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DESCRIPTION

Related Applications

[0001] This application claims the benefit of U.S. Provisional Application No. 61/252,326 filed October 16,
2009.

Field of the Invention

[0002] The present invention relates to insertion sites useful for the stable integration of heterologous DNA
sequences into the MVA genome. More specifically, the invention relates to methods of restructuring
regions of the modified vaccinia Ankara (MVA) virus genome that contain a combination of essential and
non-essential gene, so that heterologous DNA remains stably integrated into the genome.

Background

[0003] The members of the poxvirus family have large double-stranded DNA genomes encoding several
hundred proteins (Moss, B. 2007 "Poxviridae: The Viruses and Their Replication" in Fields Virology, 5th Ed.
(D.M. Knipe, P.M. Howley, D.E. Griffin, R. A. Lamb, M.A. Martin, B. Roizman, and S.E. Straus, Eds),
Lippincott Wiliams & Wilkins, Philadelphia, PA). Poxviruses are divided into the subfamilies
Chordopoxvirinae and Entomopoxvirinae, based on vertebrate and insect host range. The subfamily
Chordopoxvirinae consists of eight genera: Orthopoxvirus, Parapoxvirus, Avipoxvirus, Capripoxvirus,
Leporipoxvirus, Suipoxvirus, Molluscipoxvirus, and Yatapoxvirus. The prototypal member of the genus
Orthopoxvirus is vaccinia virus. Vaccinia virus (VACV), the first recombinant virus shown to induce a
protective immune response against an unrelated pathogen (Moss, B., G.L. Smith, J.L. Geria, and R.H.
Purcell. 1984. Live recombinant vaccinia virus protects chimpanzees against hepatitis B. Nature 311:67-69;
Paoletti, E., B.R, Lipinskas, C. Samsonolf, S.R. Mercer, and D. Panicali. 1984. Construction of live vaccines
using genetically engineered poxviruses; biological activity of vaccinia virus recombinants expressing the
hepatitis B virus surface antigen and the herpes simplex virus glycoprotein D. Proc. Natl. Acad. Sci. USA
81:193-197), is being employed as a vector for veterinary and wildlife vaccines (Moss, B. 1996. Genetically
engineered poxviruses for recombinant gene expression. vaccination, and safety. Proc. Natl. Acad. Sci.
USA 93:11341-11348). Development of recombinant VACV for human use, however, has been impeded by
safety concerns. For this reason, there is interest in modified VACV Ankara (MVA), a highly attenuated
smallpox vaccine with an exemplary safety profile even in immunodeficient animals (Mayr, A., V. Hochstein-
Mintzel, and H. Stickl. 1975. Passage history, properties, and applicability of the attenuated vaccinia virus
strain MVA. Infection 3:6-14. (In German); Stickl, H., V. Hochstein-Mintzel, A. Mayr, H.C. Huber, H. Schafer,
and A. Holzner. 1974. MVA vaccination against smallpox: clinical trial of an attenuated live vaccinia virus
strain (MVA). Dtsch. Med. Wschr. 99:2386-2392 (In German); Stittelaar, K.J., T. Kuiken, R.L. de Swart, G.
van Amerongen, H.W. Vos, H.G. Niesters, P. van Schalkwijk, T. van der Kwast, L.S. Wyatt, B. Moss, and
A.D. Osterhaus. 2001. Safety of modified vaccinia virus Ankara (MVA) in immune-suppressed macaques.
Vaccine 19:3700-3709). The genomic sequence of MVA (Mayr, A. et al. 1978 Zentralbl Bakteriol 167:375-
390), which cannot grow in most mammalian cells and which is a good candidate for a recombinant vaccine
vector, is known (Sutter, G. and Moss, B. 1992 Proc Natl Acad Sci USA 89:10847-10851; and Sutter, G. et
al. 1994 Vaccine 12:1032-1040) has been passaged over 570 times in chicken embryo fibroblasts, during
which six major deletions relative to the parental wild-type strain Ankara, accompanied by a severe
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restriction in host range, have occurred (Meyer, H. et al. 1991 J Gen Virol 72:1031-1038). MVA is severely
host range restricted and propagates poorly or not at all in most mammalian cells because of a block in
virion assembly (Sutter, G., and B. Moss. 1992. Nonreplicating vaccinia vector efficiently expresses
recombinant genes. Proc. Natl. Acad. Sci. USA 89:10847-10851). Initial experiments with recombinant MVA
(rMVA) demonstrated its ability to robustly express foreign proteins (Sutter, G., and B. Moss. 1992.
Nonreplicating vaccinia vector efficiently expresses recombinant genes. Proc. Natl. Acad. Sci. USA
89:10847-10851) and induce protective humoral and cell-mediated immunity (Sutter, G., L.S. Wyatt, P.L.
Foley, J.R. Bennink, and B. Moss. 1994. A recombinant vector derived from the host range-restricted and
highly attenuated MVA strain of vaccinia virus stimulates protective immunity in mice to influenza virus.
Vaccine 12:1032-1040). Currently, rMVA candidate vaccines expressing genes from a wide variety of
pathogens are undergoing animal and human testing (Gomez, C.E., J.L. Najera, M. Krupa, and M.
Esteban. 2008. The poxvirus vectors MVA and NYVAC a gene delivery systems for vaccination against
infection diseases and cancer. Curr. Gene Ther. 8:97-120).

[0004] While developing candidate human immunodeficiency virus (HIV) and other vaccines, it was
observed that mutant rMVA loses the ability to express foreign proteins after tissue culture passage
(Stittelaar, K.J., L.S. Wyatt, R.L de Swart, HW. Vos, J. Groen, G. van Amerongen, R. S. van Binnendijk, S.
Rozenblatt, B. Moss. and A. Osterhaus. 2000. Protective immunity in macaques vaccinated with a modified
vaccinia virus Ankara-based measles virus vaccine in the presence of passively acquired antibodies. J.
Virol, 74:4236-4243; Wyatt, L.S., |.M. Belyakov, P.L. Earl, J.A. Berzofsky, and B. Moss. 2008. Enhanced cell
surface expression, immunogenicity and genetic stability resulting from a spontaneous truncation of HIV
Env expressed by a recombinant MVA. Virology 372:260-272; Wyatt, L.S., S.T. Shors, B.R. Murphy, and B.
Moss. 1996. Development of a replication-deficient recombinant vaccinia virus vaccine effective against
parainfluenza virus 3 infection in an animal model. Vaccine 14:1451-1458). This instability may initially go
undetected, however, unless individual plaques are isolated and analyzed. Nevertheless, once established
in the population, the nonexpressors can rapidly overgrow the original rMVA. These considerations are
particularly important for production of large vaccine seed stocks of rMVA. The instability of cloned genes in
MVA is surprising, since MVA had already undergone genetic changes during its adaptation through
hundreds of passages in chicken embryo fibroblasts (CEFs) and is now quite stable. Indeed, identical
167,000-bp genome sequences have been reported for three independent plaque isolates, accession
numbers U94848, AY603355, and DQ983236, and by Antoine et al. (Antoine, G., F. Scheiflinger, F. Dorner,
and F.G. Falkner. 2006. Corrigendum 10 "The complete genomic sequence of the modified vaccinia Ankara
(MVA) strain: comparison with other orthopoxviruses." Virology 350:501-502. [Correction to 244:365,
1998.]). Although the cause of the instability of the gene inserts had not been previously investigated,

harmful effects of the recombinant protein seem to play a role in the selective advantage of nonexpressing
mutants. Thus, reducing the expression level of parainfluenza virus and measles virus transmembrane
proteins and deleting part of the cytoplasmic tail of HIV Env improves the stability of rMVAs (Stittelaar, K.J.,
L.S. Wyatt, R.L. de Swart, HW. Vos, J. Groen, G. van Amerongen, R.S. van Binnendijk, S. Rozenblatt, B.
Moss. and A. Osterhaus. 2000. Protective immunity in macaques vaccinated with a modified vaccinia virus
Ankara-based measles virus vaccine in the presence of passively acquired antibodies. J. Virol, 74:4236-
4243; Wyatt, L.S., I.M. Belyakov, P.L. Earl, J.A. Berzofsky, and B. Moss. 2008. Enhanced cell surface
expression, immunogenicity and genetic stability resulting from a spontaneous truncation of HIV Env
expressed by a recombinant MVA. Virology 372:260-272; Wyatt, L.S., S.T. Shors, B.R. Murphy, and B.
Moss. 1996. Development of a replication-deficient recombinant vaccinia virus vaccine effective against
parainfluenza virus 3 infection in an animal model. Vaccine 14:1451-1458). Reducing expression, however,
can also decrease immunogenicity and therefore may be undesirable (Wyatt, L.S., P.L. Earl, J. Vogt, L.A.
Eller, D. Chandran, J. Liu, H.L. Robinson, and B. Moss. 2008. Correlation of immunogenicities and in vitro
expression levels of recombinant modified vaccinia virus Ankara HIV vaccines. Vaccine 26:486-493).
WO02008/142479 discloses a recombinant modified MVA containing restructured insertion sites.
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[0005] In view of the potential value of rMVA as a vaccine, it is important to understand this pernicious
instability problem, and to develop methods for constructing stable, recombinant MVA viruses. Additionally,
an understanding of the stability problem might provide insights that have application to other DNA
expression vectors. The present invention provides such insights and provides for a solution to the problem
of constructing stable, recombinant MVA viruses.

Summary of the Invention

[0006] The present invention relates to the discovery that the genome of a modified vaccinia Ankara (MVA)
virus can be made more stable by restructuring regions of the genome. In particular, the inventors have
discovered that regions of the genome containing non-essential genes are genetically unstable. Moreover
such regions can be made more stable by removing non-essential DNA, and making essential genes in
these regions adjacent to one another. Because loss of essential genes results in a virus having a growth
disadvantage, such viruses are quickly lost from the population resulting in a population of viruses in which
the essential genes, and any intervening DNA, is maintained.

[0007] The invention provides a recombinant modified vaccinia Ankara (MVA) virus comprising a
heterologous nucleic acid sequence located between two adjacent, essential open reading frames of the
MVA virus genome. The choice of essential ORFs is such that the ORFs are non-adjacent in the genome of
a parental MVA virus used to construct the recombinant viruses of the present invention. That is, the
essential ORFs are separated by at least one non-essential ORF. However, in the recombinant modified
vaccinia Ankara (MVA) progeny virus, the essential ORFs have been made adjacent. That is, there are no
intervening, non-essential ORFs between the essential ORFs. Consequently, the region between the
essential ORFs is stable, and is maintained in the virus population. Consequently, this region provides a
new and useful site for the insertion of heterologous nucleic acid sequences. Such heterologous nucleic
acid sequences can encode therapeutically useful proteins, such as antigens.

[0008] The invention also provides nucleic acid constructs that can be used to construct recombinant
modified vaccinia Ankara (MVA) viruses of the present invention. Such constructs contain essential ORFs
from the parental MVA virus, and that are non-adjacent in the parental virus. However, in the disclosed
nucleic acid constructs, these essential ORFs have been made adjacent to one another. Moreover,
constructs are disclosed that contain intergenic regions between the essential ORFs, which can be used for
the insertion of heterologous nucleic acid sequences.

Brief Description of the Drawings

[0009]

Figure 1. Phylogenetic relationships of HIV-1 and HIV-2 based on identity of po/ gene sequences. SIVcp,
and SIVgmm are subhuman primate lentiviruses recovered from a chimpanzee and sooty mangabey

monkey, respectively.

Figure 2. Phylogenetic relationships of HIV-1 groups M, N and O with four different SIV, isolates based

on full-length pol gene sequences. The bar indicates a genetic distance of 0.1 (10% nucleotide divergence)
and the asterisk positions group N HIV-1 isolates based on env sequences.

Figure 3. Tropic and biologic properties of HIV-1 isolates.
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Figure 4. HIV-encoded proteins. The location of the HIV genes, the sizes of primary translation products (in
some cases polyproteins), and the processed mature viral proteins are indicated.

Figure 5. Schematic representation of a mature HIV-1 virion.

Figure 6. Linear representation of the HIV-1 Env glycoprotein. The arrow indicates the site of gp160
cleavage to gp120 and gp41. In gp120, cross-hatched areas represent variable domains (V¢ to Vg) and

open boxes depict conserved sequences (Cq to Cg). In the gp41 ectodomain, several domains are

indicated: the N-terminal fusion peptide, and the two ectodomain helices (N- and C-helix). The membrane-
spanning domain is represented by a black box. In the gp41 cytoplasmic domain, the Tyr-X-X-Leu (YXXL)
endocytosis motif (SEQ ID NO: 1) and two predicted helical domains (helix-1 and -2) are shown. Amino
acid numbers are indicated.

Figure 7. pLW-73 nucleic acid construct (SEQ ID NO:2 and 3).

Figure 8. Nucleotide sequence of the pLW-73 transfer vector (top strand, SEQ ID NO: 2; bottom strand,
SEQID NO: 3).

Figure 9. Nucleotide sequence encoding Ugandan clade D Env protein (isolate AO7412) (SEQ ID NO: 4).

Figure 10. Codon altered nucleotide sequence encoding Ugandan clade D gagpol protein (isolate AO3349)
(SEQ ID NO: 5).

Figure 11. Generation of recombinant MVAs and analysis of stability of inserted genes. A) Schematic
diagram of insertion of env and gagpol into Del Il and Del Il sites, respectively. B) Evaluation of stability by
immunostaining.

Figure 12. Types and frequency of env mutations in MVA/65A/G env.

Figure 13. Insertion of Env in IBR/G1L IGR and Gag Pol in Del lll..

Figure 14. Modifications to A/G constructs to increase stability.

Figure 15. Env expression after plaque passages.

Figure 16. PCR and Western blot analysis of individual clones.

Figure 17. Expression of A/G env by double recombinant MVA.

Figure 18. Recombinant viruses expressing env and gagpol from Ugandan HIV-1 isolates.
Figure 19. MVA/UGD4a - anlaysis of non-staining env plaques.

Figure 20. Modification of UGD env gene in recombinant MVA.

Figure 21. MVA/UGDA4b - analysis of non-staining gag plaques. *, location of runs of 4-6 G or C residues.
Figure 22. Modification of UGD gagpol gene in recombinant MVA.

Figure 23. Construction of stable recombinant MVA expressing UGD env and gagpol.
Figure 24. Cellular responses elicited by MVA/UGDA4d.

Figure 25. Antibody responses elicited by NWA/UGDA4d.

Figure 26. Outline of method for restructuring the del Il site of MVA virus genome.
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Figure 27 pLW-76 nucleic acid construct (SEQ ID NO:21 and 22).

Figure 28. Syncytial phenotype in rMVA due to restructuring of the del lll site

Figure 29 Comparison of heterogous nucleic acid stability in different recombinant MVA viruses
Figure 30 Comparison of UGD Env protein expression level in different recombinant MVA viruses

Figure 31 Nucleotide sequence of the pLW-76 transfer vector (SEQ ID NO:21 and 22).

Deposit of Microorganism

[0010] The following microorganism has been deposited in accordance with the terms of the Budapest
Treaty with the American Type Culture Collection (ATCC), Manassas, VA, on the date indicated:

Microorganism Accession No. Date
MVA 1974/NIH Clone 1 PTA-5095 March 27, 2003

[0011] MVA 1974/NIH Clone 1 was deposited as ATCC Accession No.: PTA-5095 on March 27, 2003 with
the American Type Culture Collection (ATCC), 10801 University Blvd., Manassas, VA 20110-2209, USA.
This deposit was made under the provisions of the Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purposes of Patent Procedure and the Regulations thereunder
(Budapest Treaty).

Detailed Description of the Preferred Embodiment

[0012] Before the present invention is further described, it is to be understood that this invention is defined
in the appended claims.

[0013] Unless defined otherwise, technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. See, e.g., Singleton
P and Sainsbury D., Dictionary of Microbiology and Molecular Biology, 3rd ed., J. Wiley & Sons, Chichester,
New York, 2001 and Fields Virology, 5th Ed. (D.M. Knipe, P.M. Howley, D.E. Griffin, R. A. Lamb, M.A.
Martin, B. Roizman, and S.E. Straus, eds), Lippincott Williams & Wilkins, Philadelphia, PA, 2007. Although
any methods and materials similar or equivalent to those described herein can also be used in the practice
or testing of the present invention, the preferred methods and materials are now described.

[0014] According to the present invention, an isolated protein, or nucleic acid molecule, is a protein, or
nucleic acid molecule, that has been removed from its natural milieu. An isolated protein, or nucleic acid
molecule, can, for example, be obtained from its natural source, be produced using recombinant DNA
technology, or be synthesized chemically. As such, isolated does not reflect the state or degree to which a
protein or nucleic acid molecule is purified.

[0015] It must be noted that as used herein and in the appended claims, the singular forms "a," "
"the" include plural referents unless the context clearly dictates otherwise. It is further noted that the claims
may be drafted to exclude any optional element. As such, this statement is intended to serve as antecedent

an," and
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basis for use of such exclusive terminology as "solely,
claim elements, or use of a "negative"” limitation.

only" and the like in connection with the recitation of

[0016] It should be understood that as used herein, the term "a" entity or "an" entity refers to one or more
of that entity. For example, a nucleic acid molecule refers to one or more nucleic acid molecules. As such,
the terms "a", "an", "one or more" and "at least one" can be used interchangeably. Similarly the terms
"comprising”, "including" and "having" can be used interchangeably.

[0017] The transitional term "comprising" is synonymous with "including," "containing," or "characterized
by," is inclusive or open-ended and does not exclude additional, unrecited elements or method steps.

[0018] The transitional phrase "consisting of' excludes any element, step, or ingredient not specified in the
claim, but does not exclude additional components or steps that are unrelated to the invention such as
impurities ordinarily associated therewith.

[0019] The transitional phrase "consisting essentially of limits the scope of a claim to the specified
materials or steps and those that do not materially affect the basic and novel characteristic(s) of the
claimed invention.

[0020] The publications discussed herein are provided solely for their disclosure prior to the filing date of
the present application. Nothing herein is to be construed as an admission that the present invention is not
entitled to antedate such publication by virtue of prior invention. Further, the dates of publication provided
may be different from the actual publication dates, which may need to be independently confirmed.

[0021] It is appreciated that certain features of the invention, which are, for clarity, described in the context
of separate embodiments, may also be provided in combination in a single embodiment. Conversely,
various features of the invention, which are, for brevity, described in the context of a single embodiment,
may also be provided separately or in any suitable sub-combination. All combinations of the embodiments
are specifically embraced by the present invention and are disclosed herein just as if each and every
combination was individually and explicitly disclosed. In addition, all sub-combinations are also specifically
embraced by the present invention and are disclosed herein just as if each and every such sub-
combination was individually and explicitly disclosed herein.

[0022] Complete genome sequences have been reported for at least one member of each chordopoxvirus
genus and two entomopoxviruses. Nearly 100 genes are conserved in all chordopoxviruses, and about half
of these are also present in entomopoxviruses. Based on the above, several generalizations can be made:
Genes are largely nonoverlapping, tend to occur in blocks pointing toward the nearer end of the genome,
are usually located in the central region if highly conserved and concerned with essential replication
functions, and are usually located in the end regions if variable and concerned with host interactions. The
arrangement of the central genes is remarkably similar in all chordopoxviruses. A convention for naming
vaccinia virus genes or ORFs (open reading frames), originating prior to sequencing the entire genome
and subsequently used for the complete sequence of the Copenhagen strain of vaccinia virus, consists of
using the Hindlll restriction endonuclease DNA fragment letter, followed by the ORF number (from left to
right) within the fragment, and L or R, depending on the direction of the ORF. An exception to this rule was
made for the Hindlll C fragment; the ORFs were numbered from the right in order to avoid starting at the
highly variable left end of the genome. Polypeptide names correspond to gene names, except that L or R is
dropped. In most subsequent complete poxvirus genome sequences, ORFs were numbered successively
from one end of the genome to the other. Nevertheless, the old letter designations have been retained as
common names to provide continuity in the literature. The ORF number of the Western Reserve (WR)
strain of vaccinia virus is commonly shown in reference books because this strain has been used for the
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great majority of biochemical and genetic studies.

[0023] The inventors of the present invention have identified new sites, and methods for creating new sites,
for the stable insertion of exogenous DNA sequences into the genome of modified vaccinia Ankara (MVA)
virus. The present invention resulted from work aimed at identifying methods of constructing stable,
recombinant MVA viruses. It had previously been observed that while recombinant MVAs containing
heterologous DNA sequences inserted into the MVA genome could be obtained, these insertions were
often unstable. Investigations of this instability yielded the conclusion that the insertion of heterologous DNA
sequences non-essential for viral propagation into spaces between ORFs could be expected to be deleted
by the virus as well. Thus was recognized a need for improved strategies for constructing stable,
recombinant MVA viruses.

[0024] As used herein, an open reading frame (ORF) means a string of contiguous nucleotides that
encode the amino acids of a protein. Such proteins can be peptides, polypeptides, and can be any length
greater than a single amino acid. It should be understood that an ORF may also include a stop codon, even
though such codon does not encode an amino acid. It will be appreciated by those skilled in the art that,
due to recombination events, some ORFs have lost portions of their original coding capacity and thus
encode proteins that are non-functional. Such ORFs are sometimes referred to as ORF fragments. ORFs
do not include regulatory elements (e.g., promoters, transcriptional control elements, enhancers, etc.) that
are located outside of the coding region. In contrast, a gene refers to an ORF (including the stop codon)
and regulatory elements capable of regulating transcription of the ORF.

[0025] ORFs can be referred to as adjacent or non-adjacent. As used herein, two ORFs are adjacent when
they reside in the same nucleic acid molecule, and their two closest ends are not separated by another
poxvirus ORF. Non-adjacent ORFs are ORFs whose two closest ends are separated by another poxvirus
ORF. Adjacent ORFs can be contiguous, meaning that there is no other nucleotide sequence between a
terminal codon belonging to one ORF and a terminal codon belonging to the other ORF. A terminal codon
means the first or last codon of an OREF, including the stop codon. One example of a terminal codon is the
codon encoding the first 5' amino acid of the protein encoded by the ORF. Another example of a terminal
codon is the codon encoding the last 3' amino acid of the protein encoded by the ORF. Still another
example of a terminal codon is the stop codon for the ORF.

[0026] Adjacent ORFs can also be separated by a nucleic acid sequence. Such a sequence is referred to
as an intergenic region. As used herein an intergenic region means a nucleic acid sequence between the
closest terminal codons of adjacent ORFs that does not contain nucleotide sequences derived from
vaccinia virus, other than poxvirus transcriptional control elements. IGR sequences lie outside the stop
codons of adjacent ORFs and thus do not encode any portion of the protein encoded by the adjacent
ORFs. IGR sequences may contain poxvirus transcriptional control elements. IGRs may also contain
sequences derived from organisms other than a poxvirus. Preferably IGRs are free of any poxvirus
sequences that are not part of a poxvirus transcriptional control element. In one embodiment, the IGR
comprises at least one heterologous nucleic acid sequence. Such sequence can be inserted at a restriction
enzyme recognition site, or restriction site, which is naturally present in the IGR or which has been
introduced into the IGR for the purpose of inserting other heterologous nucleic acid sequences.

[0027] While the nucleotide sequences of ORFs encode proteins, the intergenic regions (IGRs) between
two ORFs have no coding capacity. Thus they may serve as sites into which heterologous DNA can be
inserted without affecting the production of any viral proteins. IGRs may, however, comprise regulatory
elements, binding sites, promoter and/or enhancer sequences essential for or involved in the transcriptional
control of the viral gene expression. Thus, the IGR may be involved in the regulatory control of the viral life
cycle. Even so, the inventors have found that the IGR's can be used to stably insert heterologous nucleic
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acid sequences into the MVA genome without influencing or changing the typical characteristics and gene
expression of MVA. The new insertion sites are especially useful, since no ORF or coding sequence of MVA
is altered.

[0028] Before further describing the invention, it is useful to have an understanding of the arrangement of
genes in the poxvirus genome. The nucleotide sequence of an ORF regularly starts with a start codon and
ends with a stop codon. Depending on the orientation of the two adjacent ORFs the IGR, the region in
between these ORFs, is flanked either by the two stop codons of the two adjacent ORFs, or, by the two
start codons of the two adjacent ORFs, or, by the stop codon of the first ORF and the start codon of the
second ORF, or, by the start codon of the first ORF and the stop codon of the second ORF.

[0029] Accordingly, the insertion site for the exogenous DNA sequence into the IGR may be downstream or
3' of the stop codon of a first ORF. In case the adjacent ORF, also termed second ORF, has the same
orientation as the first ORF, this insertion site downstream of the stop codon of the first ORF lies upstream
or 5' of the start codon of the second ORF.

[0030] In case the second ORF has an opposite orientation relative to the first ORF, which means the
orientation of the two adjacent ORFs points to each other, then the insertion site lies downstream of the
stop codons of both ORFs.

[0031] As a third alternative, in case the two adjacent ORFs read in opposite directions, but the orientation
of the two adjacent ORFs points away from each other, which is synonymous with a positioning that is
characterized in that the start codons of the two ORFs are adjacent to each other, then the exogenous
DNA is inserted upstream relative to both start codons.

[0032] ORFs in the MVA genome occur in two coding directions. Consequently, mRNA synthesis activity
occurs from left to right, i.e., forward direction and, correspondingly, from right to left (reverse direction). It
is common practice in poxvirology and it became a standard classification for vaccinia viruses to identify
ORFs by their orientation and their position on the different Hindlll restriction digest fragments of the
genome. For the nomenclature, the different Hindlll fragments are named by descending capital letters
corresponding with their descending size. The ORF are numbered from left to right on each Hindlll
fragment and the orientation of the ORF is indicated by a capital L (standing for transcription from right to
Left) or R (standing for transcription from left to Right). Additionally, there is a more recent publication of the
MVA genome structure, which uses a different nomenclature, simply numbering the ORF from the left to
the right end of the genome and indicating their orientation with a capital L or R (Antoine, G. et al. 1998
Virology 244:365-396). As an example the IBR ORF, according to the old nomenclature, corresponds to the
069R ORF according to Antoine et al.

[0033] In their efforts to make recombinants of modified vaccinia virus Ankara (MVA) expressing HIV genes
as candidate vaccines, the inventors determined that one of the causes of instability is due to deletions of
the foreign gene and flanking MVA sequences. In an attempt to overcome this problem they set out to
insert foreign genes between conserved genes in order to prevent viable deletions from occurring in
recombinant MVAs. Viruses with such deletions have a growth advantage and will thus overgrow rMVA
virus populations. If one inserts foreign genes between conserved genes in the vaccinia genome (these
genes are considered to be required for vaccinia virus replication and are therefore "essential genes"), any
deletion of an essential gene would inhibit virus replication, and, therefore, not overgrow the recombinant
MVAs. Thus, the stable expression of the rMVA population is maintained. The strain of MVA that the
inventors have been using to make their recombinants was provided by them to the Centers for Disease
Control and Prevention (CDC) and was subsequently sequenced by Acambis (Genbank Accession number
AY603355). The strain of MVA that Bavarian Nordic has based their WO03/097845 publication on is
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vaccinia virus strain modified vaccinia Ankara (Genbank Accession number U94848) sequenced by
Antoine, G. et al. 1998 Virology 244:365-396. (Note that the gene numbers in these two sequences for a
given gene are different.)

[0034] The inventors initially looked at genes conserved in the Poxviridae family as well as those genes
conserved in subfamily Chordopoxvirinae (the vertebrate poxviruses) (Upton, C. et al. 2003 Journal of
Virology 77:7590-7600). These genes are listed in the nomenclature of Copenhagen vaccinia virus
(Genbank Accession number M35027) given on the Poxvirus Bioinformatics Resource Center found on the
world wide web at poxvirus.org. These genes total 49 conserved genes in the Poxvirus family and 41
additional genes conserved in chordopoxviruses, making a total of 90 conserved genes. From these 90
conserved genes, the inventors listed intergenic sites between conserved gene pairs. These gene pairs are
listed below in Table 1. (Note that genes are marked that have not been included in the Bavarian Nordic
WOO03/097845 publication).

Table 1
Intergenic Sites between Conserved Genes
Genes/Copenhagenj CDC/Acambis Antoine et al. Listed in WO03/097845 publ
Genes Genes ? N=No
FOL-F10L 040-041 038L-039L
F12L-F13L 044-045 042L-043L N
F17R-E1L 049-050 047R-048L N
E1L-E2L 050-051 048L-049L N
E8R-E9L 057-058 055R-056L
ESL-E10R 058-059 056L-057L N
11L-12L 064-065 062L-063 L N
12L-13L 065-066 063L-064L N
I5L-16L 068-069 066L-067L
I6L-17L 069-070 067L-068L N
I7L-18R 070-071 068L-069R N
IBR-G1L 071-072 069R-070L N
G1L-G3L 072-073 070L-071L N
G3L-G2R 073-074 071L-072R N
G2R-G4L 074-075 072R-073L N
G4L-G5R 075-076 073L-074R N
G5R-G5.5R 076-077 074R-075R N
G5.5R-G6R 077-078 075R-076R N
G6R-G7L 078-079 076R-077L N
G7L-G8R 079-080 077L-078R
G8R-GY9R 080-081 078R-079R
GI9R-L1R 081-082 079R-080R N
L1R-L2R 082-083 080R-081R
L2R-L3L 083-084 081R-082L
L3L-L4R 084-085 082L-083R
L4R-L5R 085-086 083R-084R N
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Intergenic Sites between Conserved Genes
Genes/Copenhagenj CDC/Acambis Antoine et al. Listed in WO03/097845 publ
Genes Genes ? N=No
L5R-J1R 086-087 084R-085R N
J3R-J4R 089-090 087R-088R N
J4R-J5L 090-091 088R-089L
J5L-J6R 091-092 089L-090R
J6R-H1L 092-093 090R-091L N
H1L-H2R 093-094 091L-092R N
H2R-H3L 094-095 092R-093L
H3L-H4L 095-096 093L-094L N
H4L-H5R 096-097 094L-095R
H5R-H6R 097-098 095R-096R N
H6R-H7R 098-099 096R-097R
H7R-D1R 099-100 097R-098R
D1R-D2L 100-101 098R-099L N
D2L-D3R 101-102 099L-100R N
D3R-D4R 102-103 100R-101R N
D4R-D5R 103-104 101R-102R
D5R-D6R 104-105 102R-103R N
D6R-D7R 105-106 103R-104R
DI9R-D10R 108-109 106R-107R N
D10R-D11L 109-110 107R-108L
D11L-D12L 110-111 108L-109L
D12L-D13L 111-112 109L-110L
D13L-A1L 112-113 110L-111L
A1L-A2L 113-114 111L-112L N
A2L-A2.5L 114-115 112L-113L N
A2 5L-A3L 115-116 113L-114L
A3L-A4L 116-117 114L-115L
A4L-A5R 117-118 115L-116R
A5R-A6L 118-119 116R-117L N
ABL-A7L 119-120 117L-118L
A7L-A8R 120-121 118L-119R
A8R-A9L 121-122 119R-120L N
A9L-A10L 122-123 120L-121L N
A10L-A11R 123-124 121L-122R N
A1MR-A12L 124-125 122R-123L
A12L-A13L 125-126 123L-124L
A13L-A14L 126-127 124L-125L
A14L-A14.5L 127-128 125L-125.5L N
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Intergenic Sites between Conserved Genes
Genes/Copenhagenj CDC/Acambis Antoine et al. Listed in WO03/097845 publ
Genes Genes ? N=No

A14.5L-A15L 128-129 125.5L-126L N
A15L-A16L 129-130 126L-127L N
A16L-A17L 130-131 127L-128L N
A17L-A18R 131-132 128L-129R N
A18R-A19L 132-133 129R-130L N
A19L-A21L 133-134 130L-131L N
A21L-A20R 134-135 131L-132R N
A20R-A22R 135-136 132R-133R N
A22R-A23R 136-137 133R-134R

A23R-A24R 137-138 134R-135R

A28L-A29L 141-142 139L-140L N
A29L-A30L 142-143 140L-141L N

[0035] The orientations of these genes are variable, with some being transcribed to the right, some to the
left. This means that some of the intergenic sites contain promoters that would have to be preserved in the
construction of the insertion vector. In addition, for overlapping conserved genes, during vector
construction the genes would have to be reconstructed using alternative codons to minimize the repeating
sequences

[0036] The inventors focused on conserved genes whose orientation is "end to end" such that the 3' stop
codon of the genes are in close proximity to one another. The construction of transfer vectors used in these
sites are facilitated by the fact that there would be no promoter in this region between the stop codons. If
there are intergenic nucleotides separating the stop codons, then construction of the insertion vector is
straightforward. If the stop codon of one gene is within the 3' end of the other gene, then during
construction of the plasmid transfer vector, the gene can be reconstructed using alternative codons to
minimize repeating sequences, or, depending on the size of the overlap, simply corrected in the PCR of the
flanks so as not to overlap. Table 2 gives the intergenic sites that meet the requirement of the orientation of
the conserved genes being "end to end". Those intergenic sites highlighted in gray have no overlapping

ends and therefore are simplest to construct.
Table 2

Conserved genes with “end to end” orientation

Genes end to end | Overlapping ends | CDC/Acambis genes Antoine genes
F17R-E1L

G2R-G4 0TIROTL
G6R-GIL Yes 078-079 076R-077L,
L2R» 3L Yes 083-084 081R—082L

ASR- Asﬁ“ Yes 118119 116R—117L

ASR-ASL Yes 121-122 T19R-120L
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A18R-A19L Yes 132-133 129R-130L

Gray highlighted genes have no overlappping ends and thus are simplest to use as intergenic sites:

[0037] From this list, the inventors focused on the six intergenic sites that have no overlapping ends. In a
illustrative example, of these six, the intergenic site, 071-072 (I8R-G1L), was chosen as a site into which to
insert a heterologous gene. The construction of a recombinant MVA virus using this intergenic site, and the
characteristics of the resultant virus, are described in Example 1, and in International Publication Number
WO2008/142479 A2.

[0038] In addition to the conserved genes and corresponding intergenic sites described above, the
inventors have discovered other sites useful for the insertion of a heterologous nucleic acid sequence. For
example, any gene, for which it has been experimentally demonstrated that the deletion, or inactivation, of
which, results in a 0.5 log, 0.75 log or 1 log (10 fold) reduction in titer, could be considered an "essential
gene". Similarly, an essential gene is any gene that results in at least an 50%, at least a 75%, or at least a
90% reduction in titer compared to a virus in which the corresponding gene has not been deleted or
inactivated. If this gene lies adjacent to another essential gene, the intergenic site between the two genes
would be a useful site for insertion of a heterologous nucleic acid sequence. While deletion of one or more
of these OREF, along with the intervening heterologous nucleic acid sequence, would not prevent the virus
from growing, it would result in decreased growth compared to a virus containing these ORFs. Thus, over
time, virus that has lost one or more essential ORF would slowly become a smaller proportion of the total
virus population and, given enough time, would disappear from the virus population entirely.

[0039] Thus, one embodiment of the present invention is a recombinant modified vaccinia Ankara (MVA)
virus comprising a heterologous nucleic acid sequence located between, or flanked by, two adjacent
essential ORFs from MVA that are separated by at least one non-essential ORF in the parental MVA virus
used to construct the recombinant MVA. In one embodiment, adjacent ORF's are separated by an
intergenic region (IGR). As described, the IGR may contain a heterologous nucleic acid sequence. Thus,
one embodiment is a recombinant modified vaccinia Ankara (MVA) virus comprising a heterologous nucleic
acid sequence in an intergenic region located between, or flanked by, two adjacent essential ORFs from
MVA virus that are separated by at least one non-essential ORF in the parental MVA virus used to construct
the recombinant MVA.

[0040] As used herein, heterologous, or exogenous, nucleic acid sequences are sequences which, in
nature, are not normally found associated with the poxvirus as used according to the present invention.
According to a further embodiment of the present invention, the exogenous nucleic acid sequence
comprises at least one coding sequence. The coding sequence is operatively linked to a transcription
control element, preferably to a poxviral transcription control element. Additionally, also combinations
between poxviral transcription control element and, e.g., internal ribosomal entry sites can be used.

[0041] According to a further embodiment, the heterologous nucleic acid sequence can also comprise two
or more coding sequences linked to one or several transcription control elements. Preferably, the coding
sequence encodes one or more proteins. In some embodiments, the proteins are antigens, or comprise
antigenic epitopes, especially those of therapeutically interesting genes.

[0042] Therapeutically interesting genes according to the present disclosure may be genes derived from or
homologous to genes of pathogenous or infectious microorganisms which are disease causing.
Accordingly, in the context of the present disclosure such therapeutically interesting genes are presented to
the immune system of an organism in order to affect, preferably induce a specific immune response and,
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thereby, vaccinate or prophylactically protect the organism against an infection with the microorganism. In
further preferred embodiments of the present disclosure the therapeutically interesting genes are selected
from genes of infectious viruses, e.g.,--but not limited to--dengue virus, hepatitis virus B or C, or human
immunodeficiency viruses such as HIV.

[0043] According to a preferred embodiment of the present invention the heterologous nucleic acid
sequence is derived from HIV and encodes HIV env, wherein the HIV env gene is preferably inserted into
the IGR between the adjacent ORFs. The etiological agent of acquired immune deficiency syndrome
(AIDS) is recognized to be a retrovirus exhibiting characteristics typical of the lentivirus genus, referred to
as human immunodeficiency virus (HIV). The phylogenetic relationships of the human lentiviruses are
shown in Fig. 1. HIV-2 is more closely related to SIVgmm, @ virus isolated from sooty mangabey monkeys in

the wild, than to HIV-1. It is currently believed that HIV-2 represents a zoonotic transmission of SIVgmm to
man. A series of lentiviral isolates from captive chimpanzees, designated SIV ¢y, are close genetic relatives
of HIV-1.

[0044] The earliest phylogenetic analyses of HIV-1 isolates focused on samples from Europe/North
America and Africa; discrete clusters of viruses were identified from these two areas of the world. Distinct
genetic subtypes or clades of HIV-1 were subsequently defined and classified into three groups: M (major);
O (outlier); and N (non-M or O) (Fig. 2). The M group of HIV-1, which includes over 95% of the global virus
isolates, consists of at least eight discrete clades (A, B, C, D, F, G, H, and J), based on the sequence of
complete viral genomes. Members of HIV-1 group O have been recovered from individuals living in
Cameroon, Gabon, and Equatorial Guinea; their genomes share less than 50% identity in nucleotide
sequence with group M viruses. The more recently discovered group N HIV-I strains have been identified in
infected Cameroonians, fail to react serologically in standard whole-virus enzyme-linked immunosorbent
assay (ELISA), yet are readily detectable by conventional Western blot analysis.

[0045] Most current knowledge about HIV-1 genetic variation comes from studies of group M viruses of
diverse geographic origin. Data collected during the past decade indicate that the HIV-1 population present
within an infected individual can vary from 6% to 10% in nucleotide sequence. HIV-1 isolates within a clade
may exhibit nucleotide distances of 15% in gag and up to 30% in gp120 coding sequences. Interclade
genetic variation may range between 30% and 40% depending on the gene analyzed.

[0046] All of the HIV-1 group M subtypes can be found in Africa. Clade A viruses are genetically the most
divergent and were the most common HIV-1 subtype in Africa early in the epidemic. With the rapid spread
of HIV-1 to southern Africa during the mid to late 1990s, clade C viruses have become the dominant
subtype and now account for 48% of HIV-1 infections worldwide. Clade B viruses, the most intensively
studied HIV-1 subtype, remain the most prevalent isolates in Europe and North America.

[0047] High rates of genetic recombination are a hallmark of retroviruses. It was initially believed that
simultaneous infections by genetically diverse virus strains were not likely to be established in individuals at
risk for HIV-1. By 1995, however, it became apparent that a significant fraction of the HIV-1 group M global
diversity included interclade viral recombinants. It is now appreciated that HIV-1 recombinants will be found
in geographic areas such as Africa, South America, and Southeast Asia, where multiple HIV-1 subtypes
coexist and may account for more than 10% of circulating HIV-1 strains. Molecularly, the genomes of these
recombinant viruses resemble patchwork mosaics, with juxtaposed diverse HIV-1 subtype segments,
reflecting the multiple crossover events contributing to their generation. Most HIV-1 recombinants have
arisen in Africa and a majority contains segments originally derived from clade A viruses. In Thailand, for
example, the composition of the predominant circulating strain consists of a clade A gag plus pol gene
segment and a clade E env gene. Because the clade E env gene in Thai HIV-1 strains is closely related to
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the clade E env present in virus isolates from the Central African Republic, it is believed that the original
recombination event occurred in Africa, with the subsequent introduction of a descendent virus into
Thailand. Interestingly, no full-length HIV-1 subtype E isolate (i.e., with subtype E gag, pol, and env genes)
has been reported to date.

[0048] The discovery that a and B chemokine receptors function as coreceptors for virus fusion and entry
into susceptible CD4* cells has led to a revised classification scheme for HIV-1 (Fig. 3). Isolates can now

be grouped on the basis of chemokine receptor utilization in fusion assays in which HIV-1 gp120 and CD4*
coreceptor proteins are expressed in separate cells. As indicated in Fig. 3, HIV-1 isolates using the CXCR4
receptor (now designated X4 viruses) are usually T cell line (TCL)-tropic syncytium inducing (Sl) strains,
whereas those exclusively utilizing the CCR5 receptor (R5 viruses) are predominantly macrophage (M)-
tropic and non-syncytium inducing (NSI). The dual-tropic R5/X4 strains, which may comprise the majority of
patient isolates and exhibit a continuum of tropic phenotypes, are frequently SI.

[0049] As is the case for all replication-competent retroviruses, the three primary HIV-1 translation
products, all encoding structural proteins, are initially synthesized as polyprotein precursors, which are
subsequently processed by viral or cellular proteases into mature particle-associated proteins (Fig. 4). The

55-kd Gag precursor Pr55G39 is cleaved into the matrix (MA), capsid (CA), nucleocapsid (NC), and pé

proteins. Autocatalysis of the 160-kd Gag-Pol polyprotein, Pr16029-Pd gives rise to the protease (PR), the
heterodimeric reverse transcriptase (RT), and the integrase (IN) proteins, whereas proteolytic digestion by
a cellular enzyme(s) converts the glycosylated 160-kd Env precursor gp160 to the gp120 surface (SU) and
gp41 transmembrane (TM) cleavage products. The remaining six HIV-1-encoded proteins (Vif, Vpr, Tat,
Rev, Vpu, and Nef) are the primary translation products of spliced mRNAs.

Gag

[0050] The Gag proteins of HIV, like those of other retroviruses, are necessary and sufficient for the
formation of noninfectious, virus-like particles. Retroviral Gag proteins are generally synthesized as
polyprotein precursors; the HIV-1 Gag precursor has been named, based on its apparent molecular mass,

Pr55Ga9. As noted previously, the mRNA for Pr55G23 is the unspliced 9.2-kb transcript (Fig. 4) that requires
Rev for its expression in the cytoplasm. When the pol ORF is present, the viral protease (PR) cleaves

Pr55Ga3 during or shortly after budding from the cell to generate the mature Gag proteins p17 (MA), p24
(CA), p7 (NC), and p6 (see Fig. 4). In the virion, MA is localized immediately inside the lipid bilayer of the
viral envelope, CA forms the outer portion of the cone-shaped core structure in the center of the particle,
and NC is present in the core in a ribonucleoprotein complex with the viral RNA genome (Fig. 5).

[0051] The HIV Pr55%39 precursor oligomerizes following its translation and is targeted to the plasma
membrane, where particles of sufficient size and density to be visible by EM are assembled. Formation of

virus-like particles by Pr55%39 is a self-assembly process, with critical Gag-Gag interactions taking place
between multiple domains along the Gag precursor. The assembly of virus-like particles does not require
the participation of genomic RNA (although the presence of nucleic acid appears to be essential), pol-
encoded enzymes, or Env glycoproteins, but the production of infectious virions requires the encapsidation
of the viral RNA genome and the incorporation of the Env glycoproteins and the Gag-Pol polyprotein

precursor Pr160CGag-Pol

Pol
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[0052] Downstream of gag lies the most highly conserved region of the HIV genome, the pol gene, which
encodes three enzymes: PR, RT, and IN (see Fig. 4). RT and IN are required, respectively, for reverse
transcription of the viral RNA genome to a double-stranded DNA copy, and for the integration of the viral
DNA into the host cell chromosome. PR plays a critical role late in the life cycle by mediating the production
of mature, infectious virions. The pol gene products are derived by enzymatic cleavage of a 160-kd Gag-

Pol fusion protein, referred to as Pr160%23-P9_ This fusion protein is produced by ribosomal frameshifting

during translation of Pr55G2 (see Fig. 4). The frame-shiftihng mechanism for Gag-Pol expression, also
utilized by many other retroviruses, ensures that the pol-derived proteins are expressed at a low level,

approximately 5% to 10% that of Gag. Like Pr55629, the N-terminus of Pr160%23-Pd is myristylated and
targeted to the plasma membrane.

Protease

[0053] Early pulse-chase studies performed with avian retroviruses clearly indicated that retroviral Gag
proteins are initially synthesized as polyprotein precursors that are cleaved to generate smaller products.
Subsequent studies demonstrated that the processing function is provided by a viral rather than a cellular
enzyme, and that proteolytic digestion of the Gag and Gag-Pol precursors is essential for virus infectivity.
Sequence analysis of retroviral PRs indicated that they are related to cellular "aspartic" proteases such as
pepsin and renin. Like these cellular enzymes, retroviral PRs use two apposed Asp residues at the active
site to coordinate a water molecule that catalyzes the hydrolysis of a peptide bond in the target protein.
Unlike the cellular aspartic proteases, which function as pseudodimers (using two folds within the same
molecule to generate the active site), retroviral PRs function as true dimers. X-ray crystallographic data
from HIV-1 PR indicate that the two monomers are held together in part by a four-stranded antiparallel 3-
sheet derived from both N- and C-terminal ends of each monomer. The substrate-binding site is located
within a cleft formed between the two monomers. Like their cellular homologs, the HIV PR dimer contains
flexible "flaps" that overhang the binding site and may stabilize the substrate within the cleft; the active-site
Asp residues lie in the center of the dimer. Interestingly, although some limited amino acid homology is
observed surrounding active-site residues, the primary sequences of retroviral PRs are highly divergent,
yet their structures are remarkably similar.

Reverse Transcriptase

[0054] By definition, retroviruses possess the ability to convert their single-stranded RNA genomes into
double-stranded DNA during the early stages of the infection process. The enzyme that catalyzes this
reaction is RT, in conjunction with its associated RNaseH activity. Retroviral RTs have three enzymatic
activities: (a) RNA-directed DNA polymerization (for minus-strand DNA synthesis), (b) RNaseH activity (for
the degradation of the tRNA primer and genomic RNA present in DNA-RNA hybrid intermediates), and (c)
DNA-directed DNA polymerization (for second- or plus-strand DNA synthesis).

[0055] The mature HIV-1 RT holoenzyme is a heterodimer of 66 and 51 kd subunits. The 51-kd subunit
(p51) is derived from the 66-kd (p66) subunit by proteolytic removal of the C-terminal 15-kd RNaseH
domain of p66 by PR (see Fig. 4). The crystal structure of HIV-1 RT reveals a highly asymmetric folding in
which the orientations of the p66 and p51 subunits differ substantially. The p66 subunit can be visualized as
a right hand, with the polymerase active site within the palm, and a deep template-binding cleft formed by
the palm, fingers, and thumb subdomains. The polymerase domain is linked to RNaseH by the connection
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subdomain. The active site, located in the palm, contains three critical Asp residues (110, 185, and 186) in

close proximity, and two coordinated Mg2* ions. Mutation of these Asp residues abolishes RT polymerizing
activity. The orientation of the three active-site Asp residues is similar to that observed in other DNA
polymerases (e.g., the Klenow fragment of E. coli DNA poll). The p51 subunit appears to be rigid and does
not form a polymerizing cleft; Asp 110, 185, and 186 of this subunit are buried within the molecule.
Approximately 18 base pairs of the primer-template duplex lie in the nucleic acid binding cleft, stretching
from the polymerase active site to the RNaseH domain.

[0056] In the RT-primer-template-dNTP structure, the presence of a dideoxynucleotide at the 3' end of the
primer allows visualization of the catalytic complex trapped just prior to attack on the incoming dNTP.
Comparison with previously obtained structures suggests a model whereby the fingers close in to trap the
template and dNTP prior to nucleophilic attack of the 3'-OH of the primer on the incoming dNTP. After the
addition of the incoming dANTP to the growing chain, it has been proposed that the fingers adopt a more
open configuration, thereby releasing the pyrophosphate and enabling RT to bind the next dNTP. The
structure of the HIV-1 RNaseH has also been determined by x-ray crystallography; this domain displays a
global folding similar to that of E. coli RNaseH.

Integrase

[0057] A distinguishing feature of retrovirus replication is the insertion of a DNA copy of the viral genome
into the host cell chromosome following reverse transcription. The integrated viral DNA (the provirus)
serves as the template for the synthesis of viral RNAs and is maintained as part of the host cell genome for
the lifetime of the infected cell. Retroviral mutants deficient in the ability to integrate generally fail to
establish a productive infection.

[0058] The integration of viral DNA is catalyzed by integrase, a 32-kd protein generated by PR-mediated
cleavage of the C-terminal portion of the HIV-1 Gag-Pol polyprotein (see Fig. 4).

[0059] Retroviral IN proteins are composed of three structurally and functionally distinct domains: an N-
terminal, zinc-finger-containing domain, a core domain, and a relatively nonconserved C-terminal domain.
Because of its low solubility, it has not yet been possible to crystallize the entire 288-amino-acid HIV-1 IN
protein. However, the structure of all three domains has been solved independently by x-ray
crystallography or NMR methods. The crystal structure of the core domain of the avian sarcoma virus IN
has also been determined. The N-terminal domain (residues 1 to 55), whose structure was solved by NMR
spectroscopy, is composed of four helices with a zinc coordinated by amino acids His-12, His-16, Cys-40,
and Cys-43. The structure of the N-terminal domain is reminiscent of helical DNA binding proteins that
contain a so-called helix-turn-helix motif; however, in the HIV-1 structure this motif contributes to dimer
formation. Initially, poor solubility hampered efforts to solve the structure of the core domain. However,
attempts at crystallography were successful when it was observed that a Phe-to-Lys change at IN residue
185 greatly increased solubility without disrupting in vitro catalytic activity. Each monomer of the HIV-1 IN
core domain (IN residues 50 to 212) is composed of a five-stranded B-sheet flanked by helices; this
structure bears striking resemblance to other polynucleotidyl transferases including RNaseH and the
bacteriophage MuA transposase. Three highly conserved residues are found in analogous positions in
other polynucleotidyl transferases; in HIV-1 IN these are Asp-64, Asp-116 and Glu-152, the so-called D,D-
35-E motif. Mutations at these positions block HIV IN function both in vivo and in vitro. The close proximity
of these three amino acids in the crystal structure of both avian sarcoma virus and HIV-1 core domains
supports the hypothesis that these residues play a central role in catalysis of the polynucleotidy! transfer
reaction that is at the heart of the integration process. The C-terminal domain, whose structure has been
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solved by NMR methods, adopts a five-stranded -barrel folding topology reminiscent of a Src homology 3
(SH3) domain. Recently, the x-ray structures of SIV and Rous sarcoma virus IN protein fragments
encompassing both the core and C-terminal domains have been solved.

Env

[0060] The HIV Env glycoproteins play a major role in the virus life cycle. They contain the determinants
that interact with the CD4 receptor and coreceptor, and they catalyze the fusion reaction between the lipid
bilayer of the viral envelope and the host cell plasma membrane. In addition, the HIV Env glycoproteins
contain epitopes that elicit immune responses that are important from both diagnostic and vaccine
development perspectives.

[0061] The HIV Env glycoprotein is synthesized from the singly spliced 4.3-kb Vpu/Env bicistronic mRNA
(see Fig. 4); translation occurs on ribosomes associated with the rough endoplasmic reticulum (ER). The
160-kd polyprotein precursor (gp160) is an integral membrane protein that is anchored to cell membranes
by a hydrophobic stop-transfer signal in the domain destined to be the mature TM Env glycoprotein, gp41
(Fig. 6). The gp160 is cotranslationally glycosylated, forms disulfide bonds, and undergoes oligomerization
in the ER. The predominant oligomeric form appears to be a trimer, although dimers and tetramers are
also observed. The gpl60 is transported to the Golgi, where, like other retroviral envelope precursor
proteins, it is proteolytically cleaved by cellular enzymes to the mature SU glycoprotein gp120 and TM
glycoprotein gp41 (see Fig. 6). The cellular enzyme responsible for cleavage of retroviral Env precursors
following a highly conserved Lys/Arg-X-Lys/Arg-Arg motif is furin or a furin-like protease, although other
enzymes may also catalyze gp160 processing. Cleavage of gp160 is required for Env-induced fusion
activity and virus infectivity. Subsequent to gp160 cleavage, gp120 and gp41 form a noncovalent
association that is critical for transport of the Env complex from the Golgi to the cell surface. The gp120-
gp41 interaction is fairly weak, and a substantial amount of gp120 is shed from the surface of Env-
expressing cells.

[0062] The HIV Env glycoprotein complex, in particular the SU (gp120) domain, is very heavily
glycosylated; approximately half the molecular mass of gp160 is composed of oligosaccharide side chains.
During transport of Env from its site of synthesis in the ER to the plasma membrane, many of the side
chains are modified by the addition of complex sugars. The numerous oligosaccharide side chains form
what could be imagined as a sugar cloud obscuring much of gp120 from host immune recognition. As
shown in Fig. 6, gp120 contains interspersed conserved (C¢ to Cs) and variable (V4 to Vg) domains. The

Cys residues present in the gp120s of different isolates are highly conserved and form disulfide bonds that
link the first four variable regions in large loops.

[0063] A primary function of viral Env glycoproteins is to promote a membrane fusion reaction between the
lipid bilayers of the viral envelope and host cell membranes. This membrane fusion event enables the viral
core to gain entry into the host cell cytoplasm. A number of regions in both gp120 and gp41 have been
implicated, directly or indirectly, in Env-mediated membrane fusion. Studies of the HA, hemagglutinin

protein of the orthomyxoviruses and the F protein of the paramyxoviruses indicated that a highly
hydrophobic domain at the N-terminus of these proteins, referred to as the fusion peptide, plays a critical
role in membrane fusion. Mutational analyses demonstrated that an analogous domain was located at the
N-terminus of the HIV-1, HIV-2, and SIV TM glycoproteins (see Fig. 6). Nonhydrophobic substitutions within
this region of gp41 greatly reduced or blocked syncytium formation and resulted in the production of
noninfectious progeny virions.
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[0064] C-terminal to the gp41 fusion peptide are two amphipathic helical domains (see Fig. 6) which play a
central role in membrane fusion. Mutations in the N-terminal helix (referred to as the N-helix), which
contains a Leu zipper-like heptad repeat motif, impair infectivity and membrane fusion activity, and peptides
derived from these sequences exhibit potent antiviral activity in culture. The structure of the ectodomain of
HIV-1 and SIV gp41, the two helical motifs in particular, has been the focus of structural analyses in recent
years. Structures were determined by x-ray crystallography or NMR spectroscopy either for fusion proteins
containing the helical domains, a mixture of peptides derived from the N- and C-helices, or in the case of
the SIV structure, the intact gp41 ectodomain sequence from residue 27 to 149. These studies obtained
fundamentally similar trimeric structures, in which the two helical domains pack in an antiparallel fashion to
generate a six-helix bundle. The N-helices form a coiled-coil in the center of the bundle, with the C-helices
packing into hydrophobic grooves on the outside.

[0065] In the steps leading to membrane fusion CD4 binding induces conformation changes in Env that
facilitate coreceptor binding. Following the formation of a ternary gp120/CD4/coreceptor complex, gp41
adopts a hypothetical conformation that allows the fusion peptide to insert into the target lipid bilayer. The
formation of the gp41 six-helix bundle (which involves antiparallel interactions between the gp41 N- and C-
helices) brings the viral and cellular membranes together and membrane fusion takes place.

[0066] Furthermore, therapeutically interesting genes according to the present disclosure also comprise
disease related genes, which have a therapeutic effect on proliferative disorder, cancer or metabolic
diseases. For example, a therapeutically interesting gene regarding cancer could be a cancer antigen that
has the capacity to induce a specific anticancer immune reaction.

[0067] According to a further embodiment of the present invention, the heterologous nucleic acids equence
comprises at least one marker or selection gene.

[0068] Selection genes transduce a particular resistance to a cell, whereby a certain selection method
becomes possible. The skilled practitioner is familiar with a variety of selection genes, which can be used in
a poxviral system. Among these are, e.g., nheomycin resistance gene (NPT) or phosphoribosyl transferase

gene (gpt).

[0069] Marker genes induce a color reaction in transduced cells, which can be used to identify transduced
cells. The skilled practitioner is familiar with a variety of marker genes, which can be used in a poxviral
system. Among these are the gene encoding, e.g., B-galactosidase (B-gal), B-glucosidase (B-glu), green
fluorescence protein (EGFP) or blue fluorescence protein.

[0070] According to still a further embodiment of the present invention the heterologous nucleic acid
sequence comprises a spacing sequence, which separates poxviral transcription control element and/or
coding sequence in the heterologous nucleic acid sequence from the stop codon and/or the start codon of
the adjacent ORFs. This spacer sequence between the stop/start codon of the adjacent ORF and the
inserted coding sequence in the heterologous nucleic acid sequence has the advantage to stabilize the
inserted heterologous nucleic acid seeqgeunce and, thus, any resulting recombinant virus. The size of the
spacer sequence is variable as long as the sequence is without its own coding or regulatory function.

[0071] According to a further embodiment, the spacer sequence separating the poxviral transcription
control element and/or the coding sequence in the heterologous nucleic acid sequence from the stop
codon of the adjacent ORF is at least one nucleotide long.

[0072] According to another embodiment of the present invention, the spacing sequence separating the
poxviral transcription control element and/or the coding sequence in the heterologous nucleic acid
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sequence from the start codon of the adjacent ORF is at least 30 nucleotides. Particularly, in cases where a
typical vaccinia virus promoter element is identified upstream of a start codon the insertion of hetrologous
nucleic acid sequence may not separate the promoter element from the start codon of the adjacent ORF. A
typical vaccinia promoter element can be identified by scanning for e.g., the sequence "TAAAT" for late
promoters (Davison & Moss 1989 J. Mol. Biol.; 210:771-784) and an A/T rich domain for early promoters. A
spacing sequence of about 30 nucleotides is the preferred distance to secure that a poxviral promoter
located upstream of the start codon of the ORF is not influenced. Additionally, according to a further
preferred embodiment, the distance between the inserted heterologous nucleic acid sequence and the start
codon of the adjacent ORF is around 50 nucleotides and more preferably around 100 nucleotides.

[0073] According to a further preferred embodiment of the present invention, the spacing sequence
comprises an additional poxviral transcription control element which is capable pf controlling the
transcription of the adjacent ORF.

[0074] Thus far, the disclosure has focused on recombinant MVA viruses using ORFs that are adjacent in
parental MVA virus. However, the present invention also includes recombinant viruses, and methods of
making such viruses, in which heterologous nucleic acid sequences are inserted between adjacent,
essential ORFs techniques, wherein the ORfs used for insertion are not adjacent in the parental MVA virus.
That is, viruses can be constructed so that ORFs that are adjacent in the recombinant MVA virus are
separated by one or more poxvirus ORFs (intervening ORFs) in the parental MVA virus. As used herein, a
parental MVA virus is one from which a progeny, recombinant virus is constructed. An example of a
parental MVA virus is MVA 1974/NIH Clone 1. Parental viruses can be used to construct recombinant
viruses using techniques disclosed herein, such that the intervening ORFs can be removed during the
construction process. It is appreciated by those skilled in the poxvirus arts that by using nucleic acid
molecules comprising carefully selected poxvirus ORF's, sections of the viral genome between those two
ORFs can be deleted through the process of homologous recombination. For example, it can be supposed
that two essential ORFs are separated by a one kilobase region of the genome containing a non-essential
ORF. A nucleic acid construct can be made in which the two essential ORFs are cloned, for example, into a
plasmid such that the two ORFs are adjacent in the nucleic acid construct. Upon introduction of the nucleic
acid construct into a poxvirus infected cell (e.g., a parental MVA virus infected cell), the essential ORFs will
recombine with the corresponding ORFs in the viral genome of the parental virus. Through further
recombination events understood by those skilled in the art, the one kilobase region will be excised from
the viral genome, resulting in the two essential ORF becoming adjacent. Thus, one embodiment of the
present invention is a recombinant modified vaccinia Ankara (MVA) virus comprising a heterologous nucleic
acid sequence located between two adjacent essential ORFs from the MVA virus genome, wherein the
recombinant MVA virus lacks non-essential ORFs that are present between the corresponding essential
OREFs in the parental MVA virus. Thus the heterologous nucleic acid sequence is flanked by essential ORFs
that are non-adjacent in the parental MVA virus. The essential ORF are chosen from pairs of essential
ORFs present in the MVA genome that are separated by non-essential ORFs. In one embodiment, the
essential ORFs are selected from the group consisting of ASOR (MVA163), B1R (MVA167), F10 (MVA-039),
F12 (MVA042), F13L (MVA043), F15L (MVA045), F17L (MVA047), E4L (MVAO51), E6L (MVA053), ESL
(MVA055), E10L (MVA057), I1L (MVA062), I3L (MVAO64), ISL (MVA066), JIR (MVA085), J3R (MVA087),
D7L (MVA104), DOL (MVA106), A24R (MVA135), and A28R (MVA139). In one embodiment, the two
essential ORFs are selected from pairs of essential ORFs in the group of consisting of AS0R-B1R
(MVA163-MVA167), F10-F12 (MVA039-MVA042), F13L-F15L (MVA043-MVA045), F15L-F17L (MVAO45-
MVAO047), E4L-E6EL (MVA051-MVA053), E6L-E8L (MVA053-MVA055), E10L-I1L (MVA057-MVA062), I3L-I5L
(MVA064-MVA066), J1R-J3R (MVA085-MVA087), D7L-DIL (MVA104-MVA106), and A24R-A28R (MVA135-
MVA139). In one embodiment, the essential ORFs are selected from A50R (MVA163) and B1R (MVA167).
In one embodiment, one essential ORF is AS0R (MVA163) and the other essential ORF is BIR (MVA167).



DK/EP 2488649 T3

[0075] As previously discussed, as a result of extensive passage in cell culture, the MVA virus genome
contains six major deletions, referred to as Del I, Il, I, IV, V and VI. Historically, the region around Del Ill,
which is a deletion of approximately 31,000 nucleotides, has been used for insertion of heterologous
nucleic acid sequences. Thus, in one embodiment of the present invention, the non-essential ORFs deleted
during construction of the recombinant MVA virus flank the Del Il region in the wild-type MVA virus.

[0076] As has been described, recombinant MVA viruses can contain additional sequences, such as IGRs
and/or heterologous nucleic acid sequences, between the two adjacent, essential ORFs. Such sequences
have been described herein. Thus, one embodiment of the present invention is a recombinant modified
vaccinia Ankara (MVA) virus comprising a heterologous nucleic acid sequence located between two
adjacent essential ORFs from the MVA virus genome, wherein the recombinant MVA virus lacks non-
essential ORFs that are present between the corresponding essential ORFs in the parental MVA virus, and
wherein the heterologous nucleic acid sequence is inserted into an IGR. The heterologous can contain
coding sequences under the control of a transcriptional control element, as has been described elsewhere
in the disclosure.

[0077] While the inventors have disclosed specific essential ORFs, and sequences thereof, the present
invention also comprises recombinant MVA virus, and methods of making such, using portions or variants
of the disclosed ORFs. For example, while the present invention discloses ORF AS50R, and portions
thereof, (SEQ ID NO:11 and SEQ ID NO:14), and ORF B1R, and portions thereof (SEQ ID NO:16 and SEQ
ID NO:19), the present invention comprises recombinant MVA viruses comprising variants of these
sequences, so long as the variant ORF encodes a protein having essentially the same function as the
protein encoded by the corresponding wild-type ORF. Two proteins are considered as having essentially
the same function if MVA viruses comprising the respective proteins produce titers that are within about
10%, about 20%, about 30% or about 40% of each other when grown using the same cell line. Thus, one
embodiment of the present invention is a recombinant modified vaccinia Ankara (MVA) virus comprising a
heterologous nucleic acid sequence located between two adjacent ORFs, wherein the adjacent ORFs
comprise a nucleotide sequence at least 90%, at least 95%, at least 97% or at least 99% sequence identity
with an essential ORF from MVA. In one embodiment, the adjacent ORFs comprise a nucleotide sequence
at least 90%, at least 95%, at least 97% or at least 99% identical to essential ORFs selected from the group
consisting of ASOR (MVA163), B1IR (MVA167), F10 (MVA-039), F12 (MVA042), F13L (MVA043), F15L
(MVA045), F17L (MVA047), E4L (MVAO51), E6L (MVAO53), E8L (MVAO55), E10L (MVA057), I1L (MVA062),
I3L (MVAO064), I15L (MVAO66), JIR (MVA085), J3R (MVA087), D7L (MVA104), DIL (MVA106), A24R
(MVA135), and A28R (MVA139). In a preferred embodiment, the two adjacent ORf's are not derived from
the same essential ORF. In one embodiment, the two adjacent ORFs comprise nucleotide segeucnes at
least 90%, at least 95%, at least 97% or at least 99% identical to pairs of essential ORFs in the group of
consisting of AS0R-B1R (MVA163-MVA167), F10-F12 (MVA039-MVA042), F13L-F15L (MVA043-MVA045),
F15L-F17L (MVA045-MVA047), E4L-E6L (MVA051-MVAO053), E6L-E8L (MVA053-MVAO055), E10L-I1L
(MVA057-MVA062), I3L-I5SL (MVA064-MVA066), J1R-J3R (MVA085-MVA087), D7L-DOL (MVA104-
MVA106), and A24R-A28R (MVA135-MVA139). In one embodiment one adjacent ORF comprises a
nucleotide sequence at least 90%, at least 95%, at least 97% or at least 99% sequence identical with SEQ
ID NO:A50R (MVA163) and the second adjacent ORF comprises a nucleotide sequence at least 90%, at
least 95%, at least 97% or at least 99% sequence identical to a second essential ORF. In one embodiment
one adjacent ORF comprises a nucleotide sequence at least 90%, at least 95%, at least 97% or at least
99% sequence identical with SEQ ID NO:B1R.

[0078] The present invention also discloses nucleic acid constructs useful for producing recombinant
viruses of the present invention. As used herein a nucleic acid construct is a recombinant nucleic acid
molecule comprising at least a portion of at least one essential ORF from MVA virus. The nucleic acid
construct enables transport of useful nucleic acid sequences to a cell within an environment, such as, but
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not limited to, an organism, tissue, or cell culture. A nucleic acid construct of the present disclosure is
produced by human intervention. The nucleic acid construct can be DNA, RNA or variants thereof. The
nucleic acid molecule can be linear DNA, a DNA plasmid, a viral vector, or other vector. In one
embodiment, a nucleic acid molecule can be a DNA plasmid. In one embodiment, a nucleic acid molecule
can be a DNA plasmid comprising viral components, plasmid components, transcriptional control elements,
and any other useful elements know to those skilled in the art that enable nucleic acid molecule delivery
and expression. Methods for the general construction of recombinant nucleic acid molecules are well
known. See, for example, Molecular Cloning: a Laboratory Manual, 3rd edition, Sambrook et al. 2001 Cold
Spring Harbor Laboratory Press, and Current Protocols in Molecular Biology, Ausubel et al. eds., John
Wiley & Sons, 1994.

[0079] One embodiment of the present invention is an isolated nucleic acid construct comprising: (a) a first
nucleic acid sequence derived from, or homologous to, a first essential ORF from a modified vaccinia
Ankara (MVA) virus genome; and (b) a second nucleic acid sequence derived from, or homologous to, a
second essential ORF from a MVA virus genome; wherein the first and second essential MVA virus ORFs
are separated by at least one non-essential ORF in the MVA virus genome, and wherein the first and
second nucleic acid sequences are adjacent to each other in the isolated nucleic acid construct, and
wherein the first and second nucleic acid sequences comprise at least 25 contiguous nucleotides from the
first and second essential MVA ORFs, respectively. Such a nucleic acid construct is useful for constructing
recombinant MVA viruses through the process of homologous recombination. Using this process, isolated
nucleic acid constructs of the present invention can be used to construct recombinant MVA viruses in which
ORFs that are not adjacent in a parental MVA virus (i.e, they are separated by other , non-essential MVA
ORFs), are made adjacent in the progeny, recombinant MVA virus. This can be done, for example, by
cloning non-adjacent ORFs from a parental MVA virus into a nucleic acid molecule, such as a plasmid,
without also cloning the intervening non-essential ORFs. Thus, the no-adjacent ORFs are made adjacent in
the nucleic acid construct. As has been described, recombination of such a nucleic acid construct into the
MVA viral genome will result in deletion of the intervening non-essential ORFs from the parental MVA virus
resulting in a progeny, recombinant MVA virus in which the originally non-adjacent ORFs are adjacent.
Thus, in a preferred embodiment, the first and second nucleic acid sequences are derived from, or
homologous to, first and second essential MVA ORFs, respectively, that are not adjacent in the parental
MVA virus. That is, the first and second essential ORFs are separated by at least one non-essential ORF in
the parental MVA virus genome.

[0080] As used herein, the phrase derived from refers to the source nucleic acid (i.e., ORF) from which the
nucleic acid sequence was obtained. Thus, in this regard the nucleic acid sequence may be identical to all
or part of the originating ORF. However, the nucleic acid sequence may also vary in sequence from the
originating ORF. Thus, a nucleic acid sequence that is derived from an MVA ORF may or may not be
identical in sequence to all, or a portion, of an MVA ORF, so long as the function of the original ORF is
maintained in the derived nucleic acid sequence. For example, it is understood in the art that nucleic acid
molecules from related species of poxviruses can recombine, even though the sequences of such
molecules are not identical. Thus, in one embodiment of the present invention, the first and second nucleic
acid sequences have sufficient sequence identity with the essential MVA ORFs from which they area
derived to allow homologous recombination between a nucleic acid molecule comprising the first or second
nucleic acid sequence, and a nucleic acid molecule comprising the essential MVA ORF from which such
sequence was derived. In one embodiment, the first and second nucleic acid sequences are at least 75%,
at least 85%, at least 90%, ate least 95%, at least 97%, or at least 99% identical to at least a portion of the
essential MVA ORF from which they are derived. In one embodiment, the nucleic acid sequence is identical
to at least a portion of the essential MVA ORF from which it was derived.

[0081] It is also appreciated in the art that small polynucleotide molecules are capable of engaging in the
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process of homologous recombination. Consequently, nucleic acid sequences present in nucleic acid
constructs of the present invention need not comprise the entire sequence of an essential MVA ORF in
order for the nucleic acid construct to be able to recombine into the MVA virus genome. In fact, it has been
shown that fragments of the poxvirus genome as small as 20 bases in length are capable of engaging in
homologous recombination with their respective sequence in the viral genome. Thus, in one embodiment of
the present invention, the first and second nucleic acid sequences can comprise 25, 30, 35, 40, 45, 50,
100, 150, 200, 250, or 300 nucleotides from an essential MVA ORF. One embodiment of the present
invention is an isolated nucleic acid construct comprising: (a) a first nucleic acid sequence comprising at
least 25 contiguous nucleotides from a first essential MVA ORF; and (b) a second nucleic acid sequence
comprising at least 25 contiguous nucleotides from a second essential MVA ORF; wherein the first and
second essential MVA virus ORFs are separated by at least one non-essential ORF in the MVA virus
genome, and wherein the first and second nucleic acid sequences are adjacent to each other in the
isolated nucleic acid construct. In one embodiment, the first nucleic acid sequences comprise 25
contiguous nucleotides from an essential ORF selected from the group consisting of ASOR (MVA163), B1R
(MVA167), F10 (MVA-039), F12 (MVA042), F13L (MVAO043), F15L (MVA045), F17L (MVA047), E4L
(MVA051), E6L (MVA053), EBL (MVA055), E10L (MVA057), I1L (MVA062), I3L (MVAQ064), I5L (MVAO066),
J1R (MVA085), J3R (MVA087), D7L (MVA104), DAL (MVA106), A24R (MVA135), and A28R (MVA139). In
one embodiment, the second nucleic acid sequences comprise 25 contiguous nucleotides from an
essential ORF selected from the group consisting of ASOR (MVA163), B1IR (MVA167), F10 (MVA-039), F12
(MVA042), F13L (MVA043), F15L (MVAO045), F17L (MVA047), E4L (MVAO51), E6L (MVA053), E8L
(MVA055), E10L (MVA057), I1L (MVA062), I3L (MVAO64), I5L (MVA066), JIR (MVA085), J3R (MVA087),
D7L (MVA104), DAL (MVA106), A24R (MVA135), and A28R (MVA139). In one embodiment, the first nucleic
acid sequence comprises at least 25 contiguous nucleotides from SEQ ID NO:11 or SEQ ID NO:14, and the
second nucleic acid sequence comprises at least 25 contiguous nucleotides from SEQ ID NO:16 or SEQ ID
NO:19.

[0082] Nucleic acid constructs of the present invention are used to deliver heterologous nucleic acid
sequences into the genome of MVA virus. Thus, one embodiment, a nucleic acid construct of the present
invention comprises a heterologous nucleic acid molecule between the first and second nucleic acid
sequences. Exemplary heterologous nucleic acid sequences have been described elsewhere in the
disclosure. Any heterologous nucleic acid sequence disclosed herein is suitable for inclusion in a nucleic
acid construct of the present invention.

[0083] Because nucleic acid constructs of the present invention can recombine with the genome of a
parental MVA virus, they can be used to insert heterologous nucleic acid sequences into the viral genome.
Thus, in one embodiment of the present invention a nucleic acid contrast of the present invention contains
an intergenic region between the first and second nucleic acid sequences. The intergenic region can
comprise such things as transcriptional control elements, restriction sites and non-vaccinia open reading
frames. Thus, the intergenic region can be used to insert heterologous nucleic acid sequences comprising
genes under the control of a transcriptional control element. Upon recombination of the nucleic acid
construct with the MVA virus genome, the heterologous nucleic acid sequence will be inserted into the MVA
viral genome between the essential ORFs corresponding to the two adjacent, essential ORFs flanking the
nucleic acid sequence in the nucleic acid construct. The resulting MVA virus will be a recombinant MVA
virus containing the heterologous nucleic acid sequence stably integrated into the MVA virus genome.

[0084] In one embodiment, a nucleic acid construct of the present invention comprises complete or partial
fragment of an IGR sequence located between the two adjacent ORFs of the viral genome. Preferably, the
nucleic acid construct comprises inserted into said IGR-derived sequence at least one cloning site for the
insertion of an heterologous DNA sequence of interest and, preferably, for the insertion of a poxviral
transcription control element operatively linked to said heterologous DNA sequence. Optionally, the nucleic
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acid construct comprises a reporter- and/or selection gene cassette. The nucleic acid construct preferably
also comprises sequences of the two adjacent ORFs flanking said complete or partial fragment of the IGR
sequence.

[0085] Some IGRs have been identified which do not include nucleotide sequences. In these cases, the
plasmid vector comprises DNA sequences of the IGR flanking sequences, i.e., DNA sequences of the two
adjacent ORFs. Preferably, the cloning site for the insertion of the heterologous DNA sequence is inserted
into the IGR. The DNA of the IGR flanking sequences is used to direct the insertion of exogenous DNA
sequences into the corresponding IGR in the MVA genome. Such a plasmid vector may additionally include
a complete or partial fragment of an IGR sequence which comprises the cloning site for the insertion of the
heterologous DNA sequence and, optionally, of the, reporter- and/or selection gene cassette.

[0086] One embodiment of the present invention is a method to produce a stable, recombinant modified
vaccinia Ankara virus. Such a method makes use of the nucleic acid constructs disclosed herein. Thus, the
method comprises first obtaining a nucleic acid construct comprising a heterologous nucleic acid sequence
located between, or flanked by, two adjacent essential open reading frames (ORFs) of the MVA virus
genome, wherein the MVA virus is lacking non-essential ORFS, or ORF fragments, that are present
between the corresponding two essential ORFS in the parental MVA virus. For example, to obtain an
appropriate nucleic acid construct, nucleic acid sequences from essential MVA ORFs can be isolated and
cloned into a standard cloning vector, such as pBluescript (Stratagene), so that they flank the heterologous
DNA to be inserted into the MVA genome. This construct can then be introduced into a cell using methods
know to those in the art (e.g., transfection).. The cell containing the nucleic acid construct is then infected
with a MVA virus and cultured under conditions suitable to allow homologous recombination between the
nucleic acid construct and the MVA virus genome. At the appropriate time the cells are then harvested and
the recombinant MVA virus isolated. The resultant virus will be a stable, recombinant MVA virus. Such a
virus may also be called a derivative virus. It will be appreciated that the order of the steps of introducing
the nucleic acid construct into the cell, and infecting the cell can be reversed, or that these two steps may
happen simultaneously.

[0087] General methods to introduce heterologous nucleic acid sequences in a nucleic acid construct into
an MVA genome and methods to obtain recombinant MVA are well known to the person skilled in the art
and, additionally, can be deduced can be deduced from Molecular Cloning, A Laboratory Manual, Second
Edition, J. Sambrook, E.F. Fritsch and T. Maniatis, Cold Spring Harbor Laboratory Press, 1989 and Current
Protocols in Molecular Biology, John Wiley and Son Inc. 1998, Chapter 16, section IV, "Expression of
proteins in mammalian cells using vaccinia viral vectors".

[0088] The DNA sequences according to the invention can be used to identify or isolate the MVA or its
derivatives according to the invention and cells or individuals infected with an MVA according to the present
invention. The DNA sequences are, e.g., used to generate PCR-primers, hybridization probes or are used
in array technologies.

[0089] The term derivative virus, and the like, according to the present invention refers to progeny viruses
showing the same characteristic features as the parent virus but showing differences in one or more parts
of its genome. The term “derivative of MVA" describes a virus, which has the same functional
characteristics compared to MVA. For example, a derivative of MVA 1974/NIH Clone 1 has the
characteristic features of MVA 1974/NIH Clone 1. One of these characteristics of MVA 1974/NIH Clone lor
derivatives thereof is its attenuation and severe restriction in host range.

[0090] The recombinant MVA according to the present invention is useful as a medicament or vaccine.
Thus, one embodiment of the present invention is a method to protect an individual from a disease using a
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recombinant MVA virus of the present invention.

[0091] A recombinant MVA virus of the present invention can also be used for the introduction of the
exogenous coding sequence into a target cell, said sequence being either homologous or heterologous to
the genome of the target cell. The introduction of an exogenous coding sequence into a target cell may be
done in vitro to produce proteins, polypeptides, peptides, antigens or antigenic epitopes. This method
comprises the infection of a host cell with the recombinant MVA according to the invention, cultivation of the
infected host cell under suitable conditions, and isolation and/or enrichment of the polypeptide, peptide,
protein, antigen, epitope and/or virus produced by said host cell.

[0092] Furthermore, the method for introduction of one or more homologous or one or more heterologous
sequence into cells may be applied for in vitro and in vivo therapy. For in vitro therapy, isolated cells that
have been previously (ex vivo) infected with the recombinant MVA according to the invention are
administered to the living animal body for affecting, preferably inducing an immune response. For in vivo
therapy, the recombinant poxvirus according to the invention is directly administered to the living animal
body for affecting, preferably inducing an immune response. In this case, the cells surrounding the site of
inoculation, but also cells where the virus is transported to via, e.g., the blood stream, are directly infected
in vivo by the recombinant MVA according to the invention. After infection, these cells synthesize the
proteins, peptides or antigenic epitopes of the therapeutic genes, which are encoded by the exogenous
coding sequences and, subsequently, present them or parts thereof on the cellular surface. Specialized
cells of the immune system recognize the presentation of such heterologous proteins, peptides or epitopes
and launch a specific immune response.

[0093] Since the MVA is highly growth restricted and, thus, highly attenuated, it is useful for the treatment
of a wide range of mammals including humans, including immune-compromised animals or humans. The
present invention also provides pharmaceutical compositions and vaccines for inducing an immune
response in a living animal body, including a human.

[0094] The pharmaceutical composition may generally include one or more pharmaceutical acceptable
and/or approved carriers, additives, antibiotics, preservatives, adjuvants, diluents and/or stabilizers. Such
auxiliary substances can be water, saline, glycerol, ethanol, wetting or emulsifying agents, pH buffering
substances, or the like. Suitable carriers are typically large, slowly metabolized molecules such as proteins,
polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids, amino acid copolymers, lipid
aggregates, or the like.

[0095] For the preparation of vaccines, the recombinant poxvirus according to the disclosure is converted
into a physiologically acceptable form. This can be done based on the experience in the preparation of
poxvirus vaccines used for vaccination against smallpox (as described by Stickl, H. et al. 1974 Dtsch Med
Wochenschr. 99:2386-2392). For example, the purified virus is stored at -80°C with a titer of 5x10E8
TCIDgg/ml formulated in about 10 mM Tris, 140 mM NaCl pH 7.4. For the preparation of vaccine shots,

e.g., 10E2-10E8 particles of the virus are lyophilized in 100 ml of phosphate-buffered saline (PBS) in the
presence of 2% peptone and 1% human albumin in an ampoule, preferably a glass ampoule. Alternatively,
the vaccine shots can be produced by stepwise freeze-drying of the virus in a formulation. This formulation
can contain additional additives such as mannitol, dextran, sugar, glycine, lactose or polyvinylpyrrolidone or
other aids such as antioxidants or inert gas, stabilizers or recombinant proteins (e.g., human serum
albumin) suitable for in vivo administration. The glass ampoule is then sealed and can be stored between
4°C and room temperature for several months. However, as long as no need exists the ampoule is stored
preferably at temperatures below -20°C.

[0096] For vaccination or therapy the lyophilisate can be dissolved in 0.1 to 0.5 ml of an aqueous solution,
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preferably physiological saline or Tris buffer, and administered either systemically or locally, ie.,
parenterally, subcutaneous, intramuscularly, by scarification or any other path of administration know to the
skilled practitioner. The mode of administration, the dose and the number of administrations can be
optimized by those skilled in the art in a known manner. However, most commonly a patient is vaccinated
with a second shot about one month to six weeks after the first vaccination shot.

[0097] One embodiment of the present disclosure is a method to generate an immune response against an

antigen. Such a response can be a CD8* T cell immune response or an antibody response. More
particularly, the present invention relates to "prime and boost" immunization regimes in which the immune
response induced by administration of a priming composition is boosted by administration of a boosting
composition. The present disclosure is based on prior experimental demonstration that effective boosting
can be achieved using modified vaccinia Ankara (MVA) vectors, following priming with any of a variety of
different types of priming compositions including recombinant MVA itself.

[0098] A major protective component of the immune response against a number of pathogens is mediated
by T lymphocytes of the CD8* type, also known as cytotoxic T lymphocytes (CTL). An important function of

CD8" cells is secretion of gamma interferon (IFNy), and this provides a measure of CD8" T cell immune
response. A second component of the immune response is antibody directed to the proteins of the
pathogen.

[0099] The present invention employs MVA which, as prior experiments show, has been found to be an

effective means for providing a boost to a CD8* T cell immune response primed to antigen using any of a
variety of different priming compositions and also eliciting an antibody response.

[0100] Notably, prior experimental work demonstrates that use of predecessors of the present invention

allows for recombinant MVA virus expressing an HIV antigen to boost a CD8* T cell immune response
primed by a DNA vaccine and also eliciting an antibody response. The MVA may be found to induce a

CD8* T cell response after immunization. Recombinant MVA may also be shown to prime an immune
response that is boosted by one or more inoculations of recombinant MVA.

[0101] Non-human primates immunized with plasmid DNA and boosted with the MVA were effectively
protected against intramucosal challenge with live virus (Amara et al 2001 Science 292:69-74).
Advantageously, the inventors contemplate that a vaccination regime using intradermal, intramuscular or
mucosal immunization for both prime and boost can be employed, constituting a general immunization

regime suitable for inducing CD8* T cells and also eliciting an antibody response, e.g., in humans.

[0102] The present disclosure in various aspects and embodiments employs an MVA vector encoding an

HIV antigen for boosting a CD8* T cell immune response to the antigen primed by previous administration
of nucleic acid encoding the antigen and also eliciting an antibody response.

[0103] A general aspect of the present disclosure provides for the use of an MVA vector for boosting a

CD8* T cell immune response to an HIV antigen and also eliciting an antibody response.

[0104] One aspect of the present disclosure provides a method of boosting a CD8* T cell immune
response to an HIV antigen in an individual, and also eliciting an antibody response, the method including
provision in the individual of an MVA vector including nucleic acid encoding the antigen operably linked to
regulatory sequences for production of antigen in the individual by expression from the nucleic acid,
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whereby a CD8"* T cell immune response to the antigen previously primed in the individual is boosted.

[0105] An immune response to an HIV antigen may be primed by immunization with plasmid DNA or by
infection with an infectious agent.

[0106] A further aspect of the disclosure provides a method of inducing a CD8* T cell immune response to
an HIV antigen in an individual, and also eliciting an antibody response, the method comprising
administering to the individual a priming composition comprising nucleic acid encoding the antigen and then
administering a boosting composition which comprises an MVA vector including nucleic acid encoding the
antigen operably linked to regulatory sequences for production of antigen in the individual by expression
from the nucleic acid.

[0107] A further aspect of the disclosure provides for use of an MVA vector, as disclosed, in the

manufacture of a medicament for administration to a mammal to boost a CD8* T cell immune response to
an HIV antigen, and also eliciting an antibody response. Such a medicament is generally for administration
following prior administration of a priming composition comprising nucleic acid encoding the antigen.

[0108] The priming composition may comprise DNA encoding the antigen, such DNA preferably being in
the form of a circular plasmid that is not capable of replicating in mammalian cells. Any selectable marker
should not be resistance to an antibiotic used clinically, so for example Kanamycin resistance is preferred to
Ampicillin resistance. Antigen expression should be driven by a promoter which is active in mammalian
cells, for instance the cytomegalovirus immediate early (CMV IE) promoter.

[0109] In particular embodiments of the various aspects of the present disclosure administration of a
priming composition is followed by boosting with a boosting composition, or first and second boosting
compositions, the first and second boosting compositions being the same or different from one another. Still
further boosting compositions may be employed without departing from the present invention. In one
embodiment, a triple immunization regime employs DNA, then adenovirus as a first boosting composition,
then MVA as a second boosting composition, optionally followed by a further (third) boosting composition or
subsequent boosting administration of one or other or both of the same or different vectors. Another option
is DNA then MVA then adenovirus, optionally followed by subsequent boosting administration of one or
other or both of the same or different vectors.

[0110] The antigen to be encoded in respective priming and boosting compositions (however many

boosting compositions are employed) need not be identical, but should share at least one CD8* T cell
epitope. The antigen may correspond to a complete antigen, or a fragment thereof. Peptide epitopes or
artificial strings of epitopes may be employed, more efficiently cutting out unnecessary protein sequence in
the antigen and encoding sequence in the vector or vectors. One or more additional epitopes may be
included, for instance epitopes which are recognized by T helper cells, especially epitopes recognized in
individuals of different HLA types.

[0111] An HIV antigen of the invention to be encoded by a recombinant MVA virus includes polypeptides
having immunogenic activity elicited by an amino acid sequence of an HIV Env, Gag, Pol, Vif, Vpr, Tat, Rey,

Vpu, or Nef amino acid sequence as at least one CD8" T cell epitope. This amino acid sequence
substantially corresponds to at least one 10-900 amino acid fragment and/or consensus sequence of a
known HIV Env or Pol; or at least one 10-450 amino acid fragment and/or consensus sequence of a known
HIV Gag; or at least one 10-100 amino acid fragment and/or consensus sequence of a known HIV Vif, Vpr,
Tat, Rev, Vpu, or Nef.
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[0112] Although a full length Env precursor sequence is presented for use in the present invention, Env is
optionally deleted of subsequences. For example, regions of the gp120 surface and gp41 transmembrane
cleavage products can be deleted.

[0113] Although a full length Gag precursor sequence is presented for use in the present invention, Gag is
optionally deleted of subsequences. For example, regions of the matrix protein (p17), regions of the capsid
protein (p24), regions of the nucleocapsid protein (p7), and regions of p6 (the C-terminal peptide of the
Gag polyprotein) can be deleted.

[0114] Although a full length Pol precursor sequence is presented for use in the present invention, Pol is
optionally deleted of subsequences. For example, regions of the protease protein (p10), regions of the
reverse transcriptase protein (p66/p51), and regions of the integrase protein (p32) can be deleted.

[0115] Such an HIV Env, Gag, or Pol can have overall identity of at least 50% to a known Env, Gag, or Pol
protein amino acid sequence, such as 50-99% identity, or any range or value therein, while eliciting an
immunogenic response against at least one strain of an HIV.

[0116] Percent identity can be determined, for example, by comparing sequence information using the
GAP computer program, version 6.0, available from the University of Wisconsin Genetics Computer Group
(UWGCG). The GAP program utilizes the alignment method of Needleman and Wunsch (J Mol Biol 1970
48:443), as revised by Smith and Waterman (Adv Appl Math 1981 2:482). Briefly, the GAP program defines
identity as the number of aligned symbols (i.e., nucleotides or amino acids) which are identical, divided by
the total number of symbols in the shorter of the two sequences. The preferred default parameters for the
GAP program include: (1) a unitary comparison matrix (containing a value of 1 for identities and 0 for non-
identities) and the weighted comparison matrix of Gribskov and Burgess (Nucl Acids Res 1986 14:6745), as
described by Schwartz and Dayhoff (eds., Atlas of Protein Sequence and Structure, National Biomedical
Research Foundation, Washington, D.C. 1979, pp. 353-358); (2) a penalty of 3.0 for each gap and an
additional 0.10 penalty for each symbol in each gap; and (3) no penalty for end gaps.

[0117] In a preferred embodiment, an Env of the present invention is a variant form of at least one HIV
envelope protein. Preferably, the Env is composed of gp120 and the membrane-spanning and ectodomain
of gp41 but lacks part or all of the cytoplasmic domain of gp41.

[0118] Known HIV sequences are readily available from commercial and institutional HIV sequence
databases, such as GENBANK, or as published compilations, such as Myers et al. eds., Human
Retroviruses and AIDS, A Compilation and Analysis of Nucleic Acid and Amino Acid Sequences, Vol. | and
Il, Theoretical Biology and Biophysics, Los Alamos, N. Mex. (1993), or on the world wide web at hiv-
web.lanl.gov/.

[0119] Substitutions or insertions of an HIV Env, Gag, or Pol to obtain an additional HIV Env, Gag, or Pol,
encoded by a nucleic acid for use in a recombinant MVA virus of the present invention, can include
substitutions or insertions of at least one amino acid residue (e.g., 1-25 amino acids). Alternatively, at least
one amino acid (e.g., 1-25 amino acids) can be deleted from an HIV Env, Gag, or Pol sequence. Preferably,
such substitutions, insertions or deletions are identified based on safety features, expression levels,
immunogenicity and compatibility with high replication rates of MVA.

[0120] Amino acid sequence variations in an HIV Env, Gag, or Pol of the present invention can be prepared
e.g., by mutations in the DNA. Such HIV Env, Gag, or Pol include, for example, deletions, insertions or
substitutions of nucleotides coding for different amino acid residues within the amino acid sequence.
Obviously, mutations that will be made in nucleic acid encoding an HIV Env, Gag, or Pol must not place the
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sequence out of reading frame and preferably will not create complementary domains that could produce
secondary mRNA structures.

[0121] HIV Env, Gag, or Pol-encoding nucleic acid of the present invention can also be prepared by
amplification or site-directed mutagenesis of nucleotides in DNA or RNA encoding an HIV Env, Gag, or Pol
and thereafter synthesizing or reverse transcribing the encoding DNA to produce DNA or RNA encoding an
HIV Env, Gag, or Pol, based on the teaching and guidance presented herein.

[0122] Recombinant MVA viruses expressing HIV Env, Gag, or Pol of the present invention, include a finite
set of HIV Env, Gag, or Pol-encoding sequences as substitution nucleotides that can be routinely obtained
by one of ordinary skill in the art, without undue experimentation, based on the teachings and guidance
presented herein. For a detailed description of protein chemistry and structure, see Schulz, G.E. et al.,
1978 Principles of Protein Structure, Springer-Verlag, New York, N.Y., and Creighton, T.E., 1983 Proteins:
Structure and Molecular Properties, W. H. Freeman & Co., San Francisco, CA. For a presentation of
nucleotide sequence substitutions, such as codon preferences, see Ausubel et al. eds. Current Protocols in
Molecular Biology, Greene Publishing Assoc., New York, N.Y. 1994 at §§ A.1.1-A.1.24, and Sambrook, J. et
al. 1989 Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. at Appendices C and D.

[0123] Thus, one of ordinary skill in the art, given the teachings and guidance presented herein, will know
how to substitute other amino acid residues in other positions of an HIV env, gag, or pol DNA or RNA to
obtain alternative HIV Env, Gag, or Pol, including substitutional, deletional or insertional variants.

[0124] Within the MVA vector, regulatory sequences for expression of the encoded antigen will include a
promoter. By "promoter" is meant a sequence of nucleotides from which transcription may be initiated of
DNA operably linked downstream (i.e., in the 3' direction on the sense strand of double-stranded DNA).
"Operably linked" means joined as part of the same nucleic acid molecule, suitably positioned and oriented
for transcription to be initiated from the promoter. DNA operably linked to a promoter is “under
transcriptional initiation regulation" of the promoter. Other regulatory sequences including terminator
fragments, polyadenylation sequences, marker genes and other sequences may be included as
appropriate, in accordance with the knowledge and practice of the ordinary person skilled in the art: see,
for example, Moss, B. (2001). Poxviridae: the viruses and their replication. In Fields Virology, D.M. Knipe,
and P.M. Howley, eds. (Philadelphia, Lippincott Williams & Wilkins), pp. 2849-2883. Many known techniques
and protocols for manipulation of nucleic acid, for example in preparation of nucleic acid constructs,
mutagenesis, sequencing, introduction of DNA into cells and gene expression, and analysis of proteins, are
described in detail in Current Protocols in Molecular Biology, 1998 Ausubel et al. eds., John Wiley & Sons.

[0125] Promoters for use in aspects and embodiments of the present invention may be compatible with
poxvirus expression systems and include natural, modified and synthetic sequences.

[0126] Either or both of the priming and boosting compositions may include an adjuvant, such as
granulocyte macrophage-colony stimulating factor (GM-CSF) or encoding nucleic acid therefor.

[0127] Administration of the boosting composition is generally about 1 to 6 months after administration of
the priming composition, preferably about 1 to 3 months.

[0128] Preferably, administration of priming composition, boosting composition, or both priming and
boosting compositions, is intradermal, intramuscular or mucosal immunization.

[0129] Administration of MVA vaccines may be achieved by using a needle to inject a suspension of the
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virus. An alternative is the use of a needleless injection device to administer a virus suspension (using, e.g.,
Biojector™ needleless injector) or a resuspended freeze-dried powder containing the vaccine, providing for
manufacturing individually prepared doses that do not need cold storage. This would be a great advantage
for a vaccine that is needed in rural areas of Africa.

[0130] MVA is a virus with an excellent safety record in human immunizations. The generation of
recombinant viruses can be accomplished simply, and they can be manufactured reproducibly in large
quantities. Intradermal, intramuscular or mucosal administration of recombinant MVA virus is therefore
highly suitable for prophylactic or therapeutic vaccination of humans against AIDS which can be controlled

by a CD8"* T cell response.

[0131] The individual may have AIDS such that delivery of the antigen and generation of a CD8* T cell
immune response to the antigen is of benefit or has a therapeutically beneficial effect.

[0132] Most likely, administration will have prophylactic aim to generate an immune response against HIV
or AIDS before infection or development of symptoms.

[0133] Components to be administered in accordance with the present invention may be formulated in
pharmaceutical compositions. These compositions may comprise a pharmaceutically acceptable excipient,
carrier, buffer, stabilizer or other materials well known to those skilled in the art. Such materials should be
non-toxic and should not interfere with the efficacy of the active ingredient. The precise nature of the carrier
or other material may depend on the route of administration, e.g., intravenous, cutaneous or
subcutaneous, nasal, intramuscular, intraperitoneal routes.

[0134] As noted, administration is preferably intradermal, intramuscular or mucosal.

[0135] Physiological saline solution, dextrose or other saccharide solution or glycols such as ethylene
glycol, propylene glycol or polyethylene glycol may be included.

[0136] For intravenous, cutaneous, subcutaneous, intramuscular or mucosal injection, or injection at the
site of affliction, the active ingredient will be in the form of a parenterally acceptable aqueous solution which
is pyrogen-free and has suitable pH, isotonicity and stability. Those of relevant skill in the art are well able
to prepare suitable solutions using, for example, isotonic vehicles such as Sodium Chloride Injection,
Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilizers, buffers, antioxidants and/or other
additives may be included as required.

[0137] A slow-release formulation may be employed.

[0138] Following production of MVA particles and optional formulation of such particles into compositions,
the particles of the present disclosure may be administered to an individual, particularly human or other
primate. Administration may be to another mammal, e.g., rodent such as mouse, rat or hamster, guinea
pig, rabbit, sheep, goat, pig, horse, cow, donkey, dog or cat.

[0139] Administration is preferably in a "prophylactically effective amount" or a "therapeutically effective
amount" (as the case may be, although prophylaxis may be considered therapy), this being sufficient to
show benefit to the individual. The actual amount administered, and rate and time-course of administration,
will depend on the nature and severity of what is being treated. Prescription of treatment, e.g., decisions on
dosage etc, is within the responsibility of general practitioners and other medical doctors, or in a veterinary
context a veterinarian, and typically takes account of the disorder to be treated, the condition of the
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individual patient, the site of delivery, the method of administration and other factors known to practitioners.
Examples of the techniques and protocols mentioned above can be found in Remington's Pharmaceutical
Sciences, 16th edition, 1980, Osol, A. (ed.).

[0140] In one regimen, DNA is administered at a dose of 300 pg to 3 mg/injection, followed by MVA at a

dose of 10° to 109 infectious virus particles/injection.

[0141] A composition may be administered alone or in combination with other treatments, either
simultaneously or sequentially dependent upon the condition to be treated.

[0142] Delivery to a non-human mammal need not be for a therapeutic purpose, but may be for use in an
experimental context, for instance in investigation of mechanisms of immune responses to an antigen of
interest, e.g., protection against HIV or AIDS.

EXAMPLES

[0143] The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the embodiments.The invention is defined by
the appended claims. Efforts have been made to ensure accuracy with respect to numbers used (e.g.
amounts, temperature, etc.) but some experimental errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, molecular weight is weight average molecular weight, and
temperature is in degrees Celsius. Standard abbreviations are used.

Examples 1-3 are only illustrative Example 1.

[0144] The following Example demonstrates a shuttle plasmid, recombinant MVA/HIV1 clinical vaccine
construct and mechanism for retention of intact foreign gene inserts in recombinant MVA by codon
alteration of the foreign gene and insertion of the foreign gene between two vaccinia virus essential genes.
The disclosure provides mechanisms for:

« retention of intact foreign genes by inserting them between two vaccinia virus genes that are
essential for MVA replication. Deletion of the foreign gene can provide a significant growth advantage
for the recombinant MVA allowing it to compete with MVA containing the intact foreign gene upon
repeated passage. However, most deletions of a foreign gene include loss of some part of the
flanking vaccinia virus DNA. If that vaccinia virus DNA is essential, then those viruses with deletions
will not replicate and compete with the MVA containing the intact foreign gene. This methodology will
be useful in production of recombinant vaccinia viruses that must be amplified to large scale such as
for use in clinical trials, and

« stabilizing foreign gene inserts by alteration of specific "nhot spots" that otherwise readily undergo
mutation after repeated passage of the recombinant virus. This methodology is useful in production
of recombinant viruses that must be amplified to large scale such as for use in clinical trials.

[0145] And describes:

« the shuttle plasmid, pLW-73, used for insertion of a foreign gene between 2 essential vaccinia virus
genes; and
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« the recombinant MVA/HIV-1 clinical vaccine construct MVA/UGD4d, a material that embodies use of
these two mechanisms.

Generation of Stable Recombinant MVA Viruses

[0146] Modified vaccinia virus Ankara (MVA) recombinants expressing env and gagpol genes from HIV-1
isolates from different geographical locations were constructed. The foreign genes were inserted into 2
sites, Deletion Il and Deletion Il of MVA. The stability of these genes after repeated passage of
recombinant MVA in tissue culture has proven to be variable. The inventors demonstrated that the
instability was due to either deletion of the entire foreign gene and some flanking DNA or specific point
mutations resulting in propagation of progeny virions that have a growth advantage because they do not
express the foreign gene. Here the inventors describe two novel methods of retaining the intact foreign
gene recombinant MVA. First, the inventors constructed a transfer vector that directs insertion of a foreign
gene between two essential vaccinia virus genes in the conserved central region of the genome. Use of this
site for insertion of genes prevents the outgrowth of variants containing large deletions that include the
essential vaccinia virus DNA. In addition, this plasmid can be used for insertion of additional genes into
recombinant viruses. Second, analysis of isolates with point mutations revealed certain "hot spots" with a
propensity for insertion or deletion of a single base that causes premature termination during translation.
The inventors showed that generation of silent mutations in these sites resulted in stabilization of the
inserted gene.

I. Novel transfer vector construction and application

Construction of novel transfer vector, pLW-73

[0147]

1. 1. The central region of the MVA genome, K7R-A24R, was examined for 1) pairs of genes conserved
in the poxvirus family or chordopoxvirus subfamily and 2) genes that are in opposite orientation such
that their 3' ends are in close proximity, thereby providing an insertion site that would not disrupt a
vaccina promoter. The site chosen as the new insertion site was between two essential genes, 18R
and G1L.

2. 2. The left flank of the new vector was constructed in the following way: Plasmid LAS-1 was cut with
restriction enzymes EcoRI and Xhol to remove the del lll MVA flank, GFP, and direct repeat of MVA
flank. This insert was cut with Ascl and Sacl and the GFP fragment was isolated. Five hundred thirty
one base pairs at the end of the 18R gene (including the TAA stop codon) was PCR amplified with
EcoRI and Ascl restriction sites on the ends of the PCR product. PCR amplification of 229 base pairs
of the direct repeat (from the end of the 18R gene including the TAA stop codon) was performed with
oligonucleotides containing Sacl and Xhol restriction sites. All four pieces of DNA, 1) the vector
backbone with EcoRI and Xho | ends, 2) new left flank containing end of I8R with EcoRI and Ascl
ends, 3) GFP with Acsl and Sacl ends and the 4) direct repeat of the 18R flank with Sacl and Xhol
ends were ligated together to make plasmid pLW-72.

3. 3. The right flank was made as follows: pLW-72 was cut with restriction enzymes Pstl and Hindlll to
release del lll flank of the MVA in the plasmid. Seven hundred and two base pairs at the end of the
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G1L gene was PCR amplified with Pstl and Hindlll restriction enzyme sites on the ends and ligated
into the pLW-72 vector to make pLW-73 (Fig. 7). The sequence of pLW-73 is given in Fig. 8.

4.4. The salient features of pLW-73 are: 1) the vector was designed for insertion of foreign genes
between essential genes in MVA genome. The left flank consists of end of IBR gene and right flank
consists of end of G1L gene. 2) the GFP gene is included for easy initial selection of recombinant
virus 3) the GFP is flanked by direct repeats of the I8R gene which allows for transient expression of
GFP as the GFP will be lost upon repeated passage of the recombinant virus. Referring to WO
2004/087201, features 2 and 3 were also contained in earlier plasmids used for making MVA/HIV
recombinants, pLAS-1 and pLAS-2.

Application of pLW-73

[0148]

1. 1. The env gene from the clade B ADA isolate of HIV-1 was cloned into pLW-73 and a recombinant
MVA virus was made. DNA sequencing confirmed the location and integrity of the env gene.

2. 2. A recombinant MVA virus expressing the Ugandan clade D (isolate AO7412) env gene ( Fig. 9) in
the Deletion Il site of MVA proved to be unstable, i.e., after repeated serial passage in culture, the
gene was deleted from a significant portion of the virus progeny. The same gene was then cloned
into pLW-73 and a recombinant MVA virus was made and characterized. The env gene insert was
stable after repeated serial passage (8x) in culture i.e., no deletions of the inserted gene or the MVA
flanking region were found. In addition, no other mutations arose when the gene was inserted into
this site.

Il. Point mutation of "hot spots”

Analysis of point mutations

[0149] A recombinant MVA virus expressing the Ugandan Clade D (isolate AO3349) gagpol gene in the
Deletion Il site of MVA proved to be unstable. The major genetic alteration was the generation of single
point mutations in runs of 4-6 G or C residues (Table 3). In addition, similar point mutations were found in
non-staining plaques from similar recombinant viruses expressing the gagpol genes from a Kenyan clade A
isolate and a Tanzanian clade C isolate of HIV-1.

Mutagenesis of hot spots and analysis of stability in recombinant virus

[0150] Using site-directed mutagenesis, silent mutations were made in 6 such regions of the gag gene
from the Ugandan HIV-1 isolate. This altered gene, UGD 4d gagpol orf (Fig. 10), was cloned into pLAS-1
and recombined into the same Deletion Ill site of MVA as was done in construction of the unstable virus.
After repeated serial passage (8x) in culture, no non-expressing plaques were found. DNA sequencing of
the passage 8 virus stock verified that the integrity of the gagpol gene was maintained.
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lll. Double recombinant construction

MVA/UGDA4d Virus

[0151] MVA/UGDA4d virus, a recombinant virus that expresses the Ugandan subtype D AO7412 envelope
and the AO3349 gagpol, was constructed in the following way: The envelope and gagpol genes were
inserted into MVA 1974/NIH Clone 1 by homologous recombination utilizing shuttle plasmids pLW-73 and
pLAS-1, respectively. MVA/UGD4d was isolated by 6 rounds of plaque purification in chicken embryo
fibroblast cells and subsequently amplified and characterized.

Summary

[0152]

1. 1. A plasmid transfer vector was constructed that directs recombination of a foreign gene between
two essential genes, I8R and GIL, in the conserved central region of the MVA genome. The use of
this site was shown to inhibit selection of mutant viruses with deletions of inserted gene/MVA flanks.

2. 2. Highly mutable runs of G and C residues were altered by site-directed mutagenesis and silent
mutations in the coding sequence were generated. This change was shown to stabilize the gene
when inserted into Deletion Il of MVA.

3. 3. Utilizing these two methods above, UGD4d double MVA recombinant that stably expresses both
the env and gagpol of Ugandan Clade D was constructed.

Example 2

[0153] Recombinant MVAs expressing HIV-1 env and gagpol genes from many different isolates have been
made. The stability of inserted genes after repeated passage in tissue culture has proven to be variable.
Here the inventors (1) demonstrate that the instability represents a combination of spontaneous mutation
or deletion of the inserted gene and selection for non-expressing mutants and (2) describe novel methods
for reducing instability.

Overview

[0154] Recombinant MVAs expressing env and gagpol from many different isolates were constructed. Each
virus was subjected to repeated passages in chicken embryo fibroblast cells to mimic the large-scale
amplification required for production of virus for clinical trials. Insert stability was monitored by env and gag
immunostaining of individual plaques. For some recombinant viruses, env and/or gag expression was
found to be rapidly lost in a significant fraction of the virus population. To identify the mechanism(s) of loss
of expression, individual plaques were isolated and the nature of the mutations was characterized. In some
cases, specific DNA sequences with propensity to mutate by addition or deletion of a single nucleotide were
identified. Generation of such mutations could be avoided by altering codons without changing the
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predicted translation product. In other cases, loss of expression was caused by large deletions that
frequently extended into flanking non-essential MVA genes. To prevent this from occurring, a new shuttle
plasmid was constructed that was designed to direct insertion of foreign genes between two essential MVA
genes. Recombination into this site reduced deletions of the foreign DNA. In one case, however, the toxicity
associated with high-level HIV env expression was so severe that the selection of rare mutants still resulted
in an unstable population. In this case, only truncation of the transmembrane domain of env allowed the
construction of a stable recombinant MVA.

Generation of Recombinant MVAs and Analysis of Stability of Inserted Genes

[0155] Env and gagpol genes were cloned into MVA shuttle vectors. Expression and function were
analyzed by transient expression assays. Gagpol was recombined into MVA 1974/NIH Clone 1.
Recombinant MVA were plaque purified with 6-8 rounds followed by amplification of virus. Env was
recombined into the MVA/gagpol isolate and double-recombinant MVA (Fig. 11A) were plaque purified with
6-8 rounds and were amplified. To assess the stability of inserts, virus was serially passaged in CEF cells
using a multiplicity of infection (m.o.i.) of ~1 pfu/cell to mimic large-scale production. Stability was evaluated
by determining the percentage of cells expressing env or gag, as determined by immunostaining with
monoclonal antibodies (Fig. 11B).

Stability of Recombinant MVAs

[0156] Recombinant MVAs expressing genes from HIV-1 isolates from different geographical locations
were constructed. The env and gagpol genes were inserted into deletions Il and Ill of MVA, respectively;
both under control of the modified H5 promoter. The stability of env and gagpol genes from seven
recombinant MVAs is shown in Table 4. Varying degrees of instability were observed in the seven viruses.
In MVA/65A/G, expression of env was rapidly lost with only 25% of virions expressing env by passage 6. In
MVA/UGDA4a, both env and gagpol expression were increasingly lost with successive virus passages. Since
at least 6-7 passages are required for production of a lot of virus for a Phase | trial, these two viruses were
deemed unsuitable.

Analysis of Expression of MVA/65A/G

[0157] Referring to Fig. 12, thirteen plaques were randomly picked from P3 and P5 of MVA/65A/G and
analyzed by immunostaining with T-24 mAb (binding site shown on a), Western blotting, PCR, and
sequencing. Five types of plaques were found and the number of these plaques obtained for each type are
given at right of Fig. 12. Plaques a, b, and c stained, but b and ¢ were truncated versions due to base
substitution (causing stop codon) (b) and deletion of the end of the env gene and part of MVA flank (c).
Nonstaining plaques d and e resulted from addition of G to a 5G run causing a frameshift (d) and large
deletion of entire env gene and parts of MVA flanks (e). Thus, base pair addition, substitution, and deletions
all contributed to unstable expression of the env gene in MVA/65A/G. This A/G env, the most unstable
example worked with, was picked to study modifications that might enhance stability.

Modifications to A/G Constructs to Increase Stability
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[0158]

1. 1. Synthetic envelope was made by removing 4 and 5 G and C runs by silent mutations to prevent
point mutations.

2. 2. Vector 18/G1, i.e., pLW-73. was constructed with an insertion site between essential genes I8R and
G1L to prevent deletions of genes and MVA flanks from being viable. The ends of the I8R (500bp)
and G1L (750bp) genes of MVA were amplified by PCR and inserted into a vector containing vaccinia
virus early/late mH5 promoter controlling foreign gene expression. This I18/G1 vector was used to
insert foreign genes into MVA by homologous recombination (Fig. 13). Deletions of inserted genes
and MVA flanking the inserted gene would not be viable because parts of essential genes would be
deleted. Therefore, viruses with these mutations would not be able to overgrow the population with
their normal growth advantage.

3. 3. AIG gp140 envelope was mutated by deleting the transmembrane domain and the cytoplasmic tail
of gp41, resulting in a secreted protein.

Testing Modifications to Increase Stability

[0159] Seven single recombinant viruses were made with env modifications and/or use of new vector as
shown in Fig. 14. Five plaques of each virus were isolated and passaged independently in CEF to
determine if modifications enhanced envelope stable expression. Passaged plaques were analyzed by
immunostaining with mAb T-43 (binding site mapped to 101-125aa of env), Western blotting, PCR, and
sequencing.

Env Expression after Plaque Passages

[0160] Referring to Fig. 15, five independently passaged plaque isolates of each of the 7 recombinants
listed above, were characterized at passages 1, 3, 5, and 7 by immunostaining with mAb T-43 (binds
between 101-125a.a. in gp120). Four of 7 viruses (Fig. 15, a, b, ¢, e) had unstable protein expression in
each of the 5 passaged plaques; two plaque passages of (Fig. 15f) also had unstable env expression.
These included viruses with the synthetic env in both del Il (Fig. 15¢) and in the essential gene site (Fig.
15f) of MVA genome. Only recombinant viruses containing the envelope as truncated, secreted gp140
remained stably expressing envelope (Fig. 15, d and g).

Western Blotting, PCR and Sequence Analyses

[0161] From selected plaque passages, clones were picked to analyze protein expression by Western
blotting, PCR, and sequence analysis (Fig. 16). For Western blot analysis, T-24 and T-32 binding at the
beginning and end of the clade A envelope, respectively, were used in order to determine if only partial or
full length envelope was being made. Control viruses, marked c, are at the right of each blot. For the three
viruses made in deletion Il of MVA (Fig. 16a, b, and c), only in Fig. 16c (i.e., gp140 clones), were all the
clones expressing detectable protein in Western. This protein (as measured by T-32) was not truncated.
When envelope was inserted into the essential gene site by vector 18/G1 (Fig. 16d, e and f), again, only
the gp140 envelope was being expressed in all clones and was not truncated. Although use of 18/G1 vector
did not prevent mutations to the env sequence, it did prevent deletions which had been seen in envelope
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inserted into del Il. (Note positive PCR products from all clones tested from 18/G1 vector, but negative PCR
products from clones tested using del Il vector.)

Expression of Env in Clade A/G Double Recombinant

[0162] Based on previous results with single env analysis, double recombinants expressing gagpol with
either gp140 or the synthetic gpl60 gene were made and tested for stability of env expression (Fig. 17).
Five plaques were isolated from each as previously described, and passaged 7 times to analyze stability of
env expression. At passage 7, the passaged plaques were immunostained with both T-43 and T-32 mAbs
(which bind to gp120 and gp41, respectively). With T-43 mAb, one of five clones of recombinant expressing
synthetic envelope consisted of only non-staining plaques. Subsequent T-32 staining of these plaques
showed another plaque had truncated envelope expression. All passaged plaques from double
recombinant containing gp140 envelope appeared stable by both T-43 and T-32 immunostaining. Titers
were also 2 logs higher than with the other double recombinant. Thus a clade A/G double recombinant
stably expressing envelope could only be made with gp140 envelope.

Recombinant Viruses Expressing env and gagpol from Ugandan HIV-1 Isolates

[0163] Recombinant MVA viruses expressing HIV-1 env and gagpol genes from Ugandan isolates AO7412
and AO3349 were constructed as shown in Fig. 18. Four to six independent isolates of each were serially
passaged and both genes were found to be unstable whether expressed alone or in combination (Table 5).
In contrast, expression of gp140 instead of membrane bound gp160 resulted in stability of the env gene
after serial passage (Fig. 18 and Table 5).

MVA/UGD4a - Analysis of Non-staining env Plaques

[0164] To determine the mechanism of instability, 24 individual non-staining plaques (using Mab T-43) were
isolated from passage 6 of MVA/UGD4a, amplified, and characterized. Two small deletions (1.2 and 0.3 kb)
were identified by PCR amplification and DNA sequencing (Fig. 19). All other isolates contained very large
deletions that extended into the flanking MVA. The approximate break-points for these deletions were
identified using primer pairs from within the env gene or flanking MVA regions.

Modification of UGD env Gene in Recombinant MVA

[0165] To ameliorate the problem of instability of the UGD env gene, the AO7412 env gene was inserted
into MVA using the new vector, 18/G1, which directs recombination of a foreign gene between 2 essential
vaccinia virus genes, 18 and G1 and uses the modified H5 promoter (Fig. 20). Four independent plaques
were serially passaged and analyzed for env expression by immunostaining with Mabs T-43 and T-32 at
passage 5. In all isolates, the gene was stable (Table 6).

MVA/UGD4b - Analysis of Non-Staining gag Plaques

[0166] To determine the mechanism of instability of the gag gene, 8 individual non-staining plaques (using
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Mab 183-H12-5C - NIAID AIDS Repository) were picked from passage 6 of MVA/UGD4b, amplified, and the
gagpol insert was sequenced (Table 7). In 7 isolates, an insertion or deletion of a single G residue at
position 564-569 was found. In one isolate, a C residue was deleted from the sequence CCCC at position
530-534. Furthermore, non-staining plaques from high-passage stocks of MVA/KEA and MVA/TZC
revealed a similar hot-spot for mutation, i.e., position 564-569. Examination of the full sequence of the UGD
AO7412 gagpol gene demonstrated 22 runs of 4 or more G or C residues (Fig. 21).

Modification of UGD gagpol Gene in Recombinant MVA

[0167] Since the mechanism of instability of the gagpol gene was primarily insertion or deletion of a single
nucleotide within a run of 4-6 G or C residues, the strategy to improve the stability of this gene was to
generate silent mutations at such sites. Thus, site-directed mutagenesis at 6 sites in p17 and p24 gag
(Table 3) was employed. The resulting codon altered (c.a.) gene inserted into MVA at the same location,
i.e., Deletion lll, proved to be stable upon serial passage (Fig. 22 and Table 8).

Construction of Stable, Recombinant MVA Expressing UGD env and gagpol

[0168] A recombinant virus expressing the UGD env gene in the 18/G1 locus and the codon altered gagpol
gene in Deletion Il of MVA was constructed (Fig. 23). Serial passage demonstrated no instability of either
gene. Furthermore, the level of protein expression and DNA sequence were unaltered during passage
(Table 9).

Conclusions

[0169] Instability of env and gagpol inserts is attributed to the generation of point mutations and deletions
and the growth advantage of non-expressing MVA mutants. Instability can generally be reduced by codon
alteration and/or insertion into an essential region of the MVA genome (MVA/UGDA4d) but env had to be
altered in one case (MVA/65A/G).

Example 3

Immunogenicity of MVA/UGD4d in BALB/c mice

[0170] Groups of 10 mice each were immunized by the intraperitoneal route with either 108 or 107
infectious units of MVA/UGD4d. Groups of 5 mice each were similarly immunized with parental MVA-1974.
Mice were immunized at weeks 0 and 3 and bled at weeks 0, 3, and 5. Spleens were harvested at week 5.

[0171] Cellular responses were measured in fresh splenocytes by intracellular cytokine staining.
Splenocytes were separately stimulated with the following: 1) immunodominant gag peptide (AMQMLKETI
(SEQ ID NO: 6)), 2) env peptides (DTEVHNVWATHACVP (SEQ ID NO: 7) and QQQSNLLRAIEAQQH (SEQ
ID NO: 8)), 3) pol peptides (8 peptides with single amino acid variants of ELRQHLLRWGLTT (SEQ ID NO:
9) and HGVYYDPSKDLIAE (SEQ ID NO: 10)), and 4) MVA.
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[0172] Cells were stained for surface expression of CD4 and CD8 and then for intracellular expression of
IFN-y and either IL2 or TNF. As shown in Fig. 24, MVA/UGDA4d elicited CD8/IFN-y responses to the gag
peptide, pol peptides, and MVA. The gag peptide responses were multifunctional, expressing both IFN-y
and either IL2 or TNF. Also, CD4/IFN-y responses were elicited to the pool of env peptides.

[0173] Humoral responses were measured by ELISA (Fig. 25). Strong responses to UGD env were
demonstrated at 3 weeks after one immunization and were boosted by the second immunization. In
addition, strong vaccinia virus responses were elicited after one and two immunizations.

Table 3. MVA/UGD Nucleotide Changes Made to Eliminate Runs of G and C (HIV-1 isolate AO3349)

Nucleotide # starting with Original Sequence Modified Sequence
ATG

28-32 GGGGG GGAGG

70-74 GGGGG GGAGG

408-411 GGGG GGGA

530-533 CCcCC CACC

564-569 GGGGGG AGGAGG

686-689 GGGG GAGG

Table 4. Stability of Recombinant MVAs

Percent non-staining plaques
Virus jCladejGeographic{ LVD |{passage ] passage | passage | passage; vaccine
origin seed 3/4 6/7 8/9 10-13 lot
envigagijenvjgagjenvigagjenvigagienvjgagienvjgag
KEASb; A Kenya <1i<1 031 0.33§0.34i0.36 0.54{24:0.64{0.77
65A/G{ A/G jlvoryCoast{<2§i<1{28}§ 1 75
62B B us <1i<1{<1{<1 6 {<1{10}{ 1
TZCa C Tanzania {<1ji<1§{<1{<1§17§28§36}§37
71C C India <T§i<1i{<1{ 1 §{<1}{2 {12} 14
UGD4aj D Uganda <1§<1{ 3 {0.28§6.7{ 6 {12.2{17.4
CMDR}{ E/A Thailand {<1§{<1{<1§{<1§{<1}{<1 <1i{<1

Table 5. Recombinant Viruses Expressing env and gagpol from Ugandan HIV-1 isolates

% non-staining

passage env gag

9 12.2 17.4

5 5.8 26

UGD4a 5 27 17.6
5 8.4 7.2

5 11.4 8.0

6 1.5 17.0

5 3.3 9.3

UGD4b 5 3.7 8.3
5 79 4.4

5 15.2 5.0
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% non-staining
passage env gag
4 nd 18.8
4 nd 46.7
UGD1a 4 nd 64.9
4 nd 38.1
5 7.9 44.8
8 36.6
8 254
UGD gag3349
6 22.9
6 331
8 9.0
8 2.9
UGD env 8 13.3
8 12.5
8 14.3
UGDgag/gp140 > 12 189
5 2.3 17.6
Table 6. Modification of UGD env Gene in Recombinant MVA
% non-staining
passage env gag
UGD9 5 0.5
5 04
5 0.0
5 0.5
Table 7. MVA/UGD4b- Analysis of Non-Staining gag Plaques # individual plaques with mutation
gene base # sequence MVA/UGD MVA/KEA MVA/TZC
017 28 GGGGG
70 GGGGG n=1
408 GGGG
530 CCCC n=1
p24 564 GGGGGG n=7 n=16 n=21
686 GGGG
1050 GGGGGG
p7 1133 GGGG
p1 1320 GGGG
1361 CCCC
06 1387 GGGG
1419 GGGG
1473 CCCC
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gene base # sequence MVA/UGD MVA/KEA MVA/TZC

1494 GGGGG
1590 GGGGG
1599 GGGGG
2362 GGGG

Protease RT 2380 GGGG
2528 GGGGG
2596 GGGG
2893 GGGG
3001 CCcCC

Table 8. Modification of UGD gagpol Gene in Recombinant MVA

% non-staining
Passage env gag
6 0.9
UGD gag (c.a.) 5 50
6 0.5

Table 9. Construction of Stable Recombinant MVA Expressing UGD env and gagpol

% non-staining

Passage env gag
UGD4d 11 0.0 0.7

Example 4.

[0174] This Example demonstrates the use of additional insertion sites for generating stable, recombinant
MVA viruses. The Del lll region of the MVA virus genome contains several non-essential genes, and
fragments of genes, and thus has historically been used to insert heterologous nucleic acid sequences.
Thus, the flanking region around the del Il insertion site of MVA was analyzed for the presence of
fragmented or non-essential genes. Genes known to be important for VACV replication in some cells, i.e.
A50R DNA ligase and B1R kinase were located about 1kbp and 1.8kbp, respectively, from the del Il
insertion site. We reasoned we could make this a more stable insertion site if we removed the non-essential
genes flanking the Del Il insertion site. To this end, a nucleic acid construct (e.g., shuttle vector) with
flanking sequences comprising the 3' end part of ASOR DNA ligase ORF (left), and the 5' end of the B1R
ORF, and promoter (right), was constructed as follows. This would effectively remove the area of non-
essential genes between these two important genes when homologous recombination occurred.

A. Preparation of the A50R/B1R shuttle vector:

[0175] Analysis of the flanking regions around the del Il insertion site in the MVA genome, (bp number
143552, Acambis 3000 Genbank AY603355) revealed that at least two genes known to be important for
VACYV replication in some cells. Specifically, ASOR DNA ligase (ORF 163; ACAM3000_MVA_163; SEQ ID
NO:11) and B1R kinase (ORF167; ACAM3000_MVA_167; SEQ ID NO:16) were located about 1kbp and
1.8kbp, respectively, from the del Ill insertion site. Thus, non-essential or fragmented genes located
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between ORF 163 and ORF 167 were targeted for removal. In particular, ORF 164, fragments of A51R-
A55, ORF165 (missing the part of the A56R promoter), ORF 166, and fragmented A57R were targeted for
removal. In order to effect removal these non-essential and fragmented genes, a nucleic acid construct
(i.e., a shuttle vector) was designed that would be capable of homologously recombining into the MVA
genome between ORF 163 and ORF 167, thereby removing the intervening sequences. To achieve such
recombination, the nucleic acid construct would comprise one nucleic acid sequence from
ACAM3000_MVA 163 (the left flanking sequence), and one nucleic acid sequence from
ACAM3000_MVA 167 (the right flanking sequence). These sequences would be adjacent in the nucleic
acid construct, meaning that they would not be separated by any poxvirus ORF's. More specifically, the left
flank would contain the C terminal end of the A50R ligase ORF and the right flank would contain the
promoter region and the N terminal end of the B1R ORF. The design of the vector is shown in Figure 26.

[0176] To construct the shuttle vector, each flank was created separately. The left flank of the restructured
Del Ill vector was constructed first, as follows.

[0177] Plasmid LW-73 (Figure 7) was digested with EcoRI and Xhol to excise the entire left flank (Flank 1
containing a portion of the 18R gene) along with the gene encoding green fluorescent protein (GFP) and
direct repeat. The GFP containing fragment was then digested with restriction enzymes Acsl and Sacl to
liberate the GFP gene.

[0178] To create the left flank containing C-terminal portion of ORF 163, a DNA fragment was amplified
from the MVA genome by the polymerase chain reaction (PCR) method using the primers LW470 (SEQ ID
NO:23) and LW471 (SEQ ID NO:24). PCR amplification was performed using standard conditions. Next, the
direct terminal repeat portion of ORF 163 was amplified from the MVA genome using the primers LW-472
(SEQ ID NO:25) and LW-473 (SEQ ID NO:26). Finally, the vector backbone, with EcoRI and Xhol sites, the
GFP gene, with Acsl and Sacl sites, the ORF 163 fragment (left flank) containing EcoRI and Ascl sites, and
the direct repeat from the ORF 163 C-terminus region, containing the Sacl and Xhol sites, were ligated
together to form the interim plasmid #2743.

[0179] To create the right flank containing the N-terminal portion of ORF 167 , including its promoter
region, interim plasmid #2743 was digested with the restriction enzymes Pst | and Hindlll to release the
right flank. Next, a DNA fragment was PCR amplified from the MVA genome using the primers LW-474
(SEQ ID NO:27) and LW-475 (SEQ ID NO:28). This fragment was digested with the restriction enzymes Pst
I and Hind Ill, and the digested fragment ligated into similarly-digested, shuttle vector backbone to produce
the LW-676 nucleic acid construct. (Figure 27)

[0180] The salient features of pLW-76 are:

1. 1) the vector is designed for insertion of foreign genes between the end of the ASOR DNA ligase
gene (ORF 163) and the promoter and N terminal portion of the B1R kinase gene (ORF 167) in MVA
genome. The left flank consists of end of A50R ligase gene and right flank consists of promoter and
beginning of the B1R kinase.

2. 2) the GFP gene is included for easy initial selection of recombinant virus.

3. 3) the GFP is flanked by direct repeat of the ASOR ligase gene which allows for transient expression
of GFP as the GFP will be lost upon repeated passage of the recombinant virus. Features 2 and 3
were also contained in earlier plasmids used for making MVA/HIV recombinants, pLAS-1 and pLAS-
2.
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[0181] The env gene from Ugandan clade D human immunodeficiency virus (HIV) (isolate AO7412) was
then cloned into the new pLW-76 construct. The env containing nucleic acid construct was then transfected
into cells, and the cells infected with MVA virus to produce a recombinant MVA virus expressing the HIV
ENV protein rMVA/UGDenv(dellllrst). This virus was then characterized.

[0182] When grown in chick embryo fibroblast (CEF) cells, it was observed that infection by
rMVA/UGDenv(dellllrst) resulted in syncytial-type, cytoplasmic effect (CPE). This was due to the deletion of
the non-essential A56 hemagglutinin gene during recombination that occurred within the restructured del Ill
site. Normal rMVA had a flay focus (Fig.28A), whereas infection with rMVA/UGDenv (delllrt) resultedin foci
showing syncytial formation, progressing to condensed syncytial. (fig. 28B).

[0183] rMVA/UGDenv (delllirst) was then characterized with regard to the stability of the inserted
heterologous nucleic acid sequences. This was done by repeatedly passaging the virus in CEF cells, and
testing each generation for the presence of expressed HIV ENV protein. Detection of ENV protein was done
by screening viral plaques with monoclonal antibodies to the HIV envelope protein. The stability of
rMVA/UGDenv (dellllrst) was compared to a virus containing the env gene in the del Il region, and a virus in
which the env gene was inserted into the central conserved region. The results of this comparison are
shown in Figure 29. The level of ENV protein being expressed was also measured by Western blot, using
monoclonal antibodies to the HIV ENV protein.

[0184] Figure 29 shows that the MVA/UGDenv(delll) was clearly unstable, due to deletions that occurred
within the env and extending into the flanking MVA . Viable deletions were prevented when the UGD env
was placed between two VACV essential genes, as in MVA/UGDenv(18/G1). Finally, integration of the HIV
env gene int rIMVA/UGDenv(del llIrst), was observed to be stable at least through 11 passages.

[0185] Figure 30 shows that 11 viral constructs expressed similar amounts of ENV protein.

[0186] Thus, the results of these studies suggest that the del Ill region of the MVA virus genome had been
made more stable by restructuring the del lll site by removing the non-essential genes.

SEQUENCE LISTING

[0187]

<110> The United States of America, as represented by the Secretary, Department of Health and Human
Services Moss, Bernard Wyatt, Linda S. Earl, Patricia L.

<120> RECOMBINANT MODIFIED VACCINIA ANKARA (MVA) VACCINIA VIRUS CONTAINING
RESTRUCTURED INSERTION SITES

<130> 6137NIAID-22-PCT

<140> not yet assigned
<141>2010-10-15

<150> 61/252,326
<151>2009-10-16

<160> 48

<170> Patentln version 3.5



<210> 1
<211>4
<212> PRT

<213> Human immunodeficiency virus type 1

<220>

<221> MISC_FEATURE
<222> (2)..(3)

<223> Xaa = unknown

<400> 1

Tyr Xaa Xaa Leu

1

<210> 2

<211> 5044
<212> DNA
<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 2
gaattcecctg

atagattcag
cccgaagatt
atagactegt
aagatgatag
aattttgaga
ttacgaatta

aaaatattat

acgggatata
gcgectttca
accggggtygg
gtgteeggeg
accacecggca
cagtgettca
ccecgaaggct
cgcgecgagg
gacttcaagg
aacgtctata
cacaacatcg
ggcgacggec
aaagacccea
atcactcteg
tattgtacaa
taaagatgat

aaacgctact

ggacatacgt atatttctat gatctgtctt atatgaagtc tatacagcga
aatttctaca taattatata ttgtacgcta ataagtttaa tctaacactc
tgtttataat ccctacaaat ttggatattc tatggcgtac aaaggaatat
tegatattag tacagaaaca tggaataaat tattatccaa ttattatatg
agtatgctaa actttatgta ctaagtccta ttctcgctga ggagttggat
ggacgggaga attaactagt attgtacaag aagccatttt atctctaaat
agattttaaa ttttaaacat aaagatgatg atacgtatat acacttttgt
tcggtgtcta taacggaaca aacgctacta tatattatca tagacctcecta
tgaatatgat ttcagatact atatttgttc ctgtagataa taactaaggc 540
ttttgttttt ttctatgecta taaatggtga gcaagggcga ggagctgttc 600
tgcccatcet ggtcgagetyg gacggcgacyg taaacggcca caagttcagce 660
agggcgaggg cgatgccacc tacggcaagc tgaccctgaa gttcatctge 720
agctgecegt geceetggece accctegtga ccaccctgac ctacggegtg 780
gecegetacce cgaccacatg aagcagcacqg acttcttcaa gtccgecatg 840
acgtccagga gcgcaccatc ttcttcaagg acgacggcaa ctacaagacc 900
tgaagttcga gggcgacacc ctggtgaacc gcatcgagct gaagggcatc 960
aggacggcaa catcctgggg cacaagctgg agtacaacta caacagccac 1020
tcatggeccga caagcagaag aacggcatca aggtgaactt caagatccge 1080
aggacggcag cgtgcagete gccgaccact accagcagaa cacccccate 1140
cegtgetget geccgacaac cactacctga gecacccagte cgecctgage 1200
acgagaagcg cgatcacatg gtcctgetgg agttcgtgac cgecgccggg 1260
gecatgcacga gctgtacaag taagagetcg aggacgggag aattaactag 1320
gaagccattt tatctctaaa tttacgaatt aagattttaa attttaaaca 1380
gatacgtata tacacttttg taaaatatta ttcggtgtct ataacggaac 1440
atatattatc atagacctct aacgggatat atgaatatga tttcagatac 1500

60

120

180

240

300

360

420

480
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tatatttgtt
aaaataaata
taagcceggg
tagagatgaa
aagtttatta
atdaaaggta
cttgagatcc
accacataca
tttactttta
tatggaatta
tgatctacta
aaaactatgt
caatgataaa
agatgttaga
ggttgegtca

atggtcatag

agccggaage
tgcgttgcge
aatecggccaa
cactgactcg
ggtaatacgg
ccagcaaaag
cecececctgac
actataaaga
cctgecegett
tagctcacge
gcacgaacce
caacccggta
agcgaggtat
tagaaggaca
tggtagctct
gcagcagatt
gtctgacget
aaggatcttec
atatgagtaa
gatctgtcta
acgggagggce
ggctccagat
tgcaacttta
ttcgecagtt
ctegtegttt
ateccccecatg
taagttggcee

catgccatcc

cctgtagata
caaaggttct
gatcctetag
aaattttcca
gtgtttagat
ttcttgeteca
cacatcattt
aaactagatt
gttettttag
ccactagcaa
tactttaaaa
tttacacgta
gttatcatgt
cgcttcatta
agaacaagct

ctgtttcctg

ataaagtgta
tcactgcccg
cgcgegggga
ctgcgetegg
ttatccacag
gccaggaacc
gagcatcaca
taccaggcgt
accggatacc
tgtaggtatc
ccegttecage
agacacgact
gtaggcggtg
gtatttggta
tgatccggca
acgcgcagaa
cagtggaacg
acctagatcc
acttggtctg
tttcgttcat
ttaccatctg
ttatcagcaa
teecgecteca
aatagtttge
ggtatggett
ttgtgcaaaa
gcagtgttat

gtaagatgct

ataactaact cgaggccget
tgagggttgt gttaaattga
agtcgacctg cagtcaaact
catctecttt tgtagacacg
aatcgtatac ttcatcagtg
atagattggt aaattccata
caaccagaga cgttttatcec
ttgcagtgac gtcgtatctag
aaaattctaa ggtagaatct
aaaatgatag aaatatatat
acgaatcaga tteccataatt
ttcettcgge atttettttt
ccatgagaga cgcegtctecg
ggggtatact tctataaggt
tgtctceccta tagtgagtceg

tgtgaaattg ttatccgctc

aagcctgggg
ctttcgagtc
gaggeggttt
tegttegget
aatcagggga
gtaaaaaggc
aaaatcgacg
ttceccectagg
tgtcegeett
tcagttcggt
ccgacegetg
tatcgceeoact
ctacagagtt
tctgegetet
aacaaaccac
aaaaaggatc
aaaactcacg
ttttaaatta
acagttacca
ccatagttgc
gceccagtge
taaaccagcc
teccagtctat
gcaacgttgt
cattcagctc
aagcggttag
cactcatggt

tttctgtgac

tgcctaatga
gggaaacctg
gcgtattggg
gcggegageg
taacgcagga
cgcgttgetg
ctcaagtcag
aagctcccte
tctecettceg
gtaggtcgtt
cgcecttatec
ggcagcagcec
cttgaagtgg
gctgaagcea
cgctggtage
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaatc
ctgactcccee
tgcaatgata
agceggaagg
taattgttge
tggcattget
cggttceccaa
ctecttcggt
tatggcagca

tggtgagtac

ggtacccaac
aagcgagaaa
ctaatgacca
actaaacatt
tagatagtaa
gaatatatta
aatgatttac
gtattcectac
ctatttgcca
tgatacatcg
gectgtatat
aatgatatat
tatcgtataa
ttcttaatca
tattagagct

acaattccac

gtgagctaac
tcgtgcecage
cgctectteeg
gtatcagcte
aagaacatgt
gegttttteg
aggtggcgaa
gtgcgetcete
ggaagcgtgg
cgctccaagc
ggtaactatc
actggtaaca
tggcctaact
gttacctteg
ggtggttttt
cctttgatct
ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
cegcgagace
gcegagegea
cgggaagcta
acaggcat.cg
cgatcaaggc
cctecgatceg
ctgcataatt

tcaaccaagt

ctaaaaattg
taatcataaa
catctttttt
ttgcagaaaa
atgtgaacag
atcctttett
ctcgtactat
Caaacaaaat
atatgtcate
cagetggttt
catcagetga
cttgtttaga
atatttcatt
gtccatcatt
tggcgtaatc

acaacatacg

tcacattaat
tgcattaatg
cttccteget
actcaaaggc
gagcaaaagg
ataggctccg
acccgacagg
ctgttccgac
cgctttetca
tgggctgtgt
gtcttgagtce
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa
tttctacggg
gattatcaaa
tctaaagtat
ctatctcage
taactacgat
cacgctcace
gaagtggtcec
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt

cattctgaga

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140
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atagtgtatg
acatagcaga
aaggatctta

ttcagcatct

cgcaaaaaag
atattattga
ttagaaaaat
ctaagaaacc
tcgtctegeg
ggtcacagct
gggtgttgge
agtgcaccat
gcgccattcg
gctattacge
agggttttcec
tata
<210>3

<211> 5044
<212> DNA

ggaataaggg
agcatttate
aaacaaatag
attattatca
cgtttcggtg
tgtctgtaag
gggtgtcggg
atgcggtgtg
ccattcagge
cagctggecga

cagtcacgac

cggcgaccga gttgctcttg ceceggegtca
actttaaaag tgctcatcat tggaaaacgt
cegetgttga gatccagtte gatgtaacec

tttactttca ccagcgtttc tgggtgagca

cgacacggaa
agggttattg
gggttcegeg
tgacattaac
atgacggtga
cggatgeccgg
gctggcettaa
aaatacegca
tgcgcaactg
aagggggatg

gttgtaaaac

<213> Artificial Sequence

<220>

<223> Synthetic Construct

<400> 3
tatagtgtca

ccetggegtt
tagcgaagag
gcgecctgatg
cactctcagt
accecgctgac
gaccgtctee
acgaaagggc
ttagacgtca
ctaaatacat
atattgaaaa
tgcggcattt
tgaagatcag
ccttgagagt
atgtggcgeg

ctattctcag

cctaaatcca
acccaactta
gcccgcaceg
cggtatttte
acaatctgcet
gcgecectgac
gggagctgca
ctcgtgatac
ggtggcactt
tcaaatatgt
aggaagagta
tgcettectyg
ttgggtgcac
tttcgeceeyg
gtattatcce

aatgacttgg

attcactggce
atcgecttge
atcgecctte
tccttacgeca
ctgatgcege
gggcttgtct
tgtgtcagag
gcctattttt
ttcggggaaa
atccgctcat
tgagtattca
tttttgecteca
gagtgggtta
aagaacgttt
gtattgacge

ttgagtactc

atgttgaata
tctcatgage
cacatttcce
ctataaaaat
aaacctctga
gagcagacaa
ctatgcggca
cagatgcgta
ttgggaaggg
tgctgcaagg

gacggccagt

cgtegtttta
agcacatccce
ccaacagttg
tctgtgeggt
atagttaagc
gctcceggea
gttttcaccg
ataggttaat
tgtgcgegga
gagacaataa
acatttcegt
cccagaaacg
catcgaactg
tccaatgatg
cgggcaagag

accagtcaca

ctcatactct
ggatacatat
cgaaaagtgc
aggcgtatca
cacatgcagc
gcecegtecagg
tcagagcaga
aggagaaaat
cgatcggtgc
cgattaagtt

gaattggatt

caacgtcgtg
cctttegeeca
cgcagcecetga
atttcacacc
cagcceccgac
tccgcttaca
tcatcaccga
gtcatgataa
acccctattt
ccctgataaa
gtcgecctta
ctggtgaaag
gatctcaaca
agcactttta
caactcggtce

gaaaagcatc

atacgggata ataccgegece
tcttcggggc gaaaactctc
actcgtgcac cecaactgatc

aaaacaggaa ggcaaaatgc

tcectttttea
ttgaatgtat
cacectgacgt
cgaggcectt
tceceggagac
gecgegtcage
ttgtactgag
accgcatcag
gggcctcette
gggtaacgcc

taggtgacac

actgggaaaa
gctggcegtaa
atggcgaatg
gcatatggtg
acccgccaac
gacaagctgt
aacgcgegag
taatggtttc
gtttattttt
tgcttcaata
ttececttttt
taaaagatgc
gcggtaagat
aagttctgcet
gecgcataca

ttacggatgg

catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa

cttacttctg acaacgatcg gaggaccgaa ggagctaacc gcecttttttge acaacatggg

4200
4260
4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5044

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

a4 an
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ggatcacgta
cgagegtgac
cgaactactt
tgcaggacca
agccggtgag
ccgtatcegta
gatcgcetgag
atatatactt
cctttttgat
agaccecgta
ctgcttgcaa
accaactectt
tetagtgtag
cgctctgcta
gttggactca
gtgcacacag
gctatgagaa
cagggtcgga
tagtcctgte
ggggcggage
ctggcctttt
taccgecttt
agtgagcgag
gattcattaa
cgcaattaat
ggctegtatg
ccatgattac
aaccaatgat
atctaatgaa

attgtctaaa

tttttcaget
atcaaaacca
catagatgac
taaaattttg
tggtatagta
caagaagaaa
ttatctgttc
acttttttet
tctaaaaaaa
cttatttatg
ttttcaattt
tatagtatct
gtttgttceg

tttatgttta

acrtcgccttg
accacgatge
actctagctt
cttctgcget
cgtgggtctc
gttatctaca
ataggtgecct
tagattgatt
aatctcatga
gaaaagatca
acaaaaaaac
tttecgaagg
cecgtagttag
atcctgttac
agacgatagt
cccagettgg
agcgccacge
acaggagagc
gggtttcgee
ctatcgaaaa
gctcacatgt
gagtgagctg
gaagcggaag
tgcagctgge
gtgagttagce
ttgtgtggaa
gccaagctct
ggactgatta
atatttatac

caagatatat

gatgatatac
gctgcgatgt
atattggcaa
tttggtagga
cgaggtaaat
ggattaatat
acatttacta
gcaaaatgtt
gatgtggtca
attatttctce
ttaggttggg
gaaatcatat
ttatagacac

aaatttaaaa

atcgrttggga
ctgtagcaat
cccggcaaca
cggcccttec
gecggtatcat
cgacggggag
cactgattaa
taaaacttca
ccaaaatcece
aaggatcttc
caccgctacc
taactggett
gccaccactt
cagtggctge
taccggataa
agcgaacgac
ttcccgaagg
gcacgaggga
acctctgact
acgccagcaa
tctttectge
ataccgctceg
agcgcccaat
acgacaggtt
tcactcatta
ttgtgagcegg
aatacgacte
agaaacctta
gatacggaga

cattaaaaag

aggcaattat ggaatctgat
atcaatatat atttctatca
atagagattc taccttagaa
ataccagata cgacgtcact
cattggataa aacgtctctg
attctatgga atttaccaat
tctacactga tgaagtatac
tagtcgtgte tacaaaagga
ttagagtttg actgcaggtc
gctttcaatt taacacaacc
taccagecgge ctecgagttag
tcatatatcec cgttagaggt
cgaataatat tttacaaaag

tcttaattcg taaatttaga

accggagctg
gccaacaacg
attaatagac
ggctggctgg
tgcagcactg
tcaggcaact
gcattggtaa
tttttaattt
ttaacgtgag
ttgagatcect
agcggtggtt
cagcagagceg
caagaactct
tgcecagtgge
ggcgcagegg
ctacaccgaa
gagaaaggcg
gcttccaggg
tgagegtcga
cgcggecttt
gttatccect
ccgcagecga
acgcaaaccg
teceegacteg
ggecaccecag,
ataacaattt
actataggga
tagaagtata
cgcgtetete

aaatgccgaa

ttttttgcta
ttttctaaaa
gcaaaatcta
gttgaaatga
ctattgagca
gattatctaa
gatgtggaaa
gactctagag
ctcaagaacce
ttattatcta
ctatgataat
tgtatatacg

gataaaatgg

aargaagcca
ttgcegcaaac
tggatggagg
tttattgcetg
gggccagatg
atggatgaac
ctgtcagacc
aaaaggatct
ttttegtteco
ttttttctge
tgtttgccgg
cagataccaa
gtagcaccge
gataagtcgt
tcgggctgaa
ctgagatace
gacaggtatc
ggaaacgcct
tttttgtgat
ttacggttece
gattctgtgg
acgaccgagce
cctetecceg
aaagcgggca
gctttacact
cacacaggaa
gacaagcttg
cccctaatga
atggacatga

ggaatacgtg

taccaaacga
tattaactgg
cggataaagt
ataaatctgg
gtaagcccte
gaaatagaca
aagtttactc
aggtgaagat
actgagegte
gcgtaatctg
atcaagagct
atactgtecct
ctacatacct
gtcttaccgg
cggggggtte
tacagcgtga
cggtaagcgg
ggtatcttta
gctcecgtcagg
tggcettttg
ataaccgtat
gcagcgagtc
cgegttggee
gtgagcgcaa
ttatgcettce
acagctatga
ttettgacge
agcgtctaac
taactttate

taaaacatag

tegtttttaa agtatagtag
gtggtaattc
gaactaaaag
gttttgtatg
tgtgggatct
agaatacctt
acactaataa
attttteatc
gatccceggg
tttgtattta
caggaacaaa
atatagtage
tatcatcatce

cttcttgtac

Li4y

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660

3720

DK/EP 2488649 T3


tcatatat.ee

aatactagtt aattctcccyg tcctecgaget cttacttgta cagetcecgtge atgccgagag 3780
tgatccegge ggecggtcacyg aactccagca ggacecatgtg atcegegette tegttggagt 3840
ctttgctecag ggcggactgg gtgctcaggt agtggttgtc gggcagcage acggggecgt 3900
cgcecgatggg ggtgttctge tggtagtggt cggcgagctg cacgctgccg tcctcgatgt 3960
tgtggcggat cttgaagttc accttgatge cgttcttetg cttgteggee atgatataga 4020
cgttgtgget gttgtagttg tactcecaget tgtgececcag gatgttgecg tecctecttga 4080
agtcgatgec cttcagcteg atgecggttca ccagggtgte gecctcgaac ttcacctegg 4140
cgcgggtcectt gtagttgceg tegtccttga agaagatggt gegetcctgg acgtagectt 4200
cgggcatgge ggacttgaag aagtcgtgct gcttcatgtg gtcggggtag cggctgaage 4260
actgcacgce gtaggtcagg gtggtcacga gggtgggeca gggcacggge agcttgecgg 4320
tggtgcagat gaacttcagg gtcagettge cgtaggtgge atcgcecteg cecctegeecgyg 4380
acacgectgaa cttgtggececg tttacgtcge cgteccagctcec gaccaggatg ggcaccacce 4440
cggtgaacag ctcctegécee ttgetcaceca tttatagcat agaaaaaaac aaaatgaaag 4500
gcgegectta gttattatct acaggaacaa atatagtatec tgaaatcata ttcatatate 4560
ccgttagagg tctatgataa tatatagtag cgtttgttcc gttatagaca ccgaataata 4620
ttttacaaaa gtgtatatac gtatcatcat ctttatgttt aaaatttaaa atcttaattce 4680
gtaaatttag agataaaatg gcttcttgta caatactagt taattctcecce gtectetcaa 4740
aattatccaa ctcctcagcg agaataggac ttagtacata aagtttagca tactctatca 4800
tcttcatata ataattggat aataatttat tccatgtttc tgtactaata tcgaacgagt 4860
ctatatattc ctttgtacgc catagaatat ccaaatttgt agggattata aacaaatctt 4920
cggggagtgt tagattaaac ttattagecgt acaatatata attatgtaga aattctgaat 4980
ctattcgetg tatagacttc atataagaca gatcatagaa atatacgtat gtcccaggga 5040
attc 5044
<210> 4

<211> 2214

<212> DNA

<213> Human immunodeficiency virus type 1

<400> 4

atgagagtga gggagacagt gaggaattat cagcacttgt ggagatgggg catcatgcetce 60
cttgggatgt taatgatatg tagtgctgca gaccagctgt gggtcacagt gtattatggg 120
gtacectagtgt ggaaagaagc aaccactact ctattttgtg catcagatge taaagcacat 180
aaagcagagg cacataatat ctgggctaca catgcctgtg taccaacaga ccccaatcca 240
cgagaaataa tactaggaaa tgtcacagaa aactttaaca tgtggaagaa taacatggta 300
gagcagatgc atgaggatat aatcagttta tgggatcaaa gtctaaaacc atgtgtaaaa 360
ttaaccccac tctgtgttac tttaaactge actacatatt .ggaatggaac tttacagggg 420
aatgaaacta aagggaagaa tagaagtgac ataatgacat gctctttcaa tataaccaca 480
gaaataagag gtagaaagaa gcaagaaact gecacttttct ataaacttga tgtggtacca 540
ctagaggata aggatagtaa taagactacc aactatagca gctatagatt aataaattgc 600
aatacctcag tcgtgacaca ggcgtgtcca aaagtaacct ttgagccaat tcccatacat 660
tattgtgcce cagctggatt tgcgattctg aaatgtaata ataagacgtt caatggaacg 720
ggtccatgca aaaatgtcag cacagtacag tgtacacatg gaattaggcc agtagtgtca 780
actcaactgt tgttgaatgg cagtctageca gaagaagaga taataattag atctgaaaat 840

atcacaaata atgcaaaaac cataatagta cagcttaatg agtctgtaac aattgattgc 900
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ataaggccca
acaacagaca
ggaagaatgt
ataacttttg
ggaggggaat
cagtttaatg
aacatgtggc
tgttcatcaa
tcagagatct

aaatataaag

gtggtggaaa
gcggcaggaa
ttgtctggta
ctgttgcaac
agctacctaa
accactactg
aatatgacct
ttaattgaag
aaatgggcaa
ttcataatga
gtaaatagag
aggggaccecg
<210>5

<211> 3068
<212> DNA

acaacaatac
taatagggaa
taaaaagggt
aaccatccte
tcttctactg
agacatcaaa
aaggagtagg
atattacagg
tcagacctgg

tagtaagaat

gagaaaaaag
gcacgatggg
tagtgcaaca
tcacagtctg
aggatcaaca
tgcectggaa
ggatgcagtg
aatcgcaaac
gtttgtggaa
tagtaggagg
ttaggcaggyg

acaggcccga

aagaaaaagt
tataagacaa
agctgaaaaa
aggaggggac
caatacatca
tgatactctc
aaaagcaatg
actattgttg
agggggagat

tgaaccaatg

agcaatagga
cgcagcgtca
gcaaaacaat
gggcattaaa
gctcctagga
ctctacetgg
ggaaagagaa
ccagcaagaa
ttggtttagt
cttaataggt
atattcacct

aggaatagaa

atacgcatag
gcacattgta
ttaaaagacc
ccagaaatta
ggactattta
acactccaat
tatgcccete
acaagagatg
atgagagaca

ggtctagcac

ctgggagcta
ctgacgctga
ttgctgagag
cagctccagg
atttggggtt
agtaatagat
attgagaatt
aagaatgaac
ataacaaaat
ttaagaatag
ctgtetttte

gaagaaggtg

<213> Human immunodeficiency virus type 1

<400> 5
atgggtgcga

ttacggccag
ctagaacgat
atagaacagc
acagtagtaa
ttagataaga
gacagcagcc
caccagtect
ttcagcccag
ttaaacacca
actatcaatg
gcaccaggcc
caggaacaaa

agatggataa

gagcgtcagt
gaggaaacaa
ttgcacttaa
tacaaccatc
cectcetattg
taaaggaaga
aggtcagcca
tatcacctag
aagtaatacc
tgctaaacac
aggaagctge
aaatgagaga
taggatggat

tcctaggatt

attaagcgga
aaaatataga
tcctggtett
tattcagaca
tgtacatgaa
acaaaccaaa
aaattatcct
gactttgaat
catgttttca
agtaggagga
agaatgggat
accaagagga
gacaagcaat

aaataaaata

ggaaaattag
ttaaaacatt
ttagaaacat
ggatcagagg
aggataaagg
agtaagaaaa
atagtacaaa
gcatgggtaa
gcattatcag
catcaagcag
aggctacatc
agtgatatag
ccacctatec

gtaagaatgt

gaccagggca
atgttagtaa
ttcttaacca
caacacacag
atgggagtct
gcagaataaa
ccattgecagg
gtggtaatac
attggagaag

ccaccagggc

tgttcecttgg
cggtacaggc
ctatagaggc
caagagtcct
gctetggaaa
ctgtagagga
acacaggttt
aagaactatt
ggctgtggta
tttttgectgt
agaccctcct

gagagcaagg

atgaatggga
tagtatgggce
cagaaggctg
aacttaaatc
tagcagatac
aagcacagca
acctacaggg
aagtaataga
aaggagccac
ccatgcaaat
cagtgecctge
caggaactac
cagtaggaga

atagccctgt

agcactctat
agtaaaatgg
gacaaagaac
ctttaattgt
gcttaatgag
acaaattata
accaatcagc
tggtaatgat
tgaattatac

aaaaagaaga

gttcttggga
cagacagtta
gcaacagcat
ggctatggaa
acacatttge
gatttggaat
aatatacacc
gcaattggat
tataaaaata
getttcttta
cccagceceg

ctaa

aaaaattcgg
aagcagggag
tagacaaata
attacataat
caaggaagct
agcaacagct
acaaatggta
agagaaggct
accaacagat
gttaaaagag
agggectgtt
cagtaccctt
aatctataaa

cagcattttg

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2214

60

120

180

240

300

360

420

480

540

600

660

720

780

840

ann
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gacataagac aaggaccaaa ¢gaacccttt agagactatg tagatCggrt ctataaaact yuu
ctacgagccg agcaagcttc acaggatgta aaaaattgga tgactgaaac cttgttagtc 960
caaaatgcga atccagattg taaaactatc ttaaaagcat tgggaccagc ggctacatta 1020
gaagaaatga tgacagcatg tcagggagtg gggggaccca gtcataaagc aagagttttg 1080
gctgaggcaa tgagccaagc atcaaacaca aatgctgtta taatgatgca gaggggcaat 1140
ttcaagggca agaaaatcat taagtgtttc aactgtggca aagaaggaca cctagcaaaa 1200
aattgtaggg ctcctaggaa aagaggctgt tggaaatgtg gaaaggaagg gcaccaaatg 1260
aaagattgta atgaaagaca ggctaatttt ttagggagaa tttggcctte ccacaagggg 1320
aggccaggga atttccttca gagcagacca gagccaacag ccccaccagc agagagcttc 1380
gggtttgggg aagagataac accctcccag aaacaggagg ggaaagagga gctgtatcct 1440
tcagcctece tcaaatcact ctttggcaac gacccctagt cacaataaaa atagggggac 1500
agctaaagga agctctatta gatacaggag cagatgatac agtagtagaa gaaatgaatt 1560
tgccaggaaa atggaaacca aaaatgatag ggggaattgg gggctttatc aaagtaagac 1620
agtatgatca aatactcgta gaaatctatg gatataaggc tacaggtaca gtattagtag 1680
gacctacace tgtcaacata attggaagaa atttgttgac tcagattggt tgecactttaa 1740
attttccaat tagtcctatt gaaactgtac cagtaaaatt aaagtcaggg atggatggtc 1800
caagagttaa acaatggcca ttgacagaag agaaaataaa agcactaata gaaatttgta 1860
cagaaatgga aaaggaagga aaactttcaa gaattggacc tgaaaatcca tacaatactc 1920
caatatttge cataaagaaa aaagacagta ctaagtggag aaaattagta gatttcagag 1980
aacttaataa gagaactcaa gatttctggg aagttcaact aggaatacca catcctgecag 2040
ggctaaaaaa gaaaaaatca gtaacagtac tggaggtggg tgatgcatat ttttcagtte 2100
ccttatatga agactttaga aaatacactg cattcaccat acctagtata aacaatgaga 2160
caccaggaat tagatatcag tacaatgtgc ttccacaagg atggaaagga tcaccggcaa 2220
tattccaaag tagcatgaca aaaattttag aaccttttag aaaacaaaat ccagaagtgg 2280
ttatctacca atacatgcac gatttgtatg taggatctga cttagaaata gggcagcata 2340
gaataaaaat agaggaatta aggggacacc tattgaagtg gggatttacc acaccagaca 2400
aaaatcatca gaaggaacct ccatttcttt ggatgggtta tgaacteccat cctgataaat 2460
ggacagtaca gcctataaaa ctgccagaaa aagaaagctg gactgtcaat gatctgcaga 2520
agttagtggg gaaattaaat tgggcaagtc aaatttatte aggaattaaa gtaagacaat 2580
tatgcaaatg ccttagggga accaaagcac tgacagaagt agtaccactg acagaagaag 2640
cagaattaga actggcagaa aacagggaac ttctaaaaga aacagtacat ggagtgtatt 2700
atgacccatc aaaagactta atagcagaaa tacagaaaca agggcaagac caatggacat 2760
atcaaattta tcaagaacaa tataaaaatt tgaaaacagg aaagtatgca aagaggagga 2820
gtacccacac taatgatgta aaacaattaa cagaggcagt gcaaaaaata gcccaagaat 2880
gtatagtgat atggggaaag actcctaaat tcagactace catacaaaag gaaacatggg 2940
aaacatggtg gacagagtat tggcaggcca cctggattcee tgagtgggag tttgtcaata 3000
ccecetcectt ggttaaatta tggtaccagt tagagaagga acccatagta ggagcagaaa 3060
cettetaa 3068
<210>6

<211>9

<212> PRT

<213> Human immunodeficiency virus type 1

<400> 6
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Ala Met Gln Met Leu Lys Glu Thr Ile

1 5

<210>7

<211>15

<212> PRT

<213> Human immunodeficiency virus type 1

<400>7

Asp Thr Glu Val His Asn Val Trp Ala Thr His Ala Cys Val Pro
1 5 10 15
<210>8

<211> 15

<212> PRT

<213> Human immunodeficiency virus type 1

<400> 8
Gln Gln Gln Ser Asn Leu Leu Arg Ala Ile Glu Ala Gln Gln His
1 5 10 15

<210>9

<211>13

<212> PRT

<213> Human immunodeficiency virus type 1

<400> 9

Glu Leu Arg Gln His Leu Leu Arg Trp Gly Leu Thr Thr
1 5 10

<210>10

<211> 14

<212> PRT

<213> Human immunodeficiency virus type 1

<400>10

His Gly Val Tyr Tyr Asp Pro Ser Lys Asp Leu Ile Ala Glu
1 5 10

<210> 11

<211> 1656

<212> DNA

<213> Vaccinia virus

<400> 11

atgacgtcgce ttcgcgaatt tagaaaatta tgctgtgata tatatcacgc atcaggatat 60
aaagaaaaat ctaaattaat tagagacttt ataacagata gggatgataa atatttgatc 120
attaagctat tgcttccegg attagacgat agaatttata acatgaacga taaacaaatt 180
ataaaattat atagtataat atttaaacaa tctcaggaag atatgctaca agatttagga 240
tacggatata taggagacac tattaggact ttcttcaaag agaacacaga aatccgtcca 300
cgagataaaa gcattttaac tttagaagaa gtggatagtt ttttaactac gttatcatecce 360
gtaactaaag aatcgcatca aataaaatta ttgactgata tcgcatcegt ttgtacatgt 420
aatgatttaa aatgtgtagt catgcttatt gataaagatc taaaaattaa agcegggccct 480
cggtacgtac ttaacgctat tagtcctcat gectatgatg tgtttagaaa atctaataac 540

ttgaaagaga taatagaaaa tgcatctaaa caaaatctag actctatatc tatttetgtt 600



atgactccaa

aaatttccat

aaaaataata

gtggattatc

gattctgaaa

atacacaaaa

tactttgatg

gatgttatgg

gagtctcagt

ttaaaagata

gactatttga

tatggtaaag

gaatccggta

gagttgcaag

tggttagtag

cagatatggg

atatccatta

actcatctaa

<210>12

<211> 552
<212> PRT
<213> Vaccinia virus

<400> 12

Met Thr
1

Ala Ser

Asp Arg

Asp Asp
50

Ser Ile
65

Tyr Gly

Glu Ile

Ser FPhe

Lys Leu

130

Cys Val
145

Ser

Gly

Asp

35

Arg

Ile

Tyr

Arg

Leu

115

Leu

Val

ttaatcccat
caggaatgtt
acgagtttge
tcaaagaata
ttgttcttgt
agaaagaata
gattcgatat
ttgaaatacc
taactgacgt
ttaatggagt
acgagggttc
gagcaaaggg
aatggaagac
accaattaaa
ttaataaaat
aaatttcagg
gatttcctag

acgatttagt

Leu

Tyr

20

Asp

Ile

Phe

Ile

Pro

100

Thr

Thr

Met

Arg

Lys

Lys

Tyxr

Lys

Gly

Arg

Thr

Asp

Leu

Glu

Glu

Tyr

Asn

Gln

70

Asp

Asp

Leu

Ile

Ile
150

Phe

Lys

Len

Met

55

Ser

Thr

Lys

Ser

Ala

135

Asp

gttagcggaa
tgcggaagtc
cttetttagt
cataccgaaa
agacgaacat
taaaaactct
gacggacatt
caatagaata
attggatgat
atacgaaccg
catggcagat
tggtatcatg
ggttaccaag
gatgattaaa
ctatattecce
agcagagttt
atttactagg

aaacttgact

Arg

Ser

Ile

40

Asn

Gln

Ile

Ser

Ser

120

Ser

Lys

Lys

Lys

25

Ile

Asp

Glu

Arg

Ile

105

val

Val

Asp

Leu

10

Leu

Lys

Lys

Asp

Thr

Leu

Thr

Cys

Leu

tcgtgtgatt
aaatacgatg
agaaacatga
gcatttaaaa
aatgtaccge
aacatgtgtt
ccattgtacg
gtattctcag
gcactaacga
ggaaagagaa
tctgecgatt
gcagtcttte
tgttcaggac
attaacaagg
gattttgtag
acatcttcea
ataagagagg

aaatct

Cys

Ile

Leu

Gln

Met

75

Phe

Thr

Lys

Thr

Lys
155

Cys

Arg

Leu

Ile

60

Leu

Phe

Leu

Glu

Cys

140

Ile

Asp

Asp

Leu

45

Ile

Gln

Lys

Glu

Ser

125

Asn

Lys

ctgtcaataa
gtgaaagagt
aaccagtact
aagctacgtc
tcecegtttgg
tgttcgtgtt
aacgaagatc
agttgacgaa
gaaaattaga
gatggttaaa
tagtagtact
taatgggttg
acgatgataa
atcccaaaaa
tagaggatcc
agtcccatac

ataaaacgtg

Ile

Phe

Pro

Lys

Asp

Glu

Glu

110

His

Asp

Ala

ggcgtttaaa
acaagttcat
ctecteataaa
tatcgtattg
aagtttaggt
tgactgtttg
ttttctecaaa
tattagtaac
aggattggtc
aataaagcga
aggtgcttac
ttacgacgat
tacgttaagg
aattccagag
aaaacaatct
cgcaaatgga

gaaagaatct

Tyr

15

Ile

Gly

Leu

Leu

Asn

Val

Gln

Leu

Gly

His

Thr

Leu

Tyr

Gly

BO

Thr

Asp

Ile

Lys

Pro
160

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1656
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Arg

Lys

Leu

Ala

Gly

225

Lys

Leu

Lys

Glu

Lys

305

Tyr

Ser

Ser

Asp

Asn

385

Asp

Leu

Phe

Thr

Gln

465

Trp

Pro

Tyr

Ser

Asp

Glu

210

Met

Asn

Ser

Lys

His

290

Glu

Phe

Phe

Glu

Asp

370

Gly

Tyr

Gly

Leu

Lys

450

Leu

Leu

Lys

Vval

Asn

Ser

195

Ser

Phe

Asn

His

Ala

275

Asn

Tyr

Asp

Leu

Leu

355

Ala

Val

Leu

Ala

Met

435

Cys

Lys

val

Gln

Leu

Asn

180

Ile

Cys

Ala

Asn

Lys

260

Thr

Vval

Lys

Gly

Lys

340

Thr

Leu

Tyr

Asn

Tyr

420

Gly

Met

val

Ser

Asn

165

Leu

Ser

Asp

Glu

Glu
245

Val

Ser

Pro

Asn

Phe

325

Asp

Asn

Thr

Glu

Glu

405

TYr

Cys

Ile

Asn
485

Gln

Ala

Lys

Ile

Ser

Val

230

Phe

Asp

Ile

Leu

Ser

310

Asp

Val

Ile

Arg

Pro

390

Gly

Gly

Tyr

His

Lys

470

Lys

Ile

I'le

Glu

Ser

Val

215

Lys

Ala

Tyr

Val

Pro

295

Asn

Met

Met

Ser

Lys

375

Gly

Ser

Lys

Asp

Asp

455

Ile

Ile

Trp

Ser

Ile

Val

200

Asn

Tyr

Phe

Leu

Leu

280

Phe

Met

Thr

Val

Asn

360

Len

Lys

Met

Gly

Asp

440

Asp

Asn

Tyxr

Glu

Pro

Ile

185

Met

Lys

Asp

Phe

Lys

265

Asp

Gly

Cys

Asp

Glu

345

Glu

Glu

Arg

Ala

Ala

425

Glu

Asn

Lys

Ile

Ile

His

170

Glu

Thr

Ala

Gly

ser
250

Glu

Ser

Ser

Leu

Ile

330

Ile

Ser

Gly

Arg

Asp

410

Lys

Ser

Thr

Asp

Pro

490

Ser

Ala

Asn

Pro

Phe

Glu

235

Arg

Tyr

Glu

Leu

Phe

315

Pro

Pro

Gln

Leu

Trp

395

Ser

Gly

Gly

Leu

Pro

475

Asp

Gly

Tyr

Ala

Ile

Lys

220

Arg

Asn

Ile

Tle

Gly

300

Val

Leu

Asn

Leu

Val

380

Leu

Ala

Gly

Lys

Arg

460

Lys

Phe

Ala

Asp

Ser

AsSn

205

Lys

Val

Met

Pro

Val

285

Ile

Phe

Tyx

Arg

Thr

365

Leu

Lys

Asp

Ile

Trp

445

Glu

Lys

Val

Glu

val

Lys

190

Pro

Phe

Gln

Lys

Lys

270

Leu

His

Asp

Glu

Ile

350

Asp

Lys

Ile

Leu

Met

430

Lys

Leu

Ile

val

Phe

Phe

175

Gln

Met

Pro

Val

Pro
255

Ala

Val

Lys

Cys

Arg

335

Val

Val

Asp

Lys

Val

415

Ala

Thr

Gln

Pro

Glu

495

Thr

Arg

Asn

Leu

Ser

His

240

val

Phe

Asp

Lys

Leu

320

Arg

Phe

Leu

Ile

Arg

400

Val

Val

Val

Asp

Glu

480

Asp

Ser
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500

505

510

Ser Lys Ser His Thr Ala Asn Gly Ile Ser Ile Arg Phe Pro Arg Phe
515

520

525

Thr Arg Ile Arg Glu Asp Lys Thr Trp Lys Glu Ser Thr His Leu Asn

530

535

Asp Leu Val Asn Leu Thr Lys Ser
550

545

<210> 13

<211> 1656
<212> DNA

<213> Vaccinia virus

<400> 13
agatttagtc

tcttatccta
agatgtaaac
aaaatcggga
gttaatttta
tgaacacttg
gactgccatg
ggcagaatct
ctttcceggt
tagtgcatca
gaatactatt
caatggaatg
catgttagag
tacattatgt
aaatgctttc
gtttctacta
gtatttgact
acacgattec
attttgttta
ataggcatga
tttatcaata
agtcaataat
atccacttct
gaagaaagtc
ctgagattgt
aattctatcag

tgttataaag

acagcataat

<210> 14
<211> 501

aagtttacta
gtaaatctag
tctgctectg
atatagattt
atcatcttta
gtaaccgtct
ataccaccct
gccatggaac
tcgtatactc
tccaatacgt
ctattgggta
tcegtcatat
tttttatatt
tcgtctacaa
ggtatgtatt
aagaaggcaa
tccgcaaaca
gctaacatgg
gatgcatttt
ggactaatag
agcatgacta
tttatttgat
tctaaagtta

ctaatagtgt

ttaaatatta
tectaatecgg
tctctaatta

tttctaaatt

aatcgtttag
gaaatctaat
aaatttccca
tattaactac
attggtcttg
tccatttace
ttgctecttt
cctcgttcaa
cattaatatc
cagttaactg
tttcaaccat
cgaatccatc
ctttettttt
gaacaatttc
ctttgagata
actcgttatt
ttcctgatgg
gattaattgg
ctattatctc
cgttaagtac
cacattttaa
gcgattcttt
aaatgctttt

ctcctatata

tactatataa
gaagcaatag
atttagattt

cgcgaagega

atgagtagat
ggatattceca
tatctgagat
taaccactct
caactccctt
ggattcatceg
accatagtaa
atagtctege
ttttaagacc
agactcgtta
aacatctttg
aaagtacaaa
gtgtatacct
agaatccaat
atccacttta
atttttatga
aaatttttta
agtcataaca
tttcaagtta
gtaccgaggg
atcattacat
agttacggat
atctcgtgga

tcegtatect

ttttataatt
cttaatgate
ttctttatat

cgtcat

540

tctttccacg
tttgcggtat
tgttttggat
ggaatttttt
aacgtattat
tcgtaacaac
gcacctagta
tttattttta
aatccttcta
ctaatattcg
agaaaagatc
cagtcaaaca
aaacttccaa
acgatagacg
tgagagagta
acttgtacte
aacgccttat
gaaatagata
ttagattttc
cccgcetttaa
gtacaaacgg
gataacgtag
cggatttctg

aaatcttgta

tgtttategt
aaatatttat

cctgatgegt

ttttatcctce
gggacttgga
cctctactac
tgggatcctt
catcgtgtcc
ccattagaaa
ctactaaatc
accatecttct
attttctegt
tcaactctga
ttcegttcgta
cgaacaaaca
acgggagcgg
tagctttttt
ctggtttcat
tttcaccate
tgacagaatc
tagagtctag
taaacacatc
tttttagatc
atgcgatatc
ttaaaaaact
tgttctettt

geatatcttc

tcatgttata
catccctate

gatatatatc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1656
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<212> DNA
<213> Vaccinia virus

<400> 14

ggagtatacg aaccgggaaa
ggttccatgg cagattctge
aagggtggta tcatggcagt
aagacggtta ccaagtgttc
ttaaagatga ttaaaattaa
aaaatctata ttcccgattt
tcaggagcag agtttacatc
cctagattta ctaggataag
ttagtaaact tgactaaatc
<210> 15

<211> 501

<212> DNA
<213> Vaccinia virus

<400> 15

agatttagtc aagtttacta
tcttatccta gtaaatctag
agatgtaaac tctgetectg
aaaatcggga atatagattt
gttaatttta atcatcttta
tgaacacttg gtaaccgtct
gactgccatg ataccaccct
ggcagaatct gccatggaac
ctttceceggt tcgtatactce
<210> 16

<211> 900

<212> DNA
<213> Vaccinia virus

<400> 16

atgaactttc aaggacttgt
ttaataggaa aaggtggatt
aaaatagagc ccaaagctaa
cttaaaccat ccgttatcga
atcacgtgca aggcatttgg
attaatagat taggtgcaga
aaaaggtcgg tgatgttgat
caaggatatt ctcacggaga
aataaattat atctagtgga
gttccattta taagaaatcc

gattcgcata aaggatacgt

gagaagatgg
cgatttagta
ctttctaatg
aggacacgat
caaggatccc
tgtagtagag
ttcecaagtcee
agaggataaa

t

aatcgtttag
gaaatctaat
aaatttccea
tattaactac
attggtcttg
tccatttacce
ttgctcecttt
cctcgttcaa

c

gttaactgac
tggtagtatt
cggatcatta
agaatggaaa
tctatacaaa
tctagatgeg
cggaatcgaa
tattaaagcg
ttacggattg
aaataaaatg

tgtatctaga

ttaaaaataa
gtactaggtg
ggttgttacg
gataatacgt
aaaaaaattc
gatccaaaac
catacecgcaa

acgtggaaag

atgagtagat
ggatattcca
tatctgagat
taaccactct
caactccctt
ggattcatcg
accatagtaa

atagtctcgce

aattgcaaaa
tatactacta
tttaccgaac
aaatctcaca
tccattaatg
gtgatcagag
atcttaaata
agtaatatag
gtttctaaat
gataacggta

cgtggagatc

agcgagacta
cttactatgg
acgatgaatc
taagggagtt
cagagtggtt
aatctcagat
atggaatatc

aatctactca

tctttccacg
tttgecggtat
tgttttggat
ggaatttttt
aacgtattat
tcgtaacaac
gcacctagta

tttattttta

atcaatgggt
atgacaataa
aggcatttta
atataaagca
tggaatatcg
ccaataataa
ccatacaatt
tcttggatca
tcatgtctaa
ctctagaatt

tagaaacact

tttgaacgag
taaaggageca
cggtaaatgg
gcaagaccaa
agtagttaat
atgggaaatt
cattagattt

tctaaacgat

ttttatecte
gggacttgga
cctctactac
tgggatcett
catcgtgtec
ccattagaaa
ctactaaatc

accatcttct

cgttggacca
ttatgtagta
tactagagta
cgtaggtectt
attcttggta
tagattacca
tatgcacgag
aatagataag
tggcgaacat
tacacctata

tggatattgt

60

120

180

240

300

360

420

480

501

60

120

180

240

300

360

420

480

501

60

120

180

240

300

360

420

480

540

600

660
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atgattagat ggttgggagg tatcttgcca tggactaaga

gcattagtaa gtgccacaaa acagaaatat gttaacaata

agtttgcaat atgcacctag agaattgctg caatatatta

tattttgagg aacccaatta cgacaagttt cggcacatat

<210> 17
<211> 300
<212> PRT

<213> Vaccinia virus

<400> 17
Met Asn Phe
1

Val Vval Gly

Thr Asn Asp

Ser Leu Phe
50

Val Ile Glu

Ile Thr Cys

Arg Phe Leu

Arg Ala Asn
115

Ile Glu Ile
130

His Gly Asp
145

Asn Lys Leu

Asn Gly Glu

Gly Thr Leu
195

Ser Arg Arg
210

Leu Gly Gly
225

Ala Leu Val

Leu Leu Met

Gln

Pro

20

Asn

Thr

Glu

Lys

Val
100

Asn

Leu

Ile

Tyr

His

180

Glu

Gly

Ile

Ser

Thr
260

Gly

Leu

Asn

Glu

Trp

Ala

Ile

Asn

Asn

Lys

Leu

165

val

Phe

Asp

Leu

Ala

245

Ser

Leu

Ile

Tyr

Gln

Lys

70

Phe

Asn

Arg

Thr

Ala

150

Val

Pro

Thr

Leu

Pro

230

Thr

Leu

Val

Gly

val

Ala

55

Lys

Gly

Arg

Leu

Ile

135

Ser

Asp

Phe

Pro

Glu

215

Trp

Lys

Gln

Leu

Lys

val

40

Phe

Ser

Leu

Leu

Pro

120

Gln

Asn

Tyr

Ile

Ile

200

Thr

Thr

Gln

Tyr

Thr

Gly

25

Lys

Tyr

His

Tyr

Gly
105

Lys

Phe

Ile

Gly

Arg

185

Asp

Leu

Lys

Lys

Ala
265

Asp

Gly

Ile

Thr

Asn

Lys

90

Ala

Arg

Met

Vval

Leu

170

Asn

Ser

Gly

Ile

Tyr

250

Pro

Asn

Phe

Glu

Arg

Ile

15

Ser

Asp

Ser

His

Leu

155

Val

Pro

His

Tyr

Ser

235

Val

Arg

tatctgaaac aaagaattgt
ctgcgacttt gttaatgacc
ccatggtaaa ctctttgaca

taatgcaggg tgtatattat

Cys

Gly

Pro

Val

60

Lys

Ile

Leu

val

Glu

140

Asp

Ser

Asn

Lys

Cys

220

Glu

Asn

Glu

Lys

Ser

Lys

45

Leu

His

Asn

Asp

Met

125

Gln

Gln

Lys

Lys

Gly

205

Met

Thr

Asn

Leu

Asn

Ile

30

Ala

Lys

Val

Val

Ala
110

Leu

Gly

Ile

Phe

Met

190

Tyr

Ile

Lys

Thr

Leu
270

Gln

Tyxr

Asn

Pro

Gly

Glu

Val

Ile

Tyr

Asp

Met

175

Asp

Val

Arg

Asn

Ala

255

Gln

Trp

Thr

Gly

Ser

Leu

Tyr

Ile

Gly

Ser

Lys

160

Ser

Asn

Val

Trp

Cys

240

Thr

Tyr

720

780

840

9200
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Ile Thr Met Val Asn Ser Leu Thr Tyr Phe Glu Glu Pro Asn Tyr Asp
275

280

285

Lys Phe Arg His Ile Leu Met Gln Gly Val Tyr Tyr

290

<210> 18
<211> 900
<212> DNA

<213> Vaccinia virus

<400> 18

ataatataca
tgtcaaagag
ggtcattaac
acaattcttt

acaatatcca

tataggtgta
atgttcgcca
cttatctatt
ctcgtgcata
tggtaatcta
taccaagaat
aagacctacg
tactctagta
tactacataa
tggtccaacg
<210>19

<211> 527
<212> DNA

ccctgcatta
tttaccatgg
aaagtcgcag
gtttcagata

agtgtttcta

aattctagag
ttagacatga
tgatccaaga
aattgtatgg
ttattattgg
cgatattcca
tgctttatat
taaaatgcct
ttattgtcat

acccattgat

<213> Vaccinia virus

<400> 19
atgaactttc

ttaataggaa
aaaatagagc
cttaaaccat
atcacgtgca
attaatagat
aaaaggtcgg
caaggatatt
aataaattat
<210> 20

<211> 527
<212> DNA

aaggacttgt
aaggtggatt
ccaaagctaa
ccgttatcga
aggcatttgg
taggtgcaga
tgatgttgat
ctcacggaga

atctagtgga

295

atatgtgccg
taatatattg
tattgttaac
tcttagteca

gatctccacg

taccgttate
atttagaaac
ctatattact
tatttaagat
ctctgatcac
cattaatgga
tgtgagattt
gttcggtaaa
tagtagtata

ttttgcaatt

gttaactgac
tggtagtatt
cggatcatta
agaatggaaa
tctatacaaa
tctagatgeg
cggaatcgaa
tattaaagcg

ttacggattg

aaacttgtcg
cagcaattct
atatttctgt
tggcaagata

tctagataca

cattttattt
caatccgtaa
cgctttaata
ttecgatteeg
cgcatctaga
tttgtataga
tttccattcet
taatgatcecg
aatactacca

gtcagttaac

aattgcaaaa
tatactacta
tttaccgaac
aaatctcaca
tccattaatg
gtgatcagag
atcttaaata
agtaatatag

gtttctaaat

300

taattgggtt
ctaggtgecat
tttgtggcac
ccteccaace

acgtatcctt

ggatttctta
tccactagat
tctecgtgag
atcaacatca
tctgcaccta
ccaaatgecct
tcgataacgg
ttagctttgg
aatccacctt

acaagtcett

atcaatgggt
atgacaataa
aggcatttta
atataaagca
tggaatatecg
ccaataataa
ccatacaatt
tcttggatca

tcatgtc

cctcaaaata
attgcaaact
ttactaatgce
atctaatcat

tatgcgaatce

taaatggaac
ataatttatt
aatatccttg
ccgacctttt
atctattaat
tgcacgtgat
atggtttaag
getctatttt
ttcectattaa

gaaagttcat

cgttggacca
ttatgtagta
tactagagta
cgtaggtcett
attcttggta
tagattacca
tatgcacgag

aatagataag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

60

120

180

240

300

360

420

480

527
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<213> Vaccinia virus

<400> 20
gacatgaatt

tccaagacta
tgtatggtat
ttattggctc
tattccacat

tttatattgt

aatgcctgtt
ttgtcattag
cattgatttt
<210> 21

<211> 4903
<212> DNA

tagaaaccaa
tattactcge
ttaagattte
tgatcaccge
taatggattt

gagatttttt

cggtaaataa
tagtataaat

tgcaattgta

<213> Vaccinia virus

<400> 21
gaattcggag

aacgagggtt
ggagcaaagg
aaatggaaga
gaccaattaa
gttaataaaa
gaaatttcag
agatttccta
aacgatttag
ttctatgcta
ggtcgagetg
cgatgccace
gccectggece
cgaccacatg
gcgecaccate
gggcgacace
catcctgggg
caagcagaag
cgtgcagctc
gcccgacaac
cgatcacatg
getgtacaag
ggaaatttca
tagatttcct

aaacgattta

A& aanaakdr

tatacgaacc
ccatggcaga
gtggtatcat
cggttaccaa
agatgattaa
tctatattce
gagcagagtt
gatttactag
taaacttgac
taaatggtga
gacggcgacg
tacggcaagc
accctcgtga
aagcagcacg
ttecttcaagg
ctggtgaacce
cacaagctgg
aacggcatca
gccgaccact
cactacctga
gtcctgetgg
taagagctcce
ggagcagagt
agatttacta

gtaaacttga

aaantasaka

téegtaatce
tttaatatct
gattcegate
atctagatct
gtatagacca

ccattcttcg

tgatccgtta
actaccaaat

agttaacaca

gggaaagaga
ttctgececgat
ggcagtcttt
gtgttcagga
aattaacaag
cgattttgta
tacatcttce
gataagagag
taaatcttaa
gcaagggcga
taaacggcca
tgaccctgaa
ccaccctgac
acttecttcaa
acgacggcaa
gcatcgaget
agtacaacta
aggtgaactt
accagcagaa
gcaccecagtc
agttcgtgac
ccgattttgt
ttacatettce
ggataagaga
ctaaatctta

LEE XY d el o

actdgatata
ccgtgagaat
aacatcaccg
gcacctaatc
aatgccttge

ataacggatg

gctttggget
ccacctttte

agteccttgaa

agatggttaa
ttagtagtac
ctaatgggtt
cacgatgata
gatcccaaaa
gtagaggatc
aagtcccata
gataaaacgt
tttttatgge
ggagctgtte
caagttcagc
gttcatctge
ctacggcgtg
gtcegeecatg
ctacaagacc
gaagggcatce
caacagccac
caagatccge
cacccccatc
cgecctgage
cgcecgecggg
agtagaggat
caagtcccat
ggataaaacg

atttttatct

+ o rvrerd b o

atttattctt
atccttgcecte
acctttttgg
tattaattac
acgtgataag

gtttaagtac

ctatttttac
ctattaatgg

agttcat

aaataaagcyg
taggtgctta
gttacgacga
atacgttaag
aaattccaga
caaaacaatc
ccgcaaatgg
ggaaagaatc
gcgectttea
accggggtgg
gtgtccggeg
accaccggca
cagtgcttca
ccecgaaggcet
cgcgecgagg
gacttcaagg
aacgtctata
cacaacatcg
ggcgacggcc
aaagacccca
atcactctcg
ccaaaacaat
accgcaaatg
tggaaagaat
cgaggcecget

bt aaakéra

atctatttga
gtgcataaat
taatctatta
caagaatcga
acctacgtgce

tctagtataa

tacataatta

teccaacgacc

agactatttg
ctatggtaaa
tgaatcecggt
ggagttgcaa
gtggttagta
tcagatatgg
aatatccatt
tactcatcta
ttttgttttt
tgcccatect
agggcgaggg
agctgceceegt
gcegctacee
acgtccagga
tgaagttcga
aggacggcaa
tcatggeccga
aggacggcag
ccgtgctgcect
acgagaagcg
gcatgcacga
ctcagatatg
gaatatccat
ctactcatct

ggtacccaac

aasmmamaaa

60

120

180

240

300

360

420

480

527

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1R&N
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wiaaaaaltlLy aaaarasaca waaayyLliul Lyayyyilyu yuraaariya aayuyayaaa

taatcataaa
tattaaaact
acacattatg
tggaccatta
tgtagtaaaa
tagagtactt
aggtcttate
cttggtaatt
attaccaaaa
gcacgagcaa
agataagaat
gtctcectat
gtgaaattgt
agcctggggt
tttcgagtecg
aggcggtttg
cgttcggetg
atcaggggat
taaaaaggcc
aaatcgacgce
tcccectgga
gtccgecttt
cagttcecggtg
cgaccgcetge
atcgccactg
tacagagtte
ctgecgetctg
acaaaccace
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa

catagttgce

ccccagtget
aaaccagcca
ccagtctatt
caacgttgtt
attcagctcce
ageggttage
actcatggtt
ttctgtgact
ttgctcttge

gctcatcatt

taagcccggg gatcctctag agtcgacctg cagctaatgt attagttaaa 1620
taccacgtaa aacttaaaat ttaaaatgat atttcattga cagatagatc 1680
aactttcaag gacttgtgtt aactgacaat tgcaaaaatc aatgggtcgt 1740
ataggaaaag gtggatttgg tagtatttat actactaatg acaataatta 1800
atagagccca aagctaacgg atcattattt accgaacagg cattttatac 1860
aaaccatccg ttatcgaaga atggaaaaaa tctcacaata taaagcacgt 1920
acgtgcaagg catttggtet atacaaatce attaatgtgg aatategatt 1980
aatagattag .gtgcagatct agatgeggtg atcagagcca ataataatag 2040
aggtcggtga tgttgatcgg aatcgaaatc ttaaatacca tacaatttat 2100
ggatattctc acggagatat taaagcgagt aatatagtct tggatcaaat 2160
aaattatate tagtggatta cggattggtt tetaaattca tgtcaagett 2220
agtgagtcgt attagagctt ggegtaatca tggtcatage tgtttceetgt 2280
tatcegetca caattccaca caacatacga gcecggaagca taaagtgtaa 2340
gcectaatgag tgagctaact cacattaatt gegttgeget cactgececge 2400
ggaaacctgt cgtgccagct gcattaatga atcggccaac gcecgcggggag 2460
cgtattggge gctettcege ttectegete actgactcge tgegeteggt 2520
cggcgagegg tatcagctca ctcaaaggeg gtaatacggt tatccacaga 2580
aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg 2640
gcegttgetgg cgtttttega taggetccge ceccctgacyg agcatcacaa 2700
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggegtt 2760
agctcececteg tgegectectee tgttecgace ctgecgctta cecggatacct 2820
ctcecttcgg gaagegtgge gectttctcat agctcacget gtaggtatct 2880
taggtcgttc getccaaget gggctgtgtg cacgaaccee ccgttcagece 2940
gccttatceg gtaactatcg tcttgagtce aacccggtaa gacacgactt 3000
gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgce 3060
ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat 3120
ctgaagcecag ttaccttcegg aaaaagagtt ggtagetctt gatccggcaa 3180
getggtageg gtggtttttt tgtttgcaag cagcagatta cgcgecagaaa 3240
caagaagatc ctttgatctt ttetacgggg tctgacgete agtggaacga 3300
taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 3360
aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga 3420
tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttegttcatc 3480
tgactcceceg tegtgtagat aactacgata cgggagggct taccatctgg 3540
gcaatgatac cgcgagacce acgctcaceqg gctccagatt tatcagcaat

gecggaaggg ccgagegeag aagtggtcect .gcaactttat cegectcecat

aattgttgec gggaagctag agtaagtagt tcgecagtta atagtttgeg

ggcattgcta caggcatcgt ggtgtcacge tcgtegtttg gtatggette

ggttcccaac gatcaaggceg agttacatga tcccccatgt tgtgcaaaaa

tecttcggte ctccgatcgt tgtcagaagt aagttggccg cagtgttatce

atggcagcac tgcataattc tcttactgtc atgecatceg taagatgett

agtgagtact caaccaagtc attctgagaa tagtgtatgc ggcgaccgag

ccggcgtcaa tacgggataa taccgcgcca catagcagaa ctttaaaagt

ggaaaacgtt cttcggggecg aaaactctca aggatcttac cgctgttgag

FROAVIV)

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140
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atccagtteg
cagcgtttct
gacacggaaa
gggttattgt
ggttccgege
gacattaacc
tgacggtgaa
ggatgceggg
ctggcttaac
aataccgcac
gcgcaactgt
agggggatgt

ttgtaaaacg

<210> 22

<211> 4903
<212> DNA
<213> Vacc

<400> 22

tatagtgtca
ccctggegtt
tagcgaagag
gcgcctgatg
cactctcagt

acccgctgac

atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttcccce
tataaaaata
aacctctgac
agcagacaag
tatgcggcat
agatgecgtaa
tgggaaggge
gctgcaaggce

acggccagtg

inia virus

cctaaatcca
acccaactta
gcecgecacceg
cggtattttc
acaatctgct

gcgeectgac

ctcgtgcace
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcce
ggcgtatcac
acatgcaget
cccgtcaggg
cagagcagat
ggagaaaata
gateggtgeg
gattaagttg

aattggattt

attcactggce
atcgccettge
atcgecette
tccttacgea
ctgatgecge

gggcttgtcet

caactgatct
gcaaaatgce
cctttttcaa
tgaatgtatt
acctgacgtc
gaggccettt
cccggagacg
cgcgtcageg
tgtactgaga
ccgecatcagg
ggectcettcg
ggtaacgecca

aggtgacact

cgtcgtttta
agcacatccecc
ccaacagttg
tctgtgeggt
atagttaagce

gctceeggea

tcagcatctt
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca
cgtctcgege
gtcacagctt
ggtgttggeg
gtgcaccata
cgccattege
ctattacgee
gggttttcee

ata

caacgtcgtg
cctttcgeca
cgcagectga
atttcacacc
cagccccgac

tcegettaca

ttactttcac
gaataagggc
gcatttatca
aacaaatagg
ttattatcat
gttteggtga
gtetgtaage
ggtgtcgggg
tgeggtgtga
cattcaggct
agctggcgaa

agtcacgacg

actgggaaaa
gctggegtaa
atggcgaatg
gcatatggtg
acccgccaac

gacaagctgt

gaccgtctec gggagctgca tgtgtcagag

acgaaagggc
ttagacgtca
ctaaatacat
atattgaaaa
tgcggcattt
tgaagatcag
ccttgagagt
atgtggegeg
ctattctcag
catgacagta
cttacttctg
ggatcatgta
cgagcgtgac
cgaactactt
tgcaggacca
agcecggtgag

cegtatecgta

ctcgtgatac
ggtggcactt
tcaaatatgt
aggaagagta
tgccttectg
ttgggtgcac
tttegececeg
gtattatcce
aatgacttgg
agagaattat
acaacgatcg
actcgecttg
accacgatge
actctagctt
cttctgeget
cgtgggtctc

gttatctaca

gcctattttit
ttcggggaaa
atccgctcat
tgagtattca
tttttgctca
gagtgggtta
aagaacgttt
gtattgacgc
ttgagtactc
gcagtgctgc
gaggaccgaa
atcgttggga
ctgtagcaat
cccggcaaca
cggcecttee
gcggtatcat

cgacggggag

gttttcaccg
ataggttaat
tgtgcgegga
gagacaataa
acatttccgt
cccagaaacg
catcgaactg
tccaatgatg
fgggcaagag
accagtcaca
cataaccatg
ggagctaace
accggagcetg
gccaacaacg
attaatagac
ggctggctgg
tgecagcactg

tcaggcaact

tcatcacecga
gtcatgataa
acccctattt
ccctgataaa
gtcgccctta
ctggtgaaag
gatctcaaca
agcactttta
caactcggte
gaaaagcatc
agtgataaca
gettttttge
aatgaagcca
ttgcgcaaac
tggatggagg
tttattgctyg
gggccagatg

atggatgaac

aacgcgcgag
taatggtttc
gtttattttt
tgcttcaata
ttecettttt
taaaagatgce
gcggtaagat
aagttctget
gcecgcataca
ttacggatgg
ctgcggcecaa
acaacatggg
taccaaacga
tattaactgg
cggataaagt
ataaatctgg
gtaagcccte

gaaatagaca

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4903

60

120

180

240

300

360

420

480

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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gatcgctgag
atatatactt
cectttttgat:
agaccccgta
ctgcttgeaa
accaactctt
tetagtgtag
cgctectgcta
gttggactca
gtgcacacag
gctatgagaa
cagggtcgga
tagtcectgte

ggggcggage

ctggeetttt
taccgeecttt
agtgagcgag
gattcattaa
cgcaattaat
ggctcgtatg
ccatgattac
agaaaccaat
attactcget
taagatttcg
gatcaccgea
aatggatttg
agatttttte
ggtaaataat
agtataaata
gcaattgtca
aatatcattt
ctgcaggteg
aacacaacce
tcgagataaa
ccacgtttta
ggtatgggac
tggatcctct
gatcceggeg
tttgctcagg
gccgatgggg
gtggeggate
gttgtggetg
gtcgatgccc
gcgggtettg

aaocataaca

ataggtgect
tagattgatt
aatctcatga
gaaaagatca
acaaaaaaac
tttccgaagg
ccgtagttag
atcctgttac
agacgatagt
cccagettgg
agcgeccacgce
acaggagagc
gggtttcgee

ctatcgaaaa

gctecacatgt
gagtgagctg
gaagcggaag
tgcagctggce
gtgagttagc
ttgtgtggaa
gccaagctct
ccgtaatcca
ttaatatctc
attccgatca
tctagatcetg
tatagaccaa
cattcecttecga
gatcegttag
ctaccaaatc
gttaacacaa
taaattttaa
actctagagg
tcaagaacct
aattaagatt
tcctetctta
ttggaagatg
actacaaaat
gcggtcacga
gcggactggg
gtgttctget
ttgaagttca
ttgtagttgt
ttcagectcga
tagttgecegt

aacttoaaaa

cactgattaa
taaaacttca
ccaaaatcec
aaggatcttc
caccgctacc
taactggctt
gccaccactt
cagtggctgc
taccggataa
agcgaacgac
ttcccgaagg
gcacgaggga
acctctgact

acgccagcaa

tctttectge
ataccgectcg
agcgcccaat
acgacaggtt
tcactcatta
ttgtgagegg
aatacgactc
ctagatataa
cgtgagaata
acatcaccga
cacctaatct
atgccttgeca
taacggatgg
ctttgggete
caccttttce
gtccttgaaa
gttttacgtg
atceceggge
ttgtatttat
tagtcaagtt
tectagtaaa
taaactctgc
cggggagcte
acteccagcag
tgctcaggta
ggtagtggte
ccttgatgee
actccagett
tgcggttcac
cgtcecttgaa

aatcotacta

gcattggtaa
tttttaattt
ttaacgtgag
ttgagatcet
agcggtggtt
cagcagagcg
caagaactct
tgccagtgge
ggcgeagegyg

ctacaccgaa

gcttecaggg
tgagcgtcga

cgeggecttt

gttatccect
ccgecagecga
acgcaaaccy
tcccgactceg
ggcacceccag
ataacaattt
actataggga
tttattctta
tcecttgcteg
cctttttggt
attaattacc
cgtgataaga
tttaagtact
tatttttact
tattaatggt
gttcataatg
gtaagtttta
ttatttatga
tttcaatttt
tactaaatcg
tctaggaaat
tcctgaaatt
ttacttgtac
gaccatgtga
gtggttgtcg
ggcgagetge
gttcttetagce
gtgccccagg
cagggtgtcg
gaagatggtg

ctteatatao

gagaaaggcg

gattctgtgg
acgaccgagce
cctctececeg
aaagcgggca
gctttacact
cacacaggaa
gacaagcttyg
tctatttgat
tgcataaatt
aatctattat
aagaatcgat
cctacgtget
ctagtataaa
acataattat
ccaacgaccc
tgtgatctat
atatttaact
ttatttecteg
taggttgggt
tttagatgag
ctaatggata
tcccatatct
agctcgtgca
tegegettct
ggcagcagca
acgctgeegt
ttagteggeca
atgttgecegt
ccctcgaact
cgctectgga

tcoacoataac

ctgtcagacc aagtttactce
aaaaggatct aggtgaagat
ttttegttce actgagegte
ttttttctge gegtaatctg
tgtttgecgg atcaagagct
cagataccaa atactgtcct
gtagcaccge ctacatacct
gataagtcgt gtcttacecgg
tcgggctgaa cggggggtte
ctgagatacc tacagcgtga
gacaggtatc cggtaagcgg
ggaaacgcct ggtatcttta
tttttgtgat getcgtcecagg

ttacggttcce tggecttttg

ataaccgtat
gcagcgagte
cgecgttggee
gtgagcgcaa
ttatgcttec
acagctatga
acatgaattt
ccaagactat
gtatggtatt
tattggctct
attccacatt
ttatattgtg
atgectgtte
tgtcattagt
attgattttt
ctgtcaatga
aatacattag
ctttcaattt
accagcggcce
tagattcttt
ttecatttge
gagattgttt
tgccgagagt
cgttggggte
cggggcegte
octcgatgtt
tgatatagac
cctccttgaa
tcacctcgge
cgtagectte

aoctaaaaca

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080

4140
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NP D —rIDTY PreregemYe TpewpepEeDy EeeEeeneDd S TPPWY CEDE PP Doy

ctgecacqgeeg taggtcaggg tggtcacgag ggtgggcecag ggcacgggea gettgeooggt. 4200
ggtgcagatg aacttcaggg tcagcttgce gtaggtggea tcgecctage cctegeegga 4260
cacgctgaac ttgtggecgt ttacgtcgee gtccagetcg accaggatgg gcaccaccec 4320
ggtgaacage tcctcgecet tgcectcaccat ttatagecata gaaaaaaaca aaatgaaagg 4380
cgegccataa aaattaagat ttagtcaagt ttactaaatc gtttagatga gtagattctt 4440
tccacgtttt atcectctctt atcctagtaa atctaggaaa tctaatggat attccatttg 4500
cggtatggga cttggaagat gtaaactctg ctcctgaaat ttceccecatatc tgagattgtt 4560
ttggatcctc tactacaaaa tcgggaatat agattttatt aactactaac cactctggaa 4620
tttttttggg atccttgtta attttaatca tctttaattg gtcttgcaac tcccttaacg 4680
tattatcatc gtgtcctgaa cacttggtaa ccgtcttcca tttaccggat tcatcgtcegt 4740
aacaacccat tagaaagact gccatgatac caccctttge tcctttacca tagtaagcac 4800
ctagtactac taaatcggca gaatctgcca tggaaccctc gttcaaatag tctcgettta 4860
tttttaacca tcttctettt ceccecggttegt atactccgaa ttc 4903
<210> 23

<211> 189

<212> DNA

<213> Vaccinia virus

<400> 23

ccegattttg tagtagagga tccaaaacaa tctcagatat gggaaatttc aggagcagag 60
tttacatctt ccaagtccca taccgcaaat ggaatatcca ttagatttcc tagatttact 120
aggataagag aggataaaac gtggaaagaa tctactcatc taaacgattt agtaaacttg 180
actaaatct 189
<210> 24

<211> 84

<212> DNA

<213> Vaccinia virus

<400> 24
ctaatgtatt agttaaatat taaaacttac cacgtaaaac ttaaaattta aaatgatatt 60

tcattgacag atagatcaca catt 84

<210> 25

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Primer

<400> 25
cagatcgaat tcggagtata cgaaccggga aagagaagat gg 42

<210> 26

<211> 62

<212> DNA

<213> Artificial Sequence
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<220>
<223> Synthetic Primer

<400> 26
cagatcggcg cgccataaaa attaagattt agtcaagttt actaaatcgt ttagatgagt 60

ag 62

<210> 27

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Primer

<400> 27
catcaggagc tccccgattt tgtagtagag gatccaaaac aatc 44

<210> 28

<211> 60

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Primer

<400> 28
cagatcctcg agataaaaat taagatttag tcaagtttac taaatcgttt agatgagtag 60

<210> 29

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Primer

<400> 29
cagatcctgc agctaatgta ttagttaaat attaaaactt accacg 46

<210> 30

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Primer

<400> 30
catgcaaagc ttgacatgaa tttagaaacc aatccgtaat cc 42

<210> 31
<211> 439
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Ile Gln
100

val Ser
115

Tyr Asp

Gly Ile

<210> 46

<211> 213
<212> PRT
<213> Vaccinia virus

<400> 46
Met Gly Ile Thr

1

Leu

His

Ala

Ser

Tyr

Asn

Leu

Glu

Leu

145

Tyr

Thr

Cys

Leu

Ile

Val

Arg

50

Asp

Asn

Asp

Asp

Glu

130

Lys

Cys

Ser

Ile

Val

Ser Ile
20

Phe Ala
35

Arg Thr

Ser Ile

Glu Leu

Ile Asp
100

Lys Lys
115

Ser Asp

Leu Thr

Met Ala

Ile Tyr
180

Asn Asp
195

Asn Ser

Cys

Phe

Asn

Glu

Met

Lys

Ala

Ser

Phe

Arg

85

Pro

Glu

Glu

Thr

Cys

165

Asn

Asp

Lys

Gly

Ser

Gly

Ser
150

Asp

Arg

Cys

Phe

Arg

70

Glu

His

Ser

Arg

Arg

150

Phe

Val

Lys

Asp

Asp

Ser

135

Ser

Glu

Ile

Ile

Ala

55

val

Ile

Phe

Ile

Ile

135

Asp

Ile

Glu

Tyr

Leu

Ser

120

Glu

Phe

Glu

Lys

Thr

40

Phe

Ser

Phe

Glu

Lys

120

Thr

Lys

Asn

Ile

Glu
200

Ile

105

Lys

Val

Val

val

Asp

25

Ser

Gln

Thr

Arg

Glu

105

Asp

Val

Leu

Gln

Arg

185

Tyr

Cys

Tyr

Thr

Phe

Ile

10

Ile

Asp

Ala

Lys

Arg

30

Leu

Cys

Lys

Phe

Ser

170

Lys

Leu

Lys

Cys

Ala

Leu
155

Phe

Pro

Gly

Ile

Leu

75

Leu

Ile

Leu

Glu

Asn

155

Leu

Ile

Ser

Leu

Phe

val

140

Ala

Glu

Arg

Tyr

Leu

60

Leu

Arg

Leu

Arg

Phe

140

Lys

Glu

Lys

Tyr

Ser

Phe

125

Leu

Asn

Thr

Ser

Pro

45

Ser

Arg

Lys

Leu

Arg

125

Gly

Vval

Asp

Ser

Ile
205

Arg

110

Arg

Met

Ile

Pro

Lys

30

Leu

Gln

Phe

Gly

Gly

110

Glu

Asn

Tyr

Leu

Leu

190

Tyr

Asp

Asn

Glu

Val

Arg

15

Asp

Ile

Gln

Met

Ser

95

Gly

Leu

val

Ile

Ser

175

Asn

Asn

Ser

Gly

Ala

Asp
160

Glu

Thr

Gly

Asn

Tyr

80

Ile

Lys

Lys

Ile

Ser

160

His

Asp

Met
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<210> 47

<211> 1156
<212> PRT
<213> Vaccinia virus

<400> 47
Met Asp Gln

1

Gly

Phe

Leu

Vval

65

Gly

Glu

Glu

Gly

Ile

145

Asn

Pro

Leu

Leu

Ile

225

Arg

Asn

Phe

Val

Ile

Ser

Lys

Lys

val

Gly

Asn

130

Gly

Leu

Asn

Pro

Glu
210

val

Arg

Ala

Asn

Phe

Leu

35

Phe

val

Ser

Met

Lys

115

Lys

Gly

Val

Ser

Thr

195

Ala

Leu

Ser

Ile

Ile
275

Arg Leu

Tyr Arg
20

His Arg

Lys Asn

Thr Pro

Tyr Asp
85

Thr Lys
100

Asp Ser

Asn Pro

Val Phe

Glu Lys
165

Phe Thr
180

Arg Tyr

Leu Asn

Leu Ser

Leu. Ser
245

Ile Asp
260

Asp Thr

Gly

Pro

Leu

Asn

Pro

70

Ala

Glu

His

Leu

ITle

150

Ile

Phe

Arg

Ile

Gln
230

Tyxr

Leu

His

Thr

asp

Leu

Gly

Leu

Asp

135

Asn

Thr

Ser

His

Ser
215

Tyr Leu Ser Arg Val

Lys

His

Glu

40

Glu

Tyr

Ala

Ile

Ile

120

Thr

Lys

Thr

Phe

Tyr

200

Ser

Tyr Asp Met

Ser Ala Lys

Tyx

Ile Asn Asp Leu

280

Pro Lys Ala

Tyr Ser Asn

Arg Pro Leu

Ile Ser Asn

Ser Ile Lys

80

Ile Phe Lys

Ser Ser Tyr

Ile Gly Tyr

Pro Asn Val

Val Gly Ile

160

1 Lys
5

Pro Asn Val

Ile Ser Gln

Phe Leu Val Pro Asp
10 15
Phe Gln Tyr Val Ser
25 30
Ile Leu Thr Val Lys
45
Arg Ile Met Ile Glu
60
Ser Pro Ile Ile Ala
75
Thr Phe Thr Val Asn
90 95
Ser Ile Thr Lys Ile
105 110
Lys Ile Pro Leu Leu
125
Ala Lys Tyr Leu Val
140
Gln Ser Val Glu Lys
155
Trp Pro Lys Phe Arg Val Va
170 17
Ser Ser Val Ser Pro
185 190
Lys Ile Ser Leu Asp
205
Thr Lys Thr Phe Ile Thr Va
220
Ser Leu Glu Phe
235
Pro Pro Glu Val Val Tyr Leu
250 255
Arg Ile Thr Glu Ser Ile Thr
265 270
Val Glu Ala Glu His

285

1 Asn

Ile

240

Vval

Asp

Ile
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Lys

His

305

Phe

Thr

Thr

Tyr

Gly
385

Ser

Pro

Phe

Ser
465

Ser

Leu

Ile

val

Arg

545

Thr

Gly

Met

Ser

Glu
625

Gln
290

Asn

Tyr

Ser

Tyr

Ile

370

Thr

Ala

Tyr

Arg

Ser
450

Rep

Val

Glu

Ser

Ala

530

Arg

Leu

Arg

Asp

Asp

610

Gln

Lys

Phe

Met

Arg

Gly

355

Gly

Tyr

Phe

Arg

Ser

435

Val

vVal

Leu

Lys

Tyr

515

Ser

Arg

Vval

Leu

Vval

595

Ile

Phe

Ser

Leu

Ile

Tyr

340

Lys

Asn

Ala

Ser

Thr
420

Val

Arg

Pro

Ser

Lys

500

Phe

Leu

Lys

Axg

Val

580

Cys

Gln

Thr

Gln

Pro

Ser

325

Pro

Tyr

Ile

Val

Ser

405

His

Gly

Lys

Glu

Ser

485

Ile

Glu

Asn

Leu

His

Thr Ile

295

310

Asp

Arg

Asn

Leu

Phe

Met

Leu

Arg

Glu

Asn

Asn

Arg

Asp

Thr

Asn

Tyr

Lys

Ser

Glu

Thr

Phe

Phe

Pro

Lys

300

315

330

345

360

375

390

Pro

Tyr

Leu

Phe

Ile

Leu

His

Tyr

His

Asp

His

Ser

Tyr

Pro

Leu

Ile

Val

Gly

Ser

Met

Ala

Met

Leu

Lys

Leu

Val

His

Asn

Thr

ASp

Tyr

Cys

Asp

Asn

Tyr

Gln

His

Cys

Glu

Leu

Ile

Arg

350

Glu

365

380

395

410

425

440

455

470

Ile

Cys

Thr

Pro

Arg Met

Asp

565

Arg

Pro

Lys

Phe

550

His

Pro

Glu

Glu

Ser
630

Thr

Glu

Gly

Asn

535

Gly

Met.

Phe

Leu

Phe

615

Asn

Arg Gly Pro

Asn

Tyr

Phe

520

Met

Phe

Asn

Leu

Glu

600

Pro

Val

Pro

Ile

Ile

505

Pro

Ile

Phe

Glu

Val

585

Ser

His

Cys

Asp

Ser

Gln

Leu

490

Arg

Ile

Cys

Gly

Ile

570

Val

Arg

val

Glu

Trp

Gln

Gln

Val

Phe

Met

Val

Tyr

Gly

Thr

Lys

Gln

Lys

Leu

His

Pro

Lys

Asn

Leu

Lys

Gly

Ser

Ile

430

Ile

445

460

475

Thr

Ser

Thr

Asp

Asn

555

Arg

Asp

Leu

Ile

sSer
635

Ser

Tyr

Ile

Phe

540

Leu

Ile

Asn

Asp

Glu

620

val

Leu

Glu

Tyr

Glu

525

Val

Glu

Asn

Gly

Asp

605

Met

Gln

Tyr

Val

Tyr

Lys

510

Asn

Thr

val

Ile

Glu

590

Met

val

Lys

Ser

Phe

Ser

Leu

495

Asp

Ala

Asp

Gly

Gly

575

Leu

Thr

Asp

Phe

Met

Lys

Tyr

335

Ile

Glu

Asn

Leu

Asp

415

Ser

Lys

Cys

Gln

Asp

Asp

Leu

Phe

Ile

560

Ala

Met

Phe

Ile

Arg
640

Leu

Gly

320

His

Leu

Asn

Arg

Asn

400

Gly

Ile

Met

Ser

Leu
480

DK/EP 2488649 T3



Ala

Ala

Ile

705

Glu

Ala

Lys

Lys

Asp

785

Leu

Ser

Asp

Val

Lys

865

Gln

Phe

Ala

Cys

945

Ala

Leu

Met

Glu

Asn

Ile

650

His

Thr

Leu

Lys

His

770

Arg

Asn

Arg

Val

Gln

850

Glu

LyS

Glu

Ser

Tyr

930

Phe

Lys

Ser

Ser

Phe

Ser

675

Ser

Leu

Ser

Met

Gln

755

Gln

Ser

Ala

Thr

Ser

835

Val

Arg

Gly

Asn

Arg

915

Ser

Pro

Gln

Asp.

Lys

Arg

660

Gly

Cys

Met

Lys

Ser

240

Phe

val

Asn

Phe

Leu

820

Glu

Glu

Arg

Thr

Gly

900

Lys

Ala

Ser

Cys

Lys
980

Asp

645

Asp

Pro

Leu

Tyr

Ile

725

Tyxr

Ile

Glu

Ala

Leu

805

Glu

Lys

Leu

Pro

Vval

885

Ile

Thr

Lys

Ser

Tyr

965

Ile

Glu

Gly

Arg

Ser

Pro

710

Ala

Lys

Gln

Ile

Tyr

790

Glu

Asp

Tyr

Thr

Ile

870

Ala

Thr

Ile

Pro

Asn

950

Glu

Phe

Arg

Tyr

Ala

Ser

695

Glu

Ala

Gly

Arg

Pro

775

Ser

Ser

Asp

Thr

Asp

855

Leu

Tyr

Pro

Ser

Tyr

935

Glu

His

Cys

Lys

Val

Ile

680

Asp

Asn

Ile

Gly

760

Leu

Lys

Gly

Phe

Asp

840

Lys

Gly

Ile

Asp

Met

920

Asn

Thr

Ser

Glu

Gln

Ala

665

Leu

Ile

Pro

Cys

Asn

745

Gly

Glu

Leu

Asp

Ala

825

Met

val

Asp

Ala

val

905

Leu

Asn

Ser

Asn

Lys
985

Tyr

650

Ser

Gly

Arg

Ile

Phe

730

Gln

Leu

Asn

Glu

Ala

810

Arg

Tyr

Lys

Lys

Asp

890

Ile

Ile

Lys

Ile

Pro

970

Ile

Asp

Ser

Cys

Asn

Val

715

Gly

Glu

Asp

Phe

Ser

795

Ile

Asp

Lys

Val

Phe

B75

Glu

Ile

Glu

Gly

Asp

955

Lys

Leu

Leu

Leu

Ala

Lys

700

Ile

Gln

Asp

Ile

Asn

780

Asn

Ala

Asn

Ser

Arg

860

Thr

Thr

Asn

Val

Glu

940

Thr

Leu

Tyr

Cys

Val

Gln

685

Ile

Ser

His

Gly

val

765

Asn

Gly

Arg

Gln

Arg

845

Val

Thr

Glu

Ser

Ile

925

Tyr

Ser

Asp

Asp

Gly

670

Ala

Asp

Lys

Val

Ile

750

Thr

Lys

Leu

Asn

Ile

830

val

Leu

Arg

Leu

Thr

910

Leu

Arg

Met

Asp

Pro
990

Phe

655

Ile

Lys

Asn

Ala

Thr

735

Ile

Ala

Glu

Val

Ile

815

Ser

Glu

Thr

Thr

Pro

895

Ser

Thr

Pro

Gln

Glu

975

Glu

Pro

Asn

Gln

Gly

Leu

720

Ile

Ile

Lys

Arg
800

Ser

Phe

Met

Ser

880

Tyr

Ile

Ala

val

Phe

960

Glu

Thr
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Asp Lys Pro Tyr Ala Ser Lys Val
995

Arg Leu
1010

Gly Lys
1025

Arg Gly
1040

Ile Ala
1055

Ser Glu
1070

Asp Ile
1085

Ser Lys
1100

His Val
1115

Lys Vval
1130

Pro Leu
1145

<210> 48

Arg His

Lys Thr

Gly Gly

His Gly

Glu Asp

Ala Ala

Leu Asn

Ser Lys

Lys Leu

Asp Lys

<211> 146
<212> PRT
<213> Vaccinia virus

<400> 48

Met Asn Ser Leu

1

Cys Leu Leu Phe

Ile Lys Glu Phe
35

Ile Gly Gly Thr

50

Thr Ile Ser Asp

65

Asn Gly Phe Val

Pro Asn Asn Thr

100

Ile Asp Phe Thr
115

Leu

Lys

Ile

Ala

Tyr

Gln

Leu

Val

Asp

val

Ser

Ile

Asn

Pro

val

Ser

85

Arg

Phe

Thr

Leu

Lys

Ala

Gln

Ile

Ser

Phe

Phe

Asp

Ile

Gln

Ala

Ala

Lys

70

Ala

Ser

Ser

1000

Gln
1015

Ile
1030

Phe
1045

Asn
1060

Asp
1075

Lys
1090

Pro
1105

Leu
1120

Glu
1135

Leu
1150

Phe Phe Gly

Pro Ile

1005

Asp Lys Ala Thr Vval

1020

Arg Gln Ala Asn Glu

1035

Gly Glu Met Glu Arg

1050

Thr Ile Thr Glu Val

1065

Val Tyr val Cys Glu

1080

Gly Ile Asn Thr Cys

1095

Leu Leu Thr Lys Ile

1110

Thr Gln Met Asn Ala

1125

Arg Arg Pro Pro Ser

1140

Lys Pro Ser Phe Leu

Phe Phe Ile

Gly Tyr Ser

Thr His Ala
40

Leu Asp Arg

55

Gln Lys Trp

Ser Ile Phe

Ile Arg Lys

105

Asp Val Ile
120

Val Val
10

Ile Tyr

Ala Phe

Arg Val

Arg Cys
15

Gly Phe
90

Phe Asn

Asn Ile

1155

Ala Thr

Glu Asn

Glu Tyr

45

Gln Asp

60

Val val

Gln Ala

Thr Met

Asn Ile

Tyr Tyr Leu

Arg

Gly

Asp

Leu

Asn

Leu

Asp

Arg

Phe

val

Ala

Tyr

30

Ser

val

Tyr

Glu

Gln

Cys

Arg

Cys

Lys

Cys

Arg

Thr

Gly

Tyr

15

95

110

125

Tyr

Arg

Lys

Leu

Asp

Gly

Cys

Thr

Val

Lys

Ala Val

Gly Asn

Lys Ser

Asn Asp

Pro Gly

80

Val Gly

Gln Cys

Asn Pro

DK/EP 2488649 T3



DK/EP 2488649 T3

Cys Val Val Pro Asn Ile Asn Asn Ala Glu Cys Gln Phe Leu Lys Ser
130 135 140

Vval Leu
145
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Patentkrav

1. Rekombinant modificeret vaccinia Ankara (MVA)-virus omfattende en hete-
rolog nukleinsyresekvens mellem en fgrste essentiel dben laeseramme (ORF)
og en anden essentiel ORF i det rekombinante MVA-virusgenom, hvor den
forste og den anden essentielle ORF graenser op til hinanden i den rekombi-
nante MVA, og hvor den fgrste og den anden essentielle ORF er adskilt af
mindst en ikke-essentiel ORF i den foreeldre-MVA-virus, der anvendes til at
konstruere den rekombinante MVA-virus.

2. Rekombinant MVA-virus ifglge krav 1, hvor den heterologe nukleinsyrese-
kvens indsaettes i en intergenisk region (IGR) mellem de naboliggende forste
og anden essentielle ORF i den rekombinante MVA-virus.

3. Rekombinant MVA-virus ifglge krav 1, hvor den rekombinante MVA-virus
omfatter et poxvirus-Del-lll-insertionssted mellem de naboliggende farste og
anden essentielle ORF.

4. Rekombinant MVA-virus ifglge krav 1, hvor den forste og anden essentielle
ORF omfatter en nukleotidsekvens, der er mindst 90 % identisk med en poxvi-
rus-ORF udvalgt fra gruppen bestaende af A50R, B1R, F10, F12, F13L, F15L,
F17L, E4L, E6L, E8, E10L, I1L, I3L, I5L, J1R, J3R, D7L, DIL, A24R og A28R,
hvor det protein, der kodes af hver af den forste og anden essentielle ORF,
bibeholder funktionen af et protein, der kodes af vildtype-ORF'en, og hvor den
forste og anden ORF ikke omfatter nukleotidsekvenser fra det samme poxvi-
rus-ORF.

5. Rekombinant MVA-virus ifglge krav 1, hvor den farste essentielle ORF om-
fatter SEQ ID NO:11 eller SEQ ID NO:14 eller har mindst 90 % identitet der-
med, og den anden essentielle ORF omfatter SEQ ID NO:16 eller SEQ ID
NO:19 eller har mindst 90 % identitet dermed, hvor den forste essentielle ORF
koder for et protein, der bibeholder aktiviteten af det protein, der kodes af SEQ
ID NO:11, og hvor den anden essentielle ORF koder for et protein, der bibe-
holder aktiviteten af det protein, der kodes af SEQ ID NO:16.
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6. Rekombinant MVA-virus ifglge krav 1, hvor den fgrste essentielle ORF er
A50R, og den anden essentielle ORF er B1R.

7. Rekombinant MVA-virus ifglge krav 1, hvor den heterologe nukleinsyrese-
kvens omfatter mindst en kodningssekvens under transkriptionskontrol af et
transkriptionskontrolelement.

8. Rekombinant MVA-virus ifglge krav 7, hvor kodningssekvensen koder for et
eller flere proteiner, der fortrinsvis stammer fra human immundefektvirus (hiv),
mere foretrukket hiv-kappeproteinet, f.eks. SEQ ID NO:4, eller en nukleotidse-
kvens, der er mindst 90 % identisk dermed, som kan udlgse en immunreaktion
pa det protein, der kodes af SEQ ID NO:4; eller hvor transkriptionskontrolele-
mentet er et poxvirus-transkriptionskontrolelement.

9. Isoleret nukleinsyrekonstrukt omfattende:

(a) en forste nukleinsyresekvens omfattende mindst 25 sammenhaengende
nukleotider fra en forste essentiel MVA-virus-ORF; og

(b) en anden nukleinsyresekvens omfattende mindst 25 sammenhangende
nukleotider fra en anden essentiel MVA-virus-ORF;

hvor den forste og anden essentielle MVA-virus-ORF er adskilt af mindst en
ikke-essentiel ORF i MVA-virusgenomet, og hvor den farste og anden nukle-
insyresekvens graenser op til hinanden i det isolerede nukleinsyrekonstrukt.

10. Nukleinsyrekonstrukt ifglge krav 9, hvor:

(a) den farste nukleinsyresekvens omfatter en region af mindst 100 sammen-
hangende polynukleotider, der er mindst 75 % identisk med en region af
mindst 100 sammenhaengende polynukleotider i den forste essentielle MVA-
virus-ORF; og

(b) den anden nukleinsyresekvens omfatter en region af mindst 100 sammen-
haengende polynukleotider, der er mindst 75 % identisk med en region af
mindst 100 sammenhaengende polynukleotider i den anden essentielle MVA-
virus-ORF;

eller

hvor konstruktet omfatter sekvensen pLW-76 med SEQ ID NO 21.
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11. Nukleinsyrekonstrukt ifglge krav 9, hvor den fgrste ORF er AS0R, og den
anden ORF er B1R.

12. Nukleinsyrekonstrukt ifalge krav 9, hvor naboliggende ender af den forste
og den anden nukleinsyresekvens er adskilt af en tredje nukleinsyresekvens
omfattende mindst en nukleotidsekvens udvalgt fra gruppen bestaende af (a)
en intergenisk region, (b) et restriktionsenzym-genkendelsessted og (c) en
tredje nukleinsyresekvens omfattende en heterolog nukleinsyresekvens.

13. Nukleinsyrekonstrukt ifolge krav 12, hvor den heterologe nukleinsyrese-
kvens omfatter mindst en kodningssekvens, som eventuelt koder for et eller
flere proteiner eller siRNA'er, under transkriptionskontrol af et transkriptions-
kontrolelement, som eventuelt er et poxvirus-transkriptionskontrolelement.

14. Nukleinsyrekonstrukt ifolge krav 13, hvor den heterologe nukleinsyrese-
kvens stammer fra immundefektvirus (hiv) og fortrinsvis koder for hiv-kappe-
proteinet.

15. Fremgangsmade til fremstilling af en stabil rekombinant modificeret vacci-
nia Ankara (MVA)-virus, hvilken fremgangsméade omfatter:

(a) at transficere en celle med nukleinsyrekonstruktet ifalge et hvilket som helst
af kravene 9 til 14;

(b) at inficere den transficerede celle med en MVA-virus;

(c) at dyrke den inficerede celle under betingelser, der er egnede til at mulig-
gare homolog rekombination mellem nukleinsyrekonstruktet og MVA-virusge-
nomet; og

(d) at isolere den rekombinante MVA-virus.

16. Rekombinant MVA-virus ifglge et hvilket som helst af kravene 1-8 til an-
vendelse som en vaccine.

17. Fremgangsmade til fremstilling af et protein in vitro, hvilken fremgangs-
made omfatter:

(a) at inficere en veertscelle med den rekombinante MVA-virus ifalge et hvilket
som helst af kravene 1-8;

(b) at dyrke den inficerede veertscelle under egnede betingelser; og
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(c) at isolere det af vaertscellen producerede.



DK/EP 2488649 T3

DRAWINGS

L "B

aduals i} N.r_ . _

I§m>_m

¢—AIH

Zdd AlS
} —AlH

| SASNYIAILNTT
43HLO




DK/EP 2488649 T3

Z B4
SISNHIALLINAT 01°0
JLVNIHA .mmm._.o
.’...‘ %gzm
T *a, MYOZIONS  srzdop g
m<0.Nmo>—w
N dNOHD
9
v
0 dNOYD o

agd |
N dNOYD



DK/EP 2488649 T3

¢ Bi4
+ Ybiy/pidoy + + + ¥X/SY
- Moj/Mojs - + + Sy
++ b1y /pidoy + = + VX
adAjouayd adAjouayd uoyypaijdal uoyooydas  uojpoided pasn J1ojdaossio00
Buisnpuj—winyhouig sAljDoNd Iy au||—]|89~1 abpydosonpy INad supoway)




DK/EP 2488649 T3

N AT -
o -V

tAUIE!
_ﬂwm zgd gd
0z 146 NI — 2
ns , -5
%6l 99d X 15d 7 yed |
g ..m.m,.m_. A 19 16 T,
i ST VA
I
aisl
PiLe Idp
i @.HMIN .muommhn_
__ ..ow;mm%.m_mm AU 7 Josunoedd Bpg
ai 10460909 L4d
%_%N_‘ : Josinoald |o4/bpg
AL Nz A Jod
| _ll_,*» | A [ 24 ]



DK/EP 2488649 T3

G "Bi4

(14 “15d/99d)
osDjd110SUDI} 9SIDAB

(NI “1gd)
(4d ‘11d) espsjoud aspubajul
(vD ‘yzd) pisdoo auDJGLUBLY
awouab DA
YN |pJ} (L)
X14}DLW
(oN ‘zd) pisdooosjon
(WL “1vdb)
(ns *0z1db) U1e}0adodA|B AUF BUDIGLUBLUSUD.Y

uiajoidoof|b Auj eoppuns



DK/EP 2488649 T3

uipwop ojwsnjdoiko

9 "B

UIDEUOPO}OT

o)
o
©

UIRLUOP

Bujuupds—supiqiusw spydad uoisny

J=xypy-NZ-xipy-N XXX fxpay—5 xiey-N | sosavova s0 gA ) A LA 19
Y , _ = N N N N Y
s 8 3 S 8 8 3
- (WL) 1pdb (ns) ozidd .




DK/EP 2488649 T3

L B4

(9552) mpuH

(Zr81) 1S 4
7
(2281) 1oUs P@\\

(6251) 194 .% 4 #owoly s

(8621) 1208

(1) /4027



DK/EP 2488649 T3

-8 "Bl

fifaizranazsiaisesal = RN R RN

YYYYYIYYYY LOVYYIDI9D DIDLLVIILY HH@BUB<U<@ w¢<u<<<&<a VILYLIOLIVY YIOVLIYLILOV

FLLLIOLLLE ¥3LLL32909 J9DYYIOVYL YYLVOYLIOLD: QLIOLLIYIY LOYLYOYILL LYDIVIVYOL
(6€6) To8Y

3 R T L A R R A A R IDSTNN AR

IY¥LYLI0009L LVOYIDLILY LOVIVYLVLY LYOLYOOOLL LOLIJOOLLY Bmwaumuoom YIYYLYILLL

YIYLYI99IY VLILOJYOYL YIIVILIVIYL WIOVIDOOWY YOVYOIIWYL YIDLOLO9JL IYLIVIVYYY

R . T

¢u<<<4wﬂoﬁ YIYLYIOLVL JVLOVEOLLL YILOLLLIVYYY LILYYVYLOL LYVLIDDIYY YILIYOVOVL
LOLLLLIYOY LY¥LYIOOVLY OLVOLYOVYY LYOVYVLILLIL YWYVLILLIYOV YILVYOOWLL I¥VYIDLOLY

T T e Y

YYVYI00JLL JLLDLYIVYL VOLYILIVYL IOLJ9IDLJJ LOLOVWWVLL mauummuauo LIYIIDYIVY
LLLIYIJIVY OVYIVLILLY LOYLIVVLLY YIVOOIIIVID YOVOLLLLYY LYIILLIOVID ¥IIJIDIILDLL

R
N

T T

LVIOYILIVD LYOWLIVYVYDL LIYDOYLYOL OLYLOVLOLL JVIVLYYIVY LI9OVIVYLIY YILLVILIOY
YIIJLOYYLI) YIOLVILIOVY VYLOOIVIOV OVIVOIVOVY OIVIVIIVLL YYOOILYLIYL IYYYIVY9IL

R T T R A T Ay RTINS

awaaauewam JLVYLVLIOY ¥IOVOLOLYL VIVLLIJLLL DLYIIIDVLY wmmameoumd YLLLOLYD2D
VYOYYYOYIVL OVLILVLVOIL LIDIDVOYLIY LYLVYIOVYY OVIOOODLVL OJLIVIVOOLL LVYYIVIJOD

R T T R R T
maamemmmom YYLOLLI9D) HVALIOLLYIY aemﬁmoeama JY¥90OLYITVY LVLVIVYLLY LOLYOVYYLL

JYYIYLLIOL LIYOVYOD0D JLOVOVYLIL WYILIOVYIY YIOOOVIOLL YIVLVLIVYL VOYIJLLIIVY

S T AR TN ,,///////////////./A

JIOVYIOIVL IJ9JI9IVIVY 9VIILOVIVI YYOYOVOYLD YIVOVYYLYL ¥OOIYIOLDD DY99OYYLILD
9YJLLYOYLY ¥OJOYOYIVI JIOVYOIVIY LIJIOIDIVY IVIJLILVIY IOOYIYOYDD 5HIDJJIIYYO
(1) 19023

T6%

1eh

16

18¢

T1¢

R

L



DK/EP 2488649 T3

Z-9 'Bi4

: T S5
SRk ZILTL \‘ L o e R

mwewweomwu D¥OIEIOYID 3LDJIDLIIL JDVLIDLLILD DIOIWLILLD mmweeomuue meawuuweﬁ
LI¥00¥H209 JL09¥I9L8D 9¥IIOIVIIY DOLYOVYOYI I9DILVOVYD LIJVVILDOV WYOIVIIIOVY TSOT

o

TR

B R R

R

ue&@emu&&m Buwwuumewm H¢H<@<uwaa wewwuawaaw IYILLILYIL oomwoaawhw uouo«ww«ao
OYYIVIOVYD ¥2I099LVIL YIVLOLOOUWY JYOODWOVYD WIJVYIWLOY DOLIOVWYOVD 92IDIJJI¥I 186

T
T

]

P gl I\Islxnl\\\llxll\( = 7y 75, = e S =z
e s e R )

LI9JDDLIVL JDLIOVYOLD DWLOIDILIY ¥OILIIVLDD 99LLIYIIYD DILOLIDIDY LIIVYILLIOY
Y¥I390¥90Y DOVYOLLOVI DLYODDIVYD LODYO2LVID JOVYILIILD J0YIYIIIDD WOOLLOVYIL TT6

Lk B e A )

ou&uwwowoo 9OLOLIOLYD LIDJIILIDL DVLLOVYIVY OVIOILOIDD LIDLIOVIIL ¥DIILLDIID
99¥9239090 JIVIVVOWLD YYIIDIYIIY wwmmueeuaa JL¥IOYI03I ¥OIYIILOJY LIJIWYDIID  TH8

i
AR

T T \Gu\\i:\c\
275!

R 2 R e R s L

JVIOID99Y2 Hawm<w<<wa J9I93L92LL Q¥LOLIOLIT 99DLVYIIND] LOYYIIVOLY O¥IDI0ILYD
91¥20900L9 YYOLLILIOY DIYIIWIOVY ODLVIVIIYID JJOWLIOIIY YOLLIOLOYD DIDDD9JYLID TLL

e

T AT R 7 Rt e i :
9LIY999199 Bumuwmwwwa wwwuomwwwu ¥29990Y90L 1932991991 9IY9IYL wm«u &Bumwwweu4

J¥9LIJ0¥2D ¥HIDILOIIY D20IILDIVD LHJOIDLIOV ¥O9DDOYIIY JDIJLYILLY ¥E¥OL2IJIY¥AL TOL

A AT

P77

G R e i ok e R )
93LL9JIILY wwawoumauw JJ21390223L 293099¥IYD wuewmmuaa L992I9LLLY 2912923910
DOYVYI990VL JIV¥II2LV9D 999YDI999Y 9399021919 D9VILIOVYD VIOIIDIVVYL 9JY9099IV9 TE9

S \\\\Q\\ %7

u«wueuwmuu ¥99YL9990Y JI3¥IDI399L DYWIWOOLID LIDIDILLDD LOYIIVLLLY a«mu«a«0¢4
9LI9¥92L99 LIDLWOIIDL DLV JLLOLIDYID ¥OIOOIYYID ¥OLIILYVVYL YIDDLVIOIL 199

S




DKI/EP 2488649 T3

¢-8 'B14

R - . p
YYYYYYOYLD waaumﬁamw ¥OLLIDYDLD OVOOIIOVIL OI¥DYIIVIO J039990LIV IIIVIOVLILY
IILLLIOIYD YOOUDINYLD) LOYVYOLOYD 9LIDYODIOV DVIOLIDIVD DIDJDIOVYL YYVIVIIYVYL 1191
(Zp9T) ITES (LZ91) Ieuwg
(2691) 13sd

fRaszosscaconneseessessonnanocnodnnoecasasscanaeissotadadonsnedesonoeseasal

LILJLI9JLL LOVYLLLIVYD YOWVYIOJLOY YOVWIILLID IVLIIVIILL JVYLILLIIYY 9I19991Y20
YYYIVIIOVY YOIIVVYLLIO IOLLOIOVYIL LILLOOVVYD VWIVVVLUVYY DLIYVYYVLD J¥YO00WLO9 ThGT

R s
¥929920109 ¥OLIVOLIYL IYIJIYOYDD YYIVVYIVIY DILYVLIOLOVYY IJYIVLLIOYEL YIVIJJJ9LL
I292099¥90 JOYYIDVYLY ¥I¥OVIOLDD IIDILIVIYI OVIVOYOLLL VOIYIVYOIY IYIV999IWY TLRI
0
W%/M/mﬁ ,g ,/H//,mm//, I OerEreEeEErrrErErEeEEE s s N
YOYOOIDINT QYIVYINIYL ¥OIY909LLL 9LIDJ9LIVI YOYIYIIOWY IVYIYILIIV JVWVYIIOLY
IOLJOYOYIY OIVLIYIVIY LIYIDIOVVY OVYDIIYVIV IJIL3DJILI VIIVIVYYYI SIILIJYIOYL T0%I

A R R R R T SNy
IY¥IYO9LVL) WIOYLIOLIIY ISLLIVVYVI LIVYYVLIOLL YYLIOOLVYY LIIVOVOVLY VYYI990LLO
YLYLOJVIVY LYOLYOVYYL YOVWYILILLY YVLILIVOYY LIVYOOVILI YYVIJLIIVI ILIYJIJOWWD T€€1

R R e R s )

LIDIVOVVIV JIVOLIVYLL uaoooueoua owmwoajaam oagwg<o<@u Booaoumamu J9YOYALIYL

YYOYIOLIVL 9YIOVYIIYY 9¥9990¥99Y SOLDOVOVYL OYYOYIOLD9 ¥OIWISLWID 9JIJIJVILY 1921
Awmmﬁv Homm

R B %

Gl

e,

R e,

uuumwuwwuw wau«uwﬁwua JIYIAIYITYD u«&waw@wuw O93540L09L T9999I0LIL woau«wmmum
9990390290 J¥DIOJLLAY DILIDLIDLD HLYIVILYID DIIVYIVIIY ¥OOJIVWOWYY JI¥DIL00230 T6ll

R R,

T PR R e 2

I¥ILOIDIAD 5«@9295 DLIDID92D03 ¥DI¥DIVIOI oooumm_u@uo wﬁ_wwwwwaw Eoewoawoe
OLOYDDIYIY ¥OIDOYLIYD J¥YIVHDD09 LIDLIILIISD D099I¥0I99 DL¥IIDIIYD YYIYIIWIIY 1211




DK/EP 2488649 T3

¢umaoma¢mo Haamaumqaw Hoammmummw mamamau<wa mmmmmwmmme wuuommwwmm.amuwawwmmm
IOLYOLYLLD YYYIYOLYYD YOWLLLOLLD LVIVIVOLYY IILLLIOLILIY O290LLOOLI YLIOOWOWLLL TLIC

T

Uzz7z R A A e i T,
YOVLVOLLLL HU<@UBQ4&@ YIYLYIY99D VYLIVLOOYY LOLOVLLODL LILLVYYDLY I¥ODILVOYLIOW

IOIVLOVYYY YOLIIVILYD LYIYLILIDD LIVVIVOOLL WOVILYVOJV WYWILLLOVL YIOYLJLIYIL TQTE

izrgsisz: R S D S L AR L T e L IS 1 A 2 B )
YYYIOVODLD OOYIOIYIOY YIVIVIVLILL JLYIOYLILLL IL9DIVDI09 IVVLIIOOVIY OYIOVIVIVL
LLIDDLOOYD QJLYOVLYDL LVIYLIVLYVY DVLIVILYYYY YYOODYLIOVOD YLLVYIOLYL DIVILOLYIY TEO0C

A s g A D A e A T D 7 e e e R i)
wao<<<amw mwmeHUHmoo LIYOVYLLLL JLYYYYDVYD IYYYYOLYYY YILLIDLLLY SIYDOYYLYD
muuweeaﬁu LJOLYVYOVLYD VYLILIVYYY OVLLLLOLIO VILLIDVLILLI IYVYYOVYYD JYLIDJLIYLY 1961

77 R 2 R e T T
umw<amuw<u waumuaoumm YYIOIYOLLL IDIVIOLOOL VIYOLYOOVS wamamaumaa DOYLVYVYYOD
9LJIYIOOLY DYOIOYIILI LIVOYLIOVYY VOVIVOVOOY I¥LIOVLIOOLO O¥ILIVOLYY JOIVLLLLID Te8T

7 ] ; I L T R )
HUHUH@QHH@ 4¢<&w<wwhw wwmaoaumdw YYOYYYIOVL IYYINIVIID Bmeuwmmaaa FOOVVYLILYL
YOYOYIOYYD LLIYOLYIYO JJI¥OVILLD LIOLILIJ3OIY VIIVIVIYYD VIVOOLIYYY ID9LIVOVILIY TZ8T

R T e e e S S TP A d L S e st S i S L
Hw4w044044 Hquuhhwama JI9LLIYIVL LIYILYLOLY OWOLOVIOVY OIVLVIOVLIL WIDIVYYIYD
YOLOOLIOLL YIDOYYYYLIY OYOVYOLOLY YYLOVLVOVL OLOVOIVOLL JYIWIDIIVY IVOVLLLIOLO TGLT

S g L e e e e i e )
smmammdoae Haaaoaoumm YYIOLLLYIL JDLOLOIVIY VYYIOVIVLID . Bwo4¢<<eaa LIOVEILILY
YIIVLILOVY YYYYIYIILL LLYOYYVLOY SOYOVOVIOL ILLOSLILYD ¥OJLILIVYY WYOIVOVOVL 1891




DK/EP 2488649 T3

G-g "Bi4

JY¥OJY¥YO009 DIILLLLLYD 9ILLOILOID JLELLISILOD DILLLLOILD YOVLOLLIILL LJDLI0ILLV
OLJ9LL9J90 D9DYYYYVLY JIWVIIVODD DYYVYIOVID ODVYVYIIVD IDIVIVYIVY YIDYIIOYVE

LOJJDIOVLL JLOLIIVIVY DIOLVLLYID 9IDLILOYIL IYOILOVIYD J9IIIDDIDI ¥II0IVYIIY
¥9999YILYY OWOVOOLYLL 99IVLYYLID D9IVYYILIV DIJIVOLYLIO DI9¥II99I9 LIDIDLLIDL

JJ9¥9D3JYD DOYDLIYILI YODIYIOVYD DJ3DYYIUDII JDOVVLIYIOD ¥Y¥¥DIIODILI 1022090909
9931093910 9ILIVOIOVD IOIVOLIDLLD DIDLLILIFI DI9ILIVIO3Y ILIDOIVIYD ¥959939090

LIOOJJOVLL JYLLIVYLIOOY HDIODIVIIY JVDILLLIID OYILIOYYYD DDIDIVOLOV 9IDIVYIIIY
YYJI9IDLYY DIVVLIYIDL DIOV¥IIDLIIL DLIJWYYIOD ILOWIILLLD DIJIDLIYIL ODIDLIDIDL

YLIVYLIOLOY DILYIDLIYD LOVILYIIOY J00DW¥DS0LL LYOYOLLIVI DIILOJ990L DJ9LVILIDL
LYVLIVIYOL OVYIJOVOLI VOLVYLIODIL 9999LIJOWY VIODLIVVYVLY J0Y¥YIITIOY DIVLVIVYOV

9LIOVYLLOL Q¥DIDIOVLYY IVYLLLOVOY OJ¥ODYVYIVD DLULOYIIYL DVILYIDIIY VIDIDIVYIY
JYJOLLIYYOVY OJLOOJDINVLL OILVYVOLIL OLJJLLLIOLY OYIVILIOLV JLVYLOD99L LOSVIVLIYL

| T g e e e )

J9YILIYIIY I¥999YIYIY ¥IOLLOLIJL I9YIDIVYDD WWIOYIOOVD LOVLIVYOVY YOOLIYIVOV

92I9VOIOYL ¥IDDJIOIOL LOOVYOVYOY ¥IL909IL99 ILVOIVIOLO WOIVYIIOLL I199¥YIVIOL
(96£Z) IIIPUTH

T

(T T e i e e P
¥OLVLIYIDD) IWYIOVYIDD LOIVVOVLOL <<aw¢<<a<a LIVLYOOVLIY DIO¥DYIDID LOLILOVIOD
LOYLYLI999 VLIVOLLODD VOVLIOIYOV LIVJLLLYLY YVIYIOILYL JIJLILIIID ¥OVOVOILVID

1€L¢

1992

166¢

24524

[524

18¢€¢

11ee

8244



DK/EP 2488649 T3

LIOIVVEIVY
YYOILLLDLL

JIYYIBLVYO
93LLIIVLLD

JOYILLIYYD
DILOYYILLY

YOLO9IIVLY
LO¥OIDILYL

DOLOYYI99D
JOY¥OLIO3DD

DJ9L9YDILY
J9IVILIIYL

9LIIIVIIYD
OV¥DIILLILD

ARPSRON) AN
T¥9099L90Y

YYYYYOOY2D
LLLLLIDLID

L99JLLIVID
¥I29YYILID

YYOLIOLILYO
LEIYOVIYLI

¥OLIOLILIOL
LIVIOVOVIY

HARNAR RN
J00YY¥DIYID

LOVIVYYOII
¥OIJILLI9D

DYIV¥II9IWD
JLALIDIDLO

JLOYILLITD
IYALOYYILD

9-g "B

DOLYIIVIID DIDIDLLIDLL LD0D9DVIOY ¥IYIDLVYIOV YILILLLLILD
JIVLIDLIDD IVIIVYYOTYY ¥I9IDOLYDL LOLIOWLIOL LOVIVVYVYD

YOVIIOOWIY L¥IIVVYLYD LOLOJLIDLY 9IOIYOIDIL ¥ILLYIOIOY
LO139391I0L VIDIOLLIYLO YIYDOYVOVL JV¥IYIDDIOY IJWYI0J99L

J¥OIIDILYI YLYODLIIOL QLIVIVYLID IDLLVIOVIL 9IILDILIID
OLIDIIOVLY L¥LODYOIOY DVIIVLIVII YOVYLIIOLIY D09¥ISY099

LY¥00999LLY OVILIVYOYD OVLYOLLYID DIVLVYDIID O¥DIDILIOD
YII2200YYY JLOVOLIDLD JILYLIVVLID DILVLIJDID DI3IDI¥OID

VYOYIVOIDOY HOLLOOYDID YWOIWIOLYD YOODWVYIIOY DYIYIDLVOV
IOLOLIDIDL JIDYYIILIDD LLDILIDVLI LIDJLLOVIL OLVLIIOVIOL

JOYIDILLID DIVYIDOWOV ¥¥OID2IVIV DOLVIDIIDL ¥¥DHIIDIVID
99I9I9¥YI9 9ILLIIILIL LIIVIITLOL JTYLYIDIIY LID9JIDLID

DYODIYIILL IOYIDIIOVY VYIDDILIOLY LILLLIYLVIL DILOLIDIDL
JLIJILIOYY DILIIDIILL IIIDIVIIVL YOVYYIYVIOVY DIVO¥IIIIY

JDLIIVLLLL ISDISYIOJLD 910¥D9999D DOIWOIIIVL DOVYYYYIDD
DIYIILVYYY YIVILYIOYD J¥DIDIII30 9IDLIDIWLY OILILLLLIAOD

T6ZE

12ee

I6TE

180€

110€

176¢

1L8¢

108¢



DK/EP 2488649 T3

YYOOIYLYI] WYYIOVIIVO J9I9YIVIOY J9¥IOIILOL YOIVYLOIIY YIVYOOLIDD HOYYYILYLIL
LLJIDIVLOD LILOILODLI OIOWOILOLODL DILWIIOVIY LIDLIVIOIL IOIIDIVYID DILLIOVIVY TGBE

- C b e e s e w e e e e e e e e e e e EGENGEDEONE e e e e e e e . SN

YYOL9909YY DLVILLYIL) L¥DILLIDID OOVYIVVLLY VIYOVOLIOW LDOVSOD99Y IVWYOLIOOV
LIOYIIDILL OVIOVYLOVD WIDIVYIOD) IDILLOLIVYL IVIIIOVIDL ¥IIIDD903L YLIILIWYIIL T8LE

_ ................. e 4 e e e e A o v ey ey wa O e s w s e |

9OYIIYILLY I939ILITDI JDLLIV9IL 99ILIDLLLY LLDDLIVLYY YIJLOIYIDD 9DILIYIIILI
JOLIDLIYYD ¥A900¥D30D DDVYIDIIDY JIODYIIVWYL YYOOVIIVIL L¥OY¥IILODD DIYILIOOYD TTLE

991L310909D LYIOVLLIOY 9J¥DILID99D IVIOVLIOLYY DOJDL0039T WIDDIVOLIY IIIYI¥IIYD
JOVDYDID2D VIVOLYYIIL J9LI¥IO0309 ILOLYOOVLL J9IDYIIIIY I¥DOVIIYYI VOVIDIOJLI Th9E

9999Y¥9LIVD 9DYYOLYIDD VIDVYOIVVY LV¥OVIVOULD 9IDLIVIVLVS OIODILIVIL OVILVYSIVL
J002L0¥OL) ODLLOVLIYID I¥OLIIOLLL VIOLILOIYO JIYOLOLVLD JVIIOYDIOY OIWVIIJDOLY TLGE

IDOLYYILIL OVAYOOWYIL LIVOLOVIVL VIVOLLLYIV LIOYLLIVYY VOLIOYLLLL IWYILIVYVY
YOJYLLIVOY DLJLIDLLIY WWIOVOLYIV IVLIOVYVLOL VYOLVVYLILL LOYUOLYYWY VIIWWYIILL TOGE

DO¥LILYIOL DVYOVLIIOLL LLLOVLYYL] LOVIOVOOYY WWLODJILIVY O9IOVOLILILL JI9ILIIJWILI
J0LYIYLIOY ILLILVDOYY YYYILIVLLYO VDLYILIDLL LILVIIDVYLL OOYILIOVVYY DOVYIOLOYD TEHE

¥9I2LOYIYD -D2JILVOYYY ¥OVIOWWYOD VIDLIOLIOV OVIOOLLLILLI IIJI90939% WYLIOIOIIOD
LIDIVDLVLY O9OIWLILLL LOLYILLLID LYIVYIVYOL ODLYIIVYYYY Y¥OVOIIIIY LIVOVIO¥DD T9€E



DK/EP 2488649 T3

g-g "By

DDLIVIOVOY JVYLIYYIDIL DYIVYRLOIL LOYVLYYIVL 9w4<<<<uw< YOVOLYLIYD LYLIOVYIVL
JOYOLYOLIL OLIVLLODIY JIVLLILVOOY VOLLVILVIY V¥OLLLLLIJOL LILIOYIVOLD VIVYOLIOLY TThb

LLO0DLILID DIILIVLELDD JLLLLLLIDD DOVLELLODD LIOOIJLLLL LOJLJYIOOY OYYYI9II99
YY200YOYID D9DVVLYYOD DVVYYYYODD JIDLYYYVODD WYDOVIVVYY YOOVIIDODL OJILIDIOVID ThER

LOYYYDLYYY YOVIOOLIVY DVLOVILLOY ILDIOYIOVOL 9IDLIVIVLD IVVILOIVLD LO¥YI¥DIID
YOLLLOYLLL LILVIOYOLL JL¥DLIOVYID JYOOLODLIY DJIYYIILYD JIIOYIOIYD VOILLOLI9DD TLZh

_ ¢ T Gl S e S e o e S e o e Tl R G o et i g o

H<<w<euuaa w@wmwaeaau muuuuw¢<w¢ <owawaaou< VIOVIOVIOY JLLILYYYOL IJLIJLVIOL
YILOLYOIYY JLILOVYYYD DJ9990LLOL LOJVYYVIIL IVILVILODL DVVYVILLIOV VOVOOVIVOVY T0¢h

[T e e e e e I Bt e o e e T —

D209092LWL LWLOJIDLVL IO¥ID029ID IVYOYOIVYD LIIILIDITD u«s<o4ua<a LOLOYOVYLD
2990900¥LY VIVOIOJVLY ¥IL9IIIIID DLLOLIDLLO ¥III¥DIIII DIVIOLIVIV YOYDLILIYD TETH

YOLLIDLLOY wamoeumuu< 9LIYIYOYVY ¥OOVLIOLLYD DOVIDOIVLI YIYOIVYIYD VYLIIVIOOYD
LOVYIIWYIL J¥IOVOLO9L OYDIOLIOLLL LOSIVOVYLD JOL¥II9LVY IOLOVLIJLD IIVYIYO9LD 190%

S P e e o P e e e e T S I T o)

IOOLIDOVLIV YOOVLIYOLD VIYYOVILOD 9DJOVYOLLY OJLIOLOVIOVY JIYIIOIYID ¥WIJIVYIIYO
YOOYIIILYL LIDIVILOVD LYLLIDLOYOD JJIIOLLOVYL OVYIYILILL DILVIIILID IDIILLIILID T66E

JLVYII90LL LLILOOYIVY JVIDIIIOVL JWLIILYWOLD SIDLIOVLID LIDOOYWIID DYIILOVVLS
OVLLOIOIVY YYYVOOLILL DLVIIIIILY ILVWIVLIOVI JQIVYOLYID YYOOILINID JIIDIVILIVD T¢6€




DK/EP 2488649 T3

6-8 ‘B4

LYLY
VIYL

9I9IIYIILY WYIJIVYLLD ¥II9920910 OLLLIVOVYD OLJILOYILI DIVWWYIIIL 9209LI¥I0D

JVOVDLOOVL LLIYIDLLIYYD LOYIDDI0YD

YYILLYYLID JILLIDVIIY JWLIJIITLL
LLOVYLLYID 9OVEOILIDL DIVIIDIOVY

J00LLIJADVY DYOLLIDOIY 9IDLOVYLII
DIIVYIOILL ILIOYYIIIDL D9I9YILLYID

LOJO9LYLLL J¥O¥OIOIYL YIDDLOJVIL
YOD00VLIYYY OIOLI903LY I¥OIVIILIV

J009¥0¥200 90JYYIYIDD 9219¥I90290 JJID¥I999D LIDLILAILI II99IYLIID
DOYDLDIDDD WYIOVIVIOVD 9HDI2LNND

99921DL999 D9TLLOLOID JI¥ILIIIII

¥OOIOLOYI] 9IIIIJIDIY IILOOYLIOLD
LIOYIVILOO DV¥IYIIIIL DS¥IILYIWD

¥Y99920439 LIVLVOIIOL VILLILYIVD
LLIJ09IYI) YOLYLIDIIY LYVVYYLIYLO

90¥ILLLLIID ODDYYVLILY JITD9IVYII0
JOLOYYYYID JIDOLLIYOYD 9393351999

JVVYYIILLI OVOOVOLIYD D0ILLIS9IY

LIDIJYOILT QIDIVYIVOD OYVYOVIIIID
¥OJ99LIIYI DOOWLLVLID JLLILIVIID

J9¥YLI9290 JL9YLD399L YLLLIOLJOL
DOLLY¥I220D IYILYIDOIY LYYVYIYIOY

OLOYOLYIVY LOLIDLJLOY L3D090¥LYD
DV¥OLIVIOLL YOVOO¥INWIL VOIDIDLVID

LIYOYIDLLIL LOWOODLIVE DYODO¥YYID
YOLJLIIVYY YOLDODYILY JIDIILLLID

3020YVID29

DIVIIIVLIO
J9L9IILYD

LYOIIVYLILID
WIDJI9LYIVD

LLYYOI0¥90
YYLLIDILID

ALLYITOYIY
IVVLOLOLOL

J909¥OYROY
D0931ILO2L

DLIVYIDLOV LOVIVYIVYL 99LLLOLIYY ¥IILIYIILD

JYYLLYIVIL YOLVLIVLILY DIVYYIYVLD

L92VALIIYD

JIYLLIDLLL ¥LLLLLOLYY ¥IVDVLIOVY VIVIOIVIOD

OVIVYYOYYY [VYVYYIULL LYLOLYYILL

I¥IYO¥IYI9

1508

Ti6b

1067

1€87

T9LF

169F

1290

189



DK/EP 2488649 T3

6-8 ‘b1

g-g "Big4

L-8 "Bi4

9-g "bi4

G- ‘B4

-8 614

¢-g ‘B4

Z-8 ‘B4

1-8 B4

v g ‘B4




DK/EP 2488649 T3

ATGAGAGTGAGGGAGACAGTGAGGAATTATCAGCACTTGTGGAGATGGGGCATCATGCTCC
TTGGGATGTTAATGATATGTAGTGCTGCAGACCAGCTGTGCGTCACAGTGTATTATGGGEGT
ACCTGTGTGGARAGAAGCAACCACTACTCTATTTTGTGCATCAGATGCTAAAGCACATAAA
GCAGAGGCACATAATATCTGGGCTACACATGCCTGTGTACCAACAGACCCCAATCCACGAG
AAATAATACTAGGAAATGTCACAGAAAACTTTAACATGTGGAAGAATAACATGGTAGAGCA
GATGCATGAGGATATAATCAGTTTATGGGATCAAAGTCTARAACCATGTGTAAAATTAACC
CCACTCTGTGTTACTTTAAACTGCACTACATATTGGAATGGAACTTTACAGGGGAATGAAA
CTAAAGGGAAGAATAGAAGTGACATAATGACATGCTCTTTCAATATAACCACAGAAATAAG
AGGTAGAAAGAAGCRAGAAACTGCACTTTTCTATAAACTTGATGTGGTACCACTAGAGGAT
AAGGATAGTAATAAGACTACCAACTATAGCAGCTATAGATTAATAAATTGCAATACCTCAG
TCGTGACACAGGCGTGTCCAAAAGTAACCTTTGAGCCAATTCCCATACATTATTGTGCCLCC
AGCTGGATTTGCGATTCTGAAATGTAATAATAAGACGTTCAATGGAACGGGTCCATGCARA
AATGTCAGCACAGTACAGTGTACACATGGAATTAGGCCAGTAGTGTCAACTCAACTGTTGT
TGARATGGCAGTCTAGCAGAAGAAGAGATAATAATTAGATCTGARAATATCACAAATAATGC
AADNACCATAATAGTACAGCTTAATGAGTCTIGTAACAATTGATTGCATAAGGCCCAACAAC
AATACAAGAARAAGTATACGCATAGGACCAGGGCAAGCACTCTATACAACAGACATAATAG
GGAATATAAGACAAGCACATTGTAATGTTAGTAAAGTAAAATGCGGGAAGAATGTTAAARAG
GGTAGCTGAAAAATTAARAGACCTTCTTAACCAGACAARAGAACATAARCTTTTGAARCCATCC
TCAGGAGGGGACCCAGAAATTACAACACACAGCTTTAATTIGTGGAGGGGAATTCTTCTALT
GCAATACATCAGGACTATTTAATGCGAGTCTGCTTAATGAGCAGTTTAATGAGACATCAAA
TGATACTCTCACACTCCAATGCAGAATAAAARCAAATTATAARACATGTGGCAAGGAGTAGGA
AAAGCAATGTATGCCCCTCCCATTGCAGCGACCAATCAGCTGTTCATCARATATTACAGGAC
TATTGTTGACRAGAGATGGTGGTAATACTGGTAATGATTCAGAGATCTTCAGACCTGGAGG
GGGAGATATGAGAGACAATTGGAGAAGTGAATTATACAAATATAAAGTAGTAAGAATTGAA
CCAATGCGTCTAGCACCCACCAGGGCAARAAGAAGAGTGGTGGARAAGAGAAAAAAGAGCAA
TAGGACTGGGAGCTATGTTCCTTGGGTTCTTGGGAGCGGCAGGAAGCACGATGGGCGCAGC
GTCACTGACGCTGACGGTACAGGCCAGACAGTTATTGTCTGGTATAGTGCAACAGCAARAC
AATTTGCTGAGAGCTATAGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATTA
AACAGCTCCAGGCAAGAGTCCTGGCTATGGAAAGCTACCTAAAGGATCAACAGCTCCTAGG
AATTTGGGGTTGCTCTGGAAAACACATTTGCACCACTACTGTGCCCTGGAACTCTACCTGG
AGTAATAGATCTGTAGAGGAGATTTGGAATAATATGACCTGGATGCAGTGGGAAARGAGARA
TTGAGAATTACACAGCTTTAATATACACCTTAATTGAAGAATCGCAARACCCAGCAAGARAA
GAATGAACAAGAACTATTGCAATTGGATAAATGGGCAAGTTTGTGGAATTGGTTTAGTATA
ACAAAATGGCTGTGGTATATARAAATATTCATAATGATAGTAGGAGGCTTAATAGGTTTAA
GAATAGTTTTTGCTGIGCTITTCTTTAGTARATAGAGTTAGGCAGGGATATTCACCTCTGTC
TTTTCAGACCCTCCTCCCAGCCCCGAGGGGACCCGACAGGCCCGAAGGAATAGARGARAGAA
GGTGGAGAGCAAGGCTAA
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ATGGGTGCGAGAGCGTCAGTATTAAGCGGAGGAAAATTAGAT GAATGGGAAAAAATT
CGGTTACGGCCAGGAGGARAACAAAAAATATAGATTAAARACATTTAGTATGGGCARGC
AGGGAGCTAGAACGATTTGCACTTAATCCTGGTCTTTTAGAAACATCAGARGGCTGT
AGACAAATAATAGAACAGCTACAACCATCTATTCAGACAGGATCAGAGGARCTTARA
TCATTACATAATACAGTAGTAACCCTCTATTGTGTACATGAAAGGATAAAGGTAGCA
GATACCAAGGAAGCTTTAGATAAGATAAAGGAAGAACAARCCAAAAGTAAGAAARRA
GCACAGCAAGCAACAGCTGACAGCAGCCAGGTCAGCCAARATTATCCTATAGTACAA
AACCTACAGGGACAAATGGTACACCAGTCCTTATCACCTAGGACTTTGAATGCATGG
GCTAAAAGTAATAGAAGAGAAGGCTTTCAGCCCAGAAGTAATACCCATGTTTTCAGCA
TTATCAGAAGGAGCCACACCAACAGATTTARACACCATGCTAAACACAGTAGGAGGA
CATCAAGCAGCCATGCAAATGTTAAAAGAGACTATCAATGAGCGARAGCTGCAGAATGG
GATAGGCTACATCCAGTGCCTGCAGGGCCTGTTGCACCAGGCCAAATGAGAGAACCA
AGAGGAAGTGATATAGCAGGAACTACCAGTACCCTTICAGGAACAAAGARATCTATAA
AAGATGGATAATCCTAGCGATTAARATAAAATAGTAAGAATGTATAGCCCTGTCAGCAT
TTTGGACATAAGACAAGGACCAARAGGAACCCTTTAGAGACTATGTAGATCGGTTCTA
TAARACTCTACGAGCCGAGCAAGCTTCACAGGATGTAAARAATTGGATGACTGARAC
CTTGTTAGTCCAAAATGCGAATCCAGATTGTAAAACTATCTTARAAGCATTGGGACC
AGCGGCTACATTAGARGAAATGATGACAGCATGTCAGGGAGTGGGGGGACCCAGTCA
TAAAGCAAGAGTTTTGGCTGAGGCAATGAGCCAAGCATCAAACACAAATGCTGTTAT
AATGATGCAGAGGGGCAATTTCAAGGGCAAGAAAATCATTAAGTGTTTCAACT GTGG
CAAAGAAGGACACCTAGCAAAAAATTGTAGGGCTCCTAGGAAAAGAGGCTGTTGGAA
ATGTGGAAAGGAAGGGCACCAAATGAAAGATTGTAATGARAGACAGGCTAATTTTTT
AGGGAGAATTTGGCCTTCCCACAAGGGGAGGCCAGGGAATTTCCTTCAGAGCAGACC
AGAGCCAACAGCCCCACCAGCAGAGAGCTTCGGGTTTGGGGAAGAGATAACACCCTC
CCAGAAACAGGAGGGGAAAGAGGAGCTGTATCCTTCAGCCTCCCTCAAATCACTCTT
TGGCAACGACCCCTAGTCACAATARAAATAGGCCCACAGCTARAGGAAGCTCTATTA
GATACAGGAGCAGATGATACAGTAGTAGAAGAAATGAATTTGCCAGGAAAATCGAAA
CCAAARATGATAGGGGGAATTGGGGGCTTTATCAAAGTAAGACAGTATGATCAAATA
CTCGTAGAAATCTATGGATATAAGGCTACAGGTACAGTATTAGTAGGACCTACACCT
GTCAACATAATTGGAAGAAATTTGTTGACTCAGATTGGTTGCACTTTAAATTTTCCA
ATTAGTCCTATTGARACTGTACCAGTAAAATTAAAGTCAGGGATGGATGGTCCAAGA
GTTAAACAATGGCCATTGACAGAAGAGAAAATAARAGCACTAATAGAAATTTGTACA
GAAATGGAAAAGGAAGCAAAACTTTCAAGAATTGGACCTGAAAATCCATACAATACT
CCAATATTTGCCATAAAGAAAAANGACAGTACTAAGTGGAGARAATTAGTAGATTTC
AGAGAACTTARTAAGAGAACTCAAGATTTCTGGGAAGTTCAACTAGGAATACCACAT
CCTGCAGGGCTAANANAGANNNNNT CAGTANCAGTACTGGNAGGTGGGTGATCGCATAT
TTTTCAGTTCCCTTATATGAAGACTTTAGAAAATACACTGCATTCACCATACCTAGT
ATAAACAATGAGACACCAGGAATTAGATATCAGTACAATGTGCTTCCACAAGCGATGG
AAAGGATCACCGGCAATATTCCAAAGTAGCATGACAAAAATTTTAGAACCTTTTAGA
AAACAAAATCCAGAAGTGGTTATCTACCAATACATGCACCGATTTGTATGTAGGATCT
GACTTA

Fig. 10-1
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GAAATAGGGCAGCATAGAATAARAAATAGAGGAATTAAGGGGACACCTATTGAAGTGGE
GATTTACCACACCAGACAAAAATCATCAGARGGAACCTCCATTTCTTTGGATGGGTTA
TGAACTCCATCCTGATAAATGGACAGTACAGCCTATAAAACTGCCAGARARAGARAGC
TGGACTGTCAATGATCTGCAGAAGTTAGTGGGGARATTAAATTGGGCAAGTCARATTT
ATTCAGGAATTAAAGTAAGACAATTATGCARATGCCTTAGGGGAACCAAAGCACTGAC
AGAAGTAGTACCACTGACAGAAGAAGCAGAATTAGAACTGGCAGAAAACAGGGAACTT
CTAAAAGAAACAGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATAGCAGARA
TACAGAAACAAGGGCAAGACCAATGGACATATCAAATTTATCAAGAACARTATARARAA
TTTGARAACAGGAAAGTATGCARAGAGGAGGAGTACCCACACTAATGATGTAARACAA
TTAACAGAGGCAGTGCARAARAATAGCCCAAGAATGTATAGTGATATGGGGAAAGACTC
CTAAATTCAGACTACCCATACAAAAGGAAACATGGGARAACATGGTGGACAGAGTATTG
GCAGGCCACCTGGATTCCTGAGTGGGAGTTTGTCAATACCCCTCCCTTGGTTARATTA
TGGTACCAGTTAGAGAAGGAACCCATAGTAGGAGCAGAAACCTTCTAA

Fig. 10-2
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EcoRl (1)
1 GAATTCGGAG TATACGAACC GGGAAAGAGA AGATGGTTAA AAATAAAGCG AGACTATTTG AACGAGGGTT
CTTAAGCLYC ATATGETTGG CCCTTTICTCT TCTACCAATT TTTATTTCGC TCVYGATAAAC TTGLTCECAA

71 CCATGECAGA TTCTGCCGAT TTAGTAGTAC TAGETGCTTA UTATGLFAAN GGAGCAAAGS GTOLTATCAT
GETACTETCT ARGACGELTA AATCATCATG ATCCACGAAT GATACTATTT CLCTCGTETCC CACCATAGTA

141 GGCAGTEIYT CTAATGHGYT GTTACGACGA TORATCUGGT ARATGGAAGA. CGOTTACCAA GTGTTCAGGA
COGTCAGAARA GATTACCCAA CAATGETGET ACTTAGGCEA TYTACCT LT GECAATGOTT CACAAGTCCT

211 CAEGATGATA ATACGITAAG GGAGTTGCAA GACTAATTAA AGATGATTAA AATTAATAAG GATCCCAARA
GICOTACTAT TATGCAATYC CCTTAACGTT CTGGTTRATT TCTACTAATT TTAATTGTTC CTAGGGTITT

-

281 AAATTCCAGA GTGGTTAGTA GTTAATAAAA TCTATATTCC CGATTTTGTA GTAGAGGATC CAAAACAATC
TTTAAGATCT CACCAATLCAT CAATTATTYT AGATATAAGG GCTAAAACAT CATCTCCTAG GTTTTETTAG

351 TLAGATATGE GAAATITCAG GAGCAGAGTT TACATTTTCC AAGTCCCATA CCOCARATGG ARTATCCATT
AGTCTAYACC CYTTAAAGTC CYCOTCTCAA ATGHAGRAGE TTCAGGGTAY GGLGIT1ACL TTALAGGTAA

421 AGATTTCCTA GATTTACTAG GATAMGAGAG GATAAAACGT GGAAAGAATC TACTEATCTA AACGATYTAG
FOTAAMGGAT CTAAATGATG CPATTCTCTG CTATETTALA COVVICTEAG AYGAGTAGAT TTGCTAAATC

. Ascl (519) ) . ) ) )
491 TAASCTTGAL VAAATCTTAA TTTTTATGGC GCGCETTTCArTTTTGTTﬁTT TTCTATGCTA TARATGGTGA:
ATTTGAACTG ATTIAGAATT AAABATACCG CGCGGAAAGT AARACAAAAA AAGATALGAT ATTTACCACT

561 GCAAGGGCGA GGAGCTGTTC ACCGGGGTGG TGCCGATCtT:GGTCGAGCTG‘GACGCCGACC TAAACGGLCA
CGTTCCCLLT CCTCGACAAG TGGCCCCACL ACGGGTAGGA CCAGCTCGAC CTGLCGLTGLC ATTTGCLGGT

<

631 CAAGTTCAGC GTGTCCGGCG AGGGCGAGGG CGATHECACT TACG6CAAGE TUACCCTGAA GTTCATCTGL
GTTCARGTEG CACAGGECCGE TCCCHOTLLC GLTACKLTCE ATGLCGTTEG ACTGGGACTT CAAGTAGALG

Figure 31-1
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701 ACCACCGGCA AGLTGCCEGT GCCCTGOLCT ALCCTEGTRA ECACCCTGAC LTACGGIGTE CAGTGLTTCA
TGETGGCCRT TCGACGGGLA CGGGACTGGE TGGGAGCALT GGTGEGACTG GATGECACAC GTCACGAAGT i,

771 GCCGCTACCE CGACCACATG AAGCAGCACG ACTTCTTCAA GTCCGCCATG CCCOARGGCT AKEICFHGGAfT
-CGGCGATGGT ‘GCTGGTGTAC TTCGTCGTGE TGAAGAAGTT-CAGGCGGTAC GGGCTTCCGA- TGLAGGTLAT

B41 GUGCACCATC TTCTTCAAGG ACGACGGCAA CTACAAGACC CGCGECGAGE TGAAGTTCGA GLGCGACALC..
CGLGTGGTAG AAGAAGTTCC TGCTGCCETT GATGTVCTGE GEGCGECTCC ACTTCAAGCT CCCGCTETT(

911 CTGGTGAACL GCATCGAGCT GAAGGGCATE GACTTCAAGG AGGACGGCAA CATCCTGGGS cﬁCg@ctrdﬁ
"GALCALTTGG CETAGETCGA CTTCCCETAG CTGAAGTTCL TEETGUEGTT GTAGGALCLL GTATTCGATS

-

981 AGTACAACTA CAACAGCCAC AACGYCTATA TCATGGCCGA CAAGCAGAAG AACGGCATCA AGGTGAACTT
TCATGITGAT GYTOTCOGTG TTGCAGATAT AGTVACCGGCT GTTCOTCTTC TTGCCGTAGT TCCACTTGAA

1851 CAAGATCCGC CACAACATEG AGGACGGCAG CGTGCAGCTC GCCGACCACT ACCAGCAGAA CATCCCLATC
GITETAGGLG GTGTTGTAGE TCCTGCCGTE GCACGTLGAG COGLTGGTGA TEGTCOTCTT GTGGGGGTAG

1121 GGCOACGGLC CCETELTGCT GCCCGACAAC CACTACCTGA GCACCCAGTC CGCCCTGAGC ARAGACCCCA
CCOCTGECGE GGCACGACGA CGGGLCTOTTG GTGATGGACT chGGGTCAG GCGCQA(TCG TTTCTGGGGT

1191 ACGAGAAGCG CGATCACATG GTTUCTGCTGH AGTTCGTGAC CGCCGCCGEE ATCACTCTCG GCATGLACGA
TGCTCITCGC GCTAGTGTAC CAGGACGACC TCAAGCACTG GCGGCGGCCL TAGTGAGAGC CGTACGTGLT

Sact (1278)
1261 GCTGTACAAG TAAGAGCTCC CCGATTTTGT AGTAG%GGAT CCAABACAAT CTCAGATATG. GGAAATYTCA
CGACATGYTC ATTCTCGAGL GGCTAAMAACA TCATCTCCTA GETTTTGTTA GAGTCTATAC CCTTTAAAGT

1331 LGAGUAAGY TTACATETTC CAAGTCCCAT ACCGCAAATG GAATATCCAT TAGATTTCCT AGATTTACTA
CCTCETCICN AATGTAGAAG GTTCAGGGTA TGOCGTTTAC CTTATAGOTA ATCTAAAGGA TCTAAATGAT

1401 GOATAAGAGA GOATAARACG TGGAAAGAAT TTACTCATUT AAACGATTTA GTAAACTTGA CTAAATUITA
CCTATTOTCT CUTATIITAU ACCTTTCTYA QATGAGTAGA TTTGCYVARAAT CATTTGAACT GATTTAGAAT

Figure 31-2
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¥hol (1479)
ATTTTYATCT CGAGGCCGCT
TAAMATAGA GCTCCGGCGA

GTTAAATTOA AAGCLRGARA
CAATTTAACT TTCGCTCTTT

GGTACCCAAC
CCATGGGTTG -

TAATCATAAA
ATTAGTATTT

ATTAGTTAAA TATTAAAACT
TAATCAATTT ATAATITTGA

TACCACETAA
ATGGTGECATT

CTAAAAATYIG AAAATARATA
GATTTTTAAC TTTTATTTAT
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CAAAGGTICY THAGGGTTGY
GTTTCCAAGA ACTCCCAACA

Smal (1577)
TAAGCCCEGG, GATCCTCTAG
ATTCGGGCCC “CTAGGAGATC

AACTTAARAT TTAAAATGAT
TTGAATTTTA AATTTTACTA

Pstl (1602)
sali (1592):
AGTCGACCTG CAGCTAATGT.
TCAGCTGGAC GTCGATTACA

S bdeia

ATTTCATTGA CAGATAGATC
TAAAGTAACT GTCTATCTAG

ACACATTATG AACTTTCAAG
TGTGTAATAC TTGAAAGTTC

GACTTGTGTT
CTGAACACAA

AACTGACAAT TGCAAARATC
TTGACTGTTA ACGTTTTTAG

-

AATGGGTCLT
TTRLCCAGCA

TGGACCATTA
ACCTEGTART

I ————————————

ATAGGAAAAG GTGGATTTGG
TATCCTTTTC CACCTAAACC

TAGTATTTAT
ATCATAAATA

ACTACTAATG
TGATGATTAC

ACAATAATTA
TGTTATTAAT

TGTAGTAAAA
ACATCATTTT

ATAGAGCLCA
TATCTCGGGT

AAGLTAACGE
TTCGATTGCC

ATCATTATTT
TAGTAAT AAA

ACCGAACAGE
TGGCTTGTCC

CATTTITATAC
GTAAAATATG

TAGAGTACTT
ATCTCATGAA

AAACCATCCG
TTTGGTAGGC

TTATCGAAGA
AATAGCTTCT

ATGGAARAAA
TACCTIYTYT

TCTCACAATA
AGAGTGTTAT

TAAAGCACGT
ATTTCGTGCA

AGGTCTTATC
TCCAGAATAG

ACGTGCAAGG

TGCACGTTCC

CATTTGGTCT
GTAAACCAGA

ATACAAATCC,
TATGTTTAGQ

ATTAATGTGE
TAATTACACC

AATATCGATY
TTATAGCTAN

CTTGGTAATT
GAACCATTAA

AATAGATTAG
TTATCTAATC

GYGCAGATCT

CACGTCTAGA

AGATGCGETG
TCTACGCCAC

ATCAGAGTCA
TAGTLTCGOT

ATAATAATAG
TATTATTATC

ATTACCAAAA
TAATGGTTTTv

AGGTCGETGA
TCCAGCCACT

TGTTGATCGE
ACAACTAGCC

AATCGAAATC
TTAGCTTTAG

TTAAATACCA
AATTTATGGT

TACAATTTAT
ATGTTAAATA

GCACGAGTAA
COTGLTCGTT

GGATATTCTC
CCTATAAGAG

ACGGAGATAT
TGCCTCTATA

TAAAGCGAGT

ATTTCGCTEA TTATATCAGA

AATATAGTCT ;
ACCTAGTTTA

TGGATCAAAT AGATAAGAAT

TCTATICTTA

Figure 31-3



2171

2241

2311

2381

2451

2521

2591

2661

2731

2801

2871

2941

3011

3081

ARATTATATC
TTTAATATAG

TAGTGGATTA
ATCACCTAAT

CGGATTGGTT
GCCTAACCAA

TCTAAATTCA
AGATTTAAGT

Hindlil (2215)

TGTCAAGLTT
ACAGTTCGAA

ATTAGAGCTT
TAATCTCGAA

CAACATACGA
GTTGTATGCT

GCETTGCGCT
CGCAACGCGA

GCGCGGGOAG
CGCGCLCCTC

CGTTCRGCTE
GCAAGCCGAC

AACGCAGGAA
TTGCOTCCTT

COTTTTTCGA
GCAAAAAGCT

CCCGACAGGA
GGGCTGTCCT

CTGLCGETTA
GACOGCGAAT

GTAGGTATCT
CATCCATAGA

CGACCGCTGL
GCTGGCGACG

GCAGCAGCCA
CGTCGTCGOT

GGCCTAACTA
CCGQATTGAT

GGCATAATCA
CCGCATTAGT

GCCGGAAGCA
CGGCCTTCGT

CATTGCCCGC
GTGACGGGCG

AGGCGGTTTG
TCCGCCAAAC

CGGCLAGCGO
GCCGCTCGCC

AGAACATGTG
TCTTGTACAC

TAGGCTCCGC
ATCCGAGGCG

CTATAAAGAT
GATATTTCTA

CCGGATACET

GGCCTATGGA

CAGTTCGGTG
GTCAAGCCAC

GCCTTATCCG
CGGAATAGGC

CTGGTAACAG
GACCATTGTC

CGGCTACACT
GECGATGTGA

TGGTCATAGC
ACCAGTATEG

TARAGTGTAA
ATTTCACATT

TTTCGAGTLG
ARAGCTCAGC

CGTATTGGGC
GCATAALCCG

TATCAGUTCA

ATAGTCGAGT

AGCAAAAGGC
TCGTTTTCCG

CCCCCTGACG
GGGGGACTGC

ACCAGGCGTT
TGGTCCGCAA

GTCCOCCTTT

CAGGLGRAAA

TAGETCGTTC
ATCCAGCAAG

GTAACTATCG
CATTGATAGC

GATTAGCAGA
CTAATCGTCT

AGAAGGACAG
TCTTCCTGTC

TETTTCCTGT
ACAAAGGACA

GTGAAATTGT
CACTTTAACA

GTCTCCCTAT
CAGAGGGATA

TATCCGCTCA
ATAGGCGAGT

AGCCTGEGGT

TCGGACCLCA

GGAAACCTGT
CCTTTGGACA

GCTCTTCCGC
CGAGAAGGCG

(TCAAAGGLG
GAGTTTCLGC

CAGCAANAGG
GTCGTTTT.CC

AGCATCACAA
TCGTAGTGTT

TCCCCCTGGA
AGGGGGACCT

CTCCLTTCGE
GAGGGAAGCC

GETCCAAGCT
CGAGGTTCGA

TCTTGAGTCC
AGAACTCAGG

GCGAGGTATG
CGCTCCATAC

TATTTGGTAT
ATAAACCATA

Figure 31-4
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GCATTAATGA
CGTAATTACT

ACTGACTCEGC
TGACTGAGCG

TATCCACAGA
ATAGGTGTCT

TAAAAAGGCC
ATTTITTCCGG

TCAAGTCAGA
AGTTCAGTCT

TGCGLTCTCC
ACGCGAGAGG

GCTTTCTCAT
CGAAAGAGTA

CACGAACCCC
GTGCTTGGGE

GACACGACTT
CTGTGCTGAA

TACAGAGTTC
ATGTCTCAAG

CTGAAGCCAG
GACTTCGGTC

DK/EP 2488649 T3

AGTGAGTLGT
TCACTCAGCA

CAATTCCACA
GTTARGGTGT.

CHCATTARTT
GTGTAATTAA

ATCGGECAAC
TAGCCGGTTG

TGCGCTCGGT
ACGCGAGCCA

ATCAGGGGAT
TAGTCCCCTA

GCGTTGCTGG
CGCAACGACC

GGTGGCGARA
CCACCGCTTT

TGTTCCGACC
ACAAGGCTGG

AGCTCACGCT
TCGAGTGCGA

CCGTTCAGCC
GGLAAGTCGG

ATCGCCACTG
TAGCGGTGAC

TTGAAGTGGT
AACTTCACCA

TTACCTTCGG
AATGGAAGCC



3151
3221
. 3291
3361
3431

3501

3571

3641

3711

3781

3851

3921

3991

AARAAGAGTT
TTITTCTCAA

‘CAGCAGATTA

GYCGTCTAAT

AGTGGAACGA
TCACCTTGET

TYTAAATTAA
ARATTTAATT

TOLTTAATCA
ACGAATTAGT

TCGTGTAGAT
AGCACATCTA

ACGCTCACCG
TGCGACTGGC

GCAACTTTAT
CGTTGAAATA

ATAGTTTGCG
TATCAAACGC

ATTCAGCT(C
TAAGTCGAGG

R T

TCCTTLGGTC
AGGAAGCCAG

TGCATAATTC
ACGTATTAAG

ATTCTGAGAA
TAAGACTCTT

DK/EP 2488649 T3

GGTAGCTCTT GATCCGGCAA ACAAATCACC GCTGGTAGCS GTGGTYTTTT TGTTTGCAAG -
CCATCGAGAA CTAGGCCGTT TGTTTGGTGE ‘CEGACTATEGC CACCAAAAAA ACAAACGTTC

CGCGCAGAAA AAANAGGATCT
GCGCGTCTTT TTTTCCTAGA

AAACTCACGT TAAGGGATTT

TTTGAGTGCA ATTCCCTAAA

AAATGAAGTT TTAAATCAAT

TITACTTCAA AATTTAGTTA

GT-GAGGCACC TATCTCAGCG
CACTCCGTGG ATAGAGTCGC

AACTACGATA CGGGAGGGCT
TTGATGCTAT GCCCTCCCGA

R g e e

GCTCCAGATT TATCAGCAAT

CGAGGTCTAA ATAGTCGTTA

T g RN

CCGCCTCEAT CCAGTCTAYT
GGCGGAGGTA GGTCAGATAA

CAACGTTGTT GGCATTGCTA
GTTGCAACAA CCGTAACGAT

R

CAAGAAGATC CTTTGATCTT ¥TCTACGGGG TCTGACGCTC !

GTTCTTCTAG GAAACTAGAA AAGATGCCCC AGACTGCGAG

TGGTCATGAG ATTATCAAAA AGGATCTTCA CCTAGATCCT ‘
ACCAGTACTC TAATAGTTTT TCCTAGAAGT GGATCTAGGA .

CTAAAGTATA TATGAGTAAA CTTGGTCYGA- (AGTTACCAA{'
GATTTCATAT ATACTCATTT GAACCAGACT GTCAATGGTT

cATCTGTCTAT TTEGITCATC CATAGTTGCC TGACTCCCCG
“TAGACAGATA AAGEAAGTAG GTATCAACGG ACTGAGGGGC

TACCATCTGE CCCCAGTGCT ‘GEAATGATAC: CGCGAGACLC -

ATGGTAGACC GGGGTCACGA CGTTACTATG GCG(TCTGGG

AT TR N T

AAACCAGCCA GCCGGAAGGG ‘CCGAGCGCAG AAGTGGTCCf

TTTGGTCGGT CGGCCTTCCC GGCTCGCGTC TTCACCAGGA

“Razer a1 il e

..... R S

AATTGTTGCC GGGAAGCTAG AGTAAGTAGT TCGCCAGTTA
TTAACAACGG CCCTT(GATE TCATTCATCA AGCGGT(AAT

CAGGCATCGT GGTGTCACGC. TCATCATTTG GTATGGCTTC
GTCCGTAGCA CCACAGTGCG AGCAG(AAAC CATACCGAAG

e

GGTTCCCAAC GATCAAGGCG AGTTACATGA TCCCCCATGT TGTGCAAAAA AGCGGTTAGC
CCAAGGGTTG CTACTTCCGC TCAATGTACT AGGGGGTACA ACACGTTTTT TCG(CAATCG

R TTT AN N0 DS A K SIS L SN QA S 3OS 2T OGRS A G S A L i -

CTCCGATCGT. TGT(AGAAGT AAGTTGGCCG.CAGTGTTATC ACTCATGGTT ATGGCAGCAC

GAGGCTAGCA ACAP

L om

TCTTACTGTC ATGCCATCCG TAAGATGCTT TTCTGTGACT GGTGAGTACT CAACCAAGTC
AGAATGACAG TACGGTAGGC ATTCTACGAA AAGACACTGA C(A(TCATGA GTTGGTTCAG

TAGTGTATGC GGCGACCGAG TTGCTCTTGC CCGGCGTTAA TACGGGATAA TACCGCGCCA

AT(ACATACG CCG(TGGCTC AACGAGAACG GGCCGCAGTT ATGCCCTATT ATGGCGCGG1

S L T S e LN T e T S T T X LRI W)

Figure 31-5

CA TTCAACCGGC GTCACAATAG TGAGTACCAA TACCGT 'TG
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