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Ra® C~Ce 4%, C~C; €4dd, EE deRoldola, 47 ¢4 4
EE G EAR A37kssiv;

Rb’E‘ H, C1~C7 (??]_—ZDJ_NHC(:NH)NHL C1~C7 ?j_]_—Z:l_NHz, C1~C5 Oé—%]_gﬂ\é EE"E‘ f?ﬂEﬂio}%]O]i, }2}7] Tjﬂé 2‘1 8"
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A1 el glolA, 7] nd 1%-H 157449 Agrolar;

7] Rae H, ~(n-Z2F)-NIC(=NIDNH,, ~(n-FE)Ni,, A, 2-ojn|th&d, 3-on|thEd, 4-on|t}hE
g, 2-9%, 3-9F, 2-99Ed, 3-9¥d, 4-9¥d, 2-7gvd, 3-Ivd == 4-9Fmd

47 RbE WE, od, n-Z 2, olAZrd, p-RY, 2-3d, Wld, 2-3| =2
Hdvd, 43 =FAddrd, T 3-980]a; Ree MY, dE, n-Z23, T o]AXgdo|H; i

47] Rae WY, o€, n-Z2E, o]AZRE, p-FE, 2-Fd, WA, 2-3|=FAHdrd, 3-3| =54
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4, 2-9%, 3-9&, 2-¥9gd, 3-9gd, 4-9gd, 2-Fgud, 3-FYud Ee 4-9udd, 3 19
SIHE, e o) A H R FHEIlEe .
A7% 3

Al 2 Foll oA, A7) ne 15E 157X A4=olar;

7] Rax= H, —(n-ZZ3F)-NHC(=NH)NH,, —(n-§-€)NH,, W&, E&= 4-o|ntpE3;

47] Rb= olazed, 2-Rd, Wld, 4-3|=SA s Y, B 3-QlEelal; B

A7) Rae olAXRI, 2-Hd WlEd, 4-3==2Addvd, £ 3-0lEo|aL;

7] Rbe= H, —(n-Z2Z2)-NHC(=NH)NH,, -(n-F-€)NH,, W&, L= 4-o|n|t}EHo]a;

27] Rew WlE, E& odQl. se 19 35E, T 0|9 AgHo R 38153 4.
7S 4

Al 3 ol loiA],

A7) ne 4o]a1;

7] Rax -(n-ZZ3)-NHC(=NH)NH, .

7] Rbe Wldolar; =&

AF7] Ray w4

7] Rbe -(n-=23)-NHC(=NH)NH, ©]™,

27] Re= WIER], $H8h24] 19 sl3te, e o9 ¢AgtH R 387t ¢
ATE5

A1 WA A 43 T o= @ o e FFE, T oo Ao FEIed F8 g}
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Al 8 el oA, 7] Al F 214wl ald g A ol (Adrenal Leukodystrophy), %‘i%g,
A A B (Alexander 's disease), W (Alper's disease), &=3Fo]HH (Alzheimer's disease), +FHZH7}
435, mABE A X (ataxia telangiectasia), HWlEH (Batten disease), 23]W Y% ZF(bovine spong1form
encephalopathy), 7HU¥H (Canavan disease), ¥Au¥], ZA ZZF(cockayne syndrome), 32 7] ¥ 3}
(corticobasal degeneration), AZo|=HE-okx W (Creutzfeldt-Jakob disease), AHA 74 E2WAS
(familial fatal insomnia), 5% F55% WS (frontotemporal lobar degeneration), HEBEH

(Huntington's disease), HIV-## X|ull, AWt)H (Kennedy's disease), =&+ (Krabbe's disease), #HvlA&
A X" (Lewy body dementia), A17dMX Ao} (neuroborreliosis), "H7F%= FA4] W (Machado-Joseph disease),
UAE 9155 (multiple system atrophy), /7 3ZF (multiple sclerosis), w244

(narcolepsy), Yol®-I 1 (Niemann Pick disease), ¥{1<=®(Parkinson's disease), ] A--L-|2 =055
(Pelizaeus—Merzbacher disease), HHW (Pick's disease), ¥u71& 735 (primary lateral sclerosis), @]
A% (prion disease), X 3F3AnH](progressive supranuclear palsy), @Z%EH (Refsum's disease), FEFTZ
W (Sandhoff disease), AUW(Schilder's disease), fr54d W& A H49 ofgAd <A (subacute
combined degeneration of spinal cord secondary to pernicious anaemia), ié“}olﬂ—ili—*léﬂ—ﬂﬂ% H
(Spielmeyer-Vogt-Sjogren-Batten disease), ZHF4¥A AZF(spinocerebellar ataxia), 7“"4-.4
(spinal muscular atrophy), 2®-g|A=E-22249)227] B (Steele-Richardson-Olszewski disease), UHF'—
(Tabes dorsalis), =4 >W3(toxic encephalopathy) o @ o]Fojx FoRKEE Mex= A7F E‘i"é@% o
Y Asd 2A4E.

A% 10
A9 ol oA, 7] AWM HA3he T AR AHAH F3E (proteinopahty)Sl, 217 HA A3
dit 2 X5E ZAE
AT7Y 11
A 10 &l ol Ar] e AwdAd By d3e dxstolmy | wxisy | ] A X, &5
5 e HeFE Z$=5(spinobulbar musclular atroph

Boe A N-end rule 2ol o&] of7l¥ A3 x]gA Hofolt},

W g ] &
Gl Fro fgas WAL A, WY A, 2/EE B Sk ga dojd = . uitkee] ME wulg
2 74 9 2 A e & 7R FAE e HAE-Z 2 ol: A 2B (UPS: ubiquitin-proteasome system)oll

=t
fFHlFAE-Z 2ol AAEI(PS)S AlE7F i dwjdol gwls 24dsl= 13 7]Ho|th. UPSE F3, AlEs
T A8k, &4 2 WA wgd ASsin, glde] s 2ddth, 7)F 5Ye A FF
o] &Aoo o4 wirE =, E1S fHAES A7, B2 fHAE %W]EHBI 9 3, 3 &

At fulFEs gud dd FERA7E elFE gideviAelt. fuFEstE giEdS fujF R
Fole EAo] os) oAlxar, #]AFE(Lys63 A3 T ZRHolE(Lysll, Lys29 T¥ Lysd8 2o s

®A43tEH -Eﬁﬂ%ﬁ}[Dahlmann BMC Biochem. 22: Suppl 1 :S3 (2007) % [Miranda et al., Molecular
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Interventions 7: 157-167 (2007)].

ol# gk UPSellA, AL (U)o C-2 ZFE 545 B el g o] i Lyso] e -ofn|wr]9] oA ete]l=4
&S Fa Bl edo] fulFEI FHAFIE oy Y ZEA2E Ub-charged E2 Ub 57709
F4 2 7)F-Eo|Ad E3 Ub grtolAlel] o8 XS miEa, ogfst LR A gauFEst 4 (DUBs)e 9
g w2 2EE7|E Soh wEbd, oiPE feFE-usle e Melgde, 5ol E3 Ub 2|7obAlel
oa A= Hal Al (degron)?] Az H T+ EA45lel| o) Hx=E A}

N-Z ofr|Abs 717 e@A s FEsts @wd Fa AR2A], A @de] 9] wiH
o)}, N-whh o}m w-Ake N-end Rule 74
<]

w75k Bhedol

Ao 5ol g}

UPS % N-end Rule Z2E £48 @4 Pasta, A4, WY 9/wE 29 0Fd o) 4R /5Pl

SMAE AASE FaF 71Folth, IPS Ei N-end Rule A=t WASHOR 45 w, WaH wude
ool AAHE gHe AW AT MR, throl Qe B Aol Fad UL s gow

oqmu} % Sof, gzstelryolse] e clAze= Hxe] FRMoRE AR $HAT AASE PS 2
Eoead madgel gl % Avteta RSt WA end Hxo] dF o, HEW(a A

T—;Laﬂ 2 ekt ol 24) ¥ AYEY(AYE Bu)3) ge tro te A

[Upadhya et al., BMC Biochem. 22: Suppl 1 :S1 (2007)]. 3}, BACE E&|7} Gu]HE Z2EolE # =4
&) w7l Qing, H. et al., FASEB J. 18:1571-1573 (2004)].

TAEFZY FAMZE W0 2010/1323905F S| HAE s E Gl a
FARstE dMde wx AAE FoF St ddAd SEEAEY SFFES Fodte] dlidA
H duge] 228 A= Wl Bs Aol

u|Z FANESFFEH A2010-02337308E AIFEA ZA-] #I AoZ | AL
d =5 71| A7FE2A A (autophagosome) o] A ZEd] ¥s} #F-S T3, ArtEs 2HAE ddsts W

Zoltt.

7] AFe mpe} ol Neend Rule A2 AdlE Eal BUAD ke Al A 5 glov], wehA -
end Rule 28] Asol] pojsts AL FHO0R s AM2e A=A 2 Yol Aol Bas,

HAL N-end rule 422 A o2 SHEWHE A4 @ o]e] 55 A3z} s},

7] sery 19 g, wE old AR HOR HEAbed A4S ATBH
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47 Bsha 1e]A,
ne 747 19 1574 e] el

Ra @ Rbe Aro]diH

Rax H, C~C; €Z-NHC(=NH)NH2, C~C; &Z-NH2, C~C; &Zud w3 e Rotdola, A7] Hd 2 & =0}
e FAh, g2, T (-G ¢4 XFrHss;

Rb= C~Cs &2, GG €ud, e sl Roldola, 7] ¢4 9 #de 4, =FA], T2,
EE G EdE X3IEe;

E=

Rat® C~Cs €2, C~C; &Z3ud, E& dHZoldola, 7] €474 4 Hde 4, =FA, =270,

EE G ELE X@rhsey;
Rb:= H, C~C; &Z-NHC(=NH)NH,, C;~C; &¢Z-NH,, C\~C; &ZAud = e RolHolar, A7 #Hd 2 3

Hzobd e F4, T2, EE G SRR ABrbesn; a8

]
fu
&)

R MI2¥ (biotin) Ei o)) FEA], i O dol, 47] dAL S,

wdol wE o FddelA, sy 19 setEolM, 7] Ra= H, -(n-Z=22)-NIC(=NIDNH;, -(n-+-E)NH;,

W, 2-omuEd, 3-oluuEd, 4-omuEY, 2-¥%F, 3-¥F, 2-¥Id, 3-¥d, 4-7d,
2-¥ 2, S—ﬁlaulﬁ L 4JMUIL 7] RbE rﬂl ,oodE, n-XEd, oaXed p-Fd, 2-%g,
WA, -3 =S A e, -3 ESA e, -3 EFAdd W, T 3-91E0]a; Re WE, oH, n-X
24, B olazadely; B 47 Rave WE, ]a, n-ERY, olAXaY p-3E 2-Rg WA 2-3=
EAFEHE, -3 =SAAdHYE, 4-3=SA Y, EE 3-¢F0|aL; Re: HIH, 19, nmEad E=
o)A 2; A7) RbE H, -(n-Z=3)-NHC(=NH)NHy, —(n-F-E€)NH,, W&, 2-o|nt}Ed 3-o|u|t}EE, 4-o|n]

OEY, 9%, 3-9%, 209, 399, 4909, 2-9ud, 3-uY E a-slael, et 1
o BgE, EE oo fAGHOR 85T Foluh.

w2 FEAolA, &8 19 FgEelA, A7) ne& 1HH 157X AFolar; A7) Rav H, ~(n-Z2F)-
NHC(=NH)ONHz, —(n-E)NH,, W&, Hi= 4-ojW|thE; 7] Rbis o)Az 2, 2-%d, wld, 4-3 =5 5 dv
g, EE 3-91Eo|i; EE 4] RaE olAXad, 2-Rd WlF, 4-3=E2Added, £E
RbE H, -(n-Z23)-NHC(=NIDNHy, -(n-+-E)NH,, ¥1d, L 4-ojugEolx; A7) Ree HE,
shaha] 19] BE, T o] AT H R F LIt dolut.

T2 FdAolA, B 19 FgEA, A7) ne 40]a; 7] Rat -(n-Z2Z)-NIC(=NIDNH, ;37] Rbi
wldola; Ei 4] Rat WE;47] Rb ~(n-Z2Z)-NHC(=NINH, o, 7] Ret= wigdel, 34eh4 19] 3¢t
B, T o9 Ao R §87Fse ot

B wE 3ES 47 By 1 ¥ EY 2 718 S 1248k UBR boxe}t ClpS boxS Ze Ef%5% N-end rule
E3 g|7totAle] F+ SAFHE %’\]Oﬂ Ao R HHEUHE AARA, doPsHoR 283t N-end
Rule A=Ze] g3 xHdo] 7}53lt).

Lﬂra}/‘i o2 deHdA 2P Edo wE 384 19 FFE T ol FAFgHor LIt 94e x3e)
=, N-end Rule A& A3, == 24§ o 2AES AFadr}t. o83 ZAYEE N-end Rule A2 ZHo| I
E.fﬂ' 7t F A%, dE 59 AR 3 dE 59 18, 84 A 48, e uds, JdAF, ASAEA
ZF, FAAF(EHNAsE), HEW A%, HEF e FAU; EBE A4 wd4s 04]% £ gl y}
35 A3 (proteinopahty) o] d=stolmy, wx1Ey, dv] &4 X, ZS5IE57M54 85 (ALS), dAH
EY, HAeiYA AxF B2 HErEE 2955 (spinobulbar musclular atrophy)e] oW T X FEo| @33
[e]

2 g 4 ek
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ggo] a7
oo whe ggtEe 747 Bl 1 2 B9 2 71 2SS 248 UBR box$ ClpS boxg zZte EH5E N-
end rule E3 g7tolAlo] F AFAE TAd Ao =e= FEHZVAE AAARZA, FEHTH2 283t
o] N-end Rule 429 &HH Zdo] 7tasit. B wE HZWAE AaAl= EHF AXAA AEmA
o] §lar, ME-F#7F53l, N-end rule 7129 &3 7149 #3E FofsiA AAANA 5 A}, Eg A=)
EltiobAlel did] tdst 2 A3 E&S AUn, AF REZ =] AFS wof B9 1 % By 2 7
%

Bel o FEoo] wE A e 19 FFERF-C2)] 20% 2] olHEYEY gho|A 2] HPLC
T 28 249 o T4 e AAle 29 33HE(RF-C3)9] 20% 9] oMEUE™ §HeA 9] HPLC
lEF. 3 2o A FHA w2 A 39 SFE(RF-C3)9] 100% w¥+E §Aexo] HPLC ZR23A&
T 48 2o oA FEdd mE AAd 49 3= (RF-C8) 9] Hlehs &N A9 HPLC Z=3d-& YEt
L 55 249 o FEdel wE HAAl 59 FHIHE(RF-C9)2] 15% E9] oPAEYEY &foAle] HPLC

T 62 B9 o P wE 82 (RF-C11)Y 100% #WEHe fNe]Ale] HPLC T2 3d-S veldT),
= 78 BERlol A FHdo wE Ao 69 33HE(RF-C15)9] 100% Hlee £ HPLC T 23t

= 8L B A FHdo wE Ao 72 3HE(GV-C5)¢] 100% WEHS fAo e HPLC T2udS

= 9E B o Fddo wE Ao 82] 3} (RR-C5)2] 100% WEHe &o o] HPLC 23U

rlm

T 108 29 o T wE A 99 3}1E(FF-C5)9 100% MEHS &No] e HPLC &1
< YRt
llav= 2949 o Fdddd & 22 N-end rule 7138, X-nsP49] A LS vepdn. @9l &
P47 gaES Agato], DHFR-Ub" —X-nsP4 &3 @A (2hA “h” 2 ‘0" = 7z HA 2 flag o)
T2 e, XE ohdet opr At 271E YERITH S OJHIEEMH DA =Y, o7l AE Ub-X A
Aol A EfuFAE 3 Q4o oa) HAH FAlo Heho] ¥o] $=ro] 71 DHFR-Ub %E—TL(B olgf& w=), 2
#e X-nsP4 712 (X= Argd 28 N-end rule A2 EerAs} 27))o] AT

b1

o

ok Ho lH o

4 o
o

T 11bE 299 o FHoe] W B9 N-end rule 7129 ¢/HEZ ¥&)E YEATE. N-end rule 74
29 B 1 29 7129 Arg-nsP4= 2mMe] Arg-Ala HlfElo| 2o o8] Solxoz bgstHlot, 50ul E=
100 pM HI~ER EAA] Ala-Arg(FA 3 Hlfiele]= &= Trp-Ala(BHY 2)+ 2384 ¥+ oz Yest. Al
2 48 e “suaoldow AT, SDS-PAGE/A7HEANY .

% llc= = 11b9] Arg-nsP4 @& ZA¥o|u] A (PhosphorImager )& AF&3led A=3le] DHFRZ =
>,

= Nde -0 ANS AR |

oY
#,
ot
il
=
M
2
iz
e
oft
o
i
Auj
)
=

U] B3} Arg-nsP4=
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Arg-Ala H3ietel= A7t gl& o F2 FAHJT. « = H5014 A2dS ek,

% 1le¥ Met-nsP4, Arg-nsP4, ® Tyr-nsP4 $-H]F 8 3to] i3t Arg-Ala(E}Y 1) 2 Trp-Ala(gtg] 2)9
Eolx a¥E, F-voH 9" B3 T g-(b AA FAE AFEe WG oRE HUES 3ot QIHE
3 g
o

2 AA/HY 928 100 pM #lAEFE 2 5 pM MG132 A8kl A 3t tk. STV=~E =g ¢,

T 1l & 1le9] fulF€st X-GFPe] Aoy g AFS Aotk IE ovAle WAEWESL
(densitometry) =2 A=3}AT).

= 1lge Y)AEEE Arg-nsP4Z, -Z@ A S A3 A9 HA 2 HAke] W Esiglow v}
Alghsl Aoltt, BlY 1 2d 7122 Arg-nsP4E AZUloA @wsA fu)FEstE k. HA-Ub 2 Arg—nsPéLﬁ
st FT2EE MGL32 EA)/F-EAA] ofE w920 A FA MG o] l513l ).

% 12a¥ UBRZ box(PDB code: 3NY3) @} (a) RIFS, (b) KIFS, (¢) HIFS, ¥ (d) WIFSS] A% 2=

Lo

i

L}
I 12b+ UBR1 box(PDB code: 3NY1) ¢} (a) RIFS, (b) KIFS, (c¢) HIFS, 2 (d) WIFSe] A% 2=E 1}

% 12c B9 1 Febel=9} UBR2 (a) % UBRL box (b)e] 2AF A3k (kcal/mol) 2 sl 4 () E
A dlolete} nlaste] vekdl Zlojt
5 12d ClpS Z=wR1(PDBeode:3DNI) 3}, (a)WLEV, (b)FLFV, (c)YLFV, % (d)LLFVe] A3} RE=g e}
W otk PYMOLE whE ThE REfol=g) ClpSe] HgAIoA YLFV fEfol= 728 FE3Th.
% 12e BHY 2 ERe]=¢t ClpS ¥r=o] Ag 8k (keal/mol) R ) d(ulDE A3 wleletet H
wske] ERd Aotk RLFV B 1 flefo]=5= ClpS =mlahe] ZAdte] A gshA] &2 Aoz yehsty.

bt

12f% QFA3 X-nsP4 #AS WA EWEZ R HFst Aoy, gt DHFR @M ZF3ksly] 9ls)
o] AFgEATE. T2 YW (Pro level)S DHFR-Ub-Pro—nsP4ol A f-#stG =0, Pro 19 Un Alo|EE ey XA
Lﬁ'/\)]:q—

rlr

% 13a©® RF-Cn 3}§HE, U2 3FE 2 gUelel= AAY F2E ey, N-Z¢+ Arg &
he, B9 1 2 EBY 2 B¢ Ve 747 a4 9 254 7oz yelydir, Gly 2 Vale =g
g o2 yehlTt.

% 13bE 10, 100, = 250 upMelA thekdk RF-Cn3ldtES A3k & Arg-nsP4(BFY 1) AdE %S A
ZFet AS YEpdtt,
% 13cE 10, 100, 2 250 upMollAl thekgh RF-Cn3l3ES A2 & Tyr-nsP4(EFY 2) Aoid 4 A
_g

et

= 13d% Gramm—X ©@d-wwd ©=7) 1 AW 9 7FAIQE 09 23] k-2 Pl6 WHE AE
sto] A& F 7l 74EE UBR2-ClpS %9 RF-C5 AgS yehdot.

T 13ex RF-C5¢}, = 3E9 ¥ 79l 7}s3 UBR2-ClpS w1 d A ul9] (a) 2 (b9 Axtdl AF
3} (kcal/mol) F &&= u)E YepA

T 13fE B 1 (ArgnsP4) 2 B9 2 (Tyr-nsP4) 2l 712 Rl s 2WHA S Zaf A)7t &

A F71E9SS YEhditt. egAo] A ojmg A A®l(Odyssey infrared imaging system)< ApR&3}o]
SDS-PAGE/H A ESto 2 o] HEZ AA/MAL AL Axjo|t),

st
% l4a® RF-Cllo] F&dolA W& FAaARE, RF-C5E 137 grte S vehlle 2=, 3

YA Z71E 9 FArEE (dynamic light scattering(DLS)) o2 FE-F2~ #4& S SA .

5= 14be NIT 248 AHEste] SH=MHE st Ax5des ST 2o,

% ldce x4 (primary) A 25 MEXE RF-C11E AZuWoldd, (endocytosis)AlZl Ao = DAPI
gzddo] e 2EFEH|U-Z207S ARg-sle] H] Q€l-GV-C11/RF-C11(A A 717t b 2 )& 83 F-E=R
Fd (Z5)S AMEst] AFISHAEE A 9SG A3
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!

14dE Aoz Ik g RGS47F RF-Cllol] o)&) ¢tA sty AL veldleE Axjo|t).

% ld4e= MEFOlA RGS4, AE]84 N-end rule 7139 Hx F% E4(Pulse chase analysis)

T 14fE & 14do veld dlolelE XX o|n| A (Phosphor Imager ) & AF8-8}o] A =s}st Axjolt},

gye A Ag PAAY e

[0030] B omAlqe] 7AE AAdel T EAE AL B oubmo] sk upekzlek Al de] Eld Bo)
3B I e APS B gHEte AL oz B FUAHY oA olES AT & v O
3 5 EY PGB0 AS F USS oldfsleoF )

[0031] B nsP4Z 7o 2 &= R N-end rule 22 A3 AFH =7 B4 2 Asiehzy 54
S &§3t, BS 13 UBR 9] Aszg 9 ClpS Zvla) by 29 JEzgo] 34 wiahy, 37t
e N-Ed Hise 8048 272 7ssves 218 A= g Aot

[0032]

[0033] g el Al B 317 38k 19 3eE, Ee o] AN o R FEUEe o #gk Aol

[0034] 2844 1

@]
A
8
/
O
=§
I=
)
o

+H3N /{/ah\n/NH (0] NH3+
N
H
Ry 0
[0035] 47) g5k 104, ne 15E 2070419 44, 53] 158 157149 AHFo]a;
[0036] AF7] Ra 2 Rb: Alolsl
[0037] Rats H, Cr~C; $ZA-NHC(=NIDNH, C~C; &N, C~C; S23d i delZoldola, 47 Ad 2 ¢
H2olde 44, d27, Ex G €242 A37lesiy, vdzsA= Rae H, —(n-Z 23 )-NHC(=NH)NH,,
~-(n-FE)NH,, WA, 2-ojntpEd, 3-on|tpEd, 4-on|tpEd, 2-9F, 3-9E, 2-9gd, 3-¥d, 4-7]7

d, 2-ggud, 3-9grd £ 4-ggudoeli, ¢S vl sl A= Ravw H, —(n-Z=3F)-NHC(=NH)NH,, -(n-
FEONH,, W14, E= 4-ojurpEEoe]a

[0038] RbE C~Cs ¢, CrCr €Zud, B Fuzeotdela, A7 &2 9 Ad2 4, =], T2,
EE GG AR Abestd, vt sAE Rbe dE, oY, n-E2d, ojaZEd, n-Fd, 2-Fd, WA,
2-3 =g AT EY, 3-3|=FAT Y, 43 =AY, B 3-91E0]al, H% v EAE Rbe ok
g, -5, Wld, 4= Y, ke 3-QlEelx; aEx

[0039] Rei= Hl2¥® (biotin) Hi o]9 fF=A], EE (~C &Zola, 47 44L& 4, 2, T (-G
a7 X3 s, v sAE Ree WY, oY, n-T2F, EE olh¥Xdolu g wgsiAle md
EE et}

[0040] o] we A Fdoer], 7] ne 403, Rav -(n-Z2F)-NHC(=NIDNH; °©]il, “7] Rb&
Wl Aolar; A7) Rey vdolt),
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(932 1]
o o o
MHZ MHZ
_OJ-I\I/\/\,NHZ___ _OJ\/\/\/ o _OJ\I/\/\/
MH, Gl HNﬁNHBUC Hr«umf{ﬁﬁw2
o] o
1a,1b 2a, b
o 0
i H I A
R
Hr 1 &
HH HM !
1 HH
0 m/l\NHE'”C \ﬁ ‘r(LNHEIoc
o o
4a, 4b
" ol

3a,3b
“ 0
Ha
_OJ\[/\/\/NHM
L T -
a " h)\NHElcu:

HN\nrHNH i
a N }‘)\NHBDC
3]

6a, 6b
o]

)'K[/‘\/‘\/NHJL(V}NH m/LNHQ
—0 n
Ry

& o] Ra
NH'JJ*-’}NH\H)\NHZ
i - 0 = n O
HM 1
h)\NH 3t INH
] I 2 O n \g/l\NHEIDc
#a, 8b 74 7b
8a: RF-C2 where n=1 Ry: -CH; C;Hs
8h: RF-C3 where n=2 R.: -{CH.);-MH-C(=NH)-NH.
[0053]
[0054] A7) BEeA 1o wal, N-7lE2Hdsl 2@ N-2RE Bk Tl N-7lE2rds 9 N-gR
A N-7F2R I3 N-gE S whe, dl WA N-7t2Rds 3 N-2RS
o] Fo] Xt}

gkg, Al
Wg, HN-EES gl Fow

X
s ol
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[0055]

[0056]

[0057]

x“muz

0w, 100, 100, 104

l Q

13, 11b, 110, Hd, Ha

I
HDWH J]i; ' _U);‘N\/Nﬁz

B Q
12a, 12, 120, 12d, 12 J’\rﬁ:
12ad: Ry® {CHyk-NH. C{=NH pHHy w ﬂ NHBoS
12a: Rg=-H
12 Ry= -CHy- CgHy 163, 16b, 16, 16d, 16
16a-d: Ry= -CHy-CqHs
16a: Ry= -CH{CHz b

O O
HN\QU”F\ o o HHZ
T

HBoo
178,17, 170,174, 17

18x RF-C5 where n= 2
18h: RF-C8 wheren=5
18c: RF-CO9 where n= 6

}m Ry= -CH,-CHs
18d: RF-C15 wheren= 12

SIS31 10-2015-0041669

__UJj\l/\/\_,NHZ
Hut:’\ i
Ra
N
n
R NHBoo

183, b, 180, 18d, 154

Ry= -(CHz)s-NH-C(=NH}-NH;

18e: GV.C5 where n=4 when Rz= -CH{CH3); & Rg= H

37) Wk 20 me}, oz 2sk vk, opvlsiukg, N-7t2rdst uhg, JheRE) whge
shgEel FAel olFoiA i, N-7t= w3, opws; v 5
Al

H A= 3
o2 16W AlYZ IFES A H, 129 gE
gr 3 vkeS Fto] HE FFES FAt

=1
=

+So7 12
=

o 1o
=
olo
o,
A

o
& <
169 3§E] N-7t2Rdst 9hgol o8 A w-g, N-

_13_



[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]
[0065]

[0066]

[0067]

[0068]

SIS31 10-2015-0041669

e YT Ty
o
9a 10a

Q & O o R
NHgCl HO krﬁs — XOWNJ\, L
-_ N
O«ALjp/\g/"g/ & mrf‘t,f;‘H | s N A
NH 5 €l 0 HNHZ
@9 12f, 128 11£, 11g

9 H ¢ e " 0
N R Jl\l/v\,m J-H,R5
RO G B o oA
H“‘f;\ o9 NHZ & HNﬁ\ 6° NH 4
Rs kras
5 NJ\Y N

z
" Nuz H o Nn,
171,179 181, 189

18f. RR-C5 where R.= -(CH,),-NH-C{=NH)-NH,
18g: FF-C5 where Rs= -CH,-CeHs

Whg A 3ol whel, o~ Es) Wy, ofRlst wkE, N-7hER 'S wkE, T kg, N-ThREY

N
B N-AhREEE HgT & Nl 2RI (-(C=0)-)8 EYshe Wgow of Wge A3} o=

T
olo
rlo
2
[>
k)
ru
N
i
of

2,
>
N
rir

™
olo
ftlo

wat, 0-4Ast g 5& Fsko] o

A MRS T & oaHEr)E RaAA A2RANS FYATE Bee

=)

°

gt

ra
o,
o
S
<
g
o
rE
olo
flo

A7 ofRIZI(-NH2) & EYA)E vhES wat)

2ol ‘77 & olvle] No HIV|EA, & Eo FtEHWMAZA (Chz)1H, p-HEANA st21nd
(Moz or Me0Z) 13, tert-F-"2A7l2Hd (BOC) 1%, 9-ZF2adddESA 72 R d (FMOC) 15, oFAIE (Ac)
T, WMxd (Bz) LE, WABn) 1F, FHHHCIE IE, p-HSAMA(PMB), 3,4-tHIEAIE(DMPM), p-
HEAFHD(PNP) 15, EA(Ts) 25, UE AZEolu]=(Nosyl & Nps) ZZ& T°] At Q9 o F3 oo wE
AAdel s Wd 258 A&

oE FElAM, 292 7] sehy 19 eSS ¥FehE, N-end Rule FE A8 oFst 2 E

Edo A N-end rule A=z N-dohe] 574 EQASt 7] S N-degrons zte @il dS Eafste oyl
A B3 AR5 2= Aotk N-end rule A22 7] (substrate) UBR ¥=g}il &2 & N-degron 2F9Y
2 2t N-recognineleh= @] <& 14 gnt. o]2fgh UBR ¥re= 7]1de] A% F /) A7|eke] Bozids
53] 7148 91243l=d o] N-end ruleo]g} 3t}l. N-end rule A ZoA, EoA3 r)g) E8E 5ol8 N-%
@ o abs AW i 7)de o] vk, A e EobAst 7= Arg, Lys, HE Hisd 2o
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

ZIHEd 10-2015-0041669

FdstE ® opv:eAkl B9 13}, Phe, Leu, Tyr, % Iled} 2 F3)7F & 254 opv|malel 8] 22 ##/
=

o] HZUHE AAE ol dolo] HE(tether)E XYl oA, UBR 1 ¥ 2 @A
2 REZ BFE EZlOR e Zlo®, HEHY % dukd gl 19 ohAE, e @ Uud FE
B 29] opn|wAlY] (e I wh)E ZFA AL QlolA UBR wh, Zejal ClpS vk ZHzhell A s 48] 35
Ho= o]Fo] AA FoEM, N-end rule FEZ A5A €}

N-end Rule == UPSeF o] &% @ids welshal, Ab, W B/Es &9 24l ofs) 4
e 7 s dMAS AAsHE F83% 7Mootk N-end Rule =7} vlgAdow 253 w, HAyd o
WA FH ool YFE SHL AF HF, AAWA AES R, gy A B JSedA T8
ges e Aow oAXY (M. J. Lee, et al. (2012), J. Biol. Chem., 287, 24043; Komatsu et al.,

ot
o~
o

(2006), Nature, 441, 880-884). o7}, 7+ A8k, Al A%, 28 A9 2 24 A9y dpd Aow oy
Z 9lt} (Levine and Kroemer, (2008), Cell, 132, 27-42; Fortunato and Kroemer, (2009), Autophagy,
5(6)).

olo] the elolA, RUE seta 1e] HFE, L oo MR 8 AL Eal,
N AR Y W ARG 2B B Aolth Y] AP ABE dF B9 ol AWHE e o,
A, WY AP AR, BHERAR, AT, ADINF, FPPAS(ERREF), HUB A8, HEF,
W P E g

2L -
MA A A PGl (Addrenal  Leukodystrophy), @E%Y%, <@k ®(Alexander's disease), <¥H
(Alper's disease), ¢=3lo]™ ¥ (Alzheimer's disease), TEAF/NEAIS, =EABIHHZ(ataxia
telangiectasia), WlEW(Batten disease), Ad|W Y] S(bovine spongiform encephalopathy), 7HU¥HH
(Canavan disease), HAluln], ZAI T3 (cockayne syndrome), & 7] A E 3} (corticobasal degeneration),
ARo|=HE-ofF H(Creutzfeldt-Jakob disease), AWA 7IA EWZS (familial fatal insomnia), HAF¢
=59 WA Z=(frontotemporal lobar degeneration), B ¥H (Huntington's disease), HIV-#& X uf 7]
] (Kennedy's disease), ZEFH| W (Krabbe's disease), #H|A*] Xvl(Lewy body dementia), X174 R &g]o}s
(neuroborreliosis), "% %A1 ® (Machado-Joseph disease), THAIE %% (multiple system atrophy), TF
W78 S (multiple sclerosis), & 4=W(narcolepsy), Yolw-F ¥ (Niemann Pick disease), 371<H
(Parkinson's disease), o] A|$2-m|=Z=u}3]3 (Pelizacus-Merzbacher disease), Z W (Pick's disease), ¥
W7t 85 (primary  lateral sclerosis), X2 A3 (prion disease), 3 vIH](progressive
supranuclear palsy), @~ (Refsun's disease), FEZTXHW(Sandhoff disease), AT (Schilder's
disease), fr5Ad WE U HF o olg AW (subacute combined degeneration of spinal cord
secondary to pernicious anaemia), <Zvlolo]-BHIE-&T#-ulE W (Spielmeyer-Vogt-Sjogren-Batten
disease), HFa¥A AZS(spinocerebellar ataxia), #4955 (spinal muscular atrophy), 2=®-|A=
&-2 249 2~7] W (Steele-Richardson-Olszewski disease), Z<ml=(Tabes dorsalis), =4 ¥HWZ(toxic
encephalopathy)& ¥3gtslu o] 2 AstE = AL ofyt}.

T gE YHoA, 292 slskd 19 slgtE, e ol AgtH o LUl dS X,
WA By A8 (proteinopathy) oW 2 X888 A& B3 Aol A7) vwadwAdy Ay 2
32 A& 59 ol Agele A ofyu, dEstelmy, IEW, HM] AA AW, FSAFIEASF
(ALS), A" EY | iy x5 2 F54t2 <9155 (spinobulbar musclular atrophy)E& 3¥3$Hett},

Belo] AHgE gol "AR'Y Belo] wE 2420 oz Bd 2AZ SAANAY oA WAsE
e P9E ouat. Belo] Saht slEopld Fael A4 7 A, daelskds Sold A
ARE Pt Belel zABel EATL it AR W /EL da, AN, F4 2 AnE AR A
5 AL Aoy

BoAAe A ALEE go] el e Beld] we 24 oz wa A%e] wwe ofx Ex A
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Al-tRNA A (Transcend tRNA, Promega)E WHgE3HEo] % 713le] DHFR-Ub-X-nsP4 &% @S Hjowlo=
T2 BA ST, v wistE WAL AR 2EE F 4 (horseradish peroxidase, HRP)-HEE A~EFEo}
1l

Hld (streptavidin) (Pierce) 22 &3, A WAEZHS 17 9dle], QG A0] ojuji A]x~®l g R
gol-AFAelE = ~EEMW[H(Li-C0R)S AMgste] Hex FFoz wwlds 7Agsisitt.  A7PEAF
(autoradiographic) #4& 3}7] $J3}¢], 3:)S—EfﬂF%_‘?.‘d(Amersham Bioscience) ¥ A& ¥ E (supplemen
HIEZ ZdAH WS B&%OH % HOﬂDP DHFR-Ub-X-nsP4 ZetAv| =g Aakslr] 91ste], X-nsP4E PRE SFHA7
Smal/Xbal o= A3k R W& pcDNA3(dEhel)FDHUMCM & A BEF2Y 3T, HAE gz fu|F s
5 uM MG1329] *ZHOM]H E@ﬂfﬁ T, -0 A9 9 d-vjed g=d ESY S 3.

—t
i
K

2. FFZE AEU N-end rule 29 7|29 &&

22 e 2000(Invitrogen)e AR&ske], MEF Bl A% Aot 22 XIfeE AXE 6-9 Zdo]Euol
A AETE >050 FEFAETH A 4-6AFERE DA A O 24 pg0] F ERp=pE DNAR dEelsisialnt. 2
2E EfaAA of 36ARIA AlE galEs RIPA o] Rop Heasty e WAl Agsgitt. &
FHIFELS} Arg-GFP 55 10 uM MG 1329] E=AjsteA gA8kgltt. Hx-A| o] ~(pulse-chase) w45 7] 9

o], MEE "s-olEl /A2 ("S- @ Wl EA w2 Perkin-Elmer) 0.2 A 24417 Fo
i, olo] AZedANE Ho|A2 it HA(hole) AT 2ZHES Zu|slo] WAAASPL, o],
ulo} o], SDS-PAGE 2 A7PIAMHS A #EH )

=3
By
o
32

0%
~
o

3. o dgz wud-gud 9 gud-ac 45ee £7 B4

UBR1, UBR2, ¥ Clps ¥x=9] Ag2E G5 I dole}l WA (Protein Data Bank, PDB ID: Z+z:
3NY1, 3NY3, % 3DN))olA F53tdtt. “Adg®” UBR2-ClpS 7%+ <A IA &7] W&o, Gramm-X T
A-gd =7 9 AW E AFESte] UBR2 ¥ ClpS Btx& Z=F kst 7HE kst Agouvx g Aye 73
T+ 09 UBR2-ClpS T-%5 A th. RIFS 2 YLFV Melo]l= G Z+2 UBR2 whs 2 ClpSebe] E-ghA| o A
BolArt. vbE Elo]=+ PyMOL =|7]A](http://sourceforge.net/projects/pymol/)el A= Mutagenesis &
E2 UEAT. RF-C5 72E 7F9AIRE 09 Zrafow Aul-qiv gz P W& A&t F A s)skint

AutoDockTools B 1.5.45 Alg3sle] ZF3|=zAe #7169l Gasteiger charges® wuld
1= 2 RF-C5ell 29sith. 7 wildol] 9lojA], AutoGrid WA 4.25 AEsle] g4 F9d F4S &
ageE WEAT. A7 agEs BRE 44 F9E §RE v ol k. Lamarckian AUE ¢
7zl AutoDock W3 4.28 AR&ste] te-gj4H =& AlEdoldsiitt. B detrE = &brlet Atk
2003 =7 A, 3009 JHAT A7), AE F2 AR 2 GATE,
A W], 19 AP E]F(elitism), 0.029] EdWo]l £&, 0.89 = 5
ARk efx] o Fee]d. 2.0 A RMSD o EE|#X(tolerance)E At EAE JAFEE
YA Y. 7H Be SYaHY] M W AFAUAE A dioleret nlasgltt. b7 WA A +A
gt sl2] AF(dissociation constant)2H-E AP A3 Af AUAE ALtedtt: AG = RT InKy, 71004,

o

e}
s}

i) r& i)

to i

o 1A A2(1.987 cal K mol Holx TE= _J-(298 15K)©] T}, PBD2PQR 1 AW E A}&3&}e] pH=7elA19] PQR
4 9 AMBER ¥ HZ(force field)E WEST. HAA7] A= APBS WH7|AE A3t AAbsiit. &
Z E=HLE PyMOL H7|A S AR5 xLé} t}.

48

4, AE BE Y9 &4

AE ABE 582 B NT 245 AR&ste] Frksigivt. theFeh $%2(0.1 uM W= 1000 nd) o] RF-
C11 = GV-C11 DMSO & o F7etdk. 4 AZFES wFE F | Smg/ul MIT & 25 LS A7) Ao
A7etlar, A7) ZHOEE 37TCHA 2A1F T2t wigstgit. EolEd &5 HEZET S HEuo] =(MIT,
Sigma Aldrich)E 2+ €l H7MetAn(HF 5% 0.5 mg/mL) 95% 7] 2 5% 029 FES x4 ZAdA 37T
2AIZEQE v FEkelth. HCl ol AT R ubs %fﬂ(o 08N)E #7}ste] B3 NIT-%nt2z YAES LA AT A7)
A FES Ao A 3087 vjekstdnt. Ay gd¢ FF = 570nm(test) 2 630nm(reference) ol A FeFRETE.

2 l-ﬂ r
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5. EZUHAE A9 dA © 24

Eiﬂﬂ‘%%‘4ﬂii%'iPWﬂ£@WmWMWMMﬂH TAsIATH. 7] ul= WAl TRl Al
ZF(Ranbaxy Fine Chemicals)olA F9l8tglx, ot sdEASL Aan-d=gz oA F9latgith. 1HNMR A=)
Egb= Varian FT 200MHz & Bruker FT 300MHzE AR&ste] 7IEekgich. w2 A EHE Micro mass
QuattroLC(ESD)E ZA3I3tt. 4 Ty A7t 3"d &FvlE ZolEWMerck) “goll A7/MAZH . Hibar
Purospher STARZ 2 (4.6mm-250mm, RP-18e)(Merck)ollAl Iml/min® ZE < %(flow rate)® Prostr 325 UV-Vis
YEE 7} Q= Varian Prostar HPLCE AFEsle] HE AAAESY o5& S435.

DCM  (dichloromethane), DIPEA  (diisopropylethylamine), DMF (dimethylformamide),  DMSO
(dimethylsulfoxide), EDCI (N-ethyl-N'-(3-dimethylaminopropyl)- carbodiimide hydrochloride), HOBt (1-
hydroxy-1H-benzotriazolehydrate), r.t. (room temperature), TFA (trifluoroacetic acid),
THF (tetrahydrofuran), TMS-0Tf (trimethylsilyltrifluoro methanesul fonate), HATU (1-
[Bis(dimethylamino)methylenel-1H-1,2,3-triazolol[4,5-blpyridinium 3-oxid hexafluorophosphate).

o wgl ANl A AE ofnleate okAzE AAe v, Mgl ALE ofmweitel ekt ]9}
Zth: Ala:A. Arg:R, Asp:D, Asn; N, Cys:C, Gly:G, Glu:E, His:H, Ile:I, Ile:I, Leu:L, Lys:K, Met:M,
Phe:F, Pro:P, Ser:S, Thr:T, Tyr:Y. Trp:W, Val:V.

AAd 1. 3FE 8a9 FA (RF-C2)
1. N( e )-Z-Lysine(-0Me)C2-NHBoc(1a)¢] 34

Boc-Gly-OH (0.529g, 3.02mmol)e] 71% DOMENS dgo= zpziAlsle] wukshAA] HOBt (0.463g,
3.02mmol) ¥ EDCI (0.579g, 3.02mmol)E A& o= Hrlsldoh, WhAIZE $o] %k DOMl &3iA1Z] N(e )-Z-
lysine HIg o4 =2E2HE(1g, 3.02mol)E 7] ¥ E3E] H7bsler. 2% wgEgEo] o 4
71/do] @ uw7hkx] DIPEAE A7t&tich. ol %ﬂ% Ao A WA ngkalgith, o]o] A7) &S DINOE g
Atal A&HHeR INHCL, & % BElez AFsdnt. 7] Tr7li% AZANA &ls SEAAY. FHHE
S 1% WErSY FR2RIELAS Algsle] A ARntEadY 2 AASIAT. £4 N(e )-Z-Lysine(-OMe)C2-
NHBoc®] &S 92.2¢017, 3|md w2+ 1HA(gummy) 3F&HEo|¢lth. (Rf=0.55 in 5% methanol in
chloroform).

lHNMR(ZOOMHZ, CDC13): & 1.2-1.5 [m, 13H], 1.75-1.9 [m, 2H], 3.1-3.3 [m, 2H], 3.65-3.8 [m,
5H], 4.4-4.6 [q, 1H], 5.05-5.1 [s, 2H], 5.1-5.3 [m, 1H], 5.35-5.5 [m, 1H], 6.9-7.1[d, 1H], 7.2-7.5[s,
5H]. ESI-MS: m/z = 452.7(calculated value for C22H3307N3=451.5).

2. N( e )-Z-Lysine(-OMe)C2-NH2(2a)¢] A

N( e )-Z-Lysine(-OMe)C2-NHBoc ~ (1.2g, 2.66mmol)e] 71z DM &do TFAZS 0ColA 443
Arretslar, 7] ER}ES AN 3AEd wRkasith. a5 davkas Fe4l(flush)dte] DO B 3
TFAS AASIATE. 26 Wieae] IREXE &5 ARS] ARvtEIgYE S 47 dojxl uyde &
S AAsAr. =a zAe] N(e)-Z-Lysine(-OMe)C2-NH2 0.84g(90% <+%&). (Rf=0.1 in 5% methanol in
chloroform). ESI-MS: m/z = 352.7 (calculated value for C17H2505N3=351.4).

3. N(e)-Z-Lysine(-OMe)C2F(3a)¢] ¥4

Boc-Phe-OH (0.51g, 1.91mmol)¢] 7Z DIME NS dEo=m AuA sto] mwsldr ALHH o2 HOBt
(0.29g, 1.91mmol) % EDCI (0.37g, 1.91mmol)E FH7Fsit. WhAIZE Fof, 7z DCMel §3l¥ N(e)-Z-
Lysine(-0Me)C2-NH2(0.84g,2.39mmo 1) & 7] Wk E3tEo| H7Msith. 15 wkg E3Eo] oF §i7]de] 2
wj7}2] DIPEAE A7Fstgich. Aozl &od& AoA v uwkegltt. 7 FDNe = ﬂﬁé}%ii IN HCl, =
9 BEloleoz A&ste M. f715S Axs fU]EvE TEAAHT. FRES 2% AEge S22
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5 &d& ARgste] ARvEIHNY AAlste] g wkd dAe] &4 N(e)-Z-Lysine(-OMe)C2F
1.079g(75.5% #8)% AIth. HWR(200MHz, CDC13): 8 = 1.2-1.6 [m, 11H], 1.6-1.9 [m, 4H], 2.8-3.0 [m,
2H1, 3.05-3.15 [m, 2H], 3.6 [s, 3H], 3.8-4.0 [m, 1H], 4.15-4.35 [m, 2H], 4.4-4.6 [m, 1H], 5.05 [s,

211, 5.2-5.3 [m, 1H], 5.4-5.55 [d, 1H], 6.9-7.4 [m, 12H]. ESI-MS: m/z = 622 [M#Nat](calculated value
for C31H4208N4=598.7).

4. Lysine(-OMe)C2F (4a)¢] ¥4

N(e)-Z-Lysine(-OMe)C2F (1g, 1.67mmol)E HPLCEH Sl ®IEHE(15mD)el] &aiAzth. HAa= 53] &9

7109 F71E AASAT. A=A 10% Pd(0.4g) S 7] &Nl ZA2HA Hrrsta A7) Eaa

o WHHE HPLC 5w WeE= oyt thA] A48 Eedste] E2t=3 W 3718 AAI. 2

T £ 7 vhg EFE FHAIA AL wnkshAA] Tt o]o] Aele]ER o] ¥skal HPLC 5 H 9

Hekbs 2 AT, AFAT AHAS FH {UIEWE FUAA AN waAGe] Lysine(-O0Me)C2F

0.816g(90%) S AUT). o] F71o AAHAGle] viE v} wkSo] A3}, (Rf=0.1 in 5% methanol in
chloroform). ESI-MS: m/z = 465.9(calculated value for C23H3606N4=464.6).

5. Lysine(-OMe)C2FC2-NHZ(5a) 2] 34

7-Gly-OH (0.25g, 1.2mmol)9] AZx DMENES Loz zpgtAlste] wmubslHAl HOBt (0.183g,
1.2mmol) % EDCI (3.5g, l.2mmol)E A& o= H7bsllth. wkAlzE Fof 7z DOMel &8|A17) Lysine(-
OMe)C2F (0.695g, 1.5mmol)E ¥Hg ZFEo] H7lsiivt. =L &, 9hg E3Eo] of 947|do]l & wj71x] DIPEAS
A7 ech. Aol gAS Ao A gl wElsith. 2% DONS.Z FAEte], IN HCI, & 9 Heglez A%
ato AFH AT, f71EE AxA SvjE FLAIZAT. 1.5% HWeEe] SREEIELAS o] §dlo] A7)
AFES AZvEDYY AAste] A WA 9] ¢4 N(e )-Z-Lysine(-OMe)C2FC2-NHZ 0.69g(70.3% )<
ATt (Rf=0.3 in 5% methanol in chloroform). 1HNMR(200MHz, CDCI3): & = 1.2-1.55 [m, 11H], 1.75-1.9
[m, 4H], 2.8-3.5 [m, 4H], 3.6 [m, 5H], 3.6-3.8 [m, 2H], 4.2-4.3 [m, 1H], 4.45-4.6 [m, 1H], 5.1 [s,
2H], 5.65-5.75 [m, 1H], 6.2-6.3 [m, 1H], 6.9-7.0 [m, 1H], 7.1-7.4 [m, 12H]. ESI-MS: m/z = 656.9
[M+H+], & 679.1[M+Nat+](calculated value for C33H4509N5=655.7).

o
40
N

6. Lysine(-OMe)C2FC2-NH2(6a)<] 3+

N( & )-Z-Lysine(-OMe)C2FC2-NHZ (0.69g, 1.05mmol)E HPLC S5& THF(15ml)ol £3AIZTE. AAE 3|
ZyHste] A7) &7 e F7E AASGT. 22 10% PAS A7) fdo] 2Ax~HA HArletm Ay Ze)
229 Wi BE HPLC 5 THFZ Aofligivh. &ehaa Wie] o718 Aaz vl Esste] At 1
F FaItaE g EFEC THAA HA wgkste] Ttk 2% Adefe]ER of¥etal HPLC T THFE A3
sttt oA MHAS FH SWE FLAIA AN HL FAAF2] Lysine(-0Me)C2FC2-NH2 0.49g(90%)E A%
o}, o] F7}e AAFAQ] tF2 whSo] AF83FSTE. (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z

= 522.8(calculated value for C25H3907N5=521.6).

N

)
2

7. PRF-C2(7a)9] A

7-Arg-(7)2-0H(0.424g,0.74mmo1) ] 7z DCM &
(0.112 g, 0.74mmol) 2 EDCI (0.141g, 0.74mmol)E L%

o] =@ w72 DIPEAE 147}3}035} dojzl gHS 220 = S
ZUAAY. A7) FAFES 50 WE2e] FRRIES AFLE AzvtEad v 2 AHAlste] A nFFe] wrui|
o] %% PRF-C2 0.558g(56.1% 4+&)< 29Tk, HNWR(300MHz, CDCI3+CD30D): 6 = 1.4-2.2 [m, 19H], 3.0-3.5
[m, 4H], 3.9 [s, 3H], 4.0-4.4 [m, 7H], 4.4-4.7 [m, 2H], 5.2-5.5 [m, 6H], 6.8-7.2 [m, 3H], 7.3-7.6 [m,
20H], 9.9 [s, 1H]. ESI-MS: m/z = 1082 [M+H+]&1104[M+Nat](calculated value for C55H69014N9=1080.8).
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8. 3}%+= RF-C2(8a)9 FA

A2 th7] slellA] PRF-C2 (0.1g, 0.093mmol)E TFA(2ml)o] &3jA|A A& HjzolA AL uwtat
Aol E]Qol]<:(0.4ml, 3.4mmol) 2 TMSOTf (0.6ml, 3.32mmol)E L2 o7 FHrtatdrt. A7)
ALo] HEEdto] 24N 1Mo AL wukslitt. 1% HPLC 55 WEeE A7) ukes &

bl

s E3ES A2 A3
oh. oWeEs W Ao TRAE dAE Zel4ste] AAGT. HEE-olAE Al 2'S HHEste] dojd IRES
A ATt HTHe=m, 2= ol w3 ARvEIYI(IHZO|E IRA- 400(:1 Z2Y= o] w3

FANE FHsY =FAL = AN a4 RF-C2 0.031g(57% 8&)& AJrh.  (Rf=0.1 in 20%
methanol in chloroform). ESI-HRMS: m/z = 578.3391([MtH]+, calculated value for C26H4406N9=578.3414) .
RP-HPLC: Rt = 3.9 min (20% water in acetonitrile), purity >99%.

AAd 2. 3FE 8o FA (RF-C3)
1. N( e )-Z-Lysine(-0Me)C3-NHBoc(1b) ] 34

Boc-Gly-OH tHAl 3-(N-Boc)-amino propionic acidE AF&ate] Ao 19 19 Wo ukz}
sHdstsit.

Yield: 86.7% (Rf=0.55 in 5% methanol in chloroform). IHNMR(300MHz, CDCI3):6 = 1.4-1.7 [m,
13H], 1.75-1.9 [m, 2H], 2.3-2.45 [m, 2H], 3.1-3.2 [m, 2H], 3.25-3.4 [m, 2H], 3.7 [s, 3H], 4.45-4.55
[m, 1H], 5.0-5.1 [s, 2H], 5.2-5.3 [m, 1H], 6.5-6.6 [m, 1H], 7.25-7.35[m, 6H]. ESI-MS: m/z = 489.0
[M+Nat](calculated value for C23H3507N3=465.5).

2. N(e)-Z-Lysine(-OMe)C3-NH2(2b) 9] 34
AAd 1] 29} T3 PR F=3E3

Yield: 90% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 366 (calculated value for
C18H2705N3=365.4) .

3. N( e )-Z-Lysine(-OMe)C3F(3b) <] &4

Ao 19] 33 FLg oz 433 glrt.

Yield: 64.9% (Rf=0.5 in 5% methanol in chloroform). IHNMR(SOOMHZ, CDC13):6 = 1.2-1.6 [m,
15H], 1.6-1.9 [m, 2H], 2.15-2.45 [m, 2H], 2.8-3.25 [m, 4H], 3.7-3.8 [s, 3HI, 4.15-4.25 [q, 1H], 4.4-

4.5 [q, 1H], 4.9-5.0 [m, 1H], 5.15 [s, 2H], 5.2 [m, 1H-1,6.95-7.1[m,1H],7.1-7.4[m, 11H] .ESI-MS: m/z =
635 [M+Nat](calculated value for C32H4408N4=612.7).

4. Lysine(-OMe)C3F(4b)2] g4l
A 19] 49} T3 YPo = 3.

Yield: 95.3% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 480.0 (calculated value for
C24H3806N4=478.6) .

5. Lysine(-OMe)C3FC3-NHZ(5b)¢] ¥4

Z-Gly-OH ™Al  3-(N-Z)-amino propionic acidE AF&&te] Al 19 59 Fd3 wWyoz
F-33k3iTt.
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Yield: 56.8% (Rf=0.3 in 5% methanol in chloroform). lHNMR(ZOOMHZ, CDCI3): & = 1.2-1.9 [m,
15H], 2.25-2.55 [m, 4H], 2.8-3.5 [m, 8HI, 3.7 [s, 3H], 4.2-4.3 [m, 1H], 4.35-4.5 [m, 1H], 5.0-5.1 [s,
201, 5.2-5.35 [m, 1H], 7.1-7.4 [m, 10H]. ESI-MS: m/z = 685.3(calculated value for C35H4909N5=683.8).

6. Lysine(-OMe)C3FC3-NH2(6b)<] 34
AAd 19 637 FU3 WRlor S35,

Yield: 90% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 551 (calculated value for
C27H4307N5=549.7) .

7. PRE-C3(7b)<] %4

A 19 73 FAT Yo Faste,

Yield: 64.6% (Rf=0.4 in 5% methanol in chloroform). 1HNMR(300MHZ, CDCI13):86 = 1.2-1.5 [m,
15H], 1.6-1.8 [m, 4H], 2.3-2.65 [m, 8H], 3.1-3.25 [m, 2H], 3.4-3.6 [m, 4H], 3.7 [s, 3H], 4.05-4.2 [m,

1H], 4.2-4.4 [m, 2H], 5.0-5.4 [m, 6H], 7.15-7.45 [m, 20H].ESI-MS: m/z = 1108 (calculated value for
C57H73014N9=1108.2) .

8. RF-C3(8h)¢ A
Ao 19] 83 U3 WRlo 7 8t}

Yield: 61.6% (Rf=0.1 in 20% methanol in chloroform). ESI-HRMS: m/z = 606.3728 ([M+H]+,
calculated value for C28H4806N9=606.3727). RP-HPLC: Rt = 2.9 min (20% water in acetonitrile), purity
>99%.

A 3. 33FE 182 FA (RF-C5)

1. S3HE 1229 &4

[e}

b

1-1. tert-F¥-5-EHZ R AE}- o] E(9a)9] A

5-H 2 R HE =) ofA|=(5g, 27.62mmol)e] HAZE DOMENE Aoz xpghAste] wukstA A of 7)o N

-t goln =32 W (1.68g, 13.75mmol) 2 DCC (6.83g, 33.15mmol)E ALale] Hriatdvl. wkA 7k Fo
tert—F82(15.8ml, 165.75mmol)& w5 E3Eo| H7Fsldtt. Aol &8-S HhAf ALoA mylalqitt, 1
DCMe R 3|Aetal & B Helo g dA&kste] AAHIIGT. fU5S dxste] &WE SEAIZT. 1% " okA
HolES] FitgHE A&3te] IFES ARZvEINIARE GASte] At A A £F tert-FEH-5-HE

EAE o o]E 4.1g (62.6% ’\%)% Ak, (Rf=0.8 in 20% ethylacetate in hexane). IHNMR(200MHz,
CDC13):6 = 1.44 [s, 9H], 1.5-1.6 [m, 2H], 1.84-1.96 [m, 2H], 2.24 [t, 2H], 3.4 [t, 2H]. ESI-MS: m/z =
258(calculated value for COH1702Br=237.1).

1-2. tert-¥-gl-5-olu] el o] 0] E(10a)2] ¥4

tert-5-g-5-H 2R AEl o o] E(3.6g , 15.19mo0l)E % DWFSl &aiAl7]a o 7)ol At)g ofrfol=
(1.48g , 22.77Tmmo1)E H7}8tieh. Whs EFES 70-80 C7hA] 7hdste] 17 - 18 AIZHESE ambelgict, 1
degow Ay FRIEFOR Mt B gl HEglow d&ste] AFsot. 2REXE S UARAA
Euls SHAZT. 7] aFde = Ed Eud ¥23(2.29¢,8.77mol )& HUFS T AAvkart AE
Al Ak UA o7l THEE H7bskivh. A4 dae] Waa uA, & ¥ Bes 7] vE £ A
7bektal F7FR 4AZE Bk A% anbeigith. a8 TS SRARY. 5% WEEe] SEREE §9S A8
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71

B

FES FRvEIYAR AAst] =T AH Y 4 tert-FE-5-olu] =FEl o] E  2.79g(96%
48)2 9dth. (Rf=0.1 in 5% methanol in chloroform). HNMR(200MHz, CDCI3):6 = 1.28 [s, 12 H], 1.44
1.5

[s, 9H], 1.5-1.6 [m, 4H], 2.1-2.2 [t, 2H], 2.76-2.84 [t, 2H], 2.92-3.4 [m, 2H].

1-3. RC5(-C02But)(11a)¢] @A

7-Arg-(7)2-0H(1.54g,2.82mmol)2] 7= DONE NS Loz A wwtstHA 7)o HOBt
(0.35g, 2.31mmol) 2 EDCI (0.44g, 2.30mmol)E A&3ste] H7bebadvk. WkAIZE o] Az DOMel &3E tert-
Fy-5-ol =gEl o o] E (0.50 g, 2.89mmol)E WHE EFEo H7FEAAth. Wb E3HES oF AV|HoRE wb
£7] $1sked DIPEAE H7bstqitt. dojzl &g AoA] whA] wwkslditt. 0§ S2RXEOR 345t &
9 vgeloz A&ste] M. f715S ARANA s STIAAY. AFES 1% e FERERYE
Sdg Algsle] FRuEIHY HAZS o] 3 mAe] &4 RC5(-C02But) 1.73g(72% +&)& AU}
(Rf=0.8 in 5% methanol in chloroform). IHNMR(200MHz, CDC13): 6 = 1.1-1.2 [m, 2H], 1.4 [s, 9H], 1.5-1.8
[m, 6H], 2.1 [t, 2H], 2.7-2.9 [m, 2H], 3.7-3.8 [m, 2H], 4.2-4.4 [m, 1H], 4.9-5.1 [m, 6H], 6.2 [d,
1H], 6.5-6.6 [t, 1H], 7.2-7.4 [m, 15H], 9.3-9.5 [m, 2H]. ESI-MS: m/z = 732(calculated value for
C39H4909N5=731.8) .

1-4. RC5(-C0O2H)(12a)9] ¥4

RC5(-CO2But) (0.95g, 1.3mmol)e] AZ DCMEHol TFAS 0Tl AA3s] H7lste] Ar] £35S 4
ot A2oA] waksldt. 2% AAE ZHAAste] DM 2 ) TFAE AAsAT. uFde AFES 2% A
2o FR2EZYE §NS AEsle] AZnEOYYZ HA St 3 uAe &4 RC5(-C02H) 68g(77.5% &)
ok, (Rf=0.5 in 5% methanol in chloroform). ESI-MS: m/z = 676 (calculated value for
C35H4109N5=675.7) .

>,

e oA

14

2. 3}3HE 16a9)

o

2-1. N( e )-Z-Lysine(-OMe)C5-Br(13a)2] ¥4

S-E 2Rk e o A= (1.09g, 6.03mmol)e] X DIMENS dSoz x3tAIse] awsHA o7
HOBt (0.74g, 4.82mmol) %! EDCI (1.15g, 6.02mmol)E A& o H7Fslth. WHAIZE Fof 73 DOMol 83 Al
20 N(e)-Z-gho]Al e olAH J=g2FR2Y=(2g, 6.04mmol)E A7) ¥Hs E3dEo Hrpsidyt. 2% vhs =
FEo] oF ¢dv]ge]l & wizbA| DIPEAE A7bslgith. A7) vk EFES A-2oA v gttt 1% &
REFOoR s|Aate] 0.6N HCl, & B BEQlom dA&ste] AlHatt. §715S A2AA SlE FEAZT.
1% verge] FRIIXE SIS AHEStY A7) ARES A=vEIHRE GASY 8 zA9 £4 N(e)-Z-
Lysine(-OMe)C5-Br 1.83g(66% &)< <Atvt. (Rf=0.6 in 5% methanol in chloroform). 1HNMR(200MHz,
(DC13): 6 = 1.25-1.4 [m, 2H], 1.45-1.6 [m, 2H], 1.65-1.9 [m, 6H], 2.25 [t, 2H], 3.2-3.3 [m, 2HI,
3.35 [t, 2H], 3.65 [s, 3HI, 4.55 [m, 1H], 4.95 [t, 1H], 5.1 [s, 2H], 6.3 [d, 1H], 7.3 [s, 5H]. ESI-
MS: m/z = 458(calculated value for C20H2905N2Br=457.4).

2-2. N( e )-Z-Lysine(-OMe)C5-NH2(14a) 9] 34

N( e )-Z-Lysine(-OMe)C5-Br (1.5g, 3.28mmol)S % DCMell &3fA|7]aL
]_

o oFAo]=(0.26g,
3.94mmol)E F71ERd. A7) vbE EFES 7FEste] 70-80Tol A 17-18A17H5¢t b

e
Wi, 1F deow

-

453 ZeEzgor NSl B W nedom distel AXsgd. #7138 Axsel $nE
FUART. EeMYEAN(1.29¢,4.92m0) S 47] = B WA, Aaskat AWs sk A
of HAAW T A IFA. Ak sh2e] WAl WEIUA, B W WES 4] 0S EFEC Wrkstn 4

oA F7hm 4AFESH H mukdth O% 84 2w 5% HEkge) FRREE §o

tlo rlo
fu
H
jom]
=5
il
olN A

1 s
>
b
o

5 27] .
Ao ZRES AEvEOHIAR ZASY =3 ufHe] NA FeEQl =5 N(e)-Z-Lysine(-
OMe)C5-NH2 1.2¢ (94% &)L dArt. (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z =
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394(calculated value for C20H3105N3=393.5).

2-3. N( ¢ )-Z-Lysine(-OMe)C5F-NHBoc(15a) 2] &4

Boc-Phe-OH (0.54g, 2.04mmol)¢] % DM &4E& dgom ztAete] wwtepaA of7]o] HOBt
(0.39g, 2.53mmol) % EDCI (0.48g, 2.53mmol)E &Aooz Hubeigivh. #Ax DOMol &3A7)
Lysine(-OMe)C5-NH2(1g,2.54mmol )& 7] wh-g EFEl H7Fetgich. DIPEAS H7bshe] nbg
**O_E’a TEATE Aol §NE HedA B WGt 1% FRIEFoR 3|45y

&3te] AT, F715S ARAA SWE SRR, 20 HEEe] FEEXE 98
< ﬁiﬂ}E:wH W2 AAse] 3 niAo W wAQl =42 N(e )-Z-Lysine(-OMe)C5F 0.9g(55.28% 4~&)<
t}. (Rf=0.55 in 5% methanol in chloroform). I1HNMR(300MHz, CDC13):6 = 1.3-1.4 [s, 9H], 1.5-1.7 I[m,
6H], 2.15-2.35 [t, 2H], 2.9-3.1 [m, 4H], 3.2 [m, 2H], 3.75 [s, 3H], 4.25 [m, 1H], 4.6 [m, 1H], 5.0-
[t, 1H], 5.1 [s, 2H], 5.4 [m, 1H], 6.5-6.65 [m, 1H], 7.05 [d, 1H], 7.15-7.4 [m, 10H]. ESI-MS: m/z =
641(calculated value for C34H4808N4=640.8).

2-4. Lysine(-OMe)C5F(16a)9] &4

N( e )-Z-Lysine(-OMe)C5F-NHBoc (0.8g, 1.25mmol)E HPLC T wlgt2ol| &3AHY. 2A4AE 3 =
g5t T v %E}*iﬂ 2712 AAsGT. 224 10% Pd(0.5g)S A7) &dlo] 2AA~HA Hrlsla

Et2a9] RS IPLC 55 W2 AouFt. oA dAs ZYqste] Z82a9 3718 .
lf'ri7}£;i%%§§ of FIHAIA WA WSt a%F AREolER ofIstil HPLC 55 WEESE Al
Hakltk, ot a A H NS Frate] gulE FHAIA B WA Lysine(-OMe)CSF 0.54g(85.1%)S AL},
F71e] AAgle] o Whsol vlE2 AFE-8Fith. (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 507
(calculated value for C26H4206N4=506.6).

3. 3}3HE 1829 A
3-1. PRF-C5(17a)9] A4

RC5(-CO2H)(0.27g,0.9mmol) 2] AZ DIME NS Ao =2 A7ASFe] nwkslH A o 7)o HOBt (0.061 g,
0.33mmol) = HATU (0.15g, 0.3%mmol)Z 03516}C4 H7betg k. 308 o] Ax DOMell &aA1Z] Lysine(-

OMe)C5F(0.25¢,0.49mmo )& 7] Wk &3&o H7lsisth. whe EdES of dride= wEY] $138ke] DIPEA
S A7ttt dojdl §9S AoA HHA) ﬂ&é}c’ﬂ\:} % E22Y %Ei st & 9 Hedlew o
&3l MY, F715S ARAA SulE SESIGTE 2% WEee] F22YE NS AFEstY =dha 3

FAe] wkaAel =4 PRF-C5 0.33g(57.5% 5)& 4Jtt. (Rf=0.5 in 5% methanol in chloroform, v/v).
1HNMR(300MHz, CDCI3+CD30D): &6 = 0.7-0.8 [m, 2H] 1.1-1.2 [s, 9H], 1.2-1.7 [m, 16H], 2.0-2.2 [m, 4H],
2.9-3.1 [m, 4H], 3.3 [t, 4H], 3.6 [s, 3H, (merged with solvent peak)], 3.7 [m, 2H], 3.8-3.9 [m, 1HI,
4.05-4.2 [m, 1H], 4.3-4.4 [m, 1H], 4.95-5.25 |[m, 6H], 7.15-7.35 [m, 20H]. ESI-MS: m/z =
1164(calculated value for C61H81014N9=1163.4).

3-2. RF-C5(182)¢] 34

0C A2 th718lell A PRF-C5 (0.1g, 0.086mmol)E TFA(2ml)ell &aiAIZTE. A7l @A 3 N
omi(o 4ml,3.4mmol) 2 TMS-OTf(0.6ml,3.32mmol)E A&sle] H7lslgick. wl =

T 24NZHES A% ‘mlo}oﬂu} I% HPLC v WEE=E 8-S AAAHT. dh ZYFste weg ¥
OJ TFAS AASIRE. ZFHFES A2 HPLC 557 vergo] &8zl 399 toldd=s 7}
Ao A o7} %ﬁ%}%iv} LARYE dlo] o)L o Hag-todoH= AlAEE W
ARAAY. HEHom 2L oL w3 AZvEIHI(UH o] E [RA-400C1 FRIE o] w3 7
S AMEEHE Bt = wraAe] 4 RFC5 0.037g(65% +&)E AUvt.  (Rf=0.1 in 20% methanol in
chloroform). ESI-HRMS: m/z = 662.4375 ([MtH]+, calculated value for C32H5606N9=662.4348). RP-HPLC: Rt

H-Er?ﬁFO

2

It
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= 2.3 min (100% methanol), purity >99%.
AA ] 4, 33HE 18b2) FA (RF-C8)

1-1. tert-3€-8-B 2 B LEl-oo] E(9h) ] A
=

IAEE ALgstel AAd 39 1-13 U wpgoz

i
ré,_&,‘
o
i
e
<
I
>
o
Iz
fr
i
Jo
o
i
e

s

Yield: 70.5% (Rf=0.85 in 20% ethylacetate in hexane). 1HNMR(300MHz, CDC13): 6 = 1.28-1.36 [m,
6H], 1.4-1.48 [s, 9H], 1.55-1.64 [m, 2H], 1.8-1.92 [q, 2H], 2.16-2.24 [t, 2H], 3.36-3.44 [t, 2H].

1-2. tert-FE-8-opv] ;=B o] E(10b) o] 4
AAd 39 1-29} FUF WHoE FE Tt

Yield: 90.5% (Rf=0.1lin 5% methanol in chloroform). ESI-MS: m/z = 216.5(calculated value for
C12H2502N=215.3) .

1-3. RC8(-C02But)(11b)¢] ¥4
Al 39 1-37 FLg Yoz 4335},

Yield: 65.2% (Rf=0.85 in 5% methanol in chloroform). IHNMR(300MHz, CDCI3+CD30D): & = 1.1-1.35
[m, 10H], 1.45 [s, 9H], 1.5-1.7 [m, 4H], 2.1-2.25 [t, 2H], 2.9-3.1 [t, 2H], 3.8-4.1 [m, 3H, (merged
with solvent peak)], 5.05-5.25 [m, 6H], 7.25-7.4 [m, 15H]. ESI-MS: m/z = 775 (calculated value for
C42H5509N5=773.9) .

1-4. RC8(-CO2H) (12b)<] &4
AN o] 42] 1-49} FL3I o T FH3IT}

Yield: 81.1% (Rf=0.5 in 5% methanol in chloroform). IHNMR(200MHz, CDC13+CD30D): 6 = 1.15-1.4
[m, 10H], 1.5-1.75 [m, 4H], 2.2-2.35 [t, 2H], 2.9-3.1 [m, 2H], 3.35 [m, 2H], 4.1-4.2 [m, 1H], 5.0-5.25
[m, 6H], 7.3-7.5 [m, 15H]. ESI-MS: m/z = 718 (calculated value for C38H4709N5=717.8).

14

2. 33HE 16h9

ol

2-1. N( ¢ )-Z-Lysine(-OMe)C8-Br(13b) <] ¥4

SrERRBY YA S tiAl §-HERSEReCfA =g AREEle] HAld 39] 2-13 U Ao

Yield: 64.85% (Rf=0.7 in 5% methanol in chloroform). 1HNMR(300MHz, CDC13):&6 = 1.3-1.8 [m,
14H], 1.8-1.9 [m, 2H], 2.15-2.25 [t, 2H], 3.15-3.25 [m, 2H], 3.35-3.4 [t, 2H], 3.75 [s, 3H], 4.55-
4.65 [m, 1H], 4.8-4.9 [t, 1H], 5.1 [s, 2H], 6.1 [d, 1H], 7.25-7.4 [s, 5H]. ESI-MS: m/z =
501(calculated value for C23H3505N2Br=499.4).

2-2. N( e )-Z-Lysine(-OMe)C8-NH2(14b) 9] 34

Ao 39] 2-29} UG WHoer Y}t
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Yield: 88.5% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 436.8 (calculated value for
C23H3705N3=435.6) .

2-3. N( & )-Z-Lysine(-OMe)C8F-NHBoc(15b) ] ¥4
AAd 39 2-337F FUI WHow S},

Yield: 61% (Rf=0.6 in 5% methanol in chloroform). IHNMR(200MHz, CDCI3): &6 = 1.1-1.8 [m, 25H],
2.1-2.2 [t, 2H], 2.9-3.2[m, 6H], 3.7 [s, 3H], 4.15-4.3 [m, 1H], 4.5-4.6 [m, 1H], 5.0-5.15 [m, 2H],
5.25-5.4 [m, 1H], 6.1-6.2 [m, 1H], 6.45-6.55 [m, 1H], 7.1-7.4 [m, 11H]. ESI-MS: m/z = 684 (calculated
value for C37H5408N4=682.9).

2-4. Lysine(-OMe)C8F(16b)¢] &4
e 39] 2-49} FA3 WHo = £33},

Yield: 80% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 549 (calculated value for
C29H4806N4=548.7) .

3. 33E 18be] A
3-1. PRF-C8(17b)2] A

RC5(-CO2H) % Lysine(-OMe)C5F thAl 12b % 16bE AF&3te] Ao 39] 3-13F TL3 HHoz =3

Yield: 53.6% (Rf=0.6 in 5% methanol in chloroform). 1HNMR(200MHz, CDC13):& = 1.1-1.4 [m,
33H], 1.4-1.9 [m, 8H], 2.05-2.15 [t, 2H], 2.15-2.25 [t, 2H], 2.75-3.3 [m, 8H], 3.7 [s, 3HI], 3.75-3.9
[m, 2H], 3.95-4.1 [m, 1H], 4.25-4.35 [m, 1H], 4.55-5.65 [m, 1H], 4.95-5.3 [m, 6H], 5.7 [m, 1H], 5.95-
6.0 [m, 1H], 6.3-6.35 [m, 1H], 6.6 [m, 1H], 7.15-7.45 [m, 20H]. ESI-MS: m/z = 1248 (calculated value
for C67H93014N9=1248.1).

3-2. RF-C8(18b)2] &4
AN e 3] 3-29} FUI WHow FYEA

Yield: 68.5% (Rf=0.1 in 20% methanol in chloroform). ESI-HRMS: m/z = 746.5274([M+H]+,
calculated value for C38H6806N9=746.5292). RP-HPLC: Rt = 3.8 min (100% methanol), purity >99%.

AAd 5. 33FE 18c¢ ¥4 (RF-C9)

1. 3}3HE 12¢9 4

fe]

)

1-1. tert-He-15-B 2 R AEl 7} =0 o] E(9c) &] A

Yield: 75% (Rf=0.9 in 20% ethyl acetate in hexane). I1HNMR(300MHz, CDC13):§ = 1.2-1.36 [m, 20H], 1.36-
1.44 [m, 9H], 1.48-1.6 [m, 2H], 1.8-1.92 [q, 2H], 2.12-2.2 [t, 2H], 3.32-3.4 [t, 2H].

1-2. tert-F-E-9-olu| =}t o] E(10c) Y T4

12 DMSO(3mD) el tert-HE-8-HZ R SE} - 0] E(1.87g, 6.7lmmol)E &3NAI7]aL 7)o ATE Ao}k
o= (2,635 , 53.68mol)E H bk, ATE clolertol=E SujFuE Arksdh. W EFEE 80-90
TR FANA 2-3A7kEe a1 F Adeon ARc FRaEcw A Arle B 9
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=

= 9 5 4TS BHE3) =8 =(1.65g,43.54mmo

Soll M7tk 2-3 AIRE TR % ukg EFES Muo|ER ofyslal HPLC 53 MeOHZE Al

STk NeOHE A7 8t 224 5 & B2 fagsta Azl 5% HeE
LAE ALEsle] AFES AZvEIYIR GASte] wdd dA 9] &5 tert-FE-9-o}|

tollo]E 1.26g(88.6% &) AArt. (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 230

(calculated value for C13H2702N=229.4).

fo,
il
il
il
bl
il

1-3. RC9(-C02But)(11c)¢] A
AAd 39 1-33 FU3 WHow S},

Yield: 60.5% (Rf=0.85 in 5% methanol in chloroform). I1HNMR(300MHz, CDC13):& = 1.1-1.8 [m,
2501, 2.15-2.25 [m, 4H], 2.3-2.4 [t, 2H], 5.05-5.3 [m, 6H], 7.2-7.4 [m, 15H]. ESI-MS: m/z =
789(calculated value for C43H5709N5=787.9).

1-4. RCO(-C02H) (12¢)<] 3+
A 39 1-49} FAd WHoR =3},

Yield: 75.5% (Rf=0.5 in 5% methanol in chloroform). IHNMR(200MHz, CDC13+CD30D): & = 1.1-1.4
[m, 12H], 1.5-1.7 [m, 4H], 2.2-2.3 [t, 2H], 2.9-3.0 [t, 2H], 3.8-4.0 [m, 2H], 4.05-4.1 [m 1H] 5.0-5.25
[m, 6H], 7.2-7.4 [m, 15H]. ESI-MS: m/z = 732(calculated value for C39H4909N5=731.8).

14

2. 3}3HE 16c9)

b

2-1. N( e )-Z-Lysine(-OMe)C15-Br(13c¢)

S-HE R YA = Al 9-HER oo A =5 AbgEte] AAld 39 2-13 FUI WhHow S

Yield: 60.1% (Rf=0.75 in 5% methanol in chloroform). IHNMR(300MHz, CDC13): & = 1.2-1.7 [m,
26H], 1.7-1.9 [m, 2H], 2.1-2.2 [t, 2H], 3.1-3.2 [q, 2H], 3.3-3.4 [t, 2H], 3.7 [s, 3H], 4.5-4.6 [m,
1H], 4.75-4.85 [m, 1H], 5.05 [s, 2H], 6.0-6.1 [m, 1H], 7.25-7.35 [s, 5H].

2-2. N( & )-Z-Lysine(-OMe)C9-NH2(14c) o] HA
N( & )-Z-Lysine(-OMe)C8-Br (1.23g, 2.46mmol)E 72 DMSOo] & t]& Alo}i}o]=(0.97g
19.72mmo )& H7F8TE. &ts ololette|=E FugwrE HAUEEt. v EF=ES 80-90CE 7ML st
2-3 A 7HEeh wwkelgith, O3 Aeow AT, FREYE0R MG T AUty B 4 Hglog dEs
]

AFEFT. F715S A2A7A s FEANAY. FS =08 AAES AU, Ay 2
A 3 AZ MeOHol &3iA1#A ¥4 U F28=(0.24g,1.88mol) S #H7letdt). o= A= Ad F &0
H23) =8 =(0.5g,13.156mmol )& WS & ] £ AgfolER

o Hrbstar 2-3A1 s A, 2% gkg E3E
o] 3}stal HPLC 55 MeOH= Al sint. 31 S27]1= MeOHE A 73} = =1
gkl 22 a8t ARAHY. 5% veee] FEZXEE A8 A}
of wghal o] £ tert-FE-9-obn o] E 0.9g(81.8% 8)S AJvk. (Rf=0.1 in 5% methanol in
chloroform). ESI-MS: m/z = 451 (calculated value for C24H3905N3=449.6).

2-3. N( & )-Z-Lysine(-OMe)C9F-NHBoc(15¢) 9] ¥4

AAd 39 2-331 QG wpgoE FAs
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Yield: 56.5% (Rf=0.6 in 5% methanol in chloroform). 1HNMR(300MHz, CDCI13):& = 1.1-1.9 [m,
27H], 2.15-2.25 [m, 2H], 2.95-3.3 [m, 6H], 3.65 [s, 3HI|, 4.2-4.3 [m, 1H], 4.55-4.65 [m, 1H], 5.1 [s,
2H], 5.3-5.4 [m, 1H], 5.9-6.0 [m, 1H], 6.5 [m, 1H], 7.15-7.4 [m, 11H]. ESI-MS: m/z = 697 (calculated
value for C38H5608N4=696.9).

2-4. Lysine(-OMe)C9F(16¢)¢] 34
A e 39 2-43} FAZ RO R FHE

Yield: 88.5% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 563 (calculated value for
C30H5006N4=562.7) .

3. 33E 18co A
3-1. PRF-C9(17¢)9] A

RC5(-CO2H) % Lysine(-OMe)CSF thAl 12¢ H 16cE AR&3te] AAlo] 39 3-13 U3 WPow +3
shaich.

Yield: 61.2% (Rf=0.6 in 5% methanol in chloroform). IHNMR(200MHz, CDCI3+CD30D):§ = 1.2-1.7
[m, 41H], 2.1-2.3 [m, 6H], 3.0-3.2 [m, 4H], 3.3-3.35 [t, 4H], 3.7 [m, 3H], 3.85-4.0 [m, 2H], 5.0-5.3
[m, 6H], 7.15-7.45 [m, 20H]. ESI-MS: m/z = 1277(calculated value for C69H97014N9=1276.6).

3-2. RF-C9(18c)e] A
Al 39 3-27 FAd Yoz 4335},

Yield: 72% (Rf=0.1 in 20% methanol in chloroform). ESI-HRMS: m/z = 774.5579 ([M]+,calculated
value for C40H7106N9=774.5604). RP-HPLC: Rt = 3.7 min (15% water in acetonitrile), purity >99%.

AN 6. 3FE 18d9 FA (RF-C15)
1. 335 12d9 34
1-1. tert-H-€-15-o}v| =g Etd] 7} ol o] E(10d) 9] T4

tert-FE-8-H 2R S E ool E Al tert-FE-14-BH 2R EgtH7}oo]ES Al&3lo] A4 59
1-29} FLs Wgo=z F3gsgin. Yield: 85% (Rf=0.1 in 5% methanol in chloroform).

1-2. RC15(-CO2But)(11d)<] &4
AAd 39 1-337 FL3 o r 435,

Yield: 67.5% (Rf=0.9 in 5% methanol in chloroform).

1-3. RC15(-CO2H) (12d)9] &4

Axd 39 1-ash QG wpgo Fas.

Yield: 79% (Rf=0.6 in 5% methanol in chloroform).
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2-1. N( e )-Z-Lysine(-OMe)C15-NH2(14d) 2] &4

N( e )-Z-Lysine(-OMe)C8-Br w4l N( e )-Z-Lysine(-OMe)C14-Br& A}&3to] AA|d 59 2-29} FL3k #
How F35tA . Yield: 90.5% (Rf=0.1 in 5% methanol in chloroform).

2-2. N( & )-Z-Lysine(-OMe)C15F-NHBoc (15d)¢] &4
AAd 39 2-33 FU3 How S},

Yield: 61.8% (Rf=0.7 in 5% methanol in chloroform).

2-3. Lysine(-OMe)CI15F(16d)¢] &4
AA e 39 2-43} FAZ WHoR =3},

Yield: 92.5% (Rf=0.1 in 5% methanol in chloroform).

3. 33E 18d¢] A
3-1. PRF-C15(17d)¢] A

RC5(-CO2H) % Lysine(-OMe)C5F thAl 12d % 16dE AF&3te] AA]d] 39 3-13F T3 HHoz =3

Yield: 65.1% (Rf=0.7 in 5% methanol in chloroform). 1HNMR(200MHz, CDC13+CD30D): &6 = 1.1-1.4
[m, 20H], 1.5 [s, 9H], 1.5-1.85 [m, 10H], 2.15-2.25 [m, 4H], 2.3-3.0 [m, 4H], 3.75-4.4 [m, 4H], 5.0-
5.4 [m, 6H], 6.2-6.3 [m, 2H], 6.5-6.6 [m, 2H], 7.25-7.45 [m, 20H].

3-2. RF-C15(18d)¢] &4
AN e 3¢9 3-23 FAZ WHoR F=3E3,

Yield: 74.3% (Rf=0.1 in 20% methanol in chloroform). ESI: m/z = 943([M+H]+, calculated value
for C52H9606N9=943.3), 472([M+2H]2+, calculated 472.1). RP-HPLC: Rt = 3.87 min (100% methanol), purity
>99%.

AN 7. FFE 18 FA (GV-C5)
1. 388 129 34
1-1. GC5(-C02But)(11e)<] A
Z-Arg-(2)2-0H W4l Z-Gly-(Z)2-OHE AF&3te] AAldl 3¢ 1-3¢} sdg o= #3aigivt.

Yield: 63.1% (Rf=0.6 in 5% methanol in chloroform). 1HNMR(200MHz, CDC13): & = 1.4 [s, 9HI,
1.5-1.6 [m, 4H], 2.2 [t, 2H], 3.2 [m, 2H], 3.8 [d, 2H], 5.1 [s, 2H], 5.55 [m, 1H], 6.35 [m, 1H], 7.25-
7.35 [m, 5H]. ESI-MS: m/z = 365 (calculated value for C19H2805N2=364.4).

1-2. GC5(-C02H) (12¢)2] 343
AN e 39 1-49} FU3 WHoz FYeA.

Yield: 79% (Rf=0.4 in 5% methanol in chloroform). ESI-MS: m/z = 309 (calculated value for
C15H2005N2=308.3) .
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L/Ké

2. 3}3HE 16e9)

ol

2-1. N( e )-Z-Lysine(-0Me)C5V(15e)2] +A4
Boc-Phe-OH tH4l Boc-Val-OHZ AF&3}e] AAld| 39] 2-39} FUd o=z =351},

Yield: 65% (Rf=0.6 in 5% methanol in chloroform). 1HNMR(300MHz, CDC13):6 = 0.9-1.0 [d, 6H],
1.4 [s, 9H], 1.5-1.9 [m, 10H], 1.95-2.05 [m, 1H], 2.15-2.35 [m, 2H], 3.15-3.2 [m, 4H], 3.4-3.5 [m, 1H]
3.65 [s, 3H], 4.5-4.6 [m, 1H], 5.0 [m, 1H], 5.05 [s, 2H], 5.25 [d, 1H], 6.85 [m, 1H], 7.15 [m,1HI,
7.25-7.4 [s, 5H].

2-2. Lysine(-OMe)C5V(16e)9] 34
A 39] 2-49)F FAI Yoz 4335},

Yield: 78.1% (Rf=0.1 in 5% methanol in chloroform). ESI-MS: m/z = 459 (calculated value for
C22H4206N4=458.6) .

3. 33E 18e9] A
3-1. PGV-C5(17e)9] A

RC5(-CO2H) % Lysine(-OMe)CSF thAl 12e H 16eZS AF&3te] AAJo] 39 3-13 TU3 WHoz =3

Yield: 54.5% (Rf=0.6 in 5% methanol in chloroform). I1HNMR(300MHz, CDCI13+CD30D): & = 0.8-1.0
[d, 6H], 1.45-1.55 [s, 9H], 1.55-2.0 [m, 15H], 2.1-2.3 [m, 4H], 3.15-3.3 [m, 6H], 3.65-3.8 [m, 6HI,
4.4 [m, (merged with CD30D solvent peak), 1H], 5.1[s,2H], 7.25-7.4[m,5H]. ESI-MS: m/z = 749
(calculated value for C37H60010N6=748.9).

3-2. GV-C5(18e)
A 39 329k A wpgoE FAs

Yield: 60.5% (Rf=0.1 in 10% methanol in chloroform). ESI-HRMS: m/z = 537.33955([M+Nal+,
calculated value for C24H4606N6Na=537.3371). RP-HPLC: Rt = 3.8 min (100% methanol), purity >99%.

AAd 8. 33E 189 ¥4 (RR-C5)
1. FC5(-C02But)(11f)
7Z-Arg—(Z)2-OH thAl Z-Phe-(Z)2-0HE A}-&3le] AAd 39 1-39} FAs WHo= S35},

Yield: 58.9% (Rf=0.7 in 5% methanol in chloroform). IHNMR(300MHz, CDC13): &6 = 1.3-1.5 [m,
13H], 2.1-2.2 [t, 2H], 2.9-3.2 [m, 4H], 4.3 [m, 1H], 5.05 [s, 2H], 5.45 [d, 1H], 5.85 [t, 1H], 7.1-
7.35 [m, 10H]. ESI-MS: m/z = 455(calculated value for C26H3405N2=454.6).

2. FC5(-CO2H) (121)9] &4
e 39] 1-49} FU3 WHo 7 833},

Yield: 84.4% (Rf=0.5 in 5% methanol in chloroform). ESI-MS: m/z = 399 (calculated value for
C22H2605N2=398.5) .
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[0289]

[0290]
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3. PRR-C5(17f)¢] A

RC5(-C02H)(0.53g,0.78mmo1 )] A% DNF&NS Aoz agtAlsle] mybalHAl of7]o] HATU (0.3g,
0.78mmol)E  H7FSFATE. 30&  Fol HAZF DMSOol &a|AIR L-ge]xl wEo|xE U-3=2ER=

(0.1g,0.43m01 )& A7) W BBl Arhstodth. 1F whg EFBo] o Anest B WA DIPEAE A7
Ak, A7 W EPES AN BAGED Wl 2 F EReEgos 4444 0.5 100, & 9
nellow Asstel ARAAY. §715S Axstel SulE FUARL. 14 uﬂE}—u FRREE §AL AHE

sto] FFES AZVEIHIAR % 116}04 3] 1A £4 PRR-C5 0.38g(60% &)< AUrt.

(Rf=0.7 in 5% methanol in chloroform). IHNMR(ZOOMHZ, CDC13+CD30D): & = 1.3-1.4 [m, 4H], 1.4-1.7 [m,
12H], 2.05-2.25 [m, 4H], 2.9-3.05 [m, 4H], 3.05-3.2 [m, 2H], 3.7 [s, 3H], 3.75-4.0 [m, 6H], 4.35-4.45
[m, 1H], 5.05-5.25 [m, 12H], 7.15-7.4 [m, 30H]. ESI-MS: m/z = 1472 (calculated value for
C77H94010N6=1447 .6) .

4. RR-C5(18f)<] &4
AA e 39] 3-29} FUF WHoE Fs3in

Yield: 47% (Rf=0.0, spot resided at baseline in 20% methanol in chloroform). ESI-HRMS: m/z =
336.2387 ([M+2H]2+, calculated value for [C29H6006N12]1/2= 336.2334). RP-HPLC: Rt = 3.6 min (100%
methanol), purity >99%.

A 9. 3HE 18g9) ¥4 (FF-C5)
1. PFF-C5(17g)¢] 4
RC5(-C02H) thAl FC5(-CO2H) & ARE-3ked AAje] 89] 33} s Y ow Faysioitt.
Yield: 59.8% (Rf=0.6 in 5% methanol in chloroform). HNMR(400MHz, CDC13+CD30D):6 = 1.3-1.4

[m, 4H], 1.45-1.85 [m, 6H], 2.1-2.3 [m, 4H], 2.75-3.15 [m, 10H], 3.7 [s, 3H], 4.25-4.3 [m, 3H], 4.95-
5.1 [m, 4H], 7.15-7.35 [m, 20H]. ESI-MS: m/z = 944 [M+Nat] (calculated value for C51H64010N6=921.1).

2. FF-C5(189)¢] @4
A e 39 3-29} B3 W o w =PatT),

Yield: 53% (Rf=0.1 in 10% methanol in chloroform). ESI-HRMS: m/z = 653.4009 ([M+H]+,
alculated value for C35H5306N6=653.4021), 327.2064 ([M+2H]2+, calculated 327.2017). RP-HPLC: Rt = 3.9
min (100% methanol), purity >99%.

3. RF-C11(18h)¢] 34

RF-C11 (n= 10)Z 7] W4 [M. J. Lee, K. Pal, T. Tasaki, S. Roy, Y. Jiang, J. Y. An, R.
Banerjee and Y. T. Kwon, Proc. Natl. Acad. Sci. U.S.A, 105; 100 (2008)]e uhe} 3HA3FATh. 45
60.8% (Rf=0.1 in 20% methanol in chloroform). & 3}3t=L ESI-MSE AH&Ste] &lshglal HPLCE “gAlsH
Tk, ESI-MS : m/z=831 ([M+H]+, calculated value for C44H8006N9=831.2), 416([M+2H]+, calculated value
for C44H8006N9=416.2). RP-HPLC: Rt = 3.78 min (100% methanol), purity >98%.
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A3 q
A3 1. N-recognin®] ¥3E T ZEoIEF BIE o7l EUAS A7d AFse= F MY 583D 2%
74 14

EZAf5ES N-degrons B7Fst7] 93te], UPSe] 84E0]

ol 0{1:{

53 B7] A dF (reticulocyte) &30
E(lysate)oll & A9F3 N-end rule 718& oA S +H33lth. DHFR-Ub-X-nsP4 &3 ©@¥d (% 11
a)ol 7] galEelA LA AT, o7]0lA Ub-X junctiono] 1= DUB &Ael s Wz FAle] drtsof
o]l 71 DHFR-Ub reference(DHFR-Ub) @ the X-nsP4 =& 7]do] AxtEAct. EFY 1 B3 7171 e
Arg-nsPAE= AE] BajE 3, A dHdAE §AEA Fdth(E 11b, A D). ol2d A¥E wE" EA)
sho] tElel = AA Arg-Ala] ATFets HhE=d(% 11b. &9 28 @91 6 B 10¥} HlaL), o] WA
T S EA tIWEL]= N-end rule AF|AE AASAINTHE AS VERATE. Ala-Arg (PRSAF) =
Trp-Ala (type 2) 5 o= A% 2mM F=olA Arg-nsP4S S AZA 71X ZAH (&= 11b Z 11c). o|=i3 A}
=, AuHez e 914 EE Z(recognition motif)ol= E3kal UBR ¥~ E N-recognin®] N-Z=w[<lo]
u - MeEHolm =g vERAT

zEHolE AMAQ MG132Z A= etls W, Arg-nsP4¢] FHIFRISE Pl WA g3 o F
Faxom ol Ubel tigh Mg ESRE o R JHASAIZTHE 11d). Arg-nsP4 (type DE A4 ZeolA Al&st
A RlARSE A=, AT o] B4 Arg-Ala TFEre| = o3 FoltAl FHAst = 34
4). Bl T3 Met-nsP4 ($PH3A17) 2 PhensP4 (type 2)9F £& thE =dll 7]do] FulAQss A}
SHATH®E 1le B f). Met-nsP4 (FE3IAIZ)E FHol A, tigeto|=9} #AIRo] FuAVSHA oo,
W Arg-nsP4 (type 1) 2 Phe-nsP4 (type 2)& fFHIFAESE d] A& EalEATHE 1le- gl 9 WA
2). EBtS 1 Ygete]l =7} Arg-nsP4 Fu|ARSE AE o B9 2 tgEel= AAl Trp-Alas So]4 o=
Phe-nsP4 frulF®stE Adaloitt. Ef5 AlEol A N-end rule 7139 FulARSE A73l7] 9)ste], HA-
tagged fFR]FE 2 flag-tagged Arg-nsP4E Wdsts ZEFAV|=E vl Hol AfolH E(Mouse embryonic
fibroblasts, MER)WE = Addo]datdtt. MG132 A ¥, HIgIAS E3) A2z on fuFHestd Arg-
nsPAE AATH(E 11g).

rlr

F3std, A7 Ade WHAET SE AI2E 9 45/ AEelA 29 N-end rule 7]&o] wW-E
HHARSE F3 wsldthe AS nightt. nsP4ell 71x¢ 7]1delA, EA S 171 N-degrons 74338170
FTwstglon, & 3 AAEe &9E AT B 1 % 2 Eebgst N xv)e wlg- g ol
N-recognin-N-degron %282 &3] HHZA AUS YepAL)

Ao 2. AAXWE N-degron®] EE

HAAWE N-end rule AR A LB O|2E ALFFZujA2 A gJH]A] ol (Saccharomyces cerevisiae)ol A

Hx=2 FHEA} (D. K. Gonda, et al, (1989), J. Biol. Chem., 264, 16700). EfFEEA, EeA3} 7]

Qo BFHY} (Tasaki and Y. T. Kwon, (2007), Trends Biochem. Sci., 32, 520). E}¥] 3 &

Ala, Ser ¥ Thrg ¥ &&A+E=d], o]5L AF& A3 7|l Aoz 0474111:]— ogxg

d4L A EAGoIA Y 2AE T deH, e ofH V|HE FFHA R (systematically) HAEY

A= 2okth. N-degrone A27Fs 3 Wi-(internal) Lys B N-2eh ol =S Subsls %309 #] o= N-g
el

@ xudE daF F7] wdel, Ube AFACNET F U N-recognin® THLE 7|dwit; A3
g2k, Yoprp, S2d%=47)(isothermal titration calorimetry (ITC))®EAo] 71%&be] Arg(19 pM)3}
gk of - N-Zo Hise UBR ®h2=el ofsk A3 3= (370 uM sfgdm)S 7HHe o= vEwt (E.
Matta-Camacho, et al, (2010), Nat. Struct. Mol. Biol., 17, 1182). UBR ¥ % E}q] 1 EBerA43} Alole] A
o, ClpS 2 B 2 A7 Atole] Agur) 10-10 M eFgh] o] volr} Eekgsl 1712 ARstefordtis A
< YRt

N-end rule AZ14¢9 B9 1 Hefo]=, = UBR 1 %= UBR 29| UBR ¥Fx(°]&}, UBR 1 ¥~ 2 UBR 2

ulxg} dhop)atele] Ag WS Lamarckian genetic algorithme] ¥ AutodockE AFE3F 27t=-428-4)
7 BAL 23 AS AHAT (% 12a & 12b; 7 Z 2420 71A1® 3 2x). UBR 1 2 UBR 2 ¥~9)
Ag)xg FxE v golet W fo](PDB ID: 3NY1 © 3NY3, Z}z}), Helol= -z, UBR 29 E3

_31_



[0310]

[0311]

[0312]

[0313]

[0314]

SIS31 10-2015-0041669

FRM FEE RIFS HE|=E 7|22 34 Pylol W71A 9] Edwo] g wEQT. B9 2 WIFS HE)
°] s 9 Skl ARGEATE. =AM d2 7P W AeuA= 11C dleoletelA

e =S JF5s)
Ao AU BT 10-100 o Prh(E 12¢, #1d a). RIFS, KIFS, @ HIFS FEfo]=%* UBR 2 4ol tj3)
Zy7y -8.15, -7.71, 2 -7.29kcal/mole] A3 H3teS A A=Y, o= 1.08, 2.26, E 4.5 pMe &g
Abarol] A

7)
=3tk BFY) 1 fEtol=% ITC A3 fA18 2% g S Ade A4S 7H. 28y, 43 -
Blohs gE], =7 B4 ojatd, Lys ¥ His E£F UBR 2 wheo] @fdow AFHtia denth B 2
Aefo] =(WIFS) &= ~1030) #=2> ZAF 13ES 7HXa glon, 39 7%*7:%’5}?1 e Aosgs YeRdTh
(% 12a-12¢). TvFAI=, UBR 1 w2 Lys 2 Hisoll 93 23 333 (-6.91 2 -5.60kcal/mol, Z+ZH& 7}
A3 s WA UBR 1 whsoll ofgh Arg 232 UBR 2 8fsete] Aghy —a}E}( 8.07 2 -8.15kcal/mol,
74 (&= 12¢, ¥ a & b).

lo

s

= |
R
il
rEI

|

B, olF A=, His ® Lys= UBR #fzol ool Aatwn v i 23 5 vk AS Uet

>

Wl UBR 1 % UBR 2= 7]sdeoz BHQast AAZ I(sequelog)dl Aoz AAA kv, a8y UBR 2 Bt=&
UBR 18] 5ol ergsh 2715 4EAGIES AsFoIhE £ Ak R 1% UBR 291 o]elR 594 oI
UBR 1% UBR 2 “obs vhg-2 E@F] Aol AR & qdvh. vhobrl, £7 BAlo] s, UBR uh2sh 3
B

Kol
A B9 1 A7)E BY 2-Clps FEAETF Faivks Aol thehgon, vhobsk UBR % ClpS ot
g BloR st duzuaE A oHel AFHU.

o]~Ee A, N-end rule 7|42 Fu|FE3= E3 2]7kobA]l &, UBR 1o] ol wizls)=d], whd EF
FollA= UBR 2z AHow 770¢] UBR wuldo] o] Ao wjzf=o] duk. 7709 UBR FollAl, UBR 1 % UBR 2
7F N-2d| 1S i3k Fds E3o|th. ClpSe o] ~E 2&Z T(orthlog)?l ClpS &1 Leu, Phe, Tyr, %
Trp9}t 22 wrego} N-end rule 78S Q1A 3 =], o5 AlXoA e BY 2 B3 Arjolth. EF 284
o1-% A ¥ (fluorescein-labeled) H|ELO|=Z A}-8-3te] &34 o]¥A (fluorescence anisotropy) oz ZAdAS
o ClpS % EFY 2 x7|Afole] Aj Hste 2 AMHulo|A2E Heuloltt.
a9, 2deME B 24 83to], EFSl 1 Z7]-UBR ¥t 5283 fAReh, sk A% 3
S BA3ATHE 12d 2 12e). N-Z& Trpe -9.51 kcal/mol 2] o9& oz & A 3E S AUy
gl A4 0.11pMol dfE3sich. N-2et Phe, Tyr, % Leuo AgAs}HS 7zt -7.76, -7.4
kcal/molo] AT}, °]E X322 Lys 2 His9l, UBR2 vlx=obe] Ao 283 fAFSLE, EFY 1 2 EYY
& wjg- 7]A-EolHolm, N-weh Argito] ClpS Hh2o] thal -3.01 kcal/mole] 2% gL =
12e, dloleb= 7IAH YA &5

ol ¥elsz(in silico) =7 A= = 1100 = 9 BER Aysiehs 4] Aol ofg) siigdnt. o
2 938k, B 1 (Arg, His), B¢ 2 (Phe, Tyr, Leu), 32H(tertiary) (Glu, Asp, Cys), @ <FA3} (

B

A

o

rlr L

Met ,
Ala, Pro, Gly, Ser) 7| X@ste 13709 A= ©E N-29 o xibs 7HA= X-nsP4 HAEFHE
(construct)E F&agH(= 12f). =7 A7 dxaA %, His—nsP4 &AL PSE E3)] A& 239
H(E 12f & & 15). B3 d7=2 L8z E*E‘ 714, Hzxdde B-ZAHEATIoMAY A BAS AN
st EREHJAAEH, BF GAEd %%% N M= o WO‘D} B-AFEATIOA] RES AMgEle] o]~
E9} E%%%%Oﬂ/ﬂ T FEgE npe} o], Ub-Pro-nsP42] Efv|FA€st= =2la, §3 @9ad2 ksl
tH(&= 15, #Q 3). ETv]FAI=, Ala—nsP4+= Met-, Gly-, 2 Ser nSP4ED} o =24 EsstAo (= 12f). N-
=] Ala‘_ A g9 302 EFHEHIEM, *mwog %71712 7Hzl B3l 2ol th(Ala- B-AFEAITH

ofAlol A > 4.4 AIZH) . HolE 23y N-Zd Alats oFA3 Fr]el Ao w o AZTE, penultlmate N-Zet =
712 53] N-949 ubx w= UBR ¥hA9f N-Zek Alao] 4 i fol=A = BEYeTh, N2 CyssE nsP4 2 B-
A EATolA] BeldA Bt sl zr)elt),

wallE FLA717] oAM=, Cys-degron AWl 54 w50 &4 A4 B ditsidas daw
k. EdelMe= EfEE AE Wl Cys-degronel 3=, i G4 HEAHE 7= dES B3l
o= AEW A& AEHE wrdshE Aow welth(dleleh: YEhSIAl &5). 22k Cys (Cys-2) Abshe= A3}et
Aom awla 7sAow A At 5l P Adse] Ak, A, HEA ANAT I 8

59 NMZL ZHAI} pro-N-degron Cys—25 7FA]+= N-end rule 712 Aoz =Tt (D. J. Gibbs, et
al, (2011), Nature, 479, 415). AAFAZ-Responsive element 1 % 2 (HRE1 and HRE2) % Related to AP2.12
(RAP2.12)E x3tste], olddl WkS(response) AR ZF VII W19 AA= AHAtAa(normoxic) AEjlA UPSE
Fall Al Asta dEelA FAREEM, oldd Aol e Faki dixb 2 AAAFA Y AES FHX1E
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Ll L E3tt), ol2hu] Al 2~ (Arabidopsis) 2 Q1% Al 4 Cys-2 degrons 7HAl= HAE
206 2 502719 @M AS I},

rL[o
= o
r

o] ~Eo| A9 N-end rule E3 ﬂﬂ'olﬁlt UBR boxWHS 7FAla ¢y d whale], EF5ES UBR boxet
A

CIpS box& &Aldl 7k glal o]+ 742 Bt 1% 89 2 714 3 .
fr&& N-end rule E3 2|7}o}bAl<] 578% o]galo] F AHFHE FAlOl FA[I o] Fao] thg FE AL
2A8S H43FEA 2 Z (cooperative) FolaLA}F HGlaL o]e] FFAQl A &S WY

718 A% EE]E (motif)E &3 =2

2
ofl
ot
O
BuIN
2 o
—
R
N
2
)
o{‘
—
o]
=]
u:
)
[
S
o
o ©
[\
=)
N
2
= ¢

tolzk, o] A Ao o) ure il whel ofEtH, o Hel 4 uieb= e, AV F AE

) FA, vhobzh UBR Wh2s Bl N-X:=wRlS FAlel ®AHom sk dH=ud
I 748 4 d2S Jehdle otk UBR @i e x40 3 dE2UUE A Md-58 Ag
oM, B utgas Ao T2 EEY FE2WAE 22 219l RF-C11S /NEsdth. RF-Cllol: Bl 1 4
SAES 9% N-TH Arg, ¥ EFY) 2 AEES 9% N-TY Phert FEHO A, g2 A7 Bag 11
(i Q )

f
ind

o
o
o

i)
ftlo

N

Mol 3l i Aele] F:o] Lyse e- @ a-olu] 2Fo] AgtE o] ¢lvl. N-recognin® A& 283k wl, UBR
Zrolo] AEle Argt FEAHOZE AFEA Ze Phe IIEE AoFsta, 1HozH N-E=dCle] X3
ol oA Phe §&E S7HAZ Folgk. o]y gk A2 N-ZdHde] st Phe A3 7FedS S7HAZE FHold.
Phe A3 %3 UBR =wdlol] tigh Arg 23 7FsAS S7HA1E Zloltk. ey, RF-C11e A7 =S &
Aukst A2 FUMAAES Bl ole H|-FHstH EE(tether) ZAole} Bl digh k= N gH Lol 3]
. d9gdor, FadUE HEZE A gl Ao AgdReAte] TR A okt A o HEEYE
AN A7 b a&AAY, ol o] Aot YA FelE REAE 2 Wi dEZRIE TAATH] FOHA
A3 B9 Fo 7 2849 FEE FUsAI) Y] witoltt.

27F AsfAle] dist Ads HEY dolE F438ta F2-A AAE Y] ke EdelAe gt

RF-Cn =4 (ne Erala A2l "HEHY Zdols wWalth)E A3 TH = 13a). =3 GV-Cn (Gly 2 Val, °ol&
S} Zdode] kA3t 27)7F 98), R-Cn(Arge & 17} A &A|. n=1~14), 2L F-Cn (Phec] 4)3} 7S RF-Cn 3}
S FAsGIT. A3 tietel= AsAIQl Arg-Ala (R-A, B}Y 1) H Phe-Ala (F-A, B 2)& RF-(nAl
gz ey nuEdet. = 130 vERd vlel o] RF-Cn ¢ A8 &S = 119 ¢/ H/EZ N-end rule &
=1 71@% A}%s}oq m— o gek o) WAl og EAESIGTHE 13b & 13¢c. & 16). & 13| YERS upe} 7
Zo] RMHE SI3HE = TI3Ee] =R T N-end rule B2E © A=A Asf st

S, n=5 4 w aFr} HdAA. Y 1 (ArgnsP4, = 13b) # EY 2 (Tyr—nsP4, % 13¢) EF n=5¥ 4w
40EOAM 71 e FAdo] BEEHAUT. n=3 WA n=119] ZE 27} AAE Arg-AlaBt} 73 As)A o] x| vt
= 1%—174 W%\Ltﬂ ol SHEUWHE Fsa8S A= FH3 F Mo A7 EEZALo
AAgeh, UBR ¥~ 2 N-EHQl E0HE 3k UBR @4 F Zo
7] Wi, Gramm-X g A-ghlA =7 ) MHE A}E5}

 — =

<
A=) 4] A
AW FERE FHIA %*ﬁ o8 FEsd T MY FRE, 594 729 dlwste] & uj UBR 2 ¥fx H
ClpS Ew|¢lo] H?}%xﬂ% P4 W 7P e A duAE T (E 13d). olE JATERE, HEH A4
ZEEZE SHZUAE 4524 dtgdsie] 43 A 138 S A RF-C59F 7MA 23§ s AMES
L ske el= Y@ 13e) RF-C59 th3k UBR-ClpS UAHi9lel A% 2342 (-8.70 & -8.83 kcal/mol)&, N-Tet
TrpE A3t 548 BE 6y 1 % g9 2 dszgnn 9 Z3ti(E 12¢ & 12e). 7] E§dA ko] 7}

2 e A% tﬂ]LﬂX]OHH, RF-C5¢] Arg % Phe®] a-8r4% 13.5A WA 15A "old ~EHAEUATHE 13d).
uhebA], UBR 1/2 ©afde A RF-C2= U7 Ztobr] A3 WE|X Hthel] A olojd 4 gl o=z Wt E
o 2 2 V)delA sHREEAY] aie BFY 1 Aol whE ddetA @yt ol A ofwp HHE 9
ol 7]AzkE= Blofrh. N-ek Arg 9 UBR ¥h2aAtolo] s 2h-g-o] N-2th Phe¥ ClpS =l Abol9] s =81
o iAo ® o Fsly] witelgta b 3bds] AwE & Adth(E 12 & 120). v b gge 71,
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[0320]

[0321]

[0322]

[0323]

[0324]

[0325]

ZIHHEd 10-2015-0041669

Y

o] Zi7tol fIAEta Jvkal aefsle], A EAAPele xHo] JhEsitheE Zlolth. B 2 714
S =rele] dZ~H P (allosteric) YAMY WslE Fitsl=d, ol B 1 &7]d<] UBR
o

2 gzl dRo] By E RR-C11 ¥ FF-C119} ¥lugto 2 A RF-C119] HELSA7L 23 a8
F7MATE AL dEsd. Yolrk & HE] Arg = Phe (R-C5+F-C5, & 13a) HE Y R E gii=
o] 2FE AMESte] olget LS EF3QIth. nsP4-7] %% N-end rule B9 7]2& WL ¥l3} glo|slmt F2h9]
2 2FAH =, ole 2EEHYU(SIV)-A 9] ZFA0lE B AHA QTlAlo] Ao o|ny A|~¥lo R BAH
Atk FHEWAE H=(RF-C5) D HETS 100 pMellA o7 BlEZ WY wrson HAESRIL, WZS 40,
60, 80 B 100+l AHASIATHE 13e). odg wiel o], WHE Ri¥HE-HER 2=(R-C5+F-C5)c &
o FEHZUHE FI=(RF-Co) R frolatA AA Asisct. Avkrt, RF-C5 & RR-C5, FF-C5, T+ GV-CoHE.T)
g =2 As adE v gk olek A, oE Az T ol BEE NEd JsAes Hisid
HEPUAE JozgAxy s 493 3 $¢3 2945 /AR FEve AL delE.

A3 o 4, RF-C119] 93 EZH-FE AEAA N-end rule A= A3

T 4o FHEREHE AHAE AE wjF A=gled 483 AHRE Hehder. detE | Eebgst b
7] 9 4 HERZ & RF-Cn Alg = S8 g9 nds FAgsict, gy HEE 7kl deaad
E AsfjAE ¢H/EZM N-end rule ZE2Z U agFoR Ao Byata, RFI-Clle THEE AX
A AE o Fet=vl, o= o RF-Clle] F&HoA bdg mjas FAgste] Set=n #uAgRls 3

F 97] wFoltt. %A FArebH (Dynamic light scattering)©® HE™W RF-C11& F& Alo]= ®XE (narrow
size distribution)(497£40.2 mm)E 7}z, ¢F4st o oY (lamellar) PSS FAstm Agdorw e
AA WA FE(~ 1uM o]3hHE 7HAE v, RF-C5& wAey f2EHS JAsHA ZErh(= 14a). RF-C11 ¥
of9] FxA tEIRl GC-Cl1e s sEAAMEAE AE5/go] YehubA] GUTHRF-C11> Iy > 2md 2
[C5=331.1 uM (GV-C11), %= 14b). w24 (embryogenesis) % WH|thA (hypertrophism) T2 AZTSAE 54

2]
o o] MEZ A&ZHo| N-end rule A29 ATEl BAX7} A@F o] 9= Aoz ehydt}.

of\

A AlZol RF-C11E 483 7hsAo] Je7ts dotry] fste], B dgxies 3 WA ATAEE )
o} mpg-2 oA EElsle] o]ES 25uM HIQHIE SHZWUHE AfAZ A, ~EEH| -2yl
o2 | o gy, J-EFNY WY dMo=R JHAstE e, ATAEU WFstd GV-C11 2 RF-C11E &
ZEATHE 14c). RF-C112 A8y EZfHsEAxe] o) dedgol=(A=d A3) 57| wd, SHEUHE
A& A7F RGS4.159F 22 N-end rule Z=e] A etd 7|de] JaFs vd AAA] AFHRYTE. A|Ho=
A¥ RGS4S] A4 AbE} #@o] Sol&bAl RF-Cllel 93] Z718l™, Arg-Ala TISElo] =] oA E 12X
v 2 AASUTHE 14d). RGS4 2 Lacz Feh=n=e} 37 MEFE SAI A Eo|Q)stal 24417 $of], 3
Bz ke 10, 50, EE 100 pM RF-C11 %X Arg-Ala TIElo|=9} MEZE wjatglth. RGS4E 10 uM
MG1329 & <HAd 3= At RF-C119] a¥e X 7|z <k ol ajdel dHo] ¢l wd g Sy, o
= As-miAE AZEW Ages B4 @it & 14es MEFsolA RGS4, A @82 N-end rule 712¢ H~
Z #4(Pulse chase analysis)S YERATEH HAdold®dl HMEE 100 pM RF-C11 E& GV-C112 A(pre)w ¥
% 3-RGS4 WA, SDS-PAGE 41 2 AZPALHS sttt A A BAAA, dAHoR Iy
d RGSAE wh9-2 wljo} AfofAaelAl Auke] Fal¥=u], RF-Cl1d] ¢]3te] frolatAl #37F A== 3oz
YEPATHE 1de B 14f). WFHE, GV-C11-& RGS4 ¢HEAlol 593 a32 AU &l o]=)3 A=,
=AW Zgzu WBgel E97153 U EWUAE RF-Cl1o] EFSEAENA N-end rule A2 7234

Mg
2 0o

o 4o

A

olgold £l A Anale] datel s AR welel AUAL ool B
Ao ohm thgel AWM Aelata i B9 JE AES ol8% FAel ofd WY 2 AY P
e walel ALUSll Sobi Helt)
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EHI0
- v -
i |
/
T e
1‘__,' La L™ ln, |,_., II.. I“I 1
' ey
EH]la

RN
= 50 uM 100 pM bestatin
& f" & %""f & f" dipeptide
} %ﬁ& " ‘t*’tig"- ) ngﬁ e inhibitor
X =Arg s RN
— —_ — - Arg-nsP4
75kD7
—_—  _m e e e . === | DHFR-Ub
25 KD

1 2 3 4 6 6 7 &8 910 1112

EH]Ic

3

I 0 uM bestatin
50 ;M bestatin
B 150 M bestatin

8
¢

Relative Arg-nsP4 amount
(Arbitrary Unit)

L=
i

» Arg-Ala Ala-Arg  Try-Ala
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EH1id

- = + + MG132
_ Arg-Ala

IB: Flag

IP: Flag
|B: Ub-protein

IP: Flag
|B: Flag

EHlle
MetnsP4  Arg-nsP4  Phe-nsP4 Xl
Q?f# £ v{?é’j dipapiide
" qg:&& -?6- Q@jﬂgf;ﬁ_ Qé&g inhibitar

T s WB: STV

IP: Ub chain
WB: STV
IP: Ub chain
WB: Ub
heavy chain
12 3 4 56 7 8 910 1112
R=005
[ Ino dipeptide
el g I Arg-Ala
E%ﬁ I Tyr-Ala
E;Elﬁm" I Ala-Arg
g%glﬂm-
g?a'é
55—:‘5 5000
B
B

Met-nsP4 Arg-nsP4 Phe-nsP4
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EH]2c

Peptides Docking Exp
RIFS -8.15 -B.43
KIFS -7 -5.40

UBR2
HIFS 720 -468
WIFS  -362 ND
b Peptides Docking Exp
RIFS -8.07 -6.30
BT KIFS 691 ND
HIFS -5.60 ND

WIFS -346  ND

EH]%

Peptides Docking Exp

WLFV -8.51 -9.32
FLFV -7.76 -9.25
YLFV 741 -8.74
LLFV 101 -8.63
RLFV -3.10 ND

EHI12f

stabilizing

2
2

& 2
= 2

Relative X-nsP4 amount
(Arbitrary Unit)
2 o 8

2 8 B8

destabilizing
l tertiary type 2 type 1

Met Gly Pro Ser Ala Asp Glu Cys Leu Tyr Phe Arg His

=
|

_41_



EH13a
Lys dostvative
n}:nr:f};; ;
RF-C
(e 1= 34 ol . H
.. bl .' W.Né -'NH 4
; - ] NH
o oy e
Ay Vi Vel
Iyparti
.H._ y .k & » : N O
nen " ,,,% SN vy S
Oy N ey
RA M | (e F-A ' o
(Arg-Ala) Mﬂ’k‘i‘; (Phe-Ala) g},’:)ﬁ
EH13b
10000

s ¢ 8

Relative Arg-nsP4 amount
{Arbitrary Unit)

g

[ RUNTY

B 100 pM
B 250 pM

[}
i il il e T
EHI3c
14000
Tyr-nsP4
i 12000
H 10000
gg'
%; S 10 M
'5.5 8000 B 100 M
£2 moss
&
m.
0

R il i i o
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EH13d

EH]3e

Peptides Affinity Kd

Conformation (a)  -8.70 0.42
Conformation (b)  -8.83 0.33

EHI13f

Mo Inb F-C5 R-C5 +F-C5 RF-C5

30 60 B0 100 40 60 E0 100 40 60 BO 100 4D 60 B0 100 [mina)

n Y-nsPd
»DHFR
Mo lnh R-C5 F-C5 + R-LC5 RF-C5

40 60 B0 100 40 60 80 100 40 &0 B0 100 40 0 B0 100 (mins)
u R-nzPd4

» DHFR

EH14a
600
" RFCH
" ]
E 400- "
i
0w 200
RF-C§
" Ty —y

10%10-"10° 10" 10% 10° 10* 105 10°%
Concentration (uM)
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EH14p
1254
= 100 —
£s
8 c T54
a3 A\
=% 504 -O-GvCH \
S - RF-C11
O£ 25 \§
e
T
0.1 1 10 100 1000
Concentration (uM)
EH14c

DAPltraponin fheterovalent inhibitor

EHI4d
serum-free with serum serum-free
& RF-C11 & RF-C11 2 RaA
A e B W a R
—— e ] — puttom | RGS4

Er4e

e

&

§' vehicle GV-C11 RF-C11
4]

0 30 60 0 30 60 0 30 60

lT:l!lnllllns

RGS4

|_ == ]— —_— li.uc

EH14f
.100 -#- Vehicle
o i - GV-C11
@ 751 -~ RF-C11
g W
w 50 "\\'_" \
s i\
v
a Y,
0 ‘b S e
0 30 60
Chase (min)
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