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48 EXPRESSION VECTOR ENCODING ALPHAVIRUS
REPLICASE AND THE USE THEREOF AS IMMUNOLOGICAL
ADJUVANT ABSTRACT The present invention relates to an
alphaviral replicase, especially Semliki Forest Virus replicase,
or an expression vector encoding an alphaviral replicase,
said alphaviral replicase comprising RNA dependent RNA
polymerase activity, for use as an immune system modulating
adjuvant. The alphaviral replicase may be used in the
combination with a vaccine providing an adjuvant function
therein, which when present therein will generate an additional
boost to the immune response in the subject to whom this
combination is administered as compared to when the vaccine
alone is administered to a subject in need thereof The aim
of the present invention is to provide an efficient and easy
to administer, species-independent adjuvant which will provide
advantages to the adjuvants used together with vaccines today.
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EXPRESSION VECTOR ENCODING ALPHAVIRUS REPLICASE AND THE USE
THEREOF AS IMMUNOLOGICAL ADJUVANT

ABSTRACT

The present invention relates to an alphaviral replicase, especially Semliki Forest
Virus replicase, or an expression vector encoding an alphaviral replicase, said
alphaviral replicase comprising RNA dependent RNA polymerase activity, for use
as an immune system modulating adjuvant. The alphaviral replicase may be used
in the combination with a vaccine providing an adjuvant function therein, which
when present therein will generate an additional boost to the immune response in
the subject to whom this combination is administered as compared to when the
vaccine alone is administered to a subject in need thereof. The aim of the present
invention is to provide an efficient and easy to administer, species-independent
adjuvant which will provide advantages to the adjuvants used together with

vaccines today.

Fig. 1
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EXPRESSION VECTOR ENCODING ALPHAVIRUS REPLICASE AND THE USE
THEREOF AS iMMUNOLOGICAL ADJUVANT

Technical field
The present invention relates to the field of immunological tools and in particular to the

field of vaccines and to adjuvants suitable for use in vaccine compositions.

Background of the invention

The mammalian immune system has evolved in order to survive in the environment
containing a farge variety of microorganisms, which colonize them in a number of niches
tike skin, intestine, upper and lower respiratory tract, urogenital tract etc. Some of the
niches like colon and skin are colonized constitutively by an endogenous microbiota,
whereas other niches (internal organs and lower respiratory tract) are normally kept sterile
in an immunocompetent host. The effects of microorganism can be positive for the host,
as is the case for the many intestinal symbictic bacteria, In other cases, microbial
colonization can be detrimental to the host. Such negative effects depend on the status of
the host's immune system — certain pathogens (known as cpportunistic pathogens) affect
only immunocompromised individuals. The potential detrimental effect of microbial
infections has led to the evolution of variety of host-defence mechanisms. in jawed
vertebrates, there are two types of defence: innate and adaptive immune responses, The
main distinction between these is the receptor types used to recognize pathogens, the
time-delay needed to launch the response and the presence/absence of memory. The fwo
types of defence do nof operate completely independently from each other. As seen in the
below, innate immune system sends specific signals to the adaptive immune system,
helping to mount the response that is most efficient to the specific pathogen; and vice
versa - adaptive immune response alsc activates some modules of the innate immune

system.

Innate immune response
Innate immunity is always present in healthy individuals and its main function is to block

the entry of microbes and viruses as well as to provide a rapid elimination of pathogens
that do succeed in entering the host tissues. It provides immediate protection for the
multiceliular organism,

Innate immune system is not a single entity. it is a collection of distinct modules or
subsystems that appeared at different stages of evoiution:

» Mucosal epithelia producing antimicrobial peptideé, protecting the host from pathogen

invasion;
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+ phagocytes with their anti-microbial mechanisms against intra- and extracellular bacteria;
+ acute-phase proteins and complement system that are operating in the circulation and
body fluids;

» natural killer cells, which are involved in killing virus infected cells;

+ eosinophils, basophils and mast ceils, which are involved against protection of
multicelluiar parasites;

« type | interferons and proteins induced by them, which have a crucial role in defence

against viruses.

The innate immune response is responsible for the early detection and destruction of
invading microbes, and relies on a set of limited germ line-encoded pattern-recognition
receptors (PRRs) for detection. To initiate immune responses, PRRs recognize pathogen-
associated molecular patterns (PAMPSs) and induce several extracellular activation
cascades such as the complement pathway and various intracellular signalling pathways,

which lead to the inflammatory responses.

The innate immune system utilizes PRRs present in three different compartments: body
fluids, cell membranes, and cytoplasm. The PRRs in the body fluids play major roles in
PAMP opsonization, the activation of compiement pathways, and in some cases the
transfer of PAMPs to other PRRs. PRRs located on the cell membrane have diverse
functions, such as the presentation of PAMPs to other PRRs, the promotion of microbial

uptake by phagocytosis, and the initiation of major signaliing pathways.

There are several functionally distinct classes of PRRs. The best characterized class is
Toll-like receptors (TLRs). These are transmembrane receptors that recognize viral
nucleic acids and several bacterial products, including lipopolysaccharide and lipoteichoic
acids and are the primary signal-generating PRRs (Akira, S 2008). In addition,
cytoplasmic PRRs which can be grouped into three classes: interferon (IFN)-inducible
proteins, caspase-recruiting domain (CARD) helicases, and nucleotide-binding
oligomerization domain (NOD)-like receptors (NL.Rs}). Among the best studied IFN-
induced antiviral proteins are the family of myxovirus resistance proteins (Mx), protein
kinase R (PKR), oligoadenylate synthetase (2'-5' OAS). These antiviral proteins and
CARD helicases such as RIG-l and Mda5 are involved in antiviral defence. In contrast,

NLRs are mainly invoived in antibacterial immune responses.
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Toil-like receptors (TLRs}

TLRs are the best-characterized signal-generating receptors among PRRs. They initiate
key inflammatory responses and also shape adaptive immunity. Ali TLRs (TLR1-11)
known in mammals are type | integral membrane glycoproieins containing an extracellular
leucine-rich repeat (LRR) domain responsible for ligand recognition and a cytoplasmic
Toli-interleukine-1 receptor homology (TIR) domain required for initiating signalling. TLRs
recognize quite diverse microbiali components in bacteria, fungi, parasites, and viruses
inctuding nucleic acids. Aithough normally present at the plasma membrane to detect
extracellular PAMPs, a few TLRs, including TLR3, TLR7, TLR8, and TLRY, recognize their
ligands in the intracellular compartments such as endosomes. The latter TLRs share the
ability of nucleic acid recognition, detecting dsRNA (TL.R3), ssRNA (TLR7 in mice, TLR8
in humans), and non-methylated CpG DNA motifs (TLR9).

TLRs initiate shared and distinct signalling pathways by recruiting different combinations
of four TIR domain-containing adaptor molecules: MyD88, TIRAP, Trif, and TRAM. With
the exception of TLR3, all the other TLRs recruit the myeloid differentiation factor 88
(MyD88), which is associated with members of the IL-receptor-associated kinase (IRAK)
family (Mouldy Sioud 2008). These signalling pathways activate the transcription factors
nuctear factor kappa B (NF-kB) and activator protein-t (AP-1), which is common to all
TLRs, leading to the production of inflammatory cytokines and chemokines. They also
activate interferon regulatory factor-3 (IRF3) and/or IRF7 in TLRs 3, 4, 7, 8, and 9 which is
a prerequisite for the production of type | interferons such as IFN-o and IFN-B (For review

Edwards et al 2007, Vercammen et al 2008, Medzitov R 2007).

In addition to direct activation of innate host-defence mechanisms, some PRRs are
coupled to the induction of adaptive immune respenses. T-and B-cells, the two main
classes of cells in the adaptive immune system, express antigen binding receptors with
random specificities and therefore recognize antigens that lack any intrinsic characteristics
indicative of their arigin. Therefore, T-and B-lymphocytes require instructions indicating
the origin of the antigen they recognize. These instructions come from the innate immune
system in the form of specialized signals inducible by PRRs. For T-cells this association is
interpreted by dendritic cells. Type | interferons are involved in the activation and
migration of dendritic cells {described in more details under Antiviral respense). When
activated dendritic cell migrates to the lymph node, they present the pathogen-derived
antigens, together with PRR-induced signals, to T-ceils. This results in T-cell activation
and differentiation of T-helper (Th) cells into one of several types of effector Th-cells (ThT,
Th2 and Th-17 cells). For instance TLR-engagement induces I1L-12 production by dendritic
cells, which directs Th celis to differentiate into Th1 cells, The type of effector response is
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thus dictated by the innate immune system. In addition, type | interferons also regulate the
function of cytotoxic T-cells and NK cells, either directly or indirectly by inducing I1L-15

production.

The innate immune system also receives positive feedback signals from the adaptive
immune system. For instance, effector Th-cells produce appropriate cytokines that
activate specific modules of the innate immune system: macrophages are activated by
cytokines (interferon—y) secreted from Th1 cells, neutrophils are activated by Th-17 cells
(interleukin-17) celis, mast cells and basophils are activated by Th2 cells (interleukin-4
and -5). Likewise, bound antibodies (IgG) activate complement proteins and help

phagocytosis by opsonizing pathogens.

Adaplive Immune response

The adaptive immune system uses a broad range of molecules for its activities. Some of
these molecules are also used by the innate immune system, e.g. complement proteins,
others, including antigen-specific B-cell and T-cell receptors, are unique to the adaptive
immune system. The most important properties of the adaptive immune system,
distinguishing it from innate immunity, are a fine specificity of B- and T-cell receptors, and
a more slow development of the response and memory of prior exposure to antigen. The
latter property forms the basis of vaccination — priming of the immune system by
attenuated pathogen, by selected components of the pathogen or by mimicking infection
in other ways (e.g. by DNA-vaccine encoding selected antigens from a pathogen) results
in the development of immunological memory, which triggers response more quickly and

more efficiently upon pathogen encounter.

There are two types of adaptive immunity, humoral immunity and celi-mediated immunity.
Humoral immunity is mediated by B-celis. Activated B-cells start {o secrete the receptors
into circulation and mucosal fluids, which in this case are referred fo as antibodies
(immunoglobulins). The genes encoding these receptors are assembied from variable and
constant fragments in the process of somatic recombination, prior to pathogen encounter,
which yields a diverse repertoire of receptors. Each B- or T-cell is able to synthesize
immunogiobulins or T-cell receptors of a single specificity that bind to a specific molecular
structure (epitope). Antibodies bind noncovalently to specific antigens to immobilize them,
render them harmiess or tag the antigen for destruction {e.g. by complement proteins or
by macrophages) and removal by other componenis of the immune system.

Cell mediated immunity is mediated by T-cells. T-cells are key players in most adaptive
immune responses. They participate directly in eliminating infected cells (CD8+ cytotoxic
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T-cells) or orchestrate and regulate activity of other ceils by producing various cytokines
(CD4+ T-helper cells). Also the induction of antibodies by B-cells is in a majority of cases
dependent on T-helper cells. The distinguished feature of T-cell antigen receptors is their
inability to recognize soluble molecuies — they can recognize peptide fragments of protein
antigens on the cell surface bound to specialized peptide display molecules, cailed major
histocompatibility complex (MHC}. T-helper cells need MHC class H molecules for
recognizing antigenic peptide fragments, and cytotoxic T-cells need MHC class |
molecules. This feature enables T-cells to detect intracellutar pathogens, which otherwise
could remain undetected by the immune system, because short peptides (9-10 amino
acids) from all proteins synthesized in eukaryotic cells (inctuding peptides derived from
pathogens) are exposed on the cell surface in the \peptide pockets' of MHC molecules.
Adaptive immune response is initiated after pathogen capture by professional antigen
presenting cells (APCs). Naive T-lymphocytes need to see antigens presented by MIHC-
antigens on APCs. These cells are present in all epithelia of the body, which is the
interface between the body and external environment. tn addition to that, APCs are
present in smaller numbers in most other organs. APCs in the epithelia belong to the
lineage of dendritic cells. in the skin, the epidermal dendritic cells are called Langerhans
cells. Dendritic celis capture antigens of microbes that enter the epithelium, by the
process of phagocytosis or pinocytosis. After antigen capture dendritic cells round up and
lose their adhesiveness for the epithelium, they leave the epithelium and migrate via
lymphatic vessels to the lymph node draining that epithelium. During the process of
migration the dendritic ceils mature into ceils capable of stimulating T-cells. This
maturation is reflected in increased synthesis and stable expression of MHC molecules,
which display antigen to T-cells, and other molecules, co-stimulators, that are required for
full T-cell responses. The result of this sequence of events is that the protein antigens of
microbes are transported to the specific regions of lymph nodes where the antigens are
most likely to encounter T-lymphocytes. Naive T-lymphocytes continuously recirculate
through lymph nodes, and it is estimated that every naive T-cell in the body may cycle
through some lymph nodes at least once a day. Thus, initial encounter of T-cells with
antigens happens in lymph nodes and this is called priming. Primed CD4+ T-helper cells
start secreting a variety of cytokines, which help other cells of the immune system to
respond. Dendritic cells carry to the lymph nodes not only peptide fragments from
pathogens, but also PRR-induced signals sent from innate immune system (as mentioned
above, type I IFNs influence activation and differentiation of dendkritic cells). Dendritic cells
convert this information into activation of specific clones of T-cells (that recognize
pathogenic peptides) and differentiation of suitable type of T-helper cells. Priming of CD8+
T-cells is also performed by dendritic cells, but further proliferation and maturation of
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CD8+ T-cells into fully functional killer cells depends on cytokines secreted by T-helper

cells.

Taken together, between the innate and adaptive immune system there is a continuous
and complicated interplay. Success in developing vaccines against “difficult” pathogens
where no vaccines are currently available (HIV-1, TB and malaria) might depend on
exploiting completely new methods for eliciting a protective immune response.

Antiviral response to positive-strand RNA viruses and their replication by-products

Positive-strand RNA viruses
Positive-strand RNA viruses encompass over one-third of all virus genera, Positive-strand

RNA virus genomes are templates for both translation and replication, leading to
interactions between host translation factors and RNA replication at multiple levels. All
known positive-strand RNA viruses carry genes for an RNA-dependent RNA polymerase
(RdRp) used in genome replication. However, uniike other RNA viruses, positive-strand
RNA viruses do not encapsidate this polymerase. Thus, upon infection of a new cell, viral
RNA replication cannot begin until the genomic RNA is transiated to produce polymerase
and, for most positive-strand RNA viruses, additional replication factors. All characterized
positive-strand RNA viruses assembie their RNA replication complexes on intracetular
membranes. In and beyond the alphavirus-like superfamily the replication of viral RNA
occurs in association with spherical invaginations of intracellular membranes. For
example, alphaviruses use endosomal and lysosomal membranes for their replication
complex assembly. The membrane provides a surface on which replication factors are
localized and concentrated. This organization also helps to protect any dsRNA replication
intermediates from dsRNA-induced host defence responses such as RNA interference or
interferon-induced responses (Ahlguist P et al 2003).

Despite differences in genome organization, virion morpholegy and host range, positive-
strand RNA viruses have fundamentally simitar strategies for genome replication. By
definition, the viral (+)RNA genome has the same polarity as cellular mRNA and the viral
genomic RNA is directly translated by the cellular translation machinery. Firstly, non-
structural proteins are synthesized as precursor polyproteins and cleaved into mature
non-structural proteins by viral proteases. A large part of the virai genome is devoted to
non-structural proteins, which are not part of the virion and carry out important functions
during viral replication. Following translation and polyprotein processing, a complex is
assembled that includes the RdRp, further accessory non-structural proteins, viral RNA

and host cell factors. These so-called replication complexes (RCs) carry out viral-RNA
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synthesis. Negative-sense viral RNA is synthesized early in infection and after the
formaticn of replication complexes this negative-strand RNA is used as a template to
synthesize full-length positive-sense genomic RNA as weli as the subgenomic RNA. The
key enzyme responsible for these steps is the RNA-dependent RNA-polymerase, which
act within replicase complex (Moradpour et al 2007, Miller and Krijnse-Locker 2008).

Viral RNA sensing

Positive strand RNA viruses produce in the process of replication negative strand RNA,
positive strand RNA, double strand RNA (dsRNA) and subgenomic mRNA, which are
themselves powerful inducers of innate immune response pathways. The effect is induced
through TLR3 (dsRNA), TLR7/8 (ssRNA), and some other TLRs which recognize the
specific structural elements in the secondary structure of the ssRNA. For example,
positive strand RNA virus, yellow fever virus live attenuated vaccine is definitely one of the
most effective vaccines available that activates innate immunity via muitiple Toll-like
receptors which alsc induces differential effects on the quality of the long-lasting antigen-
specific T cell response {(Querec TD and Pulendran B Adv Exp Med Biol. 2007;590:43-

53),

As stated above, cells possess receptors and signalling pathways to induce antiviral gene
expression in response to cytosolic viral presence. Muitipte cytokines are induced by virus
infection inciuding interleukine-6 (1L-6), iL-12 p40, and tumor necrosis factor (TNF), but
the hallmark of antiviral responses is the production of type | interferons. Type |
interferons include multiple subtypes encoded by separate intronless genes: one IFN-3
and 13-14 [FN-a subtypes, depending on species. Type | interferons can be produced by
all nucleated cells, including epithelial ceils, fibroblasts at mucosal surfaces, and dendritic
cells, in response to virus infection. In addition all cells can respond to type | interferons

through the type | interferon receptor (IFNAR), which binds all subtypes.

Genes encoding the cytosalic PRRs and the components of the downstream signalling
pathways are themselves interferon inducible, leading to a positive-feedback loop that can
greatly amplify innate antiviral responses. It has been thought that this loop is set in
motion by the presence of dsRNA in cells. dsRNA fulfills the criteria for being a marker of
virus infection, as long dsRNA molecules are absent from uninfected cells but can be
formed by the complementary annealing of two strands of RNA produced during the
replication of RNA viruses. dsRNA is known to activate nuclear factor kappa B (NF-kB)
and interferon regulatory factors-3 (IRF-3) and -7, that are essential in the synthesis of

type | IFNs. Interferons mediate their antiviral response via specific cell surface receptors,
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IFNAR, that activate cytoplasmic signal transducers and activators of transcription
(STATSs), which translocate into the nucleus and activate numerous IFN-stimulated genes

(18Gs) (Rautsi et al 2007).

Retinoic acid-inducible gene | {RIG-1) and melanoma differentiation-associated gene 5
(MDAS) are cytoplasmic IFN-inducible DExD/H box RNA-helicases that can detect
intracellular viral products, such as genomic RNA, and signal for IRF3 and IRF7 activation
and for the induction of IFN-a, -B, and -A gene expression. RIG-1 is a cytosolic protein
containing RNA-binding helicase domain and two caspase activation and recruitment
domains (CARDs). Like RIG-I, MDAS5 bears a RNA-helicase domain and two CARDs.
They both signal through interferon-p promoter stimutator-1 (IPS-1). Signal adaptor 1PS-1
is located on mitochondria and contains an N-terminal CARD that forms homotypic
interactions with CARDs of RIG-| and Mda5. This results in activation of the C-terminal
catalytic domain and the initiation of a signalling cascade that culminates in the
transcription of cytokine genes through activation of NF-xkB and IRF3.

Although both RIG-1 and Mda5 hind pely(l:C), a synthetic dsRNA, and signal via a
common pathway, they selectively respond o different viruses. For example RIG-| detects
influenza A virus, vesicular stomatitis virus (VSV), Japanese encephalitis virus (JEV), and
Sendai virus (SeV), whereas MDAS detects picornaviruses, such as encephalomyocarditis
virus (EMCV), Theiler's encephalomyelitis virus, and mengovirus. Independently of single
or double strandedness the critical element in RIG-t stimulation by RNA is the presence of

5'triphosphates. Which also provides explanation for the virus specificity of RIG-1.

Type 1 interferons affect various subtypes of dendritic cefls (DCs). They can act as an
autocrine survival factors for certain natural interferon producing cells, promote the
differentiation of peripheral blood monocytes to DCs and induce their phenotypic and
functional maturation. As most cell types are capable of expressing type | interferons,
maturation of DCs in non-lymphoid tissues may be triggered following infection of
neighbouring cells. These DCs will acquire the ability to migrate to lymphoid organs and

initiate T cell responses (LeBon and Tough 2002).

Type | interferon signalling also upregulates IFN-y production by DCs and T cells and
thereby favours the induction and maintenance of Th1 celis. Additionally, acting directly or
indirectly, they can influence the expression and function of a variety of cytokines. For
example enhance interleukin-6 (IL-6) signalling, and production of anti-inflammatory
transforming growth factor B (TGF-B), IL-1 receptor antagonist and soluble tumor necrosis

factor (TNF) receptors. Type | interferons or their inducers can also elicit high IL-15
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expression by DCs, thereby causing strong and selective stimulation of memory-

phenctype CD8+ T cells (Theofilopoulos et al 2005).

Specific viral pathogen infection related patterns (like accumulation of the dsRNA in
cytoplasm of the virus infected cells), recognition factors responding to these patterns
(e.9. Toll-like receptors), and different anti-viral defence pathways triggered by these
interactions have been described above. The complex system called innate immunity is
directed to lead the cascade of events from recognition of pathogen to destroying the virus
infected cells and rapid clearing of the virus infection from the body. In addition, the
activation of the innate immune system is an important determinant of the quantity and
quality of the adaptive immune response evoked against the viral antigens

(Germain RN 2004;.

Immunological adjuvants.

Immunological adiuvants were originally described by Ramon in 1924 as substances used
in combination with a specific antigen that produced a more robust immune respense than
the antigen alone. This very broad definition includes a wide variety of materials. The
immunological adjuvants available today fall broadly into two categories: delivery systems
and immune potentiators (for review Fraser C.K., Diener K.R., Brown M.P. and Hayball

J.D. (2007) Expert Reviews in Vaccines 6(4)558-578 ).

Delivery systems can change the presentation of the antigen within the vaccine thus
maximizing antigen exposure to the immune system, targeting antigen in a certain form to
specific physiological locations thereby assuring pick-up of the antigen by the professional
Antigen Presenting Cells (APCs). Examples of immunological adjuvants presented as

delivery system type adjuvants in the formulations of vaccines are alum, emulsions,

saponins and cationic lipids.

Immune activators act directly on immune cells by activating the pathways significant for
induction of adaptive immunity. These may be exogenous microbial or viral components,
their synthetic derivatives or endogencus immunoactive compounds such as cytokines,
chemokines and costimulatory molecules. This type of molecules can enhance specific
immunity to the target antigen. As of today, toli-like receptor agonists, nucleotide
oligomerization domain-like receptor agonists, recombinant endogeneous compounds like
cytokines, chemokines or costimulatory molecutes are available and may serve as
immune potentiators. It is however important to emphasize that cytokines and chemokines

are species-specific molecules and therefore are not readily comparable in different
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animais. In these cases the homologues of respective molecules need to be used, which
considerably complicates the use of such adjuvants as well as the interpretation of

experimental results in one species and the extrapolation thereof to another species.

DNA vaccines as several other genetic vaccines have been developed over several years
and present a promising approach in the induction of specific immune responses in test
animals. However, these vaccines have turned out to be ineffective in humans and larger
animals. One of the reasons is probably that the reactivity and immunogenicity is lower
than for traditional vaccines. A likely reason for this deficiency is the limited capacity for
protein expression in vivo, which is of greater significance in outbred animais, including
humans as well as the more homogeneous nature and lack of contaminating pathogen-

derived ingredients in the actual vaccine preparation.

This has caused a need for the development of specifilc, finely tuned immunological
adjuvantis for the preparation of vaccines, which would be targeted for activation of the
immune system without profound toxic effects. As a result of this need, efforts have been
made to combine DNA vaccines with cytokines or chemokines, like hematopoietic growth
factors, such as GM-CSF, or chemokines like MIP-1a, which can improve the immune
responses against the antigen encoded by the DNA vaccine. However, unfortunately
these effects are still quite weak. Co-delivery of the cytokines and chemokines as proteins
requires enormous work before a good quality protein can be produced for actual use in

animals or humans.

As for the use of nucleic acid based expression vectors for the expression of an adjuvant
for use in combination with DNA vaccines, questions arise regarding the appropriate level
and site of expression of a particular adjuvant molecule and the effect of this expression

onh the tissue to which the vaccine is administered.

The observations about the potential useful effect of adjuvants in immune stimulation were
made in the early days by Gaston Ramon who found that higher antibody titers were
developed in the horses which developed abscesses post-vaccination. The concept of
using immunological adjuvants to improve antigen-specific immune responses has been
inseparably linked from the early findings with their capacity to induce inflammatory
processes due to contaminations. As a result, the use of such immunotogical adjuvants
may cause clinically unacceptable toxicity and serious health concerns. Therefore, the
only globally licensed adjuvant for human use is alum, a weak adjuvant capable only of

inducing humoral immunity. All the other stronger adjuvants capable of inducing both
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humoral and cell-mediated immunity availabie today are confined to experimental use

oniy,

It has been shown that the current repertoire of vaccine adjuvants is inadequate to
generate effective vaccines against significant pathogens including HIV1, malaria and
tuberculosis (Riedmann et al. 2007; Fraser et al. 20007). Combination of known adjuvants
may overcome some of the problems associated with the vaccines that are available,
however, a reliable, safe and advanced new generation of immune modulators in the form

of adjuvants is certainly needed.

In view of the problems still present in the prior art explained in the above, the aim of the
present invention was thus to find a more efficient adjuvant to accompany and improve
the responses to vaccines available today. The adjuvant according to the present
invention, is a modutator of the immune system, meaning that it will improve and
strengthen the immune response in a subject to whom the vaccine is administered.

Summary of the invention

The above problems associated with the adjuvants available in the art today are solved by
the present invention by providing a novel medical use of an alphaviral replicase or of an
expression vector encoding an alphaviral replicase as an immune system modulating
adjuvant which is species-independent, more efficient and easier to administer than the

immune system modulating adjuvants available today.

The present invention is based upon the surprising discovery that the provision of an
alphaviral replicase alone, comprising RNA dependent RNA polymerase (RdRp) activity
and compartmentalized to the correct compartment in the cell, is able to induce innate
immune responses in a cell. This is possible without the presence of viral genome or any

other non-structural or structural viral proteins.

Accordingly, this is a breakthrough discovery which allows for the development of efficient
adjuvants which are able to activate the immune response providing a quantitatively and
qualitatively more efficient response to a vaccine antigen than when a vaccine is

administered on its own.

Hence, in one aspect, the present invention encompasses an alphaviral replicase
comprising an RNA dependent RNA polymerase {RdRp) for use as an adjuvant for

modulating the immune response. Also, the present invention of course relates to the use
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of an alphaviral replicase, said replicase comprising an RNA dependent RNA polymerase,
in the manufacture of an adjuvant for modulating the immune response. In a preferred

embodiment, said replicase is encoded by an expression vector, such as a DNA vector for
use as an adjuvant for modulating the immune system. In one preferred embodiment, said

replicase is an SFV (Semliki Forest Virus) replicase,

The efficacy of the immune system modulating activity of the alphaviral replicase can be
adjusted through specific mutations in the nuclear localization region of the nSP2 subunit
of the replicase. Accordingly, the present invention relates to alphaviral replicases having
specific mutations in the nSP2 region of the wildtype replicase, for use as adjuvants for
modulating the immune system and to expression vectors encoding alphaviral replicases
having specific mutations in the nSP2 region of the wildtype replicase for use as adjuvants
for modulating the immune system, which mutants have been shown {o be even more
efficient in inducing an immune response in a subject when administered together with a
vaccine of choice. The specific mutations shown to be efficient in the current context are
RDR and AAA mutants presented in positions 1185-1187 of the wildtype SFV replicase

amine acid sequence, which are further described herein.

The alphaviral replicase has been shown to be exceptionally suitable as an adjuvant by
being able to boost and increase the immune response in a subject to whom a vaccine,
e.g. in the form of a nucleic acid based vaccine, is administered. The inventors show that
the interferon response is increased in vivo when the adjuvant in the form of a replicase is
administered togeather with a vaccine, as compared to when only the vaccine is

administered.

Furthermore, the invention relates to the use of the alphaviral replicase or an expression
vector encoding an alphaviral replicase as an adjuvant for modulating the immune
response. The present invention also relates to use of an alphaviral replicase as disclosed
herein as an adjuvant in a vaccine composition for the manufacture of a medicament for
the prevention and/or treatment of an infectious disease. Said vaccine accompanying the
adjuvant may e.g. be in the form of a nucleic acid based vaccine or a protein-based
vaccine. In addition, a method for preparing a vaccine composition comprising the
adjuvant according to the invention is provided herein. The present invention also relates
to a novel protein with replicase activity as weli as an expression vector encoding said

replicase.
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Brief description of the drawings

Figure 1. IFN-beta measured from Cop5 cell culture supernatants transfected with RdRp
using different DNA concentrations. 10ng, 200ng, or 1000ng of expression vectors pRSV-
Nsp1234, pRSV-RDR, pRSV-AAA, or HIV multiantigen expressing vector paraDMgB
(negative control, no RdRp activity) were transfected into Cop5 cells. Cell culture
supernatants were collected in three time-points (24h, 48n, and 72h) and assayed for

interferon-f3 expression.

Figure 2. IFN-beta measured from Cop5 cell culture supernatanis transfected with RdRp
using different DNA concentrations. 10ng, 200ng, or 1000ng of pRSV-RDR, pRSV-GAA,
pRSV-RDR-GAA, and pRSV-AAA-GAA were transfected into Cop5 cells. Cell culture
supernatants were coliected in three time-points (24h, 48h, and 72h) and assayed for

interferon-B expression.

Figure nr 3. IFN-beta measured from Cop5 cell culture supernatants transfected with
either transreplicase or RdRp constructs. 10ng, 200ng, or 1000ng of pRSV-SFV-Rluc,
pRSV-Nsp1234, and KS123M4-RL (negative control, no RdRp activity) were transfected
into Cop5 cells. Cell culture supernatants were collected in three time-points (24h, 48h,

and 72h) and assayed for interferon-B expression.

Figure 4. IFN-beta in HEK293 celis. HEK293 cells were transfected with electroporation
and with the addition of carrier DNA. 1ug of plasmid DNA or poly(l:C) was used.
Supernatants were collected at three time-points (24h, 48h, and 72h) and assayed for

interferon- expression.

Figure 5. IFN-a and —b in HACAT cells. Celis were transfected by electroporation and with
the addition of carrier DNA. 1ug of plasmid DNA or poly(i:C) was used, Supernatants were
collected at three time-points (24h, 48h, and 72h) and assayed for interferon-f and -
expression. Lanes 1, 5, 8 pRSV-RDR; lanes 2, 6, 10 pRSV-RDR-GAA, lanes 3, 7, 11
poly(l:C); lanes 4, 8, 12 mock transfected.

Figure 6. IFN-gamma ELISPOT of mice. Augmentation of cellular immune response in
mice when plasmid DNA is co-administrated with the plasmid pRSV-RDR at ratio 4:1 (800
ng vaccine vector and 200 ng adjuvant vector). Group 1 GTU-MultiHIV; group 2 GTU-
MultiHIV+pRSV-Nsp1234; group 3 GTU-MultiHiV+pRSV-RDR,; group 4 control group.
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Figure 7. Augmentation of the humoral immune respense against the antigens from
influenza virus when the plasmid vector encoding influenza virus HA and NA is co-
administrated with the DNA plasmid pRSV-RDR.

Figure 8. Cumulative IFN-gamma ELISPOT results against two recognized epitopes in
Gag and Env, group average. Three groups of Balb/C mice were immunized two times
(week 0 and week 4) with plasmid DNA encoding MultiHIV antigen alone or together with
PRSV-RDR that was added either with the first or the second immunization. Fourth group
was nalve. Interferon gamma Elispot was done from freshly isolated spleen cells 10 days
after the second immunization. Group 1 GTU-MultiHIV; group 2 GTU-MuitiHIV+pRSV-
RDR with 2nd immunization; group 3 GTU-MultiHIV+pRSV-RDR with 1st immunization;

group 4 naive mice.

Figure 9: Cumulative Granzyme B ELISPOT results against two recognized epitopes in
Gag and Env, group average. Three groups of Balb/C mice were immunized two times
{week 0 and week 4) with plasmid DNA encoding MultiHIV antigen alone or together with
pRSV-RDR that was added either with the first or the second immunization. Fourth group
was naive. Granzyme B Elispot was done from freshly isolated spleen cells 10 days after
the second immunization. Group 1 GTU-MultiHIV; group 2 GTU-MultiHIV+pRSV-RDR with
2nd immunization; group 3 GTU-MultiHIV+pRSV-RDR with 1st immunization; group 4

naive mice.

Definitions
An “expression vector” refers to a DNA or RNA based vector or plasmid which carries

genetic information in the form of a nucleic acid sequence. The terms “plasmid”, "vector”

and/or “expression vector” may be used interchangeably herein.

An “RNA dependent RNA polymerase” or an "RdRp”, is an enzyme, protein or peptide
having an enzymatic activity that catalyzes the de novo synthesis of RNA from an RNA
template. A replicase is a viral polyprotein or complex of polyprotein processing products
that has RdRp activity and catalyzes the replication of specific viral RNA, They are
commonly encoded by viruses which have a RNA genome. Accordingly, a replicase
provides the function of an RNA dependent RNA polymerase, but also further comprises
additional viral non-struciural polyprotein sub-units providing other functions in addition to
RdRp activity. A “compartmentalized” RdRp (CRdRp) is defined herein as an RdRp of a
replicase that is capable of providing the RdRp activity and which is able to be directed to

the correct compartment in the cell to provide its function.
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The terms “antigen” and “gene of interest” as referred to herein, comprises entities, which
when administered to a subject in need thereof, for example in the form of an expression
vector or in the form of a peptide or a protein, directly or indirectly may generate an
immune response in the subject o whom it is administered. When the antigen is a gene
which may provide for the expression of an antigenic protein/peptide it may also be
referred to as a “gene of interest”. If the gene of interest is administered in the form of an
expression vector, stich as a DNA vector, the immune response will be triggered when the

genes encoded by the vector are expressed in the host.

A "vaccine” as referred to herein, is a preparation which is used to improve the immunity
to a particular disease. A vaccine can comprise one or more antigen(s) derived from a
pathogen which when administered to a subject in need thereof, will trigger an immune
response to the one or more antigen(s), thereby inducing an immunity in the subject
providing protection towards a later “real” infection with the pathogen in question.
Vaccines can be prophylactic, e.g. prevent or lessen the effects of a future infection by
any natural pathogen, or they can be therapsutically acting when the infection is aiready
present. In the context of the present invention, the alphaviral replicase or the expression
vector encoding the alphaviral replicase is intended to be used as an adjuvant for
modulating the immune response together with both a preventive and/or a therapeutic
vaccine. Vaccines may be dead or inactivated microorganisms or purified products
derived from them. In general, there are four types of traditional vaccines. These are
vaccines containing killed microorganisms which are previously virulent micro-organisms,
live attenuated virus microorganisms, toxoids which are inactivated toxic compounds, or
subunits of the attenuated or inactivated microorganism. A vaccine may be in the form of
a protein, or it may be indirect in the form of an expression vector from which one or more
antigen(s) are expressed thereby inducing an immune response in a subject. In a vaccine
composition as disclosed herein, any vaccine, examples of which are provided in the
above, may be administered together with the adjuvant according to the invention. Hence,
in the present context, a “vaccine” refers to any entity which comprises one or more
antigen(s) or which encodes one or more gene(s) of interest, and which when
administered will generate an immune response as explained herein. A “vaccine” may
also comprise additional components aiding in the administration to a subject in need

thereof, such as a constituent and/or excipient, examples of which are given herein.

An “adjuvant” as referred to herein, may be defined as an immunological agent that can
activate the innate immune system and modify the effect of other agents, such as a

vaccine. An adjuvant is an agent that may stimulate the immune system and increase the
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response o a vaccine, providing a stronger and more efficient immune response to the
subject who is vaccinated, than when the vaccine is administered on its own. Hence,
adjuvants are often used to increase or in any other manner influence the effect of a
vaccine by e.g. stimulating the immune system to respond to the vaccine more vigorously,
thus providing increased immunity to a particular disease. Adjuvants may accomplish this
task by mimicking specific sets of evolutionarily conserved molecules. Examples of such
molecules are liposomes, lipopolysaccharide (LPS), bacterial cell wall components,
double-stranded RNA (dsRNA), single-stranded DNA (ssDNA), and unmethylated CpG
dinucleotide-containing DNA etc. The presence of an adjuvant in conjunction with the
vaccine can greatly increase the innate immune response to the antigen by mimicking a
natural infection. When an “adjuvant” is referred to herein, what is intended is an
aiphaviral replicase or an expression vector encoding an alphaviral replicase with RNA
dependent RNA polymerase activity as disclosed herein, providing the adjuvant function.
The adjuvant may also be an expression vector, such as a DNA vector, providing for the
expression of an alphaviral replicase comprising the RNA dependent RNA polymerase
activity. Hence, the alphaviral replicase may be administered as it is, or it may be
administered in the form of an expression vector, from which the alphaviral replicase is
expressed providing the adjuvant function. A vaccine composition as referred to herein,
may in some embodiments comprise more than one vaccine entity, such as in the form of
one or more expression vector(s), encoding the one or more genes of interast, or
providing the one or more antigen(s) by being e.g. a protein-based vaccine, thereby
providing a cocktail of vaccines to be administerad to the patient in need thereof.

By "mcdulating the immune system”, “modulating the immune response”, or an “immune
system modulating activity” is meant the actions or activities which are provided by the
adjuvant, as defined herein, and which effects are further explained with the term adjuvant
in the above. This may for example be in the form of stimulating the immune system to
respond to the vaccine more vigorously and/or providing increased immunity to a
particular disease. The adjuvant according to the invention is characterized by that it when
it is administered together with a vaccine will provide an increased response to the
antigen being administered in the form of a vaccine, than when the vaccine is

administered on its own without the adjuvant.

An "expression cassette” as disclosed herein, comprises a nucleic acid sequence
encoding one or more genes or coding sequences optionaily accompanied by various

regutatory sequences for regutating the expression of the genes. These genes may form
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part of a vaccine encoding various antigens which when expressed will generate an

immune response in the host.

A “mutation” as referred to herein, constitutes a deletion, substitution, inserticn and/or
specific point mutation that has been performed in a nucleic acid sequence to change the
performance of the adjuvant function according to the invention. Specific mutations
introduced into the replicase for improving the adjuvant properties thereof according to the

present invention are further exemplified herein.

A "promoter”, is a regulatory region located upstream towards the 3' region of the anti-
sense strand of a gene, providing a control point for regulated gene transcription.

The promoter contains specific DNA sequences, also named response elements that are
recognized by transcription factors which bind to the promoter sequences recruiting RNA

polymerase, the enzyme that synthesizes the RNA from the coding region of the gene.

In the present context, when a nucleic acid sequence or an amino acid sequence
“essentiaily corresponds to” a certain nucleic acid or amino acid sequence, this refers to a
sequence which has from 90% identity with the mentioned sequence, such as about 81,
92, 93, 94, 95, 96, 97, 99 or close to 100% identity with the present sequence. Of course,
in some embodiments the nucleic acid or amino acid sequence also consists of the

specified sequence.

Detailed description of the invention

The present inventors disclose for the first time that an alphaviral replicase, carrying
functional RNA dependent RNA polymerase (RdRp) activity, is able to cause an immune
system modulating effect, i.e. to act as an immune system modulating adjuvant, when
administered alone without the need for any additional structural or non-structural viral

proteins or genomic nucleic acid sequences to provide this effect.

Herein it is shown for the first time that an alphaviral replicase comprising a functional
RdRp administered alone to the cells is able to induce induction of type | interferons,
which activate the innate immunity and improve the quality and effectiveness of the
adaptive humoral and cellular immune responses. It is envisaged that the alphaviral
replicase with the functional RdRp can principally be used as immune system modulating

adjuvant in combination with any type of vaccine or antigen.
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Furthermore, it is shown that the function of the alphaviral replicase as an immune system
modulating adjuvant could be further improved by introducing specific mutations in a
region of the replicase defined as the nuclear iocalization signal of the nSP2 subunit

(Rikkonen et al. 1992).

It is important to note that no specific viral template RNA containing cis-signals for
interaction with the RdRp of the replicase is needed for its activity as an immune system
moduiating adjuvant, which means that, without wishing to be bound by theory, the RdRp
may use some cellular RNA as a template to initiate synthesis of the RNA replication
intermediates in the cell cytoptasm. This is a breakthrough which provides for a novel
approach for constructing an adjuvant, only rendering it necessary to administer an
alphaviral replicase, e.g. in the form of a protein or encoded by an expression vector, such
as a DNA vector, without any other parts of the virus, to obtain an activation of the

immune response.

Accordingly, in a first aspect the present invention relates to an alphaviral replicase
comprising an RNA dependent RNA polymerase, for use as an adjuvant for modulating
the immune system. 1t should be understood that herein, whenever referred to an
alphaviral replicase comprising an RNA dependent RNA polymerase for use as an
adjuvant for modulating the immune system herein, whichever the embodiment, it also
refers to use of an alphaviral replicase comprising an RNA dependent RNA polymerase
for the manufacture of an adjuvant for modulating the immune response. Hence,
accordingly, the present invention also in a similar aspect relates to the use of an
alphaviral replicase comprising RNA dependent RNA polymerase, such as in the form of
an expression vector, for the manufacture of an adjuvant for modulating the immune

response.

In one preferred aspect of the invention, the alphavirus is the Semiiki Forest Virus. it
shouid be understood that herein, whenever a replicase is referred to, it always comprises
the option of the replicase being a SFV replicase. In one embodiment, the amino acid
sequence of the replicase of the Semliki Forest Virus essentially corresponds to SEQ ID
NO:1, being suitable for use as an adjuvant for modulating the immune system. The
amino acid sequence of the replicase of the Semliki Forest Virus may also consist of the
sequence corresponding to SEQ ID NO:1, or of the sequences corresponding to the
mutant replicases. In one preferred embodiment, said replicase is mutated in the nsP2
region generating the mutant RRR>RDR in positions 1185-1187 of SEQ ID NO:1, being

suitable for use as an adjuvant for modulating the immune system. This mutated
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sequence corresponds to the amino acid sequence provided in SEQ ID NO: 2, and is also
encompassed by the present invention for use as an adjuvant for modulating the immune
response. In another preferred embodiment, the replicase is mutated in the nsP2 region
generating the mutant RRR>AAA in the positions 1185-1187 of SEQ ID NO:1, also being
suitable for use as an adjuvant for modulating the immune system. This mutated
sequence corresponds to the amino acid sequence as provided in SEQ ID NO:3 and is
also encompassed by the present invention for use as an adjuvant for modulating the
immune response. The invention of course also relates to an expression vector encoding
a replicase as defined in any embodiment herein, for use as an adjuvant for modulating
the immune response. Said replicase, either in the form of a peptide and/or & protein,
and/or encoded by an expression vector, may be formulated together with a
pharmaceutically acceptable excipient and/or constituent, examples of which are given
herein. In yet another embodiment, a mixture of both or either of the mutated replicases
as mentioned herein and/or together with the wildtype replicase, optionally expressed by
one or more expression vector(s) is used as an adjuvant for modulating the immune

response.

It is important to note that the present inventors have for the first time discovered that an
alphaviral replicase, without the presence of any additionatl viral antigens, can in itseif act
as an immune system modulating adjuvant. For example, when in the form of an
expression vector, the expression vector when expressed may cause an immune system
modulating effect in a subject even in the absence of the simuitaneous administration of
additional nucleic acid sequences encoding a heterologous antigen or any other aiphaviral
nucleic acid sequences. To provide this effect, it has been shown that the RdRp activity of
the replicase is crucial as well as the ability of the replicase to proceed to the correct
compartment in the ceil cytoplasm, i.e. the procedure of compartmentalization of the

replicase, which is further discussed in the below.

Without wishing to be bound by theory, when the adjuvant is administered in the form of
an expression vector, the replicase seems to be activated for expression in the celi
nucleus of the transfected cells of the target tissue. 1t is further envisaged that upon
transcription of the expression vector, the mRNA encoding the replicase is transported to
the cytoplasm, where it is transiated into the replicase protein that possesses cytoptasmic
RNA-dependent RNA polymerase activity. This enzyme is compartmentalized to the
specific cytoplasmic compartments, where the RNA-dependent RNA polymerase activity
generates effector molecules, including, but possibly not limited to, double-stranded RNA,

inside of the cell cytoplasm, which trigger a massive, strong and long-lasting cellular
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antiviral response, inciuding the induction of expression of type | interferons. This type of
induction of the antiviral response is universal, species-independent and activates both

cell-mediated and humoral immune responses.

Accordingly, in another aspect, the present invention relates to an expression vector
encoding an alphaviral replicase, such as SFV replicase, as defined herein, preferably a
DNA vector, such as a plasmid DNA expression vector, which in one embodiment is
pRSV-Nsp1234, corresponding essentially to the sequence as disclosed in SEQ 1D NO:5,
for use as an adjuvant for modulating the immune system. The nucleic acid sequence of
the replicase of the Semliki Forest Virus may also consist of the sequence corresponding
to SEQ ID NO:5, or of the sequences corresponding to the mutant replicases. In some
embodiments, the replicase encoded by the expression vector is mutated in the nsP2
region. As a general reference, the nsP2 region of an SFV replicase (SEQ ID NO:1) is
located approximately in amino acid positions 538-1336 of SEQ ID NO:1. In one
embodiment, the expression vector encodes a replicase which is mutated in the nsP2
region generating the mutant RRR>RDR in positions 1185-1187 of SEQ 1D NO:1, being
suitable for use as an adjuvant for modulating the immune system. In one embodiment,
said expression vector is encoded by the seguence essentially corresponding to SEQ 1D
NO:4, but wherein a mutation has been introduced into positions 4128-4131 of this
sequence, such as in one embodiment the mutation CGG to GAC, for use as an adjuvant
for modulating the immune response. The nucleic acid sequence of the replicase of the
Semliki Forest Virus may also consist of the sequence corresponding to SEQ 1D NO:4, but
wherein a mutation has been introduced into positions 4129-4131 of this sequence, such
as in one embodiment the mutation CGG to GAC. In another embodiment, the expression
vector encodes a replicase which is mutated in the nsP2 region generating the mutant
RRR>AAA in the positions 1185-1187 of SEQ ID NO:1, which is used as an adjuvant for
modulating the immune system. In one embodiment, the expression vector is encoded by
the sequence essentially corresponding to SEQ 1D NO:4, but wherein a mutation has
been introduced in positions 4126-4133 of this sequence, such as in one embodiment the
mutation CGGCGGAG to GCCGCCGC, for use as an adjuvant for modulating the
immune response. The nucleic acid sequence of the replicase of the SFV may also
consist of the sequence corresponding to SEQ 1D NO:4, but wherein a mutation has been
introduced in positions 4126-4133 of this sequence, such as in one embodiment the
mutation CGGCGGAG to GCCGCCGC. This means that in the respective amino acid
sequences, the wild type amino acid sequence has been altered from RRR to RDR and
AAA, respectively, in positions 1185-1187 in SEQ ID NO:1. Said expression vector,
mutated or not, may in a preferred embodiment be a DNA vector. Said vector may also be
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a viral expression vector, such as an adenoviral vector or a herpesvirus-based vector or
any other usable viral expression vector. In one embodiment, the expression vector is a
RNA-based vector. In yet another embodiment, the adjuvant is administered in the form of
aiphaviral replicase mRNA. In one embodiment, the invention relates to an alphaviral
replicase plasmid DNA expression vector which is pRSV-AAA, essentially corresponding
to the nucleic acid sequence disclosed in SEQ ID NO:5, wherein positions 5126-5133
have been mutated from CGGCGGAG to GCCGCCGC, for use as an adjuvant for
modulating the immune system . In another embodiment, the invention relates to an
alphaviral plasmid DNA expression vector which is pRSV-RDR, essentially corresponding
to SEQ ID NO:5, wherein positions 5129-5131 have been mutated from CGG to GAC, for
use as an adjuvant for modutating the immune system. The nucleic acid sequence of the
replicase of the Semliki Forest Virus may also consist of the sequence corresponding to
SEQ ID NO:5, or of the sequences corresponding to the mutant replicases mentioned in

the above,

As is understood by the skilled person, an expression vector according to the invention
encoding the replicase for use as an adjuvant for modutating the immune system may of
course also comprise additional commonly used components aiding in the expression of
the vector, such as various regulatory sequences in the form of promoters, enhancers,
etc. The expression vector encoding a replicase as defined herein for use as an adjuvant
for modulating the immune system may also comprise an origin of replication and/or a
selection marker, such as an antibiotic selection marker or a selection system based upon
the araD gene, as provided for in the applicants own application published as
WQO2005/026364. Such a selection system as disclosed in WO2005/026364 comprises a
bacterial cell deficient of an araD gene into which a vector cairying an araD gene,
preferably a bacterial araD gene, such as an araD gene from £.cofi, a complementary
sequence thereof, or a catalytically active fragment thereof has been added as a selection
marker. The araD gene encodes a functional L-ribulose-5-phosphate 4-epimerase (EC

5.1.3.4.).

As demonstrated in the experimental section, the expression of the mutated forms of the
replicase, also acts as immune system modulating adjuvants. Moreover, the mutations
can modulate the adjuvant activity of the replicase: the RDR mutant has enhanced ability
of type | iFN induction compared to (wildtype) wt replicase expression (Example 2). The
replicase with the RRR>AAA mutation acts as an immune system moduiating adjuvant

similarly to the wildtype replicase (Example 2). It is also demonstrated in the experimental
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section that transfection of the different human and mouse cells with replicase-based

expression vectors alone induced activation of type I interferon production (Example 2)

The results described in the experimental section clearly demonstrate that the RNA-
dependent RNA polymerase (RdRp) activity of the replicase is absolutely necessary for
immune modulation activity. The signature GDD motif of viral RNA polymerases is located
in the region of nsp4 of the alphaviral replicase wherein the RdRp enzymatic activity is
located. The mutation GDD>GAA in this motif destroys the RdRp activity (Tomar et al.
20086). Introduction of the GDD>GAA mutation into the replicase completely abolishes the
induction of the Type | interferon response (Example 2), thereby demonstrating the

necessity of the RdRp activity for the immune system modulating effect.

Experimental data also showed that the expression of replicases with a functional RdRp
activity but not the replicases with the GDD>GAA mutation resuited in the accumulation of
the dsRNA in the cytoplasm of the transfected cells. Without wishing to be bound by
theory, these results indicate that the immune system modulating activity of the replicase
may at least partially be mediated by the dsRNA recognition pathway, wherein the
replicase produces dsRNA from endogenous RNA in the cytoplasm. However, it is not
exciuded that other pathways (e.g. via recognition of uncapped RNA) are involved. In
some cases, induction of the type I IFN response was observed without indication of

dsRNA accumuiation in cytoplasm (Exampie 3).

In addition, different kinetic patierns were observed when the IFN response was induced
by the SFV replicase expression compared to induction by synthetic dsRNA (poly 1:C)
transfection. In the experiments with the replicase expression vector transfections, the IFN
level was increased during the first days after transfection. in contrast, the IFN level
showed the maximum value in the first time point (24h) after transfection with synthetic

dsRNA, and decreased thereafter {(Example 2).

Immunological data presented in the experimental section clearly demonstrate that co-
administration of the MultiHIV antigen DNA vaccine (Blazevic et al. 2006) together with
the expression vector encoding the replicase, in this case the SFV replicase, significantly
enhance quantitatively the cell-mediated immune response if compared with immunization
with the DNA vaccine atone (measured by the ELISPOT assays) (Figure 6). In addition,
the values were clearly higher in the case with the replicase with the RRR>RDR mutation
than the wildtype replicase (Example 4). Thus, the immunological data correlates with the

resuits of IFN response induction: no positive effect to cell mediated immunity was
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observed if the repficase with destroyed RdRp activity (GDD>GAA) mutation was ¢o-
administered with the DNA vaccine. This clearly shows the importance of the RdRp

activity for providing the adjuvant effect according to the invention.

The triggering of innate immunity responses, like type IFN response by SFV infection, is
well known in the art. it has also been shown that the immune modulation activity of the
alphaviruses can be tuned by introducing mutations in the nsP2 region of the non-
structural polypeptide of the replicase. The infection of primary mouse fibroblasts with
SFV (Semliki Forest Virus) that had singie point mutation RRR>RDR in nsP2 NLS,
resulted in increased expression of type | IFN and the proinflammatory cytokine TNF-a in
virus infected cells, if compared to wt SFV infection (Breakwell et al. 2007). It should
however be pointed out that in Breakwell et al. the celis were infected with whole virus
particles resulting in delivery, expression and replication of the whole viral genome, and,

thereby generating the IEN response.

However, differently from prior art, the present invention have demonstrated that the
induction of IFN response is not bound to viral infection and viral genome replication itself,
but also can be obtained by the expression of the viral non-structural polyprotein, i.e. the
replicase, alone without inctuding the viral genome, viral particles or structural proteins.
Moreover, it is demonstrated that the SFV replicase can be expressed from codon-
optimised cDNA that have low homology with natural nucleic acids of SFV and stilt provide
the adjuvant effect. An example of such a codon-optimized sequence is provided in SEQ
ID NO:4. When expressed, SEQ ID NO:4 provides for the amino acid sequence as

disclosed in SEQ ID NO: 1.

It is to be understood that nucieic acid and amino acid sequences as referred to herein
forming part of the present invention also comprise nucleic acid and amino acid
sequences with approximately 90% identity to these sequences, such as 90, 91, 92, 93,
94, 95, 96, 97, 98, or 99 % identity with the sequences. This means that the sequences
may be shorter or longer or have the same length as the sequences disclosed herein, but
wherein some positions in the nucleic acid sequence or the amino acid sequence have
heen altered in a suitable manner. However, when a mutated alphaviral replicase is used,
the mutated sequence will always be present and hence be excluded when determining
the identity of a sequence with the specific sequence disclosed herein. The sequence
used in the present invention may hence be altered in any suitable manner for the
intended purpose, such as by the introduction, change and/or removal of a specific nucleic

acid in the nucleic acid sequence, or an amino acid in the amino acid sequence. Itis
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important to note that even if the sequence is altered, the RNA dependent RNA

polymerase activity of the replicase expressed from the expression vector remains.

In some embodiments of the present invention, said adjuvant as defined herein, for use as
an adjuvant for modulating the immune system, is formulated together with a
pharmaceutically acceptable excipient and/or constituent. Such a pharmaceutically
acceptable excipient and/or constituent may be chosen from any suitable source.
Examples of pharmaceutical excipients are liquids, such as water or an ail, including those
of petroleum, animal, vegetable, or synthetic origin, such as peanut oil, soybean oil,
mineral oil, sesame oil and the like. The pharmaceutical excipients can be saline, gum
acacia, gelatin, starch paste, talc, keratin, colloidal silica, urea and the like. In addition,
auxiliary, stabilizing, thickening, lubricating, and coloring agents can be used. In one
embodiment, the pharmaceuticaily acceptabie excipients are sterile when administered to
an animal. Saline solutions and aquecus dextrose and glycerol solutions can also be
employed as liquid excipients, particularly for injectable solutions. Suitable pharmaceutical
excipients also include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk,
glycerol, propylene, glycol, water, ethanol and the like. A composition with the adjuvant
can, if desired, also contain minor amounts of wetting or emulsifying agents, or pH
buffering agents. The present compositions can also take the form of solutions,
suspensions, emulsion, tablets, pills, pellets, capsules, capsules containing liguids,
powders, sustained-release formulations, suppositories, emulsions, aerosols, sprays, sus-
pensions, or any other form suitable for use. in one embodiment, the composition is in the
form of a capsule. Other examples of suitable pharmaceutical excipients are described in
Remington’s Pharmaceutical Sciences 1447-1 676 (Alfonso R. Gennaro ed., 19th ed.
1995). In one embodiment, the adjuvant according to the invention is formulated in
accordance with routine procedures as a composition adapted for oral administration to
human beings. Compositions for oral delivery can be in the form of tablets, lozenges,
aqueous or cily suspensions, granules, powders, emulsions, capsutes, syrups, or elixirs,
for example. Oral compositions can inciude standard excipients such as mannitol, lactose,
starch, magnesium stearate, sodium saccharin, cellulose, and magnesium carbonate. In
one embodiment, the excipients are of pharmaceutical grade. In another preferred
embodiment, the adjuvant can be formulated for intravenous administration. Typically,
compositions for intravenous administration comprise sterile isotonic agueous buffer.

Where necessary, the compositions can also include a solubilizing agent.
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Methods of administration of the expression vector according te the invention comprise,
but are not limited to, intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, oral, sublingual, intracerebral, intravaginal,
transdermal, rectal, by inhalation, or topical, particularly to the ears, nose, eyes, or skin.
The mode of administration can be left to the discretion of the practitioner. in an especially
preferred embodiment, the adjuvant according to the invention, optionatly in combination
with a suitable vaccine, is administered to a patient in need thereof by a Gen Gun
methodotogy ( Klein et al 1992), by injections combined with electroporation
(“electroporation-mediated DNA drug delivery”; intradermal or inframuscular), by topical
administration onto mucosal surfaces {(e.g. in the form of intranasal spray). The genetic
adjuvant can be also combined with specific delivery adjuvants, which facilitate uptake of

plasmid DNA by cells {e.g. polyethylenimide and other simitar).

Electorporation (EP) utilizes the in vivo application of electrical fields to enhance the
intracellular delivery of agents of interest in a targeted region of tissue. The EP delivery
technique is dependent on the propagation of thresholid level electrical fields throughout
the target tissue site after the agent of interest has been distributed within the interstitial
space of said tissue. This spatial and temporal “co-localization” of electrical fields and

therapeutic agent in the target tissue is a critical requirement for achieving efficacious

DNA delivery.

Electroporation has been demonstrated to be effective on both prokaryotic and eukaryotic
cells and is capable of introducing DNA, large macromolecules (e.g., antibodies), proteins,
dyes, metabolic precursors (e.g., 32P-ATP), and nonpermeant drugs and metabolites into

cells with high efficiency. (De Lise et al, Developmental Biology Protocols; Jan 21,2000).

in one aspect of the present invention, the adjuvant may optionally be administered
together with the vaccine of choice in a vaccine composition as a first immunization to the
patient in need thereof. Some results provided by the present inventors have shown that
such a mode of administration of the adjuvant may provide an improved immune response
as compared to when the adjuvant is administered together with the vaccine in the second
round of immunization (see Figure 8 and 9). Mence, in one aspect, the present invention
relates to a method of administering a vaccine composition as defined herein, said
vaccine composition comprising an adjuvant as defined herein, wherein said adjuvant is
administered as part of the vaccine composition in the first immunization of the patient in
need of said treatment. Optionally the co-administration of the adjuvant with the vaccine in

a vaccine composition is only performed with the first immunization dose, i.e. no adjuvant
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is administered if additional doses of the vaccine are administered at a later stage to the

individual in need thereof.

Hence, yet another aspect of the present invention relates to an alphaviral replicase, said
replicase comprising an RNA dependent RNA polymerase, for use in a vaccine
cormposition to be administered as a first immunization dose. Accordingly, in one aspect
the present invention relates to a method of administering an adjuvant in a vaccine
composition as defined herein, said adjuvant comprising an alphaviral replicase, said
replicase comprising an RNA dependent RNA polymerase, wherein said administration of
the adjuvant is performed with the first immunization dose of the vaccine composition to a
patient in need thereof. In the present context, the “first immunization dose” refers to when
the vaccine comprising one or more antigen(s) is administered to the patient in need
thereof for the first time, thereafter triggering an immune response to the vaccine (i.e. the
one or more antigen(s) administered therewith). In another aspect, the present invention
relates to the use of an alphaviral replicase, said replicase comprising an RNA dependent
RNA polymerase in the manufacture of a vaccine composition wherein said adjuvant is to

be administered with the first immunization dose.

It should however be noted that the present invention is not limited to the mode of
administration mentioned in the above, i.e. to be administerad {optionally only) with the
first immunization dose, and it may also well be so that the skilied practitioner will find
additional alternative methods of administration which will function in a similar and equaliy

oreferred manner.

In another aspect, the invention relates to the use of an alphaviral replicase, or an
expression vector encoding an alphaviral replicase, said replicase comprising an RNA
dependent RNA polymerase, as an adjuvant for modulating the immune system. tn one
embodiment, said alpha virus is the Semliki Forest Virus. in yet another embodiment, said
replicase used as an adjuvant for modulating the immune system corresponds to the
amino acid sequence essentially as disclosed in SEQ 1D NO:1. The amino acid sequence
of the replicase of the Semliki Forest Virus may also consist of the sequence
corresponding to SEQ ID NQO:1, or of the sequences corresponding to the mutant
replicases. In another preferred embodiment, the invention relates to the use of an
alphaviral replicase, said replicase comprising an RNA dependent RNA polymerase, as
an adjuvant for modulating the immune system, wherein the replicase is mutated in the
nsP2 region generating the mutant RRR>RDR in positions 1185-1187 of SEQ iD NO:1,
represented by SEQ ID NO:2. In another preferred embodiment, the replicase is mutated
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in the nsP2 region generating the mutant RRR>AAA in the positions 1185-1187 of SEQ iD
NO:1, represented by SEQ ID NO:2. In some embodiments, the replicase as such defined
is encoded by an expression vector, which in some embodiments is a DNA vector.

Optionally, said replicase may be formulated together with a pharmaceuticatly acceptable

excipient andfor constituent.

As demonstrated in example 5, the replicase with the mutation RRR>RDR also enhance
the quantity of antibody response evoked by immunisation with DNA vaccine expressing
the influenza antigens. The experimental data shows that the antibody levels were highest
in the cases when the SFV replicase unit is co-administrated with influenza DNA vaccine,
giving even higher values than well-defined adjuvant GM-CSF expression vector when co-

administrated with the vaccine vector.

In yet another preferred aspect, the invention relates to the use of an alphaviral replicase,
being either wildtype, codon-optimized or mutated, such as with an RDR or an AAA
mutation as further defined herein, or an expression vector, such as a DNA vector,
encoding an alphaviral replicase as defined herein, said replicase comprising an RNA
dependent RNA polymerase, as an adjuvant for modulating the immune response when
present in a vaccine composition, for the manufacture of a medicament for the prevention
and/or treatment of an infecticus disease. The present invention also relates to the use of
an alphaviral replicase, as defined herein, as an adjuvant, in the manufacture of a vaccine
composition. Said vaccine composition is preferably used for the prevention and/or
treatment of an infectious disease. The present invention also relates to an alphaviral
replicase, as defined herein being either wildtype, codon-optimized or mutated, such as
with an RDR or an AAA mutation as further defined herein, or an expression vector
encoding an alphaviral replicase, said replicase comprising an RNA dependent RNA
polymerase, for use as an adjuvant for modulating the immune response when present in
a vaccine compaosition, for the prevention and/or treatment of an infectious disease. As
previously stated herein, the replicase may essentiaily correspond fo the amino acid
sequences as disclosed in SEQ 1D NO:1, 2 or 3. Furthermore, the replicase may consist
of the sequences as disciosed in SEQ ID NO:1, 2 or 3. In one embodiment, the vaccine
composition, wherein the alphaviral replicase is present as an adjuvant, optionally
encoded by an expression vector, is used for the prevention and/or treatment of an
infectious disease. In one embodiment, the vaccine composition wherein the alphaviral
replicase, optionally encoded by an expression vector, is present as an adjuvant is used
for the prevention and/or treatment of a bacterial disease. In another embodiment, the

vaccine composition wherein the alphaviral replicase, optionally encoded by an
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expression vector, is present as an adjuvant is used for the prevention and/or treatment of
a viral disease, which viral disease preferably is caused by HIV (Human
Immunodeficiency Virus; HIV-1, HIV-II), potentially leading to AIDS. In yet another
embodiment, the vaccine composition wherein the alphaviral replicase is present,
optionally encoded by an expression vector, as an adjuvant is used for the prevention
and/or treatment of cancer. The vaccine which is administered in coembination with the
replicase providing the adjuvant properties of the composition may be any suitable
vaccine for the present purpose. In some embodiments, the vaccine is protein-based, and
in other embodiments the vaccine is an expression vector which encodes one or more
antigen(s) or gene(s) of interest. The expression vector may be any suitable nucleic acid
based expression vector encoding one or more genes of interest or antigens capable of
inducing a specific immune response in a host to which the vaccine composition is
administered. In one preferred embodiment, the vector of the vaccine compasition is

based upon an influenza virus,

Accordingly, in one aspect, the present invention refates to a vaccine composition
comprising an alphaviral replicase as defined in any of the embodiments herein providing
an adjuvant effect, and a vaccine of choice, also as defined herein. The vaccine may
optionally be GTU-MultiHIV. (Blazevic V, et al. AIDS Res Hum Retroviruses, 2008
Juk22(7):667-77.). Accordingly, the vaccine in the vaccine composition may in some
aspects contain one or more structural or non-structural HIV protein(s) of choice, such as
the antigens which are disclosed in the applicant's own publication WO02090558.

The replicase adjuvant and the antigen may in the context of the present invention be
encoded by the same expression vector, wherein the replicase provides the adjuvant
properties and the vaccine part of the vector is a separate independent part of the vector
providing its function independently of the replicase. Despite thereof, the replicase may
optionally be fused to any other coding sequence in any expression vector enceding an
antigen. The expression vector encoding the adjuvant and/or the vaccine may in some
embodiments be a DNA vector. As will be understood by the skilled person, the vaccine
composition according to the invention may also comprise more than cne vaccine unit,
meaning that a cocktail of several vaccines may be administered to a subject in need

thereof together with the adjuvant according to the invention.

in yet ancther aspect, the present invention refates to the use of an alphaviral replicase as
defined herein in a vaccine composition as an adjuvant for modulating the immune

response for the manufacture of a medicament for the prevention and/or treatment of an
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infectious disease or the use of an alphaviral replicase as defined herein as an adjuvant
for the manufacture of a vaccine composition , wherein the vaccine comprising the one or
more gene(s) of interest is an expression vector comprising:
a. a DNA sequence encoding a nuclear-anchoring protein operatively linked
to a heterologous promoter, said nuclear-anchoring protein comptrising
(i) a DNA binding domain which binds to a specific DNA sequence, and
(ii) a functional domain that binds to a nuclear component, or a functional
equivatent thereof; and
b. a muitimerized DNA binding sequence for the nuclear anchoring protein,

wherein said vector tacks an origin of replication functional in mammalian cells.

Said vaccine composition as defined herein may be used in the treatment and/or
prevention of an infectious disease, such as MV infection, as well as in the treatment of a

bacterial disease or cancer.

The present invention also relates to an alphavirat replicase as defined herein for use as
an adjuvant for modulating the immune response in a vaccine composition for the
prevention and/or treatment of an infectious disease, wherein the vaccine comprising the
one or more gene(s) of interest is an expression vectar comprising:
a) a DNA sequence encoding a nuclear-anchoring protein operatively linked to
a heterclogous promoter, said nuclear-anchoring protein comprising
(iy a DNA binding domain which binds to a specific DNA sequence, and
(i) a functional domain that binds to a nuclear component, or a functional
equivaient thereof, and
b} a muitimerized DNA binding sequence for the nuclear anchoring protein,

wherein said vector lacks an origin of replication functional in mammalian cells.

The term "nuclear-anchoring protein” refers to a protein, which binds to a specific DNA
sequence and which is capable of providing a nuclear compartmentalization function to
the vector, i. e., to a protein, which is capable of anchoring or attaching the vector to a
specific nuclear compartment. In one embodiment, said nuciear-anchoring protein is the
E2 protein from the Bovine Papilloma Virus Type 1. In another preferred embodiment, part
i} and/or part ii), i.e. the DNA binding domain binding to a specific DNA sequence and/or
the functional domain which binds to a nuclear companent, is obtained from the E2 protein
of the Bovine Papilloma Virus type 1. In one embodiment, said protein is a recombinant
and/or a synthetic protein. A nuclear component may for example be mitotic chromatin,

the nuclear matrix, nuclear domain 10 (ND10), or nuclear domain POD.
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Such vectors which may form part of the vaccine compositions for use together with the
replicase adjuvant according to the invention are further disclosed in applicants own
application published as WO02080558, as well as in (Blazevic V, et al. AIDS Res Hum
Retroviruses. 2008 Jul;22(7):667-77.) . It should be noted that these vectors are however
only examples of vectors that may be combined with the replicase for use as an adjuvant
according to the present invention forming a vaccine composition as disclosed herein. Any
suitable expression vector functioning as a vaccine may be formulated together with the
replicase for use as an adjuvant therein according to the invention to produce a
composition which will generate a stronger and more efficient immune response in the
subject to which the vector is administered, than the administration of a vaccine alone. In
one embodiment, the present invention relates to the use of an alphaviral replicase said
replicase comprising an RNA dependent RNA polymerase for use as an adjuvant for
modulating the immune system in a vaccine composition for the manufacture of a

medicament for the prevention and/or treatment of an infectious disease.

Regarding vaccine compositions, wherein the replicase is used as an adjuvant, it should
be noted that is it up to the skilled practitioner to determine the suitable dosage and the
amounts of the adjuvant and/or the vaccine present in the vaccine composition for the
subject in need of a treatment with the adjuvant as disclosed herein. In one preferred
aspect, the replicase which is part of the vaccine composition is encoded by an
expression vector, which preferably is a DNA vector. Said vaccine may also in some
embodiments be an expression vector, such as a DNA vector, or it may be a protein-

hased vaccine.

In another aspect, the present invention relates to a method for preparing a vaccine
composition as disclosed herein comprising therein an alphaviral replicase for use as an
adjuvant, comprising mixing a suitable amount of the alphaviral replicase or an expression
vector encoding an alphaviral replicase comprising a RNA dependent RNA polymerase
with a suitable amount of the vaccine and optionally adding a pharmaceutically acceptable
excipient and/or constituent. The suitable amounts of the respective ingredients may be
determined by the skilled practitioner; however examples of some preferred doses are

also given herein.

In yet another aspect, the present invention relates to a method comprising administering
a suitable amount of a vaccine composition comprising therein an alphavirai replicase or

an expression vector encoding an alphaviral replicase for use as an adjuvant according fo
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the present invention to a subject in need thereof. The administration route for the vaccine
composition may be any suitable route as determined by the skilled practitioner, examples
of which are given herein. A subject in need thereof may be any mammal, such as a

human being or an animal.

In yet another aspect, the invention relates to a method for administering an alphaviral
replicase comprising RNA dependent RNA polymerase, optionally encoded by an
expression vector, as an adjuvant for modulating the immune response to a subject in
need thereof, said adjuvant being administered in combination with a vaccine in a suitable
amount, when administered providing an increase in the immune response in the subject
to whom the adjuvant and the vaccine is administered as compared to when the vaccine

is administered on its cwn.

In yet another aspect, the invention relates to a protein essentially corresponding to the
amino acid sequence disclosed in SEQ ID NO:3. The protein may also consist of the
amino acid sequence as disclosed in SEQ ID NO:3. In yet another aspect, the invention
relates to a protein essentially corresponding to SEQ 1D NO:1, but wherein a mutation
generating the change in amino acids from RRR to AAA has been performed in positions
1185-1187 of SEQ 1D NO:1. The protein may also consist of the sequence corresponding
to SEQ 1D NO:1, but wherein a mutation generating the change in amino acids from RRR
to0 AAA has been performed in positions 1185-1187 of SEQ ID NO:1. In yet another
aspect, the invention relates to a protein essentially corresponding to the amino acid
sequence as disclosed in SEQ ID NO:3, for use as a medicament. In yet another aspect,
the invention relates to a protein consisting of the amino acid sequence as disclosed in
SEQ ID NO:3, for use as a medicament. In yet another aspect, the present invention
relates to a protein essentially corresponding to the amino acid sequence as disclosed in
SEQ ID NO:3, for use as an adjuvant for modulating the immune response. In yet another
aspect, the present invention relates to the use of a protein essentially corresponding to
the amino acid sequence as disclosed in SEQ 1D NO:3, for the manufacture of an
adjuvant for modulating the immune response. In yet another aspect, the invention
relates to a protein encoded by a nucteic acid sequence essentially corresponding to the
sequence as disclosed in SEQ 1D NO:4, but wherein a mutation has been introduced into
positions 4126-4133 changing CGGCGGAG to GCCGCCGC. In yet another aspect, the
invention relates to a protein encoded by a nucleic acid sequence consisting of the
sequence as disclosed in SEQ ID NO:4, but wherein a mutation has been introduced into
positions 4126-4133 changing CGGCGGAG to GCCGCCGC. In yet another aspect, the

invention also relates to a nucleic acid sequence essentially corresponding to the
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sequence as disclosed in SEQ ID NO:4, but wherein a mutation has been introduced into
positions 4126-4133 changing CGGCGGAG to GCCGCCGCL. Furthermore, the invention
also relates to a nucleic acid sequence consisting of the sequence as disclosed in SEQ ID
NO:4, but wherein a mutation has been introduced into positions 4126-4133 changing

CGGCGGAG to GCCGCCGC.

in yet another aspect, the invention relates to an expression vector comprising an
expression cassette comprising a sequence essentially corresponding to the sequence as
disclosed in SEQ ID NO:4, but wherein a mutation has been introduced into positions
4126-4133 of SEQ ID NO:4, generating when expressed the mutant RRR>AAA in
positions 1185-1187 of SEQ ID NO:1 (SEQ ID NO:3). In yet another aspect, the invention
relates to an expression vector comprising an expression cassette consisting of a
sequence essentially corresponding to the sequence as disclosed in SEQ ID NO:4, but
wherein a mutation has been introduced into positions 4126-4133 of SEQ |D NC:4,
generating when expressed the mutant RRR>AAA in positions 1185-1187 of SEQ 1D
NO:1 (SEQ ID NO:3). In yet another aspect, the invention relates to an expression vector
comprising an expression cassette comprising a sequence essentially corresponding to
the sequence as disclosed in SEQ ID NO:4, wherein a mutation has been introduced into
positions 4126-4133 of SEQ ID NO:4, generating when expressed the mutant RRR>AAA
in positions 1185-1187 of SEQ ID NO:1, generating when mutated the amino acid

sequence as disclosed in SEQ ID NO:3, for use as a medicament.

In yet another aspect, the present invention relates to the use of an alphaviral replicase,
said replicase comprising an RNA dependent RNA polymerase, for the manufacture of an
adjuvant for modulating the immune system. Said alpha virus may optionatly be the
Semiiki Forest Virus. In some aspects, the amino acid sequence of the replicase
essentially corresponds to SEQ ID NO:1. The amino acid sequence of the replicase may
also consist of the sequence corresponding to SEQ ID NO:1, or of the mutated versions of
the replicase mentioned herein. In other aspects, the replicase is mutated in the nsP2
region generating the mutant RRR>RDR in positions 1185-1187 of SEQ ID NO:1. In yet
another aspect, the replicase is mutated in the nsP2 region generating the mutant
RRR>AAA in the positions 1185-1187 of SEQ 1D NO:1.

The present invention also refates to the use of an expression vector encoding an
alphaviral replicase as defined herein, for the manufacture of an adjuvant for modulating

the immune system. in some aspects, said expression vector is a DNA vector. Said
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replicase or said expression vector encoding said replicase may also be formulated

together with a pharmaceutically acceptable excipient and/or constituent.
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EXPERIMENTAL SECTION
Expression Vectors

pRSV-Nsp1234 (SEQ ID NO:5) is a 10342 bp plasmid vector which expresses codon
optimised SFV replicase (SEQ 1D NO:4) from an RSV LTR promoter. Heterologous rabbit
beta-globin gene derived intron is infroduced into the replicase coding sequence.

Main features:

Start-End Description

9933-268 pUCori

437-963 RSV LTR

1001-8869 SFV replicase coding sequence with intron (SEQ 1D NO:4)
1213-1785 intron

8878-9090 bgh pA

9204-9899 araD selection marker

PRSV-AAA is identical to pRSV-Nsp1234 (SEQ 1D NO:5) but contains the RRR to AAA
mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleotide sequence in positions 5126-
5133 is mutated from CGGCGGAG to GCCGCCGC.

pRSV-RDR is identical to pRSV-Nsp1234 (SEQ tD NO:5) but contains the RRR to RDR
mutation in the aa 1185-1187 of SEQ 1D NO:1: the nucleotide sequence in positions 5129-

5131 is mutated from CGG to GAC.

pRSV- GAA is identical to pRSV-Nsp1234 (SEQ ID NO:5) but contains the GDD to GAA
mutation in the aa 2283-2285 of SEQ 1D NO:1: the nucleotide sequence in positions 8424-
8427 is mutated from ACGA to CCGC.

PRSV- AAA-GAA is identical to pRSV-Nsp1234 (SEQ ID NO:5) but contains the RRR to

AAA mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleotide sequence in positions
5126-5133 is mutated CGGCGGAG to GCCGCCGC; and GDD to GAA mutation in the aa
2283-2285 of Nsp1234 : the nucleotide sequence in positions 8424-8427 is mutated from

ACGA to CCGC.

pRSV- RDR-GAA is identical to pRSV-Nsp1234 (SEQ ID NOC:5) but contains the RRR to
RDR mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleotide sequence in positions
5129-5131 is mutated from CGG to GAC; and GDD to GAA mutation in the aa 2283-2285
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of Nsp1234 : the nucleotide sequence in positions 8424-8427 is mutated from ACGA to

CCGC.

phelF4A1-Nsp1234 (SEQ ID NO:6) is a 10248 bp plasmid vector which expresses codon
optimised SFV replicase (SEQ ID NO:4) from human elF4A1 promoter. Heterologous
rabbit beta-globin gene derived intron is introduced into the replicase coding sequence.

Main features:

Start-End Description

9839-268 pUCori

367-894 helF4A1 promoter

907-8775 SFV replicase coding sequence with intron (SEQ iD NO:4)
1118-1691 intron

8784-8996 bgh pA

9110-9805 araD selection marker

phelF4A1- AAA is identical to phelF4A1-Nsp1234 (SEQ ID NO:6) but contains the RRR to
AAA mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleotide sequence in positions
5032-503¢ is mutated from CGGCGGAG to GCCGCCLEL.

pheiF4A1- RDR is identical to phelF4A1-Nsp1234 (SEQ 1D NO:8) but contains the RRR
to RDR mutation in the aa 1185-1187 of SEQ ID NQO:1; the nuclectide sequence in
positions 5035-5037 is mutated from CGG to GAC.

phEF1aHTLV-Nsp1234 (SEQ ID NO:7) is 10258 bp plasmid vector expresses codon
optimised SFV replicase (SEQ ID NO:4) from human EF1a promoter plus HTLV UTR.
Heterclogous rabbit beta-globin gene derived intron is introduced into the replicase coding

seguence.

Main features:

Start-End Description

8848-268 pUCori

372-903 hEF1a/HTLV

917-8785 SFV replicase coding sequence with intron (SEQ ID NO:4)
1129-1701 intron

8794-9006 bgh pA

9120 9815 aral> selection marker
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phEF1aHTLV- AAA is identical to phEF1aHTLV-Nsp1234 (SEQ ID NO:7) but contains the
RRR to AAA mutation in the aa 1185-1187 of SEQ ID NO:1: the nucleotide sequence in
positions 5042-5049 is mutated from CGGCGGAG to GCCGCCGC.

phEF1aHTLV- RDR is identical to phEF1aHTLV-Nsp1234 (SEQ ID NO:7) but contains the
RRR to RDR mutation in the aa 1185-1187 of SEQ 1D NO:1: the nucleotide sequence in
positions 5045-5047 is mutated from CGG to GAC.

phEF1aHTLV- GAA is identical to phEF1aHTLV-Nsp1234 (SEQ ID NO:7) but contains the
GDD to GAA mutation in the aa 2283-2285 of SEQ ID NO:1: the nucleotide sequence in
positions 8340-8343 is mutated from ACGA to CCGC.

Example 1. Construction of the DNA plasmids expressing the SFV replicase with

mutation RRR>RDR in nsP2 region.

Previously, the SFV replicase protein sequence (non-structural polypeptide nsP1234)
(SEQ ID NO: 1) was back-translated and codon-optimised synthetic cDNA with
heterologous rabbit beta-giobin gene derived intron (introduced into the coding sequence)
was synthesised (SEQ ID NO: 4). The cDNA was inserted into the expression plasmids so
that different heterologous Pol It promoter and UTR elements were used for expression of
SFV replicase from the codon-optimised coding sequence {figure 5). Particularly, Rous
sarcoma virus 5'LTR, human elF4A1 promoter and chimeric promoter consisting of human
EF1a promoter plus HTLV UTR were utilised. The vectors expressing SFV replicase (SEQ
ID NO:1) were named pRSV-Nsp1234 (SEQ [D NO 5), phelF4A1-Nsp1234 (SEQ ID NO
8), and phEF1aHTLV-Nsp1234 (SEQ ID NO 7). In addition, mutations in amino acids
1185-1187 RRR>AAA, in the nsP2 NLS region, were introduced into the vectors pRSV-
Nsp1234, pheiF4A1-Nsp1234, and phEF 1aHTLV-Nsp1234. The plasmids were named
pRSV-AAA, phelF4A1-AAA, and phEF1aHTLV-AAA, respectively.

It is known by literature data that a particular mutation in aa 1185-1187, RRR>RDR, of the
gene encoding the wildtype SFV replicase significantly enhances the induction of IFN
response in virus infected cefls compared to cells infected with wt virus (Breakwell et al.
2007). Thus, mutation RRR>RDR was introduced into the vectors pRSV-Nsp1234,
phelF4A1-Nsp1234, and phEF 1aHTLV-Nsp1234. The plasmids were named pRSV-RDR,
phelF4A1-RDR, and phEF1aHTLV-RDR, respectively.
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It is known by literature data that the mutation GDD>GAA in the highly conserved GDD
motif of the alphavirus nsP4 (aa 2283-2285 of the SFV Nsp1234) protein completely
abolishes the RNA dependent RNA polymerase activity (Tomar et al. 2006). Previously,
the GDD>GAA mutation was introduced into the replicase encoded by the vectors pRSV-
Nsp1234, and pRSV-AAA. The cloned vectors were named as pRSV-GAA, and pRSV-
AAA-GAA, respectively. In addition, the GDD>GAA mutation was introduced into the
context of the plasmid pEF 1aHTLV-Nsp1234, resulting in the vector pEF1aHTLV-GAA.
With the intention to construct the control vector with the RRR>RDR mutation in the nsP2
region, the GDD>GAA mutation was introduced into the vector pRSV-RDR resulting in the

plasmid pRSV-RDR-GAA.
Example 2: Induction of type | interferon response by RdRp expression

We used Cop5 mouse fibroblast cell line (ATCC number CRL-1804) as a model cell line to
discriminate between different replicase constructs for their ability to induce type |
interferon expression. Cop-5 cells were propagated in Iscove’s Modified Dulbecco’s
Medium (IMDM) supplemented with 10% fetal calf serum, 2mM L-Glutamine, and
streptomycin-penicillin. Two other human cell lines were also used comparatively —

HEK293 and HACAT. Cells were propagated at 37 °C under §% CO, and grown to 50 to

70% confluency.

Transfections
Electroporation was carried out with a Bic-Rad Gene Pulser. Three plasmid DNA

concentrations were used for transfections with 10 ng, 200 ng and 1000 ng and equimolar
amounts of control plasmids. All five different constructs were assayed for their ability to
induce interferon response: pRSV-Nsp1234, pRSV-RDR, pRSV-AAA, pRSEV-RDR-GAA,
and pRSV-AAA-GAA. Cells were treated with trypsine, harvested by centrifugation and
suspended in growth medium and supplemented with SmM NaBes. Electroporation was
performed in 0.4 mm cuvettes in the presence of 50 ug of carrier DNA (salmon sperm

DNA) and left in the cuvette for 15 minutes, washed with growth medium, and seeded on

6-well plates.

Interferon-3 assay
Cell culture supernatants were harvested 24h, 48h, and 72h after transfection and frozen

at -20°C until further analysis using interferon-a and —f3 kits (PBL Biomedical

l.aboratories). Ceil culture supernatants were appropriately diluted and used in the
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enzyme-linked immunosorbent assay according to manufacturer’s instructions (PBL

Biomedical Laboratories).

Results
Levels of interferon-B were quantified from collected supernatants by enzyme-linked
immunosorbent assay (ELISA) (PBL Biomedical Laboratories) according to the

manufacturer's instructions.

Conclusions
The generation of interferon response is due to the RNA-dependent RNA-polymerase

(RdRp) activity in the compartmentalized RdRp complex. The RdRyp effect was completely
revoked when the enzymatic activity of RdRp was cancelled out by introducing a GAA
mutation into the active centre of the polymerase unit (Fig 2). The interferon expression
profile measured from celi culture supernatants after transfection with constructs
containing GAA mutation was similar to construct which does not encode any enzymatic
activity (Fig 1, lane paraDMgB).

On the basis of cell culture experiments, the mutant where the nuclear localization signal
(NLS) has been modified in the Nsp2 region by introducing a RDR mutation was chosen
as the most promising adjuvant candidate. The mutant with other modifications (AAA) in
the same position of the NLS or wild type RdRp was also assayed for their ability to
induce type | interferon response, but with substantially lower effects (Fig 1).

We also compared the replicase expression vector pRSV-Nsp1234 (SEQ ID NO:5) with
the vector pRSV-SFV-RIuc that express both the replicase as wel! as specific viral cis-
sequences containing template RNA . The latter acts as specific substrate for the
replicase. The resuits of In IFN response induction assay showed that the existence of
specific template RNA was not the crucial factor in inducing the interferon response (Fig
3). In human cell lines HEK293 and HACAT we were also able to show specific interferon-

B, and to a lesser extent, interferon-a induction by pRSV-RDR (Fig 4 and ).
Example 3. Accumulation of dsRNA in cytoplasm of replicase expressing cells.

It is known that dsRNA intermediates are produced during the replication cycle of the SFV
genome or the replicase template RNA. The presence of the dsRNA in the cytoplasmatic
compartment signalling the viral infection to the cell and may lead of the antiviral response
cascade, including the type | interferon response.

As is documented above (Exampie 2), the SFV replicase expression alone induce the

type | interferon response in transfected cells. In addition, it was determined that RdRp
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activity of the replicase is crifical for the IFN response, because no IFN response was
observed after transfection with the expression vectors bearing GDD>GAA mutation that
abolish the RdRp activity (Example 2).

Thus, the presence and localization of dsRNA in cells transfected with the replicase
expression vectors alone was studied. For this purpose IF analysis using anti-dsRNA
monoclonal antibody J2 (Scicons, HMungary) was utilised. This approach was previously
used for detection of dsRNA in the cells after infection with +strand RNA viruses (Weber
et al 2006). Briefly, the cells were transfected with replicase expression vectors and the
next day after transfection the immunofluorescence analysis of paraformaidehyde fixed
cells was performed with anti-Nspi and anti-dsRNA antibodies (mixed). For signal
detection by fluorescence microscopy, secondary antibodies labefled with fluorochromes
Alexa488 and Alexa568 and staining the nuclei by DAP| were used.

Experiment 1.
The RD cells were transfected by PEI-DNA complex with 0.5 ug of phEF1aHTLV-

Nsp1234 or with 0.5 ug of phEFtaHTLV-GAA. The results clearly demonstrated that the
Nsp1 signal was observed in both cultures. The cytoplasmic dsRNA signai that co-locatize
with the anti-nsP1 stained spheric patterns was detected in the cells transfected with the
phEF1aHTLV-Nsp1234 but not in cells transfected with phEF1aHTLV-Nsp1 234-GAA,

Experiment 2,

The Cop5 cells were transfected by electroporation with 1ug of pRSV-Nsp1234, pRSV-
GAA, pRSV-RDR or with pRSV-RDR-GAA. The results shown that although the Nsp1
signal was observed in all cultures, the replicase colocalized cytoplasmic dsRNA was
detectable in celis transfected with pRSV-Nsp1234 or pRSV-RDR, but not in cells
transfected with the plasmids pRSV-GAA or with pRSV-RDR-GAA.

Experiment 3.
The RD cells were transfected by PEI-DNA complex with 0.5 or 1 ug of pRSV-Nsp1234,

PRSV-AAA or with pRSV-RDR. The results demonstrated that the Nsp? signal was seen
in all cultures. The cytoplasmic dsRNA signal that co-localize with the anti-nsP1 stained

spheric patterns was detected in the cells transfected with the pRSV-Nsp1234 or pPRSV-
RDR but not in cells transfected with pRSV-AAA.
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Conclusion
It was demonstrated that expression of the wt SFV replicase or the replicase with the

mutation RRR>RDR in the nsP2 region, as previously defined herein, induce clear dsRNA
accumulation in the cytoptasm of transfected cells that co-localize with the nsp1 positive
spheric patterns. In contrast, no such dsRNA accumulation was detected if the cells which

were transfected with replicase bearing the GDD>GAA mutation that abolish their RdRp

activity,

Thus, these results show correlation between dsRNA accumulation and type | IFN
induction by the different replicase mutants. However, no dsRNA accumutation was
detected after transfection with the RRR>AAA mutant of the replicase, but induction of
type I IFN response was still observed. This may indicate that the induced IFN response is
not triggered only by dsRNA signailing, but also by other pathways related to the RdRp
activity of the replicase. However, it cannot be excluded that smaller amounts of dsRNA is
produced by the replicase mutant RRR>AAA that is not detectable by the used assay

conditions.

Example 4. Adjuvant effect of the expression of the SFV replicase on the cell

mediated immune response,

Three different groups of mice (Balb/c) 5 mice per group) were immunized with gene gun
2 times with 2 week intervals. One microgram plasmid DNA was administrated with both
immunizations. The plasmid vector GTU-MultiHIV (encoding selected genes from HIV-1)
is an experimental DNA vaccine for HIV-1. When GTU-MultiHIV ptasmid was co-
administrated with the adjuvants pRSV-Nsp1234 or pRSV-RDR then 0.8 pg GTU-MultiHIV
and 0.2 ug adjuvant plasmid were mixed together. For those mice receiving GTU-MultiMIV
vector alone, 1 ug plasmid DNA was used. Mice were sacrificed 10 days later. Interferon
y ELISPOT analysis was performed with freshiy isolated splenocytes. For stimulating cells
one single peptide derived from p24 protein of HIV-1 (AMQMLKET!) was used, which is
known to be presented by MHC class | molecuies of Balb/c mice. Another stimulant was a
pool of overlapping peptides covering the Rev-protein of HIV-1, another component

encoded by the DNA-vaccine.

The results indicate that when a DNA vaccine was co-administrated with the vector

encoding replicase from SFV, the augmentation of cellular immune response up to 3-fold

was observed (Figure 8).
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Example 5. Effect of the SFV replicase expression on the induction of the humoral

immune response against the avian influenza virus.

Three different groups of mice (5 mice per group) were immunized with the plasmid vector
pETB-12m-1, encoding HA- and NA-antigens from influenza virus. Mice were immunized
in the similar way as in the previous example (1 pg plasmid DNA per immunization, when
plasmid was co-administrated with the genetic adjuvant then the ratio 4:1 was used ~ 800
ng immunizing vector and 200 ng adjuvant vector). Blood samples were analysed for the
presence of specific antibodies in ELISA test 2 weeks after the 2™ immunization. In this
experiment another genetic adjuvant, the vector encoding cytokine GM-CSF, known to
boost humoral immune response, was used for comparison.

The results indicate that after two immunizations the best titers were detected in the group
where genetic adjuvant pRSV-RDR was mixed with the antigen encoding plasmid. (Figure

7

Example 6 Adjuvant effect of the expression of the SFV replicase on the cell

mediated immune response in mice.

Three different groups of mice (Balb/c) 4 or 5 mice per group were immunized with gene
gun 2 times with 4 week intervals. One microgram of plasmid DNA was administrated with
both immunizations. The plasmid vector GTU-MultiHIV {(encoding selected genes from
HIV-1) is an experimental DNA vaccine for HIV-1. When GTU-MultiHIV plasmid was co-
administrated with the adjuvant pRSV-RDR either on the first or the second immunization
then 0.8 pg of GTU-MultiMIV and 0.2 g of adjuvant plasmid were mixed together, For
those mice receiving GTU-MultiHIV vector alone, 1 ug of plasmid DNA was used. Mice
were sacrificed 10 days after the second immunization. Interferon y and granzyme B
ELISPOT analysis was performed with freshily isolated splenocytes. For stimulating cells
one single peptide derived from p24 protein of HIV-1 (AMQMLKET!) and one from Env
protein of HIV-1 (RGPGRAFVTI) was used, which are known to be presented by MHC

class | molecules of Balb/c mice.

The resuits indicate that the time of ce-administration of the adjuvant SFV replicase has a
complex effect on the cellular immune response. Adding adjuvant to the immunization
mixture increases interferon gamma response compared to animals who received only
GTU-MultiHIV. Different functionat capabilities of the cells are revealed after granzyme B
expression analysis. Adjuvant augments granzyme B response nearly 3 fold when

administered to mice with the first immunizaticn.



10

15

20

30

35

42

REFERENCES

Nature Reviews Microbiology 6, 363-374 (May 2008) “Modification of intracellular

membrane structures for virus replication” Sven Miller and Jacomine Krijnse-Locker.

Ahlquist P et al "Host Factors in Positive-Strand RNA Virus Genome Replication” Journal
of Virology Aug 2003 vol.77 p8181-8186

Biazevic V, Mannik A, Maim M, et al. 2006 “Induction of human immunodeficiency virus
type-1-specific immunity with a novel gene transport unit (GTU)-MultiHiV DNA vaccine.”
AIDS Research and Human Retroviruses Vol 22, No 7, pp. 667-677

Edwards MR, Slater L, Johnston SL 2007 “Signalling pathways mediating type | interferon

gene expression” Microbes and Infection 9, 1245-1251

Medzhitov R “Recognition of microorganisms and activation of the immune response”
Nature, Vol 449, 18 October 2007, p.819-826

Vercammen E, Staal J, Beyaert R. "Sensing of viral infection and activation of innate
immunity by Toll-like receptor 3” Clinical Microbiology Reviews, Jan 2008, p13-25

Darius Moradpour, Frangois Penin, Charles M. Rice 2007 "Replication of hepatitis C virus”

Nature Reviews Microbiology 5, 4563-463

Ventoso |, Sanz MA, Molina S et al 2006 “Translaticnal resistance of late alphavirus
mRNA to elF2a phosphorylation: a strategy to cvercome the antiviral effect of protein

kinase PKR" Genes and Development 20:87-100.

Rautsi et al 2007 “Type | interferon response against viral and non-viral gene fransfer in

human tumor and primary cell lines”, The Journal of Gene Medicine 9:122-135.

Rikkonen et ai. 1992. Nuclear and nucleolar targeting signals of Semliki forest virus non-

structural protein nSP2. Virology. 189:462-73

Agnes LeBon and David F Tough 2002. "Links between innate and adaptive immunity via

type | interferon”. Current Opinion in Immunology 14:432-436



43
Theofilopoulos AN et al 2005. “Type | interferons (a/B) in immunity and autoimmunity”.
Annu.Rev.Immunol 25:307-335

Tomar et al. 2006. Catalytic Core of Alphavirus Nonstructural Protein nsP4 Possesses

Terminal Adenylyltransferase Activity J Virol. 80 :9962-9



44

CLAIMS

10.
11.

12.

13.

14,

15.
18.

An alphaviral replicase, said repticase comprising an RNA dependent RNA
polymerase, for use as an adjuvant for modulating the immune system.

An alphaviral replicase according to claim 1, wherein said alpha virus is the Semtiki
Forest Virus.

An alphaviral replicase according to claim 2, wherein the amino acid sequence of
the replicase corresponds to SEQ 1D NO:1.

An alphaviral replicase according to claim 3, wherein the replicase is mutated in
the nsP2 region generating the mutant RRR>RDR in positions 1185-1187 of SEQ
1D NO:1.

An alphaviral replicase according to ciaim 3, wherein the replicase is mutated in
the nsP2 region generating the mutant RRR>AAA in the positions 1185-1187 of
SEQ ID NG:1.

An alphaviral replicase for use according to any of ¢laims 1-5, wherein said
replicase is encoded by an expression vector.

An alphaviral replicase according to claim 6, , wherein said vector is a DNA vector.
An alphaviral replicase accerding to any of claims 1-7, wherein said replicase is
formulated together with a pharmaceutically acceptable excipient and/or
constituent,

Use of an alphavirai replicase, said replicase comprising an RNA dependent RNA
polymerase, as an adjuvant for modulating the immune system.

Use according to ctaim 9, wherein said alpha virus is the Semliki Forest Virus.
Use according to any of ¢claims 9-10, wherein the amino acid sequence of the
replicase essentially corresponds to SEQ 1D NO:1.

Use according to claim 11, wherein the replicase is mutated in the nsP2 region
generating the mutant RRR>RDR in positions 1185-1187 of SEQ 1D NO1

Use according to claim 11, wherein the replicase is mutated in the nsP2 region
generating the mutant RRR>AAA in the positions 1185-1187 of SEQ 1D NO:1.
Use of an expression vector encoding an alphaviral replicase as defined in any of
claims 1-5, as an adjuvant for modulating the immune system,

Use according to claint 14, wherein said vector is a DNA vector.

Use according to any of claims 9-15, wherein said replicase is formulated together
with a pharmaceutically acceptable excipient and/or constituent,



17.

18.

19.

20,

21.
22.

23.

24,

25,

26.

27.

28.
28.

45

Use of an alphaviral replicase as defined in any of claims 9-16, in a vaccine
composition for the manufacture of a medicament for the prevention and/or
treatment of an infectious disease.
Use according to claim 17, wherein said vaccine composition is used for the
prevention and/or treatment of a bacterial disease,
Use of an alphaviral replicase as defined in any of ctaims 9-16, in a vaccine
composition for the manufacture of a medicament for the prevention and/or
treatment of treatment of cancer.
Use according to claim 17, wherein said replicase is used for the prevention and/or
treatment of a viral disease.
Use according to claim 20, wherein the viral disease is HIV.
Use according to any of claims 17-21, wherein said vaccine composition
comprises a vaccine which is protein-based.
Use according to any of claims 17-21, wherein said vaccine composition
comprises anh expression vector encoding one or more antigen(s).
Use according to claim 23, wherein said replicase and said one or more antigen(s)
are encoded by the same expression vector.
Use according to claim 23 or 24, wharein said expression vector encoding one of
more antigen(s) is a DNA vector.
Use according to claim 25, wherein said vector is an expression veclor comprising:
a) a DNA sequence encoding a nuclear-anchoring protein
operatively linked to a heterologous promoter, said
nuclear-anchoring protein comprising
i} a PNA hinding domain which binds to a
specific DNA sequence, and
i) a functional domain that binds to a nuclear
component; and
b) a muitimerized DNA binding sequence for the nuclear
anchoring protein
wherein said vector lacks an origin of replication functional in mammalian cells.
Use according {o claim 26, wherein part i} and/or part i) is obtained from the £2
protein of the Bovine Papilloma Virus type 1.
A protein corresponding to the amino acid sequence in SEQ 1D NO:3.
A protein according to claim 28, for use as a medicament.



30.

31,

32.

33.

34,

38.

36.

37,

38.

39.

40.

41,

42,

43.

46

An expression vector comprising an expression cassette comprising a sequence
essentially as disclosed in SEQ 1D NO:4, wherein a mutation has been introduced
into positions 4126-4133 of SEQ (D NO:4, generating when expressed the mutant
RRR>AAA in positions 1185-1187 of SEQ ID NO:1 (SEQ 1D NO:3).

An expression vectar comprising an expression cassette comprising a sequence
éssentially as disclosed in SEQ 1D NO:4 , wherein a mutation has been introduced
Into positions 4128-4131 of SEQ ID NO:4, generating when expressed the mutant
RRR>RDOR in positions 1185-1187 of SEQ D NO:1.

An expression vector according to claim 31, wherein said expression vector is
pRSV-RDR.

An expression vector according to any of claims 30-31, for use as a medicament.
A nucleic acid sequence essentially corresponding to SEQ 1D NO:4 wherein the
mutation CGGCGGAG to GCCGCCGC has been introduced into positions 4126-
4133 of SEQ 1D NO:4.

Use of an alphaviral replicase, said replicase comprising an RNA dependent RNA
polymerase, for the manufacture an adjuvant for modulating the immune system.
Use of an alphaviral replicase according to claim 35, wherein said alpha virus is
the Semliki Forest Virus.

Use of an alphaviral replicase according to claim 36, wherein the amino acid
sequence of the replicase essentially corresponds to SEQ ID NO:1.

Use of an alphaviral replicase according to claim 37, wherein the replicase is
mutated in the nsP2 region generating the mutant RRR>RDR in positions 1185-
1187 of SEQ 1D NO:1.

Use of an aiphaviral replicase according to claim 37, wherein the replicase is
mutated in the nsP2 region generating the mutant RRR>AAA in the positions
1185-1187 of SEQ ID NO:1,

Use of an expression vector encoding an alphaviral replicase as defined in any of
claims 35-39, for the manufacture of an adjuvant for modulating the immune
system.

Use according to claim 40, wherein said expression vector is pRSV-RDR,

Use of an expression vector according to claim 40 or 41, wherein said vector is a
DNA vector,

Use of an alphaviral replicase or an expression vector enceding an alphaviral
replicase according to any of claims 35-42, wherein said replicase or said



47

expression vector encoding said replicase is formulated together with a
pharmaceutically acceptable excipient and/or constituent,



SEQUENCE LISTING
<110> Fit Biotech Qy
<120> Genetic Adjuvant
<130> PD53981PCO0

<150> US61/071,898
<151> 2008-05-23

<160> 7

<170> Patentin version 3.3

<210> 1

<211> 2432

<212> PRT

<213> Virus

<400> 1

Met Ala Ala Lys Val His Val Asp lle Glu Ala Asp Ser Pro Phe lle
1 5 10 15

Lys Ser Leu Gin Lys Ala Phe Pro Ser Phe Glu Val Glu Ser Leu Gin
20 25 30

Val Thr Pro Asn Asp His Ala Asn Ala Arg Ala Phe Ser His Leu Ala
35 40 45

Thr Lys Leu e Glu Gin Glu Thr Asp Lys Asp Thr Leu lle Leu Asp
50 55 60

{le Gly Ser Ala Pro Ser Arg Arg Met Met Ser Thr His Lys Tyr His
65 70 75 80

Cys Val Cys Pro Met Arg Ser Ala Glu Asp Pro Giu Arg Leu Val Cys
85 90 95

Tyr Ala Lys Lys Leu Ala Ala Ala Ser Gly Lys Val Leu Asp Arg Glu
100 105 110



lle Ala Gly Lys lie Thr Asp Leu Gin Thr Val Met Ala Thr Pro Asp
115 120 125

Ala Glu Ser Pro Thr Phe Cys Leu His Thr Asp Val Thr Cys Arg Thr
130 135 140

Ala Ala Glu Val Ala Val Tyr Gln Asp Val Tyr Ala Val His Ala Pro
145 150 155 160

Thr Ser Leu Tyr His Gin Ala Met Lys Gly Val Arg Thr Ala Tyr Trp
165 170 175

lie Gly Phe Asp Thr Thr Pro Phe Met Phe Asp Ala Leu Ala Gly Ala
180 185 190

Tyr Pro Thr Tyr Ala Thr Asn Trp Ala Asp Glu Gin Val Leu GIn Ala
185 200 205

Arg Asn lle Gly Leu Cys Ala Ala Ser Leu Thr Glu Gly Arg Leu Gly
210 215 220

Lys Leu Ser lie Leu Arg Lys Lys Gin Leu Lys Pro Cys Asp Thr Val
225 230 235 240

Met Phe Ser Val Gly Ser Thr Leu Tyr Thr Glu Ser Arg Lys Leu Leu
245 250 255

Arg Ser Trp His Leu Pro Ser Val Phe His Leu Lys Gly Lys Gin Ser
260 265 270

Phe Thr Cys Arg Cys Asp Thr lle Val Ser Cys Glu Gly Tyr Val Val
275 280 285

Lys Lys lle Thr Met Cys Pro Gly Leu Tyr Gly Lys Thr Val Gly Tyr
290 295 300



Ala Val Thr Tyr His Ala Giu Gly Phe Leu Val Cys Lys Thr Thr Asp
305 310 315 320

Thr Val Lys Gly Glu Arg Val Ser Phe Pro Val Cys Thr Tyr Val Pro
325 330 335

Ser Thr lle Cys Asp Gin Met Thr Gly tle Leu Ala Thr Asp Val Thr
340 345 350

Pro Glu Asp Ala Gin Lys Leu Leu Val Gly Leu Asn Gin Arg lle Val
355 360 365

Val Asn Gly Arg Thr GIn Arg Asn Thr Asn Thr Met Lys Asn Tyr Leu
370 375 380

Leu Pro lle Val Ala Val Ala Phe Ser Lys Trp Ala Arg Glu Tyr Lys
385 390 395 400

Ala Asp Leu Asp Asp Glu Lys Pro Leu Gly Val Arg Glu Arg Ser Leu
405 410 415

Thr Cys Cys Cys Leu Trp Ala Phe Lys Thr Arg Lys Met His Thr Met
420 425 430

Tyr Lys Lys Pro Asp Thr GiIn Thr lle Val Lys Val Pro Ser Glu Phe
435 440 445

Asn Ser Phe Val lle Pro Ser Leu Trp Ser Thr Gly Leu Ala lle Pro
450 455 460

Val Arg Ser Arg ile Lys Met Leu Leu Ala Lys Lys Thr Lys Arg Glu
465 470 475 480

Leu lle Pro Val Leu Asp Ala Ser Ser Ala Arg Asp Ala Glu GIn Glu
485 490 495



Glu Lys Glu Arg Leu Glu Ala Giu Leu Thr Arg Glu Ala Leu Pro Pro
500 505 510

Leu Val Pro lle Ala Pro Ala Glu Thr Gly Val Val Asp Val Asp Val
515 520 525

Glu Glu Leu Glu Tyr His Ala Gly Ala Gly Val Vai Glu Thr Pro Arg
530 535 540

Ser Ala Leu Lys Val Thr Ala Gin Pro Asn Asp Val Leu Leu Gly Asn
545 550 555 560

Tyr Val Val Leu Ser Pro Gin Thr Val Leu Lys Ser Ser Lys Leu Ala
565 570 575

Pro Val His Pro Leu Ala Giu Gin Val Lys Hie lie Thr His Asn Gly
580 585 5390

Arg Ala Gly Arg Tyr GIn Val Asp Gly Tyr Asp Gly Arg Val Leu Leu
595 600 605

Pro Cys Gly Ser Ala lle Pro Val Pro Glu Phe Gin Ala Leu Ser Glu
610 615 620

Ser Ala Thr Met Val Tyr Asn Glu Arg Glu Phe Val Asn Arg Lys Leu
625 630 635 640

Tyr His lle Ala Val His Gly Pro Ser Leu Asn Thr Asp Glu Glu Asn
645 650 655

Tyr Glu Lys Val Arg Ala Glu Arg Thr Asp Ala Glu Tyr Val Phe Asp
660 665 670

Val Asp Lys Lys Cys Cys Val Lys Arg Glu Glu Ala Ser Gly Leu Val
675 680 685



Leu Val Gly Glu Leu Thr Asn Pro Pro Phe His Glu Phe Ala Tyr Glu
690 695 700

Gly leu Lys lle Arg Pro Ser Ala Pro Tyr Lys Thr Thr Val Val Gly
705 710 715 720

Val Phe Gly Val Pro Gly Ser Gly Lys Ser Ala lle lle Lys Ser Leu
725 730 735

Val Thr Lys His Asp Leu Val Thr Ser Gly Lys Lys Glu Asn Cys GIn
740 745 750

Glu lle Val Asn Asp Val Lys Lys His Arg Gly L.eu Asp lle GiIn Ala
755 760 765

Lys Thr Val Asp Ser lle Leu Leu Asn Gly Cys Arg Arg Ala Val Asp
770 775 780

lle Leu Tyr Val Asp Glu Ala Phe Ala Cys His Ser Gly Thr Leu Leu
785 790 _ 795 800

Ala Leu lle Ala Leu Val Lys Pro Arg Ser Lys Val Val Leu Cys Gly
805 810 815

Asp Pro Lys Gin Cys Gly Phe Phe Asn Met Met GIn Leu Lys Val Asn
820 825 830

Phe Asn His Asn lle Cys Thr Glu Val Cys His Lys Ser lle Ser Arg
835 840 845

Arg Cys Thr Arg Pro Val Thr Ala lle Val Ser Thr Leu His Tyr Gly
850 855 860

Gly Lys Met Arg Thr Thr Asn Pro Cys Asn Lys Pro lle lle lle Asp
865 870 875 880



Thr Thr Gly GIn Thr Lys Pro Lys Pro Gly Asp lle Val Leu Thr Cys
885 890 895

Phe Arg Gly Trp Val Lys GIn Leu Gin Leu Asp Tyr Arg Gly His Glu
900 905 910

Val Met Thr Ala Ala Ala Ser GIn Gly Leu Thr Arg Lys Gly Val Tyr
915 920 925

Ala Val Arg GiIn Lys Val Asn Glu Asn Pro Leu Tyr Ala Pro Ala Ser
930 935 940

Glu His Val Asn Val Leu Leu Thr Arg Thr Giu Asp Arg Leu Val Trp
945 950 955 960

Lys Thr Leu Ala Gly Asp Pro Trp lle Lys Val Leu Ser Asn lie Pro
965 970 975

Gin Gly Asn Phe Thr Ala Thr Leu Glu Glu Trp Gin Glu Glu His Asp
980 985 990

Lys lle Met Lys Val lle Giu Gly Pro Ala Ala Pro Val Asp Ala Phe
995 1000 1005

Gin Asn Lys Ala Asn Val Cys Trp Ala Lys Ser Leu Val Pro Val
1010 1015 1020

Leu Asp Thr Ala Gly lte Arg Leu Thr Ala Glu Glu Trp Ser Thr
1025 1030 1035

lle lle Thr Ala Phe Lys Glu Asp Arg Ala Tyr Ser Pro Vai Val
1040 1045 1050

Ala Leu Asn Glu lle Cys Thr Lys Tyr Tyr Gly Val Asp Leu Asp
1055 1060 1065



Ser Gly Leu Phe Ser Ala Pro Lys Val Ser Leu Tyr Tyr Glu Asn
1070 1075 1080

Asn His Trp Asp Asn Arg Pro Gly Gly Arg Met Tyr Gly Phe Asn
1085 1090 1095

Ala Ala Thr Ala Ala Arg Leu Glu Ala Arg His Thr Phe Leu Lys
1100 1105 1110

Gly GIn Trp His Thr Gly Lys GIn Ala Val lle Ala Glu Arg Lys
1115 1120 1125

lle GIn Pro Leu Ser Val Leu Asp Asn Val lle Pro lle Asn Arg
1130 1135 1140

Arg Leu Pro His Ala Leu Val Ala Glu Tyr Lys Thr Val Lys Gly
1145 1150 1155

Ser Arg Val Glu Trp Leu Val Asn Lys Val Arg Gly Tyr His Val
1160 1165 1170

leuleu Val Ser Glu Tyr Asn Leu Ala Leu Pro Arg Arg Arg Val
1175 1180 1185

Thr Trp Leu Ser Pro Leu Asn Val Thr Gly Ala Asp Arg Cys Tyr
1180 1195 1200

Asp Leu Ser Leu Gly Leu Pro Ala Asp Ala Gly Arg Phe Asp Leu
1205 1210 1215

Val Phe Vai Asn lle His Thr Glu Phe Arg lle His His Tyr Gin
1220 1225 1230

GIn Cys Val Asp His Ala Met Lys Leu Gin Met Leu Gly Gly Asp
1235 1240 1245



Ala Leu Arg Leu Leu Lys Pro Gly Gly Ser Leu Leu Met Arg Ala
1250 1255 1260

Tyr Gly Tyr Ala Asp Lys lle Ser Glu Ala Val Val Ser Ser Leu
1265 1270 1275

Ser Arg Lys Phe Ser Ser Ala Arg Val Leu Arg Pro Asp Cys Val
1280 1285 1290

Thr Ser Asn Thr Glu Val Phe Leu Leu Phe Ser Asn Phe Asp Asn
1295 1300 1305

Gly Lys Arg Pro Ser Thr Leu His Gin Met Asn Thr Lys Leu Ser
1310 1315 1320

Ala Val Tyr Ala Giy Glu Ala Met His Thr Ala Gly Cys Ala Pro
1325 1330 1335

Ser Tyr Arg Val Lys Arg Ala Asp lle Ala Thr Cys Thr Glu Ala
1340 1345 ' 1350

Ala Val Val Asn Ala Ala Asn Ala Arg Gly Thr Val Gly Asp Giy
13556 1360 1365

Val Cys Arg Ala Val Ala Lys Lys Trp Pro Ser Ala Phe Lys Gly
1370 1375 1380

Glu Ala Thr Pro Val Gly Thr e Lys Thr Val Met Cys Gly Ser
1385 1390 1395

Tyr Pro Val lle His Ala Val Ala Pro Asn Phe Ser Ala Thr Thr
1400 1405 1410

Glu Ala Glu Gly Asp Arg Glu Leu Ala Ala Val Tyr Arg Ala Val
1415 1420 1425



Ala Ala Glu Val Asn Arg Leu Ser Leu Ser Ser Val Ala lle Pro
1430 1435 1440

Leu Leu Ser Thr Gly Val Phe Ser Gly Gly Arg Asp Arg Leu GIn
1445 1450 1455

Gin Ser Leu Asn His Leu Phe Thr Ala Met Asp Ala Thr Asp Ala
1460 1465 1470

Asp Val Thr lle Tyr Cys Arg Asp Lys Ser Trp Giu Lys Lys lle
1475 1480 1485

Gin Glu Ala lle Asp Met Arg Thr Ala Val Glu Leu Leu Asn Asp
1490 1495 1500

Asp Val Glu Leu Thr Thr Asp Leu Val Arg Val His Pro Asp Ser
1505 1510 1515

Ser Leu Val Gly Arg Lys Gly Tyr Ser Thr Thr Asp Gly Ser Leu
1520 1525 1530

Tyr Ser Tyr Phe Glu Gly Thr Lys Phe Asn Gin Ala Ala lle Asp
1535 1540 1545

Met Ala Giu {le Leu Thr Leu Trp Pro Arg Leu Gin Glu Ala Asn
1650 1555 1560

Glu Gin lle Cys Leu Tyr Ala Leu Gly Glu Thr Met Asp Asn lle
1565 1570 1575

Arg Ser Lys Cys Pro Val Asn Asp Ser Asp Ser Ser Thr Pro Pro
1580 1585 1590

Arg Thr Val Pro Cys Leu Cys Arg Tyr Ala Met Thr Ala Glu Arg
1595 1600 1605



lle Ala Arg Leu Arg Ser His GlIn Val Lys Ser Met Val Val Cys
1610 1615 1620

Ser Ser Phe Pro Leu Pro Lys Tyr His Val Asp Gly Val Gln Lys
1625 1630 1635

Val Lys Cys Glu Lys Val Leu Leu Phe Asp Pro Thr Val Pro Ser
1640 1645 ' 1650

Val Vai Ser Pro Arg Lys Tyr Ala Ala Ser Thr Thr Asp His Ser
1655 1660 1665

Asp Arg Ser Leu Arg Gly Phe Asp Leu Asp Trp Thr Thr Asp Ser
1670 1675 1680

Ser Ser Thr Ala Ser Asp Thr Met Ser Leu Pro Ser Leu Gin Ser
1685 1690 1695

Cys Asp lle Asp Ser lle Tyr Giu Pro Met Ala Pro lle Val Val
1700 1705 1710

Thr Ala Asp Val His Pro Glu Pro Ala Gly lle Ala Asp Leu Ala
1715 1720 1725

Ala Asp Val His Pro Glu Pro Ala Asp His Val Asp Leu Glu Asn
1730 1735 1740

Pro lle Pro Pro Pro Arg Pro Lys Arg Ala Ala Tyr Leu Ala Ser
1745 1750 1755

Arg Ala Ala Glu Arg Pro Val Pro Ala Pro Arg Lys Pro Thr Pro
1760 1765 1770

Ala Pro Arg Thr Ala Phe Arg Asn Lys Leu Pro Leu Thr Phe Gly
1775 1780 ) 1785

10



Asp Phe Asp Glu His Glu Val Asp Ala Leu Ala Ser Gly Hle Thr
1790 1795 1800

Phe Gly Asp Phe Asp Asp Val Leu Arg Leu Giy Arg Ala Gly Ala
1805 1810 1815

Tyrlle Phe Ser Ser Asp Thr Gly Ser Gly His Leu Gin Gin Lys
1820 1825 1830

Ser Val Arg Gin His Asn Leu GlIn Cys Ala Gin Leu Asp Ala Val
1835 1840 1845

Glu Glu Glu Lys Met Tyr Pro Pro Lys Leu Asp Thr Glu Arg Glu
1850 1855 1860

Lys Leu Leu Leu Leu Lys Met GIn Met His Pro Ser Giu Ala Asn
1865 1870 : 1875

Lys Ser Arg Tyr GIn Ser Arg Lys Vail Glu Asn Met Lys Ala Thr
1880 1885 1830

Val Val Asp Arg Leu Thr Ser Gly Ala Arg Leu Tyr Thr Gly Ala
1895 1900 1905

Asp Val Gly Arg lle Pro Thr Tyr Ala Val Arg Tyr Pro Arg Pro
1910 1915 1920

Val Tyr Ser Pro Thr Val lle Glu Arg Phe Ser Ser Pro Asp Val
1925 1930 1935

Ala lle Ala Ala Cys Asn Giu Tyr Leu Ser Arg Asn Tyr Pro Thr
1940 1945 1950

Val Ala Ser Tyr Gin ile Thr Asp Giu Tyr Asp Ala Tyr Leu Asp
1955 1960 1965

11



Met Val Asp Gly Ser Asp Ser Cys Leu Asp Arg Ala Thr Phe Cys
1970 1975 1980

Pro Ala Lys Leu Arg Cys Tyr Pro Lys His His Ala Tyr His Gin
1985 1990 1995

Pro Thr Val Arg Ser Ala Val Pro Ser Pro Phe Gin Asn Thr Leu
2000 2005 2010

Gin Asn Val Leu Ala Ala Ala Thr Lys Arg Asn Cys Asn Val Thr
2015 2020 2025

GIn Met Arg Glu Leu Pro Thr Met Asp Ser Ala Val Phe Asn Val
2030 2035 2040

Glu Cys Phe Lys Arg Tyr Ala Cys Ser Gly Glu Tyr Trp Glu Glu
2045 2050 2055

Tyr Ala Lys Gin Pro lle Arg ite Thr Thr Glu Asn ile Thr Thr
2060 2065 2070

Tyr Val Thr Lys Leu Lys Gly Pro Lys Ala Ala Ala Leu Phe Ala
2075 2080 2085

Lys Thr His Asn Leu Val Pro Leu GIn Glu Val Pro Met Asp Arg
2090 2095 2100

Phe Thr Val Asp Met Lys Arg Asp Val Lys Val Thr Pro Gly Thr
2105 2110 2115

Lys His Thr Glu Glu Arg Pro Lys Val Gin Val lle GIn Ala Ala
2120 2125 2130

Glu Pro Leu Ala Thr Ala Tyr Leu Cys Gly lle His Arg Glu Leu
2135 2140 2145
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Val Arg Arg Leu Asn Ala Val Leu Arg Pro Asn Val His Thr Leu
2150 2155 2160

Phe Asp Met Ser Ala Glu Asp Phe Asp Ala lie lle Ala Ser His
2165 2170 2175

Phe His Pro Gly Asp Pro Val Leu Glu Thr Asp lle Ala Ser Phe
2180 2185 2190

Asp Lys Ser Gin Asp Asp Ser Leu Ala Leu Thr Gly Leu Met lle
2185 2200 2205

Leu Glu Asp Leu Gly Val Asp Gin Tyr Leu Leu Asp Leu lie Glu
2210 2215 2220

Ala Ala Phe Gly Glu lle Ser Ser Cys His Leu Pro Thr Gly Thr
2225 2230 2235

Arg Phe Lys Phe Gly Ala Met Met Lys Ser Gly Met Phe Leu Thr
2240 2245 2250

Leu Phe Hle Asn Thr Val Leu Asn He Thr lie Ala Ser Arg Val
. 2255 2260 2265

Leu Glu Gin Arg Leu Thr Asp Ser Ala Cys Ala Ala Phe lle Gly
2270 2275 2280

Asp Asp Asn lle Val His Gly Val lle Ser Asp Lys Leu Met Ala
2285 2290 2295

Glu Arg Cys Ala Ser Trp Val Asn Met Glu Val Lys lle le Asp
2300 2305 2310

Ala Val Met Gly Glu Lys Pro Pro Tyr Phe Cys Gly Gly Phe lle
2315 2320 2325
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Val Phe Asp Ser Val Thr Gln Thr Ala Cys Arg Val Ser Asp Pro
2330 2335 2340

Leulys Arg Leu Phe Lys Leu Gly Lys Pro Leu Thr Ala Glu Asp
2345 2350 2355

Lys Gin Asp Glu Asp Arg Arg Arg Ala Leu Ser Asp Glu Val Ser
2360 2365- 2370 ‘

Lys Trp Phe Arg Thr Gly Leu Gly Ala Glu L.eu Glu Val Ala Leu
2375 2380 2385

Thr Ser Arg Tyr Glu Vai Glu Gly Cys Lys Ser lle Leu lle Ala
2390 2395 2400

Met Ala Thr Leu Ala Arg Asp lie Lys Ala Phe Lys Lys Leu Arg
2405 2410 2415

Gly Pro Val lle His Leu Tyr Gly Gly Pro Arg Leu Val Arg
2420 2425 2430

<210> 2
<211> 2432
<212> PRT
<213> Artificial

<220>

<223> Amino acid sequence of the SFV replicase with the RDR mutation in
positions 1185-1187

<400> 2

Met Ala Ala Lys Val His Val Asp lle Glu Ala Asp Ser Pro Phe lle

1 5 10 15

L.ys Ser Leu Gin Lys Ala Phe Pro Ser Phe Glu Val Glu Ser Leu Gin
20 25 30
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Val Thr Pro Asn Asp His Ala Asn Ala Arg Ala Phe Ser His Leu Ala
35 40 45

Thr Lys Leu lle Glu Gin Glu Thr Asp Lys Asp Thr Leu lle Leu Asp
50 55 60

lle Gly Ser Ala Pro Ser Arg Arg Met Met Ser Thr His Lys Tyr His
65 70 75 80

Cys Val Cys Pro Met Arg Ser Ala Glu Asp Pro Glu Arg Leu Val Cys
85 90 95

Tyr Ala Lys Lys Leu Ala Ala Ala Ser Gly Lys Val Leu Asp Arg Glu
100 105 110

lle Ala Gly Lys lle Thr Asp Leu Gin Thr Val Met Ala Thr Pro Asp
115 120 125

Ala Glu Ser Pro Thr Phe Cys Leu His Thr Asp Val Thr Cys Arg Thr
130 135 140

Ala Ala Glu Val Ala Val Tyr Gin Asp Val Tyr Ala Val His Ala Pro
145 150 155 160

Thr Ser Leu Tyr His Gin Ala Met Lys Gly Val Arg Thr Ala Tyr Trp
165 170 175

lte Gly Phe Asp Thr Thr Pro Phe Met Phe Asp Ala Leu Ala Gly Ala
180 185 190

Tyr Pro Thr Tyr Ala Thr Asn Trp Ala Asp Glu Gin Val Leu Gin Ala
195 200 205

Arg Asn lle Gly Leu Cys Ala Ala Ser Leu Thr Glu Gly Arg Leu Gly
210 215 220 :
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Lys Leu Ser lle Leu Arg Lys Lgfs Gln Leu Lys Pro Cys Asp Thr Val
225 230 235 240

Met Phe Ser Val Gly Ser Thr Leu Tyr Thr Glu Ser Arg Lys Leu Leu
245 250 255

-Arg Ser Trp His Leu Pro Ser Val Phe His Leu Lys Gly Lys Gin Ser...
260 265 270

Phe Thr Cys Arg Cys Asp Thr Hle Val Ser Cys Glu Gly Tyr Val Val
275 280 285

Lys Lys lle Thr Met Cys Pro Giy Leu Tyr Gly Lys Thr Val Gly Tyr
290 295 300

Ala Val Thr Tyr His Ala Glu Gly Phe Leu Val Cys Lys Thr Thr Asp
305 310 315 320

Thr Val Lys Gly Glu Arg Val Ser Phe Pro Val Cys Thr Tyr Val Pro
325 330 335 .

Ser Thr lle Cys Asp Gin Met Thr Gly lle Leu Ala Thr Asp Val Thr
340 345 350

Pro Glu Asp Ala Gin Lys Leu Leu Val Gly Leu Asn Gin Arg lle Val
355 360 365

Val Asn Gly Arg Thr GIn Arg Asn Thr Asn Thr Met Lys Asnh Tyr Leu
370 375 380

Leu Pro lle Val Ala Val Ala Phe Ser Lys Trp Ala Arg Glu Tyr Lys
385 390 395 400

Ala Asp Leu Asp Asp Glu Lys Pro Leu Gly Val Arg Glu Arg Ser Leu
405 410 415
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Thr Cys Cys Cys Leu Trp Ala Phe Lys Thr Arg Lys Met His Thr Met
420 425 430

Tyr Lys Lys Pro Asp Thr Gin Thr lle Val Lys Val Pro Ser Glu Phe
435 440 445

Asn Ser Phe Val lle Pro Ser Leu Trp Ser Thr Gly Leu Ala lle_.Pro
450 455 460

Val Arg Ser Arg lie Lys Met Leu Leu Ala Lys Lys Thr Lys Arg Glu
465 470 475 480

Leu lle Pro Val Leu Asp Ala Ser Ser Ala Arg Asp Ala Glu Gin Glu
485 490 495

Glu Lys Glu Arg Leu Glu Ala Glu Leu Thr Arg Glu Ala Leu Pro Pro
500 505 510

Leu Val Pro lle Ala Pro Ala Glu Thr Gly Val Val Asp Val Asp Val
515 520 525

Glu Glu Leu Glu Tyr His Ala Gly Ala Gly Val Val Glu Thr Pro Arg
530 B35 540

Ser Ala Leu Lys Val Thr Ala Gin Pro Asn Asp Val Leu Leu Gly Asn
545 550 555 560

Tyr Val Val Leu Ser Pro Gin Thr Val Leu Lys Ser Ser Lys Leu Ala
565 570 575

Pro Val His Pro Leu Ala Glu Gin Val Lys lle lle Thr His Asn Gly
580 585 590

Arg Ala Gly Arg Tyr Gin Val Asp Gly Tyr Asp Gly Arg Val Leu Leu
595 600 605
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Pro Cys Gly Ser Ala lle Pro Val Pro Glu Phe Gin Ala Leu Ser Glu
610 615 620

Ser Ala Thr Met Val Tyr Asn Glu Arg Glu Phe Val Asn Arg Lys Leu
625 630 635 640

. Tyr His tle Ala Val His Gly Pro Ser Leu Asn Thr Asp Glu Glu Asn
645 650 665

Tyr Glu Lys Val Arg Ala Giu Arg Thr Asp Ala Glu Tyr Val Phe Asp
660 665 670

Val Asp Lys Lys Cys Cys Val Lys Arg Glu Glu Ala Ser Gly L.eu Val
675 680 685

Leu Val Gly Glu Leu Thr Asn Pro Pro Phe His Glu Phe Ala Tyr Glu
690 695 700

Gly Leu Lys fle Arg Pro Ser Ala Pro Tyr Lys Thr Thr Val Val Gly
705 710 715 720

Val Phe Gly Val Pro Gly Ser Gly Lys Ser Ala lle lle Lys Ser Leu
725 730 735

Val Thr Lys His Asp Leu Val Thr Ser'GIy Lys Lys Glu Asn Cys Gln
740 745 750

Glu lle Val Asn Asp Val Lys Lys His Arg Gly Leu Asp lle Gin Ala
755 760 765

Lys Thr Val Asp Ser lle L.eu Leu Asn Gly Cys Arg Arg Ala Val Asp
770 775 780

lte Leu Tyr Val Asp Glu Ala Phe Ala Cys His Ser Gly Thr Leu Leu
785 790 795 800
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Ala Leu lle Ala Leu Val Lys Pro Arg Ser Lys Val Val Leu Cys Gly
805 810 815

Asp Pro Lys Gin Cys Gly Phe Phe Asn Met Met Gin Leu Lys Val Asn
820 825 830

Phe Asn His Asn lle Cys Thr Glu Val Cys His Lys Ser lle Ser Arg
835 840 845

Arg Cys Thr Arg Pro Val Thr Ala lle Val Ser Thr Leu His Tyr Gly
850 855 860

Gly Lys Met Arg Thr Thr Asn Pro Cys Asn Lys Pro lle lle lle Asp
865 870 875 880

Thr Thr Gly Gin Thr Lys Pro Lys Pro Gly Asp lle Val Leu Thr Cys
885 890 895

Phe Arg Gly Trp Val Lys GIn Leu Gin Leu Asp Tyr Arg Gly His Glu
900 905 3O

Val Met Thr Ala Ala Ala Ser Gin Gly Leu Thr Arg Lys Gly Vai Tyr
915 920 925

Ala Val Arg Gin Lys Val Asn Glu Asn Pro Leu Tyr Ala Pro Ala Ser
930 935 940

Glu His Val Asn Val Leu Leu Thr Arg Thr Glu Asp Arg Leu Val Trp
945 950 955 960

Lys Thr Leu Ala Gly Asp Pro Trp lle Lys Val Leu Ser Asn lle Pro
965 970 975

GlIn Gly Asn Phe Thr Ala Thr Leu Giu Glu Trp Gin Glu Glu His Asp
980 985 830
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Lys lle Met Lys Val lle Glu Gly Pro Ala Ala Pro Val Asp Ala Phe
995 1000 1005

Gin Asn Lys Ala Asn Val Cys Trp Ala Lys Ser Leu Val Pro Val
1010 1015 1020

Leu Asp Thr Ala Gly lle Arg Leu Thr Ala Glu Glu Trp Ser Thr
1025 1030 1035

fle le Thr Ala Phe Lys Glu Asp Arg Ala Tyr Ser Pro Val Val
1040 1045 1050

Ala Leu Asn Glu lle Cys Thr Lys Tyr Tyr Gly Val Asp Leu Asp
1055 1060 1065

Ser Gly Leu Phe Ser Ala Pro Lys Val Ser Leu Tyr Tyr Giu Asn
1070 1075 1080

Asn His Trp Asp Asn Arg Pro Gly Gly Arg Met Tyr Gly Phe Asn
1085 1090 1095

Ala Ala Thr Ala Ala Arg Leu Glu Ala Arg His Thr Phe Leu Lys
1100 1105 1110

Gly Gin Trp His Thr Gly Lys Gin Ala Val lle Ala Glu Arg Lys
1115 1120 1125

lle GIn Pro Leu Ser Val L.eu Asp Asn Val lle Pro lle Asn Arg
1130 1135 1140

Arg Leu Pro His Ala Leu Val Ala Glu Tyr Lys Thr Val Lys Gly
1145 1150 1155

Ser Arg Val Giu Trp Leu Val Asn Lys Val Arg Gly Tyr His Val
1160 1165 1170
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Leu Leu Val Ser Glu Tyr Asn Leu Ala Leu Pro Arg Asp Arg Val
1175 1180 1185

Thr Trp Leu Ser Pro Leu Asn Val Thr Gly Ala Asp Arg Cys Tyr
1190 1195 1200

Asp Leu Ser Leu Gly Leu Pro Ala Asp Ala Gly Arg Phe Asp Leu
1205 1210 1215

Vai Phe Val Asn lle His Thr Giu Phe Arg lle His His Tyr Gin
1220 1225 1230

GIn Cys Val Asp His Ala Met Lys Leu Gin Met Leu Gly Gly Asp
1235 1240 1245

Ala Leu Arg Leu Leu Lys Pro Gly Gly Ser Leu Leu Met Arg Ala
1250 1255 1260

Tyr Gly Tyr Ala Asp Lys lle Ser Glu Ala Val Val Ser Ser Leu
1265 1270 1275

Ser Arg Lys Phe Ser Ser Ala Arg Val Leu Arg Pro Asp Cys Val
1280 1285 1290

Thr Ser Asn Thr Glu Val Phe Leu Leu Phe Ser Asn Phe Asp Asn
1295 1300 1305

Gly Lys Arg Pro Ser Thr Leu His Gin Met Asn Thr Lys Leu Ser
1310 1315 1320

Ala Val Tyr Ala Gly Glu Ala Met His Thr Ala Gly Cys Ala Pro
1325 1330 1335

Ser Tyr Arg Val Lys Arg Ala Asp lle Ala Thr Cys Thr Glu Ala
1340 1345 1350
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Ala Val Val Asn Ala Ala Asn Ala Arg Gly Thr Val Gly Asp Gly
1355 1360 1365

Val Cys Arg Ala Val Ala Lys Lys Trp Pro Ser Ala Phe Lys Gly
1370 1375 1380

Glu Ala Thr Pro Val Gly Thr lle Lys Thr.Val.Met Cys Gly Ser
1385 1390 1395

Tyr Pro Val lle His Ala Val Ala Pro Asn Phe Ser Ala Thr Thr
1400 1405 1410

Glu Ala Glu Gly Asp Arg Glu Leu Ala Ala Val Tyr Arg Ala Val
1415 1420 1425

Ala Ala Glu Vai Asn Arg Leu Ser Leu Ser Ser Val Ala lle Pro
1430 1435 1440

Leu Leu Ser Thr Gly Val Phe Ser Gly Gly Arg Asp Arg Leu Gin
1445 1450 1455

Gin Ser Leu Asn His Leu Phe Thr Ala Met Asp Ala Thr Asp Ala
1460 1465 1470

Asp Val Thrlle Tyr Cys Arg Asp Lys Ser Trp Glu Lys Lys lle
1475 1480 1485

GIn Glu Ala lle Asp Met Arg Thr Ala Val Glu Leu Leu Asn Asp
1490 1495 1500

Asp Val Glu Leu Thr Thr Asp Leu Val Arg Val His Pro Asp Ser
1505 1510 1515

Ser Leu Val Gly Arg Lys Gly Tyr Ser Thr Thr Asp Gly Ser Leu
1520 1525 1530
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Tyr Ser Tyr Phe Glu Gly Thr Lys Phe Asn Gin Ala Ala lle Asp
1635 1540 1545

Met Ala Glu lle Leu Thr Leu Trp Pro Arg Leu Gin Glu Ala Asn
1550 1555 1560

Glu GIn lle Cys Leu Tyr Ala Leu Gly Glu.Thr Met Asp Asn ile
1565 1570 1575

Arg Ser Lys Cys Pro Val Asn Asp Ser Asp Ser Ser Thr Pro Pro
1580 1585 1590

Arg Thr Val Pro Cys Leu Cys Arg Tyr Ala Met Thr Ala Glu Arg
1595 1600 1605

lle Ala Arg Leu Arg Ser His Gin Val Lys Ser Met Val Val Cys
1610 1615 1620

Ser Ser Phe Pro Leu Pro Lys Tyr His Val Asp Gly Val Gin Lys
1625 1630 1635

Vallys Cys Glu Lys Val Leu Leu Phe Asp Pro Thr Val Pro Ser
1640 1645 1650

Val Val Ser Pro Arg Lys Tyr Ala Ala Ser Thr Thr Asp His Ser
1655 1660 1665

Asp Arg Ser Leu Arg Gly Phe Asp Leu Asp Trp Thr Thr Asp Ser
1670 1675 1680

Ser Ser Thr Ala Ser Asp Thr Met Ser Leu Pro Ser Leu GIn Ser
1685 1690 1695

Cys Asp lle Asp Ser lle Tyr Glu Pro Met Ala Pro lle Val Vali
1700 1705 1710
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Thr Ala Asp Val His Pro Glu Pro Ala Gly lle Ala Asp Leu Ala
1715 1720 1725

Ala Asp Val His Pro Glu Pro Ala Asp His Val Asp Leu Glu Asn
1730 . 1735 1740

Pro lle Pro Pro Pro Arg Pro Lys Arg Ala.Ala Tyr Leu Ala Ser
1745 1750 1755

Arg Ala Ala Glu Arg Pro Val Pro Ala Pro Arg Lys Pro Thr Pro
1760 1765 1770

Ala Pro Arg Thr Ala Phe Arg Asn Lys Leu Pro Leu Thr Phe Gly
1775 1780 1785

Asp Phe Asp Glu His Giu Val Asp Ala Leu Ala Ser Gly lle Thr
1790 1795 1800

Phe Gly Asp Phe Asp Asp Val Leu Arg Leu Gly Arg Ala Gly Ala
1805 1810 1815

Tyr lle Phe Ser Ser Asp Thr Gly Ser Gly His Leu Gin GIn Lys
1820 1825 1830

Ser Val Arg Gin His Asn Leu GIn Cys Ala GIn Leu Asp Ala Val
1835 1840 1845 :

Giu Glu Glu Lys Met Tyr Pro Pro Lys L.eu Asp Thr Glu Arg Glu
1850 1855 1860

Lys Leu Leu Leu Leu Lys Met GIn Met His Pro Ser Glu Ala Asn
1865 1870 1875

Lys Ser Arg Tyr GIn Ser Arg Lys Val Glu Asn Met Lys Ala Thr
1880 1885 1890
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Val Val Asp Arg L.eu Thr Ser Gly Ala Arg Leu Tyr Thr Gly Ala
1895 1900 1905

Asp Val Gly Arg lle Pro Thr Tyr Ala Val Arg Tyr Pro Arg Pro
1910 1915 1920

Val Tyr Ser Pro Thr Val lle Glu Arg Phe Ser Ser Pro Asp Val. .
1925 1930 1935

Ala lle Ala Ala Cys Asn Glu Tyr L.eu Ser Arg Asn Tyr Pro Thr
1940 1945 1950

Val Ala Ser Tyr Gin lle Thr Asp Glu Tyr Asp Ala Tyr Leu Asp
1955 1960 1965 :

Met Val Asp Gly Ser Asp Ser Cys Leu Asp Arg Ala Thr Phe Cys
1970 1975 1980

Pro Ala Lys Leu Arg Cys Tyr Pro Lys His His Ala Tyr His Gin
1985 1990 1985 '

Pro Thr Val Arg Ser Ala Val Pro Ser Pro Phe GIn Asn Thr Leu
2000 2005 2010

GiIn Asn Val Leu Ala Ala Ata Thr Lys Arg Asn Cys Asn Val Thr
2015 2020 2025

GIn Met Arg Glu Leu Pro Thr Met Asp Ser Ala Val Phe Asn Val
2030 2035 2040

Glu Cys Phe Lys Arg Tyr Ala Cys Ser Gly Glu Tyr Trp Glu Glu
2045 2050 2055

Tyr Ala Lys GIn Pro lle Arg Hle Thr Thr Glu Asn tle Thr Thr
2060 2065 2070
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Tyr Val Thr Lys Leu Lys Gly Pro Lys Ala Ala Ala Leu Phe Ala
2075 2080 2085

Lys Thr His Asn Leu Val Pro Leu GIn Glu Vai Pro Met Asp Arg
2080 2095 2100

Phe Thr Val Asp Met Lys Arg. Asp Val Lys Val Thr Pro Gly Thr
2105 2110 2115

Lys His Thr Glu Glu Arg Pro Lys Val Gin Vallle GIn Ala Ala
2120 2125 2130

Glu Pro Leu Ala Thr Ala Tyr Leu Cys Gly lie His Arg Glu Leu
2135 2140 2145

Val Arg Arg L.eu Asn Ala Val Leu Arg Pro Asn Val His Thr Leu
2150 2155 2160

Phe Asp Met Ser Ala Glu Asp Phe Asp Ala lle lle Ala Ser His
2165 2170 2175

Phe His Pro Gly Asp Pro Val Leu Glu Thr Asp lle Ala Ser Phe
2180 2185 2180

Asp Lys Ser Gin Asp Asp Ser Leu Ala Leu Thr Gly Leu Met lle
2195 2200 2205

Leu Glu Asp Leu Gly Val Asp GIn Tyr Leu Leu Asp Leu lle Glu
2210 2215 2220

Ala Ala Phe Gly Glu lle Ser Ser Cys His Leu Pro Thr Gly Thr
2225 2230 2235

Arg Phe Lys Phe Gly Ala Met Met Lys Ser Gly Met Phe Leu Thr
2240 2245 2250
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Leu Phe He Asn Thr Val Leu Asn lle Thr lle Ala Ser Arg Val
2255 2260 2265

Leu Glu Gin Arg Leu Thr Asp Ser Ala Cys Ala Ala Phe lle Gly
2270 2275 2280

Asp Asp Asn lle Val His Gly Val lle Ser Asp Lys Leu Met Ala
2285 2290 2295

Glu Arg Cys Ala Ser Trp Val Asn Met Glu Val Lys lle lle Asp
2300 2305 2310

Ala Val Met Gly Glu Lys Pro Pro Tyr Phe Cys Gly Gly Phe lle
2315 2320 2325

Vail Phe Asp Ser Val Thr Gin Thr Ala Cys Arg Val Ser Asp Pro
2330 2335 2340

Leu Lys Arg Leu Phe Lys Leu Gly Lys Pro Leu Thr Ala Glu Asp
2345 2350 2355

Lys GIn Asp Glu Asp Arg Arg Arg Ala Leu Ser Asp Glu Val Ser
2360 2365 _ 2370

Lys Trp Phe Arg Thr Gly Leu Gly Ala Glu Leu Glu Val Ala Leu
2375 2380 2385

Thr Ser Arg Tyr Glu Val Glu Gly Cys Lys Ser lle Leu lle Ala -
2390 2395 2400

Met Ala Thr Leu Ala Arg Asp lle Lys Ala Phe Lys Lys Leu Arg
2405 2410 2415

Gly Pro Val lle His Leu Tyr Gly Gly Pro Arg Leu Val Arg
2420 2425 2430
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<210> 3
<211> 2432
<212> PRT
<213> Artificial

<220>

<223> Amino acid sequence of the SFV replicase with the AAA mutation in
positions 1185-1187

<400> 3 |

Met Ala Ala Lys Val His Val Asp lle Glu Ala Asp Ser Pro Phe lle

1 5 10 15

Lys Ser Leu GIn Lys Ala Phe Pro Ser Phe Glu Val Glu Ser Leu Gin
20 25 30

Val Thr Pro Asn Asp His Ala Asn Ala Arg Ala Phe Ser His Leu Ala
35 40 45

Thr Lys Leu lle Glu Gin Glu Thr Asp Lys Asp Thr Leu lie Leu Asp
50 55 60

lle Gly Ser Ala Pro Ser Arg Arg Met Met Ser Thr His Lys Tyr His
65 70 75 80

Cys Val Cys Pro Met Arg Ser Ala Glu Asp Pro Glu Arg Leu Val Cys
85 90 95

Tyr Ala Lys Lys Leu Ala Ala Ala Ser Gly Lys Val Leu Asp Arg Glu
100 105 110

lle Ala Gly Lys lle Thr Asp Leu GIn Thr Val Met Ala Thr Pro Asp
115 120 125

Ala Glu Ser Pro Thr Phe Cys Leu His Thr Asp Val Thr Cys Arg Thr
130 135 140
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Ala Ala Glu Val Ala Val Tyr Gin Asp Val Tyr Ala Val His Ala Pro
145 150 155 160

Thr Ser Leu Tyr His Gin Ala Met Lys Gly Val Arg Thr Ala Tyr Trp
165 170 175

lle Gly Phe Asp Thr Thr Pro Phe Met Phe Asp Ala Leu Ala Gly Ala
180 . 185 180

Tyr Pro Thr Tyr Ala Thr Asn Trp Ala Asp Glu Gin Val Leu Gin Ala
185 200 205

Arg Asn lle Gly Leu Cys Ala Ala Ser Leu Thr Glu Gly Arg Leu Gly
210 215 220

Lys Leu Ser lle Leu Arg Lys Lys GIn Leu Lys Pro Cys Asp Thr Val
225 230 235 240

Met Phe Ser Val Gly Ser Thr Leu Tyr Thr Glu Ser Arg Lys Leu Leu
245 250 255

Arg Ser Trp His Leu Pro Ser Val Phe His Leu Lys Gly Lys Gin Ser
260 265 270

- Phe Thr Cys Arg Cys Asp Thr lle Val Ser Cys Glu Gly Tyr Val Val
275 280 285

Lys Lys lle Thr Met Cys Pro Gly Leu Tyr Gly Lys Thr Val Gly Tyr
290 295 . 300

Ala Val Thr Tyr His Ala Glu Gly Phe Leu Val Cys Lys Thr Thr Asp
305 310 315 320

Thr Val Lys Gly Glu Arg Val Ser Phe Pro Val Cys Thr Tyr Val Pro
325 330 335
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Ser Thr lle Cys Asp GIn Met Thr Gly lle Leu Ala Thr Asp Val Thr
340 345 350

Pro Glu Asp Ala Gin Lys Leu Leu Val Gly Leu Asn Gin Arg lle Val
355 360 . 365

Val Asn Gly Arg Thr GIn Arg Asn Thr Asn Thr Met Lys Asn Tyr Leu
370 375 380

Leu Pro lle Val Ala Val Ala Phe Ser Lys Trp Ala Arg Glu Tyr Lys
385 390 385 400

Ala Asp Leu Asp Asp Glu Lys Pro Leu Gly Val Arg Glu Arg Ser Leu
405 410 415

Thr Cys Cys Cys Leu Trp Ala Phe Lys Thr Arg Lys Met His Thr Met
420 425 430

Tyr Lys Lys Pro Asp Thr Gin Thr lle Val Lys Val Pro Ser Glu Phe
435 440 445

Asn Ser Phe Val lle Pro Ser Leu Trp Ser Thr Gly Leu Ala lle Pro
450 455 460

Val Arg Ser Arg lle Lys Met Leu Leu Ala Lys Lys Thr Lys Arg Glu
485 470 475 480

Leu lle Pro Val Leu Asp Ala Ser Ser Ala Arg Asp Ala Glu Gin Glu
485 490 495

Glu Lys Glu Arg Leu Glu Ala Glu Leu Thr Arg Glu Ala Leu Pro Pro
500 505 510

l.eu Val Pro lle Ala Pro Ala Glu Thr Gly Val Val Asp Val Asp Val
515 520 525

30



Glu Glu Leu Giu Tyr His Ala Gly Ala Gly Val Vali Glu Thr Pro Arg
530 535 540

Ser Ala Leu Lys Val Thr Ala GIn Pro Asn Asp Val Leu Leu Gly Asn
545 550 555 560 -

Tyr Val Val Leu Ser Pro Gln Thr Val Leu Lys Ser Ser Lys Leu Ala
565. 570 575

Pro Val His Pro Leu Ala Giu GiIn Val Lys lle Hle Thr His Asn Gly
580 585 590

Arg Ala Gly Arg Tyr Gin Val Asp Gly Tyr Asp Gly Arg Val Leu Leu
5395 600 605

Pro Cys Gly Ser Ala lle Pro Val Pro Glu Phe Gin Ala Leu Ser Glu
610 615 620

Ser Ala Thr Met Val Tyr Asn Glu Arg Glu Phe Val Asn Arg Lys Leu
625 630 635 640

Tyr His lle Ala Val His Gly Pro Ser Leu Asn Thr Asp Glu Glu Asn
645 650 655

Tyr Glu Lys Val Arg Ala Glu Arg Thr Asp Ala Glu Tyr Val Phe Asp
660 665 670

Val Asp Lys Lys Cys Cys Val Lys Arg Glu Glu Ala Ser Gly Leu Val
675 880 685

Leu Val Gly Glu Leu Thr Asn Pro Pro Phe His Glu Phe Ala Tyr Giu
690 695 700

Gly Leu Lys lle Arg Pro Ser Ala Pro Tyr Lys Thr Thr Val Vai Gly
705 710 715 720
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Val Phe Gly Val Pro Gly Ser Gly Lys Ser Ala lle lle Lys Ser Leu
725 730 735

Val Thr Lys His Asp Leu Val Thr Ser Gly Lys Lys Glu Asn Cys Gin
740 745 750

Glu lle Val Asn Asp Val Lys Lys His Arg Gly Leu Asp lle Gin Ala
755 . 760 765

Lys Thr Val Asp Ser lle Leu Leu Asn Gly Cys Arg Arg Ala Val Asp
770 775 780

lle Leu Tyr Val Asp Glu Ala Phe Ala Cys His Ser Gly Thr Leu Leu
785 790 795 800

Ala Leu lle Ala Leu Val Lys Pro Arg Ser Lys Val Val Leu Cys Gly
805 810 815

Asp Pro Lys Gin Cys Gly Phe Phe Asn Met Met Gin Leu Lys Val Asn
820 825 830

FPhe Asn His Asn lle Cys Thr Glu Val Cys His Lys Ser ile Ser Arg
835 840 845

Arg Cys Thr Arg Pro Val Thr Ala lle Val Ser Thr Leu His Tyr Gly
850 855 860

Gly Lys Met Arg Thr Thr Asn Pro Cys Asn Lys Pro lle lle lle Asp
865 870 875 880

Thr Thr Gly Gin Thr Lys Pro Lys Pro Gly Asp lie Val Leu Thr Cys
885 890 895

Phe Arg Gly Trp Val Lys GiIn Leu GIn Leu Asp Tyr Arg Gly His Glu
900 905 910
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Val Met Thr Ala Ala Ala Ser Gin Gly Leu Thr Arg Lys Gly Val Tyr
915 920 925

Ala Val Arg Gin Lys Val Asn Glu Asn Pro Leu Tyr Ala Pro Ala Ser
930 935 940

Glu His Val Asn Val Leu Leu Thr Arg Thr Glu Asp Arg Leu Val Trp
945 . 950 955 960 ,

Lys Thr Leu Ala Gly Asp Pro Trp lle Lys Val Leu Ser Asn lle Pro
965 970 975

Gin Gly Asn Phe Thr Ata Thr Leu Glu Glu Trp Gin Glu Glu His Asp
980 985 990

Lys lle Met Lys Val lle Glu Gly Pro Ala Ala Pro Val Asp Ala Phe
895 1000 1005

Gin Asn Lys Ala Asn Val Cys Trp Ala Lys Ser Leu Val Pro Val
1010 1015 1020

Leu Asp Thr Ala Gly lle Arg Leu Thr Ala Glu Glu Trp Ser Thr
1025 1030 1035

lle le Thr Ala Phe Lys Glu Asp Arg Ala Tyr Ser Pro Val Val
1040 1045 1050

Ala Leu Asn Glu lle Cys Thr Lys Tyr Tyr Gly Val Asp Leu Asp
1055 1060 1065

Ser Gly Leu Phe Ser Ala Pro Lys Val Ser Leu Tyr Tyr Glu Asn
1070 1075 1080

Asn His Trp Asp Asn Arg Pro Gly Gly Arg Met Tyr Gly Phe Asn
1085 1090 1095
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Ala Ala Thr Ala Ala Arg Leu Glu Ala Arg His Thr Phe Leu Lys
1100 1105 1110

Gly Gin Trp His Thr Gly Lys GIn Ala Val lie Ala Glu Arg Lys
1115 1120 1125 ,

lle Gin Pro Leu Ser Val Leu Asp Asn Val lle Pro lle Asn Arg
1130 1135 1140

Arg Leu Pro His Ala Leu Val Ala Glu Tyr Lys Thr Val Lys Gly
1145 1150 1165

Ser Arg Val Glu Trp Leu Val Asn Lys Vai Arg Gly Tyr His Val
1160 1165 1170

Leu Leu Val Ser Glu Tyr Asn Leu Ala Leu Pro Ala Ala Ala Val
1175 1180 1185

Thr Trp Leu Ser Pro L.eu Asn Val Thr Gly Ala Asp Arg Cys Tyr
1190 1185 1200

Asp L.eu Ser Leu Gly Leu Pro Ala Asp Ala Gly Arg Phe Asp Leu
1205 1210 1215

Val Phe Val Asn lle His Thr Glu Phe Arg lle His His Tyr Gin
1220 1225 1230

Gin Cys Val Asp His Ala Met Lys Leu Gin Met Leu Gily Gly Asp
1235 1240 1245

Ala Leu ArgLeu bLeu Lys Pro Gly Gly Ser Leu Leu Met Arg Ala
1250 1255 1260

Tyr Gly Tyr Ala Asp Lys lle Ser Glu Ala Val Val Ser Ser Leu
1265 1270 1275
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Ser Arg Lys Phe Ser Ser Ala Arg Val Leu Arg Pro Asp Cys Val
1280 1285 1290

Thr Ser Asn Thr Glu Val Phe Leu Leu Phe Ser Asn Phe Asp Asn
1295 1300 1305

Gly Lys Arg Pro Ser Thr Leu His Gin Met Asn Thr Lys Leu Ser
. 1310 1315 1320

Ala Val Tyr Ala Gly Glu Ala Met His Thr Ala Gly Cys Ala Pro
1325 1330 1335

Ser Tyr Arg Val Lys Arg Ala Asp lle Ala Thr Cys Thr Giu Ala
1340 1345 1350

Ala Val Val Asn Ala Ala Asn Ala Arg Gly Thr Val Gly Asp Gly
1355 1360 1365

Val Cys Arg Ala Val Ala Lys Lys Trp Pro Ser Ala Phe Lys Gly
1370 1375 1380

Glu Ala Thr Pro Val Gly Thr ite Lys Thr Val Met Cys Gly Ser
1385 1390 1395

Tyr Pro Val lie His Ala Val Ala Pro Asn Phe Ser Ala Thr Thr
1400 1405 1410

Glu Ala Glu Gly Asp Arg Glu Leu Ala Ala Val Tyr Arg Ala Val
1415 1420 1425

Ala Ala Glu Val Asn Arg Leu Ser Leu Ser Ser Val Ala lle Pro
1430 1435 1440

Leu Leu Ser Thr Gly Val Phe Ser Gly Gly Arg Asp Arg Leu GIn
1445 1450 1455
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Gin Ser Leu Asn His Leu Phe Thr Ala Met Asp Ala Thr Asp Ala
1460 1465 1470

Asp Val Thrlle Tyr Cys Arg Asp Lys Ser Trp Glu Lys Lys lle
1475 1480 1485

Gin Glu Ala lle Asp Met Arg Thr Ala Val Glu Leu Leu Asn Asp
1490 1495 1500

Asp Val Glu Leu Thr Thr Asp Leu Val Arg Val His Pro Asp Ser
1605 1510 15815

Ser Leu Val Gly Arg Lys Gly Tyr Ser Thr Thr Asp Gly Ser Leu
1520 1525 1530

Tyr Ser Tyr Phe Glu Gly Thr Lys Phe Asn Gin Ala Ala lle Asp
1535 1540 1545

Met Ala Gilu lle Leu Thr Leu Trp Pro Arg Leu Gin Glu Ala Asn
1550 1555 1560

Glu GIn tle Cys Leu Tyr Ala Leu Gly Giu Thr Met Asp Asn lle
1565 1570 1575

Arg Ser Lys Cys Pro Val Asn Asp Ser Asp Ser Ser Thr Pro Pro
1580 1585 1590

Arg Thr Val Pro Cys Leu Cys Arg Tyr Ala Met Thr Ala Glu Arg
1595 1600 1605

lle Ala Arg Leu Arg Ser His GlIn Val Lys Ser Met Val Val Cys
1610 1615 1620

Ser Ser Phe Pro Leu Pro Lys Tyr His Val Asp Gly Val Gin Lys
1625 1630 1635
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Val Lys Cys GluLys Val Leu Leu Phe Asp Pro Thr Val Pro Ser
1640 1645 1650

Val Val Ser Pro Arg Lys Tyr Ala Ala Ser Thr Thr Asp His Ser
1655 1660 1665

Asp Arg Ser leu Arg Gly Phe Asp Leu Asp Trp Thr Thr Asp Ser
1670 1675 1680

Ser Ser Thr Ala Ser Asp Thr Met Ser Leu Pro Ser Leu Gin Ser
1685 1690 1695

Cys Asp lle Asp Ser lle Tyr Glu Pro Met Ala Pro lle Val Val
1700 1705 1710

Thr Ala Asp Val His Pro Glu Pro Ala Gly lle Ala Asp Leu Ala
1715 1720 1725

Ala Asp Val His Pro Glu Pro Ala Asp His Val Asp Leu Glu Asn
1730 1735 1740

Pro lle Pro Pro Pro Arg Pro Lys Arg Ala Ala Tyr Leu Ala Ser
1745 1750 1755

Arg Ala Ala Glu Arg Pro Val Pro Ala Pro Arg Lys Pro Thr Pro
1760 1765 1770

Ala Pro Arg Thr Ala Phe Arg Asn Lys Leu Pro Leu Thr Phe Gly
1775 1780 1785

Asp Phe Asp Glu His Glu Val Asp Ala Leu Ala Ser Gly lle Thr
1790 1795 1800

Phe Gly Asp Phe Asp Asp Val Leu Arg Leu Gly Arg Ala Gly Ala
1805 1810 1815
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Tyr lie Phe Ser Ser Asp Thr Gly Ser Gly His Leu GIn GIn Lys
1820 1825 1830

Ser Val Arg Gin His Asn Leu Gln Cys Ala Gin Leu Asp Ala Vai
1835 1840 1845

Glu Glu Gilu Lys Met Tyr Pro Pro Lys Leu Asp Thr Glu Arg GI(J
1850 1855 1860

Lys Leu Leu Leu Leu Lys Met Gin Met His Pro Ser Giu Ala Asn
1865 1870 1875

Lys Ser Arg Tyr Gin Ser Arg Lys Val Glu Asn Met Lys Ala Thr
1880 1885 1890

Val Val Asp Arg Leu Thr Ser Gly Ala Arg Leu Tyr Thr Gly Ala
1895 1800 1905

Asp Val Gly Arg lle Pro Thr Tyr Ala Val Arg Tyr Pro Arg Pro
1910 1916 1920

Val Tyr Ser Pro Thr Val lle Glu Arg Phe Ser Ser Pro Asp Val
1925 1930 1935

Ala lle Ala Ala Cys Asn Glu Tyr Leu Ser Arg Asn Tyr Pro Thr
1940 1945 1950

Val Ala Ser Tyr Gin lle Thr Asp Glu Tyr Asp Ala Tyr Leu Asp
- 1955 1960 1965

Met Val Asp Gly Ser Asp Ser Cys Leu Asp Arg Ala Thr Phe Cys
1970 1975 1980

Pro Ala Lys Leu Arg Cys Tyr Pro Lys His His Ala Tyr His Gin
1985 1990 1995
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Pro Thr Val Arg Ser Ala Val Pro Ser Pro Phe Glin Asn Thr Leu
2000 2005 2010

Gin Asn Val Leu Ala Ala Ala Thr Lys Arg Asn Cys Asn Val Thr
2015 2020 2025

Gin Met Arg Glu Leu Pro Thr Met Asp Ser Ala Val Phe Asn Val
2030 2035 2040

Glu Cys Phe Lys Arg Tyr Ala Cys Ser Gly Glu Tyr Trp Glu Glu
2045 20560 2055

Tyr Ala Lys Gln Pro lle Arg lle Thr Thr Giu Asn lle Thr Thr
2060 2065 2070

Tyr Val Thr Lys Leu Lys Gly Pro Lys Ala Ala Ala Leu Phe Ala
2075 - 2080 2085

Lys Thr His Asn Leu Val Pro Leu Gin Glu Val Pro Met Asp Arg
2090 2095 2100

Phe Thr Val Asp Met Lys Arg Asp Val Lys Val Thr Pro Gly Thr
2105 2110 2115

Lys His Thr Glu Glu Arg Pro Lys Val Gin Val lle Gin Ala Ala
2120 2125 2130

Glu Pro Leu Ala Thr Ala Tyr Leu Cys Gly lle His Arg Glu Leu
2135 2140 2145

Val Arg Arg Leu Asn Ala Val Leu Arg Pro Asn Val His Thr Leu
2150 2155 2160

Phe Asp Met Ser Ala Glu Asp Phe Asp Ala lle lle Ala Ser His
2165 2170 2175
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Phe His Pro Gly Asp Pro Val Leu Glu Thr Asp lle Ala Ser Phe
2180 2185 2190

Asp Lys Ser Gin Asp Asp Ser Leu Ala Leu Thr Gly Leu Met lle
2195 2200 2205

Leu Glu Asp Leu Gly Val Asp Gin Tyr Leu Leu Asp Leu lie Glu
2210 2215 2220

Ala Ala Phe Gly Glu lle Ser Ser Cys His Leu Pro Thr Gly Thr
2225 2230 2235

Arg Phe Lys Phe Gly Ala Met Met Lys Ser Gly Met Phe Leu Thr
2240 2245 2250

Leu Phe lie Asn Thr Val Leu Asn lle Thr lle Ala Ser Arg Val
2255 2260 2265

Leu Glu Gin Arg Leu Thr Asp Ser Ala Cys Ala Ala Phe lle Gly
2270 2275 2280

Asp Asp Asn lle Val His Gly Val lle Ser Asp Lys Leu Met Ala
2285 2290 2295

Glu Arg Cys Ala Ser Trp Val Asn Met Glu Val Lys tle lle Asp
2300 2305 2310

Ala Val Met Gly Glu Lys Pro Pro Tyr Phe Cys Gly Gly Phe lle
2315 2320 2325

Val Phe Asp Ser Val Thr Gin Thr Ala Cys Arg Val Ser Asp Pro
2330 2335 2340

Leu Lys ArgLeu Phe Lys Leu Gly Lys Pro Leu Thr Ala Glu Asp
2345 2350 2355
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Lys GIn Asp Glu Asp Arg Arg Arg Ala Leu Ser Asp Glu Val Ser
2360 2365 2370

Lys Trp Phe Arg Thr Gly Leu Gly Ala Glu Leu Glu Val Ala Leu
2375 2380 2385

Thr Ser Arg Tyr Glu Val Glu Gly Cys Lys Ser tle Leu lle Ala
2390 2395 2400

Met Ala Thr Leu Ala Arg Asp lle Lys Ala Phe Lys Lys Leu Arg
2405 2410 2415

Gly Pro Val lle His Leu Tyr Gly Gly Pro Arg Leu Val Arg
2420 2425 2430

<210> 4

<211> 7872

<212> DNA

<213> Adificial

<220> ,

<223> Nucleic acid sequence of resynthesized sequence of SFV replicase
with inserted heterologous intron which when expressed correspond
to SEQ 1D NO:1

<400=> 4
atggecgecea aggtgeacgt ggacatcgag gecgacagec ccttcatcaa gagectgecag 60

aaggecttce ccagettcga ggtggagtee ctgeaggtga cceccaacga ccacgecaac 120
gccagggcect tcagecacct ggecaccaag ctgatcgage aggaaaccga caaggacace 180
ctgaicctgg acateggeag cgecccectea agotgagtit ggggaccectt gattgtiett 240
tetttttcge tattgtaaaa ttcatgtiat atggaggggg caaagtittc agggtgttgt 300
ttagaatggg aagatgtcce tigtatcact atggaccctc atgataattt tgtttetttc 360

actitctact ctgttgacaa ccattgictc ctcttatitt cttttcattt tetgtaactt 420

titcgttaaa ctitagettg cattigtaac gaatitittaa attcactttt gtttatttigt 480

cagattgtaa gtactttctc taatcacttt titttcaagg caatcagggt atattatatt 540
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gtacttcagc acagttttag agaacaattg ttataattaa atgataaggt agaatatitc 600
tgcatataaa ttctggetgg cgtggaaata ticttatigg tagaaacaac tacaccetgg 660
tcatcatcet gectttctet ttatggttac aatgatatac actgittgag atgaggataa 720
aatactctga gtccaaaccg ggcecctetg ctaaccatgt tcatgectte ttetttttee 780
tacaggcgga tgatgagcac ccacaagtac cactgegtgt geccecatgeg gagegecgag 840
gacccecgage ggetggtgtg ctacgecaag aagetggecg cecgecagegg caaggtgetg 900
gaccgggaga tegecggeaa gatcaccgac ctgecagaceg tgatggecac ccccgacgee 960
gagageccca cetictgect gecacaccegac gtgacctgee ggacagecge cgaggtggee 1020
gigtaccagg acgtgtacge cgtgecacgee cecaccteee tgtaccacca ggecatgaag 1080
ggcgtgegga cegectactg gateggetic gacaccacce cettcatgtt cgacgeectg 1140
gceggagect accccaccta cgecaccaac tgggecgacg agecagatget gecaggecegg 1200
aacatcggcc tgtgegecege cagectgace gagggeegge tgggeaagcet gtecatectg 1260
cggaagaagc agctgaagcce ctgegacacc gtgatgtica gegtgggcag cacactgtac 1320
accgagagcec ggaagctget gcggagetgg cacctgecca gegigticca cetgaaggge 1380
aagcagagct tcacctgeag atgegacace atcgtgaget gecgagggceta cgtggtgaag 1440
aaaatcacca tgigeccetgg cetgtacgge aagaccegtgg getacgecgt gacctaccac 1500
geecgagggct ttetgatgtg caagaccace gataccgtga agggegagag agtgagetic 1560
cecgtetgea cetacgtgee cageaccate tgecgaccaga tgaccggtat cetggecace 1620
gatgtgaccce ccgaggacge ccagaaactg ctggtecggee tgaaccageg gategiggtg 1680
aacggccgga cccageggaa caccaacace atgaagaact acctgetgee categtggee 1740
gtggecttca gcaagtggge cagagagtac aaggecgace tggacgacga gaageccetg 1800
ggegtgeggg ageggagect gacetgetge tgectgtggg cettcaagac ceggaagatg 1860
cacaccatgt acaagaagcec cgacacccag accatcgtga aggtgeccag cgagticaac 1920

agcttegtga tccccagect gtggageace ggectggeca tecceegtgeg gagecggate 1980
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aagatgctgce tggecaagaa aaccaagegg gagetgatee cegtgetgga cgecageage 2040
geecagggacy ccgageagga agagaaagag cggetggaag cegagetgac ccgggaggee 2100
ctgeececee tggtgectat cgecectgee gagaceggeg tggtggacat ggatgtggag 2160
gaactggaat accacgccgg agecggagty gtggagaccece ccagateege cetgaaggtg 2220
acagcccage ccaacgacgt getgetggge aactacgtgg tgetgtecece ccagacegtg (2280
ctgaagagca geaagetgge ceceegtgeac cetetggeeg agecaggtgaa gatcatcace 2340
cacaacggea gggecggeag ataccaggte gacggetacy acggeegggt getgetgeca 2400
tgcggcetecg ccatccctgf gccegagtic caggecctga gegagagege cacaatggtg 2460
tacaacgagc gggagticgt gaaccggaag ctgtaccaéa ttgcegtgea cggeectage 2520
ctgaacaccg atgaggaaaa ctacgagaaa gtgcgggccg ageggaccga tgeegagtac 2580
gtgttcgacg tggacaagaa atgetgegtg aagegggagg aagecagegqg getggtgetg 2640
gtcggggagce tgaccaacce ceccticcac gagttcgect acgagggect gaagatecgg 2700
cceteegeee cctacaagac cacagtggty ggegtgtteg gegtgecegg cageggeaag 2760
agcgceatca tcaagteect ggtgaccaag cacgacctgg tgacctcegg caagaaagag 2820
aactgccagg aaatcgtcaa cgacgtcaag aagcaccggyg gectggacat ccaggecaag 2880
acagtggaca gcatcctgct gaacggctge agacgggecg tggatatect gtacgtggac 2940
gaggccticg cctgccacag cggeaccetg ctggecctga tegeecetggt gaageecegg 3000
tccaaggtyg tgctgtgegg cgaccccaag cagigeggct tettcaacat gatgeagetg 3060 -
aaggtgaact tcaaccacaa catctgcacc gaagtgtgec acaagagceat cageeggegg 3120
tgcaccagac ccgtgaccge categtgtee accctgeact acggeggeaa gatgeggace 3180
accaacccct gcaacaagcec catcatcatc gataccaccg geccagaccaa geeccaagece 3240
ggcgacatceg tgetgacctg citccgegge tgggtgaage agetgeaget ggactacegg 3300
ggccacgagg tgatgaccge cgecgectee cagggectga ccagaaaggg cgtgtatgee 3360

gtgcggeaga aggtgaacga gaacceccetqg tacgecectg ccagegagea cgtgaatgtg 3420
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ctgetgacce ggaccgagga caggetgatg tggaaaacce tggccggcgé ccectggate 3480
aaggtgcetgt ccaacatcece ccagggceaac ttcaccgeca cectggaaga gtggeaggaa 3540
gagcacgaca agatcatgaa ggtgatcgag ggecctgeeg ceccagtgga cgecttccag 3600
aacaaggcca acgtgtgetg ggecaagage ctggtgeetg tgetggacac cgeeggeate 3660
cggetgaceg ccgaagagtg gageaccate atcaccgect tcaaagagga cegggectac 3720
agccccegtgg tggccctgaa cgagatcetge accaagtact acggegtgga cetggacage 3780
ggcctgttca gegeccccaa ggtgteectg tactacgaga acaaccactg ggacaaccgg 3840
ccaggcggcea ggatgtacgg cticaacgce gecaccgeceg ccagactgga ageceggeac 3900
acctitctga agggecagtg gcacaccgge aageaggeceg tgatcgecga gagaaagatc 3960
cagcccectgt cegtgetgga taacgtgate cetatcaace ggeggetgec cecacgeectg 4020
gtggccgagt acaagacagt gaagggeage cgggtggagt g_gctggtgaa caaagtgcgg 4080
ggctaccacy tgetgetggt gtetgagtac aacctggecc tgeeteggeg gagagtgace 4140
tggcetgicee ctetgaacgt gacaggegee gacaggtget acgacctgag cetgggectg 4200 ’
cectgeegacg ceggeagatt cgacctggtg ttegtgaaca tccacaccga gttcagaate 4260
caccactacc ageagtgegt ggaccacgec atgaagetge agatgetggg cggegacgee 4320
ctgaggcetge tgaagectgg cggeagectg ctgatgeggg cetacggeta cgeecgacaag 4380
atctccgagg cegtggtgte cagectgage cggaagttca getccgecag ggtgetgaga 4440
cccgactgeg tgaccageaa cacagaagtg tttctgetgt tcageaactt cgacaacgge 4500
aagcggecca geaccctgea ccagatgaac accaagcetgt cegeegtgta cgecggegag 4560
gccatgcaca ccgecggatg cgeccecage tacegggtga agegggecga catcgecace 4620
tgcaccgagg cegeegtggt gaatgecgee aatgecaggg geacegtggyg cgacggegty 4680
tgcagggecg tggecaaaaa gtggeccage gecticaagg gegaggecac cectgtggge 4740
accatcaaaa ccgtgatgtg cggeagetac ceegtgatee acgeegtgge ceccaattic 4800

agcgecacca cagaggecga gggegaccgg gaactggecg cegtgtatag agecgtggee 4860
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gccgaagtga acagactgag cetgageage gtggecatee ctetgetgte caceggegty 4920
ttcageggeg geagggacceg getgeageag agectgaace acctgtteac cgetatggac 4980
geccaccgacy ccgacgtgac aatctactge cgggacaaga getgggagaa gaagatccag 5040
gaagccatcg acatgaggac cgecgtggag ctgetgaacg acgacgtgga getgacaace 5100
gacctggtge gegtgeacce cgacagceagce ctggtgggee ggaagggcta cageaccacce.. 5160
gacggctccc tgtacagcta cticgagggce accaagtica accaggecge catcgatatg 5220
gccgagatce tgacccetgig geccaggetg caggaageca acgageagat ctgtetgtac 5280
gcectgggeg agacaatgga caacateegg tccaagtgee cegitgaacga cagegacage 5340
agcacccece cteggacegt geectgectg tgcagatacg cecatgacege cgageggate 5400
geceggetge ggagecacca ggtgaagage atggiggtgt gecageagcett cecectgeee 5460
aagtaccacg tggatggcegt gcagaaagtg aagtgcgaga aggtgetgcet gttcgaccee 5520
accgtgecta gegtggtgle cececeggaag tacgecgect ccaccaccga ccacagegac 5580
agaagcectge ggggcttega cetggactgg accaccgact ccageageac cgecagegac 5640
accatgagcc tgeccagect geagagetge gacatcgaca geatctacga gectatggee 5700
cccategtgg tgaccgecga cgtgcaccet gagecagecg geategecga cetggeegee 5760
gatgtgcacc cagaacccgce cgaccacgtg gatctggaaa accccatcec cectecccaga 5820
cccaagaggg ccgectacct ggecageaga gecgecgaga ggeecgigee tgececccaga 5880
aagcccaccee cageccccag aaccgectic aggaacaagce tgeccctgac ctteggegac 5940
ftcgacgage acgaggtgga cgecetggee ageggeatea cetteggega ttttgatgac 6000
gtgctgegge tgggeagage cggagectat atcttcagea gegacacegg ctecggecac 6060
ctgcagecaga aaagegtgag acagcacaac ctgcagtgey cecagetgga cgecgtggaa 6120
gaggaaaaga tgtaccccee caagetggat accgageggg aaaagcetget getgetgaaa 6180
atgcagatgc accccagega ggccaacaag ageegetace agtctaggaa ggtggagaac 6240

atgaaggeca cegtggtgga ceggetgace ageggcegeca ggetgtacac aggggecgac 6300
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gtgggcagaa tcectaccta cgeegtgege taccccagge cegigtacag ccccacegtg 6360
atcgagceggt tcagecagecc cgacgtggee atcgeegect gecaatgagta cetgtetagg 6420
aactacccaa ccgtggecag ctaccagate accgatgagt acgatgecta cetggacatg 6480
gtggacggcea gegacagcetg cetggaccgg gecaccttet gteccegecaa getgeggtge 6540
taccccaage accacgecta. tcaccagecc accgtgagaa gegecegtgece cagececttc 6600
cagaataccc tgcagaatgt getggecgece gecaccaagce ggaactgcaa cgtgacccag 6660
atgagagaac tgcccacaat ggacagegcce gtgtttaacg tggagtigcett caagagatac 6720
gectgeageg gegagtacty ggaggaatac gecaageage ceatccggat caccaccgag 6780
aacatcacca cctacgtgac caagetgaag ggceccaagg cegeegecet gttcgecaag 6840
acccacaacce tggtgecect gcaggaagtg cetatggaca ggttcacegt ggacatgaag 6900
cgggacgtga aggtgacccc tggcaccaag cacaccgagg aacggeccaa ggtgeaggtg 6960
atccaggecg ccgagectct ggecaccgec tatetgtgeg geatccaccg ggagetggtg 7020
cggeggctga acgeegtget gaggeccaac gtgeacaccee tgticgacat gtccgecgag 7080
gacttcgacg ccatcatcge cagecacttc caccceggeg acccagtget ggaaaccgat 7140
atcgccagct tcgacaagag ccaggacgac agectggecc tgaccgyect gatgatectg 7200
gaagatctgg gegtggacca gtacetgetg gatetgateg aggecgectt cggegagate 7260
agcagcetgcee acctgectac cggceaccceqg ttcaagtieg gegecatgat gaagagegge 7320
atgttictga ccetgitcat caacacagtg ctgaatatea cecatcgecag cagggtgetg 7380
gaacagegge tgaccgacag cgectgegece gecettcateg gegacgacaa categtgecac 7440
ggcgtgatca gegacaagcet gatggecgag cggtgegecea getgggtgaa catggaagtg 7500
aagattatcg acgecgtgat gggcgaaaag cccecctact tetgeggegg cticategtg 7560
ttcgacageg tgacacagac cgectgcaga gtgagegacce cectgaageg getgticaag 7620
ctgggcaaac cictgacage cgaggacaag caggacgagg accggeggag ggecetgtee 7680

gacgaggtgt ccaagtggtt ccggaccgge ctgggegeeg agetggaagt ggeectgaca 7740
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agecgetacg aggtggaggg ctgcaagage atcetgateg ctatggecac cctggeccgg 7800
gacatcaagg cctttaagaa getgagaggce cetgtcatee acctgtacgg cggacceeegg 7860
ctggtgeggt ga 7872

<210> 5

<211>..10342

<212> DNA

<213> Attificial

<220>
<223> Plasmid pRSV-Nsp1234

<400> 5
cacagcccag cttggagega acgacctaca ccgaacigag atacctacag cgtgagetat 60

gagaaagcgce cacgcttece gaagggagaa aggceggacag gtatccggta ageggcagyg 120
tcggaacagg agagegeacg agggagcetic cagggggaaa cgectggtat cittatagte 180
ctategggtt tegecaccte tgacttgage gtegatttit gtgatgeteg tcagggggge 240
ggagcctatg gaaaaacgec agcaacgeat cgataaaata aaagatitita titagtctcc 300
agaaaaaggg gggaatgaaa gaccccacct gtaggtitgg caagetageg tataccctcg 360
acctgcaggt cgatcgacte tagtatggtg cactctcagt acaatctget ctgatgeecge 420
atagttaage cagtatctge teectgettg tgtgttggag gtcgcigagt agtgegegag 480
caaaafttaa gctacaacaa ggcaaggett gaccgacaat tgcatgaaga atctgcttag 540
ggttaggegt titgegetge ttegegatgt acgggecaga tatacgegta tetgagggga 600
ctaggatatg tttaggcgaa aageggggct teggttgtac gcggttagga gtccectcag 660
gatatagtag tttcgetttt gcatagggag ggggaaatgt agtcttatge aatactettg 720
tagtcttgea acatggtaac gatgagttag caacatgect tacaaggaga gaaaaageac 780
cgtgcatgee gattggtgga agtaaggtgg tacgategtg cottattagg aaggcaacag 840
acgagtctga catggattgg acgaaccact gaattccgea ttgcagagat attgtattta 900

agtgcctage tcgatacaat aaacgcecatt tgaccatica ccacattggt gtgcacctece 960
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aagctggtag aggatéggtc gatcgactct agacgccacc atggccgcca-aggtécacgt 1020
ggacatcgag gcecgacagec ccttcatcaa gagectgcag aaggecttee cecagettcga 1080
ggtggagtce ctgcaggtga cccccaacga ccacgecaac gecagggect teageccacct 1140
ggccaccaag ctgatcgage aggaaaccga caaggacace ctgatcetgg acatcggeag 1200
cgccccctea aggtgagttt ggggacccett gattgttett tetttitcge tatigtaaaa . 1260

ttcatgttat atggaggggg caaagttitc agggtgttgt ttagaatggg aagatgtcee 1320
ttgtatcact atggacccte atgataattt tgtttetttc actttetact ctgttgacaa 1380

ccattgtcte ctcttattit ctittcatit tetgtaactt tttcgttaaa cittagettg 1440

catttgtaac gaatttttaa attcacttit gtttatttgt cagatigtaa gtactttctc 1500

taatcacttt titttcaagg caatcagggt atattatatt gtacttcage acagttttag 1560
agaacaattg ttataattaa atgataaggt agaatatttc tgcatataaa ttctggetgg 1620
cgtggaaata ttettattgg tagaaacaac tacaccetgg teatcatect gectitetet 1680
ttatggttac aatgatatac actgttigag atgaggataa aatactctga gtccaaaccg 1740
ggcecctetg ctaaccatgt tcatgectic ticttittce tacaggegga tgatgagcac 1800
ccacaagtac cactgegtgt gececatgeg gagegecgag gaccccgage ggcetggtgtg 1860
ctacgccaag aagetggeeg cecgecagegg caaggigetg gacecgggaga tegeeggeaa 1920
gatcaccgac ctgcagaccg tgatggecac ccececgacgee gagageccca cettetgeet 1980
gcacaccgac gtgacctgee ggacagecege cgaggatggece gtgtaccagg acgtgtacge 2040
cgtgcacgcece ccecacctece tgtaccacca ggecatgaag ggegtgegga cegectactg 2100
gatcggctte gacaccacce ccettcatgtt cgacgeccty gecggagect acceccaccta 2160
cgecaccaac tgggecgacg ageaggtget gcaggecegg aacateggec tgtgegeege 2220
cagectgace gagggeeggac tgggcaagcet gtecatectg cggaagaage agetgaagee 2280
ctgcgacacc gtgatgttca gegtgggeag cacactgtac accgagagece ggaagetget 2340

gcggagetgg cacctgeeca gegtgttcea cctgaaggge aageagaget tcacctgecag 2400
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atgcgacacc ategtgaget gegagggeta cgtggtgaag aaaatcacca tgtgecetgg 2460
cetgtacgge aagaccegtgg getacgeegt gacctaccac gecgagggct ttetggtgtg 2520
caagaccacc gataccgiga agggegagag agtgagcettc cecgtetgea cetacgtgee 2580
cagcaccatc tgcgaccaga tgaccggtat cctggeeace gatgtgacce ccgaggacge 2640
-.ccagaaactg ctggtcggee tgaaccageg gategiggtg aacggecgga cccageggaa ..27.00
caccaacacc atgaagaact acctgetgee categtggee gtggecttca geaagtggge 2760
cagagagtac aaggecgacc tggacgacga gaagceccctg ggegtgeggg ageggagect 2820
gacctgetge tgeetgtggg cettcaagac ccggaagatg cacaccatgt acaagaagee 2880
cgacacccag accatcgtga aggtgeccag cgagttcaac agettegtga tccccagect 2940
gtggageace ggectggeca tececgtgeg gagecggate aagatgetge tggecaagaa 3000
aaccaagcgg gagetgatee cegtgetgga cgecageage gecagggacg ccgageagga 3060
agagaaagaq cggelggaag ccgagetgac ccgggaggec ctgecceccee tggtgectat 3120
cgcccetgee gagaccggeg tggtggacgt ggatgtggag gaéctggaat accacgcegg 3180
ageeygggatg giggagacce ceagateege cetgaaggtg acageccage ccaacgacgt 3240
getgetggge aactacgtgg tgetgteece ccagacegtg ctgaagagea gecaagetgge 3300
ceeegtgeac cetetggeeg ageaggtgaa gatcatcace cacaacggea gggecggeag 3360
ataccaggtc gacggetacg acggecgggt getgetgeca tgeggeteeg ccatceetgt 3420
geeegagtte caggecctga gegagagege cacaatggtg tacaacgage gggagttegt 3480
gaaccggaag ctgtaccaca ttgcegtgea cggecctage ctgaacaccg atgaggaaaa 3540
ctacgagaaa gtgcgggeeg ageggaccga tgccgagtac gtgticgacg tggacaagaa 3600
atgetgegtg aagegggagg aagecagegg getgatgetg gtcggggage tgaccaacce 3660
ccecttccac gagticgect acgagggect gaagatcegg cecteegecec cctacaagac 3720
cacagtggtg ggegtgttcg gegtgecegg cageggeaag agegecatea tcaagtecet 3780

ggtgaccaag cacgacctgg tgaccteecgg caagaaagag aactgecagg aaatecgtcaa 3840
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cgacgtcaag aagcaccggy gectggacat ccaggecaag acagtggaca geatectget 3900
gaacggctge agacgggecg tggatatect gtacgtggac gaggecticg cctgecacag 3960
cggeaccetg ctggecectga tegecctggt gaageccegg tecaaggtgg tgetgtgegg 4020
cgaccccaag cagtgeggcet tettcaacat gatgecagetg aaggtgaact tcaaccacaa 4080

. calctgecacc.gaagtgtgee aciaagagcat cageeggegg tgeaccagac cegigaccege. 4140
categigtee accctgeact acggeggceaa gatgeggacc accaaccect gcaacaagee 4200
catcatcatc gataccaccg gecagaccaa geccaagece ggcgacateg tgetgacety 4260
cttcegegge tgggtgaage agetgeaget ggactacegg ggecacgagg tgatgacege 4320
cgecgectee cagggectga ccagaaaggg cgtgtatgec gtgcggeaga aggtgaacga 4380
gaaccccctg tacgeccectg ccagegagea cgtgaatgtg ctgetgacee ggaccgagga 4440
caggetggtg tggaaaaccc tggeeggega cccctggate aaggtgetgt ccaacatece 4500
ccagggcaac ttcaccgceca ccctggaaga gtggcaggaa gagecacgaca agatcatgaa 4560
ggtgatcgag ggecectgeeg ceccagtgga cgecticcag aacaaggeca acgtgtgetg 4620
ggccaagagc ctggtgectg tgetggacac cgeeggeate cggetgaccg ccgaagagtg 4680
gagcaccatc atcaccgect tcaaagagga ccgggectac ageeeegtgg tggecctgaa 4740
cgagatctge accaagtact acggegtgga cetggacage ggectgtica gegeccecaa 4800
ggtgteectg tactacgaga acaaccactg ggacaaccegg ccaggeggea goatgtacgg 4860
cttcaacgee gecacegecg ccagactgga ageccggeac accttictga agggecagtg 4920
gcacaccgge aagecaggcecg tgatcgecga gagaaagate cagecectgt cegtgeigga 4980
taacgtgatc cctatcaace ggeggetgee ccacgeccty gtggecgagt acaagacagt 5040
gaagggcagc cgggtggagt ggetggtgaa caaagtgegg ggcetaccacy tgetgetggt 5100
gtctgagtac aacctggecc tgeetcggeg gagggtgacce tggetgtece ctetgaacgt 5160
gacaggcegcec gacaggtgcet acgacctgag cetgggectg cetgecgacy cecggeagatt 5220

cgacetggtg ttegtgaaca tccacaccega gttcagaate caccactace ageagtgegt 5280
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ggaccacgcc atgaagetge agatgetggg cggcgacgec ctgaggetge tgaagectgg 5340
cggcagcctg' ctgatgeggg cctacggeta cgecgacaag atctecegagg cegtggtgte 5400
cagcectgage cggaagtica getcecgecag ggtgetgaga ceegactgeg tgaccagecaa 5460
cacagaagtg tttctgetgt tcageaactt cgacaacgge aagecggeeca geaccetgea 5520
-ccagatgaac accaagcetgt ccgeegtgta cgeeggegag gecatgeaca ccgecggatg 5580
cgececcage taccgggtga agegggecga catcgecace tgeaccgagg cegeegtggt 5640
gaatgcegec aatgecaggg geacegiggg cgacggcegtg tgecagggeeg _tggccaa_aaa 5700
gtggcceage gecttcaagg gegaggecac ceetgtggge accatcaaaa cegtgatgtg 5760
cggceagcetac ceegtgatce acgeegtgge ceccaatttc agegeecacea cagaggecga 5820
gggcgaccgg gaactggecg cegtgtatag agecegtggec gecgaagtiga acagactgag 5880
cctgagcage gtggecatee ctetgetgte caceggegtg ttcageggeg geagggaceg 5940
gctgcageag agectgaacc acctgitcac cgetatggac gecaccgacg cegacgtgac 6000
aatctactge cgggacaaga getgggagaa gaagatccag gaagecateg acatgaggac 6060
cgecgtggag ctgctgaacg acgacgtgga getgacaace gacctggtge gegtgcacee 6120
cgacagcage ctggtgggec ggaagggcta cageaccace gacggeteee tgtacageta 6180
cttcgagggce accaagttca accaggecge catcgatatg geccgagatee tgaccetgty 6240
gcccaggetg caggaageca acgageagat ctgtetgtac geectgggeg agacaatgga 6300
caacatccgyg tccaagtgec cegtgaacga cagegacage agcaceccece cicggacegt 6360
gecctgectg tgeagatacg ccatgaccge cgageggate geceggetge ggagecacca 6420
ggtgaagagce atggtggtgt gcageagcett cceectgeee aagtaccacg tggatggegt 6480
gcagaaagtg aagtgcgaga aggtgcetget gttcgaccece accgtgecta gegtggtgte 6540
cceccggaag tacgeegect ccaccacega ccacagegac agaagectge ggggettcga 6600
cctggactgg accaccgact ccagcageac cgececagegac accatgagec tgeccagect 6660

gcagagctge gacatcgaca geatctacga gectatggece cecategtgg tgacegecga 6720
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cgtgcaccct gagccageeq geategeega cetggecgec gatgtgeace cagaaccege 6780
cgaccacgtg gatctggaaa accccatece ccctecccaga cecaagaggg cegectacet 6840
ggccagcaga gecgecgaga ggeccgtgece tgeececaga aageccacce cageccecag 6900
gaccgccttc aggaacaagc tgcccetgac cttcggegac ticgacgage acgaggtgga 6960
..cgeeetggec.ageggeatea cettcggega tittgatgac gtgetgegge tgggeagage 7020
cggagcctat atcttcagea gegacaccegg cteeggecac ctgecagcaga aaagegtgag 7080
acagcacaac ctgcagtgeg cccagetgga cgeegtggaa gaggaaaaga tgtaccccee 7140
caagctggat accgagegqg aaaagctgci gctgctgaéa atgcagatgc accccagega 7200
ggccaacaag agccgctacc agtctaggaa ggtggagaac atgaaggceca cegiggtgga 7260
ccggcetgace ageggegceca ggetgtacac aggggecgac gtgggeagaa teectaccta 7320
cgeegtgege taccccaggce cegtgtacag ceccacegtg atcgageggt tecageageee 7380
cgacgtggcc atcgecgect gecaatgagta cetgictagg aactacccaa cegtggecag 7440
ctaccagate accgatgagt acgatgecta cetggacaty gtggacggea gegacagetg 7.’500
cctggaccgg gecaccttet gtecegecaa getgegatge taccccaage accacgecta 7560
tcaccagccce accgtgagaa gegecgtgee cagececttc cagaatacce tgcagaatgt 7620
gctggecgee gecaccaage ggaactgeaa cgtgacccag atgagagaac tgeccacaat 7680
ggacagcgcec gtgtttaacg tggagtgett caagagatac gectgeageg gegagtactg 7740
ggaggaatac gccaagceage ccatccggat caccaccgag aacatcacca cctacgtgac 7800
caagctgaag ggeeccaagg ccgecgecect gttcgecaag acccacaacce tggtgecect 7860
gcaggaagtg cctatggaca ggticacegt ggacatgaag cgggacgtga aggtgaccee 7820
tggcaccaag cacaccgagg aacggeccaa ggtgeaggtg atccaggecg cegagectet 7980
ggccaccgcec tatetgtgeg geatccaceg ggagetggtg cggeggetga acgecegtget 8040
gaggcccaac gtgcacacce tgttcgacat gtccgccgag'gacttcgacg ccatcatcge 8100

cagccacttc cacceeggeg accecagtget ggaaaccgat atcgecagcet tcgacaagag 8160
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ccaggacgac agectggecc tgaccggect gatgatectg gaagatetgg gegtggacca 8220
gtacctgetg gatctgateg aggecgectt cggegagate ageagcetgee acctgectac 8280
cggcaccegg ttcaagttcg gegecatgat gaagagegge atgtttctga cectgticat 8340
caacacagtg ctgaatatca ccatcgecag cagggtgetg gaacagegge tgaccgacag 8400
L£geetgegec gecttcateg gegacgacaa categtgeac.ggegtgateca gegacaaget 8460
gatggecgag cggtgegeca getgggtgaa catggaagtg aagattatcg acgeegtgat 8520
gggcgaaaag cceeectact tetgeggegg cticategtg ttcgacageg tgacacagac 8580
cgeetgeaga gtgagegacc coctgaageg getgttcaag ctgggeaaac cietgacage 8640
cgaggacaag caggacgagg accggeggag ggecetgtee gacgaggatgt ccaagtggtt 8700
ccggaccgge ctgggegecy agetggaagt ggecctgaca agecgetacqg aggtggaggg 8760
ctgcaagagce atcctgateg ctatggccac' cctggeecgy gacatcaagg cctttaagaa 8820
getgagagge cetgtcatee acctgtacgg cggacceegg ctggtgeggt gagagetege 8880
tgatcagect cgactgtgec ttctagitge cagecatcetq ttgtttgecce ctceceegtg 8940
ccttecttga cectggaagg tgecacteee actgiecttt cctaataaaa tgaggaaatt 9000
gbatcgéatt gtctgagtag gtgtcattct attctgaggg gtggggtgag gecaggacage 9060
aagggyggagg attgggaaga caatageagg catgettaat taacaggect tggegegeeg 9120
gotetggota agetctagtt ctcatgittg acagettate atcgataage tttaatgegg 9180
tagtttagca cgaaggagtc aacatgitag aagatctcaa acgctaggta ttagaagcca 9240
acctggeget gecaaaacac aacctggtea cgetcacatg gggeaacgte agegeegitg 9300
atcgcgageg cggegtettt gtgatcaaac cttcecggegt cgattacage gtcatgaccg 9360
ctgacgatat ggtcgtggtt agecatcgaaa ceggtgaagt ggttgaaggt acgaaaaage 9420
cctectecga cacgecaact caccggetge tetatcagge attecectee attggeggea 9480
ttgtgcatac gecactcgege cacgecacca tetgggegea ggegggteag tegattccag 9540

caaccggceac cacccacgcec gactatttct acggeaccat tecctgeace cgcaaaatga 9600
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ccgacgcaga aatcaacgge gaatatgagt gggaaaccqg taacgtcate gtagaaacct 9660
ttgaaaaaca gggtatcgat gcagegeaaa tgeceggegt tetggtecat teccacggee 9720
cotttgcatg gggcaaaaat gecgaagatg cggtgcataa cgecatcgtg ctggaagagg 9780
tcgettatat ggggatatic tgeegtcagt tagegecgea gttaceggat atgcagcaaa 9840
cgetgetgga taaacactat ctgcgtaagce atggcgegaa-ggceatattac gggeagtaat _ 8800
gacagcccegce ctaatgageg ggettttttt tccatgacca aaatecctta acgtgagttt 9960
tcgttccact gagegtcaga cecegtagaa aagatcaaag gatcttettg agatectttt 10020
fitctgegeg taatetgetg cttgcaaaca aaaaaaccac cgetaccage ggtggtttgt 10080
ttgccggatce aagagcetace aactctttit ccgaaggtaa ctggettcag cagagegeag 10140
ataccaaata ctgtcettct agtgtagecg tagttaggee accacticaa gaactetgta 10200
gceaccgccta catacctege tetgetaate cigttaccag tggetgetge cagtggegat 10260
aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac cggataagge geageggteg 10320
ggctgaacgg ggggttegtg ca . 1.0842

<210> 6

<211> 10248

<212> DNA

<213> Attificial

<220>
<223> Plasmid phelF4A1-Nsp1234

<400> 6
cacagcccag cttggagega acgacctaca ccgaactgag atacctacag cgtgagetat 60

gagaaagcgc cacgcettcec gaagggagaa aggeggacag gtatceggta ageggeaggg 120
tcggaacagg agagcgeacg agggagette caggéggaaa cgcctggtat ctttatagte 180
ctgtegggtt tegecaccte tgacttgage gtegattttt gtgatgeteg tcagggggge 240
ggagcctatg gaaaaacgec agcaacgceat cgataaaata aaagatttta titagtctce 300

agaaaaaggg gggaatgaaa gaccccacct gtaggtttgg caagetageg tatacggatc 360

54



ctetagetag atgatttect tcatceetgg cacacgtcea ggeagtgteg aatccatcte 420
tgctacaggy gaaaacaaat aacatttgag tccagtggag accgggagea gaagtaaagg 480
gaagtgataa cccccagage ccggaagect ctggaggetg agacctegece ceecttgegt 540
gatagggect acggagecac atgaccaagg cactgtegece tecgeacgtg tgagagtgea 600
-gggecccaag atggetgeca ggectegagg cetgactcett ctatgteact tecgtacegg . 660
cgagaaaggc gggeecteca gecaatgagg ctgeggggeg ggecttcace ttgataggea 720
ctcgagttat ccaatggtéc ctgegggeceg gagegactag gaactaacgt catgecgagt 780
tgctgagege cggecaggegg ggeeggggeg gecaaaccaa tgegatggee ggggeggagt 840
cgggcegcetcet ataagtigic gataggeggg cactecgecce tagtttctaa ggaaceggte 900
gccaccatgg cecgecaaggt geacgtggac atcgaggecg acageccctt catcaagage 960
ctgcagaagg ccticcecag cttcgaggty gagtcectge aggtgaceee caacgaccac 1020
gccaacgeca gggecticag ccacctggee accaagetga tcgagcagga aaccgacaag 1080
gacaccctga tcctggacat cggeagegece cectcaaggt gagtttgggg acecttgatt 1140
gttetttctt titcgetatt gtaaaattca tgttatatgg agggggeaaa gttttcaggg 1200
tgttgtttag aatgggaaga tgtcccttgt atcactatgg accctecatga taatittgtt 1260
tetttcactt tetactetgt tgacaaccat tgtctectet tattttcttt teattttctg 1320

taactttttc gitaaactit agettgeatt tgtaacgaat tittaaattc acttttgttt 1380

atttgtcaga ttgtaagtac tttctctaat cacttititt tcaaggeaat cagggtatat 1440
tatattgtac ttcagcacag ttttagagaa caattgttat aattaaatga taaggtagaa 1500
tatttctgea tataaattet ggetggegtg gaaatatict tatiggtaga aacaactaca 1660
ccetggteat catectgect ttetetttat ggttacaatg atatacactg tttgagatga 1620
ggataaaata ctetgagtcc aaaccgggec cetetgetaa ccatgttcat geettetict 1680
ttttcctaca ggeggatgat gagecacceac aagtaccact gegigtgece catgeggage 1740

gccgaggacc ccgageggcet gotgtgetac geccaagaage tggecgeege cageggeaag 1800
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gtgetggace gggagatcge cggecaagate accgacctge agacegtgat ggecacecee 1860
gacgccgaga geeccacctt ctgeetgeac accgacgtga cetgecggac ageegecgag 1920
gtggeegtgt accaggacgt gtacgeegtg cacgeccccea ceteectgta ccaccaggee 1980
atgaagggcg tgeggacege ctactggate ggcttcgaca ccaccceectt catgttcgac 2040

- geectggecyg gagectacee cacctacgec. accaactggg ccgacgagea ggtgetgeag. 2100
gcccggaaca teggecetgtg cgecgecage ctgaccgagg geeggetggg caagetgtee 2160
atcctgegga agaageagct gaagecctge gacaccgtga tgttcagegt gggeageaca 2220
ctgtacaccg agagccggaa getgetgegg agetggeacce tgeccagegt gttccacetg 2280
aagggcaagce agagcttcac ctgcagatge gacaccateg tgagetgega gggetacgtg 2340
gtgaagaaaa tcaccatgtg ccetggecty tacggeaaga c'cgtgggcta cgecgtgace 2400
taccacgeeg agggcttict ggtgtgcaag accaccgata cegtgaaggg cgagagagtg 2460
agcttceceeg tetgeaccta cgtgeccage accatetgeg accagatgac cggtatcetg 2520
gccaccgatg tgaccecega ggacgeccag aaactgetgg tcggectgaa ccageggate 2580
giggtgaacg gecggaccca geggaacace aacaccat.ga agaactacct getgeccate 2640
gtggeegtgg ccttcageaa gtgggecaga gagtacaagg cegacetgga cgacgagaag 2700
cceetgggeg tgegggageg gageetgace tgetgetgec tgtgggectt caagacccgg 2760
aagatgcaca ccatgtacaa gaagcccgac acccagacca tegtgaaggt geccagegag 2820
ttcaacagct tegtgateee cagectgtgg agcaccggece tggecatece cgtgeggage 2880
cggatcaaga tgctgetgge caagaaaacce aagegggage tgatceeegt getggacgee 2940
agcagegeca gggacgecga gcaggaagag aaagageggc tggaagecga getgaceegg 3000
gaggecctge ceeceetggt geetategee cetgecgaga ceggegtggt ggacgtggat 3060
gitggaggaac tggaatacca cgccggagee gggotggtgyg agacceccag atcegecctg 3120
aaggtgacag cccageccaa cgacgtgetg ctgggeaact acgtggtget gteccccccag 3180

accgtgetga agagcagcaa getggeccce gtgeacceete tggecgagea ggtgaagate 3240
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atcacccaca acggcaggge cggeagatac caggtcgacg getacgacgg cegggtgetg 3300
ctgccatgeg getecegecat cectgtgeee gagttccagg cectgagega gagegecaca 3360
atggtgtaca acgagceggga gttcgtgaac cggaagetgt accacattge cgtgcacgge 3420
cctagectga acaccgatga ggaaaactac gagaaagtge gggecgageg gaccgatgee 3480
gagtacgtgt tcgacgtgga caagaaatge tgcgtgaage.gggaggaage cagegggetg 3540
gtgctggtcg gggagetgac caaccecece ttccacgagt iegectacga gggectgaag 3600
atccggecect cegeccccta caagaccaca gtggtgggeg tgttcggegt geecggeage 3660
ggcaagagcg ccatcatcaa gtecctggtg accaageacg acctggtgac cteeggeaag 3720
aaagagaact gccaggaaat cgtcaacgac gtcaagaage accggggect ggacatccag 3780
gccaagacag tggacagceat cetgetgaac ggetgeagac gggeegtgga tatccigtac 3840
gtggacgagg ccticgeetg ccacagegge accectgetgg cectgatege cetggtgaag -3900
ccececggieca aggtggtgcet gtgeggegac cccaageagt geggettett caacatgatg 3960
cagctgaagq tgaacttcaa ccacaacatc tgcaccgaag igtgccacaa gageatcage 4020
cggeggtgea ccagaccegt gaccgecate gtgtccacce tgcactacgg cggcaagatg 4080
cggaccacca accectgecaa caageccate atcatcgata ccaccggeca gaccaagece 4140
aagcccggeg acategtget gacctgette cgeggetggg tgaageaget geagetggac 4200
taccggggcec acgaggtgat gaccgecgee gecteccagg gectgaccag aaagggegty 4260
tatgcegtge ggecagaaggt gaacgagaac ceectgtacg cecctgecag cgageacgtg 4320
aatgtgcetge tgacccggac cgaggacagg ctggtgtgga aaaccetgge cggegaccee 4380
tggatcaagg tgctgtccaa catcceecag ggcaacttca cecgecacecet ggaagagtgg 4440
caggaagagc acgacaagat catgaaggtg atcgagggec ctgecgecce agtggacgee 4500
ttccagaaca aggecaacgt gtgetgggee aagagectgg tgectgtget ggacaccgee 4560
ggcatcegge tgaccgeega agagtggage accatcatca cegecticaa agaggaccgg 4620

gcctacagec cegtggtgge cetgaacgag atctgcacca agtactacgg cgtggacctg 4680
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gacagcggcec tgticagege ceccaaggatg teectgtact acgagaacaa ceactgggac 4740
aaccggcecag geggeaggat gtacggcette aacgecgeca cecgecgeeag actggaagee 4800
cggcacacct tictgaaggg ccagtggeac accggcaage aggecgtgat cgecgagaga 4860
aagatccagce ccctgteegt getggataac gtgatececta tcaaccggeg getgeccecac 4920
gccctggtgg-ccgagtacaa gacagtgaag ggcagecggg tggagtgget ggtgaacaaa 4980
gtgcgggaget accacgtget getggtgtet gagtacaace tggécctgcc tcggeggagg 5040
gtgacctggce tgtceccict gaacgtgaca ggegecgaca ggtgctacga cetgageetg 5100
ggcectgecetyg ccgacgeegg cagattcgac ctggtgtteg tgaacateca cacegagtic 5160
agaatccacc actaccagea gtgcgtggac cacgecatga agetgecagat getgagegge 5220
gacgecctga ggetgetgaa geetggeggce agectgetga tgegggecta cggetacgee 5280
gacaagatct ccgaggecegt ggtgtccage ctgagecgga agticagete cgecagggtg 5340
ctgagacceg actgegtgac cagcaacaca gaagtgtttc tgetgtticag caacticgac 5400
aacggcaage ggeccageac cctgecaccag atgaacacca agetgtcege cgtgtacgee 5460
ggcgaggceca tgecacaccge cggatgegee cccagetace gggtgaageg ggecgacate 5520
gccacctgea cecgaggecge cgtggtgaat gecgecaatg ccaggggeac cgtgggegac 5580
ggcgtgtgea gggeegtgge caaaaagtgg cccagegcect tcaagggega ggecaccect 5640
gtgggcacca tcaaaaccgt gatgtgegge agetaccceg tgatccacge cgtggeeccce 5700
aatttcageg ccaccacaga ggecgagggce gaccgggaac tggeegeegt gtatagagee 5760
gtggccgeeg aagtgaacag actgagectg agcagegtgg ceateectet getgtccace 5820
ggcgigttca geggeggeag ggaceggcetg cagecagagece tgaaccacct gitcaccget 5880
atggacgcca ccgacgecga cgtgacaate tactgecggg acaagagcetg ggagaagaag 5940
atccaggaag ccatcgacat gaggaccgcece gtggagetge tgaacgacga cgtggagetg 6000
acaaccgacc tggtgegegt gecaccecegac ageagectgg tgggecggaa gggetacage 6060

accaccgacg gctecectgta cagetacttc gagggceacca agttcaacca ggeegecate 6120
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gatatggecg agatcctgac cetgtggece aggetgecagg aagecaacga geagatetgt 6180
ctgtacgecee tgggegagac aatggacaac atceggteca agtgeccegt gaacgacage 6240
gacagcagca cceececteg gacegtgece tgectgtgea gatacgecat gacegecgag 6300
cggatcgecee ggetgeggag ccaccaggtg aagageatgg tggtgtgeag cagetteece 6360
ctgcccaagt accacgtgga tggegtgecag aaagtgaagt gecgagaagot getgetgttc 6420
gaccccaccg tgectagegt ggtgtececee cggaagtacg cegectecac caccgaccac 6480
agcgacagaa gecetgegggg cttcgacctg gactggacca cegactecag cageaccgee 6540
agcgacacca tgagectgee cagectgeag agetgegaca tcgacageat ctacgagect 6600
atggececcea tegtggtgac cgeegacgtg caccctgage cagecggeat cgecgacctg 6660
gccgccdatg tgcacccaga accecgecgac cacgtggatc tggaaaacce catccecect 6720
ccecagacceca agagggecge ctacetggee agecagagecg ccgagaggec cgtgeotgee 6780
cccagaaage ccaccecage ceccagaace gecttcagga acaagetgece cetgaccettc 6840
ggcgacttcg acgageacga ggtggacgec ctggecageg geatcacctt cggegatttt 6900
gatgacgtge tgeggetggg cagagecgga gectatatet tcagcagega caccggetce 6960
ggccaccetge agcagaaaag cgtgagacag cacaacctge agtgegecca getggacgee 7020
gtggaagagg aaaagatgta cccecccaag ctggataceg agegggaaaa getgetgetg 7080
ctgaaaatgc agatgcaccc cagcgaggec aacaagagcc getaccagte taggaagatg 7140
gagaacatga aggccaccgt ggtggaccgg ctgaccagceg gegecaggcet gtacacaggg 7200
geegacgtgg gecagaateec tacctacgcee gtgegetace ccaggcccét gtacagccee 7260
accgtgatcg ageggticag cagecccgac gtggecateg cegectgeaa tgagtacctg 7320
tctaggaact acccaacegt ggecagetac cagatcaceg atgagtacga tgectacetg 7380
gacatggigg acggcagega cagetgectg gaccgggeca cetictgtce cgecaagetg 7440
cggtgctace ccaageacca cgectatcac cageccaceg tgagaagege cgtgeccage 7500

cccticcaga ataccotgea gaatgtgetg geecgecgeca ccaageggaa ctgeaacgty 7560

59



acccagatga gagaactgcc cacaatggac agegecgtgt ttaacgtgga gtgeticaag 7620
agatacgcct gcageggega gtactgggag gaatacgcca ageageccat ccggatcace 7680
accgagaaca tcaccaccta cgtgaccaag ctgaagggec ccaaggecge cgecetgtic 7740
gccaagacce acaacctggt gecectgeag gaagtgecta tggacaggtt cacegtggac 7800
-atgaageggg acgtgaaggt gaccectgge accaageaca ccgaggaacg geccaaggty 7860
caggtgatce aggcegecga geetetggee acegectate tgtgeggeat ccacecgggag 7920
ctggtgegge ggcetgaacgce cgtgetgagg cecaacgtge acaccctgtt cgacatgiee 7980
gcegaggact tcgacgecat catcgecage cacttccace cecggegacce agtgetggaa 8040
accgatatcg ccageticga caagagcecag gacgacagcec tggecctgac cggectgatg 8100
atcetggaag atctgggegt ggaccagtac ctgetggate tgatcgagge cgecttcgge 8160
gagatcagca getgecacct gectaccgge acceggttca agtteggege catgatgaag 8220
agcggcatgt tictgaccect gttcatcaac acagtgetga atatcaccat cgecageagg 8280
gtgctggaac ageggcetgac cgacagegec tgegecegect tecatcggega cgacaacate 8340
gtgcacggeg tgatcagega caagcetgatg geegageggt gegecagetg ggtgaacatg 8400
gaagtgaaga ttatcgacgce cgtgatggge gaaaagecce cctacttctg cggeggetic 8460
atcgtgticg acagegtgac acagaccgec tgecagagtga gegaccccct gaageggetg 8520
ttcaagetgg gecaaacctet gacagecgag gacaagcagg acgaggaceg geggagggee 8580
ctgtecgacg aggtgtccaa gtggttcegg aceggeetgg gegecgaget ggaagtggee 8640
ctgacaagcce getacgaggt ggagggcetge aagageatee tgategetat ggecacccetg 8700
gccecgggaca tcaaggcectt taagaagetg agaggecctg teatccacct gtacggegga 8760
cceeggetgy tgeggtgaga getegetgat cagectegac tgtgecttet agttgecage 8826
catctgttgt ttgcecctee ceegtgectt cettgacect ggaaggtgee acteccactg 8880
tcctitecta ataaaatgag gaaattgeat cgeattgtet gagtaggtgt catictattc 8940

1999999tgg ggtggggeay gacageaagg gggaggattg ggaagacaat agcaggeatg 9000
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cttaattaac aggccettgge gegeegggte tgggtaaget ctagttctca tgtitgacag 9060
cHtatcatcg ataagcettta atgeggtagt ttagcacgaa ggagtcaaca tgttagaaga 9120
tctcaaacgc taggtattag aagccaacct ggcgetgeca aaacacaace tggtcacget 9180
cacatgggge aacgtcageg cegttgatcg cgagegegge gtetttgtga tcaaaccette 9240
-cggcgtcgat tacagegtea tgaccgetga cgatatggtc.gtggttagca tcgaaaccgg .9306
tgaagtggtt gaaggtacga aaaageccte cteegacacg ccaactcace ggetgeteta 9360
tcaggeattc cectecattg geggeattgt geatacgeac tegegecacg cecaccatetg 9420
ggcgcaggeg ggtcagtega ttecageaac cggeaccace cacgecgact atttctacgg 9480
caccattecc tgeaccegea aaatgaccga cgeagaaate aacggegaat atgagtggga 9540
aaccggtaac gtcatcgtag aaacctitga aaaacagggt atcgatgcag cgcaaatgecc 9600
cggegttetg gtecattcee acggecegtt tgcatgggge aaaaatgeeg aagatgeggt 9660
gcataacgec ategtgetgg aagaggtege ttatatgggg atattetgee gtcagttage 9720
gecgeagtta ccggatatge agcaaacgct getggataaa cactatctge gtaagecatgg 9780
cgcgaaggca tattacgggce agtaatgaca geccgectaa tgagegggcet tittttcca 9840
tgaccaaaat cccttaacgt gagttttegt tccactgage gtcagaccece gtagaaaaga 9900
tcaaéggatc ticttgagat ccttttttic tgcgegtaat ctgetgettg caaacaaaaa 9960
aaccaccgcet accageggtg gtitgtttge cggatcaaga getaccaact ctitttcega 10020
aggtaactgg cticagcaga gcgeagatac caaatactgt cctictagtyg tagecgtagt 10080
taggecacca cttcaagaac tetgtagcac cgectacata cetegetetg ctaatectgt 10140
taccagtgge tgctgecagt ggegataagt cgtgtettac cgggttggac tcaagacgat 10200
agttaccgga taaggegeag cggteggget gaacgggagg ttegtgea 10248
<210> 7

<211> 10258

<212> DNA
<213> Artificial

61



<220>
<223> Plasmid phEF1aHTLV-Nsp1234

<400> 7
cacagcccag cttggagega acgacctaca ccgaactgag atacctacag cgtgagetat 60

gagaaagcge cacgeticee gaagggagaa aggeggacag gtatceggta ageggeaggg 120
tcggaacagg agagegeacg agggagcettc cagggggaaa cgectggtat ctttatagte.  180.
ctgtcgggtt tcgecaccete tgacttgage gtegattttt gtgatgceteg tcagggggge 240
ggagcctatg gaaaaacgece agcaacgceat cgataaaata aaagattita titagtetce 300
agaéaaaggg gggaatgaaa gaccccacct gtaggtitgg caagctageg tatacggatc 360
ctetagetag ageteeggtg ceegtcagty ggcagagege acatcgeccea cagicceega 420
gaagtigggg ggagggatcg gcaattgaac cggtgectag agaaggtgge geggggtaaa 480
ctgggaaagt gatgtegtgt actggetecg cetitttcce gagggiogyg gagaaccegta 540
tataagtgca gtagtcgeceg tgaacgttct ttitcgcaac gggtitgecg ccagaacaca 600
gctgaagcett cgaggggete geatctetee ticacgegece cgeegeccta cetgaggeeg 660
ccatccacge cggttgagte gegttctgee gecteecgee tgtggtgect cetgaactge 720
giccgeegtc taggtaagit taaagcetcag gicgagacceg ggectitgte cggegeteee 780
ttggagcecta cetagactca gecggcetete cacgctttge ctgaccctge ttgetcaact 840
ctacgtcttt gtttcgtttt cigttctgeg cegttacaga tccaagetgt gaccggegee 900
tactccgg.tc gccaccatgg ccgecaaggt gecacgtggac atcgaggecg acageccecett 960
catcaagagc ctgcagaagg ccttccecag cticgaggtg gagteeetge aggtgaccee 1020
caacgaccac gecaacgeca gggecticag ccacctggec accaagcetga tcgagecagga 1080
aaccgacaag gacaccctga teétggacat cggeagegece cectcaaggt gagtttgggg 1140
acccitgatt gttcttictt tttcgetatt gtaaaattca tgttatatgg agggggcaaa 1200

gttttcaggq tgttgtttag aatgggaaga tgtecctigt atcactatgg acectcatga 1260

taatittgtt tctttcactt tetactetgt tgacaaccat tgtetectet tattttetit 1320
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tcattttctg taacttitic gttaaactit agettgceatt tgtaacgaat ttttaaattc 1380

actiitgttt atttgtcaga ttgtaagtac tttctctaat cactittttt tcaaggcaat 1440

cagggtatat tatattgtac ttcagcacag ttttagagaa caattgttat aattaaatga 1500
taaggtagaa tattictgca tataaattct ggetggegtg gaaatattet tattggtaga 1560

- aacaactaca ccctggteat cateetgect ttetetttat ggttacaatg atatacactg -1620.
tttgagatga ggataaaata ctctgagtce aaaccgggcece cetetgetaa ceatgticat 1680
gecttettct tittectaca ggeggatgat gagecacceac aagtaccact gegtgtgece 1740
catgcggagc geecgaggace ccgageggct gatgtgetac gecaagaage tggecgeege 1800
cagcggcaag gtgetggacc gggagatcge cggcaa‘gatc accgacctgce agaccgtgat 1860
ggecacceee gacgecgaga gececacctt ctgectgeac accgacgtga cetgeeggac 1920
ageegecgag gtggeegtgt accaggacgt gtacgeegtg cacgecccca cetecetgta 1980
cecaccaggec atgaagggeg tgeggaccege ctactggate ggettcgaca ceaccecctt 2040
catgttcgac geectggecg gagectacee cacctacgee accaactggg ccgacgagea 2100
ggtgctgéag geccggaaca teggectgtg cgecgecage ctgaccgagg geeggetggyg 2160
caagctgtee atectgegga agaageaget gaagecectge gacacegtga tgttcagegt 2220
gggcagcaca ctgtacaccg agagecggaa getgetgegg agetggeace tgeccagegt 2280
gttccacctg aagggeaage agagettcac ctgecagatge gacaccatceg tgagetgega 2340
gggctacgtg gtgaagaaaa tcaccatgtg ccetggectg tacggeaaga cegtgggeta 2400
cgcegtgace taccacgeceg agggcetttet ggtgtgcaag accaccgata ccgtgaaggg 2460
cgagagagtg agettcceeg tetgeaccta cgtgeccage accatetgeg accagatgac 2520
cggtatcctg gecaccgatg tgacceecega ggacgeceag aaactgetgg teggectgaa 2580
ccagcggate gtggtgaacg geeggaccea geggaacace aacaccatga agaactacet 2640
getgeccate gtggeegtgg cettcageaa gtgggecaga gagtacaagg ccgacctgga 2700

cgacgagaag ccectgggcy tgcgggageg gagectgacc tgetgetgece tgtgggectt 2760
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caagacccgg aagatgcaca ccatgtacaa gaageccgac acccagacca tegtgaaggt 2820
gcecagegag ttcaacagcet tegtgatece cagectgtgg ageaccggee tggecatecee 2880
cgtgeggage cggatcaaga tgetgetgge caagaaaace aagegggage tgatceeegt 2940
getggacgee ageagegeca gggacgecga geaggaagag aaagagegge tggaagecga 3000
getgaccegg gaggecctge. ceecectggt gectategec.cetgecgaga ceggegtggt. .. 3060
ggacgtggat gtggaggaac tggaatacca cgecggagee ggogtgatgg agacececcag 3120
atccgecctg aaggtgacag cccageccaa cgacgtgetg ctgggeaact acgtggtget 3180
gtccceccag acegtgetga agageagceaa getggeccce gtgeaccete tggeecgagea 3240
ggtgaagatc atcacccaca acggeaggge cggeagatac caggtcgacg getacgacgg 3300
ccgggtgetg ctgecatgeg getecgecat cectgigece gagticcagg cectgagega 3360
gagcgcecaca atggtgtaca acgageggga gticgtgaac cggaagetgt accacattge 3420
cgtgcacgge cctagectga acaccgatga ggaaaactac gagaaagtge gggeecgageg 3480
gaccgatgece gagtacgtgt tcgacgtgga caagaaatge tgecgtgaage gggaggaage 3540
cagegggetg gtgetggteg gggagetgac caaccecccc ttccacgagt tegectacga 3600
gggectgaag atceggecct cegeccecta caagaccaca gtggtgggeg tgtteggegt 3660
geccggeage ggeaagageg ceatcatcaa gteecetggtg accaageacg acetggtgac 3720
ctccggeaag aaagagaact gecaggaaat cgtcaacgac gtcaagaage accggggect 3780
ggacatccag gccaagacag tggacageat cetgetgaac ‘ggctgcagac gggeegigga 3840
tatcctgtac gtggacgagg cettegectg ccacagegge accetgetgg cectgatege 3900
cetggtgaag cececggteca aggtggtgcet gtgeggegac ceccaageagt geggcettett 3960
caacatgatg cagctgaagg tgaacticaa ccacaacate tgcaccgaag tgtgccacaa 4020
gagcatcage cggeggtgea ccagaceegt gacecgeeate gtgtccaccee tgeactacgg 4080
cggcaagatg cggaccacca acccctgcaa caageccate atcatcgata ccaceggeca 4140

gaccaagcecec aageccggceg acategtget gacctgcette cgeggetggg tgaageaget 4200
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gcagetggac taccggggcee acgaggtgat gaccgecgec gecteccagg geetgaccag 4260
aaagggceatg tatgeegtge ggcagaaggt gaacgagaac cecctgtacg ceeetgecag 4320
cgagcacgtg aatgtgetge tgaccecggac cgaggacagg ctggtotgga aaaccctgge 4380
cggcegaccee tggatcaagg tgetgtccaa catcccécag ggcaacttca ccgecaccet 4440
.ggaagagtgg caggaagagc acgacaagat catgaaggtg atcgagggec ctgecgecce  450Q.
agtggacgce ttccagaaca aggecaacgt gtgetgggec aagagectgg tgeetgtget 4560
ggacaccgec ggeatcegge tgaccgecga agagtggage accatcatca ccgecttcaa 4620
agaggaccgg gectacagec cegiggtgge cetgaacgag atctgeacca agtactacgg 4680
cgtggacctyg gacageggec tgttcagege cocccaaggtg teeetgtact acgagaacaa 4740
ccactgggac aaccggecag geggeaggat gtacggcettc aacgeegeca cegecgecag 4800
actggaagcec cggeacacct ttctgaaggg ccagtggeac accggeaage aggecgtgat 4860
cgccgagaga aagatccagc cectgteegt getggataac gtgateecta tcaaccggeg 4920
getgeeccac geeetggtgg cegagtacaa gacagigaag ggcagecggg tggagtgget 4980
ggtgaacaaa gtgeggggcet accacgtact getgatgtet gagtacaace tggeectgee 5040
tcggeggagg gtgacctggae tgtecectet gaacgtgaca ggegecgaca ggtgetacga 5100
cctgagecetg ggectgectg ccgacgecgg cagattcgac ciggtgattcg tgaacatcca 5160
caccgagtic agaatccacc actaccagea gtgegtggac cacgecatga agetgecagat 5220
gctgggegge gacgecctga ggetgetgaa geetggegge agectgetga tgegggecta 5280
cggctacgcece gacaagatct ccgaggecgt ggtgtecage Ctgagccgga agttcagctc 5340
cgecagggtg ctgagacceg actgegtgac cageaacaca gaagtgttic tgetgttcag 5400
caacttcgac aacggcaage ggeccageac cetgcaccag atgaacacca agetgtccge 5460
cgtgtacgee ggegaggeca tgcacaccge cggatgegec cecagetace gggtgaageg 5520
ggccgacatc gecacctgea cecgaggecge cgtggtgaat geegecaatg ccaggggeac 5580

cgtgggegac ggegtgtgea gggecgtgge caaaaagtgg cccagegect tcaagggega 5640
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ggecacccecet gtgggeaccea tcaaaaccgt gatgigegge agetacceeg tgatccacge 5700
cgtggeccee aatttcageg ccaccacaga ggecgaggge gaccgggaac tggeegeegt 5760
gtatagagce gtggeegecg aagtgaacag actgagectg ageagegtgg ceateectet 5820
getgtecace ggegtgttca geggeggeag ggaceggetg cageagagec tgaaccacet 5880
-gttcaccget atggacgceca ccgacgecga cgtgacaatce tactgeeggg acaagagetg .5940. .
ggagaagaag atccaggaag ccatcgacat gaggaccgcee gtggagetge tgaacgacga 6000
cgtggagctg acaaccgacc tggtgegegt gecacccegac ageagectgg tgggécggaa 6060
gggctacagc accaccgacg getecctgta cagetacttc gagggcacca agttcaacca 6120
ggcegecate gatatggecg agatectgac cetgiggece aggetgeagg aagecaacga 6180
gcagatctgt ctgtacgecc tgggegagac aatggacaac atceggteea agtgeccegt 6240
gaacgacagc gacagcagca ccececcicg gaccegtgece tgeetgtgea gatacgecat 6300
gaccgeegag cggatcgece ggetgeggag ccaccaggty aagagceatgg tggtgtgeag 6360
cagcttccec ctgeccaagt accacgtgga tggegtgeag aaagtgaagt gegagaaggt 6420
getgetgttc gaccecacceg tgectagegt ggtgicecce cggaagtacg cegectecac 6480
caccgaccac agcgacagaa goctgeggag cttcgacetg gactggacca ccgaétccag 6540
cagcaccgcec agegacacca tgagectgec cagectgeag agetgegaca tcgacageat 6600
ctacgagect atggececca tegtggtgac cgecgacgtg caccetgage cageeggeat 6660
cgecgaccty geecgeegatg tgcacccaga accegecgac cacgtggate tggaaaacce 6720
catcccecct cccagaccea agagggecgce ctacctggec agcagagecg ccgagaggee 6780
cgtgecetgee ceccagaaage ccaccecage cecccagaace gecticagga acaagetgee 6840
cctgacctte ggegacttcg acgagcacga ggtggacgcec ctggeccageg geatcacett 6900
cggcgatttt gatgacgtge tgcggctgég cagagccgga gectatatct fcagcagega 6960
caccggetee ggecaccetge agcagaaaag cgtgagacag cacaacctge agtgegecca 7020

gctggacgec gtggaagagg aaaagatgta cccceccaag ctggataceg agegggaaaa 7080
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getgetgetg ctgaaaatge agatgeaccee cagegaggec aacaagagec getaccagte 7140
taggaaggtg gagaacatga aggccaccgt gatggaccgg ctgaccageg gegecagget 7200
gtacacaggg gcecgacgtgg geagaatecce tacctacgece gtgegetace ccaggecegt 7260
gtacagccce accgtgateg ageggticag cagececgac gtggeeateg cegeetgeaa 7320
.tgagtacctg-tctaggaact acccaaccgt ggecagetac.cagatcacey atgagtacga.. 7380
tgectaccetg gacatgatgg acggeagega cagetgectg gaccgggeca cettetgtce 7440
cgecaagctg cggtgetace ccaageacca cgectatcac cageccaccg tgagaagege 7500
cgtgeceage cocttecaga ataccetgea gaatgtgetg gecgeegeca ccaageggaa 7560
ctgcaacgtg acccagatga gagaactgec cacaatggac agegecgtgt ttaacgtgga 7620
gtgcticaag agatacgect geageggega gtactgggag gaatacgeca ageageccat 7680
ccggatcace accgagaaca tcaccaccta cgtgaccaag ctgaagggece ccaaggecge 7740
cgcectgtte gecaagacee acaacctggt gecectgeag gaagtigecta tggacaggtt 7800
caccgtggac atgaageggg acgigaaggt gaccectgge accaageaca ccgaggaacg 7860
gcccaaggtg caggtgatee aggecgeega gectetggee acegectatce tgtgeggeat 7920
ccaccgggag ctggtgegge ggetgaacge cgtgetgagg cccaacgtge acaccetgit 7980
cgacatgtce gecgaggact tegacgecat categecage cacttccace ceggegacce 8040
agtgctggaa accgatatcg ccagcettcga caagagecag gacgacagec tggeectgac 8100
cggceetgalg atcctggaag atctgggegt ggaccagtac ctgetggate tgatcgagge 8160
cgeettcgge gagatcagea getgecacct gectaccgge acceggtica agticggege 8220
catgatgaag agcggceatgt ttctgacect gticatcaac acagtgetga atatcaccat 8280
cgcecageagg gtgetggaac ageggetgac cgacagegec tgcgecgect teatcggega 8340
cgacaacatc gtgecacggeg tgatcagega caagetgatg gecgageggt gegecagetg 8400
ggtgaacatg gaagtgaaga ttatcgacgce cgtgatggge gaaaagecce cctacttctg 8460

cggeggcttc ategtgttcyg acagegtgac acagaccgec tgeagagtga gegaccecct 8520
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gaagcggctg ticaagcetgg gcaaacctct gacagecgag gacaageagg acgaggaccg 8580
gcggagyggec ctgtccgacg aggtgtecaa gtggttccgg aceggectgg gegeegaget 8640
ggaagtggcce ctgacaagcece getacgaggt ggagggetge aagageatee tgategetat 8700
ggccaccetg geeccgggaca tcaaggectt taagaagcety agaggecctg tcatccacet 8760
.gtacggcegga cceceggetgg tgeggtgaga getegetgat cagectegac.tgtgectict.. 8820
agtigccage cateigtigt ttgecectece ceegtgectt cettgacect ggaaggtgee 8880
actcceactg tectttecta ataaaatgag gaaattgcat cgeattgtet gagtaggtgt 8940
cattctattc tgggggagtgg gatggggeag gacagecaagg gggaggatty ggaagacaat 9000
agcaggcatg cttaattaac aggccttgge gegecgggte tgggtaaget ctagttctca 9060 -
tgtttgacag cttatcatcg ataagcettta atgcggtagt ttagcacgaa ggagtcaaca 9120
toftagaaga tctcaaacge taggtattag aagccaacct ggegetgeca aaacacaace 9180
tggtcacgct cacatgggge aacgtcageg cegttgateg cgagegeggce gtctttgtga 9240
tcaaaccttc cggegtcgat tacagegtea tgaccgetga cgatatggte gtggttageca 9300
tcgaaaccgg tgaagtggtt gaaggtacga aaaagccctc ctccgacacg ccaactcace 9360
ggctgeteta tcaggceatic cectecattg gcggcattgt gcatacgcac tcgegecacg 9420
ccaccatctg ggegeaggeg gatcagicga ttccageaac cggecaccace cacgeegact 9480
atttctacgg caccattcee tgcacccgea aaatgaccga cgcagaaatc aacggegaat 9540
atgagtggga aaccggtaac gtcatcgtag aaacctttga aaaacagggt atcgatgeag 9600
cgcaaatgcc cggegtictg gtccattcee acggeccegtt tgecatgggge aaaaatgeeg 9660
aagatgcggt gcataacgcece ategtgetgg aagaggtege ttatatgggg atattctgee 8720
gtcagttagc gecgeagtta ccggatatge agcaaacgcet getggataaa cactatctge 9780
gtaagcatgg cgcgaaggcea tattacggge agtaatgaca geccgectaa tgageggget 9840
titttttcca tgaccaaaat cecttaacgt gagtittcgt tccactgage gtcagaccee 9900

gtagaaaaga tcaaaggatc ttcttgagat ccttttittc tgcgegtaat ctgetgettg 9960
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caaacaaaaa aaccaccgct accageggtg gittgtttge cggatcaaga getaccaact 10020
ctttticcga aggtaactgg cticagcaga gecgcagatac caaatactgt ccttctagtg 10080
tagccgtagt taggecacca cticaagaac tetgtagecac cgectacata cetegetetg 10140
ctaatcctgt taccagtgge tgeigecagt ggegataagt cgtgtettac cgggttggac 10200

tcaagacgat agttaccgga taaggcgceag cggtcggget. gaacgggggg tegtgea . 10258 .
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