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Influenza spreads around the world in seasonal epidemics,
resulting in the deaths of up to 500 thousand people every year.
Since vaccination and existing antivirals cannot guarantee protec-
tion against influenza, battling this virus remains important health
care task that requires design and development of new drugs.
Application of cheminformatics methods shortens the develop-
ment time and reduces costs of antiviral drug research. The goal
of the present study is computer-assisted design of novel selec-
tive agents by the means of QSAR analysis of antiviral activity
of azolo-adamantanes against influenza. The dataset comprised
60 azolo-adamantanes. Thorough investigation of the relation-
ship between antiviral activity against influenza strain A/PR/8/34
(H1IN1) (ECsg, M), cytotoxicity on MDCK cells (CTDsg, M), and
selectivity index (ratio of CTDsg to ECsg) and the structure of
investigated compounds was carried out using Hierarchic QSAR
Technology (HiT QSAR). Prior to development of QSAR analysis, the
compounds were divided on two classes according to their activ-
ity, selectivity, and cytotoxicity: ECsgactive < 0.1 wM < ECsginactive
CTDsptoxic <1 wM < CTDs5o non-toxic and SI non-selective <10 <SI
selective. Five-fold external cross-validation was used for the esti-
mation of predictive power of obtained random forest models. We
succeeded to develop predictive model of antiviral activity with
cumulative classification correct rate CCRspgcy =0.8. The quality
of cytotoxicity and selectivity models was somewhat lower but
still acceptable (CCRsggcy =0.64-0.7). New selective anti-influenza
agents were computationally designed and predicted using devel-
oped models. Six of them were recommended to synthetic and
biological experiments.
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Viral Genome Dynamics During Antiviral Resistance Selection:
A First Glimpse into Viral Evolution
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The nature of the RNA-dependent RNA polymerase (RdRp) of
most RNA viruses renders their genome prone to the accumula-
tion of mutations. Hence the virus population exists as a complex
and dynamic mutant distribution, i.e. a quasispecies. The quasis-
pecies enable rapid adaptation of the virus to any changes in its
natural environment. Also during antiviral therapy, rapid selec-
tion of drug resistant virus is facilitated by the existence of the
virus as a quasispecies rather than a defined genomic sequence.
We employed the bovine viral diarrhea virus (BVDV) [family of

the Flaviviridae, genus pestivirus] as a model virus. Most, if not
all of the currently know pestiviral RdRp inhibitors target a 7A
region between F224 and E291 within the finger domain of the
enzyme. Here we describe how the RdRp coding region of the
viral genome evolves during in vitro antiviral resistance selection.
To this end we employed a panel of selective inhibitors of BVDV
replication i.e. LZ37 (Paeshuyse et al., 2009), AG110 [Paeshuyse
et al., 2007) and BPIP (Paeshuyse et al.,, 2006). Resistant virus
was selected (against each compound) by serially passaging (25
times) the virus in the presence of increasing concentrations of
inhibitor. The entire NS5B gene was sequenced. Furthermore the
sequence flexibility of the polymerase region F224-E291 was anal-
ysed. It was observed that different resistance mutations could
be obtained during independent parallel resistance selection. The
sequence of BPIP- and LZ-resistant BVDV clustered separately from
AG110-resistant BVDV. This might indicate that there exist certain
genomic constraints that impede the potential truly random nature
of the quasispecies. To study this we designed a resistance selec-
tion scheme for AG110 and BPIP that allowed monitoring genomic
changes in parallel. Preliminary data highlight a more complex evo-
lutionary pattern than initially observed. The results provide a first
glimpse into patterns of viral evolution during selective antiviral
pressure exerted by specific pestiviral polymerase inhibitors.
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Structure-based design of small-molecules that selectively
inhibit dengue virus methyltransferase
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Flaviviruses contain a single methyltransferase (MTase) for
methylation of the 5 cap of the Flavivirus RNA. This protein
contains a single domain with both guanine N7 and ribose 2’0
MTase activities. We have analysed the crystal structures of Fla-
vivirus MTases and identified a Flavivirus-conserved hydrophobic
pocket next to the binding site for S-adenosyl-methionine (SAM),
the substrate of the methylation reaction. Several derivatives of
S-adenosylhomocysteine (SAH), the product of the methylation
reaction, were synthesised. These compounds were designed to
contain substituents that extended into the hydrophobic pocket
and were found to be more potent against dengue virus MTase
than SAH, but were not active against related human enzymes.
Crystal structures showed that these compounds bound into the
hydrophobic pocket of dengue MTase, and induced conformational
changes in residues lining the pocket. The structures show the spe-
cific interactions between the compounds and the dengue MTase
and suggest ways to further improve their potency. Together these
data show that selectivity for disease-related MTases, can be pro-
duced.
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