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DELIVERY OF SELF-REPLICATING RNA USING
BIODEGRADABLE POLYMER PARTICLES

RELATEDAPPLICATION
This application claims the benefit of U.S. Provisional Application No. 61/361,907 (filed July
6, 2010), the complete contents of which are hereby incorporated herein by reference for all

purposes.

BACKGROUND

Particulate carriers have been used with adsorbed or entrapped antigens in attempts to
elicit adequate immune responses. Such carriers present multiple copies of a selected antigen
to the immune system and are believed to promote trapping and retention of antigens in local
lymph nodes. The particles can be phagocytosed by macrophages and can enhance antigen

presentation through cytokine release.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides immunogenic compositions that
comprise (a) positively charged particles comprising abiodegradable polymer and (b) an
RNA replicon comprising at least one polynucleotide encoding at least one antigen adsorbed
to the positively charged nanoparticles.

In certain embodiments, immunogenic compositions are provided which comprise: (a)
positively charged particles that comprise abiodegradable polymer and a cationic surfactant;
(b) an RNA replicon comprising at least one polynucleotide encoding at least one antigen
adsorbed to the positively charged particles; and (c) anon-ionic surfactant.

In certain embodiments, immunogenic compositions are provided which comprise: (a)
positively charged particles that comprise abiodegradable polymer and a cationic surfactant
and (b) an RNA replicon comprising at least one polynucleotide encoding at least one antigen
adsorbed to the positively charged particles, wherein the ratio of the number of moles of
cationic nitrogen in the cationic surfactant to the number of moles of anionic phosphate in the
RNA replicon (referred to herein asthe N:P ratio) ranges from 100: 1to 1:100.

Immunogenic compositions in accordance with the invention may be lyophilized.
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Particles in the immunogenic compositions of the invention include nanoparticles and
microparticles. In certain embodiments, the immunogenic compositions of the invention
comprising nanoparticles that have aD(v,0.5) value that is between 50 and 500 nanometers, a
Z average value that is between 50 and 500 nanometers, or both. In certain other
embodiments, the immunogenic compositions of the invention comprising microparticles that
have a D(v,0.5) value that is between 500 and 5000 nanometers, aZ average value that is
between 500 and 5000 nanometers, or both.

Particles in the immunogenic compositions of the invention typically comprise
polymers that are sterilizable, substantially non-toxic and biodegradable. Such materials
include polyesters (e.g., poly[hydroxy acids] such as polylactide and polyglcolide,
poly[cyclic esters] such as caprolactone, etc.), polycarbonates, polyorthoesters,
polyanhydrides, polycyanoacrylates, polyphosphazines, and combinations thereof, among
others. Moretypically, particles for use with the present invention are polymer particles
derived from poly(a-hydroxy acids), for example, from apoly(lactide) ("PLA") such as
poly(L-lactide) or poly(D,L-lactide), from a copolymer of lactide and glycolide ("PLGA")
such as a poly(L-lactide-co-glycolide) or poly(D,L-lactide-co-glycolide), or from a
copolymer of lactide and caprolactone, among others. The polymer particles may thus be
formed using any of various polymeric starting materials which have avariety of molecular
weights and, in the case of the copolymers, such as PLGA, avariety of monomer (e.g.,
lactide:glycolide) ratios, the selection of which will be largely amatter of choice, depending
in part on the coadministered species. These and other parameters are discussed below.

Cationic surfactants for use in the compositions of the invention vary widely and
numerous examples are described below. In certain preferred embodiments, the cationic
surfactant is selected from (l,2-dioleoyloxypropyl)-N,N,N-trimethylammonium  salt
(DOTAP), dimethyldioctadecylammonium salt (DDA), and 3-beta-[N-(N',N'-
dimethylaminoethane) carbamoyl] cholesterol (DC-Choi), among many other possibilities.

Non-ionic surfactants for use in the compositions of the invention vary widely and
numerous examples are described below. In certain preferred embodiments, the non-ionic
surfactant is selected from poly(vinyl alcohol), polysorbate (e.g., polysorbate 20, polysorbate
80) and poloxamers, among many other possibilities.

In certain embodiments, microparticle compositions in accordance with the invention
will comprise apolyol, a carbohydrate, or both.

RNA replicons for use in the invention vary widely and include alphavirus replicons,

for example, alphavirus replicons derived from Sindbis (SIN), Venezuelan equine
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encephalitis (VEE), Semliki Forest virus (SFV), and combinations thereof, among other
alphaviruses.

Antigens expressed by the RNA replicons in accordance with the invention include
antigens associated with viruses, bacteria, parasites, fungi and other microbes, aswell as any
of the various tumor antigens.

The net charge of a given particle population may be measured using known
techniques including measurement of the particle zeta potential. In certain embodiments,
particle suspensions in accordance with the invention have apositive zeta potential.

For example, in the case of lyophilized compositions, upon the addition of water in an
amount such that the particles are present in a concentration of 1-25 mg/ml (e.g, ranging from
1to 2to 5to 10 to 15 to 20to 25 mg/ml), based on N:P ratio and loading of cationic
surfactant, a suspension may be formed in which the suspended particles have a zeta potential
that is greater than +20 mV, for example ranging from +20 mV to +25 mV to +30 mV to +35
mV to +40 mV to +45 mV to +50 mV to +55 mV to +60 mV or more.

In various embodiments, the lyophilized compositions have a zeta potential in
accordance with the preceding range when suspended a a concentration suitable for
adminstration. For example, lyophilized compositions in accordane with the present
invention may be provided to health care professionals along with instructions regarding the
proper volume of fluid (e.g, water for injection, etc.) to beused for
resuspension/reconstitution of the composition.

In certain embodiments, particle compositions in accordance with the present
invention can comprise immunological adjuvants. Examples of immunological adjuvants
include CpG oligonucleotides, double-stranded RNA, E. coli heat-labile toxins, alum,
liposaccharide phosphate compounds, liposaccharide phosphate mimetics, monophosphoryl
lipid A analogues, small molecule immune potentiators, muramy! tripeptide
phosphatidylethanolamine, and tocopherols, among many others.

The immunological adjuvants may be, for example, associated with the surface of the
particles (e.g., adsorbed or otherwise bound), entrapped within the particles, or both. In
certain embodiments, an immunological adjuvant may be associated with the surface of or
entrapped within apopulation of particles that is different from positively charged particles
comprising adsorbed RNA replicon.

In other aspects, the present invention provides methods of producing immunogenic

compositions.
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For example, in some embodiments, amethod isprovided for forming an
immunogenic composition that comprises: (@) providing positively charged particles that
comprise abiodegradable polymer and a cationic surfactant and (b) adsorbing an RNA
replicon comprising at least one polynucleotide encoding at least one antigen adsorbed to the
positively charged particles, wherein the ratio of the number of moles of cationic nitrogen in
the cationic surfactant to the number of moles of anionic phosphate in the RNA replicon (N:P
ratio) ranges from 10:1 to 1:10.

In other embodiments, amethod isprovided for forming an immunogenic
composition that comprises: (@) providing afirst suspension comprising positively charged
particles that comprise abiodegradable polymer and a cationic surfactant; (b) adsorbing an
RNA replicon comprising at least one polynucleotide encoding at least one antigen to the
nanoparticles in the first suspension to form a second suspension, (c) adding & least one
additional component comprising anon-ionic surfactant to the second suspension to form a
third suspension, and (d) lyophilizing the third suspension.

In certain of these embodiments, the first suspension isformed by a method
comprising: (&) combining (i) afirst liquid that comprises the biodegradable polymer and the
cationic surfactant dissolved in an organic solvent with (ii) a second liquid that comprises
water, whereupon the first suspension of nanoparticles comprising the biodegradable polymer
and the cationic surfactant is formed.

In certain of these embodiments, at least one additional component is selected from
polyols, carbohydrates and combinations thereof.

In still other aspects, the present invention provides methods of delivering the particle
compositions to ahost animal (e.g., for therapeutic, prophylactic, or diagnostic purposes).
The host animal (also referred to as a"vertebrate subject” or "subject”) ispreferably a
vertebrate animal, more preferably amammal, and even more preferably a human.

In still other aspects of the invention, an immune response is stimulated in a
vertebrate host animal upon administering the immunogenic compositions described herein to
the animal.

These and other aspects and embodiments of the present invention will become more

readily apparent to those of ordinary skill in the art in view of the disclosure herein.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A-1F show anucleic acid sequence (SEQ ID NO:l) for aplasmid encoding
pT7-mVEEV-FL.RSVF (A317).
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FIGS. 2A-2F show anucleic acid sequence (SEQ ID NO:2) for a plasmid encoding
pT7-VEEV-SEAP (A306).

FIGS. 3A-3G show a nucleic acid sequence (SEQ ID NO:3) for a plasmid encoding
VEE/SIN self-replicating RNA containing full length RSV-F and SP6 promoter (A4).

FIG. 4 shows agel for 4% w/w PLG/DOTAP nanoparticles formed using either
acetone (Type 1) or ethyl acetate (Type 1) as organic solvent with RNA adsorbed at a 10:1
N:P ratio. For each nanoparticle formulation the following is shown: (a) agel lane
corresponding to supernatant obtained from PLG particles that were untreated with RNase
and centrifuged (to determine RNA adsorption efficiency), (b) agel lane corresponding to a
control in which RNA desorbed from PLG particles that were untreated with RNase, and (c) a
gel lane corresponding to RNA adsorbed to PLG particles that were treated with RNAse
followed by desorption from PLG particles.

FIG. 5 shows agel for 4% w/w PLG/DOTAP microparticles with RNA adsorbed at
N:P ratios of 10:1, 4:1 and 1:4. For each microparticle formulation the following is shown:
(a) agel lane corresponding to supernatant obtained from PLG particles that were untreated
with RNase and centrifuged (to determine RNA adsorption efficiency), (b) agel lane
corresponding to a control in which RNA desorbed (decomplexed) from PLG particles that
were untreated with RNase, and (c) agel lane corresponding to RNA adsorbed to PLG
particles that were treated with RNAse followed by desorption from PLG particles. Also
shown are gel lanes for undigested and digested RNA controls.

FIG. 6A shows pooled SEAP expression (expressed as RLU) in mice for various
formulations at 1, 3 and 6 days post-injection.

FIG. 6B shows individual SEAP expression (expressed asRLU) in mice for various
formulations at 6 days post-injection.

FIG. 7 shows pooled SEAP expression (expressed as RLU) in mice for various
formulations, including 4% w/w PLG nanoparticles Type | (acetone) and Type Il (ethyl
acetate), at 1, 3 and 6 days post-injection.

FIGS. 8A and 8B show results for 4% w/w PLG microparticles with adsorbed RSV-F
RNA using different cationic surfactants (DOTAP, DDA and DC-Cholesterol) at N:P ratios
of 10:1, 4:1 and 1:4. Also shown are data for naked RNA. Data are represented a) in Fig 8A
as 1gG titers on days 13 and 28, and b) in Fig. 8B asfold-increase in day 28 1gG titers over 1
g naked RNA (i.e., 1gG titers with formulation/IgG titers with 1pug naked RNA).

5
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DETAILED DESCRIPTION OF THE INVENTION

The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, polymer chemistry, biochemistry, molecular biology,
immunology and pharmacology, within the skill of the art. Such techniques are explained
fully in the literature. See, e.g., Remington's Pharmaceutical Sciences, 18th ed. (Easton,
Pennsylvania: Mack Publishing Company, 1990); Methods In Enzymology (S. Colowick and
N. Kaplan, eds., Academic Press, Inc.); Weir, D.M., Handbook d Experimental |mmunology,
Vols. -1V, 5th ed. (Blackwell Publishers, 1996); Sambrook, J. et a, Molecular Cloning: A
Laboratory Manual, 3rd ed. (Cold Spring Harbor Laboratory Press, 2001); Ausubel, F.M. &
al, Short Protocols In Molecular Biology, 5th ed. (Current Protocols, 2002); Handbook d
Surface and Colloidal Chemistry (Birdi, K.S., ed, CRC Press, 2003) and Seymour/Carraher's
Polymer Chemistry, 5th ed. (Marcel Dekker Inc., 2007).

All publications, patents and patent applications cited herein, whether supra or infra,
are hereby incorporated by reference in their entirety.

Asusad in this specification and any appended claims, the singular forms "a" "an" and
"the" include plural references unless the content clearly dictates otherwise. Thus, for
example, the term "particle”" refers to one or more particles, and the like.

Unless stated otherwise or unless the context clearly dictates otherwise, all percentages

and ratios herein are given on aweight basis.

A . DEFINITIONS

In describing the present invention, the following terms will be employed, and are
intended to be defined as indicated below.

The term "particle” asused herein, refers to aparticle having asize lessthan 10 uin
(10,000 nm), for example, ranging from about 10 nm or lessto 25 nm to 50 nm to 100 nm to
250 nm to 500 nm to 1000 nm (1 urn) to 2,500 nm (2.5 pm) to 5,000 nm (5 pm) to 10,000 nm
(10 wun). In some embodiments, dry particles may exist in aggregates that are greater than
10,000 nm in diameter, but which disperse into particle sizes less than 10,000 nm upon
addition of an aqueous fluid and mixing using techniques such as vortexing, among others.
In some embodiments, the particles described herein can be generally spherical. In some
embodiments, the particles described herein can be of irregular geometry. The particles
within the compositions of the present invention typically have asize distribution in agueous

fluid, wherein the Z average and/or the D(v,0.5) value isless than 5,000 nm, for example,
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ranging from 5,000 nm to 2,500 nm to 1,000 nm to 500 nm to 250 nm to 100 nm to 50 nm or
less.

Asused herein "nanoparticles’ are particles that have a size distribution in agueous
fluid in which the Z Average ranges from 50 nm to 500 nm. Asused herein "microparticles’
are particles that have a size distribution in aqueous fluid in which the D (v,0.5) ranges from
500 nm to 5000 nm.

Particle size can be determined (measured) using methods available in the art. For
example, particle size can be determined using photon correlation spectroscopy, dynamic
light scattering or quasi-elastic light scattering. These methods are based on the correlation
of particle size with diffusion properties of particles obtained from Brownian motion
measurements. Brownian motion isthe random movement of the particles due to
bombardment by the solvent molecules that surround the particles. The larger the particle,
the more slowly the Brownian motion will be. Velocity is defined by the trand ational
diffusion coefficient (D). The value measured refers to how aparticle moves within aliquid
(hydrodynamic diameter). The diameter that is obtained isthe diameter of a sphere that has
the same trandational diffusion coefficient asthe particle.

Particle size can also be determined using static light scattering, which measures the
intensity of light scattered by particles in asolution a asingletime. Static light scattering
measures light intensity as a function of scattering angle and solute concentration. Particles
passing though alight source, for example, alaser beam, scatter light at an anglethat is
inversely proportional totheir size. Large particles generate a diffraction pattern at low
scattering angles with high intensity, whereas small particles give rise to wide angle low
intensity signals. Particle size distributions can be calculated if the intensity of light scattered
from a sample are measured as a function of angle. The angular information is compared
with a scattering model (e.g., Mie theory) in order to calculate the size distribution.

Generally, particle sizeis determined a room temperature and involves multiple
analyses of the sample in question (e.g., a least 3 repeat measurements on the same sample)
toyield an average value for the particle diameter.

For photon correlation spectroscopy, Z average (also called the cumulant mean or
hydrodynamic diameter) istypically calculated from cumulants (monomodal) analysis.

For static light scattering measurements (and also for photon correlation spectroscopy
in some embodiments), volume-based size parameters may be measured. For instance,

D (v,0.5) (where v means volume) is a size parameter whose value is defined as the point

where 50% of the particles (volume basis) in the composition, as measured, have asizethat is
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less than the D(v,0.5) value, and 50% of the particles in the composition have asize that is
greater than the D(v,0.5) value. Similarly, D(v,0.9) is a size parameter whose value is
defined as the point where 90% of the particles (volume basis) in the composition, as
measured, have a size that is less than the D(v,0.9) value, and 10% of the particles in the
composition have asizethat is greater than the D(v,0.9) value.

Asdefined herein, a"suspension” isaliquid phase that contains suspended solid
particulate material. Suspensions can be stable or unstable. A s defined herein, a"solution” is
aliquid phase that contains dissolved material. As defined herein, an "agueous’ suspension
or solution is asuspension or solution that contains water, typically 50 wt% water or more,
for example, ranging from 50 wt% to 75 wt% to 90 wt% to 95 wt% or more water.

Asdefined herein, "dry" particle compositions are particle compositions that are not
immersed in aliquid (e.g., not within aliquid suspension). Typically, a"dry" particle
composition will comprise less than 3% water.

Asdefined herein, "blank” particle compositions are particle compositions that are free
of active agents (i.e., they are free of pharmaceuticals, including drugs, RNA replicons,
immunological adjuvants, etc.).

"Zeta potential,” asused herein, refers to the electrical potential that exists across the
interface of al solids and liquids, e.g., the potential across the diffuse layer of ions
surrounding a charged colloidal particle. Zeta potential can be calculated from
electrophoretic mobilities, i.e., the rates a which colloidal particles travel between charged
electrodes placed in contact with the substance to be measured, using techniques well known
inthe art.

The term "surfactant” comes from the phrase "surface active agent”. Surfactants
accumulate a interfaces (e.g., a liquid-liquid, liquid-solid and/or liquid-gas interfaces) and
change the properties of that interface. Asused herein, surfactants include detergents,
dispersing agents, suspending agents, emulsion stabilizers, cationic lipids, anionic lipids,
zwitterionic lipids, and the like.

Asdefined herein, "carbohydrates’ include monosaccharides, oligosaccharides and
polysaccharides, aswell as substances derived from monosaccharides, for example, by
reduction (e.g., alditols), by oxidation of one or more terminal groups to carboxylic acids
(e.g., glucuronic acid), or by replacement of one or more hydroxy group(s) by a hydrogen
atom or an amino group (e.g., beta-D-glucosamine and beta-D-galactosamine).

As defined herein, a"monosaccharide” isapolyhydric alcohal, i.e., an acohol that

further comprises either an aldehyde group (in which case the monosaccharide is an aldose)
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or aketo group (in which case the monosaccharide is aketose). Monosaccharides typicaly
contain from 3-10 carbons. Moreover, monosaccharides commonly have the empirical
formula (CH,0), where nis an integer of three or greater, typically 3-10. Examples of 3-6
carbon aldoses include glyceraldehyde, erythrose, threose, ribose, 2-deoxyribose, arabinose,
xylose, lyxose, alose, altrose, glucose, mannose, gulose, idose, galactose, and talose.
Examples of 3-6 carbon ketoses include dihydroxyacetone, erythrulose, ribulose, xylulose,
psicose, fructose, sorbose, and tagatose. Naturally occurring monosaccharides are normally
found in the D -isomer form, as opposed to the L-form.

An "oligosaccharide" refersto arelatively short monosaccharide polymer, i.e., one
containing from 2 to 30 monosaccharide units. A "polysaccharide” is amonosaccharide
polymer that is beyond oligosaccharide length (i.e., one containing more than 30
monosaccharide units). Moreover, asused herein, the term "polysaccharide" also refersto a
monosaccharide polymer that contains two or more linked monosaccharides. To avoid
ambiguity, the second definition isto be applied at all times, unless there are explicit
indications to the contrary. The term "polysaccharide” a so includes polysaccharide
derivatives, such as amino-functionalized and carboxyl-functionalized polysaccharide
derivatives, among many others. Monosaccharides aretypicaly linked by glycosidic
linkages. Specific examples include disaccharides (such as sucrose, lactose, trehal ose,
maltose, gentiobiose and cellobiose), trisaccharides (such as raffmose), tetrasaccharides (such
as stachyose), and pentasaccharides (such as verbascose).

Asused herein the term "saccharide” encompasses monosaccharides, oligosaccharides
and polysaccharides. A "saccharide-containing species' isamolecule, a least aportion of
which is asaccharide. Examples include saccharide cryoprotective agents, saccharide
antigens, antigens comprising saccharides conjugated to carrier peptides, and so forth. A
"polysaccharide-containing species' isamolecule, at least aportion of which isa
polysaccharide.

Asused herein, a"cryoprotective agent” is an agent that protects a composition from
experiencing adverse effects upon freezing and thawing. For example, in the present
invention, cryoprotective agents such as polyols and/or carbohydrates, among others, may be
added to prevent substantial particle agglomeration from occurring when the lyophilized
compositions of the invention are resuspended.

Asused herein, the term "polynucleotide” means ahomopolymer or heteropolymer of
a least 2 nucleotide units (also referred to herein as "nucleotides’). Nucleotides forming

polynucleotides as defined herein include naturally occurring nucleotides, such as
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ribonucleotides and deoxyribinucleotides, aswell as equivalents, derivatives, variants and
analogs of naturally occurring nucleotides.

A polynucleotide may bein either single-stranded form or multi-stranded form (e.g.,
double-stranded, triple-stranded, etc.). A polynucleotide may bein linear form or non-linear
form (e.g., comprising circular, branched, etc. elements). A polynucleotide may be natural,
synthetic or a combination of both.

A polynucleotide may be capable of self-replication when introduced into ahost cell.
Examples of polynucleotides thus include self-replicating RNAs and DNAS and, for instance,
selected from replicons, plasmids, cosmids, phagemids, transposons, vira vectors, artifical
chromosomes (e.g., bacterial, yeast, etc.) aswell as other self-replicating species.
Polynucleotides include those that express antigenic polypeptides in ahost cell (e.g.,
polynucleotide-containing antigens). Polynucleotides include self-replicating
polynucleotides within which natural or synthetic sequences derived from eucaryotic or
prokaryotic organisms (e.g., genomic DNA sequences, genomic RNA sequences, cDNA
sequences, etc.) have been inserted. Specific examples of self-replicating polynucleotides
include RNA vector constructs and DNA vector constructs, among others. Sequences that
may be expressed include native sequences and modifications, such as deletions, additions
and substitutions (generally conservative in nature), to native sequences, among others.
These modifications may be deliberate, asthrough site-directed mutagenesis, or may be
accidental, such asthrough mutations of hosts that produce antigens.

As define herein an "oligonucleotide” is apolynucleotide having in the range of 5to
100 and more preferably 5 to 30 nucleotides in size.

Asused herein, the phrase "nucleic acid" includes DNA, RNA, and chimeras formed
therefrom.

A "polynucleotide-containing species’ isamolecule, a least aportion of which isa
polynucleotide.

The terms "polypeptide” and "protein” refer to apolymer of amino acid residues and
are not limited to aminimum length of the product. Thus, peptides, oligopeptides, dimers,
multimers, and the like, are included within the definition. Both full-length proteins and
fragments thereof are encompassed by the definition. The terms also include modifications,
such as deletions, additions and substitutions (generally conservative in nature), to anative
sequence, for example, such that the protein maintains the ability to elicit an immunological

response or have atherapeutic effect on a subject to which the protein is administered.

10
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A "polypeptide-containing species’ isamolecule, & least aportion of which isa
polypeptide. Examples include polypeptides, proteins including glycoproteins, saccharide
antigens conjugated to carrier proteins, and so forth.

The term "pharmaceutical” refers to biologically active compounds such as drugs,
antibiotics, antiviral agents, growth factors, hormones, antigens, polynucleotides, adjuvants
and the like.

The term "adjuvant” refers to any substance that assists or modifies the action of a
pharmaceutical, including but not limited to immunological adjuvants, which increase or
diversify the immune response to an antigen. Hence, immunological adjuvants are
compounds that are capable of potentiating an immune response to antigens. Immunological
adjuvants can potentiate humoral and/or cellular immunity.

By "antigen" ismeant amolecule that contains one or more epitopes capable of
stimulating a host's immune system to make acellular antigen-specific immune response
when the antigen is presented, or ahumoral antibody response. An antigen may be capable
of eliciting acellular and/or humoral response by itself or when present in combination with
another molecule.

An "epitope" isthat portion of an antigenic molecule or antigenic complex that
determines its immunological specificity. An epitope iswithin the scope of the present
definition of antigen. Commonly, an epitope is apolypeptide or polysaccharide in anaturally
occurring antigen. In artificial antigens it can be alow molecular weight substance such as
an arsanilic acid derivative. An epitope will react specifically in vivo or in vitro with, for
example, homologous antibodies or T lymphocytes. Alternative descriptors are antigenic
determinant, antigenic structural grouping and haptenic grouping.

Frequently, an epitope will include between about 5to15 amino acids. Epitopes of a
given protein can beidentified using any number of epitope mapping techniques, well known
inthe art. See, e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66
(Glenn E. Morris, Ed., 1996) Humana Press, Totowa, New Jersey. For example, linear
epitopes may be determined by, for example, concurrently synthesizing large numbers of
peptides on solid supports, the peptides corresponding to portions of the protein molecule,
and reacting the peptides with antibodies while the peptides are still attached to the supports.
Such techniques are known in the art and described in, e.g., U.S. Patent No. 4,708,871,
Geysen et a. (1984) (Proc. Natl. Acad. Sci. USA 81:3998-4002); Geysen et a. (1986)
(Molec. Immunol. 23:709-715). Similarly, conformational epitopes are readily identified by
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determining spatial conformation of amino acids such as by, e.g., x-ray crystallography and
two-dimensional nuclear magnetic resonance. See, e.g., Epitope Mapping Protocols, supra.

The term "antigen” as used herein denotes both subunit antigens, i.e., antigens which
are separate and discrete from awhole organism with which the antigen is associated in
nature, aswell askilled, attenuated or inactivated bacteria, viruses, parasites or other
pathogens or tumor cells. Antibodies such as anti-idiotype antibodies, or fragments thereof,
and synthetic peptide mimotopes, which can mimic an antigen or antigenic determinant, are
also captured under the definition of antigen as used herein.

Furthermore, for purposes of the present invention, an "antigen” refersto aprotein
having modifications, such as deletions, additions and substitutions (generally conservative in
nature), to the native sequence, as long as the protein maintains the ability to elicit an
immunological response. These modifications may be deliberate, as through site-directed
mutagenesis, or may be accidental, such asthrough mutations of hosts which produce the
antigens. Antigens can be derived from any of the various viruses, bacteria, parasites, fungi
and other microbes, aswell as any of the various tumor antigens.

An "immunological response” or "immune response” to acomposition of interest isthe
development in a subject of ahumoral and/or a cellular immune response to molecules
present in the composition.

Immune responses include innate and adaptive immune responses. Innate immune
responses are fast-acting responses that provide afirst line of defense for the immune system.
In contrast, adaptive immunity uses selection and clonal expansion of immune cells having
somatically rearranged receptor genes (e.g., T- and B-cell receptors) that recognize antigens
from a given pathogen or disorder (e.g., atumor), thereby providing specificity and
immunological memory. Innate immune responses, among their many effects, lead to arapid
burst of inflammatory cytokines and activation of antigen-presenting cells (APCs) such as
macrophages and dendritic cells. To distinguish pathogens from self-components, the innate
immune system uses avariety of relatively invariable receptors that detect signatures from
pathogens, known as pathogen-associated molecular patterns, or PAMPs. The addition of
microbial components to experimental vaccines isknown to lead to the development of
robust and durable adaptive immune responses. The mechanism behind this potentiation of
the immune responses has been reported to involve pattern-recognition receptors (PRRS),
which are differentially expressed on avariety of immune cells, including neutrophils,
macrophages, dendritic cells, natural killer cells, B cells and some nonimmune cells such as

epithelial and endothelial cells. Engagement of PRRs leads to the activation of some of these
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cells and their secretion of cytokines and chemokines, aswell as maturation and migration of
other cells. Intandem, this creates an inflammatory environment that leads to the
establishment of the adaptive immune response. PRRs include nonphagocytic receptors, such
as Toll-like receptors (TLRs) and nucleotide-binding oligomerization domain (NOD)
proteins, and receptors that induce phagocytosis, such as scavenger receptors, mannose
receptors and -glucan receptors.

Reported TLRs (along with examples of some reported TLR agonists, which may be
used asimmunological adjuvants in various embodiments of the invention) include the
following: TLR1 (bacteria lipoproteins from Mycobacteria, Neisseria), TLR2 (zymosan
yeast particles, peptidoglycan, lipoproteins, glycolipids, lipopolysaccharide), TLR3 (viral
double-stranded RNA, poly:IC), TLR4 (bacterial lipopolysaccharides, plant product taxol),
TLR5 (bacterial flagellins), TLR6 (yeast zymosan particles, lipotechoic acid, lipopeptides
from mycoplasma), TLR7 (single-stranded RNA, imiquimod, resimiquimod, and other
synthetic compounds such as loxoribine and bropirimine), TLR8 (single-stranded RNA,
resimiquimod) and TLR9 (CpG oligonucleotides), among others. Dendritic cells are
recognized as some of the most important cell types for initiating the priming of naive CD4*
helper T (T,) cells and for inducing CD8* T cell differentiation into killer cells. TLR
signaling has been reported to play an important role in determining the quality of these
helper T cell responses, for instance, with the nature of the TLR signal determining the
specific type of T, response that is observed (e.g., T, 1versus T2 response). A combination
of antibody (humoral) and cellular immunity are produced as part of aT ,I-type response,
whereas a T 2-type response is predominantly an antibody response. Various TLR ligands
such as CpG DNA (TLR9) and imidazoquinolines (TLR7, TLR8) have been documented to
stimulate cytokine production from immune cells in vitro. The imidazoquinolines are the first
small, drug-like compounds shown to be TLR agonists. For further information, see, eg., A.
Pashine, N. M. Valiante and J. B. Ulmer, Nature Medicine 11, S63-S68 (2005), K. S.
Rosenthal and D. H. Zimmerman, Clinical and Vaccinelmmunology, 13(8), 821-829 (2006),
and the references cited therein.

For purposes of the present invention, a "humoral immune response” refers to an
immune response mediated by antibody molecules, while a"cellular immune response” is one
mediated by T-lymphocytes and/or other white blood cells. One important aspect of cellular
immunity involves an antigen-specific response by cytolytic T-cells ("CTLs"). CTLs have
specificity for peptide antigens that are presented in association with proteins encoded by the

major histocompatibility complex (MHC) and expressed on the surfaces of cells. CTLs help
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induce and promote the intracellular destruction of intracellular microbes, or the lysis of cells
infected with such microbes. Another aspect of cellular immunity involves an antigen-
specific response by helper T-cells. Helper T-cells act to help stimulate the function, and
focus the activity of, nonspecific effector cells against cells displaying peptide antigens in
association with MHC molecules on their surface. A "cellular immune response” also refers
to the production of cytokines, chemokines and other such molecules produced by activated
T-cells and/or other white blood cells, including those derived from CD4+ and CD8+ T-cells.

A composition such as an immunogenic composition or avaccine that elicits a cellular
immune response may serve to sensitize avertebrate subject by the presentation of antigen in
association with MHC molecules at the cell surface. The cell-mediated immune response is
directed at, or near, cells presenting antigen at their surface. In addition, antigen-specific T-
lymphocytes can be generated to allow for the future protection of an immunized host.

The ability of aparticular composition to stimulate a cell-mediated immunological
response may be determined by anumber of assays known in the art, such as by
lymphoproliferation (lymphocyte activation) assays, CTL cytotoxic cell assays, by assaying
for T-lymphocytes specific for an antigen in asensitized subject, or by measurement of
cytokine production by T cells in response to restimulation with antigen. Such assays are
well known in the art. See, e.g., Erickson et al. (1993) (J. Immunol. 151:4189-4199); Doe e
al. (1994) (Eur.J. Immunol. 24:2369-2376).

Hence, an immunological response may include, for example, one or more of the
following effects among others: the production of antibodies by, for example, B-cells; and/or
the activation of suppressor T-cells and/or yd T-cells directed specifically to an antigen or
antigens present in the composition or vaccine of interest. These responses may serve, for
example, to neutralize infectivity, and/or mediate antibody-complement, or antibody
dependent cell cytotoxicity (ADCC) to provide protection to an immunized host. Such
responses can be determined, for instance, using standard immunoassays and neutralization
assays, well known in the art, for instance, radioimmunoassays and ELISAs.

An immunogenic composition which contains an antigen or a polynucleotide (e.g.,
vector construct) that leads to expression of an antigen in accordance with the present
invention displays "enhanced immunogenicity” when it possesses a greater capacity to elicit
an immune response than the immune response elicited by an equivalent amount of the
antigen/polynucleotide administered using a different delivery system, for example, wherein
the antigen/polynucleotide is administered in a"naked" state independent of particles formed

from biodegradable polymer(s). An immunogenic composition may display "enhanced
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immunogenicity,” for example, because the composition ismore strongly immunogenic or
because alower dose or fewer doses of the composition are necessary to achieve an immune
response in the subject to which the composition is administered. Such enhanced
immunogenicity can be determined by administering the composition and suitable controls to
animals and comparing antibody titers and/or cellular-mediated immunity against the two
using standard assays.

Asused herein, "treatment"” refers to any of (i) the prevention of apathogenic infection
or disorder (e.g. cancer) in question in avertebrate subject, (ii) the reduction or elimination of
symptoms in avertebrate subject having the pathogenic infection or disorder in question, and
(iii) the substantial or complete elimination of the pathogenic infection or disorder in question
in avertebrate subject. Treatment may be effected prophylactically (prior to arrival of the
pathogenic infection or disorder in question) or therapeutically (following arrival of the
same).

The terms "effective amount” or "pharmaceutically effective amount” of an
immunogenic composition of the present invention refer herein to a sufficient amount of the
immunogenic composition to treat or diagnose a condition of interest. The exact amount
required will vary from subject to subject, depending, for example, on the species, age, and
general condition of the subject; the severity of the condition being treated; the particular
antigen of interest; in the case of an immunological response, the capacity of the subject's
immune system to synthesize antibodies, for example, and the degree of protection desired,
and the mode of administration, among other factors. An appropriate "effective” amount in
any individual case may be determined by one of ordinary skill in the art. Thus, a
"therapeutically effective amount” will typicaly fal in arelatively broad range that can be
determined through routine trials.

By "vertebrate subject” or "vertebrate animal” is meant any member of the subphylum
cordata, including, without limitation, mammals such as cattle, sheep, pigs, goats, horses, and
humans; domestic animals such as dogs and cats; and birds, including domestic, wild and
game birds such as cocks and hens including chickens, turkeys and other gallinaceous birds.
The term does not denote aparticular age. Thus, both adult and newborn animals are
covered.

By "pharmaceutically acceptable" or "pharmacologically acceptable’ ismeant a
material which isnot biologically or otherwise undesirable, i.e., the material may be

administered to an individual without causing any excessively undesirable biological effects
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inthe individua or interacting in an excessively deleterious manner with any of the
components of the composition in which it is contained.

The term "excipient” refers to any essentially accessory substance that may be present
in the finished dosage form. For example, the term "excipient” includes vehicles, binders,
disintegrants, fillers (diluents), lubricants, glidants (flow enhancers), compression aids,
colors, sweeteners, preservatives, suspending/dispersing agents, film formers/coatings,
flavors and printing inks.

By "physiological pH" or a"pH in the physiological range" ismeant apH in the range
of approximately 7.0 to 8.0, more typically in the range of 7.2 to 7.6.

Asused herein, the phrase "vector construct” generally refers to any assembly that is
capable of directing the expression of anucleic acid sequence(s) or gene(s) of interest. A
vector construct typically includes transcriptional promoter/enhancer or locus defining
element(s), or other elements which control gene expression by other means such as alternate
splicing, nuclear RNA export, post-transational modification of messenger, or post-
transcriptional modification of protein. In addition, the vector construct typically includes a
sequence which, when transcribed, is operably linked to the sequence(s) or gene(s) of interest
and acts as atrangation initiation sequence. The vector construct may also optionaly include
asignal that directs polyadenylation, a selectable marker, aswell as one or more restriction
sites and atranglation termination sequence. In addition, if the vector construct is placed into
aretrovirus, the vector construct may include a packaging signal, long terminal repeats
(LTRs), and positive and negative strand primer binding sites appropriate to the retrovirus
used (if these are not aready present).

A "DNA vector construct” refersto a DNA molecule that is capable of directing the
expression of anucleic acid sequence(s) or gene(s) of interest.

One specific type of DNA vector construct is aplasmid, which isacircular episomal
DNA molecule capable of autonomous replication within ahost cell. Typically, aplasmid is
acircular double stranded DNA, loop into which additional DNA segments can be ligated.
pCMYV isone specific plasmid that iswell known in the art. A preferred pPCMV vector
contains the immediate-early enhancer/promoter of CMV and abovine growth hormone
terminator. A specific example is described in detail in Chapman, B.S., et al. (1991) {Nucleic
Acids Res. 19:3979-3986).

Other DNA vector constructs are known, which are based on RNA viruses. These
DNA vector constructs typically comprise apromoter that functions in aeukaryotic cell, 5' of

a cDNA sequence for which the transcription product is an RNA vector construct (e.g., an
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alphavirus RNA vector replicon), and a 3' termination region. The RNA vector construct
preferably comprises an RNA genome from apicornavirus, togavirus, flavivirus, coronavirus,
paramyxovirus, yellow fever virus, or alphavirus (e.g., Sindbis virus, Semliki Forest virus,
Venezuelan equine encephalitis virus, or Ross River virus), which has been modified by the
replacement of one or more structural protein genes with a selected heterologous nucleic acid
sequence encoding aproduct of interest. The RNA vector constructs can be obtained by
transcription in vitro from aDNA template. Specific examples include Sindbis-virus-based
plasmids (pSIN) such as pSINCP, described, for example, in U.S. Patent Nos. 5,814,482 and
6,015,686, aswell asin International Publication Nos. WO 97/38087, WO 99/18226 and WO
02/26209. The construction of such vectors, in genera, isdescribed in U.S. Patent Nos.
5,814,482 and 6,015,686.

Other examples of vector constructs include RNA vector constructs (e.g., aphavirus
vector constructs) and the like. Asused herein, "RNA vector construct”, "RNA vector
replicon”, "RNA replicon”, "replicon vector" and "replicon” refer to an RNA molecule that is
capable of directing its own amplification or self-replication in vivo, typically within atarget
cell. The RNA vector construct isused directly, without the requirement for introduction of
DNA into acell and transport to the nucleus where transcription would occur. By using the
RNA vector for direct delivery into the cytoplasm of the host cell, autonomous replication
and trandation of the heterologous nucleic acid sequence occurs efficiently.

In one aspect, the self-replicating RNA molecule is derived from or based on an
alphavirus. In other aspects, the self-replicating RNA molecule is derived from or based on a
virus other than an alphavirus, preferably, apositive-stranded RNA virus, and more
preferably apicornavirus, flavivirus, rubivirus, pestivirus, hepacivirus, calicivirus, or
coronavirus. Suitable wild-type alphavirus sequences are well-known and are available from
sequence depositories, such asthe American Type Culture Collection, Rockville, Md.
Representative examples of suitable aphaviruses include Aura (ATCC VR-368), Bebaru
virus (ATCC VR-600, ATCC VR-1240), Cabassou (ATCC VR-922), Chikungunya virus
(ATCC VR-64, ATCC VR-1241), Eastern equine encephalomyelitis virus (ATCC VR-65,
ATCC VR-1242), Fort Morgan (ATCC VR-924), Getah virus (ATCC VR-369, ATCC VR-
1243), Kyzylagach (ATCC VR-927), Mayaro (ATCC VR-66), Mayaro virus (ATCC VR-
1277), Middleburg (ATCC VR-370), Mucambo virus (ATCC VR-580, ATCC VR-1244),
Ndumu (ATCC VR-371), Pixuna virus (ATCC VR-372, ATCC VR-1245), Ross River virus
(ATCC VR-373, ATCC VR-1246), Semliki Forest (ATCC VR-67, ATCC VR-1247), Sindbis
virus (ATCC VR-68, ATCC VR-1248), Tonate (ATCC VR-925), Triniti (ATCC VR-469),
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Una (ATCC VR-374), Venezuelan equine encephalomyelitis (ATCC VR-69, ATCC VR-923,
ATCC VR-1250 ATCC VR-1249, ATCC VR-532), Western equine encephalomyelitis
(ATCC VR-70, ATCC VR-1251, ATCC VR-622, ATCC VR-1252), Whataroa (ATCC VR-
926), and Y-62-33 (ATCC VR-375).

B. GENERAL METHODS

1. POLYMERIC PARTICLES

Immunogenic compositions in accordance with the present invention comprise
polymeric particles. A "polymeric particle" isaparticle that comprises one or more types of
polymers, typically, 50 wt% or more polymers, for example, from 50 wt% to 75 wt% to 90
wt% to 95 wt% to 97.5 wt% to 99 wt% or more.

Asused herein, "polymers’ are molecules containing multiple copies (e.g., 5to 10 to
25to 50 to 100 to 250 to 500 to 1000 or more copies) of one or more constitutional units,
commonly referred to as monomers. Asused herein, "monomers' may refer to free
monomers and to those are incorporated into polymers, with the distinction being clear from
the context in which the term is used.

Asused herein, apolymer is"biodegradable” if it undergoes bond cleavage along the
polymer backbone in vivo, regardless of the mechanism of bond cleavage (e.g., enzymatic
breakdown, hydrolysis, oxidation, etc.).

Polymers may take on anumber of configurations, which may be selected, for
example, from linear, cyclic, and branched configurations. Branched configurations include
star-shaped configurations (e.g., configurations in which three or more chains emanate from a
single branch region), comb configurations (e.g., configurations having amain chain and a
plurality of side chains), dendritic configurations (e.g., arborescent and hyperbranched
polymers), network configurations (e.g., crosslinked polymers), and so forth.

Asused herein, "homopolymers" are polymers that contain multiple copies of asingle
constitutional unit. "Copolymers' are polymers that contain multiple copies of at least two
dissmilar constitutional units, examples of which include random, statistical, gradient,
periodic (e.g., alternating) and block copolymers.

Asused herein, "block copolymers' are copolymers that contain two or more polymer
blocks that differ, for instance, because a constitutional unit (i.e., monomer) isfound in one

polymer block that isnot found in another polymer block.
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Asused herein, a"polymer block" isagrouping of constitutional units (e.g., 5to 10 to
25to 50to 100 to 250 to 500 to 1000 or more units) that forms part or al of apolymer.
Blocks can be branched or unbranched. Polymer blocks can contain a single type of
constitutional unit (also referred to herein as "homopolymer blocks") or multiple types of
constitutional units (also referred to herein as "copolymer blocks') which may be provided,
for example, in aperiodic (e.g., alternating), random, statistical or gradient distribution.

A few examples of block copolymer structures include the following, among others:
(a) block copolymers having alternating blocks of the type (AB),,, B(AB) ,and A(BA)
where A isafirst polymer block, B is asecond polymer block that is different from the first
polymer block, and m is a positive whole number of 1 or more, and (b) block copolymers
having multi-arm architectures, such as X(BA),, and X(AB),, where n is apositive whole
number of 2 or more and X is ahub species (e.g., an initiator molecule residue, aresidue of a
molecule to which preformed polymer chains are attached, etc.). In addition to the hub
species mentioned above, polymers (including block copolymers) can contain avariety of
other non-polymer-chain species, including initiator residues, linking molecule residues and
capping molecules, among other species. Note that such non-polymeric species are generally
ignored in describing polymers (including block copolymers). Thus, an X(BA), block
copolymer is generally designated as an ABA triblock copolymer, an X(BA) 5 block
copolymer is generally referred to as a star polymer with aB midblock and three A
endblocks. Other examples of block copolymers include comb copolymers having aB chain
backbone and multiple A side chains, aswell as comb copolymers having an A chain
backbone and multiple B side chains.

Asnoted above a"polymer block" is defined herein as a grouping of constitutional
units that forms part or all of apolymer. Thus, homopolymers may be said to contain a
single homopolymer block. Copolymers, on the other hand, may contain a single copolymer
block (e.g., aperiodic copolymer block, arandom copolymer block, a gradient copolymer
block, etc.) or multiple homopolymer and/or copolymer blocks (e.g., ablock copolymer
comprising multiple differing homopolymer blocks, ablock copolymer comprising multiple
differing copolymer blocks, or ablock copolymer comprising one or more homopolymer
blocks and one or more copolymer blocks).

Polymers for use in the polymeric particles of the invention are preferably at least
partially biodegradable.

Examples of polymers that are at least partially biodegradable include homopolymers

formed from a single biodegradable homopolymer block, non-block copolymers formed from
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a single biodegradable copolymer block (e.g., selected from aternating, random, gradient,
etc., blocks), and block copolymers containing at least one biodegradable polymer block, for
example, ablock copolymer containing two or more biodegradable polymer blocks or ablock
copolymer containing one or more biodegradable polymer blocks and one or more additional
polymer blocks.

Examples of biodegradable polymers include, for example, homopolymers and
copolymers of the following: polyesters (e.g., poly[hydroxy acids], poly[cyclic esterg], etc.),
polycarbonates, polyorthoesters, polyanhydrides, polycyanoacrylates (e.g.,
polyalkylcyanoacrylate or "PACA™) and polyphosphazines.

Examples of biodegradable polymers include block copolymers containing
combinations of two or more biodegradable polymer blocks corresponding to the foregoing
(e.g., two or more blocks selected from polyester, polycarbonate, polyorthoester,
polyanhydride, polycyanoacrylate and/or polyphosphazine blocks), and block copolymer
comprising one or more of the foregoing biodegradable polymer blocks and one or more
additional polymer blocks that differs from the foregoing biodegradable polymer blocks.

Examples of additional polymer blocks include hydrophilic polymer blocks such as
polyether blocks, for example, polyethylene oxide (e.g. polyethylene glycol) blocks (see Park
et al., Langmuir 20(6): 2456-2465 (2004)) and polypropylene oxide (e.g., polypropylene
glycol) blocks, polyvinyl alcohol blocks, polyvinylpyrrolidone blocks, poly(acrylic acid)
blocks, poly(methacrylic acid) blocks, poly(N-isopropylacrylamide-co-N,N-
dimethylacrylamide) blocks (see Liu et al., Biomaterials 26(24): 5064-5074 (2005)),
polyethylenimine blocks (see Nam et al., Biomaterials 24(12): 2053-2059 (2003)),
poly(amino acid) blocks, and so forth. Examples of additional polymer blocks also include
polymer blocks that are negatively charged at physiological pH, for instance, poly(carboxylic
acids) such as poly(acrylic acid) blocks and poly(methacrylic acid) blocks, and certain
polyaminoacid blocks (depending on the isoelectric point), aswell as salts thereof, among
others. Further examples of additional polymer blocks include polymer blocks that are
positively charged a physiological pH, for instance, polyamine blocks such as
polyethylenimine blocks and chitosan blocks, and certain polyaminoacid blocks (depending
on the isoelectric point), aswell as salts thereof, among others. Such polymers with charged
polymer blocks may be employed, for example, as particle charge inducing agents (see
below). In certain embodiments, AB diblock copolymers, ABA triblock copolymers, and
BAB triblock copolymers are employed, where A designates an additional polymer block and
B designates abiodegradable polymeric block.
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In various preferred embodiments, biodegradable polymers are formed, for example,
from the following: polyesters (e.g., polyhydroxy acids, polycaprolactone, polydioxanone,
etc.), polycarbonates, polyorthoesters, polyanhydrides, polyphosphazines, and combinations
thereof. Moretypica are polyesters, for example, homopolymers and copolymers of
glycolic acid, L-lactic acid, D,L-lactic acid, hydroxybutyric acid, hydroxyvaleric acid,
caprolactone and dioxanone, among others. Even more typical are homopolymers and
copolymers of L-lactide, D,L-lactide, and glycolide, for example, polyglycolide, polylactide,
for example, poly(L-lactide) or poly(D,L-lactide) (referred to as PLA herein) and
poly(lactide-co-glycolide), for example, poly(L-lactide-co-glycolide) and poly(D,L-lactide-
co-glycolide) (designated as "PLG" or "PLGA" herein).

The above polymers are available in avariety of molecular weights, and a suitable
molecular weight for agiven use isreadily determined by one of skill in the art. Thus, for
example, a suitable molecular weight for PLA may be on the order of about 2,000 to 5,000,
among other values. A suitable molecular weight for PLG may range from about 5,000 to
about 200,000, among other values.

Where copolymers are employed, copolymers with avariety of monomer ratios may
be available. For example, where PLG isused to form the particles, avariety of
lactide: glycolide molar ratios will find use herein, and the ratio is largely amatter of choice,
depending in part on any coadministered adsorbed and/or entrapped species and the rate of
degradation desired. For example, a50:50 PLG polymer, containing 50% D,L-lactide and
50% glycolide, will provide afaster resorbing copolymer, while 75:25 PLG degrades more
slowly, and 85:15 and 90:10, even more slowly, due to the increased lactide component.
Mixtures of particles with varying lactide: glycolide ratios may also find use herein in order to
achieve the desired release kinetics. Degradation rate of the particles of the present invention
can aso be controlled by such factors as polymer molecular weight and polymer crystallinity.

Where used, PLG copolymers are typically those having alactide/glycolide molar
ratio ranging, for example, from 20:80 to 25:75 to 40:60 to 45:55 to 50:50 to 55:45 to 60:40
to 75:25 to 80:20, and having amolecular weight ranging, for example, from 2,500 to 5,000
to 10,000 to 20,000 to 40,000 to 50,000 to 70,000 to 100,000 to 200,000 Daltons, among
other values. PLG copolymers with varying lactide: glycolide ratios, molecular weights and
end groups are readily available commercially from anumber of sources including from
Boehringer Ingelheim, Germany, Birmingham Polymers, Inc., Birmingham, AL, USA and
Lakeshore Biomaterials, Birmingham, AL, USA. Some exemplary PLG copolymers,
available from Boehringer Ingelheim, include: () RG 502, a PLG having predominantly
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alkyl ester end groups on one of the chain ends, a 50:50 lactide/glycolide molar ratio and a
molecular weight of 12,000 Da, (b) RG 503, a PLG having predominantly alkyl ester end
groups on one of the chain ends, a 50:50 lactide/glycolide molar ratio and amolecular weight
of 34,000 Da, (c) RG 504, aPLG having predominantly alkyl ester end groups on one of the
chain ends, a50:50 lactide/glycolide molar ratio and amolecular weight of 48,000 Da, (d)
RG 752, aPLG having predominantly alkyl ester end groups on one of the chain ends, a
75:25 lactide/glycolide molar ratio and amolecular weight of 22,000 Da, (€) RG 755, aPLG
having predominantly alkyl ester end groups on one of the chain ends, a 75:25
lactide/glycolide molar ratio and amolecular weight of 68,000 Da, (f) RG 502H, aPLG
having a 50:50 lactide/glycolide molar ratio, and having predominantly free carboxyl end
groups on one of the chain ends, and (g) RG 503H, aPLG having a 50:50 lactide/glycolide
molar ratio, and having predominantly free carboxyl end groups on one of the chain ends.

In addition to free carboxyl and alkyl ester end groups, PLG may aso be provided
with amine, hydroxyl, thiol, succinimidyl ester or maleimide groups, among others, on at
least one of the chain ends.

In certain embodiments charged polymeric particles may be formed using a charged
biodegradable polymer, examples of which include positively charged peptides and proteins,
including histone peptides and homopolymer and copolymers containing basic amino acids
such as lysine, arginine, ornithine and combinations thereof, gelatin, protamine and
protamine sulfate, spermine, spermidine, hexadimethrene bromide (polybrene), and
polycationic polysaccharides such as cationic starch and chitosan, among various others.

In preferred embodiments, however, polymeric particles are formed from a
substantially non-charged polymer (e.g., selected from those described above) in the presence
of a charged species or subsequently treated with a charged species. Examples of such
charged species include ionic small molecules, ionic peptides, ionic polymers and ionic
surfactants, among others.

Such species may be provided, for example, in an amount effective to promote
acceptable particle suspension (e.g., during particle formation and/or resuspension after
lyophilization).

Such species may also be provided, for example, in an amount effective to promote
adsorption of species to the surfaces of the particles (e.g., polynucleotides including vector
constructs that lead to expression of antigens, antigens, immunological adjuvants, etc.). For
example, in various embodiments of the invention, particles having anet positive charge may

be employed to enhance RNA replicon adsorption.
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The net charge of a given particle population may be measured using known
techniques including measurement of the particle zeta potential. In certain embodiments,
positively charged polymeric particle suspensions are produced which have a zeta potential
that is greater than + 20 mV. Such suspensions can be used to adsorb positively charged
species such as polynucleotides (e.g., vector constructs leading to the expression of antigens,
such as RNA replicons), antigens, immunological adjuvants, and so forth.

In certain embodiments, cationic surfactants are provided to impart charge to the
particles. Examples of cationic surfactants include, for example, the following, among
others. benzalkonium chloride, cetyl-trimethylammonium bromide (CTAB),
dimethyldioctadecylammonium bromide (DDA), 3-beta-[N-(N',N'-dimethylaminoethane)
carbamoyl] cholesterol (DC-Choi), 3-beta-[N-(N',N',N'-trimethylaminoethane)
carbamoyl] cholesterol (TC-Choal), 4-(2-aminoethyl)-morpholino-cholesterol hemisuccinate
(MoChal), histaminyl-cholesterol hemisuccinate (HisChal), (I,2-dioleoyloxypropyl)-N,N,N-
trimethylammonium salt (DOTAP), (I,2-dimyristoyloxypropyl)-N,N,N-trimethylammonium
sat (DMTAP), (1,2-dipamitoyloxypropyl)-N,N,N-trimethylammonium salt (DPTAP), (1,2-
dioleoyloxypropyl)-N,N-dimethylammonium salt (DODAP), (I,2-dioleyloxypropyl)-3-
dimethylhydroxyethyl ammonium bromide (DORIE), |,2-dioleoyl-sn-glycero-3-
ethylphosphocholine (DOEPC), |,2-dipal mitoyl-sn-glycero-3-ethylphosphocholine (DPEPC),
1,2-distearoyl-sn glycerol-3-ethylphosphocholine (DSEPC), |,2-dimyristoyl-sn-glycero-3-
ethylphophocholine (DMEPC), |,2-dilauroyl-sn-glycero-3-ethylphosphocholine (DLEPC),
cetyl-pyridinium chloride (CPyC), histaminyl-cholesterol carbamate (CHIM), (1,2-
dioleyloxypropyl)-N,N,N-trimethylammoniun chloride (DOTMA), N,N-dioctadecylamido-
glycyl-spermine (DOGS), 4-(2,3-bis-palmitoyloxy-propyl)-I-methyl-IH-imidazole (DPIM),
their structural variants and derivatives, and combinations thereof.

Any suitable cationic surfactant may beused. Suitable cationic surfactants include,
benzalkonium chloride (BAK), benzethonium chloride, cetramide (which contains
tetradecyltrimethylammonium bromide and possibly small amounts of
dedecyltrimethylammonium bromide and hexadecyltrimethyl ammonium bromide),
cetylpyridinium chloride (CPC), cetyl trimethylammonium chloride (CTAC), primary
amines, secondary amines, tertiary amines, including but not limited to N ,N',N -
polyoxyethylene (10)-N-tallow-I,3 -diaminopropane, other quaternary amine salts, including
but not limited to dodecyltrimethylammonium bromide, hexadecy!trimethyl-ammonium
bromide, mixed alkyl-trimethyl-ammonium bromide, benzyldimethyldodecylammonium

chloride, benzyldimethylhexadecyl-ammonium chloride, benzyltrimethylammonium
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methoxide, cetyldimethylethylammonium bromide, dimethyldioctadecyl ammonium bromide
(DDAB), methylbenzethonium chloride, decamethonium chloride, methyl mixed trialkyl
ammonium chloride, methyl trioctylammonium chloride), N,N-dimethyl-N-[2 (2-methyl-4-
(1,1,3,3tetramethylbutyl)-  phenoxy]-ethoxy)ethyl]-benzenemetha-naminium chloride
(DEBDA), diakyldimetylammonium salts, [I-(2,3-dioleyloxy)-propyl]-
N,N,N,trimethylammonium  chloride, |,2-diacyl-3-(trimethylammonio)  propane (acyl
group=dimyristoyl, dipalmitoyl, distearoyl, dioleoyl), |,2-diacyl-3

(dimethylammonio)propane (acyl group=dimyristoyl, dipalmitoyl, distearoyl, dioleoyl), 1,2-
dioleoyl-3-(4'-trimethyl- ammonio)butanoyl-sn-glycerol,  1,2-dioleoyl 3-succinyl-sn-glycerol
choline ester, cholesteryl (4'-trimethylammonio) butanoate), N-alkyl pyridinium salts (e.g.
cetylpyridinium bromide and cetylpyridinium chloride), N-alkylpiperidinium salts, dicationic
bolaform electrolytes (Ci,Mes; Ci B, ), diakylglycetylphosphorylcholine,  lysolecithin, L-a
dioleoylphosphatidylethanolamine,  cholesterol hemisuccinate choline ester, lipopolyamines,
including but not limited to dioctadecylamidoglycylspermine  (DOGS), dipamitoyl
phosphatidylethanol-amidospermine  (DPPES), lipopoly-L (or D)- lysine (LPLL, LPDL), poly
(L (or D)-lysine conjugated to N - glutarylphosphatidylethanolamine,  didodecyl glutamate
ester with pendant amino group (C"GIuPhCnN ), ditetradecyl glutamate ester with pendant
amino group (Cl ,GIuCnN *), cationic derivatives of cholesterol, including but not limited to
cholesteryl-3 [3- oxysuccinamidoethylenetrimethylammonium  salt, cholesteryl-3 [3-
oxysuccinamidoethylenedimethylamine,  cholesteryl-3 [3-
carboxyamidoethylenetrimethylammonium  salt, cholesteryl-3 [3-
carboxyamidoethylenedimethylamine,  and 3y-[N-(N')N-

dimethylaminoetanecarbomoyl] cholesterol) (DC-Cholesterol), 1,2-dioleoyloxy-3-
(trimethylammonio)propane (DOTAP), dimethyldioctadecylanmonium (DDA), 1,2-
Dimyristoyl-3-TrimethylAmmoniumPropane  (DMTAP), dipalmitoyl(Ci 4:0)trimethyl
ammonium propane (DPTAP), distearoyltrimethylammonium propane (DSTAP), and
combination thereof.

Other cationic surfactants include, e.g., the cationic lipids described in U.S. Patent
Publications 2008/0085870 (published April 10, 2008) and 2008/0057080 (published March
6, 2008).

In preferred embodiments, the cationic surfactant is selected from the group consisting
of |,2-dioleoyloxy-3-(trimethylammonio)propane (DOTAP), 3B-[N-(N'N"-
Dimethylaminoethane)-carbamoyl] Cholesterol (DC Cholesteral),
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dimethyldioctadecylammonium (DDA), 1,2-Dimyristoyl-3-Trimethyl AmmoniumPropane
(DMTAP), dipamitoyl(Ci 4.0)triniethyl ammonium propane (DPTAP),
distearoyltrimethylammonium propane (DSTAP), and combinations thereof.

In this regard, various salt forms of the preceding cationic surfactants may be
provided including halide and hydrohalide salts such as chloride, bromide, iodide,
hydrochloride, and so forth. Where aparticular salt islisted (e.g., chloride), it isto be
understood that other salts (e.g., bromide, iodide, etc.) may be employed aswell.

In certain embodiments, the cationic surfactant comprises an ammonium group and

one or more saturated or unsaturated hydrocarbon chains having between 12 to 20 carbon
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and DOTAP, & , among others.
Various methods may be employed to produce polymeric particles in accordance with
the invention.
For example, in some embodiments, polymeric particles can be formed using spray-
drying and coacervation as described in, e.g., Thomasin et a, J. Controlled Release (1996)
41:131; U.S. Patent No. 2,800,457; Masters, K. (1976) Soray Drying 2nd Ed. Wiley, New
Y ork; air-suspension coating technigques, such as pan coating and Wurster coating, as
described by Hall e al, (1980) The "Wurster Process’ in Controlled Release Technologies:
Methods, Theory, and Applications (A.F. Kydonieus, ed.), Vol. 2, pp. 133-154 CRC Press,
Boca Raton, Florida and Deasy, P.B., Crit. Rev. Ther. Drug Carrier Syst. (1988) S(2):99-139;
and ionic gelation as described by, e.g., Lim et al, Science (1980) 210:908-910.
In some embodiments, particles may be formed using an oil-in-water (o/w) or water-
in-oil-in-water (w/o/w) solvent evaporation process or using ananoprecipitation method.
The w/o/w solvent evaporation process is described, for example, in O'Hagan et al,
Vaccine (1993) 11:965-969, Jeffery et al, Pharm. Res. (1993) 10:362, and WO 00/06123.
In general, apolymer of interest, such as PLG, is dissolved in an organic solvent, such as
dimethylchloride (also called methylene chloride and dichloromethane), ethyl acetate,
acetonitrile, acetone, chloroform, and the like, to form an organic solution. The organic
solution isthen combined with afirst volume of agueous solution and emulsified to form a

water-in-oil emulsion. The agueous solution can be, for example, deionized water, normal
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saline, abuffered solution, for example, phosphate-buffered saline (PBS) or a sodium citrate/
ethylenediaminetetraacetic acid (sodium citrate/ETDA) buffer solution, among others.
Typically, the volume ratio of polymer solution to aqueous solution ranges from about 5:1to
about 20:1, more typicaly about 10:1. Emulsification is conducted using any equipment
appropriate for this task, and istypicaly ahigh-shear device such as, e.g., ahomogenizer. A
volume of the water-in-oil emulsion isthen combined with alarger second volume of an
agueous solution, which typically contains a surfactant, for instance, an uncharged surfactant
(e.g., PVA (polyvinyl alcohol), povidone (also known as polyvinylpyrrolidone or PVP),
sorbitan esters, polysorbates, polyoxyethylated glycol monoethers, polyoxyethylated alkyl
phenols, or poloxamers, among others) or a cationic surfactant (e.g., selected from those
listed above, among others). The volume ratio of agueous solution to the water-in-oil
emulsion typically ranges from about 2:1 to 10:1, more typically about 4:1. This mixture is
then homogenized to produce a stable w/o/w double emulsion. Organic solvents are then
evaporated to yield particles. Particles manufactured with cationic polymers and those
manufactured in the presence of cationic surfactants generally have a surface having anet
positive charge, which can adsorb awide variety of negatively charged molecules.

The oil-in-water (o/w) solvent evaporation process is similar to the w/o/w solvent
evaporation process described in the prior paragraph. In general, apolymer of interest, such
as PLG, isdissolved in an organic solvent, such as dimethylchloride (also called methylene
chloride and dichloromethane), ethyl acetate, acetonitrile, acetone, chloroform, 2,2,2-
trifluoroethanol, dimethyl sulfoxide and the like, to form an organic solution. In certain
embodiments of the invention, the polymer is added to the organic solvent in an amount
ranging from 2 to 20% w/v (e.g., ranging from 2 to 5to 10 to 15 to 20% w/v), more typically
from 5t015% w/v relative to the solvent. In certain embodiments of the invention, the
organic solution comprises a cationic surfactant, typically in an amount ranging from 0.2 to
20% w/w (e.g., ranging from 0.2to 0.5 to 1to 2to 5to 10 to 15 to 20%> w/w) relative to the
polymer, more typically 1% to 10% w/w relative to the polymer. The organic solution isthen
combined with avolume of aqueous solution and emulsified to form an o/w emulsion. The
agueous solution can be, for example, water for injection, deionized water, normal saline, a
buffered solution, for example, phosphate-buffered saline (PBS) or a sodium
citrate/ethylenediaminetetraacetic acid (sodium citrate/ETDA) buffer solution, among others.
The aqueous solution may contain a surfactant, for instance, an uncharged surfactant or a
cationic surfactant (as an aternative or in addition to any cationic surfactant included in the

organic phase). Typically, the volume ratio of the agueous solution to the polymer solution
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ranges from about 1:1to about 25:1, more typically about 4:1. Emulsification is conducted
using any equipment appropriate for this task, and istypically ahigh-shear device such as,
e.g., ahomogenizer. Organic solvents are then evaporated to yield particles. As above,
particles manufactured with cationic polymers and those manufactured in the presence of
cationic surfactants generally have a surface having anet positive charge, which can adsorb a
wide variety of negatively charged molecules.

The nanoprecipitation method, also referred to as the solvent displacement method, is
another example of a suitable method for forming particles for use in the invention. See,
e.g., European Patent No. 0274961B1 entitled "Process for the preparation of dispersible
colloidal systems of a substance in the form of nanocapsules,” Devissaguet et a, U.S. Patent
No. 5,049,322 by the samettitle, Fess et al, U.S. Patent No. 5,1 18,528, entitled "Process for
the preparation of dispersible colloidal systems of a substance in the form of microparticles,”
and Wendorf et a., WO 2008/051245, entitled "Nanoparticles for use in Immunogenic
compositions.” In this technique, for instance, apolymer may be dissolved in an organic
solvent (e.g., ahydrophilic organic solvent such as acetone, ethanol, etc.). In certain
embodiments of the invention, the polymer is added to the organic solvent in an amount
ranging form 0.1 to 5% wi/v (e.g., ranging from 0.1 to 0.2 to 0.5 to 1to 2 to 5% w/v) relative
to the solvent. In certain embodiments of the invention, the organic solution comprises a
cationic surfactant, typically in an amount ranging from 1% to 10% w/w (e.g., ranging from 1
to 2to 5to 10% w/w) relative to the polymer. The resulting organic solution may then be
combined with a further solvent, which ismiscible with the organic solvent while being a
non-solvent for the polymer, typically an aqueous solution. The agueous solution can be, for
example, deionized water, normal saline, abuffered solution, such as for example, phosphate-
buffered saline (PBS) or a sodium citrate/ ethylenediaminetetraacetic acid (sodium
citrate/EDTA) buffer solution. The organic solution and aqueous solution may then be
combined in suitable relative volumes, typically from 1:5 to 5:1 (e.g., from 1:5to 1:2.5to 1:1
to 2.5:1to 5:1), more typically about 1:1. For example, the organic solution may be poured,
injected dripped into the non-solvent while stirring or homogenizing or shaking, or vice
versa. By selecting a system in which the polymer is soluble in the organic solvent, while
being significantly less soluble in the miscible blend of the organic solvent with the non-
solvent, a suspension of particles may be formed virtually instantaneously. Subsequently, the

organic solvent can be eliminated from the suspension, for example, by evaporation.
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As above, particles manufactured with cationic polymers and those manufactured in
the presence of cationic surfactants generally have a surface having anet positive charge,
which can adsorb awide variety of negatively charged molecules.

Asprevioudly indicated, in certain embodiments, it is desirable to provide one or
more additional species (in addition to polymer), which may be associated with the interior
(e.g., entrapped) and/or surface (e.g. by adsorption, covalent attachment, co-lyophilization,
etc.) of the particles or may be non-associated with the particles. Such additional species can
include, for instance, agents to adjust tonicity or pH, cryoprotective agents, immunol ogical
adjuvants, antigens, RNA replicons, and so forth.

Such additional species may be provided during the particle formation process. In the
above described particle formation techniques (e.g., w/o/w solvent evaporation, o/w solvent
evaporation, nanoprecipitation, etc.), the organic and/or aqueous solutions employed can thus
further contain various additional species as desired. For example, these additional species
may be added (@) to an organic solution, if in oil-soluble or oil-dispersible form or (b) to an
aqueous solution, if in water-soluble or water-dispersible form.

In some embodiments, one or more additional species may be added subsequent to
particle formation (typically subsequent to organic solvent removal, aswell as subsequent to
washing steps or steps in which the particles are dialyzed against water, if any). These
additional species are frequently added to the particles as an aqueous solution or dispersion.
These species can, for instance, be in solution and/or accumulate at the particle-solution
interface, for example, being adsorbed at the particle surface.

Once a suitable composition is formed (e.g., using the above-described or other

techniques), it may be lyophilized for future use.

2.RNA REPLICONS

An immunogenic composition of the invention can include an RNA replicon
comprising at least one polynucleotide encoding at least one antigen. The RNA replicon is
capable of directing its own amplification or self-replication in vivo, typically within atarget
cell.

A replicon can, when delivered to avertebrate cell even without any proteins, lead to
the production of multiple daughter RNAs by transcription from itself (via an antisense copy
which it generates from itself). A self-replicating RNA molecule isthus typicaly a+-strand
molecule which can be directly translated after delivery to a cell, and this trandation provides

a RNA-dependent RNA polymerase which then produces both antisense and sense transcripts
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from the delivered RNA. Thus the delivered RNA leads to the production of multiple
daughter RNAs.

These daughter RNAS, aswell as collinear subgenomic transcripts, may betrandated
themselves to provide in situ expression of an encoded antigen, or may be transcribed to
provide further transcripts with the same sense as the delivered RNA which are trandated to
provide in situ expression of the antigen. The overall results of this sequence of transcriptions
are ahuge amplification in the number of the introduced replicon RNAs and so the encoded
antigen becomes amajor polypeptide product of the cells.

One suitable system for achieving self-replication in this manner isto use an
alphavirus-based replicon. Suitable alphaviruses are listed above. Alphavirus replicons are
+-stranded RNAs which lead to trandlation of areplicase (or replicase-transcriptase) after
delivery to acell. The replicase istranglated as apolyprotein which auto-cleaves to provide a
replication complex which creates genomic —strand copies of the +-strand delivered RNA.
These —strand transcripts can themselves betranscribed to give further copies of the
+-stranded parent RNA and also to give a subgenomic transcript which encodes the antigen.
Trangation of the subgenomic transcript thus leadsto in situ expression of the antigen by the
infected cell. Suitable alphavirus replicons can use areplicase from a Sindbis virus, a Semliki
forest virus, an eastern equine encephalitis virus, aVenezuelan equine encephalitis virus, etc.

A preferred replicon thus encodes (i) a RNA-dependent RNA polymerase which can
transcribe RNA from the replicon and (ii) an antigen. The polymerase can be an alphavirus
replicase e.g. comprising one or more of alphavirus proteins nsPl, nsP2, nsP3 and nsP4.
Whereas natural alphavirus genomes encode structural virion proteins in addition to the
non-structural replicase polyprotein, it ispreferred that the replicon does not encode
alphavirus structural proteins. Thus apreferred replicon can lead to the production of
genomic RNA copies of itself in acell, but not to the production of RNA-containing virions.
The inability to produce these virions means that, unlike awild-type aphavirus, the preferred
replicon cannot perpetuate itself in infectious form. The alphavirus structural proteins which
are necessary for perpetuation in wild-type viruses are absent from the preferred replicon and
their place istaken by gene(s) encoding the antigen of interest, such that the subgenomic
transcript encodes the antigen rather than the structural alphavirus virion proteins.

Thus areplicon useful with the invention may have two open reading frames. The
first (5 open reading frame encodes areplicase; the second (3") open reading frame encodes
an antigen. In some embodiments the RNA may have additional {e.g. downstream) open
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reading frames e.g. to encode further antigens (see below) or to encode accessory
polypeptides.

A preferred replicon has a5' cap (e.g. a 7-methylguanosine). This cap can enhance in
vivo trandation of the RNA. In some embodiments the 5' sequence of the replicon must be
selected to ensure compatibility with the encoded replicase.

A replicon may have a 3' poly-A tail. It may also include apoly-A polymerase
recognition sequence (eg. AAUAAA) near its 3' end.

Replicons can have various lengths but they are typically 5000-25000 nucleotides
long e.g. 8000-15000 nucleotides, or 9000-12000 nucleotides.

Replicons are typically single-stranded. Single-stranded RNAs can generally initiate
an adjuvant effect by binding to TLR7, TLR8, RNA helicases and/or PKR. RNA delivered in
double-stranded form (dsRNA) can bind to TLR3, and this receptor can also betriggered by
dsRNA which is formed either during replication of asingle-stranded RNA or within the
secondary structure of asingle-stranded RNA.

The replicon can conveniently be prepared by in vitro transcription (IVT). IVT can
use a (cDNA) template created and propagated in plasmid form in bacteria, or created
synthetically (for example by gene synthesis and/or polymerase chain-reaction (PCR)
engineering methods). For instance, a DNA-dependent RNA polymerase (such asthe
bacteriophage T7, T3 or SP6 RNA polymerases) can be used to transcribe the replicon from a
DNA template. Appropriate capping and poly-A addition reactions can be used as required
(although the replicon's poly-A isusually encoded within the DNA template). These RNA
polymerases can have stringent requirements for the transcribed 5' nucleotide(s) and in some
embodiments these requirements must be matched with the requirements of the encoded
replicase, to ensure that the IV T-transcribed RNA can function efficiently as a substrate for
its self-encoded replicase.

Asdiscussed in USSN 61/223,347 (and an international patent application filed 6th
July 2010 claiming priority therefrom), the replicon can include (in addition to any 5' cap
structure) one or more nucleotides having amodified nucleobase. Thus the replicon can
comprise m5C (5-methylcytiding), m5U (5-methyluridine), m6A (N6-methyladenosine), s2U
(2-thiouridine), Um (2'-0-methyluridine), mlA (1-methyl adenosine); m2A (2-
methyladenosine); Am (2'-0-methyladenosine); ms2m6A (2-methylthio-N6-
methyladenosine); i6A (N6-isopentenyladenosine); ms2i6A (2-methylthio-
N6isopentenyladenosine); i06A (N6-(cis-hydroxyisopentenyl)adenosine); ms2io6A (2-
methylthio-N6-(cis-hydroxyisopentenyl) adenosine); g6A (N6-glycinylcarbamoyladenosine);
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t6A (N6-threonyl carbamoyladenosine); ms2t6A (2-methylthio-N6-threonyl
carbamoyladenosine); m6t6A (N6-methyl-N6-threonylcarbamoyladenosine); hn6A(N6.-
hydroxynorvalylcarbamoyl adenosine); ms2hn6A (2-methylthio-N6-hydroxynorvalyl
carbamoyladenosine); Ar(p) (2'-0-ribosyladenosine (phosphate)); | (inosine); mi | (1-
methylinosine); m'lm (1,2'-0-dimethylinosine); m3C (3-methylcytidine); Cm (2T-0-
methylcytidine); s2C (2-thiocytidine); acAC (N4-acetylcytidine); f5C (5-fonnylcytidine);
m5Cm (5,2-O-dimethylcytidine); ac4Cm (N4acetyl 2T Omethylcytidine); k2C (lysidine);
mIG (1-methylguanosine); m2G (N2-methylguanosine); m7G (7-methylguanosine); Gm (2'-
O-methylguanosine); m22G (N2,N2-dimethylguanosine); m2Gm (N2,2'-0-
dimethylguanosine); m22Gm (N2,N2,2'-0-trimethylguanosine); Gr(p) (2'-0-
ribosylguanosine (phosphate)) ; yW (wybutosine); 02yW (peroxywybutosine); OHyW
(hydroxywybutosine); OHyW* (undermodified hydroxywybutosine); imG (wyosine); mimG
(methylguanosine); Q (queuosine); 0Q (epoxyqueuosine); galQ (galtactosyl-queuosine);
manQ (mannosyl-queuosine); preQo (7-cyano-7-deazaguanosine); preQi (7-aminomethyl-7-
deazaguanosine); G (archaeosine); D (dihydrouridine); m5Um (5,2'-0-dimethyluridine); s4U
(4-thiouridine); m5s2U (5-methyl-2-thiouridine); s2Um (2-thio-2'-0-methyluridine); acp3U
(3-(3-amino-3-carboxypropyl)uridine); ho5U (5-hydroxyuridineg); mo5U (5-methoxyuridine);
cmobU (uridine 5-oxyacetic acid); mcmo5U (uridine 5-oxyacetic acid methyl ester); chm5U
(5-(carboxyhydroxymethyl)uridine)); mchm5U (5-(carboxyhydroxymethyl)uridine methyl
ester); mem5U (5-methoxycarbonyl methyluriding); mem5Um (S-methoxycarbonylmethyl-2-
O-methyluricjine); mcm5s2U (5-methoxycarbonylmethyl-2-thiouridineg); nm5s2U (5-
aminomethyl-2-thiouriding); mnm5U (5-methylaminomethyluridine); mnm5s2U (5-
methylaminomethyl-2-thiouridine); mnm5se2U (5-methylaminomethyl-2-selenouridine);
ncmb5U (5-carbamoylmethyl uriding); ncm5Um (5-carbamoylmethyl-2'-0-methyluridine);
cmnmbU (5-carboxymethylaminomethyluriding); cnmm5Um (5-
carboxymethylaminomethyl-2-L-Omethyl uridine); cmnm5s2U (5-
carboxymethylaminomethyl-2-thiouridine); m62A (N6,N6-dimethyladenosine); Tm (2'-0-
methylinosine); m4C (N4-methylcytidine); m4Cm (N4,2-0-dimethylcytidine); hm5C (5-
hydroxymethylcytidine); m3U (3-methyluridine); cm5U (5-carboxymethyluriding); m6Am
(N6, T-0-dimethyladenosine); rn62Am (N6,N6,0-2-trimethyladenosing); m2'7G (N2,7-
dimethylguanosine); m2'2'7G (N2,N2,7-trimethylguanosine); m3Um (3,2T-0-
dimethyluridine); m5D (5-methyldihydrouridine); f5Cm (5-formyl-2'-0-methylcytidine);
miGm (I,2'-O-dimethylguanosine); m'Am (1,2-0-dimethyl adenosine) irinomethyluridine);
tm5s2U (S-taurinomethyl-2-thiouridine)); imG-14 (4-demethyl guanosine); imG2
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(isoguanosine); or ac6A (N6-acetyladenosine), hypoxanthine, inosine, 8-oxo-adenine, 7-
substituted derivatives thereof, dihydrouracil, pseudouracil, 2-thiouracil, 4-thiouracil, 5-
aminouracil, 5-(Cl-C6)-akyluracil, 5-methyluracil, 5-(C2-C6)-akenyluracil, 5-(C2-C6)-
alkynyluracil, 5-(hydroxymethyl)uracil, 5-chlorouracil, 5-fluorouracil, 5-bromouracil, 5-
hydroxycytosine, 5-(CI-C6 )-alkylcytosine, 5-methylcytosine, 5-(C2-C6)-akenylcytosine, 5-
(C2-C6)-alkynylcytosine, 5-chlorocytosine, 5-fluorocytosine, 5-bromocytosine, N2-
dimethylguanine, 7-deazaguanine, 8-azaguanine, 7-deaza-7-substituted guanine, 7-deaza-7-
(C2-Co)akynylguanine, 7-deaza-8-substituted guanine, 8-hydroxyguanine, 6-thioguanine, 8-
oxoguanine, 2-aminopurine, 2-amino-6-chloropurine, 2,4-diaminopurine, 2,6-diaminopurine,
8-azapurine, substituted 7-deazapurine, 7-deaza-7-substituted purine, 7-deaza-8-substituted
purine, or an abasic nucleotide. For instance, areplicon can include one or more modified
pyrimidine nucleobases, such as pseudouridine and/or 5-methylcytosine residues. In some
embodiments, however, the replicon includes no modified nucleobases, and may include no
modified nucleotides i.e. all of the nucleotides in the RNA are standard A, C, G and U
ribonucleotides (except for any 5' cap structure, which may include a 7'-methylguanosine). In
other embodiments, the replicon may include a5' cap comprising a 7'-methylguanosine, and
the first 1, 2 or 3 5' ribonucleotides may be methylated at the 2' position of the ribose.

In certain embodiments, the amount of RNA replicon in the particle compositions of
the present invention may range from 0.01% to 1% (e.g., ranging from 0.01% to 0.025% to
0.05% to 1%) relative to the weight of biodegradable polymer within the composition, among
other values. The precise amount will generally depend upon the N:P ratio that is selected
and upon loading of cationic surfactant in the particles.

In certain embodiments, the amount of RNA replicon in the particle compositions of
the present invention is dictated by the amount of cationic surfactant in the composition.
This may be expressed asthe "N:P ratio” which is defined herein asthe ratio of the number
of moles of cationic nitrogen in the cationic surfactant to the number of moles of anionic
phosphate in the RNA replicon.

For example, the N:P ratio employed in the compositions of the invention may range
from 100:1 to 1:100, among others values, instance, ranging from 100:1 to 80:1 to 60:1 to
50:1 to 40:1 to 30:1 to 25:1 to 20:1 to 15:1 to 12.5:1 to 10:1 to 8:1 to 6:1 to 5:1 to 4:1 to 3:1
to251to2:1to 1.51to 1.25:1 to 1:1to 1:1.25t0 1:2to 1:25to 1:3to 1:4to 1:5t0 1.6 to
1:8to 1:10 to 1:12.5to 1:15to 1:20 to 1:25 to 1:30 to 1:40 to 1:50 to 1:60 to 1:80 to 1:100.

3.ANTIGENS
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Particle compositions in accordance with the invention include self-replicating RNA
molecules encoding an antigen. After administration of the particles the antigen istranslated
in vivo and can elicit an immune response in the recipient. The antigen may €elicit an immune
response against abacterium, avirus, afungus or aparasite (or, in some embodiments,
against an alergen, and in other embodiments against atumor antigen). The immune
response may comprise an antibody response (usually including 1gG) and/or a cell-mediated
immune response. The antigen will typically elicit an immune response which recognizes the
corresponding bacterial, viral, fungal or parasite (or allergan or tumor) polypeptide, but in
some embodiments the antigen may act as amimotope to elicit an immune response which
recognises abacterial, viral, fungal or parasite saccharide. The antigen will typically be a
surface polypeptide e.g. an adhesin, ahemagglutinin, an envelope glycoprotein, a spike
glycoprotein, etc.

Self-replicating RNA molecules can encode a single antigen or multiple antigens.
Multiple antigens can be presented as a single polypeptide antigen (fusion polypeptide) or as
separate polypeptides. If antigens are expressed as separate polypeptides then one or more of
these may be provided with an upstream IRES or an additional viral promoter element.
Alternatively, multiple antigens may be expressed from apolyprotein that encodes individual
antigens fused to a short autocatalytic protease {e.g. foot-and-mouth disease virus 2A
protein), or asinteins.

Antigens produced by self-replicating RNA molecules in the compositions of the
invention include, but are not limited to, one or more of the antigens set forth below, and
antigens derived from one or more of the pathogens and tumors set forth below.

In certain embodiments, in addition to self-replicating RNA molecules that express
antigens, the compositions of the invention may further comprise antigens per se (e.g.,
protein antigens, polysaccharide antigens, protein-polysaccharide conjugate antigens, etc.),
for example, one or more of the antigens set forth below, and antigens derived from one or
more of the pathogens and tumors set forth below. Where antigens per se are included,
typical wt/wt ratios of antigen to polymer(s) in the compositions of the present invention
range from 0.0005:1 to 10:1 by weight, among other possibilities, for example, ranging from
0.0005:1 to 0.10:1 (e.g., ranging from 0.0005:1 to 0.001:1 to 0.0025:1 to 0.005:1 to 0.01:1 to
0.025:1 to 0.05:1 to 0.10:1), more typically ranging from 0.001:1 to 0.05:1.
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Viral Antigens

Viral antigens suitable for use herein include, but are not limited to, proteins and
peptides from avirus. In some embodiments the antigen elicits an immune response against
one of these viruses:

Orthomyxovirus: Vira antigens include, but are not limited to, those from an
influenza A, B or Cvirus, such asthe hemagglutinin, neuraminidase or matrix M2 proteins.
Where the immunogen is an influenza A virus hemagglutinin it may be from any subtype e.g.
HI, H2, H3, H4, H5, H6, H7, H8, H9, H10, HI 1, H12, H13, H14, H15 or H16.

Paramyxoviridae viruses: Viral antigens include, but are not limited to, those derived
from Paramyxoviridae viruses, such asthose derived from Pneumoviruses (e.g. respiratory
syncytial virus, RSV), Rubulaviruses (e.g. mumps virus), Paramyxoviruses (e.g.
parainfluenza virus), Metapneumoviruses and Morbilliviruses (e.g. measles).

Pneumovirus: Viral antigens include, but are not limited to, those derived from a
Pneumovirus, such as Respiratory syncytial virus (RSV), Bovine respiratory syncytial virus,
Pneumonia virus of mice, and Turkey rhinotracheitis virus. In certain embodiments,
pneumovirus antigens are selected from one or more of the following proteins, including
surface proteins Fusion (F), Glycoprotein (G) and Small Hydrophobic protein (SH), matrix
proteins M and M2, nucleocapsid proteins N, P and L and nonstructural proteins NS1 and
NS2. In other embodiments, pneumovirus antigensinclude F, G and M. In certain
embodiments, pneumovirus antigens are also derived from chimeric viruses, such as, by way
of example only, chimeric RSV/PIV viruses comprising components of both RSV and PIV.

Paramyxovirus: Vira antigensinclude, but are not limited to, those derived from a
Paramyxovirus, such as Parainfluenza virus types 1- 4 (PIV), Mumps, Sendai viruses,
Simian virus 5, Bovine parainfluenza virus, Nipahvirus, Henipavirus and Newcastle disease
virus. In certain embodiments, the Paramyxovirus is PIV or Mumps. In certain
embodiments, paramyxovirus antigens are selected from one or more of the following
proteins. Hemagglutinin -Neuraminidase (HN), Fusion proteins FI and F2, Nucleoprotein
(NP), Phosphoprotein (P), Large protein (L), and Matrix protein (M). In other embodiments,
paramyxovirus proteins include HN, FI and F2. In certain embodiments, paramyxovirus
antigens are derived from chimeric viruses, such as, by way of example only, chimeric
RSV/PIV viruses comprising components of both RSV and PIV. In other embodiments, the
Paramyxovirus isNipahvirus or Henipavirus and the anitgens are selected from one or more
of the following proteins: Fusion (F) protein, Glycoprotein (G) protein, Matrix (M) protein,

Nucleocapsid (N) protein, Large (L) protein and Phosphoprotein (P).
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Poxviridae: Vira antigens include, but are not limited to, those derived from
Orthopoxvirus such as Variolavera, including but not limited to, Variolamajor and Variola
minor.

Metapneumovirus: Viral antigens include, but are not limited to, Metapneumovirus,
such as human metapneumovirus (hMPV) and avian metapneumo viruses (aMPV). In certain
embodiments, metapneumovirus antigens are selected from one or more of the following
proteins, including surface proteins Fusion (F), Glycoprotein (G) and Small Hydrophobic
protein (SH), matrix proteins M and M2, nucleocapsid proteins N, Pand L. In other
embodiments, metapneumovirus antigens include F, G and M. In certain embodiments,
metapneumovirus antigens are derived from chimeric viruses.

Morbillivirus: Vira antigens include, but are not limited to, those derived from a
Morbillivirus, such as Measles. In certain embodiments, morbillivirus antigens are selected
from one or more of the following proteins. hemagglutinin (H), Glycoprotein (G), Fusion
factor (F), Large protein (L), Nucleoprotein (NP), Polymerase phosphoprotein (P), and
Matrix (M).

Picornavirus: Viral antigens include, but are not limited to, those derived from
Picornaviruses, such as Enteroviruses, Rhinoviruses, Heparnavirus, Parechovirus,
Cardioviruses and Aphthoviruses. In certain embodiments, the antigens are derived from
Enteroviruses, while in other embodiments the enterovirus is Poliovirus. In still other
embodiments, the antigens are derived from Rhinoviruses.

Enterovirus: Vira antigens include, but are not limited to, those derived from an
Enterovirus, such as Poliovirus types 1, 2 or 3, Coxsackie A virus types 1to 22 and 24,
Coxsackie B virus types 1to 6, Echovirus (ECHO) virus) types 1to 9, 11to 27 and 29to 34
and Enterovirus 68to 71. In certain embodiments, the enterovirus antigens are selected from
one or more of the following Capsid proteins VPO, VP1, VP2, VP3 and VP4. In another
embodiment, the enterovirus isan EV71 enterovirus. In another embodiment, the enterovirus
is acoxsackie A or B virus.

Bunyavirus. Viral antigens include, but are not limited to, those derived from an
Orthobunyavirus, such as California encephalitis virus, aPhlebovirus, such as Rift Valley
Fever virus, or aNairovirus, such as Crimean-Congo hemorrhagicfever virus.

Rhinovirus: Vira antigens include, but are not limted to, those derived from
rhinovirus. In certain embodiments, the rhinovirus antigens are selected from one or more of
the following Capsid proteins. VPO, VP1, VP2, VP2 and VP4.
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Heparnavirus: Viral antigens include, but are not limited to, those derived from a
Heparnavirus, such as, by way of example only, Hepatitis A virus (HAV).

Filovirus: Viral immunogens include, but are not limited to, those derived from a
filovirus, such as an Ebolavirus (including a Zaire, Ivory Coast, Reston or Sudan
ebolavirus) or aMarburg virus.

Togavirus: Viral antigens include, but are not limited to, those derived from a
Togavirus, such as aRubivirus, an Alphavirus, or an Arterivirus. In certain embodiments, the
antigens are derived from Rubivirus, such asby way of example only, Rubellavirus. In
certain embodiments, the togavirus antigens are selected from El, E2, E3, C, NSP-1, NSPO-
2,NSP-3 or NSP-4. In certain embodiments, the togavirus antigens are selected.

Flavivirus: Viral antigens include, but are not limited to, those derived from a
Flavivirus, such as Tick-borne encephalitis (TBE) virus, Dengue (types 1, 2, 3 or 4) virus,
Yellow Fever virus, Japanese encephalitis virus, Kyasanur Forest Virus, West Nile
encephalitis virus, St. Louis encephalitis virus, Russian spring-summer encephalitis virus,
Powassan encephalitis virus. In certain embodiments, the flavivirus antigens are selected
fromPrM, M, C, E,NS-1, NS-2a, NS2b, NS3, NSa, NS4b, and NS5. In certain
embodiments, the flavivirus antigens are selected from PrM, M and E.

Pestivirus: Viral antigens include, but are not limited to, those derived from a
Pestivirus, such as Bovine vira diarrhea (BVDV), Classical swine fever (CSFV) or Border
disease (BDV).

Hepadnavirus. Vira antigensinclude, but are not limited to, those derived from a
Hepadnavirus, such as Hepatitis B virus. In certain embodiments, the hepadnavirus antigens
are selected from surface antigens (L, M and S), core antigens (HBc, HBe).

Hepatitis C virus: Viral antigens include, but are not limited to, those derived from a
Hepatitis C virus (HCV). In certain embodiments, the HCV antigens are selected from one or
more of El, E2, EI/E2, NS345 polyprotein, N S 345-core polyprotein, core, and/or peptides
from the nonstructural regions. In certain embodiments, the Hepatitis C virus antigens
include one or more of the following: HCV El and or E2 proteins, E1/E2 heterodimer
complexes, core proteins and non-structural proteins, or fragments of these antigens, wherein
the non-structural proteins can optionally be modified to remove enzymatic activity but retain
immunogenicit.y Rhabdovirus: Viral antigens include, but are not limited to, those
derived from a Rhabdovirus, such as aLyssavirus (Rabies virus) and Vesiculovirus (VSV).
Rhabdovirus antigens may be selected from glycoprotein (G), nucleoprotein (N), large
protein (L), nonstructural proteins (NS).
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Caliciviridae; Viral antigens include, but are not limited to, those derived from
Calciviridae, such asNorwalk virus, and Norwalk-like Viruses, such asHawaii Virus and
Snow Mountain Virus.

Coronavirus: Vira antigens include, but are not limited to, those derived from a
Coronavirus, SARS, Human respiratory coronavirus, Avian infectious bronchitis (IBV),
Mouse hepatitis virus (MHV), and Porcine transmissible gastroenteritis virus (TGEV). In
certain embodiments, the coronavirus antigens are selected from spike (S), envelope (E),
matrix (M), nucleocapsid (N), and Hemagglutinin-esterase  glycoprotein (HE). In certain
embodiments, the coronavirus antigen isderived from a SARS virus. In certain
embodiments, the coronavirus is derived from a SARS viral antigen as described in WO
04/92360.

Retrovirus. Vira antigens include, but are not limited to, those derived from a
Retrovirus, such asan Oncovirus, alentivirus or a Spumavirus. In certain embodiments, the
oncovirus antigens are derived from HTLV -1, HTLV -2 or HTLV -5. In certain embodiments,
the lentivirus antigens are derived from HIV -1or HIV -2. In certain embodiments, the
antigens are derived from HIV -1 subtypes (or clades), including, but not limited to, HIV -1
subtypes (or clades) A,B,C,D,F,G,H,J.K, O. In other embodiments, the antigens are
derived from HIV -1circulating recombinant forms (CRFs), including, but not limited to,
A/B, AIE, AIG, A/G/I, etc. In certain embodiments, the retrovirus antigens are selected from
gag, pol, env, tax, tat, rex, rev, nef, vif, vpu, and vpr. In certain embodiments, the HIV
antigens are selected from gag (p24gag and p55gag), env (gpl60 and gp4l), pol, tat, nef, rev
vpu, miniproteins, (preferably p55 gag and gpl40v delete). In certain embodiments, the HIV
antigens are derived from one or more of the following strains: HIVmb, HIVS .,, HIV | AV,
HIVLAI, HIVMN, HIV -1CM235, HIV - 1,g,, HIV -IsF162, HIV-I TvI, HIV -Imp,. In certain
embodiments, the antigens are derived from endogenous human retroviruses, including, but
not limited to, HERV-K ("old" HERV-K and "new" HERV-K).

Reovirus. Vira antigens include, but are not limited to, those derived from a
Reovirus, such as an Orthoreovirus, a Rotavirus, an Orbivirus, or a Coltivirus. In certain
embodiments, the reovirus antigens are selected from structural proteins AT, A2, A3, Ui, Y2,
ai, 02, 0r 03, or nonstructural  proteins aNS, NS, or as. In certain embodiments, the
reovirus antigens are derived from a Rotavirus. In certain embodiments, the rotavirus
antigens are selected from VP1, VP2, VP3, VP4 (or the cleaved product VP5 and VP8), NSP
1, VP6, NSP3, NSP2, VP7, NSP4, or NSP5. In certain embodiments, the rotavirus antigens
include VP4 (or the cleaved product VP5 and VP8), and VP7.
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Parvovirus: Viral antigens include, but are not limited to, those derived from a
Bocavirus and Parvovirus, such as Parvovirus B19. In certain embodiments, the Parvovirus
antigens are selected from VP-1, VP-2, VP-3, NS-1 and NS-2. In certain embodiments, the
Parvovirus antigen is capsid protein VP1 or VP-2.

Delta hepatitis virus (HDV): Viral antigens include, but are not limited to, those
derived from HDV, particularly &-antigen from HDV.

Hepatitis E virus (HEV): Vira antigens include, but are not limited to, those derived
from HEV.

Hepatitis Gvirus (HGV): Vira antigens include, but are not limited to, those derived
from HGV.

Human Herpesvirus: Viral antigens include, but are not limited to, those derived
from a Human Herpesvirus, such as, by way of example only, Herpes Simplex Viruses
(HSV), Varicdla-zoster virus (VZV), Epstein-Barr virus (EBV), Cytomegalovirus (CMV),
Human Herpesvirus 6 (HHV6), Human Herpesvirus 7 (HHV7), and Human Herpesvirus 8
(HHV8). In certain embodiments, the Human Herpesvirus antigens are selected from
immediate early proteins (a), early proteins (), and late proteins (y). In certain
embodiments, the HSV antigens are derived from HSV-1 or HSV-2 strains. In certain
embodiments, the HSV antigens are selected from glycoproteins gB, gC, gD and gH, fusion
protein (gB), or immune escape proteins (gC, gk, or gl). In certain embodiments, the VZV
antigens are selected from core, nucleocapsid, tegument, or envelope proteins. In certain
embodiments, the EBV antigens are selected from early antigen (EA) proteins, vira capsid
antigen (VCA), and glycoproteins of the membrane antigen (MA). In certain embodiments,
the CMV antigens are selected from capsid proteins, envelope glycoproteins (such as gB and
gH), and tegument proteins. In other embodiments, CMV antigens may be selected from one
or more of the following proteins: pp65, IE1, gB, gD, gH, gL, gM, gN, gO, UL128, UL129,
gUL 130, UL150, UL131, UL33, UL78, US27, US28, RL5A, RL6, RL10, RL11, RL12,
RL13, UL1, UL2, UL4, UL5, UL6, UL7, UL8, UL9, UL10, UL11, UL14, UL15A, UL16,
UL17, UL18, UL22A, UL38, UL40, UL41A, UL42, UL1 16, UL1 19, UL120, UL121,
UL124, UL132, UL147A, UL148, UL142, UL144, UL141, UL140, UL 135, UL136, UL 138,
UL139, UL133, UL135, UL148A, UL148B, UL148C, UL148D, US2, US3, US6, US7, USS,
US9, USI0, US1 1, US12, US13, US14, US15, US16, US17, US18, US19, US20, US21,
US29, US30 and US34A. CMYV antigens may also be fusions of one or more CMV proteins,
such as, by way of example only, pp65/IEl (Reap et al., Vaccine (2007) 25:7441-7449).
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Papovaviruses: Antigens include, but are not limited to, those derived from
Papovaviruses, such as Papillomaviruses and Polyomaviruses. In certain embodiments, the
Papillomaviruses include HPV serotypes 1, 2, 4, 5, 6, 8, 11, 13, 16, 18, 31, 33, 35, 39, 41, 42,
47, 51, 57, 58, 63 and 65. In certain embodiments, the HPV antigens are derived from
serotypes 6, 11, 16 or 18. In certain embodiments, the HPV antigens are selected from capsid
proteins (LI) and (L2), or El - E7, or fusions thereof. In certain embodiments, the
Polyomyavirus viruses include BK virus and JK virus. In certain embodiments, the
Polyomavirus antigens are selected from VP, VP2 or VP3.

Adenovirus. Antigens include those derived from Adenovirus. In certain
embodiments, the Adenovirus antigens are derived from Adenovirus serotype 36 (Ad-36). In
certain embodiments, the antigen is derived from a protein or peptide sequence encoding an
Ad-36 coat protein or fragment thereof (WO 2007/120362).

Arenavirus. Vira antigensinclude, but are not limited to, those derived from
Arenaviruses.

Fish Viruses: In some embodiments, the antigen elicits an immune response against a
virus which infects fish, such as: infectious salmon anemiavirus (ISAV), salmon pancreatic
disease virus (SPDV), infectious pancreatic necrosis virus (IPNV), channel catfish virus
(CCV), fish lymphocystis disease virus (FLDV), infectious hematopoietic necrosis virus
(IHNV), koi herpesvirus, salmon picorna-like virus (also known as picorna-like virus of
atlantic salmon), landlocked salmon virus (LSV), atlantic salmon rotavirus (ASR), trout
strawberry disease virus (TSD), coho salmon tumor virus (CSTV), or viral hemorrhagic

septicemiavirus (VHSV).

Bacterial Antigens

Bacterial antigens suitable for the present invention include, but are not limited to,
proteins and peptides from abacteria. Bacteria antigens include antigens derived from one
or more of the bacteria set forth below aswell as the specific antigens examples identified
below. In some embodiments, the antigen elicits an immune response against one of these
bacteria:

Neisseria meningitidis: Antigens include, but are not limited to, membrane proteins
such as adhesins, autotransporters, toxins, iron acquisition proteins, and factor H binding
protein. A combination of three useful polypeptides is disclosed in Giuliani et al. (2006)
Proc. Natl. Acad. Sci. USA 103(29):10834-10839.

39



WO 2012/006359 PCT/US2011/043086

Sreptococcuspneumoniae; Sreptococcuspneumoniae antigens include, but are not
limited to, antigens disclosed in WO2009/0165 15. These include, but are not limited to, the
RrgB pilus subunit, the beta-N-acetyl-hexosaminidase precursor (spr0057), sprO096, General
stress protein GSP-781 (spr2021, SP2216), serine/threonine kinase StkP (SP1732), and
pneumococcal surface adhesin PsaA.

Streptococcuspyogenes (Group A Streptococcus): Group A Streptococcus antigens
include, but are not limited to, a protein identified in WO 02/34771 or WO 2005/032582
(including GAS 40), fusions of fragments of GAS M proteins (including those described in
WO 02/094851, and Dale (1999) Vaccine 17:193-200, and Dale (1996) Vaccine 14(10): 944-
948), fibronectin binding protein (Sfbl), Streptococcal heme-associated protein (Shp), and
Streptolysin S (SagA).

Moraxella catarrhalis: Moraxella antigens include, but are not limited to, antigens
identified in WO 02/18595 and WO 99/58562, outer membrane protein antigens (HMW-
OMP), C-antigen, and/or LPS.

Bordetella pertussis. Pertussis antigens include, but are not limited to, pertussis
holotoxin (PT) and filamentous haemagglutinin (FHA) from B. pertussis, optionally also
combination with pertactin and/or agglutinogens 2 and 3.

Burkholderia: Burkholderia antigens include, but are not limited to Burkholderia
mallei, Burkholderia pseudomallei and Burkholderia cepacia.

Saphylococcus aureus: Antigens include, but are not limited to antigens derived from
surface proteins, invasins (leukocidin, kinases, hyaluronidase), surface factors that inhibit
phagocytic engulfment (capsule, Protein A), carotenoids, catalase production, Protein A,
coagulase, clotting factor, and/or membrane-damaging toxins (optionally detoxified) that lyse
eukaryotic cell membranes (hemolysins, leukotoxin, leukocidin). In certain embodiments,
useful antigens may be selected from a protein identified in WO 02/094868, WO
2008/019162, WO 02/059148, WO 02/102829, WO 03/01 1899, WO 2005/079315, WO
02/077183, WO 99/27109, WO 01/70955, WO 00/12689, WO 00/12131, WO 2006/032475,
WO 2006/032472, WO 2006/032500, WO 2007/1 13222, WO 2007/1 13223, WO
2007/1 13224, PCT/IB20 10/000998. In other embodiments, antigens may be selected from
IsdA, IsdB, IsdC, SdrC, SdrD, SdrE, CIfA, CIfB, SasF, SasD, SasH (AdsA), Spa, EsaC,
EsxA, EsxB, Emp, HlaH35L, hemolysin, ferrichrome-binding protein (stal06) and/or the
staOl | lipoprotein.

Saphylococcus epidermis: S. epidermidis antigens include, but are not limited to,
slime-associated antigen (SAA).
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Clostridium tetani (Tetanus): Tetanus antigens include, but are not limited to, tetanus
toxoid (TT).

Clostridiumperfringens. Antigens include, but are not limited to, Epsilon toxin from
Clostridium perfringen.

Clostridium botulinums (Botulism): Botulism antigens include, but are not limited to,
those derived from C. botulinum.

Cornynebacterium diphtheriae (Diphtheria): Diphtheria antigens include, but are not
limited to, diphtheria toxin, preferably detoxified, such as CRMio.,.

Haemophilus influenzae B (Hib): Hib antigens include, but are not limited to, antigens
derived from Haemophilus influenzae B.

Pseudomonas aeruginosa: Pseudomonas antigens include, but are not limited to,
those derived from Pseudomonas aeruginosa, such as endotoxin A and Wzz protein.

Coxiella burnetii. Bacterial antigens derived from Coxiella burnetii.

Brucella. Bacteria antigens derived from Brucella, including but not limited to, B.
abortus, B. canis, B. melitensis, B. neotomae, B. ovis, B. suis and B. pinnipediae.

Francisella. Bacteria antigens derived from Francisella, including but not limited to,
F.novicida, F.philomiragia and F. tularensis.

Streptococcus agalactiae (Group B Streptococcus): Group B Streptococcus antigens
include, but are not limited to, aprotein antigen identified in WO 02/34771, WO 03/093306,
WO 04/041 157, or WO 2005/002619 (including proteins GBS 80, GBS 104, GBS 276 and
GBS 322).

Neiserria gonorrhoeae: Gonorrhoeae antigens include, but are not limited to, Por (or
porin) protein, such as PorB (see Zhu et al., Vaccine (2004) 22:660-669), atransferring
binding protein, such as TbpA and TbpB (See Price et al., Infect. Immun. (2004) 71(1):277-
283), aopacity protein (such as Opa), areduction-modifiable protein (Rmp).

Chlamydia trachomatis: Chlamydia trachomatis antigens include, but are not limited
to, antigens derived from serotypes A, B, Baand C (agents of trachoma, a cause of
blindness), serotypes L, L,& L (associated with Lymphogranuloma venereum), and
serotypes, D-K. In certain embodiments, chlamydia trachomas antigens include, but are not
limited to, an antigen identified in WO 00/37494, WO 03/049762, WO 03/06881 1, or WO
05/002619, including PepA (CT045), LcrE (CT089), Artd (CT381), DnaK (CT396), CT398,
OmpH-like (CT242), L7/L12 (CT316), OmcA (CT444), AtosS (CT467), CT547, Eno
(CT587), HrtA (CT823), and MurG (CT761).
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Treponemapallidum (Syphilis): Syphilis antigens include, but are not limited to,
TmpA antigen.

Haemophilus ducreyi (causing chancroid): Ducreyi antigens include, but are not
limited to, outer membrane protein (DsrA).

Enterococcusfaecalis or Enterococcusfaecium: Antigens include, but are not limited
to, atrisaccharide repeat or other Enterococcus derived antigens.

Helicobacter pylori: H pylori antigens include, but are not limited to, Cag, Vac, Nap,
HopX, HopY and/or urease antigen.

Saphylococcus saprophyticus. Antigens include, but are not limited to, the 160 kDa
hemagglutinin of S. saprophyticus antigen.

Yersinia enterocolitica Antigens include, but are not limited to, LPS.

E. coli: Antigens include, but are not limited to, antigens derived from
enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAggEC), diffusely adhering E.
coli (DAEC), enteropathogenic E. coli (EPEC), extraintestinal pathogenic E. coli (EXPEC)
and/or enterohemorrhagic E. coli (EHEC). EXPEC strains include uropathogenic E.coli
(UPEC) and meningitis/sepsis-associated E.coli (MNEC). Antigens include, but are not
limited to, accessory colonization factor (orf3526), orf353, bacterial 1g-like domain (group 1)
protein (orf405), orfl364, NodT-family outer-membrane-factor-lipoprotein efflux transporter
(orfl767), gspK (orf3515), gspd (orf3516), tonB-dependent siderophore receptor (orf3597),
fimbrial protein (or0613), upec-948, upec-1232, A chain precursor of the type-1 fimbrial
protein (upec-1875), yap H homolog (upec-2820), and hemolysin A (recp-3768). Useful
UPEC polypeptide antigens are disclosed in WO2006/091517 and W0O2008/020330. Useful
MNEC antigens are disclosed in W0O2006/089264. A useful antigen for several E.coli types
isAcfD WO2009/104092.

Bacillus anthracis (anthrax): B. anthracis antigens include, but are not limited to, A-
components (lethal factor (LF) and edema factor (EF)), both of which can share acommon B-
component known as protective antigen (PA). In certain embodiments, B. anthracis antigens
are optionally detoxified.

Yersiniapestis (plague): Plague antigens include, but are not limited to, FI capsular
antigen, LPS, Yersinia pestis V antigen.

Mycobacterium tuberculosis: Tuberculosis antigens include, but are not limited to,
lipoproteins, LPS, BCG antigens, afusion protein of antigen 85B (Ag85B), ESAT-6
optionally formulated in cationic lipid vesicles, Mycobacterium tuberculosis (Mtb) isocitrate

dehydrogenase associated antigens, and MPT5 1 antigens.
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Rickettsia: Antigens include, but are not limited to, outer membrane proteins,
including the outer membrane protein A and/or B (OmpB), LPS, and surface protein antigen
(SPA).

Listeria monocytogenes. Bacterial antigens include, but are not limited to, those
derived from Listeria monocytogenes.

Chlamydiapneumoniae: Antigens include, but are not limited to, those identified in
WO 02/02606.

Vibrio cholerae: Antigens include, but are not limited to, proteinase antigens, LPS,
particularly lipopolysaccharides of Vibrio cholerae II, 0 11naba O-specific polysaccharides,
V. cholera 0139, antigens of IEM 108 vaccine and Zonula occludens toxin (Zot).

Salmonella typhi (typhoid fever): Antigens include, but are not limited to, those
derived from Salmonella typhi.

Borrelia burgdorferi (Lyme disease): Antigens include, but are not limited to,
lipoproteins (such as OspA, OspB, Osp C and Osp D), other surface proteins such as OspE-
related proteins (Erps), decorin-binding proteins (such as DbpA), and antigenically variable
VI proteins, such as antigens associated with P39 and P13 (an integra membrane protein,
VISE Antigenic Variation Protein.

Porphyromonas gingivalis: Antigens include, but are not limited to, P. gingivalis
outer membrane protein (OMP).

Klebsiella: Antigens include, but are not limited to, an OMP, including OMP A..

Fungal Antigens

Fungal antigens may be derived from Dermatophytres, including: Epidermophyton
floccusum, Microsporum audouini, Microsporum canis, Microsporum distortum,
Microsporum equinum, Microsporum gypsum, Microsporum nanum, Trichophyton
concentricum, Trichophyton equinum, Trichophyton gallinae, Trichophyton gypseum,
Trichophyton megnini, Trichophyton mentagrophytes, Trichophyton quinckeanum,
Trichophyton rubrum, Trichophyton schoenleini, Trichophyton tonsurans, Trichophyton
verrucosum, T. verrucosum var. album, var. discoides, var. ochraceum, Trichophyton
violaceum, and/or Trichophytonfaviforme; or from Aspergillusfumigatus, Aspergillusflavus,
Aspergillus niger, Aspergillus nidulans, Aspergillus terreus, Aspergillus sydowi, Aspergillus
flavatus, Aspergillus glaucus, Blastoschizomyces capitatus, Candida albicans, Candida
enolase, Candida tropicalis, Candida glabrata, Candida krusei, Candida parapsilosis,

Candida stellatoidea, Candida kusei, Candida parakwsei, Candida lusitaniae, Candida
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pseudotropicalis, Candida guilliermondi, Cladosporium carrionii, Coccidioides immitis,
Blastomyces dermatidis, Cryptococcus neoformans, Geotrichum clavatum, Histoplasma
capsulatum, Klebsiella pneumoniae, Microsporidia, Encephalitozoon spp., Septata
intestinalis and Enterocytozoon bieneusi; the less common are Brachiola spp,
Microsporidium spp., Nosema spp., Pleistophora spp., Trachipleistophora spp., Vittaforma
spp Paracoccidioides brasiliensis, Pneumocystis carinii, Pythiumn insidiosum, Pityrosporum
ovale, Sacharomyces cerevisae, Saccharomyces boulardii, Saccharomyces pombe,
Scedosporium apiosperum, Jporothrix schenckii, Trichosporon beigelii, Toxoplasma gondii,
Penicillium marneffel, Malassezia spp., Fonsecaea spp., Wangiella spp., Sporothrix spp.,
Basidiobolus spp., Conidiobolus spp., Rhizopus spp, Mucor spp, Absidia spp, Mortierella
spp, Cunninghamella spp, Saksenaea spp., Alternaria spp, Curvularia spp,
Helminthosporium spp, Fusarium spp, Aspergillus spp, Penicillium spp, Monolinia spp,
Rhizoctonia spp, Paecilomyces spp, Pithomyces spp, and Cladosporium spp.

Protazoan Antigens/Pathogens
Protazoan antigens/pathogens for use herein include, but are not limited to, those
derived from one or more of the following protozoa: Entamoeba histolytica, Giardia lambli,

Cryptosporidium parvum, Cyclospora cayatanensis and Toxoplasma.

Plant Antigens/Pathogens
Plant antigens/pathogens for use herein include, but are not limited to, those derived

from Ricinus communis.

Tumor Antigens

In certain embodiments, atumor antigen, or cancer antigen, isused in the invention.
In certain embodiments, the tumor antigens are peptide-containing tumor antigens, such as a
polypeptide tumor antigen or glycoprotein tumor antigens.

Tumor antigens appropriate for the use herein encompass awide variety of molecules,
such as (a) polypeptide-containing tumor antigens, including polypeptides (which can range,
for example, from 8-20 amino acids in length, although lengths outside this range are also
common), lipopolypeptides and glycoproteins.

In certain embodiments, tumor antigens are, for example, (a) full length molecules
associated with cancer cells, (b) homologs and modified forms of the same, including

molecules with deleted, added and/or substituted portions, and (c) fragments of the same.
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Tumor antigens include, for example, class I-restricted antigens recognized by CD8+
lymphocytes or class I1-restricted antigens recognized by CD4+ lymphocytes.

In certain embodiments, tumor antigens include, but are not limited to, (a) cancer-
testis antigens such asNY-ESO-1, SSX2, SCP1 aswell as RAGE, BAGE, GAGE and
MAGE family polypeptides, for example, GAGE-1, GAGE-2, MAGE-1, MAGE-2, MAGE-
3, MAGE-4, MAGE-5, MAGE-6, and MAGE- 12 (which can be used, for example, to address
melanoma, lung, head and neck, NSCLC, breast, gastrointestinal, and bladder tumors), (b)
mutated antigens, for example, p53 (associated with various solid tumors, e.g., colorectal,
lung, head and neck cancer), p21/Ras (associated with, e.g., melanoma, pancreatic cancer and
colorectal cancer), CDK4 (associated with, e.g., melanoma), MUM1 (associated with, e.g.,
melanoma), caspase-8 (associated with, e.g., head and neck cancer), CIA 0205 (associated
with, e.g., bladder cancer), HLA-A2-R1701, beta catenin (associated with, e.g., melanoma),
TCR (associated with, e.g., T-cell non-Hodgkins lymphoma), BCR-abl (associated with, e.g.,
chronic myelogenous leukemia), triosephosphate isomerase, KIA 0205, CDC-27, and LDLR-
FUT, (c) over-expressed antigens, for example, Galectin 4 (associated with, e.g., colorectal
cancer), Galectin 9 (associated with, e.g., Hodgkin's disease), proteinase 3 (associated with,
e.g., chronic myelogenous leukemia), WT 1 (associated with, e.g., various leukemias),
carbonic anhydrase (associated with, e.g., renal cancer), aldolase A (associated with, e.g.,
lung cancer), PRAME (associated with, e.g., melanoma), HER-2/neu (associated with, e.g.,
breast, colon, lung and ovarian cancer), apha-fetoprotein (associated with, e.g., hepatoma),
KSA (associated with, e.g., colorectal cancer), gastrin (associated with, e.g., pancreatic and
gastric cancer), telomerase catalytic protein, MUC-1 (associated with, e.g., breast and ovarian
cancer), G-250 (associated with, e.g., renal cell carcinoma), p53 (associated with, e.g., breast,
colon cancer), and carcinoembryonic antigen (associated with, e.g., breast cancer, lung
cancer, and cancers of the gastrointestinal tract such as colorectal cancer), (d) shared
antigens, for example, melanoma-melanocyte differentiation antigens such as MART-
1/Melan A, gplOO, MCI1R, melanocyte-stimulating hormone receptor, tyrosinase, tyrosinase
related protein- YTRPl and tyrosinase related protein-2/TRP2 (associated with, e.g.,
melanoma), (e) prostate associated antigens such as PAP, PSA, PSMA, PSH-P1, PSM-P1,
PSM-P2, associated with e.g., prostate cancer, (f) immunoglobulin idiotypes (associated with
myeloma and B cell lymphomas, for example).

In certain embodiments, tumor antigens include, but are not limited to, pi 5,
Hom/Mel-40, H-Ras, E2A-PRL, H4-RET, IGH-IGK, MYL-RAR, Epstein Barr virus
antigens, EBNA, human papillomavirus (HPV) antigens, including E6 and E7, hepatitis B
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and C virus antigens, human T-cell lymphotropic virus antigens, TSP-180, pl85erbB2,
pl80erbB-3, c-met, mn-23HI, TAG-72-4, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, pl6,
TAGE, PSCA, CT7, 43-9F, 5T4, 791 Tgp72, beta HCG, BCA225, BTAA, CA 125, CA 15-3
(CA 27.29\BCAA), CA 195, CA 242, CA-50, CAM43, CD68\KP1, CO-029, FGF-5, Ga733
(EpCAM), HTgp-175, M344, MA-50, MG7-Ag, MOV 18, NB/70K, NY-CO-1, RCASL,
SDCCAG16, TA-90 (Mac-2 binding protein\cyclophilin C-associated protein), TAALS,
TAG72, TLP, TPS, and the like.

Parasite Antigens

In some embodiments, the antigen elicits an immune response against a parasite from
the Plasmodium genus, such asPfalciparum, P.vivax, P.malariae or P.ovale. Thus the
invention may be used for immunising against malaria.

Allegens

In some embodiments the antigen elicits an immune response against: pollen allergens
(tree-, herb, weed-, and grass pollen allergens); insect or arachnid allergens (inhalant, saliva
and venom allergens, e.g. mite alergens, cockroach and midges allergens, hymenopthera
venom allergens); animal hair and dandruff allergens (from e.g. dog, cat, horse, rat, mouse,
etc.); and food allergens (e.g. agliadin). Important pollen allergens from trees, grasses and
herbs are such originating from the taxonomic orders of Fagales, Oleaes, Pinales and
platanaceae including, but not limited to, birch (Betula), alder (Alnus), hazel (Corylus),
hornbeam (Carpinus) and olive (Oled), cedar (Cryptomeria and Juniperus), plane tree
(Platanus), the order of Poales including grasses of the genera Lolium, Phleum, Poa,
Cynodon, Dactylis, Holcus, Phalaris, Secale, and Sorghum, the orders of Asterales and
Urticales including herbs of the genera Ambrosia, Artemisia, and Parietaria. Other important
inhalation allergens are those from house dust mites of the genus Dermatophagoides and
Euroglyphus, storage mite e.g. Lepidoglyphys, Glycyphagus and Tyrophagus, those from
cockroaches, midges and fleas e.g. Blatella, Periplaneta, Chironomus and Ctenocepphalides,
and those from mammals such as cat, dog and horse, venom allergens including such
originating from stinging or biting insects such as those from the taxonomic order of
Hymenoptera including bees (Apidae), wasps (Vespidea), and ants (Formicoidae).

It isreadily apparent that the present invention can be used to raise antibodies to a
large number of antigens for diagnostic and immunopurification purposes, aswell asto

prevent or treat awide variety of diseases.
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4. IMMUNOLOGICAL ADJUVANTS

Asnoted above, immunogenic compositions in accordance with the invention may
include one or more optional immunological adjuvants. Immunological adjuvants for use
with the invention include, but are not limited to, one or more of the following set forth
below:

A.MINERAL CONTAINING COMPOSITIONS

Minera containing compositions suitable for use asimmunological adjuvants include
mineral salts, such as aluminum salts and calcium salts. The invention includes mineral salts
such as hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates,
orthophosphates), sulfates, etc. (see, e.g., VaccineDesign: The Subunit and Adjuvant
Approach (Powell, M.F. and Newman, M.J. eds.) (New York: Plenum Press) 1995, Chapters
8 and 9), or mixtures of different mineral compounds (e.g. amixture of aphosphate and a
hydroxide adjuvant, optionally with an excess of the phosphate), with the compounds taking
any suitable form (e.g. gel, crystalline, amorphous, etc.), and with adsorption to the salt(s)
being preferred. The mineral containing compositions may also be formulated as a particle of
metal salt (WO 00/23105).

The adjuvants known as "aluminium hydroxide® are typicaly auminium
oxyhydroxide salts, which are usually at least partially crystalline. Aluminium oxyhydroxide,
which can be represented by the formula AIO(OH), can be distinguished from other
aluminium compounds, such as auminium hydroxide AI(OH),, by infrared (IR)
spectroscopy, in particular by the presence of an adsorption band a 1070cm 1 and a strong
shoulder a 3090-3 100crrfl [chapter 9 of VaccineDesign... (1995) eds. Powell & Newman.
ISBN: 030644867X. Plenum.] The degree of crystalinity of an auminum hydroxide
adjuvant is reflected by the width of the diffraction band a half height (WHH), with
poorly-crystalline particles showing greater line broadening due to smaller crystallite sizes.
The surface area increases as WHH increases, and adjuvants with higher WHH values have
been seen to have greater capacity for antigen adsorption. A fibrous morphology (e.g. as seen
in transmission electron micrographs) istypical for aluminum hydroxide adjuvants. The pi of
aluminium hydroxide adjuvants is typically about 11 i.e. the adjuvant itself has a positive
surface charge at physiological pH. Adsorptive capacities of between 1.8-2.6 mg protein per
mg Al*** a pH 7.4 have been reported for aluminium hydroxide adjuvants.

The adjuvants known as "aluminium phosphate” are typicaly auminium
hydroxyphosphates, often also containing a small amount of sulfate (i.e. auminium

hydroxyphosphate sulfate). They may be obtained by precipitation, and the reaction
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conditions and concentrations during precipitation influence the degree of substitution of
phosphate for hydroxyl in the salt. Hydroxyphosphates generally have a PO, /Al molar ratio
between 0.3 and 1.2. Hydroxyphosphates can be distinguished from strict AIPO, by the
presence of hydroxyl groups. For example, an IR spectrum band at 3164cm™ (e.g. when
heated to 200°C) indicates the presence of structural hydroxyls [ch. 9 of Vaccine Design...
(1995) eds. Powell & Newman. I1SBN: 030644867X. Plenum.].

The PO 4/A13+ molar ratio of an auminium phosphate adjuvant will generaly be
between 0.3 and 1.2, preferably between 0.8 and 1.2, and more preferably 0.95+0.1. The
aluminium phosphate will generally be amorphous, particularly for hydroxyphosphate salts.
A typical adjuvant is amorphous aluminium hydroxyphosphate with PO /A1 molar ratio
between 0.84 and 0.92, included a 0.6mg Al**/ml. The aluminium phosphate will generally
be particulate (e.g. plate-like morphology as seen in transmission electron micrographs).
Typical diameters of the particles are in the range 0.5-20un (e.g. about 5-10wn) after any
antigen adsorption. Adsorptive capacities of between 0.7-1.5 mg protein per mg Al*+* at pH
7.4 have been reported for aluminium phosphate adjuvants.

The point of zero charge (PZC) of aluminium phosphate is inversely related to the
degree of substitution of phosphate for hydroxyl, and this degree of substitution can vary
depending on reaction conditions and concentration of reactants used for preparing the salt by
precipitation. PZC is aso altered by changing the concentration of free phosphate ions in
solution (more phosphate = more acidic PZC) or by adding a buffer such as a histidine buffer
(makes PZC more basic). Aluminium phosphates used according to the invention will
generaly have a PZC of between 4.0 and 7.0, more preferably between 5.0 and 6.5 e.g. about
5.7.

Suspensions of aluminium salts used to prepare compositions of the invention may
contain a buffer (e.g. a phosphate or a histidine or a Tris buffer), but this is not always
necessary. The suspensions are preferably sterile and pyrogen-free. A suspension may
include free aqueous phosphate ions e.g. present a a concentration between 1.0 and 20 mM,
preferably between 5 and 15 mM, and more preferably about 10 mM. The suspensions may
also comprise sodium chloride.

In one embodiment, an adjuvant component includes a mixture of both an aluminium
hydroxide and an aluminium phosphate. In this case there may be more aluminium
phosphate than hydroxide e.g. aweight ratio of at least 2.1 eg. >5:1, >6:1, >7:1, >8:1, >9:1,
etc.
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The concentration of AlI™ in a composition for administration to a patient is
preferably less than IOmg/ml e.g. <5 mg/ml, <4 mg/ml, <3 mg/ml, <2 mg/ml, <1mg/ml, etc.

A preferred range isbetween 0.3 and Img/ml. A maximum of <0.85mg/dose is preferred.

B. OIL-EMULSIONS

Oil-emulsion compositions and formulations suitable for use asimmunological
adjuvants (with or without other specific immunostimulating agents such as muramyl
peptides or bacterial cell wall components) include squalene-water emulsions, such as MF59
(5% Squalene, 0.5% Tween 80, and 0.5%> Span 85, formulated into submicron particles using
amicrofluidizer).  See WO 90/14837. See also, Podda (2001) Vaccine 19: 2673-2680; Frey
et a. (2003) Vaccine2\:4234-4237. MF59 isused asthe adjuvant inthe FLUAD™
influenza virus trivalent subunit vaccine.

Adjuvants for use in the compositions include submicron oil-in-water emulsions.
Preferred submicron oil-in-water emulsions for use herein are sgualene/water emulsions
optionally containing varying amounts of MTP-PE, such as a submicron oil-in-water
emulsion containing 4-5%> w/v squalene, 0.25-1.0% w/v Tween 80™
(polyoxyethylenesorbitan ~ monooleate), and/or 0.25-1.0% Span 85™ (sorbitan trioleate), and,
optionally, N-acetylmuramyl-L-alanyl-D-isogluatminyl-L-alanine-2 -(1'-2'-dipamitoyl-gz-
glycero-3-huydroxyphosphophoryl oxy)-ethylamine (MTP-PE), for example, the submicron
oil-in-water emulsion known as"MF59" (WO 90/14837; U.S. Patent No. 6,299,884; U.S.
Patent No. 6,451,325; and Ott et a., "MF59 —Design and Evaluation of a Safe and Potent
Adjuvant for Human Vaccines' in VaccineDesign: The Subunit and Adjuvant Approach
(Powell, M.F. and Newman, M.J. eds) (New York: Plenum Press) 1995, pp. 277-296).
MF59 contains 4-5% w/v Squalene (eg. 4.3%), 0.25-0.5% w/v Tween 80™, and 0.5% w/v
Span 85™ and optionally contains various amounts of MTP-PE, formulated into submicron
particles using amicrofluidizer such as Model HOY microfluidizer (Micro fluidics, Newton,
MA). For example, MTP-PE may be present in an amount of about 0-500 [Lg/dose, more
preferably 0-250 pLg/dose and most preferably, 0-100 pg/dose. Asused herein, the term
"MF59-0" refers to the above submicron oil-in-water emulsion lacking MTP-PE, while the
term MF59-MTP denotes aformulation that contains MTP-PE. For instance, "MF59-100"
contains 100 g MTP-PE per dose, and so on. MFG9, another submicron oil-in-water
emulsion for use herein, contains 4.3%> w/v squalene, 0.25%> w/v Tween 80™, and 0.75%> w/v

Span 85™ and optionally MTP-PE. Yet another submicron oil-in-water emulsion is MF75,
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also known as SAF, containing 10% squalene, 0.4% Tween 80™, 5% pluronic-blocked
polymer L121, and thr-MDP, aso microfluidized into a submicron emulsion. MF75-MTP
denotes an MF75 formulation that includes MTP, such as from 100-400 ug MTP-PE per
dose.

Submicron oil-in-water emulsions, methods of making the same and
immunostimulating agents, such as muramyl peptides, for use in the compositions, are
described in detail in WO 90/14837; U.S. Patent No. 6,299,884, and U.S. Patent No.
6,451,325.

Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA) may also
be used as adjuvants in the invention.

C. SAPONIN FORMULATIONS

Saponin formulations are also suitable for use asimmunological adjuvants in the
invention. Saponins are a heterologous group of sterol glycosides and triterpenoid glycosides
that are found in the bark, leaves, stems, roots and even flowers of awide range of plant
species. Saponins isolated from the bark of the Quillaia saponaria Molina tree have been
widely studied as adjuvants. Saponins can also be commercially obtained from Smilax
ornata (sarsaprilla), Gypsophillapaniculata (brides veil), and Saponaria officianalis (soap
root). Saponin adjuvant formulations include purified formulations, such as QS21, aswell as
lipid formulations, such asISCOMs. Saponin adjuvant formulations include STIMULON®
adjuvant (Antigenics, Inc., Lexington, MA).

Saponin compositions have been purified using High Performance Thin Layer
Chromatography (HP-TLC) and Reversed Phase High Performance Liquid Chromatography
(RP-HPLC). Specific purified fractions using these techniques have been identified,
including QS7, QS17, QS18, QS21, QH-A, QH-B and QH-C. Preferably, the saponin is
QS21. A method of production of QS21 isdisclosed in U.S. Patent No. 5,057,540. Saponin
formulations may also comprise a sterol, such as cholesterol (see WO 96/33739).

Combinations of saponins and cholesterols can be used to form unique particles called
Immunostimulating Complexes (ISCOMs). ISCOMs typically also include aphospholipid
such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used
in ISCOMs. Preferably, the ISCOM includes one or more of Quil A, QHA and QHC.
ISCOMs are further described in EP 0 109 942, WO 96/1 171 1 and WO 96/33739.

Optionally, the ISCOMS may be devoid of (an) additional detergent(s). See WO 00/07621.
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A review of the development of saponin based adjuvants can be found in Barr et al.
(1998) Adv. Drug Del. Rev. 32:247-271. See aso Sjolander et al. (1998) Adv. Drug Del. Rev.
32:321-338.

D. VIROSOMESAND VIRUS LIKE PARTICLES(VLPS)

Virosomes and Virus Like Particles (VLPs) are aso suitable asimmunological
adjuvants. These structures generally contain one or more proteins from avirus optionally
combined or formulated with aphospholipid. They are generally non-pathogenic, non-
replicating and generally do not contain any of the native viral genome. Theviral proteins
may be recombinantly produced or isolated from whole viruses. These viral proteins suitable
for use in virosomes or VLPs include proteins derived from influenza virus (such as HA or
NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis E virus, measles virus,
Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, Norwalk virus, human
Papilloma virus, HIV, RNA-phages, QB-phage (such as coat proteins), GA-phage, fr-phage,
AP205 phage, and Ty (such asretrotransposon Ty protein pi). VLPs are discussed further in
WO 03/024480; WO 03/024481; Niikura et a. (2002) Virology 293:273-280; Lenz et al.
(2001) J. Immunol. 166(9):5346-5355; Pinto et a. (2003) J. Infect. Dis. 188:327-338; and
Gerber et al. (2001) J. Virol. 75(10):4752-4760. Virosomes are discussed further in, for
example, Gluck et al. (2002) Vaccine 20:B10-B16. Immunopotentiating reconstituted
influenza virosomes (IRIV) are used as the subunit antigen delivery system in the intranasal
trivalent INFLEXAL™ product (Mischler and Metcalfe (2002) Vaccine 20 Suppl 5:B17-
B23) and the INFLUVAC PLUS™ product.

E. BACTERIAL OR MICROBIAL DERIVATIVES

Immunological adjuvants suitable for use in the invention include bacterial or
microbial derivatives such as:

(1) Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS): Such
derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL (3dMPL).
3dMPL isamixture of 3 De-O-acylated monophosphoryl lipid A with 4,5 or 6 acylated
chains. A preferred "small particle” form of 3 De-O-acylated monophosphory! lipid A is
disclosed in EP 0 689 454. Such "small particles’ of 3dMPL are small enough to be sterile
filtered through a 0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS
derivatives include monophosphoryl lipid A mimics, such as aminoalkyl glucosaminide
phosphate derivatives, e.g., RC-529. See Johnson et al. (1999) Bioorg. Med. Chem. Lett.
9:2273-2278.
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(2) Lipid A Derivatives: Lipid A derivatives include derivatives of lipid A from
Escherichia coli such as OM-174. OM-174 is described for example in Meraldi et al. (2003)
Vaccine 21:2485-2491; and Pgjak et al. (2003) Vaccine 21:836-842.

(3) Immunostimulatory oligonucleotides: Immunostimulatory oligonucleotides or

polymeric molecules suitable for use as adjuvants in the invention include nucleotide
sequences containing a CpG motif (a sequence containing an unmethylated cytosine followed
by guanosine and linked by aphosphate bond). Bacterial double stranded RNA or
oligonucleotides containing palindromic or poly(dG) sequences have also been shown to be
immunostimulatory. The CpG's can include nucleotide modifications/analogs such as
phosphorothioate modifications and can be double-stranded or single-stranded. Optionally,
the guanosine may bereplaced with an analog such as 2'-deoxy-7-deazaguanosine. See
Kandimalla et a. (2003) Nucl. Acids Res. 31(9): 2393-2400; WO 02/26757; and WO
99/62923 for examples of possible analog substitutions. The adjuvant effect of CpG
oligonucleotides isfurther discussed in Krieg (2003) Nat. Med. 9(7):83 1-835; McCluskie et
a. (2002) FEMS Immunol. Med. Micraobiol. 32:179-185; WO 98/40100; U.S. Patent No.
6,207,646; U.S. Patent No. 6,239,1 16; and U.S. Patent No. 6,429,199.
The CpG sequence may be directed to TLR9, such asthe motif GTCGTT or TTCGTT. See
Kandimalla et a. (2003) Biochem. Soc. Trans. 31 (part 3):654-658. The CpG sequence may
be specific for inducing aThl immune response, such as a CpG-A ODN, or it may be more
specific for inducing aB cell response, such a CpG-B ODN. CpG-A and CpG-B ODNs are
discussed in Blackwell et al. (2003) J. Immunol. 170(8):406 1-4068; Krieg (2002) TRENDS
Immunol. 23(2): 64-65; and WO 01/95935. Preferably, the CpG isa CpG-A ODN.

Preferably, the CpG oligonuclectide is constructed so that the 5' end is accessible for
receptor recognition. Optionally, two CpG oligonucleotide sequences may be attached a
their 3' ends to form "immunomers'. See, for example, Kandimalla et al. (2003) BBRC
306:948-953; Kandimalla et a. (2003) Biochem. Soc. Trans. 31(part 3):664-658; Bhagat et al.
(2003) BBRC 300:853-861; and WO03/035836.

Immunostimulatory oligonucleotides and polymeric molecules also include
aternative polymer backbone structures such as, but not limited to, polyvinyl backbones
(Pitha et al. (1970) Biochem. Biophys. Acta 204(1):39-48; Pitha et al. (1970) Biopolymers
9(8):965-977), and morpholino backbones (U.S. Patent No. 5,142,047; U.S. Patent No.
5,185,444). A variety of other charged and uncharged polynucleotide analogs are known in

the art. Numerous backbone modifications are known in the art, including, but not limited to,
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uncharged linkages (e.g., methyl phosphonates, phosphotriesters, phosphoamidates, and
carbamates) and charged linkages (e.g., phosphorothioates and phosphorodithioates).

(4) ADP-ribosylating toxins and detoxified derivatives thereof: Bacterial ADP-
ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the
invention. Preferably, the protein is derived from E. coli (i.e, E. coli heat |abile enterotoxin
"LT"), cholera ("CT"), or pertussis ("PT"). The use of detoxified ADP-ribosylating toxins as
mucosal adjuvants is described in WO 95/1721 1 and as parenteral adjuvants in WO
98/42375. Preferably, the adjuvant is a detoxified LT mutant such asLT-K63, LT-R72, and
LTR192G. The use of ADP-ribosylating toxins and detoxified derivatives thereof,
particularly LT-K63 and LT-R72, as adjuvants can be found in the following references:
Beignon et a. (2002) Infect. Immun. 70(6):3012-3019; Pizza et al. (2001) Vaccine 19:2534-
2541; Pizza et a. (2000) Int. J. Med. Microbiol. 290(4-5):455-461; Scharton-Kersten et al.
(2000) Infect. Immun. 68(9):5306-5313; Ryan et a. (1999) Infect. Immun. 67(12):6270-6280;
Partidos et al. (1999) Immunol. Lett. 67(3):209-216; Peppoloni et a. (2003) Vaccines
2(2):285-293; and Pine et a. (2002) J. Control Release 85(1-3):263-270. Numerical
reference for amino acid substitutions is preferably based on the alignments of the A and B
subunits of ADP-ribosylating toxins set forth in Domenighini et a. (1995) Mol. Microbiol.
15(6):1 165-1 167.

Compounds of formulal, Il or 111, or salts thereof, can also be used as adjuvants:
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as defined in WOO03/01 1223, such as 'ER 803058, 'ER 803732, 'ER 804053, ER 804058,
'ER 804059, 'ER 804442, 'ER 804680, 'ER 804764', ER 803022 or 'ER 804057" e.g.:
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F. HUMAN IMMUNOMODULATORY

Human immunomodulators suitable for use asimmunological adjuvants include

cytokines, such asinterleukins (e.g. IL- 1,1L-2, IL-4, IL-5, IL-6, IL-7, IL- 12, etc.), interferons

(e.g. interferon-y), macrophage colony stimulating factor (M -CSF), and tumor necrosis factor

(TNF).

G. BIOADHESIVES AND MUCOADHESIVES

Bioadhesives and mucoadhesives may also be used asimmunological adjuvants.

Suitable bioadhesives include esterified hyaluronic acid microspheres (Singh et al. (200 1) J.

Cont. Release 70:267-276) or mucoadhesives such as cross-linked derivatives of polyacrylic

acid, polyvinyl alcohol, polyvinyl pyrollidone, polysaccharides and carboxymethylcellulose.

Chitosan and derivatives thereof may aso be used as adjuvants in the invention (see WO

99/27960).

H. LIPOSOMES
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Examples of liposome formulations suitable for use asimmunological adjuvants are
described in U.S. Patent No. 6,090,406; U.S. Patent No. 5,916,588; and EP Patent Publication
No. EP 0 626 169.

|. POLYOXYETHYLENE ETHER AND POLYOXYETHYLENE ESTER FORMULATIONS

Immunological adjuvants suitable for use in the invention include polyoxyethylene
ethers and polyoxyethylene esters (see, e.g.,, WO 99/52549). Such formulations further
include polyoxyethylene sorbitan ester surfactants in combination with an octoxynol (WO
01/21207) aswell as polyoxyethylene akyl ethers or ester surfactants in combination with a
least one additional non-ionic surfactant such as an octoxynol (WO 01/21 152).

Preferred polyoxyethylene ethers are selected from the following group:
polyoxyethylene-9-lauryl ether (laureth 9), polyoxyethylene-9-steoryl ether,
polyoxytheylene-8-steoryl ether, polyoxyethylene-4-lauryl ether, polyoxyethylene-35-lauryl
ether, and polyoxy ethylene-23-lauryl ether.

J. POLYPHOSPHAZENE (PCPP)

PCPP formulations suitable for use asimmunological adjuvants are described, for
example, in Andrianov et al. (1998) Biomaterials 19(1-3): 109-1 15; and Payne et a. (1998)
Adv. Drug Del. Rev. 31(3): 185- 196.

K.MURAMYL PEPTIDES

Examples of muramyl peptides suitable for use asimmunological adjuvants include
N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-I-alanyl-d-
isoglutamine (nor-MDP), and N-acetylmuramyl-I-alanyl-d-isoglutaminyl-l-alanine-2 -(r-2'-
dipalmitoyl-sn-glycero-3 -hydroxyphosphoryloxy)-ethylamine  MTP-PE) .

L. IMIDAZOQUINOLINE COMPOUNDS

Examples of imidazoquinoline compounds suitable for use asimmunological
adjuvants include Imiquimod and its analogues, which are described further in Stanley (2002)
Clin. Exp. Dermatol. 27(7):571-577; Jones (2003) Curr. Opin. Investig. Drugs 4(2):214-218;
and U.S. Patent Nos. 4,689,338; 5,389,640; 5,268,376; 4,929,624; 5,266,575; 5,352,784,
5,494,916; 5,482,936; 5,346,905; 5,395,937; 5,238,944; and 5,525,612.

Imidazoquinolines for the practice of the present invention include imiquimod,

NH>
N7 N /_/
| >N
N\
o \€OH
resiquimod, and . See, e.g., Int. Pub. Nos. WO 2006/031878 to
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Valiante et al. and w O 2007/109810 to Sutton et al. Such compounds are known to be TLR7
agonists.

M. THIOSEMICARBAZONE COMPOUNDS

Examples of thiosemicarbazone compounds suitable for use asimmunological
adjuvants, aswell as methods of formulating, manufacturing, and screening for such
compounds, include those described in W O 04/60308. The thiosemicarbazones are
particularly effective in the stimulation of human peripheral blood mononuclear cells for the
production of cytokines, such as TNF- a.

N. TRYPTANTHRIN COMPOUNDS

Examples of tryptanthrin compounds suitable for use asimmunological adjuvants, as
well as methods of formulating, manufacturing, and screening for such compounds, include
those described in W O 04/64759. The tryptanthrin compounds are particularly effective in
the stimulation of human peripheral blood mononuclear cells for the production of cytokines,
such as TNF- a.

0.NUCLEOSIDE ANALOGS

Various nucleoside analogs can be used asimmunological adjuvants, such as (a)
Isatorabine (ANA-245; 7-thia-8-oxoguanosine):

0
S
N
|)§[ =0
N)\N N
0 4
»

o o
an U d prodrugs thereof; (b) ANA975; (c) ANA-025-1; (d) ANA380; (e) the compounds

disclosed in U.S. Patent No. 6,924,271; U.S. Publication No. 2005/0070556; and U.S. Patent
No. 5,658,731; (f) acompound having the formula:

R4
R
oC
Rz)\l}l R,
R3

wherein:
Ri and R, are each independently H, halo, -NR_R,, -OH, Ci_s alkoxy,
substituted Ci_g alkoxy, heterocyclyl, substituted heterocyclyl, C,-io aryl,
substituted Cgq_io aryl, Ci_g alkyl, or substituted Ci_¢ alkyl;
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Ryisabsent, H, Ci_g alkyl, substituted Ci_g alkyl, Cg-io aryl, substituted Cg-io
aryl, heterocyclyl, or substituted heterocyclyl;
R, and Rs are each independently H, halo, heterocyclyl, substituted
heterocyclyl, -C(0)-R 4, Ci_g alkyl, substituted Ci_g alkyl, or bound together to
form a5 membered ring asin R,s:
\N‘X1__
Rg
the binding being achieved at the bonds indicated by a «ww

R4

Xi and X, are each independently N, C, O, or S;

RgisH, hao, -OH, Ci_g akyl, C2_6alkenyl, C2_6alkynyl, -OH, -NRaR,,, -
(CH,),-0-R, -0-(d_ ¢ akyl), -S(0) ,R,, or -C(0)-R ;

R9isH, Ci_6 akyl, substituted Ci_g alkyl, heterocyclyl, substituted heterocyclyl

O
Rfo R9a

the binding being achieved at the bond indicated by a «w

or Ry, wherein Ry, is:

Rio and R;; are each independently H, halo, Ci_g alkoxy, substituted Ci_g
alkoxy, —NRaRb, or -OH;
each R, and Rbisindependently H, Ci_galkyl, substituted Ci_g akyl, -C(O)Rd,
Cg-io aryl;
each R_isindependently H, phosphate, diphosphate, triphosphate, Ci_g akyl,
or substituted Ci_g alkyl;
each Rdisindependently H, halo, Ci_g akyl, substituted Ci_g akyl, Ci_g akoxy,
substituted Ci_g alkoxy, -NH,, -NH(Ci_g alkyl), -NH(substituted Ci_g alkyl), -
N(Ci_6 akyl) 5, -N(substituted Ci_g alkyl) ,, Cg-io aryl, or heterocyclyl;
each R, isindependently H, Ci_galkyl, substituted Ci_gakyl, Cgio aryl,
substituted Cgrio aryl, heterocyclyl, or substituted heterocyclyl;
each R;isindependently H, Ci_g akyl, substituted Ci_g akyl, -C(O)Rj,
phosphate, diphosphate, or triphosphate;
each n isindependently 0, 1, 2, or 3;
each p isindependently O, 1, or 2; or
or (g) apharmaceutically acceptable salt of any of (@) to (f), atautomer of any of (a)
to (f), or apharmaceutically acceptable salt of the tautomer.
p.LIPIDS LINKED TO A PHOSPHATE-CONTAINING ACYCLIC BACKBONE
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Immunological adjuvants containing lipids linked to a phosphate-containing acyclic

backbone include the TLR4 antagonist E5564 (Wong et al. (2003) J. Clin. Pharmacol.
43(7):735-742, US2005/0215517):

OPO(OHTY;
CI0 -

0 o
CHCH,
(e 0P "’E/IVK/
AT~ O O [T,
v %

CHa0

Q. SMALL MOLECULE IMMUNOPOTENTIATORS(SMIPS)

SMIPs include:

N2-methyl-I-(2-methylpropyl)-IH-imidazo[4,5-c]quinoline-2,4-diamine;
N2,N2-dimethyl- 1-(2-methylpropyl)- 1H-imidazo [4,5-c] quinoline-2,4-diamine;
N2-ethyl-N2 -methyl- 1-(2-methylpropyl)- IH-imidazo[4,5-c]quinoline-2,4-diamine;
N2-methyl-I-(2-methyl propyl)-N2-propyl-IH-imidazo[4,5-c]quinoline-2,4-diamine;
[-(2-methylpropyl)-N2-propyl-1H-imidazo[4,5-c]quinoline-2,4-diamine;

N2-butyl-l -(2-methylpropyl)- IH-imidazo[4,5-c]quinoline-2,4-diamine;

N 2-butyl-N2 -methyl- 1-(2-methylpropyl)- IH-imidazo[4,5-c]quinoline-2,4-diamine;
N2-methyl-I-(2-methylpropyl)-N2-pentyl-IH-imidazo[ 4,5-c]quinoline-2,4-diamine;
N2-methyl-I-(2-methylpropyl)-N2-prop-2-enyl-1H-imidazo[4,5-c] quinoline-2,4-
diamine;

1-(2-methylpropyl)-2-[ (phenylmethyl)thio] -1H-imidazo [4,5-c] quinolin-4-amine;
[-(2-methylpropyl)-2-(propylthio)-IH-imidazo[4,5-c]quinolin-4-amine  ;
2-[[4-amino-l -(2-methylpropyl)- IH-imidazo[4,5-c]quinolin-2-
yl](methyl)amino]ethanol ;

2-[[4-amino-l -(2-methylpropyl)- IH-imidazo[4,5-c]quinolin-2-yl](methyl)amino]ethyl
acetate;

4-amino- 1-(2-methylpropyl)- 1,3-dihydro-2H-imidazo[4,5-c]quinolin-2-one;
N2-butyl-I-(2-methyl propyl)-N4,N4-bis(phenylmethyl)-IH-imidazo[4,5-c] quinoline-
2,4-diamine;

N2-butyl-N2-methyl-I-(2-methyl propyl)-N4,N4-bis(phenylmethyl)-IH-imidazo[ 4,5-
c]quinoline-2,4-diamine;
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*  N2-methyl-I-(2-methyl propyl)-N4,N4-bis(phenylmethyl)-IH-imidazo[4,5-
c]quinoline-2,4-diamine;
*  N2,N2-dimethyl-I-(2-methyl propyl)-N4,N4-bis(phenylmethyl)-IH-imidazo[ 4,5-
c]quinoline-2,4-diamine;
*  1-{4-amino-2- [methyl(propyl)amino] - 1H-imidazo [4,5-c] quinolin- 1-yl} -2-
methylpropan-2-ol;
*  1-[4-amino-2-(propylamino)- 1H-imidazo [4,5-c] quinolin- 1-yl] -2-methylpropan-2-ol;
*  N4,N4-dibenzyl-I-(2-methoxy-2-methylpropyl)-N2-propyl-1H-imidazo[ 4,5-
c]quinoline-2,4-diamine.
R. PROTEOSOMES
One adjuvant is an outer membrane protein proteosome preparation prepared from afirst
Gram-negative bacterium in combination with a liposaccharide preparation derived from a
second Gram-negative bacterium, wherein the outer membrane protein proteosome and
liposaccharide preparations form a stable non-covalent adjuvant complex. Such complexes
include "1V X-908", acomplex comprised of Neisseria meningitidis outer membrane and
lipopolysaccharides. They have been used as adjuvants for influenza vaccines
(W002/072012).
S. LIPEPTIDES
Lipopeptides (i.e., compounds comprising one or more fatty acid residues and two or
more amino acid residues) are also known to have immunostimulating character.
Lipopeptides based on glycerylcysteine are of particularly suitable for use as adjuvants.
Specific examples of such peptides include compounds of the following formula
.
Rl—ca—@—t‘m

]
RJ“E&B“Q“{?H

T

}

g

}

(;;Hz

RICO=NH=~CH~CO~X

*® Roo R
*o» B or _S_

in which each of R1and R2 represents a saturated or unsaturated, aliphatic or mixed
aliphatic-cycloaliphatic hydrocarbon radical having from 8to 30, preferably 11to 21, carbon
atoms that is optionally also substituted by oxygen functions, R® represents hydrogen or the
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radical Ri-CO-0-CH - in which R'has the same meaning as above, and X represents an
amino acid bonded by apeptide linkage and having afree, esterified or amidated carboxy
group, or an amino acid sequence of from 2 to 10 amino acids of which the terminal carboxy
group isin free, esterified or amidated form. In certain embodiments, the amino acid
sequence comprises a D-amino acid, for example, D-glutamic acid (D-Glu) or D-gamma-
carboxy-glutamic acid (D-Gla).

Bacterial lipopeptides generally recognize TLR2, without requiring TLR6 to participate.
(TLRs operate cooperatively to provide specific recognition of various triggers, and TLR2
plus TLR6 together recognize peptidoglycans, while TLR2 recognizes lipopeptides without
TLR6.) These are sometimes classified as natural lipopeptides and synthetic lipopeptides.
Synthetic lipopeptides tend to behave similarly, and are primarily recognized by TLR2.

Lipopeptides suitable for use as adjuvants include compounds of Formula | :

R’Ia\é3

O
= O:%
(AS )
7—N (AS n

where the chiral center labeled * and the one labeled *** are both in the R
configuration;

the chiral center labeled ** is either in the R or S configuration;

each R'2and R!® isindependently an aiphatic or cycloaliphatic-aliphatic hydrocarbon
group having 7-21 carbon atoms, optionally substituted by oxygen functions, or
one of R'aand R!®, but not both, isH;

R2is an aliphatic or cycloaliphatic hydrocarbon group having 1-21 carbon atoms and
optionally substituted by oxygen functions;

nisOor 1

Asrepresents either -O-Kw-CO- or -NH-Kw-CO- , where Kw is an aliphatic
hydrocarbon group having 1-12 carbon atoms;

AslisaD- or L-apha-amino acid;
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Zland Z2 each independently represent -OH or the N-terminal radical of aD- or L-
alpha amino acid of an amino-(lower alkane)-sulfonic acid or of apeptide having
up to 6 amino acids selected from the D- and L-alpha aminocarboxylic acids and
amino-lower akyl-sulfonic acids;, and

Z’ isH or -CO-Z 4, wher Z4is-OH or the N-terminal radical of aD- or L-alpha amino
acid of an amino-(lower akane)-sulfonic acid or of apeptide having up to 6
amino acids selected from the D and L-alpha aminocarboxylic acids and amino-
lower akyl-sulfonic acids; or an ester or amide formed from the carboxylic acid
of such compounds. Suitable amides include -NH , and NH(lower akyl), and
suitable esters include C1-C4 alkyl esers. (lower akyl or lower akane, asused
herein, refers to Ci-C straight chain or branched alkyls).

Such compounds are described in more detail in US 4,666,886. In one preferred

embodiment, the lipopeptide is of the following formula:

o}

Y
\/\/\/\/\/YO\/CH\/S\/CH\NJK/\/\/\/\/\/\/\
H
o

Another example of alipopeptide species is caled LP40, and is an agonist of TLR2.
Akdis, et a, Eur.J. I mmunology, 33: 2717-26 (2003).

These arerelated to aknown class of lipopeptides from E. coli, referred to as murein
lipoproteins. Certain partial degradation products of those proteins called murein lipopetides
are described in Hantke, et a, Eur. J. Biochem., 34: 284-296 (1973). These comprise a
peptide linked to N-acetyl muramic acid and are thus related to Muramyl peptides, which are
described in Baschang, et a, Tetrahedron, 45(20): 6331-6360 (1989).

T.BENZONAPHTHYRIDINES

Examples of benzonaphthyridine compounds suitable for use as adjuvants in the
invention are described in w O 2009/1 11337.

U.OTHERADJUVANTS
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Other substances that act asimmunological adjuvants are disclosed in Burdman, J.R. et
al. (eds) (1995) {Vaccine Design: Subunit and Adjuvant Approach (Springer) (Chapter 7) and
O'Hagan, D.T. (2000) (Vaccine Adjuvants: Preparation Methods and Research Protocols
(Humana Press) (Volume 42 of Methods in Molecular Medicine series)).

Further useful adjuvant substances include:

* Methyl inosine 5'-monophosphate ("MIMP") (Signorelli & Hadden (2003) Int.

Immunopharmacol. 3(8): 1177-1 186).

* A polyhydroxlated pyrrolizidine compound (W02004/064715), such as one having

formula

where R is selected from the group comprising hydrogen, straight or branched,
unsubstituted or substituted, saturated or unsaturated acyl, alkyl (e.g. cycloalkyl),
alkenyl, alkynyl and aryl groups, or apharmaceutically acceptable salt or derivative
thereof. Examples include, but are not limited to: casuarine, casuarine-6-a-D-
glucopyranose, 3-epz-casuarine, 7-epz-casuarine, 3,7-diepz-casuarine, etc.

* A gammainulin (Cooper (1995) Pharm. Biotechnol. 6:559-580) or derivative thereof,
such as algammulin.

* Compounds disclosed in PCT/US2005/022769.

» Compounds disclosed in WO2004/87153, including: Acylpiperazine compounds,
Indoledione compounds, Tetrahydraisoquinoline (THIQ) compounds,
Benzocyclodione compounds, Aminoazavinyl compounds, Aminobenzimidazole
quinolinone (ABIQ) compounds (U.S. Patent No. 6,605,617; WO 02/18383),
Hydrapthalamide compounds, Benzophenone compounds, Isoxazole compounds,
Sterol compounds, Quinazilinone compounds, Pyrrole compounds
(WQO2004/0 18455), Anthraguinone compounds, Quinoxaline compounds, Triazine
compounds, Pyrazalopyrimidine compounds, and Benzazole compounds
(WO03/082272).

* Loxoribine (7-alyl-8-oxoguanosine) (U.S. Patent No. 5,01 1,828).

* A formulation of acationic lipid and a (usually neutral) co-lipid, such as
aminopropyl-dimethyl-myristoleyloxy-propanaminium  bromide-
diphytanoylphosphatidyl-ethanolamine ("Vaxfectin™") or aminopropyl-dimethyl-bis-
dodecyloxy-propanaminium  bromide-diol eoyl phosphatidyl-ethanolamine ("GAP-
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DLRIE:DOPE"). Formulations containing (+)-N-(3-aminopropyl)-N,N-dimethyl-2,3-
bis(syn-9-tetradeceneyloxy)-I-propanaminium  salts are preferred (U.S. Patent No.
6,586,409).

The invention may also comprise combinations of aspects of one or more of the
immunological adjuvants identified above. For example, the following adjuvant
compositions may beused in the invention: (1) a saponin and an oil-in-water emulsion (WO
99/1 1241); (2) asaponin (e.g., QS21) + anon-toxic LPS derivative (e.g. 3dMPL) (see WO
94/00153); (3) asaponin (e.g., QS21) + anon-toxic LPS derivative (e.g. 3dMPL) + a
cholesterol; (4) asaponin (e.g., QS21) + 3dMPL + IL-12 (optionally + a steral) (WO
98/57659); (5) combinations of 3dMPL with, for example, QS21 and/or oil-in-water
emulsions (see EP 0 835 318; EP 0 735 898; and EP 0 761 231); (6) SAF, containing 10%
Squalane, 0.4% Tween 80, 5% pluronic-block polymer L121, and thr-MDP, either
microfluidized into a submicron emulsion or vortexed to generate alarger particle size
emulsion; (7) Ribi™ adjuvant system (RAS), (Ribi Immunochem, Hamilton, MT) containing
2% Squalene, 0.2% Tween 80, and one or more bacteria cell wall components from the
group consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell
wall skeleton (CWYS), preferably MPL + CWS (Detox™); (8) one or more mineral salts (such
as an aluminum salt) + anon-toxic derivative of LPS (such as 3dPML); (9) one or more
mineral salts (such as an auminum salt) + an immunostimulatory oligonucleotide (such as a

nucleotide sequence including a CpG motif).

5. ADDITIONAL COMPONENTS

Aspreviously noted, particle compositions in accordance with the invention can
include additional components. Such additional components include, for example,
components that prevent substantial particle agglomeration from occurring when
microparticle suspensions in accordance with the invention are lyophilized and subsequently
resuspended.

Additional components include (&) amino acids such as glutamic acid and arginine,
among others; (b) polyols, including diols such as ethylene glycol, propanediols such as 1,2-
propylene glycol and 1,3-propylene glycol, and butane diols such as 2,3-butylene glycaol,
among others, triols such as glycerol, among others, aswell as other higher polyols; (c)
carbohydrates including, for example, (i) monosaccharides (e.g., glucose, galactose, and

fructose, among others), (ii) polysaccharides including disaccharides (e.g., sucrose, lactose,
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trehalose, maltose, gentiobiose, cellobiose, carboxymethyl cellulose and sorbitol, among
others), trisaccharides (e.g., raffmose, among others), tetrasaccharides (e.g., stachyose among
others), pentasaccharides (e.g., verbascose among others), aswell as numerous other higher
polysaccharides, and (iii) alditols such as xylitol, sorbitol, and mannitol, among others (in this
regard, isnoted that alditols are higher polyols, aswell asbeing carbohydrates); and (d)
nonionic surfactants such as polyvinyl alcohol (PVA), povidone (also known as
polyvinylpyrrolidone or PVP), sorbitan esters, polysorbates, polyoxyethylated glycol
monoethers, polyoxyethylated alkyl phenols, poloxamers, polyethylene glycol, and
polypropylene glycol, among others.

Compositions in accordance with the invention can contain varying amounts of such
additional components, where provided, typicaly depending on the amount that is effective
to prevent substantial particle agglomeration from occurring when the lyophilized
compositions of the invention are resuspended without affecting RNA adsorption and
integrity.

In certain preferred embodiments, compositions in accordance with the invention will
contain one, two or al of the following additional components in the following amounts: (a)
non-ionic surfactant (e.g., PVA) in an amount ranging from 0.5 to 20% w/w (e.g., ranging
from 0.5 to 1to 2to 10 to 15 to 20% wi/w) relative to the amount of polymer (e.g., PLG) in
the composition; (b) polyol (e.g, an aditol such as mannitol) in an amount ranging from 0.5
to 10% w/v (e.g., ranging from 0.5 to 1to 2 to 5to 10%> w/v) relative to the reconstituted
volume of the composition, and (c) carbohydrate (e.g,. a saccharide such as sucrose) in an
amount ranging from 0.5 to 10%> w/v (e.g., ranging from 0.5 to 1to 2 to 5to 10%> w/v)
relative to the reconstituted volume of the composition. Asnoted below, lyophilized
compositions in accordane with the present invention may be provided with instructions
regarding the proper volume of fluid (e.g, water for injection, etc.) to be used for

resuspension/reconstitution of the composition.
6. FURTHEREXCIPIENTS

Asdiscussed above, one or more additional pharmaceutically acceptable excipients
such asbiological buffering substances, tonicity adjusting agents, and the like, may also be

present in the particle compositions of the present invention.

7. ADMINISTRATION
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Once formulated (and resuspended as necessary), the particle compositions of the
invention can be administered parenterally, e.g., by injection (which may be needleless),
among other routes of administration. In this regard, the particle compositions are typically
supplied lyophilized in avia or other container which is supplied with a septum or other
suitable means for supplying aresuspension medium (e.g., Water for Injection) and for
withdrawing the resultant suspension. A suitable syringe may also be supplied for injection.
The compositions can be injected subcutaneously, intradermally, intramuscularly,
intravenously, intraarterially, or intraperitoneally, for example. Other modes of
administration include nasal, mucosal, intraoccular, rectal, vaginal, oral and pulmonary
administration, and transdermal or transcutaneous applications.

In some embodiments, the compositions of the present invention can be used for site-
specific targeted delivery. For example, intravenous administration of the compositions can
be used for targeting the lung, liver, spleen, blood circulation, or bone marrow.

Treatment may be conducted according to a single dose schedule or amultiple dose
schedule. A multiple dose schedule isone in which aprimary course of administration may
be given, for example, with 1-10 separate doses, followed by other doses given a subsequent
time intervals, chosen to maintain and/or reinforce the therapeutic response, for example at 1-
4 months for a second dose, and if needed, a subsequent dose(s) after several months. The
dosage regimen will aso be, at least in part, determined by the need of the subject and be
dependent on thejudgment of the practitioner.

Furthermore, if prevention of disease is desired, the compositions are generally
administered prior to the arrival of the primary occurrence of the infection or disorder of
interest. |If other forms of treatment are desired, e.g., the reduction or elimination of
symptoms or recurrences, the compositions are generally administered subsequent to the

arrival of the primary occurrence of the infection or disorder of interest.

7. KITS

This invention encompasses kits which can simplify the administration of appropriate
amounts of immunological compositions to a subject.

A typical kit of the invention comprises aunit dosage form of alyophilized particle
composition in accordance with the invention (i.e., one comprising, inter alia, an RNA
replicon adsorbed to positively charged particles), preferably in asealed container.

In certain embodiments, such a sealed container may be provided along with a label

indicating one or more members of the group consisting of the following: (a) storage
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information, (b) dosing information, and (c) instructions regarding how to administer the
microparticle formation. For lyophilized compositions, the instructions will typically include
the volume of fluid (e.g., water for injection, etc.) to be used for resuspension/reconstitution
of the composition. In some instances, the sealed container and label may be contained
within asuitable packaging material.

Kits of the invention can further comprise a sealed container which contains one or
more immunological adjuvants. The adjuvants may bein Iyophilized form or provided in the
form of an aqueous fluid.

Kits of the invention can further comprise a sealed container which contains a
pharmaceutically acceptable vehicle that can be used to suspend and administer the
lyophilized particle composition and in some embodiments to suspend/dissolve any adjuvant
composition that is supplied.

The kit may further include one or more devices that can be used to administer the
compositions of the invention to avertebrate subject. Examples of such devices include, but
are not limited to, syringes, drip bags, and inhalers.

For instance, a syringe may be used to introduce a suitable pharmaceutically
acceptable vehicle (e.g., Water for Injection) to alyophilized particle composition in
accordance with the invention (i.e., one comprising, inter alia, an RNA replicon adsorbed to
positively charged particles). The resulting particle-containing suspension may then be

withdrawn from the container and administered to a subject.

C. EXPERIMENTAL

Below are examples of specific embodiments for carrying out the present invention.
The examples are offered for illustrative purposes only, and are not intended to limit the
scope of the present invention in any way.

Efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts,
temperatures, etc.), but some experimental error and deviation should, of course, be allowed

for.

Example 1. RNA synthesis.

Plasmid DNA encoding aphavirus replicons served as atemplate for synthesis of
RNA invitro. Plasmid encoding pT7-mVEEV-FL.RSVF (A317) isset forthin Fig. 1(SEQ
ID NO:l); plasmid encoding pT7-mVEEV-SEAP (A306) isset forthin Fig. 2 (SEQ ID
NO:2); and plasmid encoding VEE/SIN self-replicating RNA containing full length RSV-F
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and SP6 promoter (A4) is set forth in Fig. 3 (SEQ ID NO:3). Replicons contain the genetic
elements required for RNA replication but lack those encoding gene products necessary for
particle assembly; the structural genes of the aphavirus genome are replaced by sequences
encoding aheterologous protein. Upon delivery of the replicons to eukaryotic cells, the
positive-stranded RNA istranglated to produce four non-structural proteins, which together
replicate the genomic RNA and transcribe abundant subgenomic mRNASs encoding the
heterologous gene product. Due to the lack of expression of the alphavirus structural proteins,
replicons are incapable of inducing the generation of infectious particles. A bacteriophage
(T7 or SP6) promoter upstream of the alphavirus cDNA facilitates the synthesis of the
replicon RNA in vitro and the hepatitis delta virus (HDV) ribozyme immediately downstream
of the poly(A)-tail generates the correct 3'-end through its self-cleaving activity.

Following linearization of the plasmid DNA downstream of the HDV ribozyme with a
suitable restriction endonuclease, run-off transcripts were synthesized in vitro using T7 or
SP6 bacteriophage derived DNA-dependent RNA polymerase. Transcriptions were
performed for 2 hours a 37°C in the presence of 7.5 mM (T7 RNA polymerase) or 5mM
(SP6 RNA polymerase) of each of the nucleoside triphosphates (ATP, CTP, GTP and UTP)
following the instructions provided by the manufacturer (Ambion, Austin, TX). Following
transcription, the template DNA was digested with TURBO DNase (Ambion, Austin, TX).
The replicon RNA was precipitated with LiCl and reconstituted in nuclease-free water. To
generate capped RNAS, in vitro transcription reactions were supplemented with 6 mM (T7
RNA polymerase) or 4 mM (SP6 RNA polymerase) RNA cap structure analog (New England
Biolabs, Beverly, MA) while lowering the concentration of GTPto 1.5 mM (T7 RNA
polymerase) or 1mM (SP6 RNA polymerase). Alternatively, uncapped RNA was capped
post-transcripionally with Vaccinia Capping Enzyme (V CE) using the ScriptCap m’G
Capping System (Epicentre Biotechnologies, Madison, WI) as outlined in the user manual.
Post-transcriptionally capped RNA was precipitated with LiCl and reconstituted in nuclease-
free water. The concentration of the RNA samples was determined by measuring the optical
density at 260 nm. Integrity of the in vitro transcripts was confirmed by denaturing agarose

gel electrophoresis.

Example 2. DOTAP liposome For mation.
For formation of DOTAP liposomes, 24 mg of DOTAP (Lipoid, Ludwigshafen
Germany) was dissolved in 10 mL dichloromethane and added to 40 mL water with 0.25%

w/v PVA. The mixture was homogenized using Omni Macro homogenizer (Omni
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International) at 12,900 rpm for 10 min. The resulting emulsion was stirred at 1000 rpm for 2
hours in aventilated fume hood to evaporate dichloromethane. 10 mL of liposomes were
dialyzed against 2 L water overnight at room temperature using 100 kDa molecular weight
cut-off membranes (Spectrum Laboratories, USA). Dialyzed liposomes were stored a 2-8
°C.

Example 3. PLG Microparticle formation.

For the formation of PLG microparticles, 0 mg (0% w/w), 6 mg (1% w/w), 24 mg
(4% w/w) or 60 mg (10% w/w) of DOTAP was dissolved along with 600 mg RG503 PLG
(Boehringer Ingelheim, USA) in 10 mL dichloromethane and added to 40 mL water with
0.25% w/v PVA. The mixture was homogenized using an Omni Macro homogenizer (Omni
International) at 12,900 rpm for 10 min. The resulting emulsion was stirred at 1000 rpm for 2
hours in aventilated fume hood to evaporate dichloromethane. 10 mL of PLG microparticles
were dialyzed against 2 L water overnight a room temperature using 100 kDa molecular
weight cut-off membranes (Spectrum Laboratories, USA). Diayzed PLG microparticles
were stored at 2-8 °C.

For the evaluation of different cationic surfactants, 24 mg of DDA (Avanti Polar
Lipids, USA) or DC-Cholesterol (Avanti Polar Lipids, USA) were used in place of DOTAP

as described for the a%> w/w formulation above.

Example 4. RNA Adsorption to Microparticles and Liposomes.

For RNA adsorption in Example 10 below, 100 uL of 100 pg/mL of A306 RNA
(Example 1, Fig. 2, SEQ ID NO:2) was added dropwise to 1.4 mL (1% w/w), 350 uL (4%
w/w), or 140 uL (10%> w/w) of PLG microparticles. In case of o%> w/w PLG microparticles,
350 pL of PLG microparticles were pre-incubated with 350 pL. of DOTAP liposomes (see
Example 2 above) for 30 minutes, followed by RNA addition. The sample was allowed to sit
a room temperature for 30 min. To each vial, 300 pL. 15% w/v mannitol and 100 pL 15%
w/v sucrose were added, and the sample was lyophilized overnight using benchtop
lyophilizer (LabConco, USA). The lyophilized vials were stored at 2-8 °C.

The N:P (Nitrogen to Phosphate) ratio is calculated as follows: The protonated
nitrogen on the cationic surfactant (i.e., DOTAP, DDA or DC-Cholesterol) and phosphates on
the RNA are used for this calculation. Each 1 g of self-replicating RNA molecule was

assumed to contain 3 nmoles of anionic phosphate, each 1 ug of DOTAP was assumed to
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contain 1.4 nmoles of cationic nitrogen, each 1pg of DDA was assumed to contain 1.6
nmoles of cationic nitrogen, and each 1 pg of DC-cholesterol was assumed to contain 1.9
nmoles of cationic nitrogen.

Based on PLG recovery, in Example 13, 12 ug A4 RNA (Example 1, Fig. 3, SEQ ID
NO:3) was adsorbed to PLG microparticles at different N:P ratios using 470 uL. (N:P=10: 1),
187 uL (N:P=4:1) or 12 uL (N:P=1:4) of 4% w/w PLG/DOTAP; using 346 puL (N:P=10:1),
138 pi. (N:P=4:1) or 9 pL (N:P=1:4) of 4% w/w PLG/DDA; and using 335 pL (N:P=10:1),
134 i, (N:P=4:1) or 8 pL (N:P=1:4) of 4% w/w PLG/DC-Cholesterol. The formulations
were lyophilized as described above.

For RNA adsorption a N:P ratio of 10:1 using DOTAP liposomes in Example 10, 100
pL of 100 pg/mL of RNA was added dropwise to 350 uLL DOTAP liposomes (see Example 2
above). The sample was allowed to sit at room temperature for 30 min. To each vial, 300 pi.
15% w/v mannitol and 100 pL 15% w/v sucrose were added, and the sample was lyophilized
overnight using benchtop lyophilizer (LabConco, USA). The lyophilized vials were stored at
2-8 °C.

Example 5. PLG Nanoparticle Formation.

Positively charged PLG nanoparticles containing abiodegradable polymer and a
cationic surfactant were formed using the solvent extraction method. Specifically, 500 mg of
RG503 PLG and 5 mg (1% w/w) or 20 mg (4% w/w) of DOTAP were dissolved in 50 mL
acetone (Type I). For ethyl acetate-based PLG nanoparticle (Type 11), 500 mg of RG503
PLG and 20mg (4% w/w) of DOTAP were dissolved in 50 mL ethyl acetate. The
PLG/DOTAP solution was added dropwise to 50 mL water with homogenization using Omni
Macro Homogenizer (Omni International) a 1000 rpm. After complete addition,
homogenization speed was increased to 6000 rpm for 30 seconds. Particle suspension was
shaken at 150 rpm overnight on aDS-500 Orbital Shaker (VWR International, USA) to
evaporate acetone or ethyl acetate. Particle suspension was filtered using 40 uin sterile cell
strainer (BD Biosciences, USA) to remove large aggregates.

Two batches of 4%> w/w PLG/DOTAP nanoparticles were prepared using the above
procedure with acetone solvent. Each batch was characterized for particle size and zeta
potential as described in Example 7 below. Batch #1 (used in Example 10) and Batch #2
(used in Example 11) had Z average particle sizes of 220 and 194 nm, respectively, and zeta
potentials of +57.7 and +66.8 mV, respectively.
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Example 6. RNA Adsorption to Nanoparticles

Based on PLG recovery of nanoparticles, for RNA adsorption in Examples 10 and 11
a N:Pratio of 10:1, 100 uL of 100 pg/mL of RNA was added dropwise to 3.2 mL (1% w/w)
or 800 pL (4% w/w) of PLG nanoparticles from Example 5. To each vial, 300 uL. 15% w/v
mannitol, 100 ul. 15% w/v sucrose, and 25 pL (1% w/w) or 6 pL (4% w/w) of 4% w/v PVA
were added, and the sample was lyophilized overnight using benchtop lyophilizer
(LabConco, USA). The excipients corresponded to 4.5% w/v of mannitol and 1.5% w/v of
sucrose in the final reconstitution volume, and 10% w/w of PVA. The lyophilized vials were
stored & 2-8 °C.

Example 7. Particle size and Zeta potential measur ement.

Particle size of DOTAP liposomes and nanoparticles were measured using a Zetasizer
Nano ZS (Malvern Instruments, Worcestershire, UK) according to the manufacturer's
instructions. Particle sizes are reported asthe Z-Average (ZAve), along with the
polydispersity index (pdi). All samples were diluted 50-fold in water prior to measurements.

Particle size of microparticles was measured using aHoriba LA-930 particle sizer
(Horiba Scientific, USA). Microparticle samples were diluted 200-fold prior to
measurements. Particle size isreported as D(v,0.5) (designated "D50" in Table 2 below) and
D(v,0.9) (designated "D90" in Table 2 below).

Zeta potential for both microparticles and nanoparticles was measured using Zetasi zer

Nano ZSusing 50-fold diluted samples according to the manufacturer's instructions.

Example 8. Gel electrophoresis.

Denaturing gel electrophoresis was performed to evaluate the integrity of the RNA
after the formulation process and to assess the RNAse protection of the adsorbed RNA. The
gel was cast as follows: 0.4g of agarose (Bio-Rad, Hercules, CA) was added to 36 ml of
DEPC treated water and heated in amicrowave until dissolved and then cooled until warm. 4
ml of 10x denaturing gel buffer (Ambion, Austin, TX), was then added to the agarose
solution. The gel was poured and was allowed to set for a least 30 minutes a room
temperature. The gel was then placed in a gel tank, and | x Northernmax running buffer

(Ambion, Austin, TX) was added to cover the gel by afew millimeters.
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Example 9. RNase Protection Assay

An RNase protection assay was performed for microparticles and nanoparticles with
adsorbed A4 RNA (Example 1, Fig. 3, SEQ ID NO:3) and A306 RNA (Example 1, Fig. 2,
SEQ ID NO:2), respectively. RNase digestion was achieved by incubation of PLG
microparticles from Example 4 (used in Example 13) and PLG nanoparticles from Example 6
(used in Example 11) with 3.8mAU of RNase A per microgram of RNA (Ambion, Hercules,
and CA) for 30 minutes a room temperature. RNase was inactivated with Protenase K
(Novagen, Darmstadt, Germany) by incubating the sample a 55°C for 10 minutes. Post
RNase inactivation, 1000 ug of heparin sulfate per microgram of RNA was added to desorb
the RNA from the PLG particles into the agqueous phase. Asacontrol for each sample, RNA
was desorbed from untreated PLG particles using 1000 pg heparin sulfate per g of RNA to
determine the integrity of adsorbed RNA. Samples were mixed by vortexing for afew
seconds and then placed on acentrifuge for 15 minutes at 12k RPM.

To determine RNA adsorption efficiency, PLG particles without any treastment were
centrifuged for 15 minutes at 12k rpm.

In al cases the supernatant was removed and used to analyze the RNA.

Prior to loading (400 ng RNA per well) (theoretical amount assuming all RNA is
adsorbed and al is desorbed) all the samples were incubated with formaldehyde loading dye,
denatured for 10 minutes at 65°C and cooled to room temperature. Ambion Millennium
markers were used to approximate the molecular weight of the RNA construct. The gel was
run a 90 V. The gel was stained using 0.1% SYBR gold according to the manufacturer's
guidelines (Invitrogen, Carlsbad, CA) in water by rocking at room temperature for 1 hour.
Gel images were taken on aBio-Rad Chemidoc XRS imaging system (Hercules, CA).
RNAse protection assay gels for PLG nanoparticles and microparticles are shown in Figs. 4
and 5, respectively. In Fig. 4, PLG nanoparticles were evaluated at N:P ratio of 10: 1. In Fig.
5, microparticles were evaluated atN:P ratios of 10:1, 4:1 and 1:4.

Theresults in Fig. 4 show that RNA is completely adsorbed to PLG nanoparticles
(Type 1) and remains intact as shown by desorption using heparin sulfate and that the PLG
nanoparticles (Type |) protect adsorbed RNA from degradation by RNAse. RNA was
observed to be completely adsorbed to PLG nanoparticles (Type Il) but did not desorb
completely from PLG nanoparticles using heparin sulfate suggesting stronger adsorption of
RNA to the Type Il nanoparticles. These results demonstrate that PLG nanoparticles (Type )
adsorb RNA and protect RNA from degradation by RNAses.
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Fig. 5 shows that RNA is completely adsorbed to PLG microparticles at N:P 10:1,
partially adsorbed at N:P 4:1 and nearly completely unadsorbed at N:P 1:4. Upon desorption
of RNA from PLG microparticles, RNA is shown to beintact at all N:P ratios. RNA adsorbed
to PLG microparticles a N:P 10:1 and 4:1 showed protection when treated with RNAse
whereas RNA adsorbed to PLG microparticles a N:P 1:4 was digested by RNAse. These
results demonstrate that adsorption of RNA to PLG microparticles isnecessary to provide

protection against degradation by RNAse.

Example 10. Secreted alkaline phosphatase (SEAP) assay | .

To assess the kinetics and amount of antigen production in vivo, 1 pg (microgram) of
an RNA replicon that expresses secreted akaline phosphatase (SEAP) (Example 1, SEQ ID
NO:2, also referred to as "A306" or "vA306") was administered with and without
formulation to mice via intramuscularly injection. Groups of 5 female BALB/c mice aged 8-
10 weeks and weighing about 20g were immunized.

Asapositive control, one group was injected with viral replicon particles (VRPs) at a
dose of 5X10% infectious units (1U) (see Example 12) (designated "5x10"51U SEAP VRP" in
Figs. 6A-6B and "VRP" in Table 1).

In another group, naked self-replicating RNA was administered in RNase free 1X
PBS (designated "vA306" in Figs. 6A-6B and "Naked A306 RNA" in Table 1).

In afurther group, self-replicating RNA was adsorbed to DOTAP liposomes prepared
as described in Example 4 with an N:P ratio of 10: 1 (designated "lug vA306 + DOTAP
Liposomes' in Figs. 6A-6B and "DOTAP Liposomes' in Tables 1and 2).

To evaluate the effect of PLG microparticles co-delivered with DOTAP liposomes,
DOTAP liposomes were pre-incubated with 0% w/w PLG microparticles (no DOTAP)
followed by RNA addition as described in Example 4 (designated "0% PLG MP + DOTAP
Liposomes' in Table 1and "0% PLG MP" in Table 2).

In other groups, PLG microparticles were used which contained DOTAP at different
weight ratios to PLG, specifically, 1%, 4% and 10% w/w. PLG nanoparticles were also used
which contained DOTAP at weight ratios to PLG of 1% and 4% wi/w.

In particular, groups of mice were injected with the following: (1) self-replicating
RNA adsorbed to 1% w/w PLG/DOTAP microparticles prepared as described in Example 4
with aN:P ratio of 10:1 (designated "1% PLG MP" in Tables 1and 2); (2) self-replicating
RNA adsorbed to 4% w/w PLG/DOTAP microparticles prepared as described in Example 4
with aN:P ratio of 10:1 (designated "lug vA306 + PLG 4% DOTAP MP" in Figs. 6A-6B
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and "4% PLG MP" in Tables 1and 2); (3) self-replicating RNA adsorbed to 10% w/w
PLG/DOTAP microparticles prepared as described in Example 4 with aN:P ratio of 10: 1
(designated "10% PLG MP" in Tables 1and 2); (4) RNA adsorbed to 1% w/w PLG/DOTAP
nanoparticles prepared as described in Example 6 with aN:P ratio of 10:1 using acetone as a
solvent (designated "1% PLG NP' in Tables 1and 2); and (5) RNA adsorbed to 4% w/w
PLG/DOTAP nanoparticles prepared as described in Example 6 with aN:P ratio of 10: 1
using acetone as a solvent (designated "lug VA306 + PLG 4% DOTAP NP" in Figs. 6A-6B
and "4% PLG NP" in Tables 1and 2).

A 100ul dose was administered to each mouse (50u1per site) in the quadriceps
muscle. Blood samples were taken 1, 3, and 6 days post injection. Serum was separated
from the blood immediately after collection, and stored at -30°C until use.

A chemiluminescent SEAP assay Phospha-Light System (Applied Biosystems,
Bedford, MA) was used to analyze the serum. Mouse serawere diluted 1:4 in I X Phospha
Light dilution buffer. Samples were placed in awater bath sealed with aluminum sealing foil
and heat inactivated for 30 minutes at 65°C. After cooling on ice for 3 minutes, and
equilibrating to room temperature, 50 pi. of Phospha-Light assay buffer was added to the
wells and the samples were |eft at room temperature for 5 minutes. Then, 50 uL of reaction
buffer containing 1:20 CSPD® (chemiluminescent alkaline phosphate substrate) substrate
was added, and the luminescence was measured after 20 minutes of incubation at room
temperature. Luminescence was measured on aBerthold Centro LB 960 luminometer (Oak
Ridge, TN) with a 1second integration per well. The activity of SEAP in each sample was
measured in duplicate and the mean of these two measurements taken.

Results are shown in Figs. 6A-6B and Table 1. As seen from these data, serum SEAP
levels increased when the RNA was adsorbed to PLG nanoparticles relative to the naked
RNA control and PLG microparticles. SEAP expression on day 6 was increased when the
RNA was adsorbed to PLG nanoparticles relative to the VRP control, but the kinetics of

expression was very different.

Table 1.
Group Dose (ng) [ DAY1 | DAY3 | DAY6
VRP 5x 10°TU | 105, 829 | 38,546 | 56,155
Naked A306 RNA 1 1,212 6,007 | 95,380
1% PLG MP 1 1,103 10,083 | 109,168
4% PLG MP 1 950 5,208 46,920
10% PLG MP 1 1,222 6,775 | 137,121
DOTAP Liposomes 1 1,131 11,800 | 206,007
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0% PLG MP +
DOTAP Liposomes 1 1,179 4740 | 35,194
1% PLG NP 1 990 4117 64,765
4% PLG NP 1 1,528 | 49,233 | 600,080

PCT/US2011/043086

Particle size and zeta potential for severa of the formulations was also measured as

described in Example 7 and the results are shown in Table 2.

Table 2.
ZAve for D50/D90 (m) Zeta
Nanoparticles (for PDI (for Potential

Group (nm) Microparticles) | Nanoparticles) (mV)
0% PLG MP N/A 0.74/ 1.84 N/A N/A
1% PLG MP N/A 0.60/0.92 N/A 48.9
4% PLG MP N/A 0.87/3.11 N/A 62.3
10% PLG MP N/A 0.77/ 2.66 N/A 66.3

DOTAP
Liposomes 179.2 0.303 43.8
1% PLG NP 297.6 0.201 26.4
4% PLG NP 244.5 0.127 57.7

A's can be seen from the preceding data, the formulation process produced PLG
nanoparticles with atypical mean particle size of -200 nm and PLG microparticles with a

median particle size of ~1 um.

Example 11. Secreted alkaline phosphatase (SEAP) assay 1.

Asin Example 9, 1 ug (microgram) of an RNA replicon that expresses secreted
alkaline phosphatase (SEAP) was administered with and without formulation to mice via
intramuscularly injection. Groups of 5 female BALB/c mice aged 8-10 weeks and weighing
about 20g were immunized.

Asacontrol, one group of mice was injected with naked self-replicating RNA in
RNase free | X PBS (designated "Naked A306 RNA" in Table 3). In other groups,
formulations contained RNA adsorbed to PLG nanoparticles with DOTAP a weight ratio to
PLG of 4% w/w (see Example 6). PLG nanoparticles that were evaluated in this study were
synthesized using either acetone (Typel) or ethyl acetate (Typell) as organic solvent. RNA
was adsorbed on al the evaluated formulations at N:P of 10: 1.

A 100ul dose was administered to each mouse (50 1per site) in the quadriceps

muscle. Blood samples were taken 1, 3, and 6 days post injection. Serum was separated
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from the blood immediately after collection, and stored a -30°C until use. A
chemiluminescent SEAP assay Phospha-Light System (Applied Biosystems, Bedford, MA)

was used to analyze the serum. Results are shown in Table 3 and Fig. 7.

Table3.
Group Dose (ng) | DAY1 | DAY3 | DAY6
Naked A306 RNA 1 1,164 6,435 41,668
4% PLG NP Type 1 1 998 9,423 | 108,888
4% PLG NP Type 11 1 1,206 2,091 3,069

Assee from Table 3 and Fig. 7, Serum SEAP levels increased when the RNA was
adsorbed to Type | PLG nanoparticles relative to the naked RNA control and Type Il PLG
nanoparticles.

Particle size and zeta potential for the nanoparticle formulations was also measured as

described in Example 7 and the results are shown in Table 4.

Table4.
ZAve for Zeta
Nanoparticles PDI (for Potential

Group (nm) Nanoparticles) (mV)

PLG Type 1
(Acetone) 215.5 0.121 66.8

PLG Type 11
(Ethyl Acetate) 547.8 0.527 41.0

As see from Table 4, the formulation process produced PLG nanoparticles
(synthesized using acetone) with aparticle size of 200 nm (Type ). PLG nanoparticles
synthesized using ethyl acetate had an initial particle size of 200 nm pre-lyophilization but
aggregated to a particle size of 600 nm post-RNA adsorption and lyophilization (Type Il).

Example 12. Viral replicon particles (VRP)

To compare RNA vaccines to traditional RNA-vectored approaches for achieving in
Vivo expression of reporter genes or antigens, we utilized viral replicon particles (VRPS)
produced in BHK cells by the methods described by Perri et al, "An alphavirus replicon
particle chimera derived from Venezuelan equine encephalitis and sindbis viruses is a potent
gene-based vaccine delivery vector," J Virol 77: 10394-10403 (2003). In this system, the
antigen (or reporter gene) replicons consisted of alphavirus chimeric replicons (VCR) derived
from the genome of Venezuelan equine encephalitis virus (VEEV) engineered to contain the
3'terminal sequences (3UTR) of Sindbis virus and a Sindbis virus packaging signal (PS) (see
Fig. 2 of Perri et a). These replicons were packaged into VRPs by co-electroporating them
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into baby hamster kidney (BHK) cells along with defective helper RNAs encoding the
Sindbis virus capsid and glycoprotein genes (see Fig. 2 of Perri et al). The VRPs were then
harvested and titrated by standard methods and inoculated into animals in culture fluid or

other isotonic buffers.

Example 13. Murine immunogenicity studies.

The A4 replicon that expresses the surface fusion glycoprotein of respiratory syncytial
virus (RSV-F) was used for this experiment (Example 1, SEQ ID NO:3) also referred to as
"A4". BALB/c mice, 10 animals per group, were given bilateral intramuscular vaccinations
(50 uL per leg) on days 0 and 14 with the following: (1) naked self-replicating RNA (A4, 1
pg and 10 pg), and (2) PLG microparticle formulations (1 pg RNA/dose) prepared using
particles synthesized using DOTAP, DDA or DC-Cholesterol at weight ratio to PLG of 4%
w/w (see Example 3), followed by A4 RNA adsorption to these PLG microparticles at N:P
ratios of 10:1, 4:1 and 1:4 (see Example 4). Serum was collected for antibody analysis on
days 13 (2wpl) and 28 (2wp2).

Individual serum samples were assayed for the presence of RSV F-specific 1gG by
enzyme-linked immunosorbent assay (ELISA). ELISA plates (MaxiSorp 96-well, Nunc)
were coated overnight a 4°C with 1pg/ml purified RSV F (delp23-furdel-trunc uncleaved) in
PBS. After washing (PBS with 0.1% Tween-20), plates were blocked with Superblock
Blocking Buffer in PBS (Thermo Scientific) for at least 1.5 hr & 37°C. The plates were then
washed, serial dilutions of serum in assay diluent (PBS with 0.1% Tween-20 and 5% goat
serum) from experimental or control cotton rats were added, and plates were incubated for 2
hr a 37°C. After washing, plates were incubated with horse radish peroxidase (HRP)-
conjugated chicken anti-cotton rat 1gG (Immunology Consultants Laboratory, Inc, diluted
1:5,000 in assay diluent) for 1hr at 37°C. Finally, plates were washed and 100 ui of TMB
peroxidase substrate solution (Kirkegaard & Perry Laboratories, Inc) was added to each well.
Reactions were stopped by addition of 100 pi of 1M H4;PO,, and absorbance was read at 450
nm using aplate reader. For each serum sample, aplot of optical density (OD) versus
logarithm of the reciprocal serum dilution was generated by nonlinear regression (GraphPad
Prism). Titers were defined as the reciprocal serum dilution a an OD of approximately 0.5
(normalized to standard, pooled serafrom RSV-infected cotton rats with adefined titer of
1:2500 that was included on every plate).
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Day 13 and 28 F-specific serum IgG titers for mice immunized with naked RNA and
RNA adsorbed to PLG microparticles containing DOTAP, DDA and DC-Cholesterol a N:P
ratios 10:1, 4:1 and 1:4 are shown in figure 7A. Serum IgG titers normalized to naked 19
RNA titers on day 28 are shown in figure 7B.

PLG microparticles showed 1to 4-fold increase in F-specific 1gG titers over naked
RNA. The results demonstrate that PLG formulations can be used to deliver self-replicating
RNA at N:P ratios ranging from 1:4 to 10:1.

Although preferred embodiments of the subject invention have been described in

some detail, it isunderstood that obvious variations can be made without departing from the

spirit and the scope of the invention.
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IN THE CLAIMS:

1. Animmunogenic composition comprising (a) positively charged nanoparticles that
comprise abiodegradable polymer; (b) an RNA replicon comprising at least one
polynucleotide encoding at least one antigen adsorbed to said positively charged

nanoparticles; and (c) anon-ionic surfactant.

2. Theimmunogenic composition of claim 1, wherein the nanoparticles have Z average

mean particle size value that is between 50 and 500 nanometers.

3. Theimmunogenic composition of claim 1or claim 2, wherein said positively charged
nanoparticles comprise said biodegradable polymer and a cationic surfactant.

4. Theimmunogenic composition of any one of claims 1to 3, wherein the biodegradable

polymer is apoly(a-hydroxy acid).

5.  Theimmunogenic composition of any one of claims 1to 4, wherein the biodegradable

polymer is apoly(lactide-co-glycolide).

6. Theimmunogenic composition of any one of the preceding claims, wherein the
biodegradable polymer is apoly(lactide-co-glycolide) having alactide:glycolide molar
ratio ranging from 40:60 to 60:40.

7.  Theimmunogenic composition of any one of claims 1to 6, wherein the cationic
surfactant is selected from (l,2-dioleoyloxypropyl)-N,N,N-trimethylammonium  salt
(DOTAP), dimethyldioctadecylammonium salt (DDA), and 3-beta-[N-(N',N'-
dimethylaminoethane) carbamoyl] cholesterol (DC-Choi).

8. Theimmunogenic composition of any one of claims 1to 7, wherein the cationic
surfactant comprises an ammonium group and a saturated or unsaturated hydrocarbon
chain having between 12 to 20 carbon atoms.

9. The composition of any one of claims 1to 8, wherein said non-ionic surfactant is

poly(vinyl acohal).
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10.

11.

12.

13.

14.

15.

16.

17.

18.
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The immunogenic composition of any one of the preceding claims, wherein said
composition further comprises at least one additional component selected from polyols,

carbohydrates and combinations thereof.

The immunogenic composition of claim 10, wherein said at least one additional

component comprises apolyol and a carbohydrate.

The immunogenic composition of claim 10, wherein said at least one additional

component comprises an aditol and a saccharide.

The immunogenic composition of any one of the preceding claims, wherein said RNA

replicon is an aphavirus replicon.

The immunogenic composition of claim 13, wherein the aphavirus replicon is derived
from an aphavirus selected from the group consisting of: Sindbis (SIN), Venezuelan
equine encephalitis (VEE), Semliki Forest virus (SFV) and combinations thereof.

The immunogenic composition of any one of claim 1to 14, wherein the a least one

antigen is selected from aviral antigen, abacterial antigen and atumor antigen.

The immunogenic composition of any one of claims 1to 15, wherein the at least one
antigen is selected from an influenza virus, arespiratory syncytial virus (RSV), a
parainfluenza virus (PIV), hepatitis B virus (HBV), a hepatitis C virus (HCV), ahuman
immunodeficiency virus (HIV), aherpes ssmplex virus (HSV), and a human papilloma
virus (HPV), yellow fever, pandemic flu, tuberculosis, dengue, norovirus, measles,

rhinovirus, west nile virus, polio, hepatitis A and cytomegalo virus (CMV).

The immunogenic composition of any one of claims 1to 16, further comprising an

immunological adjuvant.

The immunogenic composition of claim 17, wherein the immunological adjuvant is
selected from small molecule immune potentiators, toll like receptor ligands, and

immunostimulatory oligonulcleotides.

79



19.

20.

21.

22.

23.

24.

25.
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The immunogenic composition of claim 17 or claim 18, wherein the immunol ogical
adjuvant is adsorbed or entrapped within nanoparticles that may be the same or different

from the positively charged nanoparticles comprising the adsorbed RNA replicon.

The immunogenic composition of any one of the preceding claims, wherein the

immunogenic composition is an injectable composition.

The immunogenic composition of any one of the preceding claims, wherein the

immunogenic composition is lyophilized.

An immunogenic composition comprising (a) positively charged nanoparticles that
comprise abiodegradable polymer and a cationic surfactant and (b) an RNA replicon
comprising a least one polynucleotide encoding at least one antigen adsorbed to said
positively charged nanoparticles, wherein ratio of the number of moles of cationic
nitrogen in said cationic surfactant to the number of moles of anionic phosphate in said

RNA replicon (N:P ratio) ranges from 10:1 to 1:10.

A method of stimulating an immune response in avertebrate host animal comprising
administering to the animal the immunogenic composition of any one of the preceding

claims.

A method of forming the immunogenic composition of any one of claims 1to 22,
comprising: (&) combining (i) afirst liquid that comprises said biodegradable polymer
and said cationic surfactant dissolved in an organic solvent with (ii) a second liquid that
comprises water, whereupon afirst suspension of nanoparticles comprising said
biodegradable polymer and said cationic surfactant isformed, (b) adsorbing said RNA
replicon to said nanoparticles in said first suspension to form a second suspension, (c)
adding at least one additional component comprising anon-ionic surfactant to said

second suspension to form athird suspension, and (d) lyophilizing said third suspension.

The method of claim 24, wherein said at least one additional component is selected from

polyols, carbohydrates and combinations thereof.
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FIG. 1A

ATAGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAAATGGAGAAAGTTCACGTT
GACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTGCAGCGGAGCTTCCCGCAGTTTGAGGT
AGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATGCCAGAGCGTTTTCGCATCTGGCTT
CAAAACTGATCGAAACGGAGGTGGACCCATCCGACACGATCCTTGACATTGGAAGTGCGCCC
GCCCGCAGAATGTATTCTAAGCACAAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGA
TCCGGACAGATTGTATAAGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGATA
AGGAATTGGACAAGAAAATGAAGGAGCTCGCCGCCGTCATGAGCGACCCTGACCTGGAAACT
GAGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGGGCAAGTCGCTGTTTACCA
GGATGTATACGCGGTTGACGGACCGACAAGTCTCTATCACCAAGCCAATAAGGGAGTTAGAG
TCGCCTACTGGATAGGCTTTGACACCACCCCTTTTATGTTTAAGAACTTGGCTGGAGCATAT
CCATCATACTCTACCAACTGGGCCGACGAAACCGTGTTAACGGCTCGTAACATAGGCCTATG
CAGCTCTGACGTTATGGAGCGGTCACGTAGAGGGATGTCCATTCTTAGAAAGAAGTATTTGA
AACCATCCAACAATGTTCTATTCTCTGTTGGCTCGACCATCTACCACGAGAAGAGGGACTTA
CTGAGGAGCTGGCACCTGCCGTCTGTATTTCACTTACGTGGCAAGCAAAATTACACATGTCG
GTGTGAGACTATAGTTAGTTGCGACGGGTACGTCGTTAAAAGAATAGCTATCAGTCCAGGCC
TGTATGGGAAGCCTTCAGGCTATGCTGCTACGATGCACCGCGAGGGATTCTTGTGCTGCAAA
GTGACAGACACATTGAACGGGGAGAGGGTCTCTTTTCCCGTGTGCACGTATGTGCCAGCTAC
ATTGTGTGACCAAATGACTGGCATACTGGCAACAGATGTCAGTGCGGACGACGCGCAAAAAC
TGCTGGTTGGGCTCAACCAGCGTATAGTCGTCAACGGTCGCACCCAGAGAAACACCAATACC
ATGAAAAATTACCTTTTGCCCGTAGTGGCCCAGGCATTTGCTAGGTGGGCAAAGGAATATAA
GGAAGATCAAGAAGATGAAAGGCCACTAGGACTACGAGATAGACAGTTAGTCATGGGGTGTT
GTTGGGCTTTTAGAAGGCACAAGATAACATCTATTTATAAGCGCCCGGATACCCAAACCATC
ATCAAAGTGAACAGCGATTTCCACTCATTCGTGCTGCCCAGGATAGGCAGTAACACATTGGA
GATCGGGCTGAGAACAAGAATCAGGAAAATGTTAGAGGAGCACAAGGAGCCGTCACCTCTCA
TTACCGCCGAGGACGTACAAGAAGCTAAGTGCGCAGCCGATGAGGCTAAGGAGGTGCGTGAA
GCCGAGGAGTTGCGCGCAGCTCTACCACCTTTGGCAGCTGATGTTGAGGAGCCCACTCTGGA
AGCCGATGTAGACTTGATGTTACAAGAGGCTGGGGCCGGCTCAGTGGAGACACCTCGTGGCT
TGATAAAGGTTACCAGCTACGATGGCGAGGACAAGATCGGCTCTTACGCTGTGCTTTCTCCG
CAGGCTGTACTCAAGAGTGAAAAATTATCTTGCATCCACCCTCTCGCTGAACAAGTCATAGT
GATAACACACTCTGGCCGAAAAGGGCGTTATGCCGTGGAACCATACCATGGTAAAGTAGTGG
TGCCAGAGGGACATGCAATACCCGTCCAGGACTTTCAAGCTCTGAGTGAAAGTGCCACCATT
GTGTACAACGAACGTGAGTTCGTAAACAGGTACCTGCACCATATTGCCACACATGGAGGAGC
GCTGAACACTGATGAAGAATATTACAAAACTGTCAAGCCCAGCGAGCACGACGGCGAATACC
TGTACGACATCGACAGGAAACAGTGCGTCAAGAA
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FIG. 1B

AGAACTAGTCACTGGGCTAGGGCTCACAGGCGAGCTGGTGGATCCTCCCTTCCATGAATTCG
CCTACGAGAGTCTGAGAACACGACCAGCCGCTCCTTACCAAGTACCAACCATAGGGGTGTAT
GGCGTGCCAGGATCAGGCAAGTCTGGCATCATTAAAAGCGCAGTCACCAAAAAAGATCTAGT
GGTGAGCGCCAAGAAAGAAANCTGTGCAGAAATTATAAGGGACGTCAAGAAAATGAAAGGGC
TGGACGTCAATGCCAGAACTGTGGACTCAGTGCTCTTGAATGGATGCAAACACCCCGTAGAG
ACCCTGTATATTGACGAAGCTTTTGCTTGTCATGCAGGTACTCTCAGAGCGCTCATAGCCAT
TATAAGACCTAAAAAGGCAGTGCTCTGCGGGGATCCCAAACAGTGCGGTTTTTTTAACATGA
TGTGCCTGAAAGTGCATTTTAACCACGAGATTTGCACACAAGTCTTCCACAAAAGCATCTCT
CGCCGTTGCACTAAATCTGTGACTTCGGTCGTCTCAACCTTGTTTTACGACAAAAANATGAG
AACGACGAATCCGAAAGAGACTAAGATTGTGATTGACACTACCGGCAGTACCAAACCTAAGC
AGGACGATCTCATTCTCACTTGTTTCAGAGGGTGGGTGAAGCAGTTGCAAATAGATTACAAA
GGCAACGAAATAATGACGGCAGCTGCCTCTCAAGGGCTGACCCGTAAAGGTGTGTATGCCGT
TCGGTACAAGGTGAATGAAAATCCTCTGTACGCACCCACCTCAGAACATGTGAACGTCCTAC
TGACCCGCACGGAGGACCGCATCGTGTGGAAAACACTAGCCGGCGACCCATGGATAAAAACA
CTGACTGCCAAGTACCCTGGGAATTTCACTGCCACGATAGAGGAGTGGCAAGCAGAGCATGA
TGCCATCATGAGGCACATCTTGGAGAGACCGGACCCTACCGACGTCTTCCAGAATAAGGCAA
ACGTGTGTTGGGCCAAGGCTTTAGTGCCGGTGCTGAAGACCGCTGGCATAGACATGACCACT
GAACAATGGAACACTGTGGATTATTTTGAAACGGACAAAGCTCACTCAGCAGAGATAGTATT
GAACCAACTATGCGTGAGGTTCTTTGGACTCGATCTGGACTCCGGTCTATTTTCTGCACCCA
CTGTTCCGTTATCCATTAGGAATAATCACTGGGATAACTCCCCGTCGCCTAACATGTACGGG
CTGAATAAAGAAGTGGTCCGTCAGCTCTCTCGCAGGTACCCACAACTGCCTCGGGCAGTTGC
CACTGGAAGAGTCTATGACATGAACACTGGTACACTGCGCAATTATGATCCGCGCATAAACC
TAGTACCTGTAAACAGAAGACTGCCTCATGCTTTAGTCCTCCACCATAATGAACACCCACAG
AGTGACTTTTCTTCATTCGTCAGCAAATTGAAGGGCAGAACTGTCCTGGTGGTCGGGGAAAA
GTTGTCCGTCCCAGGCAAAATGGTTGACTGGTTGTCAGACCGGCCTGAGGCTACCTTCAGAG
CTCGGCTGGATTTAGGCATCCCAGGTGATGTGCCCAAATATGACATAATATTTGTTAATGTG
AGGACCCCATATAAATACCATCACTATCAGCAGTGTGAAGACCATGCCATTAAGCTTAGCAT
GTTGACCAAGAAAGCTTGTCTGCATCTGAATCCCGGCGGAACCTGTGTCAGCATAGGTTATG
GTTACGCTGACAGGGCCAGCGAAAGCATCATTGGTGCTATAGCGCGGCAGTTCAAGTTTTCC
CGGGTATGCAAACCGAAATCCTCACTTGAAGAGACGGAAGTTCTGTTTGTATTCATTGGGTA
CGATCGCAAGGCCCGTACGCACAATCCTTACAAGCTTTCATCAACCTTGACCAACATTTATA
CAGGTTCCAGACTCCACGAAGCCGGATGTGCACCCTCATATCATGTGGTGCGAGGGGATATT
GCCACGGCCACCGAAGGAGTGATTATAAATGCTGCTAACAGCAAAGGACAACCTGGCGGAGG
GGTGTGCGGAGCGCTGTATAAGAAATTCCCGGAA
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AGCTTCGATTTACAGCCGATCGAAGTAGGAAAAGCGCGACTGGTCAAAGGTGCAGCTAAACA
TATCATTCATGCCGTAGGACCAAACTTCAACAAAGTTTCGGAGGTTGAAGGTGACAAACAGT
TGGCAGAGGCTTATGAGTCCATCGCTAAGATTGTCAACGATAACAATTACAAGTCAGTAGCG
ATTCCACTGTTGTCCACCGGCATCTTTTCCGGGAACAAAGATCGACTAACCCAATCATTGAA
CCATTTGCTGACAGCTTTAGACACCACTGATGCAGATGTAGCCATATACTGCAGGGACAAGA
AATGGGAAATGACTCTCAAGGAAGCAGTGGCTAGGAGAGAAGCAGTGGAGGAGATATGCATA
TCCGACGACTCTTCAGTGACAGAACCTGATGCAGAGCTGGTGAGGGTGCATCCGAAGAGTTC
TTTGGCTGGAAGGAAGGGCTACAGCACAAGCGATGGCAAAACTTTCTCATATTTGGAAGGGA
CCAAGTTTCACCAGGCGGCCAAGGATATAGCAGAAATTAATGCCATGTGGCCCGTTGCAACG
GAGGCCAATGAGCAGGTATGCATGTATATCCTCGGAGAAAGCATGAGCAGTATTAGGTCGAA
ATGCCCCGTCGAAGAGTCGGAAGCCTCCACACCACCTAGCACGCTGCCTTGCTTGTGCATCC
ATGCCATGACTCCAGAAAGAGTACAGCGCCTAAAAGCCTCACGTCCAGAACAAATTACTGTG
TGCTCATCCTTTCCATTGCCGAAGTATAGAATCACTGGTGTGCAGAAGATCCAATGCTCCCA
GCCTATATTGTTCTCACCGAAAGTGCCTGCGTATATTCATCCAAGGAAGTATCTCGTGGAAA
CACCACCGGTAGACGAGACTCCGGAGCCATCGGCAGAGAACCAATCCACAGAGGGGACACCT
GAACAACCACCACTTATAACCGAGGATGAGACCAGGACTAGAACGCCTGAGCCGATCATCAT
CGAAGAGGAAGAAGAGGATAGCATAAGTTTGCTGTCAGATGGCCCGACCCACCAGGTGCTGC
AAGTCGAGGCAGACATTCACGGGCCGCCCTCTGTATCTAGCTCATCCTGGTCCATTCCTCAT
GCATCCGACTTTGATGTGGACAGTTTATCCATACTTGACACCCTGGAGGGAGCTAGCGTGAC
CAGCGGGGCAACGTCAGCCGAGACTAACTCTTACTTCGCAAAGAGTATGGAGTTTCTGGCGC
GACCGGTGCCTGCGCCTCGAACAGTATTCAGGAACCCTCCACATCCCGCTCCGCGCACAAGA
ACACCGTCACTTGCACCCAGCAGGGCCTGCTCGAGAACCAGCCTAGTTTCCACCCCGCCAGG
CGTGAATAGGGTGATCACTAGAGAGGAGCTCGAGGCGCTTACCCCGTCACGCACTCCTAGCA
GGTCGGTCTCGAGAACCAGCCTGGTCTCCAACCCGCCAGGCGTAAATAGGGTGATTACAAGA
GAGGAGTTTGAGGCGTTCGTAGCACAACAACAATGACGGTTTGATGCGGGTGCATACATCTT
TTCCTCCGACACCGGTCAAGGGCATTTACAACAAAAATCAGTAAGGCAAACGGTGCTATCCG
AAGTGGTGTTGGAGAGGACCGAATTGGAGATTTCGTATGCCCCGCGCCTCGACCAAGAANAAA
GAAGAATTACTACGCAAGAAATTACAGTTAAATCCCACACCTGCTAACAGAAGCAGATACCA
GTCCAGGAAGGTGGAGAACATGAAAGCCATAACAGCTAGACGTATTCTGCAAGGCCTAGGGC
ATTATTTGAAGGCAGAAGGAAAAGTGGAGTGCTACCGAACCCTGCATCCTGTTCCTTTGTAT
TCATCTAGTGTGAACCGTGCCTTTTCAAGCCCCAAGGTCGCAGTGGAAGCCTGTAACGCCAT
GTTGAAAGAGAACTTTCCGACTGTGGCTTCTTACTGTATTATTCCAGAGTACGATGCCTATT
TGGACATGGTTGACGGAGCTTCATGCTGCTTAGACACTGCCAGTTTTTGCCCTGCAAAGCTG
CGCAGCTTTCCAAAGAAACACTCCTATTTGGAAC
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CCACAATACGATCGGCAGTGCCTTCAGCGATCCAGAACACGCTCCAGAACGTCCTGGCAGCT
GCCACAAANAGAAATTGCAATGTCACGCAAATGAGAGAATTGCCCGTATTGGATTCGGCGGC
CTTTAATGTGGAATGCTTCAAGAAATATGCGTGTAATAATGAATATTGGGAAACGTTTAAAG
AAAACCCCATCAGGCTTACTGAAGAAAACGTGGTAAATTACATTACCAAATTAAAAGGACCA
AAAGCTGCTGCTCTTTTTGCGAAGACACATAATTTGAATATGTTGCAGGACATACCAATGGA
CAGGTTTGTAATGGACTTAAAGAGAGACGTGAAAGTGACTCCAGGAACAAAACATACTGAAG
AACGGCCCAAGGTACAGGTGATCCAGGCTGCCGATCCGCTAGCAACAGCGTATCTGTGCGGA
ATCCACCGAGAGCTGGTTAGGAGATTAAATGCGGTCCTGCTTCCGAACATTCATACACTGTT
TGATATGTCGGCTGAAGACTTTGACGCTATTATAGCCGAGCACTTCCAGCCTGGGGATTGTG
TTCTGGAAACTGACATCGCGTCGTTTGATAAAAGTGAGGACGACGCCATGGCTCTGACCGCG
TTAATGATTCTGGAAGACTTAGGTGTGGACGCAGAGCTGTTGACGCTGATTGAGGCGGCTTT
CGGCGAAATTTCATCAATACATTTGCCCACTAAAACTAAATTTAAATTCGGAGCCATGATGA
AATCTGGAATGTTCCTCACACTGTTTGTGAACACAGTCATTAACATTGTAATCGCAAGCAGA
GTGTTGAGAGAACGGCTAACCGGATCACCATGTGCAGCATTCATTGGAGATGACAATATCGT
GAAAGGAGTCAAATCGGACAAATTAATGGCAGACAGGTGCGCCACCTGGTTGAATATGGAAG
TCAAGATTATAGATGCTGTGGTGGGCGAGAAAGCGCCTTATTTCTGTGGAGGGTTTATTTTG
TGTGACTCCGTGACCGGCACAGCGTGCCGTGTGGCAGACCCCCTAAAANGGCTGTTTAAGCT
TGGCAAACCTCTGGCAGCAGACGATGAACATGATGATGACAGGAGAAGGGCATTGCATGAAG
AGTCAACACGCTGGAACCGAGTGGGTATTCTTTCAGAGCTGTGCAAGGCAGTAGAATCAAGG
TATGAAACCGTAGGAACTTCCATCATAGTTATGGCCATGACTACTCTAGCTAGCAGTGTTAA
ATCATTCAGCTACCTGAGAGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGGACTACGA

CATAGTCTAGTCGACGCCACC
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AGTCTAGACGGCGCGCCCACCCAG

CGGCCGCATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGCCG
CCTTAAAATTTTTATTTTATTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTAATATTTC
AAAANNAAANANNAANANNAANANNAANANNAANANGGGTCGGCATGGCATCTCCACCTCCTC
GCGGTCCGACCTGGGCATCCGAAGGAGGACGCACGTCCACTCGGATGGCTAAGGGAGAGCCA
CGTTTAAACCAGCTCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCG
TTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACAT
CCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTT
GCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGG
TGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTC
TTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCC
TTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATG
GTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACG
TTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTC
TTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAAC
AAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTAGGTGGCACTTTTCGGG
GAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTC
ATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCA
ACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCG
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GCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGA
TCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGA
GTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCG
GTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAA
TGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAG
AATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACG
ATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCT
TGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGC
CTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCC
CGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGC
CCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTA
TCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGG
AGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAA
GCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATT
TTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAA
CGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGA
TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAANAANCCACCGCTACCAGCGGTGG
TTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCG
CAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGT
AGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATA
AGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGL
TGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATC
CGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGG
TATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTC
GTCAGGGGGGCGGAGCCTATGGAAAANCGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCT
TTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGT
ATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC
AGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGA
TTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCA
ATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTCCCGGCTCG
TATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATT
ACGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCACGCGT
AATACGACTCACTATAG
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ATAGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAAATGGAGAAAGTTCACGTT
GACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTGCAGCGGAGCTTCCCGCAGTTTGAGGT
AGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATGCCAGAGCGTTTTCGCATCTGGCTT
CAAAACTGATCGAAACGGAGGTGGACCCATCCGACACGATCCTTGACATTGGAAGTGCGCCC
GCCCGCAGAATGTATTCTAAGCACAAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGA
TCCGGACAGATTGTATAAGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGATA
AGGAATTGGACAAGAAAATGAAGGAGCTCGCCGCCGTCATGAGCGACCCTGACCTGGAAACT
GAGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGGGCAAGTCGCTGTTTACCA
GGATGTATACGCGGTTGACGGACCGACAAGTCTCTATCACCAAGCCAATAAGGGAGTTAGAG
TCGCCTACTGGATAGGCTTTGACACCACCCCTTTTATGTTTAAGAACTTGGCTGGAGCATAT
CCATCATACTCTACCAACTGGGCCGACGAAACCGTGTTAACGGCTCGTAACATAGGCCTATG
CAGCTCTGACGTTATGGAGCGGTCACGTAGAGGGATGTCCATTCTTAGAAAGAAGTATTTGA
AACCATCCAACAATGTTCTATTCTCTGTTGGCTCGACCATCTACCACGAGAAGAGGGACTTA
CTGAGGAGCTGGCACCTGCCGTCTGTATTTCACTTACGTGGCAAGCAAAATTACACATGTCG
GTGTGAGACTATAGTTAGTTGCGACGGGTACGTCGTTAAAAGAATAGCTATCAGTCCAGGCC
TGTATGGGAAGCCTTCAGGCTATGCTGCTACGATGCACCGCGAGGGATTCTTGTGCTGCAAA
GTGACAGACACATTGAACGGGGAGAGGGTCTCTTTTCCCGTGTGCACGTATGTGCCAGCTAC
ATTGTGTGACCAAATGACTGGCATACTGGCAACAGATGTCAGTGCGGACGACGCGCAAAAAC
TGCTGGTTGGGCTCAACCAGCGTATAGTCGTCAACGGTCGCACCCAGAGAAACACCAATACC
ATGAAAAATTACCTTTTGCCCGTAGTGGCCCAGGCATTTGCTAGGTGGGCAAAGGAATATAA
GGAAGATCAAGAAGATGAAAGGCCACTAGGACTACGAGATAGACAGTTAGTCATGGGGTGTT
GTTGGGCTTTTAGAAGGCACAAGATAACATCTATTTATAAGCGCCCGGATACCCAAACCATC
ATCAAAGTGAACAGCGATTTCCACTCATTCGTGCTGCCCAGGATAGGCAGTAACACATTGGA
GATCGGGCTGAGAACAAGAATCAGGAAAATGTTAGAGGAGCACAAGGAGCCGTCACCTCTCA
TTACCGCCGAGGACGTACAAGAAGCTAAGTGCGCAGCCGATGAGGCTAAGGAGGTGCGTGAA
GCCGAGGAGTTGCGCGCAGCTCTACCACCTTTGGCAGCTGATGTTGAGGAGCCCACTCTGGA
AGCCGATGTAGACTTGATGTTACAAGAGGCTGGGGCCGGCTCAGTGGAGACACCTCGTGGCT
TGATAAAGGTTACCAGCTACGATGGCGAGGACAAGATCGGCTCTTACGCTGTGCTTTCTCCG
CAGGCTGTACTCAAGAGTGAAAAATTATCTTGCATCCACCCTCTCGCTGAACAAGTCATAGT
GATAACACACTCTGGCCGAAAAGGGCGTTATGCCGTGGAACCATACCATGGTAAAGTAGTGG
TGCCAGAGGGACATGCAATACCCGTCCAGGACTTTCAAGCTCTGAGTGAAAGTGCCACCATT
GTGTACAACGAACGTGAGTTCGTAAACAGGTACCTGCACCATATTGCCACACATGGAGGAGC
GCTGAACACTGATGAAGAATATTACAAAACT
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GTCAAGCCCAGCGAGCACGACGGCGAATACCTGTACGACATCGACAGGAAACAGTGCGTCAA
GAAAGAACTAGTCACTGGGCTAGGGCTCACAGGCGAGCTGGTGGATCCTCCCTTCCATGAAT
TCGCCTACGAGAGTCTGAGAACACGACCAGCCGCTCCTTACCAAGTACCAACCATAGGGGTG
TATGGCGTGCCAGGATCAGGCAAGTCTGGCATCATTAAAAGCGCAGTCACCAAAAAAGATCT
AGTGGTGAGCGCCAAGAAAGAAAACTGTGCAGAAATTATAAGGGACGTCAAGAAAATGAAAG
GGCTGGACGTCAATGCCAGAACTGTGGACTCAGTGCTCTTGAATGGATGCAAACACCCCGTA
GAGACCCTGTATATTGACGAAGCTTTTGCTTGTCATGCAGGTACTCTCAGAGCGCTCATAGC
CATTATAAGACCTAAAAAGGCAGTGCTCTGCGGGGATCCCAAACAGTGCGGTTTTTTTAACA
TGATGTGCCTGAAAGTGCATTTTAACCACGAGATTTGCACACAAGTCTTCCACAAAAGCATC
TCTCGCCGTTGCACTAAATCTGTGACTTCGGTCGTCTCAACCTTGTTTTACGACAAAAAAAT
GAGAACGACGAATCCGAAAGAGACTAAGATTGTGATTGACACTACCGGCAGTACCAAACCTA
AGCAGGACGATCTCATTCTCACTTGTTTCAGAGGGTGGGTGAAGCAGTTGCAAATAGATTAC
AAAGGCAACGAAATAATGACGGCAGCTGCCTCTCAAGGGCTGACCCGTAAAGGTGTGTATGC
CGTTCGGTACAAGGTGAATGAAAATCCTCTGTACGCACCCACCTCAGAACATGTGAACGTCC
TACTGACCCGCACGGAGGACCGCATCGTGTGGAAAACACTAGCCGGCGACCCATGGATAAAA
ACACTGACTGCCAAGTACCCTGGGAATTTCACTGCCACGATAGAGGAGTGGCAAGCAGAGCA
TGATGCCATCATGAGGCACATCTTGGAGAGACCGGACCCTACCGACGTCTTCCAGAATAAGG
CAAACGTGTGTTGGGCCAAGGCTTTAGTGCCGGTGCTGAAGACCGCTGGCATAGACATGACC
ACTGAACAATGGAACACTGTGGATTATTTTGAAACGGACAAAGCTCACTCAGCAGAGATAGT
ATTGAACCAACTATGCGTGAGGTTCTTTGGACTCGATCTGGACTCCGGTCTATTTTCTGCAC
CCACTGTTCCGTTATCCATTAGGAATAATCACTGGGATAACTCCCCGTCGCCTAACATGTAC
GGGCTGAATAAAGAAGTGGTCCGTCAGCTCTCTCGCAGGTACCCACAACTGCCTCGGGCAGT
TGCCACTGGAAGAGTCTATGACATGAACACTGGTACACTGCGCAATTATGATCCGCGCATAA
ACCTAGTACCTGTAAACAGAAGACTGCCTCATGCTTTAGTCCTCCACCATAATGAACACCCA
CAGAGTGACTTTTCTTCATTCGTCAGCAAATTGAAGGGCAGAACTGTCCTGGTGGTCGGGGA
AAAGTTGTCCGTCCCAGGCAAAATGGTTGACTGGTTGTCAGACCGGCCTGAGGCTACCTTCA
GAGCTCGGCTGGATTTAGGCATCCCAGGTGATGTGCCCAAATATGACATAATATTTGTTAAT
GTGAGGACCCCATATAAATACCATCACTATCAGCAGTGTGAAGACCATGCCATTAAGCTTAG
CATGTTGACCAAGAAAGCTTGTCTGCATCTGAATCCCGGCGGAACCTGTGTCAGCATAGGTT
ATGGTTACGCTGACAGGGCCAGCGAAAGCATCATTGGTGCTATAGCGCGGCAGTTCAAGTTT
TCCCGGGTATGCAAACCGAAATCCTCACTTGAAGAGACGGAAGTTCTGTTTGTATTCATTGG
GTACGATCGCAAGGCCCGTACGCACAATCCTTACAAGCTTTCATCAACCTTGACCAACATTT
ATACAGGTTCCAGACTCCACGAAGCCGGATG
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TGCACCCTCATATCATGTGGTGCGAGGGGATATTGCCACGGCCACCGAAGGAGTGATTATAA
ATGCTGCTAACAGCAAAGGACAACCTGGCGGAGGGGTGTGCGGAGCGCTGTATAAGAAATTC
CCGGAAAGCTTCGATTTACAGCCGATCGAAGTAGGAAAAGCGCGACTGGTCAAAGGTGCAGC
TAAACATATCATTCATGCCGTAGGACCAAACTTCAACAAAGTTTCGGAGGTTGAAGGTGACA
AACAGTTGGCAGAGGCTTATGAGTCCATCGCTAAGATTGTCAACGATAACAATTACAAGTCA
GTAGCGATTCCACTGTTGTCCACCGGCATCTTTTCCGGGAACAAAGATCGACTAACCCAATC
ATTGAACCATTTGCTGACAGCTTTAGACACCACTGATGCAGATGTAGCCATATACTGCAGGG
ACAAGAAATGGGAAATGACTCTCAAGGAAGCAGTGGCTAGGAGAGAAGCAGTGGAGGAGATA
TGCATATCCGACGACTCTTCAGTGACAGAACCTGATGCAGAGCTGGTGAGGGTGCATCCGAA
GAGTTCTTTGGCTGGAAGGAAGGGCTACAGCACAAGCGATGGCAAAACTTTCTCATATTTGG
AAGGGACCAAGTTTCACCAGGCGGCCAAGGATATAGCAGAAATTAATGCCATGTGGCCCGTT
GCAACGGAGGCCAATGAGCAGGTATGCATGTATATCCTCGGAGAAAGCATGAGCAGTATTAG
GTCGAAATGCCCCGTCGAAGAGTCGGAAGCCTCCACACCACCTAGCACGCTGCCTTGCTTGT
GCATCCATGCCATGACTCCAGAAAGAGTACAGCGCCTAAAAGCCTCACGTCCAGAACAAATT
ACTGTGTGCTCATCCTTTCCATTGCCGAAGTATAGAATCACTGGTGTGCAGAAGATCCAATG
CTCCCAGCCTATATTGTTCTCACCGAAAGTGCCTGCGTATATTCATCCAAGGAAGTATCTCG
TGGAAACACCACCGGTAGACGAGACTCCGGAGCCATCGGCAGAGAACCAATCCACAGAGGGG
ACACCTGAACAACCACCACTTATAACCGAGGATGAGACCAGGACTAGAACGCCTGAGCCGAT
CATCATCGAAGAGGAAGAAGAGGATAGCATAAGTTTGCTGTCAGATGGCCCGACCCACCAGG
TGCTGCAAGTCGAGGCAGACATTCACGGGCCGCCCTCTGTATCTAGCTCATCCTGGTCCATT
CCTCATGCATCCGACTTTGATGTGGACAGTTTATCCATACTTGACACCCTGGAGGGAGCTAG
CGTGACCAGCGGGGCAACGTCAGCCGAGACTAACTCTTACTTCGCAAAGAGTATGGAGTTTC
TGGCGCGACCGGTGCCTGCGCCTCGAACAGTATTCAGGAACCCTCCACATCCCGCTCCGLCGL
ACAAGAACACCGTCACTTGCACCCAGCAGGGCCTGCTCGAGAACCAGCCTAGTTTCCACCCC
GCCAGGCGTGAATAGGGTGATCACTAGAGAGGAGCTCGAGGCGCTTACCCCGTCACGCACTC
CTAGCAGGTCGGTCTCGAGAACCAGCCTGGTCTCCAACCCGCCAGGCGTAAATAGGGTGATT
ACAAGAGAGGAGTTTGAGGCGTTCGTAGCACAACAACAATGACGGTTTGATGCGGGTGCATA
CATCTTTTCCTCCGACACCGGTCAAGGGCATTTACAACAAAAATCAGTAAGGCAAACGGTGC
TATCCGAAGTGGTGTTGGAGAGGACCGAATTGGAGATTTCGTATGCCCCGCGCCTCGACCAA
GAAAAAGAAGAATTACTACGCAAGAAATTACAGTTAAATCCCACACCTGCTAACAGAAGCAG
ATACCAGTCCAGGAAGGTGGAGAACATGAAAGCCATAACAGCTAGACGTATTCTGCAAGGCC
TAGGGCATTATTTGAAGGCAGAAGGAAAAGTGGAGTGCTACCGAACCCTGCATCCTGTTCCT
TTGTATTCATCTAGTGTGAACCGTGCCTTTTCAAGCCCCAAGGTCGCAGTGGAAGCCTGTAA
CGCCATGTTGAAAGAGAACTTTCCGACTGTGGCT
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TCTTACTGTATTATTCCAGAGTACGATGCCTATTTGGACATGGTTGACGGAGCTTCATGCTG
CTTAGACACTGCCAGTTTTTGCCCTGCAAAGCTGCGCAGCTTTCCAAAGAAACACTCCTATT
TGGAACCCACAATACGATCGGCAGTGCCTTCAGCGATCCAGAACACGCTCCAGAACGTCCTG
GCAGCTGCCACAAANAGAAATTGCAATGTCACGCAAATGAGAGAATTGCCCGTATTGGATTC
GGCGGCCTTTAATGTGGAATGCTTCAAGAAATATGCGTGTAATAATGAATATTGGGAAACGT
TTAAAGAAAACCCCATCAGGCTTACTGAAGAAAACGTGGTAAATTACATTACCAAATTAAAA
GGACCAAAAGCTGCTGCTCTTTTTGCGAAGACACATAATTTGAATATGTTGCAGGACATACC
AATGGACAGGTTTGTAATGGACTTAAAGAGAGACGTGAAAGTGACTCCAGGAACAAAACATA
CTGAAGAACGGCCCAAGGTACAGGTGATCCAGGCTGCCGATCCGCTAGCAACAGCGTATCTG
TGCGGAATCCACCGAGAGCTGGTTAGGAGATTAAATGCGGTCCTGCTTCCGAACATTCATAC
ACTGTTTGATATGTCGGCTGAAGACTTTGACGCTATTATAGCCGAGCACTTCCAGCCTGGGG
ATTGTGTTCTGGAAACTGACATCGCGTCGTTTGATAAAAGTGAGGACGACGCCATGGCTCTG
ACCGCGTTAATGATTCTGGAAGACTTAGGTGTGGACGCAGAGCTGTTGACGCTGATTGAGGC
GGCTTTCGGCGAAATTTCATCAATACATTTGCCCACTAAAACTAAATTTAAATTCGGAGCCA
TGATGAAATCTGGAATGTTCCTCACACTGTTTGTGAACACAGTCATTAACATTGTAATCGCA
AGCAGAGTGTTGAGAGAACGGCTAACCGGATCACCATGTGCAGCATTCATTGGAGATGACAA
TATCGTGAAAGGAGTCAAATCGGACAAATTAATGGCAGACAGGTGCGCCACCTGGTTGAATA
TGGAAGTCAAGATTATAGATGCTGTGGTGGGCGAGAAAGCGCCTTATTTCTGTGGAGGGTTT
ATTTTGTGTGACTCCGTGACCGGCACAGCGTGCCGTGTGGCAGACCCCCTAAAAAGGCTGTT
TAAGCTTGGCAAACCTCTGGCAGCAGACGATGAACATGATGATGACAGGAGAAGGGCATTGC
ATGAAGAGTCAACACGCTGGAACCGAGTGGGTATTCTTTCAGAGCTGTGCAAGGCAGTAGAA
TCAAGGTATGAAACCGTAGGAACTTCCATCATAGTTATGGCCATGACTACTCTAGCTAGCAG
TGTTAAATCATTCAGCTACCTGAGAGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGGA

CTACGACATAGTCTAGTCGACGCCAC




WO 2012/006359 PCT/US2011/043086

11/24

FIG. 2E

AACTAGACGGCGCGCCCACCCAGCGGCCGCATACAGCAGCAATTGGCAAGCTGCTTACAT

AGAACTCGCGGCGATTGGCATGCCGCCTTAAAATTTTTATTTTATTTTTCTTTTCTTTTCCG
AATCGGATTTTGTTTTTAATATTTCAAAANAANAAANAANAANAANAANAANAANAANAANAA
AAAGGGTCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGC
ACGTCCACTCGGATGGCTAAGGGAGAGCCACGTTTAAACCAGCTCCAATTCGCCCTATAGTG
AGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGC
GTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGA
GGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCT
GTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCC
AGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTT
TCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACC
TCGACCCCAAAANAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACG
GTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGG
AACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGG
CCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTA
ACGCTTACAATTTAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTT
TTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATA
ATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTG
CGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGA
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AACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAAC
TGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATG
AGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCA
ACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAA
AGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGAT
AACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTT
GCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCA
TACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTA
TTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGA
TAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAAT
CTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCC
TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACA
GATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCAT
ATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTT
TTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCC
CGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGC
AAACAAAANAANCCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT
TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCC
GTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGA
TAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTT
GGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGC
TTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGC
ACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCT
CTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCA
GCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCT
GCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCG
CCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATAC
GCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCC
GACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACC
CCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAAT
TTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGG
GAACAAAAGCTGGGTACCGGGCCCACGCGTAATACGACTCACTATAG
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ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAAATGGAGAAAGTTCACGTT
GACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTGCAGCGGAGCTTCCCGCAGTTTGAGGT
AGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATGCCAGAGCGTTTTCGCATCTGGCTT
CAAAACTGATCGAAACGGAGGTGGACCCATCCGACACGATCCTTGACATTGGAAGTGCGCCC
GCCCGCAGAATGTATTCTAAGCACAAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGA
TCCGGACAGATTGTATAAGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGATA
AGGAATTGGACAAGAAAATGAAGGAGCTCGCCGCCGTCATGAGCGACCCTGACCTGGAAACT
GAGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGGGCAAGTCGCTGTTTACCA
GGATGTATACGCGGTTGACGGACCGACAAGTCTCTATCACCAAGCCAATAAGGGAGTTAGAG
TCGCCTACTGGATAGGCTTTGACACCACCCCTTTTATGTTTAAGAACTTGGCTGGAGCATAT
CCATCATACTCTACCAACTGGGCCGACGAAACCGTGTTAACGGCTCGTAACATAGGCCTATG
CAGCTCTGACGTTATGGAGCGGTCACGTAGAGGGATGTCCATTCTTAGAAAGAAGTATTTGA
AACCATCCAACAATGTTCTATTCTCTGTTGGCTCGACCATCTACCACGAGAAGAGGGACTTA
CTGAGGAGCTGGCACCTGCCGTCTGTATTTCACTTACGTGGCAAGCAAAATTACACATGTCG
GTGTGAGACTATAGTTAGTTGCGACGGGTACGTCGTTAAAAGAATAGCTATCAGTCCAGGCC
TGTATGGGAAGCCTTCAGGCTATGCTGCTACGATGCACCGCGAGGGATTCTTGTGCTGCAAA
GTGACAGACACATTGAACGGGGAGAGGGTCTCTTTTCCCGTGTGCACGTATGTGCCAGCTAC
ATTGTGTGACCAAATGACTGGCATACTGGCAACAGATGTCAGTGCGGACGACGCGCAAAAAC
TGCTGGTTGGGCTCAACCAGCGTATAGTCGTCAACGGTCGCACCCAGAGAAACACCAATACC
ATGAAAAATTACCTTTTGCCCGTAGTGGCCCAGGCATTTGCTAGGTGGGCAAAGGAATATAA
GGAAGATCAAGAAGATGAAAGGCCACTAGGACTACGAGATAGACAGTTAGTCATGGGGTGTT
GTTGGGCTTTTAGAAGGCACAAGATAACATCTATTTATAAGCGCCCGGATACCCAAACCATC
ATCAAAGTGAACAGCGATTTCCACTCATTCGTGCTGCCCAGGATAGGCAGTAACACATTGGA
GATCGGGCTGAGAACAAGAATCAGGAAAATGTTAGAGGAGCACAAGGAGCCGTCACCTCTCA
TTACCGCCGAGGACGTACAAGAAGCTAAGTGCGCAGCCGATGAGGCTAAGGAGGTGCGTGAA
GCCGAGGAGTTGCGCGCAGCTCTACCACCTTTGGCAGCTGATGTTGAGGAGCCCACTCTGGA
AGCCGATGTCGACTTGATGTTACAAGAGGCTGGGGCCGGCTCAGTGGAGACACCTCGTGGCT
TGATAAAGGTTACCAGCTACGCTGGCGAGGACAAGATCGGCTCTTACGCTGTGCTTTCTCCG
CAGGCTGTACTCAAGAGTGAAAAATTATCTTGCATCCACCCTCTCGCTGAACAAGTCATAGT
GATAACACACTCTGGCCGAAAAGGGCGTTATGCCGTGGAACCATACCATGGTAAAGTAGTGG
TGCCAGAGGGACATGCAATACCCGTCCAGGACTTTCAAGCTCTGAGTGAAAGTGCCACCATT
GTGTACAACGAACGTGAGTTCGTAAACAGGTACCTGCACCATATTGCCACACATGGAGGAGC
GCTGAACACTGATGAAGAATATTACAAAACT
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GTCAAGCCCAGCGAGCACGACGGCGAATACCTGTACGACATCGACAGGAAACAGTGCGTCAA
GAAAGAACTAGTCACTGGGCTAGGGCTCACAGGCGAGCTGGTGGATCCTCCCTTCCATGAAT
TCGCCTACGAGAGTCTGAGAACACGACCAGCCGCTCCTTACCAAGTACCAACCATAGGGGTG
TATGGCGTGCCAGGATCAGGCAAGTCTGGCATCATTAAAAGCGCAGTCACCAAAAAAGATCT
AGTGGTGAGCGCCAAGAAAGAAAACTGTGCAGAAATTATAAGGGACGTCAAGAAAATGAAAG
GGCTGGACGTCAATGCCAGAACTGTGGACTCAGTGCTCTTGAATGGATGCAAACACCCCGTA
GAGACCCTGTATATTGACGAAGCTTTTGCTTGTCATGCAGGTACTCTCAGAGCGCTCATAGC
CATTATAAGACCTAAAAAGGCAGTGCTCTGCGGGGATCCCAAACAGTGCGGTTTTTTTAACA
TGATGTGCCTGAAAGTGCATTTTAACCACGAGATTTGCACACAAGTCTTCCACAAAAGCATC
TCTCGCCGTTGCACTAAATCTGTGACTTCGGTCGTCTCAACCTTGTTTTACGACAAAAAAAT
GAGAACGACGAATCCGAAAGAGACTAAGATTGTGATTGACACTACCGGCAGTACCAAACCTA
AGCAGGACGATCTCATTCTCACTTGTTTCAGAGGGTGGGTGAAGCAGTTGCAAATAGATTAC
AAAGGCAACGAAATAATGACGGCAGCTGCCTCTCAAGGGCTGACCCGTAAAGGTGTGTATGC
CGTTCGGTACAAGGTGAATGAAAATCCTCTGTACGCACCCACCTCAGAACATGTGAACGTCC
TACTGACCCGCACGGAGGACCGCATCGTGTGGAAAACACTAGCCGGCGACCCATGGATAAAA
ACACTGACTGCCAAGTACCCTGGGAATTTCACTGCCACGATAGAGGAGTGGCAAGCAGAGCA
TGATGCCATCATGAGGCACATCTTGGAGAGACCGGACCCTACCGACGTCTTCCAGAATAAGG
CAAACGTGTGTTGGGCCAAGGCTTTAGTGCCGGTGCTGAAGACCGCTGGCATAGACATGACC
ACTGAACAATGGAACACTGTGGATTATTTTGAAACGGACAAAGCTCACTCAGCAGAGATAGT
ATTGAACCAACTATGCGTGAGGTTCTTTGGACTCGATCTGGACTCCGGTCTATTTTCTGCAC
CCACTGTTCCGTTATCCATTAGGAATAATCACTGGGATAACTCCCCGTCGCCTAACATGTAC
GGGCTGAATAAAGAAGTGGTCCGTCAGCTCTCTCGCAGGTACCCACAACTGCCTCGGGCAGT
TGCCACTGGAAGAGTCTATGACATGAACACTGGTACACTGCGCAATTATGATCCGCGCATAA
ACCTAGTACCTGTAAACAGAAGACTGCCTCATGCTTTAGTCCTCCACCATAATGAACACCCA
CAGAGTGACTTTTCTTCATTCGTCAGCAAATTGAAGGGCAGAACTGTCCTGGTGGTCGGGGA
AAAGTTGTCCGTCCCAGGCAAAATGGTTGACTGGTTGTCAGACCGGCCTGAGGCTACCTTCA
GAGCTCGGCTGGATTTAGGCATCCCAGGTGATGTGCCCAAATATGACATAATATTTGTTAAT
GTGAGGACCCCATATAAATACCATCACTATCAGCAGTGTGAAGACCATGCCATTAAGCTTAG
CATGTTGACCAAGAAAGCTTGTCTGCATCTGAATCCCGGCGGAACCTGTGTCAGCATAGGTT
ATGGTTACGCTGACAGGGCCAGCGAAAGCATCATTGGTGCTATAGCGCGGCAGTTCAAGTTT
TCCCGGGTATGCAAACCGAAATCCTCACTTGAAGAGACGGAAGTTCTGTTTGTATTCATTGG
GTACGATCGCAAGGCCCGTACGCACAATCCTTACAAGCTTTCATCAACCTTGACCAACATTT
ATACAGGTTCCAGACTCCACGAAGCCGGATGTGCACCCTCATATCATGTGGTGCGAGGGGAT
ATTGCCACGGCCACCGAAGGAGTGATTATAAATG
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CTGCTAACAGCAAAGGACAACCTGGCGGAGGGGTGTGCGGAGCGCTGTATAAGAAATTCCCG
GAAAGCTTCGATTTACAGCCGATCGAAGTAGGAAAAGCGCGACTGGTCAAAGGTGCAGCTAA
ACATATCATTCATGCCGTAGGACCAAACTTCAACAAAGTTTCGGAGGTTGAAGGTGACAAAC
AGTTGGCAGAGGCTTATGAGTCCATCGCTAAGATTGTCAACGATAACAATTACAAGTCAGTA
GCGATTCCACTGTTGTCCACCGGCATCTTTTCCGGGAACAAAGATCGACTAACCCAATCATT
GAACCATTTGCTGACAGCTTTAGACACCACTGATGCAGATGTAGCCATATACTGCAGGGACA
AGAAATGGGAAATGACTCTCAAGGAAGCAGTGGCTAGGAGAGAAGCAGTGGAGGAGATATGC
ATATCCGACGACTCTTCAGTGACAGAACCTGATGCAGAGCTGGTGAGGGTGCATCCGAAGAG
TTCTTTGGCTGGAAGGAAGGGCTACAGCACAAGCGATGGCAAAACTTTCTCATATTTGGAAG
GGACCAAGTTTCACCAGGCGGCCAAGGATATAGCAGAAATTAATGCCATGTGGCCCGTTGCA
ACGGAGGCCAATGAGCAGGTATGCATGTATATCCTCGGAGAAAGCATGAGCAGTATTAGGTC
GAAATGCCCCGTCGAAGAGTCGGAAGCCTCCTCACCACCTAGCACGCTGCCTTGCTTGTGCA
TCCATGCCATGACTCCAGAAAGAGTACAGCGCCTAAAAGCCTCACGTCCAGAACAAATTACT
GTGTGCTCATCCTTTCCATTGCCGAAGTATAGAATCACTGGTGTGCAGAAGATCCAATGCTC
CCAGCCTATATTGTTCTCACCGAAAGTGCCTGCGTATATTCATCCAAGGAAGTATCTCGTGG
AANACACCACCGGTAGACGAGACTCCGGAGCCATCGGCAGAGAACCAATCCACAGAGGGGACA
CCTGAACAACCACCACTTATAACCGAGGATGAGACCAGGACTAGAACGCCTGAGCCGATCAT
CATCGAAGAGGAAGAAGAGGATAGCATAAGTTTGCTGTCAGATGGCCCGACCCACCAGGTGC
TGCAAGTCGAGGCAGACATTCACGGGCCGCCCTCTGTATCTAGCTCATCCTGGTCCATTCCT
CATGCATCCGACTTTGATGTGGACAGTTTATCCATACTTGACACCCTGGAGGGAGCTAGCGT
GACCAGCGGGGCAACGTCAGCCGAGACTAACTCTTACTTCGCAAAGAGTATGGAGTTTCTGG
CGCGACCGGTGCCTGCGCCTCGAACAGTATTCAGGAACCCTCCACATCCCGCTCCGCGCACA
AGAACACCGTCACTTGCACCCAGCAGGGCCTGCTCGAGAGGGATCACGGGAGAAACCGTGGG
ATACGCGGTTACACACAATAGCGAGGGCTTCTTGCTATGCAAAGTTACTGACACAGTAAAAG
GAGAACGGGTATCGTTCCCTGTGTGCACGTACATCCCGGCCACCATAAACTCGAGAACCAGC
CTGGTCTCCAACCCGCCAGGCGTAAATAGGGTGATTACAAGAGAGGAGTTTGAGGCGTTCGT
AGCACAACAACAATGACGGTTTGATGCGGGTGCATACATCTTTTCCTCCGACACCGGTCAAG
GGCATTTACAACAAAAATCAGTAAGGCAAACGGTGCTATCCGAAGTGGTGTTGGAGAGGACC
GAATTGGAGATTTCGTATGCCCCGCGCCTCGACCAAGAAAANGAAGAATTACTACGCAAGAA
ATTACAGTTAAATCCCACACCTGCTAACAGAAGCAGATACCAGTCCAGGAAGGTGGAGAACA
TGAAAGCCATAACAGCTAGACGTATTCTGCAAGGCCTAGGGCATTATTTGAAGGCAGAAGGA
AAAGTGGAGTGCTACCGAACCCTGCATCCTGTTCCTTTGTATTCATCTAGTGTGAACCGTGC
CTTTTCAAGCCCCAAGGTCGCAGTGGAAGCCTGTAACGCCATGTTGAAAGAGAACTTTCCGA
CTGTGGCTTCTTACTGTATTATTCCAGAGTACGA
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TGCCTATTTGGACATGGTTGACGGAGCTTCATGCTGCTTAGACACTGCCAGTTTTTGCCCTG
CAAAGCTGCGCAGCTTTCCAAAGAAACACTCCTATTTGGAACCCACAATACGATCGGCAGTG
CCTTCAGCGATCCAGAACACGCTCCAGAACGTCCTGGCAGCTGCCACAAAAAGAAATTGCAA
TGTCACGCAAATGAGAGAATTGCCCGTATTGGATTCGGCGGCCTTTAATGTGGAATGCTTCA
AGAAATATGCGTGTAATAATGAATATTGGGAAACGTTTAAAGAAAACCCCATCAGGCTTACT
GAAGAAAACGTGGTAAATTACATTACCAAATTAAAAGGACCAAAAGCTGCTGCTCTTTTTGC
GAAGACACATAATTTGAATATGTTGCAGGACATACCAATGGACAGGTTTGTAATGGACTTAA
AGAGAGACGTGAAAGTGACTCCAGGAACAAAACATACTGAAGAACGGCCCAAGGTACAGGTG
ATCCAGGCTGCCGATCCGCTAGCAACAGCGTATCTGTGCGGAATCCACCGAGAGCTGGTTAG
GAGATTAAATGCGGTCCTGCTTCCGAACATTCATACACTGTTTGATATGTCGGCTGAAGACT
TTGACGCTATTATAGCCGAGCACTTCCAGCCTGGGGATTGTGTTCTGGAAACTGACATCGCG
TCGTTTGATAAAAGTGAGGACGACGCCATGGCTCTGACCGCGTTAATGATTCTGGAAGACTT
AGGTGTGGACGCAGAGCTGTTGACGCTGATTGAGGCGGCTTTCGGCGAAATTTCATCAATAC
ATTTGCCCACTAAAACTAAATTTAAATTCGGAGCCATGATGAAATCTGGAATGTTCCTCACA
CTGTTTGTGAACACAGTCATTAACATTGTAATCGCAAGCAGAGTGTTGAGAGAACGGCTAAC
CGGATCACCATGTGCAGCATTCATTGGAGATGACAATATCGTGAAAGGAGTCAAATCGGACA
AATTAATGGCAGACAGGTGCGCCACCTGGTTGAATATGGAAGTCAAGATTATAGATGCTGTG
GTGGGCGAGAAAGCGCCTTATTTCTGTGGAGGGTTTATTTTGTGTGACTCCGTGACCGGCAC
AGCGTGCCGTGTGGCAGACCCCCTAAAAAGGCTGTTTAAGCTTGGCAAACCTCTGGCAGCAG
ACGATGAACATGATGATGACAGGAGAAGGGCATTGCATGAAGAGTCAACACGCTGGAACCGA
GTGGGTATTCTTTCAGAGCTGTGCAAGGCAGTAGAATCAAGGTATGAAACCGTAGGAACTTC
CATCATAGTTATGGCCATGACTACTCTAGCTAGCAGTGTTAAATCATTCAGCTACCTGAGAG
GGGCCCCTATAACTCTCTACGGCTAACCTGAATGGACTACGACATAGTCTAGTCCGCCAAGC
CTCAGCGTCGACGCCACCATGGAACTGCTGATCCTGAAGGCCAACGCCATCACCACCATCCT
GACCGCCGTGACCTTCTGCTTCGCCAGCGGCCAGAACATCACCGAGGAATTCTACCAGAGCA
CCTGCAGCGCCGTGAGCAAGGGCTACCTGAGCGCCCTGCGGACCGGCTGGTACACCAGCGTG
ATCACCATCGAGCTGTCCAACATCAAAGAAAACAAGTGCAACGGCACCGACGCCAAGGTGAA
ACTGATCAAGCAGGAACTGGACAAGTACAAGAACGCCGTGACCGAGCTGCAGCTGCTGATGC
AGAGCACCCCCGCCACCAACAACCGGGCCAGAAGAGAGCTGCCCCGGTTCATGAACTACACC
CTGAACAACGCCAAGAAAACCAACGTGACCCTGAGCAAGAAGCGGAAGCGGCGGTTCCTGGG
CTTCCTGCTGGGCGTGGGCAGCGCCATCGCCAGCGGGGTGGCCGTGTCCAAGGTGCTGCACC
TGGAAGGCGAGGTGAACAAGATCAAGTCCGCCCTGCTGTCCACCAACAAGGCCGTGGTGTCC
CTGAGCAACGGCGTGAGCGTGCTGACCAGCAAGGTGCTGGATCTGAAGAACTACATCGACAA
GCAGCTGCTGCCCATCGTGAACAAGCAGAGCTGC
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FIG. 3E

AGCATCAGCAACATCGAGACCGTGATCGAGTTCCAGCAGAAGAACAACCGGCTGCTGGAAAT
CACCCGGGAGTTCAGCGTGAACGCCGGCGTGACCACCCCCGTGAGCACCTACATGCTGACCA
ACAGCGAGCTGCTGTCCCTGATCAATGACATGCCCATCACCAACGACCAGAAAAAGCTGATG
AGCAACAACGTGCAGATCGTGCGGCAGCAGAGCTACTCCATCATGAGCATCATCAAAGAAGA
GGTGCTGGCCTACGTGGTGCAGCTGCCCCTGTACGGCGTGATCGACACCCCCTGCTGGAAGC
TGCACACCAGCCCCCTGTGCACCACCAACACCAAAGAGGGCAGCAACATCTGCCTGACCCGG
ACCGACCGGGGCTGGTACTGCGACAACGCCGGCAGCGTGAGCTTCTTCCCCCAAGCCGAGACL
CTGCAAGGTGCAGAGCAACCGGGTGTTCTGCGACACCATGAACAGCCTGACCCTGCCCTCCG
AGGTGAACCTGTGCAACGTGGACATCTTCAACCCCAAGTACGACTGCAAGATCATGACCTCC
AAGACCGACGTGAGCAGCTCCGTGATCACCTCCCTGGGCGCCATCGTGAGCTGCTACGGCAA
GACCAAGTGCACCGCCAGCAACAAGAACCGGGGCATCATCAAGACCTTCAGCAACGGCTGCG
ACTACGTGAGCAACAAGGGCGTGGACACCGTGAGCGTGGGCAACACACTGTACTACGTGAAT
AAGCAGGAAGGCAAGAGCCTGTACGTGAAGGGCGAGCCCATCATCAACTTCTACGACCCCCT
GGTGTTCCCCAGCGACGAGTTCGACGCCAGCATCAGCCAGGTCAACGAGAAGATCAACCAGA
GCCTGGCCTTCATCCGGAAGAGCGACGAGCTGCTGCACAATGTGAATGCCGGCAAGAGCACC
ACCAATATCATGATCACCACAATCATCATCGTGATCATTGTGATCCTGCTGTCTCTGATTGC
CGTGGGCCTGCTGCTGTACTGCAAGGCCCGCAGCACCCCTGTGACCCTGTCCAAGGACCAGC
TGTCCGGCATCAACAATATCGCCTTCTCCAACTGAAGTCTAGAGCGGCCGCCGCTACGCCCC
AATGATCCGACCAGCAAAACTCGATGTACTTCCGAGGAACTGATGTGCATAATGCATCAGGC
TGGTACATTAGATCCCCGCTTACCGCGGGCAATATAGCAACACTAAAANACTCGATGTACTTC
CGAGGAAGCGCAGTGCATAATGCTGCGCAGTGTTGCCACATAACCACTATATTAACCATTTA
TCTAGCGGACGCCAAAAACTCAATGTATTTCTGAGGAAGCGTGGTGCATAATGCCACGCAGC
GTCTGCATAACTTTTATTATTTCTTTTATTAATCAACAAAATTTTGTTTTTAACATTTCAAA
AAAAANAANAANNAANANNAANANAAANANNAANANDNAGGGTCGGCATGGCATCTCCACCTCC
TCGCGGTCCGACCTGGGCATCCGAAGGAGGACGCACGTCCACTCGGATGGCTAAGGGAGAGC
CACGAGCTCCTGTTTAAACCAGCTCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCA
CTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCT
TGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTT
CCCAACAGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTAGCGGCGCATTAAGCGCG
GCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCC
TTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATC
GGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGAT
TAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTT
GGAGTCCACGTTCTTTAATAGTGGACTCTTGTTC
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FIG. 3F

CAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCC
GATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACA
AAATATTAACGCTTACAATTTAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTT
GTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATG
CTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCC
CTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAG
ATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAG
ATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCT
ATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACT
ATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATG
ACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACT
TCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATG
TAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGAC
ACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTAC
TCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTC
TGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGG
TCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTA
CACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCT
CACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTA
AAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAA
AATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGAT
CTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAANAANCCACCGCTA
CCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTT
CAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCA
AGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCC
AGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCG
AACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCG
GACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGG
AAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTT
TGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAANACGCCAGCAACGCGGCCTTTTTACGG
TTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGT
GGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGC
GCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCG
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FIG. 3G

CCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACA
GGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCAT
TAGGCACCCCAGGCTTTACACTTTATGCTCCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG
ATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTAACCCTC
ACTAAAGGGAACAAAAGCTGGGTACCGGGCCCACGCGTCGGCTACAATTAATACATAACCTT
ATGTATCATACACATACGATTTAGGTGACACTATAG
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