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The 69 kDa NS3 protein of dengue virus contains multiple enzymatic activities
including a serine protease domain in the N-terminal region and the protease mediates
cleavage at dibasic sites within the nonstructural region of the viral polyprotein. Therefore, it
represents a promising target for antiviral drug design. Previous studies with data for docked
energy and binding geometries obtained by molecular docking using Autodock with a
homology-based model of the dengue virus NS2B(H)-NS3p revealed that binding is more
favourable in the presence of the NS2B cofactor and that binding of product peptides is similar
to ground-state binding of corresponding substrates. In this study it is consistently demonstrated
the similar results that hexapeptides based on the P1-P6 regions of all 4 cleavage sites were
able to be inhibitors including peptide FAAGRK, EVKKQR, RTSKKR and TTSTRR. Moreover,
pentapeptides based on the P1-P5 regions also were able to be inhibitors including peptide
AAGRK, VKKQR, TSKKR and TSTRR. For shorter peptides such as SKKR, GKR, GRR, KKR,
GKR, KRR, RRK, KRK, RKR, RKK, KR, RK and RR, they also displayed the potential to be

inhibitors whereas peptide AGRR was less potential. Derek Program used for toxicity prediction



showed negligible toxicity for all of peptide structures tested. In conclusion, these results
provide the prospect of developing potent inhibitors against the dengue virus NS3 protease by
combinatorial optimization together with peptidomimetic design of product inhibitors based on
native polyprotein cleavage junctions in order to increase the activity as well as lower the

toxicity.
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(NS2B-NS3), 31 319lU561 NS3 uazlisdin NS4A (NS3-NS4A) uaz 5eninalusin NS4B uas
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AUUUITRINTARMINETTNTIR | §rsuaasnsaaziluanndiumnie P6-P6’
NS2A-NS2B RTSKKR _ SWPLNE
NS2B-NS3 EVKKQR _ AGVLWD
NS3-NS4A FAAGRK _ SLTLNL
NS4B-NS5 TTSTRR _ GTGNIG

NH,-P6-P5-P4-P3-P2-P1-P1-P2"-P3"-P4'-COOH
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wilavdsiased a1 K, aa9tldlast (um)

1. Ac-FAAGRK-CONH, 25.87
2. Ac-EVKKQR-CONH, 66.68
3. Ac-RTSKKR-CONH, 12.14
4. Ac-TTSTRR-CONH, 45.96
5. Ac-AGRR-CONH, > 1000
6. Ac-SKKR-CONH, 187.60
7. Ac-KKR-CONH, 22.31

8. Ac-GKR-CONH, 152.30
9. Ac-KR-CONH, 121.53
10. Ac-AGVLW-CONH, > 1000
11. Ac-GTGNI-CONH, > 1000
12. Ac-SLTLN-CONH, > 1000
13. Ac-SWPLN-CONH, > 1000
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gﬂﬁ 8 uWSpufisulassainondnuad DEN2 NS3 protease e homology model 284 DEN 2

NS2B(H)-NS3 protease using HCV protease 1uawliuy

Catalytic triad, His 51, Asp 75 LLl8s Ser 135, ﬁnmualugﬂ ball and stick model a78/&
=~ = o 0/ a [ 4 = I o 0’ U
LYAReN A wasy) usIau ﬂmua:ﬂmmzmsuaﬂsﬁszqmu N ez C @uaauy Iﬂix‘ifﬁ’]\‘]

@149 &319971n WebLab Viewer Pro 3.7



msas19ddlari@sunisvin molecular docking
gavaaddlafidniunisvh molecular docking &$14an SYBYL 6.8. lanudsldidu 3
ﬂéjwé'af::
1. qmmauﬂﬂ"lmﬁﬁmmn N-terminal cleavage site
a) dimer: KR (P2-P1), RK (P2-P1), RR (P2-P1)
b) trimer: GKR (P3-P2-P1), GRR (P3-P2-P1), KKR (P3-P2-P1), KRR (P3-P2-P1),
RRK (P3-P2-P1), KRK (P3-P2-P1), RKR (P3-P2-P1), RKK (P3-P2-P1)
c) tetramer: AGRR (P4-P3-P2-P1), SKKR (P4-P3-P2-P1)
d) pentamer: VKKQR (P5-P4-P3-P2-P1), AAGRK (P5-P4-P3-P2-P1),
AAGRR (P5-P4-P3-P2-P1), TSKKR (P5-P4-P3-P2-P1),
TSTRR (P5-P4-P3-P2-P1)
e) hexamer: EVKKQR (P6-P5-P4-P3-P2-P1), FAAGRK (P6-P5-P4-P3-P2-P1)
FAAGRR (P6-P5-P4-P3-P2-P1), RTSKKR (P6-P5-P4-P3-P2-P1)
TTSTRR (P6-P5-P4-P3-P2-P1)
2. q@maol,ﬂﬂvl,mﬁﬁmmn C-terminal cleavage site
a) pentamer: AGVLW (P1'-P2"-P3"-p4"-p5'), GTGNI (P1'-P2"-P3"-P4"-p5"),
SLTLN (P1'-P2"-P3"-p4"-pP5'), sSWPLN (P1'-P2"-P3"-P4’-P5')
3. qmmaatﬂﬂ"[mﬁﬁmmnﬁtd N LLaz C-terminal cleavage site
a) trimer: RR-S (P2-P1- P1'), KK-S (P2-P1- P1'), KR-S (P2-P1- P1'), RK-S (P2-P1- P1"),
RR-G (P2-P1- P1), KK-G (P2-P1- P1'), KR-G (P2-P1- P1"), RK-G (P2-P1- P1)
b) tetramer: GRR-G (P3-P2-P1- P1'), GKR-G (P3-P2-P1- P1'), GKK-G (P3-P2-P1- P1"),
GRK-G (P3-P2-P1- P1), KKR-G (P3-P2-P1- P1'), KRK-G (P3-P2-P1- P1"),
GRR-S (P3-P2-P1- P1'), GKR-S (P3-P2-P1- P1'), GKK-S (P3-P2-P1- P1"),
GRK-S (P3-P2-P1- P1'), KKR-S (P3-P2-P1- P1'), KRK-S (P3-P2-P1- P1'),
RR-SW (P2-P1- P1-P2')
c) pentamer: KKR-SW (P3-P2-P1- P1"-P2"), AGRK-S (P4-P3-P2-P1- P1')
d) heptamer: RTSKKR-S (P6-P5-P4-P3-P2-P1- P1'), KKR-SWPL (P3-P2-P1- P1'-P2"-P3"-p4’)
e) octamer: RTSKKR-SW (P6-P5-P4-P3-P2-P1- P1-P2'),
FAAGRR-SL (P6-P5-P4-P3-P2-P1-P1'-P2'),
AGRK-SLTL (P4-P3-P2-P1- P1'-P2"-P3"-P4’)

¢ A o . A ® ' . .
ﬁ]’m?gmjadLtLl‘]Jvl@l“nmaummmmmi‘ﬂ@aad docking LNDFAN I nonprime-side

residue, prime-side residue W&z both nonprime-side Wag prime-side residue AaNufanacngls
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N13711 Molecular docking

A3¥ Docking 81¢8las9a3d 3 @ wad NS3 protease domain Laz homology model
289 NS2B(H)-NS3p complex 189 dengue virus tiuduuuy Tasldlisunsy Autodock 3.05 @it

mMysaaslunaniiiaasuazmsiwimyinlasands multiple Linux cluster system 3n13
8314 three-dimensional affinity grids lasnsls auxiliary program AutoGrid L center 184 the
protein mass gmﬁaﬂlﬁlﬂu grid center Iﬂuﬁug‘]mﬂﬂu three-dimensional grid LLaz probe atom
Qm’mﬁu@imz grid point " affinity L8z electrostatic potential grid FWIKENNILUARZTRAVD
azaawluluanavadiaulmilisdias $19u grid points ™ Unw x-, y-, z- Aa 121 x 121 x 121
lasudaz grid points uannw 0.375 ALl 16y Kollman-united atomic charges 11 l/lwiawlosflls
fosuazildlovifinasoy Usunutazninenuszninaen boduss lawnuduimlagande
docked energies @1 energies ﬁvl,ﬁmﬂmiﬁﬂuamﬂuﬁa intermolecular LLaZ intramolecular
interaction energies AUTODOCK 3183974 final docked energies E%’M%’Uﬂ’]imaam@iam%y'amw

. o L% % n:ll o .
energy function fnsulassanenyin docking

HANIINAADY
NAMINARBIENWIU  molecular  docking  waulylaviinaseunulassaninanvas

NS3(pro) ez homology model Uad NS2B(H)-NS3(pro) LLa@\‘llumﬁaﬁ 3



@13197 3 Molecular docking vastilavinananinalisiuastawlss dengue virus
NS3pro ttaz NS2B(H)-NS3pro proteases

i last Docked energy (kcal/mol) Binding distance (A)

NS3p NS2B(H)-NS3p NS3p NS2B(H)-NS3p

¢ . .
gaadtlilanifianain N-terminal cleavage site

a) dimer:
1. KR -7.40 -7.56 4.42 3.22
2. RK -7.02 -7.41 4.54 3.41
3.RR -7.33 -7.54 3.91 3.98

b) trimer:
4. GKR -7.26 -7.24 3.63 3.71
5. GRR -7.70 -8.74 4.11 3.51
6. KKR -6.68 -6.53 4.42 3.25
7. KRR -7.60 -8.62 413 3.61
8. RRK -7.28 -7.43 414 3.15
9. KRK -7.50 -8.72 4.18 3.42
10. RKR -6.68 -6.53 4.42 3.25
11. RKK -6.48 -6.63 4.35 3.37

c) tetramer

12. AGRR -8.61 -9.79 5.02 5.86

13. SKKR -7.14 -10.51 7.37 3.53

d) pentamer

14. VKKQR -0.66 -0.78 3.13 3.44
15. AAGRK -7.23 -8.60 5.43 3.16
16. AAGRR -4.45 -9.21 4.52 2.55
17. TSKKR -3.51 -3.92 4.82 3.79
18. TSTRR -0.49 -6.24 3.12 5.17

e) hexamer

19. EVKKQR -0.53 -0.77 3.09 3.28
20. FAAGRK -7.59 -8.72 5.53 3.01
21. FAAGRR -4.51 -9.20 4.41 2.63

22. RTSKKR -3.69 -3.88 4.89 3.87




23. TTSTRR -0.52 -6.82 3.23 5.26
qmmauﬂﬂmﬁﬁmmn C-terminal cleavage site
a) pentamer
24. AGVLW -6.69 -8.43 5.31 6.64
25. GTGNI -4.47 -4.37 3.7 3.39
26. SLTLN -6.75 -71.17 4.57 5.47
27. SWPLN -8.33 -10.74 4.83 4.85
qmwaamﬂvf,mﬁﬁ'mmnﬁa N waz C-terminal cleavage site
a) trimer
-5.62 -8.26 3.75 2.71
-5.91 -8.52 3.43 2.96
-5.84 -8.73 3.65 2.82
-5.42 -8.76 3.61 2.73
-5.51 -8.32 3.84 2.80
-5.72 -8.39 3.52 2.63
-5.86 -8.33 3.59 2.87
-5.72 -8.34 3.71 2.63
b) tetramer
-5.80 -8.13 3.82 2.83
-5.93 -8.24 3.95 2.72
-5.83 -8.14 3.72 2.61
-5.48 -8.39 3.94 2.75
-5.86 -8.26 3.79 2.83
-5.73 -8.42 3.61 2.73
-5.47 -8.53 3.92 2.83
-5.83 -8.27 3.52 2.91
-5.89 -8.38 3.86 2.73
-5.65 -8.61 3.84 2.68
-5.28 -8.46 4.41 3.26
-5.18 -8.29 4.71 3.21
-7.33 -8.92 5.47 3.31
c) pentamer
-6.38 -9.53 8.75 5.47




-8.91 -8.31 4.36 2.87
d) heptamer

-1.69 -5.67 713 2.84

-6.63 -7.89 9.72 6.32
e) octamer

-3.73 -2.96 8.44 5.11

-7.52 -8.89 5.51 6.37

+0.89 -4.41 5.62 3.59




msiwganaiuisvaaddlariaaalisunsa DEREK for Windows
Lﬁaﬁ’lmﬂmmLfluﬁmadq@Lﬂﬂ"l,mﬁﬁnnmsﬁﬂm Molecular docking 979@% @83¥i
mMaessnmNduaoude LU
1. Nalassaimueiivasgaildlariloandy 1SIS/Draw

A A o X A o @
2. e lWa 1SIS/Draw fia319%u (*.skc) w3athdn Molfiles (*.mol)

3. 1ia Derek for Windows Files (*.drk)
4. lansiufiznasevldiumahwsnafislasaraseunuguteyased Derek
uTaiwsnanazlasiaensarinmenanalasiaislasld AutoDerek (Molfiles
(*.mol))
HANISNAADY

lisunsy DEREK for  Windows ldvhwsanuduimesradlariainmsinm
Molecular docking lasthusanuiuisnanufaluaysd luny ludadidusgndroundug

wanInny luitadng gaft angutayaisinenvasllsunsy Derek

n1snaxzL39 (Carcinogenicity)
Carcinogenicity

Photocarcinogenicity

NN93zAELADY (Irritation)
Irritation (of the eye and respiratory tract)
Irritation (of the eye)
Irritation (of the gastrointestinal tract)
Irritation (of the respiratory tract)
Irritation (of the skin and eye)
Irritation (of the skin, eye and respiratory

Lachrymation

A6 a1 9
alpha-2-mu-Globulin nephropathy
Anaphylaxis
Anticholinesterase activity
Bladder urothelial hyperplasia

Cerebral oedema



Chloracne

Cumulative effect on white cell count
LLAZ immunology
Cyanide-type effects
Developmental toxicity
Hepatotoxicity

HERG channel inhibition
High acute toxicity
Methaemoglobinaemia
Neurotoxicity
Oestrogenicity
Peroxisome proliferation
Phospholipidosis
Phototoxicity

Pulmonary toxicity
Teratogenicity
Testicular toxicity

Uncoupler of oxidative phosphorylation

aNMaLilnieaaiin (Genotoxicity)
Chromosome damage
Genotoxicity
Mutagenicity
Photo-induced chromosome damage
Photogenotoxicity

Photomutagenicity

m‘snszﬁwszuumﬂ% (Respiratory Sensitisation)
Occupational asthma

Respiratory sensitisation

N13N3AWHINII (Skin Sensitisation)

Photoallergenicity



Skin sensitisation

analuisvasnanlssasa (Thyroid Toxicity)

Thyroid toxicity

fenudnrianuliusinan (Glossary of Uncertainty Terms) flflwnnsutana

Certain There is proof that the proposition is true.

Probable There is at least one strong argument that the
proposition is true and there are no arguments
against it.

Plausible The weight of evidence supports the
proposition.

Equivocal There is an equal weight of evidence for and
against the proposition.

Doubted The weight of evidence opposes the
proposition.

Improbable There is at least one strong argument that the
proposition is false and there are no
arguments that it is true.

Impossible There is proof that the proposition is false.

Open There is no evidence that supports or opposes
the proposition.

Contradicted There is proof that the proposition is both

true and false.

Lﬁaamﬂimaa%'lwaﬂuLaqaﬁi“ﬁmaauﬁmumﬂmﬂﬂmﬁua:mUéfu wWaldsunsuvia
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ﬁ]’mmiﬁﬂﬂ’lﬁﬂhum ﬁa;&aﬁt{i docked energy LWLRs binding geometries ﬁvlé’fﬁl’mmiﬁ’l
molecular docking SERIIRIINAROUAULL LS a0 adewlmlmaLa s an NS2B(H)-NS3p
sa9dehimash lawldlisunsy AutoDock  taweuuzinmssunviewlodesaduiiosl Ns2B
cofactor uazmytupaadllarifildanmidaaseiumsurastusamdsdunusnin  ums
Anniuaasnafigoandasiumadssiiuweninddlevfidszneuds 6 axiilulefaiwamian
IMNVBLLIAT I P1-P6 BasdunibaATnseans 4 duns Januamansnaziusdudsld sou
faiulasT FAAGRK, EVKKQR, RTSKKR uay RTSKKR Beluniniu wilerifivsznaudae 5
oxdlunedafinamunanvauiwasu P1-P5  sawfiadllar AAGRK, VKKQR, TSKKR uas
TSKKR fAflanumunsafianiudisuisldes smsuularifamesuss wu Wil SKKR,
GKR, GRR, KKR, GKR, KRR, RRK, KRK, RKR, RKK, KR, RK &z RR L‘]_]‘]_IVLGWTL%EQ"Wﬁﬁﬁ
anumansafiasdudsusslddudss luameiddlan AGRR fianusansalunsidue
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