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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
RERIBWTHEGARET 2 FTHINTWE 220 (7], TEA Y T7 4T 47 A
DEZEIIH ALK LTV 3.

BEEERTTFICBWTIX, 7EA V7 57T 4 7 RS 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., BERICREBIN D EMMIEE, NTHRbZmghic b xT
BIRICRX UL, LEMILE KD EIRINCED 2 2 e 06, (LD D D 1A IRl
PRWTEREITOBDHEABEML TW. EB, BROILEWZAER T 2 72DITHEk
TR0 ATy TOEREIT> TW0Wedb D%, AEMEEZID AN T3AT Yy SET
WL WO MEERIbH 2 (7. ThonZ s, BIWAERD 72D BEE KL E B
D A5 2T, RIGKET 21T 28, H3W0WE, FEDRIMNIH U TARME Y U TH
WRERERY THT 52 bEERERD—DERoTETVS.

HIREIYOBRA»r O DX 5, BRIy UTHRD ANSEE, KICY GEE) oL
TREDERELZZMZAIVIERNOERINEONS. DFD, HEEERYDIIRE - 72
BE, FRUCH L TRELRERE THIT 22 W DIXBEZICR A2 LKWV, 25
2, RENCQIIFEBEREME L MIN S, BENIEEICH L TEWKIEEEZ RTINS W
IERDFMIC K o T, MEIEHICR 2. BRERLEEZHRL TVT, BERICET S
izt abETwizh, BENEBETHIE, COBEIHZZ 50D 2EETHN
TE20b LW, UL, BIFERBRRZFEEREMICZ T, BRED X 7GRS
EZIRLIEDE, BETFOHCIIO2E7dH D, BHESOHGES TR HE L
WIGEND 5.



§ 1.2 ZAMHTEOEM

AR (Biocatalyst) ZHWBREHLFITBWT, HNE 32452 R L 1H
27-DI2, MREDT —EZRXR—XAZ2ZR LD, BEOMAZITo TV IEMAREH T 2
RELT, RERBABEMOEHEZ DTS WS FEIWONIGENH 5. FFRX, 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 RIS TR - BREFL TSNS K50 — A BEET AU K.

AWK T, RIDRZ 527208, ZORISZMIES 2 DI EREZR T THlT 522 AT
LEEZD. RO B, 1 DOEERITK DIALTDIZIE, ML REMDHRETOIER 2 B
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
PIZE o THEEINTWS [7] [?7]. GRALNLRIBIIHN LT, BER (ECES) Zz Tl TEN
X, ZDOECEBSDOHEREDPSMEZERT 20 WVIRDRT v FITHEDL Z EHTES.

ECHFSDIEHRDOHNIZ, RIeHD SEBIIND, Z DEEZR %l o 7- RV RG2S FLEL
INTWD., ZZT, AT, BEZTHTE252—7 v b ez RIGAND I »
LAY, ¥£72, ECEHESDORENLRKISKND I 648, ThZn o - (b
PR EEOZ (L Z L L, BLEIRD GVWRIGDERES IR LT, RERkERERL T
3 5.

FRWOE LT, L% - BET —AXR—A0HEED ECHESB L, RENLRRIGKD
BHmzHG L, ECESERINROMBREZIENT 5. RICERIGAZ, RICY) & AP
DT D, =7y PORISASFERICHRL, SLEVWOMETr a2 —2 ETHS
7D DRBUZET 5. DR, BHOLEWOE - (LFRHEZFE L, &R
BOTRIED SERINOFRHHEDOZELEZRD 5. ZOEBOFHHEELE T EZRIC
HOZRITLNRY bv%, RIGCARDFENRZ L LTRET 5. BEIRERZ o
RITHIEZ ATV, 75 A2 ) Y 7K o TRIBRDOFEAR Y M ovz 2 ot FmE LicHis
5. BoNARILS, 2=y FORIGISH LT, mbOIOTWEHRIMNES 2, Kb
DECHEBICERINTVWEIEHREY, AVINIREZFERAE LTTHlT 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,
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BIE LT —ER—2ADoDEEHL, 7EA Y7 47T 4 7 ATIBII 2LEYORE
ERBE, ECESTHOMEZIBND. £/, 772X Y TFRIOWTIENS.
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B5E HETHRIC I 2BEEROME, EEBRERERERND,
FTOE FLrHLSBOFEHIIOVWTHRRS,
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§ 2.1 HEPREEMEERYNT—7

ARDOMOBEBNIRRIE, FHEEEN & WA DB TH 5. Iz THINICHT %
728, H 35 WVIXEROERUIEZ EHS 2 720, Moz bliz2a—J 1%y
N =R EINT VS, —2—FL 3y N —ZR3KELDIT, BFTHbL=a2—
ny, TNOEMET L F A, Z UTENEHRANC X Dl En 5. ZhoofEICED
ZBRETNADEZLNT VWS, 1T, idfBICd - & R LERLEX, >F7
2RZBVTITODNTWE 3N, FRIEIEADDDNREZSND D, AR TIIAEH
B EWEEICER L, SRS 2 — vy oK, BEREREITHEEOE D
ZICEDAELZ DTS, vFFROAENEZREAT 2 HERNE, ZhosoEREE
ARDD o TORITFIUIR SV, T2, EBOEKRTIX, ¥F FAFEEOMEE D H
B, MHETH 2003 EDHET =2 —0 & DRES (Dale Al W), X512, #
N FE TR ERIEENC A BERYEIXH SIS LD o F T BRI NE. ZhbDHEE
T F FRABEEDETF IMUICBWTEELERTHE L EZHNS.

Z 2T, RETERAHEESHEORMEZLEZE U 2WEORMZE (L, AR SE
tFCH % Dale RIS/ NI TOBEEE R Lz >+ 7 R R 2 EH T 5.

D b O, FLESCFEEIX, Y F AR E2DDTHS. ¥F 7 AR
KD Hebb HIZMER X NBD LN T WS,

dwf

dt

ZIT, AREIi—a—arOEFETHD, v 3FHj a2 —arhefia—n oA

D> FTAMEEERZRDT. ZOHERIE-> T, ¥ F TAMRENZE L) % & FEL
LTLES. BEPiSTDICRITIONIRWENEDEERETNVORHHE RT3 1).
FHME LWL IBIEXNY F T RAEREHWT, HES 1 X8 2 REM M
a7 LD EBMHAT 2ETL2)R, MRII IV I RFBIHTEZIET L) 2D S.
FLIRIFFEHIECAR (Short Term Memory : STM) & RHAGIIE (Long Term Memory : LTM)

WREL DB ENTES4). STMIFESRD > F 7 2O E R TR S UEI X
N2 $2=—a2—0rEAREHNEHITHS. LTIMIZS F T ADBEORENE(LT 2T
BRI EZLNTVWS. Fiz, LTIM 2R IN 272D STM 234 U RIS
3, IS ODRBIEEVWICEEERIELTWSE Zdbh s, STM 25 LTM 25| %
HIFTAD=ZZALE LTRYNIZEY VBLICE2bDREZ LN TV, ZHITEHE




FI TS F AR ZINZE LR v Dy DE 2R vy v 2N 5.
CNMEUNRTEY VEBEEBITEWSIBDTHS. F2RXA vy I v 2 LT cAMP
R Ca2+DHILNT WS, —fRICLTMICIZ X Y R VEBDERBPDETH S e Ihb 4). Z
DEIIZ, =2 —aYOEERCTEIHRO-DICHBERYENFHET S, 22T, #1
R, HB2RRX v v E D THIEMERET (Nerve Growth Factor : NGF) &R Z
L35, PFTRAOMERTHEINIHELYIE (NGF) I3MUNedl TldEia S HE S 1
3. ZOEIRFHECEAHEEOMEBIL, EHE =2 — o v B EORICB VLT BRX
NEFMEEINTWVWS5). F/2, —D2D=2—0 VFEENCE—ZEETHD, >F
TARERBENTH 20 IHIMETH 200, EOHEToa—m Lo THRE->TY
5. Zhk DaleHl2 WS 6). s Diflig, >FFRAEEDE T I ICBWTEER
R 5.

RGN (= 2 —a V) IR 2N T 2 R/ DN TH 5. = 22— IIHIla & Bhikgei,
MR»SR 5. WHERERIISFTREMIN, o= a2 —n > offifufkics > 7 X%
LT A EEZ I T2 28 I K DEMEET 5. NGFIZ¥ F T AEROM/N L
HI By CBWTHATZ2DDL TS, Z2T, WEREi—a—a 0B L EHOM/NHE
BERT. Hj=a—0rOM/NER By IS8 5> F FRARHKKRIEKEER ¢ v L, C
NDPER T2 i —a—a v OMIERICBIT 2 F T ARREKEEE 0, £ T5. ¥ F TR
BEER w), £ 35, ¥F 7RAMBREOKE XORME(ZY F 72 0BEN, MflEc
WIFET, STMICRET 2FXBEEDIEYY LTM ICB$ 3 NGF OIEZ H b DDLU DR
RIS bDEL T 5.

dwf i

dt

ZIT, w)>0TH23. £, g, FMNER B, XN 2 NGF D5 B, £ DR

kﬁ%bfwé%j%J—D/®/%7X#K$T%6$T%D,i”ﬂ%ﬂt?ﬁ.?

KIKEST 205 ETH5. of BNNWEARENRTSHD, Hebb HlZRS. WAYERHEIMNER
miMT@kaﬁ%éh%.

= aiszj‘k + ggkwgk + z]k: (2.2)

osz = / mk(x)ﬁfk(x)dx (2.3)
TEB;j
Z 2T, NGF 0& ¢/ 13RO FENRIHES.
dggk

W = Eik(G gzk k’wzk + Z szwzk
h#j

gzk Z szwzk (24>

ZIZT, Gipld By "D NGF OBHEHETH D, BHOFHFICE D IRESINZ2EHMTH 5.
ey SR ZEDERTH %, NGF ORORHZ(LD > F 7 AORENE, #Htkc ks, 2
D> F T AMEEDORE XIKFET 5. £z, HBEANEST 3> FTABAF LIS NGF
DEDOIFEIZIIZH L, NGF OftHEHE ORZ LA TEZ 2 2 LT Gy BEH L A7

T, O F T AMBEORMZCZ KR IKET 270, > F 7 AMEE DR BZAIC



XL, NGF OEORMAMIIEHTEZ2b0 35, 22T, SELEMT) Z2EHA T2 2
IZED, Hijma—m Y B h =2 —v YHEKICNGF 2HE T2 Z 22X 388 D%
RN BHEAT S L LIRND Dale Q2 £ 8 L7z F 7 AR E 1N 3.

dwgk
i = (G zk+06 —;;@kwm wzk+ zlc
B lk + alk Z’y]h ?k w'Lk + zk (25)
I T, BAREY)
n B h
nﬁz%:/ ke)eh(a)da 26)
Eik (EEBik

TERT 5.
fHE D=0, DUNTIEMUNMEE B, \CEH L, NGF OfBREHN—E (G =0) THLH ¥
DENGE (fl,=0%EX5. ZOrE, EEEKV(wy) & LT

1

V(wi) = 3 /eB {ni(x) — siw(z)}dz (2.7)

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

Nig o
= wh&h() (2.8)
7=1

f%é.:@f@EL@w¢%ﬁBkmﬁ%bfméﬁNf@y%fxm%X@yff
ARIFEKHERE & (r) ¥, Dale AlZEE L72S F 7 AFEETHE w, ¥ OMORMTH 2 DT,
sM@%Wﬁmé%Emmgtﬁ$ tt?é.ﬁﬁ%ﬁvwmmu%7xﬁ%kﬁﬁ
nik(z) EHARRREVERNE s.(2) DEZRTIEETH 5. > F T RBRIEKBE ni(x) D
REENCHRTF LR W ARE T 5 &, ZDORFEZ(EH

dV (wir) _ NZ OV (wix) duw,
dt ow),  dt

Jj=1

Nig dwj
== [/ Nik(x)E) (z)dx — / (z)dzw! ] —*
j=1 rEB;j, k Z zEB;, dt

:_szk Zvjh ")

<0 (2.9)

570, IEEREV (W) 23 Lyapunov BIE . 725 Z & 302 %
INBD 6, ¥F TRGFEKEE n)(x) Z A 2 10T 2EE LW, ¥ F 7 RRiFK
B ¢ REEREBMTH B L ART LT, ¥F FREEEHE W, ZFHERITVRNS



RBFN ¥ FIRRICE F LW & B KB O 2 AR AT B A X8 5 Z 2 2R &
N5, KX TlX, (2.2) XD F 7A@ AR EEEFYEHI WS 22 255,

W AT

Rz, ThEFEAIe UCHH L Z-EIRREEBr v bV — 2 B24RET 5. BIFRARKE
Bry b —23EEMN 2 —I L2y P2 CHRL T2 —0 >y 2 DR
BOARETH 2 R EDENT-mE D DD, BBOLLIFESR 2 — i BNCEH X R
ETTWS. UL, BIREEREEER Y NV — 27 TIEIRADOIEFICEE R LT % 7280
WKXHOLNUDMER =2 —a VP AHATH 272D ER=—a—m 2B TS, —
iz, = a2—u oI E oBIELCEFEOMEEZEL 2 ZePHoNTVWS. £
T, ZhoORERRIRT 272012, #HEEFHFHANCE D W2 F F A0 8EE5#E
REEH LB SRR Ry V-2 2RET 5. BoaBREEEHE Ly b —2
TR F I RAGEREBEMICHEEZAE L XY, FHICHER= 2 —v VDA HARITE XK
D, 2BFOMBIENZZeNTES. ¥Ial—>aryTld, BEFREEREKLY b
T — 7 DSEE OBIREEEECR Y P — 2 ICHR L CEBICEETE R ERT. £,
KA DOMERZEEBIIE VDA T 2EALANEZ oM &, IRR=a2—m1 Y% bOh
BEREAEKES A Y b =PRI D AR E R 2 —u YRR LT, Rl =2 —
0 VBT OMEREERREHETE 2 2mT.

Za2—I Ry NY—PR3EFTHE2=2—0 Y EFNo2DRE ST F I REEERED
LR ENG. =2 -3y NI —IADANEASN =2 —0 Y TRITRSN, —a2—
0y FIAFERMBICLZ B EZTICESIR, Hh—a—mrhstihadns.
TDLE, Za2a—F%y b= DFEFLBFANTHIET2EE L WH 2B 272012,
—a—u YDA O F TR EREEZ(LIE R THEEERS. ZIT, &
BEOIEEBRE T oPE =2 —nry 2HVWE3 B2 -5 xy VY —2T, B
REHES E TR TE 2 W 5 BIBCELUERE [1] 2VREN TV 3.

LIAHT, ANPSZNICHIET 2LELVHAIEE2 010 SN HE= 2 —
0YOBIEZRHTHS. O, ERBICHB =2 —0 % AICEHHLTHRET 3
FiE 2] %, FEHICHHE =2 —a Y ZZTGEM L TW» < FE 3], BXREIFRL T Fi% 4]
REPRBINTVWS., B TIE, =2—I1%y v —20@HAREICAER =2 —
0ye s F P AREERENFEET AHEICBWT, ZEHRCy F P AEERERICH &%
LB TCRARED a—0 v F P AREEMELZHIRT 2 FEEIRR T 5.

—fic, BREERECR v bV — 2 (Radial Basis Function Networks : BUR, RBFN)[5]
WKBWTH, MTER- 22— EERBT LI LICX23F FAFEEREBEOHING, 8 DE
IEREEE OMEEZAET 5. IO OMEZRT 251k LT, BE LW EHBED S
WANEEELTWS Y F S AREEMEIC I DIEXI N ANDEEZTFEZ A= 2 —
0yDAHNREDOAZRRTGT 2 e NEZONE. FIT, AL TES F 7 AFEGH
HENCAE D OMHEIIE U /B ENEL 2 LD Ry F TR FEREZEH T2, 2L
T, Fonizyr 72 eEE A EAl e UCGHEA L7: RBEN 258 81%
KB A+ v b7 —2 (Competitive Radial Basis Function Networks : LA, CRBFN) &
LTIRET . #HIZ, L5 LVHIPEIREEBEBOEBED R LAY THEHTE 255
DHZERBVWTIE, Z—IF VT b7 X [6) 2HMHT2 e TEE LWKETICRT %>
F I 2N FREAPERTEZ 2B RT. I 2L — a3 Y TlE, RBENIZHEEL T



CRBFN BN TW3 Z & Z/RT.

AKX DERII XD BYTH 5. 2. TIERBFN OEICOWTIANS. 3. TEYF
T AREGHEMOBREEE R L F IR AFEAOEH 2175, 4. TIXEHIN
> F T AR EN R R AR UCEA L2 CRBEN 24283 5. 5. Tldig
ZL72CRBFN OHRE> R 2L —> a VI DERT 5. 6. TlEF D SHOFEICD
WTRR 3.

RBEN 3 IERME R n(x) 2 BIREEREK ¢(x) DR LERTHEMT 2 =2 —F 11 v
N =2 THD. BIRFEEEE L3S LI hy R BEEEER s
3. NHOA N =a—uarye 1o H=2—a 5% 2% RBFN IZR 1 D & 5 Lk
ZHO. dRTLDASIRNTZ Ml x; € R(j = 1,2, , M) Z3TRTDOAS=2—v1 VITA
hahz, Hima—vy (i =12, N)EF7X—&¢ = [m" Y] %dbD. ZIT,
m' = [mi,mb, .. miTTHhH, Ye R¥TH%. ¥z, SUIIEEBENIMTIITH S, H
i =2 —a FANRZ P x; ISR LT

€1(xy) = eap{—5(x; = mo) 'S, — m)} (2.10)

FHNT B, 22T, FFOTREANZ ML OEERZRT. HAEC(x)) &> F T 2EEE
BV EBELTHI—2—a o mEIN, Hi—2—u > TINHEELEIN

N
s(x;) = Zwifi(xg‘) (2.11)
DH1E 5. RBEN T X 2 BBoE U 2 Feik 2= EE £
1 M
E(w) = B > {n(x)) — s(x))}? (2.12)

J
ZRAOEELZZICEIDERENS. 22T, w=[whw? ., wN|Te RN TH 3. OF
b, RBEN "I K D EELRTNERSRVDIX, Fioa—a oy F P AFEEM
Huw', RTAXA—Zm' BOLRIARATRXA—Z L TH5. 87T Y XL Delta L—IL [7]
AT AT

dw' A OE(w)

dt ow*
=A Z{ﬂ(fﬂj) — s(x;) €' (2), (2.13)
dm’ OE(w)
at —A om},
= A (nfa) — sl e () ), (214)
do" OE(w)
dt —a Jo’



M i\2
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MRS5S, HL, iz d=1 LY =c L7 AZBEYREDEHRTH 3.
ZZT, RBENIZDOWTH 3@=a2—F b3y bV —2 & ERRBEEBCELUER [8] RS L
TWbZ ez LTsL.

L AT, RADIEFFEEE Z LML 3 72 DI P EREFRREIEEKOMEEE D 50 U
HzZrldcxkw, 20729, RBEN TIEHRKEBIZCBWTWS O»DIER=2—1
VEMATWS., RICAT=2—0 VN IEASTIRZ P VB M ITHB L TR &E
xhd (NSM). ¥/, ANM=2—m D7 X—Z m! ORERIIEZATIRT b L OF
DEEPLEZ 2 FHEL, AR MVIRERRE LTEX 32T ERD S, T X—&
m' % ASIRZ PV I 3ERER e UIFERERCE BT 2 ki, K (2.8) @ 2 bz 3T
DI IHEICHE D E Delta L—IL 2T 2 HEBENFIEL, E—meaniEI2k b AR k
NER I IRARY L TAN=Z2—0YDRIRXA—EZm ZED B LI RT A —& N
RS, RN2TRICED O F TABEMEEZRET 2N TV Y RFREO REDD S,
NI RX=Zm' B AT MVDERTEED» 55 2 2F1E[10) T, 2 FREZEFHMHORE NIC
RELFET B2 F T RAEEMED OBEZREIZT 2D 13 Z & TRBFN OfRKtfb %
1ToTW5.

LL, 275D RBFN OEXITILICBWTRE Y 723 = o — 0 Y ZRPIIE T 2 3D
M ENTWRW., Z 2T, A#HSZTlE RBEN OERITGICTE T = 2 88 A RS
PIRETS. ZOFREYF FAMBEMERCHSEZECI®LZ LD, FHLEY
5 HRBAEXTULEATS 2 e D AJREL 712 5.

§ 2.2 EHEBBOEBRCX—IFILT+ZIX

> FRAHE RIS ¥ F I AMEERMETIE, Ba BTy F 7 AEEREIE
SEHRRETIX 01272 5. 2 2 AD, A O IXFE R BEI R EN AT O 5 O THEMEAIZ
AR CHEERREARRE T 2 22X TRV, 22T, EF L0H X EIERE KK
PEBMLE L TRELAEDODES ZE TEIHTX2RHDEEIC, Hor UG 2 oKt
TYEREANPRTE 2 XS IBIEEINSF TR B AFEZEH T 5.
F3, LFELOVKRKI ¢ TIORT % > F S A REDRRZ (L% Lyapunov BIE % W
THHET 3. #227T, Lyapunov B DKEZE(L %
dV(wir) _ V(Wh)PV (W)
= e (2.16)

THEETS. 22T, r JMEBEOHFKTHY, R="LThHs. wi, & wy OUHIET
H3. ZDXSRERIAHE t&ot®m,&m%%%ﬁbt/%7x7m&ﬁ&fhﬂ
3% Lyapunov BB EH XN, EF L OWHADEHFRREEBE ERE L TCELEHLES Z
CCEHRTEZARPIOGEEEZTWENLTH S, ¥ F 7R HERIZ




dw? it

; , " 4

Wk = Ai(agy, — § Vik Wi )W)y (2.17)
h=1

ETBIENTES. ZDL X, Lyapunov FABOKEZLIZ

di == Ay Z w0, — Z Vgiilw?k>2 (2.18)
j=1 h=1

5. ZIZT, A 3R~ K~ oRETEZenTES. Doz ehrs, EXL
W ¢ TP REANIR 3 2B IE S iz F 7 R a2

dwzjk _ (Oézk - Zgiﬁ Vfifwzc)yfk % V(W?k)RV(Wik)% (2.19)
dt ) j=1 wi (o — 220 ’Yf]? wi)? Rt
TERTHIENTXS.

BRiEOZE{L

—a2—I)F vy Y =27 D—DIZHIIRREREK A v F 7 —2 (Radial Basis Function Net-
work : BUR, RBFN) [1] 8% %. RBFN Z=a2—n > Z ¥t ORFINZEENAEETH D,
EDPD=2—F 3y b= IR L THEFERERETH S ZePHoNTWS., £/, 1
DRED=2—n v EHWz RBEN MER DI B R AES L c—RicE Tt
% Z e BBEEOALUERE 2] TRENTWS. —iki, REDOIFFEREECER TS 3 7212
Bhoa—a ORBH o UDIZEAHTHS. L, NN IKHER- 2 —a U BEH
FET2581%, FEOBERPEHOMEZE LIRS, 22T, NER=2—
0 Y EHIBRT 2 FEPREIN TS 3], [4]. 24U L, NN ICBEBOELUSRELREB D
a2 — B YPFELRWEEE, BEEcEME 322t RN AIgE 2%, 22T, #Hil:
WKRHER= 2 —a Y EBINT 2 FEPRERIN TV [5. IHHERDIFFLICIE, LEW
B 2E ZBEEREBOHIRE BINZITSdDbH 5. 220, ZOXIRFIET
HEHEL 2 LEWEOIEHERLRETH 2 Z e N TRTE 2. /2, HAMEESLEN
LS 2BRECIEHIBR T 2 FE L BINT 2 FEEZHARGDOE TEE 2T RN S
W, BREFNZNCE 5o TRWFEER, HEZ0%FHAEDERZT TR, BIREE
B OBOPIREN T2 L TEE LWERME LN D B IFR 5720,

Baixfkiie, nER=—a—a 2HRTE 2> F 72BN FEREZER L, chz@Es
AFAEEAIE LTy F ARG RMBEOEHANEH L s ez A RESE Ay by —2
(Competitive Radial Basis Function Network : BU'R, CRBFN) [6] Z#2%& L 7. CRBFN
DRRIZEEF LV EHERNEWANZEEL TWS Y F I REAMENEZRD, &
XSy F I REAMEBIRHEGRTAA = 2—n o Ao ALHHEGIZN S Z
THsb. 2D, CRBFN TREHAICEIDIIER=2—a Y ZHKZE 5 Z L HA[EET
HY, ZOMR, FEOEERL L EFEOEEITHONS.

L2 L7235, CRBEN THAWMFEENZT 2 X5 REROZIZIIIGEL 2hTW»
Bhrotz. ZDOEHIZ CRBEN (I3 LWEIMEEEREBZ BN 281057206 TH 5.
ZZTWVWIHORBEOZENCE I AN OESRZ 5 X 28820 b O0ZET 256, B
B EFICHOS N TWE AL AR 2 DI D BRI b, #HilzcBlllxh
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AT OB EEICHWONZD T B LS50 RBELTWS. Z I TR T
X, ETHLVEIRREERZEMT 2 FEZRET 5. ZOFEES F S A AEX
(Delta v —) b, HEEFRFLEHAD CHT 2ELZ»HEONEDDTH D, BEREFEEE
BRESNRINBINT 2 Z e W TE S, ZL T, ADKITIREL L= CRBFN I Z DO FER
HAGOEL=2—F 3y b UTHERE - BiEEEREREK R v 7 —2 (Reproductive
CRBFN : IR, RC-RBFN) %2#£3%. Z® RC-RBFN X, BREOZ(ICHEILT 3 HE
ZA7=dDLRoTWA. REXTIE, WEINCESNIEROEMED & HE 7R
EE AN 2 B RIKBEBOER 7 L 3 ) X LW TiEm e B L TW\W3 2, FRER
HAMDIER D Delta L— IR L THAEETH 2 Z & BERTIHRNS.

KX DI RD e BYTHS. 2. T CRBFN OMEICOWTHRS. 3. Tld>+
FAREE G REARCE T 2 EE S, EFERIEEBD T X — X DS MEREEEBOE
HE1TS. 4. TIXEHIN-HERZEEBEBUERH U -BRE R o7 L) Xa%k
883 5. 5. TIHRELZRC-RBFN OfaEE > I 2L —>a VITE DRSS, 6. T
FFE D SBROBEITONTIHENS,

RBFN IZIEARERIE n(2) ZEREEREROR LG TaANT 2 =2 —F 1y bV —2
TH3. HFEEEEY LT3R b0y 2BEHERZ AW s RS, M ED
ANza—vre 1fHoi=a—a 55742 RBFN XK1 O XS5 iEr do. dX
TEDH i ANIRZ bva, e R4, (1=1,2,.., N) IZTRXRTDOANI=a—v Vi ATans. &
JATI=2a—a Yy (j=1,2,. M) I FTRX=R ¢, 2bD. NT X=X ¢ [ FFHRT F v
EHEDHATHIORSE {(m;, 5} TH2dDLT5. 22T, m;=[m/,ms .mJ"THD,
Y 3 ZDWATHI S D kI ERIZ o DD d x dDITHNITH S, £z, 5 FIEEERFE
TFHICH 2. HEji A= —a VIFASIRY P L 2R LT

€0 6) = eapl—5 (o — my) 57 (s — my)} (2.20)

PHNTE. 22T, BREOTERY MLOREEZRT. Mg, Zok> 2T
AN=Z2—vrOZ e ZEFEEREBE VWS 2 v$5. HIEL(x, ¢;) > F T REEE
fEw ZELTHI=2—v I ANREIN, HHl=a—vrTIhbFELEDEH

M
S<Xivw>¢j) = ijg(xivqu) (221)
=1

BHHEND. 22T, w=[w,ws,..,wy]t € RYTHY, ¢ TEE {¢1, 00, ..., 01} &
KT, Za2—F Ny b7 =22 XBECELUE, IFREREE () Z 2y b =2 DI
s(x,w,¢;) TRTZLTH3. ZD7H, RBFENIZ X 2 BB LU R 2 RRZERE

-ﬂw@zé}Zﬂmwﬁ) (2.22)
E(Xia w, ¢) = {T](xl) - S(Xi7 w, ¢)}2 (22?))
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%2 AR CHB. DD, RBINZERIC K DERLATNERSRVOE, 5
J BIRFIRBAR D > F T A SR wj, N7 X —X m; WK RT R — & 5 TH2.

Z 2T, fEE® RBFN & CRBFN O%¥E 7131 XADKEIZOWTRRS. —fikD
RBFN D2EE 7TV X413 (3) DR 2 FEARARIBUT Delta /L—v [7] ZEAH L7z

ij = _EM’ Amf — _EaE(W7¢) 8E(W, gb)

dw; omk doht

TEZHN%. 72EL, e ZEARIEDEHRTHYD, mi 137 X —Zm; D EERTDH
5. £, Awj = dw;/dt, Amh = dmk/dt, Aot = do Jdt THB. £ ZHT, RAIDIER
TEBE 23 (Bl 2 72 DI BER BN AL RBIB D E B 2 D 50 LR 5 Z L IETE RV, 2
D7=H—f%IZ, RBFN TIZHIHPREICBE N TV OhDTAERAI =2 —0 v 22T
5. ZOIZtiF, FEOBIELRREE ZH KD —>TH -7, CRBFN TIX, ¥7
A —=Zmj RN TA—R L] D¥E7 LY XLIERDRBFN AL THD, R (6),
(MicEbEz6N5. LrL, ¥FFREERE wj 120 L TlE Dale RIZERELZ>F
TR AT H 2 EE AL EA (8) pHEHINS 8. ¥ F S AMEHE wi 1F
Dale HiC kD, 2Hj =2 —mYPEBHETH IR LIE, HHETHLIROADHEZ L .
F, pkZFk —a—orhpEEN (wk;0) TH2R51, MFHME (wkij0) THD%
5-1¢%%Dale HIZEFEEL#BATTHE. 22T, aj(d) ZANEREMETHD
(9) TEFEEINS. y k() FHHAHRBTHD, Fj=—a—vrrFk =2 -1 OHH
DR EFRL

(10) TEFEENS. £/, CRBFN Oiix (11) THohs 35, ZOr %, &
2 FAEBME(w, ¢) &3 (8) 1IZX3 3 Lyapunov BATH 2 Z 23 (12) I &K h/R&h
%. CRBFN O2EHHNI R 2 FREBB E(w, ¢) OfEEIRD X8 2 725125 j BIFRHEE
BB D> > 7 2EEREEZN (8) THEHT S, I bRokE ] ¥ F 7 AESREIZ
HRL7ZDDL LT, £AER->TWB I F I RGEAME, I EhSICEDmEIND
ANPEACE 20T 2 ERREEBEB DT X —RIZOWTOARER EHT 5. ZOFHANE
SF FRFEERMEOEHANEELR D 2D DD, FHRZ b H5EETHI O EHHHNEAE
KROFEETEZHNWTWS., £22T, AFKTIEHEIZ CRBEN IZEWTHFERT PO
BHHAIZWRET 2 2 ek, BRAKERZER] S 2B EHERREN Yy b7 —2%
WIITRERT 5. 3. 85 R — XD S TR DEN & 2T, CRBFN O~
Fov, EGEATHIE > T ARG ERENFLEK TIRIC & 2 FIRHEREE p(w, ¢) 28T
5. ¥3, YFSAEERE W] B

(13) L EBEWT 2. yvj OERBIMEROFEKTHS. 2o x, KX(B) X (14) &7&
5. 772U, WFAELUZ. KX (14) 3SR

(15) Zifi7z 372D RT > %)L (16) ER 2 N TE, Z-yj ORFBZELIERT &~
>y L'V

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

(18) L HXET I N TES. ZOMRK, (19 THL eI N5DT, RIE2 FR
ZEB E(w, ¢) OFMLIZRT YT v LV (w, @) DML EMTH 2 Z e b 3.
4, R (14) IS yj BRT YT Y AV (y, ¢) OREE RAIANCEHRINS. Z DR,
O TUMUNMRIZICRS 28, Z22hofkNd e TERIRS. 22T, MNMEDPS

Ao} = —e (2.24)

12



it X823 7-0DFEL LT, vj

DEHAZE yvit + At) =vit) — OV (v, d) dyj At +

QA tnj(t) (20) DEIWC/ A XZERLUMBCEML 72 AABETEZ 222 EZS
ND. 727210, nj (t) FHSIRHEREKTH D, FH0, 7H1 DIEHZA N, 1) 1Z9E5.
Q IEEDEDERTHZ. DL %, ¥HKTIKFIZ CRBEN O T bv, HEoEUT
& > T ZAEERED M7 T RIFERZE p B (w, ¢) EpB (w, p)=2Z -1 B exp —
BV (w, ) (21) TIHZZ W TE3[9. ZIT, B=2/QThH3. Zp ZOHEEEKT
»HH(22) fﬁ%‘%émé. F7z, XD WERT YT Y LV (w, ¢) & RE2 FHAEBEBE(w,
¢) OBEFRRA (19) &b (23) b EHEZEIT N TES. ZIZT, B=12Q -1Th3. %
7z, Z BIEDEREETH 5. > F S ARG ER L LT Delta L— 12 HWTWBHERD
RBFN IZBIL T, FRRICLTRNT X —X0E S HERZBEBPEHTEZ 2 Z e 25T
AT LED X SITL T, 785 X = XA S MEREHERAEEHTE-2 itk D, 525
N0 d » TRE2 FEABBE(w, @) ZRINETERTIXA—XDEIHRHTES Z
LERT. ZIZT, HEEE (x) Zn (x) = 3N(- 1.5, 1) + 2N(1, 0.5) (24) THZ %
Zrr3%. N, 2)FFm, 782 OERZBERKERT. ZOBEMEE2EIFRE
Bfr—> (O F 7ABEMBEwW =1, XNT7X—KZ =02) PFHOTCGAUTZ %%
x% ZOHE, L &S LTV BIERERE N (x) OEMEX I L, HEr Xh5H)

ﬁr“BMmﬁ NIFE L TWRW D, B2 FRARRME(w, ¢) 201235 2 L HIF
i»TT ETH 3. LL, ZOBREEEBD S X —& m DS SN = MRS m kL

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

(25) W FEHT 22 e TE, ZRUEIKI2 DX D512k 5. ZOMR»L, F FAMESR
Hw=1 R"I7XA-XY% =02 Z2bO0HFEAEEENGZ oNEMH0d & THRE 2 R
ZEHE(w, @) ZRAINE T B720121F, T X—Zm 2R EHEEP B (m—w, ) &
BRAETAHEIZEDIUI LW e b»b. £/, BLEUCKFE (I XA—-—Fw=1, T
=02) ZHOHRREMBE—OBMTZ2IeNTEIR, FMFEHERD B (m—w,

X)) BEMAY TERTRA—Zm ANBET S RDEME2 FREBKEw, ¢) 2/hX
{TEZZedbrd. X (25) 2HEIZ, YFTAMAMEW T X—X3Y THA%ZL
AUTHER p B (m) EIHTE . 22T, HEMEEE2EITT 272DICHERp B (m) ZHKA
ETBNRTRX = m KHFRREEEBERET 2 X 58— B7 1)V X LeEZ5ZHT
X5, L2LAEDYS, BHRICOEEITIES F T RAEEGHEw 287 X —X 5 OfED DK EE
TH2Ieno, AUIFTIIERD B (m) ZHWIIZ, KA EHERZ WTERINT S
FTA=RZm ZRDTWL FTEEEZS. 4. BIFEEMBOER 7 VY X464 1 HHT
FF—DEH—BIT, K (6) IV T X=X mkj ZEH LELT 2 L MMRCE &5 b,
BE 2 FMAEMME(w, ¢) DEE0ICTEIENTERVWI LAH S, E10E, EHL &
5 LTWAIEEESN (x) OBEMEX I L, HE L XN 2 BIFRREEREE T3 ICFEL
fwzcmt X1TE, 2 FEHEBEBE(w, ) OEZ 01T 5 2 BRI ARARETH S, & 2

, HERMLRBERPARFOHUMMEEREPFLELBNDDL TEKE, TRXTDANR

7 ]\Jl/X1 C ISR ERBIRE ERL L, ¥ TAMEHEL wi = n (xi) DDo8T X —&
Z i—=>0THdEEIZ, NTA—KmiDxi 25 THEMNICO e TERGE01H 5.

T, 0 3FE TV EERT. bbAA, ZLOMETIETXRTDOANRY bILIZOWTH)

@%Eﬁaﬁ%ﬁﬁ%ﬁw& {ThH, ZOEIBRIEDWARETHZ2 DD Bbhd. Z I TAMH
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ZeTCIX, HFE2 FHAEBME(w, ) DENH 2 1IEF X D RERMEICICRL, ?E#W%L
eI NG & 2T, Hilch BRI AR Z BN 2 FEZIER T 5. 2T
RITLFETIE, MIETEH LMREEEEZAHL TV 29, %Ez’))llyﬁﬁbtﬁ
THELNTVIHFEREMMO—HOE (¥ F 7 ARMEME wj, T X— &ZJ)#ﬁ
7B E N 2 EREREREED S DT X = RIZH EBRNT WS, 2D, AT
D RM2 FABHME NS T 27 X =2 m KEREBEEEEMNL TV 2N TE
5. BE»D, REOGHIIEITRNTDOANNRY Mixi %7 X=X mi & 3§ 2FEHRE
BEEER S 22N TE S, 22T, ZOFEE CRBFN IKHHAAN =2 —F L1y
N — 2 B8 REEREEEBR Y bV IR T 5. 2 2AT, RE2 E
AR E(w, ¢) OFR/MEIZEATIRZ P xi Z2I2 2 FAREBK E(xi,w, ¢) ZiHMb
TH5ZEWXFEMTHL. 22T, FANRT Mlxi ITHRIFEL T EERZ PLnijfi] 2% 2
5. ZLTC, FHIRORRTHEOLNTVWAGH ) HFHOHFREEMICER T, AT
«7me®m#ﬁ%%xﬁﬁﬁﬁd@®Z%HT%%.CCT,N3X~&®

JIRBH LS REHOBREEMBO S F 7 AMGERE wj & HOEHITHIE | OFAT
HH, RTRX=XpjIFEEHLRE] FHOHN ﬁf%ﬁuﬂ®/%7xmmf$,%”%
FTHING TR MLV OEETH . DRI

SIRDEED /2D, RTXA—=K P

JERTRXA=KP

JIEBEET 2. 72, HECEIENE (27) TERSN D, KA SEREEREEp B (xi—mjfi])
&, HEROERbE 2 TR E(ximj[i]) OZMANT ZHIRHE (28) —EL K2 WS
DOHFIDBH T, =¥ brE— (29) ZHRKICT HHERFEEREKL L L TEETE S [10].
ZZT, iE’

B iEp B (xi-mj[i]) ZENITxi BT 2ME L 2HELZRT DTS, 2O E, H
HIALX—%F B (mj)= -1 B logZ B (mj) (30) TEHEFTHZE, SB (mj)= -F P
(m) + B B(mj)

B (31) xRFTZeHhTES. KB >y brY—S B (mj) ZERALT 25
REEEM p B (xi-—mj[i]) ¥, HHZALFX—F B (mj) ZRMLTZ2BDTHE L %
RLTWS., ZOEIREHHIAIX =X, 7T—XDIFRARY VITDDDFIETH S
ANT 4 Y7 1] RBWTHRABRICERSINTWVS. X7 4 78, mj[i] =xi (i=
1,2, - N) 2D Bdoo THEREDLS, IRAIZBLZ O NEDFTVERLNSL, T
X=X mji] ZHHZALF—F B (mj) OREBE FAFAICEHRFL TV DDTHS. Z0D
FER, 87 X =& mjli| ¥RALZWCECEZ L DIETCD, RERIC—DDMEm]i] = mj (Vi)
WIS 3. 4. 2 BT 2 EOPEEZ ZT, RC-RBFN TlI %87 X —& mkj O FEHHI
Z (6) DA mkj Db DHIZ(32) THRASZLET5. ZIT, (33) TH%. FRTTH
D, PTHHORENTH 25E1F A Omkj = A mkj (34) TH S Z eREINnb. ZOHA,
RC-RBFN ®D%7 X —& mkj OHEFAIDIERD RBEN D5 X —& mkj OEHFAZD D
DERS>TWBZENDONE., ZOrXE, B=0TREIELLZEFERNTXA=—XEL]j>01Z
T5&, AOmkj=0 &3 537 X—=&mj[i] 1Z(35) ZimzL, mjli =xi (Vi) TH2Z¢k
75);19717)% DFD, HBEMATEZHE NN T X =2 mj DICRA e LTHHINE 5.

BoNTAMREZMRT 272012, K (24) DZEES2 S YT 5 FIBATZDNEL TH 5.
IMEBEIASGESx i=1,2,---,5) 235, XB2) TBVWTPRZO, RIXA—%%
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X ERAINI L EIZ, Am[i]=02k2H%E70y bLAEDODK3 THS. <
FR—=RI = 0kBVWTnfi]=xi(i=1,2---,5) AHRLTVWBZhxbhd. =72
L, 20

Fig. 3 The parameter m satisfying A 0m = 0. fITlEj=k =1 TH 37D, HTFDj &
K IZBE L. HE2WIE, BRI XA—XTjREELEEER w0 2T 5, Acomkj
=0 23337 X=X nmj[i] 1X(36) 2L, xi (Vi) 2ELEEDOMEEZ2Zhbh
5. INSOFERNS, 2L T 25 RC-RBFN D %7 X — & mkj DEHHIA B mkj T, A
Omkj THERD RBFN D87 X —& mkj OFEFRIZETL, HiZ, X j—>0 &3l
TOANNRY Pbxi DF k BExki (Vi) 287 X—X mkj OLRERICRA L UTHET
XL bhrb. HBEWE, Acomkj 8TBEI LT, IRTDANRY hblxi DFEk E
Fxki (Vi) 2BOEROMEEZLERICRRET LI eNTES. Z2T, BEFELWS
FEfRNT & OBIRICOWVWTRT. ¥3, ROXSBREHZALF— (37) 2&EZX 5. /5L,
TECREENZ (38) THAONBEMTHS. Zor %, K (30) &

(39) ICEFETZILeNTES. T IT, MERFEREK(40) THS. 2%Fh, HHZ XV
F—F B (mj) D87 X —& mkj IZBHT 2 Fm/ M, S 5 BRI E 3 2 K I 51
THEIEZRTIENTES. 2O K505 EREE A= L ¥—t ORI,
EM 703V X2 U TIEBHCEE L WIS SN T WS [12]. U EDZ eh s, BfFEHEE
BB DERZE @ L 72 RC-RBFN O¥HHIZ XD X 512iE%E T 5. [RC-RBFN 0% H(]
STEP 1. ¥ F 7 AMEARE wj 21 (8) O F FRAMEM AR X D EH, <7 X—X
mkj 23 (32) DA Omkj IZX DR, T RX—=2Z 13X (7) XD EHTS. STEP 2. &
2 FREBBN R o708 T. HBIEK 0 XD KRERMEIICRL 7245 STEP
3. ANW< . STEP 3. BRI STV 3 TR TOEREERMEEICOWT, BZ20 2
HIRAZICRES LTOVELRD S, K (32) WKW ST X =& mkj ZHHT 5. STEP 4. 77
B2k D ABmkj=0R2EPHEII- %, 5 BREEBAEEHE p SIFEREREKE L
THETS., 20 %, FFAEEMEwp, /87 XA =& 3 p MK 8T X=X mnp (n
—=k) W3EHEE L TH L OH | IFEEEBD S D25 ZHE, T X —& mkp 3H7
WX /oM 35, STEP 1. NR 5.

Z 2T, ARECCRER L Z#imZ /RO RBEN (0 U CEATUX, B RBEEER)
RINBINT % Z e 23 RER R AHELT 2 Z 2 fNciAR 5. K (5) THZ 5415 Delta
N—INZHEDNWTEH X7z RBFN O F 7 2SS FEO FHHIZ N EAREINE a j (¢),
A RITHEFRE Y jk(p) ZHVWTERT 2 &

(A1) 2 ehbhd. ZHIEEDSME

(A3) ZBEZBIEMNTES. 2L, 3EHBLE. ZOR, (A4d) THD I LIRS
N30T, RIHEME2 FREBRE(w, ¢) OR/MEERT YT v 1V (w, ) DR/ME
CEMTHD Zebrd. ZOME, FEHKE TRICRBEN O Z by, HoE4T5
o F T AREETR

B TRINHEREE p B (w, @) ZEZ D ZLHTE, HAZRLF —2ERT L
TR (32) WY T 2R T PLOBEFHAIDERTE 2. FLVWEMINTERDAENE
T5%. bbAA, N (5) THEZXBHN2 RBFN O F 7 2MEEREDOEHANZ D F T CHF
DRI T e, KTy AV (v, ¢) ZEBEIIC, B2 FEZBBE(w,
O) BERT VXA AR LTHEBROHERITRETH Z. Lo Lids, K (5) &zih
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LELNZEM7 VTV X LZHMAH L EERAITIIEBIREKBE R Z HIFR S 2 3R IZLED 7%
V. 22T, R CIREEEFR AN T 2 B REEKOBER IOV TiEm T B
B L 7.

R—IFNT bT7 7 XD (EHE 3.2)(5.1005H7)

§ 2.3 tF -BRT—EX—2
L% - AV BHCBE W THOWLN TN S 7= XRX=RUIZOWVT, WL O2HHT 5.
Kyoto Encyclopedia of Genes and Genomes(KEGG) [?]

BT - ZUTHEIEHR, &7 EMBEERZ AL L 72 KEGG PATHWAY, ER1GH
%% L7 KEGG ENZYME, FICEERLOKGRICOWTE L7z KEGG REACTION,
ARERICHEE T 2L EWEE DT KEGG COMPOUND D F — X055 57— X R— 2
TH%. KEGG ENZYME TIIEHEEDOERZZU T2 ECHESHILOLMRLTHZ e
TE, MR, 2oEZREHWIAERNORIGR, EE - ARER, BEER, X
BREHRFICOVWTEDLNTVS. KEGG REACTION IZI3#E£E % W TR Z 2 (L2 KB
OWTHDHFREFL L TWS. ZNEFROKINEIR 2% 2 5 HTOMFTERHINTED,
KICHWSh 38Ry EC&ES, LEWH - CHE - EXTzh e R L RIEAED
ErNTVS. KEGG COMPOUND Tl C 2 545% 2 51D CHBBSTILAEMEERL T
B, FiTKEGG PATHWAY H=5 KEGG REACTION AHIZEN 32L& = > T\ 3.
CHES, 4nl, P TR TRET 2 TE, 20V 782, %, 27K, 7178, #
BER, B33 RES, PATHWAY MAP ® MAP %%, ECEHEDV 2%, fhoFr—&
NR—=ZANDY ¥ 7R EPEHEINTWS, A4 FHADY Y ZDORBDICE->T, ECH
S5 RES, REENLLCESLLZEZIENTES. K?7?7BXUX?21IC KEGG 7 —
ZXR—Z2ADH % RT.

SciFinder” [?]

Chemical Abstracts Service(CAS) 2Mft 5%, 7—&~X—2Z. FIZ, [Substances({tZEY)
HIEH) I, "Reactions(IMEH)J, References(SCHATEER) I, Suppliers(H & v Z1EHH),
Biosequences(BLHIEHR)) DHE»HMKRT 2 LHTE 5.

[Substances) TIMLEVWEDHHT, CAS BEES, TFRPARY b, YHELZY
THEKTZ % [?]. Reactions(RINEHR) ) TIHLFEMESH, MEXREroMKREIH, £
DILED IO - E e LTHOWTWARIGREFARZ Ze N TE S, £, £l
DY, RISITHW 2R FECBE, HFERR 2 FRMHFITANT 7 4 V2R T 3.
[References| TlXF—v — K, FEHL, k&S, HSER, KELRYTHREINS.
"Suppliers(# & v ZEH) | TlX, MBLIALEWZED S B3R DA & v 7 E#R%EH
Do T D, BERMBICIZEIREES L MEEHR, (LEVOBAY A FADY 27 L H
DN EENERRZINS. [Biosequences] TlZ DNA RNA, X > 37 H OB EH# %
U3 2B & TRREINS.

SciFinder” Tl&, #iEXN % 2 -V BHEHHHE - FREL THREKRT S Z LA A[ETH 5. 1k
EVIOEEN—HT 2d D, FREIEEOHEMEICESWTHRRETE 51th, BET 3 K
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~ Retrosynthesis Step Key

-

SR,

-

Xl 2.1: SciFinder™ 12 X 3 3 & %Rl

4 Chemical and Physical Properties

4.1 Computed Properties

(o))
Q)i

vvvvvvvvvvvvv

36602569623
366,02569623

203 &

2.2: PubChem D

N, klER, RToBHRISRTES. 2612, ERLEEEXRZ4ERE LT, ¥
BV — N EERET « FHIT 2 [Retrosynthesis Planner | £\ 95 Y — IV FEET 5.
WBERRAT Yy TRHRAX I REEREL, BEAX—-—VDOEKT 7 VAR ENS. &6
v — MIBHIORIGE721F, TN RISTHEK SN, RROIERPIRRINS.
TNCENRETENZR—F v b LT, BEA0LV— DG - Tl L7z 27,

> >
— -

PubChem [?]

t&W%, 713, (LEYD2D(H LKL 3D) JERoME A X —, (b - WHFHE, &
VI miE e ER, =AW, KERSFO T -2 2Ex L T\ws. T—XEREEIrS T v
Ta— RFaniz, $2.8 EEOLAYERBRCN 140 TREOEYFINER T — &, B X
N7 11 EREOLERGEIER, £z, N10 TEOEBLEFT—XRELOEKINS (7).
X 512, PubChem Compound, PubChem Substance, PumChem BioAssay D 32D 7 —
RR—ADD 5.

PubChem Substance Tl&, WL EN 7 v Fu— K L7 —2Z2EBHL TW5. HHEDH#E
WELPLERTEZT—XB 7y Tu—RRSNbdZedhrdbHdH, BEIZK-T, FHED
THHRZERN L, PubChem Compound 2S5 [?]. £7z, PumChem BioAssay Tl
T —RBMHEOEBIRIRIC K > TR oD XN E U 24EMEE T — 2%, FERICHWOR
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~ |Select one or more organisms in this record: B T wn 3a E ¢ 1Sucyliies 28 o
- 20Ez_32 9
. Al orgarisms s0cet dehydrogenases 2
< Acetobacter pasteurianus sS85 T b ¢
Acetobacter pasteurianus SKU1108 &= é e7 1 1 1 1 a\(cho] related S,
O ons Acinetobacter calcoaceticus 13 %'E = e 5
" . 9 2 5} fh:m,um a\ mal IS}
O int Aeropyrum pernix d\sulﬂ ram c
o " Submit hydri ethanol-induced sersion stem-like
asi melanogaster semialdehyde retinal
Show additional data ety n's methanol first-pass
=
al @® Do not include text mining results /G stomach Poison
P o
O Include amenpa (text mining) results g8 o
c <
O Include Frenpa results (AMENDA + additional results, but less precise) v
The enzyme appears in viruses and cellular organisms
Reaction Schemes hide
a primary alcohol + NAD+ = analdehyde + NADH + H+ X
() Localizations oy
e e i S i@
— —/\ . P K /U\ N [ KA
_nlvm OH e oo ° P e o
N2 ﬂv ° \/Q ““““ R H P N \/Q """"
[ s ) G RN SRt g’
. .

X 2.3: BRENDA o EC1.1.1.1 123 2155

7AbEY e, EBRERZC IO ZITS 2 TEHLTWS. ZRLZEADT -2 RN—2
D7 — %121, SID(SubstancelD), CID(CompoundID), AID(AssayID) 23] b i 54T
W5, FHZSIDIZKEGGDIFL A LD CHEFZEMIEL TV, K??2Z PubChem O 7 — X
N— 2 DRI % RS .

BRENDA [?7]

MHRICEHT 27 —&%, DIEHRZ S L ITHE LT — &2 X=X, R4, £V, CAS
BixEks, ECEES, FFHERY TMRI 22N TES. fle LT, ECEBSTHRRLE
TFE2X?270RT. MBLZECESDOR—II/7 &, ZOERICEFKRLTWVWSIHED
7—F=y TRHOLN TS RSP ErNATWS. K??OHEELECDH 5 HEH D 5 HF
3 AR EZ R TZ 5. |21, Substrates/Products TlX, M L7z EC H 5 DEE
Tl RICDHEE - EFYIDRT7 DL ENTWS. Organisms TlX, MEEIESHXK
CRoTEYEDY A MHERREINT WS, F72, [Functional Parameters] R 7 AND
KM Values TlZ, BEREOHRE R o4 - WHZ & O Km H (BE & EROFNMEZ R
THE) 21220 TE 3.
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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
& KEGG API [?], PubChem T!& POWER USER GATEWAY (PUG) [?] & ’EiZL 5 API
WRBENTED, KEHTIEZD 22D APIIZOWTCHAT 3.

KEGG API D&

KEGG APID 7 s+ —~v MIDLTFD L5127 5 [?7]. <operation>DH7IZ LD 7
DOWIT N ERIEET 5, HlZIX, MNisty ZIEELLEGE. LFO 7+ —~<v MHES.
<dbentries>THRD T =& 0H 2% KEGG T—EARX—=ZAX%{EHET 5. 21X, path-
way] ZIEET DI LT, THT DY 27~ f7{ &, & Pathway D~ v FHEE L, Path-
way ZONIGY X P RHISTE 5. X?202%HS & Pathway HOXIERZRT. 2D KT,
Mhttp://rest.kegg.jp/) LR OETTHRE SN FE2RET 5 2L T, 7T —XBRES
NTWB URLICHEITAZEMNTE, K705 ASHETEEIRTWS, V2ot
BrHf835a—FIckoT, RERT—XEHIGET LD TE 5.

PUG

Common Gateway Interface(CGI) Z#H L T, PubChem D7 —&% 70277 I 7T
koT, BUFTAHRERIRIET 2 274 7). T—X DR HED X URL Tld7z < XML %
vz, XMLIZK2 V27X b2 CGINED, V7T A MDONENFETEINE, MR

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 % 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

XML CREXNZIMA L > TWA. il LT, CID1 & CID99 Dt&Y D&% SDF
7 7 ANERD gzip FFETX v v — F 3258, M?7?OX5%2 XMLEEDY 7 TR +
& 2 72 %. PubChem TlX7 7t A it D72, PUG-SOAP ¥ PUG-REST ¥\ 5 &
AT AMEHEXNTNS. KR TIE PUG-REST Z W3 728, PUG-REST IZDW Tt
HS 5.

PUG-REST

PUG S PUG-SOAP THWHHNTWS XMLEROFGRZNE Y B3, fE5 iR Tr—
REEET BN TE3 APL. PUG-RESTOV Z X MILLRD XS5 7% URL THRiL X

%g]ﬂ <input specification>{Z X 512 <domain>/<namespace>/<identifiers> THE X 1
TED, DT =X %M ->TL 2D0%EDS. <domain>TlZ, substance, compound, assay

BREDMRE T BT —RZR—RAZIEET 5. F7z, <namespace>Tld CID(cid) L&V
(name), 737+ (formura) FZ2+57E L, <identifiers>TIlZ, CID O&E S, (L&YW - 0 FXDX
FHNE W Fz, <namespace>ZXS 2 BRI AR ZHEE T 5. <operation specification>
Tld<input specification>THEE L7c 7T — X REGFNC 7 72 XA L7ER, ¥ D X 5 R EZ
LELTWBD%EiR T 5. HlZi3, <input specification>T CID HE5DIFEHRZ AR L TW3
AREET, synonyms 15 E T % & ZD CID BEDLEVIHITHTT 2 FIFKEED ) A PRI 5.
[AfkD o — AT, <compound property>T property /XXX, YYY .- ,ZZZ/Z48ET D &, %
DALEY) OYIMEERAL AR E 2 GG 32 2 23T E 4. <output specification>D
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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

X 3.3: PUG-REST ® VY 7 L X h

<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 2 XML IGEDOHI [?]

A TIEER LI2WT =22 D X5 RIERNTHNT 20218 ET 5. AT, <input
specification>> /<operation specification>/<output specification>DHE 73 Z$5E TIUIR <,
il LT, 7K (CID968) D43F3X (MolecularFormula) & 73F& (MolecularWeight) % XML
THUR L7258 2 X?2ITRT.

§ 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?NIRT

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
{EEVORE 2 CFHTR LD D, LUROBBRNIHE > TFINEELL TW L [7].

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

Ta>A—=FI)>k

LB ORERRHE Y Y MITERHE LD 0. #EDOEOEICIEET 52, 2k
MHEZETEEND 5. HlZIE, MACCS Keys D7 4 ¥ H—71Y > b [?]TiE, 166 D
R EEZLEYR > TWVWARE I B0 I TRELTWS, 74 v hH—FY
MEFLEYE L OELIE I THW SRS,

{LEMDEIEL (FE-ART 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 [?] ZAWLEMDT—2R1t

RDKit 1% Python féfit LT3, {LEVOHE LIRS 794 75V THS. SDF 774
R MOL 7 7 A V@i AAA THEERDOEIRZH I LD, SMILESSR 7 4 A —71)
Y MIEHT B e TE S, RDKit TEIARAATLHEED S, (LEVORLARTFEZEHE
TEZENTELD, (LEYWRALOEMEZFHMEL 2D, EMEHICHEIELZh
TZ5%. fle LT, {bLEVWDOTFEZEKRT S MolWt ZHI D 7205, MOL 7 7 4 Ad
LItAIAATLE DA > R Z > ZA%4 R L, RDKit @ Descriptors 27 7 123 % MolWt
XYy RIER LA VYRR ZARETZ 2T, MolWt SEtEXAH a3, K222,
rdkit Z W TLEY OREER & SMILES 271 L7128+, BXTLEYD MolWt Z it &
L7zt R %2 RT.

PubChemPy [7]

PUG REST %\ T PubChem O 7 — X ZHU§ 5 2729 ® Python 74 77 V. (L&YW
2450 CID 25180z LT, MRILEVWOYMEESS SMILES #BUS$2 Z N TE 5. ffle L
T, ZLa—2AD0FR, 7F&E, IsomericSMILES ZHS L 7-fER 2 X221 7.

EC BESFTAIFE

FEETHN LGS RIESCLY: - R T —ZRN—AZHWT, BERICOTHIRDHE
EPATOMENZATHONT VS, 22 TRLAED, BRIECESICI>TEHIATY
%03, [ERICZ DR Z FHWT-REBRICERIED IR L TEREINATWS. 2 ZT,
REMACEIL L E, ERANRBRRTREZ 2 KE0EEL, SECHESIC1OF-EE
BRI TW3S. il LTKEGG ENZYME @ EC3.1.1.2 TIEREN LKL 32 R

23



(o}
OH
JOL OJ\CH;. H H
R07342 R01241 * o VoHy @ . o
cooooL
00033
6] coo146
OH CCCCCC
OJ\CHg JOI\
* HO” “CH, on
/
f“" c1oeas €00033 O\H,(;H3
15583 L HOL] o] D —
H. H R0O6893 | |ce3 / OH
~o” | \ €00530
C00001 " ) O'
oM 1
uuuuuu HO™ "CHj3
uuuuuu

X 3.9: EC3.1.1.2 DR EH 72 KB

FErLTRiLshTED, K70 X5 (b¥RIEe %%, ZaodRIGRITH LT, EC
HFEONHMEEZEZ, IDZLORAZELWVWECHESICHHETES X510 HET
NERBETT 2B FIITbRTWS. URT2O00FEERT.

ECHEESTHFED 12 LT, 7V BREYNOELEZH W2 D0H 5. BERIZE
NRIBTH5=0, 73 /7BEYTREINS. 73/ BEYOEMMEICE I NT, &Y
TEHZECESZTFHTS. $51200FFEL LT, B AERYOMEICEH LEb D0
5. WEE 7 4 Y H =TV MRETRLZDDS (7], #iE L U TRBIIRE S DLEE
LICHEHLESD 2R E0d 5.

T4 H=TV Y beHWEFETE, EEE LR Z D FOHIMEE (757X )
WEHLEZ 4V H =TV FTRLTWDS., Z0%, HE 74 =7V Y s b4l
T4 H=TV Y NG WRIEED 7 4 V=TV VEERTS. ZL T, ECHEED
ERIRLVE LTEZAONTOWERINEDT 7 4 =TV heD—2 ) v REEEZK
o, B/NEREE 225 DDECESZEIDH TR WS HEEHVTWS. flZiX, KEGG
REACTION @ R00005 IZEFx ATV 3 B C01010+C00001 <=> 2C00011+2C00014
WXLT, B0 FDRF 74 A=V e MFP LT, RIGEDT 4 > H—FV b
RFP ZLDIRD XS IERL 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,
BN 2 A1) 7 TREIBIIE, DERObD L EERDS DI oS, ERT
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 DHEER d(x1,%x2) £ LTz ED 7 7 XX DOHERE% d(C1,Cy) &35 [7)].

R EREE

20ODY FTARXRANDT—RES LT, DT WVHZREAEY LT, HILEV 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 22X ) 7 THRABHAVLNTWVWS., Uir— RFDA X=X ?NRT. 75
AR (716DEEQE)%3(% E:L/VC} -E(7<0)<k ) K:%%é;jngh

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

25



g . o rE= o e
Oont Conm 55 24 BEROHHK A 08
[ ]
‘ \ \ >
55 2 AEATIDSE DR 3.11: k-means FED A X — [7?]

X 3.10: ¥+ — FIEEDA A= [7]

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.

BRIt < v 7 (Self-Organizing Map: SOM) [?]

ZXLT — R EBERIOTIC vy BT L, ALT 27 SR XY YRR IR ED T
Y XL%ZRT 7. nflD p KoTBBIRS b v x; = (21,252, ., 25), (1 = 1,2,...,n) &,
2=y b my(i = 1,2, k) THR SR, 200 R EICEBRT 2. K227 204 X—
ZRT. ZOLERI=y bOELE T = (ry,me) 2L, TH%Em; OMERTZ MLET
5. oI, L=y M, HAXRT MLV E = (61,80, &), (1 = 1,2, k) ZF o TW
5295, ZIT, o, m; TN, ANE, HHECHY, XOFIE L > THE
EEFHT L. (2L, &7 YR ARETHHILELITS)
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electronics
black:

close:

white:

X 3.13: %E%77X&U/7L;éﬁﬁ
il

»W

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.

0=l [H_()H] -

3. JCHHULIE ZRdBRULAIRET, j+1 &L TI12%# DR

4. 3F TR 1EDOFEEE L, fEE LB ETHEEZITD

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

252X T RRAWEREH LT, b NOITEISZ— RN L, fTERERAZ21T -
72d00H5 (7. £F, EEEHRAPIZHWT, HFUCH > TOW YRR L, 20
HRELETFAPT—RICHILTWVWS, R, TFRAINIAZ VT TF—RDIFRARY >~
%475V 7 b =7 KH Corder [?] ZHWT, MRAOFRKHESEEICEIL T, MER S
FRARY YT RIToTWS, THCE-T, 77 AXNICEZN WKL D SITEIRIKD
AXRY MEEGHLTWS. £z, SOMIZE3 7 7AZ Y 7 iThbhiTnwa. BHlxHh
72T —=RPBIEFICSOM D2 KT~y 7 RHic7ay b LTWE, ry bEZRTHAT
WL 2T, [THoORRINZED, BROBEICE T 21TEHOHMUEZ TR LTW5. &
JE 2 2 A% > 7 SOM % FWATEI o+ 2 K778 L URI?2ITRT.
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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
W3 &, RICYIDOFRSE DML OFIRINEK, RKICOMEBLRY, V=27 I A 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
2 ZEH LS EMT 228D TE, RORZ ) —=V TOERMEE TR 2 L — XD
LZEMNTESL. FORTER?INORT. /-, BRI ECESTHEINTED, ECH
FIIEEVMORANTIE Z 2R Z HWAREBNLRRICH G e LTid#XhTnwas. EC
HHOMEZRT Wtk A RAEYHROBMZRMOHEINTWED, ECESZTHIT S Z
YT, A7V —=v7EME LT, ZOECHEESNOMRICKDIALZ LN TE 3.

T, AETIE, X—7 v e RO EEZBICRER ECEHSE2THIT 5.
Thbb, ECHEBENDOZEMOBEE & LR » U TRl RS e LTERT 5. Tl
DHEL LT, M3 K0R (X—7 v bRIGN) ¥ ECHEESOREXN KB (EC K
JER) ORGEZ(LE LIRS 2. K24 X =V % RT. 2—7 v MG THR T
DX, HEKNREETE ORI ZHWIUIE SN DT> TWb. 2T,
Z—24y RGBT B KIeD HEBYINDREEZLD, EC KGRI 2 KIS H
AR ORGEZ(LICHELI L TV B 42 51F, ECRIBRTHWOATWAEERZZ—4 v |k
THEAT 22T, RKIGOMEBER LN, BOIKRTE—7 vy VERYIBELNE L WD
REZEL. ZUMEEOZETFTHO SR TV R HELEOMR [?7] I VwT V5.

RISz & 282 0%, RISOBEUEOFHEfEFE e LA LT, -7 v PRIG
ROLAEM Y, & ECKLROILEY Y 5 L DTl RIS O FELIE: % IEfEICFHEi© &
BN THS. HlziE, 2—7 v MRIBRDOKIEVD, % EC KIS MYz ik b FE
PILTW2 eHiichz2 LT, EFPNIER 2 EC KIOROERYNIHRDELIINT
W3, FHliXN AN D 5. Tz, KIEVSRERYNIERD 2550202, X
DRIGIROBELEZFHE T2 Z e L 2. 2D X5 BB S KIS X 2 HEZE
PREOMMEOHE Y LTHWS.
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=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
R T OE(LDS, KISELOFH e LTHOWSATWS [?7]. 22T, KISWDOERY
DFAEIIEH L7z 7 4 Y H—=T VY ek, Z2oESEIKT 22T, FMT3
ECKIGROEEZEZTHILTWS. LaL, 74—V M3MARBEERD D, Z
NZIULEVDO D &5 B EHHL 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&

29



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)

Ihozbriz, RO L5740 x ] OERISKOFEERZIERT 2. 1T7MEX—
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
TX3. REYRLZT—X%Z APITHUS L, BT —XBRESNT 5, FiX, #k
2GR ERET T —AR—ZAEERT I bAEELE 2 5.

KEGG TIiEX??D X 512, KEGG ENZYME, KEGG REACTION, KEGG COMPOUND
MT, Vo2ZICko>TECESLHLRES, REENLCEBSLEZEDZIENTES. D
Rz b I EC &S e REM R RIER KSR EWR T 2 5LEWD ID 2HIGT 3 [7].

PubChem Compound TIHMEEVOFRHEE R & KEGG IR WERIGEEH XN TED,
CID TEE XN TW3. X512, CIDZ PubChem Substance IZBWT SID & ¥ & I
THTWBZen%EL, SIDIE KEGG COMPOUND OfL&WIERICY 27 & LTRI X
NTW3., ZHIZEX->T, RESD CESTELNLKICEK DS ZNZhDLEY DFEM
BHREE2 e TE S, 4HEZ PubChem 22 L&Y D SMILES [EHRZHG L, C &S
¥ SID « CID O#tinic & - T SMILES ER O KGR ¥, EC BB OXINEEIENR T 3. X
202 CHS L SID OISR EFRST. SMILES FERDILEY % RDKit TiHiAAirZ ¥ T,
LEVIOREL 7Y =7 MITEIITE %, 2HUck Dy, #iEkzarva—X ETRET
%t &Iz, RDKit DRl FZ2HWTRHEZEFE L, (LEWZBETERAT 5. &G
RCBWT, R RISYIDZED ZE D, B L 7z SMILES Kb & EC =5 DONEFR
&b, ECHEB L ERIGADFEEECEDRHHEANY ML EZEIRT 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+

X 4.3: EC %%, R&ES, CHSOSMR [7](—alHk)

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 DNt [?](—ER %)

§ 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
INFRICEEE S A2 ) 7 %175 Z e TEEEREZ R THEEHWS (7). 22T
X, mEHREEE S 2 AXBEOHEHEE LTI AR 72T, KINTEDA A=V %
Y

RAIIDEFETIX, SR TS LD =0 Thbh, BRED2DODT 7 XAXBEKI N
5. RIZZFGARES LDY—=I kD, REFHEEZHVSD, ZOLZELRLZ7 X
X DA TFHETROMEEDERWRTICEHT . 20607 OHTHEDIRD VR
DI ITARESLIX, 77 RAXETOMHBEPRbEVEKREEZONS. DD, &R
HEEERHWA Z 2T, ZROGEARTFHOHEEZER L, LEHLEREOMNEL RS, KXo
HI E LTlX, A7 7 XE2NORRTFZ2ENR LR F2ERT 5 Z 8T, tHED&
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SRk F R THEE A N

= |BLEBLRT 252 2T A RIS
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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

WEE DR FEZH LW 1O T L TRET 5.

75 AR T T 5 Python @ sklearn ICEEINTWAEEEZ FRXEZ ) V7 TH
%, AgglomerativeClustering 74 77V [?| ZHW%. b+ u, vEIOHBEREZ s, &
Lizex, UMFokoickREn3.

o ;izl(% - c@u)(cftzv — CTy) —— (721, cv,, v, FRRIRF uo ORFEEF)
\/Zi:1<cviu - Cvu)\/ZZ-:l(va — CUy) (4.3)

Sup W UT, HEEM -7z, 1/s,, Zeh FRIOEEREE L, Python TR??0D X 5 ki
THNRAER LTI SRR 755, 22Tk, HEREDS 1 e R2ERERZ0 LTV,
AgglomerativeClustering Tl&, AT —& & U THEDORHEARZ ML TRL, HHHT
WS Z e TE, R FHT~Y—Y T2 XOMELZIEET 2228 TES. 5H
MBI E s =2 093 bB, 1/s; £1/09~ 111 Tidid FrE~—I3%. 772X —[H
TOZFARY Y 7IZBWT, mEREZH Wzt %, 75 2% -l d(Cy, Cy) 13,
R7?EDUTFDLITHS.

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.

RINTBWT, [ 7 X220l FRILZ F &, GG T clusterX(X 1&27 7 A& EF)
CEEHZ B LT, KITHIRZITS.

§ 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,
ERITTZEIN DAL FIREIC 2 B T H 5. ERICDRER Y S L DIGE, RIGRE 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
BIHERZ NI, REBHEHOY —Ra—F2HW2 [?7]. AT 27— 2EKITHIEZD
BRIERDFHENR T vz 2RI LTI L 7202 W5, SOMD 7 u 2z Z 442
WBREBHED NSy r = LTHEEINTWVWS som ZHEHLTWS [7]. 7By PEDIAN
MIE =7 b (T) e RISRD ECE S ZHKS.

2=v MIZ400(20x20) TH D, 2=v FOBKRESNAFL L T 5. FHIIKE DL RIEN
T 217 5 Bebs & IREXRE D 2 BERE 1270 T175 (KH Coder3 V7 7 LY A+ v =27 )L
WCECER). A ENE 1 EXREE 1,000 81, 2 BEFEH X 200,000 & L7z, SOM DT, SHEE 2
= } ERKIEROFEARZ bAd~ v By 73, X 38ER 7 528 v 7
MEITEIND. ZDVITARY Y 7Ea—27) vy R X 2 7 1 — FIEIC L > T Th1,
SHENE7 7 AR TERITEINS.
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§ 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
SlENX, EAXEIELEERT BRSBTS, 1 27y THOEARDMIGRICESZ YT
% (7. K220 R =7y MRIERERT. =7 v F 20K RKfTbN2ERTHD, VER—
A (A 1) OFE—h 7 v a—Ailn 2 E RN A7 LT 2 RIS TH 5. Z ZTI,
8 ODEFRHFIIHT 2, EBVIDOT v v AWRZFAXRE DD, A7V —=V T %21To
TW5. &N Novozym43s DR AN —HFENTMER L 7257223, Z4UI BRENDA
W2X 32 EC3113 I HEIN IR INTWS. FEEELED, BEEZESTHIZITS
72D, TRRFNEERA TVWR5E, ZORICREX—7 v b2 LTHD EC KGR &
LHIZSOMICk 3275240 2717213, EC3.1.1.3 DKILAMNEZ —4" v b 2 DFHTICHE
BI3rEZILND.

—JT, =7 v F2OKIMNE, BETIREID ZRVRERZKIETH . #IDIZHID
RISERLE=D5, ERYOINERE FiF 37012, Efifke L CELUOME ZHoLEY
WEEIZ /T, X—F v 22V EZILNS. X—7 v 1B EC3.1.1.3DEREZH
WIGEITEZID S 2RIETH D, FIDIfTo7RlORIEE LTX =7y b1 ZRET 5.
EC kit e zhzhd & -7y b RIGKOFELEZ SOM D27 Z 2 &%) > 7 TalfR{k L,
FHHUEY UTEC3.1.13 IR X =7 MO LT Y DEGANNIE T 2 2> THRRFE % FHif
ERAR

teEst R ¢ % % EC RIS
SEOFENIHE T2 ECHIHRED SR LDK 725 2 TITS. X—7 v DRI
IR TIVIIKGFRDF G & 72 5 T AT IWULRIGD 720, AWaiERE LT, EC3.1.1 D
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O O
OH o
. HO/\<_7/ O__oH
X—=Fw b1l R * - 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, KEGG D IDRKERERGF T2 Y —2a—FEHWT [?7], EC3.1.11ZJ8BT % EC
F5, WiHs 2 RES, CHEBSTHERINZREBESORKIGREIE L, Fhzhoxtitcks
TER U7z, [A#EIZ PubChem 22 513 C &S & CID, SID ORGERZEGF L. KIZ CES
¥ CID £721%SID #Z8 L, PubChemPy IZ & - T, NI KIEY) & AP D SMILES
PERUGT 2 2 EikAz. LoL, CEBICHT 2 CID B F2ER I T ARWEETS,
SID %2512 LT, PubChemPy %5 SMILES ZHUS T &R WA Y OMENFEL. Z
ZC, PubChem @ SID THZE L=V Y ZHNTSDF 774 L% AFL, Z4% RDKit Tét
AHiAAH SMILES ICE# L=, 72, Z—%" v +®D SMILES & SciFinder” TAF L 72 MOL
7 7 4 V% RDKit TE#1$ 5 THYIS L7z, ZROHDSMILES 22T, X—4 v b
BLXPECHESIIHT 2, B0 - £ D SMILES MISRZIER L. LUK, £77, #£
7?2, BRURNZZNZENDONIERERT .

XIHTR DAL 1

1% 5472 SMILES Mt & 121d KEGGC COMPOUND IZE SR X T\ (FEDHT L
W EEY), HBVIIEHRINTWEY, BEXDLH I N TOWRWMUEYIFET 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
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& 5.4: FRICADOFFEEZ ﬂﬁi

MaxE MinE MaxAbsE ged MolWt Heav 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)
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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
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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
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