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cally linked variable of neuraminidase inhibitors for influenza
iruses.

oi:10.1016/j.antiviral.2008.01.087

4
ub-optimal Protease Inhibition of HIV-1: Effects on Virion
orphogenesis and RNA Maturation

ichael D. Moore 1,∗, William Fu 2, Roger G. Ptak 2, Wei-Shau
u 1

HIV Drug Resistance Program, National Cancer Institute at
rederick, Frederick, USA; 2 Southern Research Institute, Fred-
rick, USA

During or soon after release of HIV-1 from an infected cell
he virion initiates the process of maturation. The viral pro-
ease becomes activated, leading to the subsequent cleavage of
he viral polyproteins Gag and GagPol into their constituent
arts. As a result, an internal conical core condenses surround-
ng the viral nucleic acid and the particle becomes infectious.
oncomitant with this global alteration in virion morphogene-

is is a conformational change in the viral genomic RNA from a
oosely associated dimer into a more thermodynamically stable
orm. Protease defective viruses are capable of virus release and
iral RNA encapsidation, but these particles are non-infectious
nd immature due to an inability to carry out proteolytic cleav-
ge. Within these particles the viral RNA is also observed to be
n an immature state, demonstrating a link between the pro-
einaseous maturation and that of the nucleic acid. We have
sed sub-optimal concentrations (IC50 and IC90) of two pro-
ease inhibitor drugs (Lopinavir and Atazanavir) to demonstrate
heir effect on the Gag polyprotein processing and RNA prop-
rties of the treated virions. The results were then correlated to
heir effects on virion morphogenesis as determined by EM. The
esults show that even with high levels of viral inhibition (IC90)
ost of the viral protein is processed. However, a slight but sig-

ificant increase in processing intermediates was detected upon
rug exposure and a small decrease (2–3 ◦C when 50% of dimers
emained) in overall thermostability of the viral RNA dimer
as also observed. These defects correlated with an increase

n immature particles as observed by EM, but the numbers of
mmature particles did not adequately account for the level of
iral inhibition. These data suggest that the presence of small
uantities of residual processing intermediates, within the viral
articles, is capable of disproportionately inhibiting the viral

eplication cycle, without having comparative effects on either
NA maturation or virion core condensation.

oi:10.1016/j.antiviral.2008.01.088
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5
ignificance of 3b-dehydroxysterol-D24-reductase (DHCR2

n life cycle of Hepatitis C virus

omohiro Nishimura 1,∗, Masaaki Sato 1, Makoto Saito 1, Yuri
asama 1, Michinori Kohara 2, Kyoko Kohara 1

Kumamoto University, Kumamoto, Japan; 2 RRINSHOKEN,
okyo, Japan

Hepatitis C virus (HCV) causes persistent infection often
rogressing to hepatocellular carcinoma (HCC). We previ-
usly reported that full HCV genome-expressing HepG2 cells
nhanced their clonogenic capacity after 44 days of passage (M6
4 days cells). We established monoclonal antibodies (MoAbs)
gainst surface antigens on these cells. One of the MoAbs specif-
cally recognized the molecule which was overexpressed in the
ancerous region of livers of all HCV-positive HCC patients. It
as identified as 24-dehydrocholesterol reductase (DHCR24),
hich was reported to be involved in cholesterol biosynthe-

is and hydrogen peroxide-induced cytotoxicity. The full-length
CV upregulated the transcription of DHCR24 in human liver

ells in the presence of p53. Expression of HCV induced the
pregulation of DHCR24 and p53, and was sustained in M6
4 days cells. However, activity of p21WAF1/CIP1 promoter in
esponse to hydrogen peroxide was impaired in M6 44 days
ells. This might be induced by the post-translational modifica-
ion of p53, which was regulated by DHCR24. Thus, DHCR24
lays a critical role in the regulation of the response to HCV and
ydrogen peroxide, and this pathway is a target of HCV during
ts persistent expression.

oi:10.1016/j.antiviral.2008.01.089

6
nhibition of Human T-Cell Lymphotropic Virus Type-1
ntegrase by Dicaffeoylquinic Acids Extracted from Coffee
Coffea arabica) Seeds

rdonez Paula 1,∗, Panay Joel 1, Cuesta-Astroz Yesid 1, Cebal-
os Carolina 1, Ceron Flavio 1, Moncayo Alejandro 2, Martha C.
ominguez 1, Sanchez Adalberto 1, Lareo Leonardo 3, Garcia-
allejo Felipe 1

Laboratory of Molecular Biology and Pathogenesis, Univer-
idad del Valle, Cali, Columbia; 2 Department of Chemistry,
niversidad del Valle, Cali, Columbia; 3 Laboratory of Com-
utational and Structural Biochemistry and Bioinformatics,
ontificia Universidad Javeriana, Bogota, Columbia

Human T-cell lymphotropic virus type-1 (HTLV-1) replica-
ion depends on the viral enzyme integrase (IN) that mediates
ntegration of a DNA copy of the virus into the host cell genome.
ntegrase represents a novel target to which antiviral agents
ight be directed. The C-terminal part of the HTLV-1 pol gene

s predicted to encode the HTLV-1 IN; however, this protein has

ot yet been detected in virions or infected cells. In order to
valuate compounds with anti-HTLV IN activity, we extracted
icaffeoylquinic acids (DCQAs) from coffee (Coffea arabica)
eeds. Using a baculovirus system we expressed a 38-kDa IN

dx.doi.org/10.1016/j.antiviral.2008.01.087
dx.doi.org/10.1016/j.antiviral.2008.01.088
dx.doi.org/10.1016/j.antiviral.2008.01.089
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rotein from an HTLV-1 carrying human T-cell line in insect
ells of Mamestra brassicae. We further purified the enzyme
nder native conditions using affinity chromatography. The puri-
ed IN carried out activities characteristic of retroviral integrases
hen it was evaluated for processing and strand-transfer reac-

ions. The extracted 3,5-DCQA inhibited the recombinant IN
ctivities in biochemical assays at 20 nM. Additionally, docking
tudies supported the hypothesis of an enzyme induced allosteric
hange by interaction with the caffeoyl groups of 3,5-DCQA and
lysine in position 159 (K159) in the domain outside the active

ite of IN. Thus, dicaffeoylquinic acids represent an important
lass of antiviral agents that may contribute to the understanding
f the molecular mechanism of viral integration and the design
f HTLV therapeutics.

oi:10.1016/j.antiviral.2008.01.090

7
erine Side-Chain-linked Peptidomimetic Prodrugs of Cid-
fovir and Cyclic Cidofovir: C-Ester Effects on Transport
nd Activation

arryn W. Peterson 1,∗, Boris A. Kashemirov 1, Ulrika
riksson 3, Jae-Seung Kim 2, Stefanie Mitchell 2, Paul Kijek 2,
yung-Dall Lee 3, John M. Hilfinger 2, Charles E. McKenna 1

Department of Chemistry, University of Southern Califor-
ia, Los Angeles, USA; 2 TSRL, Inc., Ann Arbor, USA;
Department of Pharmaceutical Sciences, University of Michi-
an, Ann Arbor, USA

Cidofovir (HPMPC, 1) and its equivalently potent cyclic form
cHPMPC, 2) are active against orthopox virus infections, but are
imited in this role by low oral bioavailability. In contrast to some
lternative promoieties, peptides offer low toxicity together with
ersatility in tuning transport and activation pharmacology. We
reviously reported the synthesis and biological evaluation of
everal prodrugs of cyclic cidofovir in which the phosphonic
cid group of 2 was esterified by the free serine side-chain
ydroxyl group of an X-Ser-CO2Me dipeptide. Val-Ser-CO2Me
HPMPC (3) was stable at pH 3–5, but rapidly released the
ctive drug in cell and tissue homogenates, while exhibiting
nhanced transport versus the parent drug in a rat model. Incor-
oration of d-amino acids, especially at the N-terminus, resulted
n increased stability and improved transport, consistent with our
resent finding that co-dosing with the aminopeptidase inhibitor,
estatin, results in enhanced transport of 3. Seeking an optimal
alance of transport and efficient activation, we are exploring
he influence of the carboxyl ester group in these prodrugs. Val-
er-CO2iPr cHPMPC (4) was synthesized and was also found

o be a useful synthon for preparation of its acyclic analogue,
al-Ser-CO2iPr HPMPC (5). LC and LC–MS analysis of 3–5
tability in buffer and in cell and tissue homogenates provides

vidence that the activation efficiency and pathway are strongly
ependent on the ester structure. The results further demonstrate
he potential of this peptidization approach in the development
f an orally effective form of cidofovir.
Research 78 (2008) A1–A76
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8
heck of Antiviral Activity of Nanocomposites with Active
heck of Antiviral Activity of Drugs Based on Nanocompos-

tes, Which Contained Oligonucleotides for Direct Splitting
iral Genome of Influenza Virus Type A

mitriy Pletnev 1,∗, Aleksei Evdokimov 1, Evgeniy Belanov 1,
rnst Malygin 1, Sergey Balachnin 1, Olga Serova 1, Vik-

or Zinoviev 1, Valentina Zarytova 2, Asya Levina 2, Marina
epkova 2, Zinfer Ismagilov 3, Nadegda Shikina 3, Stanislav
agrebelnyi 4, Sergey Baiborodin 5

FSRI SRC VB “Vector”, Novosibirsk, Russia; 2 Institute of
iochemistry and Fundamental Medicine SB RAS, Novosibirsk,
ussia; 3 Institute of Catalysis SB RAN, Novosibirsk, Russia;
Novosibirsk State University, Novosibirsk, Russia; 5 Institute
f Citology SB RAN, Novosibirsk, Russia

Influenza is a mass infection, which yearly registered at
ifferent countries and inflict huge economic damage. Main
haracteristics of influenza virus type A are rapid spreading and
igh sickness rate. During epidemy falled ill about 20–30% of
hildren and about 5–10% of adult people, during pandemic they
re up to 40–60%. Yearly influenza virus and its complications
auses death of 250,000–500,000 people in developed countries
Reichert, T.A., Sharma, A., 2001. WER, 2005]. For research
ew antiviral drug we used nanocomposites. They contain anti-
ense oligonucleotides (as immunostimulating components and
acilities for inhibition of NP gene expression of birds’ influenza
irus) and TiO2-nanoparticles, which helps penetration of com-
lex into mammal cell. Influence of TiO2-nanoparticles on
ifferent cellular enzymes activity was explored and shown
ossibility of principle protection of antisense oligonucleotides
gainst nucleases. Cytotoxic tests of TiO2 shown that TiO2
s non-toxic for cells at concentrations lower than 100 mg/ml.

e test antiviral activity of conjugants which based on TiO2-
anoparticles. To do this we infected MDSK cells and used
anocomposites. We discovered that conjugants have definitely
ntiviral activity. When we used nanocomposites amount of
urvived cells increased by 3.5 times. Thus we show obvious
ntiviral activity of conjugants against influenza virus type A
H5N1). In perspective, methods we developed can be used to
ake antiviral drugs against influenza virus type A for humans.

dx.doi.org/10.1016/j.antiviral.2008.01.090
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