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TITLE OF THE INVENTION

Vaccine Against Staphvlococcus Intoxication

FIELD OF THE INVENTION

This invention relates to vaccines for bacterial

toxins from Staphylococcus aureus.

INTRODUCTION
The most common cases of food poisoning are

caused by the bacteria Staphylococcus aureus.
Exotoxins produced by the organism cause
gastrointestinal distress, to include diarrhea and
vomiting, and can also cause toxic shock syndrome
which may lead to death. These exotoxins, also called
enterotoxins since they typically exert their effects
on the gastrointestinal tract, cause disease by
binding to the major histocompatibility complex (MHC)
on T-cells which results in the release of large
amounts of various cytokines. This cytokine release
has been postulated to mediate the many toxic effects
of the S. aureus exotoxins. There are at least eight
antigenically distinct exotoxins (labeled SEA, SEB,
SEC1l, SEC2, SEC3, SED, SEE, and SEG) produced by S.
aureus. Presently, there is no approved/licensed SEA
or SEB vaccine. Treatment for Staphylococcus aureus
infections is becoming more difficult since the
organism has become resistant to most antibiotics.
Therefore, there is a need for an efficacious
vaccine protective against Staphylococcus aureus

intoxication.

PCT/US99/15569
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SUMMARY OF THE INVENTION

The present invention satisfies the need
discussed above. The present invention relates to a
method and composition for use in inducing an immune
response which is protective against intoxication with
Staphylococcus aureus.

In this application is described a vaccine
strategy where a gene coding for a protein of interest
is cloned in a VEE virus vector in place of the VEE
virus structural genes; the result is a self-
replicating RNA molecule, a replicon, that encodes its
own replicase and transcriptase functions, and in
addition makes abundant quantities of mRNA encoding
the foreign protein. When replicon RNA is transfected
into eukaryotic cells along with two helper RNAs that
express the VEE structural proteins (glycoproteins and
nucleocapsid), the replicon RNA is packaged into VEE
virus-like particles by the VEE virus structural
proteins, which are provided in trans. Since the
helper RNAs lack packaging signals neccessary for
further propagation, the resulting VEE replicon
particles (VRPs) which are produced are infectious for
one cycle but are defective thereafter. TUpon
infection of an individual cell with a VRP, an
abortive infection occurs in which the infected cell
produces the protein of interest in abundance, is
ultimately killed by the infection, but does not
produce any viral progeny (Pushko et al., 1997,
Virology 239, 389-401).

Genes encoding a mutant SEA (mSEA) exotoxin and a
mutant SEB (mSEB) exotoxin were each inserted into the
VEE replicon vaccine vector (Figure 1). The mutant
gene product is unable to bind to the MHC on T-cells
(Bavari, et al., 1996, Vaccines 96, 135-141).

Evaluation of the mSEA-replicon and mSEB-replicon in
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vitro have shown high level expression of both
bacterial proteins. Balb/c mice immunized with the
mSEB-replicon produced high specific antibody titers
and were protected when challenged intraperitoneally
with wild type SEB.

Therefore, it is one object of the present
invention to provide a VEE virus replicon vector
comprising a VEE virus replicon and a DNA fragment
encoding a mutant SEA exotoxin or a mutant SEB
exotoxin.

It is another object of the present invention to
provide a self replicating RNA comprising the VEE
virus replicon and any of the SEA or SEB fragments
described above.

It is another object of the present invention to
provide infectious VEE virus replicon particles
produced from the VEE virus replicon RNA described
above.

It is further an object of the invention to
provide an immunological composition for the
protection of mammals against Staphylococcus aureus
intoxication comprising VEE virus replicon particles
containing any of the Staphylococcus aureus fragments
described above or a combination of different VEE
virus replicons each having a different Staphylococcus

aureus fragment.

BRIEF DESCRIPTION OF_ THE DRAWINGS

These and other features, aspects, and advantages
of the present invention will become better understood
with reference to the following description and
appended claims, and accompanying drawings where:

Figure 1. Diagram of the mSEA and mSEB replicon
constructs. The replicons are similar to the fulil-

length VEE RNA except that the open reading frame
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encoding the VEE structural proteins was replaced with
either the mSEA or mSEB genes.

Figure 2. Western blot of BHK cell lysates
showing expression of mSEA or mSEB (containing a 5’
prokaryotic secretory signal) from recombinant VEE
replicons. a) transfected cell lysate; b) infected
cell lysate; c) commercially available product.

Figure 3. Schematic diagram of replicon
constructs containing mutant SEA or mutant SEB DNA

fragments.

DETAILED DESCRIPTION

In the description that follows, a number of
terms used in recombinant DNA, virology and immunology
are extensively utilized. In order to provide a
clearer and consistent understanding of the
specification and claims, including the scope to be
given such terms, the following definitions are

provided.

Replicon. A replicon is equivalent to a full
length virus from which all of the viral structural
proteins have been deleted. A multiple cloning site
can be cloned into the site previously occupied by the
structural protein genes. Virtually any heterologous
gene may be cloned into this cloning site.
Transcription of the RNA from the replicon yields an
RNA capable of initiating infection of the cell
identically to that seen with the full-length
infectious virus clone. However, in lieu of the viral
structural proteins, the heterologous antigen is
expressed. This system does not yield any progeny
virus particles because there are no viral structural

proteins available to package the RNA into particles.

PCT/US99/15569
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Particles which appear structurally identical to
virus particles can be produced by supplying
structural proteins for packaging of the replicon RNA
in trans. This is typically done with two helpers
also called defective helper RNAs. One helper
consists of a full length infectious clone from which
the nonstructural protein genes and the glycoprotein
genes are deleted. The helper retains only the
terminal nucleotide sequences, the promoter for
subgenomic mRNA transcription and the sequences for
the viral nucleocapsid protein. The second helper is
identical to the first except that the nucleocapsid
gene is deleted and only the glycoprotein genes are
retained. The helper RNA’'s are transcribed in vitro
and co-transfected with replicon RNA. Because the
replicon RNA retains the sequences for packaging by
the nucleocapsid protein, and because the helpers lack
these sequences, only the replicon RNA is packaged by
the viral structural proteins and released from the
cell. The particles can then be inoculated into
animals similar to parent virus. The replicon
particles will initiate only a single round of
replication because the helpers are absent, they
produce no progeny virus particles, and express only
the viral nonstructural proteins and the product of
the heterologous gene cloned in place to the
structural proteins.

The VEE virus replicon is a genetically
reorganized version of the VEE virus genome in which
the structural proteins genes are replaced with a gene
from an immunogen of interest, in this invention, the
staphylococcal proteins. The result is a self
replicating RNA (replicon) that can be packaged into
infectious particles using defective helper RNAs that

PCT/US99/15569
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encode the glycoprotein and capsid proteins of the VEE
virus.

Subject. Includes both human, animal, e.g.,
horse, cattle, donkey, monkey, pig, dog, guinea pig,
mouse, hamster, avian e.g., chicken, pheasant or
turkey, fish and other marine animals, and insects

such as mosquito.

In one embodiment, the present invention relates
to a recombinant DNA molecule that includes a VEE
replicon and a DNA sequence encoding mutant
Staphylococcus aureus A and B exotoxins. The sequence
mSEA and mSEB has been determined and is presented in
SEQ ID NO:1 and SEQ ID NO:2, respectively. In
addition, isolated nucleic acid molecules of the
invention include DNA molecules which comprise a
sequence substantially different from those described
above but which, due to the degeneracy of the genetic
code, still encode the Staphylococcus aureus proteins
described. Of course, the genetic code and species-
specific codon preferences are well known in the art.
Thus, it would be routine for one skilled in the art
to generate the degenerate variants described above,
for instance, to optimize codon expression for a
particular host (e.g., change codons in the human mRNA
to those preferred by a bacterial host such as
E.coli).

Nucleic acid molecules of the present invention
may be in the form of RNA, or in the form of DNA,
including, for instance, cDNA and genomic DNA obtained
by cloning or produced synthetically. The DNA may be
double-stranded or single-stranded. Single-stranded
DNA or RNA may be the coding strand, also known as the
sense strand, or it may be the non-coding strand, also

referred to as the antisense strand.
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By “isolated” nucleic acid molecule(s) is
intended a nucleic acid molecule, DNA or RNA, which
has been removed from its native environment. For
example, recombinant DNA molecules contained in a
vector are considered isolated for the purposes of the
present invention. Further examples of isolated DNA
molecules include recombinant DNA molecules maintained
in heterologous host cells or purified (partially or
substantially) DNA molecules in solution. Isolated
RNA molecules include in vivo or in vitro RNA
transcripts of the DNA molecules of the present
invention. Isolated nucleic acid molecules according
to the present invention further include such
molecules produced synthetically.

The present invention is further directed to
nucleic acid molecules comprising portions or
fragments of the nucleotide sequences described
herein. Fragments include portions of the nucleotide
sequences of at least 10 contiguous nucleotides in
length selected from any two integers, one of which
representing a 5’ nucleotide position and a second of
which representing a 3’ nucleotide position, where the
first nucleotide for each nucleotide sequence is
position 1. That is, every combination of a 5’ and 3'
nucleotide position that a fragment at least 10
contiguous nucleotide bases in length or any integer
between 10 and the length of an entire nucleotide
sequence minus 1.

The present invention further relates to variants
of the nucleic acid molecules of the present
invention, which encode portions, analogs or
derivatives of the Staphylococcus aureus polypeptides
described above. Variants may occur naturally, such
as a natural allelic variant. By an “allelic variant”

is intended one of several alternate forms of a gene
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occupying a given locus of a chromosome of an
organism. Non-naturally occuring variants may be
produced by known mutagenesis techniques. Such
variants include those produced by nucleotide
substitution, deletion, or addition of one or more
nucleotides in the coding or noncoding regions or
both. Alterations in the coding regions may produce
conservative or nonconservative amino acid
substitutions, deletions, or additions. Especially
preferred among these are silent substitutions,
additions, and deletions which do not alter the
properties and activities of the Staphylococcus aureus
polypeptides disclosed herein or portions thereof.
Also preferred in this regard are conservative
substitutions.

In another embodiment, the present invention
relates to a recombinant DNA molecule that includes a
vector and a DNA sequence as described above. The
vector can take the form of a plasmid, phage, cosmid,
YAC, eukaryotic expression vector such as a DNA
vector, Pichia pastoris, or a virus vector such as for
example, baculovirus vectors, retroviral vectors or
adenoviral vectors, and others known in the art. The
cloned gene may optionally be placed under the control
of (i.e., operably linked to) certain control
sequences such as promoter sequences, Or sequences
which may be inducible and/or cell type-specific.
Suitable promoters will be known to a person with
ordinary skill in the art. The expression construct
will further contain sites for transcription
initiation, termination and, in the transcribed
region, a ribosome binding site for translation.

When the DNA sequences described above are in a
replicon expression system, such as the VEE replicon

described above, the proteins can be expressed in

PCT/US99/15569
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vivo. The DNA sequence for any of the Staphylococcus
aureus proteins described above can be cloned into the
multiple cloning site of a replicon such that
transcription of the RNA from the replicon yields an
infectious RNA containing the Staphylococcus aureus
protein or proteins of interest. Use of helper RNA
containing sequences necessary for encapsulation of
the viral transcript will result in the production of
viral particles containing replicon RNA which are able
to infect a host and initiate a single round of
replication resulting in the expression of the
Staphylococcus aureus proteins. Such replicon
constructs include those specified in Table 1.

Table 1.

Replicon

Plasmid Name Serotyvpe expresses

p3014-56SEA SEA mutated SEA
p3014-55SEB SEB mutated SEB
p3014-57SEB SEB prokaryotic secretory

sequence-mutated SEB

In another embodiment, the present invention
relates to RNA molecules resulting from the
transcription of the constructs described above. The
RNA molecules can be prepared by in vitro
transcription using methods known in the art and
described in the Examples below. Alternatively, the
RNA molecules can be produced by transcription of the
constructs in vivo, and isolating the RNA. These and
other methods for obtaining RNA transcripts of the

constructs are known in the art. Please see Current

Protocols in Molecular Biology. Frederick M. Ausubel
et al. (eds.), John Wiley and Sons, Inc. The RNA

molecules can be used, for example, as a nucleic acid
vaccine, or to transfect cells along with RNA from

helper plasmids, one of which expresses VEE

PCT/US99/15569
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glycoproteins and the other VEE capsid proteins, as
described above, in order to obtain replicon
particles.

Introduction of the construct into the host cell
can be effected by calcium phosphate transfection,
electroporation, infection, and other methods known in
the art and described in standard laboratory manuals

such as Current Protocols in Molecular Biology,

Ausubel, F. M. et al. (Eds), Wiley & Sons, Inc. All
documents cited herein supra and infra are hereby
incorporated in their entirety by referece thereto.
In a further embodiment, the present invention
relates to host cells stably transformed or
transfected with the above-described recombinant DNA
constructs. The host cell can be prokaryotic (for
example, bacterial), lower eukaryotic (for example,
yeast or insect) or higher eukaryotic (for example,
all mammals, including but not limited to rat and
human). Both prokaryotic and eukaryotic host cells
may be used for expression of desired coding sequences
when appropriate control sequences which are
compatible with the designated host are used. Among
prokaryotic hosts, E. coli is most frequently used.
Expression control sequences for prokaryotes include
promoters, optionally containing operator portions,
and ribosome binding sites. Transfer vectors
compatible with prokaryotic hosts are commonly derived
from, for example, pBR322, a plasmid containing
operons conferring ampicillin and tetracycline
resistance, and the various pUC vectors, which also
contain sequences conferring antibiotic resistance
markers. These markers may be used to obtain
successful transformants by selection. Please see

e.g., Maniatis, Fitsch and Sambrook, Molecular
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Cloning; A Laboratory Manual (1982) or DNA Cloning,
vVolumes I and II (D. N. Glover ed. 1985) for general
cloning methods. The DNA sequence can be present in
the vector operably linked to a sequence encoding an
IgG molecule, an adjuvant, a carrier, or an agent for
aid in purification of protein of the invention, such
as glutathione S-transferase. The recombinant molecule
can be suitable for transfecting eukaryotic cells, for
example, mammalian cells and yeast cells in culture
systems. Saccharomyces cerevisiae, Saccharomyces
carlsbergensis, and Pichia pastoris are the most
commonly used yeast hosts, and are convenient fungal
hosts. Control sequences for yeast vectors are known
in the art. Mammalian cell lines available as hosts
for expression are known in the art and include many
immortalized cell lines available from the American
Type Culture Collection (ATCC), such as baby hamster
kidney (BHK) cells, MRC-5 cells, and vero cells, to
name a few. Suitable promoters are also known in the
art and include viral promoters such as that from
SV40, Rous sarcoma virus (RSV), adenovirus (ADV),
bovine papilloma virus (BPV), and cytomegalovirus
(CMV) . Mammalian cells may also require terminator
sequences and poly A addition sequences; enhancer
sequences which increase expression may also be
included, and sequences which cause amplification of
the gene may also be desirable. These sequences are
known in the art. The transformed or transfected host
cells can be used as a source of DNA sequences
described above. When the recombinant molecule takes
the form of an expression system, the transformed or
transfected cells can be used as a source of the
protein described below.

A polypeptide or amino acid sequence derived from

the amino acid sequences mentioned above, refers to a
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polypeptide having an amino acid sequence identical to
that of a polypeptide encoded in the sequence, or a
portion thereof wherein the portion consists of at
least 2-5 amino acids, and more preferably at least 8-
10 amino acids, and even more preferably at least 11-
15 amino acids, or which is immunologically
identifiable with a polypeptide encoded in the
sequence.

A recombinant or derived polypeptide is not
necessarily translated from a designated nucleic acid
sequence; it may be generated in any manner, including
for example, chemical synthesis, or expression of a
recombinant expression system. In addition the
polypeptide can be fused to other proteins or
polypeptides which increase its antigenicity, such as
adjuvants for example.

The recombinant or fusion protein can be used as
a vaccine for immunity against staphycococcal
intoxication or as a diagnostic tool for detection of
staphylococcus exotoxin. The transformed host cells
can be used to analyze the effectiveness of drugs and
agents which inhibit Staphylococcus aureus exotoxins
or release of the exotoxins, such as host proteins or
chemically derived agents or other proteins which may
interact with Staphylococcus aureus proteins of the
present invention to inhibit its function. A method
for testing the effectiveness of an anti-
staphylococcus drug or agent can be, for example,
mixing the antisera, drug, or agent with the
enterotoxins and then injecting the mixture into a
naive mouse. If the mouse survives, then the drug or
agent is effective at preventing intoxication. In
other words, passive transfer of sera/antibodies is
used to evaluate whether or not an agent can be

neutralized by antibodies only (a humoral immune
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response), or if a cytotoxic T cell respone is
necessary (a cellular immune response).

In another embodiment, the present invention
relates to a vaccine against staphylococcal
intoxication comprising one or more replicon particles
derived from one or more replicons encoding one or
more Staphylococcus aureus proteins or polypeptides as
described above. The present invention relates to a
method for providing immunity against staphylococcal
intoxication said method comprising administering one
or more replicon particles containing any combination
of the Staphylococcus aureus proteins to a subject
such that a protective immune reaction is generated.
In addition, the replicon can optionally contain a
second or more antigens for which protection is
desired since the replicon vector can accomodate up to
5 kb of foreign sequence. The additional antigens can
induce additional and different desired immunity, or
can be used for increasing the immunogenicity of the
first antigen. Other uses and other antigens will be
evident to a person with ordinary skill in the art
upon reading the present application. Serological
cross-protection has been found between A and E, and B
and C exotoxins (Spero and Metzger, 1981, Methods in
Enzymology 78, 331-336). It is therefore possible
that immunization with one serotype will provide
protection from intoxication with another serotype.

Vaccine formulations of the present invention
comprise an immunogenic amount of a replicon particle,
resulting from one of the replicon constructs
described above, or a combination of replicon
particles as a multivalent vaccine, in combination
with a pharmaceutically acceptable carrier. An
“immunogenic amount” is an amount of the replicon

particles sufficient to evoke an immune response in

PCT/US99/15569
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the subject to which the vaccine is administered. An
amount of from about 10? to 10’ per dose is suitable,
more or less can be used depending upon the age and
species of the subject being treated. Exemplary
pharmaceutically acceptable carriers include, but are
not limited to, sterile pyrogen-free water and sterile
pyrogen-free physiological saline solution.

Administration of the replicon particles
disclosed herein may be carried out by any suitable
means, including both parenteral injection (such as
intraperitoneal, subcutaneous, or intramuscular
injection), by in ovo injection in birds, orally and
by topical application of the virus (typically carried
in the pharmaceutical formulation) to an airway
surface. Topical application of the virus to an
airway surface can be carried out by intranasal
administration (e.g. by use of dropper, swab, or
inhaler which deposits a pharmaceutical formulation
intranasally). Topical application of the virus to an
airway surface can also be carried out by inhalation
administration, such as by creating respirable
particles of a pharmaceutical formulation (including
both solid particles and liquid particles) containing
the replicon as an aerosol suspension, and then
causing the subject to inhale the respirable
particles. Methods and apparatus for administering
respirable particles of pharmaceutical formulations
are well known, and any conventional technique can be
employed. An “immunogenic amount” is an amount of the
replicon particles sufficient to evoke an immune
response in the subject to which the vaccine is
administered.

When the replicon RNA or DNA is used as a
vaccine, the replicon RNA or DNA can be administered

directly using techniques such as delivery on gold

PCT/US99/15569
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beads (gene gun), delivery by liposomes, or direct
injection, among other methods known to people in the
art. Any one or more constructs or replicating RNA
described above can be use in any combination
effective to elicit an immunogenic response in a
subject. Generally, the nucleic acid vaccine
administered may be in an amount of about 1-5 ug of
nucleic acid per dose and will depend on the subject
to be treated, capacity of the subject’s immune system
to develop the desired immune response, and the degree
of protection desired. Precise amounts of the vaccine
to be administered may depend on the judgement of the
practitioner and may be peculiar to each subject and
antigen.

The vaccine may be given in a single dose
schedule, or preferably a multiple dose schedule in
which a primary course of vaccination may be with 1-10
separate doses, followed by other doses given at
subsequent time intervals required to maintain and or
reinforce the immune response, for example, at 1-4
months for a second dose, and i1f needed, a subsequent
dose(s) after several months. Examples of suitable
immunization schedules include: (i) 0, 1 months and 6
months, (ii) 0, 7 days and 1 month, (iii) 0 and 1
month, (iv) 0 and 6 months, or other schedules
sufficient to elicit the desired immune responses
expected to confer protective immunity, or reduce

disease symptoms, or reduce severity of disease.

The following MATERIALS AND METHODS were used in
the examples that follow.

The Venezuelan equine encephalitis (VEE) virus
replicon vaccine vector system was used for the
mutagenized, non-toxic staphylococcal enterotoxin A

(mSEA) or B (mSEB) protein. This system is composed

PCT/US99/15569
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of a self-replicating RNA expression vector (replicon)
containing all of the VEE virus non-structural genes
and a heterologous gene (e.g. mSEA, or mSEB) in place
of the VEE structural genes. Cotransfection (by
electroporation) of cells in vitro with a replicon and
two helper RNA molecules, the latter encoding all of
the VEE structural proteins, results in the production
of propagation-deficient VEE replicon particles

(VRPs). The mSEA and mSEB-replicons were efficiently
packaged into VRPs using the double helper system.
Stock solutions contained about 10° iu of purified VRP
per milliliter.

Replicon p3014-56SEA was cloned as follows: The
plasmid pETA489270C containing the mutant SEA gene
(SEQ ID NO:1) was linearized using Nde I and the
overhanging ends were filled in using DNA polymerase
I. Next the plasmid was cut with Hind IITI which
released the SEA gene. The gene was ligated into the
KS2 shutle, which was previously linearized with EcoR
I, filled in using DNA polymerase I, and then cut with
Hind III. The gene was cut out of the shuttle using
Apa I and Not I and then ligated into the replicon
PVR2 (Drawing sheet 1, patent 5,792,462 Johnston et
al.).

Replicon p3014-55SEB was cloned as follows: The
plasmid pETASEB3 containing a mutant SEB gene without
a secretory signal (SEQ ID NO:3) was linearized using
Nde I and then the overhanging ends were filled in
using DNA polymerase I. Next the plasmid was cut with
EcoR I which released the SEB gene. The gene was
ligated into the KS1 shutle, which was previously
linearized with BamH I, filled in using DNA polymerase
I, and then cut with EcoR I. The gene was cut out of
the shuttle using Apa I and Not I and then ligated
into the replicon pVR2.

PCT/US99/15569
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Replicon p3014-57SEB was cloned as follows: The
plasmid pETB899445P containing a mutant SEB gene (SEQ
ID NO:2) was linearized using Nde I and then the
overhanging ends were filled in using DNA polymerase
I. Next, the plasmid was cut with BamH I which
released the SEB gene containing a prokaryotic
secretory signal. The gene was ligated into the KS2
shutle, which was previously linearized with EcoR I,
filled in using DNA polymerase I, and then cut with
BamH I. The gene was cut out of the shuttle using Apa
I and Not I and then ligated into the replicon pVR2.

VRPs containing replicons encoding the above
bacterial genes were purified from BHK cell culture
supernatants by ultracentrifugation through a
discontinuous sucrose gradient (20%) to remove cell
culture impurities. After reconstituting the pelleted
VRP in phosphate buffered saline, the VRPs were stored
at -70 degrees centigrade and showed no loss in
concentration or activity. Cells infected with
replicons encoding mutagenized SEA or SEB expressed
high levels of these proteins when analyzed by western
blot (Figure 2). VRPs were titered using an
immunofluorescence assay in cultures of BHK cells and
expressed as focus forming units (FFU). One FFU is
equivalent to one infectious unit. VRP preparations
were monitored for the generation of replication
competent VEE virus using a standard plaque forming
assay. No plague forming units (PFU) were found in any
of the replicon preparations.

For the enzyme-linked immunosorbent assay
(ELISA), microtiter plates were coated with antigen
(0.5 ug/ml) in PBS and allowed to absorb overnight at
4°C. Four fold serum dilutions in blocking buffer were

applied to the plates and incubated at 37°C for 1
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hour. After washing, an anti-mouse secondary antibody
(HRP conjugated) was added to the plate and incubated

for an additional hour at 37°C. After washing, bound

- antibody was detected colormetrically using ABTS as a

substrate.

BALB/c mice were inoculated subcutaneously with
10° to 107 FFU of VRP containing the mSEB-replicon two
or three times at 28 day intervals. Control mice were
inoculated with 10 ug of mSEB absorbed to 0.28%
alhydrogel (EM Sergeant Pulp and Chemical Co. Inc.,
Clifton, NJ) or 10’ infectious units of the Lassa N
replicon subcutaneously two or three times at 28 day
intervals. The mice were intraperitoneally challenged
28 days after the last inoculation with wild type SEB
(1.25 ug or approximately 5 LD,,) and then four hours
later with LPS (40 ug).

Example 1
Staphylococcal Enterotoxin A and B Studies

Cells infected with replicons encoding either
mutagenized SEA or SEB expressed high levels of these
proteins as demonstrated by western blot. VEE
replicons expressing the mutated SEA or SEB genes
produced proteins that comigrated on gels with
authentic toxin protein and reacted efficiently with
antibodies raised to the authentic proteins (Figure
2). The mSEA and mSEB-replicons were efficiently
packaged into VRPs using the double helper system.
Stock solutions contained about 10® iu of purified VRP
per milliliter. ©No replication competent virus was
detected in any of the preparations. The VRPs
containing the SEA-replicon and SEB-replicon were
characterized using an immunofluorescence assay and
shown to produce immunoreactive proteins in eukaryotic

cell cultures. The results of the animal studies

PCT/US99/15569
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showed that the SEB-replicon could immunize and

protect mice from a lethal challenge of wild type SEB.

Table 2 shows survival and ELISA results for mice
inoculated 2 or 3 times with 10°, 10°, or 10’ FFU of
VRP containing the mSEB-replicon. The mSEB-replicon

protected the mice as well as the previously reported

mutagenized mSEB/alum vaccine (Bavari, 1996, supra).

The mSEB-replicon stimulated a dose dependent antibody

response in BALB/c mice with protection correlating
directly with serum ELISA titers to SEB.

Table 2. SEB replicon protects Balb/c mice from wild

type SEB Challenge

inoculum dose® | No. of Survived | GMT
inoculations® | total
SEB/alum 10ug 2 10/10 1882027
SEB/alum 10ug 3 15/19 n.d.
Lassa N Rep | 10’ 2 0/10 93
Lassa N Rep | 10’ 3 0/ 5 n.d.
SEB Rep 10° 2 0/10 186
SEB Rep 10° 3 1/20 n.d.
SEB Rep 10° 2 1/10 2785
SEB Rep 10° 3 4/20 n.d.
SEB Rep 10’ 2 3/10 4222
SEB Rep 10’ 3 15/20 n.d.
Challenge Challenge
controls material
Lassa N Rep 107 2 5/5 SEB only
Lassa N Rep | 10’ 3 5/5 SEB only
Lassa N Rep | 10’ 2 5/5 LPS only
Lassa N Rep | 10’ 3 5/5 LPS only

1) Either micrograms of protein or infectious units

per dose;

2) inoculations were given 28 days apart; n.d., not

GMT, geometric mean titer.

of replicon

determined;

C57BL/6 mice were given 2 or 5 inoculations of

mSEA-VRP, 28 days apart,

after the last inoculation.

and them challenged 28 days

The replicon immunized

mice failed to produce antibodies and were not
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protected from an SEA challenge. Swiss mice were
given 3 inoculations of mSEA-VRP 28 days apart or 4
inoculations 21 days apart failed to produce
antibodies. Right now, we do not understand why the
mice are not responding, but plan on conducting
another study looking at a prime and boost scheme

using a combination of replicon and mSEA/alhydrogel.
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What 1s claimed is:
1. A recombinant DNA construct comprising:

(i) a vector, and

(ii) at least one nucleic acid
fragment comprising any combination of proteins

selected from the group consisting of mSEA and mSEB.

2. A recombinant DNA construct according to claim 1

wherein said vector 1s an expression vector.

3. A recombinant DNA construct according to claim 1

wherein said vector is a prokaryotic vector.

4. A recombinant DNA construct according to claim 1

wherein said vector is a eukaryotic vector.

5. The recombinant DNA construct of claim 1 wherein

said vector is a VEE virus replicon vector.

6 The recombinant DNA construct according to claim 5

wherein said construct is p3014-56SEA.

7. The recombinant DNA construct according to claim 5

wherein said construct is p3014-55SEB.

8. The recombinant DNA construct according to claim 5

wherein said construct is p3014-57SEB.

9. Self replicating RNA produced from a construct
chosen from the group consisting of: p3014-56SEA,
p3014-55SEB, and p3014-57SEB.

10. Infectious alphavirus particles produced from-

packaging the self replicating RNA of claim 9.
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11. A pharmaceutical composition comprising infectious
alphavirus particles according to claim 10 in an
effective immunogenic amount in a pharmaceutically

acceptable carrier and/or adjuvant.

12. A host cell transformed with a recombinant DNA

construct according to claim 5.

13. A host cell according to claim 12 wherein said

host cell is prokaryotic.

14. A host cell according to claim 12 wherein said

host cell is eukaryotic.

15. A method for producing Staphylococcus aureus
protein comprising culturing the cells according to
claim 13 under conditions such that said DNA fragment

is expressed and said protein is produced.

16. A method for producing Staphylococcus aureus
protein comprising culturing the cells according to
claim 14 under conditions such that said DNA fragment

is expressed and said protein is produced.

17. A vaccine against staphylococcal intoxication
comprising viral particles containing one or more
replicon RNA encoding any combination of
Staphylococcus aureus proteins chosen from the group

consisting of mSEA and mSEB.

18. A pharmaceutical composition comprising the self
replication RNA of claim 9 in an effective immunogenic
amount in a pharmaceutically acceptable carrier and/or

adjuvant.

PCT/US99/15569
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19. A pharmaceutical composition comprising one or
more recombinant DNA constructs chosen from the group
consisting of p3014-56SEA, p3014-55SEB, and p3014-
57SEB in a pharmaceutically acceptable amount, in a

pharmaceutically accpetable carrier/and or adjuvant.
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Staphylococcal enterotoxin A vaccine A489270, cytoplasmic

amino acid sequence:

Gene sequence: iSEECR

74

121
181
241
301
361
421
481
541
601
661
721

781

PCT/US99/15569

1 MEKSEE INEKDLRKKS ELQGTALGNL KQIYYYNEKAR KTENKESHDQ

47
97
147

197

gaattgcagg
aaaactgaaa
ttttttacag
gttgataaat
gegggtggta
aatcgattga
acagtacctt
cttcaagcaa
gggaaggtte
gatttatttyg
aaaacgatta

TAGTTTTGAC

atgagaa
gaacagcttt
ataaagagag
atcattegty
ataaagggaa
caccaaacaa
ccgaagagaa
tggaaacggt
gacgttattt
agaggggatt
gtgctcaagg
actctgaaaa

CAACGTAATG

aagcgaagaa
aggcaatctt
tcacgatcas
gtataacgat
asaagtagac
aacagcttgt
aaaagtgecey
taaaacgaat
acaggaaaaa
aatcgtgttt
acagtattca
catgcatatt

TTCAGATTAT

ataaatgaaa
aaacaaatct
tttegacage
ttattagtac
ttgtatggtg
atgtatggtg
atcaatttat
aagaaaaatg
tataatttat
catacttcta
aatacactat

gatatatatt

DLEGAQGQYS NTLLRIYRDN KTINSENMHI DIYLYTS
o ~Not 4

aagatttgeg
attattacaa
atactatatt
gttttgatic
cttatgetgg
gtgtaacgtt
ggctagacgg
taactgttca
ataactctga
cagaacctte
taagaatata

tatatacaag

TATGAACCGA GAATAATCTA

FROHTILFKG FFTDHSWYND LLVREDSKDI VDKYKGKKVD LYGAYAGYQC
AGGTPNKTAC MYGGVTLHDN NRLTEEKKVP INLWLDGKON TVPLETVKTN

KKNVTVOELD LQARRYLQEK YNLYNSDVFD GKVQRGLIVE HTSTEPSVNY

aaaaaagtet
tgaaaaagcet
gtttaaaggc
aaaggatatt
ttatcaatgt
acatgataat
taaacaaaat
ggagttggat
tgtttttgat
ggttaattac
tagagataat

ttaaACATGG
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: 2
SEB vaccine gene with secretory sequence inserted into p3014-57SEBR

replicon

SEB with secretory sequence, Amino acid seguence:

1 MYKRLFISHVILIFALILVISTPNVLAESQPDPKPDELHKSSKF

45 TGLMENMKVLYDDNHVSAINVKSIDQFRYFDLIYSIKDTKLGNYDNVRVEFKNKDLAD

103 KYKDKYVDVEGANAYYQCRFSKKTNDINSHOTDKRKTCMYGGVTEHNGNQLDKYRSIT

161 VRVFEDGKNLLSFDVQTNKKKVTAQELDYLTRHYLVKNKKLYEFNNSPYETGYIKFIE

219 NENSFWYDMMPAPGDKFDQSKY LMMYNDNKMVDSKDVKIEVY LTTKKK

SEB with secretory sequence, gene sequence:

1

8
S8
108
158
208
258
308
358
408
488
508
558
608
658
708

758

AGAGATTATT

ATTTCTACAC

TGAGTTGCAC

TTTTGTATGA

CAATTTCGAT

GARTTATGAT

ARTACARARGH

TGTGCTTTTT

ACGAARARCT

TAGATAARTA

TTAXTATCTT

ATTAGATTAC

ARTTTARCAR

GAGAATAGCT

CCAATCTARR

RAGATGTGAA

TATTTCACAT

CCARCGTTTT

AAATCGAGTA

TGATAATCAT

ACTTTGACTT

ARTGTTCGAG

TAAATACGTA

CTAARRRARC

TGTATGTATG

TAGARGTATT

TTGACGTARCA

CTRACTCGTC

CTCGCCTTAT

TTTGGTATGA

TATTTARTGA

GATTGARGTT

GTAATTTTGA
AGCAGAGAGT
AATTCRACTGG
GTATCAGCAA
AARTATATTCT
TCGAATTTAR
GATGTGTTTG
GARTGARTATT
GTGGTGTAAC
ACTGTITCGGG
ARCTAATRAAG
ACTATTTGGT
GRAACGGGAT
CATGATGCCT

TETACAATGA

Se@ (D NO 2

TATTCGCACT

CARCCAGATC

ATGTATA

GATATTAGTT

CTAAACCAGA

TTTGATGGAA AATATGARAG

TAAACGTTARA ATCTATAGAT

ATTARGGACA
AAACARAGAT
GAGCTAATGC
ARTTCGCATC
TGAGCATAAT
TATTTGARAGA
AARARGGTGA
GAAANRTARA
ATATTAAATT
GCACCAGGAG

CAARTAARRTG

CTARGTTAGG
TTAGCTGATA
TTATTATCAA
ARACTGACAA
GGAAACCAAT
TGGTARAART
CTGCTCAAGA
ALACTCTATG
TATAGARRAT
ATARARTTTGA

GTTGATTCTA

TATCTTACGA CAARGAAANA GTGA
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SEB
SEB
1
59
117
175
233
SEB
1

30

158

208

258

208

358

408

458

508

558

608

658

708

758

gene sequence:

Aminc acid seguence:

3

vaccine gene inserted into p3014-355SEB replicon

SEAQ (D NO D

ATGGAGAGT

TGAGTTGCAC ABATCGAGTA ARATTCACTGG

TTTTGTATGA

CARTTTCGAT

GAATTATGAT

ARTACAARGR

TGTGCTTTYT

ACGAAAAACT

TAGATAAATA

TTATTATCTIT

ATTAGATTAC

AATTTARCAR

GAGARTAGCT

CCARTCTARA

ARGRTGTGAR

TGATAARTCAT
ACTTTGACTT
AATGTTCGAG
TAARTACGTA
CTARRARRAC
TGTATGTATG
TAGAAGTA'I"I‘
TTGACGTACA
CTARCTCGTC
CTCGCCTTAT
TTTGGTATGA
TATTTAATGA

GATTGAAGTT

GTATCAGCAA
AATATATTCT
TCGARTTTAA
GATGTGTTTG
GRATGATATT
GTGGTGTAARC
ACTGTTCGGG
AACTAATARG
ACTATTTGGT
GARAACGGGAT
CATGATGCCT
TGTACAATGA

TATCTTACGA

CARCCAGATC
TTTC;ATGGAA
TARACGTTAA
BTTAAGGACA
ARACAAAGAT
GAGCTAATGC
ARTTCGCATC
TGAGCATAAT
TATTTGRAGA
ARAARGGTGA
GAAARATAAA
ATATTAAATT
GCACCAGGAG

CARTADARTG

PCT/US99/15569

MESQPDPKPDELHKSSKFTGIMENMKVLYDDNEVSAINVKS IDQFRYFDLIYSIKDTK
LGNYDNVRVE FKNXKDLADKYKDKYVDVEGANAY YQCAFSKKTNDINSHCTDKRKTCMY
GGVTEENGNQLDKYRSITVRVEFEDGKNLLS FDVQTNKKKVTAQELD Y LTRHY LVKNKK
LYEFNNSPYETGYIKFIENENSFWYDMMPAPGDKFDQSKY LMMYNDNKMVDSKDVKIE
VYLTTKXX

CTARACCAGA

AATATGARAG

ATCTATAGAT

CTAAGTTAGG

TTAGCTGATA

TTATTATCAA

AAACTGACAR

GGARACCAAT

TGGTAARAAT

CTGCTCAAGA

ARRCTCTATG

TATAGAARAT

ATARATTTGA

GTTGATTCTA

CRAAGARAPA GTGA
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