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100 kDa) [3]D & 5 7R & 7o & L 7 ER0E AR EZMIBNICEATH Z &
IZE - T, 7/ AREDER SN TN D,
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JAN~OEY AT, RX7F FOREICL D ERENETHZ ERHLNT
W5, NTF RRENRE (MBS SITELZE LT10 pM L E) &
T ITEBEN R ERSE R EIZHA LD DR LT, <7 F FRENMERW (H
ZELTSuMELT) &&Zid, = R A b=V AR ERK E725[9,10], F
7o, MEWNICEATI2MEO D FEPRELS DL, = YA b= ADF
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JITUFINDHT LD, EHBIZEB T DEEIZAESITH H[16], £1-. EFHED
TR Tk, RIS T VU VZE AL AR-CPPs D KT 7 L F¥ =2
(R12)Z W2 EHT £ - T R12 DA ER D A Z-Z C-X-C chemokine receptor 4
(CXCRHOPZRHRE L LTHEETHZ 2@ L TWA[17], LarL., RS Oiffifg
WNEATIZIZ CXCR4 DR EITRRD b T, MO RO H-H3 7R/ S 7-[17],

2T, ABFETIE. L0 RICHWSBRTWE A7 X T LFX = (R8)D
FPNEL D IAIIZ B0 5 Z AR D[RE 7 B B EZE8EE 2 - O TR 21T - 72,

F—E T RI2ZOZHEEZFE LIS & Rk D I71E TREDZKARD[FIE 21T
o>fc, PRICK LT, BEBICLVEONTZ S X7 BITHIREIZFET 5
LanCL1 CT& 5728, ZDH 37 B HREDAMENEL Y iAA &Rt 3 2 2h R 243
Dl BRSNS LT,

BE TR, ERFRM e X LR DIRAN BB OZFIROIEE & 15 T
HZEEEBELT, UMY U —L LTOT Y RUB U EEA LTSRS
ExE LT, AT D & &b, BEEITAFIET D X X7 B & HODITRRAT L
RS EFHHANEAT DS /37 E & L CSyndecan-4% [RIE L, 2L &3 S Mlam
BATIREZ SOV TR 21T 2 7=,
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AR D & 512, R IFAEBEMEWE DR R 7R NE A % 3L T & D 8EF
¥ U7 ELTESHWSNTEY[18], ZOMIBINBITREEE LTY 72V U1K
Ty R A b=V R[191°~ 7 0 B YA b=V ADRB STV 5H[20],
T, TOBITBEICBWC, a7 47U 20T 57F RoMaE
~OEFREOEEMEIRIE I TV SH[20], £DO—F T, R8 DALY AL
ICFHETHZHERICE L UL, RERESNATHRY, 22T, V7V 0%
N L7 SSME R IC &Y R O FIRDIEE &7k 7= (Figure 1-1),
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Figure 1-1. Identification of the receptor for the endocytic uptake of octaarginine (R8).
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T, VTV AIBUSERIER I & < R TS Uy RS OIEHEREIEKIZ
FV Iz FEND22], ZORMEERIENTZEITL T, EfRiCBIT S
AR-CPPs DZ KRB NFARETH DL EZE X biIvD, T VY ik, UV BEHZ &
DEBWEEA SIS LT, DR EAER L, TEOZ 78 LS
BT %, EEOFTEMZEE T, HUSEEZEA L RI2 ZHWT, RI2
EHEERT DX X7 E L LT Myosin-9 Z[AE Lz, X512, Myosin-9 & fH
HAERT 27 A V2 BIKCXCRAICRI2Z AT HZ LiIcko T w7
YA F—=T AT LD RI2 OMIFENID IAHZNTFEINDS Z E2HfELTWD
[17], L2 L, X0 —IcHW 5415 AR-CPPs TH 5 R8 & CXCR4 & OFHA
EHIZE D RS OV iAHLRL~Y 7 a B ) YA b=V ADOFHEITRD Do
7o 2T, ABFZETIL, SATHIZE THW = RI2 OOV I RS ZFHAMER 7 &
— 7 L L CE A L7 Biotin-Photo-R8 |Z & > T, R§ DZFEEZRET 5 Z & &k
FrTz

HEBERGERE L LTIE, T F REASOBEANES T RI12 ZREFEDOREE S H
V) 5417z trifluoromethyl diazirine phenylalanine [(Tmd)Phe] [23]%fiiH L 7= (Figure
1-2), MHAEERZ 78 LG9 572D D(Tmd)Phe %, 7'V v & A_—
—IZL T, REDON KM EA L7z, 72, C KT ABMEZ 2L T72DICT7 2
RIZL7e, 62, BBELIEZ N EE ANV T R T BV E— X TR
Dl 4& 7% & LT, y-aminobutyric acid (GABA)% 71 L C biotinamidohexanoic
acid % (Tmd)Phe-R8-amide ® N K23 A L7z, Biotin-Photo-R8 |3 551 T3 3L CTH
W72 FEE[1I7IZIE U C Fmoc EAHA GIEIZ L0 ARk LTz,

Biotin-Photo-R8 % W=t EANEM # > /7 B D [RIE FIE% Figure 1-3 12”7,
Biotin-Photo-R8 Z Ml iZH#ANI L T, A > F 2_X— F L7z, UV REHNZ L - T
BBiGEEA T Tz, Mzt L, G2 XV EEARL T AT EYV LV E—X
THELTEML, SDS Yo7 ANy 77 =2V EEH L, Wy r
U8 % SDS-PAGE TR L., FvZiefath, Sy R0 H L,
N T b LTZ, BT~ TF Rl % MALDI-TOF MS (2 & 0 fi#hr L,
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Figure 1-2. Stracture of Biotin-Photo-R8.
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Figure 1-3. (B) The procedure for identification of proteins interacted with Biotin-Photo-R8. Cells are treated with
Biotin-Photo-R8 and irradiated with UV. Cells are lysed, followed by isolation with streptavidin-coated beads.
Crosslinked proteins are subjected to gel-electrophoresis. Protein bands are trypsinized, followed by MALDI-TOF
MS analysis. Protein identification is performed on MASCOT.
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TR TORATHIZEICB VT, RS DEIAERIEE (BZL L LTS5 uM L F)DEA
X, =2 R A b=V AR ERKIC2 D Z L PRI TV 5[24], ABFFET
T, =¥ RY A b= ADOZFRERET H729IZ, Biotin-Photo-R8 D fal %
HREOIREA 2.5 uM IZERE LT, RIBEICBW TS | BRGSO A —H
RIEEINTND Z & ZFE L T[10], MU D B HE & OBRE) ) & 72 2 BN %
i3 B2 H % 1> K'-rich buffer [24]%& MM & L CH /=, K'-rich buffer
¢, HEK293T flifild % 2.5 uM Biotin-Photo-R8 T 37°C., 30 #REIALEE L, & D%
365nm @ UV % 5 53 E L7z, PRE#ZMIEE 0.5 mg/mL ~/XU »EA K -rich
buffer (+) TYEH L, RIPA buffer |2 X U flfaiafpik i L7z, 2&E2 o8
ANV RTEV U E—XTHELTREML, SDS 7L \y 77 —TH
WL CxIE S e%, SDS-PAGE 217> T, V= AZ 7 ry MIXYRKEH
L7z, ZORER, X7 F FIRMERICH AT o HURIc L - T, Fr7e U K
25 40 kDa ONLE IR S 7= (Figure 1-4A) . 2 DNV RAVRT X 37 B A 4R
Pt COREERATZ, Vo RAZ Ty b ERBEO KIS T, HEK293T
iz 7T REMB L CIREEEI T T2, TOMR, V=AX o 7ay N TR
H L7230 RICRHGT AALE I Ra R L7z (Figure 1-4B).,
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Figure 1-4. Western blot (A) and silver-stain SDS-PAGE (B) analysis of HEK293T lysates photo-crosslinked with
Biotin-Photo-R8. Arrows indicate the presence of a band at ~37 kDa, which is specific to Biotin-Photo-R8-treated
cells.



FUAEIZL VR LIS RO L, FU 7zl 7 VR L T,
B O ~TF K% MALDI-TOF MS (2 X 0 JIlE L, BESTOFERE &
NI BRIEDIZDDT —HX—=ATdH%H MASCOT THRETDHZ LiZ&->TlH
B w7, & OhEHE. Lanthionine synthetase component C-like protein 1 (LanCL1)
(45 kDa) % [Al & L 72[25], LanCL1 {3BEEF I /IEST 5 % > /X7 'EToh %, LanCL1
I% Src-homology 3 RAA &2 H L, ERIEIERFSZ R IRO—H & L THRE L
TV % Epidermal growth factor receptor kinase substrate 8 (EPS8)  FHAEA L. &
BIRETRT D AN R I NS, ZOEAERERZ#E LT, LREEHEK 1
7% EDHIER A DZHE Y 7T MeiEIZ B 53 5 TRt i ST 5 [25],



A JAE L Z N2 B LanCL1I D RS DN T~D 25

[AE L7z LanCL1 N ZEEEIZ R X7 T ROMIIENEL Y IAIZEEH- L TV 2 D)
[ZOW TR S 72D1T, LanCL1 % flii| FE B < w72 Mifu T OMIFLNEL Y JA I DFE
Miz4T>7=, £7. HeLa MBI~ ¥ — & L THIE{ER L 7= LanCL1 pCI
ZE A LT, LanCL1 Zi@fi B 72, 72, pCl ZE A L7 Hela flfia % =
v hue—/iifd s L7z, LanCLl OREII TV = A X 7 uy MZL-> THER LTz
(Figure 1-5A), £ L C, NI A7 =7 varyLiMilEdse, WMmiEEH («
-MEM(-), 200 pL) CHAEIREE 1 uM IZFHHE L 72 R8-Alexad88 & A »F 2~— K L,
R8-Alexa488 DM ~DE VY AL EE 7o —H A F A N —TiHli L7z, =D
FER, LanCL1 % 3R B L7- i3\ T, R8-Alexad88 DOFMALNEL Y iAFH D
#9125 %D EH D HEZR S 7= (Figure 1-5B), Z OFERH S A [alfEE L7z LanCL1
1% R8 X7 F ROAIBNEL Y IAZIZB G- LT\ 2 AIREMEN R STz,

(A) (B) .
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pCl + -

LanCL1_pCI - +

= |laq LanCL1
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- [(-actin

pCl LanCL1_pCI

Figure 1-5. Cellular uptake of R8 increases in LanCL1-overexpressing cells. (A) Western blot analysis of cells
transfected with pCl or LanCL1_pCl. (B) Overexpression of LanCL1 led to promotion of cellular uptake of
R8-Alexa488. Hel a cells were transfected with pCl or LanCL1_pCl, and then treated with 1 yM R8-Alexa488 for
30 min at 37°C. R8 uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were
normalized to pCl-transfected cells. Means + standard devision (SD) of three independent experiments are
shown.
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A& &7z, LanCL1 ZHHI BB S5 Z L2k - T, #BER L7= RS Ofif
WEITENEM L7 Z &5, LanCLI (X R8 OFENBITICE D D = & AVRIE
N7z, LanCL1 & EPS8 OEAIRITHITEIN F DO KAK S 7 F /R G+
HZENES, w70t YA b= AOFEBEICHEE L TWHAREENE Z b
7=

E7-. DEIOHIZEICBWTS, RIZ IV TPV v E2EATHZ LIk T,
Myosin-9 NFRIE SN2 Eb, HRIGEE LT T UV & AT 488Gk
A ST AKX = OMAEERY RV ERRIETH ETHEHATOHDLI EEZD
b, LU, Myosin-9 & LanCL1 & fEICRIET A2 /"0 ETH
LG, NEEEW & LTI Z N B e S R BBET 5 -0 DO FED
LENLELEZ LD,
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BB 2RO T L RAEIEIC L W R DA Z v 7 BORIEICRL L=
23, R8 OHIFIANBATICHEEMIZE DL AR mOSHERIIG ool £
DOJFRKE LT, (DB RZ > X7 BEOIRINRA NV R T EY U BE—X
~DOfEE LR, BEOQES L X7 BLSND & R TEDOIRADE 2 B,
ZIT, BoEmTIR, RO A EMRRT DR FEORE L. 2z v
7= R8 OAIIANBATICEADL I ZHEROFRELZ HINE L TFEEIT-o72, S HIT,
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i A7 5T H= ORI S 257 FRIED [0 D SIS
47K TNF= O

E AT LR & NG ST EORSFHANEHZ VX EiX, ANV T
Y= A WU RR R < BEERfE CE 213 TH D, Lo
L. HWZ A7 BEOE =X 6 O OBRITIE, BARERZETESTF -
ka7k7ty/mE¢%%%%L@fMi@6# MAEEH LI vy

BTk L CRBERINZATET 2NTEMEDO B F oAb L7 B0, B — RIZIEFF
E% (R LT & R B ORADIRE S 37 B OREEZ REEIZ LT D
[26], B —EIZRNTH, IWHEO TS NAREAEIZBWT, o —7RIOA )
MHOLTENNy 7 7Ty KBRS, B =X EEHZ X7 H DR D
FhiA 2 BRI U CE AU, NS VRIBE Ny 7 T T 0 KRR LRI E
DR HBERTRE L B 2 BV D[27],

Z 2 TAETIE, R8 LMAMNTDESZ R B2 RET D720, A ML
TETEV = ANORIES N BRI TE 2 B TF UEfD
i R8 (PhotoR8CL) D% it 21T > 7= (Figure 2-1A), YonHE & L Cid, UV B&
FICk 0 T e =T LG 2 RV EOMICHARGER T 50T VU a4l
L. R8 ® N KiilZ 4-[3-(trifluoromethyl)-3H-diazirin-3-yl]benzoic acid [(Tmd)BA]
%Hﬂb\fl’%)\ L7z, BB&s o7 B @RWCEH T 272008k ) v — &
LCIE, Bl ThrHE T AT FU U A (NagS:0l) TUIRAlgE/R T >
NRUEUY /7‘%—[28] . REDCEKIGZEAN LTz, T/ R_XBLY o —IT
OWTIE, VH Y REGX VT EDOT 7 4 =7 4 —FERIC BT 2 7 M3k
RISNTWD, JCAAEED O BEEICH Sz flldmE STy, 56
I, C RV ofiglc, A ML RTEY UV E—=XIZL Y FERT 57200
EAF 8 7 H AN LT, PhotoR8CL % HWIZAHAAEM & /37 B D[R E FIA
I% Figure 2-1B (27”9 K 9 IZFHE L 7=,

PhotoR8CL @ & f% 1L LL T & X 9 2 41T - 7= (Scheme 2-1) ,
4-[5-(N-fluorenylmethyloxycarbonyl-2-amino-ethyl)-2-hydroxy-phenylazo]-benzoic
acid (Fmoc-Azo) % LLRITHE SN/ FIEIC X D &R LT2[28], £ za W T,
Fmoc-[Arg(Pbf)]s-Azo-Lys(Mtt)-resin & Fmoc[EfH & ik iEIC L D Ak L7z, NERGHD
Fmoc % piperidine!Z & ¥ Biif%i# L. (Tmd)BA % #i & SGIC K D NRIHZE A L,
(Tmd)BA-[Arg](Pbf)]s-Azo-Lys(Mtt)-resin & & % L 7= . U ¥ > 5% F O Mtt
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(4-methyltrityl) 2 2 HFIP/DCM (1:4) DR A 7 7 /L TREHRAT M RGE L 72[29],
R\, biotinamidohexanoic acid N-hydroxysuccinimide ether & )i &5 Z & T,
U Mg DeT X/ HAbiotin TERfi L 7=, TFA/EDT (95:5)% W TXT7'F KD
AR E LB D OB L 21T > 7%, RP-HPLCTHE L THH®
PhotoR8CL % 157=,

(A)
0 Oz [ SH
- N NH
N, NN Q<
N N dH H g/\/\ HHN-Y
= NoAN OH
o' /8
NH
HZN’gNH
| J1 J\ J J 1 J
(Tmd)BA R8  diazobenzene linker spacer biotin
(B)
Cleavable

Tmd linker . Endogenuos .
biotinylated protein
PhotoR8CL biotin
R8
crosslinking
UV light / Extraction ‘ .
_— — ‘

Membrane protein l Streptavidin

bead

= SDS-PAGE Cleavage

e
in-gel
digestion

LC-MS/MS analysis

Figure 2-1. Combination system of photocrosslinker and cleavable linker for identification of R8 receptors. (A)
Structure of PhotoR8CL, the photoaffinity probe for the identification of R8-interacting proteins. (B) The procedures
for identification of proteins interacted with PhotoR8CL. Cells are treated with PhotoR8CL and irradiated with UV.
Cells are lysed, and then isolated using streptavidin-coated beads. Crosslinked proteins are detected by reductant
from beads prior to gel-electrophoresis. Protein bands are trypsinized and the crosslinked proteins are identified by
LC-MS/MS analysis.
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Pbf Pbf Pbf Pbf Pbf Pbf Pbf Pbf NH,
RN
Arg-Arg—Arg—Arg—Arg—Arg—Arg—Arg—Azo—Lys—o

l biotinamidohexanoic acid N-hydroxysuccinimide ether

)J\/\/\/N s N
Pbf Pbf Pbf Pbf Pbf Pbf Pbf Pbf ~ HN T
RN 0 "N
Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Azo-Lys-o

t TFA/EDT (95:5) s

HN )I\/\/\/H\n/\/\

H
N

N\‘ N =
FsC | o) H N ’&O
Arg-Arg-Arg-Arg-Arg-Arg-Arg-Arg-Azo-Lys-NH,

Scheme 2-1. Synthesis scheme for PhotoR8CL.
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T —7NT WA A IIERUGTE & NagS,0442 & 5 YIF al GedE & fF - FE o
NIeH THEET 200 E 5 M LT, KISEHPLCEMSIZE D E=4—F 5%
L THEEE Lz, £, RS DOPhotoRSCLAZHPLCIZ L W T L= & 2 A,
23— kgt S e (Figure 2-2A, left), B oo B — 27 ICxbnT 5
7V ZMALDI-TOF MST/#r L 72, B #2213.36 £ 2185.73 2% 3 %250
v — 7 R S 37z (Figure 2-2A, right), 2213.360D & — 7 iPhotoRSCL@fﬁw’”ﬁ
KTH Y, 2185.731Zxt5T 5 B — 2 £, MALDI-TOF MS® L — — a4tz
DTV NGRS TERNPBE LD LB 2 5 7[13], k
PhotoR8CLIZ365 nm D RAMR %2 543 BRET L CHPLC Cofr L7z & 2 A, 21/\171
27 m— R —27%KHL7%E (Figure 2-2B), ZOE—27 0% > 7%
MALDI-TOF MSTHITET 5 &, 2203. LIk T B =7 ™G bhiz, 2O —

703, RIOWMEICHD L O, UVIEBRIZE O TV UK ERISE LTS D
IZxE T 5 EF 2 b2 [22], WIZ, UVERERZIZ, i TFA BT R U A
NaS, O LV Ty XU v h— 75>J@JL,Fré;h wEmY 7= 07T
A SRS DN E D I E R L2, PhotoR8CLZ S/ HIUVARST L. K
VT25 mMODNa S0, TIS/ M L=, ZDH > 7V EHPLC TN Lz 2
AL FTICN23IC e — 27 03, 16afhiLic 7 e — Ry —r Bt sz, 21
5DE—27IZ DWW TMALDI-TOF MSTHIE L7 & 2 A, 604.14, 16022529
E— I NENEIVRME S, WIFRE D IZETHIC K o> T S ni2>07 =
U UMBAERSINT- Z LR S 7= (Figure 2-2C), PL EDOFER S UVIREH%
IZBWTH, VTR U —1ENaS,04Z K0l &b Z EARE N
7=
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Figure 2-2. Reduction cleavage of PhotoR8CL. (A) HPLC chromatogram and MALDI-TOF MS spectrum of
PhotoR8CL. (B) HPLC chromatogram and MALDI-TOF MS spectrum of PhotoR8CL irradiated with 365 nm light for
10 min. PhotoR8CL reacted with H,O. (C) HPLC chromatogram and MALDI-TOF MS spectrum of PhotoR8CL
incubated with 25 mM Na,S,0, for 15 min after UV irradiation.
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R OPAEEIRIC L DR8 EHANEH T D N B D [AE

R8Oy KA b= R LD IARICE G T A /ilaRm Y v V8 (%
KR)VERET D121, =2 KA b= R L 2B AL % Il KRS
fERT, B—FH & FRICEZEEERIZ L 5HRE~OBITEZH <7D
K -rich buffer [24]Z 4Nk & L CTHW T2 %2 4T - 7=, HeLaflllfiid 2 K -rich buffer
H1"C1 uM PhotoR8CLT4°C, S543fIALBE L, = D12 1043fH. 365 nmDOUV % FRET L
720 FMAEZPBS TR LIS L=, R\, MAEERZ X 78E LT v
NI BEROICFEET 57201, B Lo TEY VX7 Blisy #1157,
HEJZ NI EZ AR AT EY B — X TR L THlEfE L. NaxS,042 L 0
E— XN bEHEE, 2%, WIS # 37 E % SDS-PAGE TR L .
RYAIZ K > TR L72 (Figure 2-3A, B), T D#E %, PhotoR8CLZ i L 7=
> 7V TCiE, PhotoRSCLE UL TR 7L b bkl L CTARD R LAY 723
v R &7z (arrows in Figure 2A), F 72, Na,S;O LB L s E2IT - 7=
BOANLVT N TEY U E—=X%ZSDSY TN Ny T —HTE L RFET D
BRI B EERSETIE LY 7% SDS-PAGEZTT o712 & 2 5,
PhotoR8CLD NI DA HEIZ 23730 6, B — Xk L CIRRr RTINS LT #
RIS, WIEM O AT b o7 Bbhbd Ny Rk ST
(Figure 2-3B),

WIZ, NagS,O LB iZ K-> TR LNy Raedh L, ZVNTEE L2tk
LC-MS/MSIZ X W #HT3 2 Z L2 k- T, 1THEEOES X7 ERFRE ST
(Table. 2-1), [RIE S NT= & T EIZIE, WL D007 a7 A7) hongEn
TWe, ZNHDE X7 EORSE OB I T V=D
T =D EEOEWERME ~10nM)IC kDb D L EZ SNTZ[30],

DL BFERIF, VTR B Y I —DNayS,04402 L D YW Lo T
ARV N7 EV B RICIERFRANTNAE SN F X B DR % KIEIZ
IR L 722 T 2R4& 2 o N7 BB e S Ve v RetE 2 oRIe T 5,
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Figure 2-3. Combination of (i) use of membrane fraction and (ii) Na.S,0,-cleavable azobenzene linker may reduce
contamination of non-specific proteins bound to streptavidin beads. (A) SDS-PAGE of proteins liberated from
streptavidin-coated beads and cleaved by the Na,S,0,-treatment. HeLa cells were treated with 1 yM PhotoR8CL at
4°C for 5 min and were irradiated with 365 nm UV light for 10 min. The cells were lysed and membrane fractions
were collected. The crosslinked proteins were liberated from streptavidin beads by the cleavage with Na,S,0,. The
proteins were analyzed with SDS-PAGE and visualized by silver staining. (B) SDS-PAGE of proteins remaining on
the streptavidin beads after Na,S,0, cleavage.
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Table 2-1. Identified proteins by photocrosslinking experiments

Band No. Protein

1 Glypican-1 (GPC1)
Syndecan-2 (SDC2)
Syndecan-4 (SDC4)
Chondroitin sulfate proteoglycan 4 (CSPG4)
Transforming growth factor beta receptor type 3 (TGFR3)

Collagen alpha-1(V) chain (COL5A1)

2 Glypican-5 (GPC5)
Myoferlin (MYOF)

Laminin subunit gamma-1 (LAMC1)

3 Zinc transporter ZIP10 (ZIP10)

4 Transferrin receptor protein 1 (CD71)

Semaphorin-3C) (SEMA3C)

5 4F2 cell-surface antigen heavy chain (CD98)
6 Choline transporter-like protein 2 (CTL2)
7 Interferon-induced transmembrane protein 1 (IFITM1)

Interferon-induced transmembrane protein 3 (IFITM3)

Vesicle-associated membrane protein 1 (VAMP1)
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FAT RSOMIIAEETTIC 517 B Syndecan-4 (SDC4) D 755

[FE L& X7 BOHIZ, REOMBANBATICE G324 L R0 B D)
EDMIZOWTHRETT DO, [[IE LT & X7 B &%t 3 HsiRNAIZ L YD /
v 7 X7 L (Figure 2-4A), % OHIIZ 1T HR8-Alexad88 DHIIINBAT B % 7
H—H A N A—=ZICXOHRE LT, ZOREE. SDC4%E /) v 7 X LI=Hidiz
BT, R8-Alexad88 DYV IALDIKIZO%IK T9 5 Z L 23 BT 7e o 72 (Figure
2-4B), %= Z T, SDC4%FEH) & 3 5 BIDOELH|DsiRNA (siSDC4-2) T/ v 7 X v
L7 (Figure 2-5A)& Z A, RIDMIFAN SO IABLDBRERITIK T LI Z 006
(Figure 2-5B). R8DFMNINEATIZ I 1T % SDCAD T 5D AT REME A R S 17z,

SDC4 / 7 B 2 X HR8-Alexad488 D HY V) AL DR T 1L AL i BRIk SR8 5%
IZ &k > TH AR S 7=, Figure 2-4DsiRNAZ HWN/=SDC4 / v 7 X 7 U Alifid % 1
UM R8-Alexa488 & A » F =_— h L, HESBEMEEIC L VBER LI A,
SDC4/ v 7 X o LIzl Tix, 22> b — L OMIIZE T Ry MEDHE
VT FNDRL DB BT (Figure 2-6), KUK 7 F /T EICT Y Y — AN
PREF S AUTZR8-Alexad88D L VL ThbH B Z HIL.SDCAD /) > 7 X0 T &
STy YA b= R K DR8-Alexa488 DA EL D IAZME T L7-Z &
REEIND, ZhODOREREHRE LT, SDCHIR8D = R¥ A h—T (T LD
FRNEL Y IAZICEE G- 5 Z L DRI S LT,
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Figure 2-4. Possible involvement of SDC4 onto the cellular uptake of R8. (A) Quantitative real-time PCR
measurement of mRNA of proteins in siRNA-transfected cells. The mRNA levels of proteins identified by
photocrosslinking (Table 2-1) were analyzed. All data were normalized for the expression of -actin. Means + SD of
three independent experiments are shown. (B) Effect of downregulation of proteins in (A) on cellular uptake of
R8-Alexa 488. Hela cells were transfected with siRNAs for specific proteins or non-targeting sequence (siNTC), and
then treated with 1 M R8-Alexa488 at 37°C for 30 min. Uptake of R8-Alexa488 was analyzed by flow cytometry. The
amounts of cellular uptake of R8-Alexa488 were normalized to the siNTC-transfected cells. Means + SD of three
independent experiments are shown.
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Figure 2-5. Decrease in cellular uptake of R8 by the SDC4 knockdown. (A) SDC4 expression levels on cell surfaces.
Hela cells transfected with siSDC4-1, siSDC4-2 or siNTC were treated with anti-SDC4 antibody and then labeled
with anti-mouse IgG conjugated with Alexa488. Cells were analyzed by flow cytometry and the values were
normalized to those of the siNTC-transfected cells. Means + SD of three independent experiments are shown. (B)
Involvement of SDC4 in cellular uptake of R8-Alexa488 is confirmed by using distinct siSDC4. HelLa cells transfected
with siSDC4-1, siSDC4-2 or siNTC were treated with 1 uM R8-Alexa488 and incubated at 37°C for 30 min. Cellular
uptake of R8-Alexa488 was analyzed by flow cytometry. The amounts of uptake of R8-Alexa488 were normalized to
the siNTC-transfected cells. Means + SD of three independent experiments are shown. siSDC4-1 is identical with
that employed for Figure 2-4.

DIC Alexa488

siNTC

siSDC4

Figure 2-6. Decrease in endocytic uptake of R8-Alexa488 by SDC4-knockdown cells. HelLa cells were transfected
with siNTC or siSDC4, and then treated with 1 yM R8-Alexa488 for 30 min at 37°C. Cells were imaged by confocal
microscopy. Scale bar: 20 ym.
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MRz EE S D Z LI Lo T aEEER L 7ZAR-CPPsid— > Y — A bR
THIRE A~ T 5720, ELWRIENBIE TE R DI ENRHEESNT
WA[31], & Z T, RMLBEIZ &L - TSDCANNTEAL T 5 22 B L Tantibody feeding
assay & 17> C. A0 CREM L7~ (Figure 2-7A) [32], Z D JFiE. ffust K £
A EPIRETHHUAZ DT EOZREZIESRTHZ T, VTSR
I KD ZREEOME R SN ~OBITE2HMET 5 DO TH 5, MlREmH
DSDC4% FISDCAHIIR THEFE L. & 52 Alexad488 7 ~L S 722k FUIR THER L
72o % OHfE % tetramethylrhodamine (TAMRA)EG# = 417-R8 (R§-TAMRA) CHLEE
L. 300 I AR BB TR D BlE 21T o 7o, £ DFER., SDC4ER8H K
MR 7 E L THBNTIRREEL TWD Z & 3EIEE S 17z (Figure 2-7B),
L7223 T, 305 DRSULERIZ & » T, SDCAIIRS & HITNTELT D Z & 2V RIE &
iz,

~0
g

R8-TAMRA  ~@
anti-SDC4  p—
>

anti-mouse IgG
-Alexa488

l Internalization

SDC4
}

Figure 2-7. (A) Schematic diagram of the antibody feeding assay. Cell-surface SDC4 were labeled with anti-SDC4
antibody together with Alexa488-labeled secondary antibody. Colocalization with TAMRA-labeled R8 was then
analyzed. (B) Punctate signals of R8-TAMRA colocalizing with SDC4. Cells were treated with SDC4 antibody,
followed by treatment of Alexa-labeled secondary antibody and the cells were subjected to 30 min incubation with 1
LM R8-TAMRA at 37°C. Cells were analyzed by confocal microscopy. Scale bar: 20 ym.
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SDC4% 1 U8 &9 25SDCT 7 XV — 2 i Bl S ¥ 7ol 2 5 uMOR8 TAL
HynE w7t/ A F~¢/7\i)§‘é7]§i%§=ém R8N NIZE Y IAE LD &
WA INTVWDH[33,34], BT, ZEoT, 7V a7 Uy (GAG)
KfFM e~ v ) A b=V AN %éhé &b TV 520, 351,
£ Z T, 5uM, 10 pMOFIRFEDORIDAMALNER 0 IAF T F5 1T 5 SDCAD FF 512>
WTHRRT LTz, SDC4/ v 7 20 HIREIZ BT 25 REORSDI Y AL % 71—
A FARY — B RBEMEEIC LV L7z, ZORERE. 5 uMB LU0 uM
TiX, SDC4/ v 7 X7 OREDHIFAINEL V) IA I~ DA 1 70 LB THERE S AU 72 0
-7z (Figure 2-8A-C), L7235 T, M ORSIREN m L 725D 2 & T, WEME
DSDCADFFH5ITIK T L, GAGZIRFFT 5 & 5 Bl DK Z I 2 AN ERL D
A ERENMERY 32 ATREME N B 2 BT, £7-. RSV (1 uM)D &
ETiE, NIEMEDSDCADFMBANBAT~DF G N R E N L BRB I T,
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Figure 2-8. Decrease in contribution of SDC4 to cellular uptake of R8 at more than 5 yM. (A) Downregulation of
SDC4 expression has no significant effect on cellular uptake of R8-Alexa488 at 5 yM and 10 yM. Hela cells
transfected with siNTC or siSDC4 were treated with 5 yM or 10 M R8-Alexa488 and incubated for 30 min at 37°C.
Cells were analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the
siNTC-transfected cells. Means + SD of three independent experiments are shown. Confocal microscopic imaging of
the cell treated with 5 M (B), or 10 uM (C) for 30 min iat 37°C.
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HVUET R8DSDCA ZI1 L /=N ETTAEEE D% 7T

R8IFEH DT KA h—T ARRBEIC L W MIANBATT 5 Z L@ ST
W5, FZT, SEIOEHETRENEDT Y RY A b —32 ZRIZIC L - THIBAAN
IZBATL TV DONZE LT, = R A b= ZAHFEHZHW T BRGE 21T
o VTRV UMRIEM T RY A b=V A, ARG TR YA b—
A, wruat )P A b=V REZNENRET L2HEANE W, 772D Uk
T R A b=V RAEHET LD, 7T R B8/ NEOTE R & FLE
9% A7 @—A [36] & monodansylcadaverine (MDC) [37]% . 714 T {KFMHE=
RY A b= AHER & LT, B34 T 2 8 filipin [38]35 & Utnystatin [39]
ERHWE, 72, ~7n0 v /YA b=V AEET H7-DIZ, Na'/H exchanger
(NHE)FEZE#1  5-(N-ethyl-N-isopropyl) amiloride (EIPA) [40]. PAKIPFHEHIDIPA-3
[41]. PKCFHEAIDG66983 [42]. PI3K[FHEAIDwortomannin [43]% VN =, 24
LDEHETDHZ EE, MENICy et ) A F—AE[HET L LITO%
M 5[41, 44], HeLaffifidz Z 05 OFLEAITULEE L, 1 pMORS-Alexad88 T304y
AFaX—h L EORMViIALEEZ 7 —Y A MA N —THIELL, £
DFER, 7 72 ARfFE Y R A F—V A Fhld~7 e /%A h—v
2z BHE L7z & & IZR8-Alexad88 DI I V IAL DR T3 A Bivlz, —F .,
RAFRFEZ Y R A b — 3 ZABLEH| Ofilipin CALEL L 7255121, HUY AR
BOEALITZA BT, nystatin TULEE U 723551213 HL Y IAB DB R 3B 5 4072

(Figure 2-9), ZU5H DFERND . R8IXI uMOBE TIX 7 7 AU UARIFEEZ K
YA F— R, BIWY~v7vb /A F— R CH > THRVAENTWADARE
PEASRIE S 4072, nystatinlZ K 0 #0234 B0z B & U CIE, nystatinl Z 55510
Mz BT DHEEN S D 72 DI EHERELE RS S - aTREER S 2 H L5 [45].

N
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Figure 2-9. The effects of endocytosis inhibitors on the R8-Alexa488 uptake. HelLa cells were pretreated with respective
inhibitors (or DMSO using as a control), and then incubated with 1 yM R8-Alexa488 at 37°C for 30 min. R8-Alexa488
uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the control.
Means + SD of three independent experiments are shown.
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WIZ, R&NVSDCAE N L TEDT Y R A b= ZAREKIZ K VD IAEL TV
OB LT, RSOy RH A h—V RAE[HELIREET, SDC4/ v 7 X'
V®%ﬁ_owfmﬁbko%L%\I/F%4F~yxm%ﬁfkﬁbkﬁ

BT HRIDAMIBANEL Y AL T E | HEAIKLEICINZ T, SDC4% / v 7 XD
/Lf_rfmﬂﬁ@Rme NI ENZEACLIN I LR WEEAITIE, SDCA%E 3 HRS
DTy RHY A F =T RCH DR IAFIT, HEATHELEZRKEF L HOT
LA R END, —F, HERLHOAOKE LY &, SDC4/ v 7 X7
NZE S TRIDE Y IAZMN E IR T3 25A1213, SDCAHTPAE Lc=> N
A b= ZRBELISMNT L DREDEL Y IAFIZEE G- L TV D AIREMES R S D,
Z T, fdo=y R F— ZXHEHRITHE L, SDC4/ v 7 X0 DR %
Bt L& 2 A, 77 AV MR R A b= ABHEHR T L7=5;
AT, SDCA/ v 7 X7 A K HR8DEY IAH DA E7RFRK FILA B Lo
7= (Figure 2-10A, B), — /. ~7 vt /) ¥ A b= ZA[AFEAITRE L 72561213,
SDC4/ v 7 Z0 NZ KAHR8DEY AL DK T3 A H 7z (Figure 2-10C-F), L
7eh3> T, SDCAHFRED 7 T A Y ARFHT L R A P = RIZEHGLTW5D &
EZ BT,
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Figure 2-10. Effect of downregulation of SDC4 on cellular uptake of R8-Alexa488 in cells treated with endocytosis
inhibitors. (A-F) HeLa cells were transfected with siNTC or siSDC4 for 48 hr prior to pretreatment with endocytosis
inhibitors (or DMSO as a control). Cells were incubated with 1 M R8-Alexa488 at 37°C for 30 min. R8-Alexa488
uptake was analyzed by flow cytometry. The amounts of cellular uptake of R8-Alexa488 were normalized to the
siNTC-transfected cells. Means + SD of three independent experiments are shown.
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SDC41E 7 7 AV VIEKGFMET Ry A b= A THIBNIZBITT 5 2 &0
W SNTWD[46], T, SDCAR T T AU AR(FET R A b—T R IT &
DINTEAL L5 2 & bE SN2 M[47]. SDCAENTH 7 7 AU UREIRIE &
IEDhoTWRY, £ZT, R8OV T AV UMKFHET Y R A h— R IT K
BHHIENEL Y IAFAZSDCAN BT G- LTV D DN E 9 EHRD 72912, Figure 2-9
& [FlEE Dantibody feeding assayZ 17> 72, #MifuZ i DSDC4% HFLSDCAFULIZ L D
FEER S U7 A A MDC CTRITALEE L. 1 uM R8-TAMRA % & A 5 B 1T304 [ A
V¥ a_— b UCHERBEME T L, 2ofE, HEAWLEZ LTI
SDC4 L R8DFAZE 72 L RBTENBIER SN T- D% L C.MDCALELIZ X » THIIN T
DSDC4 & RDIL JFTE DL 38152 S 4v7= (Figure 2-11A), SDC4 & R8D L RTE %
ERINCFHET 572012, ZRHDOWBOET Y ARBEEHET 5 L. MDCAL
HIZ X » TREDPAEINE L g5 7= (Figure 2-11B), X > T, SDC4 & R8D#
JENBATIZIR, 77 AV ARGV RY A F— T AN EE & E 25 T
DT B ENT,
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Figure 2-11. R8 and SDC4 are internalized by clathrin-mediated endocytosis. (A) Colocalization of R8-TAMRA with
antibody-labeled SDC4 decreased by treatment with a clathrin-mediated endocytosis inhibitor (MDC). Cell-surface
SDC4 was labeled by sequential pretreatment of HelLa cells with anti-SDC4 antibody for 30 min and with
Alexa488-conjugated anti-mouse IgG as secondary antibody for 30 min in serum-free a-MEM containing 0.5% (w/v)
bovine serum albumin. After pretreatment, cells were treated with MDC for 30 min and were treated with 1 yM of
R8-TAMRA for 30 min at 37°C, and were subjected to microscopic analysis. Cellular localization of these signals
were analyzed by confocal microscopy. (B) Pearson’s correlation coefficients were obtained for the quantification of
colocalization between R8-TAMRA and SDC4 in eight cells. Scale bars: 20 ym.
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R8MXSDC4 & DA EANEH R -TmEE 7 T A Y URIFE= Y RY A b—T R
IZ XV ARNIZEY IAEN D E D D ERRETT 572912, time-lapse imaging & 1T
o7, IR DSDC4% Alexa405 7 ~ L SN T-HiA CTIE# L. R8-TAMRA & 7
T AN MR R A b=V A~ — D —Tdh 5 Alexad887 ~ )L iz b 7
VA7 = U (Tf-Alexad88) Z ¥R L C. SDC4, RS, B L OTID F/IEIZ STk
ERBAMERE 2 W TBIEE LT, ZDREE, SDC4LRD T 7V /TINZ., 7
FRAY MRV Y R A h— 2~ —h—Th AT LFIE L THIfNIC
T35 2 EDBIEE STz (Figure 2-12), Z OfEFIX, SDCAIIR8D 7 T A U LK
ey R A b=V ADZRKRTHL L 2XZFTHHLOTH D,

10 min 11 min 12 min 13 min 14 min 15 min 16 min 17 min

SDC4 R8-TAMRA

Tf-Alexa488

Figure 2-12. Colocalization of R8 signals with those of SDC4 and transferrin in endosomes. Cell-surface SDC4 was
labeled by sequential pretreatment of HeLa cells with anti-SDC4 antibody for 30 min and with Alexa405-conjugated
anti-mouse IgG as secondary antibody for 30 min in serum-free a-MEM containing 0.5% (w/v) bovine serum albumin.
After pretreatment, Cells were then incubated with 1 yM R8-TAMRA and 25 pg/mL transferrin-Alexa488 and
observed by time-lapse imaging. Arrows indicate vesicles containing SDC4, transferrin and R8. Scale bar: 5 ym.
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BEHET RS E DEhE & N2 B DM EEIZ 51T BSDCE D 55

AR-CPPsD & /™7 B R ERE Dl 7iED—> & LT, Cre-loxPY 27 LD H]
WHILTUWNA[48], CreV =2 B —BIHMlaE 2 %l T 72V O T, loxPECS
DA ZITL Z 5720, Lz, CPPEar Y a— kT 5 ECrel) 2B
—ERHIENICEA SN THABRIDEZ DD T, TOEEGEHEHTHZ LI
Lo TCPPsDF NV EFER I T2 Z LN TE 5, RFZEICENTH,
R8IZ L %% I EOMRaNZEEZ T3 2 72912, loxP-DsRed-loxP-EGFP %
a— N3 BDNA% 7 J LIH N L 7=Flp-In loxP 293 % 2 HE - TN L
72 Flp-In loxP 293ffai%, CreV 2 B —FIZ L DA M 2 N & TV 7V
BITIZEGFPA ZHL L T 53, DsRedZx#HL L T 5, LrL, Crel) = B
—EAMBNICEASIND &, loxPRI O THAH 2 23 & TEGFPN IR
% (Figure 2-13A), CreR8I%, CreDCAHIAIN DTS 7 F /L (NLS), R8, K
5 & D> & single-step THE L~ 5 7= 8 DHis-tag & & A TV 5, R8ZFF7- 72\ \Cre & =
> ha—n b LTHWE (Figure 2-13B), Creds X OCreR8IT RAGE IR & W
T L, MiEEIXSDS-PAGEIZ &L V) #72 L 7= (Figure 2-13B), EGFPSFEEL L 7=
faDEFNEIZ & > TCreR8D MNP 1512 Z 74 L 7= (Figure 2-13D),
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Figure 2-13. (A) Schematic representation of the reporter gene construct of Flp-In loxP HEK293 stable cell line. Cre
deletes the loxP-flanked DsRed segment, thereby activating EGFP gene. (B) Design of expression cassettes of Cre
fusion proteins. Both constructs encode Cre recombinase and a His-tag as represented by white boxes. Black boxes
represent R8. The gray box represents a nuclear localization signal (NLS) (myc; EQKLISEEDL) to facilitate
translocation of Cre proteins into nucleus and promote gene rearrangement. (C) SDS-PAGE analysis of the purified
Cre or CreR8 through Ni(ll)-affinity chromatography. (D) Internalization of CreR8 lead to gene rearrangement and
expression of EGFP in the cells.
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CreR8 DM NZEANIZSDCAN F 5T 2 DN E D DITHOWTIRFTT D 72912,
SDC4% / v 77 % 7 > L7=Flp-In loxP 293#fific & i\ T, Creds L U'CreR8IZ L 5 i
(BFHAHLZ DR AT L7z, siRNAZEA L7ZMIfIZ BN T, 5 uMOCre % 72
I LCreR8Z M L T307 A o F 2_X— K~ L, & HIZ24KfHE5EE L TEGFPOD %
BlA g L7z, CreZ N L7 HERUC I W TIEX, SDCAD /) v 7 X0 o DA TEIZ )
1o 5T, EGFPORILUTIZE A EHR BN o7, ZHUTX LT, CreR8% s
MU TIZ SINTC TR 7 v A7 =7 v ar Lizay ba— Lol L X
T.SDC4% /) v 7 X352 L2 X5 T, CreR8IZ X kA A M 2 0 035930%
X L7z (Figure 2-14), 26 DOFERNG, AL X BEFRCre) 2 B —E %
R8IZ K - THIFINBEAT 2 Z LN TE, ZOMANEADIHEFEIZSDCA B 5 L
TWND Z ENRBINT,

ke

h“

siNTC siSDC4

-
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o O O
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Figure 2-14. Decrease in gene rearrangement by CreR8 in SDC4-knockdown cells. Flp-In loxP HEK293 cells
transfected with siNTC or siSDC4 were incubated for 30 min in medium containing 5 M Cre or CreR8. After
incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP expressing cells were analyzed
by flow cytometry and the values were normalized to siNTC-transfected cells treated with CreR8. Means + SD of
three independent experiments are shown.
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FONFI RSEDRGE X NI ED T Z XY AGFIET Y R h— XIZE1T
58SDC4 D 75

WIZ, R8IZ K HCre# /X EHEAIZEBNT, R8T F REFIERIZ, 7 TR
VIRTMET Y RV A b= A, BEW, w78t /YA b= ARFLHLTH
L LT, ZNEFROERZ AW TRHRHNEZIToT-, 77 AU UEAFEET
Y RYA P AHEHAOA 7 v —A Flld~v s vt ) A b= AHEHA
DOEIPATHLEE L, CreR8IC K DAL 2 R 2N LT=, T OREFR, A7 a—2A
BLOEIPATRE T 5 Z LIk > THFZ Y R A F— R EHESTHZ LT,
EGFPA R HL L 7= M D EIA 23 L= (Figure 2-15A, B), L7273 -> T, R8IZ L
HCreDMIfENIEEIC S 7 7 AV UMEFMEZ L R A F—T R, BX O~
JY A F—T ARG LTS Z LRI N,

(A) (B)

$ 120 1 g 1207 T
F 100 1 g 100 ]

Eg w0 e 20

w ~— w 60

G@e 60 E o=

© 8 401 @& 40

> =

8 20 5 207

é 0 - & 0 -

control sucrose control EIPA

Figure 2-15. The effect of endocytosis inhibitors on CreR8 transduction. Flp-In loxP HEK293 loxP cells were
pretreated in the presence and absence of (A) sucrose, (B) EIPA, and then incubated with 1 yM R8-Alexa488 at
37°C for 30 min. After incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP
expressing cells were analyzed by flow cytometry and the EGFP expressing cells were normalized to the control
(DMSO-treated cells). Means + SD of three independent experiments are shown.

-36-



RIZ, SDCANCreR8D 7 T AV ANEKfFMET L R A =2 2 Fid, 7
2 YA b= AZBNT B 2OFERE LTV O0MIES L T, Figure 2-10
ERBRDFIETHRE LTc, EO/R, 77 AU UM E= 2 R4 h— X
EHR TR L 72355121ESDC4 /) > 7 X0 A K HMABZ DR T REB E e
DIZ%F LT (Figure 2-16A), v~ 7 2 v /) %A b= ZAOHEFEHR TUOE L 72541
X, SDC4./ v 7 X Nl L BB ZNEOR T RA BT (Figure 2-16B),
L7235 T, CreR8D 7 T A Y NEAFMET R A b —T AT L DHIBNBATIC
BT HSDCAD R 523 R/ S iz,

(A) (B)
2 120 9 E 120 4
% 100 1 =100 1 | -
a & g0 _‘
o 2 80 - o 9 80
Go 60 1 W e 60 1
w3 w3
® S 40 ° 8 40 1
2 2
& 20 1 & 20 1
[ ]
o 0 - (14 0 -
SINTC +  + - SINTC +  + -
siSDC4 - - + siSDC4 - - +
sucrose - + + EIPA - + +

Figure 2-16. Effect of downegulation of SDC4 on CreR8 transduction into cells with inhibitor treatment. Flp-In loxP
HEK293 cells were transfected with siNTC or siSDC4, followed by 48 hr incubation. Transfected cells were
pretreated with or without (A) sucrose, and (B) EIPA, and then incubated with 5 uM CreR8 at 37°C for 30 min. After
incubation, cells were washed, trypsinized, replated, and incubated for 24 hr. EGFP expressing cells were analyzed
with a flow cytometer and the values were normalized to siNTC-transfected cells without inhibitor treatment. Means +
SD of three independent experiments are shown.
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AREETIL, UMY > b — L RIS A A G DR, 2GR O MIRIEMRIR D
W 5y 2 T3 2 2 LI K- T, IFRFRAREICL DNy 7 7T T RHPMER
S, REEFMANEHT DML R B aNRERNCRIET S Z ENHREL 72 o7z,
ZOHEIZE > T, REOMBINBATIZE D DX /37 E & L TSDCAR RE &
iz, EHIT, SDCAHIRED 7 T AV AMKFMET L R A F—V ZADZFILTH
é:&ﬁ@bf%%#’@oksmm%%ﬁ%k#é&?xunﬁéin
P A b= AT RE DREE & /37 E CreREDAMPINIEZEIZ B HT 5 Z &7
Do Tz, YT, hepatitis B virus X-protein O N Vi FH §|%0)J\7 F R T % Xentry
TN BATEZ R L, SDC4AD Y T A ARfFHETY RY A F— 2 &4 LT
HIMNEAT T 5 L SN TRV [49], SDCAEZEIKET D7 T AV ARTFEMH
T RY A P = AOMRNEE~DORGEPA R END, Lz -> T, SDC4%
A=l hETHZEICL ST, = RV —AD OB SRR PNE A2 B
DD X VMR AN GE S, XU R EEEONRLEICORND Z k@%
SN bd, £72. SDCAHTI N AFMIIC BV CEENCHEE L CTEB V50, 51]. BAAM
2R &9 DM NIE IS b ATRE N S LAL7R Wy,
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O

AHFFETIE, BN EES v U TARO D OMRER STz, #hE
K<HERNIZE oI BREXETDHZEICHOOLNTWA S 7 X T X =
RIZFHEH L. HEEBIEIZ LY RS OMANBITICEED D % v X7 EDORER &
O ORI TR DIRFT 21T > 72,

BoE TR, RN ETHEYT VY % RS ICH A LSRG H RS
(Biotin-Photo-R8)Z Ak L. ZH & HWT R8 O ANEHZ v /0 BEORREAT
VN, LanCL1 Z A€ L72, & 512, LanCL1 Z3&H|FEHL 925 2 & T R8 O EX
DAFHENEEIMT 5 Z &35, LanCL1 7% R8 ORAEANEL Y AAIZEH- LT\ 5
AREMEZ R Lo, 20— T, RS OMIFINELY AT D330 5 Ml R D
FECIR, BRI ERLETH D Z EIURENT,

BT, B ECH LN R S T RAUEIEOMER TH H(1) A LTk
TEY U= R R G LT X R ORI L D 7 VAR O &
Wy 7 7T ROBEIONR) ME 2 o R EORANEBRRT 5 X9 7248
BEICOWTHRET L7, (DICHOWTIE, Bl o —L LT 7Yy R_ReBr%
AT DHZ LI Lo TE—=AD L OBREHZ AREIC Lz, —J . Q20
Tk, Zo "7 BT 2RI E TR 2 L, B — XK 2R AT
I LIZE T, MRE S RV EORANENE, 2 btk > T, RS &4H
AR DS 37 B KRBT HBEL TRET 5 Z SITPIL. 61T,
RE L7z /N7 E D H 5T SDC4 23R8 DAMIENEATICH 5 LT\ D Z & &
ST LT,

FHEANCED = R A b= RAZHFEL T, 612 SDC4 /v o7 X F
52 LIZE 5T .SDC4 413 % R8 DAMMINBATRRIKIZ DWW TIRET LTz & 2 A,
SDC4 (X R8 D7 T A Y MEIFET R A b —T ARG 2 A[REMEDS RIB X
ni=, £7-. SDC4 & RS DILFIEN Y 7 2V UK=L KA b— 2D
FIZLH-oTERTFT22L°, R8E&ESDCAN T A7 =V v L4REL THlIA
NIZBITLTWA Z LD, SDCAIERS DY T A UMRIEMEZ Y RY- A b —3
AZADZEERE L THLELTWD Z EBHID TR I, EHIT, R & Cre U
A F—BORG X X7 EORIFNEZEIZBE L TH, RS & [FEERIC SDC4 D
7T A MR R A b=V AREE LTS ZEAURENTZ, 5.
EOMRDZRMIERELIT) ZLICL - T, TAX= 0T F ROMENBT T
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HEOMRANHET Z LI2 XKD KV ENMENEES v U 7 ORIRIZ D720
LD EBHIREEND,

LXK, Gl o — &8 A LT RSET V¥ = X7 F R e Wik
ZRREVE & By ORI OFLAG DEIL, TAX = XTI TF ROZEEDFEEIC
BWTHHZRFEIIRY 9D EEZ2 oD, SHIT, SDCAENTHI T A
RIFET Y RYA h— R L, R8XTF RIEIF TR, R8EHWEZ L7
DOMFEANIEZIZB W THAHTH Y | S %ISR 22 MiaN & o 37 B
KRR K0 SRRy eikET v U 7 ORI TR E A RIS 5 & HIfE
N5,
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EER DR
F—EICET D ER

T F FOE R
NTF FEIIEOARK

N7 TF ROAEBKRIZH W Fmoc-Arg (Pbf), Fmoc-Gly, Fmoc-Cys (Trt),
N-hydroxybenzotriazole (HOBt) ., ¥ £ ' 2-(1H-benzotriazole-1-yl)-1, 1, 3,
3-tetrametyluronium hexafluorophosphate (HBTU)/X, ~X7'F RAFICAT o HHEA L7,
Fmoc-y-Abu (GABA){% Novabiochem 7> 5l A L 7=, biotinamidohexanoic acid
N-hydroxysuccinimide ether |3 Sigma-Aldrich 2> 5 A L 72, Alexa Fluor 488
Cs-maleimide sodium salt |3 Invitrogen 7> A L 72,  Fmoc-(Tmd)Phe [23)1X & I
RFPFHAMP AL VRS, £ OMOFRFITFIEMIENBIEA LT,
RTF RETRTC KT RTHY, o7y TGS-RAM #iHE (5
ARERT) 2 H W CTA R L 7=, GABA-Tmd(Phe)-Gly-[Arg(Pbf)]s-resin & X Y
[Arg(Pbf)]s-Gly-Cys(Trt)-resin % PSSM-8 7' F NEHE R (HERAIERNIZ X
D BENVA K L7-. GABA-Tmd(Phe)-Gly-[Arg(Pbf)]g-resin ~~ biotin D& AL, 3
¥ & @ biotinamidohexanoic acid N-hydroxysuccinimide ether % i \» T
N,N-dimethylformamide (DMF)H', 3 F¢fi] Z8E ClRIEZEFI L TIT - 7=,

BRI, BHE Do L, B X OHEHRL .

KR ERLS XOBE"S 08 H L Iix. trifluoroacetic acid
(TFA)-ethanedithiol (EDT) (95 : 5) C={i 3 ReffJLBL 925 = L IC L 0 iT - 72, Wik
HELT-ATF N, Wik HPLC I X > TR L, BT 2T T4 7 A%k
@ Cosmosil SC18-AR-II (10 x 250 mm), ~X7'F KD /3HTIZ1% Cosmosil 5C18-AR-II
(4.6 x 150 mm) Z H 7z,

RTF ROE R

IR IL C RimD T AT A AMAH DO F A — )L AT Alexa Fluor 488
Cs-maleimide % DMF-methanol (1: 1)K T 1.5 B RIG S TITW, RS %
WikH HPLC 12 & » TRELL 7= [20],
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RTF ROREE :

WitH HPLC IZ K W R L 7o 7' F NI, sifEelgtz, ~ bV 7 2L —3
— WA A ALIE-RATRE AVE &8 (MALDI-TOF MS)IZ L 0 &% HIE L.
HEE & O—BEHR LT, SR LIEERTTF ROT I/ BESIE L OVE &S5
HrofE R 2 LLFICR T,

Biotin-Photo-R8: biotin-GABA-Tmd(Phe)-Gly-(Arg)s-amide

PRFFIFRT: 25.54) [4 7 & Cosmosil SC18-AR-II (4.6 x 150 mm); I&HR: A=0.1%
TFA JK¥E#Z, B = 0.1% TFA CH;CN #&9#; %B AJR: 5-85% 80 47; ¥t #: 1 mL/min;
B 220 nm)

MALDI-TOF MS: 2003.5 [calcd. for (M+H)": 2003.1]

R8-Alexa488: H-(Arg)s-Gly-Cys(Alexa)-amide

PRFFIFRT: 17.54) [4 7 & Cosmosil 5C18-AR-II (4.6 x 150 mm); ¥&HR: A=0.1%
TFA /K¥#, B = 0.1% TFA CH;CN %%, %B AJfd: 5-85% 80 47; ftid: 1 mL/min;
B I e 220 nm)

MALDI-TOF MS: 2126.5 [calcd. for (M+H)": 2126.2]

R 35 2

b MR R i Rz AR (HEK293T fifa) X, 10% (v/v)FEEI L & g ik
(Gibco)E & Te Z Ny adEihA — 7 VEEME (DMEM, = v A1) T L=,
b b SEEEE H Sk 0O HeLa MARIE. 10% (viv) FE@I{E T i (Gibeco)Z &ieT
VT 7 B/ NAZERERL (-MEM, Gibeo) THF# L7, 37°C, 5% CO, §offf: F TH:
L., 80-90% =7/ FOIRRET 3-4 0 Z LR EIT o 72,

JREEBR

1.0 x 10° cells @ HEK293T % 100 mm 55287 1 » > = \ZHEHE L | 48 BEf S
BUEBRICHER L, IREMEZHASEDL2DIC, Ca¥', M”22 &G iemiRE D
Vo AAF 2 %&ETekEBIR (K -rich buffer (+) [100 mM L-glutamic acid
monopotassium salt monohydrate, 43 mM KCl, 20 mM HEPES (pH7.4), 5 mM
glucose])) & v 7z, B5i A2 FRZ: L, K -rich buffer (+) CHllfd % 3 [MIPEE L7k, &%
HEIBEE DN 2.5 uM 1272 5 X 91T K -rich buffer (+)(Z¥&f#% L 7= Biotin-Photo-R8 % /Il
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Z. 37°C T30 FOREJALEETL, 4°C T3 43 UV S (¢ F : 365 nm, =R /LF— :
7mW/em?’, & 15 em)&E1T o 7o, B Ml Z 0.5 mg/mL ~/XV &4 K -rich
buffer (+) CHEHE L. Complete Mini, EDTA-free 7' 17 7 —E[HEHA| (Roche)%
i % 7= RIPA buffer (150 mM NaCl, 10 mM Tris-HCI (pH 7.2), 0.1% SDS, 1 % NP-40,
1 % deoxycholate, 5 mM EDTA) T r[{&{k L 7=, BCA Protein Assay Kit (Pierce)lZ &
D &N ERERRTE L, ¥ U] BHIRE 2.5 mg/600 uL O FEVA AR % 6
L7z 1 % 41myE7 /v 7 2> (BSA) &4 RIPA buffer THEH L7z streptavidin
magneshere (Promega, 300 pL) Z Ml i fFIZ I N 2 4°C T 1 RFfE . BIERIEF L 72,
D%, w7 Fy NAZ L REMWT, 1%BSA & RIPA buffer T 3 [2], RIPA
buffer T 3 [B B — XDOPHF 1TV, B4 F b % /7 (Biotin-Photo-R8 &
WZERGIR) AR L7, B L/ — X122 x SDS 7Ly 7 7 —% 20 uL
A 85°C OEZENM: & 5 3TV, BEAIUKENY > 7 v & Lz, 2z SDS-PAGE
(15%7 7 U VT I RN TRALZE, EIFIAXT vy T 0 o 7HEITERDY
polyvinylidene difluoride (PVDF)f& (GE Healthcare)(Z#55- L 7=, 15 S 4172 PVDF
% . 5% BSA &4 0.1% Tween-20 & phosphate buffered saline (PBS-T)IZiE L .
1 FFF=IETIRE D LT T vy X V& To7c, TO%, WKEZRE, 5%BSA
&4 PBS-T H{ZHL biotin HL{K (Bethyl Laboratories) (1:1000)% # R L 7= & 1
WAL LTHNL, FEIE T 1 RS S 7, PVDF €D PBS-T (X5 557
MOPe%Z 3 Al K L, horseradish peroxidase (HRPEFFL Y V¥ 1gG ik
(Cell Signaling Technology) (1:2000) & 5% BSA &4 PBS-T #1C 1 B i S €72,
S 5|2, PVDF D PBS-T IZ X5 5 /M DOPEH% 3 [Flf: 0K L, ECL Plus (GE
Healthcare)lZ X WAL PR Lc, £70, R LG EAERY T v i
SDS-PAGE (15%7 7 Y /v 7 X RZ W) TRE L7k, BEaziTo7,

g7 EEE

YL VSN FZ2YIV L, 1.5 mL F=2—7 (2 L7z, 30
mM K;[Fe(CN)s]-100 mM Na,S,05 (1:1) & M % T 2 43 EFE L CTBi% L7z, 100 mM
NHHCO; TH VR &% L C A Y brE ., EoHl (10 mM dithiothreitol, 100
mM NH4HCO3)Z i1 2., 60°C T 1 KIS &7z, BEZIRVERE, 7%k
% (55 mM iodoacetamide, 100 mM NH,HCO3) % Il %, =R T C 30 ok &
9 L7z, Methanol-H,O-acetic acid (5:4:1, v/vIVIZ X O ZFufr&=ded L. EiE &
D FRX . Speedvac T LE LEME L7-, & D%, sequencing grade modified trypsin

-43-



(Promega) I & W 7 )VINTEIL Z K&K ITW, BoNTXTF Rthic >0 T
MALDI-TOF MS Z# HWTEEZHEL, 7 —#X—AZ (MASCOT) THAET S
Ttk oTHEUNRIEERIE LT,

7T A RIER

HeLa ffifid X ¥ total RNA Z i L 72, RNA 75 cDNA ~O iz 5 i High
-Capacity cDNA Archive Kit (Applied Biosystems)% N TITU), ¢cDNA 74 75 U
—Z{EHRL L 7=, LanCL1 Efa 1L, cDNA 74 7 Z U—JX U polymerase chain
reaction (2 & Y E#L L 7=, LanCL1 i#&fs ¥ % Nhel/Sall ¥ hIiZ XLV pCI
Mammalian Expression Vector (pCI) (Promega) (Z % 7 7 v — =2 7 L =
(LanCL1_pCiI),

Z NI BRBEDOHER

5.0 x 10% cells®OHeLaffifd 2247 =)L 7 L — MMCFERE L, 24FFMEE# L2, <
MD1% . pCI-LanCL1 % Lipofectamine2000 (Invitrogen)i{Z KV N7 AT =7 v g
L. & DHIZ24FFfEEFE L7, PBS () C 2 BEVEH L7221, 0.01% N U 72> TC5
SPALER LT, MR A AN L7z, Ry 20 BRZE L, RIPA bufferiZ £ 0 AL L,
4°C, 17000 x g C3043f#E 0 L, & i #[EIL L7-, BCA Protein Assay Kit
(Pierce)lZ &0 & U X7 EHREZPIE L, 10 pg/welll/2 D X 5127774 LT
SDS-PAGE TR L, MZRE S & FERICPVDFIEIZERE LT, #55 X 7-PVDF
5% 5%BSAEAPBS-TIZIR L, I=|IETIEE ) LT uy X 7 &i7o7,
Z D%, WIREERE. 5% BSAE APBS-THIZHLanCLIFI{A (Gene Tex) (1:1000)
F 7z EPlactinFLiR (Invitrogen) (1:10000)% AR L 7238k & LIk BLik & L CIRINL .
4°C CRAZ G S 7=, PVDFEDPBS-TIZ & 555 oPeie 2 3ali v K L, i
ZFHHRPIEFPTLZ £~ FIgGHUIA (Cell Signaling Technology) (1:2000), HRPAZG#
Pi~ v AIgGHUA (Invitrogen) (1:20000) & 5%BSA & A PBS-TH TR SO &+
2o S HIZ, PVDFIREODOPBS-TIZ & 555 MO W %38l » ik L, ECL Plus (GE
Healthcare)lZ L WAL HN A MR LT,

R8-Alexad88 X7 F KD aNBITE O LM

5.0 x 10* cells ® HeLa fiffas 24 7 = /L7 L — NIHERE L, 24 FRREEE LT,
BN ERBABEOFFMOBREFERRIC N T v A7 27 gL, & 51224 B
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B U7, B2 BRE L, 2 & £ 72V a-MEM (a-MEM (-)) CHlliE & 2 FEEVEEr
L7-#%. 1 uM @ R8-Alexad88 # & ¢r a-MEM (-) 1A THINE Z 30 431 > % =
~N— L7z (37°C.5% CO,), 0.5 mg/mL D~V > &&Te PBS (-)C 3 FEP4 L.
0.01% kU 72z T 10 mniEs#E#%, Mildz 1.5 mL Fa2—7I1ZEI L7,
IhEELL, XLy MRIZR -7 Hild % PBS ICE L C 2 [BIYed L7k, &
F&HIIZ PBS TAVR L C. FACScalibur (BD Bioscience) (JiliEZ# & : 488 nm, WY
T A4 VH = 515-545 nm)IZ K W EV T H0 1 B EORMILOEOEE A HE
L7z,

B _EICET D ER

T F FOE R
T F FEIIEOARK
N7 TF ROAEBRIZH W Fmoc-Arg (Pbf), Fmoc-Gly, Fmoc-Cys (Trt),

N-hydroxybenzotriazole (HOBt) ., ¥ £ ' 2-(1H-benzotriazole-1-yl)-1, 1, 3,
3-tetrametyluronium hexafluorophosphate (HBTU)/Z, ~X7'F RAFFCET O HHEA L7
Fmoc-Lys (Mtt) I$ #3015 T. 3% 7> 5 iE A L 7=, biotinamidohexanoic acid
N-hydroxysuccinimide ether |3 Sigma-Aldrich 2> 5 A L 72, Alexa Fluor 488
Cs-maleimide sodium salt 33 & O" tetramethylrhodamine-5-maleimide /X Invitrogen 7>
HIEA L7z,  4-[3-(trifluoromethyl)-3 H-diazirin-3-yl]benzoic acid [(Tmd)BA]IL & L
X % ¥ % & m F % £ X v #7 = n oz o
4-[5-(N-fluorenylmethyloxycarbonyl-2-amino-ethyl)-2-hydroxy-phenylazo]-benzoic
acid (Fmoc-Azo)IF3CHk [281IZHE > THAK L7z, & OMOFRIKITFIIEMIED & i
A LTz, bPUE TGS-RAM (/e 2 Fvy, _X7°F R4~ T CRim7
NEICH D, L& LT NN-dimethylformamide (DMF) TR/ L, 3 H&D
Fmoc-Lys(Mtt), 3 % & HBTU, 3 %4 &® HOBt, 6 X4 & DIEA % & ¢ DMF &
WEMZ, 3 RE=IE CREREMT 5 Z L2 K > T Fmoc-Lys(Mtt)DE A 1T -
72, Fmoc D ifR7# 1. 20% piperidine/DMF H1C 20 43 #==iEIZ ClRl#sEf4 2 =
LIZ& > TT -T2, LY % DMF THiif k.3 S & D Fmoc-Azo, 3 X & D HBTU,
3 450 HOBt, 6 4 & DIEA % & DMF /AR Z I % . 3 e 2830 Clals
F5 Z &£1Z L > T Fmoc-Azo % & A L7z, Fmoc D Rifri#EIL, 20% piperidine/DMF
HC 20 RIS CRERERT 5 Z &1L > T To 70, 8 F%EE D Arg(PbD %
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FIREIC AT F FEE~E A L, H-[Arg(Pbf)]s-Azo-Lys(Mtt)-resin #1572, & 512, 3
M EO(Tmd)BA, 3 &0 HBTU, 3 Y& HOBt, 6 % & DIEA % & Tr DMF
Wiz Nz, 3 B =R TSR 5 2 & 12 K - T N Kb~ (Tmd)BA D&
AN%&1T> 72, Mtt (4-methyltrityl) 5 O iR 13X, 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP)-dichloromethane (DCM) (1:4)DifRF#E D 7 7V Z Mz . =R T 3 Fef[Elis
JRFIL TIT o 72, IRV T, 3 24 & D biotinamidohexanoic acid N-hydroxysuccinimide
ether ® DMF &R 2 M0 4. 3 REfE] =R ClRIERIEFN L C biotin (EAfi 21T - 7=,

A LRTE, BHIE D 0U 0 LB KO -

A& MR GE K OMEHE 2> 6 DB D Hy LIX, trifluoroacetic acid (TFA)-ethanedithiol
(EDT) (95 : 5) CEi. 3 BRI~ 5 = LI K 0 T o7, BitRi#E L7=7F Ri,
WitH HPLC 12X > TR L., &R X ORIIED S D8] H LiL TFA-EDT
(95 : 5)T=IR 3 BT 5 Lk > TiT o7z, BRE LT=_TTF NiE, o
FEHPLC IZ L > THRLL, BT AIZIETFTH T4 7 A2 0D Cosmosil 5C18-AR-II
(10 x 250 mm) . & L < |Z A /L7 %D Chlomolith Performance RP-18e (4.6 x 100
mm) % 2, XTF ROSHTIZIL, Cosmosil SC18-AR-II (4.6 x 150 mm) % >
7=

NRTF R OHOEE

HIEERIL C RimD P AT A IO F A — VI Alexa Fluor 488
Cs-maleimide F 7213 tetramethylrhodamine-5-maleimide % DMF-methanol (1:1)¥%
T 1.5 R SUG S TITW, UG 4 iHH HPLC 12 k- TR L 72 [20],

NRTF ROEIE :

Wil HPLC IZ X VR L7 _T7'F RiL, WfgE, ~ Y 7 AL —3
— B A A AGEE- AT R TVE #2547 (MALDI-TOF MS)IC X D H&ZRIE L,
BEREE O—REWR LT, AR LIZZNENOXTTF FOT I 7 BEdSIEB L
OWE BT ORERAZLLTICRT,

PhotoR8CL: (Tmd)BA-(Arg)s-Azo-Lys(biotin)-amide

PRFFIFRT: 27543 [4 7 & Cosmosil SC18-AR-II (4.6 x 150 mm); ¥&HR: A=0.1%
TFA /K&, B = 0.1% TFA CH;CN I&#; %B Afc: 5-85% 80 47; FitiH: 1 mL/min;
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B e 220 nm)

MALDI-TOF MS: 2214.6 [calcd. for (M+H)": 2214.6]

R8-Alexa488: H-(Arg)s-Gly-Cys(Alexa488)-amide

PRFFIFRT: 17.243 [4 7 & Cosmosil SC18-AR-II (4.6 x 150 mm); I&HR: A=0.1%
TFA /K¥#, B = 0.1% TFA CH;CN %%, %B AJfd: 5-85% 80 47; ¥ftid: 1 mL/min;
B I e 220 nm)

MALDI-TOF MS: 2126.5 [calcd. for (M+H)": 2126.2]

R8-TAMRA: H-(Arg)s-Gly-Cys(TAMRA)-amide

PRFFIFRT: 23.5%) [ 7 & Cosmosil SC18-AR-II (4.6 x 150 mm); I&HR: A=0.1%
TFA /K¥#, B = 0.1% TFA CH;CN %%, %B AJfd: 5-85% 80 47; ftid: 1 mL/min;
B I e 220 nm)

MALDI-TOF MS: 1908.1 [calcd. for (M+H)": 1908.0]

PhotoRSCL D 4] 7 £ B&

PBS (pH 7.4)IZ¥fi# L 72-PhotoR8CL (5 nmol/10 uL) %#4°CT105 UV (%
£ 1365nm, TR/ —  TmWem®, &S 5em)ih. KN ZE . 27 BICE
HPLC C/y#rd % Z & . PhotoR§CLOUVIREHZ X 2 WG DOMER Z 1T - 7=,
4°CT104 FEIUVIRST (J2F @ 365 nm, = FR/L¥F— : 7TmW/em®, &S : Scm)L7-
PhotoR8CL (5 nmol/10 uL) & 50 mM Na,S,0s 7 APBS (10 uL)Z {4 L. 1557 A
VHFaN— LT, iR E ., R BICHAHHPLC TN 5 2 & T 7 /Ry
U U —DOUVRE#OUWORR LT, ThENBEbhict—2 %
MALDI-TOF MSIZ X 0 & L 7=, Wit HHPLC D SAFIILL FIZ/R T8 Y TH D, [
7 A Cosmosil 5SC18-AR-II (4.6 x 150 mm); IFHE A= 0.1% TFAKIEHR., B=0.1%
TFA CH;CNIAWE; %B Afc: 10-40% 3047; Mtk : 220 nm],

R 35 2

b b SEE I H Sk O HeLa MR, 10% (v/v) FE@{L T ~fiiE (Gibeo)x & e
T 7 e/ NAZEEEH (0-MEM, Gibeo)H TH5#E L 72, Flp-In loxP 293 #llfe i 10%
(viv)FERI L T SRR RIMTE (Gibeo) & 100 pg/mL hygromycin B & & ¢e & /Ly a8
BEA — 7 VR (DMEM, FiGHis)dhChsse Uiz, FEBRA1T IRk, siAEwE
EHRVTEEE LT, AIBRIE 37°C. 5% CO, SofF FCRE#E L, 80-90% =2 7 /L=
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V RDOIRFET 34 A Z LI AT o T,

JZRAE EBR

1.0 x 10° cells®®>HeLaffifl 100 mm53E 7 ¢ » ¥ = (CIEFE L, 48WFREGZE L 72
BIHER LTz, BB 2 A SE L0 0REKRE LT, Ca¥', Mg¥ 2 &t
BEH ) LA A &G TefRmER (K -rich buffer (+) [100 mM L-glutamic acid
monopotassium salt monohydrate, 43 mM KCl, 20 mM HEPES (pH7.4), 5 mM
glucose]) & V7=, M A FRZE L. K -rich buffer (+) CRIIE A 3RIPe L=,
BT pMIZ 72 5 X 9 (12K -rich buffer (+) THAHEL L 7=PhotoRSCL% /1 2, 4°C T
555 EALERTS . 4°CTL0 EIUVIBE (¢ F : 365 nm, = R/L¥— : 7mW/em?’. &
X 5 em)EfTo7n, BEE. M 0.5 mg/mL~/3Y > EAH MK —rich buffer (+)
Ty L. Complete, Mini, EDTA-free”' 10 77— [HEH| (Roche)% & A 721K
SEEME AW [10 mM Tris-HCI (pH7.4) , 4 mM EDTA] (1 mL/dish) 4 (2l % 1%
L. 25GL7=, 1057, 4°C, 1000 x g Tzl L, BOoRMlezrEk L, b
1B %1047, 4°C, 17000 x g T35 Z & T2 hay R THEIGEFRE L,
Z D EiE%12 mLEE LF = —7 (Beckman)lZ AZL, SW 40 Ti rotorz f U T1EF
[F14°C100000 x g THEE Ly (Beckman)Z{TV, HIGEFRELT, BHNTL Y
N, a7 7 —EEH & L CComplete, Mini, EDTA-free (Roche)% sl L 7=
RIPA buffer [25 mM Tris-HCI (pH 7.4), 150 mM NaCl, 0.1% SDS, 1% NP-40, 1%
deoxycholate, and ImM EDTA] (500 pL){Z & ¥ A[¥A L L, 3047[84°C. 17000 x g T
w0 L, B2 EUL L 72, BCA Protein Assay Kit (Pierce)lZ & 0 % o /R 7 EIRIE %
HIE L, ¥ X7 HIREASO ng/450 pLOVEMER ZERL L 7=, 1%BSAE A RIPA
bufferiZ & ¥ BEHE L 72500 pg/50 nL?dDynabeads MyOne Streptavidin T1 (Invitrogen)
EEFRRIZIIN L, 4°CCLRef], BIERIRFI L7z, ZD%, v/ Xy hAZ R
Z T, RIPA buffer C3EIVEF 21TV, 25 mM Na,S$:047% 100 mM U > B2 #z 1l
W (pH7.4)%7.5 pLIRII L, 153 HEIRTA o F2a_X—F LT, EFEERIUL L7,
ZOEHHEEZ 2T o 7o U L7z B &4 x SDSH U TNy 7 7 —ZRA L,
95°C DAV % SOy 1T o T2, F 72, ALER% D B — X% RIPA bufferlZ L Y i L .
FEEREL T, 2xSDSH 7Ny 77 —%20 uLIl 2., 95°COEVEM: %577
WA TV, BRUKEN v e Lic, Zub W > 7 V% Z 1L Z 1LSDS-PAGE
(5-20%7 7 U7 X RZ v, FORMSE) TR L, Ryt Fnehiz)ic L v
L7z,
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7u?ﬁ*7x%ﬁ

YLV HSNTIEA FZ2YIV L, 1.5 mL F=2—7 (2 L7z, 30
MM&EMNMIMmMNmM%UD%MZZ CHEERE L. Y%L 7=, 100 mM
NHHCO; THIVR %2 L, EiEEILY BRE, EJ5cA] (10 mM dithiothreitol, 100
mM NHHCO;)Z il %, 60°C T 1 KIS W7z, RiFERVERE, 7%k
% (55 mM iodoacetamide, 100 mM NH,HCO3) % Il %, =R T C 30 ol &
9 L7z, Methanol-H,O-acetic acid (5:4:1, viviVIZ LD ZF V& L. Bk &2 B
D ERZ. Speedvac CTim/LMEAG L7z, D%, Trypsin Gold (Promega)ll &0 7 /L
Wb Z A —/S—F A FTITV, RifZ2FEIRLTZ, €z, LC-MS/MS (2L
fRfT L, 2RI ERET —Z_X—AThHDHMASCOT LG L, ¥ U E%
[F7E L7z, LC-MS/MS ¥ A7 AIZiL, Eksigent Ekspert nano-LC 400 HPLC system
(AB SCIEX)% ->721F 7= quadrupole time-of-flight (QqTOF) TripleTOF 5600+ mass
spectrometer (AB SCIEX)Z H V72,

UTZNEALAEEPCRICE Z2mRNA/ v 7 XU U HROHEIE

5.0 x 10* cells®OHeLaflifl 2247 = /L7 L— k (IwakilZFEFE L. 24851528
L7z, siRNA[ZSigma-Aldrich}s J: (’Santa Cruz L Y iE A L7z, Lipofectamine2000
(Invitrogen) Z FV Y T10 nM@DsiRNAZ IR E A L, 4RFFEIZICESHIACHA L . &6
(22405 E5# L7z, b—% LRNA% RNeasy Mini Kit (Qiagen)iZ £ 0, AL L7z,
500 ng® bk — % JLRNA % PrimeScript RT reagent Kit with gDNA eraser (TaKaRa)(Z
X U cDNAIZWHAE 7=, EMPCRIZSYBR Green PCR Master Mix (Applied
Biosystems)(Z & ¥ 7300 Real Time PCR System (Applied Biosystems) % i\ CHliE
ATt BA 2 U 2 Z1E104) (95°C). [1580 (95°C) & 145 (60°C)] %4041
IR KT S TIT o T, ROGHE. 95°CE TREL bR S8, 220 5H60°CE
TIRAIZIRELZ T2 2T, @EREZHEL, 794 ~v—F A ~—FD
MDBIFEMDR 2N & Z MR LTz, ZNENOBIEFIFRRN T I7 4 ~—t
v MILL PSR T,
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Protein name

Forward primer

Reverse primer

Glypican-1

Syndecan-2

Syndecan-4

Chondroitin sulfate proteoglycan 4

Transforming growth factor beta receptor type 3

Collagen alpha-1(V) chain

Glypican-5

Myoferlin

Laminin subunit gamma-1

Zinc transporter ZIP10

Transferrin receptor protein 1

Semaphorin-3C

4F2 cell-surface antigen heavy chain

Choline transporter-like protein 2

Interferon-induced transmembrane protein 1

Interferon-induced transmembrane protein 3

Vesicle-associated membrane protein 1

5'-CTTCCGGGACCTGTACTCAG-3'

5'-GAGTGTATCCTATTGATGACGATGACTAC-3'

5'-GTCTGGCTCTGGAGATCTGG-3'

5'-CACACAGAGGAACCCTCGAT-3"

5'-ACA TGG ATA AGA AGC GAT TCA GC-3'

5'-GCATTGTCTGTGGTGTGACC-3'

5'-GGTCGTTGGAAGAACTCTCG-3'

5'-GGCTTGCTCTTCACATCCTC-3'

5'-CAGGCTCCATGAAGCAACAGA-3'

5'-TCCTTGCTAGGCGTGATCTT-3'

5'-TCCCAGCAGTTTCTTTCTGTTTT-3"

5'-ATC GCA GCG CTG AGA TTC CTT TAC-3'

5'-CAGGTTCGGGACATAGAGA-3'

5'-CTGTGGGATACGTCATGTGC-3'

5'-ACTAGTAGCCGCCCATAGCC-3'

5'-CAAGGAGGAGCACGAGG-3'

5'-CTCCTCCTTGCCTAATGCAG-3'

5'-CAGGTAGTCATCAGGCAGCA-3'

5'-CTCTGGACTCTCTACATCCTCATCAG-3'

5'-CACCAAGGGATGGACAACTT-3'

5'-CTTCAGCGAGAGGAGCACTT-3'

5'-AAC GCA ATG CCC ATC ACG GTT AG-3'

5'-ATGACTGAACGGCTTGGAAC-3'

5'-GCGGCCACAAATCCTATTTA-3'

5'-GGAAAACATCCACCCACATC-3'

5'-GCACTTCTCTCACTGTATGTCCCAC-3'

5'-TGATCATGTCCACCCTGAGA-3'

5'-CTCAATCAGTTCCTTATAGGTGTCCA-3'

5'-GATGCGCTTGTGTCTCCAGTCC-3'

5'-GAGTTAGTCCCCGCAATCAA-3'

5'-TGGACAGGAAGACAGCAGTG-3'

5'-GCACGTGCACTTTATTGAATG-3'

5'-TTGAACAGGGACCAGACG-3'

5'-GGACAGAAACCCAGGAATGA-3'

7T A I FER

loxP-DsRed-loxP-EGFP-N1 % 22— R L7277 A X KiZ loxP-DsRed-loxP Hc%1%
Sacl/EcoR1 ¥4 K~IZ X W EGFP-N1 (Clontech)(Zffi A5 Z & CTIERIL 7=,
loxP-Ds-Red-loxP-EGFP-N1_pcDNAS/FRT & loxP-DsRed-loxP-EGFP-N1 @ 5 >R,
3’ K2 pcDNAS/FRT @ Nhel, BamH1 Ol [REEE V-1 b & REROESZ > 7220
7ZDNA 77 7 A2 b% PCRIKICE VIR L, ZOWrh & HfilRIFSE Sacl/EcoR1
(2 &V Yy L 7= pcDNAS/FRT % Gibson Assembly (New England Biolabs) (2 & ¥

TA T —var+ 5L THERLE,

Cre-His pET-42b(+) 8 L O

Cre-R8-His_pET-42b(+)i% Cre-His %7213 Cre-R8-His % 21— N79°% DNA Wij %
Ndel/EcoR1 ¥4 MZ X ¥ pET-42b(+) (Novagen)|ZHR AT 5 Z & TIERL L 7=,
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J o7 Z 0 U HIIIZEIT D R8-Alexa488-2 7 F RBITEDHIE

5.0 x 10* cells®OHeLaflifl 2247 = /L7 L— bk (Iwaki)lZHEFE L. 24855538 L
7=, Lipofectamine2000 (Invitrogen)% T 10 nM®DsiRNA Z #2335 A L, 4FFfH]
BT HIASHR L S D IZ48IFIEG AR L7, H5HiABRE L, g % & £ 72V a-MEM
(0-MEM (-)) CHIIE &2 2P L7=%%. 1 uMDRS8-Alexa488 % & Tro-MEM (-) VAR
THE %3050 A > F = X— K L7z (37°C, 5% COy), 0.5mg/mLDO~/NY > %
ETePBS () C3EWE L, 0.01% b U 7o o2z Tl MEs =%, M4 1.5mL
Fa—7IZER L7, ZhziEn L, XLy MRITR S 72l 2 i PBS (-) Th
ST 2[FIVEE L7214 Sef&HIIZPBS TAR L T, FACScalibur (BD Bioscience)
(A& : 488 nm, WRIR 7 4 /L& — : 515-545 nm)IC K W KV T H-0 185
118 O HERE D & 2 lE L7z,

R8-Alexad88 D il fd N 43 A D #1142

1.5 x 10° cells®>HeLaffifiil 235 mm#A 7 AR AT 4 v = (Iwaki)lZ24 v =L
7 L— MCHRRE L, 24FFRIES#E L7=, Lipofectamine2000 (Invitrogen)% F ) "C10
nMOSiRNAZ AT EA L, 4RFFHIZ ICE HIAZHA L, S O IZ48RFHIEE LT, ¥5
HiZFRZE L, o-MEM (-) CHifld 2253 L 72 % . a-MEM () TR L 72
R8-Alexad488 & MlificllZ#c 5- L, 30571 > F 2~X— L7z (37°C, 5% CO,), <
D%, 0.5 mg/mLDO~RY > ZETePBS (1) C3EW G L, MG E A B #(a-MEM
NZ1mLZET 4 > ¥ 2 |2 AL, MEE I TOT IR 21T - 7o, B
%, EIEBEE 1X-81 (Olympus)IZ 3 5= =~ FFV-1000D % #58# L 7= 350 1
— P —BEEE A ., L X & LT UPlanSApo (60 x, NA 1.35, oil) & 7=,

MRRE Y N7 B OREE DM

5.0 x 10* cells®OHeLaflill 2247 = /L7 L— k (Iwaki)lZHEFE L. 24855538 L
7=, Lipofectamine2000 (Invitrogen)% T 10 nM®DsiRNA Z #2335 A L, 4FFfH]
BACEE AR L. & DIZ48FFfE5# L 7=, 1 mM EDTA/PBS CI5%3 A >3 =X
—hFLMEZE 7L —FXDFNB L 15mLT = —7 2B L7z, AR 2250 Ly
FIFEREL, 0.5% (WV)BSAZ S ATH=° L7-PBS (/iBSA-PBS) CIti# L, 7
2yX T LT, mMI LY BiFEREL, PBSTHIRLIZHLY T B 4hik
(5G9) (Santa Cruze) (1:50) C1EfH, 4°CTA »FaX—F L7z, mOLICED Lk
ZERZE L. MBSA-PBST3[HEIMGHE L, 20kFUAE LT, PBSTHAIRN L 72 Alexad88
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DT~ 7 AIgGHUAR (1:400)Z ML, 1R, 4°CTA > F=2X— K L7, =
DN XY BiEEBRE LT-1% . BBSA-PBS T3[alPii4 L . A #&KBYICPBS TAR L C.
FACScalibur (BD Bioscience) (il & : 488 nm, WX~ ¢ /L& — : 515-545 nm)
IZE DBV T BHT 0 1T OO E G R A JIE LT,

Z 2Ry EIRHI R BRAIC BT D R8-Alexad88 X7 F NBITEDHIE

8.0 x 10* cellstOHeLaffifii 2247 = /L7 L — k (Iwaki)|Z#EHE L, 24FFRIEG%E L
72, LipofectamineLTX (Invitrogen)% VT~ A I FDNAZMIZIZE AN L, 4KF
IR B I AZHA U, & BIZ24B5RIER SR LT, BsiZBRZE L, o-MEM (-) CHlllg %
2PEVE L7, 1 uMODRS-Alexad88% & 10a-MEM (-) #iK CTHEMA 3047 fH A
¥ 2— kL7 (37°C. 5% CO,), 0.5 mg/mLDO~/NY > % & TePBS (-) C3E 4
L.0.01% KU 7Lz Tl00MigE%, Mldz 1.5 mLF = — 7 2B L7z,
hxmEL L, XLy MRIZR S 72/l 2 B PBS (-) TR ST 2[R LT
%, BREMIZPBS TAR L T, FACScalibur (BD Bioscience) (il A2 {7 & : 488 nm,
W 7 4 VA —:515-545 nm)IZ L 0 &2 TV B 7 0 1 7 E ORI 0wt & % 1
E L7,

T F FHRMIZ X 5 syndecan-4D FTEE AL D Bl £

2.0 x 10° cells®HeLaffifiil 235 mm#% 7 AR kAT 1 v ¥ = (Iwaki)iZ247 =
VT — MCHRRE L, 24K5RER R Lo, A BRE L. o-MEM (-) Cfllfa 2 2%
Vete L7-%. 0.5% (W/V)BSAZ & AT2a-MEM (1) CHIR L7=His v T 4 L 48TA
(5G9) (Santa Cruze) (1:50) C3047fi], 37°CTA »FaX—h L7z, EiEEBREL
7%, PBST3[EVEE L. 0.5% (W/V)BSA% & A72a-MEM (-) AR L 72 Alexad88
=T~ 7 AIgGHUA (Invitrogen) (1:200)Z N L., 3045, 37°CTA > F =
— hL7, EiEEBRELZHE. PBSTIEER L, o-MEM (1) AR L7-
R8-TAMRA (1 pM) Zfiflaic 2 5- L 30701~ F =2 ~X— L7z (37°C. 5% COy).
FREA] (50 uM MDC) % FH W 2581375 REIIANZ, 3047, 37°CTREEHA
REEL . ~7F RIS [AIE&ORER 2R LT, £ D%, 0.5 mg/mLD~/3
U %3 TePBS () C3EWES L, MG E AL (a-MEM (H)Z 1 mLaT v ¥ =
[ZAIL, MfREEIF TS, WER L —F—BESEIIC LV . syndecna-438 LY
RTF FOJREEBIEE LTz, BAMEEBIEIE, SORBMEE 1X-81 (Olympus)iZ 3645
R = RFV-1000D % #3#k U 72 38 S L —F —BMEE L v, Lo X& L
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T UPlanSApo (60 x, NA 1.35, oil) & v 72, B ALEE [ XFiji software (Image]; NIH)
2T, JERTEIZ SV T, Fijilc A > TV B Coloc 2 plug-inZ IV T, EF Y
FHBAMR S 2 B LR L 7,

2Re=P I P

M 2 M9 5 A B T2 mlveif L 72k, 7 7 A ) URfFE= > R YA b=
A FHZE AT % % monodansylcadaverine (MDC, 50 uM) (Sigma), sucrose (0.45 mM),
TRFFAEET > R A b — 2 Z[HFAITH Sfilipin (1 pg/mL) (Sigma),
nystatin (50 uM) (Sigma), v 7 2t/ %A h—T ZAHEHTH 5
5-(N-ethyl-isopropyl)amiloride (EIPA, 100 uM) (Sigma), IPA-3 (20 uM) (Sigma),
wortmannine (500 nM) (Sigma), G66983 (2 uM) (Sigma) & % 412 4137°CIZ T304 [H
ATALEE L, BFEAEAGIE L TR F RERIT Y T HEE2 0B LT, DIk,
NTF RO iAF, FToiE, #AHL 2 2)5 2 FACScalibur (BD Bioscience)lZ &
DHIE LTz,

Syndeca-4, transferrini3 X O'R8D #fll i N 2 Bh D 81 £2

2.0 x 10° cells®HeLafflfil 235 mm#% 7 AR F A5 1 v ¥ = (Iwaki)iZ247 =
VT L— NCRERE L, 24FFWIEEE Lo, BEAZBRE L. o-MEM (-) CHlIR & 2
Vete L7-%. 0.5% (W/V)BSAZ & AT2a-MEM (1) CHIR L7=His v T 0 L 4HTA
(5G9) (Santa Cruze) (1:50) C3047fi, 37°CTA v F=X—h L7z, EiEEBREL
7=t . PBST3mIPEF L. 0.5% (W/V)BSA% & A7Za-MEM (-) TR L 7= Alexa405
koL~ 7 AlgGHLiR (Invitrogen) (1:200)Z W0 L. 3047, 37°CTA &% 2
— h L7z, EWEZFRE L%, PBST3MIMES L, a-MEM (-) (100 pL) CHEME % %
Lo T4 vy aZBlEEAT —Y FICRE LA > F 23— ZMI-IBC
(Olympus)NIZF L. il ds L O o % 2 R—Z NOBEENZE LT & Bbh s
312, a-MEM (-) CABR L 7= transferrin-Alexa488 (25 png/mL)¥ & U'R8-TAMRA
(1 uM) (100 pL, A28 T200 pL) ZMifaIZ 5 U, BlE2 2 Bbh L 7o, BApERE 2213,
HOLBAMEE 1X-81 (Olympus)IZ 3fE ==~ FFV-1000D35 L OV ERRET « 7
7 #(GaAsP PMT) & #5i L7 S v —F—BMEE 2 v, L XE LT
UPlanSApo (60 x, NA 1.35, oil) & 7=,
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Flp-in loxP HEK293#H 4 o> /5L

2.0 x 10° cells?Flp-In 2934 235 mmT « v 3 = (Iwaki)lZHERE L, 24K5RIE;
#¢ L7z, Lipofectamine3000 (Invitrogen)% F T
loxP-DsRed-1oxP-EGFP-N1_pcDNAS5/FRT & pOG44 (1:4)% [FFRF IS EA L, &

HITARIRFHEEFE L7z, HFE LMl A5 D UCAHR L, 100 mmT 1 v 2 =

(Iwaki)|ZH& = |H L. 400 pg/mL hygromycin B A DMEM (+)/# C, 10 H {555 L.
B LIz an=—%F v 7 TRILL, 967 = /L7 L — b (Iwaki)lZBs L, H5384%
247 V7 L— b (Iwaki)lZB L=, H° L7238 1) 2 DsRed D3 & %
FACScalibur (BD Bioscience) (il & : 488 nm, WX~ ¢ /L& — : 546-606 nm)
ICEDHEL, ERREIMETHS Z L 2R LTI ONWT, S HICH#E
L. EBICfER L=,

Cre recombinease D 15

Cre-His_pET-42b(+) & 72 1% Cre-R8-His_pET-42b(+)% BL21 (DE3)#k K5 # (2 T
EHA L 72%% . ODeo730.61272 5 £ T, 37°CTIRE S 358 L=, 0.5mM IPTG
ZUINL, 37°CT4RFRIIR & D 5% Lz, O K W EER L, Complete, Mini,
EDTA-free”' a7 7 —EEA], VYV F—2 (FeHiZK), DNase I (Fiytlizk)
5 L O'RNase A (Fn56#fidE) 2 ¥ L 7= Buffer A [10 mM Tris (pH 8.0), 100 mM
NaH,PO4, 500 mM NaCl, 10 mM imidazole] T/ L, HEE R, =02k
AR L 5y & B L, Akta Start (GE Healthcare) % > CHis-trap FF 7 7 2 (GE
Healthcare)|Z THEHL L 7= [binding bffuer: Buffer A; elution buffer: 10 mM Tris (pH
8.0), 100 mM NaH,POy4, 500 mM NacCl, 500 mM imidazole], DMEM-HEPES buffer
[20 mM HEPES (pH 7.4), 1 M NaCl] (1:1) % ) T4°C TR, BT EITV,
SDS-PAGE i £ 2 iR L 7=, I2EIIBCA Protein Assay Kit (Pierce)iZ & 0 Il L
7=

Syndecan-4/ v 7 XU VHIREIZEB T H5Cre) a2 B F—BIZ LB Z X7
B X ZEROFM

6.0 x 10* cells® Flp-In loxP 2934/l % BioCoat Poly-D-lysine 2477 = /L 7' L — h
(Corning)|Z#EFE L, 24FFRiES# L 7=, Lipofectamine2000 (Invitrogen)% F > T10
nM®DsiRNAZ A E A L, & 5 IZ48IFEIRE R Lz, A2 BRE L. DMEM (-)
CHlAE A 2B e L 7-1% . DMEM (-) AR L 72 Cre & 721X CreR8 & AR IZ AN L |
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305714 F 2 _X— K L7z (37°C, 5% CO,), D%, 0.5mg/mLO~/ Y %
GTePBS (1) T3EVF L. 0.01% ~ U 7> 22 CTl0oMEEEE% . % 1.5 mL
Fa—TWEI Lz, ZhzED L, XLy MRIZAR - 72 filfE 2 PBS (-) CThHE
ST, 2[0S L7214, DMEM (DIZERE L, 247 = /L7 L— MIFFEHE LT,
37°C TS %, Mz R U 7o 2k vEl L, FACScalibur (BD
Bioscience) (iR : 488 nm, WGIN 7 ¢ /L& — : 515-545 nm)IZ L W &9 7L
7= 0 1 E O DB 2 HE LT,
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