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/11 Perspective/Retrospective /////

FRREfRRIEAEEREE Y g
[Hansch-Fujita ¥ DOFEA LB 225
R REEREG AR AR

1. XL ®HIC

2017 4E 11 AICHKWIR BT CRRE S N5 45 [MEETE AR VR 7 AZBW T, &
A SNDFPETH - RIS AN 8 Al WiE SN, BEEEMHEBEEHAE ., JIARK
SRR DB (SAR News No. 33) ZHUEE I TV, FRELAD ZHEAEZ BTV
Lz, B8, VU ARTP U ATIE, PIEEBIOEENI—T AP —L 7o T, ML
DYy arEiTHIEEotz, By a ONRITLLTO@Y THD,

LA L “EHES R YT A HRERR R SFE 54

2. RS ARLATRIH T EN AR | R RZEGR AR R

3. Hansch-Fujita #4346 J UM IETEMEAABRS O« U RS REBE AT IERE, A ARSI oh
EEVEAHB R SR IRk

BT, ZRZERICANT AR5,

2. BAZELZEMIURIIL

BANZSFH YA &R E DS, SRS ORI S Th 2 MEEIE M BARGES o
B BT 1975 EOFERICERT 25 1 HEEEREICO W TORFERH -T2, Hbro L, =V
PARALENKESINTHETEE D ThbH, TD%, B I ISR B S & AFRZ D,
2002 4R IZHIETE A B D8RS S Tz,

FORITEMAELFMUAEN IR EN-HE, BZ., B _EHE® 13D v R TP U L
(Drug Design Development)] D35iE%4 S4L72[1], 2 1 B ZEM T R Y 7 A%, FRANTHH,
A, HZOIERO T, ZOIEIZHETT 5,

2.1 BRSO UROIL

W, AL ERKFIELEANE OB REER R L O EE PR B ST, SR R
1% 1970 AR R EE |2 K [E AR £ - K5 Corwin Hansch %0 b &I F SN Tz, %Ik ~R5 X
T, HEMSEAIT 1961-1963 4E1C Hansch Je4E OWFZERICEEF SN TWZT20, KM thE -
7o 1989 4F, BRHECANTE IR 2 FEAKFITHEE L, RS HE CHRESEIE BRGSO TH &
LTV VRPN ENT-ZE0nD, 2OV VR ULEZHEIRBIAF VRIS TLAE L
oo TDk, VUART T AL 1992 FEITFENL SN2 T VT EFE(SE S (Asian Federation for
Medicinal Chemistry: AFMC)DVEE O —Bg & LT, LIXH IEHETEMMICHE STV
. WHEIZEAR, PEZAICBESN TS, 1993 F I TRE S NZH 2 [Hv VR Y T A
OREF 2K 1R T, BEIIEESEAE SN H R R YT AOTERIR T,  T55 11 [
MDA FHREFEBIRRICET 5 AR AR 7 A 232018 4E 6 A 22-25 HIZ I [EHEEF C
BfETETHDHDT, B, TSMEeBEW LIV, EREEEIIIER A ORN R 2 )i
%, EMOEFFZELI, FHEEICE OGN, o, BELAITZECHBEENBERTR L T
WD AERRERE R DR BB A D DI 2 LD, BEIRITB M 2 KD R — LR—D
(L ST,
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2.2 HES VRO L

1990 I BifE S 7z i E L P S EFAFE ST B AN RERERH & L TR S, Z0BR
(IR BRAME O Y 3 | EE R E A 72 FT(Korean Research Institute of Chemical Technology :
KRICT)D@FerEfi+ & B RAH S 7, £ ORE, ERAVHEETEPEAHBI(Quantitative Structure-
Activity Relationship: QSAR) 7¢ & D Fik%& W [EEIED 4y 13X 5E, BAFIZEE T 2 ZEfErafse
L E LI ZEBY R YT LA EBRET 5 2 L1220 1990 I 5w LA R AR &
LCHEERE 1R R T LRSI, B2 R Y Y MIFER A, FHEAEZEE
N&E L, 1991 FITHUHER TR S iz, 25 3 BT VAR YT AhH It AFMC OIFEBO—2 & LT
FEHIRIBAfE S TWZ28, 2008 4, Il ik SR BILRL/EAR CO BN % T, 2011 2 HUT
C AFMC International Medicinal Chemistry Symposium (AIMECS) 23Bifi S /=728, HEgEs >R
DU LOFMEN Rk bz,

2.3 BRI VRO YL

FRASGEAT T — R @R EOEBS#HEAB U T, AFMC 04— 87 U 7THRE T,
Queensland K% Drug Design and Development Center D& > % — & T& % Peter Andrews #4% & Bl
RN o1z, 1988 I HHE DMER LTz AAR/A— A~ T U 7 ZEM A it i 12 55 < LA
7'mY =7  [Design and Development of New Bioactive Compounds] 72355 4 [0] H SR =41l 14
HNEREZERITBWTEIRS N2, PRE G2 <, EEORE EGIZIIRE) - T,
1991 4, JERFSE/AE & Andrews i & DFRFROMIR, AZ Z[EHM T RO T LAOBMENIRE L,
1993 4=, AFMC EMEDITIZEEMSeA, FFMYEA, Andrews %, David Winkler i+
(Commonwealth Scientific and Industrial Research Organization : CSIRO) @ 4 £ 25 HE B & 7
D, XA a—A DI —FATEIEVVRYT APRRESNT, ZO%, 24FIC1
B, HZEL VARV U ARBBINTE A, 2004 Y R=—TO Y RV T ALK, BESHh
TWanwe Bbh b,

FMeEAIT. TEEES VR AR S5 201I0%, BEEZ2FESMEAS L IZETE
D TH D, —FHET AT T ATIE, BRI AEEZ O & U ORETE A B S
(CREEE, 9Ee) BEMEZFF - TR, P, . ZTIEHR LAY & e 2B CREE, BRE
A%, BFEEE L, Andrews #d%, Winkler 18 172 EOFE(TIR LN 2 a2 T 72, fRH
TAETBOLNRL otz BERAEDEE L QSAR & R B S/ E VT 70 & ) ik
NEBRAZRIC L D QSAR DREBIZE > TKRUITH D, | &b < bz,

E1. EoE A RS 4, 19934, LRI=T
(FEEERSARLY. ToTHEONZDANE SMEIE FAENIS=BE: = {=
FEiE =R REAL. EAO_BE SEEL)
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3. BHEALDRSHEETENETHME

A L RESEAEDOHRVE, FEE DRI 2 BIAERHIC, BEEEAICL D R Y REOR
MEMHRLZHE LI TH D, FHFEONFIT S FPUET, Lvd FAYVEEROTHE Y #fET
TRl BHEEENT 77 4 7 TETHELIH A TS, HIBIZE 72720, 4[]
EOWEERR T, BREGEAE CHRBIETR) OBONAMRELZELLIZZLEZRZITWD, B
FTEDYE I F—TIE QSAR IZOWVWTH X TWEWeR, ZOHEIINA Y ho (BFHI/NT A —
A=) R0 BKMENRT A= — g MDD Z N ESIE D bbb iholz, D QSAR BNHIFDZ
AT7T =712 % LF BENTIRERRBOLZLE LTS,

RSB D5 45 [ERERETEMEARRBE o o R O 0 MR DRLAFREIC OV T, ST, 2017 4F K
EHIZ, TTICHEA T A FEER LT B Lo TV, L ED AT A NEFR A TEN > T
Wieinolzloh, THER. THEROT N OEREED A=Y T ar B a— 2 —(PC) e B
LT, A7 7 A NVORTERH EEOND AT A RER LM LT, 7272, 274 FOT7 7 AL
2, O CHEE, 2ILOEBEFS CHEINIZREO Y 7 A VOBERE 7> Tz, £, A
F A ROk Z A FLld [Ligand-based SAR-omics as a Paradigm for the Lead Evaluation in Drug
Design] TH O, 2R T T LD TEHX A KL [SAR-omics: Polypharmacology 7> & PPI ~@
RERAD T 7 —F | LT o T, BB, PCNERLER, TEXA MVDATA K77
AWFRONO R T T IR U LTk 7 7 A VA28l LT, BRREAENGE SN D T
ETHST LN OINEO—HEZEEDHINTT LI LI Lz, UTFBRZONETH D,

3.1 SAR-omics

Y OFEETEPEFIBE (Structure-Activity Relationship: SAR) (23T, FEACIEAE N - 7=
SERHDOICHEADLLT, B OMERM CIEMERED LT 2008286 T\5, 7o& 2
X, 2ETDO3FEHOLGATH D,

(1) HANE L A —F T v OREE-BRELTEME RS
(2) WU FIVEERGUIIE AN OO R ETE A B
(3) U FLEER OfEE-AKRICT BHETEHAH B

(1) RIRDOA—F > (indole-3-acetic acid: TAA) (X 2) (FHEMELEHIEHAFI TH V. IAA DR
WEEITICL T, SEIERRERNDTIA SN2, BREEEZ R T OEGRA—F v
122,4-D 72 EDORY UFHEK T IAA LRBEICRUC B U E DLRF I LT R E L 1
DIRFEFA TR TOHNTW T, TDO%, BEFBOE ) VRO X 5 2B EFERICEE LARX v
ENFEE LT-BRESINERE I, 1963 fFl2 Efidn-v o) UERREREA| Picloram, B X
AL DRSS 025 2012 FFIZ A FILVZ AT U EB Eifisivien, 0 — RMMeemThore =
U R0 Halauxifen OR§3E % X 2 (277973,

(2) Aspirin (7T /LW U FIUEE) (THiEF L2 U FARRTIRIEANL, TD%, HARF
SINEDRABN (T FFEDONRTA) 1TV Fa T =)L, VTG e T = VR Ok
L Lo Toi-, 725, Flufenisal, diflunisal 72 & T& %, Diflunisal 1% OH 237 &
FIUEIN TRV ZE > T\ 5, B FILEE RPLRAEHN] & B O /ER % 779 indomethacin
DAY R—=/VBEE DV HRFIOVEDORIC 1| HOREBIR T4 b0 IAA OREEFTeZ L%, 4 —
XLy & OREIRIE S CHEBRE, 2D OFEANIY 7 vt ¥ v —B(COX)ZE L,
WHDILEIRDTAAL T T P DEREIMA D, 2 DPRIER O EZ X 2 1R T[4]

B) E~—H—& L THEREIND TV R MEICEEE (AKR)O—FE, AKRIC1 OFHFEAIE L
T BROMEMEEZ AN —F Y VA7 V== 7 bW U FOUEEEER 3,5-2 3 — K9 Y
FNAEBENRE S, ZOAWD similarity search 205 A iz L0 @ik 3,5-0 7 na
U TVl LB L OISR NS SNT2[5,6]. T D%, BEREAIRORAEERS LY Goodford
HIZ L VB &7 GRID EAT[7IIC L D S BICETEEDOEAIE LT 3-712E 5-7 ==L
UFNERT VA 3tz (®2) [8]l, ZNHDOHEANIHIA VAL LTHEI/mEIN TV,

M2uaRHENDLEIC, Znd 3FIED SAR lIIIEL O Z — L Z R LTW5S, 374
B, b EMIINVHRF N EEFRFORFREROE 2 ) U EH D W0TY Y FOUEREE T, LR F
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SOVEED R BT Y - HACEIC (BHL) 7 = = L EHNE A S TIEMETRE S 5 LT\ 5, [SAR-
ome] &1, Z D 3 FEFHD SAR D K 51T, i # D SAR NALL D/ — L Hom T T N—T %4 L.
[SAR-omics] & 1% SAR-ome DOffl % ® SAR BIDOBUR A ST 22 & Th o, T7hbb, &
DIERY 2 2 /X7 BIZKET D SAR D% Hip HMMOFER) &Z X7 FITkET B AN OT A T
JGHTE 52 L1272 5[9], & 2 CIEEEMZ T S22y B Je 13tz v < 2720 TSAR-ome |
DI (Bl 21X, HistamineHs 7> % F=X h, =aF o7 A= (FHHAl) . pinacidil 5Z7 Y
TAF X VA ARAT A NIRRT SR TWE, F7o, BHIEEH O L7 54 scaffold
hopping (REEZREIEDEHL) (26 S AIHEZ: [SAR-ome| (ZDOWTRENLTUWE, BIziE, 73 K
MBBIRT B ILRF LA 2 R~DFIRET BN 5,

CH,COOH ) COOH

OCH,COOH COOH OAc
2 Q
—
Indole-3- acetlc acid: IAA
F

Asplrm Flufenisal
COOH
Ha
COOH COOH | lhco GOOH
N \ \ CH3
| —> H,CO
3
Y o
° CI F
Picloram Halawnifen Indomethacin Diflunisal
(3) COOH
COOH OH
— L

ST e

AKR1C1 inhibitors

2. A—FVKREHR (1), YUFILBRKIER (2). AKRICT1 [AEH (3) D&

3.2 PPI (4 >/€9E ARV BEREER) ~ORBMT TO—F

Ao X 51z, BEREEAED THETFEZ A FAFO TSAR-omics] ([ZOWTITES & HiE T X
72o IRIZ TPolypharmacology 7> PPI ~D#RERHYT 'm0 —F | IZOWT, MEZBFEHINDL TER
ST=DnE ., BHEAED AT A FaedT_XTHO ThTZ, AT RT, BHEAIZ., #Hilo SAR
B — % [SAR-ome| A /R —DFNEIDRERZ L 23T B8, J@ﬂ:@;érf‘kﬁ BWTIT
VLB IZTFET 200 E W ) B2 BTN o Tz, Z0ORIZ 1| MORFHORAT A R
ANBIL, EHICFORICERADONKEERNLEL THEZ I XA Y UZRIRICHEEST DI TR
OBI012HXTFTE b, L L, BTN S KRB CHAMRZRL . 2% OBIL, TPPI
ORI T 7 a—F | [TIFEESRN LRV E Y I b, £ T, EFIT, A ICHHRD
3 fEFEHD SAR DAERYZ L X7 L U H v REOHANERIZOWTHRTHT-, UTFICEDORE
Bk %,

(1) A—F T U ZFZRIZONTIX, EFOMET 5 RBEITEWTE 72O T, LARNCHRZZ
ENRH Y. WEDSAR News (No. 26) THHI LTz, @E . WAL EL THDRIRA—F
IAADERETEMEALIAFARFIZAUX/IAA (#2827 ARFOMIHIKF) OfEAIC X vl Sh
TWb, A—F T 7 FRZEDIED K SCFREAARIZE £ 41 5 TIR I (Transport
Inhibitor Response )3 A —F L U ZHKEKTHY | TIRUZA—F LU NEEGTHEA—F 0%
ML CAUXNAARFEA TE D L 91272 D, TIRI-A—F 3 THEE LTZAuX/IAAIZSCFTRUE &
RIZE V2R F oAb E L, 26S7 2T 7 YV — L CHIESAVTIHIAIZ T, BEEIEE L
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5, ThbbH, IAAIFTIRIZAR L AuX/TAA LY R0 B o< THEER]) O&E 2 R - L
TWA[11],

(2) COX-13 L COX2E AR DR B EREHT 5 . aspirinO/EREF B G2 7o T
Toe TNZENOREE TIERBF N B2 > TEB Y, COX-1TIE, BROE/ATN (Fv %
JV) THEA U Tzaspirin NEMERBUC & > THEE/2Ser530% 7 F /Lt L, aspirin& 7 F /L L X
7= SerS30 B AE AL E 7 1 v 7 L CCOX-1% RIEMALT 5, COX-2TiL, aspiriniL[FIEIZ
Ser530% 7 F AL T B3, FAIUT LV BER OISR RIEDN BT D 2 & A S -[12],

(3) AKRI1ClZprogesterone DHHIZ B0 2 = E/ef#HE T, AKRICI-PHEAIE AR ORI
FAUE, SEREHD WP AL VEEE L o> TEYD | IEPERALIZ N L VEE O C- AR ALE LTV
%o LT, 3ROFEERN—TNHEHR L Ucoenzyme T HNADP EHAIEH LTV D
[6].

ik X oz, 3EEDO X /7 EE VY REDOHAEERAKNITE 72 B2 | IAADY;
BIEPPIE B> TV A E TS & H A, COXFHEA], AKRICIBHFEANLPPI & 1XBAMRAR WK 5 (12
Bbind, Lo T, HEYEAED [SAR-omics)» HPPI~] ITOWT, ED Xk HRTFuo—F
EEZTBONEZONIARAHLEETHD, bLrLb, BRALERREDICKEICEEE
HE2TLEEskont Ly, BEHIRIZ TBL D, HEITEDTZLTEZX RSN EN
I EE SO Ly, EHEFF AT OMBENS 5720, EHGEEOEAT A K (128) %
CZICHEET A EIETERVR, TEICRV W HIFEFFTEK L TUILY, b L, 58
DENDONSTHAET. O, B2 TWEEEy, EE L2 TLo< 0 EEZTH
T2 E S

ARAAEE ST akamatsu@kais.kyoto-u.ac.jp

4. Hansch-Fujita ;& $ & V& F SO ES

FINEAE G ER LR UBEREEOWEEOHE THY . 40, TOMREOFTE CTH D, £z,
FIEAD BEITEREEDO ZCHEICEL . TEFFAETLH D Z &b, BHEA L DOORN
DT, TNHOBEHR LY PIIEAITERLEAICED 52 OFEEZFi-> T b, Bt
v arTIENSDO—EER LN, fEEZ A IOV THA SN,

4.1 FEEEE LREFTKE

JER F e AR O THIMS R | A& TG M BRI SR SO R X, W SEARIC K DR e A= DB ST (SAR
News No. 33) HIZEPNTWNDHDOT, ZRINTV, BEE Y3 Tk, —DOBEBRFE N
V— RPEI STz, BERFRIEA DB B BEHNE = ARCAITE = m St (ST R R
FITERE) B OESRE Th o 7203, RIS AN KIE AR € K5 Hansch Jo4E OWFFEE I
BrankEbie< (1961 ) OZ & ThbH, BERRKLEENREFTRFEOMERIITNZ
& Z A, Bull. Chem. Soc. Japan D3 H Y . WA TWHIKRIZE S & B 20 H D DO THRWTH
726, BREOEETHS Z L A2/RT IS Fujita] OTSABH->Tho7z, T, b
BREWSY SNTZEET, TNEOE LT RERRE T RFIN Y 73— L LTHRGE
L7ebDIESTeZ 9 Th D, HFE D ORI, HkOFH N E Y EIFFEMAEOFEFELE# L7,
ZOFREOH T, EHEAEIX IROFBVBDOMEICRVBY | B LEELI| TNk
CEZATEITLEThHoT EEMINTND, ZONRITAEDHAREBIKLLZR(E 4351 5) .,
B JC A OB ML HE TR Sz,

4.2 Hansch-Fujita %

REFRRIEAIT 2017 42 3 AICH AP T E A E I NN, PIIEARED, R4
DOZEHFE (SAR News No. 32) IZE)NTWA X 912, BEHY AT Hansch 4L & B
Hansch-Fujita {5 & #8218 S 7o, 2D FHEIL, 4 Tld classical QSAR & HIETIN TV 5703, H
DEBIEEDO KX S OB ZZOMEYLFEINEE (B0, SRR, BKIME) oz X
ST, ZEEHSMEBT RV —EREZ#EA L CEENICHNITT 2 TE T BRIICIEERIR
TR EDOFETRTFEZR VT A B <, FFIT 1962 4F Nature FE[13]. 1964 127 A U
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(b2t (JACS) IZHFER S 72 2 5w SC[14,15113 %% < 51 &4, Institute of Scientific Information
(Philadelphia)lZ & - T“Citation Classics" (23T TV 5, F7o, 1964 4FD 2 FasCiL, 2003 1T
JACS D 125 B ZF&EL T/ I 13— h E#7z, JACSFoillian X The b % < I S 7= ST 39 {if
L MATT T TV D,

2012 4E 8 HIT, ISR~ EMAY > 7 7 L v ADFAE T, Hansch-Fujita % 50 JE4ERL &Y
RTINS FERR S TR S 47, Hansch SEAIXZ ORMEIC TSI E SN2, YV RY U A
O TBNEMD 7o T2, BITE, ARE7F K% T Hansch JoADIFZEZ Kk ST D
Cynthia Selassie ZHZ 2 #AFF L, M L CW272Wz, £/, RFEICIOKET AR > FEO Yvonne
Connolly Martin f#+:73, Hansch-Fujita ¥4 50 J&4F % 308 L C Comput. Mol. Sci.#5\Z Hansch-
Fujita JEOFEAE, JEL, BIE] ICOVWTRFLZHFENTE LN D[16], 1993 4, FEH AN
Hansch JeAE 2340 L 72BRIZ, Hansch SEAENZEHE CHX IR ONTZROEFEA X 3 1Z7-T, %
AIZ Hansch e AEDHN B S TWDHN, T R_"—=7 L — FDOXFT [QSAR] THDHZ LICiEH
LW &0,

A3FEBEAIPLIUR

BEH S AEDOM T AZ L E L-fimaTh s
BEE D > 7 7 L AR 1AL, 1772
HCRfEES N T/, 2017 49 HIZiTmEm et
DIFRITEZEOES LT 5 34 [FIEE
HAh 77 VU ANBETETH T2, Bl
WX otz, BERA 7 7 L ADERE
F, MEHZELErs, Ay ar TREE
NI T o708, MBS LR O
W, By va THETE R0 T, F)l|
FAENMBEEOSELRFE L, LT, ME
MrtoSHELZTO X R T2,

(1981 4F, MR RS AEN A KT ZER
I TAEDfmE s LTHD N RT v 75
WA W RBMEN DR, 35 ERREWZ LE
L7z, B 121995 1 k0 TfEHEAI 7 7 L
VA LEARIEWD, FOBYL S 4 AT
ARG e DRI DR & K R H D &
LCHZILT TS0 £ L7, )

ZAUE, 2017 A9 A BT ETS o 725 34 [k 3. HanschitLPREASTE. 19934

Ay 77 Ly AZEZNROEELTLED, = AUITAN=_T A Z)A I
NWITBRE SN Z L1EdH ) FHEATL, 2016 T

O 33 [, FEHEAEN THFEW 72 &tk

DHY T 7 LRI ELE,

W), HEEIEHAHEAI R A2 L E LI KT v 7T A L OMRE T LN, RBICSIE S
KIS T A T A T AFRERRIILNY . GEEL ., WEWAERZNDEEDOEILD A
ZALR, ) EHRZRIROEEE, BREEILDOFIEA 1 = XA LR IEMN Y £ LT, B
A, HOWHTEMO FE Yy Z7IZBWTHELEEL B2 AV M 2SR TEE L,
Tk v HRUIZRZ Lk, EHEAENTEMEND Z LIk > T, AT 5% OSME N,
(o, TH1Eo7=0h) &, BHNEDLNDZ ER, LIZLIEE 72 & T, BHeE
. EORGBEETEN ., BELWEBEECTLE, AL 77 LU ATOSMEB ORI
. FHLWVFFERCHREEDO N H—lo TE 2 &3l otz vz 7,
BRI AE 2 PO L7 0lR, ADERRS, 4, Kb-oTLE-o72 2 & & KREERSICE
=N, HEODTEEEZZIT T, ZoimafA L ot id e b nE & T TR 77,
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4.4 TZAESE®h)

M AT FEATREICB VLT, ZHY TE LN

EASEME MRS L KT L4 I b 15E DR
(2017511290 ~300 : R+ ) LFREHIZONTHBEIND PETH ST, TOMG

X, //T T LDy ZIZHIRIE TV D TZHEER#ER) )
Thsd (X4, ZOXFAERTHBEHLAEDOESETIT/Z2N

‘fﬁi . BATE N b = E e STV B,

[HESHER) ) (oW T, T2 i 5 < ) T jc
= {RIT23%583% U T2 Rk 22 FEEEREICRE 3 2 Hhamii A i
> s Bt LA GoN [k e b 0F
és T (41.2%) . WIHEHSNDDIE T4_T, ) L
L o E (385%) 12€ 5 THDH[17], 181 OFE—OFEK
ﬁ?li #% W MTEFEEE > CTHBEAEI W, BD ), EOER
X TR CfTE R 9, EEF @6JT%6O::T
- X, B—OBWRLDLEENDID, WTINLE _DOER
ik b WD OREEIThH B L B s, THE 1355 T
}\35 b, M) & TR, Febh, TSR]
D ETHhHD,

R4, SVRTHLDINYT ZEHIRI]

LetioT, THA &%, TURIEE b) B,

! T TEEEED WD L b Db LI ) L

S BORLORMIERE.  maxiin, Lono 0 EL Lo L5 KT

iyt %, DS TE I b 5 #13, ISR

KBRS I Z DRNEE L) LIS RO

LR BITRED BRI 45 LTVl AU B 72
e EHoTng,

B

SRS, PINEAELY By va U THASHIEAT A FREBIWEREWZIEE 256X
DEHEOE#Hiz SETWeEEE L, o, MBELIY AL 77 Lo 2AgER L LT
DBMHELZWZEE L, 22T ERLET,

B35 3k
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1. Introduction

Antibodies are exploited for therapeutic and
biotechnological purposes, such as in cancer
immunotherapy, in diagnosis, and in molecular
bio-sensors. Recently, “Biobetter”, defined as
the biomedicine is developing by the evolution
of the methods to optimize the physicochemical
properties of an antibody. For example,
miniaturization of antibody to increase cell
membrane permeability, acquisition of the
ability to recognize multiple antigens [1],
improvement  of  binding affinity by
mutagenesis approach [2], and so on. However,

these optimizations are cannot be applied freely.

To utilize and develop the biobetter-antibodies,
its physical properties, such as the structural
stability or the binding mode to the antigen,
have to be investigated precisely. For that
purpose, it is necessary to understand each
effect of interaction caused by each residue. In
this research, we focused on the residues
associated with the antigen-antibody binding.

An antigen-antibody reaction is composed
in several kinds of interaction: hydrogen bond,
electrostatic interaction (salt bridge), van der
Waals forces, and hydrophobic interaction.
Among them, the electrostatic interaction is the
strongest interaction, and the force of charge
can be controlled by manipulating its charge
residue, thus this is useful for engineering.
However, until now, there is little molecular
observation how important each electrostatic
interaction between the antibody and its
antigen.
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Herein, we aimed to clarify that by
investigating the effect of exchanging the
charge, and propose to develop new antibody
engineering. For example, some substances,
such as an endogenous molecule could not be
recognized as an antigen. By inversing the
charge residue of it, its immunogenicity would
be increased, and the antibody for mutant of the
substance. Then, we can create the charge
exchanged antibody, which can recognize the

original substance (Fig. 1).
\\__

-
N Yy o
gggggggggggggggg N ¢ Endogenous substance, \‘)’ N
;‘L’,V.’."" =X /‘A ete éi-i;}_
_ Production of antibody No production
Charge inversion of antibody
Charge inversion of antigen
e w“”&* j+ cf"‘dp\l 4
A O, ‘N
k* Modified %
Anti 2 w Antigen  *
igen o Antigen e [+ o [—]

(Wwildtype) (Wtant) (wild type)

Fig. 1 Hypothesis of utilizing the charge exchange

2. Methods

Two model proteins were chosen for this
research: antigen, Interferon-gamma receptor
(IFNgR), and its neutralization antibody, AG6.
Both proteins were expressed in E. coli, and
purified with metal affinity chromatography
and size exclusion chromatography.

Surface Plasmon Resonance (SPR) was
carried out to measure the interaction between
A6 and IFNgR. The secondary structure of
each protein was investigated using Circular
Dichroism  (CD). Differential  Scanning
Calorimetry (DSC) was performed to decide
the thermal stability of each protein.



3. Results & Discussion
Selection of electrostatic interactions

We visually selected three electrostatic
interactions between the extracellular domain
D1 of IFNgR and scFv antibody A6: R84 - E27,
K98 — D28 and K52 — D54&D56, respectively
(from PDB code 1JRH) [3] (Fig. 2).

IFNgR
(Extracellular domain)

scFv A6

;)7\\‘//\K‘
¥ <
K52 — D54&D56 |

Fig. 2 Three electrostatic interactions between IFNgR and A6

. ¥
R84 —E27

Requlation of the interaction by its charge

In SPR assay, we measured the binding
response of A6 to each immobilized IFNgR
(Fig. 3). We prepared three IFNgR mutants,
R84E, K98D and K52D, which were inversed
each charge residue. Wild type of A6 showed a
clear binding response to wild type of IFNgR.
Meanwhile, these three mutants of IFNgR
almost lost the ability of binding, because a
charge repulsion was caused on the interaction
surface. Only one charge repulsion could
disrupt such a strong interaction.

80

IFNgR R84E vs A6 WT
NOT Fitting

IFNgRWTvs ABWT  _
Ko: 8.7 x 10 (M) 3

0

0 100 150 200 250 300 350
[

Time (sec)

IFNgR K98D vs A6 WT  _ IFNgR K52D vs A6 WT
NOT Fitting % NOT Fitting

S0 w0 150 200
Time (sec) Time (sec)

Fig. 3 SPR assay between each IFNgR and wild type of A6
Then, we also prepared three A6 mutants,
E27R, D28K and D54K and D56K to recover
the electrostatic interaction with each IFNgR
mutant. As a result, E27R and D28K of A6
showed the recovery of the binding affinity to
R84E and K98D of IFNgR, respectively. On
the other hand, there was no recovery about
K52D and D54K&D56K. From the view point
of affinity, kinetics, and thermodynamics, it
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was clarified that these three combinations of
mutant showed various results about the effect
of physical property by exchanging the charge
residue each other (Fig. 4).

IFNgR WT vs A6 WT

IFNgR R84E vs A6 E27R

onse (RU)

IFNgR K52D vs A6 D54K&DS56K

met I

IFNgR - A6 m Thermodynamlcs

R84E- E27R
K98D - D28K
K52D - D54K&D56K

Fig. 4 SPR assay between each IFNgR and mutants of A6

O

X

O

X

O

X

Effects of physical property by exchange

Further physicochemical measurements to
each IFNgR were performed to understand why
such a difference was observed.

We investigated each conformation of
charged residue in the molecular. CD and DSC
were also carried out to clarify the effects of
these molecular conformations (Fig. 5). As a
result, it was suggested that maintaining the
secondary structure and flexibility was the key
factor for manipulating the charge properly.

(Protruded)
J R&4 (Buried)

IFNgR Surface Charge

Accessible Surface Area
(AsA) (A2
K52:134.71 A2
R84: 39.30 A?
K98: 166.20 A2

ol

K98 (Protruded)

< Differential Scanning Calorimetry >

Tm(°C)
—IFNgR WT 53.1
R84E 505
K98D 50.1
K52D 57.6

- cm? dmol)

Cp (keal/mole/C)

o 4N w & o

(0] (deg:

as 65
Wavelength (nm) Temperature rc)

Fig. 5 Effects of each charged residue to the conformation

Currently, we are performing molecular
dynamics simulation for each interaction to aim
to understand more deeply the various effects
of physical property.
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