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b1 &(&. BEBIDDOAEEZ. SXSNTZRESMUIBIADT =/ BEIIDESHSEL
TEEEKRT D, MEROTOTS AL HEMR "if-then" BIDTHFR/\— M XFALEL
THEINTWCEBHDO T CDE M8 <. BIEDORXA7EETOT S LR (LW
WBRREEHN—XR) ZBRELIED. BESMBIAOFEZ T —F=ImELIED LIcWESEI(C,
FIEET/I\SA=FZH BILRL TSN Tz BYUTAINZTRKF/I—TL—KD
Paul Horton X MW\ WARBEFEBR DU W DJ%Zt&Rs UTEER. ATV DEEGENRD
NMLE HRUT. RO BNLUREIDI—20Uw REEREEICK DT, k-nearest neighbor =%z & A
UEBE(IC—BSWVWFRAIEENMESND C ENRENTZ(7). R1E. COFEZR WT.
perl SEETESEL/ESOYS L% PSORT II EFRL T, SERMIC WWW TABLTL)
%, IEWSS(C, igETSvSa17v I UT, FHIMEZZEN (CAELEE. ERA
HIDFECHD.

3. 2 EBEREFORBBHRICIDIEETA

BIREROBRHNAT(E, BEFEDIETSD. EARIUINDBZESVDOERHT GKI D
M EVWDSTEICRE, BBADOERMF . ECEHEEDLANILTHIEIENT WD, LML, &
RDTJ NEHRETE. CORBOHENBIROMEZRICELTEF CALENTH O, ZD
RADRE ., HEESI DT —F WIS DHENE OF —FDRAHREL TWZesH)
THoEH SPLEDIRREFENDDDDH D, HF(C. DNA Fy TP o07 L1 £
nNs. 1> FUARECEKKRE L CEEECABROAVIRXILAF RIO-JTZE
EIDEMDESICEL DT B FOFRIRIFMOBEOVIEETN. CNNSEEDSSIC
RIEN (OES T D ENERFEND,

ZTITEESE BIFRIREEERORAS LTRSS EHET, EERIVAFN A TL
T, R ADZXALANEHIR, KBE CHEREOGRSHIEIEIROMRIR Zildic. FxE
YD RNA RUXS—E(CE. TOE—FENZZHITDEOMN S IOVRFENSITT 1
v hEUTHERET D, COIIVRF(E—MICELHE FFEL. TNTNA/HBEOTOE
—YEHRFEE T RT . MIEREINZES FIECFHALTND, X MECRS
AV IESRDE. FRRSOTE FREMSI. N RNAIRUXS—TBICREITD
EEKD. ENFTLIFE B —BOBLFINEEHIEESND. 2T, HIELFNED
SORRAFICKZE cSNTVDINEIMDCENTENE, TEDBEIGFABH o (FICEDK
DI THRIRIDINZRDCENTE. TEDZLIFEDELTFOHEZIEET D LT,
BAORFEMNNDICIRDED. #BIEDRWNTL(C. IRTOELFF. Pr<EE 1 DD
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2020/12/15 ) LBEH T — R CH T D EREDES
ORAFICZEENTVBIEIT THD L. COFRIEO— REEED & (FHIZITITZ DD
T. T—AR=X(CHEMNEITINFET DN EDINCIEIEMRRLS BONEZXDINDITTHD
(Bo2EB. LWHWBEBERFICERINTVBIBEIIC (F. DEODKUEERIIESN
WY o Flz. SOVRTFAFHEE. EER(CKD TIRIIATEERME TH D . SERDIEEERR
HTOZTO RTERD EIFENBARE T—YD—DTHDEE. COETFRBEERM
EEETOK ETLH#EL,. B WRFABEELUTE. FIXHNSENENDSINE
FHRFIDTOT— IEIIZINEL T, LETVSAA KLU, ENZHBEIC. BLD
SONXRFD TOT—FEHEENZS =21 L — 9D HMM ZHEBELUZ. FHl(E. HEE
([CD WTODOELDIHEZSEENITZLN(8). IRD. KBRICDWTI(E. EILERFHARTAT D
FRPBIROB N ZE T, KEREOAHZFEM in vitro DIRFEEERZITD TULBI &
BRAELTH<,

—7. BREZEYOD RNA RUXAS—TCIE, SOVERFZEIET. BERIGIIEM REE5E
FOMAFEDETHIHEIN TR EEZIBNTND, EFESE. &EDH X TKESHEHE
U7z, YEBIS EWSEMRETEF—IJRHETOTSA9)ZE D> T, FAUADZXATHIHE
NTWBEBMINBBEROTOT—9—E(CHEH I DT F—IJDRHE(ICEDBA TS,
CORANREENIL. 1998 F(C(ILFEFIHR ESNDFEDFRS ) ACEHEL T,
DNA ECHIN SELFORLERAFERN - HEFENEIRZ FH I SMEEICEERDEATH
EWEBDTH S,

4 HOHOI(C

Bz5nz5 ) ARMICO— RENEELGEFEINTERRELUT, ZORREMGF Y I/I\DEE
UCOMEEZIDCENTERELTE. BEA3ATNTZDE D ENIRTHNBINDIFT
(2 RDRAFTY T LECFRIOHEERAZE UT. SEIFTRRB\EZEBEL TN ET
HAD, CNUEIDED, D> T2 L —23>2THIN. WEYYRE - > 30>30/)\IR
ECDNTIE I VFE. 2DV DEDH I MEICIRD. TDES, BT EDIEESR
T EB1Z35h. BEFHIHDHLRT— RTHNE. TOTE—YETHIEICOEm%E I DaEEMHE S
BBDIEBD. UhU. 2/ OBRIBEEROTRIE. TNAAK BEFRZRE (CE STz
WBHTHULRD, BESL., FUREDT ) L7zl AEABLSIRE T B ET. comparative
genomics ZW3DMN—FFOEDE hE LRV, TNLHIMIE. FFEE. TENICEFL
UWVEIEERS 254519 DR SR EEHELANT—X(CRBIBDOERBOHND,

SEX R

1) Altschul, S. F. ; Madden, T. L. ; Schaffer, A. A. ; Zhang, J. ; Zhang, Z. ; Miller, W. ;
Lipman, D. J. Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs. Nucleic Acids Res., 25, 3389-3402 (1997).

2) Borodovsky, M. ; McIninch J. GeneMark: Parallel Gene Recognition for both DNA
Strands. Computers & Chemistry, 17, 123-133 (1993) .

3) Yada, T. ; Hirosawa, M. Gene Recognition in Cyanobacterium genomic sequence data
using the hidden Markov model. Intellig. Syst. Mol. Biol., 4, 252-260 (1996). Yada, T. ;
Hirosawa, M. Detection of short protein coding regions within Cyanobacterium genome:

cicsj.chemistry.or.jp/16_1/nakai.html 4/5



2020/12/15 5 BB T — FFRTIC BT DREDHES
Application of the hidden Markov model. DNA Res., 3, 355-361 (1996). http://www-
scc.jst.go.jp:8080/sankichi/GeneHacker/
4) Burge, C. ; Karlin, S. Prediction of complete gene structures in human genomic DNA.
J. Mol. Biol., 268, 78-94 (1997).
5) thH#K. &) AEETFRICH T DAHNN—7TO—-F, . A, TR, KK MR &
Kim T /LBAIX  EanDO2MMEROEIAZSHS UT, BER BXEEEEER 1815, 42, 3001-
3007 (1997).
6) Nakai, K. ; Kanehisa, M. A knowledge base for predicting protein localization sites in
eukaryotic cells. Genomics, 14, 897-911 (1992).
7) Horton, P. ; Nakai, K. Better prediction of protein cellular localization sites with the k
nearest neighbor classifier. Intellig. Syst. Mol. Biol., 5, 147-152 (1997).
http://www.imcb.osaka-u.ac.jp/nakai/psort.html
8) Yada, T. ; Totoki, Y. ; Ishii, T. ; Nakai, K. Functional prediction of B. subtilis genes from
their regulatory sequences. Intellig. Syst. Mol. Biol., 5, 354-357 (1997).
9) Yada, T. ; Totoki, Y. ; Ishikawa, M. ; Asai, K. ; Nakai, K. Automatic extraction of motifs
represented in the hidden Markov model from a number of DNA sequences.
Bioinformatics, in press (1998).

B FATE  NAKAIL Kenta

P 1\SRZR(Z John le Carre EEATEE, e (CHRETCU -4 —2REES LTOALY L
ZMD>TCLET,
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1 (XU&IC

1995F (CHMTAEZT DT LEDTEDIENE U TIBO TNET A ILADT ) LWRESNIZ, EN
NENTHERD OB (CH10EMBIEREDES /) LAWRESNTEC. 7/ L#ET(IEGRE
18RI DEbmE U CDEBRF. FIZEDFZEBARDIFENS. DFEMEEFRYZTD DR
NDTHDIDFERY NI—DZZAFTIT AV ICHERITDIHARNEBRBTLDDHD. D7
FRMBEIER. 9105 EmRZBMN T D80m EEmD DI D ZRFNICHARDZ LN TEN
(E. ZEITh LD ETRZEHAHELS CENPIEETH D,

2.15° ) LfEIRDIRIR

T L. T ADORICEFINTOEGFHETNTNDDIEN ST LADIEREES Zimh
BSlink CROTCUE D TCEINSEBIGFZREL THEEZHEIT D LENWDIANSTZ—2 LD,
CNURELTE < DHEEZIDTZHICE. LWINICELMEL (BzF) D [hesl ZRDdw
BENHDDIENS, FICTART (/L) O HEE] ZBROTEWZIEDINESLNEND
EBRAACEDNTND, LETDETNSNDIETHDIN, BILFD [HTzE] ZRRDDE
EMORIBAZDOFED [(FEB5E] ZRNDTHTHD.

R1ISTRESNTZEMEDS ) AW RRTRESNTUVD. EMDT ) AR ERETDEED
THMAEE DT ) LADHICEO 2 ETIEFRW, T LA XHNanC & BIREE
M.genitalium) . RIEE THDEZN(CMENSDCE (BIZE H.pylori). EENIRIGH (&
(LYD& (BIX(S S.cerevisiae) IREDIBRICKD., HRLBEWMEBDYT ) LS —T>22 200
ThNTWS, >—T > XAEMIICEAUTIES S TIIRANIRWD, 5 ART—=ILDE -5
JICEFTERES —T O ABMMELI SN D DH D, XEklixEZSE(CEINTZW, T LS —4
SO DEMEIICEKD., B DY AFFEBE2005FEETICEIRTES T2 XENDEED
ncunad,

CDEDET )LD THheB] ZRODEFDS(FHDIEEDH ENDNTULDH, D [(FEH
& ZRANDZE(HBFOENDTH D, HIRHIICEESNT K DIEREIIBER () LD
[ z5] ) ([FRETABOIREEENZ (EDNCBRDEDERDTWND, £Z T, A>E1—
BERAWTZERICEISFIAFE SN TS,

2.2%5 ) LIREf#t

IRTE. FEMERBINRESND EEEFEE LU THULWSNTWS O Ea—49%=BU\f##T
FESELCUTDIDCTHD,

1. EF (O— R8s ZRE D735 (Gene Finding)
2. BT (E(CHI\DE) DEe=EIDH TS (Gene Assignment)
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EUHDEMEDT ) AIRNTHRESNZESICE

3. BHOEBELTTY b oEmR (CEXERHR) ZHEIEER IS (Functional
Reconstruction)

CEBRFITOND K DT> TEz. IRAEDECS. FEBELCRITDIEDTHIN, 2wy
FTRER LOMFTNED SN TS, HFRZM (BECTAUDERETHDIN) OF Ltz
2AA=TEA— =B —DEHRFNTERERH(CH LTI <THEzI— REFFATOTS
LZMNMF =S(IEFRESNZO— Ratsk (TOV>) (Ex LT FASTA/BLAST Lo fz/REOS
—Y—FTOTSLZANTT —IR—XRBZEINHIRONMEL. #FTLU RO o iZEsID
WREZEIDHT TS, BEBA. T —HIR—XR(TH L < RDON o 1zEeHl Az Eey 1EFRA
IRVWEHEEZEIDH TDZ E(EIARAIRETE L. e EATEHIN R DM o CTHHMEERFM THDZD
& BDDFLKHEZEIDETDCLIFITERVDIRETH D, KIBEDT ) LNVEEI KT
SHRINIZ 2N, EFIEME U TEBRETI<AVSNELKARSNTVBIFTORBET
EXEHIA000DBEEFH. HIAEIFEHMEEN DR HEETE RV BLEF THoe. EMEESR
FEOMNSIRNTEEBITEND T ETH D,

Archaea Archaeoglobus fulgidus 2,178,400 TIGR
Methanobacterium thermoautotrophicum 1,751,298 GTC
Methanococcus jannaschii (X4 > 4ERRE) 1,664,977 TIGR

Eubacteria Borrelia burgdorferi 910,724 TIGR
Escherichia coli (KZE) 4,639,221 Wisconsin,

Japan
Haemophilus influenzae (NET«JLX) 1,830,135 TIGR
Helicobacter pylori (EOUE) 1,667,867 TIGR
Bacillus subtilis (#HEH) 4,214,814 BSORF, SubtiList
Mycoplasma genitalium 580,073 TIGR
/\;);coplasma pneumoniae (AR~ 175X 816394  ZMBH
Synechocystis sp. (S >3) 3,573,470 Kazusa

Eukaryote Saccharomyces cerevisiae (HIFEEE}) 12,069,313 SGD/MIPS

X1 STJLORFOEME (BHOBERE
http://www.genome.ad.jp/kegg/java/org_list.html (CTZNBH)

3 EBmORTD S S AT LOFRFTN

GIL—T22 2 IDRODATY T EUTERIGFORRBREFETNTVD. LML, B
FHFEFDECHIIBIR EFEIRBEIRN TR TOMUIT ) LEREIR T ITDDIES S 4 DEG
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(GE=F) O > TEEGDSIRXFT LARHEN DB DITTIEIRW, B@HIEDKD (CHHAFED
EDTCIRFTLPEBRHRENTVDIM O SRTNE, EMIRRZIEFE U ECIFIRSIRLD
THD.

G ) LT SIRA b - 5 ©ERABNSERQR RS Y T & U TEmBOFEIRR (CHEH I D8
CFHREERYSY ) \OBMBEFRZS ATY T v I (CHEFTUVIBRELTOWS ZCEMRETH
Do FTICH ) LADRFDTZHEHFEERTIE 6000 DBECFDRMI/IEIC TR (C K DHETTOR
1232205 2 )\ BRI EFRZ RN (CRNDHATRMNREIE SN TLND., DFD Hes] (TE
REZBWEDFEMENS. EMO T(FE5E] ([CETEYoORDFEEMFANEBITLDD
HDELEEADTHD.

X1 HAvyOJ{cEniz Arginine 85/ (AT T4 (KBREEANEITqILADOEATRWZENTE
BETFIEBRVE. XKBE COHFRWVCEEEGFETBEVETRUL)

4 EEF - U LABRER(KEGG)

BIF DD FEMFREST — X — X (EDNADIERALT(GenBank, EMBL)Y>S > )\ UBED ) = J
Bic%l(PIR, SwissProt) Yo/ {fAiEiE(PDB) E WL\ B4 D3 FD [hleEs] DIFHRICT TR, &
NICH L. CNETELZ DL, 8. MIRTHESHNCESNTSEEZ [FresE] DBEHROT—5
R—X (T2, FL D [(FeBE] BT —IXR—X{EIARL ., KEGG (Kyoto Encyclopedia
of Genes and Genomes) 0> 1 hMERIAULZ. KEGG O T hOERABIIUTD3
mCHhdo

1. AnROMEENSFOT =D TFEME. MREMZFDLERINHE D FDI\RITAE
HELTOADEDA—FE L. EnROMEENSIOT ZIBERIT D&,

2. INRTOEWET. FJ LBRNEIZSTELFHIOTDEDBR ELFEY) =
BEUMEEHSOT EICHEDITBD I &,
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3. T=AR-RIEUTMBEERT —INSHiE/\ RO/ ZETBELIED. RN -4
J LR (S DI U VWVBIREIN Z R T 2 2 &

I{E. KEGG (FFTR(CTJ LAWREF D L1 2IE DA " S8 CHI20FEFED AT R > —ED
DFER (S0F I URECMREERRRE) 22U TS, K1(d Arginine &RRIR(CRET 24
{EZDMGHZE I>E1—5EULIZEDTHD. MADFEFESR (IROGERFEY) ZxRU.
RICEMICESIIERES (ECES) THD. XEEODVWZNAFIKBERENET 1 JLAD
T LS RVWZEESNEELGFICHIELTVD (RDRNFSR) . /\ARDRMN>TEBEAELS
BSRMERR SN TVBDMNC KD T BICRBILFOMEETF AN EECIRESNTLDI M ONS.
CDFIDIZE. KEBE (L Glutamate H'5 Arginine Z8K I D ENTET D ENDMDIN. NED
1 )LA(& Glutamate M5 Arginine Z&K CE 3N DN STZIT TIERATHD. NET AL
ADHBEDED (T/IZAMTINTUONZE. T AICHRIELFZREELTVNDS (DEDELTFF
BINARED) H. HDVWIERIDRIGRIBHFET DHDEIEEENEZE X 5N, ENETNFTETIAN
BDENTED, RAFBEDINDRIEBNMFEIT DINEDN. KEGG DIR—LR—=
(http://www.genome.ad.jp/kegg/)_. 5 WWW TP O URARTWBHITH D, CZTHE
PNTWBHEDER(CHDEONZERMGRE VSR TH 3. RIORBRWEFICE>TH
923 &. BRERRIGZESEEMMO_IAERETERLU., BHOESBVE/RMNG D &= (3 ZIHE
ZRDIZARTERIRT D, 2D TFOEZRDH TS O TIVICKIRT D ECANEBOERRIGR &2
DR CHD. KITEANET A ILAD Arginine G/ \AD T (R DIF SN D ZDIFERAN
NET 1 IIVAICEFET DBERERISOZIERGRZE S & (/) \RETEZEERTIT D EL<DMhalEeR/ (X
DI A DERFENRDOND. UL, CDiHE Glutamate H'5 Arginine (CE D/ 11 DHfE
KREMWID Citrulline ’NET 4 ILADHEEICHETH D LIEMSNTH D O, BN SHESZN
ISR T TA(FRA 2 NEONTND/I R ITTATIFRNS UL,

Skt v el 1 ey pnl gl 1) ey eempennd I
gy, o [ |

b AL, e | 007 e ch

mmﬂmumm»lmnh1
B Ak 1Al ralsadnr and
rrimrwmtios ou

o sl N, o Pl ol (T |

MLy coopm : Nem ol P ey Comrp L

Rewult of Pathway Computation

11,3 Hi e s
1 | b rirmber Coawrl®
Flan] Froderl:  [aee#
Culof{ gl 1D
Hursher of Ammibe 15

k IO0DHEY <201l

:EE
Eif
HER

£ Ko patieo | om crpand drecieal

aad

AL 4 A2 12
b TENAHIE 2Rl GH 7o GRGED <ET.1M6r [RT4 wllldix GARMEY dblb FOME a3Am
TG A D Th GRRER LLL1FE CEIE LIS CERER GELT AR EaAm
N TG MTIIT GBI MBI IR LT GEET LA GREe GERLIE R JEFA R
u Beeth dlb D& EPmwedc J|EdDy  CI11ES 4EALEIr [fexd] GfiE  OIRED 412990k [eEE AR
m Oedf Al bl Gl clfdiy  CA11Ed 42ALBlr [EM] Gfibe CI0GAD 41230r [IER odA 2w
= Ot ANEh PRI cilidn  OABSTA 4ES1in ChAW cliliSh [aenlh AR labh  CHIETd 1344
= O[]l AYSh PR cil.fdn  CARST 4ES1 i Ch clliSh [k clld03b i 1.174
F 0ODHY 41X CHIS| #E14 DEE0 213116 CH0TS JLTI40e CO00 17 Oale L1135
F 11 DXIS clblide COIDES 4R4LE-  CHT18 <1ELHr CIDEA 4E7A% CHIET SALL DT <Ll
F 10008 cldl4 R cldAS  C0IED cE118l: [T 23003 OIS clEd D CD0RN <2703
F QDI cldl-4 R cldAm  C0IES cE1180: ONETF =20 031156 s18d b CDOR c.1.03y
R OQCOMIE clAR 4 GANES 4AL1A RS0 A1 Feb [ clF 13k CHETD HETLN GLEOT ~290
19 GRG0 FLFAT: [ G 1ED CARON D04 IR RIS 4l 5 R HI10 WG I 1H
19 CEEIE [T RS GRS JBA4IR R E4EG DR 1A R 1H]
FEL] S T W LT T T L -

42 Glutamate(C00025) H5 Arginine(C00062) (CED/\ADTAZNET A JILATIRERL
TW2EmE (EAITaEgER/ (RO (218, BAITZEDO—DDOBERES EPEAEHIOERD
ZRALUTULD)
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5 NRADIADSEGDETEN

2T > TVWB T EFRUSRESNZS ) AOBRELF 2S£ TRAMDRH/ (RO T
BB TEDINEDN. DFERDEBEXSN TBFR] OF—Fn5. eNSZ NEE] UTHULL
BFRZESELTVNDZECENMRSRWN. UL, IREFETEBIRDOEFHAEE S DL D
(CO>E1—F ETHRATEIHICFR>TLRL., MEEEZHEASHE RIS ENT
SE1—-FLETTEDLSCHBEOIO> Ea—Fb&Et o TOKBENS D, CDOEVFRIRNGH
D> E1—FEDEENSD D TIRH T, BBENSS AT LDER, HDWES AT LARLTODLL
REWD KRR S - & ABROBRIRVIENBIE L TR D TH S D,

AaDFETRNE T D S0 EMF(IMEFEDLZ DL D (CRIBNIEN SOFIA TETL
RODHRIRTH D, LhLEa -5 ) LAFTEICKD., EMF(FTDEENIEE D TLERY]
HTEZRTITAVIICT—INEBENDILDCROTEE, SERIFETSICEBINRRETT—4
SMELTOWK ZTENRIAFNTND. TOXDIMIRR T TREDT —FZHFHIFTL. =5(CFD
WSEFNLEREOHH#ZE L (CRIBNMEIEZ I E1—F([XIThE T, AmDistRzEs:H
HOTW ZTENBRENTND, [[FE5E] OFEREZHEAEHDE T, EdndiEstNZ & Mt
HITD LI CIRDDEEIRVEKEDZ ETFRVDMNE LI,

e L)

1.t fE2Z ftbis : [0 LADAI2 R ] EEEXEREZR1997F 1285181

2. Blattner, ER. et al : The Complete Genome Sequence of Escherichia coli K-12. Science,
277, 1453-1474 (1997).

3. Moxon, E.R. and Higgins, C.F. : A blueprint for life. Nature, 389, 120-121 (1997).

4. Kanehisa, M. : A database for post-genome analysis. Trends Genet., 13, 375-376
(1997).

5. Ogata, H. et al : Analysis of binary relations and hierarchies of enzymes in the
metabolic pathways. Genome Informatics 1996, 128-136, (1996).

6. Tatusov, R.L. et al Metabolism and evolution of Haemophilus influenzae deduced from
a whole-genome comparison with Escherichia coli. Current Biol. 6, 279-291 (1996).

FS5DS UVTEE BONO, Hidemasa;, HWRUOE HDD  KANEHISA, Minoru
EARSE T611 REWEFAMAIE ZREBAFZE(LFEHRTE

BEih 0774-38-3270 FAX 0774-38-3269
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—HEEEDA TNV EEZHD E LT, TR & E&EMFRT ) O IERCYIN R 5 S
T, ZOBRREST —Z X— 2D F 6B D 3 HREEEE L 2 [FE L. /Aﬁ%@%%ﬁ
HESIET B, WbD XA F AT —~<T 4 v A] PREEIZEBEIZ 7> TET-,
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Ei?iﬁ%gﬁéMT%fkw S NG E- ﬁ%%@%@%@!%ﬂf%fw &AW
SED BRI FE L UCIE. XEs & s | NMR%W%L%ﬁ' iz iﬁﬁ@ﬁ%ﬁﬁ
ﬁ AFMZBRERH LN, ZRHITMATaryta—X 2D kG Fll, €5V 7, 7
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BN, 1 ~2MFITHE TR ®4W%LT ﬁAHXMﬁ%LTVfﬁ%%%Jm&wT#/

5%%@%%‘%*“@L1w5 EIZ, RHEMEAEM &7 ) DERIENT OMEMRE > TV

EK\;MiT%%émt%@@&/ﬂﬁ*%$ FIEZABEL LD LT 28 EBERE TH

o WERT2Y 7 DERARNTT 21213, PO &5 Il 2 BT 20 Tld, & ThiBwn
OPRODDLTH D, :T/I::L-m L2H WAL « =07 Lot E HOTW5H, A
ﬁ F— B R— ARk L OFEIG imiék%ﬁo*ﬁ\ﬁktﬁﬁgkbffwﬁ7/i
IR NCIFENTRVAR S ¢ ik %Twa) INLOEAE, BOROFE -
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//T/?A%H w%@ﬁ%ﬁwiﬁf’@ﬁf

2. SRR DA

B D PO BI OB A 2 IR X DTS, 2D 1 OFNLD Z /X7 BESIARREIE AT O 4%
MDD EATENTELS, GFE1, £22H)

1) Z ST EONEHEET — 2 1%, 19 8 64Xk 300#&(3@07‘:75?\ BAE 12600014 %
BLTWa, —H, 7 BESIT— 21, SEEOFI3000:0 5 BIE 1 0 512l
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Gaussian Functions, J. Chem. Phys, 89, 1540-1559(1988); Honda, M., Sato, K., and Obara, S.; Formulation of molecular
integrals over Gaussian functions treatable by both the Laplace and Fourier transforms of spatial operators by using
derivative of Fourier-kernel multiplied Gaussian, J. Chem. Phys, 91, 3790-3804(1991).
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Unification of Bioinformatics, Combinatorial Chemistry
and Chemoinformatics with a Structure Based
Approach

K. Ramnarayan, D. Rideout, J. Wang H. Zhu and E. Maggio
Structural Bioinformatics Inc.
San Diego, CA 92127. USA.

Introduction:

Traditionally, drug discovery was practiced by screening natural and synthetic products,
to find molecules having the desired biological activity. Although this technique has
yielded some of the most popular drugs in use today, it is an expensive and laborious
process. Advances in Molecular Biology have enabled access to a flood of novel protein
drug targets and resulted in a revolution in understanding the human genome.
Computational Chemistry techniques have rapidly evolved so that now one can make
intelligent guesses as to 3D shapes of the targets against

which drugs are designed. With advances in combinatorial chemistry instrumentation, it
is now possible to make thousands of compounds in a reasonable amount of time
provided that the chemistry is first adapted to the particular combinatorial chemistry
machine or robot. In spite of this ever increasing access to large numbers of chemicals to
screen, the costs associated with both synthesis, purification and screening are very
high. However, when protein structure information is combined with combinatorial
chemistry, screening efforts can be made dramatically more cost effective and the drug
discovery cycle can be shortened considerably.

Protein Modeling Will Shape the Future of Combinatorial Chemistry:

The two most important dynamic changes shaping the pharmaceutical industry today
are:

(1)the availability of thousands of new protein targets as a result of the human genome
project and other gene sequencing efforts around the world.

(2)the availability of molecular diversity on a grand scale through the advent of
combinatorial chemistry,.

A newly emerging third dynamic is also at work -- the growing recognition that
structural pharmaco-genomics will play a critical role in determining which preclinical
candidate molecules are advanced into clinical trials. The element which ties all of these
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dynamics together is structure -- specifically the 3D structure of protein targets to which
combinatorial chemicals are designed either to bind or to mimic.

Over the last ten years, a quiet revolution in 3D protein modeling has been underway,
which culminated earlier this year in a landmark paper in Science Magazine [1]. In it,
Professor Kim of the University of California, Berkeley, an expert and thought leader in
the protein structure field, asserted that the slow but relentless improvement in the
quality of 3D protein modeling has finally led to models which are directly useful in
structure based drug discovery. Advanced techniques include: ab initio augmented
homology modeling; local tertiary structure prediction augmented with proprietary ab
initio loop generation algorithms; and direct ab initio modeling of small proteins [2]
(e.g., certain growth factors, hormones, etc.) up to 20 - 30 residues, among others.
Other advanced structure prediction techniques on the horizon employ wring-mode and
distance matrix approaches [3]. As a result, it is no longer necessary to consider
determining the X-ray crystal structure of each and every protein in the human genome
in order to access the information content of the corresponding protein structures. In
addition, molecular modeling permits practical access to genetic polymorphisms (i.e.,
genetic structural variants - estimated to average roughly 150 per protein across the
human population). Computationally modeled structural variants of drug targets may be
used to rank potential drug candidates before selection as clinical candidates by
successive docking experiments. This realization unlocks a major portion of the human
genome (and non-human genomes) and permits the protein-structure-focusing of
combinatorial chemistry.

The ability of new combinatorial chemistries to produce literally millions of potential
compounds often outstrips the ability of powerful high-throughput screening technology
to keep pace. Additionally, the general commercial availability of combinatorial chemistry
synthesizers makes it possible for any pharmaceutical company to start producing their
own molecules. But the question remains what to produce?

Virtual combinatorial libraries can describe literally tens of millions, even billions, of
structures theoretically accessible by combinatorial chemistry. But by themselves these
virtual libraries are useful only to point to synthetic possibilities. It is impractical to
synthesize even a small percentage of all of the potential molecular diversity available
through combinatorial chemistry. As more and more organic chemists focus on new
combinatorial reactions, this problem will only get worse. The principal way combinatorial
chemists have attempted to deal with this growing problem is by synthesis of limited
libraries (10,000 - 20,000 compounds) that purport to sample pharmacophore space.
Since pharmacophore space is n-dimensional, (with hundreds of descriptions to choose
from and the relative importance of such descriptors is very difficult to determine), such
synthetic sampling schemes are inherently flawed, and in the end the results still depend
largely on the scientific intuition of the persons selecting the sample molecules intuition is
very difficult to measure.
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In any event, this sampling approach becomes increasingly more impractical as the
body of virtual chemistries continues to grow daily. (i.e., while testing a 10% sample of
100,000 compounds (i.e., 10,000 compounds) may be possible, sampling and in vitro
testing 10% of a 1 million or 100 million compound library is impractical in terms of
costs, time and data management.

Chemoinformatics and Chemical Diversity:

Chemoinformatics has been defined as the integration of information resources,
automation, and drug design* (Frank Brown, Oxford Molecular Group).
Chemoinformatics includes chemical databases suitable for 2-dimensional and 3-
dimensional structure searching, QSAR, pharmacophore identification, molecular
modeling, and diversity calculations. The purpose of chemoinformatics is to answer the
question of which compounds to make and test in a drug-discovery cycle, in order to find
active compounds while keeping library size down to a workable number. This field is
becoming the rate-determining step in modern high-throughput drug discovery because
chemistry and biology are both so high throughput. Structural Bioinformatics has
developed a unique approach to chemoinformatics that involves the application of protein
surface dynamics-based pharmacophore templates which can be derived even when x-
ray and NMR-based structural data is unavailable.

Generally, biologically active molecules fall into active clusters or islands in
pharmacophore space. A library that covers pharmacophore space evenly (with
molecules arrayed in a grid-like pattern) will more often contain molecules within every
active cluster, when compared to an uneven library of the same size (with molecules
clumped together and spread unevenly). Strategies for the effective spanning of
pharmacophore space with a minimal number of compounds are one of the key goals of
chemoinformatics. One approach to optimizing coverage involves filling diversity holes in
a given library, that is, finding molecules that occupy regions of pharmacophore space
that are unoccupied in the current library. The cell-based algorithms divide
pharmacophore space into a grid of multiple cells. The cells are designed so that
biological activity tends to be similar for molecules within a given cell and different from
one cell to the next. A library with optimal coverage of chemistry space will include
molecules in most or all of these cells.

The term sparse arrays library has been used to refer to individual compounds chosen
through chemoinformatics that do not form a complete array, yet are all synthesized
through the same set of chemical reactions. Sparse arrays have the advantage of being
smaller and thus less expensive to synthesize and screen than complete arrays. If chosen
on the basis of pharmacophore diversity, sparse arrays have the disadvantage that they
provide less SAR data and that they do not allow the discovery of unexpected hits found
in complete. If chosen on the basis of virtual screening with pharmacophore templates,
however, sparse arrays can be quite valuable in terms of SAR data because the number
of hits per compound tested is much higher.
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Analysis of scaffolds, as opposed to side chains, shows very poor diversity for synthetic
organic molecules in general and compounds which have been chosen as drug leads in
particular. Combinatorial chemists are beginning to address this issue with greater
creativity by employing novel polycyclic heterocycles, chiral scaffolds, and unusual metal-
catalyzed chemistry including olefin metathesis, samarium-promoted coupling, and a
wide variety of palladium-catalyzed reactions.

Multivariation refers to a situation in which two or more precursors in a combinatorial
library must have a particular structure in order for biological activity to occur, although
the rest of the molecules containing these pieces may all be inactive. The existence of
multivariation provides an important reason for making array libraries: in the absence of
a lead or virtual screen, the only way to find novel multivariate leads is to synthesize and
screen large arrays. A versatile, robust virtual screen such as the Dynapharmtm template
can rapidly identify multivariate lead compounds without resorting to the synthesis of
large libraries even when there are no good leads.

A system for the management of data and the management of experimental flow are
crucial part of contemporary drug discovery. Ideally, the collection, storage, reporting,
and analysis of chemical and biological data is automated in a manner that allows all
scientists in the organization rapid, straightforward access to the data that they need and
minimizes redundant activities and bottlenecks that can slow the drug design process.
This requires a fully integrated, web-based system that is optimized for data mining.
Self-consistent terminology, a user-friendly interface, tables customizable to different
scientists, and ability to handle human error is some of the requirements for such a
system. This latter factor is important because combinatorial chemistry is accompanied
by combinatorial amplifications of errors: in a large array of 30 x 30 x30, for example, a
single mislabeled precursor will ruin 900 of the products. Most library syntheses have at
least one error. Automation of combinatorial chemistry leads to reduced errors and to
some extent to increased efficiency.

In a typical Study, only about 10 nverified leads with IC50 < 10 uM were identified by a
diversified library of 30,000 compounds. Michael Grifith of Trega has noted that we need
to screeen very large numbers of compounds to find activity. The usefulness of screening
large, diverse libraries for hits varies dramatically with the nature of the target. Scientists
from Combichem have noted that they could identify 391 molecules from a large, diverse
library that inhibited dopamine uptake by 50% at 30uM , but only 19 that inhibited
inducible nitric oxide synthetase and only 1 that inhibited tumor necrosis factor activity.
The Dynapharmtm approach makes it possible to identify leads with minimal synthesis
and screening (on the order of 100compounds), even for very difficult targets.

Application of Protein Structure Based Library Design to Tumor
Necrosis Factor Receptor Antagonist Design:
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The use of protein structural information to computationally prescreen virtual
combinatorial libraries overcomes all of these limitations. In the example described
below, 3D structural information derived from the surface of TNF was used to
computationally screen a virtual library array consisting of 136,000 compounds with a
common scaffold structure. The virtual library itself was generated based on the common
pharmacophoric elements of a lead molecule discovered by searching a database of
Available Chemicals using a pharmacophoric template * Dynapharmtm. Molecules
mimicking a putative pharmacophore region of TNF surface were selected from the
virtual library by molecular similarity. A total of 15 molecules were synthesized with the
results summarized below. All 15 showed some level of activity; three showed adequate
binding activity to qualify as valid candidates for optimization to drug leads. It was not
necessary to pre-select and synthesize a sample of molecules representing an imaginary
sampling of so-called pharmacophore space, since one million molecules may be pre-
screened computationally in less than an hour; ten million in less than a day. All 15 of
these molecules inhibited TNF binding to its receptor by more than 35% at 50
micromolar. One of these molecules exhibited a Ki below 10 micromolar. The acquisition
and in vitro testing cost (cost of synthesis) for 15 molecules is insignificant compared to
that for a 10,000 molecule sampling of so-called pharmacophore space. Finally,
additional virtual libraries can be generated and computationally prescreened as quickly
as new combinatorial chemistries can be designed.

Conclusion:

In Structural Bioinformatics Inc., we adopted a topological approach for similarity
description, which is analogous to the atom pair approach, however, reformulated to take
into account the electrostatic features of molecules. We developed a nonhierarchical
clustering method allowing fast assembling of molecules. The sizes of clusters are
controlled by specifying a threshold for the degrees of similarity within a cluster. Our
approach is advantageous to the others in that it incorporates the binding-related
features of a molecule into topological descriptors. Two molecules can be compared in
terms of their binding-related features while avoiding to be involved in the complicated
multi-conformation problems. Our clustering method is fast, with extent of clustering
controlled based on intra-cluster similarity. The results of clustering are not history-
dependent, unlike some other nonhierarchical methods.

As the repertoire of combinatorial chemistry continues to expand, it is clear that the use
of computational technologies (e.g., molecular similarity or computational high
throughput automated docking) to focus and reduce the scale of combinatorial synthetic
efforts, offers the only practical means to access the full range of molecular diversity
available now and in the future from combinatorial chemistry.
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NiE Science Watch(CREFLTWD. Fie, 1—>> - H—TJa—JLRIF, BSHEITAICRKRD
T, The Scientist 3% kL, T T Science Watch MLR— hHSFERIARERIFRKR%Z
EvorwvIFL, TOEICHEUWESRZHATND.

BAF, Science Watch & The Scientist m'518#{EF (computational chemistry) (CRF%RT
DEBONBESZOHNS, FKIRY b - R=){—DW DO ZEBNTT D.

19906985 ® Science Watch (FIXERDFFFERZTFH T IR T, SRFOERIERTIMIS
EDELEZHHCa). (EFDREFT, 1987F(CREZLEIASNEFER/INHIUR NV ITE
NTVBH, ZOOE0—DOR, BEKEFETFHENFEZDTFHE (MM) ([RRUIEARS
TILO{EEE Ronnie Kosloff 1'119884(CJournal of Physical Chemistry (CREXUZFRX THD
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FABID E3) syl

1989 37 USA 302 (44.02)
1990 55 Germany 120 (17.49)
1991 65 I[srael 83 (12.10)
1992 74 France 66 ( 9.62)
1993 60 England 40 ( 5.83)
1994 74 India 36 ( 5.25)
1995 79 Spain 26 ( 3.79)
1996 102 Denmark 25 ( 3.64)
1997 89 Russia 23 (. 3.35)
1998 51 Japan 21 ( 3.06)
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1989 7 USA 573 (24.41)
1990 39 Japan 468 (19.94)
1991 80 Germany 345 (14.70)
1992 162 |Spain 151 ( 6.43)
1993 258 |Russia 139 ( 5.92)
1994 306 |[France 119 ( 5.07)
1995 353 |England 106 ( 4.52)
1996 388 ||Poland 97 (4.13)
1997 476  |[taly 68 ( 2.90
1998 278 |Switzerland 50 ( 2.13)
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DERE (#7) BEICETIRIXTHD, I, N, O, QIFAYT> =+ —RNAICEDIDDDNAHIH &
WOBIEF(ICEL, EELEA>A—O14F - 1EVWDSREFNERICEDOTNSD. LML, WS
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G — Miller, J. et al.: Repetitive zinc-binding domains in the protein transcription factor
IITIA from Xenopus oocytes. Embo Journal 4 (1985)

K — Berg, J. M.; Potential metal-binding domains in nucleic acid-binding proteins.
Science 232, 485 (1986)

RNAIRE

J— Caput, D. et al.; Identification of a common nucleotide sequence in the 3-translated
region of messenger-RNA molecules specifying inflammatory mediators. Proceedings of
National Academy of Science US, 83, 1670 (1986)

N — Shaw. G et al.; A conserved A-U sequence from the 3’ untranslated region of GM-
CSF messenger-RNA mediates selective messenger-RNA degradation. Cell, 46, 659
(1986)

O — Lee. W, et al.; Purified transcription factor AP-1 interacts with TPA-inducible
enhance elements. Cell, 49, 741 (1987)
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Q — Lenardo, M. J. et al.; NF-k-B: a pleiotropic mediator of inducible and tissue-specific
gene control. Cell, 58, 227 (1989)

%

E — Bevilacqua, M. P. et al.; Interleukin-1 induces biosynthesis and cell surface
expression of procoagulant activity in human vascular endothelial cells. Journal of
Experimental Medicine, 160, 618 (1984)

L - Bevilacqua, M. P. et al.; Recombinant tumor necrosis factor induces procoagulant
activity in cultured human vascular endothelium: Characterization and comparison with
the actions of interleukin-1. Proceedings of National Academy of Science US, 83, 4533
(1986)

CNSESHOTERBEEYZEDRIZ RN TR (CROIERXEFEEDIENTERDTHD,
TNENHDZ OV —)\XILDRMEIRNW—F([CRD TWLWBIAR THD. B(CHEBKEDE, D
170mXOHRC, I EI—FVIMEENTNBRZETHD. TNEUTDS1 MLDB
X Tz,

Brooks. B, et al.; CHARMM: a program for macromolecular energy, minimization, and
dynamics calculations. Journal of Computational Chemistry, 4, 187 (1983)

R FTEERCIRODNTLD. BEEL TULDMEmXHHUR - RO =R ciggez2.8 4>
DJANO—LDFMFETRUZEDTHDEER(E, TOMEEE(FIBFTETDITHSD. RIS,
B UL DRAERRZIBERIEFE(CDONTITO R ELES, BEWRKOE2Z-FYI MY, 2
DIZEFE D LHEOFLED(C, WONTLKB(FITHSD. BNk LIZ StewartDawXnt, 53
BOPLCMIET D LE, RWTHDEDIDTHD.
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5|7 —9ZFEDHDIRAFICIRDSIBZEEFEETETAL. UNUL, BIRIEFEDISE (S5 EMEER
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AITHERLS, TUBAEHTHD EFHIMURITNIRSIR. DWTRAS, Ub—F - A> - U
H—F(CHBNT, ARDIZHDFHF UV > Ty hEBRELT, I E1—~0FARBZEINZ R
(FRBRLIBRDTEITCVND. ENEFELLOCE1—9&FEZDINMDNATDT7 DO T W MMIKE

HEITDINSTHD.

H—T+ =)L RDIFEZED THERICFDMHEZFNL, I TICHRIinZED CLDIARED,
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FazSRTE, IDLVWREFZEFSTEDTHSD.
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ISlE, HEIAICEL>TAY - R=/\—ZBEVHIFEZEBICREET, HEIHSNTLBINX
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ThoIz.

RO RAIFRD, —RIRCREAT, RESATDHEE(CR TRSIBWEDE, WD
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M(GN\EDEEEZEXBAD D SRS —ZE#C L THIBME LTz EDTH D, [HF=aL—>
3] &N [EEETR] EhDRMEEZ, B(SFHFMEEHRN Y MUNSOEEICLTRUE
EDRDTHD. SN, HIMRBREOEAEE, —BRLITTRADDICERTHD L
(C, BREZROEFVVRV. BIZOHRYRRIIRE, NUSMRT, TNENCEET DT -
NR—=){—%, BER(CIRHTE DLV DHBNDIIMEEZHER O TS, RIS, BISRZREEDAZ
1—TZETNULE, HRPRAHREIERCENSNDIRIEZDEDIEEED T ENHKRSD. 5IAD
HfCKBDIUS—F - A2 - UG —FDHIHTHS.

[t DERAIFR] (&, ETSTNZEL CigtEnTLVER, I’TE(EON Demand X— X CTEm
fEEnTuns.

5 BHOHIC

SIREEI R CHRE IR DEERELEZ Y. TUCTOREERZIERLTLDD(E, il
THER, 5IAHXDEEEETHD. TIICEDEEIDENREIZMT LW TZE=EBDE
FIRAA DIAORI (IR, ENSDABEFRIDEECKL DT, BIORETIESHDA, ITICR
SNTUEDOTVD. THDINS, TEDFFIRTRLSTE, ASIFRX EZHEEIRMmXIIENIC
B> TNWBEVWDSERZE, BEEDEROZHMZET DRD, HRTED. IH5, £AEIC
DWTEATHOTE, TOEERZIRR, SHEZAEUEEZTD I ENTED EVSHRFHEN
»d. VUREBULZEWATZH, BFEORATERZEZSTD LMK, TTHRZMARIDS
ENMERDDTHD.

BIFATRD B NENBELS(CRoE. BAICEDHBIEETREZED, HRZH=
ITIAIREENWENTUVD. ZOEXEZERZEE(COHFEBOHEDIDTIFRL, RIFEDINCWDE
N, RZ(CBDHARZDNIT D E(CHETDINEEHD. TNCENMEERBESv—FUX
LATHDT, 5IAPHEFHUVWRIES v —F UXAICIBIFOMBZIRET DI THSS. 1—=
>« =T+« —)L RN The Scientist ZREITLTWLBDIL, TDEHFID—DOTHD.

(GHIEE: [2: 7Rw bR—)—] (C#BIF Tz Koslof & Stewartd —iwXD#EI A/ 5 —> _ F44-F
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2. [FEFIEHRORE
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WD EFALKEBEETNTND. UL, TNIEITTE2 < BitrBEIROE R B4FTHIE DHEE
UCEERTHD, FFTHEFERE (S LVEMIZARATEd3NEL L TREEZS XD END
FRIEICEDNTLDEHTH D, TOEK T, KRB (ICHEF(EEAMNEHRIRE UTHESN AL
HEILESNTNDDTHD.

BARCE. FFEFIERIIEE LT MHFAH] ° TARIFFARKR] (CRO>TARAEND. FE
FHFDIZE EEHRIC, REIEMISSNIRBERIESNTT —IR—-RELTHAEND,
CNSDIEIHR(E. FAMUKEDIERE, FMAEOE L. FcAREOE> ~ AFRARET—Y
DIETE. 1R ECIKIID, Fo, MHOBAMFFEEIERFTEEE. =5 (CIIEEHBSDOIEEICEF!
RAENd. =5(C. BAfERIZITTEZRHERNBIRE UCOMEBBEL TS, DFED. FERE
OFfiiE. EFME (LFEAN) . BERINOEEREN R SNDZH. MHOERET DIEFZH D
ZENTE, EEMAFTPEBIMSEZL 2 &0, BHEIMOEN 273 2oHDIERE LV TCER
THD, =BICIE AREPEERLESRIDIE(CKD, SAEII D ITPHEIRRRECE
G ERSY GRS

1FEFIBIR(E. KMARZITOREDOHCEERD TR, REKMERDEEZODIT—4
EUTERVWSNTWS[1],[2],[3]. FIRE, KMFAFREROEEMDIER. HDdWVEHEN (10
LZDER) DIEEDY—-XEULTEISKANSNTED., Fiz, KiliEFEOTOCAZRIT —
SORAMTFFERRICEI T 2T —F & U T SV EEAMEIMRE DM (CERALSN D,

3. FEFICH T D5 A & (FHan

S5IA&E TERDHRDEKID ECDEUTMDOXEPSEHIEZFEHADEZESIKZE] ( TLEF
3a] SEIUAR) THD. TNHAEBRREENERIZT DIEEMGRXICE SRV, SEEOHBFIDS| AL
ZORKRNMFITH D, $F(C, PBEEERICEDKEZKETESIBANEEREEERIZT., LIE
UISIBIE N3 LSIC. SCI (Science Citation Index) (. COKSRBREAKEDS AT LANET
ILETEDTULDB[4].
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B (CAMNDCEEL. RETEEE LT, CHIEEMNHAR UL < DODEIKELVEZ(IC DL
TR B,

5. FEINFSIRT —YONE
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REREE. RFERXARDGE EFEFRICHT DT ENTED,
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WX DHE. 5IAZTSENEVNSDNGDEDD. BEANICE. SIRBEFORXDOF DM
BEZHALTNDDTHD., SBRICEIBASTNDIHBI(E TS TRVRX KD EWHEYIEZSEH S
NIZZENRNZNWEEXSND. —7. FFDHEE. 5IAZITSENE. 51T AN FFREAD
FARMAEDIER R EZ TRV UIEEET D2 ETH D, Z<DIFE. SIASNZREFFOMIEIC D
WCTIIPRIZHZIEZ B Z L TNDEERXBND. UL L. FismXDBEHEE D THDILDIC,
FEAESIASNRVEFDNEEDOREI D ZEHTE D, < —E8AMFICHEE(ICSIASNTND
TENS. BIRASNHREFE. ABEHNICEEEENENEEZERDTLEFTELD,

FFEF OO | AR EIMDIMMEZ RBR L TWLDMNESMTDNTI(E, FIERIMREEBITHOINT
WD, HBIRMREESEE. FFFOWSIALRIRICE DS > F2I0 BMiNESDEN SDER
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2020112116 BEHRTC R TERDE 8 AHERLE LT
K(CKDHIMEBEBESNNEDIHZRARDENDIEDTHD. LS DNDIAFTEICLD T, SEFEICE]
BAEN3FFEEMARICEIOD>TEEERRENTUVWDRBDE—HI D EMNRENTWB[Z],
[8].

CNBUSNDEERBIZEDO EDIE. KEWFFOERRSE(CHITDIRER/IXDS|IAEETH
N. "Science Linkage"&E@MZEINTUND., BEERSS(CHITDIRFER/IXDEIAE. FHiiEzNH
AL DRIZFEZBRTTIDEDEEZI SN, LA > T, ZTOEEIERIE EDOBMRMED# S Z
RYEFERTEB[9]. EBEAA. BRIZFEERMORABMREFZRDDE. RIENSEMfIAD—AE
UNMER D ZEMTERNWEWVWDSRFEH D,

BV EDDIBEIL, "Technology Cycle Time"&dnaa. [SIAMROAREESANSSIA
R E CORBELRDOFRME] EEESINTND, TRDOE. EEREEZECHITBEIBICDN
T. 5IAMERN HODFTULD] BRIECTHD. INERDERE(CEEL TLWDIBETH
DEEZBND. BIRIE. HDIMEMNIEUS UTEEFEFD " Technology Cycle Time"AVMNE LA,
FIRIDE. KDFUWVEREF - XEZSIFA LU TWVWDIEE. TOMEMOIT D MM FEDERENKET0)
EHRRT D0 CORDRERNMBEUINE SN EEARET DI(C(E. FiBERDY — RS540 A
&"Technology Cycle Time"DEDREHZRZERANRDCENMVETH B D, BHENRRIEE LTI,
BIZ (X, BiMEREEIT L -0 —BEA2OUAZILBIICXRBIL. m&EDR T "Technology
Cycle Time"DIEZ LB T D, IREDHFENEZ S5ND. BEBDHNTITRIMDBEN L <HBIL T
FMiBRD) — RYALNMENEEZDCENTEBEHTH D, WITNDIREEESEDEEAT
DM, RETTIHENRDKSIC. COEBEMNMHNERDEREZXRT EVWDHFEREZIFI DOMER
PN DMEENTLD,

6. T34l

BEMRAIEUT, BIERMOEBEERMCREND EEZXBSND - DDE. "Science
Linkage" &"Technology Cycle Time"ZHul & UTeW DH\DDIERZRT .

F9. ¥oOOLANILTD"Science Linkage"dikinz. HFEEEDERIDOEHECK D TR THK
S5_(CF2) o, PPOHWT—FTHDIN1985FENS2FE(CHIFBEEED"Science Linkage"DfE
DB ZH 1 (RUTZ. FEEDES LUEADEXEZEF—ELUTE ML TWD, BARDIE.
(CRUTEEDOHRTEIRFIT/NEL,

10

Science Linkage
=] o 2
& L] w

=
L]

Qo T T T T T T
1986 1986 1987 1988 1989 1880 1891 e

.

1  FEEDScience LinkageDi#tfE

COEIRERIDEDENZ. FEDFRHFERODETFRNDDMICL D> THDIEE. HBPTED
[10]. AR, ERERDEFOLD (CHSHNTRZE EDERENEODEF TS < DFFFFZHUE L TL)
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2020/12/16 BEHRTC R TERDE 8 AHERLE LT
DE (L. "Science Linkage"DENAE 2B,

"Science Linkage"MENY, FMIDEFICL D TRELLBRBCEZFEHICLO>TRTHLS, &
C Tl MMOBRICKDEEZ TETIRITERIT DIEHC. KEWFHFZ —TEHULES UIcbz
(CBREUTANRE CF3) . ERFFCIEEEF 142D 1.5F0RIFERIZ5IH LTV, it
FRCHDENNAAFTO/O>—0 (14.4) MEHLUTKEL., ®E (7.3) . B (3.3) .
% (2.7) . EEEFIY (2.2) . $EAITL O MOZIX (1.3) BAZNICHENTVND, —
A, EHNNESWDEFE. BEE - BFEDS (0.1) . BEEMSNOEZEER (0.1) . —REHH

(0.1) | IRETHD.

IRIC. "Technology Cycle Time"?M1980F N S592FEDHFEEDEBIDMEZK 2 (CRUTZ. &E
DEH KUEAHDEIE1986FENSHAMERICH D, EFITIE. BARDBEARFC/INEN,

14

12 F

—
(=}

Technology Cycle Time

1980 1982 1984 1986 1988 1550 19

2 FEE®DTechnology Cycle TimeD#t

CDXRDREWNE. BZEDIFHHHEDOREODMICRDULIC, BEDEMOMEAEDIEL VIR
NIZHEREEZEZ BND, RERS, B—RMDEFRICHS VTSI BERDEA G (C/INEODEF
NN DNHDTeHTHD[10]. FF(C. BEEREERAMCE. BARDED/NEWS EHFFERIT
>,

EDUOEDDDHHIE LT, EEDIEFERDEFZRZ R D728 (C "Technology Cycle Time" &4F
s | AR OHEBEZE RNz, Z Z TRUVVERREF#HSIARIENIE. "Current Impact Index" &ME(E
N3BDT. [H21FEMIC. BENFEEZTDS FHICEEUIFFNSIBEESNZEEZ. B
CHAR(CH 1T D KERFTFOF WS BRI TR UIE] EEESNTULD, K3 (S, BAREE
260ttDfEZTOY ~UTz. "Technology Cycle Time"([C DU\ T(£1990 — 95 MfE. "Current
Impact Index"([CDUWLWTIZ1995FDIEZLZ, "Technology Cycle Time"MED/INE W\EHED
(ESARREFOWSI BRSNS MERNRSND. CNZHERT DICIETERDIDIDIVELZN.
ER DR GEIRDATARE Z T OREFFEENDH DI M ZEHFH LU TWNDZEZRUTULD
KSR ONS.
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Technology Cycle Time

3 B&R{E260%tdDTechnology Cycle Time
EHFTEE I FAEE D& (1990 —-1995)

7. [REE

[RENTZARIBDIRNTIEEROUDENTERM >N FEF—FIGERALD3ETUAX K
DO XFEEZ V. BIZ(S. co-author analysis (HEFHDHT) DOEFEZISALU. co-inventor
analysis& TEMESNRESFEZRAVWNLE, #EiiAFEOoE1—-—<> - 14V OXDHHH E]EE
EIRBS, Flze. HEIEDH (co-citation analysis) Z (XU ETDEIADTOEFEE. i
E R D UVNERIZE Sl ERRZ B S NC T D AIREMZ R DR I THh D, =5I1C. HED
#r (co-word analysis) DK S ICEFFMIBIRIC T TR EMIRNE (CHEMHAATZD T EEEETH
Do

o — AN S ERMIC DV TDRIRUNESNIRLWDITTIEIR L, “Science Linkage"DIiEtR
NESTHDLDIC,. RIFICHITIERER/DICEETETD, i, HNETISHAZFTETI DI
DAL THE D, EENFENEEINTUND., U URIFERXORFMAEZ M (CE
ESEDRDREMRAECIEBENSZ L. TUB. BIERROREDHETH D T
H. “Science Linkage"ZFAWTRIERXX N EMICEDKDIRA >IN\ haEEX T ERARS. 13
EZRRIRBEAN S OFHIIEIR D ANDRETIFRVED DN, TOEKRTH. [FFr—FDIN
FCTULDERANLEEND.

pas

1. http://www.chiresearch.com/

2. KENFFT —FICED<ETH D128, KEEZTDMDETIERMFMNERD EVWDSRIEED
Do 3B, FEFHEEICL D TERBIDT. FF7r—YDEBRLERIIFIEN (CRETH B,

3. KEFEFZES U R DEE11004ED1993FENS97FE TD 5 FMDIEZAVZ. CC
TRV EL. FEF(CfA5ENIPC (International Patent Classification) (CEDU\T
(AP

SEH

[1] Pavitt, K., "Patent Statistics as Indicators of Innovative Activities: Possibilities and
Problems", Scientometrics, Vol. 7, Nos. 1/2, 1985, pp. 77-100

[2] Griliches, Zvi, "Patent Statistics as Economic Indicators: A Survey", The Journal of
Economic Literature, Vol. 28, No. 4, December, 1990, pp. 1661-1707

[3] OECD, "The Measurement of Scientific and Technological Activities Using Patent Data
as Science and Technology Indicators", Paris: Organisation for Economic Co-operation
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and Development, 1994. <http://www.oecd.org/dsti/sti/stat-ana/prod/EAS _MAN.HTM>
[4] Garfield, E., "Citation Indexing: Its Theory and Application in Science, Technology and
Humanities", New York: John Wiley and Sons, 1979
[5] National Science Board, "Science & Engineering Indicators -1998". Arlington, VA:
National Science Foundation, 1998 (NSB 98-1).
<http://www.nsf.gov/sbe/srs/seind98/start.htm>
[6] Narin, F. and Olivastro, D., "Technology Indicators Based on Patents and Patent
Citations", in Handbook of Quantitative Studies in Science and Technology, A.F.J. van
Raan, ed., Amsterdam: Elsevier Science Publishers, 1988, pp. 465-507
[7] Worcester Polytechnic Institute, "Analysis of Highly Cited Patents: Are They
Important?", Report prepared for the U.S. Patent Office, 16 December 1988.
[8] Albert, M.B., Avery, D., Narin, F. and McAllister, P., "Direct Validation of Citation
Counts as Indicators of Industrially Important Patents", Research Policy, Vol. 20, No. 3,
June, 1991, pp. 251-259
[9] Collins, Peter and Wyatt, Suzanne, "Citations in Patents to the Basic Research
Literature", Research Policy, Vol. 17, No. 2, April, 1988, pp. 65-74
[10] EZFER 2, FPNELH, [FTEXMENSECED < BIERMIBHROEFZN D] |, AT - %
et EIF =L 8MIFREMARFEEERSE, pp.188-194, 19934F10H24H, &FR.
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1 (FO®IC

EEH(F1987F (CXFkILERT — IN—AZ AW TEBIDRIFR X ERARZIT O /21). CNIFEHE
(CEDTERUHTDODET VAKX MU w X (bibliometrics)BIFAEATT IR D Teh. CNIEEF(C
COEDIABE UTIEOMEPDOXRFIRREDTESL >, TNLK, BBDFT—HIN— %
BRRE U CRXES|BBOFETHABRZIT > TE TCLVD, ARTIE. TS URBRICEIL T,
AFUEBOFHMEE ET VA X NUW OXDEDD [CDWTHERFTU THD Z &I UIEL,

2 HRAFRFHMEOEA CETUAA RNY W IR

SEEMARDIBEE U TSIMUZERS 6FERFMREHE [FA R (CH T DMFTHDFE
DFSEIIAT] I|EETE ARFHMEDTEZRETT U TCND2). CNZHERA T, —MRBVRHAF
FHAEDHEHHDNIIBRBERZB/IT THDE. BLERDISBREDONEZSND,

SHEXTSR B HBES. E. BRI O 0 MEOERMINH D,

MRS : FEED. ARREORES. AROBEZERE,

AMMATHA © SBRT. thRE. SSARETHM,

iHiE - Bl MEFHME (F—HBEA. SMEPEPIZR. SMBIFEFIR)

SHEEAR - 750% ¢ EEEHE. BEFHE (EJUAA KRNIV ORRRE) .

AMMELE | Pt A

FEFMI S FE L — B4 OFREHE & (F. CNSOMEAFEDE (TINS5, HFEHERD
EON—HRCET DI EDTER, BMUWMERICIRDCENBETEDTHSS. FHAERT
(FOXADBEERT A DK SE, FHliE (Re&) OBRBDADREDRINEDZHETTEDHE
EH35H ARFEDZECT D UIZEHRHT A MDD VWEEERT —F (CKDFHEITTEET
TENTEDNRFEALDDFE, B dHIEE VD EDIEERRE (C(FEHE DFEREEIEF
Wr(CHS D Z/RNCTECRRD. LEWVWR, O URFHFHMIZEDINS AT, RMeDOEDIC
IBEHC. BL2ORENT —IHFHEE (CHESNDIRENSDD. ETUAA NI WO IIR
IR, COUEKREWVCH VT, AFREEFHEC L > TERRT 5 L7133,

3 AFREEBDOERELTOETUAAX NI Y IR

HFREEBDHE N E U TDRY —— HFTESZHM T D72 (C. HAREEE —fRDEEBEIZELE
KRICETIUELT. ZENADADERNZAEL T, HAFNRQREDFHBICHEUDITLSETD
TENZBN, ABDELTIRERN - E/ - AR TROBMAKREL. HAFER. ARELRETH
D, HAE HARMR] THDIN. TORRZEBRICATEITAT DIMNIRNERDHD EZS
THd. —MICIF [FwX] DMATRKRRONGTAN (CTIRONDIZENZ VN EOEBFHAFTDE
DB (CIKIF I D, AROERDFCRAERTHONL. TORERENZY) - BREEDARKOH
RERTHD., RARZSE. TORBREDEDHMARKR THDEFI THD. wXElF. 5
UEHER - RIHORBZRRER (CIL<EAXDZHDED. IRHOERFEIZ2"5—-23>0
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FEREVLTERUZBDTH D, 2H. HBICEAULTIE. RREANUDDREIBEDF S ZHER
UT. HEMCRIZEET DZHC. FEFHEMNERZEINTLD,

DT, RRAHDEMEZRFZIRNED (BEFBHEATR/RE) o, mXHIRRIEDFEEL
THEERRWED (O>E1—4F - TOJSARE) TIE SXHATTREDOREY & (RS0
THBD, FICANZ1987FEDONEILERT —HINR— R (C K DEBIDBIEGRABDIE. TDFEERD
SEERKRDFET. HIFEEENS. TS RZRFTRDRTLHESESHARKICHD. ZHE
AMNIRETRAREINDEITNRN. DT, COXRIRHXEDRABTIIAFRKEDRE (TS
ROV | EVWDOXY Moz EZRRBUTVDN. CNE—EHDOER(C(THELVRL. D
RUIAEESHE(CROEC TR, BEEDBHF TORENE(CEZET D. HWERFZEST
UTC. FiiizimX R cAXRET. BEECBAFERACWALUT. RERZERID &
WD EEFEERICHD DD, TECUTHNEIHEBANBNTEIRVNS, S UEITHIEES
<BRIRZCETHAD,

W EGRE /S| REGRE ./ SIS /DT — ZDLDIC. AFREROAEFEE U
THXNEHTRVDEFEHDIDTHDIN, mXHIAFTEERDRLF(CIRD TNDRDIRDEHE
LW EFHENT. INSORFICH UL TEFETUAA NI Y ORNRT—IRNRWNTTERSN
DB, TIN5, NZAREERDOMRE LT, CNUITHETNDZENZ THIERIMEZELD
ETBHETHD

NI Xz, Epl. X5 B8R, FRERI. 1BEHMEERFLADBMELCX D U THRET
DEWVD [FEXE] fFEtDXRfiE. mXPDEIAICEEUT. HaIAzERl. #EhlFE 2 (CH
it9 D IR METOFRNHDD. =5(C. 5IBIERY ERIERZEITDDT. ZSOUEH
BIOWEET S I ZERR U T, CNZDMOMRET D [5IHEGRDT] RN GD. Fie. i
MX(fEONDAEICEEUT,. AEBEOHEHBEEDPHEFERENS. mX°AEDI SRS —{btZi
I AISHDIRBZBLDETD THED] OFEEHIN. CNEFETUAARNIV IR E
WDKDE., RIERTPEARSBUIBDARICE T D ENELIRB D,

EJUAAXARNIYOR /BT bANIYVOR / BIZEHEE /KEEBRYE — #mXXEED
FEHEMD (IR, HREEL. ARIKELZERE., HFEBDANBIDEZEZSH T, HITEE
BEENT—FICEDVWTOMULKIS ETBIDEFEH I hX K w2 X (scientometrics) &
KEN., ETJUAARNIYVOREZD—REHFENDCEICRD, EESE. KICER - BEFRK
FhzsHMidReE LT, TOBEEPHEEDFR CTOEE EEFEDOF N, ENICHRRmMIEWET
ZEINZ THRENDMZIT O ENHDIN. CNIEYAI A NIV IR EWVNDTENSED
3)e BT A KNI WO ERIZEIHEF (sociology of science)lCHBIFD—HETHDINS., E
TUAA NI ORERZEHRZFD—EBEVWDIMEMF(CRD, —H. ETUAARNIYWIXRIC
KD, REEEERI° AT v Vi zER INE. CNEREERBREO—FEEERD.

4  FWMERETIRE (C K DAFTERN M

M EEREDTE — MFREEO [FHHE] SVWSERTIE, @WMXEESIRBODMN—A/(CH
WBND. BXEGHET(E. KEOMESRXZEBIERCHDI> T DRENDD. TDIEHIC
(F. XPEREDT —INR—X(CH LT, A2 SAVBHIRRI AT LAZANT. BEZEHE
DEERRZITV. AT LANBIEESNDIZImIXEZixLU TIT< WD TTEZAND.
ZIEER - FRBIDIRERER X E 215D (T, BEFE(C(E TCOUNTRY=Japan & YEAR=1998] &)
D ITIRFRZ BB (SRR T C L ([C/D. CDOLDRREDEY hEEKRT DIRRKR(E, RERES AT
LCEDTITBEET. MEEEENND. MEREENSTZL(CRDINS. BEANICKERCT
SDLDAETIEIRN,
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RAFRAUMEIEIZR E U CDmNE — X EUIAITEE DIRANIRIEZR I —HF EEZIBND,
C (T AFTEEBIDREICLEHI U TR EL<ENMMN D ECIRDTHBED EVWDIREN D
D, BoEB. MXEEDIER. HDINFEEMEEDEICK D TRWICERDIMNDS., DEFRIDLL
BRIFE UL, AXRICHDNDKLDR, ARARZELEDAEZZE D CTHICHED E0\ D FZxlRry
EHZFEHITEIFTERLS, BRAREDH THE. BRINDIGXHC(EIDEFH THIADHETH D
Do WX EETDDEFOHFRELCTEID T, NHFRIDHARE— ASTDDFRHXEHREWVNDZE
OHHEE2 EEBVA. DEFRIARELROEENEH L),

EEH5(E. 19965 (CCA(Chemical Abstracts)(EFh. BARIZERDOAB DXL iRT —F/\—
AZMHRELUT, BRI - BEH - FRBIOHXERAEZITD TERZAKRLUZE). ZHUIRLERD
1987 ABEDFHR CEHD. CNICENIE. TFEDOHEDATE (CKDimNEL. KEPDDIE
TRE(ORWNTE2DHZIES T DICEDTLD. UL, BIFE(CH T DONEDIHEXT FRIRS
REBREMOEGWVZRIEDEUTEETHS D,

F—AINR—R[EHEE RIC, CDFmNXE7E S E DR ELNMATIRERRIR E TSI WTEEE
TRDEESRDIMNMIEKRSD DR THD. UM U, THEREZHAFTIRERRR EDEERFETC(EE <
DREIBENSDDDT. EDHATHXEZERDAOTRRUTCHERLUCHE. D& DHEDE
BREVIQNEAIIZZZ < DFEFTS. 6fUCEERT D, UM UIEEEIIRE T BCAT —INR—IXTORET
Tl&. KEZ LEIZ3DHFERESNDENDSRRT. T—IXR—IBDIEENTEEL T D. CAIFFH
SEEEEH T, DRERITOM:SS T X< /- U T zHERU TN, o> —IX—-X (&
PRAEERILDIRERTH D, COEOIBENEL TR EEZIBSND, BKRDFT —INR—XVERHE
B, OWTIE. ZS5UET—AINR—ADZIRFIBE THIMKDARE (CHITD. FEKEEHL
DEZRZTDERFZITANDINE DN EFEREEERTEBDODONMMDEZASTHSD
N PR EEBTERDFEDTFDLD(C. FIMNGEXZSZHT. BERDMEENDRIFHERNBAIR
DETIE. BROMEEZTD(CH/I\—UIeT—IR—XICLDT. FEITDHERENDIBVENS D
EEZBND,

HEBARIRRET —— ERIFET S ETSICIIBAD T, KERRE, BBERIFETBAVCEBKZED <
BDTHD. CDBE. T—INR—R[CANETNTVWIEBDOEICEDV\WTHOERETI D&
(12BN, DHAEDOHEDEZE. & < ([CRREFDEIRNAEZEDIZHESTHIRZZHLLY (DD
PIFLVFITIE, "Tokyo Univ"& "Univ of Tokyo"DKDIREEN TH BN, FELARNILETED S
ERUEFIERICZHRKET D). B, ZHMZEHR LT, ABEENZE—HEURNSETITDEL
DERIEFE(CIRD. CDADCDNTIE. EEERFETDEIRDIRAENL EH VR VRRERANTAE
TOERICHAIFIDECAKRTH D,

5 SIESHETRECKLIAREDRAE

X DmBIEIRE U COWEIHER — 5L ZTOMRENEHRE L. FEMHIDOHRETD
BFORNEZARU T, SBOEHRZIITD EVWDONARDEEITHSS, > T 51N

BDD. WEIFARIIHXDEICHTDEFEAEH —DRERNIERE U TERAICFIASN TS,
S5IAXS| 70 — SIREGARICEAU T, FIFATE35T—45—X(IISI(Institute for
Scientific Information)ftdMSCI(Science Citation Index)(CE5MN 3. SCIEBARIEDEF & 3T
RICUTZEBDT., flCHHERIZFDSSCI(Social Science Citation Index). AXZRIEFD
A&HCI(Arts and Humanities Citation Index)h'% 3. €NENICENRIMR. CD-ROMiR. A> >
A2« T=HAR—ZANHD., =SICEATIEWeb of Science&EMT DA S &RV T MBI
HLUTWND6,7). CNSEIHARSIT—INR—=X(F. BHEERXICDVT, EE. EEFDETN
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S—ACINA T, wXKREICHDEIANMIRA N ZEANUET—INR-IXATHD. ZHICK
D, HI/BIXHNSEFELUT. ZDmIXZESIALUTVDFUWGENZE., S5(CZDmRXZESIALT
WBXZE EVWDKRDIC, MADEMBIEZIFEEAMEICIRRTE D, Hdm ZEind. €Dal
AR X b TBEDREERX Z > CTTDimXZEH. TN X S &5 (CETDR
HRYZEDEVND, KEZBIRRIEB(CAIEE TH DN, FHmDIERZRE. 5IAFRS|1ZAL
RFNEARETEETHD. SIARSIDAENERRE. AHEFES(CZDRICHD.

UM URHAS. DAETSCIEWDS & BABINCHS | BEERITE U CEMICE D ED EDERHHD
AN—MMNDKDICBOND. CiE. SIARSIAREDENGHRENTULERNWS EDIRNT.
AFRETEIDIRE LAITEIT. FERDEDFEHRE, HARDREMBICH T, 5IBARSICKDHAE
BHAHBEDITOHNTLVRNEWNDS ZETHAES, CNIEFOAEOHTREBHROIFEZRIRUTZED
THADN. TEZESCIORATIESE(C(E. BAFHMIC(FEDIRENDAROHLURIMNSEMNMTLY
1=

AINDO - T7 05— ISIEA > )T & - 705 —TH+RICR(Journal Citation
Report)ZCD-ROMTEEFITLUTLVD, JICRIE. HXFEDSCINERRmX NS5 B ETNZRIE.
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