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eutralizing Human Antibodies From Immune Phage
isplay Antibody Library Recognize p35 Orthopoxvirus
rotein

iktoriya Dubrovskaya∗, Belanov Evgeniy, Bormotov
ikolay, Tikunova Nina

FSRI SRC VB “Vector”

n order to select neutralizing anti-orthopoxvirus antibodies, a
ombinatorial immune library of human single-chain antibody
ragments was constructed from Vh and Vl genes of peripheral
lood lymphocytes isolated from four vaccinia virus immune
onors. The library was panned against cowpox virus, and after
wo rounds of biopanning the library was shown to be enriched
ith antibodies specific to orthopoxviruses. Enriched popula-

ion of polyclonal phage antibodies bound orthopoxvirus protein
ith molecular weight about 35 kDa in Western blot analysis.
he same protein was identified as immunodominant in West-
rn blot using sera of vaccinia virus immune donors. A panel
f unique antibodies specific to orthopoxviruses were selected
rom the enriched library. Ten of the selected antibodies were
ble to inhibit plaque formation of cowpox virus in Vero E6
ells monolayer in PRNT. Among the neutralizing antibod-
es eight were able to bind the proteins of vaccinia, cowpox
nd ectromelia viruses with molecular weights about 35 kDa in
estern blot analysis. To identify this protein, the J3L ORF of

owpox virus strain Grishak (analog of H3L ORF of vaccinia
irus, strain Copenhagen) was cloned. The resulting recombi-
ant protein prJ3L retained native epitopes of p35 viral protein,
hat was proved by developing of prJ3L with sera of vaccinia
irus immune donors in Western blot analysis. Eight neutraliz-
ng antibodies that bound orthopoxvirus protein with molecular
eight about 35 kDa were able to bind prJ3L. It was also shown

hat polyclonal phage antibodies from enriched population rec-
gnized prJ3L. Thus, our data confirmed that p35 protein is a key
rthopoxvirus antigen for humoral immune response in humans.

oi:10.1016/j.antiviral.2007.01.070
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ew Digital Method of Virus-Cell Interaction Description

ndriy Fedchuk 1,∗, Oleksandr Fedchuk 1, Alla Fedchuk 2,
avlo Fedchuk 3

I.I. Mechnikov Odesa National University; 2 I.I. Mech-
ikov Ukrainian Research Anti-Plague Institute; 3 Odesa State
cademy of Refrigeration

e have used the computer-assisted analysis of diffraction pat-
erns (CAADP) obtained as a result of laser coherent beam
cattering on the preparation of sensitive cell culture Hep-2
nfected by Herpes simplex virus (HSV) strain US-1. The fractal
icroscope (FM) is a new device developed for the virus-cell
nteraction monitoring in real time beginning from the very
arly stages. Samples of Hep-2 cells cultivated for 24 and 48 h

t
w
s
s
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ere used as an object of further infection with HSV US-1. E-
minocaproic acid (E-ACA) was used for modification of the
irus-cell interaction through proteolysis inhibition at the early
tages of viral infection. The E-ACA treated and non-treated
ubstrates both were investigated. Main experimental result of
ur approach was the establishment of the fractal nature of
he cell culture specimens fully described by the unique digi-
al parameter—fractal dimension D, modified by the addition of
he E-ACA and anti-herpetic preparations. We have shown also
hat D is strongly specific for every type of the specimen as well
s its prehistory. We have registered instrumentally with the use
f the FM that practically all the useful information about virus-
ell interaction and structural changes of the virus-cell dynamic
ystem induced by the addition of antivirals is contained in D
arameter evaluated for the central self-shadowed part of the
M target. The best antiviral QSAR designed, synthesized and
tudied in the present study was deca-azatricyclo[28,2.2.213,16]-
etra-trioctane. As it was shown through FM use, its influence on
he HSV US-1 reproduction (69%) was almost as large as that of
ell-known antiherpetic Acyclovir (80%) on Hep-2 model. We
ave registered in the FM studies that the changes of the small-
st fractal cluster element were considerable even when E-ACA
as added in the concentration far from cell toxic dosage. The
roposed FM approach has demonstrated in laboratory experi-
ent the highest possible sensitivity and could be used widely in

ntiviral drug design as the feedback signal source at the stage of
iral infectious diseases treatment for both drug type and dosage
orrection.

oi:10.1016/j.antiviral.2007.01.071

4

ractal Microscope—Multipurpose Device For Antiviral
esearch

leksandr Fedchuk 1,∗, Andriy Fedchuk 1, Alla Fedchuk 2,
avlo Fedchuk 3

I.I. Mechnikov Odesa National University; 2 I.I. Mech-
ikov Ukrainian Research Anti-Plague Institute; 3 Odesa State
cademy of Refrigeration

nfluenza virus A2/Hong Kong/1/68 (A2HK/1/68) was chosen
o be a model object for the present study. Chicken embryos
ere infected by A2HK/1/68 virus. After 48 h, the allantoic

iquid was collected and new viral generation was checked up
hrough haemagglutination (HA) reaction. The virus contain-
ng material was titrated on the choryoallantoic membranes’
ragments and the infectious activity TID50 was evaluated in
regular manner. We have used fractal microscope (FM) for

he classification of the virus-containing preparations through
egistration of the fractal dimension D. This parameter of the
irus-cell interaction was evaluated through computer-assisted
nalysis of the diffraction patterns (DP) formed on the target as

he result of SNF-XXX-780-20-KB Lasiris laser diode radiation
ith the wavelength of 783.7 nm and output power of 15.09 mW

cattered on the virus-cell system. The DP set of bright scattered
pots usually contained from 20,000 to 60,000 units and was reg-

dx.doi.org/10.1016/j.antiviral.2007.01.070
dx.doi.org/10.1016/j.antiviral.2007.01.071
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stered in a digital form by Olympus 8080 camera, introduced
nto computer Pentium IV port and processed in a few min-
tes. The addition of the anti-influenza immunoglobulin to the
irus-containing preparations has led to the significant changes
f D. These structural changes of the virus-cell system are, most
robably, due to the reaction of antigen–antibody type that takes
lace in the system. We have shown also that the proposed FM
llows to detect the virus-cell interaction without any coloring
echniques used in regular luminescent microscopy. It operates
t the minimal virus-containing concentrations in some min-
tes after the start of the infection process. The application of
M method could be successfully performed even in the case
f the enveloped viral particles detection. It was demonstrated
xperimentally that D value could serve as the reliable quanti-
ative measure of the real state of the virus-state system and the
ate of its progress either to recovery under the influence of the
ntivirals or to cell death without antivirals application.

oi:10.1016/j.antiviral.2007.01.072
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ublingual Delivery of SB 9000—An Anti-HBV Dinucleo-
ide Phosphorothioate Analog

adhakrishnan Iyer 1,∗, Padma Devarajan 2, Sayalee Shastri 2,
wati Guhagarkar 2, Rita Mulherkar 3, Ganesh Joshi 3,
eetharamaiyer Padmanabhan 1, John Coughlin 1

Spring Bank Technologies, Inc., 113 Cedar Street, Milford,
A 01757, USA; 2 University Institute of Chemical Technol-

gy, Matunga, Mumbai 40019, India; 3 Tata Memorial Centre,
dvanced Centre for Treatment, Research, and Education in
ancer, Navi Mumbai 410208, India

B 9000 is a novel dinucleotide anti-HBV agent. Studies in rats
nd mice suggest that SB 9000 is not orally bioavailable. The
ack of oral bioavailability may be due to either: (a) its rapid
egradation in gastric fluid and/or (b) the negatively charged
ackbone that inhibit its diffusion through the mucosal barrier.

The present study was undertaken to explore the feasibility of
ublingual delivery of SB 9000 for systemic effect. The antic-
pated advantages in sublingual delivery include: (a) avoiding
egradation of the nucleotide in GI tract, (b) overcoming first
ass metabolism and (c) preventing the pre-systemic elimina-
ion of the nucleotide from the GI tract. Additionally, sublingual
elivery is expected to have a high degree of patient compliance.

Bioavailability studies were carried out in fasted, albino rats
ollowing sublingual administration of SB 9000 in a penetration
nhancer at a dose of 20 mg/kg. In parallel experiments, aqueous
olution of SB 9000 was administered at the same dose intra-
enously. The observed plasma concentrations of SB 9000 were
4 �M, 3.5 �M and 2 �M at 30 (peak plasma level), 60 and
20 min respectively, sufficient to achieve significant antiviral
ffect against HBV [EC50 of SB 9000, 0.5 �M]. In contrast,

ntravenous administration of SB 9000 resulted in more rapid
eak plasma levels within 5 min, which then dropped to near
aseline values in 2 h.

m
s
p
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Hence, our studies suggest that sublingual delivery, being a
on-invasive, patient-compliant route, can be exploited for the
ystemic delivery of nucleotides for anti-HBV therapy. This may
e particularly useful for pediatric patients and adults who have
ifficulty swallowing medicine.

Acknowledgements: Support of this research from the
ational Institutes of Health, under a Research Project Cooper-

tive Agreement Grant Award 5 UO1 AI058270, to Spring Bank
echnologies, Inc., is gratefully acknowledged.
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nitial Pharmacodynamic Evaluation of Orally Bioavailable
rodrugs of SB-9000, a Novel Anti-HBV Agent

adhakrishnan Iyer 1,∗, Seetharamaiyer Padmanabhan 1, John
oughlin 1, Guangrong Zhang 1, Cassandra Kirk 1, Brent
orba 2, John Morrey 3

Spring Bank Technologies, Inc., 113 Cedar Street, Milford,
A 01757, USA; 2 Division of Molecular Virology and

mmunology, Georgetown University, Rockville, MD, USA;
Institute for Antiviral Research, Utah State University, Logan,
T 84322, USA

-mail addresses: kiyer@springbanktech.com (R. Iyer),
morrey@cc.usu.edu (J. Morrey).

B-9000 is a new dinucleotide class of anti-HBV agent. Previ-
usly, it has been demonstrated that SB 9000 had a very potent
ntiviral activity in the transgenic mouse HBV model with an
C50 of 1 mg/kg when administered intraperitoneally. However,
ioavailability studies in mice and rats revealed that SB-9000
s not orally bioavailable. Therefore, a series of prodrugs for
B-9000 were synthesized and evaluated in vitro including: (a)
ytotoxicity in a panel of cell lines including HFF, MDBK and
ero cells, (b) the bioconversion to SB 9000 using serum and

c) The stability in presence of simulated gastric and intestinal
uids. Bioavailability studies in mice showed that a few pro-
rugs were orally bioavailable based upon plasma analysis and
isposition in liver. No acute toxicity was seen in mice up to
00 mg/kg.

Two prodrug analogs, SB-9001 and SB-9002-1 were cho-
en for pharmacodynamic evaluation in transgenic HBV mose
odel. In this initial dose-finding study, a high-dose of the

wo prodrugs was administered by oral gavage at 300 and
00 mg/kg/day in citric acid buffer. Adefovir dipivoxil (ADV)
as used as a positive control. HBV DNA in liver and plasma
as quantitated using Southern blot and PCR.
Based upon Southern blot and quantitative PCR analysis,

B-9001 and SB-9002-1 were found to significantly reduce
BV DNA in the liver. Also, there was no apparent toxicity
r mortality observed in the SB 9001 and SB 9002-1 treat-

ent groups. Based on these initial results, a dose-ranging

tudy is planned using appropriately formulated form of the
rodrugs.

dx.doi.org/10.1016/j.antiviral.2007.01.072
dx.doi.org/10.1016/j.antiviral.2007.01.073
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