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AMPA,, alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid
ATD, amino-terminal domain

BDNF, brain-derived neurotrophic factor

CHO, Chinese hamster ovary

CTZ, cyclothiazide

DMSO, dimethyl sulfoxide

DMTS, delayed matching-to-sample

ECso, half maximal effective concentration

GluA1li CHO cells, GluAli and TARPs y2 expressing CHO cells
HBSS, Hanks' Balanced Salt Solutions

HEK, human embryonic kidney

His-ATD, His-tagged GluA2o0 ATD protein

His-LBD, His-tagged GluA20 LBD protein

His-MIF, His-tagged macrophage migration inhibitory factor protein
ICso, half maximal inhibitory concentration

LBD, ligand-binding domain

LDH, lactate dehydrogenase

MIF, macrophage migration inhibitory factor

NDI, novelty discrimination index

NORT, novel object recognition test

NSB, non-specific binding

SPA, scintillation proximity assay

TARPs, transmembrane AMPA-R regulatory proteins
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INFETHBREINTELEEZLOEFNIZY =7y Ny tOA N Y ATV v 7 5N EEEE
BTHIEICLVZOWEEZREI L T E, Ll AV Y AT U v 7 i OfE&EIT S —
Ty bt O7 7 IV —H5 T T A THTREUERES WO, ANV AT Yy 7 E
WAERT 234X Y — 5y b~ORRMEEZHBLZ N L S, BWEREZ AT L2RENH 5,
—F., TaAT Y v ZTEAIE Y —7 y Nrf-OH T X A TITTORE OB -
2=y NOFERMEEGD ZENAEETHDL EEZEZOND, TDH, EF, TrAT
U v 7 EH AL HER T 2 KA OB BIEBRINLT WL,
Alpha—amino—3-hydroxy—5-methyl-4-isoxazole—propionic acid (AMPA) ZRAEZE T <
OINDHFRRIRBIRRIRD Z — 7 v FIIT a ATV v 7 Ehe AT 5 Z ENmE ST
BY P TaRT Yy ZEAERT 2 TR EIERIEOBRR T 7 e —F IR A A
L. BWERDS D72 A DBRFE I 5 Z L3 lifF S b,

AMPA 2 ARIT AR AR RT3 Tl W BB VAR 240 5 R A A v T v ALY
WE I URZRIETH D Y AMPA Z /KT 4 oDV T 2= k (GluAl-4) DR EN DT
7 ~—7T (Figure 1), £ flip (1) & flop (o) EMFHEIND AT T A 7R
T2 NEFFO T AMPA ZRROEEIIEME T, GluA2 IZRNA REBIZ LA 7L Z I Ve T
W= ASOEBPAE T TWDHEAL (Q/R ML) 2B L TEY, I 5T, AMPA ZEKIE
Transmembrane AMPA-R regulatory proteins (TARPs) 72 FO#BhV 7= L #EHEK %
e 5 102 AMPA ZRAEY 7 2= b OIS EALIL Ligand-binding domain (LBD) &
Amino—terminal domain (ATD) D 2 DD KA A » THK SN TEY . LBD IZF7/VZ I Rk
BELATFET B 1%, AMPA ZFIRITFE CFIEE AT 5 720 O IEARNIMRFEEE TH 5 v
F T ARIEVEIC B W CEEREE 2 ST D M EE AWPA ZRERS T 4 7T e AT
Uy 7EY2b—4— (AMPA ZZ(K PAM) [3HE 2 OF8 M RERBRIC WV CREEN 2§
TEMEINLTWD BB BEE/R T LT AMPA 251K PAM |Z Brain—derived neurotrophic
factor (BDNF) Eéﬁz%eﬁﬂﬁﬁﬁ*%ﬁf:&bz PRIRR AR & PR E & A2 1% BDNF (&
DO EOREMERBOFREBAMICE T2 B2 N TND T &0 D, AMPA R PAM
ISR RS L O A ﬁﬁ$ T DAL R D EZEZHND ',

FTRTD AMPA ZREEBZTEELT HZ LN TED AMPA ZRIKT =2 ~ME, ZHEEOR
AR /85 1T, —J7, AMPA K PAM 137 =X MEEEML (V5 X R

BEAD) IITHEEETIC, TrRAT Y v 7 BEATAMICERT 5 2 & T, M OAER
ZAEEOTEMAL 2 BRI EtET 5 (Figure 1), £ D728, AMPA AR PAMIET =X b
EHI LT, ZREOBBIESLEEDO Y A7 NMEWEEZBNRD, LL, ZNETICH
A EFLTUV D AMPA 245K PAM LY451646, LY451395, S18986 |3 4 (DIKFHFER |- B\ T
Ny oA TRIOR)EMEZRT Z ERME SN TS 272 Fo | FAIX LY451646 737 v MR
AERERBRIC B W GRS EERH 2~ THED 10 fEm VHE B2 E -2 L2 AL
77o TNHEDOU A7, b FOBLEHE RO ED heterogeneity 2525 &, WK



ARBRICBWTII RV ERAREL 720 5%, 2D, ~Ly = A TRORISHTR L OYE
YR ZRPR L 72 AMPA 225K PAM % FLHI3 2 & 1% AMPA S225(K PAM % HAR SR FR TR TRESE &
LTH¥T 5 LETEETH D,

F TR 1 TR~y = A FRIDOREMER KO Y 2 7 28836 L 7= AMPA 3%
K PAM 238 A4 5 72612, AMPA Z2 251K PAM LY451395, HBT1 B LN O0XP1 @ in vitro *
= RN EAT 272, TORER, Ny oA TRIORKGEL, 7 I =2 MEMEREE 59
HZEwaRM UL, 2L T, K7 2 =A MM AMPA 52 54K PAM O BEZR IZ1E, S BIERA~DFES
R L 2 ORIRBELROBRE BE LIALEWORE(L DN EETH D Z L RSN,
B2 ETIE, ThbomAicEs3c, (k&M A TV —=0 7 % FEHi L.
dihydropyridothiadiazine 2,2-dioxides ‘B¥& % A9 2 HH AMPA 25K PAM 2 R L 7=,
Z LT, ZOFHEREMDOZHE~DOREAFRROMENTIN 5, AMPA 25K D 743 T H D&
Uy ENREEEZAETHZENT TR MEDOERBICEE THLZ a2 RE L, & 3 &
TIE, ZORFIZEASWTHEAEW Dl b 24TV K7 = =2 4% AMPA 225K PAM TAK-137
ZRH U, 2L T, TAK-137 13-V = o TRIOKIG MR L O U 2 7 3BEAF D AMPA
AR PAM &R LTI L TV D 2 & AR LTz,

@ =

AMPA-R: GluA1-4i or GluA1-4o
Glu: Glutamate
P: AMPA-R potentiator

ol

+ AMPA-R
potentiator

e | S

l

Activation Activation

AMPA-R

AMPA-R potentiator binding site is
different from glutamate binding site.

Figure 1 AMPA receptor (AMPA-R) structure and mechanism of action of AMPA-R potentiator
(AMPA-R PAM)



% 1 B AMPA Z254K PAM LY451395, HBT1 3L N 0XP1 @ in vitro A B =X A
FEATICEASWIE T T = & MM AMPA = 284K PAM DR T 7 —F

3
AMPA 2 AR PAM DAIFRIZ BN T~y = o TRID RS Z BT 2 Z L N EETH 5,
ARETIL, LY451395, HBT1 B LR OXPL O in vitro A 71 = R LRHTH G = A THID

FOSHED A =X LB LN 2T DA 7 ) == 77 T a—=FIZONTHELELE,

i

E1HE MR
1. 1. 1 LY451646 33 & OF LY451395 iIA MR IV TV T = 1 7B BDNF EEAE(R
EERZ T

LY451646 (Figure 2A) 1X7 v MEEIZBWTL> = A 777 BDNF mRNA F& B HE/EH
EHTHZERRESN TN P, 22T, IR 5 BINF EEA ISR 5
LY451646 DIEFIZ DW=, ZOFER, LY451646 [ZEEM D in vivo skl & RIERIZ~L
¥ A 7O BONF EAMEHENER 27~ L7z (Figure 2B), LY451646 O K&HFIX 0.3 uM T
BlEan=n, ThU EORECIXZ OB Lz, F7-, Lv451646 LJELEEZH
4% AMPA ZZZSK PAM LY451395 (Figure 2A) & RAEEIC~ IV = A TRID R GHEZ R LT

(Figure 2B), LY451395 D KZHEIL 0.1 uM TEER SN0, UL EOBETIZZD
VEFIEIEGES Uiz, BUBRIEWLZ L 1C, LY451646 3 L TN LY451395 (% AMPA JEfFE FCTH 2L
A00.3-3 uMIBET0.1-1 uM TBDNF PEAEM 2R L (Figure 2B), 7o =X MEH (T
=K (AMPA) FEHFIETCTOIEMN) 26T D5 LRI, £/, WLEHmDO~L
VA TRORRET A=A MEWZ R TIRENORBOOLND Z 03 0hole, £, H
fagt~o lactate dehydrogenase (LDH) Attt Z fEfEIZ (b ORI EZ I~ L Z A
HOKRHBRRICIEWTIE, LY451646 X1 uM E TIE AMPA fF(E TB X OIRFEE T TIRIZ E A
SR S Ao 7o (Figure 20), [AIBRIZ, LY451395 & AMPA f77E N5 K OGEMFAE T
TIITE & A EMaEMSII R E 2o 72 (Figure 20), 26D Z &G, MEIEZ~L
VA TRIORIGHEIZRE L TWienE B 2 biv7e, LY451646 35 L TN LY451395 1% BDNF 7
vEANZBWTEEOIERZB L T2 D, 575 in vitro fRFTIZIE LY451395
PHWAZ LT LT,

1. 1. 2 LY451395 i3#IRREHIIRZ W2 v F 7 S0 7T v R Ca¥* AT v A
BWCT =2 MER%2ET 5

BDNF 7 & A TIIAFRGMIALIZ LY451646 &> 5\ M LY451395 & RWffH] (24 WFfH]) ALE LT
WhHTeH, BlEINTET I =2 MERMEEMAROER Tk <. MEEMZR2ER O FTHE
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Figure 2 LY451646 and LY 451395 showed a bell-shaped response for BDNF protein production in
primary neurons in the presence of agonist. (A) Chemical structures of LY451646 and LY451395.
(B, C) Effects of LY451646 and LY451395 on BDNF protein levels in primary neurons (B) and
LDH release from primary neurons (C). Cells were treated with LY451646 and LY451395 for 24 h
in the presence (black bar) or absence (white bar) of 1 uM AMPA. Data are presented as mean + SD,
n = 3. Concentration-dependent effects of test compounds were statistically analyzed using the
one-tailed Williams' test (“P < 0.025; versus control group). Statistical significance of differences
between control and test compounds in the BDNF assay using AMPA was determined using
Dunnett's test (P < 0.05, " P < 0.001).



HEHLEZBND (Figure 2B), T D78, FAL LY451395 A& N T A=A MERHZHT DD
DERHT DD, Ny F 773077 v A2 LT, ZOREE, LY451395 [T AHRE
HIFRIZ 3N T AMPA F77E 36 K OEAETE T DMl DOSMET AMPA 255 % 1 L 7= BB % H#30
X7~ (Figure 3A), ZDZ b, FUIT7T T=2 MEAB~ILY = A 7RIS & BEE4
L EWIHRIRAESI T, 7 I =2 MEDIR AMPA 255K PAM DIRR 2RI iz, Ry F 7 T
TT oA RLBNF T v ANIAN—T"y RN TP DLTD, ALEMA T ) —=
YU LTV RN, £ 2T, FAIE AMPA S AR EL L 7o MRk R L O AR A &
Wz Ca* LA T A T LY451395 OFHliZ 1T > 72, B 7o Z &1, LY451395 (3RS
FElZ 3BT AMPA OAFE(E T3 XL OFEFFAE R O 5 T Ca* TR AZFHE L7 (Figure 3B),
GluAli & TARPs v 2 ZdL3EL L 7= Chinese hamster ovary (CHO)#HAY (GluAli CHO #FfHifi)
TlX, V¥ 2 UBBIFE T CTOH Ca? it A ik L7= (Figure 3C), FMFRESHIRIZIIT 5
LY451395 ® Half maximal effective concentration (ECs,) (% 0.11 uM (AMPAFG YD) & 0.88
uM (AMPA #E 1L ). GluAli CHO fifBTIX 0.37 uM THotz, ZNHDOZ Enb, (LAEMA
7)== TR L DIV T D AMPA SRS BIIaRE 2 FW 7= Ca2 AT v A EMEET
S=2 MEAZHETS APA ZHK PAM OFERICITES 20 EEZ BN, KRIC
LY451395 28 AMPASZ AR D 7V & I VEEFE B EALICHE S LT I =2 MEEZ R L TNDH D
D EFART, PHI-AMPA & Z v MBS 2 AW kA BEE FEBRICEH VT, LY451395 1%
[*H]-AMPA DYFRS B 53 (2%~ D& & PHE ST AMPA /RO T % Z =2 T % NBAX
3% DOREG Z HE L7z (Figure 3D), ZAVE TS Su7c AMPA S22584K PAM (X ) 7> KD AMPA
SZRBE~OFEGERET HZ MBI TEY P ABFEICIB VT H  LY451395 (% [*H]-AMPA
DUFEEE /3R DA 2R Lz, LLEORERI D, LY451395 |37 2= hEMFIE T
OPRAFRSILIZINTT B 27 U v 712 AMPA SRR TR T 5 2 & VR S LTz,

1. 1. 3 HBT1 IR RBMAIZBWTTY I=2 MEFFRIIZ AMPA ZAEEKEEMAL L.
LY451395 R° OXP1 & ¥ % JAV REEK C BDNF EEAREER 2~

FARARSIIIZ IV TR Y 2 =2 MEER 27 2 8 AMPA 52258 PAM 2 BRER 3572
(2. F7 GluAli CHO Ml Z H W\ e Ca* AT v A TILEMA T V —=2 T (T, £D
% AR 2 WV 2 Ca¥ AT v A T v MEAHIO T =2 MEMEIZ OV TN
Too FORER 2 DOHH AMPA 32314 PAM HBT1, OXP1 (Figure 4A) Z R L7-,

HBT1 & OXP1 & & $1Z GluAli CHOAARIC IS W TV X U ERIKAFIINC Ca® TR A & 7B L
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Figure 3 LY451395 showed agonistic effects in primary neurons, but not in GluAli CHO cells. (A)
Effects of LY451395 on AMPA receptor-mediated currents in the presence or absence of 1 pM
AMPA in a patch-clamp study usmg prlmary neurons. Data are presented as the mean £ SEM (n =
4-9). (B) Effects of LY451395 on Ca®" influx in primary neurons in the presence or absence of 5 uM
AMPA. (C) Effects of LY451395 on Ca?* influx in GluAli CHO cells in the presence or absence of
3 mM glutamate. (D) Effects of LY451395 and NBQX on the binding of [°*H]-AMPA to rat
hippocampal membranes. Data are presented as mean + SD, n=3-4.

ECsyy 1ZZNZFH 4.6 uM, 2.5 uM Tho7= (Figure 4B, 4C), F7=. TN HbLEMDIENE
L AMPA /KT 2 T=2 N Td 5 NBQX IT L » Tl &7~ (Figure 4D), HBT1 & OXPI1
1T & B ISR AN F5 U T AMPA MRAERIIC Ca® A Z L L, ECyy 1ZFNFH 1.3 u M,
4.3 uM ThH-ol= (Figure 4E, 4F), £7z. T OALEWOTENEIL NBQX (2 K- Tl s h
7= (Figure 46G), HHERVENZ &2, HBTL IIWImEAMIREZ WXy F 27 7 077 v A
(23N T AMPA f77E T CO A AMPA 2R Z 1 L 72 B & 755 L7228, 0XP1 I3 AMPA 777 N33
FSOFEFEE F O 5 T AMPA Z R IK %I LT-Eii 275 L7z (Figure 4H),
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Figure 4 HBT1 activated AMPA-R in an agonist-dependent manner (A) Chemical structure of
HBT1 and OXP1. (B, C) Effects of HBT1 (B) and OXP1 (C) on Ca*" influx in GluAi CHO cells in
the presence or absence of 3 mM glutamate. (D) Effects of 100 uM NBQX on the induction of Ca?*
influx by HBT1 or OXP1 in the presence of 10 uM glutamate. (E, F) Effects of HBT1 (E) and OXP1
(F) on Ca?" influx in primary neurons in the presence or absence of 5 uM AMPA. (G) Effects of 10
uM NBQX on the induction of Ca®" influx by 10 uM HBTT1 or 10 uM OXP1 in the presence of 5 uM
AMPA.. (H) Effects of HBT1 and OXP1 on AMPA receptor-mediated currents in the presence or
absence of 1 uM AMPA in a patch-clamp study using primary neurons. Data are presented as the
mean £ SEM (n = 4-9). Other data (B-G) are presented as mean + SD, n = 3. The statistical
significance of differences between NBQX (-) and NBQX (+) in (D) and (G) was determined using
Aspin-Welch's t-test or Student's t-test (" P < 0.001).
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[PHI-AMPA & Z v MRS 73 2 FIN T2 &80 FEBRIC IV T HBTL & OXP1 1 [PH]-AMPA @
7 v NEBBER S ~OE G EE Loz (Figure 5), ZHbHOFERNS 0XP1 13IMY
MRAMEICB N CT T =2 MEFE T TIET 0 A7 Y v 7|2 ANPA SRR ZIEME(L 5 2 &
DR STz,

120 == HBT1

Inhibition (%)

2100 Log [compound] (M)

3
Figure 5 Effects of HBT1 and OXP1 on the binding of [ H]-AMPA to rat hippocampal membranes.
Data are presented as mean + SD, n=3.

WIZ, WICHR RS 381 D HBT1 & OXP1 @ BDNF PEAEAREMEHIC YW CTHET 21T - 72,
HBT1 |% AMPA {77E F CHREEURAFAYIC BDNF pEA et U, & DR KIEMEIL 1-10 u M OJR LIk
THEFFS 72 (Figure 6A), F7=. HBTI (% AMPA JEf#(E FCIX 3 uM £ T BDNF pEA{RHE/E
M %& R & 727z (Figure 6A), OXP1 |% AMPA /7L F Tl = A TRIDKGZ R L 1 uM
THRREMZRLED, X0 bEWIRE TIZZEOEM 2SS L7z (Figure 6A), AMPA
FELFAE T CIX, OXPL X 1 M LLEOBREE I T BDNF pEAERHEVER 27~k L7= (Figure 6A),
LY451646 X° LY451395 & [RARIZ, OXP1 DLy = A TRIDORIIET I = A MEMZ R
FEBERD BTz, HBTL 13 AMPA 777E T 36 K OFEFEE T O 5 O Sz B W CHEfa MR
7oy, OXPLIZ 1-10 M (AMPA % 9) & 0.1-10 uM (AMPA 72 L) TEENTIEH D
DA EICMEEZ R L. (Figure 6B), LA EDZ L7226 HBT1 25 LY451395 X° 0XP1 K ¥
b7 A=A MERAMELS . 20 Z &3 FUARHIIRIC 31T 2 BDNF PEA/ER O~y = A 7
BIDFOSHED Y 27 DR TFIZEE L TWD Z & BRE I N7,
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Figure 6 Effects of HBT1 and OXP1 on BDNF protein levels in primary neurons (A) and LDH

release from primary neurons (B). Cells were treated with HBT1 or OXP1 for 24 h in the presence

(black bar) or absence (white bar) of AMPA (1 uM). Data are presented as mean + SD, n = 3.

Concentration- dependent effects of test compounds were statistically analyzed using the one-tailed

Williams' test (*P < 0.025; versus control group). Statistical significance of differences between

control and OXP1 in the BDNF assay using AMPA was determined using Dunnett's test ("P <0.01,
P <0.001).

ZIEND ANPA LY 7 = NI HHEREZ A L, AIPA ZRIKPAM OH 7 2=
RIS OREBEIC BT S A[REMER H D 2, 2D 7=, FAX GluAl-4i & TARPs y 2
& DL GluAl-40 & TARPs vy 2 ZFBL S W72 CHO Ml 2 T Ca* AT w2 A 24T0,
HBT1 & OXP1 O% 7 = MERMEZFH 72, Table 112773 K 512, HBTL & 0XP1 [&iF &
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NEFT =y NRIMEZ RS R o7, Fio, IS 2{LEW 100 uM ETHA
= VEEZAR (GluKl, GluK2) ZyEME b L7anZ & 28 L7z,

S HIZ HBTL & OXP1 DEFEWZFHD 7212, GluAli CHO MV TENZENOLAEY
D AMPA S RIEVEAGICL B L §° 2 7V 2 I VERIREIZ OV TG L7z, BRIV Z &2,
HBT1 & OXP1 @ AMPA ZZARDIEHACIZ ML /2 7V 2 IV ERIRIE D ECy 1LENEHL 2.5 uM
&£ 0.25 uM T, HBT1 X OXP1 XV HEWRED 72 I RN AMPA Z BIKTEMHEILD =9I
B TH o7 Figure7), ZD I &b, HBTL & OXP1 |% AMPA 2 FIATEMEAL ORE AN R
725 ATREMEDS RIS ST,

Table 1 ECs values (uM) of HBT1 and OXP1 in the Ca®" influx assay using CHO cells expressing
GluAl-4i + TARPs y2 or expressing GluA1-40 + TARPs y2, or using CHO cells expressing GluK1
or Gluk2.

GluAli GluA2i GluA3i GluAdi GluAlo GluA2o GluA3o  GluAdo

HBT1 4.6 1.1 1.5 6.5 2.8 0.3 12 2.8

OXP1 2.5 2.7 24 52 5.0 2.0 74 52
GluK1 GluK2

HBTI1 =100 =100

0OXP1 >100 > 100

(Table 1 OFEBROAM LX)

Ca?* influx assay using CHO cells expressing AMPA-R + TARPs y2

O AMPA-R
S O Glutamate
* AMPA-R potentiator (HBT1 and
OXP1)
AMPA-R: GluA1-4i or GluA1-4o.
y-2: TARP y2
CHOcells
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Figure 7 Concentration of glutamate required for the induction of Ca?* influx by 30 uM HBT1 and
30 uM OXP1 in GluA1li CHO cells. Data is presented as mean £ SD, n = 3.

1. 1. 4 HBT1 & LY451395 (3R 554k T AMPA X &AM LBD IZFEET 5

HBT1 & OXP1 OFEAFHEIZ SV TR 21T > 72, AMPA 2RO LBD O X A ~—DEL i ifi
(TR &AL D BKIEAR 7 > B Id AMPA 254K PAM OFE &R 7> & L THLRTND B2
WA= ~L U 7= [PH]-HBT1 & His—tagged GluA20 LBD # > 3272 (His-LBD) % i\
7= Scintillation proximity assay (SPA) C HBT1 & LBD OAHEAER Z7H-X7-, 100 uM D
T NH X VERIFEAE T CPH]-HBTL & His-LBD OFFRAFES M SN2, a2 he—b
L LT His-tagged macrophage migration inhibitory factor (His-MIF) Z F\\7=A15.
[H]-HBT1 OFFRMZFEA TR S ho7z (Figure 8A), ZDZ &5 HBTL [T4FFRM
(2 Glu2o LBD (ZAEAT 2 Z EAVRIBE N7z, OXPL & His—LBD OFEAIZ OV T, [PH]-0XP1
& His-LBD % 7z SPA THRE & AT o 7208, Foh L 72 FEBRZA: T CiX[PH]-0XP1 & His-LBD
D RE AT &7 > 72 (Figure 8B), WIZ. [PH]-HBT1 & His-LBD DfEA 12kt
THINE I UBOEBERE LTz, ZAZ I URRITIEREERAAE9.Z [PH] -HBT1 @ His-LBD ~
DA ZHIM S (Figure 8C), £ D=8, HBT1 (X7 /4 I U ERIKAFHIIZ AMPA Z AR D
LBD IZHEAT 5 Z LR Sz, [PH]-HBT1 @ His-LBD ~OfE A2 {7z & 25,
Kd 1% 543 nM T~ 7= (Figure 8D), F£7=. [*H]-HBT1 & His-LBD % U 7= SPA IZ & %55
BREAPET v A 1238\ TIE, HBTL & LY451395 @ IC, 13#F40.64 uM & 0.03 uM
Toh o7z (Figure 8E), X HIZ[PH]-HBTI O A T 4 7 AMPA ZHEA~DFESZ T ~ MBS
B 5y 2 AW TG 21T o 72 7 v MBS 7y~ [PH]-HBT1 OfEGIE I V2 I U FRDR
FEARAFHNCHEI L, ZOREE X7 V2 I VRIEFIE F CIERD bivZe o7z (Figure 8F),
[*H]-HBT1 @7 v NEEESICKIT HFEEBFMELZ R~ & 2 A, Kd fHIE 416 nM Tho7e

(Figure 8G), 7=, [PHI-HBTL & J v MEBEEE > Z AW 2B G/ AHET v A2k 0
T, HBT1 & LY451395 @ ICs iZF N4 0.28 uM & 0.02 uM Th-7- (Figure 8H),
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Figure 8 HBTl and LY451395 bound to a pocket in the LBD of AMPA-R. (A) SPA measurement
of selective [*H]-HBT1 binding to His-tagged GluA20 LBD (His-LBD). The 6His- tagged human
MIF (His-MIF) was used as a control protein. (B) SPA measurement of selective [*H]-OXP1 binding
to His-LBD. (C) Effects of glutamate on the binding of [*H]-HBT1 to His-LBD. (D) Analysis of
saturation isotherms with [°H]-HBT1 indicating a single saturable blndlng site in His-LBD. (E)
Displacement studies with HBT1 and LY451395 using SPA with [*H]-HBT1 and His-LBD. (F)
Effects of glutamate on the blndlng of [’H]-HBT1 to hippocampal membranes. (G) Analysis of
saturation isotherms with [°H]-HBT1 disclosing a single saturable binding site in rat hippocampal
membranes (H) Displacement studies with HBT1 and LY451395 using the binding assay with
[*H]-HBT1 and rat hippocampal membranes. Data are presented as mean + SD, n = 3—4.
Concentration-dependent effects of His-LBD in (A) and (B) were statistically analyzed using the
one-tailed Williams' test (“P < 0.025; versus control group).
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—7J7. HBT1 & LBD OE&ERI R AAEH Z~257-%, GluA20 LBD/glutamate/HBT1 #5&
& & GluAZo LBD/glutamate/LY451395 -G IRDRS S IEMRNT 24T - 72, HBT1 & LY451395 1%
2 DD Protomer DD X A < —HE NI S DR 7~ M LA & Protomer D&
1:2 THEE L7 (Figure 9A), Z OHiE% FEIZ HBT1 & LY451395 @ LBD O 7 X/ fiktk &
DO AAERIZ DWW TR, HBTL 1% Trifluoromethylpyrazole & Tetrahydrobonzohiophene
WHEA ~—BERED 2 DOBKART > M EA L, LY451395 (X 2 D sulfonamide 23 54
LT /= (Figure 9B), HBT1 | S518 OIEH & 2 D KFEREA Z TR L Tz (Figure 9B),
LY451395 @ sulfonamide LM FDORT ~ MIZd % P515 & 6752 D EFFF L KFERHEEE
pic LTz (Figure 9B), /6D Z &6, HBTL & LY451395 |% LBD (2870 2 5 Gk T
HALTWDLZ Enbiotz,

A B
HBT1 LY451395
Protomer A r.f‘_-{% 6;.: » 9
gl 2N
p> {_3;,_9_.3"
AT e
Protomer B =';3‘?f°§i g

Figure 9 The mode of HBT1 and LY451395 binding to a pocket in the LBD of AMPA-R differed.
(A) Overall structure of GluA20 LBD in complex with HBT1 and LY451395. HBT1 and LY451395
are shown in yellow, glutamate is shown in gray, and the two protomers comprising the dimer are
shown in green (protomer A) and cyan (protomer B). Both compounds bind at the dimer interface in
two symmetrical orientations. It is noted that only one of the conformations is described, for clarity.
(B) Close-up view of the binding site of HBT1 (upper) and LY 451395 (lower). The compounds are
shown in yellow. The protomers A and B are shown in green and cyan, respectively. The side chains
of S518 and S750 exhibit alternative conformations. Hydrogen bonds are shown as orange dashed
lines.
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1. 1. 5 OXP1IiXHBT1 LE&Z22ZH% 1 MIFEETS

OXP1 23[*H]-HBT1 @ LBD ~DFEEITHET D0 2 SOBAM AR Z AW TR L7,
His-LBD % V7= SPA 35 L OB I/ 2 I\ TG 7~ B A 12385 T 0XP1 (X [*H] -HBT1 @
His-LBD & %\ MIYER EE 7y ~ D5 & 2 BLE L e - 7= (Figure 10A, 10B), ZiU5 DfER

L[PH]-0XP1 2% LBD (ZfEE Le o 72fES: (Figure 8B) & —%3 5, HBT1 & OXP1 A% Ca®
iﬁﬂ%@ﬁflﬁ%@iﬂi%% L7=Z &7°6 (Table 1, Figure 4E, 4F). OXP1 D#5AEBALIE
HBT1 & 13D LEZ BILD,

AMPA Z KD ATD IHMESF R FEATHTa AT U v 7 A FeioTnh EEZLNT
WAHN B ZHETADISHEET DY H Y RiF#E STy, 22T, 0XP1 & ATD @
FHEVER % [PH]-0XP1 & His-tagged GluA20 ATD # > /RXZ7'E (His-ATD) % AV 7= SPA T
Rz, ZORER., F9ODFFERA) 7 His-ATD & [PH]-0XP1 OFEE D3 100 uM glutamate /F1E T
TRDHHIL, 2> hr—1 Lt LTHWZ His-MIF ~® [*H]-0XP1 OFESITERD Hiien-o7-

(Figure 10C), His—ATD & [*H]-O0XP1 OFEEITXIT B 7N ¥ I VO EEF L Z A,
TNE I UBRITFE ORSAICEE L) o7 (Figure 10D), & 512, O0XP1 23 ATD & DFHAANE
%9 LT AMPA ZFRZTEMAL L TV DD EFFARD T2, 77 = AF ¥ 2L D GluAZo
DATDIZFl A2 O FRARAEN LT, % LT, 2 5HE BIK%Z 5819 % human embryonic kidney
(HEK) 293T #if 2 1Epk L, ZZ5IC X D OXP1 DIHMEICH 2 D8 & i ~7=, ATD O EAERIC
X0 AMPA SZ BAR AR DSLARHEE N ZEAL L. AMPA 52 BARTEME DN IE & I SHERF S U722 W ATHEME DS
EZ N0, LBDICHAT AL 2y ha—L e LTHWE, F0OR5 %, HBT1 OF
PESEF AT & [RIFREE DL EOVEMEZ R A BAKO T, 0XP1 OIEFMEA KT S 2 2RI
Hivieho7z (Table 2), 0XP1 DIEMEAK T S 24 B HBT1 OTFHE K F &, 4RO
FERTIL 30 LA GluA20 ATD DN HBT1 OIEME % 20% L FIZIK F &S 72, b7
</ BRI AMPA 2 AR DTEMEHERF ICRHICHE R CTH D & B X bivlc, £D2H, AEIO
I EARTEERD HIL ATD & OXPL DM AANEA 237 — X3 b7 o 7o, i HiGTEHE
FRCHH L TWD ATD O7 X/ BRFEEE & O AAER % LT 0XP1 2% AMPA SR & 1G ML
LTCWADHREMEILE K-> T 5,
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Figure 10 Binding site of OXP1 on AMPA-R was different from that of HBT1. (A, B) Effects of
OXP1 on [*H]-HBT1 binding to His-LBD (A) and rat hippocampal membranes (B). (C) SPA
measurement of selective [°H]-OXP1 binding to His-tagged GluA20 ATD (His-ATD). His-MIF was
used as control protein. (D) Effects of glutamate on the binding of ['H]-OXP1 to His-ATD.
Concentration-dependent effects of His-ATD (C) were statistically analyzed using the one-tailed
Williams' test (*P < 0.025; versus control group).
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Table 2 Effects of 30 uM HBTI1 or 30 uM OXP1 in the Ca®" influx assay using HEK293T cells
expressing GluA20 and GluA20 ATD mutants exposed to 3 mM glutamate. The calcium response
induced by 30 uM HBT1 or 30 uM OXP1 in the GluA20 mutant was normalized to that in the WT

GluA2o.
Refatrve Relatve: Relatroe Relatre Relatre Redatrve Relatve: Relatve:
respanze (% | response (% response (% | response (% responze (% | responze (% response (% | responce (%
Mutation | 30 M HET1 | 30 M OXP1|  Mutation |30 pM HBT1 | 30 pM OXP1|  Mutation | 30 gl HBT1 {30 pM OXP1|  Mutation | 30 pM HBT1 |30 pM OXP1
in WT nWT nwT nWT nwr in WT in WT in WT
GiuAZo) GluAZo) GluAZo) GluAZo) GluAZo) GiuAZo) GhuAZo) GhutZo)
N184A 386 323 D166A 190 138 Y1424 121 127 NS8A 74 51
K283A 359 336 K203A 180 148 N3704 121 123 R315A 73 79
S278A 352 215 V223A 190 168 K272A 116 123 T308A 73 83
N313A 344 285 E212A 183 165 WAT3A 115 134 R129A I 64
N185A 39 269 Q352A 181 134 F101A 13 152 R3B4A m 85
L195A 312 228 S390A 181 173 V4BA 110 133 R208A 70 81
L3144 308 238 L5BA 180 164 K3844 108 162 280A &9 86
H108A 307 230 T99A 171 224 S82A 105 112 K215A 69 72
N182A 283 195 D198A 168 153 1369A 104 98 D38A 68 65
L199A 269 23 T225A 168 164 Y3T1A 98 116 T243A 65 7
K228A 252 248 F103A 163 191 H2894 98 107 12504 64 53
Q2BA 252 171 M385A 158 151 R346A a8 12 12264 &3 57
VASA 242 229 L107A 157 111 F118A 95 129 R323A 83 100
HZ34A 242 168 EBBA 187 214 L2404 84 116 D&3A 62 B6
K385A 233 225 E3T7A 162 163 12194, 83 78 E354A 62 1]
S5138A 233 197 E401A 150 166 S115A 93 118 R183A 62 45
L269A 229 184 D266A 150 136 K172A 86 101 L402A 62 136
K187A 229 227 F252A 146 110 C211A 86 95 L132A 61 45
QB0A 226 251 Q2614 145 181 K954 83 73 1084 &1 62
L158A 224 279 RB3A 145 184 D383A 83 84 VaTA &0 62
Yd41A 223 252 N179A 143 184 E275A 83 122 E204A 60 57
F81A 218 164 E141A 140 183 E3454 83 122 D186A 59 B5
ST9A 216 164 L399A 138 172 M3TEA 82 107 NE4A 59 75
K381A 214 153 K318A 137 189 VT3A &2 95 Y86A 59 75
Q222A 209 266 L247A 137 143 Y388A 81 95 1321A 59 76
N374A 208 145 D244A 137 101 291A 79 66 D329A 59 7
K3B7A 204 222 L137A 138 111 H122A 77 54 E170A 58 68
Y295A 201 172 K294A 135 156 YazA 77 85 F196A 58 68
FS1A 197 201 V3924 133 177 K344 76 67 D153A 58 38
1183A 193 190 1262A 127 156 E309A 7% 81 N256A 57 54
Relative Redative Relative Relative Redative: Relative Redative: Relative
response (% | response (% response (% | respanse (% respanse (% | response (% response (% | response (%
Mutation | 30 pM HBT1 |30 M OXP1|  Mutation |30 pM HBT1 |30 pM OXP1|  Mutation |30 M HBT1 |30 pM OXP1|  Mutation | 30 pM HBT1 | 30 M OXP1
inWT inWT nwWT inwWT in WT in WT inWT nwWT
GluAZo) | GluAZo) GluAZo) | GluAdo) GluAZo) | GluAZo) GluAZo) |  GluAZo)
V270A 56 63 Q305A 43 59 L248A 34 46 M48A 28 53
V121A 55 51 D93A 43 70 E190A 34 a7 E320A 27 43
C104A 54 68 NEELLS 42 47 Q39A 33 38 L136A 27 20
E343A 54 60 M121A 42 50 F56A 33 47 52684 27 42
M217A 54 52 D131A 42 40 D180A a3 41 K249A 27 55
K133A 53 &7 Fa1A 41 14 S271A 33 46 V180A 27 33
372A 52 80 Q3504 41 58 13444, 33 49 DzZe4A 27 36
W145A 52 30 K231A 40 7 Q144A 33 64 S322A 26 49
HB1A 52 7 S424 40 ad L1514 33 34 Q3404 26 50
L201A 52 54 V230A 40 63 D155A 3z r D267A 26 42
l224A 52 68 Y2B5A 40 59 1178A 32 3 I62A 26 32
R213A 52 42 T38BA 40 84 12834, 3z 17 VBBA 25 34
59A 51 75 R45A 39 51 Q3I17A 32 48 279A 25 36
K202A 50 &1 N3&1A 39 54 Q504 32 35 Q1974 25 58
292A 49 54 K188A 39 51 F273A AN 13 Y233A 25 30
S102A 49 65 V184A 38 39 F311A 3 44 S1687A 25 28
T1764A 48 48 D2z1A 38 61 Dz218A Eal 50 EZ84A 24 42
L280A 48 54 5258A 37 50 E55A N 41 T74A 24 33
S5194A 48 52 1386A a7 48 D210A 30 39 V39TA 24 69
1360A 48 23 K379A 37 as T296A 330 44 V1T5A 24 24
L181A 48 41 Y192A 38 40 1373A 30 26 N75A 24 42
T400A a7 100 L356A 38 22 T380A 30 486 VBTA 24 24
N333A 46 48 D146A 35 Eal N239A 29 33 D189A 23 30
D119A 45 a7 V3424 35 ad V396A 29 78 D246A 23 28
L165A 45 51 LESA 35 30 R156A 29 AN N359A 23 48
D214A 44 58 H2294 35 32 E2004 29 55 N25A 23 33
K147A 44 42 V3I51A 35 4z S110A 28 43 T53A 22 38
F124A 43 39 Wa3sA 35 36 R276A 28 a7 E281A 21 37
S154A 43 28 Q162A 34 55 R312A 28 48 K118A 18 12
51584 43 41 Y1434 34 17 C78A 28 16 S26A 18 34
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Relatree Relatve Relatree Redatroe

response (% | responss (% response (% | response (%
Mutation |30 pM HBT1 (30 pM OXF1|  Mutabon |30 pM HBT1 |30 pM OXF1
in'WT in WT in'WT in WT
GhiAZo) | GluA2o) GhiAZo) GhAZo)
E40A 19 5 W389A 1 3
R3ISA 18 18 FT7A 1 ]
Y152A 17 22 S357A 1 11
E381A 17 35 F33A 1 1
SE54A 17 28 V283A 0 1
S52A 17 38 Y30A 4] 1
E2824 17 32
127A 18 H
L378A 18 32
R205A 18 30
C330A 15 11
V353A 14 22
W2TTA 14 22
Q251A 14 33
R318A 14 28
1100A 13 23
1274A, 13 23
Q1744 11 10
K349A 9 20
L209A 8 9
F242A 8 19
W25TA 8 21
V108A T 18
Y285A 7 17
S98A 4 "
L32A 3 7
FT1A 3 24
R388A 2 2
L348A 2 3
F44A 1 2

1. 1. 6 OXP1 % AMPA FEfF7E T T HBT1 & AMPA 2B DREA ZRHEE L, AMPA 2K 2 TEM:
ItT5%

Ty aFT A TR &7 AMPA 225K PAM (% HBT1 F5- &3 A7<° OXP1 #5456
P72 EEELOFEA NN BAMEZ FE O FBEE N B 5, £ D78, HBT1 #EGHEAL & 0XP1 #EA
EAL D HTENEARIZ KD AMPA S AR~ D 53 % i~ Tz Figure 4E 35 LT UMF T/RLT- K 51T,
AMPA FE{Z/E FCIZ HBTL & OXP1 IZ#4LF4 30 BL V10 uM F CTHURAESHIAT Ca® i A
ZHELZRY, L, BEIRENZ 212, 30 uMHBTL & 3 &AM 10 uM OXP1 Z3Lysin
T 5 & AMPA FEAFAE FIZH W TS Ca* A ZFHEE L7 (Figure 11A), L2 L, b DH G
% GluAli CHO il CIZBIZZ SN/~ 7~ (Figure 11B), F£7-. Z® HBT1 & OXP1 DIy
INZ &5 Ca* WAL NBQX (2 L W BHE S N7z (Figure 11C), 26D Z &5, HBTL & 0XPI
ORI AMPA FELETE T OFMRAREEAIILIZ I3 T AMPA ZFREIEMALT 2 2 & ARIR &
ATz, OXP1 |% HBTL & 8720 7% I UEEIFAFAE FICHE VTS AMPA RIS T D

(Figure 10D), Z M7=, OXP1 75 HBT1 ™ AMPA AR ~DFE G 2 AT 5 7> [PH]-HBT1 &
T FE BB 4y 22 N CTRRR L7=, HBT1 & OXP1 D FLfIIIIZ X % AMPA 52 AR DTEMEA LI A
RIS O W S N AR ONRME I V2 I VBB L TV D e BB L T, 3£
BRIZZ NS I VEBIFFE T EIRIBEDO 7V Z I VEBIFAE T D 2 DOFMTER L7z, 0XP1
XTSRRI 3 TR EERAFAYIC [PH] -HBT L ORI 53 ~DfE A A (et L 7= (Figure 11D),
ZOZEND 0XPL LT T=R FIEFIE N H D WIHERET =2 MFTE FIZIW\ T HBTL
D AVPA Z AR~ DOFREE ZRET D Z EDRB I LT,
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Figure 11 OXP1 promoted binding between HBT1 and AMPA-R and activated AMPA-R in the
absence of agonist. (A, B) Effects of co-application of HBT1 and OXP1 on Ca®* influx in the
absence of agonist in primary neurons (A) or GIuAli CHO cells (B). (C) Effects of 10 uM NBQX
on the induction of Ca*" influx by co-application of HBT1 and 10 pM OXP1 in the absence of
AMPA. (D) Effects of OXP1 on the binding of [’H]-HBT1 to hippocampal membranes in the
absence of glutamate or at 30 uM glutamate. Data are presented as mean + SD, n = 3-4.
Concentration-dependent effects of test compounds (D) were statistically analyzed using the
one-tailed Williams' test (“P < 0.025; versus control group).

E2H EBE

AMPA Z 4K PAM Td» % LY451646 & LY451395 1% 7n vivo BDNF PEA: % & ol 4 oD HRFE{E
WZBNWTAL Y = A PRS2 RS U A7 o T 5 202 2 FLX1LY451646 & 1LY451395
DA IZ FWN T BDNF PEAEMREEH RNV = T2 2 2R LT

(Figure 2B), in vitro BDNF 7wt A & in vivo BDNF 7 vt A OE DO~V = A TR
JGTEDBRE S BICHHRDMENH DS, in vitro BONF 7 w2 A 1% AMPA Z2 754K PAM DX
Nz TDYV AT EFMT57DICEHTHL EEZ LD,

LY451395 % GluAli Z38BL9 5 HINaRE CIIIEMEZ 7R S 72> 7o 23, FIRAREHIIZ 35T
7 I =2 NELEE T T AMPA SZ B R A TG L7 (Figure 3A, 3B), 7t~ T. LY451395 (34
P72 AMPA SEMBIZX LT F=2 MERZRT B2 LD, ZHDOREFRITBEFO#H
He—HE LBV, LY451646 5 T & IRLA M LY404187 (WAL Z I 22N 5
2T TT AT AMPA FEAEAE T CIEMEZ 7R 37728, AMPA S2 R 2 56814 2 ik ©
X7 = MEHZ RS 720 EHE ST 5 508t PRARRAEAL 2 & Bt & 5 FEE IR
RED 7 NVE I RN LY451395 07 F =2 MERIZER L TS AMREMEIEH 2, LvL,
Bz %5 Thol-b LTh., LY451395 (Z /% I UERICKT L RS MED B < . N ClEhs
RINZT A=A b EIFEFR CERAZRTEB 2 6N 5, LY451395 13Xy F 7 5077 v&
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AR Ca MARBRIZIBNTT T=A2 MEH 2RI IRE (0.3 uM) 726 BINF 7 v A TL
VA TR AR LT (Figure 2B), 2D Z &b, 7a=A MEMEMEEH D~
VA TRIOSHEICER L TV D SR SN D,

HBT1 & OXP1 D#EAEALOMENT > S HBTL 1% 0XP1 & %721 GluA20 LBD ITHEAT 5 2 LA
ok leo7 (Figure 8C, 8F), F7o. X MAEIEHREHAEHTA O HBTL X LY451395 & (570
D S518 LAKFBIEAEMT D N oTo, ZDZ EG, HBTL AAFHAELER T2 LBD @
TR ERFEINT LY451395 LI/ D DT, ZOEW HBT1 OfKT T =& hMELBIE LT
WDHD T2V EE X LIV, LBD (25 5 HBT1 fEATANLIT I V2 I U EOFERIZE - T
A6 2% %, PHI-HBTL X7 V2 X VBRAFAE T CTDF His—LBD VB IEI /3 12/ E T 2,
—J5. [PH]-LY395153 (LY451395 & HIOWE A G T AW 17 T=A FNEFETTH
ISR ICAE BT 5 Z EDME SN TND . T b OREHIE, LY451395 287 G =R hE
F1E T C AMPA ZBRICHEA L TV D Z L &2RB LTV D,

[*H]-0XP1 {& SPA DFEBRA> B His-ATD [ZHFREICHEA L= (Figure 100), ZDZ &%
AMPA SZ2 ¥R D ATD IHMES T3 BT 2R 7 v N&aH LTE Y | JMNIZ AMPA 5K D ATD Y
Ty RBFETHZ L ER L THNDHD0nE Lz, LaL, [*H]-0XP1 @ His—ATD ~ODifk
ABEFEL, £, Ko7 o7 ar ba— bt LTEFEDO ATD U Y RR7Ze0Wzd, AEH
W7z His=ATD & /37 B OREEDNEHR R 2 AR OIS LI L TO D NIAHTH D,
PEo T, OXP 1S ATD IZARYIZHESG L TV D NS LRDMGENRLETH D, Fi2, 0XPL DT
=2 MERIZ OXPL FEEHFNLICHE AT 2L EMOLBDFHETHLNAATHLDOT, =

DO FEE T HICEVMDOERDIRFEL LETH D,

FIRARARE CRR O B A2 7 =& FIEFFAE FCTD LY451395, OXP1, HBT1+O0XP1 2L 5
AMPA SZRAROIEMARIL G1luAli CHO HiR T mh&bEﬂ’LiﬁfPo 7= (Figure 3C, 4C, 11B),
DI=OART A=A M AMPA 22K PAM A HR58 92 7291213, AMPA iﬁ%%ﬁﬂﬂﬂ@%%ﬁﬁ A
777 vat AT v IHEKGFE LA ) == 7T TR+ THY . ENER
DALEOFEE N Z BR S 5 Z ENEHEETH D, ERNO AVPA ZRRIIM O 7 =
=y NEHEERAEFRLEBY . TOHEEIIEFICEMETH D, o T, TNLEERICH
KT D2 OIXREETH V. A2 AMPA ZERORHNEE XA T 4 7 AMPA ZEIR O ReM:
RESHERDLEEZOND, FEEE, APA ZREEZFRH Sk 2 vz Caz*ou\? >
A TIEIZNZ I FRIZ K D APA ZZBRROIEMAL AR TE W 2, 2072, gk
Mz W=7 77 a T v AITET =2 ME AMPA 225K PAM 2 48585~ 5729
WCHEITHDZ Enbholz,

EIHE A

ARE T, AMPA AR PAM OT7 T =2 MERMR VY = A RIS 5 5 4
8=, LT, K7 T=X MM AMPA 254K PAM T& 5 HBT1 1% in vitro BDNF 7 v & A (2
BT LY451646, LY451395, OXP1 LY Ly = A TRINEHED U 27 BMENZ & & B
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L7ze &N S HBTLIZADME 7’1 7 7 A VL Zeino Tzl invivoildBRIZE D& 5
RAMGEIX C&E 72 o 7= (data not shown), LZL7ZANS, K7 T =2 ME AMPA ZRK
PAM ZHR5E T 572 0121F, AETHWEE, O GRBC7 77 v a AT v 2H0
AT V== 77 7a—FNEHTHDLZ ENbroT,

Bl ERAE
Bk

2—-(((5-methyl-3-(trifluoromethyl) -1H-pyrazol—-1-yl)acetyl) amino) -4, 5, 6, 7-tetrah
ydro—1-benzothiophene—3-carboxamide (HBT1). (3S)-1-(4-tert—butylphenyl)-N-
((1R) —2—-(dimethylamino) -1-phenylethyl) —-3-isobutyl—-2-oxopyrrolidine—3—-carboxamide
(OXP1), LY451395, LY451646 |FIXH K T3 (BR) THAL L7, [PHI-HBT1 & X O [*H]-0XP1
IRIK AT ¢ J1v (BK) THEL L7z, S-AMPA I Enzo Life Sciences, NBQX /% Wako & 2% \»
% Tocris, Cyclothiazide (CTZ) % Tocris >HZFNFHIEA LT, FOMORIKIZOWNT
(TARHER 22 i 2 O T

B

Sprague-Dawley (SD) 7 v biZ Charles River Laboratories Japan 7»HHEA L 72, #
TR A 7 vl ay e — L SR BEECTHE L (12-h light/dark cycle, 7:00 pm
WZAHAT) . FEBRATNC 1AL EOBIEEFRE 21T -7, B EL LOMEH, EHR7 e h—
SV R B R B2 DIRKR AT,

7 v MIARFRHERE DR R

7 v MIRUEBARRHIIIIAEZE 19 B SD 7 v OB GIRE L, 7 v MRS
Wiz L, 2k L7z Hanks’ Balanced Salt Solutions (HBSS) N CHEEZHEYW H L=, %+
L C. ¥EHE% Neural cell dispersion kit (Sumitomo Bakelite Co., Ltd.)Z AV NCHifa
Iy LT, FN S MM A B27 supplement (Thermo Fisher Scientific Inc.). 2 mM
L-glutamine (Lonza). 100 U/mL penicillin (Lonza). 100 u g/mL streptomycin (Lonza).
20 pg/mL gentamicin sulfate (Lonza) % 7% Zp Neurobasal medium THEE L 7o, Mkl
Poly-D-lysine coated 96-well plates (Corning Incorporated) & %\ X Poly-L-lysine
coated 96-well plates (Sumitomo Bakelite)(Z 5X10%cells/well DJEE CTHERL L., 5% CO,.
37° C CTHs&E LT,

RARAIR & VN2 BONF 7 v A

VIR B ARG IMaES 2 5 BAIC BINF 7 v A 21T -7, YHIEE AN b a2
AMPA (1 M) 1F1E T & D WX IFEIEIE T OSAMEC 24 BEREJALE L 72, #ifid &2 Phosphate buffered
saline T—RE¥EA L. 60 pL OBMEN7 7 —(20 mM Tris-HC1 at pH 8.0, 137 mM NaCl,
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10% glycerol. 1% NP-40. 1% protease inhibitor cocktail [Sigma—Aldrich]) T[E[IX
L 7=, BDNF ®OJEEE X BDNF Emax ImmunoAssay System (Promega) Tl L 7=,

PIRAERHARE 2 iV - Lactate dehydrogenase (LDH) release 7 v & A

PRSI LS 2 5 H 1212 LDH release 7 vt A 24T o7, WMNHEBARRMIARIZAL
% APA (1 p ) FF(E T & 2 WIEFEFFIE F O SFC 24 BERAQLE L7, LDH o8z o
FEIX LDH cytotoxicity detection kit (Takara Bio Inc) CHIE L7,

AR E ANy F 2 T 0T T vk A

VIRV B ARSI RS 11-20 ARBICAR—ILEA Ry F I T30 T T v A {700, /Sy
FEEM (F > 7 OEPUL 3 705 5MQ) ITITMIANEHK (CsCL 135. 0 mM, MgCl, 1. 0 mM, HEPES
10.0 mM, EGTA 10.0 mM, Mg—ATP 4.0 mM, Na,~GTP 0.3 mM, CsOH (iZi%/E 275-295 mosm/L)
T pH7. 3 IZFARY) A S U=, MAEAMAIRIZIE NaCl 140. 0 mM, KC1 4.0 mM, CaCl, 2.0 mM,
MgCl, 1.0 mM, HEPES 10.0 mM, NaHCO, 5.0 mM, D(+)—glucose 10.0 mM, TTX 0.001 mM, D-AP5
0.05 mM (NaOH (JZ5&)E 300-315 mosm/L) C pH7. 4 [ZFREY) M2, T CTOERIT=RE
THTV, HIEICIE Axopateh 1B HYIESE & pCLAMP 9 Y 7 b7 = 7 & 5V ME MultiClamp 700B
HAMEgS & pCLAMP 10 ¥ 7 b7 =7 (Molecular Devices, LLC) Z VY, B —/ X2 7 4 )L X —

(2 kHz) ZDNF T, A7 T4 NI N— KT 4 R T4 TIHRAE Uiz, M
-80 mV IZ[EE L CHEIAFEE LT, Y-tube FIKIRIMFARAZHNTT T = F LALEH DTN
2L - TEHIRREN X BITZFH L 7=, AMPA JEMF(E T Clba% % 60 FRIFRIN L, AMPA
FF7E T Tl AMPA IRINATIAL &9 % 20 BPREIRINI L. £ 0% AMPA % 10 BRILIRIN L7, 7
— X% Clampfit 9 HAW L Clampfit 10 ¥ 7 7 =7 (Molecular Devices) THEMT L 77,
BIMOKE ST, RRKEBERICKTL2HEH L NNET I=A b3 o —/LERICKT 5
L L L TERLE,

AR & VW Tz Ca? TiRAT v A
WA AR IR 28 5 BRI Ca® IRAT v A 21T o7, BBKEZRW I,

Fluorescent calcium indicator dye solution (Calcium4 assay Kit, Dojindo) & 1.25 mM
Probenecid (Dojindo) Z&d¢ Ca® reaction buffer (DMEM, 10 mM HEPES. 0.05% BSA) 75 uL
Z MR L. 5% €0,.37° CT6053MA > % 2aX— ks L7z, 75 uL ® Fluorescent calcium
indicator dye solution CHEluZ —EE¥EE L, H OV 75 L @ Fluorescent calcium indicator
dye solution Z¥SIL7-%. {LAEWIZ X HHIIEN Ca® L~V OFARHIEE NN & & 9 A A —
7T L= ) =& —"T 8.5 HHHIE LTz, ALEWOTEHETRIE Uiz s iR E o R A
THH L7z, 0%(3 DMSO IRIMEFOFEMETER L, 100%(X 5 uM AMPA & 10 M HBT1 Z ¥
MU T=BEOIENETES LTz, ECy EIZT Y 2T ¢ v 7 BRI TR L,
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FE MR O VERL
t N AMPA S251A& (GluAl-4i.GluAl-40) . & ~ TARPs v 2 cDNA, 71 A = Az 754K (G1uK1 .

GluK2) 1% pcDNA3. 1(+) & AWML pcDNA3. 1(-) Zeo mammalian expression vectors (Thermo
Fisher Scientific Inc.)iZZ m—=1 2 L7=, Chinese hamster ovary (CHO)fHfEiZZ
FD MPA ZRIER T #— L TARPs v 2 X7 # — 7% [a]#§1Z Gene Pulser 11 Electroporation
System (Bio—Rad Laboratories, Inc.)ZHWTEANLTZ, I A =2 REITGCIuKL H D
W GluK2 ~ 27 #—% CHO MIfEiZ BTN L7z, G-418 Sulfate (Wako) it m—> %
B L, BEIICZDOND 1 7 a— 2% Ca¥ AT vEAIZ L VRIR LT,

AMPA ZEBEB LU A = VB A RRBMIRE Az Ca* AT v & A

b b AMPA S Z¥{K (GluAl-4, GluAl-40) & B | TARPs vy 2 % HFEHL S t-7= CHO flifad 5\
(T A = RS AA (G1uK1, GluK2) 2 J8BL S 7= CHO A% 3x10" cells/well T 96-well
Black Clear plate (Corning Incorporated) (Z4#EFE L. 5% CO,, 37° C DZRM:T 24 WyfEEs
B L, BEEEMARWZ%,. 100 uL @ Fluorescent calcium indicator dye solution
(Calciumb assay Kit, Molecular Devices, Inc.) & 1.25 mM Probenecid (Thermo Fisher
Scientific Inc.) % &dr Ca* reaction buffer (Hanks' Balanced Salt Solutions, 10 mM
HEPES, 0.1% BSA) Z#hNL. 5% CO,, 37° C T1HfHA ¥ 2~— |k L7z, Hifaz 100 ul
@ Ca* reaction buffer T L 7=, 100 pL @ Fluorescent calcium indicator dye
solution ZWM LTIz, ZOYHFAT v 7 IH 7 2=y MNERIEH D WIZAT T A 2 73
U7 v MERIRMERBR CIZANE Lz, 3 aM OF V4 I VERTF(E T, EFFA(E F COEMIZ X
AHMEAN Ca* L~ULDHENNE: % Fluorometric imaging plate reader (CellLux, Perkin Elmer
Life and Analytical Sciences, Inc.) C3HMHIE LT, DA = VBZRIEDOT v AT
1%, Fluorescent calcium indicator dye solution \ZALE4 & Dimethyl sulfoxide (DMSO)
& 5 ME 50 pg/ml Concanavalin A ZHSINL, EERICHWZ, 60 DDA Fa~—I 3
E. TNVE X UVBBIFE T COAEMIT L DM Cat LV DI E % Fluorometric
imaging plate reader T 3 ZyMIE L7, (LA OIEMEITEE LR ORERAME 2 VTR
L7z, 3mM Z V& 2 Ufiga W= AIPA 2 BARDT vt A TIE3mM 7 V¥ 2 gL DMSO %
WIMUTZBROIEMEZ 0% & L, 3 mM 7L I fgd 300 pM CTZ H2HWME 3 md 7 L2 I
i L 10 uM LY451646 Z IR L72BRODIGMEZ 100% & Uiz, 7% X U ER%E V720 AMPA 5%
BEDOT v A TIEDUSO Z UM LIZBROIENEE 0% & L, 3 mM 7 /v 2 X ik & 300 pM CTZ
HHVNE3 M Z v I UFEE 10 uM LY451646 AN L 72 BROTEMEA 100% & Lz, BA =
VBET A T3 M I B IR DMSO AN L 2BROTEMEE 0% & L. 3 mM Z LA
I VgL Concanavalin A ZIRIM L7ZESOIEMEE 100% & LTz, ECy fHITE VAT ¢ v 7 [H]
Ji oA R L7z,
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KBz Z R BEROREBRNRT ¥ —DHEE

GluA20 LBD (% GluA20 subunit ¢ N413-K527 & P653-S796 DT X J FE 6 72 D0y 2 /X
78 C.GT linker (2 XV Lysb27 & Pro653 MR BRI TND, 7 m—=2 7 |Z1LGluA20
¢cDNA % PCR -+ v 7 L — b~ & L T H W 7= . primer 1
(GCATATGCATCACCATCACCATCACACGACCGAAAACCTGTATTTTCAGGGATCCAATAAGACTGTTGTTGTCACCACA
) & primer 2 (AAGATCCTCAGCACTTTCGATGGGGGTACCCTTCTTGATCATGATAGATATCCC) % JHUNT Gene
fragment S1 & 1E el L . primer 3
(GGGATATCTATCATGATCAAGAAGGGTACCCCCATCGAAAGTGCTGAGGATCTT) & primer 4
(CGCGGCCGCTCAGCTGCCGCACTCTCCTTT) % FV N T Gene fragment S2 & /EHL L 7=, Gene fragment
S1 & S2 ZZNZ4 L pCR TOPO 11 vector (ZH 7/ m—=27 L, D% 2ODT T T A
k% pRH8 vector (27 v —=" 27 L7, GluA20 ATD &{x{I% hGluA20 (22-404)-His /
pcDNA3. 3 vector 7S HS L 72, hGluA2o (22-404)-His i&fnf-1 GluA20 cDNA %27 > 7' L
— F & L T PR & X v E @ L & .,  primer 1
(GATGGGTTGCGTAGCTGAAGGATCCGAAAACCTGTATTTTCAGGGTGTCTCTTCTAACAGCATACAG) & primer2
(ATAATAGCTAGCTTGGAAGTATAAATTCTCAGAAGGGAGCTCAGTAAGGGTAAC) % PCR 77 A ~—& L TH
VN, PCR M) % pSeqTag? vector (Thermo Fisher Scientific Inc.)iZZva—=27 L7,

KDHZ & R BORE L ER

pRH8-G1uA2-LBD 79 A X RN% Escherichia coli strain BL21 (DE3)fEIC h T v A7 =
svarl, AF~A T ZUMUT LBEHLZ JHWT 37° C ThesE L7z, Ml 0.6 205
0.8 (A600) F= THYESH7-RIZ, IPTGRAE (FAIREL 0.5m) Z1T-7c, Milaz 16° C. 20
eS8 L7- 8% M & [ L Ni-NTA 7 7 A (Qiagen) & 500 mM imidazole, 50 mM Tris—HCI,
150 mM sodium chloride, 0.5 mM dithiothreitol Z & T e¥A#K (pH 8.0) T GluA2-LBD %
# 7=, SPA AL, # /X7 E % Superdex 200 column (GE Healthcare UK Ltd) & 20 mM
HEPES, 50 mM sodium chloride, 1 mM glutamate & & ¥p¥EHE (pH 7.0) T HITHERI LT,
Sk FLAEAMT LTI, GluA2-LBD 225 7AV-protease cleavage & Ni—affinity 7o~ ~7 o
7 41X o TNRKRD 6xHis tag ZFrE . Superdex 200 column CTHEHLAZIT -7, T _XTOK
BELFSIZFB T Glutamate (1 mM) Z ¥ HISIRINL 72, & > 7327 13 20 nM HEPES, 50 mM
sodium chloride, 1 mM glutamate Z & ek (pH 7.0) T 10-15 mg/mL JEEE CHR1E LT,
pSeqTag2-GluA2-ATD 7°F A I KX Freestyle 293 cells (Thermo Fisher Scientific Inc.)
WChIo 27273, 377 C T 3 HE FreeStyle 293 Expression Medium (Thermo
Fisher Scientific Inc.) THF#E L7z, BERIAIKIZ/HW S 47 GluA2o ATD & /37 B % ]
X L. 500 mM imidazole, 50 mM Tris—HCl, 150 mM sodium chloride, 0.5 mM dithiothreitol
ZE TRk (pH 8.0) & Ni-NTA agarose column (Qiagen) CHEHLIL7-, D%, KL/~
H XN E % AcTEV (Thermo Fisher Scientific Inc.) TiHA K L. Superdex 200 (GE
Healthcare UK Ltd.) MW TH A XYk u~ 7T 7 4 %4757, #2737 81T 20 nM
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Tris, 150 mM NaCl, 1 mM DTT Z&Ee¥aik (pH 7.5) 1T 1-2 mg/mL DI TRAF LT,

Scintillation proximity assay (SPA)

62.5 ng ®YSi (2-5 um) copper his—tag SPA beads (PerkinElmer Inc.) & 0.25 ug
® His-LBD Z&Te 100 ul 7v&A /Ny 77— (0.01% NP-40 Z&Ee PBS) % 96 well
LumiNunc plates (Thermo Fisher Scientific Inc.)iZ¥iiL. 4° C. A——F A FTA
YFaX—hLl, ZO%, LEWE NV TFULT LY H R (40 oM [PH]-HBT1 & %
UM 100 nM [PH]-0XP1) Z Z 4D 7 /LU L 72, His—ATD % H\V 7= SPA TiX.62.5 u g
@D YSi (2-5 um) copper his—tag SPA beads & 0.25 ug @ His-ATD %4 &p 100 uL 7 v
ANy 77— (0.01% NP-40 ZEde PBS) % 96 well LumiNunc plates (Thermo Fisher
Scientific Inc )IZHIML., =R, 1EFRA ¥ =2_X— kK L7, £D%, 100 nM [PH]-0XP1
EENENOY Z)VIZIRIN LTz, FrRRES ISR AL O IFRENEE RV b0 L
Fliz, avba—Z XU (MIF #2737 8) @ SPAbeads ~Dfi& % IR RATHE S
& LT, EBRITFHCEA L VIRY | 100 oM ZVH I UERIFE T TITo T, fEA G
SR T 3-5 BFEATUV, T UKD FE AT X 2 dEM T microplate scintillation counter
(TopCount NXT, PerkinElmer Inc.) CHIE L7z, X TOIAEWIET DMSO (FIRE 3%)
IR LTz, 1Cs, 1T AT 4w 7RG TR L=,

BBEESZRAWREET vk'A

6-8 W DHED T » MW OWH AR L, T4 7 A AT Z 0 Uiz, wRE L7k
FFEBRICHN D £ T-80° C THRAF LT, BRE L7cillik 4 3. 4 i5E DK L7z Assay buffer
(30 mM Tris—HC1 at pH 7.4) {2\ 41, Polytron T 30 BMAREY R— bk Liz, % DR%EK
% 20,0008, 20 4y (4° O) Tl L, XU v M&[FEEOKA L7z Assay buffer THARE L
Teo ED%. K L7z Assay buffer THEEVRE L7z, BRI 2 FHRE L, 1.2 mg DIEX
VRZE 90 M [PHI-HBT1, fbA#. 0.025% NP-40, assay buffer (F#&F& 1.0 mL)
DIRBH 2R LT, FERRARESIL 10 uM LY451646 ¥R LIZBEOEEZ AW, 7 v
AL 3 Z IV F X UBRAFAE T TIT o T, IR EHR & 377 CL2 BFfHA v 3% 22— R L, 0.03%
polyethylenimine (Z27°L Y —727 L7- GF/B filters (GE Healthcare UK Ltd.)iZi@ L. 20 mL
DIk#A LT- Assay buffer TUEHF L7-, [PHI-AMPA Z W= fEA 7 v A Ti, 0.3 mg D
Z X7, 4 M [PHI-AMPA, k&%, 50 mM KSCN, 0.01% NP-40. assay buffer (ffs
ME1.0nL) ORGIKAZFHR L7, IFFRFRAFES1X 100 1M AMPA 2300 L 72 RO fE % H v
77o IBEMRAZIK ETIHEA % 2_X— K L., 0.03% polyethylenimine iIZ7L Y —7 L7z
GF/B filters |28 L. 20 mL ®IK# L7- Assay buffer THEF LT-, 7 4L Z— FIZFk- T~
SRR IR v F Lv—a v o #— (LSC-6100, ALOKA) THIE L7z, # v/ 27E
13 bicinchoninic acid assay method (Thermo Fisher Scientific Inc.) CHIE L7z, 7
NTOMEWIE DMSO REIREL 0. 3%LAT) IR L7z, IC, HIZr P AT 1 v 7 [ElR T
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TR L7,

Table 3 Crystallographic data collection and refinement statistics.

Crystal GluR20 LBD/HBT1 GluR20 LBD/LY451395
Data collection
Space group P2, P2,
Unit cell dimensions
a, b, c(A) 113.6,162.1, 47.1 113.7,161.9,47.0
o B,v(" ) 90,90.0,90 90,90.0,90
Resolution (A) 50-1.50(1.53-1.50) 50-1.52(1.56-1.52)
Observed reflections 973502 1048198
Unique reflections 269829 (17864) 258897 (16564)
Redundancy 3.6(2.9) 4.0(3.0)
Completeness (%) 99.5(98.7) 99.6 (96.4)
1) 18.2(2.2) 20.4(1.9)
Reym 0.058(0.514) 0.057 (0.546)
Molecules in ASU 6 6
Refinement
Resolution (A) 40-1.50(1.54-1.50) 40-1.52(1.56-1.52)
Reflections 256042 (18559) 245610 (17446)
Ruork 0.185(0.271) 0.202(0.297)
Riee 0.208(0.286) 0.233(0.311)
Number of atoms
Protein 12279 12345
Ligand/ion 234 276
Water 1653 1242
B factor (A2)
Protein 148 21.1
Ligand/ion 13.6 268
Water 32.8 26.4
R.m.s. deviation from ideal geometry
Bond lengths (A) 0.009 0.010
Bond angles (" ) 1.41 1.45
Ramachandran plot (%)4
Preferred regions 98.8 97.9
Allowed regions 1.0 1.8
Disallowed regions 0.2 0.3
PDB code 5YBF 5YBG

ARsym=ZpZi[I(h)—=<I(h)>/Z, Z<I(h)>, where <I(h)> is the mean intensity of symmetry-related reflections.
bR o= Z||Fobs|—|F caicll/Z|Fobsl- Riee Was calculated for randomly chosen 5% of reflections excluded
from refinement. ¢ B-factorincludes contributions from TLS parameters. 9 Calculated with Coot.
Values in parentheses are those for the highest resolution shell.

GluA20 LBD/HBT1 A3 & U GluA20 LBD/LY451395 AR D X #iis st G A#AT

A L ORI ALEW ORI 1.5mM & 725 X 9 1L EWE Z v /X7 BEWRIZIM L,
167 C CHIRFIEE L7z, fhdnid s v\ 7 Bk L ) B — S —FiR (11-18% PEG 3350, 0.1
M sodium acetate, 0.1 M zinc acetate (pH 4.3-5.4)) DIEGH 1:1 Ty T 47 K
» TR E VT CTER L, 7 —XIEDORTZ, #d1E 30% glycerol #7
T RHRICIR U, IR 3 TR L7z, [EIfrT — 13 Quantum210 CCD detector (ADSC)
Z F\ 7= Advance Light Source Beam Line 5.0.3 CH—fiMmnbHEE L=, HITT —# 1%
HKL2000 * % W TR U 7=, fhdmfEiElL, 7 v I U Iefs A7 GluA2-LBD (PDB code 1FTJ)
EOIETLE LT, CCPA Y 7 b =7 Ry r— 07 1 77 5 MOLREP 2 -\ T, 43 i
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PayECUE LTz, flniEE 1T REFMAC %0 & COOT ¥ ZHWTHEL Lz, U H Y RDsR8F %
— X — 7 7 A JLiX AFITT (OpenEye Scientific Software) TYEEL L. KT 7 /L%
Molprobity ** CHRFE L7z, [BIFTT — & WBR & s S O RSB L OFEHEIX Eito T —7 L

(Table 3) 2R L7z, T _XCOREREAEEDOKIT PYMOL (Schrodinger, LLC) (2L - CTIER L
77

WL aT AT

2 T —T DOREFHIA EFEL Aspin—Welch’ s t—test & AWM Student’ s t—test Z AW
flEtir L. P B <0.06 2 EREL Lic, (WEWOEEIREOEN 25 4 2RI BT
X, WEFAE E 7L one—tailed Williams® test & 5% one—tailed Shirley-Williams
test ZHWTHIT L, Pl <0.025 2 E 7L Lz, AMPA Z M\ /= BDNF 7 v & A 12380
TIE, 2> hr—/L L LY451646, LY451395 & 5\ & OXP1 OFEEHIA E #21% Dunnett’ s test
TIRHT L. P <0.05 #HEREL LI,
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HF2E AMPAZBIED S743 L DOMIKEEIZ LD AMPA ZBEPAMOT T=X b
VER DR

&

1 T TIE 3 DD AMPA 275K PAM OFFE-S1F 24TV, HBTL [ flo> AMPA 5225 PAM X 0
%Tj:xbﬁﬁﬁﬁ<\Ew%ﬁﬁfBWFEE%@@W%%LTW%’&ﬁbW@kO
HBT1 1% OXP1 & IFB 72 B EALICHE A L. LY451395 & 3k AHRL (AMPA Z (A% LBD) |

Df%éﬂﬁAﬁﬁﬁiﬁé*&ﬁfWénko:ngmﬁ%ﬂEﬁT::xkﬁMM§
R PAM OFRZRIZIE, AMPA 25RO HBTL 5 &I BT DAL EW DG G & 2 DOFRE
HIRBLRORR A B [E L 721 KA%O)WL{E#EE’GE%E) EEZBND, AETIZ, Zhb
DR ZHIZ, X0 Hhks L Ot TR AMPA 251K PAM ORISIZ DWW THFZE AT

-7,

B MR
2.1.1 Compound-1 [FHIRAMEAINLIZ IV T Compound-2 X ¥ & 7 =2 MEFAIMEN

7 A= MERA DRV AMPA 251K PAM 288583 272, [PH]-HBT1 & His-LBD % M 7=
WAL&OTW%%X7)~:/7%HOKO%@%%\%ﬁ#%547

(dihydropyridothiadiazine 2,2-dioxides) % H.H L 7=, Dihydropyridothiadiazine
2, 2-dioxides FHEILTH % Compound-1 & Compound-2 (Figure 12A) IX[*H]-HBT1 & LBD @
EAZMHEL, ZOKi fHIZZFNE40.082 & 0.019 uM Tdh - 7= (Figure 12B), Compound-1
& Compound-2 [X[PH]-HBT1 & 7 v MEEMEH 5y DS b BHE L, £ O Ki fEIZZ£ 424 0. 018
L 0.006 uM TH o7z (Figure 12C), T D DOFEFEN S . Compound—1 & Compound-2 1% AMPA
ZRARD LBD IZ[RFRE O SHIMEE2H 35 2 E2VRIB X7z, Compound-1 & Compound—2
1% GluAli CHO FIEIZ B W T 7V 2 U ERIRAFIINZ Ca i AZFBE L. £ @ LogEC,, (3E 2
A1-5.98 £ 0.023 £-6.20 £ 0.003 M TH 7= (Figure 12D), % 1 T TR L7= L 9T AMPA
SRR PAM D7 =2 MERNIARAR M 2 IV 2 Ca* TRAT » B A TIXFR® b5 03,
AMPA 52 AR 2 3881 U 72 fIEAR TR HivZevy, D 7=, Compound-1 & Compound-2 @
LogECs, & e RIE M (Emax) ZHNET 5728, WM EZ Wz Ca* AT v A TEI
5 2 \bBWEFME L=, TOREE, Compound-1 ¢ AMPA fF{E T3 LY AMPA JEfFE T TD
LogECsy & Emax 12312 4-6.33 £ 0.037 (128%) &-5.30 = 0.234 (14%). Compound-2
D AMPA 1F1E T3 L OV AMPA FEAE7E F T LogECy, & Emax X E41-6.82 + 0.071 (163%)
L-5.79 = 0.132 (90%) M THh o7~ (Figure 12E), T HDHERED S Compound-1 [%4]
ARSI BV T Compound-2 LV &7 2= MEAMNEWZ & Zfiﬂjﬂﬁéﬂf:o E/R
Compound—2 (& Compound-1) [Z[*H]-AMPA ® 7 v U EE /3 ~DfE G 2 [HEH T,
OFEGEMRAE L7~ (Figure 12F), Z D Z &M, Compound—-2 D7 == A MEMIX AMPA 7%
BENA~DFERIZ LD HLO TRV EEZ BN D,
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Figure 12 Compound-1 had lower agonistic effect than Compound-2 in primary neurons. (A)
Chemical structures of Compound-1 and Compound-2. (B) Displacement studies with Compound-1
and Compound-2 by SPA using [°H]-HBT1 and His-LBD. (C) Displacement studies with
Compound-1 and Compound-2 by binding assay using [?H]-HBT1 and hippocampal membranes.
Data (B and C) are presented as the mean + SD (n = 3-4). (D) Effects of Compound-1 and
Compound-2 on Ca®* influx in GIuAli CHO cells in the presence or absence of 3 mM glutamate. (E)
Effects of Compound-1 and Compound-2 on Ca®" influx in primary neurons in the presence or
absence of 5 uM AMPA. The experiments were repeated at least twice, and representative graphs (D
and E) are shown. Data are presented as mean £ SD (n = 3). (F) Effects of Compound-1 and
Compound-2 on [*H]-AMPA binding to rat hippocampal membranes. Data are presented as mean +
SD (n=3).
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2.1.2 Compound-1 iZ Compound-2 & B72 V) S743 TOMMAEEIIZ L Y I Z I VEBRIEFERIZ
AMPA 2B RICHERT D

Compound-1 & Compound-2 @7 T =& MEHDEND A =X LEFHRDH72H, 26D
LG OREERERETR~T2, [PH]l-Compound-1 1% 7 /L4 X VERAFIE T CIIMEE I E /3 (s A
L2, EFEETFTTIEEE L0 o 7= (Figure 13A), —J5. [*H]-Compound-2 X7 /%
VEEAFAE T B L OFEAFE T O T ORI B TS EE /32K A L7e (Figure 13B),

[®H]-Compound-1 [®H]-Compound-2
Glutamate (-) Glutamate (+) Glutamate (-) Glutamate (+)

3.5 16 3.5 164
_ 3.0 _ 14 _ 3.0 _ 14 =
o [ - [ 3 -
2 251 H 12 o 257 H 12
= 2.0 = 1o = 2.0+ = 10
o o g o o g
© 154 o © 154 o
@ ® 6 o o 6=
> > > >
= 1.09 = . = 1.09 = .
© © 4 © © 4
z 0.5 T o 2 0.5 3 2

14 %
0.0 T T 0 T

T 0.0 - 0~
NSB Glu0 mM NSB Glu3 mM NSB Glu0mM NSB Glu3 mM

Figure 13 Binding of [*H]-Compound-1 (A) or [*H]-Compound-2 (B) to hippocampal membranes in
the presence or absence of 3 mM glutamate. Non-specific binding (NSB) was determined with 10
uM NBQX. Data (A and B) are presented as mean + SD (n = 3).

RIZ LBD & Compound-1 & Compound-2 & OFHHEAERIZDUWNT X Bk AT I X - TR
7z, LBD OEHNE GluAl-4 7 == FMETHE< (K 80%) PRIFINTW5H (Table 4),
F 72, GluA2-4 @ LBD DILEKEEIT flip & flop DA T T A L0 77 —LEFRNT, 12T
Fl—ThHbHZ ENHESINTND ¥, Ca* AT vEAIZED Compound-1 & Compound-2 ™
V7 a=y MNBIREZRANTE ZA, WbEWmE bIFL ALY T o=y MRIRMEZ RS2
Mo 7- (Table 5),

Table 4 Sequence identity among GIluA1-4 subunits

AMPA-R

ATD

ATD LBD ™D
GluAl-4 35% 80% 87%

LBD

ATD: Amino terminal domain
LBD: Ligand binding domain
TMD: Transmembrane domain

T™MD

COOH
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Table 5 LogECs, values of Compound-1 and Compound-2 in Ca®* influx assay using CHO cells
expressing GIuAl-4i + TARPs y2 or expressing GluAl-40 + TARPs y2, or using CHO cells
expressing GluK1 or GluK2.

GluAli GluA2i GluA3i GluAdi GluAlo GluA2o GluAdo GluAdo
Compound-1 -6.00 -6.43 647 6.14 -6.00 6.55 5.85 634
Compound-2 6.20 6.74 6.72 643 6.28 6.82 6.52 6.92
GluK1 GluK2
Compound-1 >4 =4
Compound-2 >4 >4

INLDZ END, THETIC X B RHEERITOWE TX AW BER TS GluA2o-LBD
B REBRICH W, Bi{bEM E HI2 2 DD Protomer D # A <~ —EBEREIZTEK S LD R 7
v MIFEA& L7z (Figure 14), 73=AX M (Z V% I ) & Compound-2 73 LBD IZf5& L 7=
#51E (channel-open state) ¢ 7 I=A MR LOREDOETTNLE L TCT VHXI=A}

(ZK200775) & Compound-2 73 LBD IZfEA L 7-4# & (channel-close state) & bbif L 7= (Figure
15) o AMPA SZ 25445 PAM ODifiti & FRALATIUT T DI B 73 7o i OiE I BIEE S 727 - 7273 61uA20
DA% AT channel-open state & channel-close state DG EE A T2 L 2 A,
AMPA 522544 PAM OFEGIBALOITFHIZ 8 2 STE0 D EFHR 1M T T =R b DFERIT L - THBHE
TAHZ RS-z (Figure 16), & 512, Compound— 1 & 137 AL BHEEENLICH T2 5
Compound-2 OARYGEHI (tert-butyl £&) BNZOT Y URBAMTICME L T\ e, Zhb
DGR B ST50 1% Compound-2 12t L TIET =2 h3fEE L TR WZEER~DREA %
5T 72 03, Compound—1 {125 L Tl isopropoxy & & ONAREZEIC L » CTEDOFEE 2T T
WDDTIHR VD EE 2 BT,

Compound-1 Compound-2

Protomer A

Protomer B

Figure 14 Crystal structure of GluR20 LBD in complex with Compound-1 and Compound-2.
Compound-1 and Compound-2 are shown in yellow and the two protomers comprising the dimer are
shown in green (protomer A) and cyan (protomer B).
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Channel-close state Channel-open state

Glutamate
binding site

LBD

}m

@ AMPAR antagonist (ZK200775) A clutamate

O Compound-2 O Compound-2
LBD: Ligand binding domain
TMD: Transmembrane domain

AMPA-R
potentiator
binding site

Figure 15 AMPA-R in the channel-close state and the channel-open state.

Pink: Apo form
Green: Agonist form

Figure 16 Superposition of LBDs of full-length GIuA2 from the agonist form (PDB code 4U1W)
and the apo form (PDB code 4U2P). Compound-2 is also superposed for reference.

Z DNARPEFERGR 2 REET D720, AMPA R DZE BAR %2 W2 FEBR 21T > 72, GluAZo
@ S750 (X GluAli @ ST43 |ZHkHT D, D72, Compound-1 & %V i Compound-2 & AMPA
ZRDO RO EAER Z AT % 728012 GluAli @ S743 (ST43A & 5\ T S7T43V) (T8R4
BA LT, BEm i3, ST43A IFAZIRRER 288 L, STASV TR E 2N & 5 L Hifr S
D, BURGENZ L2, GluAli 2388l SH72 CHO AifE &2 W - Ca? AT v B A 1BV T,
STA3A IXEIREED 7V B 2 U ERIEFE (0.3, 1 M) TiE Compound—1 O K% HAMN &+
T8, TR (3 mM) Tl o7 (Figure 17, HREDZ T 7)), —J5, STA3A1TT X
TOREIZIR VT Compound-2 DEKBUGRZ % 5- 2 787> 72 (Figure 17, FRAED T
Z 7). Compound-1 & Compound—2 (L7 /L4 I EEDN 72N STl S7T43A GluAli ZIEME(L L
ot (Figure 17, FUEAHD 75 7). Compound—2 1% Compound—-1 & Fifz L TRV L
Z I UBRIREE (0.3, 1 uM) TWT GluAli ZiEMA kT 52 LN TE 5N (Figure 17, RE
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FDT T 7). ST43V GluAli IZBWTIZZED VIV Z I U ERICKTT D EESZ EN R LT
(Figure 17. TEADZZ 7)., F7-. S743V % Compound-1 O Z L& I L ERIZ kT 5
PEICXRE LTI E N 2o 72 (Figure 17, TERED T F7),

Compound-1 Compound-2
WT B Glutamate 3 mM WT -8 Glutamate 3 mM
125 -®- Glutamate 1uM 125 @~ Glutamate 1uM
1004 6] Glutamate 0.3uM 1004 6 Glutamate 0.3uM
° © Glutamate OpM 5 -©- Glutamate OpuM
= 75 = 75
H 3
S 504 S 504
k] k]
= 254 = 254
0 04
-7 -6 -5 -4 7 -6 -5 -4
-259 Log[Compound-] (M) -259 Log[Compound-2 (M)
S743A S743A
1254 - Glutamate 3 mM 1257 - Glutamate 3 mM
1004 @~ Glutamate 1uM 1004 -~ Glutamate 1uM
° -8 Glutamate 0.3uM ° | Glutamate 0.3uM
£ 75 “©- Glutamate OuM £ 79 “©- Glutamate OuM
[<] o
S 504 S 504
s s
< 25 < 25
0 04
-7 -6 -5 -4 -7 -6 -5 -4
-254 Log[Compound-] (M) -254 Log[Compound-2 (M)
S743V S743V
125+ 1251
-~ Glutamate 3 mM 1004 - Glutamate 3 mM
1001 -8~ Glutamate 1uM -8 Glutamate 1uM
75 " | Glutamate 0.3uM 759 8 Glutamate 0.3uM

“©- Glutamate OuM -©- Glutamate OuM

507 504

254 254

% of control

-

% of control

-7 -6 -5 -4 -7 -6 -5 -4
-25- Log[Compound-] (M) -257 Log[Compound-2 (M)

Figure 17 Effects of Compound-1 and Compound-2 on Ca®* influx in CHO cells expressing GluALli
WT, GluA1i S743A, and GluA1i S743V in the presence or absence of glutamate (0.3 uM, 1 pM, and
3 mM). S743 in GIluAli LBD corresponds to S750 in GluA2o0 LBD. Data are presented as mean *
SD (n=3).

ST43A MW T A=A FOMAEEMZE LT TWEHEE, Tt hoflbEmo
GluAli TEMEICHE L 2D I N2 I VIBREIIR B L Z T B2 b5, £2 T, £DH]
BEMEZRRFET B 72012, [PHI-AMPA & GluAli WT 35 X O GluAli S743A F&ELAMNRAGEE 4y &
WTFEB T v A ZAT - 12, F DOfEF . ST43A 13 Compound-1 & % \ M Compound—2 ¢ [*H]-AMPA
D GluAli ~DFEBITHRT DVERICK L TN 2 h o 7= (Figure 18), Z D Z & i ST43A
AW ET A=A FOMASERITITHE L TWWnWZ ERIB I,
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2] T 2] T
o a (= 9
S _ o] W sz < & S743A
T = T =
S £
< 6 604 < 6
o © o ©
ER =%
< 204 <
NS v AR
o T 01 o
= 204 -8 -7 -6 m -4 =
-40< Log [Compound-1] (M) Log [Compound-2] (M)

Figure 18 Effects of Compound-1 and Compound-2 on [°H]-AMPA binding to GIuALi WT or
GluALli S743A. Data are presented as mean £ SD (n = 3).

Fof EBE

AR ETIE ., HBTL LIS AR A 3 2 8 M AMPA AR PAM & LT, 2 50D
dihydropyridothiadiazine 2, 2-dioxide #iE {4 Compound—-1 3 I O Compound-2 # [&]7E€ L 7=,
Compound-1 (& Compound-2 £V &7 T = MEHMEA -7 (Figure 12E), =L T, #&
T A R0 X B B E AR OFE R, Compound-2 17L& I UERICRAFE T LBD IZHEA
$ %7, Compound-1 I GluA20 @ S750 (GluAli ¢ S743 |ZHHY) DONEEEIZ LY FX 2
VRRITHKAF LT LBD IS AT 2 2 LA BN L 2572, GluAli DZEREEZ AV Ca it A
FREROFE R ST43A TIE Compound-1 1% isopropoxy % & S743 DN AKEE B S A1, GluAli
TEPEABICR 9% Compound—1 D 7 /b & I U RA~DEZMER NN L7z, W2 ST43V TiE,
Compound-2 @ tert-butyl F & S743 ONARFEZENEN L, Compound-2 |2 X 5 GluAli JE M
(LA EE 7R 7 VA S U BRIREE AN L 7=, AMPA S2 5K PAM S & B O E AMKIRE D 7
VB X UEEE OB XD LT D &V HEITRWD . S EIOZE RAKREER O R
DI NVE I VBRI U CIERRIICHEE AL L TV D00 s Lz,

EIH E

ARETE LN RS, channel-closed state T® LBD ~DO#EAHMMEE2H X220
dihydropyridothiadiazine 2, 2-dioxide FHERD T A o L YRR KT o =& 4 AMPA 5%
BAK PAM DIEFIZD7eRN DD EEZHILD, LA L, dihydropyridothiadiazine
2, 2-dioxide HH§ & 72\ HBTL 17/ V& I U BKAFRIIC LBD IZHEA L, 87 =X Mk
s L7edy (Figure 4E, 8C), S743 DONAKMEE TIXLOET T =X MEZFGAT 5 Z L33
T& 7)o 7- (data not shown), TDED, FNENDTELXA T LT I =R MEE
BT DB M BB DT T v —F M D T L AMET =2 M AMPA 25K PAM & R
HTZ LA ThLEEZEXBND,

A ERGE
K
Compound-1 (9-(4-isopropoxyphenyl) -3, 4-dihydropyrido[2, 1-c][1, 2, 4] thiadiazine
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2, 2-dioxide) & Compound-2 (9-(4-tert-butylphenyl)-3, 4-dihydropyrido[2, 1-c]
[1,2,4]thiadiazine 2, 2-dioxide) (FEHIS T () TEHEMK L, IV F VLT ULk
EM1% Quotient Bioresearch (Cambridgeshire, UK) TH A% L7, F DM ORI >V TIE,
FRAER 22 Tl & N T

AVPA ZBEEB I OH A = VBB RAEREHIEEZ AWz Ca2 AT v &4

F1EEFEROFIETER L7, GluAli ZRAK (GluAli ST43A & GluAli S7T43V) IE5 1 &
TYERL LU 7~ GluAli X7 Z#—& In-Fusion HD Cloning Kit (Takara Bio Inc) Z VT {Ei
L7,

FIRAERRAIRA 2 F VN2 Ca2 TRAT v A
1 E L RO ETER LT,

Scintillation proximity assay (SPA)
1 EERERRO FIETHEM LT,

B EE S Z RO/ eT viA

H 1w L EREDOFETHEM LT, [*H]-Compound-1 & [PH]-Compound-2 % I\ 7-=#& & akER
T, ZNZEND TR % 30 nM & 10 M OJREECHEA L, JERFRAEAIZ 10 1M NBAX
ZHWTHIRE LT,

GluAli CHO MfafEE > & [*H]-AMPA Z AWV fE & T v &4

GluAli CHO Mm% oK L7z PBS (-) T 2 [EIWEY L#%. Assay buffer (50 mM Tris-HCI buffer
(pH 7.5)) CEUX L7-, HifafR#E# % 10,0008, 10 437 (4° C) CTibl, XLy h&7 701
VIRET AP —T 15 . ki L7z Assay buffer H1CRE L 7=, BBk % 20,0002, 20
5y (4° C) T Liztk, 2L h%& 2.5 ml @ Assay buffer ([ L, -80° C THEBRIZME
A+ 5F CIRFEL, 0. 1mg DFEHX L2378 2nM [PH]-AMPA, &%), 50 mM KSCN, 0. 01%
NP-40, Assay buffer (Fof&H&E 1. 0nl) OEAKREA TR L7z, IEFFRAVFE S X 100 1 M AMPA
EWRMLUEBEOMEE AW, BEWKZKETIREA 2 —K L, 0.03%
polyethylenimine (27" > —2 L7= GF/B filters {Z3@ L .20 mL ®K# L7~ Wash buffer (50
mM Tris-HCI buffer (pH 7.5), 50 mM KSCN) TV L7-, 7 4 /v & — RITF - 7o sk
ik o F L — g #— (LSC-6100, ALOKA) THIE L7-, Z /37 BHET

bicinchoninic acid assay method (Thermo Fisher Scientific Inc.) CHll@E L 7=,

GluA20 LBD/{LE1E A HRD X#RiE Mg AT
1 LRI TRM Lz, [T — & AU & SO R (L O BRI F Ao
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F—7 ) (Table 6) TR L7,

Table 6 Crystallographic data collection and refinement statistics

Crystal GluA2e LEDY GluAZe LEDV GluA2e LEDV
glutamate/Compound-1 glutamate/'Compound-2 ZE200775/Compound-2
Data collection
Space group P P P,
Unit cell dimensions
a b e(A) 113.7,162.6, 474 47.1,64.6,903 494 56.6,908
wfy( ) 20, 20.0, 90 20, 20.0, 90 90, 91.8,90
Resolution (4) 50-1.38 (1.61-1.38) 50-1.32(1.34-132) 50-125(127-1.29)
Observed raflections 166431 460919 428324
Unique reflections 222823 (10721) 122835 (4506) 128359 (4044)
Redundancy 34039 3823 3324
Completenzss (%) 952 (92.9) 96.6 (70.7) 93.1(39.00
Lo 179014 17922 19.5(1.8)
Ry . 0.062 (0.903) 0.063 (0.413) 0.033 (0.517)
Wilzon B factor (A7) 16.1 10.1 19
Molecules in ASU 6 2 2
Refinement
Resolution (4) 40-1.58 (1.62-1.58) 40-1.32(1.35-1.32) 40-125(1.28-1.25)
Reflections 211606 (149500 116341 (6408) 121789 (3944)
s 0.193 (0.283) 0.161 (0.22%) 0.169 (0.269)
Ries® 0.221 (0.302) 0.184(0.238) 0.190 (0.250)
Number of atoms
Protein 12367 4136 4110
LigandTon 232 120 127
Water 1093 562 632
Average B factor (A% 317 207 16.8
F.m.s. deviation from ideal geometry
bond lengths (&) 0.009 0.011 0.011
bond angles (¢ ) 1333 1.467 1.499
Ramachandran plot (%)%
Preferred regions 082 %2.0 004
Allowed regions 1.7 1.0 02
Disallowed regions 0.1 0.0 04
PDE code SZG0 3ZG1 5ZG2

'Reym=ZnLill(h}—<l(h)=VEs Li<l(h)=, where <I(h)= is the mean intensity of symmetry-related reflections. 2 Ruen=EllFseel-Foaicll/EIFctsl. Reree was
calculated for randomly chosen 5% of reflections excluded from refinement. *B-factor includes contributions from TLS parameters. *Calculated
with Coot. Values in parentheses are for the highest resolution shell.
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BIE Ny TRERIGHEBIOEEDY X7 2B LIET =X ME
AMPA S5 PAM TAK-137

i

% 2 B ClX dihydropyridothiadiazine 2, 2-dioxide FHEARD T I =& MEAOBREIZIX
AMPA Z2 KD 743 T H O® Y L ONAREFIE R LIckE(LERDBEDTH D Z LR
BINTe, RETIE, 20O ICE SO TR SN ERERMIEEY TAK-137 O3EL)
BLORIEH ORI % LY451646 (7 == A MMEASEY AMPA 52 Z8K PAM) & bbliE L TFT - 72,

i

E1E R
3.1.1 TAK-137 }3 LY451646 LV &7 T =R MERADME

2T LI L 2ICT T=A MEDE Compound-2 1% tert-butyl # & S750 (GluAli
D ST43 1ZFHY) & DONIARFEZE N D 72072 channel-closed state @ LBD (2561 5 M3,
T =& MEDIEKV Compound—1 % isopropoxy k& & S750 & DNMAREEIC LV EETE 20
ZENHLMNE o7 (Figure 19), £®7=%, dihydropyridothiadiazine 2, 2-dioxide
FHEROT A=A MEZRET A 121X GluAli @ S743 TONAREZEIZ L Y channel-closed
state @ LBD ~OfEABFMWEL e/ NRIZZR2 DILEWMT A U BAEIEB 2 BN D,

Compound-2/LBD
in the channel-closed state
Compound-1

________ |

Isopropoxy group _

Compound-2

________

Pink: Apo form
Green: Agonist form

Figure 19 Compound-2 bound to the LBD of AMPA-R in the channel-closed state.

Tert-butyl group

IROOMBICEESE | BRORGEIIIE ATV, RAEHIIC TAK-137 A ERIRERI LA

E L TR L7 (Figure 20A), TAK-137 1% 2 -2 Protomer ] & A ~—HE AL S
LAy MTEES L. TAK-137 ONCARIIIZ /> S &\ Phenoxy 513 S750 AT ICALE L Cuhiz
(Figure 20B), # L C. [*H]-TAK-137 |% His-LBD & VFREIEESYZ 7L 2 3 L FR{KAFRIITH
4 L7 (Figure 20C, 20D), LY451646 (Figure 20A) % AMPA ZZ%3fK® LBD IZHEAT 5 =
ERHESNTEY BT, W LAY LBD ~OfEEmMMEE /=L 2 A, TAK-137 &
LY451646 (% [*H]-HBT1 @ LBD {2k 9~ B kA 2B L. Z O Ki i Z7410. 061 33 L TV0. 363
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uM T -o7- (Figure 20E), TAK-137 & LY451646 |% [PH]-HBT1 DS I 43154 2 H5E
HIEE L, 20O Ki fElZZZ240.025 & 0.031 uM TH-o72 (Figure 20F), F7-. TAK-137
& LY451646 (X GluAli CHO HERZIZ IV TT =2 METFIIIZ Ca* iR A Z FHE L, £ D LogECs,
ITFNFN-5.98 + 0.021 £—6.10 = 0. 014 M T -7 (Figure 21), %5 2 # D Compound-1
DOFEF L RIS, Ca¥ AT v A IZHT ST43A 1 TAK-137 (2K 5 GluAli iHMALICHEE
RINE I UBERE KT W72 (Figure 22),

A B
TAK-137 LY451646
o]
. N‘i\S//O H\%J\
O A
N ot =
| = N// \//
C D
— 160 E 2.0p
2 440] L8O 218}
=¥~ Control (MIF) =
o 1.6F
[3)
@ 1 _4} Glutamate 0 M
2
&1.2F
[
Z1.0Fm
| |
-20 - -8 -6 -4 -2 Sl s 3 a2 .10
Log [Glutamate] (M) Log [Glutamate] (M)
E F
120 140+
B TAK-137 1 20- B TAK-137 o
100 -~ LY451646 = @ LY451646 = [
2 80 21004
8 0+
= 60' j=
5 40 £ 60
g 2 404
£ 204 £ 204
04 ' ' 0 T T T 1
204 -8 -7 -6 -5 -4 204 -9 -8 -7 -6 -5 -4

Log [compound] (M Log [compound] (M)

Figure 20 TAK-137 bound to the LBD of AMPA-R. (A) Chemical structure of TAK-137 and
LY451646. (B) Crystal structure of GluA2o0 LBD in complex with TAK-137. (C, D) Effects of
glutamate on the binding of [*H]-TAK-137 to His-LBD (C) and hippocampal membranes (D). Data
are presented as mean + SD (n = 3). (E, F) Displacement studies with TAK-137 and LY451646 by
SPA using [°H]-HBT1 and His-LBD and binding assay using [*H]-HBT1 and hippocampal
membranes. Data are presented as the mean + SD (n = 3-4).
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Figure 21 Effects of TAK-137 and LY451646 on Ca”" influx in GluAli CHO cells in the presence or
absence of agonist. The experiments were repeated at least twice, and representative graphs are
shown. Data are presented as mean + SD (n = 3).
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Figure 22 Effects of TAK-137 on Ca*" influx in CHO cells expressing GIuAli WT or GluAli
S743A in the absence or presence of glutamate (0.3 uM, 1 uM, and 3 mM). Data are presented as
mean £ SD (n = 3).

LY451646 | LA ARREARAL 2 FHVN7Z BDNF 7w 2 A TRV =2 MEFZRLT2Z &0 5
(Figure 2B) \ HICHFEAIIGIZ F51T 5 TAK-137 & LY451646 D7 =& MEA Ol A L1z,
TAK-137 [ZHARARREARILIZ N TT T =2 MEAFRIIS Ca® AL TG L7223, LY451646 %
AMPA {77E F. FEFE(E FC Ca® A ZFHE L7- (Figure 23A), TAK-137 O AMPA 77E T, FE7F

1E FTO LogECy, (Emax) 1ZZHF4-6.36 + 0.020 (126%) &-5.64 + 0.019 (10%) M,
LY451646 @ LogECs, (Emax)|ZZIZ41-6.30 + 0.193 (148%) &-5.23 + 0.033 (86%) M
Thol, T, ¥MRHIaZ Wy T 7 Z 77 vt A TR L7z & Z A, TAK-137
X7V H I UBEAFAE T C O ANPA 2K %I LT B & 755 L7203, LY451646 [ X7 /L&
VEBAFAE T FEAFEAE FOWI T DS C AMPA Z 5 & Lo Bl 4 #%8 L7- (Figure 23B),
VI EOFEREMN S TAK-137 13 LY451646 L 0 7 I=2 MEHAMEWEEZEZ BN D,
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Figure 23 TAK-137 had lower agonistic effects than LY451646. (A) Effects of TAK-137 and
LY451646 on Ca?* influx in primary neurons in the presence or absence of agonist. The experiments
were repeated at least twice, and representative graphs are shown. Data are presented as mean + SD
(n = 3). (B) Effects of TAK-137 and LY451646 on AMPA receptor-mediated currents in the presence
or absence of 10 uM glutamate in electrophysiological study using primary neurons. Data are
presented as mean + SEM (n = 4-9).
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Figure 24 The reversible effect of TAK-137 and LY451646 potentiator activity. (A) Representative
AMPA responses (1 uM, 6 s duration) before, during and after application of TAK-137 (1 uM) were
depicted. (B) Data points are plotted as a percentage of the AMPA (1 uM) response amplitude before
application of TAK-137 or LY451646 (n = 4). Value was shown as mean amplitude + SEM.
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AMPA S BARDIEMEALITRE S 2582 U 27 0NHH V7, LN - T, AMPA RO TEM:
Mﬂ: EDNDR— 2 DIRRE~DEE 3 & AMPA Z R OTEMHAL SRR L, R 2 FHET 2
BUEREZ LD, Lovl, @ﬁ%%@@%%wt%ﬁiﬁﬁ% ZIBWT, TAK-137 &
LY451646 |2 X % AMPA SZBARDIENEN D D U A3 ) —ORENTIEIZFRRE Th > 7= (Figure
24), ZOFERMNG, T O OILEWITEHERYZL AMPA %ﬁﬁi@?ﬁ@ﬂ:%%l%@’ Sy AN
EWRIBEENT, FTo, AMPA R PAM DY 7 2= v MRS T OMRERILICEEE 5
ZDHAREMENRH D %, LML, TAK-137 & LY451646 [XIF L AV T =y MBERMEZRE
RN ERbholz (Table 7), ZHHDZ EMnG, TAK-137 & LY451646 D717 7 A )b
37 A= MEMEZBROTIEFIZHELL L T,

Table 7 LogECs, values of TAK-137 and LY451646 in Ca** influx assay using CHO cells expressing
GluAl-4i + TARPs y2 or expressing GluA1-40 + TARPs y2, or using CHO cells expressing GluK1
or GluK2.

GluAli GluA2i GluA3i GluAdi GluAlo GluA2o GluA3o GluAdo

TAK-137 -6.02 -6.92 -7.00 -6.24 636 730 6.12 -6.51

LY451646 -6.11 -7.00 770 -6.64 557 -6.06 5.82 -5.89
GluK1 GluK2

TAK-137 >4 >4

LY451646 >4 >4

3.1.2 TAK-137 135 v FBIUBY MO THRWRBANEEREZET S
AMPA 5225 PAM |35 2~ OFRENHERERRER |12 u\mﬁuaﬁz%ﬁfﬁﬁ%rﬁ‘ & ST
%1282 2T, TAK-137 & LY451646 D7 v M B LW IUIZE T 258 ER 20~ 7,
TAK-137 1% 0.01 & 0.03 mg/kg, p.o. CTiLZ v K Novel object recognition test (NORT)
@ Novelty discrimination index (NDI)IZsZE L 7Z2hxo7=72%, 0.1 & 1 mg/kg, p.o. TiX
FIZNDI 288 S¥7- (Figure 25), —J7, LY451646 1% 0.3 mg/kg, p.o. TiE NDI (25
U 7o, 1L 3 mg/kg, p.o. TIEAEIC NI # N &E7~ (Figure 25),
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Figure 25 Cognitive-enhancing effects of TAK-137 and LY 451646 on rat NORT. Data are presented
as the mean = SEM (n = 10). Significant difference from vehicle-treated group was analyzed using
the one-tailed Williams’ test (TAK-137: #P < 0.025, df = 27, t = 2.3 (0.1 mg/kg), 3.2 (1 mg/kg),
LY451646: #P < 0.025, df = 27, t = 2.2 (1 mg/kg), 4.2 (3 mg/kQg)).

TAK-137 1% 0.01 mg/kg, p.o. TILP /L delayed matching—to—sample (DMTS)ZRER CTD FZ
2R (DMTS accuracy) 22 L 7eh-7=723, 0.03, 0.1, 1 mg/kg, p.o. TIIARICIEER%
=47 (Figure 26), LY451646 |X 0.03 mg/kg, s.c. Tl DMTS #ERCOIEZES (DMTS
accuracy) ZiE L7y o 7~ (data not shown) 23, 0.1 mg/kg, s.c. CIIAEICIEER%
HmEH7e (Figure 26), LA EOFERNG | TAK-137 13 /12 361F 238 UGB ERIZ BN T
NI = A TROSED U A7 RN Z EDVRIR STz, 7272 L, TAK-137 0 0.01 & 1 mg/kg
DOFHiZ AW Y v Lo HEOFEMIZ AW ViR 72 5720 fEHMREE OB BT
T&E ol
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Figure 26 Cognitive-enhancing effects of TAK-137 and LY 451646 on monkey DMTS task. Data are
presented as the mean £ SEM (n = 4). Significant difference from vehicle-treated group was
analyzed using two-way ANOVA (TAK-137: *P < 0.05, F;, ¢ = 4.0 (0.03 mg/kg), F1,6 = 6.7 (0.1
mg/kg), F1, 6 = 6.1 (1 mg/kg), LY451646: *P < 0.05, F1 ¢ = 7.2 (0.1 mg/kQg)).

3.1.3 TAK-137 13T v b B LI CH VBV TEWREREFT S

Z v b EVILE VT TAK-137 & LY451646 OFEEEVEFICOW TG L7z, TAK-137 O
[#5-Tl% 1000 mg/kg, p.o. £TT v FTEEIIFHFEI N7z (Table 8), WH DH
Lo bmbREENEL 25/ 7V AL VO TIL, TAK-137 1% 100 mg/kg, p.o. D
B[R 5. TR 2558 L7- (Table 8), LY451646 1% 10 33 LT 30 mg/kg, p.o. DH[AHE
TT7 v MIBWTRKREZFHE L~ (Table 8), TAK-137 IXH BV TIX 100 mg/kg, p.o.
FORBAHE L o) o7- (Table 8), LY451646 1% 1 mg/kg, s.c. THIIZEBWTIEM-%
FHELIETD, TN EOEHEOR G ZIThRNroTz, 2L DFFERIZESNT, Tv
MZIIT % TAK-137 & LY451646 OFBFNUEEH LB 2FHE L RVWHEORBEO~—
B LU, BHEICIE. (BAYD AUC,,,,, & brain C,, OfEZ V= (Table 9, 10), D
i Ry TAK-137 127 » b TIX 116 f% (AUC,,.;,) & 43.7 % (brainC,,) DRJFE~—T N>
7273, LY451646 (% 3. 1 £%(AUC,,.;.) & 7.5 fi% (brain C,,) Tdh o7z, YL 5 TAK-137
DEFB~— T OFEITIE, AUC,,,,. & plasma C,,, DIEZ = (Table 11), TAK-137 I%
FZBNTA2L L b 49 5 (AUC, o) & 48 1% (plasma C,,,) DEBE~Y—T L BdH o7,
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Table 8 Rates of seizure in rats and monkeys after acute treatment of compounds. Rats (n=3) and
monkeys (n=4) were administered TAK-137 and observed for up to 8 h after the administration. Rats
(n=3) were administered LY451646 and observed for up to 4 h after the administration.

0mgkg  100mgkg 1000 mgkg .00 meke
=T - © °  (Nanocrystal)
Rat 0% 0% 0% 33%
TAK-137
Monkey 0% 0% - -
1 mg/kg 3 mg/kg 10 mg/kg 30 mg/kg
Rat - 0% 33% 100%
LY451646
Monkey -* - - -

*: Acute treatment of LY451646 at 1 mg/kg, s.c. induced vomiting in monkeys.

Table 9 Pharmacokinetic profile of TAK-137 in rats. TAK-137 was orally administrated to rats (n =
3).

Dose Sample Cmax AUCp Cmaxu AUCo24n
(mg/kg, p.o.) (ng/mlorg) (ng-h/mlorg) (ng/mlorg) (ng-h/ml org)

0.1 Plasma 25 113 0.65 294
Brain 7 31 0.20 0.90

TAK-137 1000 Plasma 1062 13769 27.61 357.99

Brain 306 4065 §.87 117.89

100 Plasma 1901 20639 49.43 536.61
(Nanocrystal) Brain n.d. n.d. n.d. n.d.

Cmax,u and AUCg_,41, U: unbound compound concentrations.

Table 10 Pharmacokinetic profile of LY451646 in rats. LY451646 was orally administrated to rats (n
=3).

Dose Sample Cmax AUCp24n Cmaxu AUCo240 u
(ng/kg. p.o.) P (ngmlorg) (ng-Wmlorg) (mgmlorg) (ng-l/mlorg)
] Plasma 188 1124 5.64 33.72
Brain 235 1327 2.12 11.94
LY451646
3 Plasma 646 4536 19.38 136.08
Brain 727 4892 6.54 44.03

Cmax,u and AUCy_,41, U: unbound compound concentrations.
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Table 11 Pharmacokinetic profile of TAK-137 in monkeys. TAK-137 was orally administrated to
monkeys (n = 4).

Dose Sample Cmax AUCpm Cmaxu AUCp24n u
(me/kz, p-o) (aghn)  (gbm)  (gm)  (age W)
0.1 Plasma 40 775 0.76 14.73
TAR-137 100 Plasma 580 11375 11.02 216.13

Cmax,u and AUCg_,4n, U: unbound compound concentrations.
Note: Cyax and AUC o4, at 0.03 mg/kg, p.o. are estimated based on C., and AUCq.,4, at 0.1 mg/kg, p.o.

3.1.4 TAK-137 i LY451646 XV & AV FEIR CF - EE OV BT B O HE 5 % .
#35

LY451646 X7 v N OWERIZIB W TR O 2T 523, F OERIZ~ L
A THRORISTH D Z &EDHRE SN TWD, TAK-137 78 LY451646 K 0 &KW & TIEM
ZRT D7, TAK-137 & LY451646 OFREFTERAIL DA 6 D FEH 2 F0~72, TAK-137
1% 0.1-1 mg/kg, p.o. (=7 A)L 0.3-3 mg/kg, p.o. (T v k) THEIZ BrdU GHHnEL
ZHE° L7273, LY451646 (2 K 2 BrdU Bt Z O EMMENIEA B O EBR LBV TiE 1
mg/kg, p.o. ETHEREI N2 -o7- (Figure 27), ZHHD I &6 TAK-137 1% LY451646
0 G IRV &I T © O SARRRTES O B A (R 5 2 & R STz,

TAK-137 LY451646
180+ 1801
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Figure 27 Effects of TAK-137 and LY451646 on the number of BrdU-positive cells in mouse or rat
hippocampus. TAK-137 or LY 451646 was orally administered to mice or rats for 4 days and tissues
were isolated the next day. Data are presented as the mean + SEM (n = 9-10). Significant difference
from vehicle-treated group was analyzed using the one-tailed Williams’ test (mouse: #P < 0.025, df =
45, t=3.3 (0.1 mg/kg), 3.2 (0.3 mg/kg), 3.1 (1 mg/kg), rat: #P < 0.025, df = 54, t = 2.4 (0.3 mg/Kkg),
3.7 (1 mg/kg), 3.0 (3 mg/kQ)).
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E2H EBE

S743 TONMAKFEEIZ LD 7 T =2 MERAPER S LD &0 ) RS & LY451646 K
D7 =2 MEFADIE TAK-137 & B L7, TAK-137 137 v MZBW TR 5 A
WEEEA L TR, ZD%R4A (116 £ (AUC,,..,) . 43.7 {% (brainC,,)) 1% LY451646 D%
446k (3. 1 £% (AUC,,,;,) « 7.5 1% (brain C,)) K0 BIED > 72, S BT, P MZBWTH TAK-137
IR RN A (049 15 (AUC, 1ga) « 248 5 (plasma C,,,)) A L TUNTz,

TAK-137 13V &SR T (0. 1-1mg/kg, p.o. (=7 Z), 0.3-3 mg/kg, p.o. (T v 1))¥EE
OFFFEETEHIAL O HEE 2 e L7z, S 512, Hro DUTS BRBRICEB W T H AW AR (0. 03-1
mg/kg, p.o.) TRHEEFEHZR LI, ZAHDZ &5 TAK-137 1% LY451646 L0 HX
Nz A TRIONED U A7 PRNZ E PR E N, ZAIVE TORE L FHRY 20 FLR5E
Jif L 7= 3R% Tk, LY451646 (3A B 72 e AiBISHIE O HFEIEEE H 23380 b2 o 7z,
LY451646 OOFHRERTEGHIADL O B/ FH> BDNF mRNA 38 BT 1 FH 00 58700 ] Bl 4% -4 R
IZE o TEMT D2 ERHE SN TND 2, 2ol &5HIF7ZR & ORERR DR %
PRI, LY451646 DA ERIERA 2R T RIFEZRE CTE Rh o7,

EIHE A

AEEClE. dihydropyridothiadiazine 2, 2-dioxides FHEMARD EE(LIZEIZ L VKT I =
A RE AMPA 27K PAM Toh 5 TAK-137 Z R L7z, TAK-137 (ZBEFD AMPA 275K PAM
LY451646 1V &AW B CRAMSEERSEAL TR L, £, KEY X7 MR L 2bh
Sl INHDOZENL, FH1EBERBIVE 2 ECIRELEAZ ) —=0 7 Fu—F B X
MEE WA CERIG 1T~V o = A TR JOS MRS K OYEAE Y 2 7 488 L 72 AMPA 254K
PAM 2R3 ECHERHTHD Z BRI,

EAHE FERGE
A3

Bl mBLOE 2 ECHoncmiAeREic, RBREMTE (K) T
dihydropyridothiadiazine 2,2-dioxide FHEARDHALAWDIECAFZEZITVY, Flix DA
) —= U PR CERR R AE Y L LT TAK-137 28K LT, FOMmoREIEIZ >\ T
PEERY 7 Tl s & N 2,

AMPA Z R KON A = VBB B AEFEBMIAZ Ve Ca* AT v A
2 B L [AEROITIETHEM LT,

FIRAERAIRA 2 F VN2 Ca2 TRAT v A
1 E L RO ETER LT,
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R Z AN F 75T oA
1 E L RO ETER LT,

Scintillation proximity assay (SPA)
1L RERRD FIETHEM LTz,

VEERE S Z AW RET viEA
W ELEREOFETCER L=, PH-TAK-137 # W =S REClX. T -UL{K% 30 nM
OFEETHEH L, FEERORESIT 10 M NBQX ZHWTIRE LT~

GluA20 LBD/{LE1E A HRD X#RiE Mg AT
H1 BEFREOFETEE L., fmiEo a7 L EBILOKE T TR T —
7 )L (Table 12) IZF &®H7-@0 Th D,

Table 12 Crystallographic data collection and refinement statistics

Crystal

GluA20 LBD/
glutamate/TAK-137

Data collection

Space group P2,
Unit cell dimensions
a. b,c(A) 114.1, 162.3, 47.4
@by () 90, 90.0, 90
Resolution (A) 50-1.65 (1.68—1.65)
Observed reflections 770416
Unique reflections 205163 (10206)
Redundancy 3.8(3.6)
Completeness (%a) 99.6 (99.1)
Vo 19.0 (1.5)
Rom! 0.062 (0.841)
Wilson B factor (A2) 20.8
Molecules in ASU 6
Refinement
Resolution (A) 40-1.65 (1.69-1.65)
Reflections 194547 (14054)
Ruon’ 0.184 (0.278)
Riee 0.215 (0.313)
Number of atoms
Protein 12300
Ligand/Ton 216
‘Water 1062
Average B factor (A2)° 311
R.m.s. deviation from ideal geometry
bond lengths (4) 0.010
bond angles (* ) 1.339
Ramachandran plot (%6)*
Preferred regions 98.2
Allowed regions 1.7
Disallowed regions 0.1
PDB code 52G3

" Reym=ZnZi|I(h)—<I(h)>|/Z,Zi<I(h)>, where <I(h)> is the mean intensity of
symmetry-related reflections. 2 Ry, =Z||Fons|—| Feac| /Z|Fops]- Riree Was calculated
for randomly chosen 5% of reflections excluded from refinement. B-factor
includes contributions from TLS parameters. 4 Calculated with Coot. Values in

parentheses are for the highest resolution shell.
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B

C57BL/6] <= 7 A, Sprague-Dawley (IGS) < v k. Long-Evans 7 v MIBAKFY A 732
b= ENTEHEETHEH L (12-h light/dark) . EBRENC 1 HHELL 0BT
AT ole, YAVIEHREY A 7 vBna s be— s EEICEEF Lz 02
h-light/dark cycle), EMOEHEIL L UMM, ER7 0 b — T HELEY ERZEZE S
DHEREFT,

b

TAK-137 & LY451646 1% 0.5% (w/v) methylcellulose ZRB/KIZEE L. RO E (p.o.)
L7-. DMTS 3BaTlE LY451646 1% 10% cremophor (W/V)Z&EKICIAMREL . FE F# 5 (s.c.)
L7

¥ R AR R BN A D 15
BrdU Bt DMEIT 7 v —H A b A b U —& W72 BEEIC eV Sl L7z '

Novel Object Recognition Test (NORT)
NORT | ZBEHUCAE W FEHE L7 4,

DMTS 3B

DMTS FRERIZIE 4-6 £ DIED T =27 A YL (Keari Co., Ltd.) &V iz, FEEREAM S, H
INOEEBEIZTHHICEER TX LD 80% I ICHE L7-, RBIZIE Cambridge
Neuropsychological Test Automated Battery (CANTAB) system (CeNes, Cambridge) % M
W, ATEDHVE N L—=2 7 Lz, R (1 b7 A TN) TIERIIZ 1 SOMiRS 7 v

BN A7 U= NIRREND, PV 30 BLUNIZZEOMEE % v T35 L IEERIG &

ﬁéo%@&\%@%%ixa)%/ﬂgﬁz\@&®?4v4(m4\&16@)%gﬁ
Tt BONCIRRENTMIRE L B2 3 DOBRLDEOMENEREND, VILRTD 4
DOMEN D RINARTR INT-WEE S v T 525 L EERISE 720 . WE L TN E
bbd, FTZATAOMREE S5 BT, 1 DORBRT 96 T A T EIToTZ, 0, 4, 8, 16
BOT 4L vADRNITAT N EZNEN 24 BTV (FEF96 AT L), ENHIE96 b7
AT IVDOHRTT U F NI Thhlz, FEBRIZIE 10%U EOIEAERZR$TH AR HO BT,
{LEWREOBIE, TAK-137 (0.01, 0.03, 0.1, 1mg/kgp.o.) & LY451646 (0.1 mg/kg s. c.)
Z Bk 2 BRI RS UICE& S LT, vehicle W= o b — 1 ORERI(bEY Z &S5
DHRTERD 2 JETHoT2, TXTDO M TATIVTOEFEREZTIHEL, TNOE 4 DOTFT (L
AT LT T, ENDHT 4 VA HETOIEEREFEH LTz,
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AT

TAK-137 (10, 100, 1000 mg/kg). 7+ ./ 7 U A HZ VA0 TAK-137 (100 mg/kg) ., LY451646
(3. 10. 30 mg/kg) N T 6-7 WEIDIED Sprague-Dawley (IGS) 7 » bk (Charles River
Laboratories Japan) IZ#& 5 L7z, V2 AW CIL4 FEmoEB IO =7 4%
)L (Gaoyao Kangda Laboratory Animals Science & Technology Co., Ltd.) & VT, TAK-137
(10, 100 mg/kg) Z#EH THRE Uiz, WGtk s REEM 2 BIZ L, T EAOREITRHL
TIREN B SN B ORIG 2R LT,

WL aT AT

fbEmOEEMEOEM Z 5 Hh 3 2 3R B ICB W T, REHRIA EZEIL one-tailed
Williams’ test AV L one—tailed Shirley-Williams test Z FAVNTHEMNT L. PfE <0.025
AHEERFEL LT, DTS &R TlX. two—way analysis of variance (ANOVA) % VN CHEHT
L. PfE <0.05 ZHERAEL L,
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7

AAFFETIL, AMPA S2 254K PAM D AMPA S2 AR~ DFE AR & & ORERBIRBLR DRR A %
BLIZMBDOAY )V —= THIE B L (13, 612, {bEMARZ )V —=71C
L0 R &7z dihydropyridothiadiazine 2, 2-dioxides FHEARD X Hfs st ST Ic &
HREERRADMHTIN G | AMPA 2RO 743 FH D) L OSIKREEICER L7 bEH o
BRI TR A L, @WER (&5 oV 27 288 L 72 AMPA 225K PAM O
BIRIZITEETHDL Z NIz (5B 2 3&), FEBIZ, dihydropyridothiadiazine
2, 2-dioxides FHEMARDFALAFIEIC KV R S 47z TAK-137 [EBEAF D AMPA SZ%5{K PAM
LY451646 £V &AWV EBCRRMBGEERSA R L, o, KU X7 MR 2 &b
>z (FI3E) ,

BAE, FADBFIE 2 N — 7 TIIARBIZEDE R HES & TAK-653 2 R L. BE D S &%t
BIHREBIFRE T TH D, AR THEONI-TEL O in vitro BR (FiARER. X Bk s
EAT . FUARRIZ N7 7o 7 a AT v A7 E) ZRWRT I =2 M4 AMPA
ZARRPAM DA 7 ) —= > J I O R0 RIE AMPA 32 251K PAM D kst R 36 S OV A8 Mk iR
X DB L L COMERBEOE L &, KPHEEk~TH®T2b0 B2 615,
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AR BT DICHTY | BIREY) 2 2HE L EEEZ B Y £ L UNRZERTER:
Feptgilhe EAEAESE ST MEIE BRSO D L ETET,

AR FALGE R L E LTE L ODICERL, WUR2MBE LHEELZHBY L
TUMNRFERFPEI LI T4 74/ _X—v 3 U8 BEHG #Bi%, U RFERFERE
PR EAEAETE MR MR, UNRFERFERE AT e —
ISV A T AYEF Caaveiro Jose WEFIRIZIR L EFHNANZ L E,

KOS Z 52 TFIWE Lie, BUHBES TERASH Ceri Davies f#id, i
F L ARHRE ERIORESEILBE L EFET

AWFZEIT, ARG RS AR MEofEgos s, HER— K, A
P IR, EEEE M HPRRRK T KL R KL SR KL SeREA 1
T PAMED R MBEER K T KD ERRIT ML IRESL o
NS E R 2 W IR E R L FE e LE L, DLV E#HWZLET,

BB, ABFEICH ) LT e s G TERASAE U —F OERITO 0 & &
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