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Cell permeable peptide (CPP) is able to transport itself or conjugated molecules
such as nucleotides, peptides, and proteins into cells. Since short peptide of human
immunodeficiency virus-1 Tat has been discovered as CPP, it has been continuously
studied for their ability to transport heterologous cargoes into cells. In this study,
we have focused on the fusion protein of respiratory syncytial virus (RSV), which has
six basic amino acids in multi basic furin-dependent cleavage site (MBFCS) required
to be cationic CPP. To develop more efficient CPP, the sequence, which linked two
MBFCS, was synthesized (called RS-CPP). To assess cell permeable efficiency of RS-
CPP or MBFCS, the peptides was conjugated with fluorescein isothiocyanate, and
cell permeable efficiency was measured by fluorescence-activated cell sorting.
Cell permeability of RS-CPP or MBFCS was increased in a dose-dependent manner,
but RS-CPP showed more efficient cell permeability than MBFCS in MDCK, Hela,
Vero E6, and A549 cells. To evaluate whether RS-CPP can transport its conjugated
functional peptide (VIVIT) in CD8+ T cell, it was confirmed that IL-2 and B-galactosidase
expression were significantly inhibited through selective block of nuclear factor
activated T-cell. To investigate endocytic pathways, Cre-mediated DNA recombination
(loxP-STOP-loxP-LacZ reporter system) was investigated with divergent endocytosis
inhibitors in TE671 cells, and RS-CPP endocytosis is occurred via binding cell surface
glycosaminoglycan and clathrin-mediated endocytosis, or macropinocytosis. These
results indicated that RS-CPP could be a novel cationic CPP, and it would help
understanding for delivery of biologically functional molecules based on viral basic
amino acids.

Key Words: Cell permeable peptide, Multi basic furin-dependent cleavage site,
Respiratory syncytial virus

INTRODUCTION

ME E3H4 HELO|E(cell permeable peptide, CPP)= 1 X}t of 0
9l= oligonucleotides, HIEIO|S, CHHRI S0 BRASS N IR 2HI5 4
7R3 QUCH (1~4). D222, CPP= R4t 7|8t X|=, HEIO|E L= CHHZ

=
= S0l Zett 2239 2l ME W dYS 2l ASH 22 e QT (1, 4).
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Table 1. Amino acid sequences of MBFCS and RS-CPP

Peptide Sequence Location of FITC
MBFCS VSISKKRKRRF N-term FITC
RS-CPP VSISKKRKRRFVSISKKRKRRF N-term FITC

Bold letters represent multi basic furin-dependent cleavage site of fusion protein.

CPPE type 1 QIZHHAZAT HIO|2{A (Human Immunodeficiency Virus-1, HIV-1)Q] TAT CHHEZIOIA XS ZAZ|QU=H|, TAT CHEi2I|
e ddot HEIO|=(RKKRRQRRR, 49-57, Tat) 20| MZE W £a4E Zhe Aoz Yot (5~7). O[2(8h AMMO| H5{%1 &, Y|
A Of0|cAtE J|Bte & Sk CPPOI| CHSH A7t RIS, DYO| S{I|AHIO[2{A 2|T|(coat)THH, HIV-1 Rev THHZ poly-arginine
So| CIeFst 7|4 OfO| At 7|8k CPPSO| ZHEHE|QICE (1,2, 8,9). S7|A OfO|LAk 7|8F CPPO] R0l EXIL 2|4 6710] Of2
7|H E= 204l 271§ 71R| 1 e, OF27|He| KAVt MZE Fabdo| 238 FFS 0|2|0, Z0l= 2F 10~3074 Ato[2]| OOl
AoZ 0|20{21 HoZ B1E|0f Q/Ct (8, 10).

357 MEgE Bl0|2{A(Respiratory syncytial virus, RSV)= 2|2 (envelop)S 7121 24 71t RNA HBIO|2{AZ Paramyxoviridae 3,
Pneumovirus 0| &3t RSV= attachment (G)2t fusion glycoprotein (F)2 & 7He| EP CHHAZ JiZ|10 QU1 O|F2 3 ME
1. C|
HZR

<13

rZ

oflo] £z 4l MIZafut Hio|q{A0| 8 YO HOjste Ho= LA UCH (11). B T2 £3] 2 MEO|A RSVe E£30I
T MIERfO| HEH(synaytium)S Yo7 |= A2 st=d, 0l oAM= 88 CTHHMA0 2A45H= multi basic furin-dependent cleavage
site (KKRKRR, MBFCS)7t MIZ LY 22H5t= furin CHHal Aot 6*Oﬂ O|5f HETH|0{0F ST} (12). MBFCS= Arg-X-(Arg/Lys)-Arg (X
is any amino acids) MES Zs5te Ao2 i Q=4 (13, 14), 0 B2l Ci4ol Of27|H2Z 0|R0{A QU7| W20, 0] EL0]|
&1 ofolAt 7|ge] AR CPP7L & 4 QUS Z0lek= JHd S0l 2 ¢S STt £, AV 7|Ete] CPP= E7|4 ot
LA 7|9 20 Wt FEkS 2| WhE0), MBFCSE A Zot0] &%t 2xMBFCS (RS-CPP)O| HELt =2 M FEitdE8 7t 4 U=
Z| &OI5tUCt, OF22, A2tE RS-CPPo| NI MEfH HES 2

= =2

<%

—~

% IIQE 0||

MATERIALS AND METHODS
MIZ B

A549, Hela, Vero-E6 MIZ(American Type Culture Collection, ATCC; Manassas, VA, USA)= 10% (v/v) fetal bovine serum (FBS;
Gibco, Waltham, MA, USA)2}F 1% (v/v) penicillin/streptomycin (PS; Gibco)O| &7-2l DMEM (Gibco) BHA|OA BHRESHRACE B3Z CD8+
T MZ(Lonza, Basel, Switzerland)= 5% FBS2t 1% PSO| &7%l RPMI 1640 (Gibco) BHR|MIA] BHLSHRACE JAWSIE MZE(ATCO)= 20%
FBS, 1% PS, and 5 pg mouse granulocyte-macrophage colony-stimulating factor (GM-CSF; Miltenyi Biotec, Bergisch Gladbach,
Germany)0| 9= MEM BR|0|A BIE|ACH MDCK MZ(ATCC)= 10% FBS2F 1% PS7t SH2El MEM (Gibco) BHR|OA B
Ch 25 ME= 37C, 5% CO; RZ0||A BistSCE.

MBFCS, RS-CPP-FITC, RS-CPP-VIVIT, RS-CPP-VEET= Fmoc chemistryE O| &%t solid-phase &' (Anygen, Gwang-ju, Korea)22
Eotict. E4E HEO|ESE C18 HPLC columnE O|2510] ZA|5tR _', MALDI-TOF (Axiha-CFR, Shimadzu, Kyoto, Japan)Z O]
2o T AAEME Soff HEIOISE EQIstRACE 0 ol ALES HEIOIE Y2 Table 1, 201 HA[SHRACH.

MBFCSQ} RS-CPP2| ME E3}

AE Y 12 wellplated]] 2t2k 2 x 10°7§2] MDCK, Hela, VERO-E6, A549 MZEES 23510 12A|7F HIQFSIRICE 2t2to] MR SS

PBSZ 33| Mgt =, FITC, FITC-MBFCS, FITC-RS-CPP HIEIO|EE 212} 5, 10, 15 uM2| s=2 3027 22[stACt ME 2te] 22|15
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Table 2. Amino acid sequences of RS-CPP and R11 conjugated with VIVIT and VEET

Peptide Sequence
RS-CPP-VIVIT VSISKKRKRRFVSISKKRKRRFMAGPHPVIVITGPHEE
RS-CPP-VEET VSISKKRKRRFVSISKKRKRRFMAGPHPVEETGPHEE
R11-VIVIT RRRRRRRRRRRMAGPHPVIVITGPHEE
R11-VEET RRRRRRRRRRRMAGPHPVEETGPHEE

Bold letters represent multi basic furin-dependent cleavage site of fusion protein.

213104, 0.05% trypsin-EDTA (Gibco)E 0|8s5t0{ 527+ HiFot M B FITCO| Zetg AAst?| st 0.05% trypsin-EDTA
(Gibco)7t Z&HEl PBSE MIESE 38| MZ5IRACt. 0 &, MESS 4% paraformaldehydeE O0|&5t0{ 1027F 1YAIZ! &, PBSE O
23510 33| MA3IFCH 2t2ke] MESE cytomics FC500 (Beckman Coulter Inc, Brea, CA, USA)E 083104, MEZ=E 10,000742]
MIZO|M Yais|= FITCO HHdEZA=(mean fluorescence intensity, MFI)& 2AM5t%LCt.

i

Interleukin-22} B-galactosidase 23

Ovalbumin (OVA, SIIFEKL 257-264)2] #{2|0f o|alj T MZ&4QIZ}(nuclear factor of activated T-cells, NFAT)7t 243} &= £
£ 71”1 B3Z T MZE2} B3Z T MZet 5Y 2= OVA S HEsH= MZEQ JAWSII MEZE 7 Bt MO 2H2F RS-CPPO]|
VIVIT (MAGPHPVIVITGPHEE, OVA 2|0 2Jsf B3Z T MIZO|A NFATS| EdE AXAI7|& HEIOIE), &&= RS-CPPO| VEET
(MAGPHPVEETGPHEE, VIVIT EIO|=0]| CHet S CHZR HEIO|S)E S2StUCE (15). MZE FaHS 71 &4 iR HEIE
R110 VIVIT (R11-VIVIT) &£= VEET (R11-VEET) HIEIO|EE £0|1, Z+2te] HELO|=0) CHel 15, 30, 50 uMQ| s=2 2027t 2[5t
2t 0%, HESS 6-well platesdf] 535 &, 5 uM2| OVA (InvivoGen, San Diego, CA, USA) = OVAX| OJsl E43} 2= NFAT
2 AHAIZ|= HY AAH Q! cyclosporine A (CYC A, Sigma, St. Louis, MO, USA)E 100 nM 2|5t 12A|Z7F BHSIFHCE (15). HHQE
=, AEMUS 0|85104, B3Z T MIZZOIIAM NFATS| 2-935t0f| ofof &kl IL-229| ¥S OptEIA IL-2 assay kit (BD, San Jose, CA, USA)E
0|25t0] &QISHRACE EESH NFATS| 2435101 Ofs MIZOflM YEiE|= B-galactosidase &SI B-galactosidase &4 24 &8 (Promega,

F

M
@

o
1E
mE
k=)
1o
il
O
=
>
>
N
0!

Cre cDNA2} RS-CPP-Cre cDNA= pET21 vector (Novagen, Madison, WI, USA)O|| Ctsat 22 Z2t0|HE 0|&st0 22 oLt
Izto|He| H7IME2 forward 5'-CCGCCGGCTAGCCACCACCACCACCACCACGTGTCCCCCAAGAAGAAGAGGAAGGTGTCCA-
TGGCCAATTTACTGACC-3', reverse 5'-CCGCCGCTCGAGTCATCATTGAGGACGACGACGTTGACGACGTTTTITACGACCTTGAGG-
ACGACGACGTTGACGACGTTTTTTACGACCACCACCACTACCACTCAGATCTTCTTCAGAAATAAG-3'0|C},

0|2 BL21 Escherichia coli (ThermoFisher, Waltham, MA, USA)OlIA 231A|2, 6xHis-tag= 0| &35t Ni-NTA columnz} ion exchange
column (Enzynomics, Daejun, Korea)S O|8310] AAH|SIYC} RS-CPP-Crel| & 7|HE &0I517| 2|5 loxP-STOP-loxP-Lacz S
S ZEst Qs TE671 MIZ(Allele Biotechnology, San Diego, CA, USA)S Lab-Tek Il 8 chamber slides (Sigma)0il 12A|2t Bi¥at
1, MZ & A3liAH| 2=, chondroitin sulfate (CHN, 10 pg/ml, Sigma), heparin (HEP, 10 ug/ml, Sigma), cytochalasin D (CYD, 50 pg/
ml, Sigma), amiloride (AML, 10 uM, Sigma), dynasore (DYN, 80 pM, Sigma), chloropromazine (CPZ, 10 pyg/ml, Sigma), nystatin
(NYS, 50 pg/ml, Sigma)S 2z}t 3027+ 22|35t CHamiloride?t chloropromazine2 1527t 2{2|). 0|€, FBS7} E&He|Z| 942 DMEM
HiZ|2 23] M &, 2 pM 5E2| RS-CPP-CreE {2|otl 48A17F St HYSIRACE B0 B T, MESE PBSZ 23] MA =,
B-galactosidase &AM kit (Agilent Technologies, Palo Alto, CA, USA)S O| 2310 YAStD ME £2 ZH2I5HACt

A0 A2 E HEO|ESD ME S AsiAE2 22 A0 AR E 522 MZENM Ez-cytox (DAEILLAB SERVICE Co., Seoul, Korea)
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2 08310 MIE 2dS SY3IUCt Melittin (5 uM, Sigma)= ME =g0f thgt d EZZ2=2 ARSI

a4 =24
Ao ALgE 2E 2US2 BAU+ BEEHA(n=3)2 LIEIHAUCL ZS2 student ttestS 0|&F BlE &3, p<0.05 O[5}
ool ois SAHL feldS e A2 St

MBFCS&t RS-CPPL| ME F2td

RSV &8 CHZel MBFCS7t MZE EMEE JHA= A2t 7|4 oto|ldt J[8ke| CPPEAMQ| Bt w2 ME Fi 5848 7t &
Ao CHEt 2018 2|5t0{, MBFCSO| MBFCSE HHZ 3tLt H AHZSH 2xMBFCS (RS-CPP)E A|2t5tQiCt. MBFCS2t RS-CPP|
ME E3NES EZ5L7| 9I6t0] 2tz HELO|=o| N-YTHOf| FITCE 20|11 (FITC-MBFCS, FITC-RS-CPP), 2tz 5, 10, 15 pM2| &2
MDCK MIZOi| 2{2|5tdCt. O 22, FITC-RS-CPP2| ME £1t8 % FITCTH MZofl 2|3t 4 th2=0l| Hlsh 22 x2| s=0f w2t
18-, 28-, 43812 SIt88 20, FITC-MBFCSS| ME E82 22t 1.7+, 2.3+, 2. 787t Sot6t= A8 i*o_ér% f(Flg 1A). E3t,
FITC-MBFCS®} FITC-RS-CPP7} CHFst HIEE Earst £~ Q=A| =olsh| Tlor04 Hela, VERO-E6, A549 MIZEOf| 22+ 15 uM2| FITC-
MBFCS®} FITC-RS-CPPE 2|5+, 1 &2} FITC-RS-CPP= Hela, VERO-E6, A549 MIZO|A FITCRHS 2|5t 24 CHR0|| H|5H
22+ 20-, 60-, 84 =2 EEs & IE S EQISHYCE BHH FITC-MBFCSQ] 22 FITC-RS-CPPRH= E2| 2424o| MZO|A 3-, 8-,
2580 EDte AMS0| SOIZ|QUCHFig. 1B). FITC-MBFCS2} FITC-RS-CPP HIEIO|ES0]| TSt ME A4S MDCK MEO|A SIGHFICE
3 Z2Y, 844 U220 Hust¥e M, 25 uMe| X2| =72 ME 40| 2 95%E He= W22 FQI|AUCHFig. 10).

RS-CPP2| HEIO|E ME W &

RS-CPP7} HZEl HEIOIES ME UY=2 S8Fo= £48H 4 Q=2|2 0I5t} T MEEAQIZHnuclear factor of activated
T-cells, NFAT)2| 7|58 AAA|F7|= oz 222 VIVIT ’I“EPOIE(I\/IAGPHPVIVITGPHEE)E AZSH RS-CPP-VIVITZ} 24 ChZZ

E}O|E(VEET, MAGPHPVEETGPHEE)E ®Z5H RS-CPP-VEETE ARSICH (15). O[S OVA HEIOIE E0|8 £82HE 7H|=
CD8+ T MIZEQI B3Z T MIZOi| 22 x{2|8tRACt B3Z T ME= OVAO! 2sli NFATO] 2*@9% 20, O 22 128 50, ME Lo
M= B-galactosidaseE QHEZH o2 Ysist= EZIS J1ALCt (16~18). 0| A|ABIS 0|50 £ AJ0|M= 15, 30, 50 uMe| RS-CPP-
VIVIT S5 -VEETE A 22|51, 5 uM2| OVAS A{2|5t¥S mf, IL-2 &3 0| OVATH 2|3t Qb CHR20| H|sH QojHez of 75%
(15 uM RS-CPP-VIVIT) Ztaste ZIHE &QISIFCHFig. 2A). ESH MIZE W B-galactosidasel| YHES 15 pM RS-CPP-VIVITE A
2[5t%2 o OVATH 22|35t &g EH+¥Oﬂ HIgl, oF 45%9| U Y0| U= 2UE EUCHFg. ZB) MNIE LY HElO|S HY 4 of
ZFO2 ARE R11-VIVIT HEIO|E= 15 pM =Z0fM IL-22} B-galactosidasel| S 9F 50% ZAA|7|= 222 &0IZ|91, OVA
of ols EVd3tEl NFATS| AAMAI2 M%E.J CYC A= OVATF 22|35t 220] H|wsto], 2tz IL-29 ‘ﬂeﬁdom 20%, B-galactosidase=
ok 40% HEZ ZtA SHYCHFig. 2A and 2B). O A& AIREl HEIO|ES2| ME SAS &Qls QT RS-CPP-VEET2 R11-VEET
HEO|E= MZE =4S MO 20|A| AUACE 5HA|TH B3Z T MZEL| NFAT 243t oA S CYC At RS-CPP-VIVIT, R11-VIVIT2
B3ZT MZLt JAWSIIE Z0| QS MZOoIM S40| ASS 2IstRACHFig. 20).

RS-CPP2| Cre GEHA ATt MIE £t BHA

RS-CPPO| CHEHA & Sadit ML £} HAS 301517 25104, RS-CPPO|| Cre CHHAZ 204, loxP-STOP-loxP-LacZ &5l {4t

S0{QUE TE671 MIZEO| X2[5tRUCt. O] MEE Cre THHEZIO| S0{7tH, STOP MEE S/ U loxP FUAE Cre THHAO| Ot2s

01 STOP MEE A 75HH &30, MEOA HEZ| SR |acz7t EE0| £l& 42 7HA2 AUCHFig. 3A) (19, 20). W2tM, RS-CPP-Cre
£ TE671 MIZO|| x{2|5t, Chst ME E1t XaiAlSS M (2|5t RS-CPPe| THHHA HME St NI Ent 2AE lacz7t Eé

J
- -

e

o |'0II

=

_I NzZo| 5 Foff SQISIACE. 2 M| RS-CPP-Cre E= 87 URFQ CreBtE 2|8 22 RS-CPP7F MZ W2 Cre S
&8 4 USS BHOISHAUCHFig. 3B a, 3B2| b). RS-CPPL| M £t 7|HS 2A1517| 21510 ME EHQ| glycosaminoglycan (GAG)
9| A AaiA2 242 heparin2t chondroitin sulfate®| 2{2| Z2} 90% O|4e| RS-CPP-Cre| £} AX|GIA0| LIEHS EH0ISIY
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A

= 300 A
e _##
£ 2504
8 2004 Oritc
L s RS @ Fitc-meFcs
2 150 4
9 # [ FiTc-Rs-CPP
< 100 1
c
S 50
g *k * *
FITC 5uM 10 uM 15 uM
©
90 4
OrFitc

[ Fitc-mBFCS
[ FiTc-Rs-cPP

MFI
(Mean fluorescence intensity)

HelA VERO-E6 A549

Cell types

1004 A= & £ =

80 4
0O Mock

B FITC-MBFCS
u FITC-RS-CPP

60

40

Cell viability (% of control)

20

12.5 25 50 100

Peptide concentration

Figure 1. Cell permeability of MBFCS and RS-CPP in various cells. (A) Cell permeability of FITC-MBFCS or FITC-RS-CPP in MDCK
cells. MDCK cells were treated with indicated concentration of FITC-MBFCS (gray bar) or FITC-RS-CPP (black bar) for 30 m.
After incubation, the cells were washed three times with PBS, and mean fluorescence intensity (MFI) was measured by FACS.
(B) Cell permeability of FITC-MBFCS or FITC-RS-CPP in Hela, VERO-E6, and A549 cells. 15 pyM of FITC-MBFCS or FITC-RS-CPP
were treated in Hela, VERO-E6, and A549 cells, respectively, for 30 m, and the cells were washed three times with PBS. MFI
was measured by FACS. The MFI of FITC (open bar) is individually set to 1, and the rest were plotted relative to that value.
Error bars represent + SD. Statically significant different values between FITC and FITC-MBFCS represented as *p < 0.05 and
*%p < 0.01 and between FITC-MBFCS and FITC-RS-CPP as *p < 0.05 and **p < 0.01. (C) Cell viability measurement in MDCK
cells. MDCK cells were treated with indicated concentrations (serial diluted from 100 uM to 12.5 pM) of FITC-MBFCS or FITC-
RS-CPP, respectively, and incubated for 30 m. Cell viability was measured using an Ez-cytox kit, according to manufacturer's
protocol. The O.D. value of mock was set to 100% and all other values were plotted as relative values.
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Figure 2. Cell permeability of RS-CPP with VIVIT peptide. Expression of (A) IL-2 or (B) B-galactosidase by the treatment of
indicated concentration of RS-CPP or R11 conjugated with VIVIT or VEET peptide. Co-cultured B3Z (CD8+ T cells bearing
OVA-peptide specific TCR stimulation) and JAWSII (syngenic antigen presenting cell for B3Z) cells were treated with indicated
concentration of RS-CPP-VIVIT (gray bars) or -VEET (black bars) peptide, respectively, for 30 m. Subsequently, the cells were
incubated for 12 h under presence of 5 uM OVA-peptide (stripe bar), and expression level of IL-2 or B-galactosidase was
measured by optical density. Cyclosporin A (CYC A, open bar) was used as an inhibitor of T cell activation, and OVA-peptide
was used as an activator of NFAT in B3Z T cell. R11 was used as a cell penetrating vehicle. Error bars represent+SD. The IL-2
or B-galactosidase expression level of OVA was set to 100%, respectively, and the rest were plotted relative to that value. Error
bars represent = SD. Statically significant different values between OVA and RS-CPP-VIVIT represented as **p < 0.01 and
between RS-CPP-VEER and RS-CPP-VIVIT as ¥p < 0.01. (C) Cell viability measurement with RS-CPP-VIVIT and -VEET peptides
in Co-cultured B3Z and JAWSII cells. The co-cultured cells were treated with indicated concentrations of RS-CPP-VIVIT,
RS-CPP-VEET, R11-VIVIT, and R11-VEET peptide, respectively, and incubated for 30 m. Cell viability was measured using a
cell viability test kit (Ez-cytox), according to manufacturer’s protocol. The O.D. value of mock was set to 100% and all other
values were plotted as relative values. Statically significant different values between Mock and RS-CPP-VIVIT **p < 0.01
Asterisk represented statistically significantly differences compared with mock (xp < 0.05).
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Figure 3. RS-CPP mediated DNA recombination. (A) Schematic illustration of loxP.STOP.loxP.LacZ expression system in TE671
cells. Internalization of RS-CPP-Cre (DNA recombinase) eliminates the STOP region flanked by loxP sites, resulting in LacZ
expression in TE671 cells. (B) Light microscopy images of LacZ expression in TE671 cells by treating (a) 2 uM of Cre, (b) RS-
CPP-Cre, or (c-i) RS-CPP-Cre with indicated endocytic inhibitors. TE671 cells were pretreated with indicated inhibitors for 30 m
and incubated under presence of 2 uM of RS-CPP-Cre for 48 h. Subsequently, LacZ expression was examined by X-gal staining
under light microscope. Scale bar represents 20 puM. (C) Relative % values of LacZ expression cells between RS-CPP-Cre and
the other inhibitor treated cells. LacZ expression cells of RS-CPP-Cre were set to 100%, and the rests were shown as relative
value. The cells were counted from three different fields of each sample (Magnification; 200x). Values significantly different
from RS-CPP-Cre were represented as *p< 0.05 and **p <0.01. (D) Cell viability measurement with RS-CPP-Cre and endocytic
inhibitors in TE671 cells. TE671 cells were treated with 2 pM of Cre and RS-CPP-Cre, or RS-CPP-Cre with indicated endocytic
inhibitors, respectively, for 30 m (AML and CPZ for 15 m). 5 uM of melittin was used as a cytotoxicity control. Cell viability was
measured a cell viability test kit (Ez-cytox), according to manufacturer's protocol. The O.D. value of mock was set to 100% and
all other values were plotted as relative values. Statically significant different values between control and the endocytic inhibitors
were represented as *p < 0.05.
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CHFig. 3B2| ¢, 3B2| d). £t clathrin Of7H ME £ AA|ck= AAHIQ! dynasore (DYN)Z} chloropromazine (CP2)E *2|5t%S &
2. 27t 60%2t 30%2| £t AX|7t &IZ U0 (Fig. 3B2| g, 3B2| h), macropinocytosis@| AaiA|2) amiloride (AML)2} cytochalasin
D (CYD)= 22t 2F 30%2 16%2| &1 AA|S LIEILUCHFig. 3BL| e, 3B2| f). BtH, caveolar-mediated endocytosis A{sHA[Q!
nystatin (NYS)2 (2|8t Z2<0ll= RS-CPP-Cre0f| 2|t LacZ9| &ai0| AA|Z|R| Y= S EQISIACTHFiIg. 3B2| i). RS-CPP-Crelt2 A
2t 1E9| B-galactosidase’ YHE ME 8 7|22, 0f2] 712 MZ ot HsiAIE *2|et 2552 MZE 5 AtiZH2= H|u
50| LIEHRUCHFig. 30). E5H & HE0IAM ALESH RS-CPP-Cre?t ME £3t ZsHA|S0| TE671 MZON SEE 71210 U=RE &
Qloh EQT 11 A, ME =40l Cfst 4 22 AZE HRIEIS AH2et HEo| AFBE 2 ME St Z{siA|S0| L&ol At
BE =s20M NE =4S UEHHR| 23S &2l otXCHFig. 3D).

DISCUSSION

N

2 AR0|Me RSV ¢ CHEHZIo] MBFCSE 7|BICZ o= AHE& RS-CPPE W5t Lt RS-CPP= HelA, VERO-E6, MDCK, A549,
B3z, TE671 MIZEQ 22 CHASH MIZLO|Af RS-CPPO| HZE HEO|E L CHEZS §2402 ME W2 MY & JUSS =l
£S5t RS-CPP= MIE HEMO| heparan, chondroitin sulfate 52| GAGR} ZE5I0 dathrin OH7i MZE £22} macropinocytosis Al
2 0|83510] MEE Fitots A4S QIS

=

o

r

2 AF0M BEHo=Z §F RSV & THEHAO| MBFCSE 371Q| Of27|Ht 3749| 2lojAe2 M) QUCH 0|2 1 A Hez:
MEZ EgE B0, Ol &7[4 oDl At 7|8t CPP= 24 6702 F7|4 Ot0|.ito] UL ME SNVt Ihssitts 2ot ¢
Z|StCt (10). SFA|CH, 7|20l B20E CPPEL 22 & B82S UEHE 7|4 oto|it 7|8ke| CPPE 7iest?| fIsh MBFCSE ¥
2 HAHSFI0{(RS-CPP) OF27|H 6742t 2t0|Al 67HE E&SH= RS-CPPE SHASIYCE RS-CPP= MBFCSE THEOZ AL ARELCt
CHYSH MIZOMel 2t 58S 2F 108 04 STHAZ £ e HS ERIStUCE 0] Zite E2(0t27|H 7|8t CPPIt OF27|HO|
OlM 11712 Zatst of, z|chel MIE £t 88 EQICHs Futaki@t Hsieh 2| Znfet UZ|SHC} (8, 9). WatA, 2 AP JHLSH
RS-CPP= Q7|A OFO|.At 7|8kO] CPP EME 71RICH= Z48 9|o|sict,

fol
n

ol

i
Irrir

1
:
oo

=2 [

HMEIO|E U Cre CHAZ! MIZ 3 LJoflM S22} ZHZE0)| Qs HAFZF EAIE} E|= loxP-STOP-loxP-LacZ 2|ZE| A|AEIE O
BotTt (15, 20). ME Fibd HEIO|EZ AR Q= Z2|0t27|H HEOIER1)E Y HEZLZ BWsIYE T, RS-CPPY
MZ W 22 dYo] 282 R11Y RASt E88 71 222 EQIEUCHFIg. 2A, B). £, RS-CPP7F ARZE|7| 2/5i TSt ME &
A MY Zobe MBFCS2 RS-CPP 25 ME &3 £80| 22 5592 15 uMOIM S40| gl= A2 EQIL|UTt. 51|, Fig. 2C2
ZMo|ME RS-CPP-VIVITS| 2{2|0f 2|5l A4ZE0] Z0|| Hlsh & 40% F= Y2 A0| SRIZIRICE o2 0] Hit= VIVIT
AEFO|=0f OJ3lf B3Z T MIZS| NFATO| HA|Z[0] YOl 22 MZIEIC), RS-CPP-VEET HEIO|ES} R11-VEETOM= ME =4
LIERHZ] bk, S B AAHZ AL NFAT A{3iA[2l CYC AMME 23]2f RS-CPP-VIVITECH B &2 NE S/4&
Of Solg|UCt. WatA, Fig. 2C2| MIE S4 Z2h= RS-CPPO|l 2J§t 240| OfL|2t VIVIT HEIO|E0] of$t o=z Mzt=ict

CPPZAM 712 223t ME U 22 Y 5SS 3I517| /510, T MEEHEQIZHNFAT)S] ¢S MZER LHolA XS 4 Q= VIVIT
of 2JaH P- &
A

H

o o
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rir

g
At
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L

= CPPE2 MZ 0|4 4 A MZEo| MEiH 2z 59
4o 7] 20l ME MERHOI Ento] 40| Z2sttt (21, 22). YPHHO=Z CPPe CHUSh ME Fub 4]
o= Aeoz JiLE CPPE MEiHo=Z &HZF|Y| 2siMe ME T2t 7|29 &0l WHo| WLAO0|C 1 o2
A Z18to] CHEZQI CPPQI HIV-1 Tat= macropinocytosis BHAIS 0|31 MZE Ellsts He (
S AF0ME Tatol]l 2EE U= 22 S40| T2t clathring 01742 5t MEE Fatst
JOiIA RIS RS-CPPO| MIE £} HrAl2 M| HEHO| heparan, chondroitin sulfate 59|
5101 MEE S5t AN macropinocytosisE 0|83t it HAIS 25 AESiC= A2 2RISR, nystatin (NYS)S H2| |
0| T2 ME E2t 7|s0s HePt gle A= HOt caveolar Oj7f MIE St A2 ALESIA| Qb= A
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£ RS-CPPE Ciofet MEOIM FITC So| Bx| SURLE 7|54 BEI0|=9} T2 0|2 Clyfst 2US
g HEZ ]
A

A0t o L2 84O £88 4+ USS ASHACL £ 02 712 MIZE AFE AHoHHE ALESHH RS-CPPO| HIZ 1t 7
A2 Y22, el 2 2800 HEY +~ U= TtsdS S 2 A7 RSV 8F TA0| 2A5HE MBFCS (RS-
CPP)Z} MIZE £1} 7|50| ASE 222 SASIACHE A0f| 207t A2, 22 ASFAR(HI0[2A SO| LiF F7Id Off|=tts 7t
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