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I, FEIBEEOREABIMMEa 2 MEE A E LT, 2HOILAY & HERER 2 0 B L OfEE N &5
B CRMI L, A LA 2@+ 5 X—F ¥ L A7 ) —=12" (Virtual Screening, VS) 28 < FE i KA TU
Do NWN=F ¥ VAT V== TIIRER 2 v 3 7 G OSRREE B R A TE R T 2 G — Rk, BERER O E R % 1E
AT LA R—ABICRATHIENTE D, TOIHH, BES—ABIIWECEN B EER 2 5B X,
B ON L EAMEMICAVOFREDOE EMSERENLTWS —F, ZZTHWONE Z I BALEW Ry %
JHBICEST AREMABARTH D Z ERMEE > T, £72, FHEBEEROZDICH 5L dibEw s &
HICEHMT 27 LA V==V IRREINTETNDHOD0, HESXR—ADT LR 7 ) —= v FFEOHEEIL
F3TIFAe VN, RFRSCTHE, MEES—REZ XD BT IHLEMON—F ¥ VA7 V== T OEREZBEL LT,
(LB OER G OIEMICER L@l VA7 V== FREB L O Ry U V3 RFEZRE L,

FT. ALEWDOERGREEICON T, B/NENL [7 5 7 A0 b ZHEEOREERC X 2EE L0354 L7220
DHEETHD EER L. ALEMNEITFIEERE Lz, RnEIFiEL 3 BEHObEMT — 4 X—R AT 5 L.
(LEWED 125D 116 11050 LFREOHIED 7 7 7 A N TRALEMNPEH TE D Z L 2R Lz A T,
(CEWMT —FRXR—ANRRKRELRDIEET T T AL bOWBEENRE D Z & 2R L, TEFILEIN T DA
R KL A 7 A 77 VIiCx L TUXFERER S SICEED Z LR En 5,

Wi, ZOEEMHRENC L > THONTZT T 7 A e Ry X 7 ORI & U TEMIEEY DR AR E1T
FFVAY V== T DI DFE [Spresso) Z % L7-, Spresso DALEL (1) {bBEMD 7 T 7 A > b43yELL (2)
TITAV RO Ry XU THE, ) 77T A v AT EHAWTALAWRHE, O 3 BRI A ENTE S,
NENENTZT 57 AL FOFLEMSLIZATV, FOFMI A 27 QR KRELCIERIE R 25 = & T, i<
35D NEEMEA YO A A REICLTBY ., 7 I 7 AL hOFMEICEM Ry 7Y —1TH 5 Glide ZF|H
L7, BEEO 7 LA V== JFETH S Glide HTVS T— R & LTH 300 0@ b 2 @k Lz, &
HIZ, BERT VAT V== FRENRED L IICAREK T Y 27 MCEIRTE S D0, A7 ) —=v 71237
LEED VTV A OERET A 1T, Spresso OF M Z #ERR L 7=,

Fio, ALEMHEITEE Ny v ZHEICEAT 2 R ARRLTRRATWDS, 777 A0 MIRIZES K
v X T T Y XL FlexX (Rarey, etal., 1996) 72 EBEAF Ry X0 7Y — L THEHAINTVWDER, Zo7/vF
VALERWHZ T I 720 FMHEMROBAIM AT, 17772y MEEOBRPHEROBFA b
WRETHHZLERLIZET, 77720 MIREORHPHEROBIAEZEHD S HKE LT, (LEWHTIET
DIVRERZ BB LT, —F. 777 A2 Pl EREROBRMAICE N T, SN DI REFEKRIIFT—2 Y
AANKE L, —EIRET 57— FZHIC EBAH S Z &0, HE/BREORFORISRRAMLETH S, Th
EEATVZEMEZS v v Va2 ZBMICRNTldy vy aElE LTEZLND,

ZORyFUTHECB T ARAEMEOFAMAZEET57200% v v v 2 MBI, {LAWRHEIEF2 & 5 )
LOIRETEDLENIATTA MEDORED T T, BEAMEFT7 I 0 Fr v valfliEBEIDZENTE D,
OB R/ NEAREICRE TED MO TR Y, SEANM Tl /e A £ U R RIS NS H ATRE T
bbH, EBIT, WESNERNERRMED 7S 71 hRBa P h Ny — R ETHY ., »OBZ 57 THY .,
KLOWENIREN THHZ 0D, ZNOORBAEFIA L, BINFEIEC L2 eF vy a7 3
ARERE LT, EELEDNSIELNTFIEE, TV X LT 7 AEAE LIZFIED 2 E U2 TRER
FIEL OB EITV, HAH 9 fFmEIC kil A€ VR 2B OoN D 2 L 2R Lz, £z, IBETEDL
LT AHEREL, 7T 7 AL MEEBREOFEMAIC L > THIRF SN 5 @Bk ORE & Ol &7V, BEL:
A VFAEEAS Ry X VHEOEEOTZDICHEHATHH Z L 2R LT,

Spresso <° R % o VEHEICE T DA R A A OPSHA L, SR OB A E8 L CREORFIEIC KT 2 @tk
FHELTCND, 2, ALEWENEZ 21T EEoBEOBENREEL 2 E LRI TS, LhEL< Db
B THERINDT =y W, BEIZESSANA—F Yy VAT Y —= 0 T OERBOT-DIZHEM R FIET
HY, SBEAIBRIEICB T DEERN—ANRN—F v L A7 ) —= 7 Fik L LCTELSFIHEND Z ENHEEN D,
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Virtual screening (VS) is a computational method which is widely used to evaluate the binding affinity
between a vast number of compounds and a protein before conducting in vitro assays. In particular,
structure-based VS (SBVS), which uses protein tertiary structures, is attracting attention because it can
consider the binding affinity in a physico-chemical manner. However, SBVS is too computationally
heavy to evaluate 10 million-order of compounds. Pre-screening methods filtering out unfeasible
compounds have been proposed to avoid the problem of computational cost. Most of them are
ligand-based, prediction from known inhibitors, and structure-based pre-screening methods are still
needed to be accelerated.

In this dissertation, we designed a pipeline for faster virtual screening with a fundamental idea:
substructure commonality. Commonality can be used to reuse of intermediate results. We firstly
defined “fragment” to maximize meaningful common substructures and we revealed our definition
express compounds with much smaller number of fragments than the RECAP, an existing
decomposition rule. The fact leads to faster calculation of pre-screening and docking calculation.

As a first step of the structure-based virtual screening pipeline, we proposed the pre-screening method,
Spresso. It evaluates compounds based on the binding scores of their fragments, and thus the
calculation results of fragments are reused to multiple compounds. It is capable of exhaustive primary
screening and completed pre-screening approximately 200 times faster than the conventional method
(Glide HTVS) while precision is slightly compromised. When Spresso was applied to a more than 26
million compounds, the calculation time was within a day.

The second step of the pipeline is docking calculation. We designed a docking calculation procedure
with reuse of intermediate results. The procedure is based on fragment-based anchor and grow
algorithm. We found that one of the intermediate information, called the fragment grid, is an essential
factor while it spends huge memory space; therefore, we formulated and reduced the problem of
optimization of the fragment grids reuse as the minimum cost flow problem, which is known as a
polynomial-time problem. Because the reduced graph of the problem is topological sortable and
sparse, we finally proposed approximately 9 times faster algorithm.
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