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PIVS-BASED VACCINES WITH MODIFIED ANTIGEN: METHODS OF
MAKING AND USING THE SAME
FIELD
{6601} The invention is generally related to the field of vaccination, and more
patticularly to compositions and wethods of using a PIVS-based viral vector to
express modified proteins to enhance expression of the bacterial Antigen On the
Surface of cells (AQOS), and therefore enhance the immunogenicity of the vaccine
candidates. The antigen may be a bacterial or viral antigen.
BACKGROUND
8002} Parainfluenza virus type 5 (Parainfluenza virus 5, PIV5} belongs to the
family Paramyxoviridae and the genus Rubulavirus which also includes mumps virus,
and iis genome is single negative strand RNA with a length of 15246 nt. The genome
full-fength structure of PIVS is 3 -Leader-NP-V/P-M-F-SH-HN-L-Trailer-5', namely,
froma 3 ‘end to 5" end, Leader sequence and Trailer sequence are removed, and
Nucleocapsid Protein (NP}, V protein/phosphorylated protein (P), Matrix protein (M),
Fusion protein (F), Small hydrophobic protein (SH), Hemagglutinin-neuraminidase
protein (HN) and polymerase protein (Large protein, L) are encoded in sequence.
Wherein, the V protein and the SH protein are non-structural proteins.
10903} PIV5 13 an excellent viral vector for vaccing development, and research
on PIVS recombinant vaccines is underway. In recent years, researchers have
continuously explored the feasibility of using PIVS as a vaccine vector, A comumnon
approach is to insert a protective antigen gene from a virus or bacteria into PIVS, and
to express the inserted foreign gene by replication and translation of PIV3 vector.
Given that PIVS can infect respiratory tract without causing any iliness, researchers
often take advantage of this and focus on controlling certain respiratory viral
infections. Therefore, the deep research on the molecular biological characteristics,
the replication mechanism and the like of the virus is beneficial to the comprehensive
and thorough understanding of the PIV3, so that a foundation is laid for the research
on the PIVS as a genetic engineering vaccine vector and the gene function research of
the viras.
[8004] A distinctive trait of PIVS is its ability to infect most mammalian cell
types through sialic acid receptors without causing cytopathic effect. This allows for
active replication of PIVS in the respiratory tract after intranasal timmunization,

leading to the induction of mucosal irmamunity via generation of antigen-specific IgA
-1

SUBSTITUTE SHEET (RULE 26)



WO 2025/076466 PCT/US2024/050117

antibodies and long-lived IgA plasma cells, in addition to systemic humoral and cell-
mediated immune responses (Wang, D. eral,, J Virel 91 (2017); Xiao, P. ef al., Fromt
Immunol 12, 623996 (2021)). Live PIVS (not replication deficient) has been a
component of the kennel cough vaccine administered to dogs intranasally for over 50
years. Due to potential shedding of the vaccine up to § days post-administration
{Chladek, D. W .| ef ol , American journal of veterinary research 42, 266-270 (19813},
humans have been exposed to FIV3 since the vaccine came to market. However, no
disease has been reported in exposed individuals, highlighting PIVS excellent safety
record. Previously, live PIV5-vectored vaccines for bacterial pathogens like
Mycobacterium fuberculosis and Burkholderia mallei and pseudomaliei bave been
tested and proven efficacious in a mouse model (Dyke, J. 8. ef al. Virulence 11, 1024-
1040 (2020, Lafontaine, E. R ef al., Vaccine X' 1, 100002 (2019); Chen, 7. ef &/,
Vaccine 33, 72177224 (2015)). Furthermore, two PIV5-vectored vaccines for
COVID-19 and respiratory syncytial virus (RSVY (CVXGAT and BLB201,
respectively) have undergone phase I/i1 clinical trials.
0005} Provided herein are composition of PIVS-vectored vaccine expressing
modified bacterial or viral proteins to enhance expression of the Antigen On the
Surface of cells {AOS). Also provided are methods of using the same to enhance the
immunogenicity of the vaccine candidates.

SUMMARY
[0006] In accordance with the purpose(s) of this invention, as embodied and
broadly described herein, this invention, in one aspect, relates to a PIV5-based antigen
expression vector cormprising: a PIVS-based viral expression vector; and a gene
expressing a antigen in mammalian cells, wherein the gene expressing a bacterial
antigen i3 modified by replacing the signal peptide of the gene with a PIV3 HN
protein N-terminal domain (NT) or a2 PIVS HN protein N-terminal domain plus
transmembrane domain (NTTM), or by adding the FIV5 HN protein N-terminal
domain (NT) only or the PIVS HN protein N-terminal domain plus transmembrane
domain (NTTM) sequences directly upstream of the antigen without removing the
signal peptide; and wherein the gene expressing the modified bacterial or bacterial
antigen is placed between the SH and HN or HN and L genes of the PIV3 genome, or

by replacing the SH gene. The antigen may be a viral antigen or a bacterial antigen.
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{0067} In one embodiment, the PIV5-based viral expression vector comprises
a PIV3-AVLE, PIV3-W3 A, PIVS-CPL or PIVS-CVB backbone. In another
embodiments, the PIV5-based antigen expression vector has a heterologous nucleic
acid sequence with at feast 98% sequence identity to SEQ ID NOs: 1,2,3,4, 5,6, 7,
3,9, 10, 11, or 12.

{0008} In another embodiment, the modified antigen gene is expressed on the
surface of the mammalian cell. In one other embodiment, the bacterial antigen is that
of a gram negative bacteria, wherein the gram negative bacteria is selected from a
group consisting of Burkholderia mallei, Borrelia burgdorferi, and Chiamydia
frachomatis, and the viral antigen is that of a virus selected from a group consisting of
coronaviruses, respiratory syncytial virus (RSV), influenza virus A, influenza B,
influenza C, orthomyxoviruses, thogoto virus, and isavirus.

(8609} in one embodiment, the gene expressing a bacterial antigen is modified
by replacing the N-terminus signal peptide of a Burkholderia mallei Pal protein with
embodiment the gene expressing a bacterial antigen is modified by adding the N-
terminus and fransmembrane domaing of PIVS HN glycoprotein directly upstream of
the Borrelia burgdorferi OspA BPBPk protein. In vet another embodiment, the gene
expressing a bacterial antigen is modified by replacing the signal peptide from
Chiamydia rachomatis major outer membrane protein (MOMP} with the Neterminus
alone, or the N-fermoious and transmembrane domaing of PIVS HN glveoprotein,
(0016} in another aspect, the invention relates to a PIV5-based antigen vector
composition comprising a PIVS-based viral expression vector; and a gene expressing
a antigen in mammalian cells, wherein the PIVS-based viral expression vector
comprises a PIVS-AVLP, PIVS-W3A, PIVS-CPL or PIVS-CVB backbone; wherein
the gene expressing a bacterial antigen is modified by replacing the signal peptide of
the gene with a PIVS HN protein N-terminal domain (NT) or a PIVS HN protein N-
terminal domain plus transmembrane domain (NTTM), or by adding the PIVS HN
protein N-terminal domain (NT} only or the PIVS5 HN protein N-terminal domain plus
transmenbrane domain (INTTM) sequences divectly upstream of the antigen without
removing the signal peptide; and wherein the gene expressing the modified antigen is
placed between the SH and HN or HN and L genes of the PIVS genome, or by

replacing the SH gene. The antigen may be a viral antigen or a bacterial antigen.
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{0011} In some embodiments of the composition, the PIV5-based antigen
vector has a nucleic acid sequence with at least 98% sequence identity to SEQ ID

a
NOs: 1,2,3.4,5,6,7. 8

LS B

9,10, 11, or 12, In other embodiments, wherein the
composition is a vaccine against a gram niegative bacterial infection, wherein the gram
negative bacteria 1s selected from a group consisting of Burkhwlderic mallei, Borrelia
burgdorferi, and Chiomyvdia trachomatis, and the viral antigen is that of a virus
selected from a group consisting of coronaviruses, respiratory syncytial virus (RSV),
influenza virus A, influenza B, influenza C, orthomyxoviruses, thogoto virus, and
isavirus.
{98012} In yet another aspect, the invention relates to a method of inducing an
immune response in a subject in need thereof comprising administering a PIVS-based
antigen vaccine to the subject, wherein the immmune response comprises a humoral
immune response and/or a cellular immune response, and wherein the subject is
susceptible to a gram negative bacterial infection, wherein the gram vegative bacteria
is selected from a group consisting of Burkholderia malfiei, Borrelia burgdorferi, and
Chlomyvdia frachomatis. In another ernbodiment, the subject is susceptible to a viral
infection, wherein the virus is selected from a group consisting of coronavinuses,
respiratory syncytial virus (RSV), influenza virus A, influenza B, influenza C,
orthomyxoviruses, thogoto virus, and isavirus.
19013} In some embodiments, the subject was previously vaccinated against
the bacteria or viral infection, the method comprising administering the composition
to the subject. In other embodiments the composition is administered intranasally,
wtramuscularly, topically, or orally.
{0014} Additional advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description, or may be
learned by practice of the invention. The advantages of the invention will be realized
and attained by means of the elements and combinations particularly pointed out in
the appended claims. i is to be understood that both the foregoing general
description and the following detailed description are exemplary and explanatory only
and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTIONS OF THE DRAWINGS
[6015] The accorpanying drawings, which are incorporated in and constitute
a part of this specification, illusirate (one) several embodiment{s} of the invention and

together with the description, serve to explain the principles of the invention.
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[0816] Figure 1 shows schematics of constructs of PIV5-based Burkholderia
mallei and pseudomallei (Paly cDNAs. PIV3-Pal contains native form of Pal, PIVS-
NTTM-Pal contains the PIVS NH N-terminal and transmembrane domain (NTTM)
added to the N-terminus of Pal.

{90171 Figure 2 shows a Western blot avalysis demonstrating expression of
Pal protein in MHD11 (PIVS-Pal) and MHD39 (PIVS-NTTM-Pal} recombinant virus-
mfected cells as well as cell supematant.

{0018} Figures 3A-3B show PIVS AVLP-based Burkholderic maliei and
pseudomallei (Pal) constructs and immunogenicity. Figure 3A is a schematic of
constructs of PIVS AVLP-based Burkholderia mallei and pseudomailei (Pal) cDNAs.
PIVS AVLP-Pal contains native form of Pal, PIVS AVLP-NTTM-Pal contains the
PIV5 HN N-terminal and transmembrane domain (NTTM) added to the N-terminus of
Pal Figure 3B is a data plot showing the anti-Fal serum {g( antibody response from
AVLP-immunized mice. Five, six-to-cight-week-old Balb/c female mice were
immunized with 3.8x10* AP of MHD30 or GOB10 AVLPs, or just PBS control.
Animals were bled at 14 days post-immunization and then boosted at 21 days post-
immunization with the same dose of each construct. At 28-days post-immunization,
mice were humanely euthanized, and blood was collected. The serum samples were
used to perform an ELISA to quantify anti-Pal antibodies. GOD10 (AVLP-NTTM-
Pal) elicited anti-Pal antibodies while MHD30 (AVLP-Pal} did not.

[0019] Figures 4A-4B show schematics of pCAGGS and PIVS-based Lyme
disease (OspA/BPBPE) constructs cDNAs. Figure 4A shows that pMHD22 contains
the human codon-optimized OspA BPBPk gene, pMHD24 contains the human codon-~
optimized OspA BPBPk gene with the PIVS HN N-terminal and transmembrane
domain (NTTM) added to the N-terminus. Figure 4B shows that pMHD35 13 PIVS
(W3A} containing the human codon-optimized OspA BPBPE gene with the PIVS HN
N-terminal and transmembrane domain (NTTM) added to the N-terminus and the
chimeric gene was inserted between the SH and HN genes, pMHD36 is PIVS (W3A)
containing the human codon-optimized OspA B31 gene with the PIVS HN N-terminal
and transmembrane domain (NTTM) added to the N-terminus wserted between the
SH and BN genes, pMHD 106 15 CPI containing the human codon-optimized OspA
BPBPk gene with the PIVS HN N-terminal and transmembrane domain (NTTM)
added to the N-terminus inserted between the SH and HN genes, and pMHD116 s

CVB containing the human codon-optimized OspA BPBPk gene with the PIVS HN
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N-terminal and transmembrane domain (NTTM)} added to the N-terminus in place of

the SH gene.

(0628} Figures 5A-5B shows Western blot analysis (FIG. SA) and bar graph
{F1G. 5B} of OspA expression in cell lysate of pMHD22 and pMHD24 transfected
cells.

{0021} Figures 6A-6C are images of immunofluorescence analvsis of OspA

surface expression in cells that were either transfected with pMHD22 (FIG. 6B) and
pMHD24 (FIG. 6C) constructs. The images are shown at 20X,

[0622] Figure 7 is an image of a Western blot showing the detection of OspA
expression. Vero celis were mock-infected or infected with PIVS vector control,
PIVS-Aga, or PIVS-Apeark at an MOI of 1. Forty-eight hours after infection the cells
were lysed, and the lysates resolved on an SDS-PAGE gel and immunoblotied with
anti-OspA and anti-PIVS NP antibodies.

{0923} Figure 8 shows a plot of Anti-OspA serum IgG data. Mice received two
doses of alum alone or alum + 20 ug of rOspAss protein subcutaneousty, or 10° PFU
of PIVS vector control, PIV3-Appesec (MHD33), or PIVS-Ansy (MHD36) intranasally
at 21 days interval. Blood collected at day 17 and months 3, 6, or 12 post-prime were
used. Anti-OspAss Ig(s antibody titers were quantitied by ELISA The LOD is
indicated by the doited line. Statistical significance was calculated for each vaccine
group by nonparametric test with Dunn’s multiple comparisons in comparison to pre-
boost. (*p<G.05, **p< 0,01, *¥¥p<0.001, ***¥p<0.0001},

(0024} Figures 9A-9C are data plots showing the neutralization of Borrefia
burgdorferi with serom from animals vaccinated with PIV5-Agperc ot PIV3-Ansi.
Serum from vaccinated mice was collected before tick challenge at 4 months after
prime vaccination on D117 (FIG. 9A), at 9 months after prime vaccination on D270
(FI1G. 9B) and at 18 months after prime vaccination on D533 (FIG. 9C). Serum from
the 4-month experiment was pooled per group (n=5 mice/group) because the volume
pet individual was insufficient. For subsequent experiments (9-roonth and 18-month),
serum from n=3-6 mice per group were individually tested. Statistical significance
was calculated for each vaccine group by nonparametric test with Dunn’s multiple
comparisons in comparison to day 0. (¥p<0.05, **p<0.01, ****p< (.0001). Bb,
Barvelia hurgdorferi.

[0025] Figures 10A-10F are data plots showing the protection of PIV3-Azropx

or PIVS-Amsi-vaccinated mice against a multi-strain Borrelia burgdorferi tick
-y —
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challenge. Bladder, heart, and joint tissues were collected from all vaccinated mice
euthanized at 4 months, 9 months and 15 months post primee vaccination and
processed for Bb DNA purification and flal? ¢PCR. Bladder and heart tissues were
also cultured in BSK-H media for analysis of 5. burgdorferi viability and samples
were collected for confirmation by PCR. Representative graphs are shown for Bb load
in tissues (F1Gs. 10A-10C) and viability of Bb in tissues (F1Gs. 10D-10F). Bb,
Borrelia burgdorferi.
0026} Figure 11 is a schematic describing the pCAGGS Chilamydia (MOMP)
construct cDNAs. pCVL 168 contains the codon-optimized MOMP gene, pCVL169
contains the human codon-optimized MOMP gene with the signal peptide deleted and
replaced with that of CDS, pCVL170 contains the human codon-optimized MOMP
gene with the PIV3S HN N-terrainal and transmembrane domain (NTTM) added to the
N-terminus, pCVL171 contains the human codon-optimized MOMP gene with the
signal peptide deleted and replaced with the PIVS HN N-terminal and transmembrane
domain (NTTM), pCVL172 contains the human codon-optimized MOMP gene with
the signal peptide deleted and replaced with the PIVS HN N-terminal domatn (NT).
{8627} Figure 12 is a schematic describing the PIVS-based Chiamydia
{(MOMP) vaccine virus construct cDNAs. pMHD175 15 CPI containing the human
codon-optimized MOMP gene with the signal peptide deleted and replaced with that
of CD5 in between the SH and HIN genes, pMHD177 is CPI containing the human
codon-optimized MOMP geve with the signal peptide deleted and replaced with the
PIVS HN N-terminal domain (NT) in between the SH and HN genes, pMHD181 is
CVEB containing the human codon-optimized MOMP gene with the signal peptide
deleted and replaced with that of CD35 in place of SH, pMHD182 is CVE containing
the human codon-optimized MOMP gene with the signal peptide deleted and replaced
with the PIVS HN N-terminal domain {NT) in place of SH.
[0628] Figures 13A-~13F are images of immunotluorescence analysis of
MOMP total expression in cells that were transfected with pCVL168-pCVIL172
constructs.
(0629} Figure 14 is an image of a Western blot analysis of MOMP expression
in cell lysate of cells transfected with pCVL168-pCVL172 constructs.

DPETAILED DESCRIPTION
{8030} The present invention may be understood more readily by reference to

the following detailed description of preferred embodiments of the invention and the
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Examples included therein and to the Figures and their previous and following
description.

I Definitions

[0031} To facilitate an understanding of the principles and features of the
various embodiments of the disclosure, various illustrative embodiments are
explained herein. Although exemplary embodiments of the disclosure are explained in
detail, it 15 to be understood that other embodiments are contemplated. Accordingly, it
is not intended that the disclosure is limited in its scope to the details of construction
and arrangement of components set forth in the description or examples. The
disclosure is capable of other embodiments and of being practiced or carried out in
various ways.

0832} In describing the exemplary embodiments, specific terminology will be
resorted to for the sake of clarity. As used in the specification and the appended
claims, the singular forms “a,” “an” and “the” include plural references unless the
context clearly dictates otherwise. For example, reference to a component is intended
also to include composition of a plurality of components. References to a composition
containing “a” constituent is intended to include other constituents in addition {o the
one named.

{0033} Ranges may be expressed herein as from “about” or “approximately” or
“substantially” one particular value and/or to “about” or “approximately” or
“substantially” avother particular value. When such a range is expressed, other
exemplary embodiments include from the one particular value and/or to the other
particular value.

{0034} Similarly, as used herein, “substantially free” of something, or
“substantially pure”, and like characterizations, can include both being “at least
substantially free” of something, or “at least substantially pure”, and being
“completely free” of something, or “completely pure.”

{8035] The terms “patient”, “individual”, “subject”, and “animal” are used
interchangeably herein and refer to mammals, including, without limitation, human
and veterinary animals {e.g, cats, dogs, cows, horses, sheep, pigs, etc.} and

experimental animal models. In a preferred embodiment, the subject is a human.

{6036] As described herein, the term “vaccinating” designates typically the

sequential administration of one or more antigens to a subject, to produce and/or
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enhance an immune response against the antigen(s}). The sequential administration
includes a priming immunization followed by one or several boosting

immunizations.

{60371 Within the context of the present invention, the term “pathogen” refers
to any agent that can cause a pathological condition. Exarples of “pathogens”
include, without Himitation, cells {g.g., bacteria cells, diseased mammal cells, cancer
mammal cells), fungus, parasites, viruses, prions or toxins. Preferred pathogens are
infectious pathogens. In a particular embodiment, the infectious pathogen is a virus,
such as coronavirusesrespiratory syncytial virus (RSV), human metapneumovirus
(hMPV), orthomyxoviruses, influenza virus A (including all straios varying in their
HA and NA proteins, such as (non-limiting examples) HINT, HINZ, HINZ, H3N2,
H7N7, and H3N8); influenza B, influenza C, thogoto virus (including Dhori, Batken
virus, SIAR 126 virus), Chicken anemia virus, isavirus (e.g., infectious salmon
anemia virus) and the like. In another embodiment, the infection pathogen is a
bacterial pathogen, such as Burkholderia maliei, Borvelia burgdorferi, Chlamydio

wrachomatis, Efizabethkingia meningoseptica, and the like..

{0038] An antigen, as used therein, designates any molecule which can cause a
T-cell or B-cell immune response in a subject. An antigen specific for a pathogen is,
typically, an element obtained or derived from said pathogen, which contains an
epitope, and which can cause an immune response against the pathogen. Depending
on the pathogenic agent, the antigen may be of various nature, such as a
{polypeptide, protein, nucleic acid, ipid, cell, ete. Live weakened forms of
pathogens (e.g., bacteria, viruses), or killed or inactivated forms thereof may be used
as well, or purified material therefrom such as proteins, peptides, lipids, etc. The
antigen may be naturally-occurring or artificially created. It may be exogenous to the
treated mammal, or endogenous (e.g., tumor antigens). The antigen may be produced
by techniques known per se in the art, such as for instance synthetic or recombinant

technologies, or enzvmatic approaches.

{6039] In a particular embodiment, the antigen is a protein, polypeptide and/or
peptide. The terms “polypeptide”, “peptide” and “protein” are used interchangeably
herein to refer to a polymer of amino acid residues. The terms also apply to amino
acid polymers in which one or more amino acid residues may be modified or non-
naturally cccurring residues, such as an artificial chemical mimetic of a
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corresponding naturally occurring amine acid. 1t should be understood that the term
“protein” also includes fragments or variants of different antigens, such as epitope-
containing fragments, or proteins obtained from a pathogen and subsequently

enzymaticaily, chemically, mechanically or thermally modified.

{6040] It will be appreciate by one of the skill in the art that any bacterial or
viral antigen could be used in the system of the present invention to increase an
immune response against desired antigens associate with the bacterial or viral antigen
by being expressed as an AOS. Further contemplated within scope of this invention
are antigens that usually are not presented to the immune system such as those in the
cytosol which also when combined with the system of the present invention to
present these antigens on the cuter surface of a virion thus allowing the immune
system to mount 4 immunogenic response to these antigens which previously were

“hidden” from the immune system

{6041} A “therapeutically effective amount” means the amount of a compound
{e.g., a CVB-based composition as described herein) that, when administered to a
subject for treating a state, disorder or condition, is sufficient to effect such
treatment. The “therapeutically effective amount” will vary depending on the
compound or bacteria administered as well as the disease and its severity and the age,

weight, physical condition and responsiveness of the marnmal to be treated.

{6042] The phrase “pharmaceutically acceptable”, as used in connection with
compositions of the disclosure, refers to molecular entities and other ingredients of
such compositions that are physiologically tolerable and do not tyvpically produce
untoward reactions when administered to a mammal (e.g, a human). Preferably, as
used herein, the term “pharmaceutically acceptable” means approved by a regulatory
agency of the Federal or a state government or listed 1n the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use in mammals, and more particularly

in humans.

{6043] The term “pharmaceutically acceptable corposition” as used herein
refers to a composition comprising at least one compound as disclosed herein
formulated together with one or more pharmaceutically acceptable carriers.

{6044] The term “administration” refers to the introduction of an amount of a
predetermined substance into a patient by a certain suitable method. The composition

- 30—
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disclosed herein may be administered via any of the common routes, as long as it is
able to reach a desired tissue, for example, but is not limited to, inhaling,
intraperitoneal, intravenous, intramuscular, subcutaneous, intradermal, oral, topical,
intranasal, intrapulmonary, or intrarectal administration. However, since peptides are
digested upon oral administration, active ingredients of a composition for oral
administration should be coated or formulated for protection against degradation in

the stomach.

{0045] The term “dose” means a single amount of a compound or an agent that
is being administered thereto; and/or “regimen: which means a plurality of pre-
determined doses that can be different 1u amounts or siratlar, given at various tiune
intervals, which can be different or similar in terms of duration. In some
embodiments, a regimen also encompasses a time of a delivery period {e.g., agent
administration period, or treatment period). Alternatively, a regimen is a plurality of
predetermined plurality pre-determined vaporized amounts given at pre-determined

fume intervals.

{6046] The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle
with which the compound is administered. Such pharmaceutical carriers can be
sterile Hguids, such as water and oils, including those of petroleum, animal,
vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil
and the Hike. Water or aqueous solution saline solutions and aqueous dextrose and
glycerol solutions are preferably employed as carriers, particularly for injectable
solutions. Alternatively, the carrier can be a solid dosage form carrier, including but
not limited to one or more of a hinder (for compressed pills), a glidant, an
encapsulating agent, a flavorant, and a colorant. Suitable pharmaceutical carriers are

described in “Remington's Pharmaceutical Sciences” by E. W, Martin.

{0047} The terms “treat” or “treatment” of a state, disorder or condition
include: (1) preventing or delaying the appearance of at least one clinical or sub-
clinical symptom of the state, disorder or condition developing in a subject that may
be afflicted with or predisposed to the state, disorder or condition but does not yet
experience or display clinical or subclinical symptoms of the state, disorder or
condition; or (2) inhibiting the state, disorder or condition, i.e, arresting, reducing or
delaying the development of the disease or a relapse thereof (in case of maintenance
treatment) or at least one clinical or sub-clinical symptom thereot; or (3) relieving the
- 31—
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disease, i.e., causing regression of the state, disorder or condition or at least one of it
clinical or sub-clinical symptoms. The benefit to a subject to be treated is either

statistically significant or at least perceptible to the patient or to the physician,

{30438] By “comprising” or “containing” or “including” is meant that at least the
named compound, element, particle, or method step 15 present in the composition or
article or method, but does not exclude the presence of other compounds, materials,
particles, method steps, even if the other such compounds, material, particles,

method steps have the same function as what is named.

{60491 As used herein, the term “parainfluenza virus 57 (PIVS) includes, for
example and not limitation, strains KNU-11, CC-14, D277, 1168-1, and 08-1990.
Nouv-limiting examples of PIV3S genomes are tisted in GenBauk Accession Nos.

NC 0064301, AF052755.1, KCB852177.1, KPE93891 1, KC237065.1, KC237064.1

and KC237063 1, which are hereby incorporated by reference.

{B050] As used herein, the term “expression” refers o the process by which
polynucleic acids are transcribed into mRNA and translated into peptides,
polypeptides, or proteins. If the polynucleic acid is derived from genomic DNA,
expression may, if an appropriate eukaryotic host cell or organism is selected,
include splicing of the mRNA. In the context of the present invention, the terro also
encompasses the yield of the F gene mRNA and F proteins achieved following

expression thereof,

{6051 As used herein, the term “F protein” or “Fusion protein” or “F protein
polypeptide” or “Fusion protein polypeptide” refers to a polypeptide or protein
having all or part of an amino acid sequence of an RSV Fusion protein polypeptide.
Numerous RSV Fusion and Attachment proteins have been described and are known
to those of skill in the art. W(G/2008/114149, which is herein incorporated by
reference in its entirety, sets out exemplary F and G protein variants {for example,
naturally occurring variants).

j00352] As used herein, the term “combination” of a CVB-based composition
as described herein and at least a second pharmaceutically active ingredient means at
least two, but any desired combination of compounds can be delivered simultanecusly
or sequentially (e.g., within a 24-hour period). It is contemplated that when used to

treat various diseases, the compesitions and methods of the present disclosure can be

-2 -

SUBSTITUTE SHEET (RULE 26)



WO 2025/076466 PCT/US2024/050117

utilized with other therapeutic methods/agents suitable for the same or similar
diseases. Such other therapeutic methods/agents can be co-administered
{simultancously or sequentially, in any order) to generate additive or synergistic
effects. Suitable therapeutically effective dosages for each agent may be lowered due
to the additive action or synergy. Also, two or more embodunents of the disclosure
may be also co-administered to generate additive or synergistic effects.

{0053} As used herein, “gram-negative bacterial 7 18 a term used herein for the
purposes of the specification and claims may describe without imitation one or more
(i.e., one or a combination) of the following bacterial species: Acinerchacter
baumanmii, Acinetobacter haemolyticus, Actinobacillus actinomycetemcomiions,
Aeromonas hydrophila, Bactercides fragilis, Bacteroides the ataioatamicron,
Bacieroides disiavonis Bacieroides ovatus, Baciteroides vidgatus, Bordetelia pertussis,
Borrelia burgdorferi, Brucella melitensis, Burkholderia cepacia, Burkholderia
pseudomallei, Burkholderic mallei, Prevoiella corporis, Prevorella intermedia,
Prevotella endodonialis, Porphyromonas asaccharolytica, Campylobacter jejuni,
Campylobacter cofi, Campyiobacter fetus, Citrobacier freundii, Citrobacter kaseri,
Fawarsiella tardo, Eikenella corvodens, Enterobacier cloceae, Enferobacier
aerogenes, Enterobacter agglomerans, Lischerichia coli, Francisella tularensis,
Haemophilus influenzae, Haemophilus ducreyi, Helicobacier pylori, Kingella kingae,
Klebsiella pneumoniae, Klebsiella oxyvioca, Klebsiella rhinoscleromatis, Klebsiella
ozaenae, Legionells penumophila, Moraxella catarrhalis, Morganella morganii,
Neisseria gonorrhoeae, Neisseria meningitidis, Pasteurella multocida, Plesiomonas
shigelloides, Proteus mivabilis, Proteus vuigaris, Profeus penneri, Proteus
myxefaciens, Providencia stuartii, Providencia vetigeri, Providencia alcalifaciens,
Pseudomonas aeruginosa, Pseudomonas fluorescens, Salmonella typhi, Salmonella
paratyphi, Serratia marcescens, Shigella flexneri, Shigella boydii, Shigella sonnei,
Shigella dyvsenteriae, Stenotrophomonas maltophifia, Streptobaciilus moniliformis,
Streptocaccus pneumonia, Vibrio cholerae, Vibrio parahoemolyticus, Vibrio
vulnificus, Vibrio alginolyticus, Yersinia enterocofitica, Yersinia pestis, Yersinia
pseudotuberculosis, Chicmydophiia prnewmonioe, Chlomydophila rrachomatis,
Ricketsia prowazekii, Coxiefla burnetii, Ehrlichia chaffeensis, or Barionells
hensenae,

10054} The mention of one or more method steps does not preclude the

presence of additional method steps or intervening method steps between those steps
[ g g
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expressly identified. Similarly, it is also to be understood that the mention of one or
more conponents in a composition does not preclude the presence of additional
components thao those expressly identified.
[0055] The materials described as making up the various elements of the
disclosure are intended to be dlustrative and vot restrictive. Many suitable materials
that would perform the same or a similar function as the materials described herein
are intended to be embraced within the scope of the disclosure. Such other materials
not described herein can include, but are not limited to, for example, materials that are
developed after the time of the development of the disclosure.
Ii. Compositions
00586} Presented herein are compositions using PIVS (W3A, CPL or CVB
backbone) to express modified bacterial proteins to enhance expression of the
bacterial Antigen On the Surface of cells (AOS), and therefore enhance the
immunogenicity of the vaccine candidates.
A, Parainfluenza Virus 8 (PIVE)
{00571 Parainfluenza virus 5 (PIVS), a negative-stranded RNA virus, is a
member of the Rubulavirus genus of the family Paramyxoviridae which includes
many important human and animal pathogens such as mumps virus, human
parainfluenza virus type 2 and type 4, Newcastle disease virus, Sendai virus, HPIV3,
measles virus, canine distemper virus, rinderpest virus and respiratory syncytial
virus. PIVS was previously known as Simian Virus-5 (S§VS). Although PIV5isa
virus that infects many animals and humans, no known symptoms or diseases in
humans have been associated with PIVS. Unlike most paramyxoviruses, PIVS infect
normal cefls with little cytopathic effect. As a negative stranded RNA virus, the
genome of PIVS is very stable. As PIVS does not have a DNA phase in its life cycle
and it replicates solely in cytoplasm, PIV35 is unable to integrate into the host
genome. Therefore, using PIVS as a vector avoids possible unintended consequences
from genetic modifications of host cell BNAs. PIVS can grow to high titers in cells,
including Vero cells which have been approved for vaccine production by WHO and

FDA. Thus, PIVS5 presents many advaniages as a vaccine vector,

{B058] A PIVS vaccine vector of the present invention may be constructed
using any of a variety of methods, inchuding, but not limited to, the reverse genetics

system described in more detail in He et al. (Virology, 237(2):249-60, 1997). PIVS
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encodes gight viral proteins. Nucleocapsid protein (NP}, phosphoprotein (P} and
farge RNA polymerase (L) protein are important for transcription and replication of
the viral RNA genome. The V protein plays important roles in viral pathogenesis as
well as viral RNA synthesis. The fusion (F) protein, a glycoprotein, mediates both
cell-to-cell and virns-to-cell fusion in a pH-independent manner that is essential for
virus entry into cells. The structures of the F protein have been determined and
critical amino acid residues for efficient fusion have been identified. The
hemagglutinin-neuraminidase (HN} glvcoprotein is also involved in virus entry and
release from the host cells. The matrix (M) protein plays an important role in virus
assembly and budding. The hydrophobic (8H) protein is a 44-residue hydrophobic
integral membrane protein and is oriented in membranes with its N terminus in the
cytoplasm. For reviews of the molecular biclogy of paramyxoviruses see, for
example, Whelan et al., 2004, Curr Top Microbiol Immunol; 283:61-119; and Lamb
& Parks, (2006). Paramyxoviridae: the viruses and their replication. In Fields
Virclogy, 5th edn, pp. 14491496, Bdited by 3. M. Knipe & P. M. Howley.
Philadelphia, PA: Lippincott Williams & Wilkins.

j0059] Previously, recombinant PIVS viruses expressing foreign genes from
numercus pathogens, including Influenza, Rabies, Respiratory Syncytial Virus,
{uberculosis, Burkholderia, and MERS-CoV have been generated and tested as
vaccine candidates (Li, 7., et al J Virol, 87(13:354 (2013}, Chen, 2., et al., J Virol,
87(6): 2986 (2013); Wang, D, etal, I Virol, 91(11) (2617}, Chen, Z, et al., Vaccine,
33(5137217 (2015); Lafontaine, E R, et al,, Vaccine X, 1:100002 (2018), Li, K, et
al., mBio, 11(2) (2020}). Because it actively replicates in the respiratory tract
following iutranasal immunization, PIV5-vectored vaccines can generate roucosal
immunity that includes antigen-specific IgA antibodies and long-lived IgA plasma
cells tWang, DB, et al, I Virol, 91(11}(2017). Xiao, P, et al , Front Immunol,
12:623996 (2021)). Recently a PIV5-vectored vaccine expressing the spike protein
from SARS-CoV-2 Wuhan (WAL, CVXGAT) has been shown to be efficacious in
mice and ferrets. A single, intranasal dose of CVX(GATL induced WA l-neutralizing
antibodies and protected K18-hACE2 mice against lethal infection with SARS-CoV-
2 WAL Furthermore, a single, iniranasal dose of CVXGA]L protected ferrets from
infection with SARS-CoV-2 WA1 and blocked transmission to cohoused naive

ferrets (An, D, et al., Sci Adv, 7(27) (2021}). While these studies determived its
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efficacy against SARS-CoV-2 WAL, further studies were necessary to establish its

efficacy against SARS-CoV-2 varianis.

1. PIVS - W3A
{6060] in one embodiment, the PIV5-based vaccine vector of the present
invention is based on any of a variety of wild type, mutant, or recombinant (fPIV3)
strains. Wild type strains include, but are not limited to, the PIVS strains W3A, WR
{ATCC® Number VR-288TM]}, canine parainfluenza virus strain 78-238 (ATCC
number VR-1573) (Evermann et al.,, 1980, J Am Vet Med Assoc; 177:1132-1134;
and Evermann et al., 1981, Arch Virol; 68:165-172), canine parainfluenza virus
strain DOOR (ATCC number VR-399} (Binn et al., 1967, Proc Soc Exp Biol Med,
126:140-145), MIL, DEN, LN, MEL, eryptovirus, CPI+, CPI-, H221, 78524, T1 and
SER. See, for example, Chatziandreou et al | 2004, T Gen Virol; 85(Pt 10):3007-16;

Choppin, 1964, Virology: 23:224-233; and Baumgartner et al., 1987, Intervirology;

3

7:218-223. Additionally, PIVS strains used in commercial kennel cough vaceines,

such as, for example, BI, FD, Merck, and Merial vaccines, may be used.

2. PIVS - (P1
{0061} In another embodiment, the PIVS-based vaccine vector of the present
invention is based on the PIV5 CPI strain vector backbone. The most notable
difference between the PIV5 CPI and PIVS W3 A strain backbones is in the BIVS F
protein of the CPI strain that consists of an additional 22 amino acid extension as part
of its cytoplasmic tail. The extension of the F protein is thought to resuit in
inhibition of the fusogenic properties of the virus. CPI based viruses are more Iytic
and produce more progeny virus in infected cells compared to the W3 A based
viruses that does not have the extended PIVS F protein tail and possess additional

amino acid difference compared with CPL

3. PIVS-CVB
{6062} In yet another embodiment, the PIVS viral vaccine of the present
invention will have a mutation, alteration, or deletion in one or more of the eight
proteins of the PIVS genome. For example, a PIVS viral expression vector may
include one or more mutations, including, but not Himited to any of those described
herein. In some aspects, a combination of two or more {(two, three, four, five, six,
seven, or more) mutations may be advantageous and may demonstrated enhanced

activity.
- 16—
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{0063] in one embodiment, the PIVS vector was further modified by
introducing the mutations in the PIVS V/P gene and by deletion of the PIV5 SH
gene, further enhancing vaccine efficiency. S157F and S308A in the PIVS V/P
genes have been shown previously to increase viral polymerase activities and
improve viral titer or vield (Timani KA, Sun D, Sun M, et al. J Virol, 82(1839123-
9133 (2008);, Sun D, Luthra P, L1 Z, He B PLoS Pathog., 5(7):e1000525 (2009)).
PIV3 W3A strain-based RSV vaccine with a single 8157F mutation was shown to
induce higher levels of neutralizing antibodies than PIVS CPl-vectored RSV vaccine
in cotton rats {See table 19). PIVS W3A strain lacking the SH gene and expressing
influenza virus H5 HA protein induced higher levels of antibodies and provided
better protection against influenza virus challenge (Li Z, Gabbard JD, Mooney A, et
al, J Virol, 87(17): 96049609 (2013)). In one embodiment, a newly generated
modified PIVS viral vector backbone is presented herein and named as CVB through
introducing S1S7F into the V/P gene, and deleting the SH gene from the PIV3 W3 A
viral genome. In another embodiment, CVB -vectored SARS-CoV-2 vaccines for
intranasal immunization were generated.

7
%

{8064 A mutation includes, but is not limited to, a mutation of the V/P gene, a
mutation of the shared N-terminus of the V and P proteins, a mutation of residues 26,
32,33, 50, 102, 156, and/or 157 of the shared N-terminus of the V and P proteins, a
mutation facking the C-terminus of the V protein, a mutation lacking the small
hydrophobic (SH) protein, a mutation of the fusion (F) protein, a mutation of the
phosphoprotein (P), a mutation of the farge RNA polymerase (L) protein, a mutation

incorporating residues from canine parainfluenza virus, and/or a mutation that

enhances syncytial formation.

{0965] A mutation may include, but is not limited to, (PIVS-V/P-CPI-, (PIVS-
CPIL-, PIVS-CPI+ 1PIVEV AC, rPIV-Rev, rPIV5-RL, rPIVS-P-S156N, 1PIVS-P-
STSTA, rPIVS-P-S308A, sPIVS-L-A1981D and fPIVS-F-S443P, rPIVS-MDA7T,
PIVS ASH-CPIL-, rPIVS ASH-Rev, and combinations thereof.

[0066] PIVS can infect celis productively with little cytopathic effect (CPE) in
many cell types. In some cell types, PIVS infection causes formation of syncytia,
i.e., fusion of many cells together, leading to cell death. A mutation may include one
or more mutations that promote syncytia formation (see, for example Paterson et al,,

2000, Virology; 270:17-30).
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{00671 The V protein of PIVS plays a critical role in blocking apoptosis
induced by virus. Recombinant PIVS lacking the conserved cysteine-rich C-terminus
(rPIVSV AC) of the V protein induces apoptosis i a vatiety of cells through an
intrinsic apoptotic pathway, likely initiated through endoplasmic reticulum (ER)-
stress {Sun et al | 2004, J Virol; 78:5068-5078). Mutant recombinant PIV3 with
mutations in the N-terminus of the V/P gene products, such as rP1V5-CPl- alse
induce apoptosis {Wansley and Parks, 2002, J Virol; 76:10109-10121). A mutation
includes, but is not Himited to, tPIVS ASH, rPIVS-CPI- rPIVSVAC, and

combinations thereof.

4, PIVS-AVLP
{6068] The disclosure provides PIV5-based AVLP compositions and methods
for the use as bacterial vaccines. The disclosure relates to PIVS- based
AVLP compositions, and constructs for their manufacture, which can be utilized to
introduce expressible polynuclectide sequences of interest into host cells. In some
embodiments, the PIVS-based AVLP composition is an isolated polyuucleotide
sequence that transcribes a single stranded RNA encoding a portion of a negative
stranded PIVS genome, wherein said polynucleotide sequence transcribes a single
stranded RNA encoding at least a portion of the negative stranded NP, ¥V/P and L
genes, and wherein satd polynucleotide sequence lacks, or is otherwise incapable of
transcribing, one or more of the M, ¥, SH and HN genegs, and wherein said
polynucleotide sequence contains an heterologous non-PIVS nucleotide sequence
inserted between the V/P and L genes (e g, Fig 1A). In some embodiments, one or
all of the M, F, SH and HN genes are completely removed and replaced with the
expressible heterologous nucleotide sequence of interest. In some embodiments, the
isolated polynucleotide comprises all of each of the NP, V/P and L genes. In some
embodiments, the isolated polyunucleotide comprises all of at least one of the NP, V/P

and L genes.

{60691 in some embodiments, the PIV5-based AVLP compositions comprise at
{cast one AVLP particle comprising an isolated polynucleotide as described herein,
In other embodiments, the PIV35-based AVLP compositions comprise a plurality

of AVLP particles comprising an isolated polynucleotide as described herein.

{8070] The compositions of the present disclosure may be formulated in
pharmaceutical preparations in a variety of forms adapted to the chosen route of
- I8 -
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administration. One of skill will understand that the composition will vary

depending on mode of administration and dosage unit.

{0071] The agents of this invention can be administered in a variety of ways,
including, but not limited to, intravenous, topical, oral, intranasal, subcutaneous,
intraperitoneal, intramuscular, and intratumor deliver. In some aspects, the agents of
the present invention may be formulated for controlled or sustained release. One
advantage of intranasal immunization is the potential to induce a mucesal immune
response.

B. Bacterial antigens expressed by PIVS vector

[0072]

wthe PIVS, AVLP, CPlor
CVB backbone was used as a viral vector to express a bacterial antigen on a virus
infected cell surface through the introducing of the PIVS HN N-terminal cytoplasmic
tail or cytoplasmic tail with the transmembrane domain. The invention overcomes
the difficulty of display bacterial antigen on cell surface to improve antigen-specific
immune responses. Here we present three examples of bacterial antigens that we
have successtully expressed by PIVS vector: Burkhiolderia maliei Pal protein, Lyme
Disease (Borrefia burgdorferi) OspA protein and Chlamydia frachomatis MOMP
protein,

. Burkhelderia mallei Pal protein
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Borrelia burgdorferi sensu stricio (5.5.). In Europe, all three species which infect
humans are found. However, in North America only a single species, Forrelia
hurgdorferi sensu stricto, 18 found. Borrelic burgdorferi is a species of Gram
negative bacteria of the spirochete class of the genus Borrefia. Antibiotic treatment
of Lyme disease is usually effective but some patients develop a chronic disabling
form of the disease involving joints or nervous system, which does not substantially
improve even after parenteral antibiotic therapy, thus highlighting the need

for a vaccine for high-risk populations.

{60781 Outer surface protein A {OspA)is a 31 kDa antigen, expressed by
Borrelia burgdorferi 5./ species present in the midgut of Ixodes ticks. OspA has
proven to be efficacious in preventing Lyme disease in North America (Steere et al,
N. Engl. J. Med. 339; 209-15,1998; Sigal et al., N. Engl. J. Med. 339:216-22, 1998,
erratum in: N, Engl | Med. 339:571, 1998). The amino terminus of fully processed
OspA is a cysteine residue that is post-translationally modified with three fatty-acyl
chains that anchor the protein to the outer surface of the bacterial membrane
{Bouchon et al , Anal. Biochem. 246: 52-61, 1997). Lipidation of OspA is reported to
stabilize the molecule {USE62337582) and is essential for protection in the absence
of a strong adjuvant (Erdile et al | Infect. Immun. 61: 81-00, 1993} A scluble,
recombinant form of the protein lacking the amino-terminal lipid membrane anchor
was co-crystallized with the Fab fragment of an agglutinating mouse monoclonal
antibody to determine the structure of OspA, which was shown to comprise 21 anti-
paraliel B-strands followed by a single a-helix (Li et al., Proc. Na#l Acad. Sci.
{7.8A. 94:3584-9, 1997},

[6079] A monovalent OspA-based vaccine (LYMEnRx®) was marketed in the
USA for the prevention of Lyme disease. However, in Europe heterogeneity

in OspA sequences across the three genospecies precludes broad protection

with a vaccine based on OspA from a single strain (Gern et al | Vaccine 15:1551-7,
1997). Seven principal OspA serotypes have been recognized among Buropean
isolates (designated serotypes 1 to 7, Wilske et al., J. Clin Microbiol. 31:340-50,
1993). OspA serotypes correlate with species; serotype 1 corresponds to 5.
hurgdorferi s.s., serotype 2 corresponds to B. afzelii and serotypes 3 to 7 correspond

to B. garinii.

-21 -
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{008¢] Protective immunity acquired through immunization with OspA is
unusual since the interaction between the host's immune response and the pathogen
does not take place in the host, but in the mid-gut of the tick vector. In the case of
Lyme disease, a tick acts as a vector or carrier for the transmission of Lyme disease
from antmals to humans. OspA specific antibody acquired during feeding by an
infected tick prevents transmission of B. burgdorferi s.1. to the immunized
mammalian host (de Silva et al, J. Zxp. Med 183 271-5, 1996). Protection is
antibody-mediated and is mainly affected through bactericidal antibody although an
antibody that blocks attachment of the spirochete to a receptor on the lining of the
tick gut epithelium may also be efficacious (Pal et al |, /. fmmmunol 166; 7398-403,

2001).

{0081} Rational development of effective OspA vaccines requires identification
of the protective epitopes such as that defined by the protective monoclonal antibody
LA-2 (Golde et al, Infect. Immun. 65 882-9, 19973, X-ray crystallography and NMR
analysis have been used to identify immunologically important hypervariable
domains in OspA and have mapped the LA-2 epitope to amino acids 203-257 (Ding
etal., J Mol Biol 302 1153-64, 2000; Luft et al. J Infecr Dis. 185 (Sappl. 1) S46-
51, 2002).

3. Chlamydia trachematis MOMP protein
{6082] Chiamydia s a prevalent sexually transmitted wofection that affects over
160 million people worldwide. Although most individuals infected with Chlamydia
trachomenis are initially asymptomatic, syrptoms can arise if left undiagnosed.
Long-term infection can result in debilitating side effects such as pelvic
inflammatory disease, infertility, and blindness. Chlamydia infection, therefore,
constitutes a significant public health threat and underscores the need for a vaccine,
{0083] Chiamydia strains express a major outer membrane protein (MOMP)
that is shown 1o be an effective vaccine antigen. However, in view of poor solubility,
fow yield and protein misfolding of the Chlamydic MOMP protein production of a
functional recombinant MOMP protein for vaccine development has been
challenging,
{0084} Chiamydiale bacteria are obligate intracellular pathogens of eukaryotic

cells. Four chlamydial species are currently known— C. trachomaiis, C.

-2 -
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preumoniae, C. pecorum and C. psittaci-— and genomic sequences for each of these
are publicly available ({1999) Nature Genetics 21 :385-389; (2000) Nucleic Acids
Res 28: 1397-1406; (2000) Nucleic Acids Res 28:2311-2314; ( 1998) Science
282:754-759).

{0085] C. trachomatiz organisms are dimorphic, and alternate between 1)
infectious "elementary bodies” (EBs) which are endocytosed by mucosal cells into
vesicular inclusions; and 2} metabolically active, intracellular "reticulate bodies”
{RBs) RBs replicate and redifferentiate into EBs before being released to infect

neighbouring cells.

{6086] Treatment of EBs with n-lauroyl sarcosine produces "chlamydial OM
coraplexes” (COMCs) containing three relatively detergent-resistant, cysteine-rich
proteins: the Major Quter Membrane Protein (MOMP), encoded by ompA, and
OmcB and OmcA, encoded by omp2 and omp3, respectively (BMC Microbiology
2005, 5 -5, and references therein). There are a number of other Chlamydial outer
membrane proteins such as for example, PorB, PmpB, PrapC, PmpD, PmpG, and

Pmpit

{00871 MOMP is expressed in both EBs and RBs and is situated on the outer
membrane where it functions as a porin. It constitutes about 60% of the membrane
protein of the infectious EB. Structural and functional analysis has shown that

native MOMP exists as an oligomer; the native conformation of C. frachomatis
MOMP is a trimer with monomers that have a -barrel, B-sheet secondary structure,
In EB, MOMP forms trimers with disulfide bridges within and between its individual

monomers (~ 40 kDa) and also between trimers (1. Bacterid. 189:6222-6235, 2007},

{60838] There are at feast 19 different C. srachomatis serovars capable of
infecting humans {i.e., Ato K, Ba, Da, la, Ja, LT to L3 and L2a) and these serovars
have been typed based on serological differentiation of the antigenic epitopes on
MOMP. The MOMPs encoded by each of these 19 different serovars share five well-
conserved regions and four variable sequence segments or dorvains {termed VS or
VD 1to VD 4} The subspecies and serovar specific antigenic epitopes or
determinants are located on the variable domains. Based ou amino acid homology,
the serovars have been subdivided into the following serogroups or classes: B class

{(B,Ba, D. Da, B, LI L2 and L2a), Cclass (A, C, H, L la, J, K and L3}, and
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intermediate class (F and GG}. Infection with any C. trachomatis serovar may resuit in
disease: serovars A, B, Ba and C cause trachoma; serovars L1-L3 are the agenis of
lymphogranuloma venereum; serovars D-K cause sexually transmitted infections;

and serovars G, I and D have been associated with cervical cancer.

. Viral antigens expressed by PIVS vector
[0089] Vaccines often contain a plurality of antigen components, e.g., derived
from different proteins, and/or from different epitopic regions of the same protein,
For example, a vaceing against a viral disease can comprise one or more polypeptide
sequences obtained from the virus which, when administered to a host, elicit an

Hnmunogenic or protective response to viral challenge.

{6096 As mentioned, the disclosure can also be utilized to prepare polypeptide
muitimers, e.g., where an antigenic preparation is produced which is comprised of
more than one polypeptide. For instance, virus capsids can be made up of more than
one polypeptide subunit. By transducing a host cell with vectors carrying different
viral envelope sequences, the proteins, when expressed in the cell, can self-assemble
into three-dimensional structures containing more than ong protein subunit {e.g., in

their native configuration).

{6091} In further embodiments, the expressible heterologous nucleotide
sequence is derived from another virus, other than PIVS. For example, the
heterologous nucleotide sequence may encode (from any strain) influenza HA RSV
F, HIV Gag and/or Env, etc. Such embodiments can be useful for developing
vaceines and/or methods of vaccination. The examples given here are non-limiting,
as it will be understand by those in the art that nucleotide sequences from a variety of
pathogenic agents (including also bacteria, parasites, etc.} may be desirable to use for

an AVLP vaccine composition and/or roethod of vaccination.

{60921 Examples of viruses to which vaccines can be produced in accordance
with the disclosure include, e.g., orthomyxoviruses, influenza virus A (including all
strains varying in their HA and NA proteins, such as {(non-limiting examples) HIN1,
HINZ, HZN2, H3N2, H7N7, and H3N8); influenza B, influenza C, thogoto virus
{including Dhori, Batken virus, S1AR 126 virus), respiratory syneytial

virus (R8V), and isavirus (e.g., infecticus salmon anemia virus), coronaviurses and

the like. These include influenza isolated or transmitted from all species types,
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including isolates from invertebrates, vertebrates, mammals, humans, non-human
primates, monkeys, pigs, cows, and other Hvestock, birds, domestic poultry such as
turkeys, chickens, quail, and ducks, wild birds (including aquatic and terrestrial
birds), reptiles, etc. These also include existing strains which have changed, e g,
through mutation, antigenic drift, antigenic shift, recombination, efc., especially
strains which have increased virulence and/or interspecies transmission {e.g., human-

to-human}.

B. Composition seguences
i. PIVS vaccine sequences
a, pMHD11- PIVS-Pal

{6093] The pMHD11- PIVS-Pal nucleic acid sequence is provided herein from

2.

L5

5 1o

ACCAAGGGGAAAATGAAGTGGTGACTCAAATCATCGAAGACCOTCCAGATTACATAGGT
CCGOAACCTATOOLCTTCOTCACCOACCTCGAGTCAGAGTAGTTCAATAAGOACCTATCA
AGTTTGGGCAATITTICGICCCCGACACAAAAATGICATCCOTGCTTAAAGCATATGAGE
GATTCACGCTCACTCAAGAACTGCAAGATCAGAGTGAGGAAGGTACAATCCCACCTALCA
ACACTAAAACCOOTAATCAGGOTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
CGOCTTCTICTATTCTGCLTACGOATTGTTCTCAGTAATGOTOCAAGGGATTCCCATCOCT
TTGGAGCATTACTCACAATGTTTTCGUTACCATCAGCCACAATGUTCAATCATGTCAAATT
AGCTOACCAGTCACCAGAAGCTCATATCGAAACGGTAGAGATCCATGGCTTTOAGGAGG
GATCATTCOGCTTAATCCCCAATGCTCGTTCAGGTATCGAGCCGTGGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTGACACACTAAACCATGCAACACCTTTICGTTIGATT
CCCAAGTCGAGGGAACTGCATGGGATCAGATTGAGACTTTICTTAGATATGTGITACAGTG
TCCTAATGCAGGCATGGATAGTCGACTIGCAAGTGCATCGACTGCGCCAGACCAACCTGCTG
CTTCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGCAGGATCAACCCGAGATAT
CTCCTGCAACCGOAGGUTCGACGAATAATCCAGAATGTAATCCGGAAGGGAATGOTCGT
CAGACATTTCCTCACCTTTGAACTGCAGCTTGCCCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGOTAGGGGATGTTGGAAAGTATATAGAGAATTIGTGGAATGGGAGGCT
TCTTTTTGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTIGCTTTAGCTGCATT
TTCAGGAGAGCTAACAAAGCTAAAGTCCCTCATGGCATTATACCAGACCCTTGGTGAGCA
GGCCCCATATTTOGCCCTATTGCGAGTCACCACATTTGATGGATTTTGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGOCTATGTGTTAGATGTCAACATGAGGAA
CTACGUTTTCTCCAGATCATACATGAACAAGACATATTITCCAATTGGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTIGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCCAACGCACCOAGATGOCAAATACACTTGCCAAATTCGACCACAGCAAATCGAGQGGCA
GACACCAGGGCAGOAGTCAACCCOTTCTCATCTOTCACTGGOACAACTCAGGTGCCCGET
GCAGCAACAGGTCACACACTCOCAGAGTTACATGOCAGCGUATCGACTGAGGCAGAGATA
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TGCTGATOGCAGGCACCCATCGATGATGAGATGCCACCATTCGAAGAGGAGGAAGAGGACG
ACACATCTGCAGGTCCACGCACTGGACCAACTCTTGAACAAGTGGCCTTGGACATCCAGA
ACGCAGCAGTTGGAGCTCCCATCCATACAGATGACCTCAATGCCGCACTGOGTGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATTGACATACCTAATTGATTAGTTAGATGG
AACTACAGTGOATTCCATAAGGTTCCTGCCTACCATCGGUTTTAAAGAAAAAAATAGGCC
COGACGGOTTAGCAACAAGCGACTGCCGETGUCAACAGCGUAATCCACAATCTACAATG
GATCCCACTGATCTGAGCTTCTCCCCAGATGAGATCAATAAGCTCATAGAGACAGGCCTG
AATACTGTAGAGTATITTACTTCCCAACAAGTCACAGGAACATCCTCTCTTGGAAAGAAT
ACAATACCACCAGGOUTCACAGOACTACTAACCAATGCTGCAGAGGCAAAGATUCAAGA
GTCAACTAACCATCAGAAGGGCTCAGTTGOTGOGOUTGCAAAACCAAAGAAACCGCGAC
CAAAAATTGCCATTGTGCCAGCAGATGACAAAACAGTGCCCGGAAAGCCGATCCCAAAC
CCTCTATTAGOTCTGOACTCCACCCCOAGCACCCAAACTOTGUTTGATCTAAGTGGGAAA
ACATTACCATCAGGATCCTATAAGGGGGTTAAGCTTIGCGAAATTTGGAAAAGAAAATCY
GATGACACGGTTCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTICCCCCATCG
ATTTTAAGAGGGGCAGGUATACCGOUGOGOTTCCATAGAAGGCAGTACTCAATCGGATGO
GTGGUAGATCGAAGTCAAGGTCACTOAGTGGTGCAATCCATCCTGTICTCCAATCACCGCT
GCAGCAAGGCCATTTCAATOCACTIGTCACCAGTGICCAGTCACTTIGCTCTCGAATGTGAA
COAGATACTTAATACAGTCGACAAATTTGCACTCTCOOATGAATCAACTGOAGACAAAAG
TAGATCGCATTCTICTCATCTCAGTICTICTAATCCAGACCATCAAGAATGACATAGTTGGAL
TTAAAGCAGGGATCGGCTACTITAGAAGGAATCGATTACAACTGTCAAAATCATGGACCCG
GOAGTTCCCAGTAATGTTACTGTGGAAGATGTACGCAAGACACTAAGTAACCATGCTIGTT
GITGTGCCAGAATCATTCAATCGATAGTTTCTTICGACTCAATCTCAAGATGTAATTTCACTIC
ATCGAGTTGGCTCOACCAACTOGCAACAAGTGTTAAGAAGATIGTCAGGAAGOTTCCTCCTC
AGAAGGATCTGACTOCATTCGAAGATTACACTAGAGCAATTCGGCAAAGCGATTIGCATCAGE
AAACCOAAGATOGAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTCGAGGCTCA
GCTAATTGACCTCAAGAAAGCAATCATCCCCAGTOCAATTIGATCAAGAAACACCCAATT
ACACTACACTOOTATCACACTOTACTAACCCTCAGGOGTITTAGAAAAAACGATTAACGAT
AAATAAGCCCGAACACTACACACTACCTGAGGCAGCCATGCCATCCATCAGCATICCCGE
AGACCCCACCAATCCACGTICAATCAATAAAAGCGTICCCAATIGTGATCAACAGTGATCG
GOGTCAGAAAGGCCGUTTOOTTAAACAACTACGCACAACCTACTTGAATCACCTAGATA
CTCATCGAGCCACTGGTGACATTCATAAATACCTATGCGATTCATCTACGAACAGGATCOGGE
GGAATACCATTGTCGGAGAGGATCAACTTIGGGAAGAAAAGAGAGGUTGTCGACCGCTGCA
ATGGITACCCTTGUATGTGGOCCTAATCTACCATOCATTAGGCGAATGTCCTGGGACAACTG
AGGGAATTCCAGGTCACTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTICTITGA
AATTGTTAAGTATCCGAGAATATTITCCGGGTCATACATIAATCCAGAAAGGACTAGTCTG
TOTCTCOGCAGAAAAATTTGTTAAGTCACCAGGGAAAATACAATCTGOAATGGACTATCT
CTTCATTCCGACATTICTGTCAGTGACTTACTGTOCAGCTGCAATCAAATTTCAGGTACCT
GGCCCCATGTTGAAAATGAGATCAAGATACACTCAGAGUTTACAACTTGAACTAATGAT
AAGAATCCTOTOTAAGCUCCOATICCCCACTTATGAAGGTCCATACCCCTCGACAAGGAGG
GAAGAGGATGTCTIGTATCAGTATGGCTGCATGTATGCAACATCTTCAAATCAGGAAACA
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AGAATGGCAGTGAGTGGCAGGAATACTGOGATGAGAAAGTOTGCTAACATGCAACTTGAA
GTGTCOGATTGCAGATATGTGOGGGACCAACTATCATAATICATGCCAGAGGTCACATTICCC
AAAAGTGUCTAAGTTGTTITTTIGGAAAGGGTGGATCGAGCTGLCATCCACTTICACGAAGTE
GTTCCAAGTGTCACTAAAACACTATGGTCCGTOGGCTGTIGAGATTACAAAGGCGAAGGC
AATAATACAAGAGAGTAGCATCTCTCTTCTCGTGGAGACTACTGACATCATAAGTCCAAA
AGTCAAAATTTCATCTAAGCATCGCCOCTTTGGGAAATCAAATTGGGOTCTGTTCAAGAA
AACTAAATCACTGCCTAACCTGACGGAGCTGGAATGACTGACCTCTAATCGAGACTACAC
COCCGCAAACTATAGGTGGOTGGTACCTCAGTCGATTAATCTTOTAAGCACTGATCGTAGG
CTACAACACACTAATATTATCCAGATTAGAGAGCTTAATTAGCTCTGTATTAATAATAAC
ACTACTATTCCAATAACTGOAATCACCAGCTTGATTTATCTCCAAAATGATTCAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCGTCCTTCAAATCATGGGTAC
TATAATTCAATTTICTGGTIGOTCTICCTGTCTATTIGGCAGCAGCAGGCAGCCTIGATCCAGT
AGCCCTCATGCAAATCGGTETCATTICCAACAAATGTCCGGCAACTTATGTATTATACTGA
AGCTTCATCAGCATTCATIGTITGTGAAGTTAATGCCTACAATTGACTCGCCOATTAGTGG
ATGTAATATAACATCAATTTICAAGCTATAATGCAACAGTGACAAAACTCCTACAGCCGAT
COGTCAGAATTIGOAGACCATTAGGAACCAGTTCATTCCAACTCGUAGCGAGACGCLGGT
TTCCAGGOCTGCTCATTCOATTAGCTGCATTAGCAGTAGCTACTGCCGCACAQGTCACTG
CCGCAGTCGLACTAGTAAAGGCAAATGAAAATGUTGCCOCTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTTGCAGATCTIGCTCCAGOCCACACAATCACTAGG
AACGGCAGTTCAAGLCAGTTCAAGATCACATAAACAGTOTGUTAAGTCCAGCAATTACAG
CAGCCAATTCGTAAGGCCCAAGATCGCTATCATTGOCTCAATCCTCAATCTCTATITGACCO
AGTTCACAACCATCTTCCACAATCAAATTACAAACCCTGCATIGAGTCCCATTACAATTIC
AAGCTTTAAGGATCCTACTGGOCAGTACCTIGLCCACTGTGOTCGAAAAATCTTICAATA
CCCAGATAAGTGCAGCTGAGCTICTCTCATCAGGGTTATTIGACAGGCCAGATIGTGOGAT
TAGATTTGACCTATATGCAGATCGTCATAAAAATTIGAGCTGCCAACTITAACTGTACAAL
CTGCAACCCAGATCATAGATCTGGCCACCATTTCTGCATICATTAACAATCAAGAAGTCA
TOGCCCAATTACCAACACGTOTTATOOTCGACTOGCAGCTTOGATCCAAGCCTATCCOCGLAT
CGCAATGCACCATTACACCCAACACTOTGTACTGTAGGTATAATGATGCCCAAGTACTCT
CAGATGATACTATGGCTTGUCTCCAAGGTAACTTGACAAGATGCACCTTOTCICCAGTGE
TTGGCGAGCTTICTCACTCCATTCGTGCTGTTCOATCGAATAGTTTATGCAAATIGCAGGTC
GATGTTGTGCAAGTGCATGCAACCTGUTGUTGTIGATCCTACAGCCGAGTTCATCCCCTGT
AACTCTCATTGACATGTACAAATGTGTCGAGTCTGCAGCTTGACAATCTCAGATTCACCAT
CACTCAATTGGCCAATGTAACCTACAATAGCACCATCAAGCTTGAATCATCCCAGATCTT
GTCTATTGATCCGTTIGGATATATCCCAGAATCTAGUTGUGOGTOGAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGCACAAAGTGACACATATCTTICTGCAATCACATCAGCTACGAC
TACAAGTOGTATTATCCATAATAGCAATCTGTCTTIGGATCGTTAGOTTTAATATTAATAATC
TTGCTCAGTGTAGTTGTGTGGAAGTTATTGACCATIGTCGTIGCTAATCGAAATAGAATG
GAGAATTTTGTTTATCATAAATAAGCATICCACCACTCACGATCTGATCTCAGTGAGAAA
AATCAACCTGCAACTCTTGGAACAAGATAAGACAGTCATCCATTAGTAATTTTTAAGAAA
AAAACGATAGGACCGAACCTAGTATTGAAAGAACCGTCTCGGTCAATCTAGGTAATCGA
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GCTGATACCOGTCTCGGAAAGCTCAAATCATGCTGCCTGATCCGGAAGATCCGGAAAGCA
AGAAAGCTACAAGGAGAGCAGGAAACCTAATTATCTGCTTICCTATICATCTTCTITCTGT
TTGTAACCTTCATICTTCCAACTCTAAGACACTIGCTOTCCTAACACCTGCTATAGGCTAT
CCACTGCATCATCTTACCATCGGCTTTAAAGAAAAAAATAGGCCCGGACGGGTTAGCAA
CAAGCGACTGCOGOTGCCAACAGCGCAATCCAGTCCACGUGGCCGCCACCAT GAAATCAG
GAGTGAAACTGGACGAGCACGCTAATCAGGUAGACGUAGTCAGCACUCAGUCAAACCCUGAG
AATGTOGCACAGGTCACCGTGGACCUACTGAACGATCUCAATT CTCCTCTGGCCAAGCGGAGT
GUGTACTTCGACTTTGATAGCTATTCCGTGUAGGACCAGTACCAGGUCUTGUTGCAGCAGCAC
GUCCAGTATCTGAAGAGCCACCCCCAGAGGCACATCCTGATCUAGGGUAACACCGATGAGCG
COGCACATOCGAGTACAATCTGGCOCTGGGOCAGAAGAGGGUAGAGGUCGTGCGGAGAGEC
CIGTCCCTGCTGGGUGTGLGOGACGUCCAGATGGAGGCUGIGICTCTGGGUAAGGAGAAGC
COGTGGCCCTGEOGCACGACGAAGCCTCTTGGGCACAGAATCGCCCGAGCAGACCTGGTGTAT
CAGCAGTGATGAACGCGTIGCTAGCTCTCCTGCCATACTTCCTACTCACATCATATCTATTYT
TAAAGAAAAAATAGGUCCOGAACACTAATCGTGCCGGUAGTGCCACTGCACACACAACAC
TACACATACAATACACTACAATGGTTIGCAGAAGATGCCCCTGTTAGOGOCCACTIGCCGAG
TATTATITCOAACAACAACTTTAATCTTITCTATGCACACTACTAGCATTAAGCATCTCTAT
CCTTTATCGAGAGTTTAATAACCCAAAAGCAAATCATCGAGCCAAGCAGGCTCAACTGGAT
CTAATTCTGOATTAGGAAGQGTATCACTOGATCTTICTTAATAATATTCTCTCTOTCGCAAATCA
GATTATATATAACTCTGCAGTCGCTCTACCTCTACAATIGGACACTCTTIGAATCAACACTC
CTTACAGCCATTAAGTICTCTTCAAACCAGTIGACAAGCTAGAACAGAACTGCTCOTGGAGT
GCTGCACTGATTAATGATAATAGATACATTAATGGCATCAATCAGTICTATTITITCAATIC
CTGAGGGTCGCAATCTGACACTTOGCCCACTTICTTAATATGCCTAGTTITCATTICCAACTGE
CACGACACCAGAGGGCTGCACCAGOATCCCATCATTCTCOCTCACTAAGACACACTOCTG
TTATACACACAATGTTATCCTGAATCOATCCCAGGATCATOTATCCTCAAATCAATTIGTT
TCTATGGOAATCATTOGAACCCACTICTGCCCOGTITCCATTCTTTCGAACCCTAAAGALCTC
TATATCTCAGCOGATGOGGOTCAATCOTAAGAGCTGCTCTATCAGTACAGTICCGGGGGOTT
GTATCGATGTACTGTTITGTITCTACTCAACCAGAGAGGGATGACTACTITICTGCCGCTCC
TCCAGAACAACGAATTATTATAATCGTACTATAATGATACAATCOTOGAGCGLATAATTAA
TCCACCCOOGGTACTAGATCTATGOGCAACATTCAACCCAGIAACAGGAAGCGGGETAT
ATTATTTAGOTTGOGTGUTICTTICCAATATATGOCGOCGTCATTAAAGGTACGAGTTITAT
GGAATAATCAAGCAAATAAATACTITATCCCCCAGATGGTTGUTGCTCTUTGCTCACAAA
ACCAGGCAACTCAAGTCCAAAATGCTAAGTCATCATACTATAGCAGCTGGTTTGGCAATC
GAATGATTCAGTCTGGGATCCTGOCATGTCCTCTTICGACAGGATCTAACCAATCGAGTGIT
TAGTTCTGCCCTTTTICTAATGATCAGGTGCTTATGOETGCTGAAGGOGAGATTATACATGT
ATGGTGACTCGOGTGTATTACTATCAAAGAAGCAATAGTTGGTGGCCTATGACCATGOTGT
ATAAGOTAACCATAACATICACTAATGOTCAGCCATCTGCTATATCAGUTCAGAATGTGC
CCACACAGCAGGTCCCTAGACCTGGGACAGGAGACTGCTCTGCAACCAATAGATGTCCC
GOGTTTTTGCTTCGACAGGAGTGTATGCCGATGCCTOGTTACTGACCAACCCTTCGTCTACCA
GTACATTTGGATCAGAAGCAACCTTCACTGGTITCTTATCTCAACACAGCAACTCAGCGTA
TCAATCCGACGATGTATATCGCGAACAACACACAGATCATAAGCTCACAGCAATITGGAT
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CAAGCGGTCAAGAAGCAGCATATGGCCACACAACTTGTTITAGGGACACAGGCTCTGTT
ATGGTATACTOTATCTATATTATTGAATTGTCCTCATCTCTCTTAGGACAATTICAGATTIC
TCCCATTTATCCGTCAGGTGACACTATCCTAAAGGCAGAAGCCTTCAGGTCTGACCCAGC
CAATCAAAGCATTATACCAGACCATGGAATGCATACCAAACATTATTIGACACTAATGAC
ACACAAAATTGGTTTTAAGAAAAACCAAGAGAACAATAGGCCAGAATGGCTGGHTCTCG
GOAGATATTACTCCCTGAAGTCCATCTCAATTCACCAATTGTAAAGCATAAGCTATACTA
TTACATTCTACTTGGAAACCTCCCAAATGAGATCCACCTTGACGATTTAGGTCCATTACA
TAATCAAAATTGGAATCAGATAGCACATGAAGAGTCTAACTTAGCTCAACGUTTGGTAA
ATGTAAGAAATTTITCTAATTACCCACATCCCTGATCTTAGAAAGGGUCATTGGCAAGAGT
ATGTCAATGTAATACTGTGGCCOGCGAATTCTTCCCTTGATCCCGGATTITTAAAATCAATG
ACCAATTGCCTCTGCTCAAAAATTIGGGACAAGTTAGTTAAAGAATCATGTTCAGTAATCA
ATGCAGCGTACTTICCCAGTGCATICAGAATCTCAGCTATGOACTOACAGGTCOTOGGAACC
TCTTTACACGATCACGTGAACTCTCTGGTGACCGUAGGGATATIGATCTTAAGACAGTTG
TGGCAGCATGGCATGACTCAGACTGGAAAAGAATAAGTGATTITITGGATTATGATCAAAT
TCCAGATGAGACAATTAATTIGTTAGGCAAACAGATCATAATGATTCTGATITAATCACGT
ATATCOAAAATAGAGAAGGCATAATCATCATAACCCCTCAACTGGTAGCATTATTTAACA
CTCGAGAATCATACACTAACATACATCACCTITCGAAATTCTACTGATCOTTICAGATATGT
ACGAAGOTCGTCACAACATTTTATCACTATGCACAQTTAGCACTTACCTGAATCCTICTIGA
AGAAAAGAATAACATATTTATTCAGCCTTIGTAGATAACTTAGCTT TICAGATAGGTGATG
CTGTATATAACATAATTGCTTIGCTAGAATCCTTTOTATATGCACAGTIGCAAATGICAGA
TCCCATCCCAGAACTCAGAGOACAATTCCATGCATTCGTATGTICTGAGATICTTIGATGE
ACTAAGAGCAACTAATAGTTTICACCCAGGATCGAATTAAGAACTGTIGACAACTAATTIGAT
ATCCCCATTCCAAGATCTCACCCCAGATCTTACGGUTCGAATTIGCTCTGTATAATGAGGLT
TTGGGGACACCCCATOCTCACTGCCAGTCAAGCTGLAGGAAAGGTACGCCAGTCTATGT
GTGCTGCAAAAGTATTAGACTITCCCACCATTATGAAAACACTAGCOTTITICCATACTAT
TCTGATCAATGGATACAGGAGCAAGCATCATCCAGTATCGCCACCCTTAAACTTACCGEG
GTAATGCTTCAAAGGGTCTCACGGAACTTATGAATCGACAATACTCAAATAAGCTATGAAT
TCACACTTAAGCATTOCAAGCAAGTCTCTCTTATAAAATTICAAGAAATGTITTTGATGCAG
ACGCAGGTCGAGUAACTCAGTATATTIATGAAAGATAAGGUAATTAGTGCCCCAAAALCAA
GACTOGATGAGTGTGTITAGAAGAAGCCTAATCAAACAGCGLCATCAGCATCATCAGGT
CCCCCTACCAAATCOCATTCAATCGACGGCTGTTGCTAAACTITCTCGGAGATGACAAATT
CGACCCGAATOTGGAGCTACAGTATGTAACATCAGGTCAGTATCTACATGATCGACACGTT
TTGTGCATCATATTICACTAAAAGAGAAGGAAATTAAACCTGATGGTCGAATTITTGCAAA
GTTCACTAAGAGAATGAGATCATGTCAAGTTATAGCAGAATCTCTTITAGCGAACCATGC
TGCGAAGTTAATCGAAAGAGAATGGTIGTTGTGATOAATCAGUTATCATTAACAAAATCAC
TATTAACAATGAGTCAGATIGGAATAATATCCGAGAAAGCTAGAAAGTCAACTCGAGAT
AACATAAATCAACCTGGTTTICCAGAATATCCAGAGAAATAAATCACATCACTCCAAGCA
AGTCAATCAGCGAGATCCAAGTGATGACTITGAATTGGCAGCATCTTITITAACTACTGA
TCTCAAAAAATATIGTTTACAATGCGAGGTACCAGACAATTATCCCATITGCTCAATCATT
AAACAGAATGTATGGTTATCCTCATCTCTTICAGTGGATICACTTACGGUTAATGCGTAG
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TACACTTTACGTGGGOGGATCCCTTCAACCCACCAGCAGATACCAGTCAATTITGATCTAGA
TAAAGTAATTAATGOAGATATCTTCATTGTATCACCCAGAGGTGGAATTGAAGGGCTGTG
TCAAAAGGCTTGCACAATGATATCTATCGCTGTCGATAATTICTATCTGCCACAGAGTCTIGE
CACACGAGTAATGAGTATGGTGCAGGGAGATAATCAAGCAATTGCTGTCACCACACGAG
TACCAAGGAGCCTGUCGACTCTTGAGAAAAAGACTATTIGCTTTTAGATCTTGTAATCTAT
TCTTTGAGCGAGGTTAAAATOTAATAATTTTGGATTAGGTCACCATITGAAAGAACAAGAGA
CTATCATTAGTTCTCACTTCTTTGTITATAGCAAGAGAATATTCTATCAGGGGAGGATICT
AACGCAAGCCTTAAAAAATGCTAGTAAGCTCTGCTTGACAGCTGATGTCCTAGGAGAAT
GCACCCAATCATCATGTICTAATCTTGCAACTACTGTCATCAGGTTAACTGAGAATGGTG
TTGAAAAAGATATCTGTTTICTACTTGAATATCTATATGACCATCAAACAGCTCTCCTATGA
TATCATCTTCCCTCAAGTGTCAATTCCTGGAGATCAGATCACATTAGAATACATAAATAA
TCCACACCTGGTATCACGATTGOCTCTTITGCCATCCCAGTTAGGAGOTCTAAACTACCTG
TCATGCAGTAGGCTGTTCAATCGAAACATAGGCCACCCGETGGTTTCCGCAGTTGCAGAT
CITTAAGAGATTAATTAAATCAGGATGTATGOGATTACTGCGATCCTTTATAACTTATTAGGG
AGAAAACCOGGAAACGGCTCATGOGCTACTTITAGCAGCTGACCCGTACTCAATCAATAT
AGAGTATCAATACCCTCCAACTACAGCTCTTAAGAGGCACACCCAACAAGCTCTGATGG
AACTCAGTACGAATCCAATQTTACGTGOCATATICTCTCGACAATGCACAGGCAGAAGAA
AATAACCTTGCTAGOTTTCTCCTGUATAGOUAGGTCATCTTTCCOCOTOTAGCTCACATC
ATCATIGAGCAAACCAGTIGICGGCAGGAGAAAACAGATTCAAGGATATITGOATICAAL
TAGATCGATAATGAGCAAATCACTAGAAATTAAGCCCTITATCCAATAGCAAGCTTAATG
AAATACTGGATTACAACATCAATTACCTAGCTTACAATTITGGCATTACTCAAGAATGCTA
TTGAACCTCCCGACTTATTTGAAGGCAATCACACTTGAAACATGTAGCATCGACATIGCAA
GGAACCTCCOGAAGCTCTCCTOOOLCCCACTCTTGGOTCOCAGAAATCTIGAAGGATTAG
AGACGCCAGATCCCATIGAAATTACTOCAGCAGCATTAATTGTTGGATCGGOCTACTOTG
AACAGTOTGCTOCAGGAGACAATCCGATICACATOOTTITTTCTTGCCATCTGOTATCGAGA
TAGGAGGGGATCCCCOTGATAATCCTCCTATCOGTGTACCGTACATIGGCTCCAGGALCTG
ATGAGAGGAGGGTAGUCTCAATGOCATACATCAGGGOTGCUTCGAGTAGCTTAAAAGCA
GITCTTAGACTGGCGGGAGTGTACATCTGGCCATICGGAGATACTCTGGAGAATTGGATA
GATGCACTOCATTTGTCTCACACTAGAGTTAACATCACACTIGAACAGLTGCAATCCLTC
ACCCCACTTCCAACCTCTGUCAATCTAACCCATCOGOTTGOATCATGGCACAACTACCCTA
AAGTTTACTCCTGOGAGCTCTTACACCTTTITCAAGTTTCACTCATATATCAAATGATGAGC
AATACCTGACAATTAATCGACAAAACTGCAGATTCAAATATAATCTACCAACAGTTAATGA
TCACTGOACTCGOAATCTTAGAAACATGGAATAATCOCCCAATCAATAGAACATTICGAA
GAATCTACCCTACATTTGCACACTOGTGCATCATGTTGTGTCCCACCTGTGGACTCOTGCA
TICTCTCAGAAGCATTAACAGTCAAGCCACATATTACAGTACCGTACAGCAATAAATITG
TATTTGATGAGGACCCGCTATCTGAATATGAAACTGCAAAACTGOAATCOTTATCATTCC
AAGCCCAATTAGGCAACATTGATGCTGTAGATATGACAGGTAAATTAACATTATTIGTICCC
AATTCACTGCAAGGCAGATTATCAATGCAATCACTGGACTCGATGAGTCTGTCTCTICTTA
CTAATGATGCCATTGTIGCATCAGACTATGTCTCCAATIGGATTAGTGAATGCATGTATA
CCAAATTAGATGAATTATTTATGTATTGTGGGTGGGAACTACTATTGGAACTATCCTATC

- 30—

SUBSTITUTE SHEET (RULE 26)



WO 2025/076466 PCT/US2024/050117

AAATGTATTATCTGAGGGTAGTIGGOTOGGAGTAATATAGTGGATIATTCTIACATGATCT
TGAGAAGAATCCCGCGOTGCAGCATTAAACAATCTGGCATCTACATTAAGTCATCCAAAA
CITTTCCGACGAGCTATCAACCTAGATATAGTTGCCCCCTTAAATGUTCCTCATTITTGUAT
CTCTGGACTACATCAAGATGAGTGTGGATGCAATACTCTGOGGCTGTAAAAGAGTCATCA
ATGTGCTCTCCAATCGAGOGGACTTAGAATTAGTTIGTCGACATCTGAAGATAGCCTIATTC
TCAGTGACCGATCCATGAATCTCATIGCAAGGAAATTAACTTTATTATCACTGATICACC
ATAATGGTTTOGAACTACCAAAGATTAAGGGGTTICTCTCCTGATGAGAAGTGTTTCGCTT
TGACAGAATTTTTGAGGAAAGTGGTGAACTCAGGGTTIGAGTTCAATAGAGAACCTATCA
AATTTTATGTACAATGIGCGAGAACCCACGGCTTGCAGCATICGUCAGCAACAATTACTAC
CTGACCAGAAAATTATTGAATTCAATACGAGATACTGAGTCGGOTCAAGTAGCAGTCAC
CTCATATTATGAATCATTAGAATATATIGATAGTCTTAAGCTAACCCCACATGTGCCTGG
CACCTCATGCATTGAGCATGATAGTCTATGTACAAATGATTACATAATCTGGATCATAGA
GTCTAATGCAAACTTGGAGAAGTATCCAATTCCAAATAGCCCTCAGGATGATTCCAATTT
CCATAACTTTAAGTTGAATGCTCCATCGCACCATACCTTACGCCCATTAGGGTTGICATCA
ACTGCTTGOTATAAGGGTATAAGCTCUTGCAGGTACCTIGAGCUATTAAAGCTACCACAA
GOTCGATCATITATATATTGCAGAAGOTAGTCGGTGCCAGTATCGACAATCATAGAATACCTA
TTCCCAGOAAGAAAGATATATTACAATICTTITATITAGTAGCTGGTCGACAATCCCCCACAA
AGAAATTATGCACCAATGCCTACTCAGTICATIGAGAGTGTICCCATACAAGCTCTGGCAA
GCACACACAGATCAATATCCCGAGATTITTICAGOACTTCATCCCTCTATGGAACGGAAAL
GCCGCCATOACTCGACATAGGAATCGACAGCTTGTCTAGAATTICATCATCAATCGAGTICGGC
CCAAGCACTIGCAGTTITAGTACATGTAGATTTGOAATCAAGTGCAAGUTTAAATCAACAA
TCCCTGTCAAAGCCOATAATTAATGCTATCATCACTGCTACAACTOTTTITGTIGCCCTCATG
GGOGTOCTTATICTCGAAATATAGTTCGGTTGCCATITACTAGATTITAGTACTTIGATCACTTT
CTTATGGTGUTACTTIGAGAGAATCACTGTITCTTAGGAGCACATATICTCATCCAGLTAAT
CATGAGGTTTATTTAATITGTATCCTIGCCAACAACTTTGCATTOCAGACTGTCTCGCAGG
CAACAGGAATCGOCOATCACTITAACTCGATCAAGGOTTTACTTTOCATATCACCTCGAAAGAA
TAAATCAGTATTGOGATCGOTCACTTGAAGCAAGAACGTATCOTAGCAGAAGCAATIGAT
AAGGTOGTTCTAGOAGAAAATGCTCTATITAATTCGAGTGATAATGAATTAATICTCAAA
TOTGGAGGCACACCAAATGCACGOGAATCTCATCGATATCGAGCCAGTCGCAACTITCATA
GAATTTGAACAATTIGATCTGCACAATGTTCGACAACCCACTTIGAAGGAAATAATTGATATA
ACAAGGTCTGGAACCCAGGATTATGAAAGTTTATTACTCACTCCTTACAATITAGGTCTT
CTTGCTAAAATCAGTACGATAGTGAGATTATTAACAGAAAGGATTCTAAATCATACTATC
AGGAATTGOGTTGATCCTCCCACCTTICGUTCCOGATGATCOTGAAGCAGGACTTGGAATTC
GGCATATTCAGGATTACTTICCATCCTCAATTCTGATCGGTTICCTGAAGCTTTCTCCAAATA
GGAAATACTTGATTGCACAATTAACTGCAGGCTACATTAGCGAAATTGATTGAGGGGGATTY
GUAATATCGATCTAACCAGACCTATCCAAAAGCAAATCTGGAAAGCATTAGGTTIGTGTA
GTCTATTGTCACGATCCAATGGATCAAAGGGAGTCAACAGAGTTITATIGATATAAATATT
AATGAAGAAATAGACCGUOGGGATCGATGGUCGAGGAAATCTAAACATATCAAGAATCAG
AATTAGTTTAAGAAAAAAGAAGAGCGATTAATCTTGGTITTTICCCCTTGGTGGGTCGGCATG
GCATCTCCACCTCCTCGCGGTCCGACCTGGGCATCCGAAGGAGGACGCACGTCCACTCGG
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ATGGCTAAGGGAGCGGCCGGGGATCCGGUTGCTAACAAAGCCCGAAAGGAAGCTGAGTT
GGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTT
GAGGGOTTTTTTGCTGAAAGGAGGAACTATATCCGGATCATGTGAGCAAAAGGCCAGCA
AAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTITCCATAGGCTCCGCCCCCC
TGACGAGCAAAGCTTCTCGACCCATTICTCATGTTTGACAGCTTATCATCGAATTTCTGCCA
TTCATCCGCTTATTATCACTTATTCAGGCGTAGCAACCAGGCGTTTAAGGGCACCAATAA
CTGCCTTAAAAAAATTACGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCATTA
AGCATTCTGCCOACATGGAAGUCATCACAGACGGCATCGATGAACCTGAATCGCCAGCGG
CATCAGCACCTTGTCCGCCTTGCGTATAATATTTGCCCATGOTGAAAACGGGGGCGAAGAA
GTTGTCCATATTGGCCACGTTTAAATCAAAACTGOTCGAAACTCACCCAGGGATTGGCTGA
GACGAAAAACATATTICTCAATAAACCCTTTAGGGAAATAGGCCAGGTTTTCACCGTAACA
COCCACATCTTGCGAATATATGTGTAGAAACTGCCGGAAATCOTCGTGGTATTCACTCCA
GAGCGATGAAAACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTAT
CCCATATCACCAGCTCACCGTCTITCATTGUCATACGGAATTCCGGATGAGCATTCATCA
GGCGGGCAAGAATGTGAATAAAGGCCGOATAAAACTTGTGCTTATTTTTCTTTACGGTCT
TTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACT
GAAATGCCTCAAAATGTTCTTTACGATGCCATTGOGATATATCAACGGTGGTATATCCAG
TGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTCGAAAATCTCGATAACTCAAAAAATAC
GCCCOGTAGTGATCTTATTTICATTATGGTGAAAGTTGCGAACCTCTTACGTGCCGATCAAL
GTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACAGGGACACCAGGATT
TATTTATTCTGCOAAGTCGATCTTCCOTCACAGOTATTTATTCOCCATAAGCTCATGCAGCG
GCCTAACCGTCGCACAGGAAGGACAGAGAAAGCGCGCGATCTGGGAAGTGACGGACAGA
ACGGTCAGGACCTGOATTGCGOAGGCCGOTTCCOGCCOCTGCTOCTGACGUTGTCACGTTC
TCTGTTCCGGTCACACCACATACGTTCCGCCATTCCTATOCGATCCACATGCTGTATGCCG
GTATACCGCTGAAAGTTCTGCAAAGCCTGATGGGACATAAGTCCATCAGTTCAACGGAA
GTCTACACGAAGGTTTTTGCGCTGGATCTGGCTGCCCCGCACCGGETGCAGTITGCGATG
CCGGACGTCTOATGCGGTTGCGATGCTGAAACAATTATCCTGAGAATAAATGCCTTCGGCCT
TTATATGGAAATOTCGGAACTGAGTGGATATGCTGTTITTGTCTCTTAAACAGAGAAGCTS
GCTGTTATCCACTGAGAAGCGAACGAAACAGTCOGGAAAATCTCCCATTATCGTAGAGA
TCCGCATTATTAATCTCAGGAGCCTGTOTAGCCTITATAGGAAGTAGTGTTCTGTCATCGAT
GCCTGCAAGCGGTAACGAAAACGATTTGAATATGCCTTCAGGAACAATAGAAATCTTCG
TGCGOTGTTACGTTGAAGTGGAGCGGATTATGTCAGCAATGGACAGAACAACCTAATGA
ACACAGAACCATGATGTOGTCTOTCCTTTTACAGCCAGTAGGCTCGLCGCAGTCGAGCGA
CGOCGAAGCCCTCGAGTCAGCGAGGAAGCACCAGGGAACAGCACTTATATATTCTGLTT
ACACACGATGOCTCAAAAAACTTCCCTTCGOGTTATCCACTTATCCACGGGGATATTITTT
ATAATTATTTTITTTTATAGTTTTTAGATCTTCTTTITTTAGAGCGCCTTGTAGGCCTTTATCC
ATGCTGGTTCTAGAGAAGGTGTTGTCGACAAATTGCCCTTTCAGTGTGACAAATCACCCTC
AAATGACAGTCCTGTCTGTGACAAATTGCCCTTAACCCTGTGACAAATTGCCCTCAGAAG
AAGCTGTTITTTCACAAAGTTATCCCTGUTTATTGACTCTTITTTTATITAGTGTGACAATCT
AAAAACTTGTCACACTTCACATGGATCTGTCATGGCGGAAACAGCGGTTATCAATCACAA
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GAAACGTAAAAATAGCCCGCGAATCGTCCAGTCAAACGACCTCACTGAGGCGGCATATA
GTCTCTCCCGGGATCAAAAACGTATGCTGTATCTGTTCGTTGACCAGATCAGAAAATCTG
ATGGCACCCTACAGGAACATGACGGTATCTGCGAGATCCATGTTGCTAAATATGCTGAAA
TATTCGGATTGACCTCTGCGGAAGCCAGTAAGGATATACGGCAGGCATTGAAGAGTTTCG
COGGGAAGGAAGTGOGTTTTTITATCGCCCTGAAGAGGATGCCGGCGATGAAAAAGGCTAT
GAATCTTTTCCTTIGGTTTATCAAACGTGCGCACAGTCCATCCAGAGGGCTTTACAGTGTA
CATATCAACCCATATCTCATTCCCTTCTTITATCGGGTTACAGAACCGGTTTACGCAGTTEC
GGCTTAGTGAAACAAAAGAAATCACCAATCCGTATGCCATGCOGTTTATACGAATCCCTGT
GTCAGTATCGTAAGCCGGATGGCTCAGGCATCGTCTCTCTGAAAATCGACTGGATCATAG
AGCGTTACCAGCTGCCTCAAAGTTACCAGCGTATGUCTGACTTCCGCCGCCGOTTCCTGE
AGOTCTGTGTTAATGAGATCAACAGCAGAACTCCAATGCGCCTCTCATACATTGAGAAAA
AGAAAGGCCGCCAGACGACTCATATCGTATTTTCCTTCCGUGATATCACTTCCATGACGA
CAGGATAGTCTGAGGGTTATCTGTCACAGATTTGAGGGTGGTTCGTCACATTITGTTCTGA
CCTACTGAGGGTAATTTGTCACAGTTTTGCTGTTTCCTTCAGCCTGCATGGATTTITCTCAT
ACTTITTGAACTGTAATTTTTAAGGAAGCCAAATTTGAGGGCAGTTTGTCACAGTTGATTT
CCTTCTCTTTCCCTTCGTCATGTGACCTGATATCGGGGGTTAGTTCGTCATCATTIGATGAG

TTTTTCCCACGGTGCGATATTTCTTCTTGCGCTCAGCGTAAGAGCTATCTGACAGAACAGTT
CTTCTTTGCTTCCTCGCCAGTTCGCTCGCTATGCTCOGTTACACGGCTGCGGLGAGCGCTA
GTGATAATAAGTGACTCGAGGTATGTGCTCTTCTTATCTCCTTTIGTAGTGTTGCTCTTATTET
TAAACAACTTTGCQGTTTTTTCATCGACTTTGCGATTTITGTTCTTGCTTTGCAGTAAATTGC
AAGATITAATAAAAAAACGCAAAGCAATGATTAAAGCATGTTCAGAATCGAAACTCATGG
AAACACTTAACCAGTGCATAAACGCTGGTCATGAAATGACGAAGGCTATCGCCATTGCA
CAGTTTAATGATGACAGCCCGGAAGCCAGGAAAATAACCCOGCGCTGGAGAATAGGTGA
AGCAGCGCATTTAGTTGGGGTTTCTTICTCAGGCTATCAGCAGATGCCCAGAAAGCAGGEC
GACTACCGCACCCOGATATGCGAAATTCOAGGACGOGTTCAGCAACGTGTTGGTTATACA
ATTGAACAAATTAATCATATGCGTGATGTGTTTGGTACGCGATTGCGACGTGCTGAAGALC
GTATTTCCACCGOTGATCGGOGTTGCTGCCCATAAAGGTGGLGTTTACAAAACCTCAGTT
TCTGTTCATCTTGCTCAGGATCTGGCTCTGAAGGGGCTACGTOTTTTGCTCOGTGGAAGGTA
ACGACCCCCAGQGAACAGCCTCAATGTATCACGGATCOGTACCAGATCTTCATATICATG
CAGAAGACACTCTCCTGCCTTTCTATCTTIGGGGAAAAGGACCGATGTCACTTATGCAATAA
AGCCCACTTIGCTGGLCGOGGCTTCACATTATICCTTCCTGTCTGGCTCTGCACCGTATTGA
AACTCAGTTAATGCGGCAAATTTCGATGAAGGTAAACTGCCCACCGATCCACACCTGATGCT
CCGACTGGCCATTGAAACTGTTGCTCATCACTATGATOTCATAGTTATIGACAGCGCGCC
TAACCTGGGTATCGGCACGATTAATGTCGTATGTGLTGCTGATCTCCTGATIGTTCCCAL
GCCTGCTCAGTTOTTTCACTACACCTCCGCACTGCAGTITTTCCGATATGCTICGTGATCTG
CTCAAGAACGTTGATCTTAAAGGGTTCGAGCCTGATGTACGTATTTTGCTTACCAAATAC
AGCAATAGTAATGGUTCTCAGTCCCCOGTGGATGCGAGGAGCAAATTCGGGATGCCTGGGG
AAGCATGGTTCTAAAAAATGTTGTACGTGAAACGGATCGAAGTTGGTAAAGGTCAGATCC
GGATGAGAACTGTTTTTGAACAGGCCATTGATCAACGCTCTTCAACTGGTGCCTGGAGAA
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ATGCTCTITCTATTTGGGAACCTGTCTCCAATGAAATTTTCGATCGTCTGATTAAACCACG
CTOGGAGATTAGATAATGAAGCGTGCGCCTGTTATICCAAAACATACGCTCAATACTCAA
CCGOTTGAAGATACTTCGTTATCGACACCAGCTGCCCCGATGGTGGATTCGTTAATTGCG
CGCOTAGGAGTAATGGCTCGOGATAATGCCATTACTTTGCCTGTATGTGGTCGGGATGTG
AAGTTTACTCTTGAAGTGCTCCOGGGTGATAGTGTTGAGAAGACCTCTCGGGTATGGTCA
GOTAATGAACGTGACCAGGAGCTGCTTACTGAGGACGCACTGGATGATCTCATCCCTTCT
TTTCTACTGACTGOTCAACAGACACCGGCGTTCGUTCGAAGAGTATCTGGTGTCATAGAA
ATTGCCGATGGGAGTCGCUGTCGTAAAGCTOCTGCATUTTACCGAAAGTGATTATCGTGTT
CTGOTTOGCCAGCTGGATGATCAGCAGATGGCTGCATTATCCAGATTGGGTAACGATTAT
COCCCAACAAGTGCTTATGAACGTGGTCAGCOTTATGCAAGUCGATTGCAGAATGAATTT
GCTGGAAATATITCTGUGCTGGCTGATGOGGAAAATATTTICACGTAAGATTATTACCCGC
TOTATCAACACCGCCAAATTOCCTAAATCAGTTGTTGUTCTTTTITTCTCACCCCGGTGAAL
TATCTGOCCGGTCAGOTCGATGCACTTCAAAAAGUCTTTACAGATAAAGAGGAATTACTTA
AGCAGCAGGCATCTAACCTTCATCAGCAGAAAAAAGCTGOGGTGATATTTGAAGCTGAA
GAAGTTATCACTUTTTTAACTICTGTGUTTAAAACGTCATCTGCATCAAGAACTAGTTTAA
GCTCACGACATCAGTTTGCTCCTGGAGUGACAGTATTOTATAAGGGUGATAAAATCGTGC
TTAACCTGGACAGGTUTCGTGTTCCAACTGAGTGTATAGAGAAAATTGAGGCCATTICTTA
AGGAACTTGAAAAGCCAGCACCCTGATGCCACCACGTITTAGTCTACGTTTATCTGTCTT
TACTTAATGTCCTTTGTTACAGGCCAGAAAGCATAACTGGCCTCAATATTCTCTCTGGGC
CCACTOTTCCACTTGTATCOTCGGTCTGATAATCAGACTGGGACCACGGTCCCACTCOTA
TCGTCGGTCTGATTATTAGTCTGGGACCACGGTCCCACTCGTATCGTCGGTCTCGATTATTA
GTCTGOGACCACGOTCCCACTCGTATCGTCGOTCTGATAATCAGACTGGUACCACGGTCC
CACTCOTATCGTCOGTCTGATTATTAGTCTGGGACCATGGTCCCACTCGTATCGTCGGTCT
GATTATTAGTCTOGGACCACCGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGAAC
CACGOTCCCACTCGTATCGTCGOTCTGATTATTAGTCTGGGACCACGGTCCCACTOGTATC
GTCOOTCTGATTATTAGTCTGGGACCACCATCOCACTCGTOTIGTCGGTCTGATTATCGOT
CTGOOACCACGGTCCCACTTGTATTGTCGATCAGACTATCAGCGTGAGACTACGATTCCA
TCAATGCCTOTCAAGGGCAAGTATTGACATGTCGTCOTAACCTGTAGAACCGAGTAACCT
COGTOTGCOGTTOTATGCCTGCTGTGOATTGCTGCTGTGTCOTGCTTATOCACAACATTTT
GCGCACGGTTATGTGGACAAAATACCTCGTTACCCAGGUCGTGCCGGCACGTTAACCGG
GCTCCATCCGATOCAAGTGTGTCOCTGTCGAGTTTAAACGGATCTGACGTCTAAGAAACC
ATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCS
CGTTTCOGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCT
TOTCTGTAAGCGCATGCCGGCAGCAGACAAGCCCCTCAGGGCCCGTCAGLGGOTOTTCE
CGOGTGTCGGGGCTGGCTTAACTATGCGGUATCAGAGCAGATTGTACTGAGAGTGCACT
ATATATGCGGTGTGAAATACCGCACAGATGOGTAAGGAGAAAATACCGCATCAGGCTAA
TACGACTCACTATAGGG (SEG ID NO: 1)

{60941 The underlined sequence is the PIVS genomic nucleic acid sequence.

The italicized and underlined sequence is the whole Pal nucleic acid sequence.
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b, pMHD3IS-PIVS-NTTM-Pal
[8095] The pMHD39-PIV5-NTTM-Pal nucleic acid sequence is provided

herein from 57 t0 37

ACCAAGGGGAAAATGAAGTGGTGACTCAAATCATCGAAGACCCTCGAGATTACATAGGT
CCGGAACCTATGOCCTTCGTGACCGACCTCGAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTTTGGGCAATTTTTCGTCCCCGACACAAAAATGTCATCCOTGCTTAAAGCATATGAGE
GATTCACGCTCACTCAAGAACTGCAAGATCAGAGTGAGGAAGGTACAATOCCACCTACA
ACACTAAAACCGGTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
COCCTTCTTCTATTICTGCCTACGUATTOTTCTCAGTAATGOTGCAAGGGATTICCCATCGOT
TTGCAGCATTACTCACAATGTTTTCGCTACCATCAGCCACAATGCTCAATCATGTICAAATT
AGCTGACCAGTCACCAGAAGCTGATATCGAAAGGGTAGAGATCGATGGCTTTGAGGAGG
CATCATTCCGCTTAATCCCCAATGCTCOGTICAGGTATCGAGCCGTGCGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTGACACACTAAACCATGCAACACCTTTCGTTGATT
CCOAAGTCGAGOGAACTGCATGGGATGAGATTCGAGACTTTCTTAGATATGTGITACAGTG
TCCTAATCGCAGGCATCGGATAGTCACTTIGCAAGTGCATGACTGCGCCAGACCAACCTGCTG
CTTCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGUAGGATCAACCCGAGATAT
CTCCTGCAACCGRAGGCTCCACCAATAATCCAGAATOTAATCCGGAAGGGAATGGTIGET
CAGACATTTCCTCACCTTTGAACTGCAGCTTGCCCOGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGCGATCTTGCAAAGTATATAGAGAATTIGTGCAATGGGAGGLT
TCTITTTGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTIGCTTTAGCTGCATY
TTCAGCGAGAGCTAACAAAGCTAAAGTCCUTCATCGOGCATTATACCAGACCCTTCOTGAGCA
GOCCCCATATTTGOCCCTATTGCGAGTCACCACATTTGATGOATTTTGCTGLCAGCAAACTA
CCCACTOCTATATAGCTATGCTATGGCAATAGGCTATGTGTTAGATGTCAACATGAGGAA
CTACGOCTTTCTCCAGATCATACATGAACAAGACATATTTCCAATTCGGAATCGGAAACTGE
AAGAAAACAACAGGGTGLAGTIGACATGAGGATGOCAGAAGATCTCGOTCTAACTCAAG
CCCAACCCACCOAGATCOCAAATACACTTIGCCAAATTCGACCACAGCAAATCGAGGGHCA
GACACCAGGGOAGGAGTCAACCCOGTICTCATCTOTCACTGOGACAALCTCAGOTGLCLGCT
GCAGCAACAGOTCACACACTCOCAGAGTTACATGOCAGCGUATCGACTGAGGCAGAGATA
TGCTOGATOGCAGGLCACCCATCATGATCAGATGCCACCATTCGAAGAGCAGGAAGAGGACS
ACACATCTGCAGOTCCACGCACTOOACCAACTCTTCAACAAGTGGCCTTGCACATCCAGA
ACGCAGCAGTTGGAGCTCCCATCCATACAGATGACCTOAATGUCGCACTGGUGTGATCTTIG
ACATCTAGACAATTCAGATCCCAATCTAAAATTIGACATACCTAATTGATTAGTTAGATGG
AACTACAGTGGATTCCATAAGGTICCTGCCTACCATCGGCTTTAAAGAAAAAAATAGGCC
COGACGGOTTAGCAACAAGCGACTGCCGGTGCCAACAGCGUAATCCACAATCTACAATG
GATCCCACTCGATCTGAGCTTICTCCCCAGATGAGATCAATAAGCTCATAGAGACAGGCCTG
AATACTGTAGAGTATTTITACTTCCCAACAAGTCACAGGAACATCCTCTCTTIGGAAAGAAT
ACAATACCACCAGGGGTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGGGCTCAGTTIGGTGOGOGTGCAAAACCAAAGAAACCGUGAC
CAAAAATTGCCATTGTGCCAGCAGATGACAAAACAGTGCCCGOAAAGCCCGATCCCAAAC
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CCTCTATTAGGTCTGGACTCCACCCCGAGCACCCAAACTOTGUTTGATCTAAGTGGGAAA
ACATTACCATCAGGATCCTATAAGGOGGTTAAGCTTIGCGAAATTTGGAAAAGAAAATCT
GATGACACGOTTCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTCCCCCATCS
ATTTTAAGAGGGGCAGGGATACCGOGCGOETTCCATAGAAGGGAGTACTCAATCGGATGE
GTGGCAGATOGAAGTCAAGGTCACTCGAGTGGTGCAATCCATCCTGTICTCCAATCACCGET
GCAGCAAGGCOATTTCGAATGCACTIGTCACCAGTGTCCAGTCACTTGCTCTCGAATGTGAA
COAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATTCTCTCATCTCAGTCTICTAATCCAGACCATCAAGAATCGACATAGTTGGAC
TTAAAGCAGGGATGGCTACTTTAGAAGGAATGATTACAACTGTGAAAATCATGGACCCG
GGAGTTCCCAGTAATGTTACTGTGGAAGATGTACGCAAGACACTAAGTAACCATGCTGTT
GTTGTGCCAGAATCATTCAATGATAGTTTCTTGACTCAATCTGAAGATGTAATTTCACTIC
ATGAGTIGGCTCOACCAACTGCAACAAGTGTTAAGAAGATTGTCAGGAAGGTTICCTCCTC
AGAAGGATCTGACTGGATTGAAGATTACACTAGAGCAATTGGCAAAGGATTGCATCAGE
AAACCGAAGATGAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTGAGGUTCA
GOTAATTGACCTCAAGAAAGCAATCATCCOGCAGTGCAATTTGATCAAGAAACACCCAATT
ACACTACACTGOTATGACACTOTACTAACCCTGAGOGTTTITAGAAAAAACGATTAACGAT
AAATAAGCCCOAACACTACACACTACCTGAGGCAGCCATGCCATCCATCAGCATICCCGE
AGACCCCACCAATCCACGTCAATCAATAAAAGCOGTTCCCAATTQTGATCAACAGTGATGG
GGGTCAGAAAGGUCGUTTGGTTAAACAACTACGCACAACCTACTTGAATCACCTAGATA
CTCATGAGCCACTQUTCACATICATAAATACCTATOOATTICATCTACGAACAGGATCGGG
GOAATACCATTGTCGCAGAGGATCAACTIGGGAAGAAAAGAGAGGCTGTCACCGLTIGCA
ATGCTITACCCTTGGATGTGGGCCTAATCTACCATCATTAGGGAATGTCCTGGOACAACTG
AGGGAATTCCAGOTCACTOTTACGGAAGACATCCAGCAAAGCGOAAGAGATOGTCTTTIGA
AATTCTTAAGTATCCOCAGAATATTTICOOGOTCATACATTAATCCAGAAAGGACTAGTCICG
TCICTCOCGCAGAAAAATTTGTTAAGTCACCAGGGAAAATACAATCTGCAATGGACTATCT
CTTCATTCCCACATTICTCTCAGTGACTTACTGTOCAGCTGCAATCAAATTICAGGTACCT
GGLCCCATCTTGAAAATCGAGATCAAGATACACTCAGAGCTTACAACTTCGAACTAATGAT
AAGAATCCTGTGTAAGCCCGATICGCCACTTATCAAGOTCCATACCCCTGACAAGGAGEG
GAAGAGGATOTCTTGTATCAGTATGGCTCCATOTATOCAACATCTICAAATCAGGAAACA
AGAATCGGCAGTCGAGTGOCAGGAATACTGOATOAGAAAGTGTGCTAACATGCAACTIGAA
GTGTCGATTGCAGATATGTGGGGACCAACTATCATAATTICATGCCAGAGGTCACATTCCC
AAAAGTGCTAAGTTIGTITTTTIGGAAAGGGTGOATGOAGCTGCCATCCACTICACGAAGTT
GTTCCAAGTGTCACTAAAACACTATGOGTCCGTGOGCTGTGAGATTACAAAGGCGAAGGE
AATAATACAAGAGAGTAGCATCTCTCTICTCOTGGAGACTACTGACATCATAAGTCCAAA
AGTCAAAATTTCATCTAAGCATCGCCGCTTTGGGAAATCAAATTGGGGTCTIGTTCAAGAA
AACTAAATCACTGOCTAACCTGACGGAGCTGGAATCGACTCGACCTCTAATCGAGALTACAC
CGCCGCAAACTATAGGTGGOTGGTACCTCAGTGATTAATCTITGTAAGCACTGATCGTAGG
CTACAACACACTAATATTATCCAGATTAGAGAGCTTAATTAGCTCTGTATTAATAATAAC
ACTACTATTCCAATAACTGGAATCACCAGUTTGATITATCTCCAAAATGATICAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCGTCCTTCAAATCATGGGTAC
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TATAATTCAATTTICTGOTGGTCTCCTGTCTATTIGGCAGGAGCAGGCAGCCTTGATCCAGE
AGCCCTCATGCAAATCOGTGTCATTICCAACAAATGTCCGGCAACTTATCTATTATACTGA
AGCTTCATCAGCATTCATIGTTGTGAAGTTAATGCCTACAATTGACTCGCCCGATTAGTGS
ATGTAATATAACATCAATTITCAAGCTATAATGCAACAGTGACAAAACTCCTACAGCCGAT
COOTCGAGAATTTGGAGACGATTAGGAACCAGTTGATTCCAACTOGGAGGAGACGCCGGT
TTGCAGGOGTGGTGATTGGATTAGCTGCATTAGGAGTAGCTACTGUCGCACAGGTCACTG
CCGCAGTGUGCACTAGTAAAGGCAAATGAAAATGCTGCGGCTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTTCGCAGATGIGGTCCAGGUCACACAATCACTAGG
AACGGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGGTAAGTCCAGCAATTACAG
CAGCCAATTGTAAGGCCCAAGATGUTATCATTGOGCTCAATCCTCAATCTICTATITGACCG
AGTTGACAACCATCTTCCACAATCAAATTACAAACCCTGCATIGAGTICCCATTACAATTC
AAGCTTTAAGOATCCTACTGOGUAGTACCTIGCCCACTOTGGTIUGAAAAATCTTTCAATA
CCCAGATAAGTGUAGCTGAGCTICTCTCATCAGGGTTATTGACAGGCCAGATIGTGGGAT
TAGATTTGACCTATATGCAGATGGTCATAAAAATIGAGCTGCCAACTITAACTGTACAAC
CTGCAACCCAGATCATAGATUTGGCCACCATTTICTGCATTCATTAACAATCAAGAAGTCA
TGOGCCCAATTACCAACACGTGTTATCGGTGACTGGCAGCTTCATCCAAGCCTATCCCGCAT
COCAATGCACCATTACACCCAACACTOTCTACTGTAGGTATAATCGATGUCCAAGTACTCT
CAGATGATACTATGGCTIGLCTCCAAGOTAACTTIGACAAGATGCACCTTICTICTCCAGTOG
TTGGCAGCTTICTCACTCCATICGTGCTGTTCCGATGCAATAGTTTATGCAAATTGCAGGIC
GATGTTOCTGCAAGTCCATGCAACCTCGCTGCTCTICATCCTACAGCCCAGTICATCCCCTOT
AACTOTICATIGACATGTACAAATOTOTCAGTCTOCAGCTTICGACAATCTCAGATTCACCAT
CACTCAATTCGCCAATGTAACCTACAATAGCACCATCAAGCTTOAATCATCCCAGATCTY
GTCTATTGATCCOTTGCATATATCCCAGAATCTAGCTCCGOTOAATAAGAGTCTAAGTGA
TCCACTACAACACTTAGCACAAAGTCACACATATCTTICTGCAATCACATCAGCTACGAL
TACAAGTGTATTATCCATAATAGCAATCTGTCTIGGATCGTTAGGTTTAATATTAATAATC
TIGCTCAGTCTAGTIGIGIGOAAGTTATTIGACCATIGTCOTIGUTAATCGALATAGAATG
GAGAATTTIGTITATCATAAATAAGCATTICCACCACTCACGATCTGATCTCAGTCAGAAA
AATCAACCTGCAACTCTTGGAACAAGATAAGACAGTCATCCATTAGTAATTITTITAAGAAA
AAAACGATAGGACCCAACCTACTATTIGAAAGAACCOTCTCGGTCAATCTAGOTAATCGA
GCTGATACCGTCTCGOAAAGCTCAAATCATGUTGCCTCATCCGOAAGATCCGGAAAGCA
AGAAAGCTACAAGGAGAGCAGGAAACCTAATTATCTGCTTCCTATICATCTITCTITCTGT
TTIGTAACCTICATTGTTCCAACTCTAAGACACTTGCTGTCCTAACACCTGCTATAGGUTAT
CCACTGCATCATCTTACCATCGGCTTTAAAGAAAAAAATAGGCCCGGACGOGTTAGCAA
CAAGCGACTGCCGGTGCCAACAGCGCAATCCAGTCCGACGCGGLCGCCACCATGGTTGCA
GAAGATCGCCCCTOTTAGGOCCACTIGUCOAGTATTATITCGAACAACAACTTITAATCTIT
CTATGCACACTACTAGCATTAAGCATCTICTATCCTTPATATGAAATCAGGAGTGAAACTGGA
CCAGCACGCTAATCAGGGAGACGCAGTCAGCACCUAGCCA4ACCOCGAGAATGTCGCACAGG
TCACCGTGGACCCACTGAACGAT U CCAATICTOCTO T GGCUAAGCGGAGUGTGTACTTCGACTT
TGATAGCTATTCCGTGUAGGACCAGTACCAGGUCCTGCTGCAGCAGCACGUCCAGTATCTGAA
GAGCCACCCCCAGAGGCACATCCTGATCCAGGGUAACACCGATGAGCGUGGUACATOCGAGT
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ACAATCTGGUCCTGGGCUAGAAGAGCGUAGAGGCCGTGCHGGAGAGCUCTGICCCTGCTGEE

CCTGGEGCEACUGCCCAGATGCAGGUCGIGTUTCTGGGUAAGGAGAAGCUCGTGGLCCTGGHG
CACGACGAAGCUTCTTGGGUACAGAATCGCUGAGCAGACCTGGTGTATCAGCAGTGATGAAC
GCGTGCTAGCTCTCCTGCCATACTTCCTACTCACATCATATCTATTTTAAAGAAAAAATAG
GCCCGAACACTAATCGTGCCGGCAGTGCCACTGCACACACAACACTACACATACAATAC
ACTACAATOGGTTGCAGAAGATGCCCCTGTTAGOGCCACTTIGCCGAGTATTATTITCGAACA
ACAACTITAATCTTTCTATGCACACTACTAGCATTAAGCATCTCTATCCTITATGAGAGTT
TAATAACCCAAAAGCAAATCATGAGCCAAGCAGGCTCAACTGUATCTAATICTGGATTA
GGAAGTATCACTGATCTICTTAATAATATTICTCTICTGTCGCAAATCAGATTATATATAACT
CTGCAGTCGCTCTACCTCTACAATTGGACACTCTTGAATCAACACTCCTTACAGCCATTAA
GTCTCTTCAAACCAGTGACAAGCTAGAACAGAACTGCTCGTGGAGTGCTGCACTGATTAA
TGATAATAGATACATTAATGGCATCAATCAGTTCTATTTITCAATTGCTGAGGGTCGCAA
TCTGACACTTGGCCCACTTICTTAATATGUCTAGTTTCATTCCAACTGCCACGACACCAGAG
GGCTGCACCAGCGATCCCATCATTICTCOUTCACTAAGACACACTGGTGTTATACACACAAT
GITATCCTGAATGGATGCCAGGATCATOTATCCTCAAATCAATTTGTTTCTATGGGAATC
ATTGAACCCACTICTGCCCGGOTITICCATTCTTTICCAACCCTAAAGACTCTATATCTCAGCS
ATGGOOTCAATCOTAAGAQCTCCTCTATCAGTACAGTTCCGOGOGCTITCTATCATGTACT
GITTIGTTTICTACTCAACCAGAGAGGOATCACTACTITICTGCCGCTCUTCCAGAACAAL
GAATTATTATAATGTACTATAATGATACAATCGTGOAGCGCATAATTAATCCACCCOGOG
TACTAGATGTATGOGCAACATTGAACCCAGGAACAGCAAGLGGGOTATATTATTTAGGT
TCGOTGCTCTTTCCAATATATGOCGOCGTCGATTAAAGGTACGAGTTTATGOAATAATCAA
GCAAATAAATACTTTATCCCCCAGATGGTITGCTGCTCTCTGCTCACAAAACCAGGCAACT
CAAGTCCAAAATGCTAAGTCATCATACTATAGCAGCTCGTTTIGOCAATCGAATCGATICAG
TCTGGOATCCTGGCATCTCCTUTTCGACAGCGATCTAACCAATGAGTGTTTAGTTICTGCCCT
TTTCTAATCGATCAGGTGCTTATGOGTGUTCGAAGGGAGATTATACATCTATOCGTCACTCGH
TCTATTACTATCAAAGAAGCAATAGTICOTCGCCTATGACCATGCTGTATAAGGTAACCA
TAACATTCACTAATGGTCAGCCATCTGCTATATCAGCTCAGAATOTGCCCACACAGCAGG
TCCCTAGACCTGGOACAGGAGACTGCTCTGCAACCAATAGATGTICCCOOTTITIGCTTIGA
CAGGAGTGTATOCCCATGCCTGOTTACTGACCAACCCTICOTCTACCAGTACATITGUAT
CAGAAGCAACCTTICACTGOTTICTTATCTCAACACAGCAACTCAGCGTATCAATCCOACGA
TGTATATCGOCGAACAACACACAGATCATAAGCTCACAGCAATTTGGATCAAGCGGTCAA
GAAGCAGCATATGGCCACACAACTIGTTTTAGGGACACAGGCTCTGTTATGGTATACTOT
ATCTATATTATTGAATTGTCCTCATCTCTCTTAGGACAATTTCAGATTGTCCCATITATCC
GTCAGGTGACACTATCCTAAAGGCAGAAGCCTTICAGGTCTGACCCAGCCAATCAAAGCA
TTATACCAGACCATGOGAATGCATACCAAACATTATIGACACTAATGACACACAAAATTIGEG
TTTTAAGAAAAACCAAGAGAACAATAGGCCAGAATGGCTGGOTCTCGGGAGATATTACT
CCCTGAAGTCCATCTCAATTCACCAATTGTAAAGCATAAGCTATACTATTACATICTACTT
GGAAACCTCCCAAATGAGATCGACCTTIGACGATTITAGGTCCATTACATAATCAAAATIGG
AATCAGATAGCACATGAAGAGTCTAACTTAGCTCAACGCTTGGTAAATGTAAGAAATTIT
CTAATTACCCACATCCCTGATCTTAGAAAGGGCCATTGGCAAGAGTATGTCAATGTAATA
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CTGTCGCCGCGAATTCTTCCCTTIGATCCCGGATTTITAAAATCAATGACCAATTIGCCTCTGE
TCAAAAATTGGGACAAGTTAGTTAAAGAATCATGTTCAGTAATCAATGCAGGTACTTCCC
AGTGCATTCAGAATCTCAGCTATGGACTGACAGGTCOTGGOAACCTCTTTACACGATCAL
GTGAACTCTCTGGTGACCGUAGGGATATTIGATCTTAAGACAGTTGTIGGCAGCATGGCATG
ACTCAGACTGGAAAAGAATAAGTGATTITIGGATTATGATCAAATTCCAGATGAGACAAT
TAATTGITAGGCAAACAGATCATAATGATICTGATITAATCACGTATATCOGAAAATAGAG
AAGGCATAATCATCATAACCCCTGAACTGGTAGCATTATTTAACACTGAGAATCATACAC
TAACATACATGACCTTTGAAATTGTACTGATGGTTTICAGATATGTACGAAGGTCGTICACA
ACATTTTATCACTATGCACAGTTAGCACTTACCTGAATCCTCTGAAGAAAAGAATAACAT
ATTTATTGAGCUTTGTAGATAACTTAGCTTTICAGATAGGTGATGCTGTATATAACATAAT
TGCTTTGCTAGAATCCTTTGTATATGCACAGTTGCAAATGTCAGATCCCATCCCAGAACTC
AGAGGACAATTCCATGCATTCGTATGTTCTCGAGATTCTTGATGCACTAAGAGGAACTAAT
AGTTTCACCCAGGATGAATTAAGAACTGTGACAACTAATTTGATATCCCCATTCCAAGAT
CTGACCCCAGATCTTACGGCTGAATTGUTCTGTATAATGAGGCTTTGGGUGACACCCCATG
CTCACTGCCAGTCAAGCTGCAGGAAAGGTACGCGAGTCTATCTOTGUTGOAAAAGTATY
AGACTTTCCCACCATTATOAAAACACTAGCCTTITTTCCATACTATTCTGATCAATGUATAC
AGGAGGAAGCATCATGUAGTATCGGCCACCCTTAAACTTACCGOOTAATGCTTICAAAGGG
TCTCACGOAACTTATGAATCACAATACTCGAAATAAQCTATGAATTCACACTTAAGCATIC
GAAGGAAGTCTICTICTTATAAAATTICAAGAAATGTITTTCATGCAGACGCAGGTGAGGAAL
TCAGTATATITATGAAAGATAAGGCAATTAGTGCCCCAAAACAAGACTGGATGAGTIGTIG
TTTACAAGAAGCCTAATCAAACAGCGCCATCAGUATCATCAGOTCCCCCTACCAAATCCA
TTCAATCCGACGOLTIGTTGCTAAACTTICTCGGAGATCGACAAATTCOACCCGAATGTGGAG
CTACAGTATGTAACATCAGGTCAGTATCTACATGATCGACACCGTTTTGTGCATCATATICA
CTAAAAGAGAAGCAAATTAAACCTOGATOOGTCCAATTITITOCAAAGTTGALCTAAGAGAAT
GAGATCATGTCAAGTTATAGCAGAATCTCTTITAGCGAACCATGCTOGGAAGTTAATGAA
AGAGAATGGTCTTGTGATOAATCAGCTATCATTAACAAAATCACTATTAACAATGAGTCA
GATTGGAATAATATCCGAGAAAGCTAGAAAGTCAACTCGAGATAACATAAATCAACCTC
GITTCCAGAATATCCAGAGAAATAAATCACATCACTCCAAGCAAGTCAATCAGCGAGAT
CCAAGTGATCACTTITGAATTGOCAGCATCTTTTITAACTACTGATCTICAAAALATATICGTT
TACAATCGOGAGGTACCAGACAATTATCCCATITOCTCAATCATTAAACAGAATOTATCOTT
ATCCTCATCTCTTTGAGTGGATTCACTTACGGCTAATGOGTAGTACACTITACGTGGGGE
ATCCCTTCAACCCACCAGCAGATACCAGTCAATTTCGATCTAGATAAAGTAATTAATGGAG
ATATCTTCATTGTATCACCCAGAGGTGGAATTGAAGGGCTGTIGTCAAAAGGUTTGGACAA
TGATATCTATCGCTGTGATAATTCTATCTGCCACAGAGTOTOGCACACGAGTAATGAGTA
TGOGTGCAGGGAGATAATCAAGCAATTIGUTGTCACCACACGAGTACCAAGGAGCUTGCCS
ACTCTTGAGAAAAAGACTATTGCTTTTAGATCTTGTAATCTATTCTTITGAGAGOTTAAAAT
GTAATAATTTTGCGATTAGGTCACCATITGAAAGAACAAGAGACTATCATTAGTTCTCACT
TCTTTIGTTITATAGCAAGAGAATATICTATCAGGGGAGGATICTAACGCAAGCCTTAAAAA
ATGCTAGTAAGCTCTGCTTGACAGUTGATGTCCTAGGAGAATGCACCCAATCATCATGTT
CTAATCTTGCAACTACTGTCATGAGGTTAACTGAGAATOGTGTTGAAAAAGATATCTGTT
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TCTACTTGAATATCTATATGACCATCAAACAGCTCTCCTATGATATCATCTTCCCTCAAGT
GTCAATTCCTGOAGATCAGATCACATTAGAATACATAAATAATCCACACCTGGTATCACG
ATTGGOTCTTTTGCCATCCCAGTTAGGAGGTCTAAACTACCTGTICATGCAGTAGGCTGTTC
AATCGABAACATAGGCGACCCGGTGGTTTCCGCAGTTGCAGATCTTAAGAGATTAATTAAA
TCAGGATGTATGOATTACTGGATCCTITATAACTTATTAGGGAGAAAACCGGGAAACGGC
TCATGGGCTACTITAGCAGCTGACCCOTACTCAATCAATATAGAGTATCAATACCETCCA
ACTACAGCTCTTAAGAGGCACACCCAACAAGCTCTGATGGAACTCAGTACGAATCCAAT
GITACGTGGCATATTCTCIGACAATGCACAGGCAGAAGAAAATAACCTTIGCTAGGTTTICT
CCTGCGATAGGGAGGTIGATCTTICCGCGTGTAGCTCACATCATCATIGAGCAAACCAGTGT
COGGAGGAGAAAACAGATTCAAGGATATTTGOGATTICAACTAGATCGATAATGAGGAAAT
CACTAGAAATTAAGCCCTTATCCAATAGGAAGCTTAATGAAATACTGGATTACAACATCA
ATTACCTAGCTTACAATITGOCATTACTCAAGAATGCTATTGAACCTCCGACTTATITGAA
GGCAATGACACTTGAAACATGTAGCATCGACATTIGCAAGGAACCTCCGGAAGCTCTICCY
GGOGCCCCACTCTTOGGTGGUAGAAATCTTGAAGGATTAGAGACGCCAGATCCCATTIGAA
ATTACTGCAGGAGCATTAATTGTTGCGATCGGOCTACTOTOAACAGTGTGCTGCAGGAGAC
AATCOATTCACATGOTTTTTICTTGCCATCTOGTATCGAGATAGCAGGGGATCCCCGTGAT
AATCCTCCTATCCOTCTACCOTACATIGUCTCCAGUACTCGATOAGAGGAGOGTAGCCTCA
ATGCCATACATCAGGOGTGCCTCOAGTAGCTTAAAAGCAGTICTTAGACTGOCGOCAGT
GTACATCTGGGCATTCGCAGATACTCTGGAGAATTGGATAGATGCACTGGATITGTCTICA
CACTAGAGTTAACATCACACTIGAACAGCTGCAATCCCTCACCCCACTTICCAACCTCTCC
CAATCTAACCCATCOGOTTIGOATGATOGCACAACTACCCTAAACTTITACTCCTGCGAGCTC
TTACACCTTTTCAAGTTTCACTCATATATCAAATCGATCGAGCAATACCTGACAATTAATGA
CAAAACTGCAGATTCAAATATAATCTACCAACAGTTAATGATCACTGCGACTCGGAATCTT
AGAAACATCGAATAATCCCCCAATCAATAGAACATTICGAAGAATCTACCCTACATITIGCA
CACTGGTGCATCATCTTGTOTCCCACCTOTGGACTCCTGCATICTCTCAGAAGCATTAAC
AGTCAAGCCACATATTACAGTACCGTACAGCAATAAATTTIGTATTIGATCAGGACCLGCTY
ATCTGAATATGAAACTGCAAAACTGOGAATCOTTATCATTICCAAGUCCAATIAGGCAACAT
TCATGCTGTAGATATGACAGOTAAATTAACATTATTGICCCAATTICACTGCAAGGCAGAT
TATCAATGCAATCACTCOACTCOATCAGTCTOTCTCTCTTACTAATGATCCCATTIGTTIGCA
TCAGACTATGICTOCAATTGOATTAGTCAATGCATOTATACCAAATTAGATGAATTATIT
ATGTATTGTGGGTGGOAACTACTATIGGAACTATCCTATCAAATGTATTATCTGAGGGTA
GTTGGGTGCAGTAATATAGTCCGATTATTICTTACATCGATCTTIGAGAAGAATCCCGGGTGCA
GCATTAAACAATCTGGCATCTACATTAAGTCATCCAAAACTTTICCGACGAGCTATCAALC
CTAGATATAGTTGCCCCCTTAAATGCTCCTCATTTIGCATCTCTGGACTACATCAAGATGA
GTOTGGATGCAATACTCTGGOGCTGTAAAAGAGTCATCAATGTGCTCTCCAATGGAGGG
GACTTAGAATTAGTTGTGACATCTGAAGATAGCCTTATTCTCAGTGACCGATCCATGAAT
CTCATTGCAAGGAAATTAACTITATTATCACTGATICACCATAATGGTITGGAACTACCA
AAGATTAAGGGOTTICTCTCCTGATGAGAAGTGTTITCGUTTTGACAGAATTTITGAGGAAA
GTOGTGAACTCAGGOTTGAGTICAATAGAGAACCTATCAAATTTTATGTACAATGYGGAG
AACCCACGGUTTGCAGCATTCGCCAGCAACAATTACTACUTGACCAGAAAATTATTGAAT
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TCAATACCGAGATACTGAGTCGGOTCAAGTAGCAGTCACCTCATATTATGAATCATTAGAA
TATATTGATAGTCTTAAGCTAACCCCACATOGTGCCTGCCACCTCATGCATTCGAGGATGAT
AGTCTATGTACAAATGATTACATAATCTGGATCATAGAGTCTAATGCAAACTTGGAGAAG
TATCCAATTCCAAATAGCCCTGAGGATGATTCCAATTTCCATAACTITAAGTTGAATGCTC
CATCGCACCATACCTTACGCCCATTAGGGTTGTCATCAACTGOCTTGGTATAAGGGTATAA
GCTGCTGCAGGTACCTTCGAGCGATTAAAGCTACCACAAGGTGATCATTTATATATIGCAG
AAGGTAGTGOTGCCAGTATGACAATCATAGAATACCTATTCCCAGGAAGAAAGATATAT
TACAATTCTTTATTTAGTAGTGGTGACAATCCCCCACAAAGAAATTATGCACCAATGCCT
ACTCAGTTCATTGAGAGTGTCCCATACAAGUTCTGGUCAAGCACACACAGATCAATATCCC
GAGATTTTTGAGGACTTICATCCCTCTATGGAACGUAAACGCCGCCATGACTGACATAGGA
ATCGACAGCTTIGTGTAGAATTCATCATCAATCGAGTCGGCCCAAGGACTTIGCAGTTITAGTA
CATCTAGATTTGGAATCAAGTGUCAAGCTTAAATCAACAATGCCTGTICAAAGCCGATAATT
AATGCTATCATCACTGCTACAACTGITIRGTGCCCTCATGGGGTIGCTTATTCTGAAATATA
GTTGGTTGCCATTTACTAGATITAGTACTITGATCACTITCTTATGGTIGCTACTTTGAGAG
AATCACTGTTCTITAGGAGCACATATICTGATCCAGCTAATCATGAGGTITATTTAATITGY
ATCCTTOCCAACAACTTTGCATTCCAGACTGTCTCOCAGGCAACAGCAATCGGUGATOALCT
TTAACTGATCAAGGOTITACTITCGATATCACCTCAAAGAATAAATCAGTATIGGCGATCET
CACTTCGAAGCAAGAACGTATCCTAGCAGAAGCAATTCATAAGCTGOTICTAGCAGAAAA
TCCTCTATTTAATTICGAGTCATAATCAATTAATTCTCAAATCTCGAGGGACACCAAATGE
ACCGGAATCTCATCCATATCCAGLCAGTCGCAACTTTCATAGAATTITGAACAATTGATCIC
CACAATGTTGACAACCCACTTCGAAGGAAATAATTOATATAACAAGGTCTGOAACCCAGG
ATTATGAAAGTTTATTACTCACTCCTTACAATTTAGGTICTTICTIGGTAAAATCAGTACGAT
AGTGACGATTATTAACAGAAAGCGATICTAAATCATACTATCAGGAATIGGTTGATCCTCCC
ACCTTCGCTCOGGATCATCOTGAAGCAGGACTTGGAATTCGGCATATICAGGATIACTIC
CATCCTCAATTCTGATCGGTICCTGAAGCTITCTCCAAATAGGAAATACTTCATTIGCACA
ATTAACTGCAGGCTACATTAGCAAATTGATIGAGGGGUCATTGCAATATCOATCTAACCAG
ACCTATCCAAAAGCAAATCTCCAAAGCATTAGCGTTGTOGTAGTCTATTOTCACGATCCAAT
GGATCAAAGGGAGTCAACAGAGTITATTCGATATAAATATTAATCAAGAAATAGACCGCG
GGATCGATGGOGAGGAAATCTAAACATATCAAGAATCAGAATTAGTITAAGAAAAAAGA
AGAGGATTAATCTTGOTTITCCCCTTGOTGGOTCGGUATGOCATCTCCACCTCCTCGCGGT
CCGACCTGGGCATCCGAAGGAGGACGCACGTCCACTCGGATGGITAAGGGAGCGGUCGE
GGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTCGAGTTGGUTGCTGCCACCGCTGAGE
AATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTIGCTGAAAG
GAGGAACTATATCCGGATCATGTGAGCAAAAGGCCAGCAAAAGGUCAGGAACCGTAAA
AAGGCCGOGTTGCTGGCGTTTTTCCATAGGUTCCGCCCCCCTGACGAGCAAAGCTTICTCG
ACCCATTCTCATGTTTGACAGUTTATCATCGAATTTCTGCCATTCATCCGCTTATTATCAL
TTATTCAGGCGTAGCAACCAGGCGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTACG
CCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGA
AGCCATCACAGACGGCATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTT
GOGTATAATATTTGCCCATGGTCGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGT
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TTAAATCAAAACTGGTGAAACTCACCCAGGGATTGGUTGAGACGAAAAACATATICTCA
ATAAACCCTTTAGGGAAATAGGCCAGGTITTCACCGTAACACGCCACATCTTGCGAATAT
ATGTGTAGAAACTGCCGGAAATCGTCOTGOGTATTICACTCCAGAGCGATGAAAACGTTTCA
GTITTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCALCG
TCTTTCATTGCCATACGGAATTCCGGATCGAGCATTCATCAGGCGGGCAAGAATGTGAATA
AAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCCGTAATATCC
AGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCT
TTACGATGCCATTGGGATATATCAACGGTGGTATATCCAGTGATTTTTTTCTCCATTTITAG
CTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTIC
ATTATGGTGAAAGTTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTICGCCAAAAGTT
GGCCCAGGGCTTCCCGGTATCAACAGGGACACCAGGATTTATTITATTCTGCGAAGTGATC
TTCCGTCACAGGTATTTATTCGCGATAAGCTCATGGAGCGGCGTAACCGTCGCACAGGAA
GGACAGAGAAAGCGCGGATCTGGGAAGTGACGGACAGAACGGTCAGGACCTGGATTGG
GGAGGCGGTTGCCGCCGCTGCTGCTGACGGTGTCACGTTCTCTGTTCCGGTCACACCACA
TACGTTCCGCCATTCCTATGCCGATGCACATGCTGTATGCCGGTATACCGCTCAAAGTTCT
GCAAAGCCTGATGGGACATAAGTCCATCAGTTCAACGGAAGTCTACACGAAGGTITTTGC
GCTGGATGTGGCTGCCCGGCACCGGUGTGCAGTTTGCGATGCCGGAGTCTGATGCGGTTGC
GATGCTGAAACAATTATCCTGAGAATAAATGCCTTGGCCTTTATATGGAAATGTGGAACT
GAGTGCATATGCTGTTTTTGTCTGTTAAACAGAGAAGCTGGCTGTTATCCACTGAGAAGC
GAACGAAACAGTCGGCGAAAATCTCCCATTATCGTAGAGATCCGCATTATTAATCTCAGGA
GCCTGTGTAGCGTTTATAGGAAGTAGTOTTCTGTCATGATCCCTCGCAAGCGGTAACGAAA
ACGATTTCAATATGCCTTCAGGAACAATAGAAATCTTCGTGCGGTGTTACGTTGAAGTGG
AGCGGATTATGTCAGCAATGCGACAGAACAACCTAATCAACACAGAACCATGATGTGGTC
TOTCCTTTTACAGCCAGTAGGCTCGCCOCAGTCCGACCOGACGOCOAAGCCCTCGAGTGAGE
GAGGAAGCACCAGGCGAACAGCACTTATATATICTGCTTACACACGATGCCTGAAAAAAC
TTCCCTTGGGGTTATCCACTTATCCACGGGUATATTTTTATAATTATTTTTTTTATAGTTTT
TAGATCTICTTTITTTAGAGCGCCTTGTAGGCCTTITATCCATOCTGOTTCTAGAGAAGGTGT
TCTGACAAATTGCCCTTICAGTGTGACAAATCACCCTCAAATGACAGTCCTGTCTGTGAC
AAATTGCCCTTAACCCTGTOGACAAATTGCCCTCAGAAGAAGCTGTTTTTITCACAAAGTTA
TCCCTGCTTATTGACTCTTTITTITATTTAGTOTCACAATCTAAAAACTTCTCACACTTCACA
TCGATCTGTCATGGCGGAAACAGCGGTTATCAATCACAACGAAACGTAAAAATAGCCCGE
GAATCOGTCCAGTCAAACGACCTCACTCAGGCOGCATATAGTCTCTCCCGGGATCAAAAA
CGTATGCTOTATCTOTTCGTTCGACCAGATCACGAAAATCTGATGOCACCCTACAGGAACAT
GACGGTATCTGCGAGATCCATGTTGCTAAATATGCTCGAAATATTCGGATTGACCTCTGEG
GAAGCCAGTAAGGATATACGGCAGGCATTGAAGAGTTTCGCGOGGAAGGAAGTGGTTTT
TTATCGCCCTGAAGAGGATGCCGGLCGATCGAAAAAGGCTATGAATCTTTTCCTTGOTTTAT
CAAACGTGCGCACAGTCCATCCAGAGGGCTTTACAGTGTACATATCAACCCATATCTCAT
TCCCTTCTTTATCGGGTTACAGAACCGGTTTACGCAGTTTCGGUTTAGTGAAACAAAAGA
AATCACCAATCCGTATGCCATGCGTTTATACGAATCCCTGTGTCAGTATCGTAAGCCGGA
TGGCTCAGGCATCGTCTCTCTGAAAATCCGACTGGATCATAGAGCGTTACCAGCTGCCTCA
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AAGTTACCAGCGTATGCCTGACTTCCGOCGCCGUTTCCTGCAGGTUTGTGTTAATGAGAT
CAACAGCAGAACTCCAATGCGCCTCTCATACATTGAGAAAAAGAAAGGCCGCCAGACGA
CTCATATCGTATTITCCTICCGCGATATCACTTCCATGACGACAGGATAGTCTGAGGOTTA
TCTGTCACAGATTTGAGGGTGGTTCGTCACATTTGTTCTGACCTACTGAGGGTAATTTGTC
ACAGTTITGCTOGTTTCCTTCAGCCTGCATGGATTTTCTCATACTTIIITGAACTGTAATTTYT
AAGGAAGCCAAATTTGAGGGCAGTTTGTCACAGTTGATTTICCTTCTCTTTCCCTTCGTCAT
GTGACCTGATATCGOGGGGTTAGTTCGTCATCATTGATGAGGGTTGATTATCACAGTTTATT
ACTCTGAATTGGCTATCCGCGTGTGTACCTCTACCTGGAGTTTTTCCCACGGTGGATATTT
CTTCTTGCGCTGAGCGTAAGAGCTATCTGACAGAACAGTTCTTICTTTGCTTCCTCGUCAGT
TCGCTCGCTATGCTCGGTTACACGGCTGOGGUGAGCGCTAGTGATAATAAGTGACTGAGG
TATGTGCTCTTCTTATCTCCTTTTGTAGTGTTGCTCTTATTTTAAACAACTTTGCGGTTTTT
TCGATCGACTTTGCGATTTTGTTGTTGCTTTGCAGTAAATTGCAAGATTTAATAAAAAAACG
CAAAGCAATGATTAAAGGATGTTCAGAATGAAACTCATGGAAACACTTAACCAGTGCAT
AAACGCTGGTCATGAAATGACGAAGGCTATCGCCATTGCACAGTTTAATGATGACAGCC
COGAAGCGAGGAAAATAACCCGGCGCTGGAGAATAGGTCGAAGCAGCGGATTTAGTTGG
GGTTTCTTCTCAGGCTATCAGAGATGCCGAGAAAGCAGGGCGACTACCGCACCUGGATA
TGGAAATTCGAGGACGGGTTGAGCAACGTOTTGGTTATACAATTGAACAAATTAATCATA
TGCGTCATGTGTTTOGTACGCCGATTOCCGACGTOCTGAAGACCTATTTCCACCGGTGATCG
GGGTTGCTCCCCATAAAGGTGGCCTTTACAAAACCTCAGTTTCTGTTCATCTTIGCTCAGG
ATCTGOCTCTCAAGGGGCTACCGTGTTTTGCTCGTGGAAGGTAACGACCCCCAGGGAACA
GCCTCAATGTATCACGGATGGCTACCAGATCTTCATATICATGCAGAAGACACTCTCCTG
CCTTTCTATCTTGGGCAAAAGGACGATGTCACTTATGCAATAAAGCCCACTTIGCTGGCCG
GGOGCTTCGACATTATTCCTTCCTGTCTGOCTCTGCACCCTATTCAAACTCAGTTAATGGGCA
AATTTGATGAAGGTAAACTGCCCACCGATCCACACCTCATGCTCCOACTGOCCATTGAAA
CTGTTGCTCATGACTATGATGTCATAGTTATTGACAGCGUGCCTAACCTGGGTATCGGCA
COATTAATGTCOTATCTOCTGCTCATGTGCTCATTGTTCCCACGCCTGCTGAGTTGTTTCA
CTACACCTCCGCACTGCAGTITTTCGATATOCTTCOTCATCTGCTCAAGAACGTTGATCTT
AAAGGGTTCGAGCCTGATGTACGTATITTGCTTACCAAATACAGCAATAGTAATCGGCTCT
CAGTCCCCGTGOATGCAGGAGCAAATTCOGCGGATGCCTGOGOAAGCATCGTTCTAAAAAA
TOTTCTACGTGAAACGGATGAAGTTGGTAAAGGTCAGATCCGGATCGAGAACTCTTITITGA
ACAGGCCATTGATCAACGCTCTTCAACTGGTGCCTGGAGAAATGLTCTTICTATTTGGGA
ACCTGTCTGCAATGAAATTTTCGATCGTCTGATTAAACCACGCTGGGAGATTAGATAATG
AAGCGTGCGCCTOTTATTCCAAAACATACGCTCAATACTCAACCGGTTGAAGATACTTCG
TTATCGACACCAGCTGCCCCOATGGTGGATTCGTTAATTGCGCGCGTAGGAGTAATGGCT
CGCGETAATGCCATTACTTTGCCTGTATGTGOGTCGGOATGTGAAGTITACTCTIGAAGTG
CTCCGGOOTGATACTOTTCGAGAACGACCTCTCGGGTATGOTCAGGTAATGAACGTGACCA
GGAGCTGCTTACTGAGGACGCACTGGATGATCTCATCCCTTCTTITTICTACTGACTGGTCAA
CAGACACCGGCGTTCGOTCGAAGAGTATCTGGTGTCATAGAAATTGCCGATGGGAGTCG
CCOGTCGTAAAGCTGCTGCACTTACCGAAAGTGATTATCGTGTTCTGGTTGGCGAGCTGGA
TGATGAGCAGATGGCTGCATTATCCAGATTGGGTAACGATTATCGCCCAACAAGTGCTTA
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TGAACGTGGTCAGCGTTATGCAAGUCCGATTGCAGAATGAATTTGCTGGAAATATTTCTGC
GOTGGCTGATGUGGAAAATATTTCACGTAAGATTATTACCCGCTGTATCAACACCGLCAA
ATTGCCTAAATCAGTTGTTGCTCTTTTTTCTCACCCCGGTGAACTATCTGCCCGGTCAGGT
GATGCACTTCAAAAAGCCTTTACAGATAAAGAGGAATTACTTAAGCAGCAGGCATCTAA
CCTTCATGAGCAGAAAAAAGCTGGGGTGATATTTGAAGUTGAAGAAGTTATCACTCTTTT
AACTTCTGTGCTTAAAACGTCATCTGCATCAAGAACTAGTTTAAGCTCACGACATCAGTT
TGCTCCTGGAGCGACAGTATTGTATAAGGGCGATAAAATGGTGCTTAACCTGGACAGGTC
TCGTGTTCCAACUTGAGTGTATAGAGAAAATTGAGGCCATTCTTAAGGAACUTTGAAAAGCC
AGCACCCTGATGCGACCACGTTTTAGTCTACGTTTATCTGICTTTACTTAATGICCTITGTT
ACAGGCCAGAAAGCATAACTGGCCTGAATATTCTCTUTGGGUCCACTGTTICCACTTGTAT
COGTCGOTCTGATAATCAGACTGGGACCACGGTCCCAUTCGTATCGTCGGTCTGATTATTA
GTCTGGGACCACGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCATUGGTCC
CACTCGTATCGTCGGTCTGATAATCAGACTGGGACCACGGTCCCACTCGTATCGTCGGTT
TGATTATTAGTCTGGGACCATGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGAC
CACGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGAACCACGGYCCCACTCGTATC
GTCGGTCTGATTATTAGTCYGGGACCACGGYCCCACTCOTATCGTCGGTCTGATTATTAGT
CTGGGACCACGATCCCACTCGTGTIGTCGGTUTGATTATCGGTCTGGGACCAUGGTCCCA
CTTGTATTGTCOGATCAGACTATCAGCGTGAGACTACGATTCCATCAATGCCTGTCAAGGG
CAAGTATTGACATGTCOGTCGTAACCTOTAGAACGGAGTAACCTCGGTGTGLGGTTGTATG
CCTGCTGTGGATTGCTGCTGTGTCOCTGCTTATCCACAACATTTTGCGCACGGTTATGTGGA
CAAAATACCTGGTTACCCAGGCCOTGLCGOCACGTTAACCGGGUTGCATCCCGATGCAAGT
GTGTCOCTGTCOAGTTTAAACGGATCTGACGTCTAAGAAACCATTATTATCATGACATTA
ACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGUGCEGTTTCGGTGATGACGET
GAAAACCTCTGACACATGCAGCTCCCGGAGACGOTCACAGCTTGTCTGTAAGCGGATGC
CGGGAGCAGACAAGCCCGTCAGGGLGLOTCAGCGGGTGTTGGCOOOTETCGGGGLTGRE
TTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATOCGEGTGTGAAAT
ACCGCACAGATGUGTAAGGAGAAAATACCGCATCAGGCTAATACGACTCACTATAGGS
(SEQ ID NO:2).

{6096] The underlined sequence is the PIV5 genomic nucleic acid sequence.
The ttalicized and underlined sequence is the whole Pal nucleic acid sequence. The

double underlined sequence is the AOS modified NTTM-Pal nucleic acid sequence.

¢, pMHD35- PIVS-NTTM-OspAspars
{80971 The pMHD35- PIVS-NTTM-OspAnesek nucleic acid sequence is
provided herein from 5" t0 37
ACCAAGGGGAAAATGAAGTGGTGACTCAAATCATCGAAGACCCTCGAGATTACATAGGT
CCOGAACCTATGOUCCTTICGTGACCOGACCTCCAGTCAGAGTAGTTICAATAAGGACCTATCA
AGTTTGGGCAATTITTCOTCCCCGACACAAAAATGTCATCCOTGCTTAAAGCATATGAGC
CGATTCACGCTCACTCAAGAACTGCAAGATCAGAGTGAGGAAGGTACAATCCCACCTACA
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ACACTAAAACCOOTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGUTAAGATCC
COGCTTICTICTATTICTGCCTACGGATIGTTICTCAGTAATCGGTGCAAGGGATTCCCATOGET
TTGGAGCATTACTCACAATGTITTTCGCTACCATCAGCCACAATGCTCAATCATGTCAAATT
AGCTGACCAGTCACCAGAAGCTGATATCGAAAGGGTAGAGATCGATGGCTTITGAGGAGG
GATCATTCCGCTTAATCCCCAATGCTCGTTCAGGTATGAGCCGTGGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTOACACACTAAACCATGCAACACCTTICGTTGATT
CCGAAGTCOAGGGAACTGCATGGGATGAGATTGAGACTTTCTTAGATATGTGTTACAGTEG
TCCTAATGCAGGCATGGATAGTGACTTIGCAAGTGCATCGACTGCGCCAGACCAACCTGCTG
CITCTATTOGAGAAACGCCTCCAAAAATATCGTICAGCAAGGCAGCGATCAACCCGAGATAT
CTCCTGCAACCOOAGGUTCOACGAATAATCCAGAATGTAATCCGGAAGGGAATGETGET
CAGACATITCCTCACCTTTCAACTGCAGCTTGCCCGAGCACAAAGCCTTOTATCAAATAG
GTATTATGCTATGGTAGGGUATGTTIGGAAAGTATATAGAGAATTGTGGAATGGGAGGCTY
TCTTTTIGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTGCTTTAGCTGCATY
TTCAGGAGAGCTAACAAAGCTAAAGTCCCTCATGGCATTATACCAGACCCTTGOTGAGCA
GQCCCGATATITGGCCCTATTGCGAGTCACCACATITOGATGOGATITTIGCTGCAGCAAACTA
CCCACTOGCTATATAGCTATOCTATGOOAATAGGCTATCTOTTACGATOTCAACATCAGGAA
CTACGCTTTCTCCAGATCATACATCAACAAGACATATITCCAATIGGGAATGCAAACTCC
AAGAAAACAACAGOGTGCAGTTCACATOAGCATGOCAGAAGATCTCGGTCTAACTCAAG
CCCAACGCACCCGAGATCGGCAAATACACTTIGCCAAATTCGACCACAGCAAATCCGAGGGGCA
GACACCAGGGCAGCGAGTCAACCCOGTTCTCATCTGTCACTGOOACAACTCAGCTGCCCOCT
GCAGCAACAGGTCACACACTCCAGAGTTACATCOCAGCOCATCCACTCAGGCAGAGATA
TGCTGATGCAGGCACCCATCGATOGATCGACATGCCACCATTGOAAGAGCGAGGAAGAGGALG
ACACATCTGCAGOTCCACGCACTGGACCAACTCTTGAACAAGTCCGCCTTIGRACATCCAGA
ACGCAGCAGTIGOAGCTCCCATCCATACAGATGACCTGAATCCCOCACTGOGTCGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATTGACATACCTAATTCATTAGTTAGATGS
AACTACAGTGCATTCCATAAGGTTICCTOCCTACCATCOGGCTITAAAGAAAAAAATAGGCC
COOACCOOTTAGCAACAAGCGACTOLCGOTCCCAACAGLGUAATCCACAATCTACAATG
GATCCCACTGATCTGAGCTTCTCCCCAGATCAGATCAATAAGCTCATAGAGACAGGLCTIG
AATACTCTAGAGTATTITTACTTICCCAACAAGCTCACAGGAACATCCTCTCTIGGAAAGAAT
ACAATACCACCAGGOGTCACAGGACTACTAACCAATOCTGCAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGGGUTCAGTTIGGTGHGGGTGCAAAACCAAAGAAACCGUGAL
CAAAAATTGCCATIGTGOCAGCAGATGACAAAACAGTGCCCGGAAAGCCGATCCCAAALC
CCTCTATTAGGTCTGGACTCCACCCCGAGCACCCAAACTOGTIGUTTGATCTAAGTGGGAAA
ACATTACCATCAGOGATCCTATAAGGOGGTTAAGCTTGUGAAATITGGAAAAGAAAATCT
GATGACACGGTTCATOCGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTCCCCCATCG
ATTTTAAGAGGGGCAGGGATACCGGLOGGTTCCATAGAAGGGAGTACTCAATCGGATGG
GTGGGAGATGAAGTCAAGGTCACTGAGTGGTGCAATCCATCCTGTTICTCCAATCACCGCT
GUAGCAAGGCGATTTIGAATGCACTIGTCACCAGTGTICCAGTCACTIGCTCTGAATGTGAA
CCAGATACTTAATACAGTOAGAAATTTIGOACTCTCOUATCGAATCAACTGGAGACAAAAG
TAGATCGCATTCTCTCATCTCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTGGAC
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TTAAAGCAGGGATOGGCTACTTITAGAAGUAATGATTACAACTGTGAAAATCATGGACCCG
GOAGTTCCCAGTAATGTTACTGTGGAAGATCTACGCAAGACACTAAGTAACCATCGCTGTT
GTTGTGCCAGAATCATTCAATCATAGTTITCTTGACTCAATCTGAAGATGTAATTTCACTTG
ATGAGTTGGCTCGACCAACTGCAACAAGTGTTAAGAAGATTGTCAGGAAGGTTCCTCCTC
AGAAGGATCTGACTGGATTGAAGATTACACTAGAGCAATTGGCAAAGGATTGCATCAGE
AAACCGAAGATGAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTGAGGCTCA
GUTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTIGATCAAGAAACACCCAATT
ACACTACACTGGTATGACACTGTACTAACCCTCGAGGGTITTAGAAAAAACGATTAACGAT
AAATAAGCCCGAACACTACACACTACCTCGAGUGUAGCCATGCCATCCATCAGCATTICCCGT
AGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTGTGATCAACAGTGATGG
GGOTCAGAAAGGCCGUTTGOTTAAACAACTACGCACAACCTACTTGAATGACCTAGATA
CTCATGAGCCACTGOTCGACATICATAAATACCTATGGATICATCTACGAACAGUATCGGG
GGAATACCATTGTICGGAGAGGATCAACTIGGGAAGAAAAGAGAGGCTGTGACCGCTGCA
ATGOTTACCCTTGGATGTGGGCCTAATCTACCATCATTAGGGAATGTCCTGOGACAACTG
AGGOGAATTCCAGOTCACTOTTAGGAAGACATCCAGCAAAGCGGAAGAGATGOTCTTTGA
AATTOTTAAGTATCCOAGAATATTICOOGUTCATACATTAATCCAGAAAGCACTACGTCTG
TCICTCCGCAGAAAAATTIGTTAAGTCACCAGGCAAAATACAATCTOCGAATGCACTATCT
CTTCATTCCOACATTICTCTCAGTCACTTACTGTCCAGCTGCAATCAAATTICAGGTACCT
GQCCCCATCTTGAAAATGAGATCAAGATACACTCACAGCTTACAACTICGAACTAATGAT
AAGAATCCTOTGTAAGCCCOATTCOCCACTTATCAAGCTCCATACCCCTGACAAGGAGG
GAAGAGGATGTCTTGTATCAGTATGOCTCCATCTATCCAACATCTTCAAATCAGGAAACA
AGAATGGCAGTCAGTCGCAGCGAATACTGOATCAGAAAGTGTGCTAACATGCAACTTIGAA
GTCTCOATTOCAGCATATOTGGOCACCAACTATCATAATTCATGOCAGAGOTCACATTICCC
AAAAGTGCTAAGTTGTTITTITGGAAAGGOGTOGATGOAGCTOCCATCCACTICACGAAGTT
GTTCCAAGTGTCACTAAAACACTATCOTCCOTGGGCTGTGAGATTACAAAGGLUGAAGGL
AATAATACAAGAGAGTAGCATCTCTCTICTCOTGOAGACTACTOACATCATAAGTCLCAAA
AGTCAAAATTTCATCTAAGCATCGCCGCTTTGOCAAATCAAATTGCGGTCTOTTCAAGAA
AACTAAATCACTGOCTAACCTGACGGAGCTGGAATGACTGACCTCTAATCGAGACTACAL
CGOCOCAAACTATAGOGTGGOTCGTACCTCAGTGATTAATCTTIGTAAGCACTGATCGTAGS
CTACAACACACTAATATTATCCAGATTAGACAGCTTAATTAGCTCTCGTATTAATAATAAL
ACTACTATTCCAATAACTGGAATCACCAGCTTGATTTATCTCCAAAATGATTCAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCOTCCTTCAAATCATGGOTAC
TATAATTCAATTTCTGGTGGTICTCCTGTCTATTICGCAGGAGCAGGCAGUCCTTGATCCAGO
AGCCCTCATGCAAATCGGTGTCATTCCAACAAATGTCCGGUAACTTATGTATTATACTGA
AGCTTCATCAGCATTCATTIGTTIGTGAAGTTAATCGCCTACAATTCGACTCGCCGATTAGTGG
ATCTAATATAACATCAATTITCAAGCTATAATGCAACAGTCGACAAAACTCCTACAGCCGAT
CGOTCAGAATTTGGAGACGATTAGGAACCAGTTGATTCCAACTCGGAGGAGACGCCGGT
TTGCAGGOGGTGGTGATTGOATTAGCTGCATTAGGAGTAGCTACTGCCGCACAGGTCACTG
CCOCACGTOOCACTAGTAAAGGCAAATGAAAATGCTGCGOCTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTTGCAGATGTGOTCCAGGCCACACAATCACTAGG
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AACGGCAGTTCAAGCAGTTCAAGATCACATAAACAGTOTOGTAAGTCCAGCAATTACAG
CAGCCAATTGTAAGGCCCAAGATGCTATCATTGGCTCAATCCTCAATCTCTATITGACCG
AGTTGACAACCATCTTICCACAATCAAATTACAAACCCTGCATTGAGTCCCATTACAATIC
AAGCTTTAAGGATCCTACTGGGGAGTACCTIGCCGACTGTGGTCGAAAAATCTTTCAATA
CCCAGATAAGTGCAGCTCAGCTTCTCTCATCAGOGTTATTIGACAGGCCAGATTGTGGGAT
TAGATTTGACCTATATGCAGCGATGGTCATAAAAATTGAGCTGCCAACTTITAACTGTACAAC
CTGCAACCCAGATCATAGATCTGGCCACCATTITCTGCATTCATTAACAATCAAGAAGTCA
TGGCCCAATTACCAACACGTGTITATGGTGACTGGCAGCTTGATCCAAGCCTATCCOGCAT
COCAATGCACCATTACACCCAACACTOTGTACTGTAGGTATAATGATGCCCAAGTACTCT
CAGATGATACTATGGCTIGCCTCCAAGOTAACTTGACAAGATGCACCTTICTCTCCAGTGE
TTGGCGAGCTTTCTCACTCGATICGTGUTGTITCCGATGGAATAGTTTATGCAAATTGCAGGTC
GATGITGTGCAAGTOCATGCAACCTGCTGOTOTOATCCTACAGCCCAGTICATCCCCTET
AACTGTCATTGACATGTACAAATGTGIGAGTCTGCAGCTTGACAATCTICAGATTCACCAT
CACTCAATTGGCCAATGTAACCTACAATAGCACCATCAAGCTTGAATCATCCCAGATCTT
GICTATTGATCCOTTGOATATATCCCAGAATCTAGCTGCGOTGAATAAGAGTCTAAGTGA
TOCACTACAACACTTAGCACAAAGTGACACATATCTTITCTGCAATCACATCAGCTACGAL
TACAAGTGTATTATCCATAATAGCAATCTIQTCTIGOATCGTTAGOTTTAATATTAATAATC
TIGCTCAGTGTAGTIGTGIGCGAAGTTATTGACCATIGTCGTIGCTAATCGAAATAGAATG
GAGAATTTTGTITATCATAAATAAGCATTCCACCACTCACCATCTGATCTCAGTGAGAAA
AATCAACCTGCAACTCTITGCAACAAGATAAGACAGTCATCCATIAGTAATTITITAAGAAA
AAAACGATAGCGACCCAACCTACTATTIOAAAGAACCOTCTCGOTCAATCTAGGTAATCGA
GCTGATACCOTICTCGGAAAGCTCAAATCATGCTGLCTCATCCOOAAGATCCGGAAAGCA
AGAAAGCTACAAGCGAGAGCAGGAAACCTAATIATCTCCTTCCTATICATCTTICTITCTGT
TTGTAACCTTCATIGTTCCAACTCTAAGACACTTIGCTOTCCTAACACCTOCTATAGGCTAT
CCACTGCATCATCTTACCATCGGUTTTAAAGAAAAAAATAGGUCOGUGACGUOTTAGLAA
CAAGCCACTGUCCOTGLCAACAGCGLAATCCAGTCGACGLOGGLCOCCACCATGOTTIGLA
GAAGATGCCCCTOTTAGGOCCACTIGUCOAGTATTATTITCOAACAACAACTTITAATCITT
CTATGCACACTACTAGCATTAAGCATCTCTATCCTTRATATGAAGAAGTACCTGUTGGGUAT
CaGCCTGATCCTGGUCCTCATCGUCTGCAAGCAGAACGTGAGUTCCCTGGACGEAGAAGAATA
GCGTOTCCGTGGATCTGCCCGGCHAGATCAACGG TG
rATCGUCA
AATCGGATCOGGUGTGT

COACCGATCTGGGUCAGACCACACTGGAGGTGT T AAGCAGGACGGCAAGACCETGGTGTCCA

CLGGTGAGCAAGGAGAAGAACAAGGAC
CAGTGGACAAGCTGGAGCTGAAGGGCACCAGUGA TAAGA4C

TGEAGGCAGTGAAGGCAGACAAGT CTAAGGTGAAGCTGACCATCAG

AGAAGGTGACATCTAAGGATAAGTCTAGCACCGAGGAGAAGTTTAACGAGAAGGGCGAGGTGT

COGAGAAGATCATCACACGGGLUCGACGGUACCAGACTGGAGTACACAGGCATCAAGTCUGAT

FGCTCTGGCAAGGCCAAGGAGGTGUTGAAGGGCT T UACACTGGAGGGCAAGGTGGCUAATGA

TAAGGIGACCCTGGAGGTGAAGGAGGGCACCGTGACACTGTCCAAGAACATCTCTAAGAGC GG

COAGGTGTOTGTGGAGCTGAATGACACCGATTCCTCTGCCGUCACAAAGAAGACCGUCGCUTG

GAACAGCAACGACCTCCACACTGACCATCTCTGTGAATAGCAAGAAGACCACACAGCTGGIGIIT

ACAAAGCAGGACACAATCACCGTGCAGAAGTATGATAGCGUCGGAACCAACCTGGAGGGAACA
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GCAGTGGAGATCAAGACCCTGGACGAGCTGAAGAATGUCUTGAAGTGAACGCGTGCTAGUTC
TCCTGCCATACTTCCTACTCACATCATATCTATTITTAAAGAAAAAATAGGCCCGAACACT
AATCGTGCCGOGCAGTGCCACTGCACACACAACACTACACATACAATACACTACAATGOTT
GUAGAAGATGCCCCTGTTAGGGCCACTTGCCGAGTATTATITCGAACAACAACTTTAATC
TITCTATGCACACTACTAGCATIAAGCATCTCTATCCTTTATGAGAGTITAATAACCCAAA
AGCAAATCATGAGCCAAGCAGGUTCAACTGGATCTAATTCTGOGATTAGGAAGTATCACT
GATCTTCTTAATAATATTCTCTCTGTCGCAAATCAGATTATATATAACTCTGCAGTCGCTC
TACCTCTACAATTGUGACACTCTTGAATCAACACTCCTTACAGCCATTAAGTCTCTTCAAAC
CAGTGACAAGCTAGAACAGAACTGCTCOTGCAGTOUTGCACTOATTAATGATAATAGAT
ACATTAATGGCATCAATCAGTICTATTITTICAATTGCTGAGGGTCGCAATCTGACACTTIGG
CCCACTTCTTAATATGCCTAGTTTCATICCAACTGCCACGACACCAGAGGGCTGCACCAG
GATCCCATCATICTCGCTCACTAAGACACACTGUTGTITATACACACAATOTTATCCTGAA
TGGATGCCAGGATCATGTATCCTCAAATCAATTIGTITCTATGGGAATCATTIGAACCCAC
TTCTGCCGOGTITCCATICTTTCGAACCCTAAAGACTCTATATCICAGCGATGGOGTCAAT
COTAAGAGCTGCTCTATCAGTACAGTTCCGGOGGOTTGTATCGATCTACTGTITITOTTTICTA
CTCAACCAGAGAGGCATCGACTACTTTTCTCCCGCTCCTCCAGAACAACGAATTATTATAA
TCTACTATAATGATACAATCOTOGAGCGUCATAATTAATCCACCCQOCOTACTAGATGTAT
GQGCAACATTGAACCCAGCAACAGUAAGCGCUOTATATTATTTAGOTTGGOTGCTCTTTC
CAATATATGCLGGCCTICGATTAAAGGTACCGAGTTITATGCAATAATCAAGCAAATAAATAC
TITATCCCCCAGATOGTTGCTGUTCTCTOUTCACAAAACCAGGCAACTCAAGTCCAAAAT
GCTAAGTCATCATACTATAQCAGCTOGTTTGOCAATCCAATCGATTCAGTCTGGGATCLTG
GCATGTCCTICTTCGACAGGATCTAACCAATCGAGIGTITTAGTICTGCCCTITICTAATGATC
AGCGTCGCTTATCOOTGCTCAAGGGAGATTATACATOTATGOTCGACTCGOTCTATTACTATC
AAAGAAGCAATAGTTGOTOGCCTATCGACCATOGCTGTATAAGGTAACCATAACATICALTA
ATGGTCAGCCATCTGCTATATCAGCTCAGAATOTGCCCACACAGCAGOGTCCCTAGACCTG
GGACAGCGAGACTGCTCTOCAACCAATAGATOTCCCOOTITITGCTTCACAGCAGCTGTATC
CCOATGOCTGOTTACTCGACCAACCCTICOTCTACCAGTACATITGCATCAGAAGCAALCT
TCACTGOTTCTTATCTCAACACAGCAACTCAGCGTATCAATCCGACGATGTATATOGCGA
ACAACACACAGATCATAAGCTCACAGCAATTTGCATCAAGCGGTCAAGAAGCAGCATAT
GQCCACACAACTICTITTAGOOACACAGGCTCTOTTATGOTATACTGTATCTATATTIATIG
AATTGTCCTCATCTCTCTTAGGACAATTTCAGATTIGTCCCATTTATCCGTCAGGTGACACT
ATCCTAAAGGCAGAAGCCTTCAGGTCTCGACCCAGCCAATCAAAGCATTATACCAGACCA
TGOGAATGCATACCAAACATTATTIGACACTAATGACACACAAAATTIGGTITTAAGAAAAA
CCAAGAGAACAATAGGCCAGAATGGCTGOGTCTCGOGAGATATIACTCCCTGAAGTCCA
TCTCAATTCACCAATTIGTAAAGCATAAGCTATACTATTACATICTACTTIGGAAACCTCCCA
AATGAGATCGACCTTGACGATTITAGGTCCATTACATAATCAAAATIGGAATCAGATAGCA
CATGAAGAGTCTAACTTAGCTCAACGCTTGGTAAATGTAAGAAATTTITCTAATTACCCAC
ATCCCTGATCTTAGAAAGGGCCATTIGGCAAGAGTATCTCAATCTAATACTGTGGCCGCGA
ATTCTTCCCTTGATCCCGGATTTTAAAATCAATGACCAATTGCCTCTGCTCAAAAATTIGGS
ACAAGTTAGTTAAAGAATCATGTICAGTAATCAATGCAGGTACTTCCCAGTGCATTCAGA
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ATCTCAGCTATGGACTGACAGGTCGTGGGAACCTCTTTACACGATCACGTGAACTCTCTG
GTGACCGCAGGGATATTIGATCTTAAGACAGTTGTGGCAGCATGGCATCGACTCAGACTGS
AAAAGAATAAGTGATTITTIGGATTATGATCAAATTCCAGATGAGACAATTAATTIGTTAGG
CAAACAGATCATAATGATTCTGATTTAATCACGTATATCGAAAATAGAGAAGGCATAATC
ATCATAACCCCTGAACTGOTAGCATTATTITAACACTGAGAATCATACACTAACATACATG
ACCTTTGAAATTGTACTGATGOTTTCAGATATOTACGAAGGTCGTCACAACATITTATCA
CTATGCACAGTTAGCACTTACCTGAATCCTCTGAAGAAAAGAATAACATATTTATIGAGC
CITGTAGATAACTTAGCTTTTCAGATAGGTCATGCTGTATATAACATAATTCGUTTTIGCTAG
AATCCTTTOTATATGCACAGTTGUAAATGTCAGATCCCATCCCAGAACTCAGAGGACAAT
TCCATGCATTCGTATGTTCTGAGATICTIGATGCACTAAGAGGAACTAATAGTTTCACCC
AGCGATGAATTAAGAACTGTGACAACTAATTIGATATCCCCATICCAAGATCTGACCCCAG
ATCTTACGGCTGAATTIGCTCTGTATAATCGAGGCTTTGOGCACACCCCATGUTCACTGCCA
GICAAGCTGCAGGAAAGGTACGCGAGTCTATGTGTGUTGGAAAAGTATTAGACTTTCCCA
CCATTATGAAAACACTAGCCTTITTTCCATACTATICTGATCAATGGATACAGGAGGAAGC
ATCATGGAGTATGGCCACCCTTAAACTTACCGGGTAATGCTICAAAGGOGTCTCACGUGAAL
TIATOGAATGACAATACTCAAATAAGCTATCGAATTCACACTTAAGCATTIGGAAGGAAGTCT
CTCTTATAAAATICAAGAAATGTTITTCGATGCACACGCAGUTICGAGCAACTCAGTATATTTA
TCAAAGATAAGGCAATTAGTGCCCCAAAACAAGACTGGATCGAGTGTGTTTAGAAGAAGT
CTAATCAAACAGCGCCATCAGCATCATCAGGTCCCCCTACCAAATCCATTCAATCOACGE
CTOTTGCTAAACTTTCTCGUAGATCGACAAATTCCGACCCCGAATGTGCAGCTACAGTATGTA
ACATCAGCTGAGTATCTACATCATCGACACCTTITGTGCATCATATTCACTAAAAGAGAAG
GAAATTAAACCTGATGGICCAATTITTIGCAAAGTIGACTAAGAGAATGAGATCATGTCAA
GTTATAGCAGAATCTCTTTTAGCCAACCATOCTCGUAAGTTAATGAAAGAGAATGGTIGTT
GTCGATGAATCAGCTATCATTAACAAAATCACTATIAACAATOAGTCACGATTIGGAATAATA
TCCGAGAAAGUTAGAAAGTCAACTCGAGATAACATAAATCAACCTGGTITCCAGAATAT
CCAGAGAAATAAATCACATCACTCCAAGCAAGTCAATCAGCOAGATCCAAGTGATGACT
TTCGAATTGGCAGCATCTTTIITIAACTACTGATCTCAAAAAATATTGTITACAATGGAGOTA
CCAGACAATTATCCCATTTOCTCAATCATTAAACAGAATGTATOGTTATCCTCATCTOTTIT
GAGTGCGATTCACTTACGOCTAATGCGTAGTACACTITACGTOGGGHATCCOTTCAACCCA
CCAGCAGATACCAGTCAATITCATCTAGATAAAGTAATTAATGGAGATATCTTCATTOTA
TCACCCAGAGGTGGAATTCGAAGGGUTGTGTCAAAAGGUTIGGACAATGATATCTATCGCT
GTCGATAATTCTATCTGCCACAGAGTCTGOCACACGAGTAATCGAGTATGGTGCAGGGAGA
TAATCAAGCAATTGCTGTCACCACACGAGTACCAAGGAGCCTGCCGACTCTTIGAGAAAA
AGACTATTGCTITTAGATCTITGTAATCTATTCTTTGAGAGGTTAAAATGTAATAATITIGCG
ATFTAGGTCACCATITGAAAGAACAAGAGACTATCATTAGTTICTCACTICTITGTTTATAGC
AAGAGAATATICTATCAGGGGAGGATTCTAACGCAAGCCTTAAAAAATGCTAGTAAGCT
CTGCTTGACAGCTGATGTCCTAGGAGAATGCACCCAATCATCATGITCTAATCTTGCAAC
TACTGTCATGAGGTITAACTGAGAATGOTOTTGAAAAAGATATCIGTITTICTACTTGAATAT
CTATATGACCATCAAACAGCTCTCCTATGATATCATCTTCCCTCAAGTGTCAATTCCTGGA
GATCAGATCACATTAGAATACATAAATAATCCACACCTGOTATCACGATTGGCTCTTTTIGC
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CCATCCCAGTTAGUAGGTCTAAACTACCTOTCATGCAGTAGGUTOTTCAATCGAAACATA
GGOGACCCGOTCOTTTCCGCAGTTGCAGATCTTAAGAGATTAATTAAATCAGCGATGTATG
GATTACTGGATCCTTTATAACTTATTAGGGAGAAAACCGGGAAACGGCTCATGGGCTACT
TTAGCAGCTGACCCGTACTCAATCAATATAGAGTATCAATACCCTCCAACTACAGCTCTT
AAGAGGCACACCCAACAAGCTCTGATOGAACTCAGTACGAATCCAATGTTACGTGGCAT
ATTCTCTGACAATGCACAGGCAGAAGAAAATAACCTTGCTAGGTTTCTCCTGGATAGGGA
GOTGATCTTTCCGUGTGTAGCTCACATCATCATTGAGCAAACCAGTGTCGGGAGGAGAAA
ACAGATTCAAGCATATTTGCGATTCAACTAGATCGATAATGAGCAAATCACTAGAAATTA
AGCCCTTATCCAATAGGAAGCTTAATGAAATACTGCATTACAACATCAATTACCTAGCTT
ACAATTTGGCATTACTCAAGAATGCTATTGAACCTCCGACTTATITGAAGGCAATGACAC
TTGAAACATGTAGCATCGACATTGCAAGGAACCTCCGGAAGCTCTCCTGGGCCCCACTCT
TOGGTGGGAGAAATCTTGAAGCGATTAGAGACGCCAGATCCCATIGAAATTACTGCAGGA
GCATTAATTGTTGGATCGGGCTACTGTGAACAGTGTIGCTGCAGGAGACAATCGATTCACA
TCOTTITTTCTTGCCATCTGGTATCGAGATAGGAGGGUATCCCCGTGATAATCCTCCTATCC
GIGTACCGTACATTIGGCTCCAGOGACTGATOAGAGGAGOGTAGOCTCAATGGCATACATC
AGGOGTGCCTCCAGTAGCTTAAAAGCAGTTCTTAGACTGCGCGGCAGTGTACATCTGGGC
ATTCGCAGATACTCTGOAGAATTGCATAGATGCACTCCATTTGTCTCACACTAGAGTTAA
CATCACACTTGAACAGCTGCAATCCCTCACCCCACTTCCAACCTCTOCCAATCTAACCCA
TCGGTIGCATGATQGCACAACTACCCTAAAGTTTACTCCTGCCAGCTCTTACACCTITICA
AGTTTCACTCATATATCAAATGATCAGCAATACCTCACAATTAATCGACAAAACTGCAGAT
TCAAATATAATCTACCAACAGTTAATCGATCACTCOACTCGGAATCTTAGAAACATGGAAT
AATCCCCCAATCAATAGAACATICGAAGAATCTACCCTACATTIGCACACTGGTIGCATCA
TCITCTIOTCCCGACCTGTGGACTCCTQCATICTCTCAGAAGCATTAACAGTCAAGCCACAT
ATTACAGTACCGTACAGCAATAAATTTCTATTIGATOAGGACCCGCTATCTGAATATCGAA
ACTGCAAAACTGOAATCGTTATCATTCCAAGCCCAATTAGGCAACATTCGATGUTGTAGAT
ATCGACAGGTAAATTAACATTATTGTCCCAATTCACTGCAAGGCAGATTATCAATGLAATC
ACTGOACTCOATGAGTCTGICTCTCTTACTAATCATGCCATIGTIGCATCAGACTATOTCT
CCAATTGGATTAGCTCAATGCATGTATACCAAATTAGATGAATTATTTATGTATIGTGOGT
GGGAACTACTATTGGAACTATCCTATCAAATGTATTATCTCAGGOTAGTIGGETGGAGTA
ATATAGTGCATTATTCTTACATCATCTITCGAGAAGAATCCCGOOTCCAGCATTAAALAATC
TGGCATCTACATTAAGTCATCCAAAACTTTTCCOACGAGCTATCAACCTAGATATAGTTG
CCCCCTTAAATGCTCCTCATTITGCATCTCTGGACTACATCAAGATCAGTGTGGATGCAAT
ACTCTGOGGCTGTAAAAGAGTCATCAATGTGCTCTCCAATGCAGGGUACTTAGAATTAGT
TGTGACATCTGAAGATAGCCTTATTCTCAGTGACCGATCCATGAATCTCATIGCAAGGAA
ATFAACTTITATTATCACTGATICACCATAATGGTTTIGGAACTACCAAAGATTAAGGGGTT
CTCTCCTGATCAGAAGTGTTTCGCTTTGACAGAATTTTTGAGGAAAGTGGTGAACTCAGG
GTTGAGTTCAATAGAGAACCTATCAAATTTTATGTACAATGTGGAGAACCCACGGCTIGE
AGCATTCGCCAGCAACAATTACTACCTGACCAGAAAATTATTGAATICAATACGAGATAC
TCAGTCOGGTCAAGTAGCAGTCACCTCATATTATGAATCATTAGAATATATIGATAGTCT
TAAGCTAACCCCACATGTGCCTGGCACCTCATGCATTGAGGATGATAGTCTATGTACAAA
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TGATTACATAATCTGGATCATAGAGTCTAATGUCAAACTTGGAGAAGTATCCAATTCCAAA
TAGCCCTGAGGATGATTCCAATITCCATAACTTITAAGTTGAATGCTCCATCGCACCATAL
CITACGCCCATTAGGOTTGTCATCAACTGCTTGGTATAAGGGTATAAGCTGCTGCAGGTA
CCTTGAGCGATTAAAGCTACCACAAGGTGATCATTTATATATTGCAGAAGGTAGTGGTGC
CAGTATGACAATCATAGAATACCTATTCCCAGGAAGAAAGATATATTACAATICTTTIATT
TAGTAGTCGGTGACAATCCCCCACAAAGAAATTATGCACCAATGOCTACTCAGTTCATIGA
GAGTGTCCCATACAAGCTCTGGCAAGCACACACAGATCAATATCCCGAGATTTTTGAGGA
CITTCATCCCTCTATGGAACGGAAACGCCGCCATGACTGACATAGGAATGACAGCTTIGTGT
AGAATTCATCATCAATCGACGTCGGCCCAAGGACTIGCAGTITAGTACATGTAGATTTGGA
ATCAAGTGCAAGCTTAAATCAACAATGCCTGTCAAAGUCGATAATTAATGCTATCATCAC
TGCTACAACTGTTTTGTGCCCTCATGGOGTOUTTATICTGAAATATAGTTGOTTGCCATTT
ACTAGATTTAGTACTTTGATCACTTTCTTATGGTGCTACTITCAGAGAATCACTGTTCTTA
GGAGCACATATTCTCGATCCAGCTAATCATCGAGGTTTATTITAATTTGTATCCTTIGUCAACAA
CTTTGCATTCCAGACTGICTCGCAGGCAACAGGAATGGCGATGACTTTAACTGATCAAGG
GITTACTTTIGATATCACCTGAAAGAATAAATCAGTATTGGCATGGTCACTTGAAGCAAGA
ACOTATCGTAGCAGAAGCAATIGATAAGCTGOTITCTAGGAGAAAATGCTCTATTIAATIC
GAGTOATAATCGAATTAATTCTCAAATGTGCGAGGCACACCAAATCGCACCGCAATCTCATCG
ATATCOAGCCAGTCGCAACTITCATAGAATITGAACAATTCATCTGCACAATGTTICGACAA
CCCACTTIGAAGGAAATAATTCGATATAACAAGGTCTGCGAACCCAGCATTATCGAAAGTTITAT
TACTCACTCCTTACAATTTAGCTICTTICTTOGTAAAATCAGTACCGATAGTGAGATTATIAAC
AGAAAQGATTCTAAATCATACTATCAGGAATTIGGTTIGATCCTCCCACCTTICQUTCCGRAT
GATCOTCGAAGCAGCACTTGOAATTCGOCATATTCAGGATTACTICCATCCTCAATICTIGA
TCGGTICCTGAAGCTITCTCCAAATAGGAAATACTTIGATTIGCACAATTAACTGCAGGCTA
CATTAGCGAAATIGATIGAGGGCGGATTGCAATATCOATCTAACCAGACCTATCCAAAAGT
AAATCTCCGAAAGCATTAGCGTTGTGTAGTCTATTGTCACGATCUCAATOGATCAAAGGGAGT
CAACAGAGTTTATTCATATAAATATTAATCAAGAAATAGACCGCCGGGATCGATGOCGAG
GAAATCTAAACATATCAAGAATCAGAATTAGTITAAGAAAAAAGAACGAGGATTAATCTT
GGTTTTCCOCTIGOTIOGGTCOGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATC
CGAAGGAGGACGCACGTCCACTCGGATGOGCTAAGGGAGCGOCCGGGHATCCGGLTGCTA
ACAAAGCCCGAAAGGAAGCTCGAGTTOGGCTGCTGCCACCGCTCAGCAATAACTAGCATAA
CCCCTTGGGGUCTCTAAACGGGTCTTIGAGGGOGTTTTTTGCTGAAAGGAGGAACTATATCC
GGATCATGTGAGCAAAAGGUCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT
GGCGTTTITTCCATAGGCTCCGCCCCCCTGACGAGCAAAGCTTCTCGACCCATTCTCATGTT
TGACAGCTTATCATCGAATITCTGUCCATTCATCCGCTTATTATCACTTATTCAGGUGTAGC
AACCAGGUGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTACGCCCCGCCCTGCCALCT
CATCGCAGTACTGTTGTAATTCATTAAGCATTICTGCCGACATGGAAGCCATCACAGACGEG
CATGATGAACCTGAATCGCCAGUCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTITGC
CCATGGTGAAAACGGGGGUGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTG
GTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGG
GAAATAGGCCAGGTTTITCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTG
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CCGGAAATCGTCOTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAA
AACGGTGTAACAAGGOTCGAACACTATCCCATATCACCAGCTCACCGTCTTTCATTGCCAT
ACGGAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTGAATAAAGGCCGGATAAA
ACTTGTGCTTATTTTITCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGETCTG
GTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTG
GGATATATCAACGOGTGGTATATCCAGTGATTTTTTITCTCCATTTTAGCTTCCTTAGCTCCT
GAAAATCTCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAG
TTGGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGUCAAAAGTTGGCCCAGGGCTTC
CCGGTATCAACAGGGACACCAGCGATTTATTTATICTGCGAAGTGATCTTCCGTCACAGGT
ATTTATTCGCGATAAGCTCATGGAGCGOGUGTAACCGTCGCACAGGAAGGACAGAGAAAG
COGCGOATCTGGGAAGTGACGGACAGAACGGTCAGGACCTGCGATTGGGGAGGUGGTTGEC
GCCGCTGCTGCTGACGGTGTCGACGTTCTCTGTITCCGGTCACACCACATACGTTCCGCCATT
CCTATGCGATGCACATGCTGTATGCCOGTATACCGCTGAAAGTTCTGCAAAGCCTGATGG
GACATAAGTCCATCAGTTCAACGGAAGTCTACACGAAGGTTTTTGCGCTGGATGTGGCTG
CCCGGCACCGGOGTGCAGTTTGCGATGCCGGAGTCTCATGCGGTTGCCATGCTGAAACAAT
TATCCTGAGAATAAATGCCTTGGCCTITATATGGAAATGTGGAACTGAGTGCGATATGCTG
TTTTTGTCTGTTAAACAGAGAAGCTGGCTGTTATCCACTGAGAAGCGAACGAAACAGTCG
GCGAAAATCTCCCATTATCOTAGAGATCCOCATTATTAATCTCAGGAGCCTGTGTAGCOTT
TATAGGAAGTAGTGTTCTCTCATGATGCCTGCAAGCGGTAACGAAAACCATTTGAATATG
CCTTCAGCAACAATAGAAATCTTCGTGCOGTGTTACGTTCAAGTGGAGCGCGATTATGTCA
GCAATGCACAGAACAACCTAATGAACACACGAACCATCGATGTCGTCTGTCCTTTTACAGCC
AGTAGGCTCGCCGCAGTCCAGCCGACGGCGAAGCCCTCGAGTGAGCCAGGAAGCACCAG
GGAACAGCACTTATATATICTGCTTACACACCGATGCCTGAAAAAACTTCCCTTGGGOTTA
TCCACTTATCCACGGOOCATATTTTTATAATTATTTITT TTATAGTTTTTAGATCTTCTITTTT
AGAGCGCCTTGTAGGCCTTTATCCATGCTGOTTCTAGAGAAGGTGTTGTCGACAAATTGCC
CTTTCAGTGTGACAAATCACCCTCAAATGACAGTCCTGTCTGTGACAAATIGCCCTTAAL
CCTGTCGACAAATTGCCCTCAGAAGAAGCTOTTITITICACAAAGTTATCCCTGLTTATIGAC
TCTTTTTTATTTAGTGTGACAATCTAAAAACTTGTCACACTTCACATGGATCTGTCATGGC
GGAAACAGCGGTTATCAATCACAAGAAACGTAAAAATAGCCCGCGAATCGTCCAGTCAA
ACCACCTCACTCGAGGCCGCATATAGTCTCTCCCGGUATCAAAAACGTATGITGTATCTGT
TCGTTGACCAGATCAGAAAATCTGATOGCACCCTACAGGAACATGACGGTATCTGCGAG
ATCCATGTTGCTAAATATGCTGAAATATICGGATTGACCTCTGCGGAAGCCAGTAAGGAT
ATACGGCAGGCATTGAAGAGTTTCGCGGGUAAGCAAGTGOTTTTTITATCGCCCTGAAGA
GGATGCCOGCOATGAAAAAGGCTATGAATCTTTTCCTTGGTTTATCAAACGTGCGCACAG
TCCATCCAGAGGGCTTTACAGTGTACATATCAACCCATATCTCATICCCTTCTTTATCGGG
TTACAGAACCGGTTITACGCAGTTTCGGCTTAGTGAAACAAAAGAAATCACCAATCCOTAT
GCCATGCGTTTATACGAATCCCTGTGTCAGTATCGTAAGCCGGATGGCTCAGGCATCGTC
TCTCTGAAAATCGACTGGATCATAGAGCGTTACCAGCTGCCTCAAAGTTACCAGUGTATG
CCTGACTTCCGUCGCCGCTTCCTGCAGGTCTGTGTTAATGAGATCAACAGCAGAACTCCA
ATGCGCCTCTCATACATTGAGAAAAAGAAAGGUCGCCAGACGACTCATATCGTATTTITCC
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TTCCGCGATATCACTTCCATGACGACAGGATAGTCTGAGGGTTATCTGTCACAGATTTGA
GGOTGETTCGTCACATTITGTTCTCGACCTACTGAGGGTAATTTGTCACAGTTITGCTGTTIC
CTTCAGCCTGCATGGATTTTCTCATACTTTTTGAACTGTAATTTTTAAGGAAGCCAAATTT
GAGGGCAGTTTGTCACAGTTGATTTCCTTCTCTTITCCCTTCGTCATGTGACCTGATATCGG
GGGTTAGTTCGTCATCATTGATGAGGOTTGATTATCACAGTTTATTACTCTGAATTGGCTA
TCCGCGTGTGTACCTCTACCTGGAGTTTTTCCCACGGTGGATATTTCTTCTTGCGCTGAGC
GTAAGAGCTATCTGACAGAACAGTTCTTCTTTGCTTCCTCGCCAGTTCGUTCGCTATGCTC
GGTTACACGGCTGCGGCGAGCGCTAGTGATAATAAGTGACTGAGGTATGTGCTCTICTTA
TCTCCTTTTGTAGTGYTGCTCTTATTITAAACAACTTTGCGGTTTTTTGATGACTTTGCGAT
TTTGTTGTTGCTTTGCAGTAAATTGCAAGATTTAATAAAAAAACGCAAAGCAATGATTAA
AGGATGTTCAGAATGAAACTCATGGAAACACTTAACCAGTGCATAAACGCTGGTCATGA
AATGACGAAGGCTATCGCCATTCCACAGTTTAATGATGACAGCCCGGAAGCGAGGAAAA
TAACCCGGCGCTGGAGAATAGGTGAAGCAGCGCGATTTAGTTGGGGTTTCTTCTCAGGCTA
TCAGAGATGCCGAGAAAGCAGGGUGACTACCGCACCCGGATATGGAAATTCGAGGACGG
GTTGAGCAACGTGTTGGTTATACAATTGAACAAATTAATCATATGCOTCGATGTGTTTGGT
ACGCCGATTGCGACGTGCTGAAGACGTATTTCCACCGGTGATCGGGGTTGCTGCCCATAAA
GGTGOGUGTTTACAAAACCTCAGTTTCTGTTCATCTTGCTCAGCGATCTGGCTCTGAAGGGG
CTACGTGTTTTOCTCOTGCAAGGTAACGACCCCCAGGGAACAGCCTCAATGTATCACGGA
TCGCGTACCAGATCTTCATATTCATGCAGAAGACACTCTCCTGCCTTTCTATCTTGGGGAA
AAGGACGATGTCACTTATGCAATAAAGCCCACTTGCTGOCCGGOGGCTTGACATTATTCCT
TCCTGTCTGGCTCTGCACCGTATTGAAACTGAGTTAATGGGCAAATTTCATGAAGGTAAA
CTQCCCACCGATCCACACCTGATGCTCCGACTGGCCATTGAAACTGTTGCTCATGACTAT
GATGTCATAGTTATTGACAGCGCGCCTAACCTGGUTATCGUCACGATTAATGTCGTATGT
GCTGCTCGATGTGCTGATTCOTTCCCACGCCTGCTGAGTTGTTTCACTACACCTCCGCACTGE
AGTTTTTCGATATGCTTCGTGATCTGCTCAAGAACGTTGATCTTAAAGGGTTCGAGCCTG
ATGTACGTATTTIGCTTACCAAATACAGCAATAGTAATGGCTCTCAGTCCCCGTGGATGG
AGGAGCAAATTCGOGATGCCTGGCOAAGCATGGTTICTAAAAAATGTTGTACGTGAAACG
GATGAAGTTGGTAAAGGTCAGATCCGGATGAGAACTGTTTTITGAACAGGCCATTGATCA
ACGCTCTTCAACTCOTGCCTGGAGAAATOCTCTTTCTATTTGGGAACCTGTCTGCAATGA
AATTTTCGATCOTCTGATTAAACCACGCTOCCAGATTAGATAATGAAGCGTGCGCCTGTT
ATTCCAAAACATACGCTCAATACTCAACCGGTTGAAGATACTTCGTTATCGACACCAGET
GCCCCGATGOTGOATTCOTTAATTGCGCGCOGTAGGAGTAATGOCTCGCGGTAATGCCATT
ACTTTGCCTGTATGTGOTCGGCATOTGAAGTTITACTCTIGAAGTGCTCCGGGGTGATAGT
GTTGAGAAGACCTCTCGGOTATCGOTCAGGTAATGAACCGTGACCAGGAGCTGCTTACTGA
GGACGCACTGOATGATCTCATCCCTTCTTTTICTACTGACTGGTCAACAGACACCGGCGTT
CGOTCGAAGAGTATCTGGTOTCATAGAAATTGCCGATGGOAGTCGCCGTCOTAAAGCTG
CTGCACTTACCGAAAGTGATTATCGTGTTCTGGTTGGCGAGCTGGATGATGAGCAGATGG
CTGCATTATCCAGATTGGGTAACGATTATCGCCCAACAAGTGCTTATGAACGTGGTCAGC
GTTATGCAAGCCGATTGCAGAATGAATTTGCTCGGAAATATTTICTGCGCTGGUTGATGCGG
AAAATATTTCACGTAAGATTATTACCCGCTGTATCAACACCGCCAAATTGCCTAAATCAG
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TTGTTGCTCTTTTITTCTCACCCCGGTGAACTATCTGCCCGGTCAGGTGATGCACTTCAAAA
AGCCTTTACAGATAAAGAGGAATTACTTAAGCAGCAGGCATCTAACCTTCATGAGCAGA
AAAAAGCTGGGOTCGATATTTGAAGCTGAAGAAGTTATCACTCTTTTAACTICTGTGCTTA
AAACGTCATCTGCATCAAGAACTAGTTTAAGCTCACGACATCAGTTTGCTCCTGGAGCGA
CAGTATTGTATAAGGGCGATAAAATGGTGCTTAACCTGGACAGGTCTCGTGTTCCAACTG
AGTGTATAGAGAAAATTGAGGCCATTCTTAAGGAACTTGAAAAGCCAGCACCCTGATGC
GACCACGTTTTAGTCTACGTTTATCTGTCTTTACTTAATGTCCTTTGTTACAGGCCAGAAA
GCATAACTGGCCTGAATATTCTCTCTGGGCCCACTGTTCCACTTGTATCGTCGGTCTGATA
ATCAGACTGGGACCACGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCACG
GTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCACGGTCCCACTCGTATCGTCG
GTCTGATAATCAGACTGGGACCACGGTCCCACTUGTATCGTCGGTICTGATTATTAGTCTG
GGACCATGGTCCCACTCGTATCGTCGOTCTGATTATTAGTCTGGGACCACGGTCCCACTC
GTATCGTCGGTCTGATTATTAGTCTGGAACCACGGTCCCACTCGTATCGTCGGTICTGATTA
TTAGTCTGGGACCACGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCACGA
TCCCACTCGTGTTGTCGGTCTGATTATCGOTCTGGGACCACGGTCCCACTTGTATTGTCGA
TCAGACTATCAGCGTGAGACTACGATTCCATCAATGCCTGTCAAGGGCAAGTATTGACAT
GTCGTCGTAACCTGTAGAACGGAGTAACCTCGGTGTGCGGTIGTATGCCTGCTGTGGATT
GCTGCTGTCGTCCTGCTTATCCACAACATTTTGCOCACGGTTATGTGCACAAAATACCTGG
TTACCCAGGCCGTGCCGGCACGTTAACCGGGCTCCATCCCATGCAAGTGTGTCGCTGTCG
AGTTTAAACGGATCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAAT
AGGCOTATCACCGAGGCCCTTTCOGTCTCGCOCOTTTCGGTCATGACGOTGAAAACCTICTGA
CACATGCAGCTCCCGCAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACA
AGCCCGTCAGGGCGLGTCAGCGGETOTTGCCGOGTGTCGQGOCTGUGCTTAACTATGCGE
CATCAGAGCAGATTGTACTCAGAGTCGCACCATATATGCGGTGTGAAATACCGCACAGAT
GCGTAAGGAGAAAATACCGCATCAGGCTAATACGACTCACTATAGGG (SEQ 1D NG:3).
{6098] The underlined sequence is the PIV5 genomic nucleic acid sequence.
The italicized and underlined sequence is the whole OspA nucleic acid sequence.

The double underlined sequence is the A0S modified NTTM-OspAspeek nucleic acid

sequence.
d. pMHD36- PIVS-NTTM-OspAssi
{3099] The pMHD36- PIV5S-NTTM-OspAra nucleic acid sequence is provided

herein from 5" to 37:

ACCAAGGGGAAAATGAAGTOGTCGACTCAAATCATCGAAGACCCTCGAGATTACATAGGT

CCGOAACCTATGOCCTICGIGACCOCACCTCCAGTCAGAGTAGTTCAATAAGGACCTATCA

AGTTTGCGCAATTTITICOTCCCCGACACAAAAATOTCATCCGTGOUITAAAGCATATGAGE

GATTCACGCTCACTCAAGAACTGCAAGATCAGAGTGAGCAAGGTACAATCCCACCTACA

ACACTAAAACCGOTAATCAGGOTATTIATACTAACCTCTAATAACCCAGAGCTAAGATCC

COCCTTCTTICTATTICTGCCTACGOATICTTCTCAGTAATGOTGCAAGGOATTCCCATCGCT
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TTGGAGCATTACTCACAATGTITTITCGUCTACCATCAGCCACAATOCTCAATCATGTCAAATT
AGCTGACCAGTCACCAGAAGCTGATATCGAAAGGGTAGAGATCGATGGCTTTGAGGAGG
GATCATTCCGCTTAATCCCCAATGCTCGTTCAGGTATGAGCCGTGGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTGACACACTAAACCATGCAACACCTTTCGTTIGATT
CCGAAGTCOAGGUAACTGCATGGGATGAGATTIGAGACTTTCTTAGATATGTIGITACAGTG
TCCTAATGCAGGCATGCATAGTGACTTGCAAGTGCATGACTGCGCCAGACCAACCTGCTG
CITTCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGCAGGATCAACCCGAGATAT
CTCCTGCAACCGOAGGUTCOACCGAATAATCCAGAATGTAATCCGGAAGGGAATGGTGGT
CAGACATTTCCTCACCTTIGAACTGCAGCTTIGCCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGGCATGTTGGAAAGTATATAGAGAATTOTGGAATGGGAGGCT
TCTTTTTCGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTGCTTITAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTCCCTCATGGCATTATACCAGACCCTTGOTGAGCA
GGCCCGATATTTGGCCCTATTGCGAGTCACCACATITGATGGATITTIGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATGTGTTAGATGTCAACATGAGGAA
CTACGCTTTCTCCAGATCATACATGAACAAGACATATITCCAATTIGGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTCGACATCGAGUATOGCAGAAGATCTCGGTCTAACTCAAG
CCCAACGCACCCAGATGGCAAATACACTTGCCAAATTCGACCACAGCAAATCCGAGGGGCA
GACACCAGGGCAGGAGTCAACCCOTITCTCATCTQTCACTGOOACAACTCAGCTGCCCOCT
GCAGCAACAGGTGACACACTCCAGAGTTACATCGGCAGCGGATCCGACTCAGGCAGAGATA
TCCTGATOCACGCACCCATCATCATCAGATGCCACCATIGOAAGAGCGAGGAAGAGGALG
ACACATCTGCAGQTCCACGCACTGCGACCAACTCTTGAACAAGTGQCCTTGCACATCCAGA
ACGCAGCAGTTGOAGCTCCCATCCATACAGATCGACCTGAATGCCGCACTGOGTCGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATIGACATACCTAATTCATTAGTTAGATGS
AACTACAGTGGATTCCATAACGTTCCTOCCTACCATCOGCTITAAAGAAAAAAATAGGCC
COOACCGOGTTAGCAACAAGCGACTOCCGOTOCCAACAGCGCAATCCACAATCTACAATG
GATCCCACTGATCTCAGUTTCTCCCCAGATCAGATCAATAAGCTCATAGAGACAGGLCTG
AATACTCTAGAGTATTTTACTTCCCAACAAGTCACAGGAACATCCTCTCTTIGGAAAGAAT
ACAATACCACCAGGGGTCACAGGACTACTAACCAATGCTGLAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGOGCTCAGTTIGGTGOOOGTGCAAAACCAAAGAAACCGLOAC
CAAAAATTQCCATTIGTGCCAGCAGATGACAAAACAGTGCCCOOAAAGCCGATCCCAAAL
CCTCTATTAGGICTGGACTCCACCCCGAGCACCCAAACTGTGUTTGATCTAAGTGGGAAA
ACATTACCATCAGGATCCTATAAGGGGOTTAAGCTTGCGAAATTTGGAAAAGAAAATCT
GATGACACGGTITCATOGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTCCCCCATCG
ATTTITAAGAGGGGCAGGGATACCGGLOGOTTCCATAGAAGGGAGTACTCAATCGGATGE
GTOGGGAGATGAAGTCAAGGTCACTGAGTGGTIGCAATCCATCCTGTITCTCCAATCACCGCT
GCAGCAAGGUGATTTGAATGCACTTGTCACCAGTGTCCAGTCACTTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATTCTCTCATCTCAGTICTCTAATCCAGACCATCAAGAATGACATAGTTIGGAC
TTAAAGCAGGCGATGGCTACTTITAGAAGGAATCGATTACAACTGTGAAAATCATGGACCCG
GOGAGTTCCCAGTAATGTTACTOTGGAAGATGTACGCAAGACACTAAGTAACCATGCTGTT
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GTTGTGCCAGAATCATTCAATCGATAGTTTCTTGACTCAATCTGAAGATGTAATTTCACTTG
ATGAGTTGGCTCGACCAACTGCAACAAGTCGTTAAGAAGATTIGTCAGGAAGGTTCCTCOTC
AGAAGGATCTGACTGGATTGAAGATTACACTAGAGCAATTGGUAAAGGATTIGCATCAGC
AAACCGAAGATGAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTGAGGCTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT
ACACTACACTOGTATGACACTGTACTAACCCTCAGGOTTITTAGAAAAAACGATTAACGAT
AAATAAGCCCGAACACTACACACTACCTGAGGCAGCCATGCCATCCATCAGCATICCCGC
AGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTIGTCATCAACAGTGATGG
GGOTCAGAAAGGCCOUTTGOTTAAACAACTACGCACAACCTACTTGAATGACCTAGATA
CTCATGAGCCACTGOTGACATICATAAATACCTATGGATTCATCTACGAACAGGATCGGG
GOAATACCATTGTCGGAGAGGATCAACTTGGGAAGAAAAGAGAGGCTGTGACCGCTIGCA
ATGGTTACCCTTGGATGTGOGGCCTAATCTACCATCATTAGGGAATOTCCTGOGGACAACTG
AGGGAATTCCAGGTCACTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTCTTTIGA
AATTGTTAAGTATCCCGAGAATATTTCGOGGTCATACATTAATCCAGAAAGGACTAGTICTG
TGICTCCGCAGAAAAATTTIGTTAAGTCACCAGGGAAAATACAATCTGGAATGGACTATCT
CTTCATTCCOACATTITCTGTCAGTOGACTTACTGTCCAGUTGCAATCAAATTICAGGTACCT
GOCCCCATCTTCAAAATCAGATCAAGATACACTCACGAGCTTACAACTTICGAACTAATGAT
AAGAATCCTCTOTAAGCCCCATTCGCCACTTATOAAGOTCCATACCCCTCACAAGTAGE
GAAGAGGATGICTIGTATCACTATGGCTCCATCTATCCAACATCTTCAAATCAGGAAACA
AGAATCGCAGTIGAGTGOCAGCAATACTGGATCAGAAAGTOTGUTAACATGCAACTTIGAA
GTGTCOATTGCAGATATGTQGGCACCAACTATCATAATTICATGCCAGAGGTICACATICCC
AAAAGTGCTAAGTTGTITITITGGAAAGGCTGGATGOAGCTCCCATCCACTICACGAAGTT
GTTCCAAGTGTCACTAAAACACTATOGTCCOTGGOCTCTGAGATTACAAAGGCGAAGGT
AATAATACAACAGAGTAGCATCTCTCTTCTCOTOOAGACTACTOGACATCATAAGTCCAAA
AGTCAAAATTTCATCTAAGCATCGCOGLTTTGGOAAATCAAATTIOGOGTCTOTTCAAGAA
AACTAAATCACTGCCTAACCTCACGCAGCTGGAATGACTCGACCTCTAATCGAGACTACAL
COCCOCAAACTATAGOTOGOTOCTACCTCAGTCATTAATCTTGTAAGCACTGATCGTAGS
CTACAACACACTAATATTATCCAGATTAGACAGCTTAATTAGCTCTGTATTAATAATAAC
ACTACTATTCCAATAACTCGAATCACCAGCTIGATTITATCTCCAAAATCATICAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCOTCCTTCAAATCATGGOTAC
TATAATTCAATTICTGOTGGICTCCTGTCTATICGCAGGAGCAGGCAGUCTTGATCCAGE
AGCCCTCATGCAAATCGOGTGTCATTCCAACAAATGTCCGGCAACTTATGTATTATACTGA
AGCTTCATCAGCATTCATTGTTGTGAAGTTAATGCCTACAATTICGACTCGCCGATTAGTGG
ATGTAATATAACATCAATTTCAAGCTATAATGCAACAGTGACAAAACTCCTACAGULGAT
CGOTCAGAATTTGGAGACGATTAGOAACCAGTTIGATTCCAACTCGGAGGAGACGOCGET
TTGCAGGGGTGGTGATTGCATTAGCTGCATTAGGAGTAGCTACTGCCGCACAGGTCACTG
CCGCAGTGGCACTAGTAAAGGCAAATGAAAATGCTGCGOCTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTTGCAGATOTCGTCCAGGCCACACAATCACTAGG
AACGGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGGTAAGTCCAGCAATTACAG
CAGCCAATTGTAAGGCCCAAGATGCTATCATTGGCTCAATCCTCAATCTCTATTITGACCG
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AGTTGACAACCATCTTCCACAATCAAATTACAAACCCTGCATTGAGTCCCATTACAATTC
AAGCTTTAAGCATCCTACTGGGGAGTACCTTIOCCCGACTOTGOTCGAAAAATCTTTCAATA
CCCAGATAAGTGCAGCTOAGCTICTCTCATCAGOGTTATTCACAGGCCAGATTGTGGGAT
TAGATTTGACCTATATGCAGATGGTCATAAAAATTGAGCTGCCAACTTITAACTGTACAAL
CTGCAACCCAGATCATAGATCTGGCCACCATTTCTGCATTCATTAACAATCAAGAAGTCA
TGGCCCAATTACCAACACGTGTTATGOTCACTGOCAGCTTGATCCAAGCCTATCOCCGUAT
COGCAATGCACCATTACACCCAACACTGTGTACTGTAGGTATAATGATGCCCAAGTACTCT
CAGATGATACTATGGCTIGUCTCCAAGOTAACTTGACAAGATGCACCTTICTICTCCAGTGG
TTGGCGAGCTTTCTCACTCGATTCOTCCTGTTCCATGGAATAGTTITATGCAAATTGCAGGTC
GATGTTGTGCAAGTGCATGCAACCTGUTGCTGTGATCCTACAGCCGAGTICATCCCOTGT
AACTGTCATIGACATGTACAAATGTGTIGAGTCTGCAGCTTGACAATCTICAGATTCACCAT
CACTCAATTGGCCAATGTAACCTACAATAGCACCATCAAGCTTGAATCATCCCAGATCTT
GICTATTGATCCOTIGGATATATCCCAGAATCTAGCTGCGGTGAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGCACAAAGTGACACATATCTTTCTGCAATCACATCAGCTACGAC
TACAAGTGTATTATCCATAATAGCAATCTIGTCTTIGGATCGTTAGGTTTAATATTAATAATC
TTGCTCAGTGTAGTIGTGTGOAAGTTATTCGACCATIGTCGTTIGCTAATCGAAATAGAATG
GAGAATTTIGTTTATCATAAATAAGCATTCCACCACTCACCATCTGATCTICAGTIGAGAAA
AATCAACCTGCAACTCTTGCAACAAGATAACACAGTCATCCATTAGTAATTITTITAAGAAA
AAAACGATAGCACCCAACCTAGCTATIGAAAGAACCOTCTCGUTCAATCTAGGTAATCGA
GCTGATACCOTCTCGUAAAGCTICAAATCATGUTGCCTCGATCCOGOAAGATCCGGAAAGCA
AGAAAQCTACAAGGACAGCAGGAAACCTAATTATCTIGCTTCCTATTCATCTTICTTICTGT
TTCTAACCTICATTGTTICCAACTCTAAGACACTTIGCTOTCCTAACACCTIGCTATAGGCTAT
CCACTOGCATCATCTTACCATCOGGCTITAAAGAAAAAAATAGGLCCGGACGGOTTAGCAA
CAAGCOCACTGCCOOTOLCAACAGCGUAATCCAGTCGACGUGGLCGCCACCATGOTTIGEA
CAAGATOGCCCCTOTTAGGOCCACTIGUCOAGTATTIATTITCOAACAACAACTTTAATCTTT
CTATGCACACTACTAGCATTAAGCATCTCTATCCTTEATATGAAGAAGTACCTGCTGUECAT
COGCCTCATCOTGGCCCTUATCGUCTHCAACCAGAACOTGAGUTCCCTGGACGAGAACGAATA
GCGIGTCCGTGGATCTGCOCGGCHAGATCAACGGTGUTG G TGAGCAAGUAGAAGAACAAGEAC
GGOAAGTATGATCT AT OGUCACCGTGGACAAGCTGUGAGUTGAAGGGUACATCCGATALGAAL
AATCGCATCTCQCCTGCTGGAGGGAGTGAAGGCAGACAACAGCAAGGTGAAGCTGACCATTC
CCACGATCTGGGUCAGACCACACTGGAGGTGT FGGTGTOTA
AGAAGGTGACCAGCAAGGATAAGTCTAGUACAGAGGAGAAGT T TAATGAGAAGGGLUGAGGTGT
CCGAGAAGATCATCACCCGGGCUGACGGCACAAGACTGGAGTACACCGGUATCAAGTCCGAT
GGCTCTGGCAAGGCCAAGGAGGTGUTGAAGGGCTATGTGOT GGAGGGUACCCTGATCAGCUGA
GAAGACCACACTGGTGGTGAAGCGAGGGLACTGTGACACT GTCUAAGAACATC T UTAAGAGCGE
COAGGTGICTGTGGAGCTGAATGACACCCGATTCCTUTGCCGUCACCAAGAAGACAGCCGCITG
GAACAGCGGCACCTCUACACTGACCATCACAGTGAATAGCAAGAAGACAAAGGACCTGGTGTT
ACCAAGGAGAACACCATCACAGTGUAGCAGTACGATT CTAATGGAACCAAGCTGGAGGGAAG
CGCCGTGOAGATCACAAAGCTGGATCGAGATCAAGAACGCCCTGAAGTGAACGCGTGCTAGCT
CTCCTGCCATACTTCCTACTCACATCATATCTATTTTAAAGAAAAAATAGGCCCGAACAC

AAGGAGGACGGCAAGAT AT
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TAATCGTGCCGGUAGTGCCACTGCACACACAACACTACACATACAATACACTACAATGGT
TGCAGAAGATGCCCCTGTTAGGGUCACTTGCCCGAGTATTATITCGAACAACAACTTITAAT
CTTTCTATGCACACTACTAGCATIAAGCATCTCTATCCTTTATGAGAGTTTAATAACCCAA
AAGCAAATCATGAGCCAAGCAGGCTCAACTGGATCTAATTCTGCATTAGGAAGTATCAC
TGATCTTCTTAATAATATICTCTCTGTICGUAAATCAGATTATATATAACTCTGCAGTCGET
CTACCTCTACAATTGGACACTCTTGAATCAACACTCCTTACAGCCATTAAGTCTCTTICAAA
CCAGTGACAAGCTAGAACAGAACTGCTCOTGOAGTGCTGCACTGATTAATGATAATAGA
TACATTAATGGCATCAATCAGTTCTATITITCAATIGCTIGAGGGTCGCAATCTGACACTTG
GOCCACTTCTTAATATGCCTAGTTTCATTCCAACTGCUACGACACCAGAGGGCTGCACCA
GCGATCCCATCATTCTCGCTCACTAAGACACACTGOTGTTATACACACAATGTTATCCTGA
ATGGATGCCAGGATCATGTATCOTCAAATCAATTITGTTTICTATGGGAATCATTGAACCCA
CTTCTOCCOGOTTTCCATICTITCGAACCCTAAAGACTCTATATCTCAGCGATGGGGTCAA
TCGTAAGAGCTGCTCTATCAGTACAGTTCCGGGOOGTTGTATGATGTACTGTTTIIGTTITCT
ACTCAACCAGAGAGGGATCGACTACTTTICTGCCGCTCCTCCAGAACAACGAATTATTATA
ATGTACTATAATGATACAATCGTGGAGCCGCATAATIAATCCACCCOOGGTACTAGATGTA
TGOGCGCAACATTCAACCCAGOCAACAGGAAGCGCGGOTATATTATITAGGTTCOGTGCTCTTT
CCAATATATGOCOCCOTCATTAAAGCTACCGAGTTTATCGGAATAATCAAGCAAATAAATA
CTTTATCCCCCACGATOGTTGCTGCTCTCTOCTCACAAAACCAGGUAACTCAAGTCCAAAA
TGCTAAGTCATCATACTATAGCAGCTGOTTIGGCAATCGAATGATTCAGTCTGGGATCCT
GGCATGTICCTCTICOGACAGCATCTAACCAATGAGTOTTITAGTITCTGLCCTTTICTAATGAT
CAGQTGCTTATGOGTCCTCAAGGGAGATTATACATGTATGOGTCACTCGGTGTATTACTAT
CAAAGAAGCAATAGTTGGTGOCCTATCACCATGCTGTATAAGGTAACCATAACATICACT
AATGOTCAGCCATCTGCTATATCAGUTCACGAATGTGCCCACACAGCAGGTCCCTAGACCT
GGCGACAGGAGACTGCTUTGCAACCAATAGATGTICCCCOITITIGCTICACAGGAGTGTAT
GUCGATGCCTOOTTACTGACCAACCCTTCOTCTACCAGTACATTTGOATCAGAAGCAACC
TTCACTOGGTTCTTATCTCAACACAGCAACTCAGCGTATCAATCCGACGATGTATATCGLS
AACAACACACAGATCATAAGCTCACAGCAATTICGATCAAGCGGTCAAGAAGCAGCATA
TCGCCACACAACTIGTTITAGGOACACAGGCTCTIGTTATCGTATACTCTATCTATATTATT
GAATTGTCCTCATCTCTCTTAGGACAATTTICAGATTIGTCCCATITATCCGTCAGOTGACAL
TATCCTAAAGGCAGAAGCCTTCAGGTCTCACCCAGCCAATCAAAGCATTATACCAGALC
ATGGAATGCATACCAAACATTATICGACACTAATGACACACAAAATTGGTTITAAGAAAA
ACCAAGAGAACAATAGGCCAGAATGGUTGGOTCTCOGGAGATATTACTCOCTGAAGTCC
ATCTCAATTCACCAATTGTAAAGCATAAGCTATACTATTACATTICTACTIGGAAACCTCCC
AAATGAGATCGACCTTGACGATTTAGGTCCATTACATAATCAAAATTGGAATCAGATAGC
ACATGAAGAGTCTAACTTAGCTCAACGCTTIGGTAAATGTAAGAAATITICTAATTACCCA
CATCCCTOGATCTTAGAAAGGGCCATTIGGUAAGAGTATGTCAATGTAATACTGTGGCCGCG
AATTCTTICCCTTGATCCCGGATTITTAAAATCAATGACCAATTIGCCTCTGCTCAAAAATTGG
GACAAGTTAGTTAAAGAATCATGTTCAGTAATCAATGCAGGTACTICCCAGTGCATTICAG
AATCTCAGCTATGGACTCGACAGGTICGTGGUAACCTCTTTACACGATCACGTGAACTCICT
GOTGACCGCAGOGATATTGATCTTAAGACAGTTGTIGGCAGCATGGCATCGACTCAGACTG
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GAAAAGAATAAGTGATTITIGGATTATCGATCAAATICCAGATGAGACAATTAATTIGITAG
GCAAACAGATCATAATGATTCTGATITAATCACGTATATCGAAAATAGAGAAGGCATAA
TCATCATAACCCCTCAACTGGTAGCATTATTITAACACTGAGAATCATACACTAACATACA
TGACCTTTGAAATTGTACTGATGGTTTICAGATATGTACGAAGGTCGTCACAACATITTATC
ACTATGCACAGTITAGCACTTACCTGAATCCTCTGAAGAAAAGAATAACATATTITATIGAG
CCTTGTAGATAACTTAGCTITTICAGATAGGTGATGUTGTATATAACATAATTGCTTTOCTA
GAATCCTTTGTATATGCACAGTTGCAAATGTCAGATCCCATCCCAGAACTCAGAGGACAA
TTCCATGCATTCGTATGTTICIGAGATTCTTGATGCACTAAGAGGAACTAATAGTTTCACCC
AGGATGAATTAAGAACTGTGACAACTAATTTCGATATCCCCATTICCAAGATCTGACCCCAG
ATCTTACGGCTGAATTGCTCTGTATAATCAGGCTITGGGGACACCCCATOUTCACTGCCA
GTCAAGCTGCAGGAAAGGTACGCGAGTCTATGTGTGCTGGAAAAGTATTAGACTTICCCA
CCATTATGAAAACACTAGCCTTTTICCATACTATICTGATCAATGGATACAGGAGGAAGC
ATCATGGAGTATGGCCACCCTTAAACTTACCGOGTAATGCTTCAAAGGGTCTCACGGAAC
TTATGAATGACAATACTGAAATAAGCTATGAATTCACACTTAAGCATTIGGAAGGAAGTCT
CITCTTATAAAATTCAAGAAATGTTITTCATGCAGACGCAGGTGAGGAACTCAGTATATTTA
TOAAAGATAAGGCAATTAGTGCCCCAAAACAAGACTCGCATCAGTGTGTTTAGAAGAAGC
CTAATCAAACAGCGCCATCAGCATCATCAGGTCCCCCTACCAAATCCATTICAATCGACGO
CTGTTGCTAAACTTITCICGOAGATGACAAATTICCACCCGAATGTGCAGCTACAGTATGTA
ACATCAGCTGAGTATCTACATCATGACACGTTITGIGCATCATATTCACTAAAAGAGAAG
GAAATTAAACCTCGATGGTCGAATTITTGCAAAGTIGACTAAGAGAATGAGATCATGTCAA
GTTATAGCAGAATCTCTTTTAGCCAACCATGUTCGOAAGTTAATCGAAAGAGAATGGIGTT
GTCGATGAATCAGCTATCATTAACAAAATCACTATIAACAATCGAGTCAGATTIGGAATAATA
TCCOGAGAAAGCTAGAAAGTCAACTCOGAGATAACATAAATCAACCTGGTITCCAGAATAT
CCAGAGAAATAAATCACATCACTCCAAGCAAGTCAATCAGCOAGATCCAAGTGATGACT
TTGAATTGGCAGCATCTTTITTAACTACTCGATCTCAAAAAATATTIGTTTACAATGGAGGTA
CCAGACAATTATCCCATTTOCTCAATCATTAAACAGAATGTATOCGTTATCCTCATCTCTTT
GAGTGCATTCACTTACGOCTAATGCGTACTACACTTITACGTGOOGOGATCCCTTCAACCCA
CCAGCAGATACCAGTCAATTITCGATCTAGATAAAGTAATTAATGGAGATATCTTCATTIGTA
TCACCCAGAGGTGGAATICAAGGGCTGTOTCAAAAGGUTTGOACAATGATATCTATCOCT
GTCGATAATICTATCTGCCACAGAGTCTGOCACACGAGTAATCAGTATGUTOCAGGGAGA
TAATCAAGCAATTGCTGTCACCACACGAGTACCAAGGAGCCTGCCGACTUTTGAGAAAA
AGACTATTGCTTTTAGATCTTIGTAATCTATTCTITGAGAGGTTAAAATGTAATAATITIGG
ATTAGGTCACCATITCGAAAGAACAAGAGACTATCATTAGTTICTCACTTCTTTGTTTATAGC
AAGAGAATATICTATCAGGOGGAGGATTICTAACGUAAGCCTTAAAAAATGCTAGTAAGCT
CTGCTTGACAGCTGATGTCCTAGGAGAATGCACCCAATCATCATGTTCTAATCTTGCAAC
TACTGTCATGAGOTTAACTGAGAATGGTOTTCGAAAAAGATATCTOTTITCTACTTGAATAT
CTATATGACCATCAAACAGCTCTCCTATCGATATCATCTTCCCTCAAGTGTCAATTCCTGGA
GATCAGATCACATTAGAATACATAAATAATCCACACCTGGTATCACGATTGGCTCITITG
CCATCCCAGTTAGGAGOTCTAAACTACCTGTCATGCAGTAGGCTGITCAATCGAAACATA
GGCOACCCGUTGOTTTCCGCAGTTGCAGATCTTAAGAGATTAATTAAATCAGGATGTATG

259

SUBSTITUTE SHEET (RULE 26)



WO 2025/076466 PCT/US2024/050117

GATTACTGGATCCTTTATAACTTATTAGGGAGAAAACCGGGAAACGGCTCATGGGCTACT
TTAGCAGCTCGACCCGTACTCAATCAATATAGAGTATCAATACCCTCCAACTACAGCTCTT
AAGAGGCACACCCAACAAGCTCTGATOGAACTCAGTACGAATCCAATGTTACGTGGCAT
ATTCTCTGACAATGUCACAGGCAGAAGAAAATAACCTTGCTAGGTTTCTCCTGGATAGGGA
GOTCGATCTTTCCGCCTGTAGCTCACATCATCATTGAGCAAACCAGTGTCGOGAGGAGAAA
ACAGATTCAAGCGATATTTGGATTCAACTAGATCGATAATGAGGAAATCACTAGAAATTA
AGCCCTTATCCAATAGGAAGCTTAATGAAATACTGGATTACAACATCAATTACCTAGCTT
ACAATTTGGCATTACTCAAGAATGCTATTGAACCTCCGACTTATITGAAGGCAATGACAC
TTGAAACATGTAGCATCCACATTIGCAAGGAACCTUCGGAAGCTCTCCTGGGCUCCACTCT
TGGGTGOGAGAAATCTTGAAGGATTAGAGACGCCAGATCCCATTGAAATTACTGCAGGA
GCATTAATTGTTGCGATCGGGCTACTOGTGAACAGTGTIGCTGCAGGAGACAATCGATTICACA
TOGTTTITCTTGCCATCTGOTATCGAGATAGCAGGGUATCCCCGTIGATAATCCTCCTATCC
GIGTACCGTACATTGGCTCCAGGACTGATCGAGAGGAGGGTAGCUTCAATGGCATACATC
AGGGGTGCCTCCAGTAGCTTAAAAGCAGTTCTTAGACTGGCGGUGAGTGTACATOTGGGT
ATTCOOAGATACTCTGCGAGAATTGCGATAGATGCACTGGATTTIGTCTCACACTAGAGTTAA
CATCACACTTGAACAGCTGCAATCCCTCACCCCACTTCCAACCTCTGCCAATCTAACCCA
TCGOTIGOATCGATGUCACAACTACCCTAAAGTITACTCCTGCCAGCTCTTACACCTITICA
AGTTTCACTCATATATCAAATCATCGAGCAATACCTCACAATTAATCGACAAAACTGCAGAT
TCAAATATAATCTACCAACAGTTAATGATCACTGCACTCCGUAATCTTAGAAACATGGAAT
AATCCCCCAATCAATAGAACATICGAAGAATCTACCCTACATTIGCACACTGGTIGCATCA
TCITCIGTCCOACCTGTGOGACTCCTCCATTCTCTCAGAAGCATTAACAGTCAAGCCACAT
ATTACAGTACCOTACAGCAATAAATTIGTATTIGATCAGGACCCGCTATCTGAATATGAA
ACTGCAAAACTOCAATCOTTATCATICCAAGCCCAATTAGGCAACATTICATGCTGTAGAT
ATGACAGGTAAATTAACATTATIOTCCCAATTCACTGUCAAGGCAGATTATCAATGCAATC
ACTGOACTCGATGAGTCTGICTCTCTITACTAATGATGUCATIGTIGCATCAGACTATGICT
CCAATTCGATTAGCTCAATGCATCGTATACCAAATTAGATGAATTATTTATGTATIGTGOGT
GOGAACTACTATTGOAACTATCCTATCAAATGTATTATCTCAGGCTAGTTCGGTGHAGTA
ATATAGTGGATTATTCTTACATOATCTITCGAGAAGAATCCCGOOTGCACGCATTAAACAATC
TOGCATCTACATTAAGTCATCCAAAACTTTITCCOACGAGLTATCAACCTAGATATAGTIGC
COCCCTTAAATOCTCCTCATTITGCATCTICTCOALCTACATCAAGATCGAGTGTGCATGCAAT
ACTCTGOGGCTGTAAAAGAGTCATCAATGTGCTCTCCAATGGAGGGGACTTAGAATTAGT
TGTCGACATCTGAAGATAGCCTTATTCTCAGTGACCGATCCATGAATCTCATTIGCAAGGAA
ATTAACTITATTATCACTGATTICACCATAATGGTITGOAACTACCAAAGATTAAGGGGTT
CTCTCCTGATGAGAAGTOTTTCGOTTTIGACAGAATTTITTIGAGGAAAGTGGTGAACTCAGG
GTTCGAGTTCAATAGAGAACCTATCAAATITIATGTACAATGTGGAGAACCCACGGCTTGE
AGCATTCGCCAGCAACAATTACTACCTGACCAGAAAATTATTGAATTICAATACGAGATAC
TCGAGTCGGGTCAAGTAGCAGTCACCTCATATTATGAATCATTAGAATATATTGATAGTCT
TAAGCTAACCCCACATGIGCCTGGCACCTCATGCATTIGAGGATCGATAGTICTATGTACAAA
TCATTACATAATCTGGATCATAGAGTCTAATCGCAAACTTGGAGAAGTATCCAATTUCAAA
TAGCCCTGAGGATGATTCCAATITCCATAACTTTAAGTTGAATGCTCCATCGCACCATAL
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CITACGCCCATTAGGGTTGTCATCAACTGCTTGOTATAAGGGTATAAGCTGCTGCAGGTA
CCTTGAGCGATTAAAGCTACCACAAGOTGATCATTTATATATTGCAGAAGGTAGTGOTGC
CAGTATGACAATCATAGAATACCTATICCCAGGAAGAAAGATATATTACAATTICTTTATT
TAGTAGTGGTGACAATCCCCCACAAAGAAATTATGCACCAATGCCTACTCAGTTCATIGA
GAGTGTCCCATACAAGCTCTGGCAAGCACACACAGATCAATATCCCGAGATTITTIGAGGA
CITCATCCCTCTATGGAACGGAAACGCCGCCATCGACTGACATAGGAATOACAGCTIGTGT
AGAATTCATCATCAATCGAGTCGGCCCAAGGACTTGCAGTTTAGTACATGTAGATTTGGA
ATCAAGTGCAAGCTTAAATCAACAATGCCTGTCAAAGCCGATAATTAATGUTATCATCAC
TOCTACAACTGITTTOTCGCCCTCATGGGUTOUTTATTCTGAAATATAGTTGGTTIGCCATIT

ACTAGATTTAGTACTTTIGATCACTITCTTATGGTGCTACTTTGAGAGAATCACTGTTCTTA

CTTTGCATTCCAGACTGTICTCGCAGGCAACAGGAATGGCGATCGACTTTAACTGATCAAGG
GITTACTTTIGATATCACCTGAAAGAATAAATCAGTATTGGCATGGTCACTTGAAGCAAGA
ACGTATCGTAGCAGAAGCAATTGATAAGGTGGTTICTAGGAGAAAATGCTCTATTTAATTC
GAGTCATAATGAATTAATTCTCAAATGTGUGAGGGACACCAAATGCACGGAATCTCATCG
ATATCOAGLCAGTCGCAACTTTCATAGAATTITGAACAATTGATCTGCACAATGTTGACAA
CCCACTTGAAGCGAAATAATTGATATAACAAGGTCTGCGAACCCAGCGATTATCAAAGTTTAT
TACTCACTCCTTACAATTTAQGTCTTICTIGOTAAAATCACTACGATAGTGAGATTATIAAC
AGAAAQGGATTCTAAATCATACTATCAGGAATTIGOTTIGATCCTCCCACCTTICQUTCCGGAT
GATCOTGAAGCAGCACTTGGAATTCOGCATATTCAGUATTACTICCATCCTCAATTICTGA
TCOOGTICCTCGAAGCTTITCTCCAAATAGCAAATACTTGATTGCACAATTAACTGCAGGCTA
CATTAGCGAAATIGATTIGAGQGCCATTGCAATATCOATCTAACCAGACCTATCCAAAAGC
AAATCTCCAAAGCATTAGGTTCTCTAGTICTATTIOTCACGATCOAATGOATCAAAGGGAGT
CAACAGAGTTTATTCATATAAATATTAATCGAAGAAATAGACCGCCGGATCGATGOCGAG
GAAATCTAAACATATCAAGAATCAGAATTAGTTTAAGAAAAAAGAAGAGGATTAATCTE
GOTTTTCCCCTIGOUTOCOOTCOGCATOGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATC
CGAAGGAGGACGCACCGTOCACTCGGATGOCTAAGGRAGCGOCCGGGCATCCGGCTGCTA
ACAAAGCCCGAAAGGAAGCTCAGTTGGCTGCTGUCACCGCTGAGCAATAACTAGCATAA
CCCCTTOGGGLCTCTAAACGGOTCTTGAGGGOTTTTITTGCTCAAAGGAGGAACTATATCC
GGATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCOTAAAAAGGCCGCOTTGCT
GGCGTTTTTCCATAGGUTCCGCCCCCCTGACGAGCAAAGCTTCTCGACCCATTCTCATGTT
TGACAGCTTATCATCGAATTTCTGCCATTCATCCGCTTATTATCACTTATTCAGGCGTAGC
AACCAGGUGTTTAAGGGCACCAATAACTGCCTTAAAAAAATTACGCCCCGCCCTGCCACT
CATCGCAGTACTGTTGTAATTCATTAAGCATTCTGOCGACATGGAAGCCATCACAGACGG
CATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATITGC
CCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTG
GTGAAACTCACCCAGGGATTGGOTGAGACGAAAAACATATTCTCAATAAACCCTITAGG
GAAATAGGCCAGGTTITCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAACTG
CCGGAAATCGTCOGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCTCATGGAA
AACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCACCGTCTTTCATIGCCAT
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ACGGAATTCCGGATGAGCATTCATCAGGUGGGCAAGAATGTGAATAAAGGCCGGATAAA
ACTTGTGCTTATTTITCTTTACGGTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTETG
GTTATAGGTACATTGAGCAACTGACTGAAATGCCTCAAAATGTTCTTITACGATGCCATTC
GGATATATCAACGGTGGTATATCCAGTGATTTTTTITCTCCATTTTAGCTTCCTTAGCTCCT
GAAAATCTCGATAACTCAAAAAATACGCCUGGTAGTGATCTTATTTCATTATGGTGAAAG
TTGGAACCTCTTACGTGCCGATCAACGTCTCATTITTCGCCAAAAGTTGGCCCAGGGCTTC
CCGGTATCAACAGGGACACCAGGATTTATTITATTICTGCGAAGTGATCTTCCGTCACAGGT
ATTTATTCGCGATAAGCTCATGGAGCGGUGTAACCGTCGCACAGGAAGGACAGAGAAAG
COUCGOGATCTGGGAAGTGACGGACAGAACGGTCAGGACCTGGATTGGGGAGGCGGTTGCC
GCCGCTGCTGCTGACGGTGTGACGTTCTCTGTTCCGGTCACACCACATACGTTCCGCCATT
CCTATGCGATGCACATGCTGTATGCCOGTATACCGCTGAAAGTTCTGCAAAGCCTGATGG
GACATAAGTCCATCAGTTCAACGGAAGTCTACACGAAGGTTTTTGCGCTGGATGTGGCTG
CCCGGCACCGGGTGCAGTTTGCCGATGCCGGAGTCTGATGCGGTTGCCATGCTGAAACAAT
TATCCTGAGAATAAATGCCTTGOCCTTTATATGGAAATGTGCGAACTGAGTGGATATGCTG
TTTTTGTCTOGTTAAACAGAGAAGCTGGCTOTTATCCACTGAGAAGCGAACGAAACAGTCG
GGAAAATCTCCCATTATCGTAGAGATCCGCATTATTAATCTCAGGAGCCTGTGTAGCGTT
TATAGGAAGTAGTGTTCTGTCATGATGCCTGCAAGCGGTAACGAAAACGATTTGAATATG
CCTTCAGCAACAATAGAAATCTTCGTGCOGTGTTACOTTCGAAGTGGAGCGGATTATGTCA
GCAATGCACAGAACAACCTAATGAACACAGAACCATGATGTGOTCTGTCCTTTTACAGCC
AGTAGGCTCGCCGCAGTCOAGCCGACGGCGAAGCCCTCCAGTOAGCCAGGAAGCACCAG
GCGAACAGCACTTATATATTCTGCTTACACACGATGCCTGAAAAAACTTCCCTTGGGGTTA
TCCACTTATCCACGGGCATATTTTTATAATTATTTITT TTATAGTTTTTAGATCTTCTTTTTT
AGAGCGCCTTGTAGGCCTTTATCCATGCTGOTTCTAGAGAAGGTOTTGTGACAAATTIGCC
CTTTCAGTOTCACAAATCACCCTCAAATGACAGTCCTCTICTGTGACAAATTGCCCTTAALC
CCTGTGACAAATTGCCCTCAGAAGAAGCTCTTTTTTCACAAAGTTATCCCTGCTTATTGAC
TCTTTITTATTTAGTGTGACAATCTAAAAACTTGTCACACTTCACATGGATCTGTCATGGC
GGAAACAGCOGTTATCAATCACAAGAAACGTAAAAATAGCCCGCGAATCGTCCAGTCAA
ACGACCTCACTGAGGCGGCATATAGTCTCTCCCGGCATCAAAAACGTATGCTGTATCTGT
TCGTTGACCAGATCAGAAAATCTGATGGCACCCTACAGGAACATGACGGTATCTGCGAG
ATCCATOGTTOGCTAAATATGCTCAAATATTCGGATTGACCTCTGCCGAAGCCAGTAAGGAT
ATACGGCAGGCATTGAAGAGTTTCGCGGGOAAGGAAGTGOTTTTTTATCGCCCTGAAGA
GGATGCCCGGCOATCGAAAAAGGCTATGAATCTTTTCCTTGOGTTTATCAAACGTGCGCACAG
TCCATCCAGAGGGCTTITACAGTGTACATATCAACCCATATCTCATTICCCTTCTTTATCGOG
TTACAGAACCGGTTITACGCAGTTTCGGCTTAGTGAAACAAAAGAAATCACCAATCCGTAT
GCCATGCGTTTATACGAATCCCTGTGTCAGTATCGTAAGCCGGATGGUTCAGGLCATCGTC
TCTCTGAAAATCCGACTCGATCATAGAGCGTTACCAGCTGCCTCAAAGTTACCAGCGTATG
CCTGACTTCCGLCCGCCGCTTCCTGCAGGTCTGTGTTAATGAGATCAACAGCAGAACTCCA
ATGCGCCTCTCATACATTGAGAAAAAGAAAGGCCGCCAGACGACTCATATCGTATTTTCC
TTCCGCGATATCACTTCCATGACGACAGGATAGTCTGAGGGTTATCTGTCACAGATTTGA
GGGTGGTTCGTCACATTTGTTCTGACCTACTGAGGGTAATTTGTCACAGTTTTIGCTGTTTC
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CTTCAGCCTGCATGGATTTTCTCATACTITTTGAACTGTAATTTTITAAGGAAGCCAAATETY
GAGGGCAGTTTGTCACAGTTGATTITCCTTCTCTTITCCCTTCGTCATGTGACCTGATATCGG
GOGTTAGTTCGTCATCATTGATGAGGGTTCGATTATCACAGTTTATTACTCTGAATTGGCTA
TCCGCGTGTGTACCTCTACCTGGAGTTTTITCCCACGGTGGATATTTCTTCTTGCGCTGAGC
GTAAGAGCTATCTGACAGAACAGTTCTTCTTTIGCTTCCTCGCCAGTTICGCTCGCTATGOTC
GGTTACACGGCTGCGGCGAGCGCTAGTGATAATAAGTGACTGAGGTATGTGCTCTTICTTA
TCTCCTTTTGTAGTGTTGCTCTTATTTTAAACAACTTITGCGGTTITTTGATGACTTTGCGAT
TTTGTTOGTTGCTTTGCAGTAAATTGCAAGATTTAATAAAAAAACGCAAAGCAATGATTAA
AGGATGTTCAGAATGAAACTCATGGAAACACTTAACCAGTGCATAAACGCTGGTCATGA
AATGACGAAGGCTATCGCCATTGCACAGTTTAATGATGACAGCCCGGAAGCGAGGAAAA
TAACCCGGCGCTGGAGAATAGGTGAAGCAGCGGATTITAGTTGGGGTTTCTTCTCAGGCTA
TCAGAGATGCCGAGAAAGCAGGOUCGACTACCGCACCCGGATATGGAAATTCGAGGACGG
GTITGAGCAACGTGTTGGTTATACAATTGAACAAATTAATCATATGCGTGATGTGTTTIGGT
ACGCCGATTGCGACGTGCTGAAGACGTATTTCCACCGGTGATCGGGGTGCTGCCCATAAAG
GTGGCGTTTACAAAACCTCAGTTTCTGTTCATCTTGCTCAGGATCTGGCTCTGAAGGGGCT
ACGTGTTITGCTCGTGGAAGGTAACGACCCCCAGGGAACAGCCTCAATGTATCACGGATG
GGTACCAGATCTTCATATICATGCAGAAGACACTCTCCTGCCTTTCTATCTTGGGGAAAA
GGACGATGTCACTTATGCAATAAAGCCCACTTGUTCGCCOGOGUTTCACATTATTCCTTC
CTOTCTGGCTCTGCACCGTATTGAAACTGAGTTAATGGGCAAATITGATCAAGGTAAACT
GCCCACCGATCCACACCTGATOCTCCGACTGOCCATIGAAACTOTTGCTCATCACTATCA
TOTCATACTTATTGACAGCGCGCCTAACCTOGGTATCOGCACCATTAATGTCGTATOTGC
TGCTGATCTGCTGATTGTTCCCACGCCTCCTGAGTTGTTTGACTACACCTCCGCACTGCAG
TTITTCOATATGCTTCGTGATCTGCTCAAGAACGTTGATCTTAAAGGGTTCGAGCCTGATG
TACGTATTTTGCTTACCAAATACAGCAATAGTAATGGCTCTCAGTCCCCGTGGATGGAGS
AGCAAATTCCGCATCCCTGGGOAAGCATGGTTCTAAAAAATCTTCTACGTGAAACGGAT
GAAGTTGCTAAAGGTCAGATCCGOATCGAGAACTGTTTTTGAACAGGCCATTGATCAACG
CTCTTCAACTGGTGCCTGGAGAAATOCTCTTITCTATTITGGOAACCTGTCTGCAATGAAATT
TTCGATCGTCTGATTAAACCACGCTCGCGAGATTAGATAATGAAGCGTGCGCITGTTATIC
CAAAACATACGCTCAATACTCAACCCGTTCGAAGATACTTCGTTATCGACACCAGCTGCCC
CGATOGTGOATTCGTTAATTGCGCGCGTAGCAGTAATCGCTCGCCGTAATGCCATTACTT
TGCCTGTATGTGGTCGGGATOTCGAAGTTTACTCTTGAAGTGCTCCGGGGTGATAGTGTTG
AGAAGACCTCTCGGGTATOGTCAGGTAATGAACGTOCACCAGGAGCTGCTTACTCGAGGAC
GCACTGGATCATCTCATCCCTTICTTTTCTACTGACTOGTCAACAGACACCOGCGTTCGOTC
GAAGAGTATCTGGTGTCATACGAAATTGCCGATGGGAGTCGCCGTCGTAAAGCTGCTGCA
CTTACCGAAAGTGATTATCOTGTTCTGOTTCGCGAGCTGGATCGATGAGCAGATGGCTGLCA
TTATCCAGATTGGOTAACGATTATCGCCCAACAAGTOCTTATCGAACGTGGTCAGCGTTAT
GUAAGCCGATTGCAGAATGAATTTGCTGGAAATATTTCTGCGCTGGCTGATGCGGAAAAT
ATFTTCACGTAAGATTATTACCCGCTGTATCAACACCGCCAAATTGCCTAAATCAGTTGTT
GCTCTTTTTTCTCACCCCGGTGAACTATCTGCCCGGTCAGGTGATGCACTTCAAAAAGCCT
TTACAGATAAAGAGGAATTACTTAAGCAGCAGGUCATCTAACCTTCATGAGCAGAAAAAA
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GCTGGGOTGATATTTGAAGCTGAAGAAGTTATCACTCTTTTAACTTCTGTGUTTAAAACG
TCATCTGCATCAAGAACTAGTTTAAGCTCACGACATCAGTTTGCTCCTGGAGCGACAGTA
TTGTATAAGGGCGATAAAATGGTGCTTAACCTGGACAGGTCTCGTGTTCCAACTGAGTGT
ATAGAGAAAATTGAGGCCATTCTTAAGGAACTTGAAAAGCCAGCACCCTGATGCGACCA
CGTTTTAGTCTACGTTITATCTGTCTTTACTTAATGTCCTTTGTTACAGGCCAGAAAGCATA
ACTGGCCTGAATATTCTCTCTGGGCCCACTGTTCCACTTGTATCGTCGGTCTGATAATCAG
ACTGGGACCACGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCACGGTCCC
ACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCACGGTCCCACTCGTATCGTCGGICTG
ATAATCAGACTGGGACCACGGTCCCACTCGTATCGTCGGTCTCATTATTAGTCTGGGACC
ATGGTCCCACTCGTATCGTCGGTCTGATTATTAGTCTGGGACCACGGTCCCACTCGTATCG
TCGGTCTGATTATTAGTCTGGAACCACGGTCCCACTCGTATCGTCGGTICTGATTATTAGTC
TGGCGACCACGGTCCCACTCOTATCGTCGGTCTGATTATTAGTCTGGCGACCACGATCCCAL
TCGTGTTGTCGGTCTGATTATCGGTCTGGGACCACGGTCCCACTTGTATTGICGATCAGAT
TATCAGCGTGAGACTACGATTCCATCAATGUCTGTCAAGGGCAAGTATIGACATGTCGTC
GTAACCTGTAGAACGGAGTAACCTCGGTGTGCGGTTGTATGCUTGCTGTGGATTGCTGET
GTGTCCTGCTTATCCACAACATITIGCGCACGGTTATGTGGACAAAATACCTGGTTACCC
AGGCCGTGCCGGCACGTTAACCGGGCTGCATCCGATGCAAGTGTGTCGUTGTCGAGTITA
AACGGATCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGT
ATCACGAGGCCCTTTCCICTCGCGCGTTTCGETCATGACGGTGAAAACCTCTGACACATG
CAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGRAGCAGACAAGCCCG
TCAGGGCCCCTCAGCGGOCTCTTGCCOGGTOTCOGOGCTGGCTTAACTATGCGGCATCAG
AGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTCGAAATACCGCACAGATGCGTAA
GGAGAAAATACCGCATCACGGCTAATACGACTCACTATAGGG (SEQ ID NO:4).

{80100} The underlined sequence is the PIV5 genomic nucleic acid sequence.
The ttalicized and underlined sequence is the whole OspA nucleic acid sequence.
The double underlined sequence is the A0S modified NTTM-OspAss1 nucleic acid

sequence.

2., AVLP vaccine sequences
a. pMHD36- AVLP-Pal
{60101} The pMHD30- AVLP-Pal nucleic acid sequence is provided herein from
S to 37

ACCAAGGOGAAAATGAAGTOGTCGACTCAAATCATCGAACACCCTCGAGATTACATAGGT
CCGOAACCTATGOCCTTICGTIGACCCACCTCGAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTITGGGCAATTTTTCGTOCCCCGACACAAAAATOTCATCCGTGOTTAAAGCATATGAGC
GATTCACGCTCACTCAAGAACTGCAAGATCAGAGTGAGGAAGGTACAATCCCACCTACA
ACACTAAAACCGGTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGUTAAGATEC
COGCTTICTICTATTICTGCCTACGGATIGTTICTCAGTAATGGTGCAAGGGATTCCCATOGET
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TTGGAGCATTACTCACAATGTITTITCGUCTACCATCAGCCACAATOCTCAATCATGTCAAATT
AGCTGACCAGTCACCAGAAGCTGATATCGAAAGGGTAGAGATCGATGGCTTTGAGGAGG
GATCATTCOGCTTAATCCCCAATGCACGTTCAGOTATCAGCCGTGGAGAGATCAATGLCT
ATGCTGCACTTGCAGAAGATCTACCTGACACACTAAACCATGCAACACCTTTCGTTIGATT
CCGAAGTCOAGGUAACTGCATGGGATGAGATTIGAGACTTTCTTAGATATGTIGITACAGTG
TCCTAATGCAGGCATGCATAGTGACTTGCAAGTGCATGACTGCGCCAGACCAACCTGCTG
CITCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGCAGGATCAACCCGAGATAT
CTCCTGCAACCOGAGGUTCOACGAATAATCCAGAATGTAATCCGGAAGGGAATGGTGGT
CAGACATTTCCTCACCTTIGAACTGCAGCTTIGCCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGGCATGTTGGAAAGTATATAGAGAATTOTGGAATGGGAGGCT
TCTTTTTCGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTGCTTITAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTCCCTCATGGCATTATACCAGACCCTTGOTGAGCA
GGCCCGATATTTGGCCCTATTGCGAGTCACCACATITGATGGATITTIGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATGTGTTAGATGTCAACATGAGGAA
CTACGCTTTCTCCAGATCATACATGAACAAGACATATITCCAATTIGGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTCGACATCGAGUATOGCAGAAGATCTCGGTCTAACTCAAG
CCCAACGCACCCAGATGGCAAATACACTTGCCAAATTCGACCACAGCAAATCCGAGGGGCA
GACACCAGGGCAGGAGTCAACCCOTITCTCATCTQTCACTGOOACAACTCAGCTGCCCOCT
GCAGCAACAGGTGACACACTCCAGAGTTACATCGGCAGCGGATCCGACTCAGGCAGAGATA
TCCTGATOCACGCACCCATCATCATCAGATGCCACCATIGOAAGAGGAGGAAGAGGALG
ACACATCTGCAGQTCCACGCACTGCGACCAACTCTTGAACAAGTGQCCTTGCACATCCAGA
ACGCAGCAGTTGOAGCTCCCATCCATACAGATCGACCTGAATGCCGCACTGOGTCGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATIGACATACCTAATTCATTAGTTAGATGS
AACTACAGTGGATTCCATAACGTTCCTOCCTACCATCOGCTITAAAGAAAAAAATAGGCC
COOACCGOGTTAGCAACAAGCGACTOCCGOTOCCAACAGCGCAATCCACAATCTACAATG
GATCCCACTGATCTCAGCTTCTCCCCAGATCAGATCAATAAGCTCATAGAGACAGGLCTG
AATACTCTAGAGTATTTTACTTCCCAACAAGTCACAGGAACATOCTCTICTTOGAAAGAAT
ACAATACCACCAGGGGTCACAGGACTACTAACCAATGCTGLAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGOGCTCAGTTIGGTGOOOGTGCAAAACCAAAGAAACCGLOAC
CAAAAATTQCCATTIGTGCCAGCAGATGACAAAACAGTGCCCOOAAAGCCGATCCCAAAL
CCTCTATTAGGICTGGACTCCACCCCGAGCACCCAAACTGTGUTTGATCTAAGTGGGAAA
ACATTACCATCAGGATCCTATAAGGGGOTTAAGCTTGCGAAATTTGGAAAAGAAAATCT
GATGACACGGTITCATOGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTCCCCCATCG
ATTTITAAGAGGGGCAGGGATACCGGLOGOTTCCATAGAAGGGAGTACTCAATCGGATGE
GTOGGGAGATGAAGTCAAGGTCACTGAGTGGTIGCAATCCATCCTGTITCTCCAATCACCGCT
GCAGCAAGGUGATTTGAATGCACTTGTCACCAGTGTCCAGTCACTTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATTICTCTCATCTCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTGGAC
TTAAAGCAGGCGATGGCTACTTTAGAACGGAATCGATTACAACTGTGAAAATCATGGACCCG
GOGAGTTCCCAGTAATGTTACTOTGGAAGATGTACGCAAGACACTAAGTAACCATGCTGTT
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GTTGTGCCAGAATCATTCAATCGATAGTTTCTTGACTCAATCTGAAGATGTAATTTCACTTG
ATGAGTTGGCTCGACCAACTGCAACAAGTCGTTAAGAAGATTIGTCAGGAAGGTTCCTCOTC
AGAAGGATCTGACTGGATTGAAGATTACACTAGAGCAATTGGUAAAGGATTIGCATCAGC
AAACCGAAGATGAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTGAGGCTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT
ACACTACACTOGTATGACACTGTACTAACCCTCAGGOTTITTAGAAAAAACGATTAACGAT
AAATAAGCCCGAACACTACACACTACCTGUGGUCGCCACCATGAAATCAGGAGTGAAACTG
GACCGAGCACGUTAATCAGGGAGACGUAGTCAGCACCCAGCCAAACCCCGAGAATGTCGCACA
GGTCACCOTGGACCCACTGAACGATCCCAATTCTCCTCT GG CCAAGCGUGAGCOTGTACTTGA
CTTTGATAGCTATTCCGTGCAGCGACCAGTACCAGGCCCTGUT GUAGCAGUACGUCCAGTATCTY
GAAGAGUCACCCCCAGAGGUACATOCTGATCCAGGGCAACACCGATGAGCGUGGCACATCCTE
AGTACAATCTGGCCCTOGGCCACGAAGAGGOUAGAGGUCTTGCGGAGAGCCCTGICCCTGCTG
GGUGIGGGCCACGCCCAGATGGAGGCUG
GGUACGACGAAGCCTCTT GGG CACAGAATCGCCCGAGCAGACCTGUTGTATCAGCAGTGATGA
GCTAGCTCTCCTOUCATACTICCTACTCACATCATATCTATTITTAAAGAAAAAATAGGCCC
GAACACTAATCOTOCCGGCACGTCGCCACTOGCACACACAACACTACACATACAATACACTC
GCCQUCCGCGCCTAGCATCAAAAAGCCTOAACTCACCCCCGACGTCTGTCGAGAAGTTICT
GATCOAAAAGTTCGACAGCOTCTCCCACCTCGATOCACCTCTCGGAGGGLCAAGAATCTC
GIGCTTTCAGCTICCATGTAGCAGGGCOTGCATATOTCCTGCGOGTAAATAGCTGCGLCE
ATGOTTTICTACAAAGATCOTTATOTITATCGCGCACTTTGCATCGGCCGCOUTCCCGATICT
GCAAGTGCTIGACATIGOOCAATICAGCOAGAGCCTCACCTATTGCATCTCCCGCCGTGE
ACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGLTGTTCTQCAGLCGET
CGLGOAGGLCATGCATOCOATCOCTGLGGLCCATCTTAGLCAGACGAGLGGOTICGRLC
CATTCGCALCCGCAAGGAATCGGTCAATACACTACATGOCGTGATTICATATGCGCGATTIO
CTGATCCCCATOTCTATCACTOGCAAACTOTGATGUACCGACACCOTCAGTCCOTCCOTOG
CGCAGGCTCTCOATGAGCTOATCGCTTTGGGCCOAGGACTGLCCCCAAGTCCGOCACCTCG
TOCACGCOGATTITCCOGCTCCAACAATGTCCTCACGOACAATGOCCGCATAACAGCOOTC
ATTGACTGGAGCGAGGCGATGTICGGOGATTCCCAATACGAGGTCGLCAACATCTTICTIC
TCGAGGCCOTOOTTIGOGCTTOTATGGAGCAGCAGACGCOGCTACTICGAGCGGAGGLATCL
GOAGCTTGCAGGATCGLCGUGEUTCCGGUGOGTATATGCTCCGCATTOGTCTTIGACCAACLCT
CTATCAGAGCTTGGTTGACGGCAATTTCGATCGATGCAGCTTGGGUGCAGGUGTCGATGLGA
CGCAATCGTCCGATCCGOAGCCGGOACTGTCGGGUGTACACAAATCGCCCGCAGAAGCG
COOCCOTCTGCACCOGATGOCTOTGTAGAAGTACTCGCCCATAGTGOAAACCGALGCCCT
AGCACTCOTGGGOATCGGGAGATCOGGGAGGCTAACTCTGOGTGGCGETGOLTCGGEUGE
AGGTGGCTCGOCTGGCGGLGGATCAATGGCATCCTATCCTTGTCACCAGCACGCGTOTGC
ATTCGACCAGGCCGCTAGAAGCAGAGGGCACTCCAACCGLAGAACCOCACTGAGACCCC
GGAGACAGCAGGAGGCCACAGAAGTGAGGCTGGAGCAGAAGATGCCCACTCTGCTGCG
COTCTACATCGACGGGCCTCACGGAATGOGCAAAACCACAACTACCCAGCTGCTGGTGE
CCCTGGOAAGTAGGGACGATATCGTGTACGTCCUTCGAGCCAATGACCTATTGGUAGGTGE
TGOGGGCATCAGAAACAATCGCCAACATCTACACAACTCAGCATCGACTGGACCAGGGA

GTCTCTGGGCAAGCGAGAAGCCOGTGGCOCTGG
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GAGATCTCAGCCOGGGATGCAGCTGTGOTCATGACCAGCGCACAGATTACAATGGGCAT
GCCATATGCAGTCACCGACGCTCGTCCTGGLACCACACATCGGAGGAGAAGCAGGAAGCT
CCCATOGCACCACCTCCAGUTCTGACCCTGATCTTCGATCGGCACCCTATTGCAGCCCTGCT
GTGCTACCCAGCTGCAAGATATCTGATGGGCTCTATGACCCCACAGGCCGTGCTGGCTTY
TGTCGCACTGATCCCCCCTACACTCCCTGGAACTAATATTGTGCTGGGCGOTCTGUCAGA
GOACCGCCATATCGATCOGACTGGCAAAGCGACAGCGACCAGGAGAAAGGUTGUGACCTGG
CAATGCTGGCCGUTATTAGGCGCGTGTACGGCOTGCTGGCTAACACTGTCCGGTATCTGL
AGGGAGGCGOGTCTTGCGAGAGAGGACTGGGGGUAGUTCGAGTGGAACAGCAGTGCCACC
CCAGOGOAGCCOAACCTCAGAGCAATOCTGGGCCCCOACCTCACATCGGAGATACTCTGT
TCACCCTGTITTCGCGCTCCAGAGCTGCTGGCACCAAACGGCGACCTGTACAACGTGTTCG
CATGGGCCCTGCATGTCCTGUGCCAAAAGACTGAGGCCCATGCACGTGTITATTICTGGACT
ATGATCAGTCCCCTGCAGOATGTCCGAGATGCTCTGCTOCAGCTGACTTCCOGCATGGTIGE
AGACCCATGTCACCACACCCGGGTCTATTCCAACTATTTGTCGACCTGGCAAGCGACTTTCG
CAAGAGAGATGOGAGAGGCTAACAGTGGAGGTIGGAGGCAGCOGAGGUGUAGGTTICTICG
TGGAGGCOOAAGTATGGTICTTCACACTCOAAGATTITCOTTGGGOACTGOUCCGACAGACAG
CCOGCTACAACCTGCACCAAGTCCTTGAACAGOCAGOTCTCTCCAGTITOTTTICAGAATC
TCCGOGTOTCCCTAACTCCCATCCAAAGUATTCTCCTCAGCGGTCAAAATGGOCTCGAAG
ATCCACATCCATCTCATCATCCCOTATOAAGOTCTCAGCGGUCGACCAAATGOGCCAGATE
GAAAAAATTTITTAAGGTIGOTGTACCCTCTOCATGATCATCACTTITAAGGTGATCCTGCAL
TATGQCACACTCGOTAATCGACGOGOTTACGCCCAACATCGATCCACTATITCQCGACGECLCG
TATCGAAGGCATCOCCOTOTICCACGGCAAAAAGATCACTOTAACAGGGACCCTGTGOAA
COOCAACAAAATTATCCACCAGCGCUTCATCAACCCCCACGOCTCCCTGCTGTICCGAGT
AACCATCAACGGACGTGACCGOCTGGLGOCTOTGLCAACGCATICTCGCGTAATGAALCTA
GTGGCAGAAGCCTTCAGOTCTGACCCAGCCAATCAAAGUATTATACCAGACCATGGAAT
GUATACCAAACATTATTGACACTAATGACACACAAAATTIGGTITIAAGAAAAACCAAGA
GAACAATAGGCCAGAATGOCTCOETCTCGGCAGATATIACTCCCTGAAGTCCATCTCAAT
TCACCAATTCTAAAGCATAAGCTATACTATTACATTICTACTIGCAAACCTCCCAAATGAG
ATCGACCTTCACCATTTAGGTICCATTACATAATCAAAATTGCAATCAGATAGCACATGAA
GAGTCTAACTTAGCTCAACGCTIGGTAAATGTAAGAAATTITCTAATTACCCACATCCCE
GATCTTAGAAAGGGCCATIGGCAAGAGTATGTCAATGTAATACTCGTGGCUCGCGAATTCTT
CCCTTOGATCCCGOATTTTAAAATCAATGACCAATTGCCTCTGCTCAAAAATTGGGACAAG
TTAGTTAAAGAATCATGTICAGTAATCAATGCAGGTACTTCCCAGTGCATICAGAATCTC
AGCTATGGACTGACAGGTICGTGOOAACCTCTTTACACGATCACGTGAACTCTCTGOTGAC
CGCAGGGATATTOATCTTAAGACAGTTGTGGCAGCATGGCATGACTCAGACTGGAAAAG
AATAAGTGATTTTTGGATTATGATCAAATTICCAGATGAGACAATTAATTGTTAGGCAAAL
AGATCATAATGATTCTGATTTAATCACGTATATCCGAAAATAGAGAAGGCATAATCATCAT
AACCCCTGAACTGGTAGCATTATTTAACACTGAGAATCATACACTAACATACATGACCTT
TGAAATTGTACTGATGGTITCAGATATGTACGAAGGTCGTCACAACATITTATCACTATS
CACAGTTAGCACTTACCTOAATCCTCTGAAGAAAAGAATAACATATITATTGAGCCTTGTY
AGATAACTTAGCTTTTICAGATAGOTGATGCTGTATATAACATAATTGCTTTGCTAGAATC
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CITTGTATATGCACAGTTGCAAATGTCAGATCCCATCCCAGAACTCAGAGGACAATTCCA
TGCATTCGTATGTTCTCGAGATTICTIGATGCACTAAGAGGAACTAATAGTTITCACCCAGGA
TGAATTAAGAACTGTGACAACTAATTTGATATCCCCATTCCAAGATCTGACCCCAGATCT
TACGGCTGAATTGCTCTGTATAATGAGGCTTTGGGGACACCCCATGCTCACTGCCAGTCA
AGCTGCAGGAAAGGTACGCGAGTCTATGTGIGCTGGAAAAGTATTAGACTTTCCCACCAT
TATGAAAACACTAGCCTTITTITCCATACTATTCTGATCAATGGATACAGGAGGAAGCATCA
TGGAGTATGGCCACCCTTAAACTTACCGGOTAATGUTTCAAAGGGTCTCACGGAACTTAT
GAATCACAATACTCGAAATAAGCTATGAATTCACACTTAAGCATTGGAAGGAAGTCTICTICT
TATAAAATTCAAGAAATGTTTTGATGCAGACGCAGGTGAGGAACTCAGTATATTTATGAA
AGATAAGGCAATTAGTGCCCCAAAACAAGACTGOATGAGTGTOTTTAGAAGAAGCCTAA
TCAAACAGCGCCATCAGCATCATCAGGTCCCCCTACCAAATCCATTCAATCGACGGCTET
TOCTAAACTTITCTCGGAGATGACAAATTCGACCCGAATGTCCAGCTACAGTATGTAACAT
CAGGTGAGTATCTACATGATGACACGTTTITGTGCATCATATTCACTAAAAGAGAAGGAAA
TTAAACCTGATGGTICCGAATTTITGCAAAGTTCGACTAAGAGAATGAGATCATGTCAAGTTA
TAGCAGAATCTCTTTTAGCGAACCATGUTIGGGAAGTTAATCAAACGAGAATCOTGTTGTGA
TOAATCAGCTATCATTAACAAAATCACTATTAACAATCAGTCAGATIGGAATAATATCCS
AGAAAGCTAGAAAGTCAACTCCAGATAACATAAATCAACCTQCTTTCCAGAATATCCAG
AGAAATAAATCACATCACTCCAAGCAAGTCAATCAGCCGAGATCCAAGTGATGACTTTIGA
ATTGQCAGCATCTITITTITTAACTACTCATCTCAAAAAATATTIGTTTACAATGCAGOTACCA
GACAATTATCCCATTTGCTCAATCATTAAACAGAATCTATGGTIATCCTCATCTICTTTIGAG
TOCATTCACTTACGOCTAATGCOTAGTACACTTITACGTGOGUGATCCCTTCAACCCACCA
GCAGATACCAGTCAATTIGATCTAGATAAAGTAATIAATGCAGATATCTTCATIGTATCA
CCCAGAGGTGOAATTCAAGOGCTGTCTCAAAAGOCTTGGACAATCATATCTATCGCTOT
GATAATTCTATCTGCCACAGAGTCTGGCACACCAGTAATOAGTATGGTGUAGOGAGATA
ATCAAGCAATTGCTGTCACCACACGAGTACCAAGGAGCCTGCCGACTCTTIGAGAAAAAG
ACTATIGCTTTIAGATCTTGTAATCTATTCTITCGAGAGGTTAAAATGTAATAATTTITGCAT
TAGGTCACCATTTGAAAGAACAAGAGACTATCATIAGTICTCACTTCTTIGTITATAGCA
AGAGAATATTCTATCAGGGGAGGATICTAACGCAAGUCTTAAAAAATOCTAGTAAGCTC
TOCTTIGACAGUTGATGTICCTAGCAGAATGCACCCAATCATCATCTITCTAATCTIGCAALT
ACTGTCATGAGOGTTAACTCAGAATCGOTCTTCGAAAAAGATATCTGTTICTACTIGAATATC
TATATGACCATCAAACAGCTCTCCTATGATATCATCTTCCCTCAAGTGTCAATTCCTGGAG
ATCAGATCACATTAGAATACATAAATAATCCACACCTGGTATCACGATTIGOCTCTITTICE
CATCCCAGTTAGOAGGTCTAAACTACCTGTCATGCAGTAGGCTCTTCAATCGAAACATAG
GUGACCCGOTOOETTTCCGCAGTTGUAGATCTTAAGAGATTAATTAAATCAGGATGTATGE
ATTACTGGATCCTTTATAACTTATTAGGGAGAAAACCGGGAAACGGCTCATGGGCTACTT
TAGCAGCTGACCCGTACTCAATCAATATAGAGTATCAATACCCTCCAACTACAGCTCTTA
AGAGGCACACCCAACAAGCTCTGATGGAACTCAGTACGAATCCAATGTITACGTGGCATA
TTCTCTGACAATGCACAGGCAGAAGAAAATAACCTIGCTAGGTTTCTCCTGOATAGGGAG
GTCATCTTTCCGCGTGTAGCTCACATCATCATTIGAGCAAACCAGTGTCGGGAGGAGAAAA
CAGATTCAAGGATATTIGGATTCAACTAGATCGATAATGAGGAAATCACTAGAAATTAA
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GCCCTTATCCAATAGUAAGOTTAATGAAATACTGGATTACAACATCAATTACCTAGCTTA
CAATTTCGCATTACTCAAGAATGCTATIGAACCTCCCGACTTATTITGAAGGCAATGACACT
TGAAACATGTAGCATCGACATTIGCAAGGAACCTCCGUAAGUTCTCCTGGGCCCCACTCTT
GOGTGGGAGAAATCTTGAAGGATTAGAGACGCCAGATCCCATTIGAAATTACTGCAGGAG
CATTAATTGTTGGATCGGGCTACTGTGAACAGTGTGCTGCAGGAGACAATCGATICACAT
GOTTTTTCTTGCCATCTCOTATCOAGATAGGAGGGUATCCCCGTGATAATCCTCCTATCC
GTGTACCGTACATTIGGCTCCAGCGACTGATCGAGAGGAGGGTAGUCTCAATGGCATACATC
AGGGGTGCCTCOAGTAGCTTAAAAGCAGTTCTTAGACTGGCGGGAGTGTACATOTGGGT
ATTCOGAGATACTCTGCAGAATTGCGATAGATGCACTGGATTTIGICTCACACTAGAGTTAA
CATCACACTTGAACAGCTGCAATCCCTCACCCCACTTCCAACCTCTGCCAATCTAACCCA
TCGOGTTGGATGATGOCACAACTACCCTAAAGTITACTCCTGCCAGUTCTTACACCTITICA
AGTTTCACTCATATATCAAATGATGAGCAATACCTGACAATTAATGACAAAACTGCAGAT
TCAAATATAATCTACCAACAGTTAATGATCACTGGACTCGGAATCTTAGAAACATGGAAT
AATCCCCCAATCAATAGAACATICGAAGAATCTACCCTACATTTGCACACTGGTGCATCA
TOTTGTGTCCGACCTGTGOACTCCTGCATICTCTCAGAAGCATTAACAGTCAAGCCACAT
ATTACAGTACCCTACAGCAATAAATTTIGTATTTGATGAGGACCCGUTATCTGAATATGAA
ACTGUCAAAACTOCAATCOTTATCATICCAAGCCCAATTAGCGCAACATTICGATGCTGTAGAT
ATCGACAGGTAAATTAACATTATTCTCCCAATTCACTGCAAGGCAGATTATCAATGCAATC
ACTGOACTCCATGAGTICIGTICTCTCTTACTAATCATGCCATTIGTIGCATCAGACTATGICT
CCAATTGOATTAGTGAATGCATGTATACCAAATTAGATGAATTATTTATGTATIGTGGGET
GOGAACTACTATTGCAACTATCCTATCAAATGTATTATCTCAQGOGTAGTTIGGGTGGAGTA
ATATAGTGCATTATTCTTACATCATCTTGAGAAGAATCCCGOGTGCAGCATTAAACAATC
TCGCATCTACATTAAGTCATCCAAAACTTITTCCCACCAGCTATCAACCTAGATATAGTIC
CCCCCTTAAATOCTCCTCATTTTGCATCTICTCGALCTACATCAAGATCGAGTGTGCATGCAAT
ACTCTGOGOCTGTAAAAGAGTCATCAATGTGCTCTCCAATGOAGGOGACTTAGAATTAGT
TCTIGACATCTGAAGATAGCCTTATICTCAGTGACCGATCOCATGAATCTCATTIGCAAGGAA
ATTAACTITATTATCACTGATICACCATAATGOTITGOAACTACCAAAGATTAAGGGGTT
CTCTCCTGATCAGAAGTOTTTICGCTTIGACAGAATTTITTIGAGGAAAGTGGTCAACTCAGS
GTTCGAGTTCAATAGAGAACCTATCAAATITTATGTACAATGTGGAGAALCLACGGLTIGE
AGCATTCGUCAGCAACAATTACTACCTGACCAGAAAATTATTGAATICAATACGAGATAL
TGAGTCGGGTCAAGTAGCAGTCACCTCATATTATGAATCATIAGAATATATIGATAGTCT
TAAGCTAACCCCACATGTGCCTGGCACCTCATGCATTCGAGGATOATAGTCTATGTACAAA
TCATTACATAATCTGGATCATAGAGTCTAATCCAAACTTGCAGAAGTATCCAATTCCAAA
TAGCCCTGAGGATCGATTCCAATTITCCATAACTTITAAGTTIGAATGCTCCATCGCACCATAC
CTTACGCCCATTAGGGTTGTCATCAACTGCTTGOTATAAGGOTATAAGCTGCTGCAGGTA
CCTTGAGCCGATTAAAGCTACCACAAGGTGATCATTITATATATTIGCAGAAGGTAGTGGTGC
CAGTATGACAATCATAGAATACCTATICCCAGGAAGAAAGATATATTACAATTICTTTATT
TAGTAGTGGTIGACAATCCCCCACAAAGAAATTATGCACCAATGCCTACTCAGTICATTGA
GAGTGTCCCATACAAGCTCTGGCAAGCACACACAGATCAATATCCCOAGATITTTICAGGA
CTTCATCCCTCTATGGAACGGAAACGCCOGUCATGACTGACATAGGAATGACAGCTTGTOT
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AGAATTCATCATCAATCGAGTCGGCCCAAGGACTTGCAGTTTAGTACATGTAGATITGGA
ATCAAGTGUAAGCTTAAATCAACAATGCCTOTCAAAGCCCGATAATTAATGCTATCATCAC
TGCTACAACTGTTTTGTGCOCCTCATGGOOTGUTTATTCTGAAATATAGTTGOTTGCCATTT
ACTAGATTTAGTACTTTGATCACTTTCTTATGGTGCTACTTITGAGAGAATCACTGTITCTTA
GGAGCACATATTICTGATCCAGUTAATCATCGAGGTTTATTTAATTTGTATCCTTGUCAACAA
CTTTGCATTCCAGACTOTCTCGCAGGUAACAGGAATOGGCOATGACTTTAACTGATCAAGG
GTTTACTTTGATATCACCTGAAAGAATAAATCAGTATTGGGATGGTCACTTIGAAGCAAGA
ACGTATCGTAGCAGAAGCAATTGATAAGGTGGTTCTAGGAGAAAATGCTCTATTTAATIC
GAGTCATAATGAATTAATTCTCAAATGTGGAGGGACACCAAATGCACGGAATCTCATCG
ATATCGAGCCAGTCGCAACTTTCATAGAATTTGAACAATTGATCTGCACAATGTTGACAA
CCCACTTGAAGGAAATAATTIGATATAACAAGGTCTGCGAACCCAGGATTATCGAAAGTTTAT
TACTCACTCCTTACAATTITAGGTCTICTTGGTAAAATCAGTACCGATAGTGAGATTATTAAC

GATCGTGAAGCAGGACTTGGAATTCGGCATATTCAGCGATTACTICCATCCTCAATTICTGA
TCGOGTTCCTGAAGCTTTCTCCAAATAGGAAATACTTGATTGCACAATTAACTGCAGGCTA
CATTAGGAAATTGATTIGAGOGGCGATTGCAATATCCATCTAACCAGACCTATCCAAAAGT
AAATCTGOAAAGCATTAGGTTIGCTGTAGTCTATTCTCACGATCCAATCOATCAAAGGGAGT
CAACACGAGTTTATTCATATAAATATTAATCGAAGAAATAGACCGCGCGGATCCGATGOCGAG
GAAATCTAAACATATCAAGAATCAGAATTAGTTTAAGAAAAAAGAAGAGCATTAATCTT
GOETTTTCCCCTTGOTGGOTCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATC
COGAAGGAGCGACGCACCTCCACTCGGATGGCTAAGGGAGCGECCGGGCATCCGGCTGCTA
ACAAAGCCCGAAAGGAAGCTCAGTTGGCTGCTGCCACCGUTCAGCAATAACTAGCATAA
CCCCTTOGGGLCTCTAAACGGOTCTTGAGGCOTTTITTGCTCAAAGGAGGAACTATATCC
GGATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCOTAAAAAGGCCGCGTTGCT
GGCGTTTTTCCATAGGCTCCGCCCCCCTCACCGAGCATCACAAAAATCGACGCTCAAGTCA
GAGOTCGCCAAACCCGACAGCACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCLC
TCATGCOCTCTCCTCTTCCOACCCTOCCGCTTACCOGATACCTGTCCGCCTITCTCCCTTIC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTICGGTGTAGGTCGT
TCGCTCCAAGCTGGGCTGTGTGCACCGAACCCCCCOTTCAGCCCGACCGCTGLGCCTTATC
CGOTAACTATCGTCTTGAGTCCAACCCGOTAAGACACGACTTATCOGCCACTOGCAGCAGC
CACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAST
GGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGT
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTA
GUGGTGETTTTTITGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGOGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTTGOTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGA
AGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTA
ATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCC
CCGTCOTGTAGATAACTACGATACGGGAGGGCTTACCATCTGOCCCCAGTGCTGCAATGA
TACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA
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AGGGCCGAGCGCAGAAGTGOTOCTGCAACTTTATCOGCCTCCATCOAGTCTATTAATTGT
TGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATT
GOTACAGGCATCOTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCC
AACGATCAAGGCGAGTTACATGATCCCCCATGTTOTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCGATCGTTGTCAGAAGTAAGTTGGOCGCAGTGTTATCACTCATGGTTATGGCAG
CACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTA
CTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTC
AATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAAC
GTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAAC
CCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGE
AAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGA
ATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
COCOAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAA
ATAGGUGTATCACGAGGCCCTTTCGTCTCGCGCGTTTOGGTGATGACGGTGAAAACCTCT
GACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGA
CAAGCUCGTCAGGGCGCETCAGCGGGTETTGGCGGGTGTCOGGGUTGGCTTAACTATGC
GGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTCGAAATACCGCACAG
ATGCGTAAGGAGAAAATACCGCATCAGGCTAATACGACTCACTATAGGS (SEQ ID
NO:5).

{00102] The underlined sequence is the PIVS-AVLP genomic nucleic acid
sequence. The italicized and underlined sequence is the whole Pal nucleic acid

Sequence.

b, pGOBI1G- AVLP-NTTM-Pal
{60103] The pGOB10- AVLP-NTTM-Pal nucleic acid sequence is provided

herein from 57 10 37;

ACCAAGGGGAAAATGAAGTGGTGACTCAAATCATCGAAGACCCTUGAGATTACATAGGT
CCOOAACCTATGOCCTTCGTGACCGACCTCGAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTTTGGGCAATTTTTCOTCCCCGACACAAAAATGTICATCCGTGUTTAAAGCATATGAGC
CATTCACGCTCACTCAAGAACTGCAAGATCAGAGTGAGGAAGGTACAATCCCACCTACA
ACACTAAAACCOGTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
COCCTTCTTICTATTICTGCCTACGOATICTTCTCAGTAATGOTGCAAGGOATTCCCATCGCT
TTCGCGAGCATTACTCACAATGITITCOGCTACCATCAGCCACAATGCTCAATCATOTCAAATT
AGCTGACCAGTCACCACGAAGCTCATATCGAAAGOOTAGAGATCGATOOCTTTCGAGCGAGS
CATCATTCCOCTTAATCOCCAATGCTCGTICAGGTATCGAGCCOTGCAGAGATCAATOCCT
ATGCTGCACTIGCAGAAGATCTACCTCACACACTAAACCATGCAACACCTTICGTTIGATY
CCOAAGTCOAGGUAACTGCATGOCATGAGATTGAGACTTTCTTAGATATGTGTITACAGTG
TCCTAATCGCAGGCATGCATAGTCGACTTICGCAAGTCGCATCACTGCOCCAGACCAACCTGLTO
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CTTCTATTGAGAAACGCCTGUAAAAATATCGTCAGCAAGGCAGGATCAACCUGAGATAT
CTCCTGCAACCGOAGGCTCCACGAATAATCCAGAATGTAATCCGGAAGGGAATGGTGGT
CAGACATTTCCTCACCTTTGAACTGCAGCTTIGUCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGGGATGTTGOAAAGTATATAGAGAATTGTGGAATGGGAGGCT
TCITTTTGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTGCTTTAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTOCCTCATOGCATTATACCAGACCCTTIGGTGAGCA
GOCCCGATATITGGCCCTATTGGAGTCACCACATTITGATGCATTTTGUTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATGTGTTAGATGTCAACATGAGGAA
CTACGOCTITCTCCAGATCATACATGAACAAGACATATITCCAATIGOGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCCGAACGCACCCGAGATGGCAAATACACTTGCCAAATTGACCACAGCAAATCGAGGGGCA
GACACCAGGGGAGGAGTCAACCCGTTCTCATCTGTCACTGGGACAACTCAGGTGCCCGOT
GCAGCAACAGGTGACACACTCGAGAGTTACATGGCAGCGGATCGACTGAGGCAGAGATA
TGCTGATGCAGGCACCCATGATCGATCGAGATGCCACCATTGGAAGAGGAGGAAGAGGACG
ACACATCTGCAGGTCCACGCACTGOACCAACTCTTGAACAAGTGGCCTTIGGACATCCAGA
ACGCAGCAGTTCOAGCTCCCATCCATACAGATCACCTGAATGCCCCACTGOGTGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATTIGACATACCTAATTCATTAGTTAGATGG
AACTACAGTGCATTICCATAAGGTTICCTOCCTACCATCOGCTTTAAAGAAAAAAATAGGCC
COGOACGOOTTAGCAACAAGCGACTCGLCGOTCCCAACAGUGUAATCCACAATCTACAATG
GATCCCACTOATCTCGAGCTICTCCCCACATCGAGATCAATAAGCTCATAGAGACAGGLCTIG
AATACTGTAGACTATITTACTTCCCAACAAGTCACAGUAACATCCTCTCTTIGGAAAGAAT
ACAATACCACCAGGGUTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGOGCTCAGTTIGGTGOGOGTGCAAAACCAAAGAAACCGLOAL
CAAAAATTGCCATTIGTGCCAGCAGATGACAAAACAGTGCCCGGAAAGCCGATCCCAAAL
CCTCTATTAGGTCTGGALTCCACCCCGAGCACCCAAACTGTGUITGATCTAAGTGGGAAA
ACATTACCATCAGGATCUTATAAGGGGOTTAAGCTTGCCGAAATTTIGCAAAAGAAAATCT
GATGACACGGTTCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTCCCCCATCG
ATTTTAAGAGGGGCAGGGATACCGGLGGGTTCCATAGAAGGGAGTACTCAATCGCGATGG
GTGGOAGATGAAGTCAAGGTCACTCAGTGGTGUCAATCCATCCTGTICTCCAATCACCGCT
GCAGCAAGGUGATTTGAATGCACTIGTCACCAGTGTCCAGTCACTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGOGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATTICTCTCATCTCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTIGGAC
TTAAAGCAGGGATGGCTACTTTAGAAGGAATCATTACAACTGTGAAAATCATGGACCCG
GGAGTTCCCAGTAATGTITACTOTGGAAGATGTACGCAAGACACTAAGTAACCATGOTGTT
GTTGTGCCAGAATCATTICAATGATAGTTITCTTGACTCAATCTGAAGATGTAATTTCACTTG
ATCGAGTTGGCTCOACCAACTGUAACAAGTGTTAAGAAGATIGTCAGGAAGGTTCCTCCTC
AGAAGGATCTGACTGCATTGAAGATTACACTAGAGCAATIGGCAAAGGATTGCATCAGT
AAACCGAAGATGAGGUAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTGAGGCTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT

ACACTACACTGOGTATGACACTGTACTAACCCTGAGOUGTITTAGAAAAAACGATTAACGAT
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AAATAAGCCOGAACACTACACACTACCTGOGGLCGCCACCATGUTTGCAGAAGATGUCC
CIOTTAGGGUCACTTGCCGAGTATIATTITCGAACAACAACTTITAATCTTITCTATGCACALT
ACTAGCATTAAGCATCTCTATCCT T TATATGAAATCAGGAGTGAAACT GGACGAGCACGUTA

ATCAGGGAGACGCAGTCAGCACCCAGCCAAACCCCGAGAATGTCGCACAGGTCACCGTGGAC

CCACTGAACGATCCCAATTCTCCTCTGGUCAAGCGUAGUGTGTACTICGACTTIGATAGCTATT
COGTGCAGGACCAGTACCAGGCUCTGCT GCAGUAGCACGCUCAGTATCTGAAGAGUCACCIC
CAGAGGCACATCUTGATCCAGGGCAACACCGATGAGCGUGGLACATUCGAGTACAATCTGGC
CCTCGGOCAGAAGAGGGCAGAGGCCGTGUGGAGAGCCETG [GGGOGAC
GUCCAGATGGAGGCOGIGIUTCTGGGCAAGCGAGAAGCCCGTGGUCCTOGGGLACGACGAAG
CCTCTTGGGCACAGAATCGCCCGAGCAGACCTGGTGTATCAGUAGTGATAAGC TAGCTCTICCT
GCCATACTTCCTACTCACATCATATCTATITTAAAGAAAAAATAGGCCCCAACACTAATC
GIGCCGOCAGTGCCACTGCACACACAACATUTACACATACAATACACTCGCCGGCGLGEC
TAGCATGAAAAAGCCTGAACTCACCGUGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTT
COACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTT
COATOTAGGAGGGCOTGOATATGTCCTGCOGOTAAATAGCTGCGCCCATGGTTTCTACAA
AGATCCTTATGTTTATCGOCACTITGCATCCGCCGCOCTCCCCATICCGOAAGTGUTTGA
CATTGOGCAATICAGCCGAGAGCCTCACCTATTGCATCTCCCGCUCTGCACAGGOTOICAC
GITGCAAGACCTOCCTOAAACCOAACTOCCCGUTGTTCTGCAGCCOOTCGCOGAGGCUAT
GGATGCCATCGCTCCGGCCGATCTTAGCCAGACGAGCGOGTTCGGCCCATTCOGACCGL
AAGCGAATCGOTCAATACACTACATCCCCGTCATTITCATATCCGUOATTIGCTCATCCCCATG
TOTATCACTGGCAAACTOTCGATGOACCACACCOTCAGTCCOTCCOTCGUGCAGGUTCTCG
ATGAGCTCATGCTTTGGGCCCGAGGACTGCCCCCAAGTCCGGCACCTCOTGCACGUGUATT
TCGGUTCCAACAATOTCCTGACGOACAATGGLCGUATAACAGCGOTCATTGACTGGAGE
GAGGCGATOTTCOGOCATTCCCAATACCAGGTCCCCAACATCTICTTICTGOAGGCCETGE
TTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCOCAGGCATCCGGAGCTIGCCAGG
ATCGCCCCGOCTCCGOGOCOTATATOCTCCGCATTIGGTCTTCACCAACTCTATCAGAGCTT
GOTTCACGGCAATTITCGATCATGCAGCTIGOGCOCAGGOTCOATOLGACGCAATCGTOC
GATCCGGAGCCGGGACTGTICGGHGCGTACACAAATCGLCCGCAGAAGCGLGGLCCTICTGG
ACCGATOGCTGTGTAGAAGTACTCGCCCATAGTGOAAACCGACGCCCLAGCACTCGICT
GOATCOGGACGATGGOGGAGGCTAACTCTOGTCOCGOTGGLTCOCGCGCAGGTGGHTCGE
GTGGCGGCGGATCAATGGCATCCTATCCTTGTCACCAGCACGCGTCTGCATTICGACCAGG
CCGCTAGAAGCAGAGGGCACTCCAACCGCAGAACCGCACTGAGACCCCGUAGACAGLA
GGAGGCCACAGAAGTGAGOGCTGOAGCAGAAGATGCCCACTCTGCTGCGCOTCTACATCG
ACGGGCCTCACGOAATGGGCAAAACCACAACTACCCAGCTGCTGGTGGCCCTGHGAAGT
AGGOACGATATCOTGTACGTCCCTCGAGCCAATCGACCTATTGGCAGGTGCTGOGGGCATC
AGAAACAATCGCCAACATCTACACAACTCAGCATCGACTGOACCAGOGAGAGATCTCAG
CCOGGGUGATGCAGCTGTGOTCATGACCAGCGCACAGATTACAATGGGCATGCCATATGCA
GTCGACCGACGUTOTCCTGGCACCACACATCGGAGGAGAAGCAGGAAGCTCCCATGCACC
ACCTCCAGCTCTGACCCTGATCTITCGATCOGGCACCCTATTGCAGCCCTGCTGTGCTACCCA
GCTGCAAGATATCTGATGOGCTCTATGACCCCACAGOUCGTGCTCGGCTTTIGICGCACTG
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ATCCCCCCTACACTCCCTGGAACTAATATIGTGCTGGGOGCTCTGUCAGAGGACCGCCAT
ATCGATCCACTGGUAAAGCGACAGUGACCAGGAGAAAGGCTGGACCTGGCAATGCTCEE
COCTATTAGGCGCGTGTACGGCCTCUTGGUTAACACTOTCCGOTATCTGCAGGOAGGCGE
GTCTTGGAGAGAGGACTGGGGGUAGCTGAGTGGAACAGCAGTGCCACCCCAGGGAGCCG
AACCTCAGAGCAATGCTGGGCCCCGACCTCACATCGGAGATACTCTGTTCACCCTGTTIC
GOGCTCCAGAGCTGCTGOCACCAAACGGUGACCTGTACAACGTGTTCCGCATCGOGGCCCTG
GATGTOCTGGCCAAAAGACTGAGGCCCATGCACGTGTTTATTICTGGACTATGATCAGTCC
CCTGCAGGATGTCGAGATGCTCTGCTGCAGCTGACTTCCGGCATGGTGCAGACCCATGTIC
ACCACACCOGGOTCTATICCAACTATITGTCGACCTOGCAAGGACUTTITCGCAAGAGAGATG
GGAGAGGCTAACAGTGGAGGTGCAGGCAGCGGAGGCGGAGGTTCTGGTGOAGGCGGAA
GTATGGTGAGCAAGGGUGAGGAGGATAACATGGCCATCATCAAGGAGTTICATGCGCTTC
AAGGTGCACATGOAGGOCTCCOTGAACGOCCACGAGTTICGAGATCCGAGGGCGAGGGLG
AGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTIGGCCCC
CTGCCCTTCGCCTGGGACATCCTGTICCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTG
AAGCACCCCOCCUACATCCCCGACTACTIGAAGCTCTCCTTCCCCCAGGOUTTCAAGTGG
GAGCGCGTGATGAACTTICGAGGACGGCOGCOTGOTCACCGTIGACCCAGCACTCCTCCCT
GCAGCACGGUCAGTTCATCTACAAGGTCAAGCTGLGCGOCACCAACTICCCCTCOGALG
GCCCCOTAATOCACAAGAACACCATOGOCTGCCAGGCCTCCTCCCAGUCCGUATOTACCCT
GAGOACCGCGCLCTCAAGQOCCAGATCAAGCAGAGGCTGAAGCTCAAGCACGGCGECE
ACTACGACGCTCAGCTCAAGACCACCTACAAGGCCAAGAAGCCCOTGCAGCTGCCCGEC
GCCTACAACGTCAACATCAAGTTGGACATCACCTCUCACAACCAGGACTACACCATCOTG
GAACAGTACGAACGCGCCCAGGGCCCCCACTCCACCGRLGGCATGGACGAGCTGTACAA
GTAAACTAGTGOCAGAAGCCTTCAGOTCTCACCCAGCCAATCAAAGCATIATACCAGAL
CATGOAATGCATACCAAACATTATTIGACACTAATGACACACAAAATTGOTTITAAGAAA
AACCAAGAGAACAATAGGCCAGAATGOCTGOGTCTCCOGAGATATTACTCCCTCGAAGTL
CATCTCAATTCACCAATIGTAAAGCATAAGCTATACTATTACATICTACTTGGAAACCTCC
CAAATGAGATCGACCTTGACGATTTAGOTCCATTACATAATCAAAATTGGAATCAGATAG
CACATGAAGAGTCTAACTTAGCTCAACGCTTGGTAAATGTAAGAAATTTICTAATTACCO
ACATCCCTGATCTTAGAAAGGGLCATTIGOGCAAGAGTATOTCAATGTAATACTGTGGCCGC
GAATTICTTCCCTICATCCCGOATTTITAAAATCAATGACCAATTIOCCTCTGUTCAAAAATIC
GGACAAGTTAGTTAAAGAATCATGTTCAGTAATCAATGCAGGTACTICCCAGTGCATTCA
GAATCTCAGCTATGGACTGACAGGTCGTGGGAACCTCTTTACACGATCACGTGAACTCTC
TOGTGACCGCAGGOATATIGATCTTAAGACAGTTGTGOCAGCATGGCATGACTCAGACTG
GAAAAGAATAAGTGATTTTIGOATTATGATCAAATTICCAGATGAGACAATTAATTIGITAG
GCAAACAGATCATAATGATTICTCGATTTAATCACGTATATCGAAAATAGAGAAGGCATAA
TCATCATAACCCCTGAACTGOTAGCATTATITAACACTCAGAATCATACACTAACATACA
TGACCTTTGAAATTGTACTGATGGTTTCAGATATGTACGAAGGTCGTCACAACATITTATC
ACTATGCACAGTTAGCACTTACCTGAATCCTCTGAAGAAAAGAATAACATATITATIGAG
CCTTGTAGATAACTIAGCTITTCAGATAGGTGATGCTGTATATAACATAATTGCTTTIGCTA
CGAATCCTTTGTATATGCACAGTIGCAAATOCTCAGATCCCATCCCAGAACTCAGAGGACAA
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TTICCATGCATTCGTATGTTCTGAGATTUTTGATGCACTAAGAGGAACTAATAGTITCACCC
AGCGATGAATTAAGAACTOTGACAACTAATTTGATATCCCCATTICCAAGATCTGACCCCAG
ATCTTACGGCTOAATIGCTCTGTATAATCGAGCGCTTTGOGGACACCCCATGCTCACTGCCA
GTCAAGCTGCAGGAAAGGTACGUGAGTCTATGTGTGCTGGAAAAGTATTAGACTTTCCCA
CCATTATGAAAACACTAGCCTTITICCATACTATICTGATCAATGGATACAGGAGGAAGC
ATCATGGAGTATGGCCACCCTTAAACTTACCGGGTAATGCTTCAAAGGGTCTCACGGAAC
TTATGAATGACAATACTGAAATAAGCTATGAATTICACACTTAAGCATTGGAAGGAAGTCT
CITCTTATAAAATTCAAGAAATGTTTTIGATGCAGACGCAGGTGAGGAACTCAGTATATITA
TOAAAGATAAGGCAATTAGTGCCCUCAAAACAAGACTGCGATCAGTGTGTTTAGAAGAAGC
CTAATCAAACAGCGCCATCAGCATCATCAGGTCCCCCTACCAAATCCATTCAATCGACGG
CITOTTIGCTAAACTTTCTCGGAGATCGACAAATTCCGACCCGAATGTGCAGCTACAGTATGTA
ACATCAGGTGAGTATCTACATCGATGACACGTTTTIGTGCATCATATTCACTAAAAGAGAAG
GAAATTAAACCTGATGGTICGAATTITTIGCAAAGTICACTAAGAGAATGAGATCATGTCAA
GITATAGCAGAATCTCTTTTAGCGAACCATGCTGGUAAGTTAATCGAAAGAGAATGGTIGTT
GTGATGAATCAGCTATCATTAACAAAATCACTATTAACAATGAGTCAGATTGGAATAATA
TCCGAGAAAGCTAGAAAGTCAACTCGAGATAACATAAATCAACCTGGTTTCCAGAATAT
CCAGAGAAATAAATCACATCACTCCAAGCAAGTCAATCAGCCAGATCCAAGTGATGACT
TTCAATTGGCAGCATCTITTTITAACTACTCATCTCAAAAAATATTIGTITACAATGGAGGTA
CCAGACAATTATCCCATTTGCTCAATCATTAAACAGAATGTATGGTITATCCTCATCTICTTT
GAGTGCATTCACTTACGGCTAATGCOTAGTACACTTITACGTGOQGGATCCCTTCAACCCA
CCAGCAGATACCAGTCAATTTCATCTAGATAAAGTAATTAATGCAGATATCTTCATTIGTA
TCACCCAGAGGTIGGAATTGAAGOCGCTGTOTCAAAAQGGCTTCGACAATGATATCTATCGCT
GTCATAATTICTATCTGCCACAGAGTCTGOCACACGAGTAATOAGTATGOTOCAGGGAGA
TAATCAAGCAATTGCTGTCACCACACGAGTACCAAGGAGCCTGLCGACTCTIGAGAAAA
AGACTATTGCTITTAGATCTITGTAATCTATTCTTTGAGAGGTTAAAATGTAATAATITIGG
ATTAGGTCACCATTTCGAAAGAACAAGAGACTATCATTAGTICTCACTICTTTOTTTATAGC
AAGAGAATATICTATCAGGGGAGGATTCTAACGCAAGCCTTAAAAAATGCTAGTAAGLT
CTGCTTCACAGCTGATGTICCTAGGAGAATGCACCCAATCATCATGTTCTAATCTTGCAAL
TACTGTCATCAGGITAACTGAGAATGOTOTTGAAAAAGATATCICTITICTACTTGAATAT
CTATATGACCATCAAACAGCTCTCCTATCATATCATCTTICCCTCAAGTGTCAATTCCTGGA
GATCAGATCACATTAGAATACATAAATAATCCACACCTGOGTATCACGATTIGGCTCITITG
CCATCCCAGTTAGGAGGTCTAAACTACCTGTCATGCAGTAGOCTGITCAATCGAAACATA
GGCCACCCOGTGOTTTCOGCAGTTGCAGATCTTAAGAGATTAATTAAATCAGGATGTATG
GATTACTGCATCOTTTATAACTTATTAGGGAGAAAACCGGGAAACGOCTCATGGGCTACT
TTAGCAGCTGACCCGTACTCAATCAATATAGAGTATCAATACCCTCCAACTACAGCTCTT
AAGAGGCACACCCAACAAGCTCTCATGGAACTCAGTACGAATCCAATGTTACGTGGCAT
ATTCTCTGACAATGCACAGGCAGAAGAAAATAACCTTGCTAGOTTICTCCTGGATAGGGA
GGTGATCTTITCCGCGTGTAGCTCACATCATCATTGAGCAAACCAGTGTCOGGAGGAGAAA
ACAGATTICAAGGATATTTGCATTCAACTAGATCGATAATGAGGAAATCACTAGAAATTA
AGCCCTTATCCAATAGGAAGCTTAATGAAATACTGCGATTACAACATCAATTACCTAGCTT
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ACAATTTGGCATTACTCAAGAATGCTATTGAACCTCCGACTTATITGAAGGCAATGACAL
TTGAAACATGTAGCATCGACATTGCAAGGAACCTCOGGAAGCTCTCCTGGGOCCCACTCT
TGGGTCGGAGAAATCTTGAAGGATTAGAGACGCCAGATCCCATTGAAATTACTGCAGGA
GCATTAATTGTTGGATCGGOCTACTGTCGAACAGTGTGCTGCAGGAGACAATCGATTCACA
TGEGITITTCTTGCCATCTIGGTATCGAGATAGGAGGGGATCCCCGTGATAATCCTCCTATCC
GTGTACCGTACATTIGOCTCCAGCGACTGATCGAGAGGAGGGTAGOCTCAATGGCATACATC
AGGGGTGCCTCGAGTAGCTTAAAAGCAGTTCTTAGACTGGCGGGAGTGTACATCTGHGE
ATTCGGAGATACTCTGGAGAATTGGATAGATGCACTGGATTIGTCTCACACTAGAGTTAA
CATCACACTTGAACAGCTGCAATCCCTCACCCCACTICCAACCTCTGCCAATCTAACCCA
TCGOTTGOATGATGUCACAACTACCCTAAAGTTTACTCCTGCGAGCTCTTACACCTTTTICA
AGTTTCACTCATATATCAAATGATGAGCAATACCTGACAATTAATGACAAAACTGCAGAT
TCAAATATAATCTACCAACAGTTAATGATCACTGGACTCGGAATCTTAGAAACATGGAAT
AATCCCCCAATCAATAGAACATTICGAAGAATCTACCCTACATTTGCACACTGGTIGCATCA
TCITGIGTCCGACCTGTGGACTCCTGCATICTCTCAGAAGCATTAACAGTCAAGCCACAT
ATTACAGTACCGTACAGCAATAAATTTICTATTTGATCGAGGACCCGUTATCTGAATATGAA
ACTGUAAAACTGOAATCGTTATCATTCCAAGCCCAATTAGGCAACATTCGATGCTGTAGAT
ATGACAGGTAAATTAACATTATTGTCCCAATTCACTOCAAGGCAGATTATCAATGCAATC
ACTGOACTCCATCGAGTCTIGTCTCTCTTACTAATCATGCCATTGTIGCATCAGACTATGTICT
CCAATTGGATTAGTCAATGCATCTATACCAAATTAGATGAATTATTTATGTATTIGTGGGT
GOGAACTACTATTIGCGAACTATCCTATCAAATGTATTATCTCAQGGTAGTIGGGTGGAGTA
ATATAGTGOGATTATTCTTACATCATCTTCAGAAGAATCCCGUGTCCAGCATTAAACAATC
TCGCATCTACATTAAGTCATCCAAAACTTITTCCCACGAGCTATCAACCTAGATATAGTTG
CCCCCTTAAATOCTCCTCATTITGCATCICTCOALCTACATCAAGATCGAGTGTGCATGCAAT
ACTCTGOGOGCTCTAAAAGAGTCATCAATGTGCTCTCCAATGGAGGOCACTTAGAATTAGT
TOTGACATCTGAAGATAGCCTIATICTCAGTGACCGATCOATGAATCTCATTGCAAGGAA
ATTAACTITATTATCACTGATICACCATAATGOTTTGCAACTACCAAAGATTAAGOGOTT
CTCTCCTGATOAGAAGTOTTTCGCTTIGACAGAATTTTTGAGGAAAGTGGTOAACTCAGS
GITGAGTTCAATAGAGAACCTATCAAATTTTATGTACAATGTGGAGAACCCACGGCTIGE
AGCATTCGUCAGCAACAATTACTACCTGACCAGAAAATTATTGAATICAATACGAGATALC
TCAGTCCOGTCAAGTAGCAGTCACCTCATATTATCGAATCATTAGAATATATIGATAGTCT
TAAGCTAACCCCACATGTGCCTGGCACCTCATGCATTGAGGATCGATAGTCTATGTACAAA
TCATTACATAATCTGOATCATAGAGTCTAATGCAAACTTIGGAGAAGTATCCAATTCCAAA
TAGCCCTGAGGATGATTCCAATITCCATAACTTITAAGTTGAATGCTCCATCGCACCATAL
CTTACGCCCATTAGGGTTGTCATCAACTOUTTGGTATAAGGOTATAAGCTGCTGCAGGTA
CCTTGAGUCGATTAAAGCTACCACAAGGTGATCATTTATATATIGCAGAAGGTAGTGGTGE
CAGTATGACAATCATAGAATACCTATTICCCAGGAAGAAAGATATATTACAATICTTTATTY
TAGTAGTGGTGACAATCCCCCACAAAGAAATTATGCACCAATGCCTACTCAGTTCATTIGA
GAGTGTCCCATACAAGCTCTGGCAAGCACACACAGATCAATATCCCGAGATTTTTGAGGA
CTTCATCCCTCTATGGAACCGGAAACGCCGUCATGACTGACATAGGAATGACAGCTIGTGT
AGAATTCATCATCAATCCGAGTCOGCCCAAGGACTTGCAGTTTAGTACATGTAGATTITGGA
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ATCAAGTGCAAGCTTAAATCAACAATGOCTGTCAAAGUCGATAATTAATGCTATCATCAL
TCCTACAACTGTTTTGTGCCCTCATGGOGTCUTTATICTGAAATATAGTTGOTIGCCATTT
ACTAGATITAGTACTTTGATCACTITCTTATGGTGCTACTITGAGAGAATCACTOTICTTA
GGAGCACATATTICTGATCCAGCTAATCATGAGGTITATTTAATTTGTATCCTTGCCAACAA
CITTGCATTCCAGACTOTCTCGCAGGCAACAGGAATGGCGATGACTTTAACTGATCAAGG
GTTTACTTTIGATATCACCTGAAAGAATAAATCAGTATTGGCATCGTCACTIGAAGCAAGA
ACGTATCGTAGCAGAAGCAATTGATAAGGTGGTTCTAGGAGAAAATGCTCTATTTAATTC
GAGTCATAATGAATTAATTCTCAAATGTGCAGGGACACCAAATGCACGGAATCTICATCG
ATATCCGAGCCAGTCGCAACTTTCATAGAATTTGAACAATTGATCTGCACAATGTTGACAA
CCCACTTGAAGGAAATAATTIGATATAACAAGGTCTGCGAACCCAGGATTATGAAAGTTTAT
TACTCACTCCTTACAATTITAGGTCTICTTGGTAAAATCAGTACGATAGTGAGATTATTAAC

GATCGTGAAGCAGGACTIGGAATTCGGCATATTICAGGATTACTTCCATCCTCAATTICTGA
TCGOTTCCTGAAGCTTTCTCCAAATAGGAAATACTTIGATTGCACAATTAACTGCAGGCTA
CATFAGGAAATTGATTCGAGGOOUATTGCAATATCGATCTAACCAGACCTATCCAAAAGT
AAATCTGCAAAGCATTAGOTTGTGTAGICTATTGTCACCGATCCAATGGATCAAAGGGAGT
CAACACGAGTTITATTCATATAAATATTAATCGAAGAAATAGACCOCGCGGATCGATGOCGAG
GAAATCTAAACATATCAAGAATCAGAATTAGTTITAAGAAAAAAGAAGAGOATTAATCTET
GOTTTTCCCCTIGGTOGGTCGGCATGGCATCTCCACCTCCTCGCGGTCCGACCTGGGCATC
COGAAGGAGGACGLACGTCCACTCGGATGGCTAAGGGAGCGGCCGGGGATCCGGCTGCTA
ACAAAGCCCGAAAGGAAGCTCAGTTGGCTGCTGUCACCGCTCAGCAATAACTAGCATAA
CCCCTTCGOGCCTCTAAACGGGTCTTCAGGGGTTTITTGCTCAAAGGAGGAACTATATCC
GGATCATGTCGAGCAAAAGGCCAGCAAAAGGCCAGGAACCOTAAAAAGGCCGCGTTGLT
GGCOTTTTICCATAGGCTCCGCCTCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGUGTTTCCCCCTGGAAGCTCCC
TCGTGCGCTCTCCTGTTCCCACCCTOCCGCTTACCGGATACCTGTCCGCCTTTCTECCTIC
GGGAAGCGTGOCGCTTICTCATAGCTCACGCTCTAGGTATCTCAGTTCGGTGTAGGTCGT
TCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTICAGCCCGACCGCTGCGCUTTATC
CGOTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCOCCACTGGCAGCAGC
CACTGGTAACAGCGATTAGCAGAGCGAGGTATGTAGGCOOGTGCTACAGAGTTCTTGAALT
GGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGE
CAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGOTA
GCGOTGGTTTITITGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGGTOTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGA
AGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGLTTA
ATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCC
CCGTCOTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGA
TACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA
AGGGCCGAGUGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGT
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TGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATT
GCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCC
AACGATCAAGGUGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCG
GTCCTCCGATCGTTGTCAGAAGTAAGTTOGCCGCAGTGTTATCACTCATGGTTATGGCAG
CACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGUTITTTCTGTGACTGGTGAGTA
CTCAAGTCAATACGGGATAATACCGUGCCACATAGCAGAACTTTAAAAGTGCTCATCATT
GGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGUTGTTGAGATCCAGTTICG
ATGTAACCCACTCOTGCACCCAACTGATCTTCAGCATUTTITACTITCACCAGCGTITCTG
GGTGAGCAAAAACAGGAAGGCAAAATGCCGUAAAAAAGGGAATAAGGGCGACACGGAA
ATGTTGAATACTCATACTCTTICCTTTTICAATATTATTGAAGCATTTATCAGGGTTATTGY
CTCATGAGCGGATACATATITGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGT
ACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAALCC
TATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGLGCOTITCGGTGATGACGGTGAA
AACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGG
GAGCAGACAAGCCCGTCAGGGLCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTA
ACTATGUGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTGAAATAL
CGUCACAGATGUGTAAGGAGAAAATACCGCATCAGGCTAATACGACTCACTATAGGG
(SEQ ID NO:6).

{301064] The underlined sequence 1s the PIV3-AVLP genomic nucleic acid
sequence. The italicized and underlined sequence is the whole Pal nucleic acid
sequence. The double underlined sequence is the AOS modified NTTM-Pal nucleic

acid sequence.

3. CP{ vaccine sequences
a. pMHD106- CPI-NTTM-OspAprsr
{B0105] The pMHD106- CPI-NTTM-OspAspsrx nucleic acid sequence is

provided herein from 57 to 37

ACCAGGGGGAAAACGAAGTGUTOACTCAAATCATCCAAGACCCTCCGAGATTACATAGHT
CCGOAACCTATGOCCTTCGTIGACCOACCTCOAGTCAGAGTAGTICAATAAGGACCTATCA
AGTITGGOCAATTTITCOTCCCCOACACAAAAATOTCATCCGTGOUTTAAAGCATATGAGC
GATTCACACTCACTCAAGAACTGCAAGATCAGAGTGAGGAAGGTACAATCCCACCTACA
ACACTAAAACCCGOTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
COGCTTCTICTATTICTGCCTACGGATIOTTCTCAGTAATGOTGLAAGGOATTCCCATOGCT
TTIGGAGCATTACTTACAATGTTITICGCTACCATCAGCCACAATGCTCAATCATGTCAAATT
AGCTGACCAGTCACCAGAAGCTGATATCGAAAGGGTAGAGATCGATGGCTTTGAGGAGG
GATCATTCCGCTTAATCCCCAATGCTCGTTCAGGTATGAGCCGTGGAGAGATCAATGCCT
ATGCTGCACTTIGCAGAAGATUTACCTGACACACTAAACCATGCAACACCTTITGTTGATT
CCCAAGTCGAGGGAACTOCATGGUGATGAGATTCGAGACTTTCTTAGATATGTGTITACAGTG
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TCCTAATGCAGGCATGCATAGTGACTTGUAAGTGCATOGACTGCGCCAGACCAACCTGETG
CITTCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGCAGCGATCAACCUGAGATAT
CTCCTGCAACCGGAGGCTCCAAGAATAATCCAGAATGTAATCCGAAAGGGAATGGTGGET
CAGACATTTCCTCACCTTTGAACTGCAGCTTGUCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGGGATGTTGOAAAGTATATAGAGAATTIGTGGAATCGGAGGCT
TCTTTTTGACACTAAAATATGCATTAGGAACCAGATOGCCCACACTTGCTITAGCTGCATY
TTCAGGAGAGUTAACAAAGCTAAAGTOCCTCATGGCATTATACCAGACCCTTIGGTGAGCA
GGCCCGATATTITGGCCCTATTGGAGTCACCACATITCGATGCGATTTTGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGOAATAGGCTATOTOTTAGATGTICAACATGAGGAA
CTACGCTTTCTCCAGATCATACATGAATAAGACATATTICCAATTGGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCGAAUGCACCCGAGATGOCAAATACACTTIGCCAAATTCGACCACAGCAAATCGAGGGGCA
GACACCAGGGGAGGAGTCAACCCGTTCTICATCTATCACTGGGACAACTCAGGTGCCCGOT
GCAGCAACAGOTGACACATTICGAGAGTTACATGGCAGCGGATCGACTGAGGCAGAGATA
TOCTCGATGCAGGCACCCACGATOATCGACGATGCCACCATIGUAAGAGOAGUCAAGAGGACG
ACACATCTGCAGGTCCACGCACTCGCACTAACTCTIGAACAAGTGGUCTIGOACATCCAGA
ACGCAGCAGTTOCAGCTCCCATCCATACACGATCGACCTCGAATGCCGCACTGOGTCATCTIC
ACATCTAGACAATTCAGATCCCAATCTTAAATCCACACACCTAATTCACCAGTTAGATGG
AACTACAGTGCATTCCATAAGGTICCTGCCTACCATCGGCTTTITAAGCAAAAAAATAGGCC
COCACGGOTTAGCAACAAGCCACTGCCCATCCCAATAACACAATCCACAATCTACAATG
GATCCCACTGATCTCAGCTTCTCCCCACATCAGATCAATAAGCTCATAGAGACAGGCCTS
AATACTGTIGGAGTATITTACTTCCCAACAAGTCACAGGAACATCCTCTCTTGGAAAGAAT
ACAATACCACCAGGGOTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACCAACCATCAGAAGGOGTTCAGTTOGTGOOGGUGLAAAACCAAAGAAACCGCGAL
CAAAAATTGCCATIGTGUCAGCAGATGACAAAACGOTGCCCGOAAAGCCGATCCCAAAC
CCTCTATTAGGTICTGCACTCCACCCCGAGCACCCAAACTGTGUTTGATCTAAGTGGGAAA
ACATTACCATCAGGATCCTATAAGGGGOTTAAACTIGUGAAATTTGOAAAAGAAAATCT
GATGACACGGTTCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAATTCCCCCATCG
ATTTTAAGAGGGOCAGGUATACCGGLGOUTICCATAGAAGGGAGTACTCAATCGGATGG
GTGGUGAGATGAAGTCAAGGTCACTGAGTGOTGUAATCCATCCTGTICTCCAATCACCGCT
GUAGCAAGGUGATTTGAATGCACTIGTCACCAGTGTCCAGTCACTTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATICTCTCATCTCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTGGAC
TTAAAGCAGGGATGGCTACTTITAGAAGGAATCGATTACAACTGTGAAAATCATGGACCCG
GGAGTTCCCAGTAATGTTACTGTGGAAGATGTACGCAAGAAACTAAGTAACCATGCTIGTT
GITGTGCCAGAATCATTCAATCGATAGTTTCTTGACTCAATCTGAAGATGTAATITCACTIGC
ATGAGTTGGCTCOACCAACTGCAACAAGTGTTAAGAAGATTGTCAGGAAGGTTCCTCCTC
AGAAGGATCTGACTGOGATTGAAGATCACACTAGAGCAATTGOUAAAGGATTGCATCAGC
AAACCGAAGATGAGGGAACGAGTATCTCCTCAAAATCAACCAGGUITCCAGTGAGGCTCA
GUTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT
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ACACTACACTGGTATGACACTGTACTAACCCTGAGGGTITTAGAAAAAACGATTAACGAT
AAATAAGCCCGAACACTACACACCACCUCGAGGCAGCCATGCCATCCATCAGCATCCCCG
CAGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTGTGATCAACCGTGATG
GGGGTGAGAAAGGTCGCTTGGTTAAACAACTACGCACAACCTACTTGAATGACCTAGAT
ACTCATGAGCCACTCOTGACATTCGTAAATACTTATGGATTCATCTACGAACAGGATCGG
GOAAATACCATTIGTCGGAGAGGATCAACATGGGAAGAAAAGAGAGGCTOTCGACTGCTGE
AATGGTTACCCTTGGATGTGGGCCTAATCTACCATCATTAGGGAATGTICCTGGGACAACT
GAGTCAATTCCAGGTCATTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTCTTTG
AAATTGTTAAGTATCCGAGAATATTITCGGGGTCATACATTAATCCAGAAAGGACTAGTCT
GTGTCTCCGCAGAAAAATTTGTTAAGTCACCAGGGAAAGTACAATCTGGAATGGACTATC
TCTTCATTCCGACATTTCTGTCAGTGACTTACTGTCCAGCTGCAATCAAATTITCAGGTACC
TOGCCCCATOTIGAAAATCGAGATCAAGATACACTCAGAGCTTACAACTTGAACTAATGAT
AAGAATCCTGIGTAAGCCCGATTCGCCACTTATGAAGGTCCATATCCCTGACAAGGAAGG
AAGAGGATGTCTTGTATCAGTATGGTTGCATGTATGCAATATCTTCAAATCAGGAAACAA
GAATGOCAGTGACGTOGCAGGAATACTGCGATOGAGAAAGTGTGCTAACATGCAACTIGAAG
TOTCCGATTGCAGATATGTGOGCACCAACTATCATAATTCATGCCAGAGGTCACATTICCCA
AAAGTCCTAAGTTCTITITTGCGAAAQGQUTCCGATOGAGCTGCCATCCACTTCACGAAGTIG
TTCCAAQTGTCACTAAAACACTATGOTCCOTCOGUTGTCAGATTACAAAGGUCAAGGCA
ATAATACAAGAGAGTAGCATCTCTCTICTCGTGCAGACTACTCACATCATAAGTCCAAAA
GTCAAAATTTCATCTAAGCATCOCCCGCTITGOUAAATCAAATTIGCGOTCTCTTCAAGAAA
ACCAAATCACTGCCCAACCTCGACGCAGCTGGAATCACTCACCCCCAATCCAGACTACAL
CACCTCAAACTATAGGTIGGOTGGTACCICAGTCATTAATCTCGTAAGCACTGATCGTAGG
CTACAACACACTAATATTATCCAGATTAGACAGCTTAATTAGCTCTCGTATTAATAATAAC
ACTACTATTCCAATAACTGGAATCACCAGCTIGATTTATCTCCAAAATOATICAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCOTCCTTCAAATCATGOGTAC
TATAATTCAATTICTCOTGGICTCCTGTCTATTGQCAGGACCAGGCAGTCTIGATCCAGC
AGCCCTCATGCAAATCGGTGTCATTCCAACAAATCTOCCGCAACTTATGTATTATACTGA
GGCCTCATCAGCATICATIOTTGTGAAGTTAATGLCTACAATIGACTCGCCGATTAGTIGE
ATGTAATATAACATCAATITCAAGLTATAATGCAACAGTGACAAAACTCCTACAGLCGAT
CGOTCAGAATTIGCAGALCGATTAGUAACCAGTTOATTCCAACTCGGAGGAGACGCLGOT
TTGCAGGOGTGGTGATTGOATTAGCTGCATTAGGAGTAGCTACTGCCGCACAGGTCACTG
CCGCAGTAGCACTAGTAAAGGCAAATGAAAATGCTGCGGUTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTIGUCAGATCGTGGTCCAGGCCACACAATCACTAGG
AACAGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGGTAAGTCCAGCAATTACAG
CAGCCAATTGTAAAGCCCAAGATGUTATCATTIGOCTCAATCCTCAATCTCTATTITGACCG
AGTTCGACAACTATCTTCCACAATCAAATTACAAACCCTGCATTGAGTCCTATTACAATIC
AAGCTTTAAGGATCCTACTAGGGAGTACCTTGCCGACTGTGGTCGAAAAATCTTTCAATA
CCCAGATAAGTGOGGCTOGAGCTTCTCTCATCAGGGTTATTGACAGGCCAGATTGTGGGAT
TAGATTTGACCTATATGCAGATGOTCATAAAAATTGAGCTGCCAACTTITAACTGTACAAL
CTGCAACCCAGATCATAGATCTGGCCACCATITCTOCATTCATTAACAATCAAGAAGTCA
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TGGCCCAATTACCAACACGTGTTATIGTGACTGGCAGUTTCGATCCAAGCCTATOCCGCAT
COCAATGCACTATTACACCCAACACTGTGTACTGTAGGTATAATGATGCCCAAGTACTCT
CAGATGATACGATCGCTTGUCTCCAAGGTAACTTGACAAGATGCACCTTICTCTCCAGTGG
TTGGGAGCTTTCTCACTCGATTCOTGCTGTTCGATGGAATAGTTTATGCAAATTGCAGGTC
GATGTTGTGCAAGTGCATGCAGCCTGCTGCTGTGATCCTACAGCCGAGTTCATCCCCTET
AACTOTCATIGACATOTACAAATGIGTGAGTCTGCAGCTICGACAATCTCAGATTCACCAT
CACTCAATTGGCCAATGTAACCTACAATAGCACCATCAAGCTTGAAACATCCCAGATCTT
GCCTATTGATCCOTTGGATATATCCCAGAATCTAGCTGCGOTCAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGUCACAAAGTGACACATACCTTTCTGCAATCACATCAGCTACGALC
TACAAGTGTATTATCCATAATAGCAATUTGTCTTGGATCOTTAGGTTTAATATTAATAATC
TTGCTCAGTGTAGTIGTGIGOAAGTTATTGACCATIGTCGCTGCTAATCGAAATAGAATG
GAGAATTTTGTTTATCATAATTCAGCATTCCACCACTCACGATCTGATCTCAGTGAGAAA
AATCAACCTGCAACTCTIGGAACAAGATAAGACAGTCATCCATTAGTAATTITTTAAGAAA
AAAACGATAGGACCGAAACTAGTATTGAAAGAACCGTCTCGOTCAATCTAGGTAATCGA
GCTGCTACCGICTCOGAAAGCTCAAATCATGCTGCCTCATCCGGAAGATCCGUAAAGCA
AAAAAGCTACAAGCAGAACAGGAAACCTAATTATCTGCTICCTATTCATCTTCTTTCCOT
TICTAAACTICATIGITCCAACTCTAAGACACTIGCTOTCCTAACACCTGCTATAGCGCTAT
CCACTGCATCATCTCTTITTAAGAAAAAAATAGGCCCGCACGGOTTAGCAACAAGOGACT
GCCQUTGCCAACAACACAATCCACAATCTACAGTCGACGCOGCCGLCACCATGOTTIGCA
GAACGATGCCCCTOTTAGGOCCACTTIGCCOAGTATTATTITCOAACAACAACTTTAATCTTT
CTATGCACACTACTAGCATTAAGCATCTCTATCOTTIATA TGAAGAAGTACCTGCTGGGCAT
COGCCTCATCCTGGOCCTGATCOCCTGCAAGCAGAACGTIGAGCTCCCTGGACGAGAAGAATA

GCGTOQTCCGTGGATCTGCCCHGOCHAGATCAACGGTGUTGGTGAGCAAGUAGAAGAACAAGEAC

GGUAAGTATGATCTGATCGUCACACGTGUGACAAGCTGGAGCTAAGGCGCACCAGTCGATAAGAAT

AATGGATCOGGUGTGUTGGAGGGAGTGAAGGCAGACAAGTCTAAGG T GAAGUTGACCATCAG

COACCATCTGOGUCAGACCACACTGGAGGTGTTCAAGQACGACGOUAACGACCCTGLTGTCCA

AGAAGGTGACATCTAAGGATAAGTCTAGCACCGAGGAGAAGTTTAACGAGAAGGGCOAGRTGT

CUCAGAAGATCATCACACGGGCCGACGGUACCAGACTGGAGTACACAGGCATCAAGTCLGAT

GGUTCTCGUAAGGUCAAGGAGGIGUTGAAGGGCTTCACACTGGAGGECAAGGTHECLAATGA
TAAGQTGACCCTOGAGUTCAAGCAGGUCACCGTOACACT GTCCAAGAACATCICTA
CCAGCGTGTCTGTGEAGL
GAACAGCAAGAL

ACALAGCH

TAGCGG
rACUACCGATTCCTCTGCCGUCACAAAGASGACCGUCGCUTG
ACCATCTC

GEACACAATCACCGT

TGTGAATAGCAAGAAGACCACACAGCTGGTGTTT
GCAGAAGTATGATAGCGUCGGAACCAACCTGGAGGGAACA
GCAGTGGAGATCAAGACCUTGGACGAGCTGAAGAATGCUCTGAAGTGAGCTAGCCTCCTGCC
ATACTTCCTACTCACATCATATCTATTTTAAAGAAAAAATAGGCCCGAACACTAATCGTG
CCOGGCAGTGCCCTGCACACACAACACTACACATACAATACACTACAATGOGTTGCAGAAG
ATGCCCCTGTTAGGGGCACTTIGCCGAGTATTATITCGAACAACAACTTTAATTTITICTATG
CACACTATTAGCATTAAGCATCTCTATCCTITATGAGAGTTITAATAACCCAAAAGCAAAT
CATGAGUCAAGCAGGCTCAACTGGATCTAATTCTAGATTAGGAAGTATCACTGATCTICT
TAATAATATTICTCTCTGTICGCAAATCAGATTATATATAACTCTGCAGTCGCTCTACCTCTA
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CAATTOGACACTCTTGAATCAACACTCCTTACAGCCATTAAGTCTCTTCAAACAAGTGAL
AAGCTAGAACAGAACTGCTCGTGOGETGCTGCACTGATTAATGATAATAGATACATTAAT
GOCATCAATCAGTTICTATTTICTCAATTGCTGAGGGTCGCAAGCTCGACACTTIGGCCCACTT
CTTAATATACCTAGTTTCATTCCAACTGCCACGACACCAGAGGGCTGCACCAGGATCCCA
TCATTCTCGUTCACCAAGACACACTGGTGTTATACACACAATGITATCCTGAATGGATGO
CAGGATCATGTATCCTCAAATCAATTITCTTTCCATOGGAATCATTGAACCCACTICTGCCG
GGTTTCCATCCTITCGAACCCTAAAGACTCTATATCTCAGCGATGGGGTCAATCGTAAGA
GCTGCTCTATCAGTACAGTTCCGGGGGUTTGTATCATGTACTGTTTCGICTCTACTCAACC
AGAGAGGGATGACTACTTTTCTACCGCTCCTCCAGAACAACGAATTATTATAATGTACTA
TAATGATACAATCGTIGGAGCGCATAATTAATCCACCCOGGGGTACTAGATGTATGGGCAA
CATTGAACCCAGGAACAGGAAGCGOGGGTATATTATITAGGTTIGGGTACTCITTCCAATAT
ATGGCGGCGTCGATTAAAGATACGAGTTTATGGAATAATCAAGCAAATAAATACTITATCC
CCCAGATGGTTGCTGCTCTCTGOTCACAAAACCAGGCAACTCAAGTCCAAAATGCTAAGT
CATCATACTATAGCAGCTGGTTTGGCAATCCGAATGATTCAGTCIGGGATCCTGGCATGTIC
CITCTTCAACAGOGATCTAACCAATGAGTCTITAGTTCTGCCCTTTTCTAATGATCAGGTGCT
TATGGOTGCTCGAAGGCACGATTATACATOTATOGTGACTCGGTIGTATTACTACCAAAGAAG
CAATAGTTIGOTGUCCTATCACCATGUTOTATAAGOTAACCATAACATTCACTAATGOTCA
GCCATCTGCTATATCAGCTCAGAATCTQCCCACACAGCAGOTCCCTAGACCTGCGGACAGG
AAGCTGCTCTGCAACAAATAGATCICCCGOTITITTGCTIGAAAGGAGTCTATGCTCATGE
CTGGTTACTCGACCAACCCTICGICTACCAGTACATITGOATCAGAAGCAACCTICACTGG
TTCTTATCTCAACGCAGCAACTCAGCOTATCAATCCOACCATGTATATCGCGAACAACAL
ACAGATCATAAGCTCACAGCAATTTGGATCAAGCGOTCAAGAAGCAGCATATGGCCACA
CAACTTGTTITAGGGACACAGGCTCTCTITATGOTATACTGTATCTATATTATTGAATTGTC
CTCATCTCTOTTAGGACAATIICAGATTOTCCCATITATCCGTCAGUTOGACACTATCCTAA
AGGCAGAAGCCTCCAGGTICTCGACCCAGCCAATCAAAGCATTATACCAGACCATGGAATG
CATACCAAACATTATIGACACTAATCACACACAAAATTGGTTITAAGAAAAALCCAAGAG
AACAATAGOCCAGAATCOCTOOGTCTCOGGUGAGATATTACTCCCTGAAGTCCATCTCAATT
CACCAATTGTAAAGCATAAGCTATACTATTACATTCTACTIGGAAACCTCCCAAATGAGA
TCGACATTGACGATITAGGTCCATTACATAATCAAAATIGGAATCAAATAGCACATGAAG
AGTCTAACTIAGCCCAACGUTTCOTAAATGTAAGAAATTTICTAATTACCCACATCCLTIC
ATCTTAGAAAGGGCCATTOGCAAGAGTATGTCAATGTAATACTETGGCCGLGAATTCTTC
CCTTGATCCCGOATTITTAAAATCAATGACCAATTIGCCTCTACTCAAAAATTGGGACAAGT
TAGTTAAAGAATCATGTTCAGTAATCAATGCGGOTACTTICCCAGTGCATTCAGAATCTCA
GUTATGGACTGACAGGTCOTGGGAACCTCTTTACACGATCACGTGAACTCTCTGGTGACC
GCAGGGATATTGATCTTAAGACGGTTIOTCGCAGCATCGUATCGACTCAGACTGGAAAAGA
ATAAGTGATTTTTGGATTATGATCAAATTCCAGATGAGACAATTAATTGTTAGGCAAACA
GATCATAATGATCCTGATITAATCACGTATATCGAAAATAGAGAAGGCATAATCATCATA
ACCCCTGAACTGGTAGCATTATTTAACACTGAGAATCATACACTAACATACATGACCTTT

ACAGTTAGCACTTACCTGAATCCTCTCGAAGAAAAGAATAACATATITATTGAGCCTIGTA
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GATAACTTAGCTTTTCAGATAGGTGATGCTGTATATAACATAATTIGCTTTGCTAGAATCCT
TTGTATATGCACAGTTGCAAATGTCAGATCCCATCCCAGAACTCAGAGGACAATTICCATG
CATTCGTATGTICTCAGATTCTITGATGCACTAAGGGGAACTAATAGTTTCACCCAGGATG
AATCAAGAACTGTCGACAACCAATTTIGATATCCCCATTCCAAGATCTGACCCCAGATCTTA
COGCTCGAATTGCTCTGTATAATGAGGCTTTIGGGGACACCCCATGUTCACCGUCAGTCAAG
CTGCGOGAAAGGTACGCGAGTCCATOTGTOCTGOAAAAGTATTAGACTITCCCACCATTA
TGAAAACACTAGCCTTTTTCCATACTATICTGATCAATGGATACAGGAGGAAGCATCATG
GAGTATGGCCACCCTTAAACTTACCGGOTAATGCTTICAAAGGOTCTCACGGAACTTATCGA
ATGACAATACTGAGATAAGCTATGAATTCACACTTAAGCATTIGGAAGGAAATCTCTICTTA
TAAAATTCAAGAAATGTTTTGATGCAGACGCAGGTCGAGGAACTCAGTATATTTATGAAA
GATAAAGCAATTAGTGCCCCAAAACAAGATTGGATCGAGTGIGTTTAGAAGAAGCCTAAT
CAAACAGCGCCATCAGCATCATCAGGTCCCCCTACCAAATCCATTICAATCGACGGCTATT
GCTAAACTITCTCGOAGATGACAAATTCCGACCCGAATGTGGAGUTACAGTATGTAACATC
AGGTGAGTATCTACATGATCACACGTTTTIGTIGCATCATATTCACTAAAAGAGAAGGAAAT
TAAACCTGATGGTCCAATTTITGCAAAGTTGACTAAGAGAATGAGATCATGTCAAGTTAT
AGCAGAATCTCTTTTAGCGAACCATCCTGOOAAGTTAATCAAAGAGAATGGTGTITGIGAT
GAATCAGCTATCATTAACAAAATCACTATTAACAATCGAGTCAGATTCGAATAATATCCGA
GAAAGCTAGAAAATCGACTCOAGATAACATAAATCAACCTOOTTITCCAGAATATCCAGA
GAAATAAATCACATCACTCCAAGCAAGTCAATCAGCGAGATCCAAGTGATCACTTTIGAA
TTOGCAGCATCTITTITTAACTACTCATCTCAAAAAATATIGTTTACAATGGAGOTACCAG
ACAATTATCCCATTTGCTCAATCATTAAACACGAATQTATGGTTATCCTCATCTICTTITGAGT
GCATTCACTTACGGCTAATGCGTAGTACACTTITACGTGGOGGGATCCCTICAACCCACCAD
CAGATACCAGTCAATTTCATCTAGATAAAGTAATTAATGCAGATATCTTCATTGTATCAC
CCAGAGGTGGAATTGAAGGGCTATGTCAAAAGGLTTGCGACAATGATATCTATCICTGIGA
TAATTCTATCTGCOCACAGAGTCTGOLACACGAGTAATGAGTATGOTGLAGGGAGATAATC
AAGCAATIGCTOTCACCACACGAGTACCAAGGAGCCTGCCOACTCTTGAGAAAAAGACT
ATTGCTTTTAGATCTTIGTAATCTATTCTITCGAGAGGTITAAAATOTAATAATITIGGATIAG
GTCACCATITGAAAGAACAAGAGACTATCATTAGTICTCACTICTTIGTTITATAGCAAGA
CGAATATICTATCAGCGGAGGATTCTAACGCAAGCCTTAAAAAATCGCTAGTAAGCTCTGLT
TCACAGCTCATGTCCTAGGAGAATGTACCCAATCATCATCTICTAATCTIGCAACTACTG
TCATGAGGTTAACTGAGAATGOTOTTCGAAAAAGATATCTGTTICTACTTGAATATCTATA
TGACCATCAAACAGCTCTCCTATGATATCATCTTCOCCTCAAGTOTCAATTCCTGGAGATCA
GATCACATTAGAATACATAAATAATCCACACCTOOTATCACGATIGOCTCTICTGCCATC
CCAGCTAGGAGGTCTAAACTACCTGTCATGCAGTAGGCTGTTCAATCGAAACATAGGCG
ACCCGOTOOETTTICCGCAGTTGCAGATCTTAAGAGATTAATTAAATCAGGATGTATGGATT
ACTGOATCCTITATAACTTATTAGGGAGAAAACCGOGAAACGOCTCATGGGUTACTTITAG
CAGCTGACCCGTACTCAATCAATATAGAGTATCAATACCCCCCAACTACAGCTCTTAAGA
GGCACACCCAACAAGCTCTGATGGAACTCAGTACGAATCCAATGTTACGTGGCATATICT
CTGACAATGCACAGGCAGAAGAAAATAATCTIGCTAGATTTCTCCTGOATAGGCAGGTG
ATCTTTCCOGUGTGTAGCTCACATCATCATTCGAGCAAACCAGTGTCOGGAGGAGAAAACA
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GATTCAAGGATATITGOGATTCAACTAGATCGATAATOGAGTAAATCACTAGAAATTAAGCC
CITGTCCAATAGGAAGCTTAATCGAAATACTGGATTACAACATCAATTACCTAGCTTACAA
TTTGGCATTACTCAAGAATCCTATIGAACCTCCCGACTTATTTIGAAAGCAATGACTCTIGA
AACATGTAGCATCGACATTGCAAGGAGCCTCCGGAAGCTCTCCTGGGUCCCACTCTTGGS
TGGGAGAAATCTTGAAGGATTAGAGACGCCAGATCCCATTGAAATTACTGCAGGAGCAT
TAATTGTITGGATOGOGOCTACTOTCAACAGTOTGCTGCAGGAGACAATCCGATTICACATGOT
TTTTCTTGCCATCTIGGTATCGAGATAGGAGGGGATCCCOCGTGATAATCCTOCTATOCGTGT
ACCGTACATIGGCTCCAGGACUTGATCGAGAGCGAGGUTAGCCTCAATGGCATACATCAGGG
GIGCCTCCAGTAGCCTAAAAGCAGTTCTTAGACTGGCGGGAGTGTACATCTGGGCATICG
GAGATACTCTGGAGAATTGGATAGATGCACTGGATTTGTCTCACACTAGAGTTAACATCA
CACTTGAACAGCTGCAATCCCTCACCCCACTTICCAACCTCTGCCAATCTAACCCATCGOTT
GOATCATGGCACAACTACCCTAAAGTTTACTCCTGCOAGCTCTTACACCTTTITCAAGTTIC
ACTCATATATCAAATGATGAGCAATACCTGACAATTAATGACAAAACTGCAGATTCAAAT
ATAATCTACCAACAGTTAATGATCACTGCGACTCGGAATTTTAGAAACATGGAATAATCCC
CCAATCAATAGAACATTCGAAGAATCTACCCTACATTITGCACACTGGTGCATCATGTIGT
GICCGACCTGIGOACTCCTGCATCATCTCAGAAGCATTAACAGTCAAGCCACATATTACA
GTACCCGTACAGCAATAAATTTCTATITGATCAAGACCCGCTATCTGAATATGAGACTGCA
AAACTGOAATCOTTATCATTICAAGCCCAATTAGOCAACATICATGCTGTAGATATGACA
GOTAAATTAACATTATIGTCCCAATTCACTGCAAGGCAGATTATTAATGCAATCACTGGA
CTCCATGAGTCIGICTCTCTTACTAATGATGCCATIGTTGCATCAGACTATGICICCAATT
GOATTAGTCAATGCATGTATACCAAATTAGATGAATTATTTATGTATIGTGOGTIGGGAAC
TACTATTGGAACTATCCTATCAAATGTATTATCTICGAGOGTAGTTGOGTCOAGTAATATAG
TCOATTATTCTTACATCGATCTTGACGAAGAATCCCOGOTGCAGCATTAAACAATCTGGCAT
CTACATTAAGTCATCCAAAACTTTICCCACGAGUTATCAACCTAGATATAGTTCCCCLCTT
AAATGCTCCTCATITTGCATCTCTGGACTACATCAAGATCAGTGTGGATCCAATACTCTS
GGGLTGTAAAAGAGTCATCAATOTGCTCTCCAATGGAGGGUACTTAGAATTAGTTGOTGAL
ATCTGAAGATAGCCTTATICTCAGTGACCGATCCATGAATCTICATTIGCAAGGAAATTAAL
TTTATTATCACTGATTCACCATAATCGTTTOCAACTACCAAAGATTAAGGGETICTICICCT
GATGAGAAGTGTTITCOCTITCGACAGAATTITTGAGCAAAGTOGTGAALTCAGGGTTIGAGT
TCAATAGAGAACCTATCAAATTTITATGTACAATCTOGAGAACCCACGGCTTGCAGCATIC
GUCAGCAACAATTACTACCTCGACCAGAAAATTATIGAATICAATACGAGATACTGAGTCG
GOGTCAAGTAGCAGTCACCTCATATTATGAATCATTAGAATATATIGATAGTCTTAAGCTA
ACCCCACATGTGCCTGGTACCTCATGCATTCAGGATGATAGTCTATGTACAAATGATTALC
ATAATCTGOGATCATAGAGTCTAATGCAAACTTGGAGAAGTATCCAATTCCAAATAGUCCT
GAGGATGATTCCAATTICCATAACTITAAGTTGAATGCTCCATCOCACCATACCTTACGE
CCATTAGGGTTGTCATCAACTGCTTGGTATAAGGGTATAAGCTGTTGCAGGTACCTTGAG
CGATTAAAGCTACCACAAGGTGATCATTTATATATTGCAGAAGGTAGTGOTGCCAGTATG
ACAATCATAGAATACCTATICCCAGGAAGAAAGATATATTACAATICTTITATTTAGTAGT
GOTGACAATCCCCCACAAAGAAATTATGCACCAATGCCTACTCAGTTCATIGAGAGTGIC
CCATACAAGCTCTGGCAAGCACACACAGATCAATATCCCCGAGATTITTTGAGGACTTCATC
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CCTCTATGGAACGGAAATGUCGCCATGACTCGACATAGGAATGACAGCTTGTGTAGAATTC
ATCATCAATCGAGTCGOCCCAAGGACTTGCAGTITAGTACATGTAGATTTGGAATCAAGT
GUAAGCTTAAATCAACAATGCCTGTCAAAGCCGATAATTAATGUTATCATCACTGCTACA
ACTGTTTIGTGCCCTCATGGGETGCTTATICTGAAATATAGTTGGTTGCCATITACTAGAT
TTAGTACTTTGATCACTITCTTATCGGTGUTACTTTCGAGAGAATCACTGTICTITAGGAGCAC
ATATTCTGGTCCAGCTAATCATCAGGTTITATITAATTTGTATCCTTGCCAACAACTITGCA
TTCCAGACTGTCTCGCAGGCAACAGGAATGGCGATGACTTTAACCGATCAAGGGTTTACT
TTGATATCACCTGAAAGAATAAATCAGTATTGGGATGOTCACTTGAAGCAAGAACGTATC
GTAGCAGAAGCAATTGATAAGGTGGTTCTAGGAGAAGATGCTCTATTCAATICOGAGTGAT
AATGAATTAATTCTCAAATGTGOGAGGGACACCAAATGCACGGAATCTTATUGATATCGA
GCCACGTCGCAACTTTCATAGAATTTGAACAACTGATCTGCACAATGTTGACAACCCACTT
GAAGGAAATAATTGATATAACAAGGTCTGGAACCCAGGATTATCGAAAGTTITATTACTCA
CICCTTACAATTTAGGTCTTCTTGGTAAAATCAGTACGATAGTGAGATTATTAACAGAAA
GOATTCTAAATCATACTATCAGGAATTIGGTTGATCCTCCCACCTTCGCTCCGGATGATCGT
GAAGCAGGACTTOGGAATTCOGCATATTCAGGATTACTTCCATCCTCAATTICTGATCGGTT
CCTCAAGCTTTCTCCAAATAGCAAATACTIGATIACACAATTAACTGCAGGCTACATTAG
GAAATTCATTCAGQGOCGCATTICTAATATCCGATCTAACCAGACCTATCCAAAAACAAATCT
GCGAAAGCATTAGOTTCTCTAGTCTATTOTCACCGATCCAGTACGATCAAAGGGAATCAACA
GAGTTTATTCATATAAATATTAATCGAAGAAATAGACCGCCGOATCCGATGGCCAGGAAAT
CTAAATATATCAAGAATCAGAATTAGTTTAAGAAAAAAGAAGAGCATTAATCTTIGGTITITYE
CCCCTTOGTGOOGTCOGCATOGCATCTCCACCTCCTCGCGOTCCCACCTGGGCATCCGAAG
GAGGACGCACGTCCACTCGOATGGCTAAGGGAGCGGUCGGCGATCCGGCTGCTAACAAA
GCCCOAAAGGAACGCTGAGTTOCCTGCTGCCACCGCTOAGCAATAACTAGCATAACCCCT
TCGGGCCTCTAAACGGOTCTTCGAGGGOGTTTTTTGCTCAAAGGAGGAACTATATCCGGATC
ATGTCAGCAAAAGGCCAGCAAAAGGCCAGCAACCOTAAAAAGGCCGCOTTGCTGGOGTT
TTTCCATACGCTCCOGCCCCCCTCACGAGCATCACAAAAATCOGACGCTCAAGTCAGAGGTG
GCCAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTOC
GCTCTCCTGTTCCOACCCTOCCGCTTACCGOGATACCTGTCOGCCTTITCTCCCTTCGGGAAG
CGTGOCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGOTCTAGGTCGTTICGUTCC
AAGCTGGGCTGTOTGCACCGAACCCCCCOTTCAGLCCCGACCOCTGCGCCTTATCCGGTAAL
TATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGLCAGCAGCCACTGGT
AACAGGATTAGCAGAGCCAGCGTATOGTAGGCGGTGCTACAGAGTICTTGAAGTGGTGGCC
TAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTAC
CTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTT
TCGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTIGS
TCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTITA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTG
AGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTOGT
GTAGATAACTACGATACGGGAGGGUCTTACCATCTGGCCCCAGTGCTGCAATGATACCGC
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GAGACCCACGCTCACCGGUTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCL
GAGCGCAGAAGTGOTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGEG
GAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACA
GGCATCOTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGAT
CAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTC
COATCOGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGC
ATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTITCTGTGACTGGTGAGTACTCAAC
CAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACG
GGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCG
TGCACCCAACTCGATCTTCAGCATCTTTTACTTTCACCAGCGTTITCTGGGTGAGCAAAAAC
AGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTC
ATACTCTTCCTTTTTCAATATTATTIGAAGCATTTATCAGGGTTATTGTUTCATGAGCGGATY
ACATATTTGAATGTATTITAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTICCCCGAA
AAGTGUCACCTGACGTCOAATTCTAATACGACTCACTATAGGG (SEQ 1D NG 7).
[00104] The underlined sequence is the PIV3-CPI genomic nucleic acid
sequence. The italicized and underlined sequence is the whole OspA nucleic acid
sequence. The double underlined sequence 18 the AOS moditied NTTM-GspAsprrk

nucleic acid sequence.

b. pMHD175- CPI-MOMPAsp-CD3sp
{80167} The pMHD175- CPEMOMPAsp-CDSsp nucleic acid sequence is
provided herein from 5 to 37

ACCAGGGGOGAAAACGAAGTGGTGACTCAAATCATCGAAGACCCTCCGAGATTACATAGGT
CCGCAACCTATGOCCTTCGTGACCCGACCTCGAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTTTGOGCAATTITICGTCCCCCACACAAAAATGTCATCCOTGCTTAAAGCATATGAGE
GATTCACACTCACTCAAGAACTGCAAGATCAGAGTGAGOAAGGTACAATCCCACCTACA
ACACTAAAACCQUTAATCAGGOTATTTATACTAACCTCTAATAACCCAGAGUTAAGATCC
COOCTTICTICTATTCTGCCTACGOATTIGTTCTCAGTAATGGTGCAAGGUGATTCCCATCOCT
TTGCAGCATTACTTACAATGTTTTCGUTACCATCAGLCACAATGUTCAATCATOTCAAATE
AGCTOACCAGTCACCAGAAGCTGATATCCGAAAGGOTAGAGATCCATGGCTTTCGAGGAGG
GATCATTCCOCTTAATCCCCAATGCTCCTTCAGOTATCAGCCOTCCAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTGACACACTAAACCATGCAACACCTTTTGTTCGATT
CCCAAGTCGAGGOAACTGCATGGUGATCAGATTGAGACTTICTTAGATATGTGTTACAGTG
TCCTAATGCAGGCATGGATACTOACTIGCAACTOCATOACTGCGCCAGACCAACCTOCTG
CTTCTATTGAGAAACGCCTGCAAAAATATCOTCAGCAAGGCAGGATCAACCCGAGATAT
CTCOTOGLAACCGOAGGUTCOAAGAATAATCCAGAATCTAATCCGAAAGGUAATGGTOET
CACGACATTICCTCACCTTTGAACTOCAGCTTGCOCOAGCACAAAGCCTTGTATCAAATAG
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GTATTATGCTATGGTAGGGGATGTITGGAAAGTATATAGAGAATTIGTGGAATGGGAGGCT
TCTTTTTCACACTAAAATATGCATTAGGAACCAGATOGCCCACACTTGCTITAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTOCCTCATOGCATTATACCAGACCCTTIGGTGAGCA
GOCCCGATATITGGCCCTATTGGAGTCACCACATTTGATGCATTTTGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATCTGTTAGATGTCAACATGAGGAA
CTACGCTTTCTCCAGATCATACATGAATAAGACATATTTCCAATTGGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCCGAACGCACCGAGATGGCAAATACACTTGCCAAATTGACCACAGCAAATCGAGGGGCA
GACACCAGGGGAGGAGTCAACCCGTTCTCATCTATCACTGGGACAACTCAGGTGCCCGOT
GCAGCAACAGGTGACACATTCCGAGAGTTACATGGCAGCGGATCGACTGAGGCAGAGATA
TGCTGATGCAGGCACCCACCGATCGATGAGATGCCACCATTIGGAAGAGGAGGAAGAGGACG
ACACATCTGCAGGTCCACGCACTGOACTAACTCTTGAACAAGTGGCCTIGGACATCCAGA
ACGCAGCAGTTGGAGCTCCCATCCATACAGATGACCTGAATGCCGCACTGGGTGATCTTG
ACATCTAGACAATTCAGATCCCAATCTTAAATCGACACACCTAATTGACCAGTTAGATGG
AACTACAGTGGATTCCATAAGGTTCCTGCCTACCATCOGUTTTTAAGAAAAAAATAGGCC
COOACGOOTTAGCAACAAGCCGACTCGCCCATCCCAATAACACAATCCACAATCTACAATG
GATCCCACTGATCTCAGCTTICTCCCCAGATCGAGATCAATAAGCTCATAGAGACAGGCCTG
AATACTGTOCACTATITTACTTCCCAACAAGTCACAGUAACATCCTCTCTTGOAAAGAAT
ACAATACCACCAGGGOTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACCAACCATCAGAAQGOGTTCAQTTIGGTGOOOGUCLAAAACCAAAGAAACCGCGALC
CAAAAATTGCCATTOTCGCCAGCAGATGACAAAACGOTGCCCGOAAAGCCOATCCCAAAL
CCTCTATTAGGTCTGCACTCCACCCCGAGCACCCAAACTOTGCTTGATCTAAGTGGGAAA
ACATTACCATCAGCGATCCTATAAGGCGGOTTAAACTIGCCGAAATTITGCAAAAGAAAATCT
GATGACACGGTTCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAATTCCCCCATEG
ATTTTAAGAGGOCCAGGCATACCGGUGGOTICCATAGAAGGGAGTACTCAATCGCGATGG
GTGGUAGATGAAGTCAAGGTCACTCAGTGGTGUAATCCATCCTIGTICTCCAATCACCOCT
GCAGCAAGGUGATTTGAATGCACTIGTCACCAGTGTCCAGTCACTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGOAGACAAAAG
TAGATCGCATTICTCICATCTCAGTICTCTAATCCAGACCATCAAGAATGACATAGTIGOAC
TTAAAGCAGGCATGGCTACTITAGAAGGAATCATTACAACTGTCAAAATCATGGACLCCG
GGAGTTCCCAGTAATGTITACTGTGGAAGATGTACGCAAGAAACTAAGTAACCATGCTIGTT
CTTGTGCCAGAATCATICAATGATAGTITCTITGACTCAATCTGAAGATGTAATITCACTIC
ATGAGTTGGCTCOACCAACTGCAACAAGTGTTAAGAAGATTIGTCAGGAAGGTTICCTCCTC
AGAAGGATCTGACTGGATTGAAGATCACACTAGAGCAATTGGUAAAGGATIGCATCAGC
AAACCGAAGATOAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTICCAGTGAGGCTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT
ACACTACACTGGTATGACACTGTACTAACCCTGAGOGTTTITAGAAAAAACGATTAACGAT
AAATAAGCCCOAACACTACACACCACCCGAGGCAGCCATGCCATCCATCAGCATCCCCG
CAGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTGTGATCAACCGTGATG
GGGOTGAGAAAGGTCGUTTGGTTAAACAACTACGCACAACCTACTTGAATGACCTAGAT
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ACTCATGAGCCACTOGTGACATTOGTAAATACTTATGCGATTCATCTACGAACAGGATCOGG
GOAAATACCATIGTCGGAGAGGATCAACATGGGAAGAAAAGAGAGGCTGTCACTGCTGE
AATGGTTACCCTTGGATGTGOGCCTAATCTACCATCATTAGGOAATGTCCTGGGACAACT
GAGTGAATTCCAGGTCATTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTCTTTG
AAATTGTTAAGTATCCGAGAATATTTCGGGOTCATACATTAATCCAGAAAGGACTAGTCT
GTGTCTCCGCAGAAAAATTITOTTAAGTCACCAGGGAAAGTACAATCTGGAATGGACTATC
TCTTCATTCCGACATTITCTGTCAGTGACTTACTGTCCAGCTGCAATCAAATTTICAGGTACC
TGGCCCCATGTTGAAAATGAGATCAAGATACACTCAGAGCTTACAACTTGAACTAATGAT
AAGAATCCTGTGTAAGCCCGATTCGCCACTTATGAAGGTCCATATCCCTGACAAGGAAGG
AAGAGGATGTCTTGTATCAGTATGGTTGCATGTATGCAATATCTTCAAATCAGGAAACAA
GAATCGGCAGTGAGTGGCAGGAATACTGGATCGAGAAAGTGTGCTAACATGCAACTTIGAAG
TOTCCGATTGCAGATATCTGGOCACCAACTATCATAATTCATGCCAGAGGTCACATTICCCA
AAAGTGCTAAGTTGTTTITTGCGAAAGGGTGCGATGGAGCTGCCATCCACTICACGAAGTTG
TTCCAAGTGTCACTAAAACACTATGGTCCGTGGGCTGTGAGATTACAAAGGCGAAGGCA
ATAATACAAGAGAGTAGCATCTCTCTTCTCCTGOAGACTACTCACATCATAAGTUCAAAA
GTCAAAATTTCATCTAAGCATCOCCCCTITGOOAAATCAAATIGOGOTCTOTTCAAGAAA
ACCAAATCACTGCCCAACCTGACGGAGCTGOAATCGACTGACCCCCAATCCAGACTACAC
CACCTCAAACTATAGOTGGOTCGUTACCTCAGTOATTAATCTCOTAAGCACTOATCOTAGG
CTACAACACACTAATATTATCCAGATTAGACAGCT TAATTAGCTCTCTATTAATAATAAL
ACTACTATICCAATAACTGGAATCACCAGCTTGATTITATCTCCAAAATGATTCAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCOTCCTTCAAATCATGGOTAL
TATAATTCAATTTCTGCTCOTCTCCTCTCTATTGGCAGGAGCAGGCAGTCTTGATCCAGE
AGCCCTCATGCAAATCGGTOTCATTCCAACAAATOTCCCOUAACTTATGTATTATACTGA
GGCCTCATCAGCATICATIOTTCTGAAGTTAATGOCTACAATICGACTCGCCGATTAGTOE
ATGTAATATAACATCAATTTCAAGCTATAATGCAACAGTGACAAAACTCCTACAGUCGAT
CGOTCAGAATTIGCAGACGATTAGOAACCAGTTCATTCCAACTCGGAGGAGACGCLCGAT
TTGCAGCGOOTGOGTOATTICOATTAGCTGCATTAGGAGTAGCTACTGCCGCACAGGTCALCTG
CCGCAGTAGLCACTAGTAAAGGCAAATGAAAATGLTOCGGCTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTIGCAGATOTCOTCCAGOCCACACAATCACTAGG
AACAGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGOGTAAGTCCAGCAATTACAG
CAGCCAATTGTAAAGCCCAAGATGUTATCATTGOUTCAATCCTCAATCTCTATITGACCG
AGTTGACAACTATCTTCCACAATCAAATTACAAACCCTGCATTIGAGTCCTATTACAATTC
AAGCTTTAAGGATCCTACTAGGOAGTACCTTGCCOACTGTGUTCGAAAAATCTTICAATA
CCCAGATAAGTGOGGCTGAGCTTCTCTCATCAGGGTTATTGACAGGCCAGATTIGTGGGAT
TAGATTTGACCTATATGCAGATGGTCATAAAAATTGAGCTGCCAACTITAACTGTACAAC
CTGCAACCCAGATCATAGATCTGGCCACCATTITCTGCATTCATTAACAATCAAGAAGTCA
TGGCCCAATTACCAACACGTGTTATIGTGACTGGCAGCTTGATCCAAGCCTATCCCGCAT
CGCAATGCACTATTACACCCAACACTGTGTACTGTAGGTATAATGATGCCCAAGTACTCT
CAGATCGATACCGATGGCTTGUCTCCAAGOTAACTTCGACAAGATGCACCTTCTCTCCAGTGG
TTGGOGAGCTTTCTCACTCGATTICGTGCTOTICGATGOAATAGTITATGCAAATTGCAGGTC
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GATGTTGTGCAAGTGCATGCAGCCTGCTGUTGTGATCCTACAGCCGAGTTCATCCCCTOT
AACTGTCATTGACATGTACAAATGTGTGAGTCTGCAGCTTIGACAATCTCAGATTICACCAT
CACTCAATTGGCCAATOGTAACCTACAATAGCACCATCAAGCTTGAAACATOCCAGATCTT
GCCTATTGATCCGTTGGATATATCCCAGAATCTAGCTGCGGTGAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGCACAAAGTGACACATACCTITCTGCAATCACATCAGCTACGAC
TACAAGTGTATTATCCATAATAGCAATCTIGTCTTIGGATCOTTAGGTTTAATATTAATAATC
TTGCTCAGTGTAGTTIGTGTIGGAAGTTATTGACCATTGTCGCTGCTAATCGAAATAGAATG
GAGAATTTTGTTTATCATAATTCAGCATTCCACCACTCACGATCTGATCTCAGTGAGAAA
AATCAACCTGCAACTCTTIGGAACAAGATAAGACAGTCATCCATTAGTAATTITITAAGAAA
AAAACGATAGGACCGAAACTAGTATTGAAAGAACCGTCTCGGTCAATCTAGGTAATCGA
GCTGCTACCGTCTCGGAAAGUTCAAATCATGCTGCCTGATCCGGAAGATCCGGAAAGCA
AAAAAGCTACAAGGAGAACAGGAAACCTAATTATCTGCTICCTATTCATCTTCTTTCCGT
TIGTAAACTICATIGTTCCAACTCTAAGACACTIGCTGTCCTAACACCTGCTATAGGCTAT
CCACTGCATCATCTCTTITTAAGAAAAAAATAGGCCCGGACGGGTTAGCAACAAGOGACT
GOUGOTOCCAACAACACAATCCACAATCTACAGTCGACGOGGLOUGCCACCATGCCCATG
GCOTCTCTGCAACCOCTCOUCACCTIOTACCTOCTGOGOATCGCTGOTCOCCTTCOTGCOTC
GOACTGCCTOTGUGCAATCCTOCCUAGCCCACCCTGATGATCGACOGCATCCTOTGGGAGGT
CTTCGGAGCGCCATCCTIGIGATCCCTGUACCACATGUTGCGACGUCATCAGCCTTACGACTOCG
CTACTACGGCGACTICGTGITTGATAGAGTGCTGAAAACCGATCTCAACAAGCAGTTIGAGATG
GGLGUOGCTCUAACAGGLCGACGUCCACCIGACCACCGCCCCTACACCAGCCAGUCGLGAAAA
COCTGCCTACGGCAAGCACATOCAGQACGCCCACATGITTACAAACGCCCGUTTATATGGLCCT
GAATATCTGGCACCOGTTCGACGIGTICTGCACCCTGEGUCCTACATCTGOATACCTGAAGGE
CAACAGCGUCGUTTTCAACCTGO T GG GCCTGT TG UCACAGATGAGACGGUAGTIGUTGUTGA
TGACATCCCTAACGTGAGCCTGAGUCAGGCCGTTGTGCAACTGTACACCGACACCGLCTTIGC
CTGGAGCGTGGUAGUCAGAGCCGCCCTGIGHGAGTGLGGTTGTGCCACACTGGGUGUCAGT
TTCCAGTACCGOCCAGAGUAAGCCCAAAGTGGAAGAGCTGAA TG TGCTGIGUAACGCUGLAGAG
TTCACCATCAACAAGCCTAAGCGUTAIGTIGGGCUAGGAGTTCCCCCTGAACATCAAGGLOGGE
ACCGTGTCCGUCACCGACACCAAGGQACGCCAGCATCGATTACCACGAGTGGCAGGCLTCTCT
GGUCCTCAGUTACAGACTGAACATGT T CACACCTTACATCGGCETGAAGTGGTCCCGUGLCAG
CTTCGACGCTUATACAATCAGAATCGCCCAACCTAAGCTGGAAACCICTATT CTGAAGATGACT
ACCTGGAACCCCACCATCAGUGGUAGCGGCATCGACGTGGACATCAAGATCACCGACACCCT
GCAGATCGTGTCCCTGCAACTGAACAAGATGAAAAGUAGAAAGAGCTGUGGUCTGGCTATICG
AACAACCATCGT GGACGUCCGATAAGTACGUCGTGACCGIGGAAACAAGACTGATCGACGAGLG
GGCCGUCCACGTGAACGUCCAGTICCGGTTCTGAGCTAGCCTCCTGCCATACTICCTACTCA
CATCATATCTATITTAAAGAAAAAATAGGCCCGAACACTAATCGTGCCGGCAGTGCCACT
GCACACACAACACTACACATACAATACACTACAATOGTTGCAGAAGATGCCCCTOTTAG
GGGCACTTGCCGAGTATTATTTCGAACAACAACTITAATTTTTICTATGCACACTATTAGCA
TTAAGCATCTCTATCCTTITATGAGAGTTITAATAACCCAAAAGCAAATCATGAGCCAAGCA
GGCTCAACTGGATCTAATTCTAGATTAGGAAGTATCACTGATCTTCTTAATAATATICTICT
CTGTCGCAAATCAGATTATATATAACTCTGCAGTCOCTCTACCTCTACAATTGGACACTCT
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TGAATCAACACTCCTTACAGCCATTAAGTCTCTTCAAACAAGTGACAAGCTAGAACAGAA
CIGCTCCTGGGOTCCTGCACTGATTAATCGATAATAGATACATTAATGGCATCAATCAGTT
CTATTTCTCAATTIGCTGAGGOTCOCAAGCTGACACTTOGCCCACTTICTTAATATACCTAGT
TTCATTCCAACTGCCACGACACCAGAGGGCTGCACCAGGATCCCATCATICTCGUTCACC
AAGACACACTGGTGTTATACACACAATGTTATCCTGAATGCGATGCCAGGATCATGTATCC
TCAAATCAATTIGTITCCATGCGAATCATTGAACCCACTTCTGCOGGGTTITCCATCCTITC
GAACCCTAAAGACTCTATATCTCAGCGATGGGGTCAATCGTAAGAGCTGCTCTATCAGTA
CAGTTCCGGOGOOTTCTATGATGTACTGTTTICGTICTCTACTCAACCAGAGAGGGATGACT
ACTTTTICTACCGCTCOCTCCAGAACAACGAATTATTATAATGTACTATAATGATACAATCGT
GGAGCGCATAATTAATCCACCCOGGOTACTAGATOTATGGGCAACATTIGAACCCAGUAA
CAGGAAGCGGGOTATATTATTITAGGTTGOGTACTCTTTCCAATATATGGCGGCGTGATTA
AAGATACGAGTTTATGGAATAATCAAGCAAATAAATACTITATCCCCCAGATGGTTIGCTG
CICTCTGCTCACAAAACCAGGCAACTCAAGTCCAAAATGCTAAGTCATCATACTATAGCA
GCTOOTTTGGCAATCGAATCGATTCAGTCTGGGATCCTGGCATGTCCTCITCAACAGGATC
TAACCAATCGAGTGTITAGTTCTGCCCTTTICTAATGATCAGGTGCTTATGGOTGCTGAAGG
CAGATTATACATGTATCOTCACTCGUTOTATTACTACCAAAGAAGCAATAGQTTIGGTGGLC
TATGACCATGCTGTATAAGOTAACCATAACATICACTAATGGTCAGCCATCTGCTATATC
AGCTCAGAATGTGLCCACACAGCAGGTCCCTAGACCTGGUACAGGAAGCTGUTCTGCAA
CAAATAGATGTCCCOGTITTTTCCTTCAAAGGAGTGTATCGCTCGATGCCTGOTTACTGACCA
ACCCTICGTICTACCAGTACATITGCATCAGAAGCAACCTTCACTGOTICTTATCTCAACGC
AGCAACTCAGCGTATCAATCOCACGATCTATATCGCCGAACAACACACAGATCATAAGCT
CACAGCAATTITGCGATCAAGCGOTCAAGAAGCAGCATATGOCCACACAACTTGTITTTAGG
GACACAGGLTCTOTTATCGTATACTCTATCTATATIATIGAATIGTCCTCATCTCTCITAG
GACAATTTCAGATTOTCCCATITATCOGTCAGGTGACACTATCCTAAAGGCAGAAGCCTC
CAGGTCTGACCCAGCCAATCAAAGCATTATACCAGACCATGOAATGUATACCAAACATYE
ATTGACACTAATCACACACAAAATIGGTTTTAAGAAAAACCAAGAGAACAATAGGCCAG
AATGGUTCGOTCTCGOGAGATATTACTCCCTOAAGTCCATCTCAATTCACCAATIGTAAA
GCATAAGCTATACTATTACATICTACTTICGAAACCTCCCAAATCGAGATCGACATTGALGA
TTTAGGTCCATTACATAATCAAAATTGGAATCAAATAGCACATCAAGAGTCTAACTTAGC
CCAACGCTTIGOTAAATGTAAGAAATTTICTAATTACCCACATCCCTGATCTTAGAAAGGG
CCATTGGUAAGAGTATGTCAATGTAATACTCIGGUCGCGAATTICTICCCTTGATCOCGGA
TTTTAAAATCAATGACCAATTIGOCTCTACTCAAAAATTGGGACAAGTTAGTTAAAGAATC
ATGTTCAGTAATCAATGCCOOTACTTCCCAGTGCATTCAGAATCTCAGUTATGGACTGAC
AGGTCGTOGGAACCTCTITACACGATCACGTGAACTCTCTGGTGACCGUAGGGATATTGA
TCTTAAGACGOGTTIGTGCCAGCATGGCATOACTCAGACTGGAAAAGAATAAGTGATITTITG
GATTATGATCAAATTCCAGATCGAGACAATTAATTGTTAGGCAAACAGATCATAATGATCC
TGATTTAATCACGTATATCGAAAATAGAGAAGGCATAATCATCATAACCCCTGAACTGOT
AGCATTATTTAACACTGAGAATCATACACTAACATACATCGACCTTITGAAATTGTACTGAT
GOTTTCAGATATOTACGAAGGTCGTCACAACATITTATCACTATGCACAGTTAGCACTTA
CCTCAATCCTUTGAAGAAAAGAATAACATATTTATTGAGCCTTGTAGATAACTTAGCTTT

-90 —

SUBSTITUTE SHEET (RULE 26)



WO 2025/076466 PCT/US2024/050117

TCAGATAGOGTGATGCTGTATATAACATAATTGCTTITGUTAGAATCCTITGTATATGCACA
GTTGCAAATGTCAGATCCCATCCCAGAACTCAGAGGACAATTCCATCGCATTCGTATGTIC
TGAGATTCTTGATGCACTAAGGOCAACTAATAGTTITCACCCAGGATGAATCAAGAACTGT
GACAACCAATTTGATATCCCCATTCCAAGATCTGACCCCAGATCTTACGGCTGAATTIGCT
CICTATAATGAGGCTITGGOCACACCCCATGCTCACCGCCAGTCAAGCTGCGGGAAAGG
TACGCGAGTCCATGTGTGCTGGAAAAGTATTACGACTITCCCACCATTATGAAAACACTAG
CCTTTTTCCATACTATTCTGATCAATGGATACAGGAGGAAGCATCATGGAGTATGGCCAC
CCTTAAACTTACCGGGTAATGCTTCAAAGGGTICTCACGGAACTTATGAATGACAATACTG
AGATAAGCTATGAATTCACACTTAAGCATTGGAAGGAAATCTCTCTTATAAAATTCAAGA
AATGTTTTGATGCAGACGCAGGTGAGGAACTCAGTATATTITATGAAAGATAAAGCAATT
AGTGCCCCAAAACAAGATTGCGATGAGTGTGTITTAGAAGAAGCCTAATCAAACAGCGCCA
TCAGCATCATCAGGTCCCCCTACCAAATCCATTCAATCOACCGGCTATIGCTAAACTITCTC
GGAGATGACAAATTCCGACCCGAATGTGGAGCTACAGTATGTAACATCAGGTGAGTATCT
ACATGATGACACGTTTTGTGCATCATATTCACTAAAAGAGAAGGAAATTAAACCTGATGG

TTTAGCOAACCATCGUTGCUAAGTTAATGAAAGAGAATGUGTGTTGTGATCAATCAGCTATC
ATTAACAAAATCACTATTAACAATGAGTCAGATIGOAATAATATCCCAGAAAGCTAGAA
AATCOACTCCAGATAACATAAATCAACCTGOTTTCCAGAATATCCAGAGAAATAAATCA
CATCACTCCAAGCAAGTCAATCAGCOAGATCCAAGTCGATCGACTTTCGAATIGOCAGCATCT
TTITTAACTACTGATCTCAAAAAATATTOT TTACAATGGAGGTACCAGACAATTATCCCA
TITGCTCAATCATTAAACAGAATCGTATGGTTATCCTCATCTCTITGAGTGGATTICACTTAL
GGCTAATGCGTAGTACACTTTACGTCGGOGCATCCCTTCAACCCACCAGCAGATACCAGTC
AATTTCGATCTAGCATAAAGTAATTAATGUAGATATCTICATTIGTATCACCCAGAGGTGOAA
TTGAAGGGCTATGTCAAAAGGCTTGCACAATGATATCTATCICTGTCATAATICTATCIO
CCACAGAGTCTGGUACACGAGTAATGAGTATCGOTGLAGGUAGATAATCAAGCAATTGLT
GTCACCACACGAGTACCAAGCGAGCCTGCCOCACTCTTCAGAAAAACACTATIGCTITIAGA
TCTTOTAATCTATICTTTGAGAGGTTAAAATGTAATAATTTIGCATTAGGTCACCATTIGA
AAGAACAAGAGACTATCATTAGTTCICACTICTITGTITATAGCAAGAGAATATTICTATC
AGGGCGAGCATTCTAACGCAAGLCTIAAAAAATGCTAGTAAGCTCTGCTIGACAGCTGAT
GTCCTAGGAGAATGTACCCAATCATCATOTTCTAATCTIGCAACTACTGTCATGAGOTTA
ACTGAGAATGOTGTTGAAAAAGATATCTCTTICTACTTGAATATCTATATGACCATCAAA
CAGCTCTCCTATGATATCATCTTCCOCTCAAGTGTCAATTICCTOCGAGATCAGATCACATTAG
AATACATAAATAATCCACACCTGGTATCACGATTGOCTCTTCTGCCATCCCAGCTAGGAG
GTCTAAACTACCTGTCATGCAGTAGGCTOTTCAATCGAAACATAGGCGACCCGGTGGTTT
CCOGUAGTTGCAGATCTTAAGAGATTAATTAAATCAGGATGTATGOATTACTGGATCCTIT
ATAACTTATTAGGGAGAAAACCGGGAAACGGCTCATGOGCTACTTITAGCAGCTGACCCG
TACTCAATCAATATAGAGTATCAATACCCCCCAACTACAGCTCTTAAGAGGCACACCCAA
CAAGCTCTCATGGAACTCAGTACGAATCCAATGTITACGTGGCATATTCTCTGACAATGCA
CAGGCAGAAGAAAATAATCTTIGCTAGATTICTCCTGGATAGGGAGGTGATCTTTCCGOGT
GTAGCTCACATCATCATTGAGCAAACCAGTGTCGGGAGGAGAAAACAGATICAAGGATA
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TTTGGATTCAACTAGATCGATAATGAGTAAATCACTAGAAATTAAGCCCTTIGTCCAATAG
GAAGCTTAATGAAATACTGGATTACAACATCAATTACCTAGCTTACAATTTGGCATTACT
CAAGAATGCTATTGAACCTCCGACTTATTITGAAAGCAATGACTCTTGAAACATGTAGCAT
COACATTIGCAAGGAGCCTCCGGAAGCTCTCCTOGGCCCCACTCTTGGOTGGGAGAAATCT
TGAAGGATTAGAGACGCCAGATCCCATTGAAATTACTGCAGGAGCATTAATTGTIGGATC
GOCCTACTOTGAACAGTGTGCTGCAGGAGACAATCCATTCACATGOTTITICTTGCCATC
TGGTATCGAGATAGGAGGGGATCCCCOGTGATAATCCTCCTATCCGTGTACCGTACATIGG
CTCCAGGACTGATGAGAGGAGGGTAGCCTCAATGOUCATACATCAGGGGTIGCCTCGAGTA
GOCTAAAAGCAGTTICTTAGACTGGCGGOGAGTGTACATCTGGGCATICGGAGATACTCTIGE
AGAATTGGATAGATGCACTGGATTIGTCTCACACTAGAGTTAACATCACACTTIGAACAGC
TGCAATCCCTCACCCCACTICCAACCTCIGCCAATCTAACCCATCGOTIGGATCGATGGCA
CAACTACCCTAAAGTTTACTCCTGCOGAGCTCTTACACCTTITCAAGTTTICACTCATATATC
AAATCGATGAGCAATACCTGACAATTAATGACAAAACTGCAGATICAAATATAATCTACT
AACAGTTAATGATCACTGGACTCGGAATITTAGAAACATGGAATAATCCCCCAATCAATA
GAACATTCOGAAGAATCTACCCTACATTTGCACACTOOTGCATCATGITIGTGTICCGACCTG
TOGACTCCTGCATCATCTCAGAAGCATTAACAGTUAAGCCACATATTACAGTACCGTACA
GCAATAAATTTIGTATTTCGATCGAAGACCCGCTATCTCAATATCAGACTGCAAAACTGGAAT
COTTATCATTTCAAGCCCAATTAGGCAACATTIGATGCTGTAGATATCGACAGOTAAATTAA
CATTATTGICCCAATTICACTQCAAGGCACGATTATTAATCGCAATCACTGGACTCCATGAGT
CTGTCTCTCT TACTAATCGATGCCATIGTIGCATCAGACTATGTCTCCAATIGGATTAGTGA
ATGCATGTATACCAAATTAGATGAATTATTTATGTATIGTGGOTGGCAACTACTATTGGA
ACTATCCTATCAAATCTATTATCTGAGGGTAGTTGGGTCCAGTAATATAGTGGATTATIC
TTACATGATCTTIGAGAAGAATCCCOGUTGCAGCATIAAACAATCTGGCATCTACATTAAG
TCATCCAAAACTTTICCGACGAGCTATCAACCTAGATATAGTTIGCCCCCTTAAATGCTECT
CATTTIGCATCTCTGOACTACATCAAGATCAGTGTGGATGCAATACTUTOOGGLTGTAAA
AGAGTCATCAATOTGCTUTCCAATGGAGGOCGACTTACGAATTAGTTGTGACATCTCGAAGAT
AGCCTTATTCTCAGTGACCCATCCATOAATCTCATIGCAAGGAAATTAACTTITATTATCAL
TCATTCACCATAATGGTTTGGAACTACCAAAGATIAAGGGGTTCTCTCCTGATGAGAAGT
GTTTCGCTTIGACAGAATTTITGAGGAAAGTGGTGAACTCAGGUTIGAGTITCAATAGAGA
ACCTATCAAMATTTTATOTACAATCTGCAGAACCCACGOCTTGCAGCATTCGUCAGCAACA
ATTACTACCTGACCAGAAAATTATTGAATTCAATACGAGATACTGAGTCGGGTCAAGTAG
CAGTCACCTCATATTATCGAATCATTAGAATATATIGATAGTCTTAAGCTAACCCCACATG
TGCCTGGTACCTCATGCATTGAGGATCGATAGTCTATGTACAAATCGATTACATAATCTGOA
TCATAGAGTCTAATGCAAACTTIGGAGAAGTATCCAATTCCAAATAGCCCTGAGGATGATT
CCAATTTICCATAACTITAAGTTIGAATGCTCCATCGCACCATACCTTACGCCCATTAGGGTT
GTCATCAACTGCTTIGOTATAAGGOTATAAGCTOTTGCAGGTACCTTGAGCGATTAAAGCT
ACCACAAGGTGATCATTTATATATTIGCAGAAGGTAGTGGTGUCAGTATGACAATCATAGA
ATACCTATTICCCAGGAAGAAAGATATATTACAATTICTITATITAGTAGTGGTGACAATCC
CCCACAAAGAAATTATGCACCAATGCCTACTCAGTTICATIGAGAGTGTCCCATACAAGCT
CTGGCAAGCACACACAGATCAATATCCCCAGATTTTIGAGGACTICATCCCTUTATGGAA
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COGAAATGCCGCCATGACTGACATAGGAATGACAGCTTGTGTAGAATTCATCATCAATCG
AGTCGGCCCAAGGACTTIGCAGTITAGTACATGTAGATTTOCGAATCAAGTGCAAGCTTAAA
TCAACAATGCCTGTCAAAGCCCATAATTAATGCTATCATCACTGCTACAACTGTTTIGTG
CCCTCATGOOGOTGCTTATTCTGAAATATAGTTGOTTGCCATITACTAGATITAGTACTITG
ATCACTITCTTATGGTGCTACTITGAGAGAATCACTGTTCTTAGGAGCACATATICTGETC
CAGCTAATCATGAGGTTTATTITAATTITGTATCCTTGCCAACAACTITGCATTCCAGACTGT
CTCGCAGGCAACAGGAATGGCGATGACTTTAACCGATCAAGGGTTTACTTTGATATCACC
TGAAAGAATAAATCAGTATTGGGATGGTCACTIGAAGCAAGAACGTATCGTAGCAGAAG
CAATTGATAAGGTGGTTCTAGGAGAAGATGCTICTATTCAATTCGAGTGATAATGAATTAA
TTCTCAAATGTGOGAGGGACACCAAATGCACGGAATCTTATCGATATCGAGCCAGTCGCA
ACTTTCATAGAATTTGAACAACTGATCTGCACAATGTTGACAACCCACTIGAAGGAAATA
ATTGATATAACAAGGTICTGOAACCCAGCATTATCAAAGTTTATTACTCACTCCTTACAAT
TTAGGTCTTCTIGGTAAAATCAGTACGATAGTGAGATTATTAACAGAAAGGATTCTAAAT
CATACTATCAGGAATTIGGTTGATCCTCCCACCTTOGCTCCGGATGATCGTGAAGCAGGAC
TTGGAATTCOGCATATTCAGGATTACTTCCATCCTCAATICTGATCGGTTCCTGAAGCTTT
CTCOAAATAGGAAATACTIGATTACACAATIAACTGCAGGUTACATTAGCGAAATTCGATTG
AGGOGOATTCTAATATCCGATCTAACCACGACCTATCCAAAAACAAATCTOCAAAGCATTA
GOITOTGTAGTCTATTCICACGATCCAGTAGATCAAAGGGAATCAACAGAGTTTATIGAT
ATAAATATTAATGAAGAAATAGACCGCCGGATCGATGOCGAGCAAATCTAAATATATCA
AGAATCAGAATTAGTITAAGAAAAAAGAAGAGGATTAATCTTIGQTTTTICCCCTTIGEICGG
TCGGCATGOCATCTCCACCTCCTCGCGGTCCCGACCTGGGCATCCGAAGGAGUGACGCACGT
CCACTCGGATGGCTAAGGGAGCGGCCGGGCATCCGGCTGCTAACAAAGCCCGAAAGGAA
GCTGAGTTGGCTOCTGLCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAA
CGOGTCTTGAGGOGTTTTTTIGCTGAAAGGAGGAACTATATCCGGATCATGTGAGCAAAA
GGCCAGCAAAAGOGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCT
CCGCCCCCCTCACGAGCATCACAAAAATCGACGUTCAAGTCAGAGGTGOCGAAALCCLCGA
CAGGACTATAAAGATACCAGGCGTTTCCCCCTGOAAGCTCCCTCGTGCOCTCTCCTGTTC
CGACCCTGCCGCTTACCGGATACCTOTCCGCCTTTCTCCCTTCGGGAAGCGTGGLGCTTTC
TCATAGCTCACGCTGTAGGTATCTCAGTTCGGTCTAGGTCCTTCGLTCCAAGCTCGGGLTG
TOTGCACGAACCCCCCATTCAGCCCCACCOGCTGCGCCTTATCCOGGTAACTATCGTCTTGA
GTCCAACCCGGTAAGACACGACTTATCGCCACTCGCAGCAGCCACTGGTAACAGGATTA
GCAGAGCGAGGTATGTAGGCGGTGCTACAGAGCTTCTTGAAGTGOTGGCCTAACTACGGC
TACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTICGGAAAA
AGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGUCTGGTAGCGGTGGTTTTTTIGTT
TGCAAGCAGCAGATTACGUGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCT
ACGGGGTCTCACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT
ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTAT
CTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACLT
ACGATACGGGAGGGCTTACCATCTGGUCCCAGTGCTGCAATGATACCGCGAGACCCACG
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CTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGUCCGGAAGGGUCGAGOGCAGAA
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGT
AAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGET
GTCACGCTCGTCGTTTGGTATGGUTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGT
TACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTC
AGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTT
ACTGTCATGCCATCCGTAAGATGCTTTTICTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACC
GCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAA
ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAA
CTGATCTTCAGCATCTTTITACTTTCACCAGCGTTICTGGGTGAGCAAAAACAGGAAGGCA
AAATGUCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCC
TTTTTCAATATTATTGAAGCATTITATCAGGGTTATTGTCTCATGAGCGGATACATATTITGA
ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAL
CTGACGTCGAATTCTAATACGACTCACTATAGGG (SEQ ID NO:E).

{00108} The underlined sequence is the PIV5-CPI genomic nucleic acid
sequence. The italicized and underlined sequence is the whole MOMP nucleic acid
sequence. The double underlined sequence is the A0S medified MOMPAsp-CD5sp

nucleic acid sequence.

¢ pMHED177- CPEI-NT-MOMPAsp
1001691 The pMHD177- CPENT-MOMPAsp nucleic acid sequence s provided

herein from 57 to 37

ACCAGGGGGAAAACGAAGTGGTGACTCAAATCATCGAAGACCCTCGAGATTACATAGGET
CCGGAACCTATGOCCTTCGTCACCGACCTCGAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTTTGGGCAATTITICGICCCCGACACAAAAATGTICATCCGTGCTTAAAGCATATGAGC
GATTCACACTCACTCAAGAACTGCAAGATCAGAGTCGAGGAAGGTACAATCCCACCTACA
ACACTAAAACCGGTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
CGOCTTCTTCTATTCTGCCTACGGATTGTTCTCAGTAATGGTGCAAGGGATTCCCATCGCT
TTGCGAGCATTACTTACAATGTTTTICGCTACCATCAGCCACAATGUTCAATCATGTCAAATT
AGCTGAUCAGTCACCAGAAGCTCATATCGAAAGOGTAGAGATCGATGGCTTTCGAGGAGG
GATCATTCCGCTTAATCCCCAATGCTCGTICAGGTATCGAGCCGTGGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTGACACACTAAACCATGCAACACCTTITGTTGATT
CCOAAGTCOAGOGGAACTGCATGGCATCAGATTGAGACTTTCTTAGATATGTGITACAGTG
TCCTAATCCAGGCATOGATAGTCACTTGCAAGTGCATGACTGCGCCAGACCAACCTGCTG
CITCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGCAGGATCAACCCGAGATAT
CTCCTGCAACCGGAGGCTCGAAGAATAATCCAGAATOTAATCCGAAAGGOAATGGTGOT
CAGACATTTCCTCACCTTTGAACTGCAGCTTGCCCCGAGCACAAAGCCTTGTATCAAATAG
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GTATTATGCTATGGTAGGGGATGTITGGAAAGTATATAGAGAATTIGTGGAATGGGAGGCT
TCTTTTTCACACTAAAATATGCATTAGGAACCAGATOGCCCACACTTGCTITAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTOCCTCATOGCATTATACCAGACCCTTIGGTGAGCA
GOCCCGATATITGGCCCTATTGGAGTCACCACATTTGATGCATTTTGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATCTGTTAGATGTCAACATGAGGAA
CTACGCTTTCTCCAGATCATACATGAATAAGACATATTTCCAATTGGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCCGAACGCACCGAGATGGCAAATACACTTGCCAAATTGACCACAGCAAATCGAGGGGCA
GACACCAGGGGAGGAGTCAACCCGTTCTCATCTATCACTGGGACAACTCAGGTGCCCGOT
GCAGCAACAGGTGACACATTCCGAGAGTTACATGGCAGCGGATCGACTGAGGCAGAGATA
TGCTGATGCAGGCACCCACCGATCGATGAGATGCCACCATTIGGAAGAGGAGGAAGAGGACG
ACACATCTGCAGGTCCACGCACTGOACTAACTCTTGAACAAGTGGCCTIGGACATCCAGA
ACGCAGCAGTTGGAGCTCCCATCCATACAGATGACCTGAATGCCGCACTGGGTGATCTTG
ACATCTAGACAATTCAGATCCCAATCTTAAATCGACACACCTAATTGACCAGTTAGATGG
AACTACAGTGGATTCCATAAGGTTCCTGCCTACCATCOGUTTTTAAGAAAAAAATAGGCC
COOACGOOTTAGCAACAAGCCGACTCGCCCATCCCAATAACACAATCCACAATCTACAATG
GATCCCACTGATCTCAGCTTICTCCCCAGATCGAGATCAATAAGCTCATAGAGACAGGCCTG
AATACTGTOCACTATITTACTTCCCAACAAGTCACAGUAACATCCTCTCTTGOAAAGAAT
ACAATACCACCAGGGOTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACCAACCATCAGAAQGOGTTCAQTTIGGTGOOOGUCLAAAACCAAAGAAACCGCGALC
CAAAAATTGCCATTOTCGCCAGCAGATGACAAAACGOTGCCCGOAAAGCCOATCCCAAAL
CCTCTATTAGGTCTGCACTCCACCCCGAGCACCCAAACTOTGCTTGATCTAAGTGGGAAA
ACATTACCATCAGCGATCCTATAAGGCGGOTTAAACTIGCCGAAATTITGCAAAAGAAAATCT
GATGACACGGTTCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAATTCCCCCATEG
ATTTTAAGAGGOCCAGGCATACCGGUGGOTICCATAGAAGGGAGTACTCAATCGCGATGG
GTGGUAGATGAAGTCAAGGTCACTCAGTGGTGUAATCCATCCTIGTICTCCAATCACCOCT
GCAGCAAGGUGATTTGAATGCACTIGTCACCAGTGTCCAGTCACTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGOAGACAAAAG
TAGATCGCATTICTCICATCTCAGTICTCTAATCCAGACCATCAAGAATGACATAGTIGOAC
TTAAAGCAGGCATGGCTACTITAGAAGGAATCATTACAACTGTCAAAATCATGGACLCCG
GGAGTTCCCAGTAATGTITACTGTGGAAGATGTACGCAAGAAACTAAGTAACCATGCTIGTT
CTTGTGCCAGAATCATICAATGATAGTITCTITGACTCAATCTGAAGATGTAATITCACTIC
ATGAGTTGGCTCOACCAACTGCAACAAGTGTTAAGAAGATTIGTCAGGAAGGTTICCTCCTC
AGAAGGATCTGACTGGATTGAAGATCACACTAGAGCAATTGGUAAAGGATIGCATCAGC
AAACCGAAGATOAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTICCAGTGAGGCTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT
ACACTACACTGGTATGACACTGTACTAACCCTGAGOGTTTITAGAAAAAACGATTAACGAT
AAATAAGCCCOAACACTACACACCACCCGAGGCAGCCATGCCATCCATCAGCATCCCCG
CAGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTGTGATCAACCGTGATG
GGGOTGAGAAAGGTCGUTTGGTTAAACAACTACGCACAACCTACTTGAATGACCTAGAT
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ACTCATGAGCCACTOGTGACATTOGTAAATACTTATGCGATTCATCTACGAACAGGATCOGG
GOAAATACCATIGTCGGAGAGGATCAACATGGGAAGAAAAGAGAGGCTGTCACTGCTGE
AATGGTTACCCTTGGATGTGOGCCTAATCTACCATCATTAGGOAATGTCCTGGGACAACT
GAGTGAATTCCAGGTCATTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTCTTTG
AAATTGTTAAGTATCCGAGAATATTTCGGGOTCATACATTAATCCAGAAAGGACTAGTCT
GTGTCTCCGCAGAAAAATTITOTTAAGTCACCAGGGAAAGTACAATCTGGAATGGACTATC
TCTTCATTCCGACATTITCTGTCAGTGACTTACTGTCCAGCTGCAATCAAATTTICAGGTACC
TGGCCCCATGTTGAAAATGAGATCAAGATACACTCAGAGCTTACAACTTGAACTAATGAT
AAGAATCCTGTGTAAGCCCGATTCGCCACTTATGAAGGTCCATATCCCTGACAAGGAAGG
AAGAGGATGTCTTGTATCAGTATGGTTGCATGTATGCAATATCTTCAAATCAGGAAACAA
GAATCGGCAGTGAGTGGCAGGAATACTGGATCGAGAAAGTGTGCTAACATGCAACTTIGAAG
TOTCCGATTGCAGATATCTGGOCACCAACTATCATAATTCATGCCAGAGGTCACATTICCCA
AAAGTGCTAAGTTGTTTITTGCGAAAGGGTGCGATGGAGCTGCCATCCACTICACGAAGTTG
TTCCAAGTGTCACTAAAACACTATGGTCCGTGGGCTGTGAGATTACAAAGGCGAAGGCA
ATAATACAAGAGAGTAGCATCTCTCTTCTCCTGOAGACTACTCACATCATAAGTUCAAAA
GTCAAAATTTCATCTAAGCATCOCCCCTITGOOAAATCAAATIGOGOTCTOTTCAAGAAA
ACCAAATCACTGCCCAACCTGACGGAGCTGOAATCGACTGACCCCCAATCCAGACTACAC
CACCTCAAACTATAGOTGGOTCGUTACCTCAGTOATTAATCTCOTAAGCACTOATCOTAGG
CTACAACACACTAATATTATCCAGATTAGACAGCT TAATTAGCTCTCTATTAATAATAAL
ACTACTATICCAATAACTGGAATCACCAGCTTGATTITATCTCCAAAATGATTCAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACGAACCCATATCOTCCTTCAAATCATGGOTAL
TATAATTCAATTTCTGCTCOTCTCCTCTCTATTGGCAGGAGCAGGCAGTCTTGATCCAGE
AGCCCTCATGCAAATCGGTOTCATTCCAACAAATOTCCCOUAACTTATGTATTATACTGA
GGCCTCATCAGCATICATIOTTCTGAAGTTAATGOCTACAATICGACTCGCCGATTAGTOE
ATGTAATATAACATCAATTTCAAGCTATAATGCAACAGTGACAAAACTCCTACAGUCGAT
CGOTCAGAATTIGCAGACGATTAGOAACCAGTTCATTCCAACTCGGAGGAGACGCLCGAT
TTGCAGCGOOTGOGTOATTICOATTAGCTGCATTAGGAGTAGCTACTGCCGCACAGGTCALCTG
CCGCAGTAGLCACTAGTAAAGGCAAATGAAAATGLTOCGGCTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTIGCAGATOTCOTCCAGOCCACACAATCACTAGG
AACAGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGOGTAAGTCCAGCAATTACAG
CAGCCAATTGTAAAGCCCAAGATGUTATCATTGOUTCAATCCTCAATCTCTATITGACCG
AGTTGACAACTATCTTCCACAATCAAATTACAAACCCTGCATTIGAGTCCTATTACAATTC
AAGCTTTAAGGATCCTACTAGGOAGTACCTTGCCOACTGTGUTCGAAAAATCTTICAATA
CCCAGATAAGTGOGGCTGAGCTTCTCTCATCAGGGTTATTGACAGGCCAGATTIGTGGGAT
TAGATTTGACCTATATGCAGATGGTCATAAAAATTGAGCTGCCAACTITAACTGTACAAC
CTGCAACCCAGATCATAGATCTGGCCACCATTITCTGCATTCATTAACAATCAAGAAGTCA
TGGCCCAATTACCAACACGTGTTATIGTGACTGGCAGCTTGATCCAAGCCTATCCCGCAT
CGCAATGCACTATTACACCCAACACTGTGTACTGTAGGTATAATGATGCCCAAGTACTCT
CAGATCGATACCGATGGCTTGUCTCCAAGOTAACTTCGACAAGATGCACCTTCTCTCCAGTGG
TTGGOGAGCTTTCTCACTCGATTICGTGCTOTICGATGOAATAGTITATGCAAATTGCAGGTC
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GATGTTGTGCAAGTGCATGCAGCCTGCTGUTGTGATCCTACAGCCGAGTTCATCCCCTOT
AACTGTCATTGACATGTACAAATGTGTGAGTCTGCAGCTTIGACAATCTCAGATTICACCAT
CACTCAATTGGCCAATOGTAACCTACAATAGCACCATCAAGCTTGAAACATOCCAGATCTT
GCCTATTGATCCGTTGGATATATCCCAGAATCTAGCTGCGGTGAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGCACAAAGTGACACATACCTTITCTGCAATCACATCAGCTACGAL
TACAAGTGTATTATCCATAATAGCAATCTGTCTIGGATCOGTTAGOTTTAATATTAATAATC
TTGCTCAGTGTAGTTIGTGTIGGAAGTTATTGACCATTGTCGCTGCTAATCGAAATAGAATG
GAGAATTTTGTTTATCATAATTCAGCATTCCACCACTCACGATCTGATCTCAGTGAGAAA

AATCAACCTGCAACTCTTIGGAACAAGATAAGACAGTCATCCATTAGTAATTITITAAGAAA
AAAACGATAGGACCGAAACTAGTATTGAAAGAACCGTCTCGGTCAATCTAGGTAATCGA
GCTGCTACCGTCTCGGAAAGUTCAAATCATGCTGCCTGATCCGGAAGATCCGGAAAGCA

AAAAAGCTACAAGGAGAACAGGAAACCTAATTATCTGCTICCTATTCATCTTCTTTCCGT
TTGTAAACTTCATIGTTCCAACTCTAAGACACTTGCTGTCCTAACACCTGUTATAGGCTAT
CCACTGCATCATCTCTTITTAAGAAAAAAATAGGCCCGGACGGGTTAGCAACAAGOGACT
GOUGOTOCCAACAACACAATCCACAATCTACAGTCGACGOGGOUGCCACCATGGTTGCA

CAACATCGCCCCTOTTAGGOCCACTTIGCCOAGTATTATITCOGACTGOCTGTGGGOAATCONG
COGACCCCAGCOCTOATGATCGACGGCATCCTCIGUGAGCOUTTCGCAGGLCATCCTIGTGAT

COCTGCACCACATGCTGLGACGCCATCAG AGACTGQUCTACTACGGCGACTICqIqrt

GATAGAGIGCTGAAAACCCATGICAACAAGCAGTTTCGACGATGGGCGCCGUTUCAACAGGCGAL

COACCTGACCACCGUCCCTACACCAGCCAGLCGGGAAAACCLTQUCTACGQUAAGCACAT
GUAGCACGCCCAGATOT T TACAAACCGUCGUTTATATGOUCCTQAATATCTGGGACCOGTICGA
COTGTTCTQUACCCTCGOCGCTACATCTGUATACCTGAAGGGUAACACGCGCCGCTTTCAACCT
GCTGGCGCCTGTTCGGCAGAGATGAGACOGUAGTIGUTGCTGATGACATCCCTAACGTGAGCCT
GAGCCACGCCETTICTGGAACTGTACACCGACACCGUCTTTGCUTGUGAGUGTUGOQAGCCAGAG
COGCOCTGUGGGACGTGUGGTTGTGCUACACTGG GG CAGUTTCCAGTACGCCCAGAGUAAG
COCAAAGTGOAAGAGCTGAATGTGCTUTGUAACGCCOUACGAGTTCACCATCAACAAGCUTAAG
GGUTATCTGGGCCACGGAGTTCCCCCTGAACATCAAGG LG GCACTGTHTCCGCCACCGACAT
CAAGGACGCCAGCATCGATTACCACGAGTGGUAGGLCTCICTGGCOCTCAGUTACAGACTGAA
CATGTTCACACCTTACATCOGCHTGAAGTGOTOCCGUGUCAGUITCGACGUTGATACAATCAG
AATCCCCCAACCTAAGCTGGAAACCTCTATTCT A GATGACTACCTGGAACCCCACCATCAGC
GGCAGCGGCATCGACGTGGACATUCAAGATCACCGACACCCTGCAGATUGTGTCCCTGUAACT
GAACAAGATGAAAAGCAGAAAGAGCTGCGGCUTGGUTATTIGGAACAACCATUGTGGACGICGA
TAAGTACGUCETGACUGTGGAAACAAGACTGATCGACGAGUGGGCUGCCCACGTGAACGCCC
AGTTCCGGTTCTGATGAGCTAGCCTCCTGCCATACTTICCTACTCACATCATATCTATTTTAA
AGAAAAAATAGGCCCGAACACTAATCGTGCCGGCAGTGUCACTGCACACACAACACTAC
ACATACAATACACTACAATGOTTGCAGAAGATGUCCCTGTITAGGGGCACTIGCCGAGTAT
TATTTCGAACAACAACTITAATTTTTCTATGCACACTATTAGCATTAAGCATCTCTATCCT
TTATGAGAGTTTAATAACCCAAAAGCAAATCATCGAGCCAAGCAGGCTICAACTGGATCTA
ATTCTAGATTAGGAAGTATCACTGATCTTCTTAATAATATTCTICTCTGTCGCAAATCAGAT
TATATATAACTCTGCAGTCGCTICTACCTCTACAATTIGGACACTCTIGAATCAACACTCCTT
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ACAGCCATTAAGTCTCTTCAAACAAGTGACAAGCTAGAACAGAACTGCTCOTOGGETGO
TGCACTGATTAATGATAATAGATACATIAATGGCATCAATCAGTICTATITCTCAATTIGCT
GAGGGTCGCAAGCTCGACACTTGGCCCACTTCTTAATATACCTAGTTITCATTICCAACTGCC
ACGACACCAGAGGGCTGCACCAGGATCCCATCATTCTCGCTCACCAAGACACACTGETGT
TATACACACAATOTTATCCTGAATGGATGCCAGGATCATGTATCCTCAAATCAATTTIGTTT
CCATGOOAATCATTCGAACCCACTTICTGCCGGGTTTCCATCCTTITCGAACCCTAAAGACTCT
ATATCTCAGCGATGOGGTCAATCGTAAGAGCTGCTCTATCAGTACAGTTICCGGGGGETTG
TATGATGTACTGTTTCGTCTCTACTCAACCAGAGAGGGATCGACTACTTTTICTACCGCTCCT
CCAGAACAACGAATTATTATAATGTACTATAATGATACAATCGTGCAGCGCATAATTAAT
CCACCCGGOOTACTAGATOTATGGGCAACATTGAACCCAGGAACAGGAAGCGGGUTATA
TTATTTAGGTTGGGTACTCITICCAATATATGGCGGCOTCGATTAAAGATACGAGTTTATG
GAATAATCAAGCAAATAAATACTITATCCCCCAGATGGTTGCTGCTCTCTGCTCACAAAA
CCAGGUAACTCAAGTCCAAAATGCTAAGTCATCATACTATAGCAGCTGGTTTGGCAATCG
AATGATTCAGTCTGGGATCCTGGCATGTCCTCTTCAACAGGATCTAACCAATGAGTGTTT
AGTTCTGCCUTTTTCTAATGATCAGGTCGCTTATGGGTOCTGAAGGCGAGATTATACATGTA
TOGTGACTCGOGTIGTATTACTACCAAAGAAGCAATAGTTGGTGGCCTATGACCATGUTGTA
TAAGGTAACCATAACATTICACTAATCOCTICAGCCATCTQCTATATCACGCTCAGAATGTGCC
CACACAGCAGOTCCCTAGACCTOOCACAGUAAGCTOCTCTOCAACAAATAGATOTCCEG
GITTTTGCTTCAAAGCGAGTGTATOCTGATGCCTGGTITACTGACCAACCCTICGTICTACCAG
TACATITGOGATCAGAAGCAACCTTCACTGUTTCTTATCTCAACGCAGCAACTCAGCOTAT
CAATCCCACGATOTATATCGCCAACAACACACAGATCATAAGCTCACAGCAATTTIGGAT
CAAGCCOTCAAGAAGCAGCATATGOCCACACAACTIGTTTTAGGGACACAGGCTCIGIT
ATGOTATACTCTATCTATATTATIGAATTCTCCTCATCTCTOTTAGGACAATTICAGATIG
TCCCATITATCCOTCAGGTGACACTATCCTAAAGOCAGAAGCCTCCAGGTCTGACCCALC
CAATCAAAGCATTATACCAGACCATOGAATCCATACCAAACATTATTGACACTAATGAC
ACACAAAATTGGTTTTAAGAAAAACCAAGAGAACAATAGOCCAGAATGGCTCGRTCTICG
GGAGATATTACTCCCTCAAGTCCATCTCAATTCACCAATIGTAAAGCATAAGCTATALTA
TTACATICTACTTIGGAAACCTCCCAAATGAGATCGACATIGACGATTTAGOTCCATTACA
TAATCAAAATTIGGAATCAAATAGCACATCGAAGAGTCTAACTTAGLCCAACGLTTIGGTAA
ATCGTAAGAAATTTITCTAATTACCCACATCCCTGATCTTAGAAAGGGLCATTIOGCAAGAGT
ATGTCAATGTAATACTGTGGCCGLGAATTICTTICCCTTGATCOCGOATTTTAAAATCAATG
ACCAATTGCCTCTACTCAAAAATTGOGACAAGTTAGTTAAAGAATCATGTTCAGTAATCA
ATGCOGOTACTTCCCAGTGCATTCAGAATCTCAGCTATGGACTGACAGGTCGTGGGAACC
TCTTTACACGATCACGTGAACTCTCTGOTCGACCGUAGGGATATTGATCTTAAGACGGTTG
TGGCAGCATGGCATGACTCAGACTGGAAAAGAATAAGTGATTITIGGATTATGATCAAAT
TCCAGATGAGACAATTAATTGTTAGGCAAACAGATCATAATCGATCCTGATTTAATCACGT
ATATCGAAAATAGAGAAGGCATAATCATCATAACCCCTGAACTGGTAGCATTATTTAACA
CTGAGAATCATACACTAACATACATCGACCTTTGAAATTGTACTGATGGTITCAGATATGT
ACGAAGGTCOTCACAACATTTTATCACTATGCACAGTTAGCACTTACCTGAATCCTCTGA
AGAAAAGAATAACATATITATTGAGUCTTIGTAGATAACTTAGCTTITTCAGATAGGTGATG
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CTGTATATAACATAATTGCTTTGCTAGAATCCTITGTATATGCACAGTTGCAAATGTCAGA
TCCCATCCCAGAACTCAGAGGACAATTCCATGCATTCGTATGTTCTCAGATTICTIGATGE
ACTAAGGGGAACTAATAGTTTCACCCAGGATGAATCAAGAACTGTGACAACCAATTTGA
TATCCCCATTCCAAGATCTGACCCCAGATCTTACGGCTGAATTGCTCTGTATAATGAGOC
TTTGGGOACACCCCATGCTCACCGCCAGTCAAGCTGCGGGAAAGGTACGCGAGTCCATG
TGTGCTGGAAAAGTATTAGACTTTCCCACCATTATCGAAAACACTAGCCTTITTTCCATACTA
TTCTGATCAATGOATACAGGAGGAAGCATCATGGAGTATGGCCACCCTTAAACTTACCGG
GTAATGCTTCAAAGGOGTCTCACGGAACTTATGAATGACAATACTGAGATAAGCTATGAAT
TCACACTTAAGCATTGGAAGGAAATCTCTCTTATAAAATTCAAGAAATGTTTTGATGCAG
ACGCAGGTGAGGAACTCAGTATATTTATCGAAAGATAAAGCAATTAGTGCCCCAAAACAA
GATTGCATGAGTGTGTTTAGAAGAAGCCTAATCAAACAGCGCCATCAGCATCATCAGGT
CCCCCTACCAAATCCATTCAATCOACOGCTATIGCTAAACTTTCTCOGAGATCGACAAATTY
COACCCCAATGTGGAGCTACAGTATGTAACATCAGGTGAGTATCTACATGATGACACGTT
TTGTGCATCATATICACTAAAAGAGAAGGAAATTAAACCTCATGGTCGAATTTITIGCAAA
GTTGACTAAGAGAATGAGATCATGTCAAGTTATAGCAGAATCTCTTTTAGCGAACCATGC
TOGOAAGTTAATCAAAGAGAATGGIGITGTGATOAATCAGCTATCATTAACAAAATCAL
TATTAACAATGAGTCAGATIGGAATAATATCCCAGAAAGCTAGAAAATCGACTCCGAGAT
AACATAAATCAACCTGOTTTICCAGAATATCCAGAGAAATAAATCACATCACTCCAAGCA
AGTCAATCAGCGAGATCCAAGTGATGACTTTCAATTGGCAGCATCTTTTTTAACTACTGA
TCTCAAAAAATATIGTITTACAATGCAGGTACCAGACAATTATCCCATTTGCTCAATCATT
AAACAGAATGTATQGTTATCOTCATCTCTTTGAGTGOATTCACTTACGGCTAATCGCGTAG
TACACTTTACGTGOGGCATCCCTTCAACCCACCAGCAGATACCAGTCAATTTGATCTAGA
TAAAGTAATTAATGOACATATCTTCATTCTATCACCCAGACGGTCGAATTCAAGGGCTATG
TCAAAAGGCTIGCACAATGATATCTATCTCTCTGATAATICTATCTGCCACAGAGTCTIGE
CACACGAGTAATGAGTATGGTGCAGGGAGATAATCAAGCAATTIGCTGTCACCACACGAG
TACCAAGGAGCCTGUCCACTCTTOCAGAAAAAGACTATTIGCTTITTAGATCTTGTAATCTAT
TCTTTCAGAGGTTAAAATGTAATAATTTITGCATTAGCTCACCATITGAAAGAACAAGAGA
CTATCATTAGTTCTCACTTCTTTGTTTATAGCAAGAGAATATICTATCAGGGGAGGATICT
AACGCAAGCCTTAAAAAATGLTAGTAAGCTCTGCTTIGACAGCTGATGTICCTAGGAGAAT
GTACCCAATCATCATGITCTAATCTTGCAACTACTOTCATCAGGTTAALTGAGAATGGTG
TIGAAAAAGATATCTGTITICTACTTGAATATCTATATGACCATCAAACAGCTCTCCTATGA
TATCATCTTICCCTCAAGTGTCAATTCCTGOAGATCAGATCACATTAGAATACATAAATAA
TCCACACCTOCTATCACGATIGGCTCTITCTGCCATCCCAGCTAGGAGOTCTAAACTACCT
GTCATGCAGTAGGUTGTTCAATCOAAACATAGGUGACCCGOTGGTTTCCGCAGTTIGCAGA
TCTTAAGAGATTAATTAAATCAGGATGTATCGGATTACTGGATCCTTITATAACTTATTAGG
GAGAAAACCGGGAAACGOGCTCATGGOUTACTTTAGCAGCTGACCCGTACTCAATCAATA
TAGAGTATCAATACCCCCCAACTACAGCTCTTAAGAGGCACACCCAACAAGCTCTGATGG
AACTCAGTACGAATCCAATGTTACGTGGCATATICTCTGACAATGCACAGGCAGAAGAA
AATAATCTIGCTAGATTTCTCCTGOATAGGOAGGTCGATCTTTCCOGUCGTOTAGCTCACATC
ATCATTGAGCAAACCAGTGTCGGGAGCGAGAAAACAGATTCAAGGATATTTGGATICAAC
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TAGATCGATAATGAGTAAATCACTAGAAATTAAGCCCTTGTCCAATAGGAAGCTTAATGA
AATACTGCATTACAACATCAATTACCTAGCTTACAATTITGGCATTACTCAAGAATGCTAT
TGAACCTCCGACTTATITGAAAGCAATGACTCTTGAAACATGTAGCATCGACATTIGCAAG
GAGCCTCCGGAAGCTCTCCTGOGCCCCACTUTTGOGTGGCAGAAATCTTGAAGGATTAGA
GACGCCAGATCCCATTIGAAATTACTGCAGGAGCATTAATIGTTGGATCGGGCTACTGTGA
ACAGTGTGCTGCAGGAGACAATCGATTCACATGOTTTTICTTGCCATCTOGTATCGAGAT
AGGAGGGGATCCCCGTGATAATCCTCCTATCCOTGTACCGTACATTGGCTCCAGGACTGA
TGAGAGGAGGGTAGCCTCAATGGCATACATCAGGGGTGCCTCCGAGTAGCCTAAAAGCAG
TTCTTAGACTGGCOGGAGTGTACATCTGGOGCATTICGCGAGATACTCTGGAGAATTGGATAG
ATGCACTGGATTTOTCTCACACTAGAGTTAACATCACACTTGAACAGCTGCAATCCCTCA
CCCCACTTCCAACCTCTGCCAATCTAACCCATCGGTTGGATCGATGGCACAACTACCCTAA
AGTTTACTCCTGCGAGCTCTITACACCTTITTCAAGTITCACTCATATATCAAATGATGAGCA
ATACCTGACAATTAATGACAAAACTGCAGATTCAAATATAATCTACCAACAGTTAATGAT
CACTGCGACTCGCGAATTTTAGAAACATGCGAATAATCCUCCCAATCAATAGAACATTICGAAG
AATCTACCCTACATTITGCACACTGOTIGCATCATOTTGTCTCCOACCTGTIGGACTCCTGCAT
CATCTCAGAAGCATTAACAGTCAAGCCACATATIACAGTACCGTACAGCAATAAATTICT
ATTTCATGAAGACCCCGCTATCTCAATATGAGACTOCAAAACTOCAATCGTITATCATITCA
AGCCCAATTAGGCAACATIGATOUTGTAGATATGACAGCTAAATTAACATTATTGTCCCA
ATTCACTGCAAGGCAGATTATTAATGCAATCACTGCACTCCATCGAGTCIGICTICTCITALCT
AATCGATOCCATTOT TGCATCAGACTATCGTICTCCAATTOCATTAGTGAATGCATGTATACC
AAATTAGATGAATTATTTATGTATTIGCTGQUTGCCAACTACTATTIGOAACTATCCTATCAA
ATGTATTATCTGAGGGTAGTIGOGTGCAGTAATATAGTGCATTATTCTTACATCATCTTG
AGAAGAATCCCGOOTCCAGCATTAAACAATCTCGCATCTACATTAAGTCATCCAAAACTT
TTCCCACCAGCTATCAACCTAGATATAGTTIGCCCCCTTAAATGCTCCTCATITTIGCATCTC
TGCGACTACATCAAGATGAGTGTGCATGCAATACTOTGGGOCTGTAAAAGAGTCATCAAT
GTGCTCTCCAATGOAGGGOACTTAGAATTAGTTCTCGACATCTGAAGATAGCCTTATICTC
AGTGACCCATCCATGAATCTCATTGCAAGGAAATTAACTITATTATCACTCGATTCACCAT
AATGGTTTGGAACTACCAAAGATTAAGGGOGTTICTCTCCTGATGAGAAGTGTITICGCTTIG
ACAGAATTTITOAGGAAAGTGGTGAACTCAGGOTTGAGTTCAATAGAGAALCTATCAAAL
TTITATGTACAATGTGOAGAACCCACGGCTTCCAGCATTCGCCAGCAACAATTACTACCT
GACCAGAAAATTATTGAATTCAATACGAGATACTGAGTCGGGTCAAGTAGCAGTCACCT
CATATTATGAATCATTAGAATATATTGATAGTCTTAAGCTAACCCCACATGTGCCTGOTA
CCTCATGCATTGAGCGATGATAGTCTATGTACAAATGATTACATAATCTGGATCATAGAGT
CTAATGCAAACTTGGAGAAGTATCCAATICCAAATAGCCCTGAGGATGATTCCAATTICC
ATAACTTTAAGTTGAATGCTCCATCGCACCATACCTTACGCCCATTAGGGTITGTCATCAA
CTGCTTGOTATAAGGGTATAAGCTGTTGCAGGTACCTTGAGCGATTAAAGCTACCACAAG
GTGATCATTITATATATTGCAGAAGGTAGTGGTGCCAGTATGACAATCATAGAATACCTAT
TCCCAGGAAGAAAGATATATTACAATTCTTTATTITAGTAGTGGTGACAATCCCCCACAAA
GAAATTATGCACCAATGCCTACTCAGTTCATIGAGAGTGICCCATACAAGCTCTGGCAAG
CACACACAGATCAATATCCCCAGATTTITGAGCGACTTCATCCCTCTATGGAACGGAAATG
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CCGLCATGACTGACATAGGAATCGACAGUTTGIGTAGAATTCATCATCAATCGAGTCGGOC
CAAGGACTIGCAGTTTAGTACATGTAGATITGGAATCAAGTGCAAGCTTAAATCAACAAT
GCCTGTCAAAGCCGATAATTAATGCTATCATCACTGCTACAACTGTTTTGTGCCCTCATGG
GOTGCTTATTCTGAAATATAGTTIGGTTGCCATTTACTAGATITAGTACTTTGATCACTTITC
TTATGGTGCTACTTTGAGAGAATCACTGTTCTTAGGAGCACATATICTGGTCCAGCTAATC
ATGAGGTTTATTITAATTITGTATCCTIGOCAACAACTTTGCATTCCAGACTGTCTCOCAGGT
AACAGGAATGGCGATCACTITAACCGATCAAGGGTTTACTITGATATCACCTGAAAGAAT
AAATCAGTATTIGOGATGOTCACTTGAAGCAAGAACGTATCGTAGCAGAAGCAATTGATA
AGGTCGOTTCTAGCAGAAGATGCTCTATTCAATTCGAGTGATAATGAATTAATTCTCAAAT
GTGGAGGGACACCAAATGCACGGAATCTTATCGATATCGAGCCAGTCGCAACTTTICATA
GAATTTGAACAACTGATCTGCACAATGTTGACAACCCACTTGAAGGAAATAATTGATATA
ACAAGOTCTGGAACCCAGGATTATCGAAAGTITATTACTCACTCUTTACAATTITAGGTCTT
CITGOTAAAATCAGTACGATAGTGAGATTATTAACAGAAAGGATTCTAAATCATACTATC
AGGAATTGGTTGATCCTCCCACCTTICGCTCCGGATGATCGTGAAGCAGCGACTTGGAATTC
GOGCATATTCAGGATTACTICCATCCTCAATTICTGATCGOTTCCTGAAGCTTTCTCCAAATA
GOAAATACTIGATTACACAATTAACTGCAGGCTACATTAGGAAATTGATTOAGGGGGATT
GTAATATCGATCTAACCAGACCTATCCAAAAACAAATCTGOAAAGCATTAGCTIGTCTAG
TCTATTGTCACGATCCAGTAGATCAAAGGOAATCAACACGAGTTTATTCATATAAATATTA
ATGAAGAAATAGACCGCGRUATCGATGGCOAGGAAATCTAAATATATCAAGAATCAGAA
TTAGTTTAAGAAAAAAGAAGAGGATTAATCTTGGTTITICCCCTIGGTGCETCGGCATEEC
ATCTCCACCTCCTCGCOETCCCACCTGGOCATCCCAAGCAGGACGCACGTCCACTCGGAT
GGCTAAGGGAGCGGCCGOGCATCCOGCTGCTAACAAAGCCCOAAAGGAAGCTCGAGTTG
GCTGCTGCCACCOCTGAGCAATAACTAGCATAACCCCTTGGGOCCTCTAAACGGOTCTTG
AGGGGTTTTTTGCTCAAAGGAGGAACTATATCCGGATCATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCOTAAAAAGGCCGCOTTGOTGGOGTTITTCCATAGGCTCCGCCCCCCT
GACGAGCATCACAAAAATCOACGCTCAACTCAGAGOTGGCGAAACCCGACAGGACTATA
AAGATACCAGGCOTTTCCCCCTGOAAGCTCCCTCOTGCOCTCTCCTGTICCGACCCTGEC
GCTTACCGGATACCTGTCCGOCTTTCTCCCTTCGGGAAGCGTGGUGCTTTCTCATAGCTCA
CGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGUTGTGTGCACGAA
CCCCCCOTTCAGCCCGACCGLTOCGCCTTATCCGOTAACTATCGTCTTGAGTCCAACCLG
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAG
GTATGTAGGCGOTGCTACAGAGTTCTTCAAGTGOTGGLCTAACTACGGCTACACTAGAAG
GACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGUTGGTAGCGOTGOGTTITTITTIGTTTGCAAGCAGCA
GATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTICTACGGGGTCTGA
CGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGA
TCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGA
GTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTG
TCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAG
GGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGUTCACCGGCTCCA
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GATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCCGAGCGCAGAAGTGGTCCTGCAAL
TTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCC
AGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCC
CATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTT
GGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCA
TCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGT
ATGCGGCGACCCGAGTTIGCTCTTGCCCGOGUGTCAATACGGGATAATACCGCGCCACATAGC
AGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCCGAAAACTCTCAAGGATC
TTACCGCTGTTGAGATCCAGTICGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCA
TCTTTTACTTTCACCAGCGTTICTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGTAAAA
AAGGGAATAAGGGUGACACGGAAATGTTGAATACTCATACTCTICCTTTTTCAATATTAT
TGAAGCATTTATCAGGGTTATTGTCTCATGAGUGGATACATATTTGAATGTATTTAGAAA
AATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCGAATTC
TAATACGACTCACTATAGGG (SEQ ID NQO:9).

{00116} The underlined sequence is the PIV5-CPI genomic nucleic acid
sequence. The italicized and underlined sequence is the whole MOMP nucleic acid
sequence. The double underlined sequence is the AOS meodified NT-MOMPAsp

nucleic acid sequence.

3. CVB vaceine segquences
a. pMHD181- CVB-MOMPAsp-CDSsp
[60111] The pMHD181- CPI-MOMPAsp-CDSsp nucleic acid sequence is
provided herein from 5" t0 37

GTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTIGCTCTTGCCCGGCGTCAATACGGGA
TAATACCGCOCCACATAGCAGAACTTITAAAACGTCGCTCATCATIGOAAAACGTICTICGGG
GUCAAAACTCTCAAQCGATCTTACCCGCTOITOAGATCCACTICGATGTAACCCACTCOTOC
ACCCAACTCATCTTCAGCATCTTTTACTITCACCAGCGITICTGOGTCGAGCAAAAACAGG
AAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTITGAATACTCATA
CICTTCCTTITICAATATTATTCAAGCATTTATCAGGOTTATIGICTCATGAGCGGATACA
TATTTGAATGTATTTAGAAAAATAAACAAATAGGOGTICCGCOCACATTICCCCGAAAAG
TOGCCACCTGACGTICTAAGAAACCATTIATTATCATCGACATTAACCTATAAAAATAGGCGTA
TCACCAGGCCCTTTCGTCTCGCGCOTTICCOTCATGACGOTCAAAACCTCTGACACATGC
AGCTCCCGCGAGACGGTCACAGUTTOTCTGTAAGCGCATGCCGOCAGCAGACAAGCLCGT
CAGGOCGLGTCAGCCOGETIGTTGGLGOOTCTCGOOOCTCOCTTAACTATGLGGCATCAGA
GCAGATTGTACTCGAGAGTGCACCATATATGCGUTGTOAAATACCOCACAGATOCGTAAG
GAGAAAATACCGCATCAGGCTAATACCACTCACTATAGGCACCAAGGGGAAAATGAAGT
GOTCACTCAAATCATCOAAGACCCTCOAGATTACATAGGTCCGGAACCTATGGCCTTCOT
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GACCGACCTCGAGTCAGAGTAGTTICAATAAGGACCTATCAAGTITGOGCAATITTICGTC
CCCCACACAAAAATCGTCATCCGTGCTTAAAGCATATGAGCGATTICACGCTCACTCAAGAA
CTGCAAGATCAGAGTCAGGAAGGTACAATCCCACCTACAACACTAAAACCGGTAATCAG
GGTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCCCGGCTTCTTCTATTICTGCCTA
COOATTGTTCTCAGTAATOGTGCAAGGOATTICCCATCGUTTITGGAGCATTACTCACAATG
TTTTCGCTACCATCAGCCACAATGCTCAATCATGTCAAATTAGCTGACCAGTCACCAGAA
GUTGATATCGAAAGGGTAGAGATCOATGGUTTTGAGGAGGGATCATTCCGCTTAATCCCC
AATGCTCGTTCAGGTATCGAGCCGTGUAGAGATCAATGCCTATGCTGCACTTGCAGAAGAT
CTACCTGACACACTAAACCATGUAACACCTITCOTTCATTCCGAAGTCCGAGGGAACTGCA
TGGGATGAGATIGAGACTITCTTAGATATGTGTTACAGTGTCCTAATGCAGGCATGGATA
GTGACTTGCAAGTGCATGACTGCGCCAGACCAACCTGCTGCTTCTATTGAGAAACGCUTG
CAAAAATATCGTCAGCAAGGCAGGATCAACCCOAGATATCTCCTGCAACCGGAGGCTCG
ACGAATAATCCAGAATGTAATCCGGAAGGGAATGGTIGGTCAGACATTTICCTCACCTTTGA
ACTGCAGCTTGCCCGAGCACAAAGCCTTCTATCAAATAGGTATTATGCTATGGTAGGGGA
TOTTGGAAAGTATATAGAGAATTIGTGOAATGGCAGGCTTCTTTTTGACACTAAAATATGT
ATTAGGAACTAGATGOCCCACACTTGCTITAGCTGCATT TTCAGGAGAGCTAACAAAGCT
AAAGTCCCTCATOGCATIATACCAGACCUTTGGTCGAGCAGGCCCOATATITOGCCCTATT
GCAGTCACCACATTTCATQUATTTTGCTGCAGCAAACTACCCACTGCTATATAGCTATGC
TATGOGAATAGGCTATGTGTITAGATGTCAACATCAGGAACTACGCTTICTCCAGATCATA
CATGAACAAGACATATITCCAATTGGOAATGGAAACTCCAAGAAAACAACAGGGTGCAG
TTCACATOAQGATOCGCAGAAGATCTCCOTCTAACTCAAGCCOAACGCACCCAGATOGCA
AATACACTTGCCAAATTCGACCACAGCAAATCGAGQGOCACACACCAGGGCGAGCAGTCAA
CCCOGTICTCATCTOTCACTOOGACAALCTCAGQTGLCCGCTGLAGCAACAGOUTCGACACACT
COAGAGTTACATGGCAGCGGATOCALTCAGGCACAGATATCCTCATGCAGCGCACCCATG
ATGATGAGATGCCACCATTGCAAGAGGAGGAAGAGGACGACACATCTGCAGGTCCACGC
ACTGOACCAACTCTTGAACAAGTCGLCTIGGACATCCAGAALCGCAGCAGTTGGAGCTCC
CATCCATACAGATCGACCTGAATGCCGCACTGOGTCATCTTGACATCTAGACAATTCAGAT
CCCAATCTAAAATTGACATACCTAATTGATTAGTTAGATGGAACTACAGTGGATTCCATA
AGGTTCCTGUCTACCATOGGUTTITAAAGAAAAAAATAGGLOCCGHGACGGOTTAGCAACAA
GCOACTGOCCOTOCCAACAGCGUAATCCACAATCTACAATGGATCCCACTOATCTGAGCT
TCTCCCCAGATGAGATCAATAAGCTCATAGAGACAGGCCTGAATACTGTAGAGTATTTTA
CTTCCCAACAAGTCACAGGAACATCCTCTCTTGOAAAGAATACAATACCACCAGGOGTC
ACAGGACTACTAACCAATGCTGCAGAGGUAAAGATCCAAGAGTCAACTAACCATCAGAA
GGGUTCAGTIGGTCOGOGOTCUAAAACCAAAGAAACCGUCGACCAAAAATTGCCATIOTCC
CAGCAGATGACAAAACAGTGCCCGOAAAGCCGATCCCAAACCOTCTATTAGGTCTGGAC
TCCACCCCOGAGCACCCAAACTOGTGCTTCATCTAAGTGGGAAAACATTACCATCAGGATCC
TATAAGGGGGTTAAGCTTGCOAAATTTGGAAAAGAAAATCTGATCGACACGGTTCATCGA
GGAACCCAGAGAGAATCCTATCGCAACCAGTTITCCCCATCGATITTAAGAGGGGCAGGS
ATACCGGCGGOTTCCATAGAAGGGAGTACTCAATCGOATGGOGTGOGAGATCAAGTCAAG
GTCACTGAGTGUGTCGCAATCCATCCTGTTCTCCAATCACCGCTGCAGCAAGGCGATTTGAA
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TGCACTTGTCACCAGTGTCCAGTCACTIGCTCTGAATGTGAACGAGATACTTAATACAGT
GAGAAATTTGGACTCTCGOATCAATCAACTGGAGACAAAAGTAGATCGCATTCTCTCATC
TCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTIGGACTTAAAGCAGGGATGGCTAC
TTTAGAAGGAATGATTACAACTGTGAAAATCATGGACCCGGGAGTTCOCAGTAATGTITAC
TGTGGAAGATGTACGCAAGACACTAAGTAACCATGCTCTTCTTIGTGCCAGAATCATTICAA
TGATAGTTTCTTGACTCAATCTGAAGATGTAATTITCACTTGATCGAGTTGGCTCGACCAALT
GCAACAAGTGITAAGAAGATTIGTCAGGAAGGTTCCTCCTCAGAAGGATCTGACTGGATT
GAAGATTACACTAGAGCAATTGGCAAAGGATTGCATCAGCAAACCGAAGATGAGGGAA
GAGTATCTCCTCAAAATCAACCAGGUTTCCAGTOAGGCTCAGCTAATTGACCTCAAGAAA
GCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATTACACTACACTGGTATGACA
CTGTACTAACCCTGAGGOTTTTAGAAAAAACGATTAACGATAAATAAGCCCGAACACTA
CACACTACCTGAGGCAGCCATGOCATCCATCAGCATTICCCGCAGACCCCACCAATCCACG
TCAATCAATAAAAGCGTTCCCAATTGIGATCAACAGTGATGOGGGTGAGAAAGGCUGCT
TGGTTAAACAACTACGCACAACCTACTTGAATGACCTAGATACTCATGAGCCACTGGTGA
CATTCATAAATACCTATGGATTCATCTACGAACAGOATCOGOGGGAATACCATIGICGGAG
AGGATCAACTTGCGUGAAGAAAAGAGCAGCCTOTCACCOCTGCAATGOTTACCCTTGCATGY
GOGCCTAATCTACCATCATTAGGCAATQTCCTGGOACAACTCAGGCGAATTCCAGGTCACT
GTTAQGAAGACATCCAGCAAAGCGUAACGACATGOTCTTITCAAATIGTTAAGTATCCGAG
AATATTTCGOGOGTCATACATTAATCCAGAAAGGACTAGTCTOTGTCTCCGCAGAAAAATT
TCITAAQTCACCAGOCAAAATACAATCTGCGAATGCACTATCTCTTCATTCCGACATITICT
GTCAGTCGACTTACTGTCCAGCTGCAATCAAATTTCAGCGTACCTGOCCCCATOTIGAAAAT
GAGATCAAGATACACTCAGAGCTTACAACTTGAACTAATGATAAGAATCCTIGTIGTAAGE
CCCATTCOCCACTIATGAAGOGTCCATACCCCTCGACAAGGAGGGAAGAGOATOTCTIGTAT
CAGTATCGCTGCATGTATOCAACATCTICAAATCAGGAAACAAGAATGGLAGTGAGTGG
CAGGAATACTGGATGAGAAAGTCGTIGCTAACATGCAACTTGAAGTGTCGATIGCAGATAT
GTGQOCACCAACTATCATAATTCATGCCAGAGOGTCACATTICCCAAAAGTGCTAAGTIGTEY
TTTTGGAAAGGOTCOATGOAGCTCCCATCCACTTCACGAAGTTIGTTICCAAGTGTCALCTAA
AACACTATGGTCCGTGGGUTGTGAGATTACAAAGGLGAAGGCAATAATACAAGAGAGTA
GCATCTCTCTTICTCGTGOAGACTACTCACATCATAAGTCCAAAAGTCAAAATTTCATCTA
AGCATCGOCOCTTITOGOAAATCAAATTIGGOCTCTGTTCAAGAAAACTAAATCACTGLCTA
ACCTGACGGAGUTGGAATGACTGACCTCTAATCGAGACTACACCGUCGLAAACTATAGE
TGGGTGOTACCTCAGTGATTAATCTTGTAAGCACTCGATCGTAGGCTACAACACACTAATA
TTATCCAGATTAGAGAGCTTAATTAGCTCTGTATTAATAATAACACTACTATICCAATAA
CTGGAATCACCAGCTTGATTTATCTCCAAAATGATICAAAGAAAACAAATCATATTAAGA
CTATCCTAAGCACGAACCCATATCGTICCTICAAATCATGOOTACTATAATICAATITCTGE
TOGTCTCCTGTCTATIGOCAGGAGCAGOCAGCCTTCATCCAGCAGCCCTCATGUAAATCG
GTGTCATTCCAACAAATGTCCGGCAACTTATGTATTATACTGAAGCTTCATCAGCATTICAT
TOTTGTGAAGTTAATGCCTACAATTGACTCGCCGATTAGTGOGATGTAATATAACATCAAT
TTCAAGCTATAATGCAACAGTGACAAAACTCCTACAGCCOATCOGTCAGAATTTGGAGA
COATTAGGAACCAGTTGATTCCAACTCGGAGGAGACGCCGOGTTTGCAGGGGTGGTGATT
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GCATTAGCTGCATTAGOAGTAGCTACTGCCGUACAGGTCACTGUCCGLAGTGGCALCTAGTA
AAGGCAAATGAAAATGOTGUGGCTATACTCAATCTCAAAAATGCAATCCAAAAAACAAA
TGCAGCAGTTGCAGATGTGOTOCAGGUCACACAATCACTAGGAACGGCAGTTICAAGCAG
TTCAAGATCACATAAACAGTGTGGTAAGTCCAGUAATTACAGCAGCCAATTGTAAGGLC
CAAGATGCTATCATTGGCTCAATCCTCAATCTICTATITGACCGAGTTIGACAACCATCTTCC
ACAATCAAATTACAAACCCTGCATTGAGTCCCATTACAATTCAAGCTTTAAGGATCCTAC
TGGGGAGTACCTITGOCGACTGTGGTCGAAAAATCTTTCAATACCCAGATAAGTGCAGCTG
AGCTTCTCTCATCAGGGTTATTGACAGGCCAGATIGTIGGGATTAGATITGACCTATATGC
AGATCGGTCATAAAAATTGAGCTGCCAACTTTAACTGTACAACCTGCAACCCAGATCATAG
ATCTGGCCACCATTTICTGCATTCATTAACAATCAAGAAGTCATGGCCCAATTACCAACAC
GTGTTATGGTGACTGGCAGCTTGATCCAAGCCTATCCCGCATCGCAATGCACCATTACAC
CCAACACTOTGTACTGTAGGTATAATGATOCCCAAGTACTCTCAGATGATACTATGGCTT
GOCTCCAAGGTAACTTGACAAGATGCACCTTCTCTCCAGTGGTITGOGAGCTTTICTCACTC
GATTCGTGCTGTTICGATGOAATAGTITATGCAAATTGCAGGTCCGATGTTIGTGCAAGTGCA
TOGCAACCTGCTGCTIGTGATCCTACAGCCOAGTTCATCCCCTOTAACTOTCATTGACATGTA
CAAATGTGTGAGTCTGCAGCTIGACAATCTCAGATTCACCATCACTCAATTOGCCAATGT
AACCTACAATAGCACCATCAAGCTTICAATCATCCCAGATCTIGTCTATIGATCCGTTGGA
TATATCCCAGAATCTAGCTGCGUTCGAATAAGAGTCTAAGTGATGCACTACAACACTTAGE
ACAAAGTCGACACATATCTTITCTGCAATCACATCAGCTACGACTACAAGTGTATTATCCAT
AATAGCAATCTGICTIGGATCOTTAGGTITAATATIAATAATCTTIGCICAGTIGTAGTTIGIC
TOCAAGTTATTCACCATTOTCOTTIGCTAATCOAAATAGAATGOAGAATTTTGTITATCAT
AAATAAGCATTCCACCACTCACGATCTCATCTCAGTGAGAAAAATCAACCTGCAACTCTT
GOAACAAGATAAGACAGTCATCCATTACTAATTTTIAAGAAAAAAACGATAGGACCOAA
CCTAGTATTOGAAAGAACCOTCTCOOTCAATCTAGOTAATCCAGCTGATACCGTCTCGGAA
AGCTCAAGCGGCCOCCACCATOCCCATOOOOTCTICTGCAACCGCTCOUCACCTIGTACCT
GCTGOCCATCUTOUTCOCTTOCTOUCTCOOACTGUCTGTGOGUAATCCTGUCGAGUCCAGC
CTCATCGATOGACGGCATCCTOTGHGAGGGUTTCGGAGGCGATCCTTGTGATCUCTGCACCACA
IGGTGCGACGCUCATCAGCCTTAGACTGGGUTACTACGGCCGACTICGIGTTTGATAGAGTGUTG
AAAACCGATGTCAACAAGCAGTTTGAGATGGGCECIGCTCCAACAGGLGACGUCEACCTGACE
ACCGCCCCTACACCAGUCAGT
GATGITTACAAACGCUGUTTATATGGUCCTGAATATCTGGGACCGGTTCGAC G GTT
CTGGGCGCTACATCTGGATACCTGAAGGGUAACAGCGCUGCTTTCAACCTGGTCGGLCTGTTC
GGCAGAGATGAGACGGCAGTIGCTGCTGATGACATCCCTAACGTGAGUCTGAGCCAGGUCETT
GUGGAACTGTACACCGACACCGCCTTTGCCTGGAGUGTGGGAGCCAGAGCCGUCCTGTGGGA
GIGCGGTTGTGCCACACTGGGCGUCAGUTTUCAGTAC GCCCAGAGCAAGCCCAAAGTGGAAG
AGCTGAATGTGCTGIGCAACGCCGUAGAGTTUCACCATCAACAAGCCTAAGGGLTATGTGGGUC
AGGAGTTCCCCCTGAACATUAAGGCUGGCACUGIGTCCGCUACCGACACCAAGGACGCTAGC
ATCGATTACCACGAGTGGCAGGUCTCTCTGGUCUTCAGUTACAGACTGAACATGTTCACACCIT
ACATCGGOGTGAAGTGGTCCCGUGCCAGCTTCGACGUTGATACAATCAGAATCGUCCAACCTA

AGCTGGAAACCTCTATTCTGAAGATGACTACCTGGAACCCCACCAT CAGCGGCAGCGLCATOG
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ACGIGGACACCAAGAT CACCGACAC CUTGUAGATOGT GTCCCTGCAACTGAACAAGATGAAAA

GUACGAAACGAGCTGCGGCCTGGUTATTIGGAACAACCATOGTGUACGUCGATAAGTACGCUGTGA
COGTGGAAACAAGACTGATUGACGAGCGGGLCGUCCACGTGAACGUCCAGTTUCGGTICTGA
GTCGACCACCTGCTATAGOCTATCCACTGCATCATCTCTCCTGCCATACTTCCTACTCACA
TCATATCTATTTTAAAGAAAAAATAGGCCCGAACACTAATCGTGCCGGCAGTGCCACTGO
ACACACAACACTACACATACAATACACTACAATGOTTGCAGAAGATGCCCCTGTTAGGG
CCACTTGCCGAGTATTATTTCGAACAACAACTTITAATCTTTCTATGCACACTACTAGCATYT
AAGCATCTCTATCCTTTATCGAGAGTITAATAACCCAAAAGCAAATCATCGAGCCAAGCAGG
CTCAACTGGATCTAATTCTGGATTAGGAAGTATCACTGATCTTCTTAATAATATICTCICT
GTCGCAAATCAGATTATATATAACTCTGCAGTCGCTCTACCTCTACAATTIGGACACTCTTG
AATCAACACTCCTTACAGCCATTAAGTCTCTTCAAACCAGTGACAAGCTAGAACAGAACT
GCTCGTGCAGTGCTGCACTGATTAATGATAATAGATACATTAATGGCATCAATCAGTTICE
ATTTTTCAATTGCTGAGGOGTCGCAATCTGACACTTIGGCCCACTTCTTAATATGCCTAGTTT
CATTCCAACTGCCACGACACCAGAGOGGCTGCACCAGGATCCCATCATICTCGCTCACTAA
GACACACTGOTGTTATACACACAATGTTATCCTGAATOGATGCCAGOATCATGTATCCTC
AAATCAATTIGTTITCTATGGOAATCATIGAACCCACTICTGCCGGCTTTCCATTCTTTOGA
ACCCTAAAGACTCTATATCTCAGCGATOGOGOTCAATCGTAAGAGCTGUICTATCAGTACA
GITCCGOGOGCTTCTATCGATGTACTCTTTTOTTTCTACTCAACCAGAGAGOUGATGACTAC
TTTTCTGCCGCTCCTCCAGAACAACGAATTATTATAATGTACTATAATCGATACAATCGTIG
GAGCOCATAATTAATCCACCUCOGOTACTAGATCTATGOGCAACATIGAACCCAGGAAC
AGGAAQCGOGGTATATTATITAGCGTITGGQTGCTICTTTCCAATATATGGUGGUGTGATTAA
AGGTACGAGTITIATGCAATAATCAAGCAAATAAATACTTTATCCCCCAGATGOTTIGCTIGE
TCTCTGCTCACAAAACCAGGCAACTCAAGTCCAAAATGCTAAGTCATCATACTATAGCAG
CTGGTITGGCAATCGAATCATTCAGTCTOGGATOCCTGOCATOTOCTCTTCGACAGGATCT
AACCAATGAGTGTTITAGTTCTGCCCTTTTCTAATGATCAGGTCCTTATGGETOCTGAAGG
GACGATTATACATOTATCOTCACTCGUTOTATTACTATCAAAGAAGCAATAGTTGGTGOCC
TATGACCATGCTGTATAAGOTAACCATAACATICACTAATGOTCAGCCATCTOCTATATC
AGCTCAGAATGTGCCCACACAGCAGOTCCCTAGACCTGGGACAGGAGACTGCTCTGCAA
CCAATAGATGTCCCGOTTIITGCTITGACAGGAGTGTATGCCOATGCCTGGTIACTGALCCA
ACCCTICOTCTACCAGTACATTTIGOATCAGAAGCAACCTICACTGOTTICTTATCTICAACAL
AGCAACTCAGOGTATCAATCCGACGATGTATATCGUGAACAACACACAGATCATAAGCT
CACAGCAATTTGCGATCAAGCOGGTCAAGAAGCAGCATATGGCCACACAACTTGTTITTAGG
GACACAGGCTCTGTTATGGTATACTGTATCTATATTATIGAATTGTCCTCATCTCTCTTAG
GACAATTTCAGATTGICCCATITATCCGTCAGGTGACACTATCCTAAAGGCAGAAGOCTT
CAGGTCTGACCCAGCCAATCAAAGCATTATACCAGACCATGOAATGCATACCAAACATY
ATTCGACACTAATOACACACAAAATTIGGTTTTAAGAAAAACCAAGAGAACAATAGGCCAG
AATGGOTGGGTCTCGGGAGATATTACTCCCTGAAGTCCATCTCAATTCACCAATIGTAAA
GUATAAGCTATACTATTACATICTACTTGGAAACCTCCCAAATGAGATCGACCTIGACGA
TTTAGGTCCATTACATAATCAAAATTGGAATCAGATAGCACATGAAGAGTCTAACTTAGC
TCAACGCTTGGTAAATGTAAGAAATTTTCTAATTACCCACATCCCTCGATCTTAGAAAGGG
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CCATTGGCAAGAGTATGTCAATGTAATACTGTGGCCGCGAATTCTTCCCTTGATCCCGGA
TITEAAAATCAATGACCAATTGCCTCTGUTCAAAAATTGOGACAAGTTAGTTAAAGAATC
ATGTTCAGTAATCAATGCAGGTACTTICCCAGTGCATICAGAATCTCAGCTATGOACTGAC
AGGTCGTGGGAACCTCTITACACGATCACGTGAACTCTCTGOTCGACCGCAGGGATATIGA
TCTTAAGACAGTTOGTGGCAGCATGGCATGACTCAGACTGGAAAAGAATAAGTGATTITITG
GATTATGATCAAATTCCAGATGAGACAATTAATTGTTAGGCAAACAGATCATAATGATTC
TGATTTAATCACGTATATCGAAAATAGAGAAGGCATAATCATCATAACCCCTGAACTGGT
AGCATTATTTAACACTGAGAATCATACACTAACATACATGACCTTTGAAATTGTACTGAT
GOTTTCAGATATGTACGAAGGTCGTCACAACATTITATCACTATGCACAGTTAGCACTTA
CCTGAATCCTCTOAAGAAAAGAATAACATATITATTGAGCCTTGTAGATAACTTAGCTTT
TCAGATAGGTCGATGCTGTATATAACATAATTGCTTTGCTAGAATCCTTTGTATATGCACA
GITGCAAATGTCAGATCCCATCCCAGAACTCAGAGGACAATICCATOGCATTICGTATGTTC
TGAGATTCTIGATGCACTAAGAGGAACTAATAGTTTICACCCAGGATGAATTAAGAACTGT
GACAACTAATTTGATATCCCCATTCCAAGATCTGACCCCAGATCTTACGGUTGAATTGCT
CITGTATAATGAGCCTTTGGGGACACCCCATGCTCACTOGCCAGTCAAGCTGCAGGAAAGGT
ACCCCAGTCTATGTGTGCTCOAAAAGTATTAGACTITCCCACCATTATGAAAACACTAGT
CTTTTTCCATACTATTCTCATCAATCOATACAGGAGGAAGCATCATGOAGTATGGCCACT
CTTAAACTTACCGOGTAATQCTTCAAAGGGTCTCACGCGAACTTATGAATGACAATACTOA
AATAAGCTATGAATTCACACTIAAGCATTIGOAAGGAAGTCICTCTTATAAAATICAAGAA
ATGTTTTGATGCAGACGCAGCTCAGGAACTCAGTATATTTATCAAAGATAAGGCAATEA
GTGCUCCAAAACAAGACTGCGATCAGTGTCGTTITAGAAGAAGCCTAATCAAACAGCGCCAT
CAGCATCATCAGOTCCCCCTACCAAATCCATTCAATCCACGGCTGTTIGCTAAACTTICIC
GGAGATCGACAAATTCGACCCCAATGTGOAGCTACACTATOTAACATCAGOTCAGTATCT
ACATOCATGACACGTITIGIGCATCATATTCACTAAAAGAGAAGGAAATTAAACCTGATGG
TCGAATTITTGCAAAGTTGACTAAGAGAATGAGATCATGTCAAGTTATAGCAGAATCTCT
TTTAGCOAACCATGCTCCGAAGTTAATCGAAAGAGAATGOTGTIGTGATCAATCAGCTATC
ATTAACAAAATCACTATTAACAATGAGTCAGATIGCAATAATATCCGAGAAAGCTAGAA
AGTCAACTCGAGATAACATAAATCAACCTGOTTTCCAGAATATCCAGAGAAATAAATCA
CATCACTCCAAGCAAGTCAATCAGLCGAGATCCAAGTGATOACTITGAATIGGCAGCATCT
TTTTTAACTACTGATCTCAAAAAATATIGTTIACAATGOAGGTACCAGACAATTATCCCA
TTTGCTCAATCATTAAACAGAATGTATGGTTATCCTCATCTCTTTGAGTGGATTICACTTALC
GGCTAATGCGTAGTACACTTTACGTGGGGCGATCOCTTICAACCCACCAGCAGATACCAGTC
AATTTGATCTAGATAAAGTAATTAATGCGAGATATCTTICATIGTATCACCCAGAGGTGGAA
TIGAAGGGCTGTGTCAAAAGGCTTGCACAATGATATCTATCGOCTOTGATAATICTATCTG
CCACAGAGTCTGOCACACGAGTAATGAGTATCGGTGCAGGGAGATAATCAAGCAATTIGCT
GTCACCACACGAGTACCAAGGAGCCTGCCCACTCTTCAGAAAAAGACTATIGCTTITTAGA
TCTTGTAATCTATICTTITGAGAGGTTAAAATGTAATAATTTTIGGATTAGGTCACCATTTIGA
AAGAACAAGAGACTATCATTAGTTCTCACTICTITGTITTATAGCAAGAGAATATICTATC
AGGGCAGCGATTCTAACGCAAGCCTTAAAAAATGCTAGTAAGCTCTGCTTGACAGCTGAT
GTCCTAGGAGAATGCACCCAATCATCATGTTCTAATCTTGCAACTACTGTICATGAGGTTA
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ACTGAGAATGGTGTTGAAAAAGATATCTGTITTCTACTTCGAATATCTATATGACCATCAAA
CAGCTCTCCTATGATATCATCTTCCCTCAAGTGTCAATTICCTGOAGATCAGATCACATTAG
AATACATAAATAATCCACACCTGOTATCACGATTGGCTCTTTTGCCATCCCAGTTAGGAG
GTCTAAACTACCTGTCATGCAGTAGGCTGTTCAATCGAAACATAGGCGACCCGGTGGTTT
CCGCAGTTGCAGATCTTAAGAGATTAATTAAATCAGGATCGTATGGATTACTGGATCCTTT
ATAACTTATTAGGGAGAAAACCGGOAAACGGCTCATGGGUTACTTITAGCAGCTGACCCG
TACTCAATCAATATAGAGTATCAATACCCTCCAACTACAGCTCTITAAGAGGCACACCCAA
CAAGCTCTGATGOAACTCAGTACGAATCCAATGTTACGTGGCATATTCTCTGACAATGCA
CAGGCAGAAGAAAATAACCTTIGCTAGGITTCTCCTGGATAGGCAGGTGATCTITCCGCGT
GTAGCTCACATCATCATIGAGCAAACCAGTGTCGGOAGGAGAAAACAGATTICAAGGATA
TTTGGATTCAACTAGATCGATAATCGAGCGAAATCACTAGAAATTAAGCCCTTATCCAATAG
GAAGCTTAATGAAATACTGGATTACAACATCAATTACCTAGCTTACAATTTIGGCATTACT
CAAGAATGCTATTIGAACCTCCGACTTATTTGAAGGCAATGACACTIGAAACATGTAGCAT
COACATTIGCAAGGAACCTCCOGGAAGCTCTCCTGOGCCCCACTCTTGGOTGGGAGAAATCT
TOAAGOGATTAGAGACGCCAGATCCCATTGAAATTACTGCAGGAGCATTAATTGTIGGATC
GOGCTACTOTCGAACAGTGTGUTGCAGCAGACAATCCATTCACATGCTTITTICTTGCCATC
TCOTATCOAGATAGCGAGCOCATCCCCOTOATAATCCTCCTATCCGTIGTACCGTACATICGG
CTCCAGGACTCATCGAGAGGAGGOTAGCCTCAATGOCATACATCAGGGOGTICCCTCOAGTA
GCTTAAAAGCAGTTCTTAGACTGOCGOGAGTGTACATCTGGGCATTCGCAGATACTCTIGS
AGAATTCCATAGATGCACTGCATTIGTCTCACACTACGAGTTAACATCACACTIGAACAGE
TOCAATCCCTCACCCCACTTCCAACCTCTGCCAATCTAACCCATCGOTTGGATOATOGCA
CAACTACCCTAAAGTITACTCCTGCOAGCTCTTACACCTTTTCAAGTITCACTCATATATC
AAATCGATCAGCAATACCTCACAATTAATCGACAAAACTGCAGATICAAATATAATCTACE
AACAGTTAATGATCACTCOACTCGGAATCTTAGAAACATGGAATAATCCCCCAATCAATA
GAACATTCGAAGAATCTACCCTACATITGCACACTGOTGCATCATOTTICTGTCCGALCCTG
TCGACTCCTCCATICTCTCAGAAGCATTAACAGTCAAGCCACATATTACAGTACCGTACA
GCAATAAATTIGTATTTIGATGACGGACCCGCTATCTGAATATCAAACTGCAAAACTGGAAT
CGTTATCATICCAAGCCCAATTAGGCAACATIGATOCTGTAGATATGACAGGTAAATTAA
CATTATTGTCCCAATTCACTGLAAGGCAGATTATCAATGCAATCACTGCALTCGATGAGT
CTGTCTCTCTTACTAATGATGCCATTIGTIGCATCAGACTATOTCTCCAATIGOATTAGTGA
ATGCATGTATACCAAATTAGATGAATTATTTATGTATTGTGGGTGOGAACTACTATTGGA
ACTATCCTATCAAATGTATTATCTGAGOGTAGTTGGOTGGAGTAATATAGTGGATTATTC
TTACATGATCTTGAGAAGAATCCCGGGTGCAGCATTAAACAATCTGGCATCTACATTAAG
TCATCCAAAACTTTICCGACGAGCTATCAACCTAGATATAGTTIGCCCCCTTAAATGCTCCT
CATTTTGCATCTCTGGACTACATCAAGATGAGTGTGGATGCAATACTCTOGGGCTGTAAA
AGAGTCATCAATGTGCTCTCCAATGGAGGGUCACTTAGAATTAGTTGTGACATCTGAAGAT
AGCCTTATTCTCAGTGACCGATCCATGAATCTCATTGCAAGGAAATTAACTTTATTATCAC
TGATTCACCATAATGGTTTGGAACTACCAAAGATTAAGGGGTICTCTCCTGATGAGAAGT
GTTTCGCTTTGACAGAATTTTTGAGGAAAGTGGTGAACTCAGGGTTIGAGTTCAATAGAGA
ACCTATCAAATTTTATGTACAATGTGGAGAACCCACGGCTTGCAGCATICGCCAGCAACA
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ATTACTACCTGACCAGAAAATTATTGAATICAATACGAGATACTGAGTCGGGTCAAGTAG
CAGTCACCTCATATTATGAATCATTAGAATATATTIGATAGTCTTAAGCTAACCCCACATG
TGCCTGOCACCTCATGCATIGAGGATOATAGTCTATOTACAAATOATTACATAATCTOGA
TCATAGAGTCTAATGCAAACTTGGAGAAGTATCCAATTCCAAATAGCCCTGAGGATGATT
CCAATTICCATAACTTTAAGTTGAATGCTCCATCGCACCATACCTTACGCCCATTAGGOTT
GTCATCAACTGCTTCGTATAAGGGTATAAGCTGCTGCAGGTACCTTGAGCGATTAAAGCT
ACCACAAGGTGATCATTTATATATIGCAGAAGGTAGTGGTGCCAGTATGACAATCATAGA
ATACCTATTCCCAGGAAGAAAGATATATTACAATICTTTATTTAGTAGTGGTGACAATCC
CCCACAAAGAAATTATGCACCAATGOUTACTCAGTICATTGAGAGTGTCCCATACAAGCY
CTGGCAAGCACACACAGATCAATATCCCGAGATTTTTGAGGACTICATCCCTCTATGGAA
COGAAACGCCOGUCATGACTCGACATAGGAATGACAGCTTGTGTAGAATTICATCATCAATC
GAGTCGGCCCAAGGACTTCCAGTITAGTACATGTAGATITOGAATCAAGTGCAAGCTTAA
ATCAACAATGCCTGTCAAAGCCGATAATTAATGCTATCATCACTGCTACAACTGITITGT
GCCCTCATGOGGTGCTTATTICTGAAATATAGT TGO T TGCCATTITACTAGATTITAGTACTTT
GATCACTTICTTATGOTGCTACTTIGAGAGAATCACTGTTCTTAGGAGCACATATICTGAT
CCAGCTAATCATCGAGGTTTATTTAATTITCTATCCTTGOCAACAACTITGCATTCCAGALTG
TCTCGCAGGCAACAGCAATCGOCOATCGACT TIAACTCGATCAAGGGTITTACTTITGATATCAC
CTGAAAGAATAAATCACTATTGGOATCOTCACTTGAAGCAAGAACGTATCGTAGCAGAA
GCAATTCGATAAGGTIGOTTCTAGGAGAAAATGCTICTATTTAATTCCGAGTGATAATGAATTA
ATTCTCAAATGTGOGAGGUACACCAAATGCACGCAATCTCATCCGATATCCAGCCAGTCGE
AACTTICATAGAATTIGAACAATTCATCTGCACAATGTTGACAACCCACTIGAAGGAAAT
AATTGATATAACAAGGTCTGOAACCCAGGATTATGAAAGTITATIACTCACTCCTTACAA
TTTAGGTCTTCTIGOTAAAATCAGTACCGATAGTGAGATTATTAACAGAAAGGATICTAAA
TCATACTATCAGGAATTIGOGTIGATCCTCCCACCTTCGCTCOCGGATOATCOTCAAGCAGGA
CTTGCAATTCGGCATATICAGGATTACTTCCATCCTCAATTICTOATCGOGTTCCTGAAGCTT
TCTCCAAATAGGAAATACTIGATTGCACAATTAACTGCAGGCTACATTAGGAAATTGATT
GAGGOGGATTGUAATATCCGATCTAACCAGACCTATCCAAAAGCAAATCTOCAAAGCATT
AGGTIGTGTAGTCTATTIGTCACGATCCAATGGATCAAAGGGAGTCAACAGAGTTITATTIGA
TATAAATATTAATGAAGAAATAGACCOCOCGCATCOATOGGCGAGGAAATCTAAACATATC
AAGAATCAGAATTAGTITAAGAAAAAAGAAGAGOATTAATCTIGGTITTCCCCTTIOGTGG
GTCGGCATGGCATCTCCACCTCCTCGCGOTCCGACCTGGGUATCCGAAGGAGGACGCAC
GTCCACTCGGATGGCTAAGGGAGCGGCCGGGGATCCGGCTGCTAACAAAGCCCGAAAGG
AAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTA
AACGGGTCTTGAGGOGTTTTTTGUTGAAAGGAGGAACTATATCCGGATCATGTCGAGCAA
AAGGCCAGCAAAAGGUCAGGAACCGTAAAAAGGCCGUCGTTGCTGGCGTITTITCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGUGAAACCC
GACAGGACTATAAAGATACCAGGCGTTITCCCCCTGGAAGCTCCCTCGTGUGCTCTCOTGY
TCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTT
TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGOTGTAGGTCGTTCGCTCCAAGCTGGGCY
GTGTGCACGAACCCCCCGTTCAGCCCCACCGCTGCGCCTTATCCGGTAACTATCGTCTTG
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AGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATT
AGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGG
CTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGUCCAGTTACCTTCGGAAA
AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGOGTAGCGOGTGGTTTTTITTIGT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTC
TACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT
ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTITTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTAT
CTCAGCGATCTGTCTATTTICGTTCATCCATAGTTGCCTGACTUCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGUCCCAGTGUTGCAATGATACCGUGAGACCCACG
CTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGUCGGAAGGGCCGAGCGCAGAA
GTGGTCCTGCAACTTTATCCGUCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGT
AAGTAGTTCGCCAGTTAATAGTITGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGET
GTCACGCTCGTCGTTIGGTATGGCTTCATTICAGCTCCGOGTTCCCAACGATCAAGGCGAGT
TACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCETIGTC
AGAAGTAAGTTGGUCGCAGTGITATCACTCATGGTITATGGCAGCACTGCATAATTCTCTT
ACTGTCATGCCATCCOGTAAGATGCTTITICTGTGACTOGTGAGTACTCAACCAA (SEQ D
NO:10).

{601121 The underlined sequence is the PIV5-CVE genomic nucleic acid
sequence. The italicized and underined sequence is the whole MOMP nucleic acid
sequence. The double underlined sequence is the AOS medified MOMPAsp-CDSsp

nucleic acid sequence.

b. pMHD182- CVB-NT-MOMPAsp
{00113} The pMBD182- CPI-NT-MOMPAsp nucleic acid sequence is provided
herein from 5" to 37

ACCAAGQGGGGAAAATGAAGTGGTCGACTCAAATCATCGAAGACCCTCCGAGATTACATAGGT
CCGOAACCTATGOCCTTCGIGACCCACCTCCAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTTIGOGCAATTITTICGICCCCOACACAAAAATGTCATCCOGTGUTTAAAGCATATGAGC
GATTCACGCTCACTCAAGAACTCCAAGATCAGAGTGAGCAAGGTACAATCCCACCTACA
ACACTAAAACCGGTAATCAGGOTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
COCCTTCTTCTATTCTGCCTACGOGATTCTTCTCAGTAATGOTGUCAAGGCATTICCCATCGETY
TIGCAGCATTACTCACAATGITITCOCCTACCATCAGCCACAATOCTCAATCATOTCAAATT
AGCTGACCAGTCACCAGAAGCTCATATCGAAAGGGTAGAGATCGATOOCTTITGAGGAGS
GATCATTCCOUTTAATCCCCAATGCTCGTTCAGGTATGAGCCOTGGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATCTACCTCGACACACTAAACCATGCAACACCTTTICOTIGATT
CCGAAGTCCAGGCAACTOCATGGCATGACGATTCGAGACTTTCTTAGATATOTCTITACAGTC
TCCTAATGCAGGCATGCATAGTGACTTIGCAAGTGLATGACTGCOGCCAGACCAACCTGLTS
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CITCTATTGAGAAACGCCTGCAAAAATATCGTCAGCAAGGCAGGATCAACCUGAGATAT
CTOCTGCAACCGOAGGCTCCACGAATAATCCAGAATGTAATCCGGAAGGGAATGGTGOT
CAGACATTTCCTCACCTTTGAACTGCAGCTTIGUCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGGGATGTTGOAAAGTATATAGAGAATTGTGGAATGGGAGGCT
TCTTTTTCACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTGCTTTAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTOCCTCATOGCATTATACCAGACCCTTIGGTGAGCA
GOCCCGATATITGGCCCTATTGGAGTCACCACATTTGATGCATTTTGCTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATGTGTTAGATGTCAACATGAGGAA
CTACGCTITCTCCAGATCATACATGAACAAGACATATITCCAATIGOGGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCCAACGCACCGAGATGGCAAATACACTTGCCAAATTGACCACAGCAAATCGAGGGGCA
GACACCAGGGGAGGAGTCAACCCGTTCTCATCTGTCACTGGGACAACTCAGGTGCCCOGCT
GCAGCAACAGGTGACACACTCGAGAGTTACATGGCAGCGGATCGACTGAGGCAGAGATA
TGCTGATGCAGGCACCCATGATCGATCGAGATGCCACCATTIGGAAGAGGAGGAAGAGGACG
ACACATCTGCAGGTCCACGCACTGCGACCAACTCTIGAACAAGTGGCCTTIGGACATCCAGA
ACGCAGCAGTTCOAGCTCCCATCCATACAGATCACCTGAATGCCCCACTGOGTGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATTGACATACCTAATTCATTAGTTAGATGO
AACTACAGTGCATTCCATAAGGTICCTGCCTACCATCOGCTITAAAGAAAAAAATAGGLC
COGOACGOOTTAGCAACAAGCGACTCGLCGOTCCCAACAGCGUAATCCACAATCTACAATG
GATCCCACTOATCTCGAGCTICTCCCCACATCGAGATCAATAAGCTCATAGAGACAGGLCTIG
AATACTGTAGACTATTITTACTTCCCAACAAGTCACAGUAACATCCTCTCTTIGGAAAGAAT
ACAATACCACCAGGGUTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGOGCTCAGTTGGTGOGOGTGCAAAACCAAAGAAACCGLOAL
CAAAAATTGCCATTIGTGCCAGCAGATGACAAAACAGTGCCCGGAAAGCCGATCCCAAAL
CCTCTATTAGGTCTGGALTCCACCCCGAGCACCCAAACTGTGUITGATCTAAGTGGGAAA
ACATTACCATCAGCGATCCTATAAGGGOOTTAAGCTIGCCGAAATTTGCAAAAGAAAATCT
GATGACACGOTTCATCGAGGAACCCAGAGAGAATCCTATCGUAACCAGTTITCCCCATCG
ATTTTAAGAGGGGCAGGGATACCGGUGGGTTCCATAGAAGGGAGTACTCAATCGCGATGG
GTGGOAGATGAAGTCAAGGTCACTCAGTGGTGUCAATCCATCCTGTICTCCAATCACCGCT
GCAGCAAGGUGATTTGAATGCACTIGTCACCAGTGTCCAGTCACTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATTICTCTCATCTCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTIGGAC
TTAAAGCAGGGATGGCTACTTITAGAAGGAATCATTACAACTGTGAAAATCATGGACCCG
GGAGTTCCCAGTAATGTITACTGTGGAAGATGTACGCAAGACACTAAGTAACCATGCTGTT
GTTGTGCCAGAATCATTICAATGATAGTTITCTTGACTCAATCTGAAGATGTAATTTCACTIC
ATCGAGTTGGCTCOACCAACTGUAACAAGTGTTAAGAAGATIGTCAGGAAGGTTCCTCCTC
AGAAGGATCTCGACTGGATTGAAGATTACACTAGAGCAATTIGGCAAAGGATTGCATCAGC
AAACCGAAGATOAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTCGAGGOTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT

ACACTACACTGOGTATGACACTGTACTAACCCTGAGOUGTITTAGAAAAAACGATTAACGAT
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AAATAAGCCOGAACACTACACACTACCTGAGGCAGUCATGCCATCCATCAGCATICOCGE
AGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTGTCGATCAACAGTCGATGG
GOOTCAGAAAGGCCGCTTGOTTAAACAACTACGCACAACCTACTTGAATGACCTAGATA
CTCATGAGCCACTGGTGACATTICATAAATACCTATGGATTCATCTACGAACAGGATCGGG
GGAATACCATIGTCGGAGAGGATCAACTTIGGGAAGAAAAGAGAGGUTGTCGACCGCTGCA
ATGGTTACCCTTGGATOTOGGCCTAATCTACCATCATTAGGGAATGTCCTGGGACAACTG
AGGGAATTCCAGGTCACTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTCTTTGA
AATTGTTAAGTATCCCGAGAATATTTCGOGGTCATACATTAATCCAGAAAGGACTAGTICTG
TOICTCCGCAGAAAAATTTGTTAAGTCACCAGGGAAAATACAATCTGOAATGGACTATCT
CITCATTCCCGACATTICTGTCAGTCGACTTACTGTUCAGCTGCAATCAAATTICAGGTACCT
GGCCCCATGTTOAAAATCGAGATCAAGATACACTCAGAGCTTACAACTTIGAACTAATGAT
AAGAATCCTGTGTAAGCCCGATTCGCCACTTATGAAGGTICCATACCCCTGACAAGGAGE
GAAGAGGATGTICTTGTATCAGTATGGCTGCATGTATGCAACATCTTCAAATCAGGAAACA
AGAATGGCAGTGAGTGGCAGGAATACTGCGATGAGAAAGTGTGCTAACATGCAACTTGAA
GTGTCCATTGCAGATATGTGGGGACCAACTATCATAATTICATGCCAGAGGTICACATICCC
AAAAGTGCTAAGTYGTITITITGGAAAGCGOTCCATGOAGCTCCCATCCACTICACGAAGTT
GTTCCAAGTGTCACTAAAACACTATGGTICCOTGOOUTCTGAGATTACAAAGOCGAAGGT
AATAATACAACGAGAGTAGCATCTCTCTTCTCOTCCAGACTACTCACATCATAAGTCCAAA
AGTCAAAATTICATCTAAGCATCGCCGLTTTGCGAAATCAAATTGGGGTICTGTTCAAGAA
AACTAAATCACTOCCTAACCTCGACGCAGCTGGAATCGACTCGACCTCTAATCGAGACTACALC
COCCOCAAACTATAGOTGGOTOGTACCTCAGTCATTAATCTTOTAAGCACTGATCGTAGG
CTACAACACACTAATATTATCCAGATTAGAGAGCTTAATTAGCTCTCTATTAATAATAAL
ACTACTATTCCAATAACTCGAATCACCAGCTIGATTITATCTCCAAAATGATTICAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACCGAACCCATATCGTCCTTCAAATCATGOGTAC
TATAATYCAATTTCTOOTGGTCTCCTCTCTATTGOCAGGAGCAGCGCAGCCTTGATCCAGT
AGCCCTCATGCAAATCGGTOTCATTCCAACAAATOTCCOGUAACTTATGTATTATACTGA
AGCTTCATCAGCATTCATTOTTCTGAAGTTAATGCCTACAATIGACTCGLCGATTAGTGG
ATGTAATATAACATCAATITCAAGCTATAATGCAACAGTGACAAAACTCCTACAGCCGAT
COGUTCAGAATTTIGOAGACGATIAGCAACCAGTTIGATTCCAACTOGGAGGAGALGCLGAT
TTGCAGCGOOTGOGTCATTICOATTAGCTGCATTAGGAGTAGCTACTGCCGCACAGGTCALCTG
CCGCAGTGGCACTAGTAAAGGCAAATGAAAATGUTGCGGUTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTTGCAGATOTCGGTCCAGGCCACACAATCACTAGG
AACGGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGOTAAGTCCAGCAATTACAG
CAGCCAATTGTAAGGUCCCAAGATGUTATCATTGOUTCAATCCTCAATCTCTATITGACCG
AGTTGACAACCATCTTOCCACAATCAAATTACAAACCCTGCATTGAGTCCCATTACAATTC
AAGCTTTAAGGATCCTACTGGGOAGTACCTTGCCOACTGTGUTCGAAAAATCTTICAATA
CCCAGATAAGTGCAGCTGAGCTTCTCTCATCAGGGTTATTGACAGGCCAGATTGTGOGAT
TAGATTTGACCTATATGCAGATGGTCATAAAAATTGAGCTGCCAACTITAACTGTACAAC
CTGCAACCCAGATCATAGATCTGGCCACCATITCTGCATTICATTAACAATCAAGAAGTCA

TCOGCCCAATTACCAACACGTGTTATGGTGACTGGCAGCTTGATCCAAGCCTATCCCGCAT
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COUAATGCACCATTACACCCAACACTGTGTACTGTAGGTATAATGATOGCCCAAGTACTCT
CAGATGATACTATGGCTTGOCTCCAAGGTAACTTGACAAGATGCACCTTCTCTCCAGTGG
TTIGGGAGCTTITCTCACTCGATTCOTGCTGTTCCGATGGAATAGTTTATGCAAATTGCAGGTC
GATGTTGTGCAAGTGCATGCAACCTGCTGUTGTGATCCTACAGCCGAGTTCATCCCCTGT
AACTGTCATTGACATGTACAAATGTGTGAGTCTGCAGCTTIGACAATCTCAGATTICACCAT
CACTCAATTGGCCAATOTAACCTACAATAGCACCATCAAGCTTGAATCATCCCAGATCTT
GTCTATTGATCCGTTGGATATATCCCAGAATCTAGCTGCGGTGAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGCACAAAGTGACACATATCTTTCTGCAATCACATCAGCTACGAC
TACAAGTGTATTATCCATAATAGCAATCTIGTCTIGGATCGTTAGGTTTAATATTAATAATC
TTGCTCAGTGTAGTTIGTGIGOAAGTTATTGACCATIGTCGTTGCTAATCGAAATAGAATG
GAGAATTTTGTTTATCATAAATAAGCATTCCACCACTCACGATCTGATCTCAGTGAGAAA
AATCAACCTGCAACTCTTIGGAACAAGATAAGACAGTCATCCATTAGTAATTTTTAAGAAA
AAAACGATAGGACCGAACCTAGTATTGAAAGAACCGTCTCGOTCAATCTAGGTAATCGA
GCTCATACCGTICTCGGAAAGCTCAAGCGGCCGCCACCATGOGTTIGCAGAAGATGCCCUTGT
FTAGGGUCACTIGCCOGAGTATTATTTCGACTGCCTGIGUGCAATCCTGCCGAGCCCAGCCTG
ATCATCCACGGCATCCTGTCGCAGGGCTTCGUAGGLUGATCCTTGTGATCOCTGUACCACATGG
TCCGACGCCATCAGUCTTAGACT GG GCTACTACGGCCACTICGTGTTTGATAGAG TG CTCAAAL
COCATOTCAACAAGCAGTTTGACAT GGG LG CCETCCAACAGQCCACCUCGACCTGACCACT
GUOCCTACACCAGCCAGCCGOGAALACCCTGOCTACGGCAAGCACATGUAGGACGCCCAGAT
GUITACABACGUCCCTTATATQGLUCTCAATATCTCGOACCGUT T CGACGIGITCTGCACCCT:
GUCGUTACATCTGOATACCTCAACG GCAACAGCGLCGCTTTCAACCTGOT GGG OCTCITOCGC
ACGACGATCAGACCCCAGTTIGCTCCT GATGACATCCCTAACCTGAGCCTGAGUCAGGCCGTIGTG
GAACTGTACACCGACACCGCCTITGCCTGGAGCUTGOGAGCCAGAGCCGCOCTCTCGUAGTG
COGTTGTGCCACACTGGGUGCCAGCTTCCAGTACGUCCAGAGCAAGCCCAAAGTCGAAGAGT
TGAATGIGUTGTGUAACGUCGCAGAGTTCACCATCAACAAGCCTAAGCGGUTATGTGGHEUCAGE
AGTTCCCCCTQAACATCAAGGCLGGUACCGIGTOCGLCACCGACACCAAGQACGCLAGCAT
GATTACCACGAGTGCCACGGCCTCTCTGGCCCTCAGCTACAGACT GAACATG T CACACCTTACA
TCGGCETGAAGTGGTCCCGUGCCAGLTTCGACGUTGATACAATCAGAATCGLOCAACCTAAGT
TGGAAACCTCTATTCTGAAGAT GACTACCTGGAACCCCACCAT CAGUG G UAGUEGUATIGACE
TGGACACCAAGATCACCGACACCCTGCAGATCG TG TCCCTHCAACTGAACAAGATGAAAAGCA
GAAAGAGCTGCGGUCTGGUTATIGGAACAACCATOGTGGACGCUGATAAGTACGCUGTGACC
GIGGAAACAAGACTGATCGACCGAGUGGGCCGCUCACGTGAACGCUCAGTTCUGGTTUTGATG
AGTCOACCACCTGCTATAGGUTATCCACTGCATCATCTCTCCTGCCATACTICCTACTCAL
ATCATATCTATTITAAAGAAAAAATAGGCCCGAACACTAATOGTGCCOGCAGTGCCACTG
CACACACAACACTACACATACAATACACTACAATGOTTGCAGAAGATGCCCCTGTTAGG
GCCACTTGCCGAGTATTATTITCGAACAACAACTTTAATCTITCTATGCACACTACTAGCAT
TAAGCATCTCTATCCTTTATGAGAGTTTAATAACCCAAAAGCAAATCATGAGCCAAGCAG
GUTCAACTGGATCTAATTCTGGATTAGGAAGTATCACTCGATCTTCTTAATAATATICTCTIC
TCTCGCAAATCAGATTATATATAACTCTGCAGTCGCTCTACCTCTACAATTGGACACTCTT
GAATCAACACTCCTTACAGCCATTAAGTCTCTTCAAACCAGTGACAAGCTAGAACAGAAC
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TGCTCGTGGAGTGCTIGCACTGATTAATGATAATAGATACATTAATGGUATCAATCAGTTC
TATTTTTCAATTGCTCAGGGTOCGCAATCTGACACTTGGUCCACTTICTTAATATGCCTAGTT
TCATTCCAACTGOCACGACACCAGAGGGCTOCACCAGGATCCCATCATTICTCGUTCACTA
AGACACACTGGTGTTATACACACAATGTTATCCTOGAATGGATGCCAGGATCATGTATCCT
CAAATCAATTTGTTTCTATGGGAATCATTGAACCCACTTCTGOCGGGTTTCCATICTITCG
AACCCTAAAGACTCTATATCTCAGCGATGOOGTCAATCGTAAGAGCTGUTCTATCAGTAC
AGTTCCGGGGGOGTTCTATGATGTACTGTTITTIGTTICTACTCAACCAGAGAGGGATGACTA
CITTTCTGCCGUTCCTCCAGAACAACGAATTATTATAATGTACTATAATGATACAATCGTG
GAGCGCATAATTAATCCACCCGOGGTACTAGATGTATGGGCAACATICGAACCCAGGAAC
AGCGAAGCGGGOTATATTATITAGGTTIGGGTGCTCTTTCCAATATATGGUGOGUGTGATTAA
AGGTACGAGTTTATGGAATAATCAAGCAAATAAATACTTITATCCCCCAGATGGTTIGCTGT
TCTCTOGCTCACAAAACCAGGCAACTCAAGTCCAAAATGCTAAGTCATCATACTATAGCAG
CITGOTITGGUAATCGAATGATTCAGTCTGGGATCCTGGCATGTCCTCTTCGACAGGATCT
AACCAATGAGTGTITAGTTICTGCCOCTTTITCTAATGATCAGGTGCTTATGGOGTGUTGAAGG
GAGATTATACATCTATGOTGACTCGOUTOTATIACTATCAAAGAAGCAATAGTTIGOTGGCC
TATGACCATGCTGTATAAGGTAACCATAACATICACTAATGGTCAGCCATCTGCTATATC
AGCTCAGAATQTOCCCACACAGCAGGTCCCTAGACCTGGOACAGGAGACTGCTCTGCAA
CCAATACGATGTCCCOOTTTTTGCTTOACAGCGAGTGTATCCCCATGCCTGOTTACTGACCA
ACCCTICGICTACCAGTACATITGGATCAGAAGCAACCTTCACTGOTTCTTATCTCAACAL
AGCAACTCAGCGTATCAATCCCACGATOTATATCGCOAACAACACACAGATCATAAGCT
CACAGCAATTTGCGATCAAGCOOTCAAGAAGCAGCATATGUCCACACAACTTIGTITITAGG
GACACAGGLICTGTTATCGTATACTGTATCTATATIATIGAATTGTCCTCATCTCICTTAG
GACAATTTCAGATTCTCCCATITATCOGTCAGGTGACACTATCCTAAAGGCAGAAGCCTT
CAGGTCTGACCCAGCCAATCAAAGUATTATACCAGACCATGOAATGCATACCAAACATT
ATTGACACTAATGACACACAAAATTGGTTTTAAGAAAAACCAAGAGAACAATAGGCCAG
AATQGCTCGOTCTCOGOAGATATTACTCCCTCAAGTCCATCTCAATTCACCAATTIGTAAA
GCATAAGCTATACTATTACATICTACTTIOGAAACCTCCCAAATCAGATCGACCTTGALGA
TTTAGGTCCATTACATAATCAAAATTGGAATCAGATAGCACATOAAGAGTCTAACTTAGL
TCAACGCTTOGTAAATGTAAGAAATTITCTAATTACCCACATCCCTCATCTITAGAAAGGG
CCATTGOCAAGAGTATCTCAATCTAATACTCTGGCCGCOAATICTTCCCTTCATCCCOGA
TITTAAAATCAATGACCAATTGCCTCTGUTCAAAAATTOGGGACAAGTTAGTTAAAGAATC
ATGTTCAGTAATCAATCGCAGGTACTICCCAGTGCATTCAGAATCTCAGCTATGGACTGAL
AGGTCOTGGOAACCTCTTTACACGATCACGTGAACTCTCTGOTGACCGCAGGGATATIGA
TCTTAAGACAGTTGTGGCAGCATGGUCATOACTCAGACTGGAAAAGAATAAGTGATITTTG
GATTATGATCAAATTCCAGATGAGACAATTAATTGTTAGGCAAACAGATCATAATGATIC
TOATTTAATCACGTATATCOAAAATAGAGAAGGCATAATCATCATAACCCCTGAACTGOT
AGCATTATTTAACACTGAGAATCATACACTAACATACATGACCTTITGAAATTIGTACTGAT
GGTTTCAGATATGTACGAAGGTCGTCACAACATITTATCACTATGCACAGTTAGCACTTA
CCTGAATCCTCTIGAAGAAAAGAATAACATATTTATIGAGCCTTCTAGATAACTTAGCTTT
TCAGATAGGTGATGCTGTATATAACATAATTGCTTTGCTAGAATCCTITGTATATGCACA
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GTTGCAAATGTCAGATCCCATCCCAGAACTCAGAGGACAATTCCATGCATTCGTATGTTC
TCGAGATTCTTGATGCACTAAGAGCGAACTAATAGTTTCACCCAGGATGAATTAAGAACTGT
GACAACTAATTTGATATCCCCATICCAAGATCTOACCCCAGATCTTACGGCTGAATTGLT
CTGTATAATGAGGCTTTGGGGACACCCCATGCTCACTGCCAGTCAAGCTGCAGGAAAGGT
ACGCGAGTCTATOTGTGCTGGAAAAGTATTAGACTTTCCCACCATTATGAAAACACTAGE
CITITTCCATACTATTCTGATCAATGGATACAGGAGGAAGCATCATCGAGTATGGCCACC
CTTAAACTTACCGGGTAATGCTTCAAAGGOTCTCACGUAACTTATGAATGACAATACTGA
AATAAGCTATGAATTCACACTTAAGCATTGGAAGGAAGTCTICTCTTATAAAATTICAAGAA
ATGTTTTOGATGCAGACGCAGCTGAGGAACTCAGTATATTITATGAAAGATAAGGCAATTA
GTGCCCCAAAACAAGACTGUGATGAGTGTGTTITAGAAGAAGCCTAATCAAACAGCGCCAT
CAGCATCATCAGGTCCCCCTACCAAATCCATTCAATCGACGGCTOTIGCTAAACTITCIC
GOAGATCGACAAATTCGACCCGAATOTOGAGCTACAGTATGTAACATCAGGTGAGTATCT
ACATGATGACACGTTTITGIGCATCATATTCACTAAAAGAGAAGGAAATTAAACCTGATGG

TTTAGCCGAACCATGCTGGGAAGTTAATGAAAGAGAATGGTCGTTGTGATGAATCAGCTATC
ATTAACAAAATCACTATTAACAATGAGTCAGATTGOAATAATATCCOGAGAAAGCTAGAA
AGTCAACTCCAGATAACATAAATCAACCTGOTTTCCAGAATATCCAGAGAAATAAATCA
CATCACTCCAAGCAAGTCAATCAGCOAGATCCAAGTGATCGACTTITCGAATIGOCAGCATCT
TTTTTAACTACTGATCTCAAAAAATATTIGT TTACAATGCAGGTACCAGACAATTATCCCA
TTTGCTCAATCATTAAACAGAATCGTATGOTITATCCTCATCICTITGAGTCGGATTCACTTALC
GQCTAATGCCTAQGTACACTTTACGTCGOGCATCCCTTCAACCCACCAGCAGATACCAGTC
AATTTGATCTAGATAAAGTAATTAATGUGAGATATCTICATIGTATCACCCAGAGGTGGAA
TTCAAGGGCTGTCTCAAAAGGCTTGGACAATCGATATCTATCGUTGTCGATAATTICTATCTG
CCACAGAGTCTGOCACACGAGTAATGAGTATOGTGCAGGUAGATAATCAAGCAATTIGCT
GTCACCACACGAGTACCAAGGAGCCTGCCCACTUTTCAGAAAAAGACTATIGCTITIAGA
TCTTOTAATCTATICTTTGAGAGOTTAAAATGTAATAATTTIGOATTAGGTCACCATITGA
AAGAACAAGAGACTATCATTAGTTICTCACTICTITGTTTATAGCAAGAGAATATICTATC
AGGGOAGCATTCTAACGCAAGCCTTAAAAAATGCTAGTAAGCTCTGCTIGACAGCTGAT
GTCCTAGGAGAATGCACCCAATCATCATGTICTAATCTIGCAACTACTGICATGAGGTTA
ACTGAGAATCGOTCTTCAAAAAGATATCTICTTTICTACTIGAATATCTATATGACCATCAAA
CAGCTCTCCTATGATATCATCTTCCCTCAAGTGTUAATTCCTGOAGATCAGATCACATTAG
AATACATAAATAATCCACACCTCGTATCACGATTGGCTCITITGCCATCCCAGTTAGGAG
GTCTAAACTACCTGTCATGCAGTAGOCTGTTCAATCGAAACATAGGOGACCCGOTGOTET
CCOGUAGTTGCAGATCTTAAGAGATTAATTAAATCAGGATGTATGOATTACTGGATCCTTT
ATAACTTATTAGGGAGAAAACCGGGAAACGGCTCATGGGCTACTTITAGCAGCTGACCCG
TACTCAATCAATATAGAGTATCAATACCCTCCAACTACAGCTCTTAAGAGGCACACCCAA
CAAGCTCTGATGGAACTCAGTACGAATCCAATGTTACGTGGCATATTCTCTGACAATGCA
CAGGCAGAAGAAAATAACCTTGCTAGGTITCTCCTGGATAGGGAGGTGATCTTITCCGEGT
GTAGCTCACATCATCATTGAGCAAACCAGTGTCOGCAGGAGAAAACAGATTICAAGGATA
TITGGATTCAACTAGATCGATAATCGAGGAAATCACTAGAAATTAAGCCCTTATCCAATAG
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GAAGCTTAATCGAAATACTGGATTACAACATCAATTACCTAGUTTACAATTTGGUATTACT
CAAGAATGCTATIGAACCTCCGACTTATITGAAGGCAATGACACTIGAAACATGTAGCAT
COACATTGCAAGGAACCTCCGGAAGCTCTCCTOGOCCCCACTCTTGGOTGGGAGAAATCT
TGAAGGATTAGAGACGCCAGATCCCATTGAAATTACTGCAGGAGCATTAATTIGTTGGATC
GGGCTACTOTGAACAGTOTGUTGCAGGAGACAATCCATTCACATGGTITITTCTTGCCATC
TGGTATCGAGATAGGAGGGGATCCCCOTGATAATCCTCCTATCCGTIGTACCGTACATICG
CTCCAGGACTGATGAGAGUAGGGTAGCCTCAATGGCATACATCAGGGGTGCCTCGAGTA
GCTTAAAAGCAGTTCTTAGACTGGCOGGCGAGTGTACATCTGGGCATICGGAGATACTCTIGE
AGAATTGOATAGATGCACTGCATITGTCTCACACTAGAGTTAACATCACACTTGAACAGC
TGCAATCCCTCACCCCACTICCAACCTCTIGCCAATCTAACCCATCGOTTGGATOGATGGCA
CAACTACCCTAAAGTTTACTCCTGCOAGCTCTTACACCTTITCAAGTTTICACTCATATATC
AAATCATGAGCAATACCTCACAATTAATGACAAAACTGCAGATICAAATATAATCTACT
AACAGTTAATGATCACTGGACTCGGAATCTTAGAAACATGGAATAATCCCUCCAATCAATA
GAACATTCGAAGAATCTACCCTACATITGCACACTGOTGCATCATGTTGTIGTCCGACCTG
TGGACTCCTGCATTCTCTCAGAAGCATTAACAGTCAAGCCACATATTACAGTACCGTACA
GCAATAAATTTIGTATTTCATCGAGCACCCGCTATCTCAATATOAAACTGCAAAACTGGAAT
COTTATCATICCAAGCCCAATTAGGCAACATTIGATOCTGTAGATATGACAGGTAAATTAA
CATTATTGTCCCAATICACTGCAAGGCACGATTATCAATCGCAATCACTGCACTCGATGAGT
CTOTCTCTCTTACTAATGATGCCATTGTIGCATCAGACTATGTCTCCAATIGOATTAGTGA
ATGCATGTATACCAAATTAGATCAATTATITATGTATIGTGUGOTGGCAACTACTATTCGA
ACTATCCTATCAAATCTATTATCTGAGGGTAGTTGGOTOCAGTAATATAGTGGATTATIC
TTACATGATCTTCGAGAAGAATCCCGGUTGCAGCATTAAACAATCTGGCATCTACATTAAG
TCATCCAAAACTITICCGACGAGCTATCAACCTAGATATAGTTIGCCCCCTIAAATGCTLCT
CATTTTGCATCTICTGCACTACATCAAGATCAGTGIGGATGCAATACTCTGGGGCTGTAAA
AGAGTCATCAATOTGCTCTCCAATGOAGGOCACTTAGAATTAGTTGTGACATCTGAAGAT
AGCCTTATTCTCAGTCACCOATCCATCAATCTCATIGCAAGGAAATTIAACTTTATTIATCAL
TCATTCACCATAATGOTTTGGAACTACCAAAGATIAAGGGOTICTCTCCTGATGAGAAGT
GITTCGCTTIGACAGAATTTITGAGGAAAGTGGTGAACTCAGGOTTIGAGTTCAATAGAGA
ACCTATCAAATTTTATCTACAATGTOGACGAACCCACGGCTTGCAGCATTICGCCAGCAACA
ATTACTACCTCACCAGAAAATTATTCGAATTICAATACGAGATACTGAGTCGOGTCAAGTAG
CAGTCACCTCATATTATGAATCATTAGAATATATTGATAGTCTTAAGCTAACCCCACATG
TGCCTGGCACCTCATGCATTIGAGCGATGATAGTCTATGTACAAATGATTACATAATCTGGA
TCATAGAGTCTAATGCAAACTIGGAGAAGTATCCAATTCCAAATAGCCCTGAGGATGATT
CCAATTICCATAACTTTAAGTTGAATGUTCCATCGCACCATACCTTACGCCCATTAGGOTT
GTCATCAACTGCTTGGTATAAGGGTATAAGCTGCTGCAGGTACCTTGAGCCGATTAAAGCT
ACCACAAGGTCGATCATTTATATATTIGCAGAAGGTAGTGGTGCCAGTATGACAATCATAGA
ATACCTATTCCCAGGAAGAAAGATATATTACAATTICTITATITAGTAGTGGTGACAATCC
CCCACAAAGAAATTATGCACCAATGCCTACTCAGTTCATIGAGAGTGTCCCATACAAGCT
CTGGCAAGCACACACAGATCAATATCCCOAGATTTTIGAGGACTTICATCCCTCTATGOAA
COOGAAACGCCGCCATGACTGACATAGGAATGACAGCTTGTGTAGAATTCATCATCAATC
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GAGTCGGCCCAAGGACTTGCAGTITAGTACATGTAGATTTGGAATCAAGTGCAAGUTTAA
ATCAACAATGCCTGTCAAAGCCGATAATTAATOCTATCATCACTGCTACAACTGTTTITGT
GCCCTCATGOGGTGCTTATTICTGAAATATAGTTGGTTGCCATTTACTAGATTITAGTACTTT
GATCACTTTCTTATGGTGCTACTTTGAGAGAATCACTGTTICTTAGGAGCACATATICTGAT
CCAGCTAATCATGAGGTTTATTTAATITGTATCCTTGCCAACAACTTTGCATTCCAGACTG
TCTCGCAGGCAACAGGAATGGUGATGACTTTAACTGATCAAGGGTTITACTTTIGATATCAC
CTGAAAGAATAAATCAGTATTGGGATGGTCACTTGAAGCAAGAACGTATCGTAGCAGAA
GCAATTGATAAGGTGGTTCTAGGAGAAAATGCTCTATTTAATTICGAGTGATAATGAATTA
ATTCTCAAATGIGCAGGOACACCAAATOCACGGAATCTCATCGATATCGAGCCAGTCGC
AACTTTCATAGAATTTGAACAATTGATCTGCACAATGTTGACAACCCACTTGAAGGAAAT
AATTGATATAACAAGGTCTGGAACCCAGGATTATGAAAGTITATTACTCACTCCTTACAA
TTTAGGICTTCTTGOTAAAATCAGTACGATAGTGAGATTATTAACAGAAAGGATTCTAAA
TCATACTATCAGGAATTGGTTCGATCCTCCCACCTTCGCTCCGGATGATCGTGAAGCAGGA
CITTGOAATTCGOGCATATICAGGATTACTTCCATCCTCAATTCTGATCGGTTCCTGAAGCTT
TCTCCAAATAGOAAATACTTGATTGCACAATTAACTGCAGGCTACATTAGGAAATTGATT
GAGGGGOATTGCAATATCGATCTAACCAGACCTATCCAAAAGCAAATCTGGAAAGCATT
AGGTTCTGTAGTCTATTIGTCACCGATCCAATCGCATCAAAGGCAGTCAACAGAGTITATTCA
TATAAATATTAATOAAGAAATAGACCGCOOOATCCATOGCCGAGCAAATCTAAACATATC
AAGAATCAGAATTAGTTTAAGAAAAAAGAAGAGGATTAATCITIGGTTTICCCCTIGGTIGG
GTCGOCATCGCATCTCCACCTCCTCOCGUTCCGACCTGGGCATCCGAAGGAGGACGCAC
GTCCACTCGGATOGCTAAGGOAGCGGCCGGGCATCCGOITGCTAACAAAGCCCGAAAGS
AAGCTGAGTTGGCTGCTCCCACCGCTCGAGCAATAACTAGCATAACCCCTTGOGGCCTCTA
AACGOOTCTTOAGGOGGTTITTTGCTCGAAAGCAGGAACTATATCCOGATCATGTCGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCCTAAAAAGGCCGCGTTGCTGGCOCTTTTTCCATAGS
CTCCGCCCCCCTGACGAGCATCACAAAAATCCACGITCAAGTCAGAGGTGGCGAAACCC
GACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCOTGT
TCCCGACCCTGCCGCTTACCGCATACCTGTCCGCCTTTICTCCCTTCGGGAAGCGTGGUGLTT
TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGLTCCAAGCTGGGCT
GTGTGCACGAACCCCCCGTTCAGCCCOACCGCTGCOCCTTATCCGGTAACTATCGTCTTC
AGTCCAACCCGOTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATT
AGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTICTTGAAGTGGTGGCCTAACTALCGG
CTACACTAGAAGAACAGTATTTCGOTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA
AAGAGTTGGTAGCTCTTGATCCGOCAAACAAACCACCGCTGGTAGCGGTGGTTITITICT
TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTITC
TACGGGETCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT
ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTAT
CTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGUCCCAGTGCTGCAATCGATACCGCGAGACCCACG
CTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGUCGAGCGCAGAA
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GTGGTCCTGCAACTTITATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGT
AAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGT
GTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGT
TACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCOGATCGTTCTC
AGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTY
ACTGTCATGCCATCCGTAAGATGCTTITTCTGTGACTGGTGAGTACTCAACCAAGTCATTCT
GAGAATAGTGTATGCGGCGACCGAGTTGUTCTTGCCCGGCGTCAATACGGGATAATACC
GCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAA
ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAA
CTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCA
AAATGUCCGCAAAAAAGGOAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTICC
TTTTTCAATATTATTGAAGCATTITATCAGGGTTATTGTCTCATGAGCGGATACATATTTGA
ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC
CTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGA
GGCCCTTTCGTCTCGCGCOGTTTCGGTGATGACGUTGAAAACCTCTGACACATGCAGCTCC
COGAGACGOTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCUGTCAGGGC
GCGTCAGCGGGTGTTGGCGGOGTGTCGGGGUTGGUTTAACTATGCGGCATCAGAGCAGAT
TCTACTGAGAGTGCACCATATATCGCGGTOTCGAAATACCGCACAGATGCOTAAGGAGAAA
ATACCGCATCAGGCTAATACGACTCACTATAGGS (SEQ ID NO: 11

{00114} The underlined sequence is the PIV53-CVB genomic nucleic acid
sequence. The ttalicized and underlined sequence is the whole MOMP nucleic acid
sequence. The double underlined sequence 18 the AGS modified NT-MOMPAsp

nucleic acid sequence.

c. pMHD16- CVB-NTTM-OspAsreru
{80115} The pMHD116- CYB-NTTM-OspAsprek nucleic acid sequence is

provided herein from 57 t0 37

ACCAAGGUCGAAAATOAAGTCOTCACTCAAATCATCCGAAGACCCTCGAGATTACATAGGT
CCGOAACCTATGOCCTTCGTGACCCGACCTCGAGTCAGAGTAGTTCAATAAGGACCTATCA
AGTTTGGGCAATTTTITCGTCCCCOACACAAMAAAATGTCATCCGTGUTTAAAGCATATGAGC
GATTCACGCTCACTCAAGAAUTGCAAGATCAGAGTGAGGAAGGTACAATCCCACCTACA
ACACTAAAACCGGTAATCAGGGTATTTATACTAACCTCTAATAACCCAGAGCTAAGATCC
COGCTTCTTCTATTICTGCCTACGGATIGTICTCAGTAATGGTGCAAGOCGATTCCCATCGCT
TTGGAGCATTACTCACAATGTITTITCGUCTACCATCAGCCACAATOGCTCAATCATGTCAAATT
AGCTGACCAGTCACCAGAAGCTGATATCGAAAGGGTAGAGATCGATGGCTTTGAGGAGG
GATCATTCCGCTTAATCCCCAATGCTCGTTCAGGTATGAGCCGTGGAGAGATCAATGCCT
ATGCTGCACTTGCAGAAGATUCTACCTGACACACTAAACCATGCAACACCTTICGTTGATT
CCCAAGTCGAGGCGAACTGCATGGGATCGAGATTCAGACTTICTTAGATATGTGTTACAGTG
TCCTAATGCAGGCATGGATAGTGACTTGCAAGTGCATGACTGCGCCAGACCAACCTGUTG
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CTTCTATTGAGAAACGCCTGUAAAAATATCGTCAGCAAGGCAGGATCAACCUGAGATAT
CTCCTGCAACCGOAGGCTCCACGAATAATCCAGAATGTAATCCGGAAGGGAATGGTGGT
CAGACATTTCCTCACCTTTGAACTGCAGCTTIGUCCGAGCACAAAGCCTTGTATCAAATAG
GTATTATGCTATGGTAGGGGATGTTGOAAAGTATATAGAGAATTGTGGAATGGGAGGCT
TCITTTTGACACTAAAATATGCATTAGGAACTAGATGGCCCACACTTGCTTTAGCTGCATT
TTCAGGAGAGUTAACAAAGCTAAAGTOCCTCATOCCATTATACCAGACCCTTGOTGAGCA
GOCCCGATATITGGCCCTATTGGAGTCACCACATTITGATGCATTTTGUTGCAGCAAACTA
CCCACTGCTATATAGCTATGCTATGGGAATAGGCTATGTGTTAGATGTCAACATGAGGAA
CTACGOCTITCTCCAGATCATACATGAACAAGACATATITCCAATIGOGAATGGAAACTGC
AAGAAAACAACAGGGTGCAGTTGACATGAGGATGGCAGAAGATCTCGGTCTAACTCAAG
CCCGAACGCACCCGAGATGGCAAATACACTTGCCAAATTGACCACAGCAAATCGAGGGGCA
GACACCAGGGGAGGAGTCAACCCGTTCTCATCTGTCACTGGGACAACTCAGGTGCCCGOT
GCAGCAACAGGTGACACACTCGAGAGTTACATGGCAGCGGATCGACTGAGGCAGAGATA
TGCTGATGCAGGCACCCATGATCGATCGAGATGCCACCATTGGAAGAGGAGGAAGAGGACG
ACACATCTGCAGGTCCACGCACTGCGACCAACTCTIGAACAAGTGGCCTTIGGACATCCAGA
ACGCAGCAGTTCOAGCTCCCATCCATACAGATCACCTGAATGCCCCACTGOGTGATCTTG
ACATCTAGACAATTCAGATCCCAATCTAAAATTIGACATACCTAATTCATTAGTTAGATGG
AACTACAGTGCATTICCATAAGGTTICCTOCCTACCATCOGCTTTAAAGAAAAAAATAGGCC
COGOACGOOTTAGCAACAAGCGACTCGLCGOTCCCAACAGUGUAATCCACAATCTACAATG
GATCCCACTOATCTCGAGCTICTCCCCACATCGAGATCAATAAGCTCATAGAGACAGGLCTIG
AATACTGTAGACTATITTACTTCCCAACAAGTCACAGUAACATCCTCTCTTIGGAAAGAAT
ACAATACCACCAGGGUTCACAGGACTACTAACCAATGCTGCAGAGGCAAAGATCCAAGA
GTCAACTAACCATCAGAAGOGCTCAGTTIGGTGOGOGTGCAAAACCAAAGAAACCGLOAL
CAAAAATTGCCATTIGTGCCAGCAGATGACAAAACAGTGCCCGGAAAGCCGATCCCAAAL
CCTCTATTAGGTCTGGALTCCACCCCGAGCACCCAAACTGTGUTTGATCTAAGTGGGAAA
ACATTACCATCAGGATCUTATAAGGGGOTTAAGCTTGCCGAAATTTIGCAAAAGAAAATCT
GATGACACGGITCATCGAGGAACCCAGAGAGAATCCTATCGCAACCAGTTTCCCCATCG
ATTTTAAGAGGGGCAGGGATACCGGLGGGTTCCATAGAAGGGAGTACTCAATCGCGATGG
GTGGOAGATGAAGTCAAGGTCACTCAGTGGTGUCAATCCATCCTGTICTCCAATCACCGCT
GCAGCAAGGUGATTTGAATGCACTIGTCACCAGTGTCCAGTCACTIGCTCTGAATGTGAA
CGAGATACTTAATACAGTGAGAAATTTGOGACTCTCGGATGAATCAACTGGAGACAAAAG
TAGATCGCATTICTCTCATCTCAGTCTCTAATCCAGACCATCAAGAATGACATAGTTIGGAC
TTAAAGCAGGGATGGCTACTTTAGAAGGAATCATTACAACTGTGAAAATCATGGACCCG
GGAGTTCCCAGTAATGTITACTOTGGAAGATGTACGCAAGACACTAAGTAACCATGOTGTT
GTTGTGCCAGAATCATTICAATGATAGTTITCTTGACTCAATCTGAAGATGTAATTTCACTTG
ATCGAGTTGGCTCOACCAACTGUAACAAGTGTTAAGAAGATIGTCAGGAAGGTTCCTCCTC
AGAAGGATCTGACTGCATTGAAGATTACACTAGAGCAATIGGCAAAGGATTGCATCAGT
AAACCGAAGATOAGGGAAGAGTATCTCCTCAAAATCAACCAGGCTTCCAGTCGAGGOTCA
GCTAATTGACCTCAAGAAAGCAATCATCCGCAGTGCAATTTGATCAAGAAACACCCAATT

ACACTACACTGOGTATGACACTGTACTAACCCTGAGOUGTITTAGAAAAAACGATTAACGAT
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AAATAAGCCCGAACACTACACACTACCTGAGGUAGUCATGUCATCCATCAGCATICCCGO
AGACCCCACCAATCCACGTCAATCAATAAAAGCGTTCCCAATTGTOATCAACAGTCGATGG
GGOTCAGAAAGGCCGCTTGOTTAAACAACTACGCACAACCTACTTGAATGACCTAGATA
CTCATGAGCCACTGGTGACATTICATAAATACCTATGGATTCATCTACGAACAGGATCGGG
GOAATACCATTGTCGGAGAGGATCAACTTGGGAAGAAAAGAGAGGCTGTGACCGCTGCA
ATGGTTACCCTTGGATCTOOGGCCTAATCTACCATCATTAGGGAATGTCCTGGGACAACTG
AGGGAATTCCAGGTCACTGTTAGGAAGACATCCAGCAAAGCGGAAGAGATGGTCTTTGA
AATTGTTAAGTATCCGAGAATATTTCGOGGTCATACATTAATCCAGAAAGGACTAGICTG
TOICTCCGCAGAAAAATTTGTTAAGTCACCAGGGAAAATACAATCTGOAATGGACTATCT
CITCATTCCCGACATTICTGTCAGTCGACTTACTGTCCAGCTGCAATCAAATTTCAGGTACCT
GGCCCCATGTTOAAAATCGAGATCAAGATACACTCAGAGCTTACAACTTIGAACTAATGAT
AAGAATCCTGTGTAAGCCCGATTCGCCACTTATGAAGGTICCATACCCCTGACAAGGAGE
GAAGAGGATGTCTTGTATCAGTATGGCTGCATGTATGCAACATCTTCAAATCAGGAAACA
AGAATGGCAGTGAGTGGCAGGAATACTGCGATGAGAAAGTGTGCTAACATGCAACTTGAA
GTGTCCATTGCAGATATGTGOGGACCAACTATCATAATTICATGUCAGAGGTCACATICCC
AAAAGTGCTAAGTTGTITITITGGAAAGCOTCCATGOAGCTCCCATCCACTICACGAAGTT
GTTCCAAGTGTCACTAAAACACTATGGTICCOTGUGOUTCTGAGATTACAAAGOCGAAGGT
AATAATACAACGAGAGTAGCATCTCTCTTCTCOTOCACACTACTCACATCATAAGTCCAAA
AGTCAAAATTICATCTAAGCATCGCCGLTTTGCGAAATCAAATTOGGGTICTGTTCAAGAA
AACTAAATCACTCGCCTAACCTCGACGCAGCTCGAATCGACTCGACCTCTAATCGAGACTACALC
COCCOCAAACTATAGOTGGOTOGTACCTCAGTCATTAATCTTOTAAGCACTGATCGTAGG
CTACAACACACTAATATTATCCAGATTAGAGAGCT TAATTAGCTCTCTATTAATAATAAL
ACTACTATTCCAATAACTCGAATCACCAGCTIGATTITATCTCCAAAATCATICAAAGAAA
ACAAATCATATTAAGACTATCCTAAGCACCGAACCCATATCGTCOCTICAAATCATGGGTAL
TATAATYCAATTTCTOOTOGTCTCCTCTCTATTGOCAGOAGCAGGCAGCCTTGATCCAGT
AGCCCTCATGCAAATCGOGTGTCATTCCAACAAATOTCCCGCAACTTATGTATTATACTGA
AGCTTCATCAGCATTCATTOTTCTGAAGTTAATGCCTACAATIGACTCGLCGATTAGTGG
ATGTAATATAACATCAATITCAAGCTATAATGCAACAGTCGACAAAACTCCTACAGCCGAT
COGUTCAGAATTTIGOAGACGATIAGCAACCAGTTGATTCCAACTOGGAGGAGALGCLGAGT
TTGCAGGOGTGCTOGATTCOATTAGCTGCATTACGGAGTAGCTACTGCCGCACAGOTCALTG
CCGCAGTGGCACTAGTAAAGGCAAATGAAAATGUTGCGGUTATACTCAATCTCAAAAAT
GCAATCCAAAAAACAAATGCAGCAGTTGCAGATOTCGTCCAGGCCACACAATCACTAGG
AACGGCAGTTCAAGCAGTTCAAGATCACATAAACAGTGTGOTAAGTCCAGCAATTACAG
CAGCCAATTGTAAGGUCCCAAGATGUTATCATTGOUTCAATCCTCAATCTCTATITGACCG
AGTTGACAACCATCTTCCACAATCAAATTACAAACCCTGCATTIGAGTCCCATTACAATTC
AAGCTTTAAGGATCCTACTGGGOAGTACCTTGCCOGACTGTGOTCGAAAAATCTTICAATA
CCCAGATAAGTGCAGCTGAGCTTCTCTCATCAGGGTTATTGACAGGCCAGATTGTGOGAT
TAGATTTGACCTATATGCAGATGGTCATAAAAATTGAGCTGCCAACTTITAACTGTACAALC
CTGCAACCCAGATCATAGATCTGGCCACCATITCTGCATICATTAACAATCAAGAAGTCA

TGOGCCCAATTACCAACACGTGTTATGGTGACTGGCAGCTTGATCCAAGCCTATCCCGCAT
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COCAATGCACCATTACACCCAACACTOTOTACTOTAGGTATAATCGATGCCCAAGTACTCT
CAGATGATACTATGGCTTGOCTCCAAGGTAACTTGACAAGATGCACCTTCTCTCCAGTGG
TTIGGGAGCTTITCTCACTCGATTCOTGCTGTTCCGATGGAATAGTTTATGCAAATTGCAGGTC
GATGTTGTGCAAGTGCATGCAACCTGCTGUTGTGATCCTACAGCCGAGTTCATCCCCTGT
AACTGTCATTGACATGTACAAATGTGTGAGTCTGCAGCTTIGACAATCTCAGATTICACCAT
CACTCAATTGGCCAATOGTAACCTACAATAGCACCATCAAGCTTGAATCATCCCAGATCTT
GTCEATTGATCCGTTGGATATATCCCAGAATCTAGCTGCGGTGAATAAGAGTCTAAGTGA
TGCACTACAACACTTAGCACAAAGTGACACATATCTTTCTGCAATCACATCAGCTACGAC
TACAAGTGTATTATCCATAATAGCAATCTIGTCTIGGATCGTTAGGTTTAATATTAATAATC
TTGCTCAGTGTAGTTIGTGIGCAAGTTATTGACCATIGTCGTIGCTAATCGAAATAGAATG
GAGAATTTTGTTTATCATAAATAAGCATTCCACCACTCACGATCTGATCTCAGTGAGAAA
AATCAACCTGCAACTCTTGGAACAAGATAAGACAGTCATCCATTAGTAATITTTAAGAAA
AAAACGATAGGACCGAACCTAGTATTGAAAGAACCGTCTCGGTCAATCTAGGTAATCGA
GCTCATACCGTICTCGGAAAGCTCAAGCGGCCGCCACCATGUGTTGCAGAAGATGCCCUTGT
TAGGGUCACTIGCCOAGTATTATTTCGAACAACAACTITAATCTTTICTATGCACACTACTA
GCATTAAGCATCTCTATCCTTTATATGAAGAAGTACCTGCTGUGCATCCGLCTGATCCTERC
COTCATCGCCTGUAAGUAGAACCTCAGLTOCCTGRACGAGAAGAATAGLQIGTCCGTIGLAICT

GUCCGCUCACATGAAGGTGCTOGTOAGUAAGCACGAAGAACAACGGACGGCAAGTATGATTGA
TCGECCACAGIGCACAAGCTGCAGLTGAAGOGCACCACGCGATAAGAACAATGGATCCGGLGIG

CTGGAGOUAGTGAAGGCACACAAGTCTAAGGTGAAGCTGACCATCAGUCGACGATCTGL A
GACCACACTGCAQGTCTTCAAGCACGQACGGCAAGACCCTOGIGTCCAAGAAGUTGACATCTAA

GQUATAAGTCTAGCACCCGAGCAGAACTITAACGAGAAGGCCUAGGIGTCCCAGAAGATCATCAC

ACCGGGCUCACTGGCACCAGACTGGAGTACACACGUATCAAGTCCGATGCUTCTGGECAAGGICA
AGCACGGT T GAAGGOCTTCACACTGGAGUOCAAGETGGUCAATGATAAGGTACCOTGHAG
GUGAAGGAGGGUACCETGACACTGTCCAAGAACAT CTCTAAGAGLGGLCGAGGTGICTHIGGA

GUTGAAT GACACCGATTCTUTGLCGOCACAAAGAAGACCGUCGCUTGAACAGCAAGACCTC

CACACTCGACCATCTCTGTEAATAGCAAGAACGACCACACAGCTGGTGTTTACAAAGCAGGACACA
ATCACCGTGCAGAAGTATGATAGCGLCGGAACCAACCTGGAGGGAACAGUAGTGGAGATCAAG
ACCCTGGACGAGCIGAAGAATGCCCTGAAGTGAGTCGACCACCTGCTATAGGCTATCCALTG
CATCATCTCTOCTOCCATACTICCTACTCACATCATATCTATTITTAAAGAAAAAATAGGLC
CGAACACTAATCOTGUCGGCAGTGUCACTGCACACACAACACTACACATACAATACACT
ACAATGGTTGCAGAAGATGCCCCTGTTAGGGCCACTTIGCCGAGTATTATTTCGAACAACA
ACTTTAATCTTTCTATGCACACTACTAGCATIAAGCATCTCTATCCTTTATCGAGAGTETAA
TAACCCAAAAGCAAATCATGAGCCAAGCAGGUTCAACTOGGATCTAATTCTGGATTAGGA
AGTATCACTGATCTTCTTAATAATATTCTCTCTGTCGCAAATCAGATTATATATAACTCIG
CAGTCGCTCTACCTCTACAATTGGACACTCTTGAATCAACACTCCTTACAGCCATTAAGTC
TCTTCAAACCAGTGACAAGCTAGAACAGAACTGCTCGTGGAGTGCTGCACTGATTAATGA
TAATAGATACATTAATGGCATCAATCAGTTICTATTTTTCAATIGCTCGAGGGTCGCAATCTG
ACACTTGGCCCACTTCTTAATATCUCTAGTTTCATICCAACTGCCACGACACCAGAGGGU
TGCACCAGGATCCCATCATICTCGCTCACTAAGACACACTGGTGTTATACACACAATOTT
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ATCCTGAATGGATGUCAGGATCATGTATCCTCAAATCAATTTIGTTICTATGGGAATCATT
GAACCCACTTCTGCCGOGOTTTCCATTCTTTCGAACCCTAAAGACTCTATATCTCAGCGATG
GOOTCAATCGTAAGAGCTGCTCTATCAGTACAGTTICCGGGGOGTIGTATCGATGTACTGTT
TTGTTTCTACTCAACCAGAGAGGGATGACTACTTITCTGCCGCTCCTCCAGAACAACGAA
TTATTATAATGTACTATAATGATACAATCGTGGAGCGCATAATTAATCCACCCGGGGTAC
TAGATGTATCGGGCAACATTGAACCCAGOAACAGGAAGCGGGGTATATTATTITAGGTTIGG
GTGCTCTTTCCAATATATGOCGGCGTGATTAAAGGTACGAGTTITATGGAATAATCAAGCA
AATAAATACTTTATCCCCCAGATGOGTTGCTGCTCTCTGCTCACAAAACCAGGCAACTCAA
GICCAAAATGCTAAGTCATCATACTATAGCAGCTGGTTTGGCAATCOAATGATTICAGTICY
GGUATCCTGGCATGTCCTCTTCGACAGGATCTAACCAATGAGTGTTTAGTICTGCCCTTTT
CTAATGATCAGGTGCTTATGGGTGCTCAAGGGAGATTATACATGTATGGTGACTCGOGTGT
ATTACTATCAAAGAAGCAATAGTTGGTGGCCTATGACCATGCTGTATAAGGTAACCATAA
CATTCACTAATGGTCAGCCATCTGCTATATCAGCTCAGAATGTGCCCACACAGCAGGTICC
CTAGACCTGGGACAGGAGACTGCTCTGCAACCAATAGATGTICCCGOGTTITTTGCTTGACAG
GAGTOTATGCCGATGCCTGOTTACTGACCAACCCTICOTCTACCAGTACATITGUATCAG
AAGCAACCTTCACTOOTTCTTATCTCAACACAGCAACTCAGCGTATCAATCCCACGATGT
ATATCOCGAACAACACACAGATCATAAGCTCACAGCAATTICCATCAAGCGOTCAAGAA
GCAGCATATOQCCACACAACTIGTTTTAGGCACACAGGCTCIGTITATGOTATACTGIATC
TATATTATTGAATIGTCCTCATCTCTCTTAGCACAATTTCAGATIGTCCCATTITATCCGIC
AGGTOACACTATCCTAAAGGCAGAAGCCTTCAGOTCTCACCCAGCCAATCAAAGCATTA
TACCAGACCATGCAATCGCATACCAAACATTATTCACACTAATCACACACAAAATTCOTTT
TAAGAAAAACCAAGAGAACAATAGGCCAGAATGOCTCCOTICTCOGGAGATATTACTCCE
TCAAGTCCATCTCAATTCACCAATTGTAAAGCATAAGCTATACTATTACATICTACTICG
AAACCTCCCAAATGAGATCGACCTTGACCGATTTAGGTCCATTACATAATCAAAATTCGAA
TCAGATAGCACATGAAGAGTCTAACTTAGCTCAACGUTTGOTAAATGTAAGAAATTITCT
AATTACCCACATCCCTCOATCTTAGAAAGGGCCATTIGCCAACGAGTATGTCAATGTAATACT
GTGGCCGLGAATTCTICCCTTIGATCCCGOATTTTAAAATCAATGACCAATIQCCTCTGCTC
AAAAATTGGGACAAGTTAGTTAAAGAATCATGTICAGTAATCAATGCAGGTACTTICCCAG
TOCATTCAGAATCTCAGCTATGCACTGACAGGTCOTGOGAALCCTCTTITACACGATCACGT
GAACTCTCTGOTCGACCGLAGOGATATIGATCTTAAGACAGTIGTGGCAGUATGGCATGALC
TCAGACTGGAAAAGAATAAGTCGATTTTTGGATTATGATCAAATTCCAGATCGAGACAATTA
ATTGCTTAGGCAAACAGATCATAATCGATTCTCGATTTAATCACGTATATCGAAAATAGAGAA
GGCATAATCATCATAACCCCTCAACTGGTAGCATTATTTAACACTGAGAATCATACACTA
ACATACATGACCTTTIGAAATTGTACTGATOGUGTTTCAGATATGTACGAAGGTCGTCACAAL
ATTTTATCACTATGCACAGTTAGCACTTACCTCGAATCCTCTGAAGAAAAGAATAACATAY
TTATTGAGCCTTGTAGATAACTTAGCTTITICAGATAGGTGATGCTCTATATAACATAATTG
CTTTGCTAGAATCCTTTGTATATGCACAGTTGCAAATGTCAGATCCCATCCCAGAACTCA
GAGGACAATTCCATGCATTCOGTATGTITCTGAGATTICTIGATGCACTAAGAGGAACTAATA
GTTTCACCCAGCGATGAATTAAGAACTGTGACAACUTAATTTGATATCCCCATTICCAAGATC
TCACCCCAGATCTTACGGCTGAATTGCTCTGTATAATGAGGCTTTGGGGACACCCCATGC
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TCACTGCCAGTCAAGCTGCAGGAAAGGTACGCGAGTCTATGTGTIGCTGGAAAAGTATTA
GACTTTCCCACCATTATGAAAACACTAGCCTITITCCATACTATTCTGATCAATGGATACA
GGAGGAAGCATCATGGAGTATGGCCACCCTTAAACTTACCGOGTAATGCTTCAAAGGGT
CTCACGGAACTTATGAATGACAATACTGAAATAAGCTATGAATTCACACTTAAGCATIGG
AAGGAAGTCTCTCTTATAAAATTCAAGAAATGTTTICGATGCAGACGCAGGTGAGGAACTC
AGTATATITATGAAAGATAAGGCAATTAGTGCCCCAAAACAAGACTGGATGACTGTGTET
AGAAGAAGCCTAATCAAACAGOGCCATCAGCATCATCAGGTCCCCCTACCAAATCCATIC
AATCGACGGCTGTTGCTAAACTTTICTCGGAGATCGACAAATTCCGACCCGAATGTGGAGCTA
CAGTATGTAACATCAGGTGAGTATCTACATGATGACACGTTITGTGCATCATATICACTA
AAAGAGAAGGAAATTAAACCTCGATGGTCCGAATTTTTGCAAAGTTGACTAAGAGAATGAG
ATCATGTCAAGTTATAGCAGAATCTCTTTTAGCGAACCATGCTGGGAAGTTAATGAAAGA
GAATCGGTGTTGTGATGAATCAGCTATCATTAACAAAATCACTATTAACAATCGAGTCAGAT
TGGAATAATATCCGAGAAAGCTAGAAAGTCAACTCGAGATAACATAAATCAACCTGGTT
TCCAGAATATCCAGAGAAATAAATCACATCACTCCAAGCAAGTCAATCAGCGAGATCCA
AGTGATGACTTTGAATTGGCAGCATCTTITITAACTACTCGATCTCAAAAAATATIGTTITAC
AATGOAGGTACCAGACAATTATCCCATITGUCTCAATCATTAAACAGAATGTATGGTTATC
CTCATCTCTTTIGACTCGATTICACTTACGGCTAATGCOTAGTACACTITACGTGCGGOATCT
CTTCAACCCACCAGCAGATACCAGTCAATTTGATCTAGATAAAGTAATTAATGCGAGATAT
CTTCATTGCTATCACCCAGAGGTGCAATTGAAGGOCTGTGTCAAAAGGCTTOCGACAATGAT
ATCTATCGCTCTCATAATTCTATCTOCCACAGAGTCTGCGLACACCGAGTAATGAGTATCGT
GCAGGUAGATAATCAAGCAATIGCTGTCACCACACGAGTACCAAGCAGCCTOUCGALCTE
TTCAGAAAAAGACTATTGCTITITAGATCTITGTAATCTATICTITICGAGAGGTTAAAATGTA
ATAATTTITGOATTAGOTCACCATITGAAAGAACAAGAGACTATCATTAGTICTCACTTICTT
TOTTTATAGCAAGAGAATATTICTATCAGGGCAGGATTCTAACGCAAGCCTTAAAAAATGE
TAGTAAGUTCTGCTTIGACAGCTCATGTCCTAGGAGAATGLACCCAATCATCATGTTCTAA
TCTTGCAACTACTGTCATCAGGTTAACTCAGAATGGTOTTGAAAAAGATATCTGTITCTA
CTTGAATATCTATATCGACCATCAAACAGCTCTCCTATOATATCATCTTICCOTCAAGTGTCA
ATTCCTOCAGATCAGATCACATTAGAATACATAAATAATCCACACCTGGTATCACCGATIC
GCTCTTTTGCCATCCCAGTTAGCAGUGTCTAAACTACCTOTCATOCAGTAGGCTGTTCAATC
GAAACATAGGCOACCCOGOTOOTTTCOGCAGTTGCAGATCTIAAGAGATTAATTAAATCAG
GATGTATGGATTACTGGATCCTTTATAACTTATTAGGGAGAAAACCGGGAAACGGCTCAT
GGGCTACTTTAGCAGCTGACCCGTACTCAATCAATATAGAGTATCAATACCCTCCAACTA
CAGCTCTTAAGAGGCACACCCAACAAGCTCTGATOGAACTCAGTACGAATCCAATGTITAC
GTGGCATATICTCTGACAATGCACAGGCAGAAGAAAATAACCTTGCTAGOTITCTCCTGG
ATAGGGAGGTGATCTTICCGCGTGTAGCTCACATCATCATTGAGCAAACCAGTGTCGGGA
GGAGAAAACAGATTCAAGGATATTTGGATTCAACTAGATCOATAATGAGGAAATCACTA
GAAATTAAGCCCTTATCCAATAGGAAGCTTAATGAAATACTGGATTACAACATCAATTAC
CTAGCTTACAATTTGGCATTACTCAAGAATGCTATTGAACCTCCGACTTATTTGAAGGCA
ATCGACAUTTGAAACATCTAGCATCCGACATIGCAAGGAACCTCCGGAAGCTCTCCTGGGCC
CCACTCTTGGOTGGGAGAAATCTTGAAGGATTAGAGACGUCAGATCCCATTGAAATTACT
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GCAGGAGCATTAATTGTTGOGATCGGGCTACTGTGAACAGTGTGCTGCAGGAGACAATCG
ATTCACATOGTTTTTICTIGCCATCTGGTATCGAGATAGGAGGGGATCCOCGTGATAATCC
TCCTATCCGTOTACCGTACATTIGGOCTCCAGCACTGATOAGAGGAGGOTAGCCTCAATGGO
ATACATCAGGGGTGCCTCGAGTAGCTTAAAAGCAGTTCTTAGACTGGUGGOAGTGTACAT
CTGGGCATTCGOAGATACTCTGGAGAATTGCATAGATGCACTCGATTITGTCTCACACTAG
AGTTAACATCACACTTGAACAGCTGCAATCCCTCACCCCACTTCCAACCTCTGCCAATCY
AACCCATCGGTTGGATGATGGCACAACTACCCTAAAGTITACTCCTGCGAGCTCTTACAC
CITTTCAAGTTICACTCATATATCAAATGATCGAGCAATACCTGACAATTAATGACAAAAC
TGCAGATTCAAATATAATCTACCAACAGTTAATGATCACTGGACTCGGAATCTTAGAAAL
ATGGAATAATCCCCCAATCAATAGAACATTICGAAGAATCTACCCTACATTTIGCACACTGS
TGCATCATGTTIGTIGTCCCGACCTOTGGACTCCTGUATTICTCTCAGAAGCATTAACAGTCAA
GCCACATATTACAGTACCGTACAGCAATAAATTIGTATTTGATCGAGGACCCGCTATCTGA
ATATGAAACTGCAAAACTGGAATCGTITATCATTICCAAGCCCAATTAGGCAACATTGATGC
TGTAGATATGACAGGTAAATTAACATTATTIGTCCCAATTICACTGCAAGGCAGATTATCAA
TOCAATCACTGGACTCOATCGAGTCTGTICTCTCTTACTAATCATGCCATIGTTGCATCAGAC
TATGTCTCCAATTGCATTAGTGAATOCATGTATACCAAATTAGATCAATTATTTATOTATT
GTGQUTGCCAACTACTATIGOAACTATCCTATCAAATCTATTATCTGAGGQTACTIGGGT
GOAGTAATATAGTGCATTATTCTTACATCATCTTGAGAAGAATCCCGGUTGCAGCATTAA
ACAATCTGGCATCTACATIAAGTCATCCAAAACTTTTCCGACGAGCTATCAACCTAGATA
TAGTTGCCCCCTTAAATGCTCCTCATTTIGCATCTCTGCACTACATCAAGATCGAGTGTGGA
TCCAATACTCTGGOOUTCTAAAAGAGTCATCAATOTGCTCTCCAATGCAGGOGACTTAGA
ATTAGTTGTIGACATCTGAAGATAGCCTTATTCTCAGTCGACCCATCCATCAATCTCATIGC
AAGGAAATTAACTTITATTATCACTCGATTICACCATAATGGTTITCGAACTACCAAAGATTAA
GGGOTTCTCTCUTGATGAGAAGTOTTICGCTITGACAGAATTITTITGAGGAAAGTGGTGAA
CTCAGGGTIGAGTTCAATAGAGAACCTATCAAATTTTATOTACAATOGTGOAGAACCCACG
GCTTGCAGCATTCOGCCAGCAACAATTACTACCTCACCAGAAAATTATTGAATICAATACG
AGATACTGAGTCGGUTCAAGTAGCAGTCACCTCATATTATGAATCATTAGAATATATIGA
TAGTCTTAAGCTAACCCCACATGTGCCTCGCACCTCATGCATTGAGGATGATAGTCTATG
TACAAATGATTACATAATCTGCATCATAGAGTCTAATGCAAACTTGGAGAAGTATCCAAT
TCCAAATAGCCCTGAGGATCGATICCAATTTICCATAACTITAAGTIGAATGCTCCATCGCA
CCATACCTTACGCCCATTAGGOTTOTCATCAACTGUTTGOTATAAGGGTATAAGCTGOTG
CAGGTACCTTGAGCGATTAAAGCTACCACAAGGTGATCATTTATATATTGCAGAAGGTAG
TGOTGCCAGTATOACAATCATAGAATACCTATTCCCAGGAAGAAAGATATATTACAATIC
TTTATTTAGTAGTOGGTGACAATCCCCCACAAAGAAATTATGCACCAATGCCTACTCAGTT
CATTGAGAGTGTCCCATACAAGCTCTGGCAAGCACACACAGATCAATATCCCGAGATITT
TCAGGACTTCATCCCTCTATGOGAACGGAAALGCCGCCATGACTGACATAGOAATGACAG
CTTGTGTAGAATTCATCATCAATCGAGTCGGCCCAAGGACTIGCAGTITAGTACATGTAG
ATTTGCAATCAAGTGCAAGCTTAAATCAACAATGCCTGTCAAAGCCGATAATTAATGCTA
TCATCACTGCTACAACTGTITITGTGCCCTCATGGGGTIGCTTATTICTGAAATATAGTIGGTT
GCCATTTACTAGATITAGTACTITGATCACTTTICTTATGGTGCTACTITGAGAGAATCACT
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GTTCTTAGGAGCACATATTCTGATCCAGUTAATCATGAGGTTTATTTAATTTIGTATCCTTG
CCAACAACTTTGCATTCCAGACTGTICTCOCAGGCAACAGGAATGCCGATCGACTTITAACTG
ATCAAGGGTTTACTTTGATATCACCTGAAAGAATAAATCAGTATTGGGATGOTCACTTGA
AGCAAGAACGTATCGTAGCAGAAGCAATTGATAAGOTGGTTCTAGGAGAAAATGCTCTA
TITAATTCGAGTGATAATGAATTAATTCTCAAATGTGGAGGGACACCAAATGCACGGAAT
CTCATCCATATCGAGCCAGTCGCAACTTTCATAGAATTTGAACAATTGATCTGCACAATG
TTGACAACCCACTTGAAGGAAATAATTGATATAACAAGGTCTGGAACCCAGGATTATGA
AAGTTTATTACTCACTCCTTACAATITAGGTCTICTTGGTAAAATCAGTACGATAGTGAGA
TTATTAACAGAAAGGATTCTAAATCATACTATCAGCAATTGOTTGATCCTCCCACCTICG
CTCCGGATGATCOTGAAGCAGGACTTGOAATTCGGCATATICAGCGATTACTICCATCCTC
AATTCTGATCGOTTCCTGAAGCTTITCTCCAAATAGGAAATACTTIGATTIGCACAATTAACT
GCAGGCTACATTAGGAAATTOATTIGAGGOGGCATTGCAATATCOGATCTAACCAGACCTATC
CAAAAGCAAATCTGOAAAGCATTAGGTTGTGTAGTCTATIGTICACGATCCAATGGATCAA
AGGGAGTCAACAGAGTTITATTGATATAAATATTAATGAAGAAATAGACCGCGGGATCGA
TOGCCAGOAAATCTAAACATATCAAGAATCAGAATTAGTTTAAGAAAAAAGAAGAGGAT
TAATCTTGGTTITCCCCTTOOTGOGTCGGCATGGCATCTCCACCTCCTCGCGOTCCGACCT
GGGCATCCGAAGGAGGACGCACGTCCACTCGCGATCGGCTAAGGCGAGCGGCCOGGGATCCG
GCTGCTAACAAAGCCCOAAAGGAAGCTCACTTGGCTGCTGCCACCGUTCGAGCAATAACT
AGCATAACCCCTTGGGGCCTCTAAACGGOTCTTGAGGGOGTTTTTTGCTGAAAGGAGGAAL
TATATCCGGATCATGTGAGCAAAAGCCCAGCAAAAGGCCAGCGAACCCTAAAAAGGCCGC
GITGCTGOCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTC
AAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCOCTCTCCTOTTCCOACCCTGCCOCTTACCGRATACCTGTCCGCCTTTICT
CCCTTCOOGAAGCOTOOCOCTTTICTCATAGCTCACGCTGTAGGTATCTCAGTTCOGGTGTA
GGTCOTTCGCTCCAAGCTOOGCTOTOTGCACCGAACCCCCOGTTCAGCCCOACCGCTOCGC
CTTATCCGGTAACTATCOTCTTGAGTCCAACCCOGTAAGACACGACTTATCGCCACTGEC
AGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGETGCTACAGAGTTCT
TCAAGTGOTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGE
TCAAGCCAGTTACCTTCGCAAAAAGAGTTGOTAGCTCTTCATCCGGCAAACAAACCACC
GCTGOTAGCGGTOGTTTTTITGTTTOGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCT
CAAGAAGATCCTTTGATCTTTTICTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGT
TAAGGGATTITGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAA
AAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTIGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTTCATCCATAGTTGCCT
GACTCCCCGTCGTOTAGATAACTACGATACGGGAGGGCTTACCATCTGGOCCCAGTGCTG
CAATGATACCGCGAGACCCACGCTCACCGGUTCCAGATTITATCAGCAATAAACCAGCCA
GCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATT
AATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTITGCGCAACGTTGTT
GCCATTGCTACAGGCATCGTGGTOTCACGCTCGTCGTTTGOTATGGCTICATTCAGCTCCG
GTTCCCAACGATCAAGGCGAGTTACATGATCCCOCATGTTIGTGCAAAAAAGCGGTTAGCT
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CCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTAT
GOCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGT
GAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG
GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGG
AAAACGTTCTTCGGGGUGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGAT
GTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGG
TGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAAT
GTTGAATACTCATACTCTTCUTTTITTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTC
ATGAGUGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGLALC
ATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTA
TAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGUGTTTCGGTGATGACGGTGAAAA
CCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTCTAAGCGGATGCCGGGA
GCAGACAAGCCCGTCAGGGUGUGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAAL
TATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTGAAATACCG
CACAGATGCGTAAGGAGAAAATACCGCATCAGGCTAATACGACTCACTATAGGG (SEQ
D NO:12).

{80116 The underlined sequence is the PIV5-CVB genomic nucleic acid
sequence. The italicized and underined sequence is the whole OspA nucleic acid
sequence. The double underlined sequence is the ACQS modified NTTM-OspArperk

nucleic acid.

HI. Methods of Making
{60117] Also included in the present invention are methods of making and using
PIVS (W3 A, CPL, or CVB backbone) viral expression vectors, including, but not

limited to any of those described herein, to express modified bacterial proteins,

{80118} For example, the present invention includes methods of expressing
modified bacterial proteins in a cell by contacting or infecting the cell with a PIVS

viral expression vector, viral pasticle, or composition as described herein.

{00119] The present invention includes methods of inducing an immune
response in a subject to a modified bacterial protein, by administering a viral
expression vector, viral particle, or composition as described herein to the subject.
The immune response may include a humoral immune response and/or a cellular
immune response. The immune response may enhance an innate and/or adaptive

immune response.
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{00120] The present invention includes methods expressing a heterologous
modified bacterial protein in a subject by administering a viral expression vector,

viral particle, or composition as described herein to the subject.

{60121} The present invention includes methods expressing a modified bacterial
protein in a subject by administering a viral expression vector, viral particle, or

composition as described hergin to the subject.

IV. Methods of Treatment

{00122 The disclosure can be used in gene therapy and/or therapeutic
approaches for the treatment of disease which involve the increase or decrease of a
nuclectide sequence of tuterest in a host-cell. In these embodiments, the expressible
heterologous nucleotide sequence may be derived from a mammalian genome. |t
may be particularly useful in some embodiments to have the expressible
heterologous nucleotide sequence derived from a human genome, wherein
expression of the wild-type RNA and/or protein can produce therapeutic effects ina
patient. For example, the expressible heterologous nucleotide sequence can encode
CFTR, Neurol}1, Cas9 and Guide RNAs, or any other such sequence. In other

embodiments, the heterologous nucleotide sequence encodes a secreted protein.

{80123] In other embodiments, the expressible heterologous nuclectide sequence
responds to positive selection stimuli. In other embodiments, the expressible
heterologous nucleotide sequence also responds to negative selection stimuh. In
further embodiments, it may be useful for the polynucleotide sequences to further
comprise a reporter gene. For example, the report gene can be a luciferase or green

fluorescent protein.

{60124} in some embodiments, PIVS expresses one or more nucleotide
sequences {e.g, siRNAg) that modify the translation and/or transcription of a host-
cell nucleotide sequence of interest within a host cell. In some embodiments,
transcription and/or translation of the expressible heterologous nucleotide sequence
is modified so that its nucleotide sequence is codon degenerated with respect to the
endogenous gene in a cell. Additionally, the expressible heterologous nucleotide
sequence can be modified so that it co-expresses inhibitory or silencing sequences
capable of inhibiting or silencing a host-cell nucleotide sequence of interest within a

host cell.
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{00125} in other embodiments, the expressible heterologous nucleotide of
interest generates a product that stabilizes host-cell RNA nucleotide sequences. Such
a product can be inducible or continually expressed. For example, the 3' RhoB
untranslated region (UTR) can stabilize target RNAs that express either toxic
proteins or other proteins of interest in response to serurnn. Another example is
iinking the eotaxin 3’ untranslated region to the target gene of interest, which
normally has a low half-life, but is stabilized with the addition of TNF-alpha and IL-
4 to the cells. Alternatively, sequences contained in 16 mer sequence in the 5" coding
region of CYPZE 1 and CYP2B 1 mRNA destabilizes target RNAs in the presence of
insulin. Upon the removal of insulin the target RNAs are stabilized and the proteins

can be expressed (Trong et al., Biochem [, Dec. 23, 2004).

{00126] Further non-limiting examples of expressible heterologous sequences
that can be used in the invented compositions and methods include sequences can
produce proteins, including, for example, e.g., interferons (alpha, beta, gamma,
epsilon}, erythropotetin, Factor VIIL clotting factors, antibodies and fragroents
thereof {e.g., including single chain, Fab, and humanized), insulin, chemokines,
cytokines, growth factors, angiogenesis wodulatory factors, apoptosis modulatory
factors, e.g., Growth Factors, including, e.g., Amphiregulin, B-lymphocyte
stiroutator, Interleukin 16 (I1.16), Thymopoietin, TRAIL, Apo-2, Pre B cell colony
enhancing factor, Endothelial differentiation-related factor 1 (EDF1), Endothelial
monocyte activating polypeptide I, Macrophage migration inhibitory factor MIF,
Natural killer cell enhancing factor (NKEFA), Bone morphogenetic protein 8
{osteogenic protein 2), Bone morphogenic protein 6, Connective tissue growth factor
(CTGF), CGI-149 protein (peuroendocrine differentiation factor), Cytokine A3
{macrophage inflammatory protein 1-alpha), Glialblastoma cell differentiation-
related protein (GBDR 1), Hepatoma-derived growth factor, Neuromedin U-25
Precursor, any tumor gene, oncogene, proto-oncogene or cell modulating gene
{which can be found at condor. bem timc edu/oncogene), Vascular endothelial growth
factor (VEGF), Vascular endothelial growth factor B (VEGF-B), T-cell specific
RANTES precursor, Thymic dendritic cell-derived factor 1; Receptors, such as
Activin A receptor, type I {ACVR2), B-signal sequence receptor (SSR2), CDx14
monocyte LPS receptor, CD36 {collagen type 1/thrombospondin receptor)-like 2,

CD44R (Hermes antigen gp90 homing receptor), G protein coupled receptor 9,
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Chemokine CxC receptor 4, Colony stimulating factor 2 receptor B{CSF2RB), FLT-3
receptor tyrosine kinase, Similar to transient receptor potential C precursor, Killer
cell lectin-like receptor subfamily B, Low density lipoprotein receptor gene, low-
affinity Fe-gamma receptor C, MCP-1 receptor, Monocyte chemoattractant protein
I receptor (CCR2), Nuclear receptor subfamily 4, group A, member 1, Orphan G
protein-coupled receptor GPRUSE, Peroxisome proliferative activated receptor
gamma, Pheromore related-receptor (rat), Vasopressin-activated calcium mobilizing
putative receptor, Retinoicxreceptor, Toll-like receptor 6, Transmembrane activator
and CAML interactor (TACD), B cell maturation peptide (BCMA), CSF-1 receptor,
Interferon (o, B and gamma) receptor T (IFNART1). Pathways that can be modulated
to increase antibody production include, e g, ubiquitin/protecsome; telomerase;

FGFR3; and Med-1, ete,

{60127} In certain embodiments of the disclosure, PIVS compositions can be
utilized to prepare antigenic preparations that be used as vaccines.. Any suitable
antigen{s) can be prepared wn accordance with the disclosure, including antigens
obtained from prions, viruses, mycobacterium, protozoa {(e.g., Plasmodium
Jodciparum {malana)), trypanosomes, bacteria {e.g., Strepfococcus, Neisseria, etc.),

etc.

{00128} Host cells can be transfected with single PIVS particles containing one
or more heterologous polynucleotide sequences, or with a plurality of PIV5 particles,
where each comprises the same or different heterologous polynucleotide sequence(s).
For example, a multi-subunit antigen {inchuding intracellular and cell-surface multi-
subunit components} can be prepared by expressing the individual subunits on
separate vectors, but infecting the same host cell with all the vectors, such that
assembly occurs within the host cell.

{00129 Vaccines often contain a plurality of antigen components, e.g., derived
from different proteins, and/or from different epitopic regions of the same protein.
For example, a vaceing against a viral disease can comprise one or more polypeptide
sequences obtained from the virus which, when administered to a host, elicit an
immunogenic or protective response to viral challenge.

[80134] As mentioned, the disclosure can also be utilized to prepare polypeptide

multimers, e.g., where an antigenic preparation is produced which is comprised of
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more than one polypeptide. For instance, virus capsids can be made up of more than
one polypeptide subunit. By transducing a host cell with vectors carrying different
viral envelope sequences, the proteins, when expressed in the cell, can self-assemble
into three-dimensional structures containing more than one protein subunit {e.g., in

their native configuration),

{00131} in further embodiments, the expressible heterclogous nucleotide
sequence is derived from another virus, other than PIVS. For example, the
heterologous nucleotide sequence may encode (from any strain) influenza HA, RSV
¥, HIV Gag and/or Env, etc. Such embodiments can be useful for developing
vaccines and/or methods of vaccination. The examples given here are non-limiting,
as it will be understood by those in the art that nucleotide sequences from a variety of
pathogenic agents (including also bacteria, parasites, et¢.) may be desirable to use for

an CVB vaccine composition and/or method of vaccination.

{60132} Examples of viruses to which vaccines can be produced in accordance
with the disclosure include, e.g., coronaviruses, orthomyxoviruses, influenza virus A
(including all strains varying in their HA and NA proteins, such as {(non-limiting
examplesy HINT, HINZ2, H2N2, H3N2, H7N7, and H3N8); influenza B, influenza C,
thogoto virus {including Dhori, Batken virus, SIAR 126 virus), isavirus (e.g,,
infectious salmon anemia virus), gram negative bacteria (including Burkholderia
maflei, Borrelia hurgdorieri, Chlamydiade bacteria and the like). These include gram
negative bacteria isolated or transmitted from all species types, including isolates
from invertebrates, vertebrates, mammals, humans, non-buman primates, wonkeys,
pigs, cows, and other livestock, birds, domestic poultry such as turkeys, chickens,
quatl, and ducks, wild birds (including aquatic and terrestrial birds), reptiles, etc.
These also include existing strains which have changed, e g., through mutation,
antigenic drift, antigenic shift, recombination, etc., especially strains which have

increased virulence and/or interspecies transmission {e.g., human-~to-human)}.

V. Methods of Administration
A, Administratien by Vaceination
{80133} The present invention includes methods of vaccinating a subject by
administering a viral expression vector, viral particle, or composition as described

herein to the subject.
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{00134] The disclosure provides vaccines against gram negative bacteria,
including existing serotypes, derivatives thereof, and recombinants thereof, such as

subtypes and recombinants which have the ability to spread from buman-to-human.

{60135] The disclosure also provides methods for producing PIVS compositions.
HExamples of host cells which can be utilized to produce PIVS compositions, include,
any mammalian or human cell line or primary cell. Non-limiting examples include,
e.g., 293, HT1080, Jurkat, and SupT1 cells. Other examples are CHQO, 293, Hela,
Verp, 929, BHK, NIH 373, MRC-5, BAE-~1, HEP-G2, NSQ, U937, Namalwa,
HL60, WEHI 231, YAC 1, U 266B1, SH-8YSY, CHO, e.g., CHO-K1 (CCL-61), 293
{e.g, CRL-1573). Cells are cultured under conditions effective to produce
transfection and expression. Such conditions include, ¢.g., the particular milieu
needed to achieve protein production. Such a miliey, includes, e g., appropriate
buffers, oxidizing agents, reducing agents, pH, co-factors, temperature, ion
concentrations, suitable age and/or stage of cell (such as, in particular part of the cell
cycle, or at a particular stage where particular geves are being expressed) where cells
are being used, culture conditions (including cell media, substrates, oxygen, carbon

dioxide, glucose and other sugar substrates, serum, growth factors, ¢ic.).

{30136} The disclosure also provides various treatment methods involving
delivering PIVS to host cells in vivo. In some embodiments, PIVS is delivered into a
subject for treating or preventing gram negative bacterial infections. In other
embodiments, PIVS is delivered into a subject for treating or preventing
Burkholderia maliel, Borrelia burgdorferi, Chlamvdiale bacterial infections or
eliciting an immune response to Burkholderia mallei, Borrelia burgdorferi,

Chiamydiale bacterial infections in a subject.

{00137] it is contemplated that when used to treat various diseases, the
compositions and methods of the disclosure can be combined with other therapeutic
agents suitable for the same or similar diseases. Also, two or more embodiments of
the disclosure may be also co-administered to generate additive or synergistic effects.
When co-administered with a second therapeutic agent, the embodiment of the
disclosure and the second therapeutic agent may be simultaneously or sequentially
{in any order). Suitable therapeutically effective dosages for each agent may be

fowered due to the additive action or synergy.
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{00138} As a non-limiting example, the disclosure can be combined with other
therapies that block inflammation through {e.g., via inhibition, reduction and/or
blockage of IL1, INFo/B, IL6, TNF, L13, 1123, eic.). In some embodiments, PIVS
compositions and methods disclosed herein are useful to enhance the efficacy of
vaceines directed to gram negative bactenial infections. The compositions and
methods of the disclosure can be administered to a subject either simultanecusly with
or before {e.g, 1-30 days before) a reagent (including but not limited to small
molecules, antibodies, or celtular reagents) that acts to elicit an immune response
{e.g., to an infection). The compositions and methods of the disclosure can be also
administered in combination with an antibody directed at a pathogenic antigen or

allergen.

{00139] The pharmaceutical compositions of the invention can be readily
employed in a variety of therapeutic or prophylactic applications, e.g., for treating
gram negative bacterial infection or eliciting an immune response to gram negative
bacteria infecting a subject. In various embodiments, the vaccine compositions can
be used for treating or preventing infections caused by a pathogen from which the
displayed immunogen polypeptide in the PIVS-based vaccine ts derived. Thus,

the vaccine compositions of the invention can be used in diverse clinical settings for
treating or preveniing infections caused by various gram negative bactetia. As
exemplification, a Burkholderio mallei and pseudomaliei Pal-based vaccine
composition can be administered to a subject to induce an immune response {0
sepsis, e.g., to induce production of broadly neutralizing antibodies to the
Burkholderia mallei and pseudomaliei bacteria. In another example, a Borrefia
burgdorferi OspA-based vaccine composition can be adrinistered to a subject to
induce an immune response to Lyme disease, e.g., to induce production of broadly
neutralizing antibodies to the Borrelia burgdorferi bacteria. In yet another example, a
Chiamydia MOMP -based vaccine composition can be administered to a subject to
induce an immune response to Chlamydia, e.g., to induce production of broadly
neutralizing antibodies to the Chlamydia bacteria. For subjects at risk of developing
these bacterial infections, a vaccine composition of the invention can be administered
io provide prophylactic protection against viral infection. Therapeutic and
prophylactic applications of vaccines derived from the other immunogens described

herein can be similarly perforroed. Depending on the specific subiect and conditions,
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pharmaceutical compositions of the invention can be administered to subjects by a
variety of administration modes known to the persen of ordinary skill in the art, for
example, topical, oral, intranasal, intramuscular, subcutaneous, intravenous, intra-
arterial, intra-articular, intraperitoneal, or parenteral routes. In some aspects,
administration 18 to a mucosal surface. A vaccine ruay be administered by mass
administration techniques such as by placing the vaccine in drinking water or by
spraying the animals’ environment. When administered by injection, the
immunogenic composition or vaccine may be administered parenterally. Parenteral
administration includes, for example, administration by intravenous, suboutaneous,

intramuscular, or intraperitoneal injection,

i. Administration by Inhalation
{00146 In one embodiment, the disclosed PIVS vaccine compositions are
formulated to allow intranasal administration. Intranasal compositions may comprise
an inhalable dry powder pharmaceutical formulation comprising a therapeutic agent,
wherein the therapeutic agent is present as a frechase or as a mixture of a salt and a
freebase. Pharmaceutical formulations disclosed herein can be formulated as suitable
for airway administration, for example, nasal, intranasal, sinusoidal, peroral, and/or
pulmonary administration. Typically, formulations are produced such that they have
an appropriate particle size for the route, or target, of airway adminisiration. As such,
the formulations disclosed herein can be produced so as to be of defined particle size

distribution.

{60141 For example, the particle size distribution for a salt form of a therapeutic
agent for intranasal administration can be between about 5 pm and about 350 um.
More particularly, the salt form of the therapeutic agent can have a particle size
distribution for intranasal administration between about 5y to about 250 um, about
10 pm to about 200 um, about 1S wm to about 150 um, about 20 i to about 100
um, about 38 pum to about 100 um, about 53 pm 1o about 100, about 53 um to about
150 pm, or about 20 pm to about 53 uym. The salt form of the therapeutic agent in the
pharmaceutical compositions of the tnveniion can a particle size distribution range
for intranasal administration that is less than about 200 pum. In other embodiments,
the salt form of the therapeutic agent in the pharmaceutical compositions has a
particle size distribution that is less than about 150 um, less than about 100 um, less
than about 53 um, less than about 38 wm, less than about 20 pm, less than about 10
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um, or less than about § um. The salt form of the therapeutic agent in the
pharmaceutical compositions of the invention can have a particle size distribution
range for intranasal administration that is greater than about 5 pum, greater than about
10 pm, greater than about 15 um, greater than about 20 um, greater than about 38
win, less than about 53 pm, less than about 70 p, greater than about 100 pm, or

greater than about 150 yum.

{00142) Additionally, the salt form of the therapeutic agent in the pharmaceutical
compositions of the invention can have a particle size distribution range for
pulmonary administration between about 1 yum and about 10 pwm. In other
embodiments for pulmonary administration, particle size distribution range is
between about 1 um and about 5 pm, or about 2 pm and about 5 um. In other
embodiments, the salt form of the therapeutic agent has a mean particle size of at
feast I um, atleast 2 pum, ai least 3 um, at least 4 wm, at lgast 5 um, at least 10 um, at
feast 20 pm, at least 25 pm, at least 30 um, at least 40 ym, at least 5O ym, at least 60

wm, at feast 70 pm, at least 80 wm, at least 90 um, or at feast 100 pm.

{00143} In some embodiments the disclosed cannabinoid compositions include
one or more cannabinoids or pharmaceutically acceptable derivatives or salts thereof,
a propellant, an alcohol, and a glycol and/or glycol ether. The alcohol may be a
monohydric aleohol or a polyhydric alcohel, and is preferably a monohvdric aleohol.
Monohydric alcohol has a lower viscosity than a glyeol or glveol ether. Accordingly,
the composition is able to form droplets of a smaller diameter in comparison to
compositions in which the monohydric alcohol is not present. The present inventors
have surprisingly found that a specific ratio of monohydric alcchol to glyeol or
glycol ether results in a composition with a desired combination of both long term
stability (for example the composition remains as a single phase for at least a week at

a temperature of 2-40° C) and small droplet size.

B. Boosier Vaccines
{60144] The present disclosure provides for the administration of
a booster PIVS vaccine for use in such a method for inducing in g human subject an
immune response, wherein said subject has previcusly received a primary

vaceination against a bacterial infection.
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{00145] The method of booster vaccination according to the disclosure

comprises the step of administering the vaccine composition to the subject.

[8014¢6] The immune response induced by the vaccine composition of the
disclosure or by the method of the disclosure is preferably a humoral response,
especially a response comprising the production of neutralizing antibodies against

the gram negative bacteria, i.e. a neutralizing antibody response.

EXAMPLES
Example 1: PIVS- and AVLP-based Barkholderia (Pal) Constructs
(80147} To generate the PIVS-Pal (IMHD11) construct, a gene fragment
encoding amino acids 22-170 of the 8 malled (ATCC 23344) Pal protein was
synthesized with codon usage optinized for human cells (GenScript custom gene
synthesis services). The Pal protein was inseried between the PIVS SH and HN
junction o generate MHDTT (PIVS-Pal). For the PIVS-NTTM-Pal (MHIS)
construct, the Neterminus and transmembrane domains of PIVS HN glycoprotein were
mcorporated directly to the N-terminus of the Pal protein (Fignre 1) The modified Pal
cEINA was cloned between the S8H and HN genes of PIVS in the plasmid ZLI&S,
which contains the entire genome of the PIVS virns. The MHEDT and MBED39 viruses
were rescued by co-transfecting the MHDTT and MHD39 plasmids along with the
pPIVS-NP, pPIVS-B, pPIVS-L, and pT7-polymerase plasmids, encoding the NP, P,
and L proteins and T7 RNA polymerase into BHK21 cells.
100148} 1n order to test expression of the Pal protein in MHD11- and MHD39-
infected cells, the cell lysate and supernatant were resolved on a 4-20% acrylamide
gel by SDS-PAGE and transferred to Amersham Hybond LFP PVDF membranes. The
membranes were incubated with mouse anti-Pal mAb mixture and rouse anti-PIVS-
NP antibodies followed by incubation with Cy3-conjugated goat anti-mouse 1gG
(Figure 2). The addition of the PIVS HN NT+TM domain increased expression of the
Pal protein in the celi lysate compared to Pal alone, as well as incorporation of the Pal
protein in the virion as seen in the culture supernatant.
(80149} To generate the AVLP-Pal (MHE30) construct, the same gene
fragment as MHDT 1 was used to replace the HGFP gene 1n the pAE31 plasmid
containing the AVLP genome. For the AVLP-NTTM-Pal {GOB 10} construct, the
PIVS HN Neterminus and transmembrane domains were inserted into the Neterminus
of the Pal protein. Stable BHK21 celis lines containing the MHI30 and GORBO
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coustructs were made by co-transfecting the MHIO and GOR 1O plasmids along with
the pPIVS-NP, pPIVS-P, pPIVS-L, and pT7-polymerase plasmids, encoding the NP,
P, and L proteins and T7 RNA polymerase under the selection of xxx. Once the cell
Liens were made, AVLPS were created by co-transfecting the PIVS.F, PIVS-HN, and
PIVS-M plasmids and collecting the wedia. Descriptions of these constructs can be
seen in Figure 3A.

j08150] Immunogenicity of the MHD30 and GOB10 constructs was measured
in a mouse model (FIG. 3B). Briefly, 6- to 8-week-old BALB/c mice were immunized
intranasally with either PRS, MHD30, or GOB10 at a dose of 3.8x10°AP. Mice were
bled at 14 days post-immunization. At 21 days post-immunization, mice were boosted
intranasally with the same dose as the prime. Seven days post-boost, mice were
humanely euthanized, and blood was collected for serological assays.

(80151} An ELISA was performed to determine the levels of anti-Pal IgG
antibodies in the serum at 14 days post-prime and 7 days post-boost (day 28). Briefly,
immulon® 2HB 96~-well microtiter plates were coated with 1 ug/ml of purified Pal
protein in PBS. Two-fold serial dilutions of the serum samples were made in blocking
buffer and added to the plates. Secondary antibody was (horseradish peroxidase-
labeled goat anti-mouse IgG) was added to each well after washing the serum. The
endpoint titer was defined as the highest serum dilution at which the O was greater
than two standard deviations above the mean OD of the naive serum. Figure 3B
demonstrates that the addition of the PIVS HN NT+TM significantly enhavces the
immunogenicity induced by the Pal protein at both 14 days post-prime and 7 days
post-boost. MHD3G (AVLP-Pal) was not iromunogenic in the mouse model.

{00152 A second mouse immunogenicity study was performed to compare the
MHD30 and GOB10 constructs as well as the MHD 11 and MHD39 vaceines. Briefly,
6- 10 &-week-old BALB/c mice were immunized intranasally with either PBS,
MHD30, GOB10, MHD11, or MHD39 at a dose of 3.8x10°AP or PFU. Mice were
bled at 14 days post-immunization. At 21 days post-imrounization, mice were boosted
intranasally with the same dose as the prime. Seven days post-boost, mice were
humanely euthanized, and blood was coliected for serological assays.

(06153} An ELISA was performed to determine the levels of anti-Pal IgG
antibodies in the serum at 14 days post-prime and 7 days post-boost {day 28). Briefly,
Immulon® 2HB 96-well microtiter plates were coated with 1 ug/ml of purified Pal

protein in PBS. Two-fold serial dilutions of the serum samples were muade in blocking
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buffer and added to the plates. Secondary antibody was (horseradish peroxidase-
labeled goat anti-mouse Ig(3) was added to each well after washing the serum. The
endpoint titer was defined as the highest serum dilution at which the OD was greater
than two standard deviations above the mean OD of the naive serum. Figure 3C
demoustrates that the addition of the PIV3 HN NT-+TM in both the replication-
competent P1VS backbone, as well as the replication-incompetent AVLP platform
significantly enhances the immunogenicity induced by the Pal protein at both 14 days
post-prime and 7 days post-boost. MHD30 (AVLP-Pal) was not immunogenic in the
mouse model..

Example 2. PIV5-Based Lyme Disease (OspA) Constructs

1001544 The outer surface protein A (OspA) is a lipoprotein found in the
periplasmu and fluid outer membrane and it is present in Borrelia burgdorferi when the
bacterium is in the tick midgut (Li, H., er &/, Proceedings of the Nationda Academy of
Sciences 94, 3584-3589 (1997)).

[80155] To generate the MHD22 plasmid construct, the OspA BPBPk gene
codon optimized for human was incorporated into the pCAGGS expression plasmid.
For the MHID24 plasmid, the PIV5 HN protein N-terminus and transmembrane
domain (TM) sequences were added directly upstream of the OspA antigen sequence.
The MHD35 and MHD36 constructs were generated by introducing the NTTM-
OspAsrrarr or NTTM-OspAnps: sequences, respectively into the PIVS genome in
between the SH and HN genes. The QspA BPBPL sequence was created by replacing
the B. burgdorferi B31 165-189 and 219-273 amino acid sequences with the
respective sequences from B. afzedii straius to avoid any cross-reactivity with
autoimmune epitopes {del Rio, B. ef al., Clisical and vaccine immunology : CVI 15,
1429-1435 (2008)). The CVL 106 constructs was generated by introducing the
NTTM-OspAsrsrx gene sequences into the CPI PIVS genome between the SH and
HN genes, and the CVL116 construct was generated by introducing the same antigen
into the CVB PIVS genome in replace of the SH gene. All viruses were rescued by
co-transfecting the MHD35, MHD36, CVL106, and CVL116 plasmids along with the
pPIV3-NP, pPIVS-P, pPIVS-L, and pT7-polymerase plasmids, encoding the NP, P,
and L proteins and T7 RNA polymerase into cells. Description of these constructs are
included in Figures 4A-4B.

180156} The MHD?22 and MHD24 pCAGGS constructs, along with an MHD

control were transfected into BHK cells to do Western blot analysis. Briefly, cell
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lysate was resolved on a 4-20% acrylamide gel by SDS-PAGE and transferred to
Amersham Hybond LFP PVDF membranes. The membrane was incubated with
mouse anti-OspA antibody and mouse anti-actin antibody followed by incubation
with Cy3-conjugated goat anti-mouse IgG (Figures SA-58). These results show that
the addition of the PIVS HN NT+TM increases expression of the OspAprsrk protein
in the cell lysate compared to OspAserer alone.

{00157} The pCAGGS constructs were used to determine expression of the
OspAprsrk protein on the surface of cells through IFA. Cells were transfected with the
MHD22 and MHD24 constructs, and protein expression was detected using the mouse
anti-OspA antibody followed by anti-mouse Alexa Fluor 488 secondary antibody
{Figures 6A-6C). Results show an increase in OspAsnpeppk protein expression in cells
transfected with the MHD24 construct compared to MHD22, indicating that the
addition of the PIV3S HN NT+TM enhances OspAnrsek expression on the cell surface.
{00188 The MHD35 (PIVS-Apepri) and MHD36 (PIVS-Aps) vaccine
constructs were analyzed for OspA protein expression through Western blot assay.
Briefly, cell lysates were resolved on a 4-20% acrylamide gel by SDS-PAGE and
transferred to Amersham Hybond LFP PVDF membranes. The membrane was
incubated with mouse anti-OspA antibody and mouse anti-PIVS NP antibody
followed by incubation with Cy3-conjugated goat anti-mouse Ig(s (Figure 7). These
results demonstrate that both the MHD35 and MHD 36 viruses express the OspA
protein.

[00159] To assess humoral IgG immune responses induced by the PIV5-Apvspk,
PIV5-Ansi and SC OspAsa vaccines, ali blood collected before tick challenge was
used for determination of anti-OspA antibody (1:100} by ELISA. In contrast o the
controls, serum from mice vaccinated with OspA (IN and SC) collected before (D17)
and after the boost (380} generally had anti-OspA I antibody ODuase > 3.5 To
quantify anti-OspA IgG endpoint titers we used serum from Study 3 (15-month
challenge) collected at day 17 (pre-boost), and at months 3, 6 and 12 posi-prime
(Figure 8) diluted at 10°-10° on ELISA. Mice from the SC rOspAssi+Alum, PIVS-
Aprprt, and PIVS-Assi vaceine groups bad peak serurn IgG end point titers (EPT} at 3
months post-prime, with geometric means of 5.5, 5.5 and 5 4 loguo, respectively.
These values were significantly higher than serum IgG EPTs from day 17 post-prime,
showcasing the boosting effect by the second dose of the vaccing. These levels of

anti-OspAws serum IgG antibodies decreased over the next 9 months of the
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experiment, with mice from the SC rOspApai+Alum group having the biggest
decrease of 1.7 logio EPT compared to 0.7 logw EPT seen in mice from the PIVS-
Aprprr and PIV5S-Arsi vaccine groups. Mice from the SC PBS+Alum and IN PIVS
control groups had very low levels of cross-reactive Ig(G antibodies at some point
throughout the study, but the peak titers for these control groups are 3 logio lower than
the peak titers for all vaccine groups. These results suggest that immunization with an
intranasal, PIV5-based vaccine may lead to longer-lasting protection than a protein-
based vaccine given subcutaneously.

(80160} Similar to study 3, mice from study 2 (9-month, no-challenge) were
tmmunized with either two-doses of alum alone (8C PBS+Alum) or alum plus 20 pg
of rOspA protein (SC rOspAssi+Alum) subcutaneously, or with two-doses of 10°
PEU of wild-type PIVS (IN PIVS), PIVS-Aprpr, or PIVS-Apsi intranasally. Study 1
contained the same groups, except for the SC PBS+Alum group. For this study blood
was collected on D117 for neutralization assays of 5. burgdorferi in culture (Figure
9A) before the mice were challenged {(4-month, pre-challenge}. Because insufficient
blood was collected from each mouse, we pooled the serum from each group for the
neutralization assay (Figure 9A}. For the longevity studies (Studies 2 and 3} we
vaccinated additional groups of mice to do neutralization assays, thus sufficient serum
was collected at euthanasia from each mouse on D270 (Study 2, 9-month, no
challenge, Figure 9B} and D533 (Study 3, 18-month, no-challenge, Figure 9C). Total
motile bacteria were measured at days 0, 2, 5, and 7 post neutralization for study 1,
and days O, 3, and 6 for studies 2 and 3. At 4-months after prime-boost vaccination
{Study 1}, the levels of motile bacteria in cultures incubated with serur from the SC
rOspAnartAlum, PIVS-Ageery, and PIVS-Ansi vaccine groups decreased by 1.6, 0.6,
and 1.0 logo, respectively at day 2 compared to day 0 (Figure 9A). These values
fusther decreased on day 5 until they reach 0 for all vaccine groups at day 7 post-
neutralization (Figure 9A). In contrast, the Bb BSK and IN PIVS control groups had
increasing number of motile bacteria at days 2 and 5 post-neutralization, with peak
numbers at day 5 post-inoculation with geometric means of 7.6 and 7.8 logio of motile
B. burgdorferi per milliliter of culture, respectively. These values decreased slightly
on day 7 post-neutralization to 7.1 and 6.2 fogw of motile 8. durgdorferi per milliliter
of culture, respectively. At 9-months after prime-boost immunization (Study 2),
vaccine groups SC rOspApsi+Alum, PIVS-Aprspk, and PIVS-Apas show a significance

decrease in numbers of motile bacteria in cultures at day 3 or 6 post-inoculation
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compared to day 0, with almost all samples from each group reaching ¢ at day 3 post-
neutralization (Figure 9B). On the other hand, samples from the Bb BSK, SC
PRS-+Alum, and IN PIVS control groups had an increase in the levels of motile
bacteria in cultures on day 6 post-neutralization compared to day 0. On average,
tevels of motile B. burgdorferi per nulliliter of culture in coutrol groups increased by
0.2 logio on day © post-neutralization compared to day 0. At 18-months post prime-
boost vaccination (Study 3), the data continues to show a significant reduction in
levels of motile B. burgdorferi per milliliter of culture in samples from the SC
rOspApsi+Alum, PIVS-Agprek, and PIVS-Ansi vaccine groups at days 3 and 6 post-
neutralization compared to day 0, with the largest difference seen on day 6 with an
average decrease of 0.8, 1.5 and 2.0 logio, respectively (Figure 9C). In contrast, the
Bb BSK and IN PIV3 control groups had either an increase or no change to numbers
of motile B. burgdorferi per milliliter of culture at day 6 post-neutralization compared
to day 0, with a 0.2 logie growth seen in the Bb BSK samples. These results
demonstrate that an intranasal PV 5-based vaccine carrying QspA sequences from
different B. burgdorferi sensu lato genospecies can generate robust neutralizing IgG
immune responses that can last for up to 18 months, and these responses are higher
than those seen with a recombinant protein-based vaccine.

{00161} Mice from the 3 studies were challenged with ticks infected with
multiple strains of B. burgdorferi at 4-months (Study 1}, 9-months (Study 2}, or 15-
months {(Study 3) post-prime. To access 5. hurgdorferi dissemination to target tissues,
bladder, joint, and heart samples were tested for 5. burgdlorferi FlaB load by gPCR
{Figure 10A-~10C). Furthermore, heart and bladder tissues were cultured in BSK-H
medium to evaluate mobility/viability of B. burgdorferi under a dark field microscope
that was confirmed by FiaB PCR trom the cultures (Figure 10C-10F). In Study 1, the
challenge done 4 months after prime-boost vaccination with SC rOspAssi, IN PIVS-
Appppc and IN PIVS-Aps) resulted in absence of B, lrgdorferi FlaB DNA in heart,
bladder and joint, as well as absence of viable B. burgdorferi in cultures from heart, in
contrast to the controls that received intranasal (IN} PIVS or subcutaneous (SC)
PBS+alum. In Study 2, the challenge done 9 mounths after prime-boost vaccination
with IN PIV5-Appppk and IN PIV5-Aps: resulted in absence of B. burgdorferi FlaB
DNA in heart, bladder and joint, as well as absence of viable B, burgdorferi in
cultures from bladder, in contrast to 1/4 mice that received SC rOspAss: and all

controls that received intranasal (IN) PIVS or subcutaneous (SC) PBS+alum. In Study
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3, the challenge done 15 months after prime-boost vaccination with IN PIV5-Apn
resulted in absence of B, burgdorferi FlaB DNA in heart, bladder and joint, as well as
absence of viable B. burgdorferi in cultures from bladder, in contrast to 1/3 IN PIVS-
Aspprk, 3/3 mice that received SC rOspAps:, and all controls that received intranasal
{IN) PIVS or subcutaneous (SC) PBS+alum.

Example 3. PIVS-Based Chlgmydic (MOMP) Constructs

(801621 The major outer membrane protein (MOMP) from Chlamydia
trachomatis is a member of the general porin class of proteins and it comprises ~60%
of the cuter membrane protein mass, making it an excellent antigen for vaccine
development (Feher, V. AL et af, PloS One 8, e68934 (201333, To generate the

CVL 168 plasmid construct, the MOMP gene codon optimized for human was
incorporated into the pCAGGS expression plasmid (Figure 11). The CVL169-172
plasmids were generated by removing the MOMP signal peptide and replacing it with
the CD3 signal peptide (CV1.169), adding the PIVS HN N-terminus cytoplasmic tail
plus transmembrane domain to the N-terminus of the MOMP gene (CVL170},
removing the MOMP signal peptide and replacing it with the PIVS HN N-terminus
plus transmembrane domain to the N-terminus of the MOMP gene (CVL171), or
removing the MOMP signal peptide and replacing it with the PIVS HN cytoplasmic
tail to the N-terminus of the MOMP gene (CVL172) (Figure 11).

100163} The CVL175 and CVL 181 constructs for generating recombinant
viruses were generated by introducing the MOMPAsp-CDSsp gene sequence into the
CPI genome between the SH and HN genes, and the CVB genome in replace of the
SH gene. The CVL 177 and CVL182 constructs were generated by introducing the
NT-MOMPAsp gene sequence tnto the CPL genome between the SH and HN genes,
and the CVB genore in replace of the SH geve. All viruses were rescued by co-
transfecting the CVL175, CVL177, CVL181, and CVL182 plasmids along with the
pPIVA-NP, pPIVS-P, pPIVS-L, and pT7-polymerase plasmids, encoding the NP, P,
and L proteins and T7 RNA polymerase into cells. Description of these constructs are
included in Figure 12.

[00164] The CVLIGR-CVL172 pCAGGS constructs were iransfected into Vero
cells to determine expression of the MOMP protein on celis through IFA. Protein

expression was detected using the mouse anti-MOMP antibody followed by anti-
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mouse Cy3 secondary antibody (Figures 13A-13F). Results show expression of the
MOMP protein in all cells transfected with the different pCAGGS constructs.

[06165] The CVLI168-CVL172 pCAGGS constructs were transfected into Vero
cells for western blot analysis. Briefly, the transfected cell lysate was resolved on a 4-
12% acrylamide gel by SDS-PAGE and transferred to a nitrocellulose membrane. The
membrane was incubated with mouse anti-OspA antibody followed by incubation
with Cy3-conjugated goat anti-mouse IgG (Figure 14). Replacing the MOMP protein
signal peptide with either the CDS signal peptide (CVL 169} or the PIVS HN N-
terminus (CVL172) increases expression of the MOMP protein in the transfected cell
tysate compared to native MOMP protetn (pCVL168),

Example 4: PIV5- and AVLP-based viral construct

PIVS and AVLP vectored vaccine constructs divrected to viral antigens such as
coronaviruses, RSY, and influenza are disclosed in BCT/US22/76732,
PCT/US23/78661, PCT/US24/14505, UST10752916B2, and are hereby incorporated
by reference. It is contemplated that PIV5-vectored vaccines directed to viral
antigens may express modified viral proteins to enhance expression of the viral
Aatigen On the Surface of cells (AQR). The PIV5-vectored vaccines directed to viral
antigens contemplated herein comprises a PIVS-based viral expression vector and a
gene expressing an antigen in mammalian cells, wherein the gene expressing the
antigen is modified to enhance expression of the antigen on the surface of cells
{AOS), wherein the gene expressing the modified antigen is placed in the PIVS5
genome; and wherein the antigen is a viral antigen. The maodification may be attained
by AOS modification of the NTTM-Pal nucleic acid sequence, as shown i the
examples presented herein and results in an increase in the immunogenicity to the
antigen.

[00166} The complete disclosure of all patents, patent applications, and
publications, and electronically available material (including, for instance, nucleotide
sequence submissions in, e.g., GenBank and RefSeq, and amino acid sequence
submissions in, e.g., SwissProt, PIR, PRF, PDB, and translations from annotated
coding regions in GenBank and RefSeq) cited herein are incorporated by reference.
In the event that any inconsistency exists between the disclosure of the present
application and the disclosure(s) of any document incorporated herein by reference,
the disclosure of the present application shall govern. The foregoing detailed

description and examples have been given for clarity of understanding only. No
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unnecessary limitations are to be understood therefrom. The invention is not limited
to the exact details shown and described, for varniations obvious to one skilled in the

art will be included within the invention defined by the claims.
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What is claimed is:
1. A recombinant vaccine comprising a PIVS-based antigen expression vector,
the vector comprising:
a PIV5-based viral expression vector; and
4 gene expressing an antigen in mammalian cells,
wherein the gene expressing the antigen is modified to enhance expression of
the antigen on the surface of cells (AOS);
wherein the gene expressing the modified antigen is placed in the PIVS
genome; and

wherein the antigen is a viral antigen or a bacterial antigen.

2. The vaccine of claim 1, wherein the PIV3-based antigen expression vector has
a heterologous nucleic acid sequence with at least 98% sequence identity to SEG D

NOs: 1.2,3,4,5.6,7,8 9,10, 11, or 12.

3. The vaccine of claim 1, wherein the PIVS-based viral expression vector

comprises a PIVS-AVLP, PIVS-W3A PIVS-CPL or PIVS-CVB backbone.

4, The vaccine of claim 1, wherein the modified antigen gene is modified by
replacing the signal peptide of the gene with a PIVS HN protein N-terminal domain

{(NT) or a PIV5 HN protein N-terminal domain plus transmerbrane domain (NTTM).
3. The vaccine of claim 1, wherein the modified antigen gene 1s modified by

adding the PIV5 HN protein N-terminal domain {NT) only or the PIVS HN protein N-
terminal domain plus transmembrane domain (NTTM) sequences directly upstream of

the antigen without removing the signal peptide.

6. The vaccine of claim 1, wherein the modified antigen gene is placed between

SH and HN genes or HN and L genes of the PIVS genome.

7. The vaccine of claim 1, wherein the modified antigen gene replaces the SH

gene of the PIVS genome.
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8. The vaccine of claim 1, wherein the modified antigen gene is expressed on the

surface of the mammalian cell.

9. The vaccine of claim 1, wherein the bacterial antigen is that of a gram
negative bacteria selected from a group consisting of Burkholderia mallei, Borrelia
burgdorferi, and Chiomyvdia trachomatis and wherein the viral antigen is that of a
virus selected from a group consisting of coronaviruses, respiratory svncytial

virus (R8V), influenza virus A, influenza B, influenza C, orthomyxoviruses, thogoto

virys, and isavirus.

10.  The vaccine of claim 9, wherein the gene expressing a bacterial antigen is
modified by replacing the N-terminus of a Burkholderia mallei Pal protein with the

N-terminus and transmembrane domains of PIVS HN glveoprotein.

it The vaccine of claim 9, wherein the gene expressing a bacterial antigen ts
modified by placing the N-terminus and transmembrane domains of PIVS HN

glycoprotein directly upstream of the Borrefia burgdorferi OspA BPBPk protsin.

12, The vaccine of claim 9, wherein the gene expressing a bacterial antigen is
modified by replacing the signal peptide of Chlamydia rachomatis major outer
membrane protein {MOMP) with the N-terminus alone or the N-terminus and

g the N-terminus and

e

transmenmbrane domains of PIVS HN glycoprotein, or by placin
transmembrane domains of PIVS HN glycoprotein directly upstream of the antigen
without removing the signal peptide.
13, A PIVS-based antigen vaccine composition comprising
a PIV5-based viral expression vector; and
a gene expressing a bacterial antigen in mammalian cells,
wherein the antigen is a viral antigen or a bacterial antigen;
wherein the PIVS-based viral expression vector comprises a PIVS-AVLE,
PIV3-W3A, PIV3-CPL or PIV3-CVB backbone;
wherein the gene expressing the antigen is modified by replacing the signal
peptide of the gene with 2 PIVS HN protein N-terminal domain (NT) or a PIVS HN

protein N-terminal domain plus transmembrane domain (NTTM), or by adding the
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PIVS HN protein N-terminal domain (NT} ouly or the PIV3 HN protein N-terminal
domain plus transmembrane domain (NTTM) sequences directly upstream of the
antigen without removing the signal peptide; and

wherein the gene expressing the modified antigen is placed between the SH

and HN or HN and L. genes of the PIVS genowme, or by replacing the SH gene.

14. The composition of claim 13, wherein the PIV5-based antigen vector has a
nucleic acid sequence with at least 98% sequence identity to SEQ ID NOs: 1,2, 3, 4,
5,6,7,8,9 10, 11, or 12,

15 The composition of claim 13, wherein the composition is a vaccine against a

bacterial or viral infection.

16.  The composition of clairo 13, wherein the bacterial infection is caused by a
gram negative bacteria selected from a group consisting of Burkholderia mailei,
Borrefia burgdorferi, and Chlamydia irachomatis and the viral infection is caused by
a virus selected from a group consisting of coronaviruses, respiratory syncytial

virus {RSV), influenza virus A, influenza B, influenza C, orthomyxoviruses, thogoto

virus, and isavirus.

17 A method of inducing an immune respouse in a subject in need thereof
comprising administering a PIV5-based antigen vaccine of claim 1 to the subject,
wherein the tyunune response coroprises a humoral tmimune response and/or a cellular
immune response, and wherein the subject is susceptible to a bacterial or viral

infection.

18.  The method of claim 17, wherein the subject was previously vaccinated
against the bacteria or viral infection, the method comprising administering the

composition to the subject.

19, The method of claim 17, wherein the bacterial infection is caused by a gram
negative bacteria is selected from a group consisting of Burkholderia mallei, Borvelia
burgdorferi, and Chiamydia trachomatis, and the viral infection is caused by a virus

selected from a group consisting of coronaviruses, respiratory syncytial virus (RSV)
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influenza virus A, influenza B, influenza C, orthomyxoviruses, thogoto virus, and

isavirus.

20, The method of claim 17, wherein the composition is administered intranasally,

intramuscularly, topically, parenterally or orally.
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