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Scheme 1-1. Design of precursor of a-alkoxy carbon radical
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Scheme 1-2. Decarbonylative radical coupling of a-alkoxy acyl telluride
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Scheme 1-3. Design of precursor of a-amino carbon radical
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Table 1-1. Synthesis of y-amino acid derivatives
from 1-13a and 1-16a-f

R5

R“\/\”/ORG

o)
1-16a-f (2 eq.)

BocHN Et,B (3eq) BocHN R
TePh  (Me;Si);SiH (3 eq.) OR®
© CH,Cly, air, rt R* O
1-13a (1 eq.) 1-17aa-af
entry 116 R* R® R® 117 yield (%)
1 116a H H Me 1-17aa 78
2 1416b H OAc Me  1-17ab 61
3 1416c H NPhth  Me  1-17ac 71
4 146d H F Bn 1-17ad 50
5 1-16e H CF; Bn 1-17ae 75
6 1-16f CO,Me H Me  1-17af 79

Table 1-2. Synthesis of y-amino acid derivatives
from 1-13b-k and 1-16a

/\"/OMe

o}
1-16a (2 eq.)
RZR® Et;B (3 eq.) R2R®
RIN)S(TePh (Me3Si);SiH (3 eq.) RIN)WOMe
Boc Boc
o CH20|2, air, rt 9

1-13b-k (1 eq.)

NHBoc

OMe
TBSO NHBoc
O O
TBSO
OMe
1-17b (81%)
X

(Nl/\H/OMe
Boc
0

1-17d: X = H (88%)

1-17¢c (82% from 1c)

%

1-17e: X = OTBS (83%) 1-17f (68%)
BOCHN></\H/OMe
0 )n oM
e
1-17g (82%) BocHN
o]
X 1-17h:n =1 (97%)

o O

BOCHMOMe
o)

1-17k (72%)

1-17i: n = 2 (86%)
1-17j: n = 3 (76%)

FeD T VB AT T S V- AHINA 1-17aa-af | THRARIZEWE v-7 2/ BER(GABA) D% LK
ThbH, T, a7 NTNY R1-13b-K AR Da-7 2 J IRFET I HNFE1-14 & T 7 U LR

AT (1-16a)D T ¥ H VIS & R A Tz, RETOFER, Table 1-2 1278 L7zi#
% d %5 GABA 58K 1-17b-k Z EIETHK TE 7=,
CEIRT. a7 TN T VY RRa-T R RET D IVFRRIERA & U CTHERE

/V%‘i@%&iﬁ%ﬁbf
bzl

D, a-7T X JIR#ET Y

5 Z L& Lf:o Flo. ARSI T TOHFH C-CRETERAFER L Tk v | AE—

fretEdsm <

Al 1-1-1 BL OV 1-1-22 12

BBRT NI A RRORTF FOWHRKERA~DISHBHFFTE 5,

BOTHZE LTk LB FO AL TE LA G DEIVUT, B

Gy F DOWOH IO TR R GRS A SR T 5 2 ENTE D, ZHUTRD bES T, EWiEEmES
PEREVER B 2 L2 TOAMARIL AV O HALZFRIMIGICHIRTE 2 Z L 25T %,
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2. EYERRRDOEE TR

Tex IREICL SN IREBEREZFFOT AL A RRAT B A REENE L, 2AMRODHFEIE
HgE LIEAFZE 2 34T LT D, EARRFZEIC BT DR E I, BRI S kR~ 7Bk &2 R o
{EEWRECKT D88 — DD TRARIEDBE Th 5, AREAEIL, Na'/K'-ATPase PHFEAIY 73
AT TV arThiLUT =y FIUTUOTARCO—FTHDH I a hRvRe Ly, #H
HPIRIEMNIEE AT 4 ==& —_ 20S 70T 7 J— BRI ER T 7 L 2AF L OEEREFN
ZHEERK Lz, LTIZIX, 97 A\F=> Zua bhbiRar, 774 AF O ERT,

2-1. DF7NNFZ_UoDEERK

U7 N = (2-1)IE Na'/K'-ATPase JHEHRIE LTHOLNTWDE U T AL DT 7 ) arThod,
DTN =%, AB BEE CD BV AR LI-AT A RER LIS, 280 Faxi 7T
V) REATS, TOBEOEMESD 2., < OFMAERILSEDRIEZED . ARIEALEY &
LTHESNTEZ, LML, ZOEARIIREETCHY . ZnETHRDHFITDT 2 HOHTH-
Too AMERE, BoAa IMBIZBR LR T 7o —Ficky, R T3FIRERDZ YT =
DA ER LT,

221 % AB B, DEBEBIR2-t'ard 3 HEOT T 7 A hBIURINZ AT 5 2Hili 4 37Tz
(Scheme 2-1A), T 72OLT X —N IV T LT VHINEEIZE Y ABE2-2 & DER 2-3 21
WU DFNT IV R—=SIC LY 2-1 DRAT oA REREBETHZ L & Li-, Dk, Stille
TV KY CLINLCZT T 7 ) REEATEL E TR L, KREROEE 72201, 01N
TN R—= N LD AT A REROEETCHDH, ZORISTIX, CRIZAIZHEN, —2823 D
DARFHFINCS, 13, 14 (D) EE L D, Fox T ClL-IPMLOE T U(X-YREED, 70 R—/V O NAR
HER T 725 FPRL, 7B =124 L) —)LT—T )L 25 B UGEE & L TRIE LT,

FTARKT NV R—= N L o> THERT DLW E TRl 2720 FRBRIVELETEPMO)IZ LV |
TNENHEGRANCAE LT 5 5 8 FHO BAMEAR OB ) 7RI 72 22 ENE % Ll L 72 (Scheme 2-1B), % D
LHDNRFH G T D 2-6a,2-Ta & CD ERDOFMEEREIE DN 72 5 2-6b, 2-Tb 25, THVE VL E T2 H
PR T D Z LN yinoTz, RIZ, ET/UVEAEY 29 BL O 2-11 ZHWT, N7V K—/V
%87 7=(Scheme 2-1C), 2-9 33 LN 2-11 (Z%f LT, filfE:0> KN(TMS), % THF MEGEG FEH S+
e ZlAhH, TEEZ=N2INLELONMMEFTEFT S 2-10 8, =/ —/)L=—7 )L 2-11 1 HITEFE
RSB E AT 5 2-12 BEIRICE b, UL EORELT & BT VFEBROBRE HKIC, 7Tv
RF— RSB E LTT B2 —12-4 ZRE L, 2-1 DARERRB L,
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Scheme 2-1. Synthetic plan of ouabagenin (2-1)
(A) o]

Br
Meo\‘/‘\%
B

r o

2-3 acetal coupllng :\% @ 2.8
+ I TAY YO e > o
OH radical stereoselective Stille

aldol reaction

cyclization O L coupling
0]
g

0]

2-4: X-Y = (MeO)CH-CH 2-6a: X-Y = (MeO)CH-CH ouabagenin (2-1)
22 2-5: X-Y = CH=C 2-7a: X-Y = CH=C
(@)
KN(TMS),
(0.3 eq.)

THF, reflux
65%

RO TBSO
2-9: R=TBS
KN(TMS),
desired skeleton undesired skeleton six other isomers O\ (0.3 eq.)
THF, reflux
2-6a: X-Y = (MeO)CH-C 2-6b: X-Y = (MeO)CH-C 2-6c~h: X-Y = (MeO)CH-C T’
: 0.0 kcal/mol : 0.5 kcal/mol : 4.9~11.4 kcal/mol °® 0 °
2-7a: X-Y = CH=C 2-7b: X-Y = CH=C 2-7c~h: X-Y = CH=C
: 0.0 kcal/mol : -0.2 kcal/mol :1.6~11.1 kealimol | O H © TBSO
Each Gibbs energy was calculated by PM6 method (1 atm, 339K) 2-11: R=TBS

AL AY 2-13 775 15 TRAUZCTABER Y 7 7 A v b 2-2 24k L7=(Scheme 2-2), ¥ AF /LT =
ULFET, 22IC D777 A F 23 2EHEE, TRX—NA Ty ) o Tt sE, &
DN 2-15 B 7 VU ANVRIBIZE Y CO-11 FEEZ R I, < T BF ke 2 ke R ¥ 5
DOFRAEIZ LV 2-4 238Nz, 2-4 |2k LT, il & D KN(TMS), % THF JIEGER FMERH S 87, &

DFEFR, TV F—=ABISIZ R Y . CDBRNBLEHDNMRNTFE BT HAT A R 2-6a BNEEFME L
TELTHELNE, IRWT, 2-6a 706 C7, 11, 17TALOBERERLWZFE T 224 A LTz, £T. F
A=A — NERR L7 VA7 CTALOBMEESRLIZ L D 2-17 2 6Rk L=, RIZ, 7/ F—
IS DSIARBIENZ R L= 7 v & —LE2x ) — Lo —F L 2-18 & LT-#%. 4 Vligfb & fi<
RNVINEDOREIZEID~ITEH =/ 2-19 & LTz, 2-19 ® C17 fL VAR = VI E R LT-14.
Birch J#ITIC L Y Cll ML& SEAREINEICE T L, 2-21 & L7, Cl17TALOfiff# s v =13 — N

\Z& D 223 B, fie Stille By TV NS0T T ) K28 AL, KEIZ, B R
12X EO TMS =—7 ki < SEASERIN 2K BIRN, RAEEZ R T T A= 2-1)D2hE
EsET L,
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Scheme 2-2. Total synthesis of ouabagenin (2-1)

OAc Br OAc

I OMe OAC 1. n-BusSnH
AcO r AcO o N Et3B,02
214 2-3 £ 2. NaOH, MeOH
o) ros 3. DMP, NaHCO
OH of AcO —3
PhNMe, L 26% (4 steps)
o o}

separation of
- ° ”
o

diastereomer
15 steps (o e} 215 24

~

213
SO3Hepyridine
KN(TMS)3
(0.3eq.) 1. NaBH4 N02
THF, reflux 2. PhNCS, NaH V-40, (TMS)3SiH

39% (3 steps) 81%

Ny 9

2-16S

NHPh

O 11
TBSOTf  1BSO 0‘
—35100°C Li/NHg, —78 °C
—— [0 e OoH ————
68% (2 steps)
\g

o

2-20
0
o)
|\ 1. TMSOTf
TBAF, -78 °C BuzSn 2-8 2. Hp, Pd/C 91
—_— 2.
99% Pd(PPhj), 3. HCl
LiCl, CuCl 32% (4 steps)

2-22 2-23

222. A kERILROCDOEER

5/71/6 BER(ABC BR)MHEER LI IRBEKEZAT LT A/ A FDELL o, o
X, PUEBISMHECEIEIER 2 &, EERAYEN A R"T, 7 a hhLARne
> (Figure 2-1, 2-25)1%, A OFEF-IMH & Bk, fEERE SNV T 1)
A RToh D, T, 225 T8N 2P HIVIEZHT 57 R A T F o~ OH
RGIEMMTEDLZ ERHES, HEHEZED TS, Fox L, 5/7/6 Hghr crotophorbolone (2-25)
DTN A ROF—HIT2 AR % B AT, 2-25 DA 41T~ 7=,  Figure 2-1. Structure
(R)- 71 /L3R 2 (226) 71 B> B/ C B 227 12 5F L A B 2.28 ooiigs o 5 o0 O crotophorbolone
JIVEALIZ X 5 B BROMEEE A 1T > 7 (Scheme 2-3), 2-26 75 18 TAE CYNLARBHRMICFHFLE L 727 U v
snal) K227 %, ABREBICHYS T 5 AR bW 2-28 & Stille 1> 7Y 72 X LTz,
FOFER, FA T = 2-TNVRBHO)ZRMAIE LTHWD &y 7Y U 713 I SHEITL,
229 ZEINERTEH 2 72, 557 2-29 (2T VA VBIEFITEE T, (MesSi);SiH Z1EH S8 % & igeE
(L7 2710 2-30 DAL, S FNOT ) AT 5 2 & T3 BIE(ILEY 2-31 2 &R, &K
BIREICE 272, ZORISIZEY C9 PLMUEH#LRE - C10 A7 @K IR DT 5 kM a8 A
L7z $50V T ABLOCEOEREZITV 2225 DEARAEER LIz, 2-31 005 7 TRROLEHK
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JRZ K5 TIABRIRIZ CIOME A TF I, = ) VEEAN LT, CBR LT & Z— L& NKG R L 2-32
Ll BHNT232DCONE Fuki it TMS RIS TR#E LI L 2 A, CA4NNLI LD S
L7z 2-33 WM& DT, 2-33 DAVARF I VEE Barton T AT L~ E AR LTt Z USRI
THHAEITO 2L T, ACTERFT VU INEBFETHIR Lz, <Y Vb 2F L 58
AR CE RaXx a8 AL, b Fa¥ s TES L CTR# L 2-35 &£ L7-, NaN(TMS), {#1E
T Davis 44U 0 2-36 2B S E 5 & CANLOBALSUS ST L BT IMEF 2 A9 5 2-37
DI DRI AF B AT, et 12 TES FEOBIR Wi L £ Lo b Fa X UKok a ~T,2-25
AN, ZAUT LY 226 05 34 THETOZ 1 Fak/LaR 1 L (2-25) DA B R K A TESr LT,
Scheme 2-3. Total synthesis of crotophorbolone (2-25)

0]

BuszSn M CN
MO, _H o H QN=N
’ 2-23 NC
18 steps
. _____+Pm(E§%( Pd(PPhs)s (cat) %%Jijﬁ/ (V-40)

o/ CuTC, KyCOy @ / (TMS),SiH
DMF,0°Ctort oTIPS toluene, reflux

OTIPS 67% (2 steps) 0
(R)-carvone (2-26) 2-27 stille 2-29 radical

coupling cyclization

,,,,, L H « wCOH TMSOTf
7 s ; H 2,6-lutidine
f\. 2 steps ‘: CH,Cl,, 0 °C
- - ':’ > _—

68%

OTIPS
- 2-30 - 2-32
s 1. TFA
"""" 3.COH N n, ~~aOR? /,"‘ WOTES THF/H,0, 0°C
$ N - s7 0 2. Dess-Martin
HO” > 2-36 O, periodinane
E— — > 225
EDCIHCI, CHyCly; ] NaN(TMS), 3. HCl
hv, Oy, t-BuSH:; THF, -78 °C MeOH/H,0
OTIPS P(OEt); OTIPS 429 (brsm 78%) OTIPS  70°C
85% (3 steps)
2-33:R'=TMS TESOTf, CH,Cl, - 2-34:R'=TMS,R2= H 2-37:R' = TMS

41% (2 steps) 2-35: R' = TMS, R2 = TES

23.(H)-FIBVRAFUODEER

(+)-7 7 # 2 AF /(2-38, Scheme 2-4)IE, 1991 F-\Z Streptomyces sp.?D _IRAHPEY) & L CTHEES

TR THY , 208 70T 7 V— LT 2R EEELZ R, EOIEERENAF LT
REREND B-7 7 239 THDH Z ENHBILTWVND,

2-38 DILFEERUTIN T, C5, CO MLSEARTL DR RAE D FRE & 70 D, Fox 13 Z O EHEFREIC
%f LCL MAFZER CRA%E L7= 2 oD C(sp’)-H EEEME REILAUG (7 /0% =/ EE X OY Norrish-Yang
WAL Z R DT L Al) ZIGHT 2 RIS 2 LR L, ZORGMAER Lic, LUTICEEMZ
D,
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Scheme 2-4. Application of two direct C(sp’)—H functionalizations for total synthesis of (+)-lactacystin
(2-38)

o 1. PhC(OMe),Me O Ph Ts———TMS O Ph 1. K,CO3, MeOH
TsOH,znCl, L\ hv (Hg lamp) )\ 2. LIN(TMS),, MeOTf
NH 2.LDA, Mel .., N"% Ph,C=O0 .. o 3 RuOzH,0, NalO,
“,, _~OH
66% (2 steps) H N 39% (4 steps)
2-40 2-41 2-42 "TMS
hv Pb(OAc)4, MeOH A R 1. Cp,TiMe,
(blue LED) Na,CO; 2. CF3CO,H
.....
0, 0,
5 77% (2 steps) MeO,C o 74% (2 steps)
2-46 OH 2-47
o 1. Hy, PA/C 0 0 1. EtpZn
2. Acy0O, py 1. LIN(TMS),, PhSeBr (Eto,N)Ph,SILi;
,,,,, 3.Bocy0, EtsN ., 2. Hy0,, NaHCO3 NBoc methyl salicylate \
—CO,Me ————— —CO,Me ——— —CO,Me ——— =CO,Me

68% (3 steps) 88% (2 steps) 2. m-CPBA, KHF, HO

66% (2 steps)  AcO"

2-48 2-51
1. CF3CO,H o
2. ag. NaOH N-acetyl-L-cysteine
3. BOPCI, Et;N NH EtsN, CH,Cl,
52% (3 steps) OH 87%
0" o
omuraride (2-39) (+)-lactacystin (2-38)

Tl bE 2-40 KV 2 TR THM LT 2-41 Z, TILF =V AR & W ESENT L% =1
EEISICHE LTz, ZDfER, D A F > C(sp’)-H FEEIx L TSR X ONLSBEIREIC 7 v
FoLENEASK, WMEWIKEEHTD 2-42 ~OEHITRI Uiz, 2-42 76 3 TRTHE L
12-0 b 2-43 ICHEOFRNK A A — RONZERIHN L7 & Z A, Norrish-Yang JERILSSAMLE -
NEARERREIZHET U 3 BRI A 2-46 3B LT, Zhud, iAo Ul 2-44 3, R
T EE e —T VRFaf LD C(sp’)-H FEA 2L FRINNC SRR L2 2 L 2R TRTH D, A
2 =) UERBREh A Wz 7 m T 8 ) OBREIBRZIC L > TAF LT ATV 2-47 & L7z,
DX DT, 2FED C(sp’)y-H BHSG & FAVCElfie 35 Db R = /b= hOfbEE « SERTRIRE
ANZER L=, RIT, 7 B AT )L 2-47 )5 2-38 DA AT 12 # A 1T - 7= C6-CT _HHES
R EGte 7 TRICTEARY 2-50 AR L., CONTE RuX T EADRHENY L Lz, Y UALT
=F D 14464 E R ERBLIZE VBRI LEM CTh D7 a2 —/L 2-51 24572, &2, B-T7 7
F(2-39, A LTV a4 TROBBIZEY (-T2 X AF Q238 DA EER LT,

PLED X 5 1cFexix, MAICEEZE Lz Csp’)-H EHEEBREISOSHICE D (-7 XV AF D
BHLA BRCERIE 2 il ST L 7=,

3. RAMEREORBUZE AL & BT

SR AETENE 2 A D RWNE, A7 EMEERE D T 2RI 5 720 O IRH IS T A AR
ThdLEAD, £lo. RBWOEMETLPERE 2 FHICEME T 2 7201213, ZRIRAR G E
D & W TARREFT S AN IR FBe D 1 DIZ7 0 2%, LTeid» T, W IIRARM OREIE & Fse

— K7 —
BRA~



EBF—7 & LERRYERIEOREEN 2GR & BRREMr 238 & L T2 2 T L T\ D, AR
X, A7 S AR EIE M 2 AT 5 Y2 7 X KB ORERTIE & 26K, iiEX7F R Thd
AAR—/VADEGRK, 7T Y AMIBISZE R DG R & REMRAT 2 30k L 7=, DL T, v 7
7 X R B OHERTIE & 25 ERT,

31. YO 7S FOBESTEE 2GR

Y77 I NABIOBIE, BEABEIRIES A A Ceratopsion sp.7)> b Hiiff S V7=~ 7' F RR KK
WMThY., ZTOMEITENEI 3-1a/3-1b 1 LY 3-2a/3-2b & 128 S iL7=(Figure 3-1), Ziu5Hi, 4
EOAREIFNT 2 R E N K7 S VENTA)B LN C K7 2 U (CTA)Z A L, ~ 7 A A MEAE
Bk P388 12t L CHR ) 7R BB ETEME(Y 7 7 X R At ICso=8.5nM, ¥ 7 7 X R B: ICsp = 2.4 nM) Z 71k
9, F2. Y772 K AITE FOSAHIIEER 39 SRUFCR39)Z % L CREAFDHIA AHR & 1T H 72 5 HaGE
PHEEME N2 — 2 Zn T 2 e, FHERWTF 2632 & TESh TS, L, Y2773 R
A BLOBIERANOWME LMEONT, FEMRAEIEIEORHE - fETIXREECH > 72,

o lE, 2013 FITHE LTz 3-1a/3-1b OEH EJZ/%— MZESE, 32a/3-2b Ak L7-, UL,

3-2a/32b Y77 I KB @f%%@&]@ HPLC (251 AR I — B Lie o 7o, ZORERDND
Fox i, REMEE 3-2a/3-2b IRV B D LB X, V77 I N B OMEEITIEZ AT,

Gly -3
NTA OHIIe 1 Alle-2 Ala-3 Alle-4 Val-5 allo-lle-6 OHVaI 7 OHVal-8 Alle-9 Ala-10 Val-11 Val-12 Aval-13 CTA
R NTA OHVval-7 OHVal-8 Val-11 Val-12 R NTA OHVval-7 OHVal-8 Val-11 Val-12

31aH S L D L D P 3-2aMe S L D L D
31bH R L b L b yaku'amide B (proposed structures){s_Zb Me R

L
yaku'amide A (revised structure): 3-1c H S D L D L yaku'amide B (revised structure): 3-2c Me S D
NTA epimer of yaku'amide B: 3-2d Me R D

yaku'amide A (proposed structures){

-ro
oor
-ro

Figure 3-1. Proposed and revised structures of yaku’amides A and B

KXY 77 I FBOFKET 0.1 mg BRE LIFFITRONTI Y | R DIF - ERF DI X D%
EREIRETH -T2, £2 T, BEOWEBLIONEDT7 7 7 A e LTTPREINSHEERMEKRE
BHEER L, RIS > 7L & ORFFRER 2 Hole U TSR E AT O 2 & 25Tl L7z,

RHIZ, Y277 IKB @féﬁt#@@&]% NMR BELC-MS IZ L > T L, &7 2/ Weikiko
Aot SEARECE A bR < SEHEEIEICER D B3RV T & AR LTz,

WIZ, REaFT X B EbR<HERT X BEOMRINLRELE & 2 OfE% % R E L 72 (Scheme 3-1A),
FIRWHE 12 Marfey %3 Fl L. D-Ala, L-Ala, L-Val, D-allo-Ile, D-OHVal, L-OHVal, (2S,3R)-OHIle
2345 1 {8, D-Val 23 2 HFfET D Z & 2B 52N Lz, OHIlle B L O e 1I~27F FEFIZHE 1fE L
DMELE L7226, 1 555 H % (28,3R)-OHlle, 6 7%k [ % D-allo-lle & RE L7,

BEWNT, DIRE LIKOM S BIFIET 5 AlaF85L, Val #%3E, OHVal ZRELIZ DWW\ T, <7 F RS
DDIERE LIKDNEEAZRETHZ L L Lic, 5. RBEWEESOEDIIAKDIRIZEY 7T 7 A b
A. B, BLUC #4372, D-Ala, L-Ala DN\EZRET DH/2DOIC, 7T 7 A b AlZ Marfey %% 1#
ALI-EZ A, D-Ala L, 27k v, 1055 H % p-Ala, 37KEH % L-Ala J:H%ﬁz”bf:o ES
72, D-Val, L-Val D& & CTA OHERIIAELE 2R ET D702, Ak L7277 7 Ak Bt
PER 8 FEEA(B1-BS) DIRFHFEM 2 R K7 Z 7 A B LB L2, T OSSR, B4 B RK L H
—ONMEFEAT L2 EN 00 11FEEE % D-Val, 1275 H% L-Val, CTA % SIKB LTS5
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FFEH % D-Val ERE L7Z, & 512, D-OHVal, L-OHVal DN E 2 RET 57280

AR LT=7 T 7 A b C R BRMER 2 FEE(CL, C2) & RSk~ 7 A > b C % UHPLC (2 C%
Britz, ZOREHR., C2 W RIRE R DN FEEH/ T 52 &3m0 755 H % D-OHVal 3 L
8 7% JLH % L-OHVal & RIE L7=,

Scheme 3-1. Structural revision and total synthesis of yaku’amide B

®) 1M3q HCI [yakuamide B | 8 Mag- HCI hy drolysate Loro-FDAA ' Ala, D-Ala (2S,3R)-OHlle NH,
70 °C.36h (natural) 110°C. 12 h “HPLC L-Val, D-Val x 2 D-allo-lle %

L-OHVal, D-OHVal o
F NH
partial hydrolysate Marfey's analysis D[
I‘ rom
hydrolysale residue-| 6 D-allo-lle
110 °C, 12 ; HPLC L or D-FDAA
fragmentA residue-10: D-Ala
Ala-10 Val-11 Val-12 Aval-13 CTA
I* I*
fragment B fragment C
Ala-10 Val-11 Val-12 Aval-13 CTA Val-5 allo-lle-6 OHVal-7 OHVal-8 Alle-9 Ala-10 Val-11 Val-12 AVal-13 CTA
synthesized 8 isomers LC-MS analysis of fragment B synthesized 2 isomers UHPLC analysis of fragment C
Val-11 Val-12 CTA @ gynthesized M}W OHVal-7 OHVal-8 @ synthesized 2 isomers 3
isomers —_— e e
g; |I:_> g g b) natural fragment B WN\,_‘ . g; |I:-> Ii %
B3 L L S ) co-injection ¢) co-injection
B4 D L S M*‘JWMW Mmo«/\/\/\—vwm
g: ; g g 75 10.0 12.5 15.0 17.5 200 22, 7.0 8.0 9.0 o 110
me (min;
B L L. R resdie 5 VAl reaiduecta. VAl e residue-7: 0-OHVal me (i)
B8 D L R residue-11: b-Val CTA: (S)-CTA residue-8: L-OHVal
®) building blocks
BocHN
BocHN
BocHN% BocHN™
H Boc
3- 3a/3 3b OH 34
OHlle-1  Alle-2 Ala-3  Alle-4 Val-5 allo-lle-6 OHVal-7 OHVal-8 Alle-9

Mmgi@};mgiuﬁf%ﬁﬁgwfﬁﬁm

OHlle-1 Alle-2 Ala-3 Alle-4 Val-5 allo-lle-6 OHVal-7 OHVal-8 Alle-9 Ala-10 Val-11 Val-12 Aval-13 CTA
UHPLC analysis of yaku' amlde B

E 3-2d
OH OH a) synthesized 2 isomers
33ap0 O 33bo 0O b) natural yaku'amide B
3-2c or 3-2d
COMU, 2,4 ,6-collidine, DMF ¢) co-injection /\/L
NTA: (S)-NTA
30 40 50 6.0 70 80 90 yakUamideiBiSS:2c
time (min)

B2, NTA OffictSIABEN #7257 7 2 K B BERMER 2 FfEG3-2¢, 3-22d) 2G5k L7z
(Scheme 3-1B), 7 h 77X F K 3-10 5, Boc JDFREL 7T 7 A v MEBERVIEL, 7T 7 A
> b 3-4-39 % C KA DIEKERET D 2 & T 22 3-11 #4372, COMU & H\\ T 3-11 & L
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F3C O,N pinB
OH  99% 99% NO, 88% 75%
OH
OH OH OH
C4F
Ph/\)\ch Ph/D)\ch E/LCFS 49
Br
99% 98% 85% 91%

5. IR EATF UFHEERDERK

Eﬁ%y~769ymﬁé@#ﬁmﬁ<(ms~m“M)\éigi&$%$%y~wmﬂﬁé
NTns, —FT, INOHIFERAHINSHEAS L TLE I BRI, ZOF M kD 53T
W5 Z t#—o@%%ﬂkbf Ak STV D, Foxid, tﬁ%/~7t//#A®Fm%L%%
BT, FHEATF UFFRERARRGEE - BT 5 2 L T BV U L RIS & ATREZR S F ORI
0 REATE,

EAF U RN TLEIRIREBEAAT BV L OESICIERbEE THH D, O OE
%ﬁ%%@%ﬁ%«&%%@zé_&fﬁéﬁ%ﬁg_mzé_&#f%é&ﬁmb\éﬁ%ﬁo
Too W—Rp— MIEAF L =N A= MIEAF o 2ZNENL-T 78 ) —2ABLWVL-V AT
A VUHREARNL AT ALK LT, ANV NTEV U EDRANERELIZE A, I—

— FMHUEFF X Kp=6.7x10°M, H— A —  NUEFF 1T Kp=1.7x10""M &, FHEHED K
DA F o LR THGNPMET Lic, BHRFEFZBERRFICEET 2HDNEZ 51T LA
MMETFLTEY, 7TEDV VL ORAICERIR N EEREE 2H 5 TN Z LRI N,
INOOFHEATF UFERIL, AT A ML T RTED Y EREAFRETH D720, #ilz AW
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FH)Y — L& LTORIHAPNEIRE SN D,

X
OH
OH 10 T8 o o0
—_— < < OH
° OH s~ ™ /\/\‘g
OH . SN
Hh—RRr—rREFFY
L-7oE/—=2A Kp = 6.7x10 M
o]

—_ N e s
LS RFA BB 7 K;‘;_:i:_f :’
6. B URMBEE AWz W NVR UV ERIRK T ) T — MERIEDO R
TNVRUEEIE, S FEIEREYEEWEICE ENS BRERETHY . ZhERIH LB
ST SRRy A RIS EH FTRER BN THETH D, ek, ARV BBITKREH & LTORHR
HEDOONTEN, INERFEREAE U TRHA LIRS T\, afii” v b OFRME R
R 7=iz, VR BT ) 7 — FOARICGRREIEDORIEEREZ VN L3252 £, TOERKD—D
Thb, BalL, VKRB E R - 5L CTE DA U FAMBEAZ RH L, BT
NWRUBRT ) T — N AR TE DI R EBE LT, ATE% Mannich BUSUG~EEH L7z & 2 A,
INWESE — M2 R 9 2 E 3o T, KRS, PIRIERTH LA o FAZ oo xy Ta T =
DEFENERIC R L TR Y, BI% L2 MO EMTEEYE O FHE A L ~Di#EH & e Th
HEZZHND, BUFEMEL IZAFY T REEAT 52 LT, MR 7 Mannich S~
JEBIZ BB L TR0, LG B -7 X BEOZIRAEKEE L TOMIES &V,

BH;-SMe; (10 mol%)
L1 (10 mol%) PG.

N’PG R2 DBU NH O

| R?R?
OO OH High chemoselectivity
H

up to 98% ee

7. RIEET VA v DA R Y MR D BI%
AR U FRILEMIT, SRARERBOBICHEM AR VT 4 v 770y 7 Thh, AR H#ib
A E AR D IS BESNTVAR. T TLARBICATARER T A7 L A ERE L. &
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URBEREIEE & BICHIOFREREEZEAT S 2 B LN, 0T OBHE LY~ EXE 5 2
ENTE D720, HHEZED TS, Fxld, ZNETITHREFR O 72 3 R4S v v#
LS DBRFE IR LD LTz, — gz it s U, a2 —/L PR T > TEMPO % T2k v 3R,
MR ET D CREIERT A E2HRE L LEEAS VR RGN T 5, 52, A
WBUHY RIZk-> T, AUFBEAMIBORFEZFET LN TEHZ L2 L, ARG
13, R FEABRICT D AAERER DD - TEY . RO A 738 AR 2 HRERLES & 1T
B D RSHE THEA TWD, T DA R v E AR OREREMEE B R ~DE =, A
H U 72 SOSHSI LN U 7238 7 e SO OB A I S v b,
CuCl (10 mol%)

L1 (12 mol%)
NaOtBu, DMF QTMP .
L Bpin
R
up to 76% yield
R/\ + (Bpin), + TEMPO —] rr.=>20:1
Bpin
> R)\/OTMP
c
YIEtCuCl (10 mol%) up to 73% yield
LIOtBU, DMF rr.=1:54
CLC el
: SHnY
PAr PAr
2 2 Et GV Et
L1 (o]
Ar = 4-OMe-CgH, CYIEtCuCI

8. C-H f & HpUs DBHF

SRR KO EAI(BUOR TFE R, 7 B o 8D C(sp)-HiEEEZ b ORE LA Vo T
— NS ST & A RIEHEZ C(spd)-H A LT — A — MUBUGEDETT 2 2 & 2 B2
L72e ARBUEIE. C(sp’)-H B —3 A — MUSISE OO TOFITH 5,

[Cu(NCMe)4]BF4 (5.0 mol%)

\ 7\ 4 0

N ph. AL

> t
neocuproine (5.0 mol%) N° OBu
(2.0 equiv) trifluorotoluene

(10 equiv) 100 °C, 24 h

75%

C-H B MASUS 2 I D X 5 I2F800 e ik FCH#IT S/ 2 01F, RIZICNEETH 5, TV
ULMEAAETR, 2 -7 ==Y DUVHEA R VT VHARISSED Z 2L AU MER
H)78 C-H 7V LRSI THEIT T2 Z & 2 B Uiz, AROSIE, B GEMEIZ X5 4%
72T NFMEATE LTHW S 5 FRISOHD TOBITH 5, Hx pBEIZRBW T, ER TS
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WRTHBIE T 57 VX ALKIS D HEITT 5,

[ [
=N 5 Pd(OAc), (5.0 mol%) ~N
+ p—
OPh
L\/ HFIP/,S\QOH (8:2) OPh
25°C, 24 h OH
>99%

AV VUL LA TV A e Ra v T a2 WAV MEEIRE 72 C-H v U ABROE % B %8
U720 ARG Tlx. Lewis g —HIEFA EERIC LD | FOCONEEIREDHIE S - EE 2TV D,
72

Ir(acac)(cod) (5.0 mol%)

| norbornene (4.0 equiv)

N~ + H-SiFPh, >
(1.4 equiv) toluene, 115 °C, 24 h

EHEETIIUELIEET YV — BB E L 2L ONMLNTWS, BT U —VEKITEE, T
U L7 EOBBGRMEAAE T, AeRRICAIE B0 At E D a2 7Y TG
WCRUREREND, L L, RO ALERZ b SRENRIET D Z LR EORBEARS D,
IO ORBEROREE LT, ZHEOSERICAWMETO CH/C-H Ay 7)) o 728587 Y
—VEROBENEZ biVD, N7 VT LA T, SR 2 iRAl S L THWD Z & T C-H/C-H
T 7N TRIEHEAT L, EEO~T i 257 X —M g R0 T ORI Lz, K
BOSIE, PERDBUSIZHA, FRIOFRBMNE S 72 2 & RB O TN D7 < THLAMDFIR E L
THETOND, ZORGEERTLZLICED | RWEEREZ b ONT u il 5801 o R ILED
DERIZ BT LTz,

Pd(OPiv), (10 mol%
o\[%;:> AgOPiv (3.0 equiv)
O \ g DMF, 150 °C, 48 h

9. 7 v R REREEAKIG OB
TTICMEL TWDEY VX 2 U UiBliko 2 fORIRAY7Z: Csp?)-H h U 7L a 2 F ko
JEERL LT, B DX/ U UBEROR Y DIVNER 7 Cspd)-H R U 7 b4 1 2 F LA
D7 v FERBERIBEASIEIZOWTHRFI LTI 2 A, BAO T v FRERB LU ETT 5 2 &
R U7z, REOSTIE, 2008178 Csp?)-H U 7vAdm 2 F ARG & 1372 ) | BF.CF;
D CR RN CR R E LTI Z &R hoiz,
[::]Ii%j\\ TMAF-4H,0 (3.0 equiv) ~

P MS 4A

N® > z

o CH3CN/ACOEL (1:2) N

“BF ,CF3 65 °C, 10 min 85%

CF;
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10. FEHFFH SR EERIC X 2ALERIRA R C-H S DBHZ

A YT T LYY DVRAIEZ WD EERIEEH DR ) IS TIREE , B0 X Z ik
K ONRTIALOW T CRIGHHEITT D, A XIS E TS 5720, IRFEHMLEZHOEE
U OB Z iR AR LT o KBRS EI U CORBENLD S B A OB 27T 25 =
L2k FRBEORAZG C-HFEENA Y P LR 0NIE S REFTh D, MISEITR > T8,
REB Y A ZALENAY R AR Y AT LTz,

[Ir(OMe)(cod)], (1.5 mol%) O
ligand (3.0 mol%)
NR, + B B ~ ong L | NRe
p-xylene, 25°C, 16 h Lz .
(1 5 equw) ’
ligand =

HO SN dtopy
>99% >99%
[metalpara = >30] [metalpara = 0.86]

11. a3V b RT v FOBEIZES 7T I e A R pEERERIDORRE

T I NA =I5 39-43 FRIEDOXTF R 257 IvA RB (LT AB &I8T %) ORHEIZE
L MR ORI L > TSR Z SN ThH D, EDTD AR OEEZINGIT LA D
FILT WA = — R OIREICAE A TH L AREMENR H 5, UHFFEETIL, AR OEIELSI(AB16-20 :
Lys—Leu—Val-Phe—Phe)?D N K & C K CEAL L 72 ~<7"F R(cyclo- KLVFF)?ﬁittﬁxE/ﬂﬁb‘ e FH T
MEATHZEERML TS, LOLRNGL, REEBERFEEICKEORME L EE X, £
N TEIRT RLSAZEICE F Lz, BERE 37 B2t T HIEEEZ & 2 Fifkimo—o & LTa
N R RTy 70 FENRETLND, AWFFEIZIBNT, coyclo-KLVFF (20 LT T V) %
fﬂ%wi\/wi:w\l// N RZ v 7R AR BEEILERIZ LG Lz, TOREER. AR D 10 fiFr v 45

EOIFRAIRIC LY . BEEEIEEO Kig7em b - MRtk 0B & ik Lz,

0,50 D .

N
HoN (o] NHH HN_ O AB1_42 FiC ) O
’\—\—%>H HN E—— o= H HN_.O
N hv HoN NH
© ¢o ’\’\'»H HNK/ aggregation and toxic/tyl
0 o]
2
12. 7 v A FORKMELZRE LIALFBERET I v A R B 3EEDOEHK

TIvA RBAR) X TAINA~—IRICBAET 5 L S5 40 FHIEREOTF N ThH, flix
DEERO T TR A ) I~ — OMREIERIR E SN TWA =D, BEICHN M AISRER X4 =
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v—ThdEEZLNTND, BE, &bLEMEORN AR A4 I~ —XREIN TRV, b L
ZNDBRETENEZT VY ANAA ~—IRIRRESOEBRPHIRF S5, Ll Ap A Y I~ —I ks
FACBIT DHERTH D720, AALFTETIZ AR A4 T~ — 3L EICRGTE 20, £ 2 THhx
I, AR AL E B U B AT 5 2 & 5T Lz, BRIk T F REHIC AB 0 BLS 1 ABas.ss
ARG SETALFEAET ABysss — IR ZRREE LTz, 2O =®IKIINT 2 HEERTH D APsas & 1
RTEWEEMEZ R LTz, £70 20 =8IRS ABpsas LN TEWHIREEZ AT 52 L2 A LT,
T OFERIE, APasas D = BALDNEEENE - FtEO M LICEEARER THL I LA RBLTWD,

; HN o _N

SOrgﬁn/q 2 NH/Y (,
O ynthesis =N O\I\:NH HN o x
i. NH HN o L

I O i

chemically-tethered A trimer 0 5
assembly state-pure form

(175 ° N=N 0]
N
(O = AB monomer) \ HNI& /

= £Gly-Ser-Asn-Lys-Gly-Ala-lle-lle-Gly-Val-Met-OH

13. ~TFuza<sFUoBRRE X T A VES S F OB

E ARy NRUEE A N7 AV &I, AERERE & BE2CBIfR LRI EM I AL D
NHRAAL L ThD, ZDOIOE RN TANEERE LTRSS 010 b OFRIRRIZAES 4 4
T 55 OB, FIRZEM ORI L OHIEICEE CTH S, L, B X T A3k
FEEN SR D REOHEEZ S 2WRTF RETH LD Z OB - AL, e A M7
A TAZHREICHER T DR FTF DI TV RN o Tz,

Fxid, ERANCTANADERMET I R (VU VBIOTAFX=Y) OV TAX—THDHI L
WCEB L, HEMT I VBT F— 7 THAANNKR=A D) v 7 AT L—r 2SN+ %
Bk, RiEi7 7 A€ HEE (SPR) IZLYV EA M TAMIBREATHZ L2 AW LT, &
SIZBAR L= 71d, BERIEHER CH D ~T a7 e~ T UICBW TR RO S ERiTH
HRUAFNUEY DU HEDBE A N TANMZK Y RBEICHEST D L2 LNE Lz, SHICH
LT T (CA2) IFERARTTF ROA 5T, HeLa fild X 0 R L7-NIEMEE X R Azxf LT
LEOTANVGEEEN L THRAT D22 RH L, D EORERIT, BB LS TREA T A
NEBET DT 20 B =B RNTEDT A N~DFEGERETH0FL LT, D WIEAME
BEARNAZTINVE T THZEICEDX T VA Y — L ETHlIET 20 F 2R - iith 5 2=y
T RT AT AT — N E LTHERTHDL Z EERBL TV,
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MyOZR7V—>: [¢)
IBRMTI /B ET—7

NHR
o o ' w9 O
)J\N/\/O\)J\N N\/\o’er\.)LN’\Ph R = NaO;SNaOsS  SO;Na
H H PN =
o) o) Jik
CA2 K(

Al

i
NHR OH OH OH HO

SPRIZ& 5K, (B

1.8 uM 1.8 uM 0.39 uM

HEOHME

A ACFEHE T, oM LT M I . TEERLEY 1 . BXLO, [EH
By . TABMEFREE I EOI O—H EzHY L5, TS I S =4EI0a8b
FORTEMANOEERFERISE LV HIT, AREFmS OIITPuEma oL T omELTo
TWa, TEFELF 1) CEERGKZ BEL T80 LSV OAET L BB &R OLF 52 Z
TWb, RFFGERICB W QI s 28 T 28 WE AT 2 OISy AR OB
& BRI % B SeR DRFFE DR & 28 2 TR L TV 5,

WFFEDIE TR T2 K 912, AHEARILFHE TN E THREARARDT- O DFTFEDOR &
T B ZBE L AEMIEEE O E FEN TE 72, TZ2 S DICREMNICERI®E 5L, fil
A X —U— I LEZERBR~OHER%Z B LIFFRICED LA TV D, #HERICHTET 5 KEbeA
(ARG EY 238 L CHIME LB OB RIS & 5 2. 5 1) L RIRFC, ROCHEEIC RS <ALZRRE % fiR
W9 %71, REULEW ORERENTT 5 178 EGBUEFE I CLERBIRNVEENEDND, EHIC
gCOE 7'm¥=7 MIFEMMIIZSINT 52 &, EY, A5, o1rAawy, EFRLY:, 50
BRERIC BT DHEMRICHEFL LT\ D, 72O E O FRZEZ @ U CTAIFKIC SR D
BEWMREZIT> TNV D, HEOE I F—TIIFFERE & STET DS EWIRNZ T TR Y . Bt
HETIEEBEICHIS LI AM 22T 5720, SBGETORE., @t iToCnb, el aE
EEEICRFT DB L JEE T EEICERR T A 120 DfRiE A 95 L ERR RS 2 SRR TR E
T OB T LB DTND, EOHEEOHEH D% IZEONIOFERRE, KF, &
/e ECABRICET 2 BB AL EO M RICERF L, ISR L T 5D,

BC AR 5HE

WHERTIT THRS AR L. ThEHOTEMRREAERT A28 T 5] &N
AR DAMAEBALFOFEGTH D LB X, FREIT-o CElz, T E TORITARHFAREIZE
TOMRICIB N T > CETFR AR E 200, [l 2% —U— FICEEBBICHEKRT 5 <
FT- e FRICE D MA TV D, BReEE S L CIBRISR 72 & B0 Tiio 4 &1 T
Do HIT TH LWAEROS ORI | 5 02 HEMERREE 2 R (LB ORI ER] « H=IC
(BT AE TR EE DR L OUSA Fa U h Ay — L oRIRL) | EIU Tl A O e |
Thd,

BB IUREICTE T2 ARYT, 2012 4L W TERATO &ty /B~ a Y =27 b 2hhE)
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LTW%, ERATO Fr =2 hoffidyid, Al - E3EERE - RO 3 70— 770588 LTI
DfHTeZ L2k V. ABHEZEFENDSFHLTZODN— R T THHERK) — Ry F& VY7 hoyxT
Th LTI TFRRF O G ZRAIH L, ZHMBEBRZEE L TIT< 2 & i2dh b, AA b T#E
I ERATO a2 v =7 kN ERKRRTIXH 528, [F CHHIPNICHLA 28505 L, I L CF9E %
BaFEfLT\WD, BEEHE RS - i/ V—T71 — & — FEET - EREEI LV —T ) — 2 —,
LR A =/ )1 B 54 » R 7L — 7" ) — X —4aHi D T, RO LR 20 2782247 L T
W5,

T D OWFZERREICE U Tkt 7 — ~ ICBIT 2 B 23 2015 4R1213, 21 SRS ERSEEIZ FIlTm
e LTS S, BERFHE T 21T O 2N TE L, ZHOLFMEOEFELH Y | NERIZHE
MIER LT D, B2, EN 20 4, ES 9 EOBRERFEEN H Y | UBEOERRNENI G IE
HENTWDHZEZRLTWDHEEXTND,
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[EIfE R 5520 [ (K 27 4R1%) 7 A LR E

TEKEF WL WFeEmEE

BHEE 5 52 [T F NEfime PSR A X —H
& AARMLFREE 9 B RFFS  FARKE
=Y RIRE AARZLLE 135 68 BEHRERE

N/ Ee 13 BRI AL D AL F T VAR T A AR NTEREE
A EF AAMLAE 9 5 EBES  FARHE
IIARA T 10 [Ela L7 -2k A e ARG E

NS TR %69 R BILFEMARREREER Y v AR Y U A B TFHREE
A A A, B 5EICSI LT =AY BHRAY —REE

(Ba YN HASZEE 13568 BEHRERE
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P AIFRIRGE S 2015 A RTF 4 2B v aE

RKEMER IOy k
I R BEET IR A
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(1) IR, MR, JHAKBI, SNEE, AREZE, BEHE—HL, FFFE 2015-044839,
v AR RBERL NN EE AT HER] | 201543 H 6 HHIE

) IR RS, k=, RARFEL, FHEM, RS, KSR, SIPRCE,
BREBSEK ., AFARZ, FeE 2015-169448,  ERIRAYIRYLEIR ST T EDT 2 WAL EZAT
T2 ODO N TR 257 ) | 2015 4F 8 H 28 H
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T2 TATE AT IV AO BB FEIL R - RS EEIT—. 2015 £ 7 A 24 B, JKEH KR
L A= RS R N NG NN R
555942 "Imaging and manipulation of temperature in single live cells" 5 20 [f] NMMS 37~
—. 201547 7 30 B, BUXTEERT: 3900 Fro 32 B2 B BT, #2217
RS T "Ry v MR L. | 0 FH A A= 7 RilER T~ A 70T /e 6 &
VA —E 13 [IEEEA 2015 45 8 H 3 A, R R A S5, phas) 1R
] 0 5L TR PR BE D FHRI SARAEIC K DIRE A 7 [ ARA—D L T HTFOR DL,
201549 A 5 B KB RZEFER, FLET, KR
Zhuohao Yang, Ryo lizuka, Yuanfang Guo, Takashi Funatsu “Study on the molecular mechanism of
translation arrest by SecM” %5 53 [B| H KWW B F 2 201549 H 13 H~15 B, &R
R ARHF v "x BARFREAREE, @RW. AR
[ 5L % "Imaging and manipulation of intracellular temperature for thermal biology" 53 [A] H
ARAEMDEFLZF R, 201549 13 A~15 B, &RKF AT 2 HARFFAARE, &
R, A1
A @k THILIC U7 0% WTCERD OB ) Avrru~<bhrT7 4—83I7F—, 2015
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13)
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INTE

6 H 10 B, MK, B

A @ TTHILIC A7 2% MW R0 Bt Avrrua<hr o7 0—83IF—, 2015
6 H 12 B, KB, KA

R T 2 R L7 RE 25 F Al B L O v 7 ARFZE 108§ D R Hi T B S8 & T D E B |
% 59 [ A — 2015 4 10 A 16 H, B ERFZTHE, W i-Fifi, B ER

Al W ATy TR a~ 7 4 — OB EAEREEIA~DOISH ) & 26 Bl7a~v T T7
A —BHEEE 2015 4 11 A 12 B JUIN K, & wE R U

il SRR, BEYT. W, MRS [SecM IZ X AFIFRIE LDy 1 A T =X A
%38 |l AN TAEMFERFER, 88 HALIFEAREERAKE, 2015412 A 1 H~4
H, fiAR— b T7A 7 K, M, JLHER
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S LPEILFHRES

s G IBE —X (LEr wbib)
WA 53 4E B AR RS, BN 55 4R RISk B R oA e HiiRs T
B BURTRE R BR R Je L B e, B 1
BT« MNTAT B A PE AR A IIEAT . HRFCmaRY

B % LtH BER Gzr 2<»)
Rk 12 4F 3 A RRSEAS, Sepk 17 AR R R B R Je B s T
B o APERREH L 2 > Y — 7 AERIRTEIRE . S

By #% HHE #£EF Lz ovip
Rk 114FE 3 A SRURSEAS, Wopk 16 4RIR R R 2B R Je B s T
Bl © NEDO SEBIGSIERHT R . ot +

B F B O SR OB (D5 9w
Sk 1445 3 RORRSEAS, Sk 21 AR KR R B R e B LA s T
BTl « BURRERHERRIE R, e+

MEOHRE

BEHEITAEMREO S EIERFHECBVTEERERZ R LTS, FlxiE, AERNIEA
ENTEYL, < OHE, SRREAE LR EERZIT) Z itk o T, HEEHEZR
HLTWD, —F., & MeElRaxREWREOT ) L7027 M, DIV E L
IR FESNT — & —_X— 228 U MBI E BICIRZ 5 2 L O E R LI, 77205,
SRR, MR L OEE A P FIEIC LD | BIRTHED TH Y D> DA (REERER L
DFEIRTH L EAE ORI 21T 5 Z L A BOEMPIEINE, BIFENIEICB W TRHTH D,

BB IE R (NMR) 1%, /KRR R O BV O SRS 2 BF2e 3 2 ME— O L2 FETH
%o NMRIEOFHIL, |EE, g, HEe K OAEERE S T OFNE X OIS EE#RZ, 1
NOGFRE T TE 282 d D, LIed> T, ERES TE2EZXIRICL T, NMRIZ X 2 HUER
IRFENT AT 2 X, E DOSIRREE R b N Z OB BB Z I M T2 Z LB ARETH 5
YA CIIEIE LM PN T 7 e —FI2 LY . BAEIC X D5 138k & B E O3 THE ORI
EHED TN D,

(1) BEEIC X 550 T777#%
EEEORERIUCHT-V . OIHOZ LTl CEERFLRIT, Dl Ths, EAENVD
ICLTHRBERIR L, ZOMRMRFERINDD, £ L THLOAEERWE L ED X 95 7B ERNER > b
T— 7 BREELTCWDD, ZOMWIEZDZ LN, EMBESROBERIZORND EE XD,
Fexid, NMRIEICE 2T e —FITNx, o FAEMTFHRIFIELEAN L, EEE O Fidik % BfE
TAHZEEHELTWAS,
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(2) A B DIRIE L) F I BF

NMR OHEHZ X0 RIS T DB Ry T OSNLIRE S 2 B L U CAEMBSREGED Z LN TE
HERIZIR 0T, FAalE, TAARZUATFA N —EIC L D ABEEEAEBS L OEREAED
IR 31T 2 BN IE 2R E L, E OIS S BEREOMHBIZ M L T b, £z, ek, 1
ERRHT Ot E L CHREECTH - 72 IEBAZ IR LTH, NMR JIE R X OWEE B ERERYE OB -
WRAWEL, WEOE - UV FHEAERMBITEREOMSIZ BIEL T 5,

(ANMR 12 & BTk DB

RA NG ) NIBT A REEMIET —~id, Bl rEY THLIEAEN ML THOERER
KO E OAEREYF EFEAEA UBERERBLL T A0 E2 T LV ORBE CHRHT 2 L T
bo, I T, MAE-RAE, BEAE &R, EHE b X OVE AE — AR EAE R fEH
D7D NMR JGE - FEHTIEDBHFE 21T > T\ D,

BHEOHME

A BRI, O L LT WEMES 1) o35~ TE, MhEn 735 [ERRSE
2] O—HFEHEY LTV D, MBS 1 | Tl EEEEENER IS LT, B& L TR0
WL 2D BFAL OB LT > T\ D, £z, &S FIT) TIE, SAMEH IO LTS AE
WP OFEEIRTIED D TH D HHEKILHIEO B LG HZ, o, TERAF2 ) Tk, K9
T CEM SN OMMO L Z#R L TWD, £, REROMER L LT [EmB s
EZITFL MIEEMEOSRHIIENE DR 72 £ 21T > T D,

MR BITE A DNTET —~ 2@ LT, 7AW - AL TER L OBRRIIRIE 21X
L& LIZtikic L oS FEZEGL, AmBR L2 TR IR T LUV TIRABET
DX D, WEEL I FT—TiE, WIERER LOTRET 217> TWD, I T —0O R,
T L L GRBlrEEREN B L OMERNEORIREN DM ETH D, /o, HFEICE VEFLNZER
T, FPSOFR B LOEBREECREE L, TORMBZMN<CE &bz, FABRYA = A0m EICE
o2 &AL TND,

WS L, WIZEHERE. R, 3. AT L ., EEL TV D,

EF=¥t R i

AWPZEE T, EMmBROMY L AEEIE~DIGH 2 Bfa L, MEEYFITIED -2 TH D,
AR Z VT, FHEDHBEEB LIS ZIT> TWD, AERE G EAEIRAS A RIS
DV 7T VIERPEICE L TR D - T,

T RREDFEAA FRERIEIL, G ¥ o7 EHEIZ AR (GPCR) IZEBT 5 A4
A RZHE (WOR) IZHEAT 5, B/ ERIZE DIEM LS WOR VX, G X I EEN LTy T
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FAEIEMHE L, BURIER 25595 (Fig.1), 72, pOR
IZ GPCR &7 —%¥ (GRK) 2k > TV k&= kT,
T VAF U EN LT 7V NEMAL S, R, i
M EORIERMNFHE I D (Fig.1), pOR DFEZIKLTH 2
S A A FZEM (BOR) I2H VT NI131PPA ZER AR T
VAF U T IV EBRIRINZIEE LT 5 Z L m b T
%o 2, PORIEHT DY T R THSDH TRVIZ0 28 G ¥
YR BEL TNV EBRRIIEME LT 2 & BLOEL
bR EHNTRERZFELICS WZ ENEmLN TS, L Fig1 pOR 2 X3, G X /&
FA 5T WOR 28I D3 7 F AR TR B ety | () BETORK 7 2T )
RS2 Z S IX MK AR T D L TEETH D, .

T2 A=A RDFES LIEAREMALD nOR OfEaiEE 3 gz, L L, 7 3= MERIKRE
® pOR OREEIZEIT 2 FFLITE BTV, & 2 TARIFFE TIL, GPCR DOy A B RS -1y
ICEVHIEENTWS Z L ZH LN LT OEITIFZE P ZIGH LT, a7 T=2 F KA
L 72 uOR DENEIE T 2 B 5252 LT, pOR 2SHIREN o 7L 2 BRI ME L 9 2 A % iR
HTHZ L2 EE LT,

1. pOR DFFBL  C A 40 FRIELA RIS, BNLZEMZ R FIS8W 23 A L7z BT, N K2 FLAG
X7 CRUHZ His # 7z L7t ME¥K uOR (LAFEHLZ uOR &9°5) %, B BMassERI12T
B SH72, nOR % n-dodecyl-B-D-maltopyranoside (DDM) (2 & ¥ "3k LT, fEHE L O miETE
FlOAZHL, N KuaOUIM&1T- 72,
2. HOR D 7 F MeEIEPEDFAM  reconstituted high-density lipoprotein (rHDL) DiFE —HEEH|Z
FHERL L7 pOR ZHWT, 7 T ABREIEMEZRIE L, G # VXV BV 7 ViEME A2 I3 5
Teh, TV A A=A NThdbIuxV o HT7 A=A RNTHHXFV L, FLEXR, TETI=
A FToHD DAMGO, G ¥ /37 B2 ERTEMHE T 5807 =2 FToH 5 TRVI30 Z iR L
T, [PS)Ei#k GTPyS % 7= Ga®» GDP-GTP &K R 21T -7, £72. TV AF v 7 FiEtE
ZRMiliT 57295, GRK2 IZE Y uOR U Uk L7=1%, uOR @ C Kislfri&d 25 Y U EE{k S377 %
Wik T PR E L IRPUKRE LCo =22 T ay M a1 o7,
FHEL L 72 uOR D G ¥ > X7 EIEVELRE, B X OVGRK2 12X 5 S377 DU VLIS DI TEIL, IS
IMUT=0 H > ROEMEOSEE L axtic LTz (Fig2), 72, BSOS “HEEAICEE L
6MEDATF A= FRIEZMOT X FRICES LA BIK (AAMEERIK) O G ¥ 237 EIEMHALREIL.
ERE AL FREE CTh o7z, LMo T, AOM BREN 7 UG AR L T D Z R
® .. RSN,

g iy z Fig2 pOR ZM L7z G # U R0 BR I U7
VRAF UL T FNEEEEOTM &V
v RFEETIZEIT 5. Ga~0[PS] 1 ik
GTPyS Dftif®E (A) BLU GRK2 I2LD
S377 NV UFRb X7z uOR OFEXTE (B)
DTvy R, ELVERFETE 1 & LTH
KAk L=,

)
o
vi
)
P

(fold over morphine

pSer377 immunoreactivi
OO0 000 ey

Mok oooihs
L T R
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3. TUFI=A MBI OEET T=X MESIRIBIZEKIT 5 uOR D NMR ##T

TUoHAA=ZANTHDI eV, BIXOREETI=AMTHD

naloxone

(A

DAMGO

Y /N mer
&-m207 3/

3 SN == oo,
DAMGO %{Zﬁbu LT‘ nl‘sﬂij(#‘\ﬂj (antagonist) (full agonist) © B-FNA %K D 7“-(3%:4132
N N N o N =3 L (antagonist) 4 >
BLOA T A = RN % (63 24 _pM2A3A051) Sl Y S

A 1 (M283A ( A gy
L 7-A6M Z 8K 'HC HMQC ¢ ¢t S on
g Y = M163 » - :
Ay MART L, COfE, | R omewy dy
h S g s i 0 £
W42 uOR D A F A= FRHEh (7 (B)™fis naloxone “3  DAMGO |y mao
) [ZxhET B > 7 A SR S e I L e
. M163! M283A (replaced with T4L)
2o A6M ZEHIRIZ M245V 25 5 %38 b B
. ] 2 L g @ ay o || Fig3 EHEARICHEDS . pOR
AN LTZAIM ZERIED AT F L% £ 7o a *@dﬂ DNMR 27 R OTE.
G LT, AM BEED AR b 2 | FrXxyr () BEO
o . ) N = , DAMGO (£7) FEErRRED,
G H LT, M245 DY £ 150/ W .
NEIRIB LT, FOREE, M245 (T ] B 2574 | | £k 'H-2C HMQC 2~
o R . s M163A2 Rl (A) OFRINOHET
RS % > 77 /15 2 B S e WO T 1 22 20 vs| 1 M245' & M245% oIt

'H chemical shift (ppm) JE o7 A2 = K
B-FNA FEEIKEED uOR D
FEmfEIcRBIT 5, ATFF
= UFREE DT,

B, Juexy oEAEREL
DAMGO fEAIRIETIXZ TN M245" & M245™ L 441 7=3 7'
IVOBRENRKE NI LAURENT (Fig3A), £72. A6M ZEHE(A L
ATM ZEBARTIX, M245 LIS D> 7 F oy 7 MidiFiE—%
LTEY., M245V BHEEANIZ L DHEE~DOEEIT NS W LAVRENTZ, Do X F A= Koy
TV b RIS IRE LTS, iy 7S VB O/ S0 s NNCALE T D M163 B LD
M283 IZDWTC REE Ty 7 IR D v 7 FURBIl ST\ D Z LR &z (Fig.3B),
3. 7 A=A MEGIREEIZE 1T D uOR O NMR f#iT #07 I =A R CTHHE/LE X ERML
T, A6M ZEIED 'H-PC HMQC A7 MV EEFG LT, ZOfEH, M245' & M245M 2kt d 51k
27 MOV T FOVHRIREE OFEE T B S e (FigdA), M163 IZBWTH, T ¥y Ufk
AfRfER LUV DAMGO FEAtkie &by 7 b st % o 7 F L AN SR S iz,
4.GCEZUNIEERITVAF LD EDL B — & @IRENTIEMEL T 2 IREED NMR 4T

G ¥ RV T FIVRRNIRE T =R T W moeine () .
(partial agonist) 164 ] morphine TRV130

% TRV130 Z#I LT, A6M ZEF KD 'H-"C HMQC * M245% (0.53)

N7 MERSG Lz, EORE, M245' 2RSS 57
Fr k. M245* L0 @EEGRINC Y T N Lie v 7R,
[RIFEE DFREE Cilj F 8L &7z (FigdB), 7=, 7L A
F o T TV EERINCIEYEL T D AOMAN152> A 28 B
K DAMGO fiARAED 'H-"C HMQC A% L% H
F LTz, TOREE, M245* L0 RS MiCy 7 b Lz
TV S 7z (FigdB), M163 12 LT, TRV130
FAEFTIE T ey UEREE ST 7 e,
DAMGO fEAREE L L2y 7 RNVD LR D v 7T
W S T,

8
2

~ M245A

B
B

Py

morphine
TRV130

15 chemical shift (ppm)

/A M245! -

(0.47)

205 200 195 190 185 1.80
1H chemical shift (ppm)

£

&

B e P e e e
205 200 195 190 L85 180
*H chemical shift (ppm)

Figd 7 d=2 MNEGIRBIZRIT
B M245 DV T F I, (A) EILE R
AIRREDAGM ZE (R 'H-C HMQC
AT RV, (B) LR REEAREER
LY TRV130 FEAIRAEDAGM 25 HLIKR
& . DAMGO #f&EAIKIED AMANI52A
BHRIRD AR M LDEREDE,
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5. T F VRS

SRR B TN D MI63, M245, M283 D ey , e -
B2y 7 b ux Y UIFE T & DAMGO 17 —

ETFTHRR > TWZZ b, EH RIS IR e Y

WO LA NMR B TR S hie = o I

LASRENT, £To. U A ROWEHE LS L s ) ’
T, MI63 BEW M245 (iR B3 7o e, ™ol 2 Tan = a3
HRPREENZL L7z 2 & 735 pOR ARG R TR e
LIEMRIOB ALY 7 ML 0B C2 Bl ¥
BLTHY  EHHOBARERORE S 2k ove - =3
FLTNDEEZT (Figh). &5HI2. TRVI30 R, e
TF1E T DA6M 2 BfR$s LT DAMGO {#/E F O I .
ASMANIS2A ZERIKIZH T, IFHERITHIET ool o B 0

BT IO T RS A L = e - T
LB WOR A G 4 2y ER RIS o
THIREE L 7 L AT L ASBINICIE AT Bofk (it “ﬁ;m
REAALEY 7 F3E L D EHOHE TR L TRY v
MRREED MR D Z &2 8D, — DT 7T/ | Figs £9 ¥y FESIREECHT Hu0R OBIHIKE
MBRIICTEMAL S LD E B 2T (Figs), EFEORAR

(25 3R]

1) Kofuku Y. et al., Nat. Commun., 2012, 3, 1045.
2) Kofuku Y. et al. Angew. Chem. Int. Ed. Engl., 2014, 3, 13376.

3) Okude, J. et al., Angew. Chem. Int. Ed. Engl. 2015 54, 15771.

FoffT R X
1) Suppression of problematic compound oligomer by co-solubilization of non-detergent sulfobetaines
Yumiko Mizukoshi, Koh Takeuchi, Misa Arutaki, Takeshi Takizawa, Hiroyuki Hanzawa, Hideo Takahashi, and
Ichio Shimada
ChemBioChem. (2015) 10(4):736-41.

2) Mechanical force effect on the two-state equilibrium of the hyaluronan binding domain of CD44 in cell rolling
Takashi Suzuki, Miho Suzuki, Shinji Ogino, Ryo Umemoto, Noritaka Nishida, and Ichio Shimada
Proc. Natl. Acad. Sci. USA., (2015) 112(22):6991-6.

3) Structure-Based Development of a Protein-Protein Interaction Inhibitor Targeting Tumor Necrosis Factor
Receptor-Associated Factor 6
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4 ) Structural basis for the inhibition of voltage-dependent K+ channel by gating modifier toxin
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# I EBEF \WEx-vz2)

SRk 17 R AR SRR 22 R B R A e B LR s T
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MEOHE
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1. ERERREDEERK - VET VY V7 - B8
2. BIRIEA A F I 7 A (MR E - L) 128B1T DEE 0% E
3. AEREEAREIC L DA 2 v /X7 - O
4. B/ PSS E OYER B L OVEPREERE

AR, U OREZERE L IZFEREOEAEIC L TERESNATEY . Mldz st s Xhl4 5
BEEED I 72 & MBI OB &2 2 AN TR T 2T 2 IR ICHE RS Th 5, WA LFEHE
(T, MRAOEAED —>TH L HEFRIE] OF LWABBSREOMIAZ HE L T\, Fio, &R
TEDFERERLRL Dy T D U VNEEZH LT, ZOERK « #iFrk L OMEE O s, ABNEMHIEY
BEEMEA T 4 == —) OEAICBT 2 EREREORE, LREDO XA F X v 7 22058 Gl
Gy% - IS« R A A B (IR D AREIRE O&El, SRR EOAREIREIC L S

HE, LWV T BR D DR Z BB L T D,

FEITKICIEE A T T, o0 b IHERR SN TEA SN ODWE T RWo o, 58
g E LTINS WIE TH 5703, HEHEICHEERIIRTH 5, Hx INREOFMEZ k3
LHEMZRECOLVERLTE TR, ZhERGICA Y T VT 4 —DmWaizea BEE L T

%

— 123 —

KIGE « BERE » > a 7Y a UARTZOET VAT EEAREFIIENEE (Polyunsaturated fatty acid:

BRA~




PUFA) ZFio TWRW, BRI C elegans |3 5EhiI O g 2 A L TR Y, PUFA %
BT 5, BxldmbzHlnicBmy e AMbrama Sti-a=—277 7 —F|2L Y, PUFA ©
AEWFRIE RO B L T\ 5D,

T, EEEIMIC 2 =— 7 72 PUFA OFERE L LT, PUFA DEERMIZRBR LG 72 Bl & - ThEx
IRAEBEMENRE A~ & A S, BMERIESGE EXAICHIET 2 Z e mbhTunsd, Bx ixmb
U VIRERFRAB AR R—8 A2 ZRIELTBY, T/ v 777 M~ UADOREA XA —2A
SRR 705 & FORAEBE IS AEHRE Z LM LT D, & HIT, 2 OFBAFETE M E AR
DAEBFEREH LT 5512, B~ 7 AERE O CTREBENT 217 > T\ 5,

2015 HH\Z BT D B Z UL I

mERAFAEIER AT I X1 2 MRS & 2 DA B ZDOFEH

U UHEBEITAERED F B 7 TH YV . £ DIE REOEHE -
Hﬁﬁ&fﬁ =AY 2N 9:/@&@ £ 9 f&ﬁ@%ﬂﬂaﬂﬁﬁﬂ)) - HO_gV\N\N\N\ . HD_EV\/\/’V\N\/
E%/ﬁ\ jd-_, g;ﬁ#—f’) %EK@@*DHEH%E@ (PUFA) i < . 9 faFiERsE FrafnigtiE~ O ERIZI->THIG

\ . Lk "t AAAAAAY 2
B ISR SE S LT D, ZEIC K-> TR S OV Y s

D ERIRORRIARRSEEREEIL, RS X7 O (m1) mw@mony nalcwT 2 EHBERORE
w@\ﬁ%L\bW747HF%4/%ﬁbtﬂ@W
ST FIRER Y BRx aERRIC B D T E BN TV D,

— 5T, Y UARE ORI, BE/2 EOANKDORRIIEEIZ L FITEEEZIT TR, £
AUk U CAEMRITARN B R 2 O FRET L. Haﬂﬁﬁaﬁé@ﬁ@%ﬂ/Tﬁ@%ﬂ/\i/X ZMERET DD
FETDHEEZLNTWD, BIIX, Mg fafiighiEe 2 BEICEV AA TG A . fafislife %2 R
FAFIIEIIIR Z S 3 5 2 & Cfafn/ A Eafn N7 o A MR L AlaAgRE 2 IEH J%O Wb, L»

L. WELEMW IS S B FnE 2 2 B Fn AR A |28 W~ DR IXATE T, MR S Eafn s g 2
EENZED AA TG EIE, faFEIEE~D 2L & IR OFRETHEFENE < & B2 O D 08, Z O,
KLOAERRERITES BRI THRY (¥ 1),

Z ZCARBFZETIL, LC-MS/MS % MW\ 7= U A8 Lipidomics fENT 21TV . & A ELFIfE B2

(PUFA) AfIC &L DY UIREHF OAREaffEhEE O (EAfEFIL) ok 5, MLOREEE
SHOfAFN/ AR/ N T o AKERFRERE . ROV OREFEDS © 72 & TSI DWW TR 21T - 72,

PUFA OFRINC L Y . LPCATI1 %41 L T DPPC 23 AT 5

F9°. fRFEMZ PUFA Th D EPA ZHIfRICIRIN L, BEARAULZFHE LB ED X 5 2 IgE
BALNBEE 570>, LC-MS/MS & W=V U iFE Lipidomics f#HT CTHFEEL 7=, TORER., WL~
EPA IR A7 7FUnaly (PC) ZIZUHE LT, Bix 2Eiai 2o U VIREIZE L <
BOAENTZN, ZoL &, BIBENE LISV ITFUBO U VIRE THDH DPPC 23MEINT %
ZEERH U, BBV L2, DPPC IZIRIN L7 EPA 25T U UIRE D EA LRIz L
= (X 2A), I, K40 OIEERBIBEEESE D RNAI 2 7 U —=> 7 %47\, EPA #SINEED DPPC
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B
HIMZBE D DR DORIE 2l AT, TOREK, Y g ol Eis RCAR

4
VIREICIRN B A AT S ED—HDOTHD 2 §p

E3 =
LPCAT!1 (lysoPC acyltransferase 1) % J&ERPNH]9 & g
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MENENRBFTERWBEREZ RO Z L VRIS o206 IFIIC IV TIX Rpnl3 & Rpnl0 A3
BEREMIICEBE L TV D Z LB MR- T,

Sirtl ORIBIEZ VNV EDREEBEREZSIETEIT,

il 7 & FACEER Y —F 24 %, ZOIERICEMEIEIZTERH 2 O TIER W EEHE
ENTWEE N IETHD, WIHEICIZ T DOV —F 24 > Sirtl-7T BNFEET S, Sirtl IX
B OINTOHEA TND I —F oA T XU X LRI EOREMG, A — 7 7 P—~DB 5,
B g v G RA HSFL O 7 v — 4 —fiGRlm R ERREINTNWD, ZnbnZ
EMD Sirtl NHANEEMHICEE TH D I LT EBbILD N, Sirtl ¥ X7 E DM
HEHIZED S TWAENE I NIRRTV o T,

ZIZTET Sirtl @/ v 77U Mz T X F ALY T BEOERBEA WA
AR B L7 2 A Sirtl v 77U MR TIZE X F AL X X ERERE L T
WD Z ENDhrolz, Sirtl /v 77U MO 7T a7 7 Y —AERITE T L TWiao 7o/
W, WA 2 v 7 R EE ORI E TR, EOREE, Hsp90, Hsc70, Hsp70, Hsp40
OHIT Hsp70 72023 Sirtl / w7 7w MlIZBWTHEIZED L Tnb 2 Enbnolz, &
LC2EXTF v - 7u7 7 Y — AR T SNHERIC HspT0 2 3 & 3% pVHL # /X7 E
DRI IEF MR TEBIE L TV, EZ2AN, —F T V7 DaexF by /g
DOFEFEIL Hsp70 OWFIRE BLCH /AN IIMAE S e b o o B ARG OFEE &£ CIraE L7
Mol B g v 7 )T TEEG R T HSF1 24 LT o Hsp70 OFFELBIELI-L 2 A,
Sirtl KIRFIZIUVT S Hsp70 DFFEILEFAERIMR & FARICE Z T\ e, 2R H D Z & 26 Sirtl
I Hsp70 (A7 72 R BRI N 2 . HspT0 FEAEAFRI 70 fRIRIZ Ko TH & L X7 O WEEBIZE D
STEY, FATHRIC L 5 Sirtl & HSF1 & ORI CITmFEEEBIFICA L5 Sirtl / v
77 v MBI T D HspT0 O X F o Ab¥ L7 EOERITRATE 202 &8
Lot

MR T AT 7V —LIETHIEOEDERDI-OICHERLERTF FEZEEL TS,

THIRIZE CLIERCZFEAI L, FACOLEZHEST S Z & CHEAREROEL D, i
WCBWCHACEZRRT L2 L0TE2HAHR TMAOAEZEFIED TIEOER) &, AT
ERETHHER TMEZHRT 2 [AOBR] L) “HE” 2T, @FMiE (5
FHEL2W—FT, HHPAREAR FEALD) IZxETE 5 THROERN S bitd, Y
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BF e I TE OSBRI IR 7 2 7 7 )
— L ELAT TR D BRFET D
BRI MIETE M A T B T BT T Y
—LRUETHHZ L ERLTEE,
LR, WKV T 0T A5 D
Ftr s —, HABELRETETE ppmscsnrsn

Fo %
WRToFTFU—L4
REMRCmaE T

el B

MRIOF7T/—LIZEY
EESNI=~TFFRA

ORI LY, BT o7y y—  FHAECEERR
LBED LS AT T IO E 0k ‘
REFREICLTWDLDONEH 5N A

L7~ (Sasaki K et al., Nat. Commun. ), £ 5—THEAS
M7 Y —NELlED S ar

7Y AIMED W (CERMEIE g o a7 v bie R B EOBROEBOTF K
ABRETEAE) 77 A TKEXTTF

REERESWHETRE L, WLz L2 A, T M AM (TCR) IZFEF S LD ML K & < B
RoTNWDZ ENbhrol-, ZOMRT 0T 7 Y — L8 ED BT E BT 5T F R 2T
L& ZA TCRIZHLTHWT 7 4 =T &L, S HITRA THIFBIZ/ER L CIEDZEIR
AEEL, AHZRX 7T~ LS55k FBlE SN, ZRETHIRT e T T Y — 4
MIEOBRPUZEE 2B E ZH - TND Z EBHBILTW TR, A RIFT72IZ O & L TR
TaTT Y —=LNTCRIZKH L TINWT 7 4 =T 4 2T DRk X7F F&2/ED L, MIC 7
FA /T F R E TCR BRI BEAE-H 2595 2 & TIEOERAMRET 5 2 & HRg
Sne (M2), £l 6 2 EMEORE, EDOERO T vt 203l x O T flilaoine
BT A L ABHSMNZ LT (Takada K et al., Nat. Immunol.),

HFEBIEXFY - TOT7Y—LVATLEBRRFOEGFREICEAL SESEF Rond
@ DNA #E & B HI DR E

26S 77TV —AX3 3FELOV T =y ELERKEINOIERRESERTH L, H
YR TREROY T2y P a— R 51332 TCOELT DGR RGN ¥ Rpnd (2K -
THIFEI SN TWD Z ENDN->TWD, Rpnd (707 T Y — Ao S5 R 0B #
VRXVET, a7 Y —AEENMET TS L Rpnd (30 fEE N TERB LY e Tr 7 Y — L8
IBFDHBE LR IEDENVIRXTT 4T 74— RNy 7 NV—T %L T\W5, Rpnd 25
&% DNA fidHi% PACE (proteasome—associated control element) & XiZh., usr 7 YV —
LA BN 2 X F MR D Z R e a— R4 G+ B2 EICH Ao
220 . Rpnd OHIE FICH LB FEII T 0T 7 YV —AEENME T2 L 9222 b L ARRICH
FHLTENTW D ATREMEDR S 5,

—J7. a7 7Y = MBI SRR CTRE, 2 T-> T e T 7 Y —LBM Y v
o NEERMEEEZ L TCWDIB, Ko7 aTr T ) —hHhTa=y v e 7T Y —L0F
Y v a s iE, TR E TICHEDH B PACE BlY &2 o5 Z LA TE A2, LasL., Rpnd
DOWBFFEHL T PACE ZFil=72n 7T 7 V=LK vy Xuer b 7e s 7 Y —AY 7=y |k
LREDFEINDZ LR DN oTe, TOEBREELCIZINO DB T Ritx RE L& Z
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A, O CTRRE SN TS PACE L EW 6 IS 2 a2 o 2EH & L CRET D &
ECOTaT T —LABLET. 7T T =LA v e RN Do oY AR &
Gl LN bhot, 2T, 2D 3k Y RS Z PACE-core & EFé L PACE-core #FiH
Rpnd O TIZdH 5 & BN 2B TR L TBELEEZITo 7,

HFEEBTOTT Y —LEEETF Fubl O#EEE 20S CPHT1=y FOREBEBTRETE S,
268 0T TV — AITIE, BRa 2 N ER RIS, b LIEA b L REE R EREER 7R BR
BRI ETA2Z EnbnroTWnWh, Zb DX /37 /F 1 Proteasome interacting
proteins (PIPs) & IEiEAL, PIPs (X7 0T 7 Y — AN IEFITHERE T D 72 IS I I B 2 7 15 E
ZfF>, PI31 (Proteasome inhibitor 31 kDa)lX in vitro <C 20S CP MDA HES 5 # L8
7L LCHE SN, BEAICB T a T 7 Y — ARBRICIRFE SN2 VR0 B Th DA,
RN TOMRERIIARI TH o7, & 2 THEFRERAZ FV T PI31 (2R Tl Fubl) OFRESE
Wr&4T -7, FOFERE, Fubl & 20S CP B ¥ ~211 > Pba3-Pbad & 0 /K48 THINILEIE
Wb Z EBbhote, TOIZ END Fubl IFEERNIZEBWTE T 077 Y — A%k LInHm
W< OTERLS, B LATeT T Y —AEREICKNETH L Z EBN B IN, £, 20K
WMEEZMET DEIRERZHEHELC AP T =y NOEE NN OB,
RTINS 2 HOERIZ I Y CPITHEE AT IAARCT b L PRI D, 2O
5 Fubl (37077 Y —AEMICIEO A THELEEZ 5D,

TOTT7 YV —LEHET SFHREFOREMR Y ) —=2T
TaT T Y — AERREE &b MNEER L OBENTFER SR 9o bh b, BEEEE CIE T
nT 7Y = AORBNRETET D L & HITE~OEENE O OND, —FH, BN
WRTIET a7 7 Y —ADOIEEIKR AR LS, L, a7 7T Y — A0S - &M - BE
Z T D HE ORI RS+ Cldle Bl e T T Y — AR 7 0% R A B L
TORI Y —=2 T NEITHTH D,
D Bl L3~ v AMERE 7 ER
SIRNA 74 77 V) —ZHWTHBNIC T 0T 7 Y — L8 oliss - &M - BIECED
LIRFOEBREIT> TN D, ELEEROERTFHRE~ T AMER LT 21T > T 5,
2) TavvauNnTBERFEHAWVWEAI)—=2F
HREOBLEENATRERRLEERFYE L Cra v Pa Uy @R, o7 7 /—
LHSREZEHT DI T-OBBEE PR Lz, £72 PI31 13t 4in vitro T R 77 Y — LGN
ZIHETDHHRALE L TCRRLSNEN, AN PRLITEEIKFTHL EOMELH Y Z Dt
HZ2HEREIIATH D, NT PI3L OLREZHEA S L ITIMET HERZER L, AEN
TOMREMIAZ BE L T\ 5,
3)  BREEAVFER
FEAMFR MR R DI EL Y A0\ C. elegans % FIWT-EE & BElA L 7-. siRNA
TATZ7 V=N AI ) == T % TFEL TN,
4)  HWHEEEEAVEAIZ ==
HEERR OB THIET A 77V —2H\W T, a7 7 Y —LEiE2 B4 5K DFE
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WED D ERIERIZ R SNE DR ZIT o1,
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NTERNWE S BRRBELZTMT 28F - HEL 0T D, HEBRENSINT L5 —H
OEFEEIF—, LTI —Z2@B LT, HEoED S, RICT25%5 25, 7Lt
YT—=var R EOREEAY v TR TITO &L bl Bl L % TR OERIRIL Z B
T oM mER T TS
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BEoNrEE, LEABEMELEA L, TOBRbNAarT U MR ) == THOBGR T
Bt A NA—=F =72 % HAL, &OITHA BRIFET —~ X TE D L O Fhrak (i & 0w b
Th b,

WZERIZE L TWAHAIX2 04422, FAEDODANENEZ -2 LIZhbETifET —~ bIA
FTWb, a7 7T Y — AEETORIAFECA b L RIGE & OBMR, BRSNS A V-
FEy 72 2 X EORER EIZHET AN EITR TH D, £70. 2012 48 A B ICHIkA
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& MREMEFERE (ERFHMER - 2 FRESEH) €

# = HE H#H—EF V052 LwAilnbsd)
REFNSA4F R R 25 BERNS 94 A K R Re B S AP e B R T
AR © BEERIAR RN T2 e s, a1t

RDOHME

Higk D2 < O"AEZ W REE ORERE 2 Fr ORI S LIS A B B VRN HEE - T
DI LB X D 2 &N TE D, MR R E ORERE &2 R OMILRE" & LTl < 7212, MfaIZHEFm L,
HMET %, FlebHRETIL, BITRORED 72 < Ao 7o i, %W%:ﬁ@%%t*ﬁo:wib
IR OHEAE, fb, R EIZED XS ITHIEH SN TNDTEA I 02 < OH%h ., Mgk o
ANAIREHR (7T ) X, VA R BT X —IET 52 &I i@ﬁ%_mééhé "
7 FE, VT = DHIENE T 7T IUGREICBE D D4 72 X VR B RS LT RES

A ZITHETE, b, SER CICEET 24 "I %a%%ébif%’ﬁzé & CHER
WZEEZ BT, b Ly T IVpERBE FRBUCED D X RV BEIZRENEE L, v 7
wmﬁﬁémm®m%mmb<ﬁbﬂf\ﬁ%ﬁ&ﬁ%&k%%fﬁé&%z%mfwé U=

X, TERIETBIFRIEE BRT DRI 7 T URERE R R BUHAENZ B3 2 3EM 70 Falk s 28 &
W) Z eI D, UHIEREETIX, < DY 7 FIRERE DR )T, 855K NF-kB DTG 2 76
W5 2 T AR DO F RS & & ORGFENTFHE T DR ERIEIC OV THFE L T 5,

1) BIERREMHIZESNF-B Y FILnar rO—)L

NF-xB |&, %% OMflKF kB EEEERLEHT 5 2 LI L D MlEIRE S E LI T
WABD, T A M IA SN 7L kB OV Rl & E ki< Lysd48 FUAR Y L B R
ARIZE D BT 0T 7 Y — MEAFHNI RS D Z L1280 | NF«B 21T LIEME L S AU
BT ORBNFEIND, ZOK kB %V U EE{bT % IkB kinase #5 4&(IKKa, IKKB, NEMO T
HERR D) DIEMEALIZIE, Z 2R D Lys63 BIAR U 2 % F Ak & N Lz v 7 T VB AR
VHETHDHEEZ LN TS, Lys63 BAR Y 2 X F U HIZHX 7 BEONREFHEES, o=
X FUBHICRER T DX NI BREEN LT T T AEA RO R L 72 b EB 2 HTW A,

S HIZ, HiT, NEMO OESHIKAR YU 2% F kD3 NFxB IEMARICEE G35 Z & 23S S,
HIB | NF-«BIEMEAL Y 7 ik, U VBB EBLY VR EIEDN Y T 32D R 2T 2 1bK
JSIZ K> THIE SN TEY . 7T REOTREZEMIC L DG WO BENE S, ERHZHED
TWb, YAFFEETIE, 2O Lys63 Bl &% F AL & Mt s 7 T OV REFROICfiiE+ %5 E3 = &%
?/@ﬁ@$T%6HMW%%ﬁLkoik TRAF6 / v 77U b~ ZADfEN 55 TRAF6 (T
&% NF-«BIEMALDORENR Y U~ FFHEREICREET o EHERT| ARMERY | B Ok
B TR B T O AR 2D I EANREE A DIEL IESEH 2 L AR LT, £/, B |
R T ADFEDFIEIZ S TRAF6 595 Z & HME ST 5, 7k TRAF6 X, TRAF6 H &,
IRAK1 X TN NEMO % Lys63 WA Y 2 &% F1b$ 5 Z & TNFkB IHHALS VT V& niET 5 &%
ZHNT&E, L, BHFFEETIE, TAKIL O 209 FHO Lys (ZHAGHE L7z Lys63 BlAR Y &
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X F U 8HA . TRAF6/MEKK3/TAK] ¥ 7 F VAR L OV NF-xB IEHALICHETH D Z & &
L7z, Ll Lys63 BIAR Y 2 % F U HE I Lz v 7 VE SRR AR O Hl R 1 D Tk
EHCTHERBE L, KRS LTI REMESNEIN TV D,

2) NF-«xB OERIEHLZFMHL ERES L TWEOEML. EHiEE

b~ T AR A MR 7 A VA TRIHTLV-IO Tax # > 787 B X D NF-«xB IEMEAE23 AN T /A A 1
JR(ATL) FIEICEE & H 2 R 2 ERRE SN TWD, BIFEETIE Tax BFEix O X XU H
D Lys63 BAR Y 2 X F A AFHET D 2 & 2 W LTV 5723 NF-kBIEMEAL & OBMRIZI 67T
< Tax I £ % NF-kB {EPEAL D5y T REMEINI 1T A % ORI BT NI T D, — . UHFSEET
T IEF IR Z 33 Tl NF-«B IEMELIZ, ADOFIEIKF D7 4 — RNy 7128 Y —lEfETh 5 DI
%f L C, FLE RS O BRI\ T D 20~40% T NF-kB 2MEFHNZIEMAL L TR Y . £ ok
BARHHE S NIB G TR OEMALICE G LTV D 2 L 2R Lz, & BT NF-xB OIEME(LDS,
BMEHIE (RY AT 4 7)) ONAEHROREFHZE G2 Z L 2N L, Ll
23 B NF-kB O & BITEMEAL B O NF-kB (2 & 2 A3 ABENEL0 03 A SR HE 5 5 0 4y 1 HE O i B 13K
+5THY ., X T ACOHIHERFE BB G-T 5 RN Enh . A% I AT 5 T
ETHD,

3) NF-«xB MiE ML & &K1

EFERBRRIL, &2 AERT 28 F M &5 203 HE M0 & OmEEE 7R /NT o AT K- T
N D, TONTUARRND Z EICK DA (BHRE, BE) v~TF, BEEBE) e M
BOWTHHEICALND, 21 AT ODED 65 il LEE#EIZB AN O 3 50 1IZHET
%D, BALEFIRE L T ML OBRBOBEMIEETHY . 20 CHEHRE. B v~FEoiEs
PHRBIXEEE O quality of life (QOL) X F &, BE-X 0 2 ENTH D, HHERETE R
FEORT, B & KRR S U, s Ao 8RS0 IHEEETTHE I X 0 BT L 0 BRI DT
ANRKREL 2D ZENFERTH LD, MY U~FITBIT HBHBE, &5 WITmOEEEIC X
LEMES ., BEMENRE CTH D, BITE, 1R E U CTERINSIA] bisphosphonate 732 < F
541573, bisphosphonate IXEHHAIZEFE L TR A IS H23AITH U | RO TR TH
DT EMNG, IREHMENEICO 25 HERESCHEETN Y U~ FTIIEMM,. ZetICHERH 5,
o T, BERIEOEE B 2B IR OB A SE L ZEZ NS, ZO X ITEREER
DOFENHLEIN DT, BIFIEETIX TRAF6 B{s K~ 7 A BB MR 2 L 0B K
HAWE 725 Z LML, & OICHE IR EEF(RANKL) DS 2K RANK 7> 5 0 TRAF6 1T X
52 T FMREN ., BB ETEHALOm FICHEATHDH L EHLMNILE, -,
RANK-TRAF6 > 7 /W1 DB MR A 22 o 7 T L OB S O AR 2 R~ T L b %
DA 2 FEMI T MRHT L RANK S22 RO E RIS TRAF6 & tihah L CH B MR R Rr LA o 27
FTNEFHFET DL L AR LT, ZOHEERN R 2D RANK THREICRFEINTWVWDZ LG
HCR(Highly conserved domain in RANK) & 4 {1772, & 51T, HCR IZH&AF L T RANK (T A L Chk
BRI R RN L 7 VB RS IR & LT Gab2 & PLCy2 % [RlE L, TRAF6 7% Gab2, PLCy2
EEA BT L B Iy 7T N EAGET 5T AV ERE Lz, 4 %1% HCR OfEH#F
AEMICHONNCT B L & bIT, BRI E ST 2= FORIEEED 5, —F5. i
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FHRROMIE 2Bk 2B 25 &, BREVRARREOHBIITHE TH L5 Z L6, RANK &7 )L
PRI AR & U TR MR 2 063 2 G2 IRRE L T %,

4) NF-«B DiEMLHEHE BEERE

TP X 5 A C-9E A ORI IR R ORE 2 e L, T OHEfHE, B Aamomon
P JLH % A D PR O RIERERE O fRIOIE L OBIRICNE TH 5, IR R B OPURICH T 5
o St 2 NAHNCHET D EMOBRRIL. B OPUR TH 2 BHURIC R 2 58 OGO BRI 73
EARRRICT 2 2 LB S L, BIBRICEEIN SR A b5 T 2 EARIFE D, L L2en
5. %L O N ERFICH L CHE SN T MIEKEERE RIS 2 B 2-FE B 2 O
TR SR8 Z 0, EROK S % H CRERICRE L, 3 AT ANMETHET L4 T, A
IHEH OB O, £ IITAARME - BRIFEOFEROIEL XX DML F R D,

fEREe N ClE, MRS EES o OREEIC X 0 A CHURBUGHE T HIIRISHERE T, SR B AR A AT
LCW5, —2iF, MRICET 2 B CPURSOSE TMlaOBRE, —2oHIX, BREShho7AD
PURSSYE T AR OBERE 2 B9~ 2 S T MR OEATH 5, R CIik, 8 ERME, $E
Fefa, BEKMARAED 2 b r—< Y 3 OTHIICELE S AVERER 22 U NRBE DS IR S T B
T MIXHE O T MZBA(TCR)Z I L TA b r—<fllic X v R Sz AR E A &1
BEKREUR (MHC) & HOHRATF FLEOBEAEREMAEEN LN BB Lot d 5, A hr—
< MR X 0 R Sz B CPUR & BV EAER LR 720 T IR, 24547 Lok i3 5 03,
B OPUR LR < ABEAEMT 2 B ABURBOSHE T MlaiE, 748 b— RS X VT 5, FRCREE -
P AR TIE, ASKEARRHRR CHRET D2 < DX VR ENBEFMEICEBLL TBY . 523 MHC
EEBITHIRRIND Z EICK Y RIETOHE CRERICB I ST\ b, Fio, HilfEME T Miosy
BT & BERER 22 U NERBE S ILBE T H D, L L. s NREED BBV S TH DT H
Wb BT, ZORBEEII R TH 5, YHFEETIE, 85K 1 NF-xB OIFHEL Y 7L EfaiEd
%5 X7 TRAF6 R~ 7 ZITBW TR/ NRBED B Kk O NI K 5 B 2 SR D58
Z %R, L. TRAF6-p50/RelA 37 F /L(NF-kB O Classical {EPE(LREER) S M i O REAIRESE A 48 L
TWAHZ EZB BN LT, & 51T, NIK(NF-kB-inducing kinase)?» & NF-xB (p52/RelB ~7 1 2 &
R EAEHALT % > 7)1 (NF-xB @ Alternative TEMALARES) & IRV BREBE O RICHETH 5 &
D7 N—T DAE % £ 12, NF-kB @ Classical & (" Alternative #8307 1 A b — 27 OFFEEZH S
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2)

3)

5)

6)

8)

9)

L0 BEEBATIRIUEAS BFERRF2EREA ot oAy - BERPIR 7 0 77T L] ObigE
REFELLTERASNTEY, MM 2013 4 X 0 BRI BRI AOR1EMTFEHEEF2E

(SENTHAT) OMFFEREE L LTERASA TN,

FoffT WX

"Development of a Sensitive Bioluminogenic Probe for Imaging Highly Reactive Oxygen Species in
Living Rats” Ryosuke Kojima, Hideo Takakura, Mako Kamiya, Eiji Kobayashi, Toru Komatsu, Tasuku
Ueno, Takuya Terai, Kenjiro Hanaoka, Tetsuo Nagano, and Yasuteru Urano. Angew. Chem. Int.
Ed., 54, 14768-14771 (2015)

“Identification of tissue—restricted bio—reaction suitable for in vivo targeting by fluorescent substrate
library—based enzyme discovery” Kentaro Yoshioka, Toru Komatsu, Akihiro Nakada, Jun Onagi, Yugo
Kuriki, Mitsuyasu Kawaguchi, Takuya Terai, Tasuku Ueno, Kenjiro Hanaoka, Tetsuo Nagano, and
Yasuteru Urano. J. Am. Chem. Soc., 137, 12187-12190 (2015)

”Artificial Ligands of Streptavidin (ALIiS): Discovery, Characterization, and Application for Reversible
Control of Intracellular Protein Transport” Takuya Terai, Moe Kohno, Gaelle Boncompain, Shigeru
Sugiyama, Nae Saito, Ryo Fujikake, Tasuku Ueno, Toru Komatsu, Kenjiro Hanaoka, Takayoshi Okabe,
Yasuteru Urano, Franck Perez, and Tetsuo Nagano. J. Am. Chem. Soc., 137, 10464-10467 (2015)

”Analysis of Chemical Equilibrium of Si—substituted Fluorescein and its Application to Develop a
Scaffold for Red Fluorescent Probes” Kazuhisa Hirabayashi, Kenjiro Hanaoka, Toshio Takayanagi,
Yuko Toki, Takahiro Egawa, Mako Kamiya, Toru Komatsu, Tasuku Ueno, Takuya Terai, Kengo
Yoshida, Masanobu Uchiyama, Tetsuo Nagano, and Yasuteru Urano. Anal. Chem., 87, 9061-9069
(2015)

"Detection of NAD(P)H-dependent Enzyme Activity with Dynamic Luminescence Quenching of
Terbium Complexes” Hiroki Ito, Takuya Terai, Kenjiro Hanaoka, Tasuku Ueno, Toru Komatsu,
Tetsuo Nagano and Yasuteru Urano. Chem. Commun., 51, 8319-8322 (2015)

”Sensitive S —galactosidase—targeting fluorescence probe for visualizing small peritoneal metastatic
tumours in vivo.” Daisuke Asanuma, Masayo Sakabe, Mako Kamiya, Kyoko Yamamoto, Jun Hiratake,
Mikako Ogawa, Nobuyuki Kosaka, Peter L. Choyke, Tetsuo Nagano, Hisataka Kobayashi and
Yasuteru Urano. Nat. Commun., 6, Article number:6463 (2015)

"Development of a Series of Near-infrared Dark Quenchers Based on Si-rhodamines and Their
Application to Fluorescent Probes” Takuya Myochin, Kenjiro Hanaoka, Shimpei Iwaki, Tasuku Ueno,
Toru Komatsu, Takuya Terai, Tetsuo Nagano, and Yasuteru Urano. J. Am. Chem. Soc., 137,
4759-4765 (2015)

“"New Class of Bioluminogenic Probe Based on Bioluminescent Enzyme-induced Electron Transfer:
BioLeT” Hideo Takakura, Ryosuke Kojima, Mako Kamiya, Eiji Kobayashi, Toru Komatsu, Tasuku
Ueno, Takuya Terai, Kenjiro Hanaoka, Tetsuo Nagano, and Yasuteru Urano. J. Am. Chem. Soc.,
137, 4010-4013 (2015)

”Gliotoxin Suppresses NF—- k B Activation by Selectively Inhibiting Linear Ubiquitin Chain Assembly
Complex (LUBAC)” Hiroki Sakamoto, Shinichiro Egashira, Nae Saito, Takayoshi Kirisako, Simon
Miller, Yoshiteru Sasaki, Tadahiko Matsumoto, Manabu Shimonishi, Toru Komatsu, Takuya Terai,
Tasuku Ueno, Kenjiro Hanaoka, Hirotatsu Kojima, Takayoshi Okabe, Soichi Wakatsuki, Kazuhiro Iwai,
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and Tetsuo Nagano. ACS Chem. Biol., 10, 675-681 (2015)

10) “Fluorescent Probes for Hydrogen Sulfide (H2S) and Sulfane Sulfur and Their Applications to
Biological Studies” Kazuhito Shimamoto and Kenjiro Hanaoka. Nitric Oxide, 46, 72-79 (2015)

11) ”Silicon—substituted Xanthene Dyes and Their Applications in Bioimaging” Yu Kushida, Tetsuo
Nagano and Kenjiro Hanaoka. Analyst, 140, 685-695 (2015)

12) "Evaluation of Enzymatic Activities in Living Systems with Small-molecular Fluorescent Substrate
Probes” Toru Komatsu and Yasuteru Urano. Anal. Sci., 31, 257-265 (2015)
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2. 529 M HARE =2 2015 BIPT (FRFFasTE)
PTG A A A — T T EATREIC T D/ Ny ot T e — 7 OB
AL GrBIERR&aYs) . 2015 454 J1 12 A
3. AARBEMEE S O 71 BIFEEES (FRAREEE)
T EFBWNT Y xR TENT 0 —T DRI & T A TRNEIMGEA A—2 T ~DIEH”
AP Ol EBR %) . 2015455 4 16 H
4. AIRHREBE LS v — X 7 —/1 2015 (FAfFRE)
7 AbSE T DA L A+ ~Interest—driven Aff4T & disease—oriented AfF T DOFEE L~
o (A I — D R) 201647 A 18 H
5. BIOEILV Ry 7 A« T T4 /= a s H 110 K8 (BT
7S AR RGBSR TEE O RIHMLIZ X DI RS NS A A A — 77
W (BBh, BEMERZ A Seim/ LB 2 JERT) . 2015 428 J 21 A
6. HAARDHLFRE 64 R AR Y T L (FFFHEE)
PHE Ny O T 1 — T OREEE BRI KD IR R A SR AT LoD FEBL”
i LN KRBT v 23 2) 0 201549 1 9 H
7. %51 Al AAKESSHIRF SRR RS Rl T (R
7O e —7 ) OREEBIEIC X D usis NS AT Lo SEEL
mF (U A 2B RI AR —V) . 2015 4F 10 H 2 H
8. The 74" Annual Meeting of the Japanese Cancer Association (FB1Fi#iH)
“Rapid intraoperative imaging of tiny tumors by newly developed fluorogenic probes for
aminopeptidases”
EA (B EERERS) . 20154210 H 9 H
9. HAPMMRILEE 181 ZEAH 23 BN (HifF#TH)
THOE T B — T OEEBRIC L DI RN AA A= T - BRG A E 2E D B
FOR GRERZETAE 6 SAE 3 2 I —2 A-D), 20154511 A 13 H
10. %5 66 [B] H AR ER A2 SG il oR s (IR aEER)
T a7 m—7 ) OREERRFEIC K DMl N s A TR b D FEBL
ToeE (MFERR Y . 201545 10 A 31 H
11, 55 42 RV e R b ERlins (FFRER)
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2" Annual International Congress of Fluorescent Guided Imaging Surgery (Invited)

“Cancer Imaging Using Activatable Fluorescence Probes for y-Glutamyltranspeptidase”

Florida, USA, Feb. 14, 2015.

Japan—US Joint Workshop for Innovative Cancer Biomarker Development (Invited)

“Rapid Tumor Imaging in Human Resected Fresh Tissues by Various Novel Fluorogenic Probes for
Aminopeptidases”

Tokyo, Japan, Mar 24, 2015.

OSA Biomedical Optics & Photonics Congress (Invited)

“Novel Intramolecular Spirocyclization—based Fluorogenic Probes: From Rapid Intraoperative Imaging
of Tiny Tumors to Super-resolution Imaging”

Vancouver, Canada, Apr. 15, 2015.

APBS2015 (Invited)

“Novel Intramolecular Spirocyclization—based Fluorogenic Probes: From Rapid Intraoperative Imaging
of Tiny Tumors to Super-resolution Imaging”

Kanagawa, Japan, Apr. 24, 2015.

ISACS16 (Invited)

“Novel intramolecular spirocyclization—based fluorogenic probes: From rapid intraoperative imaging of
tiny tumors to super—resolution imaging”

Zurich, Switzerland, Jun. 17, 2015.

The 1st TGU Medical Symposium of The University of Chicago and The University of Tokyo (Invited)
“Intraoperative, Rapid and Sensitive Imaging of Tiny Tumors by Novel Fluorogenic Probes for
Aminopeptidases”

Tokyo, Japan, Jun. 30, 2015.

RSC Tokyo International Conference 2015 (Invited)

“Novel spirocyclization—based fluorogenic probes: From rapid intraoperative imaging of tiny tumors to
super—resolution imaging”

Chiba, Japan, Sep. 3, 2015.

LMU-Tokyo Symposium (Invited)

“Rapid intraoperative imaging of tiny tumors by newly developed fluorogenic probes for
aminopeptidases”

Munich, Germany, Oct. 28, 2015.

NEA & ASIAHORCs Joint Symposium on Chemical Biology (Invited)

“Novel intramolecular spirocyclization—based fluorogenic probes: From in vivo imaging of tiny tumors
to super-resolution imaging”

Okinawa, Japan, Nov. 9, 2015.

Asian—ChIP 2015 (Invited)

“A spontaneously blinking fluorophore based on intramolecular spirocyclization for live—cell super—
resolution imaging”

Seoul, Korea, Nov. 16, 2015.
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22.

23.

24.

25.

26.

27.

7th Asia and Oceania Conference on Photobiology AOCP2015 (Invited)

“Novel intramolecular spirocyclization—based fluorogenic probes: From in vivo imaging of tiny tumors
to super-resolution imaging”

Taipei, Taiwan, Nov. 18, 2015..

Joint Workshop between U Tokyo and U Cambridge (Invited)

“A spontaneously blinking fluorophore based on intramolecular spirocyclization for live—cell super—
resolution imaging”

Cambridge, Great Britain, Nov. 24, 2015.

World Engineering Conference and Convention 2015 (Invited)

“Rapid intraoperative imaging of tiny tumors by newly developed fluorogenic probes for
aminopeptidases and glycosidases”

Kyoto, Japan, Dec. 1, 2015.

Pacifichem2015 (Invited),

“Novel bio—luminogenic probes for continuous imaging of various biological phenomena in deep
tissues of living animals”

Hawaii, USA, Dec. 16, 2015.

Pacifichem2015 (Invited),

“Spontaneously blinking fluorophore based on intramolecular spirocyclization for live—cell super—
resolution imaging”

Hawaii, USA, Dec. 17, 2015.

Pacifichem2015 (Invited)

“Development of novel fluorogenic probes for peptidases and glycosidases and their application to
rapid intraoperative imaging of tiny tumors”,

Hawaii, USA, Dec. 19, 2015.
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Biochemistry and Molecular Biology(BMB2015) (#31-Fat{5)
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Pacifichem 2015 (Invited)

“Development of far-red to near—Infrared small-molecule fluorescence probes for monitoring
dynamics of calcium ion”

Hawaii, USA, Dec. 20, 2015.

Pacifichem 2015 (Invited)

“Development of far—red to near—Infrared fluorophores and their application to fluorescence probes to

detect hypoxia in vivo”
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Hawaii, USA, Dec. 18, 2015.
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UMP, 3-UMP) #H\\W-&Z A, UV Rbob b TLRS LA Lo{LEWITREA )
NI FREBEE R A RO D Z ENTE R Do, Ll U DU OfifiES S 55 uyM Th Y, b5
AR Y T REDFES (0.2uM) LD L8N Tz, LLARRL, — AR RNA DFEOL &
TIMFBEESIE 1.0 pM £ TER L, ARSI T FEiZ iH#@ﬁﬁ@ﬂﬁ%hko_h

U E—AK#EH RNA & DHWEIZHMBIRROFET 52 L 2 EWT 5, NF-xB LR —
H—BETT v EAICL DR ZOMRE &K LT, 2F0, v P& AR RNA & O
MO, TLRS IIEMHLENT=DOTH D, LD Envn, TLRS i3—48 RNA OB 1T/
THOHINRT IVt —ThbdEWVWZT,

L EOFERITHRANGRAR T3 2 L LD TH D, TLR8 ORIRY H Rid—ARH RNA TiE/e<,
— &84 RNA BLONEFDOSRENTHHL TV Thol=DThbH, 7 U ThiuTibFaky
T REALFHIEE b BE B EEIL TRV . MEARFEEIC TLR8 &ML TE 2 DI AR EFETIT
2, Fl2U U U RNA I LEZN TR, ABEAEKY T2 RITAES JI03 72 12 Bl
T TLR8 ZIGMALTE DIzt L, U U U AR AT 2 — A8 RNA OB % L3
LT H5DTH S,

— A FERNAFE S E!TLRS

D)oy (FE—FEEERGL)
hTLR8 hTLR8* y#5,

(E A ‘o w
Ct C-term.*

: —ZEH RNA #5462 TLRS D&k iEE
2 EIRERERR L T\ 5 TLR8 3+ D—H & fkfa, 2 HFATRLTWD, U MG
LT TR UIEFE AN, BLOSEXTORLEE Ao _Eihchh, Ththvy
VrBXOAY I X7 VAT RRFEA LTV,

2) TLRY (2 X% CpG-DNA OBkt it
me:umeﬂ%ﬁn—ﬁﬁDNA%fﬁgﬁeﬁéTuyé%éﬁ%@jmﬁﬁ%ﬁ’%%
UiL7z, CpG BAN DI 31E, WM Of5%, TLR9 LAEMHRkD CpG EF—7
X2 DHRTEAKRZIER L TED HB912\%#FALT(ziW%L)EimW®m%ﬂ
DOREEZ R LT (KE), £/, CpG £F—71% CpG @ N Koo LRRNT, LRR1,
LRR2 |12 X DR SN AT E VIAATZEDRADOT /&%ﬁk%@%&ﬁﬂ@ﬁ%%mbf
W, 612 CpG EF— 7O T2 401 TLRY I Ei 5 Z & T TLRI @ 2 &K% 7%
fEEHTWe, ZORE, TLR9 @ 2 &0 C KR L23Ead 5 Z & T, Miasio bMilan
NEEDIMRAL TEZEWHIFREBZTCND T ENGholz, — 5T, TLR9 L7 %=
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SRk 14 44 3T SRR S A
BT - UK TR AE M e R R T ()
B # WA 8258 ®x<h - 20k)
Sk 15 AR R T AR SRR 20 4E KBRS R B S T TR L AR s T
Bl © KBRS SE R Ze BT B 2, 1 (37)

R O#E

AERICREEIND EBEEDE ORI 1B\ TE, 8E8Fhar vy FAMRESERS
T T\ o, K TRIBRICEZMT S &, < DG, BERSOSRIR e EOMRENZ L 7 B )
S RIRE LTRESND, T LT, YEOX R ERMN L7 4 — )V RS L—F—L LT
BT DR (E2ITHEEIER) Z2HET 280 F2AR I E S L35, BEREEACSAERY
Hy R (TI=ZAR T HI=RARN) T xNATay D=l ENEOHTHD, o 1ikitlE¥
ELTE, BERETHE T EERIRE R U, & OTEMEAOM R AL AR RIS &
DT aA D O FEIETH D, L Ll FRCHIEFIHI A S O fEIERIZ 360 CIEm i
S AR D B, F 722 < OB 1T 5 2510 ARIER O E/EARE, 72
ENG, HAITEEOERY SRR EENICT S “Ca vy b (shotgun) 77r—F" HDHWNZ
“ZEHIPE (polypharmacology) £fi” LI D a7 FRBE SN TWD, WD, 7272—
FEOEMZ /R E X —7 b T D 51E, IHEWEOBRRBICHNDILEH T A 77 ) —L LTI
TA—HANTAT TV =P ERETHETTHDH, L, Yay b7 7a—F - L8
SEHATIZRBW T, 72 BRSNS BT BIE D 22 WS D 7 L R 7 B H RIS R IR L L
THZ =7y MZT 258103, BIOBR T THET EMT A 77 )V —RERShD, UK
FTH—DODREN, ZoRXTBEOZEZIH-T- “~VvF T 71— b (multi-template) 7 A4 77V
=7 ThO., TOARAMEERICETFTHIELZZITL TN D,

— 7. EERNIZB W TH V87 EIXEBNCIN U CHERE A BIE T2 Z L1372 <. ZDOFERK
NIRER 22 URAFRC I ST 5, FERS. MR, BERTECHf ((FTERER] - e o, -1
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%K) ORFIESHFIRIZ VD, YHEORFOL X, o FEENICIE, T2 VEDT7 5 —)L
T 4 7 (folding : 3WWITHEIEHEEL) DOREE ) IZHESNWTED | fRE L TORNR T =/ ¥
AE 7= NT 0 TRERE] LMHEND, 74— T 4 v 7 BRI OIREIEBR IS\ ) T
& R G OMEDRIEI DO A2 x5 & U ABIEEMEAIR CIEh R —LEanT, ¥ "0F
DRFZE I 72 FEIR BB & 3 2 A BEME E 2 Al U7 7, & 2 X7 B ORIAN 7 iR %
FHET DN ORIE (a7 A v 7 XU protein knockdown) 72 BTN, X /NI EHD
TH—NT 4 T REICHESS N T 7 4 vF 7 (trafficking) By GHIBNFEORY) ZI1E
WAk ABEET LIS F (7 —~zaa T v X12 2 pharmacological chaperone) OAIHL
BT 22T LT B,

T2, EMEEWENERE LTI SN D -01id, EUNOKEIL S HETH D, FRHCH
ROAFEALZFEIZBN T, ALEM O, FRZiAfEE iéti@ﬁﬁﬁtézfj EDTTAF VT4 —%EALT
W5, APTEEE RIS U< ko ABEOBRIICTIMEE Rl d 58 LW ik, BRmC
X, RS T OKEMER ERORE L FEEEIT> T D, N2 T, AL OH- 2 Fiks LT, BE
17 D5y TAEGEE T IR EE 2 E oMt 2 9 5 EMISH LS ORBEE OB R E Bz, AU HRR
TR A BIFF ORHNEAFIR LI e bR T 7 0 —FI2 L D AEMEH LS ORI LT > T\ 5,

BT, BDEDIEEE SHIERN (B DVITAERRN) CTEEICEDX VR B EFEERA LT
wéﬁ%%%ﬁ_ﬁé Sl AERIENOBRSE L L TOR TR AMFORBIZBNTH REEE
RETH D, WEY T EDTAEORREZE L T, (FHOEMZIHGNCT 572D 0F
EOFRRICHET YA TND,

1 :ILVFTUoTL— b7 TO—F L ESEEBRI

ERNDOXUNTEIEE T~T HREFEL, TNOIERIEIERT I VB KESIZFFO R AL >
WENOR D, —REFNIZERTH LD, 2R bH 2 DL FRIEE AL JEHE L T AR U h LR
(7= FiEEE WD) FZIHICERT A&, 3 h 1000 flllE E DN KR (fold structure
type) IZEROGNDHESINTWND, ZOZ N, D5 —D2O0O 7+ — /L FEIZHEAGT D (U
1) HiEET T U= (LSO a Ty e b aEARE : AXxy 74—V R
(scaffold) ] IZERETAIUL, (B 7+ —/V REEEDEHNZT X TOX R TBIZHHL TS &
LT%£m~ﬂT@®?/OVVE XL TCHAMEEZE T HIbAMBRAIR TE L Z LIc D, E,
1%0@@7/7v~%ﬂ%ﬂi\%h%ft%@ﬁ«f@&/Aﬁ RS DB B s 7
N=TELHZ LT D, KF ™I BEITKT DRRMEIT, ST o7 HofksemmEg (72
fe—IKElA) ZHFEL T, ﬁﬁbk?V7V~Fh%m@%%Mﬁiiwo
~“NVNFTUT L= TAT TV — (M1) X, 77— & UTHEE LK (R 126 L
T, AT HEHIL (FR) ISR E R 2 Wl s I L 2k amER vz 5, 2
AU LT, FRE ORISR L COMEREIICRN 2 RIEST 27+ — WA T4 77 U —iF, F
EEFEE L TIRBRIC SR 2 Rt SR E S 4, vV TF T 7L — I 477U —L5Ffi -
AW THENZRTTTH D, A (B - FEEE) oo/ x Nl &2 =R,
B DN Z RIS . Bk “ZHEFER (polypharmacology) HAl” 23EH & D, 20T
r—FTliL, (& OME—DIEMIZRRICHBEEMNT 2 b0), Tk, LA THEEOER &
HEHAL, LML, HEARFEDOAREERRFEFMEAEEH LWL, kO bnd, 295 L=

— 209 —
BRA~



GHEIZBWNTX, vV TF T — NI4T TV =R N ERETDHEEZT0D, BRI
PV R~A R~V F T o7 b— MIRE LTICIEHIRRIC X D HLCRIATR U A )V ATEHEIL G, 45
FERENZ 2 (PPAR, LXR, ER 72 &) U T K, SRR AEACE Y =T 4 7 AFHHIR TV
Ty R(7ae RALHEA) ORI (K1), H5WVEIY T 2=V T U ERET T L— e
L 7= EEHEA BN ATEM LT = — 7 ) VEAMEAIOAIRZ: ERNE T 5N D,

[RILFTFoTL—b354T51)—]

IFREl O&Et

MeO 2001-2002 H,N 2004
" e
QW;EL N+§:> ) i
OoMe
HN o :@5: O%Q | N N
=

f‘f“ n=0: CPOP
A n=4: CP4P AIB-0101 \_ Y,

L BRD4 inhibitor 2015 a-glucosidase inhibitor COX inhibitor 4 NOS inhibitor 2004\
/

o

(o}
RS e 00 S S
/

PSA inhibitor M\ /Tublin polymerization inhibitor\
L \ \ / DN
OBr Br Hi
o KCEiE?
H o Br

o /
é ER ligand 2011 \ HDAC inhibitor 2006
Thalldomlde
K@:‘é >>: HO, )l\/\©i p
AN J / \ XIM-22
4 Tryptase inhibitor 2010 \ Glycogen phosphorylase inhibitor\ (PR ligand 2008 / LXR antagonist 2007\

Q

2009 on
WS oom"@_"” ©<<?"0H @;2[@/ s»é 5CPPSS-50
\QA)L Sliks - . \@ )

1.4 FTA KT L—hELETRILFTFUTIL—RS4TS51)—

2. 70740/ 90 By

B R G EE I OREECL R - L COBERICE Y ABMICIE L SRS AL
ENTWARN, T72DEIRT 4 — L RLTEX U EDEREE DR E 7 +— VT v 7 g
JELHRMLTWND, T+ —NT 4 VT REEOL TR TH Y | IBRENBAAELRWVER S
2N, T A —IVT 4 T BEREICK LT, AT AR T2 X B S VAL L CRIE T D1
REl ZAFAICT 2O TR, (X vy BORZERRFERRE] T b O EENIC LI AT
YEMVE RIS G Rl RetEnN S D LB 2, RN Z LV IBED ) v I X L TR T4 v%
VI REOEIE] BT —NT 4 T RESEOTRREN & LTRIE L T\ D,
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T —INT 4 VT REIEOF T, SAT 4V R LT I ENEE - BT AT DD
[ZDOWTIR, LD Z /T E DG - PEREZFHES D/ AR TR B 5, RRMOTZ
DIZ, MR AKN A TV 2 /7 BD0 R - YEbsig, T hbbavxFr - Fun7r7y—»Aa
REFEE - ALRICHAT A2 2E27-, 23 F L U H—Pid, REREE S L7 H L
ALTaEXF U EMNTHZLICEVRERY LRIV E T 0T T Y — KL D fR~E N,
HEHZ R EORDIC, BHOX o RIELaexF o) T—8nb 7 b IERN R EARE
AR ST CA TSR CE U, B X X ORRN 22 2% F A5 & i< 0 fif
AHFETLHIENTE, T A2 w7 BT AEENRDFENHLTE D, ZOXORTAT
T, T TICKEO 7L —7 2001 FENGEEH L. “Protacs (proteolysis—targeting
chimeric molecules)” L#FML7-ALEYZ W OMAIRLL CT—EDORKRIAZINSD TS, Protacs
E, FFEO2EX T U =B LTBIEEZ AT 5 (FLLT) ~FFRE ENETLZ
NWIZFIZKT DIV ReEDNAT Y v R+ Thbd, RUBZIZESI B SH 568 7007
HEEBELEIETDE, 28X F ) T—B L L THEIEIRT 5008 0 DIRERRNFIZR 5,
UHFZEE T, WELEMWAIIC A AT 5 IAP Z o R e F o ) H—BiEEAE L, »
DAFNARRALF ANRERIHES L THLZ ES T ALRHEEIND LW O FICES&, =28
XTFLUHN—BELTIAPZ, TDOVUH L RELTATIARRAZ T U RN LTz, BNZRECH
HAPN L F ) A VBRSO X L S S ORE 2 BT A U H Y RE AFILRAZF 2 L DA
A7V y Roataidt - Akl (M2), ALV CHlEoTaTrA v ) v I X T VPTR5
ZEERL, MAT, ZHE CHFEENRE SN TR BN Z N7 8 & BRI A T
SHLHZEITEY, DAMBROEESIH T2 bR 2N TE L,

JOTAV /v I EIVIE

IAPY VR -1 AR
EBfENDF
¢ ) ¢'IAP'J7§‘/F‘
‘\\' y @)';' oo e
N, ) RS, EZEME N B AUR
IAPEBRIR VX Ay IAPHEBRIZ U N0 & EZEWE Ny

NTHEERRZE I HEMICAEXF UL Doy R

i FA AT RETE
TETANLNAMADD — SR 5 2
12/ I_ 0 110 \umvnmcw’4 9 7‘%&%9 ://€7 E
n EVAY A ) “
% — s ,
B L1 e :
;E 7 CCEEEE N
1 ERVAYE -} et [250 4 -
i H | a—— .
: g
L&m g -
PR — + — — + || 4 250 HUR
RS AR - — + — + iMRaEEE 2y EE
BH/APHE — — — + — 8 Lom

B2, IAPEAFIARREFUERBLE-TOTAV/ v I8
IAP :  inhibitor of apoptosis protein, Ub: 1 EFF>
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WIZ, IAP 37 R b= 22T 2888128 B L. 1AP O RFHEZHIH T < A F/L_RAH
TS A A U TR, AR X LT L AP Ol By REE T AR T L X
R B R RENCRERET DI FO 2 RM LA Lz, 2D EHWERET LY ERY S o
JGNAP ) v 7 Z T, BB E o ERERN) ) v 7 X0 L0 b A AR OBE5E 2 58 < il
THZENHLMNI T2, Ko T, BEHE VNI ENAP /) v 7 X0 38 LWy TR L L
TR SND, EBIZ, ZFTERIFIVH REATFNARREZF L ONAT Y v Rogp1m, 27
MAIER 2 R BRI RFE T D 2 bR Lz, b, 74 —NAT 0 VT BERER L,
P ARG HIAI DN H AL TV RN Z 37 B ORI, 2oV 8 v 7 X0 0k
WAERTH 5 AREMEICHIFFL TV 5,

3:77—~<a8AT ALy ARO> (pharmacological chaperone)

== s By 7 CRISOMBE AR AR EOJRK E R D BRI AT 4 — VT 4 THEE R
JEIZH LT, ZENDICHEETHI N RE{FLIIKTH 7y —~var ULy nr & LTL
HTb2 LT, WAV RIBOEFRTA—NT 4 VT EFEL VT 74 vV TR A ELET
B EWS T T a—F CHEE R & R L7z,

== By ZRCHRE, a L AT r— DTy Y — ADOEREZRHEE T 2850 - Hn
PEOMIRREMIEB TH D, MAHZA THES 2250 &b EbiL, BIRFS CRIGRIEIIFIE L
W EOD 95%IFTT L AT B — LEEIZEHD L= RY —ADEES 378 NPCL (Niemann—Pick
disease, type Cl1) OERIZIVEI D, =—~r - By ZHRCHRICALN DRI RERED—D
Th o 11061T ZEKIT, 74 —NT 4 &V TREREMET LTV D 72 DI/ N RO 5B E B HS
MELVEE ] TIEARWERE - N7 v 7L, IS5, ZOTDARKERET 5% Th
LT RY—LD NPClL AARL, fiiké U THRERENEZ D, ZAETIZ, NPC1 ZRIKIZHE
A L TERKEZREI L ED T =T 4 v TR e b ESE W E RH LIRS L TE T,
ZOXIREREREALEWIT T 7 —~an P h vy _u v LIRSS, ZHUE NPCL %9
DHDT 7—~an TNy Al n, MHLIAbEMIE, =—~ v - By 7R CHROERE
HSRIc BT 2 a L AT a— VERBERM L2 0D, Fi-RiRFREORZBICERE T2 52
TW5,

Mz TAEIOMZETIE, NPC1 ZIFRER SN TV AT B — UEEAEALOMIZ, b 5 — B FTL,
B OAT a— VEEGENIAFET D 2 EEHLMNC L (K3 k), NPCL R R —AnE0D
IV RAT 0 —/VIEICHETH D Z TSN, AT o — RN ED L ) IEA @R L TV A0
KA TH D, Bl LI AT v — RS EALIT, B2 RR Clo@it s 5 aleten & v |
NPCLZ &% AT v — VEnEHE T D53 FH 4 B0 O T ST 2 O T 5,

EHIZ, 7y —~ar TNy yn R RTEEEX, AERICB TV W R ) —=
TSR TE 2 EEMRH 5, T7hbb, ALEWRINC L > TER X VX7 BORTEMEIE S v
X, ZOIEMITRERZ LRI BEVH o REeE LTHER L TV S BEMR H 5, BERZ VX7 L
T NPCl1 ®74Eu Z NPCIL1 (Niemann—Pick Cl-Like 1) ZR L, V7 —~aa bl ¥Xn
EREAZ V== TICHWAS Z L& fat L, NPCILL I&, 2 VA7 m— /L& flilaiicifsd
LIS X ETHY, IRERFIERBEROEN E L THEE SN TS, ERIIBEm Y T R
ezetimibe & DOFAEIEL LI A7 V—=2 7 PTOILTW 2 D, ezetimibe & 72 27
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RS T AL MEIRE SN TR o T, ANC. NT 7 4 v o VB A5 NPC1 B RIA %
BB, MR T D NPCILL ZERRZ N TIIC/ER LTz, 2 O RIKDFTEZ BRI b s
Wk Ao ) —= 2« REEEVERBIAENT 2 920 L. NPCIL1 ZRADRBIELZETEST 5 AT A Nl
ke ERINT 52 R TE (K3T), 7235, ezetimbe TIXZ DRIELEIETE 2ol K
% 37 NPCILL % RTREIET 2AbEMNR /oI L b B U BE T 52 L
< HELANLVTY Y FAZ ) == IR TE LA RN Z R T 2 ENTELEEZEZL TV D,

BZOATFO-IEEUORER

G
s s f—”"?ti‘
BAOR70 »ﬁaﬁudfh?& LDLgsRaL 25 0—IL

IUEU—LE

NPC1/
- ORFO— LSS EME RS msEm, woALARSA

| Y (B e
Ui R == 2 o

Sterol-Banding Domain
Ezetimiba Binding Region

4% S\ 2
i > _ @l 0 ) b
& s

\ b .
\ %] W
mo
Mistocalizaton of % Ligand-Mediated Cormecton ; ﬂ.
Folding-Defective NPC1LT mutant ™. of Mizlocalizatior o i .0 T
— R

xoi—=s s maEeEm
M3. Z77—<aRTPAHLIDYROVOIGHA
(L) HABLORR. (F) YAV ERYY—=2y

4 : PtERElbIcxt e 53 L ULAER

RIBEDOFaE AT & 12, U — MEGofEEREEIC LY | WS a2 U< EiF 5
BThD, BELIFEICB W CIIREEMEOMIZ, RNEIRE, Wk, ottt Bk, ffttie L
N TR LS OBREEAERL LTEFOND, 7THT I TABKICB O T, RE{EAF7E D@
FEDR] & LTRSS TWD, T, mEbiFsEoseE L, RFEFAIFENITE O EEL o ffidn &
S25,

EEMDKEEIET, o L SDERETIBRE G XL BERWIETH 5, LEMOKEETEZ T
ESELHLVES L LT {bAWEITE - FFERICHERAT2 2 LIk, fRmaFon<
LT (OFRMEERZRED SEC) Kiatzmn ESE2 RN EZ NS, MEOZRLNE LI
T« KIRMEDRT 2 (LogPl) 13N LCWA Z D, 2O EEZRVIUEK L AsERIC
DR A RIS E9T 52 L b ARETH D (M4), 2F 0, \LEHOWIL - /34 - {53 -
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w72 SICEBETH HLogPE LML U COKEEMEZ M L35 Z L RETH Y . BRI AL TS
MESELZ 28 L TV 5,

REGl —EES T OVEE - BEREEERS S
- AV MICEBREEAN (CHADEX)
- INTEBEMNS X5 BRI

g
ETa .,)') e

o £
L o ol |

o A ~ .
oFE Som—te o i
HEERE & a—— W i ¢

! p S " /‘/4 .-y

-l "
Al = &
e

4. FFEEFEREDMNEIZELEHEDRLE

5 : TRIEFMT TO—FIC & DEWEED FEIE

TCRDOFHEZTED LA b, WIAZRE T L H D, ek, EEREZIITD LT 54
TEMEEAEMOIZE A S, RILKEEZ ML L, ~T L LTHEHR, K, ik, ~nr %,
RESNIETHR LAV THEREINTEZ, LrLARD, fix OTHREITZ NI 24 At
EHLTEY ., Bx 22 E WIS FRIBNEDBRRIL. 1RO FREFIE TITAIY 572
WHTRIME D B W AETEA LA ORIRUC 72’ D E IR S D, £12, FERICBZITKFE L7t
KOAEMIEECEWRELEIRIX, T OO R SOMEOFLIESD 212, IEARECRRUME 2 SR
DAIFRIZBIT 22 OREORIZIZIN AR TH D b bbb, DD, RLFHNT 7 a—
TN L D AEWTENE S TAREFE OB, BEOABEFRICBWCHL - HEREE S 25,

o RIEKEEIZRED o
o BKEELT« T TRYY \ / @
Me” "N~ Si N
[ N
Si
O &
A L
N si
LA |
e O H,NO,SO OSO,NH,
RRBKERYRI SR E—% EEYTEOMEEFELE RE-—T A RBRERIILE
U= WE S T a8 EYEE S T RIS EYEES FRIR

B5. THRLENT TO—FICLLEWEHILEMORIE
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INETIZ, BKMER YR T AL =% AW ERIREH 25T 2 HHEENZRZIR Y 7 RoOAIE
R, @AM ABICRERTHLFAFE, TA~v=0 AOMWEEZIGH LI 2 OEYTEHAL A % F 5
LTW5, 1 ThH, REOT A R ~OEBIITCFELFHIT T o —F L L TR I AREDD—
DTH LN, FEEROMEREHAMEOH K, it Fo X oI O & oW kiz &
D ISR EDO TR 7 s A VBRESENLI DI EERLTE L, o, KRFEIRFE
CHEAERTEROKRE R A BEREICZWT 52 LI2L 0, ERB I ONEZHER LoD
— MEAWO ZERGORLZERSCRMLZENEZ S EL > D52 & b Lz, e nRZomEE2H
MR LT 7 a—F1%, EEE AR OZ LA 7> a v E LTAMTH L EMFF LT
BY., IORHEAEHFL TN D,

6 : RHA VD BRTEEDRFE

A R EINEN D - T2 H B B3, FFED X N7 HERER) & LT target-based B D L)
ERITEKARE L TRWEE E o TS, ZOSH, ITHFETITIRIARZ I &L 325 phenotype-
based BIZEDAMED LE S22 dH 5, B HFEFIZ L RSMEEMD T A 77V = b RELRITE
SWTt vy Meaad R LIcGE . SRR 2 R S5 BT, RIIVIENZ 7 E
DOFRE (EHA =X LO8RE) BDULERAIRERD, LrL, EXTMEATE v MEEmnZE
BRiCEDZ R EFBEALTWED, ZhEHBNIT 5 2 LT LTES TIERW, FRZ,
RIS R ED E” Tho7leh . “HBES Tholth, b WL “BaREE” LT
Baicid., 2oREITE LI NS, £2C, ZOLIRGHEITHRINL 9 28 LUVMERZ
XY ERIEEDOBRFICI YA TWD, ZAVE T, MBINOMERER 2 > /37 8 Z @ TR -
[FETD7DOFEE LT I um-ON BT 7 ¢ =7 4 — T~k Z8_EL. TOEMME
HoMZLTEL (K6) , BEOBZFITESE, BIEW L D0 OFREOEMERSEEZ R LT
%

: o-N NO,
[ NN
O-NBDL=wh ! N= ; ?-N\ NO, ?-N\ NO,
WEAMRIGE) | : N%:} N<
K :
"""""" o \ o
y O 1@
/ /
Ij L)
EELER 5 xomREY EMN TR ENMSUNRLE  EBHSVNIEESE
(Lys = U>Y) (Lys = UY)
7 No, " No,
N-NBD=w i : !
BHE) : N= : © N=
Ex.478nm 10 _ : 10, 2

Em.541nm : N . ¢ N
\ L

TO-TRFERMUTIS% L3071
DE AR E R

FENDFE ENSNIE  BHIVNIERER
(Lys = U2Y) (Lys = U2Y)

6. EBHAEUNVERTEIZETAENX tum-ONE7 I 4 =ZF 4 —SR)LILEDRFH
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HEOME

TR L ORFEFETHY T 2R TIE, WIS EMEBIL AN NR &2 g & U5y 1=
FALFITET DMELIT o TV D, BEAREIL. R ROLNDTHA I EFEO T —XLHRE - H
KL, TNEHBBEMICETHEEZED D E Voo #HOEER T 0 v 2D OFERRY - L -
IR ISR AN L. EMBROS T LUV TOBREZTED 5~ E e LARTEE 2 B L 5
DWFRF 72N LAY — X —OFRIZB DTN D,

BRI DR IEEICB N L, FTETZORIEOREENEGELTHA I, BA - =
A R EOBIBTHRBESLY U~TF - T LAX—7p PO MRE, SIRMAE « BERF - B2 S
ICRFBSNDEEEEMERBIIL LY, I E o TEYZRROIST U CRIRET 2 [E 4 OHEHE
OHIEH] &V SR TIZ A ANA—=TE R, 1RREEBARE OB DIT RIS HENL TW 7 +—
VT v T BEIE A B ARTEIS, MO - koL EC X D HIE, LA L D BRI 1
FEDOHIE - B/, 2 o7 B ORZERIEAFHFEIRBORIE, & FRE T2 DWFZERRICEN
TV, HEEARE, BUVEDFOFLBETH S, MR - bR E T RBELO(LEmIC
X 2R RO, RSB ORI E AR E LoD, A ML EIZLD LT DRk
IR DAERE - BEREO LRI L 5. RN 2 e — L2 B LoD R 2@ U
TOHEEFNTH D, AELFESHSE L, ERLBRODICAEA LT - Z 2 X 0Eb5
AL - RIS 2 A GRS ST TIEEZ -S> TV D,

BARENCIE, UV — RERDEEAEMZ RRDGHALEMITRD . Z OME % R L CIlliEt:
WEDOTHA L EERET>TWD, Elz, SFONTIEEYE Z Y — AW I A Fa
IR EITo TS, ZE T, FRRIEG T ORI EHIET 2 FHEENZRIED o KB X
O Al (RRCIESEEIR 2 i & T 204 N A VEEAERZEMT DILEME) OFT VA
¥ BRK - TEMEREAN - BAFEMIE A B L T T,

YRR TIIERRES (VY —F) LEGEN (arXxrs) 2mEFEML WD, £24H
DOFEBROE IR HES HEEITV, RENICEZ DL, tEFICONIT LD THHTS
Z b kAR AN A T EENE A o TEREZZITT D2 O EITo T D,

BC RiR-5HE

FHEOFZED . TREEEANANESZE] LW ) SEICR OGNS K o I2, TH - SEHRY - PEEERS
H - FRFDARERGHY « ERERAY) G AMEICRE L TWD K OICRAD 2 E2Bal Tnd, &
7. HEFROESRDD] LnolzAEANZRE S, #ET 5 AREMEAH O TR Y faRT
b2%, FHATERRRN N x OBl - T8 - BB - NEBLICS 2 2P IERTHD 2 L 278
AR, TEIROR IR E R AR AR o 72 b D TH HNE T, T FERMTHMio i
2O, ERERY7Z: GlER) BREEOMERTFR BOMIZR L, UL Ly TEmY - S - &
FEEAERY - BFRIRERER - FRHERAY] T RWEELZWNIETTH L,

DX D RIEGEN D KRBT E TR, AfmdME x ORARFEEM OMAVES (7 AR ER -
Betiam) TIER<, AVWDBHAEIEFE LD 5 VAT L LTIRADEE (VAT L - iEERAE
W) AREEHRL TS, AEBOREEMTIMROL S OELNEENLERETLLIATHHY,
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F D% NIAREEBORMEAFEIZ BT DML TICE L AT L] O FEEZ B TREInb I L%
TELTWAN, TAERFZE] 28 0 THNL ST HM O AREFEIT 22V, OISR - 2 K52
BB IEE LT, ZOL I RN TITHOMELEDICEEINLIRNE THDLEEZ TV D,

solekecoksiokecleksloksokskooksoksslokesskekolokssloksokssskekskoksioksolekolokssloksoloksokokssiokksokskokokokok ok
¥ i B X
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HEH creatinine JREENFENNT 5 2 & VA S THE Y | creatinine HAHA/EHRBROIEE & LTS
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— 7 & LT taurine, OAT3 HHH)~7 1 —7 & L T glycochenodeoxycholate-3—sulfate 72 ENKMAL &
MOE 7 VT 7 ADIKTIRRO LN, ZhoD7a—7%FHT5ZL T, 7rn—T7&504
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LD TWAE, ZILE TITAUBR)-TIC-Me, SC-62807. dehydropravastatin, oseltamivir, metformin
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h 7V AR—Z—DOEREIIREIACTHY , =T 7 b TV AR—F—LHEINDd, T AR—
B —DARENIEZ I LTk EE 5 2 & Th Y . MRS KOV R T Z 0 LT-NEEY
BOWELHIET 522 LIk AFTmICbEEREFZRLLTWDS, T—F X=X} —F|T
£V, SLC-X %, BINREE(LRFICRIAEN T H8BIm 7D 12 LTRIH L, fToRER. LPS #iliK
7 ERIERFIZZE ORBNER SND Z ERPHALNE Lic, ZIUETIZ siRNA 2= SLC-X @/
I ETATEYD RN T U AR—=F—hH
RIEWIEE BT HZ L a2 RmBT 57 — X 45
THBY, /I T7 U M~ AZEHL, B2
RIBFFIZI T HHEREAE), KL~ L TOME

ol® Essential Substance
Mricfid 2 ¥ 2 D T 5, SLC-X DOfEMT o
B, JUEREIC BT RS ROyE  oma Disease
%%&%*ﬁﬁ?%@:ﬁ'ﬂ ‘J"’CE:I:% LH‘X D iﬁﬂ/l/wcl/\ 7 ﬁ%ﬂ%l:%iﬁgﬁj_é I*%‘/Z?I’f—/)'l—
o L 7D EBHRE

HEOHBE

4y T BIRE L TId, EE O L LT A4S TSR ERERIES 1, 5 T5yH)
REMIIEISE 1), 7 50 THRIARRGHS:) 2HM L CnW5, ERYEIREHIESE 1 8L OV Tk, ©E/K
(2R BN RE 2 AT 9 5 T2 D DI SRR D HERE & in vitro FRBRICHEES WA RANENRE TIHITE, S
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