DEVELOPMENT OF DRUGS FROM THERAPEUTIC TARGETS
IN COBRA VENOM USING STRUCTURE BASED
DRUG DESIGN AND VIRTUAL SCREENING

MALEERUK UTSINTONG

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
(PHARMACEUTICAL CHEMISTRY AND PHYTOCHEMISTRY)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2008

COPYRIGHT OF MAHIDOL UNIVERSITY



Fac. of Grad. Studies, Mahidol Univ. Thesis / v

' P
mswannennusnuivengns lunsglaeldinatianiseenuuuenn Inssad e luana

ithmnenagmatianmsnansesdszansnimgs (DEVELOPMENT OF DRUGS FROM

THERAPEUTIC TARGETS IN COBRA VENOM USING STRUCTURE BASED
DRUG DESIGN AND VIRTUAL SCREENING)

[ @

1asny saAduned 4636358 PYPP/D
5.0, (indmaiuazngnunil)

a a 4 [ J a J A a J
AMZNITUMIAIVANINUNUT: Tom T¥3zaia, Ph.D., Jug aamiiad, Ph.D., Arthur
J. Olson, Ph.D.

U )
UNANED
< a ] < a a a [l = o A a
soavhIausienguaingsit meiluiialsnengusiadielesey  oongns laemsvua Inagu
a aa a adg o o Y aa a ] v v ad S ¥ I a
uuuAnvesezdaa lnausdumesi ldezdaa lnau lidunsadunSisumes 14 iuaumguoamsiia
@ aw dy a < a g
duma  msdsviillumsesnuuumsduiisglaoldueavh Iausinendwdlu Tuanadhmunenazdnun
Y a % = 9 A /d  a A
na lnmsd i guesasisale lsaeuaz ionayulns Taanzuslaglamata luanaisdenns 5unms
= [l < a vy 1<} =1 < A Ao o aa
wisnunuuveueavhlausmendu laglddeyannmsenmssnanuearh Inusiendsuniunvuezsaa
= a = Jo YA aa = a =
TaduneasTsau (PDB: 1Y15) wazldalilInddwmen 182-192 vesezdaalnauvieasllsaulums
) 3 \ T (2 QOI
A379A0UANNYNABIVEINMLUFINaNsATIvden a1 RMSD esndt 1.2 deaasen nalnmseengns
a 4 A v W 3 A |ds ] = a2 a = da
Yoaa13150 1o Isdtonaziine JunuuearhlausMonFundumue teans 3127 Haezariiuzg o159ty
) IS = &£ a 2 v o oA < A o o a =
33 Tnaduss laduss wazdusz? Fuiluusnafesdunuiuearhlavsiionduiuiuuienallsau
o o N0 ~ a ' o W w & ¢ a \
wasulumssumgaiin -14.17 uag -14.14 A launaesae lwamud ey aniuueah Tausifenduial
v o Aaa a a = A a @ < a a J
aseduivezdaalaauuiena llsiuiesainnsaezd Tuunavewearh Inusmendugnisa lo lod
o 2o ' g A o P o g 1 a
tweg wenvniidslduinuunearh lasMenduindansesa1ssuan 1990 asnndotiuuziwrana
1 1 4
18 Taseadeansiifidneninduan 30 13 vazilerhansis 39 asumaaen lunasanaaes ldasdunuy
Ao [ @ < a aa ax Aa v o [
3 ensndanwansalumsuatuiureariin lafiendunazasdnaaunaanaInfiuiua ad ag
1 Q o an = a = (?/l a = Q( g g a =
ugavuivesdaalnauuieslsauns 3 aia a3 NCI121865 UgnFgegamusaduiuuieasllsanain
~ o w aa
Aplysia Lymnaca 1182 Bolinus i 16.26 111 taz 415 w1lulua1s awddy wamsanu laeldinadianlas
S a ' a J ~ < a A
WesFanud 150 Te lasienaz TannsoananuduvesoarhInusiiendu NCI121865 inAudLvea
< a = v < a AAa 3 a
uoavhInUsMeNdn NCI42258 Az NCI134754 nlasunaantauearhlausinendy Tunsaninwieas
= a ' 3 a Jo oszl < a a a
Tils@unazivgnu  ensdunuuisenuaisuazisa lo lyddu ldnawearh Tasmengunazuneda Tl siu
A = 1 a v 1 9 a 4 A A A
wednwwelunydudnanun  msduuuvuazisdle lyaannsadaszeznaimsmevesnyiiodauearh
< a [ = = = T 5 Ao =
TausMondFundaenInina1s 30 117 uala1sAuIDDeIE5AB NCI121865 1oz NCI134754 nniuniigns

o A

Y 2 4 @ < a aa
ATUNHEY Iﬂﬂfﬂlniﬂgﬂi3’;Elglfe]ﬂ"lfﬂiGHEJ‘UI‘NWHLﬁﬂaﬂfﬂﬁ‘Vi'cNﬂ?ﬂllﬂﬁﬂWIﬂUiTﬂﬂﬂcﬁuﬂuW Tumanailn

@

= EL @ IS Y a @ 9y
NCI121865 tag NCI134754 2z i)z Teau lumsianidluansaieg lumssnuiggngia

170 wih




Fac. of Grad. Studies, Mahidol Univ. Thesis / iv

DEVELOPMENT OF DRUGS FROM THERAPEUTIC TARGETS IN COBRA
VENOM USING STRUCTURE BASED DRUG DESIGN AND VIRTUAL
SCREENING.

MALEERUK UTSINTONG 4636358 PYPP/D
Ph.D. (PHARMACEUTICAL CHEMISTRY AND PHYTOCHEMISTRY)

THESIS ADVISORS: OPA VAJRAGUPTA, Ph.D., WICHET LEELAMANIT,
Ph.D., ARTHUR J. OLSON, Ph.D.

ABSTRACT

Alpha-cobratoxin (a-cbtx), the long chain neurotoxin from Naja kaouthia acts
on the postsynaptic nicotinic acetylcholine receptors (nAChR) and causes paralysis by
preventing acetylcholine binding to nAChR. a-Cbtx has been proposed as a potential
target for anticobratoxin drug design. Investigation of rediocides (A & G) binding
mode to reveal the molecular mechanism of its antivenom action was achieved by
means of molecular docking. The a-cbtx/ acetylcholine binding protein (AChBP)
complex (1YI5) was selected to construct a-cbtx active binding site for docking. The
constructed a-cbtx template was validated with the control peptide (Ser182 — Tyr192
of AChBP) and the RMSD was less than 1.2 A. Rediocides bind to the a-cbtx in the
same location that the a-cbtx binds to AChBP at the Asp27, Phe29, Arg33, Gly34,
Lys35 and Val37 residues. The binding energies were —14.17 and —14.14 kcal/mol,
respectively. Thus, a-cbtx cannot bind to AChBP because some of its binding sites
are occupied with rediocides. The template was also employed in the virtual screening
of over 1990 compounds in NCI diversity set and 39 hits were identified. The
potential hits are NCI42258, NCI121865 and NCI134754 which competitively
displace the antagonist (‘*’I a-bungarotoxin) and the agonist CH epibatidine) from
their mutually exclusive binding sites on Lymnaea stagnalis (Ls), Aplysia californica
(Ac) and Bulinus truncatus (Bt) AChBPs. In particular, NCI121865 had K; of 16.26
nM against Ac and 111 nM and 415 nM against Ls and B¢, respectively. The results
from SDS-PAGE found that rediocides neutralized and diminished the a-cbtx band
intensity. NCI121865 bound the a-cbtx in crude venom resulting in the increase of the
o-cbtx band intensity. NCI42258 and NCI134754 changed some characteristics of the
a-cbtx and broadened a-cbtx band. In the presence of AChBP, it was apparent that
three hits and rediocides bound to both a-cbtx and AChBP. [In vivo, three hits (5
mg/kg, i.v.) and rediocides (0.5 mg/kg, i.v.) can prolong the survival times of the mice
when injected 30 minutes before injection of the a-cbtx (3LDsy dose). Only
NCI121865 and NCI134754 demonstrated the antivenom action; they can prolong the
survival time when injected immediately after injection of the a-cbtx. In clinical
applications, NCI121865 and NCI134754 would be a very useful potential lead for the
treatment of snakebite victims.

KEY WORDS : ALPHA-COBRATOXIN / ANTICOBRATOXIN / DOCKING /
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