MR ECOY 7 FIED 1 75 nl AL

oK — 12,

fig 52 B Bl 12

URUH R AL R R ERTZERT )/ /3 A 7 02 AR SRR
R BRI ICORP B 7y o 7

FL&®IC

AEFTwiHilaoMaES T, oo/ 1§
DG TFOXEFEBEL 2D, TOFTHT x—
AAINIV—H —HTHifE L CTHileN TH B
KM LD T BTN, TEHEDICE-T
E/cV. SHIKKRAETIE, S5 FOMESRER Y
15F T LITBED T TS, ZO5FOIE
ALz L EETEL L DT> TEY. M
fao@E a0, COXS57k 15T
EEFIHL, 612, A coBZIcHEL /2
15 FHEOREE L - DI D E WD HF3E
W, SEIICHBEESEATHS.

15 Ta TS L DBMIRNPTES LDIC
b &, Bz, I IVERES TR %
FOESICEERED, FOLDICL Ty 7L
TR AN Z T D, WS ko5l E
0B, EAEADP>TELDTHAS. CDOED
TR £ E - 72X D Th A2, BEICH
HWER, L2, 159FTREZVWEDb2LR
WE DR AK 2 BN OoOB 5. AT
i3, COEDEERO—MBeTRNTH. ZOD
IO B L WF A TOPFRICHEKAE & > T
PR ESPF EEBT LS TWA.

MRS T D 1 5 FEHE

FLOICHMER S FO 15 F8EEYE &
OHTEL. FheAEE, —KTEWE (single
particle tracking ; SPT)34 & —W ¥4 F L5
* A A— 7 (single fluorescent molecule
video imaging ; SFVI)®6 Tk 5. MREDIF
7, BT YRy — AP EORE R 2 %
7B O—5rF#EB) LB T E % (Fig. 1). SPT
Tlix, PHOPA Fab WA 7 K a5 E& S &7
B 40nm (20nm L2 %) O&K T4 7
O—7 ¢ L THWS. KT %Eal e s
AHWTELZ, HBOaV S A a7 N0
=TV RZIVERL T, KT OEE) % B BB
9 %. SFVIiZ, ARGaFERRBIILET Iy
BOERMK (mGFP) &%/ m—7+ 1L TH
W5, MIfEOIMUl O OBEERICIE, FRERY
A SHEIPifkFab U AV F, MillaEo N
{7 5 OIS, mGFP % H\ % O 2 i
Thh. BEREFZEOHD, WAL EL, B
BLICSL, RERDOLOPEND &S FIH
D& 5. ARENO BT E OB R BT
B0, V=Y —% A2 HRHR
KBHAEFH T HDO8 L WD, FETiE, H
KD A= — 62 REHCBEMEE LR S

COMBE, 532 B A AMKILBEFE SRR [TV 15— A A=V V7 Q)] TOFHEEFRLICE &

DIHDTH 5.

F——

single molecule observation, live cells, lipid rafts, nanometer, signal transduction
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Optical tweezers

gold particle
Fab fragment of anti-

o8dac &uorescem DOPE
HK P\

.'.
Membrane Skeleton

Fig. 1. Single molecule techniques to track the
movement of membrane molecules in the cell
membrane : single molecule tracking (=SPT)
and single fluorescent molecule video imaging
(=SFVI). As probes for SPT, 40 nm-gold
particles coated with the Fab fragments of anti-
body IgG, or the ligands are employed. Conju-
gation of gold particle to a phospholipid
(DOPE) was carried out first by introducing
fluorescein-labelled DOPE into the cell mem-
brane, and then gold particles coated with the
Fab fragments of anti-fluorescein antibodies
were added (note that fluorescein is simply
used as a tag and not a fluorescent probe). For
SFVI, phospholipids covalently conjugated
with fluorophores such as Cy3, proteins
fluorophore-labeled Fab attached to proteins, or
green fluorescein protein (GFP) fused to pro-
teins are often employed.

n, BEMEORESKRE<MELILZ LD
D, Mt ToO SEVI BAEFIC R - 7.

SPT TOBEOENI AT —2DOR T %
BtolEichic- TEEBENAARLEC &
(SFVI TiZ, H\WEW20 < BV, 22k
2 2m L@V & (54—, SFVI
T3 20~30nm ), WS FRER 25 < A
70O/ 7V —ACETEF CBEWERC &
(72720, Z2RK5EI3 170m IC% B 5. SFVI

IRUMEEZCEIONAS. L2L, BEA

TIKBESMLPWETER) RETH
L. Ele, SGRTE#ERCD Y, EBESTE
V—Y—%H\wT vty b)), 5%
TELTELY. LaLlaRhs, SPTTI
STEB AT Ao A FS LR
ST LZOMBEL . D, SRTICKES
L7cR VN7 BDIFEEAERENET HDT, n"%
HiEEE S OT =T REL T EREEL <,

7o, BEN TRRHTHT0— 7ﬁT%tkL
Th, VEEES Yy 02 vy ORER Rk
LLERBS. BlziE, ThOOREY R4
BH7-0I1C, &an4 FS Ve filgicinz s &

FICHNC Fab 5 F & KR Z T, 71 AY
VI HIn AR BI kIR E L b B,

SFVI Ci%, 78R v 7 OLEAE <, M
falE e D 2 v 78 7 B R 5 I HERIC— 0 Tl
BTx5hH. T, AT, 15FILoH=x
RIFHEEALIZ T T, 1912 O E
ThLBETELEDICh-/1Y. Licd-
T, FROBMICIEL. CHEZESLELR D
%. Flo, BRHESBRETOBEEES/ /A
A% H 572012 SPT TL A TER\WIA,
ZOBET -7 Thh&an A FR 15T T
HIETAGFICHEAEL TWA I EERTID
IZ SFVI TOINERFREL L L, WL ThhH
LEREPDDLNENDSH. Lich- T, SPT,
SFVI OftiZ % 5> £ A EDLR THBRT LD
NEV. FAOFFETE, VD2 IEHT
SFVI %# W E Rz G, HEICEL TSPT
RO ANS LSICLTWA

Y, MIELETO 1 5FEHEHN?

T, MRBREAEAL 2, REAT VL
(VA AIE) Lo VIFED dioleoyl-
sn-glycero-3-phosphoethanolamine ( DOPE) @
B B\ o2 & 2w (Fig. 2). o0

200545 F 23 HZHE

AIRIEE RS T 606-8507 Hi# ZE nt X B RE ] S M 53

8 Ny
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M ECoY 7 FIRED 1 55F ] AT

A 33-ms time resolution 25-us time resolution
(16.7 s observation) (62 ms observation)

1 um

C Anchored membrane protein

Compartment Residency [ ]
Cell size (nm) time (ms) pICket model
NRK 230 Transferrin receptor
Phosphollpld\ N
T24 [ Ti10
Hela [Tes

HEK203 [Te8
PtK2 43
FRSK I 41
HEPA-OVA [I36

Membrane protein anchored to
membrane skeleton

Membrane skeleton

CHO-B1 o 32

Fig. 2. Even phospholipids undergo hop diffusion in the cell membrane. A : Typical trajectories of DOPE record-
ed at temporal resolutions of 33 ms/frame (left), and 25 us/frame (right). The observation period for each trajec-
tory was 16.7 s and 62 ms, respectively. In the left trajectory, color changes simply indicate the passage of time
(every 3.3 s), whereas, in the right trajectory, color reflects the subtrajectory within each compartment (the
residency time is also indicated) . B : The compartment size and the residency time of DOPE undergoing hop diffu-
sion, indicating that practically all DOPE molecules undergo hop diffusion in all of the confined cells we examined
thus far. C : Anchored membrane protein picket model. This model could explain why even phospholipids located
in the outer leaflet of the cell membrane undergo hop diffusion. The ‘‘picket’’ mechanism may act on both mem-
brane lipids and proteins. Transmembraneous proteins anchored to and aligned along the membrane skeleton
(picket) retard the diffusion of membrane proteins and lipids in the membrane area along the membrane skeleton,
effectively partitioning the plasma membrane for translational diffusion.

F OB EDoI1TiE, Fig LITRT k51, KFICPBOE A Fab BT #f5 & S €72 D
DOPE o fitE B 2 8O F (B 213 Cy3) Z MW T DOPE Gk L 720 L TR %.
TEFHFLCDDOEHAWAD, BEE 40nm O LR L7z XS IR FAMbOsF S HAERL
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720, DOPE %z F HWEd 55 Fa /72 AY
V7T A LD IRhRIT, BMHERIC AR L
A2 LIk > THRFL T L. DOPE
DHBEITIE, BIOREHZ2 100 2 UF LN
D& EITE, SR FERNIRIED W T &
HOLNT.

CDEDEBDEFSE TICHIEEGEEEL
(FRAP =fluorescence redistribution after pho-
tobleaching) TR E/-FERT, Thzr 1y
FTCTRAZTFOZ L, LEbNSHEL ST
ETHHD. KB, UTFTHEE THZEL RE
3, BEZHEM TS EBBA R TWE XD
ICBbHbn5 (Fig. 2A, FoWpr). LaL,
FHRls L, A TR & & - CTHAR AR AT
Eh DB 2D DORERE xR ORER N
RS 5 ECAHTH- 70T, Bl TR
LT e i, RS ARAE 25 < A
yofy (RUBTRESA7aH 1, ©F
AR J 0 1350 53\ ) % EH L, DOPE O
HEZ S HICARBIICH NP, Zo kS
TR EBRIC K o T B 7o B 1 7 SE B A %
Fig. 2A O F#IZRT. THEOLSIC, B~
U VIREGER) TIXEB L B0\ X D ik
, W/ NToODOPE 3 2R L7z, ¢
hb, [T+ X CORREDINBCES)IC
SLTavN—=FrAVMEIN] TEO, TE
BT, BRI a v S—F AV RSB
Zobh/EE R L, RPPICIETV/S—F 4
Vv FREEROR O 720 SE L Ok & i 4
FEEL ] ZERDPL-TDOTHAH. L,
fath & BFE L BRI OTFELY T L DIC
BRI L EIC k- TR L Th s (Hig, Z
NP1 TEARDICELLAOBETH
%). £TT, TOLDNE ARy TIkE L
BTz, COXDHERERIT 15 FEDIT
IR CH- - bNh%.

AfTE, 9, OMEEO I /=1 2y
MME &Ry TIRBIC O W TGRR, KkiZ, (2)1 4
FEEOFERIC OV THBICHRNML, Ok
12, SOk av 8=k AV MEI K

22

T, 7P EFEINBEIZBF AL URED X
NSV T FIVERE AL/ &L THERET A XD
Cebh, & 15 TiETHEAZEDRERY
WETH. ORI, 15 TEDATE, &
WDl blholc B b LD ThH -
7z.

MREOBSDINT T4 LT b

MRl T O T OZEF A, ALEHRTOZ
NETODHETELESTED, 529 DIKHEL
O TR TER W LI RMDOFEHE
LD o0 %B o7, TD2 EHEE, (DFRE
ETOSFOB &, IRERBUZ L TATLEES
D 1/5~1/50 BEE &, Mo T snT
WBRB, ZC 304k, ZOHEAEL b2
BWEETH LD, (MRl b TS 25
S65T 5 &, WAATNEHRE D BIICE D 3
5913, Inid, Ml E 2 RICoOwk & RE
T5 &, RO & &< Gbky (R
PGB & ERIT BT 5) 019, MfaiE
DA IN— bk AV M EBES F OIR v TRk
i, COMBEKOEARE L — KBRS 54
DTH- 7.

Fig. 2 O TFTROD & 5 s b= &8, E&EW
IHEFT L 7ciE R, #l21E, normal rat kidney
(NRK) offiffaici, av/S—F AV FDOK
X X(3F¥H 230 nm TH A Z &, DOPE 5+FiF
230nm a2V /8—F AV FICEE 11 I B
LT, BELA-av/S—F AV FRRAIC
OB > T EWSHEEI A L TWAB &b
ol Ok kavSi—F AV,
L F THN /2T X TCOMFLEY OREFE M TR
W2z, o= FAVFOKREIE, T
78 30~230nm (MifgfIc k> THRx %), F
YIMAERFEE 1~25 2 U Cd - 7= (Fig. 2B).

XBIC, V8= F AV AR TOIRRERE
i3, ATFOZNERLETH -7, Thid—
DD EHERLTWA. (D EToR &%
HPHCTO VU VIRBEDOILE BV OIL, O



M ECoY 7 FIRED 1 55F ] AT

ORMENRE W (A AFO—)Lin ¥ D) &
m, FHEL TWAH R VNI E EOREE DR R
YD T, U V/REIT DS WO —
P AV P OHRTIE AT & FEARICHE < JRB L
TWADTHAHM, BiEL /- /S—=F A/
IZB B 5 OISR 2 5 DT, K& 7nHi
OILEFRE (B 21X FRAP CHIE SN 5 XD
TRIRNERED B hE s QT R—

b AV NOIREREUT A TR O IR B REL &
FERILCLTHALND, WADPRWELILT YV
N—=F AV FEDEIBITNSmay/S—F AV
MR EEmv. CTOXD%by THREUE 1
FIFO(L 2L ERHSBIET) RS LIk
TRLODTBHETESLLDTHAS. FRAP &
T, SR TOFHIEE A B T\wici
o, T, UTFAEETO 15 FRE T,
FVWEREPES & 0 CTA Tz (1~25 3
BRI ATy 721 a<x 333 UH0
OXRBETEDLZAHDEELTARE), Ky 7
OWFEIT R 2§, BICEWETNIC R 2 TWeo
THh.

T, 23, MlEEE C o kS IcKli{k L <
WAHEDTHHO0? il kN2 HIE L 7o\
25, 38— A bR alE O PRI IR,
HELTCWBT 7 FURHE (77 FVIEFHK) &
FNITHE G Lok~ IR E@ R 2 v X7 BiC
ko TEBNAT &R, T2 10EKDFE~D
WRTHO N &5 721020 ORI T7
VH—FREZVNIE Yy b BTV E
EEN TV AH9~2D (Fig. 2C). 47xbb, 7
7 F VBRI G L o E A 2 B
TUN—=F AV TFERID 20~30% D &
27 BH &, UVVIREOINEERE D (V¥
Ty P IAVEEL), BERHEOMHL 2R
EFHEVSETFILTHS (FEL <I1X Fig. 2C
DFHHEBR).

Tbb, MakE 2 KTOwKEEZ 5
EFIICE, KERNSIA LY T FP0LER
Z b 7z, Singer-Nicolson O @)€Y
A 7TV, EFIVR2LLEb2S LD

12, 10 nm BBEOK & S ORSIC L Tid il
b CLIELW. LAAL, Fh%, ¥ 10nm
LA EOK & 7o Sl 2 O BREE N2 - /2
DTH5. TOLDEKRENE LNV TDHF
DI HAi0EENC OWTUE, ML, #Eo 7zl
WTOay Fa— ) m{T->TW5. fMlgia7 o
FUEERAHEST 5 LIC k- T, Koay
IR—=+ A+ G T O RAECEE) & I LS
HDTH5.

EERETDOZ7 b

JAE, MRl BT, e RiERISES FVE
FHREF ALV ELT, 57 MK HEH
ENTWA. LaL, 7 FEERED X SIC
Ml Ecoy 7 vasiE lilastoy 7
DFRZEBTRES L2 OO BRI H
AN OBRICER SN D H) BFETT LD
X, RHTHS. TOHEKETIE, 15T#
BIZL > THOTHLNC k- TER, 571
DR S N EEEIEREIC OV TR N X S

fEES 7 FOERITITESFNT, [EFENT
X/eh, ZOLEFITHDTST 7 EE M0
Molcl EWlkh] LVOBHEREL TWA.
CITW, MFEERAOERLLT, [IBEHOM
HYE&#EARE L TR INS 35T Er
LG FHEEHRPPELTEIDY. £,
CHERR S, A TRE & & - CHA R A C
XH 0B N, COFERERE
i3, ThOREE RIS 5. 287 ERIMAEE
Ak TTELBFOEFHEEREGHR LT
EHoTC, 57 MIREIC X AHEER 2 HA L
L OB ESNS /=D, UZIV—FSNb5 Tk
RUIIELCTEZ2/2D, ThiZ k- TUE5nE
DINAHE 2720, FEEERKHRO 7 12

P DBABEICT > TWWB EEZLNAS. T
BT KAV T FIVEEOE A S #H% &
ZHTHHD.

HHfalE 448 T3 glycosylphosphatidylinositol
(GPI) Ik » THRICT Vv h—S N/ BHh R
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vRvB (GPL7 v -8Bz Rry8), ab
ATBa—), A7 ¢ VAREREZED, HET
XSrc 77 I —FF—ELEGFT G H VN
TBIEREHIC K > TT v A—3 N7k~ Tx
BREmELVNZED, 57 F TN A
BEODI/ZO R AL VICEHINTWA EEZ
LNAH XKDk 7- (Fig. 3A). %7z, KE
w2 7B, LAT, CD81, T iz
HRixE, STVVCRETHLDODRHHEEZD
nTws. Efmicid, 57 FMIEE T TR
TS EANCAEOREER S & L TERSINT
ETCBY, UEDLS%HDTDT 7 FNOHGE
i3, SO RSB ETRWEZEN
LOREN. Lal, TOTEHETIE, 4H
FWT =X EEDEVEDREL, T, R
EIEHERIPFL T 55 THEED, TOFTES
T OB 570 & WO KB5S B
5. plziE, EEftsh o WES F&
G 2 v /X7 H HRas 3RREN ST 5T 72
ERHLNTWEHA, (& T TORmEIEM5EALE
Ik - CHpEICAI b N 5.

S7 FOWBEWOLMTT S0, HFxls
AIE%%VT,SVZTD—M#%M%X4
VRO E I DWW T ORIZERHED H T
L. LLahs, EFEICEHOES T b
LAAREEG TR, BEVCORBEEDRO:2D
ICATETRONA LD IZ7aF AL V/E
ZNHOERDHIN, BAPITNImLDL
PHEETERVWEEZONS. FE, Rz A
NeWEFREOMIETIE (361, BELT
FF, BIER E WO AFMOr B A vl —inE
L, ABICAE TV LAREOHIET
1) HFBEHETI /AP AL VIZRATWix
WOT, BHIREETE & HIAEE TV AHllET
D57 FOKREIE, ¥ MHEE (200~300
nm) UFThsrEEZLNS. Thbb, &£
PSR C, A& 0SB OM G C
D, 57 LD A XFHFm, HakklEsToo
T EFNOHADIFELS bIrLT, ST D
RRDORBEDO—D L 7x 5 T\ /226,

24

ZITC, EHELR, 5T MCBEAMEAEY,
F/20E, BRWEBbhbn Tl LT, ThZEh,
CD59 & DOPE # H\», h b4 15 FEHE
THIELILE-T, £, ML OLORBAE A
NAFOMBTOS 7 FOWREHED /.
CD59 i A HEEEANC AR T, 57 FTHM
MRENEEZZOLNTWS GPL 7 v h—H %
VNV Mtk e N H) THAH.
DOPE (I A L 2 "faf U VIRE Th
5. INETOT 7 FOFFHTIE, 57 Midd
e EBHTH L HOVWREET, EEE L
L 50nmizd b LN TERDD, L
BT, CDEI N DL D757 MTHl 2135
B EAS TS ETSE, ZORD CD59
DL T 7 T+ BROEF TOINEES) &~ 5 7
I H T CD59 DILHGEE OFER &GO IT
%. 50nm DOEEDOT 7 ML, EITHBEN/E
FIICHE A LEEAN 2 N HoY v b
FAVEBBICEEBL ONEVWOT, B E
X, —o0Ea I \—F AV MILZHLHN
7oL D InEE 53T THAH. INHHE,D
s, BoHWE, —oDT V=R AV F
ICBAL 26N AR EBAHEE, 57D
KEXIRLFHM, CDSI DS T FAODHAD IR E
IZOWT, DD BT AT EN
WETELDTHA.

MO a2V 8=k AV OFHY A AH
110 nm £2E Th 5 T24 fMiffa s vy, CD59,
DOPE # &k 15~V L C, Wi MEEE 25 us/
frame CEBIZ B L 72, FHLLOHFLFY
TIlI0nmm OKESDIAV/N—F AV FH%
Ry TR T2 FRELD TH - /2.
LHL, #Bw=C ko, CD59a v /8—F A
VPR TREHOWERHZ RIS HWE A
P, ST FICALTEWEEZLNTWS
DOPE ¥ [f] UF# 25 ms O #EFERF L % 7R L 72
DTH% (Fig. 3B)X~3D. Zhidk, 5—>
OB 7LIES T F o FeEZLNTVWAS RS
VAT U VBRI TERH, 62ms kD%
BWLDTHo7. IHIT, T7 FHEEII
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A
— Raft
GPI anchored protein (CD59)
Glycosphingolipid
Cholesterol
/ Saturated
/ hospholipid

Src family kinase
G protein

B cDs9 (Fab-Gold)

DPPE(Fab-Go

Membrane skeleton

Fig. 3. Comparison of diffusion of single CD59 and DOPE molecules A : Schematic representa-
tion of lipid rafts. B : The trajectories of CD59 and DOPE observed at a temporal resolution of 25
us/frame. Both CD59 and DOPE undergo similar hop diffusion (110-nm compartment size and
25 ms residency time on T24 cells). C : CD59 and DOPE molecules both cross the compartment
boundaries made of anchored protein pickets at about the same rate, suggesting that, in the ab-
sence of extracellular stimuli, rafts are very small (a few molecules), and/or its lifetime is very
short (on the order of a millisecond or less).
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BIDDMART EZEZBNTWAIAV AT
O—)L&krEL Td, CD59 & DOPE O/Rd
V8= kA YA AR A EICIE
AL L7z 7z. o5 7 HMERS T, GPI
7= %87 H o PLAP, DAF, 71U o
AT 4V INFE D GM3 7 ¥ & 4 < DT
oLz, $7xbb, Mg EiC 50 nm LA
VDOKESORENRT 7 PERET Sl EM
I, FEAEZLSmoTe.

CD59 D7k v Jik#k & DOPE & AR F
WIZT V=S i a2 V7 BOY v M
E58DTHLHT LIFLTDO L SIZL THERT
Efo. T F VBRSNS AV FICHE
¥ %KM ClE, CD59 & DOPE 074 o
VIS— R AV EY A XTI EREIRRD, &
EAbd 5 FAVUE ClIAER R P E S /2. g
¥& D75 \» membrane bleb & /i3 A EAE I %
TS5 &, 22T, By TiEES, VU
Ry — Ak EFEUESOEAREGER 2 RSN
oo 2O XDEEWER y TIRET T24 M7z
F TR AR FTNTOMETRE S,
DED, HENAL LY T FIVD AL WER IR
EOMBTIEWILRET55 7 F o FIrRD
POIRPp>T2DTHA.

hry FoOMEL 3~8mm F REL BN S
Z &, CD59 {3 DOPE & (IR U SHEE Tk v
T HTEND, EFEREOMIET CD59 A
HELTWsI7 MY, B8ZLL B TFRED
RKEILDE, 22O/BANE, ST FOF
W<, BEOLLIUBRELT Ry 7H
En2 3UBLErL) EZ NS (Fig
3C)29)~30),

RET 7 b DR EHEE

CD59 DU AV FaiRnd % & CD59 i3 4&4E
FT5. Ok EEENCDIICL LY T
WOE—AT v Tl b 55 THS. bbb,
CD59 % #i CD59IgG HifkTr a2y v 7 L7
D, RO IgGHikE ks SR T T

26

CD59 G/ ThH, MlaNy 7+ (Jv
YT LNAINA 7R Sre T 7 IV —FF—Y DI
WAL &) DFRINADTHS.

S5, CDS9 D/ A v 7 ikl 54
BT A MICRE &4 &, 2T, CD59 A
JTOAN Y7 INSLET TR, IV AFO—
WRH V7 UFY FGM3 s TL 5,
bbb, ST MRRF AL VBRSNS &
Bbroi. £ITT, 5 AT TOCD59
DEB BT H72DIC, TD LD 7% CD59
AN VI T LR TR T a—"7 8 L TE
A L7 (Fig. 4A).

CCTHEEBLILWT &L, D57 FDE
BRC, il oz v rezLCLEL
T, EFRRETOMIBOIRS - EFBMEL
TWAEBRMRD THE N ETHAS. TDED
MRS T EBREMN, 61, Thrd kicl
TeEBR LR, ChR, 57 o BFORILOE
ERAO—>2 b5 T\WA. 57 FREE OB
FHENS L EICE, OEEFE VI HO 70
AV VUH— (T I/ RICHEETHLONRITEA
ETC, IBEEREET A LIITEY, TLAK
FALS 7 FRFEEL TW5B) > TOE\W D,
Q> TWD EERFIELWHEWS (4% /85
T AIVATIVFE R, TEHULE, FRU Lo
B +0.2~05% 7 )2 —IVT VT FOFHH
IHIT LV, FEETIILA) MR (Dl &
LB NDEBOWE) B3N TS5, (3)
APFRERE GR%IE 37°C) TEBRLTWAH
REEXTT B L&, 2k F AL VBB IN
LR B0, AWEL S L IFBIRO K
FAALVEEmL TOWAHAEERE L 5),
T EDSIT, SOEET - THA TV LE
BH5H.

RENXT T bDL T IV EiaE

SR TFICk->TCDY 7 Ay v LT
s ns: MeEits 7 F] % [CD59 75 A
=57 ] LRSI EICLED. 1HTHOD
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A

Fab-Gold Fab-Gold  Crosslinking
+ligand IgG-Gold

O Point of temporal
session of diffusion

Signal transduction start

¥

Calcium response

GPI anchored protein
Ligand (C8)

Stabilized raftvk ) o D

(IR
) v,
SN ',-ﬂ.

¥, N,

(PR N\
¢“‘0
o®

e inny
! =

Signaling molecule =

~

Signaling molecule

¢/ Actin cytoskeleton

ignali Signaling 1b
Signaling 2 ‘ Signalingia

Fig. 4. Ligand-induced formation of CD59-cluster-rafts (stabilized raft), which form temporary platform for
transmembrane signal transduction. A : Upon the addition of CD59 ligand (C8), or gold particles that can cross-
link CD59, CD59 forms clusters, and induces stable rafts, which trigger intracellular signaling such as calcium
mobilization. B : Typical trajectories of stabilized CD59-cluster rafts induced by crosslinking gold particles ob-
served for 10 s at a 33 ms resolution. The color of the trajectory was changed every 2 s. CD59-cluster rafts un-
dergo temporary cessation of diffusion, which lasts on average of 0.7 s, every 3 s on average. At video rate, hop
movement is not detectable due to insufficient temporal resolution. C : A model showing how temporary cessation
of diffusion of CD59-cluster rafts may be induced to form a platform for transducing the extracellular CD59 signal
to the intracellular Ca* responses.
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CD59 VS AX—5 7 b AB L, Ky SOV
W, 7B V7 EiOf 1/8 & (200
IUBICIEKRY F$5) ThbH. BEOY
FIU—FTOBETE, oy 73R 2
7, A EOBVCEMIEECES SBE SN
L. LdL, ENRF T AL, SICHEEEN
Z#rRndT ZENbroT. Thabh, BT
3T 1E, #0.7BMHE, EEAEILL T—F
EREL TS, FBTAZE2B0ELTW
7=DOTH% (Fig. 4B).

XHIZ, CDBY 75 Ax—5 7 + OEFHELE
L GFP & 34872 Lyn & Gai 7z & DY 7
W01 5 TEEL RIS - 7. 2Ok
B, —KEZE, choovr7 g Ral
AT B — VRFERIIZ CD59 75 AR —5 7 |
IZUZ)—k &N, 77 FVBEEENDORE T
FETHIEICL->TRILZ EDBbh o
—RFERERICIR 5 C, ¥ F V4T phospholi-
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Recent advancements in single-molecule methods allow us to observe with nanometer-level preci-
sion the movement, recruitment, and activation of single molecules in the plasma membrane in living
cells. Employing various single-molecule observations, we found membrane mechanisms not previ-
ously detectable by conventional bulk observation methods. In this review, we describe two such
examples. First, we will explain the partitioning of the entire plasma membrane into sub-micron com-
partments by the ‘“‘fence’’ effect of the actin-based membrane skeleton as well as rows of transmem-
brane protein ““‘pickets’’ anchored to the membrane skeleton fence. This partitioning entails virtually
all molecules incorporated in the plasma membrane undergoing short-term confined diffusion within a
compartment and long-term diffusion over many compartments, termed hop diffusion. Second, we
will summarize our new data on how rafts may be involved in the signal transduction of glycosyl-
phosphatidylinositol (GPI)-anchored receptors in the plasma membrane.
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