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ACE2 angiotensin-converting enzyme 2

ANXALI Annexin Al

o -MEM a~-minimum essential medium

CD9 cluster of differentiation 9

CD63 cluster of differentiation 63

CD81 cluster of differentiation 81

COVID-19 Coronavirus disease 2019

DMEM Dulbecco's Modified Eagle Medium

DMF N,N-dimethyl formamide

DIC differential interference contrast

DMSO dimethyl sulfoxide

EDT 1,2-ethandithiol

EGFP enhanced green fluorescent protein

EIPA 5-(N-ethyl-isopropyl)amiloride

EV extracellular vesicles

EV!K extracellular vesicles pelleted by centrifugation at 10,000 X g
EVMae extracellular vesicles isolated using MagCapture kit
FBS fetal bovine serum

FITC fluorescein isothiocyanate

F-actin filamentous actin

MALDI-TOF MS matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
miRNA microRNA

MWCO molecular weight cut off

PBS phosphate-buffered saline

PVDF polyvinylidene difluoride

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2

SD standard deviation

SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SE standard error

siRNA small interfering RNA

S-EV!K EV!% displaying the SARS-CoV-2 spike protein

S-VLP SARS-CoV-2 spike protein-pseudotyped virus-like particles
TFA trifluoroacetic acid

TMPRSS2 transmembrane serine protease 2

VSV-G vesicular stomatitis virus glycoprotein
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ITOYY =L, T2 V=4, TRF=YRMEEDHIBZIVNE (BV) 12, M2 S X
NBF 94 XORRER T TH O, Mgk a I 2 =7 —> a v &3 5[1-4], EV &, GEiilg
[5]. MEIZERERMIAE[6]. PNECHIACL7]. ERECHIAEIS]. 35 X VS AMIRE[9]Z: &y & F X & Al O
KXo TEAINS, TNLHDEV X, X v 37 E][10]. DNA[11]. X OF RNA (mRNA, miRNA,
R/ va—74 V7 RNA R &) [12-14]1 L o 24 ieh — I % E&A TE D MIE[1S5), BFAL[16].
MEBER[17]. JR[18]. I X OREHE[19]72 &', % ofiEHICE b NS, EV IZNES T % fth DAY
~LET s e CHlEE e S a2 —v a vEHS-TE Y, ARNTORE PR L ORI
BT 2T EA AT OI T E 72[20-22], £ D—J5 T, RIEDIED S, EV BEY)EEF ¥V T
LTS K DIGHREME 212 2 L 235 22T 72 o T 3[23-26], EV 132 CORMEE 4
WIEI D D b2 2720, VRV — 2 F /K0T 28EECRE L7 ) 7 7 v ZAOM#E%E 5
<& 2 A[HEMED S D [27]. siRNA[28]. miRNA[29]. mRNA[30]. B X UV X v X7 H[31]DiE=EF
Y U7 &L TCONMRME TN T WD,

EV XN T 250 F 2 EERHIHEPNICEE L TR REZ RIS & 2 e icid. = P9 4 b= 2T
FCHIFENICE D SAE NFth, TV F Y — LKL EVEEXNEA T 2. T2 3PEBE L EV AN ERE
AlE LT EVHES 7RI A Py AMCIE I N2 B ERH 2, Lo L, EFEABEANEL D AR & fE
AEDWCTNONELEL BT LG 27 o T 72[32-34], ZHITiZ, EV 2% 50-200 nm F2
EOEREZHFOIAXDORKEVRTTHL L, REEMPABMMETH Y AEMETOE
R KT 228, $RBEETEERZIZE ARz LR EDFER L &> T 5[35-38],
XoT,EV 2B & L2EmMRARYEED 7T v b 7 4 — L& T 2 720113, MIFEPELY
ABRRERIA O . B X, MR LD 72 OHBE AT R TH 5 [39-42].

EV O TEAMIIENE D AL L L TR Y R4 4 b — o 2RSS 0BG 23 X
T 5[43-46], EV BRI X, EEAMMIEERKD 2 v X7 EBAEEHINTE Y, 2o L ZAEM
e BHEMERT 22T, 7 7RA) MREHEZ Y FHA P = AR _F INEET v F A
F—v R =70t H 4 F—v R, ERFEEEBAGICK > THIENICBITT 2 2228830
TWw3, v 7ubt’ /¥4 b=V RAFT VPS4 F=v 2RO —FTHYH, Zofhoz v F9 4
b — o ZREEE & HO U CRBUR Z A E DI N R V) 3A & % AIREIC T 5 [47-49], £ D7z X
VX BRI s L O EENE DR N A AT, MRSV INEC N & 7 2 fRERLT- D
RN D ABRICERTH 2 L EZONTE =, FIBIIFREICEWT, w7t/ H 4 F—v R
ZHET 5T F PRI N TEV[50,51]. FFICEFE, PAA LW Hiiir~rme )+ 4 F—
CAFEES A O TF PR S, A AES T OMBENEEICERTH 2 2 LS
Lino7z[52], —H T, MG EHET 258G T CRZOEESEL KT T2 &0 5 ENE - T
Wiz, PERDHMIBPEEREEZH T2 _7F FD% L TG IC X » TiHMES R+ 2 2 & 2%
fE~DFEEEL 7 o T 5 [53], % 2 T, MIEFTE FICHE W THIEEZHRF T2 X5 a7 F PO
SHEERGIC X 5T, ERN A~ 270 ) %4 F— P RFE~TF Fof#lE XN EV OHLY JAA(E
EREHHCTELLEZOLND,

T



—J7C. EV OFESNE A FICIFEL Y AR 72T T RS R HIER L b EECTH 5, 2N
TICEERIC AT T, BV KM OBHi© BV ICHH T 5 2 v o 7 oZs, EREES T OIRE %2 /i
LA SR T 70 —F 3Gt S T & 72[54-60], F 72, HEGOEEEZH-> Ty 4 v R
DA %5 ZHE 2§ VSV-G 25U S T ¥ 72[61-64], VSV-G % EV IZ#5#(+ 25 2 L TEV L
MR D@ E 25 E 2 S, WES T OBENMEEI N L Z L BHL TR > TS, LA L,
VSV-G 13 & & & & ZafifafE it U RS % i 3 2 72 D EEIAII OB I EV NE s T &%
HET D LICIIREDK 5[65,66], £ o T, FERVAMIAZICR L CGEIRIC BV O EEREGTE 1 % FEiH
X L7-DDF RIS KD S NTnw 5,

Z T, RtFE Tt EV 2EME L L2 YkE S +~ U 7AIBLCHE T C BV OMlaNEESE D
A b X ORERMIIGEIR M RS 2 T 2 2 L 2 HE Lz, B 18T, MEFENICE
WThwrnut /)4 b= RAEFEAFERTF FE2AIH L. 2hzHWT EV OMIIEAELY
ABBXONEAGTFOY A YV NVIEERRETE 2 2 L 2L 2T LT, 55 2 E Tl SARS-CoV-
2 DANA TRV HE EV REICIRRT 5 2 & T, AL ZDREEHME Bl L 72 @5h%
2> DHINELEIRT 72 EV N T DIKEZ R L 7=,



&
o

Yivia =

615

Tinwfb=27v v /) ¥4 b= RFBEXRTFRNICK D
HHAEALINE D HL D A A i

e

~7ut /) I A b=V RAFI VA b= RO BETH Y, T 7 F v EHEK MO R
WS DI %t v, Ml 2 KB IAA TRz Yy ¥ Y —4 (20w ) v —0n) 2F
KT 5[47-49), ZOREFKIET V=T VANA, TT/IANAR CaAaLF v A LA, ZOfho
7 A ZRAE EMIBICR AT B8R & L C[49]. F 2MIHEEE -~ 7 F F (CPP) I X 2 Al Py
EDOREMEE L THHAINS[67-69], BOEDWIETIE, ~27 v/ 34 b= AR AMIEICE T
ZRBEIUCEERFEEZ 12T RINTVE[10-72], ~27 8V ) V) —LDH A X3~
A7 2= VICETZEREINTEY, TIF2 72 VIRTFEZ Y FH 4 b= 2 (89120
nm) CHFIKERET Y P4 F—2 2 (80 nm) 7 Efho Ky K4 b= ZfF
BRICXoTBREINDE Y FY =L XD FELCKREW[T3]. ORI, BRI OKIEEC X v o3
7 OREICHS CHE /ML T n 2 MlEsVNNE (BV) &8, @1 /2 KT ofifaiE
EICHIETH 5 AJREMED B 5 [24-26],

FrEFEE i, ARES TE X 0F KT oMlENEENLE @ 2 7-0ic~ s ) 34
F =Y ZOFMHEBRE L T 7[5051], 7 EH A4 vZEMAR C-X-C motif chemokine receptor 4
(CXCR4) ®VH v FTH3HEEMIEHKRT 1o (SDF-1a) @ N Kbm 21 FEIic k3% SN21
~ 75 }F (KPVSLSYRCPCRFFESHVARA-amide) 23~ 7 Rt/ %4 b —v R %3HET 5 2 LR
HEn7z[74], 5, ZDOE ALY % & L CAIE X u7- P4A (YRCACRFF-amide) 3 X 8% @
DTHNBLEITH 5 oxP4A 1F. SN21 LRI%EH 2 idZ N Eo~r o) 4 F — v RFEEHRE
EFHLTCWRZLBHLN LR -72[52], LAL, ZNHLDOXTF Vi~ rae /) 4+ —
U AFFERE T MIEEAE T CEs L, BRAEEAHIRIN T3, £ TH 1ETIZ, P4A 230
HEET COWEE AR CE 2 LI FFRGEIZWEL, AR LT F P2 TEY X
YU T & LTHIRFEI NS EV OXEMREZ M L2 L2 HIFL 72,

MiEHcwrae /) 44 b= AFFERENED LN WBEN BB L L <, iEho7e 7
T =X X 2R T F N o arfiR-elilil & v o8 7 B~ D IER RIS G 2350 b 1L 5[53,75,76].
X7 F F~OFEOMME 7 v 77— RTEZ M5 U, AN & H B &, Rl % I
RI22edMonTEY, ZAAnITVEk~7F F-1 (GLP-1) ZBEEEEHIEY 7 7L F F A
VARV R ETHWLNTWB[77], IBREMINZINGE & v X7 B~ IERRNEE 2N ¢ 5
ATREVEDS B 2 23, [AIRFICHERERES & oM AMEH & 3583 2 vIRetE03 H 5, AWFZECld, MiEEH S
BTtk 2_7FFo~zur /44 b—v ZFEEEom EE2HG, —#HO N K7 > il
PAA PFEARZTB L. N KGR 7 > AL ORNR 2 ET L7z, B 2 R ONENEE (WEE. 77
VI, IV RFUVEE AT TV VEE) AW T U AMMEORIEE RS L kSR, 277 U AL P4A
(stearyl-P4A) 25 b =270/ ¥4 b =2 ZIC X 2H VAR ZBINCHFEL 72, D THI AL 7
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4 VG R BT 2RI TH % stearyl-oxP4A 13X HITEWIEHEZ /R L7z, % 7= stearyl-oxP4A 13,
~7uv /) VA b= RCEBRT 7 F v EEREBICEE T 5N E AL, AT T VR
oxP4A DI X v 3 2 E~DWE P &l 2R3 2 L ZBHL 2T L7z, stearyl-oxP4A 23, Ifil
HEAREHICE T EV OMIENELY AR B K EV ICNE I L7z mRNA O A b VL ~DikiE
IREST D2 L2 AL, 2OXTF FHAEV ORFEIEEICCHTE 2 iR Z R L 72,
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F1H MEGFEFTICE T 2PAARxPAAD 7 v v ) 4 b — ¥ RFE G ICX I 3
7 o AL D RS
AR D . SN21 & P4A 1T i d MIMGERHECldmv~2 v/ ¥4 b — v RFFEEREZ R
L7z, MIEFE P ClkZz oz k o7z, ZOEWDET IR, MiEHO 7w 77 —Fic X 52
7F FONR. BB IRIME R v E~DRTF FOIEFRERN A IC X 2D D LHEHIL 72,
~7'F FofREIE. MIELEN%Z A X g~ o B % & o 2 ZHAN 20T H 5 [75]
Z Z T PAA DN KU 7 o MEIC XV IMIEFE T Cb~ 27 v ) 34 b — v AFFEREPRFE S M,
MR E DM X L5 % FHMi L 72 (Fig. 1-1A) . RILKBHOR IR RER TV AEEHT S
P4A T Fu s, THFL (C2). TH/ 4N (Cl0), TV ZFA (Cl4), 27T I (C18) K%
327 Fu %257 (Fig. 1-1B), 7 ¥ LA PAA iR L2 b 72 69720 &9 2 % 5Hili§
2720, w70 )P4 b=V A=A —THET7T b7 AFra—X I VE#HD T0kDa 7 F R b
Z v (TMR-Dex70) DAUAEZEL Y JAZ % 5l L 72[47,78], HeLa fllfd%. 10% 7 ~1iE (BS) % &
T 0-MEM [a-MEM(+)]*F C, TMR-Dex70 & %7 F F (5uM) T 30 4[ELE L, TMR-Dex70
HIFINEL D AR Z 7 —H 4 b X b ) —CEIT L7z, (EROREEY . & HEEET TO P4A
JLER-ClE TMR-Dex70 HU D JAB DR ZE R IEINEAD bl h o7z, N Kii 72 F LB LT 7
J Antd TMR-Dex70 HUVIABZICTIZ L A EER G2 b o7, IV RAFMEBLUORTT
Y MBIZ, =7 F F2RML T bififld e L T, 2020 110%5 L O 125% DI Y A H %
b 7256 L7z (Fig. 1-10).
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Figure 1-1. (A) Aim of this study: to develop derivatives of micropinocytosis-inducing peptide
“P4A” to facilitate cellular uptake of functional molecules and nanoparticles in the presence of
serum. (B) Acylated P4A derivatives. (C) Effect of acylated P4A derivatives to stimulate
cellular uptake of tetramethylrhodamine-labeled 70 kDa dextran (TMR-Dex70)
(micropinocytosis marker) in serum-containing medium for 30 min. Data are presented as mean
+ standard error (SE) of three independent experiments (n = 3). ¥*** p <0.0001; **, p <0.01;
n.s., not significant [one-way analysis of variance (ANOVA) followed by Dunnett’s test].



1

KT, wHIEED D 572 2T 7 U ML P4A (stearyl-P4A) DIMIEFETICE T 2~ 7 v/ ¥
A b= ZFEIEEICOWTE DICRET L 2o PAA BEEIIT O > X7 4 v & FA— A%
Bz L2 <. DTFHNIEEE (oxP4A) ICEG IS X . Bl & L <o TG 8k &
REND ZEBHME SN TVB[52], T HiC, EIMFERTHICTIE, oxP4A 13 PAA KD BT F R+ F
YO IALE XV T 2 2 LRI NT VS, £ T TRIC, stearyl-P4A IZHWTH 5T HEE
(LD stearyl-oxP4A % FAH L . MIEELE FICE T 235 %25~ 7z, stearyl-P4A D5 TWNEE(L X
methyl 3-nitro-2-pyridinesulfenate (NPyS-OMe) [79]% Fl\»CTfT - 7= (Fig. 1-2A),

a-MEM(+)H1 C stearyl-P4A ¥ 7z (3 stearyl-oxP4A DTFLE T, 7 LA L+ 4 v 13 Dex70 (FL-Dex70)
% 1 IRFfALER L 7= Ml o He B L — o — SR (CLSM) #i%2 < ld. MlEMIC JURD o~ 77 F v 033
» 5, FL-Dex70 28T ¥ F Y — AICHfifR S iz 2 L 2R & 7z (Fig. 1-2B), FL-Dex70 ¥ 7'
L& LysoTracker (VY YV —Lf6EE) oY 7 FAoEA ) bBEINZ, —FH. *7FFEZHRML
R OHIIETIX, FL-Dex70 > 7 F 23 & A ER SN2 -7 (Fig. 1-2B. no peptide), T L5 D
Mg, stearyl-P4A I X U stearyl-oxP4A DFF/E T T FL-Dex70 28 7 m ¥/ YV — LiCHiifR T 1L 5
ZLERBEL TS, 72, FL-Dex70 > 7 F L & LysoTracker > 7'+ VD ILFTE (Fig. 1-2B, #h
YOI BRLNEZE»L, v /R Y —LD0—FIZ Y VY — L LA L7z REE DR
Itz 7 =% 4 F AP Y —ICX>TTMR-Dex70 DIV AL A ER L& T A, T F PR
PHAHAE & e~ T stearyl-P4A 1349 125%. stearyl-oxP4A 1347 150%IC TMR-Dex70 D HL D 3A & A3
L. stearyl-oxP4A X IMiE & A EHIC I\ T stearyl-P4A X Vigjic~7 v/ 4 b= R X 3
B iABZREST 5 Z LRI (Fig 1-20), $72. WST-8 7 v &4 (I Fav P 7HiKSHE
PR Ic O T v & 4) [80]iC X 2 MlfEEE DR % 1T\, stearyl-oxP4A 1 10 uM £ THE
nEESRONR W L ZHER L2 (Fig. 1-2D), OB Tl X Y EiEETH % stearyl-oxP4A
Wz,
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Figure 1-2. (A) Structures of stearyl-P4A and the oxidized form, stearyl-oxP4A. (B) Live-cell
observation of the cells treated with FL-Dex70 in the presence of stearyl-P4A and stearyl-
oxP4A in serum-containing medium for 1 h. A white arrowhead indicates an aggregate-like
structure of FL-Dex70 formed in the presence of stearyl-P4A. Scale bars, 20 um. (C) Effect of
stearyl-P4A and stearyl-oxP4A on the cellular uptake of TMR-Dex70 (in a-MEM(+), 30 min)
analyzed by flow cytometry. Data are presented as mean + SE of three independent experiments
(n = 3). ¥** p<0.001; *, p <0.05 (one-way ANOVA followed by Tukey—Kramer analysis).
(D) Cytotoxicity of stearic acid, oxP4A, and stearyl-oxP4A treatment for 24 h. HeLa cells were
treated with indicated concentrations of stearic acid, oxP4A and stearyl-oxP4A in o-MEM(+)
for 24 h, followed by addition of WST-8 reagent and incubation for 2 h. Data are presented as
the mean + SE (n=3). n.s., no significant (one-way ANOVA followed by Dunnett's test).
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1

stearyl-oxP4A FlFEIC X 2 MIIENIL Y AL ~D~rm e /) 4 F—v 205 %, 27w/
A b= ZAHEHFITH B EIPA I X U wortmannin % F\VTHEET L 72, EIPA 3 Na'/H™ 3 {ARHE
HTho, ZEERENLEZZY FH A F—v RATlEALS~20E ) H [ F—v 2% [HET 3
[47,81,82], —/7. wortmannin |3 ZAFKA /> F F 3-FF—¥HEHTHY, ~27v v/ ¥4 b—
v A%HET 5[83], stearyl-oxP4A 1T X o THIFL X N7z TMR-Dex70 HU D IAHKICHT 325 2L b D
HEAORELZTAR-L A, ZNIEERINTIRAVD DD, WINOHEFINEICENTDH,
stearyl-oxP4A I X > CaFE X 115 TMR-Dex70 BV iAHR DO HE D 53380 bz (Fig. 1-3A,
B,

~r7uv %A =T RE, BT 2 F VREDELEE T v 7 VDI R . st o
WP TE~270E ) Y — LD AL, stearyl-oxP4A IC X 2R~ ) 4 F—v R
ICHHMIN 7 T 2 F V& D2 L R /R T 2 IO W TH 72, Lifeact 1X. fEIRT 757~ (F-7
I7FVIREICHEA T 1T T I BORTF R TH O[S4 HEE v 0BG E5 2 & T,
EMIECO T 7 F v HBEDZEL 2 FIHIL TR 5, % Z T, Lifeact-mCherry % ZEFH 3 % HeLa
fi7% . I3E&A R IC 350 T stearyl-oxP4A T L, 7 27 F v OBHEZBIZ L 72, MIfZD X 4
LT TABEDOKER, stearyl-oxP4A DRI X > T, HIfEI~DENN T 7 F v ENTEK X 1
5L DRR® b (Fig. 3C, BRI, —/7. stearicacid <° oxP4A IC X 2L <L, HlLEHS
D F-T7 7 F vICHEREEELIBIE I N h o7 (Fig 1-3D),
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Figure 1-3. Effect of macropinocytosis inhibitors, EIPA (A) and wortmannin (B), on the cellular
uptake of TMR-Dex70 in the presence of 5 uM stearyl-oxP4A. Data are presented as mean +
SE of three independent experiments (n = 3). *** p <0.001; **, p <0.01; *, p <0.05 (one-way
ANOVA followed by Turkey—Kramer analysis). (C) Structural alteration of F-actin (visualized
using lifeact-mCherry) by the treatment with stearyl-oxP4A in serum-containing medium.
Images were obtained 20 min after incubation with stearyl-oxP4A. Arrowheads represent the
positions where dynamic actin projections were observed at 20 min after peptide treatment.
Scale bars, 20 pm (upper panels) and 10 pm (lower panels). (D) No marked rearrangement of

F-actin structures by the treatment with stearic acid or oxP4A (without stearylation). Scale bars,
20 pm.
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1

KIT, PAA X oxP4A D AT T Y MUSTEDOFAE T T 27 v/ H 4 b — o ZFHEE D[ E
L O TEMICOWTR2ITo 72, Bl LT, =7F Fox77 Y afbic X o> <lmgh o
TuTT =R KEEREAYTH Ll MIEX VN H L DIFFRIFSEGZE. ~7FF
VIR RE L AR L3R 2 2L D2 0DKHBEZE X bNZTed, ZNENICO VT O
EfTo7, £3. MIEHTDOLTF FD4fif% LC-MS TaHili L 72, MIAEAHT D A 525k Tl
L725tE LR ST IC 0T oxP4A & stearyl-oxP4A DRIEM: % T~ 7245, THSMT D oxP4A
& stearyl-oxP4A D T23NE L A ENREI NN L 2R E 7z (Fig. 1-4A), ¥ 7= stearyl-P4A %
[ CAHTICH T 2 &, JED stearyl-PAA Tld7a <, Z DL I N7 JZHE (stearyl-oxP4A) DB — 2
AEICBERE N (Fig 14B). TNE, o-MEM(HHIH T stearyl-PAA 2397 T MR {LIKICZEH &
NPT NI L ERERL TS, BRI N stearyl-oxP4A D ¥ — 7[RRI 30 /7RI & A LA LL
Tk 5T (Fig. 1-4C). 7 F I 2 stearyl-oxP4A ICEM I N CRENT 2 2 EBARBINS,

A —o— OXP4A —a— stearyl-oxP4A B (l) In buffer
150 i h:(‘;’z:“ 220408-1_1-1_01_7621.d: +MS, 16.7-16.9min #958-965)
8
s 665.8799
=100 4 °]
>
g 44
o)
S 50
7} &
0 T T T o 670 o 690 700 mz
0 10 20 30
Time (min) .
(ii) In a-MEM(+)
c Intens 220404-1_1-1_01_7598.d: +MS, 16.4-16.9min #939-968

x104

150 o
100‘/\‘/ 6

664.8707
4

Stability (%)

(4]

o
1

~

% 1 2 30
Time (min)

Figure 1-4. (A) Stability of oxP4A (gray) and stearyl-oxP4A (blue) in 10% bovine serum at 37 °C.

Both peptides were highly stable in bovine serum after 30 min. (B) LC-MS of stearyl-P4A (i) in

buffer and (ii) after dissolving in o-MEM(+) (time = 0). (C) Stearyl-P4A converted into stearyl-
oxP4A, which retained its structure in serum-containing medium at 37 °C for 30 min.
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2 OHDRFHBGEED 720 IC = 7 F F DIfliE & v ¥ 7 EH~DFEE T2\ T Native-PAGE % v T
Rz SANKRFTT P IAFLE—X IV (TAMRA) L7z oxP4A =7 FF (2t h
stearyl-oxP4A-TAMRA & TAMRA-0xP4A) %, 10%D v Ui (BS) %721 60 uM @ 7 L i 7
L7 v (BSA) 8T PBSHTA vFax—F Ltk MEXVYX0ERXATATERIT Y
Y7 I P vESKE) (Native-PAGE) 1< X 0 4riffL. 4% (Fig. 1-5. TAMRA) &7~y —7
Y7 v 77— (CBB) 4t (Fig. 1-5. CBB) THith L 72, TAMRA [Hiff (. oxP4A F X UF stearyl-
oxP4A LIEA LZIMEL v X7 BB LU BSA %78 L, CBB HRIZ&ES v 7 rdicgins &<
DXV NIERRLT WS, BSOAET 774 L7z —v 7D CBB AR TIE, MFEHICH
HT2IEIERZVAEBD PR LN, BSADARET 774 L7zL—v 8 Tid, KAITRT
FHERAY FIEMA WL 22DV FAR L7z, PBS 1D BSA B IZ. 10% BS o2 ICH
WF2LICHEL TP, L—v 8D 5 BSA PHCRAIC X W S EEEEKT 5 vlhHE
R X B [85],

TAMRA-0xP4A % PBS HTBS & 4 v F 2 ~X—} 32 & BSA ICHET 2 i@ (KHD) LIAkic,
FRICEr T 2HIIC TAMRA Oy KA 531, TAMRA-0oxP4A 23E 0 FED X v o3 7 BT
TAAREMEASRR X LB (Fig. 1-4B. TAMRA, L — ¥ 2), TAMRA-0xP4A % PBS H'C 60 uM BSA
LAV Fax—F LEGHICOEROEN A Y PR LN (Fig 1-5. TAMRA, L—V 3), &
5T, BSA D% EIKEEZLNDE NV FAEICE VLT, BSA DAD CBB Yetad N FiffE & It
B LT, & V3R TAMRA D #EHAEIE & 7z (Fig. 1-5. CBB, L — ¥ 3), Z 41X, TAMRA-0xP4A
DD 2 v BT N EERICIERERICE T 2 RS H 5 2 & ZRE L T\ 5,
—77. stearyl-oxP4A-TAMRA % BS 5 X U'BSA & 4 v F 2 _—}F 5% L, BSA ICHIGT BALEIC
B FHER v FRRE S (Fig. 1-5. TAMRA, L — ¥ 5 5 XU 6), stearyl-oxP4A 2 BSA IC
BRMICHAT L REEIND,

KIT, H_TF F OMGE~ DG % im0k X 2 2l % W CEHi L 7z, BS & 20uM D=7
FF%37°CT50MA vFa~x—F L, @E0IC XY IMEL v 32 B~ & JERE Ay
BOBEL 7z, EWEEDICETERRTFFREE X VAZECHEAL TR L~ 7F F e LT
LC-MS I X V& L 724558, oxP4A OFEFEE ) 1Z= 7' F F KD 0.9%TH - 72 DITx} L, stearyl-
oxP4A DIEHEE /313 IR D 15%TH V| stearyl-oxP4A 13 oxP4A X U i & v X7 E~DMHEAEH
DT L7z Z LRI Nz, TDT L, stearyl-oxP4A DG EAEHFPCc~ vy /¥4 b
— VALK DM IADE X VIRHET ZREN @ L DR TH 2 AIREER S 5,
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Figure 1-5. Native polyacrylamide gel electrophoresis (PAGE) analyses of the interaction of peptides with
bovine serum or BSA. Each 5 uM TAMRA-labeled peptide was incubated with 10% (v/v) serum-containing
PBS, serum-free PBS, or 60 pM BSA for 5 min at room temperature prior to analysis by native PAGE. The
left image shows the detection of TAMRA-labeled peptide migrated with serum proteins. The image on the
right shows the total proteins detected with CBB. Lane 1, TAMRA-0xP4A (5 uM); lane 2, TAMRA-0oxP4A
(5 uM) + 10% bovine serum; lane 3, TAMRA-0xP4A (5 uM) + 60 uM BSA; lane 4, stearyl-oxP4ATAMRA
(5 uM); lane 5, stearyl-oxP4A-TAMRA (5 uM) + 10% bovine serum; lane 6, stearyl-oxP4A-TAMRA (5 puM)
+ 60 uM BSA; lane 7, 10% bovine serum; lane 8, 60 uM BSA. Buffer: PBS containing 1% DMSO. Although
no TAMRA-labeled peptides were added to the samples for lanes 7 and 8, intense bands were observed in
these lanes. These might be due to intrinsic protein fluorescence observed at the relatively high concentration

ranges of proteins used in this study[27].
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5 2H0  stearyl-oxP4ATFIE F CDA 7 XA TAF =V DH A bV vikiE

LREDOFER T, stearyl-oxP4A DTEDOHFE T T/ v/ ¥4 =2 REFRL, 1—T%M
RENICIEET 2 REE A H 2 L "B T 5, £, 7TAF=VICED CPP M L <. MiEA
IEIE D stearyl-oxP4A D HPEE 94T L 72,

d 7 2TAF=v (RS) ZETLTAXF=VICED CPP I, EEFEE L &\t OfildNikED
FEE L THBEICHCONS, R8IZE 2, ~7ut /) H 4 b =L X %iHET 25 2 & Tz ofilaN
Y AR ZARHET 2 Z L F ST 5[50,86], T35 DHIR D & | stearyl-oxP4A DFETE T Tl
R8 1T X 2 iKZECTOMBEMELFI N, INEiEI»D 2720, HeLa Mifld%. IMiEEH B+
T stearyl-oxP4A (5uM) %N, F 72 1ZFEHIM D&M C. C Khi% Alexa Fluor 488 THEa#k L 72 RS

(R8-Alexa488) (10 uM) T 30 /[ELEE L. CLSM T#i% L 7= (Fig. 1-6A,B), stearyl-oxP4A 737x
WEFC R8-Alexad88 & MLEHL L 7l Cld. B D&V IC/{TES 2 BHE 75 UKD Alexad88 v 7 v
DEEEIN, RRVPEICZ VY FY —2NICHiR I N T WS Z &R I 5([53], —J7 T, stearyl-
oXxP4A DTETE | T R8-Alexad88 % ML L 7- il < i, ML RIC Alexad88 o 7" F L AMLEL L T\
25D RLNTZ, THIE, RTFERIA FIANBITLAZZ L 2RI 5, 100 ML Lo
CLSM [Hiff72> 5, 4 b YT Alexad88 ¥ 7" F A% FOMMOE A Z L7225, stearyl-
OXP4A 2375 WIRBE CULBE L 728585, Hh A4 b+ VLT Alexad88 & 7' F vk FpoMilE D &A1 12%TH
5 72 B3, stearyl-oxP4A Z IR L 72856513 52% L 72 D | stearyl-oxP4A DO FANC X - TR L
7z (Fig. 1-6C), Alexad88 (¥ R8 IC X » TEEI NS EDED FEHEMBDOET AL AT I 23T
&, ZORERIZ, stearyl-oxP4A DHEREVE D T OV A b Y ABIT R T 2 BENREE N 2o &
EERIRLTWD,

o
A ﬁi” ){:} c Figure 1-6. Stimulation of
$ o

807 * cytosolic distribution of RS-
HaN—RRRRRARRGE. i, 9 S o Alexa488 in the presence of
Cﬁo( 2L 60 1 stearyl-oxP4A. (A) Structure of
T 5 iL’ R8-Alexa488. (B) CLSM
B =l .
R8-Alexa488 T o401 observation of the cells treated
R8-Alexa488 + stearyl-oxP4A % § with R8-Alexa488 (10 pM) in the
G o o S 201 absence or presence of stearyl-
oxP4A (5 uM) in a-MEM(+) for
0- 30 min. Scale bars, 20 pm. (C)
bﬁb‘b Q‘,v Pfercentage of the cells bearing
&S diffuse cytosolic R8-Alexa488
Qg,'?~ @rz@ signals. Data are presented as the
x® mean = SE of three independent

experiments (n = 3). *, p < 0.05
(Student’s t-test).
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55 3 ffi  stearyl-oxP4AIC X 2 MRS/ INIE O Ml PN 2%

VYV —Lexr Y —reatiliisbhg (Bv) ZMifadko/METch Y, NET 5% v
NOBORE R e lEEcERT 2 e c Mg i a2 —v a vEHS CORES L.
EV 3EYEREYEEF v ) T & LTHEH INTEZ2[24-26]. Ml~DE Y AHL, EVOHNE
SFRL Ty MIEA~ET T 2 R RN 2 & SFED D TH 5[25], EVOT Y F
YA b= R X MBI AR ZRHES 2 WA 2 7 7 a —F & LT, MR~ H
MEEE® 272010, RTFFRLX VY N2HET EV R ZEMT2HESTObATEY, 2OF
FECIREZICE T MR RS G S N2 REED H 5, RIEOWETIE. AV ITTAL¥F=v
ZEUHIILE RN~ 7T Ko, HRA~<7F KT BV OXHE BT 2 FEARE S L Tw 3R
[55,61,87-91]. EV OHU D AZZHRICIZ LA REORMD S 5, = & TARIFIETHIFE L 72 stearyl-
oxP4A VT, fllfldd=2uv ) 4 F =2 RIC X BV IAARDREST 5 2 & T, EVICHE X
hieh—agor vy MillE~O3 4 P Y ABITERETE 5085 » %5l L 72, stearyl-
oxP4A D EV 71 — TEZE IS T 28R AT T 2 72012, (1) EV OHIEHN~DREL Y A A B DFF
fiie. Gi) BEVICNE I —ToLr ey IOV 4 + YV ~DiF&EDFH i % 1T > 72,

() DD 72 % . EGFP % CD63 & ¥ % 78 D N At (B PuJeedll]) 1 fifi A X & 72 EGFP-CD63
ZFI 3 % EV ZH\72 (Fig. 1-7A. EGFP-CD63-EV), CD63 (37 b 7 A=V 77 I ) —D X v
RIGFTHY, TV —LEEUEV O~w—A—2 v S7HE LTHEICH LT W 3[92],
EGFP-CD63-EV % #&8 3~ % 7= ® 12, ¥ 9" EGFP-CD63 % ¥Ii 3 2 Ml D RE &5 % i 0o L <.
[E4% 200 nm AKiii O EV [l]7) % 1572[93,94], % D%, MagCapture Exosome Isolation Kit PS % > T
EGFP-CD63-EV % 73 L 72[95], 2@ F v bid, EV RHICKRENDEFRAT7 7 F Uk VT,
Ca? AFHNIC R RANICHT AT 5 Timd X v 27 HEDHAFEMIC Lo T, BVET 74 =7 4 —f§
Bcxp, FIRT Py XV IMBITICLY ., KR L 7 EV H53 23] 100 nm D HiPH D /Mid THERK
ENTVE L PHERE N (Fig. 1-7B). L7 EVO Y =A% v 7 a v borffis 6, EGFP &
CD63 Dl 5 23 H & 11, EV 28 CD63 % & 4. EGFP TEEH S L CTWw5 & L kR S 7z (Fig. 1-
70)

KIZ CLSM 43#7 % F v~ T, stearyl-oxP4A 75 EGFP-CD63-EV DAMIAIAEL 0 iARICH 2 2 2 % 5
filiL 7z 5uM @ stearyl-oxP4A DTFE I C EGFP-CD63-EV % AL L 7= /il < i, EV OAIAEHEL Y
AB T RET 5 RO EGFP ¥ 7 F A B4 HEIEE S iz (Fig.1-7D). —J7. EGFP-CD63-EV O %
T, stearyl-oxP4A 2372\ E&E Tl BN D EGFP O 7" F L L NARE L LKW 2 & 2B &
Nizo IO DB S, stearyl-oxP4A 73 EV OMIAIHNEL D AR ZIEIET 2 Z L AL 22172 o
7z stearyl-oxP4A @ EV HUYD IABRJRHERNRIZ, 7o =34 P A P Y =W CTHHEZR X, stearyl-
oxP4A DIFETE T TD EGFP-CD63-EV DRI Y A X, <7 F FIEELE T @ 2.7 &I L 72

(Fig. 1-7E), ¥ 7-. stearicacid & oxP4A (% EV DHIIEHNEL D ;ARICHE L G 2 702 & bEAL
7= (Fig.1-7F),
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Figure 1-7. (A) Schematic illustration of sEV-bearing EGFP fused with CD63 (EGFP-CD63-sEV).
(B) Size distribution from nanoparticle tracking analysis of the EGFP-CD63-EV isolated using
MagCapture Exosome Isolation Kit. (C) Western blot analysis of CD63 and EGFP in the isolated EV.
(D) CLSM analysis of the cells treated with EGFP-CD63-EV (green) in the absence or presence of
stearyl-oxP4A (5 pM). Nuclei were stained with Hoechst 33342 (blue). Scale bars, 20 um. (E)
Enhanced cellular uptake of EGFP-CD63-EV in the presence of stearyl-oxP4A (5 uM) analyzed by
flow cytometry. Data are presented as mean + SE of three independent experiments (n = 3). *** p <
0.001 (Student’s t-test). (F) Cellular uptake of EGFP-CD63-EV by stearic acid and oxP4A (without
stearylation) (5 uM each), compared with that of 5 uM stearyl-oxP4A. Data are presented as mean =
SE (n = 3). ** p <0.01 (one-way ANOVA followed by Tukey—Kramer) analysis.
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w1

HYLEDOBIR A B, EV SMIEMICIR D AN 27210 T, EVICHEI Nz — 3L &
vy MM IS Z L 3o CEHEETH 5, LFLD EGFP HA DM X, MAICHE S
L7z, F72iz v P4 b—=v &N/ BV BT 235 THY, A INh—adL v
vy MENICEEI NS 22 LD HFFHIE T & 22 0 72 EV A — T DY A T VL~ DikER K
% FHii 3~ % 72 ¥ 1T, Fussenegger H IC X o TR I N7ZFFED RNA % EV ICREENINIC Yy 77—
A WP SN )| w:[30] (Fig. 1-8A), T DY A7 Lld, C/Dbox & M:FH 2%\ RNA &
F—7 &, C/Dbox ICFFRIICHET 2T —FTDLTAe VKR Y — L2 VX7 E%FIfT %, L1Ae
& v o8 EBLY % CD63 ® C KUl L. L7Ae 28 BV WIEMNICIR R I N D L5 Ic L7, EVIC
NI N/h—TBL vy MIIICGEEI N R EZTMT 220D L R -2 =L LTHT
HEO/NI WY 7 27—+ ThH % NanoLuc (Nluc, 19kDa) %\ >72[96], % 7z Nluc-mRNA % EV
ICHE S 572, C/Dbox ihll % 3IERERTEEL (3-UTR) 1A L 7 (Nluc-C/D box mRNA),

Nluc-C/D box mRNA Z W@ L 7z EV (Nlue-mRNA-EV) (%, CD63-L7Ae X ¥ %2 B 35 X U Nluc-
C/DboxmRNA # 2— F3 577X F% HeLaffifdic b 7 v R 7 27y a v L7zt HEELED
© MagCapture Exosome Isolation Kit PS % F\>C Nluc-mRNA-EV Z 3% Z &I X o TR 7=,
Nluc-mRNA-EV (¥, #J 100 nm O#iFHDER % FH (Fig. 1-8B). EV v —7—TdH % CD63 & CD9
ERIL T3 Z & &R L7 (Fig. 1-8C) . EV ICNTL X 172 mRNA DOIXEICH T 5 stearyl-oxP4A
DRNFIZ. 2.5uM D stearyl-oxP4A % I E 72 (ZIEARM D SFE T, Nluc-mRNA-EV % HeLa #ilf@ic
WL, 37°CC 24 KA v F 2 x— b} L7z, FEH L 72 Nluc D L <)L % NanoGlo live-cell assay

CX o THITT B Z & TRl L 72 EGFP-CD63-EV D358 & [FIERIC, stearyl-oxP4A DFFEYE T Tl
~7F VIEFET & L T 2 524 LD Nlue iGEHEROF AR &7z (Fig 1-8D), & @n’%%‘%
I, stearyl-oxP4A JLEEDY . BV ORI D AL EZHIME & 27217 T <, EVA—TDH A }
INATRARHET 2 DICH IR TH 5 Z & /R T,—J CTLstearicacid *° oxP4A DFETE [ Tl
Nluc FIHOHNNIZEE S e h > 72 (Fig. 1-8E),
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Figure 1-8. (A) Schematic illustration of the assay system analyzing the transfer of EV-encapsulated
cargo using the active packaging of the Nluc reporter mRNA. (B) Size distribution from nanoparticle
tracking analysis of Nluc-mRNA-EV. (C) Western blot analysis of CD63 and CD?9 in the isolated EV.
(D) Stearyl-oxP4A had the ability to enhance the transfer of EV encapsulates into the recipient cells.
The efficacy was analyzed in terms of luciferase activity, which results from the cytosolic release of
Nluc-C/D box mRNA in the recipient cells from Nluc-mRNA-EV. Data are presented as mean + SE
of three independent experiments (n = 3). **, p <0.01 (Student’s t-test). (E) Enhanced cellular uptake
of Nluc-mRNA-EV and the Nluc expression in the recipient cells was observed in the presence of 2.5
UM stearyl-oxP4A but not in the presence of stearic acid and oxP4A (2.5 uM each). Data are presented
as mean £ SE (n = 3). **, p <0.01 (Turkey—Kramer method).
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aEm & R

HlECE, MEFEEFCBWTRAIC 2 ) H 4 P = 2 %FEFE2TFFTH 3
stearyl-oxP4A ZAIHL L 7z, F 7z, stearyl-oxP4A IC X 2~2 v v/ %4 b= ZFEHEIC L - T, EV
DHIIEAEL Y JAA L EVINED T DHA F Y A~DEERMRET S Z L ZHL 2T LT,
~zuv /) %4 b= ZFEEE LD PAA 7 F P, MIEFEESM C IR BEE EESME T &
2 3[52]. AETIEPIA DN KIRICEHEOT N EABATEI LT, =270 %4 F—v X
FHEE AR &R icEk L7z (Figure 1-1), A7 7 UV AFEOE AR DR TH Y,
TMR-Dex70 OHLY iAAZ % <7 F Fre L & B LT 1.25 I L 7=, ARBFZECIidmEE 2 2
5 18 DEIMIENIR DB A ZWRETE 212 & &% o 7225, X 0 BWIEHITE DB AL ARG o &
AT X BIEE~DFED SHOBGETRE S L CHBFE G, 2T VA EEEATIMEICEL T
b, N RIS <~ 7 F FEAHINE S C Kiiize & dats 2 2 & T, & 67k 2i&MEm Lonlget:
BHREEI NS,

2T T U AALDS oxPAA DiEHER FIC DA o 2B I OW T, *7F FOIliE CORENE & I
HEVAX7E e OMHAFROBIRD DRET L7z, —IIC~<7F Fi>IfliEHhc7r 77 —Fic X
S THPPICHIRIND LB, FFCTAX = VR HEKRT 1/ BE GTRIID iR % 2\ F
LTV EBHONTWB[97-100], LaL, BIMCD X7 T U AL L TW37a 1 oxP4A b stearyl-
oxP4A D DEBRONTRETH Y, AT T INMULRLREEICHFEG LW LB RBI N
(Figure 1-4) . Z DLEEITIT D TWNERLHE L T 2 A[HEWELE 2 & 2 5[101], % 72, Figure
1-5 @ Native-PAGE DFiED 5, 277 I AMLIC X > TR 7 F FOIMLIE R v~ 7 ~D IR R
BWEDBA L, TAT I VICRRICHEFERT 2 X510k 2 2 e RRINTL, T OREIT
R7F FORREMMBT VT I v ~DEGERMEZ 53 5 & w5 BT & —E3 5[102,103],
INDDFERD B, oxP4A 1ZIMIFH X v 7' H & OIFFFRN RS IC X Y =7 F FoiEEkhiss~<
A7 EIND L THEERKDNED, ATTINKEEEAT LI L TTAT I VICRRNICHES
U OB 238 H L 7245 1. WSS RIE L 2 [ RetEnE 2 b b, 72, MIGEENICEIT 3
_TF FOFEERIICE, G X v o7 OMAFER A N— PP —% T2 C L BEETH S
T HRBIND, Figure 1-1 TT Y AHER LY RWinsEiEtEz R L2Bl & LT, —&ivIchi
Wit DIRFHEEBRCIZET AT I v ~OFHESEINT 2 LEINTH V(104 TAT IV
LT IR T F R L OB BG L T A AREERE L b D,

KEDT v A VAT LTIE, R7FF% EV CHICEAT S TFEE2RALLZ, co%kT
stearyl-oxP4A DFEMEDRI N2 b, RXTF FICK B EV & 5 W IidfhoEkF 2 K7D
TEEE R RIS A, AWFFE TR b N5 R & FIBRICEE R 2 BN X 2 2 aJBetE 2% 2 6 1,
St OMERE e L CHEZE G,

FARMELS, Loy v MllgICE T 3 EV OWNES T ORI 2 3 72 A B D
R I N7z, HRHIIEANELD AR L EV ICHE X 1172 mRNA OHE O T, Wi d i 2~3 fF
DUENRS RS 7z (Figure 1-7,1-8), Z#Lix. EV OAIFEINEL D :AA 25, EV NESTDOH A b
TN DIFFENR " PE T 5 FERTH 2 v[HetE 2" L T b,
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BA

SARS-CoV-2 spike protein f&# EV IC & 2 M AE:E R 72 mRNA X2

e

S APEIPIR SEERE 2 v F 7 4 L R 2 (SARS-CoV-2) 12, 2 1 F 7 4 A ZIEYLE (COVID-19)
DXV T Iy 7 EF|EFR I L72[105], COVID-19 {GED 720, TN F CTICHLiREL[106]. 7 7 F
V[107]. B X S TIE[108-110]3FHF T N T E 7225, 2D X 9 il A v ZJEGE & L 1
BRTELHLVWELY T4 ~DFEEIIEL > T35, SARS-CoV2 13, VAL ADT vy_u—7F
FichE=ZBIRE LCERINDE RN ZHR VA28 (S 2V o508) %ML CE M
BATSE, SZV7HIZ, SI & 209 72=y P CHEKEINRTWE, SI ¥ 7=y MiTii,
ﬁzﬁ@ﬁ*%f@étr7//ﬁr/// g 2 (ACE2) ISR T 2 2B MEE P A4 v
(RBD) & ENT WS, 2% 7 2=y MCE MERTF FEEEBN AL vBREEN TS,
Sﬂyﬂﬁgﬁm%%ﬁ@Aauﬁﬁwmﬁéféamﬁki%)/7nr7 —+ 2(TMPRSS2)
Lo TR2¥ 7=y F DRGRT7F FOERNICAIET 5 294 FABHAEZZ T 5, 2D S2'%
A b DFAZIC X o T prefusion #iE 2> © postfusion fiE~ DEEZLL % & WG HLIREEIC R Y |
7 ANZEL E FMBEBEORE A5 ERZ SN, YA NLVADST /7 L RNA 23ME FHIREA IS X
N3, 72, 2 ¥72=v b OZEIE. VANZRK TR Y FH A P =2 A TRV AT 214,
IVRY VY=L 0T T —ETHIAT T VICLoTOERIN, VAALZHEZ Y F Y —
LIEDORADEZ Y, v 4 LR RNA 238 B oM E I it X L 51117,

ko X 512 SARS-CoV-2 I X ACE2 XBE~ DR e 7 v 77 — ¥ X 2 YW A % s
72®. ACE2 I XU TMPRSS2 % I3 2MlNICELEL T 2 2 L AL IR > T AB[112], L7z
235 T, SARS-CoV-2 D S X v X 7B % 5B d 5 EV ZFFE T 1LIE, SARS-CoV-2 ESZEMIAEIC ]
L GERWICEERIG L. BV 2INE T 50 T2 RET 2L AHARETH L HE X, Z LTS XV

7B HB EV I X 5 T SARS-CoV-2 Y% 7- I3 Z BHET 2 072 XETE LT, V40
ARG HFHTE D L WM EIL Tz TNFETIT S XV N7 E1E, SARS-CoV-2 7 7 F v+
SARS-CoV-2 E&ZMEMIE~ b d 7o ic, MEHE EV [I13]°ALH 7Y F & v 828
[114,115] FIcHBH e TCHHAINTE 2, L L, T E TOZETIEZ. SARS-CoV-2 B2 AT
~OIEAL & 15 FME & DR ZBERGOm T2 Ho T, 2RO S 2 v B2 RE T 0T
ZEGET L 723G S Tn i,

AHWFFETIX, SARS-CoV-2 EYZHET 2H L VWEX Y T 4L LT, S RV "I EERKHET 2
EV Zil¥3 2 2 L2 HIE LT, S 2V 0 B2 Ml oEER % 10,000 X g Tl L 72
FiEICEENB EVTIES XY N 2EHOFHEENIZEA LR ONT, 10,000Xg D=L v kESH#K
D EV (BVI®) CHIEMBA SNz, S X v o7 E %R T 5 EVI® (S-EVIK) X, ACE2 FHifAE
~ DRI 7o R A % 2R L. TMPRSS2 3 Vero E6 flifid % A>T, TMPRSS2 [HE X v <28
T®H % HAI-2 % 2— F 9 % mRNA ZWHEMICEERETH o7, X HIT, SARS-CoV-2 S X v/ X
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P ANZRRRIFZ T v A 226, S-EVIX Z w72 mRNA 25EIC X 5 HAI-2 DFBC
SARS-CoV-=2 &R HE I NS 2 L #FHiEL 72,
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F1H1 S-EVI*® ol
¥ 9, SARS-CoV-2 D S XV XN IENEV LICHEBT 20 0% MGET 5720, S v 78

a—F3377Z2IF%2 HEK2B MIlIC s Sy 27227y av i, SRV AVER BB X7

(Fig. 2-1A) . s 2 B % 300xg © 5 Zrfilizm Lol L 7274, 1,200xg T 20 27 fil, & 512 10,000xg
T30 O EES 522 & T, VAR L&, Ficz 2 by — L% 5T 10,000xg =L v bHE[Z;
%Z EVIR sy &ML, X500, H&ED 10,000 X g /00RO i % . MagCapture ¥ v b 2w
THRRZ77F VN VICHET 22V NETHL Timd XY, =7V Y —LICED EV HS

(RIZE < it EVMee L IEFR) A REHIL 72[95], L EV O = 22 v 7oy P b, S & v o3
7 H EVIRIEICOBRFEHLL T 5 T LRIz (Fig 2-1A), MZ T, KM BT, IEV
~—H—THBCDI ETAFLVAI[II6]. BLWSEV~—H—THBT5 F 7 A=V CD63 &
CD81, ¥ ¥ 7 =V (syntenin) [117,118]23 M T 5 Z L %R L 7zo TNOHDFERIZ, S K2V ¥
HoFRBICHOO T EVY— A —D X VAN IHEGRICHEGRZANR TN L ZRBL TV 5, /)
fath<~—h—TH B34 F2 v (calnexin) Z EVOAHT 4 T~—Hh—& LCHERAL, 7t
FOVOVITFNFEDEV Y I AL bBBINT, BV I N L AR L2, 1556
N7z EVMae & EVIR i1 4 X ERTHE, F/RT b7 v F v 2T (NTA) % F v CRFf
L7z&Z A, SSEVM®E & SEVIR D34 Xk, ZNZN, XTI X—THbHpCl I X—% TV
A7 x 7 v a v L7z HEK293 flifg2: & [l X vz 22~ b v — v EVM2 (Cont-EVM2) & Cont-EV!K
LRRRETH o7 CEFHER @ Cont-EVM 106 nm, S-EVM* 99 nm, Cont-EV'X 170 nm, S-EV'%%
168nm), F 7z, EV DR TR X Cont-EVME 23 3.7 x 101§ F-/mL, S-EVM€ 23 3.6 x 10'° ¥ F-/mL,
Cont-EV'™ 23 6.0 x 10° K. F/mL., X U S-EVIR 23 6.1 x 10°K.T/mL TH Y, S X v 7 HEOHHE
THERZE I b -7z (Fig. 2-1B), EVM2ED NTA #EER2 S, b DR TDIZ L A L2 200 nm
K ORL T CHER S N TH D, sEV ORI E —EL T3, & bic, EERE TBEME% v
i /7D EVIR 23l 7r EV OFEERIRT C L2 HEREL. 2D &5 H EV OHEEIIRI 7z

(Fig. 2-1C) o TN 5 DFERIZ.S XV NI EREVRD 70 7 7 A L2834 5 2 & 72 \EVI*
FIZHHEL T3 EZRLTWS,
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3 e ANXA1
374
25 A = ===| Syntenin
100 .
75 el calnexin

Figure 2-1. Characterization of S protein-displaying EV (S-EV!%%). (A) Western blot analysis
of S protein in the whole cell lysates (WCL) or fractions of EV isolated using a MagCapture kit
and EV pelleted by centrifugation at 10,000xg (EVM? and EV'K, respectively) derived from S
protein-expressing HEK293 cells or control HEK293 cells transfected with the pCI plasmid.
CD63, CD81, and syntenin were used as sEV markers, CD9 and annexin A1 (ANXA1) as [EV
markers, and calnexin as an endoplasmic reticulum marker. Control and S protein indicate
HEK?293 transfected with pCI control vector and S protein expressing vector, respectively. (B)
Number and size of S-EVM2 S-EV'K| control EVM®2 (Cont-EVM%), and Cont-EV'*%
determined using nanoparticle tracking analysis (NTA). The values present the mean =+ standard
error (SE). Representative NTA results among those measured are shown. (C) Transmission
electron microscopic images of Cont-EV!%® and S-EV!%K, Scale bars, 200 nm.
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55 2 fifi S-EV'%“ D ACE2FEHIM AT~ DR KY 75 JEE il &

FrgZEEIc 5\ C, HiBiT & LgBIT 6% 23 A7V v b F /Ay 727 —XickHoO{ EV D
Y sA A & RGO E BiHlR 2 T LT 5, 2, G ZE #ligicEmE vz EV £
BICNT 2, WHREZZZ Y FY —Ll LA L BV OFIE) &R IARGE g
MmEnzEVERICHT S, IWERE 23y FY —LBEEEIA LZEV. X U0Hifldic= v Py
A b=y &N, TFTVF Y -2 T2 EV OATOEIS) Oiil % & BIICEH
T25b0TH2 (Fig.2-2A) [32], LATHIE L FERIC, A7V v bF /vy 7 =27 —¥D HiBIT <
7'F FWih % CD63 @ C RimlCfliey X722 v X7 ETH 5 CD63-HIBIT % &L S-EVIK £ 7213
Cont-EV'™® ZAFHLL | HixTEN LD EVI® % LgBiT 2 v N7 HEZHBE T L v v v Mg

ICALER L, EVIX OFL Y AR L ERIAICE T 2 S X Vv s 2 EDOMBEZITHEIL 72, Lo v v Mg

DB 213 v F Y —L4fie @ BV ARG L 72854, CD63-HIBIiT & LgBiT 2AHAER T 3
&b MR B T 2SI TR W TR A % 5 L 72 (Fig. 2-2A. live-cell assay) o
Iolc, vy MIREZAER L 2560 ERNZREST 2 2 LT, MlENICEENE T
TO HIBIT #H L, BE&L7ZEV L v F Y —AEALAD bz % £ oIE@A EV 045
ZHEST 2 LI X o TR AR ZFR L 72 (Fig. 2-2A. cell lysis assay) o

SARS-CoV-2 @ S & v 3278 i%, MfaZia < TMPRSS2 {KFFH) 7 UIWT % & C RS 2 e 2§
[112], Vero E6 MAZIZIC L Y ACE2 AR ZFHH L CTH Y, X 51T TMPRSS2 % FHL X 472 Vero
E6 i@ (VeroE6-TMPRSS2 #lifid) (X, SARS-CoV-2 EHFER CHEE T X T\ 5[119], AHF
ZEClE. LgBiT 2 ZEFHLT % VeroE6-TMPRSS2 #ilAE (VeroE6-TMPRSS2-LgBiT #lfifie) % 657 L .
S-EV'® 35 X OF Cont-EV'™® THMLE L (Fig. 2-2B). A7V v bF /v 7 =7 —¥FEx v THRE
DA B b RGN % FA L 72 (Fig. 2-2A) . MREL D IAZICH 35 S X v 3 7 B ORB O &) RITIH
HETHY, Cont-EV' DRIV IAHZIZH) 20%TH 572Dk L, S-EVI™ ORELY jAA1E Cont-
EV'® D) 3 5D 56% & 7 o 7= (Fig. 2-2C). Z OFERH 5, BEVIK OHIFINEL Y AR ICE 1T 5 S X
Yo 7'E & ACE2 O OZ B EERH O EEMES I RE I N5, 72, S-EVI™® OfF EHIfUE L ©
AN IZ 52%TH - 72D K L, Cont-EV'K CULEE L 7-#IlE TI1Z Z K b oA EEhs L 2 #5
INTF.S X v HHBEVR O EMNEE OFERIAICE W T OB Z R -3 2 L 2R & 7 (Fig
2-2D), EEARZ &IT, S-EVIRIC X o GER S N EAAER (%) (Fig.2-2D) 3% DR Y iAH
(%) (Fig.2-2C) LRBRETH Y, ZNIREVIK LD S 2 v 8 7RIS EBRN R EALA & EVIK
WEDFOEFMILD I A4 b YA ~DKELZEKTRETH 2 T L ZRE L T 5, S-EVI D EH
AT BT 5 TMPRSS2 K171 % 5§~ % 72 @, TMPRSS2 % F8H L 72 \» LgBiT #8 Vero E6 #lfE %
S-EV'IOK CHLEE L, #RHL Y A B & BEEL S #h 3 % FAf L 72 (Fig. 2-2E), Fig. 2-2C IC/R X 4172 VeroE6-
TMPRSS2-LgBiT Mt o5 R & FERIC, #I&E 7z S-EVIK Of 60% 25l I B Y iAE /- (Fig.
2-2F), TMPRSS2 KIEAMAECH S-EV'® D ERELA 2 BIZ X 7z 03, BEELESE (%) 134 30% I8
L7z (Fig.2-2G), Z Dfdrlix, SARS-CoV-2 fHIEHE CHBIZE X 415, TMPRSS2 3 Vero E6 Al ic
TMPRSS2 KI5 JER G 2 /b L C & 0 ZhRIICE L, ¥ 72 ACE2 ZAR~DfEG L = v N34
F—v RIC XM DAL, TV RV Y —LDAT T VIickd S 2y A7 EOYIMi %R C,
TMPRSS2 % B L 72> Vero E6 MIAEIC b R 32 &\ 5 R L R TH 5[120,121], L 722385 T,
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S-EVIX nfififid & DRl A1Z. TMPRSS2 £ 7213 A7 7> v N LS X v X 2BoEHbic X -

TCEREINDL EEZOLND, —J7. Cont-EV'® DIRHL Y A A & EREIA I BT lix, TMPRSS2 Kig
IS X BBHEREEIBE I N2 57 (Fig. 2-2F, G).
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Figure 2-2. Evaluation of total uptake and membrane fusion efficiency of S-EV'’f in angiotensin-
converting enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2)-expressing cells. (A)
Evaluation system for total uptake and membrane fusion efficiency using the HiBiT-LgBiT split
nanoluciferase system. [32] The total uptake of EV!’¥ is assessed by measuring the chemiluminescence
of lysed recipient cells stably expressing LgBiT with EV! carrying HiBiT-fused CD63 (CD63-HiBiT).
Membrane fusion is assessed by measuring chemiluminescence under live cell conditions. (B) Evaluation
of total uptake and membrane fusion of S protein-displaying EV'’ in ACE2 and TMPRSS2-expressing
cells. VeroE6-LgBiT cells expressing ACE2 and TMPRSS2 (VeroE6-TMPRSS2-LgBiT cells) were
treated with Cont-EV'%¢ and S-EV'% carrying CD63-HiBiT for 24 h, and chemiluminescence is
measured under cell lysis and live cell conditions. (C) Total uptake (%) and (D) membrane fusion (%) in
(B). (E) Evaluation of total uptake and membrane fusion of S protein-displaying EV'® in ACE2-
expressing cells. Vero E6 cells expressing ACE2 and LgBiT (VeroE6-LgBiT cells) were treated with
Cont-EV'® and S-EV'!% carrying CD63-HiBiT, and chemiluminescence is measured under cell lysis and
live-cell conditions. (F) Total uptake (%) and (G) membrane fusion (%) in (E). Error bars represent the

mean £ SE (n 2 4). *** p<0.001; ** p <0.01; *, p<0.05. Statistical analyses were performed using
Student’s ¢-test.
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2

X Hic, EVX OMIIEHNEL Y IARICEH T B S X Vo5 2E E ACE2 DM EAERH @ BT D W
THRET L 72o ACE2 Z B L 72\ 293T-LgBiT ifid %z 272 & Z 5, Cont-EV'* & S-EV'*®ic 1>
THIFE A EFERMENRR O Nind 57277, ACE2 % FIH X272 293T-LegBiT #ilg (293T-ACE2-
LgBiT #ifid) 1B WT, S-EVI® ZUBL 72 & & T 30%REE D EE &S E 2R & iz (Fig. 2-3).
X oT, S-EV'™ DEREIC S X Vv XV EHDORERTH S ACE2 BPRELKFHL T2 2 LA RRE
Nz,

(A) (B) _100 (C) 100
< 8
, < 80 5 80
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b‘:; Cont-EV10K g g
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Figure 2-3. (A) Evaluation of total uptake and membrane fusion of S protein-displaying EV'’€ in
HEK293T cells that hardly express ACE2 and TMPRSS2. HEK293T cells stably expressing LgBiT
(293T-LgBiT cells) were treated with Cont-EV'!°¢ and S-EV!°® carrying CD63-HiBiT, and
chemiluminescence is measured under cell lysis and live-cell conditions. (B) Total uptake (%) and (C)
Membrane fusion (%) in (A). (D) HEK293T cells stably expressing ACE2 and LgBiT (293T-ACE2-
LgBiT cells) were treated with Cont-EV'°% and S-EV'%¥ carrying CD63-HiBiT. (E) Total uptake (%) and
(F) membrane fusion (%) in (D). Error bars represent the mean = SE (n = 4). ** p <0.01; *, p <0.05;
n.s. signifies not significantly different for Cont-EV'% versus S-EV'’K, The statistical analysis was
conducted using Student’s #-test. ACE2 overexpression in (D) increased the total uptake of S-EV!%€ and
the membrane fusion presumably due to the endolysosomal processing of the S protein.
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F 7. MAEEE Lo S 2 v o8 7B oRBUIMEMAS 2558 L. Ml (v F 7 La) BB
ENB[122], ZoffEEE ZMlEFEE b =0T, BethoficBaihsd, 22T,
S-EVIK sl o & 25l 2 2 320 &9 » %R L 72[123], EGFP % I % VeroE6-
TMPRSS2 #iftl % . FRatiN & v <278 (RFP) Z¥IIF 2 Vero E6 Ml & HE5E L. 21 b Dl
fe% S-EVIK £ 72 1 Cont-EV'® T L 7z, S-EV! 35 X U Cont-EV'K CHLEE L 7-ffifld < 1%, fxfa
EREBOEN Y S FANFET BHE RS VI F U LAER BB S e o7 (Fig. 2-4).

S protein vector
Cont-EV1K S-EV10K transfection

4
e v
g .
o
u -

Figure 2-4. Confirmation of inability of S-EV!% treatment to induce fusion among cells. EGFP-
expressing cells and RFP-expressing cells were co-incubated, and the occurrence of cell fusion by the
addition of EV!°% was monitored by observing fluorescence-merged multinucleated cells. No EV, Cont-
EV!Y and S-EV!%K represented cells without treated with EV'%X, and those treated with Cont-EV!% and
S-EV!K | respectively. S protein vector transfection: EGFP-expressing cells were mixed with RFP-
expressing cells and transfected with pS protein; merge of the EGFP and RFP signals and multinucleated
cells were only observed in this setup (yellow arrowheads). Hoechst: nuclear staining with Hoechst33342.
Scale bars, 50 pm.
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B3 S-EVIXDSZ Vo8 EICH S WA ERE A =X L
SARS-CoV-2 |3 TMPRSS2 B X UHh 7 7'+ v & L 7242 CHIRRIC IR 35 & & 5> 5 [124,125].
S-EVI® INTWIN/zh—T% VA4 b Y AMICEZET RICOTHLoORBEDFIHT 2L ELONS
(Fig. 2-2A), % 2T, B4 fHEHI% AT, VeroE6-TMPRSS2-LgBiT #lifiic 1) 3 S-EVI** D
RGN K AR % SR IRET L 72 (Fig. 2-5A) S-EVIK % 4°CC 4 IR ic LB -2 & | #RHLY
AB DT 75%. FRALE 2559 90%H L 7= (Fig. 2-5B), Zuid. FMAEPNEL D A& & B A ic = 4L
F—RKEFN R 70 AHBEE L T2 2L 2R d 5, RIC, Bk~ 7% SARS-CoV-2 FHEHI2 S-
EVI® ORI NEL D sA A & A IC G 2 258 2 J <72, SARS-CoV-2 FHEH & LT, S & v 7
B RBD & 15 FMIAEZ A ACE2 Dty % [HE 3 2 §1 RBD HHIHUA[126]. TMPRSS2 FHEAITH
% nafamostat[127]. SARS-CoV-2 HREI&IHE~7'F F 1la & 3a [128]. # T 7+ VIHEHKITH % E-
64d & Z-FA-FMK [129], B XUz v VY — 20t ZHE S 2% chloroquine & concanamycin A
(ConcA) [1301% F\>7= (Fig. 2-5A),

SXvRIH L ACR2 ZENRDIEG ORI ZM~ 2720, S-EVI* 2L v e v Moz
ZHIC, $T RBD #ifA T S-EV'K ZHiMLBE L 72, Z 5%, 1 RBD Hiffic X o THERELS & HIREX
Y AR DM 7R A EICHE S iz, FREED v a v b e —AfilkcidfiFE I d o 7%

(Fig. 2-5C), 2D Z 226, S-EVI™® OMAINEL D A & A ICIE S & v X7/ & ACE2 2%
HROIEEREETH L ERRBINT,

KIZ, TMPRSS?2 [HEAITH % nafamostat T VeroE6-TMPRSS2 Al Z LB 32 & & <, Mgz
T®D TMPRSS2 IC X % S 2 v 32 EHDYIWi2 S-EVIX DMINEPEL VAR & BERA IC 5 2 5 8%
A7z (Fig. 2-5D), S-EV!C DR Y AL ICH B R IIBIZE S 1 ind o 7223, RS 13 50%LA
ERA L, S-EVIK OSEREIA ICE T TMPRSS2 AEETH L Z L BRE Nz, — /T, AT 7
VIHEAITH 5 E-64d (177> v B, H. BLUL #[H%E) £7213 Z-FAFMK (17 7Y v B ¥
XL %#FHE) ol z U L 72854, S-EVI™ OMIENEL Y JAA b RS b HE S Wikd - 72

(Fig. 2-5E). Z OHEHH 5. VeroE6-TMPRSS2 fific 5T Z Y FH 4 b=+ RIC X 3D LA
BN T T RS LTz SSEVIR OIEHALDOFF 51X, TMPRSS2 X 0 & HEMEAE W ATREME2R X
N7z, T 51T, SARS-CoV-2 BEPICHF LG T2V FY —LDBHEN[121JICOoVWTh BRI Lz L
5. chloroquine & v-ATPase FHEH|TH % ConcA IC X 2 HLHClx, HRELD AA~DHEITIZ L A
ERLVEREIZD T2 RFEYE LSO LZDARTH -7z (Fig.2-5F), T o DFER X, TMPRSS2
FREMECIx= v F Y — L@ OEE I E 5191 SARS-CoV-2 BEAHET 20D, A7 7
>V %t L7z SARS-CoV-2 IERRERE D F G- AN E v & 5 LIRT O & —E L T 72[121,131],

PBIT, S-EVI® 2SS X v 7 HIC X o TIERIE L T2 2L 2T 5 720100, ik o 23FAFE L
72 SARS-CoV-2 O S X v X 7B OERAICHTH 535 S2 F AL v RN L L 72587) 7 Al A BHE ~
7'F FERWZ[128], 2 b D27 F F (FIHSCHL 128 @ 1a & X Y i8J) % JE &R CTH % 3a (Table
2)) CHfEEZWLES 2 &, BERlGORERE (K 75%) 285 (Fig.2-5G), —J7 T, =
Yim—nl LTt MELEY A VR (HIV) BERAHE <7 F F SC34 [132] AL L 7-flifg <
(2. BUD AR F 72 (IR SR ICE B 2B I N o7z, L7zwd> T, EVI® RICHH L
T3 S XV 87'HEZ, SARS-CoV-2 VA NVA LD S 2 v o8 7'8E L EEEDEREG X = X L %R
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FLTHh, EVEELHIfEEE ofie 25 2l T8 542 %,

IO DMHEAFBO/EREEZ T w5 L, S-EVIROfEEIA 2, ACE2 & TMPRSS2 IZBRE) & 11
58S EZVANIEICERLZAN AL o GERI NG Z & XRBLREL TH D, TMPRSS2 ¥
BIMAEIC 351 5 SARS-CoV-2 &SRS & DRI RN S L7z,
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Figure 2-5. Analysis of the mechanisms for cellular uptake and membrane fusion of S-EV'’¥, (A)
Schematic diagram indicating the points of inhibition by various inhibitors. (B) Cellular uptake efficiency
and membrane fusion efficiency at 4°C. The values at 37 °C as the control group are each set to 1. The
results are presented as the mean + SE (n = 3). *** p <0.001. Statistical analyses were conducted using
Student’s #-test. Cellular uptake and membrane fusion efficiencies after treatment with (C) a control
antibody (anti-S2 antibody) which does not inhibit SARS-CoV-2 infection or an anti-RBD antibody, (D)
TMPRSS2 inhibitor, nafamostat, (E) cathepsin inhibitors E-64d or Z-FA-FMK, (F) endosome
acidification inhibitors concanamycin A (ConcA) or chloroquine (CQ), and (G) SARS-CoV-2 membrane
fusion inhibitory peptides (la and 3a in reference 128). An HIV membrane fusion inhibitory peptide,
SC34, in reference 132, as a control. (C-G) The values are expressed relative to the DMSO-treated
condition as the control group, which is set to 1. Treatment was done for 4 h. The results are presented as
the mean £ SE (n = 3). *** p <0.001; **, p <0.01; *, p <0.05; n.s, not significant. Statistical analyses
were conducted using one-way analysis of variance (ANOVA), followed by Dunnett's test.
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F 4 S-EVI™C X 2 TMPRSS2FIAMMAE ~ DmRNAXE
S-EV'% (C NE X 1172 mRNA 23 VeroE6-TMPRSS2 Ml icikiEz X, & v 7 BB 2 FHE T
2089 pEBETT 5 72®, HIBIT-LgBIiT IO A7V v by 7 =2 7 —¥ &2 HAWZ3HE% %
at L7z (Fig.2-6A), S X v X7 BTN A2 T, FeATIFFE D /5 iKE[B301ICHE 5 T mRNA PE % it 3
2720, ENV—Hh—X v X7HTH5 CD63 &, mRNA O C/D box &F — 7 ICHEE T 5 RNA #f
HERVANIHETHD L1Ae DGR CD63-L7Ae % EV'I ICHA# L 72, HIiBIiT % 2'fF % HSP70
(HSP70-HiBiT) & 3'KUiiC C/D box % 22— F 3 55 % &L mRNA ZflifH L. HSP70-HiBiT
mRNA %M€ L 7z Cont-EV!® & S-EV!® (% #1%Z 41 HSP70/Cont-EV'%, HSP70/S-EV'K) % Fij#d L
72o VeroE6-TMPRSS2-LgBiT fiffd % 246 @ EVIK € 24 FERLBE L, /vy 7 = 7 —Ficlsk
T2 LI ZMIE T 5 Z & T HSP70-HiBiT OFEHL, OV Tlix BV 28 NTLF 5 mRNA DikiE%
FHI L 7z Z OFER, 2 b @ EVIRKECHE S N2 R TEE 20 7 & 41, HSP70/S-EV!IK @
JLERC 13 HSP70/Cont-EV'® & LLEE L T 44 5 b DR 0HIMMA R 57z (Fig. 2-6B), HSP70/Cont-
EV'K & HSP70/S-EV' Ok 7% 4 X LK 78IZ NTA THIZE L., S X v S 7 EHBIC X 2 W&
DRI L EER L 72 (Fig.2-7A) . 724 EVI® 23N 3 % HSP70-HiBiT mRNA ® 2 v —#(%
FE PCR (GPCR) THMH L. WIFiLh EVIE B 100K TH7-0H2 a2 —LA%ETH S T &R
X7z (Fig. 2-7B)o L 72235 T HSP70/S-EVI® ICNTL X 172 mRNA (3. S X v X7 I X 5 ACE2
DR L LG % A U ORISR IICE S ., 2 vV BERBANER I Wz E 2 b
%,
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Figure 2-6. Delivery of HSP70-HiBiT-mRNA to recipient cells via S-EV'°X. (A) Schematic
representation of the evaluation system for mRNA delivery to recipient cells by S-EV'°¢, HSP70/S-EV'¥
containing HSP70-HiBiT-mRNA with a C/D box and CD63-L7Ae for mRNA capture are exposed to
recipient VeroE6-TMPRSS2-LgBiT cells. mRNA delivery into recipient cells resulted in HSP70-HiBiT
expression and association with LgBiT, which was evaluated by measuring luminescence derived from
reconstituted nanoluciferase under live cell conditions. (B) Luminescence in VeroE6-TMPRSS2-LgBiT
cells treated with HSP70/Cont-EV'°% or HSP70/S-EV'*® which contain HSP70-HiBiT-mRNA. Error bars
represent the mean = SE (n = 4). **, p < 0.01 for HSP70/Cont-EV'’® versus HSP70/S-EV'%K, Statistical
analyses were conducted using Student’s ¢-test.
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Figure 2-7. (A) The number and size of HSP70/Cont-EV'!° or HSP70/S-EV!’% determined by
nanoparticle tracking assay (NTA). The values present the mean =+ standard error. Representative NTA
results are shown. (B) Loading of HSP70-HiBiT mRNA in HSP70/Cont-EV'°¢ and HSP70/S-EV!K,
Error bars represent the mean = SE (n = 5). n.s. signifies not significantly different for Cont-EV'%% versus
S-EV!%K The statistical analysis was conducted using Student’s t-test.
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%5 i S-EV!®C X 2 TMPRSS2[HE & v ¥ 7 BHAI-2 O mRNAJEIE & SARS-CoV-2D 12 ARHE

INFETOMEDL L. S-EVIK 23 SARS-CoV-2 FESZ AL ~F I 2> D BhHIN IC mRNA % 155
TE DI DRI N, S-EVI™ D SARS-CoV-2 ERPIHE~DHEHAREN 2 "3 720, S-EVIK %
NUTBRPHE 2 v 8 7 E% 3 — F 4 % mRNA O%E & [HEMEZ RS L 72, ABF5EC I3RS
FRUNIEHELT, S 2 v X7 EEHLICERE 2+ ) v 7 a7 7 —+¥Th2 TMPRSS2 %FHE
T35 2 & THIS NS HAL-2 [133]1% B4 L 72, HAIL-2 i3 SARS-CoV-2 & #[HET 3 & & 23 &
T 5[134], HAI2 mRNA # NE 9 % S-EV!IK (HAI-2/S-EV'K) o F#lic i, kil & [FkkD C/D
box & L7Ae #FIF L 72> A 7 L% FIH L 72 . HAI-2/S-EV'X % S{# 3~ 2 72 @ 1< EV FEAMIAEIC HAL-
2-C/Dbox 2 a2 —FFBFI7AIF%R NIV RT7 2L gy Lz, SRIGEAMIEICE T 3 HAL-
2 XY RNTEORES b L, Lo T, fRE L THLNZ HAI-2/S-EVI® (X, HAI-2
mRNA #5863 27717 C7% < (Fig.2-8A-a), HAI2 X v 7B EH LT Y (Fig.2-8A-b). S-
EVI® LFIcFH9 % HAI-2 IC X 5 TMPRSS2 it & SARS-CoV-2 {2 AD X & 75 % HERN R 23 AR
Iz, BHEMRZGHET 2729, HIV Gag Z /L TIE X 117z SARS-CoV-2 S X v X7 H v 2
— N2 4 7T A NZERRLT (S-VLP) ALz, chEHWSEZ LIk, AYD 7 4 L 2 %AH
Fl2 9712 SARS-CoV2 FHEHRI DO R 27 V) —= v A A[RETH Y \BSL3 HEREZLTEL LA WT v+
ALY RT L LTHEL ST 5[135,136], S-VLP (X SARS-CoV-2 D S Z v 7% FHH Lk
D, Vo 72T —¥EREALTVE, ZD7-®, S-VLP OHEMRIILVY 7 = 7 —E i 2 HIE S
5L CiHiiT® 5,

HAI-2 mRNA % Nt 3 % HAI-2/S-EV!® % L7Ae-C/D box D ¥ A7 L% W T 2720, S
£ v o8 7H | CD63-L7Ae, ¥ & U HAI-2-FLAG-C/Dbox % 2 — F3 % 77 2 I F% EV EAMMEIC
FIGVART 2o av i, vz RX Y TRy FONICKY S XN BEOERICED LT, M
HEP & EVI® Dl /71C 354> C HAL-2 OFEH AR X L7z (Fig. 2-8B), HAI-2/S-EV'* 044 X &
R8T, S & v o8 7B FB2 72\ HAL-2-EV!® (HAI-2/Cont-EV'%) & [FIZ5T® - 7= (Fig. 2-8C).
qPCR 371 X U . HAI-2/S-EV'%% 78 HAI-2/Cont-EV'¢ & [EEEDE D HAI-2mRNA # & AT\ 5 &
L uHER L7 (Fig.2-8D), L ¥ v x v Ml Z HAI2-EV'C CULBE L 7[R ic L > v v MAEN
THAIR SRR T 20 EI0E, VARV TRy T4 VI THNE, Z D%, HAI-2/S-EVIXK
T L 72 #ilfe© HAIL-2 FIRDERE & L7223, HAI-2/Cont-EV'¢ CULH L 7= Mg CIXRIRAB R S
Nixd o7z (Fig. 2-8E),
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Figure 2-8. Evaluation of the inhibitory effect of S-EV'’% delivering HAI-2 mRNA on SARS-CoV-2
entry. (A) Schematic representation of the mechanism by which SARS-CoV-2 or S-VLP entry is inhibited
by HAI-2 protein which translated in recipient cells from mRNA delivered via S-EV'’€, HAI-2 mRNA
carried by S-EV!%K is delivered to VeroE6-TMPRSS2 cells, where the expressed HAI-2 inhibits
TMPRSS2 on the cell surface, thereby preventing S protein cleavage of S-VLP (a, left panel).
Alternatively, the HAI-2 protein displayed by S-EV'°® may directly inhibit TMPRSS2 localized on the
cell surface (b, right panel). (B) Western blot analysis of HAI-2 protein in the cell lysate (left panel) of
EV!%_producing cells or in HAI-2/Cont-EV'%€ and HAI-2/S-EV'%¥ (right panel). Beta-actin was used as
a loading control, and CD9 was used as an EV marker. We used FLAG-tagged HAI-2 in this study and
confirmed the expression using anti-FLAG primary antibody. (C) The number and size of HAI-2/Cont-
EV!% or HAI-2/S-EV'%® determined by nanoparticle tracking assay (NTA). The values present the mean
+ standard error (SE). Representative NTA results are shown. (D) Loading of HAI-2 mRNA in HAI-
2/Cont-EV'%% and HAI-2/S-EV!%%. Error bars represent the mean + SE (n = 4). n.s. signifies not
significantly different for HAI-2-EV'%% versus HAI-2/S-EV!X, The statistical analysis was conducted
using Student’s t-test. (E) Western blot analysis of HAI-2 protein in cell lysate prepared from VeroE6-
TMPRSS2 cells treated with HAI-2/Cont-EV'® or HAI-2/S-EV'K, Beta-actin was used as a loading
control.
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I, SARS-CoV-2 fetkd S % v o278 VLP (SVT-VLP) DEF ALK T % HAI-2-EV'K o[
WhF % S L 720 VeroE6-TMPRSS2 FHIMHAE %2 HAI-2/Cont-EV'% £ 7 1 HAI-2/S-EV!¢ & 24 [Kfft]
AvFax—1F L, 2D SVI-VLP iC 16 IKFHIEEFE L. SV-VLP IC X o TGREINAZALT T =T
—BICHR T 2L RN ME L7 (Fig. 2-9A), % OfEFR. HAI-2/S-EVI™ I X 2 UHIZFEIC
SVIVLP DR AZHEL., ZDOHERIZS 2 v 7 HDYIW & SARS-CoV-2 B #HET 2
ETCHIbNE ) v a7 7 —EHEA nafamostat W86 & FRETH -7z (Fig. 2-9B)
[127], XHEMIC, S % v 878 2 B4, HAI-2 mRNA Z NG L Ty % HAI-2/Cont-EV'K 4L
BCiE, SYIVLP R T 2 BEE AHEDRIIR ONAD 572, £72. T OILERIN DR 23,
MifaEtE I X 2 OIAIC X 2 b DTlRAWC & 2R L 72 (Fig.2-9C), L7255 T, S-EVI*&
ICHT N7z HAL2 mRNA (3, Lo vy MlIfgIcRhRMIcEE S . HALR2 OFHL L 2 hick
{ TMPRSS2 fHEFIC X % SVT.VLP Dz Al 25| Lz FEA b L, T HIC, mliifrL
72 SARS-CoV-2 ZEARICH T 2 GMEA T35 720, 4 I 7 v v AR BA2.75 (SBA-VLP) &
X U'XBB.1.5 (S*BB_-VLP) ® S X v /B %R+ % S-VLP Z FHl\W CARDER AT o7z, Z D
FEE. HAI-2/S-EV!'®IC X 2 LB CRE G IS L 72 (BA.2.75 T 29%. XBB.1.5 T 36% ; Fig.
2-10), A I 7w YERKRICNT 2 HENRE. HEKRCNT 20X 0 /NS o703, 2
F 37w vERROERAICHT 5 TMPRSS2 KAFED IR 3 2 L v 5 efTit S0 & —3 5
[137,138], 514, S-EV!® D invivo TOMBLEREZ M L. X Y @R HEEEZ R > 4 v ¥
JB%a—F3 2% mRNA . VA4 LARNA ZEH & 5 siRNA ¥ 7213 miRNA Z fIfgA ICiXE
35 LT, FERAYIC SARS-CoV-2 1T 3 2 iaFHEC TIIREDBIHIC D7 23 2 AIREMED B 5,
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Figure 2-9. (A) Experimental scheme for evaluating the inhibition of S-VLP entry. VeroE6-
TMPRSS2 cells seeded in a microplate were treated with nafamostat, HAI-2/Cont-EV'%%, or
HAI-2/S-EV'%€ After 24 h, S-VLP were added, and luminescence from S-VLP-derived
luciferase was measured after 16 h. (B) Evaluation of chemiluminescence from SVT-VLP-
derived luciferase. The values are expressed as a percentage relative to cells pretreated with
phosphate buffered saline (PBS), set as 100% entry. Error bars represent the mean + SE (n =
3). *** p<0.001; n.s. indicates not significantly different compared to the PBS treatment
group. Statistical analyses were performed using one-way ANOVA, followed by Tukey's test.
(C) Cell viability in VeroE6-TMPRSS2 cells treated with HAI-2/Cont-EV'?® and HAI-2/S-
EV!%K for 24 h. Error bars represent the mean + SE (n = 3).

Figure 2-10. Evaluation of the

(A) BA2.75 (B) XBB.A5 inhibitory effect of S-EV'’® delivering
- x HAI-2 mRNA on entry of Omicron

1269 — S 1259 —** variants S protein VLP, (A) SPA-VLP
ool o 100l  —— (BA275) and (B) S*PE.VLP
S 5. S 15 A (XBB.1.5). The values are expressed as
g 8 a percentage relative to cells pretreated
e % é 5 with phosphate buffered saline (PBS),
§ 251 3 % set as 100% entry. Error bars represent

0- 0

the mean = SE (n = 3). *** p <0.001;
** p<0.01; * p<0.05; n.s. indicates
not significantly different compared to
the PBS treatment group. Statistical
analyses were performed using one-
way ANOVA, followed by Tukey's test.

PBS
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HAI-2/Cont-EV10K
HAI-2/S- EV10K
PBS

Nafamostat
HAI-2/Cont- EV1K
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aEm & R

AWFFETlE. SARS-CoV-2 JERZHET 2720 DH LWWEX Y 7 4 & LT, SARS-CoV-2 234
IRV NIE (S XAV ANIHE) & EVIK RICRBHE S SSEVIXR 2L, 20T 7 a—F 11,
SARS-CoV-2 JEZPAMAL ~ D &hFEN 7 mRNA FE X FIREIC L, FRHCHTIUEGYE I3 2517 4 v
ABEDT=DDH L T Ty b 7=l nd Z ERHAFEINS,

¥ 9. SARS-CoV-2 S % v ¥ 7B % FH T 2 Mifddko EVIKICHEWT, S X Vo8 7B EVIK
IR EINDB T B LTz, HITHIFETIE, S 2V NV EERBT YRy —Lh EDANTEE
77 F PR E LT L 20125 T T 3 05[139,140]. S XV N2 EIZBH T 7 VY — A
FlcidgHI NN L HEINTVE[114], ToHE L —EL T, KiffFE Tl EVM®E LI
SHZVANIEBPELEAEFIELR VD, HEVIEELTFELRNT LAREI N, —J7, EVIX |
TS 2 v XM I S 17z (Fig.2-1A), S 2 v o3 7B ilaRimic IR L, Mgkt
AEET P HEINTWE 2 E 2 5L (Fig.2-4 551) [122,141]. JBEEHEKD = 27
FY—L%% G EVIX RICS X v N0 EBFET 5 LIZAHN AR T L E RS, &
72, VSV-G #Bl EV ICB W T, sEV XV b IEV O DBEEATEESE W LG I N TED
[32]. ABFFEICEHEWTH IS A XD KE v EVIKEIGT S & v s 7 ERBFICERINT 2 &R
BEEE SRR Oz, COMRE» L, WHIEHKO T 7 + Y — L% G0l ICHERELE 2 v 78
YN T 5 & T, EYLEEEOE W EV ZAIE T & ZAREESE W LR S T,

FTIEIT e 2 CHA%E & M7z HiBIT-LgBiT 132K 7 v+ 4 v 27 4% F|H L C[32]. S-EVI®icE
WTHIICE D A NS A L RAA Z K L - B8 2 T BIICHHE L 72, % DfEHR, S-EVI% D
HY Y A F & SR D /7 23 ACE2 & TMPRSS2 D FEHICHRTE L . SARS-CoV-2 & [FIERDZEE) % /R §
ZEDBHL Lo (Fig 2-2). FFIC, VeroE6-TMPRSS2 MIAEIC 5T, S-EV!I™ |3 & W RS
WEHEEZR L7z, Zhid, SARS-CoV-2 fHIE#EZS, TMPRSS2 23819 2 #lZIC 351> T ¥ TMPRSS2
A LB C o RE SRS (TMPRSS2 #25%) % @5 FIH L. TMPRSS2 23783 L 72\ ff
facido v F Y =220 0EREG (v FY—LfEg) PEALICR S & 2FREL 2 TifFFE o
fiR & —Ed 5[112,142), %72, TMPRSS2 Di&HFEHI 2% SARS-CoV-2 DEG % =9 5 Z & 234k
HINTHD[120]. id TMPRSS2 FEHAMALIC BT S-EVIXK o G @ W AR CiE % % &
WK TORRE L HICKFFTEDDTH D, ~ TS XV N7 EHEFKBL 72\ Cont-EVIX
TIERA ZBR I N T EVIRDBAKEATEEZ 12 L A ERi 70 2 8 AR S 72 [32],

ACE2 % FI & 472 203T Mt & ACE2 ZF I I ¥ CTwie v 203T Mg & % ik 3% & | S-EVIX
DHLY IAHIZFEFEETH o 7255, RS 13 ACE2 RIRMAE coArFRE ML 72 (Fig.2-3), D
FEH1Z. ACE2 ~DfEA A SARS-CoV-2S & v 5 7’ E DYIiIc X 2 iGHEAL & R & IRl R ©H 5
&) HE & 30T 5[124,143],

INOLDFRRIZ, S X v XV EERFIAT 2 EVI® A3, SARS-CoV-2 & Ak MIfas AP & RS
FeE%Z R L. ACE2 & TMPRSS2 % #6313 2 {5RIHIAE & O F IR 2 IRl & 2 AlREIC 35 2 & ZRR
5, L72do T, S-EVI%® (L, SARS-CoV-2 DR AR Z BN 2 F » VT & LT TTh
(s VANRBAEEREG A D =X L ERHT 2720005y — v & LT HHERET 2 & & 23 A
INs,
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2w

¥ 72, ARWEZE IR A RIS % FEICR N 2 7o, PHERIER 21T > 72, VeroE6-TMPRSS2 #fl
fEIC BT % S-EVIK D fEfhA 13, TMPRSS2 FHEHICTH % nafamostat 1 X > CTREZE ICHIH] & L7223
(Fig.2-5D). /17 7' vHEA I IH 2 e d > 72 (Fig. 2-5E), Zid. SARS-CoV-2 Itk
DIEGEAS TMPRSS2 IIKTFT % & WG —89 5[112,121], =¥ F Y — LA LHER < H
% ConcA IZ X 2R Ix, G2 b T icid I 7z, chid, =v F Y —24 pHHHIFITH 5
FALT vE=Y L5 TMPRSS2 KHMNLICE51F %2 SARS-CoV-2 EZ DT ICHET 2 2w H LA
RTOME L FETH 5[121], T H OFERIT, S-EVI OIS 23 312 TMPRSS2 % /i L 72 4% I
Lo THENE N, VA NVRDEEA N =X L EFERL T B 2L 2B LTS, 5T,
S-EVI® i3 v o7 v A eildgEE 25 22 2 &3 (Fig. 2-4,2-90), Kekhk#Ex v VT &4
D 5 BA[REM AR L7z, MR ZREAMLICIZ, TurbolD @ X 9 ZRi$is#k Y — A [144)% F v 72
FeZ T\, S-EVI® D jn vivo TORMBNDHZEHA L, EVENLEET a7 7 A V%2 S HICHR
FAEL T IR D B, Tz, RFZETlE ACE2 FIMME~ DL R 2 L7223, ACE2 Ifitid
AHin b3, ME. B, OIR-CIE N 7R &%  DIRERICIA S R L Tw 3 72 9[145], FRE DM
fzHS T L IINEETH B L EZ N D, R~ DB X E 2 ER T 270 1CiF, 5%
S-EVI® o 5 F57k D TR0 & & 75 2 fEHLHRIG & MGt 3~ 2 B S %,

AHFFETlZ. mRNA % S-EV'C ICNE L, VeroE6-TMPRSS2 #llfd 7 & OREHIAEICIEE T 5 &
L -G, HSP70-HiBiT % HAI-2 % & UHERENE & v % 2 E OISR c o FH 2/ L 7= (Fig. 2-6B,
2-8E), HAI-2 i 1 EE @) v 7 v 77 —¥HERCTH Y, TMPRSS2 iftEAIGIT 2 &
T, SARS-CoV-2 % &% TMPRSS2 {KIFIEY A4 L 2 DIEG % 40H] 3 5 [134,146], AW TlE. S-
EV!'® %4 L T HAI-2 mRNA Di%i# T % Z & T, SARS-CoV-2 kD S % v o8 7 EH % Ff> VLP
DIRAZEDRMICHEI NS Z L ZHL 221 L7 (Fig.2-9B), AR IEFIIY A v 2tk v oxoH
a—F3 2 mRNAZS X v o 7B R FEHT 5 EVIKIC X o TS PEMIIE IS BRI 2552 &
TANARAZIE ST 2 2 L 2 HIEL 2RAYIOMETH 5, D DFERIL, S-EVIK DT L v
RO AN Z MRNAESE T 7 v b 7+ — L e R 502 T b DL 52 5%,

X LI, HALI2/S-EV'® (X, A I 7 v vBHEDR AL 7 237 EH%FFD VLP It LT % HE
WHEZR L7223, Z OZhRIFHARICHN T 283 & Il L CilFg L <w/z (Fig. 2-10), FefTHSE
ICBWT A I 7\ VZERBR T TMPRSS2 ~ DK A IEA L T35 Y nafamostat 7% & D TMPRSS2
FHEANCN 3 2 A PEME N & v ) & & 33E X 1T D [137,138]. HAI-2 I X 5 TMPRSS2 FH
EONEPEH L2 E2OND, KIFFETIZIHAI2 2ETA0T ¢ LT L7225, REBRE
7% HSP70 & HAI-2 OijJ7D mRNA XZEICKYI L 722 LA 5, S-EVIH & 27 A3 fh o iGHH
mRNA Y7 — T L CEJGTE 2 A[REER R I NS, HlZIE, 3CL 7r 77 —¥7 &%
ROGE L Z T I WRIFEORE Y A VAR T ZEEN & 375 Z & T, AKEIIE 13 X Y AH#i7x
Lo A2 RE BIE L IR . FEEEE~OHEAICHEHTE 2 LEx LN, Sk, C
DT T b7+ —LDEMRENEZRT 72D, invitro B X Linvivo BT, [HEX Vv X7H
Za2—F3 2% mRNA ZNT L7 S-EV!I™® 23, FEERD SARS-CoV-2 ICXf L THLY 4 M RiEMZ R T
EIDERTHEIT S EREETH B,

WIET 2 L, AR TIES X v X7 E%EFILT 2 EVI%K A3 SARS-CoV-2 DAMfifieR A X H =X L,
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ML DD, FEEEME mRNA Z B IRICEEMIAE D 4 b v~ LREFRERHT L WEEYEE T
Ty ET7A—LTHDEI RN LT, REKIT, FTv 4 VAL LIRS I L 5o CTRY R T
TH—FERRTELDTHL, IIC, MOV A NVAHROERME & v 37 EE2 KT 5 X5
IZ EVIR 2 T2NICHET 52 LT, 2DT 78 —F (% SARS-CoV-2 IZRS$, 7 4 L 2 FFRE
BIER LB X OEELAREE L, D 7 4 A RIEYYE ISR 2 B0~ L IERARETH 3 L &
ZAbivd,
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TN
e

fiHasINME (EV) 13, Z D@ REN & EREAE, ARGIERME. NS T OREE? L. X
HROFEYNREF ¥ VT L L THEHIN TV S, L L, KA L L THES T DIXENE LR
LICERED R B, % & CAMZEC.EV 23 & L-MIENEE T 7 v b 7+ — 2 0ff -2 Hig L.
EV NI F DEENHE % 7 5 72012 2 DDMBEICOWTHRET L7z, 56 1 ETlE, 7o &zt
Ml7zz~rme /)34 b —vRFETF FEHH L, IIHEFE T ICHE LT BV OMIFENELY
AHF X ONE mRNA OMILEEEER M LT 2 2 L 2R Lz, ABERIZ, EVEZEICE T 5
Y A B OHIfHIZ, EVNESTFOHA b Y A~DERICE W CTEHEREETH L LEREL
TWb, invivo ~DE%ZZEET 2L, EVZOD DIKEELTF FR2EMiT 2 HikE LT 54
T3 H 20, MFEEFFICEBWTb~7ue /) +4 b =2 XA %FHE L, EV NS T 2RI
KETELIXRTFFPERBLZ L0 RERIZEV 2 DD F /7 K OkEREEGEIC T 1T T
FRHZHNERZ D 7203 2 RIS,

—7J7. B 2ETlE. SARS-CoV-2 D S X v X7 E % EV KHICHERT 5 LT, FFEDXAE K%
FHT 2 MG U GER 2020 7 BV NES T O34 b VILKERHRETH 5 2 & &R
L7co VA NAHRDIERG X v 3 7 8 % SR E~ L FI 3 2 ARG 13, SARS-CoV-2 DA 78 b
T2 DM O FTIEGEIC D ICHPIRETH 2 LHATF I N D, 72, AETIE mRNA OFKEL EE L
7273, EV NIT siRNA ° miRNA, £ v 387 B SR OB S T2 B8 T 2 2 L 23[R L
(X, AHIE L FIRRDERIE T2 1O ONTES T % BRIERICEE L . B4 R BICx L TH R R IRE
IRERONDRENLH 2,

WHET DL, AWFEIX EV 258 L L 2 ik oshRicmg <, MIENELY A# & EV NS
FTDOFA PV NA~DEEL NS “OORENAFEICEH L, B 27 7a—Fh oz
R, ZNZTNOWMIELNRENTH S Z LR L ZRICERVD 5, 514 EV FEDHIICE
CC. b oA EERAGDE 5 2 LT, HENARIBONE Z L PFEING, £
Too R CTF O NAHRIZ. EV 2 W7 RIBBEE LR 2 v N 7 BRZEORFELice D
T fhDEEYNEEY — NV OEHER RGNS D EBHTEE L B 2 b L, SHOEYEENFTOFEIC
HERT 5 2 L WIfFah B,
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Sk D i

1 EOFER
e
FRCEHEH D R IR Y | T X CTOfLEYE . MR MRS ERH I~ 7 F FIFSEAT. Thermo Fisher
Scientific, &+ 7 4 /v LHIYEHIEE S O BEA L 72, methyl 3-nitro-2-pyridinesulfenate (NPyS-OMe) [23]
IR EEER (HERERY) 2 ot X 7z, pCD63-L7Ae & pNluc-C/D box[42]13 Martin
Fussenegger #i% (F =2 — 1V v v TELKY) 20 b2t X L7z, pCD63-EGFP C2 I Addgene 2> & 157=
(#62964) .

~7F P A

~7'F N3, Rink 7 I FEIIE (TGS-RAM, EE#HB(ERT) _EIC Fmoc FEf]~7'F F &L T AR
L7247 TP NMERTF FOHERITZ, *7FFLY VYD N Kiimgk, 5 Y8D 1-
[bis(dimethylamino)methylene]-1H-benzotriazolium 3-oxide hexafluorophosphate . 5 % & © 1-
hydroxybenzotriazole, 10 4% ® N,N-diisopropylethylamine (DIEA) f77E FICEHEWT, ZNZNDJE
il < 23°C, 2 WL 3% & & CTAMK L 72, % Dk, TFA/EDT (95:5 (viv)) T 23°C, 3 KFfEl&EH
B THREL LY Yo VL 21TRo7, VIV L Z&~7F Fid COSMOSIL
sC1sAR-II 77 7 2 (Nacalai Tesque) % '\ 7=t Esikik 7 v~ + 27 7 1+ — (RT-HPLC) I X P
BEL, Fon7zx7F FOHEMIEL W &% MALDI-TOF MS (Bruker) € & VR L 7z, &
L7287 F F o7 I KBRS & EEOFRE, KHE, B X ORI (R) 1ZLUT @ Table
1 DY TH 5,

Table 1. List of prepared peptides.

Peptide Sequence [M+H ] qe,  [MAH] gy, R;

(Da) ®a) (min)
P4A YRCACRFF-amide 1064.49 106448 1328
oxP4A YRC*AC*RFF-amide 1062.48 1062.64  12.97
acetyl-P4A CH;CONH-YRCACRFF-amide 1106.50 1106.64 16.69
decanoyl-P4A CH,(CH,)sCONH-YRCACRFF-amide 1218.63 1218.66  24.50
myristyl-P4A CH;(CH,),,CONH-YRCACRFF-amide 1274.69 1247.74  28.14
stearyl-P4A CH;(CH,),(CONH-YRCACRFF-amide 1330.75 1330.80 3126
stearyl-oxP4A CH,(CH,),,CONH-YRC*AC*RFF-amide 1328.74 132887  30.67
TAMRA-0xP4A  K(TAMRA)GYRC*AC*RFF-amide 1928.01 1928.14  16.67
stearyl- CH,(CH,),CONH- 1926.00 192681  30.19

oxP4A-TAMRA YRC*AC*RFFGK(TAMRA)-amide

* Intramolecularly disulfide bridged
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BFHY ANT 4 FEEGTEK

W~ 75 F% H;O/CH:CN (1:1) IC¥AEf# L. CHsCN TiAf#E L 72 NPyS-OMe % il L TER T
—WEiRE L 72 (NPyS-OMe 5 X U~ 7' F FOMIREITZNEZ N 0.5mM I XL T 0.1 mM). AP
RP-HPLC THE# L | EH & !X MALDI-TOF-MS THEFZ L 72, MS O FEHlIfE, I X U° R, Table 1 D
hTHb,

TAMRA-0xP4A D £/K

fREE = 7 F F Lys(Mtt)-Gly-Tyr(tBu)-Arg(Pbf)-Cys(Trt)-Ala-Cys(Trt)-Arg-(Pbf)-Phe-Phe-NH-resin

(Mtt = 4-methyltrityl; tBu = tert-butyl; Pbf = 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl; Trt =
trityl) (AR D 7L CHFHE L 72 N Kbt D Boc R, di-tert-butyl dicarbonate (5 24&) ¥ X ' V-
methylmorphiline (10 &) % DMF 1 C=im 3 RIS X &2 Z LI X V1T o 72, HilE% DMF,
methanol (MeOH). diethyl ether (DEE) TZ#ZL 5 ML, B T’Cﬁdﬁc L7z, RE~TF
F g % dichloromethane (DCM) HC 30 Jr[HfEAHE & & 72, Mitt Bifri&1L. 1,1,1,3,3,3-Hexafluoro-
2-propanol/DCM (1:4) & CEIR 3 KFH1T - 72[148], ~* 7' F F % DCM. DMF, MeOH, DEE T
TnEN S BIkEH L., I ¢, TAMRA BikiZ. BIIE% 6-carboxytetramethylrhodamine,
succinimidyl ester (1.1 *4f&) ¥ X ' DIEA (10 %&) OFF{E [ < DMF H, i< 3 Rl G & &
52 LICEVITo7z, RAENAE. BillG o oM, BRIIHIAD FiETiT o 72, B TFF
DI FHNY AN 7 4 FEEIZ. DMSO/H0 (1:1) th, Fif T —Meffi# L /2%, RP-HPLC I X %
#l¥ MALDI-TOF-MS IC X 2 93T %247 o 72, fR 6N 7B & & R 1d Table 1 ISR 3

stearyl-oxP4A-TAMRA DE K
stearyl-Tyr(tBu)-Arg(Pbf)-Cys(Trt)-Ala-Cys(Trt)-Arg(Pbf)-Phe-Phe-Gly-Lys(Mtt)-NH /g D {7~ 7
F PR L 72, Mtt BifREE. TAMRA B, iR, B, 5 X009 THNY AL 7 4 FIEK
ZRTR O J7 RIS HE > THEMEL 72, RP-HPLC I X % 5% & MALDI-TOF-MS i % 17> 72, f§6 1
7-EEB X OR 1T Table 1 IR T,

MR EREG (WST-8 7 v & 1)

e AR B 13 Cell Counting Kit-8 (Dojindo) % FVW>CHEHi L 7z, HeLa #lifid% 96-well plate (1
X 10*cells/well) ICHEREL . —Mek5#E L 72, PBS (10 mM Na,HPO., 1.8 mM KHPOu., 137 mM NaCl,
2.7mMKCl, pH 7.2) T¥E##. o-MEM(+)"H T stearic acid. oxP4A. F 7zl stearyl-oxP4A (1.25.
25, 5, 10 uyM) ZIFINL. 37°CT 24 BRI L 7z, #i#E@% PBS T 2 [P L 724, a-MEM(-)
100 uL & WST-8 i3 10 uL 2L, 2 FEfH A v F 2 _— b L 72&, 450nm TOWEEE % HIE L
7= (ZHEE 650 n0m),

TEXEAFTVIDIART v 24
HeLa flf@ (6 x 10* cells/well) % 24-well plate (IWAKI) (Cf&fEL ., 37°CT—MehsE L 7=, Mg
PBS T3 [HyEiF L. o-MEM(H)H T 5uM O 7 F F & 05mgmL O 7 b 7 XA Frm—x 3 55
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70kDa 7 ¥ A F 7 v (TMR-Dex70) T30 7B L 72, 4 v F 2 _—v =2 v, #ild%k PBS T
3 EIFEHL, 0.01% Y7y CHIREZRBEL, =4 7 mi@ 0T 2 — 7B L, @0srHE (800
Xg, 4°C, 5 4) L7z, BiE%RFEFEL 1%, Mild% PBS THE L. 400 uL © PBS ICFH&HE L .
Attune NxT flow cytometer Z W C7 0 —H% A b X MY = Z{To72, ATIEH v IABH2Y
10,000 il D MHAL I xF LTSt L 72,

FHEAILE CIZ, HeLa #ifid% PBS T L. a-MEM(+) HICHWT 80 uM @ EIPA B L
500 nM @ wortmannin T% LZ 4 30 S[ERTLEE L 72, B ZFRZE L. 5 uM stearyl-oxP4A. 0.5
mg/mL TMR-Dex70, 3 X N2 NENDHEFEANZ G L L WEEHLZ /I L 72, 30 SrfElo 4 v F 2 <
—Ya vk, AROHETTFA N7 VO AREGHL 72,

MERE.T v kA4

#~_7FF (DMSO F 5mM, 1pL) % o-MEM(+) (99 pL) ICHllZ, 37°C TA v Fax—F L
7o HWfEIA (00 5. 15, 304)) ICHBWT, WEMEHEL LT 100 WM DT FH XA XV 2 EDLT
L= U200l BIRATICHEMUL, &2 v SR 27z, B 72 % v o8 28 3as 05
it (15,000Xg, 4°C, 597) KXV BEL 7. &F v 70 BiFEZEILL, 0.1% TFA * 8 U%E
D H0 LRE LTz, v 7Nk, EXEZEA A 1L (BSD % i 2 72 Impact HDUHR-Q-TOF-MS

(Bruker) 1CHEfE L 72 Bt LC-20AD HPLC ¥ AT L%tk n~=+ 25 7 4 —HESH

(LC-MS) ICX W EBMT LTze 70~ b7 T 7 4 —FrHlX, oxP4A IZ-DWTiE Cosmosil sCis-
AR-II (4.6 % 150mm). stearyl-oxP4A 122> Tl Cosmosil sC4-AR-300 (4.6 x 150mm) % Fv»CTHE
Gl 720 517 LA —7 V1% 40°CITHERF L 72, oxP4A D W EtHIZLA T o Y+ HiiE 0.2mL/min,
A A 0.1% TFA & 7K HoO, 7 B 0.1% TFA &6 CHCN, 7 7Y v F : AHIC B % 5-95%
20 43, stearyl-oxP4A DOHTEAFIZLA T O Y ¢ HiLE 0.2 mL/min 5 A4 AL 0.1% TFA &H H0 5 &
BB, 0.1% TFA &H CHsCN; 77 ¥ T v b A 1T B50-95%: 20 77 0xP4A I X U stearyl-oxP4A
DM+ 2HP A A v TH 25 m/z531.7 L m/z664.9, b WICT FH X%V v (NEBEHE) oM
+H['A A v TH 2 m/z3932 DA Ay 7ua~ 77 L0 —21HE% Compass Data Analysis
Y7 b7 (Bruker) # HlOTZNZENHIHL 72, £27'F FORBIINEERED ©— 7 &
L CIEHUEL 7=,

Native-PAGE
TAMRA-oxP4A ¥ 7z 1% steraryl-oxP4A-TAMRA % . [iE&H PBS. 3% 7 U — PBS. £ 721% BSA
(60uM) T 5uM AL, FiRT 5 DA v Fa—F LK 520KV 72U AT IF
T (Bt 7 4 0 LRDEHESE) % v T Native-PAGE 1T X 2907 21T > 72, AL LT v 1fiE
TAT7 IV (60uM) I XU 10% Y ¥ M3E % v 72, TAMRA 3%~ 7' F F I Typhoon scanner RGB
v AT L (Cytiva) CTHEtR, X v 30 B % 7 ~vNy v 70— (CBB) THRML 7z,

~ 7 F N oGS A
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#~7FF (DMSO HIC 2mM) 2uL % BS198 uL iICFII L. 37°C TS5 M4 v Fax—F L
720 Z D1, ¥ v 7% B EimO B Optimal 100XP (Beckmann Coultar) % F V> C 61,000 rpm (224,400
Xg), 20 °C T4 W 30 /@ L., 3Lz, VERT T A vaEb EEEREL.
J& 50 uL 22 v o827 ) —Hisre LCRINL 72, WEEHEL LT 100 yM DT FH XA XY V%
G 7P F U100 pL ZH ¥V TATHML, 4 °C, 15000Xg T 5 RO L7z, &Y v 7
LD EiFEZEFULL T, 0.1% TFA &8 H0 28X CRA L. BdlohEk e Fikc L < Le-
MS TH ¥ ZT A %R L 72,

EV O Hi

EV OfE#HLT MagCapture £ — X (B 7 4 L 2ZHDEMEE) 2L, A—h -7 v o
VICHE > CHEMiL 7z, HeLa i % 100 mm dish I 1.2 X 10° cells/dish CHEHE L —Mib5E L 72, #iAE
id. A=A =D 7 a b aichév, Lipofectamine LTX (Invitrogen) % F\»C pEGFP-CD63 C2
% 7213 pCD63-L7A & pNluc-C/Dbox % F v 27 =7+ a v L7z, #ld% PBS T 3 %4 L,
10% @ EV FrZ FBS (Exosome-depleted FBS Media Supplement Heat Inactivated, System Biosciences)
&1 o-MEM (10mL) HC 48 IF[EIRTE L 72, K58 % 4CT300xg, SoMEO L7z, Bil%
HUL L., 4°CT 1200X g, 20 /@D L72tk. & 512 4°CT 10,000 X g, 30 Sr[ELEOTEEL 720 &
B EHEZ022um > ) v¥7 4 % — (KURABO) TAiL., Amicon Ultra-15 100K (Merck) (<
X BRI 23T 1 mL LU 224 %. MagCapture £ — X ICHI L 4°CT—Mif v Fa~x— 1+ L7z,

— X L 72 BV I3 L. A =7 —ofiRichit > TR & 72, X VS 7 EREIL. Pierce
BCA Protein Assay Kit (Thermo Fisher Scientific) % F\>7z enhanced BCA 7 v & 4 1 X W #HlIE L 7=,

EV @i

EV O % 4 X34, NanoSight NS300 35 X UF Nanoparticles Tracking Analysis (NTA) ¥ 7 b v =
7 (Malvern Panalytical) iC X W #HIEE L7z, EV~—H—FB XU EGFP I3V T A X v 71 v hETIC
X OREREL 72, MIAZIEX. 1x cOmplete 7 v 77—+ HEAH|I A 7 7+ (Roche) % & T radio-
immunoprecipitation assay (RIPA) ~¥» 7 7 — (50 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1%
Triton X-100, 0.1% SDS. 0.1% sodium deoxycholate, pH7.6) Ti&fiE L 7=, MlLAMK E EV v 7

VIC SDS-PAGE B —7 4 ¥ 78y 77 — %I 2, 5 2fElihlE $ €72, SDS-PAGE 7 /v (5-20%
SuperSep Ace. Bt 7 4 L LAHDEHIE) 1o — F L7z, 25 mA T 60 EESKEN L 7215, BEL
72 £ v %78 % Trans-Blot Turbo Transfer System (BioRad) % J\>"C Transblot Turbo Mini PVDF
Membrane ICHEG L 72, 5 E D A ¥ 7L v % 0.05% Tween20 & Tris A& 4B AEIE/K (TBST.
pH7.6) Tk, 5%BSA (wiv) ZiAf#EL 7= TBST (5% BSA-TBST) % HwCT, Ei T 1 KR
TuyF VI EITok, TRy FVIHBDA Y TLVIC, 5% BSA-TBST THM L 7z —RKfifk%
Mz, 4CT—MRE L7z, L =—RFik| iquD W CThs, Ll CD63 £/ 7 u—F i
&k (3-13) (B 7 4 v ZHEHZE, 1:500), §L CD9 £ / 7 v —F Ak (Ts9) (Invitrogen, 1:500).
PLGFP AV 7 v —F AHifk (Invitrogen, 1:1000), Z DA~ 7L v % TBST T 10 733> 3 [1]
Peifr L. 5% BSA-TBST CHIM L 72z ZKPUARZ BN L CEIR T 1 FliRIE L 72 [Fiv 7 X 1gG &
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A 7 7 £ — X6 (GE Healthcare, 1:5000) ; §T7 ¥ % 1gG, HRP #5 & 14 (Cell Signaling Technology.
1:2000) ], #H % ECLPrime 7V =X X v 7 v v 7 4 v 7 i3 (Amersham) % > CT{T\>, LAS-
3000 Mini (GE Healthcare) T FFBEZ MM L7z, Militk, A ¥ 7L v IZ Restore PLUS Western
Blotting Stripping Buffer Z H»CTX MV v ¥ v 7 L, LEWKIGLTH v —7 L 7z,

EGFP-CD63-EV D fllAE N5

HeLa il % 24-well plate 1 6.0 x 10*cells/well TIERE L, 37°CT—ME5E L 72, #ifg% PBS T3
[FPEH L. 10% D EV [ FBS % &% o-MEM H1C, 5 uM stearyl-oxP4A % E L £ 7213 & R 05
<. HEEL 72 EGFP-CD63-EV (M8 & v X 7B 1.3 pg/mL) %@L 37°C T 24 RFEALEE L 72,
AvFax—vavth #fildz PBS T3 HPEHL. 0.01% Y 7 VLB, <4 7 aEbT o
—ZEIN L, 7u—% A4 b X Y —fRiT 21T o 72,

V> 7 =7 —+ mRNA %N L 7z EV Difiia NikiE

pCD63-L7Ae ¥ X U pNluc-C/Dbox % —i#PEIC b 7 v X7 227> 2 v L7z HelLa fMild%. 10%
D EV BRZE FBS #&T o-MEM T 48 KR4 v F 2 _— b L2tk Wil 2@ 008 s X OR
AhiEaE L. Aifb & [FIBR IC MagCapture ¥ — X % Fi > T Nluc-C/Dbox mRNA %% A L 72 EV (Nluc-
mRNA-EV) % [EIX L 7z, HeLa flifid% 12-well plate 1 1.0 x 10° cells/well THEfE L, 37°CC—Huks
# L7, Milg% PBS T3P L. 10% EV FRZE FBS % &1 o-MEM HC, 2.5 uM stearyl-oxP4A
ZIINE 72 1ZIETIM D Z&E T, 578 L 72 Nlue-mRNA-EV ({8 % v ¥ 7 1.3 ug/mL) ZF L. 37°C
T 24 WEEALEE U 7=, A%, MifE% PBS T3 MIFEH L. 0.01% Y 7 VLB, <4 7 vigls
F 2 — 7B L 72, ARSI % 4°CT 800X g, 5 [l L L. RiExFRE L 72, Mifd%z 30
pL @ Opti-MEM IC&# L. Z D 5 H 25 uL % NanoGlo live-cell assay i3 (NanoGlo LCS dilution
buffer : NanoGlo live-cell substrate=19:1, Promega) 25 uL &AL 7z, AT % 384-well white plate

(15 pL/well) IHAMM L, 25°CT 504 v F 2 _— b L7, Nivo 7L — + U =X —TH%H
E L7,

e L — ¥ —EREMET (CLSM)

HeLa #ilid % 35 mm glass-bottomed dish (IWAKI) 1T 2 x 10° cells/dish TI&FE L. 37°CC—Muks#
L7z, fifE% PBS T 4. a-MEM(+)IC 5 uM D7 F F ¥ X 18 0.5 mg/mL O FL-Dex70 % fill 2
| RFELBE L 72, 4 v F 2 _—v a3 vk, PBS T L. U YV — LGtadD 72 Lysotracker Deep
Red T 2 ML L 72, % Df% PBS Tyt L. Olympus FV3000 CLSM > A7 L% W CHEI% L
776

WHER T 2 F v (-7 7 F V) HEoBIZICIE, lifeact-mCherry % ZE RIS % HeLa Ml % 35
mm glass-bottomed dish 1Z 1.5x10° cells/dish THEAE L | 37°CT—Muk5E L 72, Mz PBS T,
o-MEM(+)% 150 uL %M1 L 7z 35 mm glass-bottomed dish Z FV3000 CLSM > A7 L ED AT —
by 74V F2_—%— (TokaiHit) ICF%iE L. 5 2B L2, 1| SRR TE 4 L7 7 AR
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G L7z, 5 914, stearyl-oxP4A % &8 a-MEM(+) (50 pL) ZHA&~<7F FIEEZ 10 M & 7
XML, ZDH%RE 51T 20 [ (AEF 25 7218 s & ke L 72,

Alexa fluor 488 T C KUtk L 72 R8 (R8-Alexad88) (10 pM) DHMIfEBAT 2 BIE T 5720,
CLSM f#HTHITIC a-MEM(+)H T stearyl-oxP4A (5 uM) T77E I ¥ & OIEFEFE T T R8-Alexad88 % 30
SELEE U 72, R8-Alexad88 DAMAUE 7341 (X, 100 LA E OMIIED CLSM [Hi{§ 2> & fEfT L 72,

EGFP-CD63-EV DOHIAENEL Y 1A B D fififfT C 1%, HeLa Ml % 35 mm glass-bottomed dish (Z #&fH L |
37°C T L7z, Milg% PBS TUEH L. 10% @ EV k% FBS #& T o-MEM H T, 5 uM
stearyl-oxP4A DFETE N E 72 (XIFHFTE T < A58 L 72 EGFP-CD63-EV (] % v ¥ 7 B & 1.3 ug/mL)
ZEHMMLT 37°C T 24 WAL L 7z, #IA@% PBS T L. Olympus FV3000 CLSM ¥ 2 7 L
ERHWTEEL 72,
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52 EOEER
FRCEE DR WIRY . _Ccofb2WE, MEL Ml ER L Sigma-Aldrich, Thermo Fisher
Scientific. ET 7 4 AV AFIEHIE 2 SBEA L 72, DNA 7 7 4 = —IZ Eurofins 2> bEEA L 72,

77 A I FHEEE

CD63-L7Ae & Nluc-C/D box (5 1 # & [FIfRIC Martin Fussenenner #% (F = — U v & TREEK)
2ot I T,

HSP70-HiBiT-C/D box 7"7 A I F % In-Fusion Snap Assembly Master Mix (TaKaRa Bio) & DNA
Ligation Kit (TaKaRa Bio) ZH\WC X =/ —H#5ED 7 b avicft-> CTHEEL 72, £3. HSP70-
HBT 77 2 I FZUToXSFRLEZ, 2200774 <—-~7 (5-
cgctaccggtcgecaccatggttagtggatggagactattcaagaagatctcgggtggtggatcaggaggaggtagtatggccaaagecgeggegat-3'

& 5'-atcgeegeggctttggcecatactacctectectgatccaccaccegagatettettgaatagtetecatecactaaccatggtggegaceggtageg-
3) A7 ==V ¥/ F B L THBIT*7F F&2—F3F25DNA 7727 A %37, In-Fusion
Snap Assembly Master Mix % FHi\»C, 3541727 7 7' X~ b % heat shock protein 70 (HSP70) & #%
a2 v 78 (EGFP) O X v X7 8% a—F3577 X1 F (Addgene, 15215[149]) I
fli AL 7. XiZ, HSP70-HIiBiT 77 Z I F &, Nluc-C/D box 77 A I FA LMl L 72 C/D box %
2 — N3 % DNA Wik (Sacl 4 + 2 &L forward 77 4 = — 1 5'-ggcgagctetgcaaaatagactttagagggtace-
3¢ Sall ¥4 b EEL reverse 77 4~ — @ 5 -ggcgtegacaccggtctegagtteg-3' % W THEIE,) % .
Sacl/Sall ‘TYJHT L, DNA Ligation Kit % FH\»CiElff3 2% Z & T HSP70-HiBiT-C/Dbox 77 A I F %
EHRLL 72,

HAI-2-FLAG-C/Dbox 77 A 3 F O#§FEICIZ, £ 9 GeneArt (Thermo Fisher Scientific) % f\»C
HA & 7 & P RE R s LI 7SR 2 (HAL2) 22— F3 5772 3 FaaGt - A
L7z, RICT, HAI-2-HA 7 7 2 I F® HA % 7%, KOD-Plus-Mutagenesis Kit (TOYOBO) % ffl\>C
WiARE Y AT — KIS (PCR) I XY FLAG X ZiCiE#aL 7= (forward 77 4 = — & 5-
tgagaattcacgcgtggtacc-3', reverse 7 7 4 = — ! S'-cttgtcgtcgtegtecttgtagtcgeccaggacatatgtgttc-3') . Nluc-
C/D box 2> LHME L 7z C/D box #=2— F3 2% DNA Wik %, forward 77 4 v — © 5"-
ggcgaattctgcaaaatagactttagagggtacc-3'%5 X U reverse 7' 7 4 = — ! 5’ -ggcgtegacaccggtctegagtteg-3' % F
WCHEIR L. 35472 DNA WiH % EcoRI/Sall TYJWT L, DNA Ligation Kit % Ffl\» T HAI-2-FLAG
77 AL FOMNIET BEML (EcoRI/Sall) ic27m—=v 27 L7,

pcDNAS/FRT-CD63-HiBiT 77 X I Flf, CD63-HiBiT 77 X I F[32]%* b CD63-HiBiT Z =2 — I
$ % DNA WiH % . Nhel/Apal YW L 72 pcDNAS/FRT 77 2 2 F (Invitrogen) ICffiA$ % Z & T
%72,

SARS-CoV-2 tHEkE (MN908947) D S % v X 7B FEIF 7 7 2 I F (pS protein) 1. EcoRI/Xhol
TYMWT L7224 2 2 v o808 %a— K3 2% DNA WiH & pCAT ~ 27 X —[150]%#fEx ¢ 5 2 &
THEL 7=,
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CD63-HiBiT % &E 5813 %5 HEK293 iffificd D4

CD63-HiBiT % EF I HEK293 fifiix, A — 7 —H#3ED 7 v b 2 v icff v Flp-In-293 #lAE

(Invitrogen) 72> HEH L 7z, Flp-In-293 MiAZ% 100 mm dish ICHEREL . —BEE L 72, % Dk,

Lipofectamine LTX (33 uL) ¥ X O PLUSreagent (11puL) (Invitrogen) AW CFF7 v 27 =27 v
2 vV EIT, 10% (viv) DEARTE(L FBS (Gibeo) % & 15/ 2 L 2 — 2 DMEM (DMEM-HG) [DMEM-
HG(+)]H T 3 IRF[EIRGEE L 7= 1%, PBS Tyt L. 2 HIEEGE L 7z, 58 % 400 pg/mL D hygromycin
B #&H 9 % DMEM-HG(+H)IC 28 L, 3B OHTEYE IR, CD63-HIBIT il % ZEFRIHT 2
7 v — v (HEK293-CD63-HiBiT fifid) #15%7-,

TMPRSS2 % ZEFHI3 5 Vero E6 Ml X N ACE2 % REFIA T %2 HEK293T Al D 37

Vero E6 it 3 X O HEK293T #ifgix. ZhZ i ATCC & X OB AFeiTfifd N v 7 X U AF
L 72, TMPRSS2 F7z1% ACE2 = — FiH${% CSII-CMV-MCS-IRES2-Bsd (RIKEN BRC) % 71
pLVSIN-CMV Pur (TaKaRa Bio) IZ%# 727 u—=v 2L, CSI-CMV-TMPRSS2-IRES2-Bsd % 7z
pLVSIN-ACE2-Pur # &L 7z, HOAEMLH L v F 7 4 L 22 % — %, CSII-CMV-TMPRSS2-
IRES2-Bsd % 7z1% pLVSIN-ACE2-Pur & . Lentiviral High Titer Packaging Mix (TaKaRaBio) %. X
—H—DT7a AN T I TV R T 27y a5 LI VI 72, TMPRSS2 % L EH
B3 % VeroE6 il X N ACE2 2 L ERIT % HEK293T fifidix, 2 hzhor vyFv4rax
7 2 —Z% B L | blasticidin (20 uyg/mL) ¥ 7z 13 puromycin (10 ug/mL) F7E FCHEET 5 C Lic X
DL L 72,

LeBiT % &EFI 3 % MfakE o iz

WEER[32] & [FIBRIC, LeBiT 2 LEFIF T 2 Mlifutkz Lo vz v Mg L L THIZL 72, pBiTl.1-
C[TK/LgBiT] (Promega) 2> & LgBiT % 22 — F 3 % ff}#{ % CSII-CMV-MCS-IRES2-Bsd (RIKEN BRC)
¥ 72 1% pLVSIN-CMV Pur (TaKaRaBio) IC¥# 77 u—=3 2L, CSII-CMV-LgBiT-IRES2-Bsd ¥ 7=
|Z pLVSIN-LgBiT-Pur Z#ZE L 72, HOCRNEHLEL vV F VANV ART X =, A=A —D 71 }
I ICHEV, CSII-CMV-LgBiT-IRES2-Bsd 3 X U Lentiviral High Titer Packaging Mix (TaKaRa Bio)
EFNIVRT7 2 avi sl L CHBIL 2, LgBIiT 2 &EMICHIT 2k, v v F v 4
WARY X —% LB L | blasticidin (20 ug/mL) % 7z 1% puromycin (10 pg/mL) DFFHE T CTHiE T 5
LI X VL 72,

M LN v R 720V a Yy

Flp-In-293 #iifid (HEK293 #ifc)) 1%, Thermo Fisher Scientific 258 A L 7z, HEK293 fiifidis X
¥ HEK293-CD63-HiBiT #flifidiz. DMEM-HG(+) CH5# L 7=, Vero E6 i, VeroE6-TMPRSS2 #lfid.,
VeroE6-TMPRSS2-LgBiT #lllfitd. VeroE6-LgBiT #liftl, HEK293T-ACE2-LgBiT #lifdl, ¥ X U8 HEK293T-
LgBiT MifEiZ, 10% (v/v) FBS % & 7 )L 2 — 2 DMEM [DMEM-LG(+)] T2 L 72, 2T Dl
Hilx. 5% CO, 37°COA4 v F a X=X —NTHEL, 2~4 HZ & IR L 7=

TI7AIPND T VAT 27 v 3 vix, PEIMAX (Polysciences) % VTN L 7z, HEK293 %

51



7213 HEK293-CD63-HiBiT #lii@% . poly-L-lysine T2 —7 4 ¥ 2 L 7z 100 mm dish (IWAKI) i< 3.0
x10° cells/dish THEfE L, —Mi5# L 7z, PEIMAX (60pg) B X U772 I F (12png) 22z h
687.5 uL @ Opti-MEM THRL ., ZNHOlEEZEA L7z, ET 15 A4 vFax—F LT
DNA/PEI &K% B & ¥ 72, DMEM-HG(H)H OMIBLICTIN L 72, 4 B4 v F 2 X — F 4,
HHfEZ PBS TUEH L 722, 10% (viv) OBMLEIC X 2 JE@LILEE % fiti L 72 EV B % FBS (System
Biosciences) % &t DMEM-HG T2 HIE55# L. EV 2EA X2 7=,

EV kil
100 mm dish THEL - F 7 v 27 = 7 ¥ 3 v # D HEK293 HiiE % 72 12 HEK293-CD63-HiBiT Al
e, 10 % (vv) FE@{LLEE & EV BRZE FBS % &1 DMEM-HG T 2 HERE L 7z, % Dkl
UL 755880 % 4°C T 300xg, 5 rflim Ol & Hic iR B L, 4°CT 1,200xg, 20 53fHiE
DHEL 7214, 4°CT 10,000xg, 30 Z3fElE L L 72. EVI® D4rfficlid, <L > b % 500 uL O
PBS TUEH L. 1A 10,000xg T 0ot L 7212, 100 uL @ PBS I & L 72, 10,000xg L3 2>
bV Y —L%k% < EHELEV (BVME) % 53Htd 2 7-®. MagCapture Exosome Isolation Kit PS Ver.
2 (FUIJIFILM Wako Pure Chemical Corporation) % X —Hh—® 7' 1 k a Vicht > THW72, EiFid,
FiEDOERES 1| mL KiiC 7 % £ T, Amicon Ultra-15 100K 754 2 (Merck) % T 4 °C
(4,000xg) THRAFAEBIC X Y #BE L 7215, Tim4 BEELER e — X LRAL, 4 CT—f v %
2=} L7z, MR —X%EE NNy 77— T3 [EIFEEH L%, EVME 2B Ny 7 7 —50uL T
2 \EH L 72,

EV O FriE R

EV O ¥ X ORif&IZ. NanoSight NS300 35 X I'NTA ¥ 7 b v = 7 (Malvern Panalytical) %
FbCHlE L 72,

FRIL 72 BV B X OBV EAMICE T3 EVe—h—B XS XV 7 HORBIZ, VTR %
vZuy 74 v I X DEERE L 72, Ml IxcOmplete 7’17 7 —€fHEN 27 74 (Roche) % &
B9 5 RIPA Ny 7 7 —CIEARE L, MAARIC SDS v TNy 7 7 —% KL 72, EV IZE
BESDS Vv TNy 7y —LiBA Lz, X2V NI EIREIX, PierceBCA X vV XI7BET v A4 ¥
I (Thermo Fisher Scientific) % F\»C BCAEIC X DHIE L7z, Sug DX v 78 % & Lo ilfaiafiz
WEZIX05ug DX VNI EHRED EV YV 7% 95°C TS IMBAL 7286, KV T 27047 3
N2 v (SuperSep Ace. 5%-20%. 13V =)L ; Bt 7 4 L LHYEHHEE) icv—F L, SDS-PAGE
WX D rEEL 72, 0HEL 72 &% v X7 B X, Trans-Blot Turbo Transfer System (BioRad) % T
Transblot Turbo Mini PVDF Membrane (BioRad) ICHEG L 7z, 5% D X v 7L v % TBST THEi
#%. 20-25 °CT 1 B, 5% BSA-TBST T7 1 » ¥ v 27 L, Hil\»T 5%BSA-TBST THML 72—
RYUARZRIML T 4 CT—MRE L 7z, RHZECHEA L 72 —XPik & 2 OFRE I T oMY T
H5:PrS2®/ 7 v —F AP (GeneTex 1. GTX632604, 1:1000), HTL CD63 &/ 7 v —F A4
& (B 7 4 v 2 M3, 01227063, 1:1000). $iLCD9 £/ 7 v —FiAdifk (B4 7 4 v 25
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JERESR, 01427763, 1:1000). $T CD81 &/ 27 @ —F AHifA (Thermo Fisher Scientific. 10630D.
1:1000). $T17 A F v Al €/ 7 v —FAYifk (Abcam. ab214486. 1:2000). ¥t v 7=v =%/
7 1 —F AR (abcam, abl133267. 1:1000), FiAALAF > v E/ 7 v —FAHifk (Medical &
Biological Laboratories, M178-3, 1:1000), A > 7'L v % TBST T 10 43[E32 3 [M¥E#% L . 5% BSA-
TBST CHML2F—RATFF 4 v art*s £—+ (HRP) ik k¥ifk (¥~ 7 X IgG HRP
Tk F(ab’), 7 7 7' A v b (Cytiva tE. NA9310. 1:5000). ¥V ¥ ¥ IgG. HRP EEEPiiA (Cell
Signaling Technology #1:. 7074, 1:2000)] Z#M L. 20—25°CT 1 WEIRE L 7=, BHICid ECL
Prime VLA X v 70 v 7 4 v 7RI (Cytiva) %A\, Amersham ImageQuant 800 (Cytiva)
TlLEREE BB L7z, M. Restore PLUS Western Blotting Stripping Buffer (Thermo Fisher
Scientific) TXA v 7L v bHifk%ZlRE L, LEICL L CTRHETURRIS T > 72,

EETE TS (TEM) EfRICO W Tid, EV R % % 2.5 L, BUKLABE L 72 h — K v 2
=T A VY v FICEA L, 0.5%EEY 7 Vg (i) <1322 %E L, TEM
MR IE, JEFEE 120kV @ JEM-1400 (HAE RSt 2w B L 7,

EV DAL Y A A & R A o i B
EV DOAIAENEL Y A B & iR A 1X. LART O [32] & [AARIC Nano-Glo Lytic Detection System

(Promega) & Nano-Glo Live-Cell Assay System (Promega) %W CER L7z, L vz v Miia
I 24-well plate 1Z#55E L (VeroE6-TMPRSS2-LgBiT #lifitl, VeroE6-LgBiT Al : 7.0 X 10* cells/well,
HEK293T-ACE2-LgBiT #if. HEK293T-LgBiT Al : 1.5 X 10% cells/well) . —Mi35EL 7z, 2 HD
LgBiT #BIlid 2 HEK293-CD63-HiBiT Mk ® EV! (1.0 X 10% particles/well) T 24 HHJ2LE
L7z, PBS T2 [P L 725, 0.05% Y 7+ v % 37°C T 10 0L L T = v 5 & MfE % #
L., ~47mFa—71CBIL 72, BULL 7= HIfRETL % 4°C T 800X g, 5 rfhiE-L L. Lif
ZREL 72, EV OHIIENEL Y )AR % EET 2 720ic, [\ L 72 EV ALEEHIIE % 50 uL @ Opti-MEM
CTHRE L, ¥/ EVREFOUMEORER (x il BV KT8 y Bl O 2FR T 2729
2, EV RUEEHIAE S BRI BN L, &EF50ul &7 3 X 9 i -5 EEHI D EV & Opti-MEM CHll
% MiE L 7=, Ric, #ilg% 50 uL @ HiBiT lyticassay i3 (Nv 7 7 — 1 FEH=50:1) & 96-well
plate 9T 10 fElEA L Nivo 7L — b ) — & — (PerkinElmer) % F\» TF 38 (count per second,
cps) ZHIE L7z, EV Q&% ERT 5 72, EV LEHIIE% 80 uL @ Opti-MEM &% L. 96-
well plate N CHE % & T live-cell assay sk 20 L (N 7 7 — 1 HEH=19:1) &EA L. Nivo 7
L—bFY) =X —%HTRNEEEZHEE L 72,

I AN F— R HE S % 729, VeroE6-TMPRSS2-LgBiT g % 4°CC 30 4 [AIRTALEE L
7B L 72 S-EVIK (1.0x108 particles/well) %L T4 CTAKEA v Fa_—F L7, W
EV OHMIfEPEL D A A & R O E B % Ei L 72,

PR BERHES ¥ A4 v (RBD) I (JTRBD) (GeneTex 18! GTX635792), XfHHifkE L
THRTEE % S 0P S2 ik (GeneTex #L#! GTX632604). SARS-CoV-2 [EfEl&HE~ 7' F F
la B X U 3a[128]. 72 & ONC HIV BRI ATHE < 7' F F SC34[132] (A AT 4 7a v bua—n) (=
7' F FECHNE AT @ Table2 SH) 12 X 2 BHEMR 2GS 5 7201, 77HEL 72 S-EV!IK (1.0x108

7=

(£
HR,
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particles) %. 20 nM OFUAE 7213 10 yM D=7 F F & i, 10 %EAIEL EV B FBS 2 &
DMEM-HG H1C 37°C, 1 IR[HIRTLEL 21TV % DIREEY % VeroE6-TMPRSS2-LgBiT Al i il x.
Too AL v ¥ aR—v a vk, ERERLZEML 7,

TMPRSS2 fHEH] (nafamostat) . # 7 7+ Y HEA] (B-64d 5 & UF Z-FA-FMK), F7ld= v FY
— LEMEALREHEA (CQ 35 X U ConcA) DI#. VeroE6-TMPRSS2-LgBiT i % . 25 uM nafamostat.
25 UM E-64d. 50 uM Z-FA-FMK. 20 uM CQ Z 7z1% 20 nM ConcA % &H 3 % DMEM-HG(+)55HE
T 37 °CT 30 DRI Z 1TV Rk DR O BHERIEH S 1F T 10 %IEM@{Lik 4 EV FrZ FBS
% &1 DMEM-HG H1C S-EV!¢ (1.0x10® particles/well) ZZ5IIL T, 4 FEEQUE L, RIS O E
BEREFEmL 72,

Table 2. List of fusion inhibitor peptides.

Peptide Sequence
la Ac-ISGINASVVNIQKEIDRLNEVAKNLNESLIDLQE-amide
3a Ac-ISGINASVVNIQEEIKRLNEVAKKLNESLIDLQE-amide

Ac-WXEWDRKIEEYTKKIKKLIEESQEQQEKNEKELK-amide

Control-peptide (X: norleucine residue)

HfaEEL S 7 v 2 4

VeroE6-TMPRSS2-LgBiT #Mlfi % 6-well plate  (IWAKI) C 2.0 x10° cells/well THERE L, — Wik
L 7z, #ifid% . Lipofectamine 3000 (7.5uL) 3 X O P3000 (4 uL) (Invitrogen) % fv>T pEGFP (2
ng) £7:203 pRFP Qpug) TFI v R 727> av L, EGFP %72 3RkAaHE L v 28 (RFP)
Rz, 6 K4 v ¥ 2~ — Mg, MilazEEL . A (EGFP:RFP=1:1) L72d D%,
35 mm glass-bottomed dish I 4.0 x10° cells/dish THERE L 7z, —Mus#E. 8L 72 Cont-EV'®
F 7213 S-EV'® (2.0x10°% particles/dish) T 24 KL L 7=, fMifEfE@&SoRY 74 7a v b
—nt LT, BAHIIEIC pSprotein Z b 7 v 27 =2 ¥ 3 v L7, 0.5pug/mLHoechst33342 T 10 43
Mg %. FV1000 Olympus CLSM (Olympus) % Fw CHAS A2 BIZE L 72,

mRNA 54 EV 0% 3 Hifl

HSP70-HiBiT mRNA j%5Z 5 1< 13, Nano-Glo Live Cell Assay System (Promega) % > 7z, HEK293
MUAELIC pS protein F 721322~ Z % — (pCI Mammalian Expression Vector, Promega). pCD63-L7Ae ¥
X U pHIiBiT-HSP70-C/D box (2:1:1) Z ik 0 5k L FERIC PEL W C 7 v 27 27 v a v L,
EV [RZ% FBS 10%& 5 DMEM-HG H1C 2 HfFiE L 721k, HiE bifzm 008 L T EV 20 L
72o mRNA % & L 72 EV!® (2.0 x10# particles/well) % . HiH 12-well plate IZ 1.0 x10° cells/well T
&M L 72 VeroE6-TMPRSS2-LgBiT M ICAIN L. 24 WefE G L 72, WLBRER. HijIH & [FARIC Nano-
Glo Live Cell Assay % i L 7=,

HAI-2-mRNA %N @& L 7z EV'% (HAI-2-EV'%) TULEE L 7 VeroE6-TMPRSS2 #lific 51F 5 HAI-
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QRWMAEMR T 2720, v REA VY Tay T 4 v 7 %EML 72, HAI-2-EV!™ X, pSprotein ¥ 7= 1%

27 & — pCD63-L7Ae. pHAI-2-FLAG-C/D box (2:1:1) % b 7 v A7 = 7 ¥ 2 v L 7z HEK293

HIRE D RE W 2> & 578l L 72, Bl H 1T 24-well plate i 7.0 x10* cells/well Ti&fE L 72 VeroE6- TMPRSS2

HIfE %, HAI-2-EV'® (1 x10° particles/well) T 24 RFEJLER L 72, XRic, #iig% RIPA Ny 7 7 —

THHMAEL, SDS ¥ v 7Ny 77 —EiRE LK, SDS-PAGE, 71 v 7 4 v 7, JuikIG [Anti-

FLAG M2 $ifk (Sigma-Aldrich, F3165, 1:5000) 3 X Ui~ 7 X IgG HRP i F(ab’), 7 7 7' X v/ b
(Cytiva, NA9310, 1:5000) ], fbaEFeSemtiizseb o J5ik & RkRICEE L 72,

) 724 L5ER PCR

538 L 72 EV % & NucleoSpin RNA Plus (TaKaRa Bio) % Fi\>C EV @ RNA % #fiHf{ L . PrimeScript
RT ReagentKit (TaKaRaBio) % F\»T X — /1 —DIFRICHE cDNA ~WRE L7z, VT XA L
E & PCR (RT-qPCR) %, PowerUp SYBR Green Master Mix (Thermo Fisher Scientific) ¥ & OXLLF
DT T A~—%HWTHML 72 : HSP70 mRNA ] (forward, 5'-cgacctgaacaagagcatca-3'; reverse, 5'-

aagatctgcgtetgettggt-3' ) . HAI-2 mRNA i ( forward, 5'-aacagctaccgctctgagga-3'; reverse, 5'-
ttcttcaccagetgeteett-3') . #3327 F L 13 QuantStudio 3 Real-Time PCR System (Applied Biosystems)
THIE L7z, BB O DNA A (105, 104 10°, 10°, 107 copies/ul) % F\» 7= EEHE i #RiE%
XD ERL 2, BEMROERICIE, &7 74 v—xT2HTENENZa -T2 77X
IFZHERL, 7 =X 7 A0 8L 725 % 72, RT-qPCR TE&E L 72 mRNA 77 T4 &
NTA CHITE L 7z EV K782 5, EV1{ilH 72 H © mRNA =2 v =82 R H L 72,

WST-8 7 v+ 4

AR, X —A—H#3ED 7 v b 2 Vi Cell CountingKit-8 (Dojindo) % V> THIGE L
720 VeroE6-TMPRSS2 Ml % 96-well plate (IWAKI) 1Z 1.0 x10* cells/well THEREL ., —MEEL
72o M@ % HAI-2/Cont-EV'¢ ¥ 7213 HAI-2/S-EV'¢ (0, 1.6 x10°, 8.0 x10°, 4.0 x10’, ¥ 721% 2.0
x 108 particles/well) T 24 KL L 7=, Z 0%, #Mifd% PBS T2 [mIJEE L. WST-8 % 10 uL &5
DMEM-LG(+)% 100 uL Z M L 7z, 24 v Fa =1k, 42707 L—1F ) =X —%2Hwn
T 450 nm I BT 2WSLE A HE (SR 1 650nm) L. MlgAEEFEEZEH L 72,

SARS-CoV-2 B A N ARRRI TR ABHLE T v £ 4

7 A N AR T BER D JTIE[135,136]IC/EVEHEL L 72, 0 H H i< HEK293T #fidZ 100 mm dish
IZ 3.0x10° cells #&fE L . DMEM-HG(+) 1. 37°C/5% CO.54 T 24 FefliE5# L 72,1 H H i< HEK293T
MIAEIC 60 uL @ Lipofectamine 2000 % T 3 2D 77 & I F (pHLS-EFlo-DmrA-HIVgag-A: 11
ng, pHLS-EFlo-DmrC-Luc-A: 11 pg, pPCAGGS-SARS-CoV-2-Spike: 1.5 ug) # P 7 v A7 27+ 3 v
L7z SARS-CoV-2 @ S X v X7 EORHNIIRERICHKT 215 % & + =2 F vicka#ft L CH
Wiz, Ibic, BEES® 2720, A ZEHNCIE D614G AR E CRIFHICHIT 5 19T 2/
BORKEBEAN LTz, A I 78 v 234 ZF4] (BA2.75 5 X U XBB.1.5) 1 GISAID 7 — X X —
2 OHE L7, 2 HH, % #7272 DMEM-HG(H)IZZZH L, DmrA 3 X O DmrC F X 4 v %
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TRt E TN T 2 TR VA NRRRTICE AT 572012, 300nM @ AP21967 (A/C ~
7B X4 ~—_ TaKaRa, 635055) ZiM L7z, 3 HHICKE EEZBULL, 045um > Y v ¥ 7 4
L% — (PES I, GVS. J25BSCPS004AL01) TAiEL 7z, i L 7255 % 8,800xg T 16 e[z O
EEL 72, O EER. RIEZEEICHVRE, VAL RRR T O~ v b ZGHIL 72 100 uL @
Hank's Balanced Salt Solution I 1 ffEli2 L. RS2 ICFH&RE L 7=,

VeroE6-TMPRSS2 #ilfid % 96-well plate  (IWAKI) 1Z 1.0 x 10* cells/well THEREL . —MiiEE L 72
#%. HAI-2/Cont-EV'% % 7z 1% HAI-2/S-EV'¢ (2.0 x 10# particles/well) < 1 HFFLEE L 7z, Kic,
SARS-CoV-2 7 A )L ZFERL T % MIAEIC TN L 72 . SARS-CoV-2 Bt D S HAFHEH] & L T, nafamostat

(10 M) Z R 7z, 16 A v F 2 _— M &, BEITLO 7 v b 2)ViIcfEv ONE-Glo Luciferase
Assay System (Promega) VW CAv 7 27— T v A % FEEL 7z, BEMICIE, &7 zric
Br#si & [ D ONE-Glo s Z /L. =i < 10 04 v F 2 _— bt L7z, F% EnVision

(PerkinElmer) TH#ll%E L 7=,
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