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PRODUCTION OF MULTIMERIC PROTEINS

The U.S. Government has certain rights in this invention. The development of
this invention was partially funded by the United States Government under a HATCH
grant from the United States Department of Agriculture, partially funded by the
United States Government with Formula 1433 funds from the United States
Department of Agriculture and partially funded by the United States Government
under contract DAAD 19-02016 awarded by the Army.

FIELD OF THE INVENTION

The present invention relates generally to production of multimeric proteins in
a transgenic individual, wherein genes encoding the multimeric proteins are operably-
linked to signal sequences, or portions of signal sequences.

BACKGROUND OF THE INVENTION

Methods for producing multimeric proteins in transgenic animals are
desirable for a variety of reasons, including the transgenic animal’s potential as
biological factories to produce multimeric proteins for pharmaceutical, diagnostic and
industrial uses. This potential is attractive to the industry due to the inadequate
capacity in facilities used for recombinant production of multimeric proteins and the
increasing demand by the pharmaceutical industry for use of these facilities.
Numerous attempts to produce transgenic animals have met several problems,
including low rates of gene incorporation and unstable gene incorporation.
Accordingly, improved gene technologies are needed for the development of
transgenic animals for the production of multimeric proteins .

Several of the prior art gene delivery technologies employed viruses that are
associated with potentially undesirable side effects and safety concerns. The majority
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of current gene-delivery technologies useful for gene therapy rely on virus-based
delivery vectors, such as adeno and adeno-associated viruses, retroviruses, and other
viruses, which have been attenuated to no longer replicate. (Kay, M.A., et al. 2001.
Nature Medicine 7:33-40).

There are multiple problems associated with the use of viral vectors. Firstly,
they are not tissue-specific. In fact, a gene therapy trial using adenovirus was recently
halted because the vector was present in the patient’s sperm (Gene trial to proceed
despite fears that therapy could change child's genetic makeup. The New York
Times, December 23, 2001). Secondly, viral vectors are likely to be transiently
incorporated, which necessitates re-treating a patient at specified time intervals. (Kay,
M.A., et al. 2001. Nature Medicine 7:33-40). Thirdly, there is a concern that a viral-
based vector could revert to its virulent form and cause disease. Fourthly, viral-based
vectors require a dividing cell for stable integration. Fifthly, viral-based vectors
indiscriminately integrate into various cells, which can result in undesirable germline
integration. Sixthly, the required high titers needed to achieve the desired effect have
resulted in the death of one patient and they are believed to be responsible for
induction of cancer in a separate study. (Science, News of the Week, October 4,
2002).

Accordingly, what is needed is a new method to produce multimeric proteins
in transgenic animals and humans, in which the vector containing those genes does
not cause disease or other unwanted side effects. There is also a need for DNA
constructs that would be stably incorporated into the tissues and cells of animals and
humans, including cells in the resting state that are not replicating. There is a further
recognized need in the art for DNA constructs capable of delivering genes to specific
tissues and cells of animals and humans and for producing multimeric proteins in

those animals and humans.

SUMMARY OF THE INVENTION

The present invention provides a new, effective and efficient method of
producing multimeric proteins in an individual. Multimeric proteins include
associated multimeric proteins (two or more associated polypeptides) and multivalent
multimeric proteins (a single polypeptide encoded by more than one gene of interest).
Expression and/or formation of the multimeric protein in the individual is achieved by
administering a polynucleotide cassette containing the genes of interest to the
individual. The polynucleotide cassette may additionally contain one or more pro
sequences, prepro sequences, cecropin prepro sequences, and/or cleavage site

sequences.
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This invention provides polynucleotide cassettes containing two or more genes
of interest and two or more pro polynucleotide sequences, wherein each gene of
interest is operably-linked to a pro nucleotide sequence. Each of the genes of interest
encodes a polypeptide that forms a part of the multimeric protein. One discovery of
the present invention is the use of pro portions of prepro signal sequences to facilitate
appropriate processing, expression, and/or formation of multimeric proteins in an
individual.  Several examples of prepro polynucleotides from which a pro
polynucleotide can be derived or be a part of are a cecropin prepro, lysozyme prepro,
ovomucin prepro, ovotransferrin prepro, a signal peptide for tumor necrosis factor
receptor (SEQ ID NO:6), a signal peptide encoded by a polynucleotide sequence
provided in one of SEQ ID NOs:7-54 and a signal peptide provide in SEQ ID NO:55.
The prepro or pro polynucleotide can be a cecropin prepro or pro polynucleotide
selected from the group consisting of cecropin A1, cecropin A2, cecropin B, cecropin
C, cecropin D, cecropin E and cecropin F. In a preferred embodiment, the pro
polynucleotide is a cecropin B pro polynucleotide having a sequence shown in SEQ
ID NO:1 or SEQ ID NO:2. A preferred prepro polynucleotide is a cecropin B
polynucleotide having a sequence shown in SEQ ID NO:3 or SEQ ID NO:4.

Another discovery of the present invention is that cecropin prepro sequences
facilitate appropriate processing, expression, and/or formation of proteins, including
multimeric proteins, in an individual. Accordingly, the present invention includes
polynucleotide cassettes containing one or more genes of interest operably-linked to a
cecropin prepro sequence. In one embodiment, the polynucleotide cassette contains
two or more genes of interest operably-linked to a cecropin prepro sequence.
Preferred cecropin prepro polynucleotides are provided in SEQ ID NO:3 and SEQ ID
NO:4. The present invention also includes polynucleotide cassettes containing two or
more genes of interest operably linked to a cecropin prepro polynucleotide, wherein
pro sequences are located between the genes of interest.

These polynucleotide cassettes are administered to an individual for
expression of polypeptide sequences and the formation of a protein, and more
preferably, a multimeric protein. Preferably, the individual ’is an animal from which
the protein can be harvested. Preferred animals are egg-laying or milk-producing

animals.
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In one embodiment, the egg-laying transgenic animal is an avian. The method
of the present invention may be used in avians including Ratites, Psittaciformes,
Falconiformes, Piciformes, Strigiformes, Passeriformes, Coraciformes, Ralliformes,
Cuculiformes, Columbiformes, Galliformes, Anseriformes, and Herodiones.
Preferably, the egg-laying transgenic animal is a poultry bird. More preferably, the
bird is a chicken, turkey, duck, goose or quail. Another preferred bird is a ratite, such
as, an emu, an ostrich, a thea, or a cassowary. Other preferred birds are partridge,
pheasant, kiwi, parrot, parakeet, macaw, falcon, eagle, hawk, pigeon, cockatoo, song
birds, jay bird, blackbird, finch, warbler, canary, toucan, mynah, or sparrow.

In some embodiments, the polynucleotide cassettes are located within
transposon-based vectors that allow for incorporation of the cassettes into the DNA of
the individual. The transposon-based vectors of the present invention include a
transposase, operably-linked to a first promoter, and a coding sequence for a protein
or peptide of interest operably-linked to a second promoter, wherein the coding
sequence for the protein or peptide of interest and its operably-linked promoter are
flanked by transposase insertion sequences recognized by the transposase. The
transposon-based vector also includes the following characteristics: a) one or more
modified Kozak sequences comprising ACCATG (SEQ ID NO:5) at the 3’ end of the
first promoter to enhance expression of the transposase; b) modifications of the
codons for the first several N-terminal amino acids of the transposase, wherein the
nucleotide at the third base position of each codon is changed to an A or a T without
changing the corresponding amino acid; c) addition of one or more stop codons to
enhance the termination of transposase synthesis; and/or, d) addition of an effective
polyA sequence operably-linked to the transposase to further enhance expression of
the transposase gene. In some embodiments, the effective polyA sequence is an avian
optimized polyA sequence.

In one embodiment, the transposon-based vector comprises an avian optimized
polyA sequence and does not comprise a modified Kozak sequence comprising
ACCATG (SEQ ID NO:5). One example of such a transposon-based vector is the
pTaMCS vector (SEQ ID NO:56). In another embodiment the transposon-based
vector comprises a) one or more modified Kozak sequences comprising ACCATG
(SEQ ID NO:5) at the 3’ end of the first promoter to enhance expression of the

transposase; b) modifications of the codons for the first several N-terminal amino
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acids of the transposase, wherein the third base of each codon was changed to an A or
a T without changing the corresponding amino acid; c) addition of one or more stop
codons to enhance the termination of transposase synthesis; and, d) addition of an
effective polyA sequence operably-linked to the transposase to further enhance
expression of the transposase gene. One example of such a transposon-based vector is
the pTnMod vector (SEQ ID NO:57).

Accordingly, it is an object of the present invention to provide improved
methods for the production of multimeric proteins in an individual.

It is another object of the present invention to provide improved methods for
the production of multimeric proteins in an egg-laying animal or a milk-producing
animal.

It is yet another object of the present invention to provide improved methods
for the production of multimeric proteins in a chicken or quail.

Another object of the present invention is to provide a method to produce an
egg or milk containing a multimeric protein.

An advantage of the present invention is that multimeric proteins are produced
by transgenic animals much more efficiently and economically than prior art methods,
thereby providing a means for large scale production of multimeric proteins.

These and other objects, features and advantages of the present invention will
become apparent after a review of the following detailed description of the disclosed

embodiments and claims.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 depicts schematically a polynucleotide cassette containing two genes
of interest operably-linked to two pro polynucleotides, wherein the first pro

polynucleotide is a part of a prepro polynucleotide. “Prom” indicates promoter.

Figure 2 depicts schematically a polynucleotide cassette containing
polynucleotides encoding for a heavy chain and a light chain of an antibody. “Oval
prom” indicates an ovalbumin promoter. The polynucleotide cassette contains pro
and prepro sequences and is flanked by insertion sequences (IS) recognized by a

transposase.
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Figure 3 depicts schematically a polynucleotide cassette containing a cecropin
prepro sequence operably-linked to two genes of interest. Between the genes of

interest resides a cleavage site indicates by “CS.”

Figure 4 depicts schematically a polynucleotide cassette containing two genes
of interest, a promoter (prom), a signal sequence (SS) and a cleavage site (CS). The
polynucleotide cassette is flanked by insertion sequences (IS) recognized by a

transposase.

Figure 5 is a picture of a gel showing partially purified egg white derived from

a transgenic avian run under reducing and non-reducing conditions.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a new, effective and efficient method of
producing multimeric proteins in an individual. Multimeric proteins include
associated multimeric proteins (two or more associated polypeptides) and multivalent
multimeric proteins (a single polypeptide encoded by more than one gene of interest).
Expression and/or formation of the multimeric protein in the individual is achieved by
administering a polynucleotide cassette containing the genes of interest to the
individual. The polynucleotide cassette may additionally contain one or more pro
sequences, prepro sequences, cecropin prepro sequences, and/or cleavage site
sequences.

This invention provides polynucleotide cassettes containing two or more genes
of interest and two or more pro polynucleotide sequences, wherein each gene of
interest is operably-linked to a pro nucleotide sequence. Each of the genes of interest
encodes a polypeptide that forms a part of the multimeric protein. These
polynucleotide cassettes are administered to an individual for expression of the
polypeptide sequences and expression and/or formation of the multimeric protein.
Preferably, the individual is an animal from which the multimeric protein can be
harvested. Preferred animals are egg-laying or milk-producing animals. In some
embodiments, the polynucleotide cassettes are located within transposon-based
vectors that allow for incorporation of the cassettes into the DNA of the individual.

The pro polynucleotide sequences operably-linked to the genes of interest

include pro portions of prepro polynucleotide sequences commonly associated with
6
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polynucleotides encoding proteins secreted from a cell in nature. It may be that the
pre polynucleotide sequence functions to direct the resultant protein into the
endoplasmic reticulum and the pro sequence is cleaved within the endoplasmic
reticulum or Golgi complex of a cell containing the protein. While prepro
polynucleotide sequences are associated with secreted polypeptides in nature, one
discovery of the present invention is the use of pro portions of the prepro signal
sequences to facilitate appropriate processing, expression, and/or formation of
multimeric proteins, and more particularly, associated multimeric proteins. In the
present invention, each gene of interest is operably-linked with a pro polynucleotide
sequence. Figure 1 shows schematically one polynucleotide cassette containing two
genes of interest, wherein each géne of interest is operably-linked to a pro
polynucleotide sequence. The first gene of interest is operably-linked to a pro
polynucleotide sequence that is part of a prepro polynucleotide sequence, while the
second gene of interest is operably-linked to a pro polynucleotide sequence that is not
part of a prepro polynucleotide sequence, but may have been derived from a prepro
polynucleotide sequence. Accordingly, the term “pro sequence” encompasses a pro
sequence that is part of a prepro sequence and a pro sequence that is not part of a
prepro sequence, but may have been derived from a prepro sequence. In preferred
embodiments, the most 5° pro polynucleotide sequence in the polynucleotide cassette
is a part of a prepro polynucleotide sequence.

Several examples of prepro polynucleotides from which a pro polynucleotide
can be derived or be a part of are a cecropin prepro, lysozyme prepro, ovomucin
prepro, ovotransferrin prepro, a signal peptide for tumor necrosis factor receptor (SEQ
ID NO:6), a signal peptide encoded by a polynucleotide sequence provided in one of
SEQ ID NOs:7-54 and a signal peptide provide in SEQ ID NO:55. The prepro or pro
polynucleotide can be a cecropin prepro or pro polynucleotide selected from the group
consisting of cecropin Al, cecropin A2, cecropin B, cecropin C, cecropin D, cecropin
E and cecropin F. In a preferred embodiment, the pro polynucleotide is a cecropin B
pro polynucleotide having a sequence shown in SEQ ID NO:1 or SEQ ID NO:2. A
preferred prepro polynucleotide is a cecropin B polynucleotide having a sequence
shown in SEQ ID NO:3 or SEQ ID NO:4.

Figure 1 provides one embodiment of the invention wherein the

polynucleotide cassette includes two genes of interest and two pro polynucleotide
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sequences arranged in the following order: a prepro polynucleotide, a first gene of
interest, a pro polynucleotide, and a second gene of interest. Preferably, the
sequences are arranged in the aforementioned order beginning at a 5’ end of the
polynucleotide cassette. Figure 2 provides a more specific embodiment of the present
invention wherein the first and second genes of interest are polynucleotides encoding
antibody heavy and light chains. However, the invention includes polynucleotide
cassettes containing at least two genes of interest. Each of the genes of interest is
operably-linked to a pro polynucleotide. Each of these pro polynucleotides can be the
same, or each can be different. In one embodiment, all of the pro polynucleotides in
the polynucleotide cassette are the same and are cecropin pro polynucleotides. The
most 5° cecropin pro polynucleotide is preferably a part of a cecropin prepro
polynucleotide sequence as shown in Figure 3.

The polynucleotide cassettes of the present invention may be administered to
an individual for production of a multimeric protein in that individual. Accordingly,
the present invention includes a method of producing a multimeric protein in an
individual comprising administering to the individual a polynucleotide cassette
comprising at least two genes of interest, each encoding a part of the multimeric
protein, wherein each gene of interest is operably-linked to a pro polynucleotide
sequence. The present invention also includes a method of producing a multimeric
protein in an individual comprising administering to the individual a polynucleotide
cassette comprising a cecropin prepro seque;ce operably-linked to two or more genes
of interest, each gene of interest encoding a part of the multimeric protein. This
second method does not require the linking of pro polynucleotides to each gene of
interest since the use of a cecropin prepro sequence itself in a polynucleotide cassette
facilitates processing, expression, and/or formation of multimeric proteins.
Polynucleotide cassettes containing the cecropin prepro polynucleotide can contain at
least two genes of interest. Preferably, the cecropin prepro polynucleotide is located
5’ of the genes of interest in the polynucleotide cassette. ~One exemplary
polynucleotide cassette is shown in Figure 3. In a preferred embodiment, the prepro
sequence comprises a sequence shown in SEQ ID NO:3 or SEQ ID NO:4. As shown
in Figure 3, the polynucleotide cassettes containing a cecropin prepro polynucleotide
preferably contain a cleavage site between each of two genes of interest. Such

cleavage site(s) may be nucleotides encoding any cleavage sites including, but not
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limited to, an enzymatic cleavage site, a pro polynucleotide, and a photolabile
cleavage site, a chemical cleavage site, and a self-splicing cleavage site (i.e., intein).
Cleavage sites are discussed in more detail below.

The polynucleotide cassettes of the present invention are particularly suited for
production of multimeric proteins in an individual. Individuals include both humans
and animals. Preferred animals are egg-laying animals and milk-producing animals.
As used herein, the term “egg-laying animal” includes all amniotes such as birds,
turtles, lizards and monotremes. Monotremes are egg-laying mammals and include
the platypus and echidna. The term "bird" or "fowl," as used herein, is defined as a
member of the Aves class of animals which are characterized as warm-blooded, egg-
laying vertebrates primarily adapted for flying. Avians include, without limitation,
Ratites, Psittaciformes, Falconiformes, Piciformes, Strigiformes, Passeriformes,
Coraciformes,  Ralliformes,  Cuculiformes, = Columbiformes,  Galliformes,
Anseriformes, and Herodiones. The term "Ratite," as used herein, is defined as a
group of flightless, mostly large, running birds comprising several orders and
including the emus, ostriches, kiwis, and cassowaries. The term "Psittaciformes", as
used herein, includes parrots and refers to a monofamilial order of birds that exhibit
zygodactylism and have a strong hooked bill. A "parrot" is defined as any member of
the avian family Psittacidae (the single family of the Psittaciformes), distinguished by
the short, stout, strongly hooked beak. Preferred avians are poultry birde including
chickens, quail, turkeys, geese and ducks. The term “chicken” as used herein denotes
chickens used for table egg production, such as egg-type chickens, chickens reared for
public meat consumption, or broilers, and chickens reared for both egg and meat
production (“dual-purpose” chickens). The term “chicken” also denotes chickens
produced by primary breeder companies, or chickens that are the parents,
grandparents, great-grandparents, etc. of those chickens reared for public table egg,
meat, or table egg and meat consumption.

When the polynucleotide cassettes of the present invention are administered to
an egg-laying or milk-producing animal, a transgenic animal containing a
polynucleotide cassette is created and the animal produces a transgenic multimeric
protein. It is preferred that the resultant multimeric protein is deposited in the egg or
in the milk. Various different signal sequences and promoters may be used to achieve

deposition of the multimeric protein in the egg or in the milk and these are described
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in more detail below. In order io achieve a transgenic animal containing a
polynucleotide cassette of the present invention, the polynucleotide cassettes can be
administered to the individual with, or contained in, any vector, as naked DNA, or in
any delivery construct or solution. A preferred vector for incorporation of the
polynucleotide cassettes into an individual is a transposon-based vector described
below.

Definitions

It is to be understood that as used in the specification and in the claims, “a” or
“an” can mean one or more, depending upon the context in which it is used. Thus, for
example, reference to “a cell” can mean that at least one cell can be utilized.

The term “antibody” is used interchangeably with the term “immunoglobulin”
and is defined herein as a protein synthesized by an animal or a cell of the immune
system in response to the presence of a foreign substance commonly referred to as an
“antigen” or an “immunogen”. The term antibody includes fragments of antibodies.
Antibodies are characterized by specific affinity to a site on the antigen, wherein the
site is referred to an “antigenic determinant” or an “epitope”. Antigens can be
naturally occurring or artificially engineered. Artificially engineered antigens include
but are not limited to small molecules, such as small peptides, attached to haptens
such as macromolecules, for example proteins, nucleic acids, or polysaccharides.
Artificially designed or engineered variants of naturally occurring antibodies and
artificially designed or engineered antibodies not occurring in nature are all included
in the current definition. Such variants include conservatively substituted amino acids
and other forms of substitution as described in the section concerning proteins and
polypeptides.

The term "egg" is defined herein as including a large female sex cell enclosed
in a porous, calcarous or leathery shell, produced by birds and reptiles. The term
"ovum" is defined as a female gamete, and is also known as an egg. Therefore, egg
production in all animals other than birds and reptiles, as used herein, is defined as the
production and discharge of an ovum from an ovary, or "ovulation". Accordingly, it
is to be understood that the term "egg" as used herein is defined as a large female sex
cell enclosed in a porous, calcarous or leathery shell, when a bird or reptile produces

it, or it is an ovum when it is produced by all other animals.
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The term “gene” is defined herein to include a polynucleotide that includes a
coding region for a protein, peptide or polypeptide, with or without intervening
sequences such as introns.

The term “multimeric protein” is defined herein to include one or more
polypeptides that are associated, or joined, by any means including disulfde bonds.
An example of this type of multimeric protein is an antibody that contains both heavy
and light chains that are associated by disulfide bonds. These multimeric proteins are
referred to herein as “associated multimeric proteins.” The term “multimeric protein”
also includes a polypeptide that is encoded by more than one gene of interest. An
example of this type of multimeric protein is a single polypeptide containing a heavy
chain polypeptide (first polypeptide of interest) and a light chain polypeptide (second
polypeptide of interest). In these embodiments, the different polypeptides of interest
may be separated by other polypeptide sequences such as spacer polypeptides and
cleavage site polypeptides. These types of multimeric proteins are referred to herein
as “multivalent multimeric proteins.”

The term “milk-producing animal” refers herein to mammals including, but
not limited to, bovine, ovine, porcine, equine, and primate animals. Milk-producing
animals include but are not limited to cows, llamas, camels, goats, reindeer, zebu,
water buffalo, yak, horses, pigs, rabbits, non-human primates, and humans.

The term “transgenic animal” refers to an animal having at least a portion of
the transposon-based vector DNA is incorporated into its DNA. While a transgenic
animal includes an animal wherein the transposon-based vector DNA is incorporated
into the germline DNA, a transgenic animal also includes an animal having DNA in
one or more somatic cells that contain a portion of the transposon-based vector DNA
for any period of time. In a preferred embodiment, a portion of the transposon-based
vector comprises a gene of interest. More preferably, the gene of interest is
incorporated into the animal’s DNA for a period of at least five days, more preferably
the laying life of the animal, and most preferably the life of the animal. In a further
preferred embodiment, the animal is an avian.

The term “vector” is used interchangeably with the terms “construct”, “DNA
construct” and “genetic construct” to denote synthetic nucleotide sequences used for
manipulation of genetic material, including but not limited to cloning, subcloning,

sequencing, or introduction of exogenous genetic material into cells, tissues or
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organisms, such as birds. It is understood by one skilled in the art that vectors may
contain synthetic DNA sequences, naturally occurring DNA sequences, or both. The
vectors of the present invention are transposon-based vectors as described herein.

When referring to two nucleotide sequences, one being a regulatory sequence,
the term “operably-linked” is defined herein to mean that the two sequences are
associated in a manner that allows the regulatory sequence to affect expression of the
other nucleotide sequence. It is not required that the operably-linked sequences be
directly adjacent to one another with no intervening sequence(s).

The term “regulatory sequence” is defined herein as including promoters,
enhancers and other expression control elements such as polyadenylation sequences,
matrix attachment sites, insulator regions for expression of multiple genes on a single
construct, ribosome entry/attachment sites, introns that are able to enhance
expression, and silencers.

Transposon-Based Vectors

While not wanting to be bound by the following statement, it is believed that
the nature of the DNA construct is an important factor in successfully producing
transgenic animals. The “standard” types of plasmid and viral vectors that have
previously been almost universally used for transgenic work in all species, especially
avians, have low efficiencies and may constitute a major reason for the low rates of
transformation previously observed. The DNA (or RNA) constructs previously used
often do not integrate into the host DNA, or integrate only at low frequencies. Other
factors may have also played a part, such as poor entry of the vector into target cells.
The present invention provides transposon-based vectors that can be administered to
an animal that overcome the prior art problems relating to low transgene integration
frequencies. Two preferred transposon-based vectors of the present invention in
which a transposase, gene of interest and other polynucleotide sequences may be
introduced are termed pTnMCS (SEQ ID NO:56) and pTnMod (SEQ ID NO:57).

The transposon-based vectors of the present invention produce integration
frequencies an order of magnitude greater than has been achieved with previous
vectors. More specifically, intratesticular injections performed with a prior art
transposon-based vector (described in U.S. Patent No. 5,719,055) resulted in 41%
sperm positive roosters whereas intratesticular injections performed with the novel

transposon-based vectors of the present invention resulted in 77% sperm positive
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roosters.  Actual frequencies of integration were estimated by either or both
comparative strength of the PCR signal from the sperm and histological evaluation of
the testes and sperm by quantitative PCR.

The transposon-based vectors of the present invention include a transposase
gene operably-linked to a first promoter, and a coding sequence for a desired protein
or peptide operably-linked to a second promoter, wherein the coding sequence for the
desired protein or peptide and its operably-linked promoter are flanked by transposase
insertion sequences recognized by the transposase. The transposon-based vector also
includes one or more of the following characteristics: a) one or more modified Kozak
sequences comprising ACCATG (SEQ ID NO:5) at the 3’ end of the first promoter to
enhance expression of the transposase; b) modifications of one or more of the codons
for the first several N-terminal amino acids of the transposase, wherein the third base
of each codon was changed to an A or a T without changing the corresponding amino
acid; ¢) addition of one or more stop codons to enhance the termination of transposase
synthesis; and/or, d) addition of an effective polyA sequence operably-linked to the
transposase to further enhance expression of the iransposase gene. In one
embodiment, the transposon-based vector comprises an avian optimized polyA
sequence and does not comprise a modified Kozak sequence comprising ACCATG
(SEQ ID NO:5). One example of such a transposon-based vector is the pTnMCS
vector (SEQ ID NO:56). In another embodiment the transposon-based vector
comprises a) one or more modified Kozak sequences comprising ACCATG (SEQ ID
NO:5) at the 3’ end of the first promoter to enhance expression of the transposase; b)
modifications of the codons for the first several N-terminal amino acids of the
transposase, wherein the third base of each codon was changed to an A or a T without
changing the corresponding amino acid; c) addition of one or more stop codons to
enhance the termination of transposase synthesis; and, d) addition of an effective
polyA sequence operably-linked to the transposase to further enhance expression of
the transposase gene. One example of such a transposon-based vector is the pTnMod
vector (SEQ ID NO:57). The transposon-based vector may additionally or
alternatively include one or more of the following Kozak sequences at the 3' end of
any promoter, including the promoter operably-linked to the transposase: ACCATGG
(SEQ ID NO:58), AAGATGT (SEQ ID NO:59), ACGATGA (SEQ ID NO:60),
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AAGATGG (SEQ ID NO:61), GACATGA (SEQ ID NO:62), ACCATGA (SEQ ID
NO:63), and ACCATGA (SEQ ID NO:64), ACCATGT (SEQ ID NO:65).

Transposases and Insertion Sequences

In a further embodiment of the present invention, the transposase found in the
transposase-based vector is an altered target site (ATS) transposase and the insertion
sequences are those recognized by the ATS transposase. However, the transposase
located in the transposase-based vectors is not limited to a modified ATS transposase
and can be derived from any transposase. Transposases known in the prior art include
those found in AC7, Tn5SEQ1, Tn916, Tn951, Tn1721, Tn 2410, Tn1681, Tnl, Tn2,
Tn3, Tn4, Tn5, Tn6, Tn9, Tn10, Tn30, Tn101, Tn903, Tn501, Tn1000 (y3), Tn1681,
Tn2901, AC transposons, Mp transposons, Spm transposons, En transposons, Dotted
transposons, Mu transposons, Ds transposons, dSpm transposons and I transposons.
According to the present invention, these transposases and their regulatory sequences
are modified for improved functioning as follows: a) the addition one or more
modified Kozak sequences comprising ACCATG (SEQ ID NO:5) at the 3’ end of the
promoter operably-linked to the transposase; b) a change of one or more of the codons
for the first several amino acids of the transposase, wherein the third base of each
codon was changed to an A or a T without changing the corresponding amino acid; c)
the addition of one or more stop codons to enhance the termination of transposase
synthesis; and/or, d) the addition of an effective polyA sequence operably-linked to
the transposase to further enhance expression of the transposase gene.

Although not wanting to be bound by the following statement, it is believed
that the modifications of the first several N-terminal codons of the transposase gene
facilitate transcription of the transposase gene, in part, by increasing strand
dissociation during transcription. It is preferable that one or more of between
approximately the first 1 to 20, more preferably 3 to 15, and most preferably between
4 to 12 N-terminal codons of the transposase are modified such that the third base of
each codon is changed to an A or a T without changing the encoded amino acid. In
one embodiment, the first ten N-terminal codons of the transposase gene are modified
in this manner. It is also preferred that the transposase contain mutations that make it
less specific for preferred insertion sites and thus increases the rate of transgene

insertion as discussed in U.S. Patent No. 5,719,055.

14



WO 2004/067706 PCT/US2003/041261

10

15

20

25

30

In some embodiments, the transposon-based vectors are optimized for
expression in a particular host by changing the methylation patterns of the vector
DNA. For example, prokaryotic methylation may be reduced by using a methylation
deficient organism for production of the transposon-based vector. The transposon-
based vectors may also be methylated to resemble eukaryotic DNA for expression in a
eukaryotic host.

Transposases and insertion sequences from other analogous eukaryotic
transposon-based vectors that can also be modified and used are, for example, the
Drosophila P element derived vectors disclosed in U.S. Patent No. 6,291,243; the
Drosophila mariner element described in Sherman et al. (1998); or the sleeping beauty
transposon. See also Hackett et al. (1999); D. Lampe et al., 1999. Proc. Natl. Acad.
Sci. USA, 96:11428-11433; S. Fischer et al., 2001. Proc. Natl. Acad. Sci. USA,
98:6759-6764; L. Zagoraiou et al., 2001. Proc. Natl. Acad. Sci. USA, 98:11474-
11478; and D. Berg et al. (Eds.), Mobile DNA, Amer. Soc. Microbiol. (Washington,
D.C., 1989). However, it should be noted that bacterial transposon-based elements
are preferred, as there is less likelihood that a eukaryotic transposase in the recipient
species will recognize prokaryotic insertion sequences bracketing the transgene.

Many transposases recognize different insertion sequences, and therefore, it is
to be understood that a transposase-based vector will contain insertion sequences
recognized by the particular transposase also found in the transposase-based vector.
In a preferred embodiment of the invention, the insertion sequences have been
shortened to about 70 base pairs in length as compared to those found in wild-type
transposons that typically contain insertion sequences of well over 100 base pairs.

While the examples provided below incorporate a “cut and insert” Tn10 based
vector that is destroyed following the insertion event, the present invention also
encompasses the use of a “rolling replication” type transposon-based vector. Use of a
rolling replication type transposon allows multiple copies of the transposon/transgene
to be made from a single transgene construct and the copies inserted. This type of
transposon-based system thereby provides for insertion of multiple copies of a
transgene into a single genome. A rolling replication type transposon-based vector
may be preferred when the promoter operably-linked to gene of interest is endogenous
to the host cell and present in a high copy number or highly expressed. However, use

of a rolling replication system may require tight control to limit the insertion events to
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non-lethal levels. Tnl, Tn2, Tn3, Tn4, Tn5, Tn9, Tn21, Tn501, Tn551, Tn951,

Tn1721, Tn2410 and Tn2603 are examples of a rolling replication type transposon,

although Tn5 could be both a rolling replication and a cut and insert type transposon.
Stop Codons and PolyA Sequences

In one embodiment, the transposon-based vector contains two stop codons
operably-linked to the transposase and/or to the gene of interest. In an alternate
embodiment, one stop codon of UAA or UGA is operably linked to the transposase
and/or to the gene of interest. While not wanting to be bound by the following
statement, it is thought that the stop codon UAG is less effective in translation
termination and is therefore less desirable in the constructs described herein.

As used herein an “effective polyA sequence” refers to either a synthetic or
non-synthetic sequence that contains multiple and sequential nucleotides containing
an adenine base (an A polynucleotide string) and that increases expression of the gene
to which it is operably-linked. A polyA sequence may be operably-linked to any gene
in the transposon-based vector including, but not limited to, a transposase gene and a
gene of interest. A preferred polyA sequence is optimized for use in the host animal
or human. In one embodiment, the polyA sequence is optimized for use in an avian
species and more specifically, a chicken. An avian optimized polyA sequence
generally contains a minimum of 40 base pairs, preferably between approximately 40
and several hundred base pairs, and more preferably approximately 75 base pairs that
precede the A polynucleotide string and thereby separate the stop codon from the A
polynucleotide string. In one embodiment of the present invention, the polyA
sequence comprises a conalbumin polyA sequence as provided in SEQ ID NO:66 and
as taken from GenBank accession # Y00407, base pairs 10651-11058. In another
embodiment, the polyA sequence comprises a synthetic polynucleotide sequence
shown in SEQ ID NO:67. In yet another embodiment, the polyA sequence comprises
an avian optimized polyA sequence provided in SEQ ID NO:68. A chicken optimized
polyA sequence may also have a reduced amount of CT repeats as compared to a
synthetic polyA sequence.

It is a surprising discovery of the present invention that such an avian
optimized poly A sequence increases expression of a polynucleotide to which it is
operably-linked in an avian as compared to a non-avian optimized polyA sequence.

Accordingly, the present invention includes methods of or increasing incorporation of
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a gene of interest wherein the gene of interest resides in a transposon-based vector
containing a transposase gene and wherein the transposase gene is operably linked to
an avian optimized polyA sequence. The present invention also includes methods of
increasing expression of a gene of interest in an avian that includes administering a
gene of interest to the avian, wherein the gene of interest is operably-linked to an
avian optimized polyA sequence. An avian optimized polyA nucleotide string is
defined herein as a polynucleotide containing an A polynucleotide string and a
minimum of 40 base pairs, preferably between approximately 40 and several hundred
base pairs, and more preferably approximately 75 base pairs that precede the A
polynucleotide string. The present invention further provides transposon-based
vectors containing a gene of interest or transposase gene operably linked to an avian
optimized polyA sequence.

Promoters and Enhancers

The first promoter operably-linked to the transposase gene and the second
promoter operably-linked to the gene of interest can be a constitutive promoter or an
inducible promoter. Constitutive promoters include, but are not limited to, immediate
early cytomegalovirus (CMV) promoter, herpes simplex virus 1 (HSV1) immediate
early promoter, SV40 promoter, lysozyme promoter, early and late CMV promoters,
early and late HSV promoters, f-actin promoter, tubulin promoter, Rous-Sarcoma
virus (RSV) promoter, and heat-shock protein (HSP) promoter. Inducible promoters
include tissue-specific promoters, developmentally-regulated promoters and
chemically inducible promoters. Examples of tissue-specific promoters include the
glucose 6 phosphate (G6P) promoter, vitellogenin promoter, ovalbumin promoter,
ovomucoid promoter, conalbumin promoter, ovotransferrin promoter, prolactin
promoter, kidney uromodulin promoter, and placental lactogen promoter. In one
embodiment, the vitellogenin promoter includes a polynucleotide sequence of SEQ ID
NO:69. The G6P promoter sequence may be deduced from a rat G6P gene
untranslated upstream region provided in GenBank accession number U57552.1.
Examples of developmentally-regulated promoters include the homeobox promoters
and several hormone induced promoters. Examples of chemically inducible
promoters include reproductive hormone induced promoters and antibiotic inducible
promoters such as the tetracycline inducible promoter and the zinc-inducible

metallothionine promoter.
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Other inducible promoter systems include the Lac operator repressor system
inducible by IPTG (isopropyl beta-D-thiogalactoside) (Cronin, A. et al. 2001. Genes
and Development, v. 15), ecdysone-based inducible systems (Hoppe, U. C. et al.
2000. Mol. Ther. 1:159-164); estrogen-based inducible systems (Braselmann, S. et al.
1993. Proc. Natl. Acad. Sci. 90:1657-1661); progesterone-based inducible systems
using a chimeric regulator, GLVP, which is a hybrid protein consisting of the GAL4
binding domain and the herpes simplex virus transcriptional activation domain, VP16,
and a truncated form of the human progesterone receptor that retains the ability to
bind ligand and can be turned on by RU486 (Wang, et al. 1994. Proc. Natl. Acad. Sci.
91:8180-8184); CID-based inducible systems using chemical inducers of dimerization
(CIDs) to regulate gene expression, such as a system wherein rapamycin induces
dimerization of the cellular proteins FKBP12 and FRAP (Belshaw, P. J. et al. 1996. J.
Chem. Biol. 3:731-738; Fan, L. et al. 1999. Hum. Gene Ther. 10:2273-2285; Shariat,
S.F. et al. 2001. Cancer Res. 61:2562-2571; Spencer, D.M. 1996. Curr. Biol. 6:839-
847). Chemical substances that activate the chemically inducible promoters can be
administered to the animal containing the transgene of interest via any method known
to those of skill in the art. .

Other examples of cell or tissue-specific and constitutive promoters include
but are not limited to smooth-muscle SM22 promoter, including chimeric
SM22alpha/telokin promoters (Hoggatt A.M. et al., 2002. Circ Res. 91(12):1151-9);
ubiquitin C promoter (Biochim Biophys Acta, 2003. Jan. 3;1625(1):52-63); Hsf2
promoter; murine COMP (cartilage oligomeric matrix protein) promoter; early B cell-
specific mb-1 promoter (Sigvardsson M., et al., 2002. Mol. Cell Biol. 22(24):8539-
51); prostate specific antigen (PSA) promoter (Yoshimura I. et al., 2002, J. Urol.
168(6):2659-64); exorh promoter and pineal expression-promoting element (Asaoka
Y., et al., 2002. Proc. Natl. Acad. Sci. 99(24):15456-61); neural and liver ceramidase
gene promoters (Okino N. et al, 2002. Biochem. Biophys. Res. Commun.
299(1):160-6); PSP94 gene promoter/enhancer (Gabril M.Y. et al., 2002. Gene Ther.
9(23):1589-99); promoter of the human FAT/CD36 gene (Kuriki C., et al., 2002. Biol.
Pharm. Bull. 25(11):1476-8); VL30 promoter (Staplin W.R. et al, 2002. Blood
October 24, 2002); and IL-10 promoter (Brenner S., et al., 2002. J. Biol. Chem.
December 18, 2002).
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Examples of avian promoters include, but are not limited to, promoters
controlling expression of egg white proteins, such as ovalbumin, ovotransferrin
(conalbumin), ovomucoid, lysozyme, ovomucin, g2 ovoglobulin, g3 ovoglobulin,
ovoflavoprotein, ovostatin (ovomacroglobin), cystatin, avidin, thiamine-binding
protein, glutamyl aminopeptidase minor glycoprotein 1, minor glycoprotein 2; and
promoters controlling expression of egg-yolk proteins, such as vitellogenin, very low-
density lipoproteins, low density lipoprotein, cobalamin-binding protein, riboflavin-
binding protein, biotin-binding protein (Awade, 1996. Z. Lebensm. Unters. Forsch.
202:1-14). An advantage of using the vitellogenin promoter is that it is active during
the egg-laying stage of an animal’s life-cycle, which allows for the production of the
protein of interest to be temporally connected to the import of the protein of interest
into the egg yolk when the protein of interest is equipped with an appropriate
targeting sequence. In some embodiments, the avian promoter is an oviduct-specific
promoter. As used herein, the term “oviduct-specific promoter” includes, but is not
limited to, ovalbumin, ovotransferrin (conalbumin), ovomucoid, lysozyme, ovomucin,
g2 ovoglobulin, g3 ovoglobulin, ovoflavoprotein, and ovostatin (ovomacroglobin)
promoters.

Liver-specific promoters of the present invention include, but are not limited
to, the following promoters, vitellogenin promoter, G6P promoter, cholesterol-7-
alpha-hydroxylase (CYP7A) promoter, phenylalanine hydroxylase (PAH) promoter,
protein C gene promoter, insulin-like growth factor I (IGF-I) promoter, bilirubin
UDP-glucuronosyltransferase promoter, aldolase B promoter, furin promoter,
metallothioneine promoter, albumin promoter, and insulin promoter.

Also included in the present invention are promoters that can be used to target
expression of a protein of interest into the milk of a milk-producing animal including,
but not limited to, 8 lactoglobin promoter, whey acidic protein promoter, lactalbumin
promoter and casein promoter.

Promoters associated with cells of the immune system may also be used.
Acute phase promoters such as interleukin (IL)-1 and IL-2 may be employed.
Promoters for heavy and light chain Ig may also be employed. The promoters of the
T cell receptor components CD4 and CDS8, B cell promoters and the promoters of
CR2 (complement receptor type 2) may also be employed. Immune system promoters

are preferably used when the desired protein is an antibody protein.
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Also included in this invention are modified promoters/enhancers wherein
elements of a single promoter are duplicated, modified, or otherwise changed. In one
embodiment, a steroid hormone-binding domain of the ovalbumin promoter is moved
from about -6.5 kb to within approximately the first 1000 base pairs of the gene of
interest. Modifying an existing promoter with promoter/enhancer elements not found
naturally in the promoter, as well as building an entirely synthetic promoter, or
drawing promoter/enhancer elements from various genes together on a non-natural
backbone, are all encompassed by the current invention.

Accordingly, it is to be understood that the promoters contained within the
transposon-based vectors of the present invention may be entire promoter sequences
or fragments of promoter sequences. For example, in one embodiment, the promoter
operably linked to a gene of interest is an approximately 900 base pair fragment of a
chicken ovalbumin promoter (SEQ ID NO:70). The constitutive and inducible
promoters contained within the transposon-based vectors may also be modified by the
addition of one or more modified Kozak sequences of ACCATG (SEQ ID NO:5).

As indicated above, the present invention includes transposon-based vectors
containing one or more enhancers. These enhancers may or may not be operably-
linked to their native promoter and may be located at any distance from their
operably-linked promoter. A promoter operably-linked to an enhancer is referred to
herein as an “enhanced promoter.” The enhancers contained within the transposon-
based vectors are preferably enhancers found in birds, and more preferably, an
ovalbumin enhancer, but are not limited to these types of enhancers. In one
embodiment, an approximately 675 base pair enhancer element of an ovalbumin
promoter is cloned upstream of an ovalbumin promoter with 300 base pairs of spacer
DNA separating the enhancer and promoter. In one embodiment, the enhancer used
as a part of the present invention comprises base pairs 1-675 of a Chicken Ovalbumin
enhancer from GenBank accession #S882527.1. The polynucleotide sequence of this
enhancer is provided in SEQ ID NO:71.

Also included in some of the transposon-based vectors of the present invention
are cap sites and fragments of cap sites. In one embodiment, approximately 50 base
pairs of a 5' untranslated region wherein the capsite resides are added on the 3' end of

an enhanced promoter or promoter. An exemplary 5' untranslated region is provided
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in SEQ ID NO:72. A putative cap-site residing in this 5' untranslated region
preferably comprises the polynucleotide sequence provided in SEQ ID NO:73.

In one embodiment of the present invention, the first promoter operably-linked
to the transposase gene is a constitutive promoter and the second promoter operably-
linked to the gene of interest is a tissue-specific promoter. In the second embodiment,
use of the first constitutive promoter allows for constitutive activation of the
transposase gene and incorporation of the gene of interest into virtually all cell types,
including the germline of the recipient animal. Although the gene of interest is
incorporated into the germline generally, the gene of interest is only expressed in a
tissue-specific manner. A transposon-based vector having a constitutive promoter
operably-linked to the transposase gene can be administered by any route, and in one
embodiment, the vector is administered to an ovary or to an artery leading to the
ovary. In another embodiment, the vector is administered into the lumen of the
oviduct or into an artery supplying the oviduct.

It should be noted that cell- or tissue-specific expression as described herein
does not require a complete absence of expression in cells or tissues other than the
preferred cell or tissue. Instead, “cell-specific” or “tissue-specific” expression refers
to a majority of the expression of a particular gene of interest in the preferred cell or
tissue, respectively.

When incorporation of the gene of interest into the germline is not preferred,
the first promoter operably-linked to the transposase gene can be a tissue-specific
promoter. For example, transfection of a transposon-based vector containing a
transposase gene operably-linked to an oviduct specific promoter such as the
ovalbumin promoter provides for activation of the transposase gene and incorporation
of the gene of interest in the cells of the oviduct but not into the germline and other
cells generally. In this embodiment, the second promoter operably-linked to the gene
of interest can be a constitutive promoter or an inducible promoter. In a preferred
embodiment, both the first promoter and the second promoter are an ovalbumin
promoter. In embodiments wherein tissue-specific expression or incorporation is
desired, it is preferred that the transposon-based vector is administered directly to the
tissue of interest or to an artery leading to the tissue of interest. In a preferred
embodiment, the tissue of interest is the oviduct and administration is achieved by

direct injection into the lumen of the oviduct or an artery leading to the oviduct. In a
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further preferred embodiment, administration is achieved by direct injection into the
lumen of the magnum or the infundibulum of the oviduct.

Accordingly, cell specific promoters may be used to enhance transcription in
selected tissues. In birds, for example, promoters that are found in cells of the
fallopian tube, such as ovalbumin, conalbumin, ovomucoid and/or lysozyme, are used
in the vectors to ensure transcription of the gene of interest in the epithelial cells and
tubular gland cells of the fallopian tube, leading to synthesis of the desired protein
encoded by the gene and deposition into the egg white. In mammals, promoters
specific for the epithelial cells of the alveoli of the mammary gland, such as prolactin,
insulin, beta lactoglobin, whey acidic protein, lactalbumin, casein, and/or placental
lactogen, are used in the design of vectors used for transfection of these cells for the
production of desired proteins for deposition into the milk. In liver cells, the G6P
promoter may be employed to drive transcription of the gene of interest for protein
production. Proteins made in the liver of birds may be delivered to the egg yolk.

In order to achieve higher or more efficient expression of the transposase
gene, the promoter and other regulatory sequences operably-linked to the transposase
gene may be those derived from the host. These host specific regulatory sequences
can be tissue specific as described above or can be of a constitutive nature. For
example, an avian actin promoter and its associated polyA sequence can be operably-
linked to a transposase in a transposase-based vector for transfection into an avian.
Examples of other host specific promoters that could be operably-linked to the
transposase include the myosin and DNA or RNA polymerase promoters.

Directing Sequences

In some embodiments of the present invention, the gene of interest is
operably-linked to a directing sequence or a sequence that provides proper
conformation to the desired protein encoded by the gene of interest. As used herein,
the term “directing sequence” refers to both signal sequences and targeting sequences.
An egg directing sequence includes, but is not limited to, an ovomucoid signal
sequence, an ovalbumin signal sequence, a cecropin prepro sequence, and a
vitellogenin targeting sequence. The term “signal sequence” refers to an amino acid
sequence, or the polynucleotide sequence that encodes the amino acid sequence, a
portion or the entirety of which directs the protein to which it is linked to the

endoplasmic reticulum in a eukaryote, and more preferably the translocational pores
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in the endoplasmic reticulum, or the plasma membrane in a prokaryote, or
mitochondria, such as for the purpose of gene therapy for mitochondrial diseases.
Signal and targeting sequences can be used to direct a desired protein into, for
example, the milk, when the transposon-based vectors are administered to a milk-
producing animal.

Signal sequences can also be used to direct a desired protein into, for example,
a secretory pathway for incorporation into the egg yolk or the egg white, when the
transposon-based vectors are administered to a bird or other egg-laying animal. The
present invention also includes a gene of interest operably-linked to a second gene
containing a signal sequence. An example of such an embodiment is wherein the
gene of interest is operably-linked to the ovalbumin gene that contains an ovalbumin
signal sequence. Other signal sequences that can be included in the transposon-based
vectors include, but are not limited to the ovotransferrin and lysozyme signal
sequences. In one embodiment, the signal sequence is an ovalbumin signal sequence
including a sequence shown in SEQ ID NO:74. In another embodiment, the signal
sequence is a shortened ovalbumin signal sequence including a sequence shown in
SEQ ID NO:75 or SEQ ID NO:76.

As also used herein, the term “targeting sequence” refers to an amino acid
sequence, or the polynucleotide sequence encoding the amino acid sequence, which
amino acid sequence is recognized by a receptor located on the exterior of a cell.
Binding of the receptor to the targeting sequence results in uptake of the protein or
peptide operably-linked to the targeting sequence by the cell. One example of a
targeting sequence is a vitellogenin targeting sequence that is recognized by a
vitellogenin receptor (or the low density lipoprotein receptor) on the exterior of an
oocyte. In one embodiment, the vitellogenin targeting sequence includes the
polynucleotide sequence of SEQ ID NO:77. In another embodiment, the vitellogenin
targeting sequence includes all or part of the vitellogenin gene. Other targeting
sequences include VLDL and Apo E, which are also capable of binding the
vitellogenin receptor. Since the ApoE protein is not endogenously expressed in birds,
its presence may be used advantageously to identify birds carrying the transposon-

based vectors of the present invention.
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Genes of Interest

The genes of interest in the polynucleotide cassette can be any gene, and
preferably are genes that encode portions of multimeric proteins. A gene of interest
may contain modifications of the codons for the first several N-terminal amino acids
of the gene of interest, wherein the third base of each codon is changed to an A ora T
without changing the corresponding amino acid. In one embodiment, the genes of
interest are antibody genes or portions of antibody genes. Figure 2 shows a schematic
drawing of a polynucleotide cassette containing an antibody heavy chain and an
antibody light chain as two genes of interest. Antibodies used in or encoded by the
polynucleotide cassettes of the present invention include, but are not limited to, IgG,
IgM, IgA, IgD, IgE, IgY, lambda chains, kappa chains, bi-specific antibodies, and
fragments thereof; scFv fragments, Fc fragments, and Fab fragments as well as
dimeric, trimeric and oligomeric forms of antibody fragments. Desired antibodies
include, but are not limited to, naturally occurring antibodies, human antibodies,
humanized antibodies, autoantibodies and hybrid antibodies. Genes encoding
modified versions of naturally occurring antibodies or fragments thereof and genes
encoding artificially designed antibodies or fragments thereof may be incorporated
into the transposon-based vectors of the present invention. Desired antibodies also
include antibodies with the ability to bind specific ligands, for example, antibodies
against proteins associated with cancer-related molecules, such as anti-her 2, or anti-
CA125. Accordingly, the present invention encompasses a polynucleotide cassette as
described herein containing one or more genes encoding a heavy immunoglobulin (Ig)
chain and a light Ig chain.

Antibodies that may be produced using the present invention include, but are
not limited to, antibodies for use in cancer immunotherapy against specific antigens,
or for providing passive immunity to an animal or a human against an infectious
disease or a toxic agent. The antibodies prepared using the methods of the present
invention may also be designed to possess specific labels that may be detected
through means known to one of ordinary skill in the art. For example, antibodies may
be labeled with a fluorescent label attached that may be detected following exposure
to specific wavelengths. Such labeled antibodies may be primary antibodies directed
to a specific antigen, for example, rhodamine-labeled rabbit anti-growth hormone, or

may be labeled secondary antibodies, such as fluorescein-labeled goat-anti chicken
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IgG. Such labeled antibodies are known to one of ordinary skill in the art. The
antibodies may also be designed to possess specific sequences useful for purification
through means known to one of ordinary skill in the art. Labels useful for attachment
to antibodies are also known to one of ordinary skill in the art. Some of these labels
are described in the “Handbook of Fluorescent Probes and Research Products”, ninth
edition, Richard P. Haugland (ed) Molecular Probes, Inc. Eugene, OR), which is
incorporated herein in its entirety. Antibodies produced with the present invention
may be used as laboratory reagents for numerous applications including
radioimmunoassay, western blots, dot blots, ELISA, immunoaffinity columns and
other procedures requiring antibodies as known to one of ordinary skill in the art.
Such antibodies include primary antibodies, secondary antibodies and tertiary
antibodies, which may be labeled or unlabeled.

Additional antibodies that may be made with the practice of the present
invention include, but are not limited to, primary antibodies, secondary antibodies,
designer antibodies, anti-protein antibodies, anti-peptide antibodies, anti-DNA
antibodies, anti-RNA antibodies, anti-hormone antibodies, anti-hypophysiotropic
peptides, antibodies against non-natural antigens, anti-anterior pituitary hormone
antibodies, anti-posterior pituitary hormone antibodies, anti-venom antibodies, anti-
tumor marker antibodies, antibodies directed against epitopes associated with
infectious disease, including, anti-viral, anti-bacterial, anti-protozoal, anti-fungal,
anti-parasitic, anti-receptor, anti-lipid, anti-phospholipid, anti-growth factor, anti-
cytokine, anti-monokine, anti-idiotype, and anti-accessory (presentation) protein
antibodies. Antibodies made with the present invention, as well as light chains or
heavy chains, may also be used to inhibit enzyme activity.

Antibodies that may be produced using the present invention include, but are
not limited to, antibodies made against the following proteins: Bovine y-Globulin,
Serum; Bovine IgG, Plasma; Chicken y-Globulin, Serum; Human -Globulin, Serum;
Human IgA, Plasma; Human IgA;, Myeloma; Human IgA,, Myeloma; Human IgA,,
Plasma; Human IgD, Plasma; Human IgE, Myeloma; Human IgG, Plasma; Human
IgG, Fab Fragment, Plasma; Human IgG, F(ab'), Fragment, Plasma; Human IgG, Fc
Fragment, Plasma; Human IgG;, Myeloma; Human IgG;, Myeloma; Human IgGs,
Myeloma; Human IgGy, Myeloma;, Human IgM, Myeloma; Human IgM, Plasma;

Human Immunoglobulin, Light Chain k, Urine; Human Immunoglobulin, Light
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Chains k and A, Plasma; Mouse y-Globulin, Serum; Mouse IgG, Serum; Mouse IgM,
Myeloma; Rabbit y-Globulin, Serum; Rabbit IgG, Plasma; and Rat v-Globulin,
Serum. In one embodiment, the transposon-based vector comprises the coding
sequence of light and heavy chains of a murine monoclonal antibody that shows
specificity for human seminoprotein (GenBank Accession numbers AY129006 and
AY129304 for the light and heavy chains, respectively).

A further non-limiting list of antibodies that recognize other antibodies and
that may be produced using the present invention is as follows: Anti-Chicken IgG,
heavy (H) & light (L) Chain Specific (Sheep); Anti-Goat y-Globulin (Donkey); Anti-
Goat IgG, Fc Fragment Specific (Rabbit); Anti-Guinea Pig y-Globulin (Goat); Anti-
Human Ig, Light Chain, Type k Specific; Anti-Human Ig, Light Chain, Type A
Specific; Anti-Human IgA, o-Chain Specific (Goat); Anti-Human IgA, Fab Fragment
Specific; Anti-Human IgA, Fc Fragment Specific; Anti-Human IgA, Secretory; Anti-
Human IgE, e-Chain Specific (Goat); Anti-Human IgE, Fc Fragment Specific; Anti-
Human IgG, Fc Fragment Specific (Goat); Anti-Human IgG, v-Chain Specific (Goat);
Anti-Human IgG, Fc Fragment Specific; Anti-Human IgG, Fd Fragment Specific;
Anti-Human IgG, H & L Chain Specific (Goat); Anti-Human IgG;, Fc Fragment
Specific; Anti-Human IgGy, Fc Fragment Specific; Anti-Human IgG,, Fd Fragment
Specific; Anti-Human IgGs, Hinge Specific; Anti-Human IgGa, Fc Fragment Specific;
Anti-Human IgM, Fc Fragment Specific; Anti-Human IgM, p-Chain Specific; Anti-
Mouse IgE, e-Chain Specific; Anti-Mouse y-Globulin (Goat); Anti-Mouse IgG, -
Chain Specific (Goat); Anti-Mouse IgG, y-Chain Specific (Goat) F(ab'), Fragment;
Anti-Mouse IgG, H & L Chain Specific (Goat); Anti-Mouse IgM, pu-Chain Specific
(Goat); Anti-Mouse IgM, H & L Chain Specific (Goat); Anti-Rabbit y-Globulin
(Goat); Anti-Rabbit IgG, Fc Fragment Specific (Goat); Anti-Rabbit IgG, H & L Chain
Specific (Goat); Anti-Rat y-Globulin (Goat); Anti-Rat IgG, H & L Chain Specific;
Anti-Rhesus Monkey y-Globulin (Goat); and, Anti-Sheep IgG, H & L Chain Specific.

Antibodies that bind a particular ligand may also be produced. Exemplary
ligands are as follows: adrenomedulin, amylin, calcitonin, amyloid, calcitonin gene-
related peptide, cholecystokinin, gastrin, gastric inhibitory peptide, gastrin releasing
peptide, interleukin, interferon, cortistatin, somatostatin, endothelin, sarafotoxin,
glucagon, glucagon-like peptide, insulin, atrial natriuretic peptide, BNP, CNP,

neurokinin, substance P, leptin, neuropeptide Y, melanin concentrating hormone,
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melanocyte stimulating hormone, orphanin, endorphin, dynorphin, enkephalin,
enkephalin, leumorphin, peptide F, PACAP, PACAP-related peptide, parathyroid
hormone, urocortin, corticotrophin releasing hormone, PHM, PHI, vasoactive
intestinal polypeptide, secretin, ACTH, angiotensin, angiostatin, bombesin,
endostatin, bradykinin, FMRF amide, galanin, gonadotropin releasing hormone
(GnRH) associated peptide, GnRH, growth hormone releasing hormone, inhibin,
granulocyte-macrophage colony stimulating factor (GM-CSF), motilin, neurotensin,
oxytocin, vasopressin, osteocalcin, pancreastatin, pancreatic polypeptide, peptide Y'Y,
proopiomelanocortin, transforming growth factor, vascular endothelial growth factor,
vesicular monoamine transporter, vesicular acetylcholine transporter, ghrelin, NPW,
NPB, C3d, prokinetican, thyroid stimulating hormone, luteinizing hormone, follicle
stimulating hormone, prolactin, growth hormone, beta-lipotropin, melatonin,
kallikriens, kinins, prostaglandins, erythropoietin, p146 (SEQ ID NO:78 amino acid
sequence, SEQ ID NO:79, nucleotide sequence), estrogen, testosterone,
corticosteroids, mineralocorticoids, thyroid hormone, thymic hormones, connective
tissue proteins, nuclear proteins, actin, avidin, activin, agrin, albumin, and
prohormones, propeptides, splice variants, fragments and analogs thereof.

The following is yet another non-limiting of antibodies that can be produced
by the methods of present invention: abciximab (ReoPro), abciximab anti-platelet
aggregation monoclonal antibody, anti-CD11a (hull24), anti-CD18 antibody, anti-
CD20 antibody, anti-cytomegalovirus (CMV) antibody, anti-digoxin antibody, anti-
hepatitis B antibody, anti-HER-2 antibody, anti-idiotype antibody to GD3 glycolipid,
anti-IgE antibody, anti-IL-2R antibody, antimetastatic cancer antibody (mAb 17-1A),
anti-rabies antibody, anti-respiratory syncytial virus (RSV) antibody, anti-Rh
antibody, anti-TCR, anti-TNF antibody, anti-VEGF antibody and Fab fragment
thereof, rattlesnake venom antibody, black widow spider venom antibody, coral snake
venom antibody, antibody against very late antigen-4 (VLA-4), C225 humanized
antibody to EGF receptor, chimeric (human & mouse) antibody against TNFo,
antibody directed against GPIIb/IIla receptor on human platelets, gamma globulin,
anti-hepatitis B immunoglobulin, human anti-D immunoglobulin, human antibodies
against S aureus, human tetanus immunoglobulin, humanized antibody against the
epidermal growth receptor-2, humanized antibody against the o subunit of the
interleukin-2 receptor, humanized antibody CTLA4IG, humanized antibody to the
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IL-2 R o-chain, humanized anti-CD40-ligand monoclonal antibody (5¢8), humanized
mADb against the epidermal growth receptor-2, humanized mAb to rous sarcoma virus,
humanized recombinant antibody (IgG1k) against respiratory syncytial virus (RSV),
lymphocyte immunoglobulin (anti-thymocyte antibody), lymphocyte
immunoglobulin, mAb against factor VI, MDX-210 bi-specific antibody against
HER-2, MDX-22, MDX-220 bi-specific antibody against TAG-72 on tumors, MDX-
33 antibody to FcyR1 receptor, MDX-447 bi-specific antibody against EGF receptor,
MDX-447 bispecific humanized antibody to EGF receptor, MDX-RA immunotoxin
(ricin A linked) antibody, Medi-507 antibody (humanized form of BTI-322) against
CD2 receptor on T-cells, monoclonal antibody LDP-02, muromonab-CD3(OKT3)
antibody, OKT3 ("muromomab-CD3") antibody, PRO 542 antibody, ReoPro
(“abciximab™) antibody, and TNF-IgG fusion protein.

Another non-limiting list of the antibodies that may be produced using the
present invention is provided in product catalogs of companies such as Phoenix
Pharmaceuticals, Inc. (www.phoenixpeptide.com; 530 Harbor Boulevard, Belmont,
CA), Peninsula Labs San Carlos CA, SIGMA, StLouis, MO WWW.sigma-
aldrich.com, Cappel ICN, Irvine, California, www.icnbiomed.com, and Calbiochem,
La Jolla, California, www.calbiochem.com, which are all incorporated herein by
reference in their entirety. The polynucleotide sequences encoding these antibodies
may be obtained from the scientific literature, from patents, and from databases such
as GenBank. Alternatively, one of ordinary skill in the art may design the antibody
polynucleotide sequence by choosing the codons that encode for each amino acid in
the desired antibody.

~ Genes encoding protein and peptide hormones are a preferred class of genes of
interest in the present invention. Such protein and peptide hormones are synthesized
throughout the endocrine system and include, but are not limited to, hypothalamic
hormones and hypophysiotropic hormones, anterior, intermediate and posterior
pituitary hormones, pancreatic islet hormones, hormones made in the gastrointestinal
system, renal hormones, thymic hormones, parathyroid hormones, adrenal cortical
and medullary hormones. Specifically, hormones that can be produced using the
present invention include, but are mnot limited to, chorionic gonadotropin,
corticotropin, erythropoietin, glucagons, IGF-1, oxytocin, platelet-derived growth

factor, calcitonin, follicle-stimulating hormone, luteinizing hormone, thyroid-
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stimulating hormone, insulin, gonadotropin-releasing hormone and its analogs,
vasopressin, octreotide, somatostatin, prolactin, adrenocorticotropic hormone,
antidiuretic hormone, thyrotropin-releasing hormone (TRH), growth hormone-
releasing hormone (GHRH), dopamine, melatonin, thyroxin (T,), parathyroid
hormone (PTH), glucocorticoids such as cortisol, mineralocorticoids such as
aldosterone, androgens such as testosterone, adrenaline (epinephrine), noradrenaline
(norepinephrine), estrogens such as estradiol, progesterone, glucagons, calcitrol,
calciferol, atrial-natriuretic peptide, gastrin, secretin, cholecystokinin (CCK),
neuropeptide Y, ghrelin, PYY3.36, angiotensinogen, thrombopoietin, and leptin. By
using appropriate polynucleotide sequences, species-specific hormones may be made
by transgenic animals.

In one embodiment of the present invention, the gene of interest is a proinsulin
gene and the desired molecule is insulin. Proinsulin consists of three parts: a C-
peptide and two strands of amino acids (the alpha and beta chains) that later become
linked together to form the insulin molecule. In these embodiments, proinsulin is
expressed in the oviduct tubular gland cells and then deposited in the egg white. One
example of a proinsulin polynucleotide sequence is shown in SEQ ID NO:80, wherein
the C-peptide cleavage site spans from Arg at position 31 to Arg at position 65.

Further included in the present invention are genes of interet that encode
proteins and peptides synthesized by the immune system including those synthesized
by the thymus, lymph nodes, spleen, and the gastrointestinal associated lymph tissues
(GALT) system. The immune system proteins and peptides proteins that can be made
in transgenic animals using the polynucleotide cassettes of the present invention
include, but are not limited to, alpha-interferon, beta-interferon, gamma-interferon,
alpha-interferon A, alpha-interferon 1, G-CSF, GM-CSF, interlukin-1 (IL-1), IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, TNF-a, and TNF-
B. Other cytokines included in the present invention include cardiotrophin, stromal
cell derived factor, macrophage derived chemokine (MDC), melanoma growth
stimulatory activity (MGSA), macrophage inflammatory proteins 1 alpha (MIP-1
alpha), 2, 3 alpha, 3 beta, 4 and 5.

Genes encoding lytic peptides such as pl46 are also included in the genes of
interest of the present invention. In one embodiment, the p146 peptide comprises an

amino acid sequence of SEQ ID NO:78. The present invention also encompasses a
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polynucleotide cassette comprising a p146 nucleic acid having a sequence of SEQ ID
NO:79.

Enzymes are another class of proteins that may be encoded by the
polynucleotide cassettes of the present invention. Such enzymes include but are not
limited to adenosine deaminase, alpha-galactosidase, cellulase, collagenase, dnasel,
hyaluronidase, lactase, L-asparaginase, pancreatin, papain, streptokinase B, subtilisin,
superoxide dismutase, thrombin, trypsin, urokinase, fibrinolysin, glucocerebrosidase
and plasminogen activator. In some embodiments wherein the enzyme could have
deleterious effects, additional amino acids and a protease cleavage site are added to
the carboxy end of the enzyme of interest in order to prevent expression of a
functional enzyme. Subsequent digestion of the enzyme with a protease results in
activation of the enzyme.

Extracellular matrix proteins are one class of desired proteins that may be
encoded by the polynucleotide cassettes of the present invention. Examples include
but are not limited to collagen, fibrin, elastin, laminin, and fibronectin and subtypes
thereof. Intracellular proteins and structural proteins are other classes of desired
proteins in the present invention.

Growth factors are another desired class of proteins that may be encoded by
the polynucleotide cassettes of the present invention and include, but are not limited
to, transforming growth factor-o. (“TGF-o”), transforming growth factor-B (TGF-B),
platelet-derived growth factors (PDGF), fibroblast growth factors (FGF), including
FGF acidic isoforms 1 and 2, FGF basic form 2 and FGF 4, 8, 9 and 10, nerve growth
factors (NGF) including NGF 2.5s, NGF 7.0s and beta NGF and neurotrophins, brain
derived neurotrophic factor, cartilage derived factor, growth factors for stimulation of
the production of red blood cells, growth factors for stimulation of the production of
white blood cells, bone growth factors (BGF), basic fibroblast growth factor, vascular
endothelial growth factor (VEGF), granulocyte colony stimulating factor (G-CSF),
insulin like growth factor (IGF) I and II, hepatocyte growth factor, glial neurotrophic
growth factor (GDNF), stem cell factor (SCF), keratinocyte growth factor (KGF),
transforming growth factors (TGF), including TGFs alpha, beta, betal, beta2, beta3,
skeletal growth factor, bone matrix derived growth factors, bone derived growth
factors, erythropoietin (EPO) and mixtures thereof.
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Another desired class of proteins that may be encoded by the polynucleotide
cassettes of the present invention include, but are not limited to, leptin, leukemia
inhibitory factor (LIF), tumor necrosis factor alpha and beta, ENBREL, angiostatin,
endostatin, thrombospondin, osteogenic protein-1, bone morphogenetic proteins 2 and
7, osteonectin, somatomedin-like peptide, and osteocalcin.

Yet another desired class of proteins encoded by the genes of interet are blood
proteins or clotting cascade protein including albumin, Prekallikrein, High molecular
weight kininogen (HMWK) (contact activation cofactor; Fitzgerald, Flaujeac
Williams factor), Factor I (Fibrinogen), Factor II (prothrombin), Factor III (Tissue
Factor), Factor IV (calcium), Factor V (proaccelerin, labile factor, accelerator (Ac-)
globulin), Factor VI (Va) (accelerin), Factor VII (proconvertin), serum prothrombin
conversion accelerator (SPCA), cothromboplastin), Factor VIII (antihemophiliac
factor A, antihemophilic globulin (AHG)), Factor IX (Christmas Factor,
antihemophilic factor B,plasma thromboplastin component (PTC)), Factor X (Stuart-
Prower Factor), Factor XI (Plasma thromboplastin antecedent (PTA)), Factor XII
(Hageman Factor), Factor XIII (rotransglutaminase, fibrin stabilizing factor (FSF),
fibrinoligase), von Willebrand factor, Protein C, Protein S, Thrombomodulin,
Antithrombin III.

A non-limiting list of the peptides and proteins that may be encoded by the
polynucleotide cassettes of the present invention is provided in product catalogs of
companies such as Phoenix Pharmaceuticals, Inc. (www.phoenixpeptide.com; 530
Harbor Boulevard, Belmont, CA), Peninsula Labs (San Carlos CA), SIGMA,
(St.Louis, MO www.sigma-aldrich.com), Cappel ICN (Irvine, California,
www.icnbiomed.com), and Calbiochem (La Jolla, California, www.calbiochem.com).
The polynucleotide sequences encoding these proteins and peptides of interest may be
obtained from the scientific literature, from patents, and from databases such as
GenBank.  Alternatively, one of ordinary skill in the art may design the
polynucleotide sequence to be incorporated into the genome by choosing the codons
that encode for each amino acid in the desired protein or peptide.

Some of these desired proteins or peptides that may be encoded by the
polynucleotide cassettes of the present invention include but are not limited to the
following: adrenomedulin, amylin, calcitonin, amyloid, calcitonin gene-related

peptide, cholecystokinin, gastrin, gastric inhibitory peptide, gastrin releasing peptide,

31



WO 2004/067706 PCT/US2003/041261

10

15

20

25

30

interleukin, interferon, cortistatin, somatostatin, endothelin, sarafotoxin, glucagon,
glucagon-like peptide, insulin, atrial natriuretic peptide, BNP, CNP, neurokinin,
substance P, leptin, neuropeptide Y, melanin concentrating hormone, melanocyte
stimulating hormone, orphanin, endorphin, dynorphin, enkephalin, leumorphin,
peptide F, PACAP, PACAP-related peptide, parathyroid hormone, urocortin,
corticotrophin releasing hormone, PHM, PHI, vasoactive intestinal polypeptide,
secretin, ACTH, angiotensin, angiostatin, bombesin, endostatin, bradykinin, FMRF
amide, galanin, gonadotropin releasing hormone (GnRH) associated peptide, GnRH,
growth hormone releasing hormone, inhibin, granulocyte-macrophage colony
stimulating factor (GM-CSF), motilin, neurotensin, oxytocin, vasopressin,
osteocalcin, pancreastatin, pancreatic polypeptide, peptide Y'Y, proopiomelanocortin,
transforming growth factor, vascular endothelial growth factor, vesicular monoamine
transporter, vesicular acetylcholine transporter, ghrelin, NPW, NPB, C3d,
prokinetican, thyroid stimulating hormone, luteinizing hormone, follicle stimulating
hormone, prolactin, growth hormone, beta-lipotropin, melatonin, kallikriens, kinins,
prostaglandins, erythropoietin, p146 (SEQ ID NO:78, amino acid sequence, SEQ ID
NO:79, nucleotide sequence), thymic hormones, connective tissue proteins, nuclear
proteins, actin, avidin, activin, agrin, albumin, apolipoproteins, apolipoprotein A,
apolipoprotein B, and prohormones, propeptides, splice variants, fragments and
analogs thereof.

Other desired proteins that may be encoded by the polynucleotide cassettes of
the present invention include bacitracin, polymixin b, vancomycin, cyclosporine, anti-
RSV antibody, alpha-1 antitrypsin (AAT), anti-cytomegalovirus antibody, anti-
hepatitis antibody, anti-inhibitor coagulant complex, anti-rabies antibody, anti-Rh(D)
antibody, adenosine deaminase, anti-digoxin antibody, antivenin crotalidae
(rattlesnake venom antibody), antivenin latrodectus (black widow spider venom
antibody), antivenin micrurus (coral snake venom antibody), aprotinin, corticotropin
(ACTH), diphtheria antitoxin, lymphocyte immune globulin (anti-thymocyte
antibody), protamine, thyrotropin, capreomycin, o-galactosidase, gramicidin,
streptokinase, tetanus toxoid, tyrothricin, IGF-1, proteins of varicella vaccine, anti-
TNF antibody, anti-IL-2r antibody, anti-HER-2 antibody, OKT3 (“muromonab-
CD3”) antibody, TNF-IgG fusion protein, ReoPro (“abciximab”) antibody, ACTH

fragment 1-24, desmopressin, gonadotropin-releasing hormone, histrelin, leuprolide,

32



WO 2004/067706 PCT/US2003/041261

10

15

20

25

30

lypressin, nafarelin, peptide that binds GPIIb/GPIIla on platelets (integrilin),
goserelin, capreomycin, colistin, anti-respiratory syncytial virus, lymphocyte immune
globulin (Thymoglovin, Atgam), panorex, alpha-antitrypsin, botulinin, lung surfactant
protein, tumor necrosis receptor-IgG fusion protein (enbrel), gonadorelin, proteins of
influenza vaccine, proteins of rotavirus vaccine, proteins of haemophilus b conjugate
vaccine, proteins of poliovirus vaccine, proteins of pneumococcal conjugate vaccine,
proteins of meningococcal C vaccine, proteins of influenza vaccine, megakaryocyte
growth and development factor (MGDF), neuroimmunophilin ligand-A (NIL-A),
brain-derived neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor
(GDNF), leptin (native), leptin B, leptin C, IL-1RA (interleukin-1RA), R-568, novel
erythropoiesis-stimulating protein (NESP), humanized mAb to rous sarcoma virus
(MEDI-493), glutamyl-tryptophan dipeptide IM862, LFA-3TIP immunosuppressive,
humanized anti-CD40-ligand monoclonal antibody (5¢8), gelsonin enzyme, tissue
factor pathway inhibitor (TFPI), proteins of meningitis B vaccine, antimetastatic
cancer antibody (mAb 17-1A), chimeric (human & mouse) mAb against TNFo, mAb
against factor VII, relaxin, capreomycin, glycopeptide (LY333328), recombinant
human activated protein C (thAPC), humanized mAb against the epidermal growth
receptor-2, altepase, anti-CD20 antigen, C2B8 antibody, insulin-like growth factor-1,
atrial natriuretic peptide (anaritide), tenectaplase, anti-CD11a antibody (hu 1124),
anti-CD18 antibody, mAb LDP-02, anti-VEGF antibody, Fab fragment of anti-VEGF
Ab, APO2 ligand (tumor necrosis factor-related apoptosis-inducing ligand), rTGF-3
(transforming growth factor-8), alpha-antitrypsin, ananain (a pineapple enzyme),
humanized mAb CTLA4IG, PRO 542 (mAb), D2E7 (mAb), calf intestine alkaline
phosphatase, o~L-iduronidase, a-L-galactosidase (humanglutamic acid decarboxylase,
acid sphingomyelinase, bone morphogenetic protein-2 (thBMP-2), proteins of HIV
vaccine, T cell receptor (TCR) peptide vaccine, TCR peptides, V beta 3 and V beta
13.1. (IR502), (IR501), BI 1050/1272 mAb against very late antigen-4 (VLA-4),
C225 humanized mAb to EGF receptor, anti-idiotype antibody to GD3 glycolipid,
antibacterial peptide against H. pylori, MDX-447 bispecific humanized mAb to EGF
receptor, anti-cytomegalovirus (CMV), Medi-491 B19 parvovirus vaccine, humanized
recombinant mAb (IgGlk) against respiratory syncytial virus (RSV), urinary tract
infection vaccine (against “pili” on Escherechia coli strains), proteins of lyme disease

vaccine against B. burgdorferi protein (DbpA), proteins of Medi-501 human
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papilloma virus-11 vaccine (HPV), Streptococcus pneumoniae vaccine, Medi-507
mAb (humanized form of BTI-322) against CD2 receptor on T-cells, MDX-33 mAb
to FcyR1 receptor, MDX-RA immunotoxin (ricin A linked) mAb, MDX-210 bi-
specific mAb against HER-2, MDX-447 bi-specific mAb against EGF receptor,
MDX-22, MDX-220 bi-specific mAb against TAG-72 on tumors, colony-stimulating
factor (CSF) (molgramostim), humanized mAb to the IL-2 R o-chain (basiliximab),
mAb to IgE (IGE 025A), myelin basic protein-altered peptide (MSP771A),
humanized mAb against the epidermal growth receptor-2, humanized mAb against the
o subunit of the interleukin-2 receptor, low molecular weight heparin, anti-
hemophillic factor, and bactericidal/permeability-increasing protein (r-BPI).

Other multimeric proteins that may be produced using the present invention
are as follows: factors involved in the synthesis or replication of DNA, such as DNA
polymerase alpha and DNA polymerase delta; proteins involved in the production of
mRNA, such as TFIID and TFIH; cell, nuclear and other membrane-associated
proteins, such as hormone and other signal transduction receptors, active transport
proteins and ion channels, multimeric proteins in the blood, including hemoglobin,
fibrinogen and von Willabrand’s Factor; proteins that form structures within the cell,
such as actin, myosin, and tubulin and other cytoskeletal proteins; proteins that form
structures in the extra cellular environment, such as collagen, elastin and fibronectin;
proteins involved in intra- and extra-cellular transport, such as kinesin and dynein, the
SNARE family of proteins (soluble NSF attachment protein receptor) and clathrin;
proteins that help regulate chromatin structure, such as histones and protamines,
Swi3p, Rsc8p and moira; multimeric transcription factors such as Fos , Jun and CBTF
(CCAAT box transcription factor); multimeric enzymes such as acetylcholinesterase
and alcohol dehydrogenase; chaperone proteins such as GroE, Gro EL (chaperonin
60) and Gro ES(chaperonin 10); anti-toxins, such as snake venom, botulism toxin,
Streptococcus super antigens; lysins (enzymes from bacteriophage and viruses); as
well as most allosteric proteins.

The multimeric proteins made using the present invention may be labeled
using labels and techniques known to one of ordinary skill in the art. Some of these
labels are described in the “Handbook of Fluorescent Probes and Research Products”,
ninth edition, Richard P. Haugland (ed) Molecular Probes, Inc. Eugene, OR), which is

incorporated herein in its entirety. Some of these labels may be genetically
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engineered into the polynucleotide sequence for the expression of the selected
multimeric protein. The peptides and proteins may also have label-incorporation
“handles” incorporated to allow labeling of an otherwise difficult or impossible to
label multimeric protein.

It is to be understood that the various classes of desired peptides and proteins,
as well as specific peptides and proteins described in this section may be modified as
described below by inserting selected codons for desired amino acid substitutions into
the gene incorporated into the transgenic animal.

The present invention may also be used to produce desired molecules other
than proteins and peptides including, but not limited to, lipoproteins such as high
density lipoprotein (HDL), HDL-Milano, and low density lipoprotein, lipids,
carbohydrates, siRNA and ribozymes. In these embodiments, a gene of interest
encodes a nucleic acid molecule or a protein that directs production of the desired
molecule.

The present invention further encompasses the use of inhibitory molecules to
inhibit endogenous (i.e., non-vector) protein production. These inhibitory molecules
include antisense nucleic acids, siRNA and inhibitory proteins. In a preferred
embodiment, the endogenous protein whose expression is inhibited is an egg white
protein including, but not limited to ovalbumin, ovotransferrin, and ovomucin
ovomucoid, ovoinhibitor, cystatin, ovostatin, lysozyme, ovoglobulin G2, ovoglobulin
G3, avidin, and thiamin binding protein. In one embodiment, a polynucleotide
cassette containing an ovalbumin DNA sequence, that upon transcription forms a
double stranded RNA molecule, is transfected into an animal such as a bird and the
bird’s production of endogenous ovalbumin protein is reduced by the interference
RNA mechanism (RNAi). In other embodiments, a polynucleotide cassette encodes
an inhibitory RNA molecule that inhibits the expression of more than one egg white
protein. Additionally, inducible knockouts or knockdowns of the endogenous protein
may be created to achieve a reduction or inhibition of endogenous protein production.
Endogenous egg white production can be inhibited in an avian at any time, but is
preferably inhibited preceding, or immediately preceding, the harvest of eggs.

Modified Desired Proteins and Peptides

The present invention may be used for the production of multimeric proteins.

3 4%

"Proteins”, “peptides," "polypeptides”" and "oligopeptides" are chains of amino acids
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(typically L-amino acids) whose alpha carbons are linked through peptide bonds
formed by a condensation reaction between the carboxyl group of the alpha carbon of
one amino acid and the amino group of the alpha carbon of another amino acid. The
terminal amino acid at one end of the chain (i.e., the amino terminal) has a free amino
group, while the terminal amino acid at the other end of the chain (i.e., the carboxy
terminal) has a free carboxyl group. As such, the term "amino terminus" (abbreviated
N-terminus) refers to the free alpha-amino group on the amino acid at the amino
terminal of the protein, or to the alpha-amino group (imino group when participating
in a peptide bond) of an amino acid at any other location within the protein.
Similarly, the term "carboxy terminus" (abbreviated C-terminus) refers to the free
carboxyl group on the amino acid at the carboxy terminus of a protein, or to the
carboxyl group of an amino acid at any other location within the protein.

Typically, the amino acids making up a protein are numbered in order, starting
at the amino terminal and increasing in the direction toward the carboxy terminal of
the protein. Thus, when one amino acid is said to "follow" another, that amino acid is
positioned closer to the carboxy terminal of the protein than the preceding amino acid.

The term "residue" is used herein to refer to an amino acid (D or L) or an
amino acid mimetic that is incorporated into a protein by an amide bond. As such, the
amino acid may be a naturally occurring amino acid or, unless otherwise limited, may
encompass known analogs of natural amino acids that function in a manner similar to
the naturally occurring amino acids (i.e., amino acid mimetics). Moreover, an amide
bond mimetic includes peptide backbone modifications well known to those skilled in
the art.

Furthermore, one of skill will recognize that, as mentioned above, individual
substitutions, deletions or additions which alter, add or delete a single amino acid or a
small percentage of amino acids (typically less than about 5%, more typically less
than about 1%) in an encoded sequence are conservatively modified variations where
the alterations result in the substitution of an amino acid with a chemically similar
amino acid. Conservative substitution tables providing functionally similar amino
acids are well known in the art. The following six groups each contain amino acids
that are conservative substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);
2) Aspartic acid (D), Glutamic acid (E);
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3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

A conservative substitution is a substitution in which the substituting amino
acid (naturally occurring or modified) is structurally related to the amino acid being
substituted, i.e., has about the same size and electronic properties as the amino acid
being substituted. Thus, the substituting amino acid would have the same or a similar
functional group in the side chain as the original amino acid. A “conservative
substitution” also refers to utilizing a substituting amino acid which is identical to the
amino acid being substituted except that a functional group in the side chain is
protected with a suitable protecting group.

Suitable protecting groups are described in Green and Wuts, “Protecting
Groups in Organic Synthesis”, John Wiley and Sons, Chapters 5 and 7, 1991, the
teachings of which are incorporated herein by reference. Preferred protecting groups
are those which facilitate transport of the peptide through membranes, for example, by
reducing the hydrophilicity and increasing the lipophilicity of the peptide, and which
can be cleaved, either by hydrolysis or enzymatically (Ditter et al., 1968. J. Pharm.
Sci. 57:783; Ditter et al., 1968. J. Pharm. Sci. 57:828; Ditter et al., 1969. J. Pharm.
Sci. 58:557; King et al., 1987. Biochemistry 26:2294; Lindberg et al., 1989. Drug
Metabolism and Disposition 17:311; Tunek et al., 1988. Biochem. Pharm. 37:3867;
Anderson et al., 1985 Arch. Biochem. Biophys. 239:538; and Singhal et al., 1987.
FASEB J. 1:220). Suitable hydroxyl protecting groups include ester, carbonate and
carbamate protecting groups. Suitable amine protecting groups include acyl groups
and alkoxy or aryloxy carbonyl groups, as described above for N-terminal protecting
groups. Suitable carboxylic acid protecting groups include aliphatic, benzyl and aryl
esters, as described below for C-terminal protecting groups. In one embodiment, the
carboxylic acid group in the side chain of one or more glutamic acid or aspartic acid
residues in a peptide of the present invention is protected, preferably as a methyl,
ethyl, benzyl or substituted benzyl ester, more preferably as a benzyl ester.

Provided below are groups of naturally occurring and modified amino acids in
which each amino acid in a group has similar electronic and steric properties. Thus, a

conservative substitution can be made by substituting an amino acid with another

37



WO 2004/067706 PCT/US2003/041261

10

15

20

25

30

amino acid from the same group. It is to be understood that these groups are non-

limiting, i.e. that there are additional modified amino acids which could be included in

each group.

Group I includes leucine, isoleucine, valine, methionine and modified amino acids
having the following side chains: ethyl, n-propyl n-butyl. Preferably, Group I
includes leucine, isoleucine, valine and methionine.

Group II includes glycine, alanine, valine and a modified amino acid having an ethyl
side chain. Preferably, Group Il includes glycine and alanine.

Group III includes phenylalanine, phenylglycine, tyrosine, tryptophan,
cyclohexylmethyl glycine, and modified amino residues having substituted
benzyl or phenyl side chains. Preferred substituents include one or more of
the following: halogen, methyl, ethyl, nitro, —NH,, methoxy, ethoxy and —
CN. Preferably, Group III includes phenylalanine, tyrosine and tryptophan.

Group IV includes glutamic acid, aspartic acid, a substituted or unsubstituted
aliphatic, aromatic or benzylic ester of glutamic or aspartic acid (e.g., methyl,
ethyl, n-propyl iso-propyl, cyclohexyl, benzyl or substituted benzyl),
glutamine, asparagine, —CO—NH— alkylated glutamine or asparagines (e.g.,
methyl, ethyl, n-propyl and iso-propyl) and modified amino acids having the
side chain —(CH,);—COOH, an ester thereof (substituted or unsubstituted
aliphatic, aromatic or benzylic ester), an amide thereof and a substituted or
unsubstituted N-alkylated amide thereof. Preferably, Group IV includes
glutamic acid, aspartic acid, methyl aspartate, ethyl aspartate, benzyl aspartate
and methyl glutamate, ethyl glutamate and benzyl glutamate, glutamine and
asparagine.

Group V includes histidine, lysine, ornithine, arginine, N-nitroarginine, B-
cycloarginine, v-hydroxyarginine, N-amidinocitruline and 2-amino-4-
guanidinobutanoic acid, homologs of lysine, homologs of arginine and
homologs of ornithine. Preferably, Group V includes histidine, lysine,
arginine and ornithine. A homolog of an amino acid includes from 1 to about
3 additional or subtracted methylene units in the side chain.

Group VI includes serine, threonine, cysteine and modified amino acids having C1-

C5 straight or branched alkyl side chains substituted with —OH or —SH, for
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example, —CH,CH,OH, —CH,CH,CH,OH or -CH,CH,OHCHj. Preferably,

Group VI includes serine, cysteine or threonine.

In another aspect, suitable substitutions for amino acid residues include
“gsevere” substitutions. A “severe substitution” is a substitution in which the
substituting amino acid (naturally occurring or modified) has significantly different
size and/or electronic properties compared with the amino acid being substituted.
Thus, the side chain of the substituting amino acid can be significantly larger (or
smaller) than the side chain of the amino acid being substituted and/or can have
functional groups with significantly different electronic properties than the amino acid
being substituted. Examples of severe substitutions of this type include the
substitution of phenylalanine or cyclohexylmethyl glycine for alanine, isoleucine for
glycine, a D amino acid for the corresponding L amino acid, or —NH—CH[(—
CH,)s—COOH]—CO— for aspartic acid. Alternatively, a functional group may be
added to the side chain, deleted from the side chain or exchanged with another
functional group. Examples of severe substitutions of this type include adding of
valine, leucine or isoleucine, exchanging the carboxylic acid in the side chain of
aspartic acid or glutamic acid with an amine, or deleting the amine group in the side
chain of lysine or ornithine. In yet another alternative, the side chain of the
substituting amino acid can have significantly different steric and electronic properties
that the functional group of the amino acid being substituted. Examples of such
modifications include tryptophan for glycine, lysine for aspartic acid and —
(CH,)4COOH for the side chain of serine. These examples are not meant to be
limiting. .

In another embodiment, for example in the synthesis of a peptide 26 amino
acids in length, the individual amino acids may be substituted according in the
following manner:

AA is serine, glycine, alanine, cysteine or threonine;

AA, is alanine, threonine, glycine, cysteine or serine;

AAj is valine, arginine, leucine, isoleucine, methionine, ornithine, lysine, N-
nitroarginine, B-cycloarginine, y-hydroxyarginine, N-amidinocitruline or 2-amino-4-
guanidinobutanoic acid;

AA,is proline, leucine, valine, isoleucine or methionine;

AAgsis tryptophan, alanine, phenylalanine, tyrosine or glycine;
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AAgis serine, glycine, alanine, cysteine or threonine;

AA;is proline, leucine, valine, isoleucine or methionine;

AAgsis alanine, threonine, glycine, cysteine or serine;

AAyis alanine, threonine, glycine, cysteine or serine;

AAjpis leucine, isoleucine, methionine or valine;

AA, is serine, glycine, alanine, cysteine or threonine;

AA,is leucine, isoleucine, methionine or valine;

A A3 1s leucine, isoleucine, methionine or valine;

AAy, is glutamine, glutamic acid, aspartic acid, asparagine, or a substituted or
unsubstituted aliphatic or aryl ester of glutamic acid or aspartic acid;

AA;s is arginine, N-nitroarginine, B-cycloarginine, 7-hydroxy-arginine, N-
amidinocitruline or 2-amino-4-guanidino-butanoic acid

A A is proline, leucine, valine, isoleucine or methionine;

AA 7 is serine, glycine, alanine, cysteine or threonine;

AAjg is glutamic acid, aspartic acid, asparagine, glutamine or a substituted or
unsubstituted aliphatic or aryl ester of glutamic acid or aspartic acid;

AAqis aspartic acid, asparagine, glutamic acid, glutamine, leucine, valine, isoleucine,
methionine or a substituted or unsubstituted aliphatic or aryl ester of glutamic acid or
aspartic acid;

AAyy is valine, arginine, leucine, isoleucine, methionine, ornithine, lysine, N-
nitroarginine, B-cycloarginine, y-hydroxyarginine, N-amidinocitruline or 2-amino-4-
guanidinobutanoic acid;

AA,; is alanine, threonine, glycine, cysteine or serine;

AAy, is alanine, threonine, glycine, cysteine or serine;

AA,j is histidine, serine, threonine, cysteine, lysine or ornithine;

AA,, is threonine, aspartic acid, serine, glutamic acid or a substituted or unsubstituted
aliphatic or aryl ester of glutamic acid or aspartic acid;

AAjys is asparagine, aspartic acid,, glutamic acid, glutamine, leucine, valine,
isoleucine, methionine or a substituted or unsubstituted aliphatic or aryl ester of
glutamic acid or aspartic acid; and

AAyis cysteine, histidine, serine, threonine, lysine or ornithine.
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It is to be understood that these amino acid substitutions may be made for
longer or shorter peptides than the 26 mer in the preceding example above, and for
proteins.

In one embodiment of the present invention, codons for the first several N-
terminal amino acids of the transposase are modified such that the third base of each
codon is changed to an A or a T without changing the corresponding amino acid. It is
preferable that between approximately 1 and 20, more preferably 3 and 15, and most
preferably between 4 and 12 of the first N-terminal codons of the gene of interest are
modified such that the third base of each codon is changed to an A or a T without
changing the corresponding amino acid. In one embodiment, the first ten N-terminal
codons of the gene of interest are modified in this manner.

When several desired proteins, protein fragments or peptides are encoded in
the gene of interest to be incorporated into the genome, as with the multivalent
multimeric proteins, one of skill in the art will appreciate that the proteins, protein
fragments or peptides may be separated by a spacer molecule such as, for example, a
peptide, consisting of one or more amino acids. Generally, the spacer will have no
specific biological activity other than to join the desired proteins, protein fragments or
peptides together, or to preserve some minimum distance or other spatial relationship
between them. However, the constituent amino acids of the spacer may be selected to
influence some property of the molecule such as the folding, net charge, or
hydrophobicity. The spacer may also be contained within a nucleotide sequence with
a purification handle or be flanked by proteolytic cleavage sites.

Such polypeptide spacers may have from about 1 to about 100 amino acids,
preferably 3 to 20 amino acids, and more preferably 4-15 amino acids. The spacers in
a polypeptide are independently chosen, but are preferably all the same. The spacers
should allow for flexibility of movement in space and are therefore typically rich in
small amino acids, for example, glycine, serine, proline or alanine. Preferably,
peptide spacers contain at least 60%, more preferably at least 80% glycine or alanine.
In addition, peptide spacers generally have little or no biological and antigenic
activity. Preferred spacers are (Gly-Pro-Gly-Gly)x (SEQ ID NO:81) and (Glys-Ser)y,
wherein x is an integer from about 3 to about 9 and y is an integer from about 1 to

about 8. Specific examples of suitable spacers include
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(Gly-Pro-Gly-Gly)s

SEQID NO:82  Gly Pro Gly Gly Gly Pro Gly Gly Gly Pro Gly Gly

(Glys-Ser)z

SEQID NO:83  Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

or (Glys-Ser)s

SEQID NO:84 Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
Gly Gly Gly Gly Ser.

One example of a multivalent multimeric protein containin a spacer is
leutinizing hormone (LLH), normally made as separate alpha and beta chains, made as
a single polypeptide as described in Galet et. al., Mol. Cell Endocrinology, 2001, 174
(1-2):31-40. Production of a multimeric protein may thus be simplified using a spacer
sequence that may or may not contain cleavage sites. In the case of an
immunoglobulin, for example, a heavy and light chain may be synthesized as a single
polypeptide using a spacer sequence with protease sites native to the transgenic
animal so as to make, upon processing, a heavy and light chain combination in close
association, facilitating the addition of a similar heavy and light chain to produce the
native immunoglobulin. In this model, the removal of the spacer sequence may or
may not be required. Other multimeric proteins may be made in bioengineered
organisms in a similar fashion.

Nucleotide sequences encoding for the production of residues which may be
useful in purification of the expressed recombinant protein may also be built into the
vector. Such sequences are known in the art and include the glutathione binding
domain from glutathione S-transferase, polylysine, hexa-histidine or other cationic
amino acids, thioredoxin, hemagglutinin antigen and maltose binding protein.

Additionally, nucleotide sequences may be inserted into the gene of interest to
be incorporated so that the protein or peptide can also include from one to about six
amino acids that create signals for proteolytic cleavage. In this manner, if a gene is
designed to make one or more peptides or proteins of interest in the transgenic animal,
specific nucleotide sequences encoding for amino acids recognized by enzymes may
be incorporated into the gene to facilitate cleavage of the large protein or peptide
sequence into desired peptides or proteins or both. For example, nucleotides encoding
a proteolytic cleavage site can be introduced into the gene of interest so that a signal

sequence can be cleaved from a protein or peptide encoded by the gene of interest.
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Nucleotide sequences encoding other amino acid sequences which display pH
sensitivity, chemical sensitivity or photolability may also be added to the vector to
facilitate separation of the signal sequence from the peptide or protein of interest.

Proteolytic cleavage sites include cleavage sites recognized by exopeptidases
such as carboxypeptidase A, carboxypeptidase B, aminopeptidase I, and
dipeptidylaminopeptidase; endopeptidases such as trypsin, V8-protease, enterokinase,
factor Xa, collagenase, endoproteinase, subtilisin, and thombin; and proteases such as
Protease 3C IgA protease - (Igase) Rhinovirus 3C(preScission)protease. Chemical
cleavage sites are also included in the defintion of cleavage site as used herein.
Chemical cleavage sites include, but are not limited to, site cleaved by cyanogen
bromide, hydroxylamine, formic acid, and acetic acid. Self-splicing cleavage sites
such as inteins are also included in the present invention.

In some embodiments, one or more cleavage sites are incorporated into a
polynucleotide cassette containing multiple genes of interest. Figure 4 depicts one
example of a polynucleotide cassette containing two genes of interest containing a
cleavage site between them. The genes of interest may encode different proteins or
peptides, the same protein or peptide, or modified versions of the same protein or
peptide. While Figure 4 shows a polynucleotide cassette containing two genes of
interest, the present invention encompasses a polynucleotide cassette containing any
number of genes of interest. The cleavage site located between the genes of interest
can encode any amino acid sequence that is cleaved by any means. As mentioned
above, the cleavage site can encode an amino acid sequence cleaved by a protease, a
chemical reaction, can be a photolabile site. can be a pro polynucleotide

The present invention includes a polynucleotide cassette that encodes a
repetitive polypeptide chain in which two or more peptides, polypeptides or proteins,
designated as P in the structural formulae presented below, are each separated by a
peptide spacer or cleavage site designated as B. A polypeptide multivalent ligand,
also called a multivalent protein, is a form of a multimeric protein encoded by the
polynucleotide cassettes of the present invention, and is represented by structural
formulae (I, Il and III). Each peptide or protein is connected to another peptide or
protein through a peptide bond, to a linker group, to a spacer, or to a cleavage site.
Each peptide, polypeptide or protein may be the same or different and each linker,

spacer, cleavage site or covalent bond is independently chosen.
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A “polypeptide multivalent protein” is a multiple repeat polypeptide chain in
which two or more peptides P are each separated by a peptide linker group, a spacer
or a cleavage site. A polypeptide multivalent ligand is represented by structural
formulae II and III.

I B—(L—P)n

wherein B is a peptide spacer or cleavage site, n is an integer from 2 to about 20, each
L is a covalent bond, a linking group or cleavage site which may be present or absent,
and each P is a peptide having from about 4 to about 200 amino acid residues.

I  P—(B—P)m—B—P

wherein m is an integer from 0 to about 20.

nt Pa— (B)n-Pa

wherein n is an integer from 1 to 20, preferably 2 to 10, more preferably 3 to 7,

further wherein ais 1.

Other examples of multivalent proteins include the following:
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In the preceding structural formulae IV and V of polypeptide multivalent ligands
encoded by a polynucleotide cassette of the present invention, each P is a peptide
having from about 4 to about 200 amino acid residues, y is 1, x is an integer from 1 to
3, and n is an integer from 1 to 20, preferably 2 to 10, more preferably 3 to 7. Each B
is a peptide spacer or cleavage site comprised of at least 2 amino acids or a cleavage
site. Bach peptide P and each B are independently chosen and may be the same or
different.

Suitable linkers (L) are groups that can connect peptides and proteins to each
other. In one example, the linker is an oligopeptide of from about 1 to about 10
amino acids consisting of amino acids with inert side chains. Suitable oligopeptides
include polyglycine, polyserine, polyproline, polyalanine and oligopeptides consisting
of alanyl and/or serinyl and/or prolinyl and/or glycyl amino acid residues. m in
structural formula II is an integer from 0 to about 20.

The peptides, polypeptides and proteins in a multivalent protein can be
connected to each other by covalent bonds, linker groups, spacers, cleavage groups or
a combination thereof. The linking groups can be the same or different.

A polypeptide spacer shown in structural formula (II) is a peptide having from
about 5 to about 40 amino acid residues. The spacers in a polypeptide multivalent
ligand are independently chosen, and may be the same or different. The spacers
should allow for flexibility of movement in space for the flanking peptides.
polypeptides and proteins P, and are therefore typically rich in small amino acids, for
example, glycine, serine, proline or alanine. Preferably, peptide spacers contain at
least 60%, more preferably at least 80% glycine or alanine. In addition, peptide
spacers generally have little or no biological and antigenic activity. Preferred spacers
are (Gly-Pro-Gly-Gly), (SEQ ID NO:81) and (Glys-Ser)y, wherein x is an integer
from about 3 to about 9 and y is an integer from about 1 to about 8. Specific
examples of suitable spacers include (Glys-Ser); (SEQ 1D NO:82). Spacers can also
include from one to about four amino acids that create a signal for proteolytic
cleavage.

In another embodiment of the present invention, a TAG sequence is linked to a
gene of interest. The TAG sequence serves three purposes: 1) it allows free rotation
of the peptide or protein to be isolated so there is no interference from the native

protein or signal sequence, i.e. vitellogenin, 2) it provides a “purification handle” to
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isolate the protein using affinity purification, and 3) it includes a cleavage site to
remove the desired protein from the signal and purification sequences. Accordingly,
as used herein, a TAG sequence includes a spacer sequence, a purification handle and
a cleavage site. The spacer sequences in the TAG proteins contain one or more
repeats shown in SEQ ID NO:85. A preferred spacer sequence comprises the
sequence provided in SEQ ID NO:86. One example of a purification handle is the
gp41 hairpin loop from HIV I Exemplary gp41 polynucleotide and polypeptide
sequences are provided in SEQ ID NO:87 and SEQ ID NO:88, respectively.
However, it should be understood that any antigenic region, or otherwise associative
regions such as avidin/biotin, may be used as a purification handle, including any
antigenic region of gp4l. Preferred purification handles are those that elicit highly
specific antibodies. Additionally, the cleavage site can be any protein cleavage site
known to one of ordinary skill in the art and includes an enterokinase cleavage site
comprising the Asp Asp Asp Asp Lys sequence (SEQ ID NO:89) and a furin cleavage
site. In one embodiment of the present invention, the TAG sequence comprises a
polynucleotide sequence of SEQ ID NO:90.
Methods of Administering Polynucleotide Cassettes

In addition to the polynucleotide cassettes described above, the present
invention also includes methods of administering the polynucleotide cassettes to an
animal, methods of producing a transgenic animal wherein a gene of interest is
incorporated into the germline of the animal and methods of producing a transgenic
animal wherein a gene of interest is incorporated into cells other than the germline
cells of the animal. The polynucleotide cassettes may reside in any vector or delivery
solution when administered or may be naked DNA. In one embodiment, a
transposon-based vector containing the polynucleotide cassette between two insertion
sequences recognized by a transposase is administered to an animal.  The
polynucleotide cassettes of the present invention may be administered to an animal
via any method known to those of skill in the art, including, but not limited to,
intraembryonic, intratesticular, intraoviduct, intraovarian, into the duct system of the
mammary gland, intraperitoneal, intraarterial, intravenous, topical, oral, nasal, and
pronuclear injection methods of administration, or any combination thereof. The
polynucleotide cassettes may also be administered within the lumen of an organ, into

an organ, into a body cavity, into the cerebrospinal fluid, through the urinary system,
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through the genitourinary system, through the reproductive system, or through any
route to reach the desired cells.

The polynucleotide cassettes may be delivered through the vascular system to
be distributed to the cells supplied by that vessel. For example, the compositions may
be placed in the artery supplying the ovary or supplying the fallopian tube to transfect
cells in those tissues. In this manner, follicles could be transfected to create a
germline transgenic animal. Alternatively, supplying the compositions through the
artery leading to the oviduct would preferably transfect the tubular gland and
epithelial cells. Such transfected cells could manufacture a desired protein or peptide
for deposition in the egg white. Administration of the compositions through the portal
vein would target uptake and transformation of hepatic cells. Administration through
the urethra and into the bladder would target the transitional epithelium of the bladder.
Administration through the vagina and cervix would target the lining of the uterus and
the epithelial cells of the fallopian tube. Administration through the internal
mammary artery or through the duct system of the mammary gland would transfect
secretory cells of the lactating mammary gland to perform a desired function, such as
to synthesize and secrete a desired protein or peptide into the milk.

The polynucleotide cassettes may be administered in a single administration,
multiple administrations, continuously, or intermittently. The polynucleotide
cassettes may be administered by injection, via a catheter, an osmotic mini-pump or
any other method. In some embodiments, a polynucleotide cassette is administered to
an animal in multiple administrations, each administration containing the
polynucleotide cassette and a different transfecting reagent.

In a preferred embodiment, the animal is an egg-laying animal, and more
preferably, an avian. In one embodiment, between approximately 1 and 150 ug, 1 and
100 pg, 1 and 50 pg, preferably between 1 and 20 ug, and more preferably between 5
and 10 pgof a transposon-based vector containing the polynucleotide cassette is
administered to the oviduct of a bird. In a chicken, it is preferred that between
approximately 1 and 100 pg, or 5 and 50 pg are administered. In a quail, it is
preferred that between approximately 5 and 10 pg are administered. Optimal ranges
depending upon the type of bird and the bird’s stage of sexual maturity. Intraoviduct
administration of the transposon-based vectors of the present invention result in a

PCR positive signal in the oviduct tissue, whereas intravascular administration results
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in a PCR positive signal in the liver. In other embodiments, the polynucleotide
cassettes is administered to an artery that supplies the oviduct or the liver. These
methods of administration may also be combined with any methods for facilitating
transfection, including without limitation, electroporation, gene guns, injection of
naked DNA, and use of dimethyl sulfoxide (DMSO).

The transposon-based vectors may be administered to the animal at any point
during the lifetime of the animal, however, it is preferable that the vectors are
administered prior to the animal reaching sexual maturity. The transposon-based
vectors are preferably administered to a chicken oviduct between approximately 14
and 16 weeks of age and to a quail oviduct between approximately 5 and 10 weeks of
age, more preferably 5 and 8 weeks of age, and most preferably between 5 and 6
weeks of age, when standard poultry rearing practices are used. The vectors may be
administered at earlier ages when exogenous hormones are used to induce early
sexual maturation in the bird. In some embodiments, the transposon-based vector is
administered to an animal’s oviduct following an increase in proliferation of the
oviduct epithelial cells and/or the tubular gland cells. Such an increase in
proliferation normally follows an influx of reproductive hormones in the area of the
oviduct. When the animal is an avian, the transposon-based vector is administered to
the avian’s oviduct following an increase in proliferation of the oviduct epithelial cells
and before the avian begins to produce egg white constituents.

The present invention also includes a method of intraembryonic administration
of a transposon-based vector containing a polynucleotide cassette to an avian embryo
comprising the following steps: 1) incubating an egg on its side at room temperature
for two hours to allow the embryo contained therein to move to top dead center
(TDC); 2) drilling a hole through the shell without penetrating the underlying shell
membrane; 3) injecting the embryo with the transposon-based vector in solution; 4)
sealing the hole in the egg; and 5) placing the egg in an incubator for hatching.
Administration of the transposon-based vector can occur anytime between
immediately after egg lay (when the embryo is at Stage X) and hatching. Preferably,
the transposon-based vector is administered between 1 and 7 days after egg lay, more
preferably between 1 and 2 days after egg lay. The transposon-based vectors may be
introduced into the embryo in amounts ranging from about 5.0 pg to 10 pg, preferably
1.0 pg to 100 pg. Additionally, the transposon-based vector solution volume may be
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between approximately 1 pl to 75 pl in quail and between approximately 1 pl to 500
ul in chicken.

The present invention also includes a method of intratesticular administration
of a transposon-based vector containing a polynucleotide cassette including injecting
a bird with a composition comprising the transposon-based vector, an appropriate
carrier and an appropriate transfection reagent. In one embodiment, the bird is
injected before sexual maturity, preferably between approximately 4-14 weeks, more
preferably between approximately 6-14 weeks and most preferably between 8-12
weeks old. In another embodiment, a mature bird is injected with a transposon-based
vector an appropriate carrier and an appropriate transfection reagent. The mature bird
may be any type of bird, but in one example the mature bird is a quail.

A bird is preferably injected prior to the development of the blood-testis
barrier, which thereby facilitates entry of the transposon-based vector into the
seminiferous tubules and transfection of the spermatogonia or other germline cells.
At and between the ages of 4, 6, 8, 10, 12, and 14 weeks, it is believed that the testes
of chickens are likely to be most receptive to transfection. In this age range, the
blood/testis barrier has not yet formed, and there is a relatively high number of
spermatogonia relative to the numbers of other cell types, e.g., spermatids, etc. See J.
Kumaran et al., 1949. Poultry Sci., 29:511-520. See also E. Oakberg, 1956. Am. J.
Anatomy, 99:507-515; and P. Kluin et al., 1984. Anat. Embryol., 169:73-78.

The transposon-based vectors may be introduced into a testis in an amount
ranging from about 0.1 pg to 10 pg, preferably 1 pg to 10 pg, more preferably 3 pgto
10 pg. In a quail, about 5 pg is a preferred amount. In a chicken, about 5 pg to 10 ug
per testis is preferred. These amounts of vector DNA may be injected in one dose or
multiple doses and at one site or multiple sites in the testis. In a preferred
embodiment, the vector DNA is administered at multiple sites in a single testis, both
testes being injected in this manner. In one embodiment, injection is spread over
three injection sites: one at each end of the testis, and one in the middle. Additionally,
the transposon-based vector solution volume may be between approximately 1 pl to
75 pl in quail and between approximately 1 pl to 500 pl in chicken. In a preferred
embodiment, the transposon-based vector solution volume may be between

approximately 20 pl to 60 pl in quail and between approximately 50 pl to 250 pl in
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chicken. Both the amount of vector DNA and the total volume injected into each
testis may be determined based upon the age and size of the bird.

According to the present invention, the polynucleotide cassette is administered
in conjunction with an acceptable carrier and/or transfection reagent. Acceptable
carriers include, but are not limited to, water, saline, Hanks Balanced Salt Solution
(HBSS), Tris-EDTA (TE) and lyotropic liquid crystals. Transfection reagents
commonly known to one of ordinary skill in the art that may be employed include, but
are not limited to, the following: cationic lipid transfection reagents, cationic lipid
mixtures, polyamine reagents, liposomes and combinations thereof, SUPERFECT®,
Cytofectene, BioPORTER®, GenePORTER®, NeuroPORTER®, and perfectin from
Gene Therapy Systems; lipofectamine, cellfectin, DMRIE-C oligofectamine, and
PLUS reagent from InVitrogen; Xtreme gene, fugene, DOSPER and DOTAP from
Roche; Lipotaxi and Genejammer from Strategene; and Escort from SIGMA. In one
embodiment, the transfection reagent is SUPERFECT®. The ratio of DNA to
transfection reagent may vary based upon the method of administration. In one
embodiment, a transposon-based vector containing a polynucleotide cassette is
administered intratesticularly and the ratio of DNA to transfection reagent can be
from 1:1.5 to 1:15, preferably 1:2 to 1:10, all expressed as wt/vol. Transfection may
also be accomplished using other means known to one of ordinary skill in the art,
including without limitation electroporation, gene guns, injection of naked DNA, and
use of dimethyl sulfoxide (DMSO).

Depending upon the cell or tissue type targeted for transfection, the form of
the transposon-based vector may be important. Plasmids harvested from bacteria are
generally closed circular supercoiled molecules, and this is the preferred state of a
vector for gene delivery because of the ease of preparation. In some instances,
transposase expression and insertion may be more efficient in a relaxed, closed
circular configuration or in a linear configuration. In still other instances, a purified
transposase protein may be co-injected with a transposon-based vector containing the
gene of interest for more immediate insertion. This could be accomplished by using a
transfection reagent complexed with both the purified transposase protein and the

transposon-based vector.
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Testing for and Breeding Animals Carrying the Transgene

Following administration of a polynucleotide cassette to an animal, DNA is
extracted from the animal to confirm integration of the genes of interest. Advantages
provided by the present invention include the high rates of integration, or
incorporation, and transcription of the gene of interest when administered to a bird via
an intraoviduct or intraovary route (including intraarterial administrations to arteries
leading to the oviduct or ovary) and contained within a transposon-based vector.

Actual frequencies of integration can be estimated both by comparative
strength of the PCR signal, and by histological evaluation of the tissues by
quantitative PCR. Another method for estimating the rate of transgene insertion is the
so-called primed in situ hybridization technique (PRINS). This method determines
not only which cells carry a transgene of interest, but also into which chromosome the
gene has inserted, and even what portion of the chromosome. Briefly, labeled primers
are annealed to chromosome spreads (affixed to glass slides) through one round of
PCR, and the slides are then developed through normal in situ hybridization
procedures. This technique combines the best features of in situ PCR and
fluorescence in situ hybridization (FISH) to provide distinct chromosome location and
copy number of the gene in question. The 28s rRNA gene will be used as a positive
control for spermatogonia to confirm that the technique is functioning properly.
Using different fluorescent labels for the transgene and the 28s gene causes cells
containing a transgene to fluoresce with two different colored tags.

Breeding experiments may also be conducted to determine if germline
transmission of the transgene has occurred. In a general bird breeding experiment
performed according to the present invention, each male bird is exposed to 2-3
different adult female birds for 3-4 days each. This procedure is continued with
different females for a total period of 6-12 weeks. Eggs are collected daily for up to
14 days after the last exposure to the transgenic male, and each egg is incubated in a
standard incubator. The resulting embryos are examined for transgene presence at
day 3 or 4 using PCR.

Any male producing a transgenic embryo is bred to additional females. Eggs
from these females are incubated, hatched, and the chicks tested for the exogenous
DNA. Any embryos that die are necropsied and examined directly for the transgene

or protein encoded by the transgene, either by fluorescence or PCR. The offspring
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that hatch and are found to be positive for the exogenous DNA are raised to maturity.
These birds are bred to produce further generations of transgenic birds, to verify
efficiency of the transgenic procedure and the stable incorporation of the transgene
into the germ line. The resulting embryos are examined for transgene presence at day
3 or 4 using PCR.

Tt is to be understood that the above procedure can be modified to suit animals
other than birds and that selective breeding techniques may be performed to amplify
gene copy numbers and protein output.

Production of Desired Multimeric Proteins in Egg White

In one embodiment, a transposon-based vector containing a polynucleotide
cassette of the present invention may be administered to a bird for production of
desired proteins or peptides in the egg white. These trasnposon-based vectors
preferably contain one or more of an ovalbumin promoter, an ovomucoid promoter,
an ovalbumin signal sequence and an ovomucoid signal sequence. Oviduct-specific
ovalbumin promoters are described in B. O’Malley et al., 1987. EMBO J., vol. 6, pp.
2305-12; A. Qiu et al., 1994. Proc. Nat. Acad. Sci. (USA), vol. 91, pp. 4451-4455; D.
Monroe et al., 2000. Biochim. Biophys. Acta, 1517 (1):27-32; H. Park et al., 2000.
Biochem., 39:8537-8545; and T. Muramatsu et al., 1996. Poult. Avian Biol. Rev.,
6:107-123.

Production of Desired Multimeric Proteins in Egg Yolk

The present invention is particularly advantageous for production of
recombinant peptides and proteins of low solubility in the egg yolk. Such proteins
include, but are not limited to, membrane-associated or membrane-bound proteins,
lipophilic compounds; attachment factors, receptors, and components of second
messenger transduction machinery. Low solubility peptides and proteins are
particularly challenging to produce using conventional recombinant protein
production techniques (cell and tissue cultures) because they aggregate in water-
based, hydrophilic environments. Such aggregation necessitates denaturation and re-
folding of the recombinantly-produced proteins, which may deleteriously affect their
structure and function. Moreover, even highly soluble recombinant peptides and
proteins may precipitate and require denaturation and renaturation when produced in

sufficiently high amounts in recombinant protein production systems. The present
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invention provides an advantageous resolution of the problem of protein and peptide
solubility during production of large amounts of recombinant proteins.

In one embodiment of the present invention, deposition of a desired protein
into the egg yolk is accomplished by attaching a sequence encoding a protein capable
of binding to the yolk vitellogenin receptor to a gene of interest that encodes a desired
protein. This polynucleotide cassette can be used for the receptor-mediated uptake of
the desired protein by the oocytes. In a preferred embodiment, the sequence ensuring
the binding to the vitellogenin receptor is a targeting sequence of a vitellogenin
protein. The invention encompasses various vitellogenin proteins and their targeting
sequences. In a preferred embodiment, a chicken vitellogenin protein targeting
sequence is used, however, due to the high degree of conservation among vitellogenin
protein sequences and known cross-species reactivity of vitellogenin targeting
sequences with their egg-yolk receptors, other vitellogenin targeting sequences can be
substituted. One example of a construct for use in the transposon-based vectors of the
present invention and for deposition of an insulin protein in an egg yolk is a
transposon-based vector containing a vitellogenin promoter, a vitellogenin targeting
sequence, a TAG sequence, a pro-insulin sequence and a synthetic polyA sequence.
The present invention includes, but is not limited to, vitellogenin targeting sequences
residing in the N-terminal domain of vitellogenin, particularly in lipovitellin I. In one
embodiment, the vitellogenin targeting sequence contains the polynucleotide
sequence of SEQ ID NO:77.

In a preferred embodiment, the transposon-based vector contains a transposase
gene operably-linked to a constitutive promoter and a gene of interest operably-linked
to a liver-specific promoter and a vitellogenin targeting sequence.

Isolation and Purification of Desired Multimeric Proteins

For large-scale production of protein, an animal breeding stock that is
homozygous for the transgene is preferred. Such homozygous individuals are
obtained and identified through, for example, standard animal breeding procedures or
PCR protocols.

Once expressed, peptides, polypeptides and proteins can be purified according
to standard procedures known to one of ordinary skill in the art, including ammonium
sulfate precipitation, affinity columns, column chromatography, gel electrophoresis,

high performance liquid chromatography, immunoprecipitation and the like.
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Substantially pure compositions of about 50 to 99% homogeneity are preferred, and
80 to 95% or greater homogeneity are most preferred for use as therapeutic agents.

In one embodiment of the present invention, the animal in which the desired
protein is produced is an egg-laying animal. In a preferred embodiment of the present
invention, the animal is an avian and a desired peptide, polypeptide or protein is
isolated from an egg white. Egg white containing the exogenous protein or peptide is
separated from the yolk and other egg constituents on an industrial scale by any of a
variety of methods known in the egg industry. See, e.g., W. Stadelman et al. (Eds.),
Egg Science & Technology, Haworth Press, Binghamton, NY (1995). Isolation of the
exogenous peptide or protein from the other egg white constituents is accomplished
by any of a number of polypeptide isolation and purification methods well known to
one of ordinary skill in the art. These techniques include, for example,
chromatographic methods such as gel permeation, ion exchange, affinity separation,
metal chelation, HPLC, and the like, either alone or in combination. Another means
that may be used for isolation or purification, either in lieu of or in addition to
chromatographic separation methods, includes electrophoresis. Successful isolation
and purification is confirmed by standard analytic techniques, including HPLC, mass

speciroscopy, and spectrophotometry. These separation methods are often facilitated

if the first step in the separation is the removal of the endogenous ovalbumin fraction

of egg white, as doing so will reduce the total protein content to be further purified by
about 50%.

To facilitate or enable purification of a desired protein or peptide, the
polynucleotide cassettes may include one or more additional epitopes or domains.
Such epitopes or domains include DNA sequences encoding enzymatic, chemical or
photolabile cleavage sites including, but not limited to, an enterokinase cleavage site;
the glutathione binding domain from glutathione S-transferase; polylysine; hexa-
histidine or other cationic amino acids, and sites cleaved by cyanogen bromide,
hydroxylamine, formic acid, and acetic acid; thioredoxin, hemagglutinin antigen;
maltose binding protein; a fragment of gp4l from HIV; and other purification
epitopes or domains commonly known to one of skill in the art. Other proteolytic
cleavage sites that may be included in the polynucleotide cassettes are cleavage sites
recognized by exopeptidases such as carboxypeptidase A, carboxypeptidase B,
aminopeptidase I, and dipeptidylaminopeptidase; endopeptidases such as trypsin, V8-
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protease, enterokinase, factor Xa, collagenase, endoproteinase, subtilisin, and
thombin; and proteases such as Protease 3C IgA protease (Igase) Rhinovirus
3C(preScission)protease. Self-splicing cleavage sites such as inteins may also be
included in the polynucleotide cassettes of the present invention.

In one representative embodiment, purification of desired proteins from egg
white utilizes the antigenicity of the ovalbumin carrier protein and particular attributes
of a TAG linker sequence that spans ovalbumin and the desired protein. The TAG
sequence is particularly useful in this process because it contains 1) a highly antigenic
epitope, a fragment of gp4l from HIV, allowing for stringent affinity purification,
and, 2) a recognition site for the protease enterokinase immediately juxtaposed to the
desired protein. In a preferred embodiment, the TAG sequence comprises

approximately 50 amino acids. A representative TAG sequence is provided below.

Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp
Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Thr Thr Cys Ile Leu Lys Gly Ser Cys
Gly Trp Ile Gly Leu Leu Asp Asp Asp Asp Lys (SEQ ID NO:90)

The underlined sequences were taken from the hairpin loop domain of HIV gp-41
(SEQ ID NO:87). Sequences in italics represent the cleavage site for enterokinase
(SEQ ID NO:89). The spacer sequence upstream of the loop domain was made from
repeats of (Pro Ala Asp Asp Ala) (SEQ ID NO:85) to provide free rotation and
promote surface availability of the hairpin loop from the ovalbumin carrier protein.
Isolation and purification of a desired protein is performed as follows:

1. Enrichment of the egg white protein fraction containing ovalbumin and the
transgenic ovalbumin-TAG-desired protein.

2. Size exclusion chromatography to isolate only those proteins within a narrow
range of molecular weights (a further enrichment of step 1).

3. Ovalbumin affinity chromatography. Highly specific antibodies to ovalbumin
will eliminate virtually all extraneous egg white proteins except ovalbumin
and the transgenic ovalbumin-TAG-desired protein.

4. gp4l affinity chromatography using anti-gp41l antibodies. Stringent
application of this step will result in virtually pure transgenic ovalbumin-

TAG-desired protein.
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5. Cleavage of the transgene product can be accomplished in at least one of two

ways:

a.

10 b.

15

The transgenic ovalbumin-TAG-desired protein is left attached to the
gp41 affinity resin (beads) from step 4 and the protease enterokinase is
added. This liberates the transgene target protein from the gp41 affinity
resin while the ovalbumin-TAG sequence is retained. Separation by
centrifugation (in a batch process) or flow through (in a column
purification), leaves the desired protein together with enterokinase n
solution. Enterokinase is recovered and reused.

Alternatively, enterokinase is immobilized on resin (beads) by the
addition of poly-lysine moieties to a non-catalytic area of the protease.
The transgenic ovalbumin-TAG-desired protein eluted from the
affinity column of step 4 is then applied to the protease resin. Protease
action cleaves the ovalbumin-TAG sequence from the desired protein
and leaves both entities in solution. The immobilized enterokinase
resin is recharged and reused.

The choice of these alternatives is made depending upon the size and

chemical composition of the transgene target protein.

6. A final separation of either of these two (5a or 5b) protein mixtures is made

20 using size exclusion, or enterokinase affinity chromatography. This step

allows for desalting, buffer exchange and/or polishing, as needed.

Cleavage of the transgene product (ovalbumin-TAG-desired protein) by

enterokinase, then, results in two products: ovalbumin-TAG and the desired protein.

More specific methods for isolation using the TAG label is provided in the Examples.

25  Some desired proteins may require additions or modifications of the above-described

approach as known to one of ordinary skill in the art. The method is scaleable from

the laboratory bench to pilot and production facility largely because the techniques

applied are well documented in each of these settings.

It is believed that a typical chicken egg produced by a transgenic animal of the

30 present invention will contain at least 0.001 mg, from about 0.001 to 1.0 mg, or from

about 0.001 to 100.0 mg of exogenous protein, peptide or polypeptide, in addition to

the normal constituents of egg white (or possibly replacing a small fraction of the

latter).
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One of skill in the art will recognize that after biological expression or
purification, the desired proteins, fragments thereof and peptides may possess a
conformation substantially different than the native conformations of the proteins,
fragments thereof and peptides. In this case, it is often necessary to denature and
reduce protein and then to cause the protein to re-fold into the preferred conformation.
Methods of reducing and denaturing proteins and inducing re-folding are well known
to those of skill in the art.

Production of Multimeric Proteins in Milk

In addition to methods of producing eggs containing transgenic proteins or
peptides, the present invention encompasses methods for the production of milk
containing transgenic proteins or peptides. These methods include the administration
of a transposon-based vector described above to a mammal. In one embodiment, the
transposon-based vector contains a transposase operably-linked to a constitutive
promoter and a gene of interest operably-linked to mammary specific promoter.
Genes of interest can include, but are not limited to antiviral and antibacterial proteins
and immunoglobulins.

The following examples will serve to further illustrate the present invention
without, at the same time, however, constituting any limitation thereof. On the
contrary, it is to be clearly understood that resort may be had to various embodiments,
modifications and equivalents thereof which, after reading the description herein, may
suggest themselves to those skilled in the art without departing from the spirit of the

invention.

EXAMPLE 1
Preparation of Transposon-Based Vector pTnMod

A vector was designed for inserting a desired coding sequence into the
genome of eukaryotic cells, given below as SEQ ID NO:57. The vector of SEQ ID
NO:57, termed pTnMod, was constructed and its sequence verified.

This vector employed a cytomegalovirus (CMV) promoter. A modified Kozak
sequence (ACCATG) (SEQ ID NO:5) was added to the promoter. The nucleotide in
the wobble position in nucleotide triplet codons encoding the first 10 amino acids of
transposase was changed to an adenine (A) or thymine (T), which did not alter the

amino acid encoded by this codon. Two stop codons were added and a synthetic
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polyA was used to provide a strong termination sequence. This vector uses a
promoter designed to be active soon after entering the cell (without any induction) to
increase the likelihood of stable integration. The additional stop codons and synthetic
polyA insures proper termination without read through to potential genes
downstream.

The first step in constructing this vector was to modify the transposase to have
the desired changes. Modifications to the transposase were accomplished with the
primers High Efficiency forward primer (Hef) Altered transposase (ATS)-Hef 5°
ATCTCGAGACCATGTGTGAACTTGATATTTTACATGAITCTCTITACC 3
(SEQ ID NO:91) and Altered transposase- High efficiency reverse primer (Her) 5’
GATTGATCATTATCATAATTTCCCCAAAGCGTAACC 3’ (SEQ ID NO:92, a
reverse complement primer). In the 5’ forward primer ATS-Hef, the sequence
CTCGAG (SEQ ID NO:93) is the recognition site for the restriction enzyme Xho I,
which permits directional cloning of the amplified gene. The sequence ACCATG
(SEQ ID NO:5) contains the Kozak sequence and start codon for the transposase and
the underlined bases represent changes in the wobble position to an A or T of codons
for the first 10 amino acids (without changing the amino acid coded by the codon).
Primer ATS-Her (SEQ ID NO:92) contains an additional stop codon TAA in addition
to native stop codon TGA and adds a Bcl I restriction site, TGATCA (SEQ ID
NO:94), to allow directional cloning. These primers were used in a PCR reaction
with pTnLac (p defines plasmid, tn defines transposon, and lac defines the beta
fragment of the lactose gene, which contains a multiple cloning site) as the template
for the transposase and a FailSafe™ PCR System (which includes enzyme, buffers,
dNTP’s, MgCl, and PCR Enhancer; Epicentre Technologies, Madison, WI).
Amplified PCR product was electrophoresed on a 1% agarose gel, stained with
ethidium bromide, and visualized on an ultraviolet transilluminator. A band
corresponding to the expected size was excised from the gel and purified from the
agarose using a Zymo Clean Gel Recovery Kit (Zymo Research, Orange, CA).
Purified DNA was digested with restriction enzymes Xho I (5°) and Bel I (3”) (New
England Biolabs, Beverly, MA) according to the manufacturer’s protocol. Digested
DNA was purified from restriction enzymes using a Zymo DNA Clean and
Concentrator kit (Zymo Research).

58



WO 2004/067706 PCT/US2003/041261

10

15

20

25

30

Plasmid gWhiz (Gene Therapy Systems, San Diego, CA) was digested with
restriction enzymes Sal I and BamH I (New England Biolabs), which are compatible
with Xho I and Bel I, but destroy the restriction sites. Digested gWhiz was separated
on an agarose gel, the desired band excised and purified as described above. Cutting
the vector in this manner facilitated directional cloning of the modified transposase
(mATS) between the CMV promoter and synthetic polyA.

To insert the mATS between the CMV promoter and synthetic polyA in
gWhiz, a Stratagene T4 Ligase Kit (Stratagene, Inc. La Jolla, CA) was used and the
ligation set up according to the manufacturer’s protocol. Ligated product was
transformed into E. coli ToplO competent cells (Invitrogen Life Technologies,
Carlsbad, CA) using chemical transformation according to Invitrogen’s protocol.
Transformed bacteria were incubated in 1 ml of SOC (GIBCO BRL, CAT# 15544-
042) medium for 1 hour at 37° C before being spread to LB (Luria-Bertani media
(broth or agar)) plates supplemented. with 100 pg/ml ampicillin (LB/amp plates).
These plates were incubated overnight at 37° C and resulting colonies picked to
LB/amp broth for overnight growth at 37° C. Plasmid DNA was isolated using a
modified alkaline lysis protocol (Sambrook et al., 1989), electrophoresed on a 1%
agarose gel, and visualized on a U.V. transilluminator after ethidium bromide
staining. Colonies producing a plasmid of the expected size (approximately 6.4 kbp)
were cultured in at least 250 m] of LB/amp broth and plasmid DNA harvested using a
Qiagen Maxi-Prep Kit (column purification) according to the manufacturer’s protocol
(Qiagen, Inc., Chatsworth, CA). Column purified DNA was used as template for
sequencing to verify the changes made in the transposase were the desired changes
and no further changes or mutations occurred due to PCR amplification. For
sequencing, Perkin-Elmer’s Big Dye Sequencing Kit was used. All samples were sent
to the Gene Probes and Expression Laboratory (LSU School of Veterinary Medicine)
for sequencing on a Perkin-Elmer Model 377 Automated Sequencer.

Once a clone was identified that contained the desired mATS in the correct
orientation, primers CMV{-NgoM IV (5> TTGCCGGCATCAGATTGGCTAT (SEQ
ID NO:95); underlined bases denote NgoM IV recognition site) and Syn-polyA-BstE
I (5 AGAGGTCACCGGGTCAATTCTTCAGCACCTGGTA (SEQ ID NO:96);
underlined bases denote BstE II recognition site) were used to PCR amplify the entire
CMV promoter, mATS, and synthetic polyA for cloning upstream of the transposon
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in pTnLac. The PCR was conducted with FailSafe™ as described above, purified
using the Zymo Clean and Concentrator kit, the ends digested with NgoM IV and
BstE II (New England Biolabs), purified with the Zymo kit again and cloned upstream
of the transposon in pTnLac as described below.

Plasmid pTnLac was digested with NgoM IV and BstE II to remove the ptac
promoter and transposase and the fragments separated on an agarose gel. The band
corresponding to the vector and transposon was excised, purified from the agarose,
and dephosphorylated with calf intestinal alkaline phosphatase (New England
Biolabs) to prevent self-annealing. The enzyme was removed from the vector using a
Zymo DNA Clean and Concentrator-5. The purified vector and CMVp/mATS/polyA
were ligated together using a Stratagene T4 Ligase Kit and transformed into E. coli as
described above.

Colonies resulting from this transformation were screened (mini-preps) as
describe above and clones that were the correct size were verified by DNA sequence
analysis as described above. The vector was given the name pTnMod (SEQ ID
NO:57) and includes the following components:

Base pairs 1-130 are a remainder of F1(-) on from pBluescriptll sk(-)
(Stratagene), corresponding to base pairs 1-130 of pBluescriptll sk(-).

Base pairs 131 - 132 are a residue from ligation of restriction enzyme sites
used in constructing the vector.

Base pairs 133 -1777 are the CMV promoter/enhancer taken from vector
pGWiz (Gene Therapy Systems), corresponding to bp 229-1873 of pGWiz. The
CMV promoter was modified by the addition of an ACC sequence upstream of ATG.

Base pairs 1778-1779 are a residue from ligation of restriction enzyme sites
used in constructing the vector.

Base pairs 1780 - 2987 are the coding sequence for the transposase, modified
from Tnl0 (GenBank accession J01829) by optimizing codons for stability of the
transposase mRNA and for the expression of protein. More specifically, in each of the
codons for the first ten amino acids of the transposase, G or C was changed to A or T
when such a substitution would not alter the amino acid that was encoded.

Base pairs 2988-2993 are two engineered stop codons.

Base pair 2994 is a residue from ligation of restriction enzyme sites used in

constructing the vector.
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Base pairs 2995 - 3410 are a synthetic polyA sequence taken from the pGWiz
vector (Gene Therapy Systems), corresponding to bp 1922-2337 of 10 pGWiz.

Base pairs 3415 - 3718 are non-coding DNA that is residual from vector
pNK2859.

Base pairs 3719 - 3761 are non-coding N DNA that is residual from pNK2859.

Base pairs 3762 - 3831 are the 70 bp of the left insertion sequence recognized
by the transposon Tn10.

Base pairs 3832-3837 are a residue from ligation of restriction enzyme sites
used in constructing the vector.

Base pairs 3838 - 4527 are the multiple cloning site from pBluescriptll sk(20),
corresponding to bp 924-235 of pBluescriptll sk(-). This multiple cloning site may be
used to insert any coding sequence of interest into the vector.

Base pairs 4528-4532 are a residue from ligation of restriction enzyme sites
used in constructing the vector.

Base pairs 4533 - 4602 are the 70 bp of the right insertion sequence
recognized by the transposon Tn10.

Base pairs 4603 - 4644 are non-coding A DNA that is residual from pNK2859.

Base pairs 4645 - 5488 are non-coding DNA that is residual from pNK2859.

Base pairs 5489 - 7689 are from the pBluescriptll sk(-) base vector -
(Stratagene, Inc.), corresponding to bp 761-2961 of pBluescriptl sk(-).

Completing pTnMod is a pBlueScript backbone that contains a colE I origin of
replication and an antibiotic resistance marker (ampicillin).

It should be noted that all non-coding DNA sequences described above can be
replaced with any other non-coding DNA sequence(s). Missing nucleotide sequences
in the above construct represent restriction site remnants.

All plasmid DNA was isolated by standard procedures. Briefly, Escherichia
coli containing the plasmid was grown in 500 mL aliquots of LB broth (supplemented
with an appropriate antibiotic) at 37°C overnight with shaking. Plasmid DNA was
recovered from the bacteria using a Qiagen Maxi-Prep kit (Qiagen, Inc., Chatsworth,
CA) according to the manufacturer’s protocol. Plasmid DNA was resuspended in 500
uL of PCR-grade water and stored at -20°C until used.
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EXAMPLE 2
Transposon-Based Vector pTnMCS

Another transposon-based vector was designed for inserting a desired coding
sequence into the genome of eukaryotic cells. This vector was termed pTnMCS and
its constituents are provided below. The sequence of the pTnMCS vector is provided
in SEQ ID NO:56. The pTnMCS vector contains an avian optimized polyA sequence
operably-linked to the transposase gene. The avian optimized polyA sequence

contains approximately 75 nucleotides that precede the A nucleotide string.

Bp 1 — 130 Remainder of F1 (-) ori of pBluescriptIl sk(-) (Stratagene) bp1-130

Bp 133 — 1777 CMV promoter/enhancer taken from vector pPGWIZ (Gene Therapy
Systems) bp 229-1873

Bp 1783 — 2991 Transposase, from Tn10 (GenBank accession #J01829) bp 108-1316
Bp 2992 — 3344 Non coding DNA from vector pNK2859

Bp 3345 — 3387 Lambda DNA from pNK2859

Bp 3388 — 3457 70 bp of IS10 left from Tnl0

Bp 3464 — 3670 Multiple cloning site from pBluescriptll sk(-), thru the Xmal site bp
924-718

Bp 3671 - 3715 Multiple cloning site from pBluescriptIl sk(-), from the Xmal site
thru the Xhol site. These base pairs are usually lost when cloning into pTnMCS bp
717-673

Bp 3716 — 4153 Multiple cloning site from pBluescriptIl sk(-), from the Xhol site bp
672-235

Bp 4159 - 4228 70 bp of IS10 right from Tn10

Bp 4229 - 4270 Lambda DNA from pNK2859

Bp 4271 — 5114 Non-coding DNA from pNK2859

Bp 5115 - 7315 pBluescript sk (-) base vector (Stratagene, Inc.) bp 761-2961.

EXAMPLE 3
Production of Antibody in Egg White
A transposon-based vector containing a CMV promoter/cecropin
prepro/antibody heavy chain/cecropin pro/Antibody light chain/conalbumin poly A
(SEQ ID NO:97) was injected into the oviduct of quail and chickens. A total of 20

birds were injected (10 chickens and 10 quail) and eggs were harvested from the birds
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once the eggs were laid. Partially purified egg white protein (EW) was then run on a
gel under both reducing and non-reducing conditions. Figure 5 is a picture of the gel.
Lanes 1 & 18: molecular weight markers, Lanes 2 and 3: EW #1, non-reduced,
reduced, respectively; Lanes 4 and 5: EW #2, non-reduced, reduced, respectively,
Lanes 6 and 7: EW #3, non-reduced, reduced, respectively, Lanes 8 and 9: EW #4,
non-reduced, reduced, respectively; Lanes 10 and 11: EW #5, non-reduced, reduced,
respectively; Lanes 12 and 13: EW #6, non-reduced, reduced, respectively; Lanes 14
and 15: EW #7, non-reduced, reduced, respectively; and Lanes 16 and 17: EW #8
Control, non-reduced, reduced, respectively. Based upon the gel results, the
possibility that the egg white in the treated chicken and quail contains antibody
produced by the above-mentioned transposon-based vector cannot be excluded.
EXAMPLE 4

Additional Ti ranspson—Based Vectors for Administration to an Animal

The following example provides a description of various transposon-based
vectors of the present invention and several constructs for insertion into the
transposon-based vectors of the present invention. These examples are not meant to
be limiting in any way. The constructs for insertion into a transposon-based vector
are provided in a cloning vector pTnMCS or pTnMod, both described above.
pTnMOD (CMV-prepro-HCPro-Lys-CPA) (SEQ ID NO:97)
Bp 1-4090 from vector pTnMod, bp 1 - 4090
Bp 4096-5739 CMV promoter/enhancer taken from vector pGWIZ (Gene therapy
systems), bp 230-1864
Bp 5746-5916 Capsite/Prepro taken from GenBank accession # X07404, bp 563-733
Bp 5923-7287 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)
Bp 7288-7302 Pro taken from GenBank accession # X07404, bp 719-733 (includes

Lysine)

Bp 7309-7953 Light Chain gene c onstruct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7960-8372 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 8374-11973 from cloning vector pTnMod, bp 4091-7690
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pTnMCS (CHOVep-prepro-HCPro-CPA) (SEQ ID NO:98)

Bp 1-3715 from vector pTnMCS, bp 1-3715

Bp 3721-4395 Chicken Ovalbumin enhancer taken from GenBank accession #
S$82527.1, bp 1-675

Bp 4402-5738 Chicken Ovalbumin promoter taken from GenBank accession #
J00899-M24999, bp 1-1336

Bp 5745-5915 Capsite/Prepro taken fron GenBank accession # X07404, bp 563733
Bp 5922-7286 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7287-7298 Pro taken from GenBank accession # X07404, bp 719-730 (does not

include Lysine)

Bp 7305-7949 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7956-8363 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 8365-11964 from cloning vector pTnMCS, bp 3716-7315

pTaMCS(CHOvep-prepro-HCPro-Lys-CPA) (SEQ ID NO:99)

Bp 1 —3715 from vector pTnMCS, bp 1-3715

Bp 3721 — 4395 Chicken Ovalbumin enhancer taken from GenBank accession #
S$82527.1, bp 1-675

Bp 4402 - 5738 Chicken Ovalbumin promoter taken from GenBank accession #
J00899-M24999, bp 1-1336

Bp 5745 — 5915 Capsite/Prepro taken fron GenBank accession # X07404, bp 563-733
Bp 5922 - 7286 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7287 - 7301 Pro taken from GenBank accession # X07404, bp 719-733 (includes

Lysine)

Bp 7308 — 7952 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7959 — 8366 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058
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Bp 8368 — 11967 from cloning vector pTnMCS, bp 3716-7315

pTnMCS (CMV-prepro-HCPro-CPA) (SEQ ID NO:100)

Bp 1-3715 from vector pTnMCS, bp 1-3715

Bp 3721 — 5364 CMV promoter/enhancer taken from vector pPGWIZ (Gene therapy
systems), bp 230-1864

Bp 5371-5541 Capsite/Prepro taken from GenBank accession # X07404, bp 563—733
Bp 5548 - 6912 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 6913 - 6924 Pro taken from GenBank accession # X07404, bp 719-730 (does not

Lysine)

Bp 6931 — 7575 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7582 — 7989 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 7991 — 11590 from cloning vector pTnMCS, bp 3716-7315

pTnMCS (CMV-prepro-HCPro-Lys-CPA) (SEQ ID NO:101)

Bp 13715 from vector pTnMCS, bp 1-3715

Bp 3721 — 5364 CMV promoter/enhancer taken from vector pPGWIZ (Gene therapy
systems), bp 230-1864

Bp 5371-5541 Capsite/Prepro taken from GenBank accession # X07404, bp 563—733
Bp 5548 - 6912 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 6913 - 6927 Pro taken from GenBank accession # X07404, bp 719-733 (includes
Lysine)

Bp 6934 — 7578 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7585 — 7992 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 7994 — 11593 from cloning vector pTnMCS, bp 3716-7315

65



WO 2004/067706 PCT/US2003/041261

10

15

20

25

30

pTnMod (CHOvep-prepro-HCPro-CPA) (SEQ ID NO:102)

Bp 14090 from vector pTnMod, bp 1-4090

Bp 40964770 Chicken Ovalbumin enhancer taken from GenBank accession #
S82527.1, bp 1-675

Bp 4777-6113 Chicken Ovalbumin promoter taken from GenBank accession #
J00899-M24999, bp 1-1336

Bp 6120-6290 Capsite/Prepro taken from GenBank accession # X07404, bp 563—733
Bp 6297-7661 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7662-7673 Pro taken from GenBank accession # X07404, bp 719-730 (does not

include Lysine)

Bp 7680-8324 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 8331-8738 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 8740-12339 from cloning vector pTnMod, bp 3716-7315

pTnMod (CHOvep-prepro-HCPro-LYS-CPA) (SEQ ID NO:103)

Bp 1-4090 from vector pTnMod, bp 1-4090

Bp 40964770 Chicken Ovalbumin enhancer taken from GenBank accession #
S82527.1, bp 1-675

Bp 4777-6113 Chicken Ovalbumin promoter taken from GenBank accession #
J00899-M24999, bp 1-1336

Bp 6120-6290 Capsite/Prepro taken from GenBank accession # X07404, bp 563-733
Bp 6297-7661 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7662-7676 Pro taken from GenBank accession # X07404, bp 719-733 (includes
Lysine)

Bp 7683—8327 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 8334-8741 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 8743-12342 from cloning vector pTnMod, bp 3716-7315
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pTnMod (CMV-prepro-HCPro-CPA) (SEQ ID NO:104)

Bp 14090 from vector pTnMod, bp 1-4090

Bp 4096-5739 CMV promoter/enhancer taken from vector pPGWIZ (Gene therapy
systems), bp 230-1864

Bp 5746-5916 Capsite/Prepro taken from GenBank accession # X07404, bp 563—733
Bp 5923-7287 Heavy Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7288-7299 Pro taken from GenBank accession # X07404, bp 719-730 (does not

include Lysine)

Bp 7306-7950 Light Chain gene construct taken from antibody RM2 provided by
Mark Glassy (Shantha West, Inc)

Bp 7557-7969 Conalbumin polyA taken from GenBank accession # Y00407, bp
10651-11058

Bp 7971-11970 from cloning vector pTnMod, bp 3716-7315

All patents, publications and abstracts cited above are incorporated herein by
reference in their entirety. It should be understood that the foregoing relates only to
preferred embodiments of the present invention and that numerous modifications or
alterations may be made therein without departing from the spirit and the scope of the

present invention as defined in the following claims.
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CLAIMS

We claim:

1. An isolated polynucleotide comprising two or more genes of interest
and two or more pro nucleotide sequences, wherein each gene of interest is
operably-linked to a pro nucleotide sequence and each of the two or more

genes of interest may be the same or different.

2. The polynucleotide of claim 1, wherein a most 5° pro nucleotide
sequence of the two or more pro nucleotide sequences is a part of a prepro

nucleotide sequence.

3. The polynucleotide of claim 1, wherein two genes of interest and two
pro nucleotide sequences are arranged in the following order: a prepro
nucleotide sequence, a first gene of interest, a pro nucleotide sequence, and a

second gene of interest.

4. The polynucleotide of claim 3, wherein the prepro nucleotide sequence
is a cecropin prepro nucleotide sequence and the pro nucleotide sequence is a
cecropin pro sequence.

5. The polynucleotide of claim 3, wherein the prepro nucleotide sequence
comprises a sequence shown in SEQ ID NO:3 or SEQ ID NO:4 and the pro
nucleotide sequence comprises a sequence shown in SEQ ID NO:1 or SEQ ID
NO:2.

6. The polynucleotide of claim 1, wherein a first gene of interest encodes
for an antibody heavy chain and a second gene of interest encodes for an
antibody light chain.

7. A method of producing a multimeric protein in an individual
comprising administering to the individual a polynucleotide comprising two or
more genes of interest, wherein each gene of interest encodes a part of the
multimeric protein, each gene of interest is operably-linked to a pro nucleotide
sequence, and each of the two or more genes of interest may be the same or
different.

8. The method of claim 7, wherein the multimeric protein is an associated
multimeric protein.
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9. The method of claim 7, wherein the multimeric protein is a multivalent

multimeric protein.

10.  The method of claim 7, wherein a most 5’ pro nucleotide sequence of
the two or more pro sequences is a part of a prepro nucleotide sequence.

11. The method of claim 7, wherein the polynucleotide comprises two
genes of interest and two pro nucleotide sequences arranged in the following
order: a prepro nucleotide sequence, a first gene of interest, a pro nucleotide
sequence, and a second gene of interest.

12. The method of claim 7, wherein a first gene of interest encodes for an
antibody heavy chain and a second gene of interest encodes for an antibody
light chain.

13. A method of producing a protein in an individual comprising
administering to the individual a polynucleotide comprising a cecropin prepro
nucleotide sequence operably-linked to one or more genes of interest, each
gene of interest encoding the multimeric protein.

14. The method of claim 13, wherein a first gene of interest is an antibody
heavy chain and a second gene of interest is an antibody light chain.

15. The method of claim 13, wherein the protein is a multimeric protein
and the cecropin prepro nucleotide sequence is operably-linked to two or more
genes of interest, wherein each gene of interest encodes a part of the

multimeric protein.

16.  The method of claim 15, wherein the multimeric protein is an
associated multimeric protein.

17. The method of claim 15, wherein the multimeric protein is a
multivalent multimeric protein.

18. A method of producing a multimeric protein in an individual
comprising administering to the individual a polynucleotide comprising two or
more genes of interest, wherein each gene of interest encodes a part of the
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multimeric protein and wherein each gene of interest is operably linked to a

gene encoding for a cleavage site.

19.  The method of claim 18, wherein a transposon-based vector comprises
the polynucleotide and further comprises a transposase gene operably linked to
a first promoter and wherein;

a) the first promoter comprises a modified Kozak sequence
comprising ACCATG;
b) the two or more genes of interest are each operably-linked to

one or more additional promoters; and,

c) the two or more genes of interest and their operably-linked
promoters are flanked by transposase insertion sequences recognized by a
transposase encoded by the transposase gene.

20.  The method of claim 18, wherein a transposon-based vector comprises
the polynucleotide and further comprises a transposase gene operably linked to
a first promoter and an avian optimized polyA sequence, and wherein;

a) the two or more genes of interest are each operably-linked to
one or more additional promoters; and,

b) the two or more genes of interest and their operably-linked
promoters are flanked by transposase insertion sequences recognized by a
transposase encoded by the transposase gene.

21. The method of claim 18, wherein the multimeric protein is an

associated multimeric protein.

22.  The method of claim 18, wherein the multimeric protein is a
multivalent multimeric protein.

23.  The method of claim 18, wherein the polynucleotide further comprises

a cleavage site.
24.  An animal comprising the isolated polynucleotide of claim 1.
25. The animal of claim 24, wherein the animal is a bird.

26.  Anegg produced by the animal of claim 25.
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27.  The egg of claim 26, wherein the egg comprises a multimeric protein
encoded by the isolated polynucleotide.

28.  The animal of claim 24, wherein the animal is a mammal.

29.  Milk produced by the mammal of claim 28.

30.  The milk of claim 29, wherein the milk comprises a multimeric protein
encoded by the isolated polynucleotide.

31. A method of producing a multimeric protein comprising:

a) administering to an egg-laying animal a composition
comprising the polynucleotide of claim 1 in an acceptable carrier; and,

b) permitting the one or more genes of interest to be expressed
into the multimeric protein.

32. The method of claim 31, further comprising

a) collecting an egg from the egg-laying animal;
b) harvesting egg white comprising the multimeric protein; and,
c) purifying the multimeric protein.

33.  The method of claim 31, wherein the egg-laying animal is a bird.

34. A method of producing a multimeric protein comprising;

a) administering to an intramammary duct system of a mammal a
composition comprising the polynucleotide of claim 1 in an acceptable carrier,
and,

b) permitting the one or more genes of interest to be expressed
into the multimeric protein.

35. The method of claim 34, further comprising
a) collecting milk from the mammal, wherein the milk comprises
the multimeric protein;

b) purifying the multimeric protein.

36.  The polynucleotide of any of the preceding claims, wherein the prepro
nucleotide sequence comprises a sequence shown in SEQ ID NO:3 or SEQ ID
NO:4.
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37.  The polynucleotide of any of the preceding claims, wherein the two or
more pro nucleotide sequences each comprise a sequence shown in SEQ ID
NO:1 or SEQ ID NO:2.

5
38.  The polynucleotide of any of the preceding claims, wherein the prepro
nucleotide sequence is a cecropin prepro nucleotide sequence.
39.  The polynucleotide of any of the preceding claims, wherein the pro
10 nucleotide sequence is a cecropin pro nucleotide sequence.
15
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Appendix A

SEQ
GCG

ID NO:1 {cecropin pro)
CCA GAG CCG AAA

SEQ
GCG

ID NO:2(cecropin pro extended)
CCA GAG CCG AAA TGG AAA GTC TTC ARG

SEQ
AAT
ACA

ID NO:3 (cecropin prepro)
TTC TCA AGG ATA TIT TTC TTC GIG TTC GCT TTG GIT CTG GCT TTG TCA
GTT TCG GCT GCG CCA GAG CCG AAA

SEQ
AAT
ACA

ID NO:4 (cecropin prepro extended)
TTC TCA AGG ATA TTT TTC TTC GTG TTC GCT TTG GTT CTG GCT TTG TCA
GTT TCG GCT GCG CCA GAG CCG AAA TGG ARA GTC TTC AAG

SEQ ID NO:5(modified Kozak sequence)
ACCATG

SEQ ID NO:6
atg ctg ggc ate tgg acc ctc cta cct ctg gtt ctt acg tet gtt get aga
tta

SEQ ID NO:7
atg att cct gece aga ttt gee ggg gtg ctg ctt get ctg gee cte att ttg

cca. ggg acc ctt tgt

SEQ ID NO:8

atgg gcagagcaat ggtggeccagg ctggggctgg ggetgetget getggcactg
ctcctacceca cgecagattta ttce

SEQ Ip NO:9

atgaatctat

cgaacatttce

SEQ ID NO:10

atgaccatce
atgaaagaag
gggactcttg
gacacttttg
gaggaaaaca
ttggaacccece
atgtccatga

ttttecttac
ctagtgtaag
aaagcctaac
aacacgtgat
aggatgcgga
cactgctett
gagtccggeg

SEQ ID NO:11

cgtetttttc
gacgacgatc
gecgagecatce

tcttatettt
cgttgatecg
acttttcact

SEQ ID NO:12

atg tccatettgt tttatgtgat atttecttgea tatcttcgtg gecattcagte aactaatatg

gatcaaagga
gacatcttga
atagtgcaga
bhnﬁnnnhag

tc
- - kg

gtttgccaga
aaaacaaget
aagtagagga
ttatttcaat
tcctaagtga
gaagttcagt

tgcggtaaaa

tatggttatc
aggacatggc
tgggcccaat
agaggagett
cttgtacaca
tetgetegag
tcactctgac

tetegettte
acaagttgta
ttet

agattcaatg
ttctaagcag
ccaccaggag
ggatacagac
caacacacca
ggtattaaac

gtattaacac

tecatactteca
agcttggett
getggttcaa
ctagatgaag
tececcgagtcea
gagtacaaaa

gctettttet
tcgggaaacyg

aattctctca
gtgatggatg
atggatggag
ctectaagge
ctggaaccac
agaacctcte

1

tggtggttag

gttgcatgaa
acccaggtct
gaggactgac
atcaggacat
tgctgagcag
actacctgga

cgteggegat
atgacaacca

ttattaaact
tcaaggaaaa
atgaaaatgt
agcagagacyg
caccactgta
gaaggaaaag

SUBSTITUTE SHEET (RULE 26)

cgetgecate gct.

agctgeccceaeg
tcggaccceac
atcactggeg
ccageecagt
tcaagtgect
tgctgcaaac

tgctttctee
tatgttaaac

cattcgggea
ctatcaaaac
gaaatcagac
ctacaactct
cctecacagag
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SEQ ID NO:13
tgactcctga ggagaagtct gecegttactg ccctgtgggg caaggtgaac

atggtgcatc
gtggatgaag

. aggttctttg

gtgaaggctc
aacctcaagg
cctgagaact
aaagaattca
gceectggeec
cctttgttec
ggattctgcc

ttggtggtga
agtcetttgg
atggcaagaa
gcacctttge
tcaggctecet
cececcaccagt
acaagtatca
ctaagtccaa
taataaaaaa

SEQ ID NO:14

gcatggggac
tectgggetg

ggcgettete
ctgggcggag

SEQ ID NO:15

cgaaacgatt
tggttctgge

caaaacctcet
aggac

SEQ ID NO:16

ggagtctggg
tgaatacgaa

~ggagttggtce
‘gagacgattc

tctgaggtet
ctgtgagctce

acacagagtt

ggaggcttag
tteecectteco
gcagccatta
atcatctcca
gaggacacag
aaactaaaac
gtgaaat

SEQ ID NO:17

acatccattc
agctcaccat

" cttcacggac

gtcacatctt
aaagcatatt
ccagacttgg

ttetgtgagt
gactggacct
acaggctgec
cctettgett
tggcaaccag

SEQ ID NO:18

tggaagcaag

agggagtatg

SEQ ID NO:19

atcaattaca

agaggg

SEQ ID NO:20

atgaagttmg
tacaagaga

catactcect

SEQ ID NO:21

aattcttaat

taattattgt

SEQ ID NO:22

ggcectggge
ggatctgtec
agtgctceggt
cacactgagt
gggecaacgtg
gcaggetgec
ctaagctege
ctactaaact
catttatttt

cagcgegggyg

aggctgetgg
actcctgatg
geetttagtg
gagctgcact
ctggtctgtg
tatcagaaag
tttcttgetg
gggggatatt
cattgc

gctgetttet

ctgggeageggg

ttactgecegt

tgcagcetgg
atgacatgtc
atagtgatgg
gagacaatac
cecttgtatta
ctcctgcaga

ttcactcgaa
ccecagggtac
cgecaaagtg
tgcatgactg
atcataataa

ctaacttcat

cttgcttcea

ggtgtcacaa

tatttgetgg

agagtccctyg
ttgggtccge
tggtagcace
caagaagacc
ctgtgcaaga
gcatccagga

gagcagegtg
cagacctctg
ggtctcagag
actacaccca
aatcagaaat

PCT/US2003/041261

tggtctaccc
ctgttatggg
atggecetgge
gtgacaaget
tgctggecca
tggtggetgg
tcecaatttct
atgaagggcc

cctgtgeett

atttttattg

aaactctcct
aagacteecgg
tactatccag
ctgtacctgce
cacacgatga
ccagcagggg

tecactgcgga
ggaactggec
caacagtgtg
agaagtgtgce
gcagcaaacce

ttggacccag
caaccctaag
tcacctggac
gcacgtggat
tcactttgge
tgtggctaat
attaaaggtt
ttgagcatct

tegetgetge

ctgttttatt

gtgaatccaa
agaagagget
acaccatgga
aaatgagcag
gcaaaagtta
gcgeggagay

caagccagec -

ctgagcectca
tgcattgcte

ccctgggagg
tttaaaatat

ttggcaggag tcagtgettc agtkatcaat

taactttte

ccececeggat ccatggecge
cactcggcta tggtgegeeg

SEQ ID NO:23
cecceceggat ccatgaaact

taaattegte

caagaagaac ggctac

cctggtegtg
2

SUBSTITUTE SHEET (RULE 26)

gtggttetgg ccgettgegt cgecctgage

ttcgecatgt gegtgecege tgccageget
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SEQ ID NO:24

cagtgtacgg

cggctcgagy

SEQ ID NO:25

gaattcatta
tttcgaagca
ggtattccag
ccatggatcce
cactctcgat

tcagcacgga
cagaacgcat
agtgcaaccg
cccttecget
tegtagagee

SEQ ID NO:26

ttcacaggca

ggtttttgta

SEQ ID NO:27

aagcttcteg
aatattaaaa
tgcaaaagac
ggatgggaaa
tttatcattt

ggaagagat

tgaaaaccaa
atattttaaa
atggctaaag
tctgttaagt

cgaagtgggg

SEQ ID NO:28

atggctacag
cttcaagagg

gctcceggac
gcagtgce

SEQ ID NO:29
atgaggtct ttgctaatct tggtgetttg
cttectgece ctggetgete tgggg

SEQ ID NO:30
atgc acctgagaat ccacgcgaga cggaacccte ctegeccggee ggectggacg
cttgggatct ggtccetttt ctggggatgt atcgtcaget ct

SEQ ID NO:31

atg gccattagtg gagtccctgt gctaggattt ttcatcatag ctgtgctgat gagcgctcég

cagaagtccg

ccagatttet
tecgttagegt
ttcagttcgt
gtcttctcag
tcgttgegtt

gagaggggca

cccaattagt
atacctccat
ttatgattgt
aagtactgtt
agctaatggg

gteectgete

gacgcata

ggatcaggat
aagtgtcacc
tgtagcattt
ttccaageat
tgtttgcacg

tgtecatagtc

tagtattgea
tttgettate
catgttggca
ttgcettgga
aagtggeect

ctggecttttg

PCT/US2003/041261

agaagtctga
gtecggtacceg
agcttcacga
tgcgattttg
aaccatatg

ctecactgtgg

ttctgtgtac
cttttagtga
atttgttttc
attggatttt
ctetgtttet

gcctgetetg

cgtttacggt
caaaccggac
cccagagagt
ttaagcaacg

tatagtttgg
agatgatacc
ttacaaaatc
taatgttgac
cttcttecca

cctgecctagg

gaatcatggg ctatcaaaga agaacatgtg atcatccagg ccgagttcta tctgaatcct
gaccaatcag gcgagtttat gtttgac

SEQ ID NO:32
aggggggatc cccggagacce ttcgggtage aactgtcacce ttgatgetgg cgatcctgag

cteccteactg

gctgaggge

SEQ ID NO:33
atg gtgtgtctga ggctcecctgg aggetcctge atggeagtte tgacagtgac
actgatggtg ctgagctece cactggettt gget

SEQ ID NO:34

1 gaacgattta aggagcgaat actactggta aactaatgga agaaatctge tgcaccactg
61 gatattggga gtgtgtggca tgcatcctca tcatcaggaa actctaaaaa agaaccgagt

121
181
241
301
361
421
481

ggtgctagec
catcaccttg
ggaactccte
actgagggag
tcagcatgta
tgagtectgt
agacaataaa

aaacagctgt
gaaatgaggg
aacttgectge
accaagcaag
ctceccacegt
ccectttaca
gatggtcctg

tgttgagcga
agctcatceca
ctaagagggg
gccacctgga
tgagctgtga
agaagctccg
tectgecttca

3

attgttagaa
ggccaaagtg
tecececaaget
ggatatgttg
ctacgacttg
cctgtcecgaca
ggtgaagcct

SUBSTITUTE SHEET (RULE 26)

catcttctgg
ggcagtttca
tttgatgcect
ctcaccacce
agtctecctt
gatactgtgg
tgcactecctg

agaaggacat
gccagaatgt
tctgtgaage
tttctggget
ttceggtgtyg
aacactccect
aattttatca
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541 aacacacttc cagctggcat ataggttgca gtcteggcct cgtggcctag cactggtgtt
601 gagcaatgtg cacttcactg gagagaaaga actggaattt cgctctggag gggatgtgga
661 ccacagtact ctagtcaccc tcttcaagct tttgggctat gacgtccatg ttctatgtga
721 ccagactgca caggdaaatgc aagagaaact gcagaatttt gcacagttac ctgcacaccg
781 agtcacggac tcctgeateg tggcactect ctegecatggt gtggagggeg ccatctatgg
841 tgtggatggg aaactgctcc agctccaaga ggtttttcag ctetttgaca acgccaactg
901 cccaagccta cagaacaaac caaaaatbgtt cttcatccag gectgecgtyg gaggtgetat
961 tggatccctt gggcacctce ttectgttcac tgetgeccace gectetettg ctetatgaga
1021 ctgatcgtgg ggttgaccaa caagatggaa agaaccacgc aggatcccet
gggtgcgagg
1081 agagtgatgc cggtaaagaa aagttgccga agatgagact gcccacgege
tcagacatga
1141 tatgcggcta tgcctgectc aaagggactg ccgecatgeg gaacaccaaa
cgaggttect
1201 ggtacatcga ggctcttget caagtgtttt ctgagcggge ttgtgatatg
cacgtggceg
1261 acatgctggt taaggtgaac gcacttatca aggatcggga aggttatgct
cctggeacag
1321 aattccaccg gtgcaaggag atgtctgaat actgcagcac tctgtgeccege
cacctctace
1381 tgttcccagg acaccctecce acatgatgtc acctcecccat catccacgece
aagtggaagc
1441 cactggacca caggaggtgt gatagagcct ttgatcttca ggatgcacgg
tttetgttet
1501 gcccecteag ggatgtggga atctecccaga cttgtttect gtgcecatca
tctetgectt
1561 tgagtgtggg actccaggece agetcetttt ctgtgaagee ctttgectgt
agagccagee
1621 ttggttggac ctattgccag gaatgtttca getgcagttg aagagcctga
caagtgaagt
1681 tgtaaacaca gtgtggttat ggggagaggg catataaatt ccccatattt
gtgttcagtt ’
1741 ccagcttttg tagatggcac tttagtgatt gcttttatta cattagttaa
gatgtctgag
1801 agaccatctc ctatctttta tttecattcat atcctcegee ctttttgtee
tagagtgaga
1861 gtttggaagg tgtccaaatt taatgtagac attatctttt ggctctgaag
aagcaaacat
1921 gactagagac gcaccttgct geagtgtceca gaagcggcct gtgegttecece
ttcagtactg |
1981 cagcgccacc cagtggaagg acactcttgg ctegtttggg ctcaaggcac
cgcagectgt
2041 cagccaacat tgccttgcat ttgtacctta ttgatctttg cccatggaag
tctcaaagat .
2101 ctttegttgg ttgtttetet gagetttgtt actgaaatga gecctegtggg
gagcatcaga
2161 gaaggccagg aagaatggtg tgtttcccta gactetgtaa ccacctctet
gtectttttcece
2221 ttectgagaa acgtccatct ctctccctta ctattceccac tttcattcaa
tcaacctgea
2281 cttcatatct agatttctag aaaagcttcc tagcttatct ccctgettca
tatctcteec
2341 ttctttacct tcatttcate ctgttggetg ctgccaccaa atctgtctag
aatcctgett
2401 tacaggatca tgtaaatgct caaagatgta atgtagttct ttgttectge
tttctcttte
2461 agtattaaac tctecetttga tattatgtgg cttttattte agtgccatac
atgttattgt
2521 tttcaaccta gaaaccttta tccctgctta tctgaaactt cccaacttece
ctgttcttta

4
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2581 agactttttt

gceccaggetg

2641 gagggcagtg

acgcecattct

2701 cctgcctcag

ccggetaatt

2761 tttttgtatt

cttgatctcece

2821 tgacctcatg

cgtgagccac

2881 tgcgeceeggg

tectttettee

2941 tccagtctgt

gttgtttgcet

3001 gttttttgtt

gaactcctgg

3061 cctcaagccea

atgagccacc

3121 acacctggcee

cttagaaccc

3181 ttctgctttce

tatgagaact

3241 ggttcttgee

tccagceceega

3301 gtggtctcecet

ggecttetea

3361 gctctcecace

tcttgacaat

3421 tccecgggeee

tcttgtettt

3481 tccecteatt

catttetgte

3541 tcccctacca

catcatgtac

3601 caagtgcttg

agggaagaag

3661 gcaagccaac

acaatataca

3721 cggattatta

ggcattttta

3781 gctceccttgaa

ggtccctage

3841 aaaatgctag

tggtttgtga

3901 gccttgetge

agagagagaa

3961 cctttecact

aatgctcata

4021 tttattaaaa

SEQ ID NO:35

ttttLeeete

ccttecaagt
tttagtagag

atccacccac

tctcacataa
ttttaaggtg
tctteceegee
aggatttggt
tattacccct
ttecececttga
ctcagcttet
cccaccacte
ttcagtcect
gcatttattg

ggctgtaaat gagggcagaa

cttagctaca
tttgtacttt
gacatatcat
gcctgtagta
caagtcctge
cccactgcca

aaaaaaaaaa

gcacgatctc

caagaccttt

gcacatagtg

tttttttttg
agctcactgce

agctgggact

ctecagectee
ttttaaaaaa

cagagtagtt

tcagectete
tgtttaaata
catttaaaat
acctcattaa
aattttgtge
ttgactcagg

gagcagtcta

ggcctteatt
atcctacctt
gtttttccat
gtgtgagata
gtcaaggtgce
ctttgggtcg

ggattttgta

aaaaa

acagggtttc

agttctcact

cagtttatat

aagctccaac
acaggtgcec
accatgttag
caaagtgttg
daaaaaaaaa
ttggttttta
atgtttctca
aaatagctgg
taaatctgat

gtaaactctt

tetttectge

cttctgtgte
atatgctact
accttgtttg
aaatgtttgt
ttgataaaat
gtgttttgcet
acttccttea
tcaataaata
acatagtatg

ttgcecatcgg

agacagagtc

atggtgattt

tggtgtcett
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tegetetgte
tececgggtte
gccaccgtge
ccgggatggt
ggattacagg
aaacttccat
attttttttg
gactgétctc
gcttacagge
caccccectg
caccttggtt
cttgctaage
ccttttectg
cttccteaag
tgtcaccaca
tttacttgtt
ttttattcac
tgaataaaag
gttcettttg
tttatcecact
catctececcat
tttgtttggg
gaagtatttg

gtgccaaata

1 tccagatcat ctgtcctcac caccaaggee atggtgtctt cagcgactat ctgeagtttg
61 ctactcctea gecatgctctg gatggacatg gecatggcag gttccagett cttgagecca

121
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gagcaccaga
cgagctctgg
gagctggaaa
taccagcage
aaagaggcgce
gcaagaactc
acaaataaat

aagcccagca
aaggctggct
tcaggttcaa
atggccggge
cagctaacaa
acatccagct
gttcaagctg

gagaaaggaa
ccacccagag
tgctcectte
cctgggaaag
gtaaccactg
tctgeectect
t

5

tccaagaage
gacagaggac
gatgttggca
tttecttcagg
acaggactgg
ctgcaactcec

SUBSTITUTE SHEET (RULE 26)

caccagctaa actgcagcca
aagcagaaga ggcagaggag
tcaagctgtc aggagctcag
atatcctctg ggaagaggtc
tcecetgtact ttcctectaa
cagcactctc ctgectgactt
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SEQ ID NO:36
atgaagctge ttgcaatggt tgcactgetg gtcaccatct gtagcctaga aggagetttg

gttcggagac

SEQ ID NO:37
atgaagctge ttgcaatggt tgeactgetg gtcaccatct gtagectaga aggagetttg

gttcggagac

SEQ ID NO:38
atggcett gccaacggct cgacccctgt tggggtcctg tgggacccce geccteggca
gcetectgtt cctgetette agecteggat gggtgcagece ¢

SEQ ID NO:39
atgccgegee tgttcotecta cctectaggt gtetggetge tcctgageca acttcecaga

gaaatcccag

gc

SEQ ID NO:40
atgacagc atcacttgtc gttttaccat cgetttggtt aatattaatt atttttactg

caccctatac

tcactgt

SEQ ID NO:41
atgaaagtc ctgctttgtg acctgctget getcagtete ttctecagtg tgttcagcag

ttgtcagagg
cctggaggtg
atgcaccaag
ggcggetget
agtccggage
gatggagcag

gactgtctceca
tgecatcecteg
gtcatggcca
ctctaccage
ttgttccagg
aagcagctge

SEQ ID NO:42

aattcatgaa

gtgggttact

catgccagga gaagctccac
agtgcgaaga gaaggtcttc
ggagctettyg geagcteage
cgagagettc ggagatgcag
agcaggaaga gcccgagcect
agaagagat

ttcatctectt tgttgttctt
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ccagecetgg
cccagcecce
cctgecgecece
catctgegge
ggcatggagg

gttctettct

acagcttcga
tctggactcee
cagagecatgt
gaatgecceeg
aggctggtga

gcttactcta‘

gaggtgtttt cagacg

SEQ ID NO:43

atgaagtggg ttactttcat

gttttcagac gc

SEQ

ID NO:44

ctetttgttg ttettgttcet

cttetgetta

ctctagaggt

1 gaattctcaa tggcaaaggc aagtgtacat tataaatage aaaacagctg gecttggacca
61 tgttgcegge cagtcaccca gttgagggat ttgaatgaca tcataaccct caagagggta

121
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ttgctagecca
gcacacagac
agaggtttga
cttecteeccag
agaaaaatgt
gagaaaaagt
cgttectagga
gctgtecttce
agagggtcett
ctaaaattgce
ttecgtgteet
gcataagtat
aatgcttctg
aaaaagtccect
ccecagctgtt

gctggtgtta
tecectetgte
gttatatgga
agtggtgggg
tctattteag
atgagacagt
aatgagatca
aatctacttt
atcgtecttt
tcteeccatcee
catgcccagce
tttaatgtct
tgctctagtt
tactcaataa
tcctgtctac

tttagaatac
atacacacac
aaattcaaac
tggggagggg
ttgggtttta
gccctaaagg
cacccctcac
acceccagtcea
ctttettttt
cccatattec
agaaagttaa
gcgaaccctg
ttaaaatgca
ctttgecaga
agtgtctgtg

6

acaaaaatca
acacacacac
aacaggaaaa
acagtgacag
cagctcggeca
gaccaatcca
ttggcaactg
cttcagggtt
ttgttttaaa
tttaatactg
tcagaaaaca
tcagtaacac
aaggtatgat
agagggagag
ttttgtagat

SUBSTITUTE SHEET (RULE 26)

gagaaagaaa
acacacacac
ttgtttgeee
gcagcctagt
tagtectttge
atgctgecetg
ggacaagggg
aaaattgtag
taatgcattt
gtaaggtgta
gatccttatt
acattetttt
gttatttgte
agagagaagy
aaatgtgagg

acacactctg
acacacacac
cccaggtacce
agaagaataa
ctcatcgeag
cccetcecata
tcacccgagt
agtttgcetygg
gctctagaat
ttagcagacg
ttctatggeca
aagggaaaaa
accatgceca
caaatgttcc
attttgtgta
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1021 aatccctcett
gatagagcct
1081 gcgcaatgga
tcteccatet
1141 ctctggattt
actttgtact
1201 tcagaagcaa
ctgettttgt
1261 gatttcttga
ggatcccact
1321 gtaataatag
ctcaattcat
1381 tgaaatagga
tecacagtag
1441 ccaggggaat
actccctgcet
1501 gggttctcat
acagtcgtgg
1561 aatcgtggga
tcaaggagga
1621 aacctgaacc
ctcctegeat
1681 ctettctacc

SEQ ID NO:45

ctgtttgecta
ataaagtcct
ctttttgett
tgggaaaaat
aggtaaatat
catctttcat
acccataaag
aaacacaggt
gtactctatt
gtcaatgcac
teccctetgtt

tggcgetgtyg

aatctcactg
caaaattgaa
cattattect
cagcagtctt
ttcttactcet
ttcecgtagta
aaaggggtte
tgttggatge
ggcttetgtg
ttectgtcecea
tcttgggeag

cctgetcace

tcactgctaa
atgtgacatt
gctaaccaat
ccaacccaat
ttgaagtcat
aacgtttcta
agggaggact
cgagacacgc
ctgggtagtc
ccccactcce
gtgaagatgce

ttcaccagct
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attcagagca
gctctcaaca
tcattttecag
tatttaagtg
tggggaattce
gatattttgt
cctecaaaga
tcecatceaca
ctgattaatg
cttgcaagga
acaccatgte

ctgccacgge t

atgaag ccaattcaaa aactcctagce tggccttatt ctactgactt cgtgegtgga
aggctgctcece agccagecact ggtecctatgg actgcgeccct ggaggaaaga gagatgecga

aaattt

SEQ ID NO:46

atgagatt tccttcaatt tttactgcag ttttattege agcatcctecce gcattagetg

ctccagtcaa cactacaaca gaagatgaaa cggcacaaat tccggetgaa getgtcateg
gttacttaga tttagaaggg gatttcgatg ttgctgtttt geccattttec aacagcacaa
ataacgggtt attgtttata aatactacta ttgccagecat tgctgctaaa gaagaagggg
tatctttgga taaaagagag gctgaagctt

SEQ ID NO:47

atgaa gtgggtaacc tttatttcece ttetttttet ctttageteg gettattcca

ggggtgtgtt tcgt

SEQ ID NO:48

cgaga

1 atgaagatgg tctecctccte gegcctecege tgecectecteg tgetectget gtcecctgace
61 gecctecatca getgcteoett cgccggacag agagactcca aactcegect getgetgeac
121 cggtaccege tgecagggetc caaacaggac atgactcgcect ccgeccttgge cgagetgetce
181 ctgtcggacc tcctgcaggg ggagaacgag gctcectggagg aggagaactt ccctctggec
241 gaaggaggac ccgaggacgc ccacgcecgac ctagagegdgg ccgceccagegg ggggectcetg
301 ctcgeccece gggagagaaa ggccggctge aagaacttcet tctggaaaac cttcacctcece
361 tgctga

50

SEQ ID NO:49

55

60

atggcceggge gagggggcag
tggctectgg gegecgaagce
cggcggetge agcaagagga
gaggcgctcg tgtccgtgtg
cgcagetteg agggeeggga
gagcectggtyg agectgaatt

cgecgetgetg
ccaggagecce
cggcatctce
gctgeagtge
gcteetggte
taaatacatt

gctctgtgceg
ggggegececg
ttcgagtacc
accgececatca
atcgagetgt
gggaatatgce

7

gggcactggc
cggegggeat
acecgcectacce
gcaggattta
ccgacaaccec
atgggaatga

SUBSTITUTE SHEET (RULE 26)

tgcetgeggyg
gaggcggcgce
cgagctgecge
cacggtggag
tggcgtccat
ggctgttgga
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cgagaactgce
acaattgtca
ggctttgaga
aatgcccagg
aatgagaaag
caaaacacaa
tttgtgettt
acgcggagtg
ttggcccggg
cgcaagaatg
agcgtacctg
gtggagetta
aacaaaaact
cgagaccttce
gatgttacat
cttacagcct
cctgetgetg
gaagaattga

tcattttctt
acctgatcca
aggcagegte
gaatagatct
aaggtggtcc
agcttgetcee
ctgccaatet
gtagtgctca
catactctte
atgatgacag
gagggatgcea
gctgtgagaa
cccteattag
aaggtaaccc
ccgcaaagga
cagctcecagg
gggttgattt
tggaatggtg

SEQ ID NO:50

atggctetet
actgaagce

cactcettcac

SEQ ID NO:51

atgaacaaa ctagcaattc tcgctatcat

ggeccagtac
cagtacccge
tcagcectggt
gaaccggaac
aaataatcat
tgagaccaag
ccatggagga
cgaatacagc
tttcaacccyg
cagetttgta
agacttcaat
gttcecacct
ctaccttgag
aattgcgaat
tggtgattac
ctatectggea
tgaactggag
gaaaatgatg

tgttggacaa

ctatgcaacg
attcacatca
gaactcaagg
ttteccagace
ctgttgaaaa
getgtecatte
gaccttgtgg
tccteecceag
gccatgtetyg
gatggaacca
taccttagca
gaagagactc
cagatacacc
gccaccatct
tggagattgce
ataacaaaga
tcattttetg
tcagaaactt

ttaattttect
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aataccagaa
tgccticect
actggtttgt
tggataggat
atatgaagaa
attggattat
ccaattatcce
atgacgccat
accccaatecg
ccaacggtgg
gecaactgttt
tgaagaccta
gaggagttaa
ccgtggaagg
ttatacctgg
aagtggcagt
aaaggaaaga
taaatttt

tattttggac

cagactccaa agcagattga gatcaaatat ggaagecttet gecagag

SEQ ID NO:52

a tggtcagtgt gtgcaggcte ttgctggttg ctgecttget getgtgtttg caagcacage

tgtctttcte
cctacagetce
atctcaggece
aattccaaaa

ggggaacgag
gaacccagat
gggtcgaage
agtgtacgtg
aattgtggat
ggatattcct
atatgatgag
tttecaaagce
gccaccatgt
tgecttggtac
tgagatcacc
ctgggaggat
aggatttgte
aatagaccac
aaactataaa
tecttacage

agaggagaag

actcagaatc

cgetatggta cttttcageg caaacgectt

tcagcactgg tctcatgget ggtaccctgg aggaaagaga gaaatcgact
accagagata tctggggaga ttaaactgtg tgaagcggga gaatgecaget
actgaggacc aacatcctaa agagcatcct gattgacacc cttgcaagga

gaggaaatga.

SEQ ID NO:53

1 tgtgttttgt agataaatgt gaggattttc tctaaatccc tcttetgett gctaaatctc
61 actgtecgetg ctaaattcag agcagataga gcctgegcaa tcgaaataaa gtcoctcaaaa
121 ttgaaatgtg actttgctcet aacatctccce atctectoctgg atttettttt gectcecattat
181 tcctgeccac caattcattt ccagactttg tacttcagaa gegatgggga aaatcagceag

40 241

45

50

55

60

301 catg

SEQ

ID NO:54

tecttcecaact caattattta agatctgect ctgtgactte ttgaagataa agatacacat

atgtc aggcccgagg acgtgcttct gtctaccgte ggetcttgta ctagtactge
tgagtctcag cacttcggeca ctaggg

SEQ ID NO:55

mspaaqglaka
sslafksthg
palteeeiae
dtireyfaty
hqglvipkppp
mysrlytnvl
lsdeevarak
rvaealvakp

aarstemtrl
atesqgvlktm
rratiafeae
lhpsrmvvag
thpnyeqgtlt
nryrwmesca
nglkssllumn
ptmvavgedl

SEQ ID NO:56 (pTnMCS)

psgirvatap
aglggnlfct
dlhsrpdafi
tgvahaelvd
hvgqvafpvpp
afghayssts
lesgvitved
tkltdiketl

snshfaavgv
atresilyqg
gemmhavafg
lvskafvpss
fthpdmfpvs
lfgisascvp
igrgvlagng
aafnasgeal

yvdagpiyet
svlhhdlprt
grglgnsifc
trapssvths
tlgvlimgggyg
sfnphlcenvl
rleplelvnn

gpvgsagsfg

sidrgvshfv
vglladttlr
epgrarnmts
dietayvggs
afsaggpgkyg
agefvhmarn
isavtrddlv
rvtm

1 ctgacgcgee ctgtagegge gcattaageg cggcgggtgt ggtggttacg cgcagcgtga
61 ccgctacact tgecagegec ctagecgeceg ctectttege tttetteect tectttcteg

8
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121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141

ccacgttcge
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgcec
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
ccatccacgce
ggaacggtge
actctatagg

cggcatcaga
tatattgget
tagtaatcaa
cttacggtaa
atgacgtatyg
tatttacggt
cctattgacy
tgggactttc
cggttttgge
ctcecaccecca
aaatgtcgta
gtctatataa
tgttttgacce
attggaacgc
cacacccectt

ttggctattg
catgtccaac
ttacggagtc
atggcecegee
tteccatagt
aaactgcccea
tcaatgacgy
ctacttggca
agtacatcaa
ttgacgtcaa
acaacteccge
gcagagceteg
tccatagaag
ggattccceg
tggctettat

gcecattgcat
attaccgcca
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggcce
gtacatctac
tgggcgtgga
tgggagtttg
ccecattgacg
tttagtgaac
acaccgggac
tgccaagagt
gcatgctata

atacacccce gettecttat

attgaccatt
atggctcttt
tgacacggac
tacaacaacg
cgaatctegg
tececgageect
acagtggagg
gcegtggegg
gcagatggaa
tgataagagt
tgagcagtac
ctgttecttt
ttacacgact
acgttggett
aacctgccaa
aatcgtecacc
tcgggceaata
cttatggtat
gegttecege
gcgageatte
cecatggtata
gtacaatatg
tcatctagtce
tgccaaattce
actcattgtc
ctagcaacta
aagcgaatgce
ctacgccata
atgcttcecaac
cacttececagg
gaagttttge
ctactagetce
tctagagcga
ctttaaaaat
tgectacate
tgaacattat
gatgcctate
aggtaaacgce
aatgttaatt
attaagttaa
cattaggcac
agcggataac
aaccctecact
agtggatcce
g999ggccecyg
cgttttacaa
acatcccect
acagttgcge
gegttaaatt
ccttataaat
agtccactat
gatggceccac

attgaccact
gccacaacta
tctgtatttt
ccgtececeyg
gtacgtgtte
ggtcccatge
ccagacttag
tagggtatgt
gacttaaggc
cagaggtaac
tcgttgctgce
ccatgggtet
ctctttacca
gccacgeatt
ccaaagcgag
tccacaaaga
cgatgececat
tgegagette
tttcagagca
taccgagtaa
aatccgttga
cagacctagg
actcaaagac
tattgtataa
accacccgte
acttacctgt
agattgaaga
gccgaacgag
taacatgttg
ctaacacagt
ggcattctgg
aaaatttatt
tcecgggatet
aaaaaacaat
acaacaaaaa
cttgattata
attggttgga
cattgteage
ctcgttgacc
ggtggataca
cccaggcttt
aatttcacac
aaagggaaca
ccgggetgea
gtacccaatt
cgtegtgact
ttcgecaget
agcctgaatg
tttgttaaat
caaaagaata
taaagaacgt
tactcecggga

gctataggtg atggtatage
cccctattgg tgacgatact
tctctattgg ctatatgeca
tacaggatgg ggtcccattt
tgcccgecagt ttttattaaa
cggacatggg ctcttetceg
cteocagegge teatggtege
gcacagcaca atgcccacca
gtetgaaaat gagcgtggag
agcggcagaa gaagatgeag
tecegttgeg gtgetgttaa
cgcgegegee accagacata
tttectgcagt caccgtcgga
attetgeece gaattacact
acttgactgt aaaactctca
aacaaaacat aacatcaaac
gcgacteget gtatacegtt
tgtacttgtt gactggtctg
agtcgecacta cacggtcgtt
atgttcaaag aaagctecatg
caccacaccg ctcattgtca
gaagcetgggt tggtactggt
agcggaaaac tggaaaccta
tttaggctat aagaggctga
atctcgctet aaaggecgaa
acctaaaatc tactcagegt
tgaaattcga acacccaaac
aaccttccga gacttgaaaa
cagctcagag cgttttgata
gettgeggge gttcatgcte
cagaaatcga aacgtactct
ctacacaata acaagggaag
cacacatggt tacgctttgg
cgggaaaagce gttggtgacc
tactcagtge ctgttataag
ctgatttaac aaatggttgg
ttattgataa taataaaaac
atgaacttga aaaaaattag
aaattgatcc aagagaacca
ctgagcactg atgaatcccece
catcttgteca tatgatecceg
acactttatg cttecggcte
aggaaacagc tatgaccatg
aaagctggag ctcecaccgeyg
ggaattcgat atcaagctta
cgcectatag tgagtegtat
gggaaaaccc tggcgttacce
ggcgtaatag cgaagaggcce
gcgaatggaa attgtaagcg
cagctcattt tttaaccaat
gaccgagata gggttgagtg
ggactccaac gtcaaagggc
tcatatgaca agatgtgtat
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acgttgtatc
tgttgacatt
agccecatata
cccaacgace
gggactttecce
catcaagtgt
gcctggeatt
gtattagtca
tagcggtttg
ttttggcace
caaatgggcy
cgtecagatcg
cgatccagec
gacgtaagta
ctgtttttgg
ttagcctata
ttccattact
atactctgtce
attatttaca
catagcgtgg
gtagcggcegg
teggeagete
ccaccagtgt
attgggcectcg
gcagctgagt
cggtggaggy
atagetgaca
ccatgtgcega
taaaacgact
ctcttacega
gaatcgaccg
ggcatgctag
atattcgtga
ctgttactct
accaatttet
gtgatgetgg
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcageg
cggcaaagga
aacttgttaa
gtcectgecta
tecatgctget
agaaacaagg
caacagttcg
acttactcgt
ggaaattatg
aaaggtgcct
cagcaattaa
tctgecttag
cttatececta
ccttgaatac
acttaaagct
taatgatttt
gtaatgtgag
gtatgttgtg
attacgccaa
gtggeggeeg
tegataccge
tacgecgeget
caacttaatc
cgcaccgate
ttaatatttt
aggccgaaat
ttgttcecagt
gaaaaaccgt
Ccaccttaac

SUBSTITUTE SHEET (RULE 26)

catatcataa
gattattgac
tggagttecg
cccgeececatt
attgacgtca
atcatatgce
atgcccagta
tcgctattac
actcacgggyg
aaaatcaacg
gtaggcgtgt
cctggagacg
tcecgeggecg
ccgectatag
cttggggecet
ggtgtgggtt
aatccataac
cttcagagac
aattcacata
gatectccacg
agctteccaca
cttgcteccta
gccgecacaag
cacggetgac
tgttgtattc
cagtgtagte
gactaacaga
actcgatatt
caacagctta
acttggeegt
attgttaggt
ctttatctgt
gcaaaaacga
ttatgagaaa
agccgaccett
ctttaaagtg
aagaggaaaa
acatgatatg
tccaatctea
ctcgacacgg
gccatgggtt
tatctatteg
cggactagge
aatecgecetyg
ttgggacaag
cttaggcatg
ggctgcaace
aggggatcge
tttatcatca
ttatgattga
aaagtatatt
tccaagaagt
attactggta
ttcectgacgg
ggtaaaaatc
ttagctcact
tggaattgtg
gegegeaatt
ctctagaact
tgacctcgag
cactggcegt
gcecttgeage
gcecttececa
gttaaaattc
cggcaaaatc
ttggaacaag
ctatcaggge
ttaatgattt
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4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241

- 6301

6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261

ttaccaaaat
aggaaagctt
caatacatgc
accgeggett
aatcttecttt
gaataacatc
ttgaggggtt
aataatccaa
taatgggcca
ttgctgatga
accaccagcce
aaaggcaaat
ttagtggcta
gtaatgaaaa
gtgectggatt
tgatgtatac
tcatggtcat
cgageccggaa
attgegttge
tgaatcggece
ctcactgact
gcggtaatac
ggccagcaaa
cgeecccctg
ggactataaa
accetgeege
catagcteac
gtgcacgaac
tccaaccegy
agagcgaggt
actagaagga
gttggtaget
aagcagcaga
gggtctgacy
aaaaggatct
atatatgagt
gcgatctgte
atacggagagg
cecggetecag
cctgcaactt
agttcgecag
cgetegtegt
tgatcceccca
agtaagttgg
gteatgecat
gaatagtgta
ccacatagca
tcaaggatct
tcttecageat
gccgeaaaaa
caatattatt
atttagaaaa

cattagggga
atgatgatga

gaaaaaccta

tttattgage
atcgtaaaaa
atttggtgac
aacatgaagg
atccagecat
ataacaccgg
ctetttgttt
aataaaatta
gcactactat
ttettectac
gccaaccate
ggctatcaat
cgatcagett
agctgtttece
gcataaagtg
gctcactgce
aacgcgeggg
cgetgegete
ggttatccac
aggccaggaa
acgagcatca
gataccagge
ttaccggata
gctgtaggta
cceceegttea
taagacacga
atgtaggcgg
cagtatttgy
cttgateccgg
ttacgcgecag
ctcagtggaa
tcacctagat
aaacttggte
tatttegtte
gcttaccate
atttatcagce
tatcegecte
ttaatagttt
ttggtatgge
tgttgtgcaa
ccgcagtgtt
ccgtaagatg
tgcggcgace
gaactttaaa
taccgctgtt
cttttacttt
agggaataag
gaagcattta
ataaacaaat

SEQ ID NO:57 {(pTnMod)

ttecatcagtyg
tgtgcttaaa
aaagagcttyg
ttgaaagata
atgcccetett
gaaataacta
tcatcgatag
cccaaattgg
ttgcattggt
ggatagacat
aaacagggaa
ctgcaataaa
cacaaaggct
atgctatteca
gcgcetgaaat
ttgttccectt
tgtgtgaaat
taaagectgg
cgetttecag
gagaggcggt
ggtegttcegg
agaatcaggg
ccgtaaaaag
caaaaatcga
gttteccect
cctgtecgee
tctecagttceg
geecgacege
cttategeea
tgctacagag
tatctgeget
caaacaaacc
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggcccecagt
aataaaccag
catccagtet
gcgeaacgtt
ttcattcage
aaaagcggtt
atcactcatg
cttttctgtyg
gagttgcetct
agtgctcatc
gagatccagt
caccagegtt
ggcgacacgg
tcagggttat
aggggttccg

ctcagggtea
aacttactca
ccgataaaaa
aataaaatag
gggttatcaa
agcacttgtc
caggataata
tagtgaatga
aaggctcace
cactcecctgt
aactaaccaa
tcegageagt
tggaatactg
tcatcacgat
aataatcaac
tagtgagggt
tgttatccge
ggtgectaat
tegggaaace
ttgcgtattg
ctgcggcgag
gataacgcag
gcegegttge
cgctcaagtce
ggaagctcce
tttcteectt
gtgtaggteg

‘tgegeettat

ctggcagcag
ttecttgaagt
ctgectgaage

acecgetggta
‘tetcaagaag

cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactece
getgeaatga
ccagecggaa
attaattgtt
gttgeeattg
tcecggttcee
agctectteg
gttatggcag
actggtgagt
tgececggegt
attggaaaac
tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga
cgecacatttc

CTGACGCGCC
CGCAGCGTGA
TTTCTTCCCT
GCCATTGCAT
CATGTCCAAC
TAGTAATCAA
CGTTACATAA
CCCGCCCATT
GGGACTTTCC
CTTGGCAGTA

CTGTAGCGGC
CCGCTACACT
TCCITTICTCG
ACGTTGTATC
ATTACCGCCA
TTACGGGGTC
CTTACGGTAA
GACGTCAATA
ATTGACGTICA
CATCAAGTGT

GCATTAAGCG
TGCCAGCGCC
CCACGTTCGC
CATATCATAA
TGTTGACATT
ATTAGTTCAT
ATGGCCCGCC
ATGACGTIATG
ATGGGTGGAG
ATCATATGCC

CGGCGGGTGT
CTAGCGCCCG
CGGCATCAGA
TATGTACATT
GATTATTGAC
AGCCCATATA
TGGCTGACCG
TTCCCATAGT
TATTTACGGT
AAGTACGCCC
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acgagaatta
atggctggtt
aggccaattt
ataggtttta
gagggtcatt
teectgtttac
atacagtaaa
ttataaataa
aataatcect
aatgcaggta
cctteagata
actgcegttt
agtgtaaaag
ttctgtaata
aaatggcatc
taattgegeg
tcacaattec
gagtgagcta
tgtegtgeeca
ggegetette
cggtatcage
gaaagaacat
tggegtrttt
agaggtggcg
tegtgegete
cgggaagcgt
ttcgctccaa
ccggtaacta
ccactggtaa
ggtggecctaa
cagttacctt
geggtggttt
atectttgat
ttttggtcat
gttttaaatc
tcagtgagge
ccgtegtgta
taccgcgaga
gggccgageg
gecgggaage
ctacaggcat
aacgatcaag
gteccteegat
cactgcataa
actcaaccaa
caatacggga
gttctteggg
ccactcgtge
caaaaacagg
tactcatact
gcggatacat
ccegaaaagt

GGTGGTTACG
CTCCTTTCGC
TTGGCTATTG
TATATTGGCT
TAGTTATTAA
TGGAGTTCCG
CCCAACGACC
AACGCCAATA
AAACTGCCCA
CCTATTGACG

SUBSTITUTE SHEET (RULE 26)

acattccgte
atgcatatcg
attgectattt
tttgaagcta
atatttcgey
tceceetgage
acgctaaacc
cagcaaacag
gtaaagcacc
aagcgatcee
taaacgctaa
tttcgcecat
accaagacec
gcaccacacc
gttaaataag
cttggcgtaa
acacaacata
actcacatta
gctgeattaa
cgcttecteg
tcactcaaag
gtgagcaaaa
ccataggcte
aaacccgaca
tecoctgtteeg
ggegetttet
getgggetgt
tcgtettgag
caggattage
ctacggctac
cggaaaaaga
ttttgtttge
cttttetacg
gagattatca
aatctaaagt
acctatctca
gataactacg
cccacgctea
cagaagtggt
tagagtaagt
cgtggtgtca
gegagttaca
cgttgtcaga
ttetettact
gtcattctga
taataccgcg
gcgaaaacte
acccaactga
aaggcaaaat
ctteettttt
atttgaatgt
gceac

50

100
150
200
250
300
350
400
450
500
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TCAATGACGG
TGGGACTTTC
CATGGTCGATG
ACTCACGGGG
TTTTGGCACC
CCCATTGACG
GCAGAGCTCG
TGTTTTGACC
GGAACGGTGC
CCGCCTATAG
CTGTTTITGG
ATGGTATAGC
CCCCTATTGG
GCCACAACTA
TGACACGGAC
AATTCACATA
CATAGCGTGG
CTCTTCTCCG
CTCCAGCGGC
CCAGACTTAG
GCCGETCEGCGE
CACGGCTGAC
GCAGCTGAGT
GTGCTGTTAA
CGCGCGCECe
CCATGGGTCT
TTACATGATT
CAACAGCTTA
CTCTTACCGA
AACATCAAAC
GCGACTCGCT
GATGCCCATT
TTATGGTATT
TATGAGAAAG
CCAATTTCTA
TCATTGTCAG
AAGCTGGGTT
AGACCTAGGA
CATCTAGTCA
CCAATCTCAT
AAATCAGCGC
ACTCAGCGTC
GAAATTCGAA
GATTGAAGARA
TACGCCATAG
ATCGCCCTGA
GAAACAAGGT
ACGTACTCTC
TACACAATAA
AAATTTATTC
GATCACTTCT
TTTTTTGTGE
CCCTCCCCCa
TTCCTAATAA
CTATTCTGGG
GACAATAGCA
CTCTCTCTCT
CTCTCTCTCT
TTGACCCGGT
CAATTACTCA
CATCACAACA

TAAATGGCCC
CTACTTGGCA
CGGITTTGGC
ATTTCCAAGT
AAAATCAACG
CARATGGGCG
TTTAGTGAAC
TCCATAGAAG
ATTGGAACGC
ACTCTATAGG
CTTGGGGCCT
TTAGCCTATA
TGACGATACT
TCTCTATTGG
TCTGTATTTT
TACAACAACG
GATCTCCACG
GTAGCGGCGG
TCATGGTCGC
GCACAGCACA
TAGGGTATGT
GCAGATGGAA
TGTITGTATTC
CGGTGGAGGG
ACCAGACATA
TTTCTGCAGT
CTCTTTACCA
ACGTTGGCTT
ACTTGGCCGT
GAATCGACCG
GTATACCGTT
GTACTTGTTG
GCGAGCTTCA
CGTTCCCGCT
GCCGACCTIG
TGATGCTGGC
GGTACTGGTT
GCGGAAAACT
CTCAAAGACT
GCCAAATTCT
TCGACACGGA
GGCARAGGAG
CACCCARACA
ACCTTCCGAG
CCGAACGAGC
TGCTTCAACT
TGGGACAAGC
AACAGTTCGC
CAAGGGAAGA
ACACATGGTT
GGCTAATAAA
ATCTGCTGTG
TGCCTTCCTT
AATGAGGAAA
GGGTGGGCTG
GGCATGCTGG
CTCTCTCTCT
CTCTCTCTCT
GACCAAAGGT
GTGCCTGTTA
AAAACTGATT

GCCTGGCATT
GTACATCTAC
AGTACATCAA
CTCCACCCCA
GGACTTTCCA
GTAGGCGTGT
CGTCAGATCG
ACACCGGGAC
GGATTCCCCG
CACACCCCTT
ATACACCCCC
GGTGTGGGTT
TTCCATTACT
CTATATGCCA
TACAGGATGG
CCGTCCCCCE
CGRATCTCGG
AGCTTCCACA
TCGGCAGCTC
ATGCCCACCA
GTCTGAAART
GACTTAAGGC
TGATAAGAGT
CAGTGTAGTC
ATAGCTGACA
CACCGTCGGA
ATTCTGCCCC
GCCACGCATT
AACCTGCCAA
ATTGTTAGGT
GGCATGCTAG
ACTGGTCTGA
GTCGCACTAC
TTCAGAGCAA
CGRGCATTCT
TTTAAAGTGC
AAGTCGAGTA
GGAAACCTAT
TTAGGCTATA
ATTGTATAAA
CTCATTGTCA
CCATGGGTTC
ACTTGTTAAT
ACTTGAAAAG
AGCTCAGAGC
AACATGTTGG
ACTTCCAGGC
TTAGGCATGG
CTTACTCGTG
ACGCTTTGGG
AGATCAGAGC
CCTTCTAGTT
GACCCTGGAA
TTGCATCGCA
GGGCAGCACA
GGATGCGGTG
CTCTCTCTCT
CTCTCTCTCT
GCCTTTTATC
TAAGCAGCAA
TAACAAATGG

ATGCCCAGTA
GTATTAGTCA
TGGGCGTGCA
TTGACGTCAA
AAATGTCGTA
ACGGTGGGAG
CCTGGAGACG
CGATCCAGCC
TGCCAAGAGT
TGGCTCTTAT
GCTTCCTTAT
ATTGACCATT
AATCCATAAC
ATACTCTGTC
GGTCCCATTT
TGCCCGCAGT
GTACGTGTTC
TCCGAGCCCT
CTTGCTCCTA
CCACCAGTGT
GAGCGTGGAG
AGCGGCAGAA
CAGAGGTAAC
TGAGCAGTAC
GACTAACAGA
CCATGTGTGA
GAATTACACT
ACTTGACTGT
CCAAAGCGAG
AATCGTCACC
CTTTATCTGT
TATTCGTGAG
ACGGTCGTTC
TGTTCAARAGA
ACCGAGTAAC
CATGGTATAA
AGAGGAAAAG
CAGCAACTTA
AGAGGCTGAC
TCTCGCTCTA
CCACCCGTCA
TAGCAACTAA
ATCTATTCGA
TCCTGCCTAC
GTTTTGATAT
CTTGCGGGCG
TAACACAGTC
ARGTTTTGCG
GCTGCAACCC
GAAATTATGA
TCTAGAGATC
GCCAGCCATC
GGTGCCACTC
TTGTCTGAGT
GCAAGGGGGA
GGCTCTATGG
CTCTCGGTAC
CGGTACCAGG
ATCACTTTAA
TTAATTATGA
TTGETCTGCC
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CATGACCTTA
TCGCTATTAC
TAGCCGTTTG
TGGGAGTTTG
ACAACTCCGC
GTCTATATAA
CCATCCACGC
TCCGCEGCCG
GACGTAAGTA
GCATGCTATA
GCTATAGGTG
ATTGACCACT
ATGGCTCTTT
CTTCAGAGAC
ATTATTTACA
TTTTATTAAA
CCGGACATEGG
GGTCCCATGC
ACAGTGGAGG
GCCGCACAAG
ATTGGGCTCG
GAAGATGCAG
TCCCGTTGCE
TCGTTGCTGC
CTGTTCCTTT
ACTTGATATT
TAAAACGACT
AAAACTCTCA
AACAAAACAT
TCCACAAAGA
TCGGGAATAC
CAAAAACGAC
TGTTACTCTT
AAGCTCATGA

‘ACCACACCGC

ATCCGTTGAG
TACAATATGC
CATGATATGT
TAAAAGCAAT
AAGGCCGAAA
CCTAAAATCT
CTTACCTGTT
AGCGAATGCA
GGACTAGGCC
CATGCTGCTA
TTCATGCTCA
AGAAATCGAA
GCATTCTGGC
TACTAGCTCA
TAATGATCCA
TGTGTGTTGG
TGTTGTTTGC
CCACTGTCCT
AGGTGTCATT
GGATTGGGAA
GTACCTCTCT
CTCTCTCTCT
TGCTGAAGAA
AAATARAARA
TTGATGCCTA
TTAGAAAGTA

SUBSTITUTE SHEET (RULE 26)

550

600

650

700

750

800

850

900

950

1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2500
2950
3000
3050
3100
3150
3200
3250
3300
3350
3400
3450
3500
3550
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TATTTGAACA
CCTATCCAAG
TTAGCCTTGA
ATCCAAGAGA
GACCCTGAGC
TTARGGTGGA
CACTCATTAG
TGTGTGGAAT
CATGATTACG
GGAGCTCCAC
TGCAGGAATT
CCCGGTACCC
CCGTCGTTIT
AATCGCCTIG
GGCCCGCACC
GGAAATTIGTA
AAATCAGCTC
ARATCAAAAG
CAAGAGTCCA
CCGTCTATCA
GTATCCACCT
AGTGCTCAGG
ATGATGTGCT
ATGCGAARRA
ATTTACCGCG
TTTATTTIGAA
TCAAGAGGGT
ACTAAGCACT
AAGGTCATCG
CCAAATCCAG
ACAGTAATGG
CCCTGTAAAG
CTGTAATGCA
GGAAAACTAA
CTATCTGCAA
GCTATTCTTC
ACCCGTAATG
AATAGCACCA
CAACAAATGG
CCTTTAGTGA
TTCCTGTGTG
GGAAGCATAA
ATTAATTGCG
GCCAGCTGCA
ATTGGGCGCT
TCGGCTGCGG
CCACAGAATC
CAAAAGGCCA
GCTCCGCCCC
GGCGAAACCC
TCCCTCGTGC
CGCCTTTCTC
GGTATCTCAG
GAACCCCCCG
TGAGTCCAAC
GTAACAGGAT
AAGTGGTGGC
CGCTCTGCTG
CCGGCAAACA
CAGATTACGC
TACGGGGTCT

TTATCTTGAT
AAGTGATGCC
ATACATTACT
ACCAACTTAA
ACTGATGAAT
TACACATCTT
GCACCCCAGG
TGTGAGCGGA
CCAAGCGCGC
CGCGGTGGCG
CGATATCARG
AATTCGCCCT
ACAACGTCGT
CAGCACATCC
GATCGCCCTT
AGCGTTAATA
ATTTTTTAAC
AATAGACCGA
CTATTAAAGA
GGGCGATGGC
TAACTTAATG
GTCAACGAGA
TARAAACTTA
CCTARAAGAG
GCTTTTTATT
GCTARATCTT
CATTATATIT
TGTCTCCTGT
ATAGCAGGAT
CCATCCCAAA
GCCAATAACA
CACCTTGCTG
GGTARAAGCGA
CCAACCTTCA
TAAATCCGAG
CTGCCACAAA
AARAGCCAAC
CACCGIGCTIG
CATCGTTAAA
GGGTTAATTG
AAATTGTTAT
AGTGTAAAGC
TTGCGCTCAC
TTAATGAATC
CTTCCGCTTC
CGAGCGGTAT
AGGGGATAAC
GGAACCGTAA
CCTGACGAGC
GACAGGACTA
GCTCTCCTGT
CCTTCGGGAA
TTCGGTGTAG
TTCAGCCCGA
CCGGTAAGAC
TAGCAGAGCG
CTAACTACGG
AAGCCAGTTA
AACCACCGCT
GCAGAARARAA
GACGCTCAGT

TATATTATTG
TATCATTGGT
GGTAAGGTAA
AGCTTTCCTG
CCCCTAATGA
GTCATATGAT
CTTTACACTT
TAACAATTTC
AATTAACCCT
GCCGCTCTAG
CTTATCGATA
ATAGTGAGTC
GACTGGGAAA
CCCTTTCGCC
CCCAACAGTT
TTTTGITAAA
CAATAGGCCG
GATAGGGTTIG
ACGTGGACTC
CCACTACTCC
ATTTTTACCA
ATTAACATTC
CTCAATGGCT
CTTGCCGATA
GAGCTTGARA
CTTTATCGTA
CGCGGAATAA
TTACTCCCCT
AATAATACAG
TTGGTAGTGA
CCGGTTGCAT
ATGACTCTTT
TCCCACCACC
GATATAAACG
CAGTACTGCC
GGCTTGGAAT
CATCATGCTA
GATTGGCTAT
TAAGTGATGT
CGCGCTTGGC
CCGCTCACAA
CTGGGGTGCC
TGCCCGCTTT
GGCCAACGCG
CTCGCTCACT
CAGCTCACTC
GCAGGAAAGA
AAAGGCCGCG
ATCACAARAA
TAAAGATACC
TCCGACCCTG
GCGTGGCGCT
GTCGTTCGCT
CCGCTGCGCC
ACGACTTATC
AGGTATGTAG
CTACACTAGA
CCTTCGGAAA
GGTAGCGGTG
AGGATCTCAA
GGAACGAARA

ATAATAATAA
TGGAATGAAC
ACGCCATTGT
ACGGAATGTT
TTTTGGTARA
CCCGGTAATG
TATGCTTCCG
ACACAGGARA
CACTAAAGGG
AACTAGTGGA
CCGCTGACCT
GTATTACGCG
ACCCTGGCGT
AGCTGGCGTA
GCGCAGCCTG
ATTCGCGTTA
AAATCGGCAA
AGTGTTGTTC
CAACGTCAAA
GGGATCATAT
AAATCATTAG
CGTCAGGAAA
GGTTATGCAT
AAAAAGGCCA
GATARATAAA
ARAARTGCCC
CATCATTTIGG
GAGCTTGAGG
TAAAACGCTA
ATGATTATAA

TGGTAAGGCT

GTTTGGATAG
AGCCAATAAA
CTAAARAGGC
GTTTTTTCGC
ACTGAGTGTA
TTCATCATCA
CRATGCGCTG
ATACCGATCA
GTAATCATGG
TTCCACACAA
TAATGAGTGA
CCAGTCGGGA
CGGGGAGAGG
GACTCGCTGC
ARAGGCGGTA
ACATGTGAGC
TTGCTGGCGT
TCGACGCTCA
AGGCGTTTCC
CCGCTTACCG
TTCTCATAGC
CCAAGCTGGG
TTATCCGGTA
GCCACTGGCA
GCGGTGCTAC
AGGACAGTAT
AAGAGTTGGT
GTTTTTTITGT
GAAGATCCTT
CTCACGTTAA

12
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ARACCTTATC
TTGAAAAAAA
CAGCAAATTG
AATTCTCGTT
AATCATTAAG
TGAGTTAGCT
GCTCGTATGT
CAGCTATGAC
AACAAAAGCT
TCCCCCGGGC
CGAGGGGGGG
CGCTCACTGG
TACCCAACTT
ATAGCGAAGA
AATGGCGAAT
AATTITTGTIT
AATCCCTTAT
CAGTTTGGAA
GGGCGAAARAA
GACAAGATGT
GGGATTCATC
GCTTATGATG
ATCGCAATAC
ATTTATTGCT
ATAGATAGGT
TCTTGGGTTA
TGACGAAATA
GGTTAACATG
AACCAATAAT
ATAACAGCAA
CACCAATAAT
ACATCACTCC
ATTAAAACAG
ARATGCACTA
CCATTTAGTG
AAAGACCAAG
CGATTTCTGT
AAATAATAAT
GCTTTTGTTC
TCATAGCTGT
CATACGAGCC
GCTAACTCAC
ARCCTGTCGT
CGGTTTGCGT
GCTCGGTCGT

-ATACGGTTAT

AAAAGGCCAG
TTTTCCATAG
AGTCAGAGGT
CCCTGGAAGC
GATACCTGTC
TCACGCTGTA
CTGTGTGCAC
ACTATCGTCT
GCAGCCACTG
AGAGTTCTTG
TTGGTATCTG
AGCTCTTGAT
TTGCAAGCAG
TGATCTTTTC
GGGATTITIGG

SUBSTITUTE SHEET (RULE 26)
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4000
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2100
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4200
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4900
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5150
5200
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5300
5350
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5450
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5550
5600
5650
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5750
5800
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5900
5950
6000
6050
6100
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6200
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6300
6350
6400
6450
6500
6550
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TCATGAGATT
TGAAGTTTTA
TTACCAATGC
GTTCATCCAT
GAGGGCTTAC
CTCACCGGCT
AGCGCAGAAG
TGTTGCCGGG
CGTTGTTGCC
TGGCTTCATT
CCCATGTTGT
CAGAAGTAAG
ATAATTCTCT
GAGTACTCAA
CTCTTGCCCG
TAAAAGTGCT
ATCTTACCGC
CTGATCTTCA
CAGGAAGGCA
TGAATACTCA
TTATTGTCTC
AAATAGGGGT

ATCAAARAAGG
AATCAATCTA
TTAATCAGTG
AGTTGCCTGA
CATCTGGCCC
CCAGATTTAT
TGGTCCTGCA
AAGCTAGAGT
ATTGCTACAG
CAGCTCCGGT
GCAAAAAAGC
TTGGCCGCAG
TACTGTCATG
CCAAGTCATT
GCGTCAATAC
CATCATTGGA
TGTTGAGATC
GCATCTTTTA
AAATGCCGCA
TACTCTTCCT
ATGAGCGGAT
TCCGCGCACA

ATCTTCACCT
AAGTATATAT
AGGCACCTAT
CTCCCCGTCG
CAGTGCTGCA
CAGCAATAAA
ACTTTATCCG
AAGTAGTTCG
GCATCGTGGT
TCCCAACGAT
GGTTAGCTCC
TGTTATCACT
CCATCCGTAL
CTGAGAATAG
GGGATAATAC
AAACGTTCTT
CAGTTCGATG
CTTTCACCAG
AARBAAGGGAA
TTTTCAATAT
ACATATTTGA
TTTCCCCGAA

SEQ ID NO:58 (a Kozak sequence)

ACCATGG

SEQ ID NO:59 (a Kozak sequence)

ACCATGT

SEQ ID NO:60

AAGATGT

SEQ ID NO:61

ACGATGA

SEQ ID NO:62

AAGATGG

SEQ ID NO:63

GACATGA

SEQ ID NO:64

ACCATGA

SEQ ID NO:65

ACCATGT

(a Kozak

{(a Kozak

(a Kozak

(a Kozak

{(a Kozak

{(a Kozak

sequence)
sequence)
sequence)
sequence)

sequence)

sequence)

SEQ ID NO:66 {conalbumin polyA)

tectgeccattg
gccacagcaa
-gttaagcaca
ctactgectge
tgccctagat
atcccattge

SEQ ID NO:67

ctgcttecte
gaaataaaat
ttcetteecee
ccatgagaga
cctgattaac
ctecee

tgecettect
ctcaacatct
agcaccectt
aatccagttc
aggegtttgt

{synthetic polya)
GGCGCCTGGATCCAGATCACTTCTGGCTAATAAAAGATCAGAGCTCTAGAGATCTGTGTGTTGGTTTTIT
TGTGGATCTGCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCETGCCTTCCTTGACC

AGATCCTTTT
GAGTAAACTT
CTCAGCGATC
TGTAGATAAC
ATGATACCGC
CCAGCCAGCC
CCTCCATCCA
CCAGTTBATA
GTCACGCTCG
CAAGGCGAGT
TTCGGTCCTC
CATGGTTATG
GATGCTTTITC
TGTATGCGGC
CGCGCCACAT
CGGGGCGAAA
TAACCCACTC
CGTTTCTGGG
TAAGGGCGAC
TATTGAAGCA
ATGTATTTAG
AAGTGCCAC

cgtcactctg
aaatgggttt
getgeaggec
aatattttece
attatctagt

13
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AAATTAAAAA
GGTCTGACAG
TGTCTATTTC
TACGATACGG
GAGACCCACG
GGAAGGGCCG
GTCTATTAAT
GTTTGCGCAA
TCGTTTGGTA
TACATGATCC
CGATCGTTGT
GCAGCACTGC
TGTGACTGGT
GACCGAGTTG
AGCAGAACTT
ACTCTCAAGG
GTGCACCCAA
TGAGCAAARA
ACGGAAATGT
TTTATCAGGG
AARAATAAAC

aatgtggctt
cctgaggttt
agtgccagge
aaagcaaaat
gctttegett

SUBSTITUTE SHEET (RULE 26)

6650
6700
6750
6800
6850
6900
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7000
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7689

cttcgetact
ttcaagagte
accaacttgg
ggattacata
cacccagatt
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SEQ ID NO:68

(avian optimized polya)

ggggatcge tctagagega tccgggatct cgggaaaage gttggtgace aaaggtgect

tttatcatca
ttatgattga
aaagtatatt
tcecaagaagt
attactggta

ctttaaaaat
tgectacatce
tgaacattat
gatgcctatce
aggtaaacgc

aaaaaacaat
acaacaaaaa
cttgattata
attggttgga
cattgtcage

tactcagtgce
ctgatttaac
ttattgataa
atgaacttga
aaattgatcc

SEQ ID NO:69 (vitellogenin promoter)

TGAATGTGTT
TGCATCAGTT
TCTAGGCTGA
AATTGTTCAC
AAACCTTTGT
GATCCCGTGA
TCATGTGCGT
TGGCCTGCAG
GATTATACTG
GGTCAACATA
GCCGTGACCC
TAGTAGAAGT
ATCAGAGATG
GCAAAAAGAG
CCACGTGTTC
CCTTCGCT

SEQ ID NO:70 (fragment of ovalbumin promoter - chicken)

CTTGTIGTTAT
CAGCTACTTG
CCTGCACTTC
ATTTTGCTCC
TCATTTAAAA
TTTCAATAAA
TGGTGCACAT
GAATGGCCAT
ATTGCTGATT
ACCTGGGCAA
AATCTAGGAR
GTTTTACTGT
CCAAGGTATT
GAGTGTTTAC
CTGAACATTC

CAATATAAAT
GCTGCATTTT
TATCCCTCTIT
CATTTACTTT
ATATTCCTGG
TACATATGTT
ATGAATACAT
AAACCAAAGC
GGGTTATTAT
AACCAGTCTC
AGCAAGTAGC
GATACATTGA
ATTTGATTIT
ATAAACTGAT
TTCCATAAAA

CACAGTTAGT
GTATTTGGTT
GCCTTACTGC
GGAAGATAAA
TCAGCGTGAC
CCATATATTG
GAATAGCAAA
TGAGGGARGA
CAGCTAGATA
ATCTGTGGCA
ACATCAATTT
AACTTCTGGT
CTTTATTCGC
AAAABACTTG
GTCTCACCAT

ctgttataag
aaatggttgg
taataaaaac
aaaaaattag
aagagaacca

GATGAAGTTG
CTGTAGGAAA
TGAGAATCTC
ATATTTACAG
CGGAGCTGAA
TTTCTCAGTA
GGTTTATCTG
GGGAGAGTAT
ACAACTTGGG
GGACCATGTA
TAAATTTATT
CAATCAGAAA
CGTGAAGAGA
AGGAATTCAG
GCCTGGCAGA

cagcaattaa
tctgecttag
cttatceccta
ccttgaatac
a

GCTGCAAGCC
TGCAAAAGGT
TGCAGGTTTT
AATGCTTATG
AGAACACATT
GCCTCTTAAA
GATTACGCTC
AGTCAATGTA
TCAGGTGCCA
CCAGCAGCCA
GTAAATGCCG
AAGGTTTTTT
ATTTATGATT
CAGAAAACAG
GCCCTATTCA

GAGGTCAGAAT GGTTTCTTTA CTGTTTGTCA ATTCTATTAT TTCAATACAG

AACAATAGCT
TCCCTCGAAC
ATCTGCCAGG
AGTTCATATC
GAGCTATGTT
ACACCCATAA
CGTCTGCTCT
TTATTTCTCC
TTATGTCCTG
TCAAATGAAA
ACTAACTAAT
TTTCTGTTTT
GAACATGAGC
GATTAGCAGA
TATTTGCTCT
CCCAATCCCA
GGAACCTGTG

TCTATARCTG
CATGAACACT
CCATTAAGTT
ATAAACACAT
TTGCTGTATC
AAAGATAGAT
TCACTCTAGT
TATTTTGTCA
CCTAGCATGG
CAGACTTCTG
AATTGCTAAT
CTTARAGATC
AATATTTCCC
ACAGGCAGARA
CCATTCAATC
TTAAATGATT
GGTGGGTCAC

SEQ ID NO:71 (chicken

ccgggetgea
cttgacctga

cagagagaaa
attcatctgt

gaaaaatgcc
tacctgattt
ccatcactga
gacctgagea

AAATATATTT
CCTCCAGCTG
ATTCATGGAA
TTGAAATTGA
CTCAGAARARA
TTAAATATTC
CTCAGTTGGC
AGAAAATAAT
CTCAGATGCA
GTCTGTTACT
TATGTTTTCC
CCATTATCTG
AGTCTTCTCT
AACACATTGT
CAAAATGGAC
TCTATGGCGT
AATTCAGGCT

GCTATTGTAT
AATTTCACAA
GATCTTTGAG
GTATTGTTTIT
AAGTTTGTTA
CAGCTATAGG
TCCTTCACAT
AGGTCACGTC
CGTTGTAGAT
ACAACCATAG
ATCTCTAAGG
GTTGTAACTG
CCCATCCAAC
TACCCAGAAT
CTATTGRAAC
CAAAGGTCAA
ATATATTCCC

ovalbumin ehancer)

aggtggacta
tcttcaaact
tggctacage
aaatgattta

tgaactcaca

ggggaaacaa
accaaggtat
tctcteeaty

14

ATTATGATTG
TTCCTCTGTC
GAACACTGCA
GCATTGTATG
TAAAGCATTC
AARGAAAGTG
GCATGCTTCT
TTGTTCTCAC
ACAAGAAGGA
TAATAAGCAC
TTCCCACATT
AAGCTCAATG
AGTCCTGATG
TAAAAACTAA
TAARATCTAA
ACTTCTGAAG
CAGGGCTCAG

tccaaaggag
cacaatccca
gcaatggcaa
aatggttgcet

SUBSTITUTE SHEET (RULE 26)

caaaacagct
teccattegac
Ectttececte
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atgaaaaggc
tgetecttee
gtaggtttta
ttttggataa
tggtttaggg
ctgacctttt
ttgcacagcet
gcaagaagat

aatttccaca
taatgtcaaa
gtgattggat
aaagtgettt
acagacccac
cttgggacaa
gtgctgggea
tgttgcttac

ctcacaatat
attgtagtgg
aagaggcttt
tataacttte
aatgaaatgc
gcattgtcaa
dgggcaatcca
tctctetaga

gcaacaaaga
caaagaggag
gacctgtgag
aggtctcega
ctggcatagg
acaatgtgtg
ttgccaccta

SEQ ID NO:72 (5’ untranslated region)

GTGGATCAACATACAGCTAGAAAGCTGTATTGCCTTTAGCACTCAAGCTCARARGACARACTCAGAGTTC

ACC

SEQ ID NO:73 (putative cap site)

ACATACAGCTAG AAAGCTGTAT TGCCTTTAGC ACTCAAGCTC AAAAGACAAC TCAGAGTTCA

PCT/US2003/041261

caaacagaga
aacaaaatct
ctcacctgga
gtcetttattc
aaagggcagce
acaaaactat
tcccaggtaa

SEQ ID NO:74 (Chicken Ovalbumin Signal Sequence)

ATG GGCTCCATCG GCGCAGCAAG CATGGAATTT TGTTTTGATG TATTCAAGGA GCTCRAAAGTC

CACCATGCCA
GTATACCTGG
AAACTTCCAG
TCTTCACTTA
CTTGCCAGTA
GTGAAGGAAC
GCCAGAGAGC
CTTCAGCCAA
AAAGGACTGT
ACTGAGCAAG
TCAATGGCTT
ATGTTGGTGC
TTTGAAAAAC
TACTTACCTC
GGCATTACTG
CTGAAGATAT
GTGGTAGGGT
GACCATCCAT
AGATGTGTTT

ATGAGAACAT
GTGCAAAAGA
GATTCGGAGA
GAGACATCCT
GACTTTATGC
TGTATAGAGG
TCATCAATTC
GCTCCGTGGA
GGGAGAAAAC
AAAGCAAACC
CTGAGAAAAT
TGTTGCCTGA
TGACTGAATG
GCATGAAGAT
ACGTGTTTAG
CTCAAGCTGT
CAGCAGAGGC
TCCTCTTCTG
cccer

CTTCTACTIGC
CAGCACCAGG
CAGTATTGAA
CAACCAAATC
TGAAGAGAGA
AGGCTTGGAA
CTGGGTAGAA
TTCTCARACT
ATTTAAGGAT
TGTGCAGATG
GAAGATCCTG
TGAAGTCTCA
GACCAGTTCT
GGAGGAAAAA
CTCTTCAGCC
CCATGCAGCA
TGGAGTGGAT
TATCAAGCAC

CCCATTGCCA
ACACAGATAA
GCTCAGTGTG
ACCARACCAR
TACCCAATCC
CCTATCAACT
AGTCAGACAA
GCAATGGTTC
GAAGACACAC
ATGTACCAGA
GAGCTTCCAT
GGCCTTGAGC
AATGTTATGG
TACAACCTCA
AATCTGTCTG
CATGCAGAAA
GCTGCAAGCG
ATCGCAACCA

TCATGTCAGC
ATAAGGTTGT
GCACATCTGT
ATGATGTITTA
TGCCAGAATA
TTCAAACAGC
ATGGAATTAT
TGGTTAATGC
AAGCAATGCC
TTGGTTTATT
TTGCCAGTGG
AGCTTGAGAG
AAGAGAGGAA
CATCTGTCTT
GCATCTCCTC
TCAATGAAGC
TCTCTGAAGA
ACGCCGTTCT

acaattaatg
caagttctga
cttcatatcce
atgagactgt
agagecttag
ttgtactgct
cettecaact

TCTAGCCATG
TCGCTTTGAT
AAACGTTCAC
TTCGTTCAGC
CTTGCAGTGT
TGCAGATCAA
CAGAAATGTC
CATTGTCTTC
TTTCAGAGTG
TAGAGTGGCA
GACAATGAGC
TATAATCAAC
GATCAAAGTG
AATGGCTATG
AGCAGAGAGC
AGGCAGAGAG
ATTTAGGGCT
CTTCTITGGC

SEQ ID NO:75 (Chicken Ovalbumin Signal Sequence-shortened approx.

50bp)

ATG GGCTCCATCG GCGCAGCAAG CATGGAATTT TGTTTTGATG TATTCAAG

SEQ ID NO:76

100bp)

ATG GGCTCCATCG GCGCAGCAAG CATGGAATTT TGITTTGATG TATTCAAGGA GCTCAAAGTC

CACCATGCCA ATGAGAACAT CTTCTACTGC CCCATTGCCA TC

SEQ ID NO:77 (vitellogenin targeting sequence)
ATGAGGGGGATCATACTGGCATTAGTGCTCACCCTTGTAGGCAGCCAGAAGTTTGACATTGGT

SEQ ID NO:78 (pl46 protein)
KYKKALKKLAKLL

SEQ ID NO:79 (pl46 coding sequence)

15
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AAATACAAAAAMGCACTGAAARAACTGGCAAAACTGCTG

SEQ ID NO:80 (pro-insulin sequence)
TTTGTGAACCAACACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTCTCGCGGCGAACGAGGC
TTCTTCTACACACCCAAGACCCGCCGGGAGGCAGAGCGACCTGCAGGTGGGECAGETCCAGCTGEGGECEGG
GGCCCTGGTGCAGGCAGCCTGCAGCCCTTEECCCTGGAGGGETCCCTGCAGAAGCATGGCATTGTGGAA
CAATGCTGTACCAGCATCTGCTCCCTCTACCAGCTGGAGAACTCTGCAACTAG

SEQ ID NO:81 (spacer)
{GPGG) x

SEQ ID NO:82 (spacer)
GPGGGPGGGPGG

SEQ ID NO:83 (spacer)
GGGGSGGGGESGEGES

SEQ ID NO:84 (spacer)
GGGGSGGEGSGGGGSGGGEES

SEQ ID NO:85 (repeat domain in TAG spacer sequence)
Pro Ala Asp Asp Ala

SEQ ID NO:86 (TAG épacer sequence)
Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp
Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp '

SEQ ID NO:87 (gp4l epitope)
Ala Thr Thr Cys Ile Leu Lys Gly Ser Cys Gly Trp Ile Gly Leu Leu

SEQ ID NO:88 (polynucleotide sequence encoding gp4l epitope)

Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Thr Thr Cys Ile Leu Lys Gly
Ser Cys Gly Trp Ile Gly Leu Leu Asp Asp Asp Asp Lys

SEQ ID NO:89 (enterokinase cleavage site)
DDDDK

SEQ ID NO:90 (TAG sequence)
Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp

Ala Pro Ala Asp Asp Ala Pro Ala Asp Asp Ala Thr Thr Cys Ile Leu Lys Gly Ser Cys
Gly Tip Ile Gly Leu Leu Asp Asp Asp Asp Lys

SEQ ID NO:91 (altered transposase Hef forward primer)
ATCTCGAGACCATGTGTGAACTTGATATTTTACATGATTCTCTTTACC

16
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SEQ ID NO:92 (altered transposase Her reverse primer)
GATTGATCATTATCATAATTTCCCCARAGCGTAACC

SEQ ID NO:93 (Xho I restriction site)

CTCGAG

SEQ ID NO:94 (Bcl I restriction site)

TGATCA

SEQ ID NO:95. (CMVE-NgoM IV primer)
TTGCCGGCATCAGATTGGCTAT

SEQ ID NO:96 (Syn-polyAr-BstE II primer)
AGAGGTCACCGGGTCAATTCTTCAGCACCTGGTA

SEQ ID NO:97 (pTnMOD (CMV-prepro-HCPro-Lys-CPA)

1 ctgacgcgec

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

cecgctacact
ccacgttege
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgece
catgacctta
catggtgatg
atttccaagt
ggactttcea
acggtgggag
ccatccacge
ggaacggtge
actctatagg
atacacccec
attgaccatt
atggctettt
tgacacggac
tacaacaacg
cgaatctegg
tcegagecct
acagtggagg
gecgtggegg
gcagatggaa
tgataagagt
tgagcagtac
ctgtteettt
ttacatgatt
acgttggcett
aacctgccaa
aatecgtcacce
tecgggeaata
cttatggtat
gegttceeege
gecgagcatte
ccatggtata
gtacaatatg
tecatctagtc
tgccaaatte
actcattgte
ctagcaacta

ctgtagcgge
tgccagegee
cggcatcaga
tatattgget
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacyg
tgggacttte
cggttttggce
ctececacceca
aaatgtcgta
gtctatataa
tgttttgacc
attggaacgce
cacacccett
gettecttat
attgaccact
gccacaacta
tctgtatttt
ccgteeccecg
gtacgtgtte
ggtecccatge
ccagacttag
tagggtatgt
gacttaaggce
cagaggtaac
tcgttgetge
ccatgggtet
ctetttacca
gccacgeatt
ccaaagcgay
tccacaaaga
cgatgeccat
tgcgagette
tttcagagca
taccgagtaa
aatcegttga
cagacctagg
actcaaagac
tattgtataa
accaccegte
acttacctgt

gcattaageg cggegggtgt ggtggttacg

ctagegeecyg
ttggctattg
catgtecaac
ttacggggtce
atggcacgece
ttecccatagt
aaactgccea
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactcecge
gecagagcetceg
tcecatagaag
ggattccecg
tggectettat
gctataggty
ccectattgg
tctectattag
tacaggatgg
tgceegecagt
cggacatggg
ctcecagegge
gcacagcaca
gtctgaaaat
ageggeagaa
tcecgttgeg
cgcgegegec
tttetgcagt
attctgcece
acttgactgt
aacaaaacat
gcgactecget
tgtacttgtt
agtcgcecacta
atgttcaaag
caccacaceq
gaagetgggt
agcggaaaac
tttaggctat
atctecgetet
acctaaaatc
tgaaattcga

17

ctectttege
gccattgcat
attaccgecca
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggcce
gtacatctac
tgggegtgga
tgggagtttg
ccecattgacg
tttagtgaac
acaccgggac
tgccaagagt
gcatgctata
atggtatage
tgacgatact
ctatatgeea
ggtecccattt
ttttattaaa
ctettetecg
tcatggtcge
atgcccacca
gagcgtggag
gaagatgcag
gtgctgttaa
accagacata
caccgtegga
gaattacact
aaaactctca
aacatcaaac
gtataccgtt
gactggtcetg
cacggtegtt
aaagctcatg
ctcattgtca
tggtactggt
tggaaaccta
aagaggectga
aaaggccgaa
tactcagegt
acacccaaac

SUBSTITUTE SHEET (RULE 26)

tttcttecet
acgttgtate
tgttgacatt
agcceatata
cccaacgace
gggactttece
catcaagtqt
gcctggcecatt
gtattagtca
tagecggatttg
ttttggcacc
caaatgggeg
cgtcagateg
cgatccagcee
gacgtaagta
ctgtttttgg
ttagcctata
ttccattact
atactctgtce
attatttaca
catagegtgg
gtagcggegg
tecggeagete
ccaccagtgt
attgggcteg
gcagctgagt
cggtggaggg
atagctgaca
cecatgtgtga
taaaacgact
ctcttaccga
gaatcgaccg
ggcatgetag
atattecgtga
ctgttactct
accaatttet
gtgatgctgg
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcagcg
cggcaaagga
aacttgttaa

cgcagcgtga
tecetttcteg
catatcataa
gattattgac
tggagtteceg
ccegeccatt
attgacgtca
atcatatgec
atgcccagta
tcgetattac
actcacgggg
aaaatcaacg
gtaggegtgt
cctggagacy
tecgeggecg
ccgectatag
cttggggect
ggtgtgggtt
aatccataac
cttcagagac
aattcacata
gatctceacyg
agcttecaca
cttgctcecta
gccgecacaag
cacggetgac
tgttgtatte
cagtgtagte
gactaacaga
acttgatatt
caacagctta
acttggcegt
attgttaggt
ctttatetgt
gcaaaaacga
ttatgagaaa
agccgacctt
ctttaaagtyg
aagaggaaaa
acatgatatg
tccaatctea
ctcgacacgg
gccatgggtt
tatctattcg



WO 2004/067706

10

15

20

25

30

35

40

45

50

55

60

65

2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661

aagcgaatge
ctacgeccata
atgcttcaac
cacttccagg
gaagttttge
ctactagcete
agatcacttc
gatctgctgt
tgaccectgga
attgtctgag
aggattggga
tetctetete
tctetetete
tgcecttttat
attaattatg
cttagaaagt
ccctatccaa
aatacattac
aagctttect
attttggtaa
gtgagttage
ttgtgtggaa
gccaagegeg
ggccgeteta
accgctgacce
aatatgtaca
actagttatt
cgegttacat
ttgacgtcaa
caatgggtgg
tcaagtacge
tacatgacct
accatggtga
ggattteccaa
cgggacttte
gtacggtgag
cgcecateceac
cgggaacggt
agactctata
ctatacaccc
ttattgacca
acatggctet
actgacacgg
tatacaacaa
cgcgaatete
catccgagee
taacagtgga
aggccgtgge
acgcagatgg
tctgataaga
tctgagecagt
gactgttect
acttcttegt
taatatattt
gctttgteaa
tcggggggag
ttcactttca
tgggtceggee
aaaggcagat
agcctgaaag
gggggagtta
tccaccaagg
acagcggace
aactcaggceg
ctctacttee
atctgcaacy
tecttgtgaca
tcagtcttee

agattgaaga
gccgaacgag
taacatgttyg
ctaacacagt
ggcattetgg
aaaatttatt
tggctaataa
gecttetagt
aggtgccact
taggtgtcat
agacaatagce
tctetetete
tetetetete
catcacttta
attgatgcet
atatttgaac
gaagtgatgc
tggtaaggta
gacggaatgt
aaatcattaa
tcactcatta
ttgtgagegg
caattaaccc
gaactagtgg
tcgagecatca
tttatattgg
aatagtaatc
aacttacggt
taatgacgta
agtatttacyg
ceecetattga
tatgggactt
tgeggttity
gtectteaccee
caaaatgtcg
aggtctatat
gctgttttga
gcattggaac
ggcacacccee
cecgettectt
ttattgacca
ttgccacaac
actctgtatt
cgecgteccee
gggtacgtgt
ctggtcecat
ggccagactt
ggtagggtat
aagacttaag
gtcagaggta
actcgttget
ttccatgggt
gtgtagtgtt
cgacgatgaa
cagtttegge
gcettggtaaa
gaaacgcctg
gtattaaaag
tcaccatcete
ccgaggacac
teceteecee
gececateggt
tgggctgect
ccctgaccag
ttagcaacgt
tgaatcacaa
aaactcacac
tettececcee

aaccttecga
cagctcagag
gcttgeggge
cagaaatcga
ctacacaata
cacacatggt
aagatcagag
tgccagccat
ccecactgtee
tctattetgg
aggcatgcetg
tetctetete
teggtaceag
aaaataaaaa
acatcacaac
attatcttga
ctatcattgg
aacgccattg
taattctegt
gttaaggtgg
ggeaccceay
ataacaattt
tcactaaagg
atceccececggyg
gattggctat
ctcatgtceca
aattacgggg
aaatggceceg
tgttcecata
gtaaactgce
cgtcaatgac
tectacttgyg
gcagtacatc
cattgacgtc
taacaactecce
aagcagagcet
cctecataga
gecggattcece
tttggcetert
atgctatagyg
ctcecectatt
tatctcetatt
tttacaggat
cgtgceccgea
tecggacatyg
gectoecageg
aggcacagca
gtgtctgaaa
gcageggeayg
actcecegtty
gecgagegey
cttttctgea
tacctatata
tttctcaagg
tgcgccagay
gccggggggy
gatgagetgy
caaaattgat
aagagatgat
agccgtatat
gaattgggge
ckttecocectg
ggtcaaggac
cggegtgeac
ggtgacegtyg
gcccageaac
atgecccaceyg
aaaacccaag

18

gacttgaaaa
cgttttgata
gttcatgcte
aacgtactct
acaagggaag
tacgetttygg
ctctagagat
ctgttgtttg
tttcctaata
ggggtggggt
gggatgeggt
tetcteggta
gtgctgaaga
acaattactc
aaaaactgat
ttatattatt
ttggaatgaa
tcagcaaatt
tgaccctgag
atacacatct
gctttacact
cacacaggaa
gaacaaaagc
ctgcaggaat
tggccattge
acattacege
tcattagtte
cctggetgac
gtaacgccaa
cacttggcag
ggtaaatgge
cagtacatct
aatgggegty
aatgggagtt
gccecattga
cgtttagtga
agacaccggg
cgtgccaaga
atgcatgcta
tgatggtata
ggtgacgata
ggctatatge
ggggtcccat
gtttttatta
ggctcecttete
getecatggte
caatgcccac
atgagegtgyg
aagaagatgc
cggtgetgtt
ccaccagaca
gtcaccgteg
tctaaattta
atatttttct
ccgaaaggta
tcecttagag
gtcegecagg
ggtgggacaa
tcaaaaaaca
tactgtacca
cagggaaacce
gcaccetect
tacttcececg
accttteegg
ccectceccagea
accaaggtgg
tgcccageac
gacaccctea

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

gtcetgecta
tcatgetget
agaaacaagg
caacagttcg

-acttactegt

ggaaattatg
ctgtgtgttg
ccccteocece
aaatgaggaa
ggggcageac
gggctctatg
cctetctete
attgacecgyg
agtgectgtt
ttaacaaatg
gataataata
cttgaaaaaa
gatccaagag
cactgatgaa
tgtcatatga
ttatgettee
acagctatga
tggagctcececa
tegatateaa
atacgttgta
catgttgaca
atagcccata
cgcecaacga
tagggacttt
tacatcaagt
cecgectggea
acgtattagt
gatagcggtt
tgttttggca
cgecaaatggg
accgtcagat
accgatcecag
gtgacgtaag
tactgttttt
gcttagecta
ctttccatta
caatactctg
ttattattta
aacatagcgt
cggtagegge
gctecggecage
caccaccagt
agattgggcet
aggcagctga
aacggtggag
taatagctga
gatcaatcat
atatttegtt
tcgtgttege
cccaggtgea
tectectgtge
ctcecagggaa
cagactatge
cgttatatct
cggggattat
tggtecaccgt
ccaagagcac
aaccggtgac
ctgtectaca
gettgggeac
acaagaaagt
ctgaactcct
tgatcteceeg

cggactaggc
aatcgcectyg
ttgggacaag
cttaggcatg
ggctgcaacce
ataatgatce
gtttettgtyg
gtgecettect
attgcatcgce
agcaaggggag
ggtacctctce
tctetetete
tgaccaaagg
ataagcagca
gttggtetge
aaaaccttat
attagccettg
aaccaactta
teecctaatyg
teecggtaat
ggctegtatg
ccatgattac
cegeggtgge
gcttatcgat
tcecatatcat
ttgattattg
tatggagtte
cceeegecca
ccattgacgt
gtatcatatg
ttatgeccag
catcgctatt
tgactcacgg
ccaaaatcaa
cggtaggegt
cgcctggaga
cecteegegge
taccgcctat
ggcttgggge
taggtgtggg
ctaatccata
tccttcagag
caaattcaca
gggatctecca
ggagcttceca
teettgetee
gtgecgeaca
cgcacggcetyg
gttgttgtat
ggcagtgtag
cagactaaca
tecatetegtg
tattaaaatt
tttggttetg
getgeaggag
agcctcetgga
ggggetggag
tgcaccegtg
gcaaatgaat
gataacattt
ctecetecagee
ctetggggge
ggtgtcgtag
gtccteagga
ccagacctac
tgagcccaaa
gaggggaceg
gaccectgag
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6721
6781
6841
€901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
2061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741

gtcacatgeg
gtggacggeg
acgtaccgtg
tacaagtgca
gccaaaggge
accaagaace
gtggagtggy
gactcecgacg
caggggaacg
aagagcctet
acacagccac
gatgecattge
gtggtcatct
agctcaggga
tactactgtt
aagctgaccy
tctgaggage
ggagccgtga
accacaccct
cttgagcagt
gtggagaaga
gaagggggag
tgcagagggc
ttetttgeta
ttttcaagag
gcaccaactt
atggattaca
ttecacccaca
ccctatagtg
gaaaaccctg
cgtaatagceg
gaatggaaat
gctcattett
ccgagatagg
actccaacgt
atatgacaag
catcagtgct
tgcttaaaaa
agagcttgee
gaaagataaa
gccectettgg -
aataactaag
atcgatagca
caaattggta.
geattggtaa

-atagacatca

acagggaaaa
gcaataaatc
caaaggcttg
gctattecate
gctgaaataa
gttcecettta
tgtgaaattg
aagcctgggg
ctttecagte
gaggeggttt
tegttegget
aatcagggga
gtaaaaaggce
aaaatcgacg
ttceecectgg
tgtcegeett
tcagttcggt
ccgaccgetg
tatcgccact
ctacagagtt
tctgegetet
aacaaaccac

tggtggtgga
tggaggtgca
tggtcagegt
aggtctccaa
agccccgaga
aggteagect
agagcaatgg
gctecttett
tcttcetecatg
ceckgtetee
ccteggtgte
cagaaaaata
atgaggacag
caatggccac
actcaactga
tectaggtea
ttcaagccaa
cagtggecctg
ccaaacaaag
ggaagtceca
cagtggccee
gaaacttege
cctetgecat
ctgccacage
tegttaagea
ggctactgcet
tatgccctag
ttateccatt
agtcgtatta
gcgttaccea
aagaggcccg
tgtaagecgtt
taaccaatag
gttgagtgtt
caaagggcega
atgtgtatce
cagggtcaac
cttactcaat
gataaaaaag
taaaatagat
gttatcaaga
cacttgtcte
ggataataat
gtgaatgatt
ggctcaccaa
ctcectgtaa
ctaaccaacce
cgagcagtac
gaatactgag
atcacgattt
taatcaacaa
gtgagggtta
ttatcegete
tgcctaatga
gggaaacctg
gegtattggg
gcggegagceg
taacgcagga
cgegttgetyg
ctcaagtcag
aagctcecte
tctecctteg
gtaggtcgtt
cgeettatcee
ggcageagcec
cttgaagtgg
gctgaagcca
cgetggtage

cgtgagccac
taatgccaag
cctcaccgte
caaagecccte
accacaggtg
gacctgcetg
gcagceggag
cctetacage
ctcegtgatg
gagtaaageg
agtgtcccca
tgtttattgg
caaacgaccc
cttgactatc
cagcagtggt
gecccaagget
caaggccaca
gaaggcagat
caacaacaag
caaaagctac
tgcagaatgt
gccatgacte
tgetgettece
aagaaataaa
cattcettce
gcccatgaga
atcctgatta
gceteececte
cgegegetca
acttaatcge
cacecgatege
aatattttgt
gccgaaateg
gttccagttt
aaaaccgtet
accttaactt
gagaattaac
ggetggttat
gccaatttat
aggttttatt
gggtcattat
ctgtttacte
acagtaaaac
ataaataaca
taatccetgt
tgcaggtaaa
ttcagatata
tgcegttttt
tgtaaaagac
ctgtaatagc
atggcatcgt
attgecgeget
acaattccac
gtgagctaac
tegtgecage
cgctetteeg
gtatcagctc
aagaacatgt
gcgtttttee
aggtggcgaa
gtgcgctcetc
ggaagegtgg
cgetecaage
ggtaactatce
actggtaaca
tggectaact
gttacctteg
ggtggttttt

19

gaagaccctg
acaaagcecge
ctgcaccagg
ccagcceceea
tacacecctge
gtcaaaggct
aacaactaca
aagctcaceg
catgaggctc
ccagagcecga
ggacaaacgg
taccagcaga
teccgyggatee
agtggggcee
tatcataggg
gcceeetegyg
ctggtgtate
agcagccecg
tacgcggecea
agctgccagg
tcaccgegga
ctetegtgee
tetgeectte
atctcaacat
ccagcaccce
gaaatccagt
acaggtgttt
gactcgaggg
ctggcegtey
cttgecageac
cctteecaac
taaaattcge
gcaaaatcce
ggaacaagag
atcagggcga
aatgattttt
attccgtcag
gecatatcgca
tgctatttac
tgaagctaaa
atttegcgga
ccctgagett
gctaaaccaa
gcaaacagta
aaagcacctt
gegatcecac
aacgctaaaa
tcgececattt
caagaccegt
accacaccgt
taaataagtg
tggcgtaate
acaacatacg
tcacattaat
tgcattaatg
cttecteget
actcaaagge
gagcaaaagg
ataggcteceg
acccgacagg
ctgttccgac
cgctttetea
tgggetgtgt
gtettgagte
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

aggtcaagtt
gggaggagca
actggctgaa
tcgagaaaac
cceccateecy
tctatcecag
agaccacgcce
tggacaagag
tgcacaacca
aaaagcttte
ccaggatcac
agtcaggcea
ctgagagatt
aggtggaaga
aggtgtteag
tecactctgtt
tcataagtga
tcaaggcggg
gcagctacct
tcacgeatga
gggagggaag
ceccegeacgg
ctegtcactce
ctaaatygggt
ttgetgcagy
tcaatatttt
tgtattatct
ggggeecggt
ttttacaacg
atceccecettt
agttgcgcag
gttaaatttt
ttataaatca
teccactatta
tggcccacta
accaaaatca
gaaagcttat
atacatgcga
cgecggetttt
tcttetttat
ataacatcat
gaggggttaa
taatccaaat
atgggccaat
gctgatgact
caccagccaa
aggcaaatge
agtggctatt
aatgaaaagc
getggattgg
atgtataccg
atggtcatag
agccggaage
tgegttgege
aatcggccaa
cactgactcg
ggtaatacgg
ccagcaaaag
cceecctgac
actataaaga
cctgeegett
tagctcacge
gcacgaacce
caacccggta
agcgaggtat
tagaaggaca
tggtagcetet
gcagcagatt

caactggtac
gtacaacagce
tggcaaggag
catctecaaa
ggatgagctg
cgacatcgec
tcecegtgetg
caggtggcag
ctacacgcag
ctatgagetg
ctgctctgga
ggcccetgtg
ctetggetee
tgaaggtgac
cggagggace
cccacectee
ctcctaceeg
agtggagacc
gagcctgacg
agggageacc
ggcccttttt
aacactgatg
tgaatgtggc
ttcectgagat
ccagtgecag
ccaaagcaaa
gtgctttege
acccaattceg
tegtgactgg
cgccagetgg
cctgaatgge
tgttaaatca
aaagaataga
aagaacgtgg
cteegggate
ttaggggatt
gatgatgatg
aaaacctaaa
tattgagctt
cgtaaaaaat |
ttggtgacga
catgaaggtc
ccagcecatcc
aacaccggtt
ctttgtttgg
taaaattaaa
actactatet
cttectgeea
caaccatcat
ctatcaatge
atcagectttt
ctgtttectg
ataaagtgta
tcactgeeeg
cgegegggga
ctgegcectegg
ttateccacag
gccaggaace
gagcatcaca
taccaggcegt
accggatacce
tgtaggtatc
ccegtteage
agacacgact
gtaggcggtg
gtatttggta
tgatccecggcea
acgcgcagaa
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10801
10861
109821
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
9261
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701

aaaaaggate
aaaactcacg
ttttaaatta
acagttacca
ccatagttge
geeccagtge
taaaccagcece
tcecagtetat
gcaacgttgt
cattcagetce
aagcggttag
cactcatggt
tttetgtgac
gttgctcttyg
tgctcatcat
gatccagttce
ccagcgttte
cgacacggaa
agggttattyg
gggttecgeg

98 (pTnMCS
ctgacgegec
ccgctacact
ccacgttege
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttceca
acggtgggag
ccatccacge
ggaacggtge
actctatagg
atacaccecce
attgaccatt
atggctcettt
tgacacggac
tacaacaacg
cgaatctcgg
tccgageect
acagtggagg
gccgtggegg
gcagatggaa
tgataagagt
tgagcagtac
ctgttecttt
ttacacgact
acgttggctt
aacctgccaa
aatcgteacce
tcgggcaata
cttatggtat
gcgtteoeege
gcgagcattce
ccatggtata
gtacaatatg
tecatctagte
tgccaaatte
actcattgtc
ctagcaacta
aagcgaatgce
ctacgcecata

tcaagaagat
ttaagggatt
Aaaatgaagt
atgcttaatce
ctgactecce
tgcaatgata
agecggaagg
taattgttgce
tgceattget
cggttcceaa
ctectteggt
tatggcagea
tggtgagtac
cceggegtea
tggaaaacgt
gatgtaaccce
tgggtgagea
atgttgaata
tecteatgage
cacatttecc

cctttgatet
ttggtcatga
tttaaatcaa
agtgaggcac
gtegtgtaga
ccgegagace
gcecgagegea
cgggaagcta
acaggcatcg
cgatcaagge
cctecgateg
ctgcataatt
tecaaccaagt
atacgggata
tettcgggge
actcgtgeac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtgce

tttctacggg
gattatcaaa
tctaaagtat
ctatctcage
taactacgat
cacgectecacce
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctettactgt
cattctgaga
ataccgcgee
gaaaactcte
ccaactgatc
ggcaaaatge
teetttttea
ttgaatgtat
cac

{CHOVep-prepro-HCPro-CPA) )

ctgtagegge
tgceagegece
cggcatcaga
tatattgget
tagtaatcaa
cttacggtaa
atgacgtatyg
tatttacggt
cctattgacy
tgggactttc
cggttttgge
ctcecacccea
aaatgtcgta
gtctatataa
tgttttgacc
attggaacgc
cacacccctt
getteettat
attgaccact
gccacaacta
tetgtatttt
ccgtececececyg
gtacgtgtte
ggteceatge
ccagacttag
tagggtatgt
gacttaagge
cagaggtaac
tegttgetge
ccatgggtet
ctctttacca
gccacgceatt
ccaaagcegag
tccacaaaga
cgatgcccat
tgcgagette
tttecagagca
taccgagtaa
aatcegttga
cagacctagg
actcaaagac
tattgtataa
accacccgtce
acttacctgt
agattgaaga
gccgaacgag

gcattaageg
ctagcgeccg

‘ttggctattg

catgtccaac
ttacggggtc
atggceegec
tteeccatagt
aaactgcecca
tcaatgacgyg
ctacttggca

-agtacatcaa

ttgacgtcaa
acaactcecge
gcagagcteg
tccatagaag
ggattcceceg
tggctettat
gctataggty
ccecctattgg
tctetattgg
tacaggatgg
tgcecgeagt
cggacatggg
ctccagegge
gcacagcaca
gtctgaaaat
agcggcagaa
tcecgttgeyg
cgegegegec
tttetgcagt
attctgecce
acttgactgt
aacaaaacat
gcgacteget
tgtacttgtt
agtcgcacta
atgttcaaag
caccacaceg
gaagctggagt
agcggaaaac
tttaggctat
atctcgetet
acctaaaatc
tgaaattcga
aaccttecega
cagctcagag

20

cggcgggtgt
ctecttiege
gccattgeat
attaccgceca
attagtteat
tggctgaccg
aacgccaata
cttggcagta
taaatggcec
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
tttagtgaac
acaccgggac
tgccaagagt
gcatgctata
atggtatage
tgacgatact
ctatatgcca
ggtcceattt
ttttattaaa
ctctteteeg
tcatggtcge
atgcccacca
gagegtggag
gaagatgcag
gtgctgttaa
accagacata
caccgtegga
gaattacact
aaaactctca
aacatcaaac
gtataccgtt
gactggtctg
cacggtegtt
aaagctcatg
ctcattgtca
tggtactggt
tggaaaccta
aagaggctga
aaaggccgaa
tactcagcgt
acacccaaac
gacttgaaaa
cgttttgata

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

gtctgacgcet
aaggatette
atatgagtaa
gatctgteta
acgggaggge
ggctccagat
tgcaacttta
ttegecagtt
ctcgtcgttt
atcecececatg
taagttggce
catgccatce
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat

ggtggttacg
tttetteect
acgttgtatc
tgttgacatt
agcccatata
cccaacgacce
gggactttec
catcaagtgt
gcctggceatt
gtattagtca
tageggtttyg
ttttggcace
caaatgggcg
cgtcagateg
cgatccagece
gacgtaagta
ctgtttttag
ttagectata
ttcecattact
atactctgte
attatttaca
catagegtgg
gtagcggegg
tcggcagete
ccaccagtgt
attgggctcg
gecagctagagt

cggtggaggg

atagctgaca
ccatgtgecga
taaaacgact
ctcttaccga
gaatcgaccg
ggcatgctag
atattcgtga
ctgttactet
accaatttct
gtgatgctgyg
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcageg
cggcaaagga
aacttgttaa
gtectgecta
tcatgctget

cagtggaacg
acctagatcc
acttggtctg
tttegttcat
ttaccatctg
ttatcagcaa
tccgecteea
aatagtttgc
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgetgttga
tttactttcea
ggaataaggg
agcatttatc
aaacaaatag

cgecagegtga
teettecteg
catatcataa
gattattgac
tggagttccg
cecegeecatt
attgacgtca
atcatatgee
atgecccagta
tegetattac
actcacgggy
aaaatcaacg
gtaggegtgt
cctggagacg
teecgeggeeg
ccgectatag
cttggggect
ggtgtgggtt
aatccataac
cttcagagac
aattcacata
gatctecacg
agcttccaca
cttgctecta
gcecgcacaag
cacggctgac
tgttgtattc
cagtgtagte
gactaacaga
actcgatatt
caacagctta
acttggeegt
attgttaggt
ctttatetgt
gcaaaaacga
ttatgagaaa
agccgacctt
ctttaaagtg
aagaggaaaa
acatgatatg
tccaatctca
ctcgacacgg
gccatgggtt
tatctattcg
cggactagge
aatcgaectg
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2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961

4021

4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781

atgcttecaac
cacttccagg
gaagttttge
ctactagcte
tctagagega
ctttaaaaat
tgcctacate
tgaacattat
gatgcctatce
aggtaaacge
aatgttaatt
attaagttaa
cattaggcac
agcggataac
aaccctcact
agtggatccc
ctgcagaaaa
gattttctte
actgatggct
gagcaaaatg
ccacactcac
tcaaaattgt
tggataagag
gcttttataa
cccacaatga
gacaagcatt
gggcagggcyg
cttactctct
tactgggaag
ctgaaataga
cctgtggtgt
tcagacttag
gagaaacaaa
gcttaacaga
cceccatttt
caattctatt
atattatgat
tcatctgeeca
tcataaacac
tcetcagaaa
tcecagetata
atgcatgcett
acttatgtec
aacagacttce
aattatgttt
ctggttgtaa
aacagtcctg
taatatttge
ccattaaatg
cacaattcag
cttecttegtyg
aatatatttc
ctttgtcaac
€g9g9g999ag9
tcactttecag
gggtcggeeg
aaggcagatt
gcctgaaage
ggggagttat
ccaccaaggg
cagecggcecect
actecaggege
tectacttect
tetgecaacgt
cttgtgacaa
cagtettcect
tcacatgegt
tggacggegt

taacatgttg
ctaacacagt
ggcattetgg
aaaatttatt
tccgggatet
aaaaaacaat
acaacaaaaa
cttgattata
attggttgga
cattgtcage
ctegttgace
ggtggataca
cccaggcettt
aatttcacac
aaagggaaca
ccgggetgcea
atgccaggtg
aaacagggga
acagcaccaa
atttctctet
aatatgcgac
agtggcaaag
gctttgacct
ctttcaggtce
aatgecctgge
gtcaaacaat
atccattgee
ctagaaagct
cacatctate
agcaaaagac
agacatccag
caaggagaat
agaaaatggce
gattgcagtg
taaatcaaac
atttcaatac
tgtecectega
ggcecattaag
atttgaaatt
aaaagtttgt
ggaaagaaag
ctttatttct
tgcctageat
tggtectgtta
teccatctcta
ctgaagctca
atggattage
tectecattea
atttctatgg
gctatatatt
tgtggtgttt
gacgatgaat
agtttegget
cttggtaaag
aaacgeetgg
tattaaaagc
caccatctca
cgaggacaca
cccteceecyg
cccateggte
gggetgeetyg
cctgacecage
tagcaacgtg
gaatcacaag
aactcacaca
cttceceececa
ggtggtggac
ggaggtgcat

gettgeggge
cagaaatcga
ctacacaata
cacacatggt
cgggaaaagc
tactcagtge
ctgatttaac
ttattgataa
atgaacttga
aaattgatcc
ctgagcactg
catcttgtca
acactttatg
aggaaacagc
aaagctggag
ggaattcgat
gactatgaac
aacaacacaa
ggtatgcaat
ccatgaatgg
aaagacaaac
aggagaacaa
gtgagctcac
tcecgagtett
ataggaaagg
gtgtgacaaa
acctatcceca
tctgcagact
atcacaaaaa
gtaattaaaa
caaaaaaata
gtagatttecce
actgactaaa
atctctatgt
agtgetttac
agaacaatag
accatgaaca
ttattcatgg
gagtattggt
tataaagcat
tgcgtetget
cctattttgt
ggctcagatg
cctacaacca
aggttecccat
atggaacatg
agaacaggca
atccaaaatg
tgtcaaaggt
ceccagggcet
acctatatat
ttctcaagga
gcgecagagce
ccggggaggt
atgagctggg
aaaattgatg
agagatgatt
gecgtatatt
aattggggee
tteccecctgg
gtcaaggact
ggcgtgcaca
gtgacegtge
cccagcaaca
tgcccaccgt
aaacccaagg
gtgagccacyg
aatgccaaga
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gttcatgcte
aacgtactct
acaagggaag
tacgetttgg
gttagtgacc
ctgttataag
aaatggttgg
taataaaaac
aaaaaattag
aagagaacca
atgaatcecce
tatgatcceg
ctteecggete
tatgaccatyg
ctcecaccgeyg
atcaagctta
tcacatccaa
tcececacaaaa
ggcaatccat
ttgettettt
agagaacaat
aatctcaagt
ctggacttca
tattcatgag
gcagcagage
actatttgta
ggtaacctte
gacatgcatt
gcaggcaaga
acaaaatgaa
ttatttgeac
acagtatata
cttecagetag
atgtcctgaa
agaggtcaga
cttctataac
cteceteecage
aagatctttg
ttgcattgta
tcacacccat
cttcactecta
caagaaaata
cacgttgtag
tagtaataag
atttttetgt
agcaatattt
gaaaacacat
gacctattga
caaacttetyg
cagcecagtgg
ctaaatttaa
tatttttett
cgaaaggtac
ccettagagt
tcecgecaggce
gtgggacaac
caaaaaacac
actgtaccac
agggaaccct
caceccteete
acttcceccga
cetttecgge
cctececageag
ccaaggtgga
gcceageace
acaccctcat
aagaccctga
caaagccgceg

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

agaaacaagg
caacagtteg
acttactcgt
ggaaattatg
aaaggtgect
cagcaattaa
tctgeettag
cttatecccta
ccttgaatac
acttaaaget
taatgatttt
gtaatgtgag
gtatgttgtg
attacgccaa
gtggcggceg
tcgataccgce
aggagcttga
cagctcagag
tcgacatteca
ceccteatgaa
taatgtgctc
tctgagtagg
tatcecttttg
actgttggtt
cttagetgac
ctgctttgea
caactgcaag
tcataggtag
ttttecagact
acaaaaaaaa
taccatcttg
tgttttcaca
tggtatagga
gaattatgtt
atggtttett
tgaaatatat
tgaatttcac
aggaacactg
tggagctatg
aaaaagatag
gtctcagttg
ataggtcacg
atacaagaag
cacactaact
tttcttaaag
ccecagtcectte
tgttacccag
aactaaaatc
aagggaacct
atcaatcatt
tatttcgttt
cgtgttcgcet
ccaggtgcag
ctcectgtgea
tccagggaag
agactatget
gttatatctg
ggggattatg
ggtecaccgte
caagagcacc
accggtgacg
tgtectacag
cttgggcacc
cadgaaagtt
tgaactccectg
gatctccegg
ggtcaagttc
ggaggagcag

ttgggacaag
cttaggcatg
ggctgcaace
aggggatcgce
tttatcatca
ttatgattga
aaagtatatt
tccaagaagt
attactggta
ttectgacgg
ggtaaaaatc
ttagctcact
tggaattgtg
gcgegcaatt
ctctagaact
tgacctegag
cctgatacct
agaaaccatc
tctgtgacct
aaggcaattt
cttcectaatg
ttttagtgat
gataaaaagt

tagggacaga
cttttcttgg
cagctgtget
aagattgttg
agataacatt
ttettagtgg
tcagttgata
tcttaagtece
aaaggaagga
aagtaattct
gtactttttt
tactgtttgt

ttgctattgt
aattcectctg
caagttcata
ttttgectgta
atttaaatat
getecttceac
tettgttete
gatcaaatga
aataattgct

atccecattat ¢

tctececatcee
aattaaaaac
taacccaatc
gtgggtgggt
catectegtga
attaaaattt
ttggttetgy
ctgcaggagt
gcctetggat
gggctggagt
gcacccgtga
caaatgaata
ataacatttg
tcctcagecet
tctgggggea
gtgtcgtgga
teetcaggac
cagacctaca
gageccaaat
gggggaccgt
accecctgagg
aactggtacg
tacaacagca
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6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
lo0621
10681
10741
10801
10861

cgtacegtgt
acaagtgcaa
ccaaagggca
ccaagaacca
tggagtggga
actcegacgg
aggggaacgt
agagectcete
agcecacccte
cattgccaga
tecatctatga
cagggacaat
actgttactc
tgaccgtect
aggagcttca
ccgtgacagt
caccctecaa
agcagtggaa
agaagacagt
ggggaggaaa
gagggcecectce
ttgctactge
caagagtcegt
caacttgget
attacatatg
cccacattat
gagtegtatt
ggcgttacce:
gaagaggcce
ttgtaagcegt
ttaaccaata
ggttgagtgt
tcaaagggey
gatgtgtate
tcagggtcaa
acttactcaa
cgataaaaaa
ataaaataga
ggttatcaag
gcacttgtet
aggataataa
agtgaatgat
aggctcacca
actccctgta
actaaccaac
ccgageagta
ggaatactga
catcacgatt
ataatcaaca
agtgagggtt
gttatceget
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggegage
ataacgcagg
cegegttget
gctcaagtcea
gaagctecet
ttetecctte
tgtaggtegt
gcgeettate
tggcagcagce
tcttgaagtg
tgctgaagec
ccgetggtag
ctcaagaaga
gttaagggat

ggtcagcgtce
ggtctccaac
gceccgagaa
ggtecagcety
gagcaatggg
ctcettette
cttctecatge
cetgtetecg
ggtgtcagtyg
aaaatatgtt
ggacagcaaa
ggccaccttyg
aactgacage
aggtcagece
agccaacaag
ggcctggaag
acaaagcaac
gtceccacaaa
ggecectgcea
cttegegeca
tgccattgct
cacagcaaga
taagcacatt
actgectgecce
cectagatce
ccecattgeet
acgegcegetce
aacttaatcg
gecaccgatceg
taatattttg
ggcecgaaatc
tgttccagtt
aaaaaccgtc

.caccttaact

cgagaattaa
tggctggtta
ggccaattta
taggttttat

agggtcatta

cetgtttact
tacagtaaaa
tataaataac
ataatcecetyg
atgcaggtaa
cttcagatat

ctgeegtttt-

gtgtaaaaga
tetgtaatayg
aatggecatcg
aattgcgege
cacaattecca
agtgagctaa
gtegtgecag
gegetettee
ggtatecaget
aaagaacatg
ggegttttte
gaggtggcga
cgtgegetet
gggaagcgtyg
tcgetecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttce
cggtggtttt
tectttgate
tttggtcatg

ctecacegtee
aaagecctcece
ccacaggtgt
acctgcctgyg
cagccggaga
ctctacagea
teecgtgatge
ggtaaagcgc
tceccaggac
tattggtacc
cgacecteeyg
actatcagtg
agtggttatc
aaggctgccc
gcecacactygy
gcagatagca
aacaagtacg
agctacagct
gaatgttcac
tgactcctet
gcttectety
aataaaatct
ccttecceag
atgagagaaa
tgattaacag
ccecetcgagg
actggeccgtce
cettgeagea
ccctteccaa
ttaaaatteg
ggcaaaatcc
tggaacaaga
tatcagggceyg
taatgatttt
cattecgtea
tgcatatcge
ttgctattta
ttgaagctaa
tatttcgcgg
ceccctgaget
cgctaaaceca
agcaaacagt
taaagcacct
agcgatccca
aaacgctaaa
ttecgececatt
ccaagaccayg
caccacaccg
ttaaataagt
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gettectege
cactcaaagg
tgagcaaaag
cataggctce
aacccgacag
cctgttecga
gcgetttcte
ctgggctgtyg
cgtettgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgeca
ttttctacgy
agattatcaa
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tgcaccagga
cagcccecat
acacecetgec
tcaaaggett
acaactacaa
agctcaccgt
atgaggctet
cagagccgaa
aaacggccag
agcagaagte
ggatccctga
gggcccaggt
atagggaggt
cctcggtcecac
tgtgtecteat
gccecgteaa
cggecageayg
gccaggtcac
cgcggaggga
cgtgcceccce
cccttecteg
caacatctaa
cacccettge
tccagttcaa
gtgttttgta
gggggcccgyg
gttttacaac
cateccectt
cagttgcgca
cgttaaattt
cttataaatc
gtececactatt
atggcccact
taccaaaatc
ggaaagctta
aatacatgecg
cegeggettt
atcttcttta
aataacatca
tgaggggtta
ataatccaaa
aatgggccaa
tgctgatgac
ccaccagcca
aaggcaaatg
tagtggctat
taatgaaaag
tgctggattyg
gatgtatace
catggtcata
gagccggaag
ttgegttgeg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gccccectga
gactataaag
cecetgeeget
atagctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagctc
agcagcagat
ggtctgacge
aaaggatctt

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

ctggctgaat
cgagaaaacc
ceccatceegg
ctatcceage
gaccacgcct
ggacaagage
gcacaaccac
gctttecetat
gatcacctge
aggccaggec
gagattctct
ggaagatgaa
gttcagcgga
tetgttecca
aagtgactcc
ggcgggagtyg
ctacctgage
gcatgaaggg
gggaagggcce
gcacggaaca
tcactctgaa
atgggtttec
tgcaggcecag
tattttecaa
ttatctgtgce
tacccaatte
gtegtgactg
tcgcecagetg
gectgaatgg
ttgttaaatc
aaaagaatag
aaagaacgtg
actecgggat
attaggggat
tgatgatgat
aaaaacctaa
ttattgagect
tcgtaaaaaa
tttggtgacg
acatgaaggt
tccagccatce
taacaccggt
tetttgtttg
ataaaattaa
cactactatc
tetteetgee
ccaaccatca
gctatcaatg
gatcagcttt
gctgttteet
cataaagtgt
ctecactgecc
acgegegqgy
gctgegeteg
gttatccaca
ggeccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ceccegttcag
aagacacgac
tgtaggeggt
agtatttggt
ttgatcegge
tacgcgcaga
tcagtggaac
cacctagate

ggcaaggagt
atctccaaag
gatgagctga
gacatcgeceg
ccegtgetgg
aggtggcagce
tacacgcaga
gagctgacac
tectggagatg
cctgtggtgg
ggectccaget
ggtgactact
gggaccaagce
cceteectetg
tacccgggag
gagaccacca
ctgacgcettg
agcaccgtgg
ctttttgaag
ctgatgtgeca
tgtggcttct
tgagattttt
tgcecaggcac
agcaaaatgg
tttegettea
gcecctatagt
ggaaaaccet
gegtaatage
cgaatggaaa
agctcatttt
accgagatag
gactccaacyg
catatgacaa
tcatcagtge
gtgcttaaaa
aagagcttgc
tgaaagataa
tgccetettg
aaataactaa
catcgatage
ccaaattggt
tgecattggta
gatagacate
aacagggaaa
tgcaataaat
acaaaggctt
tgctattcat
cgetgaaata
tgttcectet
gtgtgaaatt
aaagcctggg
gctttecagt
agaggcggtt
gtegttegge
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttceoceetg
ctgtcegeet
ctcagttecgg
ccegacceget
ttatcgecac
gctacagagt
atctgcgete
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
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10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941

aaaaatgaag
aatgcttaat
cctgactcece
ctgcaatgat
cagcecggaag
ttaattgttyg
ttgcecattge
ceggttecca
gctececttegg
ttatggcagce
ctggtgagta
gcceggegtc
ttggaaaacg
cgatgtaacc
ctgggtgage
aatgttgaat
gtctcatgag
gcacatttce

ttttaaatca
cagtgaggca
cgtegtgtag
accgcgagac
ggccgagege
ccgggaagcet
tacaggcate
acgatcaagg
tectecgate
actgcataat
ctcaaccaag
aatacgggat
ttettegagy
cactcgtgea
aaaaacagga
actcatacte
cggatacata
ccgaaaagtg

atctaaagta
cctatctecag
ataactacga
ccacgetcac
agaagtggtce
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctettactyg
tcattctgag
aataccgege
cgaaaactct
cccaactgat
aggcaaaatg
tteettttte
tttgaatgta
ccac

tatatgagta
cgatctgtet
tacgggaggg
cggctccaga
ctgcaacttt
gttcgccagt
getcgtegtt
gatcceccat
gtaagttggce
tcatgcecate
aatagtgtat
cacatagcag
caaggatctt
cttcagcate
ccgcaaaaaa
aatattattg
tttagaaaaa

SEQ ID NO:99 (pTnMCS(CHOvep-prepro-HCPro-Lys~CPA))

PCT/US2003/041261

aacttggtct
atttegttca
cttaccatct
tttatcageca
ateccgeetcee
taatagtttg
tggtatggcet
gttgtgcaaa
cgcagtgtta
cgtaagatge
gcggcgaccg
aactttaaaa
accgctgttg
ttttacttte
gggaataagg
aagecatttat
taaacaaata

gacagttacc
tccatagttyg
ggccccagtg
ataaaccagce
atccagtcta
cgcaacgttg
tcattcaget
aaageggtta
tecactcatgg
ttttetgtga
agttgetctt
gtgctcatca
agatccagtt
accagcegttt
gcgacacgga
cagggttatt
ggggttcege

1 ctgacgecgee ctgtagcggce gcattaageg cggegggtgt ggtggttacg cgcagegtga

61
121
181
241
301
361
421
481
541
601
661
721
781
841
S01
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761

ccgcetacact
ccacgttege
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgecc
catgacctta
catggtgatg
atttecaagt
ggacttteca
acggtgggag
ccatccacge
ggaacggtge
actctatagg
atacacccce
attgaccatt
atggctcttt
tgacacggac
tacaacaacg
cgaatctecgg
tececgageect
acagtggagg
gccgtggegy
gcagatggaa
tgataagagt
tgagecagtac
ctgttcettt
ttacacgact
acgttggcett
aacctgccaa
aatcgtcace
tecgggceaata
cttatggtat
gcgttecege
gegageatte
ccatggtata
gtacaatatg
tcatctagte
tgccaaatte
actcattgtc
ctagcaacta
aagcgaatgce
ctacgccata
atgcttecaac

tgecagegee
cggcatcaga
tatattggct
tagtaatcaa
cttacggtaa -
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
ctccacceca.
aaatgtcgta
gtctatataa
tgttttgace
attggaacgc
cacacccectt
gcttecttat
attgaccact.
gccacaacta
tctgtatttt
ccgteceecg
gtacgtgttc
ggtcecatge
ccagacttag
tagggtatgt
gacttaaggc
cagaggtaac
tcgttgetge
ccatgggtcet
ctectttacca
gccacgecatt
ccaaagcgag
teccacaaaga
cgatgceccat
tgegagette
tttcagagca
taccgagtaa
aatccgttga
cagacctagg
actcaaagac
tattgtataa
accacccgtce
acttacctgt
agattgaaga
gccgaacgag
taacatgttg

ctagegoceg
ttggctattg
catgtccaac
ttacggggtce
atggceccgeco
ttecccatagt
aaactgccca
tcaatgacgg
ctacttggea
agtacatcaa
ttgacgtcaa
acaactecege
gcagagcteg
tccatagaag
ggattcecceg
tggctettat
gctataggtg
cecectattgy
tectctattgg
tacaggatgg
tgeecgeagt
cggacatggg
ctccagcgge
gcacagcaca
gtetgaaaat
agcggcagaa
tceegttgeg
cgcgegegec
tttctgeagt
attctgececece
acttgactgt
aacaaaacat
gcgacteget
tgtacttgtt
agtecgecacta
atgttcaaag
caccacaccyg
gaagetgggt
agcggaaaac
tttaggctat
atectegetet
acctaaaatc
tgaaattecga
aacctteccga
cagctcagag
gcttgeggge
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ctecectttecge
gecattgeat
attaccgcca
attagttcat
tggctgacecg
aacgccaata
cttggcagta
taaatggcce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
tttagtgaac
acaccgggac
tgccaagagt
gcatgctata
atggtatagc
tgacgatact
ctatatgecca
ggtcccattt
ttttattaaa
ctettctecg
tcatggtege
atgcceaccea
gagcgtggag
gaagatgcag
gtgctgttaa
accagacata
caccgtcgga
gaattacact
aaaactctea
aacatcaaac
gtatacegtt
gactggtctg
cacggtcgtt
aaagctcatg
ctcattgtca
tggtactggt
tggaaaccta
aagaggctga
aaaggccgaa
tactcagegt
acacccaaac
gacttgaaaa
cgttttgata
gttecatgcte

SUBSTITUTE SHEET (RULE 26)

tttctteect
acgttgtatc
tgttgacatt
agcccatata
cocaacgace
gggactttce
catcaagtgt
gcetggeatt
gtattagtca
tagcggtttg
ttttggecacc
caaatgggcyg
cgtcagatcyg
cgatccagce
gacgtaagta
ctgtttttag
ttagcectata
ttcecattact
atactctgte
attatttaca
catagcgtgg
gtageggegg
tcggeagete
ccaccagtgt
attgggctecg
gcagctgagt
cggtggagag
atagctgaca
ccatgtgcga
taaaacgact
ctettaccga
gaatcgaccyg
ggcatgctag
atattegtga
ctgttactct
accaatttct
gtgatgctgg
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcageg
cggcaaagga
aacttgttaa
gtectgecta
tecatgetget
agaaacaagg

tecectttceteg
catatcataa
gattattgac
tggagttccg
cecgeceatt
attgacgtca
atcatatgcce
atgcccagta
tcgetattac
actcacgggg
aaaatcaacg
gtaggegtgt
cctggagacyg
tecgeggeey
cecgectatag
cttggggect
ggtgtgggtt -
aatcecataac
cttcagagac
aattcacata':
gatctccacyg
agcttccaca
cttgetecta
gccgeacaag
cacggctgac
tgttgtattc
cagtgtagte
gactaacaga
actcgatatt
caacagctta
acttggecgt
attgttaggt
ctttatetgt
gcaaaaacga
ttatgagaaa
agcecgacctt
ctttaaagtyg
aagaggaaaa
acatgatatg
tccaatctea
ctecgacacgg
gccatgggtt
tatctattcg
cggactagge
aatcgccetg
ttgggacaag
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2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3201
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841

cacttecagg
gaagttttgce
ctactagcte
tctagagcga
ctttaaaaat
tgcctacate
tgaacattat
gatgectate
aggtaaacgce
aatgttaatt
attaagttaa
cattaggcac
agcggataac
aacccteact
agtggatcce
ctgcagaaaa
gattttectte
actgatggct
gagcaaaatg
ccacactcac
tcaaaattgt
tggataagag
gcttttataa
cccacaatga
gacaagcatt
gggeagggeg
cttactctct
tactgggaag
ctgaaataga
cetgtggtgt
tecagacttag
gagaaacaaa
gcttaacaga
cccceatttt
caattctatt
atattatgat
tcatctgeca
tcataaacac
tcctecagaaa
tccagctata
atgecatgett
acttatgtcc
aacagacttce
aattatgttt
ctggttgtaa
aacagtcctg
taatatttge
ccattaaatg
cacaattcag
cttettegtg
aatatatttce
ctttgtcaac
€999g9g9g9agqg
tcacttteag
gggtcggeeg
aaggcagatt
gcctgaaagce
ggggagttat
ccaccaagag
cagcggecct
actcaggcge
tctacttect
tectgeaacgt
cttgtgacaa
cagtettect
tcacatgegt
tggacggegt
cgtaccgtgt

ctaacacagt
ggecattctgg
azaaatttatt
tccgggatcet
aaaaaacaat
acaacaaaaa
cttgattata
attggttgga
cattgtcage
ctcgttgace
ggtggataca
cccaggettt
aatttcacac
aaagggaaca
cecgggctgea
atgecaggtg
aaacagggga
acagcaccaa
atttectctet
aatatgcgac
agtggcaaag
getttgacet
ctttcaggtc
aatgcctgge
gtcaaacaat
atccattgcee
ctagaaagct
cacatctatce
agcaaaagac
agacatccag
caaggagaabt
agaaaatggc
gattgcagtg
taaatcaaac
atttcaatac
tgtcectcecga
ggccattaag
atttgaaatt
aaaagtttgt
ggaaagaaag
ctttatttet
tgcctageat
tggtctgtta
tccatctcta
ctgaagctca
atggattagc
tetecattea
atttctatgg
gctatatatt
tgtggtgttt
gacgatgaat
agtttegget
cttggtaaag
aaacgcecetgg
tattaaaagc
caccatctcea
cgaggacaca
cccteceececg
ccecateggte
gggetgectyg
cctgaccage
tagcaacgtg
gaatcacaag
aactcacaca
cttcecccea
ggtggtggac
ggaggtgcat
ggtcagegte

cagaaatcga
ctacacaata
cacacatggt
cgggaaaagc
tactcagtgce
ctgatttaac
ttattgataa
atgaacttga
aaattgatce
ctgagcactg
catcttgteca
acactttatg
aggaaacagc
aaagctggag
ggaattcgat
gactatgaac
aacaacacaa
ggtatgcaat
ccatgaatgg
aaagacaaac
aggagaacaa
gtgagctcac
tcecgagtcett
ataggaaagg
gtgtgacaaa
acctatccca
tectgeagact
atcacaaaaa
gtaattaaaa
caaaaaaata
gtagatttcc
actgactaaa
atctctatgt
agtgctttac
agaacaatag
accatgaaca
ttattcatgg
gagtattggt
tataaagcat
tgcgtetget
cctattttgt
ggctcagatg
cctacaacca
aggttcccat
atggaacatg
agaacaggca
atccaaaatg
tgtcaaaggt
ceceecaggaget
acctatatat
ttectcaagga
gcgecagage
ccgggggggt
atgagctggg
aaaattgatg
agagatgatt
gccgtatatt
aattggggce
ttececeectgg
gtcaaggact
ggcgtgceaca
gtgaccgtge
cccagcaaca
tgcccacegt
aaacccaagg
gtgagccacg
aatgccaaga
ctcaccgtec
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aacgtactet
acaagggaag
tacgetttgg
gttggtgacc
ctgttataag
aaatggttgg
taataaaaac
aaaaaattag
aagagaacca
atgaatccce
tatgatcecg
cttecggetce
tatgaccatg
cteccaccgeg
atcaagctta
tcacatccaa
tceccacaaaa
ggcaatcecat
ttgcttettt
agagaacaat
aatctcaagt
ctggacttca
tattcatgag
gcagcagagce
actatttgta
ggtaaccttc
gacatgcatt
gcaggcaaga
acaaaatgaa
ttatttgcac
acagtatata
cttecagctag
atgtcctgaa
agaggtcaga
cttctataac
cteceteeage
aagatctttg
ttgecattgta
tcacacccat
cttecactcta

caagaaaata:

cacgttgtag
tagtaataag
atttttctgt
agcaatattt
gaaaacacat
gacctattga
caaacttctg
cagecagtgg
ctaaatttaa
tatttttctt
cgaaaggtac
cccttagagt
tcegecagge
gtgggacaac
caaaaaacac
actgtaccac
agggaaccct
cacccetecte
actteceega
cettteecgge
cctcecageag
ccaaggtgga
gcccageacc
acaccctcat
aagaccctga
caaagcecgcg
tgcaccagga

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

caacagttcg
acttactegt
ggaaattatg
aaaggtgcct
cagcaattaa
tectgecttag
cttatcecta
ccttgaatac
acttaaagct
taatgatttt
gtaatgtgag
gtatgttgtg
attacgccaa
gtggeggecy
tcgatacege
aggagcttga
cagctcagag
tcgacattca
cceteatgaa
taatgtgcte
tctgagtagg
tatcecttttyg
actgttggtt
cttagctgac
ctgetttgea
caactgcaag
tcataggtag
ttttcagact
acaaaaaaaa
taccatcttg
tgttttcaca
tggtatagga
gaattatgtt
atggtttcectt
tgaaatatat
tgaatttcac
aggaacactg
tggagctatg
aaaaagatag
gtetcagttg
ataggtcacg
atacaagaag
cacactaact
tttecttaaag
cccagtette
tgttacccag
aactaaaatc
aagggaacct
atcaatcatt
tatttcgttt
cgtgtteget
ccaggtgcag
ctectgtgea
tccagggaag
agactatgcet
gttatatctg
ggggattatg
ggtcaccgte
caagagcacc
accggtgacg
tgtcctacag
cttgggeacce
caagaaagtt
tgaactcctyg
gatcteecegg
ggtcaagttc
ggaggagceag
ctggctgaat

cttaggcatg
ggctgcaacc
aggggatcge
tttatcatca
ttatgattga
aaagtatatt
tccaagaagt
attactggta
ttcctgacgg
ggtaaaaate
ttagctcact
tggaattgtg
gcgcgceaatt
ctctagaact
tgacctegag
cctgatacct
agaaaccatc
tctgtgacct
aaggcaattt
cttectaatg
ttttagtgat
gataaaaagt
tagggacaga
cttttcttgg
cagctgtget
aagattgttg
agataacatt
ttcttagtgg
tcagttgata
tettaagtee
aaaggaagga
aagtaattct
gtactttttt
tactgtttgt
ttgctattgt
aattcctctg
caagttcata
ttttgectgta
atttaaatat
gctectteac
tettgttcte
gatcaaatga
aataattget
atcccattat
tctceecatee
aattaaaaac
taacccaatc
gtgggtgggt
catctcgtga
attaaaattt
ttggttctgg
ctgcaggagt
gectetggat
gggctggagt
gcaccegtga
caaatgaata
ataacatttg
tceteagect
tetgggggca
gtgtcgtgga
tceteaggac
cagacctaca
gagcccaaat
gggggaccgt
accecctgagg
aactggtacyg
tacaacagca
ggcaaggagt
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69501
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
5181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921

acaagtgcaa
ccaaagggcea
ccaagaacca
tggagtggga
acteccgacgg
aggggaacgt
agagcotcte
cacagecace
atgcattgcec
tggtcatcta
gctecagggac
actactgtta
agctgacegt
ctgaggagcet
gagccgtgac
ccacacccte
ttgagcagtg
tggagaagac
aagggggagg
gcagagggec
tctttgctac
tttcaagagt
caccaacttyg
tggattacat
tcacceacat
agtgagtcegt
cctggegtta
agcgaagagg
aaattgtaag
tttttaacca
tagggttgag
acgtcaaagg
caagatgtgt
tgctcagggt
aaaacttact
tgcegataaa
taaataaaat
ttgggttatc
taagcacttg
agcaggataa
ggtagtgaat
gtaaggctca
atcactcect
aaaactaacc
aateccgagea
cttggaatac
catcatcacg
ataataatca
tttagtgagg
attgttatce
ggggtgecta
agtcgggaaa
gtttgcegtat
ggctgeggeg
gggataacgc
aggecgegtt
gacgctcaag
ctggaagetce
cctttetece
cggtgtaggt
gctgegecett
cactggecage
agttcttgaa
ctectgctgaa
ccaccgetgg
gatcteaaga
cacgttaagg
attaaaaatg

ggtctccecaac
gecccgagaa
ggtcagectg
gagcaatggg
ctecttette
cttcteatge
cctgteteeg
cteggtgtea
agaaaaatat
tgaggacage
aatggccacc
ctcaactgac
cctaggteag
tcaagceccaac
agtggcectgg
caaacaaagc
gaagtcccac
agtggecccet
aaacttcgeg
ctetgecatt
tgccacagca

cgttaagcac:

gctactgetg
atgccctaga
tatcccattg
attacgegeg
cccaacttaa
ccegeaccega
cgttaatatt
ataggccgaa
tgttgtteca
gcgaaaaace
atccacctta
caacgagaat
caatggctgg
aaaggccaat
agataggttt
aagagggtca
teteetgttt
taatacagta
gattataaat

ccaataatcc:

gtaatgcagg
aaccttcaga
gtactgccgt
tgagtgtaaa
atttetgtaa
acaaatggca
gttaattgcg
gctcacaatt
atgagtgagc
cctgtcgtge
tgggcgetet
ageggtatca
aggaaagaac
gctggegttt
tcagaggtyg
cctegtgege
ttcgggaagc
cgttegetcee
atceggtaac
agecactggt
gtggtggect
gccagttacce
tageggtggt
agatcctttg
gattttgatc
aagttttaaa

aaagceccectec
ccacaggtgt
acctgeetgg
cagccggaga
ctctacagca
tecgtgatge
ggtaaagcgce
gtgtccceag
gtttattggt
aaacgaccct
ttgactatca
agcagtggtt
cccaaggetyg
aaggccacac
aaggcagata
aacaacaagt
aaaagctaca
gcagaatgtt
ccatgactce
gctgettect
agaaataaaa
attccttece
cccatgagag
tcctgattaa
ccteceecctey
ctcactggcce
tcgeettgea
tegeecttee
ttgttaaaat
atcggcaaaa
gtttggaaca
gtctatcagg
acttaatgat
taacattccg
ttatgcatat
ttattgctat
tatttgaagce
ttatattteg
actccectga
aaacgctaaa
aacagcaaac
ctgtaaagca
taaagcgate
tataaacgcet
tttttecgeee
agaccaagac
tagcaccaca
tcgttaaata
cgcttggegt
ccacacaaca
taactecacat
cagctgcatt
tecgettect
gctcactcaa
atgtgagcaa
ttccatagge
cgaaacccga
teteetgtte
gtggegettt
aagctgggcet
tatcgtecttg
aacaggatta
aactacggcet
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa

25

cagcceceat
acaccctgec
tcaaaggett
acaactacaa
agctcaccgt
atgaggetcet
cagagccgaa
gacaaacggce
accagcagaa
cegggatcce
gtggggccea
atcataggga
cccecteggt
tggtgtgtct
gecageccegt
acgecggccag
gctgecaggt
caccgeggag
tctegtgece
ctgcecttee
tctcaacate
cagcaccect
aaatccagtt
caggtgtttt
agggggggcee
gtcgttttac
gcacatceece
caacagttgc
tcgegttaaa
tcccttataa
agagtccact
gaegatggecce
ttttaccaaa
tcaggaaagc
cgcaatacat
ttaccgecgge
taaatcttct
cggaataaca
gcttgagggg
ccaataatec
agtaatggge
cettgcetgat
ccaccaccag
aaaaaggcaa
atttagtggc
cegtaatgaa
cegtgetgga
agtgatgtat
aatcatggtce
tacgagccgy
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
teecgececce
caggactata
cgaccctgee
ctcatagetce
gtgtgcacga
agtccaacce
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

cgagaaaace
ceccatececegg
ctatccecage
gaccacgect
ggacaagagc
gcacaaccac
aaagctttcc
caggatcacce
gtcaggccag
tgagagattc
ggtggaagat
ggtgttcage
cactctgtte
cataagtgac
caaggcggga
cagctacctg
cacgcatgaa
ggagggaagg
cecgecacgga
tcgtcactet
taaatgggtt
tgctgecagge
caatatttte
gtattatctg
cggtacccaa
aacgtcgtga
ctttegecag
gcagecctgaa
tttttgttaa
atcaaaagaa
attaaagaac
actacteccgg
atcattaggg
ttatgatgat
gcgaaaaacc
tttttattga
ttatcgtaaa
tecatttggtg
ttaacatgaa
aaatccagee
caataacace
gactctttgt
ccaataaaat
atgcactact
tattettect
aagccaacca
ttggectateca
accgatcagce
atagctgttt
aagcataaag
gcgctcactg
ccaacgegeg
ctegetgege
acggttatec
aaaggceagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accceecgtt
ggtaagacac
gtatgtaggce
gacagtattt
ctcttgatee
gattacgege
cgctcagtgg
cttcacctag
gtaaacttgg

atcteccaaag
gatgagctga
gacatcgeeg
ccegtgetgg
aggtggcage
tacacgcaga
tatgagctga
tgctctggag
gecectgtgg
tctggcteea
gaaggtgact
ggagggacca
ccaccctect
tectaccegg
gtggagacca
agcctgacge
gggagcaccg
gecctttttyg
acactgatgt
gaatgtggct
tectgagatt
cagtgccagg
caaagcaaaa
tgettteget
ttcgecctat

ctgggaaaac:

ctggcgtaat
tggcgaatgg
atcagctcat
tagaccgaga
gtggactcca
gatcatatga
gattcatcag
gatgtgetta
taaaagagct
gcttgaaaga
aaatgcectce
acgaaataac
ggtecatcgat
atcccaaatt
ggttgcattg:
ttggatagac
taaaacagqgqg
atctgcaata
gccacaaagg
tcatgctatt
atgcgctgaa
ttttgttece
cectgtgtgaa
tgtaaagcct
ccegetttac
gggagaggeg
teggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttecee
tacctgtceg
tatctcagtt
cageccgacce
gacttatcge
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
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10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
1le641
11701
11761
11821
11881
11941

accaatgcett
ttgectgact
gtgctgeaat
agccagccgg
ctattaattg
ttgttgecat
gctecggtte
ttagctcett
tggttatgge
tgactggtga
cttgcecegge
tecattggaaa
gttcgatgta
tttetgggtg
ggaaatgttg
attgtectcat
cgecgeacatt

aatcagtgag
cceegtegtg
gataccgega
aagggccgag
ttgccgggaa
tgctacagge
ccaacgatca
cggtectecyg
agcactgeat
gtactcaacc
gtecaatacgg
acgttcectteg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tceceecgaaaa

gcacctatct
tagataacta
gacccacgcet
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattectctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttecttt
atatttgaat
gtgccac

cagcgatctg
cgatacggga
caccggcetce
gteetgcaac
gtagttcgcece
cacgctegte
catgatcccc
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcage
atgccgcaaa
ttcaatatta
gtatttagaa

SEQ ID NO:100 (pTnMCS (CMV-prepro-HCPro-CPA))
1 ctgacgcgece ctgtagegge gecattaageg cggegggtgt ggtggttacg cgcagegtga

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
9261

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

ccgetacact
ccacgttege
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgcce
catgacctta
catggtgatg
atttcecaagt
ggactttcca
acggtgggag
ccatcecacge
ggaacggtge
actctatagg
atacacccce
attgaccatt
atggctcttt
tgacacggac
tacaacaacg
cgaatctegg
tecgageect
acagtggagg
gcegtggegy
gcagatggaa
tgataagagt
tgagcagtac
ctgtteettt
ttacacgact
acgttggett
aacctgccaa
aatcgtcacc
tecgggeaata
cttatggtat
gegtteecege
gcgagcatte
ccatggtata
gtacaatatg
teatctagte
tgccaaatte
actcattgte
ctagcaacta
aagcgaatgce
ctacgccata
atgcttcaac
cacttececagg
gaagttttgc

tgccagecgee
cggcatcaga
tatattggct
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttggce
ctcecaccecca
aaatgtcgta
gtctatataa
tgttttgacc
attggaacge
cacaccccett
gcttecttat
attgaccact
gccacaacta
tctgtatttt
ccgtcecceg
gtacgtgttc
ggtceccatge
ccagacttag
tagggtatgt
gacttaaggce
cagaggtaac
tegttgetge
ccatgggtct
ctetttacca
gccacgeatt
ccaaagcegag
tcecacaaaga
cgatgceccat
tgegagette
tttecagagca
taccgagtaa
aatcegttga
cagacctagg
actcaaagac
tattgtataa
accacccgte
acttacctgt
agattgaaga
gccgaacgayg
taacatgttg
ctaacacagt
ggcattctgg

ctagecgeecg
ttggctattg
catgtccaac
ttacggggtc
atggccecegece
ttceccatagt
aaactgccca
tecaatgacgg
ctacttggeca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagcteg
tccatagaag
ggattccecg
tggctettat
gctataggtg
ccectattgg
tectetattygg
tacaggatgg
tgceegeagt
cggacatggg
cteccagegge

gcacagcaca.

gtctgaaaat
agecggcagaa
tccegttgeg
cgegegegec
tttetgeagt
attctgecce
acttgactgt
aacaaaacat
gegactcget
tgtacttgtt
agtcgcacta
atgttcaaag
caccacaccyg
gaagctgggt
agcggaaaac
tttaggctat
atctegetcet
acctaaaatc
tgaaattcga
aacctteega
cagctecagag
gettgeggge
cagaaatcga
ctacacaata

26

ctcetttege
gecattgecat
attaccgecea
attagttcat
tggctgaceg
aacgccaata
cttggcagta
taaatggece
gtacatctac
tgggcgtgga
tgggagtttyg
cecattgacy
tttagtgaac
acaccgggac
tgccaagagt
gcatgetata
atggtatage
tgacgatact
ctatatgeca
ggtcccattt
ttttattaaa
ctetteteceg
tecatggtcge
atgeccaceca
gagcgtggag
gaagatgcag
gtgctgttaa
accagacata
caccgtecgga
gaattacact
aaaactctca
aacatcaaac
gtatacecgtt
gactggtetyg
cacggtcegtt
aaagctcatg
ctcattgtca
tggtactggt
tggaaaccta
aagaggctga
aaaggccgaa
tactcagecgt
acacccaaac
gacttgaaaa
cgttttgata
gttcatgete
aacgtactct
acaagggaag

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

tctatttegt
gggcttacca
agatttatca
tttatccgee
agttaatagt
gtttggtatg
catgttgtge
ggccgcagtg
atccgtaaga
tatgeggega
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa

tttcttcect
acgttgtatc
tgttgacatt
agcccatata
cccaacgace
gggactttcc
catcaagtgt
gcctggecatt
gtattagtca
tageggtttg
ttttggcacc
caaatgggceg
cgtcagateg
cgatccagec
gacgtaagta
ctgtttttgg
ttagectata
ttcecattact
atactetgtce
attatttaca
catagcgtgg
gtageggegg
tcggecagetce
ccaccagtgt
attgggctceg
gcagctgagt
cggtggaggg
atagctgaca
ccatgtgecga
taaaacgact
ctcttacega
gaatcgaccg
ggcatgctag
atattcgtga
ctgttactct
accaatttct
gtgatgctgg
taagtcgagt
tecagcaactt
ctaaaagcaa
aaaatcagcyg
cggcaaagga
aacttgttaa
gtcectgecta
tcatgctgcect
agaaacaagg
caacagtteg
acttactcgt

tcateccatag
tectggeccea
gcaataaacc
tcecatccagt
ttgcgeaacg
gcttcattea
aaaaaagcgg
ttatcactea
tgettttetg
ccgagttgcet
aaagtgctcea
ttgagatcca
ttcaccageg
agggcgacac
tatcagggtt
ataggggttc

tcecttteteg
catatcataa
gattattgac
tggagtteccg
ccegeceatt
attgacgtceca
atcatatgee
atgccecagta
tcgetattac
actcacgggg
aaaatcaacg
gtaggegtgt
cctggagacyg
tcecgeggeeyg
ccgectatag
cttggggeet
ggtgtgggtt
aatcecataac
cttcagagac
aattcacata
gatctcecacg
agcttccaca
cttgctccta
gcegecacaag
cacggctgac
tgttgtatte
cagtgtagte
gactaacaga
actcgatatt
caacagctta
acttggececgt
attgttaggt
ctttatctgt
gcaaaaacga
ttatgagaaa
agccgacctt
ctttaaagtg
aagaggaaaa
acatgatatg
tccaatctea
ctcgacacgg
gecatgggtt
tatctattecg
cggactaggce
aatcgceetg
ttgggacaag
cttaggcatg
ggctgcaacc
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2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961

ctactagctce
tctagagcga
ctttaaaaat
tgectacate
tgaacattat
gatgcctatce
aggtaaacgc
aatgttaatt
attaagttaa
cattaggcac
ageggataac
aacccteact
agtggatcecce
catcagattyg
attggctcat
taatcaatta
acggtaaatg
acgtatgttc
ttacggtaaa
attgacgtca
gactttccta
ttttggecagt
caccceattyg
tgtcgtaaca
tatataagca
tttgacctee
ggaacgcgga
accecetttgg
teccttatget
gaccactcce
acaactatct
gtatttttac
teeceegtge
cgtgtteegg
cccatgecte
gacttaggca
ggtatgtgtc
ttaaggcagc
aggtaactce
ttgctgeege
tgggtctttt
gtgtttacct
atgaatttet
tcggetgege
gtaaagccgg
gectggatga
aaaagcaaaa
atctcaagag
gacacagceeyg
cceccgaatt
teggtettee
tgccetggtea
accagcggcg
aacgtggtga
cacaagccca
cacacatgcc
cccccaaaac
gtggacgtga
gtgcataatg
agcgtectea
tccaacaaag
cgagaaccac
agcctgacct
aatgggcage
ttctteetet
tecatgetceeg
tetecgggta
tcagtgtece

aaaatttatt
tcegggatcet
aaaaaacaat
acaacaaaaa
cttgattata
attggttgga
cattgtcage
ctcgttgace
ggtggataca
ceecaggettt
aatttcacac
aaagggaaca
ccgggetgea
gctattggcec
gteccaacatt
cggggtcatt
gcecgeetgyg
ccatagtaac
ctgececactt
atgacggtaa
cttggcagta
acatcaatgg
acgtecaatgg
actcecgecce
gagctegttt
atagaagaca
ttececgtge
ctcttatgea
ataggtgatg
ctattggtga
ctattggcta
aggatggggt
cegeagtttt
acatgggcte
cagcggcetea
cagcacaatg
tgaaaatgag
ggcagaagaa
cgttgeggtg
gegegecace
ctgcagtcac
atatatctaa
caaggatatt
cagagccgaa
gggggtcect
gctgggtceg
ttgatggtgg
atgattcaaa
tatattactg
ggggccaggg
ccectggceace
aggactactt
tgcacacctt
ccgtgeccte
gcaacaccaa
caccgtgece
ccaaggacac
gccacgaaga
CCaagacaaa
ccgteectgea
ccecteceage
aggtgtacac
gcectggteaa
cggagaacaa
acagcaagct
tgatgcatga
aagecgccaga
caggacaaac

cacacatggt
cgggaaaage
tactcagtgce
ctgatttaac
ttattgataa
atgaacttga
aaattgatce
ctgagcactg
catcttgtca
acactttatg
aggaaacagc
aaagctggag
ggaattcgat
attgcatacg
accgecatgt
agttcatagce
ctgacegcecc
gccaataggg
ggcagtacat
atggeecgee
catctacgta
gcgtggatag
gagtttgttt
attgacgcaa
agtgaaccgt
cecgggacega
caagagtgac
tgctatactg
gtatagectta
cgatactttc
tatgccaata
ccecatttatt
tattaaacat
ttetecggta
tggtcgeteg
cccaceacea
cgtggagatt
gatgcaggca
ctgttaacgg
agacataata
cgteggatca
atttaatatt
tttettegtg
aggtacccag
tagagtctce
cecaggcetceeca
gacaacagac
aaacacgtta
taccacgggg
aaccctggte
ctecctecaag
ccecgaaccey
tecggetgtce
cagcagcettg
ggtggacaag
agcacctgaa
cctcatgatce
ccctgaggte
gcegegggag
ccaggactgg
cceccatecgag
cctgecceca
aggcttctat
ctacaagacc
caccgtggac
ggctctgceac
gcecgaagett
ggccaggatc

27

tacgctttgg
gttggtgace
ctgttataag
aaatggttgg
taataaaaac
aaaaaattag
aagagaacca
atgaatccce
tatgatcceyg
ctteceggete
tatgaccatg
ctccacegeg
atcaagctta
ttgtatccat
tgacattgat
ccatatatgg
aacgaccecce
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggeggta
cagatecgect
tecagectee
gtaagtaccyg
tttttggett
gcctataggt
cattactaat
ctetgteett
atttacaaat
agcgtgggat
geggeggage
gcagctcctt
cecagtgtgee
gggctcgeac
gctgagttgt
tggagggcag
gectgacagac
atcattcatce
tegtttatta
ttcgetttgg
gtgcagetge
tgtgecagect
g99aaggggc
tatgctgeac
tatctgcaaa
attatgataa
accgtetect
agcacctctg
gtgacggtgt
ctacagtcct
ggcacccaga
aaagttgagc
ctcetggggg
teeceggacee
aagttcaact
gagcagtaca
ctgaatggca
aaaaccatct
tcecegggatg
ccecagegaca
acgceteecg
aagagcaggt
aaccactaca
tcctatgage
acctgctetg

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

ggaaattaty
aaaggtgcct
Cagcaattaa
tctgccttag
cttatcccta
ccttgaatac
acttaaagct
taatgatttt
gtaatgtgag
gtatgttgtyg
attacgccaa
gtggcggccg
tcgatacege
atcataatat
tattgactag
agttecegegt
gcccattgac
gacgtcaaty
atatgtcaag
ccecagtacat
ctattaccat
cacggggatt
atcaacggga
ggcgtgtacg
ggagacgcca
gcggeeggga
cctatagact
ggggcectata
gtgggttatt
ccataacatyg
cagagactga
tcacatatac
ctecacgaga
ttccacatce
gctcctaaca
gcacaaggcec
ggctgacgca
tgtattetga
tgtagtctga
taacagactg
tegtgactte
aaatttaata
ttetggettt
aggagtcgag
ctggattcac
tggagtgggt
ccgtgaaagg
tgaatagect
catttggggyg
cagcctccac
ggggcacage
cgtggaacte
caggactcta
cctacatcetg
ccaaatcttg
gaccgteagt
ctgaggtcac
ggtacgtgga
acagcacgta
aggagtacaa
Ccaaagccaa
agctgaccaa
tegeegtgga
tgetggacte
ggcagcaggg
cgcagaagag
tgacacagce
gagatgcatt

aggggatcge
tttatcatca
ttatgattga
aaagtatatt
tccaagaagt
attactggta
ttectgacgg
ggtaaaaatc
ttagetcact
tggaattgtg
gegegeaatt
ctctagaact
tgacetegag
gtacatttat
ttattaatag
tacataactt
gtcaataatg
ggtggagtat
tacgccecect
gaccttatgg
ggtgatgegg
tccaagtctt
ctttccaaaa
gtgggaggte
teecacgetgt
acggtgecatt
ctataggcac
cacceccget
gaccattatt
gctctttgee
cacggactct
aacaacgccg
atctcgggta
gagecctggt
gtggaggcca
gtggcggtag
gatggaagac
taagagtcag
gcagtactcg
ttectttceca
ttcgtgtgtg
tatttcgacg
gtcaacagtt
gggaggettg
tttcagaaac
cggccgtatt
cagattcace
gaaagccgag
agttatcccet
caagggecca
ggccetggge
aggcgceeetg
ctteettage
caacgtgaat
tgacaaaact
cttectette
atgcgtggtg
cggcgtggag
ccgtgtggte
gtgcaaggtce
agggcagece
gaaccaggte
gtgggagagc
cgacggetce
gaacgtette
cctcteectyg
accetcggtyg
gccagaaaaa
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7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9501
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041

tatgtttatt
agcaaacgac
accttgacta
gacagcagtg
cagcccaagg
aacaaggecca
tggaaggcag
agcaacaaca
cacaaaagct
cctgcagaat
gcgccatgac
attgctgett
gcaagaaata
cacattcctt
ctgcccatga
agatcctgat
ttgccteece
gecgceteactg
taatcgecett
cgatcgecect
attttgttaa
gaaatcggca
ccagtttgga
accgtctate
ttaacttaat
aattaacatt
tggttatgca
aatttattge
ttttatttga
tcattatatt
tttactcece
gtaaaacgct
aataacagca
tccectgtaaa
aggtaaagcg
agatataaac
cgtttttteg
aaaagaccaa
taatagcacc
gcatcgttaa
gegegettgg
attccacaca
agctaactca
tgecagetge
tettecgett
tcagctcact
aacatgtgag
tttttecata
tggcgaaacc
cgetctectyg
agegtggege
tccaagetgg
aactatcgtc
ggtaacagga
cctaactacg
accttecggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgategttg

ggtaccagca
cctecgggat
tcagtgggge
gttatcatag
ctgcececte
cactggtgtg
atagcagecc
agtacgecgge
acagctgceca
gttecacecgeg
teectetegtg
cctetgeecet
aaatctcaac
cceccageace
gagaaatcca
taacaggtgt
tcgaggagag
gcecgtegtte
gcagcacatc
tcccaacagt
aattcgegtt
aaatccectta
acaagagtcc
agggcgatgg
gatttttacc
ccgteaggaa
tatcgcaata
tatttacege
agctaaatct
tcgeggaata
tgagcettgag
aaaccaataa
aacagtaatg
gcaccttget
atcccaccac
gctaaaaagg
cccatttagt
gacccgtaat
acaccgtget
ataagtgatg
cgtaatcatg
acatacgagce
cattaattgce
attaatgaat
cetegeteac
caaaggeggt
caaaaggcca
ggctecgece
cgacaggact
ttecgacect
tttcteatag
getgtgtgea
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgecaagea
ctacggggtce
tatcaaaaag
aaagtatata
tcteagegat
ctacgatacg
getcacegge
gtggtcctge
taagtagtte
tgtcacgcete
ttacatgatc
tcagaagtaa

gaagtcaggce
ccctgagaga
ccaggtggaa
ggaggtgtte
ggtcactctg
tctcataagt
cgtcaaggcg
cagcagctac
ggteacgeat
gagggaggga
cceceeegeac
tectegteac
atctaaatgg
ccttgectgea
gttcaatatt
tttgtattat
gcecggtace
tacaacgtcg
ccectttege
tgcgecagect
aaatttttgt
taaatcaaaa
actattaaag
cccactacte
aaaatcatta
agcttatgat
catgcegaaaa
ggctttttat
tetttategt
acatcatttg
gggttaacat
tccaaatcca
ggccaataac
gatgactcett
cagccaataa
caaatgcact
ggctattett
gaaaagccaa
ggattggcta
tataccgatc
gtecatagetg
cggaagcata
gttgegetea
cggecaacge
tgactegetg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gecgettace
ctcacgcetgt
cgaacccecce
cccggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgceteag
gatcttcacce
tgagtaaact
ctgtectattt
ggagggetta
tececagattta
aactttatcc
gccagttaat
gtcegtttggt
ccecatgttg
gttggccgea

28

caggcccetg
ttctetggcet
gatgaaggtg
agcggaggga
ttcccaccct
gactcctace
ggagtggaga
ctgagectga
gaagggagcea
agggeccttt
ggaacactga
tctgaatgtyg
gtttcctgag
ggccagtgee
ttccaaagea
ctgtgcttte
caattegececa
tgactgggaa
cagctggegt
gaatggcgaa
taaatcaget
gaatagaccg
aacgtggact
cgggatcata
ggggattcat
gatgatgtge
acctaaaaga
tgagcttgaa
aaaaaatgce
gtgacgaaat
gaaggtcate
gccatcccaa
accggttgea
tgtttggata
aattaaaaca
actatctgca
cetgecacaa
ccatcatgcet
tcaatgcget
agettttgtt
tttcetgtgt
aagtgtaaag
ctgeeegett
gcggggagag
cgeteggteg
tcecacagaat
aggaaccgta
catcacaaaa
caggcgttte
ggatacctgt
aggtatctca
gttcageccg
cacgacttcat
ggcggtgcta
tttggtatct
tcecggceaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtetgaca
cgttcatceca
cecatetggece
tcagcaataa
gecetecatee
agtttgegea
atggctteat
tgcaaaaaag
gtgttatcac

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

tggtggtcat
ccagctceagy
actactactg
ccaagctgac
cctetgagga
cgggageccgt
ccaccacace
cgcttgagea
cegtggagaa
ttgaaggggayg
tgtgcagagg
gcttetttge
atttttcaag
aggcaccaac
aaatggatta
gcttcaccea
tatagtgagt
aaccetggceyg
aatagcgaag
tggaaattgt
cattttttaa
agatagggtt
ccaacgtcaa
tgacaagatg
cagtgctcag
ttaaaaactt
gcttgecgat
agataaataa
ctcttgggtt
aactaagcac
gatagcagga
attggtagtg
ttggtaaggc
gacatcacte
gggaaaacta
ataaatccga
aggcttggaa
attcatcatc
gaaataataa
ccctttagtyg
gaaattgtta
cctggggtge
tececagteggg
geggtttgeg
ttcggctgeg
caggggataa
aaaaggecge
atcgacgctce
cecctggaag
cegectttet
gttcggtgta
accgetgege
cgceactgge
cagagttctt
gegetetget
aaaccaccgce
aaggatctea
actcacgtta
taaattaaaa
gttaccaatg
tagttgcctg
ccagtgcetge
accagecage
agtctattaa
acgttgttge
tcagctececgg
cggttagete
tcatggttat

ctatgaggac
gacaatggcc
ttactcaact
cgtcctaggt
gcttcaagece
gacagtggcc
ctccaaacaa
gtggaagtcc
gacagtggcc
aggaaacttc
gccectetgee
tactgccaca
agtcgttaag
ttggctactg
catatgecct
cattatccea
cgtattacge
ttacccaact
aggecccgcac
aagcgttaat
ccaataggce
gagtgttgtt
agggcgaaaa
tgtatccace
ggtcaacgag
actcaatggc
aaaaaaggcc
aatagatagg
atcaagaggg
ttgtctecty
taataataca
aatgattata
tcaccaataa
cctgtaatge
accaaccette
gecagtactgce
tactgagtgt
acgatttctg
tcaacaaatg
agggttaatt
tecgetceaca
ctaatgagtyg
aaacctgtcg
tattgggcge
gcgageggta
cgcaggaaag
gttgetggeg
aagtcagagy
ctecetegtyg
ccetteggga
ggtcgttege
cttatceggt
agcagccact
gaagtggtgg
gaagccagtt
tggtageggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actceccegte
aatgataccg
cggaagggce
ttgttgecegg
cattgctaca
ttecccaacga
ctteggtect
ggcagcactg
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11101
11161
11221
11281
11341
11401
11461
11521
11581

cataattcte
accaagtcat
cgggataata
tcggggcegaa
cgtgcaccca
acaggaaggce
atactcttee
tacatatttg
aaagtgccac

ttactgtcat
tetgagaata
ccgecgecaca
aactctcaag
actgatctte
aaaatgccge
tttttcaata
aatgtattta

gccatecegta
gtgtatgegg
tagcagaact
gatcttacceyg
agcatctttt
aaaaaaggga
ttattgaagce
gaaaaataaa

agatgctttt
cgaccgagtt
ttaaaagtge
ctgttgagat
actttcacca
ataagggcga
atttatcagg
caaatagggg

SEQ ID NO:101 {pTnMCS (CMV-prepro~HCPro-Lys-CPA))
1 ctgacgcgee ctgtagegge gcattaagcg cggegggtgt ggtggttacg cgecagegtga

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

cecgetacact
ccacgttcge
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgccc
catgacctta
catggtgatg
attteccaagt
ggacttteea
acggtgggag
ccatecacge
ggaacggtge
actctatagg
atacacccce
attgaccatt
atggetcettt
tgacacggac
tacaacaacg
cgaatctcgg
tcegagecet
acagtggagg
gccgtggegg
gcagatggaa
tgataagagt
tgagcagtac
ctgttecttt
ttacacgact
acgttggett
aacctgccaa

aatcgtcacc:

tcgggeaata
cttatggtat
gegttecege
gcgagceattce
ccatggtata
gtacaatatg
tcatctagtce
tgccaaattce
actcattgte
ctagcaacta
aagcgaatgc
ctacgccata
atgettcaac
cacttccagg
gaagttttge
ctactagcete
tctagagcega
ctttaaaaat
tgectacatce
tgaacattat
gatgcctate
aggtaaacge
aatgttaatt

tgecagegee
cggcatcaga
tatattggcet
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
cteccacccea
aaatgtcgta
gtctatataa
tgttttgace
attggaacgc
cacacceett
gettecttat
attgaccact
gcecacaacta
tetgtatttt
cegtececcg
gtacgtgtte
ggtcccatge
ccagacttag
tagggtatgt

gacttaaggc

cagaggtaac
tcgttgectge
ccatgggtet
ctctttacca
gacacgeatt
ccaaagegag
tccacaaaga
cgatgcceceat
tgcgagette
tttcagagea
taccgagtaa
aatccgttga
cagacctagy
actcaaagac
tattgtataa
accacccgte
acttacctgt
agattgaaga
gccgaacgag
taacatgttg
ctaacacagt
ggcattcetgg
aaaatttatt
teegggatcet
aaaaaacaat
acaacaaaaa
cttgattata
attggttgga
cattgtcage
ctegttgace

ctagcgceecyg
ttggctattyg
catgtccaac
ttacggggte
atggeccgee
ttcececatagt
aaactgecea
tcaatgacgy
ctacttggea
agtacatcaa
ttgacgtcaa
acaactccge
gcagagcteg
tccatagaag
ggattceceyg
tggctettat
gctataggtyg
cecectattgg
tctctattgy
tacaggatgg
tgceccgeagt
cggacatggg
ctecagegge
gcacagcaca
gtetgaaaat
agcggcagaa
tecegttgeg
cgegegegec
tttctgeagt
attctgeccce
acttgactgt
aacaaaacat
gcgactceget
tgtacttgtt
agtcgeacta
atgttcaaag
cacecacaceg
gaagctgggt
agcggaaaac
tttaggctat
atctegetcet
acctaaaatc
tgaaattcga
aacctteega
cagctcagag
gcttgeggge
cagaaatcga
ctacacaata
cacacatggat
cgggaaaagc
tactcagtgc
ctgatttaac
ttattgataa
atgaacttga
aaattgatcce
ctgagcactg

29

ctectttege
gccattgecat
attaccgcea
attagttcat
tggctgacceg
aacgccaata
cttggcagta
taaatggcee
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
tttagtgaac
acaccgggac
tgccaagagt
gecatgctata
atggtatagce
tgacgatact
ctatatgcca
ggtcccattt
ttttattaaa
ctcttctecg
tecatggtege
atgecccacca
gagcgtggag
gaagatgcag
gtgetgttaa
accagacata
caccgtcgga
gaattacact
aaaactctca
aacatcaaac
gtataccgtt
gactggtcetg
cacggtcgtt
aaagcteatg
ctcattgtca
tggtactggt
tggaaaccta
aagaggctga
aaaggccgaa
tactcagegt
acacccaaac
gacttgaaaa
cgttttgata
gttcatgete
aacgtactct
acaagggaag
tacgetttgyg
gttggtgace
ctgttataag
aaatggttgg
taataaaaac
aaaaaattag
aagagaacca
atgaatccce

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

ctgtgactqgg
getettgeee
tcatcattgg
ccagttecgat
gegtttetgg
cacggaaatg
gttattgtct
ttecgegeac

tttettecet
acgttgtatce
tgttgacatt
agcccatata
cccaacgacc
gggactttcc
catcaagtgt
gcctggeatt
gtattagtca
tagcggtttg
ttttggeacce
caaatgggcg
cgtcagatcg
cgatccagee
gacgtaagta
ctgtttttgy
ttagcctata
ttceattact
atactctgte
attatttaca
catagcgtgg
gtageggegy
teggcagete
ccaccagtgt
attgggctcyg
gcagctgagt
cggtggaggy
atagctgaca
ccatgtgega
taaaacgact
ctettaccga
gaatcgacceg
ggcatgctag
atattcgtoga
ctgttactct
accaatttct
gtgatgetgg
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcagcg
cggcaaagga
aacttgttaa
gtcctgecta
tcatgetgcet
agaaacaagg
caacagtteg
acttactegt
ggaaattatg
aaaggtgcct
cagcaattaa
tetgecttag
cttatcecta
ccttgaatac
acttaaaget
taatgatttt

tgagtactca
ggegteoaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatacte
catgagegga
atttccecega

tecttteteg
catatcataa
gattattgac
tggagttecg
cecegeccatt
attgacgtca
atcatatgcec
atgceccagta
tcgetattac
actcacgggg
aaaatcaacg
gtaggegtgt

.cctggagacy

teegeggeeg
ccgectatag
cttgagggeet
ggtgtgggtt
aatccataac
cttcagagac
aattcacata
gatctceacg
agcttccaca
cttgetecta
gccgeacaag
cacggctgac
tgttgtattce
cagtgtagtc
gactaacaga
actcgatatt
caacagcetta
acttggecgt
attgttaggt
ctttatctgt
gcaaaaacga
ttatgagaaa
agcegaccett
ctttaaagtyg
aagaggaaaa
acatgatatg
tececaatctea
ctcgacacgg
gccatgggtt
tatctatteg
cggactaggce
aatecgcectyg
ttgggacaag
cttaggeatyg
ggctgcaacc
aggggatcge
tttatcatca
ttatgattga
aaagtatatt
tccaagaagt
attactggta
ttcctgacgg
ggtaaaaatc
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3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441

attaagttaa
cattaggcac
agcggataac
aaccctcact
agtggatcce
catcagattg
attggctceat
taatcaatta
acggtaaatg
acgtatgtte
ttacggtaaa
attgacgtca
gactttecta
ttttggcagt
cacccececattg
tgtcgtaaca
tatataagca
tttgacctce
ggaacgcgga
acccetttgyg
tecttatget
gaccactcee
acaactatct
gtatttttac
tecececegtge
cgtgttecgg
cccatgecte
gacttaggca
ggtatgtgte
ttaaggcagc
aggtaactcc
ttgctacege
tgggtctttt
gtgtttacct
atgaatttct
tcggetgege
gtaaagccgg
gectggatga
aaaagcaaaa
atctcaagag
gacacagceg
ccceccgaatt
tcggtettee
tgcetggtea
accageggeg
aacgtggtga
cacaagceca
cacacatgec
ccecccaaaac
gtggacgtga
gtgcataatg
agcgtectea
tccaacaaag
cgagaaccac
agcctgacct
aatgggcagc
ttcttectet
tcatgcetceceg
tctecgggta
gtgtcagtgt
aaatatgttt
gacagcaaac
gccaccttga
actgacagca
ggtcagceca
gccaacaagg

gectggaagg
caaagcaaca

ggtggataca
cccaggettt
aatttecacac
aaagggaaca
ccgggcetgcea
gctattggec
gtccaacatt
cggggtcatt
gcecgeetgg
ccatagtaac
ctgecccactt
atgacggtaa
cttggcagta
acatcaatgg
acgtcaatgg
actcegecee
gagctegttt
atagaagaca
tteceegtge
ctcttatgea
ataggtgatg
ctattggtga
ctattggcta
aggatggggt
cegeagtttt
acatgggctce
cagcggcetca
cagcacaatg
tgaaaatgag
ggcagaagaa
cgttgeggty
gcgegeecace
ctgcagteac
atatatctaa
caaggatatt
cagagccgaa
gggggtcecct
gctgggtceg
ttgatggtgg
atgattcaaa
tatattactg
ggggccaggg
cecctggeace
aggactactt
tgcacacctt
cegtgeccte
gcaacaccaa
caccgtgcec
ccaaggacac
gececacgaaga
ccaagacaaa
cegtectgea
cecteecage
aggtgtacac
gecetggteaa
cggagaacaa
acagcaagct
tgatgcatga
aagcgccaga
cececaggaca
attggtaceca
gacccteegy
ctatcagtgg
gtggttatca
aggctgeace
ccacactggt
cagatagcag
acaagtacgc

catcttgteca
acactttatg
aggaaacagc
aaagctggag
ggaattcgat
attgcatacg
accgecatgt
agttcatagc
ctgaccgecc
gccaataggg
ggcagtacat
atggcecgec
catctacgta
gcgtagatag
gagtttgttt
attgacgcaa
agtgaacegt
ccgggaccga
caagagtgac
tgctatactg
gtatagctta
cgatactttc
tatgccaata
ceccatttatt
tattaaacat
ttcteceggta
tggtegeteg
cccaccacea
cgtggagatt
gatgcaggca
ctgttaacgg
agacataata
cgteggatca
atttaatatt
tttcttegtg
aggtacccag
tagagtctcec
ccaggcteca
gacaacagac
aaacacgtta
taccacggag
aaccctggtce
ctectcoraag
ceccegaacceg
tceggetgte
cagcagcttg
ggtggacaag
agcacctgaa
cctecatgatce
cecetgaggte
gccgegggag
ccaggactgyg
ccecatcocgag
cctgececececa
aggcttctat
ctacaagacc
cacecgtggac
ggctetgeac
gccgaaaaag
aacggecagg
gcagaagtca
gatccctgag
ggccecaggtg
tagggaggtg
ctcggteact
gtgtctcata
ccecgtceaag
ggecagceage

30

tatgatceeg
ctteceggete
tatgaccatg
ctececaccgeg
atcaagctta
ttgtatccat
tgacattgat
ccatatatgg
aacgaccece
actttccatt
caagtgtatc
tggcattatg
ttagtcatcg
cggtttgact
tggcaccaaa
atgggeggta
cagatcgeet
tececagectcece
gtaagtaccyg
tttttggect
gcctataggt
cattactaat
ctctgtecett
atttacaaat
agcgtgggat
gcggcggage
gcagctecett
ccagtgtgcc
gggctcegcac
gctgagttgt
tggagggcag
gctgacagac
atcattcatc
tcgtttatta
ttcgectttgg
gtgcagctgce
tgtgcagect
gggaaggggce
tatgetgcac
tatctgcaaa
attatgataa
accgtetect
agcacctetg
gtgacggtgt
ctacagtcct
ggecacccaga
aaagttgagce
ctectggggg
tceecggacee
aagttcaact
gagcagtaca
ctgaatggca
aaaaccatct
teecegggatg
cccagcgaca
acgectceeg
aagagcaggt
aaccactaca
ctttectatg
atcacctget
ggecaggcecc
agattctctg
gaagatgaag
ttcagcggag
ctgttcceac
agtgactcct
gcgggagtgg
tacctgagcce

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

gtaatgtgag
gtatgttgtg
attacgccaa
gtggcggecg
tcgataccge
atcataatat
tattgactag
agttceccgegt
gcceattgac
gacgtcaatg
atatgtcaag
cccagtacat
ctattaccat
cacggggatt
atcaacggga
ggegtgtacg
ggagacgcca
geggeeggga
cctatagact
ggggectata
gtgggttatt
ccataacatg
cagagactga
tcacatatac
ctecacgega
ttccacatecc
getectaaca
gcacaaggcce
ggctgacgeca
tgtattctga
tgtagtctga
taacagactg
tegtgactte
aaatttaata
ttctggettt
aggagtcggg
ctggattcac
tggagtgggt
ccgtgaaagy
tgaatagect
catttgaggg
cagcctecac
ggggcacagce
cgtggaactce
caggactcta
cctacatctg
ccaaatettg
gaccgtcagt
ctgaggtcac
ggtacgtgga
acagcacgta
aggagtacaa
ccaaagccaa
agctgaccaa
tegecgtgga
tgectggacte
ggcagcaggg
cgecagaagag
agctgacaca
ctggagatge
ctgtggtggt
gctceagete
gtgactacta
ggaccaagct
cctectctga
acccgggage
agaccaccac
tgacgecttga

ttagetcact
tggaattgtg
gcgcegeaatt
ctctagaact
tgacctcgag
gtacatttat
ttattaatag
tacataactt
gtcaataatg
ggtggagtat
tacgecceect
gaccttatgg
ggtgatgegg
tccaagtett
ctttecaaaa
gtgggaggtc
tccacgetgt,
acggtgcatt
ctataggcac
caccceeget
gaccattatt
gectetttgee
cacggactect
aacaacgccg
atctegggta
gagccctggt
gtggaggcca
gtggcggtag
gatggaagac
taagagtcag
gcagtacteg
ttcctttceea
ttcgtgtgtg
tatttcgacg
gtcaacagtt
gggaggettyg
tttcagaaac
cggeegtatt
cagattcacc
gaaagccgag
agttateccet
caagggcceca
ggccctgggc
aggcgcectyg
cttecttage
caacgtgaat
tgacaaaact
cttectette
atgcgtggtg
cggegtggag
cecgtgtggte
gtgcaaggte
agggcagccc
gaaccaggtc
gtgggagagce
cgacggcetee
gaacgtctte
cctctceectyg
geccacectey
attgccagaa
catctatgag
agggacaatg
ctgttactca
gaccgtcecta
ggagcttcaa
cgtgacagtyg
accctccaaa
gcagtggaag
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7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8lel
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521

tcccacaaaa
gceeccetgcag
ttegegecat
geccattgetyg
acagcaagaa
aagcacattc
ctgctgcecca
cctagatect
ccattgeecte
cgegegetca
acttaatcge
caccgatcgce
aatattttgt
gccgaaatceg
gttccagttt
aaaaccgtet
accttaactt
gagaattaac
ggectggttat
gccaatttat
aggttttatt
gggtcattat
ctgtttacte
acagtaaaac
ataaataaca
taatccetgt
tgcaggtaaa
ttcagatata
tgccgttttt
tgtaaaagac
ctgtaatagc
atggecatcgt
attgcgceget
acaattceac
gtgagctaac
tegtgecage
cgctcttecg
gtatcagctc
aagaacatgt
gcgtttttee
aggtggcgaa
gtgegetete
ggaagcgtgyg
cgctccaage
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg
ggtggttttte
cctttgatet
ttggtcatga
tttaaatcaa
agtgaggcac
gtecgtgtaga
ccgcegagace
gccgagcegea
cgggaagcta
acaggcatceg
cgatcaagge
cectecgateyg
ctgcataatt
tcaaccaagt
atacgggata
tcttecgggge
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat

gctacagctg
aatgttcacc
gactectete
cttectetge
ataaaatctc
cttceeecage
tgagagaaat
gattaacagyg
ccetegaggg
ctggeegteg
cttgcagcac
cctteccaac
taaaattege
gcaaaatcce
ggaacaagag
atcagggega
aatgattttt
attcecgtcag
gcatategea
tgctatttac
tgaagctaaa
atttegegga
ccetgagett
gctaaaccaa
gcaaacagta
aaagcacctt
gcgateccac
aacgctaaaa
tegeeccattt
caagacccgt
accacaccgt
taaataagtg
tggcgtaatce
acaacatacg
tcacattaat

‘tgcattaatg

cttecteget
actcaaaggc
gagcaaaagg
ataggectceg
acccgacagg
ctgttcecgac
cgetttctea
tgggctgtgt
gtcttgagte
ggattagcag
acggctacac
gaaaaagagt
ttgtttgeaa
tttetacggg
gattatcaaa
tctaaagtat
ctatcteage
taactacgat
cacgctcace
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgegee
gaaaactetc
ccaactgatce
ggcaaaatgc
tcctttttca
ttgaatgtat

ccaggtcacyg
gcggagggag
gtgceececeg
cettectegt
aacatctaaa
acccettget
ccagttcaat
tgttttgtat
ggggcccggt
ttttacaacg
atcceccettt
agttgcgcag
gttaaatttt
ttataaatca
tcecactatta
tggecccacta
accaaaatca
gaaagcttat
atacatgcga
cgecggctttt
tcttetttat
ataacatcat
gaggggttaa
taatccaaat
atgggccaat
getgatgact
caccagccaa
aggcaaatge
agtggctatt
aatgaaaagc
gctggattgag
atgtataccg
atggtcatag
agececggaagce
tgcgttgege
aatcggccaa
cactgactcyg
ggtaatacgg
ccagcaaaag
ccececectgac
actataaaga
cctgecgett
tagctcacgce
gcacgaaccc
caacccggta
agcgaggtat
tagaaggaca
tggtagetct
gcagcagatt
gtctgacget
aaggatctte
atatgagtaa
gatctgtecta
acgggagggc
ggctecagat
tgcaacttta
ttcgeccagtt
ctecgtegttt
atcceccatyg
taagttggcee
catgccatce
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat

31

catgaaggga
ggaagggccce
cacggaacac
cactctgaat
tgggtttcct
gcaggecagt
attttccaaa
tatctgtgct
acccaatteg
tegtgactgg
cgccagetgg
cctgaatggce
tgttaaatca
aaagaataga
aagaacgtgg
ctecegggate
ttaggggatt
gatgatgatg
aaaacctaaa
tattgagctt
cgtaaaaaat
ttggtgacga
catgaaggtce
ccagccatee
aacaccggtt
ctttgtttgg
taaaattaaa
actactatct
cttectgeca
caaccatcat
ctatcaatgce
atcagcectttt
ctgtttcectg
ataaagtgta
tcactgcecg
cgecgegggga
ctgcgetegy
ttatccacag
gecaggaacce
gagcatcaca
taccaggegt
accggatacc
tgtaggtatc
cecgtteage
agacacgact
gtaggeggtg
gtatttggta
tgatccggea
acgcgcagaa
cagtggaacg
acctagatcc
acttggtctg
tttegtteat
ttaccatctyg
ttatcagcaa
teegecteeca
aatagtttgce
ggtatggett
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggecgaccga
actttaaaag
ccgetgttga
tttacttteca
ggaataaggg
agcatttatc
aaacaaatag

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

geaccgtgga
tttttgaagy
tgatgtgcag
gtggettett
gagattttte
gcecaggeace
gcaaaatgga
ttcgctteac
ccctatagtyg
gaaaaccctyg
cgtaatagcy
gaatggaaat
gctcattett
ccgagatagg
acteccaacgt
atatgacaag
catcagtgct
tgcttaaaaa
agagettgee
gaaagataaa
gcectettgg
aataactaag
atcgatagca
caaattggta
gcattggtaa
atagacatca
acagggaaaa
gcaataaate
caaaggcttg
gctattecate
gctgaaataa
gtteeccttta
tgtgaaattg
aagcctgggg
ctttecagte
gaggeggttt
tegtteggcet
aatcagggga
gtaaaaagge
aaaatcgacg
tteceectgg
tgtcecgectt
tcagttcggt
ccgaccgetg
tatcgecact
ctacagagtt
tetgegetet
aacaaaccac
aaaaaggatc
aaaactcacg
ttttaaatta
acagttacca
ceatagttge
gecccagtge
taaaccagcc
teccagtctat
gcaacgttgt
cattcagcte
aagcggttag
cactcatggt
tttctgtgac
gttgetettg
tgctcatcat
gatcecagtte
ccagegttte
cgacacggaa
agggttattyg
gggtteegeg

gaagacagtg
gggaggaaac
agggecctcet
tgctactgec
aagagtcgtt
aacttggcta
ttacatatgc
ccacattatc
agtecgtatta
gcgttaccea
aagaggecccg
tgtaagcgtt
taaccaatag
gttgagtgtt
caaagggcga
atgtgtatce
cagggtcaac
cttactcaat
gataaaaaay
taaaatagat
gttatcaaga
cacttgtctc
ggataataat
gtgaatgatt
ggctcaccaa
ctcectgtaa
ctaaccaacc
cgagcagtac
gaatactgag
atcacgattt
taatcaacaa
gtgagggtta
ttatccgete
tgecctaatga
gggaaacctyg
gegtattggg
gcggegageg
taacgcagga
cgegttgetg
ctcaagtcag
aagctcecte
tcteectteg
gtaggtegtt.
cgeettatee
ggcagcagcc
cttgaagtgg
getgaagcca
cgctggtage
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaate
ctgactcecee
tgcaatgata
agccggaagyg
taattgttge
tgccattget
cggttcccaa
ctecectteggt
tatggcagea
tggtgagtac
cceggcgtea
tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tctecatgage
cacatttcce
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SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
%261
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
ie81
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841

cgaaaagtge

cac

102 {pTnMod (CHOvep-prepro-HCPro-CPA))
geattaageg cggegggtgt

ctgacgcgee
ccgectacact
ccacgttcge
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
ccatccacge
ggaacggtge
actctatagg
atacacccce
attgaccatt
atggctcttt
tgacacggac
tacaacaacyg
cgaatctegg
tccgageoct
acagtggagyg
gcegtggegg
gcagatggaa
tgataagagt
tgagcagtac
ctgtteettt
ttacatgatt
acgttggcett
aacctgecaa
aatcgtceace
tcgggcaata
cttatggtat
gcgtteceege
gcgagcatte
ccatggtata
gtacaatatg
tcatctagte
tgccaaatte
actcattgtce
ctagcaacta
aagcgaatge
ctacgcecata
atgcttcaac
cactteccagg
gaagttttge
ctactagete
agatcactte
gatctgetgt
tgaccetgga
attgtctgag
aggattggga
tctectetete
tctetetete
tgcettttat
attaattatg
cttagaaagt
ccctatccaa
aatacattac
aagetttcet
attttggtaa
gtgagttage

ctgtageggce
tgcecagegee
cggcatcaga
tatattgget
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacy
tgggactttc
cggttttgge
ctececacceca
aaatgtcgta
gtctatataa
tgttttgace
attggaacgce
cacacccett
gcttecttat
attgaccact
gccacaacta
tetgtattet
ccgtceeacyg
gtacgtgtte
ggtcececatge
ccagacttag
tagggtatgt
gacttaagge
cagaggtaac
,tcgttgetge
ccatgggtet
ctetttacca
gecacgcatt
ccaaagcgag
tccacaaaga
cgatgccecat
tgecgagette
tttcagagca
taccgagtaa
aatccgttga
cagacctagg
actcaaagac
tattgtataa
accaccegtce
acttacctgt
agattgaaga
gcecgaacgag
taacatgttg
ctaacacagt
ggeattctgg
aaaatttatct
tggctaataa
gccttetagt
aggtgecact
taggtgtcat
agacaatagc
tctetetecte
tctectctete
catcacttta
attgatgcct
atatttgaac
gaagtgatgce
tggtaaggta
gacggaatgt
aaatcattaa
tcacteatta

ctagecgeceg
ttggctattg
catgtccaac
ttacggggtc
atggececgec
ttccecatagt
aaactgccea
tcaatgacgyg
ctacttggcea
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctcg
tccatagaag
ggattcceeg
tggctettat
gctataggtg
ccectattgg
tctctattgg
tacaggatgyg
tgcecaegeagqt
cggacatggg
ctccagegge
gcacagcaca
gtctgaaaat
agcggcagaa
tceegttgeg
cgegegegec
tttetgeagt
attctgecece
acttgactgt
aacaaaacat
gcgacteget
tgtacttgtt
agtcgcacta
atgttcaaag
caccacaceg
gaagctgggt
agcggaaaac
tttaggetat
atctecgetcet
acctaaaatc
tgaaattcga
aaccttecga
cagct.cagag
gcttgeggge
cagaaatcga
ctacacaata
cacacatggt
aagatcagag
tgccageeat
cccactgtee
tctattetgg
aggcatgctg
tctetetete
tcggtaccag
aaaataaaaa
acatcacaac
attatcttga
ctatcattgg
aacgcecattg
taattctegt
gttaaggtgg
ggcaccccayg

32

ctecetttege
gccattgeat
attaccgeca
attagttecat
tggctgaccg
aacgccaata
cttggcagta
taaatggece
gtacatctac
tgggegtgga
tgggagtttg
ccecattgacg
tttagtgaac
acaccgggac
tgccaagagt
gcatgctata
atggtatagce
tgacgatact
ctatatgcca
ggtceceattt
ttttattaaa
ctecttetecg
tcatggtcge
atgcecacca
gagcgtggag
gaagatgcag
gtgctgttaa
accagacata
caccgtcgga
gaattacact
aaaactctca
aacatcaaac
gtataccgtt
gactggtctg
cacggtcgtt
aaagctcatg
ctcattgtca
tggtactggt
tggaaaccta
aagaggctga
aaaggccgaa
tactcagegt
acacccaaac
gacttgaaaa
cgttttgata
gttcatgcte
aacgtactct
acaagggaag
tacgctttgg
ctctagagat
ctgttgtttyg
tttecctaata
ggggtygggat
gggatgcggt
tcteteggta
gtgctgaaga
acaattactc
aaaaactgat
ttatattatt
ttggaatgaa
tcagcaaatt
tgaccctgag
atacacatct
gctttacact

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

ggtggttacy
tttettecet
acgttgtatc
tgttgacatt
agcccatata
cccaacgace
gggactttce
catcaagtgt
gecectggeatt
gtattagtca
tagcggtttyg
ttttggeace
caaatgggcyg
cgtcagateg
cgatccagee
gacgtaagta
ctgtttttgg
ttagcctata
ttccattact
atactctgte
attatttaca
catagegtgg
gtagcggegy
teggeagete
ccaccagtgt
attgggctceg
gcagcetgagt
cggtggagag
atagctgaca
ccatgtgtga
taaaacgact
ctcttacecga
gaatcgaccg
ggcatgctag
atattcgtga
ctgttactct
accaatttcet
gtgatgctgg
taagtcgagt
tecagcaactt
ctaaaagcaa
aaaatcageg
cggcaaagga
aacttgttaa
gtcctgecta
teatgetget
agaaacaagg
caacagttcg
acttactegt
ggaaattatg
ctgtgtgttg
ccectecece
aaatgaggaa
ggggcagcac
gggctctatyg
cctetetete
attgaccegg
agtgectgtt
ttaacaaatg
gataataata
cttgaaaaaa
gatccaagag
cactgatgaa
tgtcatatga
ttatgettce

cgcagegtga
tectttetey
catatcataa
gattattgac
tggagttccg
cccgeccatte
attgacgtca
atcatatgce
atgcccagta
tcgetattac
actcacggdyg
aaaatcaacg
gtaggegtgt
cctggagacy
tecegeggecyg
ccgcectatag
cttggggect
ggtgtgggtt
aatccataac
cttecagagac
aattcacata
gatctccacyg
agcttccaca
cttgctecta
geccgeacaag
cacggctgac
tgttatatte
cagtgtagte
gactaacaga
acttgatatt
caacagctta
acttggeegt

‘attgttaggt

ctttatetgt
gcaaaaacga

.ttatgagaaa

agccgacctt |
ctttaaagtg
aagaggaaaa
acatgatatg’
tcecaatetea
ctegacacgg
geccatgggtt
tatctattcg
cggactagge
aatcgececetyg
ttgggacaag
cttaggcatyg
ggectgcaace
ataatgatce
gttttttgtg
gtgcettect
attgecatcge
agcaaggggg
ggtacctcte
tctetetete
tgaccaaagg
ataagcagca
gttggtctge
aaaaccttat
attagccttg
aaccaactta
tcecectaatg
tececggtaat
ggctegtatg
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3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921

ttgtgtggaa
gccaagegeg
ggccgetcta
accgctgace
cttgacctga
cagagagaaa
attcatctgt
atgaaaaggc
tgctecttee
gtaggtttta
ttttggataa
tggtttaggy
ctgacctttt
ttgcacaget
gcaagaagat
ggtagagata
agactttett
aaaaatcagt
tcttgtetta
tcacaaaagg
taggaaagta
atgttgtact
ttetttactg
tatatttgct
ttcacaattc
cactgcaagt
ctatgttttg
gatagattta
agttggetee
tcacgtettg
agaaggatca
taactaataa
taaagatccc
tcttetetee
cccagaatta
aaatctaacc
aacctgtggg
tcattcatet
cgtttattaa
tegetttggt
tgcagctgeca
gtgcagecete
ggaaggggct
atgetgeace
atctgcaaat
ttatgataac
ccgtetecte
gcacctctgyg
tgacggtatc
tacagtcete
gcacccagac
aagttgagcc
tcetgggggg
cececggaccece
agttcaactg
agcagtacaa
tgaatggcaa
aaaccatcte
ccecgggatga
ccagcgacat
cgecteecgt
agagcaggtg
accactacac
cctatgaget
cctgctectgg
aggcccctgt
tetectggete
atgaaggtga

ttgtgagegg
caattaacce
gaactagtgg
tecgagcetgea
tacctgattt
ccatcactga
gacctgagca
aatttccaca
taatgtcaaa
gtgattggat
aaagtgcettt
acagacccac
cttgggacaa
gtgctgggea
tgttgettac
acatttactg
agtggctgaa
tgatacctgt
agtcctcaga
aaggagagaa
attctgctta
tttttcecece
tttgtcaatt
attgtatatt
ctetgtcate
tcatatcata
ctgtatcecte
aatattccag
ttcacatgea
ttctcactta
aatgaaacayg
ttgetaatta
attatetggt
catccaacag
aaaactaata
caatcccatt
tgggtcacaa
cgtgacttct
aatttaatat
tcrggetttg
ggagtegggg
tggattcact
ggagtgggte
cgtgaaagge
gaatagcctg
atttggggga
agcctccacc
gggcacagceg
gtggaactca
aggactctac
ctacatctge
caaatcttgt
accgtecagte
tgaggtcaca
gtacgtggac
cagcacgtac
ggagtacaag
caaagccaaa
gctgaccaag
cgeegtggag
getggactcece
gcagcagggyg
gcagaagagc
gacacagcca
agatgeattyg
ggtggtcatc
cagctcaggg
ctactactgt

ataacaattt
tcactaaagg
atcceeceggg
gaaaaatgcce
tectteaaaca
tggctacage
aaatgatttc
ctcacaatat
attgtagtgg
aagaggcttt
tataactttce
aatgaaatge
gcattgtcaa
gggcegatcca
tetctetaga
ggaagcacat
atagaagcaa
ggtgtagaca
cttagcaagg
acaaaagaaa
acagagattg
atttttaaat

ctattattte:

atgattgtec
tgccaggceeca
aacacatttg
agaaaaaaag
ctataggaaa
tgcttcttta
tgtcectgect
acttctggtce
tgttttcecat
tgtaactgaa
tectgatgga
tttgctetece
aaatgattte
ttcaggetat
tegtgtgtgg
atttcgacga
tcaacagttt
ggaggettgg
ttcagaaacg
ggccgtatta
agattcacca
aaagccgagg
gttatcccte
aagggcccat
gcectggget
ggcgecctga
ttecttagea
aacgtgaatc
gacaaaactc
ttectettee
tgcgtggtgg
ggcgtggagy
cgtgtggtea
tgcaaggtet
gggecagecec
aaccaggtca
tgggagagca
gacggctcct
aacgtcettet
ctectacctgt
ccecteggtgt
ccagaaaaat
tatgaggaca
acaatggcea
tactcaactg

33

cacacaggaa
gaacaaaadc
ctgcaggaat
aggtggacta
ggggaaacaa
accaaggtat
tctetecatg
gcgacaaaga
caaagaggag
gacctgtgag
aggtctcacga
ctggcatagg
acaatgtgtg
ttgccaccta
aagcttctge
ctatcatcac
aagacgtaat
tccagcaaaa
agaatgtaga
atggcactga
cagtgatcte
caaacagtgc
aatacagaac
ctcgaaccat
ttaagttatt
aaattgagta
tttgttataa
gaaagtgcgt
tttectectat
agcatggctc
tgttacctac
ctctaaggtt
gcteaatgga
ttagcagaac
attcaatcca
tatggtgtca
atatteccca
tgtttaccta
tgaatttcte
cggcetgegea
taaagccggg
cctggatgag
aaagcaaaat
tctcaagaga
acacagccgt
ccccgaattg
cggtectteee
gactggteaa
ccagcggegt
acgtggtgac
acaagcccag
acacatgecce
cecccaaaace
tggacgtgag
tgcataatgce
gcgtecteac
ccaacaaagc
gagaaccaca
gecctgacetyg
atgggcagce
tcttecteta
catgctcegt
ctccgggtaa
cagtgtccee
atgtttattg
gcaaacgacc
ccettgactat
acagcagtgg

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

acagctatga
tggagcteca
tegatatcaa
tgaactcaca
cacaatccca
gcaatggeaa
aatggttget
caaacagaga
aacaaaatct
ctcacctgga
gtctttatte
aaagggcagc
acaaaactat
tcccaggtaa
agactgacat
aaaaageagg
taaaaacaaa
aaatattatt
tttccacagt
ctaaacttca

tatgtatgte

tttacagagy
aatagcttcet
gaacactcct
catggaagat
ttggtttgeca
agcattcaca
ctgctctteca
tttgtcaaga
agatgcacgt
aaccatagta
cccatatttt
acatgagcaa
aggcagaaaa
aaatggacct
aaggtcaaac
gggctcagce
tatatctaaa
aaggatattt
agagccgaaa
ggggtcectt
ctgggteege
tgatggtggg
tgattcaaaa
atattactgt
gggccaggga
cctggecacce
ggactacttc
gcacaccttt
cgtgecctce
caacaccaag
accgtgccca
caaggacacc
ccacgaagac
caagacaaag
cgtectgecac
cctcecagee
ggtgtacacc
cctggtcaaa
ggagaacaac
cagcaagete
gatgcatgag
agecgeccagag
aggacaaacg
gtaccagcag
ctececgggate

cagtggggcee
ttatcatagy

ccatgattac
cegeggtgge
gcttatcgat
tccaaaggag
caaaacagct
tcecattcgac
tettteccte
acaattaatg
caagttctga
cttcatatec
atgagactgt
agagccttag
ttgtactgcet
ccttecaact
gcattteata
caagatttte
atgaaacaaa
tgcactacca.
atatatgttt
gctagtggta
ctgaagaatt
tcagaatggt
ataactgaaa.
ccagctgaat
ctttgaggaa
ttgtatggag
cccataaaaa
ctctagtete
aaataatagg
tgtagataca
ataagcacac.
tetgttttet
tattteccag
cacattgtta
attgaaacta
ttctgaaggg
agtggatcaa
tttaatattt
ttcttegtgt
ggtacccagy
agagtctcct
caggcteacag
acaacagact
aacacgttat
accacgggga
accctggtcea
tcctecaaga
ccecgaacegg
ceggcetgtee
agcagcettgg
gtggacaaga
gcacctgaac
ctcatgatct
cctgaggtca
ccgcgggagg
caggactgge
ccecatcgaga
ctgccceecat
ggcettetate
tacaagacca
accgtggaca
getetgeaca
ccgaagettt
gcecaggatca
aagtcaggcec
cctgagagat
caggtggaag
gaggtgttca
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7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
2301
9361
9421
9481
9541
92601
2661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441

© 10501

10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001

gcggagggac
tceecaccecte
actcctacce
gagtggagac
tgagecctgac
aagggagcac
gggecceetttt
gaacactgat
ctgaatgtgg
tttectgaga
gccagtgecea
tccaaagcaa
tgtgcttteg
aattcgecet
gactgggaaa
agctggcegta
aatggegaat
aaatcagcecte
aatagaccga
acgtggacte
gaggatcatat
gggattcate
atgatgtgct
cctaaaagag
gagcttgaaa
aaaaatgcee
tgacgaaata
aaggtcatcg
ccatcccaaa
ccggttgeat
gtttggatag
attaaasacag
ctatctgcaa
ctgccacaaa
catcatgcta
caatgegetg
gettttgtte
ttcetgtgtg
agtgtaaage
tgcecegettt
cggggagagy
geteggtegt
ccacagaate
ggaaccgtaa
atcacaaaaa
aggegtttee
gatacctgtce
ggtatctcag
ttcageccga
acgacttate
geggtgetac
ttggtatectg
ccggcaaaca
gcagaaaaaa
ggaacgaaaa
agatcetttt
ggtctgacag
gttecatccat
catctggecec
cagcaataaa
cctecateca
gtttgcgcaa
tggctteatt
gcaaaaaagc
tgttatcact
gatgctttte
gaccgagttg
taaaagtgcet

caagctgacc
ctetgaggag
gggagcegtg
caccacacee
gcttgageag
cgtggagaag
tgaaggggga
gtgcagaggg
cttectttget
tttttecaaga
ggcaccaact
aatggattac
cttcacccac
atagtgagtc
accctggegt
atagcgaaga
ggaaattgta
attttttaac
gatagggttg
caacgtcaaa
gacaagatgt
agtgctcagg
taaaaactta
cttgccgata
gataaataaa
tcttggatta
actaagcact
atagcaggat
ttggtagtga
tggtaagget
acatcactcc
ggaaaactaa
taaatcegag
ggcttggaat
ttecatcatca
aaataataat
cetttagtga
aaattgttat
ctggggtgec
ccagteggga
cggtttgegt
tcggetgegg
aggggataac
aaaggccgceg
tegacgctca
ccetggaage
cgectttete
tteggtgtag
cegetgegee
gccactggea
agagttcttg
cgctctgetg
aaccaccget
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatge
agttgectga
cagtgctgea
ccagccagcee
gtctattaat
cgttgttgee
cagcteceggt
ggttagctcec
catggttatg
tgtgactggt
ctettgececy
catcattgga

gtcctaggte
cttcaagcea
acagtggecct
tccaaacaaa
tggaagtcece
acagtggccc
ggaaacttcg
cecctetgeca
actgccacag
gtcgttaage
tggctactgce
atatgcccta
attatcccat
gtattacgeg
tacccaactt
ggcccgcace
agcgttaata
caataggccyg
agtgttgtte
gggcgaaaaa
gtatcecacct
gtcaacgaga
ctcaatggcet
aaaaaggcca
atagataggt
tcaagagqgt
tgtctectgt
aataatacag
atgattataa
caccaataat
ctgtaatgca
ccaaccecttca
cagtactgec
actgagtgta
cgatttetgt -
caacaaatgg
gggttaattg
ccgctcacaa
taatgagtga
aacctgtegt
attgggeget
cgagcggtat
gcaggaaaga
ttgctggegt
agtcagaggt
tcectegtge
ccttegggaa
gtecgtteget
ttatccggta
gcagccactyg
aagtggtgge
aagccecagtta
ggtagcggtg
gaagatcctt
gggattttygg
tgaagtttta
ttaatcagtg
ctceccgteg
atgataccge
ggaagggcceg
tgttgecgag
attgctacag
tecccaacgat
ttcggtcecte
gcagcactge
gagtactcaa
gcgtceaatac
aaacgttctt

34

ageccaaggce
acaaggccac
ggaaggcaga
gcaacaacaa
acaaaagcta
ctgcagaatg
cgccatgact
ttgctgcette
caagaaataa
acattectte
tgcccatgag
gatcctgatt
tgecctccect
cgectecactgg
aatcgecttg
gatecgeectt
ttttgttaaa
aaatcggcaa
cagtttggaa
ccgtctatea
taacttaatg
attaacattc
ggttatgcat
atttattgct
tttatttgaa
cattatattt
ttactcecect
taaaacgcta
ataacagcaa
ccetgtaaag
ggtaaagega
gatataaacg
gttttttege
aaagaccaag
aatagcacca
catcgttaaa
cgegettgge
ttccacacaa
gctaactcac
gccagctgea
ctteegette
cagetcacte
acatgtgage
ttttccatag
ggcgaaacece
gcteteetgt
gegtggeget
ccaagctggg
actatcgtect
gtaacaggat
ctaactacgg
cetteggaaa
gttetettgt
tgatctttte
tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacyg
agcgcagaag
aagctagagt
geatcgtggt
caaggcgagt
cgatcgttgt
ataattctet
ccaagtcatt
gggataatac
cggggcgaaa

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

tgcceccteg
actggtgtgt
tagcagccece
gtacgeggce
cagctgccag
ttcaccgegg
cctctegtge
ctetgeectt
aatctcaaca
ccecagecacecc
agaaatccag
aacaggtgtt
€g9aggggggg
ccgtegtttet
cagcacatcc
cccaacagtt
attcgegtta
aatcccttat
caagagtceca
gggcgatgge
atttttacca
cgtcaggaaa
atcgcaatac
atttaccgeg
gctaaatctt
cgeggaataa
gagcttgagg
aaccaataat
acagtaatgg
caccttgetg
tcecaccace
ctaaaaaggc
ccatttagtg
acccgtaatg
cacegtgetg
taagtgatgt
gtaatcatgg
catacgagcec

-attaattgeg
ttaatgaatc

ctegetcact
aaaggcggta
aaaaggccag
gctcegecee
gacaggacta
teegaceetyg
ttectcatage
ctgtgtgcac
tgagtccaac
tagcagagceg
ctacactaga
aagagttggt
ttgcaagcag
tacggggtct
atcaaaaagg
aagtatatat
ctcagcgate
tacgatacqyg
ctcaccggct
tggtectgea
aagtagttcg
gtcacgcteg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgecacat
actctcaagg

gteactetgt
ctcataagtg
gtcaaggcgg
agcagctacc
gtcacgcatg
agggagggaa
caccecgcacy
cctegtcact
tctaaatggg
cttgetgecag
ttcaatattt
ttgtattatc
ceeggtacce
acaacgtcgt
ceetttegee
gcgeageetyg
aatttttgtt
aaatcaaaag’
ctattaaaga
ccactactce
aaatcattag
gcttatgatg
atgcgaaaaa
getttttatt
ctttategta
catcatttgg
ggttaacatg

‘cCaaatccag

gecaataaca
atgactettt
agccaataaa
aaatgcacta
gctattette
aaaagccaac
gattggetat
ataccgatca
tecatagetgt
ggaagcataa
ttgcgetceac
ggccaacgcyg
gactcgetge
atacggttat
Caaaaggcca
cctgacgage
taaagatacc
ccgettacey
tcacgctgta
gaaccceccyg
ccggtaagac
aggtatgtag
aggacagtat
agctcttgat
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt
tgtctattte
gagggcttac
ccagatttat
actttatceg
ccagttaata
tegtttggta
cceatgttgt
ttggccgeag
ccatccgtaa
tgtatgegge
agcagaactt
atcttaccgce
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12061
12121
12181
12241
12301

SEQ ID NO:

1

61l
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601

tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt

cagttcgatg
cgtttetggg
acggaaatgt
ttattgtete
tececgegeaca

taacccactc gtgcacccaa
tgagcaaaaa caggaaggca
tgaatactca tactcttcet
atgagcggat acatatttga
tttececcgaa aagtgecac

103 (pTnMod (CHOvep-prepro-HCPro-LYS-CPA))

ctgacgegee
ccgetacact
ccacgttege
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgcce
catgacctta
catggtgatg
atttccaagt
ggacttteca
acggtgggag
ccatecacgce
ggaacggtge
actctatagg
atacaccecc
attgaccatt
atggetettt
tgacacggac
tacaacaacg
cgaatctegg
tecgageeet
acagtggagg
gecgtggeygg
gcagatggaa
tgataagagt
tgagcagtac
ctgttcettt
ttacatgatt
acgttggett
aacctgccaa
aatecgteace
tecgggcaata
cttatggtat
gcgtteecge
gcgageatte
ccatggtata
gtacaatatg
tecatctagtce
tgccaaatte
actcattgte
ctagcaacta
aagcgaatge
ctacgccata
atgcttcaac
cacttecagg
gaagttttge
ctactagcte
agatcacttc
gatctgectgt
tgaccctgga
attgtctgag
aggattggga
tetctetete
tctctetete
tgccttttat
attaattatg
cttagaaagt
ccctatecaa

ctgtagcgge
tgccagegee
cggcatcaga
tatattggct
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttggc
ctcecacceca
aaatgtcgta
gtctatataa
tgttttgace
attggaacgc
cacacccett
gcttecttat
attgaccact
gccacaacta
tetgtatttt

cegt.ccececeyg

gtacgtgtte
ggtcceatge
ccagacttag
tagggtatgt
gacttaagge
cagaggtaac
tcgttgetge
ccatgggtcet
ctctttacca
gccacgcecatt
ccaaagcgag
tccacaaaga
cgatgeccat
tgcgagettce
tttcagagea
taccgagtaa
aatcegttga
cagacctagg
actcaaagac
tattgtataa
accacccgte
acttacctgt
agattgaaga
gcecgaacgag
taacatgttg
ctaacacagt
ggcattctgg
aaaatttatt
tggctaataa
gececttetagt
aggtgccact
taggtgtcat
agacaatagc
tetctetete
tctetetete
catcacttta
attgatgect
atatttgaac
gaagtgatgc

gcattaagcg cggegggtat
ctagegoceg ctectttege
ttggetattg gecattgeat
catgtecaac attaccgcca
ttacggggte attagtteat
atggecegee tggetgacceyg
ttecccatagt aacgccaata
aaactgccca cttggcagta
tcaatgacgg taaatggcce
ctacttggca gtacatctac
agtacatcaa tgggcgtgga
ttgacgtcaa tgggagtttg
acaactccge ceccattgacg
gcagagcteg tttagtgaac
tccatagaag acaccgggac
ggattccecg tgccaagagt
tggctettat geatgcetata
gctataggtg atggtatage
ccectattgg tgacgatact
tctetattgg ctatatgcca
tacaggatgg ggtcccattt
tgcccgcagt ttttattaaa
cggacatggg ctettctecyg
ctcecagegge teatggtege
gecacagcaca atgcccacca
gtctgaaaat gagcgtggag
agcggcagaa gaagatgcag
tecegttgeg gtgetgttaa
cgegegegee accagacata
tttetgeagt caccgtegga
attetgeccce gaattacact
acttgactgt aaaactctca
aacaaaacat aacatcaaac
gcgactcget gtataccgtt
tgtacttgtt gactggtctg
agtcgcacta cacggtegtt
atgttcaaag aaagctcatg
caccacaccg ctcattgtca
gaagetgggt tggtactggt
agcggaaaac tggaaaccta
tttaggctat aagaggctga
atctcgetcet aaaggccgaa
acctaaaatc tactcagecgt
tgaaattcga acacccaaac
aaccttecega gacttgaaaa
cagcetcagag cgttttgata
gcttgeggge gtteatgete
cagaaatcga aacgtactct
ctacacaata acaagggaag
cacacatggt tacgctttgg
aagatcagag ctctagagat
tgccagecat ctgttgtttg
cccactgtee tttectaata
tetattctgg ggggtggggt
aggcatgetg gggatgeggt
tetectectete tetctoggta
teggtaccag gtgctgaaga
aaaataaaaa acaattactc
acatcacaac aaaaactgat
attatettga ttatattatt
ctatcattgg ttggaatgaa
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SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

ctgatcttea
aaatgecgceca
ttttcaatat
atgtatttag

ggtggttacg
tttettecet
acgttgtate
tgttgacatt
agcccatata
cecaacgace
gggactttec
catcaagtgt
geectggeatt
gtattagtca
tageggtttg
ttttggecacc
caaatgggcg
cgtcagatcg
cgatccagce
gacgtaagta
ctgtttttgyg
ttagectata
ttcecattact
atactctagte
attatttaca
catagegtgg
gtagcggegg
tcggeagete
ccaccagtgt
attgggctcg
gcagctgagt
cggtggaggyg
atagctgaca
ccatgtgtga
taaaacgact
ctcttaccga
gaatcgaccyg
ggeatgctag
atattcgtga
ctgttactct
accaatttet
gtgatgctgy
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcageg
cggcaaagga
aacttgttaa
gtcetgecta
tcatgetget
agaaacaagg
caacagttcg
acttactcgt
ggaaattatg
ctgtgtgttg
cecceteeeee
aaatgaggaa
ggggcagcac
gggctctatg
cetetctete
attgacccgyg
agtgcctgtt
ttaacaaatg
gataataata
cttgaaaaaa

gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac

cgecagegtga
tectttetag
catatcataa
gattattgac
tggagttceeg
cecegeceatt
attgacgtca
atcatatgcc
atgcccagta
tcgctattac
actcacgggg
aaaatcaacg
gtaggcgtgt
cctggagacg
tccgeggeceg
ccgectatag
cttggggect
ggtgtgggtt
aatccataac
cttecagagac
aattcacata
gatctceacg
agcttcecaca
cttgctecta
gccgecacaag
cacggctgac
tgttgtattc
cagtgtagte
gactaacaga
acttgatatt
caacagetta
acttggecegt |
attgttaggt
ctttatctgt
gcaaaaacga
ttatgagaaa
agccgacctt
ctttaaagtg
aagaggaaaa
acatgatatg
tccaatctea
ctcgacacgg
gccatgggtt
tatctattcg
cggactaggce
aataegccctg
ttgggacaag
cttaggcatg
ggctgcaacc
ataatgatcce
gttttttgtg
gtgecttect
attgcatcge
agcaaggggag
ggtacctcte
tctetctete
tgaccaaagg
ataagcagca
gttggtetge
aaaaccttat
attagccttg
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3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
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4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681

aatacattac
aagcttteet
attttggtaa
gtgagttage
ttgtgtggaa
gccaagegeg
ggccgetceta
accgcetgacce
cttgacctga
cagagagaaa
attcatctgt
atgaaaaggc
tgectcettee
gtaggtttta
ttttggataa
tggtttaggg
ctgacctttt
ttgcacagect
gcaagaagat
ggtagagata
agactttett
aaaaatcagt
tcttgtetta
tcacaaaagg
taggaaagta
atgttgtact
ttetttactg
tatatttget
ttcacaattce
cactgcaagt
ctatgttttg
gatagattta
agttggectcece
tcacgtctty
agaaggatca
taactaataa
taaagatcce
tcttetetee
cccagaatta
aaatctaace
aacctgtggg
tcattcatet
cgtttattaa
teogetttggt
tgcagetgca
gtgcagectc
ggaaggggcet
atgctgecacc
atctgcaaat
ttatgataac
ccgtetecte
gcacctetgg
tgacggtgte
tacagtcctce
gcacccagac
aagttgagce
tcetgggagy
ceccggacece
agttcaactg
agcagtacaa
tgaatggcaa
aaaccatctc
cecgggatga
ccagcgacat
cgccteecgt
agagcaggtg
accactacac
tttcctatga

tggtaaggta
gacggaatgt
aaatcattaa
tcactcatta
ttgtgagegay
caattaaccc
gaactagtgg
tcgagetgca
tacctgattt
ccatcactga
gacctgagca
aatttccaca
taatgtcaaa
gtgattggat
aaagtgcttt
acagacccac
cttgggacaa
gtgctgggca
tgttgcttac
acatttactg
agtggctgaa
tgatacctgt
agtcctcaga
aaggagagaa
attctgcetta
tttttecece
tttgtcaatt
attgtatatt
ctctgtcatce
tcatatcata
ctgtatcctce
aatattccag
ttcacatgca

ttctcactta

aatgaaacag
ttgctaatta
attatctggt
catccaacag
aaaactaata
caatcccatt
tgggtcacaa
cgtgacttet
aatttaatat
tctggetttg
ggagtcgggy
tggattcact
ggagtgggtc
cgtgaaaggce
gaatagectg
atttggggga
agcctccace
gggcacageg
gtggaactea
aggactctac
ctacatctge
caaatcttgt
accgteagtce
tgaggtcaca
gtacgtggac
cagcacgtac
ggagtacaag
caaagccaaa
gctgaccaag
egccgtggag
gctggactcec
gcagcagggg
gcagaagage
getgacacag

aacgccattg
taattetegt
gttaaggtgg
ggcaccccag
ataacaattt
tcactaaagg
atcececeggg
gaaaaatgcc
tcttcaaaca
tggctacage
aaatgatttc
ctcacaatat
attgtagtgg
aagaggcttt
tataactttc
aatgaaatgc
gcattgtcaa
gggcgatcea
tectetctaga
ggaagcacat
atagaagcaa
ggtgtagaca
cttagcaagg
acaaaagaaa
acagagattg
atttttaaat:
ctattatttce
atgattgtcece
tgccaggceca:
aacacatttg

agaaaaaaag:

ctataggaaa

tgettettta -
tgtecctgect:
.acttetggte
tgttttccat.

tgtaactgaa
tcctgatgga
tttgetetee

aaatgattte.

ttcaggctat
tcgtgtgtgg
atttegacga
tcaacagttt
ggaggcttgg
ttcagaaacg
ggccgtatta
agattcacca
aaagccgagg
gttatcecete
aagggcccat
gcectgggcet
ggcgecetga
ttcettagea
aacgtgaatc
gacaaaacte
ttectettcee
tgegtggtgg
ggegtggagyg
cgtgtggtea
tgecaaggtcet
gggcagececce
aaccaggtca
taggagageca
gacggctcct
aacgtcttet
ctcteecetgt
ccaccctegg

36

tcagcaaatt
tgaccctgag
atacacatct
gctttacact
cacacaggaa
gaacaaaagc
ctgcaggaat
aggtggacta
ggggaaacaa
accaaggtat
tectetecatg
gcgacaaaga
caaagaggag
gacctgtgag
aggtctccga
ctggcatagg
acaatgtgtg
ttgccaccta
aagettetge
ctatcatcac

-aagacgtaat

tccagcaaaa
agaatgtaga
atggcactga
cagtgatete
caaacagtgce

‘aatacagaac

ctcgaaccat
ttaagttatt
aaattgagta
tttgttataa
gaaagtgcgt
tttctectat
agcatggcte
tgttacctac
ctctaaggtt
gctcaatgga
ttagcagaac
attcaatceca
tatggtgtca
atattccecca

-tgtttaccta

tgaatttctc
cggcetgegee
taaagccggag
cctggatgayg
aaagcaaaat
tcteaagaga
acacagcegt
ccececgaattg
cggtcttece
gectggtcaa
ccagecggegt
acgtggtgac
acaageccad
acacatgccce
ccccaaaace
tggacgtgag
tgcataatgc
gegtectcac
ccaacaaagc
gagaaccaca
gcetgaccectg
atgggeagcce
tetteccteta
catgectcegt
ctcegggtaa
tgtcagtgtce

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

gatccaagag
cactgatgaa
tgtcatatga
ttatgettce
acagctatga
tggagcteca
tcgatatcaa
tgaactcaca
cacaatccca
gcaatggeaa
aatggttgct
caaacagaga
aacaaaatct
ctcacctgga
gtetttatte
aaagggcagce
acaaaactat
tcccaggtaa
agactgacat
aaaaagcagg
taaaaacaaa
aaatattatt
tttccacagt
ctaaacttca
tatgtatgtc
tttacagagg
aatagcttet
gaacactccet
catggaagat
ttggtttgea
agcattcaca
ctgetettea
tttgtcaaga
agatgcacgt
aaccatagta
cccatatttt
acatgagcaa
aggcagaaaa
aaatggacct
aaggtcaaac
gggctcagee
tatatctaaa
aaggatattt
agagccgaaa
ggggtecectt
ctgggteege
tgatggtggg
tgattcaaaa
atattactgt
gggccaggga
cctggcacce
ggactactte
gcacaccttt
cgtgecctcee
caacaccaag
accgtgeeca
caaggacacce
ccacgaagac
caagacaaag
cgtectgeac
ccteeccagee
ggtgtacace
cctggtcaaa
ggagaacaac
cagcaagctc
gatgcatgag
agcgccagag
cccaggacaa

aaccaactta
tccectaatg
tcceggtaat
ggctegtatg
ccatgattac
ccgeggtygge
gcttatcgat
tcecaaaggag
caaaacagct
tcecattcgac
tecttteecte
acaattaatyg
caagttctga
ctteatatce
atgagactgt
agagccttag
ttgtactgcet
cctteccaact
gcatttcata
caagattttc

atgaaacaaa
tgcactacca
atatatgttt
gctagtggta

‘ctgaagaatt

tcagaatggt
ataactgaaa
ccagctgaat
ctttgaggaa
ttgtatggag
cccataaaaa
ctectagtetce
aaataatagg
tgtagataca
ataagcacac
tctgttteet
tatttceccag
cacattgtta

attgaaacta
ttetgaaggg
agtggatcaa
tttaatattt
ttcttegtgt
ggtacccagg

‘agagtctcct

caggetcecag
acaacagact
aacacgttat
accacgggga
accctggtca
tcetecaaga
cccgaacegg
ccggetgtec
agcagcttgg
gtggacaaga
gcacctgaac
ctcatgatcet
cctgaggtea
ccgcgggagg
caggactgge
ccecatcgaga
ctgcececcat
ggettctatce
tacaagacca
accgtggaca
gctctgcaca
ccgaaaaagce
acggeccagga
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7741
7801
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8le6l
8221
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9241

9301

9361

9421

9481

9541

9601

9661

9721

9781

9841

9901

9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
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10681
10741
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10921
10981
11041
11101
1116l
11221
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11341
1l401
11461
11521
11581
11641
11701
11761

tcacctgetc
gccaggeece
gattctctgg
aagatgaagg
teageggagg
tgtteccace
gtgactecta
cgggagtgga
acctgagect
atgaagggag
gaagggccct
acggaacact
actctgaatg
gggttteetyg
caggccagtg
ttttecaaag
atctgtgett
ccecaattege
cgtgactggg
gccagetgge
ctgaatggcg
gttaaatcag
aagaatagac
agaacgtgga
tceggaatcea
taggggattc
atgatgatgt
aaacctaaaa
attgagettyg
gtaaaaaatg
tggtgacgaa
atgaaggtca
cagcecatece
acaccggttg
tttgtttgga
aaaattaaaa
ctactatctg
ttecetgeeac
aaccatecatyg
tatcaatgcg
tecagettttg
tgttteetgt
taaagtgtaa
cactgcecegce
gcgeggggag
tgegeteggt
tatccacaga
ccaggaaccey
agcatcacaa
accaggegtt
ccggatacct
gtaggtatct
ccgttecagee
gacacgactt
taggeggtge
tatttggtat
gatecggeaa
cgcgcagaaa
agtggaacga
cctagatect
cttggtctga
ttegttecate
taccatctgg
tatcagcaat
ccgectecat
atagtttgeg
gtatggctte
tgtgcaaaaa

tggagatgca
tgtggtggte
cteccagetea
tgactactac
gaccaagctg
ctecctetgag
ccecgggagec
gaccaccaca
gacgettgag
caccgtggag
ttttgaaggg
gatgtgcaga
tggcttettt
agatttttca
ccaggcacca
caaaatggat
tcgetteace
cctatagtga
aaaaccctgg
gtaatagcga
aatggaaatt
ctecatttttt
cgagataggg
ctccaacgtce
tatgacaaga
atcagtgcte
gcttaaaaac
gagettgecg
aaagataaat
cceteetggg
ataactaagc
tcgatagceag
aaattggtag
cattggtaag
tagacatcac
cagggaaaac
caataaatce
aaaggcettgag
ctattcatca
ctgaaataat
tteectttag
gtgaaattgt
agectggggt
ttteccagteg
aggcggtttg
cgtteggetg
atcaggggat
taaaaaggce
aaatcgacgce
tccecectgga
gteegeettt
cagttcggtg
cgaccgetge
atcgeceactg
tacagagttce
ctgecgetetg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgcc
ccecagtget
aaaccagcca
ccagtcetatt
caacgttgtt
attcagctce
ageggttage

ttgeccagaaa
atctatgagg
gggacaatgg
tgttactcaa
accgtcctag
gagcttcaag
gtgacagtgg
ccctecaaac
cagtggaagt
aagacagtgg
ggaggaaact
gggeectetg
gctactgcececa
agagtcgtta
acttggctac
tacatatgcc
cacattatcce
gtegtattac
cgttacccaa
agaggccege
gtaagcgtta
aaccaatagg
ttgagtgttyg
aaagggcgaa
tgtgtatcca
agggtcaacg
ttactcaatg
ataaaaaagg
aaaatagata
ttatcaagag
acttgtctcc
gataataata
tgaatgatta
gctcaccaat
tcectgtaat
taaccaacct
gagcagtact
aatactgagt
tcacgatttc
aatcaacaaa
tgagggttaa
tatcecgetca
gcctaatgag
ggaaacctgt
cgtattgggce
cggcgagegy
aacgcaggaa
gegttgetgg
tcaagtcaga
agctecccteg
ctecettegg
taggtegtte
gcettateeg
gcagecageca
ttgaagtggt
ctgaagccag
gctggtageg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactccecg
gcaatgatac
geeggaaggg
aattgttgce
gccattgeta
gattcecaac
tcetteggte

37

aatatgttta
acagcaaacg
ccaccttgac
ctgacagcag
gtecagcccaa
ccaacaaggce
cctggaagge
aaagcaacaa
cccacaaaag
ccectgeaga
tegegecaty
cecattgctge
cagcaagaaa
agcacattce
tgctgeecat
ctagatcctg
cattgectece
gcgcgeteac
cttaatcgee
accgategea
atattttgtt
ccgaaategg
ttccagtttg
aaaccgteta
ccttaactta
agaattaaca
getggttatg
ccaatttatt
ggttttattt
ggtcattata
tgtttactece
cagtaaaacg
taaataacag
aatccctgta
gcaggtaaag
tecagatataa
geecgtttttt
gtaaaagacc
tgtaatagca
tagcategtt
ttgegegett
caattccaca
tgagctaact
cgtgecaget
getetteege
tatcagcteca
agaacatgtg
cgttttteca
ggtggcgaaa
tgcgetcetee
gaagcgtgge
gctecaaget
gtaactateg
ctggtaacag
ggcctaacta
ttacecttecgg
gtggtttttt
ctttgatett
tggtcatgag
ttaaatcaat
gtgaggcacc
tecgtgtagat
cgcgagacce
ccgagcgeag
gggaagctag
caggcatcgt
gatcaaggcg
ctcecgategt

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

ttggtaccag
acecteceggyg
tatcagtggg
tggttatcat
ggctgeecee
cacactggtg
agatageage
caagtacgcg
ctacagctge
atgttcaccg
actccteteg
ttcctetgee
taaaatctca
tteececcagea
gagagaaatce
attaacaggt
cctegagggy
tggccgtegt
ttgcagcaca
cttccecaaca
aaaattcgeg
Ccaaaatccet
gaacaagagt
tcagggcgat
atgattttta
ttecgtcagg
catatcgcaa
gctatttace
gaagctaaat
tttcgeggaa
cctgagetty
ctaaaccaat
caaacagtaa
aagcaccttg
cgateccace
acgctaaaaa
cgeccattta
aagacccgta
ccacaccgtg
aaataagtga
ggcgtaatea
caacatacga
cacattaatt
gcattaatga
ttecktegete
ctcaaaggeg
agcaaaaggce
taggetcege
cecgacagga
tgtteecgace
gctttcteat
gggctgtgtg
tcttgagtece
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcageg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt
ggtgtcacge
agttacatga
tgtcagaagt

cagaagtcag
atceccetgaga
gceccaggtgg
agggaggtgt
tcggtcacte
tgtctcataa
ccegteaagg
gcecagceagcet
caggtcacge
cggagggagg
tgcecececge
cttectegte
acatctaaat
ccecttgetyg
cagttcaata
gttttgtatt
gggcecggta
tttacaacgt
teceecttte
gttgcgcage
ttaaattttt
tataaatcaa
ccactattaa
ggcccactac
ccaaaatecat
aaagcttatg
tacatgegaa
gecggettttt
cttectttate
taacatcatt
aggggttaac
aatccaaatc
tgggccaata
ctgatgacte
accagccaat
ggcaaatgca
gtggctattc
atgaaaagec
ctggattgge
tgtataccga

‘tggtcatage

gececggaagea
gegttgeget
atcggceaac,
actgactcege

gtaatacggt |’

cagcaaaagg.
cceeetgacyg
ctataaagat
ctgecgetta
agctcacget
cacgaaccee
aacccggtaa
gegaggtatg
agaaggacag
ggtagctctt
cagcagatta
tcetgacgete
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
gctccagatt
gcaactttat
tcgecagtta
tcgtegtttg
tceccecatgt
aagttggecg
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11821
11881
11941
12001
12061
12121
i2is1
12241
12301

SEQ ID NO:

1

61
121
i8l
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1521
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

cagtgttata
taagatgctt
ggcgaccgag
ctttaaaagt
cgetgttgag
ttactttcac
gaataagggce
gcatttatca
aacaaatagg

actcatggtt
ttetgtgact
ttgctettge
gcteatecatt
atcecagttceg
cagegtttet
gacacggaaa
gggttattgt
ggttecgege

atggcageac
ggtgagtact
ccggegtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttccee

tgcataattce
caaccaagtc
tacgggataa
cttecggggeg
ctcgtgcace
aaacaggaag
tcatactett
gatacatatt
gaaaagtgcce

104 (pTnMOD (CMV-prepro-HCPro-CPA))

ctgacgegee
ccgetacact
ccacgttege
tatgtacatt
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgcce
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
ccatccacge
ggaacggtge
actctatagg
atacaceccec
attgaccatt
atggcectcttt
tgacacggac
tacaacaacg
cgaatctegg
tcecgageect
acagtggagyg
gcegtggegg
gcagatggaa
tgataagagt
tgagcagtac
ctgttecettt
ttacatgatt
acgttggcett
aacctgccaa
aatcgtcacc
tcgggcaata
cttatggtat
gegtteeege
gegagceatte
ccatggtata
gtacaatatg
tcatctagte
tgccaaatte
actcattgtce
ctagcaacta
aagcgaatge
ctacgccata
atgcttcaac
cacttccagyg
gaagttttge
ctactagcete
agatcactte
gatctgetgt
tgaccctgga
attgtctgag
aggattggga
tctctetcte
tctctetete

ctgtageggce
tgcecagcgec
cggcatcaga
tatattgget
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacyg
tgggacttte
cggttttgge
ctceacceca
aaatgtecgta
gtctatataa
tgttttgace
attggaacgce
cacacccett
gcttcettat
attgaccact
gccacaacta
tctgtatttt
ccgtcecceeyg
gtacgtgttce
ggtcccatgce
ccagacttag
tagggtatgt
gacttaaggc
cagaggtaac
tegttgctge
ccatgggtet
ctctttaceca
geccacgecatt
ccaaagcgag
tccacaaaga
cgatgcececat
tgcgagctte
tttecagagca
taccgagtaa
aatcegttga
cagacctagg
actcaaagac
tattgtataa
accacecgte
acttacctgt
agattgaaga
gccgaacgag
taacatgttg
ctaacacagt
ggcattctgg
aaaatttatt
tggctaataa
geccttctagt
aggtgccact
taggtgtcat
agacaatage
tetetetcte
tetetetete

gcattaageg
ctagegececg
ttggctattg
catgtccaac
ttacggggtc
atggcecgee
tteocecatagt
aaactgcecca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactcege
gcagagetcg
tccatagaag
ggattccocyg
tggctcttat
gctataggtg
ccectattgg
tctctattgg
tacaggatgg
tgccegeagt
cggacatggg
ctccagegge
gcacagcaca
gtctgaaaat
agcggcagaa
tceegttgeg
cgegegegece
tttetgcagt
attctgecocce
acttgactgt
aacaaaacat
gcgacteget
tgtacttgtt
agtcgcacta
atgttcaaag
caccacaccg
gaagetgggt
agcggaaaac
tttaggcetat
atctcgetcet
acctaaaatce
tgaaattcga
aaccttcega
cagctcagag
gcttgeggge
cagaaatcga
ctacacaata
cacacatggt
aagatcagag
tgccagecat
ccecactgtee
tctattctgg
aggcatgetg
tctectctete
tcggtaccag

38

cggecgggtgt
ctcetttege
gccattgeat
attaccgceca
attagtteat
tggctgaccg
aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggegtgga
tgggagtttyg
cccattgacyg
tttagtgaac
acaccgggac
tgccaagagt
gcatgctata
atggtatage
tgacgatact
ctatatgcea
ggtceccattt
ttttattaaa
ctectteteeg
tcatggtcge
atgceccacca
gagcgtggag
gaagatgcag
gtgctgttaa
accagacata
caccgtegga
gaattacact
aaaactctca
aacatcaaac
gtataccgtt
gactggtctg
cacggtcgtt
aaagctcatg
cteattgteca
tggtactggt
tggaaaccta
aagaggctga
aaaggecgaa
tactcagegt
acacccaaac
gacttgaaaa
cgttttgata
gttcatgete
aacgtactet
acaagggaag
tacgetttgg
ctctagagat
ctgttgttty
tttcectaata
ggggtggggt
gggatgeggt
tctecteggta
gtgctgaaga

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

tcttactgte
attctgagaa
tacecgcgeca
aaaactctea
caactgatct
gcaaaatgce
cettttteaa
tgaatgtatt
ac

ggtggttacg
tttettecect
acgttgtate
tgttgacatt
agcccatata
cccaacgacce
gggactttee
catcaagtgt
gcectggeatt
gtattagtca
tagcggtttg
ttttggecacc
caaatgggeg
cgtcagatcg
cgatccagec
gacgtaagta
ctgtttttgg
ttagcetata
ttceattact
atactectgte
attatttaca
catagcgtgg
gtagcggegg
teggeagete
ccaccagtgt
attgggcteg
geagcetgagt
cggtggaggg
atagctgaca
ccatgtgtga
taaaacgact
ctcttaccga
gaategaceg
ggecatgectag
atattegtga
ctgttactet
accaatttet
gtgatgcetgg
taagtcgagt
tcagcaactt
ctaaaagcaa
aaaatcageg
cggcaaagga
aacttgttaa
gtcctgecta
tcatgctgcet
agaaacaagg
caacagttcg
acttactcgt
ggaaattatg
ctgtgtgttg
ccectececee
aaatgaggaa
ggggeagceac
gggctetatg
cctetetcte
attgacccgg

atgccatcecg
tagtgtatgce
catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa
tagaaaaata

cgcagegtga
tcottteteg
catatcataa
gattattgac
tggagttccg
ccegeccatt
attgacgtca
atcatatgec

‘atgcccagta

tcgctattac
actcacgggg
aaaatcaacg
gtaggegtgt
cctggagacg
tecegeggeceyg
ccgectatag
cttggggcet
ggtgtgggtt
aatccataac
cttcagagac
aattcacata
gatctccacg
agcttccaca
cttgctecta
gcegeacaag
cacggetgac
tgttgtattc
cagtgtagtce
gactaacaga
acttgatatt
caacagctta
acttggeccgt
attgttaggt

‘ctttatctgt

gcaaaaacga
ttatgagaaa
agccgaccett
ctttaaagtg
aagaggaaaa
acatgatatg
tccaatctea
ctcgacacgg
gcecatgggtt
tatctattcg
cggactagge
aatecgeectg
ttgggacaag
cttaggcatg
ggctgcaacc
ataatgatce
gttttttgtg
gtgecettect
attgcatege
agecaaggggg
ggtacctcte
tctetetete
tgaccaaagg
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3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
€781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441

tgcecttttat
attaattatg
cttagaaagt
ccctatccaa
aatacattac
aagcttteet
attttggtaa
gtgagttagc
ttgtgtggaa
gccaagegeg
ggcegetceta
accgctgace
aatatgtaca
actagttatt
cgcgttacat
ttgacgtcaa
caatgggtgg
tcaagtacge
tacatgacct
accatggtga
ggatttccaa
cgggacttte
gtacggtgag
cgccatecac
cgggaacggt
agactctata
ctatacaccce
ttattgacca
acatggctct
actgacacgg
tatacaacaa
cgcgaatcte
catccgagee
taacagtgga
aggcecgtgge
acgcagatqgg
tctgataaga
tctgagcagt
gactgttcct
acttcttegt
taatatattt
gctttgtcaa
tcggggggayg
ttcactttca
tgggtcggee
aaaggcagat
agectgaaag
gggggagtta
tcecaccaagg
acagcggccece
aactcaggeg
ctctacttce
atctgcaacg
tcttgtgaca
tecagtcttce
gtcacatgeg
gtggacggeg
acgtaccgtg
tacaagtgca
gccaaagggce
accaagaacc
gtggagtggg
gactccgacg
caggggaacg
aagagcctet
cagecaccct
gcattgccag
gtcatctatg

Catcacttta
attgatgccet
atatttgaac
gaagtgatgce
tggtaaggta
gacggaatgt
aaatcattaa
tcactcatta
ttgtgagcgg
caattaaccce
gaactagtgg
tegagcatcea
tttatattgg
aatagtaate
aacttacggt
taatgacgta
agtatttacyg
ccectattga
tatgggactt
tgeggttttg
gtcttecaccee
caaaatgtcg
aggtctatat
getgttttga
gcattggaac
ggcacaccce
cecgettectt
ttattgacca
ttgccacaac
actctgtatt
cgeegtecee

gggtacgtgt

ctggtcceat.

ggecagactt
ggtagggtat
aagacttaag
gtcagaggta
actcgttgcet
ttecatgggt
gtgtggtgtt
cgacgatgaa
cagtttcgge
gettggtaaa
gaaacgcctg
gtattaaaag
tcaccatcte
ccgaggacac
teccetcecece
gceccateggt
tgggctgccet
cectgaccag
ttagcaacgt
tgaatcacaa
aaactcacac
tetteeccee
tggtggtgga
tggaggtgca
tggteagegt
aggtectccaa
agcceccgaga
aggtcagccet
agagcaatgg
gctecettett
tecttcteatg
ccctgtetec
cggtgteagt
aaaaatatgt
aggacagcaa

aaaataaaaa
acatcacaac
attatcttga
ctatcattgg
aacgccattg
taattctegt
gttaaggtgg
ggecacecccag
ataacaattt
tcactaaagg
atccceceggg
gattggctat
ctcatgtceca
aattacgggg
aaatggcecg
tgttecccata
gtaaactgce
cgtcaatgac
tcctacttgg
gecagtacatce
cattgacgtc
taacaactce
aagcagagct
ccteccataga
gecggattcece
tttggctett
atgctatagg
ctccectatt
tatctctatt
tttacaggat
cgtgececegea
tececggacatg
gccteeageg
aggcacagca
gtgtctgaaa
gcagcggeag
actcecegttg
geegegegeg
cttttetgea
tacctatata
tttctcaagg
tgecgecagag
geeggggggy
gatgagctgg
caaaattgat
aagagatgat
ageccgtatat
gaattgggge
cttececceetg
ggtcaaggac
cggcgtgeac
ggtgaccgtg
gceccageaac
atgcccaccg
aaaacccaag
cgtgagcceac
taatgccaag
ccteaccgte
caaagcceete
accacaggtg
gacctgceetg
gcagccggag
cctectacage
cteegtgatg
gggtaaageg
gtccccagga
ttattggtac
acgaccctee

39

acaattactc
aaaaactgat
ttatattatt
ttggaatgaa
tcagcaaatt
tgaccctgag
atacacatct
gctttacact
cacacaggaa
gaacaaaagce
ctgcaggaat
tggcecattge
acattaccge
tecattagtte
cctggetgac
gtaacgccaa
cacttggcag
ggtaaatgge
cagtacatct
aatgggegtyg
aatgggagtt
gecceattga
cgtttagtga
agacaccggg
cgtgccaaga
atgcatgcta
tgatggtata
ggtgacgata
ggctatatge
ggggtccecat
gtttttatta
ggctettete
gctecatggte
caatgcccac
atgagcgtgg
aagaagatgc
cggtgetgtt
ccaccagaca
gtecacegteg
tctaaattta
atatttttet
ccgaaaggta
tccettagag
gtccgccagg
ggtgggacaa
tcaaaaaaca
tactgtacca
cagggaaccc
gcaccctect
tacttececeg
accttteegg
cceteccagea
accaaggtag
tgcceageac
gacacccteca
gaagaccetyg
acaaagccgc
ctgcaccagy
ccagccceca
tacacectge
gtcaaaggct
aacaactaca
aagctcaccg
catgaggctc
ccagagccga
caaacggcca
cagcagaagt
gggatccectg

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

agtgecctgtt
ttaacaaatg
gataataata
cttgaaaaaa
gatccaagag
cactgatgaa
tgtcatatga
ttatgettce
acagctatga
tggagctceca
tcgatatcaa
atacgttgta
catgttgaca
atagcccata
cgcccaacga
tagggacttt
tacatcaagt
ccgeetggea
acgtattagt
gatageggtt
tgttttggca
cgcaaatggg
accgtcagat
accgatccag
gtgacgtaag
tactgttttt
gcttagecta
ctttecatta
caatactctg
ttattattta
aacatagcgt
cggtageggce
gcteggeage
caccaccagt
agattgggcet
aggcagctga
aacggtggag
taatagctga
gatcaatcat
atatttegtt
tegtgttege
cccaggtgea
tcteetgtge
ctccagggaa
cagactatgc
cgttatatct
cggggattat
tggtcaccgt
ccaagagcac
aaccggtgac
ctgtecctaca
gecttgggeac
acaagaaagt
ctgaactect
tgatctcecg
aggtcaagtt
gggaggagca
actggctgaa
tcgagaaaac
cceccateceg
tetateccag
agaccacgcce
tggacaagag
tgcacaacca
agctttecta
ggatcacetg
caggecagge
agagattcte

ataagcagca
gttggtctge
aaaaccttat
attagcettg
aaccaactta
teccctaatg
tceccggtaat
ggctcegtatg
ccatgattac
cegeggtgge
gcttategat
tccatatcat
ttgattattg
tatggagttc
cececeecgecea
ccattgacgt
gtatcatatg
ttatgcccag
catcgectatt
tgactcacgg
ccaaaatcaa
cggtaggcegt
cgcctggaga
cctecegegge
taccgcctat
ggcttggggce
taggtgtggg
ctaatccata
teettcagag
caaattcaca
gggatctcca
ggagcttcca
tecttgctece
gtgcegcaca
cgcacggetyg
gttgttgtat
ggcagtgtag
cagactaaca
tcatctegtg
tattaaaatt
tttggttctg
gctgcaggag
agcctctgga
ggggctggag
tgcaccegtg
gcaaatgaat
gataacattt
ctectcagece
ctetggggge
ggtgtcgtgg
gtectcagga
ccagacctac
tgagcceaaa
ggggggaccg
gaccecctgag
caactggtac
gtacaacagce
tggcaaggag
catctccaaa
ggatgagctg
cgacatecgec
tcecgtgetg
caggtggcag
ctacacgcag
tgagctgaca
ctctggagat
ccetgtggtyg
tggctccage
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7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961

10022

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

10681

10741

10801

10861

10921

10981

11041

11101

11161

11221

11281

11341

11401

11461

11521

tcagggacaa
tactgttact
ctgaccgtce
gaggagctte
geegtgacag
acacccteca
gagcagtgga
gagaagacag
gggggaggaa
agagggccct
tttgctactg
tcaagagtcg
ccaacttgge
gattacatat
accecacatta
tatagtgagt
aaccctggeg
aatagcgaag
tggaaattgt
cattttttaa
agatagggtt
ccaacgteaa
tgacaagatyg
cagtgetcag
ttaaaaactt
gcttgecgat
agataaataa
ctcttgggtt
aactaagcac
gatagcagga
attggtagtg
ttggtaagge
gacatcactc
gggaaaacta
ataaatccga
aggcttggaa

attcatcatc

gaaataataa
ccetttagtg
gaaattgtta
cctggggtge
tccagtecggg
geggtttgeg
tteggetgeg
caggggataa
aaaaggccgce
atcgacgcte
cccctggaag
ccgeetttet
gttecggtgta
accgcetgege
cgecactgge
cagagttctt
gegetetget
aaacecacege
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgcetyg
ccagtgetge
accagecage
agtctattaa
acgttgttge
tcagetcecgg
cggttagcete
tcatggttat
ctgtgactgg

tggccacctt
Caactgacag
taggtcagee
aagccaacaa
tggcctggaa
aacaaagcaa
agtcccacaa
tggceecctge
acttcgcgcee
ctgccattgce
Ccacagcaag
ttaagcacat
tactgetgee
gecctagatce
tceccattgee
cgtattacge
ttacccaact
aggccegeac
aagcgttaat
ccaataggee
gagtgttgtt
agggcgaaaa
tgtatccace
ggtcaacgag
actcaatggce
aaaaaaggcc
aatagatagg
atcaagaggg
ttgtetectg
taataataca
aatgattata
tcaccaataa
cctgtaatge
accaacctte
gcagtactgce
tactgagtgt
acgatttctg
tcaacaaatg
agggttaatt
tcegetcaca
ctaatgagtg
aaacctgtcg
tattgggcge
gcgageggta
cgcaggaaag
gttgctggeg
aagtcagagg
ctecctegtg
cectteggga
ggtegttege
cttatceggt
agcageccact
gaagtggtgg
gaagccagtt
tggtageggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actccecegte
aatgataccg
cggaagggcce
ttgttgeegg
cattgctaca
ttcccaacga
ctteggtect
ggcagcactg
tgagtactca

gactatcagt
cagtggttat
caaggctgcce
ggccacactg
ggcagatage
caacaagtac
aagctacage
agaatgttca
atgactcctc
tgcttectet
aaataaaatc
tcetteceea
catgagagaa
ctgattaaca
tecececctegac
gegetcactg
taatcgcecett
cgatcgcect
attttgttaa
gaaatcggca
ccagtttgga
accgtctatce
ttaacttaat
aattaacatt
tggttatgca
aatttattgce
ttttatttga
tcattatatt
tttactccec
gtaaaacgct
aataacagca
tccctgtaaa
aggtaaagcg
agatataaac
cgtttttteg
aaaagaccaa
taatagcacc
gecatcgttaa
gegegettgg
attccacaca
agctaactca
tgcecagetge
tettcegett
tcagctcact
aacatgtgag
tttttecata
tggcgaaacc
cgetetecty
agegtggege
tccaagetgg
aactatcgtc
ggtaacagga
cctaactacg
acctteggaa
ggtttttttg
ttgatectttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgceagaa
gaagctagag
ggcategtgg
tcaaggcgag
ccgatcgttyg
cataattcte
accaagtcat

40

ggggeecagyg
catagggagg
ccecteggtea
gtgtgtctca
agcecegtca
gcggecagcea
tgccaggtca
ccgeggaggg
tcgtgececce
gececttecte
tcaacatcta
gecacccetty
atccagttcea
ggtgttttgt
tcgagggggg
gecgtegttt
gcagcacatce
tcccaacagt
aattcgcgtt
aaatcectta

acaagagtcc‘

agggcgatgg
gatttttace
cegtecaggaa
tatcgcaata
tatttaccge
agctaaatct
tcgeggaata
tgagcttgag
aaaccaataa
aacagtaatg
gcaccttget
atcccaccac
gctaaaaagg
cccatttagt
gacccgtaat
acaccgtgct
ataagtgatg
cgtaatcatg
acatacgagce
cattaattgc
attaatgaat
cctegeteac
caaaggeagt
caaaaggcca
ggcteegecce
cgacaggact
tteecgaceet
tttctcatag
getgtgtgea
ttgagtccaa
ttagcagagce
gctacactag
aaagagttgg
tttgecaageca
ctacggggte
tatcaaaaag
aaagtatata
tctcagegat
ctacgatacg
getcaccgge
gtggtectge
taagtagttc
tgtcacgctc
ttacatgatc
tcagaagtaa
ttactgtecat
tctgagaata

SUBSTITUTE SHEET (RULE 26)

PCT/US2003/041261

tggaagatga
tgttcagegg
ctetgttceec
taagtgactc
aggcgggagt
gctacctgag
cgcatgaagg
agggaagggce
cgecacggaac
gtcactctga
aatgggttte
ctgecaggeca
atattttecceca
attatctgtg
gcecggtace
tacaacgtcg
cecctttege
tgcgecagect
aaatttttgt
taaatcaaaa
actattaaag
cccactactce
aaaatcatta
agcttatgat
catgcgaaaa
ggctttttat
tectttategt
acatcatttyg
gggttaacat
tccaaatcca
ggccaataac
gatgactctt
cagccaataa
caaatgcact
ggctattett
gaaaagccaa
ggattggceta
tataccgate
gtcatagetyg
cggaagcata
gttgegetca
cggccaacge
tgactecgctg
aatacggtta
gcaaaaggcc
ccetgacgag
ataaagatac
gececgettace
ctecacgetgt
cgaaccccecee
cceggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcace
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatce
gccagttaat
gtegtttggt
cecccatgttg
gttggeccgca
gccatcegta
gtgtatgegg

aggtgactac
agggaccaag
accctectet
ctaccecggga
ggagaccacc
cctgacgett
gagcaccgtg
cctttttgaa
actgatgtgc
atgtggettce
ctgagatttt
gtgccaggca
aagcaaaatg
ctttegette
caattecgecce
tgactgggaa
cagctggegt
gaatggecgaa
taaatcagct
gaatagaccg
aacgtggact
cgggatcata
ggggattcat
gatgatgtgc
acctaaaaga
tgagcttgaa
aaaaaatgec’
gtgacgaaat
gaaggtcatc
gecatcccaa:
accggttgea
tgtttggata
aattaaaaca:
actatctgea
cctgecacaa
ccatcatget
tcaatgeget.
agettttgtt
ttteetgtgt
aagtgtaaag
ctgceegetts
gcggggagag
cgeteggteg
tccacagaat
aggaaccgta
catcacaaaa
caggecgttte
ggatacctgt
aggtatctca
gttecagcceg
cacgacttat
ggcggtgcta
tttggtatcet
tccggcaaac
cgcagaaaaa
tggaacgaaa
tagatecttt
tggtetgaca
cgttcatecea
ccatctggec
tcagcaataa
gecteeatee
agtttgegea
atggcttecat
tgcaaaaaag
gtgttatcac
agatgctttt
cgaccgagtt
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getettgeee
tcatcattgg
ccagttcgat
gegtttctgg
cacggaaatg
gttattgtet
tteegegcac

ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga
attteccega

cgggataata
tcggggcgaa
cgtgeaceca
acaggaagge
atactcettee
tacatatttg
aaagtgccac
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cecgegecaca
aactctcaag
actgatcttce
aaaatgccge
tttttcaata
aatgtattta
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tagcagaact
gatcttaccg
agcatctttt
aaaaaaggga
ttattgaagce
gaaaaataaa

ttaaaagtgce
ctgttgagat
actttcacca
ataagggcga
atttatcagg
caaatagggg
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