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A7) ofelE 2AEL 9] dif e g 53E JHHE 3AY 2AE £t o2 A Hyste Fog
g QA TAld, BER, e EAHoR FoE F qlon, WY B U FodE § QY. AV 84AES
5% st F2hg glo] A Joz Huy a¥E IS § UE FE FAsE Bo] FosH, o T
Akl ofsl) golstA AHE = At

o] "Fol"g HAZ whgor A £ BAE =dkE AL Julsty, "pA"S S BHE F 9
= A7ke 9 H, AF, 7E 59 BE AES qudith. #AFe] g2, s X3 LHEEY & 9
o}.

A7) oA 2AES AT e HAT FAT g o, vAT FoA g5 98 e HAUWFA, A
FAE, JEAE, AWFAL, 5 FAE, SO FAE, 25U FAE, A T4, AR FAE, AI 54, b
AUl FAE, AU FAE, HATAL, AsE FA AR FAF B 58U A TS A9E 9l

7] oFetA 2AES oA oR fFad Yo Foditt. §of, "oy om Fadt ¢ oA 5o A
& 7hsd geldel FE/98 veR 435S Aasbr|d I 4GS onen | fa 8% FFES e A
of T/, TFTE, dE A, FE g W%, Fof A, Fo AR P uE v, X577, A AR
HE oES ¥9e 94 9 7]E 95 Ropo] b Ay 246 uel AAHE ¢ k. FAFoem, Ay] ofst
A %458 0.001 WA 1000 mg/kg/day®, BTt FAASE 0.1 WA 100 mg/kg/day® FA=E = . A7)
Fol= sl ¢ H FoxHE 2d 5 Qi F 3] Uro] FoEe Ad 5 Qv

go] "9(cancer)"& Ao E7FsEHA FAEH FAAAQ A 24 HAFSA dstE TEHE 2HE WAALA
o] MEe] WAL EFow st AW RHFES XA},

A7 & AZF A7 F(acoustic neuroma); AE(adenocarcinoma); 419 (adrenal gland cancer); <+
(anal cancer); Y@ (angiosarcoma) (S E9of, FZ S (lymphangiosarcoma), HIZXIHzhNyS

(lymphangioendotheliosarcoma), &35 (hemangiosarcoma)); &5-¢F(appendix cancer); A ©AET v}
=2 E YU S (monoclonal gammopathy); HXESH(biliary cancer) (& 9], ©@3 %+ (cholangiocarcinoma));
WFgek(bladder cancer); F¥<%H(breast cancer)(dE B9, §W9 MAdF, ¥ FF4 <F(papillary

carcinoma), A% (mammary cancer), %< 44 ¢F(medullary carcinoma)); ¥ (brain cancer)(cl& =&
o], 2= (meningioma), WEAEZF(glioblastoma), Al7ZuF(glioblastoma)(dE o], A AHESF
(astrocytoma), FAnF(oligodendroglioma)), FEAIEZE(medulloblastoma)); 7]¥A]<F(bronchus cancer);
o F%(carcinoid  tumor);  AFAFEU(cervical cancer)(dE  Bo], AFARAMUE(cervical
adenocarcinoma)); X< (choriocarcinoma); #AF(chordoma); ™=2]15& (craniopharyngioma); 273
(colorectal cancer)(dE E9], ¥ (colon cancer), 2% (rectal cancer), 227 A%ZF(colorectal

adenocarcinoma)); 472 %2 < (connective tissue cancer); 3] < (epithelial carcinoma); e AXF

(ependymoma); WA ES-5(endotheliosarcoma) (& 59, 7FEA] %% (Kaposi's sarcoma), thdA SA
=9 SF(multiple idiopathic hemorrhagic sarcoma)); A& W% (endometrial cancer)(dE E9of, A&
(uterine cancer), A& ¥ (uterine sarcoma)); 21E=%(esophageal cancer)(dES o}, 21&x9o Aol njel

9} (Barrett's adenocarcinoma)); 9 S5 (Ewing's sarcoma); <Ft(ocular cancer)(dE E9f, ¢l =
< (intraocular melanoma), 82to}E(retinoblastoma)); 7F5A #&4bF 7+ (familiar hypereosinophilia);
wdok(gall bladder cancer); $19F(gastric cancer)(dE E9¢], 9 A< (stomach adenocarcinoma)); 973z
7122 9 (gastrointestinal stromal tumor; GIST); AAAE <(germ cell cancer); 7% (head and
neck cancer)(dE Eo], FAR HHPAELZE(head and neck squamous cell carcinoma), T4 (oral

= = =

cancer) (& Eof, F7 AFMFEYE(oral squamous cell carcinoma)); 1t (throat cancer)(dE Eof,

=

S ok (laryngeal cancer), <QF<%H(pharyngeal cancer), W]¢l5<%(nasopharyngeal cancer), TF¢IF<+
(oropharyngeal cancer))); 3§ (heavy chain disease)(¢]S E9¢], &= (alpha chain disease), 7F=}af

W (gamma chain disease), H " (mu chain disease)); IR AZZE(hemangioblastoma);

[0
ol
oo

(hypopharynx cancer); @934 TAAFXEAE Z%(inflammatory myofibroblastic tumors); WA ofd

ofN o Hd

A=A (1 4

L=

&
W (immunocytic amyloidosis); Al&<¢H(kidney cancer)(dE Eo, Alo}a|EZ(nephroblastoma), L&
(Wilms' tumor)So 2% L&A AL, AAE & (renal cell carcinoma)); ZF(liver cancer)(dE &
M3 (hepatocel lular cancer, HCC), ¢34 ZFF#(malignant hepatoma)); #H 4 (lung cancer)(dE 59,
A4 9+=(bronchogenic carcinoma), AAXE H Y (small cell lung cancer, SCLC), W]Z&AE ¥ (non-small
cell lung cancer, NSCLC), #H¢] M<b); H&2E&Z(leiomyosarcoma; LMS); H]WHA|EZ(mastocytosis)(dE =

o], HAIA v TAEZ(systemic mastocytosis)); ¢ (muscle cancer); HFoldA Z3 ' (myelodysplastic

i

O

2
N
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syndrome; MDS); % 3]& (mesothelioma); =532 A% (mesothelioma; myeloproliferative disorder, MPD)
15 E°l, IATE TS (polycythemia Vera; PV), #Eld ¥ S7F5(essential thrombocytosis; ET), &
A% (myelofibrosis; MF)o2% d#H X AAEY F43}14 (agnogenic myeloid metaplasia; AMM), WHA
by 4% (chronic idiopathic myelofibrosis), WA Z44 WdH (chronic myelocytic leukemia,
CML), wH4 ¥4 9&"W(chronic neutrophilic leukemia, CNL), 3}3A4b4 FSF(hypereosinophilic
syndrome, HES)); A17oFHXEF (neuroblastoma); 4174 AFF (neurofibroma) (s £, A AHFTS
(neurofibromatosis, NF) EF] 1 T EFY) 2, AlAHZF 3 (schwannomatosis)); A174WER] Y (neuroendocrine
cancer)(dlZ o], &7 #HF AAQUER] FU(gastroenteropancreatic neuroendoctrine tumor; GEP-NET),

FtEA o] = E%(carcinoid tumor)); %% (osteosarcoma)(dE E9¢], &% (bone cancer)); T4 (ovarian

2

k

»
A

cancer) (& E°, YEM L (cystadenocarcinoma), A~ vllo} & (ovarian embryonal carcinoma), i At
(ovarian adenocarcinoma)); 77 A ¢h(papillary adenocarcinoma); #|°&%(pancreatic cancer)(& £9°1,
#74 < (pancreatic andenocarcinoma), 774 AAA FY FF(intraductal papillary mucinous neoplasm;
IPMN), =AE #F%(Islet cell tumors)); 274%(penile cancer)(dS Lo, &7 %L S IAAEH
(Paget's disease)); & 3A|E (pinealoma); YAl AL GAd FF(primitive neuroectodermal tumor; PNT);
AGME FYdFd(plasma cell neoplasia); FAAWE FF (paraneoplastic syndrome); “F3dl A=
(intraepithelial neoplasm); A HX % (prostate cancer)(dE E¢], AYX A (prostate adenocarcinoma));
AA(rectal cancer); FESF(rhabdomyosarcoma); AU (salivary gland cancer); 3% (skin
cancer) (& £, AHMELF(squamous cell carcinoma, SCC), Z+&A= A X% (keratoacanthoma, KA), S
ZF(melanoma), 7)1AAMEYLE (basal cell carcinoma, BCC)); A (small bowel cancer)(dl& £, ¢
(appendix cancer)); 9AZFZ SF(soft tissue sarcoma)(E £, ot MAFAZZATF(nalignant fibrous
histiocytoma, MFH), A%} & (liposarcoma), 4 &A% ZF(malignant peripheral nerve sheath tumor,
MPNST), ¢4 (chondrosarcoma), -5 (fibrosarcoma), & M43 (myxosarcoma)); A4 <+ (sebaceous
gland carcinoma); 4°g%(small intestine cancer); HA! & (sweat gland carcinoma), €9 (synovioma),
a8t (testicular  cancer)(lE £, AT F(seminoma), 3 Hjo} dF(testicular embryonal
carcinoma)); /A% (thyroid cancer)(dlE& Eof, #EHAe 54 @ZF(papillary carcinoma of the
thyroid), TT-Er“ A b (papillary thyroid carcinoma, PTC), A4 $=&<(medullary thyroid
cancer)); R %% (urethral cancer); Z%(vaginal cancer); % 244 (vulvar cancer)(dE 59, 949
A EW (Paget's disease))Z o] Folzl oA Helw= ZHojk shto] bl o QlaL, FAF R, ATHFS

A<
d 4 9.

T e FFE s s 1 e 3hEA 29 e e o]o o Hor 3E 7lee ¢ ' ADP(Adenosine
Diphosphate)& X&3ate 9o o e Xu§ sty 2AdES ATt
[3Fsh4] 1]
Holl L _MNH  Holl ___MH Hal __NH
OH

o
:/ =T
=
-60 _
o =2+
=TI
p=
I=
2T
I=
o
=T
&0
233
=
2

A
HNANH HNSNH HNTNH
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TotEEkA 29 sgteT . toeHew §8 bed |47, T, AR

d Gl oA, A7) FFE e ol oo g Vet A3 ADPE At Y (Self-Assembly) S F
3] MNP(Mitochondria-targeting nucleopeptide)/ADP E3tA|E A sl= AY = rt.

o okAtol lojA], AF7] MNP/ADP E3tA|= oF Ao mEZ=go} U ATP(Adenosine Triphosphate)®} 233}
o] MNP/ADP/ATP H3AE FAst= 2L 5 2

A= B4

e, A el SdelA, 1 MNP/ADP H3A= o Alxe] wEZ=gol Wl ATPS} MNP/ADP/ATP =3

Sromm oF AL MEF oF Ul ATPE TZAIA 7] oF AlEY Ax AMES FEst= AY 5 U,

L, A Gl oA, 7] e AHZE Al F(acoustic neuroma); A E (adenocarcinoma); 419} (adrenal
gland cancer); &% (anal cancer); #-%%(angiosarcoma) (S £9), ¥ X373 (lymphangiosarcoma),
2 Y ¥ 9 S (lymphangioendotheliosarcoma), ¥ #5-3%(hemangiosarcoma)); %5~ (appendix cancer); %A
GA T AvE 28-S (nonoclonal  gammopathy); HXESH(biliary cancer)(d& £, H# 4%
(cholangiocarcinoma)); W&<¢H(bladder cancer); -3 <%H(breast cancer)(dE S, F¥2o XMadx, FH9
54 o9& (papillary carcinoma), -2t (mammary cancer), %< 42 <= (medullary carcinoma)); <+
(brain cancer)(dlE £, %% (meningioma), WHAM¥EF(glioblastoma), 417 uFE(glioblastoma) (& &
o], A MEF(astrocytoma), JFAnLF(oligodendroglioma)), FEAEZF(medulloblastoma)); 7]&A<t
(bronchus cancer); % &% (carcinoid tumor); Abg7dF%(cervical cancer)(dE B9, ATHAFALF

(cervical adenocarcinoma)); 8% (choriocarcinoma); %A% (chordoma); ™&]215% (craniopharyngioma);
At (colorectal cancer)(dlZ £, &% (colon cancer), 2 (rectal cancer), HZAF HAYF
(colorectal adenocarcinoma)); 94 ZZ % (connective tissue cancer); ¥ 9 (epithelial carcinoma);
Abo] M EZF (ependymoma); W3 Al ES-F (endotheliosarcoma) (ol & E9°], 7F¥EA] S (Kaposi's sarcoma), Th
A ERA =8 S=(multiple idiopathic hemorrhagic sarcoma)); A& WuFel(endometrial cancer)(d& &
o], A& (uterine cancer), A &% (uterine sarcoma)); 2% (esophageal cancer)(dE Eo], 2]x=9] A
%, W2l XF(Barrett's adenocarcinoma)); 9 % (Ewing's sarcoma); SFt(ocular cancer)(olE
5o, <l ZAF(intraocular melanoma), W9o}l&E(retinoblastoma)); 7F5A &5 715 (familiar
hypereosinophilia); ®'d%(gall bladder cancer); % (gastric cancer)(dE& Eo, ¢ A <U(stomach
adenocarcinoma)); &% 7]2A < (gastrointestinal stromal tumor; GIST); AAAEZ (germ cell

cancer); F7%%(head and neck cancer)(dE E9o], T2 HAFAEYF(head and neck squamous cell
carcinoma), T74%(oral cancer)(odlE B, 7 HHAAMNEYF(oral squamous cell carcinoma)); <SUF
(throat cancer)(dE &9, &5 (laryngeal cancer), ¢15<%(pharyngeal cancer), H]215%(nasopharyngeal
cancer), T-%15%(oropharyngeal cancer))); 3% (heavy chain disease)(dlS S}, <339 (alpha chain

disease), #v}aH (gamma chain disease), F3® (mu chain disease)); XA E%E(hemangioblastoma); 3}

o159 (hypopharynx cancer); 954 SAFEAE F%(inflammatory myofibroblastic tumors); WA ofd

Zol|=HZ(immunocytic amyloidosis); A1t (kidney cancer)(o|E E£9], Alo}M|¥EE(nephroblastoma), €&
TS Wilms' tumor) 025 &edA S, AAHE 4F(renal cell carcinoma)); IFF(liver cancer)(‘ﬂ%* 59,
PR E < (hepatocel lular cancer, HCC), 93A 7Fet=(malignant hepatoma)); #H<F(lung cancer) (oS o 7]
AR QDA = (bronchogenic carcinoma), AAE #H9F(small cell lung cancer, SCLC), H]AAE uﬂﬂ%}(non—

small cell lung cancer, NSCLC), #¢ 41¢}); L5 (leiomyosarcoma; LMS); H]WHAIEZ(mastocytosis)
(d2 B0, AAA vvhAEZ(systemic mastocytosis)); 5% (muscle cancer); =Fo|dA =34
(myelodysplastic syndrome; MDS) ; Z3]% (mesothelioma); TS A A%k (mesothelioma;
myeloproliferative disorder, MPD)(o& E9¢], AT} FF(polycythemia Vera; PV), ¥EjA A F715
(essential thrombocytosis; ET), & AAFZ(myelofibrosis; MF)2 2% 4&#HZ AEW F4-34 (agnogenic
myeloid metaplasia; AMM), WHA E3HA4 Z4d35(chronic idiopathic myelofibrosis), WHd =54 W1dH
(chronic myelocytic leukemia, CML), WHA 574 wW&EW (chronic neutrophilic leukemia, CNL), T3 AF-
wﬁ:rL(hy1c)ereosin01c>hilic syndrome, HES)); AlZo}A|EZ(neuroblastoma); 4217 A3 (neurofibroma) (&S

ol A 6-ZZ(neurofibromatosis, NF) EFQ) 1 £ B} 2, Al 2ZZ(schwannomatosis)); A ZU%EH]
OL(neuroendocrlne cancer) (& 59, 4T A A ZHNEH] FU(gastroenteropancreatic neuroendoctrine
tumor; GEP-NET), 7}2A|xo]= <F%(carcinoid tumor)); =% (osteosarcoma)(dlE E9o, ZF%U(bone

cancer)); YWA9H(ovarian cancer)(¢lE E9o], FEAM9(cystadenocarcinoma), WA Hjo} <FF(ovarian
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embryonal carcinoma), ‘d4 A<¢H(ovarian adenocarcinoma)); 5% A <F(papillary adenocarcinoma); 73+
(pancreatic cancer)(oZ Eo], #HF AMoH(pancreatic andenocarcinoma), FFA HAA FF H3H

(intraductal papillary mucinous neoplasm; IPMN), %A Z9%(Islet cell tumors)); <27%H(penile
cancer)(dZ 5o, &7 2L 39 A EW (Paget's disease)); S IAF(pinealoma); FA A7 L]l A

% (primitive neuroectodermal tumor; PNT); EAZAME ZFUd&HA(plasma cell neoplasia); FAAE =34

o\

(paraneoplastic syndrome); “F3W] A& (intraepithelial neoplasm); ZHA<d(prostate cancer)(dE
o], AyA Hd<(prostate adenocarcinoma)); 2F(rectal cancer); FHE-FF (rhabdomyosarcoma); %44
% (salivary gland cancer); I (skin cancer)(E £, HHMEZYF (squamous cell carcinoma, SCC),
A= M EF (keratoacanthoma, KA), =& (melanoma), 7]AAMELE (basal cell carcinoma, BCC)): &<t

=0} = =

(small bowel cancer)(dZ E9o], 4% (appendix cancer)); %7 &Z(soft tissue sarcoma)(dE =

N o

ol M3 ZATE(malignant fibrous histiocytoma, MFH), A" %Z(liposarcoma), °A WxAAZE
(malignant peripheral nerve sheath tumor, MPNST), 1% <<&(chondrosarcoma), A--5&(fibrosarcoma), &

N-&2 (myxosarcoma)); XA 9FZ(sebaceous gland carcinoma); A< (small intestine cancer); =4 o+&

(sweat gland carcinoma), #9F(synovioma), 313 (testicular cancer)(elE E9°], A3 F(seminoma), L
3}k wjo} 9FF(testicular embryonal carcinoma)); A% (thyroid cancer) (S 5o, A F5F4 4=
(papillary carcinoma of the thyroid), %4 4 &F(papillary thyroid carcinoma, PTC), #dd 32
o(medullary thyroid cancer)); Q%% (urethral cancer); #H<%H(vaginal cancer); 2 ¢S5 (vulvar
cancer) (& E9], 9452 FA|EH (Paget's disease))Z ©]FoF oA ABEE Hojm she gd 4

g, FAYoR, AFATGY F vk,

T ouE F2 s ek 1 e 8ok 29 siehs e ol AESHoR 38 Jhed dE Edeke ¢
o] ot = NS AT ES Aedt
[shsh2 1]
HalM MH Hal MH Hal MH
OH
Hald ™ SMH
[sheta 2]
H,N_NH
g
g )
O._N [o] H H (o] bt N°2
92 H H N N N N N~
SN AN H H o NN
H o H [o] o] (o] H N‘O
HN HN Hi
HNANH HNSNH HNTNH
471 8ol “stek 1] shgh=T , “shehA 29 SFET a9 T2 AEd ®e uid = Sl

of "AERA o B8 Aerold A7) AFE wFHE AXY A% S4e] gl 54 U
< k]

g0l “HEFHOE S8 Jhed @7 o, A ol wmE 5
& = olvlate], 7 of AT MW W WY
o

>
BN
2
i

rl

il
o
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[3}&+4] 2]
H,N __NH
e
i o Qlw
o._N_O H H © NO,
o] H H N N

S TRUBINSANLE RN NS W ey

N H | H o o] o] H 1

H § 0 N-0

HN Hi Hi

HNSNH HNSNH - HNTTNH
A7) go] “glsbal 19 FE” , “sley] 29 FIET |, “AESHoR FHE shed 47, “‘an” | ‘o
YRR AR SR 5 AEd B9 WY+ g
T OE P2 ] Y 24ES ol A= & JAA Foste dAE Edete oY G EE X
5 WS Ao
A7) go AT, T ftdy ) fA 8T, YT S Aed He ud 4
ggel g
Q okrte] wWE WEFZ=gol HA3 FEUoFE == AP E ATPE o] Fojx FolA HAulyE FHolx et
Aggste] EEAE AT ¢ du. A7) wEFUHLRE =S ¥ oty 2AES A7 EIAE FdAToe
AN AegHow oF Ao mEZ=gol U ATPS A (EE AP EA, & AXY AF APES {343

19] ax= mlEZ=gol 243 FEFHOWEE mitochondria-targeting nucleopeptide: MNP), 333%H(NBD)-
AgE MNP, 0}*1]%7] HoH wEUSHEI=(ANP) 2 WP2(A7F 29 F91(5, /9 dAddeid)rt 244
WP)o] 88t FxE YEhlal, be AE AFES ek ADPSF MNP H3HAA o oF Al ] mEZ=eo}
-l A ATP] 743191 qAE vEd =

= 25 A4 MY = A (solid phase peptide synthesis: SPPS)S =3 MNP, AcNP @ MNP2¢] A A&
el o},

T 32 MNP EA E4S YEld =24, aE WP A% AFEF b= MNP HPLC % 534S UEhd Zo]
o},

% 49 a¥= AcNP, b MNP29] A ~dlEHS el Fo|t),

% 5% MNP/ADP, MNP/ATP 2 MNP/ADP-ATP E3FA S A7} 28 F28 el 224, aE 589 U] 200 pM
T MNP/ADP E&HAS] TEM o]v|X S YERa, b 89 W 200 pM F=< MNP/ATP EgHA12] TEM o]w] %]
= Ul c= S8 W 200 pM FxL9 MNP/ATP 5339 SEM o]m XS vEhRa, dE g W 200 uM

35 MNP, MNP/ADP E3HA] 2 MNP/ATP E23A19] 280 muollA] FHES =43 HZ gu2 Jehf, &
MNP/ATP E3hAle] 234 olu|x& Yehfar, fi= ATPS H3AE o] F& tlET EAH(ANP, MNP2) 2 MNP 4§
No] APS YERAL, g MNP/ADP 2 MNP/ATP H3tA|9] azhg oyAE yepdlaz, h 3 & MNP/ADP %
MNP/ATP E3HAe] A% A4S yebditt. w3, j= NBD ZAF® MNP(MNP-NBD), MNP-NBD/ADP E-3HA], MNP-
NBD/ATP 3t 9 150 uMe] HE == ATP7F 74 $-9] MNP-NBD/ADP 3tAle] 333 ~HERS vehyH,
ki 200 puM EXZolA MNP/ADP E§HAle] 4=8do] ATP H7HEF s % 200 pMWHD)E YeERla, 1 %27] 2
1000 ns <] MNP/ADP E§HA] =¥ §do] H7igl ATPS A4S vehl™, me MNP/ADP H3A Ui YAE]
H7vE ATPS] ALY 4 HEE YERiT

E 69 a¥= MNP A}A|, b¥™ MNP-NBD AFA|<] TEM ©|v]A & viEpyic).

T 72 gRT BAANP) 9 A7F 29 52E UEhd E2A], FAIHOR afE 200 pMollAl AcNP 2 AcNP/ADP
A o] ALK, b 200 uMoll A AcNP/ATPS] TEM o]m]A|& UrEMi wo|t},

%= 82 40 ns 59 MNP/ADP 9kAl(a) BU MNP/ATP H3HAI(dD) S HE 42 teblaL, bt c= MNP/ADP H3HA)|
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[0135]
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P st fE MNP/ATP 2@A0) B4 $E G5 e,

ofh

M
e
ok

of A

T 99 a¥ MNP/ADP E3hx] 2 MNP/ATP E3HA|o] sk o7, 18
(r))E Yel™, b MNP/ADP HEA o thdk &drjd

= 109 a+= 500 ns % MNP/ADP E&A 9 ZHS = =,
MNP/ADP 34 2 MNP/ATPo tish &d7d 253 & ko] WAl X ﬂ*(g(r))e YERd ot}
W}

T 119 a¥ MNP/ADP E3HA] v 943+9] 500 ns & AWAES UER I, bE ALY FEES
2000 ns ¥ MNP/ADP-ATP E-3A] vbx= 9z} A|2Ele] ~WWAES el To|t),

T 129 ax ATPO] ZAHOlE 18(Q), BBLAWN) 2 obdd(S) 283 MNP oy 1%
3t (g(r)) S YERg AL, bE MNP/ADP 2 MNP/ATPS] WHAME EX 3(g(r))E vebd Zolt},

% 139 ai= 50 pMelA 2A17F =< mitotracker deep red®} $HZ MNP-NBD/ADP E3&-4|9] nmEE=go} U =
4235 YERaL, be tiZa 4 MNP/ADP EFAE AFEste] mEFZEgol #E]e] ATP 1 A A3E UEh
W, ¢ 25 pMelA 2 Wl & HS-5(H) 2 HeLa($t) Aol thst MNP/ADP E3HA] 2 HeLa Aol thgh
AcNP/ADP 2 MNP2/ADP 319 AX =4S vebdl Tolth, Ed de= g7 AE 2D ex 50 pMolA] 4x7F &
oF MNP/ADP E-&A= A eld AEe] TEM o]ux& veld Tolt},

T 4E AE W ol dAAe &4 L Ao]dt &% ol 4 MNP-NBD/ADP E3tA|2 22 ¥ HelLa A1 CLSM ©]
U2 el =24, at 4T, by 37CoA w3 AHola, cE FARLA, dE MBCD, ex ofdzZdlol=
At Agoln, &= HAX U o]y JAA &4 E W %A MNP-NBD/ADP H§A2] AE Wl o]l g
FACS Hl°olElE YEld Zojt}.

fokol w2 HeLa(9h) 2 HS-5(AA) A EFo] thak INPe AlE A4S eyl Lo},

ki
—
(@2}
s
[\
1o,
)
=5

16¢] a+= AcNP @ AcNP/ADP %3}, b= MNP-NBD ¥ MNP-NBD/ADP 34|, ci= MNP2/ADP 34 9] Hela A%
2 A Al AE BAE vl Zolt),

X 179 a©® MitoSOXZHF-E9] 3go 93] mEZ=gol Ul ROS A4, be 50 uMollA]l 2A]7F &<t MNP/ADPE]
DRY QA o% vEZSelol B SRIS NS Solth. EF, o 20 uldA 2447w me
MNP/ADP S@HAI7L Aelfl Hela AZE] & FACS #4S tehla, di obPA% A5 @AY, AP, MNP
= INP/ADP BEHA7} 12402 Bet A E Hela AE] QA AE Bl AllEAE C, AATAl 9, bt
A 3R p-ofEle] 9sE BE AL e Eold,

5 189 ax= WERA(HYHA &S Hela AE), b= MNP 2 20 pMollA 24A17F %< A% Hela A|E9] FACS
o8& YERd Zolt),

X 193 a¥ ADP, b ATP, cE=MNPE] AA(All-atom) ® CG(coarse-grained) E9S el TZo|t}.

N ki
=2
=4
ol

wgg YAl Aok FAF g

olal B we AN Eato] nrh AAelA AEAT. T, oF AAdE B aye qadow Ays)
) e Aoz B el WAk o5 ANl FAAE A ohieh

AL

AAd 1. A2 nEZcgol-33 K9 HE = (Mitochondria-targeting nucleopeptide: MNP)e] 129F
2 34
nEFZegol-133 FE el = o8 futE=

= nEZEgol Wi 2EA JEA Aoz Q3 o Al
x9 Euld &4 2 ATP Ao o3 e o X8

it
o
AN}
e
QL
k]
)
gL
¥2
B
H
>

oldl, d7] HAEES EAHCR = BARM WPE 1eretm @At i) uHEHQ ojwwake] D, L-Z2F O
2 4% MPPs (mitochondria-penetrating peptides, rFxrFxrFx)(r = D-247](D-arginine) @ Fx = L-Alo]Z

2 ddebd (L-cyclohexylalanine)); ii) MNPQ] A7} Y 89S Z3A7|E 89 FF (F = L-dddeid
(L-phenylalanine)) % iii) W2 ofdldz} E|Tl Alo]o] fA7]-& J&28 9 So= siE EFEAHHoE
OaF &ride oz HE FoldE 1w e ARAVA Jd8S FE AP deEg s 9% HE =9
N-Zere] B9 (Thy) 2 rrFxrFxrFxe D-¢7]d. A=, WNP= 8t7])9 %5 7}-t}: Thy-rrFxrFxrFxFF. tj*
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[0142]
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[0144]

[0145]
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T BARA L N-Zd A Bl thal olbE aEo] EAEE olMd-BEH WE|=(AcNP, Ac-rrFxrFxrFxFF) 2
T 0e] widgeide] Al A MNP(MNP2, Thy-rrFxrFxrFx)e] FA=H AT, o4s =50 1A FAHE=E A
(solid-phase peptide synthesis: SPPS)E E3] &AHE Fo AT A IZZriEady] 2 ZAF EAHoR

AL ST (= 2 WA 4).
AAle 2. MNPS} ADP E= ATP 3He] 3328 3 A7 29 5H §4
WA, MNPeR ADP E= ATP ghe] g B A7E 2§ sHE ARSI

o A3, NP g9 1 X}iﬂi MEetar Fydorn  FiAxtdv] A (transmission electron microscopy:
TEM) o] w2, 200 pM FZolA] ower Fx% A8t &kt xx o= MNP/ADP BgAE= U3 S
oA Aol FHIHA Torxlo}m] w9 AL F7]9] Btk Y F2E PASUTH(E 5a E 6a). SHARE, MNP
Lol ATPS] #H7bell whel SA] Baf A, MNP/ATP H3HA] 9 AdEe] AdHATE. & 5b 2 5collA & 5 o
o], dAd" Yx TRE TR (TEN) 2 FAPAFE ] 4 (scanning electron microscopy: SEM)ef tuw}
2 A9 500 mm A7) HA FxE RS & F UATE. oA EE, WV-Vis #FHE o]&35t] FIE
og] A4d &de HEE T3 FAHMTE. & 5d9 dlelEE ATPS] FH7bel wet 280 mmell A1l FH=7F Fo
BS YehlH, ol MP/ATP HgAe] &) MNP w5 & 2 MNP/ADP E3HAe] §r) wj$-
o

A 29 &N W Y= FFo FAS #lEy] 98, 4-nitro-2,1,3-benzoxadiazole (NBD) &FthE ojm=
2% B85 B3 FH= -Edel AdAIR the, 8] vk 1ol ZiAlE A 38 FAssiT:

(g4 1]
‘((C] oy HBTU, DIFEA
N 0
Hﬁ*\HH Hy N#’M‘“‘ Hy N o

HaH _ M
¥

Je,. Hmu o

oA, 890 U] 200 pM BESIA MNPNBD/ATP BEAlol gk F2 eleld 2Ad Avldel ela) 4] 3
Foll oalf 54std v 27 BEEAT (= Se). MAEES SEM 3 TEMOl o8 A } 12(~500 nm)Z 7}A
Aoz BAWAT. E 6bolA ¢ & Eol, MPNBDE FEolN e Fsle F2E @RSl s
g2 A AcNP &

S

BN L AAR, AHef AP EA Stell M FE st Trxlﬂzirﬂr(E 7a). ATPS] F=A] 3ol

7a B 7hell A dERUE wbel Fo] oF 50 nm A 7] e WA RS EFSIE ANP/ATP HHA &N Ea
k. B, MNPz_ 25 F97F §171 wiEel, o] Fo &AL ATP EA) Stell A A4 SFUTH(E= 5f). ©]
g3k Ade2 WPl BWl 1 B 27he] sidekEhd F-907h ATPete] HEA Auagel] Fosivhs A& U
i

o

xﬂ

AA|e] 4. MNP/ADP 2 MNP/ATP H3AES] A2 & Z2F & & A58 799 <l

MNP/ADP S MNP/ATP E8A4E9] vt 2% &2 24871 8, %@% dog 59 9 duUAE ALA o
2 ZAPRIATH (B FEd 4 Fx). WA, MNP/ADP 2 MNP/ATP H3HA] A28 Zbzbel] digk 271e] A2~"S &
dgdto gy Aoas F9 2 A3 748 2AREL, 24 GE(AAD) ATE FHEIUATHE 8). AEE 7
9 2 A FxE= AE BX Shg(radial distribution function: RDF)E o]&3dle] EX%Qict. MNPl ElW
7 A7d 15 B OADP 2 OATPY] ofdld, HRLA, EAFHIE IF HY F8 Aszg 985 45t

1 A3, MNP/ADP EgAel A ADP] tho]|EAdo]E 1FS MNP VW aEFd sl gz 2gstal, ADPe
otdld 1F MNPe ElWl 152 oFstAl A AEslth. MNP/ATP HEACA, B9 5 ONP)# obdid 1F
(ATP) Atolo} &7 ZF(MNP) ¥} ER|EAWOIE 15 (ATP) Alolol Z3t Jazgo] EAsls Aoz ZAAHS
o, 53], MNP/ATP E3HAlolA BRI 25 4 289 n-n 4S8 T3 obdd 157 dsggste 3
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[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]
[0158]

[0159]

[0160]

[0161]
[0162]

[0163]

[0164]

[0165]

[0166]
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R, RIF 242 Sl 7] 4228 52l s =AFskltt.

e Hlel] €] Pﬂd Euly d7d aF 7o) A5 A-8S MNP/ADP B3 Btk MNP/ATP E&-AoA o

& ), 4l F 309 VI 2 ADPJ ol 2ol E g7 AEAEahs
Rl 253 Fole-n E#go] #osigiar, o] 4az& EE oidd 1F
% 9b). MNP/ATP E3hAel A, MNP] 471¢] %715 IF EYF ATPY EgjEAE
¥ dmAgsilar, Aar, ol 1FES Euly ofuid 7he] AEgS Wk ekttt = 5gol el
W oupel o] AR g2 Ag FFo] Fo]Xw, MNP ADP(-578.2 kJ/mol)el Hl&] ATP(-637.5 kI/mol)<9} ©
Bt s Agsgity. & 5h % 5iv g QPAE MNP/ADP E3§A E MP/ATP H#AES 23 7= ﬂﬂ%
Uebdith, o]g] 3k FxollA, MNP/ATP H3HA] 2 MNP/ADP EetAo] Aa g H9j= zhzh gul-otud/d7|d
ZEavolE W dr|d-to]| L v o] Eolr),

AAld 5. MNP/ADP &3 2 MNP/ATP E&A9] A7F 29 F29 v

A7) AA G 49 ARE vtgo = (GMD Al E#Ho)AS E&) MNP/ADP E?;a A 2 OMNP/ATP E-HA)e] 27 =HeA
TZEL sy, WA, MNP/ADP 2 MNP/ATP B3AEY A7t 29 FAL g9 tHE 10).

1-0{1

A, MNP &7 T15o] MNP/ADP H3HA Yol zHe =FHo=EN dE A
o ol 9le1Al, MNP/ADP Al E el ZEw o] MNP/ATP =ebAlel wis) ki =2 2HH
AAle] 6. ATP H7P7E A7F 29 JA o vX = FF
ATPS] 717 A7) 29 A d n x| 98-S ZASH7] 98, ATPS MNP/ADP E-&-3o] & 7}A|#, MNP/ADP-ATP
ESMAE AT, WA, MNP} ATP 7He] A& 2}-8-o] MNP-NBDE o] &3t 3 =gl 93] A=A,
2 A3}, MNP-NBD-ATP -3F#)&= MNP-NBD 2 MNP-NBD/ADP Aol Hla], @A A Zad d3 A7 Yed
= 5j). MNP-NBD/ADP-ATP &3¢ @33 A= INP-NBD/ATP E¢A|e] AAE- Y w]$ F-AE A H3lel s
a1, o]& ATP7F MNP/ADP H3AE SHAASS Yebdth. gk, = kel vebd vpe} o], ATPS} MNP/ADP
Ao Fejel 7= MNP/ATP E3ae] Jeje} A7)9F GAFEIth. o]ed AT MNPE ATPO] =& MEln s
ZHA AL glow | AXe] ) me FAE MNP/ADP EFA AR e MEAS X1 vE AL eI
WESH, MNP/ADP H3hA|eh ATPS] 27 2§ 522 AlE#HAS Fd ATHA.
ATP 2 MNPO] 73S 2F-8-& Zh2 MNP/ADP H3HA] iAE AA A= fEshdvh(= 51).

gk, MNP/ADP H3HAl v gk S 2SR 98, 10 nm A7) MNP/ADP H3HA Ve fAE 2d

A=}t 271E YAAZHTHE 11). ATP H7F 3, 2719 MNP/ADP 3] 1}

w2709 Ui JAELS MNP 2L ATP 7o) Az Abgel oa] FFEAT. 2719 Ui ¢
S ATP= MNP/ADP Y QAFES] o] &2

= FAHA S YEIH(E 5m). AwH o=z,
ATPE= B2 MNP/ADP &4 v ?&Z}a o F&HSaL, 71+ AAA A3t Al o] ADPE thASHA] ek
. 2709 v AES M= H 23, ATPY] ER % MﬂﬂE 57 MNPQ A7l aF 7k AANNAH

A
F2g o] $Ho] o]FoH (= 12a)
Ao 7. MINP/ADP H3A9 I a5 F<l
(1) MNP/ADPS] A% W =43 el

MNP/ADP &3+ 2 ATPO] b7} 2 2 23 528 813k Sof, MNP/ADP H&A2 &4 &% in vitro AY
dA Bl2EFHATE. 53], MNP-NBDE= MNP/ADPE] AlE W Z43E AF3l:= b AFEEH ST

I A, T 13a25FH & 4 A%o], MNP-NBD/ADP EH&A 2] 73k A HPLe A Ez, 23 Wit
mitotrackero} FHATF. o]E ek T2 MNP/ADP H5&A 7} AXEEC] & WASEHAL, WPPsE & nEFE=g
of o FA4= T AL eI

(2) MNP-NBD/ADP B§HA|e] AE W A3 WAUZE Tl

o7, FxH 2 IF-2A3} ME EF(fluorescence-activated cell sorting: FACS) #4158 53l MNP-
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[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]
[0174]

[0175]

[0176]

[0177]

[0178]
[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]
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NBD/ADP E3AS] Ax Ul A wAYUES AT
O A7, & 149 tolEE ouX H59€A X Ul AF HHE T 4T 2 37Tl A 2417 vk # Hela AXE
of A MNP-NBD/ADP %37} WA= &S

53], Hela MEES Ax W A3 B4E A7) A8, methyl-B-cyclodextrin(M-B-CD, E3-o]&4 M

W AFe A, FaRes(FEA-m) Al W AFH) R opdEEtel = (v Al W AHFH)7E A EHA

n

A7) AAAES] EA4 stell Al doix MNP-NBD/ADPOl tiet 3 F= 2 ulAlg: dlolEE 15 HAl Al do
dlo]El9} A8, o] MNP-NBD/ADPS] M WAst7} olux] o&x A U AHd m=x 2SS e
=

(3) MNP-NBD/ADP E-3tA]¢] ATP ZE 589 &4l

MNP/ADPS] W]EZE|o} ZA4stE ERIg &, vEZE=gor B AE ol ATP A2 oS Fsivh. ATP 24
A2 Axeiy Zo9 vEZEor 2 AZXAR YA

EIRN)

O Ay, HYEA G AEZ2RE g nEIZ=gole Hste], MNP/ADP AR A AEZEZRE &
g9 nEZEgols ATP $X7F F438H 74ske] ATP 2242 o]ojx|+&= ATP A8 E YeldtH(E 13b).

(4) MNP & MNP/ADP E§tAe] M =4 9l

WINPe] 5Ae AN F4 Afot AEFMSH) D AT AHS AL (HeLa) ol A ZAE QAT

_I_Qr
I A3, 152 YHA}E wis NP @52 Hela AlXES} @A) HS-59] il FostA ot 542 YehdA
¥ (X 15).
T F Mo o= dHE FEAHE IFS 7HR ADPYE HIbHE o], MNP 4 HstE Au|gho 24 MNP/ADP
A7 FA = AT

JFILI

I A3, 25 pMe] FXolA, MNP/ADP EaHAE oF 80%2] HeLa AXES QA N, HS-5 AEELS WU 5
20%7F £99ar, ol AN AXd nlE I AEXES Auiygow A3k L3, MNP/ADP2
[Cs0(the half inhibitory maximum concentration)< HeLa Al¥o|A <F 15 pM$lar, HS-5 /H]jj_oﬂ/ﬂ 50 uMAtt
(% 13c). iz 3F5HE2 AcNP 2 AcNP/ADP 33t HeLa Al2zell dial] 25 uMe] sxolA A 54& e
WA FRH(= 16a). EFH, MNP2 HFAZ= 25 Mo sXolA 7o 545 LPEMW Skgkar, Hela AlEELS
200 uM itﬂ NP2 EA] stelA 3] 70%9] AEES YEFHTHE 16b). ol7}, MNP-NBD % MNP-NBD/ADP
EFAES HeLa Al ZEe] tisf MNP/ADP H3FA19F frAbeh A4S HATH(E 16¢). 1822, ER 29 2 27
9 ﬁﬂé%ﬂb IFELS AP Ao Fe38ka, NBD A3 ZA4o] 9aFs 4 &=

(5) MNP/ADP &3] A wa HXE ) ATP Zale
AZ ) ATP A8 E2lsly] 93], TENC R vEZE=gol FeE AAs ).

=
=
l
ok

I Ay, T 13doA & F ko], AEHA] @ Hela AlXES ARE BAIH= A8 2H(cristae) & 2
Fws AFE vEZ=gokE et Wz o®, WNP/ADP H3A7F AelE Hela AMEES WL 7tk 300
mell A 1 um A7]19] A O mA FREEHEER SAE)E SAsEAT. 15, vEZ=g ol FE|AHE
MNP/ADP E-3HA417F )2 ? of TAHA AATH = 13e). ol AHES MNP/ADP EFA7 AE H nEZE
gotoll WAEE AL, o] F MNP/ADP-ATP E3HAE PAsta, Ade ZHAE FAsN &S ek,

(6) MNP/ADP E3HAld] & wEZ=g ot &4 &<

MNP/ADP E3HAI7F mlEZE=gote] &8 FRdsS Y5yl fdE, vEZ=gote @ik (reactive
oxygen species: ROS) &4 2 = ¢ HAIE

1 Az, nEZ=gole] dbstEe] A E MitoS0Xe] A4 FFo] MEEo] MNP/ADP EHEA 7 Held o ¥
ShE| ATk Aol o3 MNP/ADP 53HA= vIEZE=Eoke] ROSE AEAZSS & F AATH(E 17a).

wgh, HEAHERoOR fd o ~H = (tetramethylrhodamine methyl ester: TMRM)-2 mIEZE=gole] w4
=] Asxoltt,

MNP/ADP 59147} A 2]® Hela AIEE2 159 MEZELol B IS A2, s A& udgd v
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[0190]
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[0197]
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[0199]

[0200]

[0201]
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EZcgotel @A, TMRM 330 ZaH 5ol dFHATH(E 17b).
o}

% AZAANN AIPE AelA7a, BEZEole] &

(7) MNP/ADP E@A Agd wE AXE AEe] &2

ME AFES] RS FACS 2 9la®l Bx EAo o] ZAMERIY. oFdAl V/PI(Annexin V/ propidium iodid

e)x AE, MXE AbE 2 AGAF AES T2 AE AFE g mE d3¥d 1 BFAAd 2 R o] AXE

Qs o AFSE AT

R AFTELS 100% AE3 Wb 829 MNP/ADP B3A17F A2 ¥ HeLa Al
Tl

A
i—%% F7] A APES] S-S YERlE(E 17¢ R 18a). HEF, MNP AHAl= 80%e] F-71 Al 3 APEE Fdst

A=d B3 £S5 s, MNP 5L MNP/ADP A 2ol o3k Al AbE o] mAYSE EAFSATH(E 17d).

o AT, AEEA EAY oA AP MelE Hela AES] 18] MNP Ei= MNP/ADP 23 7F 29 Hela A%
EdA AlOlEAF cleytochrome ¢) 2 7F2=3bA] 9(Caspase 9)9] WA o] 71 AT,

olg)3t AFSS MNP/ADP E-3HA = liitﬂo} el A ATPS}F wh-g-ahar, mlEZEolR e Ale]EAE o
HES B8 I AE APES Fasd S vERt

Az

HA=zd 1. A8 & 7|F
(1) A=

el xstd EE ol Al F%A (Fmoc-7|HE ofn = 2-22=2-Egld Z=Zgo|=(2-Chloro-trityl
chloride) A % HBTU(O-benzotrazole-N, N, N', N' —tetramethyluronium—hexaf1uorophosphate)% GL
Biochem (Shanghai) Ltd 2 Apexbio(USA)ollA 43k th. DIPEA(N, N-diisopropylethylamine), NBD-CI(4-
chloro-7-nitro-1,2,3-benzoxadiazole) % TFA(trifluoroacetic acid)& TCIZH-EH FY3}ATt. ofdlil EF
EX2HolE YolaF 43 ¥ (Adenosine triphosphate disodium hydrate salt), tert-5-% B ZEolA|HolE
(tert-butyl bromoacetate) % E]Wl(thymine)<> Alfa aesarolA AL, o}H=l Tlo] L AHO|E UolAhgm F°
3}& (Adenosine diphosphate disodium hydrate), EJW-1-o}lA|EAFS  sigma Aldrich(USA)ZH-H AU},
DMF(Dimethylformamide) 2 o€ @ t}o]o}lwl (ethylenediamine)e daejung chemicals % metals Co. LtdZ5-E
TYstr. MIT(3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium bromide)% ACROS OrganicsZ4-H
BATt.

DMEM(Dulbecco's Modified Eagle's Medium), FBS(fetal bovine serum) % Hela @ HS-5 A|E #]g& HAYA7/
2~E=Enlo] 2l (penicillin/streptomycin) Life technologies®l <3l Gibcol ZH-H F+YsHH. nEZ=
o} 2] 7]E= Thermo Fisher Scientific®=45-¥ T AeFATHCAT#89874). MEZE=gols AFALZSH Ay
TrEZ wt ).

2) N+

RE WE=E (18 AYH Agilent 1100 HPLC AJ2~®l 2 1220 HPLC Al2®lol] o8] AA=HA. 2z B0
MALDI-TOF/TOF(Ultraflex IIT, Bruker)el <& 3= Act. FF2 F-7000(Hitachi)ol &3] ZAHATE. MIT
BA o s} ATP 5 AL s B ulo]a g Z#olE g 7] (SpectraMax M5e, Molecular Devices) =4
B Ao,

Az 2. FgE=9 P4 ¢ EA3
(1) FAe= FA (A Ael= A (solid-phase peptide synthesis: SPPS))

3¢t B =52 Fmoc(fluorenylmethoxycarbonyl) 7]9F 324 e = g Hell <
1] =2 (Fmoc—phenylalanine)< 2-CTC(2-chloro-trityl chloride) <A Aol ZHEAY. A HA| o}lu]=2to]
Ao 2% 3ol capping A 9F(DCM: MeOH: DIPEA = 17: 2: 1)o] =%x]¢] RE & =

I
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AFSEATE. DMF W] 20% I #2lde] &Ho] Fmoc IS AASH] 3l AFEEAL, ths Fmoc-H ¥ ofr] =4t
o] AEH Ao 2A HBIUE ©]&38te] A opv|iitel] AZHEJT. 7 dAlolA, A& DMY} DNF o= 33
AREAG. 2ga, FEHE=E A AFS 8 AAE dHEST. v 9 AZH (oMY 25, HY I5)ER
T daz FAHAY. HAEH=ELS Aok ZE A (TFA/Water/triisopropylsilane: TIS, 9.5: 0.5: 0.5
(/)R FAZRYH daEda, 27k toldd dF u JAAA dJet. JAAEE 4,000 rpmol| Al 3% H
A FYAFT. A" AedSs wel i, @2 aAE GAl ARSI

(2) NBD-NH.9] &A

10 mL¢] DCM(dichloromethane) Ul thol-tert-%8 t7tZ R Y|e]E(di-tert-butyl decarbonate; 0.38 mL, 1.66
mmol) |MS ZHA 7] SfolA W= 0Ce 15 mLe DCM W] old#@t}o]o}dl (ethylenediamine; 1.11 mL,

16.61 mmol)ell #7}skitt. Whg EFE AolA 15A7F Sk wnbe ey, whg EFEL DS AA8k7] 9
d Ao FHEHAG. EFEE DAMSR 33 FFHAL, AATR AHEAL, FUAUEFOR AxFYAL

oJubE 1, Zurso] LAlel 08 ATH(76% 5)(H MR (400 mHz, CDCly) & (ppm) 1.45 (9H, s), 2.70
(2H, t), 3.14-3.25 (2H, m), 4.70 (1H, brs)).

1 mLe] DCM W} NBD-CI1(300 mg, 1.503 mmol)E A-&oA 15417 WA 20A17F &< 2 mLe] DCM W] Boc-o}9 (Boc-

amine; 240.8 mg, 1.503 mmol) @ Ezgo]&o}w(230 pL, 1.653 mmol)o] H7FE AT, ¥H&o TIC FHoOZ F

e sl &% Edo] Algd wizbA] aRbE Yk, whgo] dn¥E F, vk ZFES DAMNSE FE3aL, 249

T2 AFER, 33 wEIHAT. 4715 MgSo.E Hxsta, oAFdstn, @Y FFIU. 1 F, 2EES

DCM(5  mL)ell  &3IAlZ 3L,  TFA(trifluoroacetic)® &M  FH7batith., whge  AeoA  247Hg<t
WHEE AT, 9 F SN (DCM, TFA)S TEAIA AAS A, oF 700 &9 244 YFA=ES DU,

(3) NBD ¥A€ MNP(mitochondria-penetrating nucleopeptide)®] ¥4
NBD 957 2% vEZ=gol-HEA 7 2 ME] = (nitochondria-penetrating nucleopeptide: MNP-NBD)Z

ah=7) 98, 3AE NBD-oF9I(1.4 mg, 6.4 x 10 mmol)o] DMF 1 mL &1 U] MNP (10 mg, 6.4 x 10 mmol),

==

HBTU (2.4 mg, 6.4 x 10 mmol) 9 DiPEA (2.2 pL, 1.3 x 10~ mmol)o] A7 E|Qiir, AeoA] ukx
AT, S F ) x EFES 480 nm UV FFEE HPLC(water/acetonitrile)E %3] AA =, A=
MALDI-TOF/TOF #-FH oz EAI3 1MD}.

flo

Azd 3. TEM AZ9 Az

E9A 23 n 7 (Transmission electron microscopy: TEM) O]U]X]g% JEOL % morganini 268 <]s}] JEM-
140002 AT}, ojH|AEL 120 kVe] 7} At 5T}, MZ=(5 pl)S formvar/carbon ¥
7300 W4 FE] 2E=el wiAEAT. 5% F, AHAE ARE-E 13#4 AR REE AEES FEH
A FFetdvh. 54 98 A8k, 2% v/v FEbd obAlElo] E(uranyl acetate: UA) &Ho] MEZo] ZHH 1
o A7 EJrt. 5% F, G4 &AL AR/ E AFEste] 2= A 2EEH F7ElT).

A TEM AE F8]E 98, Hela AXES AQsta, 24-9 ZHoE(1 mLe ¥ x3 dx W 50,0007H
3} )

15-mm 27 9] manox coverslips (Nalge Nunc International) AFollA A& A 24A7+5<¢F v
sk, MiA= g4 23 aiA v EE dEE J—‘—Zﬂﬂ}\}\v’-— 2N FoF WEE AT, B MEEe] 23y
of & WA= WYL, AMEES 0.1 M A HEF S0 7.000.2 4H3d] 33 AHs . AxES 1
T 0.05 M I GEF 45 (pH 7.0) W 2% .—Z:—EFEOLH] &=} 5% FAROARE 308 F nAHJLL, 5%
205 s 0.05 M A YEF 4590l 7.00 02 30 1t 38 AHSAT. AEES 0.05 M 14t Y
EE S4Fd(pH 7.0) W 1% L2 HIEHSAlo|=9} 5% AR AR AR FoF FuAPAHL, 1 F 3% =
T EZ 33 AU, o] &, FFo] WA ofAE Alg=(20% TGADE GEFEIL, dFA g EFHT.
FAE 80TA 12417F FeF Faskaleh. 21t AA(100 nm) CR-X & Eghuto] A i%gi A, T F, 120
kVoll Al 2hgAlA JEM-14002.2 o|H| A& Att. dlo]E& Gatan Digital Micrograph program® 2 +-4]3}3it}

Az 4. AEFNA B4 HE

(1) =97 Ex ogst(All-atom molecular dynamics: AAMD) 2 R E 7]% ©]Z(density functional theory:
DFT)

_26_



[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

SIHS31 10-2022-0159831

MNP/ADP % MNP/ATP®] Zd&=8 79 3 Aozg ouAE Abelr] &, F-94 &2 (Al
molecular dynamics: AAMD) AlEdo]Ad % WX 7|5 o]E(density functional theory: DFT) AlXto] Z+zy =3
HATE. AAMD AJE# oMol A, WALE EXE $4(radial distribution function: RDF) #41&

ADP-MNP 1 ATP-MNPO] ThF F2. 4B g RS Fdsln, AR xS AU

o
=
El
e
o 4
i
=

AAMD Al E#o]dS GROMACS 5.0.6 X2 1S o]fale] CHARMM27 forcefields® < 33}9ith. MNP/ADP 2
MNP/ATP Al2=®lo] th3l %7] 2dl A|~®S 5317] 98], 3 MNP/3 ADP 2 4 MNP/3 ATP Z}Z}2 TIP 3P water
modelo] 91 5 x 5 x 5o il Fabelm Aokl Ad)l Fahs wby] o]0 Qe Hasiely] g8 MNP &
ol o3& FAEHAT. T2-5U (S, NPT) AlEH oA 1 fs9 Al @AIS} g4 40 ns &<F 298K 2 1 atmell
A FAEY, a5 s AEE BEA o]REUTE. &x B gHe vz 25 x2H7] 2 Berendsen
ez 7o 93 FAE AT,
MNP-ADP % MNP-ATPS] 434§ olux|= DFT Alitel 3] At AT, AAMD A& o]l 7] %3}, MNP/ADP
9 MNP/ATPO] A3 452 ROFS 3 WAl HA A (S, 0.2 nm) Kt} 42 MNP/ADP 2 MNP/ATPO] A&]e] u}
g BEFgozx AHAeYxAqui(E 12b). DFT 74k Perdew-Burke-Ernzerhof (GGA-PBE) 3k g 3=
(exchange-correlation functional)E AF&3&le], EF3td 7187 A 34 Diol” ZZa:e o] gate] 429
]MU} Tkatchenko-and Scheffler (TS) scheme©] HFH]EHU\ o285 AgsA distr] Y AEES Y.
E dA4L 59 FA4 AF(e=78.3)E =AY 2379 R4 (conductor-like screening model: COSMO) =HH-S
oz AYEAY. Fogg AdUX (AL, )= 3H7] 84 19 9&] AxtE A

(5344 1]
AEyw = (Bt — Bww — &) /' n

A7) B ADPNP R ATPANP 2ol & o UAolol; Ay 0 AE ZH7H NP WAk & oA B x = ADP B
= ATPo|T}.
(2) AR 4A 1 98 (Coarse—grained molecular dynamics: CGMD)

ADP, ATP % MNPY =7} %9 FxE s 98, A dx B2 938F(Coarse-grained molecular
dynamics: CGMD) AlEdo]AS GROMACS 5.0.6 =2 13S o]83F MARTINI forcefield® 3% AT}, ADP, ATP
2ONP EAES RE Ex} 222 2317 98] MARTINI schemed 7|wbo & melg)s]Qjuh(% 19). MNP/ADP 2
WP/ATP BEAEe] A7tey A4S DAY S8, el Axde] FHEYU A WA Axde 507
MNP/ADP 2 507H] MNP/ATP S 72 20 x 20 x 20 nn' @] Qb b AlzEle] 2oz o A
(ZF, 200 pM)E H3] FFk. 298K 2 1 atmollA] NPT AlEdo]Ade] 500 ns I+ FAF AL, #pA1= 50
ns AL Ao AREE AT T owAE, 19571 ADP-MNP S ESH= 10 nm A 9] MNP/ADP U YAHE
20 x 20 x 20 ool 91X AlZAA, 500 ns XF o] A Y= 10). HPFshE MNP/ADP Y= YAE o834, 35 x
P

35 x 35 nm P Abel 270e] MNP/ADP th RS Z 39070e] ATP BAES FESAIL, NPT AlEH AL
208K % 1 atmollA] 2000 ns&<t FAEHAY. ZE CGAMD Al&EZolA &<k, NPT AlEH )AL 10 s A7F ©HA
2 YAt %E 2 Ee A7t £5 AQxY 2EFH7](velocity-rescaling thermostat) 3 Parrinello-
Rahman $t& =47]ol < = At

Fzel 5. AL W L MIT 4

5.

4

HeLa 2 HS-5 AIXE2 American-type Culture Collection (ATCC, USA)ZHF-E T43F3tt. HeLa 2 HS-5 AE
=528 10% v/v FBS(fetal bovine serum), 100 U/mL YA d = 100 pg/mL ZE#@Eunjfo]xle] H7le
DMEM(Dulbecco's Modified Eagle's medium)olA] wlLSEHATH., ZE AEXEL 5% 0,9 &3 tir] 2 37ToA uj

b | -
9 ¥, 999 =7 R B dEa)e] AF SAEs 7 Dol Adrekelvh. 10 ul MIT &0“(5 mg/mL)
z , F7FE AARE S wlet % 100 plLe] SDS-HCI &8

S 7+ ol Hzkskar, 37ColA 29 2+ wigslla
3 WS FAAII7] A Hoksksar, Bepd xEepxb(formazan)& S AIZ T 595 nmell 4] 7 de] FF
TE UFsEE volazZYolE gl o8 SAHAT. 54 B 351 TN, 33]e] FA] A gk
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Fz4d 6. HeLa AT E2] CLSM o|u] =]

Fx7 dolA 279 &Awv]A (Confocal laser scanning microscopy: CLSM) ©]u]x]&= ZIESSS] LSM 780 % 88020
2 49, 1 x 10" Do) Hela AlE+= AlE W o] 23S 93] 8 well Lab-tek II chambered coverglass
(Nunc) 7ol A9 =S, 1.5 x 107 o 43 L AT oEH 2SS Y8 3.5 cm] FxF HA] Al AIHES
o). AME BjE7]o A 24A7F B9t Hela AMEES A Sof, AAH 5x2 MNP-NBD/ADP H=+ MNP/ADP &3+
A WAt A Mz H7bsisdch. AAl" Al 4 2 Hela MEES 33 ot wxZ M3},
Mitotracker deep red= 1 uM XA 10 1+ vEZEgolE AA5HY] H3l] AFEEA, gdd vix2 A

EES AL, SA CLME 8 mjA oA AEZES FAsA. AlZE &4 A8s 98, WA, FhlE 50
uM MNP-NBD/ADP HEAE ulx|e} &7 H71elr] ol oA & &Gelrt. 108 vit}, FUT HolA FE=
T2 oA E FYsta, I E AU AE W oy WAUS AAS A, 1A, AR & AX WY oY
AAARA, AR (400 m)E 3087, ofdEo]=(3 m)E 158 7F 2 MBCD(10 mDE 30 7+ w2 wj
Sholat, o] ¥ 50 pMe] MNP-NBD/ADP H3tAlE &3 Aol #71skqith. MNP-NBD/ADP 3t9k A A&
2A1ZF St FUE Fuier 5, wig WA E AASIAL, NEES 33 AFHSIT.

MitoSOX 2 TMRM 9172 $J&}o], Hela AESS DMEM ¥i<] W] 90% &F= 8 well Lab Tek II #® AW I~

gell Ald 3}°i5} 50 pMe] MNP/ADP EH3HA|9F WA & 2A17F &<t Wik &, AE v A= Al z=AFMitoSox,
M36008 9! TMRM, T668)°] Z=2EZF wat H2 AEXES 97 A3, 5 uMe] MitoSox A%k &g & H 1

Me] TMRM(Tetramethylrhodamine methyl ester perchlorate)S ¥&3l= viX=2 WA FHJAG. 2 F AEELS
37Col A 104 7+ wigFEAar, 33 AH = AT,

Az 7. FACS £4

5

10% FBS % 1% dHAYA"™H/~EZ:AEnlolalo] 7l DMEM(Life Technologies) W Hela AXE(2 x 10

Is/well)& 5% CO, & 37C =7 3} 6-4 ZeolEoA v} vid=E At 2 5, AEELS MNP(20 pM) E=
MNP/ADP E3HA1 (20 pM) 2 24A17F ok AErt. AEES AHE o, Efal gz, 94 Easle]
AP, 1IX ofdlAl AdF gz o 7 AHE T, AIEL 5 ule PI(Propidium iodide) (A HEE 50
g/mL RS) 2 5 pLeo ofdA V(AL FEE 200 pg/nlgS)S EEE 100 pLo 1X ofdlal Ag oFd &
N3} 37Co A 154 F wlF= ATk, F7F= 400 ple] 1X opdlal Ajt 39S Mxe H7kek §, 530 9 610
el A W& e S o] &38ke] BD FACSVerse A1 HA 7|2 223830},

Fzxd 8. 42" EX £4

HeLla AM¥XEL 6-4 Z@o]Eo|A DMEM W 5 x 10" cells/well WE= WAl AR, 12417 S<F MNP(20
M) H&= MNP/ADP H3HA(20 n)2 AEHAJvk. dixzdtols off AEahA] erskth. MEELS RIPA o=
|3l %a, F d¥d X Bradford #4418 o]&3slo] AAHAT. @A SDS-PAGEE o] 83t ]+
3L, PVDF(polyvinylidene difluoride) ©h(Immobilon-P polyvinylidene fluoride membranes; Millipore
Corporation, Bedford, MA, USA)S 2 &Zut. PVDF o2 H|EA J3z8& HAgslr] s @X#F &9 o]
ot AdEAT. o F, 1 FAE WA A §, 243 ¢ 23 FAE Asiiv. dd i

BCIP/NBT &-o1& o] -gato] 7pA 8] %ut.
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