A 42k L. 2RI 72 M E B & b MRE N EBEND Z E R NI ofz, Tk, MARBRARE IC
FO2HEROH LWHIHA D =X LE2RLTWND, ZNHOMRIE, BERICE > ThHIf S 2 thoLmFEo
i e o B R AL MRS B O HI R D PR IS R & S EBR L. MIRRAEMFHRICHFET D EWFI N D,
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