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6
omputational Studies of gp41 6-Helix Bundle: Do Stabi-

ized Energy of HIV Membrane Fusion Inhibitor C34 and
nteraction Energy of gp41 6-Helix Bundle have Good Cor-
elation with their Inhibitory Activity?

orihito Kawashita 1,2,∗, Yu-Shi Tian 1, Masashi Yasuda 1, U.
handimal de Silva 2, Rie Kashiwada 3, Shota Nakamura 2,
aohisa Goto 3, Rika Nishikiori 4, Kousuke Okamoto 1,
asanori Kameoka 2, Teruo Yasunaga 2,3, Masaya Kawase 2,4,
azuyoshi Ikuta 2,5, Tatsuya Takagi 1,2,3

Graduate School of Pharmaceutical Sciences, Osaka Univer-
ity, Suita, Osaka, Japan; 2 Research Collaboration Center on
merging and Re-emerging Infections, established by Research

nstitute for Microbial Diseases, Osaka University, and National
nstitute of Health, Department of Medical Sciences, Non-
haburi, Thailand; 3 Genome Information Research Center,
esearch Institute for Microbial Diseases, Osaka University,
uita, Osaka, Japan; 4 Department of Pharmacy, Osaka Ohtani
niversity, Tondabayashi, Osaka, Japan; 5 Research Institute

or Microbial Diseases, Osaka University, Suita, Osaka, Japan

Membrane fusion inhibitor is the active ingredient in some
nti-HIV drugs, and is designed to work before HIV enters the
ost cell. Envelope protein gp41 plays an essential role in mem-
rane fusion by forming a 6-helix bundle between N-terminal
eptad repeat (N-HR) and C-HR. Enfuvitide and C34 which are
ynthetic peptides based on C-HR inhibit the formation of the
-helix bundle. Therefore, if we found a correlation between the
ntensity of membrane fusion and the amino acid sequence by
omputational studies, we could design more potent peptides
n silico. Based on the above background, we have calculated
table conformation of the 6-helix bundle by molecular dynam-
cs, and have investigated the relationship between the intensity
f membrane fusion and the interaction energy of the 6-helix
undle model consisting of gp41 N-HR and a variety of C34
eptides (Isarangkura et al., 2005), and found a moderate cor-
elation between the calculated interaction energy and reported
nhibitory activity. Our calculation method would be applied for
hese interaction systems. Now we carry out another calculation
n order to find potent peptides by using this methodology.

eference
sarangkura, P., Ikuta, K., et al., 2005. Microbes Infect. 7,
356–364.

oi:10.1016/j.antiviral.2008.01.080
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7
ynthesis of Structural Analogues of dUY11, A Potent Rigid
mphipathic Fusion Inhibitor Nucleoside

tanislav Khramyshev ∗, Olga Valueva, Vladimir Korshun,
lexey Ustinov

Shamyakin-Ovchinnikov Institute of Bioorganic Chemistry
AS, Moscow, Russia

Recently, a unique non-nucleosidic mechanism of antiviral
ctivity of certain 5-arylalkynylated deoxy- and arabino-uridines
as suggested [Antiviral Res., 74 (2007), A87]. The prelim-

nary SAR studies revealed that rigid ethynyl linkage and
lanar hydrophobic substituent at 5-position are essential for
he fusion inhibitory antiviral activity. The most promising
esults were obtained for 5-(3-perylenylethynyl)deoxyuridine
dUY11). Thus, 3-perylenyl is the most appropriate aryl found
ntil now.

Though some sites of the molecule appear critical, there is
till potential for further structural analyses. Therefore, we have
ynthesized a series of compounds sharing some of the structural
eatures of dUY11, in order to evaluate their antiviral activities,
o therefore obtain an extended SAR profile.

oi:10.1016/j.antiviral.2008.01.081

8
hemically Synthesized Tunicamycin Derivatives Effec-

ively Inhibit the Propagation of Classical Swine Fever
irus—A Surrogate Model for Hepatitis C Virus

welina Krol 1,∗, Boguslaw Szewczyk 1, Ilona Wandzik 2,
rzegorz Grynkiewicz 3, Wieslaw Szeja 2

Department of Molecular Virology, University of Gdańsk,
dańsk, Poland; 2 Silesian Technical University, Gliwice,
oland; 3 Pharmaceutical Institute, Warsaw, Poland

Classical Swine Fever Virus (CSFV) is often used as a surro-
ate model to study the role of envelope glycoproteins of closely
elated human Hepatitis C Virus (HCV). The need to work with

urrogate models for HCV is due to the fact that, until today,
nly a single isolate of this virus can be grown in in vitro cul-
ures. CSFV glycoproteins, E2, E0 (Erns) and E1, are detected
n the external part of viral particles and play a major role in

dx.doi.org/10.1016/j.antiviral.2008.01.080
dx.doi.org/10.1016/j.antiviral.2008.01.081
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target viral entry for RSV and MV for clinical use in infants and
children susceptible to infection.

doi:10.1016/j.antiviral.2008.01.084
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he initial stages of viral infection. They form heterodimeric and
omodimeric complexes needed to effectively infect host cells.
he main aim of this work is to study the influence of different

nhibitors of glycosylation on penetration and propagation of
SFV, and on maturation of its envelope glycoproteins. These

esults were later employed in the search for inhibitors interact-
ng with HCV E2 glycoprotein which is crucial for initial stages
f HCV infection. To this end we have investigated the formation
f glycoprotein dimers by immunoperoxidase monolayer assay
nd by immunoblotting (Western blotting). By modifying the
lycoprotein genes and by arresting N-glycosylation of E2 and
0 we have investigated which factors influence the formation of
omplexes. It has been found that some glycosylation inhibitors,
uch as tunicamycin and its derivatives, which act at the early
tages of glycan chain processing, can influence, not only glyco-
ylation, but also the stability of E2 protein, effectively inhibiting
he formation of glycoprotein complexes and the yield of the
irus. We have synthesized a number of inhibitors mimicking
unicamycin structure or a part of this structure. Some of them
ffectively arrested viral growth without significant toxicity for
ammalian cells. These inhibitors were further studied in order

o elucidate the molecular mechanism of their antiviral effect.

oi:10.1016/j.antiviral.2008.01.082

9
SAR Analysis of Cytotoxicity in HeLa Cells

. Kuz’min 1,∗, A. Artemenko 1, E. Muratov 1, E. Varlamova 1,

. Makarov 2, O. Riabova 2, P. Wutzler 3, M. Schmidtke 3

A.V. Bogatsky Physical-Chemical Institute, Odessa, Ukraine;
Research Center for Antibiotics, Moscow, Russia; 3 Institute
f Virology and Antiviral Therapy, Friedrich Schiller University,
ena, Germany

A lot of promising drug candidates was disqualified because
f their toxicity. That is the reason why investigations of cytotox-
city are an integral part of development of a new drug despite
t specific action. HeLa cells are widely used in such studies.
pplication of modern computer technologies allows substan-

ially reducing duration and costs of cytotoxicity researches.
hus the aims of the present work are: the development of
SAR analysis of cytotoxicity in HeLa cells and obtaining of

dequate and predictive QSAR models as a tool for consensus
irtual screening of HeLa cytotoxicity. The objects of investiga-
ion are 93 structurally diverse compounds mainly represented
y N,N′-(bis-5-nitropyrimidyl)dispirotripiperazine, [(bipheny-
oxy)propyl]isoxazole and 4H-pyrazolo[1,5-a]pyrimidin-7-one
erivatives and several well-known antivirals including ple-
onaril, spirobromine, etc. The cytotoxicity in HeLa cells has
een expressed in terms of 50% cytotoxic concentration (CC50,
M). Hierarchic QSAR technology on the base of Simplex

epresentation of molecular structure was a main tool of inves-
igation. Three quite adequate PLS models (R2 = 0.89–0.90,
2 = 0.77–0.82, Rtest
2 = 0.78–0.79) were used as a base of con-

ensus prediction of cytotoxicity. The influence of different
ragments into cytotoxicity was defined. It has been discovered
hat the presence of pyrimidine, naphthalene, m-nitrobenzene,
Research 78 (2008) A1–A76 A43

-bromobenzene and isoxazole groups is an important fac-
or promoting with cytotoxicity. Vice versa, the insertion
f p-vinyl-benzene and 1,2,3-trifluoro-benzene fragments into
nvestigated compounds substantially decrease their cytotoxicity
n HeLa cells. A tendency of increase in cytotoxicity along with
ipophilicity has been revealed. A high impact of atom’s individ-
ality (∼40%), electrostatic (∼35%) and polarizability (∼35%)
n cytotoxicity variation was found. Obtained models were used
or consensus virtual screening of toxicity of compounds belong-
ng to mentioned above structural classes possessing antiviral
ctivity towards coxsackievirus B3 (pleconaril-sensitive 97-927
nd pleconaril-resistant Nancy strains) and human rhinovirus 2.

oi:10.1016/j.antiviral.2008.01.083

0
eptide-based Entry Inhibitors for Paramyxoviruses

hristopher LeBlanc 1,∗, Russell Wilson 2, Peter Kulkosky 2,
obert Garry 1, Thomas Voss 1

Tulane School of Medicine, New Orleans, USA;
Autoimmune Technologies, LLC, New Orleans, USA

Paramyxoviruses including respiratory syncytial virus (RSV)
nd measles virus (MV) are major caused of pediatric infec-
ious disease with high morbidity (RSV) and mortality (MV) in
nfected infants and young children in developed and develop-
ng countries. The current standard of care for RSV infections
nclude the use of Ribavirin or antibody-based therapies directed
o severe cases of bronchiolitis. Measles, easily prevented by a
icensed vaccine, remains the major viral cause of infant mortal-
ty in Africa due to lack of accessibility to vaccine and challenges
ith vaccination in the presence of maternal antibody in suscep-

ible children. This reality has led to an increased interest in the
evelopment of therapeutics for RSV and measles aimed at a
ariety of targets including viral polymerase components and
tructural proteins. We have developed a peptide-based ther-
peutic platform targeting viral envelope glycoproteins for a
umber of human viruses including RSV and MV. In vitro stud-
es show the prototype peptide to be effective at inhibiting a RSV
nd MV isolates at reasonable concentrations using a plaque
nhibition assay. Additional studies support the proposed mech-
nism of action of these lead peptide candidates to be interaction
ith virus–cell fusion. Evaluation of the peptides in animal mod-

ls of infection are proposed to further develop lead and second
eneration peptide inhibitors against RSV and MV. These data
upport further development of peptide-based therapeutics that

dx.doi.org/10.1016/j.antiviral.2008.01.082
dx.doi.org/10.1016/j.antiviral.2008.01.083
dx.doi.org/10.1016/j.antiviral.2008.01.084

