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§ 1.1 AMEOE=R

R, TE'A VYT 4T 4 7 RMEN S, (LR T % 7 — X 2 EWmEd 2 T o
TEITENRELTETWS, (LEYORMEHEE S L7120, (BRI L,
BEEE 2B 1T 2 R U RIC ORGP TRl Wo T 2 DMThA TV 5.

BIE, a4 L 2ROMRAZTITZIICDHE TE2ZHOEEIC X - T, Hi¥EH
HO=—ZADVEE->TWVS. 2026 FEFTOMNZ, FEA V74 ~T 4 7 AL, FFE
RMERIBWTHERARET S THEINTVWE 0 (1], 7VEA Y747 T 47 A
DEFEIIH ALK LTV 3.

BEEERTTFICBWTIX, 7EA V7 57T 4 7 RS R o2 b AT,
LR IBDKETR Tl Z T 2 EM L TW3. —5T, BHNOERY 2182 7-012ff
52 Kbz, 77— 7 I 28 ) —08E» S, REECHOBREEHAWSG Zen
MHREOBEF L 2o TETWS., BERICREB SN D EMMIEE, NTHRbZmghic b xT
BIRICR X LY, LEMILE KD EIRINCED 2 2 e 56, (LD D 1A IRl
PRWTEREZITOWDHEABEML TWS. EB, BROILEWZAERT 2 7-DITHEk
TE10RAT Yy TOERET> TWedb D%, AEMEEZID AN T3AT Yy SET
WL WO MFEFIS H 2 2. ZhoDZ eh s, BINWAERD 2D BEEKIGE B
D AR5 2T, RIGKE 21T 28, H3WE, FEDRIMNIH U TAERME Y U TH
WRERERY THT 52 bEERERD—DERoTETVS.

HIREIEOBE»rOE DX 5, BRI UTHRD ANSEE, KICY GEE) oL
TREDERELZZMZAIVIERNOERINEONS. OF D, HEEERYDIIRE - /-
BE, FRUH L TRELRERE THIT 22 WO DIXEZICR 22 LKWV, 25
2, REBIQIXFEBEREME L MIN S, BENIEEICH L TEWKIEEEZ RTINS W
IERDFMIC K o T, MEIEHICKR 2. BREHRLEEHRL TVT, BERICBET S
iz b b Twizh, BENEBETHIE, COBENIHZZ 51D 2EETHN
TE20bLWw. UL, BIFCBRARZFEEREMICZ T, BRED X 7 EHS|
EZIRLIEDE, BETFOHCI2rO2E7d DD, BESBOHGES TR HE L
WIGEND 5.



§ 1.2 ZAMHTEOEM

AR (Biocatalyst) ZHWAEERLAICENT, BN T34 23R L {15
27-DI2, MREDT —EZRXR—XAZ2ZR LD, BEOMAZITo TV IEMAREH T 2
RELT, RERBREREMOHRE DT 2 VWO FEIMONI5EDDH 5. ERIX, B
RICHFAROMHEZF > TV D, BROPERHNPFEEL TWD &, Yz EE
FETIEERD 2720, A7) ==V I REDOEBROGBITIEZED R LRI S, Ri&
FIZ 1 2o TWL . 22T, BRDBEMZHER LD, iR eaat 3 22,
ERERILFZOMBREB T T, BEBEMETHERT 2 2P TEE, ROFEBEORTv S
FTCRL—RICHEDZ N TEREZONS. D% D, HNERMZE 27012, &
R 2 HEIC TR - REFL TSNS LB —ADFET U L.

AL TR, RICKZ 527208, ZORISZMEST 2 DICHERERE THIT 2 AT
LEEZ S, BiRDEBD, 1 DOERITK DAL T-DITIX, B4 R TEER 2 N E
5570, BBEIrRTHIEWIFIZKRS. LarL, BESBILFEDORIERNTFIEL
DTV ZEDNAREE R B 70, TRWCEMMERH L eEZ LN S.

MR 135£E %S (Enzyme Commission numbers: EC %&5) & XN 2, 4 HOBFDHA
BOEPOLRIZFEEVEDIRONTED, CORGEAMEL, Yoits - REICKIET S
PR E o THHEINTWS [11] [12]. BRI LT, #E (ECES) ZTHlTE
X, ZOECHEEDHEZEI LMZFIRTE2DEVIRDAT v FITHEL I e TE 3.

EC HFSDIHEHRDOHNIZ, RIeD SEBIIND, Z DEEZR %l o 7- RV RG2S FLEL
INTWD., ZZT, AT, BEZTHTE252—7 v b ez RIGANO I »
LAY, ¥£72, ECEHESDORENLRKISKND I 648, EhZn o - (b
PREEOZ (L Z s L, BMEDIRD G VWRICDERES IR LT, RERkERERL T
3 5.

ERWOE LT, L% - BET —ARXR—A0OHEED ECHESB LU, RENLRIGD
BHmzHG L, ECESERINROMBREIENT 5. RICERIGAZ, RICY) & AP
DT D, =7y PORISASFERICHRL, SLEWOMETr a2 —2 ETHS
7D DRBUZEWT 5. DR, BROEWOE - (L RHEZFE L, &R
BOTRIED SERINOFRHHEDOZELEZRD 5. ZOEBOFHHEE L& BERIC
HDOZRITENRY MV, RIGCRDFEARZ bLe LTRET 5. BENIZEEANRZ bLro
KITHIEZATV, 75 A2 ) Y 7K o TRIBRDOFEAR Y M ove 2 e FmE Bicis
5. BoNHRILS, =7y FORIGISH LT, mbIOTWEHRIMNES 2, Kb
DECHEBICERINTVWEIEHREY, AVINIREZFERAE LTIl 5.

§ 1.3 AwmXDHEIE
KRESUNIRD X S TIN5,

F1E AEOEREHIICOWTHIALZ., BRHTIE, 7BV T74+~T 4 7 ZADKE,
BEERICBNT, FERMEEZHVE DAY v 2 ZOFBEICOWTHRRE. H
BT, BHNOERYZG2CHWS, RERERE TS 27200, ECES%
FHIT 22 2T DB OWTIHRAN,



FT2E GEREN, TEA VI AT 4 VA, BIUHEOMELIBRNRS. F2, KT
HWA T —ZR— 2 1ZDOWTIRR S,

BIE LT —ER—2ADoDEEHL, 7EA Y7 47T 4 7 ATIBII 2LEYORE
ERBE, ECESTHOMEZIBND. £/, 772X Y TFRIOWTIENS.

FAT HEFECOVWTOHHE, BIUOFIEIZOWTHAT 3.
B5E HETHRIC I 2BEEROME, EEBRERERERND,
FTOE FLrHLSBOFEHIIOVWTHRRS,
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§ 2.1 HEPREEMEERYNT—7

Dale HI|

AARDIHDBENTRRE, ZE ) & WA BLERE I TH 5. Zhze TINS5 72
D, 5 WIFERDIGEHRUIE % fRIA S 2 720, i E €T b Lz=2—F L% v b
7 — 2 (Neural Network : NN) AL EINTVWE NN IEZKREL BT, £FTHb=a2—n
VENLERFET A F TR, Z UTEMERANC K DR XN S, 2o DMEIC X D 2k
RETIUMEZSLNTVS. 1T, GIEICD o & DR LZERLHEZ, & F 72280
THOLRATWB XN AIRICIIEA DD DHEZ LN DD, ABRTIIEHE L B
FEEICEHE L, MR = 2 — v o RAHEE, RIRRISMEEOR o2 tic X b &
L2035 . O F 7RO ENEGLART 2 HENE, CNOOBEREEALZD DL -
TWRIFUER S W, 72, EBROAEIKRTIE, o F FRABEEOEREEN, HMETH 2
OPEFEVHT =2 —m Ik HikE 2 (Dale Q2 W 5). X 512, VN2 EI CLIERTE
ENCHBRYEITIHSICED O F T RAEREINS. ZhoDHEHED O F A BEDET
IMEIZBWTEERERTHL EZOND.

Z 2T, R TIIFEKBEE ORI Z (L 2 £ U 2 WHE ORI & | AP RS
FCH % Dale IR/ Nl COBEZE R LY F A BEFEAZENT5. 25
W IRBRT 2 F RS AREXERNT T2 2 8T, O F T AT E R L 7= 1SR
M2R[EETH B Z BT,

D b O FRME, FEERF X, O F T ARBEMIC L 2D TH 5. ¥ F 7 RAAMEHIZRD
Hebb HIZMER X NFEDH LN TV 5.

dw]

dt

CIZTC ARSI —a— a0 DEHETHY ! 3Fjma—n b i=a—nrAd

SFTAMEE R RDT. TOHERIK > T, o F FTRABKENZL LET 2 L FHEL T

LES. EEENCT2DICHRITONDRENZEDEERET VORI Lo TWD 1). FERL

ZLRWE S RIEBEENY F TRGERZ HWT, HEE 1 XTI B 1T 2 IREM 2 Z 4
DI EHAT 2ETN2) R, VR IZ Iy BV I RHIATI2ET L) DD 5.

FIRII A HIECAR (Short Term Memory : STM) & RHAGLIE (Long Term Memory : LTM)

WRELTIFZZENTES 4).STMIFESHIED S F 7 A OFEEEIE TIRIF S AFEBL S

N33 a—aYAERPENTH 2 LTMIES F T ROEORENZEL TS Z 8T

= AA; (2.1)



BREIN2EEZILNTWVWS. £ LTM MBS N 5 7-DI12E STM BE LU R IFUI7R 5
3, NS ZODERIZEWVICHEERKIFLTWE 2 b bh 5. STM 25 LTM 25| &kt 2
TRXHIZRLE LTERYRNZEY VBELIZE 2D EZ 5N TWS. ZHUSEHEERTAT
SFTAMRBIHHEINZFE I RA v Iy BE2RXX vy Iy 2EMXE 5. 20
RUNRVEY) VL EBZTEWVWIBDTH . H2RX vty v & LT cAMP % Ca2+
BHIENTWS. ~fRICLTMIZE R Y XV HEOERPRBETHH XD 4). TD XD,
= a2—u Y ORERCTHEIHME O DITRERYEDPFETS. 2T B IR F2RA Y
Yy 2%k D THREMER T (Nerve Growth Factor : NGF) EMERZ & 95, > F
7' 2 DBRRTEINHELYE (NGF) 3V TIEBE S NWHESINS. 20 L5 X%
B X RS OHERIL, EE = 2 — v v e HifEORICB W T BEIhET LEEINT
W3 5). e, —0D= a2 —a VIENFNTH—LREETH D, > F I RAMREIBENT
HBPIFENETH 2003, EOHT =2 -0 ko TRES>TWVWS. 2% Dale Hl 2 W5
6). 2B DHINZ, ¥ F 7T AEEDE T IICBWTERERER 2 5.

FAREMINE (= 2 — v ) 3K Z RS 2 B/ DAL T H 5. = 2 — 1 VIR & BHIRZeik,
R » 575 WIRERIES F TR IR, o = 2 — v > OfifakIc > F 7 2 Rk % @
LT sEE TR T2 2L &:ot DGR RET 2 NGF 13> F 7 AR O M N e fEis

B ZBWVWTHET 52D T 5. 22T, HFIEE i =2 —a Y OF kHFEHOM/IMNMEEZ R
T8 =2 —u Y ORUINER B, m‘o’h‘é S T ARERFEKIE % &), v L, ZHHEH
T5H i —a—aYOMEEICBIY 2> F FRABRKEEE n;, £ 3 5. O F S REKEE
wh £ F 3.2 F T AMEE vl E Dale Ak D, 8 j =2 —n Y PRENETH 2R OIE, M
HHETH 2R OA8DMHEEZ L 5. ¥ F TABRE DK Z X DRHZELIEZY F 72O EE M, 1)
HIMEIRAEE 3 STM ISR 2 R ABHEDIHE LTM IZB$ % NGF OEZ HbHEHDOLLF
DHEBRITES DD T 5.

dwgk

dt
22T, gl AN By iR &N B NGF 05 5, Z DRSS LTV B8 ) =2 —
BYDSFFABAFTELRTHS.f) IINGF L BN T ICKET 205 TH 5.0,
ZNIE RIS TH D, Hebb AT, WIEARIE o/, AU FO XS ICEHRS NS,

= O‘gkwgk + gzjszj"k + z]k (2.2)

o= [ s 2.3)

22T, NGF O g 3RO HERRIHES .

Aol _
d_tk = €,(Gix — gzk /~L wzkz + Zﬁﬁcﬂhwﬁc
h#j

= gzk Zﬁzk:u U) (24>

ZZTC,Gip & By, ~"ND NGF DG HETH D, ORI D, IREXINZETH
2.6 00 BWEOERTHS. £/, W 13F j —a—urpBEETHZEIC1ARD,
HIHIHETH % & X12-1 £ 2% Dale Rl =& BT 2 72D DA+ TH 5 NGF O & DR ZA



b F T2AOEEN MHMHICX ST, 2O F TABEEDO K E XITRET 5. £7-, fHR
ANMIET BT F FABATF LIS 2 NGF ORORMZ(LIZH U NGF OAHAEHE DR EZ1t
DERTEZ L LT Gy BERE AT, O F 7 ARKE DR Z I FE KB KT S %
728, > F 7 AR OB REZ LI U NGF OB ORMZ(LIZBHTEZ 3D $5. 22

T, LRI 7) 2T 2 221k D, BURD Dale Rl 2 & @ L7z > F 7 AR O 12
ADENINS.

dwZ .

dt = ( ik T O‘/zk - Z fkluhwilk wzk + zk (25)

zk h
Mikhailov D pl67~170 Z JEHT 5
Z T, Mlkhallov ® Wavas of Reproductlon DIERICEDE 272012 (25) RZEULTD

;9mz/?é. CTRELE f 2EZRVBDLT S (f), =0).

dw’
W (Gt oy~ 3 Bau

zk: h

= (G + a — Tﬂj(wzj'k) - Z T:uhwzhk)wzj'kz
€ ‘€
ik h#j ik

= (X — %qlg/ijwzk Z ’Yf}fﬂhwfk (2.6)

h#j

ZTT, Ny =G +al, Y= th “C?téé 50T, MR W ZRE T 2 L (2.6) i
LRD &S5,

dplwy,

o .
= O =l = Dl e, (2.7)

h#j
2N RCBVT puwl, =ul, L BE, tH2ikIOVTDAERDL

du j Py
i -2t
h#j

JJ Jh .

LB, R, of = Tiuh EEBEHEITS L, RO XS ICEHTE S,

dv? AR
—\J 1— J J 2.
»r =N(1—-w h%éj oY " (2.9)

¥ 72%. MikhailoviC k5 &, 5 ENRL (f, =0), & > 10L&, HiE #ibﬁﬁ@/
F T 2EERHEMIDPDTRTOY F S AESHELMH L TEEES. -, 0< ) <1



D ZHHMAIIET 20D > F FAGEEHREE2IHI T 21Z8mL 2L, B>
F I AEEHENE ERS.

e cpacyed

KX T, ¥ F S AMERBROBEZER LY+ 7 AEEGEAZEHL, Zh
A UCHEB U8R RS y VY — 7 R RRT 5. EIREEEK Ay b —
BB =2 — 503y P21 L T2 —8a Y 2 ORFNGEEIARETH
B DENR % Ok, BBGLURESC (& — Vil EH S Rz BT Tn 5.
UL, BIREEREBR Y bV — 2 TERAOIEREREEUE AT 2720125 575 Ui
B2 —a VBOTPHTH 72D NER—a—a 2B T3, — K, —=a2—n
> OEINMEEE ORI LB P EOMEEZE L2 Z eI TWSE., 22T, Zhbd
% RS 2 7= 012, WEEFEREEHANCES W F S R SRR 2 WA L 75
BEMEEEES Ay VY- 2R T 5. BIAEMEEREE Ry NV -7 TIEYF TR
BRBERICHEREL XY, ¥ ICHELR= 2 -0 Y DOABHRICEZRD, 2EHOMR
LEX2ZZeMNTES. ¥Ial—arTlX, BEMRZERERELY bV —22585HD
BRI A y P — 2 ICHER L TERICEETE 3 2 2 d. ¥, REOMERE
EREBICIHE WS T 2EAENEZ N &, IER- 2 —0 Y% b OBAHRIEERM
Bry = EBIZ IO ANE R = 2 —a Y RHRR LT, BlER= 2 —1 Y TIo
MERZEBM A HETZE I ZRT.

Za2a—IN Ry NIV RZFETFTTHR=2—a e FNo% 220k F S RAFEERED
L ENS. —2—I13y NI —FIADANEIASI =2 —m U TRIFTHOH, —a2—
0y FIAMEMBII LB ZZ T TrZESR, Hh=a—vrhrolfihans.
CDLE —a—Fty FI—ZDEF L ZIANTHIET2EE L VWH A EE S22,
—a2—BYDOAMNFEL O F FRAEEMELZZEZI LI THHLEERD. ZIT, £
BEOIEREBE TR EoP = 2 —n v EHWE3B= a2 -9 xy VY2 T, B
REAEE ET—HIGELTE 2 W5 BB LU [1] 2/RE ATV 3.

AT, ANMPLZIIIHIET2LEFEFLWHIZE27-DICHE TN =2—
0y ORIIRATH L. 2D, FHRICHE =2 —a  ¥E AICZHHAL THRET %
FiE 2] %, FEPICHE =2 —a Y ZZTGEM L T FE 3], BXRHEIFRL T Fik 4]
BREDPRBINTVWDS., K@Y TIE, —2—F0Fy U —2OFHIREBICTTER=2—
0y s F T AFERMENZAIVT ZHEEICBWT, ZEAICY F 7 RESHERICH
BEECIHTAER_ 2 —R YO F I REEGHEBELHIRT 2 FIEERET 5.

—fiz, BREERE AR v MV —72 (Radial Basis Function Networks : LA, RBFN)[5]
WKBWTH, MER=2—mYE2EETIILICL ST F T RAESHREOHEIME, 8 D
IEREFE OMEEZET 5. OO OMEEZRT 2 5k LT, B LW CHBEDE
WANEGELTWE Y F S ARBEMEIC I DIEINZ ANDPEEZ I B A =2 —
YO AMNTFEDOAZHE T L2 e BEZOND. Z2IT, R TlE>F I AEEH
HENCAHE S OMHECIG U 12BEaNEL 2 LD Ry F TR EESEREZEH T2, 2L
T, oy AR EEEFRYEA e UCGEA L7z RBFN 2o 8l
FIRBIE A v bV — 2 (Competitive Radial Basis Function Networks : BA'~, CRBFN) &
LTIRET . #HiZ, £ LOVHAPEIREEEBOEBE DR LAE THITE 255
DHLETBVTIE, X—IF L7 b7 % [6)2FHT2 e TEE LWKRETIORT % >



F 2N FRRERPERTE2 2 ERT. ¥Ial—a>rTlE, RBENICHE LT
CRBFN BENTW3 Z & Z/RT.

iR X DRI XD BYTH 3. 2. TIERBFN OEICOWTIARNS. 3. TEIF
T2 ERMBEMOBEE L ER LT-> > A AREAOBER 2175, 4. TIFEHB I
> T RAEN R WE ARl UCEM L7 CRBEN 242875 5. 5'mﬁ%
ZL7-CRBFNOMRES T 2L —2 a VICKDEERT 2. 6. TEFELHELSHKROME
Wb 3.

RBFN (3 IERE B n(x) R ERREEBE ¢ (x) DR LAETHEMT 2 =2 —F % v b
7 — 27 TH HERFELEREE Y L QI b X iz by 2GR E WSS, N E
DAN=za—ar e 1O T=2—m 2572 RBFNIZK 1D &5 fEiEE b D, dXC
DANINRT bvx; € RY(j=1,2,..., M) ZTRXTOAN=2—a VAN ENS. Hi=a—
0y (i=1,2,..N)IiIRF A=K =m Y] %2bD. ZIT, m' =[mimi.. m" T
Y, e R*ITHB. Fio, SUIEEENFMTIITH S, FHi—a2—aIFIANRT b
L x; I LT

€(x;) = eapl—5(x; —m) "5 2(x; — m,)) (2.10)

EHNT 3. 22T, IFRFOTREANZ ML OEEZRT. HOHEE(x)) &> F T 26EE
BV EBELTHI—2—a A EEIN, H—a2—ua Y TINHRERELEIN

N
= Zwifi(xj) (2.11)
XN 5. RBENIC X 2 BAECE U 2 SRERZAFHMRI£L

= 3D 0b) - 50 (2.12)

EFRALIEZZICEDERINE. 22T, w=[whw? .., wV]" € RN TH3. OF
D, RBFEN 2378 IC X DR LRI RS RVDIE, %i—l”ﬂ/@/%7Xmmﬁ
Hu', R7XA=—Zm'BORINATIA=Z LI TH5. ¥E7 LTV XLIZ Delta L —IL [7]
ZEHT 52T

dw’ A OE(w)

dt ow*

_.zxjg:{n ;) — s(x;) 1€ (z;), (2.13)
dmi (9E(w)
dt =4 om?

=AY fale) - sl ) T, (214)

J



do’ _ A8E(W)

dt do?

m)’

=AY nle) - st e o) T 2,15

HESNSE. HL, fHHEOEDd=12 LY =c' 2 L. ARZEUYREDERTDH 3.
ZZT, RBENIZOWTH 3=a2—F 3 v bV —7 & EERBEBLLUER [8] RS L
TWaZ e 2t LTHL.

Y AT, RAIDIEFIEEE LT 3 72 DI EREFRRIEEM O E D 50 U
HapzZrldTEiwvw, 207%, RBFEN TREYHPREBIZBWTW S OrDER=2—n1
VEMATWS., fRICAT=Z2—a VBN IZAIRZ P A M ICH L TR ERE
N3 (N<M). £, ANM=a2a—mrD7 X—Zm! OPEFICIEZATIRNZ FLOER
DEEPOEZ 2 FEE, AR MVIQZERRE LTEX 2 TERD D, RFTX—X
m' & ASIR7 ML 3EREfR e UIFRIEREER R BT 2 ik, X (2.8) @ 2 A=A
D Z HENIFEED X Delta V— V2B T 2 REME NFEE, E—mean BT E D ATIRT b+
NWHE I IRAR) VT L TAN=2a—ar DRI X—E2m ZED DL I T XA —& ¥
ZRD, FN2FEICED O F TAMBERMEZIRET 2N TV y RFER9 REDVD 5.
NRIRAXA=Zm! B ANRY MVOEFTEED S5 2 5 F[10] TlE, 2 THAEFHMORE i
RELFET 22 F I RAEERED O BEREIZ T 2D 13 Z & TRBFN &KXk %
1IToTW5.

LaL, 26D RBEN OBEXTALICBWTHEY 23 =2 — 0 VR DVE S 2 HiEH
ML XN TV, ZF 2T, ATl RBFN OERXICAGICHE AT = 2 @& 4 AR 25 1|
PIRETS. ZOFREFCF I RAEEMEBICHEEZELCZIEZZ2I1CLD, FEHLERN
HHEARBBEITTULEITS Z e AJREL & 5.

Za—n YO —m iz F SRR E L THREGEVE 2R T2 22k
DIEREZIET S, Hi=a—0 OB LWMEBINET2H j—a—arhro0>F 7
ZEEAE w!, D> F SRR BER GRS 2 R E

dw},

dt

ThEZx3. ¥F FAEAME W, FDale lliIck D, Hja—nrpHEEETHIRS

E, MHERsE80EE L 2. o, ENNBERENE, ¢ 3> F 72ABERE W), KB

2 WK T (Nerve Growth Factor : AR, NGF) OEIETH 3. f) 3RO EERT.
NI E RIS o, %

= O‘gkwgk + gzjszj"k + fz]k (2.16)

b= | mE@e .17

TEH#TS. ZIT, BpldBi=a—a ok WIMERERT. & I3MNMEE B,
BUBHEj =2a—nrDYF FRARMKERKEEEZEL, TAPERT28i=a—a>D
Za—n VBIZBT Y F FREREKEEE ), TRT. NIERENR o/, 1 Hebb A%
ETZehbhs. iz, NGF OB ¢/, OREZ(LA



Az _ -
—b = el(G —gh) = Y Bl w (2.18)
h

IRES DL T B, ZIT, RIRXA—R WZEDEBTH 5. Gy (THBERD & M/NE
1 Biy ~ND NGF OMEGEETH D, —2—0 v ORI I DIREINZERTH 5. Dale
A Z B LT /38 —a—a B TH 226 1, WIHMETHERE-1 R
3. Ny \ZBUNEIR By (S B S %3 F FRARHEKROMTH 3. ﬂﬁ%@zﬁwi $joa—

Dyl HEh=a—0rREFICNGE 2HET 5 2 Zkiéﬂﬂm@w%f@ D,

) h
7%:%:/‘ J ()€l (2)da (2.19)
rEB;k

Cik
THEFKRT 3. TIT, ¥FFREAWEw), ORMZEMICH L, NCF OBEE ¢/, O}
ﬁ%kﬁﬁﬁf%é%@t?ét

I = m—ZvZ,?uhw (2.20)
%ﬁ%.%@%%,mm%%%%bky+7x7@@ﬁ%ﬁtbf

J
dwy,

pra (o) + G — Z’Yf:ﬂhw?k)wgk + [k (2.21)
h

DIENND.
D7z, DUNTIEM/NER By CEH L, NCF OEIEN—E (Gy, = 0) THELHE
DENGE (fl)=0%E%25. ZOrE, EEEKV(wy) & LT

1

vmmz§/w{m@wwmmﬁm (2.22)

> > 3 J— Nz i >
ZEFRTDH. TIT, wy = [wh, ws, ..., w,*|T € RNt TH D,

Nig
) =Y gl (x) (2.23)
j=1

TH5. ZOROEIMNEE By, CHNELTWEIRTOYFFREHERD S F 7
ZRIFEKSAFE € (x) &, Dale HIZEE L7 F FRKEEHE !, ¥ ODBITH 3D
T, sp(r) ZHREEVERHEEMERZ 5. EEBEV (wy) &> F 7 REFKH
FE i (2) & MRMEEERIEE si(x) DEERITIEETH 5. O F T RERIHE ny(x)
DRFENCRIZ L R W EARE S 3 &, Z DR

AV (wir) _ %’“: OV (wiy,) du?,
dt aka dt

Jj=1

dw;
=—Zu ye dx—z / (o)l

TEB;j €B;y,
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Nik Nig
_ Jord (AT jh h, h\2
= ZN wi (o, Z%kﬂ W)
j=1 h=1

<0 (2.24)

L5729, IEERBV (wi) 23 Lyapunov B 725 Z e h3bh 5.

oD s, ¥F T RBFEKEE ny(x) Z AT 2 1T 2EF LWHIT, > F FTRAEFHK
S O R BIRREEBTH 2 L ART LT, ¥ F FRAMATE W, IZHAZITVENS
RBFN ¥ [ARRICE % LW e B AR O 2 RARZFHMBIE 2 D 2 5 Z L AVRE
N5, KX T, X (7) 0> F FRAENHTEAZEEEFHEHAE WS 2 e T5.

§ 2.2 EHEBROEBRCZ—IFILTEFZIA

—a2—7)%v b7 —2 (Neural Networks : LU, N.N.) O— DI CHIFEEEK ALY b
7 —2 (Radial Basis Function Network : LA™, RBFN) [1] 28%%. RBFN ld=a2—n1 ¥
Y DR ESERETH D, 1EFDD NN ICHIR L TEEIEHRTH 2 Z e hHIsN
TW3., ¥/, R0 =2—na 2w RBFN XMTEOIEFIECEEE B REAES
TR T & 3 Z & SBEFCLLUER 2] TREIATWS. — i, REOIERERE%E
W 272D ER= 2 —a Y OBDH O, UDIIEFHTHS. H L, NN WKIIER
a2 — R YDPEREFEET 551X, FEOBERYEOMEREC RS, 22
T, MER=2—v Y ZHIRT 2 FEMERIN TV [3], 4. ZHuaetL, N.N.WCBEGE
PR ER D = 2 — v UDFELRWIGER, BN E T2 2 BERAAREL 72 5.
ZZT, B =2 —a Y 2BINT 2 FEPRERINTVS [5. TSRO
WX, LEWER Y ZE ZHIEEEEBOHIFREEBNZITO D HS. 250, ZDX
IRBRFETIIHELRZ LT WVEOREANRDLNHETH 2 Z e B THRTES. £, AN
EEPEINCEL T 2 BB CIIXHIBRS 2 FE L BINT 2 FiEkEHASOE THEEEITLR
ik s, BRZAZHUCE o TROWFEEE, 20X FHASOERZT T,
BRI EEBOBRE T 20 Y LTEE LWERIE SN2 LIRS 2. Fx 13k,
MER= 22— Y ZHIRTE 2> F RS ARERZER L, ZhrelEE sy )
LT F FAEEREOEHANEM U8R KRS v b7 —2 (Competitive
Radial Basis Function Network : AN, CRBFN) [6] Z#2Z& L7z. CRBFN OFfRIFEE L
WH A BB CANZILEL TWB S F T RAEAMENEERD, LxKotoF 7
AREEMEIICEFRT 2 A= —e YO AMNFEO AN e THS. £D
®, CRBFN TREHASICEI D MNELR=Z2— 0V ZHBI T3 ZLHAEETH D, ZORR,
RO EE L RS o ERESTTONLS. L LA S, CRBEN THHEEMEENELT
2 X5 RBBOZCIIHMIE L ENT Wb o7z, ZOMEIX CRBEN (Z13# L WEh R
KR ZBINT 2REND VWS TH L. 2 TWIRBEOZLL I AR OE SR 5
2 5BBE Db OHRET 2556, BUCHllc UV ET ICHY s Tw AT of»F
B DB RPN D, FilzicBll iz AT OMPIEFICHWSRZZD T2 X574
LR ZBELTWS., I TARIETIE, T LVWEIREEEEZENT 32 ik
RBELT 5. ZOFEKESF T RAAEEFER Delta V—)u, BEEEFREEAD 12BET 2%
ERZMSHEON D THY, DELHFAEEKENEIMNGENTZ2 N TES. £
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LT, ADRIRELL CRBEN K ZOFEZMHAGDE =2 -y P LTH
B REBREEEE AR v PV —2 (Reproductive CRBEFN : LUK, RC-RBFN) Z#E£¥
%. Z®RC-RBFN 1%, BRBEOZLICHIGT 2RENZHA 2D Do TW5. KX T
X, BAEINCE SN EROBERNED & E AR FHAN T § 2 BifEE KBS O EH 7
N ZLIZOWTHImE B L TWa2, FRERERIIERD Delta L —I LI LTH
A[RETH 5 Z & R TIARS . KL DOHEMIIRD e B TH5. 2. TIECRBFN O#f
ZUZDOWTIER S, 3. TES F FRAAEEAERICET 2B %) 6, HFEEREKD Z
X — X DHES ERZEEBOE R Z21TS. 4. TIREH X N-HEREEREEZAH L 7-8%
KB OBEH 7 L) XL BRET 5. 5. TIHEL L7 RC-RBFN OMffEr s I 21—
Pa il OiERT 5. 6. TIXE D SBROMEITOWVWTIANRS. RBFN ZIEHERIEL
N (x) EREEEBOR LA TEMT 22—y VUV —2TH 5. BIEAERH
Be LTt anzly 2 EEHEE R PSS, MEDA I =a—ar e 1
O =2 —ar» 5742 RBENIEZK 1 O L5 iiEzE b, d KtdHEi AR b
Mxi€ERM, (i=1,2,-- N)ZITXRTOAN=2—v Y IZANTENS. HjAST=a—01
Y G=1,2,-- - M) ZTFTRX—=RPpjEDD. RTRAXA—RPjIFEEIRT b Lo EAT
FIDEELA M, 2] THEZBbDETS. ZIZT, THH, ZjIFZFoMTHs - 1) DFEK
FHRICokljZdDd X dDIFAITHS. £/, X jXEEBNIMTHITHS. Hj AN
Za2a—aUFANIRZ i IR LT

EHNTSE. 22T, BRFDOTIERY MLOEEZRT. DR, oL BHEN%E21TS
AZ—2a—vrOZ ZHFEAEEAKE VWS 2235, HIEE (xi, ¢j) &> F T REE
ErEBEw ZELCHI—a—vUAEEIN, BHoa—urTIhb3ELEDER

DHAENE., 22T, w=[wl,w2,--- . wM|T € RM THhhH, ¢ TEEGP1L, ¢2,-
L, OMERT. —a—Ibxy U= X BRI, JEREEEEN x) A v b
7 —20H I s(x,w, @) TRITZLTHS. £D7®H, RBENIZ L 2BBCELUI AR 2 F
FHAREE (3) DR X E B Ik DEHRINS. 22T,

(4) 1X2 FEEBEBTH Z. OF D, RBEN 2%E IS X DER L 2T IUER S0 DIE,
9B BIREKEB DY F T AEEME wj, 87X —&Zmj WKW TX—XZjTH3. &
2T, {t3€®D RBFN ¥ CRBFN 0% 7 L3 X A DHEICOWTIHNS. —fiED RBFN
DEE 7NV X LIFI (3) DR 2 FERAERBUT Delta L— 7] ZHEH L7 (7) THZ
L5, 1272 L, RHEYREDERTHD, mkj 387X —Zmj DFEKk BRTH3. £
7z, Awj=dwj/dt, Amkj=dmkj/dt, Aoklj=doklj/dt TH3. ¥ AT, &K
HDIERRE AR Z B LS % 7= DI E R BRI R B OB E H S5 UDHIS Z LT TE
V. DD —#%IZ, RBEN TRAEIREBICBVWTW D2 ERA =2 —a %
A TWD. ZDZklZ, FHOEBELEYEZHIRKD—D>TH-7%. CRBFN T
i, NI X—=Zmj WRIIRT A= jOFE7LITY XLIEHERD RBEN LR LT TH
b, (6), (MiCkbEx6h3. LirL, ¥FFRFESHE wj I LTl Dale Bl %%
U7y S AN TH 2@ EEFAEEA (8) pEH IS 8. ¥ F SRS
ffE wj t& Dale Alick D, Bj —a—o BB THZ2RSE, MFETHIRLED
Bz d. £7, ukidFEk =a—vrpiENE (wk;0) TH27%5 1, IHIME (wk0)
THd7%5 -1 75 Dale HIZER LA FTHE. 22T, aj(o) ZNBEREM
RTHDY (9) TERINS. v k(D) EBFFHETHY, Hj=a—vr ik =a—n
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YEDBEDIMBERL

(10) TEFEEINS. %7z, CRBFN Oiid (11) TR LT3, ZOrE, &
& 2 RIRABE E(w, ¢) 1330 (8) 1ITh3 % Lyapunov B TH 2 Z £ 23 (12) ITK h/REN
%. CRBFN O2£EHNIRME 2 FABEB E(w, ¢) DEZRD X8 2 720125 j BIfRAER
B> F 7 2EEREEZN (8) THEHT L. FHAIC ko728 o F T AMGAHEIX
HRLZ-bDE LT, £ER->TWAE Y F FREGHE, Mz EIDIEEINS
AN " 20T ZENRRIEKBEB D5 X — RITOWTDAEE 2T 5. 202N
S F FREEEREOEFANCFEDS D 2D DD, FHRZ b e H5EETHI O FHHNIAHE
KROmEENEZHWTWS., 22T, AWK TIEHEIZ CRBEN IZBWTEHRZ Lo
BEHAZHRT 222k, BREKEEzER T 2B EAREE Ry by —2%
W7 ITHRERT 5. 3. /85 X —ZHIE S MERF M OEN Z 2T, CRBFN OFgR 7
Fov, HGEATHIE O F T AR EREBEE K TIRIC & 2 AR p(w, ¢) 28 HT
3. %29, PFFRAEEHEW B

(13) L EBEW T 5. yj OERBUIEEOFEKTHS. o x, () X (14) &k
5. 7272 L, WFEBUZ X (14) %M

(15) 27z T 72DRT VI ¥V (16) EEZX S e TE, Zlyj ORBZELIZRT >~
>y LV

(17) TELL Z A TE 5. BFRIN(13) 2oRT vl VI

(18) L EXET LA TES. ZOMRE, (19) THE I RINHDT, HAfE2 FH
2B E(w, ¢) DERMEERT YT Y ALV (w, @) DEMEEEMTH 2 Z e b3,
%, N(14) WD yj BRT Y%V (y, &) ORABFENHIANCEHR I NS, ZDOFER,
O UHUVNMEIZINRT 2, 220060252 eNTERLIKS. 22T, MUNMEDNS
it X2 7-0DFEL LT, vj

DEHHZ vilt + At) =yjlt) — oV (y, ) dyj At +

QA tnj(t) (200 DESI/ A XEE B LBMBCELIL - AABRETEZ 2 I eHERD
ND. J2720, nj (t) FHSIRHEREZETH D, FF0, 71 DIERZH N, 1) IZ9E5.
QIEEDEDEMTHZ. D%, FHKTIIZ CRBEN O T by, HoEUT
Hle o F FAREERED 7 T RIKHERZEL D B (w, ¢) BEp B (w, ) =2Z -1 B exp -
BV (w, d) (21) THRZZEHMNTER[9. 22T, B=2/QThH3. Zp 1Z7HEEET
HhH(22) TEFREINS. Tz, X2 WERTYT YLV (w, ¢) & 2HE 2 FIEARE E(w,
®) OBIFRI (19) & (23) L EHEZET LD TES. 2T, B=(2Q) -1 ThHb. ¥
7o, 7 BUEIAEREETH . ¥ F S A AER L LT Delta L— L% FIWTW B IERD
RBFEN ICBAL T, [RRICL T8 X — X DE S MERBERRDENTE 2 Z & 28T
Y. UEDXSITLT, 85 X=X 0E S MERBERBPEHCTEZickD, 5256
NI RFDd & TRE2 FHEABEBE(w, @) ZRINETERTIXA—XDEIRHTES Z
LERRT. ZIZTE, #EMES N x) £n (x) = 3N(- 1.5, 1) + 2N(1, 0.5) (24) TH 2 %
Zrr3%. N, 2)FFETm, 782 OEHRZEREERT. ZOBEMEE2EIFRE
BE—> (FFRAMEAEMEw =1, RT7X—KT =02) ZPIFHCEUT 2 2E
Z%. ZOHE, ELL LS LTWAIEEREEN (x) OBM ST L, BEX I 5H)
FREEBEBDI T ICHEE L TWiRWed, RFE2 FRABRMEW, ¢) 201252 Z L AR
DARABETH 5. Lol, ZOMFEREREBD T X —& m DE D ST SR R
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Fig. 2 The conditional probability density function of the parameter m.

(25) IFEHT AN TE, ZAEK2 DXk, ZOBENLS, >F 7 RAMEEH
Hw=1, N7 XA—=4&3 =02 2bO0HFREBRKIE X oN5MF0H & TR 2 R
BB E(w, ¢) ZRNETBDITE, RTA—Zm BEANEHERD B (m—w, 2) %
BRARETHHEICEDIUIT LN b0 b, £/, BLEILIKE (57 X—ZXw=1, &
=0.2) Z3OERREKEEE —DOBIMTA2I N TEERS, FMFTEMHEP B (m—w,
S) BRAY TERTA—Zm ANEET SN RDEME2 FREBK Ew, ¢) 2/h&
{TE3Zedbbrsd. X (25) 2HIZ, PFSAMEMBEW LT RX—XE THIZL
IR p B (m) PAEMTE 2. 22T, HEMESZEITLT 27-D1HERp B (m) ZMK
T BRI A= m ICEREEEBERES 2 X 588713V AL%E2EZHZLDT
3. LELEDS, ZRILOEEIIES F T REEMEw £ 87 X —X % O DK
THDHIehb, RKFFETIIHERD B (m) ZHVTIC, KA EHEREHWTERINIT
FTRA=Zm ERODTWLFEEEZRS. 4. BFREEEBOER 7 LY X441 HHT
FF—DEH—Z, 3 (6) IV T X — & mkj B EH Lktir 3 2 M/NMRIc e 5bih,
B2 FREBBE(w, ¢) DEZ0ICTE2IENTERVWI DS, F20E, AL X
52 LTWAIEREREE N (x) OFEMSICH L, BB N2 BIFEEEBDS TSR EL
TWaRWnWe Zi2lE, 2 TEREBME(w, ¢) DMEZ01ICT 5 2 HEADZARAIRETHS. &
AT, MERNBEZRPKRHAOBIMEEREDPFELREVWDDLETE4HE, TNTDOANN
7 Mvxi T ICERAEERBEERERR L, ¥ F T AMAMEDS wi = n (xi) »DORT X —&K
Si=>0THDEEIZ, AT X—FZmiMxi &R TEMINC0 L TE25E50H 5.
ZIT, 0 EFETHERT. bBAA, ZLOMETIEITRTOANRY bUZOWTHE)
REEBEBEHELELTDH, ZOLIRILMWARETHZ2 D EbIh3. 2 2 TR
e T, B2 FHEBHE(w, ¢) OMELID ZIEB I D KERMICIERL, EEPICRL
el g e =i, B HEREREEEKEEMT 2 FEERET S, TR
RTLFHETIE, ATECTER L MEREEREBZAHL TV 720, FEPCR U 72K
THEOLNTVREFRERBO—HOE (¥ F S RAEEMEw), T XA—XZj) 2%
72BN EIREEBEEN S D87 X —XIZF| BN TWE. D70, R
b B2 AR E NI TR X —Z m KEREBBEBMLTH 28N TE
5. BBD»D, REOHBEICETNTDOANNRY Mxi %7 X =2 mi & § 2HFRE
BABEER ST 2 2 e T&E 3. 22T, ZOFE%E CRBFN IZHHAANT =2 —F L%y
N — 2 R G  BEEREKER Ay bR T B, ¥ AT, BiE2 E
BB E(w, @) DER/MEIZBEASTRZ ML xi T2I122 FEABME(xi,w, ¢) ZiH/ME
TBZEIEMTHS. 2T, EANNRT FLxi HKIFEL TR Pvmjli] 2% %
5. ZLTC, PHIRORRTHEOLNTVWSSE ] HHOBREKEUCEH T2, AN
N7 M xi DS EHEREERBEBIX (26) L EHTE 3. ZIZT, XT7X—XO
JREEH LS BHOMBREEBRBO Y F 7 AMBARE wj L OBITHIS ] 0BET
HY, NTRX=KOjIFEHLRE ] FHOHMBREREEMBLINO > F TGS E, 558
TG R EIR T PLDEEGTH 5. DRI

FEOHED 2D, RTIX—&K P
JERTA=KD
JIRERET . 7, SEREEIE (27) TERINDS. ST EHERBERI D B (xi—mj[i])

14



X, MERDIEFLY 2 TRREBE E(xi,mjli]) O ZHARHE (28) B—EL KD WVWH
DOFFIDH & T, T¥ b — (29) ZHRAKIZT HHERFEEKL L TEETE 3 [10].
ZZT, iiEm

B iEp B (xi-mjfi]) ZHITxi ICBET2MELZ2HEAEEZRTODOETE. 2O E, H
HIALF—%2F B (mj) = -1 B logZ B (mj) (30) TERTAUZE, SB (mj)=-FP
(mj) + B E(mj)

B (31) xRIZeMATE2. RB)ETYbrbt—S B (mj) ZRAMLT 250 =hE
REER D B (xi-—mj[i]) 1&, BHZALF—F B (mj) 2R/MLITZ2dDTHE L%
RLTWS., ZOLIRBRHHI ALY —IE, T—XDIFTRARY Y TDRDDFETH S
ANT 4 Y7 [1N] BWTHREBRICERINT VWS, AT 4 Y7 2id, mjji =xi (i=
1,2, N) DB oo THLZHUHIREDL S, RAICBEOANESTFTOERLES, KT
X —Zmji] ZHHZALF—F B (mj) ORBEFAANCEHFL TV DTHS. ZD
FER, X7 X —Zmjfi] IRARCECEZEDIETD, &ERIT—DDME mjli] = mj (Vi)
KW%?%.42@@?5&%®%E&%:f;ROMWNTHN5X~&mM@E%%
2R (6) DA mkj DfRODIC(32) THZXS e F5. 22T, (33) THS. KT
D, VIHHOIREN TH 25E1FA 0mkj = A mkj (34) THEZepnEIhd. ZOHE &i
RC-RBFN D %5 X — & mkj OHEFHHDHERD RBFN D87 X —& mkj OFEHFHHIZD D
DEROTWVWBIENONS. ZOrE, B=0TREIELLEFEFRNIA-—E%Z2Lj—>01C
35, AOmkj=0 &3 337 X—&mj[i] 1X(35) ZHi7zL, mjli] =xi (Vi) THdZk
Bohd. DFD, BEIANGEEP I X =2 mj OICRRE LTHEEhd kb,
BONHREZME T 272012, K (24) OHEMEEH ST 5 FUBAZDODNE L TH 5.

pﬁ%ﬂmlﬁhﬁmo—L2f~,@ZTé.ﬂ@%ﬁBDTB%O,Nix—&%
S RBRAINEL LRI, AOm[i] =0 B35 70y FLEOHRS THS. <
TX=RE = 0IZBVTnfi]=xi(i=1,2---,5) ANRLTWB ZeBbrsd. 272
L, 20

Fig. 3 The parameter m satisfying A Om = 0. flTlZj=k=1TH 3%, HKFDj &
kK IZBIE L7z, DBV, T X=X Y jZEELZEEL 20 12T 58, Acomk]
=otﬁéﬂix—&mmuiwﬂ%ﬁtb,m(vn%ﬁ@ﬁ%®@tﬁ5:tﬁb#
3. THHDORERPS, #2833 RC-RBFN 0 %35 X — & mkj OFEFHIA B mkj TiE, A
Omkj THEKED RBFN D87 X —& mkj OFEFFAIZEHL, HiZ, j—>0 & 3UITN
TOANRY Pbxi DF k BFExki (Vi) 287 X—&X mkj ODLRERICRAE U THET
XBZeDbhrb. HBHWE, Acomkj £ FT5Z LT, IRTDOANRY bbxi DF Kk E
Fxki (Vi) 2B OEEOBEERERICRRETAI N TES. 22T, #EFERzWS
RN OBIRICOWVWTRT. ¥3, ROXSBREHBHZALVF— (37) &R 5. /5L,
THCBIEUZ (38) THABLNSERMTHS. ok, H(30) &

(39) KEET 2 e TES. ZTIT, MERFEREE(40) THS. 2% D, HHZ L
F—TF B (mj) D87 X =& mkj IZB8F 2 Fm/IMbilZ, x5 ERIENICES 3 2 AR LI S
THLILZRTIEDNTES. 2O XS B0 S BB E HHZ X LX — & ORI,
EM 713V XL TUIBHCE LVERS I TV [12]. U EDZ ks, EFERE
BB DEE 2 E 8 L7z RC-RBFN O¥HHIZ XD X 512X T 5. [RC-RBFN 0% Hl]
STEP 1. ¥ F 7 AMEARE wj #X (8) O F FRAHH AR X D EH, 17X —X
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mkj 23X (32) DA Omkj IC X DEH, NI X—=2T jEAN () XV EHTS. STEP 2. &
FH2 FHEBBD E R o208 T, HAIEH | 0 XD KERMEICIK L7278 STEP
3. A< . STEP 3. BRI 5N TV B TR TOEREIEREEICOWT, BZ20 D
BIRZICKREZEL L TOWERD S, K (32) IV T X=X mkj ZHEHT 5. STEP 4. 77
BIZEDABmkj =0 LR2EDPHERIE &, 5§ BIFEKELLE p BIFEEMEL L
THEHETZ. 20 %, PFFAMEME wp, T A=K I p HikIZ/¥F XA —& mnp (n
—=k) BPELLTHF | HIFEEBRKDOS D25 ZHE, T X —& mkp 3H7
WCHEZ J=m2 3 5. STEP 1. NR 3.

T T, RESCTRERM L -#am e ek O RBEN 123 UCEA 34U, BRI ER
RINTBINT % Z ¥ HSA[HER B AIDE T 2 2 2 IcdbR 3. R (5) TH X 5413 Delta
L= ZHEEDWTEI X 72 RBFN O 3 F 7 25 A E O EHHIZ N EAEIMER aj (¢),
W TESF I y k() ZHVTHRT 3 &

(A1) 272 ZeDbh5b. THUIHED M

(A3) ZERB I TES. L, BEBLE. ZORR, (Ad) THB I LHRZ
N30T, I h R 2 FHAEBEME(w, @) ORIMLIZRT > ¥ LV (w, ) DEIME
CEMTHD I ehbhrs. ZOMR, FEK TRIZ RBEN O by, HogdT5)
Yo F T RS

E 72 T AIRHERERE p B (w, @) BEZDILHTE, HHZIAILF—RERTSZ
TR (32) YT 2R T PLOEFAIDENTE 2. FLVWERIIIIRR DA
T3, 3b2A, R () TH5X 5N 2% RBFN O F FRAEAREDOEHANSZ D F £ T
DRI, KTy v AV (w, ¢) ZEHETIC, BHE2 FEEBBE(w,
G) BRT VI XL AR LTHRAKDHERDIAIEETDHS. LorLaDS, R (5) &zhpy
LELNZEM7 VTV X LZHMAH L EEATIIEBIEEKBEIE Z HIFR S 2 3R ITLED 7%
V. Z 2T, R TEEE AT H AN 2 B REBEROEEIC OV TEm T B
B L 7z,

R—IFNNT bT 7 XD (EHE 3.2)(5.100%H7)

§ 2.3 LF - -BRT—FR-2X
L% - AV BOTHOWLRTWE T —ZRX=2IZDOWT, WL O»itiHT 5.
Kyoto Encyclopedia of Genes and Genomes(KEGG) [14]

BILT - Z 7GR, &7 EMBERZ L L 72 KEGG PATHWAY, EER1GH
%3 L7 KEGG ENZYME, FREZENMLDOKIERIZOWTE L7 KEGG REACTION,
ARERICHEHE T 2L EYEHE DT KEGG COMPOUND D F— X055 57— X R—2
TH%. KEGG ENZYME TIRIEHEZDERZHZU T2 ECESHIOLMRLTHZ e
TE, BROH%, ZOEREHVWERNOKIEN, FE - FRYIER, BEER, X
BRIEIRZE ICOWTE LN TWVWS. KEGG REACTION 123 EEZE 2 - W T 2 3{L2E KB
DWTDEREZTL LTS, ZNFNDORIGIER D2 HUHF 5 5T OBFTEHINTED,
MIMCHWS N 38Ry EC&ES, {bEWE - CHEE - X czh e LA ED
ErNTVS. KEGG COMPOUND Tl C 2 545% 2 51D CHBSTILAEMEERL T
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J § \4
N |
2 TN =B
Pt
~7 W MaxYield 81 %
W (68)
L 0 e .
— - =@ A
NS
| Max Yield —- Reset 4+
~ Retrosynthesis Step Key
- -a1n

2.1: SciFinder™ {2 & % ¥ & aakat il

B, FITKEGG PATHWAY H5° KEGG REACTION ARICHN 3L & =/ > T\ 5.
CH/E, 4Hl, 7 TR THMEIT LN TE, 20V 7R, %, 717K, 71E,
ER, &5 3 R%ES, PATHWAY MAP ® MAP %%, ECHBEDY v 2%, fhoF—&
R=ANDY Y 7o EpEEHIN TS, 4 PADY Y7 DOENBHIZE->T, ECH
E05RES, REENLLCESLLZEZZIENTES. K?7?7BXUOX?2ICKEGG 7 —
R X— 2D % RS,

SciFinder™ [15]

Chemical Abstracts Service(CAS) 23t %, 7—&X—2Z. FiZ, [Substances({L54)
HIEH)), Reactions(RIGTEH)I, References(SCHRTEH) I, Suppliers(# &% v 7EH) ],
Biosequences(BCHIEH) ) DHEH»HMBT LI LN TES.

[Substances ] TMEFYHDHAET, CAS HixES, 7FHPART bL, UMELY
TR TZ 2 [16]. [Reactions(RIGER)) TIHMLFEWESA, WHEX R L oMKRIN, £
DILEDRIC - e LTHOWTWARIGRZHNRZ Z e TE 5. £, Y
DI, RISV 25300, SCBEHR R E 2SRRI AN T 7 4 L EZ R TE 3.
MReferences| TlEF—V — K, FEHEY, XHES, HitHER, BEXREY THREINS.
[Suppliers(# 2 v Z71E#R) ) TlX, MRLZALEWZI DS BERE D H & v 7 iEHR %z
Do T3, MEMFICIZHIEE L CHEER, (LEVOEATA FADY 7 L
DWW EENFR RIS, [Biosequences] Tld DNA RNA, & > %27 E OEH|[EHRLLH
I3 2 ELH2 ETHREREINS.

SciFinder” Ti&, #HERZ 21— Y HE2HHE - RE L TR T 2 Z e a[RETH 5. b
BYVOMEN—HT 2D D, FLEMEOHLEICE SV TR TE 51th, BEH T 5K
N, XHkEHR, RBETTOBERDBIBRTES. X512, ERLMEERXREER e LT, ¥
BV — N EEET - FHIT % Retrosynthesis Planner | £W95 Y —VFEET 5. 22T
WBERRAT Yy TR AR MR EEREL, BEAAX—VDERT 7 VARG ENS. &8
Bov— MIBEHIO RIS E721F, TN RISTHER SN, RKDOIRBIRRINS.
21ICENALXE IR =Sy b LT, HEHL— FDOKGE - Tz LR FaRTd.

PubChem [17]
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4 Chemical and Physical Properties o]

4.1 Computed Properties QB

36802569623

368.02569623

2034 uted by Cactvs 3.48.18 (PubChem release 2021.05.07)

2

18 (PubChem release 2021.05.07)

by PubChem

Computed by PubChem (release 201.01.04)

2.2: PubChem D1l

DULYIIIES> 2y

gdehydrogenasesgg
H »’I 1 1 a\’c‘ohgl-r‘e}latgg‘:g

carbamate dfisy|firam

~ |Select one or more organisms in this record: B

All organisms
Acetobacter pasteurianus

Acetobacter pasteurianus SKU1108
Acinetobacter calcoaceticus

+
-5
o
Aeropyrum pernix v e

- cyp2el drinker
hepatocytes

=

2
<
a
®
@
o
=
@
>
=3
e
a
<
a
@
=%
2
3
)
@
@
3
=
B

Submit

Show additional data

® Do not include text mining results

o
)
S o
E]
@
=
o
&
3
o
=
@
B
2
S
o
o
=
]

O Include amenpa (text mining) results

O Include rrenpa results (AMENDA + additional results, but less precise)

(0] keat/kM Values
[ Ki Values

Bgeom\ffi'::v“y The enzyme appears in viruses and cellular organisms
(0 pH Optima
o Reaction Schemes hide
a primary alcohol + NAD+ = an aldehyde + NADH + H+ X

O
[ Localizations 4
B General Information 30 R_\ W 0 e

+ ;7 = + ;7w Wt
B DEnzyme Structure 16k oH e - Q /U\ . e O

N iy P e R H Iy > OV TN o

B T Molecular Properties 453 A : I T X
W Applications & - .

2.3: BRENDA o EC1.1.1.1 123 2155

L&¥s, 71K, (LEYD2D(H L IE3D) ERoEA X —, (b - WHEE, &
YIERTEETE R, FEER, EREO T -2 2Bk L Tw3., T2 ERE»67 v
Ju— PNz, 2.3 (EEDLFEYEIFIRRM 140 TR OEYIERERR T — &, (S L X
N L EROLAREER, 72, W10 TEOBEFT -2k oI s [18).
X 512, PubChem Compound, PubChem Substance, PumChem BioAssay @ 3 DD 7 —
BR—=ZAD3D 5.

PubChem Substance Tl&, fAFEEDR 7 v Tr— R LT —XZ2EHLTWVW5S. EHDEE
MEPSLEETHT BTy Tu— NN 20D 2570, FELIZX-T, FAkD
THiRZHEMN L, PubChem Compound 12§ X415 [19]. 7z, PumChem BioAssay Tl
T — X PMEE OEBIRTEIC X o TE oD XU 24EWEE T — 2% %, FEBICHWL
7AbEMe, EBRERIICHOTEITS CE TEIEL TV, 22D T — X=X
o7 — 2121, SID(SubstanceID), CID(CompoundID), AID(AssayID) 258 D #& 54T
W5, FHZSIDIZKEGG DIFL A LD CHESEMIGLTWS. [X2.212 PubChem D7 —
AR —Z2DF %R .
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BRENDA [20]

BRSBTS 27— &%, XHDOEHE b L ICHE L 7.7 — & X— R, BERH4, £V, CAS
BikEks, ECEHS, FMEERY TREIT 22 TE 5. fle LT, ECESTHRRL
M1 EX23I1RT. MRBLEECHESDOR—IIITL &, ZOBRICERL TV SHED
7 —F2y 7RHOLNTW S RIGADEIN TV S, X2.3 DHEAAIZH 2 EEHD 5 H
e T 2FMEREZZRTE 5. HilZ1E, Substrates/Products Tl&, MR L7z ECHESD
R o RISDRE - EBIDORT7 P ENTWS. Organisms TlX, MELIELH
ReoEYEDY X MBFRINTWS. %72, Functional Parameters] R v 7 XA
®D KM Values Tld, BEROHRE 2o /AWM - BE Z ¢ @ Km fH (AHE & EROBIAM
PRI 2RI NTES.

19






s
it

TEADT I T+ U R BB

§ 3.1 1LFET—EXR—ZH5OIEHRMAE

Web %4 FENPSIER L 72 KREDHEROF 25, BASIEUMZ HWTHH G Z
HIZ2TF AR =0 BT, ZAZ LAY ITHRHWLNEZnHD. A7 A4
vy reld, Web¥ A b6 XEEZT T Z IV 7Koo THEHUSF S 25ETH D, 3%
T — R BINETE L., —HTT—EZR—ZAZEMLTW2S Web ¥4 FEIIBWTIZ,
WHO7Z NV r—>ay - ours53Iv7 - £ 2 —7 2 — X (Application Programming
Interface: API) ZfHZ TWAGEHNDH D, fEESNLEATT v s 7 2 25dd T, 7—
AR—R FOERZ HEIRICHIR S5 Z e 3T 5.

BT —ZR=2ZHRNARD API DRI N TVWE S DB NWL OFHET 5. KEGG T
1 KEGG API [21], PubChem Tid POWER USER GATEWAY (PUG) [18] ¥ I3 API
WRBENTED, AEHTIEZD2OoD APIIZOWTEHHAT 3.

KEGG API D&RL

KEGG APID 7 4 —~< v MIUTD L5127 % [21]. <operation>DHEE/3IZ LFEED 7
DOWTNDERET S, HlZIX, Nist) ZFRELHE. UMTDO 73—~ v MHES.
<dbentries>THWD T =& 23 % KEGG 7 —&ZX—2AH%{2HET 5. 213, Ipathway |
ZIETDHIET, THT DV V7%~ {TL &, & Pathway D~ v 7%HE &, Pathway
HONIBY A PG TE 5. K 3.112% S L Pathway HDONINRZRT. 2D XS,
Mhttp://rest.kegg.jp/) LA R OIS THRESI NN FERET 5L T, 7T —XBRES
NTWB URLICHEEITAZ N TE, K707 I ASHETEEINRTWS, YV 2koh
B89 23— RNZEoT, BERT—XZHIETHI P TX 5.

PUG

Common Gateway Interface(CGI) Z#H LT, PubChem D7 —& %7077 I 71
EXoT, BUSTAMEERIRMET 2 27 4 [22]. 77— XD HHD X URL Tld7z { XML
ZHWS., XMLIZX2V 272X b%2 CGINED, V7T X MDONBEDRFETEIN1R, Kb

http://rest.kegg. jp/<operation>/<argument>[/<argument2[/<argument3> ...]]
<operation> = info | list | find | get | conv | link | ddi

3.1: KEGG API ® URL &5k 1

20



http://rest.kegg. jp/list/<dbentries>

<dbentries> = Entries of the following <database>

<database> = pathway | brite | module | ko | genome | <org> | vg | vp | ag |
compound | glycan | reaction | rclass | enzyme | network | variant |
disease | drug | dgroup | <medicus>

3.2: KEGG API ® URL #f¥% 2

£ 3.1: V7 hEoNILE

path:map00010  Glyeolysis / Gluconeogenesis
path:map00020 Citrate cycle (TCA cycle)

path:map00030  Pentose phosphate pathway

path:map00040  Pentose and glucurcnate interconversions

path:mapl00051 Fructose and mannose metabol ism
path:map00052  Galactose metabolism

path:map00053  Ascorbate and aldarate metabolism
path:mapl00061 Fatty acid biosynthesis

path:map00062  Fatty acid elongation

path:mapl0071 Fatty acid degradation

path:map00073  Cutin, suberine and wax biosynthesis
path:map00100  Steroid biosynthesis

path:map00120  Primary bile acid biosynthesis
path:mapl00121 Secondary bile acid biosynthesis
path:map00130  Ubiquinone and other terpenoid-aquinone biosynthesis
path:map00140  Steroid hormone biosynthesis

path:map00190  Oxidative phosphorylation

path:map00195  Photosynthesis

path:map00196  Photosynthesis - antenna proteins
path:map00220  Arginine biosynthesis

path:map00230  Purine metabolism

path:map00232 Caffeine metaboli=m

path:map00Z40  Pyrimidine metabolism

path:map00250  Alanire, aspartate and glutamate metabolism
path:map00263  Tetracycline biosynthesis

path:map00254  Aflatoxin biosynthesis

path:map00260  Glvcine, serine and threonine metabolism
path:map00Z61  Monobactam biosynthesis

path:map00270  Cysteine and methionine metabolism
path:map00280  Valine, leucine and isaleucine degradation

R XML CRESIN AL Ko TWS. ffile LT, CID1 & CID99 DILEY DG %
SDF 7 7 A WVERD gzip EMfECTX Y >r— F3 2855, K34D k5% XML#EEDY 7
TR MEEE 7%, PubChem TIE7 7t 2t D728, PUG-SOAP ¥ PUG-REST &
WS T RATANEEXNTWS., K TIE PUG-REST Z W3 72%, PUG-REST IcD
WCEtHS 5.

PUG-REST

PUG*° PUG-SOAP THWAHNTWS XMLERDGIRZ HE » B3, f{H 500N TF—
REEET BN TE3 APL. PUG-RESTDOV Z X MILLRD X S57% URL TRt X

% [18]. <input specification>!X Z 512 <domain>/<namespace>/<identifiers>THAK X
NTED, MOT—XEHW>TL 2D0%ED 5. <domain>TIX, substance, compound,

assay R EDMRE T 2T —XR—AZHEET 5. F7z, <namespace>Tld CID(cid) ®{t&
Y14 (name), 7373 (formura) F%4EE L, <identifiers>Tl%, CID OFS, (L&W4 - 7T
RDXFHNE Wo Tz, <namespace>II0T 2 EARK R ARTZIEE T 5. <operation specifi-
cation>"Tld<input specification>THE L7z 7T — X REGIMCT 7 LA LLEE, ED L5 7%
BIEZMEL TV 2D %25tih 3 5. fHilZ1F, <input specification>"T CID %5 DTEH %
R LU TWBIRAET, synonyms ZH5E T 2 & ZD CID HEDILEWHIINT B [FEZED Y R
MR E NS, FIBRD T — R T, <compound property>T property/ XXX, YYY -, 277/
EIEET % L, ZOLEVIOYMEESLZERRIEEZ EBEIG 5 Z L3 T& 5. <output

21



https://pubchem.ncbi.nlm.nih.gov/rest/pug/<input specification>/
<operation specification>/[<output specification>] [?<operation_options>]

<input specification> = <domain>/<namespace>/<identifiers>

<operation specification> = record | <compound property> | synonyms | sids |
cids | aids | assaysummary | classification | <xrefs> | description |
conformers

<output specification> = XML | ASNT | ASNB | JSON | JSONP [ ?callback=<
callback name> ] | SDF | CSV | PNG | TXT

X 3.3: PUG-REST ®V 7 X }

<PCT-Data>
<PCT-Data_input>
<PCT-InputData>
<PCT-InputData_download>

<PCT-Downl oad> URL:
GEF el ol https://pubchem.ncbi.nlm.nih.gov/rest/pug/compound/ci
o o d/962/property/MolecularFormula,MolecularWeight/XML
<PCT-1D-List>
PGT-1D-List_db>peconpound</POT-10-List_db> This XML file does not appear to have any style information
GEIALIGR ek associated with it. The document tree is shown below.

<PCT-1D-List _uids_E>1</PCT-ID-List uids_E>
<PCT-1D-List _uids_E>A8</PCT-10-List uids_E>

v<PropertyTable xmlns “http:/ pubchem ncbi. nlm. nih. gov/pug rest”
</PCT-1D-List _uids> xmins:xs="http:/, /. w3. org/2001/XMLSchema— instance”

</PCT-ID-List> ¥s: schemal.ocat i on=" “http://pubchem. ncbi. nim. nih. gov, /pug_rest
RCT-uersllids Tds> hvtggfcb,eeg?gzgm. nebi.nlm. nih. gov/pug_rest/pug_rest. xsd”>
</PCT-Queryllids> <CID>962</CID>
</PCT-Down| oad _uids> <MolecularFormula>H20</MolecularFormula>

MolecularWeight>18. 015</MolecularWeight>

<PCT-Download_format value="sdf"/> </Propertiesy

<PCT-Down|oad_compression value="gzin"/> </PropertyTable>
</PCT-Down| oad>
= S ZE
e 3.5: K (Ho0) OIFHERET 21 7 =
/PCT-Datai —
i A I URL & 7 — X HUSFHE R

X 3.4: PUG 2B % XML & O [18]

specification>DHE D TIEIEUGF L7z WT =22 D K5 REATH T 20 %28 ET 5. H
ARHNZIZ, <input specification> /<operation specification>/<output specification>DHE77
ZHEETIUIRL, il LT, /K (CIDI6]) DT\ (MolecularFormula) & 435 (Molec-
ularWeight) % XML THfS L 758 %X 3.5 1T~ 7.

§ 3.2 LEVDBERTFEL ECESTAFE

L&Y T OGBSO WTIRR BRI, 7 EAf ¥V 7+~ T 4 7 AT H bR
TV A LAY OREERBUCOWTHAT 5.
MOL 771l

LEYOREEEREIL LT F A MERD 7 7 4. Tmol) DIRTTIRIEEINZ Z &
MEZV, 77 AV E L TWBEEFEEETD 3 RITEED 2+ ¥ DJFEF[F L2
BUEOWTWE2D) A MR E N TWS. BEOHEER Y mol 7 7 A LEHEK LD
DX 3.6 1TRF

SDF 771 )L
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M0 9 00 0 0 0 0 0899 V2000

1
17.3600 -18.9000 0ooOC 0 000 O0CO0O0D0O0O0GO0OO
18.6724 -18.2000 gpoooc 0 00 000000 O0O0D0
19.7849 -18.9000 gooooC 0 000 O0CO0O0CO0OO0O0OGOCOO
20.9973 -18.2000 g.ooooc 0 000000000 O0D0
22.2097 -18.9000 g.poo0OC 0 00O 0 O0CO0OO0O0O0O0O0OD
()f1 23.4222 -18.2000 gooooC 0 000 O0CO0O0O0OO0O0OOCOGO
24,6348 -18.9000 g0 0 000000000 O0D0
19.7849 -20.2993 000000 0 0D 00 0CO0OO0O0O0O0O0OD
”\\\v///\\\v’,/\\ 20.9973 -16.8000 goooo0 0 000 O0CO0O0O0OO0O0OOCOGO
I i 1ZZQZU%W 0*20 28990 gt 000000000 O0O0D0
OH OH 23 10 00
34 10 00
C00379 1E 10 00
56 1 0 00
6 7 10 00
38 11 00
49 11 00
o1 T 00
M END

X 3.6: KEGG COMPOUND THUS T % 2 i MOL 7 7 A /LD

MOL 7 7 A VBRI E LIIRET Tsdfy D7 7 AL, 2298 ED7FD MOL 7 7 4
Ve T — &NﬂXf))BHHﬂ*kf\?“ﬁ'éﬁ%ﬂi, p@ﬁ;ftfiéptﬁlﬁb\

SMILES
(LM O XFHITE LD, LFOBANCHE > TLFINCIMmL TN [23).

1. FEFPRTRLEETRL, 2 XFTRAPOE I WET (Nb & NB %) 1% [ | THte

2. IKFRFIIEMT 2

3. BEEET AEFIIERCE T

4. ZHEBR =, ZHEHESRH#TRL, BES - FEEES BT 3 (FEERTIX
INCFD c RETRILT S)

5. AFVRETHEEDRZVEDE T T3

6. MBS A EFNE () TRILT S

7. EREESEIIUINT U CUIMERT RS e & DI (CLARY), BHEEMETRT.

M EDHANZFEE D W TR E L7z d D% generic SMILES & FERAS, DINOFHAIZINZ 729
D% isomeric SMILES & FEX

1. [FRE (B ZIXKZR) 23D 256 [13C) W H RELITT S
2. ALERBEMAZXAIT 270 0MNicE 2 (@) $/13 faq) TRHET S
3. _HARETELIRMESEZ T/ & ¥ TKT

Ta4>H—F)>k
LEVOMERRHZE Yy MITEREH LD D. #ED DO TICHEHT 20, i
MWERETHEE D 5. HlZIE, MACCS Keys D7 4 ¥ =7V > & [24] TlE, 166 fED

KR E 2 LEYDR R > TWARE I B0 1 TRELTWS., 74 v hH—FY
MEIF LSRR L OFELIE B THW SN S.

LM DEIEL (FEINRT L)
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from rdkit import Chem
Aylitol = Chem.MolFromho!File( Xylital.mal")
Kylitol

H

import pubchempy

pubchempy .get_properties([ 'MolecularFormula”, "Molecularlieight”,
HO OH "IsomericSmiles’ ], “glucose ",
! *, as_dataframe=True)

H H

Formula Weight IsomericSMILES
Chem. Mol ToSmiles(Xylitol) cip
‘OC[CaHI(0)[Cear] (0)[CaH]to)ca’ 5793 C6H1206 180.16 C([C@@HN[C@H](IC@@H](C@HI(C(01)0)0)0)0)0
from rdkit import Chem ) . VA — ==
from rdkit.Chem import Descriptors 38 PubChenlpyVCy}I/: XO)I%%E%
Xylital = Chem.MolFromMolFile( Xylitol .mol’) VA=| ey
Descriptors.MolWt(Xylitol) Hy/fﬂzbfuﬁtl:l%

152.14600000000002

3.7: rdkit Z WL EY DI R

PRI TRk 4 72 TIZAT 5 720121, (LEMEBIEIL L CTRIET 208N H L. 2D
HiEL LT, o7 4 v FH =7V Tk y MITILEYZEEL L TW 55, Yk
EZRHe LTHuOh S Z 2 2V, —RINCEBOYIHEED W S, Z2RITORH
N7 ML LTLEYORME R T 2. 2o OEERCYEETILEY DR E £
L7z DIFFeF eI TV 5.

RDKit [25] Z AW =bE¥MDT—421L

RDKit (& Python 2t LT3, {LEVOHE LIRS 74 77V THS. SDF 774
LR MOL 7 7 A Vi AAA THEERDOEGRZH I LD, SMILESR7 4 A —71)
Y MIERT B e N TE S, RDKit TIEFHAAATLKHEERD S, (LEVDRRTFZEE
TBEZENTEED, LEVRLOELMEZFHMELZD, HMWMEEICREIEZ R
TE5%. fle LT, ILEVORTFEEZERKT S MolWt ZHI D 72WiE, MOL 7 7 A L
BIAIAATALE DA > A2 > ZA%4 /L, RDKit @ Descriptors 27 7 123 % MolWt
XV RICER LA VAR AZETZ 2T, MolWt DSgtEXhH a3, K3.712,
rdkit Z W TEE OREER & SMILES ZH 1 L7eiT, BXMMEEYD MolWt Z&HE
LR E T

PubChemPy [26]

PUG REST %\ T PubChem D7 — X ZHUS T 5720 Python 74 77 V. (L&YW
%450 CID 5180z LT, MRILEVWOYIMEESS SMILES * B 52 Z N TE 5. fflv L
T, Z1a—2050+FR, 7FE, IsomericSMILES ZHUS L7-/ER 2 X 3.8 IT/RT.

EC BESFAIFE

FRETHIN LG RBER(LY: - R T — X=X 2 HWT, BRKRICOTHITE
BITOMIEDNZLATOAT WS, 22 TRLED, BRIECHESICL > TEHINLTY
20, [FRICZ DR Y HWT-REBO (RSB RIER e L TERENLTWS. 2 ZT,
REFEHALERIS 1L, ERANZEBARARTEIARLEIEL, FECHEBIC12F=Z
BRI TW3. il LTKEGG ENZYME 0 EC3.1.1.2 TIIREN 22 KB 3 s
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0
OH
i O)LCHg H H
RO7342 R01241 + HortaH, € @ ¢ o7
Co0001
€00033
[e) co0146
OH SSSSSS
OJ\CH3 j\
> + HO” “CHj on
/
F‘, ciosee C00033 O\H/CH3
C15883 % HO/[ ] o ﬁ'—'ﬁ‘
H. H | |RO6893 | |c13e3s / OH
- R06893 | o
C00001 H\Oﬁ JOL
cccccc HO™ "CH3
uuuuuu

X 3.9: EC3.1.1.2 DRER 2 KB

REBS L LTRILINTED, K39DX5>RERIGERS. oD RIGRITH LT,
ECHEEBDODHEMEEZEZ, D ZLORIEAEZIELWECHEBICAETE S X5 ET
FAERETT 2R FIITbRTWS. URT2Oo0FELRT.

ECESTHFED 1D LT, 73 /HBEEYOBELEZH NS DNH 5. BHERITX
NRIBTHD10, 73 7BEHTREINS. 73 /BEYOELIMICHE I NT, &Y
TEHZECHEEZTHTZ. 5 1O00F KL LT, HELERYOBEICEH LD H
. WEE 7 4 =TV P RETRLZDDOR [27], #iEL L TREMNRE D DL
ZGICEH L0 D 28] R EHH 5.

T4 A=V P HVEIFETIE, BRECERZ D TFOEINE (777X 1)
WEHLEZ 4 V=TV P TRLTWS., ZFO%k, HET7 40—V s 0rb4EHY)
T4 H—=TV Y NN RIEED T 4 =TV EERTS. ZLT, ECHEN
EINLE LTHEZAONTOWBERIGEDT 74 =TV hen—2) v FEEEZK
», NEEEr 22 DD ECESZE DY TE WS HEEHAVWTWS. filziX, KEGG
REACTION @ R00005 IZEF Z LT 5 B C01010-+C00001 <=> 2C'00011+2C00014
WKHLT, E3TO0T 74 H =TV e MFP LT, KIEED 74> H—7V b
RFP ZLLRD XS ICERL TV 5.

RFPROOOO5 = MFP001010+000001 - MFP2000011+2C()0014 (31)

W& DRHEM 723 DL FEE b 2 W A FIETIX, RDM A& =2 23N 5, HE &
PO SRS LT, MIGHDET (R atom), ZDEFHEDFRTTHEZ - T 258 (D
atom) & —H L TV A (M atom) ZEFEL TW5. ECEHESOEH L EPD RDM <
R—>¥, ANNUZRRKIED RDM 8% — > QLN Z RS 5 Z & T, AJIRKIGD EC &S
ZTHILTW3.

§ 3.3 USRI VIFE

AIFFETIE2DOD T AR Y VI FEEZHWED, ZRUFFNZ ZTEIZ 72X Y 72
OWTIRNRS, 75 2&Z ) RSN T — Z2DA RS Bk LFEED—>oT, FFE
DHEIEIZEVEHPIL TWETF—XES LTI 7RAXEEHRL, DET2FETHE. 7—
BMWLIDODT FTARDAIIZIBT BT F7ARY) VT N—RIFAR) VT EMHINTED,
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FEICE > T, RO SRARIBTZILRHBTDZY I NI IRARY VY IIHIFEET
5. 73AR) R FEICHBERN S SRR v IEREBIR Y S AX ) 1T eh .
FER 2 2220 Y7 TikE s, nERObD0 BEMDOD DI T oIS, 5EBIT
B TF—REBLT1ODIIARL AR LEDE, Vs 5 ZAXICHE LTV FETH
5. BEMTE, T —R2ZNZFNE1DODITRARARL, FEDFRMEIZL/=03> TH
BT =BT 27 7 AREIVNT 5. BT —X2H>or7 7 AXFELbEMEN, #ik
B IAREL, 8E LY 7 AR EFTHDIREINS.

FEEACIXEER L FICHWSN, DITTIE, BERAICBITZ 7 72X L TV
HEEIZONWTIHRS., B, 75ARC, Cll@T 357 —XDEEEZNEIN XX, X1
Y xo DR d(xq,x2) E LT D7 7 A XBOEHEE d(C1,Cy) ¥ 53 [29].

= FI R Bt A

2ODT FTARNDT—RES LT, BRI WVHEREL LT, ILEXI 72X —

PUERLT 2. BTERIXD VD, BTV ZRTW5S.
d(Cy,Cy) = xlecr*llligeoz{d(xl’x2)} (3.2)
RIEEEL

BRI LT, RDEENEWVHEZEEY L2 0, ANEIZEZIHIVD, 757X

YA XAD—EIWXIRHMEADD 5.
d(Cl, Cg) = xlegll%c);e@{d(xl’ Xz)} (33)
BYE

20D Y T AXRNOEZFTDOEEY B L, &7 7 XA XY A XA TH|- 72 Eg 5L
L7z D. NIUEDFHED VL. 75 AZRPFIRICHESRFENREIELZ D iz we I T
W3,

1
d(C1,Cy) = e Y > d(w1,22) (3.4)
|C]' ‘ ‘02’ x1€C1 z2€C>
I #+— K&

HoMUD2DODIT FTAREWEEL, BALEZ ZAZRNOENINT S, T—XD5)
BLE(CLUCy) I LT, FERTDET FARXNDT —XRDITHE E(C;) Z51\\We22h3, e/
ERDBITRARDRT EREETHHE. FHERIEIZLA 200D, nHEERENEVWE IR,
R 2 2 A2 ) 7 TR BHAVLNTVWS., T+—FHFDA XA - 2K 3.10I1R3. 7
SARC,DELE ;2 LT, UFD XS IcRKRINS.

QZE;E? (3.5)
E(C) =) d=, ;) (3.6)
xeC;
d(Cy,Cy) = E(Cy U Cy) — E(Cy) — E(Cy) (3.7)
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lO@ﬁﬁ o5t 45 2 R GHBR O N o ®o
L]
| : ;
55 2 REATTI DS DA 3.11: k-means {ED A X — [31]

X 3.10: 7 4 — FIEDA X —3 [30]

ol <>C>C).”<D

k@l C

a=w p . . . -
mgg O O
&= (&, &iay s ip)

ABDE

(p;kﬁ) wj - (J:;fl':x_'fg', "'?m.jji): (J - 1?27 ...,?1)

X 3.12: SOMIZBIFBEANT—2D~ vy 7

JEFEBR Y SRR VY

JEFEEN 7 2 AR Y VI TlE, o LDI TAX) Y IIBERDTEE, SFIETE
HDONTVWAREAEII LD T, T—X20HT 5. FEENI ZZXE2) > 7OFERZ N
CODLLRITRT.

k-means &
T—=RIIHNLT, VXL T7RARXREZEDIRD, HOIIFEHEDOWTY 7 AR ZEMERL
TWLFE. UINOFIBIZI>TIZ AR Y V72T,

1. BRINCIEE L KkED 7 S RZ ) VN, T—REE I VR LMIEIDIRS

2. %V T ARARANDET =R L TELEFEL, 77— Xm0 RMERMCH2ELD Y
FARIWZBT B LI, T—REANDI T RAXEIRDET.

SIRVELTETOT—XEDI FIAXNEEIND ET, LELDFIEEEDIRT.

B 2#E#i{t < v 7 (Self-Organizing Map: SOM) [32]

ZRILT —REBRITTICYy Y7L, At 227 5 RX&% Y Y IFE UFEDT LV
Y X L%RT 33 nfl D p ZoTBEIN Y bV x; = (251,250, . jp), (1 = 1,2,...,n) &,
2=y bm(i =1,2,... k) THERI N, 2000 FHE EICEHT 5. K3.121CFDA X —
PERT. IO EZI=y bOELE T = (ra,e) L, ZHE m; OMENRT hLE
T3, 351, 1=y ME, BAXNZ MLE = (61,80, &), (i = 1,2, k) ZFoT
Wbt§5. ZIT, x;, m; TN, ANE, HNECHY, ROFIEIZ X > THY
BT 5. (L, &7 X aiaTH{bE1T9)
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desk T =) !
mputer : -"
| 208 220, §5
indool E T T paas 221,3?1?
tabl i i '--'_'2,,.—- aras / J
desktop : az‘n / 1 J
I car ! Ztng ] ‘
| man — i ; \ ,‘;2 7
| hllllﬂlng;';"l i “ﬁ/‘\\\_{u,‘ff "z'./ / ’." 2 3
| tdoor E P2
1 screen-) E
I Sth‘J H
electronics i
a1
e
close- H
. :— 5
08 B;
184 22 e
l3ﬁ35%%77x&u/7ki5ﬁ@

E il 3.14: SOM % AW fTEIEE R4 59 HT

Lj=126n%TOIHIZ, &z I LT2—=2V v FE#E ||z, — &|| ZKD 5.

2. ||lx; — &|| BR/IMEIZT 2 & 2 € LB, ZDE ROy EBEHELI=Y I m.
YIS, BSE L=y b m, 8 ZOEFEDI= y FHFEFOEANRY FALERD XS ITHEHT
T 5.

{&=&+h@hy—§}ieNz 58
&=& i ¢ Ne

N & m, DEFEBERL, m. & NATEEND m; D x; \EL 85 X5 ICHEH I
5. F7z, h(t) BUTTERSINLEHEBTHD, m. Db x; 1ITIHDL K5I
EDTB. L, alt) ZFEREE (EERE L OEME £ IZED), o*(t) I E N D
B D ICRE Y 2R R L T 5.

_ —llre =il
h(t) = a(t) exp [ 207(0) (3.9)
3. CHEULIE Rl BULAKEET, j+1 2 LTI12%#0iRY.
43&1%1@@%¥tb FRE LM E TR EITS
FE%, =2V v FEEEmin||lz; — &|| 27T € 2FROBEL=y bm.lx; &
Vyﬁyﬁ?é

AR I ERWERERE LT, b FOITEI X — R L, [TERRAZ1T -
72bDNBH B [34. T, HEREHAPI ZHWT, HFICH > TW Ak EE#L, ZD
MERLZ TR T —RICHIILTWVWS., R, 7TFAINRA VT T—RDITARY
Y7 #1715 Y 7 +v =7 KH Corder [35] ZHWT, VAL ORRHBSERZICBEL T, BE
(275 2KV ZR{TFToTWS., FRICE-T, 77 ARNITEENI YKL HITHIE
KDARY MERSHLTWS., %72, SOMICX2 27522 7 itbhitnwad. Bl
ENTFT—EZDBIEFICSOM D2t~y 7 Eic7ay FLTWE, Iy b EmeiR e
ATV Z 2T, TEIORRIIZIED, BEOREICB T 2TEHOHEMMEZ I LT3
R 2 2 A&V > 72 SOM Z HWATEI M oMk 72 X 3.13 B L X 3.14 1T~ 7.
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§ 4.1 FHMHEZIEZRV-ECESTH

37 C OFHLEY 2R T 2 0BFICBWT, ZAUCRELRAEE R E IR0,
RBENRLSBBICEME G AR WETITA2IE50EE L. 208, EREOEE % H
W3 L, RICYIDOFRFEDERLLIE VT ORI EK, IO Y, 7V =7 IA Y —
DENTRIEE B0, BREAVAIEZPEIML TW5. ZIUHEVRFED KIGETT
I DR RHEREEIRTZ I ERE R-oTETWS., — 5T, HREREERYD
EOMNE L, EVDTHICEOINETH 3720, BIEEROHGERD A TIXBRIDIEHE L.
MEMAOHMRH I LT, £720F, BET —XRXN—AR 2SI U TRERBERIEMO
Hi&%zolF, ZOHBDAZ ) —= FRET, 1 DDBRITK->TWL. 22T, HRF
3 NG R " 5 2 7002, BEEE TS 22 2T 0850, BREMOBERICh S
R 2 LSBT 2 28D TE, RORIZ V) ==V 7 OERMEETHIEE AL — 2D 5
CENTES. ZOMTEXA41IRT. /2, BMRIIECESTHEINTED, ECE
FIWTEVMORATIE Z 2R Z2 HWREBN RIS RIGR E LTid#EhTnws. EC
g DR T VT4 RV ROBEZR- DB I N TV S, ECHESZTHIT S Z
YT, A7V —= v R LT, ZOECHESHNOEBEIKRIAL I LN TE S,

Z T, RFETIE, R—7 v P e REZRORES X ZBICEHRER ECES 2 TS 5.
Thbb, ECRESNOZHOBER L AR U CholiEREme LTRT 5. Tl
DHFEL LT, WHeT3HORN (Z—7 v PRIGN) & EC HBOREN KGN (EC K
JER) DREELZ LT 5. K42 IHBDOA X—V%RT. 2—F v P RIGRTHM
THEBMNE, PERNBREZ TR ZHVWIIEON Do TWVnE, 22
T, X—7 v MRISRITBIT 2 G H 5B OREZE(LD, EC RISRITBIT 2 Kt
Vi & B OREEZ ML TW3 251X, EC KGR THWSNTWAHFEERE X —
7y bCHEAT2 28T, RIEDMBER LR, BVINERTR—7 v NMERY»E SRS
EWVWIHIREZEL . ZHUMEFDOTETHOW S TW 2 HBIMEORER [36] I2HEDWT W 5.

RO & 2 EZE LR, KISKOBELIEOFHMEiEE: LzEE e LT, 2= v MNRIb
ROLEME, & EC KEROILAEME 5 LTI RIS O FEBUE: 2 IEfEICFHEi© &
BWEHTHS. HlziE, 2—7 vy MRIBROKIEWD, H 2% EC KIS MY iR b
PILTWB eaHiidn/z2 LTdD, EEPNIEL 2 EC KIEROERYIC R D LI T
W, iMixNA0[eEMEDH 5. Tz, RICVISRERMIER D 2580202, K
DRIGROELEZRFM T2 Z L <2 d. 2D X5 BB S KIS X 2 HEZE(L
PREOMEOHEY LTHWS.
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CRLERYE c3%$m%zi:::::::cz
ALFE R DEEL RIGHERE % et
CERIEICPELL

BRARE hvB —C
BrosfRcEn |\ E=zkA FR(27 U —=7)
RIS &1 a By 30
BRICK3ERIL?

A maEeE
emeag, ) }

B a HER

4.1: TERDBERRR L RR T 2R RR DK

HRTE]
=4y b LECRIER OBEEE L HFELL
= ZDECESOEEEAIENERMEE SN 3 AREENH 3 GELEOBS)
EERB RISHEES i (X=Y)
| | EC X.X.X.1
RGMA + REYB ———py BHIEHRY SRF L
BELTLEX
- [ECESoRENLERIER]
ECXXX] |EB#l + B2 — SRl 25—y
BERLRY EC XXX 1DERES
B - al(®fa)
ECXXX2 |RiSHL + RIGH2 =— gyl | ag%ﬁ'ub;
. - + a3(Emc
) WERLRZ KEEE L CORERRL
- ) BLEREOR LD D EER

4.2: OGO AL ELE

FOG 0 &ERYINDEZL 2 2 2R e LT, S0lR T2 W= - (b2 R
DZftE (FFHEEZELR) ZHWVW 5. R TIX, KIEYD SEBYNCELT 28D,
R T OZE(ED, KIBZLOFHE Y L THOWSATWS [27]. 2 TlX, KIEYIDERY)
DEFAHEICIEH LT 4 Y HA—=TV U v eRD, ZOESEHKT S22 T, T3
EC KIGROEEEZFHILTWS., UL, 74 H =7V MZI3KRA REERD D, Z
NZFIULEYIDE D & 5 REHEZFHIAL T2 DR > TnWS, D%, 12507 4~
H—=7V Y N TRKIEELOREEETE 522D LW, — 4T, Y - (L2028t
fEZR TR T, (LEOMELZRIT 21EEL LTEZ 6N 5. RDKit Tld 208 fEHD
KRB 250 POV I N TE D, SIARAARL D FHER D & ISR E 2 5T E
TE5%. 207, RDKitilih FE2HHAWT, ZRITTORMEEECE T BRI ORHY
N7 MERDZZ T, =7 v b e EC RIGRD KSR OMEZL 2RI T 5.

ZRTAYH=TV 2 EFARRICFREEZECELZ L TD XS ITERT 5. ERICDKIG
e oS E zhzn2Mfle Lz &, RICY i OFEEE RT;,, 44 ORHEE
#PD; 235, ZOE, £nEORA IS 2R EMEEE cv;(j = 1,2,...,n) BX
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£ 4.1: FRICAUTH T B FLibF Z & ORHE(E

| IEESIEE IR 20
DF1 CU11 CU12 cee CU1p,
DF2 CU21 CU92 e CUgp,
DF,, CUm1 CUm2 e CUmn

O, mEADKIEROFHENZ bV DF(i =1,2,...,m) ZLLRD LS5 I£T.
Cv; = (PD1 + PDQ) - (RTl -+ RTQ) (41)

DE = (Cvila CUjg, ...CU4j, ..., Cvin) (42>

Ihordbiiz, K41DEIRix j ORISR DFHHERZIERT 5. 177 IF X —
7y PRI T & ECHFS, I UIGdhF4 k5.

AR T MVHIRD 7= DITRE L R (L&MW Y DT — &%, KEGG & PubChem 2» 5
NET 2. ZhoDT—ER=—2AZHVW 2HHBL LT2o0%IFohs. 1DHIE, APIT
T—RERSE T2 74—~y bS5 TWBEILTHD. APIICE - TRELrREZT—X
RRFICHUSTEX 2221, ur/ oIV THEIET 2 RAT72L0, BHEDOLPLT X
WORMY, $IRETF—XINEZITZ 5. 220HZ) V7L o TTF—ZR=ZAES5LD
TERPLRTVAEIIEDHD. BRDZT—ER—ZANDZRY VI HRZWIEY, ZEZRER
T=RENEEZLEZD, 12007 —ZXR—=AWNTIERAOLNZWT — X OEREE2 Z 2 »n
TZX5. BWEERZT—X%Z APITHEL, £07—2BFR2NT 2, £k, #ik
T —2EFRERH T T — AN EHERT L DAREL R 5.

KEGG TlEX 4.3 ® X 512, KEGG ENZYME, KEGG REACTION, KEGG COM-
POUND T, V> ZIZE>TECEHES»LSH RES, RESLSLCHEBFLZEEZ 2N
TZ5%. ZOBFRED EICECES e KRBV SRR RICK KT 28 LEYWD ID %
53 2% [40].

PubChem Compound T LEVIDORHEFHZL £ KEGG IZIF R WIER I S SN TH D,
CID TEH XA TWA. X512, CID X PubChem Substance IZHBWT SID & & 3 IZHfiC
ENTWVWS Z %<, SIDIEKEGG COMPOUND OILEYIEHRICY > 27 & L TR X
NTW3., ZHICEk->T, REED CHEESTELNIKIERD B ZNZENDILEY OFEM
HHREE2 2B TE 2. 4MENE PubChem 22 H{LEY D SMILES [E#REHIS L, C&S
¥ SID + CID OIF Iz & T SMILES TR D KJEH &, EC BEDOMIEEREIERTS. X
4412 CHES L SID oRIGEE%RZFRT. SMILES ERDILEY Z RDKit TitAirhirZ &
T, {LEYOMEA 7Y 27 NMITERTE L., ZUuckh, BEXrar v a—& TR
BHF 2L bz, RDKit Dt F 2 HWTRMEEZEIE L, (LEMZEMETRET 2. &
FIGRIZBWT, e RIS OET 2 D, fER L7 SMILES &G & EC %5 DXt
JGR E D, ECHES L ZRIGADREMBELEDOREAR Y ML EEIST 5.
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Entry EC 1.1.1.10 Enzyme
Name L-xylulose reductase;

xylitol dehydrogenase (ambiguous)
Class Oxidoreductases; Entry 00379 Compoun d
Acting on the CH-OH group of donors; Name Xylitol

With NAD+ or NADP+ as acceptor Eoratiai cshizos

BRITE hierarchy )

Exact mass|152.0685

Sysname xylitol:NADP+ 4-oxidoreductase (L-xylulose-forming) Mol weight|152.1458
Reaction(IUBMB) |xylitol + NADP+ = L-xylulose + NADPH + H+ [RN:R01904] Structure
Reaction(KEGG) |Re1964

React

OH

1
eeeeee ) HO > oH
OH OH
C00379
Entry RO1904 Reaction | o )
Name Xylitol:NADP+ 4-oxidoreductase (L-xylulose-forming)
Definition Xylitol + NADP+ <=> L-Xylulose + NADPH + H+

Equation Ce0379 + COP8E6 <=> COe312 + COLP85 + COPP80

N

X 4.3: EC%&S, RES, CHEBSOSM [14](—H )

SUBSTANCE RECORD

87-99-0

Other DBs |CAS: 87-99-0
PubChem: 3669

ChEBI: 17151 PubChem SID 3669
ChEMBL: CHEMBL1865120 CHEMBL96783

PDB-CCD: XYL[PDBj]

3DMET: BO4675 Structure -

NIKKAJI: J3.9@5E

Source KEGG

External ID C00379

X 4.4: KEGG ® C %5 ¥ PubChemSID DNt [17])(—FF 4k FE)

§4.2 BEEY SR8 VU & B RTTHIA

FIGZELDOFRHE . LT, FIHEZELED 572 2 2 RICDREANZ M vE WS 5, KT
BAZXBRETEZZeD, BELRE37—2A03H 3. —RINCZZELEESTTOm
WITHE AT . ZEMREE L I1X, SHZHEREICEWEERD 5 & 2oz 23R T, N
{LHRER D EREOR TOFER  XATWS. XTTOWWE, WA ZERNRZ WA I
Zh, WEEHOFEEE ENLMETH 2. SEOD7r — A TIEFHEDE WA FORT 2377
T2, ACESREBRTHEET IRk, EZbofEo—E e LT, o
ST EDBEADTINKREL REEZONE. TD/0, ZEMLEOMEZBIRL
DD, KILOHITED [FRIZITS .

ZEMEZ RIS 2 7-D121%, HEDBWRTOZERICH LT, 56K 2D R
TEDPIGND ZENZ W, UL, o THEHERZREZREL TVE S AJREMES 3/
D EDOEHBEDE ORI LT X R WEDOREND 5. 207, HEICE %, i
WWTFRITEREESZ 7 RAR) Y 7RI{TS e TEEEMEE R THEEHAVWS 37, Z
Tk, BREHEE 7 7 AXMOEREY LTI7 72X ) 782175, R45I2ZDA X—
R

BRYIDBRETIX, idibFES Lo —I 0™ Thbh, BREDN 20D 7 AXBEMRI
5. RIZTZFTARES LDY—=I kD, REFHEZHVWSD, ZOLEELRL75X
Z Db FETHROHEBEDENRZICGEHT 5. 206D R7OFTHEN RS EWRT
DI ITRARES LXK, Z7I7AXMTOMEBEPRDEVEFKREEZ NS, 2% D, RER
BEEE WA Z 2T, ZROEDATHOMHELZER L, ZEEEEONE X5, KT
HIEE LTX, A2 7 AXNORERTEERLEGHREDTZ2ERK T2 22T, HEDE

(“ ol

S

32



1EEIAEV =R FRDERAEL |

BREBIFRAED 7 7 A2 HoEREr RSV
A7 TR N

= BbLELAT 25 2 2 RIBERE AR
552 2R

s G5
=l

X 4.5: REFEIC X8 BTFDI 2%y 7

[ )
BRG] 3%
Q -

# 4.2: BRI DO WEUE BRI HF O HREE TS

Te0b 70 | b2 - | idfn]
sl T 1 0 sz |-+ | 1/s1n
Al 2 1/591 0 e 1/
AT | 1/sm | Usw [ ] 0

WEBORRFZH LN 1 D0 LTERRT 5.

77 RAX T 0T L& Python @ sklearn ICEIEINTWAEENL I IR XY V7 TH
%, AgglomerativeClustering 7 4 721 [38] ZHW5. FLdb+ u, vEDOHEBEREZ s, &
Lizex, MR Lotk 3.

o gﬁmwffmmﬁffm)_(kﬁb,@wcmm%ﬁ%uw®%@@$ﬁ)
\/Zz‘:1(cviu - Cvu)\/zz‘:1(cviv — CUy) (4.3)

S WX LT, W Z -7z, 1/s,, Zilb FRIOEHEE U, Python T 4.2 D X 5 7z FHlf
THNRAE LT 2RR Y 755, Z 2T, MHBERBD 1 e R2EREZ0 LTV,
AgglomerativeClustering Tl&, AT —& & U THEDORHEANRZ MLIZFTRL, HHHT
WS Z e TE, R FHTY—Y 32 XOBERZIEET 2 2eATES. 5H
GBI E s 2 0.9 T DB, 1/s; £1/09~ L1l Tidid FE~Y—IF 5. 77 AX—[H
TODYZIARY Y 7IZBWT, mEliffiEz vzt &, 75 2% —HElE d(C, Cy) 13,
K33 EIDUTDES 1Tk S.

d(C1,02) = max (=72 L, !

ueC1,vels Sy, Suv

< 1.11) (4.4)

IS ZHWTROFIETIAFHDS 72X ¥ 7 %1T5.
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L. 1/s;; £ 111 20723, sb FORZICBWT, HOWOEHIRE L k2 bD2~v—
T5.

2.1/5;; £1/0.9 = 1.11 LR 2B FRT7BFEET 527 7 AXT, d(Cy, Co) D3 74
5075 ARC, Coex—IF 5. FMMERMTHBTXTBFELRLIRDETHED
14 N

3. VIARRN VTR TIR, VIARBBELEDY ZARIIHET b FOXERE
57 5.

4. A2 5 2 ZNOZFLBRF OFRFEESI N UEHEL, B X FEzTVv, ARG T
ZH sl T LTRIHT 5.

£4112BWT, [ 7A&X0dbFRtLZ %o, GG T clusterX(X 1327 7 XA &%
B) CEEZ 5T, RITHIEEITS.

§ 4.3 SOMICKBRIGHNIZ AR VT

RITHIR U7/ 7 v VT, RIS OBME 2 IR 2FiEe LT, SOMIZ
X227 52Z) 7 %iTS5. SOMEBRH WA Z e DFFLY LT, 220 Fons. 1 DHII,
ERIOCZERIAN DA LN ATREIC 2 2 5 TH 5. BRITDRHENRZ b DGE, KIEHRE S
L ONMEBRIERE LIC WS, 23 0T CTHMT 22T, ZOMREZIET 3 Zh
AJREX 72 %. 22HY LT, 29 RAX ) KB HEMERB T NS, FLE RS
2FEE LT, a4 VELESHBEGREESH W 203, BED KIS OFEEUE 2 3
N7z 2120%, BERNREEI#HLWGERH . ZOBRIZ, 77AX) Y I72HWS
ZriZ&oT, ETCORBEAROEUELZEET 22N TES. oD ehd, X—
7y b ROSRDE W0 T 2O E W EC KIS 2 EEFEIRHCHER T = 21, fio
KIGRE S LOFELED R e BN TEZ X512k 5.

AWz SOMD a2 4k LT, KH Corder THHEN2 SOMDREFET 7 A V&5
BIER E N7z, REBHEHOY —Xa—F2HW [34]. AJI$ %7 — ZIEKIcH k%
DERIERDFHER Y ML 2RI U TEEL L D2 WS, SOM D 7r 7 J A
WIERBFHED Ry =Y LTHEINTWS som ZFHLTVWS [39. Tuavy bEDF
NUE R =5 v b (T) e RIERD EC HFS5Z2S.

2= MIZ400(20x20) TH D, 2=v FOBIRESAK L T 5. FEHIEKE L RIEN
T %217 5 BebE & DORERE D 2 BEF§I23 0 T175 (KH Coder3 V7 7 LY A+ v =27 )L
WZEEER). AENE 1 EREE 1,000 81, 2 BEFEH X 200,000 ¥ L7z, SOM DFEfTHR, SHE
=v b FCRIERDOFHENR Y bAdi~vw By 73N, k2 BEN I IR 2) 7
MIETEINDE., ZDIZITRAX) 7Fa—27) v REEERIC XK 27 4 — RIEIZ X > TITDNA,
SENE 7 7 A2 TERITEINS.
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EERGERL MICER

§ 5.1 HEEROBE

AR DFEERDOTRAUTOWTHAT 5. 7, (LEVWORHEAR S bLeKRd 5780, KEGG
¥ PubChem % & B MILROIEREFIGF T 5. K2, KIGRADKIEY) - LD SMILES
1T 5. X512, RDKit 1I2H % 208 LR T2 HWT, {LamoWH - {b2fReEE
REIEL, FHEMEZEEZRDZ 22T, X—7 v MRIGRE EC KGR %, 208 ZITDkF
BRZ PLVTRET 5. X512, TEUIREZ OB TEZRNAL, BEMI S22 ¥
X o THBEOE VIR FRELZ2 DT, Hi-ERILRF2ERT 2 22T, Xt
HIEZITS. ®RIZ, SOMIZX s TRIERZZ I RKZ Y 7L, =7 v PRIGRITH L
THEYIRERERL THIT 5.

BRR 27— 2% g, BX ORI OWTUIRTHAL T\ L.
2=y FRIGH CIREFEDFHES A
SENX, EAXEIUEARENRT 2BBECEBITS, 127y 7THOARD KIERICES®
YT3 2. Kb1iR—=7y VRIGRERT. =7 v b 2BARRKITONZEHTHD,
VA= R (7305 138) Dk 7 v a— ik 2 &R = A7 b 2 RIS TH 5.
T, SODBRERAFIINT S, EERYIDOT v A INREFHRL DD, A7) —=
THIToTW5. FAEHNZ Novozymd3s DIERB D —FEBNAGR E R o 7203, 2k
BRENDAIZ &% & EC3.1.1.3 ISR ShTWb. FHEEZLED, BREES
THEITS 72D, TR EHA TVWE5EE, ZORIEREX—7 v M2 LTHD EC
RIERE & BIZSOMIZE 327522 »71T721X, EC3.1.13DRIGKBEZ—7 v S 2D
PRECMET S EEZHN5.

— /T, B—7 v F2OMIMNE, BETIREID ZBRVRERZKIGTH S, #1DIZHID
KIbERL=05, ERYIOINRE FiF 372012, Fiitke L CHELUOME 2R oLEY
WEXHZ ], R—=Fy 22w EZIONS. X—F v 13 EC3.1.1.3 DiEEYH
WEIGEITE I D S 2RIETH D, DI T loRIEE LTX =7y M1 ZRET 5.
EC Kb e Zzhzehd i -7y b RIGROFELMEZEZ SOM D7 5 A &) > 7Calfifb L,
FUEY U CEC3.1.1.3 RIBADZ =7 w M LT EDGFNINIE T % 2 CTIRETF L% FHf
T 5.

LEBS R ¢ 7% % EC RIST
SEOFHNIEE T 2 EC KSR EH SN LEDK 729 A TITS. X—7 v bONIBIE
TR TR FRDBIG & 72 5 T AT IWULRIGD 720, AWafEZRE LT, EC3.1.1 D
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O O
OH o
. HOAU/ O__oH
K=y 1l R * — (¢
HO OH = W
HO  ©OH

O._oH o _ lipase
HO
/\U/ * \HJ\O’N\T/ t- amy1 alcohol \e‘\ /\g
HO  ©OH 50°C,20h [¢]
3 equiv
Enzyme Name 5-isobutyryl ribose assay yield%
A _lf s k2 | Novozym 435 (Candida antarctica lipase B) 65
IMMTLL-T2-150 (Thermomyces lanuginosus lipase) 40
IMMRES-T2-150 (Resinase HT lipase) 38
IMMLIPX-T2-150 (Lipex 100 L lipase) 56
IMML51-T2-150 (Novozymes 51032) 61
IMMP6-T2-250 (protease from Bacillus licheniformis) 11
Lipozyme RM IM 10
CDX IMB-103 33

51 Z—2y b RIER

IKDRBEEPEY TH 2 EZONS. T, IIKGEP I AHE 72 BT H
D, NKDEERTT AT LB ARETH 272D TH 5. Lizd->T, EC3.1.1KEKd T
AT MET 2050 (0% RICY, KELEERME 35)TR—7y s EITS. —F
T, ECOECKERIIH LTSI 2 e dEHEETHEIZEEZOLNS. La2L, EC3.1.1
DNDOBETHEML TS LiliS N2 A[REMEEZEE L, SM, EC3.1.1 ik iz
BEREL, TO5ATREL DB TFELE L Z0itd FEIRIC K - T, WYILREEREY
FTHITE 20505 5.

T — X DM IGREUF C EIE

%9, KEGG O ID KR ERGF T2 Y —2a— FEHWT [40], EC3.1.1 BT 3
EC %S, ME3 2 RES, CHESTHRINZRESOKIGREZTIGL, Thzhoxt
IR ZVERR L7z, [ERRIZ PubChem 22 51& C &S & CID, SID OMNGREZEE L. KiZ
CHES L CID %7212 SID 22 L, PubChemPy IZ & - T, &NILIRD KLY & £ D
SMILES ZHi§3 5 Z e ZikA7z. L L, CHEFISHNT 2 CID BE I TViRn
{L&Pe, SID #5812 L T, PubChemPy %% SMILES % HUf5 T & 72\ 7z ¥ O RE 7
17, 22T, PubChem @ SID THMZE L7V Y ZWNTSDF 77 A V2 AFL, Zhk
RDKit CTatAiAA SMILES ICEHLL /2. %72, X—%" » b®D SMILES & SciFinder” TAF
L7z MOL 7 7 4 V% RDKit TE#13 2 Z e THIF L7z, 25D SMILES 2 % £ 9T,
X—7 v PBXUIECHERIINT 2, ERIGY - AR D SMILES MR Z/ER L. X
T, #£5.1, £52, BXUORIIZENZNDOMIERERT.

MR DAETLE 1

1§ 517z SMILES M52 121% KEGGC COMPOUND ICESR XN T WA W (BEDH L
W LEY, H2VIFERINTWEY, BEAIEHS A THRWMLEYBFET S, £
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# 5.1: EC% 5 ¥ KCID £ 5.2: ZLEW 1D Xk

ENZYME left1 left2  right1 right2 right3 cid pubchem_SID pubchem_CID

0 3.1.1.22 C04546 (CO00001 CO01089 None  None 1 C00001 3303 962

1 31120 C01572 CO00001 CO01424 None None 2 C00002 3304 5957

2 31.140 CO02868 CO00001 CO01839 None  None 3 C00003 3305 5893

3  3.1.1.33 C02655 CO00001 (CO00031 CO0O0033 None 4 C00004 3306 439153

4 3116 C01883 CO00001 (CO00068 CO00033 None 5 C00005 3307 5884
173 3.1.1.111 C18125 CO0001 (©€22237 C00162 None 18594 (22269 405226444 6365572
174 31.1.115 C22218 CO00001 C22219 None None 18595 (22272 405226445 11788398
175 311117 C22373 CO0001 (C22374 CO00069 None 18596 C22273 405226446 11411510
176 3.1.1.118 CO01194 CO0001 (©C22400 C00162 None 18597 (22274 405226447 135567131
177 3.1.1.118 C00416 CO00001 (C03974 C00162 None 18598 (22275 405226448 44468216

% 5.3: EC &S ¥ SMILES OXfige

ENZYME left1  lefi2 right1 rightz right3

0 31122 C[C@@H](0)CC(=0)0[C@H](C)CC(=0)0 [HIO[H] C[C@@H)0)CC(=0)0 N N

1 31120 0=C({0)c1ee(0)e(0)c(0C(=0)c2ec{O)c(O)c(O)e2)ct  [HIOH] 0=C{0)c1ce(0)e(O)e(O)ect N N

2 31140 Celee{OC{=0)c2c(C)ec(0)ec20)eci0)c1C(=0)0  [HIO[H] Celce(OQ)ec(O)1C(=0)0 N N
3 31133 CC(=0)0CIC@H]10[C@@H)O)IC@HI0)C@@HIOC@@H10 [HIOH] OCIC@H]1OC(ONC@H](O)Ca@@H)0NC@@HN0 CC(=0)0 N
4 31186 *0C(C)=0 [H]O[H] "0 CC{=0)0 N
173 31111 "C(=0)0CC(0)COP(=0){0)OCIC@HNIC(=0)0  [H]O[H] N[C@@H](COP(=0)0)OCC{O)CO)C(=0)0  *C(=0)0 N
174 311115 0=C10C[C@NO)CO)C@HT0 [H]O[H] Q=C(O)[C@H)0)C(O)COo)CT N N
176 311117 N [H]JO[H] N 0 N
176 211118 *C(=0)OC[C@H)(COP(=0)}O)O[C@HN[C@HNONC@@H... [HIOMH] N *C(=0)0 N
177 311118 *C(=0)OCC(COP(=0){0)0)0C(*}=0 [HIO[H] *C{=0)O[C@H)(CO)COP(=0)0)0 *C(=0)0 N

D7z, HIHEAND SMILES DIEIZZEH & 72 20 0B3FHAET 5720, ZOHEEEURIGR
RN Lz, 7, =7y MERICY 2, AR 1 {EOMAGDETH 579D, ECK
JERIEZ —F y FRABOMHAEDOEICT S, U, IRETEORMEEZLEDEICH
WHNZLEYIDOBPEME XA T2 28T, MEZE e 3 0ERIC X 2225
BIZeEZON2720TH5. 2Fh, X—r v bW - (LR EOMP 2L L
e LT, (ka2 EIC X 2R EEOELbEMEI N2 e HHlENh2720THS. DL
OHHNS, I FLAYDKIGRICEENTWS HyO ZERANLZGED, KISVH 2ME, 4
B 1 HOMHAEDE 722 EC3.1.1 KIER 113D AZ A L 7.

Y2 - (LR RES L URRFEILEDFR

R —24"y b 4+113 D SMILES X138 % 7612, RDKit @ rdkit.chem.descriptor %> & 208 f&#
Dt TR ERIG L, KIGR 1, G2, Az e oHE TR EEEZFIE L. 20
%, FEEZELEERD, K54 D &5 7% 208 TR L EEOKISROEZVER L 7-.

X IGFTRDATALE 2

X 5.4 DFED S, nan fHRFEH L TV R EZREFOILIBTERINL. £2, 2 TORIG
RICBOTHELOWERHEEZ R ORRFEZERA L, BRI 128F8H (X—2v b 1), i
129 ffH (X —7" v b 2) OFEIBRFCHRITHIEZELT S .
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R 5.4: FRIGADFFHEEZ(LE

MaxE MinE! MaxAbsE ged MolWt Heavy Num on:

Target -8.378152 0.949632 -8.378152 -0.144028 -0.330982 -18.015 -15999  -18.010565 -8
3.1.1.33 -7.632875 0.794822 -7.632875 -1.064815 -0.343138 -18.015 -15.999  -18.010565 -8
3116 -6.597222 0.946759 -6.597222 -0.949074 -0.409219 -18.015 -15.999  .18.010565 -8
3.1.141 -6.486111 0972222 -6.486111 -0.675926 -0.331106 -17.007 -15.999  -17.003288 -8
g” g -7.085822 0.351574 -7.085822 -0.914074 -0.484689 -18.015 -15.999  -18.010565 -8
3.1.1.106 -8.696201 0.794521 -8.896201 -0.839784 -0.462056 -18.015 -15.999  -18.010565 -8
311113 -6.747917 0.372685 -6.747917 -0.872685 -0.398840 -18.015 -15.999  -18.010565 -8
3.1.1.112 -7.033650 0.317731 -7.033650 -0.979769 -0.421762 -18.015 -15.999  -18.010565 -8
31 -8.902683 0.535378 -8.902683 -0.657129 -0.360318 -18.015 -15.998  -18.010565 -8
3.4.1.118 -8.839073 0.535378 -8.839073 -0.575822 -0.317022 -18.015 -15.999  -18.010565 -8

2 5.5: GLib FREIDHBIREICE S 7 92X ) Y IR (X—7 v + 1)

0 0 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
Kappa2 Kappa3 |[fr_Al_CO(fr_COO |NumVale ChiOn Chiov Chiln Chilv Chi2n Chi2v Kappal LabuteASSMR_VS/SlogP_VSNumRota MolMR
3 3 4 4 5 5 6 6 6 7 7 8 8 8 9 9 9
NumaAlipt RingCourFpDensit FpDensit| SMR_VS/ SIogP,VJSMR,VSI VSA_ESt:fr C_O [NumAlipt NumSatJfr,ArﬁOH fr_phenolfr_pheno|fr_alkyl_hfr_ketonefr_lactone
10 11 12 12 13 14 14 14 15 15 16 16 16 16 17 17 17
fr_ester |fr_ether |MaxESta'MaxAbsH NumSahlfr,NHl fr_ NH2 fr_amide|VSA_ESt:fr_allylic |VSA_ESt:NumAron NumAron fr_benzejMolWt HeavyAtc ExactMolWt
17 17 17 17 17 17 17 18 18 18 19 20 21 22 23 24 25
Chio Chil Chi3n Chi3v Chi4n Chidv HeavyAtdSMR_VS/TPSA NOCoun{NHOHCo|EState_V|EState_V|NumHetdfr_COO2 |FractionVSA_EState4
26 27 28 29 30 31 32 33 34 35 36 36 36 36 36 37 38
|VSA7ES! VSA_ESt{NumHDo|fr_bicycli{fr_C_O_n|fr_metho|fr_Ar_CO{VSA_EStSlogP_Vqfr_unbrcHSlogP_VS NumAlipt NumSatufr_ NHO fr_piperd|EState_V|fr_Al_OH
38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
fr_AI_OH]VSA_EStjlpc PEOE_VYSlogP_VYPEOE_V§HallKierAPEOE_VYEState_V|PEOE_VYfr_ ArN |PEOE_V§EState_V|SMR_VS]EState_V|PEOE_VYEState_VSA10
55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
EState_V|PEOE_VYqed VSA_ESt{PEOE_V{fr_aldehy|EState_V|FpDensit|MinAbsE{SlogP_V4VSA_ESt{EState_V|BalabanJ|PEOE_VYPEOE_VYPEOE_VYSMR_VSA6
72 73 74 75 76 7 78 79
SlogP_VYPEOE_V§BertzCT [PEOE_V§SMR_VS{MolLogP|NumHAc{ MinEStatelndex

§ 5.2 HREERCER

BRI N ILOXRTTHI

BRI DT B 2 FEEE 75 2 A Uz, mmiEREORER 7 5220 v 2712k 3
KITHIE R T o7z, X —7 v bOBETENEN 8D T 7 AZBER I, Z—F v
F1TIES8OTL, Z—7 v F 2T RRITDRHENRT bl eieolz. R551C, R—F v
FDBEDITIRARBEEL, FDIIARXRIIEENIERTFHONIERERT. 12FD
7 I ZARICHE T 5itid T [MaxEStatelndex] ¥ [MaxAbsEStatelndex | 1SHHBIREDY 1
THHIH, DI —IZINTWBIenghd. Tz, i FHBELIL TWBELih T
2, FL7 AR LTWAMHEAND 2 Z N Thb. R56IIEX—7 v b1 DOEE
2, Z7I7RARY 7T =Y INEDRT, BIXOXRTHIBOMRE RS, ARSI Nz6
WX, 77 ARBEEXZEAICOT TelusterX) THRRENTWS., £z, X—F v b
ZTrL, ECESDORIMODAERRLTWS, YUF RURDESX, ECHESDIRED
KGR, B D 2550 XKANCHWSATWS., 7y E—N"—TRY 5N TWVS HDII,
ZDORIEADPIERD ECHESMTER L TWAGEEDOXIl 7> TW\Wab.

SOM ICLBRIGRDI SRR VIR

SOM D777 L&k o>T, KIEREZFARYV Y ITRR—F vl B—F v 2
TENZEFNX 52D Lk 512k o7. EIZEC3.1L1MNOKIERZERST. 2—% v + 1 TlEHE
TBD Y 5 ZAXDEENT WD D, THUE, SOM 23AKIE 2 Kot 2 FIAIRICALD, 51
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£ 5.6: ZorHlBRICEBIT 2 X —4 v b1 ¥ EC KIERDFHE~RZ + v

cluster0  clusteri cluster2  cluster3  clusterd cluster5 clusters  cluster7 cluster8 clusterd .. PEOE_VSA10 SMR_VSA6 SlogP_VSA10
T 0358020 0842985 0204247 4571328 0622585 0207468 -1696273 2341995 0173683 -0133043 0796801 0043121 01269
33 -0223667 -0842985 0219299 -0103504 0568775 0207469 0045521 -0141173 0173683 -0.133043 0796801 0043121 -01269
6 3495807 -0842985 0161480 -0103504 -0360529 0207468 0004312 -0141173 0173683 -0.133043 0046341 0043121 -01269
1 3518113 1079686 0207055 -0.103504 -0.497256 0207469 0.009803 -0.141173 0173683 -0.133043 .. 0046341 0.043121 -0.1269
7.8 0214983 -0.842985 0219101 -0.103504 0596503 0.207469 0.036318 -0.141173 0.173683 -0.133043 .. 0796801  0.043121 -0.1269
1061 -0233937 0842985 0213602 -0103504 0310413 0207469 0083963 -0141173 0173683 -0133043 0646994 0043121 -01269
113 0251825 -0842985 0217973 -0103504 0596561 0207469 0012651 -0141173 0173683 -0133043 0046341 0043121 01269
112 0182730 -0842985 0219101 -0103504 0501004 0207469 0031504 -0141173 0173683 -0133043 0046341 0043121 01269
111 -0280504 1079686 0215345 -0103504 -0970931 0207469 0055048 -0141173 0173683 -0.133043 1333272 0043121 01269
118 -0266600 1079686 0223487 -0103504 -1377476 0207469 0075928 -0141173 0173683 -0133043 0046341 0043121 01269
N N
f— ﬁ" v b1 R=Fy k2
0. o
OH OH (e} o o
HO/‘\Q/ How X YLO’Nj/ — OAQ,OH
HO  ©OH ,, HO  ©OH
oH HO OH
R R Graphics: Device 2 (ACTIVE) R o |@]|[3
9.2 82 379, 1_E az 126 ; 64 87
Sﬁ,msw 3927954 791 E1  13%5451 51 4842 IR0 13t S M
12
2
114 22 5726
21
13 g 11 481 48 g3 56 28
71112537 22 12 436 76 141014 56 1052 231 654525
8042494155 821 10 751 w2 - 2355 6.81
Y 106,78 70 67 184 98
106.1 5 ©
51 29 41 108 42
534 411051 88 1_84 T 1051 54 534
102 67 66 7.8 33 80
80 33 1052 14141 60 321 106.1 106 93
|T 93 42 63 98 49 % 4132 (3 419471 o0
51 29 75 7% 444 3732 111 12
23231 101 76 163234 13 114
77 754
28 Jul 594 5%
6.5 32 4.1 85 615‘3
54 324 2 879 59.2
87 26,5853 13113 3.333511% 4.845 63,,46145 1E13, 486 1 4R379 g2 44
11 11 6490'.3.14.332.2 4.232.0 0 R 1_E1 R &} 3_34‘:79 95.1 95

Xl 5.2: SOMIZ X B RIERD Y 7 A& ¥ THER

FAFEZHTTUID O 0RW0WE =2 ZBDERZ LTED, 20 FHIZ LRI HL
bDrEZSNSE. =4y F1(T) LFALZIRXIEL, »ofhEIAEYT % ECK
Jor:le LT, EC3.1.1.80, EC3.1.1.93 WO iR Ko7z, Thod&x—r vy PRSI E T
B33 X53D&1Ck-72. EC 3.1.1.93 DAL (KIEY) TH % C00191 1%, VAKR—2R
CHEUCHERICOBEINZ 7V a—AD0MENREENTWS. £z, =7 v b 2(T) B0
TRLZ 7 AZXZET 5D, EC 3.1.1.75(22), EC 3.1.1.76, EC 3.1.1.101 £ %2 o7z, K
54122 DRIEAZTRT. RIS FERR OIS #n“@ﬁ%%A%#&<aih
bR R0z, —J5T, EC3.1.1.3 DRERSHIM EC %= DEEZ & T 4 R

TWVWaED, WINDORRIIBWTHRTE -7y e RRLZ 7 IAXIIBL TV .

EZ=]1

K=y b2 RAVERIERZ 52K ) ¥ 2B 0T, BIEEELAENL TV 30
ELT, AFEERTIE, HDorLCOHVWONIEHERI TP oTWEX—7y PR L. 12
RFRIZ L > TENLTHDMTON TV 2 D EIRELS %720, £ 0 ECHS RN R b
1’“”1-(1\% bor LT ”’Uﬂﬁéh%ﬁ)%ﬁ%mubﬁ_ /ﬁj:l:%Z L"C, EE]’:]Z LTWAECS.1.1.3
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KIERIE SOM D= v 7 EIZBWT, X—7 v MBEIUEET, RDELLTVWEHDL
LTRREn ko7, RRE LT, UMRD400%BIFoN5.

1 OHRKIERFOBREE KL TWigho 22 e AFBIF s, Aunesinde2Tolks
VIDLRZFFIILLGEETD, FHEZCEIIMEELORHME LTHRET 2 E X5
nz. LarL, RGRTD 1 20LEWBHWLNE D FEE TR FRERET 22
T, XDLECHERLEIRZA Ohb eEZ LN 5.

208K, X—7 v POKIBIZBWT, R LA LETE, AN TOWARVWER
DELHEELTWEHETHS. TLXEITEILDRIDOY R— N &R [41) T, tert-7 3
ATZNa—)LEIEEY LTHWTED, 50°CT20MEIRE 5275 22 TE—F v Fo4E
B EER L TWE., £z, ORI ERE SRR -TWa. —5T, EC KGR
EEYDOURRNETEZ ZRIGTH D, EARMIITERAESE 2 HVRV., FEBICHW
o, VA FEERIREE, BALRRLYOMARERICE > T, RARWEIZNILE DAER
EREIFTVEEEZOLNS. FHEZLESS T TR, RICDOER D ERE L 725
BIER DB TH 5.

3OoHIX, MBEREICHE S 77 A& VT, H—27 7 RARIGFET 28 T2 68/
L72BRiC, MEZ(MICEERRBOME N 255D T L > AN T o s, SEIE,
MEDE VIR TFR7ICH L, AAERN T2 Z e TEERGERTE2EH-> THIFRT 20 %
W70, 77 AXNDRRFE S LTEEL, BIXOEILZITo%. LrL, R
DEELERTEEETRVERTHEZ 27227 7 AZMBEFEEL, Fick-T, EE
RELRF DA 2 ED T L E o mREMERH 5. ERE L TiE, MHEREIIIGT TF
WENT=7 5 ARNT, R FOEEBFICESOWT, BEADT2 T3 FELIERTENI,
YRG0 IR & RTHIES TE 2 e EZ b 5.

4OHE LT, XHERICHWO NG AR FIE 80 725722 <, MERGIART
WX o THEEZE (LR FFRLEATE oz e EZ 6N 5. ST ICEESLEED
MR LTOFERRRE LD, PO OBEEE T3 TE 2 L5k, b+
HAGHLEERRE T2 FEEMET LTV EL W,

)

=2y } 2 L A2 7 ARORIERITBE VT, FHOEEENEEATVEATOVT,
& =2y MEBMDEAKORE L OS2 TN B 5. $7, EC3.1.13 £ b
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X 5.4: B—47w b2 E[FZ I ARIZET 5 KIHI

&Z—5"y F OB L TV ECHBEIZOWT, FEECET 3B, HED
HoNTOWRWERDSGE, SROMAEERET, EC3.1.13 XY dENBRTHL L
DPRENBABEMED D 2720, THABITOVWTX LR AGHBVETHI L EZHNS.
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HHhHI(C

EE, FlanF o4 NV RTREDFET, iEMEORENEED, (LERIGDHKEHP
TR ZEITOMERRIEEZGIT TS, —HT, RICOEL L BRIFH D S, BEEDEKfR
BEeHWTERPMTONEIERIVEZTED, BRI U TREZEFERZ THl$ 5
ZeHEEHINATWS., LirL, BREREEZEOBEZDTEIXEY T b 57
B, AEEROFGERD A TRV L <, BEMNKOHEMRG T2, 1%, BET—
AR—=ZA%2ZWMT 20 L TR BEREMIIERINA TV .

HHE T 5RIMNI LT, EREMZ THT 2 X7 408603E, RDRAT v I TH5
1 DODBERICKBATZ ) —=V TETRAL—RIHED BN TES. £/, BEIZECH
S, ERNTHEMEH I TR Z 2B R RICO IR TEHIATWS.

INHDZ s, K TIE, 2—7 v b ehaRICAE G Z 12, ECEHSDRE
PR e R L, mHEMT 2RI EC HEERELERL LTTHIT 5. FH
ORFEE LT, L& ovH - (LN RFHHEZEIRE L, RISV 5EBYIDZETT Z Bl -
TRHEZLEE b iz, RIGRE S LOBEMEZ LS 2 2 & 28R L 7-.

KEGG %° PubChem 2 ¥ TR EE 525 57— X 2015 L, RDKit Z AW TEKIGIIN LT
208 FDOFHHEZLEZFTE L, FERT MV RER L. 20k, BER IS ZXEXY 7
WX o TREARZ M LOXRITT%Z 80 XL X THIIR L, SOMIZX o TRIERD 7 F X&) ¥
JiTo 7.

2% — Y TOMRGEEITV, 1 DHTIE, X—% v FORERICH LT, EC3.1.1.80,
EC3.1.1.93 O&IGRAY, 2 2HTIE, EC 3.1.1.75, EC 3.1.1.76, EC 3.1.1.101 238l L
TWB BNz, ARTFHEINZIEZTDOEC31.13%2FHT 2 IETERDIR 203,
Z—7y MRIGH - EC ISR, FRE3ECETH@E T 22T 2 e BT E .

SROMEL LT, (LERICROMEZL 2R e LT X DEFICIEZ 2729, HERE
RFZELDD, THWRKILEHIBL TW FEZMAF T e TFohsd. %7, EC
HFEORIGKRD 7 A BHIEHL, ROVBE LS DETE 25 TFOMAGOE ZRIE
L7zDb, =7y FORIWADEZRTHNCEWTHIEL TW ZeREZ 6N 5.
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