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B 80%, P 3 R OFEAIL L, HMICEHHET D & 20 U LB EERAVNEIZ/R D, TRr Y
U ) —VORRKRAEN 100 mg 7°5 300 mg TH D15, HFIT 2,000 mg 2>5 6,000 mg N FE &
D, TARFEEH L THHELE > TR,

S BT, W SCE TG Y RO BIEAFIE RN 4. 1%L FEF RN Z L ME SN TR,
ﬁﬁ%ﬁ&ﬁﬁ%@%ﬁif%otoKﬁ#%é&#é&%i\% CHERRBIER S ST
Wb Z e FRITEI A XY ) — AN BHRE DT BASBE CIHIRENEEDL Z &
Tho7,

FETEZYBOIRIKETHIEN/NSL, FEX0EEE WS a7 MIFEERA < . N
OFFHIDRENST2720, ZO X 9 72RO ORERITHIC L S 2 o7, L, %7
) —=NEROBES L CHORBETERARIZEAERD NN Enb 7Y ) — gk
e GIRBESEIRYE) NIEFITIERWZ ERHER I, T7hbb, %7 ) — L EEE LR
HCHETHE LT, T—BEMsMcH T L E 2, MaNICH 5 X0 OLEER 285 2
i< BRI T v 7Y 2 — VKREONEH (8 3 hr) ITEFET D) ERELE, 9
T 5L, WRULER 90%, 4yFH 400, -] 6 hr D{LAW & ST LR S o 58 TR/ Wi7F
s BN,

FIT, RERMVELTCUTOL REEEREEZITo T2,
D X0 PHEEMEIL IC, & LT InM mFNLLF T, 4813 400 AT
@ 7V UEEEEDT, BB A~OEEN DIV E Y
© BRI A S0%REE I X oAb &Y
@ R ORI T 90% LA B¢, oA e 1 6 B LA B
® AEFEFLER20N
® K&EWMELTWIRHERG REREZ# > T, 6 27 v 7UNOAK T 1k A
@ F@lIE 200°CRLEE TR ERIL AW

ERREMED S B R ORI RSB PR iéﬁ@%iﬁﬁ&ﬁfjﬁ;@ﬁﬁﬂkﬁot#
LogP % 2~4 TR E L CRBITIEMNR 7 VT TE L7159 EE 2TV, Lo LYElickE<®
Br 5 2 MBI THEOFEN 2, o EECREmEZHET D 2 &iwmﬁﬁé
FECIIRERIEETH T, TLT, B MR ELRONTWRNSTZOT, & MBI
DIREhREIIHERI O LU XK 9 3o 7z,

O T HiREOERLONRB#Y~ v 7 E2kDoo, ED L ) @ BILCHEA N HE S b D)
EHFET D LNTIENR o T2, Y ORGE Tl A FAEST B F VOB E£ECE T &
DS CIE, F 7 1 A P450 12 X AL O TFH R R E WV, BEBREZ M2 572012
R ENLT VOB FBELBEBT 50, MEEEZFINTL A E2T-, 72,
ﬂﬁﬂzwcuikwoaﬁ%* VLBRFEZRARILIZ 22 WS YHE 0T e Y = 7 hTRAE MK
VBB W OBIFN L TEMERRIREIZ 72 > T a7z, 200°CLL EHAVIEE W 72 < REMEDS LR S
5 EBWBEREICINZ 72,

INGOREZENDHEIZLEHLWI ATV T THY F-7 vy MTHTHEED A
Fhk Lo Toizd, REFMIM A 2 HITBRE LT 1989 406 Gk & Bilts L=,
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2.3 J—FEEMoRELETH A OER

FP. MOBBHEEE OB LR T 5720, 7V DX ) REEHEHARELZYRT S 2
LiZ LTz, BEIZAKRSINZ XOAERZ#Gr+5 &L, HTLLMEARTHILE T/, oL
ATV ERO IS T HMEICR B UBRE FF (LAY R EEEEZ B LT\, &
ITHERENVEVRERES THESAT VA T OO EZAKR LTz, —2— DO %
D7, RESHEHFMZERCL T LESZN, 2-7 == -5-F TV — L LR UBERIZTHV R0
5% 730nM 1T ED X0 HEEMEZRO, Tz U — RREEZICHRE L, 2. Ron=ARAR
(RANDRH) LIED LWEEOBLENOUL IO X 9 280 &2 E> TLEWMT A v ZRE LT,

@ L EMEDE D
CHERMEER DR - - - - PIKBATIE D[]
AR OBIT 3EUN (TREZR D TELIRN) « - - fFEfER L
CPURAE, mIRMESR (7 4 77— FREH) 7o & OEIMEE 2 PR - - - IFEtER S

@:EE. MPEDH D
SN T O AR - - - WBBEORE, BT v F AT, AFLURE
(FRIT VAR B0k . 77 R 7 B E ORI B2 Aicd 2 Rt RL)
s VR, T FREIEThEN T OLN - - - REEE N
CARRIRFEO LD AeEEm VRS LR - - REE M
- B2 3 BALEWITATT - - - IEREEE ., O
* T I ATROSED @RS OPERR « - - HREE, LE

T OFERNIR U THMERRILITZR < MY K80 OFELTH 503, £ < OERESLOIRHY
REMFEREMIT L CHLHENEZEX T Thole, OHIZY BV AF—L— L4 BE L T
drug-likeness &\ 9 SENGEEZ ML, Lo B EERIL, £ IT L. oL BLWE
WTholm LD,

3. & EEHHE
3.1 E/BRIIZNANFTFZYIY—ILANLKRUBOE EFEIEE

MIOE VBB T = = VT T — )V VR CBEFRER O — M ORIEE M Z R 1 IR, &
I DOEANIZLY, RELEERMEL, BEO 1 sMEZBH{LEMLEAX &L,

RV UBO ANICE MR A AT D & EE AR R CREE RN B L, —
Fo=bhaE R 7t a 2AF VD XD B TWEIMERE SMICEAT D EIEENKE <M
FU7, 3= bl (5) TILIC,MEA 14 nM TH V. FEEHAK (D) ICHR52 /%, 3-F U 7uF4
0 A FIUHE (7) Tl IC, 2% 0. 63 nM & A TEWVEERLEIGEZ /R L, BEHRIKD 1160 % &
ol IERICHBAWI S, 2N OEFHBIMEREE AICEAT D E IEEIIRESETL,
MEHR L FRREOIEETH o7, DARFIUNEIIRT CEAHEGEL L TE EE 25,
4NLEHAR (10) 1F TC, filEAS 3.2 nM & MEEHAIRIZ = 228 (FDOIEMEAZ R L, 3ALEHAK (9) &
DFEL 100 EZTHo7,

RUPBUVEROBFEENEEICEELZE2 D LIIEBSAOND Z ETH D, FRICEEEILEA|
I B 2R ETE MR B NS DD Z E W, L L, RMEE O K o [CEHBIE DAL EIC
KXo TZNIFEBIMICENLT D2 Lk BEOREDHES 2L OO TR L IO, fifé
MEDOBEREZZEEZLDELIE, WAWARHEL TAHD L, X0 IR E LTEYV T RTT Y
EVELTAIRETHY, REOE RV U FURNBILEIND INHEDOILICE) 7T & %
NICENLT D 7TV VB RN FET D Z Do T BE L MMEEMEEIZ 07TV ik
KD n-n MHAEERATRELSIEEREILTI2OTIRES X7,

Thbb, 2-T7 2= V-5-F TV — IV HNLVRUVBOR P UBR FICEFENENL OO, &
BIEDBEANIZI Y, RUBVEROKIREOMEBEICHRBNEEIND, — 5, 77V UFEKLEHR
JF- OB A Z T CHEBR EOMEICHRBHABEL WEN ) T EARDHZ & THRWMHAEER%Z2
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R1l. E/BHRT==AFT YN OEEREEMEE
. ol . X0 PR 1 H
ICs  (nM)

1 H H 730

2 H CH, 540

3 H iso—Pr0 28

4 iso—Pr0 H 67

5 NO, H 14

6 H NO, 900

7 CF, H 0.63

8 H CF, 310

9 CO.H H 320

10 H CO.H 3.2

11 benzoyl H 120

12 H benzoyl 6.0

13 H 4-CH;~benzoyl 3.3

14 CONHPh—-4-C1 H 150

15 H CONHPh-4-C1 0.38

16 H CON (CH,) Ph—4—C1 500

17 H Cyclohexylmethyloxy 15

18 H Cyclohexylpropyloxy 3.2

19 H 4-F-benzyloxy 31

20 H 4-Cl-benzyloxy 17
Tu7y = 1700

LEULHDOTIHEEZTZ, UHTIE R o P a— X DFERENELS . —2 Db EWE T+ 50
\Z—BEDD o T, T E UL EM Oy FiEFHEEZ L CETEBELZEHL, 77V Vi8R L
DOMAENERZRRTHZ ENTE (X4,
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K4, €EVT7 N7V LeEYOHEEREERN

Fho, NUVANVEO LI BRRERBHRIELOLGSIXTETRIIMEETHY 23D, 4 LELIK
(12) 28 3ArEHAE (11) L0 20 @it e, RUB VR EOE FIREBICK D2 AER L
RIS, B ERARNEZ T, $72, 4 fLl7 2 REEATLEEERmEL, 4~ (4~
rsan7xz=)V) 7T ANKR=ZE (15) D 1C, 2% 0. 38 nM & el Z2 R L, BEE LRI T
AHY 2000 FE L TEERA E L2 EnD, B2 OERASLE OMEERNIERICKRE S EEBTS
ZE LR ENT, 7277 L, —MRIIC in vitro DR TIHMEA W DOIEEME A BT 5 LiEMED I
DROEND Z LN, BERAETNR T, A BORER & BEERE T CHRINL TS
DT, JBEEOEWMEEWIIAKTIZND XD bEERREICET VT < AT B GRS EA
THZEHEN, AERNTIE, BIBEMEEMIT N T I &b, o2 X7 128 58T 5
L. $7-R86 8<%, @IEEMEEY O in vitro SIS RIZEEICHRT 2 MLERH 5.

3.2 CBRIIZALFFY—ILIANLKRUBADIERE in vivo RERIET#HH

E ) BEHHEEZE AT E AR LIZE Z AT, &I 1, 000 fF LA E OB ERE M 2 5
L. BEZBZ b6V onGEbnTz, Fll, ~7 A& HWT invivo JRIBIK FEM % fie
BLI FOHO5HbDON ONITar ) )=V E B2 5 RTIEAD EE TN, HIFFICK
L. WIS REBIE FERIIMmD THN-7-, 7r 7Y 7 —/ 0.5 mg/kg TILIEREREZ 70%
BREMZHDIZKL, BNLEOTH I0FOREEZE L, 7Y ) —/VORERELZHEL
HEEHIT, I oM BEHIVUTIEDDB D LW GEEBE L IeoTz, T TITHRD 2 F/HE
XEO2LLTEY, FHEEVEER LA T, MENEYERELZ MY N EE 2T,

M HPLC DKL Tk, — 2> DILAE W O M h iR EHERS 2 WET 5 7= DIiFEHED~ 7 2D
MM AN MNEL T I - 72, F 72 G R OWeST e OFEBR ORI E T 2-3 » H OBEASLETH - 72,
ETCHLHDTHMET DRM L 2L, TMEBICBEVT 21F EORILY o7z,

SEBWOWT, Y E &G LTtk IREEREZHE T 2 72 OICFHR L2 iE I3 N & £
TWD 05, M{EOFERAEEMEZFHME TV, EYREZHET LN TEXRNEAI N
PEMAFZEE ICHRRE LTz, T IS L2 2 A, 10 L suvbEaW7e b, E2ETRE
MRMPRELZRETE DI ENmhrolc, ZORBIXEERHY L E O TOREIZR DD, R
P fiE & I i S [RIRRLC )8 C & . SRR 72 PK/PD SEMTICIZ 43 Th o 1o, G ECHEMHER &
RET LTz & 2 A, IC D 100 {5525 300 5D I HREE N SHAVZIREAK FMER NSNS Z &
B BN o T, Fox ODILEWTITIREMEO B VR CVEEFERR L, Z2hbidsZE 5 <
BN FEGHERE WD AR 51T1H, 1C, D 100 5L EDORENNETIES 5 L&
b,

% < OIEMHAL ST G-1% 2 BE Tl PR STE A LTV 223, 3-= b e fFE RS, WIER
EWLoo, EFICEMHPICTFET LI ERHALN LR, 22T, 3= FrFEKD 4
PLIZA Y 7T rENAXRUEQD ZEANLTIREMNEE HIF CTh, ETHREPFTHHEINTLEY,
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B2 VBT = NVNTF T NVIARVEBORBIETIER

N . - X0 FHEEA IREBIK T 1EH
o.
ICs,  (nM) (B A&L 2 K%, %)
1.0 mg/kg NE
5 NO, i 14
5.0 mg/kg 73.7
0.3 mg/kg 72.7
21 NO, iso—Pr0 0.57 Ik
1.0 mg/kg 90.0
0.3 mg/kg 57.1
22 NO, EtO 0. 36
1.0 mg/kg 71.4
0.3 mg/kg 70. 6
23 NO, )\ﬂ 1.4
~ 1.0 mg/kg 82.4
o 0.3 mg/kg 52.9
24 NO, \j/”\V/ ~ 0.67
1.0 mg/kg 58. 8
0.3 mg/kg 61.9
25 NO, NP 2.4
1.0 mg/kg 76. 2
0.3 mg/kg 68. 4
2 NO, \ 1.8
~ 1.0 mg/kg 78.9
0.3 mg/kg 58.8
27 NO, C‘\‘ 1.6
~ 1.0 mg/kg 76.5
0.3 mg/k 64.7
28 NO, {} 1.8 o
~ 1.0 mg/kg 94. 1
) 0.3 mg/kg 36. 4
FasY J—L 1700
0.5 mg/kg 68. 2

PLETSPEME T2 & Mo 7S, BAMC bIHETEMED ER-35 & &b, BIRYICRERIK FEH 23
RS2 MHTTuT Y )=V el LEN R LIALEWTT LD AWz, 2, 3 EHHE
PEERLTZD ZOMDIREN T Lo Te, ZTDR®RIT 3-=hu, 4T ax P EOMAE DY
Thix EIRBIETERRT 07 7 — &2, 10 (k&MU EOBRREMIGEONT (R2),
INETOHZEHOREENIEO T TROAE ERELE LT 20 AMTH T,

3.3 BIEWMENDEELNE—RFE

LL, ZOERIRERITH> I VAN E-T-, = 8K L) 2 & TERFEMHIZETFO
REWH -T2, Ca FEPIHIZ ETH= he e BHT2{LEMNLVO T, WL OB RIG
NDHELTH, 10 L EOBEMILAY N HIIERELRES D EBEZ T, LL AMES 7 A K
BERT D ENTRGIEFICHRNVERFEVEA R L, BUHREBOBEKLE LT, ZOXREITSMm
MTH-o7-, = b a2 MoOBEREEIZER 2T AMES SEBRIIEETH o728, K REHE
Bz, FTOFRRL AR, T TICHRD 2EMBBE T LE-> TS, 70y Ml
LeoH DTV, LNLABOEDIZL, BRFEMEDO A =X LEHM> TENRTILES X,
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WAWATART T, AHEERERKBIZHALLTR2VWSEOO, = FaEARILII. LFO L 51
WENT= ML= AL AU NERL, 2R DNAICEELZ 5252 ERHEINT (M5),

'ﬂmfg ®

N/ NH
< | NO, < Z | NHOH . Z | 0 CH, R Z |
—\ —> —\ —> ~ —_— N |:>
NRase ATase

NRase : = b 7@ cl#H ATase : 7 & FIVEBEEH

\

K5 =reREICLBDNABEDRADI=XL0D—F

INGORBMEIES., KNOBERN = br A28 L TIToTW0nb, FE L, = b o
JERADOSREFEEZRES Leb, = h e EoRBEZFEBTCE 50O TIEEE XL, T TITAMICE
FVWVERERE S AN TV 22, BHEFEESARERRBIR T L EmWIIEE ANS T A &2 LT, —
DO ENEEHEDOOB Y TEHEK LT (K 6), 5 RFICERFENHELE L, HH7DT
RO S EHEMICRIR L=, 7rY =2 MIEE L,

H

e ’
3
H3C>'\/o H3C\J\/O
S _CO.H
O.N \I 2 OZNQY‘SIC()zH

N
CHsy CH,

C

M6 EERFRMEZEIRETDSODOILEY

= bl THLHENRBEREMICRDEEZDNTER, 7V FOAV =R L
b0, TV RETEIEERICEM OB ZME LTz, TORES, © 7 7 KT HIEMESCENE DS HE
Fr, EBINDZ 0NN, JET ) EEBT L7 27X A%y hEEIR LT,

T 2T X ALy FOFAES, N0 BITR D, BERIE X0 OFERET N ER TS L
HEHERLOEEDOR Y v MZRKIFE2TWE DD HICHRRIZEHIRFV TR IT U &

@ hires L1014 F1013
E— F1009C%

E802
V1011
Molybdopterin
Sas s Febxostat N
s Febxostat

f et Molybdopterin L648

F914 ( iéﬁ

R880 L873 F649

M7 Z7=7FYRAZ v & X0 DLiEEMFT
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OREMERIZR N -7=[5], BBELEa-aHEEATIERLS, a4 R0 D -
o MBEEAEHTHAZ ENHALMNE ol BEHEDIIEIC L AIEHO R R EBALIIRZHIAZR S
DARUN,

4. EBhHYIZ

T T XAy NMIFED%, FHx OBME T L CTEDIHER I[6,7]. e MERBRC M E R
BROEAER CBIEE L, BIRRBRICEAT, b MR TS RIRBE FEA RSN, 1
H 1[E, 40 mg ORI TIEH BIEO MAEIRERIE 6 mg/dL 2% < DEF SATERTE DL L Ok
-7,

HOHIEOTIEVIERS THDLELBPNANWABRE LY T4 TV TIHIFFER SN TNV D, BEHE
FHEERIZ 1C 23 0.6 nM & 1M 28] 5> TV | F724rF &I 316 THEED 400 2 K% < A%
TN TE, LogP bEREE LTpH7 T2.21FE T, b FoEREE 7ML EH D = &2
e ST, EEEZ AWz e NREANT U ZRBR CIRIZIE 0 TP ST, \BEN S 2%
EOBREEDHHEBEESATHLHREEOFMEIILE 2N E Sz, flEd 208°C TRERMM T
H Y JFIEESLRIA - WERBRTHLAR ThomHIZZ W EEbN S,

BISEAFZE CIITEME R A 7 V7 LUIBRa VB N ERIET D 2 ENE R THHZ EIEED
FTHRWV, LMLEFE LTHBET LU L, BIESCHE, B8t 82 < O THEEA TR
VTRV SO LA T T T 7 A L DFE IR D TR R T AR Z TEN 72 D o 7228
BEIZ WA WA 225l 7 P HER FEE N AT REIC 2 > T D, 5B L THRBENE <, hoimH
M, GHMREEZBERL W&,

i

AKFavxr FOEEIHZY, Tar ) ) —LOEROKREIZET S ZHE L L bic, X0
FHEAIOMFZZICBE L. SRR THRE, CHhE 2 W72\ BRER R4 2208 o e Bt 484 |
K OUESEZ O AW AR BB L BT &7, 72, SR O LyRiioH T, 4
WD 6 EBNFIM 2 L T2 720 T2 i ARSI L i L B £,

& X

[1] Elion, G. B., Callahan, S., Nathan, H., Bieber, S., Rundles, R. W. & Hitchings, G. H. Potentiation by
inhibition of drug degradation: 6-substituted purines and xanthine oxidase, Biochem. Pharmacol. 12,
85-93 (1963).

[2] Massey, V., Komai, H., Palmer, G. & Elion, G. B. On the mechanism of inactivation of xanthine
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(1970).
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Biol. Chem. 245, 6595-6598 (1970).
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/1l SAR Presentation Award /////

< SAR Presentation Award (ZDW\W T >

SAR Presentation Award] (%, &G MEMBI S R Y 7 MBI 23 TR E OREZ R L,
OGS PEFR BARTJE D FE SR 2 AR E S 2 728D, 2010 FEEICAIRR SiL7c, HANTIETEH & L CTHRARS
LAEDOFEEEIT 072, 2012 FENBIL, EXNAHE HEEIETEHEBE Y VR U MEFH R E
(JEFERTC SAR Presentation Award) & &, HEEMEFAB S AR P T KT D 45 5% L T DFEE
FOREIIC LI 22 ToO—GEB(NER R ERENZ LT L L L,

<I5FEEBEBKERICHONT >

543 [PEETEEMBI S VAR Y T A EBREKRE ) TEEORZIZOWVTL, FEBH DR
THWHEEEOEHERE G L1, 251 H 5 BUOICKRKRSERZ BE v % — TR S iz F
B 27 AEFER 4 MIF ARSI ICB W T, JIRED 2 EREIC S & S THEATh, EE %
GHFHBEOI L, RN N O3 L EZEEME S LR L

2015 EEBEEHAES VRSV LAEFERE
B B GRKPERER TRR5ER
W R LR KRE 4R
Pl B4 HRRE KRR KRR

SZEEODRERIIARA=2—RAVLZ—ICBITA3 ERFL L . ZEEIIINRTSES CRE B
BEMTHELEBIIREOHGEHER L, BEREBIEEER/EZBERE L, 2B, #EICH-
S TOBLR L FHMIEREE LU I3,

BEOB R L FAMELE:

GREENLTND 4EBATVD 3BV 2ENLETHD LRWICHEDNLETH D)

a) MEEE: HEERIIRENEZ KL CTHEUN/ER I TV S0,

b) EEER: 2T A NIZEMEHRORL22MEIC L0, RS, hOoRERMICA
B o CTHUNZER STV D,

c) WFFEDRDL: RO EE B, JeATHIIE & ORfR. FEOFHNESD 2\ X H I B
W7o TV B,

d) FRERAER O A BN e FIENEY TH D h, WY R STERE R, T — X 2SS\ CEim o i
DHILTWNDDN, BE - fEamlE 40,

e) BHEILE: BERMEITK L, AIRERISE « Bam A 72 ST, IEFRFmN 78 ST i,

f) FARHE :a)e)Z R AMITFHE T 5,

2015 FEREEB GO FIE, BH):
ks EA. RRE SR, KM FEMR. M S NgE AL IF BE N, AW TE. MR .

WH BE, @i i, M-S Bl T)I ARk. IRE . JREF & BRI 3B
AR Jes. AT ERS. LR R BL AR
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< ZEHFaAL >

KOE11

K 4 EfM\E B (2Ll &23)

BT B RREKRZERZER LERFEH

I & Biophysical cross-validation in fragment screening of fluorinated chemical library toward
FBDD using SPR, ITC and ’F NMR

O, A3 PGSR L VAR Y Y AMEFREE E W IR E L, 2k
WZHONREY TXNELE, LI DELEBE L ETFET,

FLIEDOBFFE I, FRAIER & F D FRED T2 DI, invitro TO “WEALZHIRMT” 2 BRE L |
LRI ARHT (SPR I )02 ) R FEAT (ITC JE) 2 & & HE & RS k& Wi O F BAFE I B
THERMNDEmERATEY £, ARETE, B HLEWTA 77V —L L CGIEFEER S
NTWELT7 T 7 A MeAWZMWT, SPR,ITC., EHICNMR ZiEH L., bt v MEAW DL
ERLATBVET, ZOT7 I 7 A MAUT 7 vENEA L TWA20H, FNMR BIE R ATRE T,
77 A MEEWIE., FOTY A XA 200Da FRE & IEFIT/NI WD, B OKHIRE
ZERENET, EBIKFO/NEENS, insilico TO Ry X7y Ialb—varTid, LIE
LIEE AV A OO ORR LRI LB Y £9, BT inviro TOMEYLZRNT 7' 0
—F L ZOEBNMNTND, 777 A MEAMORFRFE G 2 HR%E Fam L, Fidlee v M
EWMERGLE L, 4%, L0 @Btz =3 b & ORI EZ B L CT.SPR,ITC % L T NMR
FNENUNGRL D ey MEEMZBRIKL . Z0) XU IR E~ORBEZAELTEY =9,
LS EBIETOTHRE 2 MAT L BEWELET,

WL, R E2ED D ETERRTHESETEESE Lo, EWAF - R AE. - — Rk - 12
HEE, 2% - BKILER, X7 F R U — L4 - &R, iARICES LR L EFE3, 2L T
B Z 05 0 £ U7 AR EHRZ S D T2 I L B 9,

KOJO06

K 4 #H R (X 2T8A)

T B AEREXE EKEKR

H FRE A method for annotating chemical feature around protein toward ligand-binding-site
prediction, based on 3-dimensional distribution function

T ORI, A3 FEETE A Y AR T T AOBFREEICEA TV LT ELEZE, K
ERFIHFETUET, iMliz LT & WE LneET, £ B AP SR B S 06k
AT, 2O EMEY TEEALB L EFET, 70 AR EZED HICHTm > TTHREEZH Y |
BRa G TR A TV & F Ll —SEEH 7 80%., £ U CIL BRI EM A oy ik dt
FHEOERITLDI VEHRL B Ed, AFRETRELZTERL, OEFERNEGE > CE T,
& RO OKFIEE TREO - OICERE L= TETLE, ZOFETIE, 3D-RISM Hi
THROLND 3 WL MBS E BRI LT, T OMERSMIH - 7= 6LE %2 584 S, KFfEiE & Rk
THEWITa barzEHnE Lz, TOREL LT, ZENOERIC, K& Tl 5F
ENRETEXELEZTBYEY, 207 a bavid, 3RTHMEES 2ELRE, ek
I LTS RRRIZAR Y 97, BIEIR, 77— X—XIKFETICY T REEEALO
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Biophysical cross-validation in fragment screening of
fluorinated chemical library toward FBDD using SPR,

OSatoru Nagatoishi'?, Sou Yamaguchi', Keita Kajita’, Etsuko
Katoh®, Hiroyuki Akyama’, Satoru Kanai’, Toshio Furuya’,

Tsumoto Kouhei

Abstract

Fluorine is frequently used in the pharmaceutical
industry and fluorine NMR-based spectroscopy
(lgF—NMR) can become a useful tool for hit validation
in primary screening of drug discovery. In the primary
screening, fragment-based drug discovery (FBDD)
has emerged as one of the successful approaches to
design high-affinity ligands for target proteins of
therapeutic interest. The fragment bindings can be
detected using sensitive biophysical techniques such
as NMR, surface plasmon resonance (SPR), or
isothermal titration calorimetry (ITC). Here, the
FBDD was performed using a chemical library
containing a fluorine atom or a trifluoromethyl group.
We have used the extracellular signal-regulated kinase
2 (ERK2) as a model target protein. We concluded
that the cross-validation of 1‘)F—NMR, SPR and ITC
methods are a powerful tool in the early stages of
FBDD.

1. Introduction
Fluorine containing compounds have had a profound
impact on the development of drugs for the modern
pharmaceuticals market. [1]. Fluorine is frequently
used in the pharmaceutical industry and approximately
20% of all drugs contain fluorine atoms and widely
used in the lead optimization phase of drug discovery.
Recently, F-NMR has emerged as an efficient tool
for performing binding assays. The chemical shift or
intensity change of fluorine NMR is especially a
powerful marker of the fluorine local environment.
This method can become a useful tool for hit
validation in primary screening of drug discovery.
Fragment-based drug discovery (FBDD) has
emerged as one of the successful approaches to design
high-affinity ligands for target proteins of therapeutic
interest. The interactions between the fragments and a
target protein are relatively weak with submilimolar
affinity. It is expected that these weak binders provide

:1,2,7

a starting point for the development of inhibitors with
submicromolar affinity. In small compound screening,
the selection of specific binders to a target protein is
important point to obtain the true hit compounds from
the compound library. A variety of experimental
techniques, including X-ray crystallography, NMR,
surface plasmon resonance (SPR), isothermal titration
calorimetry (ITC), and differential scanning
fluorometry, have proven to be very useful in
determining binding affinities, binding poses and
binding specificities of fragments to target proteins [2]
(Figure 1).

( Yarget Protein ) Chemical library
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A\ » J
~X y A
1% Screening : .
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+ Second Assay
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v ITC .
 DSC P———— p Lead Optimization
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Figure 1. Flow chart of small-molecule screening
with biophysical approaches in drug discovery

Here, the FBDD was performed using a chemical
library containing a fluorine atom. We have used the
extracellular signal-regulated kinase 2 (ERK2) as a
model target protein. ERK2 binds to an inhibitor
(FR180204) and shows binding responses in SPR and
ITC (Figure 2). We performed F.NMR, SPR and
ITC analysis to obtain the hit compounds binding
specifically to ERK?2. F-NMR and SPR are suitable
to use in the primary screening due to the high
sensitivity in the NMR signal and the exclusion of
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Figure 2. SPR and ITC profiles of ERK2 binding to
FR180204

2. Results & Discussion

2-1. ’F NMR-based screening

The "F signal changes of each fragment compounds
have been determined and the mixtures of 24-25
compounds which chemical shift are well resolved
have been prepared before the screening. P
NMR-based fragment screenings were performed on
Bruker AV500 equipped with 5-mm BBFO probe at
298 K. The fluorine containing fragment compounds
(418 compounds) were tested with ""F R, filter
experiment with Carr-purcell-Meiboom-Gill scheme
in the absence and presence of ERK2. When the
fragment compounds interact with ERK2, the signals
of the compound are significantly reduced in intensity
in the presence of ERK2. Typical F NMR fragment
screening results are shown in Figure 3. From the
results of ""F NMR-based fragment screenings, the
signals of 27 compounds were reduced its signal
intensity (> 30%).

- protein ‘
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Figure 3. F NMR fragment screen spectra
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2-2. SPR screening
Fragment screening of ERK2 was conducted in a
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Biacore T200 instrument (GE Healthcare) using a
CMS5 sensor chip at 298 K. ERK2 was captured by the
anti-His antibody. The fragments were injected at 100
uM. The positive control experiment was performed
periodically to confirm the stability of the protein on
the sensor chip by injecting FR180204. The binding
responses were normalized with respect to FR18024
and buffer. Only fragments with binding response
levels above 3SD and below 100% to that of FR18024
were selected the hit candidates. In comparison with
the hit candidates of '’F NMR, four compounds were
selected for the true hit candidates.

2-3. ITC validation

ITC is broadly considered the gold standard for the
quantitative description of protein—ligand interactions.
Detailed calorimetric analysis of hit candidates from
NMR and SPR was conducted in a iTC200 instrument
(GE Healthcare) at 298 K. ERK2 at 20 uM was
titrated with fragments (2 mM) in 25 mM HEPES,
150 mM NacCl, 10 mM MgCl,, 1 mM DTT, and 5%
DMSO at pH 7.5. The results demonstrated that one
compound in four hit candidates was determined as
shown in Figure 4. This compound showed a
exothermic binding to ERK2 with submilimolar
affinity (Kp=130 uM).

Figure 4. ITC profile of a hit compound
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3. Conclusion

We performed the FBDD to obtain the hit compounds
as inhibitor of ERK2 wusing fragment library
containing a fluorine atom. From the cross-validation
of 19F—NMR, SPR and ITC methods, one hit
compound was determined.
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A method for annotating chemical feature around
protein toward ligand-binding-site prediction, based on

3-dimensional distribution function
(School of pharmacy, Kitasato University)
oYasuomi Kiyota, Mayuko Takeda-Shitaka

Abstract

The 3D-RISM theory can calculate the density
distribution function of small ligands around protein,
directly and analytically. We have developed the
method which can transform the atomic distribution
functions as the result of 3D-RISM calculation into a
molecular distribution function and also developed the
new sampling method to small ligands or
pharmacophores for determining the binding position.
By means of this strategy, the method can be used to
predict the binding pockets or select docking pose
based on the 3-dimentional distribution function. We
applied this method to the peroxisome proliferator-
activated receptor alpha with the known agonist for
determining the binding spot of its pharmacophore,

the carboxylate group.

1. Introduction

In current drug discovery or drug design studies,
many protein-ligand complexes are available by
effort and development of the structural biology.
Their experimental structures are used to design and
discover the ligands which have novel binding
In the
usual method to investigate above problem, most

pockets or undetermined docking poses.

analyses are based on the structural alignments of
complexes and docking simulations between the
protein and ligands. However, this methodology
needs high computational cost and large number of
structure samples. On the other hand, we developed
a new method based on the 3-dimentional distribution
functions (DFs) with Inversed-transformed Monte-
Carlo, recently [1]. This method can reproduce the
of  hydration
DF by
comparing with usual simulation.

conformation structure from

3-dimentional low computational cost,

The 3D-RISM theory can calculate not only water
but also small ligands, directly and analytically [2]. As

the results of calculation, the 3D-RISM theory can
obtain the 3-dimentional DFs. However, the DF is
difficult to image the molecular shape. Additionally,
the DF obtained from 3D-RISM theory is defined as
an atomic function, then it is not ensure that one
molecule locate the position where the peak appears.
Therefore, we developed the calculation method
which can transform the atomic DFs into a molecular
DF, firstly. Secondly, we extended the new sampling
method to small ligands or pharmacophores for
determining the binding position. In this study, we
applied this method to the peroxisome proliferator-
activated receptor alpha (PPARa) with the known
agonist for determining the binding spot of its

pharmacophore, the carboxylate group.

2. Method

The framework of 3D-RISM calculation is
constructed from 3D-RISM equation (eq.(1)) and its
closure equation, which is called KH equation
(eq.(2)) [3]. The superscripts “u” and “v” denote
“solute” and “solvent”, then the 3-dimensional DF
of ligand and water around protein is denoted as
g_,‘,"”'(r). “y” denotes a solvent site, or an atom species
in the ligand,.

hla.'::(r) — Z ZJ C;:;,-‘ ‘er)

(wba ( rl) +pY Y (|r' - rl))ar (1)
ey exp (d ‘:'v(-r)” ord®(r)=0
g = (2P (@@ fordpm=o
: 1+d¥(r) fordd(r)=0
where d¥¥(r) = —pu¥(r) + h¥(r) — c(r)

For understanding the location of binding site, the
potential of mean force which can be calculated from
DFs These

approaches have been successfully applied to measure

3-dimentional is a good indicator.

kiyotay@pharm.kitasato-u.ac.jp

29



the affinity or selectivity of solvent around protein. In
the previous works, we define the function which is
called as distribution center (DC) in eq.(3) for
estimating the potential of mean force as ligand
affinity[4].

foc(r)

( N
wal Ll

fOT Vbox(r) = Vbox - Vprorien (l‘) = Vligand

\ 1/N

g_y(r')dr')

Box (¥}

> .

0
\ for Vbox(r) = Viox — Vprorie.". (r) > Vligand

3)

In this function, r denotes the center of box, N is the

total number of sites of ligand molecule. Vi, denotes
the volume of the box which is based on the effective
radius of a ligand shape. Vprin(r) is the excluding
volume of the protein in the box. Therefore, (Vipox -
Virotein(r)) indicates the space where the ligand can
enter.

To aim at visualization of the binding spot, we
also defined the cumulative distribution function from
DC which is written as below, according to the
of

general Inversed-transformed

Monte-Carlo method.

fCD (r) |fcp|:l‘]23dr = Q

Veell

methodology

(%)

P(x.y.z)
17X 7¥ 2
= 6 0 fo j; feo (r) Ifco (rizz dx'd)"dz' =3 (5)

In eq.(5), the integration is performed over the system,
and the range of P(x.,y,z) is from 0 to 1. Therefore,
coordinates of the binding spot is obtained from
uniform random number s, whose range is also from 0
to 1. One spot sampled at a time by using a random
number until filling up the selected region.

3. Results and Discussion

We performed the calculation of the function
DC based on eq. (3) to estimate the affinity of
carboxylate group around the PPARa (PDB ID:
1K7L). The result is shown in Fig. 1(a) with the
threshold fpc=2.5 and demonstrates that the
function DC can distribute the correct binding site.
After obtaining the function DC, we predicted the
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Distrib;qtidhof": -
ligand affinity Predicted binding spot

(c) )f &J j\

Carboxylate group

Figure 1. Binding spots prediction around PPAR«
(PDB ID: 1K7L) with its pharmacophore,
carboxylate group. (a) The of
pharmacophore affinity which is obtained from
3D-RISM calculation. (b) The
prediction based on the pharmacophore affinity. (c)

distribution

binding spots

Comparison  between  predicted spot and
carboxylate group of known agonist inside the

binding pocket.

binding spots from the distribution (Fig. 1(b)). The
predicted binding spots appear on hydrophilic and
positive-charged surface as expected. The range of
RMS error between predicted and correct spots is
roughly from 0.5 A to 1.0 A (Fig. 1(c)) because of
the We that this

methodology can be useful to determine the novel

grid resolution. consider

binding pockets or docking poses.
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of the Lipid Ligand

Model of

Hydrophobic Binding Pocket of G-protein-coupled
Receptor GPR34/LPS;
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Science and Technology’)

OMisa Sayama', Sejin Jung', Sho Nakamura', Masaya Ikubo',
Yuko Otani', Akiharu Uwamizu®, Takayuki Kishi’>, Asuka
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Abstract

Lysophosphatidylserine (LysoPS) is a kind of
lysophospholipids generated from plasma membrane
lipid, phosphatidylserine. Our group showed that
orphan  G-protein-coupled receptors (GPCRs),
P2Y10/LPS, and GPR174/LPS; specifically recognize
LysoPS, in addition to the previously reported
GPR34/LPS,. These receptors are suggested to control
immune system, but their detailed biological roles are
still  unknown. To  create active  and/or
subtype-selective agonists as useful tools to study the
functions of these receptors, we have synthesized
many LysoPS analogues focusing on its modularized
structure consisting of a polar head of phosphoserine,
a hydrophobic tail of fatty acid and a glycerol linkage.
In this study, we focused on the fatty acid moiety of
2-deoxy-LysoPS analogues, which lack a hydroxyl
group on the glycerol moiety. We introduced benzene
rings to the fatty acid moiety to get highly active

2-deoxy-LysoPS analogues toward GPR34 and P2Y10.

Especially, we found that modification of the fatty
acid moiety had a great impact on GPR34 activation,
although P2Y10 was activated rather consistently by
2-deoxy-LysoPS analogues with various fatty acid
surrogates. We could potentiate almost inactive
2-deoxy-LysoPS analogues by structural expansion of
the fatty acid moiety to get GPR34 agonists with
submicromolar activity.

Thus, the fatty acid surrogates of the 2-deoxy-LysoPS
analogues are assumed to interact effectively with
GPR34. To find the receptor moieties responsible for
such  effective  hydrophobic interactions, we
constructed a plausible GPR34-agonist binding model,
which will guide us to further structural expansion.
Homology models of GPR34 were constructed and a
GPR34 agonist with a rigid fatty acid surrogate
containing benzenes was docked into the receptor

models. After the evaluation of robustness of the
binding models by using molecular dynamics
simulations, the GPR34-agonist binding models were
found to be consistent with the experimentally
obtained structure-activity relationship data.

In the model, the terminal of the fatty acid surrogate
of GPR34 agonist was placed between transmembrane
helices of the receptor. Therefore, it is supposed that
an elongated hydrophobic tail could protrude from the
receptor to reach the membrane region. An additional
group attached to the ligand terminal would not
decrease the ligand activity because such groups
would be placed outside the receptor. Thus, we
designed, synthesized and evaluated the activity of
such compounds, and found that they actually
maintained high agonistic activity against GPR34,
supporting the plausibility of our binding model. Thus
the receptor-ligand binding model suggested further
ways to design more intelligent LysoPS derivatives.

1. GPCRs Specifically Activated by
Lysophosphatidylserine

GPCRs are membrane receptors activated by various
molecules like biogenic amines, hormones, odorants
and lipids. As GPCRs transduce signals through
plasma membrane and they are involved in many
pathological states, GPCRs are one of the major
therapeutic targets.

Recently our group developed a novel assay system,
TGFa shedding assayl, to evaluate the activation of
wide range of GPCRs. The system can detect
activation/deactivation of GPCRs, which were
difficult to be observed by the conventional methods
and this assay system clearly showed that three orphan
GPCRs, P2Y10/LPS,, GPR174/LPS; and
A630033H20/LPS,. to be activated specifically by
LysoPS, a kind of lipid ligands. As human

pfalnidgihotn@gmail.com
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A630033H20 is the product of a truncated
nonfunctional pseudo gene, at least three receptors,
P2Y10 and GPR174 in addition to the previously
reported GPR34/LPS,” respond to LysoPS in human.
LysoPS is a kind of lysophospholipids, which is
generated by enzymatic hydrolysis of membrane lipid,
phosphatidylserine. Several studies suggested LysoPS
receptors’ function in immune system, but their
detailed roles are still unknown. Potent and
subtype-selective ligands will be useful chemical tools
to elucidate these receptors’ functions. Thus, we have
synthesized such ligands, focusing on a modularized
structure of LysoPS: a polar phosphoserine moiety, a
hydrophobic fatty acid moiety and a glycerol linkage
(Figure 1).3 We previously found that each moiety can
be modified individually and optimized moieties can
be connected to yield highly active and selective
agonists. In this study, we focus on derivatization of
fatty acid moiety (Figure 2).

LysoPS (18:1): Endogeneous pan-agonist

0 oH
P
HoJ\/\o’\\ o]
H (o]
NH,

Phosphoserine

[o]

Glycerol Fatty acid
Figure 1. Modular structure of LysoPS

2. Study of Structure-Activity Relationship
about Fatty Acid Moiety of 2-Deoxy-LysoPS
We focused on 2-deoxy-LysoPS analogues that lacks
hydroxyl group on glycerol moiety for synthetic
versatility. Various fatty acid moieties were attached
to the phosphoserine-glycerol moiety.

2-deoxy-LysoPS

(o] OH (o]
|
P
Ho)l\:_/\o’ \go/\/’\oJ\
NH, ) ) .
Deletion of Various Fatty Acids
Hydroxyl Group containing Benzene
(2-deoxy-type)
GPR34/LPS1 P2Y10/LPS2 GPR174/LPS3
o -
T Il Il
JIVTRIVANINIIL | i
Activation Activity was Activity was
depends on the retained almost abolished.
acyl moiety. consistently.

Figure 2. 2-Deoxy-LysoPS and its activity toward
three LysoPS receptors

GPR34 activation depended on the shape of fatty acid
moiety while P2Y 10 was activated rather consistently
and GPR174 was not activated by 2-deoxy-LysoPS
analogues with various fatty acid surrogates. The
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GPR34 agonistic activity of 2-deoxy-LysoPS having
oleic acid was very weak, but the analogue containing
three benzenes in its fatty acid moiety showed
subnanomolar activity. Thus, we could potentiate
LysoPS analogues toward GPR34 by modification of
fatty acid moiety. The fact that structural change in
fatty acid moiety is linked to activity toward GPR34
suggests fatty acid moiety of 2-deoxy-LysoPS
analogues is strictly recognized by GPR34.

3. Prediction of Hydrophobic Binding Site
We next focused on how the hydrophobic moiety of
2-deoxy-LysoPS analogues is recognized by GPR34.
The plausible model will help our further design of
LysoPS analogues.

GPCRs are membrane receptors with seven
transmembrane helix domains. We constructed
GPR34  homology models  using P2Y 12",

phylogenetically close to GPR34, as a structural
template. Docking study of 2-deoxy-LysoPS
analogues, having fatty acids effective for GPR34
activation, was conducted. The obtained binding
models were optimized by molecular dynamics
simulation and validated with the experimental
structure-activity relationship.

Extracellular
Fatty Acid

Glycerol

Plasma
membrane

Intracellular

GPR34/LPS, Homology model

Figure 3. A proposed model of GPR34/LPS; and
2-deoxy-LysoPS analogue complex

In the plausible model, the acyl moiety was placed
between transmembrane helices (Figure 3) and it was
suggested that the LysoPS analogues with elongated
acyl moiety would be similarly active toward GPR34.
Such analogues were synthesized and biologically
evaluated to actually have GPR34 agonistic activity.
Thus, the obtained model was shown to be useful in
designing more intelligent analogues.

1. Inoue, A. et al. Nat. Methods, 2012, 9, 1021.

2. Sugo, T. et al. Biochem. Biophys. Res. Commun.,
2006, 341, 1078.

3. Ikubo, M. et al. J. Med. Chem., 2015, 58, 4204.

4. Zhang, J. et al. Nature, 2014, 509, 119.
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