o

- BB F ¥
% 26 &
(2021, 1~2021. 12)

1IN

iR - RIC Y&

81 HH3H

Ol |

- 1Ol

el

AR KRR R A SRS AR



Bt 3% - & § £
¥ 26 &

(2021. 1~ 2021. 12)

Tl
i+
¥dd

FRRPER B R AR b e



F X

A TWHSE - BEFH 26813, HRFRFFIEFRITER - LTk T 55/ 34 (2021)
1AMBI2A ETO 1AEMOMSE « HEIEE O TH Y . £/, S44 (2022) 6 AKHEER
TOBMEZZICELRELEZMBICEL DL LOTH D, RKET, AR - ZHMONSE - HHEE
B, KO0 A IHEEZ, AL AESICHT TAR., 5T 5720080 TH S,

A THESE « BEFR] U — XL, R RFPRFEEFRIEE - P, 2oBRRE R
AL o, VAEBOIFEEIO A SR -af iz B0 L LTRFTLCE 72 D TH D, Pk 4 4 (1992)
(AL 2 4F (1990) 1 H ~ 34 (1991) 12H ORFYE - BB TEBEVHE 2 0D 7255 1 &4 FIFT L TLok,
ERCIBMEEE (2001) £T (26%) IX2FMITITL CWe, ZD%, RKIFIEF - FEBOIEENZ
LCL 01 FEfEOFMN LI 57z 2 &R RFENOROEALBHL 75T D 2
CTEER, T CERRIAERE (2002) ) »HIXEETIITTIDHZ L& L,

AREZ, AR OBGRE XM, KR KFOMBIZER, HRKF, EER, BEREORMGZR G
WKL AT DL IO TEL, £, SENLOKHE~OFIEESE L E X, H 78 L0 IGE
DERIRRZ BRI L CTE 228, F12% CER19% (2007) ) 2Bk, ZOHDORNEFEE LY
ELEEbDLE L,

¥, 2B (k28 (2016) ) 2D X 1IRIC X 2EIZ 1k, PDFT — X2 L B 1ER D 2
L7,

202229 A



ORRAFRZREZRMEH - RFMOBER

KT, BEROARNOCOBWEMAETEZHIEE L, AmiCHDLIWE. KU, TOLEEL O
HAEM X5 L3 5 BEMAFRAR TH 5, FOXRFREGEERBITER « AT F O T2
DEERIITB T, EERMICREKEOHIRIEFE 21TV, ZHICEMNT DN HEFEHIC L - T
WEDLIRIR B OFEH L2 0 NMOBMZAT O Z L 2ffifn & 45, AT 2 b OIFEHNIC &
V. MBI HEE ST D ORI 63 REKERITI T DAEIEEIO R, EREREIRT D3y
B OB, R OEFITBICHS L, £lo, K EAIOFEE 23R L T, RICHMKT 260 TH

éo

o B

HRICAE 6 A FHHEFSEBTIC B PR A B S 4L D,

W 647 H RIS TR 2 4, ARE SFEORBE PR AR S b,

A 744 A HIRESR S En 5,

6 94F12A W EFR NIRRT 5,

A 104F 4 H B KRNI, [EPE RS ERNIC S S b,

7 194F 3 H TR L, WERFER K UM S, BRI SRS,

[ 204F HEKRKFPERRFIFR & LTRSS,

7] 304F 6 H R [ K R R R IR & OOfR,

KIES44 A UL [E R SRR & R,

HEFN224-10 H B R TR 3R & Oopr,

[l 244F-5 H (B ST SRS R B R DS AR S A, BT IC £ 2 BUR REFE SRR L 72 D,

[F] 284 4 H FHlEIC X D RFEFEE LT, LR SRR HIE LIRS E SN D,

7] 3044 H RFBAL TR FERH S P B LR N E i S D,

[ 334E 4 H B RS E L SRR AN BT U CERR AR E S, ERNE N D,

A 344 4 A BB E

[ 384F 4 H RFBAL TR R RS L R e £ - RN R E SN D,

[ 404E 4 H RFBACF R FER N S S, KFPPE3TF R AR DR E S D,

[fl 414F 4 A B B SR A ST R AR 1

] 484F- 4 H THET MM (2B R SRR 235 S D,

[ 514 4 H BB S E MR R 3 BE Ik S A, [AIBE R R PT OHRBASE I L 0 | REEBEIF R PR
A PHELELRENRE SN D,

[ 5344 H RFBEIE T R FERH A A 3P BB LR RS R & S D,

Rk 8 44 A HBL R OB LR 2 A LTSRN 1 2R e 35,

[F 944 A KEFFBEEAEIZ E D | o TIRFHE REREH I EMIKEHEIL O 3 BT U.

A 134 4 A P SRR 75 7 M ORISR B GR BL 2 TAR I S B S v B

[ 14459 A Ty = aABEVRA A ) R_N—Ta UEAREE CER1AE 9 A ~[R3T4E 3 A) A
EENnD,

[ 154F 4 A BISER R BEGRIE N BRR S D,

[ 164 4 H PR SRR AR, PE SRR R E R BRI D,

[ 16410 H =SS W AT S B S D,

A 184F 2 H AW IEREE R,

[ 1844 H BB, EARNEOLEIZ X Y | EEMAIRER (4444 E3ER (64
fil) o2FRERD,

7 184F 4 H EIREORY: CGRFngES) ARSI S b,

A 194F 4 H T AT T AR RN A AR S R S D,

[ 204 4 H HLHmIZ LD . RFERICHEIEFHER 205, 4 FBIRG & 72 5.

(ii)



[A] 224 3 1
7] 224F- 4 1
[F] 234F 4 ]
7] 2444 H

[F] 244F 6 H
[] 24410 A
7] 264710

7] 264 4 H
[F] 2744 J

Al 294 4 A
7l 294 7 A
7] 30410 4
[l 30411 H
7l 314F 4 H

6 314F 4 A
SN 24E 4 A

6 2 410 A
S 344 A

Sev A AR ST A

KEEBE AR IR O 4 XA A L CRESPEEAHRE SN D,

EREOR AN LTEL L, glEfixxEIND,  CERR2TH10 A BEHT)
REFBE % AR (IBEFR 34 ICBEF O 4 HRZ A L CHRBF R R E
b,

P LIE (BRER44) BEHLIRRESIND,
ERRLEEHBERR X —RREEIND,

PRI AR (PR 244F 10 A ~[RI294FE 9 H) DRE S b,

SCEVER R e e A4l - 77 v 7+ — LB EE] OXEO T, VA
My AR 7 VT B X —RREIND,

R PEEHERE X =N EREPHF Y — SR En 5,

PSS TR B I PR CRR2T 4 A ~F329-3 A) ITAMER
L, &IN5,

b NI RIS A A R R E S D,

e e BRI A s R S B B S D,

(L E VR o A 7 AT BRI AR E S D,

[T~V A G 7t i FE SRR B S D,

KPP SRR IERH W JIa e & U CHIIE oy T Ll e . AR R e e . e o
PRI ISR E SN D,

EREFHE R Y — VAN TRAEIA 7 7 VT 4 —B X — BRI R
FEAHKARER I 55445012 355 < RIFPE3E 7 R R R B ek & 72 %

HOCERA b A R D R S D

B Ry G S R B S S N R E S D,

KPR R R ZE RN W 15 & U CREBR I 2l FE SRR B S U D

(iii)



Fr p's
I.o# W
1. AFNSEE (2021) D EZRHISRER v eeee e 1
0. TTFZERE o BB DM ettt 4
TR PP PP PSPPI 15
. #=¥EFRA
I N LT PP PP 31
= 3 S PP PP PSPPI 35
. A== OMFTE RN
SR IR
B e s - == T P PRI 43
KRB FRAVZRZIER +vveeerrreremmmmmerrte e ettt 53
TR FRAV A ZHTR vvveeeeeee e e et 73
BRIV BT ettt 85
FETE L SR ZHIER - vvvrreeersrerorne ettt 95
W}E;ﬁé)ﬂ*ﬁtf@ .............................................................................................................. 105
E{ﬁﬁ:ﬁﬁﬂﬁ?%{% .......................................................................................................... 107
@ﬁ%fj@ﬂ:?ﬁ% .......................................................................................................... 114
ﬁ}i{tiﬁ% ................................................................................................................. 120
E{Eﬂ:iﬁ% ................................................................................................................. 129
ﬁ%i#@?ﬁ% .............................................................................................................. 137
ﬁ{ﬁ?ﬁ% .................................................................................................................... 145
%EH@%{;&'—%‘»%% .............................................................................................................. 153
R Eg{ﬁgﬁ?ﬁ% .......................................................................................................... 158
W (BRI « ML T EEEATER) o HHIALY AV o oveerreerneenneeneeanieaiiean 162
B R B FRRIBRAE ISR oot 166
SEER
E E*%ﬁé#@?ﬁ% ....................................................................................................... 169
GRJES o U A ZHER o eee et 175
IR (i B ARV ARIFTRRT - S0 - SRSV ENIT R ER) « OISR e vvvvvvecnnnns 181
ﬁ%ﬁq@@ﬁ;iiﬁ% ....................................................................................................... 188
;‘Fén%ﬁfﬁﬂ'?%li .............................................................................................................. 201
%ﬁ%ﬁﬁﬁ?%{% .............................................................................................................. 211
g ([ 225 B IR e R AER) o o DR BRI B HE S v vveeeermereeeeennnnt e 291
A R TR 2 A S JE v e v et e sttt 233
{EZF VB 22 R o A 7 SAEEAE BT EIE 237
@%Eﬁ'ﬂgyﬁﬁﬂ,igﬁi ....................................................................................................... 243
@%ﬁ@k?ﬁ% .............................................................................................................. 248
R e 2 T 2 L et 250
DUARN Yy TAIBRIEH 7 7 S U T 4B A e 253

IV. S



.

3



1. SF3F (2021) OELEEKE

14

2 H

3 H

4 H

7H

R AAERFREOMATIE REGE WHIESRE) . e — Z2dR o8, AW

FICBHZE ST EE T T A #H DBAFE IR D)

- MR FEEE O/ NIEEAT KRR, 48 Wk, —GRFHE BdRoN, A

DICIT 72 % AR % JE PH O IEH AR 2N E85% - PEERT 2 A 2 fi D

EAMEEYFREEOAWERA FHEVIIER., KRG HEEER. BB RS

DT A JLAD RNA Z[EHENT 5 Toll BESZ AR Lkl B 595 UNCI3B1 & DEAIA
1 % iR A

AEEUETEEOMSIE B WRERE KPR, AU % 505, i)

Rk~ b U w7 21 X2 il e R SE AT siobns 2 i

SRR ERFHEORE L FIREL NLFEA HEBER, A~ BIRAST A

A M X DEEOHIE A = X 5O % fifiA

- AL TFHEE OB A RFEBRE, IREE= Bh# B Fritakam, &

Hesk Hdw O OB L —F 0N HIRIN T E 7 ) L& B ERTRE b i SR o0 BR %
(Ni5%2)]

- EEMESREER OONEEE R, AT BFER. ARIDRE R 55, s

PED MVA JEERE D JFRE G Cepb7 & F D /3F 1 775 Huls/ MR D 1 Fa 4 B 2 I
+ 5 Z L AR

CHAEHFAEOREK KFEpE (WHEERE) | e Rk FEMEEER, Ak

= A SR RE N A O I O FRRR TS E) 2 fi B

- AIRIE A E O MR RE FHEBIE (WFIEY ) . AR MRS RFbed, 4B

P, —MEFHE BEROLN, MTEICRZ W T 3 —2AENAINSR LD Z &%
37

- RS EHERIC AT LR OREPRE

CHERFREO MR RFERAE (BFFENE) | xRk FrLdeEdz, e

. BRI FEIB O B 2 40 5 ) 7 AR A R

- AR A LSRR L RRE BB E LRI T, TV N, v —F T~ T ADHH

TIRIEANCT I v A N B DOEERZ KT 2 (Lol 2 B %6

Al fE R O PR RS REBAE. 4B HEEdR, —RFEER #R O, (KR

APV RIZED T = v b — 3 RGN A ]

- BFRETERI TR DY) 1ZE R WEBAR S SN 3 ARFERL AN 43 B O STE R R

RWHETFREEHEZH

- BEREIN IR A ACE O E WA Zd LRl 1 SR, ARSI E OISR

BERIET I —T ) —F =508, TN < —ET L~ 7 R I
VRS = SN e S ARy =)

* T ERYENRTFEE OB KPR AR R4, KEFDI BhEk,

FRIE L BARN ST A7 VT b —=LT = Z I L D0 RN OBEHERER O
PR 2Rt 9 2 T i5am 2 B %

- BEEARLFEE ORI B Bdw s LIWBLREOERE X Bh# (RER¥EAE) b



9H

11H

12K

3H

OIFEFGE T N — 7 1%, BinetE A2 AW CT U R R IR OB M b S
DEDXIITEBRREINTNDED), EFEOMEREAN L

» RIMMEFBE DO RERBNZL & FTEAAZNR 73, — RO RIS THEEIZ 3 SOk

JEF 2 BN % SR AT Oy RS VR INIE 34 OO SEARME 18 2448 2 R A

* KW E AL FEE O BT b IR, SR HE T, RAE IS

B, JE R TEER S, U HIV IEPECH ISR IE M 2 A3 5 EHER RMRE O 25 RIS K
£

- R G RALFBE DO GRETSE D 2021 (R RN F RSB H 2% H

c AR FZE O Christopher Adamson K&FGeAE. 1REF 2 HEAZEE. )

B R FHEAEEGR. Lk = BhEL & oK EdRA. RIGHI 2 A E T D A
ZBAFE L. AMlah O o 72 & 2T B O @RI b HERIT )

* RIS E AL FEE OO R, JF ERHTEIR D23, AR DOIEATENER

%, BIKFAZERR O O 7 V—7 L ILF T, SUEWE T A Y v ERmWIER)
REFIHT D AT =X L% g

S FEWSFEEOIRMMET FHEZL I AR BhE, %M FT BdRbN, —

ANTDT Y HERF S D AR 23 T & S A2 2 R
- AEERUEFEAEOHIER REBE, AR 228 i, & K 2R 605,

Fr A oW iFEhie ) LT oy BREE I CE 2T U
& PRA%E

* RN FEE ORERIEDS 2022 4 A A FELRE 2% H
BN FBEOBAKE Kbt BEE B WERR B0R o obigt s

N—T1%, MIERO—FETH DT 7 F e 2 = IRAI aT AL - BfErTREZe >
53 DBHFEIZKY)

* R E AL FHE O TRIEM -, AR RZEEe A EOBHE L, B —FHE

Bh#. #Lﬁﬁﬁﬁﬁ SRR BRI BT DRI THH e Re-3-7
A 7T O R

* KW FREE OY)FRNERSZ . PIEAREHEIR D23, B -NAD HSRBUIEISE KA

AR B % BT MR 2 FE L

-H%A%m%ﬁ§®ﬁﬁmﬁfkiﬁi\Eyﬁiﬂgﬁﬁ%ﬂ\éﬁfﬁﬂﬁE

. S T2 A = AW TCEB A AL O HERE T H DB R F il
ﬁﬁr@L%ﬁ%EMKW%

- AR A EE O/ NMUERHEBER b OB 7 v — 703tk il 5319 5 R

ZRIREIN U2, AN VRINEDHT-72 A T = X L % f#EIA

« FALREER O RKFN B HIZNN 2022 5 A KKZD2EE 22 H
- GoFE - PR E OB FHE N 24 [B] A ARGEFRE

« AEFYEREER O RBHEER N 18 1] A AR IR B %
TR SN 5 (8] B AR IR TE B R R B SUH R A KR B &

ERAMEAEMEREEOR TS R, LRl EE RFERA, A WET R

JeB., RER B HKEZ BHL, A7 7~ — LEEEIATF NLRPS O



TEMEAET 2 B 1S 2 iR

CEMER P EEOY O KREBEAE, Ml 2R b 03RRI Mz 1 5 k72
FRTE BN 5 — L O il EI A % i ]



2. IRE - ZHOME
Ol =

FORRZHEIIIIE 6 45 (1873) (ZAIRY S A7z B R A RHC 2 ORI 2 %3 5 23, BIE10
e (1877) OHURKFAINIZ & bR NWEFMIEFRA~ LU S, EFHO—FR L e oTz, ZO%MY
F144F (1939) (ZHUARTH E R AR FEER LRI AL SN D £ T, HARDENL KZIZE T 2 Me— D3
BEWMME TH o7, HBRI33E (1958) 4 HIZHFHE LOMN L, HAKRFDOL0EH O b AV
W& 7poTe, WEFN484E (1973) 4 AIZik. MYEEMAEYE N RE S, S 612, FRL9F (1997) K
ZhrE AL T, KEFEZRIZER & U CHERORE 2 M Thbhiz, 20k 5 2faid 55
BOF T, HEKFEREBIERPFEER « L —E L CGER~BUROKZLHE - RO
DEEEZ R L TETEY, KFOR TR G <, DORbBHT LWOKFEBFTEE - Fi e L TOR
BEALTWD, ZOFEMIE, RATRFE THAROIY RO RFHEFEATE) | mlae (1981)
VNP TR E R R R A et (2020) 22 MRSz,

OEE R

WK 94 (1997) 4 H O RFFRESGIZE Y | 0 FRFPHL, EieEy iy, AmiETHEo 3
BT 5 RFEFBEHLBIIER N 2 Z — b LA, FRR204E (2008) (2%, & BHICHAIEKEHIK
M THMRZ W L. 4 IR L 2257, T D%, FRUISHE (2006) ZBA%A L 78T LW Y
BEGME (4FHZERER & 6 FHI3EFR) OFRETIZ - T, k224 (2010) 4 HIZBEfFD 4 5
Wit LT, REPHE LIRICRBI BRI A . & BITEAR4F (2012) 4 AT, FHRPFHEL O
BWERER (B4R & 6 FHIBR PR 2 & Y HFHOM LR (444 203 5 ZHE DK
fil & 2o e, ERFHBOITARERFHIE G 2E, ARRISMET#E CFR314E (2019) 4
H X0 TREMERACTHE] LAWER), AREHILTHE. KAWL TFHE, AL TH
=, DT AE) . WEEREE (EERSIT LR 8E . EmWiE b FHE) L& AEYER T
JE (BEAAL R, AR FRHE, 5T EWTFHE, BRPHE, MREREHE. ERERHF
HE) PEE I, EPHBICITABE R CGERAHHME T HE . RAMEEY THE, E - M
AR EREEE (O TR e RAEH SRR, MRS S haske
A (EFES TR BENNL TV D, FERIMEE OmbIZmT T, FR264EE (2014) X
DIEREFHEE X — %2 RE Lz, MHEROFLHEE & Tlmnm L TR - tha s gEes i o
BEHE N, HERMERORFHREABTEH Y L T\ D, 2. BT RFERFTIBOKENLE %
YT 2R AR OMBE UTRIE SN -, MERIEMMEYE. B RE AR, & EAEmE
FOREET (2309 . ERERZEAT (1EM) & RFPBREFRIFER 2 E- 282 L LTBY . A0f
FERt M OVEERORIZE « HBEZHL LTV D, S50, KRFPFRESRMZER ., KFFH kAl kR 5
WFFERt, ERAEMPIEIIZET, EREERN., T4 Y F—T A X — R OBREZ SR #
— DN KFGEIE R IR 2R & L TR Y, AR OCEEOE - BEICH L Tw
Do

iy, K& rhas & o, KON, BIZEAF - HE O OHEEZ X2 HEY T, FERk134 (2001)
4 Hic TAIBRBEGRRL ) AR CFRR234E (2011) 3 HH#RT) Z. FE144E (2002) 9 Hicix I~
TN AEVRA A ) R—g v FAEE CERBLE (2019) 3 AR T) & FER154E (2003)

_4_



4 HCix, TAISERY: ) sEaE R Bl (CERR27TH (2015) 3 H#ET) %, “FA164: (2004) 104
IE TEFR ARG W) 2T (2015) 4 H k0 THEHRS: ) L AME ) FATREIE % | TR 84 (2006)
AFICIFZERETO EERFF) FEEEL S DICRE - BESE L0 TEEBRSE (R
n) | FATEEIEE (SFRk23 (2011) 4R 4 A TEFEBORY ) FRICAPER) &, k244 (2012)
10A 1% TREMEAEY ) TS CER2IE (2017) 9 AR T) Z. FERk294E (2017) 4 A

X MR E o - S FAGEM R 2 ED Z O AEZMNI T 5 Z Slc X, AlEE, ERICEBERY
HZERAME Lic Te MFRAIZEY:) PR ZRE Lz, £72FRR299 (2017) 7 HITi%,
PRI FBIZ F5 1T DRI FEAE /0 A O 238 U, FrIRAISRAZEN 43 1+ O [RE & I AISE 7 7 a —
FORESLE BIET TN BB 7] e 2. SEak304E (2018) 10A 121X, b Mk A
FIHA LA FE. ﬁ%%g®ﬁ%é-ié¢ﬂﬁﬁ%%iﬁé LEREE Lz b wE R 2
R S A T AAESE ) AR E & | [RIAE 1L IR TICTRITE S X 2 R SR AL BR%E L b oA/
— gz Téﬁn%ﬁofmawx&TJﬁA HLPESR L & | D FN24FE 4 HIZIZEREZIZB W T
%ﬁ%&@m%&ﬁb957774~4&7wmt7u~7@%%%i0%%m%aﬁb HNPNES
%&ﬁ%m%®ﬁﬁbﬁ%k;OHL&ﬁ®%%%ﬁ9FﬁtE%M%Jﬁ SRR 2 | [AI4E10

1ﬁ%k#é&/ﬂ7g%@ﬁ%’Amféﬁbw&m%%%b\%@&m%%_bt@%ﬁ
n%ﬁof&/ﬂﬁgA%@%JﬁA EEERR L 2 R L 7o, AR 24F (2020) 10 H FFAR T O R
JEBRRRET 3 . i E R IERREIL 5 TH D,
ERELHER YRV ANy TR T 72U 7 02 2 — RS 14E (2019) 4 A
(Z R R AR I 24455 12 555 < REEBE IR R 0 FE B B I it 3 &ﬁoto

TR IR S - BT, ARCOEBFHE, KPEEE L O -« s RIS D8
I X o Tk S v, R¥FBEBE ST, Lﬁ%@%%@mﬁ%ﬁﬁ%aﬁfﬁ%éﬂfwé B
DI Z T PR LR LI E LT, ZOREEEN R KB ONATHD LN 5,

KRBT 5 FH1L, FERLTH (2005) 4 H 2 GHlSF S8z hy, FRk29 (2017) 4 AD
INARL B HIZ N R R RFHE - BRI E LZI1E0, BAEMREMESHENOKTEE R 2 T+
LT, BRSO — BTN E L CORE E&F 2R LTNS,

PRI (2004) 2 BENIRFIEN E 2o 2 &I, B OH 72 O ANMEEIZOWNT Bt
Z*ﬁﬁﬁkkﬂﬁ®@%ﬁﬁﬁﬁﬂ%léﬂtoﬁaﬁ% BT, AHRICERA TR AR
Ot THA R NEID Y THI, ZHUTIE, IEROEF A EEBHIEIC ﬁﬁ?é@%k%
oz, ﬁﬂ%%@t@@@%%%%%#ét@@ MR EEA T2 Z &N RE Sz,
G172 NB ORERIT, W% mE L, 20T 2EFAIE - HEOBAT L, RELRFETH L0, 4%
MBS L VEN SN DFHEBESIEFTOMEOFEN R LAERKTL2bDEEZLND,

ORI EE (2000) [ZEFEOIER (3FE T LITEFE 1 HFIER L, AfErIIC65m L& 3 2)
RE LT, £O L EIT, BERITHT HEHHIOBEANE, @URHELZFRRFICE 22 EREE LW
& IN TV, ABFZERCTlE, ZaRix 4 2EHH O8N IEBRIEITICSN T L7 b D TR
ZEMmb, ’I'EE TRRET L C&E 7S, GlIEHIAZ & DR . THZEWH E Dy TV EEL0RZ Y TH
% & DOREmICBE L, £ LT, iﬁwﬁf(mw);@ 555k A DB E I ENIHI 2@+ 5 2 L &
&Ebto_ﬂi\iﬁn% FHEOBEDBEIFITE LTc & TN ((E=54F) ITBIT3 52 &,
607%IZIET D 1 RN, FMEDO 72D OFHli - F A Z %1 TR EICAERTIERTT LT D TH D,

_5_



RG22 (2010) ISR EFHIHEBEE A ZERHE ICHEE L T DI, AFER o BU TR 2 o0k 4~ < |
E-RIFRRR ARNO FBEZEREZER KO FEEBEREN DR IN I EEZESNRE S,
HEEZE DI EAEREEGREIILTEY . BITHMOA =7 7« 7 Ok & RO RZIFIKT 5

TR THEBK BTN D, o, FERB0FE (2018) 22 HIXEWFERIE A 2 4K & LT,

(3%1-02-2  HFZER} - FELOMEL (2021) 2 E £97



OREMHE

FRKFET, BUEHE SR A AT M —DENRFTHDH, LT, HEFHIZBNT, £ELE
URINT —=VHBIZL VI RNEBE AR E2HE LTV, 20 LT, ERERGIEICLY . FM5
BaRIELLVWIFHHAEL AT L2/ LTND,

BT 2 RO BT FRIRD T oI, FIFMA~OEFZRNET D, HFEHIL, K864 DA%
ZUFANTND A, ZOWNFRIL, BRI S 78— 8%, B 1 HMD 28— 3FITH D, HEL~
DOHEFZFRLEIIFIFIEF I PP R BELWFEHBO—2I12R > T D, L FFAEIT2H — 3%
Th D,

KR TILEMANTERNER S, REDARILT. EHET, WEby, Ay, iy
FOFEEE—FMEAIT O, £lo. EFEMBREIEAIEIC 31T 2 FEE R 3ERIZB VT4 BE{TH
NTW5, 2FHOF TR N REVDNOIRFHOBETRETHLIN, ZOREBLHE, FHEL
HIZHME L, BT HAL TV D, FAIL 4 FRICHTRL L7 BE (BB EOWEEEZET,) 12
EOFHBICE > THIBR S, 1TEM, KERFAL & BICHEOBESEREDO Y L ICAEEMIEE 1TV
OMEEZ P55, 1T A EDFENZ ORERE THRICLT, EROEFE L —=0 72 HIZE T KT
BElZHESET D 2 L0725, sEROFAETIC OV TIE, ERRISARE (2001) MHEML TEY ., Ok
RiT HBHYHEPRELZUCET DT2DOSBERE L TUEH STV D, FPHEF BT HFaculty
Development{Z DWW TIX, HAMZEEHKFTEHSNI L D7 07T AT TIZE L OHEENSIM L TW5D,

R84 (2006) 4 HIZ, FREEE « HAMMNEOWIEIZ LV | TR KR EMIL, 446 5
TR ABEL LT, EROBIEZ S k< 448 TERER) (NFERTZAN) ROREEREIEA
T2 ERRIEAIRR OB AL L7z 6 46l [37F) (AFER 8 AN) D 2R ARE L,

6 AEFIFRLRNC B TiE, SRAIARE F BRI % U CREIAY 22 BUL A 21T > TR 0 |, a7 K
DN THERE LTS,

RR2TAE (2015) 4 H X, B KRFRED N ) ¥ 2 7 AYHRIZ L8 FFRE (4 72— ©
WO, R Z 1 2<105%7 & LR EIFmR A i 5> 2, 27200 T1 B ORELE
METHENIFTERA) X2 T LA T—FNSHT,

ORZHEFDHRE - TEICDOULT

AR, ERICBT OEAMO Rz T REEFNEEL BITHARL, ZOEBNEREEMLLTH
52 LIS, BEHBEONERLHBHER P HEam ST E 2, Fakl44F (2002) 1 H21H OFEHIRL
RS GO EE . A . ERSLR P, B RERRT: « F7i, AASEAIAN 2 |
FOVH ARJFBE A= O 6 FIC L 2Bikes (6 FHB] LRI TVD)) IZBWT, S%RFT
REFEICOWTHAENRL Lz, ZOARIZESNT, 46 C48F) ORIARTE GRZEW - KR
KF) X, AAREFESZHROLGE LT, BENFICEL THRiAERLER. EOF MMM
E, TOEKRMNEE L TEZHEOK LD 7Y %27 A& FALE (2002) 9 AL T3E5%
BETNAT - WV FaTh KPREEBEE, #EFEN)V X270 [TELDic, RFEEY
BT, CERRI44EE (2002) DOEANTRFEERFTE (B - #R) SBOMERT L LT, FRil4FE
(2002) 12H28H . 29 HIZERRFEAN R FHAME (B - FR) @@L, 22T, 3%
BOYERFEDERN T IOV THEm L. BFPAFERELZ O TFRROZE S K OHIEIZ o0

_7_



T £ &7,

6 H DM T, FHARNEMEBEE ONEROCBEFRICBEAL T, KHTERDO —EZ RzZ LlTREW
AIETH Y . ZOHREZZ T RAEIIZEL T OIFEE G N HIE iz,

TR b | R R OFEESRAPZERNT . S 4 R+ R 5 R 0 o — X (AR = — ) &
TG AR+ R PE 4 EM O a—2 (P 6 Flla—R) 2REL, ThEhoa—2 (FF) TH
TR B D UVMTHR K FBUE TR DO LER R ERR KIS LB Z1TH 2 & o7z, RiEO=a—2R
ITEEFMEE RN A EHRNE LT DO TH Y BB O a— X TEHFMER LB E LD TH D,
Z ORI R (2004) E THRABIEK OFEARMENSUIE ST 2 LSRN, SR8

(2006) AFEHE D LIERICHE A Sav7e, SEAIREZABRZBRE IOV T, 80 6 Fifil 2 — 2 2%
LT IINER & RRICEFRR RGN 52 5N D03, FREERERE EEE T 2H1FH OFH
4FEF 2= ADGEIZEH, SOICHERKRFFELREZE T 5 LI, 6 Ffla—A LR LEHEFN
7 (EFERBRZBRICLERR A WEEFEE . FRRFEERLE) 2BE LG E ICZBERPIRESND
oo, ZOa=AMETHEIIHT 2ZMERIIIZEORIRTH 208, HANTEHEICRLHD
¢ BRIRBLS O ERZ BB L. TSRSV TERERICRISSL DAL ZAT 5 B L - Tk
HICEZEDDLHIETH D,

ek, RO FHAEFR DL AFEARMEZAR L ZHR L, EAMORTF LG L TWH R, £
DELDBIEITRE K Zo0HMNTHIT b D, —DIFFFTEE & L TRFEPENH 2 W idE
DOWFFERT 72 & CEIEICET 5 AmPl R a2 BN O X2 28 TH Y | 7 IT3EAR & L TRFIHPED
FEAIH S CEZERICEE T 28 ThH 5, AFOFREFRITATE OMMIBEET 2B BE 1%
WS, AEIOHBERIERETIZ, T OWFRERRBE & HEAIMEZRAT 2 oBEL 72, ®Ei, 3l
TETIIRFFEEE BV TUEATE O TR o &AL - M & FRC, SREEREE DB %
HiEL72, KV —BoOREF RO LN TEY | HEOHM CIIIEAA & L COMEBHE & L TILFED
EEERIIKHGE U, D ORRRBIG T L2 AIB BB 2179 2 EPRELEZ BN TN D,

ZORRRBE RO T AT TIPS (2006) 726 50 4 -l = — X OFERLEFE & 8 6 4] =
—ADFEF B E L EIS 224 (2010) 1B RIS R A H K 2 3 HE L SFRR244E E (2012)
IR ISR PR R O P HER 258 Lo, AU L0 HRIC@E AT 2 @m0 Lr o 3
THEDEKE & BICEEDEFEIEAIIOZRROTZODBEEEITHOERMEEZ D L tloTlz, FHE
BOEIV IR IIFERFER 9F (7240) . FEFR1EH (84) LLTWD,

LSt b AR IR, R E AR T & L COENRKFEENH K Dacademic school
& LU Cacademic program& professional program#:lZixm/KEDHKEWNIEABSE L. BHEIZHT 7-A0F
ZER « O OER A BT,

OXRERHE

AR DRI 1T KBS E R T RHME LR IR 2 A 2T 5, ANFalBRIT, A2 2230
fRFD 0 DZRE % B O TRUEIZFEM S5, RFMPAIC —OIOR T, % BRI E
TERBROK B EZ L TR Y, £2, BIFEMRKENDOEAEBAFELTE TS, BIfE, RFER
(CAEFET 2 RKEFEBE A e L3RR L LB R A A b 5 & F P AEOR 2FICE L, £ FEE DI
KRFEFEZEHADE S TND ENZ D, Tl B S b RAEERITE LWOENABIC X 207983

_8_



MRERERLOHXHEESMTONEN, FELENHZEEGL TS, BREZMDT, £7KA K
ECHFRICIREET 2R < SRR ZRBREE O | BISSPREFRE BLOTH T < ORME A 2 TW2ds,
FR164E (2004) 3 A RIZHE T L7 G gert (35 T ]ITTEF, 7,500°FK) (22, FR184: (2006)
FITITFHE DY THES (4,000902K) MBI L, Fisk - B ClEREICdE sz,

KEPBRHED I LR D KRFEDT=D, LR EEIZRT DResearch Assistant & L COEHAL, A4
RPN E R R B T 1 7T W BIC X0 KR AT > TV D, FRISHE (2006) 4 H OFAR#H
BIE - EAIMESEIC LV . AFERME LR (N FERL00A) 1X, FR22f: (2010) 4 BIZiEko 4
B (51355 BERBIE T B3R A3 AL L, (3RS &R 1E LT, “FRk244F (2012)
4 i, BBEOT AT T - ABEEEOBREEER - EEITEOHEEL X D720, AFERHE
TR (B LREIRREES0N) 13X, 6k 4 B ZBEIE L [P H 258@ 925 & & bic, 6 FHHK
FRAREL 35 BRI 2B RS D & E R MM BN T RE ) 2 AT 5 BRI EERIRN D4
AR & BB A O = — R b 2 155 A Tl Lo T3P HES ) (NEEBION) ZHEk Lz,

BEFPRBET v 7T L) (1548 ALIN) 13, ARFPHEFIITERI8~29FE (2006~2017) 1T
ANF L, RPHEMIER R (494 241, BLERAR T, AFRHE LB RMRICE T L
Flok LT, HRANTEZHRBRZRER &2 52 5 - OISR Sh, SM3EE (2021) HETIE, 8 AN
o7 T T LERBELTND,

AR R LE) T3 AFREMMEOH Y %27 AL LT, 5= LFRRINA O
B 23 s L, KBS BV THER O =— X6 2 45 5 KB 722 5B & R - R 2815
THZEAHARE L TEBRIPERAIE) . TSP gt RO TR FERAT TR & 254
AT ORERE & LTHEL TS,

OMAEFE

AWFIERL « FEBOHE TR TIRHE 72 FEMF L 0 BBV T, BN ENIEF 22 FETE B 2 B L |
S DOENFR L EREZ L, BEEMNICHEOWEMZ T b, BORNANLOFREE OGS %<,
EBRATE BIEFITAT > TV D, Z< ObEIE, P ERESEE R &2 L oK OB
T, BIELZ L ODHENENINIOE L DEZZ1T T D, FAB0E (2018) EIXFIHA EH =N L
DHECERESND L L HIC, RPAEEERN AR LG EEZE LT,

AWFZERE < IR, R - WEBER - BOEC - RPEBe/E - R AEHE - BEFEAED B 70 D 5870/ N i
WFFEIRE] (1 ZBERERRE « TH20~3544) % &> TW5b, HFEFZEE & L TERTNOKE &G
ELLAThND X OBE S, ZADBWIEDTEMEILDORE WHEN/ I > T\ D,

WRRIAAERE (2002) ICABE S SCRRHEE O21H4LCOR T v 7' T I« EMAMER I IZB VT, A
Rt TEMEA SRR Yoy 7 MRS, BLE—#RE2 T a7 ) —%
— & L. EFPRUGUR O E K OS5 TR O—HOBE OB L Efi S, FhL
LT TABERE ) 2ART 27200 Bk E B E LR T v 7 F A, PRFEHHIZE W T
BT Ol EZ T, X5, 2IHHCOET B /T AR FEE - RE S, EEAICE L H
BRSO A5 B CTHEM S =%k [ 0 — S LC0E7 1 75 L) 12i%, FRai20~244F
£ (2008~2012) (& TRAED 7 I W NA Fua O—HEMIEME— AT 4 hP A = ZADRKE
AET D EHRBA |, TFRMAICESSERS AT oA /) _X—= a v [RERBE A G - ERGEO

_9_



AW FE LS AR — B - [ER R Y hU— 2 ORESE— | O 378 ST MIARMRROHE NS
ML, SISO D3 Tl T hEHELE (9474 )R~ g L hfilid i) — 2 —3Fk
Ty TN B, SCEHREEOEERBRAE Y — T 1 /7 a7 MOERR2EE (2011) IZEIR
I, TA 7V A T AGBHORREHE I AMBERZIT> TV D, P2l ~244FE (2009~2012)
21, BARSETRSLE: (JSPS) O 2 & PR E SWANRIE 7' r 77 AR IS, BHF
W9EE O NMER., BB OEBCHEHE 2 HE Lz, £72, FR26FEE (2014) X0 THEKH
A== a— NV KRR TS N— N =y TR T o =7 N ~OBMNZ#E T
T, RFFEFAEDOWINRIE K OMIMFTEE DI~ EITV, HEOEB LA HEEL TV 5,

O LDEE

AWFZER - FEO B, SUBFE . BAETEE . BMOKER R EOFMER, E7BET 55
Yook, HE, EER. SHER, PRI - HEERERIAZR EORBEXITHEL TWHENS
<. DREOITE., LB FTETOEBRICIZZE LV LDORH D, b RFEHELDFEVEDLY %
WU, RFEOHEE, WL - BEOEERO L NCERBRERAKB I TN D,

WA EHH S EF TR ZOFEREEZ M- TH O =, mRAE L XCEREA AR L L [ERE
DI O DIEFFRIE] 2B L TW72s, FER4FE (2002) LARIEL, HRKFPA—T 0 F ¥ /N AD
—Eg L LIRS 2B L T\ D, AT L—T 12 THIEEEZ AL, FHEEOHE X
D RSO IEOBAE Z T T D, 70, b CTHRERER D BME L, 2NE ISR LICHE -
PINCH E A S TEY | HRICKT L2HHVEM D &5, BINE» S FHFE S EAIC X, #EFE
WA CTh 5,

ATRE L7Z B OFANCOEBKICIN X . AFEEL - T TIXZ O T4 b OB 250 AT
Do BUE, REFEDND D204 OZFE - LFEFTER. B AENFTREIT> TV D, FFREITHK 2F 0D
WHEZFEA THAL (it 2G5 — AR, —JF, HEFE#EME LTHE - B - ¥ b AR
Bl - ZEROHBICSE LTV D I 2 IXHIESOA RV ICOIE Y, BAMNIZEE., K¥bie LT TIeE
i LT Tnd Enzx b, AMEAFEE ZHHF LABEESZITI 2 & 20,

BAFGERL « LT = 7 A kb (http://www. . u—tokyo. ac. jp/) ZBHFR L. FZEES « KPR
WFFERL OTEENCBI T Dup-—to-date R IER AR L T D, HFICHIKO & 5 @ik, AFHEE Y
DL IR RRHIBL O & D E5H, RFD T2 S HITITIEFERFRROEZETLED L
D IRIFFEDN B S AU TV 2 ik LWEAER LW ZEL 0 BRERICHIH ST 5, £72, H4F10H
EICBE SN DA RFEFR— LW IV I TAICHOE T, BEKERENBES LTV 5,

OEFRHR EDEH
PRKI64EEE (2004) (ZEOBEREN B ESZRFIEASEBAT LI Z LISV, R FATIEAKRZA
THIL LR, HFTAMZRFFTE 2 L0127, IEAMEBE DR FURFZ, PEFEEE OHELE K&
OBES 2 s R 2 5T « R 2 72D OEFEIEAT 23 (CFRR284E (2016) 70 BIFPES- WL AIHE
EAREICAHLEL) L, TOOO@M L L TEZREE Y 7 PR % T L EHEORE bITbh T,
ARBFFERL « FEBICB DTS ZAUTHPIS LT, EPMPEPHEE R B2 2 i(E U, FMRA 72 pE P s T
BTV, SERAAE (2002) (20d TSRS DHFERCR O FRFRHE « F2ELDOE 207 & EBE) &



VIRV LEME LT, R R T LONEFIR, TREFEEEOR LW — R 5 EEIREBR £ T
—) LETLIERE (ZABET - A =Rt SERI4E (2002) 12H FIAT) IO BTV D,

KRR EICE AT T8 b WD, o, MYBOEERPEEDa L E U N EBED TS,

PESFHPE A HEE U, TAIBRISHERL ) 2RI T D 7o 01l B8RS L o LEAFE S METH
Do T, EEOWIEE K BHEE (AEERY) FBHBLLTH~WTLH5ZLEL, 20D
7o OMRER ATV, SERKIBEEE (2003) 1C8R 24, Bi#EdR 1 403500 b, MERBRTPAER
24 O BEDTRD bz,

DHa Gl (LD ) 0% T, RO, [BEREFMEYOULIE )] BITITHREAX—RITH HRE
DRHENEL DT b, T HEEER B BHE L ANER - F0HE & O THFETFE =R
ZHORHEZHED TEN, R IOB T 2157310, PR RS ASE & AR BB 202 & o3t
IR % AT 5 EFE L RS A AN DO ZE & A_X— 2 2 FH L TR S vz, e AR
WFFEERIE, SERCISHREE (2006) (ZIX Lz WK (BT 27 7 ABHK) | =—H 1 a—kv—%hx., it
ATFIRELBEE LT, Fo. T OOIRENIEIT, MR - BRRIIBFZEICIR S 3, AIEIFEO Tt
5y (BAFEBSE) OMFEFEKICIB W T HiEED bivie, Z D7), TEERFEFFGE] (B AR T
e OFMNC L D) . KO PBIFAFF#AE ) 1N 2 T TEE3E 5L AT AL 758 4 (Pharmaceutical Regulatory
Science) | ZEaFRET 572 Y, dry laboratoriesDFEHEEZX > T 5, k164 (2004) 10 A ICBHRR S
7o TEE LG R A3 CERR2TAE (2015) |2 [H3RZAA T3 | IZ4 RS ) 0ERL184E (2006)
4 HICBR &N 7e TEIRECGRY: CGRRASEM) %HEE) b Z20—RTh D,

MR G AT RL 2 ) 1, SERRIGAEEE (2003) (CIENCKE L CRRE R CEARI64EE (2004) HER
BR) AT 7ehd, SERLGAEEE (2004) 22 B OIEMUIZ KD HIEDOERIC LY | LT L B R R
DB oTe, L LRPE, TR FEREOREICEI D | ERI6FE (2004) /25 TEHLEE
REEE) & L CERE SN, 20X RESCHRIRENAREL 7oz Z i, IEAMED AV » b
D—DEFZLED,

ONEANBZAE - ERRR

UL, PRI - FEMOAFEANRG A (FIEA, RERTEAE. MEUER) 13604 282
TRV, BEEMEMICH D, T OTREEN D ORAENL N, FUERSLT 7Y B, 93— /558
[E, AR R D DR EAERLHE LR A -0 H D, FEREAT, FR144E (2002) 28]
TEBE A 1A ER U TLORATIEEE 14 — 24 OEE - FLE OFE FAEDER L TW T2,
BT TIX 24705 340 DOFHBE/ENERE L TV D,

REGEAAEOSS, BRBICE L, A2 REG, EERFEOSE3REL TRETOT I 7
T CERDENL VD, AERFEIT AR TR 2 E5NE A TV D, A, Reebelc s
TLEPIZEALETHD, BREOARE, RFOBFEFEORRITLY | Ak THix ORNEHTH
LN NEWEROA Y v hEAN L, BHEZREN —H Lo, & O/ R — h THIS L
TWo,

FTIE S WP ERCE B ARG E LA 2 B - AR R & oBRIIERE T, faE Iz on
THREN R, £, B54E - LR OIF L A LT, AARESAAICK T 2Bk & 7R <
[EIBR AR 28 O T 2 HAER A ARGR B E PR B 5 HASUBIERER, BT SIS 5 b 0%



|

TEFEDOWESN TRY] 13, RFPEOEBEHEEIC > T, FEeAE. RFERFA L IR EE -
TW 5, Core—to—Core Program [EFR7 + T T ) AT 4 7 ALREWGEH BRSO 7 a— )0 1) F
27 LD—RE LTSN ~—A 2=y T (RE) 7077 A0, FR29F (2017) 133EF%R
DRZFFEEERRZE 1 ARSI L, K2 P ARMOBER 22T 12, £/, A4 74 /"= a3
V=T VI RFE 19474 /) X"=2a 25835 Y) =4 —8# W70 77 L (GPLLI) | D445
HO—RELT, W ~—A 0 F—v o7 (JRE) 707 T ATKFBE IR A 8 44 A3
Bt aTol, MAT, @ HEbT 57— a v 7FRRAY (BELERYE 14 - LRy
A14), HE (ELRETA 34 - MEIRRAE 24), KE (EBLIRPAE 14 - LR A 1
£). A AT )L (BEGRRESEAE 1 4) CEESZ, &5, BERBERI~ XY A M AMERL
BTHRERFERA ) RXR—va A=V T T 47 Oa—A0—E LT, 240 RNELBREY
AR OEESCTHREBETOL v X —r vy T EITo T,

FEFAIZOWT Y, SER2EE (2013) 2O RERPIRESM S E]E T e 7 F L7 SIR5ET
DFENERITHEZ TS, SERK2T (2015) FITiE, &FRWT 1 7T AT, 1T, 24 057
AENTEE CKEORPFIC IV FERE T L, o, BRDHICBIT 2k EOEREEZ B E L
K[E Johnson & Johnsonth:7» & DTS & | A mEi/ & LT, MEHIHE 7 2 7 F A
“Rikejo” InitiativeZ S H bIF, HWKELR 6 FMO K FF4144 (N2 4083 FE) 28 KE
Johnson & JohnsonAtt: « AFZEMiFY . K ONA X > 7 4 — RRZICE WD T304 (2018) 2 A2 21H]
Ho 2B WIZhzbHEEZIT> T,

RO XS ISR R R A O R R TR A MR AN A BRI CE T, AF T
TE o I B LR EAE R D ONCH TR E OWINRE . FRIE LR P EDOEBEERRESCE T
W O RHIFIIRIE LS & 2 IL[FEAFFEEEAY | JSPS DALY 2248 FAFJ0E EIRIE F 3 (FRL 22 4 (2010)
3H~RL 25 4F (2013) 2 H) TRV EBI L, £z, Pk 26 FE (2014) HBENTERIRS 7z, XX
HEHFE DA == 1 — )V RFAISHR AR DRI S — hFr—v y TR T e e 7 b (F—
) Tl RERFERDNEE 7y 7V v VKRBT RV 27 FOFNEERR & 720 Tk 27 45 (2015)
11 Az o7 v O RZETEMEE SN 18] Strategic Partnership UTokyo—Cambridge Joint
Science Workshop (23877 AR D& LAREE 1 LIREOFAENSM LT, & HIT TR 29 42 (2017)
1 AIZSER CRMfE S 7=45 2 B Strategic Partnership UTokyo—Cambridge Joint Science Workshop
IZIZ7r v 7 U » YK Cambridge Institute for Medical Research(CIMR) @ PT Z3B~\ 1L, 3=
ROLETFHE LMELHE, MEREOFRELZHESIN L, F M TIX, 2/ & LT, Fk 29
4 (2017) 9 AT, Core~to—core 7’1 7 Z A GPLLI 7’1 7' Z A L 44T CIMR-University of Tokyo
2017 Student Symposium M2 T8 CIMR-UTokyo Symposium 2017 ZBifiE L, A& 10 o PI & 15 fho
KD HBEBELONT 4 Ay va vy &iToiz,

- WA~ — A =y (AR IOV TIE, Core—to—Core Program 7/ /A A [EFE
HRIFFEHE AN L DZATUCIRD T, FRTECK O K0 BB AE . KEFHE L - LR eAs
DA BE =2y THENZE L TWAD, F7-. Amgen Scholarship ProgramiZ X5 2 7> H B DY
YA =y TEOZ AN S B L TV D,



EBS AL O H CTlid, W > T, V254 (2013) 4 AIC, 5 E IR K FZEEEER & 5 i 258 i
W EZ R L, MEOERGLBERRE, LXal— g 1lonT, WENAENEE TRk s
EH L, BEREREEMILT 52 NSNS, IBIC, AFEIAICA Y 2—TFT v« f =T R Y K%
Y= TV ATy« T HT I — L OFMRM AR E CER204 (2008) 10 A #fifkE) 2 B8 L7z,
WERAELR, BHE1LDY— VT LU AT « THT I —=KRFBFEDOZ AN L TN D,

FRR2EE (2014) 1 AICIE, KRFRPAERICHEERBYEOLZREZ BN L LT, RRPY ¥ —
FRL—=U 7 7N —718T3 & & R M PRSI h & A i L7z, E7z. k264 (2014) 5 HIC
AL E LT, KE - 7R P ARFMD. 7o ¥ —Y Ut ¥ — L ORFPRFPIRIHE (CFRk21
4 (2009) 5 HAlRS) 2#HE LIz, THFFAKFWD. 7o ¥ — Y Uit L Z— L ORHITHE LK
FREFEEOHAIREZITY Z ENPLARIESHTHY . HEFTEWFEMAEE L TWD, I5HIT,
FRE264F (2014) 8 AICHYEFH L LT, AT 04 - T4 T U RFEEORFRFEMZMMHE CFRk21
£ (2009) 8 AffG) & EHT LT,

WRR2TAE (2015) 4 AICiE, HYEFBE LTHA « FaTuar arREEOREMEM AT E
(EFn604F (1985) 2 Affif) #HH Lz, RFEMBEIX, RFEEMELE L COMMN FE T 2 [EEE
i & LTI ZH O b O TH L0, AR E F 2T ura Ry L ITRMFEIZE D JSPSOHL
BRFEHF R LD ZROBMENH Y . F 2T 1 a3 KEOHFFEEMNARIER & DA 5 1]
REMRRZ N,

FR294E (2017) 2 AiZiE, HE - BRI & ORI E CER9 4 (1997) 2 A
FEfGE) A S Uiz, WhEREAE AR, AR, FEZIB SRR K7 O KB A D 5 AL E S Ik
L TWd, E£72, k304 (2018) 4 HITIE, #EERIEIEE K FHFER & O F R M) 708 28 i 1 i %
B LT,

OHMRE

PRk 164E (2004) 4 A X0, ENLKRFZIEMEL TH TR AY — N2 & o7, ZHUTEW, 3G
BHEA NS ENLRFHEE O DIy S b TRIZ, R mREEELZ eIk —ah, Zh
IRFGERE - FEERE OB E 2T DO TH LN, HEUKBITHE SN b REL, REICHS
ICRETHZENHLVRINTH D, 22T, WHREVPR A REHMB @ EZPO & T HHFES
EEGT DI LITRD . ZETIAIN R IERR S IR - FERAICE D TV D, (MBI
IZP15~17% )

ZOELIIT, FHEITENTEF LT R INOMEBROBEICE L, HE— AN DS
BARZOFTHEDLO TEWVWEBZONDN, RO EEL, SIS 2 B S O 0B 2 1
KEHETWD,

OMEEx - i

AWFFERL « FEBIEL. T E THERIICHESE 2 IR L CE 70T, BT IRk X5 & Cne ik
IZFE LS RITDEINR L L ARSI C, @IS F CREBIEEDSFTR L &R 5T BRI
boto, Tz, BEFEW DL 1T, MEEEDOK) - 724245 (1967) LIRHICEE I N TRY, &
FIEEEM DI N2 0 Oy & DTz, ZD X9 RO F T, FaL 84F (1996) 11HICA—TF 0 LT3



FREE CERRASHoTFHCL D) 1T BE - FEICL > THE—DF TV AD X5 pfisk & /g -
oo RELEMEAERICNA T, HFRHLAELCT VU2 BMA T, #EA - FEICHE - BF
TEE) O 2 DORE R 22 M 2 f2fl LT\ 5, R4 (2002) 6 BT, FERED T2 D OEEWEH (2
PBEREC, JE~IREAE263K) AL LA, BT AISKTH Y | REBIEORAE < fev iz,

SEVVR T LT, TR (2001) B RAHIE TR T KRR GBI GEIRTEAGKIT, 500K
NMREFFEZR & Ede) OB (B THTHE) A b, FK14F (2002) 8 A & v HE UL
BRED BV, SERRIGAE (2003) (ITEEE D 720D O FEE T HABAME S, ERk164E (2004) 3 HIZ#
TL. 8HETITITIONEEKRLUNMRIFEEDBILNTE T Lc, ZHIZHEHWNT, REEEND
DEMA) ICEAFE MM TE GEPRERR4, 00032K) 2D STV, SER184E (2006)
(2, PRECLLL, 500 KD, HR 1 FE, M E10PEER CHEEA N AMY INWICER Lz, & HICZ 0HE
UM TH L RIRFC, SER6EEE (2004) ORER ZR S CIlif BE A 98 2 a7 KRR 22 &5 1 1T
% (IHEE S OZE~ PR EFERI2, 000°72K) H 578 T L7z,

F7o. FRk224E (2010) 3 ACEIRAISEEE N T L2, (m—W A S oFMIc L D)

29 LEKEMOBEMHE - WETEOERIZKL > T, MFEROHRRILIID LFoMBEEhTE
V. BUEORWIC~IKAEFE L, FAREEEE M T U7 144 (2002) IRf D16, 000
KB, K27, 0003 KIZEL TWD, £7-. FRKI94E (2007) RIS HHES TH TF CRAFALRA O 4E
NPRHEFE2, 900 FK) NFET LIz Z LTy, FIfE 1 EORFBET Y 7ICH/ICEHERENRE
SNTAED, FRIEE O —H 2RO THRNONTE LT 7 —v A EVRRA A ) RX— 3 V%
g, EIEMIE T FAE, ERLFTMR R EOMEER, 2 THIZRERNICNESND Z & &
Ipotz, FIFE204E (2008) 12iE, TR TH-MEE 1 EOE —, & HREL2LEL, HilcH
EREAR, FEORELXD EFERFICS 1B I F—FEE2RE LT,

R MITBE OB N L > T, F& U THFFRERIC LV | SHECHERENRE S, iF
FEOBERIZRKESHEBKL T\ 5, KR OENEI L BIE L, Fak2s4F (2013) (2 MEFEFIH
BEONER B AHRE L. HABRBROEEICOWTHERE T T 0., EERE S0~
BB ORI S 2R RT 5 TREMAREAE D U o 2 by FI I L 2 e ARt i3 | 257
KL, CHRRFA Vet EEEA - 77 > b7+ — ATERCEE] IS, RFE8A LY v v
ANy TRFEER 7 7 VT a2 —E LTHE L,

Fio. AR OM B & LT, MRENF v o S ACEEARMER R 5 508, ZHUIE TR
BRE FEHIH (I E D DN WADNER Th 5, HERHIZH D710, HEMR & L TOBREIZITOR
AN D DM, WFgEHiR E L TA%—BIEH L TV T#Th o, B, e Shi- KRR AHE
BROGER OB FAI100nd 13, FEHAMEMEO—HE & LT i S u7z,



Eh

=]

3. I8

Offfs (FF3F12A318KRA)

REABEIE AR TER —

4

—— I B ¥ W AR

AL
RISARACY
AR
R

AL

SR L7 A )

V) BB T
i

— e

AL
LGl (aes

AL

A

ST

il

St

TR

L5y AL (B ) (EEFA)

FEAIRRE S (W J 158 0) (GE =eAIF)
EEIR IR (W J158 ) (7 AV h—7)

— W W —— AR

UM E T
HEMEEYT
o AT

El

ﬂﬂ Wﬁwﬂ

IS (b o) (E i)

JE HT

5T IMBIES:
KDD{/EJ—H%
F&RE

.L\b,—i.

Lo 2,

- {IJ: ?u%r‘

BB 3 I [
—— KB R E 2 —
R ANy T RIBEIE 7 7 T 22—

_[* ﬂ e ﬂ

& AT

BRI SR B e - (b o A8) (Jsbie)

SR

— B

- P

L ermpaasess
SRS RAISE
ORI
T =

T~V ATT

] B FL B R
[EIBR A s =

I $ﬁ bos i

,—'—7

175 3]

BT — A(:*é B KB
KFHF— L GREEL- BT /)
BITT— 4
B EF— 2L



O Br (285 B ~ 5 Fn 24 E IR B 4H)

(HAL: TF1)
=x TH TR 284 TR 294 TR 304 & DRI DT 24E
A AE F (A 809,470 838,563 859,287 854,169 869,608
Wi (B) fﬁﬁ;ﬁé 397,581 371,497 431,553 521,370 420,024
BEgE 0 0 0 0 0
s 5 OE A 2,841,287 3,183,385 3,059,526 2,949,601 4,134,067
& #HA)+(B) 4,048,338 4,393,445 4,350,366 4,325,140 5,423,699
S E 4D NER)
AT (WAL : F1)
=® TH TR 284 TR 294 i TR 304 & DRI D FI24E
5 & || A% || &% |1k 4 45 %A
A TR A - ¢ 10| 40,868 9| 30,428 9| 44,421 8 2,306 9| 36,066
SR B (WAL : TF1)
=® TH TR 284 B TR 294 TR 304 & DRI D FI24E
5 & || A% || &% |1k 4 45 %A
A - ¢ 7 3,897 7 3,062 4 1,948 4 1,985 4 2,268
I [RIBIF I 4% (Hf7: TH)
=+ I R 284E E VR 294F E SRR 304F T TAR S FN24E
B @R || e || % || & e SR
HOF OB g8 R | 84| 124,714 90| 268,824 | 117 | 242,534 | 115| 138,901 158 | 176,168
b 42 (L F1)
=® TH TR 284 TR 294 TR 304 & DRI D FU24E
5| & || A% || &% || 4 45 %A
% bt 4| 98| 261,209 | 105| 304,428 | 86| 284,735| 87| 260,487 59 | 246,963
(BRAEEDONR)
« SCERL A B F0 B Al B & D JE AR L (BAAZ: TF1)
284 TR 294 TR 304 & DRI DT 24E
5 & || A% || &% |1k 4 45 %A
BRI HEHE R 5T 1| 26,000 2| 101,400 2| 120,900 1| 65,260 1 6,500
SN A S 9 37| 261,049 | 48| 379,567 | 44| 345,320 | 30| 228,768 27 | 246,533
FAEE (S) 7| 187,720 8| 315,770 6| 174,578 8| 218,920 6| 179,790
FAEIFIE (A) 7| 101,140 7| 86,580 8| 96,200 71 91,780 91| 126,360
FAEIFIE (B) 14| 59,085 23| 96,191 20| 53,950 21| 76,180 29| 119,874
FAEWFSE (C) 21 30,299 18| 28,102 21 33,020 19| 28,600 18| 21,970
PRER ) i A4 21| 38,675 10| 16,626 1 1,170 - - - -
PRk o 2e (35 2F) - - 6| 20,800 15| 45,500 15| 39,000 14| 32,370
2 FE (A) 9| 80,600 9| 51,480 71 44,070 4| 23,400 2| 10,400
P9 (B) 12| 24,050 13| 25,870 8 14,560 2 1,300 - -
£ Fitse - - - - 4 5,720 21| 42,158 25| 40,950
FFSEIE B A2 — 3 2 2,990 5 7,150 9| 17,940 3 4,290 4 5,720
FeRIFoE B S & 82| 77,590 70| 69,540| 80| 72,274| 76| 71,050 66 | 69,531
[ B e [ A 2 0 e 4
(] B 2 [ B 3 1) 1| 14,300 - - - - 2 8,645 2 7,735
[ B L [F AFF 28 0 32K Jk 4
(E RS RAFsEsR(A)) B R R - - - bl 15210 L 15:210
[ B 3 [] A 2 0 e 4
([ B 3 [ 22 3 (B)) ) T T ot Lo 4] 15405




SRS AR IRAIE 28 (A) - - - - - - - 4| 79,456
ST S ARSI ZE(B) - - - - 3| 18,265
& 7t 214 | 903,498 | 219 1,199,07 | 225 1,025,20 | 210 | 916,382 215 | 996,070
SCER AL 5228 B A bIF 58 A Bh 4 LAS O S5 G IR W 28 1 A JE AR i (BAAL: F-F)
; SERG28AERE | ERR294EE | ERR30ARSE SR TTAERE AN 24EE
704 e 4 4 kL -
| &KE (| &k |1 o 14 &F || 4
STER AL A o b R 1 41,328] 1 31,800
HAZMREL Y | [EMR R E 3 5,848| 2 3,600 1 2,450 1 2,337 1 1,900
HAZMREL S  |WFE B | — —| 1 15,840| — — 1 14,850 1 14,256
S b 4 B k5 4 Bh k.
AAEMIREL S |4 (e it fearse | — - - B - N _ _ _
RS2 ra=r AN
B IS 1 B R A 9 4
R i e Bl 4
b H T = B A JE 2 (CREST) 1 55,229| 1 39,520| 2 42,135| 4 28,925 | 2 19,500
5 T N5 HE
R i e Bl 4
b H T = B A 2 (2 5 50,570| 2 31,200| 3 80,665| 3 26,426 | 5 31,239
B IS (0 B 3 AT 2 4R
B BT {1 B AT |1 3 (S&ENT % | — —| 1 2,600| 1 10,400 — o e -
yhU—2)
ot et i et e | ZE S R T 23 T BT B
Bl 0 R LA e e | T — 1 2,600| 1 10,400 — — — —
e e A2 S RN AN
27 B TR B .
Bl H 0 IR LA o (COl) 7875 4 1 8,999| 2 9,100| 2 8,450 2 9,460 2 6,860
iS55 5 i I %
b 22 T % B ATE: AP 22 R 6 « SRR AN | — — 1 8,000| 1 6,800 1 6,016 | — —
(V—Fa2 7Ly s R)
HOFTHOE 78 B 38
b 22 F T IR BT |HEEE 7 0T A 1 8,000| 1 10,000| 1 10,000| — - - -
(ImPACT)
. ) B S 0 B 3 AT 2 4R
P B IR LA A @%%m};mm 1| 283,481] 1 72,280| 1 93,983 1| 216,136 | 1 | 194,982
ot e e i ke s | R BAE I RAT | B
B2 H i = B A JE e -3 (SICORP) 1 650 1 9,100| 1 5,850 1 5,650
KRB PE A S
BEEEAT IR BUEEAS (27 ey = b | — e o —| - - 1| 48,100
&7 (START)
H S £ 55 A1 22 PR 38 | 122 95 AF 98 BR 76 HE it
Fich B 1 524,395 2|  420,382| 2 449,919 2|  432,212] 2/1,286,176
) Pass e |t e it YERIF N
*Z%g@&ﬁﬂ’ﬁ% zg@@mm%&& 6 279,370 9 350,220 9 344,478| 11 295,848 13| 525,191




H AR S AT FE B 58 | 1 SR AR e 5 A
Fh o e T 1 41,600 3 66,300 61,291 253,042 115,475
VA28 A BE A A
H AR [ AT 0 B 58 | JE 926G R A
FHE W | 3 34,250( 3 32,479 22,971 44,572 41,047
70T )
H A BRI S0 B 58 | s e 4 et 3 - )
H 1o 0 % i 2 27,173 1 20,097 3,908 8,957 27,486
) Ay <
@%E%ﬁ% AU SR AEIE 5 1 9,997 18,108 15,084 24,750
I A [ S A S B 98 | 358 i 5 4 1 9 - 3 -
FHE - 2 51,887| 3 26,722 260 2,210
) pAs] < AR HE AT e S
HASBERRIETEIRSE | AL | 53,680 4 50,320 29,910 24,910 16,195
A ES
) pAd] | B VL Y =4z
A BERIEEI 7 %E@&ﬁﬁ%ﬂﬂm 1 7,880 2 49,280 67,300 66,040 57,405
A k=S
H A R RIS B 58 | 00 25 A L2 0 5 1
st (L7 1 2,000| 1 5,200 21,243 23,045 58,040
H AR S AT 22 B 6 | P2 i S AL 22
- - - 34 5 13 -
- - 3 6,450 3,950 950
FAEEROBE R
) Ay <
@%E’gﬁﬁ’% T R A | — —|1 5,000 12,400 —~ —
HiEE S
FRAEPE IR - AR T1AIR
) pas
%gggﬁh%% OERfIZmT 2 | — —| = — — — 22,000
B ELITI R
HAEESRTJEBA S8 | Moy B FJE iR | _ - -
B&AH B % 3 (ACT-MS) 2 4,550 3,319
) Pas J A b ¢ — 3
H AP TEDR S | BARIERF T #4742 —|1 1,300 1,300 1,040 -
FEAE TIAT
H AR ZEB R | An =220 | B
- B a e 2 74,100 74,100 78,000 89,250
H ARSI ZE B JE | ERA 2 Bl 6 A | R B
Pl JeHEE B JE(SICORP) 3260 7,280 7,280
e e NESINEY SIS )
%g[g{%ﬁﬂ%% DI DABEIEME | — —| - - 25,300 28,800 30,000
PR 78 T
H A BE A JE B 58 | R i o pf e s | o - - 26,400 -
B ¥ ’
) Ay <
AR | ssemrmemas e | — —|- — - - 41,100
A
e e JE AR AR e A
=] 2 [ 4
IR B By 36 1 2,200{ 5 2,600 1,700 150 1,650




FE bR K PE 36 - £ 1 PE 3
EAROKFES RHER R et | 1 5,811| 1 7,180| — —| - — - —
-
ENLAFZE B R IE N | — R VA2 %
T ANVX— e (BEedd o (4w | s o | B [ IS
ST B FE | Sk B 2R FE BT O B ’
1 %
- 39| 1,507,101|59| 1,377,567| 57| 1,460,686| 59| 1,629,540] 60|2,676,532




O MR mE (HM3MEIA3IAHL)
X g | AR fE | BCEWSEAE | ERHE | SR AE | JounBl e | A ge R &
G A 3,206 134 361 133 113 1,390 5,337
FE R 1 £ 13,630 260 1,263 133 337 11,453 27,076
R
f BT 1 i 515
- 6,123
O BEHRUMBEMER (SR 3412H31HBE)
i JEE & Bt ft ek (T-ZET)
2B 6 K (31#=E) 1
O BEMBMBRUMBMIERER (S 3412431 HIE)
ik &= i e Ar O M SE ORE
o &= EE &t & E E i
14,531 37,024 51,555 438 448 886
OB B M (BM3FEI12H1ABE)
B BH\MEHSR (G ORD|Bh SRR | | R B N B | ERRE (HERE | B A R
19 14 8 28 6 7 4 11 97 21 1 22 119
) R S
WA ERE | ) AR
A HEHERE
41 90




=i 5Ff FA#H (58 1HEHR)

(ZFRE) [BEERK] TR29FERE TRH30FEE SHTEE SH2EE SHSEE
3 & E 8 80 80 80 80 80
HE 78 (16) [11| 82 (26) [11| 86 (24) [41| 86 (39 [11| 85 (17) [1]
R EFL -1 72 72 72 72 72
(FF20~) ke BHE 79 (14) [21| 77 (14 [21| 75 (18) [11| 84 (200 [4] | 80 (31) [1]
E 8 8 8 8 8 8
ey BE 8 (3 9 (5 10 (8) 8 (4) 10 (9)
T N * B 8 8 8 8 8
RER | SF I mg |10 8 @) 9 (5 10 ® 8
64 E% 8 8 8 8 8
B A 5 (2) 10 (6) 10 (5 10 (6) 1 (9
- EFEE |176 176 176 176 176
§ IS [180 (41) [3]1|186 (54) [3]1|190 (60) [5]1 [ 198 (77) [5]1 | 194 (70) [2]
F & |100 100 100 100 100
15 HEAEB | 100 100 100 100 100
HE 87 (18) [31]|88 (200 [81 |83 (18) [4]1 |87 (24) [71| 82 (24) 1[9]
F & |100 100 100 100 100
fg;’é 2 F HEAEB | 100 100 100 100 100
WA |106 (23) [12]1|105 (28) [16]]|103 (33) [22]| 95 (27) [141]| 99 (30) [14]
FE | 200 200 200 200 200
E HEAE | 200 200 200 200 200
WA | 193 (41) [151]| 193 (48) [24]| 186 (51) [26]| 182 (51) [211| 181 (54) [23]
EE |50 50 50 50 50
1 & HEANE | 50 50 50 50 50
A 47 (8 [l |41 (12) [21|42 (9 [31|43 (11) [31 |40 (10) [4]
EFE |50 50 50 50 50
2 HEANE | 50 50 50 50 50
12355 BAE |50 ® [51]5 (12 [51|52 (19 [7]1 |49 (14) [10]| 46 (15 [6]
2 EE |50 50 50 50 50
3 & HEANE | 50 50 50 50 50
e |56 (15 [81|65 (18) [0 |72 (18) [9]1 | 72 (27) [121| 78 (28) [16]
EFE | 150 150 150 150 150
H HEAE | 150 150 150 150 150
TE | 153 (31) [14]1| 159 (42) [16]| 166 (46) [19]| 164 (52) [25]| 164 (53) [26]
E 8 10 10 10 10 10
15 BEAE| 10 10 10 10 10
A 3 () 2 (1) 6 (1) [1] 3 () [1] 5 (2) [0]
E 8 10 10 10 10 10
24 BEAE| 10 10 10 10 10
a8 4 (3) 7 (2 4 (1) 8 (2 [1] 6 @ [1]
B T B 10 10 10 10 10
Bt 34 BEAR| 10 10 10 10 10
xS A 4 () 5 (2 7 @ 4 (1 8 @ [1]
E 8 10 10 10 10 10
4% B&EANE| 10 10 10 10 10
A 3 0 5 (2) 5 (2 7 @ 6 (2 [0]
= 40 40 40 40 40
&t SHEANE | 40 40 40 40 40
& 14 (5) 19 (D) 22 (6) [11| 22 (6) [2]1| 25 (8) [2]
& 3 EFE |52 526 526 526 526
IHE |[540 (118) [29]| 557 (151) [40] | 564 (163) [51]| 566 (186) [53] | 564 (184) [53]
KAERICERMNRE>TVENRE T EMZRICEHLTHBYET,
MR A&
¥ & :
oo B AL 1)
MRLS g | FRE| 2 6 @ 4 3 0 2 ()
SEAHEE| 13 (9) 6 (6) 5 (4) 11 (8) 4 (3)




L5 FfE BEERREH (FEHHI4EE)
B E A& FH29EE| TRIOEE | SHTEE | FF2EE | SMI3EE
X it 5 1 2
KAMERALE (FRIEEFTHERGILS) 3 2 5 5 5 (1)
F ® & ®m 1 #F 5 (1) 5 4 (1) 6 (3) 5 (1)
X A ) e 2 2 2 2 2 2 (1)
2 B A # 1t =% 5 5 (1) 5 (1) 5 (3) 5
® & £ #H 1 =% 4 6 (1) 3 (2) 6 (1) 6 (2)
* K 5 w1t % 6 (3 2 5 6 (2) 5 (2)
4 @& B BB & % 2 5 (1) 3 (2
& B B & £ B % 2 2 (1) 2 (2) 2 2 (2
& & it £ 5 (1) 3 1 2 5 (2)
<3 i) 1t 2 0 5 (2) 5 (3) 6 (2) 6 (4)
NFEYE emsarzcenans) 5 (2) 4 5 (2) 5 (3) 6 (4)
| = 5 5 (2) 5 (2) 6 (2) 5 (2) 2 (1)
i fig & # 5 5 (2) 4 4 5 (2) 5 (2)
&8 B B & #® =% 4 (2) 4 (2) 4 (3) 5 (2) 4 (2)
R - MEYZE (FRsEEFCHENERLS) 5 (1) 6 (2) 4 (2) 3 5 (2)
5 F OE ¥V OB OB 2 6 (1) 5 (1) 4 (1) 5 (1) 3
X A (3 A 5 5 (1) 3 (N 4 5 4 (3)
BEARERRE P (T oo E 2 CIRRES) 2 2 5 (1) 6 (1) 6 (3)
A IR N \
E ¥ & #F i B 2 3 1 2 2 (1)
MERSZE B # 9® 1
Mansxsmnsnns | ° t 2@ 2 3@
EURE E 2 ®m % % | 2 2
J7—RAEIRA4 ) R—Y3Y 2 2 (1)
HEEEEEIT A L R &5 7 \
ZF W W o E 82 (16) | 76 (16) | 75 (24) | 83 (22) | 81 (35)
E F MK E R Bk E & 5 (1) 4 5 (2) 4 (1) 4 (3)
Z ® 4 o E 5 (1) 4 5 (2) 4 (1) 4 (3)
a &t 87 (17) | 80 (16) | 80 (26) | 87 (23) | 85 (38)

X ()L FTAK




RIL 4 FEEREERNR

ER29FE FRI0FE RHTEE DH2FEE

® 5 ERPR RPH | PR 2PH | BREH D PR | EREH B¥H

I 73 (13)i 5 @74 14i 7 @|69 (i 9 @|8 AN 9 (@

=

E A ¥ % 69 (13)i 1 (1|70 (13)i 1 67 (17) 72 (9 3 M
HERAPEFRARRMELRE 64 (10 66 (10) 62 (15) 66 (19 2 (1)
AR ESRPRBES B TRE T 1
ERAEHRA RS LR 1
HRAEIZZMERMELRE 1 1 1
HAKZEZRMAEREMSLEE 1 2 2
ERAPEREREREFELRE 1
EILKRFEZHETAZ [C)
FRKEEFWELTAZE L QD) N 1
RAMALYIEZE [G))
HRERKPESOEZRHELAZE 1 ()
ERERERAZESHEIAZ 1 (1) TR - 1
BILERREXEREZHER 1
LHBRFEFHETAZE 1 D) 1
RRAZEZFHHERRE EFHHHEE 1

7 53 4 Mie @W|l2 @Mis @W|s>s 6 (4

(%) Asobica 1
WIL-o—74 [G)
() hxh 1
TANAKATR=)LTA VT AR &1t T
7Ot oFa7 1
TATIABEH) 1
I—94 [G))
ILAY—%A =4t T
HFNFEEF)Y (BR) T
LEZE 1
B Egan 1
%K =4t Cygames 1
(%) Yo7 1)
IVTLDA(¥k) 1
AL 1
F—=H ) ()
RIEHZE T
ALY R =t T
oh o} S ZE (1) 1 1
HRARZEMER 1)
F—TERE 1
YFEFFT TG
AAFEHEA=H 1

B AERA T
BASHEBAREEIFRTIL—T 1
BMKESE 1
J7{H—R&D T
RALY AV TATTIN—T 1
IVFIE—TPURAVINZ— 1
=HERIEFRIRIT R 1
=HYEHRKSH 1
BATIYDATAT G
Yo Er 1 [C)!
Yo IR T
HA &4t Link-U 1

Z 0 b 1 1 3

X( ML FTAHK




%I 5 FH

FEDBEMBHFLE—E

) G D)

FR29EE

TRRI0EE

REKF

TFRMER

E¥ AR
EFEMEETHER
e

22

21

HEERWER

HWEXEEE

DHBERFR

N = =

DHEBRPEEFRS
SFHREED SRR
EEEaEIEMEmR

ERZEHER

N W

AV N=THEEIE—

Sint R MR L -

EFRAMBAERFT -

rIUAL=2af - U =F - AZIT T4

BIRHEE

REETAVRE LA

tiEEKRFE

RALKEF
EXZE
IBIIEMXZE

FURKF

BEXE

FEKF

RREEREHXE

RRIEKRZF
EWARE

MEP N

EIERKE

REKF

W —=IN—=

RBRKRE

HEKRE
BRKE

R PR DU G R O

BBXF

RIBKF

EEKRF

SIWXE

aX=
HHEXRF

EHKE

BEESEIRF

E R K

EFRERENKE

RPN

HRAF

_ =

FREAMKY

RAEHAERKE

RRERERKE

RREMAF

EEL L FRF

RAKRF
BHEMKFE

EEHKF

NN

BAERKE

HERERKF

HIETILKRF
KIRTIILKE

TN

FEEXEF

BAEHAE

EVV7UFERKE




At Rim e

B ERIR R

SREERILD)_vD

EREANBKER 1

REBEERFABEDY—vD 1 1 1 1 1
BNl N Ea e A e e e e [ 3
ENMIREMIA 1 1 1 1 1

E R BEEEZR 1 1 1

EARFAREABCEBIEA
EIERFEEAN BIRBEERHREII- 1 1 2

EIARRAEEN EFHPRITARAERE 1

ELERFERRRT 1

1
1
1
E L ERFEEAEERME ST 1
2
EiARRAFEEAELISAHREIR (IBIHIIITE 1 2 1 1

RRHEFR AR 1

RRfERERFERTE— 1

NI EEAEEEIRT Y~ 1
AR AR RESIES
NBEFEEANAVAES 2 2 2 2 2

23 BA EIR )| W5 i 2 SRR B B 1 2

WITEEAN ERXGERERHEHE 5 5

SERERTEHEAKERHER 1

AARMETERS
BAEBMRECIIIRIIA MEE 1 1 1
BRERMEEFET - 1

TBAE R J7— <

TATIABE M 2 1

BRAVT—INIATT

I—1®% 2 2
RIRBLEG 1 1
HIZE-E—7-)

—_ =
—_
—_

Ty (B34 1

EEFTER

E—=HE 1 1 1 1

HKEELRTER 1
HiZ == E® 1 1 1 1 1

(b 2 F B 1L SRR

ot EERR ST 1 2 2

B 1 1 1 1

B A S0 1

BARLECEE®

BI1TFALIIAIRIAV R TPYITIA b
A0 FEEEFU 1 1 1

CINT—-HAFIDA-AVE—FDaF)b- Iv) UM 1

#RBRAR—IL T4 VT A 1

5/ MAQ0TD A

()SEEDSUPPLY

PAVR—ITAVTR
BI7ANNIYDLZIPT17

N — = -

3
BXLHLTT)\M(2477—< 1

D Rl e %) 7 32 % 5

JIRINTAADT7—IH A=+

KEBEATAANT )M 2K S

—_ -
—_

TFOSIVHILT14VD
N=3)AY-t5E1—-F1vh Atk K &4t 1
At F1517 1

galli] 3 6 2 3 7
N

il

|
~
S
(ee]
N
o
N
©
1
—_
—_
S




=i 5 F

WX ETFUREH—F

o TH | PRk 2 SAFREE| Rk 2 9| SRk 3 O 4REE | SFnsciEE | Sfn 2 4R
"7 5 #F X 9 8 11 16 13
B £ AN R
AN e 0 0 2 6 1
WHgERr (e 3€) 8 8 8 9 12
WEZEATSE (EAST) 1 0 1 1 0
< D 1t 0 0 0 0
&IESHFME KER ARKRE - ZETEERER
MR O W 4 X gy | PR 2 9O | PR3 O R ST BFN 2 R S0 3R
NFEH 100 A 100 A 100 A 100 A 100 A
SR BEF 118 A 119 A 110 A 114 A 102 A
NP 96 A 93 A 88 A 90 A 82 A
it FoIE 96.00 % 93.00 % 88.00 % 90.00 % 82.00 %
E;T%f% NFEER 100 A 100 A 100 A 100 A 100 A
HREF R 118 A 119 A 110 A 114 A 102 A
E 7 & 118.00 % 119.00 % 110.00 % 114.00 % 102.00 %
NFHFHE 96 A 93 A 88 A 90 A 82 A
P 96.00 % 93.00 % 88.00 % 90.00 % 82.00 %
NFER 50 A 50 A 50 A 50 A 50 A
SR 2 HREE R 73 A 61 A 66 A 58 A 43 A\
NFEH 56 A 53 A 54 A 53 A 40 A
T+ Fe R 112.00 % 106.00 % 108.00 % 106.00 % 80.00 %
% NFER 50 A 50 A 50 A 50 A 50 A
B3 EIAE I 73 A 61 A 66 A 58 A 43 A
i fiz R 146.00 % 122.00 % 132.00 % 116.00 % 86.00 %
NP 56 A\ 53 A 54 A\ 53 A 40 A
FoIE 112.00 % 106.00 % 108.00 % 106.00 % 80.00 %
NFEEER 10 A 10 A 10 A 10 A 10 A
o HREFE R PN VN 10 A 6 A 6 A
NFFH 5 A 3 A (N 3 A 5 A
SR I B R 50.00 % 30.00 % 70.00 % 30.00 % 50.00 %
fHi - ANFER 10 A 10 A 10 A 10 A 10 A
AR e 7N N 10 A 6 A 6 A
2 g R 70.00 % 40.00 % 100.00 % 60.00 % 60.00 %
NFHFEH 5 A 3 A 7N 3 A 5 A
piis 50.00 % 30.00 % 70.00 % 30.00 % 50.00 %




TH2FE XP¥PRETHEERKT ELRE)

S0 2 £ E
$ . e
& 7 &
EXTIEEESD| 91 (25)
WE5E - BRItk
EXTIIN 3 39(13)
R ONE YN e S 36(10)
BNy N e Sy SR S 1(1)
RBP4 1(1)
R ESY S e e Gl i 7 1(1)
L % g
EEEIIN3 41 (6)
WDB (Bk) — 7 L Itk 1
NN A F—FaF L () 1(1)

() a2—t—

Bl T3 (BR)

T—)VRwr Py IR

) FI7A x> b

(R ANEREERY Y 2a—va X

PAFY T ()

(BR) B AT Dbt

[u—

B N —FR—TF 4 T A (BR)

() F—x R

Panasonic ()

KGHE—IT 4 T A ()

7= A (K)

FuA FF—~Y 77 A F Y AT RALFY —

BR) V=N bRA T v

[u—

RA NI YNVT 4 T ITN—T

Meiji Seika” 7 /L~ (¥F)

EARSF (KR

(#%) Finatexti—/LF 4 > 7 A

VIv I T y—<HP AT A (KK)

PwCa VLT ¢ v T ETRIEfEStrategyk

TEe—harH LT 4T (BF)

RGEEE (BR)

F—=dt ()

RS T (BR)

—
~

(FK) S A ST EAT

= AMEF (R)

/J\ET’%%DEDJ:‘A% (HE)

AR () 4(1)
YFEF)T 1(1)
() = 3K b PR SRS AR O AT
THEIR
HKIE + A 3(1)
% () Tk F TN




TH2FE KRFRETEHEERKRT (BLRY - RFELRE)

N - | i e
[ RIE T ] | 44(13) 5(1)
WEIE - BE 5%
(RGP 10 (4)
HO KT R FBEIE 7 R 2(1)
HHORF 4(2)
TERT 1
R TR LR IT T 1(1)
o E R PR SetE A Ie e 1
AAGD— V=g 7Y% 1
A
(C RGN 9| 31(9) 4(1)
ANXTF R — A (BF) 1
=YL 7 7 —< (1) 1
S NIVT 4 AT —< () 3(1)
T AT T AR (1) 4(1)
KHEARFERLIE () 1(1)
HEEP B (BR) 1
16X (B 1(1)
FERIT () 1
Y — (BR) 1
WXV v (BR) 2
HARTZIZZESE (BR) 2(1)
w4k (B 5(1)
HRAMIER (FK) 8(3)
(BR) = 38 5 PR SR AR B AT 1
JEL A 5l 1
AN NER O 1
ENLD AT v 2 —TRbE 1(1)
ATE « A 3
% () 1 ILF T




BIESEM R BHEHMH— K

| | Em2of | ThaosE| s EE| S EE| Sf3EE|

© & F &

MEBRRERPLE L E MM E T PR ©)
EHRAEENILBEE PFR O

KERFFEE R E F PR O
SIEETERAZHEPFER o

© &5 F F &
tEEltEESFFR
ZWE LT HE —SFPER O O
BERIFRIESFFR
RRAERFEZFEFFR
BRI EEFFR O
R AR AL ER M L & F AR
AR EFEFESFFR
IR BT MBS FFR

FE R B KRS HF PR
BHRIEBSFFR
ZERIYMETEHFER
ZERSHEFFR
BRARIBESFFR
EREIMITIESR

i LU RSS2 LU S S 2R
LERLENIENSFFR
LEREBESFFR

L EMIIEB S FFR
BEHISFFR
BERIFAEESFFR
REABRITERASEFER o @)

o)®

OO

O 0|00

O 00| OO0

O 00




%I 5 FH

BOFA V-2 y TEmEH—E

E=4

A=Kk

R 294 FE

T304 E

THTEE

SH2EE

SHBEE

BEHEE

1

REERE

X s

PrEa

NEERE

[RF NEHIFT

BT

JAXA




I. &# %% H



202 15E

REFREEZRVRR EXME-E

RN G = HLALEL
GLE 0 T R O iﬁ%ﬁ W |
‘ i ;
# |8\ %
(# = KFHE &z
O HEORHT
O & R
4300091105 FE 3 B % 4 # 1 < WHR | R #Ey |S1] 2
D Xk EiL S2
iR EREZ
CHERET | JI1R e
(#H B [0 = 1921
O find &
OO\ WEK Bz
HEEOE | N B
430009120 3% #F 3 B % f & 1 f?g%ﬁ; Zj’é?ll 2; SL| 2
HEHHZ £ H i 52
HEH = EH OEHR
WeHEE | KPR
UHEHEER | A KGR
€ - ERINPN;
=2 %R HET
O = E
#Hom |k FE
H® AHE R
o= A JEE
o= A —k
O I SR
w o | #A sy |51 2
4300091303 7% # B % 4 G I < o | H LT | 52
% W Hkd
% e 15E
W% 0] B =z
W 4B B>
W% JUIRHE T4
HEH Pz WA O B
OB | fEiL MR
EA o= A
\%“Pﬁéﬁﬁﬁi = 3 )
p
OB | MR EZ
=2 me
o BHE R
o2 R TESR
O | AR Ja&
430009140 [ % . A % 5 @ IV Egig E:ﬁ jﬁ? 1| 2
S [~ =7 . AN
\%E%E |wm g |52
BEHEZ | BN =5
BEHIR | KM FEE
HEHER | BE E—
WeHEE | /Al R
LR | fex K FRdk
B | e R
GHTHEER | TN R




430009200

430009220

430009240

430009260 77

430009280

430009300

430009320

U3

&

(an

%

Ch

Y

4

4

%

2]

7

I VA Fa D —

K

r

K

K

bt

R Oy R R R

2A
Gl

A
i)

A
&)

2
A

{ffv*f R &
AR
A il
A il
A il
\ R A G i

% 4
% i
# i
W
e
12 Bl

(% =
H o
W ok
He ok
W Bk

S

(% =
% 2
P
e
e
far
[tz

A

%
S S
E O
< UEHR

F T

[ il

il
RS
ERELA

Fr L=
R
H R
E9=E: g0
FHLHERE
FHLUERE
= BMEESR

WK T
DR
W oHE T
A piia
EmHE BT
i 5L
Fafs A5 B
L
LN
il =
AR Fif
S £

i e
IEWN
14 H
K
L

(74

éﬁﬁ
HEiAR
HA

e K
#H A
¥ i1
AT B ==}
(- )
il ik
Rt

=i
—fik
Frm el
afd B
E2E )
JVARHT kst

e

I
B

EESSE
L7
mME Bk
A —R
I &
WA Al
7 KA

e
N -
R
gR FEW
A B W
AN 5 N
W BT
A Vit
R
e K ok
i N

Akt
5 H
b EAS
F N
Vel 2R
AR et
AR

_F
FEC
=0

JEE

Al
A2

Al
A2

Al
A2

Al
A2

Al
A2

Al
A2

Al
A2

8 554 52 D 3

AR A I B

T8 B0 1 B

AR DR A

8 B B

w BT B R




— B ¥ W E B G| kA Fr| 2
s o g U or e o | BBEBAR | BEE HESL | A1 | 2
430009360|%= 3£ & 7F il B 7 45 {/E%(gi‘ JNEF By A2
430009380\ U = A = 2 b | B H L 2; 2
BN
BEES| & % B A RN I
—— BB E B B ORF % 1| SOERMPARHENHE  |[Es 20 | &t
VAERH
EHPER (BLHHEE)
A7 3
N =, 3 ?Eﬂ = N ES
BA®ES| ® % B A % % A | T g
#(E| 3
— B B % R B OB % I | RERMERHE YA i A 20 | M0
WAERH
RFER (EFETHER)
BN
BAEES| & % B A I fﬁ?%ﬁ%& %
#|H|Z
430007100 [ % 3 7 £ B MF 98| ZIHIEsE, fi REKER 4
430007200 [¢tf 4% 3 5 O MF 78| ZlIESE, i A 4
430007300 [ 3 5 FEOBE A JE | ZIHIESE, fi BiESS 4
— P& R B M R EERUIEREYEE i A 20 | B R
VAERH




e s e PN

oY #H 8 HANLH
_ P e | g | E
y =1 = 3 Eﬁ @‘i 73 i
BB &5 7 ¥ ® B it 4 K PR P ’ (-
#£1H| 5
430030000 A= ay B 2 E IR EIBR A BGE 26 | # = | Bl KRR @4 2 5 4R
430030010 |A= A B} 22 B 1R 07 I 5 25 o | HmE KR [ S1] 2 WE
S2
430030020 |A= i B 27 £ 1 Ak 2 S22 5 o | FHE R Al | 2 IEEIN
A2
430030030 |A= iy B 2% B 17 52 B 5234 HoBO| MW R [EfE 2 [ER
430030040 |4= Ay B 5 5 I 52 16 18 4 E</QE O I =S - W K 2 IEEIN
430030050 =M Bl i 2 — E O N I N EE 5 - N K 1 IEE
430030060 |4 i Bl 5% 52 1l 5 51 35 AWM HE |ET 2 DAL

MO EFOEZER B, AR A B T E B SRR S BE O B R LUSMARE T E 220,

FEBHE
1. BERBOEEIZONT
e e (CFE R OISR R RS & Te) (348 E SN2 HIFINICUTAS TYT » TL 728 W,
B TRERBIRRZE ) XEREERICE EO THBEN M EET o T, BESRGEETLILEEIHY £
A,
2. BEREOBEFEMIZONT
FRERBOHAR (FavoX4HA, #RE 1 MVE) 2oL, K% — L DHAEDICHER
ETLH0T, MEMRL T ZIV, G IR O& B IILEER L E D)
3. FHORH, MHERORBELBE LG OHRMIZONT
EEFREER O LFREICB VT, ZHORE &2 WIdMmAFER O B 2 &5 LGA i,
AMERBERIRICBOTHHED L, A HNETERBEOETICLERBME T HZ ENTEE
T, HARREE LT ., KX — 2 OBESRYM IR ERE 2 BT — L~ EH LT
<IE&EW,
7272 L, B EER R RO B IC oW T, BMBEOE TICHEREM T 5
LIETEEEA,
4. BER B ORREHmIZ DWW T
JBIE U= 128 B OMGEEICE L, Ao E NN RERYZEORYELEDbRD R ED
SRS E U AICIE, 0@ AEZZ T THD 1A URNICRERYHE ~EENVEbE %
THZENTEET,
ek, Eitdbo TbRBARMMR D286, BET—L~HLEHTIEI N,



SHMIFE FEFEE RERBE—E
@ : EREROME 4 FERFER ORI
©®:FE xR ouE 6 EER O®ER
* o BERL (BETEARBREAITFER O LIIRLR)
2HEAEAT HF— A
X e o N o
B H HAL | Y EE [ H - R
Mt A T 1 | =W S| a0, W o, bEmE
@® DEM - BRSO, HasE H VD o iE
DNTERET,
[k 2]
A b % 0| 1 |KAmE B BeEE KBRS, BSOS L
@® = A S D FRAR 0D 7= 6D D HE AR E 2B AT o
EAR B AF | WVWTEOET,
[/ - 3]
g AW F| 1 (M E K| AaRREEMT AL E RS TAEY
@O [N HE | FOEBEEFOVET,
] [k - 4]
Mol E W |1 Bl R AGRFEAEMT LI OICLERMAY
@@ |f& 1L AR | FoRBEFOET,
HA O EE [k - 2]
iA] By 2!
e #ofb |1 |Book BE|EZR-EEZOFSIHECTCAAXRRTAY h—F
@®® CR R O LS, AWM ESIZ OV T
mELET,
[ - 3]
A B b % 1| 1 |[FFE RAT| LiRMbEF, i, BlLEETREOR
@® BALFEOREBEEZZOE T,
[K& - 4]
B BoAL % 0| 1 |fivd @mE| EEARDZFOMEOHM L, KL CTEE R
@® |4 H k| ROWMBEALFENE X L FIEICOW TiEE
LEJ,
[K-2]
B e B RE % 1 |2 E | EPREBEREEEM T D 0 O R ik
@O (A - /il & LT, SlmgsofEiE & e (R e - A8
BH -~ %) EFOET,
4 U () [k 3]
W7 N
W b 1| 1 | EH HA| ErHbFEorEETHRBETLILICED, Y
DO HibFHME0ES B LET,
[K - 4]




Ho% WM B 1 |BEBEZES|EFLVWIOIFEMOT U NI Ay, R, K
@® BEyNyLT <ML, EE, BEERS,
tHtELtob 2E L FET, £, KBrOHK
FHGED —dm A FONE T,
[4 - 3]
£ ok F FE| 1 | EHtER | ERLOFMICEDIN DA EN R LS
46 EERIEICET R EEE TT,
[4 - 4]
25 A2 — L4
\ i | g 2 e
B H AT HYHE (B H - B
H# %IV 1 |& ¥ K HIVR =L
@G |[EE ==z bao AR R SISO W THEOE T,
[k - 2]
o T | == | O B R I WL FEWE O EMSN . AR AR WD \Hﬂf
@O |y HE B & | B TR, BRIRBLY T H W D o T ER I
WTHEORFET,
[k - 3]
BB M| 1 |3F Kk B Z|EAEEEORBEE. e EE
@® . BROBESCHEMNICHICOWVWTHEOE
7,
[k - 4]
WA F | 1 | B Yl UA A, MEREOBMAEMICET D MK
b % 9 35 %40 [#H o L 7 ek, BAEMIC LD ERE, PLEEST 7 T
WMEO Ba| oK VW TERET,
[k - 2]
A E LB FE 1 | =W IE Z|RAEERZFOMBETT LEYME H VA
46 HEBFE~DOINHAEH#EHZLET,
[k« 3]
WO 2 1 1 | 8 | EHEZROEBAERY, HAREMRRCIEERRIC
@® TERT 28 MOIER 2Bt L £,
[k - 4]
oae A ¥ 1 (BRE OBZET|4 ﬂ#%fiﬁﬁ“é% (6 T 75 B v UK
@O | e A | B RE WAEZONE T,
(A - 2]
] iiil #11 |E M Z& Wl |HIRE &R o R ER ML, ERIRIE B o S FE R,
@O |4 o 1| ZoEhE, ‘Zé?fﬁiﬂzob\fﬂfpﬁbi?‘
[ - 3]
My EhREHI | 1 (A R 2 [ EESB R D ONCE IS o EMEH 2 %
s @®® B4 o5-0ic, EFRLOENEREEMZE
BICHEMRT 57D ORISR Th 53K Y
WERADPT S L EHIC, KNEIREDOME




ANHZEE 2 £ T 2 EZRAIZ SV THRH L E
B

[A- 4]
A B E | 1 | L B ERKS, T YAVRE, B TG,
@O |=m A Fo g[S 7R E@ft#)ﬁﬂ?%"‘&ﬂzi}iﬁi%fﬁ
Vo E T A OICEERAKE IONTH
Kﬁi‘é—o
(& - 3]
Bl ¥ OB F| 1 |4 R\ TR LR E 2 s, Ao
@x M B o | FEELMRGEESTHLLWVET,
itk [4 - 4]
SEES1A2—LA
‘ - . M g
N H B
B H HAL | YA (2E - E]
AVvEIr747° 1 |&dF - I k|G %7”—774Xﬁ//a/ﬁﬁ%xz
ﬁ 1:%% 'ﬂf‘ ? 4 6 k*um.mm fcfz)‘%\ ﬁ#ﬂ%'ft%@%ﬁ%%%éﬁ\ L\ij—o
CRIE [ - 2]
#OoP % I 1 |Mas | TPARMEESR NOWR, RERICIERT 2 EY
NG OSBRI b\’C,%’ﬁﬂ%%ﬁEio‘J:U*%*ﬁa*ﬂ%ﬁE
OBLENHHEEE L CHAEL 7,
[k - 2]
oA b |1 | LIREVWEOEMRIZE 2 DRBIT OV TG L
4® E N
[k 2]
B RO PR | 1 (RE B2 |RBOREAET ) DRy EIRE, KK, K
*® [ FEHL ﬁ%ﬁiti%ﬂ*ﬁﬁ@%ﬂzkﬁuﬁﬁﬁ% ZOoNT
fth |EERB Mm% 0E T, £, ok, 16
%, BRI O LR %, BIKHE, N, 48
WE B EDOEMENLZV, HA & LTOHRH
OEfREZ B L E T, (A& - 2]
7 7 2001 | g F ﬁﬁ%@ﬁi@ﬁ%klﬁw@%TWI/ﬂ@wa:j@
46 |Fm LT THmEREE, Mk, M, SToxaF
Ry hEhEEBmLTCERBELET,
[4- 2]
W2 EE 1| 5 | A B AREFEOERRNERBIEORS, K HE
®® | xa - ok |
B & i A RS 0 8 5
[H~/\ - %]
o O M| 3 | K&K - Hhr | EMARRILEEERER (KRGS O
@O | KW E - o H, B, ﬁi&?ié\ﬁk,'ﬂ%{fﬁ?ﬁé%{f
DOREMELICH, MK I e~ NI T T 40—




D FLAE & TR KBS TR, B SO
ARG AR E ) .
(A~ Fik]

3EES 248 —LA
. e - o 7=
B H HAL | HYEE (H - BR]
AL V1 |BTE BB AR EA TS5 RAREAEIEEY DL
@O® | FF| L, EAEROEKBEEZFOET,
[H - 2]
A AL VI 1 | B R R EELORBB ZOAIETO MR, KK
@@ |1& M | WEARRY ~—DbFICET 5H#ETT,
i P-450% H 0 CEE R FHE . BE M RS
BB s s B BERSOUGHERE 72 & & 4y 1 LS L TR
L. [ BEELON R ILEMTA T T —,
U— NMbE&ie ERISEMI L O KL/ kALY
LAERBTY =R EOELSFITHONVTHF
WE T,
[k-z]
Mo T3 1 R MR | BRI 1A XOMR G i A 3 AR AT 15 1T &
4% | EH HA Ewm“%®%LMW®ﬁ%&%m%m%
LET,
[k - 2]
NDAMBAEY| 1 |—k FE|IEORRAENLHEITICET LAWY FE R ONED
FeNAFEHEK|46 fit | BRR & 1RIRTE, L ICEWEEICHET S #EE
fih <7,
(K- 2]
LR 1 [EH R EELREROEEALIEMIEN O E &EILIZ
4@{E% 7 k| B9 07 EwmE . EWBLG IR LT A2
HEEMERBEBRICO VTR T 5,
[&- 2]
W% EH M| 3 (k- @R | MELPREBER CGEMoRNEIET — X 0
@O |t & B M ORITIE . & 2 R 7 B O WAL 1 iR
Mrifdk L OV v )7 B A AR O & E
W ERIRAT . XAREATIEIC K D 5 T o iR
BT & ST AR IE O BLAR) .
(A ~4% - F#]
SHEHXA13—L
; - e W 7
B H HAAL | 4 EE (0 - B0 ]
A AL F 1 (e KB AL RSN AN TSR
46 [ ER|BMEEICZOVWT, BRFOMREMI LT,
(A - 2]




= O FE F| 1 Bk PR ERICBTAEFZOMHMEE BAE L L, BRI, E
@O |m | BEE| AR E AR AN, RERLIEREE, ER
NI e | & SEAIAR, FRA - A O, IRIEFRE & KRS
B, FRAREERE 72 Sl oW TR T 5,
[k - 2]
= 3 b % 0| 1 | KMBEAZ| ABEEDE - EES -0 A#bLY, 5%
@6 (FE  HEH| oA FEEZFE0E T,
[ - 2]
OB M P 1 (ME R R iR E ., TR I EIEREZEND
4® |\ H M| Rx RBEBRIZCOWTHHRLET,
"] B =2
(K- 2]
= b ¥ 1| 1 [« K| EEERZTBELT 280X LOA K
@6 |H L 17| ¥, EBeREILY, EEE, RAWAE BT
R EDHEETT,
(& - 2]
HMERHHEER| 1| (BBEZES | EMICHELAIBEANCLEMEE, =232
4 ® == a AR AR EICONTERE T,
(4]
EEEBEEHI| 1 |E 57 8| EWREEHEOBRRF2AHELE LT, 4%
@O KMt B W bi| OEFREBZE2D ETOBBRTEHOERSZED
OH E | EROMT, S6IKide N A BB TR
G LT %21T5 ETOELW a2 X, F
BFESF OBESF O EEANME & F 5,
(%]
o g H V| 5 g - AR () AR T ER
@O | BB - T BE i o FHE (U A B 5260
B MO EISE (T4 Y h—735)
(2) 7 T DT ER
B A& A0 2 JH N T2 oy A o O HERE SRR
() B FEH
ETINVEME R BB ERESE
(4) TR A=) 32 Bk
W SR, PLAEME, 85 THRIED
R
[A~4% - F#]
SHEXEA23—L
: Ny NI W P
e H BAL | MY EHB (R H - 5]
AL WM 1 (Wil B EELEBICLAOGRILTOHET, AK
@ | B &R RIS, AR E S & OVEBIEMEYE O




Lo R & R L £ 5. &S T

LT, I NS Fa Y — TR
DR L E T,
(A - 2]
KAWL %= | 1 |[FE M| R FINEERZ P LET 2 KAHEKED O
4® (¥ 7o | IR, Ky, FR, S LKW S A FT 7 0
o fHE| Y=o TEORET,
[k 2]
O R 1 (MR FEZ|EERHORTITTIUNT = AT AD
4® it fi, EFELOFIICHOWT, RIHEE,
BHRAMEFMEZOWTHERET,
[k - 2]
A B 1 (e &l ENoEREE (b ERET) EEREE
46 |IEK B2 IZOVTHROET,
EH O OHA [K- 2]
EFELLZEME] 1 |~ FE|EELHOLZEMOBRFHEMTEZ., £EOX
2 40© (4 & | RUARIREE WO BLREEIC, D TAEWFE.
fih | FA A, RREA S e & TR 272
RELDMEH L E T,
(& - 2]
W E R VI 3 |FEEWE| AW, S E AV EBEEAEE
@O |HtE - BEE | B, FREEAOBE, Mikby, MRy s
TR ERERE O YT, HFREERE HWIZER
T EER,
[A~4%4 - F#%]
4% (EREHR)
e H HAL | Y HE W w
R EFER| 20 | F OE| PN NREATEZED) OARICEHRE &
@ 20 FEEMROE —HFITBZIMLET,
4 ~6F4%E (EZER)
B H HAL | HYM#HE o o
oy R VI 20 | H O OE|KEPFHOBEICERRB LR, KPEHFREOE —
® BIZBINT D L RS, WPEEANE - R
T<ATO B EWN RIS - FEHEZITH,
WEEBEFEE| 4 |ZH B BE - EEERMOMRICNE L, AR E L
il ® fih | TR R e POBEKRBRE CIERT 579

© SEHEIE DR L T — AER - HIk R
A~ 0 B IS B A IR R A 1 L E
FoOREEBERL TR, RYEFEDN -
VICH72 > T KN T, SAI B 1
IEA TR, B, MBIE K L E T




A
4%
M
o
M
¥

WBEREANR OE & BRiEz B ML, F—AE
BICBETED L9225, AR L
OLAI, ARIEHEE 2 & o EAAEB BT 2
ARG, fhg, BEZEHRT D,

= M
i
&
T
iy

R OHSHREE & BEEL2 ML, HubkER
BB TEX DX O bl=dic, RBERFAA,
L C o - EHE, Wi, EER
Wr, ERERECHIRE DDV IZOWVT oM
AR 70 ik, HieE, BELAERT L,

w
4
B
=
B
i

WEE (R EAE &) OFRICEHE &
R I OE I L £,




. FHEOHRFERR




EHYER



& ELFH=E &

B R KB FE BBbr-luol)
HAFI 57 4F SRR RIS RN 59 4F Al K KB S R e RHE LA S T
B © 40 RN R A, e (R

KR B BT Bric-vwio)
SRR 12 AR BRSSP 17 4R R R R R e BHE L3RR T
B« BURRE KB R E RS, i ()

HROEE

FACFBEOMR AT T LUMEFERROR A (&) Li#rE (WGt H2WEORAIR (1
BE) | THDH, TRbLBELEEDORE (1T L—23aY) Thh, LML)
BURAE LTy TSR 2 A DIE IS Oy T OFSREICBIR ST (L% (B OAIHICERA S 5,
B UWEIE 38 LUVOBRREZ/EY (L. 8T LUWOBRRRIH LWDEIc k35, 20— ELTT7 IR
K OBIEEREEE O I & W O MR 2 A E L P DI A b L ITHT iy TSR DS & &
D FEREFIE A FEREME B AIBUC BB 92 Z 2 HODifEE LT\ D, o T OME (FB) 23, BUSHE -
FEARE - HETERENE « AEIEIER EOME OBREIC G 2 D BE TN, TOFRBAEBRTLELD
2. ZOFRIEZFIH LTS 2 o2 LSRR D Al ko8 LUVMERE A AIE T2 Z L Ich D, Hie D8
LOMBRICEELZ LR HIZ ) 2525000 ) B EZ RGN RRELE L TR LoD,
Z0 ] 1L Tho L b %Y DO LI b LIS (B3 24&AMT L)
BN LTS, SHICHEE VEMIENE) H2MEORIBICH.OE B B IRE 2 T > T
W5, ZOHAEOHEIIBNEREEHEVAY REL2 VRV BEOREAERICERA LTS, WE
&L CTHRZWEAIRL G K ANATON TV D, F 2RI SR oS O SRRy R O FH EAEF
DT DSVIETH H 720, stRALF L HAE D TEBRILZOELZICHA LREORIEIC b HHEE
LF OGOV TW D,

1. BEGEEREZE OO FOER &R

(1-1) EFE7 I FA ) IT—ZRALE=R/NDEEANY v I RIBEDHEE

L DERTEIE, a- N v 7 AR B — MR EOMRAIN YT Tl A R L LTE
UREEZ TR T %, ZOBRAMEEROTEER E LT, £TOXTF NS (7 2 FiEE) 2
g% & DT OIZEEHNID 2 2N HIREND Z L, BLOEHNOKEREAIC LD N
ELSINDZ ENEFTOND, £To, F "V HEOIT Y BEHOFEEEO—DIZERIKT 2 VB TH
5278007 2 REAGRIROBMEAH Y, 7 FEGOIEFEILS B LHE IS 2 5 8T
BLERNFFI2 D, BT T FIIEEWEYTEE 2 R TWENS AFET D0, BRICL DT
2 RHEA OIKRDIRIZ X D ALZE SRCEEORMEN S EELICERE LI W EZ 2O TN D, K
IR T 28T T RO, B OBBKMED KT T 5 8B TF REEORM
BRThDEBZLND,

ARWPIERRE I EM D AR 2 7 WSR2 A9 57 X BRA SR 2 W TCRIZ ED & 9 Tamik



WEEPMMELN DD EMNTT 5 Z L2 BRI E L, BAEHIZIIE O BBAKPEIELE L2 W_TF KD
Wb Z BEE L L, ZOIERBUOMAIREE 2 AWV 58T A o Gz B L2, B4R
i, AKPCHRER B BRI 2 BAREE (Y v 7 A ) OREE R/ NENLOJR -3 CEEL
T 52 L AT WD, (L LT 2 NEAE2AET D Bt 0 U EEE
(K1) IZEBAL, 2OFY Iv—0B~U v 7 ZHIED X9 25 IS &I 7270 %
NDMWEMRNTT 5, ZHUETICHRET b T7~v— (47%5) U ETHARGEA MBS 2 2 & 2R
Lo BT, AA Y A~ —ICBEBRIEZEANLTFERET A v - Gk L, f/NEALO 2 L
FOEEICHEEEZRIE LI AT 2 RN o 7 ARG AR5 Z L ITR Lz (K 2), HIfE,
HAEE D S 572 5l 2 it Th 5,

o)
o T I RREAORMEE ;\Q(‘ FFETIF (0 gpamos i )
N TERARIE
O/%; o RIELEREE
§;’\ —~ Ay ;
37 FHRLIRAME S

FUREMRDRH

Jayy “IRET /B
M1 FEFET7 I FOHER

N N‘Boc

! NOE

@3“%1:}
gcoowle o >

K2 A7 FREKREA)IT—DEREE
T BRERBE. & FHESD
(1-2) HLULEHHERIC K3 —BIEEH (NO) HE5MBEDRET & ke
7T-THEey 7 uaR21~7Z ON-=r a7 I bR L TW5, T74bb, N-NOKA
NIEL Ip o TS, —hF T, N-=h Y7 3 idp HAFPESRME T TIEE AL #Awﬁ%t’
?_Eiﬁwo*ﬁ\?ﬁ*»@if?fi\%ﬁﬁ%®ﬁ&%&%ﬁ’iof Bt 5 11
OXNBENTHS- N7 A= b MERISESIERZTH LWV E THH = &ﬂ#%bt(l
3)o AR LIzS—=bturYFA—LDS-NOKAILEFINMRE L T—ikER (NO) &t
Do ZHURT-THET 7 a221]~T7 % v OREERNEZFIH U728 LW T 2 & >— bR
(NO) G E LR T N TED, EHIT, T4 (VAT A U5E) ZBRNIC=Fr Y
6952 &L TH L7 EDORRE Uﬁ%g®ﬁ%%ﬁﬁbfwéoikKNC$VH7iV@ﬂﬁ%



FEIC= b YT X EOWRINE S, AIEEZUIN LT N-NO #5E BT 2 Z L2Vl Loodh
bo KhT v A= b MUEISET RUF U U HIERONELIEEIEISH LT b,

RFADS-NOLENT B
R-SH R-SNO A\ E DREEER SR

/x\ SEEmE

CN—H CN—NO
N—K#ZHT /s LE Ly

B3 N-EZXy FENZFAYTIVDFA—ILAD I VR FAVERE

2. HFILLWRIGOFRER EEFR~DIEH

A A FhEE (ChFHY) OIeZE. ABERILEYMDZEREL~DIEH

K DERMIZ BRI L SN FEILEME ST, Thwx, BREREICEHEEZ R
OO EBEIRAICRI RN E BRI L SN S EBIRbAEME G T 5 2 &1, E3RES, Heetkan+

AFEHEE OG- BRI R 2L FETH D, LRI SN B EFEILEYMOEIT

ERAR—EH G 5 6 & 3 D BBl A N 2 SOBE Ko THEEIICER L TW D23 JRECh 5 E
BILEAT D HFEROEMRITNVELERE 2N H 2 mlild, REMRBEORIZE > T inZ
ENEFETE D,

Phosphoric acid triester

NHo (1.0 equiv.) NH, O
COOH [:j :
TIOH
(1.0 equiv.) (3.0 equiv) 20°C, 20 min 88% yield
MeO OMe
(0]
H-N-H O H_i:[\i—H /] Q 0

o) Q4+
+ \H"O OMe }_IO OMe .--070Me
phosphate ester Transition state (TS) acylium cation formation

X4 BEEPOKREEDEEICKEDREFEEEDER



A TRIIFHEF ALY & BEA AR 7R EFRIEO SISO E DR, EHILOFIR O BN A B i
HOT, BB OMBERE A2 MR K EEAICL > TEESEL LD TH S, FZITLUTOT I &
FIVIR IS AT BES. IR RO R B o ~DT U ARITHEIT LAV, T IR e Ak
T, BRI K S TT VY DL TF A UPER LW O ThD, — 5, KA4IRTH Y F
MBEDOY VR ATV (B 2 AW 5 & @R TT Vb EELT 5 2 L KD,

3. HHHHEE (EWEMNEE) ZHOBEHRSFOKET - EHOHMR

BA VN BERBEERT A7 IANEDAL—F3—DTHA U EER

o RO (A F T X, e 7 2 — T URAR—%—) OREMRITS L < IIHEREFRHE
EHREE T HHEM T OB E 2 ETDOHERS TS X EOEEE LS DL ENTED
PADILFIER Y DJEF L)L TOREE LR R 2 ek AR L L THIZEL T\ D, BLICTEME D TRES
BT H T TR,

BEEATAI—9— (£EAMR) HoDL<HLWEFAL TS —
(GPCR)ZN /= &ZH#E S FORIBERIET

pan agonist

0 OH
1
M~ B
Ty
HO™ Obw\/wﬁv::::::j
NH, OH

1)J1) B E (lysoPS)

s

GPCR (GEBREHABRELT4—)#
GPR:!.:&J P2Y10 LPS2L GPR174

[ R |

BRI (R E Rt E T—o7 B BRMEISESTS

K5 BBEATAI—2—CEDIBIEMRE

(B-1) VDUBEZEBRL LEBE2 VNV ELHEERTS7IALED2AL—E2—DTHA UL
=307

Lysophosphatidylserine (lysoPS) 13~ A e B ek e oM i &G TE & /R 3 A BRYE MENE
Thbd, ZOERNWEOEEZ TTICT A > LTALAEDIT lysoPS OIEMHZEE T 5 A —/7 2
= A MIARY | TR S A7z GPR34 TidZew, EEALIC B3 2 REOZ IR DIFAE A B H )N
L72s —77. GPR34 OREREIC SOW TR D 7V —F N HAE LT\ %, D78 GPR34 2O\ T
HZ OIEMALSY T OB T IR N R - 5, F 7 LRAFZERE IS X o TR A ST lysoPS Z AR~
DY T H A TEPWE IEHEIERIL 21T > TV D, lysoPS A KRITGRZEOTEM L, IfHLIZEE L
THEYRIEOED LT R TOREBICHELZE > T\ 5, KRE VEWIENE) H2WEORAIRO L%
HETHY, o bIENL TV AIMERETSH D, —F CHEBNMAEERE LTI FE X



VRN EOENIEFEEN A GO T AN EAERIZER LTV A,
9 (0]
HOOC\/\O, ?\O/Y\O)J\/\/\/\/\/\/\/\/\

NH, OH  OH

Lysophosphatidylserine (LysoPS (18:0))
6 BEEATAI—3—DERK

(3-2) 4 F > F ¥ XILVADGREDFO bS5 2 RAR—5 —#EaERE 5 FDOEIE

AF T X XMIELSDOABEDO X —7 > N THY | F v xVOBIBAZ T D8k % 72/ M5 703
B SN TE 72, L LINTENEY T2 RO TF v FUTkE L CT— RIS RTREZ2 45 13X R HRIS 23
72 ETF O A TGS 57 I WSS A a U—FERER LT W, BNy
T OBRBEREIIZIZ KRG S ERRBRME L SN D, T v 3 OBREHIENC A e Ay O
ShERI 72 BRFE D T2 DI TAE B 72 IR k9~ 5 T ¢ R /L O BARAE 72 & D FLIZ D0 7o 3R F RIS
MBI TH D, THLHHEBEOZ IXMKIRRMIATH 5,

AF U F ¥ FMTMAZTI NG 2R b T v AR—2 —Off# 21T 9 /o FAIELZ & B A2 FfF > T
THEEIZW L OO R Z R FE L TV D,

4 ERFIRZAVSEELTE - RICEBOREN - £MEEMEDRE

BOSHEROHEIE R 2 IR T~ D BR . $UEMHE B OBERIIAN TH D, o BRI 2 HuE(z
MBREDOMEZ L C& 7o, 20 &9 2SRRI 28 U TEiE L ST A T ORISR
JERERE DA FEIZ T FRERAIFEIL S A EE T 525, FEBRAYITIZAT T & RUWVRERF USR-S IS 3 1
DX NF—Z B L TRIGRBZRET D52 & 21T>o T 5, aFElh¥EtEAZII Lo b
E—HABE LFENE S FEi L T\ D, Z<ORET —<I3ERT —~ L OMAEDETITD
o,

HEOHME

FACFHET, FHHAE & RFRABIZEZ L OZX VX —ZFONEIRL TN D EHAL TV D,
FHBE BT, FH2HEED AL Z— 2 TEBLFE L, FHM3FELEDSI F—b (5 —F
T4 THBMEEEE ] () B3 EAD Al F—o TEFRE 28 L TW5, THBE
[T ) 3R OAEZOIMBEERB THD LWV I B S, A I 2 [EEEARLE (LZF
N) DORZEH S 2 PO BRI E MO FRRIFEE S L T LT 5, EERISERTY
VREEM L, EHICT RRAVARRNELEDTWD, [ 52— 7T ¢ THESEE ] T3l
A VB —T 7T ¢ TRk BIE LS A RO Ao T D, TEIE(ES: 1) CTria
D DOFRFOTZD DGR - MR LLFOHBE LR L. @EOAREBILT, ARRIMEFOME
EIRIOBRTO, FHEZOBE LS E MR - AIFILTF~272F B - DI A OEEHT
HEOXHERL WD, ZIBERINFIIalb—a VOEMELHEME LTHESFRENIBND
Ty b E—HOBEEME LR L T\ D, £z, T 34F4AE S1 #—20 [FEFEFHRE 1 284 L,




HBEERTHE L TEMEL WD, FERIEEMOILFEOEREZITH FITL D ERFERE B,
PATU AL LTHESELZ 70 A2 AR LTS, EFE SRR IROZ4 (26 LT CBT
AR 0O S0 A 1Y U SRAIRIECE 1 b AEMIOIC Sl LERL L TV D, KEREEE Tk, BB
END THEEEER 2 1) Z2EESHHY LT\ 5, T _XTONE O R AENBIET 2 MR
HToh D& DOFHET, SABIRIEDIRE A4 5 FOGCHE SR A2 8A & U CoFHuEM AERBES D
FfE LIGHIZOWTHER L T\ D, KREFEBL COWFIEITEANL D FARA 70 Mk o TR & BB &IZ o
WCHERT D 2 IR REBRHEBICEBRL T\ D LfEE TV D,

B C =% - 51

BIFRETIL, HEA N—RENRSM LU COERRES LMICENT (arXya) & L EH
REBCE 2 A 1 AT 217> Tnd, Ziuh SR 2-3 2 & o/ MR e 2§ 32806 LT
Do AMEETORFHAEOBEX 1) EMT 25 - BEMIZEZ D80 2) BHO
RO - RREESI OB, FFEOA M=V —FENDZ & 3) ML E COEBN AL
FRIGDHFEEDEECAA LT O o A Z L 4) FEECOMMY - BRINERE IO 5)
0y 7 DbAHWROEFITES, BBV ZHIIOTHZEThD, Z07 H 2 FRIRMIC
ODNWCTT A AH vy a &I TV, BHLT —~ I N—T7 Z L Itaf e fioChmtEa#EmT oL b
2, B I —TEE A AN, AL ORBFEROILFIIE O TS, FEENTITONDH
Wb, A7 0 b EBE S, Fas. I, RKERAEEZ OISR ST, R
WK BRI AT 5 2 L 2HERE L TV D, @SGRIT (e v n) T, R EKREZ R -2 F
PIZOWTHET LIFELHRL T\ D, FEFOELL ODEFPADHEE~OBNIN L, HARNTFAE
2K LTI OATEECOFMmORER LI L, SMNE NPT AARGE COMm R R 2 HEE
LTW5, MHFOEBMbZRATND,

REEGEEDHIFERERIC IO TERIBICE W BRERER SN D £ 912780 IRV EEF & EIZ
MBIMECIEREIRAE ) 2 Ff > TE A\MDMER N B UIE SN TV D, ZFERDF Y T —/3ZAD 15T
& % BURAR SO RN PR R A S DIEFRMEIC L o T, WFEBARICIEF T2 b ORI LD A2F L,
FEFICRITTWD &0 ) [EFEAZ2EERERS AARICEWTHIRG LIS L., ZDORFAERS DE
HUER L THERIERE~OEFZHELE - SR LT\ D, FESFLREPEZ T ANEETS
LT, SR, L0FRDOARDY A = 2 S OWEIRILZE RIEATRT VT OWEE R U —
7 R L TVE T, ALY - AEEEEY: - AEBOSHER R 2 OIS & B el 2 J s o
TN EEN ST, ERNAOOITERE (Brbate), K, SRR & TAEE - L2 B3 D i
Fulk - PSRRI IR TEHEL T\ 5,

WA T 2020 FE0 B 5| e & Bl o v v A L ARG O T2 DA R OFEN S K E < HIR Sz,
FTA DI F—IFMHEDaAI 2= —2a UL, FELIETORRICERICENTAHADL
EBLMHEICIETE T, MBROBEMCHRA~OBMRRE EH L2 2 BE 2, stmcot
T —DOVEEMEE GO TR L 2021 42 10 A DXl I —2HALAICE-> TN 5,



sk sk sk sk skoske sl sk sk ks sl sk sk skeoske sl sk sk sl sk sl sk ske st sk s sk sk sl sk sk ks s sk sk sk sk sk ok sk sk
2 4 W X

1) Rhodium and Palladium Complexes of NHeterocyclic Olefin (NHO) Ligand Fused with the

9,10-Dihydro-9,10-ethanoanthracene Framework

Authors: Shin Ando, Akio Ohara, Tomohiko Ohwada, Tadao Ishizuka

Organometallics, 2021, Publication Date:October 20, 2021

DOI:  10.1021/acs.organomet.1c00503

Abstract:_https://pubs.acs.org/doi/full/10.1021/acs.organomet.1¢00503

2) Unexpectedly Rigid Short Peptide Foldamers in which NH-p and CH-p Interactions are Reserved in
Solution

Luhan Zhai, Masayuki Nara, Yuko Otani, Tomohiko Ohwada

Chemical Communications, 2021, 57 (67), 8344-8347.

DOI: 10.1039/D1CC02998C
https://pubs.rsc.org/en/content/articlelanding/2021/CC/D1CC02998C#!divAbstract

3) Switching Lysophosphatidylserine G Protein-coupled Receptor Agonists to Antagonists by Acylation of the
Hydrophilic Serine Amine

Misa Sayama, Akiharu Uwamizu, Masaya Ikubo, Luying Chen, Ge Yan, Yuko Otani, Asuka Inoue, Junken
Aoki, Tomohiko Ohwada.

Journal of Medicinal Chemistry, 2021, 64(14), 10059-10101.

https://doi.org/10.1021/acs.jmedchem.1c00347

4) Elaboration of non-naturally occurring helical tripeptides as p53-MDM2/MDMZX interaction inhibitor
Aoze Su, Yuko Tabata, Kiyono Aoki, Akane Sada, Rieko Ohki, Satoru Nagatoishi, Kouhei Tsumoto, Siyuan
Wang, Yuko Otani, and Tomohiko Ohwada

Bulletins of the Pharmaceutical Society of Japan, 2021 Volume 69 Issue 7 Pages 681-692.
https://www.jstage.jst.go.jp/article/cpb/advpub/0/advpub_c21-00238/ article/-char/en

sk skoskoskoskosk sk sk sk sk sk sk skosk sk sk sk sk skeosk sk s sk sk skosk sk sk sk sk sk koo sk 3k

ERFERER
1) AIMECS 2021 13th AFMC International Medicinal Chemistry Symposium (Online Symposium) November
29 - December 2, 2021, November 29  Oral Presentations OR-02
Access to Inactive States of Lysolipid Receptor GPR34 through Generation of Inverse Agonists, Switching from

Antagonists
oJunjun Huang, Luying Chen, Yuko Otani, Misa Sayama, Tomohiko Ohwada (Department of Organic and Medicinal
Chemistry, Graduate School of Pharmaceutical Sciences, The University of Tokyo)



2)

3)

4)

5)

6)

7)

8)

AIMECS 2021 13th AFMC International Medicinal Chemistry Symposium (Online
Symposium) November 29 - December 2, 2021, November 29  Oral Presentations OR-04
Investigation of Hydrophobic Requirement for P2Y 10/LPS2 Selective Agonist Development and
In-silico Construction of P2Y 10-Agonist Binding Model
oLuying Chen, Misa Sayama, Yuko Otani, Tomohiko Ohwada (Graduate School of Pharmaceutical
Sciences, Laboratory of Organic and Medicinal Chemistry, The University of Tokyo)
AIMECS 2021 13th AFMC International Medicinal Chemistry Symposium (Online
Symposium) November 29 - December 2, 2021, November 30  Oral Presentations OR-15
Mix-and-Match Strategy to Generate Lyso Phospholipd Agonists toward Membrane Receptors
oTomohiko Ohwada, Masaya Ikubo, Sejin Jung, Sho Nakamura, Misa Sayama, Luying Chen, Yuko
Otani (Graduate School of Pharmaceutical Sciences, Laboratory of Organic and Medicinal Chemistry,
The University of Tokyo)#5 58 [0]-X7"F Rifii<s The 58th Japanese Peptide Symposium (4>~
T A L BfE) 202141 0H20~2 2 H October 20 Poster Presentations P-006
Effect of cis-trans transformation of benzanilide derivatives on peptide conformation
oAsami Ichinose, Yuko Otani, Tomohiko Ohwada (Graduate School of Pharmaceutical Sciences, The
University of Tokyo)
¥ 50 AERRILFHMmE (FU54 VBB 2021510R7~9H
1049 H REAZER 30-20
T VIR ERD Friedel-Crafts 7 S WAL G D BRFE
ORSR 1, BHPR 1, EEHE 2, [HARECKES 2, BAEF 1, KFMEEZ 1 (1L KR
$ 2 PEE SR 1K)
F4TERGEARDES S VRSO L (FU54 U5 2021H£1082-4-5
H,
10 H4H RHEAFER 10-08
N T b7 7 VBRAURIZ K D7 m U ST DO REEE
SRR, RAET, KIEEEZ  OGEREEE)
¥ 65 BIRAEFLERIBAE (F o5/ UFHE) 2021F9A11H
MEAZE#R  A-05
N7 =) FFEERICBIT L7 I P A= R I AN L5 RTF RavkA— g
e X|e
O Wi, BA B+, Kl &2 OGREREEE)
% 65 AIBAEFLERIBAS (F 5106 2021F9A11H
ABEFEEX B-07
Access to Inactive States of Lysolipid G Protein Coupled Receptor through Generation of Inverse
Agonists, Switching from Antagonists
oJunjun Huangl. Ge Yanl. Luying Chenl, Misa Sayamal. Akiharu Uwamizul. Yuko Otanil.
Asuka Inoue2, Junken Aokil. Tomohiko Ohwadal (1. BRARREZEE. 2. EILKEEEE)
% 65 AIBAEFRERIBAS (F 5106 2021F9A11H
OBEFER B-12



9)

10)

11)

12)

13)

14)

15)

16)

Identification of Inverse Agonists Starting from Agonists for Lipid Mediator Lysophatidylserine
Receptors

oGe Yanl, Misa Sayamal, Luying Chenl. Akiharu Uwamizul. Yuko Otanil, Asuka Inoue2.
Junken Aokil. Tomohiko Ohwadal (1. B AREEE. 2. HILKFRE)

% 65s MAAEFRERIIAE (A5 VMK 2021F9A11H

HiA%EZR  C-06

FEPESRIECIIT D 1A U & 7 A% o DR O RSB SUG O ffHT

OREEF FR 1, B B+ 1, K51 E2, [0A @ERES 2, KFnH &2 1(1. JKREEEE, 2.
T SCHR ) 113E)

%65 AAAEFRERIIAE (A5 VEE) 2021F9A11H

HEA¥EZR  C-11

TBRME BT X BOKRFFEEMMBUIC L DT I ROV A— T R B

OF #Euh 1, B B 1, B B2, [he @ERES 2, KFnH B2 1. KRBT, 2. 18
Foy SCELRA ) 115%)

%65 MAAEFRERIIAE (A5 VK 2021F9A11H

HEA%ER C-12

T2 JRAEIEIZ9 B Friedel-Crafts Mt DBAIE & SO ERHE O AT

OR %1, BH Bpk 1, LB E2, (ho f@EREs2, BR #&7 1, KA F21 (1. K
REeHE, 2. TEESCHARTE)IH)

HAEFZR F£1418% (FU54UE#KE) 202153A26~29H

321 H HEAZER 27V03-pml3S

N7 7 CBRABIRIZ K 2 =T < Rl & 7T R T O il

OJF A, BA B, Kl &2 GERbEER)

HAEFSR F1415% (FU51 U6 202153HA26~29H

HEFEE  27V03-pml4S

N AT =V FFERIZRT DIMTREEEEIC L 27 I FREEKROBRIREYA K

O Fhig, BoH #1. Kl &2 GUREEE)

HAEFSR F141F8% (X516 202153H26~29H

3A2TH REAZER  27V03-pml5S

FATERT =V ROV RA— T v ARMEAIZI T DS 7O 5

OF &FE 1. ¥ L1, B 7 1 il @0 1 S E 2, 1hn KRR 2, figta #Bt
L oRFaH Bz 1 (1. BRBESE, 2. s SCRRE) I3

HAEFSR F141F8% (X516 202153H26~29H

3A2TH REAZER 27V03-pml6

T=TYEY a2 2 INT X AEEE LD BT R Y VEERICEOHE B AT RO
2 Ak

OFA = B BT U HfdT. Bl R, KfE &2 GOREER
HAEFSR F141F8% (X516 202153H26~29H

3H 28 H HEAZER  28V03-pm02S



EHAFINFNT K DA% o D DOSREIRYEDIRYT &~y 7~ R ~D)EH
O FXR, BA B, KinlE &2 GERPEK)
17) BARFEFZER F14158 (FAUF4UFMHE) 202143A26~29H
3H 28 H HEAFEEK 28V03-pml4S
BEREFISC 72 ) IR U EEEIYE & LTz Friedel-Crafts 7 v /U LG
OR R 1, W Pk 1, £iE B2, (U0 @2, Ba B 1, KfiE &2 100 HKR
Bk, 2. EESCBERE)IIEE)
18) BARFEFXR F14158 (FAU54 MK 202143A26~29H
3H29H HEAFEER 29V03-pmllS
B2 U H o RFHA AT K D LysoPS 524K P2Y10 D BR/K MfE Ao fig e
OBf #&% 1. £ £ 1, BS #F 1. bk BiG 2, HE R 20 A 58 1. K
HEZ 1 (1 KRB, 2. AL KRBE3E)
19 BARFEFXR F14158 (FU54UFMHE) 202143A26~29H
3H29H HEAFEEK 29V03-pml2S
TEEAT 4 = —2 =1V V) VIFEZHROREGTERORE & Gk
Of ¥ 1, feil £vb 1, Bl &5 1, Bk IR 1, BAR E1 1 HE RS2, 5K 5E 1,
K &z 1 (1 JRpeE, 2. HEREESE)

RSk ks skosk skosk skoskoskosk sk skosk sk skosk sk sk sk sk Skosk Sk sk skoskoskosk sk sk sk sk sk ok
e AL

DREGHELRBROME S o, WERROWREAS A2, BAKERE 141 F2 (2021 4 3 1
26~29 A) CHEFREREZZELE L, 20V03-pml2S K [ JFEAT 1 =—%—1 ') VFH
SRR OFEFILDORGT L AR, 27V03-pml3S FFFEAL T U7 7 7 VEBIRIC L D =T R
Rl & T T R RPTEE O FlE )

2) YHFFEE DO KA ZH RN TERF 250 AT PR O R T A4AEHE A B A
D 2022 FEEFEEICZETH LI F L, KIMAERIT, EFET7Iy KaiRZ$7
SRR b YT I UDIRR., BEIT A ~ORHEILR GO, BHREIF NS DR
RFETTF A DROGORRF & i L MEEBLS: R BRI 7% 5 0L & OTR I Bl %
b, #HiimeE82 b oMb B EREZRALE L, ZORAN, BT THED 2WE, R
HEWIEIED B 555 FORIBUC SRR D Z L AR LE Ln, BRI E 1T K20 Kk &k
WISHICE L, 222 RETHITEHMIEEREZ HIF, IROFHERICE L < JEEk L7ZFZEE 1
EONDHET, HANPEZOL-ELAEDLHLETT, TEHNAIL 20224 3 AICBETEDOH
AIRPLAELTRETETT,

AR OBEE HP : https://www. pharm. or. jp/news/news_20211201516. html




& XAMERILFHE &

#H B HLE FHT oz Exex)
Sk 5 AR SR A SR 10 4R IR R A Ze B HE LR s T
B« BULKE RSB AIIgER  BhR, L)

m B RBR BH Gnin-zzov)
SRR 19 AEBUREIRIC BRI | BRAR, PRR 24 AR BUR KSR R AT e B R s T
B« SO KBTI R ZE R Bh¥, L)

Bl & FE EBER ed-0sh)
Rk 20 4RI A SRk 25 AR RS R e R R s T
Bl BT A L SRS, )

By %  FE E— xxbs-zi0b)
Rk 25 AR UK SEIRSEIR AR SRR 27 AR R R R R HE R s T
B« BURTRE RO AP ZE R, 1 AR PR, 1 CRRLE)

By # BE E OGLO - 1E5)
Rk 26 4EHURURFIAA AL TR 31 AR R e R LR s T
B © Yale KAbR HELRIZCE., LR

RO E

R A AT BET, ARARIENEZ L DM RIRAEBEEMOREK, ZDT2D D LW
I ARk BRISOBRYE & R OREE LiRe 2= F— 7 L LT-FsRESY F ORI A FE T —< &
LTW5, AIFEIZE > TEHERAGM LT OGR4 R L T 5,

MBER TOMFTRIL Y 71X, X /3T B2 EOERE S TN T A E RN BE L
TR L, FEESTEDLODOMEELZ LD ) DERSTF RERRBMTH D, Z o \7Er L
DA E G FAZ A B EEIRN N SUWEPTEYE R, SRR IEECEREZ O
LT, ZOMRRIERA MEBEEICEML TS, —FH, TOMIEITRE - f/MeEShuTR Y o
EORME, UIE UIRBIR IR TS o713 5, DFE D R % | [RISCAWERERIEmE & L
TISHTA7DI2iF,. ZO = RITHRE PRS2 ZRICHREA)T A0 ERH S, LirL, M)
IRRERE B FR O B RE B R KRR T F RO/, BIETH MR T kR TF
FELRV, Fxld, 208D @i R OB % BE—RILT 2720 DORIE « ARkiE - #lE
DOBAFICEY A TWD, &5, HHEBEC ZRITHEE N 5 G A L F 2 RE I, KRR
ISFFTZ 72 MM & 5 - LT ey 7o/l S T= 2 v R B oI % BT, BRI
X EICLL RIS B REIC O W TR 21T > T 5,

1. £2EFO=-HDH L LRI - §AE - BIRORFR

LR OMMEF RRE AL BRI OERR A FHHT 256, Bz &0 X 5 ITHAAT ), 457D
BLEZ DX I ETF e | BRORGZ AL T HEELRMEICHETT 5, {E4ICLTH
FRAZ ) 0 7 H5 O ZIRSTHEIE IR 95 . BSOS - (L8R - SEARGEIR M7 & Ol R RE A=
L%, £6 &S 272 DIE R RO AN MAL 720 | —RAVIC TREEDE L R



Do FTHERIETIE, A URFBERICK L TR D ERREZ FFOERAROGHKITIE, B2 b E5L
— FEBRLARLS U bRVnE W) REGFELEZ STV 5D,

RF T VANFEEI LT RF-RFB(C-OFE BTN L, s b PRI TH Y | PG R T
T B0, REMOEEFICBW TR DR TIECRY 5 5, 22 THRAIE, @EICHME
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1 RFT VI NEE VTS C-C A TEREUS DBIFIZE D FLA TV D, AR, FERNL T Y V%
HAW=X T AT VB ZFI Lz SERME Y £ ) A4 NEEEERIELZBR LTZ, LLTIZE O
N I

1-1. SIREY E/ 4 FERESEEOMR

2T aA RERUBRMEE 26T 2B WIE, KM
OEBHBESN TR Y | MBI E RER OB
WZ X0 ZREREMEEERT, PR X =014,
Figure 1-1)°9B-7 &4 7 A X F A2 FE s 5 Y
EA RNIE UVE A NEEPIIBIERIER - AR L
7o, ZEREEE /T 2 RFETH 5, 1-1,1-2 13 & toosendanin (1-1) 9B-amoorastatin (1-2)
Ytl') iz ]\ 3 % AB f)%\ CD f}%(‘j 6 f)%lﬁ'? Vi ]\‘—/l/f)%%i’ Figure 1-1. Structures of 1-1 and 1-2
b, C4,8, 10, I3 NLIEHBIURRFEEZ AT D, 1-1, 122 13 CO (iNiiRfbF & CI2 MDD ERER N D,
BEE CICHERD U E /A RPHEESIL TR Y BBIEIECTIETGTER & OZER 72 EIGTED
HEINTND, FlZE 1-1 1%, HiRY ) XAFRIEM, SR MBI 27 R b—3 25
EYEME, RIS 28R - EEEEN MO TS, 1-L 12 0FREETHVE /A ROA
id. & OBME D 2 FHEE LR TREECTH 5, Foxld, FBEEN T U v E v
BT NGO HNEACEFIR LI SBRIEY £/ A RERBEILEZ ML LT,

1-1,1-2 & [A] CHEBRIE & FFD 1-3-a, 1-3-B ZIEALEMICERE L, 0+l 7 ¥ L Bk
W, UE /A REO 3 EOENRRSES &1 BCD B % 1 BRE CHEELT 2 51 A 37 C7=(Scheme
1-1), Thbb, 2B tAMTHL 7 13 K14 95 C-Br i OWERZNC L 0 iGEEr T Vv
ERAESEIUL, TEOF L T 4 v ~D T DA VBRI ES: L CS BRI EITL, YE/ A R
B3 ZHBETELE TR LEE, VN ERICEE 141 ZART7 77 A M-S ET VT E R 1-6
DFEAEICE VBT HZ L L Lin, REAEZEELE LT, 1-5 BLUN1-6 DDV IZLERk7etiED
ABRTZ T I7AMBIOT AT REAWIUL, a2V E /A4 ROGRERATE S BRI,

radical
cascade
reaction

-4a: X =0

1-4a:
1-4b: X = a-OTBS, -H
1-4c: X = a-H, B-OTBS

Scheme 1-1. Synthetic plan of limonoid skeleton 1-3.
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N4 TRTARLEYZZATIL18 D, —~HDT AT LADHENKDE LIZ, GO LR
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FHECHR#EL, AR L7112 0= M) VEOETICE Y, 7T B R 1-13-a BL O CS AT 2
SERSER 113 A7, S 51T, 1-13-a ~RARUIRTAT VAL, £ U7 b2 — L A ik
ET22ETARY T 7 A MISEaM LTz, WRFET, 15 LEBEMOT VT B R 1-6 ZHfity
L. CTREBSY b ThHBHMEILE 14a 2137, $72. 14a DA by OBTe, ELET AL a—
JLOD TBS JECTOMEIC LD . CTAACY U LT —T LA AT AT 1-4b B L O CT (LICET 5
SERFER 1-4e 21572,

4 steps COMe COM 41 EpciHel 2 CN Br
(l ps (g KOH S r MesP” N (g
B —— >
0 o 0 CCI3Br hv 100 °C
CO,Me CO,Me  45% (2 steps) COQMe 1-11E:33% MeO,C CN
1.7 1-8 19 110 1-11Z: 46% 1-11ETMS
1. EtP(O)(OEt),
LiN(i-Pr), il
Br —78100°C |
1. LiAlH,, —15 °C K i-Bu,AlH 96% e
_— 0O CN — > B — 04>
2. TBSCI H -78°C 2. Dess-Martin NaH, 0 °C
imidazole 1-15-a: 12% (3 steps) periodinane 92%
OTBS TBS T o
112 1-15-B: 19% (3 steps) 4143 96% (dr = 1.9:1) 1.5
=
T™MS |
_N
|| 1-NaBH,, CeCl; HO
0°C (dr=1.6:1)
B — e

2. TBSCI, imidazole
84% (2 steps)

A
OTBS 1.-4b

Scheme 1-2. Synthesis of radical precursors 1-4.
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T, CONLIZ BELMDKFEIR T 52T 5 5 BRIE(LAEY 1-14a-B BAEU T, FW\ T 1-14a-p D E =)L
T U EBACANCEIN LT S BRI b 1-3a-B & 2 TREIE 23% CHF7z, LA hiCk D, 12 DRFE
BHAERES X, — ., CIMIC Y Y Lm—T a5 1-4b B L WV 1-de 5 T ARG LT
L2 A SERMEEY 1-14b-a 18 LN 1-14¢c-0 3G DTz, E=L T OUMICE Y . 2 Ei 2
TARIER 20%, 34% T 1-3b-a 1 L OV 1-3c-a 2842 U7z, 1-3b-0 B L O 1-3c-a 1 X, 3 (EOE MUk &
C9 NEEF —ARIRFENZDONT 1-1 L[ UNARRLE 2 A 5, ABUG TR, 5 EO N A diH L7223
5. 3IMEOEMMRREE 3EORE —IRFBMEZIEKR LT, ZORE., 2 BIE(LEY 1-4a, 1-4b 15 X
W 1-de B VT A NEKEART D 5BME(LEY 1-14a-B, 1-14b-0 1B L OV 1-14c-a & 1 BRPECHESE T
X7,



TMS

n-BuzSnH
AIBN RuO,,NalO4
_— _—
benzene, reflux 0°C

23% (2 steps)

CN
/)\N// N \‘/
NC AlBN
n-BuzSnH
AIBN RuO,, NalO,
B — B —

0°C
20% for 21a (2 steps)
34% for 21B (2 steps)

benzene, reflux

BS TBS
1-4b: X =H,Y = OTBS 1-14b-a: X =H, Y = OTBS 1
1-4c: X =0OTBS,Y =H 1-14c-a: X=0TBS, Y =H 1-

Scheme 1-3. Radical cascade reactions.

P EDEBY 118 12135 5 2 FE OB &2 F > TR E % 1-32- 1 L (N 1-3b-a,
1-3c-a DRNFEAEGLU LT Lz, C-Br i G OBJERZUZ L o THRAESBTABEMN T VA2 FIH L
703 FPERE 7 VA VRIS K0 BCD BRORESE L 2 DD =k & 3 DO BRI HE DS Z
[FIRFICATVY, 2 BRMEALEY 14 2D 1 BRETU /) A NERESTARRIRIICHE Lz, £7-. AE
D CT FEOBEREIEOFEEIC LD | CO ML F A ST 5 2 LN TE Tz, A7 O VRIS,
SR ONEANCAT 0 A RERIURMEEH 2 RBLICTEX 5 FETHY, mBLEY £/ 4 ROATH
A ROBROERIEE L COISHANFRTE 5,

2. EMEEXRARDOLEEHR

e I TEEICRIL S NTERBEEZFHOT LA K, AT 04 RBLXOR) 7rF F&2ER L L,
BEBELE B E LI EZ 2T LT\ 5, ERNRFRIZIEIT 2R ElIL, BRRiE I cak~
IRE AL A RO LSRR A B B TREARIEDR Th 5, AEIL, P HIV IHHECH#FE
EEERTLE T - F VT - TN T4 T DT RO AR A R LT,
Fo, MO HIV EREZ BT 544 4= 0 2-19) & PHEY LV EEFREEZFT 544 4=
RN T BT T — FR2)DEERKEER LT, LLFICEOFEE R,



2-1. B2F 2 FITVFY - SL) 745 OHE—HEERK

tigliane

rhamnofolane
18 12
13

C13,14- A-ring
functionalization OTIPS functionalization

crotophorbolone: R = CH, prostratin HO 0 common intermediate 2-2
langduin A: R = CHj3, H resiniferatoxin (2-1): X = OMe

X tinyatoxin: X = H
OTIPS

OTIPS z-allyl Stille

coupling

bridgehead
radical cyclization

enantioselective
. 91 OTIPS DlreeI:c;?tl):er Q f
Phse” <, — N O Ay ~
2-8 H'7°0 290 210 K/O

Scheme 2-1. Synthetic plan of resiniferatoxin (2-1).

BIFr s FTVT s T THTUPT R, NOEA THRE DU F g v r B ok
WINDHBES NIRRT D, T oDEWIT, SEICBREERE LS 5/7/6 EER(ABC
BR) N7 AR LT b@ 3 BB A AT 5, — T CE]RED CI3,Cl4 IZfLiET 5 3 KB =
v B L OB FIREEOBEBEXOZRICE 5T, IO ORBWIIZHELEMIEEZRT,

LEFER AL, LY =272 FFTr@2-1). F=V ¥y, PR NFFU, Ya b7 4R
Y, 7Y RV A LW RENR SFEORRMOEEKEZ., 3 BRELEY 2-2 2 @P kL L
T, BRCERTH2H LB ZBRRE L7, 22Tl y=7=7 b2 2-D)ZEHIC,
Z DA RIS & T,

LY =7 27 MR UQ2-1)IE, Euphorbia resinifera 75 B - BEIEPE SN X TP T
YTHY ., WEIZET 2% TRPVL IT/EH LTl 28R E 2 R T, E/LE 17 & OREM
PR IE & 1T B ZIEFMF N EH Sh, BIED AR ORI & U CKRETHF TR AR R
PTOI TN D, HIEMIZIE, b7 U AITHEER L7z 5/7/6 BER EICEBOmBEERELEEZH L, 3 20
VB FE A ST T DO ARFT L & BRARAFT L F = AT UG 2>, 26 OEME b
ED R, 2-1 ODEAEMITAHABALFRIHRD TR ZRE CTh 2, T E TIciE S =2
i%. Wender 5 EF&I12LD 2 BlORIZEEED, SRFEAIE, D THAT VNV IGEHRE LT-
2-1 DL VETR O A ER LT,

WA RRARAT % Scheme 2-1 (275797, 2-1 1% 6 EBg C Bi L C13, C14 ML ONLER L OML S8R 72 E
RERLIC L 0 3 BRMEILETRR 22 D AMT A2 L & L2222 IX 3 BRMEILAW 23 DS BER ABRD
(PRI R B RE L 2 CHESE T 5, AR EFE O E CO-CL0 MifEAE, 7l axi L= K 24
MBI SETAGIENL T DN DE ) o ~DIyFINT T IR L O R ATEETH 5 & T4
L7ce ZVHNVHIBME 241X, # 7 Vv Stlle 7V 7 HHNT, ABRZI 7 ALN25%T Y



NT T — b 26 1K L CHEAT 2 Z & THRMT 5, 2615, CERT 77 A2 b 2810 LT3 RH
2=y R 2T EMINEES 2L THERTE D, 28 DEEICEREMEEINZ 6 BERIZ, v 298
EOYx ) 7 4L 2-10 DARF Diels-Alder SUGIT X 0 ARG 5,

Li
1, ﬁ
OTIPS 27

| X catalyst 2-11| Q then 40 50 Me-Al K OLi
(20 mol%) ANF g s then TIPSCI
HO ° f / Lo~ Y i
29 0 A~ "'Oo N 70% 5 steps A 2. Ac,0
81% (3 steps)
24080 212 K/o / 2- 13K/0 2-8 ’
10
4 =
oTIPS SnBus OMe /Zj
0 25 N~ cF,
Pd(PPhs), Z ) NH
OAG (20 mol%) Ns sé\ﬂ CFs
OTIPS 58% catalyst 2-11

2-6 (dr at C7 = 2.5:1)

Scheme 2-2. Synthesis of tricyclic compound 2-3.

XU DI, 5/7/6 BERE AT 5 3 BIEALAEY 2-3 245 L7=(Scheme 2-2), E1 > 2-9 U727V
2 A VENLRY 2 2-10 (2% LT, = iR 2-11 Al & U 7= A5 Diels-Alder K% 17> 72,
ZORER, MRISLIAR TONCESRICRISITETT L, 77 hr2-12 2457, Solc, T7IU AT

aA— kBT FUDBBRAE Y VR Y P TV T VLT 2T L2413 & LT LA 2-13 13 C8,C9
AT 2-1 ERBEDOAF OB LOVERIBEADEHY £725 CI13 itk FrX a2 G3 5, 2-13
M5 CHAALSDONARRIN 72 A FVIEE A2 St 5 TROEMZR T COPIZTVafxzlL =R
EHTHCBRITTAL 28 AL, 7TLATE K28 L C3jkE2=y hThHDHE=/L
UF T L2T%MMUT=0B A U250 R i TIPS B L O v F VM ClIER R L.
TUNT T — bk 2-6 ZHR Lio(drat C7=2.5:1), IR\NT CTNNAREMEARIREY 2-6 126 LCn T
U Stille 1y 7V o THEHANWTABRT 77 ALk 2-58 DEAZITV, 7 VA VETEIA 2-4 23K ES
FOMZEZRAZERR LTe, fEVN T, 7 U VBIAAIE LT AIBN, iEJCH & LC PhiSnH, Lewis
gl LT Eu(fod fAE T, 24 DT L axib L= Kb 7 VW2 RAESHERE, ZOfE, AUz
FEEENL T ¥ IV DISEIRRIRJIZ = 2 & CLO fe~HIN 2 2 & TRREDOMIIEAR A Th 5 2-3 1355
Nz, Zhick v, Hliba 2-9 75 10 THET ABC BB L 2-1 AT D 4 DOsE AF b
RO 23 DERMESET LT,

FEA 2-3 O ABRB IO CBRICKH L TEREALZBEAT S Z & T 2-1 O2E A Z L 72 (Scheme
2-3), 23705 2 TRROEHUZ LD CI9L ATV, CIAL _EHEAGRB LU C4 e e x v RoE A
AT O Z e CHEPEIR S b 22 2570, ZORE, CAfLe Ru XA B O LRSI E
AT DL TRIMDET D ABROEELZZER LT, KIZCEA~DEREDEANZIT-T2, 222D
52 TROEWART, AFLE= LT —T/L 214 & L=, 2-14 (2% LT, m-CPBAIZ LD E=/L
T— T VORI & e < ARG RB L O e V= AT VORI L D 77 b 2-15 %64
L7z, OB, COfte Frufk v Eaflmiks L, Cl4fite Rey s o ik 0 LRSI ICE
A L7z, 2-15 2% LT, LaCly 2LIiCl f#/£ | Grignard it 2 1EH &85 2 & TIRFERICA V7



R NVEEBEA LT, S, KHRICE DA e VBT AT VOiR#EEZ D ARy N TTV, b
A= 2-16 & L7z, Ll 2-16 @ CI13 (LB FITIFTE LI Th o 72728, C13 MLk
DIEERNETH T, AR OFE, Y 4 —/L2-16 D 2%k C14-OH %, 7 = = /LHilkE L Hid
St VA=A 38k CI13-O0H % b 7 A7 vF ik Lz, Tz 100°CI2inE4 25 &
C13 i LD iR 2 > TAV R = AT VIR HEIT L 2-17 235 H A7z, n-BwNF % VT, 2-17
D TMS B LU TIPS BZFrELT=OH, 1T VAT /L3 —uilxt L THREA=Y VR 2-18 20
FESMETEAT D Z LT, 2-1 DEARER 20 THETER LT,

0si 1. LIN(TMS), osi1. TMSOTf OMe

,,,,,,
‘., 2

[HoC=NMe,]*I then PPTS m-CPBA
then Mel 1 MeOH then NaOH
_— —_— B ——
3 2. Ru3(CO), 2. Me,HSiCl then PhB(OH),
O H then tBuOK  © then TMSOTf O Q
0Si O,, P(OEt); 0Si then NaOH TMS “-0oTIPS
2-3 (Si=TIPS) 2-2 (Si=TIPS) 2.14

30% (2 steps)

EergJL 3H\ 1.DCC
H (o)

LaClz+2LiCl PhCH,CO,H

then KHF, 2. (CF3C0),0 1. n-BuyNF
—_— —_— —_—
19% (4 steps) 42% (2 steps) 2. HO

° HO (0]
HO 218
resiniferatoxin (2-1)

MeO g9, (2 steps) MeO 20 total steps from 2-9

Scheme 2-3. Total synthesis of resiniferatoxin (2-1).

TBIANL 7 2 T v & IO T2 80380 70 3 BRVE B #E OREEE RS K OWERR S 72 A,C R~ DO EREAEAIC X
Y & R TR A GER O LT ICHIT L (41 TREE—20 THRE), EEIENIZIRIE LT, AR=REgE K
MRS, DS AR OFTBIRREK & L CTifF S5 2-1 OBMEESICEBRT 27200 Tl AlEkY
— RERDEBRAEORIHE LV LY mERLEORAY OB E RILATHEICT D,

22. AAA I OBEUVA A A= /LT HE2T7ET—FDEERK

Tk RueB-THuT T T, EIZ=UF RO )
O HEES N D RIEETH D (Figure 2-1), Y& Fa-B-7 4
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e ‘ R . dihydro-B-agarofuran
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BRREEME A RS, 22013, TH 75 5k i 4 oo euenyminol 2-21): R =H
e Figure 2-1. Dihydro-B-agarofurans
VOB R 2 3 T 1R A7 0 & 9 D DEER B REFEN N

euonymine (2-19)
anti-HIV activity




ET OMEEEFFD, SDIT, 2219 FE VT AU ATFNUHEL Y DU A ETRR 14 BIREAT Y
ForaH LTS, TDH, ZIHIFEMIZ L DHEE D TR ZMEAEMTH D | 2-20 DA
A FkIE White & & Herzon 512 1% 2 BlD I T, 2-19 DEAFRITHE S TR o T2, S FEF 2 13,
AT T 7 7 VORI AR Z TEIC A L, 2-20 B LN 2-19 DEEREER LT,

2-19 B LT 2-20 DEGETEIZ Scheme 2-4 (2R3, C3 & CI3 DT T ABRA D #2 5 2-19
BIW220 25T 5720, @FRIIRE LTHA A= /) — VERFEIR 2-22 Z30E LT, 2-22
5. C3MEBEUNCI3 itk Fud s LT, mR=VERQ2-23)D CIUALE CI2MWED B ViR g
EHBRRHNAGA Ly 2-19 25T DRt &2 Tz, 2-20 13, 2-22 O2#EREORE L, C4 47 3 &
E eSO TRTOE Kax o7 F /Uic L EkT 5, 22222137 a7 F 5k
EHT D224, ABREREMMLAZR TR/ EE L, 2224 D7 077 UEIE, 2255
CBRONARMBINA 2 = —T VEBRAL, A BRDBABR A ¥ 2 A(RCM)IC L DAEEEIC L » i< 225 14,
BEREZATD 226 005, NI VHNVBRILICE VIEECTE 5 L T L, 2-26 © B BRIt 2-27
& 2-28 OHFHNET! Diels-Alder SUSIZ X D HEEE L, 2-28 IXTHTIRD 2-29 2675595,

o) (I)TBS
o ring-closing

A OH AB-ring 12 C4
functionalization O

“MOM
OTBDPS
2-24 "
I\
euonymine (2-19) OMe 4
] radical cyclization MgBr
acetylation
Diels-Alder 0 (PTOBS
’P reaction HO, s >
H (0]
0\1/2‘\3/ 8 0.0 o ~oTBS
2-29 > | OMOM
euonyminol octaacetate (2-20) 2-28  2-27 OH 2-26

Scheme 2-4. Retrosynthetic analysis of euonymine (2-19) and euonyminol octaacetate (2-20).
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B72,2-32 D C8 Lk Rk Bz T BT LR L, 0sOs Z/EH S VA —/L 2-33 [IZE# L 7=, 2-33
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v FTTITU, 2-26 & BIFRINERTHEZ, VT CTAi~D, CI3 (VAR ERERZ AT 5 IRFHEA
DIz, ARFTTLUBIONIS ZEHSE, B=13—Y K235 258 L7, 23542700
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Scheme 2-5. Synthesis of B-ring 2-37.
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OTBDPS OTBDPS OTBDPS

2-24 2-44 2-45

OTBS AcOH
o} OTBS then n-BuyNF

otes thenAc,O Aco
pyridine, DMAP
_—

2 OHOH 66%
"MOM oA
OTBDPS L OAC
2-46 TBSOTf ,: 2-47- RS = 2.29 (-)-euonyminol octaacetate (2-20)

85% (2 steps) 2-48: R% = TBS

Scheme 2-6. Total Synthesis of (—)-euonyminol octaacetate (2-20).

2-19 DEGHICB W THREEN TSN D~ 7 n BREEICMIT, fiE0ET NVIBREITo 72, 2-22
DETMEEHE LT 2-50 2 v, =R = UEEFHER 2-49 O CIUNL I VAR U & O A Tl 2 fi
FfL72(Scheme 2-7), LU, T D DRGSR T, LefEa R 2-51 13507, R 2-49 225
DBV V=7 NAF A 2-52 DD ESI-MS BRI S L7z, 2-52 1%, C1UAL A VAR U ERDHES
HITIEM L ENTZ, FTHNOE Y Db ORBBETHERT D, T7obb, 2-52 ~E 551N
FUOSHRFREREAITEE L2 e BB Lz, T2 CIORIKSEIMZ, MAkICE sy A F L
AMATELL S, BT AR LR W 2-53 -1k Eh Lz, 2-53 & 2-50 OFES
EZFBICHEAT L, RAFRIER THEGIR 2-54 2 G- 2 72,

HO 2-50 HO  2-50
— X ’ —_—
various conditions 2,4,6-ClsPhCOCI

MeO,C EtsN, DMAP

100%

2-49 (racemic)

Scheme 2-7. Model experiments for condensation at C11’ position.

T IVEBRCTHENL LTS 20 L, 222 005 2-19 235U 7= (Scheme 2-8), 9. A1 4 =3
—VARFEIR 2-22 & VAR U BE 2-53 MRS LT 2 AL C3 itk RuX o dkl CIUAL VAR



UIETHEG DEIT L, = AT L 2-55 & RAFRINRTH 2 72, 2-55 O CT 8L A FIVEEZE AT
LI, ZNVARF TR 256 A S W7o, TORR, TN TAL D 1,385+ & O[3+ 214 ER{b3
HEIT L(2-55—2-57) FTL DN L2 H T 57 F o KaF 47 =0 2-588 % TARY & L&,
n-BwuNF 3 L TN AcOH (2 &V, 3 2D TBS FAF(E . TBDPS DA A (L@ IRAIZERE L, 2-59
& L7z, MesSnOH ZEF &8, BEAT AT )L 2-590 DA F LT AT VDI AW L, B ILR R 2-60
ZHE LTz, fEV T, 2-60 % PyBOP # Wl G 4fhcftd 2 & v 7 nigfbafr w7, &
DU Ry R T Raney-Ni /1% 5 2 & C, Buifisd, VAFNLVEEZFGTLHERAT 7 b
2-61 157, Hetklz, DRt & 72T ARIZ LV | 2-19 OMFFIO AR AR 29 TR TER LT,

2-53
OTBS 2,4,6-Cl;PhCOCI
OTBS Et;N, DMAP

then Ac,O
EtzN, DMAP

then Raney-Ni

_— B —_—
7SI8S:TRIER  _, 70% (2 steps) 75%
=3.2:1 ©

n-BuyNF, AcOH o3 6_ 61 R2 = (-)-euonymine (2-19
48% (2 steps) ,:2-58. R3 = TBDPS, R® = Me 2-61: R®= MOM (2-19)

2-59: R3=H, R® = Me
MesSnon ,:2-60: R¥®=R®=H

Scheme 2-8. Total synthesis of (—)-euonymine (2-19).

THART T DT TR HE DBBAEREL G T 5 2-20 8L 2-19 DEARE TILEINL 24 5
FJOV29 THRETEER LTz, TBERINET D 1 7 BrORF S & BB 0 I, MBI L2 o=
RG22 R LT SRR 22 ST BUS 2 4% 2 & T, 2-20 O4 11 # 7, 2-19 D42 13
o T OSLA b ORI 2 B U Tz, [BR2UME AR L8z 72~ 7 v BRI EE & B T AR B Ak
WX, 7T 7 T T SHRRERBICERRYOEEMA~DISHR R TH D,

3. RAVEREDMBEIE S AL & HRERAT

5R) IR EMTENE 2 A D RINE, EIREE O A 7 AR T 2 Al B 7o b OIEE [N
T REIERAE T Do JERIZINT T, R OBHERRREZ FEMICEIR S 5 Z L IFHETH D | 4hg
WIS IR B L L AEREREIT I E D72 DA TED 1 DTH D, Bx s, R OEE L HE
TF =7 & LI RRWPEIR IR ORI 26 ORI 2 AR & L CTHFEZ 10T L T % AR,



P IAEERTTF RREHERIRIY 7 7 I FBROIA T F Y RIVIBR KRR 7 F7 IV A
AREGE IR & LR 2 BB L7z, DLTICEEMZz it~ %

3-1. YU 7 = F B#AEMEOEBREE R & BEEMENT

Y27 7 2 N B (3-1, Figure 3-1)i%, A DGR Ceratopsion sp.FHR D T7"F R REHMERI) T
D, 42D BR-TTIIFI - AT I BEET E RaAf Y e v (Alle)B LT & Ry
YAV E G LB DIEZ N T ERERT X BRI L | R N KRB LU C ﬂii%%l_
(N-terminal acyl group = NTA, C-terminal amine = CTA)Z A3 5, HWFEEIZIBIT DHEREMATIC
&1i\bn/%r7mﬂM?ém%$_ﬁéb\H%i@Aﬁéﬂ@%@ﬁk\@ﬁmfbé
ATP KRS FRTUENER 2552 2 L RS B INZ 2R o 72, W HILOIER b AIIN ATP IR EOIK FIZFH 5
T L7, TAH 3-1 OEE 2D AR FEIHENEEOEREE CH 2 L E I TV D

AWFFETIEL, 3-1 ITHRFEHI 2 B,B-T T /L F /L aB-REdFNT X BEENLORMTRMEICER L, 3-138
F OGS FEMEAR 3-2-3-8 ZfE — I AR L CAEMIEEZFHMIT 5 2 L2 B & Lz,

OHlle-1 Ala-3 Val-5 OHVal-7 reSIdue Val-11 AVaI 13

MH\MMJ%

K
RS

o o

residue-4 allo-lle-6 OHVal-8 Ala-10 Val-12
B P
compounds R’ R® R5 R® compounds  R! R® RS
yaku'amide B (3-1) Et Me Me Et Et Me 3-5 Et Me Me Et Me Et
3-2 Me Et Me Et Et Me 3-6 Me Et Me Et Me Et
3-3 Et Me Et Me Et Me 3-7 Et Me Et Me Me Et
3-4 Me Et Et Me Et Me 3-8 Me Et Et Me Me Et

Figure 3-1. Structures of yaku'amide B (3-1) and seven £/Z-isomers.

MTEMAREI T, 1 A D L OBEMWNE G REMEMERIZIC L VL ZEREE LWV, Z0%E
BLOT-OIZIE, FEMETO BR-TT V)V ap-NafnT X ) BEENLD E/Z BIRA 72 AESNE LML 5
VBN, 2T, AN LA RSV, NI IAARATFNEEGETDHHRAT 4 )7
)=V AT I ET N =T Y R VS BRIV Staudinger 7 A 7 —3 3 &S L, [EAE
ETBB-TTIFN af-AEIRNT X BRI AT S 2 L LT, TR ATEEOR AT 4
Tz /) —)VTAT )V 39312, 3FFEOT N =)VT Y K 3-13, E-3-14, Z-3-14, 4 FEfH? Ny-Fmoc
72 /R 3-15-3-18, N Kui 7 PLHk 3-19 & B ECIESGERE L, C K7 2> 320 200 HHL &
FIFFIE AT 5 2 & T, 2R ENORATRMAREZIFS = L & LT (Figure 3-2),



OMe OH

P(p-CF3Ph), P(p-CF4Ph) P(p-CF3Ph),
1) 3 2 o
FmocHN FmocHN 0} FmocHN
P(p-CF3Ph), 0o

o
o}
Me O oM OMe
3-11 € 312
OH
\\\\\ \1/
FmocHN OH : OH
/\[r FmocHN/\n/ Fmockn” O FmocHN
313 3-1 316 © 317 O 3-18 O
M"” T
~N
5 6 H,N
3-19 3-20

Figure 3-2. Synthetic components for 3-1-3-8.

AR A RRICIE. SRR 2 FFA 4 % Wang-ChemMatrix fitf§ 3-21 Z4H{A L U CERH L=, HHE
B Staudinger 7 A 7 —3 =3 NIBWT, 12-V A bF v v L AKORATREEZ WD Z LT, %)
LT 3-22 #AEETX D B EZERIC BP-V T IV XL o f-RENFNT 2 BRI A EATE D 2
EERM U7, REMFEZHV, MRV Staudinger 74 77— 3 > & Ny-Fmoe 7 X/ BEOHEA 2 Hi
HEDETTF REEME Lz, &K%, AlMe; 2 VT 3-20 % C RKIE AT 5 & RIREZ A
DHYIMT D Z & T, 3-1 BIOMRMEAR 3-2-3-8 OEMEGKE 3-22 75 22 TR THRILER
0.23-1.15% TRk L 72(Scheme 3-1),

HO/. (A) 1. piperidine/NMP, 40 °C (microwave) (C) 1. piperidine/NMP, 40 °C (microwave)

2. HATU, HOAt, i-Pr,NEt, NMP, 40 ° i 2.3-19, COMU, 2,4,6-collidine, NMP, rt
Wang-ChemMatrix resin (3-21) U, HOAL, i-ProNEt, ; 40 °C (microwave)

3-13, CyN=C=NCy (B) 1,2-dimethoxyethane/H,0 (D) 3-20, AlMe3, CH,Cl,, 40 °C;
. DMAP, NMP, rt 50 °C (3-12) or rt (3-9-3-11) HPLC purification
312, B

0
¥ /.3-16 3-15 FERI 3-11 318 3-17 3-16  [ZEEL] 3-10 FEEE 39
FmocHN (6] A_A

A _B_A_A_A A B A _B_C_D .
S 341 (0.38%7)
3-22
[E-3-14J2
B_C_D
A 3-2 (0.67%7)
Z-3-14 BN 7-3-14 JkX:]
A, B A LB, C, D, 330.23%
[E-3-1415
A LB, C, D, 34(045%
[ZZE0 3411 3-18 3-17 316  [Z2EL] 3-10 EEEE 3-9
A B
A _B_A_A_A A B C . D069
o EEE 39
- / A, B, C,D,, opa
/\OJ\I/CN PR e 3-6 (1.15%7)
SN FZED 3-10 EEED 39
o NN AN A, B A LB, C, D, 37036%
\N)\N/\l ~ | /,‘[\l ~ | ,N ’ °
LA T S E-3-14K
© o OH A_B_C_D o
comu HATU HOAt 3-8 (0.90%°)

doverall yield (22 steps from 3-22)

Scheme 3-1. Solid-phase total synthesis of 3-1-3-8.



BT, T RO ERMER D & b 3L AKIBAE MCF-7 (253 2 BEFHIIHNTEYE & | FFi-ATP A%
PR %P9 D 1EH Z 54l L 7= (Table 3-1), &fTBMELD 5 5 322, 3-4, 3-5 1%, KAY 3-1 LRI%ED
FAEHESEMENS 2 R L2 — 5T, 3-3, 3-6, y7381f%%;0%ﬁ%ﬁﬁm%%$@ﬂ%b
Teo FETo. ATP A RBEFRIHETENE & MK EIHETEIEIZ OV T S, 3-1, 3-2, 34, 3-5 D3RR
<. 33, 3-6. y7381i%@%%w EW Mol TS 3 ODEMIEEDOFENN D . i
FVERO AR FE I HTEPE X, R 3-1 & [FIERIZ FoFi-ATP & iR ~DOIERIC L » ThI &z &
ﬂé:kﬁ%%émkoit\Kﬁ%i\f%%&l@ﬁ?éﬂhﬂﬁ@%mﬁéﬁ\ﬁﬁﬁé%
AT H7-OICmO THETHDL Z 2O TH LT LT,

Table 3-1. Biological activities of 3-1-3-8

growth inhibition activity  inhibition of ATP production =~ enhancement of ATP hydrolysis
compounds

(Glsp value, nM)* (ECso value, nM)>* (ECso value, nM)“
3-1 182+3.3 103+23 121
3-2 254+25 9.52 £1.79 168
3-3 57.6 £12.7* 21.6 £ 54* 230
3-4 24.6 £0.6 145+54 148
3-5 320+7.0 13.9+5.1 145
3-6 62.8 + 18.6%* 18.7+2.1 301
3-7 57.4 £ 7.7%* 16.7+4.7 182
3-8 64.2 £ 13.7%* 27.6 £5.0%* 396

“50% growth inhibition concentration (Glso) values against MCF-7 cells were determined by sulforhodamine
B assay. ’50% effective concentration (ECso) values were determined by evaluating the relative ATP
production rate. “The mean values of three independent experiments are displayed with SD. “ECso values
were calculated against the maximum relative ATP hydrolysis rate determined by adding 1 uM of 3-1. *p <
0.05, **p <0.01 determined by Dunnett's test.

3-2.180/'°0 {EHEBRRIC K ZRTF FREXRMDT A U QR r— VIEERE

KR D SISy 1 O Z R oehiE 2 e U, A RILCEREICED S, Lzn-> T, K
YOS T ZRIET D Z &1, ARCOBEREITE 21T 5 L CRITRE 0D, — T, MEERESSR
R DALEMOHBEERENIR DD Z L0, BEFOREE S ITEO S E A RAEOBm NG, KAY
DIHAEFREZAT D Z EIEREE R Z & b7, ZOWRWT, MESNDLVT AT LAV —
FEOEARUICEE D SHEREIX, bR OERENRITETH H, AIFFETIE, <7 F FRRA
MDY T AT VA~ — ORI )OI 2GR E . v A 7 v A —)V TCOEYTEERERIC L 5T
MLFPEEE TSN L, 77T 2 2P0 A(3-23-0, Figure 3-3) % W 7= B RikBR I L 2 IR BREE
ATHo7,

3-23-0 /% DL AACELS T 5 R e iii&E 2 T 5, 3-23-0 23R BEEE 7o i FLA i @m@—
5.8 nM, P388 #ifiu)iL, NEE “HEHIE TR S5 B3~V v 7 X ZwKHEED A A F ¥ 1Lk
HMKT 5, 2O &N, 3-23-0 OMIREEICIE DA-T 2V BBARAICESIL TS Z &ﬂiﬁ(
HO ., VT AT LA~ —(3-23-2-3-23-32) ClIMfa A Kbind E TR LT, LIedio T, HiluE



PERHBIC K> COT AT LA~ —RE0 D R 2 @HTE 5 L PHELT,

Z 2T, 3-23-0 D 4,6,7,8, 10 FIED CALDOSLARMEF % T o X MISE LTZ 2 =32 FHO YT
AT LA~ —H#(3-23-1-3-23-32) %, one-bead-one-compound (OBOC)EIZ L VST HZ L& L,
OBOC 1% split-and-mix A %A K > CTHEFIFA FCTHEEZ 7 0 F AcekZE L, ke B — X7
ICEMBEES L HIETH D, K E—XIRZ DHEOEHIFEE LTV . FEREOR#HH)D
MR 2RI & B — X & BRI LA T L OEBIFHI A AR TH D, ZDEE, D-T I VB
FNVIR R DRI % BERINARD B0 TR L, CofLOSLR LT % & T NE BT Tl
HZ LU, ERFECED —BAK LY T AT LA~ —RE bEE MR EE 2 R~V T
AT LA —%&@H L, @ADL T D KR 3-23-0 & —ET 20 & Gk L7z,

Val- Val-15

S L
MWM“UEEMU“UW%W%NW

5 & &5

compounds Leu-4 (A0) Val-6 (A0) Val-7 (A0) Val-8 (0) Leu-10 (*0)
gramicidin A (3-23-0) p(®0) b('®0) L('%0) b (**0) p (°0)

180/160-labeled

18, 18 16, 18, 18,
gramicidin A (3-231s) 29 (PO L(FO) B(TO) D (TO)

32(= 25) diastereomers L (160) L (160) L (160) L (160) L (160)
3.23-1-3-23-32 or or or or or
( ) D (®0) D ("®0) D ("®0) D ("®0) D ("®0)

Figure 3-3. Structures of gramicidin A (3-23-0), '80/'°O-labeled gramicidin A (3-23-1S), 32 diastereomers
3-23-1-3-23-32 for the blind test. Three-dimensional structure of a channel-forming head-to-head dimer of
3-23-0 (PDB ID: IMAG) is also displayed.

a — mass spectrum of 3-23-1S .

R AcCl (89% 10 ! )
18 H,'80/1,4-dioxane L 89% '80-enrichment
FmocHN OH ™2 . FmocHNWOH B theoretical intensity of
(213), 100 °C )
18 B 180 isotope peak of 3-23-1S

(89% '®0-enrichment)
D-3-24:R = )\ D-%0-3-24:R = )\

100% (87% '®0-enrichment)

D-3-25:R = /Y D-130-3-25: R = /Y M H

98% (91% '80-enrichment) ~ ieose—gm————
1902 1904 1906 1908 1910 1912 1914 1916 1918 1920

miz

intensity/a.u.

Figure 3-4. (a) Preparation of D-30-3-24 and D-'80-3-25. (b) Mass spectrum of 3-23-1S (89%
180-enrichment) and theoretical intensity of isotope peaks of 3-23-1S prepared using D-'*0-3-24 (87%
180-enrichment) and D-130-3-25 (91% '®O-enrichment).  a.u. = arbitrary unit.

%9, Fmoc-D-Val-OH (D-3-24), Fmoc-D-Leu-OH (D-3-25)%, FAMEEIEAE T Hy'S0 & nE L, SEAR(L
ZOMEFRIC NS B0 5T 2/ [ D-180-3-24, D-'80-3-25 % FHL L 7= (Figure 3-4a), Z415 % HATU,
HOAt Z W2 EFARRSMEIC L~ TH 4, 6, 7, 8, 10 FBIEITEA L, B0/°0 ik /7 3P0 A
(3-23-1S) & [EFHA K L7=, ESI-MS T 3-23-1S #/0#r L7= & Z A, e iEo B0 HIITBIAIATFE/e L



SV TIHAETTELT, BHEAGHKROBE TR 2 B &ERICHTT 2 Z ENAREThH D Z &
INFERE S AV7z(Figure 3-4b), ZAUCZHED | 32 FFAD 80/1°0 ik 7 A7 LA~ —3-23-1-3-23-32
B —XFEERT R [23-26 2 OBOC VAL L 0 2L L 7= (Figure 3-5a), %7 X / li£ D split-and-mix
BT L DHae %, AAVINVEOEAN, MEHOMREZR T, B — X2 RBiRIC =27 /LT I g
AT LTe, 2D XD IT L THE BALIZ 12,689 D B — XHRALE N 6 T 2 AT 177l & fliH LT
~ 7 A EMIEHIREE P388 12kt Hifu R ATV, ¥ T DNEESITIC K D EERE L,
Z OFER PR IR TN 2 R LT S OL AT, 2 TR 3-23-0 & [7] UL b5 % £ 10/'°0
kST AT LAV —323-1 Tholz, —F5 T, Mgtz s3I0 172 [HOLEWIEIERIRD L
MMLFaFF OV T AT LA~ —3-23-2-3-23-32 Th D = L3 H> o = (Figure 3-5b), LA EX D A
M2 K DT T RBRIRDDONAREFRENFRETH D Z &R LTn, ~A 7 a A — /L TOHEE
T AT LA~ —REA R, AEPTEEREMS X OVE &2 X 2 ARG X, MEREDTZDD YT
AT LAY —ERICET 5EFEZWT 5 LN TE, RHICEmATETH D720, SO
INRIRTE 72 R BIGHATRETH D,

a b

Q 120
FmocHN\)ko
: H
SO U -
NBoc o
)

3-26 80
(12689 beads
1. split-and-mix synthesis

(i) piperidine/NMP (1/4), 40 °C (microwave)

(i) Ny-Fmoc-amino acids, HATU

HOAL, i-ProNEt, NMP, 40 °C (microwave)
2. p-nitrophenyl formate, NMM/DMF 20 4
3. TFA/H0  3.23-1 (5 solutions)
4. dispensing 177 beads to microplates; 0 { e nonnatural diastereomers 3-23-2-3-23-32 4

H,N(CHy),0H, DMF, 50 °C (172 solutions)

5. dissolved in DMSO 20

3-23-1-3-23-32 (177 solutions) 0 20 . 190 X 150 200
solution number

O : TentaGel macrobead
60 4

40 4

cell viability/%

Figure 3-5. (a) Split-and-mix synthesis of 3-23-1-3-23-32. (b) Cell viability data of the 177 bead-derived
peptide solutions.
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& ASK2 #4r L7z IFN EEAE L MMRERRE DM W ITHEZ A L T2 B2 b5, IFRICH
RN &2, ASKL OFEBLTAAMRM] CHMH—E Th 5 DIZxf L, ASK2 ORBUIMSC L EED E
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FEZa HWTIZEIZIFN EAEIC L > TUA NV AERIZHIIL TWD E W ATREHEDNE X HiLd,

T A L AJEGLR OAMRRSE AR O G E 2 H  fERMER B O | D TR IEN BEEAIT D A VA

— 140 —



GelZhe < RIS QLI R DL &2 T 2 ety & 5, 6> T, IFN FEA & fifust &
W) TODIREITBEGERIZE > THICAR TH D LIFR LA, Fox id, Ml v A L 2 gk
IZx3 % TR IEN ESEOFFEZ 3 IT TWD Z L2 R Lie, W s oL, i
U A VRSB DN T B NATNTEET 2 AlRetElc 2723 b, & LT, EYSHia0ity A /LA
ISBE DN T 2 NBHNHIET 2 2 &1k, HuU A VA SEMERIZ G 2 2 R A R L 7oA
5. UANAEZYERT DI GTIEOMESLICEBER S S L Tn 5,

HEOHE

DTEVMTFHETIT, FHMofERE LT BEEY T 24 L, AmERORR Y LH a2 il
UL LoV TEE L AR T ERSTCOORME L e H A HREOE S A BIE L CE
%%?‘TO f:o

Oy FAEM SRR O A LR, R E Y — RT 2 MANED @ R A HEE T D ) 2 2%
ITDDOHE - FEEITH-> TS, HEA LU AN—EENRBINT H%8E | 2 F— Tk, HfEDi
W, FLwl, LB T =g v OEFIZOWTIRET 57517 TR, BEALA—LBT
IEHIeT 4 AH v va TV, BHlRREE/BHOB 2 2> CEEMICHET 2 2 & 27
THEERT-> TS, KREFREIZOW UM EHER RIS T 2% 5 2, 05
e w < R R TEHT AMEEOERE Bff L T\ 5,

B C =& - 51

BAZO%EIX, 2013 4F 10 AL TAEMFHEEZIRICET L, [HEaoRSB %2 Ttz
LT 5 (Rl 2 OMIE M SR E S D) 20 F LUV TS 2] v ) BRI
o THEEED TN D, o FAEWFHEICIE, ML - il - —vY o270 7 2, BR
BIEISE T —~ L LT 3 DT N—=TNbbH, TNENR D EMBLRITZARIE), WHFEs 1 —
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FEINDEVIERAE L Tz, ZORERERRFET 572012, Bi—0 TCR B $4& 5832 Foxp3™*T 28 L
< AL REUC IO | RIED KL Z DA E JAEDE U TR WA D Treg I X ONEFA T
AHAE (Teconv) @ TCR L/ b7 3B L ONER T-F 814 H—flfaL ~ L TR L7z, F55%, Foxp3 ¥ &~
ADFCIEra— AL Treg 2NV 95— 77 B ClIra—85EL 72 Treg 2B LIRNZEM
HHENE720 | ARGIAEY Foxp3™T 28 <7 2 CIIMERREIRIZ Treg @ TCR L XRTICRERHHZE
DSIRSHUT =, IRIT, ZOFBGEIR A E TR Z RS TR AR~ 2O filifiiko Treg 1XAT
FHED Treg LTIV TCR HEZZ L TODIE, Foxpd™! 8 B~ 2D Hfifiik D Treg ClLif
U TCR #4352 LT- Treg MM T D2 ML T2 oT-, LLEDFERD S, Foxp3™™ BB~ 20
JHLARERINAY72 Treg @ TCR LS 7 O KAR T, Foxp3 T 28 BN ifikf% > Treg M3V TCR HIRK T
W77 a— B A 3 H 2 LITHEIR 325 ATREMEA  RIB S LT, BITE, Foxp3™™ B~ 2 CliiidiR
M B CAE R BONIE T2 B DM C 315D Treg DL RNT ORI EDDERGRET D20, ifi
FAECTRIBLCNVD Treg 7m—r A9 2L T Foxp3™™ EH~ T 2D DJR RS UE T 57, MGk i
HTWND,
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Foxp3"®' 28 <7 2|2 B W GHABBIR 19127 =7 &2 —T Treg M54 FHHEIZ OV THAFSE
DTS, ZNETIZ, Foxp3™ B EAKIL Batf 7 at—%— B4R Foxpd b isiEaL. 74+
—27~vR (FKH) B NKAFIZ 7 0 — 2 — 5L IR TS D2 E2BNITL TS, 22T, Batf
7aE—4—@ FKH Bl RAE A LT~ A% CRISPR/Cas9 “ A7 AZLDERIL , Foxp3™* <
AERFLSH T T = 72— Treg MEFELAHIRIEIZI1TDH BATE FELIHIOF 5 E2MFL Tz, T O
R, Batf 7' a®—4%—0 FKH FHZZ B A A L7z Foxp3™" & B~ A Cld Treg (285155 BATF %
BIDNBF A <y ZRE L FCTEIE T DI L, =7 =7 % —81 Treg OO RIEITEIE L7202
MBS/ o T, DTN, Foxp3™T 28 o< 2 Gl BATFE FEELNHI LIS o= 7 =7 &2 —7l
Treg OV PR ETNDZEDVRIBEILTZ, 2 C, Foxp3™™ BRIV =7 =77 —K Treg 2345
oy - EAREZVRAT- 6D | BP AT O Foxp3 ¥ B B~y 2B HS LT Treg @ RNA-seq 7 —Z % T
Gene Set Enrichment Analysis (GSEA) Z4T7>7-, fiti s, Foxp3™*'T 28 BLK A3 B 9% Treg CIIAMAmHESE
IZBD DR B FThD Mye OIEPEIME T L TWD ATREMED S RIB STz, SHIT, Foxp3™™! 28 BRE-3E
Bl9% Treg TiE TCR FRKIZIET CHREFFESNLD Mye HEMME FLTWDIE, TCR R TR/
REEFE A R R S TUNDH L, Foxp3™* ! B EIKZFEBL T2 Treg (2 Myc ATl 38 Bl 92 & e HE e e
NEET DL RSN, LI EDRE F), Foxp3 ™ 28 BKZ 345 Treg TiE TCR HIIE1FHY
72 Myc ZEBLOME T 42 28 THIREEA R E SIIoRE R, =7 =72 — Treg 2N 2 W REMENE 2.
BiTe, BUFE, Foxp3™" 28 BKRD Myc FELZAR TS50 1 I C OV T - ~<IF 2D TD,
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REIEREY) (2 R4 Al Z— 20—z Uic, [TUEWT: - LFPRET) 1300 & 7R 5ER R
HHEOFBAL TR (TE&UF - JEHGRES) THEL, M@, 7 A VR (B2 SARS-CoV-2) 72
EDWAEM BT D IEERN 72 5, AL > ISR SNAEBDO AT =X A, JLEHk - U
7 F AN K DIEBIEDIRIRE « PRHEIZOWTEHERZIT I & &bl ARoEEHMRICB T~
AT oA F—ZOEE e ERGEOM R E GO Tz Lz, HEREIIES:) I3 023 E(bE o
HEIE & BRREIC DWW TR R 21T o 7o KPPz & LTI, TEHERER 4w 1) 07T

LB ) — hO&E (ITOWTHR, T PRIRE R ORAL & HERFEE ) IS OW TP AR L
17,

MHETIL, HETEORFHAN N FE 4 FAICK LT, fRkOAmB T, AISERE A R
LUV TCEG T DA CEARN LR FE LB T D52 L2 BIEICL THBEELIT> T\ D, HEA
VAN—RERSINT HAEHRES (arX U LA LIEATWS) LSRN (B —) Z@L T,
MEOFHME L BEREFAENADOSETHITE L LI d 2 ElcEAZES LEBIL, T—
ZOFELDSH, HROED S, LBy T = a ORI OV T REETTo TS, £ LT,
MRT —~Z L DHEBRELRZ T IN—T I =T 4 7 & FEEATITW, AT —2 LFER — K (Um
Fa—u) b LIl@EmE T TW\WD, £, REFOHEMAFSTOIT, T 4 F4 L HFE

(Janeway’s Immunobiology, 9" edition) DHiigi% . FiTim LD ITIZDONTHESTZDIZ, B
T— LIIMSE L DR 21T o T,
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& HBNEE (EEWV - ICHAREFEE &

Z 8  FE AF Lai<n-hnd)
BTN 61 4F U R PR AR Rk 8 AR [R R R P A e LR e T
A« 8 BB FHEAN R FBER A A A = RFeR R, [

B#% HE BE#H bvr-apy)
YRR 26 FERBRRAS KR SKEEE 783 YRk 31 4E KIS R B 2 R FE R R E T
KIRKRFRFPEY —T 4 770 7T 5 AERER Y ND—VEFEET 077 MET
A« BORR T E BB PRI R R R, it (EF)

BE & BT bv-rbve)
TRk 13 BRSPS AR TR A3 SRR 21 R4 B Jeim B A R e RN
A A A = AFFERHE L Z IR ERE T, SRk 21 478 R BHFHIN R FPER T3 A A A
T AMPERHE LI B SRR 27 AR RIS EN AN R B R T A A A o ZAFER
FeEBhE
AT« 2= BRI EH A EIN R PP R FAeim B P it 7o Rt B, it (A AP A =)

B & BB o)
SRk 26 4 LiaoNing Uiversity (China), Division of Biology, Biochemistry and Molecular
biology ¥, Rk 29 4% BB FHAM K FPER T/ AW A = 0 AW RHE LR R
ET. M 4 ER GO BEIEAERI AR A 7 o I VAR A B BE R RS T |
it (B

MEOHE

I HIFRIE S AT LD TH B U U SERPEAT ZHURICER L THFEL D TV 5, Hii
R A= 1T 5 EBY L 2RBkiTactivation—induced cytidine deaminase (AID) &\ #EEA 3BT L .,
PUROPURAE A /12 L S/ D IRMIRZERAE R L L b2, PUROKBENAIEZ DT T AAAL v TN
HEIND, W RGN B EI A 5 TR Y & 61T AID 2343 T, AID 12X % DNA BT
MG E Lo THRBIZ FICERNTEAIND, DNA BRITT ) DLEVEIC T 2 R E 22 falR
T, IR Elary ba—rEnNRWEMIONAALE ISR 23, FL7z bIdAmHEsesk
BRI BRI E S D AID BRIK, £72, AID BEEOEN L HEEZE 2 LT D DNA £
VR UAZKIT AT X IEEE RS DT T AARA v FEHEIEME A RO AID BRAEZ ROF, 21
DOERIK ) o I A =D RAEfTTHZLICE Y, RHIIARARER L 7 T AR, v TF DA H
=X LR E BT, FRIC, 2O OPUREIE FRESSHE RO 2. RIEMERER, YYE,
T LAF =72 EOIRKIEFRBICORIT 5 2 L 2 BT,

<M T—~>

1) 5 TgA HURIT X 2 15PN A B AR o fig I
IS FE B D A A T —~ 1% T TeA HURIZ X 5 P 2RI SRS O fighr & 2 o5 H ) T
b5, BNETEMEREDRE (dysbiosis) BN < ORBORIEIZEHE L TRV, FFEBDIGE &

— 181 —



dysbiosis DUFEITBEBCEH T D EEZ LN TS, IBNHIEORBLIZ X > T EORERITAK
AL TgA PUADPEAENIGE D, % L CENMEORRKIC X - TilEA SILD Teh HUBRMBIGN EEAE
EEHET2 20D X9, BNEEME & EEORERITMAEIZER LT\ 5, BBNEEMEE
37 < &b 100 FLL EOREE TR SN TR Y | BFECHUAEMEZ EOAMZEERTH 2« Z{k LT
W5, ZOLR D IRGITIBN T, IE TeA HTIRD N B TEAEE O] 2 385 L TR NI EE 55 2 il -5
DMCONTITIEE A EA SN SN TE LT RS IBNMEIZHES LTI b 2Ol 217 - T
WHLEEZLNTE I, ZORMIEZ DD BT~ 7 2D/ 1gA FEAEMIINH A 7
F—<%ZFR L, £F/ 7 v—TF ) Igh FURDGTFET DN EEME Rk F2FRE L T& e, £
L CHBPNAME SR A 72 TgA HUK L1328 D L 9 RHilhh & Rbaed 5~ Bfgea LT\ 5,

FURD 7 T AZA » FITIEFITE Z 2 BMEHRISAE RN FEE SN TWDH v 7 R (AIDP <17 )
DOIFREFRNT NS . HIFEIZIR S FEA T D 1gAZ BEA TE 22\ E SN O B BEFH (dysbiosis) PB4
DRIETDHZ 2L LT (Wei M & Shinkura R et al. Nat Zmmunol. 12:264-70, 2011) ,
Z DIFREOTEIRITITEF AR < & A HR OGN I GRS S ) 2 RO TgAFUA A 0TI T 5 =
EWFERTIE RN EZ 2, BEM~ T ZDONGETAPEAEMINONA 7 ) R—~ &2 ZH/ER L T,
ZOHNLEL OENMEICR S BUWREE 12 R LIWTE ) 7 a—F A Fik a2 R LT, &0
B K VW27 235853 2 RIGHE OHUR 1 2 R g Lo, W2THURDN Fr A IZFRG L 72 D [ serine
hydroxymethyltransferase (SHMT) &WOMHIEERE TH Y, ZD4 = F—7 (EEHD) H[EIE L
2o WRTHUAIZZ OB F =707 2 BROENZikB LT, KIBEDOSIMT L L. casei®DSHMT
BB Z LA LI Lis, S BICWTHURILKRIGE OBFEZ Hfl L7223, L caseiDIEFfIL
e, bbb, DEOE] 20 L TG LEOMEEZ ML, — 5T TRWE] IZITEA L
RNesD TRWE ] O¥EFEZ BREE I Z O TABURIIIGP MR 75 4 Sl L T\ D & S EZERRL
WLV SO Z ENbhoT-, £7-. SIMTOT v s — 745 SEEHI A A FF S 2 U 2 N7 v 73
HELINTEAERKRIGHE L < DIRIEE % & TeProteobacteria TdH D Z E N0 | W2THIARIE
(EWNE ] 2 F D THIET 27200~ 7 ADOP GRBIRENZHIATH S Z L ATRB ST,

FEBE, W2THUARZAID™ S~ o 2SR O 5325 2 & T, IBNHIE#EDO T VAN EL L, IBE OB
HHReL 0> I8 FEILEFE A 0] U S0 2 il 2 KIGOHIEMETHE (Treghifid) ZF5E+ 22 & b/RLT
W2ThiiR A~ U AGRET L (DSSHEMIER, B LOTHRBAGR) ICROEE L, BNHEE
TAEAN UT=WTHUARD GG R b 8 L7z (M 1) (Okai & Usui et al. Nature Microbiol
1:16103, 2016, Okai & Usui et al. Gut Microbes 6:1, 2017),
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IgAIC & 5 liE DEEIR
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AR DRI R l,

1. EXEFZR/RIBL GERDIEE(L
2, REZWH LAV BHIF DBRISEDEEL
. RO ocalER TregiiBA D EE L

B
4, TEMEENTHE l

5 2 D3Nl
1 W27 JURIZ L 5 Dysbiosis Dok & RIS~ A

BUE, W27 JURDORIEIZ KT 2R ROFEMR 3T A T = X L% fftfrs 5 L RIRFT, FRE ISR LT
HESEINHIEN R 2 F50 TgA FURD A7 U —= 2 7 AT Befifi TeA HUAD PRI O frf 25851 L CHil
H 2Oz Th 5,

2) (RARIRZSSRAS MG & 0 T A AL > F D431 L~V TORRHT

AID 1 IHUARBLE T DR S A7 FERTICREBIR I C OB 23583 2 Z & CEROMAMZ A 2308, =
DOFEREN & D L 9 ITHIH D DONIIRTEFZEICH BT STV, FA7Z BIiE, HIIEZERZE
HL ) TARL T BREET S AID™ v~ AL T T AAAL »F L DNA BT X 7 IR REES 5
AIDPN = T ZEAERL LTz, A5k, ZNHO~ T RAEfENTT 5 Z & T, AID IZ XD HURBRE T HRED
A=A NEH ST D,

3) TghEIRFUFFEIC L D 7 L L — DARARNIRR

ZOT—<IE TgA ~DBRE T T A XA » FFHEI L HIEHERATEREOHI L~ BT H O
ThD, T LT —DORAIERIIT LT DERNRAZTS LEERDT VN T o AR FET D
ZETHhHD, BT K2ITRLIEE 2, EOEDOT U 7y FEBEIZZE D L (IgA ~O

BN 7 AAA v FiHE), 1gk PEA 7wwf;

B S BT TR Lgh 10k H AR ,—T:h.f"z'iﬁ ' hd
B MEIC LTT LAY DRAR @Q)
WS L, B &0 The BAking b %@; |
RELLIEVS, 4FETOT LILF

—IREITITR o T AR TH D, Tgh ~ Iﬁﬁmt @
BRI 7 T AR v FE2HET B N jﬁﬁ“
BWEAT ) == 7 LR, 33 . *
COMBMB T T A % F— ¥ BETULE—EE ey

C (PKC) i&EMEALRFI T - 7=, PKC THEMEALF 1 IgASIRREE - X 2 $50ERsaqk
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Bk, BAH UMD PRCIEMALA] (Bryostatinl) ZRMH L., “SiEilEiAl & LT, FrHifE
L7= (PCT/JP2017/029518), Bryostatinl X7 /LY A ~—JRIEHEIE & U CHIRES 2 fAHiRBR 3 52
fESi TRy, ZREICHLTHMERY, T TV ZADT LALF—FETMIZBNT,
Bryostatinl DEIENTG-IT K 0 Mifladeidik & Mg o IgE FUMEDIR T, Mifadeiiak + o af ek
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TeA SBRMIFFE DIy 1 A B = X L E{ SN L CEAICSAR1T 5,

BEOME
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%o FTFEIC K D FBROMEPARIRE 1T —RE 2 (AT 720 WFFE0 7 A 2 SR a |2 L
D, WDOART v T~ EGHAEEZ b > TEBREZZITT 5 L9 ITHEEET> T 5D,
RO E LT BREEREY 0 [y BHFAESTI #—2o) & Y - (b5RiE
2 QAN Z—D0) O—EEEY L,

B C =% - 51l

MBEIT 2018 4 11 A X 0 iz & &AM PRI E T L. 2 ORICEE ~ 7 A F %
{5 OO FREFENF 21T > TR Y . 2019 LI IMFFRERBEA I TIE B S A7z, ZREBhE 2019 47
THMNG, 2020 FE 4 ADDARBEN A X v 7 L UTHIERIZBML, S 51T, 2022 4 4 AN
(X, CHTEERI AR R TR 2 G L7cmBh B X Z v 7T . FENS OBFAELE D
THAEDHEEIRHINTE ST,

A% 1%, AMED CREST MZEWE | ([ZB W CHFStERE TI5E 1A HUiRIC X 2 15 HIE
IR OME | (2017-2023 4F) T, BRIRSN TRV . BBPHIE RIS 2 N L 725958 O T R-oTE 9~
D Igh FURZFIH L7=® O 7 eI 2452 LT D, E7o, FTBOEIEIREEOERILDT-9HIC
AMED ACT—MS WFZCRREE RN Tgh 27 T AR A » FFHEIZ L HAEMIEDIRARRIRE ] (2020-2022)
%55 hE L,

sefekekeekekeekskeskskekkekeokskekskesekskeokekeokokeekkeiokskekeekokekskeekoksekkekeekskeoksketekskokeokskeokskeekskeeokokeokskeokokekok

FgE AL

SR

1. Okafuji H, lida N, Kitamura K, Seishima J, Wang Z, Yutani M, Yoshio T, Yamashita T, Sakai Y, Honda
M, Yamashita T, Fujinaga Y, Shinkura R, Hamaguchi Y, Mizukoshi E, Kaneko S. Oral Corticosteroids
Impair Mucin Production and Alter the Posttransplantation Microbiota in the Gut. Digestion Feb 18;1-
18. doi: 10.1159/000522039. 2022.

2. Peng Gao, Takahiro Adachi, Shinsaku Okai, Naoki Morita, Daisuke Kitamura, Reiko Shinkura. Integrin
CDI11b provides a new marker of pre-germinal center IgA + B cells in murine Peyer's patches. Int.
Immunol. 34(5):249-262, 2022.

— 184 —



2. Sasaki K, Mori T, Hoshi N, Sasaki D. Inoue J, Shinkura R, Kondo A. W27 IgA suppresses growth of

Escherichia in an in vitro model of the human intestinal microbiota. Sci. Rep. 11:14627, 2021

CTIE S A

1. Shinkura R. Therapeutic immunoglobulin A antibody for dysbiosis-related diseases.
Int. Immunol. 33,787-790, 2021.

2. Shinkura R. Gut IgA puts pathogens under pressure. Nat. Microbiol. 6, 826-827,
2021

3. Shinkura R, Kang S, Arase H, Toyama-Sorimachi N. The 49" annual meeting of the Japanese S
ociety for Immunology: COVID-19 and immunity. Int. Immunol. 33,
193-196, 2021.

4. FREWERE, FEILT EFOoHPAH 278 (9), 757-760, 2021,
NE7E TeA LRI L 2 9 AR HIAE

b. ARHIEM, FERALT FRRGE - 7 LLX—F 76(4), 466-470, 2021

At (EES)

1. IgA drug development as a gut microbial regulator
12" India Probiotic Symposium 2022.3.6 (Web)

2. Intestinal IgA as a modulator of gut microbiota
Pfizer seminar 2021.6.19 (Web)

HREERE (EWN)
1. BN ERIE O D ORE O TgA FrikESEK OB %
[E] 37 = 3 S AR AR TR TR DI 2 2021, 12. 2 = 7 B

—~~

2. TEEWMAEWRIEA L E TeA Sk
#0210 AARGIESSGEY~v— A7 —/L 2021.9.14 7= 7B

3. WHAE TeA T & 2 MEPNHIEE il & RER R A%
B 438 HAREERREZSRES - F 420 HARBREEBRRS - H 190 KEERS
A T~ [HRREFCL D TPUET~T7 LA L, BIYED [ & 5K GE %
2021.11.3 v =7 Bilfi

4. W TgA PUIRIT X 2 M5 PN B A A
F58m AARHd RS RaBHWE T (L) 2021.7.2

5. M TeA Hilk L ﬂf:%@ﬁ%ﬁ@
SO THA AR = 2 E B AR 2 2021. 6. 12 © = 7 B

=H

N
I
»
-

— 185 —



1. k8 THUERE R X OFLER I B SRBIFEM I X D& seyEhl ok i) 36(2), 45-50, 2021
2. {basE Ao R DGR IgA ORMEZ 5] 5(1),33-38, 2021

3. Ak TEWNHIEME D FLRE - BV E VR X DB s OTEME L) 92(2),231-235, 2021
4

5

EEDO AL RGN & IS TgA PURIC X 2 IEPRIE S 278(9),757-760,2021
A IR « 7 LV —F  TIHE [gA PURIC K DA 76(4), 460-470, 2021

1. Peng Gao, Takahiro Adachi, Shinsaku Okai, Naoki Morita et al. Integrin CD11b provides a new marker
of pre-germinal center IgA™ B cells in murine Peyer’s patches. International Immunology, Volume 34,
Issue 5, May 2022, Pages 249-262.

2. Qizhi Liu, Eiji Umemoto, Naoki Morita et al. Pyruvate enhances oral tolerance via GPR31. International

Immunology, in press.

PR
EAYY®
ZE

BN

ALY Y®

1. Chek MF, Kim SY, Mori T, Kojima H, Hakoshima T. (2021) Crystal structure of N-terminal

degron-truncated human glutamine synthetase. Acta Crystallogr F Struct Biol Commun. 1;77:427.

2. Wangpaiboon K, Laohawuttichai P, Kim SY, Mori T, Nakapong S, Pichyangkura R, Pongsawasdi P,
Hakoshima T, Krusong K. (2021) A GH13-a-glucosidase from Wetssella cibaria uncommonly acts on
short-chain amltooligosaccharides. Acta Crystallogr D Struct Biol. 1;77:1064.

3. Sasaki K, Mori T, Hoshi N, Sasaki D, Inoue J, Shinkura R, Kondo A. (2021) W27 igA suppresses

growth of Escherichia in an in vitro model of the human intestinal microbiota. Sci. Rep. 11 (1):14627.

TR
LAY
ZH

EAYY®

=

— 186 —



1. Peng Gao, Takahiro Adachi, Shinsaku Okai, Naoki Morita et al. Integrin CD11b provides a new marker
of pre-germinal center IgA* B cells in murine Peyer’s patches. International Immunology, Volume 34,
Issue 5, May 2022, Pages 249-262.

PR
EAYY®
ZH

EAYY®

— 187 —



& I REYERETHE &

A mOEEFEL) MR LTI 059%)

Rl TAEBUR A, AR 9 4RI R AR R Je BHE TR T
i BT CGEREAEL) BT ROk (3272 209°%0) (362020 4F 6 A Lotz

Rl 11 AR SRR, Wopk 14 AR R R B A TR R s
By ZEEFEL) K A aeeL-0sno)

SR 15 AR HURR AR, ok 18 4R KRR B TR R o
By #EEp L) K B o-m2me)

SR 21 AR HUSR AR Sk 26 4F KRB TR LR s T

WE 58 o B 22

A IAERRNICI T W E OB, BRI OISR K> TR IZ TS, Y OLE
b EAERNOEDOB XL TREGEELZITH, RBRE 0P CIIEEERZ R > LEWh AR
WICE G- LT 8 I3 T L IR SN ORISR W DR HLDITE DO FE Th D, Ziuifks
SNTALEMORESLZBIR ML+ R TXRWed ThD, (iE- T, BN TOIROB XA THIL
FENDHNFTEDDDEINFANEE TR 35 5 1Eim OB I, EIEMBHFE DUAR 7 % REBIET D
TENTED, Fio, EOPRIREEEIZ OV T | L — DOJH RIS TSI AR B s 7 2R
NZEDFBEZ TR WD | R OPR IR AR SRS A I T 22D, VLR EHE LD
FIRIRRICIINE THD, 20 LT, BRI R IRACE 2 M S5 0N Ty 7 T IR —o 2T
L(DDS)ZBAFEL | FEDIRNBNREA I T 528 T, EIMIC IR ORI ENTREEAC EH 352
EDHIFFSIND, UIFEE TIE, TNA R BARIC X EORNEIREIZ I 1T 5 AL Z K OFfEHT | Fr2/E
RIS DRI ZAT > T, ZHVET, B, SKEO5 B T AR L ~ L TOIGOARE (K
1) 2R D702, liddn. fIE, & [, B s 1L b~ SR 7R FE S HERE S AL, KW DK,
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TNHOFERI, JRES M, ISP pH 7, BBALEZRE O E PRI T A— 2 L il /T
DEA~DFEAYE, BRI E M, SR (F AR —2—) BL OGRS SR O /R, 38
B IORIWERNC RO OZHIEA~DFE S | SRR S 2 R T AR ST A—F IV KRBT 52
EMHTRE T D, 65Ty TV NTGA—Z 5RO T VT AT 2l I2 kY “Sof 5.8 5
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1. PRSP H SR BE S T /AT LA M IR N B e T IITE DR
WO R EORHERIL, 1) AT CORE, PRV T Z 2B LR TOHR 7 T2 2) FEi 4

DFAFEA~D A DFEE (DA BFE) (LR D2 LN TED, ZNH/RTA—H% Fix D in vitro FZBR
F (BN, WFRERia, ETIRES) TR/ EfE (R, fik, #56) 2b &I, ABMEE Fr /T A—
ZLfRA L, WU T Ve VTR 2 IR A B L TD, T2V T T AR I IAZ, fR
Rt 77 50 2 BRI U T 50 A2 BN OW T FESE RS R E =6 MBS AT, A8
BRI 7V FR7a— A P50 RN U AR —H — D5 3Bl R 72 E % A in vitro ik SE5R
R EBRTHONT-T —22b o1, EMENENREZ T2 AR A TND, FITd, 2 O3EYFH
AAERICEESEWEH OFRBLNIEE /2> TEY, EEMLBARICBWOTEDOY AR EEEMIZTIITHZ
CITEBEAGRE Lo TV D, S BAERIC IV EB T 2R NEREO ER &L T, WOV, M
BEREE . N UAR—Z—Z XD EREE RS L ORI O N5, BUE, FIREH, PRl 538
YRR EAERZ | in vitro FEBRIZIESWCTCELITREE L TIT 5720 O IF LRI OV TRFIL T
%o ZOUTZARFEIE, BAERNZIZRIER DD 72 ESR G OBRFE, i FIIEDHENLIZ D72 RHH D THY | “FE:
eI B2 L COMMm AR U2 BB A D T,

AR SRR FE SR E 7 /L& VN C L eyclosporin A <2 rifampicin 72E OATP1B & &3 F8 A /EH
%5 | E L3 HKY) (perpetrator) (IO T, OATPIBL (ZXI 925t A EAEL T, OATPIB FEE L5
W OENBIREE T NV EERE T 52T, S AEHZ E &I 752 LI IIL T\ D, Fiz,
%k 9 5L, OATPIB FE L
IRBERNTERT HRE O
coproporphyrin [ (CP-)<°fH{1

o oW B A i

(Glycochenodeoxycholate—3-
sulfate Z8)2FI|H LU7- 340 B AE (IT) Calculation of in vivo K; ; ,1p;p, for probe substrate drugs (e.g.

TR ED S TS, T~ statins) using in vivo K; g y7pip. for CP-1 obtained in (I), and in vitro
K, parpigfor CP-I and probe substrate drugs

(I) Phase-1 dose escalation study for a new chemical entity (NCE)

to obtain in vivo K, gyrpipsusing CP-I as an endogenous probe

IZ. OATPIB fLEHK TH 5

; i g in vitro Ki
rifampicin 300mg, 600mg @ 2 H in vivo Ki \B5(Dmg) = 11 VVO i iy OATP1 Bs(Drug)
] i in vitro Ki
= T@/(\ D&ﬁ‘a, O—( 6 OATP1Bs(CPI)

CP-1 DI e R DL B A E
BICHIATAZENTEXELET i
ILBIONET LR A—Z AR E

- N4 : * = 1 |
Lice Gtk 2OFT %*J%H—# of probe substrate drugs caused by a NCE by PBPK modeling and
HZLET, Eﬁfﬁﬁé%*ﬁfﬂ’ﬁﬂﬂ R simulation

Tz E7p< | FRIRBAFE D H 1
1 EEPHETILEREENNIAT—H—FFALE=H

DELFET, o> OATP1B EE 3L d
REYIZ & 5 OATPIB N EMHEMHEIER RV FHED 1=
WEGERLIZBROFMM AR gz — 1

UYAZ D E )2 T E % &
DHZENHFSND,

(III) Prediction of changes in concentration-time profiles, AUC and C,_,

2. FEW oD 1 R AR BE T « i 7 6 e i v B P 2 A oD A% IH s OV P B B - TITE O e ST
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In vivo TORMNENREZ T T 27201213, MIREHARE DAL BT 2 — 2 T2 MR - ik ik i
TR 2 L= 3 s RE /12 D2 LML B T D, AN BE Y - if i Ak 5 Bt BE P o0 BE P B 1 3%
ENHN AR &S ikﬁfﬂiﬂ’jﬁaﬁ TR EN TWNDEA N Yo 7 a7 B i i 2 ok
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DRER, BT EEROMBAITRHIRSICTND” ZENRHADICSNTND, o T, FIVAR—H—X°
RENEEF 0 & R R TEAE O LB R L R 9528 T, B O3S b filfH CE 5L
ZTW5,

BERDMLIEAMBIFT D in vitro &7 /LHIEIE., tight junction TEARREAMEL . ERY 0D HLif b BE FY %5 1 4
in vitro TRHIl S 22 LITINEEThH o7, T4, VLB Mk B /8 P G (F o 1 B R o
T AR Y AR DOIFEFE) R iPS HRO MR &7 L Alld((PS-BMEC) 23 FI JH FlEL 22 o7, £ 2T,
B ANT v —A Y — M EFEA DA e 5 2%

U, % S OFBIEA T LT, ZORR, Fift  BORP probe 5[.‘?,3 probe
B Ml T, P-gp $ﬁﬁ%¥%‘f@iﬁ’ﬁﬁéﬂf AV

DO, BCRP HEIEED DS oT B g N g “

|2, iPS-BMEC TlZ. BCRPEH IETEMEISHER ST € E
WBLOD, P-gp BIRETEMEIERD B (K] 2) g”' ; “

72L . in vivo TOEILEI i*ﬁ(biﬁb VEFE A 5D g i O’M,—o .

(CUTe, o, ZRBET VIR T, KN I N
DENNIT A AIE) Tl D YM155 1%, BIRE7RTH 5 2 iPS-BMEC (=443 BCRP FO— T
RIETT TRl 2 DAL T [A) (LR CNS J7 St (dantrolene)& P-gp 70— J%(quinidine)
J&) Diik% R L7z, SLC35F2 2% iPS-BMEC OTEMI iz 4mpasdti= 3+ 3 H R
BB T D800, ZOMBANEDIA A IZB D
HEFZ ZBID, PVIKREBEMILE NS Ty bR AR TR A eI/ ET VIZEBNT, +
IR N BRI EE SR T (TEER) 23 i IR ik, il ik 4 Fh CExH 2 L2 iR LTz, iPS-
BMEC &1 5720, P-gp OEEHSAEIZ /0 TRHESL2b DD, BCRP OSSR IR IR LL T TH
0. WEORM DD, £, MHEKEAFIZI1T D (ASO) DF S DM 126 B2 . KB
ENZHIIIZRBBL T DAD R Uy —Z BRI H L BB BV CGRIBN S 208
OBV, ASODMIEEIZEIE T 2L HIFFS D,

3. WO IR Rk 6 LOTHAL E WIN O & A TN E 3 28 B ERY — L OB - T A DB 58
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TN F D E 72 fif milifias CHLFEE 2 DL FWDOATIEA~DHIA Z FET P 2 R 35
ZEOEEMEIFOETHRN, BHETIT
BEICHE 2 DT =AM W F A AL EY)
DFF~DIRIA I RN D B D
EENTHEBZZLNIIENE DL EE

P R FIEIC RO B L TE T, Bl Phase| oy OH =

ETIE, ToEmHECEMNIBWTESE L O T m-0X metabolism

I C 0 BRI T BV T EE AR E & | A %e_.
¢ AP, Aok

Rl FT—BEDORT VAR —F—DEFH M
BN OB, BlAIE, AT =4 e et |
PEAEE ORI IAZMCIE, BIZOATP 7 @3 . b MRS 2 ENOERMBEEISE5L 55
TU=DFRTUAR =S — HRIZBEL  hmm cS 2 R—4 —

Cik., &2 Na'—taurocholate cotransporting

polypeptide (NTCP)23, F7=H N T A AbA W) OEEIZIX, organic cation transporter (OCT)7 7IU—
BB G52 Rl 3— 5T, M- e & Ui, o O— R PEREEh S AR (MRP2, P-gp, BCRP,
BSEP %) DB 59307 70 N A IO T2 BB 5 L7 > TS (3)

WIFSEE TIE, B s B E W& NIV AR — 2 — 45 TR OMEEMNT . LB R EIE DT,
W OIEFREIE T DK T AR —Z — D524 E &M FHI T 2 7R OMELED | &5
FIIEDOBRI LI CHO SRR HHZEZ LN LT, ITH, Z<DIEMITHOWTREIEESRE
ENTUAR—Z—DW T DIEE L2 DI DA SN TE TN D, ZOXH75E ORFIRIZ I % S
FNEOWRERR L TDOT AR —5— (Rl R ORI EEME A BRI T < in vitro FHHRR
DOREEER in vivo FRRFRERICEDILEMIIEA SRt T& 7o, BUETIR, 2D &H72% 2 F1. “extended
clearance concept“E U CEPBEINCHFRINSNADINTRD, ZUT T ADOFRE A Z 2 HZ O EFM %
HBLDDHITEST,

Fi, FFIERERE DT /2F 98 — N LU T ENFRlZ o R e DIFEE~ U AT 58, JIF
SR T S MF AR C B HAS LD E N E AT~ 7 AR L OVE 2B HEEL 72 R 2 V¢ BN
in vivo JJFAEREGIE D FFHLN AIRE CTHDHDNIDOWTE BIIREIZ I LT, ZOfE5R, D7 EHIFRIA
FIBFRIZIBV T, PXB w7 Al kD HifaE V=2 A, ek O NEHE I OO - e N2V
7T AD T RFEREFIEFRZEOVEREE R T HIENVRIBINT, E5HIZ, sandwich B5# 2% H - H
RV T Z 2 in vivo DT — & 5HAFRERB AR ChHZEE LT,

EMZB T DI OIEALE RISV T, XD Ussing chamber D3t E
ENELE I BRI R R A S < L]
BLN KPR E O ILFEMFFRIC LD FI R O
TV A % IV M2 Ussing chamber {51285 1H ven =0
(LRI TR OMEAAT T2, TORER, A |
BUDGA Fr s HEH N T o AR — & — DR HE 3 i 78
. F RE AR — 2 —E IR E E X
BT DOE Y Z-OUNT Ussing chamber 2%

(Michiba et al., DMD, 49, 84-93 (2021))
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LA, EDD TRIFRTHIMA R U, S50, EBREW) (=7 2B /L -1 X) FROTELERIELD crypt
RES A L | I S IR 2 RS T B R A M L, in vitro FEERREL CTEBOHEESE T
AR — G —TEVEZAER LT BT LR R O ML~ CIERER AT A B AR L 72, 7o, BBRZRWLZLIT crypt
ZERE LT OB s TR B — 2 VBRI B W Ch DR EMER SN D 2 2 B L TR0, 4
% LB O FEE OB ~OIE A ~LRB T TE TH D,

A. SRR 1R R 0 5 TARE ORI & O T/ AU 22 00 5 Bl e T IO E ST
. BRI A B 2 D BRI LS

BRIV LA O DO RG-S — AN Transporter Function and Metabolome
%< LU T BRI REA R T

BB — 2D, Tha 1T BN
(R 70 b 3SR AR (LB 7 2 —72 )

e | Genetic mutation ‘ ‘ Disease state ‘
I

| Alteration in the transporter function

uence / Iﬂﬂusnce\\’" agnosis?

TORBEAERS 2 LT D45 Bl (RHlESR  ho A (st s e o -+ | g o ke
body fluids) Presictale? in body fluids)
N—Z =) IZBI D AE/ERIZE R L, In vivo TOHH ¥
. o dvantage: . -
HAERHZEBHINZEHMELYS in vitro EBRIBLIOF " reone Fevatuted without acminisrston of
exogenous probes
@gyﬁﬁyf@*%%% H *E‘ L"Cﬁ%%@&) ”’C%f:o Diagnosis of variation of transporter function for personalized medicine

*Clayton TA et al., Nature 440, 1073 (2006)

W BAEH O TRIZIBW T, AIZEOH B
Tt SHEEL TV BRSO RNIIE ST A— sl B4 A ERO—LRHTOERIZ L BN
T A D TIRLIVTRY, Chi, fifEn Ty EEERETO—-J& LEASESR - b
BASEERD, 20 L VAZORMHREOEApE 2 A% —0 in vivo phenotyping
false—negative 72 FHIZRET 571U TE, BREAIOBGR Fi KIREEA 5 2 - static model D1 73
LTWHENR D, Fex i, OATPIB 4T LA BAEHIZOWT, WH RCHEROMFERI 22 PRE L Y in
vitro /XT A =2 DINEZITUN BEENO |2~ T static model Z W= FH EAEY A7 OF#l1EZ A |
SHLT-ODHFIEGRIT OV THEEL TE7e, ZOMATICHT 2 F E O EELL T, FEICIVRE
EEN R DT EDRBHVGHZENG, BEDOIEE I DO HF I Dh b /S Ki 5% 5 2 b5 E 35|
L7z, F7=. cyclosporin A @ pre—incubation FRFEKFHI72 LA TR EE D RN, FEICEHTBIAZ L4
ONZLTE e, Fo, FERBR O (L s b 2 KB 95728, OATPIB1 F/E &L TR RIREZR 3
HEZFREL,

S EIAE EAEH OFHIE, & OB FICBIE L 7oA R O T AR — 2 — Tk DI D E 3R
W OGS CE o, 28 WIEM R EZ M BAER OB T a—7 LU TR 32 L% 2
LTS (X4), ZNFETICEEM T AR —4—0CT2, MATEL, OAT1 BL OAT3 (ZxF9 HWNTE
MR I~ — T — T E L CET2, AT =4 b7 AR —4—0ATPIB BEICHOWTY, BT ERHRER
TERDY, OATPIB FHERH DWNIHEREIR T 20 | ST 2D BEMDOER A RA A T DR TS
BT, AENICIDERET D LE2 R, OATPIB 25 L= 3WH HAEH OUAZ FHH D76 D3 A A~
—H—EUTHIHAIRE CHHZEZME L CWD, GG DS ) LU A R EfEHT O 7 — 2 ZHSUN T
=72 OCT2 WNIEM A A~ — B —L LTI S D LAY (N-methyladenosine) & ¥ 7= 1 FLH L 7=, B b
F L AR—42—MATE1/2-K DBEEHA|(pyrimethamine)Z /=30 A/ERBRIZID, BV AXI DA
BRIFHIIZ Mmethyladenosine OB ZUT T2 ADK FINGROLIL, BT 7 ADK FIZARNRAI &
BAF e BRR A T A LA MR LT, 2D a— 7 EF T AL T, kb u— 7 A i
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B9 5B S, BRI 225 ONCERIRFZE ChI v AR —4—0 in vivo (ZBITHHEREZS B ZLA]
BIOZFDOA LRI EERIZHONNI 250 O LIRSS,

5. PET &M\ /= in vivo U7 /L2 A WEREFRHT

W) D B R i 306 0 PR 53 U675 & O A2 HHIIZ N ~D DA Z . @FBIEN S I 1 ~DHE
. E7=OHIFBDDARH < JR R ~O Y HEL D F TR TRERLS LD 7V T T U AR R DFEMT , 725N
IR e | A H R EE SRR L7 D72 WA OB EMEHT 2 H &L C R BERISHERR IR
FEORF IR ZRE T 5L TED PET Wigta, BUYLFIMETT 0 FAA— 0 IR R 2 — | I
SRR SR AW IC T o0 A A— T U T 5E L 2 — B L O R 32 A e R LRI SR 12 L0 D T
X772, ZHLETITA5R)-TIC-Me, SC-62807. dehydropravastatin. oseltamivir, metformin. pitavastatin .
PTV-F1 728 OPETZ m—7 bzt | BRRITIEC I T, MU AR —2 — I EMESE R A A3, L
HE)AEZ D NI AT RN BV RRIZ 5- 2 D52 BT P RE CTHH LA RL T\D, YT AR —4
— R L72%[18F] pitavastatin (HMG-CoA iEITIERIAESE) (2oWW T, Ty M THERM RN T RE B A 5
ML, PHEANZELD T AR —F — B E | N7 AR —F —B - RBICIV AL L BB IO
BN ENED BN AR Z DT ENTEDHI %, EREM A I TEEREL 72, ARERIX, [18F] pitavastatin
W EERRBR O T2 D7 4 VT 4 AZ T AFRERENLE ST TS,

6. /NI IR BRI | 2T - TEIRIE DO BIREIZ BT D5

ANEIRRE DBV O o WEEITR R (HEERIESR 1/2,500) (21X, BARRPET 2% E, BRHob
BTN LV R TE DA, IRRIEDN RSB TERWERRZR EZHERERNREEND, Ll
IR0 D, BUTO WA CIIRIE R OB BB BT 2 r— AR SN 5, £ B8 B0
JEBI T, SRR OBfEZRFFEICE S22, VD OFERO 72 OIZHT 7= 722 Wik, 1BFIEOBR%
DY EN TN D, A RE DL FOMZEICED LA TS,
+ Bile salt export pump (BSEP) # Ay & L 7= I BHAMISE (X 5)
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INF=ZD B | & 00 (9 zgemrol SOFNE 10 32 &
AFN Ty B / e
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DIETRBlERSNT-, £, FRICE-> UL A CHFCOAEFROE R
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Mission Statement

Pharmaceutical Sciences by definition is an academic field that covers development of
pharmaceuticals and their applications. The field encompasses fundamental, life-related
substances and their interactions with life.

The mission of the School of Pharmaceutical Sciences at the University of Tokyo is to
achieve the highest standard in academic research as well as in training and educating the
future leaders of pharmaceutical sciences through the world-class research activities at
both undergraduate and graduate levels. With this mission, our undergraduate and graduate
schools aim not only to promote development of basic life sciences, but also to contribute
to the development of new drugs in the pharmaceutical industries. And furthermore, we
pursue development of clinical studies at medical institutions, contribution to governmental
policies on medical and pharmaceutical affairs, and contribution to our society by supporting

extensively the pharmaceutical specialists and pharmacists.

Short History
The organization of pharmaceutical education in Japan began in 1877 with the establishment
of a Pharmaceutical Institute (later Division of Pharmacy) in the Medical Faculty of this
University. For the first 10 years, instruction was given by foreigners, and in particular a Dutch
chemist Dr. J. E. Eijjkman. He left a large amount of fine work in the study of components of
various domestic medicinal plants.

For the next 25 years, from 1887 to 1912, Japanese who had returned from studies in
Germany took over the education of students, carried out valuable investigations of their own,
and also established the ground for pharmaceutical organic chemistry in Japan. Three chairs
were provided: for Organic and Medicinal Chemistry, Pharmacognosy, and Health Chemistry.

During the next 25years, from 1913 to 1938, the chairs of Pharmaceutical Technology,
and of Chemistry of Organotherapeutic Medicine (Present Physiological Chemistry) were
established, and in 1939 the chair of Analytical Chemistry was founded.

After World War II, the chairs of Pharmaceutics and of Chemical Pharmacology were
added, making eight laboratories in all. In 1958, the Division of Pharmacy separated from
the Faculty of Medicine and became an independent School of Pharmaceutical Sciences,
including Graduate School of Pharmaceutical Sciences and Faculty of Pharmaceutical
Sciences for Undergraduate Course. In 1959, the School gained more laboratories to make
them 13 altogether: Organic and Medicinal Chemistry, Pharmacognosy and Phytochemistry,
Health Chemistry, Physiological Chemistry, Analytical Chemistry, Pharmaceutics, Chemical
Pharmacology, Synthetic Medicinal Chemistry, Biophysics, Physical Chemistry, Microbial
Chemistry, Pharmaceutical Synthetic Chemistry, and Physiochemical Analysis.

In 1966 the Research Institute for Chemical Hazards, and in 1973 the Experimental Station
for Medicinal Plant Studies were founded. In 1976, the Research Institute for Chemical

Hazards was abolished, and instead three Laboratories were established: Laboratory of
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Toxicology and Pharmacology, Laboratory of Cancer Biology and Molecular Immunology,
and Laboratory of Bio-Organic Chemistry and Medicinal Chemistry. In 1996, the newest
Laboratory of Neuropathology and Neuroscience was founded.

In recent years, significance of the research and graduate education at the School of
Pharmaceutical Sciences became profound. To meet such demands, the School was
reorganized in 1997 along with the new system, so called “Graduate School Priority System”,
and the Graduate School of Pharmaceutical Sciences were reformed into three Divisions, that
is, Pharmaceutical Chemistry, Pharmaceutical Biology, and Pharmaceutical Technology.

In 2008, Division of Integrated Pharmaceutical Sciences was newly established..

The School not only continues to advance fundamental research in the pharmaceutical sciences, but
also responds to the increasing demands of society for the appropriate application of
pharmaceuticals with a new 6-year undergraduate pharmacy program started in 2006.
Highly-skilled pharmacist training is required for recent advancements in treatment and the
separation of medical practice and drug dispensing. Our school has now both 4-year and 6-year
courses in undergraduate education. Along with this restructuring, the School established a
pharmaceutical sciences master's course (first two years of the doctoral course) that the 4-year
undergraduate students can advance to in April 2010, a 3-year pharmaceutical sciences doctoral
course, and a 4-year pharmacy doctoral course that undergraduate students in the 6-year course can
advance to in 2012. The Graduate School of Pharmaceutical Sciences has created a new framework

for graduate education in which two doctoral specialties are managed flexibly.

ADMINISTRATIVE STAFFS
Dean: FUNATSU, Takashi. Professor
University Senators: FUNATSU, Takashi. Professor
MIURA, Masayuki. Professor
Head of Administration Office: OGAWA, Mitsuaki
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DIVISION OF PHARMACEUTICAL CHEMISTRY
Department of Medicinal Chemistry

Laboratory of Organic and Medicinal Chemistry

OHWADA, Tomohiko. Professor, Ph. D., Organic and Medicinal Chemistry
OTANI, Yuko, Associate Professor, Ph. D., Molecular Architectures and Computations

Research Topics:

1.

it
H H rl O 0 -0
N HO INH Iy C7 _p,
HO - Cgjo — o4O

New Approach to Functionalizing Aromatic Compounds Based on Designed
Superelectrophiles: Aromatic structures provide basic architecture for developing
functionalized materials such as Active Pharmaceutical Ingredient (API). However,
methods for chemoselective, regioselective and stereoselective introduction of various
functional groups onto aromatic rings are still limited in terms of their applicability. This
project aims to provide a novel approach to functionalizing aromatic compounds by means
of development of the chemistry of newly designed superelectrophiles, i.e., highly
electrophilic organic species. The direct amidation of anthranilic acid (aminobenzoic acid) is
one of the recent findings which was promoted by organ catalysts based on phosphates of
salicylic acids (shown below).

O
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Phosphoric acid triester

NH, NH, O

1.0 equiv.
COOH @ ( auiv) -
TfOH

20°C, 2 i .
{1.0 equiv.) (3.0 equiv) 0°C, 20 min 88% yield

O +0
+O O OMe ?_1',-‘0 OMe \H"'O OMe
phosphate ester Transition state (TS) acylium cation formation

2. Synthesis of New Compounds Exhibiting Characteristic Structural Features and

Properties: We revealed and utilize the structural features of a bicyclic amine,
7-azabicyclo[2.2.1]heptane derivatives, which induce non-planarization of amide
functionalities upon N-amide bond formation. This feature can be also applicable to

related m-functionalities. For example, N-nitrosamines of the relevant bicyclic amine
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take non-planar structures, which lead to potential NO/NO"  donors. Aliphatic
N-nitrosoamines of 7-azabicyclo[2.2.1]heptanes could undergo heterolytic N-NO bond
cleavage. Based on the observation of reduced rotational barriers of the N-NO bonds in
solution and nitrogen-pyramidal structures of the N-nitroso group in the solid state, we
postulate that N-NO bond cleavage of N-nitrosamines is enhanced by a reduction of the
double bond character of the N-NO bond. These bonding features facilitate
transnitrosation reactivities as show below. We applied this chemistry to inhibit
internarization of 32-adrenerin receptor upon activation of agonist through S-nitrosation
of Cys residues of G-protein kinese 1 (GPK1).

Trasnitrosation of N-pyramidal Nitrosamines to Thiols

R-SH R-SNO Modification of Protein Functions

\_/ through S-nitrosation
1

e

iy

@]?‘ R, \ ‘}._, N O"j

R B H
/9\ Transition Structure

O Cero

Nitrogen pyramidalization is also found in the N-amide derivatives of

7-azabicyclo[2.2.1]heptanes. Oligomers based on N-pyramidalized amide linkage of
bicyclic B-amino acid derivatives are also studied. Helical structures are generated as
shown below. On the other hand, heterooligomer induced beta-strand structure without
involvment of hydrogen-bonding.

°y )‘)

5000»1(3 ot >

3. Design and synthesis of intelligent molecules: We have a great interest in synthesis of
chemical modulators which control biological phenomena through interactions with
membrane proteins, that is phospholipid-like modulators which is relevant to new
membrane receptors
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Medicinal cgemistry of phospholipid-like modulators Lysophosphatidylserine (lysoPS)
has been known as an exogenous inducer to potentiate histamine release from mast cells
(MCs), though even at submicromolar concentrations. LysoPS is also proposed to control
immunological events. LysoPS(18:1) is one of the endogenous lysoPS. In the initial stage of
this project, through our SAR studies on lysoPS derivatives against MC degranulation, we
identified lysoPT, a threonine-containing lysophospholipid and its 2-deoxy derivative as
novel strong agonists. LysoPT and its 2-deoxy derivative induced histamine release from
MCs both in vitro and in vivo at a concentration less than one-tenth that of lysoPS. Notably,
lysoPT did not activate a recently proposed lysoPS receptor on MCs, GPR34, demonstrating
the presence of another undefined receptor reactive to both lysoPS and lysoPT that is
involved in MC degranulation. Thus, the present strong agonists, lysoPT and its 2-deoxy
derivative, will be useful tools to understand the mechanisms of lysoPS-induced activation
of degranulation of MCs. We are now interested in design and synthesis of lysoPS
derivatives which show potent and subtype-selective agonists to lysoPS receptors, GPR34,
P2Y10 and GPR174.

9 0O
HOOC\/\ ,P\ )J\/\/\/\/\/\/\/\/\
: 010 0

NH,

Lysophosphatidylserine (LysoPS (18:0))

4. Computational Studies of Organic Reactions, Structural Basis and Drug Design.
Application of ab initio molecular orbital/DFT calculations are carried out as a part of
efforts to understand the structural features, selectivities, and reaction mechanisms.
Computer-assisted design of the molecules are also important. Combination of
computational works with experimental observations is highly encouraged.

Summary of Research Presentation Activity in 2021
(1) Publications: 4 papers.
(2) Presentations in symposiums: 20 presentations.
(3) Student Awards: 2 awards (in symposiums).
(4) Faculty Awards: 1 award (Japanese Society of Pharmaceutical Sciences)
(5) Articles in Japanese: 0
Summary of Social Activities in 2021
(1) Vice Division President of Chemistry of Japanese Society of Pharmaceutical Sciences
(2) Editorial Advisory Committee Member of Journal of Medicinal Chemistry (American
Chemical Society)
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Laboratory of Synthetic Natural Products Chemistry

INOUE, Masayuki. Professor, Organic Chemistry, Natural Product Synthesis
NAGATOMO, Masanori. Lecturer, Natural Product Synthesis

ITOH, Hiroaki. Assistant Professor, Bioorganic Chemistry

HAGIWARA, Koichi. Assistant Professor, Natural Product Synthesis
FUJINO, Haruka. Assistant Professor, Natural Product Synthesis

Research Topics:

The goal of our research program is efficient, practical, and flexible syntheses of
biologically important natural molecules. At the core of this research program is the
development of new strategies for concisely assembling architecturally complex natural
products. These synthetic developments would enable the unified synthesis of new
artificial analogues by modification of natural product templates. The new synthetic
methods for the natural products and the synthetic analogues will allow us to tailor and
enhance their drug-like properties to gain control over diverse signal transductions, thereby
offering new research methods for the study of life science.

1. Construction of the Carboskeleton of Highly Complex Natural Products Enabled by
Radical Cascade Reactions

In 2021, we reported the efficient synthesis of two limonoidal skeletons 1-1 and 1-2 with
6/6/6/5-membered ABCD-ring and 6-membered oxacycle with different C9-stereochemistry
by employing a new radical-based strategy. An oxacycle-fused A-ring and enyne
fragments were coupled to produce bicyclic radical precursors with different C7-oxygen
functionalities. The bridgehead tertiary bromides participated in a radical cascade reaction
with the three unsaturated bonds to cyclize the C9-diastereomeric BCD-rings by installing
two tertiary and three quaternary stereogenic centers at the angular positions.

2. Total Synthesis of Highly Oxygenated Polycyclic Natural Products

Efficient assembly of densely oxygenated and highly fused natural products remains to be
one of the most challenging tasks in organic synthesis. Our current program is focused on
the establishment of synthetic routes to complex polycyclic natural products.

In 2021, we developed a new, unified strategy for expeditious total syntheses of five
representative  members of rhamnofolane, tigliane, and daphnane diterpenoids:
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crotophorbolone, langduin A, prostratin, resiniferatoxin (2-1), and tinyatoxin.
Rhamnofolane, tigliane, and daphnane diterpenoids are structurally complex natural
products with multiple oxygen functionalities, making them synthetically challenging.
While these diterpenoids share a 5/7/6-trans-fused ring system (ABC-ring), the three-carbon
substitutions at the C13- and C14-positions on the C-ring and appending oxygen functional
groups differ among them, accounting for the disparate biological activities of these natural
products.  Retrosynthetically, these five natural products were simplified into their
common ABC-ring by detaching the three-carbon units and the oxygen-appended groups.
This intermediate with six stereocenters was assembled from four achiral fragments in 12
steps by integrating three powerful transformations: (i) asymmetric Diels—Alder reaction to
induce formation of the C-ring; (ii) m-allyl Stille coupling reaction to set the trisubstituted
E-olefin of the B-ring; and (iii) Eu(fod)s;-promoted 7-endo cyclization of the B-ring via the
generation of a bridgehead radical. Then the common intermediate was diversified into
these five natural products by selective installation of the different functional groups.
Attachment of the Cl14-B-isopropenyl and isopropyl groups led to crotophorbolone and
langduin A, respectively, while oxidative acetoxylation and C13,14-B-dimethylcyclopropane
formation gave rise to prostratin. Finally, formation of an a-oriented caged orthoester by
C13-stereochemical inversion and esterification with two different homovanillic acids
delivered 2-1 and tinyatoxin with a C13-B-isopropenyl group. This unified synthetic route
to these five natural products required only 16—20 total steps, demonstrating the exceptional
efficiency of the present strategy.

Furthermore, we also reported the total synthesis of euonymine (2-2) and euonyminol
octaacetate (2-3), which share the core structure of euonyminol, the most hydroxylated
member of the dihydro-B-agarofuran family. Eight of the nine hydroxy groups of
euonyminol are acetylated in 2-3, and 2-2 has six acetyl groups and a 14-membered
bislactone comprising a pyridine dicarboxylic acid with two methyl groups. The different
acylation patterns provide distinct biological activities: 2-2 and 2-3 display anti-HIV and
P-glycoprotein inhibitory effects, respectively. The 11 contiguous stereocenters and 9
oxygen functionalities of the ABC-ring system of 2-2 and 2-3 represent a formidable
challenge, which is further heightened by the macrocyclic structure of 2-2.  Our synthesis
started from (R)-glycerol acetonide. We constructed the B-ring by Diels—Alder reaction,
the C-ring by intramolecular iodoetherification, and the A-ring by ring-closing olefin
metathesis. The 10 stereocenters were installed through substrate-controlled
stereoselective reactions. These newly developed reaction sequences led to protected
euonyminol. Global deprotection of the protected euonyminol and subsequent acetylation
produced 2-3.  Alternatively, site-selective bisesterification converted the protected
euonyminol to the bislactone, and combining [3+2]-cycloaddition and reductive
desulfurization stereoselectively introduced the two methyl groups on the macrocycle.
Finally, deprotection and acetylation gave rise to fully synthetic 2-2 for the first time.
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rhamnofolane tigliane

crotophorbolone: R = CH, prostratin
langduin A: R= CHj, H

resiniferatoxin (2-1): X = OMe
tinyatoxin: X = H

OAc
AcO OAc
NN oA
-5 [orPhe
OAc

OAc
(-)-euonyminol octaacetate (2-3)

(-)-euonymine (2-2)

3. Comprehensive Total Synthesis and Functional Analysis of Natural Products

Chemical synthesis of biologically active natural products and their functional analysis are
highly important to develop more useful seeds for drug discovery. In 2021, we achieved
the solid-phase total synthesis of E/Z isomers of yaku'amide B (3-1) by constructing
o,pB-unsaturated amino acid moieties through the modified traceless Staudinger ligation,
which enabled us to reveal the structure-function relationship of stereochemistries of three
B,B-dialkylated a,B-unsaturated amino acids for the first time. In addition, we developed a
novel '80/'%0-encoding strategy for microscale stereochemical determination of peptidic
natural products. To assess the reliability of the novel strategy, we performed a blind test
using gramicidin A (3-2) as a model natural product. Parent 3-2 and its 31 diastereomers
were prepared by split-and-mix synthesis using '*0/!°O-encoding of D/L-configurations, and
subjected to tandem mass spectrometry-based structural determination and cytotoxicity
assay. As a result, only the parent natural product was selected, which validated the high
reliability of our strategy.
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Laboratory of Synthetic Organic Chemsitry
KANAI Motomu. Professor

KAWASHIMA, Shigehiro, Associate Professor
YAMATSUGU, Kenzo, Assistant Professor
MITSUNUMA, Harunobu, Assistant Professor

Research Topics:
(1) Development of new catalytic reactions, (2) robust, short, and concise synthesis of
biologically significant molecules, (3) design and synthesis of chemical biological tools, (4)

development of catalysis medicine.

1. Data-Driven Catalyst Optimization for Stereodivergent Asymmetric Synthesis of
a-Allyl Carboxylic Acids by Iridium/Boron Hybrid Catalysis

Asymmetric catalysis enabling divergent control of multiple stereocenters remains challenging
in synthetic organic chemistry. While machine learning-based optimization of molecular
catalysis is a rapidly growing research field, the use of such approaches for catalyst design to
achieve stereodivergent asymmetric synthesis producing multiple reaction outcomes, such as
constitutional selectivity, diastereoselectivity, and enantioselectivity, is unprecedented. Here, we
report the straightforward identification of asymmetric two-component iridium/boron hybrid
catalyst systems for a-C-allylation of carboxylic acids. Structural optimization of the chiral
ligands for iridium catalysts was driven by molecular field-based regression analysis with a
dataset containing overall 32 molecular structures. The catalyst systems enabled selective access
to all the possible isomers of chiral carboxylic acids bearing contiguous stereocenters. This
chemoselective and stereodivergent asymmetric catalysis is applicable to late-stage structural
modifications of drugs and their derivatives.
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2. A 4-hydroxyproline/trimethyl borate system for asymmetric synthesis of triple aldols
from double aldol cyclic hemiacetals

We developed a 4-hydroxyproline-catalyzed asymmetric cross-aldol reaction between
aldehydes and cyclic hemiacetals derived from copper-catalyzed asymmetric double aldol
reaction reported previously by our group. The addition of trimethyl borate, which acted as a
ring-opening reagent for hemiacetals, was critical for producing triple aldol compounds with
excellent diastereoselectivity.

OH
[0} .‘\Me o H,0 (1 equiv) OH OH OH OH
2 DMA, 40 °C Tof i
o +
o (@ equiv) R
n Mo Me . BOMe)s n Me Me Me
double aldol 20 mol% : LiBH,

triple aldol deriv.

cyclic hemiacetal 58%, >50/1 dr

3. Siloxy Esters as Traceless Activators of Carboxylic Acids: Boron-Catalyzed
Chemoselective Asymmetric Aldol Reaction

The catalytic asymmetric aldol reaction is among the most useful reactions in organic synthesis.
Despite the existence of many prominent reports, however, the late-stage, chemoselective,
catalytic, asymmetric aldol reaction of multifunctional substrates is still difficult to achieve.

Herein, we identified that in-situ pre-conversion of carboxylic acids to siloxy esters facilitated
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the boron-catalyzed direct aldol reaction, leading to the development of carboxylic
acid-selective, catalytic, asymmetric aldol reaction applicable to multifunctional substrates.
Combining experimental and computational studies rationalized the reaction mechanism, and
led to the proposal of Si/B enediolates as the active species. The silyl ester formation facilitated
both enolization and catalyst turnover by acidifying the a-proton of substrates and attenuating
poisonous Lewis bases to the boron catalyst.

(cat) R F )
\
Me,N S-NH OH
o) + OH O
(0] F F (Ac0O),B,0 : up to 93% yield
I+ HLOH > R1’\£)J\0H up to >20 /1 dr
R _R2 (EtO)3SiCl, DBU, rt; F* R2 up to 97% ee
FG FG”
.B* )
(0] ® Chemoselective

FG = keto, ester, nitrile H\ _Si(OEt); @ Diastereo- and enantioselective
amide, C=C, C=C, halo ~ "0 @ Catalyst-controlled stereodivergency
OH, epoxy.... R? @ DFT calculations-supported mechanism

4. Protein Modification at Tyrosine with Iminoxyl Radicals

Post-translational modification (PTM) of proteins is a biological mechanism that reversibly
regulates their function. Amino acid-selective synthetic protein modifications (SPMs) are
expected to mimic PTMs. However, reversible SPM at hydrophobic amino acid residues of
proteins has been limited. We have found a novel method of protein modification in which
bulky persistent iminoxyl radicals selectively react with tyrosine side-chain. In particular,
isopropyl-substituted iminoxyl radicals with a water-solubilizing moiety (piperidinium)
formed stable chemical bonds with high yield under biocompatible conditions. On the other
hand, chemical bonding with bulkier tert-butyl-substituted iminoxyls was reversible. This
reversible Tyr modification could mask functionally important Tyr residues and recovered
by reductive conditions, regulating protein functions. Especially, the enzymatic activity and
antigen binding affinity of monoclonal antibodies were successfully altered by conjugation
and deconjugation.
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5. Photo-oxygenation by a biocompatible catalyst reduces amyloid-f levels in the brains of
Alzheimer’s disease model mice

Amyloid formation and the deposition of the amyloid-f peptide are associated with the
pathogenesis of Alzheimer’s disease. We previously developed an artificial photo-oxygenation
system using a small molecular-weight catalyst compound. The photocatalyst specifically
attached oxygen atoms to amyloids upon light irradiation, and successfully reduced the
neurotoxicity of aggregated amyloid-f via inhibition of amyloid formation. However, the
therapeutic effect and mode of actions of the photo-oxygenation system in vivo remained
unclear. In this study, we demonstrated that photo-oxygenation of live Alzheimer’s disease
model mice facilitated the clearance of aggregated amyloid-f3 from the brain. In addition, the
photo-oxygenation enhanced the microglial degradation of amyloid-B peptide. These results
suggest artificial photo-oxygenation as a novel anti-amyloid-B strategy against Alzheimer’s

disease.

6. Catalytic photooxygenation degrades brain Ap in vivo

We developed a photooxygenation catalyst based on the structure of azobenzene-boron
complex exhibiting AIE. The catalyst had 3 main characteristics required for in vivo
application: 1) activation by tissue-permeable long-wavelength light irradiation, 2)
AB-selectivity of the oxygenation reaction, and 3) BBB permeability. These properties of the
catalyst made it possible to oxygenate AP in living mouse brains using a less-invasive method
that involves administration of the catalyst to the periphery and light irradiation from outside the
body. Key to this success was the identification of a compact but orange color visible
light-activatable chemical catalyst whose activity can be switched on/off depending on
binding/non-binding to aggregated AP, which controls its molecular mobility. Long-term
treatment using this less-invasive photooxygenation method reduced the aggregated AP level in
the mouse brain. This is an important step forward in the development of a catalytic

photooxygenation strategy for clinical application.
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7. Live-Cell Protein Modification by Boronate-Assisted Hydroxamic Acid Catalysis
Selective methods for introducing protein post-translational modifications (PTMs) within
living cells have proven valuable for interrogating their biological function. In contrast to
enzymatic methods, abiotic catalysis should offer access to diverse and new-to-nature PTMs.
Herein, we report the boronate-assisted hydroxamic acid (BAHA) catalyst system, which
comprises a protein ligand, a hydroxamic acid Lewis base, and a diol moiety. In concert with a
boronic acid-bearing acyl donor, our catalyst leverages a local molarity effect to promote acyl
transfer to a target lysine residue. Our catalyst system employs mi-cromolar reagent
concentrations and affords minimal off-target protein reactivity. Critically, BAHA is resistant to
glutathione, a metabolite which has hampered many efforts toward abiotic chemistry within
living cells. To showcase this methodology, we installed a variety of acyl groups in E. coli
dihydrofolate reductase expressed within human cells. Our results further es-tablish the
well-known boronic acid-diol complexation as a bona fide bio-orthogonal reaction with

applications in chemical biology and in-cell catalysis.
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8. A Single-Step Asymmetric Phosphodiester Synthesis from Alcohols with
Phosphoenolpyruvate Phosphodiester

Phosphodiesters are important structural motifs observed in a diverse field of molecular
science. It is, thus, important to develop a simple and robust way to synthesize them from
corresponding alcohols. Here we report a single-step asymmetric phosphodiester synthesis from
alcohols with phosphoenolpyruvate phosphodiesters as phosphoryl donors. This transformation
allows for the use of various functionalized alcohols as substrates, and would be useful for
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diverse fields including biology and medicine.
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9. Live-cell epigenome manipulation by synthetic histone acetylation catalyst system

Chemical modifications of histones, such as lysine acetylation and ubiquitination, play pivotal
roles in epigenetic regulation of gene expression. Methods to alter the epigenome thus hold
promise as tools for elucidating epigenetic mechanisms and as therapeutics. However, an
entirely chemical method to introduce histone modifi cations in living cells without genetic
manipulation is unprecedented. Here, we developed a chemical catalyst, PEG-LANA-DSSMe,
that binds with nucleosome’s acidic patch and promotes regioselective, synthetic histone
acetylation at H2BK 120 in living cells. The size of polyethylene glycol in the catalyst was a
critical determinant for its in-cell metabolic stability, binding affinity to histones, and high
activity. The synthetic acetylation promoted by PEG-LANA-DSSMe without genetic
manipulation competed with and suppressed physiological H2B ubiquitination, a mark
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regulating chromatin functions, such as transcription and DNA damage response. Thus, the
chemical catalyst will be a useful tool to manipulate epigenome for unraveling epigenetic

mechanisms in living cells.
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10. Axially-substituted silicon phthalocyanine payloads for antibody-drug conjugates
IR700, a silicon phthalocyanine (SiPc) photosensitizer, is an antibody-drug conjugate payload
used clinically. It is, however, the sole SiPc payload to date, possibly due to the difficulty of its
synthesis, resulting from its asymmetric phathalocyanine skeleton. Here we report a new
axially-substituted SiPc payload with easier synthesis. Trastuzumab conjugated with the SiPc

showed light- and antigen-dependent cytotoxicity in HER2-overexpressed cancer cell lines.
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Laboratory of Natural Products Chemistry

ABE, Ikuro. Professor, Natural Products Chemistry

AWAKAWA, Takayoshi. Lecturer, Biosynthesis of Natural Products

MORI, Takahiro. Assistant Professor, Biosynthesis of Natural Products
USHIMARU, Richiro. Assistant Professor, Biosynthesis of Natural Products

Research topics:

1. The biosynthesis of natural products (genome mining, engineered biosynthesis)
2. The enzyme biocatalysts (structure-based engineering, mechanistic studies)
3. The search for bioactive substances (isolation, structure elucidation, synthesis)

The main focus of our research has been to understand the mechanism of formation of a
wide variety of naturally occurring substances. A multidisciplinary approach involving
synthesis, enzymology, molecular biology, and structural biology is employed to address
fundamental problems at the interface of chemistry and biology.

In our laboratory, we study the process of biosynthesis of natural organic compounds
produced by plants and microorganisms, using not only the foundation discipline of organic
chemistry, but also incorporating the methods of biochemistry and molecular biology in an
effort to understand the enzymes that catalyze each biosynthesis reaction and the functions
and control mechanisms of the genes that govern their expression at the molecular level. In
addition, we are expanding our research into "engineered biosynthesis", by which rational
systems for the biological production of new and useful substances can be designed and
constructed, based on the mechanisms of biosynthesis that have been brought to light. Further,
manipulation of the enzymes responsible for generating the core skeletons of
pharmaceutically important secondary metabolites lead to production of biologically active
"supra-natural" products with remarkable structural diversity. We are also carrying out
research on the mechanisms by which the bioactivity of natural products is expressed, while
at the same time searching for natural products that work in intracellular signaling.
Developing effective strategies to discover and exploit new small molecules is integral to the
success of future drug discovery efforts.
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Current topics include:

1. Discovery of novel enzyme that catalyzes condensation of NAD and SAM

Many naturally occurring alkaloids are synthesized by unknown biosynthetic reactions,
and novel skeleton-forming enzymes are expected to be discovered. Altemicidin, a unique
natural product containing tetrahydroazaindan skeleton, has been known as a bacterial
antibiotic with potent antitumor activity.

In this study, we identified the altemicidin biosynthetic pathway and discovered a novel
biosynthetic enzyme, SbzP, which accepts the coenzymes B-NAD and SAM as substrates for
the initial reaction during biosynthesis (Figure 1). The enzyme was found to generate the
dihydroazaindan product through two C-C bond forming steps. This is the first and only report
of an enzyme that accepts B-NAD as a substrate for the biosynthesis of the skeleton of natural
products while B-NAD is a well-known cofactor for redox reactions. Furthermore, we found
that SbzP homologous genes are widely distributed in nearly 100 Gram-positive and Gram-
negative bacterial genomes, each of which gives the same product as SbzP. This analysis
suggest that similar biosynthetic pathways exist widely in nature.

The results of this research not only highlight the enzymatic reactions with
unprecedented substrate specificity and reactivity but also have great impacts in the field of
medicinal chemistry by providing a pharmaceutical seed with unique chemical skeleton. In
the future, this study will contribute greatly to the stable supply of large quantities of active
natural products and the drug discovery research using methodologies of synthetic biology
and biosynthesis engineering.
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SbzP: unprecedented condensation of 8-NAD and SAM

Figure 1. Condensation reaction of B-NAD and SAM by SbzP
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2. Structural analysis of the endoperoxidase Nvfl that introduces three oxygen atoms in
one catalytic cycle.

The endoperoxide structures are rare in nature, and endoperoxide-containing natural
products have attracted attention as an important pharmaceutical resource because they
exhibit remarkable biological activity. So far, two enzymes that form endoperoxide structures
have been identified: heme-iron-demanding prostaglandin H synthase (cyclooxygenase,
COX), and FtmOx1, a fumitremorgin B synthase, which is a non-heme iron/a-ketoglutarate
(a-KG)-requiring dioxygenase from Aspergillus fumigatus. Both enzymes are oxygenases that
introduce two oxygen atoms into their substrates.

In this study, we report the crystal structure of Nvfl, the first reported non-heme iron
oxygenase that simultaneously catalyzes endoperoxide construction and hydroxylation by
introducing three oxygen atoms into the substrate in a single reaction during the biosynthesis
of the endoperoxide-containing natural product fumigatonoid A from a filamentous fungus
(Figure 2). The three-dimensional structure of this unique enzyme and the reaction
mechanism have been clarified. The precise functional analysis of the enzymatic reaction
using stable isotopes, X-ray crystallographic analysis, and site-directed mutagenesis based on
the three-dimensional structure revealed that this enzyme catalyzes both endoperoxide
construction and hydroxylation through a reaction mechanism that is significantly different
from that of known endoperoxide-forming enzymes. The enzyme catalyzes the construction
and hydroxylation of endoperoxides simultaneously. This study will contribute to the
development of pharmaceutical sciences by providing fundamental mechanistic information

of the unusual enzyme catalysis.
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Figure 2. The endoperoxide-forming reaction by Nvfl
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Laboratory of Advanced Elements Chemistry

UCHIYAMA, Masanobu. Professor, Elements Chemistry and Theoretical Chemistry
MIYAMOTO, Kazunori. Associate Professor, Synthetic and Physical Organic Chemistry
HIRANO, Keiichi. Specially Appointed Associate Professor, Synthetic Organic and
Organometallic Chemistry

WANG, Chao. Assistant Professor, Organic and Organometallic Chemistry

Our laboratory focuses particularly on the development of breakthrough synthetic
processes and on the creation of new materials utilizing combined synthetic organic
chemistry, physical chemistry, and computational chemistry perspectives. Tools for
chemo-, regio- and stereo-selective introduction of various functional groups into
organic molecules are still quite limited in their applicability. Therefore, one of our
aims is to provide novel approaches to functionalize organic compounds, especially by
means of newly designed ate complexes. Success here will provide powerful tools for
designing and creating new functional molecules. We also pursue research in a wide
range of chemistry-related topics, including organometallic chemistry, organic
chemistry, medicinal chemistry, macromolecular chemistry, spectroscopy, theoretical
chemistry, and biochemistry. We aim to explore unexplained phenomena that may
open new windows to materials science, supported by experimental, theoretical, and

spectroscopic studies.

Research Topics:
Design of New Molecular Transforming Methodologies Taking Advantage of

Characteristics of Elements:

1. Synthesis of Novel Silacycles Based on Precise Design of Silicon Reagents

Silacyclic compounds have been utilized as functional dyes and recently attracting attention in the
field of medicinal chemistry. On the other hand, their accessible structures are quite limited by
means of traditional synthetic approaches, and easy and efficient access is eagerly anticipated. We
designed and synthesized novel cyclic hydrosilane reagents bearing a sterically demanding diol
ligand, which is highly reactive and chemoselective in the hydrosilylation reaction of alkynes

leading to silacycles such as diverse siloles and silaphenalenes with promising optical properties.
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Sila-aromatics: Nucleophilic Activation of Cyclic Hydrosilanes

hydrosilylation
Sila-aromatics

up to 93% yield

Novel eyclic

hydrosilane . Strain-tmposed .ﬂ'ff'cah.

2. Facile and User-friendly Protocol for Utilization of [ 1.1.1]Propellane

The bicyclo[1.1.1]pentane unit is attracting large attention in medicinal chemistry, and
[1.1.1]propellane is used as its building block. On the other hand, [1.1.1]propellane is traditionally
prepared using organolithium, which hampered the free choice of solvents, and required to be
distilled prior to use. We found that the encapsulation of 1,3-diiodobicyclo[1.1.1]pentane, which is
a precursor of [1.1.1]propellane, provides a bench-stable and storable solid. Deiodination of the
reagent for the generation of [1.1.1]propellane is durable in various solvents and this method is

believed to expand the use of the bicyclo[1.1.1]pentane units.
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3. Stannylation Reactions Utilizing T,-Stannyl Diradical

Organostannanes are versatile chemical building blocks and their anionic and radical reactivities
have been utilized in organic synthesis. We discovered novel stannylation reactions with an
unprecedented chemical species, the triplet stannyl diradical, generated via irradiation of the blue
LED light onto the stannyl anion. This diradical species can be used in stannylation reactions of

various substrates with functionalities that are sensitive to basic reaction conditions.

— 276 —



Excited State

@ /Bu *
ﬂ-S‘n-“Bu
"Bu o /Bu
5 . # Sn-"Bu
t "Bu
' Isc T
@ /Bu Humination
Sn-"Bu - wijth blue LED
"Bu
S,
Ground 