95023 A2

—l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
28 November 2002 (28.11.2002)

PCT

(10) International Publication Number

WO 02/095023 A2

(51) International Patent Classification”: CI12N 15/00

(21) International Application Number:  PCT/IB02/02810

(22) International Filing Date: 23 May 2002 (23.05.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/292,515 23 May 2001 (23.05.2001) US

(71) Applicant (for all designated States except US): INSTI-
TUT PASTEUR [FR/FR]; 28, rue du Docteur Roux,
F-75724 Paris Cedex 15 (FR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ESCRIOU, Nicolas
[FR/FR]; 201, rue d’Alésia, F-75014 Paris (FR). VAN
DER WERF, Sylvie [FR/FR]; 112, allée de la Pointe
Genete, F-91190 Gil-sur-Yvette (FR). VIGNUZZI,
Marco [IT/FR]; 59, rue Saint Denis, F-75001 Paris (FR).
GERBAUD, Sylvie [FR/FR]; 56, rue Garibaldi, F-94100
Saint-Maur-des-Fosses (FR).

(74) Agents: VIALLE PRESLES, Marie, José et al.; Cabinet
Ores, 6, avenue de Messine, F-75008 Paris (FR).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: REPLICONS DERIVED FROM POSITIVE STRAND RNA VIRUS GENOMES USEFUL FOR THE PRODUCTION

OF HETEROLOGOUS PROTEINS

(57) Abstract: The present invention relates to replicons or self-replicating RNA molecules, derived from the genome of car-
~~ dioviruses and aphtoviruses, which can be used to express heterologous proteins in animal cells. When injected in an animal host,
for example in the form of naked RNA, these replicons permit the translation of the encoded heterologous protein. If the encoded
heterologous protein is a foreign antigen, these replicons induce an immune response against the encoded heterologous protein. The
invention uses cardiovirus and aphtovirus genomes to construct these replicons. The invention demonstrates that these replicons,
when injected as naked RNA, can induce immune responses against a replicon-encoded heterologous protein in an animal recipient

without the help of any kind of carrier or adjuvant.



10

15

20

25

WO 02/095023 PCT/1IB02/02810

REPLICONS DERIVED FROM POSITIVE STRAND RNA VIRUS GENOMES
USEFUL FOR THE PRODUCTION OF HETEROLOGOUS PROTEINS

The present invention relates to replicons or self-replicating RNA
molecules, derived from the genome of cardioviruses and aphtoviruses, which can be
used to express heterologous proteins in animal cells. When injected in an animal host,
for example in the form of naked RNA, these replicons permit the translation of the
encoded heterologous protein. If the encoded heterologous protein is a foreign antigen,
these replicons induce an immune response against the encoded heterologous protein.
The invention uses cardiovirus and aphtovirus genomes to construct these repficons. The
invention demonstrates that these replicons, when injected as naked RNA, can induce
immune responses against a replicon-encoded heterologous protein in an animal recipient
without the help of any kind of carrier or adjuvant.

Genetic immunization is a powerful alternative tool for vaccine
development. It is based on the inoculation of DNA expression vectors containing gene
sequences encoding the foreign protein. For instance, immunization with naked DNA
vectors encoding the influenza nucleoprotein (NP) has been shown to induce antibodies
and cellular responses, thereby protecting an animal host against both homologous and
cross-strain challenge infection by influenza A virus variants (2, 27, 28). The advantages
of DNA immunization include ease of production, ease of purification and administration
of the vaccine, and the resulting long-lasting immunity.

The long-term immunity associated with DNA immunizations is likely
related to the long-term persistence and expression of injected DNA. Indeed, injected
DNA molecules have been shown to persist more than one year in the mouse model (31).
However, for this very reason some question remains, from a clinical standpoint, as to the
potential risk of integration of DNA sequences into the host genome. Although
preliminary studies in animals have not demonstrated genome integration events (19),
such integrations can cause insertional mutagenesis, activation of protooncogenes, or

chromosomal instability, which may result in diseases, such as cancer (35).
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To avoid this potential problem, the inventors generated naked, self-
replicating RNA molecules, or replicons, derived from positive strand RNA virus
genomes. RNA has already been proposed as an alternative to DNA for genetic
immunization, but development of this approach has faced new problems posed by the
short intracellular half-life of RNA and its degradation by ubiquitous RNases. Initial
attempts used mRNA to induce immune responses, administered intramuscularly (5), by
gold particle-coated gene gun delivery (25) or by liposome-encapsulated injection to
protect the RNA during administration (17). To further improve delivery of these
molecules and expression of the encoded heterologous proteins, encapsidated self-
replicating RNAs or replicons derived from the genomes of positive strand RNA viruses
have been developed to vehicle heterologous sequences into the cell. In these replicons,
genomic structural genes are replaced by heterologous sequences, while retaining their
non-structural genes to permit one round of replication. This molecular design permits
the expression of foreign proteins.

The genomes of the alphaviruses, Semliki Forest virus (SFV), Sindbis
virus and Venezuelan equine encephalitis virus, have been manipulated in this manner to
allow the expression of foreign proteins (11, 24). Protein packaging of RNA-based
replicons stabilizes them, allowing the injection of the resulting virus-like particles to
induce an array of immune responses against the heterologous protein. Similarly, the
positive sense RNA of poliovirus has been deleted of its capsid coding sequences to
permit the expression of foreign proteins (3, 21) and when packaged into virus-like
particles, can induce immune responses upon injection of mice transgenic for the
poliovirus receptor (18, 23).

Contrary to studies with packaged RNA molecules, the inventors have
studied the ability of naked RNA replicons to induce immune responses, arguing that
packaging these vectors is unnecessary since their replicative nature alleviates the need
for large quantities of input RNA. In the case of recombinant SFV vectors encoding the
hemagglutinin (HA) and NP molecules of influenza A virus, naked RNA injection has

been found to induce specific antibodies (6, 34). Recently, some publishers have reported
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that recombinant replicons derived from SFV were able to induce protective antibodies
against Influenza A, Respiratory Syncytial and Looping Ill viruses (10), and cytotoxic T
lymphocytes (CTLs) against lacZ used as model antigen (33).

The inventors reported recently (30) that a recombinant SFV replicon,
which encodes the internal influenza A NP protein (rfSFV-NP), could elicit Both humoral
and cellular immune responses against Influenza A virus upon injection of RNA in naked
form, in a response that was found to be comparable to that induced by plasmid DNA.
Furthermore, the inventors demonstrated that naked injection of the rSFV-NP replicon
was able to induce a CTL response specific of the immunodominant epitope of the
influenza NP and to reduce pulmonary viral loads in mice challenged with a mouse-
adapted influenza virus, to the same extent as does the better described DNA
immunization technique.

The inventors reported also that a poliovirus replicon, which encodes the
internal influenza A NP protein (rAP1-E-NP), could elicit a much weaker humoral
immune response in mice than did the Semliki rSFV-NP replicon upon injection of RNA
in naked form. Moreover, no CTL response against the Influenza NP could be detected in
mice injected with rAP1-E-NP replicon RNA (30). Therefore, the inventors decided to
explore the use of the genome of other virus members of the Picornaviridae family in
order to construct new replicons for the expression of heterologous proteins in animal
cells and in animal recipients, after their injection, in the form of naked RNA, for
example. Members of the Aphtovirus and Cardiovirus genus, which share the same
genetic organization could be used for this purpose. As a working example, the inventors
used the Mengo virus as the prototype cardiovirus.

To construct a replicon based on the Mengo virus genome, the inventors
determined which genomic sequences could be deleted without affecting the molecule’s
replication. To this end, a series of in frame deletions encompassing all or part of the
coding region of the L-P1-2A precursor protein were engineered in the Mengo virus
genome. The replicative characteristics of the corresponding subgenomic RNA molecules

were analyzed. The inventors demonstrated that all the coding region of the L-P1-2A
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precursor could be removed from the Mengo virus genome without affecting its
replicative capacity, with the exception of a short nucleotide sequence of the VP2 coding
region. Indeed, the inventors demonstrated that the region encompassing nucleotides
1137 to 1267 of the Mengo virus genome (numbering is for the vMC24 attenuated strain)
contained a Cis-acting Replication Element (CRE), which was absolutely required for a
subgenomic Mengo virus RNA molecule to be able to replicate in transfected cells (15).
The situation here is strikingly different from what was observed with the poliovirus
genome and the aphtovirus genome, for which the entirety of the capsid protein precursor
(P1) could be deleted without affecting the replication of the corresponding subgenomic
RNA molecules (1, 12). ‘

After constructing the Mengo virus-derived replicon, the inventors
demonstrated that subgenomic Mengo virus replicons were able to express heterologous
sequences. The immunogenicity of replicons can be improved by various methods. For
example, the inventors have demonstrated that Mengo virus replicons can be encapsidated
in trans when transfected into cells expressing the P1 precursor of capsid proteins.
Replicon RNAs can also be condensed with polycationic peptide protamine as described
by Hoerr et al. (37).

The invention describes the construction and the use of replicons
constructed from genomes of viruses in the genus Cardiovirus. Similar replicons can also
be constructed from viral genomes in the genus Aphtovirus, as aphtoviruses are also
members of the Picornaviridae family and share identical genetic organization with
cardioviruses.

The term “replicons” as used herein includes, but is not limited to, self-
replicating recombinant positive strand RNA molecules.

The term “positive strand™ as used herein includes, but is not limited to
an RNA strand that directly encodes a protein.

The term “express” or any variation thereof as used herein includes, but

is not limited to, giving rise to or encoding the production of a protein or part of a protein.
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The present invention provides a self-replicating recombinant positive strand

RNA molecule of a viral genome of an RNA virus (replicon), wherein the RNA molecule

comprises:

(a) RNA sequence encoding the non-structural proteins of the RNA
Virus ;

(b) viral non-encoding RNA sequences necessary for viral replication ;
and

(c) RNA sequence encoding a heterologous protein or fragment of a
heterologous protein.

According to an advantageous embodiment of said replicon; the RNA
sequence encoding the non-structural proteins in a) and/or the viral non-encoding RNA
sequences necessary for viral replication in b) are either in mutated or truncated forms.

According to an other advantageous embodiment of said replicon, the
RNA virus is in the genus of Cardiovirus or Aphtovirus ; preferably a Mengo virus ; most
preferably, said replicon further comprises the Cis-acting Replication Element (CRE) of
the Mengo virus or the Theiler’s virus VP2 gene.

According to an other advantageous embodiment of said replicon, the
heterologous protein as defined in c), is chosen from a biologically active protein, a
reporter protein, a cytotoxic protein, a protein of a pathogen, or a protein of a tumor ;
preferably the reporter protein is green fluorescent protein and the protein of a pathogen is
influenza nucleoprotein or influenza hemagglutinin.

According to an other advantageous embodiment of said replicon, the
fragment of a heterologous protein as defined in c), is an antigen or epitope of said
heterologous protein.

Replicons can be constructed by deleting all or part of capsid coding
sequences and retaining all coding and non-coding sequences necessary for replication.
Retention of genomic replication sequences allows the expression of viral and
heterologous gene products in appropriate cells. For example, the CRE, found in the

Mengo virus VP2 gene, is essential for replication.
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Replicons can be prepared by several methods. In one embodiment, the
appropriate DNA sequences- are transcribed in vitro using a DNA-dependant RNA
polymerase, such as bacteriophage T7, T3, or SP6 polymerase. In another embodiment,
replicons can be produced by transfecting animal cells with a plasmid containing
appropriate DNA sequences and then isolating replicon RNA from the transfected cells.
For example, the complementary DNA (cDNA) encoding a replicon can be placed under
the transcriptional control, downstream, of the polymerase I promoter and upstréam of the
cDNA of the hepatitis  ribozyme. The term “transfection” as used herein includes; but is
not limited to, the introduction of DNA or RNA into a cell by means of elect;oporation,
DEAE-Dextran treatment, calcium phosphate precipitation, liposomes (e.g., lipofectin),
protein packaging (e.g., in pseudo-viral particles), protamine condensation, or any other
means of introducing DNA or RNA into a cell.

The invention also provides the following DNA molecules which are
useful for the production of the self-replicating recombinant positive strand RNA
molecule according to the invention :

- a DNA molecule that encodes a self-replicating recombinant positive
strand RNA molecule of a viral genome of an RNA virus according to the invention. In a
preferred embodiment, said DNA molecule further comprises a suitable cloning vector,

- a DNA molecule comprising the sequence selected from SEQ. ID. NO.
26 and SEQ ID NO: 27 (plasmids deposited at the CNCM Institut Pasteur, 28, rue du
Docteur Roux, 75724 Paris cedex 15, France, on May 21, 2001, respectively under
Accession No. I-2668 and 2669) or a fragment thereof, and DNA sequence encoding a
heterologous protein or fragment of a heterologous protein in an expressible form ;
preferably said DNA molecule comprises SEQ ID NO: 28 (plasmid deposited at the
CNCM Institut Pasteur, 28, rue du Docteur Roux, 75724 Paris cedex 15, France, on May
16, 2002, under Accession No. I-2879), and .

- a DNA molecule comprising the sequence selected from the sequence
SEQ. ID. NO. 26 and SEQ ID NO: 27 (plasmids deposited at the CNCM Institut Pasteur,
28, rue du Docteur Roux, 75724 Paris cedex 15, France, on May 21, 2001, reépectively
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under Accession No. 1-2668 and 2669) either in a mutated or truncated form, or a
fragment thereof, and DNA sequence encoding a heterologous protein or fragment of a
heterologous protein in an expressible form.

According to preferred embodiments of said DNA molepules, the
heterologous protein is chosen from a biologically active protein, a repo‘rter; protein, a
cytotoxic protein, a protein of a pathogen, or a protein of a tumor ; preferably, the reporter
protein is green fluorescent protein, the protein of a pathogen is influenza nucleoprotein,
influenza hemagglutinin, or lymphocitic choriomeningitis virus nucleoprotein and the
heterologous protein fragment is an antigen or epitope of said heterologous protein,
preferably the NP118-126 epitope of the lymphocytic choriomeningitis virus
nucleoprotein.

The replicon of the invention has several potential uses. In a first
embodiment, replicons can be used to express heterologous proteins in animal cells or an
animal host by inserting sequences coding for heterologous polypeptides into the
replicons and introducing the replicons into the animal cells or the animal host. In one
embodiment, the animal host is a dog, cat, pig, cow, chicken, mouse, or horse. In a
preferred embodiment, the animal host is a human. Replicons can be introduced into the
host by several means, including intramuscular injection, gold particle-coated gene gun
delivery, protein-packaged injection (e.g., packaged in pseudo-viral particles), protamine-
condensed injection, or liposome-encapsulated injection. For example, a Mengo virus-
derived replicon allows the transient expression of a therapeutic protein at or near to the
site of injection or expression of a toxic protein or a proapoptotic protein in a solid tumor
by direct injection, thus providing a form of anti-tumor gene therapy. In addition,
recombinant replicons can be used in vitro or in vivo in order to express conveniently
detected reporter protein. These replicons can be used to monitor RNA replication and
RNA delivery, thereby allowing for optimization of animal cell transfection or RNA
delivery into an animal host. Finally, replicons can be used to express any protein of
interest for further studies on protein characterization, protein production, or protein

localization, for example.
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In another embodiment, replicons can be used to induce an immune
response against the encoded heterologous protein in an animal recipient. Thus, the
replicons of the instant invention along with a pharmaceutically acceptable carrier can
constitute a vaccine. Pharmaceutical carriers include, but are not limited to, sterile liquids,
such as water, oils, including petroleum oil, animal oil, vegetable oil, peanut oil, soybean
oil, mineral oil, sesame oil, saline solutions, aqueous dextrose, glycerol solutions,
polycationic particles, protein particles, protamine particles, liposomes, gold particles, or
any other protein or molecule able to condense the RNA. Replicons can, for example, be
injected in the form of either "naked" or encapsidated RNA. The term “naked” as used
herein includes, but is not limited to, an RNA molecule not associated with an}; proteins.

In one example, a replicon can express antigenic determinants of any
pathogen, including bacteria, fungi, viruses, or parasites. Replicons can also express
tumor antigens or a combination of tumor antigens and pathogen antigens. Such a
replicon can induce an immune response against a pathogen or tumor, thereby comprising
a vaccine against the corresponding disease. In this regard, the ability of Mengo virus-
derived replicons to induce a strong cellular immune response is an advantageous
property.

In a second example, a replicon can also be used as an
immunotherapeutic agent to treat individuals who are already ill. Specifically, replicons
can strengthen an existing immune response or induce a new response against a pathogen
or tumor antigen already present in the individual, thereby comprising a therapy against
the corresponding disease. For example, hepatitis B can be treated in this manner by
administering a replicons that express the hepatitis B virus surface antigen.

In a third example, a replicon can be constructed in order to express a
synthetic polypeptide consisting of a string of T cell epitopes derived from the same
antigen or from different antigens. These epitopes can specifically stimulate CD4+ T cells
(helper T cells) or CD8+ T cells (CTLs). Such a replicon can (1) induce a multispecific
immune response while taking into account HLA variability and (2) limit the pathogen’s

or tumor cell’s evasion of the immune response via antigenic escape.
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In a fourth example, any biologically active protein can be expressed by
a replicon. In one embodiment the biologically active protein is an immunomodulatory
protein, such as a cytokine or a chemokine, which can modulate the immune response of
the host. If injected at the same time and location as a replicon expressing a foreign
antigen, the cytokine replicon can modulate the immune response induced against the
foreign antigen. These replicons can also be used alone to modulate the immune response
against any pathogen antigen or cancer antigen. These replicons can also’modulate
autoimmune pathology, if properly administered.

Thus, the invention provides a vaccine comprising at least one self-
replicating recombinant positive strand RNA molecule according to the inveﬁtion, and a
pharmaceutically acceptable carrier.

In an advantageous embodiment of said vaccine, the self-replicating
recombinant positive strand RNA molecule is naked RNA.

In an other advantageous embodiment of said vaccine, the self-
replicating recombinant positive strand RNA molecule is encapsidated.

The invention also provides a method of inducing a protective immune
response in a host comprising:

(2) preparing at least one molecule selected from the self-replicating
recombinant positive strand RNA molecule and the DNA molecule according to the
invention, in a pharmaceutically acceptable carrier; and

(b) immunizing the host with the preparation of step (a).

In an advantageous embodiment of said method, the self-replicating
recombinant positive strand RNA molecule and the DNA molecule of step a) are naked.

In an other advantageous embodiment of said method, the self-
replicating recombinant positive strand RNA molecule of step a) is encapsidated.
| The invention also provides a therapeutic composition comprising at
least one molecule selected from the self-replicating recombinant positive strand RNA

molecule and the DNA molecule according to the invention, in an acceptable medium.,
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The invention also provides a therapeutic kit comprising at least one
molecule selected from the self-replicating recombinant positive strand RNA molecule
and the DNA molecule according to the invention in an acceptable medium.

The invention also provides a method for modulating the immune
response in a host comprising:

(a) preparing at least one one molecule selected from the self-replicating
recombinant positive strand RNA molecule and the DNA molecule according to the
invention in a pharmaceutically acceptable carrier; and

(b) immunizing the host with the preparation of step (a).

In an other advantageous embodiment of said mefhods, the
pharmaceutically acceptable carrier is chosen from water, petroleum oil, animal oil,
vegetable oil, peanut oil, soybean oil, mineral oil, sesame oil, saline solutions, aqueous
dextrose, glycerol solutions, polycationic particles, protein particles, protamine particles,
liposomes, and gold particles.

In an other advantageous embodiment of said methods the host is
selected from a human, a pig, a dog, a cat, a cow, a chicken, a mouse, or a horse.

The invention also provides a method for improving the immunogenicity
of a self-replicating recombinant positive strand RNA molecule of a viral genome of an
RNA virus by producing an encapsidated self-replicating recombinant positive strand
RNA molecule of a viral genome of an RNA virus comprising:

(a) transfecting the DNA or the self-replicating recombinant positive
strand RNA molecule according to the invention into cells expressing the P1 precursor of
capsid proteins;

(b) preparing the encapsidated self-replicating recombinant positive
strand RNA molecule from the transfected cells; and

(c) immunizing a host with the preparation of step (b).

The invention also provides a method for improving the immunogenicity
of a self-replicating recombinant positive strand RNA molecule of a viral genome of an

RNA virus, comprising:
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(a) condensing the self-replicating recombinant positive strand RNA
molecule according to the invention; and

(b) immunizing a host with the condensed RNA molecule of step (a).

The invention is further demonstrated by way of drawings and working
examples in which replicons were engineered from the Mengo virus genome. It should be
understood however that these examples are given only by way of illustration of the
invention and do not constitute in anyway a limitation thereof.
BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a schematic representation of plasmids encoding subgenomic

recombinant replicons derived from the Mengo virus genome. Green fluorescent protein
(GFP), HA, and NP genes are shown as hatched boxes. The CRE is shown as a stippled
box. The HA protein signal peptide (SP) and HA transmembrane region (TM) are
indicated by black bands.

Figure 2 is an SDS-PAGE analysis demonstrating the in vitro translation
and processing of the recombinant Mengo virus polyproteins in rabbit reticulocyte
lysates. Positions of molecular mass markers are indicated on the right. Mengo virus
protein precursors as well as some of their major cleavage products are indicated on the
left. The GFP-NP and GFP polypeptides and the influenza NP encoded by the
recombinant replicons are indicated by solid arrows.

Figure 3 is a slot blot demonstrating the replication of subgenomic
Mengo virus-derived replicons. At the indicated times post-transfection, cytoplasmic
RNA was harvested for analysis.

Figure 4 is a fluorocytometer reading of GFP expression in HeLa cells
transfected with recombinant replicon rMABB, rMABB-GFP or tMAXBB-GFP.

Figure 5 is an SDS-PAGE analysis of an immunoprecipitated influenza
NP protein expressed in [*°S] methionine labeled HeLa cells transfected with recombinant
replicon rMABB-NP. Loaded samples are as follows: mock transfected HeLa cells (lane
1); HeLa cells transfected with replicons tMABB (lane 2), tMABB-NP (lane 3) or
rMABB-GFP-NP (lane 4) and harvested at 10 hours post-transfection; mock infected
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HeLa cells (lane 5) and HeLa cells infected with A/PR/8/34 virus (lane 6) and harvested
at 20 hours post-infection. Molecular masses and positions of the viral HA protein, the
viral NP protein, and the viral M1 protein are shown on the right.

Figure 6 is a CTL assay demonstrating the induction of NP-specific CTL
activity in C57BL/6 mice immunized with tMABB-NP. Groups of four C57BL/6 mice
were immunized at three week intervals with the following vaccination protocols: 1
injection of 50 pg of pCI (O) or pCI-NP (®) DNA; 2 injections of 25 ug of rMABB (0J)
or rMABB-NP (M) RNA. Splenocytes were harvested three weeks after the last injection,
stimulated in vitro and then tested for cytolytic activity in a chromium release assay
against syngenic EL4 target cells loaded with NP366 peptide (a) or not (b). The
percentage of specific lysis is shown at various effector : target ratios. Data shown is from
one out of two experiments. Three weeks after the last injection, the frequency of
influenza virus-specific CD8+ T cells was measured by the [FNy ELISPOT assay in the
presence of the immunodominant NP366 peptide (c), as described in Materials and
Methods. Data are expressed as the number of SFC per 10° spleen cells.

Figure 7 is an ELISA demonétrating the induction of NP-speciﬁc
antibodies in C57BL/6 mice immunized with rMABB-NP, according to the same
vaccination protocol as in Figure 6. Titers are represented as the reciprocal of the highest
dilution of pooled serum, for a given group of five or six mice, giving an optical density
value at 450 nm equal to two times that of background levels in a direct ELISA test using
purified split A/PR/8/34 virions as antigen.

Figure 8 is a graphical representation of the pulmonary viral loads in
mice immunized with tMBBA-NP and then challenged with influenza virus. Open circles
represent mean values of each group, bars indicate standard deviations. Data shown is
from one out of two experiments.

Figure 9A is an SDS-PAGE analysis demonstrating the in vitro
translation of the native form of HA in rabbit reticulocyte lysates. The influenza HA
polypeptide encoded by the IMAFM-HA recombinant replicon is indicated by a solid

arrow and a non-cleaved precursor by an open arrow.
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Figure 9B is a slot blot demonstrating that monocistronic Mengo virus
replicons cannot express foreign glycosylated protein in transfected eukaryotic cells. At
the indicated times post-transfection, cytoplasmic RNA was harvested and slot blotted
onto a nylon membrane for analysis.

Figure 10 is an SDS-PAGE analysis of immunoprecipitated GFP fusion
polypeptides expressed in [°S] methionine labeled HeLa cells transfected with
recombinant Mengo virus replicons. Loaded samples were as follows: mock-transfected
HeLa cells or HeLa cells transfected with replicon RNAs rMABB-GFP, rMABB-GFP-
NP118 (2 clones) or rMABB-GFP-lcmvNP. Molecular masses (kDa) are shqwn on the
left.

Figure 11 is an ELISPOT assay demonstrating the induction of LCMV-
specific T cells in BALB/c mice immunized with rMABB-GFP-NP118 and rMABB-GFP-
lemvNP replicon RNA and, as controls, with pCMV-NP and pCMV-MG34 plasmid
DNA. Three weeks after the last injection, the frequency of LCMV-specific CD8+ T cells
was measured by the IFNy ELISPOT assay in the presence of the immunodominant
NP118-126 peptide, as described in Materials and Methods. Data are expressed as the
number of SFC per 10° spleen cells.

Figure 12 is a fluorocytometer reading of GFP expression in HeLa cells

transfected with recombinant Mengo virus replicons tMABB-GFP, rMABB-GFP-NP118,

or IMABB-GFP-lcmvNP.
EXAMPLES
Replicon cDNA derived from the Mengo virus genome was cloned, in
positive sense orientation, into a bacterial plasmid downstream of the T7 RNA
polymerase I promoter and upstream of a unique BamH I cleavage site. After linearizing
the bacterial plasmid with BamH I, T7 RNA polymerase was used to synthesize a viral
RNA-like transcript, which can be used for transfection of animal cells or for injection
into an animal host.
The first series of replicons, the tMABB series, were constructed as

described in Materials and Methods and Example 1. Almost all the coding sequences of
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the L-P1-2A precursor were deleted with the exception of the CRE. These replicons did
replicate in transfected HeLa cells and subsequently expressed GFP or influenza NP as
fusion proteins with vector derived residues. The rMABB-NP replicon, when injected in
the form of naked RNA, induced an anti-NP immune response in mice. Based on this
strategy, other replicons were constructed; they did replicate and subsequently permitted
the expression of the NP of lymphocytic choriomeningitis virus (LCMV) and of a
synthetic polypeptide corresponding to the immunodominant NP118-126 epitope of
LCMYV for H2® mice, as described in Example 9.

The second replicon series, the rIMAFM series, were constructed to express foreign
sequences in a more native form by minimizing the amount of vector sequences fused to
the foreign protein sequences. These TMAFM replicons also replicated in transfected
HeLa cells. In contrast, the rIMAFM-HA recombinant replicon, which contains the
entirety of the influenza HA sequences including its SP and TM region, was not
replication competent.

Picornaviral genomes normally do not encode glycoproteins. The inventors noted that
monocistronic Mengo virus-derived replicons cannot express foreign glycosylated
proteins, as the inventors previously showed for replicons derived from the poliovirus
genome. However, the inventors have previously demonstrated that dicistronic poliovirus
(PV) replicons can express glycoproteins. Specifically, the inventors constructed a
dicistronic replicon, rAPV-IR-HA, for which translation of the HA and PV sequences
were uncoupled by the insertion of the EMCV Internal Ribosome Entry Site (IRES). The
rAPV-IR-HA replicon replicates upon transfection and permits the expression of the HA,
correctly glycosylated, at the cell surface (29). Likewise, dicistronic Mengo virus
replicons can be constructed by the insertion of a foreign, viral or mammalian IRES and
tested for the ability to replicate and direct the expression of glycosylated proteins, such
as viral or tumor antigens or biologically active polypeptides.

MATERIJIALS AND METHODS

Cells, Viruses and Plasmid
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HeLa cells (ATCC Accession No. CCL-2) were grown at 37 °C under 5% CO; in
DMEM complete medium (Dulbecco's modified Eagle medium with 1 mM sodium
pyruvate, 4.5 mg/ml L-glucose, 100 U/ml penicillin and 100 pg/ml streptomycin),
supplemented with 5% heat-inactivated fetal calf serum (FCS) (TechGen # 8010050).
EL4 (mouse lymphoma, H-2") (ATCC Accession No. TIB-39) and P815 (mouse
mastocytoma, H-2%) (ATCC Accession No. TIB-64) cells were maintained in RPMI
complete medium (RPMI 1640, 10 mM HEPES, 50 uM B-mercaptoethanol, ' 100 U/ml
penicillin, 100 pg/ml streptomycin), supplemented with 10% FCS.

Mouse-adapted influenza virus A/PR/8/34(ma) (HIN1) was derived
from serial passage of pulmonary homogenates of infected to naive mice aé described
previously (20). Subsequent viral stocks were produced by a single allantoic passage on
11 day-old embryonated hen's eggs, which did not affect its pathogenicity for mice.
Plasmid pCI-NP was constructed by the insertion of the coding sequences of the
influenza NP between the Sal/I and Sma I sites of expression plasmid pCI (Promega #
E1731) downstream of the CMV immediate-early enhancer/promoter, as described
elsewhere (30). Plasmid pCI-NP contains the consensus sequence of A/PR/8/34(ma) NP
cDNA, which can be obtained from the inventors upon request, with a silent mutation at
codon 107 (E: GAG>GAA) and an additional Pro—>Ser mutation at codon 277. The
codon 277 mutation does not directly affect the major histocompatibility class I (MHC-I)
restricted immunodominant epitope of interest, NP366-374.

Construction of plasmids for the in vitro transcription of recombinant replicons

Plasmids containing Mengo virus cDNAs with L-P1-2A deletions and

substitutions were derived from plasmid pMC24 (also named pM16.1; kindly provided by

Ann Palmenberg, University of Wisconsin, Madison, WI), which contains the full-length
infectious cDNA of an attenuated Mengo virus strain placed downstream from the phage
T7 promoter (8).

Plasmid pMABB (SEQ ID NO: 26) contains a subgenomic Mengo virus
cDNA in which nucleotides 737 to 3787 were replaced by a Sac I/Xho 1 polylinker
(GAGCTCGAG) (SEQ. ID. NO. 1) and nucleotides 1137-1267 of vMC24 c¢DNA
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encompassing the Mengo virus CRE (Figure 1). Plasmid pMABB was constructed by
digesting plasmid pMN34 (15) with Bs¢B I followed by self-ligation. Bacteria containing
the pMABB were deposited at the Collection Nationale de Cultures de Microorganismes
(CNCM) Paris, France, on May 21, 2001, under Accession Number 1-2668. Plasmid
pMAN34 is similar in design to pMABB, but a smaller portion of the Mengo virus
genome (nucleotides 737 to 3680) has been removed.

Plasmid pMAXBB was constructed so as to remove CRE encdmpassing
sequences from the pMABB plasmid. Briefly, a XAo I-Bst BI linker was obtained by the
annealing of the oligonucleotides 5'-TCGAGGCTAGCTT-3' (SEQ. ID. NO..2) and 5'-
CGAAGCTAGCC-3' (SEQ. ID. NO. 3) and cloned between the XAo I and Bst B I site of
plasmid pMNA34. Positive clones were sequenced using a Big Dye terminator
sequencing kit (Perkin Elmer # P/N 4303150) and an ABI377 automated sequencer
(Perkin-Elmer).

For cloning purposes, the sequences encoding GFP were amplified by PCR with the
proof-reading PWO polymerase (Roche # 1644947) using plasmid pEGFP-N1 (Clontech
# 6085-1) as a template and oligonucleotides
5’-GCTGAGCTCATGGTGAGCAAGGGCGAGGAGC-3’ (SEQ. ID. NO. 4); and
5’-GCAGAGCTCCTTGTACAGCTCGTCCATGCCG -3’ (SEQ. ID. NO. 5), both of
which included a Sac I restriction enzyme site (underlined), as primers.GFP sequences
were inserted in frame at the Sac I site of plasmids pMABB and pMAXBB, yielding
respectively plasmid pMABB-GFP and pMAXBB-GFP. Positive clones were sequenced
as indicated above.

The pMABB-NP plasmid was constructed in two steps. First, a recombinant cDNA
fragment containing a mutated cDNA of the influenza virus A/PR/8/34(ma) NP was
generated with PWO polymerase following an overlap extension PCR protocol (22). The
mutagenesis was performed in order to revert the mutation present at codon 277 to the
correct Pro277 and to introduce a silent mutation at codon 160 (D: GAT->GAC), thus
destroying a BamH I site for the purpose of the subsequent experiments. Briefly, the two
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overlapping DNA fragments were generated by PCR amplification of plasmid pCI-NP
with oligonucleotides

5’- TCTCCACAGGTGTCCACTCC- 3’ (SEQ. ID. NO. 6) and

5’- CACATCCTGGGGTCCATTCCGGTGCGAAC -3’ (SEQ. ID. NO. 7), and plasmid
pTG-NP24 (which is similar to pTG-NP82 described in reference 30, but does not contain
the P277S mutation) with oligonucleotides

5’ - ACCGGAATGGACCCCAGGATGTGCTCTCTG - 3’ (SEQ. ID. NO. 8) and

5’ - GTCCCATCGAGTGCGGCTAC -3’ (SEQ. ID. NO. 9). The fusion PCR product,
generated with oligonucleotides .
5'-CGGAATTCTCGAGATGGCGTCTCAAGGCACCAAACG-3' (SEQ. ID. NO. 10);
and

5'-GCGAATTCTCGAGATTGTCGTACTCCTCTGCATTGTC-3"' (SEQ. ID. NO. 11)
both of which included a X%o I restriction enzyme site (underlined), was cloned into the
EcoR 1 site of plasmid pTG186 (13), yielding plasmid pTG-R4. Positive clones were
sequenced as indicated above. Second, plasmid pMABB-NP was generated by inserting
the sequences encoding NP, derived from pTG-R4 upon digestion with X#o I, into the
Xho 1 site of pMABB such that the NP sequence was in frame with the remainder of the
Mengo virus polyprotein sequence. The GFP coding sequences were inserted into the
pMABB-NP plasmid in the same manner as for the pMABB plasmid using a unique Sac I
site (see above), yielding plasmid pMABB-GFP-NP. For construction of the pMABB-
GFP-lemvNP plasmid, the coding sequences of the NP of the LCMV virus were
amplified by PCR using the oligonucleotides
5’-CGGAATTCTCGAGATGTCCTTGTCTAAGGAAGTTAAG-3’ (SEQ. ID. NO 12)

and
5’-GCGAATTCTCGAGTGTCACAACATTTGGGCCTC-3’ (SEQ. ID NO. 13) with
plasmid pCMV-NP (39) as a template. The resulting DNA fragments were cloned into the
Xho Isite of plasmid pMABB-GFP. Positive clones were sequenced as indicated above.
To reconstitute the coding sequence of the NP118-126 H2%-restricted

immunodominant epitope of LCMV, a synthetic linker was obtained by annealing the
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oligonucleotides
5’TCGAAGCTAGCGAAAGACCCCAAGCTTCAGGTGTGTATATGGGTAATTTGA

CAC-3’ (SEQ. ID. NO. 14) and
5’TCGAGTGTCAAATTACCCATATACACACCTGAAGCTTGGGGTCTTTCGCTAG
CT-3’ (SEQ. ID. NO. 15) at a 100 uM concentration in 750 mM Tris-HCI pH 7.7 for 5
minutes at 100°C then for one hour at 20°C. This linker was inserted at the X%o I site of
the pMABB-GFP plasmid, yielding plasmid pMABB-GFP-NP118. Positive clones were
sequenced as indicated above.

For construction of the pMAFM plasmid (SEQ ID NO: 27), a synthetic
linker was obtained by annealing together the oligonucleotides
5'TCGAGGCTAGCCAGCTTTGAATTTTGACCTTCTTAAGCTTGCGGGAGACGTC
GAGTCCAACCCTGGGCCCT-3' (SEQ. ID. NO. 16) and
5'TCGAAGGGCCCAGGGTTGGACTCGACGTCTCCCGCAAGCTTAAGAAGGTCA
A AATTCAACAGCTGGCTAGCC-3' (SEQ. ID. NO. 17) at a 100 uM concentration in
750 mM Tris-HCl pH 7.7 for 5 minutes at 100°C then for one hour at 20°C. This linker
was inserted at the Xho I site of pMABB plasmid, yielding plasmid p2AB. Next, a second
linker was made by annealing oligonucleotides 5'-CGAGCATG-3' (SEQ. ID. NO. 18)
and
5'-CTAGCATGCTCGAGCT-3' (SEQ. ID. NO. 19). This linker was inserted between the
Sac 1 and Nhe 1 site of pA2AB, yielding plasmid pMAFM. Positive clones were
sequenced as indicated above. Bacteria containing the pMAFM plasmid were deposited
on May 21, 2001 at the CNCM, under Accession Number 1-2669.

To clone influenza HA sequences, viral genomic RNA was extracted
from lung homogenates of A/PR/8/34(ma) infected mice using 5M guanidium
isothiocyanate and phenol using standard RNA extraction procedures. The resulting viral
RNA was reverse transcribed into cDNA. Next, the HA coding sequences, including
Bam HI sites before the initiation codon and after the terminating codon, were amplified
by PCR with the PO polymerase and the
5'-CTGGATCCAAAATGAAGGCAAACCT-3' (SEQ. ID. NO. 20); and
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5'-CAGGATCCTAGATGCATATTCTGCACTG-3' (SEQ. ID. NO. 21) oligonucleotides.
The resulting DNA fragment was cloned at the Bam HI site of plasmid pTG186, yielding
plasmid pTG-HAS.

The coding sequences of the HA of the A/PR/8/34(ma) virus were then
amplified by PCR using the oligonucleotides

5’-GAAAGGCAAACCTACTGGTCCTGTT-3’ (SEQ. ID. NO. 22) and

5’-CGTGCAGTCGACAGGATGCATATTCTGCACTGCAAAG-3’
(SEQ. ID. NO. 23) using plasmid pTG-HAS8 as a template. The oligonucleotides were
designed so that the resulting DNA fragment could be digested by Sa/ I and cloned in
frame between the klenow-destroyed Sac I site and the Nhe 1 site of plasmid p2AAB,
yielding plasmid pMAFM-HA. Positive clones were sequenced as indicated above. This
plasmid contains a recombinant replicon cDNA, where the translation initiating AUG is
followed by the HA sequences fused in frame with the 2A/2B autocatalytic cleavage site
of Foot and Mouth Disease Virus (FMDV) followed by the CRE, the original Mengo
virus 2A/2B cleavage site, and the remainder of the viral polyprotein (Figure 1).

In vitro transcription of plasmid DNA

The Mengo virus-derived plasmids were linearized with BamH I and transcribed using the
Promega RiboMAX-T7 Large Scale RNA Production System (Promega # P1300)
according to the manufacturer's instructions. For in vivo studies, reaction mixtures were
treated by RQ1 DNase (1.5 U/pug DNA, Promega # M6101) for 20 min at 37 C, extracted
with phenol-chloroform, precipitated first in ammonium acetate-isopropyl alcohol, then in
sodium acetate-isopropyl alcohol, via standard molecular biology techniques, and
resuspended in endotoxin-free PBS (Life Sciences). For in vitro translation studies,
reaction mixtures were processed the same way but precipitated once with ammonium
acetate-isopropyl alcohol and resuspended in RNase free water.
Rabbit reticulocyte lysate in vitro translation

In vitro synthesized RNA (10pg/ml) was translated in vifro using the
Flexi™ rabbit reticulocyte lysate system (Promega # 1.4540) supplemented with 0.8
mCi/ml of [**S]-methionine (Amersham # SJ1515; 1000 Ci/mmol), 0.5 mM MgCl; and
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100 mM KCl. Reaction mixtures were incubated for 3 hours at 30 °C, treated with
100 pg/ml of RNase A in 10 mM EDTA for 15 minutes at 30 °C, and analyzed by
electrophoresis on a 12% SDS polyacrylamide gel which were autoradiographed on
Kodak X-OMAT film.

RNA ftransfection

RNA transfection into HeLa cells was performed by electroporation

using an Easyject plus electroporator (Equibio). Briefly, 16x10° cells were trypsinized,
washed twice with PBS, resuspended in 800 pl of ice-cold PBS and electroporated in the
presence of 32 pug of RNA or DNA using a single pulse (240 V, 1800 pF, maximum
resistance), in 0.4 cm electrode gap cuvettes. Cells were immediately transferred into
DMEM complete medium with 2% FCS, distributed into eight 35mm diameter tissue
culture dishes, and incubated at 37°C, 5% COa.
Analysis of RNA replication

At different time intervals post-transfection, cytoplasmic RNA was

prepared using standard procedures (26). After denaturation in 1X SSC, 50% formamide,
7% formaldehyde for 15 min. at 65°C, the RNA samples were spotted onto a nylon
membrane (Hybond N, Amersham # RPN203N) and hybridized with a *P-labelled RNA
probe complementary to nucleotides 6022-7606 of Mengo virus RNA. Hybridizations
were performed for 18 hours at 65°C in a solution containing 6X SSC, 5X Denhardt
solution and 0.1% SDS. The membranes were washed 3 times in a 2X SSC, 0.1%SDS
solution at room temperature and another 3 times in a 0.1X SSC, 0.1% SDS solution at
65°C. Finally the membranes were exposed on a STORM™ 8§20 phosphorimager
(Molecular Dynamics) and analyzed using the Image Quant program (Molecular
Dynamics).
Analysis of GFP expression in RNA-transfected cells

HeLa cells were transfected as described above. Eight to twelve hours
after transfection, cells were trypsinized, washed in PBS and fixed by incubation in 100yl
of PBS, 1% paraformaldehyde for 60 minutes at 4°C. Samples were then analyzed for

fluorescence intensity on a FACScalibur fluorocytometer (Becton-Dickinson).
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Analysis of influenza NP expression in RNA-transfected cells
Influenza virus A/PR/8/34-infected or RNA/DNA-transfected cells were
metabolically labeled with [>°S]-methionine (50 pCi/ml ; Amersham ; 1000 Ci/mmol) for

2 hours at times of peak expression. Peak expression times were determined by GFP
expression studies in HeLa cells transfected with tMABB-GFP replicon RNA or pCI-GFP
plasmid DNA. For RNA transfected cells, peak expression was observed between 6 and 9
hours post-transfection. For DNA transfected cells, peak expression was observed 20
hours post-transfection. For HeLa cells infected with A/PR/8/34 influenza virus, peak
expression was observed at 20 hours post-infection. Next, cells were washed in PBS and
lysed with 50 mM Tris-HC1 pH 7.5, 150 mM NaCl, 1 mM EDTA, 1% NP40 and
0.5% Protease Inhibitor Cocktail (Sigma). Cell extracts were then immunoprecipitated
overnight at 4°C in RIPA buffer (50 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA,
0.1% deoxycholate, 0.1% sodium dodecyl sulfate, 0.5% NP40 and 0.5% Protease
Inhibitor Cocktail) in the presence of protein A sepharose beads (Amersham Pharmacia
Biotech # 17-0780-01) with rabbit antibodies raised against influenza A/PR/8/34 virus.
The immunoprecipitates were washed in RIPA buffer, eluted in Laemmli sample buffer
(50 mM Tris-HCI pH 6.8, 2% SDS, 5% B-mercaptoethanol, 20% glycerol) at 65 °C,
analyzed by SDS-PAGE, and visualized by autbradiography on Kodak X-OMAT film.

Analysis of the expression of GFP fusion proteins in RNA-transfected cells

Extracts of RNA/DNA transfected HeLa cells were immunoprecipitated
and analyzed as described above for NP expression, but with rabbit antibodies raised
against GFP (Invitrogen #46-0092).

Immunizations ‘
C57BL/6 male mice (IFFA CREDO), 7 to 8 weeks of age, were
injected intramuscularly (i.m.) with 100 pl of PBS (50 pl in each tibialis anterior muscle)
containing either 50 pg of plasmid DNA or 25 pg of Mengo virus replicon RNA. Booster
injections were administered via im. injection at 3 week intervals. DNA used for
injection was prepared using the Nucleobond PC2000 kit (Nucleobond # 740576),
followed by extraction steps with triton X 114, then with phenol-chloroform. Samples
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were then tested for the absence of endotoxin (<100 U/mg) as measured with the QCL-
1000 endotoxin kit (BioWhittaker # 50-647U). RNA preparations were analyzed before

and after injection by agarose gel electrophoresis to verify the absence of degradation.

Antibody Titer

Blood from mice was collected three weeks after the last injection. Serial
dilutions of pooled serum samples were used to determine NP-specific antibody titers by
ELISA using as antigen 0.5 pg of detergent-disrupted A/PR/8/34 virus per well. Briefly,
96-well ELISA plates (NUNC Maxisorp, # 439454) were coated overnight at 4°C with
0.5 pg of detergent-disrupted A/PR.8/34 virus in 0.2 M sodium carbonate, 0.2 M sodium
bicarbonate, pH 9.6. Bound antibody was detected with a 1/2000 dilution of anti-mouse
IgG(H+L) antibody conjugated to horseradish peroxidase (HRP) (Biosystems # BI2413C)
and visualized by adding TMB peroxidase substrate (KPL # 50-76-00) as indicated by the
supplier.

Titers were calculated as the reciprocal of the dilution of pooled serum
that gave an optical density value at 450 nm equal to two times that of background levels.
Pooled serum was prepared from a group of 4 or 5 mice.

Cytotoxicity Assay

Spleen cells were collected three weeks after the last immunization and

seeded into upright T75 flasks at 2 x 10° cells/ml in RPMI complete medium,
supplemented with 10% FCS, 1.0 mM non-essential amino acids, 1mM sodium pyruvate
and 2.5% concanavalin A supernatant. Splenocytes were restimulated for 7 days with 10°
syngeneic spleen cells/ml, which had been pulsed for 3 hours at 37°C with 10 pM NP366
peptide (ASNENMETM, Neosystem; SEQ. ID. NO. 24) in RPMI complete medium
supplemented with 5% FCS, washed and irradiated (2500 rads). Cytotoxic activity of the
restimulated effector cells was measured using a standard 4 hour °'Cr release cytotoxicity
assay, essentially as described (9). EL4 and P815 target cells were pulsed or not with
NP366 peptide (10 uM) during *'Cr labeling. Spontaneous and maximal release of

radioactivity were determined by incubating cells in medium alone or in 1% triton X-100,
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respectively. The percentage of specific °'Cr release was calculated as (experimental
release - spontaneous release)/(maximal release-spontaneous release) x 100.
IFNy ELISPOT assay

Spleen cells were collected three weeks after the last inoculation and
analyzed for the presence of influenza or LCMV virus-specific CD8+ T cells in a
standard IFNy ELISPOT assay system. Briefly, spleen cells were stimulated for 20 hours
with 1uM influenza NP366 synthetic peptide (ASNENMETM, Neosystem; SEQ. ID. NO.
24) LCMV NP118-126 peptide (RPQASGVYM, Neosystem, SEQ. ID. NO. 25) and IL-2
(10 U/ml) in the presence of 5X10° irradiated (2000 rads) syngenic spleen cells per well
as feeder cells in 96-well Multiscreen HA nitrocellulose plates (Millipore), which had
been coated with rat anti-mouse IFNy antibodies (R4-6A2, Becton-Dickinson). Spots
were revealed by successive incubations with biotintylated rat anti-mouse IFNy
antibodies (XMG1.2, Becton-Dickinson), alkaline phosphatase-conjugated streptavidin
(Becton-Dickinson) and BCIP/NBT substrate (Sigma). The frequency of IFNy-producing
cells was determined by counting the number of spot-forming cells (SFC) in each well.
Results were expressed as the number of SFC per 10° spleen cells. '
Challenge infection of mice with A/PR/8/34(ma) virus

One or three weeks after the third immunization, C57BL/6 mice were
lightly anaesthetized with 100 mg/kg of ketamine (Merial) and challenged intranasally
with 100 pfu (0.1 LDsp) of A/PR/8/34(ma) virus in 40 pl of PBS. Mice were sacrificed

seven days post-challenge. Lung homogenates were prepared and titered for virus on
MDCK cell monolayers, in a standard plaque assay (36). Statistical analyses were
performed on the logyo of the viral titers measured for individual mice using the Student's
independent t test, with the assumptions used for small samples (normal distribution of
the variable, same variance for the populations to be compared).

Bacteria containing the plasmids pMABB and pMAFM were deposited at
the CNCM Institut Pasteur, 28, rue du Docteur Roux, 75724 Paris Cedex 15, France, as

follows:
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Plasmid Accession Number Deposit Date
pMABB (SEQ ID NO: 26) 1-2668 May 21, 2001
pMAFM (SEQ ID NO: 27) 1-2669 May 21, 2001
pMABB-GFP-lcmvNP (SEQ ID NO: 28)  1-2879 May 16, 2002

EXAMPLE 1 : Production of recombinant replicons derived from the Mengo virus

genome

For the production of Mengo virus genome-derived replicons, plasmid
vector pMABB was first constructed, in which the coding sequences of the L-P1-2A
precursor of capsid proteins were substituted with a Sac I/XAo I polylinker and Mengo
virus CRE, which was originally located in the VP2 capsid protein coding sequence (15).
This substitution was done in a manner to maintain the sequences corresponding to an
optimal 2A/2B autocatalytic cleavage site, consisting of the 19 C-terminal amino acids of
2A and the first amino acid of 2B (7) (Figure 1). Specifically, plasmid pMC24, which
contains the complete infectious ¢cDNA of an attenuated strain of Mengo virus
downstream of the T7 bacteriophage $10 promoter, was deleted of nucleotides 737-3787,
the L-P1-2A region that encodes the structural, L and 2A proteins. Deleted sequences
were replaced by a Sac I, Xho I polylinker and a sequence encompassing Mengo virus
CRE. Sequences encoding the 22 C-terminal amino acids of 2A that comprise the optimal
sequence for in cis autocatalytic cleavage at the 2A/2B site were retained as described
above. The resulting plasmid, pMABB (SEQ ID NO: 26, 8017 base pairs), allows iz vitro
transcription with the T7 RNA polymerase of synthetic ’MABB replicon RNA. The first
base of SEQ ID NO: 26 corresponds to the first one of the replicon RNA, the BamH I site
used for linearization of the plasmid before transcription is at position 4837 and the T7

promoter is from nucleotides 7999 to 8017 and 2G residues (nucleotides 8016 and 8017)
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are actually parts of the synthetic transcripts made from this plasmid with the T7 RNA
polymerase.

The sequences for the GFP, the influenza NP or a GFP-NP fusion protein
were then inserted into the polylinker of pMABB upstream of the CRE and the
reconstituted 2A/2B cleavage site, in-frame with the rest of the sequences encoding the
Mengo virus polyprotein yielding plasmid pMABB-GFP, pMABB-NP and pMABB-GFP-
NP (Figure 1). '

For negative control purposes, plasmids pMAXBB and pMAXBB-GFP
are similar to pMABB and pMABB-GFP, respectively, except these AX constructs do not
contain the Mengo virus CRE (Figure 1).

All plasmids described in this application were obtained in the
laboratory using techniques known in the art. Their nucleotide sequences are known and
available. They have been checked through con{plete sequencing of the inserts, when
these have been obtained through PCR amplification.

The recombinant RNAs, rMABB, rMABB-GFP, rMABB-NP and
rMABB-GFP-NP, derived from ir vitro transcription with T7 RNA polymerase of the
pMABB, pMABB-GFP, pMABB-NP and pMABB-GFP-NP plasmid DNA, linearized
with Bam HI, were translated in vitro in rabbit reticulocyte lysates. Translation products
were analyzed by SDS-PAGE and visualized by autoradiography. As shown in Figure 2,
the replicon-encoded polyproteins were properly cleaved by the 3C protease to express
the non-structural proteins necessary for RNA amplification, as evidenced by the end
products of cleavage : such as the 2C, 3C, 3D and 3CD proteins. On the contrary, correct
in cis cleavage of the reconstituted 2A/2B site was not observed for each of the rMABB
derived replicons. The inventors anticipated that the foreign sequences would be
expressed as a fusion protein with 7 linker encoded residues, the CRE encoded
polypeptide (CREP, 44 amino-acids) and the last 22 residues of the 2A protein, enlarging
the size of the foreign polypeptides by about 8 kD. For the recombinant tMABB-NP
replicon, expression of the properly cleaved NP-CREP-2A* fusion protein would be

revealed by the presence of a band with an expected molecular mass of 63 kDa, whereas a
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band of an approximate molecular mass of 70 kDa, or slightly heavier, was observed
(Figure 2). On the contrary, the GFP-CREP-2A* and GFP-NP-CREP-2A* fusion proteins
migrated with a molecular mass similar to that expected (35 kDa and 89 kDa,
respectively).

The inventors explain this apparent discrepancy between the expected
size and the actual size of the NP protein made from the rMABB-NP replicon, in that the
2A/2B cleavage did not occur and, given the size of the 2B protein (151 amino:acids), an
alternate cleavage occurred instead inside the 2B polypeptide, at approximately one third
of its N-terminus. In this case, the NP related heterologous sequences encoded by the
rMABB-NP vector were expressed as a NP-CREP-2A*-A2B fusion polypeptide. It is
possible that the stretch of amino acids, encoded by the NP sequences and CRE and
located before the cleavage site, forced the remainder of the 2A sequences to fold in a
way which did not permit cleavage. The inventors currently have no explanation for the
occurrence of an abnormal cleavage inside the 2B polypeptide, but alternate processing
pathways have already been described for other picornaviruses, especially when one
cleavage event of the processing cascade is blocked (4).

EXAMPLE 2 : Replicative characteristics of Mengo virus genome-derived
replicons, rMABB, rMABB-GFP, rMABB-NP, and rMABB-GFP-NP

The inventors next determined if foreign sequences could be inserted

into the Mengo virus genome without affecting replication of the RNA. Additionally,
since the influenza NP has been shown to associate non-specifically with RNAs (14, 32),
an interaction with the Mengo virus RNA could hypothetically affect overall replication
efficiency. Therefore, synthetic RNA transcripts of tMABB, tMABB-GFP, rMABB-NP
and rMABB-GFP-NP were transfected into HeLa cells and total cytoplasmic RNA was
extracted at various times post-transfection. Hybridization after slot blotting using a [*2P]
radiolabeled riboprobe complementary to nucleotides 6022-7606 of Mengo virus RNA
revealed efficient replication for all RNAs (Figure 3). In the inventor's studies, cells were
transfected by electroporation which was more efficient than the classic DEAE-dextran

technique (>50% of the cells transfected). Under these conditions, all four RNA species
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induced a cytopathic effect (CPE), regardless of the presence or absence of capsid
proteins, and resulted in the general destruction of the cell monolayer 24 hours post-
transfection (data not shown). Taken together, these results illustrated that the insertion
of foreign sequences, such as GFP or NP coding sequences, had no negative effect on

RNA replication.

EXAMPLE 3: Expression of Green Fluorescent Protein by recombinant Mengo virus

derived replicon

GFP expression was analyzed by cytofluorometry, monitoring the 530 nm fluorescence of
cells transfected with Mengo virus-derived replicons. HeLa cells were mock transfected
or transfected by electroporation with tMABB, tMABB-GFP or rMAXBB-GFP replicon
RNA. At 9 hours post-transfection, cells were trypsinized and then analyzed for
fluorescence intensity on a FACScalibur fluorocytometer, as the period of GFP peak
expression ranges from 7 to 12 hours for all the tested replicons according to results of
preliminary experiments. As shown in Figure 4, GFP expression could be detected in
cells' transfected with the tTMABB-GFP but not in mock transfected cells or cells
transfected with the empty vector IMABB. Interestingly, cells transfected with replicon
rMAXBB-GFP RNA did not show any fluorescence, confirming that Mengo virus CRE is
required for RNA replication and demonstrating therefore that RNA replication is needed
for significant expression of the foreign sequences. Thus, Mengo virus-derived
recombinant replicons were shown to direct the efficient expression of the GFP in

transfected cells.

EXAMPLE 4 : Expression of influenza nucleoprotein by recombinant Mengo virus

derived replicon

Nucleoprotein expression was analyzed by immunoprecipitation, with
antibodies against A/PR/8/34 virus, of cytoplasmic extracts from cells transfected with

Mengo virus-derived replicons or infected with A/PR/8/34 virus, as described in
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Methods. HeLa cells were transfected by electroporation with replicon RNA and at peak
expression were metabolically labeled with [*>S]-methionine for 2 hours, according to
results of preliminary experiments. Cytoplasmic extracts were prepared, and proteins
were immunoprecipitated with polyclonal antibodies raised against influenza A/PR/8/34,
analyzed by SDS-PAGE and visualized by autoradiography. As shown in Figure 5, a
protein with an apparent molecular mass of 70 kDa was specifically immunoprecipitated
from extracts of cells transfected with rMABB-NP (lane 3). As expected, no
immunoreactive proteins were detected from the mock transfected cells or from cells
transfected with replicon RNA derived from the empty vector tMABB.

The NP fusion polypeptide expressed by the Mengo virus-derived
replicon migrated with an apparent molecular mass of 70 kD (Figure 5, lane 3), which is
much higher than the molecular mass of 55kD of the native form of NP expressed in
A/PR/8/34 virus-infected cells (lane 6). As discussed above in Example 1, this difference
in molecular mass accounted for the additional amino acid residues of the NP-CREP-2A*
fusion protein and additional residues of the 2B protein, as it was observed in in vitro
translation experiments. Again, this observation was consistent with the hypothesis that
proteolytic processing at the 2A/2B site of the Mengo virus polyprotein did not occur and
that an alternate cleavage site inside the 2B sequence was used instead. Interestingly, this
did not affect overall replication efficiency of replicon RNA, suggesting that this alternate
processing pathway could be part of the Mengo virus polyprotein processing cascade.

Transfection of HeLa cells with the recombinant replicon rMABB-GFP-
NP (Figure 5, lane 4) also resulted in high levels of NP-related protein expression. Again,
no cleavage at the 2A/2B site seemed to occur as the NP-related material migrated with a
molecular mass higher than expected (around 97 kDa instead of 89 kDa).

Thus Mengo virus-derived recombinant replicon were shown to direct
the efficient expression in transfected cells of heterologous sequences of a size at least up
to 2200 nucleotides.

EXAMPLE 5 : Induction of a NP-specific CTL response after injection of

recombinant Mengo virus derived replicon as naked RNA
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In order to establish the feasibility of using naked Mengo virus derived
replicon injection for eliciting a heterospecific immune response, the inventors
determined whether recombinant rMABB-NP injected as naked RNA was able to induce
an NP-specific CTL response, specifically against NP’s dominant H-2D°-restricted
epitope, NP366.

To this end, C57BL/6 mice were injected intramuscularly either twice
with 25 pg of tMABB-NP naked RNA, at monthly intervals, or once with 50 'ug of pCI-
NP naked DNA as a positive control. This immunization schedule was defined according
to previous experiments and based on the observation that one injection of plasmid DNA
was sufficient to induce a detectable NP-specific CTL response at levels just below those
obtained from mice having recovered from sub-lethal influenza A/PR/8/34(ma) infection
(data not shown). Splenocytes from immunized mice were harvested 3 weeks after the
last injection, stimulated in vitro with NP366 peptide and tested for cytolytic activity 7
days later in a classic chromium release assay, as described in Methods. Spleen cell
cultures initiated from mice injected with tIMABB-NP RNA or pCI-NP DNA specifically
lysed syngeneic EL4 cells loaded with NP366 peptide (Figure 6a). The CTL éctivity
induced by rABB-NP replicon RNA was quite similar to the one induced by pCI-NP
DNA and high (i.e., 60% to 70% specific lysis at an effector to target ratio of 6.7:1). In
all cases, no lysis was observed with stimulated splenocytes from control naive mice or
mice that were immunized with control vectors not bearing the NP sequences (Figure 6,
open symbols); nor was any lysis detected on syngeneic targets not charged with peptide
(Figure 6b). Finally, for all effector populations, lysis of allogeneic P815 target cells (H-
2% remained at background levels regardless of whether or not they were incubated with
peptide (data not shown), indicating that the cytolytic activity was H-2 restricted and thus
likely to derive from class I restricted CD8" T cell effectors.

Finally, the specific T cell responses induced by two i.m. injections of
rMABB-NP RNA and pCI-NP DNA were quantified by the IFN y ELISPOT assay. The
frequency of IFNy-producing cells was determined in response to in vitro stimulation of

spleen cells from immunized mice with the influenza virus immunodominant NP366
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peptide, as described in Materials and Methods. As shown in Figure 6c, the T cell
frequencies were remarkably high and in the same range (100 for 10° splenocytes) for
mice immunized with replicon RNA and plasmid DNA. As expected, less than 1 SFC per
10° spleen cells were obtained in the absence of NP366 peptide or with spleen cells from
mice immunized with empty vectors, serving as a mock control.

These findings thus showed that Mengo virus replicons were
immunogenic when injected as naked RNA and were able to induce an heferospecific
immunity against the inserted foreign sequences, such as those of the influenza NP.
EXAMPLE 6 : Induction of NP specific antibody after immunization with

recombinant replicons rMABB-NP
In order to evaluate whether recombinant rMABB-NP injected as naked

RNA was able to induce specific antibodies directed against influenza virus antigens,
C57BL/6 mice were injected intramuscularly three times at three week intervals with
25 ug of tMABB-NP RNA or 50 ug of PCI-NP DNA as a positive control. Sera were
collected three weeks after the last injection (1 or 2 for DNA, 2 for RNA). The specific
anti-NP antibody response was examined by ELISA, as described in Materials and
Methods.

As shown in Figure 7, two injections of 25 pg of naked rMABB-NP
RNA induced serum antibodies against influenza NP. The NP-specific ELISA titers were
slightly higher than those achieved by one injection of 50 pg of plasmid pCI-NP DNA but
notably lower than those obtained after two injections of pCI-NP DNA.

As in Example 5, these findings showed that Mengo virus replicons were
immunogenic when injected as naked RNA and were able to induce a heterospecific
immune response against the inserted foreign sequences of the influenza NP. Taken
together, Examples 5 and 6 demonstrate that Mengo virus replicons are able to induce
both humoral (antibodies) and cellular (CTLs) immune responses against an encoded
heterologous protein.

EXAMPLE 7 :Protective immunity iz vivo
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To show that the IMABB-NP can generate protective immunity in vivo,
C57BL/6 mice (6 per group) were immunized 3 times at three week intervals with either
25 pg of IMABB or tMABB-NP replicon RNA or 50 pg of pCI or pCI-NP plasmid DNA.
Three weeks after the last injection, mice were challenged with 10? pfu (0.1 LD50) of
mouse-adapted A/PR/8/34 and viral titers in the lungs were determined 7 days post
challenge infection. As shown in Figure 8, Virus loads in mice injected with each NP-
encoding vector were significantly lower than for mice injected with the cor;espondmg
empty vector (p<0.001; student's t test).

It is worth noting that although the drop in viral titer was moderate,
which would correlate with the high virulence of the inventors’ mouse-adapted viral
strain (LD50 was 10° pfu for C57BL/6 mice), the reduction in titer achieved with naked
RNA immunization was as efficient as that obtained with the better described naked DNA
immunization. This observation demonstrates that immune responses (most likely CTLs),
induced by naked RNA immunization with Mengo virus-derived replicons, can contribute
to protection against influenza by reducing pulmonary virus titer.

EXAMPLE 8 : Production of the recombinant rMAFM replicon derived from the

Mengo virus genome
In order to express foreign sequences in a more native form, the

inventors explored the possibility of minimizing the size of vector sequences fused to the
foreign ones. To achieve this, plasmid pMAFM was constructed by the insertion of the
sequences of the 2A/2B autocatalytic cleavage site of FMDYV between the polylinker and
CRE sequences of the pMABB encoded replicon (Figure 1). In its optimal form, this
cleavage site consists of 20 amino acids comprising the 19 C-terminal residues of the 2A
protein and the first Proline of the 2B protein (7).

The resulting plasmid pMAFM (8092 base pairs) corresponds to SEQ ID
NO: 27: the first base corresponds to the first one of the replicon RNA, the BamHI site
used for linearization of the plasmid before transcription is at position 4912, the T7

promoter is from nucleotides 8074 to 8092 and 2G residues (nucleotides 8091 and 8092)
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are actually parts of the synthetic transcripts made from this plasmid with the T7 RNA
polymerase.

Next, the sequences of the HA gene of the influenza A/PR/8/34(ma)
virus were inserted between the Sac I and Nhe I sites of pMAFM, immediately upstream
of FMDV 2A sequences and in frame with the remaining polyprotein sequences, yielding
plasmid pMAFM-HA.

In order to verify that these constructs could be transiated into
polyproteins and cleaved into end products as predicted, corresponding linearized
plasmids were transcribed in vitro and synthetic RNA were translated in rabbit
reticulocytes lysates as described above. All replicons showed similar translation profiles
of correctly cleaved end products, as evidenced by the presence of the 2C, 3C, 3D, and
3CD viral polypeptides (Figure 9A).

In particular, correct in cis cleavage of the reconstituted FMDV 2A/2B
site was observed for the recombinant replicon rMABB-HA; expression of the properly
cleaved HA-2A* fusion protein, containing the 26 extra amino acids residues of the
FMDV 2A protein (21 aa) and polylinker (5 aa), was hence revealed by the presence of a
band with the expected molecular mass of 65 kDa (Figure 9A). Interestingly, the presence
of a band of higher molecular mass suggested that this cleavage was not 100% efficient in
this in vitro translation assay.

For the corresponding parental replicon tMAFM, such cleaved product,
which would have appeared as a 3.4 kDa MCS-2A fusion protein, was not visible due to
its small size, but a polypeptide of an apparent molecular mass of 16 kDa was present; -
this polypeptide could correspond to sequences spanning Mengo virus CRE, the last 22
residues of Mengo virus 2A and the N-terminus of 2B, suggesting that in this case the
FMDV 2A/2B site was also cleaved whereas the original Mengo virus 2A/2B remained
uncleaved, as was seen previously in the case of the tMABB and rMABB-NP replicons.

To test the replication efficiency of these second generation replicons,
HeLa cells were transfected with synthetic RNAs by electroporation and at different time

intervals post-transfection, cytoplasmic RNA was extracted and analyzed by Northern
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hybridization with a Mengo virus specific [**P]-labeled riboprobe complementary to
nucleotides 6022-7606 of the Mengo virus genome. As shown in Figure 9B, the rMAFM
replicon did replicate as efficiently as its parent tMABB, indicating that the newly
engineered 2A/2B cleavage had no adverse effect on RNA synthesis. On the other hand,
the IMAFM-HA recombinant replicon was not replication competent.

Because the HA present in the IMAFM-HA replicon contained a SP and
TM region, this finding may be similar to the case of replicons constructed from the
genome of another picornavirus, the poliovirus. It was indeed found that the presence of
a SP at the immediate N-terminus of a poliovirus replicon polyprotein abrogated
replication of the corresponding RNA (1, 16). The inventors confirmed this .observation
recently by showing that the replication of a AP1 poliovirus replicon was abolished by the
insertion of the complete sequences of the influenza HA, which is a glycosylated
transmembrane protein (29). Moreover, the inventors demonstrated that it was possible to
express the glycosylated sequences of the HA using replicons derived from the poliovirus
genome and deleted of its P1 region, if these replicons were made dicistronic by the
insertion of an heterologous IRES, such as the EMCV IRES, between the foreign
sequences and the remaining P2P3 polyprotein sequences (29).

Therefore, dicistronic Mengo virus replicons can be constructed. This
can be done in a first instance by the insertion of a foreign, viral or mammalian IRES
between the Sac I/Xho 1 polylinker and the remaining polyprotein sequences of the
pMABB plasmid. For example, such dicistronic Mengo virus replicons can be constructed
by inserting the foreign IRES of equine rhinitis virus type A or type B, because both of
these IRESes compete efficiently for translation factors with the IRES of EMCV virus,
which is the prototype of the cardiovirous genus (38). Such dicistronic Mengo virus
replicons can replicate and express glycosylated foreign polypeptides, as it was
demonstrated by the inventors’ previous work with dicistronic poliovirus replicons. For
example, the influenza HA sequences can be inserted in one of these new dicistronic

Mengo virus replicons.
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These new dicistronic Mengo virus replicons will allow the expression
of foreign antigens or proteins of interest, when glycosylation is a key parameter of the
antigenicity or biological activity of the polypeptide. For example, Mengo virus
dicistronic replicons can be used to express either viral antigens, such as the HBs antigen
of the Hepatitis B virus or the envelope glycoprotein of the Human Immunodeficiency ‘
Virus, or cancer antigens, such as surface antigens of human tumor cells.

The Mengo virus IMAFM replicon vector can also be used to direct the
native expression of non-glycosylated foreign protein in transfected cells, as it was
observed in rabbit reticulocyte lysates.

EXAMPLE 9 : Expression of other antigens, LCMV nucleoprotein (NP) or LCMV

NP118-126 epitope by Mengo virus replicons

In order to show that Mengo virus-derived replicons inoculated as naked
RNA were able to induce heterospecific immune responses against other antigens, the
inventors constructed the rMABB-GFP-lcmvNP and rMABB-GFP-NP118 replicons.
These replicons encode respectively the NP and the NP118-126 H2%restricted
immunodominant epitope of LCMV as fusion proteins with GFP.

To achieve this, the plasmid pMABB-GFP-lemvNP (SEQ ID NO: 28,
10417 base pairs) was constructed as described in materials and methods. The first base
of SEQ ID NO: 28 corresponds to the first one of the replicon RNA. The BamH]1 site
used for linearization of the plasmid before transcription is at position 7237. The T7
promoter is from nucleotides 10399 to 10417 and 2G residues (nucleotides 10416 and
10417) are actually parts of the synthetic transcripts made from this plasmid with the T7
RNA polymerase.

Next, expression of the LCMV NP as a fusion polypeptide with GFP was
revealed by the presence of a band with an expected molecular mass of 97 kDa in
cytosolic extracts of HeLa cells, which had been electroporated with rMABB-GFP-
lemvNP replicon RNA (Figure 10). GFP expression could also be evidenced by
cytofluorometry, monitoring the 530 nm fluorescence of HeLa cells transfected with the

replicon (Figure 12). Similarly, expression of the NP118-126 LCMV epitope as a 15
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amino acid precursor (NP116-130, roughly 1.7 kDa) was detected as a fusion protein,
slightly heavier than GFP (35 kDa). This indicated that the recombinant rMABB-GFP-
lemvNP and rMABB-GFP-NP118 RNAs did replicate and permitted the synthesis of the
inserted sequences as was the case for the parental tMABB-GFP replicon described
above. Furthermore, together with Example 3, it showed that GFP expression could be
easily used as a marker for RNA replication of suitable Mengo virus-derived replicons.

Last, BALB/c mice were injected i.m. twice with 25 ug of rMBB-GFP,
rMABB-GFP-lcmvNP, or tMABB-GFP-NP118 naked RNA or with 50 pug of pCMV-NP
or pCMV-MG34 (40) naked DNA as a poéitive control. The frequency of IFNy-
producing cells was determined by the IFNy ELISPOT assay in response to in vitro
stimulation of spleen cells from immunized mice with the LCMV immunodominant
NP118-126 peptide, as described in Materials and Methods. As shown in Figure 11, both
rMABB-GFP-lcmvNP and rtMABB-GFP-NP118 replicons induced high frequencies of
LCMV-specific T cells (70 to 200 for 10° splenocytes). Interestingly, these frequencies
were slightly higher than those observed after genetic immunization with plasmid DNA.

In conclusion, these findings showed that Mengo virus replicons are
versatile tools for inducing heterospecific immune responses, as they can express in an
immunogenic form either full-length foreign antigens or short relevant peptides
corresponding to foreign epitopes.

Having now fully described the invention, it will be appreciated by those
skilled in the art that the invention can be performed within a range of equivalents and
conditions without departing from the spirit and scope of the invention and without undue
experimentation. In addition, while the invention has been described in light of certain
embodiments and examples, the inventors believe that it is capable of further
modifications. This application is intended to cover any variations, uses, or adaptations of
the invention which follow the general principles set forth above.

All references, manuals, patents, and patent applications cited herein are
incorporated by reference in their entirety.
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CLAIMS

1. A self-replicating recombinant positive strand RNA molecule of a
viral genome of an RNA virus, wherein the RNA molecule comprises:

a) RNA sequence encoding the non-structural proteins of the RNA virus;

b) viral non-encoding RNA sequences necessary for viral replication;
and

(c) RNA sequence encoding a heterologous protein or fragment of a
heterologous protein.

2. A self-replicating recombinant positive strand RNA molecule of a
viral genome of an RNA virus, wherein the RNA molecule comprises: '

(a) RNA sequence encoding the non-structural proteins of the RNA
virus;

(b) viral non-encoding RNA sequences necessary for viral replication;
wherein the RNA sequence in a) and/or the viral non-encoding RNA sequences in b) are
either in mutated or truncated forms, and

(c) RNA sequence encoding a heterologous protein or fragment of a
heterologous protein.

3. The self-replicating recombinant positive strand RNA molecule
according to claims 1 or 2, wherein the RNA virus is in the genus of Cardiovirus or
Aphtovirus.

4.  The self-replicating recombinant positive strand RNA molecule of
claim 3, wherein the RNA virus is a Mengo virus.

5. The self-replicating recombinant positive strand RNA molecule of
claim 4 further comprising the Cis-acting Replication Element (CRE) of the Mengo virus
VP2 gene.

6.  The self-replicating recombinant positive strand RNA molecule of
claim 4 further comprising the Cis-acting Replication Element (CRE) of the Theiler’s

virus VP2 gene.
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7.  The self-replicating recombinant positive strand RNA molecule
according to any one of claims 1 to 6, wherein the heterologous protein is chosen from a
biologically active protein, a reporter protein, a cytotoxic protein, a protein of a pathogen,
or a protein of a tumor.

8.  The self-replicating recombinant positive strand RNA molecule of
claim 7, wherein the reporter protein is green fluorescent protein.

9.  The self-replicating recombinant positive strand RNA molecule of
claim 7, wherein the protein of a pathogen is influenza nucleoprotein or influenza
hemagglutinin.

10. The self-replicating recombinant positive strand RNA molecule
according to any one of claims 1 to 6, wherein the heterologous protein fragment is an
antigen or epitope of said heterologous protein.

11. A vaccine comprising at least one self-replicating recombinant
positive strand RNA molecule according to any of claims 1-7 and 9-10, and a
pharmaceutically acceptable carrier.

12. The vaccine of claim 11, wherein the self-replicating recombinant
positive strand RNA molecule is naked RNA.

13.  The vaccine of claim 11, wherein the self-replicating recombinant
positive strand RNA molecule is encapsidated.

14. The vaccine according to claims 11 to 13, wherein the
pharmaceutically acceptable carrier is chosen from water, petroleum oil, animal oil,
vegetable oil, peanut oil, soybean oil, mineral oil, sesame oil, saline solutions, aqueous
dextrose, glycerol solutions, polycationic particles, protein particles, protamine particles,
liposomes, and gold particles.

15. A method of inducing a protective immune response in a host
comprising:

(a) preparing at least one self-replicating recombinant positive strand
RNA molecule of any of claims 1-7 and 9-10 in a pharmaceutically acceptable carrier;

and
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(b) immunizing the host with the preparation of step (a).

16. A method of inducing an immune response in a host according to
claim 15, wherein the self-replicating recombinant positive strand RNA molecule of any
one of claims 1-7 and 9-10 of step (a) is prepared in naked form.

17. A method of inducing an immune response in an a host according
to claim 15, wherein the self-replicating recombinant positive strand RNA molecule of
any one of claims 1-7 and 9-10 of step (a) is an encapsidated RNA.

18. The method according to claims 15 to 17, wherein the
pharmaceutically acceptable carrier is chosen from water, petroleum oil, animal oil,
vegetable oil, peanut oil, soybean oil, mineral oil, sesame oil, saline solutions, aqueous
dextrose, glycerol solutions, polycationic particles, protein particles, protamine particles,
liposomes, and gold particles.

19. The method éccording to claims 15 to 18, wherein the host is a
buman, a pig, a dog, a cat, a cow, a chicken, a mouse, or a horse.

20. A DNA molecule that encodes a self-replicating recombinant
positive strand RNA molecule of a viral genome of an RNA virus, wherein the RNA
molecule comprises:

(a) RNA sequence encoding the non-structural proteins of the RNA

virus;

(b) viral non-encoding RNA sequences necessary for viral replication;
and

(c) RNA sequence encoding a heterologous protein or fragment of a
heterologous protein.

21. A DNA molecule that encodes a self-replicating recombinant
positive strand RNA molecule of a viral genome of an RNA virus, wherein the RNA
molecule comprises:

(a) RNA sequence encoding the non-structural proteins of the RNA

virus;
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(b) viral non-encoding RNA sequences necessary for viral replication;
wherein the RNA sequence in a) and/or the viral non-encoding RNA sequences in b) are
either in mutated or truncated forms, and

(c) RNA sequence encoding a heterologous protein or fragment of a
heterologous protein. .

22. The DNA molecule according to claims 20 or 21, wherein the RNA
virus is in the genus of Cardiovirus or Aphtovirus.

23. The DNA molecule according to claim 22, wherein the RNA virus
is a Mengo virus.

24. The DNA molecule of claim 23, further encoding RNA comprising
the Cis-acting Replication Element (CRE) of the Mengo virus VP2 gene.

25. The DNA molecule of claim 23, further encoding RNA comprising
the Cis-acting Replication Element (CRE) of the Theiler’s virus VP2 gene.

26. The DNA molecule according to any one of claims 20 to 25,
wherein the heterologous protein is chosen from a biologically active protein, a reporter
protein, a cytotoxic protein, a protein of a pathogen, or a protein of a tumor.

27. The DNA molecule of claim 26, wherein the reporter protein is
green fluorescent protein.

28. The DNA molecule of claim 26, wherein the protein of a pathogen
is influenza nucleoprotein or influenza hemagglutinin.

29. The DNA molecule of claim 26, wherein the heterologous protein
fragment is an antigen or epitope of said heterologous protein.

30. The DNA molecule of claim 26, further comprising a suitable
cloning vector.

31. A DNA molecule comprising the sequence of SEQ. ID. NO. 26
(deposited at CNCM, Institut Pasteur, 28 rue du Docteur Roux, 75724 Paris Cedex 15,
France, on May 21, 2001, under Accession No. I-2668) or a fragment thereof, and DNA
sequence encoding a heterologous protein or fragment of a heterologous protein in an

expressible form.
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32. A DNA molecule comprising the sequence of SEQ. ID. NO. 26
(deposited at CNCM, Institut Pasteur, 28 rue du Docteur Roux, 75724 Paris Cedex 15,
France, on May 21, 2001, under Accession No. I-2668) either in a mutated or truncated
form or a fragment thereof and DNA sequence encoding a heterologous protein or
fragment of a heterologous protein in an expressible form.

| 33. The DNA molecule according to claims 31 or 32, wherein the

heterologous protein is chosen from a biologically active protein, a reporter protein, a
cytotoxic protein, a protein of a pathogen, or a protein of a tumor.

34. The DNA molecule according to claim 33, wherein the reporter
protein is green fluorescent protein. '

35. The DNA molecule according to claim 33, wherein the protein of a
pathogen is influenza nucleoprotein or influenza hemagglutinin,

36. The DNA molecule according to claims 31 or 32, wherein the
heterologous protein fragment is an antigen or epitope of said heterologous protein.

37. A DNA molecule comprising the sequence of SEQ. ID. NO. 27
(deposited at the CNCM, Institut Pasteur, 28 rue du Docteur Roux, 75724 Paris Cedex 15,
France, on May 21, 2001, under Accession No. I-2669) or a fragment thereof and DNA
sequence encoding a heterologous protein or fragment of a heterologous protein.

38. A DNA molecule comprising the sequence of SEQ. ID. NO. 27
(deposited at the CNCM, Institut Pasteur, 28 rue du Docteur Roux, 75724 Paris Cedex 15,
France, on May 21, 2001, under Accession No. I-2669) either in a mutated or truncated
form or a fragment thereof and DNA sequence encoding a heterologous protein or
fragment of a heterologous protein in an expressible form.

39. The DNA molecule according to claims 37 or 38, wherein the
heterologous protein is chosen from a biologically active protein; a reporter protein, a
cytotoxic protein, a protein of a pathogen or a protein of a tumor.

40. The DNA molecule according to claim 39, wherein the protein of a

pathogen is influenza nucleoprotein or influenza hemagglutinin.
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41. The DNA molecule according to claims 37 or 38, wherein the
heterologous protein fragment is an antigen or epitope of said heterologous protein.

42. A method of inducing a protective immune response in a host
comprising:

(a) preparing at least one DNA molecule of any of claims 20 to 41 in a
pharmaceutically acceptable carrier; and

(b) immunizing the host with the preparation of step (a).

43. A method of inducing a protective immune response in a host
according to claim 42, wherein the DNA molecule is naked DNA. ’

44. A method of inducing a protective immune respons-e in a host
according to claim 42, wherein the DNA molecule is encapsidated.

45. A therapeutic composition compﬁéing _,ét least a DNA molecule
according to claims 20 to 41 or a self-replicating recombinant positive strand [RNA
molecule according to claims 1-7 and 9-10 in an acceptable\,n%ec\iium. |

46. A therapeutic kit comprising at lea$f/a DNA molecule according to
claims 20 to 41 or a self-replicating recombinant positive'/ stj‘rand RNA molecule according
to claims 1-7 and 9-10 in an acceptable medium.

47. A method for modulating Jthé ,inimq;.;e response in a host
comprising:

(2) preparing at least one molecule selected from éhélleA molecule of -
any of claims 20 to 41 and the self-replicating recombinant positive sfrand RNA mblecule |
of any of claims 1-7 and 9-10 in a pharmaceutically acceptable carrier dﬁ\d |

(b) immunizing the host with the preparation of step (a). .

48. The method of claim 42, wherein the pharmaceuﬁica'ﬁy acceptable{ .
carrier is chosen from water, petroleum oil, animal oil, vegetable oil, peanut oil, §“gybea1’1' N
oil, mineral oil, sesame oil, saline solutions, aqueous de‘}'i:crosq glycerol 'solutihons,
polycationic particles, protein particles, protamine particles, liposomes, and_ ‘gold

particles.
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49. The method of claim 42, wherein the host is a human, a pig, a dog,
a cat, a cow, a chicken, a mouse, or a horse.

50. A method for improving the immunogenicity of a self-replicating
recombinant positive strand RNA molecule of a viral genome of an RNA virus by
producing an encapsidated self-replicating recombinant positive strand RNA molecule of
a viral genome of an RNA virus comprising:

(a) transfecting the self-replicating recombinant positive strand RNA
molecule of any of claims 1-7 and 9-10 or the DNA molecule of any of claims 20 to 41
into cells expressing the P1 precursor of capsid proteins;

(b) preparing the encapsidated self-replicating recombinant positive
strand RNA molecule from the transfected cells; and

(c) immunizing a host with the preparation of step (b).

51. A method for improving the immunogenicity of a self-replicating recombinant
positive strand RNA molecule of a viral genome of an RNA virus comprising:

(2) condensing the self-replicating recombinant positive strand RNA
molecule of any of any of claims 1-7 and 9-10; and

(b) immunizing a host with the condensed RNA molecule of sep (a).

52. The DNA molecule according to claim 31, comprising the sequence
of SEQ. ID. NO. 28 (deposited at CNCM, Institut Pasteur, 28 rue du Docteur Roux,
75724 Paris Cedex 15, France, on May 16, 2002, under Accession No. I-2879).

53. The DNA molecule according to claims 36 or 41, wherein the
epitope of said heterologous protein is the NP118-126 epitope of the lymphocytic

choriomeningitis virus nucleoprotein.
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

SEQUENCE LISTING

INSTITUT PASTEUR
ESCRIOU, Nicolas
VAN DER WERF, Sylvie
VIGNUZZI, Marco
GERBAUD, Sylvie

Replicons derived from positive strand RNA virus
genomes useful for the production of heterologous

proteins

SF226PCT102

US provisional N°60/292,515
2001-05-23

28

PatentIn Ver. 2.1

1

9

DNA

Artificial Sequence

Description of Artificial Sequence:primer

1

gagctcgag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

13

DNA

Artificial Sequence

Description of Artificial Sequence:primer

2

tcgaggctag ctt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

11

DNA

Artificial Sequence

Description of Artificial Sequence:primer

3

cgaagctagce ¢

<210>

4

1/14
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<211> 31
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 4
gctgagctca tggtgagcaa gggcgaggag ¢© 31

<210> 5

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 5

gcagagctcc ttgtacagcet cgtccatgcec ¢ 31

<210> 6

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 6

tctccacagg tgtccactcc 20

<210> 7

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 7

cacatcctgg ggtccattcc ggtgcgaac 29

<210> 8

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 8

accggaatgg accccaggat gtgctctctyg 30

<210> ¢
<211> 20

2/14
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<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 9
gtcccatcga gtgcggetac 20

<210> 10

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 10
cggaattctc gagatggcegt ctcaaggcac caaacg 36

<210> 11

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 11
gcgaattctc gagattgtcg tactcctctg cattgtce 37

<210> 12

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 12
cggaattctc gagatgtcct tgtctaagga agttaag 37

<210> 13

<211> 33

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:primer

<400> 13
gcgaattctc gagtgtcaca acatttggge ctc 33

<210> 14
<211> 54
<212> DNA

3/14
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<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 14
tcgaagctag cgaaagaccc caagcttcag gtgtgtatat gggtaatttg acac 54

<210> 15

<211> 54

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:plasmid

<400> 15
tcgagtgtca aattacccat atacacacct gaagcttggg gtctttcget aget 54

<210> 16

<211> 71

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 16
tcgaggctag ccagcetttga attttgacct tcttaagctt gcgggagacg tcgagtccaa 60

ccctgggece t 71

<210> 17

<211> 72

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 17
tcgaagggee cagggttgga ctcgacgtct cccgcaagcet taagaaggtc aaaattcaac 60

agctggctag cc 72

<210> 18

<211> 8

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 18
cgagcatg

<210> 19
<211> 16

4/14
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<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 19
ctagcatgct cgagct 16

<210> 20

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 20

ctggatccaa aatgaaggca aacct 25

<210> 21

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 21

caggatccta gatgcatatt ctgcactg 28

<210> 22

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 22

gaaaggcaad cctactggtc ctgtt 25

<210> 23

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:primer

<400> 23

cgtgcagtcg acaggatgca tattctgeac tgcaaag 37

<210> 24
<211> 9
<212> PRT

5/14
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<213>

<220>
<223>

<400> 24

Artificial Sequence

Ala Ser Asn Glu Asn Met Glu Thr Met

1

<210> 25
<211> 9
<212> PRT

5

<213> Artificial Sequence

220>

Description of Artificial Sequence:peptide

<223> Description of Artificial Sequence:peptide

<400> 25

Arg Pro Gln Ala Ser Gly Val Tyr Met

1

<210> 26
<211> 8017
<212> DNA

5

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:plasmid

<400> 26

tttgaaagcc
cgtgactacc
cgaaagtgcc
tggccgaagce
ttgtcgtetyg
taggggtctt
agttcctctg
gaatccccca
tgcaaaggcg
atggctctcc
gctgggatct
aaacgtctag
tatggctaca
gtctcaagac
cggatacgga
ttcagatctt
acaacggccyg
gccgaacgac
cgaggacgce
ggaaaatgta
tgtgcaactg
"ttgcttggga
agcagctaaa
tttccaacag
agactgggca
agaagagaga
gatttcagac

gggggtggga
cactcccect

aacccaaaac
cgcttggaat
tgacgatgta
tcecectceteg
gacgcttett
cctggtgaca
gcacaaccece
tcaagcgtat
gatctggggc
gcecceccgaa
accatggagc
actgccggca
acagttcatg
ttgatccacg
gtttttcaga
ttggccadgca
caaaaagcaa
aaaggaacat
attgccggga
gtcttgacag
ttcaaaacaa
cagtcccecce
gtgaagacag
gagcagaccc
cttcgtaatg

gatccggatt
ttcaacgtga
cacataacce
aaggceggtyg
- ggggcccgga
acaaaggaat
gaagacaagc
ggtgcctctyg
agtgccacgt
tcaacaaggyg
ctcggtgege
ccacggggac
tcgagaatac
acacggtcac
atggggaaca
atgtcgagac
ctcaaggagc
aagctatggg
tgaagattat
tgaacaacce
tgacgatagc
cagcagagat
tcttcactac
ttaaacaggt
ttgaaaaagt
tggatcagct
gaatggctgce

gccggtecge
aggctacgat
ccecececccee
tgcgtctgte
acctggtcct
acaaggtctg
aacgtctgta
cggccgaaag
tgtgegttgg
gctgaaggat
gtgctttaca
gtggttttce
agaggagatg
aaacacccaa
tccattcgaa
caatcceggyg
ggcagtgtca
atcagccttt
aaagacgtta
ggagttctgg
agtgatgcat
cacaagccag
tccececcect
caatgatgtt
ggttgattgg
gctccagcga
ctatgttgaa

6/14

tcgatatcgce
agtgccaggg
tceceeccecece
tatatgttac
gtcttcttga
ttgaatgtcg
gcgacccttt
ccacgtgtgt
atagttgtgg
gcccagaagg
cgcgttgagt
tttgaaaacc
gagaatttat
tcaaccgttg
acacattatg
cctttcacgt
tcaatggctce
acggctttgce
agttctctat
aaacaactct
ccggacccct
acaagcctgt
cgttttectg
ttctctetgg
tttggaactt
ttccecgage
tgcaaggaga

PCT/1IB02/02810

gggccgggte
cgggtcctgce
ctcacattac
ttctactaca
cgagtattcc
tgaaggaagc
gcaggcageyd
aagacacacc
aaagagtcaa
taccccactg
cgaggttaaa
acgacaataa
cagaccgagt
gtcgtcttgt
caggatactt
ttaaaccaag
aaaccctact
tcgatgccaa
cggatgcatg
taagcagatg
tgacgctgcet
gcgaagaaat
tgatctcact
caaagaacct
gggttgcaca
acgcgaagag
gcttcgattt

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



WO 02/095023

ctttgagaaa
tgaaaagttc
gttgcgeggt
ttctaaaact
tgatggctat
ttcagatttt
tagtctggag
cccggagttt
cgactactcg
ggatgttgaa
ttgcctatte
atctttggtt
cacagcggtg
tgtccagcag
agcctttgee
catgctttgt
acagatggtg
taacgaaacc
tccgactatg
gtaccccaca
gaatcggcac
ccgctcctea
cattcgectt
tgacgtattg
gatgtataca
tttcaaccac
cctggecgat
cgttgcagcece
gccececagggt
tgctttgcge
ttctaaattt
atccaatcag
agtattcgca
acttgagggyg
aggaatgcgt
agagagacta
caaggacgag
tccaccattt
ccagacccaa
gacagccttt
ttttgattct
agagaatggc
tgcgtatgag
ctcaatgtta
taaaaatttt
aactaattac
gattacaccc
attcctgaag
ggcgttagaa
aatcactatg
tcgcgaggtt
gttctggtaa
acggtcgtca
taaatagttt
gcatgcaagc
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgceg
ctegectgcegc
acggttatcc

ctttacaatc
agacaaaaac
gatgctggtc
atttttggge
gagaaccagt
accaccttct
agaaaaggaa
agacctgtta
gtgtctgcag
agagccttta
ttggaaaagg
gatgtgatcg
cagacccttg
ctcaaggcta
cgggttcagg
gccgccacce
agaccagact
acccgtataa
gactttgaaa
ggtgttagca
atggcagagt
gtgaaaatta
tcatctggtc
ccccatagcet
gggacattte
tgcatccact
cttggtggga
gcgtcgataa
gcacttgagc
ccgactgttg
gacccacgca
gaaaccctcece
ctgttgggeca
atggacccta
agaacagatg
gaaaaaatga
cttagaccta
gagcactgca
ccgggtcetgyg
ggtgtggcaa
acccattcag
ttcgacccat
gaaaagcgcet
aatacaataa
gagtttgatg
caattgaact
gctaacaaaa
agaaaattta
gcaatgttgt
cttgeecgtge
ggagtgatcg
tagcgcggtc
taccgcagac
taaaaaaaaa
ttttgttcce
cctgtgtgaa
tgtaaagcct
ceccgetttece
gggagaggcg
tcggtcegtte
acagaatcag

aagcagttaa
atgaccatgc
agggaaagtc
gccagtcagt
ttgccgcaat
gccagatggt
cccecttcac
caattgcccea
gtccagtttg
ggccaacagg
ctggcctgea
agagagctgt
tggcccaagg
gacaggaagc
agcggagttc
tagctctcac
tggtgcgggt
agcccaaaac
agtttgttge
ctcagacatyg
ctgactggac
tcgccatage
ccttgtttag
cttcecccect
tgaaggctgg
acaaagcaaa
gcaagaagat
tttcacaaga
ggctgccaga
ccagacaggt
cggatgctga
ccccagtgtt
gagacaatgg
tggacaagaa
ttgtagattg
ataacaaaga
tagagaaggt
ttctgggtag
aattgggctc
tgcaaggctt
tagctatatt
tggttaagga
atctcataac
tgaataatat
acgtgaaggt
ttgatagagt
cttctacctt
agaaagaggyg
catattatcg
attctggcaa
taccaacttt
actggcacaa
agggttcttc
aaaaaaaaaa
tttagtgagg
attgttatcc
ggggtgcecta
agtcgggaaa
gtttgcgtat
ggctgeggeg
gggataacgc

ggagaagaga
cacggcacga
attgtcaagt
ctattctctt
aatggatgat
gtccacgaca
atctcagcectc
fratcectgcet
ttcaaagacc
tgatgcecect
gttcagagat
gactagaata
gcctgttgat
tacagatgag
agtgttctca
acaagtggtg
ccagctggat
tcttcaattyg
taagtttgtt
cctacttgtyg
ctccattgta
caaagctggyg
agataatact
tattgggatc
cgtctecggtyg
tacacggaaa
tctgggcttc
aatgatcgat
tggtccgege
cttccaaccc
tgttgacgaa
tagaatggtt
aaggctgtca
cacttcccca
ggaaaccgcc
cttttccgac
acaagccgcc
acaactgctc
tgcaattggg
tgaaagggtg
taggttattg
ttatcttgag
cggtggtcett
tattattagg
cttgtcttat
gagaacaagc
tccectggaa
ccctctatat
tccagggact
acaggagtac
tgagagtgtg
cgcgttaccce
tactttgcaa
aaaacgggat
gttaattccg
gctcacaatt
atgagtgagc
cctgtecgtge
tgggcgcetcet
agcggtatca
aggaaagaac
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actggaattg
tgtgaaccag
caaatcattg
cctcctgatt
ttgggacaaa
aacttactcc
gtagtggcta
gttgagcgcec
gaagctggtt
cttccatgtt
aataggtcca
gagaggaaga
gaagttagct
cagttggagg
gactggatga
aagatggcta
gagcaagaac
ctagatgtcc
acagcccceca
aagggacgta
gtgcgtggtyg
aaggagactg
agcaagtttg
atgaatgtgg
ccggttgaga
ggetggtgtg
cattcagccg
gcggtggtge
atccatgtac
gcttttgecece
gtagcttttt
gctagggaat
gtcaagcaag
ggccttecat
actcttatcec
attgtctatc
aagacacgga
gggaagttcg
tgtgacccag
tatgatgtgg
gcagaggaat
tcecttageeca
ccgtectggtt
gccggtttgt
ggtgatgatc
ctggcaaaga
tcaactcttg
cgacctgtca
ctatctgaga
gatcgactct
gagtacagat
ggtaagccaa
gataaactag
cctctagagt
agcttggegt
ccacacaaca
taactcacat
cagctgcatt
tccgettcect
gctcactcaa
atgtgagcaa

PCT/IB02/02810

ctgcegtttyg
ttgtgatcgt
cccaggetgt
cagatttctt
atcccgatgg
caaacatggc
cgacaaatct
gcattacttt
gcaaagtgtt
tccaaaataa
aggagatttt
agaaagtcct
tttactcggt
gactccagga
agatttccgce
aggctgtcaa
agggtcctta
agggtccaaa
ttggttttgt
ccctggeggt
ttagccacac
atgtgtcgtt
tgaaggccag
acattccaat
cagggcagac
ggtctgcaat
gctccatggg
aggccttcga
cccgaaagac
cagctgttct
caaaacatac
atgcgaacag
ccttggatgg
atactacgct
cctttgcagce
agacattcct
ttgtggatgt
cttccaaatt
acgtgcattg
attattccaa
tcttttctga
tttcaaaaca
gtgcagcgac
atcttacata
ttctagtggce
caggatataa
aggatgtagt
tgaatagaga
aactcacttc
ttgcceegtt
ggaggagect
ccgggtgtac
agtagtaaaa
cgacctgcag
aatcatggtc
tacgagccgyg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca

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
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
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aaaggccagyg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accccecgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatce
gattacgcgce
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt
gggcttacca
agatttatca
tttatccgce
agttaatagt
gtttggtatg
catgttgtgce
ggccgcagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctyg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgegttte
agcttgtctyg
tggegggtgt
ccatatgcgg
gtaaacgtta
aaccaatagg
ttgagtgttyg
aaagggcgaa
agttttttgg
tttagagctt
ggagcgggcyg
gcecgegetta
tgttgggaag
tgtgctgcaa
acgacggcca

27
8092
DNA

<210>
<211>
<212>
<213>

<220>
<223>

<400> 27

tttgaaagcc
cgtgactacc
cgaaagtgcc
tggccgaagce

aaccgtaaaa
cacaaaaatc
gcgtttcecc
tacctgtccg
tatctcagtt
cagcccgacc
gacttatcgce
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggccecca
gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttctg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctgge
tgtgaaatac
atattttgtt
ccgaaatcgg
ttccagtttg
aaaccgtcta
ggtcgaggtg
gacggggaaa
ctagggcgcet
atgcgccgcet
ggcgatcggt
ggcgattaag
gtgaattgta

gggggtggga gatccggatt gceggtecge

aggccgegtt
gacgctcaag
ctggaagcte
cctttctcece
cggtgtaggt
gctgcgecett
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgcetgyg
gatctcaaga
cacgttaagyg
attaaaaatg
accaatgctt
ttgcctgact
gtgctgcaat
agccagccgg
ctattaattg
ttgttgccat
gctececggtte
ttagctcctt
tggttatggc
tgactggtga
cttgcecgge
tcattggaaa
gttcgatgta
tttctgggtyg
ggaaatgttg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggageag
ttaactatgc
cgcacagatg
aaaattcgceg
caaaatccct
gaacaagagt
tcagggcgat
ccgtaaagcea
gccggcgaac
ggcaagtgta
acagggcgced
gcgggcectct
ttgggtaacg
atacgactca

Artificial Sequence

gctggegttt
tcagaggtgg
cctegtgege
ttcgggaagce
cgttcgetec
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagcggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
cccegtegtyg
gataccgcga
aagggccgayg
ttgcecgggaa
tgctacaggc
ccaacgatca
cggtcctecg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccecgaaaa
aaataggcgt
ctgacacatg
acaagcccgt
ggcatcagag
cgtaaggaga
ttaaattttt
tataaatcaa
ccactattaa
ggcccactac
ctaaatcgga
gtggcgagaa
gcggtcacgce
tcgegecatt
tcgectattac
ccagggtttt
ctatagg

cactccceet ttcaacgtga aggctacgat

aacccaaaac cacataaccc ccccccececce
cgcttggaat aaggccggtg tgcgtctgtce
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ttccataggc
cgaaacccga
tctectgttce
gtggcgcttt
aagctgggcect
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtyg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttccttt
atatttgaat
gtgccacctg
atcacgaggc
cagctcccgg
cagggcgegt
cagattgtac
aaataccgceca
gttaaatcag
aagaatagac
agaacgtgga
gtgaaccatc
accctaaagg
aggaagggaa
tgcgcegtaac
cgccattcag
gccagetgge
cccagtcacyg

Description of Artificial Sequence:plasmid

tcgatatcge
agtgccaggg
tccceeccecece
tatatgttac

PCT/IB02/02810

tcecgeccece
caggactata
cgaccctgee
ctcatagctc
gtgtgcacga
agtccaaccce
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctcc
gtcctgcaac
gtagttcgce
cacgctcgtc
catgatcccc
gaagtaagtt
ctgtcatgcce
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtet
agacggtcac
cagcgggtgt
tgagagtgca
tcaggaaatt
ctcatttttt
cgagataggg
ctccaacgtc
accctaatca
gagccccecga
gaaagcgaaa
caccacacce
gctgcgeaac
gaaaggggga
acgttgtaaa

gggccgggtce
cgggtcctge
ctcacattac
ttctactaca

5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8017

60

120
180
240
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ttgtcgtctg
taggggtctt
agttcctctg
gaatcccecea
tgcaaaggceg
atggctcrec
gctgggatcet
aaacgtctag
tatggctaca
gcttgcggga
tttatcagac
cgttggtecgt
ttatgcagga
cacgtttaaa
ggctcaaacc
tttgctcgat
tctatcggat
actcttaagce
ccecettgacyg
cctgtgcgaa
tcectgtgate
tctggcaaag
aacttgggtt
cgagcacgceg
ggagagcttc
aattgctgece
accagttgtg
cattgcccag
tgattcagat
acaaaatccc
actcccaaac
ggctacgaca
gcgccegeatt
tggttgcaaa
atgtttccaa
gtccaaggag
gaagaagaaa
tagcttttac
ggaggaactc
gatgaagatt
ggctaaggcet
agaacagggt
tgtccagggt
ccccattggt
acgtaccctg
tggtgttagc
gactgatgtg
gtttgtgaag
tgtggacatt
tgagacaggyg
gtgtgggtct
agccggctcce
ggtgcaggcc
tgtaccccga
tgccccaget
tttttcaaaa
ggaatatgcg
gcaagccttg
tccatatact
tatccecttt
ctatcagaca

tgacgatgta
tcececteteg
gacgcttctt
cctggtgaca
gcacaacccce
tcaagcgtat
gatctgggge
gcccececcgaa
accatggagc
gacgtcgagt
cgagtgtctc
cttgtcggat
tacttttcag
ccaagacaac
ctactgccga
gccaacgagg
gcatgggaaa
agatgtgtgc
ctgectttget
gaaatagcag
tcacttttcc
aacctagact
gcacaagaag
aagaggattt
gatttctttyg
gtttgtgaaa
atcgtgttgce
gctgtttcta
ttctttgatg
gatggttcag
atggctagtc
aatctcccgg
actttcgact
gtgttggatg
aataattgcc
attttatctt
gtcctcacag

“tcggttgtee

caggaagcct
tccgceecatge
gtcaaacaga
ccttataacg
ccaaatccga
tttgtgtacc
gcggtgaatc
cacacccgct
tcgttecattce
gccagtgacg
ccaatgatgt
cagactttca
gcaatcctgg
atgggcgttg
ttcgagcece
aagactgett
gttctttcta
catacatcca
aacagagtat
gatggacttg
acgctaggaa
gcagcagaga
ttcctcaagg

ggggcccgga
acaaaggaat

gaagacaagc
ggtgcctctg
agtgccacgt
tcaacaaggg
ctcggtgege
ccacggggac
tcgagcatgce
ccaaccctgg
aagacactgc
acggaacagt
atcttttgat
ggccggtttt
acgacttggc
acgcccaaaa
atgtaaaagg
aactgattge
tgggagtctt
ctaaattcaa
aacagcagtc
gggcagtgaa
agagagagca
cagaccttcg
agaaacttta
agttcagaca
gcggtgatge
aaactatttt
gctatgagaa
attttaccac
tggagagaaa
agtttagacc
actecggtgtce
ttgaaagagc
tattcttgga
tggttgatgt
cggtgcagac
agcagctcaa
ttgccegggt
tttgtgeege
tggtgagacc
aaaccacccqg
ctatggactt
ccacaggtgt
ggcacatggc
cctcagtgaa
gcctttcatce
tattgcccca
atacagggac
accactgcat
ccgatcttgg
cagccgegtce
agggtgcact
tgcgcccgac
aatttgaccc
atcaggaaac
tcgecactgtt
aggggatgga
tgcgtagaac
gactagaaaa
acgagcttag

acctggtect
acaaggtctg
aacgtctgta
cggccgaaag
tgtgegttgg
gctgaaggat
gtgctttaca
gtggttttce
tagccagctg
gcecttcgag
cggcaacacg
tcatgatggg
ccacgatgtc
tcagactcaa
cagcaaagct
agcaatgaag
aacattgaac
cgggatgacy
gacagcagca
aacaatcttc
ccccecttaaa
gacagttgaa
gaccctggat
taatggaatg
caatcaagca
aaaacatgac
tggtcaggga
tgggcgecag
ccagtttgcec
cttctgcececag
aggaaccccc
tgttacaatt
tgcaggtcea
ctttaggcea
aaaggctggce
gatcgagaga
ccttgtggcee
ggctagacag
tcaggagcgg
caccctagcet
agacttggtg
tataaagccc
tgaaaagttt
tagcactcag
agagtctgac
aattatcgcc
tggtcecttg
tagctcttcce
atttctgaag
ccactacaaa
tgggagcaag
gataatttca
tgagcggctg
tgttgccaga
acgcacggat
cctceecceea
gggcagagac
ccctatggac
agatgttgta
aatgaataac
acctatagag
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gtcttcttga
ttgaatgtcg
gcgaccettt
ccacgtgtgt
atagttgtgg
gcccagaagg
cgecgttgagt
tttgaaaacc
ttgaattttyg
aatacagagg
gtcacaaaca
gaacatccat
gagaccaatc
ggagcggeag
atgggatcag
attataaaga
aacccggagt
atagcagtga
gagatcacaa
actactcccce
caggtcaatg
aaagtggttg
cagctgctce
gctgcectatg
gttaaggaga
catgccacgg
aagtcattgt
tcagtctatt
gcaataatgg
atggtgtcca
ttcacatctc
gecceccattatce
gtttgttcaa
acaggtgatg
ctgcagttca
gctgtgacta
caagggcctyg
gaagctacag
agttcagtgt
ctcacacaag
cgggteccage
aaaactcttc
gttgctaagt
acatgcctac
tggacctcca
atagccaaag
tttagagata
ccccttattg
gctggcgtct
gcaaatacac
aagattctgg
caagaaatga
ccagatggtce
caggtcttcece
gctgatgttg
gtgtttagaa
aatggaaggc
aagaacactt
gattgggaaa
aaagactttt
aaggtacaag

PCT/1IB02/02810

cgagtattcc
tgaaggaagc
gcaggcageyg
aagacacacc
aaagagtcaa
taccccactg
cgaggttaaa
acgacaataa
accttcttaa
agatggagaa
cccaatcaac
tcgaaacaca
ccgggecttt
tgtcatcaat
cctttacgge
cgttaagttc
tctggaaaca
tgcatcecgga
gccagacaag
ccectegttt
atgttttctc
attggtttgg
agcgattccc
ttgaatgcaa
agagaactgg
cacgatgtga
caagtcaaat
ctcttectec
atgatttggg
cgacaaactt
agctcgtagt
ctgctgttga
agaccgaagc
cceectettee
gagataatag
gaatagagag
ttgatgaagt
atgagcagtt
tctcagactg
tggtgaagat
tggatgagca
aattgctaga
ttgttacagce
ttgtgaaggg
ttgtagtgcg
ctgggaagga
atactagcaa
ggatcatgaa
cggtgecggt
ggaaaggctg
gctteceatte
tcgatgeggt
cgcgcatcca
aacccgettt
acgaagtagce
tggttgctag
tgtcagtcaa
ccccaggect
ccgcecactcet
ccgacattgt
ccgccaagac

300
360

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
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acggattgtg
gttcgcecttee
cccagacgtyg
tgtggattat
ggaattcttt
agccatttca
tggttgtgea
tttgtatctt
tgatcttcta
aaagacagga
tcttgaggac
tgtcatgaat
tgagaaactc
actctittgce
cagatggagg
gccaaccgygg
actagagtag
agagtcgacc
ggcgtaatca
caacatacga
cacattaatt
gcattaatga
ttecctegete
ctcaaaggcg
agcaaaaggc
taggctcecgce
cccgacagga
tgttccgacc
gctttctecat
gggctgtgtg
tcttgagtce
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcageyg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt
ggtgtcacgce
agttacatga
tgtcagaagt
tettactgtce
attctgagaa
taccgcgcca
aaaactctca
caactgatct
gcaaaatgce
ccttttteaa
tgaatgtatt
acctgacgtc
gaggcccttt
cceggagacy
cgcgtcageg
tgtactgaga
ccgcatcagq
atcagctcat

gatgttccac
aaattccaga
cattggacag
tccaattttg
tctgaagaga
aaacatgcgt
gcgacctcaa
acatataaaa
gtggcaacta
tataagarcta
gtagtatccce
agagaggcgt
acttcaatca
ccgtttecgeg
agcctgttet
tgtacacggt
taaaataaat
tgcaggcatg
tggtcatage
gccggaagea
gcgttgeget
atcggccaac
actgactcgce
gtaatacggt
cagcaaaagg
ccecectgacg
ctataaagat
ctgccgetta
agctcacget
cacgaaccce
aacccggtaa
gcgaggtatyg
agaaggacag
ggtagctctt
cagcagatta
tctgacgcte
aggatcttca

tatgagtaaa

atctgtctat
cgggagggct
gctccagatt
gcaactttat
tcgccagtta
tcgtegtttg
tcccccatgt
aagttggecg
atgccatccg
tagtgtatgc
catagcagaa
aggatcttac
tcagcatectt
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca
cgtctecgege
gtcacagctt
ggtgttggceg
gtgcaccata
aaattgtaaa
tttttaacca

catttgagca
cccaaccggqg
cctttggtgt
attctaccca
atggcttcga
atgaggaaaa
tgttaaatac
acttrgagzct
actaccaaztt
cacccgcet
tgaagagaza
tagaagcaat
ctatgcttge
aggttggagt
ggtaatagcg
cgtcataccyg
agttttaaaa
caagcttttg
tgtttcctgt
taaagtgtaa
cactgcccege
gcgeggggag
tgcgecteggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcegtt
ccggatacct
taggtatct
ccgttcagec
gacacgact
taggcggtgce
tatttggtat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatcct
cttggtctga
ttcgttcatce
taccatctgg
tatcagcaat
ccgectecat
atagtttgcg
gtatggcttc
tgtgcaaaaa
cagtgttatc
taagatgcett
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc
gcatttatca
aacaaatagg
ttattatcat
gtttcggtga
gtctgtaagce
ggtgtcgggyg
tgcggtgtga
cgttaatatt
ataggccgaa

t

fu ¢

=3

ctgcattctg
tctggaattg
ggcaatgcaa
ttcagtagcet
cccattggtt
gcgctatcetce
aataatgaat
tgatgacgtg
gaactttgat
cagaacttct
atttaagaaa
gttgtcatat
cgtgcattct
gatcgtacca
cggtcactgg
cagacagggt
aaaaaaaaaa
ttceectttag
gtgaaattgt
agcctggggt
tttccagteg
aggcggtttg
cgttecggetg
atcaggggat
taaaaaggcc
aaatcgacgc
tececectgga
gtccgeettt
cagttcggtg
cgaccgetge
atcgccactg
tacagagttc
ctgcgctctg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgcce
cccecagtgcet
aaaccagcca
ccagtctatt
caacgttgtt
attcagctcce
agcggttage
actcatggtt
ttctgtgact
ttgctcttge
gctcatcatt
atccagttcg
cagcgtttct
gacacggaaa
gggttattgt
ggttccgege
gacattaacc
tgacggtgaa
ggatgccggyg
ctggcttaac
aataccgcac
ttgttaaaat
atcggcaaaa
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ggtagacaac
ggctctgcaa
ggctttgaaa
atatttaggt
aaggattatc
ataaccggtg
aatattatta
aaggtcttgt
agagtgagaa
acctttccecce
gagggccctc
tatcgtccag
ggcaaacagg
acttttgaga
cacaacgcgt
tcttctactt
aaaaaaaaac
tgagggttaa
tatccgetca
gcctaatgag
ggaaacctgt
cgtattggge
cggcgagcgyg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agcteccctcg
cteccttegg
taggtcgtte
gccttatecg
gcagcagcca
ttgaagtggt
ctgaagccag
gctggtagcyg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactcceccg
gcaatgatac
gccggaaggyg
aattgttgcce
gccattgcta
ggttcccaac
tcectteggtce
atggcagcac
ggtgagtact
ccggcgtceaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgageg
acatttccce
tataaaaata
aacctctgac
agcagacaag
tatgcggcecat
agatgcgtaa
tcgegttaaa
tccecttataa

PCT/1IB02/02810

tgctcgggaa
ttgggtgtga
gggtgtatga
tattggcaga
ttgagtcctt
gtcttccgte
ttagggcegg
cttatggtga
caagcctggce
tggaatcaac
tatatcgacc
ggactctatc
agtacgatcg
gtgtggagta
tacccggtaa
tgcaagataa
gggatcctct
ttccgagett
caattccaca
tgagctaact
cgtgccaget
gctcttcecege
tatcagctca
agaacatgtg
cgtttttceca
ggtggcgaaa
tgcgetctcee
gaagcgtggce
gctccaaget
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttcgg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tcgtgtagat
cgcgagaccce
ccgagcegeag
gggaagctag
caggcatcgt
gatcaaggcg
ctccgatcgt
tgcataatte
caaccaagtc
tacgggataa
cttecggggcg
ctcgtgcacc
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcec
ggcgtatcac
acatgcagct
cccgtcaggg
cagagcagat
ggagaaaata
tttttgttaa
atcaaaagaa

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
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tagaccgaga
gtggactcca
ccatcaccct
aaagggagcece
gggaagaaag
gtaaccacca
ttecaggctge
ctggcgaaag
tcacgacgtt

<210> 28
<211>
<212>

<213>

DNA

<220>

10417

tagggttgag
acgtcaaagg
aatcaagttt
cccgatttag
cgaaaggagc
cacccgcecege
gcaactgttg
ggggatgtgce
gtaaaacgac

tgttgttcca
gcgaaaaacc
tttggggtcg
agcttgacgg
gggcgctagg
gcttaatgceg
ggaagggcga
tgcaaggcga
ggccagtgaa

Artificial Sequence

gtttggaaca
gtctatcagg
aggtgccgta
ggaaagccgg
gcgctggcaa
ccgctacagg
tecggtgeggyg
ttaagttggg
ttgtaatacg

agagtccact
gcgatggcecce
aagcactaaa
cgaacgtggce
gtgtagcggt
gcgcgtegeg
cctctteget
taacgccagg
actcactata

<223> Description of Artificial Seqguence:plasmid

<400> 28

tttgaaagcc
cgtgactacc
cgaaagtgcc
tggccgaagce
ttgtcgtetyg
taggggtctt
agttcctctg
gaatcceccca
tgcaaaggcg
atggctctcc
gctgggatct
aaacgtctag
tatggctaca
gcccatcctyg
gggcgagggce
gctgcecegtyg
ccgctacccce
cgtccaggag
gaagttcgag
ggacggcaac
catggccgac
ggacggcagce
cgtgctgetg
cgagaagcge
catggacgag
atggacgcaa
cattaaggat
gaggatcatg
ccagactgta
ggggaggctc
caagatcatg
acagcaacta
gggtgcaagt
atttggcaca
caatgacgtt
tcttaatgat
gcagtccagc
ggcagccecctg
cgaggaccte
ccaagttggg
aggatggcca

gggggtggga
cactcccect

aacccaaaac
cgcttggaat
tgacgatgta
tceecteteg
gacgcttett
cctggtgaca
gcacaacccce
tcaagcgtat
gatctgggge
gccccecgaa
accatggagce
gtcgagctgg
gatgccacct
ccectggecca
gaccacatga
cgcaccatct
ggcgacacce
atcctggggce
aagcagaaga
gtgcagctcg
cccgacaace
gatcacatgg
ctgtacaagg
gcattgagaa
gcaaccaacc
aggaaggaaa
cattctcttg
agtgcagaag
aggtctgaaa
gaccaaagat
ggtgtggtaa
atgccaagtce
gtacaagcgce
cttgaaaggc
atcaacattt
ttggatgggg
ttgaaggcag
gacaggaacc
tacatagctt

gatccggatt
ttcaacgtga
cacataaccc
aaggccggtyg
ggggccegga
acaaaggaat
gaagacaagc
ggtgcctctg
agtgccacgt
tcaacaaggg
ctcggtgcge
ccacggggac
tcatggtgag
acggcgacgt
acggcaagct
ccctegtgac
agcagcacga
tcttcaagga
tggtgaaccg
acaagctgga
acggcatcaa
ccgaccacta
actacctgag
tcetgetgga
agctecgagat
gagaattgca
ttctgaatgg
agagagatga
tggatttaaa
aactgatgtc
ggccccagge
Cctcagatcct
gagtttggga
taactatggce
tcacagacct
tgaaagacaa
ctggctataa
gtaacatgtt
ttctcggggc
cttatgaaaa
gtagaacatc

gccggtecge
aggctacgat
cceeececeee
tgcgtcectgte
acctggtcct
acaaggtctg
aacgtctgta
cggccgaaag
tgtgcgttgg
gctgaaggat
gtgctttaca
gtggttttcc
caagggcgag
aaacggccac
gaccctgaag
caccctgacc
cttcttcaag
cgacggcaac
catcgagetg
gtacaactac
ggtgaacttc
ccagcagaac
cacccagtcc
gttcgtgacc
gtcettgtet
gagcttcaca
gttggacttc
caaagaccta
gtcaacatca
tcttgegget
ttcaggggta
acagatagtt
tgtgaaagac
ttgtatggcce
tggcttgett
gcacccagtt
ctttagtctt
agagtcaatt
caagagaaaa
catcctctat

gattgtgggg
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tcgatatcge
agtgccaggg
tcececececce
tatatgttac
gtcttcttga
ttgaatgtcg
gcgacccttt
ccacgtgtgt
atagttgtgg
gcccagaagg
cgcgttgagt
tttgaaaacc
gagctgttca
aagttcagcg
ttcatctgca
tacggecgtgce
tcecgeecatge
tacaagaccc
aagggcatcg
aacagccaca
aagatccgcc
accccecatceg
gccctgagea
gcegecggga
aaggaagtta
tcagatgtga
tctgaggtca
cagagactca
aagaagaatg
gaccttgaga
tatatgggga
gggatgagaa
tcatcacttt
aaacagtcac
tacacagtca
ctgggggtca
ggtgctgecyg
ttgatcaagce
ctcaacatgt
aaagtttgcee

agagcatggg

PCT/1IB02/02810

attaaagaac
actacgtgaa
tcggaacccet
gagaaaggaa
cacgctgege
ccattcgcea
attacgccag
gttttcccag

g9

gggccgggte
cgggtcctge
ctcacattac
ttctactaca
cgagtattece
tgaaggaagc
gcaggcageg
aagacacacc
aaagagtcaa
taccccactg
cgaggttaaa
acgacaataa
ccggggtggt
tgtccggega
ccaccggcaa
agtgcttcag
ccgaaggcta
gcgecgaggt
acttcaagga
acgtctatat
acaacatcga
gcgacggecc
aagaccccaa
tcactctegg
agagcttcca
aggctgctgt
gcaatgttca
gaagtctcaa
ttttgaaagt
agctgaaggc
acttaacaac
agcctcagceca
tgaacaatca
agactccgcet
agtatccaaa
tcactgaaca
tgaaggcagg
caagcaacag
ttgtttcaga
tttcaggtga
aaaacacaac

7620
7680
7740
7800
7860
7920
7980
8040
8092

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
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
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aattgatctc
aggtccacct
aggaattgac
ggaaatagca
tgatcaaaaa
cttcaatgeg
tctaagetgh
cattaagctt
gtgggacaaa
gaaagagactce
agcaaggcetec
aggcccaaat
gtctcaagac
cggatacgga
ttcagatctt
acaacggccg
gccgaacgac
cgaggacgcc
ggaaaatgta
tgtgcaactg
ttgcttggga
agcagctaaa
tttccaacag
agactgggca
agaagagaga
gatttcagac
ctttgagaaa
tgaaaagttc
gttgegeggt
ttctaaaact
tgatggcectat
ttcagattte
tagtctggag
ccecggagttt
cgactactcg
ggatgttgaa
ttgcctattce
atctttggtt
cacagcggtg
tgtccagcag
agcctttgcece
catgctttgt
acagatggtg
taacgaaacc
tccgactatg
gtaccccaca
gaatcggcac
ccgctcctea
cattcgcectt
tgacgtattg
gatgtataca
tttcaaccac
cctggecgat
cgttgcagee
gccecagggt
tgctttgcge
ttctaaattt
atccaatcag
agtattcgca
acttgagggg
aggaatgcgt

acaagcgaga
caggtggget
cccaacgcete
attttccaac
caattcaagc
caacccgggt
caaggctccg
atcgatgttg
tatggctggt
accccgceact
ccagatctga
gttgtgacac
actgccggcea
acagttcatg
ttgatccacg
gtttttcaga
ttggccagea
caaaaagcaa
aaaggaacat
attgccggga
gtcttgacag
ttcaaaacaa
cagtcccccce
gtgaagacag
gagcagaccc
cttcgtaatg
ctttacaatc
agacaaaaac
gatgctggtc
atttttgggce
gagaaccagt
accaccttct
agaaaaggaa
agacctgtta
gtgtctgecag
agagccttta
ttggaaaagy
gatgtgatcg
cagacccttg
ctcaaggcta
cgggttcagg
gccgcecacce
agaccagact
acccgtataa
gactttgaaa
ggtgttagca
atggcagagt
gtgaaaatta
tcatctggte
ccccataget
gggacatttc
tgcatccact
cttggtggga
gcgtcgataa
gcacttgagce
ccgactgttg
gacccacgca
gaaaccctcc
ctgttgggca
atggacccta
agaacagatg

aacctgcagt
Taagctacag
ctacatggat
cacagaacgqg
aagattccaa
tgacctegte
atgacatcag
aaatgaccag
tgtgtaagat
gtgcactcat
aaactgttca
tcgagaatac
acacggtcac
atggggaaca
atgtcgagac
ctcaaggagce
aagctatggg
tgaagattat
tgaacaaccc
tgacgatagce
cagcagagat
tcttecactac
ttaaacaggt
ttgaaaaagt
tggatcagcet
gaatggctgce
aagcagttaa
atgaccatgce
agggaaagtc
gccagtcagt
ttgccgcaat
gccagatggt
ccecectteac
caattgccca
gtccagtttyg
ggccaacagg
ctggcctgea
agagagctgt
tggcccaagg
gacaggaagc
agcggagttc
tagctctcac
tggtgcgggt
agcccaaaac
agtttgttge
ctcagacatg
ctgactggac
tcgecatage
ccttgtttag
cttceccect
tgaaggctgg
acaaagcaaa
gcaagaagat
tttcacaaga
ggctgccaga
ccagacaggt
cggatgctga
cccecagtgtt
gagacaatgg
tggacaagaa
ttgtagattg

caactcaccc
ccagacaatg
tgacattgag
gcagttcata
gtactcacac
agttataggt
aaagcttctg
ggaagcttcg
gcatactgga
ggactgcatc
caacattctg
agaggagatg
aaacacccaa
tccattcgaa
caatcccggg
ggcagtgtca
atcagccttt
aaagacgtta
ggagttctgg
agtgatgcat
cacaagccag
tceecceeet
caatgatgtt
ggttgattgg
gcteccagcga
ctatgttgaa
ggagaagaga
cacggcacga
attgtcaagt
ctattctctt
aatggatgat
gtccacgaca
atctcagcetc
ttatcctget
ttcaaagacc
tgatgccect
gttcagagat
gactagaata
gcctgttgat
tacagatgag
agtgttctca
acaagtggtg
ccagetggat
tcttcaattyg
taagtttgtt
cctacttgtg
ctccattgta
caaagctggg
agataatact
tattgggatc
cgtctcggtyg
tacacggaaa
tctgggettce
aatgatcgat
tggtcecgege
cttccaaccce
tgttgacgaa
tagaatggtt
aaggctgtca
cacttcccca
ggaaaccgcc
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aggccagcgce
cttttaaaag
ggtagattta
cacttttaca
ggcatggatc
gctcttecge
gactcacaaa
agggagtatg
atagtaaggg
atttttgaaa
ccacatgacc
gagaatttat
tcaaccgttg
acacattatg
cctttecacgt
tcaatggcte
acggctttge
agttctctat
aaacaactct
ccggacecct
acaagcctgt
cgttttectg
ttctctetgg
tttggaactt
ttccecegage
tgcaaggaga
actggaattg
tgtgaaccag
caaatcattg
cctcecetgatt
ttgggacaaa
aacttactcc
gtagtggcta
gttgagcgcce
gaagctggtt
cttcecatgtt
aataggtcca
gagaggaaga
gaagttagect
cagttggagg
gactggatga
aagatggcta
gagcaagaac
ctagatgtcc
acagccccca
aagggacgta
gtgcgtggtg
aaggagactg
agcaagtttg
atgaatgtgg
ccggttgaga
ggctggtgtg
cattcagccg
gcggtggtge
atccatgtac
gcttttgecece
gtagcttttt
gctagggaat
gtcaagcaag
ggccttecat
actcttatce

PCT/1IB02/02810

ctggagcagce
acctcatggyg
atgatccagt
gggaacccgt
ttgcegacct
aggggatggt
ataggaagga
aagacaaagt
acaaaaagaa
gcgectccaa
taatttttag
cagaccgagt
gtcgtcttgt
caggatactt
ttaaaccaag
aaaccctact
tcgatgccaa
cggatgcatg
taagcagatg
tgacgctgcet
gcgaagaaat
tgatctcact
caaagaacct
gggttgcaca
acgcgaagag
gcttcgattt
ctgcegtttg
ttgtgatcegt
ccecaggcetgt
cagatttctt
atcccgatgg
caaacatggc
cgacaaatct
gcattacttt
gcaaagtgtt
tccaaaataa
aggagatttt
agaaagtcect
tttacteggt
aactccagga
agatttccge
aggctgtcaa
agggtcctta
agggtccaaa
ttggttttgt
ccctggeggt
ttagccacac
atgtgtcgtt
tgaaggccag
acattccaat
cagggcagac
ggtctgcaat
gctccatggg
aggccttcga
cccgaaagac
cagctgttct
caaaacatac
atgecgaacag
ccttggatgg
atactacgct
cctttgeage

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
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
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agagagacta
caaggacgag
tccaccattt
ccagacccaa
gacagccttt
ttttgattct
agagaatggc
tgcgtatgag
ctcaatgtta
taaaaatttt
aactaattac
gattacaccc
attcctgaag
ggcgttagaa
aatcactatg
tcgcgaggtt
gttctggtaa
acggtcgtca
taaatagttt
gcatgcaagce
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgceg
ctcgctgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
accceccgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt
gggcttacca
agatttatca
tttatccgcee
agttaatagt
gtttggtatg
catgttgtgce
ggccgeagtyg
atccgtaaga
tatgcggcecga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgegttte
agcttgtctg
tggcgggtgt
ccatatgcgg

gaaaaaatga
cttagaccta
gagcactgca
ccgggtctgg
ggtgtggcaa
acccattcag
ttcgacceat
gaaaagcgcet
aatacaataa
gagtttgatyg
caattgaact
gctaacaaaa
agaaaattta
gcaatgttgt
cttgccgtge
ggagtgatcg
tagcgcggte
taccgcagac
taaaaaaaaa
ttttgttcce
cctgtgtgaa
tgtaaagcct
ccegcetttee
gggagaggceg
tcggtegtte
acagaatcag
gaccgtaaaa
cacaaaaatc
gcgtttcecce
tacctgtecg
tatctcagtt
cagcccgace
gacttatcge
ggtgctacag
ggtatctgceyg
ggcaaacaaa
agaaaaaaag
aacgaaaact

atccttttaa

tctgacagtt
tcatccatag
tctggcceca
gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttetyg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctgge
tgtgaaatac

ataacaaaga
tagagaaggt
ttctgggtag
aattgggctc
tgcaaggctt
tagctatatt
tggttaagga
atctcataac
tgaataatat
acgtgaaggc
ttgatagagt
cttctacctt
agaaagaggg
catattatcg
attctggcaa
taccaacttec
actggcacaa
agggttcttce
aaaaaaaaaa
tttagtgagg
attgttatcce
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgeggeg
gggataacgc
aggcecgegtt
gacgctcaag
ctggaagctc
cctttctcce
cggtgtaggt
gctgegectt
cactggcagce
agttcttgaa
ctctgctgaa
ccaccgcectgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgcctgact
gtgctgcaat
agccagecgg
ctattaattg
ttgttgeccat
gctcecggtte
ttagctecctt
tggttatggce
tgactggtga
cttgceceggce
tcattggaaa
gttcgatgta
tttctgggtyg
ggaaatgttg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggagcag
ttaactatgce
cgcacagatg

cttttccgac
acaagccgcec
acaactgctec
tgcaattggg
tgaaagggtg
taggttattg
ttatcttgag
cggtggtcett
tattattagg
cttgtcttat
gagaacaagc
tccectggaa
ccctetatat
tcecagggact
acaggagtac
tgagagtgtyg
cgcgttaccc
tactttgcecaa
aaaacgggat
gttaattccg
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgcetct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctcgtgcege
ttcgggaagce
cgttcgctce
atccggtaac
agccactggt
gtggtggect
gccagttacce
tagcggtggt
agatcctttg
gattttggec
aagttttaaa
aatcagtgag
ccecegtegtyg
gataccgcga
aagggcecgag
ttgcecgggaa
tgctacagge
ccaacgatca
cggtcctceccg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tcceecgaaaa
aaataggcgt
ctgacacatg
acaagcecgt
ggcatcagag
cgtaaggaga
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attgtctatc
aagacacgga
gggaagttcg
tgtgacccag
tatgatgtgg
gcagaggaat
tecttageca
ccgtctggtt
gcecggtttgt
ggtgatgatc
ctggcaaaga
tcaactettg
cgacctgtca
ctatctgaga
gatcgactct
gagtacagat
ggtaagccaa
gataaactag
cctctagagt
agcttggegt
ccacacaaca
taactcacat
cagctgcatt
tcegettect
gctcactcaa
atgtgagcaa
ttccatagge
cgaaacccga
tctectgtte
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