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Project Title: A high throughput system for identifying the inhibitors of dengue fever
Project Number: DOH92-TD-1132
Executing Institute: National Chiao-Tung University
Principal Investigator(P.1.): Jinn-Moon Yang
P.I. Position Title: Assistant Professor
P.I. Institute: National Chiao-Tung University

Abstract:

Virtual screening of chemical databases is now a weli-established method for
finding new lead compounds for rational drug design. When used prior to
experimental screening, it can be considered as a powerful computational filter for
reducing the size of a chemical library that will be further experimentally tested.
Several docking programs are now available that generally are able to predict known
protein-bound ligand poses with averaged accuracies of 1.5-2.0A, such as GOLD,
DOCK, and FlexX, etc. GEMDOCK is the program we developed in this project, and
we apply the tool to establish a virtual screening system. Dengue fever, a graphically
widespread epidemic caused by dengue virus type [-1V, annually causes many social
and commercial damages in Taiwan. The NS3 serine protease is a good target for drug
design. We had applied GEMDOCK to predict 112 protein-bound ligand poses, and
there were 90 ligand poses with RMSD below 2.0A. We also have applied
GEMDOCK to virtual screening to TK (thymidine kinase). There were 10 known
protein-ligand complexes of TK in the PDB (Protein Data Bank). For screening the
dataset (1,055 compounds; 1,045 and 10 are from MDDR and PDB, respectively) to
TK and scoring the compounds, we retrieved 9 of the 10 TK ligands from the top 5%
scorer. The top 5% scorer could be clustered into three groups: 1) real ligands, 2)
purine analogs, and 3) pyrimidine analogs, and all they were analogs of nucleoside.
These experiments have improved that GEMDOCK could well discriminate real
ligands and their analogs from other compounds. Finally, we screen CMC
(Comprehensive Medicinal Chemistry) and protease inhibitors from PDB to Denll
serine protease with GEMDOCK. The top 5% scorer of the docking results could be
clustered to three groups by the docking positions: 1) in the binding site, 2} in the S1
pocket, and 3) in the S1 pocket and the catalytic site. The compounds of the three
groups could be considered as possible lead compounds for rational drug design.

Keyword: dengue fever, Denll serine protease, virtual screening, protein-ligand
docking, lead compound, GEMDOCK
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1. WERTRKTH

A ¥ % #(Dengue virus) 4 # LB 7% K % H #H( Flaviviridae ) ¥ % 4 4% % B (Flavivirus)
R EEREFRA £ wBLFY  REFANCKEREE - T8 - 8d PR -HE
M TEERTR/UEDETHREEAT ATRR > T2V EENTDOLIAKR
BER > G G 19151931 - 1942 - 2002 R4 v R F 6 B R B AMAT - £ L2120 1942
FAHR BHYORBATRE  ZH55LAMENHARERFHRERE - AARHFH
BERERBE  BRBRAEEIY > EFRFRHFY R LR ESTEHEE & & #(Dengue
hemorrhagic fever » DHF) & % % tk % 7 12 #¢(Dengue shock syndrome > DSS)8| % % A& 15
~50%ETE  WHEBRERIREG—AAT - REBASRTA LRI BT £F
BAOBPRBFERE  FHEECAOHERRARERAEREMES - SR UERFEE
WA AOHRERALA  ERRBHLEERREACREGEFRORS AULBERNER
HEOE L RFARES)REGABHE 0  EFRUBRATEL FARBFEERRAGTY
EE -

AEERERRVN FHARLER HEANFTAARERLUNAEHERK  Bib

BHXAALHRMERAE wERN - EF LR RABAMBELIEE 518 EbM
BEHR BHAC - SHHEHNHEN  SAGFTARHTREAE  winBaaaifis fop
%I‘%’a‘&é‘wi‘* MU BROTHR - N R FR Reh AP H 0 B R Ao

R BEARRILUER c XHAH T BAHRLHEBET RONASTHELEE
’35“- FatRedy RSP HLEAMBETRAGRY  BARRUHNEHEES
HRATRENRE  BHE—RAEEFHEGEK -

BEmEHRNA & RS9 T2 ¥ — & AL RNA (single-stranded RNA, (+) strand) *
BWHFLER RS ait(polyprotein) e o Tl » BEFURMRAREREE ST AT
2 3 X ¢y B k(signal peptidase) 71 8lik » A R B M Hhse > TR B4R E » R an
C-prM ~prM-E~E-NS1 -NS4A-NS4B» t7 %] 1% 4 s4% & & (core protein) ﬁ&é(pre membrane
protein) * & B & @ (envelope protein) R I &2 441K & -

REHRELAR
iE A% RNA(open reading fragment)
5 CAP— MK G RNA | JE&HHEE & RNA | =3
/ l”w‘ \
PEBK 48
NH3— [C |[ptM |E |1 2A [2B |3 |[4A |4B |5 —COOH

#E htp:/fwww.science.memaster.ca/Biology/Virology/23/dengue.htm

BERELARBABT L& E S H NS3 (nonstructural protein 3)3¢ R £ 814
H#ERGaLER BRAFHARE B E XM A -NSI B — % 1% & (multifunctional
protein) » /i serine protease Z —4f * MIFLMME A NS2B &0 FEEHR R &
# B4 M % & RNA A8 3% 8 49 % & T 8T 824 (polyprotein precursor)g &£ & #h - % #b » NS3
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iR B A = a8 0% H B (nucleoside triphosphatases) + #% 3% 3% i (helicases) ~ 3% RNA Z i85 A%
(5'-RNA triphosphatase) % sh £ » A7 %48 Fl 7% & RNA 4§ Hi842 © 738 RNA Z 84808571
MERAMNRNA#YNE SRS cap: & RNA BHBEImAGHRIR - B4
RN EERNA R RBHEPTHRMAETERNALS - M A NS &R CARARY « ST A
AEBEHFTRERTRAHE 4R EER I LM ERS 4] -

¥ 5% #69 B % G(envelope protein) IF & — ThE e B R E A H - sbE a T HHA
FRENMRHESRG REEHRAARZEM BN LA AGPHH LT GTALRR -
B AT5F %8R- » virus-antibody complex A tm e A B SN BIHHAANBE  ATFAR
FlafAl REAX IR EEFINHELE L RN TRRAMZ— - LEGTERLH &M@
X-ray 5 5%
10AM A& 10AN » H ¢
10AM AfcéihREBE
AR it s
n-octyl-p-D-glucoside(B-O
G)r ERBENEESLR
A5 262-280 A AR,
HEAMUEY B Kkl
loop % ] > # AL open
form ; 10AN R/ H L4
hey &L yin -k
loop i mHa Mo
i #4585 kl sheet - 75 %
close form « A& &/ FHEAN
fm AR AT 0 R EIB AR IR
Wikl BE G A close form» it A tmpb 2% » RBBpH MMM ERE S THY
#Z open form* F— Rl S ey BT840 A - 48 RNA B #aB T ¢ - B-OG
UM ELSERERTEECSMARY > TRTIHEME &R BN e REHER
A FEMAUMP S Kb AR E A RPE > £48 GIn52 ~ Phel93 ~ Lys204 ~ Thr268 -
116270 ~ Leu277 ~ Gly275 ~ Leu277 & Phe279» & 1£ 15 £ Bl & &) 8 1 & S0 48 Z (close form) »
LA E E FRey pH A G REME oSS0y T HAmE004R - it
Toeo klloop AR AL EEME G &M E £ GH - ¥4 b8 5 & Ix(binding site)ig it
B HI B ABRATREINGHAZEREGBEY - EREOEBOBEAT  QBEER
5 5% 5(10AM) - & H 4% chain f24% 5 (b) kl loop #1.8 4/ 4 A » & & & 10AM & & #(open

form) » ;% # & A 10AN & £ #(close form) ; (c) n-octyl-B-D-glucoside 2 £ 4%[5] -
MBEFBSHREEMGBRY HRABERRANBRFRBATFEL - AHERLELH
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M EBnaindka S0MBRETHBFABRMH S FERE HRATRECH
FHRAOKYE THREILERFRTHEERTERFZTOHL N RY  LRGAMT
AR BE AR AEATRERETEREEI RGBS AHARRRRR
o BSMBBMA TR EATERRALE  FRAHNBIHNEFT—F > EAhEH
B AS BASRB-ER/MET) B RHARGERT L BHBIARBIE
FAEMBOER FEW DAMARBISTIRSGECBEHRUAFER  BUTHES
SRR EAEMEAS  REMBHEORMK -

432 AL 8 4535 3t &9 4% - HHF 75 & ligand-protein docking & ligand-protein inverse docking
B KSR ATARIRAKRBYHRANRBRFZ— B SHBWTEAAHREL
By ARBEEYHEARREE BREBMEROMBTHELEBRERA - REXS
e 34 » Ligand-protein docking 4 F oA AN BB THBHREN » bl
i 4% RS (conformation) & 38 M &2 B (flexible ligand) R B G K E» Fh X R HAALE
ligand-protein 3£ 4~ (complex)#y &5 4% « Docking process %R X ZAE A e T e #8/ 1E
(minimizing) 4% 6 - fFR BN BRI EA RO BEMB T E H PR - LR docking
process 7T ## &1 F A% 45 5% (computer-based simulation)itt 474 & ¥4t % B 2 # » Ligand-protein
docking H#RAALER  BEAEATEMEL - LBETENFERRMERTCY
ITHEABERRFHEMSERES L F H(complementarity)#y ligand - sLBP sE H BH R E
HEBBMBAN ST THE - R4 st LA » ligand-protein docking #2 X 77 Al &)
ligand-protein complex #A; TR L e § i ToAT1F & complex A& R84 -

Ligand-protein inverse docking 3 #5 /& A 7> B4 M 4408 » T SUBAR A LR R TR 8
4 69 9T 45 &) 4k A (side effec) A & FHE(toxicity) » R 2T AfEE A KN s BT B UREY
AR ey o5 f R 2 4% P4Y - Ligand-protein inverse docking # #i ey A AN BETHRE —
ligand # 44 $187% & 1 42 ligand-proteindocking # E B —Z A HFN THRBEZ T &
464 %48 ligands #5454 & M B X ligand T ik & & H 4% 69 (protein target) 8 4 854
NHRRHG B TRZIERAZ B TEELHSER R FMH -

# £ z » Ligand-protein docking {2 &k & HF M ERA ligand YL L EHT AR
£ 9438 4% 1] 8 4 (candidate) » & ligand-protein inverse docking 4. & BA 5% B 45 A & 4L & R oK
BREBHBEERRORHIERUREN - SREAARE S IR ORELEHE - —
HERRELBRY ) =  FRZEM(RRARDE ) 8 (target) ' B4 B AT AL RRR
(secondary)#) targets ; = ~ AR B TR EAGINEARFN  w - FAHBHHELIL
BRI TH T -
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2. AR BGRITRRBE

Figure 3-1 iR AXMBMMBE A KNAE A2 T - AKIHBHHUESE 2L b
i & M ik ligand-protein docking(ligand 2 B{##) - flexible ligand docking ~ &%/ # 4 &1t 4L
(ligand optimization + & % 8% &4 ligand-protein inverse docking ##f & 2, EARIFBLZ A
BEA B EHR G ligands) E TREK G BYMABEF X EH X -BEREHEMN
BHEA TUAMIEEABERTRATHUMAEE - At EOHARBOANER — AL
R AT % B 4(lead compound) & S5 & 4% 0 sk & # A A flexible ligand-protein docking & 4%
w3 HE 0 1K ligand T protein 4 @ RAENRE - AL BB ARTEAITE 84y » L
RU{EATRESY - ERBOFR Y & SR A R BA7 L ¥ £ (Gauss Evolutionary
Method; GEMDOCK)4# & A $1it % B4n 558 > B AP AR ARM OS2
protein-ligand docking &) 112 B FERIZLFEF » 315 90 E&H RMSD=<20A - B oL B8y
FH &K & 4§ GEMDOCK A& A # TK (thymidine kinase) £ » .42 PDB ¥t TK #£F| & &
g ligand £ 108 » Biw b B4 FH A FRRBES 1,045 B144 » R docking 3t H
AT AF 6 5 BASHE A > BB AT 5%Ab4 ¥ 0 4 10 48 €40 PDB ligand $&% 9 18 » # B (recall)
HigF 90% o

ug
Lead Identification:
Database Computational Refinement ,
Target receptor modeling
DOCKING Le2d Compoupds Finding binding site
{1000} Binding with receptor
r [nverse Lead Optimization: 1-2 years
Docking """ Synthetic Target \
{ ADME, Toxicity)

Drug Cyndidate"Biological || Medical
50 canflidatés | perspective | | Consideration

| Biological Testing }"’/

| Clinical ”'l"esting 6-12 years

l Human safety trial
Market Drug Human efficacy trial

Figure 3-1. The framework of our rational drug design system

Cuman >

Protein
Database
0,000

INVERSE DOCKIN

4 e,

ARABERES L4 B H & » 24 Denll NS3 Serine protease Akt % &g » %
CMC(Comprehensive Medicinal Chemistry, 5,742)# 4 &4 A& & O F £ 60 F & 8530 4] B
(protease inhibitor, 280) » 4 3t 6,022 ff1L6-4h # 57 protein-ligand docking #% i + 3 4§ docking
&4 F 5 B = 8% 1. binding site, 2. S1 pocket & 3. SI pocket and catalytic triad » F&R] T 4£ &)
AT & & 4 (lead compound) -
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3. K%

ko Figure 3-1 Mim AR H iE £ 8 A ZBH W 1. %45 Docking 4ot & 2. 47 Docking
T RAE3 o Docking s £ R$IE » S itk :

1. 24 Docking o3/
(1) %45 % ¥ & (drug databese)
a. CMC (Comprehensive Medicind Chemistry} & @it 44 E# > R E8 AL
sk 7937 FLAYHEAM > NEARILSS T BEN - B8 - logP &
Ao pKa A% - LHF §KRE 4R % s (the US Pharmacopoeia)id 77 & 8 4 4 #
(USAN, the United States Approved Names)4E £ 47 - &8 CMC 4 B P i IR F
& 200 2| 750 2 ) e fe &4y R 8 47 docking + 3t 5,742 B4k 44 -
b. 4k e H e FHE (PoteinDataBank) ¥ HEFRZGRAARL LGRS
& #p %] | (protegse inhibitor) » £ £ T o B =% » 4 3 & Aspartate protease -
Cysteine protease & Serine protease #4741 % » 3£ 4 280 18T A & docking #) 4
A e
(2) TR Z G f TS 4097 & E(binding site) :

A A docking #94%2 &9y &k & A Denll NS3 Serine protease{PDB code:
1DFO)(6) » B4 #H 2L b B %5 & NS3 protease #v mung-been Bowman-Birk
inhibitor(MbBBI) it ] & & A% » 12 & d # MbBBI ¢ 4 F & K X » $2 NS3 protease
Mieh % Z4E A 28 protein-protein interaction %% » 4 & 7% & 4 54 MbBBI 2 ligand
3 % docking » {24737 sAH A MbBBI # protease il a4k A Bith - FA AT ENRE
A BET M Bleh 24 - do Figure 3-2> fdp# Bl K2 KA BHNE §
#B7P2 Pl -PIAP2zZE - Tble3 145 THERME TSR A6 » Rftdp
HIREARAER D - EHEBLSHETHEERES B ESTLEEAMXE
A 10A A+EeRA@6ERTIMATEGEM  RALSHREE KRS
EesEomE -

2. Docking = B : siiE4b X # ik (evolutionary approaches) A 1% o % H /& ¢ GEMDOCK -

3. Docking # R A IE 4 L L Bt -
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Prepare for docking
database

Docking program

Result analyzing

Figure 3-1

Figure 3-2(a)

™

~

.

CMC: 1( Target protein;

Comprehensive Protease inhibitor Dergﬁ ?‘oteasé

Medicinal from PDB PDB entr:'y' 1DES
Chemistry FAN J o\ i J

N

I

L

Molecular weight:
200-750: 5742
compounds

1. Asp protease
2. Cys protease
3. Ser protease
280 compounds

Preparing binding
site from the
whole protein

Prepared

d

Ligand
atabase

}

s

\

Prepared binding

site of the target
protein

Molecular docking

A

!

Post-analysis
1. Ranking

2. Clustririnq

Select lead
compounds for
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Figure 3-2(b)
Figure 3-2(a) : 2B & IDFI x 2 a F 44 > 232 chainA-B> £ 8 A chainA & @ H °
1% & & MbBBI ey Bk A 8% h £ » £ A 5 % Thr-Lys-Ser-lle -

Figure 3-2(b) : EHE XM BIMM AR A » SEERA TR R B4 -

Table 3-1 © 75 1L @ Mt & 8 A 2 5% S04 0 81D &9 6 I 46 -

Site Residue Binding pocket

P2 Thr  HSI(EP NIS2(vW)

P Lys  L115(vW), S131(E), P132(vW), G133%E), S135(E), Y150(E), GI51(E),
S163(E)

Pl Ser  136(vW), HS1(E), S135(E), VS2(vW)

P2 le  S34(vW), Q35(vW), I36(E), P132(vW), G133(vW)

a HRABRTHREGEIHERHBRAMR PR M AGERS EABTH 64
SRR —BABES O VWARLERN -
b. #H & & A H A oxyanion hole & Bk 3 8% -
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4. ERFGR
ATFREARMNER T EERNAMARELRYRAEARKFPARMFHAMAR -

4.1 GEMDOCK /& A # & protein-ligand docking

£ A A & # R 4L F &(Gauss Evolutionary Method; GEMDOCK)4 & & $4L & ik
PR feRMAA-EAGERMRYRRBEAL 45 GEMDOCK - @
Aix 4 http://gemdock life.nctuedutw » st % 4 B & 4 B4 48 f4 if ligand-protein
interaction %t & by 1+ 5% X - GEMDOCK T /& Fi 3548 8 2 P 5 7 & 69 3T 3% P 35 (do
Figure 4-1 fiw k& B R R ligand 1 § » fo & B TR ligand 12 §) o #b A& 4 TR web
based #9855 ARES

ARG ERES & - BATCH AP AR Figure 4-2(a) ~ (b) A GEMDOCK
ZHARER L EHFRZ ligand 94545 > A EB R ligand 2 X-ray &4 5 (0)~ (DB
GEMDOCK 414} 112 48 protein-ligand docking 2 TRl 4 31 & £ + R4 24k RMSD @4
oA IR AHEMERY  FOE<S20 A bERERH M ligand R ERBRAL LS
MELFES -

GEMDOCK

[ > |GEMDOCK

Doqumertation
Dawnload FCBID I | (4-lsttar cade: 4dir and 1hvr in FDEB)Y

Contact s ugand [ 1 (3-latter codeinibc onad sh2 0 FDBY
Abtut Us

Populanon size [z 1. . O 2 Awe Jumenn

.......... =) Co ge.| |
106 ® 200 €200 £ ran —?
Elecmomstatic Bmargy 1df98mbb is Finished !

®ves MO

Farraty Langth
Rz 34

4] enly Qregnal Losatan
20 only Precicted Lecation

B sody Locaton

B utkground color
Choase color v

=~}

Figure 4-1 : GEMDOCK web based i 3% BR %5 4 4 B -7
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Figure 4-2 © Wik @458 2Bk (2) ~ (b): GEMDOCK 2 FaRI4E % » 4 & AR
Ligand 2 4% & &4 7 ligand 2 X-ray 4% © (¢) ~ (d)A GEMDOCK 41¥ 112 18
protein-ligand docking 2 R 3t &E R -

a) 1jff-TAl (b) 1He7/VIT
Ljff: refine structure of alpha-beta tubulin from 1fe7: first structural evidence of anti-inflammatory
zinc-induced. action of vitamin
TATL: avoiding tubulin separation VIT: Vitamin E
rmsd value between | #of |Range of| Range of
X-ray and predicated | Ligand| #of |# ofsingle 1o . .
structures of Ligand atoms | bonds i ¢ ¢
FA
< 05A 59 | 9~62 | 0~32 T .00’. .“0’0. .
<10Aand>05A| 20 | 9~53 | 0~22 JOTRD o ’n s 33
<15Aand>10A] 8 | 6~41 | 0~24 om0 e m o
<20Aand>15A 3 | 12~44 | 0~17 b oo
£25Aand>2.0A| 0 0 0
: FREERIR RMSD 48
<30Aand>25A] 5 | 9~60 | 0~16 (d): AHCYCITH
112 {FERE RS 90 [Es20 A
>3.0A 17 | 11~58| 0~30
total 112

(c): YRS RMSD s > 112
BRSSP 90 <20 A
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42 GEMDOCK AN G ERMEHAE

A GEMDOCK 8 A 7 8 45 %+ B ¢4 &5 58 £ o4 TK(thymidine kinase) % 4% ¢4 % & (PDB
code: IKIM){7, 8] 242 PDB ¥ f2 TK # 5l 4 £ #) ligand % 10 48(Figure 4-3) » By %
AR FERBGE S 1,045 @IE4AH(HF & 200-750 £) » L GEMDOCK ] i& 1,055 {84t
CHBABHEOLLCHNE  RHEABRNEALSMRE  LLETHRIASHA &
FABRATRLSGMA TG TNAEESMIBE 4o Figure 4-4 « £ F AP 53T 5%
#P > S50k 10 48 PDB ligand 23 7 9 18 - 4§ 8T 5%e41b 6 4(3 50 )& o & =2 1. real
ligand (9 48} : 2. purine analog (26 48) - 3. pyrimidine analog (15 18) > i Z 235 B iz F 8L 6440
{4 » 7T &, GEMDOCK #£ % k3. 8 1,055 b4 FHR B AE® 8 TK £48 5 F -
RAREdiaue ity -

o 5y O;\" | ;\)j/

N
| I N o N
P P
\LZ/\O Q/\O 0
0
o] o o
o 0
1kim_THM?®; 17° 1ki7 _ID2: 17 le2k_TMC: 18 1ki6_AHU: 18
Hermes simplex w,msc o} Herpes simplex virus 9 | Herpes simplex virus Herpes simplex virus
N
N
| A
o)\n © © Q
J )K”’i/\/
0 o N_<o OA\N °
le2p_CCV: 15 le2n_RCA: 21 le2m_HPT: 13
o Herpes simplex virus o Herpes simplex virus o Herpes simplex virus

N

N N N
N NJI N [
N/ji’qjN> N/Ji\N I N> NJ*\N N>
Lo Lo '
2ki5_AC2: 16 \\\ 1ki2_GA2: 18 h 1ki3_PE2: 18 \
)

) o]
Herpes simplex virus Herpes simplex virus o] Herpes simplex virus o

Figure 4-3 : PDB ¥ fithymidine kinase 2 [F] & £ &4 1048 ligand
a. PDB code_ligand name
b. Atom number

C. Ssource
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true hit %

0 100 200 300 400 500 600 700 800 900 1000
rank

Figure 4-4 : 4% GEMDOCK 3t i i ¢ SE Rk -+ &5 RAEAT 100 & M Bp
KalmA Ciog it TK £&469 ligand -

4.3 GEMDOCK /& A #* Denll NS3 serine protease & SARS coronavirus 3C-like protease

#% GEMDOCK B 74 & £ % 4% 4 % & K485 (PDB Code: 1BEF, 1DF9)4p il &1
BAEZEAAG  HARTHRIMEOKMBNTERAR  LERER P Ser
135 ~ Asp 75 ~ His 51(catalytic triad) % (#¥ R, Table 4-1 & Figure 4-5) » b Rk o %4
i IB AR 7 WS - BHEOBREACWNE A0 8 GRA LR ER
HE URABHBREFBELALHE MR LM - Table 4-1 A L4 substrate &) B B (4 5
KRSW)ft B i a9 i &M R A RA MR R -

Tabled-1:' BEHRERGABBEILERHTERAKASTNAEAME

Site  Substrate (1BEF) Specific residues of 1BEF

P2 LYS H51, D75, G151(H), N152(H), G153(H)
P1 ARG LI1I5(vW), 8131, S135(H), G136, Y150, S163
P1’ SER Q35(H), I36(H), H31, V32, 8135
p2’ TRP Q35(H), I36(H), P132, G133(H)
PN
L v _

&t

Figure4-5: BEZ/ENSI B ERBBALRZREIHATER
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BB F —A2Z T AT A4 SARS coronavirus 3C-like protease #p 4] &4k i¢ &

Bz 8824 £ SARSHEBEARLT :

P RAERT AT BT # R 2docking £ GEMDOCK =7 #& A #SARS coronavirusp)
—Familyz 3CHike proteases (1P9U, 1P9S)z docking#it ##

% sAHomology Model & 4 F 44t 7 7kmodeling SARS 3CLP° - s B & s 4 o,
B4 4£PDB» stoodess 1Q1X » 8 RAE & oh 4 B S B(IQ2W) L BT B4 £ A
fit(doFigure 4-6 AR) A THAARRELHEB AR T2 — 48« L EREE
HBZBEAARECS—WHB ST RBSBANEYH R RFAFT EL S B LM
P 8% © 1) Parwise Sequence Alignment and Multiple Sequence Alignment, 2) Homology
Modeling, 3) Multiple Structure Alignment, 4) Binding site modding, and 5) Docking
evauations -

HATE A M 3CL" 41 5] & @ 48 14 &4 7% f| peptide fragment (VNSTLQ#: TSAVLQ) &
AGT088(F #i& B rhinoviruss| AL 69 8k B MK, CEANBART %) EA S48 0 Hdockingss
RioFigured-7 i » Epig T RIMT B2 Bkt - AEHE R L4 R4 B SARSICLP®
BRIHBHEA G -

Figure4-6 Figure4-7

Figure 4-6 & Figure4-7 : AKX T T MM EZE G T 4H(IQIX) M4 & & H(1Q2W) 2 1t
BFER o S8 H RN 4L binding ste B3R E 2484 - Figure 46 ¥ CPK % 4,874
% 1Q2W - % 8 &4 & 1Q1X > peptide VNSTLQ 4 7= & 4 &, - Figure 4-7 4 € S 4158 7 7]
Z docking result -



44CMC R AR BRHMHBHR

CMC & #+& 2 % & Comprehensive Medicina Chemistry B# & » HRBERH AR THZ
By FHASEHEE B EHENSAKRE 7937 ARHYFEH - ZMNEALTE
200-750 = Fi ¢y # 4 5 F (3t 5,742 48) 4 & virtud screening e9#k &4 5-F - i 5,742 B o+ ¥
B virtua screening #3200 LS R — S 2 AT ARS8 A E A0 0bi
384 # Denll NS3 Protease 4 42 B £ B4 F » AR —F TR, OKRE -

Figure4-8 : NS3protease # 4G AR EML L HE
B aTH BEEAHETH -

Denli NS3 protease £z bindingsite 2 32 & 4 H A R AA A ¥ & TH E# (4 Figure4-8
BT B P A F A 4 3% MFCDO00006589 = 16444 A s 4% 5= Substrate recognition site1 4 & -
P g w4 2R 4By & Denll NS3 protease z binding site) » st.#h 4 Substrate recognition site1 &
H-FARGENFEABZME > AE-RTAZARYMEE B EOTHLGRER
JE 3.8 % virtud screening Z 4 L LR -



Ser131

Figure 4-9 : NS3 protease EE M B2 A BMHAG R AT EE T
Cataytictriad( 3 & » Ser165) ft Substrate recognition site 1( 4 &, » Ser131 -
Tyr150) z a1 § -

HAH CMC F# & #t Dengue Virus NS3 Protease 2 virtua screening 37 200 £ 2.4 F
THAMS R AR Bl T A
5 nFREAES4IME
6. PEGEHRLG2HLAEAR
7. »TAARAFTREH

HRARITAS docking RS AAFGHHABRRARAEZATHAEH A Bk
HAERBBFERAREFERAZY T - MBS F 2o Substrate recognition site
1(S1) ~ Cataytic triad iz Substrate recognition site 1(S1) s polypeptide binding site(S2-Sn) = &
ERTZE HE—FHRIERA ARG FARAERIONEE FERB I > FEY
EAM  RUREAEZLBLEHBTHZ S FHALLEHMN - BABRSTFASGAL
FREBUE NG IHE  RAESHRUEAFORELAFHAGARTEHRS 4
lead compound #5456 2 & 3K -

Figure 410 B A AT R B L2 5 F 2B E - B EZ >R o Lrril - Rh RS
T FEES BB AR A2 &4 S1 pocket 2 % B 4 Substrate recognition site
1(BA T 8545 S1)# » B4y S1{ak 8 catdytic triad 4 X E46 A &) docking &2 & - sb— 2
HMASTFIUFES A T 8 - 5555 Cadytic triad 2 1 255 B 750 S1 b eyp Ao
caytictriad( £ &£ X Ser13S AR)A XA AA  —BEAIAH 115> HOHMAAFTE
BN HORE AR RAERERCSY T RAORTHIERE &k —2F 0] & 548 binding
ste FXAhRAE b—MRE—B > O4XBRAEYF - WHOLBRAENYRA Kb
et AR Rgidt @ bindingsite sy E A AR A MM ESES c ALZ KRBT UE
B (Caaytictriad 2 S1) B 4E % & 4 4 serineprotease 4 Bl 23T 92 R X AR H 845
ﬂ; s

S1 pocket #f > pBEN G4 7 #5 + 4o Figure 411 g7 - § — %510 METHYSERGIDE
(MCMC00001002) A4 % - % =450 PICLOXYDINE (MCMCO00002335) & 4& % « % =
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#5 24 NILEPROST (MCMC00004953) A& 4% & @ % w %4 CELIPROLOL (MCMCO00004392)
Bk - 2 5% DIETHYLSTILBESTROL DIPHOSPHATE (MCMC00001235) & 4% %
AR E A 4 docking 2] S1 &9 RE 0 4 L8 RAMP A0 ST 800 & E &9 A S
MUXEER  BHOSEREP S EROBEAEZEWS MG - F B
DEOXYSPERGUALIN (MCMCO00005734) A& & ' b— 3R T HME G RadMa
Bk TIAF G S1pocket 8] A sb—Feh & B »

S1 and catdytic triad #2£ 3t 11 %5 » o Figure 4-12 #75% AT 86 S1 pocket 5K K
BAEE FRBAR S IO RN EEF TR SrB AR R EAAGET - (b
& 4% & %  FOSQUIDONE ( MCMCO00006071 ) ~ CYNARINE ( MCMCO00001729 ) -
CEFAZAFLUR ( MCMCO00004475 ) - SAPERCONAZOLE ( MCMCO00005779 ) -
GLUCOSULFAMIDE ( MCMCO00006583 ) » NISBUTEROL ( MCMC00004574 ) » & 1] 4 &
$afe ST SRl e B A BT AR R F 948 ) S (A S A5 T 1 ) FledAo A 5 48416 37 7 peptide
bond & Ser135 A A R EZHA AKX ER LeymiE » FHMAa# £ - CLINPROST

( MCMCO00006282 ) - CEFTEZOLE ( MCMCO00003420 ) - TRIMETREXATE
( MCMCO00004094 ) « LAURETH 10S (MCMC00002590) i m# A & #f S1 B R B g i
#1422 A docking 89 47 47 AR A sA SR 6 8F 4 PR 324 ST ERLAE - BAARM R4 2 £ Ao binding
ste e AMAEL B4 MARTHES EHANELFT ARG THRANEFY
e bindingste 94 £ B » it LT3 %) caaytictriad ey /L #):E 45 > RiE — KBEHHF
A e AR M B - A H L CEFAZAFLUR( MCMCO00004475 ) GLUCOSULFAMIDE
( MCMCO00006589 ) - CEFTEZOLE ( MCMC00003420 ) - TRIMETREXATE
(MCMCO00004094 ) X madaehstss v X & A4 - LAURETH 10S (MCMCO00002590) &
—HaARTHRAGRASH L4887 AABEYHERA > AURFBS
A% B A i ) Bl 09 3R -

Wholebindingsite 8t » LB R A — 8 »~HST HAHEMKSTFLEE TTHME
it —BEey - F kB Ao binding site 4+ 4o Figure4-13 - {2 R i A& F XL X5
REEEMBIAESHER /- Iﬂ&t&b;ﬁﬁ%%ﬁ%ﬁiﬁ*i@%*’ﬁ%ﬁﬁf&% Bl Bl F
& o

Ao LA A — o X BREDInding site 9 5-F » sb— 4 X B &4 docking f & L3
Sl ol Bib—a $2 4% binding stesy iz TESBABELER 1 YRFIA
aHEELF -

&7 Serine protease #p#| &l 49 % 3t AR Z > RIFeh4p#] B2 48 F0 binding ste A R 596
HHORPMEEN o s B Hfo Serinez OH AM A £ K Z4EH » raBiMibits - A
SRRt Hp I BleFE £ ALK H THA binding site 1 F—MBEHEAL B ESYTE
Mo MBS TFEREASH A BRMeOHP A - £ /M docking e R 45
A BB EA NI FRAESHA BN - SHRGTBBSHERETRH
BARBRI T AT E -
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Compounds of top 200

Ny x

On binding site

Figure 4-10 : TR & & 2 4 F o 2E 4
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ECUCO0001 235 ¥ONC00009734

Figure4-11: S1pocket # - BN S 7R THAAL FLEEF) BP
AR ERIRAAELSERINAE - BCAZOREEAN  FE A
caaytictriad » # & % S1 pocket & & #k &8 » CPK #7744 docking & R -
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HCNCO0006071 MCHC00001729

NCRC00004004 HMCHCO0002590

Figure 4-12 S1 and catdytic triad 26 3£ & 11 (% 11 A R4 FER ) B
PHTAERZRAARELECRINABR - EALAT A KASR  FEAH
caadytictriad » # & & S1 pocket # £ p& % 8% - CPK 42574 4 docking & % -
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Figure 4-13 Whole binding site 8 st BN R — - E e A% o ket
¥ & % catalytic triad’ % & & S| pocket & & f& & 8 » CPK 42+ # 4 docking
BE -

AT 200 & {44 — 5 & (F eL4% docking #2754 @ & o e 106-40)

Compound name Structure MDL number  Molecular Drugdass
weight
TALLIMUSTINE MCMC00006385 697.63 Antineoplagtic

RON 2 o
CII
N
o N
ol ;o
M, [v]
CEFOTIAM MCMC00004603 525637 Antibacterid
HO Chire
/'o? Mo, S g 0
=" H 7 g
H S
S\KN 2?‘/&”
NH, Nz,
CEFODIZIME MCMC00004909 584.677 Antibacterial
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IPEXIDINE

FOSQUIDONE

CYNARINE

METHOTREXATE

CINEPAXADIL

PROSCILLARIDIN

SOBUZOXANE

MCMC00004882

MCMC00006071

MCMC00001729

MCMC00006960

MCMC00004885

MCMC00007049

MCMC00005987

538.786

499.465

516.463

454,449

556.618

530.664

514.537

Dentd caries
prophylactic

Antineoplastic

Choleretic

Antineoplastic

Cardiotonic

Antineoplastic



QUINASPAR

PIROZADIL

ESTRADIOL

ENANTHATE

ACLOXYDINE

LEURUBICIN

AMELAUTIDE

IRINOTECAN

)
,O:Q)L JKQEO
HC o
HiC., N
© | e 9
o =

3

MCMCO00009899

MCMC00004223

MCMC00002210

MCMC00002335

MCMCO0006250

MCMC00005207

424 415

527.533

475.387

656.693

628.763

586.694

Antineoplastic

Antihyperlipo-

proteinemic

Estrogen

Disinfectant

Antileukemic

Imimuinosti mu-
lant

Antineoplastic



RIDOGREL

PMILPROST

AMPIROXICAM

ALMURTIDE

SULPROSTONE

TABILAUTIDE

PIPOTIAZINE
PALMITATE

MCMC00006042

O OH
lN F E
N/
S I '
MCMC00007525
o0 MCMC00005685
)
%N [
HE. 0 O Nz
X
rO
4,
MCMC00007785
o._ % N, o Chisl
oH
- o\,{}
o
MCMC00004555
Chiral

H OH
- MCMC00006258
Ke M _}—N\%-m
I
M
" MCMCO0003607

32

396.572

447.47

478.452

571.72

714.0941

Antithrombotic

Peripherd
vascular
disease

{therapeutic)

Antiinflayma-
tory

Abortifacient

Immunogenic

Antipsychotic



ALPHA-1-A
ADRENORECPTOR
ANTAGONIST

COFORMYCIN
AGLYCON
DERIVATIVE-3

CLINPROST

AMINOPTERIN

METERGOLINE

TIODAZOSIN

SAPERCONAZOLE

e cirn MCMC00008029
" f
oA
N N/\_l
y MCMC00008060
N
N | \>
N
o
oH
Br
MCMC00006282

MCMC00006938
Chiral
N ]
Nz N Noa
N, Ry
oes  MCMC00007176
N 0. /[ ]
bl

MCMC00004816

33

440.422

403.529

431.477

672.733

Antiadrenergic

AMPDA
antagonist

Antithrombotic

Enzyme

inhibitor

Andgesic

Antihyperten-
sive

Antifungd



AVRIDINE

PROAKACIN

DIACEREIN

FLUORASQUIN

EDATREXATE

UNOPROSTONE

CEFADROXIL

N N NH, Chicel

H, chira
H
O
N

34

MCMC00003735

MCMC00004811

MCMC00002725

MCMCO00009893

MCMCC0005908

MCMC00007481

MCMC00007231

667.209

557.6841

467.484

363.385

Antivirad

Antibacterid

Antiinflanma-
tory

Antineoplastic

Antineoplastic

Antiglaucoma

Antibacterial



CICHORICACID

DOSERGOSIDE

ILOPROST

METHOPTERINE

AMIKACIN

POSATIRELIN

METHY SERGIDE

MCMC00007713

MCMC00005043

~  MCMCO0009906
NV N’CH’
j @ ]EE

MCMC00007221
MCMC00005901

MCMC00001002

35

474.372

551.811

360.491

455.429

352.432

Antiasgthmatic

Antihyperten-
sive

Antimetabolite

Antibacteria

Anticataeptic

Antimigraine



MELAGATRAN

KETOTREXATE

MESUPRINE

TRIAMCINOLONE
DIACETATE

CINAPROXEN

IONOMYCIN

TRIMETREXATE

Nss

NH

O

MCMC00007753 429.518

Q  Chiral

Ao

473.487

MCMC00002547 394.493
N\S/CHa
o\
MCMC00006975 478,519
Chiral
MCMC00005541 375.443
©Q Chirel

MCMC00010295 709.011
MCMC00004094 369.427

36

Anticoagulant

Antineoplastic

Musdle relaxant

Glucocorticoid

Antibictic

Antineoplastic



HEXESTROL
DICAPRYLATE

NISBUTEROL

NILEPROST

BENDACALOL

CEFALORAM

BECANTHONE

FOSTRIECIN

MCMC00010262
HG.
i i
CH,
o MCMC00004574
J\m
0s 0
OH ~7<°”=
He O
L0
HC
MCMC00004953
MCMC00005911
0 o
O L0
OJX\NQO
H OoH H oH
MCMC00001497
HO_ 0 Chira
0
0
FETJL
N...
)
o H H
MCMC00002852
MCMCO00005511

37

522.765

401.464

391.5605

373.403

390.414

384.545

430.395

Synthetic
estrogen

Bronchodilator

Antihyperten-

sive

Antihyperten-

sive

Antibacterid

Antischistoso-
md

Antineoplastic



HEXESTROL
DIPROPIONATE

CITICOLINE

PIRODAVIR

CHROMONAR

BENZINDOPYRINE

TOMELUKAST

CEFPODOXIME
PROXETIL

MCMC00010123

Hy o o Q  en
cL(’ C}J

_ o MCMC00001543
0 0“P’0 HG +.CH,
\'\D___ " o ™NN
HO™y CH,
o]
Q
HOI:,, >_N
z\—?—«. Y—n
HO' \:)_ "
MCMC00006125
HC
N
B\
/_— N o) o
N o
—0
MCMCO0001470

HC
MCMC00002063
a4
)
H@
MCMC00005519
CH,
AN
HO NN
° ava
o
HC
MCMC00005496
Hy GHC. Chirsl
r}\s °>\_c?\c"':
~ ° >—CH,
N= N,_ +]
H & o-CH,

382.487

488.324

361.442

312.418

318.379

557.602

Synthetic
estrogen

Cerebrd
sti mulant

Antivira

Coronary

vasodilator

Antipsychotic

Antiasthmatic

Antibacteria



LEFRADAFIBAN MCMC00007873
CELIPROLOL MCMC00004392
H-'C)<CH, we cHy
H,C
N >=o
< 0 N
HO (o]
CH,
CEFAZAFLUR HO. .0 Chiral MCMC00004475
Q
N7 =
N,
Q s “ N”CHE
i‘ H} -
j\’F
F
F
CEFTERAM . MCMC00005348
Y,
e
\N o %//
N,
n” wons
}3 []
e’
AMOXICILLIN e MCMC00007203
eH
i
o/-}'*ou
AMINOBENZAMIDO MCMCO0009775
PHENAZONE 0 Q
N
N A\ rll
), e
OHC
TRIMETHAMIDE o cH MCMC00002364
3
b
NH, N
N| = c|)
o__C
HC 7 CHaH!
CEPHRADINE H, Chiral MCMC00007223
O
Y
™

39

Fibrinogen
antagonist

379.504 Antiadrenergic

470476 Antibacterid

4795 Antibacterid

365411 Antibacterid

322366 Andgesic

331.375

345412 Antibacteria



CEFTEZQLE

CEFETRIZOLE

METRENPERONE

DIETHYLSTILBESTR
OL DIPHOSPHATE

ABIRATERONE

GLAFENINE

COLFOSCERIL
PALMITATE

£

40

MCMC00003420

MCMC00004736

MCMC00005296

MCMC00001235

MCMC00007625

MCMC00002091

MCMCO00006150

437.523

407.492

428.319

3081.552

372.811

734.059

Antibacterid

Antibacterid

Serotonin
antagonist

Estrogen

Antiandrogen

Anzlgesic

Pulmonary
surfactant



NORCORALYDINE

NONOXYNOL 9

BENFURODIL

HEMISUCCINATE

QUINCARBATE

KETOCONAZOLE

CIPROSTENE

MCMC00009996
MCMCQ0003375
He
MCMC00001964
H
&
o
HG.
= GH,
Q
o
MCMC00004234

. MCMC00004734
[N
cuC“ 0{
Jos
o) (:j
O)\CH,
MCMC00005326

Chiral

41

355431 Protoberberine
dkdoid

616.84 Spermatocide

358.351 Cardictonic

367.789 Diurglic

5314371 Antifunga

364.522  Antithrombotic



MOCTAMIDE

NAFAMOSTAT

BALSALAZIDE

SULFAMETHOXYPY

RIDAZINEACETYL

ASAFAN

GEMEPROST

ALTANSERIN

OH

Q-

o]

Chiral

42

MCMC00003518

MCMCO00005316

MCMCO00005278

MCMCO00001992

MCMC00010156

MCMC00004697

MCM C00005124

473.749

347.38

357.326

322,345

522.47

411.502

Antihyperlipo-
proteinemic

Antiinflamma-
tory

Antiulcerative-

colitis

Antibacterid

Antineoplastic

Prostaglandin

Serotonin
antagonist



DEOXY SPERGUALI
N

CHLORAMPHENICO
L STEARATE

PIROLATE

LAURETH 108

DINOPROSTONE

OFINIAZIDE

CARBACYCLIN

GLUCOSULFAMIDE

MCMC00005734

MCMC00010216

Chiral
4]
o, . o]

HC

MCMC00002550

C\,\ufp»

,/\/ﬂ\/\ofo

cnew  MCMCD0001007
K\/\i

MCMC00001880

MCMC00010028

43

387.525

320.315

642.941

352.468

329.315

350.496

445.447

Antineoplastic

Antibiotic

Antiasthmatic

Spermatocide

Oxytocic

Antibacterid

Antithrombotic



4.5280 A% G KA H R ) HBER

PDB ¥ # 3% % protease sit 3.4 & B] & ] 4% & 49 £ #% (protein-ligand complex) » ¥ sk dp 4]
BEXTBMBREBETHNERY  ZARB—LFELA8E  FHETRAAHLERY
B ibiidh o 4o aspartate protease i — MR LM MAH L LS F BT RANEBRE
i HIV 845 » £ 264 B Bp 440 %) HIV aspartate protease & 5& 1+ o i& — B30 4] 8] K 2R
478 # peptide drug » #5288 &% K + sé(backbone) sy £ 4% » SEM B IR R AL SL4E -
MBI RIS E  BUBEHTRAEERATRLEHRAH pocket » L 24746
i &

Denll NS3 serine protease 757 & & & 88 » B bt #& 14 3% proteaseinhibitor & % =T 4& &% & AT
W o HEMEEGT - & PDB ¥ &40t proteaseinhibitor 3k:% & 280 LAkt - 22
BE % E0E G KM docking: 54 B 100 2 6245 £ 4 docking s B T 4 & %
1. 43 binding site : 13 18
%o Figure4-14» sk & t1e b
GEMDOCK #HRleh&E R » K&
E4#4 7 binding ste & A&
SREGHME -

2. f# S1 pocket : 2348

4o Figure 4-15° GEMDOCK ]
& & £ docking £ S1 pocket 7
1§ gt S1 pocket ey R BL R A
REHER -

Figure 4-15



3. 4H S1 pocket & catalytic site : 13 18
4o Figure 4-16 » GEMDOCK a3 &4t4-4
MERTAS I pocket th TE AL A X E
Ve sh 0 A cataytictriad (HisH1 » Agp75
Ser135) i X EZAFA -

Figure 4-16

W10 28R+ MR ZHMBRAETHRAANE Ry BERHBLGHRES
FRAOGMERFRETSTRELERLESHNE  MAR S BARLLE & E AR
g4 o catdytic triad : His51 « Asp75 - Ser135 &% Gk A i E ; S1 pocket Wi
& B R AEL  Ser31 ~ Tyr150 - Ser163 » if #4188k A &1 4F S1pocket A A L Koy ¥ —
Mo SREHNSEORBHRAEYEERAR FAHHERABEME R BARY £
mEEE . EETEESTAZTROFEANAG 2 BEABCERFHERE B
LA EEM BRI EY  BALFBEASFHREMATHA - R TUEZR2I E8
% 5118144 docking &9 B3 iE B R Z 4 BERAHB LSBT -
100 BiAn Bt~ &

Group 1: in the binding site PDB code Description

oty 1a8g CBZ  HIV-I protease in complex with
i sdz283-91

HyC
Q 0 /”\
Hye ™ OH H
NH H l
o
e H o
HO Ke

N
o]

NH,HO
the gla domain of factor

H

. 110D_PPP  Crystal structure of the complex
N between the coagulation factor x
0 H),—(_—%:o binding protein from snake venom and
Q Q H 0

QH
4
0

HO



5

H
H e 1k1j_FD2 Bovine trypsin-inhibitor complex
0]
%—"'NH
0
8]

CH
He ’ oH 1c70_L75 Alternate binding site for the pl-p3
3 3
HN. .0 group of a class of potent HIV-1

protease inhibitors as a result of

N
concerted structural change in 80's
- OH
0% NH
@ :

loop

i 1c6y_MK1  Aiternate binding site for the pl1-p3
H C‘-{—CH
’ ? group of a class of potent HIV-1

NH
protease inhibitors as a result of
HO
N ™ concerted structural change in 80's
\) . loop
® ]
L/N %

0 1k1im_FD4  Bovine trypsin-inhibitor complex

A
//° O



= 1ivp_NOA  Human immunodeficiency virus type 2
protease mutant with lys 57 replaced
by leu ( K57L ) complex with u75875
(noa-his-cha-psi[ch(oh)ch{oh)]val-ile-

apy)
HaN 1k1i_FD1 Bovine trypsin-inhibitor complex
2
— NH,
/
N
6]
QHO . NH
~0
7 N\

1k11_FD3 Bovine trypsin-inhibitor complex

1bwb_146 HIV-1 protease (v82f/i84v) double
mutant complexed with sd146 of

dupont pharmaceuticals

47



1qbt_146

1hiv_NOA

1bv7_XV6

HIV-1 protease inhibitors wiih low

nanomolar potency

HIV-1 protease (HIV-1 pr) complex
with u75875
(noa-his-cha-psifch(oh)ch(oh)]val-ile-
apy)

Counteracting HIV-1 protease drug
resistance: structural analysis of
mutant proteases complexed with
xv638 and sd146 cyclic urea amides

with broad specificities



Group 2: in the $1 pocket PDB code Description

1gbn_688 Bovine trypsin
/ 2-[amino(imino)methyl]-2-hydroxyphe
N H noxyjJ-6-
1\> [3-(4,5-dihydro-1h-imidazol-2-yljphen
N
oxy]pyridine-4- carboxylic acid

(zk-806688) complex

1c2h BAK  Recruiting zinc to mediate potent,

specific inhibition of serine proteases
NH:

NH}

-<+cu3 1odx_OTB  HIV-] proteinase mutant a7lt, v82a
NH

HO NH

NH
~
H3c7< \
we! O

1nb3_NAG  Crystal structure of stefin a in
)7—N H OH

complex with cathepsin h: n-terminal
O OH residues of inhibitors can adapt to the
CS—/ active sites of endo-and exopeptidases

H4C —6\

1gj5_130 Selectivity at s1, h2o0 displacement,

H
e N upa, tpa, seri90/alal?0 protease,
HgNt\ | L I\{ structure-based drug design
NH, HO —

49



H’2N\’/NH2 1dWC_M IT
|
N o
He \ SN 0
L oH
Chy
1ghy 121
A N N
| N_ /7 N\
HoN L~y .
H
NH, HO
1GJB_130

CHy 1etr_M Ql

1eb2_BPO

Alpha-thrombin complex with
(des-amino asp 55} hirudin (residues
55 - 65) and md-805 (argatroban)

A novel serine protease inhibition
motif involving a multi- centered short
hydrogen bonding network at the

active site
Engineering inhibitors highly selective

for the 51 sites of ser190 trypsin-like

Serine protease drug targets

Epsilon-thrombin non-covalent

complex with mgpa

Trypsin inhibitor complex (bpo)



OH o

NH,

HoN

O W
0
N

16j7_GR1

10j1_166

1kis_C24

51

Novel covalent active site thrombin

inhibitors

Novel covalent active site thrombin

inhibitors

Thrombin inhibitor complex

Factor xa specific inhibitor in

complex with bovine trypsin

Crystal structure of human
coagulation factor xa complexed with
rpri28515



0 1ddp_BPP  Crystal structure of human alpha

e N thrombin in complex with §-
HN
VA N amidinoindole-4-benzylpiperidine
HN — inhibitor
| =
Hzi\ 1bmm _BM2  Human alpha-thrombin complexed
N TN with fs-(r ,R )]-4-
& [(Aminoiminomethyl)amino]-n-{{1-{3-
- NH
Q»B\/ 9 hydroxy-2-[(2-
o)\(\cm naphthalenylsulfonyl)amino]-1-oxopr
o]
Q X e opyl]-2-pyrrolidinyl]
0
methyl]butanamide (bms-186282)
0
>_\ 10 INFW_RRR  Crystal structure of human
oA
S

—( ”w coagulation factor xa complexed with
" \\ ° s rpr209685

). 1P06_PPP  Aipha-lytic protease complex with
N methoxysuccinyl- Ala- Ala- Pro-
CH
H )\( ? Phenylalanine boronic acid
0
Hy Hy

7\

1bgo_110 Crystal structure of cysteine protease

0
]
" o A
c
human cathepsin k in complex with a
CH
° H
~H
”\O/q

N

covalent peptidomimetic inhibitor

N0

0

—N,

\_7

52



NH

Hrca,

1b5g BCC  Human thrombin complexed with
novel synthetic peptide mimetic

inhibitor and hirugen

1ny2 PPP Human alpha thrombin inhibited by

rppgf and hirugen

5pad BZO  Papain -benzyloxycarbonyl-glycyl-
phenylalanyl-methylenylglycyl
derivative (/zgpgck)



Group 3: in the S1 pocket and PDB code  Description

cddytic site
H3c>= o 1nbS_NAG  Crystal structure of stefin a in complex with
HN QH

0
5 NH,
P
NH,
H
—N
/\ CH3
By
HN
)——N 0
NH CHj
A
HQN—/
NH,

1bhx_R56

16b6_623

1G2L_T87

2upj_U02

cathepsin h

X-ray structure of the complex of human alpha
thrombin with the inhibitor sdz 229-357

Bovine trypsin 3,3'-{3,5-difluoro-4-methyl-2, 6-
pyridinediylbis(oxy)]bis(benzenecarboximidam
ide) (zk-805623 complex

Factor xa inhibitor complex

HIV-1 protease complex with ui(00313
({3-{[3-[cyclopropyl
[4-hydroxy-2oxo0-6-[I-(phenylmethyl)propyl]-2
h-pyran-3-yl}
methyl]phenyl]amino]-3-oxo-propyl]carbamic
acid tert- butyl ester)



1pip_SIN

HG H

HaC NH
]

2
H307>_< H
HaC HyC
NH o]

0 OH
< > /
HyC N
NH \OH
: 1the_CBZ
0
ch;g—/o
HN
)
HaN NH—{O
>=~ 0
1k1o_IGN
&L
] \\‘(on
HN o
s °
N
Py
HN NH,
HO 0 1ytj_mq
CH3
0
H\NH H
Q OJ\(NHO NH,
CHy

+OH

o==Z

Papain complex with

succinyl-gin-val-val-ala-ala-p-nitroanilide

Crystal structures of recombinant rat cathepsin
b and a cathepsin b-inhibitor complex:
implicationsfor structure-based inhibitor

design

Bovine trypsin-inhibitor complex

Siv protease crystallized with peptide product



1ewo VSC  The cysteine protease cruzain bound to

wrr-204
ade
Oy ;
0//5 =g
\/fIO 3hat_RNG  Aipha-thrombin complexed with hirugen and
H
i NH  CHy Jfpam (fibrinopeptide a mimic)
Oj,NH
HN
0/
HN
i
HN
0 1nms_161 Caspase-3 tethered to irreversible inhibitor
0
HO
0
O NH S\\0
N
0
0 Hy
1dx5_PPP  Crystal structure of the
)”t thrombin-thrombomodulin complex
0 NZ" N
HN o
NH/Y
HN
0 OH HsC 0



5. ki

& Serine protease ¥#p#] 69 3HRA AR Z » RIFeydpaI#]4 A4 binding site § 2 394
SEARMMAES o M BRLBEFPF Sarinex OH A AL X ZHA > rAlTEILE L - B
SLAE S A I RIS E 2R ALY A THEA binding site H E—REHEALBEN S T4
o MEFRAE— S TFEHBERGMORN  BRNIPHH - Rtz st BEAR/EEE
MEBORASASHARY  BsyEbaBustedy BREAIEARSFHREmAE
MR o 48 %47 docking &4 £ 44742 » docking 4 B 4& binding site 4244 » & docking 1 E &
S1 pocket A cataytictriad eyt &4 5 & R H AT H B ek - TR A TRIFHFLE
;}g e

6. 5EEAzER
6.1 FEER

AARLEBRRBYZERRELYDXIHEMER  AERSPHATRERRL
WX 2B HHAEE -

62 BRER

HFMELFRF & RAFCEFRRTF%
1. Building P450 methods

AAR A A P50 2CO & & HAEL TR A Sz 5 KAt - 4 M GEMDOCK 3§ &40
P450 2C9 2 % T 4 %] &) # 4 (docking) © A% P450 2C9 % & & (PDB code: 1065,
10G2) » # 4% dock ey & ffr B4 profiles HEH BIX BTk g Hiltdyp
#|% profiles ey 2R > Al BAEKRSHFARG B -

F498038 7 GEMDOCK ¥t C.4o ey A PADO B G H ML ligand £ & » RF AR
84 (docking) E1 B4 R4 § - B — BRI R » GEMDOCK Tl ohig L2 H 48
S ERAL -

57



B #1105 A5 TS FReR - B2 A
10652 44 & % THCPKA &4 AHEME » £ F 4G 84
AREBZYT FREMEFTPHRSTRELR 4
EZRRTIPKAEHRRREL S T4 Stz § A8k -

EHXRF o~ EERL PN EESL TR EOABILME  —BRALEeh
ERwB —ms S HMbheme 2 LH - BARMHA S H e 1065 REASH 6
1062 2 %) Ao ik B4R » 43 2\ &2 R 4o B S 557 0 # 1062 SWF 332 4 © 5] 1065 % & 44
g RmAGiFheme LH M E - BB IFIARES>FRAGE G Y 10K BIT
EEH 1065 B HEABHBE NS > 513 SWF 4229 B 53536 M ALK K8
94 B - A 45 6h 751 B B4 A4k docking profile #9 B #2(docking target)



B &F2P450 205694518 « kL efa s W= - 10 swiR10G2ey 7 FRELRME
IDT6 » KK LM BINGB > B HEAXEN CEHER - EAHANLEFRING 152
DMZ % &r &80 AINRG  $r 2 B AR L HDIF- RGO E FERXHREGHER - CPKARE AR
EFBR-FERN 288 £HALEN LswiHI0ROBAGER AEFHERNE
Hemez k7 » B4 H R AL BRZES R - G ¥ 7 RIGCZRIGOEZSGENES
&ARE - HERFFIR -

HFE OGS R 1060 S EH Cioth 200 i & Bl R M BIVE S T84
(molecular docking) ¥ % » LM AR AL R Z BRBETHB AL E F AR
profiles' 2R BATR KR ERAMRY - BRKNELESFIALLH TR 4]
fop T a2  EERFREER D FHKE -

59



2. Inverse docking

Inverse
docking

Toxicity
prediction

#Mw - Inverse docking A+

Inversedocking & M4 B4 65 & M ey THE4p I B B2 60 HHABZ AL EHE
b ek a KA HA (docking) (Bmw) BMAREATRAARHNEGT T
FTRBREDWHBELS > RBELEN PRBNH A TR ANIER - &
MAS TR GEE  AREA T EHEREMREARARAY AARFEAR
SoyFehsES e ® (inducefit) - BAMAERF A LR RSE » BATHARA
FiEmANE O it B A E 4 & (proteinligand complexes) &9 4544 5 54 5-FR
RlegiR ey RS B AHFHESRAHSHE (induce-fit) & ResRE - AR
FQHEHBORE EERUR IS FRENRGHAE - 2ARLB A Choty
BOi AR S EOSBREER AR EHARGAE RS THEEY
HNTER - £ PDB FAMGEE R Xray £ 5884 421918 > £ @dpd &
W FI 4 SR A 981 8 (R—) LBMAMSRANRBEG AN E148]
B A3 SR T o inversedocking 89 M R TAARZRITA » FAUKRAESR TR
H_-: e



1HCB
IMSM
1B7X
1FK9
1C5W
1GI8

DA
LJAD
LMK
1048
104G

IKAK
IFPZ
1GNN
IPSE
1G2K
IE98

£

1IDB
1C88
IE+31
1049
104H
|BZM
INWG
|IHB
1IHT
LOVE
IHMR

1E3Z
1ESH
1G4K
1CAD
IHPT
1K1}
ILF
1ATR
1AID
IKIY
1DB4
IRE1
1BI7
1HVH

1BB
1DZH
HIP
1MAR
IHPY
1F9E
1EZX
132Q
10VY
1R6N
1BGO
1R82
1UN4
THVI
ICGF
IHWK
1UP]
IHXW
IBLX
IBMQ
LBNM
IXKA
INJS
3TLH
1EHS
IFE]
1COT
IFFF
1AUT
1FHO
1A%4
IMS6
IMSK
IN3A
2BPX
1AYV
3PAH
ITAW
143
LJAQ
1041
1ICVW
1041
2HCK
1FPC
ITFG
1UF?
1P51
3CPU

1FTA
14N
s
1ICA2
1G358
1AGW
LG
LR
IFXY
18M
IMES
IRTT
1BI8
IKMS
6UPI
1HWL

LHY?

1042
LC8T
1BZC
1BZS
IKAV
1IDW§
1TFX
IHLT
LFSK

IHKB
1Q1M
{FRO
1H0G

1SLM
1KY
HIQ
1CAB
1R42

INAT

9PAL

1KBO
10UK
\UEA
IHMT

~ Sudm il Al o) 5 P 4 R a4k 981 48

1BB3
1HNY
IHIR
IMAZ
1HPX
IR4L
1LG1
RT3
1538
183w

IR7V
1151

ISLN
10XN
1H1S
18D8
1518
1PXI
1LG2
IPYN
INB3
ILHC
IMEU
IR7X
1GY3
1BTW
1CGT
1YDB
1EBZ

61

KN
1054
10YN
K3
1G35
1PXJ
1UK0
IRT4
INB5
ILHD
IHTF
1BHF
IKMC
2CAB

HOI

1E9A
THOV
1H24

IHK
IHPZ
IPXK
1UK2
IPYO
4PHV
ILHE
\HTG
IR7Y
CA2L
1HVL

LAOL

1DEF
IAAQ
1P4R
IRNE
IFTO

1FQL
1DWB
ICZM
1VBS
IEST

1E9D
1UGH
1PW2
1H2L
1323
1G73
LAHT
2ACH
LHSG
1LHG
iDAZ
1IR1
1BIM
1AM6
ILKX
1HX1
IBLS
cn.
10ES
1PCG
1D19
1DIG
3GS5
ICMI
1M14
1orT
1AL
1ATC
1A86
LOKV
1C3I
1PJP

103G
IMT3
IFEN
1QIB
1GI7
1C85
1BYG
IMX2
104C
140

IDVM
1IDWC
IFQX
VBT
LHOG

1AE8
1G49
1H25
1HM
1F8U
2TG1
1UK3
IRT6
IRTH
196
1.4

18TE
11Q6
IEAW
eyl
1IRR
1CIM
IFAV
1FCO
1BNU
ILPB

1GBV
IK6F
1ATH
UXQ
IDLO
1B59
10KW
USN
1AXA
IMTS
IEMR
1471
IBWC
16X
IPMU
1GID
P02
1046
LIBU
187J
1QMN
IDVN
1AAX
1CZQ
ITHP
1HOT

1ESE
10Y7
1H26
IH2N
SUPI
LA
1GTF
1156
IHSH
1DAN
IHTI
THUG
IHVC
Q7
1DE4
175
IBL7
ICIN
10ET
|EEN
IBNV
W0AT
10Ul
INKM
1AT3
1BQM
IATU
15413
1FGI
8KME
INIM
1AXC
IMSV
1PL6
1QIC
1FKO
1C6Y
1GI8
1C36
XPU
IM9%Q
14D
1082
1GLO
IKBC
1DWD
1UD1
ITHR
1G35

1E9F
1BBS
10Z1
IRQQ
1BDL

1UK4
1H53
1IMO
vy
1AV
1GXD
1HVD
\I5R
KI5
IEBK

1ECV
IBMK
1EEQ
|BNW
1K5A
LAS4
ICMK
1A61

1AU4
16CZ
1HAO
IKWM
1w
4CAA
IN39
1PL7
1AZ2
IFKP
IPME
IPMV
37987
1D35M
1L.ZQ
104E
104P
5CAC
1DEM
IGNM
1ouy
1JH1
1H08

1041
ILD?
H27
IQIN
1JKH
1ILB
1G7G
IRT?
IHSI

1QXK
ILIT
IEVE
1HVS
6PAH
INFI
IKIT
10DW
10EU
1A38
1PDB
1LIE
1GAG
10HR

1B3K
3A1D
INMS
IHAP
1ASK
1AWH
1GFW
IMT®
1PKX

2WPO
\C6Z
1G9

103p
1047
104F

1F1
1G03
11HS
1DX5
1BAB
INZQ



3 BHEWHEELRR AR
KAV T 4o By PAO0 34l Bl A SR AL A4 2 e F B EBALE NS
A - R EA o AR IR AlE Ak A a S EILS Y
B3t FEABAEEE  FHDRE - HABRE  WRPWEEE R4S
# o A% A ] B SR I B 2 F B R F) A8 B ZAFBLA o AR AR A DI AR K o B AR
s B Bl ot R A P40 M R gL S Z HHEL -

H-a. Hna CH. C=0. Cq. Ns2 N-na N=C. Ona O=x.
Pg2 F-x. Cl-x. Brx. I-x. Med. #drl. #adom, chrg

LEABABBMEREALOOHERAZHBME AP ar REAFFR na RAFEHF
FH CHRABHEGH C-0R K sp2 Hsp2 $s N=CRIZ#EAMmBEA
Bias o x REERTF o fcirl REH > faton AB FLH  chrg AFEE -

FNFE LR BRBRGCSDHREN LS HEILTBME TEE
EWAEEE R AT R H K E A F A0 M a9 4540 - 2 PAD0 ) Bl Sk
HBEHAESTHE - RARBRTRAFALHEBUS > ANLETRER
SVM(support vector machine) > 4B B&H IR -

BATRNECEH THELARMA %2 AL (prototype) * ERXTHRBRLET LR
BMeoRAREMNAREHETHEHELRANAKZ RS WAHR - FEESE
A ERERES -
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