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Non-viral vectors need to overcome several barriers such as the plasma membrane, the endosomal membrane and
the nuclear membrane for efficient gene delivery to the nucleus of target cells. To overcome these obstacles, the delivery
system must be equipped with various functional devices. However, it is difficult to package all these needed devices into
a single system to exert each of their functions at the appropriate time and at the correct location. Thus, our group
proposed a new packaging concept, ‘‘Programmed Packaging’’. A multifunctional envelope-type nano device (MEND)
was developed for use as an efficient non-viral system for the delivery of plasmid DNA (pDNA), oligodeoxynucleotide
(ODN) and siRNA. Various types of MEND were developed as to strategy and situations. For example, the octaargi-
nine (R8) -modified MEND (R8-MEND) encapsulating pDNA showed significantly high transfection activity compara-
ble to adenovirus, and the up-take pathway of the R8-MEND was macropinocytosis, which can avoid lysosomal degra-
dation. The R8-MEND successfully delivered a gene to hair follicles of mouse skin by in vivo topical application. Conse-
quently, our group succeeded in the development of the MEND based on the Programmed Packaging, and found this to
be a promising new delivery system of pDNA and functional nucleic acids.
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Fig. 1. Various Barriers of Efficient Gene Delivery by Artificial Delivery System
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Fig. 2. Schematic Representation of Multifunctional En-
velope-type Nano Device (MEND)

The MEND consists of condensed nucleotides core, coated with a lipid
envelope equipped with functional devices, such as polyethylene glycol
(PEG) for long blood circulation, pH-sensitive fusogenic peptide for en-
dosomal escape and protein transduction domain peptide for cellular entry.
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Fig. 4. Three Steps Involved in Constructing MEND by the
SUV*-fusion Method
(1) DNA condensation with a polycation, (2) electrostatic interaction
of the charge SUV* with a DNA /polycation complex (DPC) and (3) lipid
coating of the DPC due to fusion of the SUV* by detergent removal.
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Fig. 5. Distribution of DNA and Lipids after Discontinuous
Sucrose Density Gradient Ultra-centrifugation of MEND
Prepared by SUV*-fusion Method

Amounts of DNA (closed circle) and lipids (open square) were estimat-
ed by measuring the fluorescence intensities of FITC and rhodamine in each
fraction, respectively.
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MEWN, £IZT, bNONITREXRTF RIZEH
U, FEMNSHEERIC X2 MO WEFE &
WHEDLY RYA b= X 13RI DHLD A BRI
ZHIfFL T, R XTJF K% MEND Ot & T
ELTHALE., INETIKAFAHETH S RS
RTFREFTZAT7UNMERSIE, I ZXIKR
DNA E#EMNMHEERICE > TEAK (/7 KiT)
ERRTAHZE, IHIZEOF JRTIREVEEET
HEEEZEL TWDZENHESMIZINTW
2. ZOEWERTRIEEZ, R8ICKDIET
PRYA P AR TMDAENS O TIERW
M &EFE Z, R8/DNA T / ki T OMFENELD A & A
HZALERFLZEZA, BHICTHT T 9
T RYA F— A THo7 P LnLNS,
R8&7%F$ﬂfi#l>ﬁﬁ4h~&%ﬁ%?
WOAENBZ EMS, RERTF ROEHEIRRE
WDL&ﬁ%%ﬁﬁﬁémfimm#&%m
MEND ~ D& fifi 2% L T RS # XMW ITEA/MiL /=
URY —LZHANWT, MDD IAHREEIZ DN
THat 2o/, ERok>i2, 7U—0OXTF R
2D W TR HIAZEL D JA B A 1 = X LISt &
NTWER, BEm bH5F /RiT (R —L14)
EFHICEE SN/ REICKDHDIAHR AT Z X LMN
T —=DORTFREFELTHD2NENIRHATH -
o, BEOER, REMEAY RNV — LA DED A A
W, 792U NAHERIT Y RYA b= ZDHEEH
ThdyagTiIHEINT, 70 /H1 b—
SADHERTHS7IOTA1 RIZk> TOAMEE
INZ.O ZOREEMNS, R§/DNAEEKEITR
720D, R8EMVRY —ATBEHFDOLY RYA h—
PARB TN /7O J YA b= Ao T
BOAEND ZEDNHENITR DT, 2D ENS,
R8 ZRMICIRR LT /R TORDAHAIT =X
LINTV—=DOXRTFREFUTH S Z ENHSMNT
750D, CPP R7F ROHMHENMIIEDAA RS
ZALDRBRICEETH D Z ENRWH N,
é%’@%%u:&r,va—A’%%ﬁé
REDEEE SBMS5 0.8% I FiF 5 &, RE{EHY
Y —LDOROABKREN 70O /A b= X
M52 52 NIEEL S RO A h—=2 ZITED S
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CEMBH LMo T ORI, fEkERN
ST N2 CPP X7 F ROBD AR AT Z X I
BT ARMIC—AZHL52BDTHS. 972D
5, ANAXRTF RORE (RricHilaRmichirs
JATEE) OEWVICES T, BHEDOLY RYA( h—
DAMBERINGEFE I NL, OB vA
R—=2 ZANFEINDHE D H > L TREEIRE X
N, TOLEDITHEmNT PN ENHERINS.
S, BEICREERIATZEREITD ZET, X
EamlCHERNELNDEAD.
Zh%@_t#b,R8®i9@%%ﬁ$?m
HIZF+ )7 =I5 95723 TiER<, TO MR
OY— (GHERESCEERE) 232 0—)LT 23
ZEMNEETHD, Programmed Packaging 1K <
ZEDTERVWERTHS ZENHLNTR DT,
INSOREICHDE, R8 2 S%LLEEREITHER
L 7= R8 {&ffi MEND (R8-MEND) % it L 7=.
R8-MEND D f#%1Z, LR d SUV*fusion £ & 13
B oEEHEERHWSZ EITLE. BERS
SUV*-fusion £ ® DNA H AZEIT 30%EETH
D, 70 /)P4 b= ATRODAENS OY
A X %/NELT20ENRL, EHLREEEET
5B H 72 R&-MEND ITBWTIE, KD E AR
ROBWHEEHENEL TWEEHDTHD. =2
T, bhbiudF ka7 CIEERE & ofErH
BEREZN—ZIZ U BEEAMEZERL 2. 10

I DNA condensation
by electrostatic

interaction

DNA/polycation
complex (positive)

<100nm

[ Electrostatic
absorption
with lipid film

Lipid film
(negative)

Fig. 6. Construction of MEND by a Lipid Film Hydration Method

Lipid coating
by sonication

FEERKFNE, RESFTT2DDATY TIN5
I Tnd (Fig. 6). RHIDAT v 7 TII,
75 AI RDNAREDEMZR IFF > EDH
BIMHAERICE > THEEAE TS /KT (100
nm PLF) £9%. EROLI /NS TIEBRZ
BT5F /hTafEds5aI1C1E, N/P24
FEICHBWTPLL R ERY AFA T IAIR
DNA #{&NT 5. ROZXT v 7T, #AMLAEF
J R DREIR Z IR E RS L, e %
Tk EsEEBIC, ABEMBEESUIEY
JEEEER T /R TOBENREGZRT. Z0
%, JKAERLHE IR EE I K > TR M EE I
W ZRES. ZOBBFRLAEICE ST, BE#ERIC
walTnwadr JhFEERETI— FSNEHMO
NmND# 5N5EEZ TS, Eikd SUV*-fu-
sion %1%, B REREEZRD -OHEICTFR &
Keffl 2 9 57, IEEB/KRETIE ST HRAES
30MEET TS TH D0, R TIEFICHEME
ICHRET 5 2 ENHEETH . 55472 MEND &
BWIRICHEERZTFTHD AT 7 UL RS
(STR-R8) ZZJEEED Smol% Y EZRMT S
Z & T, STR-R8 DE/KMEMEE (X577 UILE) 0
MEND DEE T > RXO0—7FIZfA SN, BEEEIC
R8 X7 F RAME/R S 172 R&-MEND 15541 5.
FEEEKFIEIC L > THE 5172 MEND 73, 137z
LTF I A2 RDNA ZEERTEHATETNS )

R8-MEND

sTRrRs <

Modification
CH;{CH,),sCONHRRRRRRRR I with STR-R8
=2

In this method, a condensed DNA core particle electrostatically adsorb to surface of lipid film, then the core particle is coated with lipid membrane by gentle
sonication. After lipid coating, the MEND can be modified with functional devices, such as STR-RS.
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BINEREND B 7=DIZ, 3 = K ) B L5
BIZEoTHMLEEZA, NTOTIEHEHD
D, E5 5,8, 1012 DNA EJEE OLENBIER X
N, £ 5DHEMTHBWNWT FITC #8367 X)WL
DNA & 0O—4 2 2#HH T NIVLIEE & ORI THHA
Ix)F—#E (FRET) 2@ niz (Fig. 7).

¥ 7215 5 172 MEND DK T #2813 300 nm Rijf& ThH
DY —FEMIATHoZ. 51T, MAHEHREE
THMBEICLX > TR LZEZ A, HKIROBEEZE
LTHD, anicay/ ToIWigEzELTnsZ
EMER SN, ETHEMETENS > )L (BE
I>oRO—7) FEEKRERS THEELTWS I L
RSN, ZhoDZ &G, [FEB/KREC
K-> THMET S MEND SR TETWBH Z &
HohERo7z, ZDEED DNA O AREGE
LR, 0% BA2EWETH D Z ENHSMNIZ
720, SUV*-fusion i TR & /2> = H AR ZLE
THIENTER9 £/, IREBKIETIIES
WAL 2 9 7= %, DNA 2MEE L TL £ ilaelt
NEEINZD, HF57N 7= MEND 27/ 0—2%7
IVELIKENZ X > TRl L2/ R, FEAEHEEL
TWRBRWIZ ENHSNIR . 9 RS RY A
FARE>TFHF/RTFEL TNnWEZ & &, FEK
K2 —FT 4 2IUMNEBEICRIE IS 01T, #
BHICEDEENSREINTVWDOTII RN E

Sucrose (%)
5 10 15 20 25 30

Amount (%: O, @)

Ratio of fluorescence intensity (>)

Fraction No.

Fig. 7. Distributions of DNA and Lipids after Discontinuous
Sucrose Density Gradient Ultra-centrifugation of MEND
Prepared by Lipid Film Hydration Method, and Increment
in Fluorescence Intensities of FITC after Solubilization of
Each Fraction

Amounts of DNA (open circle) and lipids (closed circle) were estimated
by measuring the fluorescence intensities of FITC and rhodamine in each
fraction, respectively. The increment in fluorescent intensity of FITC is
shown as a ratio before/after the solubilization.

EZTNW5,

R8-MEND IC LD NTF AT 27 a g%,
BBOTAINARNT T —TH5T7F ) IAINALL
L7 ZFORESE, Fig. SITRTEIICTT /A
V2 E W2 (1 X105 particles/cell) 1IZHBWT
FEICHWEBRTRBEEEZRLZ. —7F, R8-
MEND O FRIEE B IERFICELS, 75 /U
ANAEFTFREDOHDTH D ENHSMNIES
. £, ZosziTide<filamtesIiano
7":' 15)

ZDEHIZ, R&E-MEND IZEEMERICBWTE
WIB LT RBEEZ R L2 &S, ERANDER
FREEREAETDHIENMEINZZD, invivo
ANDSAE L TRERLAD BRI X 2 e
BLETOBAZKAL. EEIZ REMEND iZXL-5
TRIERTITEIETE2EET DI ENIETH BN
ENEHENDDZD, LAR—F—BIEFTHD
LacZ 75 X 2 K DNA % #f A L 7= R8-MEND % i
B, BEASEYTZAOEFITEMT DI ETH
B U7-. R8-MEND % & §IZ#5 2 HMERICERZ
BAMMEBE B S U R, B-gal DFGIER B ICHIL
SN F, BHEYNVEGFP 79 X3 R
DNA % R8-MEND 2 AL, [ERIZY Y X EEIC
BRELEEZA, 2HMEDERIC GFP QLN

—_
o
©

—
(]
[oc]

Gene expression
o
[e)}

Luciferase activity(RLU/mg protein)
o
\l

—_
o
a

5x10 1x10
Adenovirus(particles/cell)

R8-MEND

Fig. 8. Comparison of Transfection Activity of R§-MEND
with Adenovirus

The transfection efficiencies of R§-MEND and Adenovirus were com-
pared using HeLa cell lines that express receptors for adenovirus serotype 5
(i.e., CAR and the integrin receptor) . Increasing the dose of Adenovirus up
to 1X10% particles/cell resulted in higher transfection efficiency; however,
toxicity increased and transfection efficiency decreased at doses higher than 1
X105 particles/cell. Transfection efficiency with R8-MEND equaled the
highest transfection efficiency with Adenovirus, however, R8-MEND
produced no detectable cytotoxicity (data not shown).
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BEINE. D A5, B EEICEET 580
IZ R&-MEND 2 Ht DA, ZomfiEanEan
HizBEL=06, BUMaKlOEBRANEHMET S
Z &I12& > T, R8&MEND [ZH A SN/ ELETF DM
Y (B-gal XU GFP) MEHHPICHRERINLZD T
BN EHRL TS, 5, ZOEEDEKRT
BANEE, LacZ 77 A3 K DNA W Tk
D& T8 AR TH S Lipofectamine (LFN) &
kL& 2%, LFN OB TEASRIZIFTIE
OTHo DI LT, R&-MEND DJE1E T AL
RIIKI25% 27, LFN EHKL TEWEETE
ABBZETAHZENHS N ERS L. D IN6D T
&5, R8-MEND % K &IZmiib53 52L& T

B & B AR L NVB IR T EANARETH S Z
EMHSMNEES .

RIZ, LiR—% —Bn T Tldis < EEN e
EETAHERTOEAZRAL. /v I T T EIY
A DAERL F B A 5, Born morphogenetic protein
(BMP) DK (type-la) & 1d— RY 5EMRET
(Bmprla) MEME & EBADOBHICHEREZE Z R
ZLTWBEZENRRWHENTED,? bbbl
Z® Bmprla B FEEEBDICEZET S EITL
ST, BRRICEEZMITAEMENZREEHTES
DTIEEWnwhE#E %, Bmprla 75 23 K DNA &
R8-MEND IZH AL YT XD FEEICHEG Lz, &5
2HEAMBICEBRLZEZA, EEHRIZESNRMN
ST, KRIEHMET T E BT L 2K R, GFP 75
Z X K DNA #f A R§-MEND (J> ho—)L) %#
B U 7o B2 6 CUEH O KRG & FIRRIC B i g 15T
BN L TH D BEANRITHIRE N SKIERICH
%73, Bmprla 75 Z X K DNA #f A R8-MEND %
5 U= E TR 5RO R8O & 512 R EHRERIC
FBUNEE-> TWHZ ENED N, BREMIEKE
N S RITHIWIMITH D Z R I N 1D
bbb, BAME~D R-MEND {2 X% Bmprla
75 A3 KDNA OREEICL > TREAMMELL /-
ZEMHSMNIR-, 2D EMNS, RS-MEND
W&o TERITEA SN HEREER TS, T4
MG ZRBETEL ZENHL NI, LR
> C, R&MEND FFi#EGICLSEBRETIHED
V=)L ELTEWITRERZG L TWD 2 ENHS)
275 - 7=,

6. HAEMEERF v 1) 7 —<& L TD RS-MEND
T WHERE M 2 F8 T = 5 R8-MEND 13, &Iz T
ORBIZTTIEARL, FEROBETOWHY —ILT
H37 >F > AF U dDNA (ODN) K fsiRNA
OF v U7 —ELTHHFFEINS. LnL, ODN
IT—AHTHE< (20b #if%), siRNA & 20 bp f2E
DEW_ARH RNA TH57xH, 77 A3 KDNA
EARRICEIERE K MEND 12Ny 7 — P R[BETH %
MEIMAHTH >/, £ T, 3MORY HFF
> (PLL, STR-R8 kX7 O¥ 3>) 2HWw, £7
IX ODN O F / ki FibZziat Uz, Z0#R, 3 H
ORIV AFA>TRTIZE>T100nm LA FDF /
R Zi8ld s Z LIk L. E5IT0DN F/
ki T % MEND {Z/%w &7 — 29 % =9 1Z lipid film
hydration £ 217>/~ & 25, 3EOF JhiT%279
T R8-MEND [ZE AT S Z EITHRINL 72,2 £H A
#EIL, 80% LA ETHVIEFITHNWDHDTH > .
—7 siRNA T3, 100nm LA F () 60 nm) OF
D RITFALNRIRE T H > 7= DIL STR-RE DA TH D,
PLL }O*7' 0% X > Cld 200 nm LA LD K &7 ki1
LaEsniamo/z. siRNASFT JhiT2a7 &L
T MEND NODO# AZiKA, > a b5 E LA /7 #IZ
L DEfHL - 455, STR-R8/siRAN A AR D& &
IZBVWTOBRENRD MEND LD HEZE L
HONELNEMN, PLL KU 7 0% 2> OHEIC
1322 DY RY — L EFFEOHE 531 siRNA ViR S
Nz &5, STRR8ICE D THB LT /KT
D AN MEND (IZE AREETH 5 T ENHA SN ETR
272 R ATFF IHKE L = RO R
EREATHEENKRTE LT, STR-R8 D BfiKEE
(RAF7UIVHE) RO RY hF4+ 2> K0 HENn
NFF VH#NEZ 5N, siRNA F /K T{LD ik
WKBWTHAIZBWTWS RN H 5. £z, 7
5 A3 KRDNA % ODN O F J ki F{h& K& < Bis
5B ELTIE, DNAPW AR, B, ZA7gEWN
SOMNDOVAEEEZRDGESDITH LT, RNA —
AEIXABICH-> TS (BEOHHBENKN)
ZENHEEEELTEAZ SN, siRNA OF /KT
{E1Z DNA 138720, W DD 2 -3 %
BEND DT ENREINT.

3FEDRY AF A K> THEL /= R&-MEND
WXL RMER TSI R Z LR L 2R
ODN-R8-MEND D #} 4, PLL/ODN # &1k KO
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STR-R8/ODN # &k & F W TH# L 7= R&-MEND
L, BEAETY T AMRE RS RN —
%, 7Ba% 3> /ODN # &K% & & R&-MEND
X, ERICEWTY >F AR ER L. RO

cI AT a idFETH S LFN2000 & (b
L7248, LFN2000 12X %7 > F & > A% R1T,
R & EHITHIIL T < DIZR LT, ODN-RS8-
MEND i (FO¥%3>) K57 >Ft 2 AMEI
BFHETHETLIHDOTH .

—75, siRNA-R8-MEND (STR-R8) o #:H A0
filhRz ) > 7 7 —EREFRBMIKZ A THi
AU RER, 58 ERFRICIKE L TR W IIEI 3
%z U7 (Fig. 9).29 LFN 2000 & #If1%) 5 % b
Uk, ARkDN 77 —YOiEEE 100 &L
=& &E, v 7 7 —1 siRNA EH A R8-MEND
IR e Md R R &2 R U273, LFN 2000/51)L > 7
T 7 —1 siRNA AR &K 27 s M fil 2 =133
DENIRMMo 7z, KR & 72D P GFPsiRNA O35
2B W T LFEN2000 LE il Cl, AkD)L 7 o
T —PIEMEN S ELLEITHEARL TWD Z &N S M
Lleof-. D%, LFN2000/41 GFPsiRNA #
BRI & b9 % &, LFN2000/$i)L > 7 =
77— siRNA HEARUHEBIIAEREICIL S T2 F—
YEETZHHL WD EEXD. &6 <,
LFN2000 (372 A 50 DIERIC K > TIERRAYITE
GTORBRZREEL TVWDDOTIAWMEHERI N

(A)
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<
-08' 75
5
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c
‘©
] /
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m i
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7=. —7, ¥i GFPsiRNA #} A R8-MEND 4L B i i
ZBNWTOEREOA BRI KRITFED s Niho .
Mfa 2 2 el U 7245 5, LFN2000 |3/ &7 #k
ZRUEDOITH LT, R&-MEND 34 < #HEE RS
IRino72.2 L7=/> T R8-MEND 13, FEHFEM
BT REERCHEER EOBER 2RI 2 &<
WAICEBTHIHSIRERETE SIS, R
HEE TGO DFE MY =)L &L THIREN
%.

7. FEDRMADDOBIR % 22 7] AE 2 MEND

Fyk @ & 512 R8-MEND |3 & W\ il s T 15 RE %
HI5ZENHENIRS DT, B TEANRK
HTHDESONTWSECRMALICH L T RS-
MEND 2 K% B TEAZRAZ. ZOHE, &
SNBATRINEHIT THEL LKL, Ny o r
T RULNIVEFTFAEETH 7. ZOREKZE
SN 272012, TN L 7z DNA % &
AL 72 R8-MEND % T, BHRMIENIZEIT S
MEND Oififd NEhfEZRat L7z & 25, MM
IR ITE < D DNA DR DAENTWD Z &N
WEIN/z. LoLans, BNIid4e < DNA O#
KT FIIVIEERINT, 2O &5 RE-MEND
ISR NICIZIER IR L < BDIAEN D08, N
WKIRE G T2 RETERN-OBETHREOFEMN
WEETH DI ENHENIRo 2. TRETITRL
TERET—%13, IXRTHEMEEHW=ZEBRTH

100
;'/—/*‘

N
[6)]
wi\
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o
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@

% 10 20 30
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Fig. 9. Silencing Effect of R§-MEND Encapsulating Anti-luciferase siRNA on the Luciferase activity of HeLa Cells Stably Expressing

Luciferase

A) Time-dependent silencing effect of R§-MEND. R8-MEND (30 pmol/well siRNA) was transfected to HeLa cells (4X10*cells), and the luciferase activities
were measured at 8 h, 16 h, 24 h and 48 h after transfection. B) Dose-dependent silencing effect of the R8-MEND. Various amounts of R§-MEND were transfected
to HeLa cells (4X 104 cells) and the luciferase activity was measured 24 h after transfection. Relative gene silencing was calculated by normalizing to cells treated
with non-specific (anti-GPF) siRNA. The values are the mean+S.D. (n=3). *The values of time- and dose-dependent silencing effects were statistically significant
against the values at 8 h and 3.75 pmol/well, respectively (p<{0.05). In addition, statistical significance was also recognized between the value at 7.5 pmol/well and
the values at 15 and 30 pmol/well (p<0.05).
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Sfzlzd, MR ITHIENHRT R ZETT 5
Z 2 K DNA ZENITEETE TN, BHRH
WIS EMTH D EENHER LRz, RS-
MEND |32 22 CE o 7= T &R I N
7z, ZTIT, ESHMALOENIZ B I KB LT 2 %
FEWHE/R MEND # BT T 2 Z L &2l B iz, BilEZE
EEMICE®T 2201013, EIKAKESK
(nuclear pore complex: NPC) %413 5% ZEHME L
MBWEEZ, TT /) TAIWADERANZ A L%
SEZUERESI R L. 75 ) U1V AL, T
CRY—=LMSRHLZDE, #EHED NPC IZHE
GL, Fr 7T FEEEZREITNTITHAL TH
D04 )NAT ) LDHEENITEDAD. W 2D
B, TAINADRKEINNPC OELE (# 40 nm)
LXDKRELSTH, BNICELBTERETLHIENT
&%. MEND IZ NPC &L TT7F /A IV A
PLEICRENVWREZD, ZOFEFE NPC 2EilRT 5 &
MARETHDHDT, bbiuI 7T /U1 IV A%
2% |2 MEND N O F / ki ¥ D H % NPC %
MWIZE > TENIZEDADIEZ TR L. Ll
IS, PEk® PLL & Wiz 7 / K ¥1d 100 nm
BEOREIZALTROIEFITHNEEZ L TW
57-%, NPCZBRTHIENTERNI ENE
Bl INSE. 22T, FHEomswIT oy 3
S/ KEBEEARTHIUL, NPCZEBTESTH
AHEEZEZ, TuyIEHWEF JRTEOT &
LTHWSZ&EELR.3 X 5|2 MEND 7% NPC
WHRBRMICEA TE 52012, SV40 HR D RTE
b7 ) (NLS) XRTF REHEEFZETELT
AW, filEICBWTEREICERTE S XD kG
@D MEND 25H4 > L bbb, 2KOEHE
wEAL, EEGk ko THMIlO —KZzEliES
TDb, Eolk 1 OMREERE BiIZiiRsnk
NLSIZEKDA >AR—F > EMEERL, 1 2F—
FLEDEEARELTNPCICWMDEL. TDHE,
A IR —F > /NLS &K NPC Z i > TEAIC
BEIT 2 Z LIk, MEND OIEE BN HRE L,
T D B W/ RT3 NPC il > TEAIC
BITT HHIETH S (Fig. 10). Z D¥EE & FH 1
CEREBT DD, Hiic RN AR L .
I72bb, NSV RV —L SUV &5 /KL
TRECEEMWMHEERIC L > TERMS ¥, Bt
RECE->THMEEZ 5 Z & THH#ET 2 SUV [H

Intenalization via fusion of
outer envelope gvitfh plasma
membrane

ﬁruption of inner i =
[ envelope BY transport Binding to NPC l
of importin/NLS via importin/NLS

.Aﬁue';:ognition of NLS
/ by importin

ol 8§
Release o
core into nucleus’

00
importin /

Fig. 10. Schematic Image of Artificial Nuclear Transfer by
NLS-DMEND
After internalization of NLS-DMEND, NLS on the surface of the
MEND should be recognized by importin in the cytoplasm. NLS-DMEND
then binds to the NPC vig the NLS/importin complex. Finally, the lipid
membrane of NLS-DMEND is disrupted, and the condensed DNA particle is
drawn into the nucleus.

TOBMEGEFEL, 2 KIS D MEND % f§ 4
T5DOTHD. ZDEE, SUVIINLS #H 50
DARAATHEL ZEITEKD, HE#KH7E MEND O
I EHEC2HEDIEE T N0 —7&HIZ NLS
BIRRTDHIEMNTESL, ZOXIITUTHEEL -
NLS f&4fi 2 #¢fif MEND (NLS-DMEND) % &R 4H
faic#¢ 5. L7 & 25, R8-MEND Tid4 < #NITi&
GTZRETETRMAS DKL T, NLS-
DMEND % 5. U =il TIX, BEWICT#EAE T NIV
{EDNA D KRERBITFIVHERINE D 20
/M5, NLS-DMEND 2 &k > TRNIZE R T 20 1%
EWRETHDIENHS MR, T D NLS-
DMEND iZ & % DNA OB TIdMieo = %)L
F—RBEFANCL > Trreliflc NI &ns,
NLS-DMEND 2 & % DNA O N#ITHA T %)
F-IKGFELEZHDTHD ZENHSNIRD, 1
CHR=F R EOHIIEN AT LEFHALEZHDT
HHTENEBENED X512, NLS-DMEND
b Uik ic B 240 k85T Obe 7o
7 —Y) FEIEEZERF L& 25, R8-MEND #
BRIl D 100 55 OmWEEZRT T ENH S NI
mO, 2O EMNS D EKMEOENIZ NLS-
DMEND (2 & - THSkREBELEFNEZEIN I &N
BRI NEZ. VoI IThbnbnid,
Programmed Packaging ICE D&, 75 /U1 IV A
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DERANZALZEZBZEZEIT L EEBIEZTREL,
NLS % Z i Il & L 7z NLS-DMEND % %5l L,
REHTEE DW= U WEEFIEIT K - TIEr 2l
IZBWTHENIZHRIE R T % X2 v B2 /2 NLS-
DMEND Z #4925 Z ST L 7.

8. BHYIC

PLEFA L&D, DNbOIUuIIEEITE e
MZEHL TWDEE A7 MEND OB ICHIIL /=.
L L7iads, #ilZ1E R&-MEND Z70 % 1 7
THO, HITHTHRNZXSITIEP RIS LT
IEEFREEREERETERN, Z0EDTTF /Y
ANADERANZ AL ESHZICLT, ESRM
DRI 5 7252 A 72 NLS-DMEND 73k 1
DOTH%., ZDOXDIZ, HIED MEND (35887
HOTIE/RL, HREMEZ T 2 2 ERE R Z M0t
BEBbHONCREEDNS., EELOIE, M
NS Mo 2 EE, WhITL TE DM E % fi#
RIL2NTHS. =D, MEND Offifid NE)E
AT & Z N % s L 7= Programmed Packaging %
IO 2&ICEoT, MARBEH TEHEWRENZHET
&% MEND ZHHETE5EEATWS, £/-, #
Albo7zoi1id, #HEME (33— TLEL /= MEND
ORF) ZirbRFuIzsikzn. 4%, £z
HHEFIZ AT MEND OEREM A 1 & B 72 7 i 4
HiEOBFEICE D A TITE 720,
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