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1. [XLHIC

BEDOR B UBRPMER LT B MO T 7 = VHRICRE SN D LR GFBRAL
KF#E (PAH) 1&, RELIEDR o7 n B FlzEA L TEY ., BEEMES T & L TO AR
FEHINTWD, LL, P THEE EOZEREICIRAN S S Z & n B REPRET
D LRI ZEMEN R E AR T T D720 EfE 2ME MO AP RNEEIZ 25 Z L
ZL OBEPESIN TN D, NUBUVERPZENENA /N MLTHEER L7e~Y X, iR
Uit O 5 Ty B[R] £ DSLARIE D T2 0@ W 2 E IR TR OV EEE NN ZE L 72D, bEA
WG & 72 % (Figure 1), ~U B AXOTHORERIEVH o EFHEEZ AT HICHHDLL
FLESOITKRT L THEI L TER T Th 0 | FICEREZ AT 2 FHEENY B ATR
FATEREE, REBALT 72 SRIRVIS IR S D,

(M)-[6]helicene (P)-[6]helicene
Figure 1. [6]~V & DR & LKL EE

SEASFIE. DAN O —HEHOLBARCK U NIED o-~U v 7 A ZHEOT I 0— A7
FHARRICHLEHGFAEL TEBY ., ZOMKHE L EOBRIIFIEE OBIR 2 & S CT&
oo NV EBVICREBSND GHEAGFOLEEE LEEZTOEEIL, AWVICEREDE D Z
EMTERWEGSRBEIRIZH D, 5 F ORI FIX, ZDOEMTEIEICRE R EL 52 57
D, LA FIXEERMLBEROBANS B REEETHD, LL, EOREXZ2LHEAIR
@ PAH [Tl AR NEETH 0 | FrCEREE L Sz 58 AR PAH O SEAREIR A BE
I35EE R BTV,

AIFIETIE, EBAHDORKE 72 @ BUSTER RS o o OBRIREIF BRI % Hefig &
L T ERETITA RN 2 58 A&7 PAH OB RIEDBR 2 B LIFZEICE T L=,
FEHIL. 1) RNV A U O4RINERLIZ X D PAHEEN S, 2) QH2)FIERIbic L b
BATFE 7 2= LU BEOREE, 3) ZRARUVT A o) fHngibick s 58 AR
PAH D& KON TR A HEME LT, LU ICARZE OFEM A bk 3 21,



2. RUHPA UOMEBBRIRP[4+2] HMBIERG~F RO~

NP OMIMBRCEONE, ZBRAFEFRICEWZ G 2 FEE LT ERZED
T&ETz, LU, PR A OIS D2 <X, 2 T OALE BMERSNIZIX
1: 1DWTAERT L ZENMBETH D, FFIL B> VSR U V2 Bl m)
E M) LTS ETT T 2 LD [4+2] (BRSO O AT B F R M o> [ jE iR
PACRRII L, ZDHOH v 7V VIR EfR GO TEBERELEY 5 OAERERIR
A BIEEMNL LTS (K1) B REISIE, XUV A v SMICEREMEEO/NS 72t
REWET D2 & TRISMEIGIE S5,

ﬁﬁﬂ?ﬂﬁﬂ M EREDOEH
2 .- 1) p-TsOH-H,O
— LI o g
~§"‘ R1 R3 2) cat. Pd/L
, R R v]
M= S|R3, B(OR)2 I 4

—F., R2RXH3IRT L HIT, RAEHIEL (+-Bu zm%)ﬁNy$4y@3ﬁmﬁmbk
NRUPA 2 1a01b & 20EHR T T 2202 LGS GE, FOMEBESERMEITKLS, HB5
D FEHINBRALAE ) proximal-3 & distal-3 DHIXZEILEIL 37:63 & 50:50 & 7poT-, T ORERIE

RFBEIRIEDER LG A ICEIMENRS D Z L2 EFEL b DO TH LN, FEFILZ OFERIC
VRN TEMEEZR X2, 772005, i) T W EBILE LR 50005 X 0 ICGAIDBET
THIEHD L TIRNEIUET, 2o, X3 THWZ Ad KD FFA t-Bu L V@@l s h
67, A3 OEIE (50:50) 1332 DI (37:63) L VIRV, ZDOJFKE LT, mEmWE

O~ tBu
t-Bu @;a (5 equiv) tBu  (t-Bu) t-Bu t-Bu t-Bu
/@EOTf n-BulLi (1.5 equiv) /@I /“
—_—
t-Bu Br toluene, -78 °C t-Bu £Bu O@ £Bu Ow
6a 1a t-Bu

2a proximal-3a distal-3a

§ Me
t-Bu: - —I—Me
Me ’ total 53% ( proximal-3a : distal-3a = 37 : 63)

attractive interaction

O __Ad B g 7
Ad W/ (5 equiv) Ad Ad Ad Ad
OTS  MeLi (1.5 equiv) g =
g J— 10+ LR) »
Me | THF, -78°C  |Me
b (Ad) Me Me
6b i 2b Ad

- = proximal-3b distal-3b
Ad:
total 27% ( proximal-3b : distal-3b = 50 : 50 )




BILOB T M EEAPMIN TN DD TRV EE LT, Thbb, XUP A ALK
JEDBEBIRIETIEZ, NP A D AdIEE 7T 00 Ad FEREET L, BHILEOB T3 A2MEI< 720
distal BIREDEKL 2072 EER LT, FEHIT. ZOBBEWT AT LVEOMIAET 0y RUoik
FBVEFIFAUZ, B LWBOGHIEIS FIRE & 72D & AR L7z,

3. RuHA UDEEERN (2+2) fHMRIEZ £ RIG

vy RUp#ond, vEUPESKIELZE IBRICFHT 25 IMHEERE LTHLH
THEY ., AEFOERETIEIT AL U@ < W& LTERY EFsn
DU, v R OINE, §RE) e & L AER, B REEBED 4 H CTIER T 2 AA/EH
ICATEE IV, SERRFE L D BIERRALN D FDONENREN D, ITE, Z O EMEMIT., ik
FOSZ BT 28 UER B ZEim T 2 72 OICFIH SN D Z E N o TE R, HEmN
(AL ROGOBREN ) & UCHIH LIz SR, 1ZE A MBI THRnEL

—Ji, RUFAL D 212) MIBREZBSISIE, BV 2= v B 52X R E LT
LD EINTVDEN, REERXYA IR T THODIIHR L, BF oD
7 2= L UDNERNEFITENZ ENFLEAETHY . BHAICZORIGEFIHAT S
ZEENEETH o7, FBEITRIEOFEFIZAR P A o OB T BT
MEBPIRESAFERNTLZLERWE LT, 22T, XA o (2+2) gk &
EEUSIZHB W THBNC LA IEHIER e B 272 (K4), T7hbb, milkEke6 75
FEAE ST SPLEBRS T A 1 O (242) BRI EBLKEEIT S 2 & T, B R
DN Lo THEEZDFR L BL S, BRICKMIELZHET L2 Ty =1
¥ proximal-7 BMESEHNC AT 5 & T LT,

dispersion
R R R R R
OTf 3 2
Q= | QA D) |-
X 1
6 | 1 1 B proximal-7

T OFIBEA 6 O THF IR HIZ-78°C TAF LY FU LA N5 LT, 3NLICHE
BEEET LA 1 BRAESE (Table 1), TOREFE, A MFRARIMIEE L
7=%H (R'=0Me,entry 1) #FRE, T XRTOMNMNIBNWTE 7 ==L U iFER2 & 5 2
Too BLIAIEE R' B AFNVEESL R Y A F L U LHTIE, proximal K& distal (KD HITIEIE
1:1 &£725H DD (R'=0Me and SiMes, entries2and 3) . > U LIS T L L B4 EE < 4
% & THEIEY proximal BIRANIZRISDHEITT H Z En3bho7z (R! = Si(--Bu)Mes, #-Bu,
Ad, entries 4-7), $FlC, 7AFNEEZEGE LS TIETHIEEBRERES 2D, Ad K%
Bomdk & 9% & proximal-2 O % EIRIZ 5 272 (R'=Ad,entry 7)., F 72 &#IRMED W) L9
5L EBITNEENSEESNTEY . FRIT Si(+-Bu)Me, FE 2 Fl ik & U 7 Rl 2 (7 i B



A DY TRRIGE 80% & — kM7 XA v (2+2) fHINER L B LSS & el L TfE
CHNRWIEERIETH 7= (R' = Si(+-Bu)Mey, entry 4 ), T2 TGS E
ITLTE AdEZ BT 001 v OBE, IRIT54% Th-7- (R'=Ad, entry 7).

Table 1. XA ‘/0)(2+2)H73|1f4%1t:51t}i550)&%&%@%@

R1 R1 R1 R1
OoTf MeLl R2
—>
JL w0 [ L - 0
R | R2 R2 R2
6 15 min 1
proximal-7 dista-7 R
isolated yield (%) ratio?
1 2
entry R R X proximal-7 distal-7 proximal-T : distal-7
1 OMe H | complex mixture -
2 Me Me Br 162 159 1 1
3 SiMe; Me I 45 40 11 1
4 Si(t-Bu)Me, Me | 70 10 7 :1
5 i-Pr i-Pr Br 30° 52 3 :1
6 t-Bu Me | 52 nd® 16 : 1
7 Ad° Me | 54 nd® >20 : 1

aDetermined by 'H NMR. nd: not dermined. °Ad: adamantyl.

% ZC. Table 1, entry 7 D% FEEFEMICANT L7 & 2 A, BRAREIZERY O AERKD
BRI ZH7= (Scheme 1), §72b5, BBERLE L TRY 7 U AR (TOX) 267
DT F NP A HIERK 6¢ ZJFEE LT & &, ANV VRN L= TF T 7
U — ZERNAK 8a 23 29% IR CHEE S -, ZORIERMIL. 6 2> H_U WA 2 e A%

Ad
OSO,R  Meli (1 5 equiv)
THF (0.1 M) |
Me | —78 °c
6¢ (R = CFa)
6b (R = p-Tol)
Ad Ad Ad Ad
Me
OH
Me Me  Me Me SO,R
) Ad
proximal-7a distal-7a 8a, 29% (R = CF3)

54% (from 6c)
74% (from 6b)

Scheme 1. HiBX{ADERIC X 2 FIZE R D 1]

NOT detected 8b, 0% (R = p-Tol)



BT HRENTAELTEBY . Z OIS ZIHIT 2 2 & T proximal-Ta DX HGE AT EE
EZl, T T, O-SFEAMNLVIEE p- MV AR = AR U (TsO ) ~ &%
WLz A, distal-Ta 3 HAAKIET HFTT 7 U — RN EY) 8b IZ < AL D Z &
72< . BEYE T D proximal-Ta DINR % T4% F ToET H T LN TET,

Figure 2 (T proximal-Ta O X #ifb &M HER 2 ~"T, 2207 ¥~ Frlkidvr =1
BROE B2 <, ENENNARBITKFE L CTEATELZ LTWe (G, 73
LREREIXBZ L /SN DL TIREINDD, 205 T bEALDTENZ D,

Figure 2. proximal-Ta 0 X i fb A& & AEpT

4. FERZICL D5 FADFOREMLE & KT

HER_ A 1 O (2+42) FNERE ZEALROGIE, R A o 3NLEEIL D 3
J o T proximal EIRAIITHEIT L7=, EHITL D T & J{LIEEEN K& < 72 HHASY
FOEBEHRE LT, 2BV A2 9 O 2+12) Bt —Efbsa&at Lz (K
5) ABRVERVYA L 91T ZDOMEREEN S ®mWVEREONHE L LTHE, 20 Fi
DIBINIEIZKRE < 72D 2 EBNHIFFS L, 2+2) HNBAE —EAbEUSIC L W HHAG T
proximal-10 DERITAERT D B 277,

proximal-10

RO FEBRZ D DR, £ DN DAY proximal-10a (R!, R?, R® = H) & (& BAMEAK
distal-syn-10a (& % OFELJEFVEIR distal-anti-10a) (2O C DFT HE 2TV R L X &L
#: L7 (Figure 3a), ZODOfEH., BREWZ EIZHBIO 58 A% 1 proximal-10a 73 H —
FNAFX—WNCLETH -T2, RIT, ENTNDEWITHON TR F—45E0 24T 57

(Figure 3b), fixH T R/VFX—MICARR 72 distal-anti-10a ZIEHEL L TRITLI-E 2 A
proximal-10a DZZEMEDFT 513, WD bRENWZ LR brolz, T2 6 proximal-
10a (3 7 FHEOEZR D IC X 0B A/EAIC L » TLE/R L T,
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Figure 3. (a) TSN DAY D=L ¥ —FHHE
(b) =RNF—=FN KD LEADERFFE (E*: FFET /LT —,
ESTP: SMRFE T ALK — | BT LR~ B S kL)

HZFEE 7 2= L VFBEIRIZOVT NCI (noncovalent interaction) 7' & v K% 4{T -5 7=
(Figure 4), T OREH, 4B A 2 9 O (242) (B —BILEINIZ X » TES
N2HE7 ==L UK proximal-10a D%, F3VEBIHEIERA LT OfiG FEERO
JNWELPH TN TWD Z Enb o7 (B IR,

Figure 4. NCI 7'& v NI X 2B OIELA#E G AR AMERH O w4l
(FRea : RORFEIEM. fke : 89V S MAEER, F6 iR g | IHAER)

VLEDOFERERLD ABRMESUYF A 9 Z2RESELZENRTEE, 2D (2+2)
FEMERACOSIZ K 0 228 72 B A3 1 proximal-10a 23 BIRIJICHE BN D & TSI,



5. RUHA UOMEERN 2+2) (MRIEZEERIGICEZ5FEARFER

ABRMENR A 9 BIAESEDTOORIEEAE 11 ZA L, THF ke LTZZIZ
MeLi Z - < DMz 7o & 2 A FERRNLEERMEIC T proximal-10 735 53172 (Table 2) .
ATEDOFREICH W BB O AR 5 % 5 KIS D%E . NMR U 87%2 T proximal-
10a % 5- %272 (entry 1), 7235, & OHBEZIZFRE MM BT - 7272 0 HEEIRIT 70% &
HHERT T2 HODMEIKE U CTEINER THIIBRILIR proximal-10a 235 57, £72, B
B ED A F VD EENLEIZ K o TERWME, DERIHIC R E 220372 < | mINEED D F 3
REJZ proximal-10b-10d % 5- 2 7= (entries2-4), BHIL L LT UV NLEEZET 555 bIHE
BRICKUS S HEFT L7z (entries Sand 6), 7235, AU 2 BB TIO K2V b R
<, aFrE LTI UREZHOWESGEICRb AR L o7,

Table 2. ZERANR YA D 2+2) HNBR{L ZELISIT L D HR-AGFERK

1

& (O] S

2 THF O — .
R R 78 °C o<
11 30 min 9 R Q
R' R?
proximal-10

proximal-10a, 70% (87%)° Me Me proximal-10¢, 75%
X=1 proximal-10b, 65% (X =Br)
entry 4 (X =8r) entry6 e
>~ ST
AN Mée N
proximal-10d, 62% proximal-10e, 78% proximal-10f, 73%°
(X=1) (X=1 X=1

“Conditions: 1.0 equiv of 11, 1.5 equiv of MeLi in THF (0.10 M) at —78 °C for 30 min.
bDetermined by '"H NMR. 2.8 equiv of MeLi was used.

5 5N A INERAVAK proximal-10a @ X 55 it il &
W% Figure 5 (27, Bt bHAE LI R#- BT },;E»_L t&"
MOBEX 3.24A THY . ZOMEITIRFED T 7 s S
FIT =)L ZEED 25 L0 H/INS N b, G~

AT |
LR OBEEROBIC I AR T B X Ay
TR I T,

Figure 5. &A% O X #fk it is



6. FTERZPIC &K D RICHIEREN

BRI, ABRMENRVY A 9 D (2+2) FHINERAL —BAV KGO OGRS I BT 2 T %
155 N HERAC K DM 2 b &2 3206 L 72 (Figure 6-10), £ RIS, SIGDH—
BefEIC BT 2WUEOELVIX 1 - 1 OMAEEMD. 1 2 OMAEIEREH~7- (Figure
6), 2B, (2+2) MIBALEISIZEWT 2+ 2 OBEMHEANEN & 72 5 W20 SO RE 1%
Woodward-Hoffmann R SR TE 5, 22N OHEO = x VX —%tbig L& 2
A1 2 OGEFBEAER (Type2) DA, 52.6kcal/mol XV B =R/ — L7 b=,
1 1 OWHEFHAIER (Typel) TRMBT LD E BRI,

Type 1 Type 2
- - =
SRS Sy R
; 9a 9a 'L QO
o =Vl
e g 4
Y ‘ﬁhscfg
I, b INT-pp2s+1s] O
’Q INT-ppis+1s) / 52.6
0.0 Unit: kecal/mol

Figure 6. ZER: A YA 0 2+2) AINBRALEISIZI1T 2 “FE OHUEFA A /EH]

WIZ, 2537 D9a% 1 : 1 OWEMHAEH 725 L ICHEESE TV o7 2A, —
B2 0] B OFE B TS O = 3V ¥ — U RE S FER T, B/ = R L X —FEBE 72
L (N7 L RA) TAL—=XZHEIT L, TREUK INT-pasag B 4E L D Z & 3D 7= (Figure
7)o WIZZ RV —FERENRNE VD Z LT INT-pasts > 5 9a (R 2 W G b & 5 12
TT5ZEE5EBERT D, 2000 TEFICHEISES L=V —32MIC LR T 5,

020 1 s A
= 1.48 A
- 2=
1 S S
= 9a INT-pr1s+1s]
o
E o010 —0/ ~o—
©
Q
x
w o
W 0.00
010 Le

Reaction coordinate

Figure 7. BRI YA v (242) MINBRALEIG D — Bz H1T 2 =1 v F —21k



I, INT-pasaglZH T2 E Uz o # A 2 8l [Bl#EE S 72 #6 R 4 Figure 8 (2”77, £ 0
R, eIl f X —=NEF L, bR FT—O@E W BAE GBERIREER) 2B
HEZRNFX—ITRMITIK T L, 2oL E, R UKSIZOWNT 2 B A 2 S,
SERMERUY A 2 82, ABMESUYA LV 9a D EITo12E 24, 9a AR T X
VX —FJAR VL — R Ao T,

i
=]
=]

W=
177

cr
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<
=]
=]

»
=}
S

w
(=
S

[
=)
S

\A

AE (kcal/mol)

1.00 @
Q)

0.00

TS-pris+1s)’ 593

-1.00 >
Reaction coordinate

= 00 -0
S$1 S2

9a

Figure 8. 2B~ 1 0 (242) MIBRALEIG DE Bz 31T 5 =1V ¥ —Z221k

2ERMENRF A 2 S, SERIMERU YA 2 82, ABRMERVY A 2 9a BFELE L2 E
O Figure 8 L [AEED G OBBIRREEZE T LI-E 2 A, 9a #FE E LTEGA IR =X
N —=MEL 72D Z oo Tz (Figure9), T ORERIZ, RIS 4 BRER YA D
EEBRIKEIT LI LEZEBMITDH/-RTH D, ok, ZOMDLERAN YA T
1T TULRPMMEL 720D Z ENFEBRIICHIEA SN TV 5,

— 2

".‘: 5.5 S1 Yy

{ / — @
{ 4.9 52— “‘ "‘ @

AE (kcal/mol)

0.0 TS-pris+1s]

Figure 9. ZERX A AV OMGERENT LD (2+2) MINBRALISIZEBIT 5
B OBEBIREE T x L — 7

Figure 8 THEJi L 72 9a, S1, S2 D o #EE Y TEEES RN b= X —5FI L, 7
BCERNT =X —%27 1y hL7z& 2 A, Figure 10 (T3 X D IZEFRO VT
DEFETSH 9a Z ik L T2 OO P HET =R bK< leolz, ZORRIE. 77



BI7N 9a DIEHREBOBREN ) & 720 | ZhRENCSISHEIT T2 Z &b 5D,

AAE (kcal/mol)

proximal-10a
=30.6

50 = a0 - 5o
S$1

9a S2
Figure 10. 5 YA U OMERIKIC L D 2+2) FINBRILIGDHE BB 5
D= X —2b

ZZE TORBERENS THEIN D RISHMEO 2K % Figure 11 1278 L7, RIBMA 11
MBFAELTZ T Ly NOTUANIAIEREL )~ TDIA L1 : 1 OFLEMAEERIC
KoTHOEL, oG Z T 52 & TINTpasugyDEL D, AU o f5E 2y
ThHER I E 5 L EBIRIE TSpasngx B> THEIZHEELTH 9 —2D o fEAEZAEL .,
proximal-10 & 72 5, INT-pas+1s) % 2 U D SOSIEBEEED 70 < | WIS DR G \THEITT 5720,
R DEED BERE N AE B & 72 5, [BIEEUG OBRBIREEIX, DB L > TLRELIND
72 DAL proximal FEIRAGIZHEIT L TV Z E2VRE T,

— R

D
— X Meli | ¢ q) %), barrierless R %

INT-P[1s+1s] R TS-Pp1ss1e] proximal-10
RDS: rate-determining step _J

Figure 11. ZERAN YA 0 OREEIZ L 2 QA2)INERAL OGO SO

10



7.

HiEE

ABFFED — T A IEY IIENERAEO IR EIZ L > TE SN2 DT, A4
IENEREAL WS BRI UM HBERE OFRICE S #ILZ P L B Ed, £/,
THERS 205 0 £ LIZRIRR A EER IHREIERAEIS DI VLR L BT 9, £,
ZSYIFAEONTNEINES SIS wE I SRS e (A2 Nl S SE PN S (2
ETTONELDOTHY £9, KR ZED HIZH T2V EFEEIAEE £ LI RRORFERE
BeET et AR RIS, I RIERL R iR AR SA M e A IS TR L BT £
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IO BB ARk A SR Lo 7 — 2 BRSO RSO S B
RIRRZFPERBERIIERT w2

XL HIT

FBEARGHIT, E3EL, B, FEL Wi, KOBHELREDT 714 7 IHNVADRAFES, DK
BRZEMBIIIRDE LR WEIRO—2TH D, LonLann, 2R OEIRICTHIEE M &2 SRl
BT OIIISONGA 2 MR CER R L. mESa THl - INET DRENRH D, L LRnb, fENRT
A—BENREL Te D L FERGFATHITIESBIEAITHIN U, BEIFEE ORI IS < BRI A 7 U —
= TCHERBEM - 5 - B - =X — - BFH 2 A M EET S, Rkt ae/e A% (SDGs:
Sustainable Development Goals) 738172727 00—/ VLA X A — R b7 00 (ERO L 9 e ¥ — - FJR
DR ENHEACFBEFD O K EHEH 2 1F 5 ZEPEGIFIE L 132 D . B SDGs SMAERUSR 7 1t A
DR D LI TV D,

kxR IR G EEOG 7 1 B ADRE SN DT, I, 7u—5 - 7 e —EMEER ST
W5, 7a—aElE, BRI R 2 i, v A 7 v I X —2 W TEIERTRA L, EFK
JEZE RIS TIT 9 BRI FE TH D, 7R —RICDOFEIE. 7 7 X a B TR & T 23
> FEOGR & R B - R - RNV, BERO T n—OSEERET2 2 8T AFRES R
JFEBHNG 7 7 A 7 SN ARENRANA T — VT v TERTHZEbARRTH D, LrLenb, 77
A LIV AGRACHE AT DRI, EROFE LT NT A—% GREDR, FONRES) [Nz,
70— [UGEE RO RT A —H (e S Y — O ORIMEREINNE L 12D, ALEERLA] - 3
LAl Z B L L7 WEMEIGIE, BRI —ZEEFIH LT, IRMRICEH T, b PROSZ et
Do PERIETIIREER O T S, ERESMZEYICRET 5 2 & TR - Eoih 7 m e 2% %
WC&b, 7a—kE BRKOCERAE DR [7 0BG (X, WS ORHS %R rTHE 727
BFETH D, LLBRNRG, 77—k BRULFHNT A—4 (BFEORSEIRES) ZXEh
B b d D720, SRR NEET D,

FEHEA A BSOS DOBIFIZB W T HIRE /T A —F Fi bossRd S, I, FEBRFHENECH RS
EICE 2 BB LD IMESND L2 >TETWA[L, 20Xk I ARERT. Hx i3 ROERRIT
(B0 & B 5 2 iR AR R T DA REaifbicE B L, A Rt BRI L D 7 v — - Rk
BEAREA RS OBIRBIEONE L 2 A TN D, T A N ROYES « Bl O 72D EBIECHIFKI O & Dbk
sa a7 B 2D RISFRIRIT & A R bz AW TS EIE e 21T > T D,

T — - BREGEIEIL, [5 TR B A R I C =l 2 OEENERRE OB KFELIZ <
T—AREENEW . TROSRE « FE Y& - IWROREHER EDNT A —F ZRGIERTE 5], [=
VB o —ZHIENC KD BEMESFTRETH VRO T — X ZERETE 5] Lo fHEE A L,
W & OBFIHED R TEv Y,

A R, VIR WERT — X CRYUFE T BN ATRETH Y . ZIRITTDORIE/ T A —H ORI
RBEDMTZ DT, BIEREFHENED 1 D& U THRA 20 B CRIH STV D, A R bORE# A 1
BRADORND T DFELRFTENL, Fex OEMELIEDIRMERZRICEIT 2 Wi & IR Doyle H 733y F K
JIEDFRFRRNT, Hili 5237 0 —RISOFMHRRBINC & . ZNEMNLICHRE L TR Y . Fall Tix—ix
IR b — 72 ) DD 5, A AL AFIHT 2 &HRE TR, ISR TO-O0 7 rE R
Lo T, BAROEGFFITEIC TRIEL 52 2 ROICSETEZ2 TR 5[4]

) BHEDEIGE T A —Z I THRBHIIH 2 BV R | 2 IR L2 T — 2 N5

@ OTRELET =2 2T, T U AEfREIRZ1TV, L aaR+T 5
® & W DR SN D GEIEE R T D RUE T A =2 2T T 5
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@ @THRLNIFUENT A—H % ALFBUGFRRIZ &> TRHd %
® @ TR LT RZ FEH T — 2 ITEM LT Y Z@RERZ1TV, S ez E T 5
©® WD I 5 F TR-@%# v i3

AN R iR, WIFHEDRKIEZ 52 % /37 A—=2 i aE 4% WEH &, 728070
FTA=FTUYTIZERT L THRR 2 HARNE & 35720, RFTERIZHk Y IZ< v, EBEREEIZIE, E

(Expected Improvement) . PI (Probability of Improvement) , LCB (Lower Confidence Bound) %5723V, ZivbH %
ERITHVINT D 2 & T, kxR LRI RS TE D,

L 0 ZEFRENE & D85 7 v — e SR OIGER T & 2 0wk
—ODRFIEHBIDOETIEER 2 AR L, Ty TRIJEL] O &9 ISEEICRIS A EITS
% RN/ BOSE, A CTZPRERARLZE THFLLTWESEE THOELICROKSICH SN 5720, it
5!%0)%’7&5% FIETIEGL ZEREELWVEEM B AR TE D, TN ETICHA T, A AR
2ED R ROS T EIEEIRE R %Eﬂ?é’] [ZHD AILD 2 & T, BRA % T NVEERIEEFE RO
mﬁ%x)ﬁr%% IRRPIL TS (K1) [

i R2 O‘ Pphz 2 (‘)‘ cosEt [ i
// 2
R«H + \ NN shicat). + T (SITCP> @_&coza
up to 93% ee “ up to 93% ee

single regioisomer

3
002R3 single diastereomer TCOR R

H :
OH :
. CHO 2
OO Yﬁ i TSN o
H JIS 7 coR Nso gen)
PN —_— A" N A~ CoR! P

NTs up to 88% ee Ts up to 92% ee C02R1
high E-selectivity

O PPh,
o) O I /\NTS
. // PPh, H . % thp NHTs (:[\/i Ph
EtO,C up to 84% ee oY% 0 %Ph up to 84% ee
OH

single diastereomer o 1 N single diastereomer
CO,Et

M1 A FRAFMEICESIESRFHERNS/ RICDHFSR

HFEEA B A F A v R—Ud, EEBERHOKRE - ARG ST ERFZEERILEMTHY |
IHNFETHEL ORFARENRE SN TND, LLARS, BFEETIZ IREZEL, 85I
BLWo @R b7z, £ THEL 7=V VFERDOIBRLIC L > TEIND V= VFFER 1 041
N Rauhut-Currier SGIZHES . 7 LV UVBAT AT )L 2 & OOy FRIBREBRLERSIC L DA nAF A o K
—/V¥A 3 D one-pot B RIZ DWW TIRETEAT o 72[6], Flik. 7 X JEEO/NY U BRFE S 4 B A 15y
TARFAE 4 2 D EEAFIER (2%ee) ICTHINEEM I NGEOND Z ERALNE o7, LvL
RING, T LVVERT ATV 2 OHCHEES, B CTRA LIIEEF RO ES &\ o 7ok x ZREIRUE D 5
AL, BIIOAE B A2 A v R—L3IHEIER (Q20%) &7, 144 %W OmAREk I T
JEEAT D 2 & TUERDOUGEIT R ONIZ b DD, RIZALEW 3 1% 4% L ROV FEFITHE LD
7o F ZCAMISIZE T MK OISR OM L2 HFE L, Ny F0b 7 e —KG7 vt A0l
AT, IBICA 7 ABREYRZEHA LT, #kx 27 v —IGEH T CORE TRl O i & R 27z,
—WIZH T AW EF X, L TFORSEAET HEIFTFIEE L THLR TNV D,
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(1) BHT—XONFFENTE D
(2) THIEZZT T, ZOBRELFHMIETE S
(3) WU — RN E BRI D Z & THEA 07 — XSS TE D

Ry FRIGEMEORRNG, ARETIE [T VBT ATV 2 O E il - 1E] o =207
A=A DMEEW 3 DINREEATDHZENHLNE RS> TV, T2 T, FTET VBT ATV 2
EOMBICEEL, WMESIBED oD NRTA—FERFICAZ ) —= T LEEEZ A, BIELEW
3B 43-2%DINRTH BTz, EOOWNEL-FEHT—4% (K 2. entries 1-5) ([ZHESNWTTFr s T I

7 S Python D7 A 77 U —D12ThbH GPy ZFIH L TH v AEREEFZ1TV, Jitil & IR & OISR
B Z AT L7 & 2 A, Jii# 1.7mL min! AT, ROSIREE 77 ‘CLLEDOES, BRUEEGW 3 DI &
EEEZRTZ ERTHRINT,

- HEE J:éﬂii?ﬁx&@
S 100
thF’/_\NHBz p g . @ L
fih b4 JRE (mL/min) S
(20 mol %) BEE (°C, 1 LIRR) — 80 Good
’ ﬂ( Data
A R (1.0m) o8 70
B :g;é’:'& || micro 60{ iR (mL/mm) m
L mixer 1.0 15
o 801<1.7 mL/m — Mean
70 1.7 mi/min
CO,Et . Confidence
Me N( Il Me B 50
Ts’ N = s
Q 2 o g
1 (20 %=) 30 (mL/min)
,ﬁ]i /nsng 1421 Ee - 05 10 15 20 25 30 35 40
entty (mUmin)  (°C) (%) (%) | 7rees
1 1.0 90 49 92 _ J
2 1.5 80 72 90 & 0
3 2.0 70 58 90 t‘t 50
4 2.5 60 55 93 = 4 _—
5 30 100 43 89 30 5&;‘;‘5 (C) Confidence
50 60 70 80 90 100 110
2. RAOEBET—REA D ABRERIFICLET70—FEFRS/ RICEHDIEREE

WIZHEHEZ 1. 7mL min' ICEEL, 7LV AT)L 2 LIREDO SOOI A —Z ZREFCAZ U

—=U 7L, R, %%Kﬁ%%@%ﬁk% ZHARRBIZA W ERREE (<10) 12 T7Rr—K
IS il (7 L BB ATV 20 T2 - ROGIREE ¢ 80°C + Y ¢ 1.7 mL min!) 975 2 & ITAK
D LTee A0 AMBREIFEN S PRSNTCRESSFEEZNND & ZAE THRE LT TldkmoOH
BEILR (76%, 94% ee) TAE R AXI A 2 F—/L 3 DNEOLNT-[6], H 7 A EFEEGEZF] T 5 K
SMEERIT. TAT e RO T 2 b7 e —E m&mwﬂ%7ljzﬁu7n~ ¥ fR SO [70] D
FOGGMEREHEEIC S AR TH Y . Foalt TILETETER A Al O RS S bz i H ATRE 72
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EDRHBENE R 5T2[8],

2. A AEGE L ETE T 2 BRE USROS NT NG A—=Z R ) == T

EMRPOSIE, AEY) e SUSSMA T TIERIBL - WRIETAEZ D, T OME, ERIEROIEROET
PNROND, EHIT, FHFRECEMMBIIE & OWBLER) ST A — 2 UGS RIZHET 5720, IS
RAIRBEDEHET D[9), I, BRSO SUCTRIHRIR 22050 D 7201, FERAHITECHM - E O
TE DR AR STV B[10],

RN A ARBEEERTIERERERDOTILFINGA—ERY)—=

A 6BBROEBSaNEMBILEHIER B: 5RIROAESbDEARRLL TR

O ﬁh Pt
Pt ﬁﬁ Pt Pt (\)\/O

d

o\§"=o i O\<;/'So WP -
C[(NH EiiE (mA) > @lf,{l ©:(\NH ERlE (m/?) - ©/\S(\N
Opr  LICIO4 (M), CHoCN, REE, RS _OPr LiCIO4 (M), CH3CN, iR, B5fH 4
oo o™ or "Bu "By
5a (mM) 6a 5b (mM) 6b
Ent EifE [5a] [LICIO4] .,Enf;{ e NMI§1|2$ Entry EFRME [5b] [LICIO4] E‘Jf{ 10 NMI31|1$
(mA)  (mM) (M) C) (min) (%) (mA)  (mM) (M) (°C) (min) (%)
1 1 10 0.05 60 180 8 1 1 10 0.05 60 180 46
2 2 20 0.2 25 60 16 2 2 20 0.2 25 60 22
3 3 10 0.1 40 120 65 3 3 10 0.1 40 120 62
4 4 15 0.1 40 60 38 4 4 15 0.1 40 60 53
5 5 5 0.05 25 120 26 5 5 5 0.05 25 120 14
6 4 1 02250 777777 130 77777777 é(; 77777 6 4 10 0.12 60 180 29
7 3 11 0.13 45 120 66 7 3 1.7 022 40 120 67 (66)
8 1 18 0.05 45 120 3 SEAN A BBy =
9 3 9.7 0.12 45 120 65
10 5 10 0.21 45 120 41
1 2 10 0.06 45 120 50
12 3 104  0.19 45 120 72(71)
B E A IR

ez 1 TS R LS B E LD FOSFRMHRR ORI ENTH D LB R, o7 T I ) RAR BT
2T N DEREERE FIGSMERET S, T3 RLAORSE., MOZF0ELE - JFHtiz{T-7-[11a], o-
rF ) RAR BT AT L, WEBHIRFE G T 2EMIERCEY o7 2 7 U VERORIBMA L L CEE
RIFEFCH 2 OO, ERIETILERE & BE LA mIBIBAS N LETH Y | DR HIE-FRETH D
[12], AFaifbIBR i, TR IAITRTRISEE T 2 > 5a O [HEEM L2 T, entries 1-5 1273
IEAE 2 72 BOGSHAT [EFE (mA) » 7 I URE (mM) - BEAFE LiICIOs I (M) « SUGKFH (min) - SUGR
JE (°C) 1&EBFMHTTRELND a7 T/ RARUEET AT /L 6a D NMR IR (8-65%) ZF8HT—4 &
LCE LTz, BoNEE T —2I2E3WT T e s T 2 0 7588 Python DT A 77 ) —D15ThHD
GPyOpt ZFIH L TS Rt &2 T o770 1A @ entries 1-5 2 VTS REEbA1T 72 & 25, entry
6 DRISEMIENTRIESNTZ, REEEERIL L7 25, 60%IRICTHAERY 6a NWELNTZ, ZD
FERANZ ., entries 1-6 &8 7 — HIFEEANA Xt AT o0& 2 A, entry 7 DREDIRE S, KRS
FETFIZHNT 6a 13 66% IR TF DAV, A Xgi{b a0 KT, entry 8 IZHER SIS TlL 6a D
RT3 % L oTe, ZHUTT —#EDD7ewRT A—2 Y TIZEET D HRE 2{ToREB 2D
ND, SHICAA AREIGERV IR LT E ZA, RERIT entry 12 ISR T RUSEIFIZIBN T, 72%I0E
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(M%HFENCE) THIW 6a 2155 Z LN TE T, — . KRGS GRIA, entry12) % 5 BEROILE 5b
WA L2 & 25, 6b DULRIL 58%E 720 . REJED 5b bR SN2, % Z T 5b OEMERLES O
TR ERDTIUEL, AT V—=2 T %1To7= (3% 1B, entries 1-5), FOFER, entry 7 1T SR T
TiE, RO 5b 135 L. 67%NMR IR (66%HEEINR) (2 CHIAERY 6b 21525 Z LIZzh L
Too A Rl i 2 7o BB U Cli Ul 22 BRI LRSS A I U 3 2 & 3T . Mot
EHTHTE Ra~UtroO &K onepot BRIZHENTH D Z EMH LN E/Ro72 (1X3) [11b],

20
Sequential Q OMe 10 /’\_\
HO OMe Ejectrochemical d g 0
Oe Oxidation O Q

CPL (mdeg)

-10

N -20

’ 400 450 500 550

© Wavelength / nm
OH
OO Q Bayesian N +/ Domino anodic oxidation
Optimization D J BO-assisted screening
N N «/ High chiral stability
O OO O O <’ Good photophyscial features
HO MeO Qi J High chiroptical responses

3. R X FBLIZ & BATATITERAAN) 22 ZERDEARE one—pot & BRGSO R FzE1E

3. XV A TEEGLT o —EEMEDOT — & BRE R

7= TECGR T HB LA Z 5T 0IZIE, 7 v —RISRA D/3T7 A —F O b2 & 72
Do Bl RT A =2 L LTIRERHREERD Y, T3V DNANRTA—=Z (I~ A 7 1 59— ()
) ENBEFOND, FrI~vA 70X —0BIL, SHEREZRESELATDHOO, BT A7
AT IV ANNRTG A—=EThHHD, ZORELIIRETH D, L LI WhHT TY HARTF A—X
DA X L OREBEAARE SRS~ DERM O EFIE, Doyle 512X 0 #iE Sh, B HEFERESOM~ 7
S O RSB & BB - AL T ) IR T A —2 & UTHEE(L L TV 5[13]. Fex i,
K OREICAT IV INNRT A= BT 5 FEE LV Ry hmva—F 0 U 7IER Lz, iz
E, IFY—A, IFV—B, IFXV—C O 3IFHED I XV —E Kb 554, Vb y hora—7 ¢
YL TERZEN[001][010],[100]& L TE 5, FIHEERETIE, Zhb IFh—4 1 7138
AL ESNTITEE RV, L LR S, N REfklL, 87 —2 %27 v 77— F Led o oOHE
IRT A—B il B2 AR A U  T T B ART A — B BT A —% L[]
FRCRaEb CE B B2 T, RFEEZEATHIETAGE LT, A/ X/ /) TEX—/VTa L 2-F
7 h=L @b ET U — /UG 9a A GRCT DA T o — G BUS A IR Lo, AREOSITA v F K
JEDBEIZHE SN TWA OO, EREMORIER CTEiMliZe 7 VA T ASUSEREE, S DI ROt 2 v
ETHEOMER D ST[14], Frxld, 7u—E~ERBETH 2 LT, KISIERNPEE AR, Wik, I
FABSRBEC BT H RIS T2 LI L, 7%, S5O0 T A—H[8a DIVEE (eq.). HEfik
MR (mol%) ., ¥ (mLmin'), SUGIRE (°C), LOWEE 7a ORE M) 107 TV BTG A—HT
&% XY —OFEE (Comet X, T-shape, B-type) D 6 IRICIUL/NT A—F Dt a1T 72, #2A1TRT 6
WY OISR EFDFMETEHE LD 9a DI (entries 1-6) ZMHIT— X (21 Xl 21T o7, LA
PED & HHESBIEL ELIC L D 1 DT DRI EARET 52 v TS R b Clk, 73V BRF 2
— A RBENTE 2o T2, RBREHOBESREL LCBIZ XD 38V OGN & RIFHCIRET 537 L
NARA Db DT N T ALEFRFE LT T A, BE/ T A= L HT Y ANRT A —F ORIRHER
DAREL 720 | entries 7-9 (R T RISSMIMER ST, 2O OS2 EBRIALEFBRIC LV L7z &
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Z A, 9a DIRIL 81%IZm E L7 (GR2A, entry 7)., ¥KIZ entries 1-9 25787 — X (T~ Rai{b 179 &
entries 10-12 DEEUEIVRIA B-F A T D<A 7 1 I FH—[IARKINMIIAE S & SR, Tl
0)/*‘4 REiif b IR G & 72 o T2, & BT entries 1-12 DFE R A58 T — Z 2~ Riifb a7 &
FEHINZIT entry 15 DFUGSRATT 93% &V 9 @O EEENRTHAVER 9a 2GS 7z, IRICKRBOGS:
(2% 2A. entry 15) ZRRDGHKE THDLX /) o/ TRF—/LTD L 5-TrELY LY ) —/L 8 EDH
o Y IO Lz & AT 50 v 7 ) 7K 9b 13 38% S RINERIZ /2 ~7-, T2 THEE ™ &
8bLDh TV TG (32B) I LT, MO TAS, Rafbic KD~ VTFNRTGA—H AT ==
21T & 66%$F§EW>?§’C“ HAEER 9b 2 52 551 (322B, entry15) Z G| RAHTZ LN TE 7z, B
RN LlZTal 8a b DN v T ) VIS TAEA CThHH T2 B-Z A T O~ A 7 1 I XV —NARMIGIT Iz
BETRANR 3?4%— Lipole, RFENT7 0 —KGD I ¥ —fEbiZ b AN THDH Z BB E 725715,
W, 3T LILAS Rz & 2 SOGSRMR R AL, SEERER 7 L4 v 7 L ARG O S Bk
WCHAMTHDLZ LN, T b E o T7[16],

R 2. N\GUIARA A RZBEILEERT D 70—EREHDTILFINGA—ERY)—=5

A A3)F)VRITER—INTaE2-3 T b= L 8aD Ny TUV T EHRR B: ¥/ VE/TEA—-ITbEI-TOELYILY ) —IL8bDNY T Tt 15
input 2 input 2
HO. HO. Br
+ TfOH (mol %) \Q/ + TfOH (mol %)
8a (eq.) in toluene OH 8b (eq.) in toluene
input 1 . input 1 . - OMe
MeO_ OMe IR (ml min!) OMe MeO. OMe FREE (mL min™") O
HO
)ILJE llIL]z
TsHN HO. Br
(mL min’? Q (mL min!
T *w— —> +o O Ty —
';l:S SR, tolueneiREE O B, tolueneiRE
in toluene 9a in toluene 9b

sxy_ 8a BE 7a g TfOH 9a e 8 RE 7b TR TFOH  9b IRz
Enly  S¥Y7 ea) €O M) (mLmin) (%) NMR% By ST eq) (O M) (mimin’) (moi%) NWR%
1 CometX 2 60 0.05 0.05 1 68 1 CometX 2 60  0.05 0.05 1 14
2 CometX 3 40 0.01 0.2 05 73 2 CometX 3 40 0.0 0.2 0.5 35
3 B-type 1 60 0.01 0.1 2 42 3 B-type 1 60 0.1 0.1 2 11
4 B-type 3 20 0.1 0.1 05 28 4 B-type 3 20 0.1 0.1 0.5 52
5  T-shaped 1 40 0.05 0.05 2 55 5  T-shaped 1 40 005 0.05 2 4
6 T-shaped 2 20 0.1 0.2 1 75 6 T-shaped 2 20 0.1 0.2 1 29
7 T-shaped 2 20 0.1 0.15 1 81 7 CometX 3 25 014 0048 0.29 20
8 CometX 23 55 0039  0.04 1 77 8 Btype 35 15 0035  0.087 0.25 58
9 Btype 11 85 0.15 0.1 24 40 9  Tshaped 35 30 015 0022 0.98 19
10  Tshaped 13 15 0.1 0.15 1.2 78 10 CometX 34 35 005 013 0.37 10
11 Tshaped 21 30 0061 015 1.1 76 1 Btype 2.4 15 0019  0.041 0.34 40
12 CometX 28 50 0014 011 1 79 12 Tshaped 24 15 0.011 0.06 0.73 19
13 CometX 34 55 0.01  0.032 13 88 13 Btype 3.2 15 0.068  0.062 0.25 20
14 CometX 22 15 0.1 0.014 1.7 44 14 Btype 35 15  0.067  0.097 0.53 43
15  CometX 30 25 0015 0.8 15 96 (93) 15 Btype 32 30  0.044  0.068 0.35 69 (66)
FEANA (& BB AR R FEANA (3 BB AR 3

el

T shaped B-type Wﬂ'ﬂ Comet X

17



4. RS EAS R EE LA TS 5 EM 7 7 — GRS DRIRSR LA = x L F—1{k

7 a—K ik & BRSO A G 7 —3 %ﬁﬁjiﬁﬁﬁ@%@%ﬂﬁﬂ%@%ﬁ%%&f%
HH00, 7a—KkE BRSSO /RT A—F e XN EE(bT 57201203, S R2FHEETL, £
T, Bx IS b a7 v — BRSO SHRE~EHT 5 2 &%dﬁb BRI R — D3R
ﬂ%%*buﬁﬂbtoIZ”%%%#@%ﬁf%éﬁﬁai FEEREOTEHE I AL S 550 (K3
b, SRREAN) TEEND, AREIIETIE. ZO@EERKIEZ A XhmblcIBE L, (LPRINER E
@ﬁM$k@ﬁﬁ%ﬁEﬁé%ﬁ%%$ié7wﬁ)XA%%%LKOK?&%ﬁmﬁé%?wﬁmmﬁ
A 10 & TRMUIRFENDIERRT X VW 1 2GR 2 7 v —ERRICE R L. (K 3). ARSI
Piss FIX@EEE 2 Fimol THEfT4 5, 3 @ entries 1-512, ISHEDA I 10 & = E&’ﬂﬁm%\*@7ﬂ_gﬁﬁ#
FORDFET =2 [4 I M) - EFERE M) - EiEE (mAon?) - il (mLh?) - SR
(um), MUOESHETOT I /8 11 OYLEE 28-88% (FEITZNZE: 24-63%) 1% 7~7, entries 6A-9A (2 CiliFE &
(@) % 2.00-3.00 DHIPHTA R b a2 T o 7ofE R, entry 6A DSAHET 90%INE, 52%FEHiAh=H CTHERW 11
NS, EERE (@) % 200210 (entries 6B9B) & & HIZHIBR L TAA R b a21T5 & 11 % 88%lY
B« Q1% EINE (entry 9B) THKT D Z EMNTET, A R LN EMSIEC 7 0 — G721 Tl
70 —BSIEDVNTF NG A—=B AT Y == TRRTRXNF IO ENTHL Z ERHLNE o
7=[17)

R 3. G EAM ARBELEERT SER IO —SHDEIRILF—FHORR

ERZE (mA cm™P) fe oo ,

E@.Tﬁfeﬁﬂﬁﬁﬁ um) NH E q [F mol'"] = FAiv'c? |

NH FE (mL h) 2 U ememe !

)J\ + C02 Ph/)\COOH v Ql JE %E i: ';:uu.ifn E '

Ph™ “Ph BusNCIO, (M), THF PR PO TR v iR ;

10 (M) E A %*ﬁﬁ% C: %EIE =

[10] [BuNCIO,] BRFEE FE EBHEER BEEE NMRIE BERHE

Entry > 1 0 0

(M) (M) (mAcm?) (mLh™") (um) (F mol™) (%) (%)
1 0.08 0.1 25 15 120 2.33 28 24
2 0.08 0.15 40 25 80 2.24 31 28
3 0.04 0.1 10 10 20 2.80 88 28
4 0.04 0.05 25 25 120 2.80 39 33
5 0.12 0.15 15 5 80 2.80 46 63
6A 0.049 0.1 111 8.9 30 2.85 90 52
7A 0.062 0.075 12.2 7.4 20 2.98 78 57
8A 0.045 0.12 10.1 9.2 30 2.73 78 58
9A 0.043 0.077 11.9 11.1 30 2.79 81 24
6B 0.04 0.084 10.6 14.6 30 2.03 85 84
7B 0.071 0.053 10.6 8.3 40 2.01 71 71
8B 0.06 0.15 11.7 10.8 20 2.02 77 76
9B 0.042 0.094 12.2 16 20 2.03 88 87

Entries 6A-9A:; 18§
Entries 6B-9B: JE

q) 2.00-3.00DEE Bl #9 LA AEx @ L ZE T
q) 2.00-2.10DEFECHIFIUAA ARBEIL EELT

tRHl ﬂH
]
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5. A Rt ORI —baih Ny FE A~ OIS —

T R A — VD OGBS T2 A REaE b DA ETE)T L, T’ex ITFAEFERAr—L (F5EEE)
~OE A %R AT, EEAT— LV TOLERE R TIE T A MOREAMOBLEN D, I TX 2 RE0R
K, FBRFITEEDR SN D 5E 3% < . BT E RIEIZHIC & 21 X bidmid THRN 2RO
FMRBETIEEEZOND, £ 2 THRAITZRF LA EICHW SN DSl AV H 72 ALEH DA
IR TH D A0 VT4 T ALEW 12 ORFEAr— VAR EET VG (77 b5 T3S
R EAT o 7o, ARBOGIE 5 FOREHA & 03T TRISGHRE T, 68% I T HIA R %1% 5 544
T RO LT B[18], A Rt A IEH T 2~ VT /T A—H 27 ) —= 2 TN X BIERO
EER DL, FTE2 7T LA —/UTTKAMET R U U ARREDE (eq) . AKhitbT N U U AT
13 OFEE M) O 4 FEEOBIE T A —2 ZHet Uiz, FHEEROSSRMT (F 4 £ T, SBRNAN) 2%
BT U BTRE LT 6 DORINGM & EOBRIE B D BRUEAW DI (39-76%)% entries 1-6 (2%
T, ZORREEET =2, A Rt E T2 T A, IERIT 18%ICEE L= 6 O DOHATILER 68%
RIS DRERITE DN o7 (3R 4A, entry 7), A AU KL D~ VT RTRA—H R T ) —=
> T ORI T — Z OB GIE A SN D Z EDBBRICHE SN TWA3][13], £Z TRz, 77
TR TN o T RO THI T — & 23 E LINEROm L2 Uiz, 77 VB HRY 7Y 7T,
Yo7 T EIBCIRRZER By EIL, ATESIN B LAWK DI T EIRD, TOHF T T TR
THIET, TV LT — 2 2INETZ D, TT7 VBB T I > TRRES
TSRS & 2 DBERDUNER (31-68%) % 5 4B |2 entries 1-5 12T, A A X B SOt 8T A —2 Tl &
FBRIC X HEt 2 3 FERR D IR L7- kG R, ICRDMR & IS E S, B TiE 89%INR T B B ERM S B
iz (3 4B, entry 7), RH L7oSOGSM &2 IIC A r— VT v T ERERATAER, 20 7T DA —/)LTClE
81N, A r— I ThD 100 7T ADJFEE WA, 81%IETHAERD G BT,
2023 AFFE X 0 AWFSE TR U7 SUSSHC TIME COE DM E > TV H[19),

% 4 A REBILEERT BRAEOSFASUALEY 12 DEFEH B

1) NaSH aq. (eq.) (M), 30 °C, 10 min

cl Cl 2) Sulfur (eq.), 95°C, 1h, then50°C ¢ s
cl ¢l 3) TBAB (8.5 mol%), 95 °C, 24 h é:><:'

> S
13 (M) Toluene 12
(2g scale)
A FEEDE MECTHERLE AT —SERALS B: 57V AMYI YTV TR LE TS ERAL
N AgzidE1k N Agz#E1k
Entry [13]n toluene  NaSH aq. Sulfur GCURZE Entry [13]in toluene  NaSH aq. Sulfur GCIRZE
(M) (eq.) M) (eq) (%) (M) (eq.) (M) (eq.) (%)
1 1.19 6.5 148 24 65 1 4.54 5.5 5.3 21 67
2 278 45 74 24 51 2 2.16 27 7.0 3.3 31
3 0.76 55 14.8 3.0 39 3 1.42 6.9 18.4 2.7 68
4 119 55 74 1.2 76 4 0.84 8.3 43 0.9 48
5 2.78 6.5 9.8 2.0 66 5 1.06 4.1 10.0 1.5 66
__?_______9_??______‘1_? ______ 9 __8______1_?______5_2____ 6 1.50 6.7 16.2 27 70
7 1.22 5.8 8.1 1.4 78 7 4.54 6.5 29.8 1.3 89
= s0 e a0 e |
Y A
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PLEARTCIE, AU RBRREYR, KOS i b a g & 95 70— « SR EA IS OGS O HGE
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PIRHERT WS VBNV AR—2— iR R B DR

[H

SVAFSE SRS RRECERTIEIE 2 IR LS

(ARDE=]

HRX R BRRE D LAl & 7e 2 PRI B&TEED X, MR 2 {83 2 EXET L RInEWHE &
I L 7=t o o F 7 A EECTHZ LT B, 72 2 BETEMREEDE L LT & 3
v (L-glutamate: L-Glu) 28® F o3, A DA F v F v AT 0N & 3 v Rz Bw AR H
BTN I VIEZER~ DG 2 L TR R O A BRERE ICBE G 97 6 —77 . MR TR R,
SMEL I & v o ZZIMEE IC s Tk, Mifgsb v 2 I VRS ERIC X o TR I NS
BERIEANBICT G LT b, (Eo T, HIREREE D EH TEERE D 72 o i fllifigdl 7 2 2
VIBIRIEZ Y F T RO N X I VEES T VAR X —IC X o THEICa Y Pr—1INnT
Wb, Blo TN IVIEEL T v AR — X —OREREIRESE O E LTHIAfF I T
VW3, ARG T, BIETL-Glu P 7 v AR -2 R EYE L LCDHA %2 X Lo e L
PUFA ¥ Ch s L, %P T F Zigtksfilg (human induced pluripotent stem cell:
hiPSC) HkmiiE 2 MiE (hiPSC-neural cell) fEAD L-Glu + 7 ¥ 2K — &2 —iE{LEYI D 2
7Y —=Vv 7 RELTHEHTH 2 Z L 2WMET 5,

[L-Glu FoY RR—S2—HEEERET M E D#RET]

L-Glu F 7 VAK—=X—=ICIZ 5 2OHT7TX470%HY, & Tl excitatory amino acid
transporter subtype 1 [EAAT1]-5 L BE I T3 (1-3), BADHFHMHRERICE W TIE, MfE
fifa e 7 2 m3 4 FICFEB LT 5 EAAT2 23HIM D 90%LA o L-Glu ZEL DAL TS

(D, THc, TAFRY A4 MICHEI LT3 EAATL b > F 7 ZA[MRD L-Glu 2B Y JAA T
W5, EAAT2 (rodent Tt GLT-1) (&7 A P u ¥4 FEFERICE W CIEFEMBIIC A L <
FEAEBBWH L CTLE S T &h b, EAAT2 ORRERHEIVIE S Z D X 7 = X L %5l ICRET 3
52 L HBWNETH o7z, EAATL, 2 @ L-Glu DHLY A& I3 3Na*, ITH DHA & Z i 5] Z fi <
Kot hy 70 v 7L Tws (Fig. 1A), bbb, L-Glu BUY jAA & FIRFICERAF A
3579, L-Glu t 7V AFR—X -V AREEZEROKNE I CEZHRACERLT 22
DH[RETH %, % Z T, Xenopus oocytes i& EAAT2, MIA/ T & LT EAAT1 % 5| 58 & 4,
FETH L-Gluic k- TEEIN2ERZERT 5 Lic kY, EAAT2 HEred i E %
L7z BADPRVICHFEHLZDIE F 23 ~F 4% v (docosahexaenoic acid: DHA) TH 3,
HRICE LGN 5 A afE% (polyunsaturated fatty acid: PUFA) & L CHat%EE~D %0 R
9 Tz o -HEREE R ML (IR EI N T W23, ZOMBPE 725 A =X L %R L 725w X 1E
13 & A7\, Fig. 1B-bl 13 EAAT2 %5578 L 72 Xenopus oocyte @ L-Glu EFEFE IO #
B 7294 <H %, L-Glu ic DHA 100 uM % 77 X ¢ % & EAAT2 @ L-Glu #FFEERH K %
{Zao 7, —F. EAAT1 @ L-Glu FFEIR % DT 2 1A X472, DHA & coenzyme A D
conjugate (DHA-CoA) 23K 112 22 &3, DHA & [AEED L-Glu 7% EAAT?2 ik i
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ER%Z/RL 722 &6, DHA [Z#ifiast 2 & EAAT2 ICfERILTWw3 & E 2 bz,

Aal a2 LGlu B b1 b2
3Na*  CF
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I
20
nA
—_—
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Flg' 1 (A) (a1). Oocytes were collected from anaesthetized Xenopus laevis. The isolated oocytes
were then treated with collagenase (2 mg mL~, type 1), and capped mRNA was injected into either
defolliculated stage V or VI oocytes. The oocytes were incubated for 2-7 d at 18 °C in ND96 solution
containing 96 mM NaCl, 2 mM KCl, 1.8 mM CaCly, 1 mM MgCl,, and 5 mM HEPES (pH 7.5)
suppl d with 0.01% g in. TEVC s from the oocytes were performed at room
temperature (25 °C) using glass microelectrodes filled with 3 M KCI (resistance = 1-4 MQ) and an
Ag/AgCl pellet electrode. (a2). Substrate- and the coupling ion-transports by EAATs. Substrate, such

as L-Glu, L-Asp, or D-Asp, transport through EAATs is coupled to the co-transport of 3 Na* and 1 H*
followed by the counter transport of 1 K*. In addition, the binding of substrates and Na* to EAATs ac-
tivates uncoupled C1™ anion currents. (B) (b1). A representative trace of L-Glu (50 uM for 2 min, black
bar)-induced current obtained from Xenopus oocytes overexpressing EAAT2 clamped at —50 mV.
(b2). 1V relationship for L-Glu (50 uM)-induced EAAT2 current. To examine the 1V relationship, the
L-Glu-induced current was calculated through the subtraction of the steady-state current from the
L-Glu-induced current. The curves were obtained with a holding potential of —60 mV applying an
8000 ms ramp pulse from —110 to +60 mV. Data are shown as the values normalized to that obtained
with 50 uM L-Glu at —100 mV. Means, 1 = 5. (C) (c1). Model curves of transport-induced currents.
The total L-Glu-induced EAAT currents (solid line: Iiora1), electrophysiologically recorded using TEVC
methods from EAAT-expressing Xenopus oocytes, represent the sum of the coupled L-Glu transport

currents (dotted line: 15 4) and the uncoupled CI™~ anion currents (dotted line: Icy). (¢2). The predicted
reversal potential of the net current (Iyty)) is independent of substrate concentration when the concen-
tration dependence of Iy and I is the same. However, the amplitude of Iy is dependent on the
substrate concentration. (c3). The absolute reversal potential of I, is dependent on Iz 4 relative to
I¢y [14] (copyright permission has been obtained). (D) (d1). D-Asp uptake and charge translocation
were simultaneously measured during a 100 s application of 100 uM [*H] D-Asp to voltage-clamped
oocytes expressing EAAT1 under 104 mM CI~ conditions. (d2). Voltage dependence of Rl-labelled
D-Asp flux and superimposed exponential (e-fold /75 mV) derived from fit of transport current under
nominal C1™-free conditions [14] (copyright permission has been obtained). (E) Overall structure
of human EAAT2 as viewed from the membrane plane (left) and the intracellular side (right). The
trimerization domain is blue and the transport domain is red. The protomer of EAAT2 is divided
into two distinct functional components: one is a rigid scaffold domain that mediates interprotomer
interactions and is located in the center of the trimer, and the other is a transport domain containing
the substrate-binding site [15]. (F) Schematic representation of the transport cycle of EAATS (elevator
motion). The transport domain (red) moves across the membrane relative to the trimerization domain
(blue). The transported L-Glu is pink. When L-Glu binds to the transport domain of the EAAT in
outward facing state (top), the conformation changes to occluded state (middle) first, then changes to
inward facing state (bottom), thereby releasing L-Glu into the cell.

Kic, DHA 28 EAATL, 2 3 FICEESE 2 5 2 Cw ik %2155 7%, EAAT1 & EAAT2
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~DEfF OMEICHEH L7z, EAAT1 & EAAT2 Tld+ 7 v 2K —F F A4 @ TM7b-HP2a
fiHl 23572 » | EC50 DfHEZ b 72 b F & I T3 (5), £ ZTEAAT2 ® TM7b-HP2a
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Fig.2 Leu434 residue in re-entrant hairpin loops HP2a is essential for the augmenting effect of DHA on L-Glu-induced EAAT2 current. A, a1,
topology of EAAT1, EAAT2, and EAAT1-EAAT2 hybrid chimeras: EAAT2(EAAT1 TM7b-HP2a), EAAT1(EAAT2 TM7b-HP2a), and EAAT1(EAAT2 connector). a2, the
effect of DHA on L-Glu-induced currents of EAAT1, EAAT1(EAAT2 TM7b-HP2a), EAAT1(EAAT2 connector), and EAAT2. Data are shown as rates of increase by
DHA. B, b1, amino acid alignment from TM7b to HP2a of EAAT2 and EAAT1. The common amino acids are shown on a black background. Single amino acid
back mutations were performed at the sites indicated by black arrowheads in EAAT1(EAAT2 TM7b-HP2a) chimera. b2, comparison of the effects of DHA on
EAAT1(EAAT2 TM7b-HP2a) chimera and a series of EAAT1(EAAT2 TM7b-HP2a)s with point back mutations to the original amino acid of EAAT1 for the six
amino acids shown in b1. Only EAAT1(EAAT2 TM7b-HP2a) L434A shows complete loss of the augmenting effect of DHA. Data are shown as rates of increase
by DHA. Exact p-values were 0.7809 for V407L, 0.1898 for M415V, 0.1575 for V426l, 0.4775 for V428l, 0.3042 for L430l, and 0.0006 for L434A. versus EAA-
T1(EAAT2 TM7b-HP2a group). b3, (top) topology of EAAT2 L434A; (bottom) comparison of the effects of DHA on EAAT2 and EAAT2 L434A. Data are shown as
rates of increase by DHA. b4, (top) topology of EAAT1 A435L; (bottom) comparison of the effects of DHA on EAAT1 and EAAT1 A435L. Data are shown as
rates of increase by DHA. Error bars represent mean + SD. The numbers written within parentheses in each Figure represent the number of independent
experiments. Statistical differences between groups were determined by two-tailed unpaired Student’s t test (b3 and b4), and Tukey’s test following one-

way factorial ANOVA (a2 and b2) (denoted by *). p-values are indicated in each Figure panel. DHA, docosahexaenoic acid; EAAT1, excitatory amino acid
transporter subtype 1; EAAT2, excitatory amino acid transporter subtype 2.
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EAAT2 % 4 FiciE#aL 72% *# 5 (EAAT1(EAAT2 TM7b-HP2a)) %L 7-& 2 5. L-Glu
HABIMA~OIEH 5 Il o3RI Y] b - 7= (Fig. 2B-b2), & i, EAAT2TM7b-
HP2a @ ¥ D region MERICHELRDITOWT, FHEF 2 T, 7 I 7 BEBSIC X > Tt
#3590 . Leud34 BMHATH 5 Z L & FH W/ L 72 (Fig. 2B-b2)  MEED 72 EAAT2 @ Leud34
% Ala &L 7= & 2 A, DHA o L-Glu B miFA 2k L 72 (Fig. 2B-b3), fit T, DHA
D EAAT2 BEFHBRIEMIC I, EAAT2 © Leud34d 2SHTH 5 Z LA /RE N7z, EAAT2 @
Leu434 13 EAAT1 @ Ala435 i#H24 3 % 23, EAAT1 @ Ala435 % Leu ICiE&#2 3 % & DHA OfF
FH239859 2 S BRI W b o 7= 2 & 55 (Fig.2B-b4), 2@ 1 7 I /%2 DHA o/EH 51
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Fig.3 Identification of other PUFAs that augment L-Glu-induced EAAT2 current. A, structures of fatty acids used in this experiment. ALA, a-linolenic
acid; ARA, arachidonic acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid, DTetA, docosatetraenoic acid, DTriA, docosatrienoic acid, EPA,
eicosapentaenoic acid; OLE, oleic acid. B, b1, effects of fatty acids (100 pM) shown in A on the L-Glu-induced EAAT2 current. DHA, DPA, EPA, ARA, and ALA
significantly increased the current. b2, loss of the augmenting effects of DPA, EPA, ARA and ALA in EAAT2 L434A. C, c1, effects of DHA, DPA, EPA, ARA, and
ALA (100 uM) on the L-Glu-induced EAAT1 current. DHA significantly decreased the current, while DPA, EPA, ARA, and ALA tended to decrease the current.
c2, the effects of DPA, EPA, ARA, and ALA on L-Glu-induced EAAT1 A435L current. These PUFAs augmented the L-Glu-induced EAAT1 A435L current. Error
bars represent mean * SD. The numbers written within parentheses in each Figure represent the number of independent experiments. Statistical differ-
ences between groups were determined by two-tailed unpaired Student's t test (b2 and c2), and Tukey's test following one-way factorial ANOVA (b1 and c1
versus OLE-treated group) (denoted by *). p-values are indicated in each Figure panel. EAAT2, excitatory amino acid transporter subtype 2; PUFA, poly-
unsaturated fatty acid.
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docosapentaenoic acid (DPA), eicosapentaenoic acid (EPA), arachidonic acid (ARA), and « -
linolenic acid (ALA)ix DHA » [k, e L-Glu #5% EAAT2 Ei# ki L (Fig. 3B).
EAAT1 Bt 2 Jk55 L 7= (Fig.3C), 72, b DFAICD Leud34 ZHTH 5 & & 23HHH
L7, PUFAIC X % L-Glu } 7 v 2K — 2 — ORERERIHNIC Leud34 23020 TH % T L 1% L-Glu
IV RKR=R— L OBEENEMEAFEMZTRRLCE Y, A7 =X L0IFICERETH 2,

A

Fig. 4 Proposed binding conformation for DHA in the transport/trimerization domain interface of EAAT2 homology model in the outward
facing state OFS. A, a1, extracellular view of trimerized EAAT2 OFS homology model based on EAAT1 crystal structure. Trimerization domain is shown in
green ribbon. Transporter domain is shown in gray surface. Structural data were presented using graphical user interface in Maestro Suite. The homology
model of EAAT2 was constructed as a monomer based on the crystal structure of OFS EAAT1 (PDBID: 5LLM) with energy-based loop refinement using
Homology Modeling unit in Maestro Suite. The quality of homology model was checked by PROCHECK. a2 and a3, magnified monomer in the hatched
square in a1 in the absence (a2) or presence (a3) of DHA. The lipid crevice calculated by SiteMap exists at the interface between trimerization domains and
transport domains (yellow space) (a2). DHA is docked to the lipid crevice (carbon: purple spheres; hydrogen: white spheres) (a3). B, b1 and b2, docking poses
of DHA to the lipid pocket in the vicinity of HP2 according to induced fit docking protocol. The trimerization domain and transport domain are shown in
green and gray ribbons, respectively. Carbons in DHA and EAAT2 L434 are represented by purple and yellow sticks, respectively. The atoms in L-Glu are shown
as follows: carbon: blue sphere; hydrogen: white sphere, oxygen: red sphere; nitrogen: hiding. Na* is shown as a pink sphere. Two types of the DHA con-
formations could be visualized according to the position of the carboxylic group, i.e., one is with carboxyl group on upper side (b1) and the other is with
carboxyl group on lower side (b2). Both of them have similar U-shaped conformation. Inset is the DHA conformations in each case. Three-dimensional
position of DHA is in close proximity to L-Glu binding site and Na* binding site. DHA, docosahexaenoic acid; EAAT2, excitatory amino acid transporter
subtype 2; OFS, outward facing state.
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Fig. 5

Expression of EAAT1 and EAAT2 in hiPSC-derived neural cells. (A) The significant tended to increase with culture days. Similar results were obtained in four independent experiments,
increase in the mRNA expression levels of EAATI (a1) and EAAT2 (a2) along with culture days was (C) Identification of cell types expressed EAAT1 and EAAT2 at 63 DIV. We used the following cell
confirmed by qRT-PCR (1 = 3). ** p < 0.01 vs. DIV 0 group, Tukey’s test following ANOVA. Data are markers: GFAP+Nestin+ for radial glial cells, GFAP+S100B+ for astrocytes, and HuC/D+ or MAP2+
expressed as the means = standard deviations. Similar results were obtained in three independent for neurons. (c1) EAATI was localized in radial glial cells (top) and astrocytes (bottom). (c2) EAAT2
experiments. (B) Representative immunoblot at 14 and 63 DIV (b1). The expression level of each was localized in radial glial cells (top), astrocytes (middle), and neurons (bottom). Scale bar, 100 um.
marker was normalized to 14 DIV. The expression levels of EAATI (b2) and EAAT2 (b3) protein Similar results were obtained in three independent experiments.
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c2 EAAT2

Fig. 6

Functional maturation of hiPSC-derived neural networks. (A) Spontancous firing of
hiPSC-derived neural networks and comparison of 4 parameters at 14, 21, 28, 42, and 56 DIV (i = 72).
The measurements were performed for 15 min. Raster plots for all 16 electrodes at 28 and 56 DIV
(a1). Array wide spike detection rate (AWSDR, number of spikes/ms) at 28 and 56 DIV (a2). Network
bursts (NBs) were detected after 28 DIV, and the number of wells with network activity increased with
culture days (a3). Total spikes per min increased with culture days (a4). The number of network bursts
(NBs) per min increased with culture days (a5). Spikes in an NB increased with culture days (a6)
*p<0.05,* p<0.01vs. DIV 14 group and # p <0.01 vs. DIV 28 group by the Holm-Bonferroni Method
following two-way ANOVA. Data are expressed as the means + standard deviations. (B) At 63 DIV,

V4
Radial glial cell

hiPSC-neurons were immunostained with anti-Vglut2 (green: vesicular glutamate transporter 2),
anti-Syn1 (magenta: pre-synapse), and anti-MAP?2 (blue: dendrite) antibodies (b1-1). Magnified
view in the white square in bl (b1-2). White arrowheads indicate co-localization of Vglut2 and
Synl on MAP2-positive fibers. Pearson’s Correlation Coefficient between Vglut2 (green) and Synl
(magenta) increased with culture days (b1-3). At 63 DIV, hiPSC-neurons were immunostained with
anti-PSD95 (green: post-synapse), anti-Syn1 (magenta: pre-synapse), and anti-MAP2 (blue: dendrite)
antibodies (b2-1). Magnified view in the white square in b2 (b2-2). Yellow arrowheads indicate the
PSD95 signal (green) contiguous to the Syn1 signal (Magenta) on MAP2-positive fibers. Scale bar,
10 um. Similar results were obtained in three independent experiments.

Wi L HEEPMSREL A2 I ONKEMSMLTEH Y, EAATL 37 A F a4 A4 b, EAAT2
7 AP e A b I L w7 (Fig. 6C)
hiPSC-neural cells ®BE #3310tk & EAATL, 2 & OREIC O W C B IR

L7 (Fig. 7), M#EMIERATER T N7-552 60 HHUME TS, 100 M L-Glu 1T X - TH#EA
fa~pfEEFFI R o7 (Fig. 7TA), L22L. EAATL, 2 OifiZ%#HES %2 TFB-
TBOA 28 t77 LT\ % & 1555 63 HEDOIEAT L-Glu I3 FE IR0 EFR A KT X &
7= (Fig. 7B-b2), ¥ & ic, EAAT1 ZEIRAFHEH| UCPH-101, EAAT2 Hi& I FHE A dihydrokinic
acid (DHK), #5717 EAAT2 [HEH] WAY213613 % v, #llfEst L-Glu 28 EAAT1, EAAT2
DMFIC L > TR DVIAENS Z & EAAT1 X Y EAAT2 D13 5 D IAHKICKE C HRLL T
22 %L, E LT (Fig. 7C, D),

hiPSC-neural cell 5582 Tld. 7R bud A4 b3k, BEHEL., 7A P ¥4 MITRELT
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Fig. 7
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Inhibition of EAATs increases the extracellular L-Glu concentration and leads to excito-
toxicity at 63 DIV. (A) The effect of L-Glu alone on cell viability at 14 and 63 DIV (11 = 6). Cell
viability was assessed using the MTT reduction assay. At 14 (a1) and 63 (a2) DIV, the application of
L-Glu at 100 uM for 24 h did not change MTT reductions compared with the application of DMSO
at 0.4% (Cont), which was used as a vehicle. Unpaired f-test. Data are expressed as the means
+ standard deviations. Similar results were obtained in three independent experiments. (B) The
effects of TFB-TBOA (TFB, nonspecific EAAT inhibitor, 30 nM) when coapplied with L-Glu on cell
viability at 14 and 63 DIV (11 = 4-6). At 14 DIV, TFB caused no effect on MTT reductions (b1). On the
other hand, at 63 DIV, TFB significantly decreased MTT reductions, and AP5 (NMDAR antagonist,
100 uM) blocked the decrease in MTT reductions by TFB (b2). Similar results were obtained in three

UCPH
DHK
WAY
TFB

independent experiments. ** p < 0.01 vs. L-Glu(+)TEB(—)AP5(—) group by Tukey’s test following
ANOVA. # p < 0.01 vs. L-Glu(+)TFB(+)AP5(—) group by Tukey’s test following ANOVA. Data are
expressed as the means + standard deviations. Similar results were obtained in three independent
experiments. (C) Identification of the contribution of specific EAATs to the decrease in exogenously
applied L-Glu. (c1) Change in the concentration of L-Glu in the medium ([L-Glulou) after L-Glu
(100 uM) was applied at 63 DIV (i1 = 3). [L-Glulout was nearly zero at 60 min. Data are expressed as
the means + standard deviations. Similar results were obtained in three independent experiments
(c2) The effects of EAAT inhibitors on L-Glu uptake at 63 DIV (11 = 5-7). The effects of EAAT inhibitors
on the decrease in [L-Glu]out were assessed at 30 min, which was the time for the 50% decrease in
[L-Glu]out from Figure 4C(c1). The percentage inhibition of EAAT inhibitors on L-Glu uptake activity
was calculated as 100% of the decrease in extracellular L-Glu concentration in the absence of EAAT
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Importin Bl (IPOBI) & E%?‘E Nucleus o< h BRan_GTP Dynets ; finesin

AEETR L. H— e
OYEE A>T 3 (X = et

1), —75 < KPNA It. % (B 1) KPNATZKAHHRaNME X HIHOREXR
BATD B 75 b FHEBNTORR A R EE A2 S ZHEES T L LCofllfizFfo 2 L 23bh o
T 72B, Td KPNAL 1, I HRIIC B3Ol B 5 2 L 237 5 v, Kpnal
BT DR BIIE~ DB G WG S hTw 3B, gagfh7z5 1k, Kpnal 7 v 2T 7 b
(KO) =7 2%HWT, ZOBEETFXRIBICK Z2BEMNER (G ZeHY A + L 205
BEEER (B)23Nb - 7= G x E tHAAER 2368 5E O BER A7 T Ot AT AL o BRRER Al 1< 28 % I
T URARBROITEIRE AL 2 2 L 2lid LS, ZhETicd tiigEfiigNo >+ 7
A RHRKI 7x EOFFETILICE VT, 4 VR —F V23K bk~ D15 nE i B
b LIIRBINTO 0, Z Ol 70 TG IZIHA O 2> Tl b o 72, SEIFAZZ B 1,
KPNA1 IZBE T 2 fftMfE N c oY E L% H O 22123 5 7o, FriCifkihRIc s 1 2
KPNAl O TEIEICHEH LT 2 o 72, 7 v b KERMER % F O 72 8RB o3 %
AACERIEIT 2> & . KPNAL F5 X UF IPOBI1 %2 % Ot D IZFSA T BEE IR 1 238 58 v 1 B s IS 17 HE
LTW3 I ERRI Nz, BIBMREMEEZH I 4 7erf A=Y v 7 Tld, KPNAI
F X U IPOBI 23 Ef TS X AT HED R IANC SR N 2 B8 L. Rl 0 FENREZ R L
7o 72 KPNAL X, UNED & — % —, UNEBSER T, I X OU/NEBER T & & il
WTEEEIICT 2L bbrorz, LA Lads iilidkifhkic s 5 KPNAL & IPOBI I,
ZEAEZEH LI LT aro(B 1 B, TAERMRICENT, MAKFEEERD
KPNA1 Z8 S0k D (ML © DBEREMANT 2 1T\, Z DJRTEDSENICBRE L T 5 Z & FiE
DI EE > 7 F v (NES, nuclear export signal) BCH % 13 2 & & C, #hER~DfHTELE]
H92 LI TEIEDTAE RSGEN R & L7z (Mizuno et al., under revision in Neurobiol
Dis), 2 b X, KPNAL 3. D TE—Z —%4 L 7458 N T OIEHRIEE I A o] R 72 5% E
EHoTHEY, HHEEORIEICHEES T2 HERKTTH L T L2RES Lz,
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2.1 . BEEAVR—FUIZDONT

FTF A B IR ORI STOL vER—F VICEET 2 X v NV EORRE A
FINCTHR B 720, T v P RERMEE 2R L 22 e ik 2 A8 L, Wik o<+ 75
7 4 —-2 v 7 LERSH (LC-MS/MS) %17 - 72, Z Offfric X v, IPOB1, IPO5, IPO9,
KPNA4, CRM1/Exportinl, CAS/Exportin2, small GTPase Ran 7z £'®D 4 v K —F v BHiH#
& XA DIFENH S IR > 72, D DORT- 3G —HINE R o P ik % HilfE 5 2
KT e LTEXLALNT VLA, SHOMEIFERLD, @iRICH 4 v F—F vicBdET 2
BeA DR VAN TEPFEL T 2 & IEHEY (R2A), C offitlii % T, KPNA #iT
A& XL O IPOBl fifkCcoRIE 7w v FMET 21T 572 & &5, KPNAL IZD W Tld~60 kDa IC
IPOB1 ICDWTIE~100kDa IC# 4 NV FRIERT 5 2 3 C¢& 72 (M2B), EEOH OF
BCi3, KPNAL B LELTHRILI Ao 7225, ZHIERTF FOMEBNEVD, H 20
FthD=TF F b0 FHIC X 2 H[REMEDRE 2 bz, T ORI, RN IC S ik 4
VR—F VB X oS 2 BEET B 2 &L FIC KPNAL BB EICHEELTWSE 2 L 2R
bDOTH 5,

Ran B
A XpolICRMH Immunoblot
Xpo2/CAS1 KPNA1 IPOB1 DIC1 Kinesin HC
KPNA4 250 —
IPOB1 150— L S
1PO5 100— —
1POY 75— o
Dynein light chain 1 - A

EXP;rirgezt Dyneinlightchain2 5y

Lamp2

Rab11b 37 —
Rab7a
Tubb3
Nf-I

25— v
Nf-h |
Nem E!.

-

(B 2) KBBHZERADAVR—F BEERFOHKIRT
(A) LC-MS/MSEE%57#. (B) EJOvk

2. 2. ##ZHIREA TO KPNA & IPOB1
HRAIRENIC 310 2 KPNAL & IPOB1 ORTERITT 2 720, fiffifd~—7—¢ L
THIBUL F = — 7'V v Hifk/Tujl 2w T, FIREEE O~ 7 AR HifAL (DRG: dorsal
root ganglion) @ fEMiladtt %47 572, KPNA1 & IPOB1 /57D > 7 Fp Tujl Bk
DRG == —mvWNicHH & h7z (KF3A), KPNAL iZ DRG = = —r v ol s X Ul
RICRTE L Tz, MR KPNAL = 2 — v Y OENICRTESR R & ., ihZRiER i1
KPNAT I3 2 sk o et 2 — v &R L7 (K 3A, BB, TPOB1 i3, flflgtkciz &
D DU KEICHEE 2y 7P AR o, BB TH & PRI X T, BiRAEEIC
F1F % IPOB1 &, KPNA1 kDR 7 stk o Jeta s 2 — v 2R L7z (B 3A, THB). %
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7LC\ KPNA]. "G‘Li Tu_]l F%‘I"EE:‘ = X A DRG neuron

— B %2 Tujl BN X
b BB b R A8 _
IPOBI1 Tl Tujl BfE==—n
v ¥ Tujl IR B 0 565
BEOEIFITEACRLNT,

(BB PR

IPOB1 i & WIRZEMICHIL T B C byatostt T Lisa
BHTESTRENL (Fog OO e =
\ e = |IPOB1 [ = o
). | = oot L Jew
K. %M KPNAL & B a= KHC
, —— . Lysate: 5 N AREAEMIHIR
IPOB1 # & H AR EN 77 EsREetsE T AT R

. . . ks s (X 3) KPNA1/IPOBMODRG=21—OV KB L EEREEH TOHREER
e Z Lk_\ P EX el .
SHIET BB, v = K WRBEMERE., (B I WEEDEED . ORNETILE D
AECELEICT T v b KRR

W E B LGE 70y 74 v 7 %fTo72 (K 3B), rHOFER, KPNAL iZfifaE £ 4
= v 1 (DIC1) & —¥CiRHEiSy O L& A E%ﬁbfwtip ¥4 v vE$H (KHO)
LIRIEEAEY KL h o7z, BIRZEGC &icid, IPOB1 13 KPNATL & 3% 7% 2 f7i# A
HE AR L7z, oIc, BHLZF2—7 ) VEESIE U Th> MNETAL LY v T
v AICBEWT, ATP f#4E FTo KPNAL Ml E £ 4 = v ¥ 1 v v & RBRICHUNE &
DL S N7z 23, IPOBL IZUNE & o i o7z p - 7 (B 3C), KPNAL % 7z %
IPOB1 i 29tk 7 v b KERMREHIR 2 - W72 2 2 o Rl I TEE T ® - 72
28, KPNA1 §ifA<id IPOB1 o #titid A 59, IPOBL #ifATdH KPNAL oLz R o
ot (F—2EM), TNHORERIT. D7 &b IERIGHRIE D R ML © X, Hih
RN TD KPNAL & [POBl ORGE L 2EERDOEREZ X FT 2 b0 Tldnl, HlxoEHE
REER L T 3 ATREMEAE 2 b7z,
KPNA1 & TPOB1 ®Z#N%  pRra neuron

NICHN T iRk % I C DRG  grachdY
—a—u Y RGEEYRGL /-
LA, ik, Mifakco
KPNA1 i3 ic %A ic  JPOB1 1%
BIEICiZ-o 2 0 LRERR LN
7= (R4 EFD), 7=, li#F ol

Axon

Periphery
KPNA1

%%}Ei& EU— ZD é,\ _ 5§-Line scan /IPOB1 ’gi
(FA4v2*xry) FigEAY ;K W
—HLTw AP Db, Qﬁh i "Mﬂ
KPNA1 & IPOBI1 %3 DRG == _ length (ur] h
— oy OERE IR L (K 4) KPNA1 £ IPOBORE_E$ 4
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TV EARBIN, BBOAENENT — 22X T 20D TH -7 (K4 HRF),
R Z &1, DRG = 2 — 1 v ORlsRIE KM T X, KPNAL & IPOB1 @ i 72 2 fH7E 23
B I, Bon-EEIcB»Ciz, KPNAL & IPOB1 2SH AR LT 3 AJBETE DS R IE
anz (443,

2. 3.KPNA1 £ KU IPOB1 DEFREME & T DREEM

KPNA1 & IPOB1 oz N TOBEI: 2~ % 7-% . EGFP ¥ 72 (X mCherry D H#tHl
BRYN7EHE LT DRG =2 —u YWIGEBREBRI G TI[ TRV A=Y v T &fTo
72o 3. KPNA1 & IPOBI1 28BN COMBEIE: 2R T 2> &5 2% dli 3~ 2 7201, JEtita
it m#E (FRAP: fluorescence recovery after photobleaching) %17 -7z (K 5A-C) U],
AR ICIE, BRI o 72 R WGAETEEE 2 it X & TR O B RIE 2 BRI ICBIZE L €.
K37 ONEATHE E 72 130 TR DB & Z i L 72, KPNAL 3 X U° IPOBI1 (%, ®j/7[H 2>
bOHEEEA R SNtz T & h b, #TES X T BIT M~k R S v (K
5A&B), Z D& ¥, FEORERR (¢1/2) &, MEfTEL ST cEELREIR oD
272 (K 5C), mCherry T L 72 KPNA & IPOB1 ¥ifioh A4 €277 7 4 —f@iTiIc X %
ELMEEDICEH L DRAKR Y I RE L - B8P 2 #ER LBUT R~ Lk T Tn
728, W OB DHDEA R v McB LT RBEITROY Y b Y »HEIC R o 7 (K 5D),
Tbic, FA4=vHERIOL YA 7Ly D (Cilio. D)iC X V. $iZEPI <D KPNAL Difiik
FFEeIciFIE L7 (K 5D&E, /). o DRI 5, filisko KPNAL o kA5 il
EAZvRF AT VDI BFTE—Z—DIFEIUREFEL T 5 2 L 2RI Tz,

A B C
EGFP-KPNA1 EGFP-KPNA1 EGFP-IPOB1 MotiiI:efraction (%) Half recovery time (sec)
100|Anterograde 27,21 39, 3 i
Retrograde 1000 — S+ 20 .
n=27 In=39 H . e
sl | D maEdEY:
% 50 /., % 50 B | 200 5
_F__.-"‘ A L . RIE;
1 18 B 0] 4 & W o
sl & o -
0: ,I' 0{KPNA1 IPOB1 0{KPNA1IPOB1
0 204060 0 204060 DL, e
[sec] [sec] ’@»Ozo’é’»o”o (@rob'o’@ro”o

D mCherry-KPNA1 mCherry-IPOB1 mCherry-KPNA1 + Cilio. D

Kymograph
sec

Periphery— <Soma Periphery— ma Periphery—

EGFP-DIC1 mCherry-empty

E mCherry-KPNA1 mCherry-IPOB1  mCherry-KPNA1 + Cilio. D
o o = o

9
2
@
o @,

Time [sec]

<
S
]
>
<]
€
s

X

40,

P = =) -50 -25 0 25 50 -50 -25 0_ 25 50 -50 -25 0 25 50
eriphery— —Soma eriphery— “Soma  Periphery—> —Soma  Periphery—> <Soma Periphery—>

position[um] position[um] position[um]

(F15) KPNA1 &£ IPOBMDDRG1—O BRI IZ B (T 55 E1%

40, 40
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IO OWEBFFEI S L A CorprpNAT mNG-IPOB1 B

KPNA1 & 3\~ (1 IPOB1 0 [ Ao

ez v sEIE, AEMED D M M- ]

D ERRDFHIENNZ — v %R mE i 1 saEm: 7 so.

L7 (B0 6A, —H544Ms)., sk ‘

ic¥1F 3 KPNA & IPOB1 @ nfon,

B{E AT~ 2 72010, mNG- (E16) KPNATEIPOBIZBAZREIE £ 32 L7430 Nt clocalized

IPOB1/mCherry-KPNA1 &

7213 EGFP-KPNA1/mCherry-IPOB1 Dffla &b ¢ CTHBI X472 DRG =2 —n v T &

ATAR=D Y TR ATo 7, CRIENITOFE, KPNAL & IPOBl OHEEBOE A1,

mCherry-KPNA1 & EGFP-IPOB1. % X U mCherry-IPOB1 ¥ EGFP-KPNA1 0[5 G

25%TH -7 (K6B), ZDfEREH» 5, WD KPNAL & IPOB1 13, 215 28 & ICTFEE

T2y 22bobd, EICHUEEEAKREZER LTV E2bITTRAWI EARBI NI,
Kic KPNAL &g — 2 —E A B

PR B & B 5 7 (2. KPNAT #i 2 i

A& DICI ks X N KHC itk & o —

HEEROEZTo72 (K7, 2d Dk ==

Bz, DRG = = — v VEWRM#EE D Line scan DICT: 4 =2 ¥ ; KHC: 43/ Bl

KPNAL LI X4 = & oficsys £ S

T, Bonz#<cizd 2 2 HAERH O]

REMZRBT20THo72 (BTA)., — 0 2 4 6 B 10 0 24 8 1214 16S

length [um] length [um]

7. KHC 0% Cid. DRG=2—HY  (7) KPNAI & HFE—S—D o= B e
HlERIC 51 5 KPNAL & OB ER7E (A KPNATE MBS 1= (C) KPNATE Y

R oNED o7 (B TB).,
¥ bz, KPNAL DR T OEEIE & 79 7F — 2 — AR L OBIRZ NS 2 7201,
XL=vEREZ

DT I RHFY — & EGFP-DICT mCherry-KPNA1 merged 100 :gg‘,g;:"zed
DIC
VRIBEDO XA F i
7 F v pl50dued IIEI
DHNEA & v
Ante, Rety, Birs,
O, O’eg "0 e

B
2’8, EGFP-DIC1 rasom— ” merged

25

KPNAT Intensity [A.U.]

DIC1 Intensity [A.U.]
50 1000 160
% o0 1500
KPNAT Intensity [A.U.]
KHC Intensity [A.U.]
000 1500
S0

DICT: &4 = hfH

=N

% EGFP-p150¢ucd

|2 M Colocalized
8 KPNA1
75{ B p1509ued
% DRG —a—H ’ % 50 I

VICB R R X 2 ' plS0se KA FHFURFE 25

CTZEHIA 74X (H8) KPNAIES A=/ BT T MRMEAORMEE O ———
— VY SRR RAT (A) KPNAT £ 5 A=2 (B) KPNAT £ S A FHF > gt
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572, % DfEHE, EGFP-DIC1 ¥ X 18 EGFP-p150 #ued b dili s 48 1C 35 1F 2 Hh2 84 3
mCherry-KPNA1 1, #—7#E Co BB EIEL2 R L7z (K 8A&B), Zib D
Rix, KPNAL B384 = v B LKA F 27 F VIEAKR L EEN S X OB A =X LT
FEELICL, DFE—X—ICX 2 BVEXEZZITLZ 2B LTV,

2. 4 EhFR KPNAT LBART Y RY—L/U VY —L/INEDHEEE)
HRMEA v R—F A

v @iﬁ/—ﬁ% Ci . 3[5/]\,%@;% Venus-KPNA1 mK02—ab7a merged

WAT % & B L
TwdemEINnT
WBBL L LA
5. it KPNA1 o
Bt 2 — v 3R
—TH Y., 27 DOE|
G DS WTT 18]~ D i &

P L. roEgy  (E9)HEERMEKPNAIL/MEHEE S RO/
= > - (A) KPNA1&Rab7a, (B) KPNAT1EYYY—LA, (C) EEIET—4
TR ICRE T N ab/a EE2lLT

BNZ EBHL IR o7z, 2 T TR BIE, R IE KPNAL & ol REAE AR L D
HEERN D 7o, NI A~ DBHED L S L5 /Mah — TicidH L 72, KPNAT 23
MNEEREAEL TV I 2 R liT 20, Bl VY —2D~—1—Th %
mKO2-Rab7a, £713Y VYV — L% 3 % Lysotracker-red % Fi\> T, Venus/EGFP-
KPNA1 D J A4 7RNA A=YV T "{ToTee NAET T 7LD, RabTaBs X TVY VY
— 203 KPNA1 & HBRSEL L 7208 2 — v L 288 2R L 72 (K 9A&B), E&EHr D
fi%. Rab7a &V VY —LOMFTOMAAR v b D 50%LL 12 KPNA 1 & 028 FoR 5
EETH o7 (B9IC), b X b, KPNA1 o—#I3/NMd% Cargo & LT —FICHiE X L
Tl WhEREA v R —F vV LI NMNEDOT T DEEMRICEE LT 5 A[RETED R
Nz,

% of KPNA1
co-localization

EGFP-KPNA1

Lysotracker-Red merged

Not colocalized
[l Colocalized with Rab7a
Colocalized with Lysotracker

I

Nk o8

2. 5. HAKLREBEER KPNA1 ERED T DOHBEERT

wEKFAERED T 7YY =227 ) —=v 7tk b, KPNAL I de novo v+t v A
7758 - KPNA1E448X A[AE X N 72P, 2 Z ThA% b iE. DRG = 2 —wu v T mCherry-
KPNA1E448X 7z ¥ D%l KPNA1 & 2 2 @R X &<, WK To/E LEFTEICO W
TH~7z (K 10A&B), KPNA DHNTY 72 g8 % ik 3% & . KPNA1E448X T3/
3R D HOEERE L2 100 %248 2, KPNAI1FL (FL: full length) ®# 10.0 X b $ HEICEE %
R L. KPNAL 0F L W~ &R & sk <D KPNAL Ok 250 & 7z (B 10C).,
KPNA o C Kifild, % DA %K T CAS/exportin2 & DFEGEITH D 2 L6000 &
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DN TORE /s 2 v 5 7B D&KL, KPNAL OIMIEOHRICL b0 EZ LN,
% ZC. Kpnal B{nT Il DA LR T CRM1/exportinl I X > TR I N2 7w T A4
v ¥ F—+PHEHK (PKL protein kinase inhibitor) DfZAMEHERCY] (NES) 7% #fE X €72 %
A BT EIEEL, Zofihnic X - KPNA1E448X D¥liZRE 43~ D JFTED MIE 3 % 2> &

5 & FR7-M, KPNAIFL @ C Kific NES # 5 # & ¢ 72 KPNA1 (KPNA1FL-NES) &
E448X (KPNA1E448X-NES) ¢ii§01$ﬂ37ﬁﬁ§f‘3ﬁ ICRTEL. 2o OHNIEE S K ORKy b
X, KPNAIFL t ol cEEAREZIZR O o7 (K 10B&C), KPNAIFL-NES Tl

b2 v X7 HRHKLTE D, KPNAL X3 2% CAS H 2\ id CRM1 I X % %4 %
DEMIC I Y HOLMAE 2 v X2 BRI~ WA I N EBRRINT, T HIT,

IPOB1 t oA MHEITH 2 N Kim 41 7 2 /7 B2 KL 72 KPNA1DeltaN ¥ X O
KPNA1DeltaN-E448X % fF# L [ERICAENT L 72 L T A W& & b IS 2l 5k C

KPNAl1 05 ARy MIERZ2 v /B AEEIR b -7z (B 10C), LA
LZanis, ZefiiRo bz, KPNA1E448X X » 3 KPNAl1DeltaN-E448X O /5 3 F &I
Eh o7z &h 6, KPNAIE448X o B ERICIE., KPNA1 @ IBB F X 4 v (Importin B

FE A )~ IPOB1 DFEGERMETH D T L BARBEI iz,
A B Low magmflcatlon Cell Body Axon
N c KPNA1™
' EEEEES  KPNATR KPNAT™
CAS binding
1 BB -447 KPNA1 E448X KPNA1 E448X

1 528
.-.I.-_NIES KPNA1FLNES

KPNA1esox o
KPNA1FLNes

1 7
E448X-NES
. messssssr KPNA1 S
42 528 :
——---— KPNA12w sEme
447 KPNA{E“8x-NES
—_III KPNA1aN-£48X KPR

ARM

KPNA14N

KPNA1AN-E448X

KPNA12N-E448X

[
Low

a
High

Relative Axonal intensity Dot number in axon Nuclues/Axon Intensity ratio

1.0 ok
10.0{ == b ram—
i 104 e—
g. 0.75 -
2 - 5 °
510 E £ 050 8 1o :
' g 0.25 %
0.1 ' EEE}J 1 i
nel)| 36 17 16 18 18 17 nee0lss 17 16 18 18 17 | nicel)| 36 17 16 18 18 17
T, T, B0, T, 0, B0 T, T, T, T, T, 2 T, T2, T2, T, o, T
'Ify,?v,;lfv,?v,gfv,jfv,q ‘VIA}VIQJIA}?/«%’ZI%VI% %;37;3;37;@4‘7;37;\,
‘?f- @ 7%4- %, % 4@:“ *, ‘&7"0 %"' *4/6 %,
%, s % 6;:. %
(B10) KPNATZEEADRERRAT
(A) £FEKPNATZEIK, (B) KPNAIZEEFD B, (C) EEILT—4H
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2. 6.NES B2 INIZ &k HZEEE! KPNATE448X D ELFREM % D [E1E

i K fH I BT 5 A

EGFP-p1500te0

mCherry-KPNA1E448x

merged

. \ S —— - = T S ———
KPNA1E448X-NES o j&# 14 7 2
% N3 % 72912, mCherry- i 0
KPNA1E448X-NES 7 4 7' 4 S

A=YV T RITol, KD B EGFP-p1509%¢  mCherry-KPNA{E4exES

-

KPNA1 23l A kb
KPNA1E448X & Tt
mCherry-KPNA1E448X-NES

+ Ciliobrevin D

k!
i
i
i

‘ — — mCherry-KPNA1E448X-NES
PRHLTCWwADRG=2—u C ry D oo

Y CIE, BIFR OB A b A
Mz xns (X 11A&B), 71 4 g
T 77 %AW L 72

29s ().

Time [sec]
n
o

KPNA1E448X-NES o #h i & 50 25 0 25 50

position[um]

mCherry-KPNA1E48xNE

- 1
velocity [um/sec]

MO v x F 2 5 4k (E11) PKI-NESERFI{H0IZ & AKPNATE“eZE BIKDHAEE 18
KPNAIFL LB L T b HhZR I o THBINEE L 7= 2K v P8I Z R L 72 (F 11D),
Tbic, YUA7Ley D ZHEMT %L, KPNAIFL TBE I /-0 LRI,
KPNA1E448X-NES OE@H: (3{Z 1 L 7=, Z DkEF 3. KPNA1E448X-NES o 25,
KPNAIFL % v N7 B CRIEI N L) B TE— X —iHHICKEL w3 L 2RLT
W3, —5 T, KPNA1E448X ~® NES 4l o i hiix. KPNA1 o B fHTE % ek LR HE
icE T B XA =V /XA F 2 F v EAEB XU RabTa L OB ZHERTE 2 00, #
BRFE R ER KPNA1 Z B A (KPNA1E448X) IC A ik ics | % fHin$ 3 < & TD % D

REmIEHIGFE NS (K 12),

KPNA1F:

=@

Nucleus<—s Periphery

Bidirectional signal
transduction

KPNA1Es4ex

Nucleu><Periphery /

Disturbed bidirectional signal
transduction

-
a

(H12) #&%RAEEERDKPNAIEE(E448X) DIERXE
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3. BHYIC

SE O ClE. flZ&EA v K —F v D KPNAL O FBIRE & | fiA 2 E i B
TRERIC X ZRTEOEICONTH 2R MARE Oz, /2, E#iFE D KPNAL &
IPOB1 1, E—HilgEM oY Elms %) 54 L 3R 2WEEAKREZEKL T» 3
TR INT, X bic, KPNAL Offisklinkic iz, MileEX 4 =veFrrvin
ST WNESFET—RZ—DELBEDbo TR Z L2 L o 7-, X 51, KPNAL
. MER/FENER ST TR D A=+ F— L O FEA L TE D, IE OEZR A% 2
IRE NI T L IZEREEL | R IEA VAR —F v OEENC O W OBENREE o 72, S

fRCOD DR EEAMBLEEZONDS, X LA LEITIILETH %25, fHvs DNA i
FIDBINC & o TRTERF 3 L U2 00 THREOUERRIAD 5 2 L2 b FERE P
REEREBOFIEICHE T 200 F A =X LD 0T, XY FEVEfERRD b5 &
HATHT L WIBEE DR IR R F e b 5,

4. HiEE

ARFFER T, AR EE NEBAED S O 4 FERNCIE DRI L W LA b
DOTY, REM _HERZIIL O, MHIBERE OFRIEEHLA L EFEd, £
7o AW ZHEFE N2 72 & F U 7o — e R E ABRCR ISR i s B R ook
HPUE SR A O K VST U BT £, AR, AR FIRF e Pz 7R 5
TAERE R OKE TR L REGZEOEFRIHHBEZILCD A X v 7 « KE¥RE
A BEMEE OB, 2 b ONCEWNAOFEHEE O ZXEICLVELNZLOT
b, ZICERIEHOBEER L ET,
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