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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
TRXAZZALE L TRYARZEY) VEEIZ X 2D DBEZ 5N TWS. ZHUIEHEERIE T
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
T2 DRERTEEINCHERYE (NGF) IZM/NRERTCIEBE S WHBEINS. 2D X 57
B X ARESOHERZ, EE = 2 — o v e oRIicBLw T BRI ET MbEEN T
W3 5). 72, =00 = a—u VIEFINCHEH—RHEETH D, > F T ARKE D EEMT
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 % @
U TEAEEE 2N T 2 2 812 K D EMEZAEET 5 NGF X > F 7 AR O MM meis
B ZBWVWTHET 52D T 5. 22T, HFIEE i =2 —a Y OF kHFEHOM/IMNMEEZ R
T = a—a Y OMNER B B % Y F FRRERRKIEE R ¢, v L, ZHhHEH
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
HIETH22OE8DEE L . O F T RABKRED K E XDRHZEIES F 7 2D EEM: 1
HME I AEE 3 STM IR 2 RKBEE DI Y LTM 1B 5 2 NCF OIE%Z2 HbEdHOLLTR
DHERIES DD T 3.

dpw},
dt
CZT, WIEFEjma—urpBEEBERETHI e ZIcL ) FETHE e EIT-1 L
7% Dale l|2E BT 272008 TTHD, ww, >0ThH%. %7z, g/ FMINER By
WHIEENANGF DS 5, ZOFHEBICNE L TWVWEHE j —2a—a YD F FABAFTE
2BTHY, fIINGF LBEENTIKEFET 206 ETH3.a), BANERENETHD,
Hebb HIZ £ 3. WNIYEARINE o), BUTO XS ICERSNS.

= agkﬂngk + ggkﬂngk + zjk (2.2)

oh= | mE@e (23

D20, ), =yl (y), > 0) L EBEHEZIT5 2, 22) REUTOLSCEEHET
TEMTES.
d%jk

7 Y + G + ik (2.4)

ZZT, NGF Ok g, 3ROFEAUHES.



dgh _
d_tk = el (Gix — gh) — (Bhyly + Z Bhii)
h#j

= gzkz Z szyzk (25)

::meuBm«@NGF®{% HETHD, FEORMICXD, EXINZEHTH
%€, Bh XEDETH % NCF OROKZE(L D > F S 20 EENE IHMC X 5T, 20
/%7xﬁﬁﬁ®ﬁ%éL%f?%&ﬁﬂﬁﬁ«ﬁ%ﬁ%v%fxﬁkibﬁ%NGF@%
DERFZILITN U NGF O HE DRFIZEN B TE 2 LT Gy ZER ART. &
F 7 Z MK ORI ZLIZFEKBEE \RIT S 2 720, & F 7 ARRE ORRIZ(LICH U NGF
@%@ﬁ%%%@ﬁﬁ?%é%@t?&i@?@ﬁﬁk@@ﬂ%ﬁﬁ?%’thib%j
Za—nYrHh=a—n AR NGE 2B T2 2L ICKAHAOME ) 2EAT
% LUR®D Dale HI 2R L1-> F 7 AR ¥E0 FERX»EILN S

dy] ;
— = (G + oy — Zﬁzkym)ym + [
dt Ezkz -
- Zk + Oézk Z ’yzjlibyzhk yzk + zk (26)
T, wmae f-f‘ﬁkv
n_ B o\ eh
W= s 27
€k TE€Big,

TERT 5.
BREORENEL 255% BT 5.

Z 2T, WUNER By \CEH L, NGF OBIRED—E (G = 0) THELETDORWVWEE
(fi =0)%EZ 2L, (2.6) RIMEED N D% Lotka-Volterra 4+ ¥ MHIN 3 EFILIC
HET 5. 22T, (2.6) I RBZERFERDIFEET 5 Z 2, wia DfbaR, “Fm
TIAEZTK > TV IENEZ SN EREERARBICHHL WS Z e 2RT. 12720,
Bz, bH2i kIZOVWTDAEZLDDET L. ZOREE (2.6) NCHEHT % &,

J
dy = Z'y]h "y (2.8)

¥i%5. P=al =Y, My =0 = 1,2,..,N) Zllile TV RE y. £ RT. 2R
B33 —y)D2XERZ V() e B, V) IXIEEMBTHE Z e BRD K5 RBREW
215 Z22&bahb



-/ S (0 = @ — )N @)

]hl

-/ {Z@j—yz)sﬂ‘(x)}%xzo (2.9)

¥ AT (2 9) 1%, BRIEDEH 1.5 OFM YN, diayyn < 0T, dj =1, aj & —",
%%( y) EBVERUCE L. L2 o T, (2.6) I KIBZE 2 SN TFET 5.

zz mimmaﬁdw%?ét@mﬁdwmﬁﬁQo:f@%@—@ﬁgﬂg@»ﬂm
%Mik%ﬁ@@%%i?é.

Q) =V(t) + Qo (2.10)

i, (23)Re 27K, PHEROEM 2 = =3, ¥yt =06 =1,2,...,N) ZFHW
5

- [nta) Zsf (0)yY2da 2.11)

@iomﬁ/éhé.Zﬁﬁﬂ)yMﬁ¢ﬁﬁBKH%LTD5?NT®>%fX%%
RO F T ARFEKHEE ¢ (x) &, Dale MlIZER LS F S RAFEEGMHE ¢/ (= puw!) & OFE
DM TH 2 DT, HRMEEWERERELITESRZ TS, Z0RX»s, Q) E¥F TR
BFEKHEE n(2) L RREEERHBEDOEZEZ RITIEREL R TWD 2B Th 5.

> F T REFEKAAE () PRI LBV EIRET % &, Qt) DRFEZELIX

Q) _ 23 (e Zw " (2.12)

72, QX Lyapunov BEIZ/2 o T\ 5. Lf:z‘))o'C, QFHFIZHWA L, t — inf T,

=3 M = 0B 5 0NF Y = 0D B SR T (2.6) ROFEHRD 1 DICHBET 5.
7, ZOVHREIKEZETH 200 —RITEX 5.

ZDEIITLT, FFAMEBHMEMTOBEX, Q1), 2FD, ¥ FFRABRFEHEEL
PRAEYE R DD HFNTIRD T 2 TN 2L, B TRET 5 PR TIIAES
o TWB S F FAFEEMENG 2 517 NCF ZHRABRICHHALTWS Z 2 RENT-.

W T

KWL T, O F T RAEEREBEROBEEZER LIz F 7 AEEFEAZEHL, Zh
PR UCHA U-BREERS Ay V- 2R T 5. @éﬁr%ﬂx/bv—
B =2 — I3y P =2 UL T2 —u > 2 ORFTNRAE A HE
LI DENEE SO0, %ﬂﬁumﬁ%ﬂ&~/ﬁ%kﬁﬁéhﬁ%%iﬁfb
UL, BIfEEEEBRy v — 71019!%5%[1@3%%/552&%3&1&?5z_&)ub%75)1,&)44\
B a—a VBB AHTH 272D ER—a—m 2R 35, —fRIZ, —a2—n
> DN E OBIE LR B E OMEEZE T2 Z e ISR TWS., Z2T, 25D
MR 2 RS 272010, HMEEERIEBEANCE D W o F SRR R 2w U785



BERREERE Ay NV - ZRET 5. BAEEEEEBR Y VY =2 Tk F TR
ERERMICHEE 22 IE, FHICHELR= 12— OABHRICEZED, EH R
LEX2ZeNTES. ¥Ial—2aryTlE, BEHREERE Ly P —I708BED
B EERE R Yy P — 2 I L TERICEE TE 3 2 L s, 2, RAOMEERSE
EREEICIE WD AT 3 EAENEZ b &, IIER=- 2 —1 V% b OmAEREKE
By V= pFEH IO AR ER 2 —a Y RPRRLT, Bk 2 —0 Y HTto
MERE M AHEE TE 2 Z L BRT.

Za2a—I Ry NP R3EFTHE2_2—0 Y EZNoE2DESTF T REEE TR ED
LR EING. —2a—Il3xy NI ADANEIAN=2—m Y TRITRON, =a—
0y FSAREEMBICL DB EZT UeESh, Hhoa—arhroihans.
CDLE, —a—I0%y b= DER L ZIANHIET2LE LW EE 272012,
Za2—uaYOAMIFEE O F P AGERELZZLI VLI THHEFER 5. ZIT, {E
RO+ hBorll=—a—m vy 2HWE3B=2—F L%y VY- T, B
RS ET—RIGEMTE 2 2 W05 BEGR LUEHE [1]) 2V REN TV 3.

YIAT, ANrSZFRCHIBT 2LE LVWHNIZE2 720108 Sh 3 HE= 2 —
0 YOBIIKRATHS. 207D, FERCHE =2 —n %E AICZFHLTRET 3
FE 2] %, FEPIHHE= 2 —1 Y Z2ZRTGEML TV FE 3], BRHIBRL T FiE (4]
REPRREINTWVWS. KX T, —a2—J1%y b —27OUHIREBICAER = 2 —
0y F T AREETRENZAZIVT 25EIBWT, FEAFICY F 7RG R ERICH
EEELIHTIRR= 2 —m e F T RAEERELHIRT 2 FIEERET 5.

—fic, EREEBEECR v b7 — 2 (Radial Basis Function Networks : DU, RBFN)[5]
WKWBWTH, MER_ 22— E2ERBT LI L2ICX23F S AEEREOHEINZ, 28 DE
IEREFEOMEEZET 5. INOOMEERRT 2515 LT, B LVWHII DS
WANZGEL TV Y F FABEMEIC I D ZEI NS ANDEEZIF A= 2 —
oY DAMNFHEDAZRE T2 e NEZIONS. £ T, KX TS F 7 AFEER
HEICAHTOHEBNIE U B EaNET 2 L5y F SR AEREZERT 5. 2L
T, BonieyF I RaE A2 EE A FNEEAl e UGEA L7z RBEN Z2Bia 8tk
R A v 7 — 2 (Competitive Radial Basis Function Networks : LA, CRBFN) &
LTIRET 5. #HiZ, B LVWHOPHEEEBEBOEBEDRE LEE THETE 255
DHLEIBWTIE, Z—IFAVT7 57X [6)2FHT2 I TEE LWKETIORYT %>
F 2N A ERPERTES 2 ERT. ¥Ial—a>rTlE, RBENICHE LT
CRBFN SN TW2 Z & BZ/RT.

KL ORI KD BYTHS. 2. TIERBFN OBEICOWTHRRS . 3. Tl F+
TAREGHEMOBREEE R L F IR FEAOEHZ1TS. 4. TIXEHINZ
> F 7 AR EME SRR R G ARl UCE A L2 CRBFN 21883 5. 5. TldfE
ZL7-CRBFN OMHEY R 2L —>a VK DRSS, 6. TlEFE LD SROFEICD
WTihR 3.

RBEN I3 IEAREREE n(x) Z BRI O (x) DR LAY THAMT 2 =2 —F 1% v b
7 — 27T ZEFFEERAKE U3t sy RBEHERR EBHW 65, NE
DANI=a—are 1o =2 —arh 5% 23 RBENIZK 1O &5 BEExE &, dXT
DANRZ bvx; € RY(j=1,2,.., M) IEFTRTOAN =2 —v VICANENS. Hi=a—



By (i=1,2,.,.N)FNF7RXA=&¢ =[m" Y] Z2bD. ZIT,
HYH, Ve R*ThH3., i, SUIEEENFMTIITHS. Fi
L x; IR LT

m' = [m¢, m,...,myT T

—a VIFIANRZ b

€(xy) = ean{—3 05 — m) 20— my)) (213)

BIANT B, 22T, BEO TR MLOEBERT. MO (x,) 1ESF 7 REE
ﬁ%ﬁ%ﬁbfﬁﬁﬂl~U/Kh$éh,ﬁﬁﬂ1~D/TQhEMELAéﬂ

3) =2 w'Ex) (2.14)

DT ENS. RBFNIT & % BABOL U 2 SeiR2 7Tl B 2

=33 — s (2.15)

ZWAODEIELZZEIWCEIDEREINS. ZZ2C, w=[whw? .., wN|Te RN THB. OF
D, RBEN 3% X DR LRI RS RVDIE, Fima—mr s F 7 2EE
Buwl, R7AXA—Zm BLRINRTIRA—Z L THB. FE7NTY X LIT DeltaL—IL [7]
ZHEHAT AT

dw' AaE(W)

dt ow'

= A lay) - s()}E ) 210
dm OE(w)
dt =4 0m§

—AZ{n ) = s(epuiei(a) D), .17
do' 8E( )
dt =4 Jdot

—AZ{n (27) ~ sty pu'e(zy) T T0 219

BEsN3. HL, BHEOEDI=1 LY =0 ¥ L7 AZEYREDERTHS.
ZZT, RBENIZOWTH 3=a2—F 3 v bV —7 & REERBEEGTLUERE [8] 2R &L
TWwaZ ezl Ttsl.

¥ ZAT, RADIEGEEEE LM T 2 72D I P ERBIREKBEBOMEEEH S50 U
H2ZEIETERY. 207D, RBFN TIEHPREIZBVWTW L DD ER=2—1
YEMATWS., RICAT=2—0 YN IEIAIRZ P AVE M ICHEL T &E
SN (N < M). F7, AM=a2—8rD7 X =& m' DIEFEIIIATRZ FLOFR



DEENPOEZ2FEL, AR FIVIZEBRLE LTEX32TERD D, RTX—X
m’ 7 ASIRZ VeI R e LI B3 2 FikiciE, X (2.8) @ 2 AR
DI HEICEE DX Delta L—IL 2T 2 HaBE NFIEE, E—meaniEIZX b AJIRZ b
NHE 7 IRARZR) T L TAN=Z 22— DT X —Zm' ZEDDLHIT AT A —& Y
ZRD, FN2TRICED O F TAMBERMEZIRET 2N 7TV y RFRE REDVDH 5.
NI RAXA=Zm! EANRY MVDOETEED B 5 2 2FE[10] T, 2 FHAEFMORE NI
RELFET 22 F I AMBMED HDALBERZ VT 2D 3 2 & T RBFN ORXIT{bz
1IToTW5.

LL, Za5®D RBFN OERITLICBWTREY 1225 = 2 — 0 VEERIE T % N
ML XN TV, Z 2T, ATl RBFN OERXICAGICHE AT = 2 @& A FR 25 1|
PIRETS. ZOFEEIFIAMERMERICHBSEECIEL kD, FE LY
5 EARBEXTTLZITS T e DAREL 12 5.

Za—u Yo =2—a Iy F I ARREEZE L TR EEWEZ RN T 5 28Tk
DIEIREIET 2. Fi=a—v YO LMEBINET 2 j—a—arhro0>F7

,nmﬁ%w] D> F SRR T 5 HERX 2

duw},
dt
Tﬁi%.yffxmmféwjmmmmJib Hj=a—nrBREETH L%
Ik, MifERZo80EZE 5. o, BHNRBEARBME, ¢ &i/‘i’77\f‘?§ i w), 1ICB 1T
2 HFEN R AT (Nerve Growth Factor DU, NGF) 0fEliE&TH 5. [} 3L T2RT.
I ESRIEINR o), %

= Oéjkwgk + ggkwgk + fzjk (2.19)

agk = /eB mk(x)ﬁfk(x)dx (2.20)

TEHTS. TIT, By dHi=a— 0y 0k BUMERERT. & I3BUNER B, 2
BUISHj=2—0 O F FRFRRBEKFEEZRL, ZOUPMEHT2HEi=2—0r0
=2 - YBICBY B> F T RARFIELR 9y, TRS. W ERBINEK of, 13 Hebb A%
KT eHbhs. i, NGF OBEE ¢/, ORFHZ(LS

dq’ : .

= (G = ) = 3t (2:21)
K%ﬁ%@t?%.::f,ﬂiX—%@ﬁ@E@%ﬂf%%.GM@M@%#%W¢%

1 By ~ND NGF OBGEETH D, =2 —0rORHICEIDIREZINZERTH 5. Dale

HIZ#EZERU@A T W 35 j —a—nUpREENTh 225 1, fETHI 2061k
5. Ny \ZUINEIR By, (S B T 52 F T AFTERDETH 5. ﬂﬂ%h“%[ﬁ’“&i BHj—a—

nyeHEh=a—a rFEKICNGEF Z2IHE T 5 Z Zki%ﬁ%m@fﬂ%f@ D,

, h
=2 [ G 222
z€B;j

zk;
THEFKRT 2. 22T, PF7RAEEHE W), ORMZEICH L, NCF OEHE ¢/ ORf
A k#ﬁﬁf%6%@8?%t
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gm = G, — Z ’Yzj;fllhw (2.23)
#18%. ZOREE, DaleQI2ER L7 F FArBHEAER LT

J
dwy,

P (afy + G — Z Vor 1w wl + £ (2.24)
h

DENND.
D7D, DN TERBUNER B, ICEHL, NGF ORHURD—E (G, = 0) THEDL E
DREVGE (f)=02FZ25%. 2O, EMBV(wy) &L T

V(wi,) = %/EB_ {ni(z) — si(z) }da (2.25)

> > ~ _ N,L . 3
%iﬁ%j—é - u__VG, Wi = [wilk?wizk:? ...,wik’“]T S RN”“ TH D,

Nig
sik() = Z/ﬂwgk 7(2) (2.26)
j=1

f%%.:@f@ELiw¢%ﬁBmKH%LTm%?wa/%fxm%$®y%7

ARTFEKHEE ¢, (v) &, Dale Q2 ER L2 F 7 RIEEHE pfw), £ OFEOMRFTH 2D
*Qsmw%W?mé%EMﬁgtﬁg Y5 IEEBBV (wy) lEF T RIBRKHE
FE i (z) & MEARZEEININE si.(0) DEZRITIEETDH 5. > F T RABFEKEE nu(v)
DREFENCRFE LR W EIRES % &, ZDREZELD

dV (wix) _ % OV (wr,) dw{k
t =1 e

d ow dt
=Y Wl @@= [ @t
j=1 rE€B;j h=1 TEB;k
Nig
== piwh (o, E:vﬁﬁﬁwi
j=1
<0 (2.27)

b7, IEERBV (wi) 23 Lyapunov Bt e 725 Z e b %

INoD6, ¥F TREFEKEE n),(x) Z AT 2 10T 3HF LW, > F 7 RH1FHAK
HERE ) REREEKEBTHZ L ART LT, O F FAEATE v, 3HEEITVRLS
RBFN & [FABICE £ LWl ¢ BhEEERBIR O 2 SRAREFHIBE R 2 D S ¥ 2 2 L AR &
s, KimX T, X (7) D> FFRAMENGEX2EELFHEERA WS e 85 5.
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§ 2.2 EEBEHOERCAIY—ZIFILTFSIX

—a2—7)%v b7 —2% (Neural Networks : LA, N.N.) O—2DIZEIFEEEK A~ b
7 —2 (Radial Basis Function Network : LN, RBFN) [1] 23®% 4. RBFN =2 —1 >
ZE DRIFRZEEBARETH D, 1FHDO NN ICHR L THEERERETH 2 Z e s
TW3., (7, oo =2—8a >zl RBIN IMMFEOIERIEEE > B RAES
T—RRICERITE 2 Z 2 B BCEUER 2] TREINTWS. — i, REDIEFFEREE
2T 27D ER= 2 —a Y DBHBD S UDIEFHTHS. L, NN WK
R=a—n UDREBFET 2581, FEORBECHEHPEOMEREL kb, %
T, NMER=2—a Y ZHIBRT 2FEPREINTVS (3], 4]. ZhZHL, N.N. 2B
BOELUZ B LD = 2 — 0 U FEE LR WIEEE, BECEL %2 $ 3 2 L IR RAlfE
BB, ZIT, il BiR=a—a YBT3 FEMERINTVS 5. Zhbiek
DIFFEICIE, LEWER EZ2E 2 HEEREBOHIBREEBMEITODDbH 5. & AW,
CDOEIRFHETIIHEL R L EWVEOREHRDIKRHETH L Z B THTES. i,
HEMEBLFINCE(L T 2IRETCIXHIRR T 2 FIELBINT 2 FiERHAS O THEE 21T
DRI LSV, BARZNZFNIZE o TRWFREER, 7720 F FHAGLERZT
T, BIREEEBOBI R T 2R E L TEE LWERNELNDS LIRS0,

FLZE, MELR=—2a—a Y Z2HRTE 3 F RN GERZEHL, chziEE
AFAEEAIE LTy F ARG RMBEOEHANEH LB a8z A KESR Ay by —2
(Competitive Radial Basis Function Network : XA, CRBFN) [6] Z#£% L 7. CRBFN
DRRIFEE LV EHEREWANZLZEL TWE Y F I REAMENEZRD, 4
XS F I RAREAMBECEBRTAA N2 —a YD AR RO ALTHESIEhZ Z L
ThHb. ZD®H, CRBFN TIEHAIR IV NIER =2 —n Y Z2HBRXE 5 Z L 230]EET
HYH, ZOHMR, FEHOEML L BEEOBETTHOILS.

L L7235, CRBFN THHEEMESNZELT 2 &5 REROZIIEMNEL 2N TW
Bhrote. ZDOBEHIZ CRBEN (I3 LWEIEEEREBZ BN 2807206 TH 5.
ZZTWIHORBEOZEC L Z AN OESR T 5 X 2882 Db O0ZELT 256, B
XV EFRICHO SN TOW R AHTTOMB AR 2 DELD Rz b, FilzicBillxh
AT O ICHCLND T2 LSRR EEBEELTVWS., £ I TR T
X, ETHLVEIRERERERZEMT 2 FEZRET 2. ZOFRES F S R B ELK
(Delta v—)b, EEEFLHAD 1CHT 2ERZ»LEONDDTH D, BDERENRHE
BAEE SIRANBIMNST 2 e W TE S, Z LT, MADITITHRE L2 CRBFN I ZDFEE
MHAGOE=a—F 3y b UTEE - BISETFERERB v b7 —2 (Reproductive
CRBFN : IR, RC-RBFN) #{£%3%. Z®RC-RBFN 1%, BEEOZ(ICHEIGT 5 HE
EAIZdDEIRoTWD., KT, REINTE SN IHEROENED & #H A7
AN T 2 B RKEAROER 7 L3 LIV TiEmz B L TW3h, FRkR
M IER D Delta L — LI L THREETH S Z & IR TR 3.

KL ORI RD e BYTH%. 2. TIWE CRBFN OMEICOWTHER S, 3. Tl F
TR RERICBE T 2 B R 6, BIFERIKEBD ST X — X DN S MEREEEBDE
21T, 4. TIXEHINMEREEEBZRAAH LB EREKROBRR T VI X L%
R T5. 5. TIIEEL/ZRC-RBFN OMRERZ > I 2L —>a VICX DIERT 3. 6. T
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FFE D ESBROBEICOVTHENRS.

RBFN (ZIEARERE (o) Z RO R LG TaANT 2 =2 —F %y bV —2
Ths. BIFAEREKE L3ty R8EHE R EsHwWs S, M ED
A=—a—are 1ot H=a—0r»57% 2 RBFENIZX 1 O X5 2i#EEEdD. dX
TCDH i AR v va; € RE (1 =1,2,..,N) ZTRTOAN=a—a ViTAEh 3. F
JAN=a2—mY (j=1,2,. . M)IZNRFTRX =R ¢; ZbD. RITRX=K ¢, IFFHRT b v

HOGBATHORSE {m;,Y;} TH2dDLF5. ZIZT, mj=[m},m?,.mlTTHD,
Y132 DHTHN S D kI HRIZ oM 2 b0 dx dDITHITH 5. %7z, ¥ FIEEENF
THICH 5. HFijAN=2—a VEFASTRY Pl I LT

€% 0) = exp{—5 (x — my) 57 (s — )} (225)

PHNTE. 22T, BRFEOTERYZ MLOFGEZRZRT. DE, ZoX5hHIEITS
A=2—mrOZ e ZEHREEBEBE WS 2 T2, MO, ¢)) EF>F T RHEE
ﬁ%wj BLTH=2—a U ANfEZEXN, Hh=—a—ua oy TIhslZEBLEDLEIN

s(xi, W, 65) ngé xi, ;) (2.29)

7Z7§Hjjjéﬂg) ::'/G, W = [wl,wg,...,wM] QRM"G%D, ¢T%é\{¢1,¢2,7¢]\/1}%
KT, Za—I%y b= X BBB0EENE, JEREEIE n(x) 24y P — 2 DI
s(x, W, ;) TRTZLTH3. 2D/, RBFENIC X 2 BEGILUT M 2 TR

MW¢0=%§:(&,,@ (2.30)

DEZERVPEEZ LI DERINS. T IT,

E(xi,w, ¢) = {n(x:) — s(xi,w, 0)}" (2.31)

X2 FRREBMTHS. OFD, RBENDEHICE D ES LRI S VDX, F
j@ FEEREBO Y F S AMERE w;, NI A =2 m; iR TA =K, TH5.
T, kD RBFN ¥ CRBEN OB 713 X ADHEIZOWTRRS., — %D
MEN®¢E7WHUXAMf()®ﬁﬁ2%ﬁ§%ﬁkaaw—ﬂﬂﬂ%ﬁmbk

Aw; = —E%Z;@,Amf = —e%,Aaﬁl = —e% (2.32)
THEZHN%. 72U, e FEARIEDTEHRTHD, mi i3 7 X —Zm; OF kEERT
5. ¥, Aw; = dw;/dt, Amh = deﬁAﬁﬁwwWﬁf%% ¥ Z AT, %ﬂ@#ﬁ
TERAE 2 a3 5 72 DI E R ER RSB OB E B 51 LS Z 21T TERWV. 2
D712, RBFN TIRAIEPREIZBV TV OhDIERA =2 —0 v 2H2TW»
5. ZOZ e, FEHOBERBER 2RO —D>TH o7, CRBFN TIE, {7
A=ZmjWRTNT A=K T jO¥FEET7ILIY XLINERD RBEN 2 [HLTH D, K (6),
(M52, LEL, ¥FFAREHE wj I LT Dale Al ZER LS
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TR AT H 2 EE LT EA] (8) pHEHINS 8. ¥ F FAMEHE wi 1F
Dale Hick D, tHj =2 —mYPEEBEHETH IR LIE, HHETHIROEDHEEZ L .
F/, ukidFk —a—nrpEEE (wk,0) TH2%51, HIFHME (wki0) THDR
5-1¢7%%Dale HIZEZEEL#BAITTHE. 22T, aj(d) IANEREMETHD
(9) TEFEEINZ. y k() FHARBTHY, Fj=—a—vrrFk =2 -1 L OHH
DRIRELRL

(10) TELSN 3. £/, CRBFN OHiJd (11) TEshd 35, 2o x &
2 AR E(w, ¢) 1330 (8) 1M F % Lyapunov BIETH 2 Z 28 (12) Ik hR&EfL
%. CRBFN O 5 HNI R 2 FRABM E(w, ¢) OEZED XE 2720125 j BIfREE
BB D> F 7 2EEREEZN (8) THEHT S, I b RokE | ¥ F 7 AEEREIR
HELZDDE LT, £ERoTWE Y F FAEERE, WRICEFNSIZIDEEIND
ANPEAC % 20T 2 ERREBEE DT X —RIZOWTOARER EHT 5. ZOFHANT
SF FRFEEREOEHANFES D 2D DD, FHRZ b H5EETH O EHHNEAE
KOEEENEEZHWTWS., £2IT, AP TIEEIC CRBFN IZEWTHEIXRZ b D
EHRAIZHRT 2 Z8ick D, BIRARKEEEERT 2 SHEEEEE Ay by —2 %
WIZWIRERT 5. 3. T X —=ZDME S MERE K OEN Z 2 Tl&, CRBFN OFEXR~
Fov, EGEATHIE ¥ T ARG ERENFEE TIRIC & 2 FIRHERERE p(w, ¢) ZE& S
3. %9, YFTRAEEMEw &

(13) L EBEWT 2. yvj OERBIMEROFEKTHS. Zorvx, KXB) X (14) &7
5. 12720, WFEKLL KX 4) 3ESEHE

(15) Zifi7z372DRT > v L (16) ER B N TE, Zfyj ORFMZELIERT &~
>y L'V

(17) TELL Z e TE 5. BRI (13) 2oRT vV I

(18) L FBXET I N TES. ZOMR, (19 THSH I REIN5DT, BRHE2 FR
ZBB E(w, ¢) DFMLIZRT YT v LV (w, @) ODEMLEEMTH 2 Z e b 3.
%, R (14) KIS yj BRT YT Y AV (y, ¢) OREE RAIANICERIN S, ZOFER,
O UMUNMRICICRS 2, 2oz el TERhb. 22T, MNMED»S
P X 27200F kL LT, v

DEHHIZ vi(t + At) =yjt) — OV (y, ) 0yj At +

QAtnj(t) (20) DEIIT/ A X2ERUMBCELIL 7 RABETEZ S ZeAEZS
N5, 72720, nj (t) FHNRHERERTDHD, FH0, 781 OIESIITHE N, 1) 1IZ/ES.
QREEDIEDEHTHZ. ZDL %, FHEKTHRIZ CRBFN OFHXRT by, HOEUET
Gl > F T ARG SR ED 72 T RIHEREZEE p B (w, ¢) Ep P (w, P)=Z -1 B exp —
BV (w, d) (21) THEZ2ZENTES[9. 22T, B=2/QTH5. ZB FHEHEEKT
HhH(22) TERINS. Tz, RN ERTYT YLV (w, ¢) & 22 TR E(w,
¢) OBIfRIK (19) &b (23) b EXETINTES. 22T, B=(2Q) -1 Ths. %
7o, ZBRAERETH 5. > T RAEENETER L LT Delta L— L2 HWTWBHERD
RBFN IZBIL T, FAMICLToNT X —XDME D EREHEBDEHTE 5 Z 2 25T
Y. LED K SITUT, IR =225 ERHEEREBPEHTELZI2kD, 5Z 5
N0 b r THRE2 FEEBME(w, ) ZRINE T ERTXA—XRDEPIHMETES 2
YERT. 2T, #EEES N (x) 2 n (x) = 3N(—- 1.5, 1) + 2N(1, 0.5) (24) TH % %
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Zrr3%. N, 2)FFm, 78S OEREEREERT. ZOBEIEEZEIFRE
e —> (O FFAEEMBEw =1, X7 X—XX =02) PIHOGELUT 2 %2E
Z%. ZOWE, L &5 LTWw2IEEER N (x) OEHMEZITH L, BEYX TN 5H)
REEBEBDI T ICEE L T0iRWe s, BfE2 FRAEBK E(w, ¢) 201235 Z L BIR
DAA[RETH 5. LA L, TOFEEEREBOD (T X —& m HIE D ST SR R

Fig. 2 The conditional probability density function of the parameter m.

(25) IFEHTZ 2D TE, ZAEBRK2 DX51Ck3. ZOE,NS, >F AL
Hw=1 R"7XA—&3% =02 b O0UFREEEENEG 2 57540 b & THRABE 2 Tl
ZEHE(w, @) ZRINE T B720121F, 7 X—FZm 2EEMEHEEP B (m—w, ) &
RAKETAHHEICEDIUII I VW ebhb. T2, bLEIUEE (RIX—Fw=1, X
=0.2) 23OBFIEBEE —OBMT 2N TELIRS, BN EHERp B (m—w,
X)) BMARLTERTRX—Zm ANBET RS EM2 FEEMME(w, ¢) /M
CTEZZedbbhd. R (25) ZHIZ, YFIRAEEMBEW LT X—XE THEIZL
AUSHER D B (m) BWEHTE 2. 22T, HAMESZETLT 27-DICHERp B (m) 2K
EFTBRIA—Zm IKHEEEEBZEEST 2L 5B —B7 LIV A L2EZHILHT
X5, L2LEDNS, BRILDGEIIES F T REEHEw 287 X—&2 % O DK
ThHdZehs, AFETIEIEL D B (m) ZHVTIC, &M EHERE AW TERINT S
TR=RZm ZRDTWL FEEEZS. 4. BFRAEBEHOER 7 L a) X441 HHT
FILF —DEH—IZ, 3 (6) IV T X — & mkj B HEH Lktir 2  l/NMRIC e b,
FHE2 FBHEBHE(W, ¢) DHEEZ0RXTRIENTERNI DS, T2, EML X
5 LTWAIEEESN (x) OBEMEX I L, HE L XN 2 BIIFRREEBEES T ICFEL
TWVRWVWE Z2E, 2 FEEBME(w, @) DEZ 01T 2 2 HENAAETH S, &2
AT, WENBERPRAOBEMEEREDPFELRVDDETERE, TNTDOANN
7 Mvxi T ICEREERBEERL, Y F T ABARES wi = n (xi) DO T X=X
Si—=0THhdEEIZ, NIX—Zmidxi &R23IETHEMINIZ0 E TE2550H5%.
ZZT, 0BT ERT. 8524, ZLOMETIEIXRTDATIRSY MLIZDOWTH)
FEEEBAHBETHELRLSTD, ZOXIRILHARETHI DO Bb b, £ 2 TR
ZECIE, B2 FREBME(w, ¢) OMEH D 2 FH LD RERMEICPER L, FEBHL
eI g & 2T, FlICHEREIRREKEBEZEMS 2 FELRETS. 22T
RKI2FETIE, BIETER LUHREERBEZAHALTVWS 0, FEIMCR L RA
THELNTVREREEEBO—HMOE (¥ F FAMBERE wj, T A=K j) DH
7B X N 2 EIRREEED S D7 X=X I EMBNT VB, 2D, RIIC
b B2 AR E NS TE7 X =2 m KEREREEBML TN 28T
5. B»DO, REOLGEIIETRTDOANIRY Fbxi 87 X —&Z mi & F 2 )RR
B ER T2 2N TE S, 22T, ZOFEE CRBEN IKHAANz=2—F Ly
N — 7RG BEEREERRER A Y VY2 R TS, 2 AT, BHE2E
AR E(w, @) DRIMBIZBASTINRZ bbxi 212 2 FildZBE E(xi,w, ¢) ZHR/IML
THILIWEMTHS. 22T, EANRT MLxi IKFE L EHRZ PLmjli] 2% 2
5. 2LTC, FEINCRORRTHEOLNTVWSSE ) HHOHRAKEIUCER T2, AN
N7 ML xi DS S HEREEBEBUL (26) EEBHETE3. 22T, XIX—XO
JIEBEBH LS BHOBREEBE#O Y F 7 AMBARE wj & HOEITHIS ] OBET
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%D NIRX—=ZPjIFAEHLRLE ) HHOBEEKREBLILNO > F T AEEWE, L

ITHNE IR P LVDEETH 5. DRI

FLEDHED 2, RTIRX—&

JERTRAX=KP

JIEEET 5. F7o, HFEEIEE (27) TERSIND. KA SHEREEREE p B (xi—mj[i])
&, EROIEFbE 2 FERERBE(xi,mj[i]) DR ZIARHE (28) i —E LR D VW5
DOHFIDDH T, =¥ brE— (29) ZHRKICT HMHERFLEEKL L L TEETE 3 [10].
ZZT, iiE

B idp B (xi-—mjfi]) ZHEITxi ICEHT2ME L 2HEEZRTIDL TS, ZOLE, H
HIALX—%F B (mj)= -1 B logZ B (mj) (30) TEZEFTHZE, SB (mj)= -F B
(mj) + B E(mj)

B (Bl ¢RIZeHATES. R(B1) IFTybrVY—S B (mj) ZRALT 250 =
REFIR p B (xi—mjli]) &, BHZAILF—F B (mj) 2RMLT230TH2L %
RLTWS., ZOXIREHHIALX =X, 7T—XDIFRARXY VITDDDFIETH S
XNVT 4 Y7 1] CBWTHRARKICERZINTWS. X7 4 272iE, nmjfi] =xi (i=
1,2, - ,N) 2D B 250 THEHHREDNS, 1RAICPEOANFEDFTOERNS, 87
X —=Znmjli]| ZHHZFI VX —F B (mj) ORSEFAAREHRL T DDTHS. ZD
FER, T A =X mjli] FRAFEACHEZE DIEZT®, BEIC—2DMEm]fi] = mj (Vi)
WIS 2. 4. 2 T Z2MEDREEZ 2T, RC-RBFN Tld8F7 X —& mkj OEHHI
Z3(6) DA mkj DRRHODIZ(32) THERBZrT5. ZIT, (33) THS. FricTH
D, PIHADIRENTH 251X A 0mkj = A mkj (34) TH B I LARINDE. ZOHEIE,
RC-RBFN D% X —& mkj OHEFAIDERD RBEN D85 X —& mkj DEHFAZD D
DERHO>TVWBEIEeRbNb. ZOrE, B=0TEELLZEFEATX—-—KXET]j—>0IC
T5%, AOmkj=0 &5 %87 X—&mjli] 1&(35) 27z L, mjfi] =xi (Vi) THbIZL
Bbrd., DFD, HMANBEP T X —Zmj OPNHAE LTHRHEINE k3.
FONTHARZMHR T 272012, 1K (24) DHEMEED HHEYIT 5 FUEATZONE 1 TH 3.
INZHMANESxi (i=1,2,---,5) 35, KB KBVWTREO0, R"TIX—X%
L RRAINELL LA ZIE, An[i]=0R2E%2 70y FLEDODH3 THS. ¢
FA—RL =0 RkBVWTmli]=xii=1,2---,5) ANKHLTWRZhbhrb.
L, 20D

Fig. 3 The parameter m satisfying A 0Om = 0. I TlZj=k=1TH 37, HKFDj &

k IZEE L. HEWIE, WICRIA—R L jREELEZEER 20 1T 5L, Acomkj
=055 X=&mnjfi] 1 (36) ZHizL, xi (Vi) ZBOEEDEE RS ZBby
5. INSDRERMS, #4525 RC-RBFN D %85 X — & mkj DEHHIA B mkj TlX, A
Omkj THERD RBEN D87 X —& mkj OBEFHFRIZHETL, HIZ, )0 23U ITAN
TOANRZ Puxi OF k BEFExki (Vi) 2287 X —&Z mkj ORZEZRPHR R E L THRHT
XH5Zehbhd. HBEWIE, Acomkj £ FTBHIET, INRNTDOANRY Mxi DF k &
Fxki (Vi) 2BOEROEEZLERICRRE TN TES. 22T, BEFELDS
FERT DBRICOWVWTRT. 3, ROXILRHBHZALF— (37) 2FRX 5. 2L,
ECBIEUZ (38) THABLNDERTHS. ok x, X (30) &

(39) AT 2N TES. ZIT, MERKERL(40) THS. D% b, HHZ L
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F—TF B (mj) D87 X =& mkj 1ZBI3 2 RIMbiZ, 6 5 ERIBUIEE 3 2 R kI S i
THEILZRTIENTES. 2O X505 EREE A= 11X —t ORI,
EM 7130 XL TEBHSEE L WEERA SN TV 5 [12]. DL Z eh 6, BifRAR
BB DERZE @ L 72 RC-RBFN O¥FHIZ XD X 512#E%E T 5. [RC-RBFN 0% H(]
STEP 1. ¥ F 7AMEAME wj 2 (8) O F FRAMEMAERIC X D EH, <7 X—X
mkj 23 (32) DA Omkj IZX DEH, T RX=2 T j 13X () XD EHTS. STEP 2. &
FE 2 FHEBBD L R o7 E KT, HHIER ;0 X H REREIPER L /272 5 STEP
3. ANWK{ . STEP 3. ZBIRKHCE STV 3 TR TOEREERMEEICOWT, BZ20 2
BIRZICKELS LTWERDY S, R (32) IV T X —& mkj ZHEFHT 5. STEP 4. 77
BICEDABmkj =0 &R2EDPHALE %, 5 BIFEEEEEH p BIFEEEKE L
THETZ., 2o X, F7AFEEMEwp, 87 A =& 3 p KI8T X —ZX mnp (n
—=k) BIPHELLTH 0N | IFEEEHDOS D25 ZHE, T X —& mkp 13H7%
WX /oM 35, STEP 1. NR 5.

T T, AFSCTRER L ZNECRD RBEN (28 UCHEA 34UE, BRI ER
FANBINT 2 Z e 23 RER R RIAELT 2 Z 2 iR R 5. K (5) TE X 545 Delta
=D W TEH XNz RBEN O > F 7 A EREO EHHIE AR EREMNER a j (¢),
i B FRE Y k(o) ZRHVW TR T 2 &

(A1) 2B Zebh b, ZHUIHEDEME

(A3) ZBEZBIEMNTES. 2L, 3EBLE. ZOR, (A4d) THD I LIRS
N30T, RIHEME2 FREBRE(w, ¢) OR/MEERT V> v 1V (w, o) DR/ME
CEMTHD Zebrd. ZOME, FEHE TRIZRBEN O T by, HEHTS
L F T RKEET

B T ARFHEREE D B (w, @) EEX DLW TE, HHI ALY -2 EHTEZ
£ T3 (32) ITHY T 2 FXRT P OBEFHAIPENTE 5. FLVERMIITRR-DERE
T5. bbAA, N (5) THEXBHN2 RBFN O F F2MEEREDOEHAINZ D F £ CHF
DEGEERT 1D, KTV YLV (w, ¢) ZEHEIIC, BHE2 FEABKE(w,
O) ZRT VTN AR LTHARDOHERIIRETH S, LoLiads, KX (5) Lzih
LELNZEM7 VTV X LA LB ATIRBIEEKREB ZHIFR S 2 51 RITED 7R
V. ZF T, A TTIREESEEREEANCN T 3 B REEROBRIC O W THA T B
B L 7z.

R—IFNT 77RO (HEHE 3.2)(5.10H7)

§ 2.3 tF -BRT—2X—2
L « AV FICBOWTHOLNRTWE T —XRX—=2IZDOWT, WL O»itiHT 5.
Kyoto Encyclopedia of Genes and Genomes(KEGG) [14]

BILT - X T HEER, X EMHABIERHZ AL 72 KEGG PATHWAY, FEEZRER
#F L7z KEGG ENZYME, FIEENGDOKIGRIZOWTEL L7 KEGG REACTION,
ARERICEE T 2L EM R E DT KEGG COMPOUND D F — X055 F— X R— R
TH3. KEGG ENZYME CRIRHROFERZZY T2 ECESLOLMBLTES Z
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TE, RO, ZoBEZREHWIEKRNORIGR, HE - ARPIER, BRER, X
BREHRFICOVWTEIPNTVS. KEGG REACTION II3BEE % Wi Z 2 (L2E K EIC
DVTHOEREFTL L TWS. ZRNZENDRIBIER DO F 2 5HOWFTEHINTED,
FIMCHWS T 28R EC &S, LEW4 - CEE - fEXTczh e R L I6AED
ErN TS, KEGG COMPOUND TIZC 6% 3 5 MDD CHESTILEMEZEHL T
B, FiTKEGG PATHWAY H1% KEGG REACTION ARIZHRN 2{LEM EH > T\ 3.
CHE, 4il, 7 TR THMRITBZZ N TE, 20V 7, %, 77K, o1=E, ¥
R, B33 R&ES, PATHWAY MAP ® MAP %%, ECHEDV v 7%, fhoFr—&
R=ZNDY Y 7R EPEHREINTVS. A4 FADY Y Z7DOEAEDICEk->T, ECHE
S5 RES, RESLLCHESLEYDZIENTES. N7 XUOK?21Z KEGG 57—
RN —ZDH %R,

SciFinder” [15]

Chemical Abstracts Service(CAS) 2MEft5 %, 7—&X—Z. FIZ, Substances({tZEY)
HIE®W)), Reactions(RIGTEH) I, References(SCHRTERR)I, Suppliers(H % v 7HH) ],
Biosequences(BLHI1EHR)) DHE»HMKRT 2 LA TE 5.

[Substances) TIMEFYE DA, CASBiRES, DFHRPARY bL, YMELRY
THZETZ 3 [16]. [Reactions(RIGER)) TIHEEWESH, MEXREroMRIN, £
DICED IO « e LTHOWTW A RIDAZHHANS Z e TE 5. ki, £
DR, RISV 2 il 3ERE 8, KERR E 2R/ ANT 7 4 LR —RHTE 3.
[References| TldF—v — F, FEHL, XkES, HSER, KELREYTREINS.
"Suppliers(# & v 7HH) | TlE, MBLALEWZED S B3R DA & v 7 E#R7z
Do T D, BEMMBICIZEIREE S L MEER, (LEVOBAT A DY 7 L
DN EENRRINS. [Biosequences] Tl DNA RNA, X > 37 EH OB EH# %
L3 2 EH72 & TREBEINS.

SciFinder” Ti%, #hEN%Z 2 —FHEDHHE - fEL THRET 2 I eHAlRETH 5. b
EVOMEN—HT2dD, FREMEOHLEICESW TR TZ 21, BEE# T 2 Kb
N, XikEHR, EEToBFHR SR TE5. 2612, ERLEEXZ4AR e LT, &
BV — k Z&E « FHIT 2 Retrosynthesis Planner] W95 Y — D FEET S, T 2T
BERAT Yy THRAR MR ERZREL, EBARX—VDERT 7 v GtEns. &6
BV — MIBEHIDO I F 721%, TR RKICTHK I N, BRRDIRBRRINS.
2LICENARXE I L ZR =7y b LT, #EHLV— OG- THlZ LT Z2RT.

PubChem [17]

t&aws, 71X, (LEWD2D(H LI 3D) JEXofE 4 X =2, b - Wk, 4
PIsERTE e R, #IEEWR, ]MEREFEO 7 — 2 2% L TWws. 72 MtErs 7 v
Tu— FEInse, #23EMOLEYEFHRMN 140 FEOAYZNER T — &, BEHELX
N L EROL SRR, 72, W10 TEOBEFT -2 kL Ol Eh 5 [18).
X 512, PubChem Compound, PubChem Substance, PumChem BioAssay ® 3 DD 7 —
BR—=ADND 5.
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W (68)
= 40) o C.
A v
— - =@ A
AN o
| Max Yield — Reset +
~ Retrosynthesis Step Key
- -

Xl 2.1: SciFinder™ 12 X 3 3 & %Rl

4 Chemical and Physical Properties @B

4.1 Computed Properties ()}

VVVVVVVVVVVV

366.02569623
36602569623

203 4°

2.2: PubChem Dl

PubChem Substance T, MIFE&ENT v 7o —FLAT—X2EHL TS, HHOR
MEPSEET ST X Ty T —RFINE Db, FEIIZX ST, FAkD
THH 7z A L, PubChem Compound IZHIE N2 [19]. %7z, PumChem BioAssay T3,
T —ZEEEOFEBIIREIC X > TR 62X E L 24EWEN T — 4% %2, ERICHWLN
ALEY L, EBRRILICHOURITS ZETEHELTWS. ZhZhD T —XR—2
7 — %1213, SID(SubstanceID), CID(CompoundID), AID(AssayID) 23| bk 54T
W%, FHZSID X KEGG DI ALD CHZEXIGL TWS. X2.212 PubChem @7 —
RZR—ZADHZRT.

BRENDA [20]

FRICET 27— &%, XMOIFEHRZ S L ITHE LT — & X—X., R4, £V, CAS
BixEE, ECES, FHELZ Y THMERI 22N TES. il LT, ECESTHMRRLE
FTEX 231187, MRLEECEBDR—IITL &, ZOBRICHEKRL TWVWIHFED
T—Fxy TRHWONTW S IGKDLNEIrNT VS, X 2.3 DEEEICH 5 HEHED S H
e T 25MEHREZ R TE 5. HlZ1E, Substrates/Products Tl&, MR L7z ECHESD
ERZ o RISDRE - VIO RT7 B ENTWS. Organisms Tl&, MEREIELH
ReBolzEYHEDY XA MDBRREINTWS. F72, [Functional Parameters] R v 7 XN
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All organisms

Acetobacter pasteurianus
Acetobacter pasteurianus SKU1108
Acinetobacter calcoaceticus
Aeropyrum pernix

Submit

o
Substrates/Products
() Natural Substrates

O Cofactors
(0 Metals and lons

(O Inhibitors

() Activating Compounds

@ D Functional
Parameters

@® Do not include text mining results

O Include amenoa (text mining) results

KM Values
(O Turnover Numbers
(0 keat/KM Values

~ |Select one or more organisms in this record:

ow additional data

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

(0 Ki Values
() 1C50 Values
() Specific Activity

(J pH Optima 179

(0 pH Range 32 : .
) Tomperature Optima b Reaction Schemes hide
% ;Ie'c:‘ir:s‘“re Range 35 a primary alcohol +

m S Organism related
Information
Organisms

(0 Source Tissues
(0 Localizations 4

M General Information 30
B DEnzyme Structure 16k
62

+
OH

M B Molecular Properties 453
B Applications -

The enzyme appears in viruses and cellular organisms

NAD+

= analdehyde +

cyp2el drinker

hepatocytes
lating nicotinamide
alcohol-induced  py

hydride

etoh

tumor

nadp+-dependent

synthesis

(e

y

17beta-hydroxysteroid

biofuel production

NADH

ehydro

1.1

diethyldithiocarbamate disulfiram

ethanol-induced aversion

melanogaster semialdehyde retinal

energy production g methanol first-pass
= £ biotechnologyg stomach Poison

aldh1al & horse

se

IDUZYITIES ¥

genases:

alcohol-related
cyclophosphamide

toxice

in
ichthyosis

nadp+

stem-like

2.3: BRENDA o EC1.1.1.1 123 2155

D KM Values TlX, BMEOHREZo7-4YHE - HEZ L O Km @ (FE

ERIIER) 2RI eHATES.
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H
it

TEADTAIT 1 U R BHREM

§ 3.1 1LFET—EXR—ZH5OIEHRME

Web H 4 MENSIVE L 72 KEDIEROF D5, HASELMHZ W CE 2GR %
HI237F A A =0 70CBVWTE, ZAZLA Y IDRHWLNE DS, A7 A4
vy 7, Web¥ A b oNEE TR I V> THHEIS T2 HIETH D, %
I T — X ZNETES. —HTT—RZN—AEEHL TW3 Web %4 FEHEIZBWTIE,
WMEHO7Z NV r—>ay - urss3Iv7 - £ 22 —7 2 — X (Application Programming
Interface: API) ZfHZ TWAHEHNDH D, fEESNLEATT v s 7 2 25dd UL, 7—
ZR—Z LOERE BEINCEE T 52 Z e B TE 5.

b7 — ZRX—=22DNRD APIDRNHZN TV S DN OOFET 5. KEGG T
X KEGG API [21], PubChem Tl POWER USER GATEWAY (PUG) [18] & FEiZi % API
WRBENTED, KHTIEZD 22D APIIZOWTCHAT 5.

KEGG API D&

KEGG APID 7 #—~< v MIDLFD X512k % [21]. <operation>DER5IC EFLD 7
DOWT N ERIEET 5, HlZIX, MNisty ZIEELLEGE. LFO7 +—~<v MHES.
<dbentries>THWD T =X 23 % KEGG 7 —&ZRX—2A{2HET 5. HilZiZ, Ipathway |
ZIEET DI LT, BRI 2V 7HEAITL L, & Pathway D~ v %K= L, Pathway
HOXIRY A P ZRIGTE 5. K 3.112%S L Pathway ADXIGRZRT. ZD XS,
Mhttp://rest.kegg.jp/) LR OETTHRESI NI FE2RET 5 2L T, 7T —XBRES
NTWB URLICBEN TR MR TE, /075 L5 TEREXRTWS, Vo rof
2R3 3T5a—FIckoT, RERT—XEHUGET LD TE 5.

PUG

Common Gateway Interface(CGI) Z#H L T, PubChem D7 —&% 70277 I 7
XoT, BUSTAMEER IR T 2 27 4 [22]. 7— XD HHD X URL Tld72 < XML
ZPHWS. XMLIZX3V 7T X b2 CGINED, V7T X MDONADRFETINR, Hb

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

X 3.1: KEGG API ® URL #% 1
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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: Y VI EONEER

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

path:map00030  Pentose phosphate pathway

path:map00040  Pentose and glucuronate interconversions

path:map00051 Fructose and mannose metabolism
path:map00052  Galactose metabol ism

path:map00053  Ascorbate and aldarate metabolism
path:map00061 Fatty acid biosynthesis

path:map00062  Fatty acid elongation

path:map00071  Fatty acid degradation

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

path:map00120  Primary bile acid biosynthesis
path:map00121 Secondary bile acid biosynthesis
path:map00130  Ubiguinone and other terpenoid-quinone biosynthesis
path:map00140  Steroid hormone biosynthesis

path:map00190  Oxidative phosphorylation

path:map00195  Photosynthesis

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

path:map00Z30  Purine metabolism

path:map00232 Caffeine metabolism

path:map00240  Pyrimidine metabolism

path:map00Z250  Alanine, aspartate and glutamate metabalism
path:map00263  Tetracycline biosynthesis

path:map00254  Aflatoxin biosynthesis

pathimap00ZB0  Glycine, serine and threonine metabolism
path:map00261  Monaobactam biosynthesis

path:map00270  Cysteine and methionine metabolism
path:map00Z80 Valine, leucine and isoleucine degradation

BIXML CREEIN AL oTWa. fHlx LT, CID1 & CID99 DILEYI DS %
SDF 7 7 A WA D gzip EMECEX Y > v — F3 2358, K34D X5 XMLAEEDY 7
T2 MEE 7%, PubChem TIX7 7€ At D728, PUG-SOAP ¥ PUG-REST &
WS Y RAT APEEXNTWVWS., AiFZETIE PUG-REST Z W3 7-%, PUG-REST IcD
WTHEHS 5.

PUG-REST

PUG S PUG-SOAP THWHNTWS XMLEROFGRZNE Y B3, fEL5 iR Tr—
REEET BN TE3APL. PUG-RESTDOVY Z XA MILLRD XS5 7% URL THRiL X

% [18]. <input specification>{% X 5 IZ<domain>/<namespace> /<identifiers>THK X
NTED, MOTFT—=XEW->TL 2D0%EDS. <domain>TIX, substance, compound,

assay REDMRE T 57 —XR—ZAZHEET 5. F7z, <namespace> Tl CID(cid) (LG
Y14 (name), 7713\ (formura) F2457%E L, <identifiers>TIX, CID O&5, {L&W% - 70F
RDLFFHN e W o7z, <namespace>IIXT 3 2 BRI HHTZ$EE S 5. <operation specifi-
cation>Tld<input specification>THEE L7z 7 — XIREGIMC T 7 ALK, €D K5 7%
BEEFTEL TW2D0%itid s 5. FlZ1X, <input specification>T CID &5 DIE# %= i
R LTV BIREET, synonyms ZIEE T 5 & ZD CID HSDILEWHITH T 2 [FFEED ) R
MR EN D, [FIBRD S — R T, <compound property>T property /XXX, YYY -, 277/
ZIET % &, ZOILEYOYMER AR EZ GBS T2 Z e TE 5. <output
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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 [ 7callback=<
callback name> ] | SDF | CSV | PNG | TXT

3.3: PUG-REST® VY 7 X }

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

<PCT-Down oad> URL=
<PCT-Download_uids> https://pubchem.ncbi.nlm.nih.gov/rest/pug/compound/ci

<PCT-Querylids>

N d/962/property/MolecularFormula,MolecularWeight/XML
<PCT-1D-List> . . . .
POT-ID-List_dbvpecanpound</POT-10-List_db> This XML file does not appear to have any style information
POT-Ib-List_uids> associated with it. The document tree is shown below.
<PCT-1D-List uids_F>1</PCT-1D-List _uids E>
G-l ik, BT, il [P v<PropertyTable ><m\ns ‘http://pubchem. ncbi.nlm. nih. gov/pug_rest”
</PCT-ID-List uids> xmlns:xs="http:/ /www. w3. or g/2001/XMLSchema— instance”
</PCT-1D-List> x5 schemal.ocat i on=" “http://pubchem. nchi. nlm. nih. gov, /pug_rest
IRCT-Guerylldo. ide> hv“{%fépéfg?g!gm‘ nebi. nim. nih. gov/pug_rest/pug_rest. xsd™>
</PCT-Querylids> <C1D>962</CID>
</PCT-Dounload_uids> <MOIecu\arFormuIa)HZO(,’Mqlecu\arFurmu\a)
<PCT-Down load _fornat valua="sdf"/> <J;!gé:s%§:$e\ght>18, 015¢/MolecularWeight>
<PCT-Download_conpression value="gzin"/> </PropertyTable>
</PCT-Down | oad>
</PCT-InputData_down|oad> » . J\( )IEE$ i=| ]
por-mtate 3.5: 7K (Ho0) DI Z RIS T2V 7 =
</PCT-Data_input> — ZE 91
</POT-Data> A ]\ URL E 7T — & m'f%ff"ﬂgg

%] 3.4: PUG 2B % XML GE DA [18]

specification>DHEFFTIFHIF L7z WT =X 2 8D K5 R TH T 20 %2fEET 5. 2
ARHNZIX, <input specification>/<operation specification> /<output specification>DHERIF
ZHEETIUIRL, il LT, 7K (CIDI6]) D7rF3\ (MolecularFormula) & 935 (Molec-
ularWeight) %z XML CTHUS L 72856 %2 X 3.5 ITRT.

§ 3.2 (LEYDBEREFAL ECESTAFA

LEVRLOMERBICOWTIENZENS, 7EA4 Y7 477 4 7 AT RINEbR
TV LEYORERBUT OV THIAT 5.
MOL 7 7L

LEYOREEREZTL LT F A MERD 7 7 4 1. Tmoly DIRRTCTHRESINLZ L
MEZWN, 77 ARG L TWARTFEEETD 3 RITHERED) 2 = ¥ DR F A2
BEOVWTWEHDY X PRI TWS, BEOMERXE mol 7 7 A L2 L7723
DEX 3.6 1TRT

SDF 7 71l
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109 00 100 0 0 0999 Y2000

17.3600 -18.9000 ooooo0 00 0D0DO0O0O0O0DO0O0OOD
18.5724  -18.2000 pomec 000 O0DO0DO0O0OO0D0OD0DODO
19.7840 -18.9000 oopooc 0 0OOOOODOOOOQOTIDOD D
20,9973 -18.2000 g.oomc 000000000 O0D0DD
22,2097 -18.9000 pooooc 000 0DO0ODODO0OD0ODDD
()I1 23.4277 -18.2000 oopooc 0 0OOOOODOOOOQOTGDOD D
24,6346 -18.9000 o000 0000000000 O0D0DD0
19.7840  -20.2998 p.ooooo 000 O0DODODO0OD0DDD
f"\\w,/"\\,,/"\ 20.9973 -16.8000 oo 0 0DO0OO0OODOODOOOOODODD D
1 1 22,2097 20,2999 powo oo0o0oo0Oo0O0OOOOODODO
OH OH }
C00379

T G T = GO D —
O D 00~ ) T 4= 0 D
—_——— 000000
[eYenYou YonYouYou Y on Fan Y an)
CcoOooOoooOOoOo

=
m
=
=

X 3.6: KEGG COMPOUND THUS T = 2 #iiE 2 MOL 7 7 £ LDl
MOL 7 7 A M EEURE LR T Tsdfy D7 7 A1, 2298 ED7FD MOL 7 7 A
N T — &’\“Xﬁ)gnﬁﬂwuj\%—:j—%l}%‘ni, ZOERE B Z e nE L.

SMILES
LEVOREZXFHITR LS D. LINORANIHE o TXFINTEHL L T < [23].

1. FEFRTERILBETRL, 2XF TP D= WET (Nb & NBE) ik [ | THt
2. KFFRFIZEMET 5

3. BEET 2 REFIEIBRCEE S

4.

THMAE =, ZEESRBH#TRL, HES - FERNGIRERT 2 (FRIEE T
INCFD c 1R ETRILT D)

5. AFURETHEEDRZWETE T THIF3
6. REEMIGT BEIN () TRILT S
7. EHEREZUIN LU T L L b1 (CLAY), BRERETERT.

M EDHANZEE DO W TIER X 7z b D% generic SMILES & FERDS, DINORERIZINZ 72
D% isomeric SMILES & FER

1. AR (B2 XRR) 23D 255 [13C) L WH KL T S
2. MAAREMREXHT 270 0ElEE Ta) £k Taa) TRHT 3
3. _HMABRETHEUIERMEWEL /) & ¥ TRT

TJa4>H—F Ik

LB ORERRHE Y Y MITERHE LD 0. #EDOEOEICIEET 52, 2k
WHR Y THEND 5. HlZ1E, MACCS Keys D7 1 ¥ H—71 > b [24] TlE, 166D
R BEZLEYR o TWVWARE I B0 I TRELTWS, 74 v hH—FY
MEF I LEYER L OELIE R THW SRS,

{LEMDEIEL (FE-NT L)
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from rdkit import Chem
%ylitol = Chem.MolFromholFile( Xylitol.mol")
Xylitol

H

import pubchempy
HO OH pubchempy.getipropert\es([! MolecularForvaJIa ,!Mo\ecu\?rWelght )
IsomericSmiles’ 1], lucose s
! *, as_dataframe=True)
H H
Formula Weight IsomericSMILES

Chem. Mol ToSmi les (Xylitol) cio
"OCLC@H](0)[CaBHI(0)[CeHI(0)C0” 5793 C6H1206 180.16 C(C@@H]1[C@HI(IC@@H](IC@H](C(01)0)0)0)0)0
from rdkit import Chem Y . A — [
from rdkit.Chem import Descriptors 38 PubCheInpy VC 711/3 XO) Iﬁﬁlﬁ&%
%ylitol = Chem.MolFromMolFile( Xy litol .mol”™) VA=| . 9t
Descriptors.MolWt(Xylitol) E‘X’fﬂ: L?’\.ﬁ‘lj%

152, 14600000000002

X 3.7: rdkit WAL EY D5

PRI TR A 72 T ZAT 5 720121, LEMZBIEIL L TRIET 288N H L. ZD
HiEL LT, iR 7 4 v H—FV Y bTlEE y MITILEY ZEMEL L T30, Pk
EERHE LTHWORS Z 2 2V, —RINCEEOYIHEES VWS, Z2RITTORE
N7 ML LTLEYORBHEERT 2. 2o OBEERSYIHETLEY O EE £
L72d DT F eI TN S,

RDKit [25] Z AW bE&YMDT—21E

RDKit 1% Python féfit LT3, {LEVOHE LIRS 74 75V THS. SDF 774
LR MOL 7 7 A V@i AAA THEERDOEIRZH I LD, SMILESSR 7 4 A —71)
Y MNIEHT B e TE S, RDKit TREFARAATLHEERD S, (LEVORLARTFEZEHE
TEZENTELED, (LEYWRLOEMEZFHMEL 2D, MMEHICHREIELZh
TZ5%. fle LT, {bLEVWDOTFEZEKRT S MolWt ZHI D 7205, MOL 7 7 4 Ad
LItAIAATALE DA > R R > 2A%4 R L, RDKit @ Descriptors 27 7 123 % MolWt
XYy RIZER LA VAR A Z2ETZ 2T, MolWt SEtEXhH a3, K3.712,
rdkit Z W TILEY OREER & SMILES ZH 1 L7128+, BX LAY D MolWt Z§H &
L7=AGR %2 RT.

PubChemPy [26]

PUG REST %\ T PubChem O 7 — X ZHUF$ 2720 ®D Python 74 77 V. (L&YW
2450 CID 25180z LT, XMRILEVWOYMEESS SMILES #BS$2 Z BN TE 5. ffle L
T, ZLa—2AD50FR, 7F&E, IsomericSMILES ZHS L 7-fEE 2 X 3.8 ITRT.

EC BESTAIFE

FEETHN LGS RIECLY: - R T —ZRN—AZHWT, BERICO TR
PATOMEDNZATHONT VS, 22 CTRLAED, BRIECESICI>TEHIATYL
%03, [ERICZ DR Z HWT-REBHRICERIED RGN L TEREINATWS. 2T,
REMACERIS L, FERANREBRRTEI ARINEIEL, FECEBIC1O2FE-IX
BEERIRTW3. il LTKEGG ENZYME @ EC3.1.1.2 T3 REN 2 K 3 h
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0
OH
JOL OJ\CH;. H H
R07342 R01241 + Ho” G, @ ¢ o7
00001
€00033
[e) Co0146
OH CCCCCC
OJ\CHg JOI\
* HO” “CH, on
/
f“" cros0e €00033 O\n/(:w3
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X 3.9: EC3.1.1.2 DR EH 72 KB

REBS L LTRAEINTED, K39DE5>REFERIGERS. b DRIERITH LT,
ECEHEBODHMEZEZ, LDZLORICKZELWVWECEHESIZHETE 5 K5I HE<E
FUERETT 2N FIITbhTns, U RT2O00FEERT.

ECHESTHTFED 12 LT, 7 VBRIV OELEZH V200D 5. BERIFE
NRIBTH57=0, 7378V TREINS. 73/ BEYOEMMEICHEINT, &Y
TEHZECESZTFHTS. $51200FFE LT, B AERYOMEICEH LD D0
5. WiEE 74V H =TV Y MRETRLZDDR [27], MidEr U TR 0L
ZLICEHL=b D [28] R D35 5.

T4 H=TV Y beHWEFETE, EEEEERZ D FOHIMEE (757X )
WEHLEZ 4V H =TV FTRLTWDS., ZO%, HE 74 =7V Y s b4l
T4 H =TV NG WRIEED 7 4 V=TV VEERTS. ZL T, ECHED
ERIRVLE LTEZALNTOWERINEDT 7 4 =TV beD—2) v REEEZK
o, B/NEREE 225 DDECESZEIDHTE WS HEEHVWTWS. flZiX, KEGG
REACTION @ R00005 IZEFx ATV 5 B C01010+C00001 <=> 2C00011+2C00014
WKXLT, B0 FDORF742H—FV> e MFP LT, RIGEDT 4 > H—TV b
RFP ZLDIRD XS ITERL TV 5.

RFPROOOOS = MFPCOIOlOJrCOOOOl - MFPZCOOOllJrQCOOOM (31)

WIS DRI R 7 DAL F 2 L2 -V 2 FETIX, RDM S&— e iEhg, HEL &
RYI DB RGN LT, RICHDETF (R atom), ZDIEHEDIREFTELR > TV A (D
atom) & —H L TV 3 (M atom) ZEE L TW5. ECEHFSOEE L AENYD RDM 3
X—>, ANUTRIED RDM & — > ORI Z LS 2 Z T, AJIRIGD EC &S
ZTHLTWS.

§3.3 UTARIIVIFL

AIFZETIE 20D F AR Y Y IFEEHWED, ZHUPNI TR 7AX) 72
ODWVWTHNRZ., 752X ) 7R3 BHENI T —XDAEER S Hfifil LFEED—>oT, FiE
DFEEIZHENEHELIL TWBE T —RES LTI IRAXERL, 7T E2FETHS. 7—
BRB1LODT FTARDAIIEBT DI TAR) VT N— RT3 ZAR) T HIENTED,
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FEEICX->TE, BROIVIRARIBTIILEZHBRTDIY IV TARY VI HIFHAT
L. 2IAR) I TICHEN Y 22X 7 IERBI 2 5 AR Y ITaT BN,
B2 2 220 7 TCidE i, nERlObD e BERDOD DI oS, HEAT
BT —XERLT1IODIIAREAR LD, MWD I ZARIZHE L T FETDH
5. BEMNTE, 7—R2ZNZNE 10D 7RXRARKRL, FFEDRBEIZ L0 ->TH
BT =BT 57 7 AXEIBNT 5. BT —XeH>or 7 AXFELbEMEN, #il
B IARBML, EE LY 7 AR ETHRDIREINS.
FEEAICIREEANFICHW SR, DITTIE, BEAICBII2 7 72X EERL T\
HHEICOWTIHERS, 2B, 772K C,, C, BT 32T —ROEEEZFNZFNx1.,Xe, X1
E xo DEEER d(x1,%x2) & LTz ED 7 7 A X DOHEREE% d(Cy, Cy) &5 5 [29].

R EREE

20ODY FTARXRANDT—RES LT, DIEHEIITVHZREAEY LT, #ILEV 7 XX —

PUERT 5. BTERIXDRVD, AIEIZTTVE ZNTW3S.
d(Cy,Cy) = xleélll,i;;ecg{d(xl’ X2)} (3.2)
=IREEEE

BRGFBERICH LT, ROHERIEWVHEZEREY L2d 0, AIUEIZIZTTVD, 7T X
AP A AR —FBIZ A BN D 5.

d(Cl, 02) = x1€g117a)()§602{d(X1, Xz)} (33)
B9k

20D 7 T AXNOELZRETOHBELZEFTL, &7 7 AKXV A X TH|- 7% L
L72dD. NIUEDFKED VL. 75 AZDPEIRICHEIEMEIEZ DIz we EhT
w3,

1
d(Ch,Cy) = ———— d(z1, 3.4
)= e 2, 2, "
T4 — K&

HOMUD2DODIT FTRAREFEBL, WMEBLEZ ZAXRNOENINT S, T—XD5)
BE(CLUCY) ITRLT, #ERDETZ 7 AXNDT—RDIEE(C;) 51\, F/h
CRDBIITRARDRTEREETHHE FHERIEIZLAR2D00, HEERENEVWE X,
BB 2 9 A& Y 7 THRAAVWLNTVWES., U+ —FHFDA X—I %K 31011 T. 7

=S X (3.5)
P
E(C) =) d(z,c;)’ (3.6)
xeC;
d(Cy,Cq) = E(C1UCy) — E(Cy) — E(Cy) (3.7)

27



g . A o RPN
Oont Conm 55 24 BEROHHK A 08
[ ]
‘ : \ >
55 2 AEATIDSE DR 3.11: k-means {ED A X — [31]

X 3.10: 7+ — RIEEDA X — [30]

HHE <>C>C)..KD

ki@ Ce

a=w p . . . <
m% O O
&= (&, &izy oo Gip)

ANDE

(pRIT) =; = (xj1,Tj2, - xjp), (1 = 1,2,...,n)

X 3.12: SOMIZBIFBEATIT—E2DY vy 7

JEREBHN I SRR VYT

JEREIBII 7 2 R 2V V7 TlE, HOELLHTTARXR) Y IBERDTEE, SFETE
DONTWARHEAEIZ LD T, T—X208T 5. FEENS XK ¥ 7OFEEZ WV
KODLLRITRT.

k-means &
T—=RIIMNLT, VXL 7RAXEEDIRD, EIIHOWTT 7 XX ZHMEM L
TWLFE. UTOFIEICIE>TIZ 7AXY V7 %1TS.

L. BYNCHEELEKEDOZ S9AXY V22, T—REEZI VR LCEDIRS

2. %V T RARNDET =R L TEHLEFEL, 7— X0 REHER D 28 LDV
TRARWZBTHEDIT, T—REANDT FRAREIRDIET.

BIRVDELTETDT —XEDI FIAXNEEINDE ET, LELOFIEELEDIRT.

B2t < v 7 (Self-Organizing Map: SOM) [32]

ZRILT =R BRIy 7L, AL T 227 7 X& Y Y OFE UFNED TV
Y XL%RT [33]. nflD p ZoTBEINRZ bV x; = (21,250, ..., 1)), (1 = 1,2,...,n) &,
2= b m(i = 1,2, k) THEERX Nz, 2200 FHE ECEHT 5. K3.1212Z2DA4 X —
PERT. IO EZI=y bOELE T = (ra,re) &L, ZHE m; OMENT bLE
T3, X051, 1=y ME, BAXNT MLE = (G180, 8), (1 = 1,2,..., k) ZFfo T
W3E§5. ZIT, x, m;zEhEh, ANE, BB, ROFIHIZ X > THH
EEEHT 5. (L, &7 X aiEaTo{bziT9)
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X 3.14: SOM % FH\\ 7= T8 R %1 55 #r

1L.j=15»6nETOIEIC, Fx; \NLT2—=21 v NERE ||z, - & ZKD 3.

2. |lx; — &|| ZBR/MEICT S € 2 € LEL. ZDE BRDOA=y FEBELI=Y b m,
EMEY, BEL=y b m. L ZDFEFEDI=y FOFOEANRY PLRRD K S ITEH
T5.

{51’ =& +h(t){x; — &} 1€N. (3.9)
& =E& i & N

N & m, DEFEEERL, m. & N ACEEND m; D x; \ITEL R X5 CHEF N
5. F7z, h(t) BUTTERSINLAFEEBTHD, m. Db x; 1ITEDK X 51
ENT B, L, alt) ZFERBE (EERE L OEME & B IZED), 0% () 1Z N, D
O D B 2R L 5 5.

_ —llre —mifl

h(t) = a(t) exp { 207(0) (3.9)

3. CHMLIE ZRdBLIRRET, j+1&LT12%Z#0iK

4.3F T 1IHD¥EL L, 8 LHRETEEZITS

5. %8 1%, =2V v FIEEE min||x; — & 27T € 2ROBELI=y bm. Wl x; &
Ry YT 5

75 AR T RWEZEHE LT, b hOITEI X — 2 RENT L, TEIER 21T o
7DD 5 [34. FF, BGIREKAPIZHWT, ST TW2YKREEEEL, 20
YA %2 T XA T —=RICHAILTWS., RIZ, TFRAMNRA VT T—RDI T RARY
¥ 7%115Y 7 vv =7 KH Corder [35] ZH\WT, MEAZHORRFHBESHEICEL T, FHE
B TARY T ERIToTWE, ZRUTE T, 77 RAXNITEEN2WIEL» SITH 2
KDARY MERGHLTWS, £/, SOMICL32752% ) v ZHiTbhT\wd, Bl
EINFT—EZBIEFICSOM D 2Kt~y S EicF vy P LTWE, Fuv b EERTH
ATV Z T, TEIDORRIIZIED, BEOREICB T 2THOHEMMEE T LTV 3
B2 2 AKX 27 SOM Z HWATEI o2 X 3.13 B X X 3.14 1T~ 7.
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§ 4.1 HMBEEILEZRAVECESTAE

IR O LAY TR T 2 7B WT, ZAUTRLEREKEREIR»D,
RENLSBBRICEME G AR WETITZA IS5 0EE L. 205, EREEOREHEZ H
W3k, RICYIDOFRHE DERLLIE T ORI EK, RSO Y, 7V =27 IX MY —
DENRIGE 5720, BREAVAIEZPHEIML TW5. ZRUHEVRRED KIEET
D1 DIRERHEREIEIRT I EEL R TETWS., — 5T, HERENERYD
HZOMWEX, EYrFHICEOINETH 5720, HREERDOHGERD A CTIIARIHHE L.
AR OHEMR I LT, 7213, BET —EZXR—AR 2SR U TRERERERD
Hi&%Z 2, ZOBDODRAZ ) —= 7R ET, 1DODBRIK->TWL. 22T, HH T
2 RISIERE 5 2 1002, BEEEE TS 2 S 2T 408513, BREMOBERICh S
RRZE LSS 228D TE, RDORTZ Y —= 2 O E THlgEE 2 L — XD %
CENTES. ZOMTEXN41 IR, £/, BMRIECESTHEINTED, ECH
FIEEVMORANTIE Z 2R 2 AWAREBNLRRICH RGN E LTid#hTnwas. EC
HHOMERT WA RAEYHROBZERMOHEEINTWED, ECESZTHlIT S Z
YT, A7V —=v7E/ME LT, ZOECHEESNOMRICKDAL I LN TE 3.

Z T, AETIE, X—7 v b e RO EEZBICKRER ECEHS 2 THIT 5.
Thbb, ECESNOZHOBELRE L ERRE Y U TR mme LTHERT 5. T
DHEL LT, M3 3K0R (X—7 v bRIGN) ¥ ECHFESOREXN KB (EC K
JER) DMEZLZ T 2. K42 IHBOA X—V%RT. =7y P RIGRTHN
TH5EBMNE, HERNZEZTEDORIGZRHWIUIE LN Do TWVWE. 2
T, X—=7 v NSRBI 2 KIGWH 5B\ OREEZE(LH, ECKIERICBIT % Kt
Vi &Y OEZICEM L T0W3 %2 51X, EC KGN THOWOLATWRHEE X —
7y bCHEHAT 228 T, RIBGOMENRLEND, VIR TEZ =7y VEBYIPELNS
EVWIHIREZEL . ZHAUMEFDOTETHOW LA TW 2 HBMEORER [36] I2HD W TV 5.

RISz & 282 b %, RISOBEUEOFHEfEFE e LA LT, -7 v PRIG
ROLAEM Y, & ECKLROILEY Y 5 L DTSR O FELIE: % IEfEICFHE© &
BN THS. HlziE, 2—7 v MRIBRDOKIEVD, B2 EC KISHRD KLYz kb FE
PILTW2 eHiichz2 LT, EFPNIER 2 EC KIOROERYNIHRD LI T
Wb e, iMiiXNA0[REMD D 5. Tz, RIGVSRERMIER D 2550202, X
DRIGIROBELEZFTHE S 2 Z e LS 2. 2D X5 BB S KB X 2 HEZE
PREOMMEOHE Y LTHWS.
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X 4.1: TERDEERFR EIRR T 2R RKR DK

[R7E]
=4y b LECRIREDEEE{LH AL
= ZOECEESNERFEAIIENERYZ B OSN3 AIEEMELH 5 GEUEDES)
AR RSHERS FX=Y)
| : EC X.X.X.1
REHMA + RE¥B —— e BRER DY N
BETLEX
- [ECESDARNERLER]
ECXXX1 | REM1L + RS2 —— gl 2HY =
BER{LBY ECXXX.1DERES
* - al(#fa)
ECXXX2 | Ristl + RESM2 = £H a2sizb)
[ - a3(&Emc
) WERLRZ KEEL LCOREEAL
- ' BLEREORVL D EER

X 4.2: RIGKOFABIELLEL

SOE0 &ERIINDORGEZL 2 Z 2R e LT, 502 W =PEME - (bR E
D&{bE (FFEEEbE) ZHWS. (ERFETIE, KIS oERYNCEL T 20, 1
AR TFOZELD, KIGZLDOFRHE Y L THOWLATWS [27]. 22T, KIEVIDAERY
DFAEIIEH L7z 7 4 Y H—=T VY ek, Z2oESEIKT 22T, FMT3
ECKIGROEEZEZTHILTWS. LaL, 74—V M3MARBEERD D, Z
NZIULEYIDO LD &5 B EHIHL TOW3D0BELR > TWSE, DFD, 1DOD7 4~
H—=7V Y F TCRELECOREERTE S X 2D LW, —5T, W - (LR RE
fE2R TR T D, (LEOHETRIT 24EEL LTEZHN 5. RDKit Tld 208 iED
FrEEICBE 3 250 P35 anTB D, SAAAL D FRERD O IR EZ 5 E
TZ5%. ZD®H, RDKit ililh FZ22ZHHANWT, ZAITORMHEZELE % ERITFRF ORI
N7 MVERDZZ T, =7 v bt EC KSR DRIERO#EZE{L 2 RIS 5.

ZNT7 4 A=) eARRICRHEEZEEZDLTO LS ICERT 5. FRICDKIG
Ve g E zhzn 2y Lz %, I i OFEEE RT;, A4 DR EME
#PD; 2553, ZOrE, EnEOBR I T 2REEENE cv;(j = 1,2,..,n) B&
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K 4.1: FROCHRUTH T 2 F0ib 1 Z & OFRHE(E

| I IR 2
DF1 CU11 CU12 tee CU1p,
DFQ CU21 CU92 cee CUap,
DF,, CUm1 CUm2 XX CUmn

&, mBEDORKISKOFFHERZ bV DF,(i =1,2,...,m) ZRLFD X 512K T.
Cv; = (PDl + PDQ) — (RT1 + RTQ) (41)

DF; = (cvj1, cvjg, ...CV, vy U ) (4.2)

INnrdb iz, Ke41DEI%Rixj DERIGADOFHERZIERT 5. 1T7LIE X —
7y MG T & EC &=, HI7 IR 78R 5.

KR T MLVHIRD 7- DT B e e L& D7 — &%, KEGG & PubChem %> 5
INET 2. ThoDT—ER—REAVWIHEBE L T2o0% o3, 1DHIE, APIT
T—REARTE2 73—y DR STWERZETHS. APLICX > TRELREZT—&
ZEBICHUSTE 2201, RIS IV THINET 2SR 70D, AFEOLPLT X
WO, IR T —XINERITZS. 220HIFY V712X TTF—&ZR—ZAES5 LD
TERPLRTVRIIEHD. BRDZT—ER—ZANDZBRY VI HRZWNEY, ZEZHER
T—REIEEEZ LD, 1007 —ZRX—ZANTREONZWT —XEDOEREES Z 2
T3, BWELRZT—X%Z APITHEL, £Dk7—2BFR29MT 2, £k, #Hik
2GR ERET T —AR—ZAEERT I bAEELE 2 5.

KEGG TlZX 4.3 ® X 512, KEGG ENZYME, KEGG REACTION, KEGG COM-
POUND BT, V> 2 k> TECHESLS RES, REELLCHSLEEZ N
TE5%. ZOBFRED LICECHES e REN KO LGN EEK T 2 &% LEWD 1D %
155 % [40].

PubChem Compound TIHMLEYIORHER#UL £ KEGG IZIZ B WER I S SN TED,
CID TEH XN TW3. X512, CID X PubChem Substance {IZHWT SID & & 3 IZffid
XNTWVWS Z %<, SIDIEKEGG COMPOUND OILEYIEHRICY > 27 & L TRIL X
NTW3., ZHUZE->T, REESD CHESTELNL KL S FhZ2h b EY DR
HHRESZ e TE S, 4HENZ PubChem B2 L&Y D SMILES 1R ZHGF L, C&ES
¥ SID + CID Xz & - T SMILES TR D KJEHR &, EC BEDORIEREIERT . K
4412 CHEES L SID ONtBEE%REFRT. SMILES FERDILEY %2 RDKit TinAATr Z &
T, {LEVORHEA 7Y 27 MITE#TE S, Fhuckh, #iEXrarva—& TR
H35e b, RDKit Dt FZHWTRMHEZEIEL, (LEVMERIETRIT 2. &
RIS BWT, A e I DZE7ZH D, fEK L 7z SMILES G & EC %5 DXt
J6ER KD, ECHES L ERICADOFREMEELEDRHENR Y bV 2RSS 5.
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Entry
Name

Class

Sysname
Reaction(IUBMB) |xylitol + NADP+ = L-xylulose + NADPH + H+ [RN:R81904
Reaction(KEGG) [R91904

Reaction

EntLyj 01904 Reaction Mol file ) KCF file ) DB search )
Name Xylitol:NADP+ 4-oxidoreductase (L-xylulose-forming)
Definition  |Xylitol + NADP+ <=> L-Xylulose + NADPH + H+

4.3: EC#%%=, R#&5, CHESOSM [14](—HfHH)

SUBSTANCE RECORD
Other DBs [CAS: 87-99-0
PubChem: 3669
ChEBI: 17151 PubChem SID 3669
ChEMBL: CHEMBL1865120 CHEMBL96783
PDB-CCD: XYL[PDBj]
3DMET: B@4675 Structure '
NIKKAJI: J3.905E
Source KEGG
External ID C00379

X 4.4: KEGG ® C %5 ¥ PubChemSID DNty [17](—F 4 HE)

§ 4.2 REHISZARVTICKBRTHIR

NIGZL ORI E LT, FHEEELED 572 2 ZX0TDRMEAR 2 MLz W30, Zoth
BAZXPRETEZZeD, MER3—203H 5. —RINIZZELEESIoToM
WITHEA T 5. ZEMLHRE L X, HAZERICEWHEBEYND 5 & ok X 28R T, N
LHRER D EREOR TOER L TATWS. ZoToOBWE, FHWWAZEENL WGEICE
Zh, BFEEHOFEKE ENLMETH 2. SEOD 7 —ATIEFHEDOES WA FORT 237F
ET22, ACEDRAERTFHREET LI ICRD, EZLoRHo—Fe LT, ftho
LT E D BEADTINPKREL REZEZONE. 2D, ZELEOREZ @R L
DD, RITOHITED FIRHZITS .

ZEIER RT3 72D121F, HEDOEWRTOZEFICHR LT, 5o/ GEED R
STTEDPRSNDE ZeNZ W, UL, o THERZRZREL TWE S AJREMEP 3
YU EDOZEHBE D ESOHEBNIEIMN LT X R WEDREDLH 5. 2D, HEICE S %, i
INFRICTERENE Y 7R R) VY 7R(TS e TZEMMEE R T HEEHAVS 37, 22
T, BREHEE 7 2 AXEOEREY LTI 72X ) 72175, R45CFDA X—Y
2R

RAIIDEFETIX, SR TS LD —I0MThbh, BREDI 20D 7 XAZBEKI N
5. RIZZFTARESLDY—=IRD, REFHEEZHVSD, ZOLZELRLZ7 57X
X DA TFHETROMEEDERWRTICEHT 5. 20607 OHTHEDIRD VT
DI ITARES LIX, 77 RAXETOMHBEPREVEKREEZONS. DD, &R
HEEERHWA Z 2T, ZROGEARTFHOHEEZER L, LELREOMNEL RS, KXot
HI E LTlX, 27 7 XE2NORRTFZ2ENR LR F2ERT 5 Z 8T, tHED&
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BBEBIVFAZD 7 7 A2HoEEFRbEL
5k 7R CARRD S N

= BHLELRT 25 2 4 BT A BT
55 2RI
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Q

X 4.5: REHRHHEIC K 258bTFD I 7 2%) 7

& 4.2: BRI D% BRI RO HRE TS

| iy o | Gk r2 |- | b
AT 1 0 sz |- | 1/smm
T2 | 1/s; 0 | 1/ som
AT | 1sm | Ysw [~ ] 0

WEBOFE R T EZH LW 1 DOD5tih T2 L TRET 3.

75 AR T T 5 Python @ sklearn ICEEINTWAEEEZ FRXEZ ) V7 TH
%, AgglomerativeClustering 74 72V [38] ZHW5. FLib+ u, vEDOHEBEGREZ s, &
Lizex, UFokoicRkREn3.

o ;hmmfoMﬁfm%)_(kﬁb,@mé%ﬁ%ﬁ?um@%ﬁﬁy%)
\/Zi:1<cviu - Cvu)\/ZZ-:l(va — CUy) (4.3)

Sup WX U T, WEE -7z, 1/s,, ZEliR FRIOEH L, Python TF 4.2 D X 5 IR iEHE
THNRAER LTI SRR 755, 22Tk, HEREDS 1 e R2ERERZ0 LTV,
AgglomerativeClustering Tl&, AT —& & U THEEDOREARZ ML TRL, HHHT
WS Z e TE, R FHT~Y—Y T2 XOMELIEET 2228 TES. 5
MBI s =2 093 8bB, 1/s; £1/09~ 111 Tidid FrE~v—I3%. 772X —[H
TOZFARY Y 7IZBWT, mEREZH Wzt %, 75 2% -l d(Cy, Cy) 13,
K33 EDUTFDLI RS,

A, Cy) = max ——  (FFEL, = <111) (4.4)

ueC1,vels Sy, Suv

IO ZEZHVWTROFIETERAFHDZ 7 AKX V7 %1TS.
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1. 1/s; S 111 %2723, SR FORTICBWT, EVWOFHPRE LR bDE~v—
T5.

2.1/5;; £1/0.9 = 1.11 R 2B FRTBFEET 527 7 AXMT, d(Cy,Co) e 7z
27 5ARC, Coex—IF 5. FMERMITIABTFXTBFELRLIRDETHED
Rg.

3. VTARN Y IR TIR, VIARBHELEDY ZAXIIHET b FoXfbE%E
B89 %.

4. @27 7 A ZNOZ LR F ORHEMEHN T UFHE(L, B X OFEEIb 2T, SGELRF
ZWissiibh e LTHIHT 5.

K4112BWT, A7 7AZXDEdbFRLEZ %, GMEEART clusterX(X 1E27 7 X &%
B) L EEZ 5T, ZTHlEEITS.

§ 4.3 SOMICKBRIGNIZ AR >T

RITHITL U 7R 7 S vz VT, OGO BEME Z thig 3 2 Fike LT, SOM I
k22752290 7%f75. SOMEHWS ZDHHL LT, 220%Fons. 1 2HII,
BRI ZERIAN DAL AREIC R 2 8 TH 5. BRITDRHERZ b DGE, KIEHRE S
L ONEBGHSER LIS WS, 23K CTIHEMT 2 28T, ZOMREEET 2 Z2h
AfgEY 725, 22OHE LT, 792X X 2B HAEIT NS, ELUE & ks
ZFEL LT, a4 VELESSHBEREEDH WS N 203, RO KIS OFELE % 3
N7zW0We X212k, ERNBEENHELWGERDS. 20, 77AXV TRV
ZriEkoT, ETCORBARDELUELZERET 22N TEE. oD ehd, X—
7y b RIGRDIE T 2 BUEDE W EC RG22 EE R ICHER T Z 21, fho
MIGRE S LOFELED B2 e TES X512k 3.

w2z SOM D 7Fr 254k LT, KH Corder THHXN2 SOMDREFET 7 A V%25
BIER I NIz, REBFEHOY —Ra—RFEHWS [34. ANT 37— RIEXOTHIEZ
DERIERDFEAR T M2 2RI L THEEL L2 D2 HWS. SOM D S a2 A
WIERBHED Ry F =Y LTEEINTVW S som ZfHHLTWS [39]. vy FRODF
NUE R =5 v b (T) e RIERD EC HFESZRS.

2=v MIZ400(20x20) TH D, 2=v bOBKRESAFL L T 5. FEIIKE DL RIEN
T 247 5 Bebs & IREXRE D 2 BERE 1270 T175 (KH Coder3 V7 7 LY A+ v =27 )L
WZECER). A ENE 1 EREE 1,000 81, 2 BEFEH X 200,000 & L7z, SOM DT, SHEHE 2
= } ERKIEROFEARZ bAdv v By 73, X 3E8ER 7 528 v 7
METEIND. ZDVITARY U 7Ea—27) vy R X 2 7 1 — FIEIC L > T Th1,
SENE7 AR ITERITEINS.
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EERGERLICER

§ 5.1 HEREROEE

AR DFEEROTAUTOWTEHAT 5. 7, (LEVWORHHEAR S bR 5780, KEGG
¥ PubChem % & &ML DIFEREBUGF T 5. K2, KISGRADKIEY) - £ D SMILES
EHIIT 5. X512, RDKit iI2H 2% 208 e T2 HWT, {LEaWoWHE - (b2 R E
FRIEL, MMEEELEEZRDZ 22T, X—7 v MG E EC KGR %, 208 KITDRF
AR PAVTRET 5. X512, TEHUIZELZSOIERTFEZRNL, BEMN I S 22) >~
Xk o THBEOEWEER TR EZE DT, Hr-hENILRF2IER T2 22T, Xt
HIRZ1T 5. ®RIZ, SOMIZEoTRIDKZZ XXV 7L, &—7 v MRIGIITH L
THYIRERERL THT 5.

BHRP 77— 2% gL, BXEOWEMAICOWTL R TERIL TWL .
=7y FRIGK CIREFEDFHES A
SN, BAXEIUEALERERTZEBICET S, 1 X7y THOGHMD KISRICES %
MT3 2. K511 —=7y PRIEXZTRT. X—=7 v P 223ARITONLERTH D,
VA= (FE3% 13H) OBk 7 v a—nilin 28RN 27 UE s 2 RIGTH 5.
T, SODEBERETICHNT S, EERYOT v A INREFAXRZZHD, A7) —=
T iToTW5. HBAEHNZ Novozyma3s DFERE MDA —FBNLAR R o 72D, T
BRENDAIZ &% & EC3.1.1.3 1IN 2R S TWb. FHEZLED, BREES
FTHIZATS 72012, TR EHZ TVWBIEE, ZORIBREZ =7y b LTHOD EC
KIERE & BITSOMIZ LB 7 7 AKX Y Y717 21E, EC3.113DRIGKBZ =7 2D
HEhiET 2 e EZHNS.

—JT, =7 v F2OKIMNE, BETIREID ZRVRERZKIETH . #1DIZHID
RISERLE=D5, ERYOINERE FiF 37012, Efiiky UL CELUONE 2HoLEY
WEEIZ /T, X—F v 22V EZILNS. X—7 v M1 B EC3.1.1.3 DEREZH
WIGEITEZID S ARIETH D, FIDIfTo7RlORIEE LTEX =7y b1 ZRET 5.
EC kit e zhzhd & -2y b RIGKOFELEZ SOM D27 5 2 &%) > 7 TalfR{k L,
FHHUEY UTEC3.1.1.3 IR X =7 M LT Y DEGANNIE T 2 2> TR FE % FHif
g5,

teEst R ¢ %% EC RIS
SEOFENIE T2 ECHIGRED SR LEDK 725 2 TITS. X—7 v DRI
IR T IVIIKGIRDFIG & 72 5 T AT WULRIGD 720, AWaiERE LT, EC3.1.1 D
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O O
OH o}
. HO/\<_7/ O__oH
X—=Fw b1l &~ * - 0
HO  ©OH - /\(—7/
HO  ©OH

O._oH o _ lipase
HO
/\(—7/ * \()j\o’N\\r t- amy1 alcohol \(\L /\Q/
HO  ©OH 50°C,20h [o]
3 equiv

Enzyme Name 5-isobutyryl ribose assay yield%
2 _)ji w b2 | 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) 1"

Lipozyme RM IM 10

CDX IMB-103 33

51: 2—4 v MG

IKDRBEENEY TH 2 EZONS. T, KGRI RHER 72 BT H
D, NKDEEZETT AT LB AHETH 272D TH 5. Lid->T, EC3.1.1KEXDd T
AT MET B 05 (Al %ERICY, ElEEle $5) TR—7"y b eigEiT5. —Fh
T, ETCOECKERIIH LTS dEETHEIEEZOLNS. L2L, EC3.1.1
DA DBFEBETHLML TV Lfiix N2 rgEE2EE L, SN, EC3.1.1 L niz%
BEREL, ZD5 A TRELGEADATFELEE 205t HEIRIC K - T, BWUILERY
FTHITE 2G0T 5.

T — X O IGREUG & BIE

%3, KEGCG D ID RMIGAERF T 2 Y —2a— FEHWT [40], EC3.1.1 BT 3
EC &S, WMiH3 2 RES, CHESTHERINZRESORIOARZEEL, zhzhont
JERZAERK L7z, FIRRIZ PubChem 2251 C &S & CID, SID OXIGRZEIF L7z, KIZ
CEE¥ CID 27213 SID 22 L, PubChemPy IZ & - T, &NKIHRDKIEY) & LY D
SMILES B8 3 5 Z e ZidA7z. Lo L, CESIINT S CID BEEBEFEINTVRY
L&Y, SID #5181z L T, PubChemPy 2»5 SMILES % HUS T % 72\ 72 ¥ O R REH 5
H1L7%. 22T, PubChem @D SID THMZELZV Y ZHNTSDF 7 74 V2 AFL, 2%
RDKit T#tAIAA SMILES A L /=, F72, ®—% v b®D SMILES & SciFinder” TAF
L7 MOL 7 7 4 V% RDKit TE#3T 2 Z e THIG L7z, ZNHD SMILES 2% & T,
=7y P BXEECESIINT 2, FRIEY) - LD SMILES XSGR ZER L7z, DL
T, #£5.1, £5.2, BIXUORIIZENZNONIERERT.

XIHTR DAL 1

1% 5472 SMILES M # 121 KEGGC COMPOUND IZE SR X T\ (FEDH L
W EEY), HBVIdEHRSINTWEY, BEXDLH I N TORWMULEYIFET 2. £
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# 5.1: EC% S ¥ KCID £ 5.2: ZLEW 1D Xk

ENZYME left1 left2 right1 right2 right3 cid pubchem_SID pubchem_CID

0 31122 C04546 (C00001 CO01089 None None 1 C00001 3303 962

1 31120 CO01572 (C00001 CO01424 None None 2 C00002 3304 5957

2 31140 CO02868 (C00001 CO01839 None None 3 C00003 3305 5893

3 3.1.1.33 C02655 (C00001 CO00031 CO0033 None 4 C00004 3306 439153

4 3116 CO01883 C00001 CO0069 CO0033 None 5 C00005 3307 5884
173 3.1.1.111 C18125 CO00001 (C22237 C00162 None 18594 C22269 405226444 6365572
174 311115 C22218 CO00001 C22219 None None 18595 (22272 405226445 11788398
176 311117 C22373 CO0001 (C22374 CO00069 None 18596 (22273 405226446 11411510
176 3.1.1.118 CO01194 CO00001 (C22400 C00162 None 18597 (22274 405226447 135567131
177 3.1.1.118 CO00416 CO00001 (C03974 C00162 None 18598 (22275 405226448 44468216

% 5.3: EC &5 ¥ SMILES OXingE

ENZYME left1 right1 rightz right3

0 31122 C[C@@H0)CC(=0)0[C@HNC)CC(=0}0  [H]O[H] ClC@@H|(0)CC(=0)0 N N

1 31120 0=C(Q)c1cc{0)e(0)c(OC(=0)c2ec(Q)c(0)e(D)c2)ct  [HIO[H] 0=C(O)c1ce(O)c(O)e(Q)ct N N

2 31140 Cclec(OC(=0)c2¢(Clec(0)cc20)ec(0)c1C(=0)0  [HIO[H] Cc1ee(O)ec(Ox1C(=0)0 N N

3 31133 CC(=0)0C(C@H]10[C@@HI0NC@HIO)ICa@H)(0)C@@H10 [H]O[H] OC[C@H]1OC(OC@HKOIC@@H|(OC@@HN10 CC(=0)0 N

4 3116 *OC(C)=0 [H]O[H] 0 CC(=0)0 N
173 31111 "C(=0)OCC({O)COP(=0HO)OC[C@HKN)C(=0)0  [H]O[H] NIC@@H](COP(=0)(0)0CC(O)CO)C(=0)0 *C(=0)0 N
74 311115 O=C10C[C@ONCONC@HI0 [H]O[H] 0=C(O)[C@H}(0)C(O)CT)CO N M
176 31117 N [H]O[H] N 0 N
176 311118 *C{=0)OC[C@H|COP(=0)O)0[C@HN[C@HIONC@@H)... [HIO[H] N *C(=0)0 N
177 311118 *C{=0)OCC(COP(=0)(0)0)OC(*)=0 [H]O[H] "C({=0)0[C@H}CO)COP(=0)0)0 *C(=0)0 N

D7z, WIHERAND SMILES DIEIZZEH L 2 20 WRET 27-0, ZDHEE SO MIG
BRI LTz, F72, 2—2 v MEIRICYI 2@, £ 1 EOHAGHETH 5729, ECK
IERNEZ & —F v FRIEOHASDEIZT . ZhUE, EEFEORHEZLEOHEICH
WHNZLEVIOBHEME XY T2 2 2T, a2 3 0ERIC X 2212
By EZON27-20ThH5. 2Fh, X—r v bOYH - (LR EOMB 2L 2
LT, (kB2 EIC X 2R MEEOE LD EBME N 2 #2720 THS. DL
OHHDS, IFLAYDRILRICEETNTWS H,O ZERANLZGED, KISWH 2@, 4
B 1 {EOHAEHE 722 EC3.1.1 KIER 113D A Z R L 7.

IR - LPEES LUK FEILEDFE

R —7%"y 4113 D SMILES X$)t3% % 7tiZ, RDKit @ rdkit.chem.descriptor 7> & 208 78
DRt THERIG L, G 1, KGR 2, ARz e oHE CRIEERFIE L. 20
%, FHEZLEZ KD, K54 D X5 7% 208 XKIeRT ML BFDORIGIROEZIER L 7=.

MR DETALIE 2

5.4 DFH b, nan fERRKL T2 EREHORNATERI LS. £, 2TORE
RIS BO T LVRHEE 2 oM TR AN L, I 128 T8 (X — 7 v b 1), 724%
120 A (X — 7 v b 2) DIBFCITTHIREFTS .
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& 5.4: FRISADFFEMEZ (R

MaxE MinE MaxAbsE ged MolWt Heavy Num ons

Target -8 378152 0949632 -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
3.1.186 -6.597222 0.946759 -6.597222 -0.949074 -0.409219 -18.015 -15999  -18.010565 -8
3.1.11 -6.486111 0972222 -6.486111 -0675926 -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
3.1.1.108 -8.896201 0.794521 -8.896201 -0.839784 -0.462056 -18.015 -15999  -18.010565 -8
311113 -6.747917 0.372685 -6.747917 -0.872685 -0.398840 -18.015 -15999  -18.010565 -8
311112 -7.033650 0317731 -7.033650 -0979769 -0.421762 -18.015 -15999  -18.010565 -8
3111 -8.902683 0.535378 -8.902683 -0.657129 -0.360318 -18.015 -15.999  -18.010565 -8
3.1.1.118 -8.839073 0.535378 -8.839073 -0.575822 -0.317022 -18.015 -15.999  -18.010565 -8

% 5.5: FLidb TR DOHBIREICHE S 7 72X ) 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 MoIMR

3 3 4 4 5 5 6 6 6 7 7 8 8 8 9 9 9
NumAlipk RingCour FpDensit FpDensit] SMR,VS!SIogP,VJSMR,VS} VSA _ESt:fr C_ O |NumAlipt NumSatJfrﬁAr,OH fr_phenol fr_phenolfr_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 [MaxEStai MaxAbsH NumSatJfr,NHl fr_ NH2 fr_amide|VSA_ESt:fr_allylic |VSA_ESt: NumAron NumAron fr_k MolWi 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 HeavyAtqSMR_VS/TPSA NOCounfNHOHCo|EState_V|EState_V|NumHetdfr_COO2 |Fraction(VSA_EState4

26 27 28 29 30 31 32 33 34 35 36 36 36 36 36 37 38
|VSA7ESt VSA_ESt{NumHDo|fr_bicycli{fr_C_O_n|fr_metho]fr_Ar_CO|VSA_ESt{SlogP_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_ESt{lpc PEOE_VYSlogP_VYPEOE_VYHallKierAPEOE_VYEState_V|PEOE_V§fr_ArN PEOEﬁVJEStater SMR_VSAEState_V|PEOE_V§EState_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_VSfr_aldehy|EState_V|FpDensit|MinAbsE{SlogP_VYVSA_ESt{EState_V|Balaban)|PEOE_VYPEOE_VYPEOE_V§SMR_VSA6

72 73 74 75 76 i 78 79
SlogP_VYPEOE_V§BertzCT [PEOE_VYSMR_VS{MolLogP|NumHAc{ MinEStatelndex

§ 5.2 EEBRERCER

AR N ILDXRTTHE

HIRAREB O T H 2 IR 75 2 A1 Uiz, mmiRHEOBRER 2 5 2% v 72k 3
KICHREIT 072, BX—7 v FOBETENETNRISMWMD Y 7 AR I N, R—7 v
F1TIE80TL, X—7 v b 2 TIE 2 RITDRHENRY bl b olz. £551C, B—F v
M DBEDIFIRARBEEL, TOZIARXRIIEENI LR THONMIERERT. 12FD
7 I A RICHE T 5itib T [MaxEStatelndex] & ['MaxAbsEStatelndex | (SFHBEIREDS 1
THHHN, £DII—IZINTWBZenghd. Tz, b THIPELL TWBELIR T
M, ALZ7I7RARIBLTWBMHAND 2 Z e Dh 5. R561CI1EFX—7 v b1 DEE
2, Z7I7ARARY) YT =Y INEdT, BXORTHBOMEEL RS, ARSI NE
WX, 77 RARBEXEZEAICOTT TelusterX] THRRENTWS., £z, #—F v b
ZTrL, ECESDORIMDARRLTWS, VUF RURDESZ, ECHESDIRED
FIGRD, BB 2 550X INCHN LN TWE, 7y B —N"—TXU 5N TW3 HDIF,
ZDORIEADIERD ECESHMTEEL TOVWA5E5DOKAlE RoTWn5,

SOM ICLBRIGRD I SRR U IHER

SOMD 777 hICEk>T, KIbREZFZRARXR)V I T2 X -5 v M1, B—4 v b2
TENZFNX 52D k512 o7, EIZEC3LIVANOKIGRZERT. 2—% v F 1 TIEHE
BD T 5 AZXDEENT WD D, ZHuE, SOM 23AKIZ 2 Kot 2 FIAIRIC LD, X512
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£ 5.6: XotHBIRICEB T2 X —4 v b 1 ¥ EC KIERDOFHE~NRZ F v

cluster0  cluster! cluster2  cluster3  clusterd cluster5 clusters  cluster7 clusters clusterd .. PEOE_VSA10 SMR_VSA6 SlogP_VSA10
T 0358020 0842985 0204247 4571328 0622585 0207460 1696273 2341995 0173683 -0.133043 0796801 0043121 01269
33 0223667 0842985 0219299 0103504 0568775 0207469 0045521 0141173 0173683 0133043 0796801 0043121 01269
6 3495807 0842985 0161480 0103504 -0360520 0207469 0004312 0141173 0173663 -0.133043 0046341 0043121 01269
1 3518113 1079686 0207055 0103504 0497256 0.207469 0009803 -0.141173 0173683 0133043 0046341 0.043121 0.1269
7.8 0214983 0842985 0219101 0103504 0596503 0207469 0036318 0141173 0173683 -0.133043 0796801  0.043121 0.1269
1061 -0233037 -0.842085 0213692 0103504 0310413 0207460 0083963 -0.141173 0173683 -0.133043 0646084 0043121 01269
113 0251825 0842985 0217973 0103504 0596561 0207460 0012651 0141173 0173683 0133043 0046341 0043121 01269
112 0182730 -0.842985 0219101 0103504 0501004 0207460 0031504 0141173 0173683 -0133043 0046341 0043121 01269
111 0280504 1079686 0215345 0103504 0970931 0207469 0055048 0141173 0173683 -0133043 1333272 0043121 01269
118 0266600 1079686 0223487 0103504 1377476 0207460 0075928 0141173 0173683 0133043 0046341 0043121 01269
. .
2—45v k1 g—Fv b2
HO/\@/DH o o O _on HO/\&DH o] o] 0 _on
S o = T A S S e e
HO  OH HO  ©OH
HO OH HO OH
R R Graphics: Device 2 (ACTIVE) = -o R s |[@]=
9.2 82 3_79 1_E 82.126 3 64 87
tfﬁwss? 8047934 791 E1 1345451 51 4842 > A AZLEL 1391 S M
1583 12
2
411 22 526
241
113 7 11 481 49 g3 56 28
71112537 22 12 436 76 14414 65 1052 2314 54525
g0 249415, 821 10 7541 w2 ’ 2355 681
T 106,78 70 67 1,84 98
1061 r P
105 5129 41105 42
534 41105.1 88 1_84 T 1051 54 534
102 67 66 1.8 33 80
80 33 1052 14141 60 321 106.1 106 93
|T 93 42 63 98 49 o 4132 (3 4.1 9471 o0
Sl 75 7 444 32732 111 RTINS
23231 101 76 1632 3.4 13 114
77 75.1
28 Jel 59.4 5
55 324 4.1 85 6159
5.4 324 2 879 59.2
87 26,5653 13113 3.833811% 4.845 6y 4461 46 1E13,,486 1 4R378 g2 44
11 111 6490.3.4.3322 4.232. Ala 1.E1 “ a3 3_34°%9 95.1 95

X 5.2: SOMICXBRIERD 7 7 A% > THER

FIEZET T D OZ2RW0WE b= ZBOFIRE LTED, 2 KT FHEIC LT TRHL
borEZONS., X—=r v M(T)LELZ7RAXZEL, D OfHIIchiiES % EC K
JR & LT, EC3.1.1.80, EC3.1.1.93 E WHKR e ko7, ZhoDx—4ry Mo e b
B35 53DX51Cko7z. EC 3.1.1.93 DAL (KIEW) TH % C00191 1%, VAKR—2R
YREUHEECOEI NS L a—2D0MERE TR TS, £, Z—5 v F2(T) BV
THLZ 7 AXIJBT3DIE, EC 3.1.1.75(22), EC 3.1.1.76, EC 3.1.1.101 ¥ 2o 7=, X
541226 DRIERERT. FRIGEAIIXFEIREOEIED n fE# 2 2 EEERNZ L EFh
DfER e 72 o7, —/T, EC3.1.1.3 DRERSRFMECHESOER T ZHTAHERHL
TWVWBD, WINDRRICBVWTHILETEX—F v Ve BR2Z77AXIIEL TV -,

EZ=1

R—>w F 2BFAWEKIER T 7 A2 ) 2B WT, FHHEEZEPELULTWEH D
LT, RERTIX, Do CDHVWONLEBREL Lo TWE R =7y M2fHL. 18
RFRI X > TENETFHMTOR TV 0EMGET %729, #D ECHSKIOGRA R D HH
PLTW2HDE LT, RSN 205 fER L. BRLT, HWE LTW/EEC3.1.1.3
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RIERIESOM D~ v 7 FIZBWT, =7y MhTIVERTS, RIELULTWEIHDL
LTIRRRENLEro7z. HHRE LT, UTD4008%IFoN5.

1 OHBKIERFOREE KL TWih o722 e BFIFons. Aunsild2Tolks
VDR ZFFEIZLIGETDH, FHELLEIIMEZLORHME L THRIET 2 E XS
nz. LarL, RIRFTO 1 20LEWBHWSLNE D FEE TR FRERE T2
T, X LERCHEERLERZI LN EEZ NS,

208K, X—7 v bORIGICBWT, R LFHALE T, AN TVRVWER
NELHEELTWEETHS. TLXEITELDRIDY K— NER [41] T, tert-7 3
ATZNA—)LEIEEY LTHWTED, 50°CT20REIRE 52175 22 TX—F v FoE
BIEER L TWE. £z, HOERIMODERE B EL->TWS. —J5T, EC KGR
EYORNETEZ 2 RIGTH D, EAMIITAERIBESEZHVRv, FEBICH W
o, VA, FHEIREE, AR LY OMARERICX > T, RARWKKEIZNIHE DA
ERAEIFTVWREEZOLNS. FEEZLESL T TR, RICLAHORERND ERE L 725
BIERDDETH 5.

3oBE, MEBRBICH S 7 I7REZ Y VT, A—27 7 ARICHEET 3L +E2EK
L7z, MEZMICEER RO E I 2O T L E > LalErnEiyohsd. SEI,
HEDOE WA TR7ICH L, AAERAN T2 Z e TEERGERTE2E-> THIBRT20%
BT B0, 77 AXNOFRFE S LTHEEL, BIXUOEILEITo/2. LrL, R
DEELIRTEEETCRVERTNEZS 27227 7 A ZNFEL, Ptk T, EE
R FOHANEHED TLE o mEMELRH 5. WERE LTIE, MHERBICIGT TE
MENT=27 5 AXNT, R FOEEEICHEONWT, BEADITE T3 TFERREETENL,
YR Ee &R E RTTHIRD TE 2 e EZ b 5.

4OHE LT, ZTHIBRICHWO NG R FIE 80 £ 725722 <, MRERGIART
WEkoTHEZLE EFLBATE R o2 EZ 6N S, ST ICEESLEED
MRE LTOFEZRRE LD, DR OMEZE Lz ToiiTtE 2 K57, sddTo
HAGHLEERET 2 FEEMET LTV EZ L.,

Z32

Z—Fy F2LEZIAZRDRIGRICBWT, ZHOBEBEENEETNTVZEICOWT,
Z—7y MULEYVIDEEKRORE L LY EANZWAREN R D 2. £72, EC3.1.13 &0 %

CHg
A HO,
o070 “
: H
EC3.1.1.80 - o O™
N g ~OH
17-0-acetylnorajmaline N / CHy
O-acetylhydrolase CHg [ | cuewo
cccccc !
o X
nnnnnn HO” “CHj
uuuuuu
o cl OH o CH OH o 0
o0 N HO. N Ao oH
HO HO'
(18 [ JPAEN o, T
HO ™ "OH Q 0 HO™ “OH
OH CH3 CHg / CH3 CHy &
EC3.1.1.93  caoms [ e comm
- = H\ /H
mycophenolic acid o
O-acyl-glucuronide-ester hydrolase = coooot

X 53 2—4"w b1 DI IHE L TWSRIGE
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n ‘j,' - N g Hjc/\)I\OH

C06143

EC3.1.1.75 v M
Ho M CHy O

00001 \EO x

£11552

C04546

CHs CHa CHs

EC3.1.1.76 i H_H \ H\> H\
o . O AN o + o}

C11549 C11549 C11550
[+ [¢) o
. o ~O . . o~P0 . HO_~¢o
> : oH
EC3.1.1.101 0 n o n o
cccccc 1’ cz1451 ca1450
H\O/
nnnnnn

X 5.4: 2—47 v b2 27 I ARIZET %KL

X —4y FDFELITHE LTV ECHEBITOWT, EBICET 2 3B, HED
HoNnTOWRWEHZREDOSGE, SHROMIEERET, EC3.1.13 XD dENHERETHL L
PRENBABEND D 272, TAHIRDOVWTE LRI NMBLETHE L EZLNS.
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o
i

HHhHI(C

WA, FlanF v A VIR EDHET, HEREOFENEGE D, LERICDKET
FTHIZITOMBERREBEG T TWE., —HT, RKIDORL L EBIRED S, BEREDOEIKA
B2 WTERPITONGBEIEZTED, HNOKSIIN L TRERERL THIT 5
ZEWEEHINTWS., LirL, RERENREOBZEOHEIZEN T I rb 57
o, GRERMORGERD A TR L <, BRAMKOHEMRNIT 2, 0%, BERERT—
RR—=2A%ZMT 278 U TRERERAEMIIBERINL TV .

HE TR0 LT, BEEMEZTHTE2RAT608H60UX, RDRAT v I ThHb
1 DODBRITKBAZ ) —=V TETRAL—RIHED BN TES. £/, BREIZECH
s, FERNTHEMEHIN TR Z 2B BRSO RIGKR TEHIATWS.

INSHDZ s, RFETIE, Z—F v bRk KIEANEES 222, ECESDRE
BB R e FEiR U, BT 20D EC HEE2RELERL LTS 5. FHl
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