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TITLE OF THE INVENTION

System for rapid production of high-titer and replication-competent adenovirus-free

recombinant adenovirus vectors

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application Serial No.
60/683,638 filed May 23, 2005.

Mention is also made of U.S. Patent Application Serial Nos. 10/052,323, filed
January 18, 2002; 10/116,963, filed April 5, 2002; 10/346,021, filed January 16, 2003 and
U.S. Patent Nos. 6,706,693; 6,716,823; 6,348,450, and PCT/US/98/16739, filed August 13,
1998. ‘

Each of these applications, patents, and each document cited in this text, and each of
the documents cited in each of these applications, patents, and documents ("application
cited documents"), and each document referenced or cited in the application cited
documents, either in the text or during the prosecution of the applications and patents
thereof, as well as all arguments in support of patentability advanced during prosecution

thereof, are hereby incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to the fields of immunology, gene therapy,
and vaccine technology. More specifically, the invention relates to a novel system that can
rapidly generate high titers of adenovirus vectors that are free of replication-competent
adenovirus (RCA). Also provided are methods of generating these RCA-free adenoviral
vectors, immunogenic or vaccine compositions comprising these RCA-free adenovirus
vectors, methods of expressing a heterologous nucleic acid of interest in these adenovirus

vectors and methods of eliciting immunogenic responses using these adenovirus vectors.

BACKGROUND OF THE INVENTION

Influenza virus is a resurging, as well as emerging, microbial threat to public health.
Infection of the respiratory tract by the virus is usually accompanied with coughing, fever
and myalgia. The emergence of lethal influenza strains (Subbarao et al., 1998) and
development of enabling technology to generate designer influenza viruses (Hoffmann et
al., 2002; Neumann et al., 1999) has raised warning signs that dissemination of virulent
influenza strains or man-made viruses encoding exogenous toxins by malicious human

intent as a lethal weapon or incapacitating agent could cripple a region. The currently
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available, clinically licensed influenza vaccines consist of trivalent inactivated viruses that
have been administered intramuscularly since the early 1940s (Pfleiderer et al., 2001).
Annual fall vaccinations using these vaccines are effective in protecting people against this
contagious disease (Nichol et al., 1995). However, the requirement for embryonated
chicken eggs to produce the vaccine limits the speed of vaccine production. It is
conceivable that a shortage of influenza vaccines will occur when new influenza virus
strains emerge beyond calculation, chicken farms are crippled by avian influenza, and/or the
production facility becomes contaminated, as in 2004.

™) has been

More recently, a live attenuated influenza virus vaccine (FluMis
developed as a needle-free alternative for influenza vaccination (Hilleman, 2002). The live
attenuated vaccine is administered directly to the respiratory tract by intranasal sprays to
prevent influenza in healthy children, adolescents and adults (ages 5-49 years). Like
inactivated influenza virus vaccihes, live attenuated influenza virus vaccines are also
produced in embryonated chicken eggs. Although presence of chicken pathogens in eggs is
not a problem for formaldehyde-killed virus vaccines, it is a biohazard for live attenuated
influenza virus vaccines. Potentially harmful reassortments generated by recombination
between live attenuated and wild influenza viruses present another biohazardous concern.
Intranasal inoculation of live attenuated influenza vaccine is also associated with mild
adverse events, such as runny nose, sore throat, or low-grade fever. Moreover, the live

attenuated virus may destroy epithelial cells in the upper respiratory tract during replication,

paving the way for secondary infections with pulmonary complications (Hilleman, 2002;

- Marwick, 2000).

The requirement to produce live attenuated and inactivated influenza virus vaccines
in embryonated chicken eggs poses a major obstacle for streamlined manufacture of
influenza vaccines because the process is time-consuming and some influenza virus strains
do not propagate to high titers in eggs (Van Kampen et al., 2005). The demonstration that
humans can be effectively and safely immunized by intranasal and topical application of
adenovirus (Ad)-vectored influenza vaccines (Van Kampen et al., 2005) represents a new
approach for the manufacture of influenza vaccines in a timely manner independent of
embryonated chicken eggs.

Adenovirus is advantageous as a vaccine carrier because Ad vectors are capable of
transducing both mitotic and postmitotic cells in sifu (Shi et al., 1999), stocks containing
high titers of virus (greater than 10" pfu per ml) can be prepared, making it possible to

transduce cells in situ at high multiplicity of infection (MOI). Moreover, the Ad vectors are
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safe, based on its long-term use as a vaccine. The virus can induce high levels of
heterologous nucleic acid expression, and the vector can be engineered to a great extent
with versatility. Results have shown that the potency of an E1/E3-defective Ad5 vector as a
nasal vaccine carrier is not suppressed by any preexisting immunity to Ad5 in animal
models (Shi et al., 2001; Xiang et al., 1996). There is also no correlation between the
potency of an Ad5-vectored nasal influenza vaccine and preexisting anti-Ad5 neutralizing
antibody titer in humans (Van Kampen et al., 2005). Unlike gene therapy, Ad-vectored
vaccines trigger an immune response through a cascade of immunologic reactions without
the requirement for a critical level of heterologous nucleic acid expression. Replication-
defective Ad-vectored nasal influenza vaccine should be safer than FluMist™ because the
latter replicates in the respiratory tract and may contribute to the generation of new
influenza virus strains through genetic reassortment with other circulating strains or
recombinant forms. Moreover, manufacture of Ad-vectored influenza vaccine can be
streamlined, as it does not require embr&onated chicken eggs.

The conventional approach to construct a replication-defective recombinant Ad
vector requires a series of time-consuming and labor-intensive steps involving homologous
recombination between two transfected plasmids in mammalian packaging cells (Graham
and Prevec, 1995). The finding that homologous recombination can be carried out in E. coli
(Chartier et al., 1996; He et al., 1998) streamlined the procedure by allowing recombination
to occur overnight in bacterial cells and obviating the need for plaque purification. The
AdEasy system (He et al., 1998) exemplifies a fast-track system for generating recombinant
Ad by homologous recombination in E. coli. See Figure 6. Typically, a linearized shuttle
vector plasmid encoding kanamycin (Kan) resistance is mixed with an adenoviral backbone
plasmid (such as, for example, pAdEasyl) encoding ampicillin (Amp) resistance, followed
by co-transformation into competent E. coli BJ5183 cells. Recombinants are subsequently
selected for Kan resistance and identified by size, in conjunction with restriction
endonuclease analysis. Finally, recombinant Ad vectors are generated by transfecting the
recombinant plasmid into a mammalian packaging cell line (e.g., 293 cells).

A key step in producing a recombinant vector in E. coli in the AdEasy system can be
enhanced by pre-selecting the Ad backbone plasmid prior to the delivery of the shuttle
vector plasmid (Zeng et al., 2001). It is conceivable that only a small fraction of the
pAdEasyl plasmid pool may be allowed to persist in E. coli cells following transformation,
because there is a high chance for a large plasmid [pAdEasyl is 33 kb in size (He et al.,
1998)] to be defective by, for example, the generation of nicks along its long DNA strands),
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and/or the efficiency for connecting a large plasmid to the cellular replication machinery
may be low. Homologous recombination between a shuttle vector plasmid and an Ad
backbone plasmid that is unable to exist as a replicon in E. coli cells is thus
counterproductive for generating selectable recombinant plasmids, because such
recombinants are abortive. The two-step AdEasier system (Zeng et al., 2001) ensures that
homologous recombination occurs in a productive manner by eliminating defective and
non-replicating Ad backbone plasmids in advance, thereby allowing a higher success rate
during the selection for recombinants (AdEasy™ XL adenoviral vector system; Strategies
15(3): 58-59, 2002). Overall, this two-step transformation protocol may have broad utility
in systems that involve homologous recombination in bacteria.

A critical issue for El-deleted Ad vectors generated from human 293 cells is the
emergence of replication-competent adenovirus (RCA). These contaminants arise through
homologous recombination between identical sequences framing the E1 locus displayed by
293 cells, and the vector backbones (Robert et al., 2001; Zhu et al., 1999). RCA represents
a biohazard because, like wild-type Ad, it can replicate in an infected host and potentially
may cause disease. RCA-free Ad vectors have been generated in PER.C6 cells using
PER.C6-compatible shuttle plasmids, such as pAdApt (Fallaux et al., 1998). Ad5
nucleotides 459-3510 in PER.C6 genome preclude double crossover-type homologous
recombination with pAdApt-based shuttle plasmids (Crucell) that do not contain any
overlapping sequences. Elimination of RCA in Ad stocks reduces the risk of exposure to
the potential oncogene Ela and pathogenesis induced by replication of Ad in the host.

However, use of the PER.C6-amenable pAdApt-based shuttle plasmids is not
amenable to homologous recombination in E. coli with pAdEasyl because its “left arm”
adenoviral sequence is missing. Generation of recombinant Ad vectors by co-transfecting
pAdApt and an Ad backbone plasmid into PER.C6 cells (Fallaux et al., 1998) is time-
consuming and labor-intensive. Typically, approximately 1-2 months of time can be saved
for construction of a new Ad vector by using the AdEasy system with homologous
recombination taking place in E. coli cells without 2-3 cycles of plaque purification.

Consequently, there is a need in the art to rapidly manufacture safe influenza
vaccines, preferably using an adenoviral vector system. However, current adenoviral
vectors, especially those generated from human cells such as 293 cells, can carry the risk of
disease, primarily through the production of RCA. The present invention addresses both of

these problems by providing a novel system for rapidly producing adenovirus-based
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vaccines or immunogenic compositions that also comprise the added benefit of increased

safety.

SUMMARY OF THE INVENTION

A rapid production system for generating influenza vaccines has long been sought to

aid in the battle against annual influenza outbreaks. The emergence of lethal influenza
strains (Subbarao et al., 1998) and the potential for designer influenza viruses to be used as
bioweapons (Hoffmann et al., 2002; Neumann et al., 1999) underscores the urgency to
develop new techniques for rapid production of influenza vaccines. The present invention
addresses these problems in the art by providing, infer alia, a novel adenoviral vector and
method for generating high-titer vaccines by generating RCA. (replication-competent
adenovirus)-free Ad vectors encoding heterologous nucleic acids, such as but not limited to,
influenza antigens in a timely manner. The process eliminates the requirement for growing
influenza viruses in embryonated chicken eggs (Van Kampen et al., 2005), expedites
administration of non-replicating influenza vaccines by nasal spray (Shi et al., 2001; Van
Kampen et al., 2005), and reduces production time as well as costs.

In a first aspect of the present invention, a recombinant adenoviral vector is
provided, comprising a first adenoviral sequence comprising SEQ ID NO:1, a promoter
sequence, a multiple cloning site (MCS), a transcriptional terminator, a second adenoviral
sequence comprising SEQ ID NO:2, a third adenoviral sequence comprising SEQ ID NO:4,
wherein SEQ ID NO:2 and SEQ ID NO.4 comprise overlapping sequences that allow
homologous recombination to occur in a prokaryotic cell between the recombinant
adenoviral shuttle plasmid and an adenoviral backbone plasmid.

In one embodiment, the promoter is selected from the group consisting of a
cytomegalovirus (CMV) major immediate-early promoter, a simian virus 40 (SV40)
promoter, a B-actin promoter, an albumin promoter, an Elongation Factor 1-o (EF1-c)
promoter, a PYK promoter, a MFG promoter, a herpes virus promoter, a Rous sarcoma virus
promoter, or any other eukaryotic promoters.

The transcriptional terminator can be the SV40 polyadenylation signal, or any other
eukaryotic polyadenylation signals. The bacterial origin of replication can be derived from
the pBR322 origin of replication. In another embodiment, the antibiotic resistance genes in
adenoviral shuttle and backbone plasmids are selected from the group consisting of

ampicillin resistance gene, kanamycin resistance gene, chloramphenicol resistance gene,



10

15

20

25

30

WO 2006/127956 6 PCT/US2006/020350

tetracycline resistance gene, hygromycin resistance gene, bleomycin resistance gene, and
zeocin resistance gene.

The prokaryotic cell can be E. coli, preferably E. coli BJ5183 cells.

In a preferred embodiment, the adenoviral shuttle vector is pAdHigh, comprising a
first adenoviral sequence comprising sequences 1-454 derived from adenovirus serotype 5,
a promoter sequence, a MCS, a transcriptional terminator, a second adenoviral sequence
comprising sequences 3511 to 6055 derived from adenovirus serotype 5 containing the pIX
promoter, a bacterial origin of replication, and an antibiotic resistance gene, wherein the
first and second adenoviral sequences comprise sequences that allow homologous
recombination to occur in a prokaryotic cell between the recombinant adenoviral shuttle
plasmid and an adenoviral backbone plasmid.

Another aspect of the present invention provides a method of generating a
recombinant adenovirus that is substantially free of replication-competent adenovirus
(RCA), comprising co-transforming a first shuttle plasmid and a second shuttle plasmid into
a prokaryotic cell, wherein the first shuttle plasmid comprises a first adenoviral sequence
and a first antibiotic resistance gene; and wherein the second shuttle plasmid comprises a
second adenoviral sequence that contains additional adenoviral sequences not present in the
first shuttle plasmid, and a second antibiotic resistance gene that is different from the first
antibiotic resistance gene, wherein the co-transforming allows homologous recombination
to occur between the first and second shuttle plasmids and wherein the prokaryotic
transformants expressing both of the antibiotic resistance genes in the first and second
shuttle plasmids comprise a first recombined adenoviral shuttle plasmid; recovering the first
recombined shuttle adenoviral plasmid (pAdHighP) from the prokaryotic cell; co-
transforming the AdHigh shuttle plasmid and an adenoviral backbone plasmid into
prokaryotic cells (e.g., E. coli BJ5183), wherein the prokaryotic transformants produce a
second recombined adenoviral plasmid encoding a transgene; recovering the second
recombined adenoviral plasmid from the prokaryotic cell; transfecting PER.C6 cells with
the second recombined adenoviral plasmid; and recovering the recombinant adenovirus
from the PER.C6 cells, wherein the recombinant adenovirus is substantially free of RCA.

Other cells containing Ad5 sequences 459-3510 can also be used as the packaging
cell line for producing RCA-free Ad vectors with the AdHigh system.

In one embodiment to generate the pAdHigh shuttle plasmid, the first shuttle
plasmid is pShuttle-CMV. In another embodiment, the second shuttle plasmid is pAdApt
(Havenga, M.T., et al, 2001; von der Thiisen, J.H. et al, 2004).
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The additional adenoviral sequences present in pAdHigh but missing in
pShuttleCMV (He et al., 1998) comprise adenoviral nucleotides 342 to 454 of adenovirus
serotype 5 and adenoviral nucleotides 3511 to 3533 from adenovirus serotype 5. The
segment between nucleotides 3511-3533 is part of the adenoviral pIX promoter. Lack of a
functional pIX promoter may explain why the AdEasy system generates high titer of Ad in
293 cells but not in PER.C6 cells because the former expresses pIX whereas the latter does
not.

The prokaryotic cell can be E. coli, preferably E. coli BJ5183.

Another aspect of the present invention provides a method of generating a
recombinant adenovirus that is substantially free of replication-competent adenovirus
(RCA), comprising digesting a first and second shuttle plasmid with one or more restriction
endonucleases, wherein the first shuttle plasmid comprises a first adenoviral sequence and
wherein the second shuttle plasmid comprises additional adenoviral sequences not present
in the first shuttle plasmid; excising a fragment encompassing the additional adenoviral
sequences from the second shuttle plasmid; inserting the fragment into appropriate sites to
replace the counterpart fragment of the first shuttle plasmid, thereby resulting in a first
recombined adenoviral plasmid with genetic defects (e.g., the defective pIX promoter)
repaired; co-transforming the first recombined adenoviral shuttle plasmid (pAdHigha) and
an adenoviral backbone plasmid into prokaryotic cells, wherein the prokaryotic
transformants produce a second recombined adenoviral plasmid; recovering the second
recombined adenoviral plasmid from the prokaryotic cell; transfecting the second
recombined adenoviral plasmid into PER.C6 cells; and recovering the recombinant
adenovirus from the cells, wherein the recombinant adenovirus is substantially free of RCA.

The invention also provides immunogenic compositions comprising a recombinant
adenovirus that is substantially free of replication-competent adenovirus (RCA) expressing
one or more heterologous nucleic acids of interest, in admixture with pharmaceutically
acceptable excipients.

In one embodiment, the one or more heterologous nucleic acids of interest comprise
an influenza gene derived from influenza strains comprising influenza A, influenza B,
influenza C, circulating recombinant forms, hybrid forms, clinical isolates, and field
isolates. The influenza gene can comprise influenza hemagglutinin gene, influenza matrix
gene, influenza neuraminidase, and influenza nuclear protein gene. The immunogenic

composition can further comprise an adjuvant.
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Another aspect of the present invention provides immunogenic compositions
comprising a recombinant adenovirus that is substantially free of replication-competent
adenovirus (RCA) expressing one or more influenza immunogens, in admixture with
pharmaceutically acceptable excipients.

In another aspect of the present invention, a method of expressing one or more
heterologous nucleic acids of interest in a recombinant adenovirus that is substantially free
of replication-competent adenovirus (RCA) is provided, comprising the steps of digesting
an adenoviral vector DNA of the invention with one or more restriction endonucleases,
thereby linearizing the adenoviral vector; ligating one or more heterologous nucleic acids
into the adenoviral vector, wherein the one or more heterologous nucleic acids are operably
linked to a promoter sequence; transfecting the adenoviral vector DNA into PER.C6 or
other packaging cells; and recovering the recombinant adenovirus expressing the one or
more heterologous nucleic acids of interest from the cell.

The invention also provides a method of eliciting an immunogenic response to
influenza in a subject in need thereof, comprising administering an immunologically
effective amount of the composition of the invention to the subject.

The invention further provides a method of introducing and expressing one or more
heterologous nucleic acids in a cell of interest, comprising contacting the cell with a
recombinant adenovirus that is substantially free of replication-competent adenovirus
(RCA), wherein the recombinant adenovirus expresses the one or more heterologous nucleic
acids, and culturing the cell or maintaining the animal harboring the cell under conditions
sufficient to express the heterologous nucleic acids.

The invention also provides a kit comprising the pAdHigh shuttle plasmid of the
invention, an adenoviral backbone plasmid, and E. coli BJ5183 cells.

These and other embodiments are disclosed or are obvious from and encompassed

by, the following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following Detailed Description, given by way of example, but not intended to

limit the invention to specific embodiments described, may be understood in conjunction
with the accompanying Figures, incorporated herein by reference, in which:

Figure 1 is a plasmid map of the pShuttleCMYV shuttle plasmid.

Figure 2 is a plasmid map of the pAdApt shuttle plasmid.
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Figure 3 depicts homologous recombination between pShuttleCMV shuttle plasmid
and pAdApt shuttle plasmid. pShuttle-CMV encodes the kanamycin (Kan) resistance gene,
pAdApt-Tc encodes both ampicillin (Amp) and tetracycline (Tc) resistance genes. Only
recombinants can confer resistance to both Kan and Tc. Individual segments in plasmids
are labeled by specific colors and are indicated by specific colored legends.

Figure 4 is a plasmid map of the pAdHighf3 shuttle plasmid.

Figure 5 is a general schematic depicting the construction of‘a recombinant Ad
vector using pAdHigh and an Ad backbone plasmid.

Figure 6 is a graph showing the propagation of AdApt-, AdEasy-, and AdHighao-
derived adenovirus vectors encoding an influenza HA gene in 293 and PER.C6 cells

Figure 7 is a graph showing effectiveness of AdHigho- and AdApt- derived
adenovirus vectors in eliciting hemagglutination-inhibition antibody titers.

SEQ ID NO: 1 refers to nucleotides 1 to 454 of adenovirus serotype 5.

SEQ ID NO: 2 refers to nucleotides 3511 to 5796 of adenovirus serotype 5.

SEQ ID NO: 3 refers to nucleotides 3511 to 6095 of adenovirus serotype 5.

SEQ ID NO: 4 refers to nucleotides 34931 to 35935 of adenovirus serotype 5.

DETAILED DESCRIPTION OF THE INVENTION

In this disclosure, "comprises," "comprising," "containing" and "having" and the like
can have the meaning ascribed to them in U.S. Patent law and can mean " includes,"
"including," and the like; "consisting essentially of" or "consists essentially" likewise has
the meaning ascribed in U.S. Patent law and the term is open-ended, allowing for the
presence of more than that which is recited so long as basic or novel characteristics of that
which is recited is not changed by the presence of more than that which is recited, but
excludes prior art embodiments.

The term "nucleic acid" or "nucleic acid sequence" refers to a deoxyribonucleic or
ribonucleic oligonucleotide in either single- or double-stranded form. The term
encompasses nucleic acids, e.g., oligonucleotides, containing known analogues of natural
nucleotides. The term also encompasses nucleic-acid-like structures with synthetic
backbones, see e.g., Eckstein, 1991; Baserga et al., 1992; Milligan, 1993; WO 97/03211;
WO 96/39154; Mata, 1997; Strauss-Soukup, 1997; Samstag, 1996.

As used herein, "recombinant” refers to a polynucleotide synthesized or otherwise
manipulated iz vitro (e.g., "recombinant polynucleotide"), to methods of using recombinant

polynucleotides to produce gene products in cells or other biological systems, or to a
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polypeptide ("recombinant protein") encoded by a recombinant polynucleotide.
"Recombinant means" also encompass the excision and ligation of nucleic acids having
various coding regions or domains or promoter sequences from different sources into an
expression cassette or vector for expression of, e.g., inducible or constitutive expression of
polypeptide coding sequences in the vectors of invention.

The term "heterologous" when used with reference to a nucleic acid, indicates that
the nucleic acid is in a cell or a virus where it is not normally found in nature; or, comprises
two or more subsequences that are not found in the same relationship to each other as
normally found in nature, or is recombinantly engineered so that its level of expression, or
physical relationship to other nucleic acids or other molecules in a cell, or structure, is not
normally found in naturé. For instance, a heterologous nucleic acid is typically
recombinantly produced, having two or more sequences from unrelated genes arranged in a
manner not found in nature; e.g., a human gene operably linked to a promoter sequenée
inserted into an adenovirus-based vector of the invention. As an example, a heterologous
nucleic acid of interest can encode an immunogenic gene product, wherein the adenovirus is
administered therapeutically or prophylactically as a vaccine or vaccine composition.
Heterologous sequences can comprise various combinations of promoters and sequences,
examples of which are described in detail herein.

An “antigen” is a substance that is recognized by the immune system and induces an
immune response. A similar term used in this context is “immunogen”.

The term "inverted terminal repeat sequence" or "ITR" refers to the common usage
of the term with respect to adenoviruses and includes all ITR sequences and variations
thereof that are functionally equivalent, e.g., the term refers to sets of sequences (motifs)
which flank (on the right and left) the linear adenovirus genome and are necessary for
replication of the adenovirus genomic nucleic acid. The Ad sequences of the vectors and
vector systems of the invention are flanked by ITRs, preferably derived from a serotype 5
adenovirus. There is a high degree of sequence conservation within the ITR between
adenoviruses of different serotypes (see, €.g., Schmid, 1995).

A “subject” in the context of the present invention can be a vertebrate, such as a
mammal, bird, reptile, amphibian or fish; more advantageously a human, or a companion or
domesticated or food-producing or feed-producing or livestock or game or racing or sport
animal such as, but not limited to, bovines, canines, felines, caprines, ovines, porcines,

equines, and avians. Preferably, the vertebrate is a human. Since the immune systems of all
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vertebrates operate similarly, the applications described can be implemented in all
vertebrate systems.

“Expression” of a gene or nucleic acid encompasses not only cellular gene
expression, but also the transcription and translation of nucleic acid(s) in cloning systems
and in any other context.

The term "gene product" refers primarily to proteins and polypeptides encoded by
other nucleic acids (e.g., non-coding and regulatory RNAs such as tRNA, sSRNPs).

As used herein, a “vector” is a tool that allows or facilitates the transfer of an entity
from one environment to another. By way of example, some vectors used in recombinant
DNA techniques allow entities, such as a segment of DNA (such as a heterologous DNA
segment), to be transferred into a target cell. The present invention comprehends
recombinant adenovirus vectors.

The term “plasmid” refers to a DNA transcription unit comprising a polynucleotide
according to the invention and the elements required for its recombination, replication into
Ad, and expression of transgenes in hosts. Preference is given to the circular plasmid form,
which may or may not be supercoiled. The linear form also falls within the context of this
invention.

With respect to exogenous DNA for expression in a vector (e.g., encoding an
epitope of interest and/or an antigen and/or a therapeutic) and documents providing such
exogenous DNA, as well as with respect to the expression of transcription and/or translation
factors for enhancing expression of nucleic acid molecules, and as to terms such as "epitope

LI 4 "o "on

of interest", "therapeutic", "immune response”, "immunological response", "protective
immune response”, "immunological composition”, "immunogenic composition", and
"vaccine composition", inter alia, reference is made to U.S. Patent No. 5,990,091 issued
November 23, 1999, and WO 98/00166 and WO 99/60164, and the documents cited therein
and the documents of record in the prosecution of that patent and those PCT applications;
all of which are incorporated herein by reference. Thus, U.S. Patent No. 5,990,091 and WO
98/00166 and WO 99/60164 and documents cited therein and documents or record in the
prosecution of that patent and those PCT applications, and other documents cited herein or
otherwise incorporated herein by reference, can be consulted in the practice of this
invention; and, all exogenous nucleic acid molecules, promoters, and vectors cited therein

can be used in the practice of this invention. In this regard, mention is also made of U.S.

Patents Nos. 6,706,693; 6,716,823; 6,348,450; U.S. Patent Application Serial Nos.



10

15

20

25

30

WO 2006/127956 12 PCT/US2006/020350

10/424,409; 10/052,323; 10/116,963; 10/346,021; and W0O9908713, published February 25,
1999, from PCT/US98/16739.

As used herein, the terms “immunogenic composition” and “immunological
composition” and “immunogenic or immunological composition” cover any composition
that elicits an immune response against the heterologous nucleic acids of interest expressed
from the adenoviral vectors and viruses of the invention; for instance, after administration
into a subject, elicits an immune response against the targeted immunogen or antigen of
interest. The terms “vaccinal composition” and “vaccine” and “vaccine composition”
covers any composition that induces a protective immune response against the antigen(s) of -
interest, or which efficaciously protects against the antigen; for instance, after
administration or injection into the subject, elicits an protective immune response against
the targeted antigen or immunogen or provides efficacious protection against the antigen or
immunogen expressed from the inventive adenovirus vectors of the invention. The term
“pharmaceutical composition” means any composition comprising a vector expressing a
therapeutic protein as, for example, erythropoietin (EPO) or an immunomodulatory protein,
such as, for example, GM-CSF.

An “immunologically effective amount” is an amount or concentration of the
recombinant vector encoding the gene of interest, that, when administered to a subject,
produces an immune response to the gene product of interest.

A “circulating recombinant form” refers to recombinant viruses that have undergone
genetic reassortment among two or more subtypes or strains. Another term used in the
context of the present invention is “hybrid form”.

“Clinical isolates™ refer to, for example, frequently used laboratory strains of viruses
that are isolated from infected patients and are reasserted in laboratory cells or subjects with
laboratory-adapted master strains of high-growth shuttle viruses.

“Field isolates™ refer to viruses that are isolated from infected patients or from the
environment.

The methods of the invention can be appropriately applied to prevent diseases as
prophylactic vaccination or provide relief against symptoms of disease as therapeutic
vaccination.

The recombinant vectors of the present invention can be administered to a subject
either alone or as part of an immunological composition. The recombinant vectors of the
invention can also be used to deliver or administer a protein to a subject of interest by in

vivo expression of the protein.
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It is noted that immunological products and/or antibodies and/or expressed products
obtained in accordance with this invention can be expressed in vitro and used in a manner in
which such immunological and/or expressed products and/or antibodies are typically used,
and that cells that express such immunological and/or expressed products and/or antibodies
can be employed in in vitro and/or ex vivo applications, e.g., such uses and applications can
include diagnostics, assays, ex vivo therapy (e.g., wherein cells that express the gene
product and/or immunological response are expanded in vitro and reintroduced into the host
or animal), etc., see U.S. Patent No. 5,990,091, WO 99/60164 and WO 98/00166 and
documents cited therein. Further, expressed antibodies or gene products that are isolated
from herein methods, or that are isolated from cells expanded in vitro following herein
administration methods, can be administered in compositions, akin to the administration of
subunit epitopes or antigens or therapeutics or antibodies to induce immunity, stimulate a
therapeutic response and/or stimulate passive immunity.

The term "adenovirus" as used herein is intended to encompass all adenoviruses,
including the Atadenovirus, Mastadenovirus, and Aviadenovirus genera. To date, over fifty-
one human serotypes of adenoviruses have been identified (see, e.g., Fields et al., Virology
2, Ch. 67 (3d ed., Lippincott-Raven Publishers). The adenovirus can be of serogroup A, B,
C, D, E, or F. The adenovirus can be a serotype 2 (Ad2), serotype 11 (Ad11), serotype 35
(Ad35) or, preferably, serotype 5 (Ad5), but are not limited to these examples.

Adenovirus is a non-enveloped DNA virus. Vectors derived from adenoviruses
have a number of features that make them particularly useful for gene transfer. As used
herein, a "recombinant adenovirus vector" is an adenovirus vector that carries one or more
heterologous nucleotide sequences (e.g., two, three, four, five or more heterologous
nucleotide sequences). For example, the biology of the adenoviruses is characterized in
detail, the adenovirus is not associated with severe human pathology, the virus is extremely
efficient in introducing its DNA into the host cell, the virus can infect a wide variety of cells
and has a broad host range, the virus can be produced in large quantities with relative ease,
and the virus can be rendered replication detective by deletions in the early region 1 ("E1")
of the viral genome.

The genome of adenovirus ("Ad") is a linear double-stranded DNA molecule of
approximately 36,000 base pairs ("bp") with a 55-kDa terminal protein covalently bound to
the 5' terminus of each strand. The Ad DNA contains identical Inverted Terminal Repeats
("ITRs") of about 100 bp, with the exact length depending on the serotype. The viral origins

of replication are located within the ITRs exactly at the genome ends. DNA synthesis occurs
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in two stages. First, the replication proceeds by strand displacement, generating a daughter
duplex molecule and a parental displaced strand. The displaced strand is single stranded and
can form a so called "panhandle" intermediate, which allows replication initiation and
generation of a daughter duplex molecule. Alternatively, replication may proceed from both
ends of the genome simultaneously, obviating the requirement to form the panhandle
structure.

During the productive infection cycle, the viral genes are expressed in two phases:
the early phase, which is the period up to viral DNA replication, and the late phase, which
coincides with the initiation of viral DNA replication. During the early phase only the early
gene products, encoded by regions E1, E2, E3 and E4, are expressed, which carry out a
number of functions that prepare the cell for synthesis of viral structural proteins (Berk, A.
J. 1986). During the late phase, the late viral gene products are expressed in addition to the
early gene products and host cell DNA and protein synthesis are shut off. Consequently, the
cell becomes dedicated to the production of viral DNA and of viral structural proteins
(Tooze, J., 1981).

The E1 region of adenovirus is the first region of adenovirus expressed after
infection of the target cell. This region consists of two transcriptional units, the E1A and
E1B genes, both of which are required for oncogenic transformation of primary (embryonal)
rodent cultures. The main functions of the E1A gene products are to induce quiescent cells
to enter the cell cycle and resume cellular DNA synthesis, and to transcriptionally activate
the E1B gene and the other early regions (E2, E3 and E4) of the viral genome. Transfection
of primary cells with the E1A gene alone can induce unlimited proliferation
(immortalization), but does not result in complete transformation. However, expression of
E1A in most cases results in induction of programmed cell death (apoptosis), and only
occasionally is immortalization obtained (Jochemsen et al., 1987). Co-expression of the
E1B gene is required to prevent induction of apoptosis and for complete morphological
transformation to occur. In established immortal cell lines, high-level expression of E1A
can cause complete transformation in the absence of E1B (Roberts et al., 1981).

The E1B encoded proteins assist E1A in redirecting the cellular functions to allow
viral replication. The E1B 55 kD and E4 33 kD proteins, which form a complex that is
essentially localized in the nucleus, function in inhibiting the synthesis of host proteins and
in facilitatihg the expression of viral genes. Their main influence is to establish selective
transport of viral mRNAs from the nucleus to the cytoplasm, concomitantly with the onset

of the late phase of infection. The E1B 21 kD protein is important for correct temporal
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control of the productive infection cycle, thereby preventing premature death of the host cell
before the virus life cycle has been completed. Mutant viruses incapable of expressing the
E1B 21 kD gene product exhibit a shortened infection cycle that is accompanied by
excessive degradation of host cell chromosomal DNA (deg-phenotype) and in an enhanced
cytopathic effect (cyt-phenotype; Telling et al., 1994). The deg and cyt phenotypes are
suppressed when in addition the E1A gene is mutated, indicating that these phenotypes are a
function of E1A (White et al., 1988). Furthermore, the E1B 21 kDa protein slows down the
rate by which E1A switches on the other viral genes. It is not yet known by which
mechanisms E1B 21 kD quenches these E1A dependent functions.

In contrast to, for example, retroviruses, adenoviruses do not integrate into the host
cell's genome, are able to infect non-dividing cells, and are able to efficiently transfer
recombinant genes in vivo (Brody et al., 1994). These features make adenoviruses attractive
candidates for in vivo gene transfer of, for example, a heterologous nucleic acid of interest
into cells, tissues or subjects in need thereof.

Embodiments of the invention employing adenovirus recombinants may include E1-
defective or deleted, E3-defective or deleted, and/or E4-defective or deleted adenovirus
vectors, or the “gutless” adenovirus vector in which all viral genes are deleted. The
adenovirus vectors can comprise mutations in E1, E3, or E4 genes, or deletions in these or
all adenoviral genes. The E1 mutation raises the safety margin of the vector because E1-
defective adenovirus mutants are said to be replication-defective in non-permissive cells,
and are, at the very least, highly attenuated. The E3 mutation enhances the immunogenicity
of the antigen by disrupting the mechanism whereby adenovirus down-regulates MHC class
I molecules. The E4 mutation reduces the immunogenicity of the adenovirus vector by
suppressing the late gene expression, thus may allow repeated re-vaccination utilizing the
same vector. The present invention comprehends adenovirus vectors of any serotype or
serogroup that are deleted or mutated in E1, E3, E4, E1 and E3, and E1 and E4. The present
invention also comprehends adenoviruses of the human Ad5 strain.

The “gutless” adenovirus vector is the latest model in the adenovirus vector family.
Its replication requires a helper virus and a special human 293 cell line expressing both Ela
and Cre, a condition that does not exist in natural environment; the vector is deprived of all
viral genes, thus the vector as a vaccine carrier is non-immunogenic and may be inoculated
multiple times for re-vaccination. The “gutless” adenovirus vector also contains 36 kb
space for accommodating heterologous nucleic acid(s) of interest, thus allowing co-delivery

of a large number of antigen or immunogens into cells.
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Other adenovirus vector systems known in the art include the AdEasy system (He et
al., 1998) and the subsequently modified AdEasier system (Zeng et al., 2001), which were
developed to generate recombinant Ad vectors in 293 cells rapidly by allowing homologous
recombination between shuttle plasmids and Ad backbone plasmids to occur in Escherichia
coli cells overnight. However, a low level of RCA, which presents a potential biohazard for
human application, contaminates Ad vectors produced in 293 cells. The creation of RCA is
due to overlapping sequences between the Ad vector and 293 cell genome (Fallaux et al.,
1998; Zhu et al., 1999).

Although RCA-free Ad vectors have been generated in PER.C6 cells after
transfecting an Ad backbone plasmid in conjunction with a PER.C6-compatible shuttle
plasmid that does not contain any overlapping sequences with the PER.C6 genome (Fallaux
et al., 1998), the process for constructing Ad vectors through homologous recombination in
human cell background is time-consuming when compared to the AdEasy recombination
system in E. coli cells. AdEasy-derived Ad vectors can be generated in PER.C6 cells
rapidly, however, this method yields a low titer [<10® blaque—forming units (pfu) per ml],
presumably due to defective sequences in pShuttleCMYV (He et al., 1998) that are not
complemented in trans by the PER.C6 packaging cell line.

Rapid and high-titer production of RCA-free Ad-vectored influenza vaccines can be
achieved by repairing the defective sequences in pShuttleCMV to generate a new shuttle
plasmid defined in an embodiment of the present invention, named pAdHigh. It is expected
that an Ad-vectored influenza vaccine can be generated from AdHigh as rapidly as AdEasy
because shuttle plasmids in both systems contain identical components for homologous
recombination with the adenoviral backbone plasmid pAdEasyl (He et al., 1998) in E. coli
background, preferably E. coli BJ5183.

pAdEasyl comprises adenoviral sequences that, when recombined with a shuttle
plasmid such as pShuttle-CMV and pAdHigh expressing heterologous nucleic acids of
interest, results in generation of an E1/E3-defective adenoviral genome encoding the
heterologous nucleic acids (e.g., immunogens and/or therapeutic genes) packaged into an
adenoviral capsid. The sequence of pAdEasy1 is well known in the art and is publicly and
commercially available through Stratagene. In contrast to AdEasy-derived Ad vector, the
AdHigh-derived Ad vector propagates to titers as high as that of a PER.C6-compatible
vector-derived counterpart, and avoids RCA contamination when produced in PER.C6 cells

because Ad sequences in AdHigh-derived Ad vectors are identical to their counterparts
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generated from the PER.C6-compatible shuttle plasmid pAdApt (Crucell; Leiden,
Netherlands).

The present invention provides methods of generating a novel adenovirus shuttle
plasmid that is amenable to production of RCA-free Ad vectors, comprising co-
transforming a first and second shuttle plasmids into a prokaryotic cell, wherein the first
shuttle plasmid comprises a subfragment of adenoviral sequence and a first antibiotic
resistance gene, and wherein the second shuttle plasmid comprises a subfragment of

adenoviral sequence that contains adenoviral sequences not present in the first shuttle

-plasmid, and a second antibiotic resistance gene that is different from the first antibiotic

resistance gene. In this method, pAdHigh is generated by homologous recombination of
two shuttle plasmids that comprise adenoviral sequences that are necessary for generating
RCA-free recombinant adenoviruses.

The first shuttle plasmid can be pShuttleCMV, or another shuttle plasmid that
comprises an adenoviral sequence useful in homologous recombination with adenoviral
sequences derived from another plasmid. pShuttleCMV is commercially available and its
sequence is in the public domain (He et al, 1998). pShuttleCMV comprises a multiple
cloning site that is used to insert one or more heterologous nucleic acids of interest, which is
operably linked to a CMV promoter. pShuttleCMV also comprises a kanamycin resistance
gene.

A second shuttle plasmid, comprising a subfragment of adenoviral sequence
containing additional adenoviral sequences not present in the first shuttle plasmid, can be
pAdApt (Fallaux et al., 1998; von der Thiisen, J.H. et al, 2004; Havenga, M.J., 2001). The
additional sequences present in the second shuttle plasmid such as pAdApt include
sequences derived from Ad5, but can also comprise sequences from other adenovirus
serotypes. These sequences comprise SEQ ID NO: 1, which corresponds to adenoviral
sequences 1 to 454 from AdS5, and SEQ ID NO: 3, which gorresponds to adenoviral
sequences 3511 to 6095 from Ad5. The invention also comprehends the use of the
corresponding sequences from other adenovirus serotypes, including but not limited to Ad2,
Ad7, Ad11, and Ad35. The skilled artisan is familiar with methods of sequence alignment,
such as BLAST (Altschul, S.F. et al, (1990), which can identify the appropriate sequences
in other adenoviral serotypes or serogroups. Any shuttle plasmid that comprises these
sequences, or sequence variants thereof, can be used in the methods of the invention.

The present invention concerns generating recombined adenoviral plasmids by

homologous recombination of the first and second shuttle plasmids as described above, or
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by excising the additional adenoviral sequences from the second shuttle plasmid and
inserting the sequences by ligation into the first shuttle plasmid. In one embodiment, the
invention provides a method of generating pAdHigh, by digesting a first and second shuttle
plasmid with one or more restriction endonucleases, wherein the first shuttle plasmid
comprises a first adenoviral sequence and a first antibiotic resistance gene and wherein the
second shuttle plasmid comprises additional adenoviral sequences not present in the first
shuttle plasmid, inserting the additional adenoviral sequences into the first shuttle plasmid,
thereby resulting in a first recombined adenoviral shuttle plasmid pAdHigha. One of skill
in the art is familiar with methods of nucleic acid cloning and manipulation, without undue
experimentation.

Recovery of plasmids is well-known in the art and can be achieved by lysis of
prokaryotic transformants (such methods include, but are not limited to, French press,
alkaline lysis, nitrogen cavitation) and purification of plasmids by cesium chloride
centrifugation, ethanol precipitation, column chromatography (e.g., Qiagen prep), among
others. Any method of transfecting cells can be used in the methods of the invention. Such
methods include use of calcium phosphate precipitates, cationic lipids, liposomes,
microinjection, and infection by viral delivery.

The adenovirus vectors of the present invention are useful for the delivery of nucleic
acids to cells both in vitro and in vivo. In particular, the inventive vectors can be
advantageously employed to deliver or transfer nucleic acids to animal, more preferably
mammalian cells. Nucleic acids of interest include nucleic acids encoding peptides and
proteins, preferably therapeutic (e.g., for medical or veterinary uses) or immunogenic (e.g.,
for vaccines) peptides or proteins.

Preferably, the codons encoding the heterologous nucleic acids of interest are
"humanized" codons, e.g., the codons are those that appear frequently in highly expressed
human genes instead of those codons that are frequently used by, for example, influenza.
Such codon usage provides for efficient expression of the heterologous nucleic acid in
human or other animal cells. Codon usage patterns are known in the literature for highly
expressed genes of many species (e.g., Nakamura et al., 1996; Wang et al, 1998; McEwan et
al. 1998).

As a further alternative, the adenovirus vectors can be used to infect a cell in culture
or animals to express a desired gene product, e.g., to produce a protein or peptide of interest.
Preferably, the protein or peptide is secreted into the medium and can be purified therefrom

using routine techniques known in the art. Signal peptide sequences that direct extracellular
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secretion of proteins are known in the art and nucleotide sequences encoding the same can
be operably linked to the nucleotide sequence encoding the peptide or protein of interest by
routine techniques known in the art. Alternatively, the cells can be lysed and the expressed
recombinant protein can be purified from the cell lysate. The cells may be eukaryotic.
Preferably, the cell is an animal cell (e.g., insect, avian or mammalian), more preferably a
mammalian cell. Also preferred are cells that are competent for transduction by
adenoviruses.

Such cells include PER.C6 cells, 911 cells, and HEK293 cells. PER.C6 cells are
useful, due to the ability of PER.C6 cells to propagate RCA-free Ad vectors. PER.C6 cells
are primary human retinoblast cells transduced with an E1 gene segment that complements
the production of replication-incompetent adenovirus, but is designed to prevent generation
of RCA by homologous recombination. PER.C6 is described in WO 97/00326, published
on January 3, 1997, the contents of which are incorporated herein by reference.
Additionally, it should be noted that HEK 293 cells (Graham et al, 1977) carry overlapping
sequences that could recombine with the adenoviral sequences of the invention to produce
RCA.

The present invention also provides vectors useful as vaccines. The immunogen or
antigen can be presented in the adenovirus capsid, alternatively, the antigen can be
expressed from a heterologous nucleic acid introduced into a recombinant adenovirus
genome and carried by the inventive adenoviruses. The adenovirus vector can provide any
immunogen of interest. Immunogens of interest are well-known in the art and include, but
are not limited to, immunogens from human immunodeficiency virus (e.g., envelope
proteins, such as gp160, gp120, gp41), influenza virus, gag proteins, cancer antigens, HBV
surface antigen (to immunize against hepatitis), rabies glycoproteins, and the like.
Additional examples of immunogens are detailed herein.

The heterologous nucleotide sequence(s) are preferably operably associated with the
appropriate expression control sequences. Expression vectors include expression control
sequences, such as an origin of replication (which can be bacterial origins, e.g., derived
from bacterial vectors such as pBR322, or eukaryotic origins, e.g., autonomously replicating
sequences (ARS)), a promoter, an enhancer, and necessary information processing sites,
such as ribosome binding sites, RNA splice sites, polyadenylation sites, packaging signals,
and transcriptional terminator sequences.

For example, the recombinant adenovirus vectors of the invention preferably contain

appropriate transcription/translation control signals and polyadenylation signals (e.g.,
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polyadenylation signals derived from bovine growth hormone, SV40 polyadenylation
signal) operably associated with the heterologous nucleic acid sequence(s) to be delivered to
the target cell. A variety of promoter/enhancer elements may be used depending on the
level and tissue-specific expression desired. The promoter can be constitutive or inducible
(e.g., the metallothionein promoter), depending on the pattern of expression desired. The
promoter may be native or foreign and can be a natural or a synthetic sequence. By foreign,
it is intended that the transcriptional initiation region is not found in the wild-type host into
which the transcriptional initiation region is introduced. The promoter is chosen so that it
will function in the target cell(s) or tissue(s) of interest. Brain-specific, hepatic-specific, and
muscle-specific (including skeletal, cardiac, smooth, and/or diaphragm-specific) promoters
are contemplated by the present invention. Mammalian promoters are also preferred.

The promoter can advantageously be an “early” promoter. An “early” promoter is
known in the art and is defined as a promoter that drives expression of a gene that is rapidly
and transiently expressed in the absence of de novo protein synthesis. The promoter can
also be a “strong” or “weak” promoter. The terms “strong promoter” and “weak promoter”
are known in the art and can be defined by the relative frequency of transcription initiation
(times per minute) at the promoter. A “strong” or “weak” promoter can also be defined by
its affinity to poxviral RNA polymerase.

More preferably, the heterologous nucleotide sequence(s) are operatively associated
with, for example, a human cytomegalovirus (CMV) major immediate-early promoter, a
simian virus 40 (SV40) promoter, a B-actin promoter, an albumin promoter, an Elongation
Factor 1-o. (EF1-a) promoter, a PyK promoter, a MFG promoter, or a Rous sarcoma virus
promoter. Other expression control sequences include promoters derived from
immunoglobin genes, adenovirus, bovine papilloma virus, herpes virus, and so forth. Any
mammalian viral promoter can also be used in the practice of the invention. It has been
speculated that driving heterologous nucleotide transcription with the CMV promoter
results in down-regulation of expression in immunocompetent animals (see, e.g., Guo et al,,
1996). Accordingly, it is also preferred to operably associate the heterologous nucleotide
sequences with a modified CMV promoter that does not result in this down-regulation of
heterologous nucleic acid expression. 7

The vectors of the invention can also comprise a multiple cloning site (“MCS”),
which can advantageously be located downstream of the first promoter. The MCS provides
a site for insertion of the heterologous nucleic acid molecules that are “in-frame” with the

promoter sequence, resulting in “operably linking” the promoter sequence to the
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heterologous nucleic acid of interest. Multiple cloning sites are well known to those skilled
in the art. As used herein, the term “operably linked” means that the components described
are in a relationship permitting them to function in their intended manner.

Depending on the vector, selectable markers encoding antibiotic resistance méy be
present when used for in vitro amplification and purification of the recombinant vector, and
to monitor homologous recombination between the shuttle plasmid and the adenoviral
vector. The methods of the invention describe facilitating homologous recombination
between a shuttle plasmid and an adenoviral vector at overlapping sequences. Each vector
comprises a different antibiotic resistance gene, and by dual selection, recombinants
expressing the recombined vector can be selected. Examples of such antibiotic resistance
genes that can be incorporated into the vectors of the invention include, but are not limited
to, ampicillin, tetracycline, neomycin, zeocin, kanamycin, bleomycin, hygromyecin,
chloramphenicol, among others.

In embodiments wherein there is more than one heterologous nucleotide sequence,
the heterologous nucleotide sequences may be operatively associated with a single upstream
promoter and one or more downstream internal ribosome entry site (IRES) sequences (e.g.,
the picornavirus EMC IRES sequence).

In embodiments of the invention in which the heterologous nucleotide sequence(s)
will be transcribed and then translated in the target cells, specific initiation signals are
generally required for efficient translation of inserted protein coding sequences. These
exogenous translational control sequences, which may include the ATG initiation codon and
adjacent sequences, can be of a variety of origins, both natural and synthetic.

Therapeutic peptides and proteins include, but are not limited to, cystic fibrosis
transmembrane regulator protein (CFTR), dystrophin (including the protein product of
dystrophin mini-genes, see, e.g, Vincent et al., 1993), utrophin (Tinsley et al., 1996),
clotting factors (e.g., Factor XII, Factor IX, Factor X, etc.), erythropoietin, the LDL
receptor, lipoprotein lipase, ornithine transcarbamylase, B-globin, a-globin, spectrin, o~
antitrypsin, adenosine deaminase, hypoxanthine guanine phosphoribosyl transferase, f3-
glucocerebrosidase, sphingomyelinase, lysosomal hexosaminidase, branched-chain keto
acid dehydrogenase, hormones, growth factors, cytokines, suicide gene products (e.g.,
thymidine kinase, cytosine deaminase, diphtheria toxin, and tumor necrosis factor), proteins
conferring resistance to a drug used in cancer therapy, tumor suppressor gene products (e.g.,
p53, Rb, Wt-1), and any other peptide or protein that has a therapeutic effect in a subject in

need thereof.
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Recombinant vectors provided by the invention can also code for
immunomodulatory molecules, which can act as an adjuvant to provoke a humoral and/or
cellular immune response. Such molecules include cytokines, co-stimulatory molecules, or
any molecules that may change the course of an immune response. The molecule(s) can
comprise genes that encode such immunomodulatory molecules such as, but not limited to,
a GM-CSF gene, a B7-1 gene, a B7-2 gene, an interleukin-2 gene, an interleukin-12 gene
and interferon genes. One of skill in the art can conceive of ways in which this technology
can be modified to enhance still further the immunogenicity of antigens and/or
immunogens.

The invention also relates to such methods wherein the exogenous nucleic acid
molecule encodes one or more of an antigen or portion thereof, e.g., one or more of an
epitope of interest from a pathogen, e.g., an epitope, antigen or gene product which modifies
allergic response, an epitope antigen or gene product which modifies physiological function,
influenza hemagglutinin, influenza nuclear protein, influenza M2, tetanus toxin C-fragment,
anthrax protective antigen, anthrax lethal factor, rabies glycoprotein, HBV surface antigen,
HIV gp120, HIV gp160, human carcinoembryonic antigen, malaria CSP, malaria SSP,
malaria MSP, malaria pfg, and mycobacterium tuberculosis HSP; and/or a therapeutic or an
immunomodulatory gene, a co-stimulatory gene and/or a cytokine gene.

| According to a preferred embodiment of the present invention, the recombinant
vectors express a nucleic acid molecule encoding or expressing influenza immunogens or
antigens. In particular, any or all genes or open reading frames (ORFs) of influenza
encoding the products can be isolated, characterized and inserted into vector recombinants.
Preferred influenza genes or ORFs include, but are not limited to, hemagglutinin, nuclear
protein, matrix, and neuraminidase. The resulting recombinant adenovirus vector is used to
immunize or inoculate a subject.

The present invention also provides methods of eliciting an immune response to
influenza. Influenza is an enveloped, single-stranded, negative-sense RNA virus that causes
serious respiratory ailments throughout the world. It is the only member of the
Orthomyxoviridae family and has been subgrouped into three types, A, B and C. Influenza
virions consist of an internal ribonucleoprotein core (a helical nucleoprotein) containing the
single-stranded RNA genome, and an outer 1ipoprdtein envelope lined inside by a matrix
protein (M). The segmented genome of influenza A consists of eight molecules (seven for
influenza C) of linear, negative polarity, single-stranded RNAs which encode ten

polypeptides, including: the RNA-directed RNA polymerase proteins (PB2, PB1 and PA)
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and nuclear protein (NP) which form the nucleocapsid; the matrix proteins (M1, M2); two
surface glycoproteins which project from the lipoprotein envelope: hemagglutinin (HA) and
neuraminidase (NA); and nonstructural proteins whose function is unknown (NS1 and
NS2). Transcription and replication of the genome takes place in the nucleus and assembly
occurs via budding on the plasma membrane. The viral genes can reassort (e.g., undergo
homologous recombination) during mixed infections.

Influenza virus acisorbs via HA to sialyloligosaccharides in cell membrane
glycoproteins and glycolipids. Following endocytosis of the virion, a conformational change
in the HA molecule occurs within the cellular endosome which facilitates membrane fusion,
thus triggering uncoating. The nucleocapsid migrates to the nucleus where viral mRNA is
transcribed as the essential initial event in infection. Viral mRNA is transcribed by a unique
mechanism in which viral endonuclease cleaves the capped 5'-terminus from cellular
heterologous mRNAs which then serve as primers for transcription of viral RNA templates
by the viral transcriptase. Transcripts terminate at sites 15 to 22 bases from the ends of their
templates, where oligo(U) sequences act as signals for the template-independent addition of
poly(A) tracts. Of the eight viral mRNA molecules so produced, six are monocistronic
messages that are translated directly into the proteins representing HA, NA, NP and the
viral polymerase proteins, PB2, PB1 and PA. The other two transcripts undergo splicing,
each yielding two mRNAs, which are translated in different reading frames to produce M1,
M2, NS1 and NS2. In other words, the eight viral mRNAs code for ten proteins: eight
structural and two non-structural.

The Influenza A genome contains eight segments of single-stranded RNA of
negative polarity, coding for nine structural and one nonstructural proteins. The
nonstructural protein NS1 is abundant in influenza virus infected cells, but has not been
detected in virions. NS1 is a phosphoprotein found in the nucleus early during infection and
also in the cytoplasm at later times of the viral cycle (Krug et al., 1975). Studies with
temperature-sensitive (ts) influenza mutants carrying lesions in the NS gene suggested that
the NS1 protein is a transcriptional and post-transcriptional regulator of mechanisms by
which the virus is able to inhibit host cell gene expression and to stimulate viral protein
synthesis. Like many other proteins that regulate post-transcriptional processes, the NS1
protein interacts with specific RNA sequences and structures. The NS1 protein has been
reported to bind to different RNA species including: VRNA, poly-A, U6 (sn)RNA, 5'
untranslated region as of viral mRNAs and ds RNA (Qiu et al., 1995; Qiu et al., 1994).

Expression of the NS1 protein from ¢cDNA in transfected cells has been associated with
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several effects: inhibition of nucleo-cytoplasmic transport of mRNA, inhibition of pre-
mRNA splicing, inhibition of host mRNA polyadenylation and stimulation of translation of
viral mRNA (Fortes et al., 1994; Enami, K. et al, 1994; de la Luna et al., 1995; Lu, Y. et al,
1994; Park et al., 1995).

Influenza A viruses possess a genome of eight single-stranded negative- sense viral
RNAs (vVRNAs) that encode a total of ten proteins. The influenza virus life cycle begins
with binding of the HA to sialic acid- containing receptors on the surface of the host cell,
followed by receptor-mediated endocytosis. The low pH in late endosomes triggers a
conformational shift in the HA, thereby exposing the N-terminus of the HA2 subunit (the
so-called fusion peptide). The fusion peptide initiates the fusion of the viral and endosomal
membrane, and the matrix protein (M1) and RNP complexes are released into the
cytoplasm. RNPs consist of the nuclear protein (NP), which encapsidates vRNA, and the
viral polymerase complex, which is formed by the PA, PB1, and PB2 proteins. RNPs are
transported into the nucleus, where transcription and replication take place. The RNA
polymerase complex catalyzes three different reactions: synthesis of an mRNA with a 5' cap
and 3' polyA structure, of a full- length complementary RNA (cRNA), and of genomic -
vRNA using the cDNA as a template. Newly synthesized vVRNAs, NP, and polymerase
proteins are then assembled into RNPs, exported from the nucleus, and transported to the
plasma membrane, where budding of progeny virus particles occurs. The neuramimidase
(NA) protein plays a crucial role late in infection by removing sialic acid from
sialyloligosaccharides, thus releasing newly assembled virions from the cell surface and
preventing the self aggregation of virus particles. Although virus assembly involves protein-
protein and protein-vRNA interactions, the nature of these interactions is largely unknown.

Although influenza B and C viruses are structurally and functionally similar to
influenza A virus, there are some differences. For example, influenza B virus does not have
a M2 protein with ion channel activity. Instead, the NB protein, a product of the NA gene,
likely has ion channel activity and thus a similar function to the influenza A virus M2
protein. Similarly, influenza C virus does not have a M2 protein with ion channel activity.
However, the CM1 protein is likely to have this activity.

Such influenza A strains include, but are not limited to, subtypes H10N4, H1ONS,
HI0N7, HIONS, HION9, H11N1, H11N13, H11N2, H11N4, H11N6, H11N8, H11N9,
H12N1, H12N4, H12N5, H12N8, H13N2, H13N3, H13N6, H13N7, H14N5, H14N6,
H15N8, H15N9, H16N3, HIN1, HIN2, HIN3, HIN6, HIN9, H2N1, H2N2, H2N3, H2NS5,
H2N7, H2N8, H2N9, H3N1, H3N2, H3N3, H3N4, H3N5, H3N6, H3NS§, H4N1, H4N2,
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H4N3, H4N4, HANS, HANG, HAN8, H4AN9, H5N1, H5N2, H5N3, H5SN7, H5SN8, H5NO,
HG6N1, H6N2, H6N4, H6N5, H6N6, H6N7, H6NS, H6N9, H7N1, H7N2, H7N3, H7NS5,
H7N7, H7NS, H8N4, H8NS5, HIN1, HON2, HON3, HONS5, HON6, HON7, HONS, HONO,
hybrid subtypes, circulating recombinant forms, clinical and field isolates. Their sequences
are available from GenBank and viral stock may be available from the American Type
Culture Collection, Rockville, Md. or are otherwise publicly available.

Influenza B strains include, but are not limited to, strains originating from Aichi,
Akita, Alaska, Ann Arbor, Argentina, Bangkok, Beijing, Belgium, Bonn, Brazil, Buenos
Aires, Canada, Chaco, Chiba, Chongging, CNIC, Cordoba, Czechoslovakia, Daeku,
Durban, Finland, Fujian, Fukuoka, Genoa, Guangdong, Guangzhou, Hannover, Harbin,
Hawaii, Hebei, Henan, Hiroshima, Hong Kong, Houston, Hunan, Ibaraki, India, Israel,
Johannesburg, Kagoshima, Kanagawa, Kansas, Khazkov, Kobe, Kouchi, Lazio, Lee,
Leningrad, Lissabon, Los Angeles, Lusaka, Lyon, Malaysia, Maputo, Mar del Plata,
Maryland, Memphis, Michigan, Mie, Milano, Minsk, Nagasaki, Nagoya, Nanchang,
Nashville, Nebraska, The Netherlands, New York, NIB, Ningxia, Norway, Oman, Oregon,
Osaka, Oslo, Panama, Paris, Parma, Perugia, Philippines, Pusan, Quebec, Rochester, Roma,
Saga, Seoul, Shangdong, Shanghai, Shenzhen, Shiga, Shizuoka, Sichuan, Siena, Singapore,
South Carolina, South Dakota, Spain, Stockholm, Switzerland, Taiwan, Texas, Tokushima,
Tokyo, Trento, Trieste, United Kingdom, Ushuaia, USSR, Utah, Victoria, Vienna, Wuhan,
Xuanwu, Yamagata, Yamanashi, Yunnan, hybrid subtypes, circulating recombinant forms,
clinical and field isolates. Their sequences are available from GenBank and viral stock may
be available from the American Type Culture Collection, Rockville, Md. or are otherwise
publicly available.

Influenza C strains include, but are not limited to, strains originating from Aichi,
Ann Arbor, Aomori, Beijing, Berlin, California, England, Great Lakes, Greece, Hiroshima,
Hyogo, JHB, Johannesburg, Kanagawa, Kansas, Kyoto, Mississippi, Miyagi, Nara,
NewlJersey, Saitama, Sapporo, Shizuoka, Taylor, Yamagata, hybrid subtypes, circulating
recombinant forms, clinical and field isolates. Their sequences are available from GenBank
and viral stock may be available from the American Type Culture Collection, Rockville,
Md. or are otherwise publicly available.

A preferred embodiment of the invention provides an immunogenic composition
that comprises at least one, preferably three or more, influenza immunogens, such as
hemagglutinin, that are derived from different geographical regions or which target different

strains, circulating recombinant forms, clinical, or field isolates for a particular year. The



10

15

25

30

WO 2006/127956 26 PCT/US2006/020350

current commercially available influenza vaccine is a trivalent vaccine comprising influenza
hemagglutinin immunogens from the three most prevalent influenza strains or circulating
recombinant forms, as determined by the World Health Organization. Such a vaccine can
be made using the methods disclosed herein and is contemplated as part of the present
invention. Also contemplated are immunogenic compositions comprising at least three
different neuraminidase or nuclear protein influenza immunogens derived from strains or
circulating recombinant forms of interest, which may originate in a specific geographical
region.

~ Expression in the subject of the heterologous sequence, e.g. influenza immunogens,
can result in an immune response in the subject to the expression products of the
heterologous sequence. Thus, the recombinant vectors of the present invention may be used
in an immunological composition or vaccine to provide a means to induce an immune
response, which may, but need not be, protective. The molecular biology techniques used
in the context of the invention are described by Sambrook et al. (1989).

Even further alternatively or additionally, in the immunogenic or immunological
compositions encompassed by the present invention, the nucleotide sequence encoding the
antigens can have deleted therefrom a portion encoding a transmembrane domain. Yet even
further alternatively or additionally, the vector or immunogenic composition can further
contain and express in a host cell a nucleotide sequence encoding a heterologous tPA signal
sequence such as human tPA and/or a stabilizing intron, such as intron II of the rabbit -
globin gene.

The present invention also provides a method of delivering and/or administering a
heterologous nucleotide sequence into a cell in vitro or in vivo. According to this method a
cell is infected with at least one deleted adenovirus vector according to the present invention
(as described in detail herein). The cell may be infected with the adenovirus vector by the
natural process of viral transduction. Alternatively, the vector may be introduced into the
cell by any other method known in the art. For example, the cell may be contacted with a
targeted adenovirus vector (as described below) and taken up by an alternate mechanism,
e.g., by receptor-mediated endocytosis. As another example the vector may be targeted to an
internalizing cell-surface protein using an antibody or other binding protein.

The cell to be administered the inventive virus vectors can be of any type, including
but not limited to neuronal cells (including cells of the peripheral and central nervous
systems), retinal cells, epithelial cells (including dermal, gut, respiratory, bladder and breast

tissue epithelium), muscle cells (including cardiac, smooth muscle, skeletal muscle, and
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diaphragm muscle), pancreatic cells (including islet cells), hepatic cells (e.g., parenchyma),
fibroblasts, endothelial cells, germ cells, lung cells (including bronchial cells and alveolar
cells), prostate cells, and the like. Moreover, the cells can be from any species of origin, as
indicated above. Preferred are cells that are naturally transduced by adenoviruses.
Examples of such cells that are transduced by adenoviruses include, but are not limited to,
HEK 293 cells, PER.C6 cells, and 911 cells. In one embodiment, PER.C6 cells are used.

Reference is made to U.S. Patent No. 6,716,823 issued April 6, 2004; U.S. Patent
No. 6,706,693 issued March 16, 2004; U.S. Patent No. 6,348,456 issued February 19, 2002;
U.S. Appication Serial Nos. 10/052,323 and 10,116,963; and 10/346,021, the contents of
which are expressly incorporated herein by reference.

Reference is also made to U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, Einat et al.
or Quark Biotech, Inc., WO 99/60164, published Nov. 25, 1999 from PCT/US99/11066,
filed May 14, 1999, Fischer or Rhone Merieux, Inc., W098/00166, published Jan. 8, 1998
from PCT/US97/11486, filed Jun. 30, 1997 (claiming priority from U.S. applications Ser.
Nos. 08/675,556 and 08/675,566), van Ginkel et al., 1997, and Osterhaus et al., 1992), for
information concerning expressed gene products, antibodies and uses thereof, vectors for in
vivo and in vitro expression of exogenous nucleic acid molecules, promoters for driving
expression or for operatively linking to nucleic acid molecules to be expressed, method and
documents for producing such vectors, compositions comprising such vectors or nucleic
acid molecules or antibodies, dosages, and modes and/or routes of administration (including
compositions for nasal administration), inter alia, which can be employed in the practice of
this invention; and thus, U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, Einat et al. or Quark
Biotech, Inc., WO 99/60164, published Nov. 25, 1999 from PCT/US99/11066, filed May
14, 1999, Fischer or Rhone Merieux, Inc., WO98/00166, published Jan. 8, 1998 from
PCT/US97/11486, filed Jun. 30, 1997 (claiming priority from U.S. applications Ser. Nos.
08/675,556 and 08/675,566), van Ginkel et al., 1997, and Osterhaus et al., 1992) and ail
documents cited or referenced therein and all documents cited or referenced in documents
cited in each of U.S. Pat. No. 5,990,091 issued Nov. 23, 1999, Einat et al. or Quark Biotech,
Inc., WO 99/60164, published Nov. 25, 1999 from PCT/US99/11066, filed May 14, 1999,
Fischer or Rhone Merieux, Inc., W0O98/00166, published Jan. 8, 1998 from
PCT/US97/11486, filed Jun. 30, 1997 (claiming priority from U.S. applications Ser. Nos.
08/675,556 and 08/675,566), van Ginkel et al., 1997, and Osterhaus et al., 1992) are hereby
incorporated herein by reference. Information in U.S. Patent No. 5,990,091 issued Nov. 23,
1999, WO 99/60164, W0O98/00166, van Ginkel et al., 1997, and Osterhaus et al., 1992 can
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be relied upon for the practice of this invention (e.g., expressed products, antibodies and
uses thereof, vectors for in vivo and in vitro expression of exogenous nucleic acid
molecules, exogenous nucleic acid molecules encoding epitopes of interest or antigens or
therapeutics and the like, promoters, compositions comprising such vectors or nucleic acid
molecules or expressed products or antibodies, dosages, inter alia).

A vector can be administered to a patient or host in an amount to achieve the
amounts stated for gene product (e.g., epitope, antigen, therapeutic, and/or antibody)
compositions. Of course, the invention envisages dosages below and above those
exemplified herein, and for any composition to be administered to an animal or human,
including the components thereof, and for any particular method of administration, it is
preferred to determine therefor: toxicity, such as by determining the lethal dose 50 (LDso) in
a suitable animal model e.g., rodent such as mouse; and, the dosage of the composition(s),
concentration of components therein and timing of administering the composition(s), which
elicit a suitable response, such as by titrations of sera and analysis thereof, e.g., by ELISA
and/or seroneutralization analysis. Such determinations do not require undue
experimentation from the knowledge of the skilled artisan, this disclosure and the
documents cited herein.

Examples of compositions of the invention include liquid preparations for orifice, or
mucosal, e.g., oral, nasal, anal, vaginal, peroral, intragastric, etc., administration such as
suspensions, solutions, sprays, syrups or elixirs; and, preparations for parenteral,
epicutaneous, subcutaneous, intradermal, intramuscular, intranasal, or intravenous
administration (e.g., injectable administration) such as sterile suspensions or emulsions.
Reference is made to U.S. Patent No. 6,716,823 issued April 6, 2004; U.S. Patent No.
6,706,693 issued March 16, 2004; U.S. Patent No. 6,348,450 issued February 19, 2002;
U.S. Appication Serial Nos. 10/052,323 and 10,116,963; and 10/346,021, the contents of
which are incorporated herein by reference and which disclose immunization and delivery
of immunogenic or vaccine compositions through a non-invasive mode of delivery, e.g.
epicutaneous and intranasal administration.

The invention also comprehends sequential administration of inventive compositions
or sequential performance of herein methods, e.g., periodic administration of inventive
compositions such as in the course of therapy or treatment for a condition and/or booster
administration of immunological compositions and/or in prime-boost regimens; and, the
time and manner for sequential administrations can be ascertained without undue

experimentation.
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Further, the invention comprehends compositions and methods for making and using
vectors, including methods for producing gené products and/or immunological products
and/or antibodies in vivo and/or in vitro and/or ex vivo (e.g., the latter two being, for
instance, after isolation therefrom from cells from a host that has had a non-invasive
administration according to the invention, e.g., after optional expansion of such cells), and
uses for such gene and/or immunological products and/or antibodies, including in
diagnostics, assays, therapies, treatments, and the like.

Vector compositions are formulated by admixing the vector with a suitable carrier or
diluent; and, gene product and/or immunological product and/or antibody compositions are
likewise formulated by admixing the gene and/or immunological product and/or antibody
with a suitable carrier or diluent; see, e. g., U.S. Patent No. 5,990,091, WO 99/60164, WO
98/00166, documents cited therein, and other documents cited herein, and other teachings
herein (for instance, with respect to carriers, diluents and the like).

In such compositions, the recombinant vectors may be in admixture with a suitable
carrier, diluent, or excipient such as sterile water, physiological saline, glucose or the like.
The compositions can also be lyophilized. The compositions can contain auxiliary
substances, such as wetting or emulsifying agents, pH buffering agents, adjuvants, gelling
or viscosity enhancing additives, preservatives, flavoring agents, colors, and the like,
depending upon the route of administration and the preparation desired. Standard texts,
such as "REMINGTON'S PHARMACEUTICAL SCIENCE", 17th edition, 1985,
incorporated herein by reference, may be consulted to prepare suitable preparations, without
undue experimentation.

The quantity of recombinant vector to be administered will vary for the patient
(host) and condition being treated and will vary from one or a few to a few hundred or
thousand micrograms, e.g., 1 pg to 1mg, from about 100 ng/kg of body weight to 100
mg/kg of body weight per day and preferably will be from 10 pg/kg to 10 mg/kg per day.
When administering a recombinant adenovirus, an immunolo gically, therapeutically, or
prophylactically effective dose can comprise 1 x 107 to 1 x 10'2 viral particles or plaque-
forming units (PFU). A vector can be non-invasively administered to a patient or host in an
amount to achieve the amounts stated for gene product (e.g., epitope, antigen, therapeutic,
and/or antibody) compositions. Of course, the invention envisages dosages below and
above those exemplified herein, and for any composition to be administered to a subject,
including the components thereof, and for any particular method of administration, it is

preferred to determine therefore: toxicity, such as by determining the lethal dose (I.D) and
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LDs in a suitable animal model e.g., rodent such as mouse; and, the dosage of the
composition(s), concentration of components therein and timing of administering the
composition(s), which elicit a suitable response, such as by titrations of sera and analysis
thereof, e.g., by ELISA and/or seroneutralization analysis. Such determinations do not
require undue experimentation from the knowledge of the skilled artisan, this disclosure and
the documents cited herein.

Recombinant vectors can be administered in a suitable amount to obtain in vivo
expression corresponding to the dosages described herein and/or in herein cited documents.
For instance, suitable ranges for viral suspensions can be determined empirically. If more
than one gene product is expressed by more than one recombinant, each recombinant can be
administered in these amounts; or, each recombinant can be administered such that there is,
in combination, a sum of recombinants comprising these amounts.

However, the dosage of the composition(s), concentration of components therein
and timing of administering the composition(s), which elicit a suitable immunological
response, can be determined by methods such as by antibody titrations of sera, e.g., by
ELISA and/or seroneutralization assay analysis. Such determinations do not require undue
experimentation from the knowledge of the skilled artisan, this disclosure and the
documents cited herein. And, the time for sequential administrations can be likewise
ascertained with methods ascertainable from this disclosure, and the knowledge in the art,
without undue experimentation.

The immunogenic or immunological compositions contemplated by the invention
can also contain an adjuvant. Suitable adjuvants include fMLP (N-formyl-methionyl-leucyl-
phenylalanine; U.S. Patent No. 6,017,537) and/or acrylic acid or methacrylic acid polymer
and/or a copolymer of maleic anhydride and of alkenyl derivative. The acrylic acid or
methacrylic acid polymers can be cross-linked, e.g., with polyalkenyl ethers of sugars or of
polyalcohols. These compounds are known under the term “carbomer” (Pharmeuropa, Vol.
8, No. 2, June 1996). A person skilled in the art may also refer to U.S. Patent No. 2,909,462
(incorporated by reference), which discusses such acrylic polymers cross-linked with a
polyhydroxylated compound containing at least 3 hydroxyl groups: in one embodiment, a
polyhydroxylated compound contains not more than 8 hydroxyl groups; in another
embodiment, the hydrogen atoms of at least 3 hydroxyls are replaced with unsaturated
aliphatic radicals containing at least 2 carbon atoms; in other embodiments, radicals contain
from about 2 to about 4 carbon atoms, e.g., vinyls, allyls and other ethylenically unsaturated

groups. The unsaturated radicals can themselves contain other substituents, such as methyl.
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The products sold under the name Carbopol® (Noveon Inc., Ohio, USA) are particularly
suitable for use as an adjuvant. They are cross-linked with an allyl sucrose or with
allylpentaerythritol, as to which, mention is made of the products Carbopol® 974P, 934P,
and 971P.

As to the copolymers of maleic anhydride and of alkenyl derivative, mention is
made of the EMA® products (Monsanto), which are copolymers of maleic anhydride and of
ethylene, which may be linear or cross-linked, for example cross-linked with divinyl ether.
Also, reference may be made to U.S. Patent No. 6,713,068 and Regelson, W. et al., 1960;
(incorporated by reference).

Cationic lipids containing a quaternary ammonium salt are described in U.S. Patent
No. 6,713,068, the contents of which are incorporated by reference, can also be used in the
methods and compositions of the present invention. Among these cationic lipids,
preference is given to DMRIE (N ~(2-hydroxyethyl)-N,N-dimethyl-2,3-bis(tetradecyloxy)-1-
propane ammonium; W096/34109), advantageously associated with a neutral lipid,
advantageously DOPE (dioleoyl-phosphatidyl-ethanol amine; Behr J. P. et al, 1994), to
form DMRIE-DOPE.

A recombinant vaccine or immunogenic or immunological composition can also be
formulated in the form of an oil-in-water emulsion. The oil-in-water emulsion can be based,
for example, on light liquid paraffin oil (European Pharmacopea type); isoprenoid oil such
as squalane, squalene, EICOSANE ™ or tetratetracontane; oil resulting from the
oligomerization of alkene(s), e.g., isobutene or decene; esters of acids or of alcohols
containing a linear alkyl group, such as plant oils, ethyl oleate, propylene glycol
di(caprylate/caprate), glyceryl tri(caprylate/caprate) or propylene glycol dioleate; esters of
branched fatty acids or alcohols, e.g., isostearic acid esters. The oil advantageously is used
in combination with emulsifiers to form the emulsion. The emulsifiers can be nonionic
surfactants, such as esters of sorbitan, mannide (e.g., anhydromannitol oleate), glycerol,
polyglycerol, propylene glycol, and oleic, isostearic, ricinoleic, or hydroxystearic acid,
which are optionally ethoxylated, and polyoxypropylene-polyoxyethylene copolymer
blocks, such as the Pluronic® products, e. g., L121. The adjuvant can be a mixture of
emulsifier(s), micelle-forming agent, and oil such as that which is available under the name
Provax® (IDEC Pharmaceuticals, San Diego, CA).

The recombinant adenovirus, or recombinant adenoviral vector expressing one or
more heterologous nucleic acids of interest, e.g., vector according to this disclosure, can be

preserved and/or conserved and stored either in liquid form, at about 5°C, or in lyophilized
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or freeze-dried form, in the presence of a stabilizer. Freeze-drying can be according to well-
known standard freeze-drying procedures. The pharmaceutically acceptable stabilizers may
be SPGA (sucrose phosphate glutamate albumin; Bovarnik et al., 1950), carbohydrates (e.g.,
sorbitol, mannitol, lactose, sucrose, glucose, dextran, trehalose), sodium glutamate
(Tsvetkov, T. et al., 1983; Israeli, E. et al., 1993), proteins such as peptone, albumin or
casein, protein containing agents such as skimmed milk (Mills, C.K. et al., 1988; Wolff, E.
et al., 1990), and buffers (e.g., phosphate buffer, alkaline metal phosphate buffer). An
adjuvant and/or a vehicle or excipient may be used to make soluble the freeze-dried
preparations.

The invention will now be further described by way of the following non-limiting
Examples, given by way of illustration of various embodiments of the invention and are not

meant to limit the present invention in any fashion.

EXAMPLES

Example 1: Production of a replication-defective adenovirus expressing influenza HA

Two adenovirus (Ad) vectors encoding influenza HA were constructed using the
AdEasy system. Two current influenza virus strains, [A/Panama/2007/99 (H3N2) and
B/Hong Kong/330/01] that were selected for vaccine production in 2003-2004, were
provided by The Centers for Disease Control and Prevention (CDC). The
A/Panama/2007/99 HA gene was cloned by reverse transcription of the influenza RNA,
followed by amplification of the HA gene with polymerase chain reaction (PCR) using the
following primers:

Table 1: Primer Sequences for Amplification of Influenza Genes

Strain Primer Sequence

A/Panama/2007/99 | 5’-CACACAGGTACCGCCATGAAGACTATCATTGCTTTGAGC-3’

5’-CACACAGGTACCTCAAATGCAAATGTTGCACC-3

B/Hong 5’-CACACAGGTACCGCCATGAAGGCAATAATTGTACTAC-3’
Kong/330/01 5’-CACACAGGTACCAGTAGTAACAAGAGCATTTTTCAATAACG-
3 b

These primers contain sequences that anneal to the 5’ and 3’ ends of the
A/Panama/2007/99 HA gene, an eukaryotic ribosomal binding site (Kozak, 1986)
immediately upstream from the HA initiation ATG codon, and KpnlI sites for subsequent
cloning. The Kpnl fragment containing the full-length HA gene was inserted into the Kpnl
site of pShuttleCMV (He et al., 1998) in the correct orientation under transcriptional control

of the cytomegalovirus (CMV) early promoter. An E1/E3-defective Ad vector encoding the
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A/Panama/2007/99 HA (AdPNM2007/99.H3) was generated in human 293 cells using the
AdEasy system. An Ad vector encoding the B/Hong Kong/330/01 HA gene
(AdHK330/01.B) was constructed likewise using the primer sequences in Table 1.

Both Ad vectors were validated by DNA sequencing and propagated to a titer of
10" pfu/ml in 293 cells. Hemagglutination-inhibition (HI) antibodies against
A/Panama/2007/99 and B/Hong Kong/330/01 were elicited in mice after intranasal
instillation of AAPNM?2007/99.H3- and AdHK330/01.B-vectored influenza vaccines,
respectively. However, a low titer of Ad vectors (<10® pfu per ml) were produced for both
vectors when the recombinant plasmids generated in E. coli BJ5183 cells were transfected
into PER.C6 cells instead of 293 cells. The PER.C6-generated AdPNM2007/99.H3 vector
was sent to Molecular Medicine BioServices, Inc. (La Jolla, CA) for mass production in
PER.C6 cells, and the titer was 2 X 107 pfu/ml after 4 rounds of expansion. Production of
Ad vectors to a low titer is not an inherent problem in PER.C6 cells because the present
inventors (unpublished results) and others (Fallaux et al., 1998; Murakami et al., 2002) have
shown that Ad vectors generated by pAdApt-based shuttle plasmids grow to high titers
(>10"" pfu/ml) in this cell line. The AdEasy system does not appear to be compatible with
PER.C6 cells and cannot be utilized for high-titer production of RCA-free Ad vectors.

Although construction of Ad-vectored influenza vaccines is faster than the
conventional egg-dependent production system, even in the absence of the AdEasy system,
the AdEasy system or an equivalent can be further accelerated by allowing homologous
recombination between shuttle plasmids and Ad backbone plasmids to occur in E. coli cells
overnight. Overall, one to two months of time can be saved if the AdEasy system is used to
construct new Ad vectors instead of the conventional method for Ad construction. This
timesaving procedure is meaningful for production of influenza vaccines, because a new
influenza virus strain may become pandemic within this timeframe.

However, the generation of RCA in 293 cells and the incompatibility between the
AdEasy system and the PER.C6 cell line are obstacles that prevent rapid and high-titer
production of Ad vectors without RCA contamination. It is conceivable that the low-titer
production of AdEasy-derived Ad vectors in PER.C6 cells is attributed to defective Ad
sequences in the pShuttleCMV vector since pAdApt-based vectors can generate high-titer
and RCA-free Ad vectors in this cell line. The Ad sequences that may contribute to
incompatibility between AdEasy and PER.C6 are identified in Ad nucleotides 342-454 and
3511-3533, as these two segments are present in pAdApt (sequence provide by Crucell) but
missing in pShuttleCMV. Ad nucleotide numbering conforms to that of Chroboczek’s
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numbering system (Chroboczek et al., 1992). The pIX promoter (Babiss and Vales, 1991)

* 1s intact in the pAdApt but defective in pShuttleCMV. pIX, as a capsid cement, participates

in the stability of Ad particles (Rosa-Calatrava et al., 2001). There may also be other
functions encoded by the Ad sequences that are missing in pShuttleCMV. The
pShuttleCMV vector can be repaired by replacing the presumably defective sequence with

its counterpart in pAdApt through homologous recombination in E. coli BJ5183 cells.

Example 2: Construction of pAdHigha.,

Crucell’s shuttle plasmid pAdApt was separately digested with restriction enzymes
SgrAl + EcoRl], and BstXI+EcoRI. In parallel, the shuttle plasmid pShuttleCMV was
digested with SgrAI+BstX]. The resulting pAdApt SgrAl-EcoRI and BstXI-EcoRI
fragments were inserted into the SgrAl-BssXI site of pShuttleCMV by 3-way ligation,
resulting in a replication defective Ad vector. The replication-defective Ad vector encoding
the influenza HA gene (Adgigh PNM2007/99.H3) was generated by transfecting the
recombinant plasmid into PER.C6 cells. Cytopathic effects (CPE) emerged approximately
7 days after transfection, within the same timeframe as that required for the AdEasy system
in 293 cells (He et al., 1998).

Example 3: Construction of pAdHighB

To repair the defective sequences, pShuttleCMV’s CMV promoter, the adjacent
multiple cloning site, and flanking Ad sequences were replaced as one unit with their
counterpart from pAdApt through homologous recombination, because these two shuitle
plasmids share extensive overlapping sequences. However, a new marker was also required
for selecting the recombinants. The full-length tetracycline (Tc) resistance gene (Backman
and Boyer, 1983; Peden, 1983) from the plasmid pBR322 were amplified by PCR using
primers 5’-GAGCTCGGTACCTTCTCATGTTTGACAGCTTATCAT-3’ and 5°-
TCTAGAGGTACCAACGCTGCCCGAGATGCGCCGCGT-3’ with built-in Kpnl sites.
The amplified Tc gene was inserted into the Kpnl site of the Amp-resistant plasmid pAdApt
to generate a new plasmid pAdApt-Tc, which can be selected by applying both Amp and Tc
to the growth medium.

The Ad sequence in pShuttleCMV was replaced with its counterpart in pAdApt-Tc
using the high-efficiency AdEasier recombination protocol (Zeng et al., 2001). Briefly,
pShuttleCMV was transformed into E. coli BJ5183 cells, and kanamycin (kan) resistance

selected transformants. Kan-resistant cells were immediately transformed with pAdApt-Te,
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and recombinants were selected by applying both Kan and Tc to the culture medium. Only
when its counterpart in pAdApt-Tc, through homologous recombination replaced the
indicated Ad sequence in pShuttleCMYV, could the recombinant confer both Kan and Tc
resistance to E. coli BJ5183 cells. The resultant pAdHighp plasmid was purified from E.
coli BI5183 cells, transformed into E. coli DH10B cells as described (Zeng et al., 2001).
The plasmid was subsequently validated by DNA sequencing.

Example 4: Construction of adenovirus vectors encoding influenza HA using the AdHigch

system
The Kpnl fragments containing the A/Panama/2007/99 HA genes in the

AdPNM2007/99.H3 vector was inserted into the Kpnl site of pAdHigh-Tc to replace the Tc
gene. The resultant plasmid was allowed to recombine with the Ad backbone plasmid
pAdEasyl in E. coli BJ5183 cells as described (Zeng et al., 2001). An Ad vector encoding
the HA gene was generated in PER.C6 cells after transfection of the recombinant plasmid.

The level of RCA contamination was not detectable out of 3X10'! particles.

Example 5: Comparison of AdApt-, AdEasy-, and AdHigha-derived adenovirus vectors

The propagation of AdApt-, AdEasy-, and AdHigha-derived adenovirus vectors
encoding an influenza HA gene in 293 and PER.C6 cells was determined. Approximately
10° cells were infected by Adendovirus vectors developed using one of AdApt, AdEasy, and
AdHigho at an ifu-to-cell ratio of 25:1. Post-infection, cells were frozen for 2 days. After
thawing, lysates were analyzed by the Adeno-X titer kit, as shown in Figure 6. The data
represent mean titers produced in a single well. Adenovirus vectors produced by AdApt
and AdHigha exhibited no significant difference in the mean infectious units regardless of
whether the vectors were propagated in PER.C6 cells or in 293 cells. In contrast, vectors
produced by AdEasy resulted in a significant difference in the mean infectious units, with
vectors propagated in 293 cells averaging an approximately 3-log decrease in mean
infectious units when compared to counterparts propagated in PER.C6 cells.

The effectiveness of AdHigho-derived adenovirus vectors in eliciting
hemagglutination-inhibition antibody titers was compared to that of AdApt-derived
adenovirus vectors. ICR mice were immunized through intranasal administration with 2.5 x

10% ifu of AdyPNM2007/99.H3 (AdHigha-derived ) or AdAPNM2007/99.H3 (AdApt-
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derived) vectors, each of which encoded the same influenza HA protein. One month post-
immunization, sera was collected for hemagglutination-inhibition assay.

As seen in Figure 7, nearly identical HI titers were obtained with both vectors,
demonstrating that effectiveness of the adenovirus vector is not decreased through the use of
the AdHigha-derived adenovirus vectors in comparison the AdApt-derived adenovirus

vectors.

Having thus described in detail preferred embodiments of the present invention, it is
to be understood that the invention defined by the appended claims is not to be limited by
particular details set forth in the above description as many apparent variations thereof are

possible without departing from the spirit or scope thereof.
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CLAIMS

1. A recombinant adenoviral vector comprising a first adenoviral sequence comprising
SEQ ID NO: 1, a promoter sequence, a MCS, a transcriptional terminator, a second
adenoviral sequence comprising SEQ ID NO: 2, a third adenoviral sequence comprising
SEQ ID NO: 4, a bacterial origin of replication, and an antibiotic resistance gene, wherein
SEQ ID NO: 2 and SEQ ID NO: 4 comprise sequences that allow homologous
recombination to occur in a prokaryotic cell between the recombinant adenoviral shuttle
plasmid and an adenoviral backbone plasmid to generate a recombinant plasmid capable of

producing RCA-free Ad vectors in packaging cells.

2. The recombinant adenoviral vector of claim 1, wherein the promoter is selected from
the group consisting of a cytomegalovirus (CMV) major immediate-early promoter, a
simian virus 40 (SV40) promoter, a B-actin promoter, an albumin promoter, an Elongation
Factor 1-o. (EF1-a) promoter, a PyK promoter, a MFG promoter, and a Rous sarcoma virus

promoter.

3. The recombinant adenoviral vector of claim 1, wherein the transcriptional terminator

Is a eukaryotic polyadenylation signal including the SV40 polyadenylation signal.

4. The recombinant adenoviral vector of claim 1, wherein the bacterial origin of

replication can be derived from the pBR322 origin of replication.

5. The recombinant adenoviral vector of claim 1, wherein the antibiotic resistance
genes are selected from the group consisting of ampicillin resistance gene, kanamycin
resistance gene, chloramphenicol resistance gene, tetracycline resistance gene, hygromycin

resistance gene, bleomycin resistance gene, and zeocin resistance gene.

6. The recombinant adenoviral vector of claim 1, wherein the prokaryotic cell is .
coli.

7. The recombinant adenoviral vector of claim 6, wherein the E. coli is BJ5183.

8. A recombinant adenoviral vector of claim 1, wherein the vector is pAdHigh.

9. A recombinant adenoviral vector comprising a first adenoviral sequence comprising

sequences 1-454 derived from adenovirus serotype 5, a promoter sequence, a polylinker, a

transcriptional terminator, a second adenoviral sequence comprising sequences 3511 to
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5796 derived from adenovirus serotype 5, a third adenoviral sequence comprising sequences
34931-35935, a bacterial origin of replication, and an antibiotic resistance gene, wherein the
second and third adenoviral sequences comprise sequences that allow homologous
recombination to occur in a prokaryotic cell between the recombinant adenoviral shuttle

plasmid and an adenoviral backbone plasmid.

10.  The recombinant adenoviral vector of claim 9, wherein the promoter is selected from
the group consisting of a cytomegalovirus (CMV) major immediate-early promoter, a
simian virus 40 (SV40) promoter, a B-actin promoter, an albumin promoter, an Elongation
Factor 1-a (EF1-a) promoter, a PyK promoter, a MFG promoter, a herpes virus promoter,

and a Rous sarcoma virus promoter.

11. The recombinant adenoviral vector of claim 9, wherein the transcriptional terminator

is a eukaryotic polyadenylation signal including the SV40 polyadenylation signal.

12. The recombinant adenoviral vector of claim 9, wherein the bacterial origin of

replication can be derived from the pBR322 origin of replication.

13. The recombinant adenoviral vector of claim 9, wherein the antibiotic resistance
genes are selected from the group consisting of ampicillin resistance gene, kanamycin
resistance gene, chloramphenicol resistance gene, tetracycline resistance gene, hygromycin

resistance gene, bleomycin resistance gene, and zeocin resistance gene.

14.  The recombinant adenoviral vector of claim 9, wherein the prokaryotic cell is E.

coli.
15. The recombinant adenoviral vector of claim 14, wherein the E. coli is BJ5183.
16. A recombinant adenoviral vector of claim 9, wherein the vector is pAdHigh.

17. A method of generating a recombinant adenovirus that is substantially free of

replication-competent adenovirus (RCA), comprising:

a. Co-transforming a first shuttle plasmid and a second shuttle plasmid into a
prokaryotic cell, wherein the first shuttle plasmid comprises a first adenoviral sequence and
a first antibiotic resistance gene; and wherein the second shuttle plasmid comprises a second
adenoviral sequence that contains adenoviral sequences not present in the first shuttle

plasmid, and a second antibiotic resistance gene that is different from the first antibiotic
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resistance gene, wherein the co-transformation allows homologous recombination to occur
between the first and second shuttle plasmids and wherein prokaryotic transformants
expressing both of the antibiotic resistance genes in the first and second shuttle plasmids

comprise a first recombined adenoviral plasmid;
b. Recovering the first recombined adenoviral plasmid from the prokaryotic cell;

C. Co-transforming the first recombined adenoviral plasmid and an adenoviral
backbone plasmid into another prokaryotic cell, wherein the prokaryotic transformants

comprise a second recombined adenoviral plasmid;
d. Recovering the second recombined adenoviral plasmid from the prokaryotic cell;

e. Transfecting PER.C6 packaging cells with the second recombined adenoviral

plasmid; and

f. Recovering the recombinant adenovirus from the PER.C6 cells, wherein the

recombinant adenovirus is substantially free of RCA.
18.  The method of claim 17, wherein the first shuttle plasmid is pShuttle-CMV.
19. The method of claim 17, wherein the second shuttle plasmid is pAdApt-Tec.

20.  The method of claim 17, wherein the antibiotic resistance genes are selected from
the group consisting of ampicillin resistance gene, kanamycin resistance gene,
chloramphenicol resistance gene, tetracycline resistance gene, hygromycin resistance gene,

bleomycin resistance gene, and zeocin resistance gene.

21. The method of claim 17, wherein the additional adenoviral sequences not present in
the pShuttleCMYV comprise adenoviral sequences 342 to 454 from adenovirus serotype 5,

and adenoviral sequences 3511 to 3533 from adenovirus serotype 5.

22, The method éf claim 17, wherein the adenoviral backbone plasmid is pAdEasy].
23.  The method of claim 17, wherein the prokaryotic cell is E. coli.

24, The method of claim 23, wherein the E. coli is BI5183.

25. A recombinant adenoviral vector generated by the method of claim 17.
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26. A recombinant adenovirus generated by the method of claim 17.

27. A method of generating a recombinant adenovirus that is substantially free of

replication-competent adenovirus (RCA), comprising:

a. Digesting a first and second shuttle plasmid with one or more restriction
endonucleases, wherein the first shuttle plasmid comprises a first adenoviral sequence and
wherein the second shuttle plasmid comprises additional adenoviral sequences not present

in the first shuttle plasmid,

b. Excising a fragment encompassing the additional adenoviral sequences from the

second shuttle plasmid;

C. Ligating the fragment containing additional adenoviral sequences into the first
shuttle plasmid to replace the counterpart fragment, thereby resulting in a first recombined

adenoviral plasmid;

d. Co-transforming the first recombined adenoviral plasmid and an adenoviral
backbone plasmid into another prokaryotic cell, wherein the prokaryotic transformants

comprise a second recombined adenoviral plasmid;

e. Recovering the second recombined adenovirus plasmid from the prokaryotic cell;
f. Transfecting the second recombined adenoviral plasmid into PER.C6 packaging
cells; and

. Recovering the recombinant adenovirus from the cells, wherein the recombinant

adenovirus is substantially free of RCA.
28.  The method of claim 27, wherein the first shuttle plasmid is pShuttleCMV.
29.  The method of claim 27, wherein the second shuttle plasmid is pAdApt.

30. The method of claim 27, wherein the antibiotic resistance genes are selected from
the group consisting of ampicillin resistance gene, kanamycin resistance gene,
chloramphenicol resistance gene, tetracycline resistance gene, hygromycin resistance gene,

bleomycin resistance gene, and zeocin resistance gene.
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31.  The method of claim 27, wherein the additional adenoviral sequences not present in
pShuttleCMV comprise adenoviral sequences 342 to 454 from adenovirus serotype 5, and

adenoviral sequences 3511 to 3533 from adenovirus serotype 5.

32.  The method of claim 27, wherein the adenoviral backbone plasmid is pAdEasyl.
33. The method of claim 27, wherein the prokaryotic cell is E. coli.

34, The method of claim 33, wherein the E. coli is BI5183.

35.  Arecombinant adenoviral vector generated by the method of claim 27.

36. A recombinant adenovirus generated by the method of claim 27.

37.  Animmunogenic composition comprising a recombinant adenovirus that is
substantially free of replication-competent adenovirus (RCA) expressing one or more
heterologous nucleic acids of interest, in admixture with pharmaceutically acceptable

excipients.

38.  The composition of claim 37, wherein the adenovirus that is substantially free of

RCA is adenovirus serotype 5 (Ad5).

39.  The composition of claim 37, wherein the adenovirus that is substantially free of

RCA i1s generated by the method of claim 17.

40.  The composition of claim 37, wherein the adenovirus that is substantially free of

RCA is generated by the method of claim 27.

41. The composition of claim 37, wherein the one or more heterologous nucleic acids of
interest comprise an influenza gene derived from influenza strains comprising influenza A,
influenza B, influenza C, circulating recombinant forms, hybrid forms, clinical isolates, and

field isolates.

42. The composition of claim 41, wherein the influenza gene comprises influenza
hemagglutinin gene, influenza matrix gene, influenza neuraminidase gene, and influenza

nuclear protein gene.

43.  The composition of claim 37, further comprising an adjuvant.
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44,  Animmunogenic composition comprising a recombinant adenovirus that is
substantially free of replication-competent adenovirus (RCA) expressing one or more

influenza immunogens, in admixture with pharmaceutically acceptable excipients.

45.  The composition of claim 44, wherein the adenovirus that is substantially free of

RCA is adenovirus serotype 5 (Ad5).

46.  The composition of claim 44, wherein the adenovirus that is substantially free of

RCA is generated by the method of claim 17.

47. The composition of claim 44, wherein the adenovirus that is substantially free of

RCA is generated by the method of claim 27.

48.  The composition of claim 44, wherein the one or more influenza immunogens
comprise influenza hemagglutinin, influenza matrix, influenza neuraminidase, and influenza

nuclear protein.

49.  The composition of claim 44, wherein the one or more influenza immunogens are
derived from influenza strains comprising influenza A, influenza B, influenza C, circulating

recombinant forms, hybrid forms, clinical isolates, and field isolates.
50.  The composition of claim 44, further comprising an adjuvant.

51. A method of expressing one or more heterologous nucleic acids in a recombinant
adenovirus that is substantially free of replication-competent adenovirus (RCA),

comprising:

a. Digesting a recombinant adenoviral vector of claim 1, 9, 25, or 35 with one or more

restriction endonucleases, thereby linearizing the adenoviral vector;

b. Ligating one or more heterologous nucleic acids into the adenoviral vector, wherein

the one or more heterologous nucleic acids are operably linked to a promoter sequence;
C. Transfecting the adenoviral vector into a mammalian packaging cell; and

d. Recovering the recombinant adenovirus expressing the one or more heterologous

nucleic acids from the mammalian packaging cell.
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52. The method of claim 51, wherein the adenovirus is derived from adenovirus
serotype 5 (AdS5).
53. The method of claim 51, wherein the one or more heterologous nucleic acids

comprise an influenza gene.

54.  The method of claim 51, wherein the promoter sequence is selected from the group
consisting of a cytomegalovirus (CMV) major immediate-early promoter, a simian virus 40
(SV40) promoter, a 3-actin promoter, an albumin promoter, an Elongation Factor 1-o (EF1-
o) promoter, a PyK promoter, a MFG promoter, a herpes virus promoter, and a Rous

sarcoma virus promoter.

55. The method of claim 53, wherein the influenza gene comprises influenza
hemagglutinin gene, influenza matrix gene, influenza neuraminidase gene, and influenza

nuclear protein gene.

56.  The method of claim 53, wherein the influenza gene is derived from influenza
strains comprising influenza A, influenza B, influenza C, circulating recombinant forms,

hybrid forms, clinical isolates, and field isolates.

57. A method of eliciting an immunogenic response to influenza in a subject in need
thereof, comprising administering an immunologically effective amount of the composition

of claim 44 to the subject.

58. The method of claim 57, wherein the influenza immunogen comprises influenza

hemagglutinin, influenza matrix, influenza neuraminidase, and influenza nuclear protein.

59.  The method of claim 57, wherein the influenza immunogen is derived from
influenza strains comprising influenza A, influenza B, influenza C, circulating recombinant

forms, hybrid forms, clinical isolates, and field isolates.
60.  The method of claim 57, further comprising an adjuvant.

61. A method of introducing and expressing one or more heterologous nucleic acids in a
cell of interest, comprising contacting the cell with a recombinant adenovirus that is
substantially free of replication-competent adenovirus (RCA), wherein the recombinant

adenovirus expresses the one or more heterologous nucleic acids, and culturing the cell or
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maintaining the animal under conditions sufficient to express the one or more heterologous

nucleic acids.
62. The method of claim 61, wherein the cell is a human cell.

63. The method of claim 61, wherein the adenovirus is derived from adenovirus

serotype 5 (AdS).

64. The method of claim 61, wherein the one or more heterologous nucleic acids

comprise influenza genes.

65.  The method of claim 61, wherein the influenza gene comprises influenza
hemagglutinin gene, influenza matrix gene, influenza neuraminidase gene, and influenza

nuclear protein gene.

606. The method of claim 61, wherein the influenza gene is derived from influenza
strains comprising influenza A, influenza B, influenza C, circulating recombinant forms,

hybrid forms, clinical isolates, and field isolates.

67.  AXkit comprising a recombinant adenoviral vector of claim 1, an adenoviral

backbone plasmid, and E. coli BJ 5183 cells.

68. The kit of claim 67, wherein the recombinant adenoviral shuttle vector is pAdHigh

or a derivative of it.

69.  Thekit of claim 67, wherein the adenoviral backbone plasmid is pAdEasy1.
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<110>

<120>

Vaxin,

Inc.

vectors

<130>

<150>
<151>

<160> 1
<170>
<210> 1
<211>

<212>
<213>

DNA
<400> 1

catcatcaat
ttgtgacgtg
atgttgcaag
tgtgcgecegg
aaatttgggc
gtgaaatctg
actttgaccyg
gggtcaaagt
gagttcctca
ccgacaccgyg
atggccgeca
cctagccatt
gaagatccca
caggaaggga
ctttcecegge

cttgtaccgg

gaggatgaag

858610-2010.WO0

60/683,638
2005-05-23

35934

adenovirus

aatatacctt
gcgcggggcg
tgtggcggaa
tgtacacagg
gtaaccgagt
aataattttg
tttacgtgga
tggcgtttta
agaggccact
gactgaaaat
gtettttgga
ttgaaccacc
acgaggaggc
ttgacttact
agcccgagcea
aggtgatcga

agggtgagga

1/22

SEQUENCE LISTING

PatentIn version 3.2

attttggatt
tgggaacggg
cacatgtaag
aagtgacaat
aagatttggce
tgttactcat
gactcgccca
ttattatagt
cttgagtgcc
gagacatatt
ccagctgatc
tacccttcecac
ggtttcgeag
cacttttecg
gccggagceag
tcttacctge

gtttgtgtta

gaagccaata
gcgggtgacg
cgacggatgt
tttcgcgegg
cattttcgeg
agcgcgtaat
ggtgtttttc
cagctgacgt
agcgagtaga
atctgccacg
gaagaggtac
gaactgtatg
atttttecceg
ccggegecceg
agagccttgg
cacgaggctyg

gattatgtgg

System for rapid production of high~titer and
replication-competent adenovirus-free recombinant adenovirus

tgataatgag
tagtagtgtg
ggcaaaagtyg
ttttaggcgg
ggaaaactga
atttgtctag
tcaggtgttt
gtagtgtatt
gttttctect
gaggtgttat
tggctgataa
atttagacgt
actctgtaat
gttctccgga
gtccggtttce
gctttceccecace

agcaccccgg

PCT/US2006/020350

ggggtggagt
cggaagtgtg
acgtttttgg
atgttgtagt
ataagaggaa
ggccgcgggyg
tccgegttece
tatacccggt
ccgagecgcet
taccgaagaa
tcttccacct
gacggcccec
gttggcggtg
gcecgecteac
tatgccaaac
cagtgacgac

gcacggttge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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aggtecttgte
tatatgagga
agagtggtgyg
aattttgtat
cagaaccgga
gcccecgacatce
cttctaacac
ccgtgagagt
ctgggcaacc
tgegtgtgty
agataatgtt
gccgtggget
tttectgetgt
ttetgtgggy
aatttgaaga
aggcgectttt
cggetgetgt
gcggggggta
agaatcgect
agcagcagca
ccggectgga
acgcattttg
ggcttgtgag
tecctgagtgt
ggcgcagaag
tgaggaggcet
cagcaaactt
gatagatacg

gcttggcatg

attatcaccyg
cctgtggcat
gtttggtgtg
tgtgattttt
gcctgcaaga
acctgtgtcet
acctcctgag
tggtgggegt
tttggacttg
gttaacgect
taacttgcat
aatcttggtt
gcgtaacttg
ctcatcccag
gcttttgaaa
ccaagagaag
tgecttttttg
cctgetggat
gctactgttg
ggaggaagcc
ccetegggaa
acaattacag
gctacagagyg
attacttttc
tattccatag
attagggtat
gtaaatatca
gaggataggyg

gacggggtgg

gaggaatacg
gtttgtctac
gtaatttttt
ttaaaaggtc
cctaccecgece
agagaatgca
atacacccgyg
cgccaggetg
agctgtaaac
ttgtttgctg
ggcgtgttaa
acatctgacc
ctggaacaga
gcaaagttag
tcctogtggtg
gtcatcaaga
agttttataa
tttectggeca
tettecgtee
aggcggegge
tgaatgttgt
aggatgggca
aggctaggaa
aacagatcaa
agcagctgac
atgcaaaggt
ggaattgttg
tggcctttag

ttattatgaa

2/22

ggggacccag
agtaagtgaa
ttttaatttt
ctgtgtctga
gtcctaaaat
atagtagtac
tggtceceget
tggaatgtat
gcccecaggec
aatgagttga
atggggcggg
tcatggagge
gctctaacag
tctgcagaat
agctgtttga
ctttggattt
aggataaatg
tgcatctgtg
gceceggcegat
ggcaggagca
acaggtgget
ggggctaaag
tctagetttt
ggataattgc
cacttactgg
ggcacttagg
ctacatttct
atgtagcatg

tgtaaggttt

atattatgtg
aattatgggce
tacagttttg
acctgagcecet
ggcgcctget
ggatagctgt
gtgccccatt
cgaggacttg
ataaggtgta
tgtaagttta
gcttaaaggg
ttgggagtgt
tacctcttgg
taaggaggat
ttectttgaat
ttccacaccyg
gagcgaagaa
gagagcggtt
aataccgacg
gagcccatgg
gaactgtatc
ggggtaaaga
agcttaatga
gctaatgagc
ctgcagccag
ccagattgca
gggaacgggyg
ataaatatgt

actggccccea
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ttcgectttge
agtgggtgat
tggtttaaag
gagcccgage
atcctgagac
gactccggtc
aaaccagttg
cttaacgagc
aacctgtgat
ataaagggtg
tatataatgce
ttggaagatt
ttttggaggt
tacaagtggg
ctgggtcacc
gggcgegety
acccatctga
gtgagacaca
gaggagcagc
aacccgagag
cagaactgag
gggagcgggyg
ccagacaccg
ttgatctget
gggatgattt
agtacaagat
ccgaggtgga
ggccgggggt

attttagecgg

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760
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tacggttttc
caatacctgt
ctggaaggag
aaggtgtacc
cgactgtggt
tggcaactge
gctgaagacce
catactgacc
atgcaatttg
gaacggggtyg
caccaggtge
ggatgtgacc
tggctctage
gggaaagaat
cgcegecatg
catgcccccea
cgtectgecce
gactgecagcc
ctttgettte
caagttgacg
tcagcagcetg
tgcggtttaa
ttgetgtett
gttgagggte
catgggcata
ggtggtgttg
tttcagtage

aagctgggat

ctggccaata
gtggaagcct
gtggtgtgte
ttgggtatcc
tgcttcatge
gaggacaggg
attcacgtag
cgctgttect
agtcacacta
tttgacatga
agaccctgeg
gaggagctga
gatgaagata
atataaggtg
agcaccaact
tgggceygggg
gcaaactcta
tcecgecgeeg
ctgagcccge
gctettttgg
ttggatctge
aacataaata
tatttagggg
ctgtgtattt
agcccgtecte
tagatgatcce
aagctgattg

gggtgcatac

ccaaccttat
ggaccgatgt
gccccaaaag
tgtctgaggg
tagtgaaaag
cctctecagat
ccagccactc
tgcatttggg
agatattagct
ccatgaagat
agtgtggcgg
ggcccgatceca
cagattgagg
ggggtcttat
cgtttgatgg
tgcgtcagaa
ctaccttgac
cttecageege
ttgcaagcag
cacaattgga
gccagcaggt
aaaaaccaga
ttttgcgege
tttcecaggac
tggggtggag
agtcgtagca
ccaggggcag

gtggggatat
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cctacacggt
aagggttcgg
cagggcttca
taactccagg
cgtggetgtg
gctgacctge
tcgecaaggece
taacaggagg
tgagcccgag
ctggaaggty
taaacatatt
cttggtgctg
tactgaaatg
gtagttttgt
aagcattgtyg
tgtgatggge
ctacgagacc
tgcagccacc
tgcagcttcce
ttctttgacc
ttctgecectyg
ctctgtttgg
gcggtaggcec
gtggtaaagg
gtagcaccac
ggagcgcetgyg
gccettggtyg

gagatgcatc

gtaagcttcet
ggctgtgect
attaagaaat
gtgcgccaca
attaagcata
tcggacggceca
tggccagtgt
ggggtgttce
agcatgtcca
ctgaggtacg
aggaaccagc
gcctgcacce
tgtgggegtyg
atctgttttg
agctcatatt
tccagecattg
gtgtctggaa
gccegeggga
cgttcatccg
cgggaactta
aaggcttect
atttggatca
cgggaccagc
tgactctgga
tgcagagett
gcgtggtgee
taagtgttta

ttggactgta
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atgggtttaa
tttactgctg
gcctetttga
atgtggeccte
acatggtatg
actgtcacct
ttgagcataa
taccttacca
aggtgaacct
atgagacccg
ctgtgatgcet
gcgctgagtt
gcttaagggt
cagcagccgc
tgacaacgcyg
atggtecgecece
cgeegttgga
ttgtgactga
cccgegatga
atgtcgtttce
cecccteecaa
agcaagtgtc
ggtectcggtce
tgttcagata
catgctgegg
taaaaatgtc
caaagcggtt

tttttaggtt

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440
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ggcté%gétc
gtatccggtyg
ggagacgccc
cccacgggceyg
caggatgaga
tataatggtt
tttgagttca
ggtaggggag
ggtgggeceg
gecgteatee
cctgaccaaa
aaagtttttc
cagttccagg
tcectegttte
cgggccaggdg
gtgaaggggt
gtgctgaagce
tcatagtcca
ccgcacgagyg
tceggggagt
gtgagctctyg
ttacctctgg
ccgtatacag
aactcggacc
gaggggtage
tcgeectett
gttcctgaag
tcgetgtetyg

tctgegcectaa

ccagccatat
cacttgggaa
ttgtgaccte
gcggectggy
tcgtcatagg
ccatcecggec
gatgggggga
atcagctggg
taaatcacac
ctgagcaggy
tccgecagaa
aacggtttga
cggtcecccaca
gegggttggg
tcatgtcttt
gcgetecggg
gctgccggte
gccccteege
ggcagtgcag
aggcatccgce
gecgtteggg
tttccatgag
acttgagagg
actctgagac
ggtcgttgtce
cggcatcaag
gggggctata
cgagggccag

gattgtcagt

cccetecgggg
atttgtcatg
caagattttc
cgaagatatt
ccatttttac
caggggcgta
tcatgtctac
aagaaagcag
ctattaccgg
gggccacttce
ggcgctegee
gaccgtcege
gctecggteac
gcggettteg
ccacgggcge
ctgcgegetg
ttegecetge
ggcgtggeec
acttttgagg
gccgecaggec
gtcaaaaacc
ccggtgteca
cctgtecteg
aaaggctcge
cactaggggg
gaaggtgatt
aaagggggotyg
ctgttggggt

ttccaaaaac
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attcatgttg
tagcttagaa
catgcattcg
tctgggatca
aaagcgcggg
gttaccctea
ctgeggggeg
gttectgage
gtgcaactgg
gttaagcatg
gcccagegat
cgtaggcatg
ctgctctacg
ctgtacggca
agggtccteg
gccagggtge
gegteggeca
ttggcgcgea
gcgtagaget
ccgcagacgg
aggtttcccce
cgctcecggtga
agcggtgtte
gtccaggeca
tccaétcgct
ggtttgtagg
ggggegegtt
gagtactccc

gaggaggatt

tgcagaacca
ggaaatgegt
tccataatga
ctaacgtcat
cggagggtge
cagatttgca
atgaagaaaa
agctgcgact
tagttaagag
tccctgacte
agcagttctt
cttttgageg
gcatctcecgat
gtagtcggtyg
tcagcgtagt
gcttgaggcet
ggtagcattt
gcttgcectt
tgggcgegag
tctcgecattce
catgcttttt
cgaaaaggct
cgcggtecte
gcacgaagga
ccagggtgtg
tgtaggccac
cgtcctcact
tctgaaaage

tgatattcac
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ccagcacagt 4500
ggaagaactt 4560
tggcaatggyg 4620
agttgtgtte 4680
cagactgcgg 4740
tttcecacge 4800
cggttteegg 4860
taccgcagcec 4920
agctgecaget 4980
gcatgtttte 5040
gcaaggaagc 5100
tttgaccaag 5160
ccagcatatc 5220
ctcgtccaga 5280
ctgggtcacy 5340
ggtcctgctg 5400
gaccatggtg 5460
ggaggaggcg 5520
aaataccgat 5580
cacgagccag 5640
gatgegttte 5700
gtccgtgtcec 5760
ctcgtataga 5820
ggctaagtgg 5880
aagacacatg 5940
gtgaccgggt 6000
ctcttececgea 6060
gggcatgact 6120
ctggccegeg 6180
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gtgatgcett
agcttggtgyg
gtttggtttt
cgcgcaacgce
cgccaaccga
cgetegttog
agctgegtet
tcgaagtagt
agcgcgceget
gcgtacatge
gogtagecatce
gcgaggaggt
ctgaagatgg
tctgtgagac
agctcggegyg
tacttatcct
ttcecagtact
aactggttga
gcggecttee
tactggtatt
cgetttttgg
gcgcgaggca
attacctggg
agttccaaga
agctcttcag
gaagcgacga
gtcctaaact

tcttgttcece

tgagggtgge
caaacgaccc
tgtcgegate
accgccecatte
gottgtgcag
tccagcagag
cgtcecggggg
ctatcttgea
cgtatgggtt
cgcaaatgtc
ttccaccgeg
cgggaccgay
catgtgagtt
ctaccgecgte
tgacctgceac
gteceecttttt
cttggatcgg
cggcctggta
ggagcgaggt
tgaagtcagt
aacgcggatt
taaagttgcg
cggcgagcac
agcgecgggat
gggagctgag
atgagcteca
ggcgacctat

agcggtccca

cgcatccatce
gtagagggcg
ggcgegcetee
gggaaagacg
ggtgacaagg
gcggecgece
gtctgegtec
tcettgeaag
gagtggggga
gtaaacgtag
gatgctggeg
gttgctacgg
ggatgatatg
acgcacgaag
gtctagggeg
tttecacage
aaacccgteg
ggcgcagcat
gtgggtgagce
gtcgtegeat
tggcagggcy
tgtgatgcgg
gatctcgtca
gcececttgatg
ccegtgetet
caggtcacgg
ggccattttt

tccaaggttce

5122

tggtcagaaa
ttggacagca
ttggccgega
gtggtgcget
tcaacgctgy
ttgcgegage
acggtaaaga
tctagcgecet
cceccatggea
aggggectcete
cgcacgtaat
gcgggetget
gttggacgcet
gaggcgtagg
cagtagtcca
tcgeggttga
gcctcecgaac
ccctttteta
gcaaaggtgt
ccgeectget
aaggtgacat
aagggtceccg
aagccgttga
gaaggcaatt
gaaagggccc
gccattageca
tctggggtga

gcggetaggt

agacaatctt
acttggcg;t
tgtttagetg
cgtecgggeac
tggctaccte
agaatggcgg
ccccgggcag
gctgceccatge
tggggtgggt
tgagtattcc
cgtatagtte
ctgctcggaa
ggaagacgtt
agtcgcegcag
gggtttcctt
ggacaaactc
ggtaagagcce
cgggtagege
ccctgaccat
cccagagcaa
cgttgaagag
gcacctcgga
tgttgtggcece
ttttaagttc
agtctgcaag
tttgcaggtg
tgcagtagaa

ctegegegge
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tttgttgtca
ggagcgcagyg
cacgtattcg
caggtgcacg
tecgegtagg
tagggggtct
caggcgcgeyg
gcgggcggca
gagcgcggayg
aagatatgta
gtgcgaggga
gactatctge
gaagctggeg
cttgttgacc
gatgatgtca
ttecgeggtet
tagcatgtag
gtatgcctgce
gactttgagg
aaagtccgtg
tatctttcece
acggttgtta

cacaatgtaa

ctegtaggtg -

atgagggttyg
gtcgcgaaag
ggtaagcggyg

agtcactaga

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860
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ggctéatctc
cccatccaag
gageccgateg
tgaaagtaga
cagtactggce
acaaggaagc
acttcggcetyg
accacgccegce
acatcgcgea
agctcctgeca
ctaatttcca
ggcgcgacta
tctaaaagcg
gagggggcag
tgctggcgaa
cgacgggccce
tgacggcggce
cggccatgaa
tggcggcgag
cgtteccagac
gcgcgagatt
ggtagttgag
acgtggattc
cggcgaagtt
ggatgagctce
cttcttcaat
gaggggggac
tcteeccegeg

gttggaagac

cgeccgaactt
tataggtctc
ggaagaactyg
agtccctgeg
agcggtgeac
agagtgggaa
cttgtecttyg
gcgagcccaa
gatgggagcet
ggtttacctc
ggggctggtt
cggtaccgeg
gtgacgcggg
gggcacgteyg
cgecgacgacyg
ggtgagcttyg
ctggcgcaaa
ctgctecgate
gtcgttggaa
gcggetgtag
gagctccacg
ggtggtggcg
gttgatatcc
gaaaaactgg
ggcgacagtg
ctcetettece
acggcggcga
gcgacggcgce

gccgeccgte

catgaccagce
tacatcgtag
gatctecege
acgggccgaa
gggctgtaca
tttgagccecce
accgtctgge
agtccagatg
gtccatggte
gcatagacgy
ggtggecggcg
cggcgggegyg
cgagcccceg
gecgecgegeg
cggcggttga
agcctgaaag
atctcctgea
tcttectect
atgcgggceca
accacgecec
tgcecgggcga
gtgtgttctyg
cccaaggect
gagttgcgeg
tcgegeacct
ataagggcct
cgacggcgea
atggtctcgg

atgtcccggt
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atgaagggca
gtgacaaaga
caccaattgg
cactcgtact
tcctgecacga
tcgeetggeyg
tgctcgaggg
tcecgegegeg
tggagctcce
gtcagggcge
tcgatggcett
tgggcecgegg
gaggtagggg
cgggcaggag
tctectgaat
agagttcgac
cgtectectga
ggagatctcce
tgagctgcga
ctteggeatc
agacggcgta
ccacgaagaa
caaggcgcte
ccgacacggt
cgcgctcaaa
ccecttette
ccgggaggcyg
tgacggcgcg

tatgggttgg

cgagctgett
gacgctcggt
aggagtggct
ggcttttgta
ggttgacctg
ggtttggety
gagttacggt
gcggtcggag
gcggegteag
gggctagatc
gcaagaggcc
gggtgtectt
gggcteccgga
ctggtgctge
ctggcgecte
agaatcaatt
gttgtcttga
gcgteegget
gaaggcgttyg
gcgggcegege
gtttcgcagg
gtacataacc
catggccteg
taactcctec
ggctacaggg
ttcttctgge
gtcgacaaag
gccgttcecteg

cggggggcty
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cccaaaggec 7920
gcgaggatge 7980
attgatgtgyg 8040
aaaacgtgeg 8100
acgaccgege 8160
gtggtcettet 8220
ggatcggacc 8280
cttgatgaca 8340
gtcaggcggyg 8400
caggtgatac 8460
gcatcceege 8520
ggatgatgca 8580
ccegecggga 8640
gcgcegtaggt 8700
tgecgtgaaga 8760
tcggtgtegt 8820
taggcgatct 8880
cgctccacgg 8940
aggcctccct 9000
atgaccacct 9060
cgctgaaaga 9120
cagcgtcgea 9180
tagaagtcca 9240
tccagaagac 9300
gcetettett 9360
ggeggtgggg 9420
cgctcgatca 9480
cgggggegea 9540
ccatgcggca 9600
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gggatacggc
acctgagcega
cacagtcgca
ttctggegga
tcgacagaag
ccecaggette
ceggceactte
cggcggagtt
tcatcggetyg
cctgegtgag
tgatggtgta
agagctcecggt
tcecgeaccag
agcgtagggt
agatgtacct
ggacgcggtt
cggtcaggeyg
gcactcttce
cgagccceegt
aggtgtgcga
ctgctgeget
cgaaagcatt
cgggaccccee
cgtcapgcaa
ttteccagat
aagagcagcg
catcecgegat

actacctgga

gctaacgatg
gtcegeateg
aggtaggctg
ggtgctgctg
caccatgtcc
gttttgacat
ttettectect
tggccgtagg
aagcagggct
ggtagactgg
agtgcagttg
gtacctgaga
gtactggtat
ggccgggget
ggacatccag
ccagatgttg
cgcgcaatcg
gtggtctggt
atccggecgt
cgtcagacaa
agcttttttg
aagtggctcg
ggttcgagtce
gaccccgett
gcatcecgatg
gcagacatgce
tgacgcggca

cttggaggag

catctcaaca
accggatcegg
agcaccgtgg
atgatgtaat
ttgggtcegy
cggcgeaggt
tcctettgte
tggcgeecte
aggtcggcga
aagtcatcca
gccataacgyg
cgcgagtaag
cccaccaaaa
ccgggggcga
gtgatgcecgg
cgcagcggea
ttgacgctct
ggataaattc
ccgecgtgat
cgggggagtyg
gccactggec
ctcectgtag
tcggaccggce
gcaaattcct
ctgcggcaga
agggcaccct
gcagatggtg

ggcgagggcee

7/22

attgttgtgt
aaaacctcte
cgggcggcag
taaagtaggc
cctgctgaat
ctttgtagta
ctgcatctct
ttcctececat
caacgcegctc
tgtccacaaa
accagttaac
ccctegagte
agtgcggecgyg
gatcttccaa
cggeggtggt
aaaagtgctc
agaccgtgceca
gcaagggtat
ccatgeggtt
ctecttttag
gcgegeageg
ccggagggtt
cggactgegyg
ccggaaacag
tgcgeecccece
ccectectee
attacgaacc

tggcgeggcet

aggtactecyg
gagaaaggcyg
cgggcggcgg
ggtcttgaga
gcgcaggcgg
gtcttgecatg
tgcatctatc
gegtgtgacc
ggctaatatg
gcggtggtat
ggtctggtga
aaatacgtag
cggctggegg
cataaggcga
ggaggcegege
catggtcggg
aaaggagagc
catggecggac
accgceeccegey
cttectteca
taagcggtta
attttccaag
cgaacggggyg
ggacgagccc
tcctcageag
taccgecgtca
ceecgeggege

aggagcgcece
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cocgeegaggy
tctaaccagt
tcggggttgt
cggeggatgg
tcggecatge
agectttcecta
gctgeggedyg
ccgaagcecce
gcctgetgea
gcgeccgtgt
cceggetgeg
tcgttgcaag
tagaggggcc
tgatatccgt
ggaaagtcge
acgctcectgge
ctgtaagcgg
gaccggggtt
tgtcgaaccc
ggcgcggcgy
ggctggaaag
ggttgagtcg
tttgcctecec
cttttttgcet
cggcaagagc
ggaggggcga
cgggccegge

tctcetgage

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280
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ggtacccaag
tgtttegega
ggcgcgaget
ccgacgegeg
ccgecatacga
tgcgtacget
taagcgegcet
tgcagcacag
agggcegetg
gcttgagect
tttacgeccy
aggggttcta
atcgcaacga
gcgagctgat
ccgagtccta
aggcagctgg
gcgtggagga
tgatgtttct
gagccagccg
gtcgctgact
cgcaattctg
gatcgtaaac
cgacgcgcetyg
cecggetggtg
caacctgggce
gcggggacag
accgcaaagt
cctgcagacc

ggctcccaca

ggtgcagctg
ccgecgaggga
gcggeatgge
aaccgggatt
gcagacggtyg
tgtggcgege
ggagcaaaac
cagggacaac
gctgctecgat
ggctgacaag
caagatatac
catgcgcatg
gcgcatccac
gcacagcctg
ctttgacgcg
ggccggacct
atatgacgag
gatcagatga
tccggectta
gcgegcecaatce
gaagcggtgyg
gcgetggeegd
cttecagegceg
ggggatgtgce
tccatggttyg
gaggactaca
gaggtgtacc
gtaaacctga

ggcgaccgceyg

aagcgtgata
gaggagcccyg
ctgaatcgeg
agtceccgege
aaccaggaga
gaggaggtgg
ccaaatagca
gaggcattca
ttgataaaca
gtggcecgeca
catacccctt
gcgectgaagg
aaggccgtga
caaagggccc
ggcgctgacc
gggctggcgg
gacgatgagt
tgcaagacgc
actccacgga
ctgacgcgtt
tececeggegeg
aaaacagggc
tggctegtta
gcgaggecgt
cactaaacgc
ccaactttgt
agtctgggcec
gcecaggettt

cgacegtgte
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cgcgtgaggce
aggagatgcg
agcggttget
gcgcacacgt
ttaactttca
ctataggact
agccgcectcat
gggatgcget
tcectgecagag
tcaactattc
acgttcceat
tgcttacctt
gcgtgageeg
tggctggecac
tgcgectggge
tggcagccgc
acgagccaga
aacggacccg
cgactggegce
ccggcageag
cgcaaacccc
catccggecc
caacagcggc
ggcgcagegt
ctEcctgagt
gagcgcactyg
agactatttt
caaaaacttg

tagcttagctg

gtacgtgeeg
ggatcgaaag
gcgcgaggag
ggcggeegec
aaaaagcttt
gatgcatctg
ggcgcagetyg
gctaaacata
catagtggtyg
catgcttage
agacaaggag
gagcgacgac
gcggcgegag
gggcagcggce
cccaagccga
gcgegetgge
ggacggcgag
gcggtgcggg
caggtcatgg
ccgcaggeca
acgcacgaga
gacgaggccd
aacgtgcaga
gagcgcgege
acacagcccyg
cggctaatgg
ttccagacca

caggggctgt

acgcccaact
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cggcagaacc 11340
ttccacgcag 11400
gactttgagec 11460
gacctggtaa 11520
aacaaccacg 11580
tgggactttg 11640
ttcecttatag 11700
gtagageccg 11760
caggagcgca 11820
ctgggcaagt 11880
gtaaagatcg 11940
ctgggcgttt 12000
ctcagcgacce 12060
gatagagagg 12120
cgcgecctgg 12180
aacgtcggecg 12240
tactaagcgg 12300
cggcgctgeca 12360
accgcatcat 12420
accggetcte 12480
aggtgctgge 12540
gcctggtcta 12600
ccaacctgga 12660
agcagcaggg 12720
ccaacgtgece 12780
tgactgagac 12840
gtagacaagg 12900
ggggggtgeg 12960
cgcgectgtt 13020
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gctgetgeta
tcacttgetg
ccaggagatt
aaccctaaac
cagcgaggag
cgacggggta
gtatgcctca
cgtgaacccce
tttctacacc
agacgacagc
ggcagaggcyg
cgctgecggece
cagcactcgce
gctgcagecg
cctagtggac
cccgegeaey
cgatgacteg
gcaccttcge
aaaactcacc
cgcgeggega
ccagtggegy
ccgeggtacce
ctattcgaca
aactaccaga
ccgggggagyg
ctgaaaacca
tttaaggcgce

tacgagtggg

atagcgecect
acactgtacc
acaagtgtca
tacctgctga
gagcgcattt
acgcccagceg
aaccggecegt
gagtatttca
gggggattcyg
gtgttttecc
gcgetgegaa
ccgeggtecag
accacccgec
cagcgcgaaa
aagatgagta
cccaccegte
gcagacgaca
cccaggetgyg
aaggccatgyg
tgtatgagga
cggegetggyg
tgcggcectac
ccacccegtgt
acgaccacag
caagcacaca
tcctgeatac
gggtgatggt

tggagttcac

tcacggacag
gcgaggccat
gcegegeget
ccaaccggceg
tgcgctacgt
tggcgetgga
ttatcaaccg
ccaatgccat
aggtgcccga
cgcaaccgcea
aggaaagctt
atgctagtag
cgegectget
aaaacctgcc
gatggaagac
gtcaaaggca
gcagcgtect
ggagaatgtt
caccgagcgt
aggtcctect
ttcteecette
cggggggaga
gtacctggtg
caactttctg
gaccatcaat
caacatgcca
gtcgegettyg

gctgccececgag
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tggcagegtyg
aggtcaggeg
ggggcagdgag
gcagaagatc
gcagcagagc
catgaccgcg
cctaatggac
cttgaacccyg
gggtaacgat
gaccctgcta
ccgcaggeca
cccattteca
gggcgaggag
tcecggeattt
gtacgcgcag
cgaccgtcag
ggatttggga
ttaaaaaaaa
tggttttcett
ccetectacg
gatgctcece
aacagcatcce
gacaacaagt
accacggtca
cttgacgacc
aatgtgaacg
cctactaagy

ggcaactact

tccecgggaca
catgtggacg
gacacgggéa
ccetegttge
gtgagcctta
cgcaacatgg
tacttgcatc
cactggctac
ggattcctct
gagttgcaac
agcagcttgt
agcttgatag
gagtacctaa
cccaacaacg
gagcacaggyg
cggggtetgg
gggagtggca
aaaagcatga
gtattcecect
agagtgtggt
tggaccecgee
gttactctga
caacggatgt
ttcaaaacaa
ggtcgecactg
agttcatgtt
acaatcaggt

ccgagaccat

PCT/US2006/020350
catacctagg 13080
agcatacttt 13140
gcetggagge 13200
acagtttaaa 13260
acctgatgecg 13320
aaccgggecat 13380
gcgecggecocge 13440
cgceccectgg 13500
gggacgacat 13560
agcgcgagca 13620
ccgatectagg 13680
ggtctcttac 13740
acaactcgct 13800
ggatagagag 13860
acgtgccagg 13920
tgtgggagga 13980
acccgtttge 14040
tgcaaaataa 14100
tagtatgcgg 14160
gagcgeggeg 14220
gtttgtgect 14280
gttggcacce 14340
ggcatccctg 14400
tgactacagc 14460
gggcggegac 14520
taccaataag 14580
ggagctgaaa 14640
gaccatagac 14700
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cttatgaaca
gaaagcgaca
actggtcttg
ctgccaggat
aagcggcaac
attccecgeac
ggcgggagtyg
gcggcagecyg
acctttgcecca
gceccecegetyg
acagaggaca
taccgcaget
accctgettt
gacatgatgc
gtgggegecey
tcccaactca
cagattttgg
ctcacagatc
attactgacg
ccgegegtec
aataacacag
tccgaccaac
cgcggecgea
cgcaactaca
gtgcgeggag
caccgecgec
cgtcgeacceg
actgtgccce

atgactcagyg

'ac§Cgatcgt

tcggggtaaa
tcatgecctgg
gcggggtgga
ccttccagga
tgttggatgt
gcgcecaggegg
cggcaatgca
cacgggctga
cgcaacccga
gcaagaaacg
ggtaccttgce
gcactcctga
aagacccecgt
agctgttgcece
tccgecagtt
cgcgeecgec
acgggacget
ccagacgccey
tatcgagecg
gctggggect
acccagtgeg
ctgggcgcac
cgceccacgcec
ccecggegeta
gaccecggeac
gccgacgggce
ccaggtccag

gtcgecagggyg

ggagcactac
gtttgacacc
ggtatataca
cttcacccac
gggctttagg
ggacgcctac
cagcaacagc
gceggtggag
ggagaagege
ggtcgagaag
cagttacaac
atacaactac
cgtaacctgc
gacctteccge
cgtgcactcee
tacctctectg
agccceccacce
accgctgege
cacctgeecece
cactttttga
gcgettecceca
cgtgcgcggg
caccgtcgat
gccaccagtg
tgctaaaatg
tgcegeccaa
ggccatgegy
gcgacgagcyg

caacgtgtat
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ttgaaagtgg
cgeaacttea
aacgaagcct
agccgectga
atcacctacg
caggcgagcet
agtggcageg
gacatgaacg
gctgaggeeyg
cctcagaaga
ctaataagca
ggcgacccte
ggctcggage
tcecacgegece
aagagcttct
acccacgtgt
atcaccaccg
aacagcatcg
tacgtttaca
gcaagcatgt
agcaagatgt
cactaccgeg
gacgccatcyg
tccacagtgg
aagagacggc
cgcgcggcegy
gccgcectegaa
gccgecgeayg

tgggtgcgeg

gcagacagaa
gactggggtt
tcecatccaga
gcaacttgtt
atgatctgga
tgaaagatga
gcgeggaaga
atcatgcecat
aagcagcgge
aaccggtgat
atgacagcac
agaccggaat
aggtctactg
agatcagcaa
acaacgacca
tcaatcgett
tcagtgaaaa
gaggagtcca
aggccctggg
ccatccttat
ttggcggggce
cgccctgggg
acgcggtggt
acgcggcecat
ggaggcgegt
cggecctget
ggctggecge
cagccgegge

actcggttag
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cggggttety
tgacccegte
catcattttg
gggcatcecge
gggtggtaac
caccgaacag
gaactccaac
tcgeggegac
cgaagctgece
caaacccecectg
cttcacccag
ccgctecatgg
gtcgttgeca
ctttceggtg
ggccgtcetac
tcecgagaac
cgttcecectget
gcgagtgacc
catagtctcg
atcgccecage
caagaagcgc
cgcgcacaaa
ggaggaggcyg
tcagaccgtg
agcacgtcge
taaccgcgeca
gggtattgtc
cattagtgct

cggectgege

14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140
16200
16260
16320
16380

16440
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gtgcecegtge
tactgttgta
aaagaagaga
caggattaca
gaacttgacg
aaaggtcgac
gagegetcea
cttgagcagg
ctggegttge
caggtgctgce
gacttggcac
gaaaaaatga
gtggcgecgy
agtattgcca
gcggatgecg
acggacccgt
ggcgecgeca
ggctatcgtyg
actggaaccc
agggtggetc
atcgtttaaa
ttecceggtge
ctgacgggcy
cgcqgcggta
ggaattgcat
aaaaatcaaa
aatggaagac

aaactggcaa

gcacccgecce
tgtatccage
tgctccaggt
agccccgaaa
acgaggtgga
gcgtaaaacyg
cccgeaccta
ccaacgagceg
cgctggacga
ccgegettge
ccaccgtgcea
ccgtggaace
gactgggegt
ccgccacaga
cggtgcaggce
ggatgtttcyg
gcgcegetact
gctacaccta
gcegecgecyg
gcgaaggagyg
agccggtett
cgggattecg
gcatgcgtcy
tcctgececect
ccgtggecett
ataaaaagtc
atcaactttg

gatatcggceca

ccegegeaac
ggcggcggcyg
catcgegecy
gctaaagcgg
actgctgeac
tgttttgcga
caagcgegtyg
ccteggggag
gggcaaccca
accgtcecgaa
gctgatggta
tgggctggag
gcagaccgty
gggcatggag
ggtcegctgeg
cgtttcagce
gcccgaatat
ccgecccaga
tcgeegtege
caggaccctg
tgtggttctt
aggaagaatg
tgcgeaccac
ccttattcceca
gcaggcgceayg
tggactctca
cgtctetgge

ccagcaatat
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tagattgcaa
cgcaacgaag
gagatctatg
gtcaaaaaga
gctaccgege
cccggeacca
tatgatgagg
tttgcctacyg
acacctagcece
gaaaagcgcyg
cccaagcgec
ccegaggtece
gacgttcaga
acacaaacgt
gccgegtecea
ccececggegec
gccectacatce
agacgagcaa
cagcccgtge
gtgctgceccaa
gcagatatgg
caccgtagga
cggcggcegge
ctgatcgeeg
agacactgat
cgetegettyg
cccgcgacac

gagcggtgge

gaaaaaacta
ctatgtccaa
gcececccgaa
aaaagaaaga
ccaggcgacyg
ccgtagtett
tgtacggcga
gaaagcggca
taaagcccgt
gcctaaagceg
agcgactgga
gcgtgeggec
tacccactac
cceceggttge
agacctctac
cgecgeggtte
ctteccattge
ctacccgacg
tggccecgat
cagcgcegceta
ccctcacctg
ggggcatgge
gcgegtegea
cggcgattgg
taaaaacaag
gtcctgtaac
ggctcgegece

gccttecaget
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cttagactcg
gcgcaaaatce
gaaggaagag
tgatgatgat
ggtacagtgg
tacgceccggt
cgaggacctg
taaggacatg
aacactgcag
cgagtctggt
agatgtcttg
aatcaagcag
cagtagcacc
ctcagceggtg
ggaggtgcaa
gaggaagtac
gectaccecee
ccgaaccace
ttcegtgege
ccaccccage
ccgecteegt
cggcecacgge
cecgtegeatg
cgecegtgecec
ttgcatgtgg
tattttgtag
cgttcatggg

ggggcteget

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120
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gtggageggce
cagcagcaca
ggtagatggce
aaataagatt
ggagacagtyg
tctggtgacg
caccacccecgt
gctggacctg
cgttgttgta
gttgcggcecc
ggtgcaatcc
tgtatgcgtc
atggctaccc
tcggagtacce
ctgaataaca
tceccagegtt
aaggcgeggt
tttgacatcc
tacaacgccc
gctcttgaaa
gctgagcagc
aaggagggta
caacctgaac
gggagagtcc
acaaatgaaa
caagtggaaa
actcctaaag
tcttacatge

cccaacagge

‘attaaaaatt

ggccagatgce
ctggcctctg
aacagtaagc
tctccagagg
caaatagacg
cccatcgege
cctcceeceyg
acccgtcecta
gtagccagtg
ctgaagcgcec
catgtcgeceg
cttcgatgat
tgagccecgg
agtttagaaa
tgacgétgcg
tcaccctagce
gcggegtget
tggctcccaa
taaacctaga
aaaaaactca
ttcaaatagg
ctcaaatagg
ttaaaaagac
atggagggca
tgcaattttt
tggtattgta
ccactattaa

ctaattacat

tcggttccac
tgagggataa
gcattagcgg
ttgatcececeg
ggcgtggega
agccteecte
ccatggctac
ccgacaccca
gccgegegte
gcaactggca
gacgatgett
ccagaggagc
gccgcagtgg
gctggtgcag
ccccacggtyg
gttcatccect
tgtgggtgat
ggacaggggc
gggtgccececca
agaagaggac
cgtatttggg
tgtecgaaggt
agaatctcag
taccccaatg
aggcattctt
ctcaactact
cagtgaagat
ggaaggtaac

tgecttttagg

12/22

cgttaagaac
gttgaaagag
ggtggtggac
ccctecegta
aaagcgtecg
gtacgaggag
cggagtgetg
gcagaaacct
cctgegecge
aagcacactg
ctgaatagct
tgctgagceceg
tcttacatge
tttgcececgeg
gcgcectacge
gtggaccgtg
aaccgtgtgc
cctactttta
aatccttgeg
gatgacaacg
caggcgcctt
caaacaccta
tggtacgaaa

aaaccatgtt

‘gtaaagcaac

gaggcgaccg
gtagatatag
tcacgagaac

gacaatttta

tatggcagca
caaaatttcc
ctggccaacc
gaggagcctc
cgecccgaca
gcactaaagc
ggccagcaca
gtgctgecag
gcecgecageg
aacagcatcg
aacgtgtcegt
ccgegegecc
acatctcggg
ccaccgagac
acgacgtgac
aggatactgce
tggacatggc
agccctactce
aatgggatga
aagacgaagt
attctggtat
aatatgccga
ctgaaattaa
acggttcata
aaaatggaaa
caggcaatgg
aaaccccaga
taatgggcca

ttggtctaat
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aggcctggaa
aacaaaaggt
aggcagtgca
caccggecgt
gggaagaaac
aaggecctgee
cacccgtaac
gcecgaccge
gtccgcegatce
tgggtctggyg
atgtgtgtca
gctttccaag
ccaggacgcec
gtacttcagce
cacagaccgg
gtactcgtac
ttccacgtac
tggcactgcc
agctgctact
agacgagcaa
aaatattaca
taaaacattt
tcatgcagcet
tgcaaaaccc
gctagaaagt
tgataacttg
cactcatatt
acaatctatg

gtattacaac

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080.

15140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860
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agcacgggta
ttgcaagaca
accaggtact
attgaaaatc
attaatacag
aaagatgcta
gaaatcaatc
ttgccegaca
tacgactaca
ggagcacgct
gctggectgce
caggtgccte
tacgagtgga
ctaagggttyg
ccecatggecece
cagtccttta
accaacgtgce
acgcgectta
tactctggcet
gtggccatta
aacgagtttyg
atgaccaaag
ttetatatcc
atgagccgtc
caccaacaca
gcctaccctg
cagaaaaagt

tccatgggeg

atatgggtgt
gaaacacaga
tttetatgtyg
atggaactga
agactcttac
cagaatttte
taaatgccaa
agctaaagta
tgaacaagcg
ggtecccttga
gctaccgete
agaagttctt
acttcaggaa
acggagccag
acaacaccgc
acgactatct
ccatatccat
agactaagga
ctatacccta
cctttgacte
aaattaagcg
actggttcct
cagagagcta
aggtggtgga
acaactctgg
ctaacttcce
ttetttgecga

cactcacaga

tctggeggge
gctttecatac
gaatcaggcet
agatgaactt
caaggtaaaa
agataaaaat
cctgtggaga
cagtccttec
agtggtggcet
ctatatggac
aatgttgctyg
tgccattaaa
ggatgttaac
cattaagttt
ctcecacgett
ctecegecegece
cceeteccge
aaccccatca
cctagatgga
ttctgtcage
ctcagttgac
ggtacaaatg
caaggaccgce
tgatactaaa
atttgttgge
ctatccgett
tcgecaccett

cctgggccaa
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caagcatcgce
cagcttttge
gttgacagcet
ccaaattact
cctaaaacag
gaaataagag
aatttcctgt
aacgtaaaaa
ccecgggttag
aacgtcaacc
ggcaatggtc
aacctectte
atggttctgc
gatagcattt
gaggcceatgce
aacatgctct
aactgggcgg
ctgggetegy
accttttacc
tggcctggea
ggggagggtt
ctagctaact
atgtactcct
tacaaggact
taccttgccece
ataggcaaga
tggcgcatce

aaccttctcect

agttgaatgce
ttgatteccat
atgatccaga
gctttceccecact
gtcaggaaaa
ttggaaataa
actccaacat
tttctgataa
tggactgcta
catttaacca
gctatgtgece
tcctgecggg
agagctcccet
gcectttacge
ttagaaacga
accctatacc
ctttecgegg
gctacgacce
tcaaccacac
atgaccgect
acaacgttgce
acaacattgg
tctttagaaa
accaacaggt
ccaccatgeg
ccgcagttga
cattctcecag

acgccaacte
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tgttgtagat
tggtgataga
tgttagaatt
gggaggtgty
tggatgggaa
ttttgccatg
agcgctgtat
cccaaacacce
cattaacctt
ccaccgcaat
cttecacatce
ctcatacacc
aggaaatgac
caccttette
caccaacgac
cgccaacgcet
ctgggecttc
ttattacacc
ctttaagaag
gcttaccccc
ccagtgtaac
ctaccagggce
cttccagececce
gggcatccta
cgaaggacag
cagcattacc
taactttatg

cgcceccacgceg

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540
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ctagacatga
gaagtctttg
ctgegeacge
cagctgccgce
gtgggccata
agctcgectg
cctttgectg
accagcgact
ttgcttette
ccaactcggc
cccaaactcce
tgctcaacag
tcetggageg
ctttttgtea
aatgctttta
tttaaaaatc
gatactggtg
agttttcact
tcttgaagtce
agcactggaa
tcagatccge
gcctteccaa
aaaggtgacc
gcttaaaagce
aaaactgatt
tctgecaccac
tcagcgegeg
tcataatget

acaacgcgea

cttttgaggt
acgtggtceg
ccttectegge
catgggctcc
ttttttggge
cgccatagte
gaacccgceac
caagcaggtt
ccecgaccge
cgectgtgga
catggatcac
tccecaggta
ccactcgece
cttgaaaaac
tttgtacact
aaaggggttc
tttagtgete
ccacaggctg
gcagttgggg
cactatcagc
gtccaggtcec
aaagggcgcy
gtgeccecggte
cacctgagcc
ggccggacag
attteggece
ctgccegttt
tcegtgtaga

gccegtggge

ggatcccatg
tgtgcaccgg
cggcaacgcce
agtgagcagg
acctatgaca
aatacggccg
tcaaaaacat
taccagtttg
tgtataacgc
ctattctget
aaccccacca
cagcccacce
tacttccgea
atgtaaaaat
ctecgggtgat
tgcecgegeat
cacttaaact
cgcaccatca
ccteegecct
gccgggtggt
tcegegttge
tgcccaggcet
tgggcgttag
tttgcgecett
gcecgegtogt
caccggttct
tcgetegtea
cacttaagct

tcgtgatget
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gacgagccca
ccgcaccgeyg
acaacataaa
aactgaaagc
agcgetttce
gtcgegagac
gctacctcett
agtacgagtc
tggaaaagtc
gcatgtttcet
tgaaccttat
tgegtegeaa
gccacagtgce
aatgtactag
tatttaccce
cgctatgege
caggcacaac
ccaacgcgtt
gcgcgcgcega
gcacgctgge
tcagggcgaa
ttgagttgca
gatacagcgc
cagagaagaa
gcacgcagca
tcacgatctt
catccatttc
cgccttcegat

tgtaggtcac

ccettettta
gcgtcatcga
gaagcaagca
cattgtcaaa
aggctttgtt
tgggggcgta
tgagccettt
actcctgege
cacccaaage
ccacgecttt
taccggggta
ccaggaacag
gcagattagg
agacactttc
cacccttgec
cactggcagyg
catccgegge
tagcaggtcg
gttgcgatac
cagcacgctc
cggagtcaac
ctecgecaccgt
ctgcataaaa
catgccgcaa
ccttgegteg
ggccttgeta
aatcacgtgce
ctcagcgeag

ctctgcaaac
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tgttttgttt
aaccgtgtac
acatcaacaa
gatcttggtt
tctccacaca
cactggatgg
ggcttttetg
cgtagcgceca
gtacaggggc
gccaactggce
cccaactcecca
ctctacaget
agcgecactt
aataaaggca
gtctgcgecg
gacacgttgc
agctcggtga
ggcgccgata
acagggttge
ttgtcggaga
tttggtagcet
agtggcatca
gccttgatcet
gacttgeccgg
gtgttggaga
gactgctect
tccttattta
cggtgcagec

gactgcaggt

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280
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acgectgeag
gcaacccgeg
ggtcaggcag
gcgegegege
tcatcaccgt
taccacgcgc
catgcttgat
tttcttecte
ggcgettctt
ggctgggtgt
tacgccgect
acgacacgtc
tttegegetyg
tggagtcagt
ccaccgatge
aggaagtgat
taccaacaga
ggcgggggda
atctgcageg
tcgecatage
ccaaacgcca
ttgcegtgec
tatcctgeceg
tcatacctga
acgagaagcyg
gagtgttggt
aggtcaccca

tgagtgagct

gaatcgccecec
gtgctccteg
tagtttgaag
agcectccatg
aatttcactt
cactgggtcyg
tagcac;ggt
gctgtceccacy
tttettcttg
gcgeggeace
cateccgettt
ctccatggtt
ctecctcettee
cgagaagaag
cgccaacgceg
tatcgagcag
ggataaaaag
cgaaaggcat
ccagtgecgece
ggatgtcage
agaaaacggc
agaggtgctt
tgccaaccge
tatcgectceg
cgcggcaaac
ggaactcgag
ctttgcctac

gatcgtgcge

atcatcgtca
ttcagccagg
ttcocgecttta
cectteteee
tcegettege
tcttecattea
gggttgctga
attacctctg
ggcgcaatgg
agcgcgtett
tttgggggeg
gggggacgtc
cgactggcca
gacagcctaa
cctaccacct
gacccaggtt
caagaccagg
ggcgactacc
attatctgeg
cttgectacyg
acatgcgage
gccacctatce
agccgagcgg
ctcaacgaag
gctctgcaac
ggtgacaacyg
ccggcactta

cgtgecgecagce
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caaaggtctt
tcttgcatac
gatcgttatce
acgcagacac
tgggectctte
gcecgecgeac
aacccaccat
gtgatggcgg
ccaaatcege
gtgatgagtc
ccecggggagyg
gcgecgcacc
ttteccttete
ccgecccecte
tceeegtega
ttgtaagcga
acaacgcaga
tagatgtggg
acgcgttgea
aacgccacct
ccaacccgceg
acatcttttt
acaagcagct
tgccaaaaat
aggaaaacag
cgcgectage
acctacccce

ccectggagag

gttgctggtg
ggccgecaga
cacgtggtac
gatcggcaca
ctcttecetet
tgtgcgctta
ttgtagegcece
gcgeteggge
cgeegaggte
ttecetegtee
cggeggegac
gcgtecgege
ctataggcag
tgagttcgece
ggcaccceeg
agacgacgag
ggcaaacgag
agacgacgtg
agagcgcagce
attctcaccg
cctcaactte
ccaaaactgc
ggccttgegy
ctttgagggt
cgaaaatgaa
cgtactaaaa
caaggtcatg

ggatgcaaat
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aaggtcagct 23340
gctteccactt 23400
ttgtccatca 23460
ctcagcgggt 23520
tgcgtcegea 23580
cctectttge 23640
acatcttcte 23700
ttgggagaag 23760
gatggcegeg 23820
tcggactecga 23880
ggggacgggg 23940
tcgggggtgg 24000
aaaaagatca 24060
accaccgeet 24120
cttgaggagg 24180
gaccgctcag 24240
gaacaagtcg 24300
ctgttgaagec 24360
gatgtgcecece 24420
cgcegtaccee 24480
taccccgtat 24540
aagatacccc 24600
cagggcgetg 24660
cttggacgeg 24720
agtcactctg 24780
cgcagcatcg 24840
agcacagtca 24900
ttgcaagaac 24960
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aaacagagga
gcgagectge
tggagcttga
aaacattgca
tggagctctg
acgtgcttca
acttatttct
agtgcaacct
ccttecaacga
ttaaaaccct
ggaactttat
actttgtgec
tgcagctage
gtctactgga
attcgcagcet
ctgacgaaaa
accttcgcaa
aatcccgecc
gccaattgca
tttacttgga
atcagcagca
ccgecgecac
gaggaggagg
gaagaggtgt
aaatcggcaa
ccegttegece
cageccgecgc
cacaagaacg

cgetttette

" gggcectaccce
cgacttggag
gtgcatgcag
ctacaccttt
caacctggtc
ttccacgete
atgctacacc
caaggagctyg
gegetecgtyg
gcaacagggt
cctagagcgce
cattaagtac
caactacctt
gtgtcactgt
gcttaacgaa
gtccecgegget
atttgtacct
gccaaatgcg
agccatcaac
cccecagtec
gccecgcecgggec
ccacggacga
aggacatgat
cagacgaaac
ccggttecag
gacccaaccyg
cgttagccca
ccatagttgce

tctaccatca

gcagttggeg
gagcgacgca
cggttctttg
cgacagggct
tcctaccttg
aagggcgagd
tggcagacgg
cagaaactgc
gcecgegeace
ctgccagact
tcaggaatct
cgcgaatgee
gccectaccact
cgctgcaacc
égtcaaatta
ccggggttga
gaggactacc
gagcttaccg
aaagcccgec
ggcgaggagc
cttgcttecce
ggaggaatac
ggaagactgg
accgtcacce
catggctatca
tagatgggac
agagcaacaa
ttgcttgcaa

cggegtggec
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acgagcagct
aactaatgat
ctgacccgga
acgtacgcca
gaattttgca
cgcgeegega
ccatgggcgt
taaagcaaaa
tggcggacat
tcaccagtca
tgececegecac
ctcegecget
ctgacataat
tatgcaccce
tcggtacctt
aactcactcce
acgcccacga
cctgcgteat
aagagtttct
tcaacccaat
aggatggcac
tgggacagtc
gagagcctag
tcggtcegeat
acctccgcete
accactggaa
cagcgccaag
gactgtgggg

ttececcgta

agcgcegectgg
ggccgcagtg
gatgcagcgce
ggcctgcaayg
cgaaaaccgc
ctacgtecge
ttggcagcag
cttgaaggac
cattttecce
aagcatgttyg
ctgectgtgea
ttggggccac
ggaagacgtyg
gcaccgctec
tgagctgcag
ggggctgtgg
gattaggttc
tacccagggc
gctacgaaag
ccceecgecy
ccaaaaagaa
aggcagagga
acgaggaagc
tcceccectegee
ctcaggcgece
ccagggccgg
gctaccgcectce
gcaacatctc

acatcctgceca
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cttcaaacge 25020
ctcgttaccg 25080
aagctagagg 25140
atctccaacg 25200
cttgggcaaa 25260
gactgcgttt 25320
tgcttggagg 25380
ctatggacgg 25440
gaacgcctge 25500
cagaacttta 25560
cttcecctageg 25620
tgctacctte 25680
agcggtgacg 25740
ctggtttgea 25800
ggtccctege 25860
acgtcggett 25920
tacgaagacc 25980
cacattcttg 26040
ggacgggggg 26100
ccgecageect 26160
gctgcagetg 26220
ggttttggac 26280
ttccgaggte 26340
ggcgecccag 26400
gccggecactyg 26460
taagtccaag 26520
atggcgcggg 26580
cttcgecege 26640
ttactaccegt 26700



WO 2006/127956

catctctaca
acagaagcaa
ggcagcageca
gcttagaaac
acaagagctg
caaaagcgaa
ctgcgegetg
acgtcatctc
ggaaattccc
tgcccaagac
ggtcaacgga
cacacctcgt
tceccgetecce
ctcaggggceg
aactcacctg
gcttggtete
'gcctcgtcag
tggaactctg
acctccecgge
ggacggctac
ccactgtecge
gccecgaggat
tgccegtage
accctgtgtt
ttgccatete
gccatcctgt
gtacttttaa

tacgagagaa

gcccatactyg
aggcgaccgyg
ggaggaggag
aggatttttc
aaaataaaaa
gatcagcttc
actcttaagg
cagcggecac
acgccctaca
tactcaaccce
atccgecgecec
aataacctta
accactgtgg
cagcttgegyg
acaatcagag
cgtccggacyg
gcaatcctaa
caatttattg
cactatccgg
gactgaatgt
cgccacaagt
catatcgagg
ctgattcggg
ctcactgtga
tgtgctgagt
aaacgccacc
catctctcce

cctectecgag

caccggceggce
atagcaagac
cgctgegtet
ccactetgta
acaggtctct
ggcgcacgct
actagtttcg
acccggegec
tgtggagtta
gaataaacta
accgaaaccg
atccccgtag
tacttcccag
gecggettteg
ggcgaggtat
ggacatttca
ctctgcagac
aggagtttgt
atcaatttat
taagtggaga
gctttgcecy
gceccggegea
agtttaccca
tttgcaacty
ataataaata
gtcttcaccce
tctgtgattt

ctcagctact
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agcggcageyg
tctgacaaag
ggcgcccaac
tgctatattt
gcgatcccete
ggaagacgcg
cgcecetttet
agcacctgtce
ccagccacaa
catgagecgeg
aattctcttg
ttggcceget
agacgcccag
tcacagggtyg
tcagctcaac
gatcggegge
ctegtecetet
gccatecggtce
tcctaacﬁtt
ggcagagcaa
cgactceggt
cggcgteegg
gcgecccectyg
tcctaacctt
cagaaattaa
gcccaagcaa
acaacagttt

ccatcagaaa

gcagcaacag
cccaagaaat
gaacccgtat
caacagagca
acccgcaget
gaggctctct
caaatttaag
gtcagcgcecea
atgggacttg
ggaccccaca
gaacaggcgyg
gcectggtgt
gccgaagttce
cggtecgecceg
gacgagtcgg
gccggecgte
gagccgegcet
tactttaacc
gacgcggtaa
ctgcgectga
gagttttgcet
cttaccgecce
ctagttgagc
ggattacatc
aatatactgg
accaaggcga
caacccagac

aaacaccacc

PCT/US2006/020350
cagcggeccac 26760
ccacagegge 26820
cgacccgega 26880
ggggccaaga 26940
gcctgtatca 27000
tcagtaaata 27060
cgcgaaaact 27120
ttatgagcaa 27180
cggctggage 27240
tgatatcccg 27300
ctattaccac 27360
accaggaaag 27420
agatgactaa 27480
ggcagggtat 27540
tgagcteccte 27600
cttcattcac 27660
ctggaggcat 27720
ccttectecggg 27780
aggactcggc 27840
aacacctggt 27900
actttgaatt 27960
agggagagct 28020
gggacagggg 28080
aaga?ctttg 28140
ggctcctate 28200
accttacctg 28260
ggagtgagtc 28320
ctccttacct 28380
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gcegggaacy
cagacttttt
aaacccttag
aactctacgg
cttgtgattec
gtgcacattt
ggtacataat
attttaagga
ttataaaatg
agtatgctgt
tccagggtaa
ttaccatgta
ctggcacttt
tctatattaa
ctaagttaca
aaaaagttag
ccattceccet
aggcttcectg
teccaactaca
ccggacttac
acttgggcat
tcatctgctyg
tacacccaaa
ttacagtatg
gcttttttgt
agccttcaca
cactgtggtc
cagacaccat

atgaaattta

tacgagtgceg
ccggacagac
ggtattaggc
gctattctaa
tctttattet
gcatttattg
cctaggttta
gccagectgt
caccacagaa
ttatgectatt
aagtcataaa
catgagcaaa
ctgctgeact
atacaaaagc
aagctaatgt
cattataatt
gaacaattga
gatgtcagca
gcgacccacc
atctaccaca
gtggtggttc
cctaaagcgce
caatgatgga
attaaatgag
gcgtgeteca
gtctatttgce
atcgceccttta
cccecagtaca

ctgtgacttt

tcaccggeceg
ctcaataact
caaaggcgea
ttcaggtttce
tatactaacg
tcagecttttt
ctcacccttg
aatgttacat
catgaaaagc
tggcagccag
acttttatgt
cagtataagt
gctatgctaa
agacgcagct
caccactaac
agaataggat
ctctatgtgg
tctgactttg
ctaacagaga
aatacacccc
tccatagege
aaacgcgccc
atccatagat
acatgattcc
cattggctgce
tttacggatt
tccagtgcat
gggacaggac

tctgectgatt

18/22
ctgcaccaca
ctgtttacca
gctactgtgg
tctagaatcg
cttetetgece
aaacgctggg
cgtcageccca
tcgcagcectga
tgcttattecg
gtgacactac
atacttttec
tgtggccccece
ttacagtgct
ttattgagga
tgctttacte
ttaaaccccece
gatatgctcc
gccagcacct
tgaccaacac
aagtttctge
ttatgtttgt
gaccacccat
tggacggact
tcgagttttt
ggtttctcac
tgtcacccte
tgactgggtc
tatagctgag

atttgcaccc

cctaccgecet
gaacaggagg
ggtttatgaa
gggttggggt
taaggctcéc
gtcgccacce
cggtaccacce
agctaatgag
ccacaaaaac
agagtataat
attttatgaa
acaaaattgt
cgetttggte
aaagaaaatg
gctgettgceca
cggtcattte
agcgctacaa
gtccecgegga
aaccaacgcg
ctttgtcaat
atgccttatt
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