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TiEZIZLD T 22 v "0 BIE, 2OEBICE T2 ERMELH, HroRBICNLTOE
HAEERN Y —XLhD 5230, LrLAarb, 2y 7B KEOES T CTH Y Bl il fafE
ZBEBRT 5 LN TER, 2D, 2V 7 HEROEERBOS ITMIINCRE T hTw s,
&% 5 MNP IC%E AT RE 7 Drug Delivery System (DDS) ORI, & v o8 7 BEI G D
P %z #fEsh 2 S MG IC IR R T & . BRI 2 IE$ 5 L i e n 5@,

ML T 2 AR & 32 2 vox 7 BN, MIBENERIC O A4 b Y IcE S e i U BaE & 7

HTXRWESTL LT, KB (F7 23 F DNA, RNA T# %384 2 small interfering RNA
(siRNA) 2 v £ v ¥+ —RNA (mRNA) % ¥) 2% F5h 5@, JTE, siRNA%EIC X 3 RNA
THIREEE LT, PIVRAFIALFVEIEBENET In A FKRY) 22— F—DFEETH 5
ONPATTRO™, SARS-CoV-2 iZ k3% mRNA 7 7 F v HlF|-¢H 2 Comirnaty™, Spikevax™ 23
IRIGH X, A FERSOBEHBHIIEAL TWBE69, CNOHKEEDOI A bV ViEEER AL 3
% DDS Hfti & L THWw ST 3 D28, lipid nanoparticle (LNP) il ¢ 3, LNP |3 BE#H %
EhRICHEML L, P coMBEO S fEx RET 2 2 & cRlER LsE, VIV FY —
LEHEE R A 2 HEREMERR D (pHIISEMEIRED) 2 HBHT 5 2 & THRBY TO V4 F VY r~0ikiEx
W HHEE /KA CTH 207, LNP Hifio GEHIC X Y | B = — X% H T 3 KBIEENO
BFEBENICiTbTE Y, EREFRICHMGNAEEL 52 5 L PRI, —J7 T, LNP £ilf
1T T D RKEEIESICIRAE S L5 LBV, DF b, fhio A AESES O DDS £fff& LTH LNP
HFiipIoHcE X, I —Eo7L 4 72v—- b E 205, £ 2T, KFEclx, #MEN
DFEENCT 2 2 VN EH A4+ I NCEENRERIEE - / N RF OB 21T - 72,

F—ETld, LNP £t &2 v X7 HoMIENEEICCHTE 2589 22T 27201, KM
B EZAICT LYY LA FOENE 2 v X2 TH B (-30)GFP 2 ETF AL E v X2 E LT
EIRL, Tz NE3T 2 LNP 258 L 2@, Ji8l L 72 LNP Zfificaim L, LA L — 3 —BAiK
$31C X 2 (-30)GFP DJSEZBE T2 2 & THA b YA ~DEEREZ FHE L 72,



BT, MIENST21EE T 32 5tk (Immunoglobulin G, IgG) % P4 3 LNP Z 4l L
720 1gG OEE FUTEENMEMTH 5 720  LNP Fi# 217 5 FR oK pH ST CHICHEL T H 3,
WEMLAREETH 5 L PRI, 22T, 2V "2 ELENTERER2RET S LT, -
Mo X 2 EREIC X v N B e &R T 2 RN CEH L2, fikoBe, BIkET 1/
BAR)~—ThoRY 7LxIVEE (polyE) LIth% K pH BRT CIRGET A2 LICk Y, AR
% N miR TR TR E 102 12, COABMKHEZFE Xy r—y v 7352 Licky,
IgG #NET2HEEF /R T2FHEL 72, L 2 PURNEIEE 7 K2l icaim L, s
L ——BEAMEEIC X APUASD T ORE LB T 5 2 LT, MIEPICEE X Nk, MPEr
NTERBTE DD E ) DRET L,
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BB X VA7 EEYA L NS AIRE ) BT OTR

£ v E OMBINEA M O I, & v o BEEGOBEHEEMZILKTE 5729, KA
e b, BR~DISHBHE I N TV 39, 2 2 TARE T, KEEEOMAEARIM & L
THWw b T2 lipid nanoparticle (LNP) £ffiz, & v <7 EHoMaMEARM & L CGHTE
LHE D Rt RIT o 72,

H IR, pH OB E ©—f<TH 5 charge-reversible IFE % fif - 72 small interfering RNA

(siRNA) % 23 AN ~E A ATREZ: LNP SR8 %217\, RNA THFHEIC X 2 FEER T O #B %
KT E2ZLICHI LT3, pH IGEMEIRE IKBAR CH 2 IERER L RAI s 2 L
TIEEMZHE O, AEMED T CTH 2K L FENMHAERZ AL, BERTNICKEZNT T %
HENZHS D, OF b LNP Hifiz % v X 7 EXZEICCHT 2720 1Cid, X v o372 ORI EN %
BICHBT 2L ERH S, £ 2T, MN~D X v 2 HED%ERE % confocal laser scanning
microscopy (CLSM) I CFHlid 2720, ETAX VY ANZEELTAY FFr—U2—-30 1Kk D X
BB A Z I nikaEtx v 2 ((-30)GFP) %3&R L 72®, £/, ¥4 by
(-30)GFP 28I Nz 2 L 2FHli L3 < 2720, KBRS (NLS) %fHhL 7z NLS-
(=30)GFP %3Gl L. chEETAR VN7 HE L2001,

H—FClE. charge-reversible IEE % & L HEE MK T NLS-(-30)GFP % # A3 % LNP (NLS-
(-30)GFP-LNP) ZF# L, b + &% A (HeLa) Mifdo ¥4 b v vic % © NLS-(-30)GFP %%
ETE3Z L% CLSMBIZICX V52 & L7z, LNP Ic X 3 NLS-(-30)GFP @53 2, LNP
WNBED A v ¥ 2= MrB X CREKRGFENCTH D 2 L BRI N, b, =TV F¥ A4 +—
o AP EH & F v 723t £ 9 NLS-(=30)GFP-LNP (27 5 2 ) Y AWM EHEZ v FH A4 F—v 2B X
N~z7vve )34 b= RCXOMIENBITT 2 2 EBR"BI N, /2, =V F Y — AMELHE
EH & 72 FEERIC X ) NLS-(-30)GFP-LNP i X 3 % 4 + V' v~® NLS-(-30)GFP @i%#E T 13,
IV RV —LDERICHESY = v F Y — LEENO pH OIK T (BRA) RAEETH B Z LRI

f‘—,
o



—ffi NLS-(-30)GFP # N#4 5 LNP ol

i1}

pH IGEVEREE ©—FiCTH % charge-reversible & (dioleoylglycerophosphate-diethylenediamine

(DOP-DEDA)) % FEIEHKAEHE & 325 LNP &, SEfTHFEIC 3T siRNA 023 MR~ &
M7eikE X JREL 5 Z L L 2 L Iz, siRNA 7 E O FoRb Y I, BEMET IV
2 v 7B CH 5 NLS-(-30)GFP (protein net charge = -25) % LNP icHfA$2 2 kick b, &
VRIEDH A P A~DIRENAREIC R B DTlE R nd b E 272 (Figure 1),

NLS-(-30)GFP % P9 % LNP (NLS-(-30)GFP-LNP) % 43 2 Bic v 2 IF% % Figure 2
ICE LD, BilEEAEN e LNP OoFSlic s W»w O b ERANEE X, pHIGEMHRE ©H %, pH
JOBEVEREE X, —ARAICEEYE pH SfF P CIEEM 2w O, — 77 CHE pH & T CIdfiE L 2w X 9
CEEEFENTWwW3 19, 5% ) LNP oFf#l %217 5K pH & Tics T, pH JOEHEIEE IZIEE M
i TE Y, WEL2WEERMD T L EENHEEERZELH L. LNP A~OH A - REf 2 5D
5Ll TES, £72, LNP 2filgNIc= v FH 4 b= RICKX VDA E =%, pH ICEERG
Bz v FY — LTS BN O pH KM IcfEwIRICiFEL, =V FY —2HNORBERE & ©
MAERZE®, TV FY —LROMIEE 72 ZFEEM A 2R L. AL ABH S FOH A b
VNA~DFEEERAREE 25001, X 5o, MiluEEstelthic s 2k pH & Fics v,
pH JGCEMNRE L IEEM 2 T a7z o, FER R Z2fiie & oM AERIC X 2 fifafsE 2 IER &2
72 35 % v o3 7 B OWE % [l L 3 S BIR coB AR E WY, —J7C, charge-reversible H§
Hdftho pH IGEMEEE & Rk, pH ZLICHECBUKEO ERIIREEZZE X 2 2 LR TE 20, W7
IV D pK I 6. 10 TH 2 7-DEB) pH ST ICH W THEM 2 LD RV (FEREM IER)
FrET22=—gETH2 (Figure2 EB) 0, T/, ~A o —JlFHE L THRY VIEHE
©® % dipalmitoyl-sn-glycerol-3-phosphatidylcholine (DPPC). F / i -0 % &t 5 & ORI AE M
KD 5% E %5 cholesterol, I/ KAt DWEYE % 1] 2 72 12 polyethylene glycol (PEG)

LHEE 2 WHEREE & L GEIRL 2202,
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Figure 1. A strategy of cytosolic delivery of NLS-(—30)GFP using charge-reversible lipid-based carrier
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Figure 2. Structure of lipids for preparation of NLS-(—30)GFP-LNP. Dioleoylglycerophosphate-
diethylenediamine (DOP-DEDA) as a pH-sensitive, charge-reversible lipid; Dipalmitoyl-sn-glycerol-3-
phosphatidylcholine (DPPC); Cholesterol; 1,2-dimylystoyl-rac-glycerol-3-methylpolyoxyethylene-
polyethyleneglycol chain, molecular weight 5000 (DMG-PEGS5k).
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LNP 8 o 5 E AR 1L, siRNA EEICE W TIEEOE 2 - 2 RE M % 2% ic, DOP-
DEDA/DPPC/Cholesterol = 45/10/45 (£ntk) & L7219, £7-, DMG-PEG5k 1Z, lFE &= IC
MLTImol%e s XoicMarz, ZHLIEHE% tert-butyl alcohol (BuOH) IR L. IEEEA
W& L7ze F7-. LNP ICPNEF L 72v> NLS-(-30)GFP |3, 1 mM 2 = v BEREERRICIAR L &% v o828
B E LT, TNBER% 40°CT 30 iRk, (EEOREAH Ty <y 74 v 7 BFIc X W EE L.
Z D%, RO TEEREEEZRE T 5 72 0 fMKIC CENTUUE % 17>, NLS-(-30)GFP-LNP % Fi# L

7= (Figure 3),

lipids in t-BuOH
DOP-DEDA/DPPC/Cholesterol = 45/10/45
+ 1 mol% DMG-PEG5k

—
40 °C. 30 min

NLS-(-30)GFP
in 1 mM citrate buffer

T —_—
Mixing Dialysis
with pipetting against MilliQ

NLS-(-30)GFP-LNP

Figure 3. Scheme of NLS-(—30)GFP-LNP preparation. The lipids (at a molar ratio of DOP-
DEDA/DPPC/Cholesterol = 45/10/45 + 1 mol% DMG-PEGS5k) dissolved in tert-butyl alcohol (--BuOH) and
NLS-(—30)GFP dissolved in 1 mM citrate buffer were heated at 40 °C for 30 min. Then, the solutions were mildly

mixed by pipetting for 30 times. The mixture was then dialyzed against ultrapure water (MilliQ) to remove the

t-BuOH.



TR0 Ic, NLS-(-30)GFP &L Tk < 1 mM 27 = VIR D pH I X > T4 L % LNP
DYMEDZICOWTHEI L7z, 1 mM 27 = VERREE D pH % 4.5, 5.0, 5.5, 6.0 ICFH% L, NLS-
(-30)GFP-LNP % if#it%, K 7f8% X O polydispersity index (PdI) % Zetasizer Nano S 2 X 9 il
JE L7 (Tablel), 7272 L. NLS-(-30)GFP LJIEE DiRA&H &L, NLS-(-30)GFP : lipids = 1: 10
(w/w). BEEVAHT & NLS-(-30)GFP & D R AR 13 NLS-(-30)GFP : lipids = 5 : 1 ICFEE L T
LNP S %# 17 o7z, Z D%, pH 4.5 ® NLS-(-30)GFP &R T, fhoodefh & g L Thi %5
L OPAI 3K E { Zr o Tz fi 1835 X O Pl 23—/ & { . DOP-DEDA %343 IC IEFE i ICff 76 L
NLS-(-30)GFP % E@shRIicNEML A S N3 1 mM 7 = v ERIAW pH 5.0 % 2 v S 7 ERK & L
THw3Z el L,

Table 1. Effect of pH of the citrate buffer on NLS-(—30)GFP-LNP formulation.

Mass ratio 1 mM citrate buffer pH Size (d.nm) Pdl
4.5 243 £ 42 0.272 £ 0.07
5.0 172 £ 12 0.156 £ 0.04
1:10
55 181+ 12 0.198 £ 0.05
6.0 180 + 36 0.201 £ 0.1

Lipids were composed of DOP-DEDA, DPPC and cholesterol at 45 : 10 : 45 molar ratio and 1 mol% DMG-PEGS5k
was added. Results are represented as the mean + standard deviation (SD) of more than three independent experiments.
Lipid concentration of 25 mM and protein/lipid mass ratio of 1 : 10 were employed. Results are presented as the

mean + standard deviation (SD) of more than three independent experiments.

KIZ, NLS-(-30)GFP &R L IREEWR OB AMBEIIC X > THEL 2 LNP oYl EICOWTH
L7z MREEIICHN 3 5 NLS-(-30) GFP R DR A, 3. 5. 7. 10f5¢ 75 X 51T LNP %
HELE, KRB X O Pl #8IE L 72 (Table2), 7272 L. NLS-(-30)GFP & FE o RAE &I,
NLS-(-30)GFP : lipids = 1 : 10 (w/w) IC[fE L LNP #¥l% 7572, % OfEE, (ARELA NLS-
(-30)GFP /& /e E AN =5: 1 UL TH—AF /KT BB TE 22 230 h o7, RIELNP A
WESD VTR, MRERFORGFTICHALR V2o, LNP #HHKoR AR X, NLS-

(-30)GFP &/ IEEEIR =5 1 ITHRE L 7=,



Table 2. Effect of volume ratios of aqueous/organic phases on NLS-(—30)GFP-LNP formulation.

Mass ratio NLS-(-30)GFP/lipid [v/v] Size (d.nm) Pdl
3:1 1081 £ 479 0.308 £ 0.05
5:1 172 £ 12 0.156 £ 0.04
1:10
7:1 176 £ 47 0.202 £ 0.06
10 :1 135+5 0.183 £ 0.04

Lipids were composed of DOP-DEDA, DPPC and cholesterol at 45 : 10 : 45 molar ratio and 1 mol% DMG-PEG5k
was added. Results are represented as the mean + SD of more than three independent experiments. Lipid

concentration of 25 mM and protein/lipid mass ratio of 1 : 10 were employed.

¥ bl NLS-(-30)GFP tFEORAERILICEH L, FEREZ 25 mM iCEE L, NLS-
(-30)GFP : lipids = 1 : 10 — 50 DO #iPf ¢ NLS-(-30)GFP-LNP %#F# L, K 1Ed X O Pdl % #IE
L7 (Table3), % DfE%. NLS-(-30)GFP x5 2 flRE D &A% v, O Y NLS-(-30)GFP D
FEDMEATT 3, KA EEDO/NS W —7F /i 22 3 2 LB Lo,
Table 3. Physicochemical characterization of NLS-(—30)GFP-LNP by mixing NLS-(—30)GFP with lipids at various

mass ratios.

Mass ratio NLS-(-30)GFP (uM) lipid (mM) Size (d.nm) Pdl
1:10 10.3 172 +£12 0.156 + 0.04
1:20 5.2 154 + 32 0.134 £ 0.09
1:30 34 25 116 £ 20 0.164 £ 0.08
1:40 2.6 98+8 0.154 £ 0.05
1:50 2.1 92 + 11 0.126 + 0.01

The lipid mixture was composed of DOP-DEDA, DPPC, and cholesterol at a 45 : 10 : 45 molar ratio, and 1 mol%
DMG-PEGS5k was added. The mass ratios denote NLS-(—30)GFP-LNP/total lipids (w/w). Results are presented as

the mean =+ standard deviation (SD) of more than three independent experiments.
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#%IC, NLS-(-30)GFP-LNP ok JERE#I% % Cryo-TEM (C X - CTAEHT L 7z, NLS-(-30)GFP
LIFEORAHEEICE Y, LNP ORFRICENDE D 072720, EORE,P--HENL1:10B X
*1:50 @ NLS-(-30)GFP-LNP (% % NLS-(-30)GFP-LNP(1 : 10), NLS-(-30)GFP-LNP(1 : 50)
ERY) OB E 1T - 7= (Figure4 (A), (B)). dynamic light scattering (DLS) D #E5HICHIES L, NLS-
(=30)GFP-LNP(1:50) D7 B3R FAED X W /NS R T BRI e X HICHERICBIR 7 < FHHL
&% NLS-(-30)GFP-LNP |, P cH4EEME*HT 2 L B8HL 2L o7, —J7 T, NLS-
(=30)GFP % & F 2\ 4&fF T LNP B 21T o 2854, BTSN 2R FRED/NE R Y KRV —
LERDRLF HERD X 7z (Figure 4 (C)), Z OfER L, WEDOKIENE LNP OJEREBIZE & FkkIc,
LEBEOMICKEES T8IV FA v FINZETHAINE L WIMEICHELT 2P, 2% b,

NLS-(-30)GFP-LNP @ ##lic 351>CT. NLS-(-30)GFP D fF{EAS, charge-reversible & & O HAE

MuzAHMd e CHEBEEEZHEEL. LNP NICE AT LT 2 A[REME2 R S L7z,

A)
a)
2, :
—~ A
g aps f \
5 19
Q |
€ 10 \
2 / \
\
— 100
Size (d.nm)
B)
a)
2 =
A
L &
~ |
F3 [
E |
25 i)
" ‘ 100
Size (d.nm
) ( )
a)

Size (d.nm)
Figure 4. Size distribution and Cryo-TEM observation of NLS-(—30)GFP-LNP formulations. (A) NLS-
(—30)GFP-LNP(1 : 10), (B) NLS-(—30)GFP-LNP(1 : 50) and (C) LNP formed without using NLS-(—30)GFP. (a)
Size distribution of LNP analyzed by DLS. (b) The morphology of LNP was observed by Cryo-TEM technology.
(c) The magnified image of (b). Scale bar is 50 nm (A, B) and 100 nm (C).
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% fi LNP IC X 2 NLS-(-30)GFP D#ifEN%EERE D 5l

F—Hfiic T, NLS-(-30)GFP-LNP DF#igeft sz L, IFE & NLS-(-30)GFP o EAHE
a2z 2 chTROEARZ LNP BIEREINE Z LAWHL P LR o72, 22T, REERILE
255 L 72 NLS-(-30) GFP-LNP i X % NLS-(-30)GFP Offifii 3 X % 4 + VL ~D3%kEREIC DO
T, NLS-(-30)GFP OMilgiEE % L fiL — —EARBEMSE (CLSM) Ic TR+ 5 C & TiF
fliTd2&e Loy 4 b YyAiciEEI 7z NLS-(-30)GFP BB TY 7 Fric X W LICER LS
. WD NLS-(-30)GFP @ 7' F a0 644 b iz NLS-(=30)GFP 235%3E & v 7= i fd % 1151

<& 2% (Figureb,6),

A)

'~@@

NLS-(=30)GFP-LNP Endosome-trapped Cytosol-released
treatment

HeLa cell

Figure 5. Observation of intracellular localization of NLS-(—30)GFP after LNP prescription to HeLa cells. (A)
Schematic illustration of the signals from endosome-trapped and cytosol-released NLS-(-30)GFP. (B) CLSM
analysis of cytosolic delivery of NLS-(—=30)GFP using NLS-(-30)GFP-LNP(1 : 10). Nuclear staining with
Hoechst 33,342 (left). NLS-(-30)GFP signals (middle left). Merged image (middle right). Differential
interference contrast (DIC) image (right). Scale bar, 50 um. The magenta arrowheads indicate cells with NLS-
(—30)GFP delivered into nuclei. The white arrowheads indicate cells without localization of NLS-(—=30)GFP in

nuclei.
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Hela #ifidic LNP {t %174 7 \» NLS-(-30)GFP, NLS-(-30)GFP-LNP(1 : 10) ¥ X 8 NLS-
(-30)GFP-LNP(1:50) % % % NLS-(-30)GFP EEEic LT 2.5 uM & 72 3 X 5 I Milks i & L .
6 Bl 4 v F 2 ~x—> 3 v %17\, NLS-(-30)GFP D #iffd NFTE % 8152 L 7= (Figure 6), NLS-
(=30)GFP MLFE-Cl%, NLS-(-30)GFP 23 FICELAIC ko5 o 7 F e LTI, il
NLS-(-30)GFP 3Ty F Y —LICHIE LT3 Z & 2 EIk+ 5, —/5C NLS-(-30) GFP-LNP /LB
TlE. MIEPR @ NLS-(-30)GFP DMEEE A < . LNP fLic X v MlEE Az 048 E3 5 2 & 25R
X7z, %72, NLS-(-30)GFP-LNP(1 : 10) Tt NLS-(-30)GFP DN TD > 7' FAH5RL | H
A F I N~DH— T KEHHE D NLS-(-30)GFP-LNP(1 : 50) XV d @I k2R & vz, 72, %
NZ oY v 7 c 400 LA EOMIED A, NI NLS-(=30)GFP @ & 7' v 23HfER X 41 5 il gk
EhvvbL, 20HE&EEZEELZE 2 A, NLS-(-30)GFP-LNP(1 : 10) Ti3# 60% DliE <% 4
bV IcE T NLS-(-30)GFP 28kE I 7z Z L AR S N7z, LRdo T & 225, NLS-(-30)GFP-
LNP (3% v <2 GOMINEAXRET 2/ Fx VT TH Y, X HIGHY AREAEEL 2@ T
% Z 212X » NLS-(=30)GFP ®# 4 b VA ~DREERELED bNDE T LRSI E 78572,

A) B)

NLS-(-30)GFP-LNPs
(1:50)

NLS-(-30)GFP (1:10) 100 ¢

n.s.

80

*k%k

o
LL
A
) Kk
[yl
L
1
n
-
4

Cells with cytosolic
NLS-(-30)GFP signals (%)

(1:10)  (1:50)
NLS-(-30)GFP-LNPs

Figure 6. Cytosolic delivery of NLS-(—30)GFP using LNP. (A) CLSM observation of cytosolic appearance of
NLS-(—30)GFP after treatment of NLS-(—30)GFP alone (left), NLS-(—30)GFP-LNP(1 : 10) (center) and (1 : 50)
(right) for 6 h. NLS-(—30)GFP concentration = 2.5 uM. Scale bar, 50 pum. (B) Percentage of cells bearing cytosolic
NLS-(—30)GFP signals. Results are presented as the mean = SD (n = 3). n.s., not significant; ***P < (0.001 (one-
way analysis of variance (ANOVA) followed by Turkey-Kramer’s honestly-significance test).
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LNP N~D 71 — 255 F OE#IE. 7 — 0T O aEMENEZETH 5, NLS-(-30)GFP (ZK[ME
I D3R TE T D 5 7 O EIE DERIC LNP PUCHIFRRNICE AR TE 94 P Y VICE TERETE -
LEZLNBEM, T, RHEEBMAFHEER (protein net charge -9) TH % NLS [icdl % £
L 7= enhanced green fluorescent protein (NLS-EGFP, pI=5.6) 7% LNP system IC X D XEC% 2 %>
85 a2 T o 7%, NLS-EGFP L REDIRAEEL 1 : 10 ICCTLNP #l#l%2{To7 2 A, E
% 140 nm < Pdl = 0.153 OIFE 7 7 K ¥ 23 Bk & 1v7z (Table4), Z DKt % HeLa fffifld & 6 Fifi
AvFa—v=av L, CLSM i X% NLS-EGFP DMt NBEBZE 21T 7225, NIz Dy 7'
AR TN BMIEIRIEE A Yo7 (Figure7 (A)), 2% Y. NLS-EGFP i3 BB +4rC
HY . N LNP WICEAI NS 2237, HIlENEB X VA P Y A~DEEHEIK N &
DR & Tz,

NLS-(-30) GFP-LNP (3 fi§E A PEG IEE % 1 mol%& &, K T-£IH IR X b PEG 128
LNP MLz T2 2 ic X v aiErE®. NToREEEZMEIE2FEZLNEP,
% ZTPEGRE %2 & £ R wIEEMK (PEG(-)) © LNP ### L | ki 7#tk s X 8 NLS-(-30)GFP
DRI EERE 2 SFli L 7=, E I N3 X 5 i PEG l§E % & % 72> NLS-(-30)GFP-LNP (NLS-
(=30)GFP-LNP(1:10)(PEG(-)) 1Z.2 pum B Lok THEEZ R L, BE L 5B W HEIICSH > 72 (Table
4), ¥ 51 NLS-(-30)GFP-LNP(1:10)(PEG(-)) (3 HeLa filgN ~DXEEE S K < . PEG JFE D
FAIA AT LNP IERICE R A f%E %405 2 L AR S iz (Figure 7 (B)),

LNP IC X2 h =I5 FDH A4 b I A~DikEiclk, pH JGEEREOFRHENEETH L9, 2
T, DOP-DEDA OfEiEICHEBIL . pH I L 7= B Ktk O Fil 2 Rz bk ) VIEE ©H %
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE, pK; of ethanolamine 9.5) % =¥ } o —L

BE & LTH®EIRL 72, DOPE 12V Y — 2% LNP ic B\ g & o @&t % @ o 2 s
TEIEE & LT TN T 3% 2%, DOP-DEDA ©ftb Y ic DOPE % 45 mol%& 1 LNP (NLS-
(-30)GFP-LNP(1: 10)(DOPE)) %L 7= & = A, R FEEA 700 nm LAk, Pdl = 0.32 & R
—CRERBEF /7 NFHPERE T (Table4), 7z, CLSM #1%21c X % HeLa fifdo ¥4 b Vv
~® NLS-(-30) GFP D3%E5K % 3l L T %7225, NLS-(-30)GFP-LNP(1 : 10)(DOPE) 3% 4 b

VLI NLS-(-30)GFP % %% 3 % i1 131K 2> - 7= (Figure 7 (C)).,
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Table 4. Effect of charges in cargo protein, PEG decoration and DOP-DEDA in LNP formulation.

Lipid composition Protein Mass ratio Size (d.nm) Pdl
DOP-DEDA/DPPC/cholesterol NLS-
172+ 12 0.156 £ 0.04
(45/10/45) + 1 mol% DMG-PEG5k (-30)GFP
DOP-DEDA/DPPC/cholesterol NLS-
140+ 5 0.153+0.2
(45/10/45) + 1 mol% DMG-PEG5k EGFP Protein/Lipids
DOP-DEDA/DPPC/cholesterol NLS- (1:10)
2144 + 785 0.526 £ 0.3
(45/10/45) (no DMG-PEG5k) (-30)GFP
DOPE/DPPC/cholesterol NLS-
715+ 107 0.324 £ 0.02

(45/10/45) + 1 mol% DMG-PEG5k  (-30)GFP

Lipid concentration of 25 mM and NLS-(—30)GFP/lipid massa ratio of 1 : 10 were employed. Results are represented

as the mean £ SD of more than three independent experiments.
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Figure 7. CLSM of the cells treated with protein-encapsulating LNP (left) and percentages of cells having
cytosolic/nuclear localization of the proteins 6 h after treatment. (A) NLS-EGFP alone and NLS-EGFP-LNP(1 :
10); (B) NLS-(—=30)GFP-LNP(1 : 10)(PEG(-)); (C) NLS-(-30)GFP-LNP(1 : 10)(DOPE). Percentages of cells
bearing cytosolic GFP signals were shown in the right. Results are presented as the mean = SD (n = 3). n.s., not

significant; ***P < (0.001 (ANOVA followed by Tukey-Kramer’s honestly significant difference test).
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U EokEte o, LINPRRICHE T 2 5EL 20D TOAEMMA v +F ¥ —, PEG IFE DAL
A, charge-reversible IFE ® FKIEAE &G D EEMW: 2 /8 S iz, 72, FFic NLS-(-30)GFP-LNP(1 :
10)BEEME VN7 EOEEICHEETH 5 2 LRI Nz, £ Z T, NLS-(-30)GFP-LNP(1: 10)
P~® NLS-(-30)GFP oWN#hH a4 H$ % & & L7z, NLS-(-30)GFP-LNP(1 : 10) % iz

(100,000 xg, 4°C, 1K§ff]) L. LNPIcEHA I T EiFH o NLS-(-30)GFP #RZE L 72,
Z Dk, Bruwiz BiiE & [FED 2% sodium dodecyl sulfate (SDS) &l % <L v MM ZBEM L, &
v %7 B % sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) T4rHf%.
Coomassie Brilliant Blue ¥4t5 (CBB 44tt) I XV NLS-(-30)GFP o Nv FA2ER L7, &k, @
HOZITD RV Y 7 FEERIC 2% SDS #AiRICHHE L, SDS-PAGE C4pfifft:. CBB Hfic X b
ER IS NLS-(-30)GFP &% 100% & L. WHExHH L 7z (Figure 8), Z Off%. NLS-
(-30)GFP-LNP(1 : 10)Nic, NLS-(-30)GFP 1347 80%F A XT3 Z & BRHL PR o7, U

e fatcid. NLS-(-30)GFP-LNP(1 : 10) Z A&fiff5E o LNP F#lstbe LA+ 2 & L7z,

NLS-(-30)GFP-LNP
ABIR /O
- +
(kDa)

250 —
150 —

100 —
75 —
50 —

37 —
« NLS-(-30)GFP

o5 0 NLS-(-30)GFP® P

o0 8 78 = 6%

Figure 8. Evaluation of NLS-(—30)GFP encapsulation efficacy on NLS-(-30)GFP-LNP(1 : 10) formulation.
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W BER S X OEEEKIERY 72 LNP IC X 3 NLS-(-30)GFP @ 4 + YV Ak

5 ffin &  LNP 123 NLS-(=30)GFP o4 4 F YA ~DXEME L ED LN D T & &R L 72,
% ZCH=Hicld. NLS-(-30)GFP-LNP(1 : 10) % ffi - T, Wiffls X O IC X 5 NLS-(-30)GFP
DOHIEPIE N RICHED D 2 20 & 5 HFHli L 72,

9. BERHAER RS R OET D 720, HelLa #ifidic NLS-(-30)GFP-LNP(1 : 10)%# NLS-
(-30)GFP #EFIC LT 25 uM & 782 X 5 IS B L, 1. 3. 6 4 v ¥ a—v a v
%#17\>, NLS-(-30)GFP Dl R7E % #8125 L 7= (Figure 9 (A)), 1 BB D552 &, S DI
WERD v S FARL BRI, TEBENCRET 2V 7 FARIE LA EALNRNT &b,
YA b AICETEREL 72 NLS-(-30)GFP 234 7w & AR &Nz, —/7T NLS-(-30)GFP-
LNP ALEL % 3 W5, 6 Bl R T2 2 LT, MikD > 7 F L DR D #sRE XL %A F Y
IS X L5 NLS-(-30)GFP o B2 HEE ICHINT 5 2 & e & 117- (Figure 9 (A) (B)),

RIT, LNP ISR 7 B Z oGt o 72 % HeLa fifidic NLS-(-30)GFP-LNP(1 : 10) %
NLS-(-30)GFP #F£ic LT 0.1, 0.5, 1.0, 2.5, 5.0, 10 uM & 723 X 5 ICMiERHICEE L. 6 I
4 v ¥ 2= a3 v&ffv, NLS-(-30)GFP Offifid &7 % 8152 L 7z (Figure 9 (C)), % DAGHE.
NLS-(-30)GFP-LNP(1 : 10) DK 724 4 + /' A~D NLS-(-30) GFP 0% & 0 #1252
&7z (Figure 9 (D)), F7-. ZOBREHFICH T 2 MlgEE% WST-8 assay IC X W FHiliL 7z & &
5, WEERBEE RS LW L DHL B L 7 o 72 (Figure 10),

LA oita 5. NLS-(-30)GFP-LNP(1: 10)ic & 3 NLS-(-30)GFP offilgiNs X %4 F Vv
~DEEREIZ, gL D4 v F a2 N— M B X ORINE - BEREICIEE T 2 2 & 3
Tz,
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Figure 9. Time- and concentration-dependence in cytosolic delivery of NLS-(—30)GFP-LNP(1 : 10). (A) CLSM
observation of cytosolic appearance of NLS-(—30)GFP after treatment of NLS-(—30)GFP-LNP(1 : 10) (2.5 uM
as NLS-(—30)GFP concentration) for 1, 3 and 6 h. (C) CLSM observation of cytosolic appearance of NLS-
(—30)GFP after treatment of NLS-(—30)GFP-LNP(1 : 10) (0.1, 0.5, 1.0, 2.5, 5.0 or 10 uM as NLS-(—-30)GFP
concentration) for 6 h. (B, D) Percentage of cells bearing cytosolic NLS-(—30)GFP signals. Results are presented
as mean = SD (n=3). ***P < 0.001 (ANOVA followed by Tukey-Kramer’s honestly-significant difference test
for (B)).
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Figure 10. Non-cytotoxicity by NLS-(—30)GFP-LNP treatment. Cell viability was analyzed by WST-8 assay
after treatment with NLS-(-30)GFP-LNP(1 : 10) (0, 2.5, 5.0, 10 and 20 uM as NLS-(—-30)GFP concentration)
for 6 h.
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FPUEfi  NLS-(-30)GFP-LNP DML b JA A48 o figiH

—%c, LNP 7z & F 7 Rifix. iR~z v F3 A4 P = ZFFEEICKX VLD AT 5 @42,
% 2 CHPUATICIE, NLS-(-30)GFP-LNP(1 : 10)b =¥ F¥ 4 b —> RIc X W AN ~B1T5 % @
PE Sk, TV P4 b — RPHESM T M L 72,

T IV A PV REFIAAFKENGRIETH D | Mildz 4°CEIFTET 2 LT
VEHA =T RAERERT LN TE L, 22T, HeLafiid% 37°C% 72 13 4°CE&MH < 30 4
fil4 v % 2~ — b, NLS-(-30)GFP-LNP(1:10) % NLS-(-30)GFP i#Zic LT 25 uM &7 5 &
5 I MRS S8 L 37°CE 7213 4°CEAET ¢ 6 BRI A v ¥ 2~ — 3 2 v %{T\>, NLS-(-30)GFP
DAL TE % 815 L 7= (Figure 11(A)), % DR, 4°CHAE T CRMAS L %4 F Y r~0
NLS-(-30)GFP @ik ERNEHAML 722 Z L 238H S 22 & 7 o 72 (Figure 11 (A)), 2% » . NLS-
(=30)GFP-LNP {Z= v F ¥ A b — & ARRFKICCTHIRENICHL D IAE N 2 BN H 5 2 L pim T h
726

K<, NLS-(-30)GFP-LNP(1 : 10)i3 & Dz v FH9 4 b — o ZABRECMENEITT 2 00 B L
TV ¥4 b= ZHERZACCEHE L 72, w72z Y FHA b= ZHEFNL, pitstop2 (2
FAY) YAEET Y ¥ A = ZRBHEH) . 5-(N-ethyl- N-isopropyl)amiloride (EIPA) , wortmannin
(v27uvv ) FA = RAEHF) O 3FTH 50, HeLa Ml % M5 % & mvifh ez h
DFAEHITFLE T T 30 434 ¥ = ~— M. NLS-(-30)GFP-LNP(1 : 10) # NLS-(-30)GFP &/
CLT25 uM 3 X5 2N holERNZETMEEICEH L, 1A v Fa—v 3
VETO.7a =34 b AP Y =i XY MBENICBEIT L 72 NLS-(-30)GFP # & % & & L 7z (Figure
11(C)), * DR, & DMER T MIABITENKT L7z &2 5. NLS-(-30)GFP-LNP(1: 10)
OMFENEATIZ, 27 AV YA ERZ VY FI AL P —v RBI P20 /4 b= RICXkB L
DRBI NI, ZORERIT, fthd LNP &~ 2 7 2 OMIBANBITREE L FfkTd H . Z Oo—MHE iR
X7,
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Figure 11. Endocytosis uptake of NLS-(—30)GFP-LNP. (A) CLSM observation of cytosolic appearance of NLS-
(—30)GFP after treatment with NLS-(—30)GFP-LNP(1 : 10) (2.5 uM as NLS-(—30)GFP concentration) for 6 h at
37 °C or 4 °C. Scale bar, 50 um. (B) Percentages of cells bearing cytosolic NLS-(—30)GFP signals in (A). (C)
Total cellular uptake of NLS-(—30)GFP after treatment with endocytosis inhibitors: 30 pM of pitstop2 (a clathrin-
mediated endocytosis inhibitor), 80 pM of EIPA (a macropinocytosis inhibitor) and 0.5 uM of wortmannin (a
macropinocytosis related phosphatidylinocitol-3-kinase (PI3K) inhibitor). Cells were incubated with NLS-
(—=30)GFP-LNP(1 : 10) (2.5 uM as NLS-(—30)GFP concentration) for 1 h. Results are presented as mean + SD
(n = 3). ¥*P < 0.01; ***P < 0.001 (ANOVA followed by unpaired t-test for (B) and by Dunnett’s post hoc test

(C) vs. non-inhibitor).
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BAE LNP D% A4 b Y A~Dh—TKEICETE TV F Y — LKADLENE

FPURTIC BT, NLS-(-30)GFP-LNP i3 v F¥ 4 b —> R X D HIIENEEIT L, & 515 =Hi
B W TR 223 4 b I ~Dk#E k2R E vz 729 NLS-(-30)GFP-LNP 12 X % ¥4
FYNANDH—TKEF, TV FY L0 EECTH D EEZ LN, pHICEWEEE X, B
Tk pH BREE T CIlRicwE L. BRI E o AEN 2 EA 3 2 & CEEFEEZFREST 2 X 518
sFancnz®, zoc, v Y -0 EHES 2T vE=7 4 (NHCD BRI X
b . NLS-(-30)GFP-LNP O 7 — = & i 1~ 0 F 2 % 57l L 7269,

HeLa #ild % 25 mM @ NH,Cl T C 30 4>L##%, NLS-(-30)GFP-LNP(1: 10) % NLS-(-30) GFP
MEEIC LT 25 pM &3 X5 NHCl 2 ETIiiEEic BB L, 6 B4 v Fax—va v L,
NLS-(-30)GFP D#iligF7E % #8152 L 7= (Figure 12 (A))., NH,Cl JL# %~ 7L Tld Lysotracker i
LBMUEANT A T PR TERLS A, TV F Y —20BU L ZHETCE TV I ERREIN
7zo TORMET T, BIZEI N2 NLS-(-30)GFP @ v 7' F it JERILL Z2miike 7 v & L Ciigg
Ih, T oic NHClL KRB~ 7 v L g L <, AN ~D NLS-(-30)GFP © &0 H Z il 3
% DSERMICHESE X 1Lz (Figure 12 (B)), 2 % U | charge-reversible flEE O T v F v — LA BFAIC

5 7 v b vfb23, NLS-(-30)GFP O% A4 F Y A~DEED P Y H—L 725 T EHBRBI N7z,

A)
- * . > : 80 }
3]
T 60
=z
40
— 20
* kK
3]
< 0
z NH,Cl - +

Figure 12. Importance of endosome acidification in the cytosolic release of NLS-(-30)GFP. (A) CLSM
observation of the cytosolic appearance of NLS-(-30)GFP after treatment with NLS-(—=30)GFP-LNP(1 : 10)
(equivalent to 2.5 pM NLS-(-30)GFP) for 6 h in the presence and absence of NH4Cl, an inhibitor of endosomal
acidification. Scale bar, 50 um. (B) Percentage of cells bearing cytosolic NLS-(—30)GFP signals in (A). Results
are presented as mean = SD (n = 3). ***P <0.001 (ANOVA followed by unpaired t-test for (B)).
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H—EDHR

MIBESZ 5 4 by viciki#ES 5 DDS Hificd 3 pH INEMEIEE % H 72 LNP #ffficownwT%
BilEsnhIncesh, —&o RNA THRAICY 7 5 VRFIBERICH I L THW569, La Lk

b, BBEEEDUIOEFF~DICHIZEA TEL T, HTh X v EH % LNP Hiffick b ¥4 +
VN SIEET BRETIC BT 2 WG 3D 000 ZE, MERERICHE S N lRE 2RI T 5
T eaEZRGG. LNPNICHAT 280 FHARNTH L L BBEELLTHL, 22T, F
FIIMEOR DV ICKIMEMZ EICTHE L -2 v 828 % LNP NicE AL, 2o LNP Zflifgicis
M 2T, ABME Y AN EEYA P IA~NEKETE L L R IELL — 9 —BEMEE (CLSM)
CXBBEP LWL E LY,

AHFFE T, siRNA OMIFENE A% EEL 3% pH ICEMIEE O TH % charge-reversible fif
% (DOP-DEDA) % T, B8R EF A X v 828 & LT NLS-(-30)GFP % P4 % LNP (NLS-
(-30)GFP-LNP) %8 L 7z, F—HiO#ER2 6, 155 17z NLS-(-30) GFP-LNP &, Ki+%25 200
nm AN CPAI 28 0.2 AT O3EYEEF 7 Fx VT & LTHahPtEcd 7207, £72, Cryo-TEM
I X BRI RE DBl . NLS-(-30)GFP 2:\FfE$ % C & ¢, % EFREED LNP AFix n
5T Mg hot, IHIC, TOLHEEMEDRHIRIZN 5 nm FRETH Y. GFP Ok 080
# 23 nm TH2Z &b, NLS-(-30)GFP REEMIC Ny 57—y v 7INTn» 5 2 L HPREE
72338

% ffiic 1 5 DOPE & o Higiiat s 5. DOP-DEDA @ pH JG&MEDHEED LNP N~D 7 —
I T OE AL L OCHIEN~OEEICEHETH 5 2 L PRI Nz, Tnid, LNP SR o pH
%M F < DOP-DEDA D HIKEE IEEM %47 °, NLS-(-30)GFP & #EMMAIEHAT 2 C & T,
LNP W~DIRIFRE R =10 7o A5, Ml ~DER M T & -7z E 2 b5, I PEG A
H% LNP lREMKICHIAL Z 2T, H-INIKTOREREZFDOONIHELRDH S LI
NLS-(-30)GFP-LNP ic 5 T% DMG-PEG [FE 2l sl & 2 & CRFIERZ LEMNTE 5 Z L8
R I N7, 5% b PEGIEE ZHHKAEE ICNX 5 2 & T T oRELIIHI T 52, £72, NLS-
(=30)GFP-LNP (%, NLS-(-30)GFP %HgE 7 / ki FMNIZH) 80% DI T8y r—Y v 7/ c&TH

D, =/ Th—Ttd 2 v X7E0RMEMPAEMN C—H TR\ NLS-EGFP 0. LNP (i
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K32V HONEBXOH A+ iRiEIIREETH o 72, LLEDOBET A & LNP Fi#IC 5T
pH IGEENEE - PEGEHE - #— O BEMEPEECTH 2 Z LBRB I N, T 51T, LNP O
A I N~DHh—TEEEE, BE L —TORAERILIGEEIND Z ERHL 2 Lo T,
KW clt, TBEDRAREMD v NLS-(-30)GFP-LNP(1 : 10) (X, ¥4 F Y A2 ¢ NLS-
(=30)GFP % &4h% (&R of) 90%DHMIiE) 1CXETE 72, IREEAD R VIEE A — TEEE D
EE BAMERIRIC O LT RSHROMTRETH 5 28, FHOMMELLT IR~ 2, FEEIRE L
7% NE LNP O S IC I3, IRE ORA S E W ot 2T\, PEGREZ &L 3 110
nm R CTLER LNP ZfH#Elc& 219, o 0 JREDOEAGEL S WIFLE, LNPO ANy F—Y v 7
NBLEHRY, ZER LNP ###lcZ 3, LHL, BERLNP Iz v F Y —2oliH&koy 4 v
~D N —TEPNRTHET T, 94 bV T 2 h— T8RS R, —~HClREDORAR
DY WALE LNP 13, PEG lRE %2 & R WIREMHR CIN FREL R T2 2 L 8k
75 (Tabled), REELRK T TH 2 7-0MIENTOH —TDREARI VB, A4 P A~DH—
TERERPEELZ LML LTEZONE, TNO DRSS, RETHEIE( L7 LNP (3, &
B2 VN7 H e @ERICNE L, IoICHBELZABR X Y 7 H 234 b Y Icii$ 3 i
ZRTZLBHL DL o T,

LNP iFMfEIC =Y F 94 b= ARBEE TR DAL, =V FY —LEC BT % pH KT ICIG
HLCEGESEEZREL, h—TTHIRBEY A YV NVIGEKET 2 2 e EINTN DL,
B OFEE 2 5 NLS-(-30)GFP-LNP & 7 7 2 ) Y N EWMZ vV FH A P —v R~ n ) ¥4
P =Y 2% LTV FHA b= AR X OIS TS 5 2 L SRR S 7z, F 72, 2R =6,
BAAT L . NLS-(-30)GFP-LNP &, Kfl{K77 7 NLS-(-30)GFP © % 4 b VL ~DE A RO
MmERL, ST vE=vLICL 2y FY =2 pH KT Z2WHIT 2L 1cB5WT, ¥4
FYNA~DEBEABDEINCHD T2 ERHLL Lo, 2D, TV FHA b= 2OV
KV — LD pEME 2 DOP-DEDA % i\ 72 NLS-(-=30)GFP-LNP ®# 4 k V' A~®D 71 — 35 Fi5iE
WHEICATH B T & DPHER S LTz,

ARWFFECHFHELL 72 LNP X, AEMZ v 7 BE2NUT2REF ki chb b, #Y)REAT
LNP #ff#id 2 C©, HEMEX VNI EEIA P NVICETERETEL L ER L, ZOME
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X, LNP 2572 ICIR S 3, QERMEH 07 2 v~ 2 BOMIaH%E I CHTE 5 2 L 2R T HE
TRAERCTH Y. LNP Hifliid 2 v~ 2 BEEFH MMM T O 2 WRE L 32 DDS Hiffie LT
HETHBEEAONS, Lo T, SHENTIEMEL LTHAI N HUER L, 34 b YL TR
R EFAET 5 &2 87l % LNP HAfic X Y NEML L, 94 F AL TRET 5 S eI

%
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B
MR & v 2 BoERLz HRY & L 2 PiiENEIEE 7/ fF ofH

CC, BFIRMEBEMEZAICGHE L2 v 78 % INPILT 22 Lick ), NELZEE
MR NIEESA P NICETEETELZILEEZHLL L LY, L2 LAadb, EELZ X VY
JEIHEAZ v ETH Y | MIERRE IR X VNV E DI A P A~ DEEREEND,
Z T, Ytk (IgG) i&EH L. MMM £ v 2 Bl e+ 2 1gG % LNP Hiffiic X b 94 +
~EA L, MO BEERIH S ATRETH 20 &S piRETT 52 & & LTz,

IgG X, P TEMFEL L THHATH Y, B TOEEZHE ST 2BE LA NA FEETH L, LH
L. IgG ik E 57 (150 kDa) TH 2720, MIgEEZ &Ed T & 32 oM I M Ic R R &
NTWBE0, 5%y IgG ZMAINICE A FHEZR LNP Hifli o #7213 g MifE 28 68 ic @y, 2 <
T, IgG % pH IGEMHEE ZEUIEH L HMICEA T 5 L CTLNPLT 22 e & 2722, 1gG D
HFEATHEIEM D 2720, LNP FHE AT BoOBMERRPCRACTEFEL TEH 3. LNP A~
DEAVHEETH 2 & PRHINZW, FE—FCTld, X Vv X7 EHORMEMN ZEETHAEZICLD A
ERICTAEE L 280 2 v N VB &R L et HilR D TR RO EIC L ) BB S 2 2 L it
L, TR HEFEDgGCEZDOET T INPHICHAL, A4 P Y ALICETEHATEZHPEE L W,
ZZT, [gGeMUET I/ BThHE I NVEIVEDORY ~v— (polyE) ZEEMHKER (10mM 7 = v
WA, pH="5.0) FCRAT 3 2 & °, HENHIERS X OCBUKHEMREAER % A U 72 -0 0
IC X BEEREIC 1gG 2 & B T A MMOEMICER L2002, - offfid, FiRERO BTk
L CHERIGH T % 2 ARtk R T 41, IgG o GREZHETZ 20, £72 2 DK X 072 0 13
HD polyE BFAET % - BN 4y O 72 (IgG_polyE) tZxoTwd e FPING, FEHIE
COBBMWEE pH ISEWREE 2 A DIRERKE #RAET 22 & T, HitkxNE T2 LNP TH 2

PiENEEE > 7 i+ (IgG_polyE-LNP) %#F#lc% 3 & x 7=,
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HH PURNENRE 2 ko E

§i—ECld. pHIGEMENSE & L charge-reversible IS B # s C & 7228, 4 & Clx. NE L7~
B — I ERNREF KA WA S LS pH ISEMENEE T& % SS-cleavable and pH-responsible lipid
COATSOME SS-OP (SS-OP) #i##R L 7= (Figure 13 EB}) @2, SS-OP 3@ HflgE e L <AL A v
MAHL T, BEAEESE <. SO ICRTBRBICIGE L CaEY & L CART 28T 7
ZFF v, HOOMEY v — %2 RKBKBT 3 2Lk ) HCHM L. LNP ICPEf L 72 R 3R
DRHIETERE W Z & AHE XN T W B W, FF i3, SS-OP % IgG_polyE-LNP FELICJGHT 5 2 &
T, MIREN & v o s B RN L T PR OKEICHRIICEH L FE X, 2 LNPOZ Y F Y — 4
Bidiic ERABE@BAEEL2 S D 5N 3 2 L2238 550 T\ b 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (DOPE) & B -sitosterol %~ X —f5E & L CHEEMBICH A IAA 72 (Figure
13 TE) @),

—EE TR X 5 ic, LNP IcNET 3 @ 113 * NLS-(-30)GFP okt ic £ B
THBEIERLETLVOB, L Ladrs, g 35BS EIEEN ¢, LNP HELE o B &R+
TRIEEBMEZW L2, LNP NI Xy r =2 v 7352 e pHEch s Ez N0, 2
ZCHEH X, 1gG & polyE % MEIEMEMRE T CRA L. WM #E% N4 L - & B (IgG_polyE)
IR S ¢ 2 HMNICER LMY, 2o @B % SS-OP 28 FE < LNP{LT % 2 &<, 1gG %
AL D A b VN CENFEICIEZE R BE R FUANEAEE > 7 fi 7 (IgG_polyE-LNP) Z§i#ic% 20T

X7 & # z2 7= (Figure 14),

27



Wo

MOLO_(CH!CHZO)" CHs
o

DOPE B-sitosterol DMG-PEGSk

Figure 13. Structure of lipids for preparation of LNP encapsulating IgG. SS-cleavable and pH-responsible lipid
COATSOME SS-OP (SS-OP) as a pH-sensitive lipid; 1,2-dioleoyl-sn-glycerol-3-phosphoethanolamine (DOPE);
B-sitosterol;  1,2-dimylystoyl-rac-glycerol-3-methylpolyoxyethylene-polyethyleneglycol chain, molecular
weight 5000 (DMG-PEGS5k).
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Figure 14. A strategy of cytosolic delivery of IgG using SS-OP-based nanocarrier.
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LNP FAREF OIS AMK L. B—FED X v o3 7 HikiE LNP Z5# 12, SS-OP/DOPE/ B -sitosterol
=45/10/45 (£rtt) & L729, £7-. DMG-PEG5k 13, lEEefFEICH LT 1.5mol% & 723 X9
KA 7z TNHNEE%Z +BuOH ICHME L. IREBR E Lz, £720 WAL 72\ IgG 1% 10 mg/mL
T PBS(-)ICiEf# L. polyE 1% 0.75 mg/mL © 10 mM 2 = v BT (pH 5) ICAML. 242 hn
DR % MM L 7=, PEEAR S X O polyE iRk % 40°CT 30 /MR, HARS D& 25EIC,
PURIRTR & polyE IRk Z BB TpolyE : IgG =1:5¢R3 X oIy T4 v 7 BEC X ViRA
L. IgG polyE K L 7212, Zoth, IEEER L WHEERZ. IBE & [gC 2EE0RGEL LT
By T4 VIERICKVIRAE Lz, 272 L. IREEIR & AR O RAEE T lipid : droplet =

4ICHEE L CTLNP 28 L 72, &f&ic, PBS(-)IC TETUHE 21T 5 & & TR R ARAEZ R
L. IgG_polyE-LNP %% L 7= (Figure 15),

lipids in t-BuOH
SS-OP/DOPE/B-sitosterol = 45/10/45
+ 1.5 mol% DMG-PEGS5k

—_—
40 °C. 30 min

polyE
in 10 mM citrate buffer (pH 5)

—
Mix polyE and I1gG
(droplet)

IgG_polyE droplet

100 - 300 nm
Mix I|p|d and droplet DlaIyS|s N W R
(LNP) against PBS(-)

IgG_polyE-LNP

Figure 15. Scheme of IgG_polyE-LNP preparation. The lipids (at a molar ratio of SS-OP/DOPE/B-sitosterol =
45/10/45 + 1.5 mol% DMG-PEGS5k) dissolved in +-BuOH and polyE dissolved in 10 mM citrate buffer (pH 5)
were heated at 40 °C for 30 min. IgG and polyE were mixed by pipetting 10 times for preparing negatively
charged droplets (IgG_polyE). Then, IgG_polyE and lipids were mildly mixed by pipetting 15 times. The mixture
was then dialyzed against PBS(—) to remove the +-BuOH for preparing IgG_polyE-LNP.

29



* 9 R 0 757 IgG_polyE droplet 2 11 3 & & ZHER L 72 Pitkid v PR [gG (hgG)
F X U Alexa Fluor 488 TH{GAEE L 72 hIgG-AF488 % ifi L 72, polyE ¥ % 40°C-C 30 S [Ehnis
. Pk polyE %A L. IgG_polyE droplet ZIEmith., I ICHRAS BT 2 C & % BEMERIC <
@52 7- (Figure 16 (A)(B)), ¥H o4y 7 b, JEHICK um OWHABIL S ., F#1C higG-
AF488 CHHL L 7230 13, UKD Z DA ICIFAES 5 2 & AR S iz, T DR %z SS-OP % &
UIREERAL. BNUEZITo 2%, BEMBEC TR TOBELZHERL -, Z OB, RHIC
Rhodamine-PE (Rho-PE) ##lAiA%, fEEHE (Rho-PE 1) & hlgG-AF488 o JFTE % il L 7z,
Z OFER, LNPALT 22 LT, Bum OWHEAMHAR L. 1 pm MUT WKL 72312 S 7z (Figure
16 (O), /2. 2 DK 113 1gG-AF488 0% A L, & 5IC Rho-PE i & HEEL T3 &
Lho, ML X ciitka & T 208 E 8 (IgG_polyE-LNP) %#JEmM & 22 Z L icIhL 7=

(Figure 16 (C)).,

A) B)

Figure 16. Observation of IgG_polyE droplet and IgG_polyE-LNP by CLSM. (A, B) Human IgG (higG) or
Alexa fluor 488 labeled higG (hIgG-AF488) were mixed with polyE in 10 mM citrate buffer (pH 5) at mass ratio
of polyE : [gG =1 : 5 and observed by CLSM. (C) After the droplets containing IgG-AF488 were mixed with
lipids (SS-OP/DOPE/B-sitosterol/DMG-PEG5k/Rhodamine-PE (Rho-PE) = 45/10/45/1.5/0.1 (molar ratio)) and
dialyzed with PBS(—), the LNP sample were observed by CLSM. Scale bar, 5 pm.
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% fi LNP I X % IgG DAMIEP%EERE D 27l

F—Hiic BT, IgG & polyE 2 LK X v 2 BRI 2 LNP L3 5 2 & T, fREIR Ik
EGIEN DAY (IgG_polyE-LNP) 2B TE 2 Z & 2R L7z, 22T, ZOMAT28 1gG %l
FADOH A4 P NI E TEETE 22008 5 2 2 IHE S IEMETIC X 0L 7=,

HeLa #flifidic hIgG, hlgG_polyE droplet, ¥ 7213 hIgG_polyE-LNP (Hifk : if'E =1:200 (£
H)) %% 4TgG I LT uM &7 % X5 ICiEsic BH L. IS4 v fa—vavi
T, IgG OAENRTEZ Bi%2 L 7= (Figure 17 (A)), IgG HALHGH LB Clx, MlEMIciz= v
Ky — LD IR D higG-AF488 kD & VY FARBEI N B 77T T, 4 PV AicBiTLTnk
WZ EPBEREI NS, —J7 Ty LNPALY v A DUEEClZ, H 4 F VY A2RIC AF488 D2 7" F A3
P L COBERFOMER SNz, LD L, BIIND v 7 F D, R v AT EI GRS & CofR X
WAL 729U A £ 72 RHOLEBEFREERR A P Y VICBIT L2 olRTH L T L REZ LN,
% 2. IgG_polyE-LNP WL¥E#% . #ilg% <5k L7 7 FCREE L. $i higG #ifk (anti-hIgG-
IgG labeled with Alexa Fulor 594) % v C gt % T\, higG OMIEHN/F7E % BI5E L 7z (Figure
17 (B))., = D#EHE. +4 b YLD higG-AF488 d 3 7' & anti-hIgG-secondary antibody @ 3 2
FAR—ELFEL 722 &b, —EED higG-AF488 4 A F VA ~EEI N T L RRBI N

77
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PBS(-) IgG only droplet

A)

B)

hIgG-AF488 after treatment of IgG alone (middle left), I[gG_polyE droplet (middle right) and IgG_polyE-LNP

(right) for 18 h. (B) CLSM observation of cytosolic appearance of higG-AF488 after cellular treatment with
IgG _polyE-LNP and staining with anti-hIgG-secondary antibody labeled with Alexa Fluor 594. hIgG-AF488
concentration = 1 pM. IgG : lipid = 1 : 200 (molar ratio). Scale bar, 50 pm.
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KT, IgG_polyE-LNP 2 X % 1gG O A4 + YV AKEREDS. YUk & IFE DR A LS LNP AL
ICX o TERD B2 E S H & LESPAMETIC X 0 FHl L 72

AL IEEORAICEY [gG OF A b I NA~DIEREMELRLT 2085 Gt T 5729,
HeLa ffifidic IgG_polyE-LNP % #ifk & 58 OiRAEALLZTUA  I§E =1:100-500 T LNP %3
L, IgGEEIC LT uM &722 X S Mg ic Em L, 1I8RIA v F 2 _—v 3 v &{T\,
hlgG-AF488 DA ETE % 8158 L 7z (Figure 18 (A)), HH—E L FkIC, A —Ticxf T 2ffEO R

% 5, PUED YA b YA ~DEANEL T 2 2B I N, BHERBERICO W TR
SHEOMETETH 523, H—H L FARICEEORARICX o T JER I N5 LNP OLEWIC D
HH, NELESTOBRESIEEED D R WARER LNP O Bmur bl Ex b, ZC
TLARORETCld, HIIEEMR O G WHik L lFE € 1 : 200 12T IgG_polyE-LNP F#l %
frocee L,

WK AR 7 s R o et © 720, Hela MfEic IgG_polyE-LNP % [gG#fEic LT 1 uM &
2% X5 G RE L, 1. 3. 6. 9. 1284 v % 2 _x— 3 v %f7\», higG-AF488 D
FINJETE %815 L 7= (Figure 18 (B)), 1. 3 KL OAER TIZ, ¥4 b Y M ICHESBITL 23 2
FARBETE LI TERDP oz, IDICA VY Fa— MEFFZEIEL 7 6 BRI Clx, FER
RFHINC IgG D F 4 bV AGERDIMN T 2 A A BE S Nz, B -HEOFR L ML, LNP
Mc X294 P ~D X v o8 7ERER, RREIKRFNICZ OXER RN 5 2 & MR X iz,
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Figure 18. Cytosolic delivery of hIgG-AF488 using LNP. (A) CLSM observation of cytosolic appearance of
hlgG-AF488 after treatment of IgG_polyE-LNP treatment with IgG : lipid = 1 : 100, 200, 300, 400 or 500 at
molar ration for 18 h. hIgG-AF488 concentration = 1 uM. Scale bar, 50 um. (B) CLSM observation of cytosolic
appearance of hIgG-AF488 after treatment of IgG_polyE-LNP treatment for 1, 3, 6, 9 or 12 h. hlgG-AF488

concentration = 1 uM. Scale bar, 50 pm.
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BEE PUANEIEE BT OYUIAGEE A H = X LR

FHIC BT, IgG_polyE-LNP i34 4 + Y A~ofiikE@EiEE 2 H 342 2 L Ra iz, FH—
HORAR7ZL 51, LNPDOH—TEEA N RLIFZZ Y FHA P = RBOZ Y F Y — L5560l
Hchs, 22T, IgG_polyE-LNP OH 4 F VYA ~DHUEEEA H = X L b [FAETH 2L 5 o
at L7z,

E 3. 4°CEMAT T LNP i X 2ilgN~ D iikk@E@iG 2 et L 7z, Hela Mifld% 37°C£ 7211
4°CEMTT 30004 v a~x—F#, IgG polyE-LNP % [gGEEICLT1 uM &4 5 ki
HEHICEE L, 37°CE 21T A°CEIET T oA v 2 _—v 3 v &{T\», hlgG-AF488 DI
JRtE % B L 7= (Figure 19 (A)), Z OFER. 4°CEAF T ik MENE TS L O 4 + Y r~d hlgG-
AF488 DFATIXIZE AL RO N AW LWL E o7z, 2% Y, IgG_polyE-LNP (2= v N4 4
b= AREPICTHIINIC AT 2 2 SRR I LTz,

RiZ, TV F¥ A b=y ZHFAZ A CHIIBABITREZRE L 72, oy V94—
AMEFNE, 7arTa<yy (CPZ, 7 7AY YAEEZ Y FH A4 F—v ZHFEAD . EIPA,
wortmannin (=7 0 v/ %A b — ZFHEH]), nystatin (I A FMEHT Y K94 b —2 X[HE
Al o 4fETH 2254499, Hela il % I % & F 72 WEHL©Z 12 Lo [HEFIFLE T T 30 57[H
A vFax— ., IgG polyE-LNP % IgG i#EIc LT 0.5 uM & 723 X5 IcZzNFhoHEH %
GUMIEEHICERE L, 1A v F 2=y a v T, 7 =34 F XA ) =i X W flllaNIcE
7 L 7= higG-AF488 n#itE % & L 7= (Figure 19 (B)), % Ofi%. nystatin A DHEHCHE
E Y ABPHES RS S22 & 25, IgG_polyE-LNP & 2 5 2 ) Y AWM EMET Y FH A4 F — %
BXU~rsvve /¥4 b= R X VMEABITT 2 2 L BRB I N,

50z, 1gG DHA FYANDEEA N ZRLBLY FY —LHHIC X 2 DTH B Z & %3
3% 729, Galectin-8-GFP (Gal-8-GFP) % F\» 72 {5 T 16 1 o0 1l % CHRET L 720 Gal-8 1344 +
INEBRIC R T 2RV N IETH LD, TV PV —LERMEEINL LV VY — LEE
fWooB-#7 27 by FERHBLTCZ Y FY =N~ EET 29, 0% ) Gal-8-GFP 23 ik o
MELTHBEINNE, =V Py —LBEREEINZILE2RET 520, TV F Y —LfFEXT

FFX LNP 2i3C® L322y Py —aliflfEzaiis 2% ¢ LI TWw29, 22T,
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Gal-8-GFP % #3#13 % HeLa flllii1iC IgG_polyE-LNP % 18 B¢ff{4 v ¥ 2 x—3> = v L. Gal-8-GFP
DEM 2 L ERIAMEIIC X VB L 2, ZofR, LNP ULBIC X Y| Gal-8-GFP o sikD v 7' F v
DHEINT 5 2 LRI Tz, 2 F V., [gG_polyE-LNP D [gGiXiEA =X LiZ, =V FH A F—
VAINZINPICE BTV F Y —LEOEETH B 2 LRIz (Figure 19 (C)),

4°C 37°C
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Figure 19. The mechanism of intracellular and cytosolic delivery of IgG by IgG polyE-LNP. (A) CLSM
observation of hIgG-AF488 after treatment with I[gG_polyE-LNP (1 uM as IgG concentration) for 18 h at 37 °C
or 4 °C. (B) Total cellular uptake of hlgG-AF488 after treatment with endocytosis inhibitors: 20 uM of
chlorpromazine (CPZ, a clathrin-mediated endocytosis inhibitor), 80 uM of EIPA (a macropinocytosis inhibitor),
0.5 uM of wortmannin (a macropinocytosis related phosphatidylinocitol-3-kinase inhibitor) and 20 pM of
nystatin (a caveolae-mediated endocytosis inhibitor). Cells were incubated with IgG_polyE-LNP (0.5 uM as IgG
concentration) for 1 h. Results are presented as the mean = SD (n = 3). n.s., not significant; **P < (0.01; ***P <
0.001 (ANOVA followed by Dunnett’s post hoc test vs. dimethyl sulfoxide (DMSO)). (C) CLSM observation of
rupture of endosomal/lysosomal membranes suggested by puncta of galectin-8-GFP signals after treatment with
IgG _polyE-LNP (1 uM as IgG concentration) for 18 h. The yellow arrowheads indicate the cells have rupture
membranes.
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BUUET PUANENEE 2 K FRIcs T 52K ) vz I vBEOEENE
=¥ COMFNT X Y, polyE & IgG TR I 15 BEMNZ LNP{LT 52 &<, IgG &

1118

A b NCEERERIEE F /KT 2R CcE 2 2 L 2L L Lz, JURNEIEE /b1
B3, polyE Z Tk z GO BEMIGH 2 ERE, ZhZFE Sy 7 —Y v 735252 LTl L
T2, polyE OMEHICOWTERGMTE T\, £ 2T, polyE Zffib 3, Hiffiic IgG L IFE
A LES5N 5 LNP (IgG-LNP) 2% L. IgG _polyE-LNP & O l#kZ {75 & & T, FilkMElE
B 7 KTl 513 % polyE D EEMEIC DWW TIRET L 72,

T FHRo1c, IgG-LNP & IgG_polyE-LNP O % 4 + Y A ~D IgG i&&Ein T % HEEsiRic X v
2 L 72, HeLa flifldic IgG-LNP 3 X ¥ IgG_polyE-LNP % IgG EEiIc LT 1 uM &4 3 ki
THETHLIC R L, I8 B4 v ¥ 2 _— 3 v &7\, hlgG-AF488 D MifENRTE % 812X L 7= (Figure
20 (A)), % DFER, polyE % b3 IgG Hifk% LNP LT 2 HiETIE, ¥4 b Y hvickEa s IgG
B2, AEMKRNEE LNPALL 729 v 7 IR L THHL i nw 2 L BRI Nz, & 5T, Ml
FAPICBAT L 720tk B 2 7o —% 4 + A+ U —icCERIL L, IgG-LNP & IgG_polyE-LNP T#23
BHBPEDIPRETIL7=E 25, IgG_polyE-LNP @ 75 BSHIlEN ~DHARE A BA %\ 2 & AR I Nz

(Figure 20 (B)).
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Figure 20. Evaluation of intracellular IgG delivery efficacy of LNP formulations. (A) CLSM observation of
cytosolic delivery of hIgG-AF488 using LNP formulations. LNP formulation of hIgG-AF488 mixed with lipids
(left). LNP formulation of hIgG-AF488 mixed with polyE (negatively charged droplet formulation) and then
mixed with lipids (right). IgG concentration, 1 uM. (B) The intracellular uptake amount of hIgG-AF488 were
detected by flowcytometry after 18 h treatment of IgG-LNP or IgG_polyE-LNP. IgG concentration, 0.5 uM.
Results are presented as the mean + SD (n = 3). ***P < (0.001(ANOVA followed by unpaired t-test for (B)).
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Figure 20 D #Ef% & polyE & BBMIGH 2 M L =4tk % <y 7 — v 2 L7 LNP O 4525, #
fa B X H A b I A~DHURD KR EN T L AR E NI, £ 2T, IgG-LNP & IgG_polyE-
LNP oPERHIi 2 1TV, iKBENR DR REE I N0 EHEIT 2L L Lz, £3. BN
ELi% (Dynamic light scattering, DLS) i€ X b R 725 X "% raidE8 (Polydispersity index, Pd)
BILOL-BEAORIERTT>7- (Table5), IgG-LNP (#H, T3 X 8 PdI 2% IgG_polyE-LNP X b %
KEL, FTFIEEBLE L a3 R I N, —/7 T, (-EBICKREREIES, NTRAD
BRI~ DK ENRICHEST 20T TIRIEWC LARB I N, £7-. LNP A~DHifEDN
HEDED, F4 F Y A~OFRENRIHET ML E 2 bz, mLaEE (20,000 g,
4°C, 1HD) X VIRE >/ T2 s 2, EHOTREED» b NS h-fikB2EEL. N
BELBEH L7z (Table5), polyE Z W CEHBMIKMAZIZR I &, IBEICX W Xy Fr—Y v 75
FInNEEEZEHD b d EHFEL T, R e LT polyE O CHiAD NERICIZ 2
ZeWREINT, ZOHBICEHL TX, SBROMNBMETH 225, SEMHWFEIC X % LNP
BB T, EFICHFET S [gG A~ EREOEEG T LNP L EAEKREZERL 5 %23, polyE 23
FRFICTFEST 2 2 L T, [gG AKX D iBfE S 72T LNP ic %y 7 —fb & . SRR B D/
SR EF /R ORI E [gG O X VEIR AT A P Y A~DIREEK I NIZDO TRV HE
ZbNnd,

Table 5. Measurement of size, polydispersity index (PdI), zeta-potential and IgG encapsulating efficacy of IgG-LNP

or IgG polyE-LNP.

LNP Size (d.nm) Pdl C-potential (mV) Encapsulation efficiency (%)
IgG-LNP 645 + 143 0.605 +0.10 -6.6 + 3.1 343+3.2
IgG_polyE-LNP 294 + 42 0.392 +0.03 -56x0.8 33.5+1.8

Lipids were composed of SS-OP, DOPE and B-sitosterol at 45 : 10 : 45 molar ratio and 1.5 mol% DMG-PEG5k was

added. Results are represented as the mean + SD of more than three independent experiments.

38



PURD I 4 b Y ~DEFT % BAMERIC X 2 EMEN 2 5HE <137 <. EENICHUADE AR % FFH
4 % 7=%. splitluciferase NanoBiT fiffiic&H L7z, < D HFfiiE. NanoLuc luciferase % K ¥ 7z i/
T#» % LargeBiT (LgBiT. 18 kDa) & MH#itEZFrom@fME 11 7 I/ BEKE~ 75 F HiBiT

(VSGWRLFKKIS, K =700 pM) ICWiHAL L7227 ) v MEEATCTH 299, KFEfiZ, 4 b
IR X B 72\ & v o3 7 B 7 80 HiBIiT BH % 1 & 2, LgBiT % F8B & & 7= Ml ~ o k& iE 1k
i SIIGH E R TW R0, 2T, FH T HIBIT =~ 7F F ik (Ji GFP fifk) oEHD
C R ARIAA7Z 1gG-HiBiT Z{EHL L, SDS-PAGE I X W&o N72 X v 52 EBHETH B C
L &R L 72 (Figure 21 (A)), JERICSEM: F Tl 150kDa L E DB Ic N v F AR S h, EIcsk
T CIEHEBHD 2 Ko Ny FAMER I Wz, $72, HiBIT 21 X &2 Wil GFP fifkoHE#H L Lt
Z LT, IgG-HiBiT OEH#HIZ X Y BB Y FAHEI N 2 L 25, BEHIC HIBIT 2884 L
TW3 2 EARBEINE, %72, IgG-HiBiT ¥ 7213#T GFP #ifk% NanoGlo® HiBiT Lytic Detection
System IZ X W B ERBIALL7ZE 2 A, IgG-HiBiT S IEEREICL Y 7 = 7 — &G % E{E T
%2 & DHER S vz (Figure 21 (B)),

A) IgG-HIBIT  anti-GFP-IgG B)
S S 12000000 -
5 & N & y = 1E+07x
FLe £ 10000000 - R? = 0.9975
(kD) § s @€
e e 8000000 -
250 - "
© < full IgG g 6000000
150 -
4000000 -
100 -
75 - . 2000000 - y = 468.08x
R? = 0.4736
- 0 T T T T .
50 - “ e < Heavy chain 0 02 04 06 08 1
37 - IgG (pmol)
25 — — - — < Light chain
20 - -
15 -
10 -

Figure 21. Preparation of anti-GFP-IgG with HiBiT tag (IgG-HiBiT) at C-terminal of the heavy chain. (A)
Structure analysis of IgG-HiBiT were detected by SDS-PAGE and Coomassie brilliant blue staining. (B) The
luminescence of the mixture of IgG or IgG-HiBiT with LgBiT and substrate were detected. The amount of 1gG
are 0, 0.1 and 1 pmol. The magenta data set (triangle symbol) is I[gG-HiBiT and the cyan data set (rectangle
symbol) is anti-GFP-IgG. cps, counts per second.
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YA+ HIC LgBiT %2 EH %53 % HeLa #ifld (HeLa-LgBiT) 1. IgG-HiBiT %4 Vv
ICE CET 2 2 L ATENIE, [gG-HIBIT & LgBiT 0HA/RICL VALY 7 = 5 — ¥ OBEENE %
[T 22 LR CTE 270, BEMBBEL L CTHA P YAMICBIT L VAR 2R CEr S &R
(1 3¢ % 2 (Figure 22 (A)) ©0, IgG-HiBiT %M 3 3 IgG-LNP % 7z (% IgG_polyE-LNP %
IgG I LT 0.5 uM &7 X 5 i Ic B L, Hela-LgBiT Miflt & 18 B4 v ¥ 2~
—vavli, 2Dk, PBS(-)T3EPEEHL, MY 7o v UBIC X Y MifE% B, NanoGlo® Live
Cell Assay ¥ L IBA L CHRILEZME L 72 (Figure 22 (B)), # DftH. IgG_polyE-LNP @ /725,
[gG-LNP & [l L CTHEICH A P Y A~OHADORERD S W LRI N, &I BEMBIEIR
ofEF: (Figure 20 (A) LHHBIT 20 TH v, FikNEIFE I/ fi #8151 % polyE o EE
HRe Sz,

A) | S B)

1400000
1200000
1000000

» 800000

S 600000

400000
200000
0

**%

HiBiT

IgG-HIiBiT

]

Figure 22. Cytosolic IgG-HiBiT delivery using IgG_polyE-LNP. (A) Schematic illustration of the split luciferase
NanoBiT based quantification system of cytosol delivered IgG-HiBiT in LgBiT expressing cells. When IgG-
HiBiT reaches to the cytosol, the split luciferase is reconstituted and shows the luciferase activity. (B) The
luminescence of the luciferase in cytosol are measured after 18 h treatment of IgG-LNP or IgG_polyE-LNP at
concentration of 0.5 uM of IgG. cps, counts per second. Results are presented as the mean + SD (n = 3). ***P <
0.001 (ANOVA followed by unpaired t-test).

40



FBAHET LNP ICEHAINZTURE I A P U AMICEEIN TS T L DR

FVuffiz: 5. IgG_polyE-LNP W~DHUEDNEZHITH] 30%TH 722 &b, LNP icH Az
T Wikl 1gG (free-IgG) BHFETZ T B DD o7, T ETOMRH T, LNPIZXk 3TV F
Y — LEBEEEM I XY (Figure 19 (C)). free-IgG D A3HICTH A b VY AFAT L 72 [REWEDE 2 &
N7z, AEICIINE S NZPUESH 4 P VA ICERET 2 L 2 ERT B L L LT,

9. LNP ICHE T 2HR e NE X wiitlhz 2 2 nplod Bz i L. 2 2 hoffiie
WISTE % Lt L 72, 1gG_polyE-LNP % F# 3 2 Ric, WEF 2 hlgG % Alexa Fluor 594 CHE# L

(hIgG-AF594). IgG_polyE-LNP #F#EL L 7=, %7z, free-IgG & L T, higG-AF488 % hlgG-AF594
% LNP L L 7= IgG_polyE-LNP iSHIICH 2 72, & DH v 7% Hela #Mifidic higG-AF488 & X
hlgG-AF594 232N ZFN IgG EBREEIC LT 1 uM &7 3 X 5 i BiE L. 18 B4 v ¥ =
~N—a vk 1gG OMIIEANEE 2B L 7= (Figure 23 (A)), % D%, WE L 72 hIgG-AF594 &
[FIRIC free-IgG TH % hlgG-AF488 + 7' F b, —#i¥ A b Y VICELES 3 Z MRS iz, K
LNP i3 v FY — LREERERD 5720 GE=). free-lgG Az v F Y — 2N LMERNLE
TERED FA P INEBIT LI I FADRBEIN L EZ NS, DY, free-IgG b LNP
WKEXDZ VR Y —LELRRESE LTH A Py icBiTT %,

KIC LNP fR#% D free-IgG ZFrET 2720, NEEEZRHT 2R L RO LM (20,000 X
g, 4°C, 1 Ffftl]) < IgG_polyE-LNP % & &, EEZFRL 2 & T free-lgG ZfrET 22 L L
2o @LE X LIHOBREREEL 3 HEEVIRE LTS 2 & T, free-IgG 2R Z L it L7z (3G
DIFALPURIRE % Asg DHITED S 0mg/mL TH 2 Z & 2R L 72), free-IgG %A% D IgG_polyE-
LNP % IfligEs P& # . Hela fifEIC 18 KFfH A v F 2 X — 3 v 217\, IgG OMIlENIETE %
B% L 7= (Figure 23 (B)), % DR, free-IgG #[#Z L 72 IgG_polyE-LNP # ¥ 7L Ty %4 + /'
A~DOPURIEET PRI N2 e b, WELZ IgG %2 LNP 394 Yy ricdh#EzT 32 &
RENTz, Y EDWEI2 5. IgG_polyE-LNP [ZNE HIR T wiifks X NEHML L 25tk % 9 4
FYNCETHERECTELZILDHL L oTz, L, B S% &% E 22854, LNP Lk
DEEN T B C L BTFHE NG 720 free-IgG DIEVINENH % 5 72 1gG_polyE-LNP o i 5

EOME I EE N, SHROBEL LTETbND,
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Figure 23. Cytosolic IgG delivery using IgG_polyE-LNP. (A) CLSM observation of cytosolic appearance of
hlgG-AF488 (non LNP formulation, free-IgG) and hIgG-AF594 (IgG_polyE-LNP formulation, encapsulating-
IgQ) after treatment of IgG polyE-LNP for 18 h. Each IgG concentration, 1 uM. (B) CLSM observation of
cytosolic appearance of hlgG-AF488 with treatment of IgG_polyE-LNP after removing free-IgG by three times
centrifugation (20,000 xg, 4 °C, 1 h). IgG concentration before centrifugation (cfg), 1 uM. Scale bar, 50 um.
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SN LNP I X 2N & v o3 7 8 % 383k 3 2 ik ok

ZZ¥C, IgG & polyE 22BN 2 AEMIKN % LNP{LT 5 2 & T, IgG 244 Py rick
TRECESZZ L RMRLCTEARIC YA LY NCHEET 5 XV 2B e S & 3 % 1gG % LNP
KX OVEEST LT, 2O TERRBTEIPEIPBREIT 2L Lz, £/, BAHIICE
T, EOLOHEC X B free-lgG ZBRET 20715 Tld. VB L 72 LNP O EHES DU 053005 K
KX B AHEMEDS D B 7200, UBOMETCIE, free-IgG ZIRZ%E L 7Za WHEALHILETOMRE & Mkt icE
BaiT- 7,

T IO, fREdOEx v o328 (GFP) Z#dik3 2 bifk (anti-GFP-IgG) % IgG_polyE-LNP ©
FIEPICEA T2 2 & & L726Y, HRas |3 Ras 2 v X2 B 7 7 3 ) —o—E<, #EECHEST S
2y ETH Y, Zhic GFP Z A L 72 HRas-GFP % %313 2 HeLa Mg % fiv: 3 2 & & < GFP
# MRS R TE & 47257, Alexa Fluor 594 CE# L 7= anti-GFP-IgG (anti-GFP-IgG-AF594) % {k
B, Zh#% IgG_polyE-LNP {t#%. HRas-GFP F¢8 HeLa fifidic IgG#EEIC LTl uM & 723 X
HICHERHIC R L, 18 B A v F a2 _— a v %217, 1gG OHMIIENEE 2 8% L 7= (Figure
24 (A)). % DfER. HRas-GFP 23{77E 3 2 MR 1 anti-GFP-IgG-AF594 @ & 7' v A3 8k 4
TR S Tz, D V., IgG_polyE-LNP TikiE L 72 anti-GFP-IgG 3, ¥4 + VA THFR %
HMTEDL L DBRBINT,

—J7C, HOUER A L TV 72\ anti-GFP-1gG D% 4 b YA ~DIKEIC DO WTH T L 72, KRi
A, anti-GFP-1gG % IgG_polyE-LNP ft. L. HRas-GFP &8 HeLa fifidic IgG #EICLT 1 u
MER2 X ICliERHIcEE L, 1I8KEIA v FaR—2 av®{Tolz, 2Dk, NTHKNLLT IV
F e FCHEE, F XU Alexa fluor 568 5k —XKHUA (anti-mouse IgG) % V> THEG M Z FT 0,
IgG DHMIENRTE % B%E L 7= (Figure 24 (B))., % D#fH., HOCEEATUARIERICY 4 b Vv D GFP %
anti-GFP-IgG 2530k L T\ % C L SR I iz, LA O#EFR X 0. IgG_polyE-LNP (344 + Vv

ICIFET 2 2 Vv S 7B 2R E T 5 1gG %2, %2 DREHREZ MR L 72 S $XETE 2 2 LRI iz,
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Figure 24. Cytosolic delivery of anti-GFP-IgG using IgG_polyE-LNP. (A) CLSM observation of cytosolic
appearance of anti-GFP-IgG-AF594 after treatment of IgG_polyE-LNP for 18 h to HRas-GFP expressing HeLa
cells. IgG concentration = 1 uM. (B) CLSM observation of cytosolic appearance of anti-GFP-IgG after treatment

of IgG_polyE-LNP for 18 h. Then, the cells were fixed and stained with anti-mouse IgG-secondary antibody
labeled with AF568. Scale bar, 50 pm.
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KT, WIEME# v <2 B2 Rl 2Pk 2 BAT 5 720, KEAE AR (nuclear pore complexes,
NPC) i3 2 4ifk (anti-NPC-IgG) %@ L 729, HeLa Mifidic IgG_polyE % 7213 IgG_polyE-
LNP % v 7 A% [gGIBEEIC LT 1 pM 745 X5 IcIiFEic Bl L, 184 v ¥a~n— 3
YEITo T, XDk, RERGEITV, IgG OMIENETEZBI%E L 7= (Figure 25 (A)), % DFR.
WO TIE, MIRD Y ZFADHEREINDE DA TH > 72205, IgG_polyE-LNP LHIC B WT, %
JHBRIC IgG D> 7 FAh Y v RIS X 1172 (yellow arrow heads in Figure 25 (A)), £7-. &%
Y3 X5ico4 v 7ay FEERLEZE S, IgG_polyE droplet il Cld, #%> 7 Fr (7 v
&) HoEEnAEICHURY 7P (v v 2 6) BRI N E DIcx L, IgG_polyE-LNP LB C
3y 7 F o Dl & itk s 2 F A0 X S ikt & - (Figure25(B)), 2% b, ¥4 F v
ICIKE I N7z anti-NPC-IgG 1%, BIRALESHR LKL T2 Z e R Iz, I HIC, YV T
LT 400 AR OMAT % Bl L. EBICHUABRD v 7 F A0t ) v MRICBIE S h s iilaz 5 v
YEL, 20EE&EREH L7 E 23, IgG_polyE-LNP UL -CH) 20% Dl i anti-NPC-1gG % i%5E
TECW5 LRI N7 (Figure25(C))., MU L o#Gt2 & IgG_polyE-LNP &, WM D % v
NI BE BT DVUMEEEATE 2 BRI NI,
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Figure 25. Cytosolic delivery of anti-NPC-IgG using IgG_polyE-LNP. (A) CLSM observation of cytosolic
appearance of anti-NPC-IgG after treatment of [gG_polyE-LNP for 18 h to HeLa cells. IgG concentration, 1 uM.
Scale bar, 50 pm. (B) The 2D intensity histogram of nuclear signals (Hoechst33,342, cyan line) and IgG signals
(anti-mouse IgG-secondary [gG-AF568) from a to b. (C) Percentage of cells bearing cytosolic anti-NPC-IgG
signals. Results are presented as the mean = SD (n = 3). N.D., not detected; ***P < 0.001 (ANOVA followed by

Turkey-Kramer’s honestly-significance test).

46



FLHT PRSI X 2 HIREREAE o il fE

migic, MENO 2 v 2 B BT 2EEO A TR, B2 v 7 BoiEE % HET 2

Z & ClllutgRe I 3 5 1gG DX EZ A AT, MILIZZ DEFEDT-DICT K b — o R 7% B ICHil{E
TOHEERZ BTV 5, 2T CEHEAKEAES X v ER Akt TH Y, TH - 2% FHE
T2 2V EOWEEEMH L T 2 (Figure 26 (A)72) 9, Akt DIEMAATH 5 U v FE(L Akt(pAkt)

AL, ZOWEERIHEST 3 IgG (anti-pAktl-IgG) %, HelLa Mg B AT 2 2 & T, flfldo T

K= REFHEHRTE ST LHWE XN T 3 (Figure 26 (A)F) OV, AWFFIC 5T b | anti-pAktl-
IgG Z LNPALICX D94 F YA ~EKEL, THEF— 2 XZFHETE 3 2R L 7.

TR =2 2D 1%, Caspase-3 5 X Uf Caspase-7 Oif1E% HlliE T & % Caspase-Glo® 3/7 Assay
System iC X 0 Ffli L 7z, pAkt [H#EIC X b, Caspase-3 BX -7 7057 —EiEtE2REL, F
FEHIERILE % RN ~EWT 5, 2 D%, FNHEBN Y 7 2 7K IC X 2 BRIEFHEZT 5 Z
CICX VR EHRETE Y, 2D F L caspase-3/7 iEEICHHIT B 720, FBAEIRL W
DIV TR =S ZAEFEL 22 L %2RET %, Hela fllldic= v b u—n IgG & LT higG, %
7= anti-pAkt1-IgG (Cat#: 700392, Invitrogen) % PN#3 2% IgG_polyE-LNP % IgG EEic LT 1
uM L2 X5 cERIcZERE BB L, 24 B4 v ¥ 2 R—2 3 v &{To 2, D,
Caspase-Glo® 3/7 Assay a3 & fil 2. 25°C, 1 R[4 v ¥ 2 _— M &, kB2 ER L /- (Figure 26
(B))., ZDHEHR, 2 v b o —AFifke L T, antd-pAktl-IgG #3%5E L 2B Cld, BEICTE b
—VARFHETE L MR I N, F 72, MIlEELEHE%E WST-8assay I & Y [k FESFC
BET 21T o728 T A, anti-pAktl-IgG %i%E 9 %5 LNP WL IC X - T, A= AaMIoBbEfH &0 R %
5% 2 & 25k 7= (Figure 26 (C)), 2% v ., IgG_polyE-LNP 13 & v < 2 E D i % BLE AT RE 7 1gG
YA P TEHATE, MIOREZ T % 2 TREME R R L 72,
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Figure 26. Cytosolic delivery of anti-pAkt1-IgG using IgG_polyE-LNP. (A) The scheme of apoptosis signals by
introducing anti-pAkt-IgG into cells. Phosphorylated Akt (pAkt) inhibit the activity of apoptosis inducer proteins
in normal cells (left side). When anti-pAkt-IgG are delivered into the cytosol, the activity of pAkt is inhibited
and the apoptosis mechanism are induced. Then, caspase-3 and caspase-7 shows the protease activity (right side).
(B) The luminescence intensity were measured after the treatment of control IgG (hlgG) or anti-pAktl-IgG
encapsulating LNP formulations (1 uM at concentration of IgG) for 24 h by NanoGlo caspase-3/7 assay system.
(C) The cell viability were measured after the treatment of hlgG or anti-pAktl-IgG encapsulating LNP

formulations (1 uM at concentration of IgG) for 24 h by WST-8 assay. Results are presented as the mean + SD

higG

anti-pAkt1-IgG

(n=3). **P<0.01, ***P <0.001 (ANOVA followed by unpaired t-test).
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BoEOELRE

DTERREE LCHA S A2 hiiRERIT, BRoERICEWOERICER Ay —XThHY, TV
Ay PRAT A AN —REfFHT 24 A EFETH DL, L Lars, FukEBKEDES T TH
D, M ZERCTE AWl 2 S, BN E T2 2 v X7 BITHIIEAMCERE ST 50040 FE
iE. PUAZ 4 b Y AcikE T E 5 DDS Hiii OFFE 2 #i7z R BIREOICHICER 5 L & 2. it
HENET 2 F /7 RNTFORBICEF L, F-EHo L) i, BEEHOHELE LCHwb 5 LNP
Hffiz ., YiROH 4 b Y VRRICH T2 % F 2, Y 7% I VEE (polyE) Ltk o743
BB IR Sy 7 — 2 v 774 3 L ) Hi LNPALHdiiic £ v . JukPiEIEE 7 2 b1 % 548
L7z,

B—HiOBET 2> 5, polyE & HUACIER & 11 2 BEFNIGH & IE - -/ Kb 3 % 2 & <. BEfEEC
BRINDZWFE/NES R0, PR EIEES~— VT 2N 2R TE L L2, AT
L Ok ZIEER FHIC Sy r =Y v I TE B2 ENRBINE, ZOPRNEIFEF /2 b1
(IgG_polyE-LNP) 13, =¥ F# A4 b = AR THMRNICBITL, = v FY -4t ofia s X
UHEZIT) S L THA P YANPURZRECTE L L2 E =ML coRFtcHor e L,
SBVUETIC 31T 2 PUANENEE 7 7 R D polyE O EIC I 1T 2 K71k D HLBARES 72 &
polyE %Mz ABMH AT L 72D E Sy 77— v 2 X ), RrRs X 0% 0Bdeso X
DNS RIS THEC X B T L AT S, polyE 13/ RFR R LELE s L EZLND,
IgG_polyE-LNP (Zhi 7tk 2 flfHlcx T3 720, JiAOMfEN~DEAESEML, ¥4 Y
~OPIFEERE®O LN b, BEE T/ RTIC X 2 HUMAGEEIC polyE 1 dHEE & E%H 5
ZENREINT, TR PR EELE VNI EEI A P INMCKEET ZFEO DL LT, 2V XS
BHIC 7 VE I VIBR T RAEM L Z2filiG 2 v S 2B e e 2 FiEsHE I w228, ARERIC
AEMEMNINT 2 N DFHETIEH, X Vv A7 EARDIERICERES 2 2 bR EIn 2 0k
L. KFiECid, BENHEERZ N L2k~ QB OS5 X b, Hik~oNE, R TEK %
RENSIEDZ LN TE 270, {EROTFEICHNICHDOERIE G EE 2 b 005,
FSHILABE T, 34 P NCEAT 2PUEE A P YNCHEET 2 X N2 EEREN L T
RICETE L | Z OREBE S X CBLEGM % 5 L 72, Fric SELE A& IS 3 itk (anti-NPC-
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IgG) ZEALMEH 6, KEPICHURPEM T 25723815 X 41, 1gG_polyE-LNP 134 v %2 7
M R BUAREAIRICEA L WTETER v S 7 BRI CTE 2 L S B RFERMG O iz, 72,
FLiEicksuT, MilENTT Kb —v 2> 7Pz @IcHili#ls 2 Y Vgt Akt (pAkt) 103 % fifk

(anti-pAktl-IgG) ZAFHEIC X Y HeLa Ml EA T 2 Z &I X V| pAke FHEIC X 2 il <D
THRF =S ZADFEICHIN LTz, 2D X HIT, IgG_polyE-LNP [3HE % DHifk% ¥ 4 + VY NITIKET
¥ MK TH Y RESNLTURIEN ST E2RBE LOCHE T 202 kbR b, Hil
PUkERMNT & LCTERTH® 3 2 L BRB S iz,

ARETIE, JFUEDOH A by vakEfk e U<, EREESRE & L CHRICH E LTw 2 LNP £l
EEIRL 72, FH T, Yifko LNP N~oNEML 2 RE(L T 5 729, IgG & polyE TR S 3 &
R %2 LNP NIy 7 =2 v 73 5 L ) TR EM L R R 2 R R L. ik z 4 b ol
ATEB0REF /R Fa2#ABL 72, AEATIE, 1gGZ INP i Sy 7r—2 v 7L, 4 F YAt T
FETE R CHEBERIERICEVWEE X %, £/, —RNICHF A VIERERN TR FRY) v —~D
&N PBERICIE, & v oS0 B~ EAEN R ATER £ 7 OB & 1T BE D ) PR
3 A, RFEETIE, W-THESHEC X 2 ABMEHEEZ - LUCHT 2 &ick Y., ko)
HEE D BEN TR 665,

L 2> L.IgG_polyE-LNP I3 3R Tl R 715 300 nm F2EE & K& L ElR2 5 0255 083E D §
invivo TIGHT 2 IIEAR T2 TH 507, 7o, FUADNEZNZS 30%REECTH b | EfHED IgG 39
AP YNCERET 2 2 LSS L 7o e, AR OMET T, LNP ICNE S 2 Hilkozh R
DHTIR L, WEHEOTURD Y A b I NITHEAT L 722 B3 BRAN C & v, RO TIUARIC X 2508 % i
(F7zoicd, JUEONEMEL S0 0B ERH 5, ZNOHEE RIS 2720, LNP OfF#y
FrERETRERD L, KRFEDOLIIC, vy 74 vk 3 LNP FEEIE, [HAZECH v b E
BEFNLFT L, LNP #H#- o HEt 30 Ech b, 20, BIRKCICHIN T LNP F#iko
Ko, v A7 v T A A A IEE L ABMAEHO I ¥V SV AT LORFERISHRE F
N5, T, FURKEICHEL 72 pH ICEVEIRE O# R IREHK MG, I ¥ v VIR OHH &
A DRALLPHEIL 7 E Db 21T Lt X v, PR NEZIER % &9 72 invivo JGH ATHE 7%

1gG_polyE-LNP F4H 0 4% O A X 1 5,
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o

PR E OAEBEME R v X2 EDOH A b S A~DERERMNOMETIT. BIRTIIIER & TE Rk
BIRR O 2 v X7 ERBENLTE 2720, SHBOERICEE R, v X7 2525 208 TPEH
%59, KR ClE, IBESE DO 4 b VY VRERITT©H 5 LNP Kl 2 IS L, X v X B a8+
JRITFICEHAT 2T LT F4 b YMIC R Vo8 7 B R KERRE 7 LNP Bifff o il 247 o 72, H—#
TiE, MBHEZ VXTI EDF A4 b I A~DEFEICKS Lz, X V87 B D LNP ~ONEITIE, &
VAR ORAEM BT T 2 LEE A R Lz, 512, 34 by AkESEom i, I§
Heh—TORAUPEETCHE L 2L L LAY, FETIR, itz v S2ETIIRL, &
HIGEWEZ R T2 v ov B E LUk (IgG) 294 P Y NMick#ET 2 2 e 2 HEEIC, RV v x Iy
& PR TP & 2 2 B EERICH S Cw» 2 i) % pH IGEMWIEE % & T HE
B RT3 2 & chiRNEIEE F 2 kit (gG_polyE-LNP) #FHHEIL 7=, 1gG_polyE-LNP %, fi
BEFA P Y NMCECTEIET D ERTE, IHICEEINLTURT, R Z VB R L, %
DHEEZIHETE 3 C L bR I Nz, b oahid, FRCHlaln £ v < 78 %581 & 3 3 btk
EHOMETIC oA 2 EERMRICAZ L PHING, & v 8 7 BEEERN IO W GEES SRS
BRI NTWEA, LNP HfiofRICERICH I Cw i ~7 ) 7T ArcokEfldz L <, A5k
£ vy o DDS Hiffie LT, EEAHMAEG 25 LHE 2 b5 O,

AWFETHAFE L 72§ Uk D LNP ~D WEHMUEA 1Z, Jithn FicRhp aEffiz i s 34 v 2 2 b iz
PR ZHMIENICEATE 2 800N TH Y, Jifkz LNP £ TH A bV vickiE S 2 Bl offar
T 7-EERE HTH B, 7272 L, FB XN/ [gG_polyE-LNP 13K 7%k X 0% s BA Kk
%, EPURONERIR K720, in vivo ~DIGHIC IZFRESE S, SR oML LT, <4
7 uig T o84 2 2 w72 BEfbic X % 1gG_polyE-LNP FH# o ShdEft # B L, R &R/ <,
Pk O NEE % H 0 72 LNP 8L O AR %, T in vivo THA b Y A~ofifkikiE
ZIER L. BERY & v o3 2 B o BRERIENC X 2 Bl e R O FF I Y A TV E 72,

T 2. REANIEREIRK & v o8 7 BOBEREZ GIFI T 2 9IRS T O R EEET E0A TR, fEK
DIjiEESEIKLBELE D A bV A~FUR L ICEAT 3 L o JSABIAE 2 b b, A,
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MfENIC BT, fiko 7 7 7 2 v ML rTResai (Fe fEi) %383 2 AR TH Y, 51
2 xF v Y H—EiEEE AT 2 TRIM21 2853 H 2 %0 T 3@, TRIM21 1%, MM ICBEITL 72
IgG @ Fe fEIZ L. PUEBHA L2 v 2B ikz v FvLd 3 2 &, PiiA-1E
ZYNTEEERE TR T T Y - LT AN TE D, TOMIENA S =X L %G L 72 Bl
& LT Trim-Away 23R I N2, ZoHETIE, 4 Pz v X728 E2BHET kL
TRIM21 Z[FFFCH A4 b AMICEA L, FRERN ORI X v 2D ) v 7 Xy v R AlREL
T %, IgG_polyE-LNP @##lic 5T, polyE % TRIM21 % = — F3% mRNA ic—#RE# L,
D LNP Hiffid & 912 mRNA % [gG & #icH 4 b Y A~EA$ 3 2 & aHskhig, TRIM21 D%

Ricthn, W& v 2807077 Y — LoRBHERE N, BEEHEOATARIEN L v 328
D)y IRy VHIRE FRERETELZLEZLND,

I HICARE L, FURESE DY A b VY IVRERIT & L COR TR IR-RAESHEL 7234 A S
DY A b VIVRERMNICSHATE AR D B D, X v X B EHTEMRE > O X 5 HK-1]
MBI OWCHfEZFED, IBEF /K THNICHAT LI LT, H6WEX Vv XI7EHOH A4 F Vv
~DEENHEREZHONCTL 3, a0F 7 2 F vOiIHS H 381, mRNA EH|Z5% D ERED
S XERHET B EPWFINE D, IR EZIILDETEHA L YATR T A —ATAVID)
LWV EYANTHICOWTIR, FVATEZD S D %ES DDS Sl OIS AR R TH Y |
KRFERFZZO=—RXLIEA2152 —2DFkTHLEEZLND, SHOMEICID, 2V 2 E%
LNP ([CNE T % 72 ® OIR-IHSBED SO, IBE & D 2 F v v 75 X OIRE MK O#E
FALASED X, FEROEFICKECHBRT 2L E 26N 5,
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NLS-(-30)GFP 7' 7 % I F D &it

#1717 F 0 (SVAONLS; sequence, PKKKRKV) # fli& L 7z super-negatively charged GFP
(NLS-(-30)GFP) # 2 — F3 2% 75 2 I F (pET-6 X His-SV40NLS-(-30)GFP) % #&&t3 2 729,
T4 PNK (New England Biolabs) 12 X % 5" Kifi® ) vEE{LZic—AE DNA 27 =—) v 7§35 C
L T, 6xHis-SVAONLS # 22— F3 2% DNA Wik %{F#.L 7z (Table. 6) Z® DNA WiH % pET-
6 X His-(-30)GFP (a gifted from David Liu, Addgene plasmid # 62,936; RRID: Addgene_62936) I
DOHIREEZFEY A +TH S Neol & Nhel BICHiA T % Z & T pET-6 X His-SV40NLS-(-30)GFP % 7

u—=v7L7,

Table. 6 Sequence of single strand DNA for DNA fragment coding 6 X His-SV40NLS

Sequence

5'- CATGGGTCATCACCACCACCATCACGGTGGCCCTAAGAAGAAACGTAAGGTCGGAGGCAGCC -3

5'- CTAGCGCTGCCTCCGACCTTACGTTTCTTCTTAGGGCCACCGTGATGGTGGTGGTGATGACC -3'

NLS-(-30)GFP DO ¥JH - &l

E. coliBL21 (DE3)-competent cells (Nippon Gene) % pET-6XHis-SV40NLS-(-30)GFP T + 7
VAT F—A—vav iz, TdDNLS-(-30)GFP #H#% 100 mg/mL 7 v v U v 2&H 1L O
Luria-Bertani broth (LB %5, Thermo Fisher Scientific) T ODeofli%" 0.6 FEEE ¥ CHIGH X & 7=,
Z Dk, FIRFEED 728 isopropyl- S -D(-)-thiogalactopyranoside (Fujifilm Wako Pure Chemical
Corporation) % 0.5 mM 273 & 5 1cfliz. 100 rpm. 18°CT 18 W4 v % 2 <— } L7z, NLS-
(~30)GFP $&Hifi{k % JLA-9.100 rotor (Beckman Coulter) %I\, 4,000 rpm. 4°CT 10 4l

OB LI L 72, [\ L 72 iR 1Z - 80°C D i CIRTFE L 72,
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NLS-(-30)GFP %I {k % 7Af#E (20 mM Tris-HCI, 300 mM NaCl, 10 mM imidazole, pH =
75) CTHBEL -, 20K, Kbiccy=r—vayv 248 ON-24f OFF 44 2 1) % 5[
SREDIRL ., WREZIL 72, & OB % =008 (20,000 xXg, 4°C, 30 47) L. EiE% 045
um®D 7 4 IVE—=TAhiEL 7z, A% 2 mL @ nickel-nitriloacetic acid (Ni-NTA) 7 ' 7 — & (Qiagen)
Wz, 4 FEc 1 RfEEEERRFI$ % & & © NLS-(-30)GFP W & ¥ 72, NLS-(-30)GFP gL 2~ v
Z Ve (20 mM Tris-HCI, 300 mM NaCl, 20 mM imidazole, pH =7.5) T 2 [RIyEE L., AHIR

(20 mM Tris-HCI, 300 mM NaCl, 250 mM imidazole, pH =7.5) < NLS-(-30)GFP % & ©iAR
ZEULL 72, Z DIE# % AmiconUltrad 10k MWCO (Merck Millipore) 12TV v Eg#gfE 4= B A K
(PBS(-)) IC@EHLL 7=, X I Z DEHHE % HiTrap Q HP anion exchange column (Cytiva) 1%
X, FHHAEER (50mM Tris-HCI, 0.1 £721% 1 mMNaCl, 1 mM dithiothreitol (DTT), pH
=8) T NaCl ORE/ 7V TV T 52 & TRHEL 7z, fEE L7 NLS-(-30)GFP #iR %
AmiconUltra4 10k MWCO 2T PBS(-)ICi&E#a « 25 L. & v ¥ 7 B EE % bicinchonic acid (BCA)

assay (Thermo Fisher Scientific) 1CCHE L 72,

NLS-(=30)GFP Z Nt 3 % LNP o F#l)5ik

charge-reversible & & % dioleoylglycerophosphate-diethylenediamine (DOP-DEDA. a kind
gift from Nippon Fine Chemical Co.), dipalmitoylphosphatidylcholine (DPPC, NOF Corporation),
cholesterol ( Sigma Aldrich ) . 1,2-dimyristoyl-rac-glycero-3-methylpolyoxyethyleneglycol chain,
molecular weight 5000 (DMG-PEG5k, NOF Corporation) (% 10 mM DR <2 v v &L 24 (Fujifilm
Wako Pure Chemical Corporation ) & & f# L -30°C @ @ ¥ E I TR & L 7z, DOP-
DEDA/DPPC/cholesterol/DMG-PEG5k = 45/10/45/1 AL HICTT7 9 ZAaNTREL, 1mL oD
tert-butyl alcohol (#BuOH, Fujifilm Wako Pure Chemical Corporation) Z i1z 7 — & ) — T NK L
— X =l T/ uukr VLA I CIRERR 2R,  ONREEKRZ-80°CTHifER. MG %
T +BuOH [RE L. %2 0% +BuOH CHEE Z AR X € 2 2 & T 25 mM IREER 2 FR L 72,
NEEAIR & NLS-(-30)GFP &l %z il % 1< 40°COSMET 30 734 v ¥ 2= — F &, 30 Mo~y

T A VI XY WEEREZRA L 72, £ D&, 1,000 5 L oAEER oK LT 12-14k MWCO
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ZEMTHE (Spectrum Laboratories Inc.) TiEHT % 17\ NLS-(-30)GFP # M@ 3 % Lipid Nanoparticle
(NLS-(-30)GFP-LNP) ZZH#L | 7=, HHELL 7~ LNP |3 Zetasizer Nano S (Malvern) % f#i - Chi &

f& ¥ X U polydispersity index (PdI) % F¥Affi L 7=,

NLS-(-30)GFP @ LNP N~o NER 0B H )7k

NLS-(-30)GFP-LNP ZF# L, Z D& % &I 2% sodium dodecyl sulfate (SDS)VAWK & 7x
2 XIS L £CTRIF L 72, —77 THR D D453 D NLS-(-30) GFP-LNP (3057 (100,000
Xg, 4°C, 2HfH]) L. =L v % 2% SDSER CHIEM L 72, SoNER%Z 10%7 2 Y VT 3
N7 e 7 77 4 L. sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) % 17 -
720 % Dt%, Coomassie Brilliant Blue ¥t ic T & v ¥ 7 EiE & %7\, NLS-(-30)GFP o N &%
UToR (Eq.1) »0HHB L7, 72720, Prae [THIE-LEZD <L v MTHFE L 72 NLS-(-30)GFP @
xR, Pow lFEEOGEZT> TR W LNP Y 7 hoix v 7 BR 2T,

NLS'(_go)GFP @Witj_}—ﬂ"g (%) = Ppellet/Ptotal X 100 Eq 1

cryogenic transmission electron microscopy (Cryo-TEM)IC X % LNP #i%2

NLS-(-30)GFP-LNP D JERERIE %# 1T 5 7=, JEOL/JEM-2100F(G5) % i\ » T Cryo-TEM #i% %
T - 72, NLS-(-30)GFP-LNP &k % 5 E & C 20 mg/mL iIC 722 X 5 ML, 2DHHbD 3-
5 uL % TEMHHZ Y v Ficiie, BEEZ RV BICGRIE 7 v S VI CHEFE %2 To 720 2D
%, #fE 27V v F% JEOL/JEM-2100F(G5)ICFRIE L A~ Y v LAE7E T OIS 42K 54T,

JHFETE 200 kV I CEFHEMEBEZE 21T o 72,

t b TESESAMAE (HeLa flifd, Human epithelial carcinoma cell line, the European Collection
of Authenticated Cell Cultures (ECACC) (93021013)) (% 10% (v/v)JEM@E{t 7 > 1iE (Invitrogen)
% &1 a -minimum essential medium (@ -MEM) (a-MEM(+)) TE;% L 7=, HeLa fifidix 5% CO, -

STCHRMFTHEL, 2-4 HiBICHUEEL .
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M4 frallis (WST-8 assay)
ffe £ 72 1% Cell Counting Kit-8 (CCK-8) (Dojindo) # V>, #E5Ed 7 v + a v ic #EHL L CHIE

L 7-., HeLa #fifii% 96-well plate (Iwaki) I1C 10,000 cells/well CIEfEL, A —~—F 4 FTL v F =
~—} L7z, #ig% PBS(-)T 2 MI¥EH . NLS-(-30)GFP-LNP % NLS-(-30)GFP £ C 0, 2.5,
5, 10, 20 uM &723 X 51 10% (v/v)IEEL e b ik 2 &t o -MEM B CHRRL 724 v T %
AL, 37°C. 5% CO &P T o EZTo72, 4 V¥ ax— 1k #filE% 0.5 mg/mL ~%
Vv &8 PBS(-) CmIPEEH L, a -MEM(+) & WST-8 S FEAMA T 1ERAIA v F 2 _— 1+ L7z,

/f v ;\: o N — ]‘ ?"ﬁ\ I&%E (A450 nm A650 nm) i)) E%EHEQZ??%E%%[EH [/ 71—:0

Ja—H%4 P AFY—

NLS-(-30)GFP-LNP D #lifa NATREME % fFii 3% 2, =¥ F4 4 b — v RHEEETTO
NLS-(-30)GFP O#fifd ol Y ALz EEZ 7 v —F A4 + A F U —IiC X D §Hili L 7z, HeLa flifd% 24-well
plate (Iwaki) i 80,000 cells/well TIEFEL ., +— S—F 4 F T4 v F 2=} L7, #il% PBS(-)
T2 [EPEE R, STy P94 P = 2HEH (30 pMPitstop2 (7 72 Y v AfEHET Y FH 4 b
— & ZAEH]) . 80 u M 5-(N-ethyl- N-isopropyl)amiloride (EIPA, =2 m v/ %4 + — & Z[HEH),
500 nM wortmannin (=27 B v/ %4 + = XHEFAH)) 2 &8 o -MEM(-) 2 45 L, 37°C, 5% CO,
FIETT302MEA v Fax—1F L, 4 vFax— i, EMEEEHS X NLS-(-30)GFP-LNP

(NLS-(-30)GFP 2T 2.5 uM4y) & a-MEM(+) ik izsfa L, 37°C, 5% CO. 777 F T 1
R4 v F 2 _—F L7z, 20, fifld% 0.5 mg/mL ~-XY v &H PBS(-) T2 RHEFHL Db I,
0.01% F Y 77> v C 10 LS 5 2 L ic X Y g 2 il & €& F = — 7[R L 72 &z & O o0

(800xg, 547) L. =L v Mgz 7=flif% PBS(-) CHBE L7z, Zh% 2[R0 RL CHlids
e L 72, 5o N Ml % BRI 500 uL @ PBS(-) CH & L. Cellstrainer (Corning) 1Z#H}iE
B %@ L 72, Attune NxT flow cytometer (Invitrogen) 12 X 0 &% v 714 7= 9 10,000 fii o #H

faic oW THOLEZER L 7,
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LNP i X % NLS-(-30)GFP Dl fgN:i%:E% D JE1E D BaiFR B 5L

HeLa #fiffl% 35 mm glass-bottom dish (Iwaki) i 12,000 cells/dish CHEfEL, +—-~—F 4 }T
AvFax—t L7, #llgz PBS(-)T 2 [EZEH%. NLS-(-30)GFP-LNP (NLS-(-30)GFP #J <
0-10 uM43) %&T a-MEM(+) M5 L, 37°C, 5% COfFE N T 6 Wffi] 4 v F =~ —}
L7ze 4 v F 2=k, Miflg% 0.5 mg/mL ~%Y &5 PBS(-) T2 [IFEH L. a-MEM(+)k:H
ZIML T 37°C, 5% COLF/E FC 12 Wl 4 v F 2=+ L7z, 2Dk, PBS(-)T2EPEHEL., 5

w1 g/mL Hoechst33,342 (Thermo Fisher Scientific) T %1T\>, PBS(-) T a -MEM(+)

I FV3000 laser scanning microscope (CLSM) (Olympus) iC T4 7oA A A —L v 7 %fTo 7z,
FH v I e & 400 oML, EoMlE 0B &2 T\, 34 b Y v akic NLS-(-30)GFP o v 2
FABBEINZMAEZ A Y v+ L, 2 OMIeEA %S L 72,

AT % 37 3 2 #at <13, HeLa fifEix NLS-(-30)GFP-LNP (NLS-(-30)GFP [T 2.5
uM %) & a-MEM(+) % RN X 4, 37 B, 5% COL 177 F T 1, 3, 6 B4 v F 2 ~_—1}
AN, 4 vFa~—1, MlE% 05mg/mL ~ <Y v &4 PBS(-) T2 [mIPEH L., o -MEM(+)5;
Wz L T 37°C, 5% CO 777 I C 12 A v F a~x—F L, CLSM#i% %17 > 7=,

NLS-(-30)GFP-LNP ic X 2 #lgN~®D NLS-(-30) GFP i%E 2 T 4 U ¥ —{R{FI 7 Rk C B 5 7
Y5 b % il 3 MEtcid, NLS-(-30)GFP-LNP % iFh$ 3 fific, HeLa Ml % o -MEM(+)#5Hs
T A CEHETICBEBNT 30 HEl7v 4 vFax—1+ L7, Z0%, NLS-(-30)GFP-LNP (NLS-
(-30)GFP T 2.5 uM%y) Z&tr a-MEM(+)ICHEHIzsH L, 4°CEETIics T 6 A4 v %
2= L7, AvFa— g flE 0.5 mg/mL ~<) v &4 PBS(-)T 2 [EHH L. a-
MEM (+) K51 % 7l L € 37°C, 5% CO, f74E FC 12 4 v F 2 ~—} L, CLSM #l% %17 > 7=,

NLS-(-30)GFP-LNP 1 X 2 #ifidN - # 4 + vV r~ad NLS-(-30)GFP i&&ZiGE», = F Y —4
DIRADE Y BBMAL B EE CTH 2 5 % FHHi 3 2 #Et<©ix, NLS-(-30)GFP-LNP % 73 5 Hific,
HeLa ffifd % = v F Y — ABEMHCHERN©H 2L T vE=7 4 (25 mM) % &L a-MEM(+) 55
T30 T LA v Fax—F Lz, 20k, 25 mM ot T7 v €= Ak L O NLS-(-30) GFP-

LNP (NLS-(-30)GFP J£E T 2.5 uM4) % & a-MEM(+H)ICHHIRHA L, 37°C. 5% CO, F7E
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TTOHEA vFax—F L, A vFa—1+, fMld% 05 mg/mL ~%1) v&4H PBS(-)T 2
AYe L. a-MEM(H)EHIZZM L T 37°C, 5% COFE FT 124 vFa_—F L7z 20D

#%. Lysotracker™ Red DND-99 (Thermo Fisher Scientific) T4 LA A 7 OGtE L, CLSM #

S

RKEATo T,

.

sy

Foa AT

2T OMEMANT X JMP Pro (ver. JMP 15.1.0; SAS Institute, Cray, NC, USA) #H\WTfT->7z, 2

p=(ill

T OHEICIE FEIC X 20 IEL W I L2 ER L 72O BICATF 2a—T vV PO t REXRFD W
720 ZHER] O I 13 —TTHCIE 53 B T D21 Dunnett D575 D L < 13 Tukey-Kramer @ 7515 % H

Wiz, PAEA0.05 X D b/ WHEICHERENH B LAk LT,
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anti-GFP-1gG O ¥ - F5Hl

anti-GFP-IgG O {E#Li%, the Expi293™ Expression System (Thermo Fisher Scientific) ZCTfT -
7o Expi293F™#fiffd% 3,000,000 cells/mL & 722 X 5 IC#EfF L, 100 mL = 7 7 2 =312 25 mL Il
A7z anti-GFP-IgG #2— F3 2% 77 X I } (a gifted from James Trimmer, Addgene antibody #
180,084; RRID: AB_2750819, 25 ug) (51)% . ExpiFectamine™293 (Thermo Fisher Scientific) &
BAL, ZOHERETm ba it w7V A7 27y av i, PIVRT 27y a vED 20 IKH
21, ExpiFectamine™293 Transfectin Enhancer 1 % 150 wp L 3 X OF Enhancer 2 % 1.5 mL /il x 5
HEA v ¥ 2 ~_—F L7, ¥ER%Z 50 mL 72— 71 L, 3,200 Xg, 4°C, 20 srflE 0oL .
EEEEINL 72, iR ETN S EiEZ 022 um D7 4 VX —TAEBHE L 77, T HICZ DRE%
HiTrap Protein A High Performance (Cytiva) 1CW& & 4, FERHAEEE (0.1 M Glycine HCl pH =
27in D-PBS) TpH 77 T v bMICX D AT L00 1gG %ilffis 27, gG 2L 777 v a v
ZEUXL ., BN EITH L TPBS(-)ICNy 77 —28#iL 7z, BN L 7z antd-GFP-IgG (% 4°C&f4FT

BRIFL 72,

HiBiT filiér IgG (IgG-HiBiT) 79 2 I F et

HiBiT fcl % anti-GFP-IgG 0 HE##H D C RKiniC@le ¢ 7277 X I F2iil3 %729, HiBiT it
% a—F9 23 24K DNA 7727 A k% eurofins ICABKEIE L . {EHL L 72 (Table. 7)., anti-GFP-
IgG 77 2 2 F#%, anti-GFP_Fw 7' 5 4 = —3% X (¥ anti-GFP_Rev 77 4 =—%f\»-CT PCRIC X Y
#Ik DNA #4581 L 7- (Table.8), 2115 5ffid DNA 7 7 2" X v + % NEBuilder HiFi DNA assembly
master mix % VT, #A3EO 7o b 2 IcHERLL € HIiBIT @i IgG (IgG-HiBiT) 79 2 3 F %{E
#1172, IgG-HiBiT . anti-GFP-IgG ®FH - #5810 FERE & Bk IC Expi293F™ filfid % v T ¥

4 X+, HiTrap Protein A High Performance i€ & W #5#I L 7z,
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Table. 7 Sequence of double strand DNA for DNA fragment coding HiBiT peptide

Sequence

5'- GAGCTTCTCCCGGACTCCGGGTAAAGGTGGTGGATCAGGAGGAGGTAGTGTTAGTGGATGGAGA
CTATTCAAGAAGATCTCGGGAGGTGGCTCATATCCGTATGATGTTCCGGATTATGCAACCGGTTGATC

TAGACACGTGATTAATTAAG -3'

Table. 8 Sequence of primers

Name Sequence

anti-GFP_Fw 5'- TGATCTAGACACGTGATTAATTAAGGATCCC -3'

anti-GFP_Rev 5'- TTTACCCGGAGTCCGGGA -3'

PR~ DHE 71 DI
PURDSH Aty vicikiE Il 2 b 2R L — 3 — SRS IC CTHERR 217 9 72, HiiRIc 3EAR

ik % 1T o 7z, Alexa Fluor 488 &ffid 72, 10 mg/mL hlgG (IE# v + IgG, Fujifilm Wako Pure
Chemical Corporation) 100 uL ic PBS(-) 345 puL %Mz, %2211 M NaHCO; 50 pL Z S0
L. W& RN L2, 10 mg/mL Alexa488-SDP ester (Thermo Fisher Scientific) &iE& L.
WS, 25°CT 1 RFEHEEREM L 72, Z D% PD10 4 7 L1 CTHUAE S %2 300U L. Alexa Fluor 488
5% hlgG (hlgG-AF488) %ZAEHIL 7=, % 7-. Alexafluor594 {Effido7z®. 10 mg/mLIgG 100 uL
I2 PBS(=) 340 uL #MZ. %2 ic 1MNaHCO;50 uL %ML 7%, 10 mg/mL Alexa594-NHS
ester (Thermo Fisher Scientific) &iEA L. BOE T, 25°CC 1 KEIEFERREM L 72, %2 0% PD10 7
Z L CHURME S % 57 HL L . Alexa Fluor 594 #5538 [gG (IgG-AF594) # K58 L 7z, FEH L 72 dGHE
BRI 4°CTIRIF L 72,

IgG ZNE§ % LNP (JiAWNEREF /K1) 0Bk
pH JCEHHEE ©H % ss-cleavable and pH-activated lipid-like material (ssPalm)O-Phe (SS-OP,

NOF Corporation), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE, NOF Corporation),
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B -sitosterol (Sigma Aldrich) . 1,2-dimyristoyl-rac-glycero-3-methylpolyoxyethyleneglycol chain,
molecular weight 5000 (DMG-PEG5k, NOF Corporation) 3 10 mM D2 <2 v v L 4 (Fujifilm
Wako Pure Chemical Corporation) IC{&f# L -30 O mEEIC TR L 72, SS-OP/DOPE/ S -
sitosterol/DMG-PEG5k = 45/10/45/1.5 ®EAicCT7 7 2aNTRA L. 1 mL ® +~BuOH
(Fujifilm Wako Pure Chemical Corporation) # 1z B —&% ) — T NKL —X —lZ T/ BRIV L%
AR I ERERE BTz, Z OIRERK % -80°CTHAGR., HAGH M ZH T +BuOHREL., %
D% +BuOH THIEE ZHEM I €5 & T 10 mM lREAERZFR L 72, +BuOH IC&# L 7-I5E
W & 10mM 27 = VAR (pH 5) ICVAM# L 72 poly-L-glutamic acid (polyE., mol wt 3,000-15,000)
W il 2 1 40°COSEMT 30 34 v F 2 _X—F L7z, 2Dk, IgG & polyE % IgG: polyE =5
1 (E&El) ¢hzkricexy T4 v 2710 [MTEAL IgG-polyE i & i tk. HEE VAW & Wik
BRE <y T4 v 7 15 ATRALZ, ZD%k, 1,000 5L EOEEER D PBS(-)Icxf LT 12-14k
MWCO &#7E (Spectrum Laboratories Inc.) TiENT %17\ IgG % N©l3 % Lipid Nanoparticle
(IgG_polyE-LNP) #Fi# L 7=, FH# L 72 LNP I Zetasizer Nano ZS (Malvern) % f{# o CTHF-ERE.

Pdl, C-EALZFHEL 72,

IgG ® LNP N~oWNEF o FH 7k

IgG_polyE-LNP % PBS(-) CHIAMEEA 2 uM 272 X5 ICFHBE L7 (kv 7L e 100 u

L), T#% 4°C, 20,000 x g, 1 HefEhzm0o08ES 2 2 & ¢ LNP lo %8 & 272, Eif 50 pL %[
IX L. Nanodrop I THURBE ZHIE L, NEFEEZUTORX (Eq.2) 2HHH L7z, 72721, Cild

2 uMIgG %iE0LEZED EiFD 1gG EE, Cuw 12 IgG_polyE-LNP %i=.0i% D EiED [gG RE % 15

7,
IgG O NFEFH (%) = (CIgG' Cinp) /CIgG X 100 Eq.2
s

v b ESERAMIME (HeLa fffiid. Human epithelial carcinoma cell line, the European Collection

of Authenticated Cell Cultures (ECACC) (93021013)) % 10% (v/v)IEM@I{t 7 > 1iE (Invitrogen)
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% &1 o -minimum essential medium (@ -MEM) (a -MEM(+)) T2 L 7z, HeLa fifldiZ 5% CO, +

37°CE&Mchsfm L, 24 HiFICHRREEE L 72,

TH—% A4 P ALY —

IgG_polyE-LNP D#MlENEITREZ M 2720, TV F¥ 4 =Y XAAELFET T 1gG-
AF488 OMfifdoI Y iABEER 7 —HF 4 b A+ ) =2 X VFHiiL 72, Hela #ifid% 24-well plate

(Iwaki) 12 80,000 cells/well THEREL, A ——F 4 F T v Fax—} L, fiflds PBS(-)T2
[PEF %, ST P94 F—v 2AEH (20 uM chlorpromazine (CPZ) (7 7 2 ) v A fEtET
VEFA =T ZHEAD, 80 uMEIPA (w7 v/ ¥4 F—v 2[HEH), 500 nM wortmannin

(=2zuvv )+ A+ — 2AEF).20 uMnystatin (B _AIFAEET Y FHA F— 2 2 EEH))
&0 a-MEM(-) %5 L. 37°C, 5% CO FE T T30 A4 v Fax—b L, A VFax—}
%, HHEFHEH S X 0 1gG_polyE-LNP (IgG iBE < 0.5 uM4)) % & a -MEM(+) ICHi s L |
37°C. 5% COfFE T T 1 Wfii4 v ¥ a_X—} L7z, 20k, Mild% PBS(-)T 2 mkHLAzDbH
i, 0.01% + ) 7o v T 10 LS 2 C it X W liflE 2 BB S 2 F 2 — 7l L 72 2 o E &
S (800Xg, 543) L, =L v Michk-7zilg% PBS(-) CHEE L7, 2h% 2 [E#EEYIEL TH
Hol % e L 72 15 5 7= MifE 2 A% 500 uL @ PBS(-) CHF#&# L. Cell strainer (Corning) IC
HHREYAE %8 L 72 1%, Attune NxT flow cytometer (Invitrogen) iC & Y &4~ 7 A 247- 0 10,000

DA D TH R TR L 7o

LNP ic X % IgG DX ER © SEER B

HeLa #if % 35 mm glass-bottom dish (Iwaki) 12 120,000 cells/dish CIEFEL . A —N—F 4 + T
A vFax—1F L7, #ild%k PBS(-) T 2 B, AT Z NE L 72 IgG_polyE-LNP (IgG
RETO0-1 pM5) & a-MEM(+) Z#ifdicf 5 L, 37°C. 5% CO##7E T 18 Rffil 4 » %
2aR—F L7 4 v Fax— & MEE PBS(-) T 2 BPEH L. o -MEM(+) R Z 70 L T 37°C,
5% CO, ¥ FT 6 Bffl4 v Fa~x—F L7, D%, PBS(H)T 2 mE&HE L., 5 pg/mL

Hoechst33,342 (Thermo Fisher Scientific) T4t %#{T\v>, PBS(-) TR a -MEM(+) ¥4 % 7
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ML 7z, SOEEERPUA O HIIEN BT &2 S L — % —BMEE FV1000 (Olympus) £ 7-1% FV3000
CLSM (Olympus) IZT74 7N A A= v T EiTo 7,

KE L 72 [gG ZuEf i TR 2 720, Mlld% 4% X7 R Va7 AT e Failiz, 10 40
25°CTA vFa_—bF2 2L CMlEZ2EEL 7z, 2 D%, PBS(-) T L. 0.1% Triton in PBS(-)
TRGEELIR % 1T 5 72, 1% BSA in PBS-T T 30 /7fdl. 25°CTA v Fa—}FL, 7uv IV 7%
fTo7=t%1c, X¥ifk (Table.9) in BSA in PBS-T #/hL., 1 B#RE %217 -7-, PBS-T i T

Pl %47 o 72, PBS(-) 2l 2 HfE AL — ¥ —BARER I CHUA D JRITE 2 A L 72,

Table. 9 The antibodies used in this study.

Secondary antibody Company Cat.# Dilution ratio

anti-human IgG
Thermo Fisher Scientific A11014 1:200
(Alexa Fluor 594)

anti-mouse IgG
Invitrogen A11004 1:200
(Alexa Fluor 568)

LNP FA8IC 310 2 Hifk & JEE DEAHIC X 2 JiflXEae %z ik 3 2 #gh < 3. HeLa Mifcic,
hlgG :lipid =1:100, 1:200, 1:300, 1:400, 1:500 ®E AL TREA X972 IgG_polyE-LNP (IgG
BWET1 uM%) 2T o-MEM(H)RHATM L. 37°C. 5% COL7A1E F T 18 R4 v F 2 _—
FL7zo AV Fax—1}ik Milgz PBS(-)T 2 B¥EH L, o-MEM(+)E#bZENL T 37°C. 5%
CO fEfE T TOoRflil4 v F 2 ~_—} L, CLSM B %1T- 72,

R 71 % 31 3 % it < 1. HeLa flifidic, IgG_polyE-LNP (IgGiEE<T1 uM %) 28T
a -MEM(+)E#iz @ L . 37°C. 5% COf#/E F T 1. 3. 6, 9, 12 R4 v Fa~x—F L7, 4
vEFa— ik Mgz PBS(-)T 2 BIYEH L. a-MEM(+)¥5#h% 750 L < CLSM 88 %175 7z,

IgG_polyE-LNP i X 2flifdN~D 1gG iKEN T A4V F —{KFFN RIS TH % 5 L 5 %5l 3
LiaT ik, LNP %233 2 ATiC, HeLa ffifid% o -MEM(+)5H# < 4°CSfF T ic BT 30 4rfEl 7

LA vFax—bL7%, ZO#H, IgG_polyE-LNP (IgG##ET1 pM %) % & a-MEM(+)Ick;
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AL, 4°CEFETICBB T 6 K4 v Fa—1F Lz, 4 vFax—1k Milgx PBS(-)T 2
[ L. a-MEM(+)#HZ 7L, CLSM 85 %17 - 7=,

LNP #5ite @ Galectin-8-GFP D filfid N G 1E D PEINEE %L

IgG_polyE-LNP IC X 294 F YV A~DOHiFEES, LNP oz v Py —AEEEICL 2L %
#Hili 3% 7z ® ., Galectin-8-GFP (Gal8-GFP) % il 8 & ¢ 7z HeLa i % F\» THiGT L 7z, HeLa
#IfE % 35 mm glass-bottom dish (Iwaki) i 120,000 cells/dish THEREL, +— —F 4 F T v *
2_—} L7z, GenScript ic X &7z Gal8-GFP # 2 — F9 % 75 2 I F#%, Lipofectamine
LTX (Thermo Fisher Scientific) iE& L. ZD#TE T v F a ittt F v R 727y a v Lz,
FovRT 2 a vk 24 BB OMEE PBS(-)T 2 [P L 72%ic, higG #NET 3
IgG_polyE-LNP (IgGi#ET1 uM %) &8 o -MEM(+) 27 L, 37°C, 5% CO,f77E F T 18
KA v F 2=t I, /v Fax—1# #Milgz PBS(-)T 2 H¥EH L, o-MEM(+)5iH%

AL <. Gal8-GFP ot % CLSM 815 L 72,

HRas-GFP 7l 53 HeLa #fifid~® anti-GFP-IgG X LR

LNP 1T X Z2BEREMEDUAZ V4 b Y VICIEZETE T 3 2 ET 21T 5 729, anti-GFP-1gG % #ilfid
WIZE A L.GFP & 0 J{7E% CLSM IC THEFR % 1T 9 sHeLa il % 35 mm glass-bottom dish (Iwaki)
12 50,000 cells/dish CIEFEL, A —>v—F 4 F TA ¥ F2_—} L7, HRas(G12V)-GFP % 2 — F
9% 77 A3 F#%, Lipofectamine LTX (Thermo Fisher Scientific) *iEA L. ZOHE7Tw b ar
WKHEW P T Vv RT7 20y av i, FIVAT LY a vk 24 K% OMIEE PBS(-) T 2 [EI¥EH
L 721412, anti-GFP-IgG % N#f 3 % IgG_polyE-LNP (IgGEET1 uM4) 288 a-MEM(+) %
AL, 37°C. 5% COF#E FC 18 KfElf v F a2 _—F L7, 4 vFax— 1+, #ilgx PBS(-)
T 2 [HEE L. a-MEM(+)8Hi% 71 L €. HRas(G12V)-GFP ¥ X ' anti-GFP-IgG D%

CLSM B3+ 3 2 TENS DRELX ML 72,
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—J7 T, Rk Z L CWwin v anti-GFP-IgG OiXiE Tk, v 74 v ax— FRICHileE
EEL L. —RPUATH % anti-mouse-IgG-AF568 12 THIEF M Z1T\>, CLSM ICT* DJRfE %28l

=217,

anti-NPC-IgG i%EEE

LNP I X 2HREVIAZ S A4 P YNV ICEETE TV L 2R %179 72®., anti-NPC-IgG
(Mab414, Cat#: 902902, BioLegend) #MfEPICEA L, MEEEERZEH L T B0 89 »
% CLSM i< CHEZE%# 1T > 72, HeLa iz % 35 mm glass-bottom dish (Iwaki) (Z 120,000 cells/dish
TRHEL, A —"—F 4 FTA v Fa2~—} L7, anti-NPC-IgG % P 3 IgG_polyE-LNP (IgG
RETL uM%) Z2&5D a-MEM(+H) 2L, 37°C. 5% CO.f#7E F < 18 IRl 4 v F 2 _—} L
Too AV Fax— 11k, #ilg% PBS(-)T2EPEH L. 5 ug/mL Hoechst33,342 TR Y% T\,
HIlE % B b, —RPUATH % anti-mouse-IgG-AF568 1C T &gt % {7\v», CLSM ICT% DJF
B L Tz, &I v 7 ico % 400 FREOMIEZBEZE L. ZHEMIC anti-NPC-1gG %383 5
RO EN Y ST AnBE S A MlaE Y v b L, % OMIREEIA & S L 72,
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V¥ a— & MifgE PBS(-) T2 [EEEH L, o -MEM(+) & MMA, & 5 24 B4 v F 2= —}
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