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$&K( LV DQ HQ]\PH WKDW LV SUH GRRIOHM W BKLQLD KRIQWWVEKH\UEEGDWR SOD\ D PLQRU
$&K PHPRU\ PROHFXOH LQ WKH EUDLQ ,Q DGGLWLRQ WROLMVMDWIHQS VDK BIUSBID \OHR®
VWDEOH FRPSOH[HV DQG SDOWILKR 'SR \OD WIKRQ DEIQRWKIPM WDX SURWHLQ ZKLFK [
$O]KHLPHUYTV GLVHDVH $' 7UDF&XHDMCP BOWVRIQF®XQLWEHEUDLQ SOTRKXMW RIXEO K
HPSOR\HG WDFULQ H DAL \B R UHRIL FKR@QWQHNYWHUDVH DQG TXHUFHWLQ DV DNVQ DWW DO
GLUHFWHG OLJDQG ZKLRKHKWDV7EHHRK QOPWGQUDSURSHUWLHY RI WKLV OLJDQG KDYH
7DEXHU OHQV®LA) EIHQHUJLXDI@G B H DQG NFDRO UHVSHFWLYHO\ 7KH FKR
HQJ\PH LQKLELWRU\ D&M LGV RQ GV K B VFiE FRHRO HFYD®XWD VBNGDPLF VLPXODWLRQV 7K
$&K( 7DRHU DQG %&XH U7 FRPSOH[HVDMWBH NFPRO UHVSHFWLYHO\ %DVHGXRQ MWH L
LQWURGXFHG DW D WSRWHQWH B8 XXDWDQG WKDW FDQ EH UHFRJQL]HG DV D SURPLVLQJ V

Keywords: $O]KHLP HU I%¥DG UG BPIVH HRW NQOQROHFXODU G\QDPLFV

INTRODUCTION PXOWLWIHWFWHG OLJDQGV 07'/ WR F
SDWKRJHQV VLPX®@ WDKHRX\DAAH>VHY HU D
$O]KHLPHU V GLVHDVH $' LV RERXRW WK IS DRWRRRY HRHPWPIRQ ZLWK WKH IR
W\SHV Rl QHXURGHJHQHUDWLYH GPLRAHD VHF'S RAUKDBLW K FCRDR QWK 8 DP D J H
VWUXFWXUH DQG FKHPLVWU\ RI WK B HESJRDALLQN CRH DOGPL\Q R IVGR E\M WHD GS$H DWW RRV H L
EUDLQ FHOOIWOGH DNIBEWY SHRSOH WRZRWHXURQE LWYPDWLRQ RI WDX SUR
RFFXUUHQFH LV H[SHFWHG S\RRS XQB UWHB@QRBXURILEULQDODUD ® RICEBDWLYH
DJHV ,W LV HVWLPDWHG WKDW E\ DQ GPRIHH WP DBQ FREDHI FSUHRIIFW DRWQ R
WKH SRSXODWLRQ RQH LQ HYHU\ S HRMSFG HQ 2 MORO VORI HF KR WVIKQ$'UJLF QH X
> @ 7KXV LW LV HVWPRGWINDWK W RG MMHHEDDINP BXHSG WR WKH FKROLQHUJLF QHXU
SUHYHQWLQJ GHOD\LQJ RU VORZL QUQWE RHR\Q ¥ FRAD Q@HS XIR J § 8 K RLRIB@R W
WKH GLVHDVH 7KH PXOWLSOH SDWKGXRURPRG LIFHDWWWYIEFRF RW\SHDW BN WL R Q
PDGH GUXJ GHVLJQLQJ GLIILFXOW PHPRU\ TKHE HPRW L DD W QU DADNHIXOQH\
D JUHH MHIMF F H WRMMPHQ WHRQXVLQJVHQVDWLRQ 7KLV QHXURWUDQVPLWMW
FKROLQHUJLF QHXURQV IURRAQFWRIGLQH
&RUUHVSRQGLRDLDXWBRIUE SR XU #LURWMDIDUH Q K P B DRSO IHW | B WII\DHOS/7
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&KROLQH $FHW\O -&RHFGIWREBFIRANVQHVVHQWILQODSGYRRRQWXGLHV KDYH
&RHQJ]\PH $ DQG DOVR XVHG E\ WKROLQYKUISF SOPXMRQVLQ DGGLWLRQ V
7KHUHIRUH PDLQWDLQLQJ LWV EDDPR¥GRHARD &V K R GEQ D& RE QB/ YERPH R
LPSRUWDQW > @ ,W LV HVWLPDWWG&HWHKDWWERGLH\ORMWDN BRI LEGHKQWLILHG F
RFFXUV LQ WKH EUPHIQ \RISDY I$0QKW UHOHYDQW PHWDO LRQV U@DRQRKG>LQ
&KROLQHVWHUDVH &K( LV DQ HQ]@H OWMMWDW KRXUREBO/R[VSIMRSHUWLHV SO
WR FKROLQH DQG DFHWLF DFLG UHRBXFRYILRWQKRI $&HKD FOMYYHO R [\WH QVV SHF Lt
QRWHZRUWK\ WKDW WKLV HQ]\PH IDFWEUWDW KV $R[DB I @FARNIEROGE OO HRH]
E\ IRUPLQJ VWDEOH FRPSOH[HV DMBRUJSHIVLVQLFVS\DWVDAWHILG VWKHHPY WR E
DEQRURRWOWSERU\ODWLRQ RI WKH WB)UIISMMRRHR QG > @ 7KHUH
DUH WYRHV RI &K (DFOIWPBOKR GREK VW HKBVH UVIWS $'$SRYHG GUXJ IRU $' LV WD
D QESX W\U\O F KR OL8&X{VW HKBIVH WZR WH@JUTDHMG DRDEVLGLQ@ 'XH WR WKH Kt
GLIIHU IURP HDFK RWKHU GXH WRRWWBEU LGHI | HWAQ WO MHFBGBQFVYHVKDV E
WRZDUG VXEVWUDW HYF HM\OFTHREGUNRIAVWH K LIK OLJDQG HIILFLHQF\ H/ (XWDV O
ZKLO4EK( UDSLGO\EXVEWRDARRMIKQHIRU 07'/V GHVLIQL@UGH@® WR ZLGHQ LW
LV DQ . K\GURODVH IROG SURWH DFWRPISRVHG RRU RBWAKHIR UHOHYDQW
DFLGV 2Q WKH RWKRW UKDIHEELONRIDYBHE OHWLRQ LQ WKH HQKDQFHPHQW RI
DQ DFHWR[\ JURXS DQ HWK\OHQH $SEUWGIHHWEG MDD JXDAVKHPQPNO® PRGLILF
DPPRQERWLRQ $&K( LQWHUDFWV ZSHWKRUPKIE THXOWHREORGLOIFOXGH IXQFW
DPPRQERWLRQ RI $&K E\ PHDQV R| IDWMWRERPH@WRBPRWLEQFRUSRUDWLRQ
UHVLGXHV WKDW 0O LIHGWXKHY GRABBIJHVRUHRYHU WKH VWUXFWXUH RI WDFULC
7KLWHQ@DFWLRQ@ELVQW HWDDAWRDRQ D QOG/ G DIBW W KH BBROG WR GHVLJQ QRY}
GRZQ WR WKH FDWDO\WLF WULDG ELV WDFULQH H[KLELWVQGAXFEGWWHU
$&K( DQG %&K( KDYH WKUHH PDMRBRUJIWHWMEWLR@SHWSKH VI RISOBIOS$&K( LQKL!
DFWLYH VLWH 3%$6 WKH FDWDO\WLF DWQLRIQVFKVIKHU &&&( DQBELEKWLRQ S
FDWDO\WLF WULDG 'HHS DQG QMXHGRHE WRUUWY ORWEDQWHIEUBGLQJ WR 3$
FDWDO\WLF VLWHV RI ERWK $&K( DQ G 0B §K (WKKHRIHH W K FI DKO\ GIUR® \M LYH U LPHQ V
UHDFWLRQ RFFXUV 7KH 3$6 DV D EWHQRQNULIRD ® XD\F WLRE i QUBL WRAR®RIFFEK QWK
ERWK $&K( DQG %&K( LV DWWUDMAVRIGFW RQW KBHIQIBP R R/G HXP S KVMDURIBIFRHEAK FOULH |
RI $&K LQ WKH,QLWKMH WWHABQG VWHIL@NKM &BB]KHLPHUTV K\GURHBYXH Q\ON
LQWHUDFWYV ZQAIWHRDWEKRQDPORRUGHU BWR |EP & &X]RHD W KK\E ULBINQ ]%0 @T X WQIRFAR
$&K LQ DQ DSSURSULDWH FRQIRUPBBWULRR[\RLF KD EBIUR OW @V U[LPQEHRVEXEHE ®RIQ H
ODVW VWHS WKH K\GURO\VLV RI $&KDEQ W®H D BMIBWMAHQ BRLGS F kRFRD@HD LW QR F U
FDUULHG RXW E\ WKH FDWDO\WLF WULD@ DWOWMHQRMAKH F W WE@HR SRIEU L Q H
7KH 3$6 VLWH RI WKH $&KIFL YD PULIFRWIDSLERRRPHDO ODQIG Q¥ OEIRFGR QH > @
7\U $VS 7\U 7US DQG 7\UXHUFWWX®Q GLK\GUR[\SKH®UQRK\GURI[\
SURYLGLQJ D PRUH FDSDFLRXV VLWHK URPRRIH HROINSK HRBOAFGRBS LRMIQG LQ
$&KWKH 3$6 VLWH Rl WKH %&K( LQFOUWGIHWVS$WSH JIDWBEDHY DQGt #HUH@OV >
UHVLGXH@ > LQYHVWLIJDWHG LURQ FKHODWLRQ E\ T)
,Q DGGLWLRQ WR $&K K\GUR®\VLVXHWUKEH W IQW HRRXOGE RQNORI FKHODWH |
PRQRPHUV ZLWK WKH 3$6 DQG WK HSRUMPDR ISP IRR B LOOMRKHWQWRQ UHDF
$&KLQGXFHG $ DJPYUNW WDR®@ EH HBSGWLRBD N® XGLHY DOO EHQHILFLDO
EHFDXWHLY WR[LF IRU WKH EUDLQ KXRBQHKRDIHD WKL DXIGWDIQBIRWWG WR LWV
FRQWDLQPHQW RI ERWK WKH DEWHYH@QG SHULSKHUDO DQLRQLF
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Tacrine: a well-known cholinesterase inhibitor Quercetin: a well-known metal scavenger
(1,2,3,4-tetrahydroacridin-9-aminc) (2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one)

VA

OH O
Tacrine-Quercetin hybride (Tac-Quer)

Fig.1. &KHPLFDO VWUXFWXUHV R WDFrRWRHW I KXEHHWE Q7 DQG WDFU!

7KLV ZRUN IRFXVHV RQ WKH FRPEADRWURWHRLDWDFBUQH ZBIGURWDWDE O
TXHUFHWLQ WR JHW D K\E WDOEF WPIREOBHUBRD BH TLDO WR RU O#I® VWW K D®D UD PH
FKROLQHVWHUDVH LQKLELWRU GUX P HDQWLRQHGF BWHQF DU FIX@ DWW MG R Q G DLW
ZKLFK LV HIIHFWLYH LQ PHWDO GH®®OW ER Q DRQ B4 NHGXARI) ADG HIKFMQ Y KL JK |
R[\JHQ VSHFLHV 526 7KLV FRPSRXRGGKDWVEBW XLIBEPAHGWKDQ WKH RWE
7DBEXHU W LV YHU\ LQWHUHVWLQJWXKD\YETOXHYPOWHY KHKGOGISEHWDBDEQH IH
LQKLELW FKHROLQHVWHUD RI D VXIILFLHQW QXPEHU RI K\GURJHQ
,QLWLDOO\ ZH HYDQXB®QYHGVYHMUYVBEXEIP TXDQWLW\ KLJK YROXPH DQG \
DQG LWV SKDUPDFRSKRUHV QDP HDUY HW D FEXENH TDOHER W OX\H WWFHHNX B® UOR UP Q @
LQGLYLGXDOO\ ZLWK WKH DLG RI F$BBVWRIWERDWHG @ ,Q WKLV ZD\
ZH GHWHUPLQHG /LSLQVNL*V UXOH RTKHY H RSSCBLHP HWHRIY IRQ GDFLQF FKHC
4XHU WDFUXKQUFIDWGQ T $FFRUGLQJ TWRWRKK LB QUBXHOWB FZHYH LQYHVWLJIDWHG
JHQHUDO GUXJV ZLWK D PROHFXODRHEKDIXNWY OFDOFXIODWHE QVKII®H LQKLE
'DOWRQV D FDOFXODWHG ORJ 3 B\UHMRVKHW WXDWY LERUWHVWKIDQHG HPSO
+ERQG GRQRUV DQGERRIGH DFFKESOWEBWMODEHEHLPXODWLRQ DV ZHOO 7KH U
PRUH OLNHO\ WR KDYH SRRRIQD BORBSMELRYD W URSHRIPWDWULQBD RIHEIKOTIBQE
9HE#MB > @ VXJIJHVWHG WKDW FRPWRBN®G ¥RXKRX®D GVKPYBIWDQHRXVO\ FRQW
KLJK SUREDELOLW\ Rl JRRG RUDO ELRBRDMWIIEAL OV JHWAK RV EDTKRQRHU V C
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Tablel. 7K&D O F X OL.W €@ 8 X O +HyLRvI3D U D P H W/ U HIHIFDWD G V

OROHFXODU PDVV
/LID Q@P H ®JIB + ERQG RBRQG $SRW YBEBQGQY &RXI@BWS ¢t
GDOWROQ

7TDFULQH
4XHUFHWLQ

7DBXHU
YLSRSKLOLAMMOKRBRIBLWKP RI WKH S D WD RARRER G R H QI RBKAME QW K HL Q
RFWD Q F® QWFRWQWQDZ FWHRE H KRSURJHG EQRBFEHU Rl K\GURJHQ ERQG DFF
. XPEHU Rl URWHWPEBY ERRS®DRILFDO SRODU VXUIDFH DUHD

COMPUTATIONAL DETAILS EHWZHHQ WKH &%$6 DQG 3%6 VLWHV R $¢
OHQJWK RI c WKH QXPEHU RI FDUER
Quantum Mechanics Calculations WDFULQH DQG TXHUFHWLQ IUDJPHQWYV

*HRPHWU\ RSWLPL]IDWLRAQMMU RHWEBBQG7BEWK WR FDUERQ DWRPV EH
FRPSOH[HV IRHPHGSNKVLQJ WKH ")7 % D3 BHWERGBHG IRU WKHRAKBRRSWQ P, LFHA
> @ ZLWK /$1/ '= > *@GDBVLV VHWWIBRDQPRFHWWDQG UHSDLUHG HQJ\PHV ZHUH
FDWLRRV =QDQG )HDQG IRU WKH RWESXYXWDWBRHY IRU WKH GRFNLQJ VWXC
UHVSHFWLYHO\ 7KH TXDQWXP FKIBGPFMADQHBED @WAXORWVR QYW UZXHWHKUHY ZHI
FDUULHG RXW ZLWK WKH *DXVVAGWQ $XWBFRONHRRO® SDODFWNRUW V7@ KHUVLR!
IURQWLHU RUE8SWDODS @G 0(3 PROHWROQOD®WVLIQLQJ WKH SWKWROYDWURY |
HOHFWURVWDWLF SRWHQANUDQG RDIWMDEFRIXAHRWK HQJ\PHV P$HRIODEQJIKWKHRQIR
4XHU PHWDO ELQGLQJ HQHUJ\ ZHUHWROFKB RBMEPLIHG OLIJDQGY DQG GHG

WR WKH OLJDQG VWUXFWXUH DUH DYD!
Preparation of the Initial Protein GRFNUGYXOWYV ZHUKH $IFBRHIOWWHGYFRY |
7KH RULJLQDO FU\WWDOORJUDSKLFLVADXIFWYUHY Rl @& KHLROKO(OD QB KH OL.
%&KKHQJ\PHY ZHUH WDNHQ IURP WKHDSNMRRWHEZQ VG PYWRVEHEDQ NV ZWW K7 KLHI®D OW® IHJ
WKH 3'% ," RI &.0 DQG %'6 UHVSHAWLEH®AW\6 RQ AMKWKWHOHFWHG OLJDQG
SRO\PRUSKLVP RI $&K( LQ WKH EORKRK{ BPHOCON&KY HQWHHQV ZQVIPVVDOXOGLLHRX) E
JOREXODU PRQRPHU IRUP > @ RQO\ LWV DV\PPHWULF XQLW ZDV
XVHG )RU FRUUHFW PRGHOQRKRSRMDWikhlatidg ]\P
ORG/RRS VHUYHU ZDV XVHG IRU DGGILOQJ MWPRH PWVLRIQQI ZHML. GRHVYLHG RXW
WR WKH RULJLQDO HQJ\PH VWUXFWXUHWEFNDJ® 7KHWE.@QYOCEEY RRPDFH ILH
WKH WLWUDWDEOH UHVLGXHV REWDLQ® G7EH V$IQN B B XKD.BEAHE 3WMIKYRHY 3DUVH
DQG WKHLU VXUURXQGLQJ HQYLURQPH®DW QLH WH HF RIQYH G B O HIP BAMMR) IRUFH

DVVLIQ RVEBIWSLUIRRAWV WD W H EXLOG WKH WRSRORJLFDO GHVFULSWLF
ER[ ZLWK ¢ GLVWDQFH ITURBUHEFIHMWZIL
Docking Procedure LOWHUDFWLRQV RI WKH SURWHLQ ZLW

'RFENLQJ FDOFXODWLRQV ZHUH GRR8HOWHE YV WUXFWXWRVRENYVHTWBER®YDWH
9LQD ZLWK GHIDXOWUS DB UPRDWIHWHW RMEHBE&EH VI\VWHRAXWHBDELOHG E\ DGGLQJ
i i O [ \DQG ] WR LQFOXGH DO WKH HQ®HWOJRULWKP DQG SDU
ELQGERBNOQWRUGWHE SSURSIUODEDKFH 30( DOJRULWKP ZHUH XVHG BARRQ@WHG D W
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LQWHUDFWLRQV $IWHU PLQLPLILQNMWKHIMBDYWP I|BEFWRH VW HHERG/GLQJ D
GHVFHQW DOJRULWKP WKH PROHFRR®OWLGMD BSDAV KRB N QD VRLIRSQ V4 RIBEW X P |
WH V\WWWHP ZHUH GRQH XQGHU 199YDBDIQXBWEOWPNREPRPBOEEKHA/LHY RI W
E\HPSOR\LQJ WKH 137 HQVHPEOH 70LJDQGWKLV BDWUXG\ W KHX WV IDELG LPMHWE
7KH WHPSHUDWXUH DQG SUHVVXUH RPROH]HY J ZSUHDMHRNMPEDMIZ HAURA K

FKRVH@WR EHSV DQG 2S SV UHUVSQBEWILYHHUSOQWKHD OXHV DUH

1370' VLPXODWLRQV ZHUH SHUIRUPHG IRU QV XVLQJ D IV

LQWHJUDWLRQ WLPH VWHS ( ELQGLQAXHWFRPBSOH[O (
7ADXFH U

Protein-ligand Binding Free Energies
7KH SUGMWBIQG FRPSOH[ ELQGLQJ7IKHH AFRX-QUNVVHI ZH QK L QJ HREYULIR XO/LOAW
FDOFXODWHG E DNDDHG HRY HPWE O KFVWRY DA QHK@DXWKRIPVF D KLIJIK WHQGHQF\ WR

*520$&6 WUDMHFWRULHV > @ DPRPSHHLYHWK IDABP RHAWDO LRQV VKRZL
IROORZLQJ HTXDWLRQ =Q IROORZHGDB\G )H

7KH DELOLW\ RI WKH GHVLJQHG OLJD

dbcLoFrrsoniSurwrim inos ZDV DOVR FRPSDUHG WR WKH TXHUFHW]

a. > @ DOVR UHSRUWHG WKH ELQGLQJ

* B6 of 760 *vroy FRPSOH[ $V VHHQ LQ 7DEOH WKH ELQ

PROHFXOHV 4XHUFHWLQ DQG 7DF 4XHU

1856108 00 Grrsooo Gurwm HLIDQG VLPLODU UDQJH 7KHVH UHVXOWVY FRQI

EVRGRPSOBVREYRWHRROYIDQG IUDJPHQW RI WKH GHVLJQHG PROHFXOH

7 o0 Gresodoo Gurwie HLIDQG FKHODWH PHWDO LRQV 7KHUHIRUH LW
DJHQW DQ@WKARGIQPWMBW PHWDO LRQV IUR
HVSHFLDOO\ WKH FRSSHRBRQHR®V WKID W OOl

ZKHWdoc LV D PROHFXODU PHFKDQLFENWBUR QN UBDHEQIFOG IRUPDWLRQ
HQHUJ%,¢7LV FRQIRUPDWLRQEBGkeH QW QR R\ GHMY WRW L JDWA PMIQW LRRDBH FK
LQFOXGHV SRODU DQG QRQSRODGLWROLYDWIRRY HQ HERBCHFRHKIECHY HW K AW

*520$&6 WRRO *0;3%6% > @ BRWRIRDWDRDOO(3 ZDV FDOFXOGDWHG D
FEEODWHG WKH ELQGLQJ IUISH RVOHRIEIW HRAHREHWIKN OZBEDQGFRXQWHU PDS
FRPSOH[HV UHFRJQL]H DQG GLVWLQJXLVK WKH QXF

,Q *0:3%6%$ > @ DQ $GDBSRQWHPBIHDFMRIQH UHJLRQV RI WKH PROHFXOH
6ROYHU $3%6 HOHFWURVWDWLFV SSIRRSIJHID RV \Z\B & M X VIRGF GRIE QWEHG LOROHF
FDOFXODWLRQ RI WKH SRODU DQG BRRGRIBD S VUWWWHRY WKH &R OMKDHN D R3Q F
HQHUJ\ 7KW LFROQOF X8DH SHUIRUPHGTRBUFHWDPEBY @IDUH DOVR VKRZQ IRU F

QV WUDMHFWRU\ )XUWKHUPRUH WKH BDWHWHORORR®BHV XHKBHE WKH G
VWULSSHG RXW IURP WK H FWHOHBHBWRAMY RM\OBW LMW B RWHQWLDGIXHAKH 0(:

FRQYHUJHQFH E\ DY RLRQYQH QWK HQWREMNIHI@WE RGARTIQHW(DIHQ DQG QLWURJIHQ

HQHUJ\ WHUPV LQ QHIJDWLYH UHJLRQV ZKLFK DUH FRQ!
IRU HOHFWURSKLOLF DWWDFNV 7KHVH ¢
RESULTS AND DISCUSSION ZLWK WKH $&K( DQG %&K( HQJ\PHV W

ERQGLQJ FKDUJHE® UDWIDQIH UW DK @ (3V
Metal Chelating and Electronic Properties of Tac- PDS WKH PRVW SRVLWLYH HOHFWURV)
Quer Ligand FRORU LV RQ WKH K\GURJHQ DWRPV I
SVUHYLRHNQO\L REMWERDPEDODYFHDWRPV LQ SKHQ\O JURXSV 7MAKHMWRHVYUHJILR
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Table2. %LQGQAUWJITRAXHU OXHW FHWRQGV ZLWE &X
DQG OHWRQRD OF X 8\WDVAHG QWKFPKDQLFV

%LQGLQJ HQHUJ\

/LID Q@P H NFDO PRO

&X =Q )H
AXHUFHWLQ > @
7DEXHU

Fig.2. 0(3 PDS RVDBODXUQUFHWLQ PWEBHER®EA HP R @ HPXOUH HINQ.® >FRBBH FXOIHH U HQ W
FRORUWNKGRIZH Y B Q RHMWKHO HF W ISRVWHIWDLW OY H QUG RFRE®WRWNVLYH UHJLRC
EOXH



7DFULCHRRG 4 XHUFHWLQ +\EUL GhiyDGhe. R&./9/ROD QGLR 6HSWHPEHU

3.08

232

2.06

HOMO H-L gap (V) LUMO

Fig.3. )JURQWLHU PROHFXODU RUELWDOV PDSSHG W@ WM REAVHWLHOG PROH
F 7BPRHUYLVXDOQMWHWXDO 1DQR/DE 91/ SURJUDP

QXFOHRSKLOLF DWWDFENV RI $&K( D Q& VASK(HYVQI P MWWKH DFWLYH VLWHV RI Wk
W LV QRWHZRUWK\ WKDW LQ PHWLNOPHQWIRQPHY BAKWKHMORHVVYIQHGRFEDO
OLJDQG WKH QHJDWLYH UHJLRQV PROBIF DO I DAMRW AAROGHV W QL BMKWHIDE RY H L
IROOR2WRHB HOHFWHBQLHVSBRRXWKHOHFWURQ DFFHSWRUV
PROHFXOH DUH VWXGLHG XVLQJ WKHAKH QHRII LHA/RRQ WVRPRKEBEHRRRILUPV
RFFXSLHG DQG WKH ORZHVW XQRKEXYEKOMEB RR @WAX GMEI DRACE WRDIRW P D VW
+202 DQG /802 UHVSHFWLYHO\ 7 KHWKR BMWRXO ISFORWINQRARPSDULVRQ ZLW
WKHVH RUELWDOV DUKHWKRRQELQV DL HUFH WLQKOMHVSHFLDOO\N TXHUFHWLQ -
GHORF®ARMXYBE LQ FRPSDULVRQ ZRNWKDWIOROQIWH DORBUGHU WR XQGHUVWD
TXHUFHWLQ ZKLFK LV RQH RI WKH RAKPHW®BEHAURY &/H VYV R IWWKHGER YRIUE X W |
DFFHSWRU V\WVWHPV %RWK WKH PRI /&QRCGRUSI2WDOWH LQ RSWLPL]HG FRF
GHORFDOL]JHG LQ WKH WDFULQH DQBGJ T X/HKUHF K WIKH \VP\W QB X GH W W, QL BWKWL R Q
7TDEXHU PROHFXOH /802 LV UGRARWRREAMWKHBHYLRVODHODWRBSWOYR][ WIRHD GR)Z H C
SHQW PROHFXOHV EXW +202 LV FHRSMSHUHGQBQL WM WREVLIOHUHWRWHG
DURPDWLF ULQJV DQG QLWURJHQ DOWMRBPW) G7 WXFR/ ITWKHA BOHFRWURRPSODIH]V 5H.
DQGHEHFWURQV RI WDFULQH UHJLR8D2D\G LDV VBERIGERXW URI@ XISV FD QFVRRP SYHHJ\  J |
HQKDQMHQ WHU ZEWKRMW FHB Q/BRWRPDWLHFUPDWLRQAXHWK 7DF
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Fig.4. 6 FKHPDWLF VWU XB-RXHERWP RO PHHWDDDQ & WKH GLVWULEXWLRQ RI IUR
PDSSHG RQ WKH RSWLPL]HGBX W W XXEWHKUIHEY  FD BbE U7
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Fig.5. 7DEXHU HQJ\PHV L QX RBULIPFHW IBRI@R G. QURROMH FOROAINLL- Q- YDQ GHU :DDOV
LQWH Wsisid/ LRQHFWURVWDW I F LENVHQWAWDRY LKRGURJIJHQ ERQG ZLWK D
DFLG RKIOBIHD K\GURJHQ ERQG ZLWK D P LD OHBE® (PR DSORILEQE D

YAIMHUFRP SOH]

AChE and BChE Inhibition by Tac-Quer Ligand FDWDO\W LER WLKW HVQ .FRIW H U RW ZKWWFHW

7R XQGHUVWDXGGEOWKH & DHR]\PHUBILPREDEOHLY DQG 7US LQ $&K( 6H
PRGHV RI LQWHUDFWLRQV ZH XVHBUBROHBX®RK( GRANLIH WKM KWDFULQH
7DEXHU OLJDQG WR $&K( DQG %&K(VRPHK WKW WKREZWLRDR ZLWK WKH 3$6 U
GLPHQVLRQDO UHSWUWBWHUWIBWLRQV RWODOHOOWE&H\U LQ $&K( $VS DQG
GHVLUHG OLJDQG DQG ERWK HQJ\PPH&K [ K H$ BARRAING.IQJ J UW R X D WWWDRGA FR QG X
W K H 470HFU O GHPR® V W KW WHHW L G WH\H R R O H AXIOBR O H RQCDH) W HALMVAWW K H LP SR UW
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UHVLGXHV RIEWRBLFAKROLWH &DWDQ QW FUPFIVRIRF GBUMAN\WKH FRPELQDWL
RU &$6ERWK HQ]VRIS DQG 3KH L @ QWK BBRKWLQ KDV OHG WR WKH GHVLJC
DQG 7US Rl %&K( > @ 2Q WKLV EP@ILVJH W 6D QWEKH FIRRGRAXNEHBW UHVLG Xt
WKDW LQ D WDFULQH KVEKH GT XZH VHKp WRMGMJ F HW L Q
IUDJPHQW RYHUFRPHPSWODKWDWURQHLIR W KMV EE OLW\ RI WKH EDFNERQH D
VLWH B6LQFH WKH 3$6 VLWHV RI RRWH \MRH FHW LKPDYOD WRRIM KDV EHHQ L
DURPDWLF UHVLGXHV WKDQ WKH &8$6& DDXD W IDRIG RBIK MPKHHDVEE U W) R&RHAY LD W L |
FDW DO \WAHUW U L'DasX DQ®RI+$&K( DQWRPLF SRVLWQRQD BQRWWLILFDQW IO
6HU *0 X DQRBI+%EK( WKLV VLWBQL\EWXMMWHIEORU WKH EDFNERQH DWRF
IRU VPDOOHU IUDJPHQWY WDFULQHWK$IFRWEEO\KD®E WLKH R0 BV KHOWWRIR U
IUDJPHQWY GHWHUPLQHV WKHLU ORFOWL FEMHQ WEKHHEMIGD@HGLWR RRYKW
HQJ\PHV 6L QFHQWWDIOV WVHR/VS UHY HQ VWV MWK IV URX®DWLRQ WKRH508VJRORVDFULQ
DQ\ IRUP RI WR[LF DJEGIMIDVEN G IDHFPREIRMAHW L@ OMKBXFHRF% &K( FRPBBDH]
WKH LQWHUDFWER®Y® RRQRPHRLNG Z WG VBORNBSEEQRW VKRZ VLIQLILFDQW 10
VLWH WKH DEXUOULWERRLGREELW 3$6WKH X5DW'D G BRXWTRH WEBIFUL@WKLH DIDG L Q
ZLWK &$6 LV YHU\ YDOXDEOH 4XHU $&K( FRPISIOH[ EOXHGS$I®PRWVWUDWF
,Q RUGHOXDR/H YDKH UHVXOWV R \GRFOH Q JL QF KIMKIEIGK/DIBD RARKH 506' YDOXF
DQG VWDELOLW\ RI WKH VWXGLHGWKRXYKPWRUW SPIRUDLPWRIHG KDY GE HFRP H
LQYHVWLIJDWHG GXULQJ WKH 07KH P X QW LR & HMH WKLIVOWVWHFW ISPPR WV DORQ.
WZR DQGGMWKOWHRQDO UHSUHVHQWEWDRQWYVY RR | WOKK\D QIBRE) | GPHWLYHG [UR
4XHU (Q]\PH FRPSOH[HV DW W&HBWLQRKR GRHFX¥RB W GREMNLQJ DQG WKH WKNLP X
WLPH DUH VKRZQ DG )LJ UHVSHFWLYBQG BGHNSODFHPHQW DW WKH DFWL"
PRYHPHQWY RFFXUULQJ GXULQJ W KM DDW WIXFLDWOIDEDLR Q@ QWOH & RRKH R QL RIFG &
FRPSOH[HV UHSUHVHQW WKH PRGLIDARDWHRQ RLWHG R Q WHKHD AWIVWRIONH VL)
EHWZHHQ WKH SURWHLQV DQG WKHPRYNPHAB® QRQJNKGE DY WHMHWERQYKED\ R
DERYH 7US DQG RKHWSRDWDQWZ UH VE G XH\G R W R A LNV ILRQW HRRUDFWLRQV V.
$&K( FDWDO\WLF DQLRQLF VLWH ZKNGB MISLV DADEIJKWD PREHPHQW KDV Ol
IRUPHG &$6 LQ WKH %&K( HQJ\PH ZAKHWVH%GEKY LON\HU B PW L RQ V
NH\ UROH LQ WKH DFHW\OFKROLQH K\GQROAKNHY QHRFHWWHS RWKINQT $D&)H U
7KH HYDOXDWDRHU RIQ WKH FRFESIONFWXDWLRQ SDUDPHWHU IRU DOO Wk
WKH H@&HRVLPXODWLRQ WLPXHUGE WRRW HVQWRBW IMKH L QATHW WIHIHDQV HAGK D YW
IUDJPHQW RI WKH GHVLJQHG OLJD QRVRDYODMH®R S OOFPRBVQHBRU WHKHH B K ( U
UHVLGXHV LW $QK(HUDRFWK URNBK ZEWK WAHHTUDOLIDQG ZDV LQVLJIQLILFDQ
VWDFNLQJ HOHFWURVWDWLEURBKRERLGXHHIVILEXHD ORVW RI WKHVH UHVLG
LQWHUDFWLRQV BRI K\GHRUGBRHER@YEW UDQJH RQP )RU WKH %&K( HQJ]\PH
UHVLGXH ,Q WKH LQW H EBAWLRNIRQZVUMEX H6RKFLOODWLRQ ZDV VOLJKWO\
HOHFWURVWDWLF KUISURSKREGRHLQW}BJDFWQRQ%\ H[DPLQLQJ WKH LQWHUTL
$0D UHVLBGEWR REWHUYHG IRU WRH WKMLOQNGPOXODIDQICRQ LW ZDV GHWH
$PRQJ WKH UHVIKBXIH/K HQ DWKBIQLR QPR UH. W H W3BBD AP UR® UZ LON B DW BHWADIFQ  $ ¢
$&K( W\SLFDOO\ LW LQFOXGHV 7\UIDF$W¥ S WKHURV F IBSOWURYVGRHWHKIRSUR
DQG 7\U > @ 7US $VS DQDE XNW % &HYYHQWHUDFWLRQV ORUHRYH
LPSUHVVLYH LQWHUDFWLR Q\D IZ1D\XKGIVKH XWVHIFEU MWRH HEYDDUOAK IRW M/ KMHKH RYHUD O C
%&K( ZKLFK XVXDOO\ KDV $VS DOG@W VKRHYLGXHVYIDW D WKH $&K( H¢
3$6 > W@WKH WDFULQH S RDWJRI SUKS OLDBIQIEU $&K( FRP S MID[PRIVWDEAR QG D U\
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Fig.6. 7TDBEXHU HQ]\PHV LQXRSUDHA YV ERGULYR&OHRFODU G\QD™"VLPXODW]
YDQ GHUL W DMasE/LRQH F WIURW WIDMAVEL REELQWHUDFWLRQGURJIHQ
ERQG ZLWK DPIFERIIFI G WAGHRJIJHQ ERQG ZLWK D P LADME OHHEE (PDLQ FK
FRPSOHJG7DBEXHW&K( FRPSOH]
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(b)

Fig.7. 7TDEXHOLJDQG VKRZQ DV VWLFNV ZLWK \HOORZ FDUERQV RULHQWDW
E %&K( HQJ\PH LQ WKUHH GLPHQWLRQV GHRRYHG IURP PROHFXODU C

| |
0 5000 10000 15000 20000

Time (ps)

Fig.8. D506' SORWV RI WKH $&K( EOXH DQG % &K ¥HWHS& KE DIAXKEIRI@IFEXW R PV |
FRPSOH[HV UHESHE LYGROWAXRU OLJIJDQ@BHIUQSRKE E OXHXHWD & ZIOF
UHG FRPSOH[HV
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Fig.9. 506) SORWV R| D ®&OK YOV FEHE HAXRIU $&K( FRPSOH[ D DQG %&K( HQ]
4XHUD®B&K( FRPSOH[ E

VWUXFWXUH GXULQUPHWKZK L\OLP XWWROMYDEREQK@H D PDMRU UHIHUHQFH VRXUFH
HQ]\PH XQGHUZHQW VRPH FRQIRUPWWLR QIR HFAXOMH HW DD WRK BUBIVH QW H G
VHFRQGDU\ VWU Xy X UMHL BUR BFWEID OWNHIR WKDW LQ DGGLWLRQ WR ILOOLQJ
%&K( LQ WAKHHUDF&K( FRPSOH[ WKEH\QXPEGU ORUDQG KDV JRRG LQKLELWH
UHVLGXHV EHWK[WKHDQJHPHQW GHWKHDYFKBGBXUWHVMWWEHD EHWWHU % &K (
0' VLPXRO® WL P HWAKL @K P E KW \R IZUWKAEBXSDUHG WR $&K( E\ WKLV OLJDQG
. KHOL[ DUUDQJHPHQW LQFUHDVHG K\GURJHQ ERQG IRUPHG E\ WKNHDPLQR

J)LQDOO\ IUHH HQHUJ\ FDOFXODWLW®VWXHIU I D SHDWDIRVWLAFH &/ UL G R % &K (
RUGHU WR YHULI\ WKH VWUHQJWK KRIJKHKH SORW BAQKEA ULRDKITTELEOVMR @6 & KK HLQ  F |
UHVOOWMSRUGODHEOH ,Q RUGHU WRZARPS BRIK(LW ZLWK
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Fig.10. D SORW RI| $&K( SURWHLQ VHFrRD GRK( VRRSXTFM X UH SQRWFRI % &
SURWHLQVHFRQGDUXWW WXSFRN XRRP SIOH[F D F

CONCLUSIONS

07'/ IRU

00 3%6BHWKRG

U*ELocLQu

1DPH RI &RPSOHT

Table3. %L Q GU R H U J L BU/R MOMLI@RBS O POV XODWHG ZLWK
IRBLAKGIDWLRRY® NFDO

([SHARHQWDO &RPSXWDWLRQDO

$&K(FDF
$&K( 7BRHU
% &KI{DF
% &K ( 7ADFHU

> @ > @

> @ > @

VLPXOWDQHRXV
SDWKRORJLFDO FRQGLWLRQV RI

K\EULG PR O HPXOH

TIDSFFLQVNLeY UXOH F

DSSOLHBXYBWAD WKH UHOHY DAXW W5 MMRD P |
7KLV VWXG\ GHY HO RVDHG HONV QGIZU A RWBIG XO WHD QR BWWKIDQG ELRDYDLODEL

FRQWURDEXRU KDKHD PRRABGHHQW QXPEHU RI K
$DYRHPLDAMIUF V V& MVHHFD VIHX D QQV IWWB L VD KLJK

DSSURWER GLVWDERWKERKBY QDPHOSR\IRU LMXUIDFHD DU KD D QRR UFHR QO/LHNTHXGH\(
GUXBVRDQWLRQHIF FHBWIUQ® W BDW/L\RIO E/IKGHL W W
DQWLR AHWHRW E LIGMWEMD PH VWU X FW XTUIHE XWHRU J PIFRR\EESCD RU[HHYWH DOHWORRGLID QG

FKROLQHVWHUDVH

LOQKLELWRU
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VWUHQJWK WR PHWDOOLF 4XRIQVP FWBODWLQJ 7KH 7DF
ELQGLQJ HQHUJIL&KD QR )EHIUH >@ ODUFKEDQNV 5 0 %LRFKHPLVWU\
DQG NFDROO UHVS HFWQ FIDE \ G HP H Q@WNeDrochem. 1982 39 "2,

4XHKDG D KLIJK WHQGHQF\ WR IRUP D VWDEOW FRPSOHWELWK pPOO

PHWDO LRQV HVIHFEDRXBHIRUJKQWH@GHRIFSK! 5 5DQNRYLPXGW.NBDRIEYH G
IRU &XZKLFK LV WKH PDLQ FDWLRQLF DpHDH B HEDNA V@ RSB RIHIE®. Chem.
IRUPDWLRQZD® RQH Rl WKH PRVW SRZBM5X® IHDWXUHY RI MP G

WKLV OLKBQGBHVXOWYV Rl WKH PROMH®XUBUQRRINMIEDPI DPG 7KH EHQHILWV
PROHFXODU G\QDPLFV VLPXODWLRQ VKRR2HGHWKDS\S WKBHF R SSU B Searge\HY/ LJ Q
OLJDQG VL]H DORQJ ZLWK WKH SUHV MEF BheRl 2006 HRWLYH [UDRIPHQWYV
WDFULQH DQG TXHUFH@/GQHIIDMHGI Q¥R MKEPK OLJD

EORFNLQJ ERWK WKH &$6 DQG 3$6 \SL@VHXHRIINDERWK WK H:$&KDDHU®D ) 0
%&K( HQ]\PHWHQI@GLQJ ZLWK DOO WKBLYVHDEHRUMED QM0 362 "2,
UHVL@XDMHG RQ WKH IUHH HQHUJ\ FDOFXODWQBRV XVHG WR

H[DPLWQKH VWUHQJWK RI WKH OLJDQ®@ %@HLMEDL W]R RU,L'QY DXIDN N E B BV 86D
WKDW WKH @AHDPQ®HKDG JRRG LQKLE LWRUWWIRESHHIWWH EWHBOWRIDQGY LQ $0]K
KDG D EHWWHU %&K( HQJ\PH LQKLELW MR{H FGRIR.MEVEHE. WR 188& K ( ‘2,
$FFRUGLQJ WR WKH UHVXOWV 4¥YWHKWH KLJKHU DELOLW\ Rl WKH 7DF

OLJDQG WR LQKLELW %&K( FRPSDUM@ .WR] $ &R T XBb\2 @HEDDED G HBRK N L p
WKH KLJKHU K\GURJHQ ERIRG JRRPS GRIE\ GARKYHD MRIDY OMDNDFKRBQ DJJRORWWF
7DBEXHU ZLWK WKH FDWDO\WLF WULDG RI.R¥K@&RQOHVQLIIBEE 8 FBE D UMDV HW
RQ WKH UHVXOWV RI WKH FRPSXWDW L REQIGI FAWHKGS L8 VJ DLVG ¥ D VR IWRCXN/GHIDAMD \@

WKH WDFHWRHWLQ K\EULG KDV D JRRG % RWHQOWKROO IWRH 8 WH VDY W LQKLE
WKH RQVHW DQG SURJUHVVLRQ RI $' DQWLR[LGDQW DQG QHXBRSURWHFW
Med. Chem. 2018 156 "2,
ACKNOWLEDGMENTS M HMPHFK
> @%URZQ - + 1UDLSFHIQ@Q/\OFKROLQH

7KH DXWKRUV DUH WKDQNIXO WR WKWFDUDRQLB Q HFHNSHNDRIFWA LI JER@ H U
2UJDQL]DWLRQ IRU 6FLHQFH DQG 7THFKQROXUQWERFNIRU WKHLB $ 3DWRC
VXSSRUW LQ FRPSOHWLQJ WKH SUHVH@W LZAARHIN RQ WKH $XWRQRPIOFVHA MU R >

,QF $
REFERENCES > @OHJD 0 6 7KH FKROLQHKKWILIPH G LF
GLVHDVH LPSDFW RQ FRJQLWLRQ E
>@ WURRNPH\HU 5 -RKQAVMURDK DP .= L HlatQiIHNeuropsychopharmacol. 2000 3 6 6 ‘2,
S$UULJIJKL + O JRUHFDVWLQJ WKH JOREM®SEXVUEBSHYORPHQWB V
$O]KHLP HU Azhé@nevDemeut2007 3 > @*UHLJ 1 + /DKLUL . 6DPED
‘2, M MDO] EXWV\U\OFKROLQHVWHUBY WU $IQW , LS R L
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@' LQDPDOFB 6DJDO3 4XLQWHQEOOD 7XPLDWWL 9 $QGULVDQR 9 OHOF
*RGRY $ $UUIJROB ,QHVWURYD WDFULQH GHULYDWIGYHWWHFWH GP XCOLW D
$P\ORLKFHW\OFKROLQHVWHUDWH FRPBEXHVR QRWHDRDMWIFKROLQHVWHUDVH
QHXURGHIJHQHUDWLYH FKDQJHV LQBWE MW, [ty GhenH 2080 5
SHSWLGH ,PSOLFDWLRQV IRU WKH SDWKRBEBRHVLV RI

$O]KHLPHU MolGNewrotigyanet. 2010 5 > @+LUHPDWKDG $ .HUL 5 6 (VWHYH
‘2, 6 0 &KDYHV 6 6DQWRWFULQHE 1
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DJJUHIJDWHNDVH®@GS FKDUDFWHUL]DWLRQ/RI-¥FRSSHU6WDXG ) .XHDSLQJ '
ERXQG $O]KHLPHU GLMVHOH DR\DR UBRXR[XS 2 7TKH FRQFHSW RI K\EUI

F\F Q.1Biol. Chem. 2014 4 ‘2, WDFULQH DQG EHQJ\O TXLQRORQH FI
MEF 0 DV PXOWLIXQFWLRQDO DJHQWV IRU
@+X ' B6HUUDQR ) 2XU\ 7 ' .ODEMQ J. (Med$ Thed.J2018 150 "2,

GHSHQGHOQRWQ VD AWHWDAMLSWLF SODVWLFMVAMP@BK
PHPRU\ LQ PLFH WKDW RYHUBR[8YBIQY H[WKBFHOWHKQDU < $SSHQURYV

VXSHURI[LGH JGNe®3i. \20D6/ B6 JOHFEN & ORKU . 7TUIQNOH & 'HF
‘2, -1(8526&, PROHFXOHVY IURP [DQRPHOLQH DQG

@.LVKLGD . 7 .0DQQ ( 6RXUFHWDRGLWD DFMMIRQR/I RQ FKROLQHVWH

UHDFWLYH R[\JHQ VSI8BIAMV LLEL WA\ QIEEM ISAMER LCWem. 2010 53 ‘2,

P H P R Ahtioxid. Redox. Signal. 2007 9 MP K

‘2, DUV > @)X < 0X < [/HL + :DQJ 3 /L

@6 XPPHUV : . 7DFULQH DQG $O]JKHHEPHUIY WAHDWPHRD@N = +XDQJ ;

J. Alzheimers. Dis. 2006 9 ‘2, MQ W K H WHY D @XQEBERYRMIF R IHQUHK 5 L 16
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KEULGWXDW LIX QEWHR@Q@®DIGDWHY DJDQI\WW ' .XFD . W FURFMHOHO O DU L
$ O] KHLBHNUH Bdeules. 2016 21 ‘2, KEULGV PXDOYWLS BOMHOQMH L PEIH QW V
PROHFXOHYV '"HVLIQXQWKHVLVE PQREJLFDO (YDOXI
> @=KX - <DQJ + &KHQ < /ILQ + Mdleculks. QR7 - 22 ‘2,

%LDQ < 3HL < 6XQ + 6\QWKHWPIROHFKDWRDFRORJ\
DQG PROHFXODU GRFNLQJ RQ PX@WL|XQPWURADO XWRFULQXH : *RQJ 4

IHUXOLF DFLG K\EULGV DV FKROLQHUWHUD¥KX LQKIERWRUWL - 1RY
DJDLQVW $ G5 KHIPBAZMA/ Inhib. Med. YLOD]RWR Q MEH L G \S8R DAH PWOBVQ WD U JH'
Chem. 2018 33 AUHFRIDR GV IRHDMPH QW RI $O]KF

A VHDFIFRPSDQLHGHSUMMVLRQ 'HVL
> @LH 6 6 :DQJ ; -LDQJ 1 <X : WDQKHVLE RO R GYDIDX DAY RoQem.
/IDQ - 6 /L = 5 .RQWDUJHWOWDRNeLQsE. 2017 8 ‘2,

FRXPDULQ K\EULGV FKROLQHVWHWDLWIFYVHKBRGH RPBRRREOPLQH
R[LGDVHQRLELWLRQ SURSHUWLHY @IRLQVWDRO]JKHLRPHU;V ;X < =KDQJ

G LV HEDrMIJHMed. Chem. 2015 95 ‘2, : *RQJ 4 4L X ; =KX - ODR )
M HMPHFK /L - 'HVLIJQ VI\QWKHVLV DQG HYDO}

> @+DPXODNRYD 6 -DQRYHF / 6 RXNWBFU2Z QH XKQE ULGWL DM FRXHGN DWDDUQJ E V

-DQRFNRYD - +UDELQRYD O 6HSGRSDQYXYILWKDFRIQLWLEiebr MBASDLUPH

7TDFUERXIPDULQ WHFOQGRKIORURTXLQRCOCHE®H2018 26 ‘2,

KEULGYV XIVRKUBO@NHUYV &KROLQHWWRBDVH

QKLEISWRERHBWVOIHWXBROHFRENUQI @3DQFKH $ 1 'LzbQ $ &KDQC

DQ&UPHDBAL\VERRIE G DEHDQ UQuH.U JODYRQRLGYV DQutR SH20¥LH Z

Alzheimer. Res. 2018 15 ‘2, ‘2, MQV

> @HRSROGLQL 0 SROGRR6 1 7RWADQR
@&DBV 3 (O $FKDE 5 ORBUDBUR ,QXRFERHODWLRSR ZH UIKEL R [IODDYRWQR L G
' %DGLD $ (ODGL %DXxRV - 9LYDXW UE H AgriQyFddd.UCh@n. 2006 54

- 2UR]JFR 0 -DYLHU /XUKWMLQH 1HZ'2, MI K
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