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Modified Viral Structural Protein

FIELD OF INVENTION

[0001] The present disclosure relates to modified viral structural protein. The present
invention also relates to virus-like particles (VLPs) comprising modified viral structural

protein and methods of producing the VLPs in a host or host cells.
BACKGROUND

[0002] Coronaviruses (CoVs) are the largest group of viruses belonging to the
Nidovirales order, which includes Coronaviridae, Arteriviridae, Mesoniviridae, and
Roniviridae families. The Coronavirinae comprise one of two subfamilies in the
Coronaviridae family, with the other being the Torovirinae. The Coronavirinae are
further subdivided into four genera, the alpha, beta, gamma, and delta coronaviruses.
Members of alpha coronavirus and beta coronavirus are found exclusively in mammals.
The alphacoronavirus genus includes two human virus species, HCoV-229E and HCoV-
NL63. Important animal alphacoronaviruses are transmissible gastroenteritis virus of pigs

and feline infectious peritonitis virus.

[0003] Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2, also known as
2019-nCoV and HCoV-19) is a novel lineage B betacoronavirus (Beta-CoV) and causes
coronavirus disease 2019 (COVID-19), a respiratory illness with high mortality and
morbidity resulting in major public health impacts worldwide. Outbreaks of SARS-CoV-
2, such as the pandemic starting in 2020, are a paramount challenge for healthcare
systems due to the incubation period and transmissibility of the virus. Treatments for
COVID-19 are urgently needed, but long-term management of SARS-CoV-2 outbreaks

will require an effective vaccine.

[0004] Coronavirus virions are spherical with diameters of approximately 118-140 nm as

depicted in recent studies by cryo-electron tomography and cryo-electron microscopy.

[0005] The most prominent structural feature of coronaviruses is the club-shaped spike

projections emanating from the surface of the virion. Coronavirus particles consist of a
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helical nucleocapsid structure, formed by the association between nucleocapsid (N)
phosphoproteins and the viral genomic RNA, surrounded by a lipid bilayer where three or
four types of structural proteins are inserted: the spike (S), the membrane (M), and the
envelope (E) proteins and, for some coronaviruses only, the hemagglutinin-esterase (HE)
protein (Masters PS. The molecular biology of coronaviruses. Adv Virus Res. 2006;

66:193-292))

[0006] The membrane (M) protein is the most abundant structural protein in the virion. It
is a small (~25-30 kDa) protein with three transmembrane domains and is thought to give
the virion its shape. The envelope (E) protein is a short, integral membrane protein of 76—
109 amino acids, ranging from 8.4 to 12 kDa in size. The primary and secondary
structure reveals that E has a short, hydrophilic amino terminus consisting of 7-12 amino
acids, followed by a large hydrophobic transmembrane domain (TMD) of 25 amino
acids, and ends with a long, hydrophilic carboxyl terminus, which comprises the majority
of the protein. The E protein is involved in several aspects of the virus’ life cycle, such as

assembly, budding, envelope formation, and pathogenesis.

[0007] The spike (S) protein is a glycoprotein that is required for the recognition of host
receptors for many coronaviruses as well as the fusion of viral and host cell membranes
for viral entry into cells (Belouzard et al., Viruses 2012 Jun;4(6):1011-33). As the
primary glycoprotein on the surface of the viral envelope, S proteins of Coronaviridae are
a major target of neutralizing antibodies elicited by natural infection, including SARS-

CoV-2 infection, and are key antigens targeted in experimental vaccine candidates.

[0008] SARS-CoV-2 S protein, like S protein of other coronaviruses, is initially
synthesized as a precursor protein. Individual precursor S protein forms a homotrimer
and undergoes glycosylation within the Golgi compartment as well as processing to
remove the signal peptide. The S protein requires a two-step, protease-mediated
activation to facilitate membrane fusion. SARS-CoV-2 S protein is distinguished by a
RRAR furin cleavage site at the S1/S2 junction that is presumably processed in the Golgi
compartment to yield two separate polypeptides: the S1 and S2 polypeptide (or subunit),
which remain non-covalently bound as S1/S2 protomers within the homotrimer in the
prefusion conformation (Walls et al. Cell 2020 181(2) p281-292; Li et al. eLife 2019; 8:

2
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€51230.). Furin cleavage at the S1/S2 junction and cleavage at the S2' site, upstream of
the fusion peptide, occurs during viral entry at the cell surface or in endosomes and can

be mediated by several proteases.

[0009] This trimer is held in the prefusion conformation prior to binding to target
receptors on a host cell via receptor binding domain (RBD) epitopes. Receptor binding
destabilizes the prefusion trimer, resulting in shedding of the S1 subunit and transition of
the S2 subunit to a stable post-fusion conformation through fusion of the virus to the cell
membrane (Wrapp et al. Science, 13 Mar 2020, Vol. 367, Issue 6483, pp. 1260-1263).
Neutralizing antibodies from individuals infected with SARS-CoV-2 have been shown to
target the RBD of the S1 subunit of the S protein (Premkumar, L., 2020 Science
Immunology 11 Jun 2020: Vol. 5, Issue 48).

[0010] Stabilization of the S protein ectodomain in the prefusion conformation tends to
increase the recombinant expression yield, possibly by preventing triggering or
misfolding that results from a tendency to adopt the more stable post-fusion structure
(Hsieh et al. Science 2020, 369 p.1501-1505).

[0011] Mutations to the S protein ectodomain have been shown to facilitate stabilization
of the prefusion conformation. WO 2018/081318 and its companion publication by
Pallesen, J. et al. (PNAS August 29, 2017 114 (35)) disclose double proline substitutions
at or near a junction between a heptad repeat 1 (HR1) and a central helix that stabilize the
S ectodomain trimer of MERS-CoV spike protein in a prefusion conformation and
substitutions to prevent protease cleavage at a S1/S2 cleavage site and the S2' cleavage
site of the S ectodomain. SARS-CoV-2 S protein stabilized with double proline
substitutions at homologous amino acid residues have been used to determine high-
resolution structures by cryo-EM (Wrapp et al Science 2020 367, 1260-1263; Walls et al.
Cell 2020, 181, 281-292). Further, disruption of the furin recognition site is thought to
retain S protein in a prefusion conformation (Wrapp et al Science 2020 367, 1260-1263).
However, even with these substitutions, the SARS-CoV-2 S protein ectodomain remains
unstable and difficult to produce reliably in mammalian cells, hindering development of

effective and high-yield subunit vaccines (Hsieh et al. Science 2020, 369 p.1501-1505).
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[0012] Hsieh et al. (Science 2020, 369 p.1501-1505) designed and expressed in
mammalian cells over 100 structure-guided SARS-CoV-2 spike protein variants based
upon previously determined cryo-EM structure. The variants were biochemically,
biophysically and structurally characterized to identify substitutions that lead to an
increase in yield and stability. Hsieh et al. reports multiple prolines, disulfide bonds, salt
bridges, and cavity-filling substitutions that increase expression and/or stability of the
spike relative to the double proline substitutions. The best identified variant, HexaPro,
has six beneficial proline substitutions leading to 10-fold higher expression than its
parental construct and is able to withstand heat stress, storage at room temperature, and

multiple freeze-thaws.

[0013] The S2 subunit can be divided into three domains: a large ectodomain, a
transmembrane domain (TM) and a cytoplasmic tail (CT). The cytoplasmic tail of the S
protein has previously been shown to be required for assembly. Two distinct retention
signals may be found in the CT of Coronaviridae: 1) an endoplasmic reticulum retrieval
signal (ERRS) and/or ii) a tyrosine-dependent localization signal (YxxI or YxxF motif).
The ERRS comprises the dibasic KxHxx motif which binds to the coatomer complex 1
(COPI). The motif is required for the localization of the SARS S protein to the
ERGIC/Golgi region when coexpressed with SARS membrane (M) protein, and
localization can be disrupted by mutating the KxHxx motif (McBride et al. J. Virol.Feb
2007, 81 (5) 2418-2428). S proteins containing an ERRS are recruited into COPI vesicles
and retrieved from the Golgi to the endoplasmic reticulum (ER) in retrograde. The
repeated cycling of S proteins between the ER and the Golgi leads to S protein
intracellular retention. S protein of Alphacoronavirus and Betacoronavirus both comprise
an ERRS (Ujike et al. Journal of General Virology (2016), 97, 1853-1864).

[0014] S protein of Betacoronavirus, such as S protein of MERS-CoV, SARS-CoV and
SARS-CoV 2, possess only an ERRS and cannot be retained intracellularly, resulting in
the release of S protein into the plasma membrane. Mutant SARS-CoV S protein lacking
the ERRS is transported to the plasma membrane, while native S protein, when co-
expressed with M protein, interacts with the M protein near the budding site, leading to S
protein intracellular retention, suggesting that the ERRS of SARS-CoV contributes to S

protein accumulation specifically in the post-medial Golgi compartment by interaction
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with M protein, leading to S protein incorporation into VLPs (Ujike et al. Journal of
General Virology (2016), 97, 1853—1864). Removal of the ERRS has recently been found
to facilitate incorporation of SARS-CoV-2 S protein into lentiviral pseudovirons (Ou et

al., 2020 Nature Communications volume 11, Article number: 1620).

[0015] Yu et al. (2020 Science) constructed a set of prototype DNA vaccines expressing
six variants of the SARS-CoV-2 S protein with various deletions of the cytoplasmic tail,
and transmembrane domain, which were assessed for their immunogenicity and
protective efficacy against SARS-CoV-2 viral challenge in rhesus macaques. While the
soluble fragments of the SARS-CoV-2 S protein ectodomain elicited reduced levels of
sgmRNA (indicative of viral replication), optimal protection was achieved with the full-

length S protein immunogen.

[0016] Broer et al. (2006 J. Virol. p. 1302—1310) studied the roles of the transmembrane
and cytoplasmic domains of the S protein in the infectivity and membrane fusion activity
of SARS-CoV, using a SARS-CoV S-pseudotyped retrovirus (SARSpp). SARSpp, in
which the cytoplasmic domain of S was replaced by the cytoplasmic domain derived
from vesicular stomatitis virus G protein (VSV-G), were infectious, up to 40% of wild
type. In contrast, SARSpp containing both the TMD and the cytoplasmic domain of
VSV-G, were severely impaired in infectivity (<5%). This shows that the TMD of S may
be involved in the entry process of SARS-CoV.

[0017] Vaccination provides protection against disease by inducing a subject to mount an
immune response to a likely agent prior to infection. Conventionally, this has been
accomplished through the use of live attenuated or whole inactivated forms of the
infectious agents as immunogens. To avoid the danger of using a whole virus (such as
killed or attenuated viruses) as a vaccine, viral proteins or subunits, or recombinant
versions thereof, have been pursued as vaccines. A major obstacle to employing viral
proteins, either native or recombinant, as vaccine agents is ensuring that the conformation
of the protein mimics the antigens in their natural environment. Suitable adjuvants and, in
the case of peptides, carrier proteins, may be used to boost the immune response. In

addition, viral proteins or subunits as vaccines may elicit primarily humoral responses
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and thus fail to evoke lasting immunity. Subunit vaccines may be ineffective for diseases

in which whole inactivated virus can be demonstrated to provide superior protection.

[0018] Virus-like particles (VLPs) may be used in immunogenic compositions to express
viral proteins in a preferred conformation with improved antigen presentation to the
immune system. VLPs closely resemble mature virions, but they do not contain viral
genomic material, and they are non-replicative which makes them safe for administration
as a vaccine. In addition, VLPs can be engineered to express viral glycoproteins on the
surface of the VLP, which is their native physiological configuration. Since VLPs
resemble intact virions and are multivalent particulate structures, VLPs may be more
effective in inducing neutralizing antibodies to the glycoprotein than soluble envelope

protein antigens.

[0019] A variety of expression systems have been utilized to produce VLPs, including
mammalian cell lines, bacteria, insect cell lines, yeast and plant cells. VLPs for over
thirty different viruses have been generated in insect and mammalian systems for vaccine
purposes (Noad, R. and Roy, P., 2003, Trends Microbiol 11: 438-44). VLPs have also
been produced in plants (see W0O2009/076778; W02009/009876; WO 2009/076778;, WO
2010/003225; WO 2010/003235; W02010/006452; W02011/03522; WO 2010/148511,;
WO02014153674, and W0O2012/083445).

[0020] VLPs have been produced with native surface proteins from Severe acute
respiratory syndrome coronavirus (SARS-CoV or SARS-CoV-1), including S protein, M
protein, E protein in insect and mammalian cells (Liu et al., 2008, J Virol., p. 11318-
11330). SARS-CoV-2 virus like particles (VLPs) have also been assembled by co-
expressing viral surface proteins S, M, and E in mammalian cells (Xu et al. Front.
Bioeng. Biotechnol., 30 July 2020). Studies have further shown that the M protein is
indispensable for virus-like particle (VLP) formation (Siu et al. Journal of Virology
(2008) 82:11318-11330, Huang et al. Journal of Virology (2004) 78:12557-12565). In
mammalian cells, expression of membrane protein (M) and small envelope protein (E)
are essential for efficient formation and release of SARS-CoV-2 VLPs (Xu et al. Front.
Bioeng. Biotechnol., 30 July 2020)). Nevertheless, the minimal requirement for assembly
of SARS-CoV VLPs is still controversial. Y. Huang et al. (Journal of Virology (2004)
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78:12557-12565) described formation of VLPs in transfected human cells that only
required co-expression of the M and N viral proteins, whereas Siu et al. (Journal of
Virology (2008)82:11318-11330) showed that both E and N proteins must be co-
expressed with M protein for the efficient production and release of SARS-CoV VLPs in

transfected mammalian cells.

[0021] WO2012/083445 discloses the production of SARS CoV S protein in plants,
wherein the transmembrane domain and the cytosolic tail domain (TM/CT) of the S

protein were replaced with TM/CT from an influenza HA protein.

[0022] A few groups have proposed immunization with SARS-CoV VLPs as an effective
vaccine strategy. VLPs produced in insect cells or chimeric MHV/SARS-CoV VLPs
produced in mammalian cells were used in these studies (Lokugamage et al. Vaccine
2008 Feb 6;26(6):797-808, Lu et al. 2007 Immunology 122496-5024).

[0023] However, effective scale-up and manufacture of SARS-CoV-2 VLPs at the
quantity required to meet the need of widespread vaccination of the global population,

requires efficient viral structural protein and VLP production.
SUMMARY OF THE INVENTION

[0024] The present invention relates to modified viral structural proteins. The present
invention also relates to virus-like particles (VLPs) comprising modified viral structural
protein and methods of producing the VLPs in a host or host cells. More specifically, the
invention relates to modified coronavirus S proteins. The present invention also relates to
virus-like particles (VLPs) comprising modified S proteins and methods of producing the
VLPs in a host or host cells.

[0025] In one aspect it is provided a modified coronavirus S-protein comprising, in

series,
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a chimeric

TMCT, comprising;
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- a transmembrane domain (TM), wherein the TM or a portion of the TM is

derived from a coronavirus S-protein, and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived from an

influenza hemagglutinin (HA) protein.

[0026] The modified S-protein as described herein may form trimers. Accordingly it is

also provided a trimer comprising modified coronavirus S-protein as described herewith.

[0027] In a further aspect, a virus like particle (VLP) comprising the modified S-protein
or trimers comprising the modified S-protein as described above is provided.
Accordingly, the VLP comprises a modified coronavirus S-protein or trimer that

comprise the modified S-protein, the modified S-protein comprising
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a chimeric

TMCT, comprising:

- a transmembrane domain (TM), wherein the TM or a portion of the TM is

derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived from an

influenza hemagglutinin (HA) protein.
[0028] The VLP may further comprise plant lipids.

[0029] The TM may be directly fused to the CT. The TM may be derived from the
coronavirus S-protein TM and the CT may be derived from the influenza HA protein CT.
Furthermore, the TM may be a chimeric TM comprising a N terminal sequence derived
from the coronavirus S-protein TM and a C terminal sequence derived from the influenza
HA protein TM. The chimeric TM may comprise a N terminal sequence derived from
the coronavirus S-protein TM comprising at least 20 amino acids corresponding to amino
acids 1-20 of SEQ ID NO: 18 or SEQ ID NO: 169, or at least 21 amino acids
corresponding to amino acids 1-21 of SEQ ID NO: 118 or 164, or at least 22 amino acids
corresponding to amino acids 1-22 of SEQ ID NO: 123 and one or more than one amino

acid from the C-terminal end of the influenza HA protein TM. The one or more than one
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amino acid from the C-terminal end of the influenza HA protein TM may be selected
from AGL or conserved substitution of AGL, MAGL or conserved substitution of
MAGL. The chimeric TM may comprise amino acids corresponding to amino acids of 1-

20 of SEQ ID NO: 18.

[0030] The CT may be chimeric CT comprising a N terminal sequence derived from the
coronavirus S-protein CT and a C terminal sequence derived from the influenza HA
protein CT. The chimeric CT may comprise a C terminal sequence derived from
influenza HA protein CT comprising at least 11 amino acids corresponding to amino
acids 27-37 of SEQ ID NO: 18, 126, 127, 128, 129, 130 or 131 and one or more than one
amino acid from the N-terminal end of the coronavirus S-protein CT. The one or more
than one amino acid from the N-terminal end of the coronavirus S-protein CT may be
selected from C or a conserved substitution of C, CC or a conserved substitution of CC,
or CCM or a or a conserved substitution of CCM. The chimeric CT may comprise amino
acids corresponding to amino acids of 27-37 of SEQ ID NO: 18, 126, 128, 129, 130 or
131; or amino acids 27-36 of SEQ ID NO: 127. In one aspect the chimeric TMCT may
comprise a chimeric TM comprising amino acids corresponding to amino acids 1-20 of
SEQ ID NO: 18 or SEQ ID NO: 169, or to amino acids 1-21 of SEQ ID NO: 118 or SEQ
ID NO: 164, or amino acids 1-22 of SEQ ID NO: 123, a chimeric CT comprising amino
acids corresponding to amino acids 27-37 of SEQ ID NO: 18, 126, 127, 128, 129, 130 or

131, or a combination thereof.

[0031] The CT or portion of the CT may comprise from 80% to 100% identity with the
sequence of SEQ ID NO: 15, or with amino acids 35-50 of SEQ ID NO 6, 8,7, 9, 10, 12,
13 or 14, or with amino acids 34-49 of SEQ ID NO 11, or with amino acids 553-568 of
SEQ ID NO:3 or with amino acids 22-37 of SEQ ID NO:18, or with amino acids 21-40 of
SEQ ID NO: 19, or with amino acids 21-39 of SEQ ID NO: 37, or with amino acids 25-
36 of SEQ ID NO: 38 or with amino acids 24-34 of SEQ ID NO: 39, or amino acids 22-
37 of SEQ ID NO: 126, 128, 129, 130 or 131; or amino acids 22-36 of SEQ ID NO: 127.
The TM or portion of the TM may comprises from 80% to 100% identity with the
sequence of SEQ ID NO: 132 or 133.
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[0032] The TMCT may comprise a sequence having about 80% to about 100% identity
with the sequence of SEQ ID NO: 18, 19, 37, 38, 39, 64, 126, 127, 128, 129, 130, 131,
118, 119, 120, 123, 124, 125, 134, 135 164, 165, 166, 169, 170, 171, 172 or 173.

[0033] The modified S protein may comprises an S1 subunit and an S2 subunit, wherein

the S2 subunit comprises the chimeric TMCT.

[0034] The modified S-protein may be produced as a precursor protein, the precursor
protein comprising the modified S-protein and a signal peptide. The precursor protein
comprising the modified S-protein and a signal peptide may comprise from 80% to 100%
identity with amino acids 1-1234 of SEQ ID 1, or with amino acids 1-1234 of SEQ ID
NO: 5, amino acids 1-1219 of SEQ ID NO: 21 or with amino acids 1-1243 of SEQ ID
NO: 30 and wherein the amino acid sequence of the CT comprises from 80% to 100%
identity with the sequence of SEQ ID NO: 15, or with amino acids 35-50 of SEQ ID NO
6,8,7,9,10, 12, 13 or 14, or with amino acids 34-49 of SEQ ID NO 11, or with amino
acids 553-568 of SEQ ID NO:3.

[0035] The signal peptide may be native or non-native to the S-protein. The non-native
signal peptide may be derived from the signal peptide of protein disulfide-isomerase

(PDI). The modified S-protein may further comprise plant specific N-glycans.

[0036] The CT or portion of the CT in the modified S-protein may be derived from an
influenza hemagglutinin (HA) protein that is derived from influenza type B or influenza
subtype H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, or H16.
The influenza hemagglutinin (HA) protein may be derived from influenza type B or

influenza subtype H1, H3, H5, H6, H7 or H9.

[0037] The ectodomain of the modified S-protein may be derived from SARS-CoV-2,
SARS-CoV-1, MERS-CoV, OC43-CoV or 229E-CoV, the TM or the portion of the TM
may be derived from SARS-CoV-2, SARS-CoV-1, MERS-CoV, OC43-CoV or 229E-
CoV, or both the ectodomain and the TM or the portion of the TM may be derived from
SARS-CoV-2, SARS-CoV-1, MERS-CoV, OC43-CoV or 229E-CoV.

10
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[0038] In a further aspect, the modified S-protein may comprise one or more than one
amino acid substitution when compared to a wild-type coronavirus amino acid sequence.

The one or more than one substitution may maintain the S-protein in a pre-fusion state.

[0039] The one or more than one amino acid substitution may comprise i) substitutions
that restricts the processing at a cleavage site between S1 and S2 subunit, ii) substitution
of one or more than one amino acid to one or more than one proline, or iii) substitutions
that restrict the processing at the cleavage site between the S1 and the S2 subunit and

substitution of one or more than one amino acid to one or more than one proline.

[0040] The one or more than one substitution may maintain the S-protein in a pre-fusion
state or produces are higher yield of the modified S-protein when expressed in a host or
host cell, when compared to the yield of a corresponding S-protein without the one or

more than one substitutions expressed in the host or host cell.

[0041] The one or more than one amino acid substitution may correspond to amino acids
at positions 667, 668, 670, 802, 923, 927, 971, 972 or a combination thereof, when

compared to reference amino acid sequence of SEQ ID NO: 2.

[0042] In one aspect, the one or more than one amino acid substitution correspond to
amino acids at positions 971 and 972, when compared to reference amino acid sequence
of SEQ ID NO: 2. In another aspect, the one or more than one amino acid substitution
correspond to amino acids at positions 802, 927, 971 and 972, when compared to
reference amino acid sequence of SEQ ID NO: 2. Furthermore, the modified S-protein
may comprise one or more than one amino acid substitution corresponding to amino
acids at positions 667, 668, 670, or a combination thereof, when compared to reference
amino acid sequence of SEQ ID NO: 2. Accordingly, the modified S-protein may
comprise substitutions that correspond to amino acids at positions 667, 668 and 670,

when compared to reference amino acid sequence of SEQ ID NO: 2.

[0043] In one aspect, the one or more than one substitution may correspond to amino
acids at positions 667, 668, 670, 971 and 972, when compared to reference amino acid
sequence of SEQ ID NO: 2. The substitution of the amino acid corresponding to the
amino acid at position 667 of SEQ ID NO: 2 may be to glycine or a conserved

11
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substitution of glycine, the substitution of the amino acid corresponding to position 668
of SEQ ID NO: 2 may be to a serine or a conserved substitution of serine, the substitution
of the amino acid corresponding to position 670 of SEQ ID NO: 2 may be to a serine or a
conserved substitution of serine, the substitution of the amino acid corresponding to the
amino acid at position 971 of SEQ ID NO: 2 may be to a proline or a conserved
substitution of proline and the substitution of the amino acid corresponding to the amino
acid at position 972 of SEQ ID NO: 2 may be to a proline or a conserved substitution of
proline. The modified S-protein as described above may further comprises an amino acid
substitution corresponding to amino acid at position 923, when compared to reference

amino acid sequence of SEQ ID NO: 2.

[0044] In another aspect the one or more than one amino acid substitution may
correspond to amino acids at positions 667, 668, 670, 802, 927, 971 and 972, when
compared to reference amino acid sequence of SEQ ID NO: 2. The substitution of the
amino acid corresponding to the amino acid at position 667 of SEQ ID NO: 2 may be to
glycine or a conserved substitution of glycine, the substitution of the amino acid
corresponding to position 668 of SEQ ID NO: 2 may be to a serine or a conserved
substitution of serine, the substitution of the amino acid corresponding to position 670 of
SEQ ID NO: 2 may be to a serine or a conserved substitution of serine, the substitution of
the amino acid corresponding to the amino acid at positions 802 of SEQ ID NO: 2 may
be to a proline or a conserved substitution of proline, the substitution of the amino acid
corresponding to the amino acid at positions 927 of SEQ ID NO: 2 may be to a proline or
a conserved substitution of proline, the substitution of the amino acid corresponding to
the amino acid at positions 971 of SEQ ID NO: 2 may be to a proline or a conserved
substitution of proline and the substitution of the amino acid corresponding to the amino
acid at positions 972 of SEQ ID NO: 2 may be to a proline or a conserved substitution of

proline.

[0045] In another aspect the modified S-protein as described above may further
comprises an amino acid substitution corresponding to amino acid at position 923, when
compared to reference amino acid sequence of SEQ ID NO: 2. The substitution in the

modified S-protein of the amino acid corresponding to the amino acid at position 667 of

12
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SEQ ID NO: 2 may be to glycine or a conserved substitution of glycine, the substitution
of the amino acid corresponding to position 668 of SEQ ID NO: 2 may be to a serine or a
conserved substitution of serine, the substitution of the amino acid corresponding to
position 670 of SEQ ID NO: 2 may be to a serine or a conserved substitution of serine,
the substitution of the amino acid corresponding to the amino acid at positions 802, 927,
971 and 972 of SEQ ID NO: 2 may be to a proline or a conserved substitution of proline
and the substitution of the amino acid corresponding to position 923 of SEQ ID NO: 2

may be to phenylalanine or a conserved substitution of phenylalanine.

[0046] The modified the S-protein may comprise from 80% to 100% identity with amino
acids of SEQ ID NO: 5, 21, 30, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 95,96, 97, 108, 109, 110, 144, 145, 146, 155, 156 or 157, or with amino acids 24-
1259 of SEQ ID NO: 47 amino acids 25-1259 of SEQ ID NO: 48, amino acids 25-1259
of SEQ ID NO: 49, amino acids 25-1259 of SEQ ID NO: 50, amino acids 25-1259 of
SEQ ID NO: 51, amino acids 25-1259 of SEQ ID NO: 52, amino acids 25-1259 of SEQ
ID NO: 53, amino acids 25-1259 of SEQ ID NO: 54, amino acids 25-1259 of SEQ ID
NO: 55, amino acids 25-1259 of SEQ ID NO: 56, amino acids 25-1259 of SEQ ID NO:
57, amino acids 25-1259 of SEQ ID NO: 58, amino acids 25-1262 of SEQ ID NO: 59,
amino acids 25-1261 of SEQ ID NO: 60, amino acids 25-1258 of SEQ ID NO: 61, or
amino acids 25-1256 of SEQ ID NO: 62, amino acids 25-1243 of SEQ ID NO: 95, amino
acids 25-1240 of SEQ ID NO: 96, amino acids 25-1243 of SEQ ID NO: 97, amino acids
25-1341 of SEQ ID NO: 108, amino acids 25-1338 of SEQ ID NO: 109, amino acids 25-
1341 of SEQ ID NO: 110, amino acids 25-1351 of SEQ ID NO: 144, amino acids 25-
1348 of SEQ ID NO: 145, amino acids 25-1351 of SEQ ID NO: 146, amino acids 25-
1159 of SEQ ID NO: 155, amino acids 25-1156 of SEQ ID NO: 156, or amino acids 25-
1159 of SEQ ID NO: 157.

[0047] In another aspect, it is provided a nucleic acid that comprises a nucleotide

sequence that encodes the modified S-protein as described above.

[0048] In a further aspect a composition comprising an effective dose of the modified S-
protein, the trimer comprising the modified S-protein or VLP comprising the modified S-

protein as described above and a pharmaceutically acceptable carrier, adjuvant, vehicle or
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excipient is provided. In yet another aspect, it is provided a vaccine for inducing an
immune response. The vaccine comprises an effective dose of the modified S protein, the
trimer comprising the modified S-protein or VLP comprising the modified S-protein as

described above as described above.

[0049] The composition further comprises a pharmaceutically acceptable carrier,
adjuvant, vehicle or excipient. In a further aspect, it is provided a vaccine for inducing an
immune response. The vaccine comprises an effective dose of the VLP comprising a
modified coronavirus as described above. The vaccine may be a multivalent vaccine,

comprising a mixture of VLP.

[0050] In yet another aspect a (non-human) host or host cell comprising the modified S-
protein, trimer or VLP as described above is provided. In yet another aspect a host or host
cell comprising the VLP as described above is provided. In another aspect it is provided a
composition comprising an effective dose of the VLP comprising the modified S-protein

as described above is provided.

[0051] In yet another aspect, a S-protein trimer is provided. The trimer comprises

modified coronavirus S-protein, the modified S-protein comprising
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a

chimeric TMCT, comprising;

- a transmembrane domain (TM), wherein the TM or a portion of the TM is

derived from a coronavirus S-protein, and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived from an
influenza hemagglutinin (HA) protein. The modified S-protein in the trimer may
comprise one or more than one amino acid substitution when compared to a wild-type
coronavirus amino acid sequence, as described above. In a further aspect a composition
comprising an effective dose of the trimer as described above and a pharmaceutically
acceptable carrier, adjuvant, vehicle or excipient is provided. In another aspect, virus like
particle (VLP) comprising the trimer as described above are also provided. The VLP may

further comprise plant lipids. In another aspect it is provided a composition comprising
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an effective dose of the VLP comprising the trimer as described above and a
pharmaceutically acceptable carrier, adjuvant, vehicle or excipient is provided. In a
further aspect, it is provided a vaccine for inducing an immune response. The vaccine
comprises an effective dose of the trimer as described above. In a further aspect, it is
provided a vaccine for inducing an immune response. The vaccine comprises an effective
dose of the VLP comprising the trimer as described above. The vaccine may be a
multivalent vaccine, comprising a mixture of VLP. In yet another aspect a non-human
host or host cell comprising the trimer or the VLP comprising the trimer as described

above is provided.

[0052] In another aspect, it is provided a method for inducing immunity to a Coronavirus
infection in a subject, the method comprising administering the composition or vaccines
as described above. The composition or vaccine may be administered once to the subject
or the composition or vaccine may be administered multiple times to the subject. The
composition or vaccine may be administered as an initial dose and one or more than one
subsequent doses may be administered between 1 day and 6 month from the
administration of the initial dose. The subsequent dose may be administered after 21 days

from the administration of the initial dose.

[0053] In another aspect an antibody or antibody fragment prepared using the

composition or vaccine as described above are provided.

[0054] In yet another aspect, it is provided A) a method of producing a virus like particle

(VLP) in a (non-human) host or host cell comprising:

a) introducing into a non-human host or host cell the nucleic acid comprising a
nucleotide sequence that encodes the modified S-protein as described above; or
providing the non-human host or host cell comprising the nucleic acid comprising
a nucleotide sequence that encodes the modified S-protein as described above,

and

b) incubating the non-human host or host cell under conditions that permit the

expression of the nucleic acid, thereby producing the VLP.

15
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[0055] In a further step c¢) the non-human host or host cell may be harvested.

[0056] In a further aspect, it is provided B) a method of increasing yield of production of

a Coronavirus S-protein in a (non-human) host or host cell comprising:

a) introducing the nucleic acid comprising a nucleotide sequence that encodes the
modified S-protein as described above into the non-human host or host cell; or
providing a non-human host or host cell comprising the nucleic acid comprising a

nucleotide sequence that encodes the modified S-protein as described above; and

b) incubating the non-human host or host cell under conditions that permit
expression of the modified S-protein encoded by the nucleic acid, thereby
producing modified S-protein at a higher yield compared to a host or host cell

expressing the unmodified S-protein under similar or identical conditions.
[0057] In a further step ¢) the non-human host or host cell may be harvested.

[0058] In yet another aspect, it is provided C) a method of increasing yield of production

of virus like particle (VLP) in a (non-human) host or host cell comprising:

a) introducing into the non-human host or host cell, a nucleic acid encoding a

modified coronavirus S-protein comprising
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a

chimeric TMCT, comprising;

- a transmembrane domain (TM), wherein the TM or a portion of the TM

is derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived

from an influenza hemagglutinin (HA) protein;

providing a non-human host or host cell comprising the nucleic acid encoding the

modified S-protein comprising
16
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- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a

chimeric TMCT, comprising:

- a transmembrane domain (TM), wherein the TM or a portion of the TM

is derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived

from an influenza hemagglutinin (HA) protein; and

b) incubating the non-human host or host cell under conditions that permit
expression of the modified S-protein encoded by the nucleic acid, thereby
producing VLP comprising modified S-protein at a higher yield compared to the
yield of VLP in a host of host cell that expresses unmodified S protein under

similar or identical conditions.

[0059] In a further aspect, it is provided D) a method of producing a virus like particle

(VLP) in a (non-human) host or host cell comprising:

a) introducing into a non-human host or host cell, a nucleic acid encoding a

modified coronavirus S-protein comprising
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a

chimeric TMCT, comprising;

- a transmembrane domain (TM), wherein the TM or a portion of the TM

is derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived

from an influenza hemagglutinin (HA) protein; or

providing a non-human host or host cell comprising the nucleic acid encoding the
modified S-protein comprising
17
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- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a

chimeric TMCT, comprising:

- a transmembrane domain (TM), wherein the TM or a portion of the TM

is derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived

from an influenza hemagglutinin (HA) protein; and

b) incubating the non-human host or host cell under conditions that permit the

expression of the nucleic acid, thereby producing the VLP.

[0060] In a further aspect the VLP of method A), B), C) or D) may further be extracted
and purified from the host or host cell. The host or host cell may comprise a plant, a plant
cell, a fungi, a fungi cell, an insect, an insect cell, an animal or an animal cell. The host or

host cell of method A), B), C) or D) may be a plant, portion of a plant or plant cell.

[0061] In another aspect it is provided a VLP produced by the method of A), B), C) or
D).

[0062] Furthermore, in yet another aspect it is provided a composition comprising an
adjuvant and virus-like particles (VLP), the VLP comprising modified coronavirus S-

protein, the modified S-protein comprising
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a chimeric

TMCT, comprising;

- a transmembrane domain (TM), wherein the TM or a portion of the TM

is derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived

from an influenza hemagglutinin (HA) protein and wherein the modified S-
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protein further comprises substitutions at positions 667, 668, 670, 971 and 972

when compared to reference amino acid sequence of SEQ ID NO: 2.

[0063] In yet another aspect it is provided a composition comprising virus-like particle
(VLP), the VLP comprising modified coronavirus S-protein, the modified S protein

comprising

- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a

chimeric TMCT, comprising:

- a transmembrane domain (TM), wherein the TM or a portion of the TM

is derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived
from an influenza hemagglutinin (HA) protein; and wherein the modified S-
protein comprises a glycine substitution at position 667, a serine substitution at
position 668, a serine substitution at position 670, a proline substitution at
position 971 and a proline substitution at position 972, the position corresponding
to reference amino acid sequence of SEQ ID NO: 2. The influenza hemagglutinin
(HA) protein may be derived from influenza type B or influenza subtype H1, H3,
HS, H6, H7 or H9. The composition may further comprise an adjuvant.

[0064] In a further aspect it is provided a composition comprising virus-like particle
(VLP), the VLP comprising modified coronavirus S-protein, the modified S protein
comprising the sequence of SEQ ID NO: 21. The composition may further comprise an

adjuvant.
[0065] This summary of the invention does not necessarily describe all features of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] These and other features of the invention will become more apparent from the
following description in which reference is made to the appended drawings wherein:
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[0067] FIGURE 1 shows a schematic representation of Coronavirus S protein and the
location of S1/S2 (aa 685/686) and S2' cleavage sites. SP: signal peptide (aa 1-15); NTD:
N-terminal domain (aa 16-306); RBD: receptor-binding domain (aa 335-527); FP: fusion
peptide (aa 816-833); HR1: heptad repeat 1 (aa 908-991); HR2: heptad repeat 2 (aa 1166-
1207); TM: transmembrane domain (aa 1214-1234); CT: cytoplasmic tail (aa 1235-
1273). The residue numbers (aa) of each region correspond to their positions in the S

protein of SARS-CoV-2 (2019-nCoV).

[0068] FIGURE 2 shows an alignment of amino acid sequences from exemplary
influenza strains. The C-terminal region of the ectodomain, the transmembrane domain
(TM), and the cytoplasmic tail domain (CT) of hemagglutinin (HA) are shown for H1
A/California/07/2009 (SEQ ID NO: 6), H2 A/Singapore/1/1957 HA (SEQ ID NO:7), H3
A/Minnesota/41/2019 HA (SEQ ID NO:8), H5 A/Indonesia/5/05 HA (SEQ ID NO:9), H6
A/Teal/Hong Kong/W312/97 HA (SEQ ID NO:10), H7 A/Guangdong/17SF003/2016
HA (SEQ ID NO:11), H9 A/Hong Kong/1073/99 HA (SEQ ID NO:12), and
B/Washington/02/2019 HA (SEQ ID NO:13). The consensus sequence for these
sequences is also shown (SEQ ID NO: 14).

[0069] FIGURE 3A shows quantified fold-change difference in SARS-CoV-2 S protein
accumulation in plants expressing: SARS-CoV-2 S protein with a native (wild-type)
transmembrane domain and cytoplasmic tail (wtTMCT) under the control of the
following 5’UTRs: nbMT78 (construct 8586), nbCSY65 (construct 8589) and nbHEL40
(construct 8591); a modified SARS-CoV-2 protein wherein the native (wild-type)
transmembrane domain and cytoplasmic tail (wtTMCT) has been replaced with the
TMCT of influenza hemagglutinin (HA) of influenza HS A/Indonesia/5/05 (H5SiTMCT)
under the control of nbMT78 (construct 8592), nbCSY65 (construct 8595) and nbHEL40
(construct 8597); and a modified SARS-CoV-2 protein wherein the native (wild-type)
cytoplasmic tail (wtCT) has been replaced with the CT of influenza hemagglutinin (HA)
of influenza HS A/Indonesia/5/05 (HSiCT) under the control of nbMT78 (construct
8610), nbCSY6S (construct 8611) and nbHELA40 (construct 8671). The SARS-CoV-2 S
protein sequences (referred to as nCOV S (GSAS-2P)) have the following substitutions:
R667G, R668S, R670S, K971P and VO72P with respect to the reference sequence of SEQ
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ID NO: 2. The results have been normalized to the SARS-CoV-2 S protein accumulation
from construct 8591, which is set as 1. FIGURE 3B shows protein separation of clarified
crude extract on a non-reducing SDS-PAGE gel. The following modified S proteins were
expressed in plants: Lane 1: S protein with wild-type transmembrane and cytosolic tail
domain (wt TMCT) under the control of nbMT78; lane 2: S protein with wild-type
transmembrane and cytosolic tail domain (wt TMCT) under the control of nbCSY65; lane
3: S protein with wild-type transmembrane and cytosolic tail domain (wt TMCT) under
the control of nbHELA40; lane 4: modified S protein with a SARS-CoV-2 ectodomain, and
a transmembrane and cytosolic tail domain from hemagglutinin (HA) of HS
A/Indonesia/5/05 (HS5i TMCT) under the control of nbMT78; lane 5: modified S protein
with a SARS-CoV-2 ectodomain and a transmembrane and cytosolic tail domain from
hemagglutinin (HA) of H5 A/Indonesia/5/05 (H51 TMCT) under the control of nbCSY65;
lane 6: modified S protein with a SARS-CoV-2 ectodomain and a transmembrane and
cytosolic tail domain from hemagglutinin (HA) of H5 A/Indonesia/5/05 (H51 TMCT)
under the control of nbHELA40; lane 7: modified S protein with a SARS-CoV-2
ectodomain, a SARS-CoV-2 transmembrane domain and cytosolic tail domain (CT) from
hemagglutinin (HA) of influenza H5 A/Indonesia/5/05 (H51 CT) under the control of
nbMT78; lane 8: modified S protein with a SARS-CoV-2 ectodomain, a SARS-CoV-2
transmembrane domain and cytosolic tail domain (CT) from hemagglutinin (HA) of
influenza HS A/Indonesia/5/05 (HS1 CT) under the control of nbCSY65; lane 9: modified
S protein with a SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and
cytosolic tail domain (CT) from hemagglutinin (HA) of influenza H5 A/Indonesia/5/05
(H5i CT) under the control of nbHEL40. The modified S protein has a molecular weight
of about 150 kDa and is indicated by an arrow. FIGURE 3C shows a Western blot
analysis of the same series of lysates depicted in Figure 3B and the lanes correspond to
the lanes as described in Figure 3B. The top panel shows detection with an anti-SARS-
CoV-2 S1 antibody (40150-R007). The bottom panel shows detection with an anti-
SARS-CoV-2 S2 antibody (NB100-56578). The monomer of the SARS-CoV-2 protein
(comprising the S1 and S2 subunit) has a molecular weight of about 150 kDa (non-

reducing).
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[0070] FIGURE 4A shows quantified fold-change difference in SARS-CoV-2 S protein
accumulation in plants expressing: a modified S protein with a SARS-CoV-2 ectodomain,
a SARS-CoV-2 transmembrane, and cytosolic tail domain from hemagglutinin (HA) of
HS A/Indonesia/5/05 (HS Indo); a modified S protein with a SARS-CoV-2 ectodomain, a
SARS-CoV-2 transmembrane, and cytosolic tail domain from hemagglutinin (HA) of H1
A/California/7/2009 (H1 California); a modified S protein with a SARS-CoV-2
ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail domain from
hemagglutinin (HA) of H3 A/Minnesota/41/2019 (H3 Minnesota); a modified S protein
with a SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail
domain from hemagglutinin (HA) of H6 A/Teal/Hong Kong/W312/97 (H6 Hong Kong),
a modified S protein with a SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane,
and cytosolic tail domain from hemagglutinin (HA) of H7 A/Guangdong/17SF003/2016
(H7 Guangdong); a modified S protein with a SARS-CoV-2 ectodomain, a SARS-CoV-2
transmembrane, and cytosolic tail domain from hemagglutinin (HA) of H9 A/Hong
Kong/1073/99 (H9 Hong Kong); and a modified S protein with a SARS-CoV-2
ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail domain from
hemagglutinin (HA) of B/Washington/02/2019 (B Washington). The results have been
normalized to the SARS-CoV-2 S protein accumulation from construct 8671 encoding a
modified SARS-CoV-2 protein wherein the native (wild-type) cytoplasmic tail (wtCT)
has been replaced with the CT of influenza hemagglutinin (HA) of influenza H5
A/Indonesia/5/05 (HSiCT) under the control of nbHEL40 (H5 Indo), which is set as 1.
FIGURE 4B shows a Western blot analysis of crude lysate from plants expressing the
modified S proteins from the following constructs: lane 2, a modified S protein with a
SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail domain
from hemagglutinin (HA) of HS A/Indonesia/5/05 (H5 Indo); lane 3, a modified S protein
with a SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail
domain from hemagglutinin (HA) of H1 A/California/07/2009 (H1 Calif); lane 4, a
modified S protein with a SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane,
and cytosolic tail domain from hemagglutinin (HA) of H3 A/Minnesota/41/2019 (H3
Minn); lane 5, a modified S protein with a SARS-CoV-2 ectodomain, a SARS-CoV-2
transmembrane, and cytosolic tail domain from hemagglutinin (HA) of H6 A/Teal/Hong
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Kong/W312/97 (H6 HK); lane 6, a modified S protein with a SARS-CoV-2 ectodomain,
a SARS-CoV-2 transmembrane, and cytosolic tail domain from hemagglutinin (HA) of
H7 A/Guangdong/17SF003/2016 (H7 Guan); lane 7, a modified S protein with a SARS-
CoV-2 ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail domain from
hemagglutinin (HA) of H9 A/Hong Kong/1073/99 (H9 HK); lane 8, a modified S protein
with a SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane, and cytosolic tail
domain from hemagglutinin (HA) of B/Washington/02/2019 (B Wash). Lane 1 is crude
lysate from a plant treated with a mock Agroinfiltration. Sino 400150-R007 antibody was
used for detection of the S1 subunit of the SARS-COV-2 § protein. The monomer of the
SARS-CoV-2 protein (comprising the S1 and S2 subunit) has a molecular weight of
about 150 kDa (non-reducing). FIGURE 4C shows a Western blot analysis of the same
series of lysates depicted in Figure 4B, except with NB100-56578 antibody detecting the
S2 subunit of the SARS-COV-2 S protein.

[0071] FIGURE 5A shows the amino acid sequence of the C-terminal region of the
native SARS-CoV-2 S protein (wtTM/wtCT), the C-terminal region of influenza HS
hemagglutinin (HA) (HSiTM/HS5iCT), the C-terminal region of modified SARS-CoV-2 S
protein with wild-type transmembrane domain (TM) and influenza H5 HA cytosolic tail
(CT) domain (wtTM/HSiCT), and the C-terminal regions of four alternative versions of
modified S protein (WtTM/HS51CT V1-V4) with variable margin between the SARS-CoV-
2 transmembrane (TM) domain and HS A/Indonesia/5/05 HA cytosolic tail (CT) domain.
The TM domain from Coronavirus S-protein is underlined and the CT domain derived
from influenza HA is shown in bold. FIGURE 5B shows quantified fold-change
difference in SARS-CoV-2 S protein accumulation in plants expressing each of the four
variant modified S proteins with a chimeric transmembrane and cytosolic tail domain
(TMCT), as depicted in Figure SA (WtTM/H5iCT, V1-V4), relative to modified SARS-
CoV-2 S protein accumulation in plants expressing modified SARS-CoV-2 S protein
having a chimeric TMCT with a wild-type transmembrane domain (TM) and influenza

HS5 HA cytosolic tail (CT) domain (wtTM/H5iCT) which is set as 1.

[0072] FIGURE 6A shows an electron micrograph of virus like particles (VLP)
comprising SARS-COV-2 S protein with wild-type transmembrane and cytosolic tail

domain (wtTMCT; construct 8591) FIGURE 6B shows an electron micrograph of virus
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like particles (VLP) comprising a modified S protein with a SARS-CoV-2 ectodomain
and an influenza H5 hemagglutinin transmembrane domain and cytosolic tail domain
(H51 TMCT; construct 8597). FIGURE 6C shows an electron micrograph of virus like
particles (VLP) comprising a modified S protein with a SARS-CoV-2 ectodomain, a
SARS-CoV-2 transmembrane domain and an influenza H5 hemagglutinin cytosolic tail
domain (H51 CT; construct 8671). FIGURE 6D shows an electron micrograph of virus
like particles (VLP) comprising an alternative version of modified S protein (H5i CT V1,
construct 8980) having a SARS-CoV-2 ectodomain and a chimeric transmembrane and
cytosolic tail domain (TMCT). FIGURE 6E shows an electron micrograph of virus like
particles (VLP) comprising an alternative version of modified S protein (H5i CT V2,
construct 8981) having a SARS-CoV-2 ectodomain and a chimeric transmembrane and
cytosolic tail domain (TMCT). FIGURE 6F shows an electron micrograph of virus like
particles (VLP) comprising an alternative version of modified S protein (H5i CT V3;
construct 8982) with a SARS-CoV-2 ectodomain having a SARS-CoV-2 ectodomain and
a chimeric transmembrane and cytosolic tail domain (TMCT). FIGURE 6G shows an
electron micrograph of virus like particles (VLP) comprising an alternative version of
modified S protein (H51 CT V4, construct 8983) having a SARS-CoV-2 ectodomain and
a chimeric transmembrane and cytosolic tail domain (TMCT). FIGURE 6H shows an
electron micrograph of virus like particles (VLP) comprising a modified S protein with a
SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and an influenza H1
hemagglutinin cytosolic tail domain (H1 CT; construct 7390). FIGURE 61 shows an
electron micrograph of virus like particles (VLP) comprising a modified S protein with a
SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and an influenza H3
hemagglutinin cytosolic tail domain (H3 CT; construct 7391). FIGURE 6J shows an
electron micrograph of virus like particles (VLP) comprising a modified S protein with a
SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and an influenza H6
hemagglutinin cytosolic tail domain (H6 CT; construct 7392). FIGURE 6K shows an
electron micrograph of virus like particles (VLP) comprising a modified S protein with a
SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and an influenza H7
hemagglutinin cytosolic tail domain (H7 CT; construct 7393). FIGURE 6L shows an

electron micrograph of virus like particles (VLP) comprising a modified S protein with a
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SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and an influenza H9
hemagglutinin cytosolic tail domain (H9 CT;, construct 7394). FIGURE 6M shows an
electron micrograph of virus like particles (VLP) comprising a modified S protein with a
SARS-CoV-2 ectodomain, a SARS-CoV-2 transmembrane domain and an influenza HA
B hemagglutinin cytosolic tail domain (HA B CT; construct 7395).

[0073] FIGURE 7A shows a schematic representation of acceptor vector 8501.
FIGURE 7B shows a schematic representation of acceptor vector 8500. FIGURE 7C

shows a schematic representation of acceptor vector 8716.

[0074] FIGURE 8A shows a schematic representation of vector 8586. FIGURE 8B
shows a schematic representation of vector 8589. FIGURE 8C shows a schematic

representation of vector 8591.

[0075] FIGURE 9A shows a schematic representation of vector 8592. FIGURE 9B
shows a schematic representation of vector 8595. FIGURE 9C shows a schematic

representation of vector 8597.

[0076] FIGURE 10A shows a schematic representation of vector 8610. FIGURE 10B
shows a schematic representation of vector 8611. FIGURE 10C shows a schematic

representation of vector 8671.

[0077] FIGURE 11A shows quantified fold-change of accumulation in plants expressing
modified SARS-CoV-2 S protein (wtTM/H5iCT) with additional substitutions. The
modified SARS-CoV-2 S proteins have the following substitutions: “GSAS-2P”: R667G,
R668S, R670S, K971P and VO72P; “GSAS-4P”: R667G, R668S, R670S, K971P, VO72P,
F802P and A927P; and “GSAS-6P”: R667G, R668S, R670S, K971P, VO72P, F802P,
A877P, A884P and A927P (with respect to reference sequence of SEQ ID NO: 2). The
results have been normalized to the accumulation of modified SARS-CoV-2
(wWtTM/HS5iCT) and GSAS+2P substitutions, which is set as 1. FIGURE 11B shows
quantified fold-change of accumulation in plants expressing modified SARS-CoV-2 S
protein (wtTM/H5iCT) with each of the GSAS-2P, GSAS-4P, and GSAS-6P
substitutions as described for Figure 11A as compared to the quantified fold change of

accumulation wherein each modified SARS-CoV-2 S protein further incorporates a
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L923F substitution. The results have been normalized to the accumulation of modified

SARS-CoV-2 (wtTM/H51CT) and GSAS+2P substitutions, which is set as 1.

[0078] FIGURE 12A shows a schematic representation of vector 8980. FIGURE 12B
shows a schematic representation of vector 8981. FIGURE 12C shows a schematic
representation of vector 8982. FIGURE 12D shows a schematic representation of vector

8983.

[0079] FIGURE 13A shows a schematic representation of vector 7390. FIGURE 13B
shows a schematic representation of vector 7391. FIGURE 13C shows a schematic
representation of vector 7392. FIGURE 13D shows a schematic representation of vector
7393. FIGURE 13E shows a schematic representation of vector 7394. FIGURE 13F

shows a schematic representation of vector 7395.

[0080] FIGURE 14A shows a schematic representation of vector 8953. FIGURE 14B

shows a schematic representation of vector 8940.

[0081] FIGURE 15A shows a schematic representation of vector 8933. FIGURE 15B
shows a schematic representation of vector 8960. FIGURE 15C shows a schematic

representation of vector 8947.

[0082] FIGURE 16A shows a Western blot analysis of crude lysate from plants
expressing the modified S proteins from the following constructs: lane 1, a modified S
protein with a SARS-CoV-1 ectodomain, transmembrane, and cytosolic tail domain
(“wtTMCT”, construct 9231); lane 2, a modified S protein with an ectodomain from
SARS-CoV-1, and a transmembrane and cytosolic tail domain (TMCT) from
hemagglutinin (HA) of HS A/Indonesia/5/05 (“HS5iTMCT”, construct 9232); lane 3, a
modified S protein with an ectodomain and transmembrane domain from SARS-CoV-1
and a cytosolic tail domain from hemagglutinin (HA) of HS A/Indonesia/5/05 (H5 Indo)
(“H5iCT”, construct 9233); lane 4, a modified S protein with an ectodomain and
transmembrane domain from SARS-CoV-1 and a cytosolic tail domain from
hemagglutinin (HA) of H5 A/Indonesia/5/05 (H5 Indo) with a variable margin between
the SARS-CoV-1 transmembrane (TM) domain and HS A/Indonesia/5/05 HA cytosolic
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tail (CT) domain (“H5iCT(V4)”, construct 9234); lane 5, a modified S protein with an
ectodomain and transmembrane domain from a SARS-CoV-1 and a cytosolic tail domain
from hemagglutinin (HA) of H1 A/California/7/2009 (“H1cCT”, construct 9235). The
primary antibody used for detection was SARS-CoV Spike S1 Subunit Antibody from
Sino Biologicals (40150-MMO08, 1/5000). The secondary antibody used for detection was
Goat anti-Mouse from JIR (115-035-146, 1/10 000). The modified S protein has a
molecular weight of about 150 kDa.

[0083] FIGURE 16B, 16C and 16D shows Western blot analysis of fractions F5 (30%),
F6 (30%), F7 (25%), F8 (25%), F9 (25%), F10 (15%) and F11 (15%) from a
discontinuous iodixanol density gradient. Accumulation of protein in these fractions is
indicative for the formation of higher molecular weight structures i.e. VLP formation.
For Western blots from fractions of crude lysate, the primary antibody used for detection
was SARS-CoV Spike S1 subunit antibody from Sino Biologicals, 40150-MMO08
(1/5000) and the secondary antibody used for detection was Goat anti-Mouse, JIR, 115-
035-146 (1/10000). FIGURE 16B: Crude lysate from plants expressing SARS-CoV-1 S
protein (with 2P+R667A substitution), with a native TMCT domain (wtTMCT, construct
9231) were analyzed. FIGURE 16C: Crude lysate from plants expressing modified
SARS-CoV-1 S protein (with 2P+R667A substitution) having a TMCT from HS
A/Indonesia/5/05 HA (H51TMCT, construct 9232). FIGURE 16D: Crude lysate from
plants expressing modified SARS-CoV-1 S protein (with 2P+R667A substitution) having
a cytoplasmic tail from H5 A/Indonesia/5/05 HA (H5iCT, construct 9233).

[0084] FIGURE 17A shows an electron micrograph of virus like particles (VLP)
comprising SARS-COV-1 S protein (with 2P+R667A substitution) with native TMCT
domain (WtTMCT, construct 9231). FIGURE 17B shows an electron micrograph of
virus like particles (VLP) comprising modified SARS-CoV-1 S protein (with 2P+R667A
substitution) having a TMCT from H5 A/Indonesia/5/05 HA (H5iTMCT, construct
9232). FIGURE 17C shows an electron micrograph of virus like particles (VLP)
comprising modified SARS-CoV-1 S protein (with 2P+R667A substitution) having a
cytoplasmic tail from HS A/Indonesia/5/05 HA (H5iCT, construct 9233).
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[0085] FIGURE 18A shows a schematic representation of vector 9231. FIGURE 18B
shows a schematic representation of vector 9232. FIGURE 18C shows a schematic
representation of vector 9233. FIGURE 18D shows a schematic representation of vector

9234. FIGURE 18E shows a schematic representation of vector 9235,

[0086] FIGURE 19A shows a Western blot analysis of crude lysate from plants
expressing the modified S proteins from the following constructs: lane 1, a modified S
protein with a MERS-CoV ectodomain, transmembrane, and cytosolic tail domain
(“wtTMCT”, construct 9246); lane 2, a modified S protein with an ectodomain from
MERS-CoV, and a transmembrane and cytosolic tail domain (TMCT) from
hemagglutinin (HA) of H5 A/Indonesia/5/05 (“H51TMCT”, construct 9247); lane 3, a
modified S protein with an ectodomain and transmembrane domain from MERS-CoV
and a cytosolic tail domain from hemagglutinin (HA) of H5 A/Indonesia/5/05 (HS Indo)
(“H5iCT”, construct 9249); lane 4, a modified S protein with an ectodomain and
transmembrane domain from MERS-CoV and a cytosolic tail domain from
hemagglutinin (HA) of H5 A/Indonesia/5/05 (H5 Indo) with a variable margin between
the MERS-CoV transmembrane (TM) domain and H5 A/Indonesia/5/05 HA cytosolic tail
(CT) domain (“H51CT(V4)”, construct 9250); lane 5, a modified S protein with an
ectodomain and transmembrane domain from a MERS-CoV and a cytosolic tail domain
from hemagglutinin (HA) of H1 A/California/7/2009 (“H1cCT”, construct 9251). The
primary antibody used for detection was MERS-CoV spike protein S1 antibody (N-
terminal) from Sino Biological, (100208-RP02, 1/5000). The secondary antibody used for
detection was Goat anti-Mouse from JIR (115-035-144, 1/10 000). The modified S
protein has a molecular weight of about 175 kDa. FIGURE 19B shows an electron
micrograph of virus like particles (VLP) comprising MERS-COV S protein (with
ASVGH2P substitution) with native TMCT domain (WtTMCT, construct 9246).
FIGURE 19C shows an electron micrograph of virus like particles (VLP) comprising
modified MERS-CoV S protein (with ASVG+2P substitution) having a TMCT from HS
A/Indonesia/5/05 HA (H51TMCT, construct 9247). FIGURE 19D shows an electron
micrograph of virus like particles (VLP) comprising modified MERS-CoV S protein
(with ASVG+2P substitution) having a cytoplasmic tail from H5 A/Indonesia/5/05 HA

(HSiCT, construct 9249). FIGURE 19E shows an electron micrograph of virus like
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particles (VLP) comprising modified MERS-CoV S protein (with ASVG+2P
substitution) having a cytoplasmic tail from H5 A/Indonesia/5/05 HA with a variable
margin between the MERS-CoV transmembrane (TM) domain and H5 A/Indonesia/5/05
HA cytosolic tail (CT) domain (H5iCT (V4), construct 9250). FIGURE 19F shows an
electron micrograph of virus like particles (VLP) comprising modified MERS-CoV S
protein (with ASVG+2P substitution) having a cytoplasmic tail from H1
A/California/7/2009 HA (H1cCT, construct 9251).

[0087] FIGURE 20A shows a schematic representation of vector 9246. FIGURE 20B
shows a schematic representation of vector 9247. FIGURE 20C shows a schematic
representation of vector 9249. FIGURE 20D shows a schematic representation of vector

9250. FIGURE 20E shows a schematic representation of vector 9251.
[0088] FIGURE 21 shows a schematic representation of acceptor vector 7147,

[0089] FIGURE 22 shows an alignment of the native SARS-CoV-2, SARS-CoV-1, and
MERS-CoV S protein sequences with the native signal peptide removed (SEQ ID NO: 2,
114, and 115). Residues corresponding to the RRAR furin cleavage site (667-670) and
each of F802P, A877P, A884P, A927P, K971P, V972P in native SARS-CoV-2 S protein
without signal peptide (SEQ ID NO: 2) are boxed along wiht homologous residues from
native SARS-CoV-1 S protein without signal peptide (SEQ ID NO: 114) and native
MERS S protein (SEQ ID NO: 115).

[0090] FIGURE 23A shows a Western blot analysis of crude lysate from plants
expressing the modified S proteins from the following constructs: lane 3, a modified S
protein with a OC43-CoV ectodomain, transmembrane, and cytosolic tail domain
(“wtTMCT”, construct 9269); lane 4, a modified S protein with an ectodomain from
0C43-CoV, and a transmembrane and cytosolic tail domain (TMCT) from hemagglutinin
(HA) of HS A/Indonesia/5/05 (“H51TMCT”, construct 9270); lane 5, a modified S protein
with an ectodomain and transmembrane domain from OC43-CoV and a cytosolic tail
domain from hemagglutinin (HA) of HS A/Indonesia/5/05 (HS Indo) (“HSiCT”, construct
9272); lane 6, a modified S protein with an ectodomain and transmembrane domain from
0OC43-CoV and a cytosolic tail domain from hemagglutinin (HA) of HS A/Indonesia/5/05
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(H5 Indo) with a variable margin between the OC43-CoV transmembrane (TM) domain
and H5 A/Indonesia/5/05 HA cytosolic tail (CT) domain (“H5iCT (V4)”, construct
9273); lane 7, a modified S protein with an ectodomain and transmembrane domain from
a OC43-CoV and a cytosolic tail domain from hemagglutinin (HA) of H1
A/California/7/2009 (“H1cCT”, construct 9274). The primary antibody used for detection
was anti-coronavirus OC43 spike protein from Antibodies-online (ABIN2754654,
1/1000. The secondary antibody used for detection was Goat anti-Rabbit from JIR (111-
035-144, 1/10 000). The modified S protein has a molecular weight of about 150 kDa.
FIGURE 23B shows an electron micrograph of virus like particles (VLP) comprising
modified OC43-CoV S protein (with GGSGS+2P substitution) having a TMCT from H5
A/Indonesia/5/05 HA (HS5iTMCT, construct 9270). FIGURE 23C shows an electron
micrograph of virus like particles (VLP) comprising modified OC43-CoV S protein (with
GGSGS+2P substitution) having a cytoplasmic tail from HS A/Indonesia/5/05 HA
(H5iCT, construct 9272). FIGURE 23D shows an electron micrograph of virus like
particles (VLP) comprising modified OC43-CoV S protein (with GGSGS+2P
substitution) having a cytoplasmic tail from H5 A/Indonesia/5/05 HA with a variable
margin between the OC43-CoV transmembrane (TM) domain and H5 A/Indonesia/5/05
HA cytosolic tail (CT) domain (H5iCT (V4), construct 9273). FIGURE 23E shows an
electron micrograph of virus like particles (VLP) comprising modified OC43-CoV S
protein (with GGSGS+2P substitution) having a cytoplasmic tail from H1
A/California/7/2009 HA (H1cCT, construct 9274).

[0091] FIGURE 24A shows a schematic representation of vector 9269. FIGURE 24B
shows a schematic representation of vector 9270. FIGURE 24C shows a schematic
representation of vector 9272. FIGURE 24D shows a schematic representation of vector

9273. FIGURE 24E shows a schematic representation of vector 9274,

[0092] FIGURE 25A shows an electron micrograph of virus like particles (VLP)
comprising 229E-CoV § protein (with R567A+2P substitution) with native TMCT
domain (WtTMCT, construct 9310). FIGURE 25B shows an electron micrograph of
virus like particles (VLP) comprising modified 229E-CoV S protein (with R567A+2P
substitution) having a TMCT from H5 A/Indonesia/5/05 HA (H5iTMCT, construct
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9311). FIGURE 25C shows an electron micrograph of virus like particles (VLP)
comprising modified 229E-CoV S protein (with RS67A+2P substitution) having a
cytoplasmic tail from HS A/Indonesia/5/05 HA (H5iCT, construct 9312). FIGURE 25D
shows an electron micrograph of virus like particles (VLP) comprising modified 229E-
CoV S protein (with R567A+2P substitution) having a cytoplasmic tail from HS
A/Indonesia/5/05 HA with a variable margin between the 229E-CoV transmembrane
(TM) domain and HS A/Indonesia/5/05 HA cytosolic tail (CT) domain (H5iCT (V4),
construct 9313). FIGURE 25E shows an electron micrograph of virus like particles
(VLP) comprising modified 229E-CoV S protein (with RS67A+2P substitution) having a
cytoplasmic tail from H1 A/California/7/2009 HA (H1cCT, construct 9314).

[0093] FIGURE 26A shows a schematic representation of vector 9310. FIGURE 26B
shows a schematic representation of vector 9311. FIGURE 26C shows a schematic
representation of vector 9312. FIGURE 26D shows a schematic representation of vector

9313. FIGURE 26E shows a schematic representation of vector 93 14.
DETAILED DESCRIPTION

[0094] The following description is of a preferred embodiment.

ER N34

[0095] As used herein, the terms “comprising,” “having,” “including” and “containing,”
and grammatical variations thereof, are inclusive or open-ended and do not exclude
additional, un-recited elements and/or method steps. The term “consisting essentially of”
when used herein in connection with a use or method, denotes that additional elements
and/or method steps may be present, but that these additions do not materially affect the
manner in which the recited method or use functions. The term “consisting of” when used
herein in connection with a use or method, excludes the presence of additional elements
and/or method steps. A use or method described herein as comprising certain elements
and/or steps may also, in certain embodiments, consist essentially of those elements
and/or steps, and in other embodiments consist of those elements and/or steps, whether or
not these embodiments are specifically referred to. In addition, the use of the singular
includes the plural, and “or” means “and/or” unless otherwise stated. The term

“plurality” as used herein means more than one, for example, two or more, three or more,
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four or more, and the like. Unless otherwise defined herein, all technical and scientific
terms used herein have the same meaning as commonly understood by one of ordinary
skill in the art. As used herein, the term “about” refers to an approximately +/-10%
variation from a given value. It is to be understood that such a variation is always
included in any given value provided herein, whether or not it is specifically referred to.
The use of the word “a” or “an” when used herein in conjunction with the term
“comprising” may mean “one,” but it is also consistent with the meaning of “one or

2 <

more,” “at least one” and “one or more than one.”

[0096] The present description relates to modified viral structural protein and their
production in a host or host cell. The modified viral structural protein comprises in series,
an ectodomain, a transmembrane domain (TM) or portion of a TM, and a cytosolic tail
(CT) domain or portion of a CT, wherein the ectodomain and the TM or portion of the
TM are derived from a Coronaviridae, and the CT or portion of the CT is derived from an

influenza hemagglutinin (HA) protein.

[0097] The modified viral structural protein may be a modified Coronavirus structural
protein, wherein the cytosolic tail domain or portion of the cytosolic tail domain has been
replaced with the cytosolic tail domain or portion of the cytosolic tail domain of an
influenza hemagglutinin (HA) protein. For example, the modified viral structural protein
may be a modified Coronavirus spike or surface (S) protein, wherein the cytosolic tail
domain or portion of the cytosolic tail domain of the S protein has been replaced with the
cytosolic tail domain or portion of the cytosolic tail domain of an influenza

hemagglutinin (HA) protein.

[0098] The present disclosure provides modified viral structural protein, wherein the
ectodomain and the transmembrane domain of the modified viral structural protein may
be derived from the ectodomain and the transmembrane domain of a Coronavirus S
protein and wherein the cytosolic tail domain is derived from the cytosolic tail domain of

an influenza hemagglutinin (HA) protein.

[0099] The modified S-protein may be a chimeric modified S-protein or a chimeric S-

protein. By “chimeric S-protein”, it is meant a protein or polypeptide that comprises
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amino acid sequences and/or protein domains or portions of protein domains from two or
more than two sources that are fused as a single polypeptide. For example but not limited
to, the ectodomain and the transmembrane domain (TM) or portion of the TM of the
chimeric S-protein may be derived from a first viral structural protein, for example a
Coronavirus S protein, and the cytoplasmic tail (CT) or portion of the CT may be derived
from a second viral structural protein, for example the CT may be derived from influenza
HA. Furthermore, the ectodomain may be derived from a first viral structural protein for
example a first Coronavirus S protein, the TM or portion of the TM may be derived from
a second viral structural protein, for example a second Coronavirus S protein and the CT
or portion of the CT may be derived from a third viral structural protein, for example the
CT may be derived from influenza HA. Accordingly, the modified S-protein or chimeric

S-protein may comprise a chimeric transmembrane and cytosolic tail domain (TMCT).
[00100] The modified coronavirus S-protein may comprise, in series,
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT may be

a chimeric TMCT, that may comprise:

- a transmembrane domain (TM), wherein the TM or a portion of the TM

may be derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived

from an influenza hemagglutinin (HA) protein.

[00101] The TM or portion of the TM may directly be fused or joined to the CT or
portion of the CT or the TM or portion of the TM may be fused or joined to the CT or

portion of the CT by an intervening peptide sequence.

[00102] Furthermore, the TM may be a chimeric TM that may comprise a N
terminal sequence derived from the coronavirus S-protein TM and a C terminal sequence
derived from the influenza HA protein TM. The CT may be a chimeric CT that may
comprise a N terminal sequence derived from the coronavirus S-protein CT and a C

terminal sequence derived from the influenza HA protein CT.

33



10

15

20

25

30

WO 2022/047575 PCT/CA2021/051201

[00103] Accordingly, the chimeric TMCT, may comprise a native coronavirus S-
protein TM, a chimeric coronavirus S-protein/influenza HA TM, a native influenza HA
CT, a chimeric influenza HA/coronavirus S-protein CT or a combination thereof. The
chimeric coronavirus S-protein/influenza HA TM comprises sequences from the TM of
coronavirus S-protein and sequences from the TM of influenza HA. Similarly, the
chimeric influenza HA/coronavirus S-protein CT comprises sequences from the CT of

influenza HA and sequences from the CT of coronavirus S-protein.

[00104] A “chimeric transmembrane and cytosolic tail domain” or “chimeric
TMCT” refers to a TMCT that is not native to the coronavirus S-protein TMCT. The
chimeric TMCT comprises sequences that are not found together in nature. Thus the
TMCT may comprise sequences that are heterologous to the ectodomain of the
coronavirus S-protein. The term "heterologous" refers to a sequence or domain
originating from different biological or synthetic sources. For example, the chimeric
TMCT may comprise a TM or portion of a TM that is derived from the same coronavirus
S-protein as the ectodomain, i.e. the TM may be homologous to the ectodomain of the S-
protein or the TM or portion of the TM may be derived from a different viral TM, for
example a TM from a different coronavirus S-protein as the ectodomain, i.e. the TM may
be heterologous to the ectodomain of the S-protein. The CT or portion of the CT may be
derived from a CT that is heterologous to the ectodomain, the TM, or both the
ectodomain and the TM of the modified S-protein.

[00105] The coronavirus S protein, the modified S protein or the ectodomain and
the transmembrane domain or portion of the transmembrane domain of the modified
coronavirus S protein may be derived from any member of the Coronaviridae family of
viruses. For example the coronavirus S-protein, the modified S-protein or the ectodomain
and the transmembrane domain of the modified coronavirus S-protein may for example
be derived from a Coronavirus, such as an Alphacoronavirus (Alpha-CoV), a
Betacoronavirus (Beta-CoV), a Gammacoronavirus (Gamma-CoV) or a Deltacoronavirus
(Delta-CoV). For example, the Coronavirus may be an Alphacoronavirus (Alpha-CoV) or
a Betacoronavirus (Beta-CoV). The Alphacoronavirus may be a Duvinacovirus, such as
for example HCoV-229E (229E-CoV), or may be a Setracovirus, such as for example

HCoV-NL63. In a preferred embodiment, the Coronavirus is a Betacoronavirus (Beta-
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CoV). The Betacoronavirus may be a lineage A Betacoronavirus, such as for example
HCoV-0C43 (0C43-CoV) or HCoV-HKU1 (HKU1-CoV), a lineage B Betacoronavirus,
such as for example SARS-CoV (also referred to as SARS-CoV-1) or SARS-CoV-2 and

variants thereof or a lineage C Betacoronavirus, such as for example MERS-CoV.

[00106] The coronavirus S-protein, the modified S-protein or the ectodomain and
the transmembrane domain or portion of the transmembrane domain of the modified
coronavirus S-protein may further be derived from variants of the SARS-CoV-2 lineage,
including but not limited to the B.1.1.7 strain (“Alpha” variant) (201/501Y.V1,
MW531680.1), the B.1.351 strain (“Beta” variant) (20H/501Y.V2), the P.1 strain
(“Gamma” variant) (20J/501Y.V3), the B 1.617.2 strain (“Delta” variant), the B.1.525
strain, the B.1.429 strain (the “ETA” variant) or other variants of strains comprising
mutations that arise naturally in the coronavirus S protein, or naturally occurring

recombinant strains thereof.

[00107] In one embodiment the ectodomain and the transmembrane domain or
portion of the transmembrane domain of the modified viral structural protein are derived
from the spike protein (S) of a Coronavirus of the SARS-CoV-2 lineage (also referred to
as SARS-CoV-2 variants). In other embodiments the ectodomain and the transmembrane
domain or portion of the transmembrane domain of the modified viral structural protein
are derived from the spike protein (S) of SARS-CoV-1, MERS-CoV, OC43-CoV or
229E-CoV or variants thereof.

[00108] With reference to modified viral structural protein, the term “modified” as
used herein may refer to the replacement of the cytoplasmic tail domain (CT) or portion
of the CT in a structural protein from Coronaviridae with the CT or portion of the CT of a
heterologous virus. For example a modified viral structural protein may be a Coronavirus
S protein wherein the CT or portion of the CT of the S protein has been replaced with the
CT or portion of the CT of influenza hemagglutinin (HA).

[00109] Therefore the modified viral structural protein may be a modified
coronavirus spike (S) protein comprising a transmembrane domain (TM) or portion of a
TM, and a cytosolic tail (CT) or portion of a CT, wherein the CT or portion of the CT

may be derived from an influenza hemagglutinin (HA) protein and wherein the TM or
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portion of the TM is heterologous to the CT or portion of the CT. Furthermore, the
modified S protein comprises a transmembrane domain (TM) or portion of the TM, and a
cytosolic tail (CT) or portion of the CT, wherein the CT or portion of the CT may be
derived from an influenza hemagglutinin (HA) protein and wherein the CT or portion of

the CT is heterologous to the TM or portion of the TM.

[00110] Therefore, in one aspect it is provided a modified coronavirus spike (S)
protein comprising a transmembrane domain (TM) or portion of a TM, and a cytosolic
tail (CT) or portion of a CT, wherein the CT or portion of the CT is derived from an
influenza hemagglutinin (HA) protein and wherein the TM or portion of the TM is
heterologous to the CT or portion of the CT. The modified coronavirus spike (S) protein

is also referred to as modified S protein.

[00111] The cytoplasmic tail domain may also be referred to as “cytoplasmic tail”,
“cytosolic tail”, “cytosolic tail domain”, “CT, “CTD”, “cytoplasmic domain”, “cytoplasm
domain”, “CP, “CPD” or “C-terminal domain” and similar expressions. The cytoplasmic

tail domain may also encompass portions of the cytoplasmic tail domain.

[00112] It has been found that the modified viral structural protein such as a
modified S protein as disclosed herewith has improved characteristics as compared to the
wild-type or unmodified viral structural protein (for example the S-protein). Examples of
improved characteristics of the modified viral structural protein such as the modified S
protein include but are not limited to: increased yield of the modified viral structural
protein when expressed in a host or host cell as compared to the wild-type or unmodified
viral structural protein; improved integrity, stability, or both integrity and stability, of the
viral structural protein when expressed in a host or host cell as compared to the wild-type
or unmodified viral structural protein; improved integrity, stability, or both integrity and
stability, of virus like particles (VLPs) that are comprised of the modified viral structural
protein as compared to the integrity, stability or integrity and stability of VLPs
comprising to viral structural protein that does not comprise the modification as described
herewith; increased yield of VLPs comprising modified viral structural protein when

expressed in host cells as compared to the yield of VLPs that do not comprise the
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modified viral structural protein that are expressed in same or substantially similar host

cells.

[00113] Furthermore, methods of producing virus like particle (VLP) comprising
modified viral structural protein such as the modified S protein in a host or host cell are
also described. It has been observed that when VLPs are produced that comprise a
modified viral structural protein such as the modified S protein wherein the native or
wild-type CT has been replaced with a CT of influenza HA as described herein, the yield
of VLP production in a host is increased compared to the yield of VLP that comprise
viral structural protein that either i) comprise the native CT or ii) comprise a modified
viral structural protein wherein the transmembrane domain (TM) and the CT have been

replaced with the TM and the CT of an influenza HA.

[00114] The transmembrane domain may also be referred to as “TM” or “TMD”.

The transmembrane and cytoplasmic tail domain may be referred to as TMCT or TM/CT.

[00115] Figure 3A shows that when a modified S protein (e.g. modified SARS-
CoV-2 S-protein) was expressed in plants, the yield or protein accumulation (expressed
as fold-change) of the modified S protein was increased approximately 2 fold when the
native transmembrane and cytoplasmic tail (TMCT) was replaced with a TMCT from
influenza HA (constructs 8592, 8595, and 8597) compared to the yield or protein
accumulation of S protein with native TMCT (constructs 8586, 8589, and 8591).
Furthermore, when a modified S protein (e.g. modified SARS-CoV-2 S-protein) wherein
only the cytoplasmic tail (CT) was replaced with the CT of influenza HA (constructs
8610, 8611, and 8671) was expressed in plants, the protein accumulation of the modified
S protein with the CT of influenza HA (expressed as fold-change), further increased
between approximately 1.74 to 2.14 times, as compared to accumulation of modified S
protein wherein the TMCT had been replaced with the TMCT of influenza HA.
Correspondingly, the protein accumulation of the modified S protein with the CT of
influenza HA increased between approximately 3.57 to 4.40 times, as compared to
accumulation of S protein with the native transmembrane and cytoplasmic tail

(WITMCT).
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[00116] Figure 3B shows that higher protein accumulation was observed for
modified S protein (modified SARS-CoV-2 S-protein) with a cytoplasmic tail from
influenza HA (H51 CT) when compared to protein accumulation of S protein with a wild-
type TMCT (wt TMCT) or a modified S protein with the TMCT of influenza HA (H5i
TMCT) from crude plant extract. Modified S protein with a cytoplasmic tail from
influenza HA (H51 CT) is visible by Coomassie blue staining alone. The bands for
modified S protein with a cytoplasmic tail from influenza HA (H5i CT) are more
pronounced and thicker compared to the band of S protein with a wild-type TMCT (wt
TMCT) or modified S protein with the TMCT of influenza HA (HSi TMCT) — see bands
at about 150 kDa marked as S protein. Thickness of bands correspond to the amount of
protein present, indicating that more protein accumulated for the HSi CT S protein. This
higher protein accumulation was observed irrespective of the expression enhancer that

was used.

[00117] As further discussed in more detail below, similar results were obtained,
wherein the modified S-protein comprises a SARS-CoV-1 S protein with a cytoplasmic
tail from influenza HA (see Figures 16A) or a MERS CoV S protein with a cytoplasmic
tail from influenza HA (see Figure 19A).

[00118] Figure 3C shows S protein (SARS-CoV-2 S protein) accumulation by
Western blot analysis of crude plant extract. When a modified S protein with a
cytoplasmic tail from influenza HA (H5i CT) was expressed in plants, higher
accumulation of modified S protein was observed compared to S protein with a wild-type
TMCT (wt TMCT) and a modified S protein wherein both the transmembrane domain
and the cytoplasmic tail (TMCT) domain have been replaced with the TMCT from
influenza HA (HS1 TMCT). The Western blot analysis in Figure 3C further shows that
the SARS CoV-2 S-protein comprises both an S1 domain/subunit (top panel, detection
with anti-SARS-CoV-2 S1 antibody) and an S2 domain/subunit (bottom panel, detection
with an anti-SARS-CoV-2 S2 antibody) and has a molecular weight of about 150 kDa.

[00119] The present description provides a modified viral structural protein,

wherein the modified viral structural protein may be a modified Coronavirus Spike or
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Surface Protein (S protein). The modified S protein comprising, in series, an ectodomain,
a transmembrane domain (TM) or portion of a TM, and a cytosolic tail (CT) domain or
portion of a CT, wherein the ectodomain and the transmembrane domain are derived
from Coronavirus, and the CT or portion of the CT is derived from a CT of influenza
hemagglutinin (HA) protein. The ectodomain and the transmembrane domain or portion
of the TM may be derived from the same Coronavirus. Therefore, the ectodomain and the
transmembrane domain or portion of the TM of the modified structural protein are
homologues (i.e. not heterologous) to each other, whereas the CT or portion of the CT is

heterologous to the ectodomain and the transmembrane domain.

[00120] Furthermore, the transmembrane domain (TM) or portion of the TM of the
modified S protein may be derived from a different Coronavirus than the ectodomain.
Therefore, the TM or portion of the TM in the modified S protein may be heterologous
(not homologous) to both the ectodomain and the CT domain or portion of the CT of the
modified S protein. Similarly, the ectodomain may be heterologous (not homologous) to
the TM or portion of the TM and the CT domain or portion of the CT of the modified S
protein. For example, the ectodomain of the modified S protein may be derived from a
first Coronavirus, the TM or portion of the TM may be derived from a second
Coronavirus and the CT or portion of the CT may be derived from an influenza HA. The
first Coronavirus and the second Coronavirus may belong to different Coronavirus
families, sub-groups, types, subtypes, lineages or strains. The first Coronavirus and
second Coronavirus may therefore be heterologous to each other and also each

heterologous to the virus family from which the CT or portion of the CT is derived.

[00121] For example, the first Coronavirus from which the S protein ectodomain is
derived, may be from any Coronavirus such for example an Alphacoronavirus (Alpha-
CoV) or a Betacoronavirus (Beta-CoV). A non-limiting example of the first coronavirus
from which the ectodomain of the S protein may be derived is a Duvinacovirus, such for
example HCoV-229E, a Setracovirus, such for example HCoV-NL63. a lineage A
Betacoronavirus, such for example HCoV-OC43 or HCoV-HKUI, a lineage B
Betacoronavirus, such for example SARS-CoV or SARS-CoV 2 or a lineage C

Betacoronavirus such for example MERS-CoV. The second Coronavirus, from which the
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TM is derived, may belong to a different Coronavirus family, sub-group, type, subtype,
lineage or strain than the first Coronavirus from which the ectodomain is derived. For
example the second Coronavirus from which the S protein TM is derived, may be from
any Coronavirus such for example an Alphacoronavirus (Alpha-CoV) or Betacoronavirus
(Beta-CoV), as long as the second Coronavirus is heterologous to the first Coronavirus. A
non-limiting example of the second coronavirus from which the TM of the S protein may
be derived is a Duvinacovirus, such for example HCoV-229E (also referred to as 229E-
CoV), a Setracovirus, such for example HCoV-NL63 (NL63-CoV), a lineage A
Betacoronavirus, such for example HCoV-OC43 (also referred to as OC43-CoV) or
HCoV-HKU1 (HKU1-CoV), a lineage B Betacoronavirus, such for example SARS-CoV
(also referred to as SARS-CoV 1) or SARS-CoV 2 or a lineage C Betacoronavirus such
for example MERS-CoV (also simply referred to as “MERS”).

[00122] The domains in a Coronavirus S protein, such as the SARS-CoV-1 S-
protein, SARS-CoV-2 S-protein, MERS CoV S-protein, OC43-CoV S-protein, or 229E-
CoV S-protein, may readily be identified by methods known within the art. For example,
domains such as transmembrane domains, may be identified by determining the degree of
hydrophobicity of an amino acid sequence of the protein, for example using a
transmembrane prediction program (e.g. Expert Protein Analysis System; ExPASy.org,
operated by the Swiss Institute of Bioinformatics; or the Dense Alignment Surface
Method, Cserzo M., et al. 1997, Prot. Eng. vol. 10, no. 6, 673-676; Lolkema J.S. 1998,
FEMS Microbiol Rev. 22, no 4, 305-322), by determining the hydropathy profile of the
amino acid sequence of the protein (e.g. Kyte-Doolittle Hydropathy Profile), by
determining the three-dimensional protein structure and identifying the structure that is
thermodynamically stable in a membrane (e.g. a single alpha helix, a stable complex of
several transmembrane alpha helices, a transmembrane beta barrel, a beta-helix, or any

other structure that is thermodynamically stable in a membrane).

[00123] Furthermore, domains within a Coronavirus S protein may be determined
by comparison to known protein sequences for example by sequence alignment.
Methods of alignment of sequences for comparison are well-known in the art and as

further described below.
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[00124] Domains and domain organization of Coronavirus S protein are well
known and have been described. All Coronavirus spike proteins (S protein) share the
same organization in two subunits or domains: a N-terminal subunit (or domain) named
S1 that is responsible for receptor binding and a C-terminal S2 subunit (or domain)

responsible for virus attachment, membrane fusion and virus entry.

[00125] Figure 1A shows a schematic representation of the Coronavirus S protein
with its subunits and domains and the location of the S1/S2 and S2' cleavage sites. The
S1 subunit is distal to the virus membrane and contains the receptor-binding domain
(RBD) that mediates virus attachment to its host receptor. The S2 subunit contains fusion
protein machinery, such as the fusion peptide, two heptad-repeat sequences (HR1 and
HR?2), a central helix typical of fusion glycoproteins and a transmembrane domain, and
the cytosolic tail domain (see for example Kirchdoerfer et al. Nature 2016 Mar

3;531(7592):118-2, which is herein incorporated by reference).

[00126] The transmembrane domain (TM) and the cytoplasmic tail domain (CT)
are positioned at the C-terminal end of the S2 subunit. While these domains are
conserved in all coronaviruses (see Figure 1A and Corver et al. 2009, Virol J. 2009; 6:
230, which is herein incorporated by reference), different references, groups and authors

have referred to different amino acid numbering with respect to these domains.

[00127] For example, amino acids (aa): 1214-1234 may be assigned to the TM and
aa 1235-1273 may be assigned to the CT in the S protein of SARS-CoV-2 (see for
example UniProtKB - PODTC2 (SPIKE SARS2)). When aligning the sequence of
SARS-CoV-2 (SEQ ID NO. 1) with the sequence of SARS-CoV-1 of Kirchdoerfer et al.
(Nature 2016 Mar 3;531(7592):118-2) the SARS-CoV-2 TM corresponds to amino acids
1214-1236 and the SARS-CoV-2 CT corresponds to amino acids: 1237-1273.

[00128] For the purpose of this disclosure, the TM and CT of the native
(unmodified) S protein corresponds to the following amino acids when aligned to a
Coronavirus S protein reference sequence (SEQ ID NO: 1): TM: amino acids 1214-1234
and CT: amino acids: 1235-1273.
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[00129] When 15 amino acids comprising the signal peptide (SP) are removed
from the S protein, the TM corresponds to amino acids 1199-1219 of reference sequence
SEQ ID NO: 2 and the CT corresponds to amino acids 1220-1258 of SEQ ID NO:2. (see

also Table 1 for reference sequences and numbering).

[00130] The TM of Coronavirus S-protein has a highly conserved N-terminal
aromatic rich stretch, followed by a hydrophobic sequence (see Figure 22 and Corver et
al. Virology Journal volume 6, 230 (2009)). The consensus sequence of Coronavirus S-

protein TM domain is:
WYXWLGFIAGLXAXXX {X }VXXXL (SEQ ID NO: 132), (wherein {X} may be absent).

[00131] For example, the Coronavirus S-protein TM domain consensus sequence

may be:

WY [I/VIWLGFIAGL[V/I]A[L/TI] [A/V]I[L/M]{X}V[F/T] [F/I]1XL(SEQ ID NO:
133), (wherein {X} may be C or absent).

[00132] Table 1. Non-limiting examples of positions of TM and CT domains in

modified S protein and corresponding amino acid positions in reference sequences.

S Protein Transmembrane | Cystoplasmic Tail
Domain (TM) Domain (CT)
Modified S Protein! 1199-1219 1220-1235

[SARS-CoV-2 H5iCT]
(SEQ ID NO: 21)

SARS-CoV-2? 1214-1234 1235-1273
(SEQIDNO. 1)
SARS-CoV-2° 1199-1219 1220-1258
(SEQ IDNO: 2)
SARS-CoV 1196-1216 1217-1255

(SARS-CoV-1)?
(SEQ ID NO: 112)
SARS-CoV 1183-1203 1204-1242
(SARS-CoV-1)?
(SEQ ID NO: 114)

MERS 1297-1318 1319-1353
(MERS-CoV)?

(SEQ ID NO: 113)

MERS 1280-1301 1302-1336
(MERS-CoV)?

(SEQ ID NO: 115)

0C43-CoV? 1233-1325 1326-1360
(SEQ ID NO: 158)

0C43-CoV? 1291-1311 1312-1346
(SEQ ID NO: 160)

229E-CoV? 1116-1135 1136-1173

(SEQ ID NO: 159)
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S Protein Transmembrane | Cystoplasmic Tail
Domain (TM) Domain (CT)

229E-CoV3 1100-1119 1120-1157

(SEQ ID NO: 161)

! numbering excludes signal peptide, CT is detived from influenza HA
2 numbering includes signal peptide, CT is native
3 mumbering excludes signal peptide, CT is native

[00133] While there are differences in the numbering of the residues assigned to
the TM and CT domain, a person of skill in the art will be able to determine the borders
or boundaries of these domains in a Coronavirus S-protein by using known methods as

for example described below.

[00134] In the modified Coronavirus S protein, the heterologous CT or portion of
the CT that may be derived from influenza HA may be directly fused to the C-terminal
end of the TM or portion of the TM of the Coronavirus S protein, or the heterologous CT
or portion of the CT may be fused to the C-terminal end of the TM or portion of the TM
of the Coronavirus S protein with an intervening peptide sequence (also referred to as a
linker or linker sequence). Accordingly, the modified S-protein may comprise a
intervening peptide, wherein the intervening peptide sequence fuses the CT or portion of

the CT to the C-terminal end of the TM or portion of the TM.

[00135] The heterologous CT, portion of the CT or the intervening peptide
sequence with the heterologous CT may be fused to an amino acid in the C-terminal
portion of the TM domain (for example within 4 amino acids of the C-terminus of the
TM domain as defined in Table 1 with reference to SEQ ID NO: 1, 2, 21, 114, 115, 160
or 161) or the N-terminal portion of the CT domain (for example within 4 amino acids of
the N-terminus of the CT domain as defined in Table 1 with reference to SEQ ID NO: 1,
2,21, 114, 115, 160 or 161).

[00136] For example, the Coronavirus TM may end at an amino acid residue that
corresponds to any one of amino acids 1230-1238 of SEQ ID NO: 1. Accordingly, the C-
terminal end of the Coronavirus TM may be an amino acid that corresponds to any one of
amino acids 1230-1238 of SEQ ID NO: 1. In one example the Coronavirus TM may end
at an amino acid residue that corresponds to amino acid 1230 in SEQ ID NO: 1. In
another example, the TM may end at an amino acid residue that corresponds to amino
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acid 1231 in SEQ ID NO: 1. In a further example, the TM may end at an amino acid
residue that corresponds to amino acid 1232 in SEQ ID NO: 1. In another example, the
TM may end at an amino acid residue that corresponds to amino acid 1233 in SEQ ID
NO: 1. In a further example, the TM may end at an amino acid residue that corresponds
to amino acid 1234 in SEQ ID NO: 1. In another example, the TM may end at an amino
acid residue that corresponds to amino acid 1235 in SEQ ID NO: 1. In another example,
the TM may end at an amino acid residue that corresponds to amino acid 1236 in SEQ ID
NO: 1. In another example, the TM may end at an amino acid residue that corresponds to
amino acid 1237 in SEQ ID NO: 1. In another example, the TM may end at an amino
acid residue that corresponds to amino acid 1238 in SEQ ID NO: 1. In a preferred
embodiment the TM may end at an amino acid residue that corresponds to amino acid
1234 in SEQ ID NO: 1.

[00137] In another example, the Coronavirus TM or portion of the TM may end at
an amino acid residue that corresponds to any one of amino acids 1215-1219 of SEQ ID
NO: 2 or 21. Accordingly, the C-terminal end of the Coronavirus TM or portion of the
TM may be an amino acid that corresponds to any one of amino acids 1215-1224 of SEQ
ID NO: 2 or 21. In one example the Coronavirus TM or portion of the TM may end at an
amino acid residue that corresponds to amino acid 1215 in SEQ ID NO: 2 or 21. In
another example, the TM or portion of the TM may end at an amino acid residue that
corresponds to amino acid 1216 in SEQ ID NO: 2 or 21. In a further example, the TM or
portion of the TM may end at an amino acid residue that corresponds to amino acid 1217
in SEQ ID NO: 2 or 21. In another example, the TM or portion of the TM may end at an
amino acid residue that corresponds to amino acid 1218 in SEQ ID NO: 2 or 21. In
another example, the TM or portion of the TM may end at an amino acid residue that

corresponds to amino acid 1219 in SEQ ID NO: 2 or 21.

[00138] The intervening peptide sequence that may fuse the heterologous CT to
the C-terminal end of the TM or portion of the TM from the Coronavirus S protein may
have a length from 0-10 amino acids. Accordingly, the intervening peptide sequence may
have a length of 0, 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 amino acids. The intervening peptide
sequence may be derived from a Coronavirus protein, for example the intervening

peptide sequence may be derived from the C-terminal end of the TM from a Coronavirus
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S protein or from the N-terminal end of the CT of a Coronavirus S protein or both. The
intervening peptide sequence may further be derived from an influenza HA protein, for
example the intervening peptide sequence may be derived from the C-terminal end of the
TM from influenza HA protein or from the N-terminal end of the CT of influenza HA
protein, or both. Furthermore, the intervening peptide sequence may be heterologous to
the Coronavirus and /or the HA portion of the modified S protein or the intervening

peptide sequence may be an artificial sequence.

[00139] Non-limiting examples of sequences of the TM/CT domain (also referred
to as chimeric TMCT) of the modified S protein are as shown below. The sequence of the
TM domain from Coronavirus S-protein is underlined and the CT domain derived from
influenza HA is shown in bold. Sequences in italic and bold are sequences derived from
the TM of influenza HA. Sequences in italic and underlined are sequences derived from

the CT of Coronavirus S-protein.
SARS-CoV-2

- WYIWLGFIAGLIAIVMVTIMLSLWMCSNGSLQCRICI (SEQ ID NO:18) (wtTM/H5iCT)

- WYIWLGFIAGLIAIVMVTIMMAGLSLWMCSNGSLQCRICI (SEQ ID NO: 19)(wtTM/H5iCT V1)

- WYIWLGFIAGLIAIVMVTIMAGLSLWMCSNGSLQCRICI (SEQ ID NO: 37) (wtTM/H51CT V2)

- WYIWLGFIAGLIAIVMVTIMLCCMCSNGSLQCRICI (SEQ ID NO: 38) (wtTM/H5iCT V3)

- WYIWLGFIAGLIAIVMVTIMLCCSNGSLQCRICI (SEQ ID NO: 39) (wtTM/H5iCT V4)

- WYIWLGFIAGLIAIVMVTIMLSFWMCSNGSLQCRICI (SEQ ID NO: 126)(wtTM/H1iCT)

- WYIWLGFIAGLIAIVMVTIMILMWACQKGNIRCNICI (SEQ ID NO:127) (wtTM/H3iCT)

- WYIWLGFIAGLIAIVMVTIMLGLWMCSNGSMQCRICI (SEQ ID NO:128) (wtTM/H6iCT)

- WYIWLGFIAGLIAIVMVTIMLVFICVKNGNMRCTICI (SEQ ID NO:129) (wtTM/H7iCT)

- WYIWLGFIAGLIAIVMVTIMLLFWAMSNGSCRCNICI (SEQ ID NO:130) (wtTM/H9iCT)

- WYIWLGFIAGLIAIVMVTIMLVVYMVSRDNVSCSICL (SEQ ID NO:131) (wtTM/BiCT)

SARS-CoV-1

- WYVWLGFIAGLIAIVMVTILLSLWM CSNGSLQCRICI (SEQ ID NO: 118) (wtTM/H5IiCT)

- WYVWLGFIAGLIAIVMVTILLCCSNGSLQCRICI (SEQ ID NO: 119) (WtTM/H5iCT V4)
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- WYVWLGFIAGLIAIVMVTILLSFWM CSNGSLQCRICI (SEQ ID NO: 120) (wtTM/H1cCT)

MERS-CoV

- WYIWLGFIAGLVALALCVFFILSLWMCSNGSLQCRICI (SEQ ID NO: 123) (wtTM/H5iCT)

- WYIWLGFIAGLVALALCVFFILCCSNGSLQCRICI (SEQ ID NO: 124) (wtTM/H5iCT V4)

- WYIWLGFIAGLVALALCVFFILSFWMCSNGSLQCRICI (SEQ ID NO: 125) (wtTM/ H1cCT)

0C43-CoV

- WYVWLLICLAGVAMLVLLFFISLWMCSNGSLQCRICI (SEQ ID NO: 164) (wtTM/H5iCT)

- WYVWLLICLAGVAMLVLLFFICCSNGSLQCRICI (SEQ ID NO: 165) (wtTM/H5iCT V4)

- WYVWLLICLAGVAMLVLLFFISFWMCSNGSLQCRICI (SEQ ID NO: 166) (WwtTM/ H1cCT)

229E-CoV

- WWVWLCISVVLIFVVSMLLLSLWMCSNGSLQCRICI (SEQ ID NO: 169) (WtTM/H5iCT)

- WWVWLCISVVLIFVVSMLLLCCSNGSLQCRICI (SEQ ID NO: 170) (WtTM/H5iCT V4)

- WWVWLCISVVLIFVVSMLLLSFWMCSNGSLQCRICI (SEQ ID NO: 171) (wtTM/H1cCT)

[00140] The modified coronavirus S-protein may comprise a chimeric TMCT. For
example, the chimeric TMCT may comprise N-terminal sequences derived from
coronavirus S-protein and C-terminal sequence derived from influenza HA protein as
indicated in Table 1B. The TM may comprise the sequences as indicated in the column
labeled as “S-protein TM sequences” and the CT may comprise the sequences as
indicated in the column labeled as “HA protein CT sequence”. The CT and TM may be
joined by the sequences as indicated in columns labeled as “ S-protein CT sequence”
and/or “HA protein TM sequence” (also referred to as intervening sequences or linker, as

further described below).

[00141] Table 1B: Non-limiting examples of TM and CT sequences in modified S

protein. The amino acid positions within the reference sequences are indicated.

SEQ ID NO: S-protein S-protein HA protein HA protein
TM sequence CT sequence TM sequence CT sequence

18 1-21 - - 22-37

19 1-20 - 21-24 25-40
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37 1-20 - 21-23 24-39
38 1-21 22-24 - 25-36
39 1-21 22-23 - 24-34
126 1-21 22-37
127 1-21 22-36
128 1-21 22-37
129 1-21 22-37
130 1-21 22-37
131 1-21 22-37
118 1-21 22-37
119 1-21 22-23 - 24-34
120 1-21 22-37
123 1-22 23-38
124 1-22 23-24 - 25-35
125 1-22 23-38
164 1-21 22-37
165 1-21 22-23 - 24-34
166 1-21 22-37
169 1-20 21-36
170 1-20 21-22 - 23-33
171 1-20 21-36
[00142] For example, the N-terminal sequence derived from coronavirus S-protein

TM may comprise at least the following:

—at least 19 amino acids corresponding to amino acids 1-19 of SEQ ID NO: 18,

19, 37, 38,39, 118, 119, 123, 124, 164, 165, 169 or 170,

at least 20 amino acids corresponding to amino acids 1-20 of SEQ ID NO: 18, 19,

37,38,39, 118, 119, 123, 124, 164, 165, 169 or 170;

at least 21 amino acids corresponding to amino acids 1-21 of SEQ ID NO: 18, 19,

37,38,39, 118, 119, 123, 124, 164, 165, 169 or 170;

at least 22 amino acids corresponding to amino acids 1-22 of SEQ ID NO: 18, 19,

37, 38,39, 118, 119, 123, 124, 164, 165, 169 or 170,

at least 23 amino acids corresponding to amino acids 1-23 of SEQ ID NO: 18, 19,

37,38,39, 118, 119, 123, 124, 164, 165, 169 or 170;
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at least 24 amino acids corresponding to amino acids 1-24 of SEQ ID NO: 18, 19,
37,38,39, 118, 119, 123, 124, 164, 165, 169 or 170.

[00143] The N-terminal sequence derived from the coronavirus S-protein TM may
comprise at least 20 amino acids corresponding to amino acids 1-20 of SEQ ID NO: 18 or
169, or at least 21 amino acids corresponding to amino acids 1-21 of SEQ ID NO: 118 or
164, or at least 22 amino acids corresponding to amino acids 1-22 of SEQ ID NO: 123
and one or more than one amino acid from the C-terminal end of the influenza HA
protein TM. The N-terminal sequence derived from the coronavirus S-protein TM may
comprise at least 20 amino acids corresponding to amino acids 1-20 of SEQ ID NO: 18 or
169, or at least 21 amino acids corresponding to amino acids 1-21 of SEQ ID NO: 118 or
164, or at least 22 amino acids corresponding to amino acids 1-22 of SEQ ID NO: 123
and one or more than one amino acid from the C-terminal end of the influenza HA
protein TM. The one or more than one amino acid from the C-terminal end of the
influenza HA protein TM may comprise O, 1,2, 3,4, 5,6, 7, 8, 9 or 10 amino acids. For
example the one or more than one amino acid may be 2, 3 or 4 amino acids. The one or
more than one amino acid from the C-terminal end of the influenza HA protein TM may
be A, C, G, L, S, M, W or conserved substitution of A, C, G,L, S, M, W, ora
combination thereof. In one example the one or more than one amino acid from the C-
terminal end of the influenza HA protein TM may be selected from AG or conserved
substitution of AG, AGL or conserved substitution of AGL, MAGL or conserved
substitution of MAGL.

[00144] The modified coronavirus S-protein may also comprise a chimeric CT
comprising a N-terminal sequence derived from the coronavirus S-protein CT and a C-

terminal sequence derived from the influenza HA protein CT.

[00145] The N-terminal sequence derived from the coronavirus S-protein CT may
comprise one or more than one amino acid. The one or more than one amino acid from
the N terminal end of the coronavirus S-protein CT may comprise 0, 1, 2, 3, 4 or 5 amino
acids. For example the one or more than one amino acid may be 1, 2 or 3 amino acids.
The one or more than one amino acid from the N-terminal end of the coronavirus S-

protein CT may be C or M or conserved substitutions of C or M. In one example the one
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or more than one amino acids from the N-terminal end of the coronavirus S-protein may
be selected from C or a conserved substitution of C, CC or a conserved substitution of

CC, or CCM or a or a conserved substitution of CCM.

[00146] The C-terminal sequence derived from the influenza HA protein CT may
comprise at least 11 amino acids corresponding to amino acids 27-37 of SEQ ID NO: 18.
The N-terminal sequence derived from the influenza HA protein CT may further
comprise at least 12 amino acids corresponding to amino acids 26-37 of SEQ ID NO: 18,
at least 13 amino acids corresponding to amino acids 25-37 of SEQ ID NO: 18, at least
14 amino acids corresponding to amino acids 24-37 of SEQ ID NO: 18, at least 15 amino
acids corresponding to amino acids 23-37 of SEQ ID NO: 18, or at least 16 amino acids
corresponding to amino acids 22-37 of SEQ ID NO: 18.

[00147] In another example, the C-terminal sequence derived from the influenza

HA protein CT may comprise at least the following:

at least 11 amino acids corresponding to amino acids 27-37 of SEQ ID NO: 126,
127,128, 129, 130 or 131;

- atleast 12 amino acids corresponding to amino acids 26-37 of SEQ ID NO: 126,
127, 128, 129, 130 or 131;

- atleast 13 amino acids corresponding to amino acids 25-37 of SEQ ID NO: 126,
127, 128, 129, 130 or 131;

- atleast 14 amino acids corresponding to amino acids 24-37 of SEQ ID NO: 126,
127, 128, 129, 130 or 131;

- atleast 15 amino acids corresponding to amino acids 23-37 of SEQ ID NO: 126,
127, 128, 129, 130 or 131; or

- atleast 16 amino acids corresponding to amino acids 22-37 of SEQ ID NO: 126,
127, 128, 129, 130 or 131.

[00148] For example the CT may comprise the sequences as indicated in Table 1B
(HA protein CT sequence). For example the CT may comprise amino acids 22-37 of SEQ
ID NO: 18, 126, 128, 129, 130, 131, 118, 120, 164 or 166; or amino acids 25-40 of SEQ

ID NO: 19; or amino acids 24-39 of SEQ ID NO: 37; or amino acids 25-36 of SEQ ID
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NO: 38; or amino acids 24-34 of SEQ ID NO: 39 or 119; or amino acids 22-36 of SEQ
ID NO: 127; or amino acids 22-37 of SEQ ID NO: 118 or 164; or amino acids 23-38 of
SEQ ID NO: 123 or 125; or amino acids 25-35 of SEQ ID NO: 124; or amino acids 24-34
of SEQ ID NO: 165; or amino acids 21-36 of SEQ ID NO: 169; or amino acids 23-33 of
SEQ ID NO: 170; or amino acids of SEQ ID NO: 21-36.

[00149] The influenza CT or portion of the CT may be fused or joined to the TM
or portion of the TM of the S-protein with an intervening peptide sequence. For example,
the intervening peptide sequence may be derived from the influenza CT, the S-protein
TM or a combination thereof or the intervening peptide sequence may be an artificial
sequence. The intervening peptide sequence may be of varying length. For example, the
intervening peptide sequence may be 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 amino acid long,
preferably the intervening peptide sequence is between 2 and 8 amino acids long. In one
example the intervening peptide sequence is 2 amino acid long and may for example
comprise the sequence LC. In another example the intervening peptide sequence is 4
amino acids long and may for example comprise the sequence LCCM. In another
example the intervening peptide sequence may be 5 amino acids long and may for
example comprise the sequence LSLWM. In another example the intervening peptide
sequence may be 7 amino acids long and may for example comprise the sequence
AGLSLWM. In a further example the intervening peptide sequence may be 8 amino
acids long and may for example comprise the sequence MAGLSLWM.

[00150] For example the TMCT of the modified S-protein may comprise the
following sequence or a sequence that has 90-100%, or any amount therebetween

sequence identity, or sequence similarity to:
-WYIWLGFIAGLIAIVMVTIM - (X)n - CSNGSxxcXICI (SEQ ID NO: 64),
-WYVWLGFIAGLIAIVMVTIL - (X)n - CsSNGsxxcxIcI (SEQ ID NO: 134), or
-WYIWLGFIAGLVALALCVFFIL - (X)n - CSNGSxXCXICI (SEQ ID NO: 135),
-WYVWLLICLAGVAMLVLLFFI - (X)n - CSNGsxxcxIcI (SEQ ID NO: 172),
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-WWVWLCISVVLIFVVSMLLL - (X)n — CSNGsxxcxIcI (SEQ ID NO: 173),

wherein (X)s is the intervening peptide sequence, wherein the intervening peptide
sequence may have a length from 0 to n amino acid residues, wherein n may be any
length from 0-10, for example 0, 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 amino acids and wherein X
may comprise any amino acid, for example X may be A, C, G, F, L, S, M, W or

conserved substitution of A, C, G, F, L, S, M, W, or a combination thereof.
Non-limiting intervening peptide sequences (X), may include the following:

- (X)o, the intervening peptide sequence is absent;

- (X)1, comprising for example the sequence L or C, or conserved substitution of L

- (X)2, comprising for example the sequence LC, or conserved substitution of LC;
- (X)3, comprising for example the sequence LCC, or conserved substitution of
LCC;

- (X)4, comprising for example the sequence LCCM, or conserved substitutions of
LCCM, SLWM or a conserved substitution of SLWM, SFWM or a conserved
substitution of SFWM;

- (X)s, comprising for example the sequence LSLWM, or conserved substitutions
of LSLWM, LSLWM or a conserved substitution of LSLWM, LSFWM or a conserved
substitution of LSFWM;

- (X)s, comprising for example the sequence GLSLWM, or conserved substitutions
of GLSLWM;

- (X)7, comprising for example the sequence AGLSLWM, or conserved
substitutions of AGLSLWM, or

- (X)s, comprising for example the sequence MAGLSLWM, or conserved
substitutions of MAGLSLWM.

[00151] Figure 5B shows the fold change of protein accumulation of modified S
protein with alternative versions of the C-terminal region with variable margin
(intervening peptide sequence) between the SARS-COV-2 transmembrane (TM) domain
and H5 A/Indonesia/5/05 HA cytosolic tail (CT) domain, wtTM/HSiCT V1 (SEQ ID NO:
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19, product of construct 8980), wtTM/HSiCT V2 (SEQ ID NO: 37, product of construct
8981), wtTM/HSiCT V3 (SEQ ID NO: 38, product of construct #8982) and wtTM/H5iCT
V4 (SEQ ID NO: 39, product of construct 8983), when expressed in plants, compared to
the protein accumulation of a reference modified S protein wherein the cytoplasmic tail
of Coronavirus S-protein has been replaced with the Coronavirus S-protein of HS
A/Indonesia/5/05 HA wtTM/HS1CT (SEQ ID NO: 18, product of construct 8671). All
tested modified S proteins showed protein accumulation, with no statistically significant

differences between the alternative versions and the wtTM/HS51CT reference control.

[00152] Similarly, a modified S protein comprising a SARS-CoV-1 S protein with
a wtTM/HSiCT V4 version of the TMCT (Figure 16A) or a MERS S protein with a
wtTM/HS5iCT V4 version of the TMCT (Figure 19A), when expressed in plants, showed
increased protein accumulation compared to protein accumulation of the wild type S
proteins (WtTMCT) or S proteins wherein the TMCT has been replaced with the TMCT
of H5 A/Indonesia/5/05 HA (HSiITMCT). Furthermore, a OC43 CoV S-protein with a
wtTM/HSiCT V4 version of the TMCT when expressed in plants, showed increased
protein accumulation compared to protein accumulation of the OC43 CoV S-protein with

wild type TMCT (wtTMCT) (Figure 23 A).

[00153] Accordingly, the modified S protein may comprise a TM and CT domain
(TM/CT), wherein the CT or a portion of the CT is fused to the C-terminal end of the TM
or portion of the TM via a intervening peptide sequence, wherein the intervening peptide

sequence comprises the sequence Xy.

[00154] Furthermore, the modified S protein may comprise a TM and CT domain
(TM/CT) comprising a sequence having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95,
96, 97, 98, 99, 100% or any amount therebetween sequence identity, or sequence
similarity, with the sequence of SEQ ID NO: 18, 19, 37, 38, 39, 64, 126, 127, 128, 129,
130, 131, 118, 119, 120, 123, 124, 125, 134, 135, 164, 165, 166, 169, 170, 171, 172 or
173.

[00155] The modified S protein may comprise a CT or portion of the CT

comprising a sequence having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98,

99, 100% or any amount therebetween sequence identity, or sequence similarity, with
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amino acids 22-37 of SEQ ID NO:18, amino acids 21-40 of SEQ ID NO: 19, amino
acids 21-39 of SEQ ID NO: 37, amino acids 25-36 of SEQ ID NO: 38 or amino acids 24-
34 of SEQ ID NO: 39, amino acids 22-37 of SEQ ID NO:126, amino acids 22-36 of SEQ
ID NO:127, amino acids 22-37 of SEQ ID NO:128, amino acids 22-37 of SEQ ID
NO:129, amino acids 22-37 of SEQ ID NO:130, or amino acids 22-37 of SEQ ID
NO:131.

[00156] The modified S protein may comprise a TM or portion of the TM
comprising a sequence having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98,
99, 100% or any amount therebetween sequence identity, or sequence similarity, with
amino acids 1-20 of SEQ ID NO:18, amino acids 1-20 of SEQ ID NO: 19, amino acids 1-
20 of SEQ ID NO: 37, amino acids 1-24 of SEQ ID NO: 38 , amino acids 1-23 of SEQ
ID NO: 39, amino acids 1-21 of SEQ ID NO: 118, amino acids 1-23 of SEQ ID NO: 119,
amino acids 1-22 of SEQ ID NO: 123, amino acids 1-24 of SEQ ID NO: 124, amino
acids 1-21 of SEQ ID NO: 164, amino acids 1-23 of SEQ ID NO: 165, amino acids 1-20
of SEQ ID NO: 169, or amino acids 1-22 of SEQ ID NO: 170. Furthermore, the modified
S protein as described herewith may comprise a TM or portion of TM that comprises

from 80% to 100% identity with the sequence of SEQ ID NO: 132 or 133.

[00157] Furthermore, the modified the S-protein may comprise from 70% to 100%
sequence identity, or sequence similarity, with the sequence of SEQ ID NO: 5, 59, 60, 61,
62, 95,96, 97, 108, 109 or 110, for example the modified S protein may comprise a
sequence having about 70, 75, 80, 85, 87, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or
any amount therebetween sequence identity, or sequence similarity, with the sequence of

SEQ ID NO: 5, 59, 60, 61, 62, 95, 96, 97, 108, 109 or 110.

[00158] The cytoplasmic tail domain (CT) or portion of the CT of a viral structural
protein such as for example a Coronavirus S protein, may be replaced with the CT or
portion of the CT from an influenza hemagglutinin (HA) as described below, the
resulting protein is referred to as modified viral structural protein. Accordingly, a
coronavirus S protein wherein the native CT or portion of the native CT has been
replaced with the CT or portion of the CT from HA may be referred to as modified

coronavirus S-protein or modified S-protein. As further described above the HA CT or
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portion of the HA CT may either be directly fused to the N-terminal end of the
Coronavirus TM domain or may be fused to the N-terminal end of the Coronavirus TM
or portion of the TM via a intervening peptide sequence. Therefore, the HA CT or a
portion of a HA CT may be fused to the C-terminal end of the S-protein TM or portion of

the S-protein TM via an intervening peptide sequence.

[00159] Influenza “hemagglutinin” or “HA” is a homotrimeric membrane type 1
glycoprotein, generally comprising a signal peptide, an HA1 domain, and an HA2
domain comprising a membrane-spanning anchor site at the C-terminus and a small
cytoplasmic tail (see for example Figure 1C and Figure 2). The amino acid sequences of
HA from various influenza strains are well known within the art. Furthermore, amino
acid sequences and nucleotide sequences encoding HA are well known and are
available—see, for example, the BioDefence Public Health base (Influenza Virus; see
URL: biohealthbase.org) or National Center for Biotechnology Information (see URL:
ncbi.nlm.nih.gov), both of which are incorporated herein by reference. Exemplary amino
acid sequences of HA cytoplasmic tail domains from different influenza strains are

shown in Figure 2.

[00160] While different references and groups assign different length to the CT of
HA, it has been shown that the N-terminal sequence of the CT is conserved among HA
from different influenza subtypes and strains and that at least five residues have sequence
identity for at least 10 of 13 HA subtypes (Simpson and Lamb 1992, Journal of Virology,
790-803). Figure 2 shows an alignment of amino acid sequences from exemplary
influenza strains and conserved sequences in the N-terminal part of the HA protein. The

consensus sequence of influenza cytoplasmic tail (CT) domain is:

XXWMCSNGSXXCXICI (SEQ ID NO: 15) (see also Fig. 2, C-terminal end of SEQ ID
NO: 14)

[00161] CT sequences that correspond to the HA cytoplasmic tail domain
consensus sequence may be fused to the C-terminal end of the TM of Coronavirus S
protein either directly or via an intervening peptide sequence (linker sequence) as

discussed above.
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[00162] Furthermore, amino acid residues located in N-terminal or C-terminal
from the native influenza HA TM/CT boundary may also be included in the CT sequence
that is fused either directly or via an intervening peptide sequence to the TM or a portion

of the TM of the modified Coronavirus S protein.

[00163] Therefore the sequence of the CT or a portion of the CT may for example
start at an amino acid residue that corresponds to any one of amino acids 30-40 of SEQ
ID NO: 14. Accordingly, the N-terminal end of the CT sequence may be an amino acid
that corresponds to any one of amino acids 30-40 of SEQ ID NOs: 6, 7, 8, 9, 10, 11, 12,
13 or 14. In one example the CT sequence may start at an amino acid residue that
corresponds to amino acid 30 in SEQ ID NOs: 6, 7, 8,9, 10, 11, 12, 13 or 14. In another
example, the CT sequence may start at an amino acid residue that corresponds to amino
acid 31 of SEQID NOs: 6,7, 8,9, 10, 11, 12, 13 or 14. In a further example, the CT
sequence may start at an amino acid residue that corresponds to amino acid 32 of SEQ ID
NOs: 6,7,8,9,10, 11, 12, 13 or 14. In another example, the CT sequence may start at an
amino acid residue that corresponds to amino acid 33 of SEQ ID NOs: 6, 7, 8, 9, 10, 11,
12, 13 or 14. In a further example, the CT sequence may start at an amino acid residue
that corresponds to amino acid 34 of SEQ ID NOs: 6,7, 8,9, 10, 11, 12, 13 or 14. In
another example, the CT sequence may start at an amino acid residue that corresponds to
amino acid 35 of SEQ ID NOs: 6,7, 8,9, 10, 11, 12, 13 or 14. In a further example, the
CT sequence may start at an amino acid residue that corresponds to amino acid 36 of
SEQ ID NOs: 6-13 or 14. In another example, the CT sequence may start at an amino
acid residue that corresponds to amino acid 37 of SEQ ID NOs: 6,7, 8,9, 10, 11, 12, 13
or 14. In a further example, the CT sequence may start at an amino acid residue that
corresponds to amino acid 38 of SEQ ID NOs: 6-13 or 14. In another example, the CT
sequence may start at an amino acid residue that corresponds to amino acid 39 of SEQ ID
NOs: 6,7,8,9,10, 11, 12, 13 or 14. In a further example, the CT sequence may start at
an amino acid residue that corresponds to amino acid 40 of SEQ ID NOs: 6, 7, 8, 9, 10,
11,12, 13 or 14.

[00164] The cytoplasmic tail (CT) or portion of the CT of the modified S protein
may be derived from a CT or portion of the CT of hemagglutinin (HA) of any one
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influenza type, subtype or strain. For example the CT may be derived from an HA from
influenza type A or influenza type B. For example the CT may be derived from an HA of
influenza subtype H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15,
or H16. The CT may for example be derived from a HA of subtype H1, H2, H3, HS, H6,
H7 or HY. Furthermore, the CT or portion of the CT may be derived from an HA of
influenza type B. The type B influenza may be from the lineage B/Yamagata or
B/Victoria.

[00165] For example, the CT or portion of the CT of the modified S protein may
be derived from a CT of hemagglutinin (HA) influenza H1, H3, H5, H6, H7, H9 or B
strain. Non limiting examples of influenza stains from which the HA CT might be
derived are influenza H1 California/7/2009, H2 A/Singapore/1/1957, H3
A/Minnesota/41/2019, HS A/Indonesia/5/05, H6 A/Teal/Hong Kong/W312/97, H7
A/Guangdong/17SF003/2016, H9 A/Hong Kong/1073/99 or B/Washington/02/2019. Non

limiting examples of amino acid sequences of the HA CT are shown in Figure 2.

[00166] As shown in Figure 4A, when the native cytoplasmic tail (CT) of SARS-
CoV-2 S protein was replaced with the CT from influenza HA H1 California/7/2009 (H1
Calif), H3 A/Minnesota/41/2019 (H3 Minn), H6 A/Teal/Hong Kong/W312/97 (H6 HK),
H7 A/Guangdong/17SF003/2016 (H7 Guan), H9 A/Hong Kong/1073/99 (H9 HK) or
B/Washington/02/2019 (B Wash), similar fold change in protein accumulation were
observed for these modified SARS-CoV-2 S protein, when compared to SARS-CoV-2 S
with a CT from H5 A/Indonesia/5/05 (H5 Indo). Western blot analysis confirmed these

observations (see Figures 4B and 4C).

[00167] Similar results were obtained, when the native cytoplasmic tail (CT) of
SARS-CoV-1 S protein, the native CT of MERS S protein, or the native CT of OC43
CoV S protein was replaced with the CT from influenza HA H1 California/7/2009
(H1cCT) (see Figures 16A, 19A, and 23A).

[00168] Accordingly, the cytoplasmic tail domain (CT) or portion of the CT may
have about 70, 75, 80, 85, 86, 87, 88, 89, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or

any amount therebetween sequence identity, or sequence similarity, with the sequence of
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SEQ ID NO: 15, or with amino acids 30-50 of SEQ ID NO 6, 7, 8, 9, 10, 12, 13, 14, or
with amino acids 31-50 of SEQ ID NO 6, 7, 8, 9, 10, 12, 13, 14, or with amino acids 32-
50 of SEQIDNO 6, 7, 8,9, 10, 12, 13, 14, or with amino acids 33-50 of SEQ ID NO 6,
7,8,9,10, 12, 13, 14, or with amino acids 34-50 of SEQ ID NO 6, 7, 8, 9, 10, 12, 13, 14,
or with amino acids 35-50 of SEQ ID NO 6, 7, 8, 9, 10, 12, 13, 14, or with amino acids
36-50 of SEQID NO 6, 7, 8, 9, 10, 12, 13, 14, or with amino acids 37-50 of SEQ ID NO
6,7,8,9,10, 12, 13, 14, or with amino acids 38-50 of SEQ ID NO 6, 7, 8, 9, 10, 12, 13,
14, or with amino acids 39-50 of SEQ ID NO 6, 7, 8, 9, 10, 12, 13, 14, or with amino
acids 40-50 of SEQID NO 6, 7, 8, 9, 10, 12, 13, 14, or with amino acids 31-49 of SEQ
ID NO 11, or with amino acids 32-49 of SEQ ID NO 11, or with amino acids 33-49 of
SEQ ID NO 11, or with amino acids 34-49 of SEQ ID NO 11, or with amino acids 35-49
of SEQ ID NO 11, or with amino acids 36-49 of SEQ ID NO 11, or with amino acids 37-
49 of SEQ ID NO 11, or with amino acids 38-49 of SEQ ID NO 11, or with amino acids
39-49 of SEQ ID NO 11, or with amino acids 548-568 of SEQ ID NO:3, or with amino
acids 549-568 of SEQ ID NO:3, or with amino acids 550-568 of SEQ ID NO:3, or with
amino acids 551-568 of SEQ ID NO:3, or with amino acids 552-568 of SEQ ID NO:3, or
with amino acids 553-568 of SEQ ID NO:3, or with amino acids 554-568 of SEQ ID
NO:3, or with amino acids 555-568 of SEQ ID NO:3, or with amino acids 556-568 of
SEQ ID NO:3, or with amino acids 557-568 of SEQ ID NO:3, or with amino acids 558-
568 of SEQ ID NO:3.

[00169] Furthermore, the modified S-protein may comprise from 70% to 100%
sequence identity, or sequence similarity, with the sequence of SEQ ID NO: 5, 53, 54, 55,
56, 57 or 58, for example the modified S protein may comprise a sequence having about
70, 75, 80, 85, 87, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween sequence identity, or sequence similarity, with the sequence of SEQ ID
NO: 5, 53, 54, 55, 56, 57 or 58 or with amino acids 25-1259 of SEQ ID NO: 53, amino
acids 25-1259 of SEQ ID NO: 54, amino acids 25-1259 of SEQ ID NO: 55, amino acids
25-1259 of SEQ ID NO: 56, amino acids 25-1259 of SEQ ID NO: 57 or amino acids 25-
1259 of SEQ ID NO: 58.

[00170] In further embodiments, the modified S protein ectodomain and/or

transmembrane domain may be obtained from a coronavirus S protein other than SARS-
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CoV-2 S protein, for example from SARS-CoV-1 S protein, MERS-CoV S protein,
0C43-CoV S protein, 229E-CoV S protein and the like.

[00171] As shown in Figure 16A, higher protein accumulation was observed for
modified SARS-CoV-1 S protein with a CT from influenza H5 HA (H51CT), a CT from
influenza H1 HA (H1¢CT) or a CT from influenza HS HA with a variable margin
between the SARS-CoV-1 TM and the H5 HA CT (“HS51CT(V4)), when compared to
protein accumulation of S protein with a wild-type TMCT (wt TMCT) or a modified S
protein with the TMCT of influenza HS HA (H51 TMCT) from crude plant extract. The
modified S-proteins assembled into high molecular weight structures (see Figures 16B-
16D), which were confirmed to be VLPs (see Figures 17A-17C). Although the amount of
protein accumulation for SARS-CoV-1 protein with native TMCT was below detection
limits of the Western Blot analysis when presented on the same gel with SARS-CoV-1
S-proteins with modified TMCT and/or CT (see Figure 16A), signals could be detected
by Western Blot analysis when only SARS-CoV-1 protein with native TMCT was
present on a gel (see Figure 16B) and VLPs were observed by electron microscopy (see

Figure 17B).

[00172] Similar results were obtained for modified MERS-CoV S protein (see
Figure 19A). Higher protein accumulation was observed for modified MERS-CoV S
protein with a CT from influenza H5S HA (HS5iCT), a CT from influenza H1 HA (H1cCT)
or a CT from influenza H5 HA with a variable margin between the MERS-CoV TM and
the HS HA CT (“HSiCT(V4)), when compared to protein accumulation of S protein with
a wild-type TMCT (wt TMCT) or a modified S protein with the TMCT of influenza H5
HA (H51 TMCT) (see protein band at approx. 175 kDa). The highest accumulation was
observed for the modified MERS-CoV with an influenza H1 HA CT (H1c¢CT). The
smaller band observed at approx. 100 kDa is most likely a proteolytic cleavage fragment
of the S-protein. Without wishing to be bound by theory, it is believed that the
replacement of the native CT with an influenza HA CT stabilizes the MERS S-protein

and reduces cleavage of the S-protein.

[00173] As further shown in Figure 23A, low protein yields were observed in
plants expressing OC43 CoV S-protein with a native OC43 CoV S-protein TMCT.
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However, when the native OC43 CoV S-protein TMCT was replaced with a TMCT from
influenza HS HA (H51TMCT), a CT from influenza H5 HA (H5iCT), a CT from
influenza H1 HA (H1¢CT) or a CT from influenza H5 HA with a variable margin
between the OC43-CoV TM and the H5 HA CT (“HS5iCT(V4)) higher protein
accumulations were observed compared to the OC43 CoV S-protein with native TMCT
(see bands at about 150 kDa. The larger band shown in the gel is believed to be a protein
trimer). Similar results were observed with modified 229E-CoV S-protein (data not

shown).

[00174] Furthermore, MERS-CoV S-protein, OC43-CoV S-protein , and 229E-
CoV S-protein with a TMCT from influenza HS HA (H5iTMCT), a CT from influenza
HS HA (H5iCT), or a CT from influenza H1 HA were observed to form VLPs as shown
in Figures 19B-19F, 23B-23E, and 25A-25E.

[00175] The present disclosure therefore provides a “modified viral structural
protein”, a “viral structural fusion protein” or a “chimeric viral structural protein”,
wherein the ectodomain and the transmembrane domain (TM) of the viral structural
protein or a portion of the TM are derived from a Coronavirus and the cytosolic tail (CT)
or a portion of the CT is derived from an influenza protein. For example, the ectodomain
and the transmembrane domain may be derived from a Coronavirus Spike (S) protein and
the cytosolic tail (CT) or a portion of the CT may be derived from influenza HA protein.
Modified S protein may comprise, in series i) an ectodomain derived from a coronavirus
S-protein (comprising the S1 subunit and the FP, HR1 and HR2 domains of the S2
subunit), ii) a Coronavirus transmembrane domain (TM) or a portion of a Coronavirus
TM and iii) an influenza HA cytoplasmic tail domain (CT) or a portion of a HA CT.
Therefore, in the modified S protein, the CT or portion of the CT is heterologous to the
TM and the ectodomain. Similarly, the TM (and the ectodomain) of the modified S
protein are heterologous to the CT. The ectodomain and the transmembrane domain (TM)
may be derived from the same Coronavirus (i.e. the ectodomain and the TM may be
homologous to each other) or the ectodomain may be derived from a first Coronavirus
and the TM may be derived from a second Coronavirus (i.e. the ectodomain and the TM

are heterologous to each other).
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[00176] By “chimeric protein”, or “chimeric polypeptide”, also referred to as a
“fusion protein”, it is meant a protein or polypeptide that comprises amino acid sequences
from two or more than two sources, for example but not limited to an ectodomain and a
transmembrane domain derived from a first viral structural protein for example derived
from Coronavirus S protein and a cytoplasmic tail (CT) derived from a second viral
structural protein for example a CT from influenza HA, that are fused as a single

polypeptide.

[00177] The modified coronavirus S-protein may comprise a transmembrane and
cytosolic tail domain (TMCT), wherein the TMCT is a chimeric TMCT. The chimeric
TMCT may comprise a transmembrane domain (TM), wherein the TM or a portion of the
TM is derived from a coronavirus S-protein and a cytosolic tail (CT), wherein the CT or a
portion of the CT is derived from an influenza hemagglutinin (HA) protein. Furthermore
the chimeric TMCT may comprise a native coronavirus S-protein TM, a chimeric
coronavirus S-protein/influenza HA TM, a native influenza HA CT, a chimeric influenza
HA/coronavirus S-protein CT or a combination thereof. For example, the modified
coronavirus S-protein may comprise a chimeric TMCT with a native influenza HA CT
and a chimeric TM, wherein the chimeric TM comprises a N-terminal sequence which is
derived from the TM of the coronavirus S-protein and a C-terminal sequence which is
derived from the TM of influenza HA protein. In another example the modified
coronavirus S-protein may comprise a chimeric TMCT with a native coronavirus S-
protein TM and a chimeric CT, wherein the chimeric CT comprises a N-terminal
sequence derived from the coronavirus S-protein and a C-terminal sequence derived from
the influenza HA protein. In a further example, the modified coronavirus S-protein may
comprise a chimeric TMCT with a chimeric TM, wherein the chimeric TM comprises a
N-terminal sequence which is derived from the TM of the coronavirus S-protein and a C-
terminal sequence which is derived from the TM of influenza HA protein and a chimeric
CT, wherein the chimeric CT comprises a N-terminal sequence derived from the

coronavirus S-protein and a C-terminal sequence derived from the influenza HA protein.

[00178] When referring to a modified S-protein or modified coronavirus spike (S)-
protein in the present disclosure, it is meant a modified coronavirus spike (S)-protein

comprising a transmembrane domain (TM) or portion of a S-protein TM, and a cytosolic
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tail (CT) or a portion of a CT, wherein the CT is derived from an influenza hemagglutinin

(HA) protein and wherein the TM is heterologous to the CT.

[00179] The modified the S-protein may comprise from 70% to 100% sequence
identity, or sequence similarity, with the sequence of SEQ ID NO: 5, 21, 30, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 95, 96, 97, 108, 109, 110, 144, 145, 146,
155, 156 or 157, for example the modified S protein may comprise a sequence having
about 70, 75, 80, 85, 87, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween sequence identity, or sequence similarity, with the sequence of SEQ ID
NO: 5, 21, 30, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 95, 96, 97,
108, 109, 110, 144, 145, 146, 155, 156 or 157, or with amino acids 25-1259 of SEQ ID
NO: 47, amino acids 25-1259 of SEQ ID NO: 48, amino acids 25-1259 of SEQ ID NO:
49, amino acids 25-1259 of SEQ ID NO: 50, amino acids 25-1259 of SEQ ID NO: 51,
amino acids 25-1259 of SEQ ID NO: 52, amino acids 25-1259 of SEQ ID NO: 53, amino
acids 25-1259 of SEQ ID NO: 54, amino acids 25-1259 of SEQ ID NO: 55, amino acids
25-1259 of SEQ ID NO: 56, amino acids 25-1259 of SEQ ID NO: 57, amino acids 25-
1259 of SEQ ID NO: 58, amino acids 25-1262 of SEQ ID NO: 59, amino acids 25-1261
of SEQ ID NO: 60, amino acids 25-1258 of SEQ ID NO: 61, amino acids 25-1256 of
SEQ ID NO: 62, amino acids 25-1243 of SEQ ID NO: 95, amino acids 25-1240 of SEQ
ID NO: 96, amino acids 25-1243 of SEQ ID NO: 97, amino acids 25-1341 of SEQ ID
NO: 108, amino acids 25-1338 of SEQ ID NO: 109, amino acids 25-1341 of SEQ ID NO:
110, amino acids 25-1351 of SEQ ID NO: 144, amino acids 25- 1348 of SEQ ID NO:
145, amino acids 25-1351 of SEQ ID NO: 146, amino acids 25- 1159 of SEQ ID NO:
155, amino acids 25-1156 of SEQ ID NO: 156, or amino acids 25- 1159 of SEQ ID NO:
157.

[00180] The modified S-protein may further be produced or synthesized as
modified S-protein precursor (also referred to as precursor S-protein), wherein the S-
protein precursor comprises the modified S-protein and a signal peptide, wherein the
signal peptide is native to Coronavirus (i.e. homologues to the ectodomain) or the signal
peptide might be non-native or heterologous to the ectodomain. In a non-limiting
example, the native signal peptide may be replaced with the signal peptide from protein

disulfide isomerase (PDI).
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[00181] The modified S-protein precursor may comprise a signal peptide that is
non-native or heterologous to the ectodomain. The non-native signal peptide may replace
the entire native signal peptide or may replace a portion of the native signal peptide of the
Coronavirus S protein. Furthermore, the non-native or heterologous signal peptide may
be directly fused to the N-terminus of the modified S protein or the non-native or
heterologous signal peptide may be fused to the N-terminus of the modified S protein

with an intervening peptide sequence.

[00182] A signal peptide (also referred to as signal sequence, targeting signal,
localization signal, localization sequence, transit peptide, leader sequence or leader
peptide) is a short peptide present at the N-terminus of the majority of newly synthesized
proteins that are destined toward the secretory pathway. The signal peptide is responsible
for targeting proteins to the endomembrane system, including the endoplasmic reticulum
and the Golgi apparatus, where it is co-translationally removed by a signal peptidase
located within the ER lumen and the mature proteins are generated. Since experimental
methods for identification of targeting sequences are time-consuming and laborious,
different computational approaches predicting targeting signals were developed, and are
well known within the art. Signal peptides generally have low sequence similarity, but
share some characteristic features. For predicting the signal sequence and its cleavage
site, many prediction methods have been developed which take these characteristic
features into account, such for example SignalP (Bendtsen et al., ] Mol Biol. 2004 Jul
16;340(4):783-95; Petersen et al., Nature Methods volume 8, pages785-786(2011),
Signal-CF (Chou and Shen, Biochem Biophys Res Commun. 2007 Jun 8;357(3):633-40),
and Signal-BLAST (Frank and Sippl, Bioinformatics, 2008 Oct 1;24(19):2172-6), which

are herewith incorporated by reference.

[00183] Using the SignalP prediction program, a signal peptide cleavage site for
the SARS-CoV-2 S protein is predicted between position 15 and 16 of the sequence
corresponding to the sequence of SEQ ID NO:1. However, a signal peptide cleavage site
for the SARS-CoV-2 S protein may be predicted or occur between other consecutive
positions of the sequence corresponding to the sequence of SEQ ID NO:1. For example, a

signal peptide cleavage site for the SARS-CoV-2 S protein may also be predicted or may
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occur between position 13 and 14 of the sequence corresponding to the sequence of SEQ

ID NO:1.

[00184] The N-terminal region of the native SARS-CoV-2 S protein (including the

native signal peptide sequence) is shown below:

MEVFLVLLPLVSSQCVNLTTRTQLPPAYTNS (SEQ ID NO: 63)

[00185] A predicted signal peptide sequence (SP) is underlined. The sequence
shaded in grey corresponds to the sequence depicted in Table 2. The first amino acid
residue of the mature SARS-CoV-2 S protein may be Valine (V) with its position
designated as 1 (+1), which corresponds to V16 of the precursor S protein (native SARS-
CoV-2 S protein with the native signal peptide). The first amino acid residue of the
mature SARS-CoV-2 S protein may be at other residues of SEQ ID NO:1 or SEQ ID NO:
63 as indicated in Table 2. For example, the first amino acid residue of the mature SARS-

CoV-2 S protein may be Glutamine (Q) with its position designated as 14 (-2).

Table 2: Portion of the SARS-CoV-2 S-protein sequence surrounding a signal peptide
(SP) cleavage site. Numbering of residues is either from the N-terminus that includes the
native signal peptide (# with SP) or from a predicted cleavage site at position V1 (#
without SP), which is equivalent to V16 in the sequence that includes the signal peptide

(precursor S protein).

S s Q c vV N L T T R T

# with SP 12 13 14 15 16 17 18 19 20 21 22

# without SP* -4 -3 -2 -1 1 2 3 4 5 6 7
*mature protein

[00186] Signal peptides or peptide sequences for directing localization of an

expressed protein or polypeptide to the apoplast include, but are not limited to, a native
(with respect to the protein) signal or leader sequence, or a heterologous signal sequence,
for example but not limited to, a rice amylase signal peptide (McCormick 1999, Proc Natl
Acad Sci USA 96:703-708) or a protein disulfide isomerase signal peptide (PDI).
Therefore, as described herein, the modified S protein may be produced as precursor
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protein comprising a modified S-protein and a heterologous amino acid signal peptide
sequence. For example, the modified S protein precursor may comprise the signal peptide
from Protein disulphide isomerase (PDI SP; nucleotides 32-103 of Accession No.

Z11499).

[00187] The present disclosure therefore also provides for a modified S protein
precursor comprising a modified S-protein and a native, or a non-native signal peptide,

and nucleic acids encoding such protein.

[00188] The modified viral structural protein may be a modified S protein, wherein
the modified S protein is a monomeric or single chain modified S protein. The
monomeric or single chain modified S protein may include an S1 domain (subunit) and
an S2 domain (subunit), wherein the S2 domain (subunit) has been modified to replace
the native CT of the S protein with the CT of influenza HA protein and wherein the
modified S protein is a single contiguous polypeptide chain. Monomeric or single chain
modified S protein may trimerize to form a trimer, referred to as a trimeric modified S
protein. A trimer is a macromolecular complex formed by three, usually non-covalently

bound proteins.

[00189] The S protein is cleaved at a conserved activation cleavage site into 2
polypeptide chains, the S1 subunit and S2 subunit, which remain associated as S1/S2
protomers within the homotrimer. Without wishing to be bound by theory, the cleavage
of the S protein into subunits may be important for virus infectivity, but it may not be

essential for the trimerization of the protein.

[00190] The modified S protein may further comprise one or more than one

substitution, replacement or mutation. For example, the modified S protein may comprise
one or more than one substitution, replacement or mutation in the ectodomain to increase
expression, yield, stability or to increase expression, yield and stability of the modified S

protein in a suitable expression system.

[00191] For example the modified S protein, may comprise substitutions or

mutations to the S1/S2 and/or S2' protease cleavage sites to prevent protease cleavage at
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these sites. Therefore, when produced in a host or host cells, the modified S protein is not

cleaved into separate S1 and S2 subunits or polypeptide chains.

[00192] The modified viral structural protein, such as the modified S protein, may
further assemble into trimers of modified viral structural protein. It is therefore further
provided a Coronavirus protein trimer comprising the modified S protein as described
herein. The trimer may comprise single chain modified S protein wherein the single chain
modified S protein comprises an S1 subunit and an S2 subunit, wherein the CT of the S2

subunit has been replaced with the CT of influenza hemagglutinin (HA).

[00193] The trimer may further be stabilized in a prefusion conformation. The
modified viral structural protein, such as the modified S protein, therefore may further
comprise one or more than one substitution, replacement or mutation to inhibit a
conformational change in the S protein from the prefusion conformation to the post-
fusion conformation, and thereby stabilizing the S protein or S protein trimer in the

prefusion conformation.

[00194] By “amino acid substitution” or “substitution” it is meant the replacement
of an amino acid in the amino acid sequence of a protein with a different amino acid. The
terms amino acid, amino acid residue or residue are used interchangeably in the
disclosure. One or more amino acids may be replaced with or substituted with one or
more amino acids that are different than the original or wild-type amino acid at this

position, without changing the overall length of the amino acid sequence of the protein.

[00195] For example, the modified viral structural protein, such as the modified S
protein may be stabilized by proline substitutions, substitutions allowing the formation of

disulfide bonds and salt bridges, and/or cavity-filling substitutions.

[00196] Hsieh et al. (Science 2020, 369 p.1501-1505 which is incorporated herein
by reference) designed and expressed a variety of SARS-CoV-2 spike protein variants in
mammalian cells. An S protein variant with six proline substitutions, referred to as
HexaPro, expressed 9.8X higher than S protein compared to variant that only had a
double proline substitutions, had ~5°C increase in Tm, and retained the trimeric prefusion
conformation in mammalian cell lines. The HexaPro variant is considered the best variant

by Hsieh et al.
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[00197] In the current disclosure, the highest yields were observed with
combinations of four proline substitutions corresponding to positions 802, 927, 971 and
972 (“4P”) of SEQ ID NO: 2 and an additional single amino acid substitution at position
923. Furthermore, higher yields were also observed with combinations of six proline
substitutions corresponding to positions 802, 877, 884, 927, 971 and 972 (“6P”) and an

additional single amino acid substitution at position 923.

[00198] As provided herewith, the modified S protein may further comprise one or
more than one substitution, replacement or mutation to increase stability, yield or stability
and yield of the modified protein in a host or cost cell, such for example in a plant or

plant cells.

[00199] The modified S protein as described herein may comprise one or more
than one mutation, modification, or substitution in its amino acid sequence at any one or
more amino acid that corresponds to an amino acid within a reference sequence as

described below.

[00200] By “correspond to an amino acid”, “corresponding to an amino acid” “or
“corresponding to the sequence” and the like, it is meant that an amino acid (or
nucleotide) corresponds to an amino acids (or nucleotide) in a sequence alignment with a
reference Coronavirus sequence as described below. The corresponding amino acid
positions in Coronavirus sequence may be determined by alignment to known sequences
of Coronavirus S protein. Methods of alignment of sequences for comparison are well-
known in the art and are further described below. Examples of corresponding amino acids

are shown in Table 3.

[00201] Table 3: Positions of corresponding amino acid/residue position in

Coronavirus S-proteins. (Reference sequences are indicated).

Amino acid position in S-protein (with ref. to indicated sequence)
oo | 667|668 [670 | 802 | 877 | 884|927 |971 |972
romwoy | 682683 | 685 [817 892 | 899 [942 [986 | 987
romNone | 651|652 654 | 786 | 861 | 868 | 911 [955 | 956
ooy | 664 | 665 | 667|799 | 874 | 881|924 | 968 | 969
MERS-CoV" 730 | 731|733 [ 872 [949 [ 956 [ 999 | 1043 | 1044
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Amino acid position in S-protein (with ref. to indicated sequence)

(SEQ ID NO: 113)

MERS-CoV?
oty | 747 | 748 [ 750 | 889 [ 966 | 973 | 1016 | 1060 | 1061

0C43-CoV!
(SEQID NO: 160) 748 | 749 | 751 | 898 [ N/A [ 976 | 1019 [ 1063 | 1064
0C43-CoV?
(SEQID NO: 158) 762 | 763 | 765 | 912 [ N/A [ 990 | 1033 [ 1077 | 1078
229E-CoV!

(SEQID NO: 161) 551 1552|554 (675 | N/A | 754 | 811 | 855 [ 856

229E-CoV?
(SEQ ID NO: 159) 5671568 | 570 [ 691 | N/A | 770 | 827 | 871 | 872

1 numbering excludes signal peptide (SP)
2 numbering includes signal peptide (SP)

[00202] For example, the modified S protein may have one or more than one (for
example two consecutive) proline substitutions at or near the boundary between a HR1
domain and a central helix domain that stabilize the S ectodomain trimer in the prefusion
conformation, as described for example in WO 2018/081318, which is herein
incorporated by reference. Furthermore, the one or more than one substitution may
restrict and/or may prevent the processing or cleavage at the cleavage site between the S1

and the S2 subunit.

[00203] The modified S protein may comprise one or more than one substitution at
a position as indicated in Table 3. For example the modified S protein may comprise one
or more than one substitution at a position that corresponds to position 667, 668, 670,
802, 877, 884, 923,927,971, 972, or a combination thereof in reference sequence of SEQ
ID NO: 2 (SARS-CoV-2). Corresponding positions in S-proteins of SARS-CoV-1,
MERS-CoV, OC43-CoV and 229E-CoV are indicated in Table 3. Corresponding amino
acid positions in S-protein from other Coronavirus may be determined by methods know

within the art.

GSAS - 2P (971 and 972)

[00204] For example, the modified S protein may have one or more than one
substitution at one or more than one amino acid corresponding to amino acid at positions

667, 668, 670, 971 or 972 of amino acid sequence of SEQ ID NO: 2.
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[00205] In one aspect, the modified S protein may comprise a substitution,
modification or mutation, corresponding to positions 667, 668, 670 or a combination
thereof (numbering in accordance with SEQ ID NO: 2). For example, the amino acid
corresponding to position 667 may be substituted for glycine (G) or a conserved
substitution of glycine (G), the amino acid corresponding to position 668 may be
substituted for serine (S) or a conserved substitution of serine (S), and the amino acid
corresponding to position 670 may be substituted for serine (S) or a conserved

substitution of serine (S).

[00206] The modified S protein may further comprise a substitution, modification
or mutation, corresponding to positions 971, 972 or at positions 971 and 972 (numbering
in accordance with SEQ ID NO: 2). For example, the amino acid corresponding to

position 971 and/or 972 may be substituted for proline (P) or a conserved substitution of

proline (P).

[00207] The modified S protein may comprise one or more than one substitution
wherein the one or more than one substitutions comprise or consist of one or more than
one substitution of an amino acid corresponding to amino acid at positions 667, 668, 670,
971, 972 of SEQ ID NO: 2. The modified S protein with one or more than one
substitutions may be stabilized in a prefusion confirmation. Furthermore, the modified S

protein may form trimer that are stabilized in a prefusion confirmation.

[00208] For example, the modified S protein may comprise the following
substitutions (numbering in accordance with SEQ ID NO: 2): R667G, R668S, R6708S
(herein referred to as “GSAS”). The modified S protein may also have the following
substitutions (numbering in accordance with SEQ ID NO: 2): K971P and V972P (herein
referred to as “2P”). Furthermore the modified S protein may have the following
substitutions (numbering in accordance with SEQ ID NO: 2): R667G, R668S, R670S,
K971P and V972P (herein referred to as “GSAS-2P”).

[00209] For example the modified S protein may have an amino acid sequence that
has about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence identity, or sequence similarity, with the amino acid sequence of

SEQ ID NO: 47 sequence or with amino acids 25-1259 of SEQ ID NO: 47, wherein the
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amino acid sequence has glycine (G) or a conserved substitution of glycine (G) at
position 667, serine (S) or a conserved substitution of serine (S) at position 668, serine
(S) or a conserved substitution of serine (S) at position 670, proline (P) or a conserved
substitution of proline (P) at positions 971 and 972, wherein the modified S protein, when

expressed, forms VLP.

[00210] In another example, the modified S protein may have one or more than
one substitution at one or more than one amino acid corresponding to amino acid at
positions 654, 955 or 956 of amino acid sequence of SEQ ID NO: 114 or at positions
730, 733, 1043 or 1044 of amino acid sequence of SEQ ID NO: 115.

[00211] For example, the modified S protein may comprise the following
substitutions: R654A (numbering in accordance with SEQ ID NO: 114) or R730A and/or
R733G (numbering in accordance with SEQ ID NO: 115). The modified S protein may
also have the following substitutions: K955P and/or V956P (numbering in accordance
with SEQ ID NO: 114) or V1043P and/or L1044P (numbering in accordance with SEQ
ID NO: 115). Furthermore the modified S protein may have the following substitutions:
R654A, K955P and VI956P (numbering in accordance with SEQ ID NO: 114) or R730A,
R733G, V1043P, L1044P (numbering in accordance with SEQ ID NO: 115).

GSAS-4P (802, 927, 971 and 972)

[00212] The modified S protein may further have substitution at amino acids
corresponding to amino acid at positions 667, 668, and 670 and further one or more than
one substitution at one or more than one residue corresponding to positions 802, 927, 971
and 972 (numbering in accordance with SEQ ID NO: 2). For example, the amino acid
corresponding to positions 802, 927, 971 and 972 may be substituted for proline (P) or a

conserved substitution of proline (P).

[00213] As shown in Figure 11A, modified S protein having the “GSAS”
modifications and the following modifications: F802P, A927P, K971P, V972P (referred
to as “GSAS-4P”, expressed from construct 8953) showed an increase of 2.47-fold
increase in yield of modified S protein when compared to the yield of the “GSAS-2P” S

protein (expressed from construct 8671).
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[00214] Accordingly, the modified S protein may comprise one or more than one
substitution wherein the one or more than one substitution comprise or consist of one or
more than one substitution of an amino acid corresponding to amino acid at positions

667, 668, 670, 802, 927, 971 and 972 of SEQ ID NO: 2.

[00215] For example the modified S protein may have an amino acid sequence that
has about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence identity, or sequence similarity, with the amino acid sequence of
SEQ ID NO: 48 or with amino acids 25-1259 of SEQ ID NO: 48, wherein the amino acid
sequence has glycine (G) or a conserved substitution of glycine (G) at position 667,
serine (S) or a conserved substitution of serine (S) at position 668, serine (S) or a
conserved substitution of serine (S) at position 670, proline (P) or a conserved
substitution of proline (P) at positions 802, 927, 971 and 972, wherein the modified S

protein, when expressed, forms VLP.

[00216] In another example, the modified S protein may have one or more than
one substitution at one or more than one amino acid corresponding to amino acid at
positions 654, 786, 911, 955 or 956 of amino acid sequence of SEQ ID NO: 114 or at
positions 730, 733, 872, 999, 1043 or 1044 of amino acid sequence of SEQ ID NO: 115.

[00217] For example, the modified S protein may comprise the following
substitutions: R654A (numbering in accordance with SEQ ID NO: 114) or R730A and/or
R733G (numbering in accordance with SEQ ID NO: 115). The modified S protein may
also have the following substitutions: F786P, S911P, K955P and/or V956P (numbering in
accordance with SEQ ID NO: 114) or A872P, N999P, V1043P and/or L1044P
(numbering in accordance with SEQ ID NO: 115). Furthermore the modified S protein
may have the following substitutions: R654A, F786P, S911P, K955P and V956P
(numbering in accordance with SEQ ID NO: 114) or R730A, R733G, A872P, N999P,
V1043P, L1044P (numbering in accordance with SEQ ID NO: 115).

GSAS-6P (802, 877, 884, 927, 971 and 972)

[00218] The modified S protein may further have substitution at amino acids
corresponding to amino acid at positions 667, 668, and 670 and further one or more than

one substitution at one or more than one residue corresponding to positions 802, 877,
70



10

15

20

25

30

WO 2022/047575 PCT/CA2021/051201

884, 927, 971, and 972 (numbering in accordance with SEQ ID NO: 2). For example, the
amino acid corresponding to position 802, 877, 884, 927, 971, and 972 may be
substituted for proline (P) or a conserved substitution of proline (P) (numbering in

accordance with SEQ ID NO: 2).

[00219] As shown in Figure 11A, modified S protein having the “GSAS”
modifications and the following modifications: F802P, A877P, A884P, A927P, K971P,
VO972P (referred to as “GSAS-6P”, expressed from construct 8940) showed an increase of
2.11-fold increase in yield of S protein when compared to the yield of the “GSAS-2P” S

protein (expressed from construct 8671).

[00220] Accordingly, the modified S protein may comprise one or more than one
substitution wherein the one or more than one substitution comprise or consist of one or
more than one substitution of an amino acid corresponding to amino acid at positions

667, 668, 670, 802, 877, 884, 927, 971 and 972 of SEQ ID NO: 2.

[00221] For example the modified S protein may have an amino acid sequence that
has about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence identity, or sequence similarity, with the amino acid sequence of
SEQ ID NO: 49 or with amino acids 25-1259 of SEQ ID NO: 48, wherein the amino acid
sequence has glycine (G) or a conserved substitution of glycine (G) at position 667,
serine (S) or a conserved substitution of serine (S) at position 668, serine (S) or a
conserved substitution of serine (S) at position 670, proline (P) or a conserved
substitution of proline (P) at position 802, 802, 877, 884, 927, 971 and 972, wherein the

modified S protein when expressed forms VLP.

[00222] In another example, the modified S protein may have one or more than
one substitution at one or more than one amino acid corresponding to amino acid at
positions 654, 786, 861, 868, 911, 955 or 956 of amino acid sequence of SEQ ID NO:
114 or at positions 730, 733, 872, 949, 956, 999, 1043 or 1044 of amino acid sequence of
SEQ ID NO: 115.

[00223] For example, the modified S protein may comprise the following
substitutions: R654A (numbering in accordance with SEQ ID NO: 114) or R730A and/or

R733G (numbering in accordance with SEQ ID NO: 115). The modified S protein may
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also have the following substitutions: F786P, A861P, A868P, S911P, K955P and/or
V956P (numbering in accordance with SEQ ID NO: 114) or A872P, S949P, A956P,
N999P, V1043P and/or L1044P (numbering in accordance with SEQ ID NO: 115).
Furthermore the modified S protein may have the following substitutions: R654A,
F786P, A861P, A868P, S911P, K955P and VI956P (numbering in accordance with SEQ
ID NO: 114) or R730A, R733G, A872P, S949P, A956P, N999P, V1043P and L1044P
(numbering in accordance with SEQ ID NO: 115).

Substitution at position 923

[00224] The modified S protein as described herewith may further comprise a
substitution, modification, or mutation, corresponding to position 923 (numbering in
accordance with SEQ ID NO: 2). For example the amino acid corresponding to position
923 may be substituted for phenylalanine (F) or a conserved substitution of phenylalanine
).

[00225] As shown in Figure 11B, modified S protein having the “GSAS-2P”
modifications and a L923F substitution (expressed from construct 8933) showed an
increase of 1.36-fold yield of S protein when compared to the yield of the “GSAS-2P” S
protein without the L923F substitution (expressed from construct 8671). The modified S
protein having the “GSAS-4P” modifications and a L923F substitution (expressed from
construct 8960) showed an increase of 2.88-fold in yield of the modified S protein when
compared to the yield of the “GSAS-2P” S protein without the L923F substitution
(expressed from construct 8671). The modified S protein having the “GSAS-6P”
modifications and a L923F substitution (expressed from construct 8947) showed an
increase of 2.47-fold in yield when compared to the yield of the “GSAS-2P” S protein
without the L923F substitution (expressed from construct 8671).

[00226] Accordingly, the modified S protein may comprise one or more than one
substitution wherein the one or more than one substitution comprises or consists of one or
more than one substitution of an amino acid corresponding to amino acids at positions
667, 668, 670, 927,971,972, 802, 877, 884, 923 or a combination thereof of SEQ ID
NO: 2. For example the modified S-protein may comprise one or more than one

substitution wherein the one or more than one substitution comprises or consists of one or
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more than one substitution of an amino acid corresponding to amino acids at positions
667, 668, 670, 971, 972, 923, or a combination thereof of SEQ ID NO: 2 (GSAS-2P-
923), 667, 668, 670, 927, 971, 972, 802 923, or a combination thereof of SEQ ID NO: 2
(GSAS-4P-923) or 667, 668, 670, 927, 971, 972, 802, 877, 884, 923 or a combination
thereof of SEQ ID NO: 2 of SEQ ID NO: 2 (GSAS-6P-923).

[00227] For example, the modified S protein may comprise one or more than one
substitution wherein the one or more than one substitution comprises or consists of one or

more than one substitution of an amino acid corresponding to amino acids at positions
- 667,668, 670,971, 972 and 923 of SEQ ID NO: 2 (GSAS-2P-923),
- 667,668, 670,927,971, 972, 802 and 923 of SEQ ID NO: 2 (GSAS-4P-923) or
- 667,668, 670,927,971, 972, 802, 877, 884 and 923 of SEQ ID NO: 2 (GSAS-6P-923).

[00228] For example, the modified S protein may have an amino acid sequence
that has about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or any
amount therebetween, sequence identity, or sequence similarity, with the amino acid
sequence of SEQ ID NO: 50 or amino acids 25-1259 of SEQ ID NO: 50, wherein the
amino acid sequence has glycine (G) or a conserved substitution of glycine (G) at
position 667, serine (S) or a conserved substitution of serine (S) at positions 668 and 670,
proline (P) or a conserved substitution of proline (P) at positions 971 and 972, and
phenylalanine (F) or a conserved substitution of phenylalanine (F) at position 923; SEQ
ID NO: 51 or amino acids 25-1259 of SEQ ID NO: 51, wherein the amino acid sequence
has glycine (G) or a conserved substitution of glycine (G) at position 667, serine (S) or a
conserved substitution of serine (S) at positions 668 and 670, proline (P) or a conserved
substitution of proline (P) at positions 927, 971, 972 and 802, and phenylalanine (F) or a
conserved substitution of phenylalanine (F) at position 923; or SEQ ID NO: 52 or amino
acids 25-1259 of SEQ ID NO: 52, wherein the amino acid sequence has glycine (G) or a
conserved substitution of glycine (G) at position 667, serine (S) or a conserved
substitution of serine (S) at positions 668 and 670, proline (P) or a conserved substitution
of proline (P) at positions 927, 971, 972, 802, 877 and 884, and phenylalanine (F) or a
conserved substitution of phenylalanine (F) at position 923, wherein the modified S

protein when expressed forms VLP.
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[00229] Accordingly, it is provided a modified coronavirus S-protein which may

comprise:
1. a chimeric transmembrane and cytoplasmic tail domain (TMCT);

2. one or more than one substitution corresponding to amino acid at positions 667,
668, and/or 670 (numbering in accordance with SEQ ID NO: 2) when compared to a

corresponding wildtype coronavirus S-protein;

3. one or more than one substitution corresponding to amino acid at positions 802,
877, 884,927,971, and/or 972 (numbering in accordance with SEQ ID NO: 2) when

compared to a corresponding wildtype coronavirus S-protein;

4. a substitution corresponding to position 923 (numbering in accordance with

SEQ ID NO: 2) when compared to a corresponding wildtype coronavirus S-protein;

5. or a combination of the modifications and/or substitutions as described under 1-

4.

[00230] As used herein, the term “conserved substitution” or “conservative
substitution” and grammatical variations thereof, refers to an amino acid that is different
from an reference amino acid (substitution), but is in the same class of amino acid as the
described substitution or described residue (i.e., a nonpolar residue replacing a nonpolar
residue, an aromatic residue replacing an aromatic residue, a polar-uncharged residue
replacing a polar-uncharged residue, a charged residue replacing a charged residue).
Further information about conservative substitutions can be found, for instance, in Sahin-
Toth et al. (Protein ScL, 3:240-247, 1994), Hochuli et al (Bio/Technology, 6:1321-1325,
1988) Henikoff S, and Henikoff JG (Proc. Natl. Acad. Sci. USA 89: 10915-10919, 1992)

and in widely used textbooks of genetics and molecular biology.

[00231] The modified viral structural protein may further be glycosylated.
Coronavirus S protein, Coronavirus M protein and Coronavirus E protein are

glycosylated and both N-linked glycosylation and O-linked glycosylation occur.

[00232] The modified viral structural protein may comprise glycosylation pattern
that are unique to the host or host cell in which the modified viral structural protein is
expressed. For example, when expressed in plants or plant cells, the modified viral
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structural protein may comprise plant-specific N-glycans. Therefore, it is also provided

modified viral structural protein having plant specific N-glycans.

[00233] As described herein, the cytosolic tail domain (CT) of the modified viral
structural protein may be replaced with the CT from influenza hemagglutinin (HA). The
ectodomain and the transmembrane domain (TM) of the viral structural protein as
described above are fused to an influenza HA cytosolic tail domain (CT) such that the CT
is heterologous with respect to the ectodomain and the transmembrane domain of the
viral structural protein, such as the S protein. The modified S protein may self-assemble

into virus-like particles (VLPs).

[00234] The present description therefore further relates to virus-like particles
(VLPs). More specifically, the present description is directed to VLPs comprising
modified viral structural proteins such as modified S-protein, and methods of producing
VLPs with modified viral structural proteins such as modified S-protein in a host or host
cell. The VLPs comprise a modified viral structural protein such as modified S-protein as

described herewith.

[00235] As shown in Figure 6C, 17A, 17B, and 17C, modified viral structural
protein as exemplified by a modified S protein (modified SARS-CoV-2 or modified
SARS-CoV-1 S protein), wherein the native or wild-type CT has been replaced by a CT
from influenza HA protein self-assemble into VLPs when expressed in plants. The VLPs
are similar to VLPs produced with a S protein with native TM/CT sequence (see Figures
6A and 17A) or modified S protein with HS influenza TM/CT sequence (see Figures 6B

and 17B) in the same plant expression system.

[00236] Furthermore, as shown in Figures 6D, 6E, 6F and 6G, modified S protein
with variable margin or boundaries (intervening peptide sequence) between the TM and

influenza CT domain also self-assemble into VLPs when expressed in plants.

[00237] In addition, as shown in Figures 6H, 61, 6J, 6K, 6L. and 6M, modified S
protein, wherein the native or wild-type CT has been replaced by a CT from influenza
HA protein from H1, H3, H6, H7, H9 and B influenza, respectively, also self-assemble

into VLPs when expressed in plants.
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[00238] Furthermore, as shown in Figures 19B-19F, 23B-23E, and 25A-25E,
modified S-protein derived from MERS-CoV, OC43-CoV, and 229E-CoV, wherein the
modified S-protein has a TMCT from influenza H5 HA (HSiTMCT), a CT from
influenza HS HA (H5iCT), or a CT from influenza H1 HA also formed VLPs.

[00239] The term virus-like particle" (VLP), or "virus-like particles" or "VLPs"
refers to virus-like structures that are generally morphologically and antigenically similar
to virions produced in an infection, but lack genetic information sufficient to replicate
and thus are non-infectious. VLPs are structures that self-assemble and comprise one or
more structural proteins such as for example modified viral structural proteins, for
example but not limited to a modified S protein. Therefore, the VLP may comprise
modified S protein. The VLP may further comprise viral structural proteins, wherein the
viral structural proteins consist of modified S protein. Therefore, in some embodiments
the VLP may lack or be free of the Coronavirus M protein and/or Coronavirus E protein.
In some embodiments the VLPs produced from the modified viral structural protein as
described herewith, therefore do not comprise a Coronavirus M protein, a Coronavirus E
protein or Coronavirus M protein and Coronavirus E protein. Furthermore, in some
embodiment the VLP do not comprise structural or non-structural proteins from viruses
that are heterologous to Coronaviridae or influenza virus, for example the VLP do not
comprise structural and non-structural protein from viruses that are not from

Coronaviridae.

[00240] In another embodiment the VLP may comprise Coronavirus E protein,
Coronavirus M protein and modified Coronavirus S protein. In another embodiment the
VLP may comprise Coronavirus E protein and modified Coronavirus S protein. In
another embodiment the VLP may comprise Coronavirus M protein and modified
Coronavirus S protein. Furthermore, the VLP may comprise Coronavirus E protein,
modified Coronavirus M protein and modified Coronavirus S protein. The VLP may
further comprise modified Coronavirus E protein, modified Coronavirus M protein and
modified Coronavirus S protein. In another embodiment the VLP may comprise modified
Coronavirus E protein and modified Coronavirus S protein. In another embodiment the

VLP may comprise modified Coronavirus M protein and modified Coronavirus S protein.
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[00241] VLPs may be produced in suitable host or host cells including plants and plant
cells. Following extraction from the host or host cell and upon isolation and further

purification under suitable conditions, VLPs may be recovered as intact structures.

[00242] The VLPs may be purified or extracted using any suitable method for
example chemical or biochemical extraction. VLPs are relatively sensitive to desiccation,
heat, pH, surfactants and detergents. Therefore it may be useful to use methods that
maximize yields, minimize contamination of the VLP fraction with cellular proteins,
maintain the integrity of the proteins, or VLPs, and, where required, the associated lipid
envelope or membrane, methods of loosening the cell wall to release the proteins, or
VLP. Minimizing or eliminating the use of detergence or surfactants such for example
SDS or Triton™ X-100 may be beneficial for improving the yield of VLP extraction.
VLPs may be then assessed for structure and size by, for example, electron microscopy

(see Figure 4B), or by size exclusion chromatography.

[00243] For enveloped viruses, such as Coronavirus, it may be advantageous for a
lipid layer or membrane to be retained by the virus. The composition of the lipid may
vary with the system (e.g. a plant-produced enveloped virus would include plant lipids or

phytosterols in the envelope), and may contribute to an improved immune response.

[00244] Therefore, the VLPs that are produced in a host or host cell, may comprise
lipids from the plasma membrane of the host or host cell. For example VLPs produced in
plants may contain lipids of plant origin (“plant lipids”), VLPs produced in insect cells
may comprise lipids from the plasma membrane of insect cells (generally referred to as
“insect lipids”), and VLPs produced in mammalian cells may comprise lipids from the

plasma membrane of mammalian cells (generally referred to as “mammalian lipids”).

[00245] The plant lipids or plant-derived lipids may be in the form of a lipid
bilayer, and may further comprise an envelope surrounding the VLP. The plant-derived
lipids may comprise lipid components of the plasma membrane of the plant where the
VLP is produced, including phospholipids, tri-, di- and monoglycerides, as well as fat-
soluble sterol or metabolites comprising sterols. Examples include phosphatidylcholine
(PC), phosphatidylethanolamine (PE), phosphatidylinositol, phosphatidylserine,

glycosphingolipids, phytosterols or a combination thereof. Examples of phytosterols
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include campesterol, stigmasterol, ergosterol, brassicasterol, delta-7-stigmasterol, delta-7-
avenasterol, daunosterol, sitosterol, 24-methylcholesterol, cholesterol or beta-sitosterol.
As one of skill in the art would understand, the lipid composition of the plasma
membrane of a cell may vary with the culture or growth conditions of the cell or
organism, or species, from which the cell is obtained. Generally, beta-sitosterol is the

most abundant phytosterol.

[00246] Without wishing to be bound by theory, plant-made VLPs comprising
plant derived lipids, may induce a stronger immune reaction than VLPs made in other
manufacturing systems and the immune reaction induced by these plant-made VLPs may
be stronger when compared to the immune reaction induced by live or attenuated whole

virus vaccines.

[00247]  Furthermore, in addition to the potential adjuvant effect of the presence of
plant lipids, the ability of plant N-glycans to facilitate the capture of glycoprotein
antigens by antigen presenting cells, may be advantageous of the production of VLPs in

plants.

[00248] The VLP produced within a plant may comprise a modified viral structural
protein comprising plant-specific N-glycans. Therefore, this disclosure also provides for
a VLP comprising modified viral structural protein having plant specific N-glycans.
Furthermore, it is provided VLP comprising plant lipids and modified viral structural

protein having plant specific N-glycans.

[00249] Methods of producing virus like particle (VLP) comprising modified structural
protein in a host or host cell are also provided. Furthermore, methods of increasing yield
of production of virus like particle (VLP) comprising modified structural protein in a host
or host cell are also provided. The methods comprise the introduction of a nucleic acid
comprising a sequence that encodes a modified structural protein into the host or host
cell, and incubating the host or host cell under conditions that permit the expression of
the nucleic acid, thereby producing the VLP. The modified viral structural protein may be
produced at a higher yield compared to a host or host cell expressing the unmodified viral

structural protein.
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[00250] For example, as shown in Figure 3A, yields of VLPs expressed in plants may be
increased when the cytoplasmic tail (CT) of a viral structural protein is replaced with the
CT of influenza HA to produce a modified viral structural protein, such for example a
modified S protein. As further shown in Figures 11A and 11B, when the modified S
protein further comprises one or more than one substitution wherein the one or more than
one substitution comprise or consist of one or more than one substitution of an amino
acid corresponding to amino acid at positions 667, 668, 670, 802, 923, 927, 971 and/or
972 of SEQ ID NO: 2, yield of VLPs comprising the modified S protein when expressed

in plants, may be further increased.

[00251] The yield of the modified viral structural protein (such as modified S protein) or
the yield of a VLP comprising modified viral structural protein produced in a host or host
cell, such for example a plant or plant cells, may be increased by 1.1- 10 fold, or any
amount therebetween when compared to the yield of a corresponding unmodified viral
structural protein or the yield of VLP that comprises the corresponding unmodified viral
structural protein. For example the yield of the modified viral structural protein (such as
modified S protein) or the yield of a VLP (comprising the modified viral structural
protein) in a host or host cell may be increased by 1.1, 1.2, 1.3,1.4,1.5,1.6,1.7, 1.8, 1.9,
2,2.1,22,23,24,25,26,27,28,29,3,3.1,32,3.3,34,3.5,36,3.7,3.8,3.9,4, 41,
42,43,44,45 4.6,47,48,49,51,52,53,54,55,5.6,5.6,5.7,58,5.9,6,6.1,6.2,
6.3,6.4,6.5,66,67,68,69,7,7.1,72,73,74,75,76,7.7,78,7.9, 8, 8.1, 8.2, 8.3,
8.4,8.5,8.6,8.7,88,89,99.1,92,93,94,95, 9.6,9.7,9.8,9.9, 10 fold or any amount
therebetween, compared to the yield of a corresponding unmodified viral structural
protein or the yield of a VLP wherein the VLP comprises a corresponding unmodified

viral structural protein, when produced in a host or host cell under identical conditions.

[00252] The modified viral structural protein described herewith includes modified
S proteins with amino acid sequences that have about 70, 75, 80, 85, 87, 90, 91, 92, 93
94, 95, 96, 97, 98, 99, 100% or any amount therebetween, sequence identity, or sequence
similarity, with the amino acid sequence of SEQ ID NO: 1, 2, 5, 21, 30, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 95, 96, 97, 108, 109, 110, 112, 113, 114,
115, 144, 145, 146, 155, 156, 157, 158, 159, 160, or 161, or with amino acids 25-1259 of

SEQ ID NO: 47, amino acids 25-1259 of SEQ ID NO: 48, amino acids 25-1259 of SEQ
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ID NO: 49, amino acids 25-1259 of SEQ ID NO: 50, amino acids 25-1259 of SEQ ID
NO: 51, amino acids 25-1259 of SEQ ID NO: 52, amino acids 25-1259 of SEQ ID NO:
53, amino acids 25-1259 of SEQ ID NO: 54, amino acids 25-1259 of SEQ ID NO: 55,
amino acids 25-1259 of SEQ ID NO: 56, amino acids 25-1259 of SEQ ID NO: 57, amino
acids 25-1259 of SEQ ID NO: 58, amino acids 25-1262 of SEQ ID NO: 59, amino acids
25-1261 of SEQ ID NO: 60, amino acids 25-1258 of SEQ ID NO: 61, amino acids 25-
1256 of SEQ ID NO: 62, amino acids 25-1243 of SEQ ID NO: 95, amino acids 25-1240
of SEQ ID NO: 96, amino acids 25-1243 of SEQ ID NO: 97, amino acids 25-1341 of
SEQ ID NO: 108, amino acids 25-1338 of SEQ ID NO: 109, amino acids 25-1341 of
SEQ ID NO: 110, amino acids 25-1351 of SEQ ID NO: 144, amino acids 25- 1348 of
SEQ ID NO: 145, amino acids 25-1351 of SEQ ID NO: 146, amino acids 25- 1159 of
SEQ ID NO: 155, amino acids 25-1156 of SEQ ID NO: 156, or amino acids 25- 1159 of
SEQ ID NO: 157, and wherein modified S proteins when expressed in a host or host cell
form VLP. The amino acid sequence of the ectodomain and the transmembrane domain
of the modified S proteins has about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98,
99, 100% or any amount therebetween sequence identity, or sequence similarity, with
amino acids 1-1234 of SEQ ID NO:1, with amino acids 1-1219 of SEQ ID NO: 2, with
amino acids 1-1234 of SEQ ID NO: 5, with amino acids 1-1219 of SEQ ID NO: 21, with
amino acids 1-1243 of SEQ ID NO: 30, with the amino acids 25-1243 of SEQ ID NO:
47, with the amino acids 25-1243 of SEQ ID NO: 48, with the amino acids 25-1243 of
SEQ ID NO: 49, with the amino acids 25-1243 of SEQ ID NO: 50, with the amino acids
25-1243 of SEQ ID NO: 51, with the amino acids 25-1243 of SEQ ID NO: 52, with the
amino acids 25-1243 of SEQ ID NO: 53, with the amino acids 25-1243 of SEQ ID NO:
54, with the amino acids 25-1243 of SEQ ID NO: 55, with the amino acids 25-1243 of
SEQ ID NO: 56, with the amino acids 25-1243 of SEQ ID NO: 57, with the amino acids
25-1243 of SEQ ID NO: 58, with the amino acids 25-1242 of SEQ ID NO: 59, with the
amino acids 25-1242 of SEQ ID NO: 60, with the amino acids 25-1246 of SEQ ID NO:
61, or with the amino acids 25-1245 of SEQ ID NO: 62, amino acids 25-1227 of SEQ ID
NO: 95, amino acids 25-1227 of SEQ ID NO: 96, amino acids 25-1227 of SEQ ID NO:
97, amino acids 25-1325 of SEQ ID NO: 108, amino acids 25-1325 of SEQ ID NO: 109,
amino acids 25-1325 of SEQ ID NO: 110, amino acids 25-1335 of SEQ ID NO: 144,
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amino acids 25- 1335 of SEQ ID NO: 145, amino acids 25-1335 of SEQ ID NO: 146,
amino acids 25- 1143 of SEQ ID NO: 155, amino acids 25-1143 of SEQ ID NO: 156, or
amino acids 25- 1143 of SEQ ID NO: 157, and the amino acid sequence of the
cytoplasmic tail domain (CT) of the modified S protein has about 70, 75, 80, 85, 87, 90,
91,92, 93 94, 95, 96, 97, 98, 99, 100% or any amount therebetween sequence identity, or
sequence similarity, with the sequence of SEQ ID NO: 15, or with amino acids 35-50 of
SEQID NO6, 8, 7,9, 10, 12, 13, 14, or with amino acids 34-49 of SEQ ID NO 11, or
with amino acids 553-568 of SEQ ID NO:3 and wherein modified S proteins when

expressed in a host or host cell form VLP.

[00253] Furthermore, the modified viral structural protein may be encoded by a
nucleotide sequence that has about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98,
99, 100% or any amount therebetween, sequence identity, or sequence similarity, with the
nucleotide sequence according to SEQ ID NO: 22, 26, 29, 70, 71, 72,73, 74, 75, 76, 77,
78, 79, 90, 91, 92, 95, 96, 97, 103, 104, 105, 139, 140, 141, 150, 151, or 152 and wherein
the nucleotide sequence encodes modified S proteins that when expressed in a host or

host cell form VLP.

[00254] It is further provided nucleotide sequence encoding a modified S proteins with
amino acid sequences that have about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98,
99, 100% or any amount therebetween, sequence identity, or sequence similarity, with the
amino acid sequence of SEQ ID NO: 1, 2, 5, 21, 30, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57,58, 59, 60, 61, 62, 95, 96, 97, 108, 109, 110, 144, 145, 146, 155, 156 or 157, and
wherein modified S proteins when expressed in a host or host cell form VLP. The
nucleotide sequence may encode an amino acid sequence of the ectodomain and the
transmembrane domain of the modified S proteins that has about 70, 75, 80, 85, 87, 90,
91,92, 93 94, 95, 96, 97, 98, 99, 100% or any amount therebetween sequence identity, or
sequence similarity, with amino acids 1-1234 of SEQ ID NO:1, with amino acids 1-1219
of SEQ ID NO: 2, with amino acids 1-1234 of SEQ ID NO: 5, with amino acids 1-1219
of SEQ ID NO: 21 or with amino acids 1-1243 of SEQ ID NO: 30, with the amino acids
25-1243 of SEQ ID NO: 47, with the amino acids 25-1243 of SEQ ID NO: 48, with the
amino acids 25-1243 of SEQ ID NO: 49, with the amino acids 25-1243 of SEQ ID NO:

50, with the amino acids 25-1243 of SEQ ID NO: 51, with the amino acids 25-1243 of
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SEQ ID NO: 52, with the amino acids 25-1243 of SEQ ID NO: 53, with the amino acids
25-1243 of SEQ ID NO: 54, with the amino acids 25-1243 of SEQ ID NO: 55, with the
amino acids 25-1243 of SEQ ID NO: 56, with the amino acids 25-1243 of SEQ ID NO:
57, with the amino acids 25-1243 of SEQ ID NO: 58, with the amino acids 25-1242 of
SEQ ID NO: 59, with the amino acids 25-1242 of SEQ ID NO: 60, with the amino acids
25-1246 of SEQ ID NO: 61, with the amino acids 25-1245 of SEQ ID NO: 62, amino
acids 25-1227 of SEQ ID NO: 95, amino acids 25-1227 of SEQ ID NO: 96, amino acids
25-1227 of SEQ ID NO: 97, amino acids 25-1325 of SEQ ID NO: 108, amino acids 25-
1325 of SEQ ID NO: 109, amino acids 25-1325 of SEQ ID NO: 110, amino acids 25-
1335 of SEQ ID NO: 144, amino acids 25- 1335 of SEQ ID NO: 145, amino acids 25-
1335 of SEQ ID NO: 146, amino acids 25- 1143 of SEQ ID NO: 155, amino acids 25-
1143 of SEQ ID NO: 156, or amino acids 25- 1143 of SEQ ID NO: 157, and the amino
acid sequence of the cytoplasmic tail domain of the modified S protein has about 70, 75,
80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or any amount therebetween
sequence identity, or sequence similarity, with the sequence of SEQ ID NO: 15, or with
amino acids 35-50 of SEQ ID NO 6, 8, 7,9, 10, 12, 13, 14, or with amino acids 34-49 of
SEQ ID NO 11, or with amino acids 553-568 of SEQ ID NO:3 and wherein modified S

proteins when expressed in a host or host cell form VLP.

[00255] It is further provided a nucleotide sequence encoding a modified S proteins
with amino acid sequences that have about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96,
97, 98, 99, 100% or any amount therebetween, sequence identity, or sequence similarity,
with the amino acid sequence of SEQ ID NO: 5, 21, 30, or 47-62, or with amino acids 24-
1259 of SEQ ID NO: 47 amino acids 25-1259 of SEQ ID NO: 48, amino acids 25-1259
of SEQ ID NO: 49, amino acids 25-1259 of SEQ ID NO: 50, amino acids 25-1259 of
SEQ ID NO: 51, amino acids 25-1259 of SEQ ID NO: 52, amino acids 25-1259 of SEQ
ID NO: 53, amino acids 25-1259 of SEQ ID NO: 54, amino acids 25-1259 of SEQ ID
NO: 55, amino acids 25-1259 of SEQ ID NO: 56, amino acids 25-1259 of SEQ ID NO:
57, amino acids 25-1259 of SEQ ID NO: 58, amino acids 25-1262 of SEQ ID NO: 59,
amino acids 25-1261 of SEQ ID NO: 60, amino acids 25-1258 of SEQ ID NO: 61, or
amino acids 25-1256 of SEQ ID NO: 62, amino acids 25-1243 of SEQ ID NO: 95, amino
acids 25-1240 of SEQ ID NO: 96, amino acids 25-1243 of SEQ ID NO: 97, amino acids
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25-1341 of SEQ ID NO: 108, amino acids 25-1338 of SEQ ID NO: 109, amino acids 25-
1341 of SEQ ID NO: 110, amino acids 25-1351 of SEQ ID NO: 144, amino acids 25-
1348 of SEQ ID NO: 145, amino acids 25-1351 of SEQ ID NO: 146, amino acids 25-
1159 of SEQ ID NO: 155, amino acids 25-1156 of SEQ ID NO: 156, or amino acids 25-
1159 of SEQ ID NO: 157, and wherein modified S proteins when expressed in a host or
host cell form VLP.

o EE N3

[00256] The terms “percent similarity”, “sequence similarity”, “percent identity”, or
“sequence identity”, when referring to a particular sequence, are used for example as set
forth in the University of Wisconsin GCG software program, or by manual alignment and
visual inspection (see, e.g., Current Protocols in Molecular Biology, Ausubel et al., eds.
1995 supplement). Methods of alignment of sequences for comparison are well-known
in the art. Optimal alignment of sequences for comparison can be conducted, using for
example the algorithm of Smith & Waterman, (1981, Adv. Appl. Math. 2:482), by the
alignment algorithm of Needleman & Wunsch, (1970, J. Mol. Biol. 48:443), by the
search for similarity method of Pearson & Lipman, (1988, Proc. Natl. Acad. Sci. USA
85:2444), by computerized implementations of these algorithms (for example: GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics
Computer Group (GCG), 575 Science Dr., Madison, Wis.).

[00257] An example of an algorithm suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described
in Altschul et al., (1977, Nuc. Acids Res. 25:3389-3402) and Altschul et al., (1990, J.
Mol. Biol. 215:403-410), respectively. BLAST and BLAST 2.0 are used, with the
parameters described herein, to determine percent sequence identity for the nucleic acids
and proteins of the disclosure. For example the BLASTN program (for nucleotide
sequences) may use as defaults a wordlength (W) of 11, an expectation (E) of 10, M=5,
N=-4 and a comparison of both strands. For amino acid sequences, the BLASTP program
may use as defaults a word length of 3, and expectation (E) of 10, and the BLOSUM62
scoring matrix (see Henikoff & Henikoff, 1989, Proc. Natl. Acad. Sci. USA 89:10915)
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both
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strands. Software for performing BLAST analyses is publicly available through the

National Center for Biotechnology Information (see URL: ncbi.nlm.nih.gov/).

[00258] A nucleic acid sequence or nucleotide sequence referred to in the present
disclosure, may be “substantially homologous”, “substantially similar” or “substantially
identical” to a sequence, or a compliment of the sequence if the nucleic acid sequence or
nucleotide sequence hybridise to one or more than one nucleotide sequence or a
compliment of the nucleic acid sequence or nucleotide sequence as defined herein under
stringent hybridisation conditions. Sequences are “substantially homologous”

“substantially similar

to 100%, or any amount therebetween, for example 70, 72, 74, 76, 78, 80, 82, 84, 86, 88,

substantially identical” when at least about 70%, or between 70

90, 92, 94, 96, 98, 100%, or any amount therebetween, of the nucleotides match over a
defined length of the nucleotide sequence providing that such homologous sequences
exhibit one or more than one of the properties of the sequence, or the encoded product as

described herein.

[00259] Many organisms display a bias for use of particular codons to code for
insertion of a particular amino acid in a growing peptide chain. Codon preference or
codon bias, differences in codon usage between organisms, is afforded by degeneracy of
the genetic code, and is well documented among many organisms. Codon bias often
correlates with the efficiency of translation of messenger RNA (mRNA), which is in turn
believed to be dependent on, inter alia, the properties of the codons being translated and
the availability of particular transfer RNA (tRNA) molecules. The predominance of
selected tRNAs in a cell is generally a reflection of the codons used most frequently in
peptide synthesis. Accordingly, genes can be tailored for optimal gene expression in a
given organism based on codon optimization. The process of optimizing the nucleotide
sequence coding for a heterologously expressed protein may be an important step for
improving expression yields. The optimization requirements may include steps to

improve the ability of the host to produce the foreign protein.

[00260] There are different codon-optimization techniques known in the art for
improving, the translational kinetics of translationally inefficient protein coding regions.

These techniques mainly rely on identifying the codon usage for a certain host organism.
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If a certain gene or sequence should be expressed in this organism, the coding sequence
of such genes and sequences will then be modified such that one will replace codons of

the sequence of interest by more frequently used codons of the host organism.

[00261] “Codon optimization” is defined as modifying a nucleic acid sequence for
enhanced expression in a host or host cell of interest by replacing at least one, more than
one, or a significant number, of codons of the native sequence with codons that may be
more frequently or most frequently used in the genes of another organism or species.

Various species exhibit particular bias for certain codons of a particular amino acid.

[00262] The present disclosure includes synthetic polynucleotide sequences that have
been codon optimized for example the sequences have been optimized for human codon
usage or plant codon usage. The codon optimized polynucleotide sequences may then be
expressed in the host for example plants. More specifically the sequences optimized for
human codon usage or plant codon usage may be expressed in plants. Without wishing to
be bound by theory, it is believed that the sequences optimized for human codon
increases the guanine-cytosine content (GC content) of the sequence and improves

expression yields when plants are used as host.

[00263] The term “construct”, “vector” or “expression vector”, as used herein, refers to
a recombinant nucleic acid for transferring exogenous nucleotide sequences (for example
a nucleotide sequences encoding the modified viral structural protein as described
herewith) into host cells (e.g. plant cells) and directing expression of the exogenous
nucleic acid sequences in the host cells. “Expression cassette” refers to a nucleic acid
comprising a nucleotide sequence of interest under the control of, and operably (or
operatively) linked to, an appropriate promoter or other regulatory elements for
transcription of the nucleic acid of interest in a host cell. As one of skill in the art would
appreciate, the expression cassette may comprise a termination (terminator) sequence that
is any sequence that is active the host cell (e.g. plant host). For example in plants, the
termination sequence may be derived from the RNA-2 genome segment of a bipartite
RNA virus, e.g. a comovirus, the termination sequence may be a NOS terminator, or

terminator sequence may be obtained from the 3’UTR of the alfalfa plastocyanin gene.
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[00264] The nucleic acid comprising a nucleotide sequence encoding a modified viral
structural protein, as described herein may further comprise sequences that enhance
expression of the viral structural protein in the host, portion of the host or host cell.
Sequences that enhance expression may include, a 5 UTR enhancer element, or a plant-
derived expression enhancer, in operative association with the nucleic acid encoding the
modified viral structural protein. The sequence encoding the modified viral structural
protein may also be optimized to increase expression by for example optimizing for

human codon usage, increased GC content, or a combination thereof.

EEIN3

[00265] By “regulatory region” “regulatory element” or “promoter” it is meant a
portion of nucleic acid typically, but not always, upstream of the protein coding region of
a gene, which may be comprised of either DNA or RNA, or both DNA and RNA. When
a regulatory region is active, and in operative association, or operatively linked, with a
nucleotide sequence of interest, this may result in expression of the nucleotide sequence
of interest. A regulatory element may be capable of mediating organ specificity, or
controlling developmental or temporal gene activation. A “regulatory region” includes
promoter elements, core promoter elements exhibiting a basal promoter activity, elements
that are inducible in response to an external stimulus, elements that mediate promoter
activity such as negative regulatory elements or transcriptional enhancers. “Regulatory
region”, as used herein, also includes elements that are active following transcription, for
example, regulatory elements that modulate gene expression such as translational and
transcriptional enhancers, translational and transcriptional repressors, upstream activating
sequences, and mRNA instability determinants. Several of these latter elements may be

located proximal to the coding region.

[00266] In the context of this disclosure, the term “regulatory element” or “regulatory
region” typically refers to a sequence of DNA, usually, but not always, upstream (5°) to
the coding sequence of a structural gene, which controls the expression of the coding
region by providing the recognition for RNA polymerase and/or other factors required for
transcription to start at a particular site. However, it is to be understood that other
nucleotide sequences, located within introns, or 3' of the sequence may also contribute to

the regulation of expression of a coding region of interest. An example of a regulatory

86



10

15

20

25

30

WO 2022/047575 PCT/CA2021/051201

element that provides for the recognition for RNA polymerase or other transcriptional
factors to ensure initiation at a particular site is a promoter element. Most, but not all,
eukaryotic promoter elements contain a TATA box, a conserved nucleic acid sequence
comprised of adenosine and thymidine nucleotide base pairs usually situated
approximately 25 base pairs upstream of a transcriptional start site. A promoter element
may comprise a basal promoter element, responsible for the initiation of transcription, as

well as other regulatory elements that modify gene expression.

[00267] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is
developmentally regulated, or controls the differential expression of a gene under its
control, is activated within certain organs or tissues of an organ at specific times during
the development of that organ or tissue. However, some regulatory regions that are
developmentally regulated may preferentially be active within certain organs or tissues at
specific developmental stages, they may also be active in a developmentally regulated
manner, or at a basal level in other organs or tissues within the plant as well. Examples
of tissue-specific regulatory regions, for example see-specific a regulatory region, include
the napin promoter, and the cruciferin promoter (Rask et al., 1998, J. Plant Physiol. 152:
595-599; Bilodeau et al., 1994, Plant Cell 14: 125-130). An example of a leaf-specific
promoter includes the plastocyanin promoter (see US 7,125,978, which is incorporated

herein by reference).

[00268] An inducible regulatory region is one that is capable of directly or indirectly
activating transcription of one or more DNA sequences or genes in response to an
inducer. In the absence of an inducer the DNA sequences or genes will not be
transcribed. Typically the protein factor that binds specifically to an inducible regulatory
region to activate transcription may be present in an inactive form, which is then directly
or indirectly converted to the active form by the inducer. However, the protein factor
may also be absent. The inducer can be a chemical agent such as a protein, metabolite,
growth regulator, herbicide or phenolic compound or a physiological stress imposed
directly by heat, cold, salt, or toxic elements or indirectly through the action of a

pathogen or disease agent such as a virus. A plant cell containing an inducible regulatory
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region may be exposed to an inducer by externally applying the inducer to the cell or
plant such as by spraying, watering, heating or similar methods. Inducible regulatory
elements may be derived from either plant or non-plant genes (e.g. Gatz, C. and Lenk,
IR P, 1998, Trends Plant Sci. 3, 352-358). Examples, of potential inducible promoters
include, but not limited to, tetracycline-inducible promoter (Gatz, C.,1997, Ann. Rev.
Plant Physiol. Plant Mol. Biol. 48, 89-108), steroid inducible promoter (Aoyama, T. and
Chua, N.H.,1997, Plant J. 2, 397-404) and ethanol-inducible promoter (Salter, M.G., et
al, 1998, Plant Journal 16, 127-132; Caddick, M. X, et al,1998, Nature Biotech. 16, 177-
180) cytokinin inducible IB6 and CKI1 genes (Brandstatter, 1. and Kieber, J.J.,1998,
Plant Cell 10, 1009-1019; Kakimoto, T., 1996, Science 274, 982-985) and the auxin
inducible element, DR5 (Ulmasov, T., et al., 1997, Plant Cell 9, 1963-1971).

[00269] A constitutive regulatory region directs the expression of a gene throughout the
various parts of a plant and continuously throughout plant development. Examples of
known constitutive regulatory elements include promoters associated with the CaMV 35S
transcript. (p35S; Odell et al., 1985, Nature, 313: 810-812; which is incorporated herein
by reference), the rice actin 1 (Zhang et al, 1991, Plant Cell, 3: 1155-1165), actin 2 (An ef
al., 1996, Plant J., 10: 107-121), or tms 2 (U.S. 5,428,147), and triosephosphate
isomerase 1 (Xu et. al., 1994, Plant Physiol. 106: 459-467) genes, the maize ubiquitin 1
gene (Cornejo et al, 1993, Plant Mol. Biol. 29: 637-646), the Arabidopsis ubiquitin 1 and
6 genes (Holtorf et al, 1995, Plant Mol. Biol. 29: 637-646), the tobacco translational
initiation factor 4A gene (Mandel et al, 1995 Plant Mol. Biol. 29: 995-1004), the Cassava
Vein Mosaic Virus promoter, pCAS, (Verdaguer et al., 1996); the promoter of the small
subunit of ribulose biphosphate carboxylase, pRbcS: (Outchkourov et al., 2003), the pUbi

(for monocots and dicots ).

[00270] The term "constitutive" as used herein does not necessarily indicate that a
nucleotide sequence under control of the constitutive regulatory region is expressed at the
same level in all cell types, but that the sequence is expressed in a wide range of cell

types even though variation in abundance is often observed.
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[00271] One or more of the genetic constructs of the present disclosure may also
include further enhancers, either translation or transcription enhancers, as may be
required. Enhancers may be located 5' or 3' to the sequence being transcribed. Enhancer
regions are well known to persons skilled in the art, and may include an ATG initiation
codon, adjacent sequences or the like. The initiation codon, if present, may be in phase
with the reading frame ("in frame") of the coding sequence to provide for correct

translation of the transcribed sequence.

[00272] The term “5'UTR” or “5' untranslated region”, “5' leader sequence” or “5° UTR
enhancer element” refers to regions of an mRNA that are not translated. The S'UTR
typically begins at the transcription start site and ends just before the translation initiation
site or start codon of the coding region. The 5' UTR may modulate the stability and/or

translation of an mRNA transcript.

[00273] The term “plant-derived expression enhancer”, as used herein, refers to a
nucleotide sequence obtained from a plant, the nucleotide sequence encoding a

5'UTR. Examples of a plant derived expression enhancer are described in US Provisional
Patent Application No.62/643,053 (Filed March 14, 2018) and International Application
No. PCT/CA2019/050319 (Filed March 14, 2019); which are incorporated herein by
reference) or in Diamos A.G. et al. (2016, Front Plt Sci. 7:1-15; which is incorporated
herein by reference). The plant-derived expression enhancer may be selected from
nbEPI42, nbSNS46, nbCSY65, nbHEL40, nbSEP44, nbMT78, nbATL75, nbDJ46,
nbCHP79, nbEN42, atHSP69, atGRP62, atPK65, atRP46, nb30S72, nbGT61, nbPV55,
nbPPI43, nbPM64 and nbH2AS86 as described in US 62/643,053 and
PCT/CA2019/050319. The plant derived expression enhancer may be used within a plant
expression system comprising a regulatory region that is operatively linked with the
plant-derived expression enhancer sequence and a nucleotide sequence of interest, for

example a nucleotide sequence encoding a modified S protein.

[00274] Stability and/or translation efficiency of an RNA may further be improved by
the inclusion of a 3' untranslated region (3°UTR). The one or more genetic constructs of

the present description may therefore further comprise a 3> UTR.
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[00275] A 3’ untranslated region may contain a polyadenylation signal and any
other regulatory signals capable of effecting mRNA processing or gene expression. The
polyadenylation signal is usually characterized by effecting the addition of polyadenylic
acid tracks to the 3” end of the mRNA precursor. Polyadenylation signals are commonly
recognized by the presence of homology to the canonical form 5> AATAAA-3" although
variations are not uncommon. Non-limiting examples of suitable 3 regions are the 3’
transcribed non-translated regions containing a polyadenylation signal of Agrobacterium
tumor inducing (Ti) plasmid genes, such as the nopaline synthase (Nos gene) and plant
genes such as the soybean storage protein genes, the small subunit of the ribulose-1, 5-
bisphosphate carboxylase gene (ssRUBISCO; US 4,962,028; which is incorporated
herein by reference), the promoter used in regulating plastocyanin expression, described
in US 7,125,978 (which is incorporated herein by reference), 3> UTR derived from a
Arracacha virus B isolate gene (AvB) (SEQ ID NO: 40), 3’UTR derived from Beet
necrotic yellow vein virus (trBNYVYV) (SEQ ID NO: 41), 3°’UTR derived from Southern
bean mosaic virus (SBMV) (SEQ ID NO: 42), 3°UTR derived from Turnip ringspot virus
(TuRSV) (SEQ ID NO: 43), 3’ UTR derived from Cowpea Mosaic Virus (CPMV) (SEQ
ID NO: 44), 3°’UTR derived from Broad bean true mosaic virus (BBTMV) (SEQ ID NO:
45) or 3’UTR derived from Ourmia melon virus (trOUMV) (SEQ ID NO: 46). The
3’UTR might be used in conjunction with S’UTR derived from heterologous sequences to

modulate expression levels.

LE N3

[00276] It is therefore provided a “construct”, “vector”,

B

expression vector” or
“expression cassette” that comprises a nucleic acid comprising a nucleotide sequence of
interest (such as a modified viral structural protein) under the control of, and operably (or
operatively) linked to a 3’UTR. Furthermore, the nucleic acid may comprise a 3’UTR
operably (or operatively) linked to a nucleotide sequence of interest (such as a modified

viral structural protein).

[00277] The modified viral structural protein may be targeted to any intracellular
or extracellular space, organelle or tissue of a host of host cell such as plant or plant cell
as desired. In order to localize the expressed protein to a particular location, the nucleic
acid encoding the protein may be linked to a nucleic acid sequence encoding a signal

peptide or leader sequence. A signal peptide may alternately be referred to as a transit
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peptide, signal sequence, leader sequence, targeting signal, localization signal,

localization sequence, transit peptide, or leader peptide.

[00278] The one or more than one modified genetic constructs of the present
description may be expressed in any suitable host or host cell that is transformed by the
nucleic acids, or nucleotide sequence, or constructs, or vectors of the present disclosure.
The host or host cell may be from any source including plants, fungi, bacteria, insect and
animals for example mammals. Therefore the host or host cell may be selected from a
plant or plant cell, a fungi or a fungi cell, a bacteria or bacteria cell, an insect or an insect
cell, and animal or an animal cell. The mammal or animal may not be a human. In a

preferred embodiment the host or host cell is a plant, portion of a plant or plant cell.

EINNA3 LEINN3

[00279] The term “plant”, “portion of a plant”, “plant portion’, “plant matter”, “plant

EEINNA3
>

biomass”, “plant material”, plant extract”, or “plant leaves”, as used herein, may
comprise an entire plant, tissue, cells, or any fraction thereof, intracellular plant
components, extracellular plant components, liquid or solid extracts of plants, or a
combination thereof, that are capable of providing the transcriptional, translational, and
post-translational machinery for expression of one or more than one nucleic acids
described herein, and/or from which an expressed protein or VLP may be extracted and
purified. Plants may include, but are not limited to, herbaceous plants. The herbaceous
plants may be annuals, biennials or perennials plants. Plants may further include, but are
not limited to agricultural crops including for example canola, Brassica spp., maize,
Nicotiana spp., (tobacco) for example, Nicotiana benthamiana, Nicotiana rustica,
Nicotiana, tabacum, Nicotiana alata, Arabidopsis thaliana, alfalfa, potato, sweet potato
(Ipomoea batatus), ginseng, pea, oat, rice, soybean, wheat, barley, sunflower, cotton,

com, rye (Secale cereale), sorghum (Sorghum bicolor, Sorghum vulgare), safflower

(Carthamus tinctorius).

[00280] The term “plant portion”, as used herein, refers to any part of the plant
including but not limited to leaves, stem, root, flowers, fruits, a plant cell obtained from
leaves, stem, root, flowers, fruits, a plant extract obtained from leaves, stem, root,
flowers, fruits, or a combination thereof. In one embodiment the plant portion refers to

the areal portion of a plant such as for example leaves, stem, flowers and fruits. The term
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“plant extract”, as used herein, refers to a plant-derived product that is obtained following
treating a plant, a portion of a plant, a plant cell, or a combination thereof, physically (for
example by freezing followed by extraction in a suitable buffer), mechanically (for
example by grinding or homogenizing the plant or portion of the plant followed by
extraction in a suitable buffer), enzymatically (for example using cell wall degrading
enzymes), chemically (for example using one or more chelators or buffers), or a
combination thereof. A plant extract may be further processed to remove undesired plant
components for example cell wall debris. A plant extract may be obtained to assist in the
recovery of one or more components from the plant, portion of the plant or plant cell, for
example a protein (including protein complexes, protein surprastructures and/or VLPs), a
nucleic acid, a lipid, a carbohydrate, or a combination thereof from the plant, portion of
the plant, or plant cell. If the plant extract comprises proteins, then it may be referred to
as a protein extract. A protein extract may be a crude plant extract, a partially purified
plant or protein extract, or a purified product, that comprises one or more proteins,
protein complexes such for example protein trimers, protein suprastructures, and/or
VLPs, from the plant tissue. If desired a protein extract, or a plant extract, may be
partially purified using techniques known to one of skill in the art, for example, the
extract may be subjected to salt or pH precipitation, centrifugation, gradient density
centrifugation, filtration, chromatography, for example, size exclusion chromatography,
ion exchange chromatography, affinity chromatography, or a combination thereof. A
protein extract may also be purified, using techniques that are known to one of skill in the

art.

[00281] The constructs of the present disclosure can be introduced into plant cells
using Ti plasmids, Ri plasmids, plant virus vectors, direct DNA transformation, micro-
injection, electroporation, etc. For reviews of such techniques see for example
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, New
York VIIL pp. 421-463 (1988), Geierson and Corey, Plant Molecular Biology, 2d Ed.
(1988); and Miki and lyer, Fundamentals of Gene Transfer in Plants. In Plant
Metabolism, 2d Ed. DT. Dennis, DH Turpin, DD Lefebvre, DB Layzell (eds), Addison
Wesly, Langmans Ltd. London, pp. 561-579 (1997). Other methods include direct DNA

uptake, the use of liposomes, electroporation, for example using protoplasts, micro-
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injection, microprojectiles or whiskers, and vacuum infiltration. See, for example,
Bilang, et al. (Gene 100: 247-250 (1991), Scheid et al. (Mol. Gen. Genet. 228: 104-112,
1991), Guerche et al. (Plant Science 52: 111-116, 1987), Neuhause et al. (Theor. Appl
Genet. 75: 30-36, 1987), Klein et al., Nature 327: 70-73 (1987); Howell et al. (Science
208: 1265, 1980), Horsch et al. (Science 227: 1229-1231, 1985), DeBlock et al., Plant
Physiology 91: 694-701, 1989), Methods for Plant Molecular Biology (Weissbach and
Weissbach, eds., Academic Press Inc., 1988), Methods in Plant Molecular Biology
(Schuler and Zielinski, eds., Academic Press Inc., 1989), Liu and Lomonossoff (J Virol
Meth, 105:343-348, 2002,), U.S. Pat. Nos. 4,945,050; 5,036,006; and 5,100,792, U.S.
patent application Ser. Nos. 08/438,666, filed May 10, 1995, and 07/951,715, filed Sep.
25,1992, (all of which are hereby incorporated by reference).

[00282] As described below, transient expression methods may be used to express
the constructs of the present disclosure (see Liu and Lomonossoff, 2002, Journal of
Virological Methods, 105:343-348; which is incorporated herein by reference).
Alternatively, a vacuum-based transient expression method, as described by Kapila et al.,
1997, which is incorporated herein by reference) may be used. These methods may
include, for example, but are not limited to, a method of Agro-inoculation or
Agroinfiltration, syringe infiltration, however, other transient methods may also be used
as noted above. With Agro-inoculation, Agroinfiltration, or syringe infiltration, a
mixture of Agrobacteria comprising the desired nucleic acid enter the intercellular spaces
of a tissue, for example the leaves, aerial portion of the plant (including stem, leaves and
flower), other portion of the plant (stem, root, flower), or the whole plant. After crossing
the epidermis the Agrobacteria infect and transfer t-DNA copies into the cells. The t-
DNA is episomally transcribed and the mRNA translated, leading to the production of the
protein of interest in infected cells, however, the passage of t-DNA inside the nucleus is

transient.

[00283] To aid in identification of transformed plant cells, the constructs of this
disclosure may be further manipulated to include plant selectable markers. Useful
selectable markers include enzymes that provide for resistance to chemicals such as an

antibiotic for example, gentamycin, hygromycin, kanamyecin, or herbicides such as
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phosphinothrycin, glyphosate, chlorosulfuron, and the like. Similarly, enzymes providing
for production of a compound identifiable by colour change such as GUS (beta-

glucuronidase), or luminescence, such as luciferase or GFP, may be used.

[00284] Also considered part of this disclosure are transgenic plants, plant cells
or seeds containing the gene construct of the present disclosure that may be used as a
platform plant suitable for transient protein expression described herein. Methods of
regenerating whole plants from plant cells are also known in the art (for example see
Guerineau and Mullineaux (1993, Plant transformation and expression vectors. In: Plant
Molecular Biology Labfax (Croy RRD ed) Oxford, BIOS Scientific Publishers, pp 121-
148). In general, transformed plant cells are cultured in an appropriate medium, which
may contain selective agents such as antibiotics, where selectable markers are used to
facilitate identification of transformed plant cells. Once callus forms, shoot formation
can be encouraged by employing the appropriate plant hormones in accordance with
known methods and the shoots transferred to rooting medium for regeneration of plants.
The plants may then be used to establish repetitive generations, either from seeds or using
vegetative propagation techniques. Transgenic plants can also be generated without
using tissue culture. Methods for stable transformation, and regeneration of these
organisms are established in the art and known to one of skill in the art. Available
techniques are reviewed in Vasil et al. (Cell Culture and Somatic Cell Genetics of Plants,
Vol I, Il and III, Laboratory Procedures and Their Applications, Academic Press, 1984),
and Weissbach and Weissbach (Methods for Plant Molecular Biology, Academic Press,
1989). The method of obtaining transformed and regenerated plants is not critical to the

present disclosure.

[00285] If plants, plant portions or plant cells are to be transformed or co-transformed
by two or more nucleic acid constructs, the nucleic acid construct may be introduced into
the Agrobacterium in a single transfection event so that the nucleic acids are pooled, and
the bacterial cells transfected. Alternatively, the constructs may be introduced serially. In
this case, a first construct is introduced into the Agrobacterium as described, the cells are
grown under selective conditions (e.g. in the presence of an antibiotic) where only the

singly transformed bacteria can grow. Following this first selection step, a second
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nucleic acid construct is introduced into the Agrobacterium as described, and the cells are
grown under double-selective conditions, where only the double-transformed bacteria can
grow. The double-transformed bacteria may then be used to transform a plant, portion of
the plant or plant cell as described herein, or may be subjected to a further transformation

step to accommodate a third nucleic acid construct.

[00286] Alternatively, if plants, plant portions, or plant cells are to be transformed or
co-transformed by two or more nucleic acid constructs, the nucleic acid construct may be
introduced into the plant by co-infiltrating a mixture of Agrobacterium cells with the
plant, plant portion, or plant cell, each Agrobacterium cell may comprise one or more
constructs to be introduced within the plant. In order to vary the relative expression
levels within the plant, plant portion or plant cell, of a nucleotide sequence of interest
within a construct, during the step of infiltration, the concentration of the various

Agrobacteria populations comprising the desired constructs may be varied.

[00287] The modified viral surface protein or VLP comprising modified viral surface

protein as described herewith, may be used to elicit an immune response in a subject.

[00288] An “immune response” generally refers to a response of the adaptive immune
system of a subject. The adaptive immune system generally comprises a humoral
response, and a cell-mediated response. The humoral response is the aspect of immunity
that is mediated by secreted antibodies, produced in the cells of the B lymphocyte lineage
(B cell). Secreted antibodies bind to antigens on the surfaces of invading microbes (such
as viruses or bacteria), which flags them for destruction. Humoral immunity is used
generally to refer to antibody production and the processes that accompany it, as well as
the effector functions of antibodies, including Th2 cell activation and cytokine
production, memory cell generation, opsonin promotion of phagocytosis, pathogen
elimination and the like. The terms “modulate” or “modulation” or the like refer to an
increase or decrease in a particular response or parameter, as determined by any of

several assays generally known or used, some of which are exemplified herein.

[00289] A cell-mediated response is an immune response that does not involve
antibodies but rather involves the activation of macrophages, natural killer cells (NK),
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antigen-specific cytotoxic T-lymphocytes, and the release of various cytokines in
response to an antigen. Cell-mediated immunity is used generally to refer to some Th cell
activation, Tc cell activation and T-cell mediated responses. Cell mediated immunity may

be of particular importance in responding to viral infections.

[00290] For example, the induction of antigen specific CDS8 positive T lymphocytes
may be measured using an ELISPOT assay; stimulation of CD4 positive T-lymphocytes
may be measured using a proliferation assay. Anti-Coronavirus antibody titers may be
quantified using an ELISA assay; isotypes of antigen-specific or cross-reactive antibodies
may also be measured using anti-isotype antibodies (e.g. anti-IgG, IgA, IgE or IgM).

Methods and techniques for performing such assays are well-known in the art.

[00291] Cytokine presence or levels may also be quantified. For example a T-helper
cell response (Th1/Th2) will be characterized by the measurement of IFN-y and 1L-4
secreting cells using by ELISA (e.g. BD Biosciences OptEIA kits). Peripheral blood
mononuclear cells (PBMC) or splenocytes obtained from a subject may be cultured, and
the supernatant analyzed. T lymphocytes may also be quantified by fluorescence-
activated cell sorting (FACS), using marker specific fluorescent labels and methods as

are known in the art.

[00292] A microneutralization assay may also be conducted to characterize an immune
response in a subject, see for example the methods of Rowe ef al., 1973. Virus
neutralization titers may be quantified in a number of ways, including: enumeration of
lysis plaques (plaque assay) following crystal violent fixation/coloration of cells;
microscopic observation of cell lysis in in vitro culture; and 2) ELISA and

spectrophotometric detection of Coronavirus.

[00293] The term “epitope” or “epitopes”, as used herein, refers to a structural part of

an antigen to which an antibody specifically binds.

[00294] A method of producing an antibody or antibody fragment is provided, the
method comprises administering the modified viral structural protein, a trimer or trimeric

modified viral structural protein or VLP comprising the modified viral structural protein
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as described herewith to a subject, or a host animal, thereby producing the antibody or the
antibody fragment. Antibodies or the antibody fragments produced by the method are

also provided.

[00295] The present disclosure therefore also provides the use of a viral structural
protein or VLP comprising the modified viral structural protein, as described herein, for
inducing immunity to a Coronavirus infection in a subject. Also disclosed herein is an
antibody or antibody fragment, prepared by administering the modified viral structural
protein or VLP comprising the modified viral structural protein, to a subject or a host

animal.

[00296] Further provided is a composition comprising an effective dose of modified
viral structural protein or VLP comprising the modified viral structural protein, as
described herein, and a pharmaceutically acceptable carrier, adjuvant, vehicle, or
excipient, for inducing an immune response in a subject. Also provided is a vaccine for
inducing an immune response again Coronavirus in a subject, wherein the vaccine
comprises an effective dose of the modified viral structural protein or VLP comprising

the modified viral structural protein.

[00297] Further provided is a composition that may comprise a mixture of VLPs
provided that at least one of the VLPs within the composition comprises modified
coronavirus S protein as described herein. For example, each coronavirus S protein
including one or more than one modified S protein, from each of one or more than one
Coronavirus family, sub-group, type, subtype, lineage or strain may be expressed and the
corresponding VLPs purified. Virus like particles obtained from two or more than two
Coronavirus families, sub-groups, types, subtypes, lineages or strains (for example, two,
three, four, five, six, seven, eight, nine, 10 or more Coronavirus families, sub-groups,
types, subtypes, lineages or strains) may be combined as desired to produce a mixture of
VLPs, provided that one or more than one VLP in the mixture of VLPs comprises a
modified S protein as described herein. The VLPs may be combined or produced in a
desired ratio, for example about equivalent ratios, or may be combined in such a manner
that one Coronavirus family, sub-group, type, subtype, lineage or strain comprises the

majority of the VLPs in the composition. It is further provided a composition of VLPs
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comprising one or more than one modified S protein with ectodomain and/or TM or
portion of a TM derived from each of one or more than one Coronavirus family, sub-
group, type, subtype, lineage or strain, such that a mixture of different modified S protein
as provided for in this disclosure may be present in any individual VLP of the

composition.

[00298] The composition or vaccine may comprise VLP comprising the modified viral
structural protein, such as the modified S protein from one type of Coronavirus family,
sub-group, type, subtype, lineage or strain, or the composition or vaccine may comprise
multiple VLP types, wherein each VLP type comprises modified S protein, wherein the
modified S proteins in the same VLP are derived from one type of Coronavirus family,
sub-group, type, subtype, lineage or strain i.e. the composition or vaccine may comprise a
mixture of different Coronavirus VLP, wherein each VLP may comprise a modified S
protein from the same Coronavirus family, sub-group, type, subtype, lineage or strain.
For example the composition or vaccine may comprise a first VLP comprising a first
modified S protein from a first Coronavirus family, sub-group, type, subtype, lineage or
strain and a second VLP comprising a second modified S protein from a second
Coronavirus family, sub-group, type, subtype, lineage or strain. Furthermore the
composition may also comprise a third VLP comprising a third modified S protein from a
third Coronavirus family, sub-group, type, subtype, lineage or strain and/or the
composition or vaccine may comprise a fourth VLP comprising a fourth modified S
protein from a fourth Coronavirus family, sub-group, type, subtype, lineage or strain.
Accordingly, the description also provides compositions or vaccines that are monovalent
(univalent), or multivalent (polyvalent). The monovalent composition or vaccine may
immunize a subject against a single type of Coronavirus strain, whereas the multivalent
composition or vaccine may immunize a subject against more than one Coronavirus
strain. For example, the composition or vaccine may be a bivalent composition or
vaccine, which upon administration, may immunize a subject against two different types
of Coronavirus families, sub-groups, types, subtypes, lineages or strains. Furthermore, the
composition or vaccine may be a trivalent composition, or the vaccine or composition

may be a tetravalent or quadrivalent composition or vaccine.
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[00299] Furthermore, the multivalent composition may comprise VLP comprising one
or more than one modified S proteins with different HA cytoplasmic tails. For example,
the multivalent composition may comprise a VLP or plurality of VLPs comprising two or
more modified S proteins, each comprising a S protein ectodomain, a S protein
transmembrane domain, and a cytoplasmic tail derived from HA from an influenza H1,
H3, HS, H6, H7, H9 or B strain. Non-limiting examples of influenza strains are for
example H1 California/7/2009, H3 A/Minnesota/41/2019, HS A/Indonesia/5/05, H6
A/Teal/Hong Kong/W312/97, H7 A/Guangdong/17SF003/2016, H9 A/Hong
Kong/1073/99 or B/Washington/02/2019.

[00300] The multivalent composition or vaccine with multiple type VLPs may further
comprise a pharmaceutically acceptable carrier, adjuvant, vehicle, or excipient, for

inducing an immune response in a subject.

[00301] Adjuvant systems to enhance a subject’s immune response to a vaccine
antigen are well known and may be used in conjunction with the vaccine or
pharmaceutical composition as described herewith. There are many types of adjuvants
that may be used. Common adjuvants for human use are aluminum hydroxide, aluminum
phosphate and calcium phosphate. There are also a number of adjuvants based on oil
emulsions (oil in water or water in oil emulsions such as Freund's incomplete adjuvant
(FIA), Montanide™, Adjuvant 65, and Lipovant™), products from bacterial (or their
synthetic derivatives), endotoxins, fatty acids, paraffinic, or vegetable oils, cholesterols,
and aliphatic amines or natural organic compounds such for example squalene. Non-
limiting adjuvants that might be used include for example oil-in water emulsions of
squalene oil (for example MF-59 or AS03), adjuvant composed of the synthetic TLR4
agonist glucopyranosyl lipid A (GLA) integrated into stable emulsion (SE) (GLA-SE) or
CpG 1018 a toll-like receptor (TLR9) agonist adjuvant.

[00302] Therefore the vaccine or pharmaceutical composition may comprise one
or more than one adjuvant. For example the vaccine or pharmaceutical composition may
comprise aluminum hydroxide, aluminum phosphate, calcium phosphate, an oil in water
or water in oil emulsions, an emulsion comprising squalene (for example MF-59 or

AS03), an emulsion comprising GLA-SE, or CpG 1018 adjuvant.
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[00303] The pharmaceutical compositions, vaccines or formulations of the present
description may be manufactured in a manner that is itself known, e.g., by means of
conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,

encapsulating, entrapping or tableting processes.

[00304] The pharmaceutical compositions, vaccines or formulations may be
produced by mixing or premixing of any constituent components before administration,
for example by manual or mechanically-aided mixing of two or more vaccine
suspensions, pharmaceutically acceptable carriers, adjuvants, vehicles, or excipients as a
step performed before the final formulation, vaccine, or pharmaceutical composition is

administered.

[00305] The pharmaceutical compositions, vaccines or formulations may be
administered to a subject orally, intradermally, intranasally, intramuscularly,

intraperitoneally, intravenously, or subcutaneously.

[00306] Injectables can be prepared in conventional forms, either as liquid
solutions or suspensions, solid forms suitable for solution or suspension in liquid prior to
injection, or as emulsions. Suitable excipients are, for example, water, saline, dextrose,
mannitol, lactose, lecithin, albumin, sodium glutamate, cysteine hydrochloride, and the
like. In addition, if desired, the injectable pharmaceutical compositions may contain
minor amounts of nontoxic auxiliary substances, such as wetting agents, pH buffering
agents, and the like. Physiologically compatible buffers include, but are not limited to,
Hanks's solution, Ringer's solution, or physiological saline buffer. If desired, absorption

enhancing preparations (for example, liposomes), may be utilized.

[00307] The composition or vaccine may be administered to a subject once (single
dose). Furthermore, the vaccine or composition may be administered to a subject multiple
times (multi-dose). Therefore the composition, formulation, or vaccine may be
administered to a subject in a single dose to illicit an immune response or the
composition, formulation, or vaccine may be administered multiple time (multi dosages).
For example a dose of the composition or vaccine may be administered 2, 3, 4 or 5 times.
Accordingly, the composition or vaccine may be administered to a subject in an initial

dose and one or more than one doses may subsequently be administered to the subject.
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Administration of the doses may be separated in time from each other. For example after
the administration of an initial dose, one or more than one subsequent dose may be
administered 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks, 1
month, 2 months, 3 months, 4 months, 5 months or 6 months or any time in between from
the administration of the initial dose. Furthermore, the composition or vaccine may be
administered annually. For example the composition or vaccine may be administered as a

seasonal vaccine.

[00308] The disclosure further provides the following sequences.

Table 4: SEQ ID NOs and Description of Sequences

SEQ ID | Description of Sequence

NO:

1 Native SARS-CoV-2 S protein wtTM/CT AA (PODTC2)

2 Native SARS-CoV-2 S protein wtTM/CT AA (PODTC2) without signal peptide (SP)
3 HS5 A/Indonesia/5/05 Hemagglutinin (HA) AA (A5SASL7)

4 H5 A/Indonesia/5/05 Hemagglutinin (HA) viral cDNA (EF541394.1)

5 Modified SARS-CoV-2 with H5 A/Indonesia/5/05 (H51) Hemagglutinin CT AA

6 H1 California/7/2009Hemagglutinin TM/CT region AA

7 H2 A/Singapore/1/1957 HA Hemagglutinin TM/CT region AA

8 H3 A/Minnesota/41/2019 Hemagglutinin TM/CT region AA

9 H5 A/Indonesia/5/05 Hemagglutinin TM/CT region AA

10 H6 A/Teal/Hong Kong/W312/97 Hemagglutinin TM/CT region AA

11 H7 A/Guangdong/17SF003/2016 Hemagglutinin TM/CT region AA

12 H9 A/Hong Kong/1073/99 Hemagglutinin TM/CT region AA

13 B/Washington/02/2019 Hemagglutinin TM/CT region AA

14 Consensus Sequence of C-Terminal Region of Influenza Hemagglutinin TM/CT region
15 Consensus Sequence of CT Domain of Influenza Hemagglutinin

16 TM/CT Region of Native SARS-CoV-2 S protein (wtTM/CT)

17 TM/CT of H5 A/Indonesia/5/05 Hemagglutinin (H5iTM/CT)

18 TM/CT Region of Modified SARS-CoV-2 S protein with H51 Hemagglutinin CT

19 TM/CT Region of Modified S protein with H5i Hemagglutinin CT (Variation 1)

20 (no SP) SARS-CoV-2 S protein GSAS+PP wtTM/CT AA

21 (no SP) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT AA
22 PDI-SARS-CoV-2 S protein GSAS+PP wtTM/CT-DNA

23 PDI-SARS-CoV-2 S protein GSAS+PP wtTM/CT-AA (product of construct 8591)

24 IF(PDI)-CoV(opt2).c

25 IF(AVB)-CoV(opt2).r

26 PDI-Modified SARS-CoV-2 S protein GSAS+PP H5iTM/CT-DNA

27 PDI-Modified SARS-CoV-2 S protein GSAS+PP H5iTM/CT-AA (product of construct 8597)
28 IF(Avb)-H5Lr

29 PDI-Modified SARS-CoV-2 S protein GSAS+PP wtTM/H5iCT-DNA

30 PDI-Modified SARS-CoV-2 S protein GSAS+PP wtTM/H5iCT-AA (product of construct 8671)
31 Cloning vector 8501 from left to right T-DNA
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SEQ ID | Description of Sequence
NO:
32 Construct 8586 from 2X35S(+C) prom to NOS term
33 Cloning vector 8500 from left to right T-DNA]
34 Construct 8589 from 2X35S(+C) prom to NOS term
35 Cloning vector 8716 from left to right T-DNA
36 Construct 8591 from 2X35S(+C) prom to NOS term
37 C-Terminal Region of Modified S protein with H51 Hemagglutinin CT (alternative 2)
38 C-Terminal Region of Modified S protein with H51 Hemagglutinin CT (alternative 3)
39 C-Terminal Region of Modified S protein with H5i Hemagglutinin CT (alternative 4)
40 3’UTR AvB (Arracacha Virus B Isolate)
41 3’UTR trBNYVV (Beet necrotic yellow vein virus)
42 3’ UTR SBMYV (Southern bean mosaic virus)
43 3’ UTR TuRSV (Turnip ringspot virus)
44 3’ UTR CPMYV (Cowpea Mosaic virus)
45 3’ BBTMV (Broad bean true mosaic virus)
46 3’ UTR trOUMYV (Ourmia melon virus)
Modified S Protein with Substitutions
47 PDI-S Protein GSAS-2P (product of construct 8671)
48 PDI-S Protein GSAS-4P (product of construct 8953)
49 PDI-S Protein GSAS-6P (product of construct 8940)
50 PDI-S Protein GSAS-2P-923 (product of construct 8933)
51 PDI-S Protein GSAS-4P-923 (product of construct 8960)
52 PDI-S Protein GSAS-6P-923 (product of construct 8947)
Modified S with CT from different HA strains
53 PDI-S-proteintH1 Cal (product of construct 7390)
54 PDI-S-protein+H3 Minn (product of construct 7391)
55 PDI-S-protein+H6 HK (product of construct 7392)
56 PDI-S-proteintH7 Guangdong (product of construct 7393)
57 PDI-S-proteint+H9 HK (product of construct 7394)
58 PDI-S-proteint+ B/ Wash (product of construct 7395)
Modified S Protein C-terminal variations
59 PDI-Modified S protein with H51 Hemagglutinin CT (V1) (product of construct 8980)
60 PDI-Modified S protein with H5i Hemagglutinin CT (V2) (product of construct 8981)
61 PDI-Modified S protein with H51 Hemagglutinin CT (V3) (product of construct 8982)
62 PDI-Modified S protein with H5i Hemagglutinin CT (V4) (product of construct 8983)
N-terminal region
63 N-terminal region of native SARS-CoV-2 protein (including native signal peptide)
64 TM/CT Region of Modified SARS-CoV-2 S protein with intervening peptide sequence X,
Modified S Protein with Substitutions (DNA)
65 PDI-S Protein GSAS+4P-DNA
66 PDI-S Protein GSAS+6P-DNA
67 PDI-S Protein GSAS+2P+L923F-DNA
68 PDI-S Protein GSAS+4P+L923F-DNA
69 PDI-S Protein GSAS+6P+L923F-DNA
Modified S Protein C-terminal variations (DNA)
70 PDI-Modified S protein with H5i Hemagglutinin CT (V1) DNA
71 PDI-Modified S protein with H51 Hemagglutinin CT (V2) DNA
72 PDI-Modified S protein with H5i Hemagglutinin CT (V3) DNA
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SEQ ID | Description of Sequence
NO:
73 PDI-Modified S protein with H51 Hemagglutinin CT (V4) DNA
Modified S with CT from different HA strains (DNA) and Primers
74 PDI-S-protein+H1 Cal DNA
75 PDI-S-protein+H3 Minn DNA
76 PDI-S-proteintH6 HK DNA
77 PDI-S-protein+H7 Guangdong DNA
78 PDI-S-proteintH9 HK DNA
79 PDI-S-protein+ B/ Wash DNA
80 IF-H1HawaiiCT.r
81 IF-H3MinnesotaCT.r
82 IF-HongKongCT.r
83 IF-GuangdongCT.r
84 IF-HO9HKCT.r
85 IF-BWashCT.r
Modified SARS-COV-1 S Protein (DNA) and Primers
86 IF(nbHEL40)-PDI.c
87 IF(AVB+wtCT).r
88 PDI-SARS-COV-1 wtTMCT-DNA
89 PDI-SARS-COV-1 H5iTMCT-DNA
90 PDI-SARS-COV-1 H5iCT-DNA
91 PDI-SARS-COV-1 H5iCT(V4)-DNA
92 PDI-SARS-COV-1 H1cCT-DNA
Modified SARS-COV-1 S Protein (AA)
93 PDI-SARS-COV-1 wtTMCT-AA
94 PDI-SARS-COV-1 H5iTMCT-AA
95 PDI-SARS-COV-1 H3iCT-AA
96 PDI-SARS-COV-1 H5iCT(V4)-AA
97 PDI-SARS-COV-1 H1cCT-AA
Modified MERS S Protein (DNA) and Primers
98 [F(AvB+wtCT-MERS).r
99 IFH1cCT-wtTM).r
100 IFHSITMCT).r
101 PDI-MERS-wtTMCT-DNA
102 PDI-MERS-HS5iTMCT-DNA
103 PDI-MERS-H35iCT-DNA
104 PDI-MERS-H5iCT(V4)-DNA
105 PDI-MERS-H1cCT-DNA
Modified SARS-COV-1 S Protein (AA)
106 PDI-MERS-wtTMCT-AA
107 PDI-MERS-H5iTMCT-AA
108 PDI-MERS-H35iCT-AA
109 PDI-MERS-H35iCT(V4)-AA
110 PDI-MERS-H1cCT-AA
Other Sequences
111 Cloning vector 7147 from left to right T-DNA
112 Native SARS-CoV-1 S protein wtTM/CT AA (P59594)
113 Native MERS S protein wtTM/CT AA (AFY13307)
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SEQ ID | Description of Sequence
NO:
114 Native SARS-CoV-1 S protein wtTM/CT AA (P59594) without signal peptide
115 Native MERS S protein wtTM/CT AA (AFY13307) without signal peptide
116 TMCT region of modified PDI-SARS-COV-1 wtTMCT-AA
117 TMCT region of modified PDI-SARS-COV-1 H5iTMCT-AA
118 TMCT region of modified PDI-SARS-COV-1 H5iCT-AA
119 TMCT region of modified PDI-SARS-COV-1 H5iCT(V4)-AA
120 TMCT region of modified PDI-SARS-COV-1 H1cCT-AA
121 TMCT region of modified PDI-MERS-wtTMCT-AA
122 TMCT region of modified PDI-MERS-H5iTMCT-AA
123 TMCT region of modified PDI-MERS-H5iCT-AA
124 TMCT region of modified PDI-MERS-H5iCT(V4)-AA
125 TMCT region of modified PDI-MERS-H1cCT-AA
126 TMCT region of modified PDI-S-protein+H1 Cal
127 TMCT region of modified PDI-S-protein+H3 Minn
128 TMCT region of modified PDI-S-proteintH6 HK
129 TMCT region of modified PDI-S-protein+H7 Guangdong
130 TMCT region of modified PDI-S-proteintH9 HK
131 TMCT region of modified PDI-S-protein+ B/ Wash
132 Consensus Sequence of TM Domain of Coronavirus S-protein
133 Consensus Sequence of TM Domain of Coronavirus S-protein
134 TM/CT Region of Modified SARS-CoV-1 S protein with intervening peptide sequence X,
135 TM/CT Region of Modified MERS S protein with intervening peptide sequence X,
Modified OC43-CoV S Protein (DNA) and Primers
136 IF(AvB+wtCT-OC43).r
137 PDI-OC43-wtTMCT-DNA
138 PDI-OC43-H5iTMCT-DNA
139 PDI-OC43-H5iCT-DNA
140 PDI-OC43-H5iCT(V4)-DNA
141 PDI-OC43-H1cCT-DNA
Modified OC43-CoV S Protein (AA)
142 PDI-OC43-wtTMCT-AA
143 PDI-OC43-H5iTMCT-AA
144 PDI-OC43-H5iCT-AA
145 PDI-OC43-H5iCT(V4)-AA
146 PDI-OC43-H1cCT-AA
Modified 229E-CoV S Protein (DNA) and Primers
147 IF(CoV229EwWtCT).r
148 PDI-229E -wtTMCT-DNA
149 PDI-229E -H5iTMCT-DNA
150 PDI-229E -H5iCT-DNA
151 PDI-229E -H5iCT(V4)-DNA
152 PDI-229E -H1cCT-DNA
Modified 229E-CoV S Protein (AA)
153 PDI-229E -wtTMCT-AA
154 PDI-229E -H5iTMCT-AA
155 PDI-229E -H5iCT-AA
156 PDI-229E -H5iCT(V4)-AA
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SEQ ID | Description of Sequence

NO:

157 PDI-229E-H1cCT-AA

Other Sequences

158 Native OC43-CoV S protein wtTM/CT AA (AVR40344)

159 Native 229E S protein wtTM/CT AA (P15423)

160 Native OC43-CoV S protein wtTM/CT AA (AVR40344) without signal peptide

161 Native 229E S protein wtTM/CT AA (P15423) without signal peptide

162 TMCT region of modified PDI-OC43-COV wtTMCT-AA

163 TMCT region of modified PDI-OC43-COV H5iTMCT-AA

164 TMCT region of modified PDI-OC43-COV H5iCT-AA

165 TMCT region of modified PDI-OC43-COV H5iCT(V4)-AA

166 TMCT region of modified PDI-OC43-COV H1cCT-AA

167 TMCT region of modified PDI-229E-wtTMCT-AA

168 TMCT region of modified PDI-229E-H5iTMCT-AA

169 TMCT region of modified PDI-229E-H5iCT-AA

170 TMCT region of modified PDI-229E-H5iCT(V4)-AA

171 TMCT region of modified PDI-229E-H1cCT-AA

172 TM/CT Region of Modified OC43-CoV S protein with intervening peptide sequence X,

173 TM/CT Region of Modified 229E-CoV S protein with intervening peptide sequence X,
[00309] The present invention will be further illustrated in the following examples.
Examples

Example 1: Preparation of Modified Structural Protein Constructs

[00310] The SARS-CoV-2 S protein constructs were produced using techniques
well known within the art. For example SARS-COV-2 Spike Protein with wtTMCT
(Constructs number 8586, 8589, 8591, see Figure 8A-8C) were cloned as described
below. Constructs for SARS-COV-2 Spike Protein with HSiTMCT (Constructs number
8592, 8595, 8597, see Figure 9A-9C) and constructs for SARS-COV-2 Spike Protein
with HSiCT (Constructs number 8610, 8611, 8671, see Figure 10A-10C) were obtained
using similar techniques and sequences primers, templates and products are described in

Table 5.

SARS-COV-2 Spike Protein with wtTMCT (Constructs number 8586, 8589, 8591)

[00311] A sequence encoding mature SARS-CoV-2 Spike (S) protein 2 (SEQ ID

NO: 23) with GSAS+K971P+V972P ectodomain mutations and with native

transmembrane domain and native cytoplasmic tail (WtTMCT) from SARS-CoV-2, fused
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to alfalfa PDI secretion signal peptide (PDISP) was cloned into three different expression
systems using the following PCR-based method. A fragment containing the SARS-COV-
2 Spike protein (wtTMCT) coding sequence was amplified using primers IF(PDI)-
CoV(opt2).c (SEQ ID NO: 24) and IF(AVB)-CoV(opt2).r (SEQ ID NO: 25), using
PDISP-SARS-COV-2 Spike Protein with wtTMCT gene sequence (SEQ ID NO: 22) as
template. The PCR product was cloned into three different expression systems using In-

Fusion cloning system (Clontech, Mountain View, CA).

[00312] For the first expression system, construct number 8501 (Figure 7A), was
digested with Aatll and Stul restriction enzymes and the linearized plasmid was used for
the first In-Fusion assembly reaction. Construct number 8501 is an acceptor plasmid
intended for “In Fusion” cloning of genes of interest in a
2X35S(+C)/nbMT78/PDI/AvB/NOS-based expression cassette. This acceptor plasmid
also incorporates a gene construct for the co-expression of the TBSV P19 suppressor of
silencing under the alfalfa Plastocyanin gene promoter and terminator. The backbone is a
pCAMBIA binary plasmid and the sequence from left to right t-DNA borders is
presented in SEQ ID NO: 31. The resulting construct was given number 8586 (SEQ ID
NO: 32). The amino acid sequence of mature spike protein from SARS-COV-2 fused to
alfalfa PDI secretion signal peptide (PDISP) is presented in SEQ ID NO: 23. A

representation of plasmid 8586 is presented in Figure 8A.

[00313] For the second expression system, construct number 8500 (Figure 7B),
was also digested with Aatll and Stul restriction enzymes and the linearized plasmid was
used for the second In-Fusion assembly reaction. Construct number 8500 is an acceptor
plasmid intended for “In Fusion” cloning of genes of interest in a
2X35S(+C)/nbCSY65/PDI/AvB/NOS-based expression cassette. This acceptor plasmid
also incorporates a gene construct for the co-expression of the TBSV P19 suppressor of
silencing under the alfalfa Plastocyanin gene promoter and terminator. The backbone is a
pCAMBIA binary plasmid and the sequence from left to right t-DNA borders is
presented in SEQ ID NO: 33. The resulting construct was given number 8589 (SEQ ID
NO: 34). The amino acid sequence of mature spike protein from SARS-COV-2 fused to
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alfalfa PDI secretion signal peptide (PDISP) is presented in SEQ ID NO: 23. A

representation of plasmid 8589 is presented in Figure 8B.

[00314] For the third expression system, construct number 8716 (Figure 7C), was
also digested with Aatll and Stul restriction enzymes and the linearized plasmid was used
for the third In-Fusion assembly reaction. Construct number 8716 is an acceptor plasmid
intended for “In Fusion” cloning of genes of interest in a
2X35S(+C)/nbHEL40/PDI/AvB/NOS based expression cassette. This acceptor plasmid
also incorporates a gene construct for the co-expression of the TBSV P19 suppressor of
silencing under the alfalfa Plastocyanin gene promoter and terminator. The backbone is a
pCAMBIA binary plasmid and the sequence from left to right t-DNA borders is
presented in SEQ ID NO: 35. The resulting construct was given number 8591 (SEQ ID
NO: 36). The amino acid sequence of mature spike protein from SARS-COV-2 fused to
alfalfa PDI secretion signal peptide (PDISP) is presented in SEQ ID NO: 23. A

representation of plasmid 8591 is presented in Figure 8C.
SARS-COV-2 Spike Protein with H5iTMCT (Constructs number 8592, 8595, 8597)

[00315] A sequence encoding mature Spike (S) protein from SARS-CoV-2 (SEQ
ID NO: 27) with GSAS+K971P+V972P ectodomain mutations, and with transmembrane
domain and cytoplasmic tail from HS A/Indonesia/5/05 HA (H5iTMCT), was fused to
alfalfa PDI secretion signal peptide (PDISP) and cloned into the same three expression
systems described above by a similar PCR-based method (see table 5 for primers and
Example 3 for sequences used). Construct number 8592 (Figure 9A) was derived from
acceptor construct 8501, construct number 8595 (Figure 9B) was derived from acceptor
construct 8500 and construct number 8597 (Figure 9C) was derived from acceptor
construct 8716 using similar techniques as described above and the primers, templates

and products is provided in Table 5 below.
SARS-COV-2 Spike Protein with H5iCT (Constructs number 8610, 8611, 8671)

[00316] A sequence encoding mature Spike (S) protein from SARS-CoV-2 (SEQ
ID NO: 30) with GSAS+K971P+V972P ectodomain mutations, and cytoplasmic tail from
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HS A/Indonesia/5/05 HA (H5iCT), was fused to alfalfa PDI secretion signal peptide
(PDISP) and cloned into the same three expression systems as described above by a
similar PCR-based method (see table 5 for primers and Example 3 for sequences used).
Construct number 8610 (Figure 10A) was derived from acceptor construct 8501,
construct number 8611 (Figure 10B) was derived from acceptor construct 8500 and
construct number 8671 (Figure 10C) was derived from acceptor construct 8716 using
similar techniques as described above and the primers, templates and products is

provided in Table 5 below.

SARS-COV-2 Spike Protein with Alternative TM CT Fusion Sequences (Constructs
number 8980, 8981, 8982, 8983)

[00317] A sequence encoding mature Spike (S) protein from SARS-CoV-2 with
GSAS+K971P+V972P ectodomain mutations, and cytoplasmic tail from HS
A/Indonesia/5/05 HA (H5iCT), as depicted in SEQ ID NO: 19, was fused to alfalfa PDI
secretion signal peptide (PDISP) and cloned into the same expression system as described
for construct 8671, yielding construct 8980 (Figure 12A). Similar constructs were created
for a sequence encoding mature Spike (S) protein from SARS-CoV-2 with
GSAS+K971P+V972P ectodomain mutations, and cytoplasmic tail from HS
A/Indonesia/5/05 HA (H5iCT), as depicted in SEQ ID NO: 37 (construct 8981, Figure
12B), SEQ ID NO: 38 (construct 8982, Figure 12C), and SEQ ID NO: 39 (construct
8983, Figure 12D).

SARS-COV-2 Spike Protein with CT from other HA Strains (Constructs number 7390,
7391, 7392, 7393, 7394, and 7395)

[00318] A sequence encoding mature Spike (S) protein from SARS-CoV-2 with
GSAS+K971P+V972P ectodomain mutations, and cytoplasmic tail from H1
A/California/7/2009 HA (H1CT), was fused to alfalfa PDI secretion signal peptide
(PDISP) and cloned into the same expression system as described for construct 8671
above by a similar PCR-based method (see table 5 for primers and Example 3 for
sequences used). The resulting construct 7390 thus encodes a modified S protein
comprising a H1 A/California/7/2009 HA cytoplasmic tail (H1CT) (Figure 13A). Similar
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constructs were created for H3 A/Minnesota/41/2019 (Construct 7391, H3 CT) (Figure
13B), H6 A/Teal/Hong Kong/W312/97 (Construct 7392, H6 CT) (Figure 13C), H7
A/Guangdong/17SF003/2016 (Construct 7393, H7 CT) (Figure 13D), H9 A/Hong
Kong/1073/99 (Construct 7394, HOh CT) (Figure 13E) or B/Washington/02/2019
(Construct 7395, HA B CT) (Figure 13F).

SARS-COV-2 Spike Protein with Substitutions (Constructs numbers 8933, 8960, 8947)

[00319] Modified SARS-CoV-2 S protein constructs comprising combinations of
mutations in the S protein, such as R667G, R668S, R670S, F802P, A877P, A884P,
A927P, K971P, V972P, and L923F were produced using techniques well known within
the art and basically as described above. The constructs have the following substitutions:
Construct 8933: R667G, R668S, R670S, K971P, V972P and L923F (“GSAS-2P-9237),
construct 8960: R667G, R668S, R670S, F802P, A927P, K971P, V972P and L923F
(“GSAS-4P-923”) and construct 8947: R667G, R668S, R670S, F802P, A877P, A884P,
A927P, K971P, V972P and L923F (“GSAS-6P-923”).

SARS-COV-1 Spike Protein with wtTMCT and modified TMCT (Constructs number 9231,
9232, 9233, 9234, 9235)

[00320] A sequence encoding mature SARS-CoV-1 Spike (S) protein (SEQ ID
NO: 88) with R654A+K955P+V956P ectodomain mutations and with native
transmembrane domain and native cytoplasmic tail (WtTMCT) from SARS-CoV-1, fused
to alfalfa PDI secretion signal peptide (PDISP) was cloned into the following expression
system by a PCR-based method. A fragment containing the PDISP-SARS-COV-1 Spike
protein (wtTMCT) coding sequence was amplified using primers IF(nbHEL40)-PDI.c
(SEQ ID NO: 86) and IF(AvB+wtCT).r (SEQ ID NO: 87), using PDISP-SARS-COV-1
Spike Protein with wtTMCT gene sequence (SEQ ID NO: 88) as template. The PCR
product was cloned into the following expression system using In-Fusion cloning system

(Clontech, Mountain View, CA).

[00321] Construct number 7147 (Figure 21) was digested with Aatll and Stul
restriction enzymes and the linearized plasmid was used for the first In-Fusion assembly

reaction. Construct number 7147 is an acceptor plasmid intended for “In Fusion” cloning
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of genes of interest in a 2X35S(+C)/nbHEL40/AvB/NOS-based expression cassette. This
acceptor plasmid also incorporates a gene construct for the co-expression of the TBSV
P19 suppressor of silencing under the alfalfa Plastocyanin gene promoter and terminator.
The backbone is a pCAMBIA binary plasmid and the sequence from left to right t-DNA
borders is presented in SEQ ID NO: 111. The resulting construct was given number 9231,
The amino acid sequence of mature spike protein from SARS-COV-1 fused to alfalfa
PDI secretion signal peptide (PDISP) is presented in SEQ ID NO: 93. A representation of
plasmid 9231 is presented in Figure 18A.

[00322] A sequence encoding mature Spike (S) protein from SARS-CoV-1 with
R654A+ K955P+V956P ectodomain mutations, and either i) transmembrane domain and
cytoplasmic tail from H5 A/Indonesia/5/05 HA (HSiTMCT), ii) cytoplasmic tail from HS
A/Indonesia/5/05 HA (H51CT and variation H51CT(V4)), or iii) cytoplasmic tail from H1
A/California/7/2009 HA (H1cCT), were fused to alfalfa PDI secretion signal peptide
(PDISP) and cloned into the same expression system as described for construct 9231
above by a similar PCR-based method (see table 5 for primers and Example 3 for
sequences used). The resulting constructs 9232, 9233, 9234, 9235 thus encode a modified
S protein comprising a H5 A/Indonesia/5/05 TMCT (H5iTMCT) (Figure 18B, SEQ ID
NO: 94), a modified SARS-COV-1 S protein comprising a H5 A/Indonesia/5/05 CT
(HSiCT) (Figure 18C, SEQ ID NO: 95), a modified S protein comprising a HS
A/Indonesia/5/05 CT variant (H51CT(V4)) (Figure 18D, SEQ ID NO: 96), or a modified
S protein comprising a H1 A/California/7/2009 CT (H1cCT) (Figure 18E, SEQ ID NO:
97)

MERS-CoV Spike Protein with wtTMCT and modified TMCT (Constructs number 9246,
9247, 9249, 9250, 9251)

[00323] A sequence encoding mature MERS-CoV Spike (S) protein (SEQ ID NO:
101) with R730A+R733G+ V1043P+L1044P ectodomain mutations and with native
transmembrane domain and native cytoplasmic tail (wtTMCT) from MERS-CoV, fused
to alfalfa PDI secretion signal peptide (PDISP) was cloned into the following expression
system by a PCR-based method. A fragment containing the PDISP-MERS-COV Spike

110



10

15

20

25

30

WO 2022/047575 PCT/CA2021/051201

protein (WtTMCT) coding sequence was amplified using primers IF(nbHEL40)-PDI.c
(SEQ ID NO: 86) and IF(AvB+wtCT-MERS).r (SEQ ID NO: 98), using PDISP-MERS-
COV Spike Protein with wtTMCT gene sequence (SEQ ID NO: 101) as template. The
PCR product was cloned into the following expression system using In-Fusion cloning

system (Clontech, Mountain View, CA).

[00324] Construct number 7147 (Figure 21) was digested with Aatll and Stul
restriction enzymes and the linearized plasmid was used for the first In-Fusion assembly
reaction. Construct number 7147 is an acceptor plasmid intended for “In Fusion” cloning
of genes of interest in a 2X35S(+C)/nbHEL40/AvB/NOS-based expression cassette. This
acceptor plasmid also incorporates a gene construct for the co-expression of the TBSV
P19 suppressor of silencing under the alfalfa Plastocyanin gene promoter and terminator.
The backbone is a pCAMBIA binary plasmid and the sequence from left to right t-DNA
borders is presented in SEQ ID NO: 111. The resulting construct was given number 9246.
The amino acid sequence of mature spike protein from MERS-COV fused to alfalfa PDI
secretion signal peptide (PDISP) is presented in SEQ ID NO: 106. A representation of
plasmid 9246 is presented in Figure 20A.

[00325] A sequence encoding mature Spike (S) protein from MERS-CoV with
R730A+R733G+ V1043P+L1044P ectodomain mutations, and either i) transmembrane
domain and cytoplasmic tail from H5 A/Indonesia/5/05 HA (H5iTMCT), ii) cytoplasmic
tail from H5 A/Indonesia/5/05 HA (H51CT and variation H51CT(V4)), or iii) cytoplasmic
tail from H1 A/California/7/2009 HA (H1c¢CT), were fused to alfalfa PDI secretion signal
peptide (PDISP) and cloned into the same expression system as described for construct
9246 above by a similar PCR-based method (see table 5 for primers and Example 3 for
sequences used). The resulting constructs 9247, 9249, 9250, 9251 thus encode a modified
MERS-COV § protein comprising a H5 A/Indonesia/5/05 TMCT (H51TMCT) (Figure
20B, SEQ ID NO: 107), a modified S protein comprising a H5 A/Indonesia/5/05 CT
(HSiCT) (Figure 20C, SEQ ID NO: 108), a modified S protein comprising a H5
A/Indonesia/5/05 CT variant (H51CT(V4)) (Figure 20D, SEQ ID NO: 109), or a modified
S protein comprising a H1 A/California/7/2009 CT (H1¢CT) (Figure 20E, SEQ ID NO:
110.)
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OC43-CoV Spike Protein with wtTMCT and modified TMCT (Constructs number 9269,
9270, 9272, 9273 and 9274)

[00326] A sequence encoding mature OC43-CoV Spike (S) protein (SEQ ID NO:
137) with R761G+R762G+R764G+R765S+A1077P+L1078P ectodomain mutations and
with native transmembrane domain and native cytoplasmic tail (wtTMCT) from OC43-
CoV, fused to alfalfa PDI secretion signal peptide (PDISP) was cloned into the following
expression system by a PCR-based method. A fragment containing the PDISP- OC43-
COV Spike protein (wtTMCT) coding sequence was amplified using primers
IF(nbHEL40)-PDL¢ (SEQ ID NO: 86) and IF(AvB+wtCT-OC43).r (SEQ ID NO: 136),
using PDISP-OC43-COV Spike Protein with wtTMCT gene sequence (SEQ ID NO: 137)
as template. The PCR product was cloned into the following expression system using In-

Fusion cloning system (Clontech, Mountain View, CA).

[00327] Construct number 7147 (Figure 21) was digested with Aatll and Stul
restriction enzymes and the linearized plasmid was used for the first In-Fusion assembly
reaction. Construct number 7147 is an acceptor plasmid intended for “In Fusion” cloning
of genes of interest in a 2X35S(+C)/nbHEL40/AvB/NOS-based expression cassette. This
acceptor plasmid also incorporates a gene construct for the co-expression of the TBSV
P19 suppressor of silencing under the alfalfa Plastocyanin gene promoter and terminator.
The backbone is a pCAMBIA binary plasmid and the sequence from left to right t-DNA
borders is presented in SEQ ID NO: 111. The resulting construct was given number 9269.
The amino acid sequence of mature spike protein from OC43-COV fused to alfalfa PDI
secretion signal peptide (PDISP) is presented in SEQ ID NO: 142. A representation of
plasmid 9269 is presented in Figure 24A.

[00328] A sequence encoding mature Spike (S) protein from OC43-CoV with
R761G+R762G+R764G+R765S+A1077P+L1078P ectodomain mutations, and either 1)
transmembrane domain and cytoplasmic tail from HS A/Indonesia/5/05 HA (HSiITMCT),
i1) cytoplasmic tail from H5 A/Indonesia/5/05 HA (H5iCT and variation H51CT(V4)), or
iii) cytoplasmic tail from H1 A/California/7/2009 HA (H1cCT), were fused to alfalfa PDI

secretion signal peptide (PDISP) and cloned into the same expression system as described
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for construct 9269 above by a similar PCR-based method (see table 5 for primers and
Example 3 for sequences used). The resulting constructs 9270, 9272, 9273 and 9274 thus
encode a modified OC43-COV S protein comprising a HS A/Indonesia/5/05 TMCT
(HSiTMCT) (Figure 24B, SEQ ID NO: 143), a modified S protein comprising a H5
A/Indonesia/5/05 CT (H5iCT) (Figure 24C, SEQ ID NO: 144), a modified S protein
comprising a HS A/Indonesia/5/05 CT variant (H51CT(V4)) (Figure 24D, SEQ ID NO:
145), or a modified S protein comprising a H1 A/California/7/2009 CT (H1cCT) (Figure
24E, SEQ ID NO: 146).

229E-CoV Spike Protein with wtIMCT and modified TMCT (Constructs number 9310,
9311, 9312, 9313 and 9314)

[00329] A sequence encoding mature 229E-CoV Spike (S) protein (SEQ ID NO:
148) with R567A+T871P+I872P ectodomain mutations and with native transmembrane
domain and native cytoplasmic tail (wtTMCT) from 229E -CoV, fused to alfalfa PDI
secretion signal peptide (PDISP) was cloned into the following expression system by a
PCR-based method. A fragment containing the PDISP-229E -COV Spike protein
(WtTMCT) coding sequence was amplified using primers IF(nbHEL40)-PDI.c (SEQ ID
NO: 86) and IF(CoV229EwtCT).r (SEQ ID NO: 147), using PDISP-OC43-COV Spike
Protein with wtTMCT gene sequence (SEQ ID NO: 148) as template. The PCR product
was cloned into the following expression system using In-Fusion cloning system

(Clontech, Mountain View, CA).

[00330] Construct number 7147 (Figure 21) was digested with Aatll and Stul
restriction enzymes and the linearized plasmid was used for the first In-Fusion assembly
reaction. Construct number 7147 is an acceptor plasmid intended for “In Fusion” cloning
of genes of interest in a 2X35S(+C)/nbHEL40/AvB/NOS-based expression cassette. This
acceptor plasmid also incorporates a gene construct for the co-expression of the TBSV
P19 suppressor of silencing under the alfalfa Plastocyanin gene promoter and terminator.
The backbone is a pCAMBIA binary plasmid and the sequence from left to right t-DNA
borders is presented in SEQ ID NO: 111. The resulting construct was given number 9310.
The amino acid sequence of mature spike protein from 229E -COV fused to alfalfa PDI
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secretion signal peptide (PDISP) is presented in SEQ ID NO: 153. A representation of
plasmid 9310 is presented in Figure 26A.

[00331] A sequence encoding mature Spike (S) protein from 229E -CoV with
R567A+T871P+1872P ectodomain mutations, and either i) transmembrane domain and
cytoplasmic tail from H5 A/Indonesia/5/05 HA (H5iTMCT), ii) cytoplasmic tail from HS
A/Indonesia/5/05 HA (H51CT and variation H51CT(V4)), or iii) cytoplasmic tail from H1
A/California/7/2009 HA (H1cCT), were fused to alfalfa PDI secretion signal peptide
(PDISP) and cloned into the same expression system as described for construct 9310
above by a similar PCR-based method (see table 5 for primers and Example 3 for
sequences used). The resulting constructs 9311, 9312, 9313 and 9314 thus encode a
modified 229E -COV S protein comprising a H5 A/Indonesia/5/05 TMCT (H5iTMCT)
(Figure 26B, SEQ ID NO: 154), a modified S protein comprising a H5 A/Indonesia/5/05
CT (HSiCT) (Figure 26C, SEQ ID NO: 155), a modified S protein comprising a H5
A/Indonesia/5/05 CT variant (H51CT(V4)) (Figure 26D, SEQ ID NO: 156), or a modified
S protein comprising a H1 A/California/7/2009 CT (H1cCT) (Figure 26E, SEQ ID NO:
157).
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Example 2: Methods

Agrobacterium tumefaciens Transfection

[00332] Agrobacterium tumefaciens strain AGL1 was transfected by
electroporation with the SARS-CoV-2 modified S protein expression vectors using the
methods described by D’ Aoust ef al., 2008 (Plant Biotech. J. 6:930-40). Transfected
Agrobacterium were grown in YEB medium supplemented with 10 mM 2-(N-
morpholino)ethanesulfonic acid (MES), 20 uM acetosyringone, 50 pg/ml kanamycin and
25 pg/ml of carbenicillin pHS.6 to an ODeoo between 0.6 and 1.6. Agrobacterium
suspensions were centrifuged before use and resuspended in infiltration medium (10 mM

MgClz and 10 mM MES pH 5.6).

Preparation of Plant Biomass, Inoculum and Agroinfiltration

[00333] N. benthamiana plants were grown from seeds in flats filled with a
commercial peat moss substrate. The plants were allowed to grow in the greenhouse
under a 16/8 photoperiod and a temperature regime of 25°C day/20°C night. Three weeks
after seeding, individual plantlets were picked out, transplanted in pots and left to grow in

the greenhouse for three additional weeks under the same environmental conditions.

[00334] Agrobacteria transfected with each expression vector were grown in a
YEB medium supplemented with 10 mM 2-(N-morpholino)ethanesulfonic acid (MES),
20 uM acetosyringone, 50 pg/ml kanamycin and 25 pg/ml of carbenicillin pH 5.6 until
they reached an ODgoo between 0.6 and 1.6. Agrobacterium suspensions were centrifuged
before use and resuspended in infiltration medium (10 mM MgCl; and 10 mM MES pH
5.6) and stored overnight at 4° C. On the day of infiltration, culture batches were diluted
in 2.5 culture volumes and allowed to warm before use. Whole plants of N. benthamiana
were placed upside down in the bacterial suspension in an air-tight stainless steel tank
under a vacuum of 20-40 Torr for 2-min. Plants were returned to the greenhouse for a 6

or 9 day incubation period until harvest.
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Leaf Harvest and Total Protein and VLP Extraction

[00335] Following incubation, the aerial part of plants was harvested, frozen at
—80°C and crushed into pieces. Total soluble proteins were extracted by mechanically
homogenizing (Polytron) each sample of frozen-crushed plant material in two volumes of
cold 50 mM Tris buffer at pH 8.0 + 500 mM NaCl, 0.4 pg/ml metabisulfite and 1 mM
phenylmethanesulfonyl fluoride. After homogenization, the slurries were centrifuged at
10,000 g for 10 min at 4°C and these clarified crude extracts (supernatant) kept for

analysis.

[00336] The total protein content of clarified crude extracts was determined by the
Bradford assay (Bio-Rad, Hercules, California) using bovine serum albumin as the
reference standard. Proteins were separated by SDS-PAGE under reducing conditions
using Criterion™ TGX Stain-Free™ precast gels (Bio-Rad Laboratories, Hercules, CA).
Proteins were visualized by staining the gels with Coomassie Brilliant Blue.
Alternatively, proteins were visualized with Gel Doc™ EZ imaging system (Bio-Rad
Laboratories, Hercules, CA) and electrotransferred onto polyvinylene difluoride (PVDF)
membranes (Roche Diagnostics Corporation, Indianapolis, Indiana) for immunodetection.
Prior to immunoblotting, the membranes were blocked with 5% skim milk and 0.1%
Tween-20 in Tris-buffered saline (TBS-T) for 16-18 h at 4°C.

[00337] For VLP purification, proteins were extracted from frozen biomass by
mechanical extraction using a blender with two volumes of extraction bufter (50 mM Tris
buffer at pH 7.0 + 500 mM NaCl) and pH was lowered to 6.1 using 0.5M citric acid. The
slurry was filtered through a large pore nylon filter to remove large debris and
centrifuged 5000 g for 5 min at 4°C. The supernatant was collected and centrifuged again
at 5000 g for 30 min (4°C) to remove additional debris and passed through clarification
filters. The supernatant was then loaded on a discontinuous iodixanol density gradient.
Analytical density gradient centrifugation was performed as follows: 38 mL tubes
containing discontinuous iodixanol density gradient in Tris buffer (3 ml at 35%, 3 ml at
30%, 3 ml at 25%, 3 ml at 15% and 5 ml at 10% of iodixanol) were prepared and overlaid
with 22 ml of the extracts containing the virus-like particles. The gradients were

centrifuged at 120 000 g for 2 hours (4°C). After centrifugation, 1 mL fractions were
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collected from the bottom to the top and fractions were analyzed by SDS-PAGE
combined with protein staining or Western blot. Fractions 6 to 9 were pooled and buffer-
exchanged using Amicon centrifugation device. Protein content is determined by

Bradford assay.

Protein Analysis and Immunoblotting

[00338] Immunoblotting was performed with a first incubation with a primary
mAb, (anti-S1, Sino Biological, cat#40150-R007 or anti-S2, Novus biological,
cat#NB100-56578) diluted in 2% skim milk in TBS-Tween 20 0.1%. Peroxydase-
conjugated goat anti-rabbit (Jackson Immunoresearch, cat #115-035-144) was used as
secondary antibody for chemiluminescence detection in 2% skim milk in TBS-Tween 20
0.1% Immunoreactive complexes were detected by chemiluminescence using luminol as
the substrate (Roche Diagnostics Corporation). Horseradish peroxidase-enzyme
conjugation of human IgG antibody was carried out by using the EZ-Link Plus®

Activated Peroxidase conjugation kit (Pierce, Rockford, II1.).

[00339] In planta yields were assessed on clarified crude extracts and analyzed
using a capillary-based electrophoresis method (Protein Simple, BioTechne) technology
and a WES analysis system. In brief, soluble proteins from crude extracts were separated
by molecular weight in a capillary and fixed to the matrix. A standard curve using
purified VLPs is used to determine S protein quantity and Anti-S2 antibody (Novus
biological, cat#NB100-56578) is used for detection according to the manufacturer

instructions. Yields are then normalized using a comparator construct which is set to 1.

[00340] The primary antibody for detection of SARS-CoV S protein was SARS-
CoV Spike S1 subunit antibody from Sino Biologicals, 40150-MMO08 (1/5000) and the
secondary antibody used for detection was Goat anti-Mouse, JIR, 115-035-146
(1/10000). The primary antibody for detection of MERS CoV S protein was MERS-CoV
spike protein S1 antibody (N-terminal) from Sino Biological, (100208-RP02, 1/5000).
The secondary antibody used for detection was Goat anti-Mouse from JIR (115-035-144,
1/10 000). The primary antibody used for detection was anti-coronavirus OC43 spike
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protein from Antibodies-online (ABIN2754654, 1/1000. The secondary antibody used for
detection was Goat anti-Rabbit from JIR (111-035-144, 1/10 000).

Electron Microscopy

[00341] To determine whether expressed S protein assembled into VLPs,
transmission electron microscopy (TEM) of immuno-trapped particles was performed on
purified VLPs. Glow discharged carbon/copper grids (10s, 0.3 mbar) were placed on 20
uL of purified VLPs (100 pg/mL) for 5 min and then washed 4 times with sterile distilled
water. The grids were floated on 20 pL of 2 % uranyl acetate for 1 min, excess solution is
then removed by touching a moist filter paper and allowed to dry for 24h on a filter paper

before viewing under a TEM (Tecnai Microscope).

Example 3: Sequences

[00342] The following sequences were use in the examples described above.

Native SARS-CoV-2 S protein wtTM/CT AA (PODTC2) (SEQ ID NO:1)

MEVEFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTODLFLPFESNVTWE
HATHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKV
CEFQFCNDPFLGVYYHKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNEFKNLREEFVEK
NIDGYFKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTA
GAAAYYVGYLQPRTFLLKYNENGT ITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTES
IVREPNITNLCPFGEVENATRFASVYAWNRKRISNCVADYSVLYNSASESTEFKCYGVSPTKLNDL
CEFTNVYADSEFVIRGDEVRQIAPGOQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVGGNYNYLYRL
FRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGEFQPTNGVGYQPYRVVVLSFELLHA
PATVCGPKKSTNLVKNKCVNENEFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLETL
DITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVY STGSNVEFQTRAGCL
IGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSITAYTMSLGAENSVAY SNNSIATIP
TNETISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIAVEQDKNTQE
VEAQVKQIYKTPPIKDEFGGENESQILPDPSKPSKRSEFIEDLLENKVTLADAGETIKQYGDCLGDIA
ARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIG
VIONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLODVVNONAQALNTLVKQLSSNEFGAISS
VLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQQLIRAAETIRASANLAATKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVELHVIYVPAQEKNFTTAPATCHDGKAHFPREGVEVSNGTHWEVT
QRNEYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDIS
GINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY IKWPWY IWLGFIAGLIAIVMVTIMLC
CMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Native SARS-CoV-2 S protein wtTM/CT AA (PODTC2) without signal peptide (SP) (SEQ ID
NO:2)

VNLTTRTQLPPAYTNSEFTRGVYYPDKVFRSSVLHSTQDLFLPFESNVITWEFHATHVSGTNGTKRED
NPVLPENDGVYFASTEKSNITIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYY
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HKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNEFKNLREFVEFKNIDGY FKIYSKHTPI
NLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFE
LLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTSNEFRVOQPTESIVREFPNITNLCPEGE
VENATRFASVYAWNRKRISNCVADYSVLYNSASEFSTFKCYGVSPTKLNDLCETNVYADSEVIRGD
EVROQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIST
EIYQAGSTPCNGVEGENCYFPLOSYGEFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVK
NKCVNENEFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSEGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVATIHADQLTPTWRVYSTGSNVEQTRAGCLIGAEHVNNSYECDIP
IGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIATPTNEFTISVITEILPVS
MTKTSVDCTMYICGDSTECSNLLLOQYGSEFCTQLNRALTGIAVEQDKNTQEVFAQVKOQIYKTPPIK
DFGGENFSQILPDPSKPSKRSFIEDLLENKVILADAGFTIKQYGDCLGDIAARDLICAQKENGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIGVTQONVLY ENQKLIAN
QFNSAIGKIQDSLSSTASATLGKLODVVNONAQATNTLVKQLSSNFGAISSVLNDILSRLDKVEAE
VQIDRLITGRLOSLOTYVTQOQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGYHLMSEPQS
APHGVVFLHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLOQPELDSFKEELDKY FKNHTSPDVDLGDISGINASVVNIQKEIDR
ILNEVAKNLNESLIDLQELGKYEQY IKWPWY IWLGFIAGLTIATVMVTIMLCCMTSCCSCLKGCCSC
GSCCKEDEDDSEPVLKGVKLHYT

H5 A/Indonesia/5/05 Hemagglutinin (HA) AA (ASA5L7) (SEQ ID NO:3)

MEKIVLLLATIVSLVKSDQICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCDLDGVKP
LILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKANPTNDLCYPGSENDYEELKHLLSRINHFEKT
QITPKSSWSDHEASSGVSSACPYLGSPSEFFRNVVWLIKKNSTYPTIKKSYNNTNQEDLLVLWGIH
HPNDAAEQTRLYONPTTYISIGTSTLNQRLVPKIATRSKVNGQSGRMEFFWTILKPNDAINFESN
GNFIAPEYAYKIVKKGDSATIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKY VKSN
RLVLATGLRNSPQRESRRKKRGLFGATIAGEFIEGGWQGMVDGWYGY HHSNEQGSGYAADKESTQKA
IDGVTNKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGEFLDVWTYNAELLVLMENERTLD
FHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESTRNGTYNYPQYSEEARLKREEIS
GVKLESIGTYQILSIYSTVASSLALATMMAGLSLWMCSNGSLQCRICI

H5 A/Indonesia/5/05 Hemagglutinin (HA) viral cDNA (EF541394.1) (SEQ ID NO:4)

CTGTAAAAATGGAGAAAATAGTGCTTCTTCTTGCAATAGTCAGTCTTGTTAAAAGTGATCAGATT
TGCATTGGTTACCATGCAAACAATTCAACAGAGCAGGTTGACACAATCATGGAAAAGAACGTTAC
TGTTACACATGCCCAAGACATACTGGAAAAGACACACAACGGGAAGCTCTGCGATCTAGATGGAG
TGAAGCCTCTAATTTTAAGAGATTGTAGTGTAGCTGGATGGCTCCTCGGGAACCCAATGTGTGAC
GAATTCATCAATGTACCGGAATGGTCTTACATAGTGGAGAAGGCCAATCCAACCAATGACCTCTG
TTACCCAGGGAGTTTCAACGACTATGAAGAACTGAAACACCTATTGAGCAGAATAAACCATTTTG
AGAAAATTCAAATCATCCCCARAAAGTTCTTGGTCCGATCATGAAGCCTCATCAGGAGTGAGCTCA
GCATGTCCATACCTGGGAAGTCCCTCCTTTTTTAGAAATGTGGTATGGCTTATCAAAAAGAACAG
TACATACCCAACAATAAAGAAAAGCTACAATAATACCAACCAAGAAGATCTTTTGGTACTGTGGG
GAATTCACCATCCTAATGATGCGGCAGAGCAGACAAGGCTATATCAAAACCCAACCACCTATATT
TCCATTGGGACATCAACACTAAACCAGAGATTGGTACCAAAAATAGCTACTAGATCCAAAGTAAA
CGGGCAAAGTGGAAGGATGGAGTTCTTCTGGACAATTTTAAAACCTAATGATGCAATCAACTTCG
AGAGTAATGGAAATTTCATTGCTCCAGAATATGCATACAAAATTGTCAAGAAAGGGGACTCAGCA
ATTATGAAAAGTGAATTGGAATATGGTAACTGCAACACCAAGTGTCAAACTCCAATGGGGGCGAT
ARAACTCTAGTATGCCATTCCACAACATACACCCTCTCACCATCGGGGAATGCCCCAAATATGTGA
AATCAAACAGATTAGTCCTTGCAACAGGGCTCAGAAATAGCCCTCAAAGAGAGAGCAGAAGARARA
AAGAGAGGACTATTTGGAGCTATAGCAGGTTTTATAGAGGGAGGATGGCAGGGAATGGTAGATGG
TTGGTATGGGTACCACCATAGCAATGAGCAGGGGAGTGGGTACGCTGCAGACAAAGAATCCACTC
ARAAAGGCAATAGATGGAGTCACCAATAAGGTCAACTCAATCATTGACAAAATGAACACTCAGTTT
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GAGGCCGTTGGAAGGGAATTTAATAACTTAGAAAGGAGAATAGAGAATTTAAACAAGAAGATGGA
AGACGGGTTTCTAGATGTCTGGACTTATAATGCCGAACTTCTGGTTCTCATGGAAAATGAGAGAA
CTCTAGACTTTCATGACTCAAATGTTAAGAACCTCTACGACAAGGTCCGACTACAGCTTAGGGAT
ARATGCAAAGGAGCTGGGTAACGGTTGTTTCGAGTTCTATCACAAATGTGATAATGAATGTATGGA
AAGTATAAGAAACGGAACGTACAACTATCCGCAGTATTCAGAAGAAGCAAGATTAAARAGAGAGG
ARATAAGTGGGGTAAAATTGGAATCAATAGGAACTTACCAAATACTGTCAATTTATTCAACAGTG
GCGAGTTCCCTAGCACTGGCAATCATGATGGCTGGTCTATCTTTATGGATGTGCTCCAATGGATC
GTTACAATGCAGAATTTGCATTTAAATTTGTGAGTTCAG

Modified SARS-CoV-2 with H5 A/Indonesia/5/05 Hemagglutinin CT AA (SEQ ID NO:5)

MEVEFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTOQDLEFLPEFEFSNVTWE
HATHVSGTNGTKRFDNPVLPEFNDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVNNATNVVIKV
CEFQFCNDPFLGVYYHKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNFKNLREEFVEK
NIDGYFKIYSKHTPINLVRDLPOQGEFSALEPLVDLPIGINITRFQTLLATLHRSYLTPGDSSSGWTA
GAAAYYVGYLQPRTFLLKYNENGT ITDAVDCALDPLSETKCTLKSEFTVEKGIYQTSNEFRVQPTES
IVREPNITNLCPFGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYGVSPTKLNDL
CFTNVYADSFVIRGDEVRQIAPGOQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVGGNYNYLYRL
FRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHA
PATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLETIL
DITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVY STGSNVEQTRAGCL
IGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSITIAYTMSLGAENSVAY SNNSIATP
TNEFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQE
VEFAQVKQIYKTPPIKDEGGENESQILPDPSKPSKRSEFIEDLLENKVTLADAGETIKQYGDCLGDIA
ARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIG
VIONVLYENQKLIANQFNSATIGKIQDSLSSTASALGKLODVVNONAQATLNTLVKQLSSNFGAISS
VLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQERKNFTTAPATCHDGKAHFPREGVEVSNGTHWEVT
QRNEYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDIS
GINASVVNIQKEIDRLNEVAKNLNESLIDLOELGKYEQY IKWPWY IWLGFIAGLIATIVMVTIMLS
LWMCSNGSLQCRICT

H1 A/California/7/2009 Hemagglutinin TM/CT AA (SEQ ID NO:6)
IDGVKLESTRIYQILATYSTVASSLVLVVSLGAISFWMCSNGSLQCRICT
H2 A/Singapore/1/1957 Hemagglutinin TM/CT AA (SEQ ID NO:7)
IKGVKLSSMGVYQILATYATVAGSLSLAIMMAGISFWMCSNGSLQCRICT
H3 A/Minnesota/41/2019 Hemagglutinin TM/CT AA (SEQ ID NO:8)
IKGVELKSGYKDWILWISFAISCFLLCVALLGEFIMWACQKGNIRCNICI

H5 A/Indonesia/5/05 Hemagglutinin TM/CT AA (SEQ ID NO:9)
ISGVKLESIGTYQILSTYSTVASSLALATIMMAGLSLWMCSNGSLQCRICT
H6 A/Teal/Hong Kong/W312/97 Hemagglutinin TM/CT AA (SEQ ID NO:10)

IESVKLENLGVYQILATYSTVSSSLVLVGLIMAMGLWMCSNGSMQCRICI

122



WO 2022/047575 PCT/CA2021/051201

H7 A/Guangdong/17SF003/2016 Hemagglutinin TM/CT AA (SEQ ID NO:11)
IDPVKLSSGYKDVILWESFGASCFILLAIVMGLVEFICVKNGNMRCTICI

H9 A/Hong Kong/1073/99 Hemagglutinin TM/CT AA (SEQ ID NO:12)
IEGVKLESEGTYKILTIYSTVASSLVLAMGFAAFLFWAMSNGSCRCNICT
B/Washington/02/2019 Hemagglutinin TM/CT AA (SEQ ID NO:13)
AASLNDDGLDNHTILLYYSTAASSLAVTLMIAIFVVYMVSRDNVSCSICL

Consensus Sequence of C-Terminal Region of Influenza Hemagglutinin (SEQ ID NO:14)

IXGVKLXSXGXYXTILXTYSTVASSLYLXXXXXXXXXWMCSNGSXXCXICT
Consensus Sequence of CT Domain of Influenza Hemagglutinin (SEQ ID NO:15)
XXWMCSNGSXXCXICI

C-Terminal Region of Native SARS-CoV-2 S protein wtTM/CT (SEQ ID NO:16)

WYEQYTIKWPWY IWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK
LHYT

C-Terminal Region of H5 A/Indonesia/5/05 Hemagglutinin (SEQ ID NO:17)

ISGVKLESIGTYQILSIYSTVASSLALATMMAGLSLWMCSNGSLQCRICTI

C-Terminal Region of Modified SARS-CoV-2 S protein with H51 Hemagglutinin CT (SEQ ID
NO:18)

WYIWLGFIAGLIAIVMVTIMLSLWMCSNGSLQCRICI

C-Terminal Region of Modified SARS-CoV-2 S protein with H51 Hemagglutinin CT, Variation 1
(SEQID NO:19)

WYIWLGFIAGLIAIVMVTIMMAGLSLWMCSNGSLQCRICT

(no SP) SARS-CoV-2 S protein GSAS+PP wtTM/CT AA (SEQ ID NO:20)

VNLTTRTQLPPAYTNSEFTRGVYYPDKVEFRSSVLHSTQDLFLPFESNVITWEFHATHVSGTNGTKRED
NPVLPENDGVYFASTEKSNITIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYY
HKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNEFKNLREFVEKNIDGY FKIYSKHTPI
NLVRDLPOQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTE
LLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVOQPTESIVREFPNITNLCPEGE
VENATRFASVYAWNRKRISNCVADYSVLYNSASEFSTFKCYGVSPTKLNDLCETNVYADSEVIRGD
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EVROIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIST
EIYQAGSTPCNGVEGENCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVK
NKCVNENENGLTGTGVLTESNKKEFLPFQOQFGRDIADTTDAVRDPQTLEILDITPCSEGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSNVEFQTRAGCLIGAEHVNNSYECDIP
IGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVAYSNNSIATPTNEFTISVITEILPVS
MTKTSVDCTMYICGDSTECSNLLLOQYGSEFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIK
DFGGENFSQILPDPSKPSKRSFIEDLLENKVILADAGFTIKQYGDCLGDIAARDLICAQKENGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIGVTONVLY ENQKLTIAN
QFNSAIGKIQODSLSSTASATGKLODVVNONAQATNTLVKQLSSNFGAISSVLNDILSRLDPPEAE
VQIDRLITGRLOSLOTYVTQOQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGYHLMSEPQS
APHGVVFLHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVVNIQKEIDR
ILNEVAKNLNESLIDLQELGKYEQY IKWPWY IWLGFTIAGLTATVMVTIMLCCMTSCCSCLKGCCSC
GSCCKEDEDDSEPVLKGVKLHYT

(no SP) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT AA (SEQ ID
NO:21)

VNLTTRTQLPPAYTNSEFTRGVYYPDKVEFRSSVLHSTOQDLFLPFESNVIWEHATHVSGTNGTKRED
NPVLPENDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYY
HKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNEFKNLREFVEFRNIDGY FKIYSKHTPI
NLVRDLPQGEFSALEPLVDLPIGINITREFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFE
LLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVOPTESIVREFPNITNLCPEGE
VENATRFASVYAWNRKRISNCVADYSVLYNSASESTFKCYGVSPTKLNDLCETNVYADSEVIRGD
EVROIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDIST
EIYQAGSTPCNGVEGENCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVK
NKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSEGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVATIHADQLTPTWRVYSTGSNVEQTRAGCLIGAEHVNNSYECDIP
IGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVAYSNNSIATPTNEFTISVITEILPVS
MTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIK
DFGGEFNFSQILPDPSKPSKRSFIEDLLENKVTLADAGEFTIKQYGDCLGDIAARDLICAQKENGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRENGIGVTONVLY ENQKLTIAN
QFNSAIGKIQODSLSSTASATLGKLODVVNONAQATLNTLVKQOLSSNFGAISSVLNDILSRLDPPEAE
VOQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGYHLMSEPQS
APHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVVNIQKEIDR
ILNEVAKNLNESLIDLQELGKYEQY IKWPWY IWLGFITAGLTATVMVTIMLSLWMCSNGSLQCRICT

PDI-SARS-CoV-2 S protein GSAS+PP wtTM/CT-DNA (SEQ ID NO:22)

ATGGCGAAAAACGTTGCGATTTTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCTTCTCAGAT
CTTCGCGGTGAATCTTACGACGCGAACACAGTTACCACCCGCATATACARAATAGCTTCACTCGGG
GTGTTTATTACCCCGACAAAGTGTTCAGGTCCTCCGTGCTCCACTCAACACAGGACCTCTTTCTT
CCTTTCTTTTCTAACGTGACATGGTTTCATGCCATTCATGTATCCGGCACTAACGGTACTAAGAG
GTTCGATAATCCTGTGCTCCCTTTCAATGACGGCGTTTACTTTGCAAGCACAGAGAAGAGTAACA
TCATCCGAGGTTGGATCTTTGGCACTACCCTCGATTCAAAGACGCAGAGCCTCCTCATTGTGAAC
AATGCCACTAACGTGGTGATCAAAGTTTGCGAGTTTCAGTTCTGCAATGACCCTTTCTTGGGGGT
GTACTATCATAAGAACAACAAGTCTTGGATGGAATCTGAATTCCGCGTCTATAGCAGCGCCAACA
ACTGCACCTTTGAATACGTGTCCCAGCCCTTCCTTATGGACCTGGAGGGAAAGCAGGGAAACTTT
AAGAATCTGAGAGAGTTCGTGTTTAAAAATATCGACGGCTATTTTAAGATCTATTCTAAGCACAC
GCCTATTAATCTCGTGCGCGATCTTCCACAAGGCTTCAGCGCCCTGGAACCACTCGTGGACCTCC
CAATTGGTATCAACATCACTAGATTTCAGACTCTGCTTGCCCTCCACCGATCCTATCTGACACCC
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GGAGACTCCTCTAGCGGCTGGACTGCCGGCGCTGCCGCTTATTACGTTGGTTATCTTCAGCCACG
CACGTTCCTGCTGAAGTATAACGAGAATGGTACTATTACCGATGCCGTGGATTGTGCCCTTGACC
CCCTGTCCGAAACTAAGTGCACACTCAAGTCATTCACTGTGGAAAAAGGAATCTACCAGACAAGC
AATTTTCGGGTCCAGCCTACTGAGAGCATTGTGCGCTTTCCTAACATCACAAATCTTTGCCCCTT
CGGAGAGGTTTTCAATGCTACACGGTTTGCCTCCGTGTATGCCTGGAACCGCAAGAGAATTTCCA
ATTGCGTGGCCGATTACTCCGTGCTCTACAATAGTGCAAGCTTTAGCACCTTTAAGTGCTATGGC
GTATCCCCTACTAAGCTTAACGACTTGTGTTTCACAAACGTGTATGCCGACTCCTTTGTGATACG
GGGCGACGAAGTTAGACAGATAGCACCAGGACAGACGGGAAAGATAGCTGACTACAACTATAAGC
TTCCTGATGACTTCACTGGCTGCGTTATCGCGTGGAATTCTAACAACCTGGACTCAAAAGTCGGC
GGCAACTATAACTATCTCTATCGGCTGTTCCGCAAGAGTAACCTTAAGCCCTTTGAGAGAGATAT
AAGCACTGAAATCTACCAGGCTGGCAGTACGCCCTGTAATGGCGTGGAAGGCTTTAATTGTTATT
TTCCACTGCAATCCTATGGTTTTCAGCCAACCAATGGCGTGGGCTACCAACCATACCGCGTCGTG
GTGCTCTCCTTTGAACTGCTCCACGCTCCCGCGACTGTCTGCGGCCCCAAGAAGTCCACGAACCT
TGTGAAGAATAAGTGCGTTAATTTTAATTTCAACGGCCTCACTGGAACAGGAGTGCTCACTGAGA
GTAACAAGAAGTTCCTGCCATTTCAACAATTTGGCAGAGACATAGCCGATACTACTGACGCCGTT
AGGGACCCCCAGACCCTCGAGATTCTCGATATAACGCCCTGCTCCTTCGGTGGAGTTTCCGTGAT
CACGCCAGGCACCAATACCAGTAACCAGGTCGCCGTGCTGTATCAGGATGTCAACTGTACTGAGG
TGCCCGTAGCCATCCATGCGGATCAGCTCACACCAACTTGGAGGGTGTACAGCACCGGCTCCAAT
GTATTCCAGACTCGGGCCGGATGCCTTATTGGCGCCGAACACGTGAACAATAGTTACGAATGCGA
TATTCCAATTGGCGCCGGAATCTGTGCTAGCTACCAGACTCAGACGAACTCCCCAGGCAGCGCCA
GCAGCGTTGCCAGCCAGTCAATCATCGCTTATACAATGTCACTTGGAGCCGAAAACTCCGTGGCT
TACTCAAACAACAGCATCGCCATCCCCACAAACTTCACCATATCCGTGACAACTGAGATTCTGCC
AGTGTCCATGACTAAGACGTCCGTAGATTGCACTATGTACATATGCGGCGACAGCACAGAATGTT
CTAATCTGCTGCTGCAATATGGAAGCTTCTGCACTCAACTGAACAGAGCGCTCACAGGCATCGCC
GTGGAGCAGGATAAGAATACCCAGGAGGTGTTCGCCCAAGTTAAGCAGATCTACAAGACCCCACC
CATARAGGATTTCGGTGGATTCAATTTTAGTCAGATACTCCCAGACCCATCTAAGCCATCCAAGA
GGAGCTTTATCGAGGATCTTTTGTTTAACAAAGTTACTCTGGCCGACGCCGGTTTCATCAAGCAG
TACGGAGATTGCCTCGGCGACATCGCTGCTCGTGACCTCATCTGTGCGCAAAAGTTTAACGGTCT
GACGGTGCTGCCTCCCCTCCTTACTGATGAAATGATCGCCCAGTATACCAGCGCACTCCTCGCTG
GCACCATAACATCCGGTTGGACATTCGGCGCTGGTGCAGCACTGCAGATACCATTCGCCATGCAA
ATGGCATATCGTTTCAACGGTATCGGTGTCACACAGAATGTCCTATATGAGAACCAGAAGCTGAT
CGCAAATCAGTTCAATAGTGCCATCGGAAAAATCCAGGATAGCCTTAGCAGCACAGCCTCAGCCC
TTGGCAAACTCCAGGATGTCGTGAACCAGAATGCCCAGGCTCTCAATACCCTCGTGAAGCAGCTC
TCATCTAATTTCGGCGCAATTTCCAGTGTCCTCAACGACATCCTCAGCCGCCTCGACCCCCCCGA
GGCCGAAGTGCAGATTGACAGACTGATTACAGGTCGACTCCAGAGCCTCCAGACTTACGTGACTC
AGCAGCTGATAAGAGCCGCCGAGATAAGGGCCAGCGCTAACCTGGCTGCCACAAAGATGTCTGAG
TGCGTGCTGGGCCAGTCCAAGAGAGTAGACTTCTGTGGCAAAGGCTACCATCTGATGAGCTTCCC
ACAATCCGCACCTCACGGCGTAGTGTTCCTCCACGTGACATATGTACCGGCTCAGGAGAAGAATT
TCACTACCGCTCCTGCTATATGCCATGATGGAAAGGCTCACTTCCCCCGGGAGGGGGTGTTCGTG
TCCAACGGCACCCATTGGTTTGTGACTCAGCGGAATTTCTACGAACCCCAGATCATAACCACTGA
CAACACATTTGTGTCCGGAAATTGTGACGTGGTCATTGGAATAGTGAACAACACTGTTTATGATC
CACTGCAGCCAGAACTTGACAGCTTTAAGGAGGAGCTCGACAAGTACTTCAAGAATCATACGTCA
CCAGATGTGGACCTCGGAGATATTAGCGGTATCAATGCCAGTGTTGTCAATATTCAGAAGGAAAT
AGACCGCCTTAATGAGGTCGCCAAARAATCTGAACGAGAGCCTCATCGATCTTCAGGAGCTGGGCA
AATATGAGCAGTACATCAAGTGGCCTTGGTATATTTGGCTTGGCTTCATCGCCGGCCTGATCGCC
ATAGTAATGGTCACAATTATGCTCTGCTGCATGACCTCTTGCTGCTCCTGTCTGARAGGCTGCTG
CTCTTGCGGATCCTGCTGCAAATTTGATGAGGATGACAGTGAACCAGTCCTGAAGGGCGTGAAGC
TGCACTATACTTAG

PDI-SARS-CoV-2 S protein GSAS+PP wtTM/CT-AA (SEQ ID NO:23)
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MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEFL
PEFSNVTWFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSETVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIA
VEQDRKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLCCMT SCCSCLKGCCSCGSCCKEFDEDDSEPVLKGVKLHYT

IF(PDI)-CoV (opt2).c (SEQ ID NO:24)

TCTCAGATCTTCGCGGTGAATCTTACGACGCGAACACAGTTACCACCCGCAT

IF(AVB)-CoV (opt2).r (SEQ ID NO:25)

ACGACACGACTAAGGCCTCTAAGTATAGTGCAGCTTCACGCCCTTCAGGAC

PDI-Modified SARS-CoV-2 S protein GSAS+PP H5iTM/CT-DNA (SEQ ID NO:26)

ATGGCGAARAACGTTGCGATTTTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCTTCTCAGAT
CTTCGCGGTGAATCTTACGACGCGAACACAGTTACCACCCGCATATACARAATAGCTTCACTCGGG
GTGTTTATTACCCCGACAAAGTGTTCAGGTCCTCCGTGCTCCACTCAACACAGGACCTCTTTCTT
CCTTTCTTTTCTAACGTGACATGGTTTCATGCCATTCATGTATCCGGCACTAACGGTACTAAGAG
GTTCGATAATCCTGTGCTCCCTTTCAATGACGGCGTTTACTTTGCAAGCACAGAGAAGAGTAACA
TCATCCGAGGTTGGATCTTTGGCACTACCCTCGATTCAAAGACGCAGAGCCTCCTCATTGTGAAC
AATGCCACTAACGTGGTGATCAAAGTTTGCGAGTTTCAGTTCTGCAATGACCCTTTCTTGGGGGT
GTACTATCATAAGAACAACAAGTCTTGGATGGAATCTGAATTCCGCGTCTATAGCAGCGCCAACA
ACTGCACCTTTGAATACGTGTCCCAGCCCTTCCTTATGGACCTGGAGGGAAAGCAGGGAAACTTT
AAGAATCTGAGAGAGTTCGTGTTTAAAAATATCGACGGCTATTTTAAGATCTATTCTAAGCACAC
GCCTATTAATCTCGTGCGCGATCTTCCACAAGGCTTCAGCGCCCTGGAACCACTCGTGGACCTCC
CAATTGGTATCAACATCACTAGATTTCAGACTCTGCTTGCCCTCCACCGATCCTATCTGACACCC
GGAGACTCCTCTAGCGGCTGGACTGCCGGCGCTGCCGCTTATTACGTTGGTTATCTTCAGCCACG
CACGTTCCTGCTGAAGTATAACGAGAATGGTACTATTACCGATGCCGTGGATTGTGCCCTTGACC
CCCTGTCCGAAACTAAGTGCACACTCAAGTCATTCACTGTGGAAAAAGGAATCTACCAGACAAGC
AATTTTCGGGTCCAGCCTACTGAGAGCATTGTGCGCTTTCCTAACATCACAAATCTTTGCCCCTT
CGGAGAGGTTTTCAATGCTACACGGTTTGCCTCCGTGTATGCCTGGAACCGCAAGAGAATTTCCA
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ATTGCGTGGCCGATTACTCCGTGCTCTACAATAGTGCAAGCTTTAGCACCTTTAAGTGCTATGGC
GTATCCCCTACTAAGCTTAACGACTTGTGTTTCACAAACGTGTATGCCGACTCCTTTGTGATACG
GGGCGACGAAGTTAGACAGATAGCACCAGGACAGACGGGAAAGATAGCTGACTACAACTATAAGC
TTCCTGATGACTTCACTGGCTGCGTTATCGCGTGGAATTCTAACAACCTGGACTCAAAAGTCGGC
GGCAACTATAACTATCTCTATCGGCTGTTCCGCAAGAGTAACCTTAAGCCCTTTGAGAGAGATAT
AAGCACTGAAATCTACCAGGCTGGCAGTACGCCCTGTAATGGCGTGGAAGGCTTTAATTGTTATT
TTCCACTGCAATCCTATGGTTTTCAGCCAACCAATGGCGTGGGCTACCAACCATACCGCGTCGTG
GTGCTCTCCTTTGAACTGCTCCACGCTCCCGCGACTGTCTGCGGCCCCAAGAAGTCCACGAACCT
TGTGAAGAATAAGTGCGTTAATTTTAATTTCAACGGCCTCACTGGAACAGGAGTGCTCACTGAGA
GTAACAAGAAGTTCCTGCCATTTCAACAATTTGGCAGAGACATAGCCGATACTACTGACGCCGTT
AGGGACCCCCAGACCCTCGAGATTCTCGATATAACGCCCTGCTCCTTCGGTGGAGTTTCCGTGAT
CACGCCAGGCACCAATACCAGTAACCAGGTCGCCGTGCTGTATCAGGATGTCAACTGTACTGAGG
TGCCCGTAGCCATCCATGCGGATCAGCTCACACCAACTTGGAGGGTGTACAGCACCGGCTCCAAT
GTATTCCAGACTCGGGCCGGATGCCTTATTGGCGCCGAACACGTGAACAATAGTTACGAATGCGA
TATTCCAATTGGCGCCGGAATCTGTGCTAGCTACCAGACTCAGACGAACTCCCCAGGCAGCGCCA
GCAGCGTTGCCAGCCAGTCAATCATCGCTTATACAATGTCACTTGGAGCCGAAAACTCCGTGGCT
TACTCAAACAACAGCATCGCCATCCCCACAAACTTCACCATATCCGTGACAACTGAGATTCTGCC
AGTGTCCATGACTAAGACGTCCGTAGATTGCACTATGTACATATGCGGCGACAGCACAGAATGTT
CTAATCTGCTGCTGCAATATGGAAGCTTCTGCACTCAACTGAACAGAGCGCTCACAGGCATCGCC
GTGGAGCAGGATAAGAATACCCAGGAGGTGTTCGCCCAAGTTAAGCAGATCTACAAGACCCCACC
CATAARAGGATTTCGGTGGATTCAATTTTAGTCAGATACTCCCAGACCCATCTAAGCCATCCAAGA
GGAGCTTTATCGAGGATCTTTTGTTTAACAAAGTTACTCTGGCCGACGCCGGTTTCATCAAGCAG
TACGGAGATTGCCTCGGCGACATCGCTGCTCGTGACCTCATCTGTGCGCAAAAGTTTAACGGTCT
GACGGTGCTGCCTCCCCTCCTTACTGATGAAATGATCGCCCAGTATACCAGCGCACTCCTCGCTG
GCACCATAACATCCGGTTGGACATTCGGCGCTGGTGCAGCACTGCAGATACCATTCGCCATGCAA
ATGGCATATCGTTTCAACGGTATCGGTGTCACACAGAATGTCCTATATGAGAACCAGAAGCTGAT
CGCAAATCAGTTCAATAGTGCCATCGGAAAAATCCAGGATAGCCTTAGCAGCACAGCCTCAGCCC
TTGGCAAACTCCAGGATGTCGTGAACCAGAATGCCCAGGCTCTCAATACCCTCGTGAAGCAGCTC
TCATCTAATTTCGGCGCAATTTCCAGTGTCCTCAACGACATCCTCAGCCGCCTCGACCCCCCCGA
GGCCGAAGTGCAGATTGACAGACTGATTACAGGTCGACTCCAGAGCCTCCAGACTTACGTGACTC
AGCAGCTGATAAGAGCCGCCGAGATAAGGGCCAGCGCTAACCTGGCTGCCACAAAGATGTCTGAG
TGCGTGCTGGGCCAGTCCAAGAGAGTAGACTTCTGTGGCAAAGGCTACCATCTGATGAGCTTCCC
ACAATCCGCACCTCACGGCGTAGTGTTCCTCCACGTGACATATGTACCGGCTCAGGAGAAGAATT
TCACTACCGCTCCTGCTATATGCCATGATGGAAAGGCTCACTTCCCCCGGGAGGGGGTGTTCGTG
TCCAACGGCACCCATTGGTTTGTGACTCAGCGGAATTTCTACGAACCCCAGATCATAACCACTGA
CAACACATTTGTGTCCGGAAATTGTGACGTGGTCATTGGAATAGTGAACAACACTGTTTATGATC
CACTGCAGCCAGAACTTGACAGCTTTAAGGAGGAGCTCGACAAGTACTTCAAGAATCATACGTCA
CCAGATGTGGACCTCGGAGATATTAGCGGTATCAATGCCAGTGTTGTCAATATTCAGAAGGAAAT
AGACCGCCTTAATGAGGTCGCCAAAAATCTGAACGAGAGCCTCATCGATCTTCAGGAGCTGGGCA
AATATGAGCAGTACATCAAGTGGCCTTGGTATCAAATACTGTCAATTTATTCAACAGTGGCGAGT
TCCCTAGCACTGGCAATCATGATGGCTGGTCTATCTTTATGGATGTGCTCCAATGGATCGTTACA
ATGCAGAATTTGCATTTAA

PDI-Modified SARS-CoV-2 S protein GSAS+PP H51TM/CT-AA (SEQ ID NO:27)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSEFTRGVYYPDKVEFRSSVLHSTQDLEFL
PEFSNVTWEFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSETVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG

127



10

15

20

25

30

35

40

45

WO 2022/047575 PCT/CA2021/051201

VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGOTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDRNTQEVFAQVKQIYKTPPIKDFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQERKNFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQYTKWPWYQILSIYSTVAS
SLALATMMAGLSLWMCSNGSLQCRICI

IF(Avb)-H5Lr (SEQ ID NO:28)

ACGACACGACTAAGGCCTTTAAATGCAAATTCTGCATTGTAACGATCC

PDI-Modified SARS-CoV-2 S protein GSAS+PP wtTM/H51CT-DNA (SEQ ID NO:29)

ATGGCGAAAAACGTTGCGATTTTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCTTCTCAGAT
CTTCGCGGTGAATCTTACGACGCGAACACAGTTACCACCCGCATATACARAATAGCTTCACTCGGG
GTGTTTATTACCCCGACAAAGTGTTCAGGTCCTCCGTGCTCCACTCAACACAGGACCTCTTTCTT
CCTTTCTTTTCTAACGTGACATGGTTTCATGCCATTCATGTATCCGGCACTAACGGTACTAAGAG
GTTCGATAATCCTGTGCTCCCTTTCAATGACGGCGTTTACTTTGCAAGCACAGAGAAGAGTAACA
TCATCCGAGGTTGGATCTTTGGCACTACCCTCGATTCAAAGACGCAGAGCCTCCTCATTGTGAAC
AATGCCACTAACGTGGTGATCAAAGTTTGCGAGTTTCAGTTCTGCAATGACCCTTTCTTGGGGGT
GTACTATCATAAGAACAACAAGTCTTGGATGGAATCTGAATTCCGCGTCTATAGCAGCGCCAACA
ACTGCACCTTTGAATACGTGTCCCAGCCCTTCCTTATGGACCTGGAGGGAAAGCAGGGAAACTTT
AAGAATCTGAGAGAGTTCGTGTTTAAAAATATCGACGGCTATTTTAAGATCTATTCTAAGCACAC
GCCTATTAATCTCGTGCGCGATCTTCCACAAGGCTTCAGCGCCCTGGAACCACTCGTGGACCTCC
CAATTGGTATCAACATCACTAGATTTCAGACTCTGCTTGCCCTCCACCGATCCTATCTGACACCC
GGAGACTCCTCTAGCGGCTGGACTGCCGGCGCTGCCGCTTATTACGTTGGTTATCTTCAGCCACG
CACGTTCCTGCTGAAGTATAACGAGAATGGTACTATTACCGATGCCGTGGATTGTGCCCTTGACC
CCCTGTCCGAAACTAAGTGCACACTCAAGTCATTCACTGTGGAAAAAGGAATCTACCAGACAAGC
AATTTTCGGGTCCAGCCTACTGAGAGCATTGTGCGCTTTCCTAACATCACAAATCTTTGCCCCTT
CGGAGAGGTTTTCAATGCTACACGGTTTGCCTCCGTGTATGCCTGGAACCGCAAGAGAATTTCCA
ATTGCGTGGCCGATTACTCCGTGCTCTACAATAGTGCAAGCTTTAGCACCTTTAAGTGCTATGGC
GTATCCCCTACTAAGCTTAACGACTTGTGTTTCACAAACGTGTATGCCGACTCCTTTGTGATACG
GGGCGACGAAGTTAGACAGATAGCACCAGGACAGACGGGAAAGATAGCTGACTACAACTATAAGC
TTCCTGATGACTTCACTGGCTGCGTTATCGCGTGGAATTCTAACAACCTGGACTCAAAAGTCGGC
GGCAACTATAACTATCTCTATCGGCTGTTCCGCAAGAGTAACCTTAAGCCCTTTGAGAGAGATAT
AAGCACTGAAATCTACCAGGCTGGCAGTACGCCCTGTAATGGCGTGGAAGGCTTTAATTGTTATT
TTCCACTGCAATCCTATGGTTTTCAGCCAACCAATGGCGTGGGCTACCAACCATACCGCGTCGTG
GTGCTCTCCTTTGAACTGCTCCACGCTCCCGCGACTGTCTGCGGCCCCAAGAAGTCCACGAACCT
TGTGAAGAATAAGTGCGTTAATTTTAATTTCAACGGCCTCACTGGAACAGGAGTGCTCACTGAGA
GTAACAAGAAGTTCCTGCCATTTCAACAATTTGGCAGAGACATAGCCGATACTACTGACGCCGTT
AGGGACCCCCAGACCCTCGAGATTCTCGATATAACGCCCTGCTCCTTCGGTGGAGTTTCCGTGAT
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CACGCCAGGCACCAATACCAGTAACCAGGTCGCCGTGCTGTATCAGGATGTCAACTGTACTGAGG
TGCCCGTAGCCATCCATGCGGATCAGCTCACACCAACTTGGAGGGTGTACAGCACCGGCTCCAAT
GTATTCCAGACTCGGGCCGGATGCCTTATTGGCGCCGAACACGTGAACAATAGTTACGAATGCGA
TATTCCAATTGGCGCCGGAATCTGTGCTAGCTACCAGACTCAGACGAACTCCCCAGGCAGCGCCA
GCAGCGTTGCCAGCCAGTCAATCATCGCTTATACAATGTCACTTGGAGCCGAAAACTCCGTGGCT
TACTCAAACAACAGCATCGCCATCCCCACAAACTTCACCATATCCGTGACAACTGAGATTCTGCC
AGTGTCCATGACTAAGACGTCCGTAGATTGCACTATGTACATATGCGGCGACAGCACAGAATGTT
CTAATCTGCTGCTGCAATATGGAAGCTTCTGCACTCAACTGAACAGAGCGCTCACAGGCATCGCC
GTGGAGCAGGATAAGAATACCCAGGAGGTGTTCGCCCAAGTTAAGCAGATCTACAAGACCCCACC
CATAAAGGATTTCGGTGGATTCAATTTTAGTCAGATACTCCCAGACCCATCTAAGCCATCCAAGA
GGAGCTTTATCGAGGATCTTTTGTTTAACAAAGTTACTCTGGCCGACGCCGGTTTCATCAAGCAG
TACGGAGATTGCCTCGGCGACATCGCTGCTCGTGACCTCATCTGTGCGCAAAAGTTTAACGGTCT
GACGGTGCTGCCTCCCCTCCTTACTGATGAAATGATCGCCCAGTATACCAGCGCACTCCTCGCTG
GCACCATAACATCCGGTTGGACATTCGGCGCTGGTGCAGCACTGCAGATACCATTCGCCATGCAA
ATGGCATATCGTTTCAACGGTATCGGTGTCACACAGAATGTCCTATATGAGAACCAGAAGCTGAT
CGCAAATCAGTTCAATAGTGCCATCGGAAAAATCCAGGATAGCCTTAGCAGCACAGCCTCAGCCC
TTGGCAAACTCCAGGATGTCGTGAACCAGAATGCCCAGGCTCTCAATACCCTCGTGAAGCAGCTC
TCATCTAATTTCGGCGCAATTTCCAGTGTCCTCAACGACATCCTCAGCCGCCTCGACCCCCCCGA
GGCCGAAGTGCAGATTGACAGACTGATTACAGGTCGACTCCAGAGCCTCCAGACTTACGTGACTC
AGCAGCTGATAAGAGCCGCCGAGATAAGGGCCAGCGCTAACCTGGCTGCCACAAAGATGTCTGAG
TGCGTGCTGGGCCAGTCCAAGAGAGTAGACTTCTGTGGCAAAGGCTACCATCTGATGAGCTTCCC
ACAATCCGCACCTCACGGCGTAGTGTTCCTCCACGTGACATATGTACCGGCTCAGGAGAAGAATT
TCACTACCGCTCCTGCTATATGCCATGATGGAAAGGCTCACTTCCCCCGGGAGGGGGTGTTCGTG
TCCAACGGCACCCATTGGTTTGTGACTCAGCGGAATTTCTACGAACCCCAGATCATAACCACTGA
CAACACATTTGTGTCCGGAAATTGTGACGTGGTCATTGGAATAGTGAACAACACTGTTTATGATC
CACTGCAGCCAGAACTTGACAGCTTTAAGGAGGAGCTCGACAAGTACTTCAAGAATCATACGTCA
CCAGATGTGGACCTCGGAGATATTAGCGGTATCAATGCCAGTGTTGTCAATATTCAGAAGGAAAT
AGACCGCCTTAATGAGGTCGCCAAAANATCTGAACGAGAGCCTCATCGATCTTCAGGAGCTGGGCA
AATATGAGCAGTACATCAAGTGGCCTTGGTATATTTGGCTTGGCTTCATCGCCGGCCTGATCGCC
ATAGTAATGGTCACAATTATGCTCTCTTTATGGATGTGCTCCAATGGATCGTTACAATGCAGAAT
TTGCATTTAA

PDI-Modified SARS-CoV-2 S protein GSAS+PP wtTM/H5iCT-AA (SEQ ID NO:30)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PEFSNVTWEFHAIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTS
NERVQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGEFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYRENGIGVTONVLYENQKLIANQFNSATIGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDEFCGKGYHLMSFPQSAPHGVVELHVTYVPAQEKNEFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEFVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS

129



10

15

20

25

30

35

40

45

WO 2022/047575 PCT/CA2021/051201

PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY ITKWPWYIWLGEFIAGLIA
IVMVTIMLSLWMCSNGSLQCRICT

Cloning vector 8501 from left to right T-DNA (SEQ ID NO:31)

TGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGT
TTTTAATGTACTGAATTAACGCCGAATCCCGGGCTGGTATATTTATATGTTGTCAAATAACTCAA
AAACCATAAAAGTTTAAGTTAGCAAGTGTGTACATTTTTACTTGAACAAAAATATTCACCTACTA
CTGTTATAAATCATTATTAAACATTAGAGTAAAGAAATATGGATGATAAGAACAAGAGTAGTGAT
ATTTTGACAACAATTTTGTTGCAACATTTGAGAAAATTTTGTTGTTCTCTCTTTTCATTGGTCAA
AAACAATAGAGAGAGAAAAAGGAAGAGGGAGAATAAAAACATAATGTGAGTATGAGAGAGAAAGT
TGTACAAAAGTTGTACCAAAATAGTTGTACAARATATCATTGAGGAATTTGACAAAAGCTACACAA
ATAAGGGTTAATTGCTGTAAATAAATAAGGATGACGCATTAGAGAGATGTACCATTAGAGAATTT
TTGGCAAGTCATTAAAAAGAAAGAATAAATTATTTTTAAAATTAAAAGTTGAGTCATTTGATTAA
ACATGTGATTATTTAATGAATTGATGAAAGAGTTGGATTAAAGTTGTATTAGTAATTAGAATTTG
GTGTCAAATTTAATTTGACATTTGATCTTTTCCTATATATTGCCCCATAGAGTCAGTTAACTCAT
TTTTATATTTCATAGATCAAATAAGAGAAATAACGGTATATTAATCCCTCCAAAAARANRAANANRCG
GTATATTTACTAAAAAATCTAAGCCACGTAGGAGGATAACAGGATCCCCGTAGGAGGATAACATC
CAATCCAACCAATCACAACAATCCTGATGAGATAACCCACTTTAAGCCCACGCATCTGTGGCACA
TCTACATTATCTAAATCACACATTCTTCCACACATCTGAGCCACACAAAAACCAATCCACATCTT
TATCACCCATTCTATAAAAAATCACACTTTGTGAGTCTACACTTTGATTCCCTTCAAACACATAC
ARAGAGAAGAGACTAATTAATTAATTAATCATCTTGAGAGAAAATGGAACGAGCTATACAAGGAA
ACGACGCTAGGGAACAAGCTAACAGTGAACGTTGGGATGGAGGATCAGGAGGTACCACTTCTCCC
TTCAAACTTCCTGACGAAAGTCCGAGTTGGACTGAGTGGCGGCTACATAACGATGAGACGAATTC
GAATCAAGATAATCCCCTTGGTTTCAAGGAAAGCTGGGGTTTCGGGAAAGTTGTATTTAAGAGAT
ATCTCAGATACGACAGGACGGAAGCTTCACTGCACAGAGTCCTTGGATCTTGGACGGGAGATTCG
GTTAACTATGCAGCATCTCGATTTTTCGGTTTCGACCAGATCGGATGTACCTATAGTATTCGGTT
TCGAGGAGTTAGTATCACCGTTTCTGGAGGGTCGCGAACTCTTCAGCATCTCTGTGAGATGGCAA
TTCGGTCTAAGCAAGAACTGCTACAGCTTGCCCCAATCGAAGTGGAAAGTAATGTATCAAGAGGA
TGCCCTGAAGGTACTCAAACCTTCGAAAAAGAAAGCGAGTAAGTTAAAATGCTTCTTCGTCTCCT
ATTTATAATATGGTTTGTTATTGTTAATTTTGTTCTTGTAGAAGAGCTTAATTAATCGTTGTTGT
TATGAAATACTATTTGTATGAGATGAACTGGTGTAATGTAATTCATTTACATAAGTGGAGTCAGA
ATCAGAATGTTTCCTCCATAACTAACTAGACATGAAGACCTGCCGCGTACAATTGTCTTATATTT
GAACAACTAAAATTGAACATCTTTTGCCACAACTTTATAAGTGGTTAATATAGCTCAAATATATG
GTCAAGTTCAATAGATTAATAATGGAAATATCAGTTATCGAAATTCATTAACAATCAACTTAACG
TTATTAACTACTAATTTTATATCATCCCCTTTGATAAATGATAGTACACCAATTAGGAAGGAGCA
TGCTCGCCTAGGAGATTGTCGTTTCCCGCCTTCAGTTTGCAAGCTGCTCTAGCCGTGTAGCCAAT
ACGCAAACCGCCTCTCCCCGCGCGTTGGGAATTACTAGCGCGTGTCGACAAGCTTGCATGCCGGT
CAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACC
ARAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGARAACCTCCTCGGATTCCATTGCCCA
GCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTG
CGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCAC
CCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGT
GATAACATGGTGGAGCACGACACACTTGTCTACTCCAARAATATCAAAGATACAGTCTCAGAAGA
CCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCC
CAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCC
ACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
GTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCT
ATATAAGGAAGTTCATTTCATTTGGAGAGGCACACAATTTGCTTTAGTGATTAAACTTTCTTTTA
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CAACAAATTAAAGGTCTATTATCTCCCAACAACATAAGAAANCAATGGCGAAAAACGTTGCGATT
TTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCTTCTCAGATCTTCGCGACGTCACTCCTCAG
CCAAARACGACACCCCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGCCCAAACTAACTCCATG
GTGACCCTGGGATGCCTGGTCAAGGGCTATTTCCCTGAGCCAGTGACAGTGACCTGGAACTCTGG
ATCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACTCTGAGCA
GCTCAGTGACTGTCCCCTCCAGCACCTGGCCCAGCGAGACCGTCACCTGCAACGTTGCCCACCCG
GCCAGCAGCACCAAGGTGGACAAGAAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATG
TACAGTCCCAGAAGTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATGTGCTCACCATTA
CTCTGACTCCTAAGGTCACGTGTGTTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTC
AGCTGGTTTGTAGATGATGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCAA
CAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGA
CGTCCAGATTTTGGCGATCTATTCAACTGTCGCCAGTTCATTGGTACTGGTAGTCTCCCTGGGGG
CAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAGTGTAGAATATGTATTTAAAGGCCTTAG
TCGTGTCGTTTTTCAAATAATATAATCCTTTTAGGGTTTTAGTTAGTTTAAATTTTCTGTTGCTC
CTGTTTAGCAGGTCGTGCCTTCAGCAAGCACACAAAAACAGAGTGTTTATTTTAAGTTGTTTGTT
TAGTGATTCAAAAAAAAAATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTT
GCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACAT
GTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAAT
ACGCGATAGAAAACAARAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATG
TTACTAGATCTCTAGAGTCTCAAGCTTGGCGCGCCCACGTGACTAGTGGCACTGGCCGTCGTTTT
ACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTT
TCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTG
AATGGCGAATGCTAGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGCCTTCAGTTTAAACT
ATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAAGAGAARAAGAGCGTTTA

Construct 8586 from 2X35S prom to NOS term (SEQ ID NO:32)

GTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGA
CCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCC
CAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCC
ACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
GTGATAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAA
GACCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTG
CCCAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATC
ATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCC
CCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTG
ATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCT
CTATATAAGGAAGTTCATTTCATTTGGAGAGGCACACAATTTGCTTTAGTGATTAAACTTTCTTT
TACAACAAATTAAAGGTCTATTATCTCCCAACAACATAAGAAAACAATGGCGAAAAACGTTGCGA
TTTTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCTTCTCAGATCTTCGCGGTGAATCTTACG
ACGCGAACACAGTTACCACCCGCATATACAAATAGCTTCACTCGGGGTGTTTATTACCCCGACAA
AGTGTTCAGGTCCTCCGTGCTCCACTCAACACAGGACCTCTTTCTTCCTTTCTTTTCTAACGTGA
CATGGTTTCATGCCATTCATGTATCCGGCACTAACGGTACTAAGAGGTTCGATAATCCTGTGCTC
CCTTTCAATGACGGCGTTTACTTTGCAAGCACAGAGAAGAGTAACATCATCCGAGGTTGGATCTT
TGGCACTACCCTCGATTCAAAGACGCAGAGCCTCCTCATTGTGAACAATGCCACTAACGTGGTGA
TCAAAGTTTGCGAGTTTCAGTTCTGCAATGACCCTTTCTTGGGGGTGTACTATCATAAGAACAAC
AAGTCTTGGATGGAATCTGAATTCCGCGTCTATAGCAGCGCCAACAACTGCACCTTTGAATACGT
GTCCCAGCCCTTCCTTATGGACCTGGAGGGARAGCAGGGAAACTTTAAGAATCTGAGAGAGTTCG
TGTTTAAAAATATCGACGGCTATTTTAAGATCTATTCTAAGCACACGCCTATTAATCTCGTGCGC
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GATCTTCCACAAGGCTTCAGCGCCCTGGAACCACTCGTGGACCTCCCAATTGGTATCAACATCAC
TAGATTTCAGACTCTGCTTGCCCTCCACCGATCCTATCTGACACCCGGAGACTCCTCTAGCGGCT
GGACTGCCGGCGCTGCCGCTTATTACGTTGGTTATCTTCAGCCACGCACGTTCCTGCTGAAGTAT
AACGAGAATGGTACTATTACCGATGCCGTGGATTGTGCCCTTGACCCCCTGTCCGAAACTAAGTG
CACACTCAAGTCATTCACTGTGGAAAAAGGAATCTACCAGACAAGCAATTTTCGGGTCCAGCCTA
CTGAGAGCATTGTGCGCTTTCCTAACATCACAAATCTTTGCCCCTTCGGAGAGGTTTTCAATGCT
ACACGGTTTGCCTCCGTGTATGCCTGGAACCGCAAGAGAATTTCCAATTGCGTGGCCGATTACTC
CGTGCTCTACAATAGTGCAAGCTTTAGCACCTTTAAGTGCTATGGCGTATCCCCTACTAAGCTTA
ACGACTTGTGTTTCACAAACGTGTATGCCGACTCCTTTGTGATACGGGGCGACGAAGTTAGACAG
ATAGCACCAGGACAGACGGGAAAGATAGCTGACTACAACTATAAGCTTCCTGATGACTTCACTGG
CTGCGTTATCGCGTGGAATTCTAACAACCTGGACTCAAAAGTCGGCGGCAACTATAACTATCTCT
ATCGGCTGTTCCGCAAGAGTAACCTTAAGCCCTTTGAGAGAGATATAAGCACTGAAATCTACCAG
GCTGGCAGTACGCCCTGTAATGGCGTGGAAGGCTTTAATTGTTATTTTCCACTGCAATCCTATGG
TTTTCAGCCAACCAATGGCGTGGGCTACCAACCATACCGCGTCGTGGTGCTCTCCTTTGAACTGC
TCCACGCTCCCGCGACTGTCTGCGGCCCCAAGAAGTCCACGAACCTTGTGAAGAATAAGTGCGTT
AATTTTAATTTCAACGGCCTCACTGGAACAGGAGTGCTCACTGAGAGTAACAAGAAGTTCCTGCC
ATTTCAACAATTTGGCAGAGACATAGCCGATACTACTGACGCCGTTAGGGACCCCCAGACCCTCG
AGATTCTCGATATAACGCCCTGCTCCTTCGGTGGAGTTTCCGTGATCACGCCAGGCACCAATACC
AGTAACCAGGTCGCCGTGCTGTATCAGGATGTCAACTGTACTGAGGTGCCCGTAGCCATCCATGC
GGATCAGCTCACACCAACTTGGAGGGTGTACAGCACCGGCTCCAATGTATTCCAGACTCGGGCCG
GATGCCTTATTGGCGCCGAACACGTGAACAATAGTTACGAATGCGATATTCCAATTGGCGCCGGA
ATCTGTGCTAGCTACCAGACTCAGACGAACTCCCCAGGCAGCGCCAGCAGCGTTGCCAGCCAGTC
AATCATCGCTTATACAATGTCACTTGGAGCCGAAAACTCCGTGGCTTACTCAAACAACAGCATCG
CCATCCCCACAAACTTCACCATATCCGTGACAACTGAGATTCTGCCAGTGTCCATGACTAAGACG
TCCGTAGATTGCACTATGTACATATGCGGCGACAGCACAGAATGTTCTAATCTGCTGCTGCAATA
TGGAAGCTTCTGCACTCAACTGAACAGAGCGCTCACAGGCATCGCCGTGGAGCAGGATAAGAATA
CCCAGGAGGTGTTCGCCCAAGTTAAGCAGATCTACAAGACCCCACCCATAAAGGATTTCGGTGGA
TTCAATTTTAGTCAGATACTCCCAGACCCATCTAAGCCATCCAAGAGGAGCTTTATCGAGGATCT
TTTGTTTAACAAAGTTACTCTGGCCGACGCCGGTTTCATCAAGCAGTACGGAGATTGCCTCGGCG
ACATCGCTGCTCGTGACCTCATCTGTGCGCAAAAGTTTAACGGTCTGACGGTGCTGCCTCCCCTC
CTTACTGATGAAATGATCGCCCAGTATACCAGCGCACTCCTCGCTGGCACCATAACATCCGGTTG
GACATTCGGCGCTGGTGCAGCACTGCAGATACCATTCGCCATGCAAATGGCATATCGTTTCAACG
GTATCGGTGTCACACAGAATGTCCTATATGAGAACCAGAAGCTGATCGCAAATCAGTTCAATAGT
GCCATCGGAAAAATCCAGGATAGCCTTAGCAGCACAGCCTCAGCCCTTGGCAAACTCCAGGATGT
CGTGAACCAGAATGCCCAGGCTCTCAATACCCTCGTGAAGCAGCTCTCATCTAATTTCGGCGCAA
TTTCCAGTGTCCTCAACGACATCCTCAGCCGCCTCGACCCCCCCGAGGCCGAAGTGCAGATTGAC
AGACTGATTACAGGTCGACTCCAGAGCCTCCAGACTTACGTGACTCAGCAGCTGATAAGAGCCGC
CGAGATAAGGGCCAGCGCTAACCTGGCTGCCACAAAGATGTCTGAGTGCGTGCTGGGCCAGTCCA
AGAGAGTAGACTTCTGTGGCARAAGGCTACCATCTGATGAGCTTCCCACAATCCGCACCTCACGGC
GTAGTGTTCCTCCACGTGACATATGTACCGGCTCAGGAGAAGAATTTCACTACCGCTCCTGCTAT
ATGCCATGATGGAAAGGCTCACTTCCCCCGGGAGGGGGTGTTCGTGTCCAACGGCACCCATTGGT
TTGTGACTCAGCGGAATTTCTACGAACCCCAGATCATAACCACTGACAACACATTTGTGTCCGGA
AATTGTGACGTGGTCATTGGAATAGTGAACAACACTGTTTATGATCCACTGCAGCCAGAACTTGA
CAGCTTTAAGGAGGAGCTCGACAAGTACTTCAAGAATCATACGTCACCAGATGTGGACCTCGGAG
ATATTAGCGGTATCAATGCCAGTGTTGTCAATATTCAGAAGGARAATAGACCGCCTTAATGAGGTC
GCCAAAAATCTGAACGAGAGCCTCATCGATCTTCAGGAGCTGGGCAAATATGAGCAGTACATCAA
GTGGCCTTGGTATATTTGGCTTGGCTTCATCGCCGGCCTGATCGCCATAGTAATGGTCACAATTA
TGCTCTGCTGCATGACCTCTTGCTGCTCCTGTCTGAAAGGCTGCTGCTCTTGCGGATCCTGCTGC
ARAATTTGATGAGGATGACAGTGAACCAGTCCTGAAGGGCGTGAAGCTGCACTATACTTAGAGGCC
TTAGTCGTGTCGTTTTTCAAATAATATAATCCTTTTAGGGTTTTAGTTAGTTTAAATTTTCTGTT
GCTCCTGTTTAGCAGGTCGTGCCTTCAGCAAGCACACAAAANCAGAGTGTTTATTTTAAGTTGTT
TGTTTAGTGATTCAAAAAAAAAATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCC
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TGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTA
ACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATT
TAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATC
TATGTTACTAGAT

Cloning vector 8500 from left to right T-DNA (SEQ ID NO:33)

TGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGT
TTTTAATGTACTGAATTAACGCCGAATCCCGGGCTGGTATATTTATATGTTGTCAAATAACTCAA
ARACCATAAAAGTTTAAGTTAGCAAGTGTGTACATTTTTACTTGAACAAAAATATTCACCTACTA
CTGTTATAAATCATTATTAAACATTAGAGTAAAGAAATATGGATGATAAGAACAAGAGTAGTGAT
ATTTTGACAACAATTTTGTTGCAACATTTGAGAAAATTTTGTTGTTCTCTCTTTTCATTGGTCAA
AAACAATAGAGAGAGAAAAAGGAAGAGGGAGAATAAAAACATAATGTGAGTATGAGAGAGARAGT
TGTACAAAAGTTGTACCAAAATAGTTGTACAAATATCATTGAGGAATTTGACAAAAGCTACACAA
ATAAGGGTTAATTGCTGTAAATAAATAAGGATGACGCATTAGAGAGATGTACCATTAGAGAATTT
TTGGCAAGTCATTAAAAAGAAAGAATAAATTATTTTTAAAATTAAAAGTTGAGTCATTTGATTAA
ACATGTGATTATTTAATGAATTGATGAAAGAGTTGGATTAAAGTTGTATTAGTAATTAGAATTTG
GTGTCAAATTTAATTTGACATTTGATCTTTTCCTATATATTGCCCCATAGAGTCAGTTAACTCAT
TTTTATATTTCATAGATCAAATAAGAGAAATAACGGTATATTAATCCCTCCAAAAARNRARAANCG
GTATATTTACTAAAAAATCTAAGCCACGTAGGAGGATAACAGGATCCCCGTAGGAGGATAACATC
CAATCCAACCAATCACAACAATCCTGATGAGATAACCCACTTTAAGCCCACGCATCTGTGGCACA
TCTACATTATCTAAATCACACATTCTTCCACACATCTGAGCCACACAAAAACCAATCCACATCTT
TATCACCCATTCTATAAAAAATCACACTTTGTGAGTCTACACTTTGATTCCCTTCAAACACATAC
AAAGAGAAGAGACTAATTAATTAATTAATCATCTTGAGAGAARAATGGAACGAGCTATACAAGGAA
ACGACGCTAGGGAACAAGCTAACAGTGAACGTTGGGATGGAGGATCAGGAGGTACCACTTCTCCC
TTCAAACTTCCTGACGAAAGTCCGAGTTGGACTGAGTGGCGGCTACATAACGATGAGACGAATTC
GAATCAAGATAATCCCCTTGGTTTCAAGGAAAGCTGGGGTTTCGGGAAAGTTGTATTTAAGAGAT
ATCTCAGATACGACAGGACGGAAGCTTCACTGCACAGAGTCCTTGGATCTTGGACGGGAGATTCG
GTTAACTATGCAGCATCTCGATTTTTCGGTTTCGACCAGATCGGATGTACCTATAGTATTCGGTT
TCGAGGAGTTAGTATCACCGTTTCTGGAGGGTCGCGAACTCTTCAGCATCTCTGTGAGATGGCAA
TTCGGTCTAAGCAAGAACTGCTACAGCTTGCCCCAATCGAAGTGGAAAGTAATGTATCAAGAGGA
TGCCCTGAAGGTACTCAAACCTTCGAAAAAGAAAGCGAGTAAGTTAAAATGCTTCTTCGTCTCCT
ATTTATAATATGGTTTGTTATTGTTAATTTTGTTCTTGTAGAAGAGCTTAATTAATCGTTGTTGT
TATGAAATACTATTTGTATGAGATGAACTGGTGTAATGTAATTCATTTACATAAGTGGAGTCAGA
ATCAGAATGTTTCCTCCATAACTAACTAGACATGAAGACCTGCCGCGTACAATTGTCTTATATTT
GAACAACTAAAATTGAACATCTTTTGCCACAACTTTATAAGTGGTTAATATAGCTCAAATATATG
GTCAAGTTCAATAGATTAATAATGGAAATATCAGTTATCGAAATTCATTAACAATCAACTTAACG
TTATTAACTACTAATTTTATATCATCCCCTTTGATAAATGATAGTACACCAATTAGGAAGGAGCA
TGCTCGCCTAGGAGATTGTCGTTTCCCGCCTTCAGTTTGCAAGCTGCTCTAGCCGTGTAGCCAAT
ACGCAAACCGCCTCTCCCCGCGCGTTGGGAATTACTAGCGCGTGTCGACAAGCTTGCATGCCGGT
CAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACC
ARAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCA
GCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTG
CGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCAC
CCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGT
GATAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGA
CCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCC
CAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCC
ACCCACGAGGAGCATCGTGGARAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
GTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCT
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ATATAAGGAAGTTCATTTCATTTGGAGAGGCACTTTTCTAATCAATCATCAAACAGAACGCAGAA
AATTTCCTAAAAACAAAAAAARAGGCATACAAATGGCGAAAAACGTTGCGATTTTCGGCTTATTGT
TTTCTCTTCTTGTGTTGGTTCCTTCTCAGATCTTCGCGACGTCACTCCTCAGCCAAAACGACACC
CCCATCTGTCTATCCACTGGCCCCTGGATCTGCTGCCCAAACTAACTCCATGGTGACCCTGGGAT
GCCTGGTCAAGGGCTATTTCCCTGAGCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGC
GGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCTCTACACTCTGAGCAGCTCAGTGACTGT
CCCCTCCAGCACCTGGCCCAGCGAGACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCA
AGGTGGACAAGAAAATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAA
GTATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATGTGCTCACCATTACTCTGACTCCTAA
GGTCACGTGTGTTGTGGTAGACATCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAG
ATGATGTGGAGGTGCACACAGCTCAGACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGC
TCAGTCAGTGAACTTCCCATCATGCACCAGGACTGGCTCAATGGCAAGGAGACGTCCAGATTTTG
GCGATCTATTCAACTGTCGCCAGTTCATTGGTACTGGTAGTCTCCCTGGGGGCAATCAGTTTCTG
GATGTGCTCTAATGGGTCTCTACAGTGTAGAATATGTATTTAAAGGCCTTAGTCGTGTCGTTTTT
CAAATAATATAATCCTTTTAGGGTTTTAGTTAGTTTAAATTTTCTGTTGCTCCTGTTTAGCAGGT
CGTGCCTTCAGCAAGCACACAAAAACAGAGTGTTTATTTTAAGTTGTTTGTTTAGTGATTCAAAA
AAAAAATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGA
TGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACG
TTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAA
CAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCTCT
AGAGTCTCAAGCTTGGCGCGCCCACGTGACTAGTGGCACTGGCCGTCGTTTTACAACGTCGTGAC
TGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCG
TAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGCT
AGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGAC
AGGATATATTGGCGGGTAAACCTAAGAGAAAAGAGCGTTTA

Construct 8589 from 2X35S prom to NOS term (SEQ ID NO:34)

GTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGA
CCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCC
CAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCC
ACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
GTGATAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAA
GACCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTG
CCCAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAARAGGAAGGTGGCTCCTACAAATGCCATC
ATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCC
CCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTG
ATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCT
CTATATAAGGAAGTTCATTTCATTTGGAGAGGCACTTTTCTAATCAATCATCAAACAGAACGCAG
AAAATTTCCTAAAAACAARAAARNAAGGCATACAAATGGCGAARAAACGTTGCGATTTTCGGCTTATT
GTTTTCTCTTCTTGTGTTGGTTCCTTCTCAGATCTTCGCGGTGAATCTTACGACGCGAACACAGT
TACCACCCGCATATACAAATAGCTTCACTCGGGGTGTTTATTACCCCGACARAGTGTTCAGGTCC
TCCGTGCTCCACTCAACACAGGACCTCTTTCTTCCTTTCTTTTCTAACGTGACATGGTTTCATGC
CATTCATGTATCCGGCACTAACGGTACTAAGAGGTTCGATAATCCTGTGCTCCCTTTCAATGACG
GCGTTTACTTTGCAAGCACAGAGAAGAGTAACATCATCCGAGGTTGGATCTTTGGCACTACCCTC
GATTCAAAGACGCAGAGCCTCCTCATTGTGAACAATGCCACTAACGTGGTGATCAAAGTTTGCGA
GTTTCAGTTCTGCAATGACCCTTTCTTGGGGGTGTACTATCATAAGAACAACAAGTCTTGGATGG
AATCTGAATTCCGCGTCTATAGCAGCGCCAACAACTGCACCTTTGAATACGTGTCCCAGCCCTTC
CTTATGGACCTGGAGGGAAAGCAGGGAAACTTTAAGAATCTGAGAGAGTTCGTGTTTAAAAATAT
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CGACGGCTATTTTAAGATCTATTCTAAGCACACGCCTATTAATCTCGTGCGCGATCTTCCACAAG
GCTTCAGCGCCCTGGAACCACTCGTGGACCTCCCAATTGGTATCAACATCACTAGATTTCAGACT
CTGCTTGCCCTCCACCGATCCTATCTGACACCCGGAGACTCCTCTAGCGGCTGGACTGCCGGCGC
TGCCGCTTATTACGTTGGTTATCTTCAGCCACGCACGTTCCTGCTGAAGTATAACGAGAATGGTA
CTATTACCGATGCCGTGGATTGTGCCCTTGACCCCCTGTCCGAAACTAAGTGCACACTCAAGTCA
TTCACTGTGGAAAAAGGAATCTACCAGACAAGCAATTTTCGGGTCCAGCCTACTGAGAGCATTGT
GCGCTTTCCTAACATCACAAATCTTTGCCCCTTCGGAGAGGTTTTCAATGCTACACGGTTTGCCT
CCGTGTATGCCTGGAACCGCAAGAGAATTTCCAATTGCGTGGCCGATTACTCCGTGCTCTACAAT
AGTGCAAGCTTTAGCACCTTTAAGTGCTATGGCGTATCCCCTACTAAGCTTAACGACTTGTGTTT
CACAAACGTGTATGCCGACTCCTTTGTGATACGGGGCGACGAAGTTAGACAGATAGCACCAGGAC
AGACGGGAAAGATAGCTGACTACAACTATAAGCTTCCTGATGACTTCACTGGCTGCGTTATCGCG
TGGAATTCTAACAACCTGGACTCAARAAGTCGGCGGCAACTATAACTATCTCTATCGGCTGTTCCG
CAAGAGTAACCTTAAGCCCTTTGAGAGAGATATAAGCACTGAAATCTACCAGGCTGGCAGTACGC
CCTGTAATGGCGTGGAAGGCTTTAATTGTTATTTTCCACTGCAATCCTATGGTTTTCAGCCAACC
AATGGCGTGGGCTACCAACCATACCGCGTCGTGGTGCTCTCCTTTGAACTGCTCCACGCTCCCGC
GACTGTCTGCGGCCCCAAGAAGTCCACGAACCTTGTGAAGAATAAGTGCGTTAATTTTAATTTCA
ACGGCCTCACTGGAACAGGAGTGCTCACTGAGAGTAACAAGAAGTTCCTGCCATTTCAACAATTT
GGCAGAGACATAGCCGATACTACTGACGCCGTTAGGGACCCCCAGACCCTCGAGATTCTCGATAT
AACGCCCTGCTCCTTCGGTGGAGTTTCCGTGATCACGCCAGGCACCAATACCAGTAACCAGGTCG
CCGTGCTGTATCAGGATGTCAACTGTACTGAGGTGCCCGTAGCCATCCATGCGGATCAGCTCACA
CCAACTTGGAGGGTGTACAGCACCGGCTCCAATGTATTCCAGACTCGGGCCGGATGCCTTATTGG
CGCCGAACACGTGAACAATAGTTACGAATGCGATATTCCAATTGGCGCCGGAATCTGTGCTAGCT
ACCAGACTCAGACGAACTCCCCAGGCAGCGCCAGCAGCGTTGCCAGCCAGTCAATCATCGCTTAT
ACAATGTCACTTGGAGCCGAARAACTCCGTGGCTTACTCAAACAACAGCATCGCCATCCCCACAAA
CTTCACCATATCCGTGACAACTGAGATTCTGCCAGTGTCCATGACTAAGACGTCCGTAGATTGCA
CTATGTACATATGCGGCGACAGCACAGAATGTTCTAATCTGCTGCTGCAATATGGAAGCTTCTGC
ACTCAACTGAACAGAGCGCTCACAGGCATCGCCGTGGAGCAGGATAAGAATACCCAGGAGGTGTT
CGCCCAAGTTAAGCAGATCTACAAGACCCCACCCATAAAGGATTTCGGTGGATTCAATTTTAGTC
AGATACTCCCAGACCCATCTAAGCCATCCAAGAGGAGCTTTATCGAGGATCTTTTGTTTAACAAA
GTTACTCTGGCCGACGCCGGTTTCATCAAGCAGTACGGAGATTGCCTCGGCGACATCGCTGCTCG
TGACCTCATCTGTGCGCAAAAGTTTAACGGTCTGACGGTGCTGCCTCCCCTCCTTACTGATGAAA
TGATCGCCCAGTATACCAGCGCACTCCTCGCTGGCACCATAACATCCGGTTGGACATTCGGCGCT
GGTGCAGCACTGCAGATACCATTCGCCATGCAAATGGCATATCGTTTCAACGGTATCGGTGTCAC
ACAGAATGTCCTATATGAGAACCAGAAGCTGATCGCAAATCAGTTCAATAGTGCCATCGGAARAAA
TCCAGGATAGCCTTAGCAGCACAGCCTCAGCCCTTGGCAAACTCCAGGATGTCGTGAACCAGAAT
GCCCAGGCTCTCAATACCCTCGTGAAGCAGCTCTCATCTAATTTCGGCGCAATTTCCAGTGTCCT
CAACGACATCCTCAGCCGCCTCGACCCCCCCGAGGCCGAAGTGCAGATTGACAGACTGATTACAG
GTCGACTCCAGAGCCTCCAGACTTACGTGACTCAGCAGCTGATAAGAGCCGCCGAGATAAGGGCC
AGCGCTAACCTGGCTGCCACARAGATGTCTGAGTGCGTGCTGGGCCAGTCCAAGAGAGTAGACTT
CTGTGGCAAAGGCTACCATCTGATGAGCTTCCCACAATCCGCACCTCACGGCGTAGTGTTCCTCC
ACGTGACATATGTACCGGCTCAGGAGAAGAATTTCACTACCGCTCCTGCTATATGCCATGATGGA
AAGGCTCACTTCCCCCGGGAGGGGGTGTTCGTGTCCAACGGCACCCATTGGTTTGTGACTCAGCG
GAATTTCTACGAACCCCAGATCATAACCACTGACAACACATTTGTGTCCGGAAATTGTGACGTGG
TCATTGGAATAGTGAACAACACTGTTTATGATCCACTGCAGCCAGAACTTGACAGCTTTAAGGAG
GAGCTCGACAAGTACTTCAAGAATCATACGTCACCAGATGTGGACCTCGGAGATATTAGCGGTAT
CAATGCCAGTGTTGTCAATATTCAGAAGGAAATAGACCGCCTTAATGAGGTCGCCAAARAATCTGA
ACGAGAGCCTCATCGATCTTCAGGAGCTGGGCAAATATGAGCAGTACATCAAGTGGCCTTGGTAT
ATTTGGCTTGGCTTCATCGCCGGCCTGATCGCCATAGTAATGGTCACAATTATGCTCTGCTGCAT
GACCTCTTGCTGCTCCTGTCTGAAAGGCTGCTGCTCTTGCGGATCCTGCTGCAAATTTGATGAGG
ATGACAGTGAACCAGTCCTGAAGGGCGTGAAGCTGCACTATACTTAGAGGCCTTAGTCGTGTCGT
TTTTCAAATAATATAATCCTTTTAGGGTTTTAGTTAGTTTAAATTTTCTGTTGCTCCTGTTTAGC
AGGTCGTGCCTTCAGCAAGCACACAAAAACAGAGTGTTTATTTTAAGTTGTTTGTTTAGTGATTC
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AAAAAAAAAATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTT
GCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCAT
GACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAG
AAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGAT

Cloning vector 8716 from left to right T-DNA (SEQ ID NO:35)

TGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGT
TTTTAATGTACTGAATTAACGCCGAATCCCGGGCTGGTATATTTATATGTTGTCAAATAACTCAA
ARACCATAAAAGTTTAAGTTAGCAAGTGTGTACATTTTTACTTGAACAAAAATATTCACCTACTA
CTGTTATAAATCATTATTAAACATTAGAGTAAAGAAATATGGATGATAAGAACAAGAGTAGTGAT
ATTTTGACAACAATTTTGTTGCAACATTTGAGAAAATTTTGTTGTTCTCTCTTTTCATTGGTCAA
ARAACAATAGAGAGAGAAARAAGGAAGAGGGAGAATAAAAACATAATGTGAGTATGAGAGAGARAAGT
TGTACAAAAGTTGTACCAAAATAGTTGTACAAATATCATTGAGGAATTTGACAAAAGCTACACAA
ATAAGGGTTAATTGCTGTAAATAAATAAGGATGACGCATTAGAGAGATGTACCATTAGAGAATTT
TTGGCAAGTCATTAAAAAGAAAGAATAAATTATTTTTAAAATTAAAAGTTGAGTCATTTGATTAA
ACATGTGATTATTTAATGAATTGATGAAAGAGTTGGATTAAAGTTGTATTAGTAATTAGAATTTG
GTGTCAAATTTAATTTGACATTTGATCTTITTCCTATATATTGCCCCATAGAGTCAGTTAACTCAT
TTTTATATTTCATAGATCAAATAAGAGAAATAACGGTATATTAATCCCTCCAAAAARNRARANANCG
GTATATTTACTAAAAAATCTAAGCCACGTAGGAGGATAACAGGATCCCCGTAGGAGGATAACATC
CAATCCAACCAATCACAACAATCCTGATGAGATAACCCACTTTAAGCCCACGCATCTGTGGCACA
TCTACATTATCTAAATCACACATTCTTCCACACATCTGAGCCACACAAARACCAATCCACATCTT
TATCACCCATTCTATAAAAAATCACACTTTGTGAGTCTACACTTTGATTCCCTTCAAACACATAC
ARAGAGAAGAGACTAATTAATTAATTAATCATCTTGAGAGAAAATGGAACGAGCTATACAAGGAA
ACGACGCTAGGGAACAAGCTAACAGTGAACGTTGGGATGGAGGATCAGGAGGTACCACTTCTCCC
TTCAAACTTCCTGACGAAAGTCCGAGTTGGACTGAGTGGCGGCTACATAACGATGAGACGAATTC
GAATCAAGATAATCCCCTTGGTTTCAAGGAAAGCTGGGGTTTCGGGAAAGTTGTATTTAAGAGAT
ATCTCAGATACGACAGGACGGAAGCTTCACTGCACAGAGTCCTTGGATCTTGGACGGGAGATTCG
GTTAACTATGCAGCATCTCGATTTTTCGGTTTCGACCAGATCGGATGTACCTATAGTATTCGGTT
TCGAGGAGTTAGTATCACCGTTTCTGGAGGGTCGCGAACTCTTCAGCATCTCTGTGAGATGGCAA
TTCGGTCTAAGCAAGAACTGCTACAGCTTGCCCCAATCGAAGTGGAAAGTAATGTATCAAGAGGA
TGCCCTGAAGGTACTCAAACCTTCGAAAAAGAAAGCGAGTAAGTTAAAATGCTTCTTCGTCTCCT
ATTTATAATATGGTTTGTTATTGTTAATTTTGTTCTTGTAGAAGAGCTTAATTAATCGTTGTTGT
TATGAAATACTATTTGTATGAGATGAACTGGTGTAATGTAATTCATTTACATAAGTGGAGTCAGA
ATCAGAATGTTTCCTCCATAACTAACTAGACATGAAGACCTGCCGCGTACAATTGTCTTATATTT
GAACAACTAAAATTGAACATCTTTTGCCACAACTTTATAAGTGGTTAATATAGCTCAAATATATG
GTCAAGTTCAATAGATTAATAATGGAAATATCAGTTATCGAAATTCATTAACAATCAACTTAACG
TTATTAACTACTAATTTTATATCATCCCCTTTGATAAATGATAGTACACCAATTAGGAAGGAGCA
TGCTCGCCTAGGAGATTGTCGTTTCCCGCCTTCAGTTTGCAAGCTGCTCTAGCCGTGTAGCCAAT
ACGCAAACCGCCTCTCCCCGCGCGTTGGGAATTACTAGCGCGTGTCGACAAGCTTGCATGCCGGT
CAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACC
ARAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCA
GCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTG
CGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCAC
CCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGT
GATAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGA
CCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCC
CAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCC
ACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
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GTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCT
ATATAAGGAAGTTCATTTCATTTGGAGAGGCACTCCATTTGAATCTATCAAACCAAAACACATTG
AGCAAAATGGCGAARAAACGTTGCGATTTTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCTTC
TCAGATCTTCGCGACGTCACTCCTCAGCCAARAACGACACCCCCATCTGTCTATCCACTGGCCCCT
GGATCTGCTGCCCAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATTTCCCTGA
GCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTGTCC
TGCAGTCTGACCTCTACACTCTGAGCAGCTCAGTGACTGTCCCCTCCAGCACCTGGCCCAGCGAG
ACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGAAAATTGTGCCCAG
GGATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGTATCATCTGTCTTCATCTTCCCCC
CAAAGCCCAAGGATGTGCTCACCATTACTCTGACTCCTAAGGTCACGTGTGTTGTGGTAGACATC
AGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGGAGGTGCACACAGCTCA
GACGCAACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCATGC
ACCAGGACTGGCTCAATGGCAAGGAGACGTCCAGATTTTGGCGATCTATTCAACTGTCGCCAGTT
CATTGGTACTGGTAGTCTCCCTGGGGGCAATCAGTTTCTGGATGTGCTCTAATGGGTCTCTACAG
TGTAGAATATGTATTTAAAGGCCTTAGTCGTGTCGTTTTTCAAATAATATAATCCTTTTAGGGTT
TTAGTTAGTTTAAATTTTCTGTTGCTCCTGTTTAGCAGGTCGTGCCTTCAGCAAGCACACAARAAA
CAGAGTGTTTATTTTAAGTTGTTTGTTTAGTGATTCAARAAAAAAATCGTTCAAACATTTGGCAA
TAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAA
TTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGA
TTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGAT
AAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCTCTAGAGTCTCAAGCTTGGCGCGCCCAC
GTGACTAGTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGAT
CGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGCTAGAGCAGCTTGAGCTTGGATCAGAT
TGTCGTTTCCCGCCTTCAGTTTAAACTATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAA
GAGAAAAGAGCGTTTA

Construct 8591 from 2X35S prom to NOS term (SEQ ID NO:36)

GTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGA
CCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCC
CAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCAT
TGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCC
ACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGAT
GTGATAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAA
GACCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTG
CCCAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAARAGGAAGGTGGCTCCTACAAATGCCATC
ATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCC
CCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTG
ATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCT
CTATATAAGGAAGTTCATTTCATTTGGAGAGGCACTCCATTTGAATCTATCAAACCAARAACACAT
TGAGCAAAATGGCGAAAAACGTTGCGATTTTCGGCTTATTGTTTTCTCTTCTTGTGTTGGTTCCT
TCTCAGATCTTCGCGGTGAATCTTACGACGCGAACACAGTTACCACCCGCATATACAAATAGCTT
CACTCGGGGTGTTTATTACCCCGACAAAGTGTTCAGGTCCTCCGTGCTCCACTCAACACAGGACC
TCTTTCTTCCTTTCTTTTCTAACGTGACATGGTTTCATGCCATTCATGTATCCGGCACTAACGGT
ACTAAGAGGTTCGATAATCCTGTGCTCCCTTTCAATGACGGCGTTTACTTTGCAAGCACAGAGAA
GAGTAACATCATCCGAGGTTGGATCTTTGGCACTACCCTCGATTCAAAGACGCAGAGCCTCCTCA
TTGTGAACAATGCCACTAACGTGGTGATCAAAGTTTGCGAGTTTCAGTTCTGCAATGACCCTTTC
TTGGGGGTGTACTATCATAAGAACAACAAGTCTTGGATGGAATCTGAATTCCGCGTCTATAGCAG
CGCCAACAACTGCACCTTTGAATACGTGTCCCAGCCCTTCCTTATGGACCTGGAGGGARAAGCAGG
GAAACTTTAAGAATCTGAGAGAGTTCGTGTTTAAAAATATCGACGGCTATTTTAAGATCTATTCT
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AAGCACACGCCTATTAATCTCGTGCGCGATCTTCCACAAGGCTTCAGCGCCCTGGAACCACTCGT
GGACCTCCCAATTGGTATCAACATCACTAGATTTCAGACTCTGCTTGCCCTCCACCGATCCTATC
TGACACCCGGAGACTCCTCTAGCGGCTGGACTGCCGGCGCTGCCGCTTATTACGTTGGTTATCTT
CAGCCACGCACGTTCCTGCTGAAGTATAACGAGAATGGTACTATTACCGATGCCGTGGATTGTGC
CCTTGACCCCCTGTCCGAAACTAAGTGCACACTCAAGTCATTCACTGTGGARAAAAGGAATCTACC
AGACAAGCAATTTTCGGGTCCAGCCTACTGAGAGCATTGTGCGCTTTCCTAACATCACAAATCTT
TGCCCCTTCGGAGAGGTTTTCAATGCTACACGGTTTGCCTCCGTGTATGCCTGGAACCGCAAGAG
AATTTCCAATTGCGTGGCCGATTACTCCGTGCTCTACAATAGTGCAAGCTTTAGCACCTTTAAGT
GCTATGGCGTATCCCCTACTAAGCTTAACGACTTGTGTTTCACAAACGTGTATGCCGACTCCTTT
GTGATACGGGGCGACGAAGTTAGACAGATAGCACCAGGACAGACGGGAAAGATAGCTGACTACAA
CTATAAGCTTCCTGATGACTTCACTGGCTGCGTTATCGCGTGGAATTCTAACAACCTGGACTCAA
AAGTCGGCGGCAACTATAACTATCTCTATCGGCTGTTCCGCAAGAGTAACCTTAAGCCCTTTGAG
AGAGATATAAGCACTGAAATCTACCAGGCTGGCAGTACGCCCTGTAATGGCGTGGAAGGCTTTAA
TTGTTATTTTCCACTGCAATCCTATGGTTTTCAGCCAACCAATGGCGTGGGCTACCAACCATACC
GCGTCGTGGTGCTCTCCTTTGAACTGCTCCACGCTCCCGCGACTGTCTGCGGCCCCAAGAAGTCC
ACGAACCTTGTGAAGAATAAGTGCGTTAATTTTAATTTCAACGGCCTCACTGGAACAGGAGTGCT
CACTGAGAGTAACAAGAAGTTCCTGCCATTTCAACAATTTGGCAGAGACATAGCCGATACTACTG
ACGCCGTTAGGGACCCCCAGACCCTCGAGATTCTCGATATAACGCCCTGCTCCTTCGGTGGAGTT
TCCGTGATCACGCCAGGCACCAATACCAGTAACCAGGTCGCCGTGCTGTATCAGGATGTCAACTG
TACTGAGGTGCCCGTAGCCATCCATGCGGATCAGCTCACACCAACTTGGAGGGTGTACAGCACCG
GCTCCAATGTATTCCAGACTCGGGCCGGATGCCTTATTGGCGCCGAACACGTGAACAATAGTTAC
GAATGCGATATTCCAATTGGCGCCGGAATCTGTGCTAGCTACCAGACTCAGACGAACTCCCCAGG
CAGCGCCAGCAGCGTTGCCAGCCAGTCAATCATCGCTTATACAATGTCACTTGGAGCCGAAAACT
CCGTGGCTTACTCAAACAACAGCATCGCCATCCCCACAAACTTCACCATATCCGTGACAACTGAG
ATTCTGCCAGTGTCCATGACTAAGACGTCCGTAGATTGCACTATGTACATATGCGGCGACAGCAC
AGAATGTTCTAATCTGCTGCTGCAATATGGAAGCTTCTGCACTCAACTGAACAGAGCGCTCACAG
GCATCGCCGTGGAGCAGGATAAGAATACCCAGGAGGTGTTCGCCCAAGTTAAGCAGATCTACAAG
ACCCCACCCATAAAGGATTTCGGTGGATTCAATTTTAGTCAGATACTCCCAGACCCATCTAAGCC
ATCCAAGAGGAGCTTTATCGAGGATCTTTTGTTTAACAAAGTTACTCTGGCCGACGCCGGTTTCA
TCAAGCAGTACGGAGATTGCCTCGGCGACATCGCTGCTCGTGACCTCATCTGTGCGCAAAAGTTT
AACGGTCTGACGGTGCTGCCTCCCCTCCTTACTGATGAAATGATCGCCCAGTATACCAGCGCACT
CCTCGCTGGCACCATAACATCCGGTTGGACATTCGGCGCTGGTGCAGCACTGCAGATACCATTCG
CCATGCAAATGGCATATCGTTTCAACGGTATCGGTGTCACACAGAATGTCCTATATGAGAACCAG
AAGCTGATCGCAAATCAGTTCAATAGTGCCATCGGAAAAATCCAGGATAGCCTTAGCAGCACAGC
CTCAGCCCTTGGCAAACTCCAGGATGTCGTGAACCAGAATGCCCAGGCTCTCAATACCCTCGTGA
AGCAGCTCTCATCTAATTTCGGCGCAATTTCCAGTGTCCTCAACGACATCCTCAGCCGCCTCGAC
CCCCCCGAGGCCGAAGTGCAGATTGACAGACTGATTACAGGTCGACTCCAGAGCCTCCAGACTTA
CGTGACTCAGCAGCTGATAAGAGCCGCCGAGATAAGGGCCAGCGCTAACCTGGCTGCCACAAAGA
TGTCTGAGTGCGTGCTGGGCCAGTCCAAGAGAGTAGACTTCTGTGGCAAAGGCTACCATCTGATG
AGCTTCCCACAATCCGCACCTCACGGCGTAGTGTTCCTCCACGTGACATATGTACCGGCTCAGGA
GAAGAATTTCACTACCGCTCCTGCTATATGCCATGATGGAAAGGCTCACTTCCCCCGGGAGGGGG
TGTTCGTGTCCAACGGCACCCATTGGTTTGTGACTCAGCGGAATTTCTACGAACCCCAGATCATA
ACCACTGACAACACATTTGTGTCCGGAAATTGTGACGTGGTCATTGGAATAGTGAACAACACTGT
TTATGATCCACTGCAGCCAGAACTTGACAGCTTTAAGGAGGAGCTCGACAAGTACTTCAAGAATC
ATACGTCACCAGATGTGGACCTCGGAGATATTAGCGGTATCAATGCCAGTGTTGTCAATATTCAG
AAGGAAATAGACCGCCTTAATGAGGTCGCCAAAAATCTGAACGAGAGCCTCATCGATCTTCAGGA
GCTGGGCAAATATGAGCAGTACATCAAGTGGCCTTGGTATATTTGGCTTGGCTTCATCGCCGGCC
TGATCGCCATAGTAATGGTCACAATTATGCTCTGCTGCATGACCTCTTGCTGCTCCTGTCTGAAA
GGCTGCTGCTCTTGCGGATCCTGCTGCAAATTTGATGAGGATGACAGTGAACCAGTCCTGAAGGG
CGTGAAGCTGCACTATACTTAGAGGCCTTAGTCGTGTCGTTTTTCAAATAATATAATCCTTTTAG
GGTTTTAGTTAGTTTAAATTTTCTGTTGCTCCTGTTTAGCAGGTCGTGCCTTCAGCAAGCACACA
AAAACAGAGTGTTTATTTTAAGTTGTTTGTTTAGTGATTCAAAAAAAARATCGTTCARACATTTG

138



10

15

20

25

30

35

WO 2022/047575 PCT/CA2021/051201

GCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGT
TGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTT
ATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTA
GGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGAT

C-Terminal Region of Modified SARS-CoV-2 S protein with H51 Hemagglutinin CT, Variation 2
(SEQ ID NO:37)

WYIWLGFIAGLIAIVMVTIMAGLSLWMCSNGSLQCRICI

C-Terminal Region of Modified SARS-CoV-2 S protein with H51 Hemagglutinin CT, Variation 3
(SEQ ID NO:38)

WYIWLGFIAGLIAIVMVTIMLCCMCSNGSLQCRICI

C-Terminal Region of Modified SARS-CoV-2 S protein with H51 Hemagglutinin CT, Variation 4
(SEQ ID NO:39)

WYIWLGFIAGLIAIVMVTIMLCCSNGSLQCRICTI

3°’UTR AvB (Arracacha virus B) (SEQ ID NO:40)

TAGTCGTGTCGTTTTTCAAATAATATAATCCTTTTAGGGTTTTAGTTAGTTTAAATTTTCTGTTG
CTCCTGTTTAGCAGGTCGTGCCTTCAGCAAGCACACAAAAACAGAGTGTTTATTTTAAGTTGTTT
GTTTAGTGATTCAAAAAARAR

3’UTR trBNY VYV (Beet necrotic yellow vein virus) (SEQ ID NO: 41)

CCTATCTTGATGAAGGTTGTTGTGGTTTTCTCATTACTGTTTTATTATTGTTTGAGTTGCTTATG
TCGGTTCTTGATTATGTGGTGCATAATTATTGAACTAATTGTTTGTTGGGTTGTAATGTACTGAC
TGGGTGTGAATTGTACCAGTCGTTAAAGGGTTTACTATCAGTATATTGATAT

3” UTR SBMYV (Southern bean mosaic virus) (SEQ ID NO: 42)

TGAGGAGTTGTATAATAATACCTGCACCCTTCTCTTTGGCAGGGAGGGTGTTTCGTTTTCACAAT
GCCACGCGCTTGAGGGAGAATGCACGTTAATCATCCCTCCGCTAGTGATGGAGCGTAATCCAAAA
GT

3> UTR TuRSV (Turnip ringspot virus) (SEQ ID NO: 43)

TGATTTATAATAGCCATAGATTAAGTTTAAATGTATTACGTTTGTATTTTATTCTCTTTTTTAAG
TTTCCTATGTTGTTTTAAATTAAATATCTGTATAATTAGTAGATGTAAATCTGCTTTGTGCGTTT
GACAGTCTGTGGAAACGCACTGGTTCATGAGATAGGACCACCTAGGAGGTAGGACTCTGGGTTTT
AATTATCTCATTTCTTAGTTATACCGTATTATATATATGATTTAGTAGTAATTGTTTTCTCTTGA
TATGTATTATTACTTTTTTATT

37 UTR CPMV (Cowpea Mosaic virus) (SEQ ID NO: 44)

ATTTTCTTTAGTTTGAATTTACTGTTATTCGGTGTGCATTTCTATGTTTGGTGAGCGGTTTTCTG
TGCTCAGAGTGTGTTTATTTTATGTAATTTAATTTCTTTGTGAGCTCCTGTTTAGCAGGTCGTCC
CTTCAGCAAGGACACAAAAAGATTTTAATTTTATT
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3 UTR BBTMYV (Broad bean true mosaic virus) (SEQ ID NO: 45)

TAGTTTTCTTCCGCTTTTCTTTTGTAGTGTGTGGTTTTCTTTGTTTCTTCTTTTCTTTTCTCTTT
CCTTTTCTCTTACTCCTGCCTGGCAGGTCGTGCCTTCAGTAAGCACAACAAAAATATGCATTTAT
TAGAGTATTTCTTTCTTCTTTAGCATAAAGGTATTGAAGACCTATAAACTTCGTCCGGGTTGGGG
ARAAGTACCAGCTTAGCATATCTTTAGAAAACTATATAGAGCTCTTTACCTTGAGTTGTTTCCTAA
AGTTTATGCAAAAARA

3> UTR trOUMYV (Ourmia melon virus) (SEQ ID NO: 46)

CTCACGTCTGGGGTGAGCCCTAGCCAAATAGGAAAACGATAAGCGCTTTGCATGCAAAATGAGTT
GGGCCACAAGTGCCACTCGCAGCGAAGGCGGTCTGAGGTTTCCCCCTGGCGGTTACTTCCATATC
TTTGGGAGATAACTGGG

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT AA (SEQ ID
NO:47)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PEFSNVTWFHATIHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAV
RDPOTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSITIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIA
VEQDRKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATIGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETIRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLSLWMCSNGSLQCRICIT

(PDI) Modified SARS-CoV-2 S protein GSAS+4P with H5i Hemagglutinin CT AA (SEQ ID
NO:48)

MAKNVATIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PEFSNVTWFHAIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NEFRVOQPTESIVRFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGEFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAV
RDPOTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSPIEDLLENKVTLADAGEIKQ
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YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATIGKIQDSLSSTPSALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLSLWMCSNGSLQCRICT

(PDI) Modified SARS-CoV-2 S protein GSAS+6P with H51 Hemagglutinin CT AA (SEQ ID
NO:49)

MARKNVATIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PFESNVIWFHAIHVSGTNGTKRFDNPVLPEFNDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NEFRVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGEFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSPIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGPALQIPEFPMQO
MAYREFNGIGVTONVLYENQKLIANQFNSATIGKIQDSLSSTPSALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNEFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLTIA
IVMVTIMLSLWMCSNGSLQCRICI

(PDI) Modified SARS-CoV-2 S protein GSAS+PP+923 with H5i Hemagglutinin CT AA (SEQ
ID NO:50)

MARKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PEFSNVTWEFHAIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTS
NERVQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGEFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYRENGIGVTONVLYENQKLIANQEFNSATIGKIQDSESSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDEFCGKGYHLMSFPQSAPHGVVELHVTYVPAQEKNEFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEFVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
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PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY ITKWPWYIWLGEFIAGLIA
IVMVTIMLSLWMCSNGSLQCRICT

(PDI) Modified SARS-CoV-2 S protein GSAS+4P+923 with H51 Hemagglutinin CT AA (SEQ
ID NO:51)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEL
PEFSNVTWFHATIHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NEFRVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTFKCYG
VSPTKLNDLCEFTNVYADSEVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDRKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSPIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATIGKIQDSESSTPSALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETIRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVELHVTYVPAQEKNEFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLSLWMCSNGSLQCRICIT

(PDI) Modified SARS-CoV-2 S protein GSAS+6P+923 with H5i Hemagglutinin CT AA (SEQ
ID NO:52)

MARKNVATIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PEFSNVTWEFHAIHVSGTNGTKREDNPVLPENDGVY FASTEKSNITIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHRKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NEFRVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGEFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSPIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGPALQIPEFPMQ
MAYRENGIGVTONVLYENQKLIANQFNSATIGKIQDSESSTPSALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLTIA
IVMVTIMLSLWMCSNGSLQCRICI

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H1 Cal Hemagglutinin CT AA (SEQ ID
NO:53)
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MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEFL
PEFSNVTWFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSETVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIA
VEQDRKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLSFWMCSNGSLQCRICIT

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H3 Minn Hemagglutinin CT AA (SEQ
ID NO:54)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEL
PEFSNVTWFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NEFRVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIA
VEQDRKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLTIA
IVMVTIMLMWACQKGNIRCNICT

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H6 HK Hemagglutinin CT AA (SEQ ID
NO:55)

MAKNVATIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLEFL
PEFSNVTWFHAIHVSGTNGTKREDNPVLPENDGVY FASTEKSNITIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLOQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
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NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAATLQIPFAMQ
MAYRENGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNEFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLGLWMCSNGSMQCRICT

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H7 Guangdong Hemagglutinin CT AA
(SEQ ID NO:56)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEFL
PEFSNVTWEFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSITIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETIRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLVEFICVKNGNMRCTICI

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H9 HK Hemagglutinin CT AA (SEQ ID
NO:57)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEFL
PEFSNVTWFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKEFLPFQQFGRDIADTTDAV
RDPOTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN

144



10

15

20

25

30

35

40

45

WO 2022/047575 PCT/CA2021/051201

VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAATLQIPFAMQ
MAYRENGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQERKNEFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLTIA
IVMVTIMLLEFWAMSNGSCRCNICI

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with B/Wash Hemagglutinin CT AA (SEQ ID
NO:58)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSEFTRGVYYPDKVEFRSSVLHSTQDLEL
PEFSNVTWEFHATIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHRKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAATLQIPFAMQ
MAYRENGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNEFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKYFKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLVVYMVSRDNVSCSICL

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT (alternative 1)
AA (SEQ ID NO:59)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEFL
PEFSNVTWEFHATHVSGTNGTKREDNPVLPENDGVY FASTEKSNITRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NEFRVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASESTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENEFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAATLQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
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SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQERKNEFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYTKWPWYIWLGEFIAGLIA
IVMVTIMMAGLSLWMCSNGSLQCRICTI

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT (alternative 2)
AA (SEQ ID NO:60)

MAKNVATIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEL
PEFSNVTWEFHATIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHRKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGOTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAATLQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMAGLSLWMCSNGSLQCRICI

(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT (alternative 3)
AA (SEQ ID NO:61)

MAKNVAIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVEFRSSVLHSTQDLEL
PEFSNVTWEFHATIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHRKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGOQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLQYGSFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAATLQIPFAMQ
MAYREFNGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNQONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLTIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLCCMCSNGSLQCRICI
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(PDI) Modified SARS-CoV-2 S protein GSAS+PP with H51 Hemagglutinin CT (alternative 4)
AA (SEQ ID NO:62)

MAKNVATIFGLLESLLVLVPSQIFAVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFEL
PEFSNVTWEFHAIHVSGTNGTKREDNPVLPENDGVY FASTEKSNIIRGWIFGTTLDSKTQSLLIVN
NATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVY SSANNCTFEYVSQPFLMDLEGKQGNE
KNLREFVEFKNIDGY FKIYSKHTPINLVRDLPQGEFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTS
NERVOQPTESIVREFPNITNLCPEGEVENATRFASVYAWNRKRISNCVADY SVLYNSASEFSTEFKCYG
VSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGOTGKIADYNYKLPDDEFTGCVIAWNSNNLDSKVG
GNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCY FPLOSYGFQPTNGVGYQPYRVV
VLSFELLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAV
RDPOQTLEILDITPCSEFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVATHADQLTPTWRVYSTGSN
VEQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAYTMSLGAENSVA
YSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY ICGDSTECSNLLLOQYGSEFCTQLNRALTGIA
VEQDKNTQEVFAQVKQIYKTPPIKDFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEIKQ
YGDCLGDIAARDLICAQKENGLTVLPPLLTDEMIAQYTSALLAGTITSGWT FGAGAALQIPFAMQ
MAYRENGIGVTONVLYENQKLIANQFNSATGKIQDSLSSTASALGKLODVVNONAQALNTLVKQL
SSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSE
CVLGQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNEFTTAPATICHDGKAHFPREGVEV
SNGTHWEVTQRNEFYEPQITITTDNTEVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKY FKNHTS
PDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY TKWPWYIWLGEFIAGLIA
IVMVTIMLCCSNGSLQCRICI

N-terminal region of the native SARS-CoV-2 S protein (native signal peptide sequence
underlined) (SEQ ID NO:63)

MEVELVLLPLVSSQCVNLTTRTQLPPAYTNS

Modified TMCT with intervening peptide sequence (X). (SEQ ID NO: 64)
WYIWLGFIAGLIAIVMVTIM (X) .CSNGSXXCXICI

PDI-S Protein GSAS+4P-DNA (SEQ ID NO: 65)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttectecagat
cttcgecggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtcecctececgtgecteccactcaacacaggacctetttett
cctttecttttectaacgtgacatggtttcatgccattcatgtatccggcactaacggtactaagag
gttcgataatcctgtgctcecccectttcaatgacggecgtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgaccctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgegtctatagcagecgceccaaca
actgcacctttgaatacgtgtcccagccecctteccttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatecctatectgacacce
ggagactcctctagcggctggactgeccggegetgeecgettattacgttggttatcttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgececcttgacc
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcecctactgagagcattgtgecgetttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectcececgtgtatgectggaaccgcaagagaatttccea
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attgcgtggccgattactcecgtgectctacaatagtgcaagetttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactcectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtcecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcageccaaccaatggcgtgggctaccaaccataccgegtegtg
gtgctctcctttgaactgctccacgectcececegegactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcecgagattctcgatataacgeccctgctectteggtggagtttececgtgat
cacgccaggcaccaataccagtaaccaggtcgccgtgectgtatcaggatgtcaactgtactgagg
tgcccgtageccatceccatgeggatcagectcacaccaacttggagggtgtacagcaccggectceccaat
gtattccagactcgggccggatgeccttattggecgecgaacacgtgaacaatagttacgaatgecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatcgecttatacaatgtcacttggageccgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagccccatcgaggatcttttgtttaacaaagttactctggeccgacgeccggtttcatcaagecag
tacggagattgcctcggegacatcgetgctegtgacctecatectgtgegecaaaagtttaacggtet
gacggtgctgcctccecctecttactgatgaaatgatcgecccagtataccagegecactectegetyg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacaccctcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtecctcaacgacatcctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagcctccagacttacgtgactce
agcagctgataagagccgccgagataagggccagcecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettece
acaatccgcacctcacggcgtagtgttcctceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgccatgatggaaaggctcactteccecececgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatce
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcctcatcgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggcttggecttcatecgececggectgategee
atagtaatggtcacaattatgctctctttatggatgtgctccaatggatcgttacaatgcagaat
ttgcatttaa

PDI-S Protein GSAS+6P-DNA (SEQ ID NO: 66)

atggcgaaaaacgttgcgattttcggecttattgttttctettecttgtgttggtteccttectcagat
cttcgcecggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtcctececgtgcteccactcaacacaggacctetttett
cctttcttttctaacgtgacatggtttcatgccattcatgtatcecggecactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgaccctttettgggggt
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gtactatcataagaacaacaagtcttggatggaatctgaattccgegtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagccecctteccttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcgtgegecgatctteccacaaggettcagecgecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatecctatectgacacce
ggagactcctctagcggctggactgeccggegetgeecgettattacgttggttatcttcagecacy
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgecceccttgacce
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgetttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectcececgtgtatgectggaaccgcaagagaatttccea
attgcgtggccgattactccgtgctctacaatagtgcaagectttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactecctttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggectttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtg
gtgctctcctttgaactgctceccacgecteccegegactgtectgeggecccaagaagteccacgaaccet
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcgagattctcgatataacgeccctgectcecttecggtggagtttececgtgat
cacgccaggcaccaataccagtaaccaggtcgcececgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatceccatgeggatcagectcacaccaacttggagggtgtacagecaccggectceccaat
gtattccagactcgggccggatgccttattggcgeccgaacacgtgaacaatagttacgaatgcga
tattccaattggcgccggaatctgtgectagctaccagactcagacgaactccccaggcagecgecca
gcagcgttgccagccagtcaatcatecgecttatacaatgtcacttggageccgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattcectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacc
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagccccatcgaggatcttttgtttaacaaagttactectggeccgacgececggtttcatcaagecag
tacggagattgcctcggcgacatcgectgctegtgacctcatctgtgegecaaaagtttaacggtet
gacggtgctgcctccecctecttactgatgaaatgatcgecccagtataccagegecactecectegetyg
gcaccataacatccggttggacattcggcgctggtccecgcactgcagataccattccccatgeaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacaccctcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtecctcaacgacatecctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagecttece
acaatccgcacctcacggcgtagtgttcctccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgeccatgatggaaaggctcacttcececcegggagggggtgttegtyg
tccaacggcacccattggtttgtgactcageggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatecgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcatecgececggectgategee
atagtaatggtcacaattatgctctctttatggatgtgctccaatggatcgttacaatgcagaat
ttgcatttaa
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PDI-S Protein GSAS+2P+L923F-DNA (SEQ ID NO: 67)

atggcgaaaaacgttgcgattttcggcttattgttttctecttecttgtgttggtteccttectecagat
cttcgcggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtcctcececgtgecteccactcaacacaggacctetttett
cctttettttectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgegtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagcceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcgtgegecgatctteccacaaggettcagecgecctggaaccactegtggacctece
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatecctatectgacacce
ggagactcctctagcggectggactgecggegetgececgettattacgttggttatecttcagecacy
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgace
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaagc
aattttcgggtccagcctactgagagcattgtgecgectttectaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectececgtgtatgectggaaccgcaagagaatttccea
attgcgtggccgattactcecgtgectctacaatagtgcaagectttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgeccgactectttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggcgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectcececegegactgtectgeggecccaagaagteccacgaaccet
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcgagattctecgatataacgeccectgetectteggtggagttteecgtgat
cacgccaggcaccaataccagtaaccaggtcgcecgtgectgtatcaggatgtcaactgtactgagg
tgcccgtageccatceccatgeggatcagectcacaccaacttggagggtgtacagecaccggectceccaat
gtattccagactcgggccggatgccttattggecgecgaacacgtgaacaatagttacgaatgcecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatcgecttatacaatgtcacttggageccgaaaactccgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattcectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgececggtttcatcaagecag
tacggagattgcctcggegacatcgectgctegtgacctecatctgtgegecaaaagtttaacggtet
gacggtgctgcctccecctecttactgatgaaatgatcgecccagtataccagegecactectegetyg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgcaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatagcttcagcagcacagectcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtcctcaacgacatcctcagecgectegaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcecgctaacctggectgecacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettecce
acaatccgcacctcacggcgtagtgttcctceccacgtgacatatgtaccggectcaggagaagaatt
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tcactaccgctccectgectatatgeccatgatggaaaggctcacttecececcecgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagcggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgeccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatcgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgeccggectgategece
atagtaatggtcacaattatgctctctttatggatgtgctccaatggatcgttacaatgcagaat
ttgcatttaa

PDI-S Protein GSAS+4P+L923F-DNA (SEQ ID NO: 68)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttectecagat
cttcgecggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtcecctececgtgecteccactcaacacaggacctetttett
cctttettttectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcecgattcaaagacgcagagecctectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgegtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagcceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagecacac
gcctattaatctcgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctece
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatcctatectgacacce
ggagactcctctagcggctggactgeccggegetgecgettattacgttggttatcttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgecccttgacce
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectececgtgtatgectggaaccgcaagagaatttccea
attgcgtggccgattactcecgtgectctacaatagtgcaagectttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgeccgactectttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectcececegegactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcgagattctecgatataacgeccectgectectteggtggagtttececgtgat
cacgccaggcaccaataccagtaaccaggtcgcecgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatceccatgeggatcagectcacaccaacttggagggtgtacagecaccggectceccaat
gtattccagactcgggccggatgceccttattggecgecgaacacgtgaacaatagttacgaatgecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatcgcecttatacaatgtcacttggageccgaaaactccgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattcectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagccccatcgaggatcttttgtttaacaaagttactcectggeccgacgececggtttcatcaageag
tacggagattgcctcggcgacatcgectgctegtgacctecatctgtgegecaaaagtttaacggtet
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gacggtgctgcctceccecctecttactgatgaaatgatcgeccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgecatgcaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatagcttcagcagcacaccctcagecce
ttggcaaactccaggatgtcgtgaaccagaatgeccaggctctcaatacecctegtgaagecagete
tcatctaatttcggcgcaatttccagtgtectcaacgacatcecctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagcecctccagacttacgtgacte
agcagctgataagagccgccgagataagggccagecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettecee
acaatccgcacctcacggcgtagtgttcectceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgctatatgeccatgatggaaaggctcacttcececececgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcectcatcgatcttcaggagectgggeca
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgececggectgategece
atagtaatggtcacaattatgctctctttatggatgtgctccaatggatcgttacaatgcagaat
ttgcatttaa

PDI-S Protein GSAS+6P+L923F-DNA (SEQ ID NO: 69)

atggcgaaaaacgttgcgattttcggecttattgttttctecttecttgtgttggtteccttectcagat
cttcgecggtgaatcttacgacgecgaacacagttaccaccecgecatatacaaatagettcacteggg
gtgtttattaccccgacaaagtgttcaggtcecctececgtgecteccactcaacacaggacctetttett
cctttcttttctaacgtgacatggtttcatgccattcatgtatccggcactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgacecctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagcceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcecgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatcctatectgacacce
ggagactcctctagcggctggactgeccggegetgececgettattacgttggttatcttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgacce
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgecctcecgtgtatgectggaaccgcaagagaatttcca
attgcgtggccgattactccgtgctctacaatagtgcaagetttagecacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactectttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggcgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectecececgegactgtectgeggecccaagaagteccacgaaccet
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgececgtt
agggacccccagaccctecgagattctcecgatataacgecctgectectteggtggagtttecegtgat
cacgccaggcaccaataccagtaaccaggtcgeccgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgecggatcagcectcacaccaacttggagggtgtacagcaccggcectcecaat
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gtattccagactcgggccggatgceccttattggecgeccgaacacgtgaacaatagttacgaatgcecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatcgecttatacaatgtcacttggageccgaaaactccgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatcecgtgacaactgagattcectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcecccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagccccatcgaggatcttttgtttaacaaagttactctggeccgacgececggtttcatcaagecag
tacggagattgcctcggegacatcgetgctegtgacctecatctgtgegecaaaagtttaacggtet
gacggtgctgcctccecctecttactgatgaaatgatcgecccagtataccagecgecactectegetyg
gcaccataacatccggttggacattcggcgctggtccecgcactgcagataccattccccatgeaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatagcttcagcagcacaccctcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctecgtgaagcagete
tcatctaatttcggcgcaatttccagtgtcctcaacgacatecctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgactce
agcagctgataagagccgccgagataagggccagcecgctaacctggectgecacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettece
acaatccgcacctcacggcgtagtgttcctceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgctatatgccatgatggaaaggctcacttccccecgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatce
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatcecgatcecttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcategececggectgategee
atagtaatggtcacaattatgctctctttatggatgtgctccaatggatcgttacaatgcagaat
ttgcatttaa

PDI-Modified S protein with H51 Hemagglutinin CT (V1) DNA (SEQ ID NO: 70)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggtteccttetecagat
cttcgcggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagecttcacteggyg
gtgtttattaccccgacaaagtgttcaggtcctececgtgecteccactcaacacaggacctetttett
cctttcttttctaacgtgacatggtttcatgccattcatgtatccggcactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgcgtctatagcagcgccaaca
actgcacctttgaatacgtgtcccagcceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcecgtgegecgatctteccacaaggcettcagegecctggaaccactecgtggacctee
caattggtatcaacatcactagatttcagactctgcttgccctccaccgatcctatctgacacce
ggagactcctctagcggctggactgeccggegectgeccgettattacgttggttatcecttcagecacg
cacgttcctgctgaagtataacgagaatggtactattaccgatgeccgtggattgtgeccttgace
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgcctcececgtgtatgecctggaaccgcaagagaatttccea
attgcgtggccgattactcecgtgectctacaatagtgcaagetttagecacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
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ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggcgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggectaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectececegegactgtectgeggecccaagaagteccacgaaccet
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeecgtt
agggacccccagaccctcecgagattctcecgatataacgeccctgectectteggtggagtttecegtgat
cacgccaggcaccaataccagtaaccaggtcgcececgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgeggatcagectcacaccaacttggagggtgtacagecaccggectceccaat
gtattccagactcgggccggatgccttattggcgeccgaacacgtgaacaatagttacgaatgcga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactccccaggcagegeca
gcagcgttgccagccagtcaatcatecgettatacaatgtcacttggageccgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgec
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacc
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgeccggtttcatcaagecag
tacggagattgcctcggcgacatcgectgctegtgacctecatctgtgegecaaaagtttaacggtet
gacggtgctgcctccccteccecttactgatgaaatgatcgecccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgectggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtectcaacgacatecctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcecgctaacctggectgecacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagecttcecce
acaatccgcacctcacggcgtagtgttcctccacgtgacatatgtaccggctcaggagaagaatt
tcactaccgctccectgectatatgeccatgatggaaaggctcacttcececcegggagggggtgttegtyg
tccaacggcacccattggtttgtgactcageggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatecgatcecttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcategececggectgategee
atagtaatggtcacaattatgatggccggcctctectttatggatgtgectccaatggatecgttaca
atgcagaatttgcatttaa

PDI-Modified S protein with H51 Hemagglutinin CT (V2) DNA (SEQ ID NO: 71)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggttecttetecagat
cttcgcggtgaatcttacgacgcgaacacagttaccacccgcatatacaaatagecttcactecggg
gtgtttattaccccgacaaagtgttcaggtcctccgtgctccactcaacacaggacctetttett
cctttecttttectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcectttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcgattcaaagacgcagagectectecattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttecttgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
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gcctattaatctcecgtgegecgatctteccacaaggecttcagegecctggaaccactecgtggacctee
caattggtatcaacatcactagatttcagactctgcttgccctccaccgatcctatctgacacce
ggagactcctctagcggctggactgeccggegectgeccgettattacgttggttatcecttcagecacg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgacce
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgcectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgcctececgtgtatgecctggaaccgcaagagaatttcecea
attgcgtggccgattactcecgtgectctacaatagtgcaagetttagecacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatcgegtggaattctaacaacctggactcaaaagtcgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaageccctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggectttaattgttatt
ttccactgcaatcctatggttttcageccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgctecececgegactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgecegtt
agggacccccagaccctecgagattcectcecgatataacgecctgectectteggtggagtttecegtgat
cacgccaggcaccaataccagtaaccaggtcgeccgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgecggatcagectcacaccaacttggagggtgtacagcaccggcectcecaat
gtattccagactcgggccggatgccttattggcgccgaacacgtgaacaatagttacgaatgcga
tattccaattggcgcecggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagceccagtcaatcatecgettatacaatgtcacttggagecgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccace
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgececggtttcatcaagecag
tacggagattgcctcggcgacatcgectgectcecgtgacctcatctgtgecgecaaaagtttaacggtcet
gacggtgctgcctcecceccteccecttactgatgaaatgatcgecccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatagccttagcagcacagecctcagcecce
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctecgtgaagcagetce
tcatctaatttcggcgcaatttccagtgtectcaacgacatecctcagecgectecgacceceecececga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcgctaacctggcectgeccacaaagatgtetgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggectaccatctgatgagettccee
acaatccgcacctcacggcgtagtgttcctceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctccectgectatatgeccatgatggaaaggctcacttecececcegggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgeccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatcgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgeccggectgategece
atagtaatggtcacaattatggccggecctctcectttatggatgtgectccaatggatcgttacaatg
cagaatttgcatttaa

PDI-Modified S protein with H51 Hemagglutinin CT (V3) DNA (SEQ ID NO: 72)
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atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttetecagat
cttcgcggtgaatcttacgacgcgaacacagttaccacccgcatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtcctceccgtgctccactcaacacaggacctetttett
cctttcttttectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcectttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttecttgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagcceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcgtgcecgecgatctteccacaaggcecttcagecgecctggaaccactecgtggacctee
caattggtatcaacatcactagatttcagactctgcttgccctccaccgatcctatctgacaccce
ggagactcctctagcggctggactgececggegetgececgettattacgttggttatecttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgace
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgegectttectaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgecctcecgtgtatgectggaaccgcaagagaatttcca
attgcgtggccgattactcecgtgectctacaatagtgcaagetttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgecgttatcgegtggaattctaacaacctggactcaaaagtcgge
ggcaactataactatctctatcggctgttccgecaagagtaaccttaagececctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctccacgctecccgecgactgtectgeggeccccaagaagtccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcegagattctcecgatataacgeccctgctectteggtggagttteecgtgat
cacgccaggcaccaataccagtaaccaggtcgceccgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgecggatcagctcacaccaacttggagggtgtacagcaccggcectccaat
gtattccagactcgggccggatgeccttattggcgeccgaacacgtgaacaatagttacgaatgecga
tattccaattggcgccggaatectgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatecgecttatacaatgtcacttggageccgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgeccggtttcatcaagecag
tacggagattgcctcggegacatcgectgectegtgacctecatectgtgegecaaaagtttaacggtet
gacggtgctgcctcecceccectecttactgatgaaatgatcgeccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagectgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagecce
ttggcaaactccaggatgtcgtgaaccagaatgeccaggctctcaatacecctegtgaagecagete
tcatctaatttcggcgcaatttccagtgtectcaacgacatcctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagcctccagacttacgtgacte
agcagctgataagagccgccgagataagggccagecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettece
acaatccgcacctcacggcgtagtgttcectceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgeccatgatggaaaggctcacttcececcecgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
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caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatce
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcctcatcecgatcecttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcatecgececggectgategee
atagtaatggtcacaattatgctctgctgcatgtgectceccaatggatcgttacaatgcagaatttyg
catttaa

PDI-Modified S protein with H51 Hemagglutinin CT (V4) DNA (SEQ ID NO: 73)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggtteccttetecagat
cttcgcggtgaatcttacgacgcgaacacagttaccacccgcatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtccteccgtgcectceccactcaacacaggacctetttett
cctttcttttectaacgtgacatggtttcatgccattcatgtatccggcactaacggtactaagag
gttcgataatcctgtgctcectttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgcgtctatagcagcgccaaca
actgcacctttgaatacgtgtcccagcceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcgtgcecgecgatctteccacaaggecttcagegecctggaaccactecgtggacctee
caattggtatcaacatcactagatttcagactctgcttgccctccaccgatecctatcectgacaccce
ggagactcctctagcggectggactgececggegetgeccgettattacgttggttatettcagecacg
cacgttcctgctgaagtataacgagaatggtactattaccgatgeccgtggattgtgeccttgace
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgctttcctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgecctcecgtgtatgectggaaccgcaagagaatttcca
attgcgtggccgattactcecgtgectctacaatagtgcaagetttagecacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatcgegtggaattctaacaacctggactcaaaagtegge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaageccecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggectttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgctecececgegactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgecegtt
agggacccccagaccctcegagattcectcecgatataacgecctgectectteggtggagttteecgtgat
cacgccaggcaccaataccagtaaccaggtcgceccgtgetgtatcaggatgtcaactgtactgagg
tgcccgtagceccatccatgecggatcagetcacaccaacttggagggtgtacagcaccggecteccaat
gtattccagactcgggccggatgceccttattggcgeccgaacacgtgaacaatagttacgaatgecga
tattccaattggcgcecggaatectgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatecgecttatacaatgtcacttggagecgaaaactcecegtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccace
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgeccggtttcatcaagecag
tacggagattgcctcggecgacatcgectgectegtgacctcatctgtgegecaaaagtttaacggtet
gacggtgctgcctceccecctececttactgatgaaatgatcgeccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgecatgecaa
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atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatagccttagcagcacagecctcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctecgtgaagcagetce
tcatctaatttcggcgcaatttccagtgtecctcaacgacatecctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagecttece
acaatccgcacctcacggcgtagtgttcctccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgeccatgatggaaaggctcacttececececgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgeccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatecgatcecttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcatecgececggectgategee
atagtaatggtcacaattatgctctgctgctccaatggatcgttacaatgcagaatttgcattta
a

PDI-S-protein+H1 Cal DNA (SEQ ID NO: 74)

atggcgaaaaacgttgcgattttcggcttattgttttctecttettgtgttggtteccttectecagat
cttcgcggtgaatcttacgacgcgaacacagttaccacccgcatatacaaatagettcactecggg
gtgtttattaccccgacaaagtgttcaggtcctceccecgtgctceccactcaacacaggacctetttett
cctttecttttectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttecttgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcecgtgecgecgatcttceccacaaggecttcagegecctggaaccactecgtggacctee
caattggtatcaacatcactagatttcagactctgcttgccctccaccgatcctatectgacacce
ggagactcctctagcggectggactgeccggegetgececgettattacgttggttatecttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgace
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgctttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectcecgtgtatgectggaaccgcaagagaatttccea
attgcgtggccgattactcecgtgectctacaatagtgcaagetttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactcectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatcgegtggaattctaacaacctggactcaaaagtcecgge
ggcaactataactatctctatcggctgttccgecaagagtaaccttaageccecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctccacgctceccegecgactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctecgagattctcecgatataacgeccctgectectteggtggagtttececgtgat
cacgccaggcaccaataccagtaaccaggtcgceccgtgectgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgeggatcagectcacaccaacttggagggtgtacagecaccggectccaat
gtattccagactcgggccggatgceccttattggecgecgaacacgtgaacaatagttacgaatgecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
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gcagcgttgccagceccagtcaatcatecgecttatacaatgtcacttggagecgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccace
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgeccggtttcatcaagecag
tacggagattgcctcggecgacatcgectgectcegtgacctcatctgtgegecaaaagtttaacggtet
gacggtgctgcctceccectececttactgatgaaatgatcgeccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgecatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatagccttagcagcacagecctcageccce
ttggcaaactccaggatgtcgtgaaccagaatgeccaggctctcaataccctegtgaagecagete
tcatctaatttcggcgcaatttccagtgtectcaacgacatecctcagecgectecgacceceeccga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcgctaacctggcectgeccacaaagatgtetgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggectaccatctgatgagettccce
acaatccgcacctcacggcgtagtgttcctceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgeccatgatggaaaggctcacttcecececcegggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgeccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcctcatcgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgececggectgategece
atagtaatggtcacaattatgctcagcttctggatgtgctctaatgggtctctacagtgtagaat
atgtatttaa

PDI-S-protein+tH3 Minn DNA (SEQ ID NO: 75)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttectecagat
cttcgcggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagecttcacteggg
gtgtttattaccccgacaaagtgttcaggtcctececgtgecteccactcaacacaggacctetttett
cctttecttttectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcgattcaaagacgcagagectcecctcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgcaatgaccctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgegtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagccecctteccttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctece
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatecctatectgacacce
ggagactcctctagcggctggactgeccggegetgeecgettattacgttggttatcttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgacce
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcecctactgagagcattgtgecgetttectaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectcecegtgtatgectggaaccgcaagagaatttcea
attgcgtggccgattactcecgtgectctacaatagtgcaagectttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgeccgactectttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
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aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgecgtegtyg
gtgctctcctttgaactgctccacgctcececgecgactgtctgeggecccaagaagtceccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcegagattctcecgatataacgeccctgctectteggtggagttteecgtgat
cacgccaggcaccaataccagtaaccaggtcgceccgtgectgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgeggatcagectcacaccaacttggagggtgtacagcaccggectceccaat
gtattccagactcgggccggatgceccttattggecgeccgaacacgtgaacaatagttacgaatgecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatcgecttatacaatgtcacttggageccgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgec
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgeccggtttcatcaagecag
tacggagattgcctcggegacatcgectgectegtgacctecatectgtgegecaaaagtttaacggtet
gacggtgctgcctcecceccectececttactgatgaaatgatcgeccagtataccagegecactectegetyg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgcaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagece
ttggcaaactccaggatgtcgtgaaccagaatgceccaggctctcaatacecctegtgaagecagete
tcatctaatttcggcgcaatttccagtgtecctcaacgacatcctcagecgectecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagcecctccagacttacgtgacte
agcagctgataagagccgccgagataagggccagecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettecee
acaatccgcacctcacggcgtagtgttcctceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgctatatgeccatgatggaaaggctcacttcececececgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagcggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcctcatcgatcttcaggagectgggeca
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgcecggectgategece
atagtaatggtcacaattatgctcatgtgggcctgtcagaagggcaacatcagatgcaacatctg
catctaa

PDI-S-protein+H6 HK DNA (SEQ ID NO: 76)

atggcgaaaaacgttgcgattttcggecttattgttttctecttecttgtgttggttccttectcagat
cttcgecggtgaatcttacgacgecgaacacagttaccaccecgecatatacaaatagettcacteggg
gtgtttattaccccgacaaagtgttcaggtcecctececgtgecteccactcaacacaggacctetttett
cctttcttttctaacgtgacatggtttcatgccattcatgtatccggcactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgacecctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagecgceccaaca
actgcacctttgaatacgtgtcccagccecctteccttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcecgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgccctccaccgatcctatctgacacce
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ggagactcctctagcggctggactgeccggegetgeecgettattacgttggttatecttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgecccttgacce
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectececgtgtatgectggaaccgcaagagaatttccea
attgcgtggccgattactcecgtgctctacaatagtgcaagetttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgeccgactectttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggcgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtg
gtgctctcctttgaactgctceccacgectcececegegactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctcgagattctecgatataacgecccectgetectteggtggagtttecegtgat
cacgccaggcaccaataccagtaaccaggtcgcecgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatceccatgeggatcagectcacaccaacttggagggtgtacagcaccggcectceccaat
gtattccagactcgggccggatgceccttattggecgecgaacacgtgaacaatagttacgaatgcecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagccagtcaatcatcgcecttatacaatgtcacttggageccgaaaactccgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacce
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggeccgacgececggtttcatcaagecag
tacggagattgcctcggecgacatcgectgctegtgacctecatctgtgegecaaaagtttaacggtet
gacggtgctgcctccecctecttactgatgaaatgatcgecccagtataccagecgecactectegetyg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgcaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagece
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtcctcaacgacatcctcageccgectegaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgactce
agcagctgataagagccgccgagataagggccagcecgctaacctggectgecacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagecttece
acaatccgcacctcacggcgtagtgttcecctccacgtgacatatgtaccggctcaggagaagaatt
tcactaccgctcctgectatatgccatgatggaaaggctcacttcceccecgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcageggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatce
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatecgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcatecgececggectgategee
atagtaatggtcacaattatgctcggtctttggatgtgttcaaatggttcaatgcagtgcaggat
atgtatataa

PDI-S-protein+H7 Guangdong DNA (SEQ ID NO: 77)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggtteccttetcagat
cttcgcggtgaatcttacgacgcgaacacagttaccacccgcatatacaaatagecttcactegygg
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gtgtttattaccccgacaaagtgttcaggtcecctececgtgcecteccactcaacacaggacctetttett
cctttcttttctaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcecctttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgacecctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagecgceccaaca
actgcacctttgaatacgtgtcccagecceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcecgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgeccctceccaccgatcctatctgacacce
ggagactcctctagcggctggactgeccggegetgececgettattacgttggttatecttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgecccttgacc
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgecctcecgtgtatgectggaaccgcaagagaatttcca
attgcgtggccgattactccgtgctctacaatagtgcaagectttagecacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactecctttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaagecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggcgtggaaggctttaattgttatt
ttccactgcaatcctatggttttcageccaaccaatggecgtgggectaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectececegegactgtectgeggecccaagaagteccacgaaccet
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgecgtt
agggacccccagaccctecgagattctcecgatataacgecctgectectteggtggagtttecegtgat
cacgccaggcaccaataccagtaaccaggtcgececgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgeggatcagcectcacaccaacttggagggtgtacagcaccggcectceccaat
gtattccagactcgggccggatgccttattggcgeccgaacacgtgaacaatagttacgaatgcga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactccccaggcagecgeca
gcagcgttgccagccagtcaatcatecgettatacaatgtcacttggageccgaaaactcececgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattcectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggcgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgec
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacc
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgececggtttcatcaagecag
tacggagattgcctcggcgacatcgctgectecgtgacctecatctgtgegecaaaagtttaacggtet
gacggtgctgcctccecctececttactgatgaaatgatcgecccagtataccagegecactectegetg
gcaccataacatccggttggacattcggcgectggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagecce
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtecctcaacgacatecctcagecgectecgaccecececececga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagcecgctaacctggectgecacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagecttecce
acaatccgcacctcacggcgtagtgttcctccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgeccatgatggaaaggctcacttcececcecgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatc
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
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ccagatgtggacctcggagatattagcggtatcaatgeccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcctcatcgatcttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgeccggectgategec
atagtaatggtcacaattatgctcgtcttcatatgtgtgaagaatggaaacatgcggtgcactat
ttgtatataa

PDI-S-protein+H9 HK DNA (SEQ ID NO: 78)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttcectecagat
cttcgecggtgaatcttacgacgcgaacacagttaccaccecgecatatacaaatagettcacteggg
gtgtttattaccccgacaaagtgttcaggtcctececgtgecteccactcaacacaggacctetttett
cctttecttttcectaacgtgacatggtttcatgccattcatgtatccggecactaacggtactaagag
gttcgataatcctgtgctcccectttcaatgacggecgtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgacecctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgegtctatagcagecgeccaaca
actgcacctttgaatacgtgtcccagceccttecttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagecacac
gcctattaatctcgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgeccctceccaccgatecctatectgacacce
ggagactcctctagcggctggactgeccggegetgececgettattacgttggttatcttcagecacyg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgecceccttgacce
ccctgtccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcecctactgagagcattgtgecgetttectaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgectcececgtgtatgectggaaccgcaagagaatttccea
attgcgtggccgattactccgtgctctacaatagtgcaagectttagcacctttaagtgectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactecctttgtgatacg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaageccctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggcgtggaaggectttaattgttatt
ttccactgcaatcctatggttttcagccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectececegegactgtectgeggecccaagaagteccacgaaccet
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgeegtt
agggacccccagaccctecgagattctcgatataacgeccctgectectteggtggagtttececgtgat
cacgccaggcaccaataccagtaaccaggtcgececgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatceccatgeggatcagectcacaccaacttggagggtgtacagecaccggcectceccaat
gtattccagactcgggccggatgccttattggcgeccgaacacgtgaacaatagttacgaatgcga
tattccaattggcgccggaatctgtgectagctaccagactcagacgaactccccaggcagegecca
gcagcgttgccagccagtcaatcatcgecttatacaatgtcacttggageccgaaaactcecgtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatcecgtgacaactgagattcectgece
agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacc
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgececggtttcatcaagecag
tacggagattgcctcggcgacatcgectgctegtgacctcatctgtgecgecaaaagtttaacggtcet
gacggtgctgcctccecctecttactgatgaaatgatcgecccagtataccagegecactecectegetyg
gcaccataacatccggttggacattcggcgectggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagece
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ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaatacecctegtgaagcagete
tcatctaatttcggcgcaatttccagtgtectcaacgacatcctcagecgecctecgaccececececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagecctccagacttacgtgactce
agcagctgataagagccgccgagataagggccagecgctaacctggectgeccacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettece
acaatccgcacctcacggcgtagtgttcectceccacgtgacatatgtaccggectcaggagaagaatt
tcactaccgctcctgectatatgccatgatggaaaggctcactteccecececgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcagecggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatce
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcctcatcgatcttcaggagctgggea
aatatgagcagtacatcaagtggccttggtatatttggcttggcttcatcgececggectgategee
atagtaatggtcacaattatgctcctgttectgggccatgteccaatggatcttgcagatgcaacat
ttgtatataa

PDI-S-proteint+ B/ Wash DNA (SEQ ID NO: 79)

atggcgaaaaacgttgcgattttcggecttattgttttctettecttgtgttggtteccttectcagat
cttcgecggtgaatcttacgacgecgaacacagttaccaccecgecatatacaaatagettcacteggg
gtgtttattaccccgacaaagtgttcaggtcctececgtgecteccactcaacacaggacctetttett
cctttcttttctaacgtgacatggtttcatgccattcatgtatccggcactaacggtactaagag
gttcgataatcctgtgctcectttcaatgacggegtttactttgcaagcacagagaagagtaaca
tcatccgaggttggatctttggcactaccctcecgattcaaagacgcagagectectcattgtgaac
aatgccactaacgtggtgatcaaagtttgcgagtttcagttctgecaatgacecctttettgggggt
gtactatcataagaacaacaagtcttggatggaatctgaattccgecgtctatagcagcgccaaca
actgcacctttgaatacgtgtcccagcccttceccttatggacctggagggaaagcagggaaacttt
aagaatctgagagagttcgtgtttaaaaatatcgacggctattttaagatctattctaagcacac
gcctattaatctcecgtgegecgatctteccacaaggettcagegecctggaaccactegtggacctee
caattggtatcaacatcactagatttcagactctgcttgeccctccaccgatcctatectgacacce
ggagactcctctagcggctggactgeccggcecgectgecgecttattacgttggttatecttcagecacg
cacgttcctgctgaagtataacgagaatggtactattaccgatgccgtggattgtgeccttgacce
ccctgtceccgaaactaagtgcacactcaagtcattcactgtggaaaaaggaatctaccagacaage
aattttcgggtccagcctactgagagcattgtgecgectttecctaacatcacaaatctttgecectt
cggagaggttttcaatgctacacggtttgecctcecgtgtatgectggaaccgcaagagaatttcca
attgcgtggccgattactcecgtgctctacaatagtgcaagetttagcacctttaagtgcectatgge
gtatcccctactaagcttaacgacttgtgtttcacaaacgtgtatgccgactectttgtgatacyg
gggcgacgaagttagacagatagcaccaggacagacgggaaagatagctgactacaactataage
ttcctgatgacttcactggectgegttatecgegtggaattctaacaacctggactcaaaagtcecgge
ggcaactataactatctctatcggctgttccgcaagagtaaccttaageccecctttgagagagatat
aagcactgaaatctaccaggctggcagtacgccctgtaatggecgtggaaggectttaattgttatt
ttccactgcaatcctatggttttcageccaaccaatggecgtgggctaccaaccataccgegtegtyg
gtgctctcctttgaactgctceccacgectecececgegactgtectgeggecccaagaagteccacgaacct
tgtgaagaataagtgcgttaattttaatttcaacggcctcactggaacaggagtgctcactgaga
gtaacaagaagttcctgccatttcaacaatttggcagagacatagccgatactactgacgecegtt
agggacccccagaccctecgagattcectcecgatataacgecctgectectteggtggagtttecegtgat
cacgccaggcaccaataccagtaaccaggtcgeccgtgetgtatcaggatgtcaactgtactgagg
tgcccgtageccatccatgecggatcagectcacaccaacttggagggtgtacagcaccggectcecaat
gtattccagactcgggccggatgeccttattggecgeccgaacacgtgaacaatagttacgaatgecga
tattccaattggcgccggaatctgtgctagectaccagactcagacgaactcceccaggcagegeca
gcagcgttgccagceccagtcaatcatecgettatacaatgtcacttggagecgaaaactcecegtgget
tactcaaacaacagcatcgccatccccacaaacttcaccatatccgtgacaactgagattctgece
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agtgtccatgactaagacgtccgtagattgcactatgtacatatgcggecgacagcacagaatgtt
ctaatctgctgctgcaatatggaagcttctgcactcaactgaacagagcgctcacaggcatcgece
gtggagcaggataagaatacccaggaggtgttcgcccaagttaagcagatctacaagaccccacc
cataaaggatttcggtggattcaattttagtcagatactcccagacccatctaagccatccaaga
ggagctttatcgaggatcttttgtttaacaaagttactctggccgacgececggtttcatcaagecag
tacggagattgcctcggegacatcgectgctegtgacctecatctgtgegecaaaagtttaacggtet
gacggtgctgcctcceccecctecttactgatgaaatgatcgecccagtataccagegecactecectegetg
gcaccataacatccggttggacattcggcgctggtgcagcactgcagataccattcgeccatgecaa
atggcatatcgtttcaacggtatcggtgtcacacagaatgtcctatatgagaaccagaagctgat
cgcaaatcagttcaatagtgccatcggaaaaatccaggatageccttagcagcacagectcagecce
ttggcaaactccaggatgtcgtgaaccagaatgcccaggctctcaataccctecgtgaagcagete
tcatctaatttcggcgcaatttccagtgtecctcaacgacatcctcageccgectecgaccceccececcga
ggccgaagtgcagattgacagactgattacaggtcgactccagagectccagacttacgtgacte
agcagctgataagagccgccgagataagggccagecgctaacctggectgecacaaagatgtectgag
tgcgtgctgggccagtccaagagagtagacttctgtggcaaaggctaccatctgatgagettecce
acaatccgcacctcacggcgtagtgttcctccacgtgacatatgtaccggctcaggagaagaatt
tcactaccgctcctgectatatgceccatgatggaaaggctcacttcececcecgggagggggtgttegtyg
tccaacggcacccattggtttgtgactcageggaatttctacgaaccccagatcataaccactga
caacacatttgtgtccggaaattgtgacgtggtcattggaatagtgaacaacactgtttatgatce
cactgcagccagaacttgacagctttaaggaggagctcgacaagtacttcaagaatcatacgtca
ccagatgtggacctcggagatattagcggtatcaatgccagtgttgtcaatattcagaaggaaat
agaccgccttaatgaggtcgccaaaaatctgaacgagagcecctcatecgatcecttcaggagectgggea
aatatgagcagtacatcaagtggccttggtatatttggecttggecttcategececggectgategee
atagtaatggtcacaattatgctcgttgtttatatggtctccagagacaatgtttcttgectcecat
ttgtctataa

IF-HIHawaiiCT.r (SEQ ID NO: 80)
acgacacgactaaggcctttaaatacatattctacactgtagagaccce
IF-H3MinnesotaCT.r (SEQ ID NO: 81)
acgacacgactaaggcctttagatgcagatgttgcatctgatgttgceccttctg
IF-HongKongCT.r (SEQ ID NO: 82)
acgacacgactaaggcctttatatacatatcctgcactgcattgaaccattt
IF-GuangdongCT.r (SEQ ID NO: 83)
acgacacgactaaggcctttatatacaaatagtgcaccgcatgtttcca
IF-HOHKCT.r (SEQ ID NO: 84)
acgacacgactaaggcctttatatacaaatgttgcatctgcaagatccat
IF-BWashCT.r (SEQ ID NO: 85)

acgacacgactaaggcctttatagacaaatggagcaagaaacattgtctc

IF(nbHEL40)-PDLc (SEQ ID NO: 86)
165



10

15

20

25

30

35

40

45

WO 2022/047575 PCT/CA2021/051201

ccaaaacacattgagcaaaatggcgaaaaacgttgcgattttcecggecttat

IF(AvB+wtCT).r (SEQ ID NO: 87)

ACGACACGACTAAGGCCTTTAGGTATAATGGAGTTTCACCCCCTTCAGAA

PDI-SARS-COV-1 wtTMCT-DNA (SEQ ID NO: 88)

atggcgaaaaacgttgcgattttcggcttattgttttctecttecttgtgttggttccttctcagat
cttcgcgTCCGATCTGGATCGGTGCACTACATTTGACGATGTGCAGGCACCTAATTATACTCAGC
ACACCTCTTCCATGCGGGGCGTGTACTACCCCGACGAGATTTTTAGAAGTGACACACTGTACCTG
ACCCAAGACCTTTTTCTCCCATTTTATAGCAATGTCACGGGATTCCACACTATCAATCACACATT
CGGAAACCCTGTTATCCCCTTTAAAGACGGTATCTACTTTGCTGCTACTGAGAAATCGAATGTTG
TTCGCGGTTGGGTGTTCGGCTCAACCATGAACAACAAGAGTCAGTCAGTAATAATTATAAACAAC
TCAACCAATGTCGTCATCAGGGCTTGCAACTTCGAGCTCTGCGATAACCCCTTCTTTGCGGTGTC
CAAACCGATGGGCACTCAGACCCATACCATGATTTTTGACAATGCCTTTAATTGTACTTTCGAAT
ACATCAGCGATGCCTTCTCGCTGGATGTGTCCGAGAAGAGCGGTAACTTCAAGCATTTGCGGGAG
TTCGTTTTCAAAAACAAAGACGGGTTTTTGTATGTCTACAAAGGCTATCAGCCCATTGATGTGGT
CAGGGATCTGCCCAGTGGTTTCAACACACTGAAGCCCATCTTCAAGTTGCCACTCGGCATCAACA
TCACTAATTTCCGCGCCATCCTAACTGCTTTTTCGCCAGCGCAGGATATTTGGGGGACATCCGCC
GCAGCTTACTTCGTGGGATATCTGAAGCCCACCACTTTTATGCTAAAGTACGACGAGAATGGCAC
CATCACCGATGCCGTGGACTGCTCACAGAATCCTCTCGCAGAGCTCAAGTGTTCAGTGAAGTCAT
TTGAGATCGACAAAGGGATCTACCAAACATCTAACTTTCGCGTCGTGCCTTCCGGTGACGTAGTC
CGTTTCCCAAATATCACTAACTTGTGCCCTTTTGGTGAAGTATTCAACGCAACCAAATTCCCCAG
TGTGTATGCGTGGGAGCGCARAAAGATCAGTAACTGTGTGGCTGACTATAGTGTTCTGTACAATA
GCACCTTCTTCAGCACCTTCAAGTGTTATGGAGTGAGCGCTACAAAACTGAACGATCTTTGTTTC
TCAAACGTGTACGCCGATTCATTTGTCGTTARAGGTGACGATGTGAGGCAGATCGCTCCAGGCCA
GACAGGTGTGATTGCTGACTATAATTACAAACTGCCAGACGACTTCATGGGGTGCGTGCTAGCTT
GGAATACAAGAAACATTGACGCCACCTCCACGGGAAATTACAATTACAAGTATCGTTACCTTCGC
CATGGAAAGTTGAGACCCTTCGAGCGTGATATAAGTAACGTGCCCTTTAGTCCAGATGGAAAACC
CTGCACACCCCCTGCTCTCAATTGCTATTGGCCTCTCAATGACTACGGCTTTTACACAACTACTG
GCATCGGATACCAGCCTTACCGGGTCGTGGTGCTCAGTTTTGAGTTGCTTAACGCACCCGCCACC
GTGTGTGGTCCTAAACTTTCTACTGACCTGATTAAAAACCAATGCGTCAACTTCAATTTTAACGG
GCTGACCGGCACCGGTGTCCTGACCCCTAGCTCTAAGAGATTCCAGCCTTTTCAGCAGTTCGGGA
GGGATGTGAGCGACTTTACCGACTCTGTCAGGGATCCARAGACCAGCGAGATACTGGATATCTCG
CCCTGCAGTTTCGGTGGCGTGTCCGTTATTACACCTGGCACCAACGCCTCCTCAGAGGTGGCGGT
GCTCTATCAAGATGTCAACTGCACTGATGTGTCAACTGCCATCCATGCCGATCAGCTGACCCCCG
CCTGGCGCATCTACAGTACCGGGAACAACGTTTTTCAGACCCAGGCCGGCTGTCTAATCGGCGCA
GAGCACGTTGACACATCCTACGAATGTGACATACCTATCGGGGCAGGCATTTGCGCTAGCTACCA
TACCGTGTCACTGTTGGCTTCCACGTCACAAAAGTCAATCGTTGCCTACACGATGAGTCTGGGGG
CTGACTCATCTATCGCCTACAGCAACAATACCATTGCAATTCCCACAAACTTCAGTATCTCCATC
ACAACAGAGGTGATGCCCGTTTCTATGGCTARAACATCAGTCGATTGCAATATGTATATATGCGG
CGATAGTACTGAGTGCGCCAATCTCTTGTTACAGTACGGCTCCTTTTGTACCCAGCTGAACCGAG
CACTGTCTGGAATCGCCGCAGAACAGGATCGCAATACCCGGGAAGTCTTCGCCCAGGTGAAGCAG
ATGTACAAAACGCCCACTCTCAAGTATTTCGGCGGATTCAACTTTTCTCAGATTTTGCCTGACCC
GCTCAAGCCAACAAAACGATCTTTTATCGAAGACCTTCTGTTTAACAAGGTCACACTGGCGGATG
CTGGGTTCATGAAACAGTACGGTGAATGCCTGGGGGACATCAATGCCAGAGATCTGATCTGCGCC
CAGAAATTCAATGGCTTAACAGTCCTCCCACCTCTCTTGACCGACGATATGATCGCTGCGTACAC
CGCTGCTCTGGTATCGGGCACCGCGACTGCTGGCTGGACCTTTGGTGCCGGAGCCGCACTCCAGA
TCCCATTCGCCATGCAGATGGCCTACCGCTTCAACGGAATCGGGGTCACCCAGAACGTGCTGTAT
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GAGAACCAGAAACAGATCGCCAATCAGTTCAATAAGGCAATTAGTCAGATTCAGGAGAGTCTTAC
CACTACCAGCACCGCCCTGGGCAAGCTGCAAGATGTTGTGAACCAGAATGCGCAGGCATTAAACA
CTCTGGTTAAACAGCTGAGCTCAAATTTTGGTGCAATCTCTTCAGTTCTGAACGATATCCTGAGT
CGGCTGGATCCGCCAGAGGCTGAAGTGCAAATTGATCGTTTGATCACCGGGAGGCTACAATCTCT
GCAGACGTACGTGACCCAGCAGCTCATCCGGGCAGCCGAAATTCGCGCATCAGCCAACCTCGCTG
CAACTAAGATGTCTGAGTGCGTGCTGGGCCAGAGTAAGAGGGTGGACTTTTGTGGTAAGGGATAC
CACCTCATGTCCTTTCCGCAAGCGGCTCCCCACGGCGTGGTTTTCTTACACGTTACCTATGTGCC
ATCCCAAGAACGCAATTTCACCACCGCTCCAGCTATCTGTCATGAGGGCAAAGCATATTTCCCCA
GGGAAGGAGTATTTGTGTTTAATGGCACGTCCTGGTTTATAACCCAACGTAACTTTTTCTCCCCA
CAGATTATCACAACCGACAACACATTCGTGTCTGGGAATTGTGACGTCGTGATCGGGATCATTAA
CAATACCGTTTACGATCCCTTGCAGCCCGAGCTTGACTCCTTTAAAGAGGAACTAGACAAATACT
TTAAGAATCACACCTCACCGGACGTAGATTTGGGAGACATCTCTGGAATTAATGCCTCTGTGGTG
AATATCCAGAAGGAGATCGACCGCCTGAATGAAGTCGCCAAGAACCTCAACGAGTCCCTGATAGA
TCTGCAAGAACTGGGCAAATATGAACAGTACATCAAATGGCCGTGGTACGTGTGGTTGGGCTTTA
TCGCTGGACTTATTGCAATCGTGATGGTGACGATTCTGCTCTGCTGTATGACTTCCTGCTGCTCT
TGTCTGAAGGGCGCCTGTAGCTGTGGTTCCTGCTGCAAGTTCGACGAAGACGACTCCGAACCAGT
TCTGAAGGGGGTGAAACTCCATTATACCTAA

PDI-SARS-COV-1 H5iTMCT-DNA (SEQ ID NO: 89)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttectecagat
cttcgcgTCCGATCTGGATCGGTGCACTACATTTGACGATGTGCAGGCACCTAATTATACTCAGC
ACACCTCTTCCATGCGGGGCGTGTACTACCCCGACGAGATTTTTAGAAGTGACACACTGTACCTG
ACCCAAGACCTTTTTCTCCCATTTTATAGCAATGTCACGGGATTCCACACTATCAATCACACATT
CGGAAACCCTGTTATCCCCTTTAAAGACGGTATCTACTTTGCTGCTACTGAGAAATCGAATGTTG
TTCGCGGTTGGGTGTTCGGCTCAACCATGAACAACAAGAGTCAGTCAGTAATAATTATAAACAAC
TCAACCAATGTCGTCATCAGGGCTTGCAACTTCGAGCTCTGCGATAACCCCTTCTTTGCGGTGTC
CAAACCGATGGGCACTCAGACCCATACCATGATTTTTGACAATGCCTTTAATTGTACTTTCGAAT
ACATCAGCGATGCCTTCTCGCTGGATGTGTCCGAGAAGAGCGGTAACTTCAAGCATTTGCGGGAG
TTCGTTTTCAAAAACAAAGACGGGTTTTTGTATGTCTACAAAGGCTATCAGCCCATTGATGTGGT
CAGGGATCTGCCCAGTGGTTTCAACACACTGAAGCCCATCTTCAAGTTGCCACTCGGCATCAACA
TCACTAATTTCCGCGCCATCCTAACTGCTTTTTCGCCAGCGCAGGATATTTGGGGGACATCCGCC
GCAGCTTACTTCGTGGGATATCTGAAGCCCACCACTTTTATGCTAAAGTACGACGAGAATGGCAC
CATCACCGATGCCGTGGACTGCTCACAGAATCCTCTCGCAGAGCTCAAGTGTTCAGTGAAGTCAT
TTGAGATCGACAAAGGGATCTACCARAACATCTAACTTTCGCGTCGTGCCTTCCGGTGACGTAGTC
CGTTTCCCAAATATCACTAACTTGTGCCCTTTTGGTGAAGTATTCAACGCAACCAAATTCCCCAG
TGTGTATGCGTGGGAGCGCAAAAAGATCAGTAACTGTGTGGCTGACTATAGTGTTCTGTACAATA
GCACCTTCTTCAGCACCTTCAAGTGTTATGGAGTGAGCGCTACAAAACTGAACGATCTTTGTTTC
TCAAACGTGTACGCCGATTCATTTGTCGTTARAAGGTGACGATGTGAGGCAGATCGCTCCAGGCCA
GACAGGTGTGATTGCTGACTATAATTACAAACTGCCAGACGACTTCATGGGGTGCGTGCTAGCTT
GGAATACAAGAAACATTGACGCCACCTCCACGGGAAATTACAATTACAAGTATCGTTACCTTCGC
CATGGAAAGTTGAGACCCTTCGAGCGTGATATAAGTAACGTGCCCTTTAGTCCAGATGGAARACC
CTGCACACCCCCTGCTCTCAATTGCTATTGGCCTCTCAATGACTACGGCTTTTACACAACTACTG
GCATCGGATACCAGCCTTACCGGGTCGTGGTGCTCAGTTTTGAGTTGCTTAACGCACCCGCCACC
GTGTGTGGTCCTAAACTTTCTACTGACCTGATTAAAAACCAATGCGTCAACTTCAATTTTAACGG
GCTGACCGGCACCGGTGTCCTGACCCCTAGCTCTAAGAGATTCCAGCCTTTTCAGCAGTTCGGGA
GGGATGTGAGCGACTTTACCGACTCTGTCAGGGATCCAAAGACCAGCGAGATACTGGATATCTCG
CCCTGCAGTTTCGGTGGCGTGTCCGTTATTACACCTGGCACCAACGCCTCCTCAGAGGTGGCGGT
GCTCTATCAAGATGTCAACTGCACTGATGTGTCAACTGCCATCCATGCCGATCAGCTGACCCCCG
CCTGGCGCATCTACAGTACCGGGAACAACGTTTTTCAGACCCAGGCCGGCTGTCTAATCGGCGCA
GAGCACGTTGACACATCCTACGAATGTGACATACCTATCGGGGCAGGCATTTGCGCTAGCTACCA
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TACCGTGTCACTGTTGGCTTCCACGTCACAARAGTCAATCGTTGCCTACACGATGAGTCTGGGGG
CTGACTCATCTATCGCCTACAGCAACAATACCATTGCAATTCCCACAAACTTCAGTATCTCCATC
ACAACAGAGGTGATGCCCGTTTCTATGGCTAAAACATCAGTCGATTGCAATATGTATATATGCGG
CGATAGTACTGAGTGCGCCAATCTCTTGTTACAGTACGGCTCCTTTTGTACCCAGCTGAACCGAG
CACTGTCTGGAATCGCCGCAGAACAGGATCGCAATACCCGGGAAGTCTTCGCCCAGGTGAAGCAG
ATGTACAAAACGCCCACTCTCAAGTATTTCGGCGGATTCAACTTTTCTCAGATTTTGCCTGACCC
GCTCAAGCCAACAAAACGATCTTTTATCGAAGACCTTCTGTTTAACAAGGTCACACTGGCGGATG
CTGGGTTCATGAAACAGTACGGTGAATGCCTGGGGGACATCAATGCCAGAGATCTGATCTGCGCC
CAGAAATTCAATGGCTTAACAGTCCTCCCACCTCTCTTGACCGACGATATGATCGCTGCGTACAC
CGCTGCTCTGGTATCGGGCACCGCGACTGCTGGCTGGACCTTTGGTGCCGGAGCCGCACTCCAGA
TCCCATTCGCCATGCAGATGGCCTACCGCTTCAACGGAATCGGGGTCACCCAGAACGTGCTGTAT
GAGAACCAGAAACAGATCGCCAATCAGTTCAATAAGGCAATTAGTCAGATTCAGGAGAGTCTTAC
CACTACCAGCACCGCCCTGGGCAAGCTGCAAGATGTTGTGAACCAGAATGCGCAGGCATTAARACA
CTCTGGTTAAACAGCTGAGCTCAAATTTTGGTGCAATCTCTTCAGTTCTGAACGATATCCTGAGT
CGGCTGGATCCGCCAGAGGCTGAAGTGCAAATTGATCGTTTGATCACCGGGAGGCTACAATCTCT
GCAGACGTACGTGACCCAGCAGCTCATCCGGGCAGCCGAAATTCGCGCATCAGCCAACCTCGCTG
CAACTAAGATGTCTGAGTGCGTGCTGGGCCAGAGTAAGAGGGTGGACTTTTGTGGTAAGGGATAC
CACCTCATGTCCTTTCCGCAAGCGGCTCCCCACGGCGTGGTTTTCTTACACGTTACCTATGTGCC
ATCCCAAGAACGCAATTTCACCACCGCTCCAGCTATCTGTCATGAGGGCARAGCATATTTCCCCA
GGGAAGGAGTATTTGTGTTTAATGGCACGTCCTGGTTTATAACCCAACGTAACTTTTTCTCCCCA
CAGATTATCACAACCGACAACACATTCGTGTCTGGGAATTGTGACGTCGTGATCGGGATCATTAA
CAATACCGTTTACGATCCCTTGCAGCCCGAGCTTGACTCCTTTAAAGAGGAACTAGACAAATACT
TTAAGAATCACACCTCACCGGACGTAGATTTGGGAGACATCTCTGGAATTAATGCCTCTGTGGTG
AATATCCAGAAGGAGATCGACCGCCTGAATGAAGTCGCCAAGAACCTCAACGAGTCCCTGATAGA
TCTGCAAGAACTGGGCAAATATGAACAGTACATCAAATGGCCGTGGTACcaaatactgtcaattt
attcaacagtggcgagttccctagcactggcaatcatgatggctggtctatctttatggatgtge
tccaatggatcgttacaatgcagaatttgcattTAA

PDI-SARS-COV-1 H5iCT-DNA (SEQ ID NO: 90)

atggcgaaaaacgttgcgattttcggecttattgttttctecttecttgtgttggtteccttectcagat
cttcgcgTCCGATCTGGATCGGTGCACTACATTTGACGATGTGCAGGCACCTAATTATACTCAGC
ACACCTCTTCCATGCGGGGCGTGTACTACCCCGACGAGATTTTTAGAAGTGACACACTGTACCTG
ACCCAAGACCTTTTTCTCCCATTTTATAGCAATGTCACGGGATTCCACACTATCAATCACACATT
CGGAAACCCTGTTATCCCCTTTAAAGACGGTATCTACTTTGCTGCTACTGAGAAATCGAATGTTG
TTCGCGGTTGGGTGTTCGGCTCAACCATGAACAACAAGAGTCAGTCAGTAATAATTATAAACAAC
TCAACCAATGTCGTCATCAGGGCTTGCAACTTCGAGCTCTGCGATAACCCCTTCTTTGCGGTGTC
CAAACCGATGGGCACTCAGACCCATACCATGATTTTTGACAATGCCTTTAATTGTACTTTCGAAT
ACATCAGCGATGCCTTCTCGCTGGATGTGTCCGAGAAGAGCGGTAACTTCAAGCATTTGCGGGAG
TTCGTTTTCAAAAACAAAGACGGGTTTTTGTATGTCTACAAAGGCTATCAGCCCATTGATGTGGT
CAGGGATCTGCCCAGTGGTTTCAACACACTGAAGCCCATCTTCAAGTTGCCACTCGGCATCAACA
TCACTAATTTCCGCGCCATCCTAACTGCTTTTTCGCCAGCGCAGGATATTTGGGGGACATCCGCC
GCAGCTTACTTCGTGGGATATCTGAAGCCCACCACTTTTATGCTAAAGTACGACGAGAATGGCAC
CATCACCGATGCCGTGGACTGCTCACAGAATCCTCTCGCAGAGCTCAAGTGTTCAGTGAAGTCAT
TTGAGATCGACAAAGGGATCTACCAAACATCTAACTTTCGCGTCGTGCCTTCCGGTGACGTAGTC
CGTTTCCCAAATATCACTAACTTGTGCCCTTTTGGTGAAGTATTCAACGCAACCAAATTCCCCAG
TGTGTATGCGTGGGAGCGCARAAAGATCAGTAACTGTGTGGCTGACTATAGTGTTCTGTACAATA
GCACCTTCTTCAGCACCTTCAAGTGTTATGGAGTGAGCGCTACAAAACTGAACGATCTTTGTTTC
TCAAACGTGTACGCCGATTCATTTGTCGTTARAGGTGACGATGTGAGGCAGATCGCTCCAGGCCA
GACAGGTGTGATTGCTGACTATAATTACAAACTGCCAGACGACTTCATGGGGTGCGTGCTAGCTT
GGAATACAAGAAACATTGACGCCACCTCCACGGGAAATTACAATTACAAGTATCGTTACCTTCGC
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CATGGAAAGTTGAGACCCTTCGAGCGTGATATAAGTAACGTGCCCTTTAGTCCAGATGGAAAACC
CTGCACACCCCCTGCTCTCAATTGCTATTGGCCTCTCAATGACTACGGCTTTTACACAACTACTG
GCATCGGATACCAGCCTTACCGGGTCGTGGTGCTCAGTTTTGAGTTGCTTAACGCACCCGCCACC
GTGTGTGGTCCTAAACTTTCTACTGACCTGATTAAAAACCAATGCGTCAACTTCAATTTTAACGG
GCTGACCGGCACCGGTGTCCTGACCCCTAGCTCTAAGAGATTCCAGCCTTTTCAGCAGTTCGGGA
GGGATGTGAGCGACTTTACCGACTCTGTCAGGGATCCAAAGACCAGCGAGATACTGGATATCTCG
CCCTGCAGTTTCGGTGGCGTGTCCGTTATTACACCTGGCACCAACGCCTCCTCAGAGGTGGCGGT
GCTCTATCAAGATGTCAACTGCACTGATGTGTCAACTGCCATCCATGCCGATCAGCTGACCCCCG
CCTGGCGCATCTACAGTACCGGGAACAACGTTTTTCAGACCCAGGCCGGCTGTCTAATCGGCGCA
GAGCACGTTGACACATCCTACGAATGTGACATACCTATCGGGGCAGGCATTTGCGCTAGCTACCA
TACCGTGTCACTGTTGGCTTCCACGTCACAARAGTCAATCGTTGCCTACACGATGAGTCTGGGGG
CTGACTCATCTATCGCCTACAGCAACAATACCATTGCAATTCCCACAAACTTCAGTATCTCCATC
ACAACAGAGGTGATGCCCGTTTCTATGGCTAAAACATCAGTCGATTGCAATATGTATATATGCGG
CGATAGTACTGAGTGCGCCAATCTCTTGTTACAGTACGGCTCCTTTTGTACCCAGCTGAACCGAG
CACTGTCTGGAATCGCCGCAGAACAGGATCGCAATACCCGGGAAGTCTTCGCCCAGGTGAAGCAG
ATGTACAAAACGCCCACTCTCAAGTATTTCGGCGGATTCAACTTTTCTCAGATTTTGCCTGACCC
GCTCAAGCCAACAAAACGATCTTTTATCGAAGACCTTCTGTTTAACAAGGTCACACTGGCGGATG
CTGGGTTCATGAAACAGTACGGTGAATGCCTGGGGGACATCAATGCCAGAGATCTGATCTGCGCC
CAGAAATTCAATGGCTTAACAGTCCTCCCACCTCTCTTGACCGACGATATGATCGCTGCGTACAC
CGCTGCTCTGGTATCGGGCACCGCGACTGCTGGCTGGACCTTTGGTGCCGGAGCCGCACTCCAGA
TCCCATTCGCCATGCAGATGGCCTACCGCTTCAACGGAATCGGGGTCACCCAGAACGTGCTGTAT
GAGAACCAGAAACAGATCGCCAATCAGTTCAATAAGGCAATTAGTCAGATTCAGGAGAGTCTTAC
CACTACCAGCACCGCCCTGGGCAAGCTGCAAGATGTTGTGAACCAGAATGCGCAGGCATTARACA
CTCTGGTTAAACAGCTGAGCTCAAATTTTGGTGCAATCTCTTCAGTTCTGAACGATATCCTGAGT
CGGCTGGATCCGCCAGAGGCTGAAGTGCAAATTGATCGTTTGATCACCGGGAGGCTACAATCTCT
GCAGACGTACGTGACCCAGCAGCTCATCCGGGCAGCCGAAATTCGCGCATCAGCCAACCTCGCTG
CAACTAAGATGTCTGAGTGCGTGCTGGGCCAGAGTAAGAGGGTGGACTTTTGTGGTAAGGGATAC
CACCTCATGTCCTTTCCGCAAGCGGCTCCCCACGGCGTGGTTTTCTTACACGTTACCTATGTGCC
ATCCCAAGAACGCAATTTCACCACCGCTCCAGCTATCTGTCATGAGGGCAAAGCATATTTCCCCA
GGGAAGGAGTATTTGTGTTTAATGGCACGTCCTGGTTTATAACCCAACGTAACTTTTTCTCCCCA
CAGATTATCACAACCGACAACACATTCGTGTCTGGGAATTGTGACGTCGTGATCGGGATCATTAA
CAATACCGTTTACGATCCCTTGCAGCCCGAGCTTGACTCCTTTAAAGAGGAACTAGACAAATACT
TTAAGAATCACACCTCACCGGACGTAGATTTGGGAGACATCTCTGGAATTAATGCCTCTGTGGTG
AATATCCAGAAGGAGATCGACCGCCTGAATGAAGTCGCCAAGAACCTCAACGAGTCCCTGATAGA
TCTGCAAGAACTGGGCAAATATGAACAGTACATCAAATGGCCGTGGTACGTGTGGTTGGGCTTTA
TCGCTGGACTTATTGCAATCGTGATGGTGACGATTCTGCTCtctttatggatgtgectccaatgga
tcgttacaatgcagaatttgcattTAA

PDI-SARS-COV-1 H5iCT(V4)-DNA (SEQ ID NO: 91)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggtteccttetecagat
cttcgcgTCCGATCTGGATCGGTGCACTACATTTGACGATGTGCAGGCACCTAATTATACTCAGC
ACACCTCTTCCATGCGGGGCGTGTACTACCCCGACGAGATTTTTAGAAGTGACACACTGTACCTG
ACCCAAGACCTTTTTCTCCCATTTTATAGCAATGTCACGGGATTCCACACTATCAATCACACATT
CGGAAACCCTGTTATCCCCTTTAAAGACGGTATCTACTTTGCTGCTACTGAGAAATCGAATGTTG
TTCGCGGTTGGGTGTTCGGCTCAACCATGAACAACAAGAGTCAGTCAGTAATAATTATARAACAAC
TCAACCAATGTCGTCATCAGGGCTTGCAACTTCGAGCTCTGCGATAACCCCTTCTTTGCGGTGTC
CAAACCGATGGGCACTCAGACCCATACCATGATTTTTGACAATGCCTTTAATTGTACTTTCGAAT
ACATCAGCGATGCCTTCTCGCTGGATGTGTCCGAGAAGAGCGGTAACTTCAAGCATTTGCGGGAG
TTCGTTTTCAAAAACAAAGACGGGTTTTTGTATGTCTACARAAGGCTATCAGCCCATTGATGTGGT
CAGGGATCTGCCCAGTGGTTTCAACACACTGAAGCCCATCTTCAAGTTGCCACTCGGCATCAACA
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TCACTAATTTCCGCGCCATCCTAACTGCTTTTTCGCCAGCGCAGGATATTTGGGGGACATCCGCC
GCAGCTTACTTCGTGGGATATCTGAAGCCCACCACTTTTATGCTAAAGTACGACGAGAATGGCAC
CATCACCGATGCCGTGGACTGCTCACAGAATCCTCTCGCAGAGCTCAAGTGTTCAGTGAAGTCAT
TTGAGATCGACAAAGGGATCTACCAAACATCTAACTTTCGCGTCGTGCCTTCCGGTGACGTAGTC
CGTTTCCCAAATATCACTAACTTGTGCCCTTTTGGTGAAGTATTCAACGCAACCAAATTCCCCAG
TGTGTATGCGTGGGAGCGCARAAAGATCAGTAACTGTGTGGCTGACTATAGTGTTCTGTACAATA
GCACCTTCTTCAGCACCTTCAAGTGTTATGGAGTGAGCGCTACAAAACTGAACGATCTTTGTTTC
TCAAACGTGTACGCCGATTCATTTGTCGTTARAGGTGACGATGTGAGGCAGATCGCTCCAGGCCA
GACAGGTGTGATTGCTGACTATAATTACAAACTGCCAGACGACTTCATGGGGTGCGTGCTAGCTT
GGAATACAAGAAACATTGACGCCACCTCCACGGGAAATTACAATTACAAGTATCGTTACCTTCGC
CATGGAAAGTTGAGACCCTTCGAGCGTGATATAAGTAACGTGCCCTTTAGTCCAGATGGAAAACC
CTGCACACCCCCTGCTCTCAATTGCTATTGGCCTCTCAATGACTACGGCTTTTACACAACTACTG
GCATCGGATACCAGCCTTACCGGGTCGTGGTGCTCAGTTTTGAGTTGCTTAACGCACCCGCCACC
GTGTGTGGTCCTAAACTTTCTACTGACCTGATTAAAAACCAATGCGTCAACTTCAATTTTAACGG
GCTGACCGGCACCGGTGTCCTGACCCCTAGCTCTAAGAGATTCCAGCCTTTTCAGCAGTTCGGGA
GGGATGTGAGCGACTTTACCGACTCTGTCAGGGATCCAAAGACCAGCGAGATACTGGATATCTCG
CCCTGCAGTTTCGGTGGCGTGTCCGTTATTACACCTGGCACCAACGCCTCCTCAGAGGTGGCGGT
GCTCTATCAAGATGTCAACTGCACTGATGTGTCAACTGCCATCCATGCCGATCAGCTGACCCCCG
CCTGGCGCATCTACAGTACCGGGAACAACGTTTTTCAGACCCAGGCCGGCTGTCTAATCGGCGCA
GAGCACGTTGACACATCCTACGAATGTGACATACCTATCGGGGCAGGCATTTGCGCTAGCTACCA
TACCGTGTCACTGTTGGCTTCCACGTCACAAAAGTCAATCGTTGCCTACACGATGAGTCTGGGGG
CTGACTCATCTATCGCCTACAGCAACAATACCATTGCAATTCCCACAAACTTCAGTATCTCCATC
ACAACAGAGGTGATGCCCGTTTCTATGGCTARAACATCAGTCGATTGCAATATGTATATATGCGG
CGATAGTACTGAGTGCGCCAATCTCTTGTTACAGTACGGCTCCTTTTGTACCCAGCTGAACCGAG
CACTGTCTGGAATCGCCGCAGAACAGGATCGCAATACCCGGGAAGTCTTCGCCCAGGTGAAGCAG
ATGTACAAAACGCCCACTCTCAAGTATTTCGGCGGATTCAACTTTTCTCAGATTTTGCCTGACCC
GCTCAAGCCAACAAAACGATCTTTTATCGAAGACCTTCTGTTTAACAAGGTCACACTGGCGGATG
CTGGGTTCATGAAACAGTACGGTGAATGCCTGGGGGACATCAATGCCAGAGATCTGATCTGCGCC
CAGAAATTCAATGGCTTAACAGTCCTCCCACCTCTCTTGACCGACGATATGATCGCTGCGTACAC
CGCTGCTCTGGTATCGGGCACCGCGACTGCTGGCTGGACCTTTGGTGCCGGAGCCGCACTCCAGA
TCCCATTCGCCATGCAGATGGCCTACCGCTTCAACGGAATCGGGGTCACCCAGAACGTGCTGTAT
GAGAACCAGAAACAGATCGCCAATCAGTTCAATAAGGCAATTAGTCAGATTCAGGAGAGTCTTAC
CACTACCAGCACCGCCCTGGGCAAGCTGCAAGATGTTGTGAACCAGAATGCGCAGGCATTAARACA
CTCTGGTTAAACAGCTGAGCTCAAATTTTGGTGCAATCTCTTCAGTTCTGAACGATATCCTGAGT
CGGCTGGATCCGCCAGAGGCTGAAGTGCAAATTGATCGTTTGATCACCGGGAGGCTACAATCTCT
GCAGACGTACGTGACCCAGCAGCTCATCCGGGCAGCCGAAATTCGCGCATCAGCCAACCTCGCTG
CAACTAAGATGTCTGAGTGCGTGCTGGGCCAGAGTAAGAGGGTGGACTTTTGTGGTAAGGGATAC
CACCTCATGTCCTTTCCGCAAGCGGCTCCCCACGGCGTGGTTTTCTTACACGTTACCTATGTGCC
ATCCCAAGAACGCAATTTCACCACCGCTCCAGCTATCTGTCATGAGGGCAARAGCATATTTCCCCA
GGGAAGGAGTATTTGTGTTTAATGGCACGTCCTGGTTTATAACCCAACGTAACTTTTTCTCCCCA
CAGATTATCACAACCGACAACACATTCGTGTCTGGGAATTGTGACGTCGTGATCGGGATCATTAA
CAATACCGTTTACGATCCCTTGCAGCCCGAGCTTGACTCCTTTAAAGAGGAACTAGACAAATACT
TTAAGAATCACACCTCACCGGACGTAGATTTGGGAGACATCTCTGGAATTAATGCCTCTGTGGTG
AATATCCAGAAGGAGATCGACCGCCTGAATGAAGTCGCCAAGAACCTCAACGAGTCCCTGATAGA
TCTGCAAGAACTGGGCAAATATGAACAGTACATCAAATGGCCGTGGTACGTGTGGTTGGGCTTTA
TCGCTGGACTTATTGCAATCGTGATGGTGACGATTCTGCTCtgctgctccaatggatcgttacaa
tgcagaatttgcattTAA

PDI-SARS-COV-1 H1cCT-DNA (SEQ ID NO: 92)
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atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttetecagat
cttcgcgTCCGATCTGGATCGGTGCACTACATTTGACGATGTGCAGGCACCTAATTATACTCAGC
ACACCTCTTCCATGCGGGGCGTGTACTACCCCGACGAGATTTTTAGAAGTGACACACTGTACCTG
ACCCAAGACCTTTTTCTCCCATTTTATAGCAATGTCACGGGATTCCACACTATCAATCACACATT
CGGAAACCCTGTTATCCCCTTTAAAGACGGTATCTACTTTGCTGCTACTGAGAAATCGAATGTTG
TTCGCGGTTGGGTGTTCGGCTCAACCATGAACAACAAGAGTCAGTCAGTAATAATTATARAACAAC
TCAACCAATGTCGTCATCAGGGCTTGCAACTTCGAGCTCTGCGATAACCCCTTCTTTGCGGTGTC
CAAACCGATGGGCACTCAGACCCATACCATGATTTTTGACAATGCCTTTAATTGTACTTTCGAAT
ACATCAGCGATGCCTTCTCGCTGGATGTGTCCGAGAAGAGCGGTAACTTCAAGCATTTGCGGGAG
TTCGTTTTCAAAAACAAAGACGGGTTTTTGTATGTCTACAAAGGCTATCAGCCCATTGATGTGGT
CAGGGATCTGCCCAGTGGTTTCAACACACTGAAGCCCATCTTCAAGTTGCCACTCGGCATCAACA
TCACTAATTTCCGCGCCATCCTAACTGCTTTTTCGCCAGCGCAGGATATTTGGGGGACATCCGCC
GCAGCTTACTTCGTGGGATATCTGAAGCCCACCACTTTTATGCTAAAGTACGACGAGAATGGCAC
CATCACCGATGCCGTGGACTGCTCACAGAATCCTCTCGCAGAGCTCAAGTGTTCAGTGAAGTCAT
TTGAGATCGACAAAGGGATCTACCAAACATCTAACTTTCGCGTCGTGCCTTCCGGTGACGTAGTC
CGTTTCCCAAATATCACTAACTTGTGCCCTTTTGGTGAAGTATTCAACGCAACCAAATTCCCCAG
TGTGTATGCGTGGGAGCGCAAAAAGATCAGTAACTGTGTGGCTGACTATAGTGTTCTGTACAATA
GCACCTTCTTCAGCACCTTCAAGTGTTATGGAGTGAGCGCTACAARAACTGAACGATCTTTGTTTC
TCAAACGTGTACGCCGATTCATTTGTCGTTARAGGTGACGATGTGAGGCAGATCGCTCCAGGCCA
GACAGGTGTGATTGCTGACTATAATTACAAACTGCCAGACGACTTCATGGGGTGCGTGCTAGCTT
GGAATACAAGAAACATTGACGCCACCTCCACGGGAAATTACAATTACAAGTATCGTTACCTTCGC
CATGGAAAGTTGAGACCCTTCGAGCGTGATATAAGTAACGTGCCCTTTAGTCCAGATGGAAAACC
CTGCACACCCCCTGCTCTCAATTGCTATTGGCCTCTCAATGACTACGGCTTTTACACAACTACTG
GCATCGGATACCAGCCTTACCGGGTCGTGGTGCTCAGTTTTGAGTTGCTTAACGCACCCGCCACC
GTGTGTGGTCCTAAACTTTCTACTGACCTGATTAAAAACCAATGCGTCAACTTCAATTTTAACGG
GCTGACCGGCACCGGTGTCCTGACCCCTAGCTCTAAGAGATTCCAGCCTTTTCAGCAGTTCGGGA
GGGATGTGAGCGACTTTACCGACTCTGTCAGGGATCCAAAGACCAGCGAGATACTGGATATCTCG
CCCTGCAGTTTCGGTGGCGTGTCCGTTATTACACCTGGCACCAACGCCTCCTCAGAGGTGGCGGT
GCTCTATCAAGATGTCAACTGCACTGATGTGTCAACTGCCATCCATGCCGATCAGCTGACCCCCG
CCTGGCGCATCTACAGTACCGGGAACAACGTTTTTCAGACCCAGGCCGGCTGTCTAATCGGCGCA
GAGCACGTTGACACATCCTACGAATGTGACATACCTATCGGGGCAGGCATTTGCGCTAGCTACCA
TACCGTGTCACTGTTGGCTTCCACGTCACAARAGTCAATCGTTGCCTACACGATGAGTCTGGGGG
CTGACTCATCTATCGCCTACAGCAACAATACCATTGCAATTCCCACAAACTTCAGTATCTCCATC
ACAACAGAGGTGATGCCCGTTTCTATGGCTAAAACATCAGTCGATTGCAATATGTATATATGCGG
CGATAGTACTGAGTGCGCCAATCTCTTGTTACAGTACGGCTCCTTTTGTACCCAGCTGAACCGAG
CACTGTCTGGAATCGCCGCAGAACAGGATCGCAATACCCGGGAAGTCTTCGCCCAGGTGAAGCAG
ATGTACAAAACGCCCACTCTCAAGTATTTCGGCGGATTCAACTTTTCTCAGATTTTGCCTGACCC
GCTCAAGCCAACAAAACGATCTTTTATCGAAGACCTTCTGTTTAACAAGGTCACACTGGCGGATG
CTGGGTTCATGAAACAGTACGGTGAATGCCTGGGGGACATCAATGCCAGAGATCTGATCTGCGCC
CAGAAATTCAATGGCTTAACAGTCCTCCCACCTCTCTTGACCGACGATATGATCGCTGCGTACAC
CGCTGCTCTGGTATCGGGCACCGCGACTGCTGGCTGGACCTTTGGTGCCGGAGCCGCACTCCAGA
TCCCATTCGCCATGCAGATGGCCTACCGCTTCAACGGAATCGGGGTCACCCAGAACGTGCTGTAT
GAGAACCAGAAACAGATCGCCAATCAGTTCAATAAGGCAATTAGTCAGATTCAGGAGAGTCTTAC
CACTACCAGCACCGCCCTGGGCAAGCTGCAAGATGTTGTGAACCAGAATGCGCAGGCATTAAACA
CTCTGGTTAAACAGCTGAGCTCAAATTTTGGTGCAATCTCTTCAGTTCTGAACGATATCCTGAGT
CGGCTGGATCCGCCAGAGGCTGAAGTGCAAATTGATCGTTTGATCACCGGGAGGCTACAATCTCT
GCAGACGTACGTGACCCAGCAGCTCATCCGGGCAGCCGAAATTCGCGCATCAGCCAACCTCGCTG
CAACTAAGATGTCTGAGTGCGTGCTGGGCCAGAGTAAGAGGGTGGACTTTTGTGGTAAGGGATAC
CACCTCATGTCCTTTCCGCAAGCGGCTCCCCACGGCGTGGTTTTCTTACACGTTACCTATGTGCC
ATCCCAAGAACGCAATTTCACCACCGCTCCAGCTATCTGTCATGAGGGCARAGCATATTTCCCCA
GGGAAGGAGTATTTGTGTTTAATGGCACGTCCTGGTTTATAACCCAACGTAACTTTTTCTCCCCA
CAGATTATCACAACCGACAACACATTCGTGTCTGGGAATTGTGACGTCGTGATCGGGATCATTAA
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CAATACCGTTTACGATCCCTTGCAGCCCGAGCTTGACTCCTTTAAAGAGGAACTAGACAAATACT
TTAAGAATCACACCTCACCGGACGTAGATTTGGGAGACATCTCTGGAATTAATGCCTCTGTGGTG
AATATCCAGAAGGAGATCGACCGCCTGAATGAAGTCGCCAAGAACCTCAACGAGTCCCTGATAGA
TCTGCAAGAACTGGGCAAATATGAACAGTACATCAAATGGCCGTGGTACGTGTGGTTGGGCTTTA
TCGCTGGACTTATTGCAATCGTGATGGTGACGATTCTGCTCagcttctggatgtgctctaatggg
tctctacagtgtagaatatgtattTAA

PDI-SARS-COV-1 wtTMCT-AA (SEQ ID NO: 93)

MAKNVAIFGLLESLLVLVPSQIFASDLDRCTTEDDVQAPNYTQHT SSMRGVYYPDETIFRSDTLYL
TODLFLPEFYSNVTGFHTINHTEFGNPVIPEFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVITIINN
STNVVIRACNFELCDNPEFAVSKPMGTQTHTMI FDNAFNCTFEYISDAFSLDVSEKSGNFKHLRE
FVFRKNKDGFLYVYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSA
ARAYFVGYLKPTTFMLKYDENGTITDAVDCSONPLAETLKCSVKSFEIDKGIYQTSNERVVPSGDVV
REPNITNLCPEFGEVENATKEPSVYAWERKKISNCVADYSVLYNSTEFESTFKCYGVSATKLNDLCE
SNVYADSEFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLR
HGKLRPFERDISNVPEFSPDGKPCTPPALNCYWPLNDYGEFYTTTGIGYQPYRVVVLSFELLNAPAT
VCGPKLSTDLIKNQCVNENENGLTGTGVLTPSSKRFQPFQOQFGRDVSDETDSVRDPKTSEILDIS
PCSFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVEQTQAGCLIGA
EHVDTSYECDIPIGAGICASYHTVSLLASTSQKSIVAYTMSLGADSSIAYSNNTIATPTNESIST
TTEVMPVSMAKTSVDCNMYICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKQ
MYKTPTLKYFGGENFSQILPDPLKPTKRSFIEDLLENKVTLADAGEFMKQYGECLGDINARDLICA
QKENGLTVLPPLLTDDMIAAYTAATLVSGTATAGWT FGAGAALQIPFAMOMAYREFNGIGVTQONVLY
ENQKQIANQFNKATSQIQESLTTTSTALGKLODVVNONAQATLNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGY
HLMSFPQAAPHGVVFEFLHVTYVPSQERNEFTTAPATCHEGKAY FPREGVEVENGTSWEITQRNEESP
QITITTDNTEVSGNCDVVIGIINNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLOELGKYEQYIKWPWYVWLGEFIAGLIATVMVTILLCCMTSCCS
CLKGACSCGSCCKFDEDDSEPVLKGVKLHYT

PDI-SARS-COV-1 H5iTMCT-AA (SEQ ID NO: 94)

MAKNVAIFGLLESLLVLVPSQIFASDLDRCTTEDDVQAPNYTQHT SSMRGVYYPDETFRSDTLYL
TODLFLPEFYSNVTGFHTINHTEFGNPVIPEFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVITIINN
STNVVIRACNFELCDNPFFAVSKPMGTQTHTMI FDNAFNCTFEYISDAFSLDVSEKSGNFKHLRE
FVFRKNKDGFLYVYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSA
ARAYFVGYLKPTTEFMLKYDENGTITDAVDCSONPLAETLKCSVKSFEIDKGIYQTSNERVVPSGDVV
REPNITNLCPEFGEVENATKEPSVYAWERKKISNCVADYSVLYNSTEFESTFKCYGVSATKLNDLCE
SNVYADSEFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLR
HGKLRPFERDISNVPEFSPDGKPCTPPALNCYWPLNDYGEFYTTTGIGYQPYRVVVLSFELLNAPAT
VCGPKLSTDLIKNQCVNENENGLTGTGVLTPSSKREFQPFQOQFGRDVSDETDSVRDPKTSEILDIS
PCSEFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVEQTQAGCLIGA
EHVDTSYECDIPIGAGICASYHTVSLLASTSQKSIVAYTMSLGADSSIAYSNNTIATPTNESIST
TTEVMPVSMAKTSVDCNMY ICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKQ
MYKTPTLKYFGGENFSQILPDPLKPTKRSFIEDLLENKVTLADAGEFMKQYGECLGDINARDLICA
QKENGLTVLPPLLTDDMIAAYTAATLVSGTATAGWT FGAGAALQIPFAMOMAYREFNGIGVTQONVLY
ENQKQIANQFNKATSQIQESLTTTSTALGKLODVVNONAQATLNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGY
HLMSFPQAAPHGVVEFLHVTYVPSQERNFTTAPATCHEGKAY FPREGVEVENGTSWEITQRNEESP
QITITTDNTEVSGNCDVVIGIINNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVV
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NIQKEIDRLNEVAKNLNESLIDLOELGKYEQYIKWPWYQILSIYSTVASSLALATMMAGLSLWMC
SNGSLQCRICI

PDI-SARS-COV-1 H5iCT-AA (SEQ ID NO: 95)

MAKNVAIFGLLESLLVLVPSQIFASDLDRCTTEFDDVQAPNYTQHT SSMRGVYYPDETFRSDTLYL
TODLFLPEFYSNVTGFHTINHTEGNPVIPFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVIITINN
STNVVIRACNFELCDNPFFAVSKPMGTQTHTMI FDNAFNCTEFEYISDAFSLDVSEKSGNEFKHLRE
FVFRNKDGFLYVYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSA
ARAYFVGYLKPTTFMLKYDENGTITDAVDCSONPLAETLKCSVKSFEIDKGIYQTSNEFRVVPSGDVV
REPNITNLCPEFGEVENATKEPSVYAWERKKISNCVADYSVLYNSTFESTFKCYGVSATKLNDLCE
SNVYADSEFVVKGDDVRQIAPGQTGVIADYNYKLPDDEFMGCVLAWNTRNIDATSTGNYNYKYRYLR
HGKLRPFERDISNVPEFSPDGKPCTPPALNCYWPLNDYGEYTTTGIGYQPYRVVVLSFELLNAPAT
VCGPKLSTDLIKNQCVNENENGLTGTGVLTPSSKRFQPFQOQFGRDVSDETDSVRDPKTSEILDIS
PCSEFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVEQTQAGCLIGA
EHVDTSYECDIPIGAGICASYHTVSLLASTSQKSIVAYTMSLGADSSIAYSNNTIATPTNESIST
TTEVMPVSMAKTSVDCNMY ICGDSTECANLLLOQYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKQ
MYKTPTLKYFGGENFSQILPDPLKPTKRSFIEDLLENKVTLADAGEFMKQYGECLGDINARDLICA
QKEFNGLTVLPPLLTDDMIAAYTAATLVSGTATAGWTFGAGAALQIPFAMOMAYREFNGIGVTQONVLY
ENQKQIANQFNKATSQIQESLTTTSTALGKLODVVNONAQATLNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVLGQSKRVDEFCGKGY
HLMSFPQAAPHGVVELHVTYVPSQERNFTTAPAICHEGKAY FPREGVEVENGTSWEITQRNEFEFSP
QITITTDNTEVSGNCDVVIGIINNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLOQELGKYEQY ITKWPWYVWLGFIAGLTIATVMVTILLSLWMCSNG
SLOQCRICIT

PDI-SARS-COV-1 H5iCT(V4)-AA (SEQ ID NO: 96)

MARKNVAIFGLLESLLVLVPSQIFASDLDRCTTEFDDVQAPNYTQHTSSMRGVYYPDETFRSDTLYL
TODLFLPEYSNVTGFHTINHTEGNPVIPFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVITITINN
STNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTEFEYISDAFSLDVSEKSGNEFKHLRE
FVFRKNKDGFLYVYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGT SA
AAYFVGYLKPTTFMLKYDENGTITDAVDCSONPLAELKCSVKSFEIDKGIYQTSNEFRVVPSGDVV
REPNITNLCPFGEVENATKEPSVYAWERKKISNCVADYSVLYNSTFEFSTFKCYGVSATKLNDLCE
SNVYADSEVVKGDDVRQIAPGQTGVIADYNYKLPDDEFMGCVLAWNTRNIDATSTGNYNYKYRYLR
HGKLRPFERDISNVPESPDGKPCTPPALNCYWPLNDYGEFYTTTGIGYQPYRVVVLSFELLNAPAT
VCGPKLSTDLIKNQCVNENEFNGLTGTGVLTPSSKRFQPFQOQFGRDVSDETDSVRDPKTSEILDIS
PCSFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVEQTQAGCLIGA
EHVDTSYECDIPIGAGICASYHTVSLLASTSQKSIVAYTMSLGADSSIAYSNNTIATPTNESIST
TTEVMPVSMAKTSVDCNMY ICGDSTECANLLLOQYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKQ
MYKTPTLKYFGGENFSQILPDPLKPTKRSFIEDLLENKVTLADAGEFMKQYGECLGDINARDLICA
QKFNGLTVLPPLLTDDMIAAYTAALVSGTATAGWT FGAGAALQIPFAMOMAYREFNGIGVTQONVLY
ENQKQIANQFNKATSQIQESLTTTSTALGKLODVVNONAQATNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLOSLOTYVTQOQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGY
HLMSFPOAAPHGVVEFLHVTYVPSQERNFTTAPATCHEGKAY FPREGVEVENGTSWEITQRNEESP
QITITTDNTEVSGNCDVVIGIINNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYVWLGFIAGLIATIVMVTILLCCSNGSLQ
CRICI

PDI-SARS-COV-1 H1cCT-AA (SEQ ID NO: 97)
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MAKNVAIFGLLESLLVLVPSQIFASDLDRCTTEDDVQAPNYTQHT SSMRGVYYPDETIFRSDTLYL
TODLFLPEFYSNVTGFHTINHTEFGNPVIPEFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVITIINN
STNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISDAFSLDVSEKSGNEFKHLRE
FVFRKNKDGFLYVYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSA
ARAYFVGYLKPTTFMLKYDENGTITDAVDCSONPLAETLKCSVKSFEIDKGIYQTSNERVVPSGDVV
REPNITNLCPEFGEVENATKEPSVYAWERKKISNCVADY SVLYNSTEFESTEFKCYGVSATKLNDLCE
SNVYADSEFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLR
HGKLRPFERDISNVPEFSPDGKPCTPPALNCYWPLNDYGEFYTTTGIGYQPYRVVVLSFELLNAPAT
VCGPKLSTDLIKNQCVNENENGLTGTGVLTPSSKREFQPFQOQFGRDVSDETDSVRDPKTSEILDIS
PCSFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVEQTQAGCLIGA
EHVDTSYECDIPIGAGICASYHTVSLLASTSQKSIVAYTMSLGADSSTIAYSNNTIATPTNESIST
TTEVMPVSMAKTSVDCNMY ICGDSTECANLLLOQYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKQ
MYKTPTLKYFGGENFSQILPDPLKPTKRSFIEDLLENKVTLADAGEFMKQYGECLGDINARDLICA
QKEFNGLTVLPPLLTDDMIAAYTAATLVSGTATAGWT FGAGAALQIPFAMOMAYRFNGIGVTQONVLY
ENQKQIANQFNKATSQIQESLTTTSTALGKLODVVNONAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGY
HLMSFPQAAPHGVVEFLHVTYVPSQERNEFTTAPATCHEGKAY FPREGVEVENGTSWEITQRNEESP
QITITTDNTEVSGNCDVVIGIINNTVYDPLOPELDSFKEELDKY FKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLOELGKYEQY IKWPWYVWLGFIAGLIATVMVTILLSEFWMCSNG
SLQCRICT

IF(AvB+wtCT-MERS) r (SEQ ID NO: 98)

ACGACACGACTAAGGCCTTCAGTGAACGTGGACCTTGTGAGGCTCAAGGTCATACTCCTC

IF(H1cCT-wtTM).r (SEQ ID NO: 99)

ACGACACGACTAAGGCCTTCAAATACATATTCTACACTGTAGAGACCCA

IF(HSITMCT).r (SEQ ID NO: 100)

ACGACACGACTAAGGCCTTCAAATGCAAATTCTGCATTGTAACGATCC

PDI-MERS-wtTMCT-DNA (SEQ ID NO: 101)

atggcgaaaaacgttgcgattttcggcttattgttttctettettgtgttggttecttetecagat
cttcgcgTATGTCGATGTGGGTCCCGATAGTGTTAAGTCCGCCTGCATCGAAGTGGACATTCAGC
AGACCTTCTTCGATAAGACTTGGCCTCGGCCAATTGATGTGTCCAAGGCCGACGGCATTATCTAC
CCCCAAGGTCGGACATATTCCAACATAACTATCACCTATCAGGGGCTATTCCCTTATCAGGGCGA
CCATGGGGACATGTACGTTTACAGCGCTGGTCACGCTACAGGGACGACCCCCCAGAAGCTCTTCG
TGGCGAACTATAGTCAGGACGTGAAACAGTTTGCCAACGGTTTTGTAGTGCGCATCGGGGCAGCC
GCTAACTCCACTGGTACTGTTATTATCAGCCCTTCCACGAGTGCCACAATTCGAARAGATCTATCC
GGCCTTCATGCTAGGATCCTCTGTGGGCAATTTTAGCGACGGTAAGATGGGTCGGTTCTTCAACC
ACACGCTTGTGCTGCTTCCCGATGGGTGCGGTACTTTGCTGAGGGCCTTTTACTGTATCCTAGAG
CCCCGATCCGGCAACCACTGCCCCGCCGGGAACTCGTATACTTCCTTTGCCACTTATCATACTCC
AGCCACGGATTGTAGCGATGGGAACTACAATAGGAACGCCAGTTTGAATTCCTTTAAAGAGTACT
TCAACTTGCGGAATTGTACCTTCATGTATACATATAACATTACTGAGGACGAAATTCTCGAATGG
TTCGGAATCACTCAAACAGCCCAGGGAGTGCACCTCTTTAGTTCTCGCTATGTGGACTTATATGG
AGGCAATATGTTTCAATTCGCCACCTTACCCGTCTACGATACGATCAAGTATTACTCGATCATAC
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CCCACTCCATTAGGTCCATTCAGAGCGATCGCAAGGCATGGGCCGCATTCTATGTGTATAAGCTC
CAGCCCCTGACCTTCCTCTTGGATTTCTCCGTGGACGGCTACATCAGAAGGGCTATCGATTGCGG
GTTCAACGACCTCAGCCAGCTGCATTGTTCTTATGAGAGCTTTGACGTGGAAAGCGGAGTTTACT
CAGTCTCTTCCTTTGAGGCTAAACCTTCAGGTAGCGTCGTAGAGCAAGCAGAGGGTGTGGAGTGC
GATTTCTCACCACTGCTCAGCGGAACCCCACCCCAGGTCTACAACTTTAAGCGGCTCGTGTTCAC
AAACTGTAACTATAACTTGACTAAGTTGCTGTCACTCTTTTCCGTGAATGATTTTACATGCTCCC
AAATCAGCCCAGCCGCTATTGCGTCTAATTGCTATTCCTCATTGATCCTGGATTACTTCAGTTAC
CCCCTCTCTATGAAGAGCGATCTCTCGGTTAGTAGCGCTGGGCCTATTTCCCAGTTTAACTACAA
ACAATCCTTTTCCAATCCAACATGCCTGATCTTAGCTACTGTACCCCACAACCTGACTACTATTA
CGAAGCCACTCAAGTACTCATACATTAATAAGTGCAGCCGATTCCTCAGTGATGATCGCACCGAA
GTGCCGCAGCTTGTAAACGCGAACCAGTACTCCCCATGCGTCTCTATTGTGCCTTCTACAGTGTG
GGAAGACGGCGATTATTATAGAAAGCAGCTGTCGCCACTGGAAGGTGGCGGGTGGCTAGTTGCCA
GTGGGTCCACAGTTGCCATGACCGAGCAACTTCAGATGGGGTTTGGCATAACAGTGCAGTATGGT
ACCGATACGAACAGCGTGTGTCCAAAATTGGAATTTGCTAACGACACCAAGATCGCCTCCCAGTT
GGGAAATTGTGTTGAATATTCCCTGTACGGAGTGTCAGGCCGGGGGGTGTTCCAAAATTGCACCG
CCGTGGGAGTGAGGCAGCAAAGATTCGTGTACGACGCATACCAGAATCTAGTCGGATACTATTCT
GACGATGGAAACTACTACTGTCTGCGCGCTTGCGTCTCAGTGCCCGTGAGTGTCATATATGATAA
GGAGACCAAGACTCACGCTACTCTCTTTGGTTCTGTCGCGTGCGAACACATTTCCTCTACAATGT
CCCAGTATAGTCGCTCCACTCGGTCTATGTTAAAGCGCAGAGACAGTACCTACGGCCCTCTACAG
ACACCTGTGGGGTGCGTTCTCGGCCTTGTCAATTCTAGCCTGTTTGTGGAGGATTGTAAGCTGCC
CCTTGGTCAAAGCTTATGCGCACTGCCCGATACGCCCAGCACACTTACACCAGCTTCAGTGGGGT
CCGTCCCCGGGGARAATGAGATTGGCCTCGATCGCTTTCAACCACCCCATACAGGTGGATCAGCTC
AACTCGTCATACTTCAAGCTAAGCATCCCTACTAATTTCTCCTTTGGTGTGACTCAGGAGTACAT
TCAGACCACAATTCAAAAGGTGACCGTTGACTGCAAGCAGTATGTGTGCAACGGGTTCCAGAAAT
GTGAACAGCTGCTCCGGGAGTATGGCCAGTTCTGTTCTAAAATCAACCAGGCCCTCCACGGAGCA
AACCTTAGGCAGGACGATTCTGTCAGAAACCTCTTTGCCAGCGTCAAGAGTTCTCAGAGTTCCCC
TATTATACCTGGCTTCGGCGGGGATTTCAACCTGACACTACTTGAACCTGTAAGCATATCAACCG
GAAGTCGCAGTGCCCGTTCCGCCATCGAGGATCTGCTCTTCGACAAAGTAACTATTGCAGATCCC
GGATACATGCAGGGGTATGACGACTGCATGCAGCAGGGTCCAGCCTCTGCAAGGGATCTGATATG
CGCACAGTATGTCGCTGGGTACAAAGTGTTGCCTCCTCTCATGGACGTGAACATGGAAGCGGCCT
ATACCTCCTCACTTCTAGGCTCCATAGCGGGCGTGGGATGGACCGCAGGGCTTTCAAGCTTCGCC
GCAATTCCCTTTGCTCAATCTATCTTCTACAGGCTTAATGGCGTTGGAATCACCCAGCAGGTGTT
AAGCGAAAACCAGAAATTGATTGCCAATAAGTTTAACCAAGCTTTGGGGGCCATGCAGACAGGCT
TTACAACCACAAACGAGGCTTTCCATAAAGTACAGGATGCGGTAAACAATAACGCACAAGCCCTG
TCAAAGCTGGCTTCAGAGCTCTCAAATACATTTGGCGCTATATCCGCGTCTATCGGCGATATCAT
ACAACGGTTGGACCCACCCGAACAGGACGCACAGATTGATCGTTTGATCAACGGGAGGCTTACCA
CCTTAAACGCTTTTGTGGCCCAGCAACTGGTGCGGTCTGAGAGCGCCGCCTTGAGCGCTCAGCTG
GCAAAGGATAAAGTGAATGAATGCGTGAAAGCTCAATCAAAGAGAAGTGGGTTTTGTGGGCAGGG
TACTCATATTGTTTCCTTTGTGGTGAACGCCCCAAATGGACTCTACTTTATGCATGTTGGATACT
ACCCGAGCAACCACATCGAGGTCGTTTCCGCCTATGGGCTTTGTGACGCAGCAAACCCTACTAAC
TGTATCGCGCCAGTTAATGGCTACTTTATTAAAACAAATAACACACGCATTGTGGATGAATGGAG
TTACACAGGGTCCAGCTTCTACGCTCCAGAGCCTATCACCTCTCTGAACACAAAGTATGTGGCAC
CTCAGGTCACATATCAGAACATCTCGACAAACCTGCCCCCCCCACTCTTGGGCAACTCCACAGGG
ATCGACTTCCAGGACGAGCTTGACGAATTCTTCAAGAACGTGTCCACCAGTATCCCTAATTTTGG
TTCGCTGACCCAAATTAACACAACCCTGCTCGATCTGACATATGAAATGCTTTCACTACAGCAGG
TGGTCAAAGCGTTGAACGAGTCGTATATCGACCTGAAAGAGTTAGGGAATTACACATACTATAAC
ARAATGGCCCTGGTATATTTGGTTAGGATTCATTGCCGGGCTGGTGGCCCTTGCCTTGTGCGTATT
TTTCATCTTGTGCTGTACCGGTTGCGGTACGAATTGCATGGGAAAACTGAAATGTAATCGGTGCT
GCGATCGCTATGAGGAGTATGACCTTGAGCCTCACAAGGTCCACGTTCACTGA

PDI-MERS-H51TMCT-DNA (SEQ ID NO: 102)
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atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttetecagat
cttcgcgTATGTCGATGTGGGTCCCGATAGTGTTAAGTCCGCCTGCATCGAAGTGGACATTCAGC
AGACCTTCTTCGATAAGACTTGGCCTCGGCCAATTGATGTGTCCAAGGCCGACGGCATTATCTAC
CCCCAAGGTCGGACATATTCCAACATAACTATCACCTATCAGGGGCTATTCCCTTATCAGGGCGA
CCATGGGGACATGTACGTTTACAGCGCTGGTCACGCTACAGGGACGACCCCCCAGAAGCTCTTCG
TGGCGAACTATAGTCAGGACGTGAAACAGTTTGCCAACGGTTTTGTAGTGCGCATCGGGGCAGCC
GCTAACTCCACTGGTACTGTTATTATCAGCCCTTCCACGAGTGCCACAATTCGAAAGATCTATCC
GGCCTTCATGCTAGGATCCTCTGTGGGCAATTTTAGCGACGGTAAGATGGGTCGGTTCTTCAACC
ACACGCTTGTGCTGCTTCCCGATGGGTGCGGTACTTTGCTGAGGGCCTTTTACTGTATCCTAGAG
CCCCGATCCGGCAACCACTGCCCCGCCGGGAACTCGTATACTTCCTTTGCCACTTATCATACTCC
AGCCACGGATTGTAGCGATGGGAACTACAATAGGAACGCCAGTTTGAATTCCTTTAAAGAGTACT
TCAACTTGCGGAATTGTACCTTCATGTATACATATAACATTACTGAGGACGAAATTCTCGAATGG
TTCGGAATCACTCAAACAGCCCAGGGAGTGCACCTCTTTAGTTCTCGCTATGTGGACTTATATGG
AGGCAATATGTTTCAATTCGCCACCTTACCCGTCTACGATACGATCAAGTATTACTCGATCATAC
CCCACTCCATTAGGTCCATTCAGAGCGATCGCAAGGCATGGGCCGCATTCTATGTGTATAAGCTC
CAGCCCCTGACCTTCCTCTTGGATTTCTCCGTGGACGGCTACATCAGAAGGGCTATCGATTGCGG
GTTCAACGACCTCAGCCAGCTGCATTGTTCTTATGAGAGCTTTGACGTGGAAAGCGGAGTTTACT
CAGTCTCTTCCTTTGAGGCTAAACCTTCAGGTAGCGTCGTAGAGCAAGCAGAGGGTGTGGAGTGC
GATTTCTCACCACTGCTCAGCGGAACCCCACCCCAGGTCTACAACTTTAAGCGGCTCGTGTTCAC
AAACTGTAACTATAACTTGACTAAGTTGCTGTCACTCTTTTCCGTGAATGATTTTACATGCTCCC
AAATCAGCCCAGCCGCTATTGCGTCTAATTGCTATTCCTCATTGATCCTGGATTACTTCAGTTAC
CCCCTCTCTATGAAGAGCGATCTCTCGGTTAGTAGCGCTGGGCCTATTTCCCAGTTTAACTACAA
ACAATCCTTTTCCAATCCAACATGCCTGATCTTAGCTACTGTACCCCACAACCTGACTACTATTA
CGAAGCCACTCAAGTACTCATACATTAATAAGTGCAGCCGATTCCTCAGTGATGATCGCACCGAA
GTGCCGCAGCTTGTAAACGCGAACCAGTACTCCCCATGCGTCTCTATTGTGCCTTCTACAGTGTG
GGAAGACGGCGATTATTATAGARAAGCAGCTGTCGCCACTGGAAGGTGGCGGGTGGCTAGTTGCCA
GTGGGTCCACAGTTGCCATGACCGAGCAACTTCAGATGGGGTTTGGCATAACAGTGCAGTATGGT
ACCGATACGAACAGCGTGTGTCCAAAATTGGAATTTGCTAACGACACCAAGATCGCCTCCCAGTT
GGGAAATTGTGTTGAATATTCCCTGTACGGAGTGTCAGGCCGGGGGGTGTTCCARAATTGCACCG
CCGTGGGAGTGAGGCAGCAAAGATTCGTGTACGACGCATACCAGAATCTAGTCGGATACTATTCT
GACGATGGAAACTACTACTGTCTGCGCGCTTGCGTCTCAGTGCCCGTGAGTGTCATATATGATAA
GGAGACCAAGACTCACGCTACTCTCTTTGGTTCTGTCGCGTGCGAACACATTTCCTCTACAATGT
CCCAGTATAGTCGCTCCACTCGGTCTATGTTAAAGCGCAGAGACAGTACCTACGGCCCTCTACAG
ACACCTGTGGGGTGCGTTCTCGGCCTTGTCAATTCTAGCCTGTTTGTGGAGGATTGTARGCTGCC
CCTTGGTCAAAGCTTATGCGCACTGCCCGATACGCCCAGCACACTTACACCAGCTTCAGTGGGGT
CCGTCCCCGGGGAAATGAGATTGGCCTCGATCGCTTTCAACCACCCCATACAGGTGGATCAGCTC
AACTCGTCATACTTCAAGCTAAGCATCCCTACTAATTTCTCCTTTGGTGTGACTCAGGAGTACAT
TCAGACCACAATTCAAAAGGTGACCGTTGACTGCAAGCAGTATGTGTGCAACGGGTTCCAGAAAT
GTGAACAGCTGCTCCGGGAGTATGGCCAGTTCTGTTCTAAAATCAACCAGGCCCTCCACGGAGCA
AACCTTAGGCAGGACGATTCTGTCAGAAACCTCTTTGCCAGCGTCAAGAGTTCTCAGAGTTCCCC
TATTATACCTGGCTTCGGCGGGGATTTCAACCTGACACTACTTGAACCTGTAAGCATATCAACCG
GAAGTCGCAGTGCCCGTTCCGCCATCGAGGATCTGCTCTTCGACAAAGTAACTATTGCAGATCCC
GGATACATGCAGGGGTATGACGACTGCATGCAGCAGGGTCCAGCCTCTGCAAGGGATCTGATATG
CGCACAGTATGTCGCTGGGTACAAAGTGTTGCCTCCTCTCATGGACGTGAACATGGAAGCGGCCT
ATACCTCCTCACTTCTAGGCTCCATAGCGGGCGTGGGATGGACCGCAGGGCTTTCAAGCTTCGCC
GCAATTCCCTTTGCTCAATCTATCTTCTACAGGCTTAATGGCGTTGGAATCACCCAGCAGGTGTT
AAGCGAAAACCAGAAATTGATTGCCAATAAGTTTAACCAAGCTTTGGGGGCCATGCAGACAGGCT
TTACAACCACAAACGAGGCTTTCCATAAAGTACAGGATGCGGTAAACAATAACGCACAAGCCCTG
TCAAAGCTGGCTTCAGAGCTCTCARAATACATTTGGCGCTATATCCGCGTCTATCGGCGATATCAT
ACAACGGTTGGACCCACCCGAACAGGACGCACAGATTGATCGTTTGATCAACGGGAGGCTTACCA
CCTTAAACGCTTTTGTGGCCCAGCAACTGGTGCGGTCTGAGAGCGCCGCCTTGAGCGCTCAGCTG
GCAAAGGATAAAGTGAATGAATGCGTGAAAGCTCAATCAAAGAGAAGTGGGTTTTGTGGGCAGGG
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TACTCATATTGTTTCCTTTGTGGTGAACGCCCCAAATGGACTCTACTTTATGCATGTTGGATACT
ACCCGAGCAACCACATCGAGGTCGTTTCCGCCTATGGGCTTTGTGACGCAGCAAACCCTACTAAC
TGTATCGCGCCAGTTAATGGCTACTTTATTAAAACAAATAACACACGCATTGTGGATGAATGGAG
TTACACAGGGTCCAGCTTCTACGCTCCAGAGCCTATCACCTCTCTGAACACAAAGTATGTGGCAC
CTCAGGTCACATATCAGAACATCTCGACAAACCTGCCCCCCCCACTCTTGGGCAACTCCACAGGG
ATCGACTTCCAGGACGAGCTTGACGAATTCTTCAAGAACGTGTCCACCAGTATCCCTAATTTTGG
TTCGCTGACCCAAATTAACACAACCCTGCTCGATCTGACATATGAAATGCTTTCACTACAGCAGG
TGGTCAAAGCGTTGAACGAGTCGTATATCGACCTGAAAGAGTTAGGGAATTACACATACTATAAC
ARAATGGCCCTGGTATcaaatactgtcaatttattcaacagtggcgagtteccctagcactggecaat
catgatggctggtctatctttatggatgtgctccaatggatecgttacaatgcagaatttgecattT
GA

PDI-MERS-H5iCT-DNA (SEQ ID NO: 103)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggtteccttetcagat
cttcgcgTATGTCGATGTGGGTCCCGATAGTGTTAAGTCCGCCTGCATCGAAGTGGACATTCAGC
AGACCTTCTTCGATAAGACTTGGCCTCGGCCAATTGATGTGTCCAAGGCCGACGGCATTATCTAC
CCCCAAGGTCGGACATATTCCAACATAACTATCACCTATCAGGGGCTATTCCCTTATCAGGGCGA
CCATGGGGACATGTACGTTTACAGCGCTGGTCACGCTACAGGGACGACCCCCCAGAAGCTCTTCG
TGGCGAACTATAGTCAGGACGTGARACAGTTTGCCAACGGTTTTGTAGTGCGCATCGGGGCAGCC
GCTAACTCCACTGGTACTGTTATTATCAGCCCTTCCACGAGTGCCACAATTCGAARAGATCTATCC
GGCCTTCATGCTAGGATCCTCTGTGGGCAATTTTAGCGACGGTAAGATGGGTCGGTTCTTCAACC
ACACGCTTGTGCTGCTTCCCGATGGGTGCGGTACTTTGCTGAGGGCCTTTTACTGTATCCTAGAG
CCCCGATCCGGCAACCACTGCCCCGCCGGGAACTCGTATACTTCCTTTGCCACTTATCATACTCC
AGCCACGGATTGTAGCGATGGGAACTACAATAGGAACGCCAGTTTGAATTCCTTTAAAGAGTACT
TCAACTTGCGGAATTGTACCTTCATGTATACATATAACATTACTGAGGACGAAATTCTCGAATGG
TTCGGAATCACTCAAACAGCCCAGGGAGTGCACCTCTTTAGTTCTCGCTATGTGGACTTATATGG
AGGCAATATGTTTCAATTCGCCACCTTACCCGTCTACGATACGATCAAGTATTACTCGATCATAC
CCCACTCCATTAGGTCCATTCAGAGCGATCGCAAGGCATGGGCCGCATTCTATGTGTATAAGCTC
CAGCCCCTGACCTTCCTCTTGGATTTCTCCGTGGACGGCTACATCAGAAGGGCTATCGATTGCGG
GTTCAACGACCTCAGCCAGCTGCATTGTTCTTATGAGAGCTTTGACGTGGAAAGCGGAGTTTACT
CAGTCTCTTCCTTTGAGGCTAAACCTTCAGGTAGCGTCGTAGAGCAAGCAGAGGGTGTGGAGTGC
GATTTCTCACCACTGCTCAGCGGAACCCCACCCCAGGTCTACAACTTTAAGCGGCTCGTGTTCAC
AAACTGTAACTATAACTTGACTAAGTTGCTGTCACTCTTTTCCGTGAATGATTTTACATGCTCCC
AAATCAGCCCAGCCGCTATTGCGTCTAATTGCTATTCCTCATTGATCCTGGATTACTTCAGTTAC
CCCCTCTCTATGAAGAGCGATCTCTCGGTTAGTAGCGCTGGGCCTATTTCCCAGTTTAACTACAA
ACAATCCTTTTCCAATCCAACATGCCTGATCTTAGCTACTGTACCCCACAACCTGACTACTATTA
CGAAGCCACTCAAGTACTCATACATTAATAAGTGCAGCCGATTCCTCAGTGATGATCGCACCGAA
GTGCCGCAGCTTGTAAACGCGAACCAGTACTCCCCATGCGTCTCTATTGTGCCTTCTACAGTGTG
GGAAGACGGCGATTATTATAGAAAGCAGCTGTCGCCACTGGAAGGTGGCGGGTGGCTAGTTGCCA
GTGGGTCCACAGTTGCCATGACCGAGCAACTTCAGATGGGGTTTGGCATAACAGTGCAGTATGGT
ACCGATACGAACAGCGTGTGTCCAAAATTGGAATTTGCTAACGACACCAAGATCGCCTCCCAGTT
GGGAAATTGTGTTGAATATTCCCTGTACGGAGTGTCAGGCCGGGGGGTGTTCCARAATTGCACCG
CCGTGGGAGTGAGGCAGCAAAGATTCGTGTACGACGCATACCAGAATCTAGTCGGATACTATTCT
GACGATGGAAACTACTACTGTCTGCGCGCTTGCGTCTCAGTGCCCGTGAGTGTCATATATGATAA
GGAGACCAAGACTCACGCTACTCTCTTTGGTTCTGTCGCGTGCGAACACATTTCCTCTACAATGT
CCCAGTATAGTCGCTCCACTCGGTCTATGTTAARAGCGCAGAGACAGTACCTACGGCCCTCTACAG
ACACCTGTGGGGTGCGTTCTCGGCCTTGTCAATTCTAGCCTGTTTGTGGAGGATTGTARGCTGCC
CCTTGGTCAAAGCTTATGCGCACTGCCCGATACGCCCAGCACACTTACACCAGCTTCAGTGGGGT
CCGTCCCCGGGGAAATGAGATTGGCCTCGATCGCTTTCAACCACCCCATACAGGTGGATCAGCTC
AACTCGTCATACTTCAAGCTAAGCATCCCTACTAATTTCTCCTTTGGTGTGACTCAGGAGTACAT
TCAGACCACAATTCAAAAGGTGACCGTTGACTGCAAGCAGTATGTGTGCAACGGGTTCCAGAAAT
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GTGAACAGCTGCTCCGGGAGTATGGCCAGTTCTGTTCTAAAATCAACCAGGCCCTCCACGGAGCA
AACCTTAGGCAGGACGATTCTGTCAGAAACCTCTTTGCCAGCGTCAAGAGTTCTCAGAGTTCCCC
TATTATACCTGGCTTCGGCGGGGATTTCAACCTGACACTACTTGAACCTGTAAGCATATCAACCG
GAAGTCGCAGTGCCCGTTCCGCCATCGAGGATCTGCTCTTCGACARAGTAACTATTGCAGATCCC
GGATACATGCAGGGGTATGACGACTGCATGCAGCAGGGTCCAGCCTCTGCAAGGGATCTGATATG
CGCACAGTATGTCGCTGGGTACAAAGTGTTGCCTCCTCTCATGGACGTGAACATGGAAGCGGCCT
ATACCTCCTCACTTCTAGGCTCCATAGCGGGCGTGGGATGGACCGCAGGGCTTTCAAGCTTCGCC
GCAATTCCCTTTGCTCAATCTATCTTCTACAGGCTTAATGGCGTTGGAATCACCCAGCAGGTGTT
AAGCGAAAACCAGAAATTGATTGCCAATAAGTTTAACCAAGCTTTGGGGGCCATGCAGACAGGCT
TTACAACCACAAACGAGGCTTTCCATAAAGTACAGGATGCGGTAAACAATAACGCACAAGCCCTG
TCAAAGCTGGCTTCAGAGCTCTCAAATACATTTGGCGCTATATCCGCGTCTATCGGCGATATCAT
ACAACGGTTGGACCCACCCGAACAGGACGCACAGATTGATCGTTTGATCAACGGGAGGCTTACCA
CCTTAAACGCTTTTGTGGCCCAGCAACTGGTGCGGTCTGAGAGCGCCGCCTTGAGCGCTCAGCTG
GCAAAGGATAAAGTGAATGAATGCGTGAAAGCTCAATCAAAGAGAAGTGGGTTTTGTGGGCAGGG
TACTCATATTGTTTCCTTTGTGGTGAACGCCCCAAATGGACTCTACTTTATGCATGTTGGATACT
ACCCGAGCAACCACATCGAGGTCGTTTCCGCCTATGGGCTTTGTGACGCAGCAAACCCTACTAAC
TGTATCGCGCCAGTTAATGGCTACTTTATTAAAACAAATAACACACGCATTGTGGATGAATGGAG
TTACACAGGGTCCAGCTTCTACGCTCCAGAGCCTATCACCTCTCTGAACACAAAGTATGTGGCAC
CTCAGGTCACATATCAGAACATCTCGACAAACCTGCCCCCCCCACTCTTGGGCAACTCCACAGGG
ATCGACTTCCAGGACGAGCTTGACGAATTCTTCAAGAACGTGTCCACCAGTATCCCTAATTTTGG
TTCGCTGACCCAAATTAACACAACCCTGCTCGATCTGACATATGARATGCTTTCACTACAGCAGG
TGGTCAAAGCGTTGAACGAGTCGTATATCGACCTGAAAGAGTTAGGGAATTACACATACTATAAC
AAATGGCCCTGGTATATTTGGTTAGGATTCATTGCCGGGCTGGTGGCCCTTGCCTTGTGCGTATT
TTTCATCTTGtctttatggatgtgctccaatggatcgttacaatgcagaatttgcattTGA

PDI-MERS-H5iCT(V4)-DNA (SEQ ID NO: 104)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggtteccttetecagat
cttcgcgTATGTCGATGTGGGTCCCGATAGTGTTAAGTCCGCCTGCATCGAAGTGGACATTCAGC
AGACCTTCTTCGATAAGACTTGGCCTCGGCCAATTGATGTGTCCAAGGCCGACGGCATTATCTAC
CCCCAAGGTCGGACATATTCCAACATAACTATCACCTATCAGGGGCTATTCCCTTATCAGGGCGA
CCATGGGGACATGTACGTTTACAGCGCTGGTCACGCTACAGGGACGACCCCCCAGAAGCTCTTCG
TGGCGAACTATAGTCAGGACGTGAAACAGTTTGCCAACGGTTTTGTAGTGCGCATCGGGGCAGCC
GCTAACTCCACTGGTACTGTTATTATCAGCCCTTCCACGAGTGCCACAATTCGAAAGATCTATCC
GGCCTTCATGCTAGGATCCTCTGTGGGCAATTTTAGCGACGGTAAGATGGGTCGGTTCTTCAACC
ACACGCTTGTGCTGCTTCCCGATGGGTGCGGTACTTTGCTGAGGGCCTTTTACTGTATCCTAGAG
CCCCGATCCGGCAACCACTGCCCCGCCGGGAACTCGTATACTTCCTTTGCCACTTATCATACTCC
AGCCACGGATTGTAGCGATGGGAACTACAATAGGAACGCCAGTTTGAATTCCTTTAAAGAGTACT
TCAACTTGCGGAATTGTACCTTCATGTATACATATAACATTACTGAGGACGAAATTCTCGAATGG
TTCGGAATCACTCAAACAGCCCAGGGAGTGCACCTCTTTAGTTCTCGCTATGTGGACTTATATGG
AGGCAATATGTTTCAATTCGCCACCTTACCCGTCTACGATACGATCAAGTATTACTCGATCATAC
CCCACTCCATTAGGTCCATTCAGAGCGATCGCAAGGCATGGGCCGCATTCTATGTGTATAAGCTC
CAGCCCCTGACCTTCCTCTTGGATTTCTCCGTGGACGGCTACATCAGAAGGGCTATCGATTGCGG
GTTCAACGACCTCAGCCAGCTGCATTGTTCTTATGAGAGCTTTGACGTGGAARAGCGGAGTTTACT
CAGTCTCTTCCTTTGAGGCTAAACCTTCAGGTAGCGTCGTAGAGCAAGCAGAGGGTGTGGAGTGC
GATTTCTCACCACTGCTCAGCGGAACCCCACCCCAGGTCTACAACTTTAAGCGGCTCGTGTTCAC
AAACTGTAACTATAACTTGACTAAGTTGCTGTCACTCTTTTCCGTGAATGATTTTACATGCTCCC
AAATCAGCCCAGCCGCTATTGCGTCTAATTGCTATTCCTCATTGATCCTGGATTACTTCAGTTAC
CCCCTCTCTATGAAGAGCGATCTCTCGGTTAGTAGCGCTGGGCCTATTTCCCAGTTTAACTACAA
ACAATCCTTTTCCAATCCAACATGCCTGATCTTAGCTACTGTACCCCACAACCTGACTACTATTA
CGAAGCCACTCAAGTACTCATACATTAATAAGTGCAGCCGATTCCTCAGTGATGATCGCACCGAA
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GTGCCGCAGCTTGTAAACGCGAACCAGTACTCCCCATGCGTCTCTATTGTGCCTTCTACAGTGTG
GGAAGACGGCGATTATTATAGAAAGCAGCTGTCGCCACTGGAAGGTGGCGGGTGGCTAGTTGCCA
GTGGGTCCACAGTTGCCATGACCGAGCAACTTCAGATGGGGTTTGGCATAACAGTGCAGTATGGT
ACCGATACGAACAGCGTGTGTCCAAAATTGGAATTTGCTAACGACACCAAGATCGCCTCCCAGTT
GGGAAATTGTGTTGAATATTCCCTGTACGGAGTGTCAGGCCGGGGGGTGTTCCARAAATTGCACCG
CCGTGGGAGTGAGGCAGCAAAGATTCGTGTACGACGCATACCAGAATCTAGTCGGATACTATTCT
GACGATGGAAACTACTACTGTCTGCGCGCTTGCGTCTCAGTGCCCGTGAGTGTCATATATGATAA
GGAGACCAAGACTCACGCTACTCTCTTTGGTTCTGTCGCGTGCGAACACATTTCCTCTACAATGT
CCCAGTATAGTCGCTCCACTCGGTCTATGTTAAAGCGCAGAGACAGTACCTACGGCCCTCTACAG
ACACCTGTGGGGTGCGTTCTCGGCCTTGTCAATTCTAGCCTGTTTGTGGAGGATTGTAAGCTGCC
CCTTGGTCAAAGCTTATGCGCACTGCCCGATACGCCCAGCACACTTACACCAGCTTCAGTGGGGT
CCGTCCCCGGGGARAATGAGATTGGCCTCGATCGCTTTCAACCACCCCATACAGGTGGATCAGCTC
AACTCGTCATACTTCAAGCTAAGCATCCCTACTAATTTCTCCTTTGGTGTGACTCAGGAGTACAT
TCAGACCACAATTCAAAAGGTGACCGTTGACTGCAAGCAGTATGTGTGCAACGGGTTCCAGARAAT
GTGAACAGCTGCTCCGGGAGTATGGCCAGTTCTGTTCTAAAATCAACCAGGCCCTCCACGGAGCA
AACCTTAGGCAGGACGATTCTGTCAGAAACCTCTTTGCCAGCGTCAAGAGTTCTCAGAGTTCCCC
TATTATACCTGGCTTCGGCGGGGATTTCAACCTGACACTACTTGAACCTGTAAGCATATCAACCG
GAAGTCGCAGTGCCCGTTCCGCCATCGAGGATCTGCTCTTCGACAAAGTAACTATTGCAGATCCC
GGATACATGCAGGGGTATGACGACTGCATGCAGCAGGGTCCAGCCTCTGCAAGGGATCTGATATG
CGCACAGTATGTCGCTGGGTACAAAGTGTTGCCTCCTCTCATGGACGTGAACATGGAAGCGGCCT
ATACCTCCTCACTTCTAGGCTCCATAGCGGGCGTGGGATGGACCGCAGGGCTTTCAAGCTTCGCC
GCAATTCCCTTTGCTCAATCTATCTTCTACAGGCTTAATGGCGTTGGAATCACCCAGCAGGTGTT
AAGCGAAAACCAGAAATTGATTGCCAATAAGTTTAACCAAGCTTTGGGGGCCATGCAGACAGGCT
TTACAACCACAAACGAGGCTTTCCATAAAGTACAGGATGCGGTAAACAATAACGCACAAGCCCTG
TCAAAGCTGGCTTCAGAGCTCTCARAATACATTTGGCGCTATATCCGCGTCTATCGGCGATATCAT
ACAACGGTTGGACCCACCCGAACAGGACGCACAGATTGATCGTTTGATCAACGGGAGGCTTACCA
CCTTAAACGCTTTTGTGGCCCAGCAACTGGTGCGGTCTGAGAGCGCCGCCTTGAGCGCTCAGCTG
GCAAAGGATAAAGTGAATGAATGCGTGAAAGCTCAATCAAAGAGAAGTGGGTTTTGTGGGCAGGG
TACTCATATTGTTTCCTTTGTGGTGAACGCCCCAAATGGACTCTACTTTATGCATGTTGGATACT
ACCCGAGCAACCACATCGAGGTCGTTTCCGCCTATGGGCTTTGTGACGCAGCAAACCCTACTAAC
TGTATCGCGCCAGTTAATGGCTACTTTATTAAAACAAATAACACACGCATTGTGGATGAATGGAG
TTACACAGGGTCCAGCTTCTACGCTCCAGAGCCTATCACCTCTCTGAACACAAAGTATGTGGCAC
CTCAGGTCACATATCAGAACATCTCGACAAACCTGCCCCCCCCACTCTTGGGCAACTCCACAGGG
ATCGACTTCCAGGACGAGCTTGACGAATTCTTCAAGAACGTGTCCACCAGTATCCCTAATTTTGG
TTCGCTGACCCARAATTAACACAACCCTGCTCGATCTGACATATGAAATGCTTTCACTACAGCAGG
TGGTCAAAGCGTTGAACGAGTCGTATATCGACCTGAAAGAGTTAGGGAATTACACATACTATAAC
AAATGGCCCTGGTATATTTGGTTAGGATTCATTGCCGGGCTGGTGGCCCTTGCCTTGTGCGTATT
TTTCATCTTGtgctgctccaatggatcgttacaatgcagaatttgcattTGA

PDI-MERS-H1cCT-DNA (SEQ ID NO: 105)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggttecttetecagat
cttcgcgTATGTCGATGTGGGTCCCGATAGTGTTAAGTCCGCCTGCATCGAAGTGGACATTCAGC
AGACCTTCTTCGATAAGACTTGGCCTCGGCCAATTGATGTGTCCAAGGCCGACGGCATTATCTAC
CCCCAAGGTCGGACATATTCCAACATAACTATCACCTATCAGGGGCTATTCCCTTATCAGGGCGA
CCATGGGGACATGTACGTTTACAGCGCTGGTCACGCTACAGGGACGACCCCCCAGAAGCTCTTCG
TGGCGAACTATAGTCAGGACGTGAAACAGTTTGCCAACGGTTTTGTAGTGCGCATCGGGGCAGCC
GCTAACTCCACTGGTACTGTTATTATCAGCCCTTCCACGAGTGCCACAATTCGAARAGATCTATCC
GGCCTTCATGCTAGGATCCTCTGTGGGCAATTTTAGCGACGGTAAGATGGGTCGGTTCTTCAACC
ACACGCTTGTGCTGCTTCCCGATGGGTGCGGTACTTTGCTGAGGGCCTTTTACTGTATCCTAGAG
CCCCGATCCGGCAACCACTGCCCCGCCGGGAACTCGTATACTTCCTTTGCCACTTATCATACTCC
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AGCCACGGATTGTAGCGATGGGAACTACAATAGGAACGCCAGTTTGAATTCCTTTAAAGAGTACT
TCAACTTGCGGAATTGTACCTTCATGTATACATATAACATTACTGAGGACGAAATTCTCGAATGG
TTCGGAATCACTCAAACAGCCCAGGGAGTGCACCTCTTTAGTTCTCGCTATGTGGACTTATATGG
AGGCAATATGTTTCAATTCGCCACCTTACCCGTCTACGATACGATCAAGTATTACTCGATCATAC
CCCACTCCATTAGGTCCATTCAGAGCGATCGCAAGGCATGGGCCGCATTCTATGTGTATAAGCTC
CAGCCCCTGACCTTCCTCTTGGATTTCTCCGTGGACGGCTACATCAGAAGGGCTATCGATTGCGG
GTTCAACGACCTCAGCCAGCTGCATTGTTCTTATGAGAGCTTTGACGTGGAAAGCGGAGTTTACT
CAGTCTCTTCCTTTGAGGCTAAACCTTCAGGTAGCGTCGTAGAGCAAGCAGAGGGTGTGGAGTGC
GATTTCTCACCACTGCTCAGCGGAACCCCACCCCAGGTCTACAACTTTAAGCGGCTCGTGTTCAC
AAACTGTAACTATAACTTGACTAAGTTGCTGTCACTCTTTTCCGTGAATGATTTTACATGCTCCC
AAATCAGCCCAGCCGCTATTGCGTCTAATTGCTATTCCTCATTGATCCTGGATTACTTCAGTTAC
CCCCTCTCTATGAAGAGCGATCTCTCGGTTAGTAGCGCTGGGCCTATTTCCCAGTTTAACTACAA
ACAATCCTTTTCCAATCCAACATGCCTGATCTTAGCTACTGTACCCCACAACCTGACTACTATTA
CGAAGCCACTCAAGTACTCATACATTAATAAGTGCAGCCGATTCCTCAGTGATGATCGCACCGAA
GTGCCGCAGCTTGTAAACGCGAACCAGTACTCCCCATGCGTCTCTATTGTGCCTTCTACAGTGTG
GGAAGACGGCGATTATTATAGAAAGCAGCTGTCGCCACTGGAAGGTGGCGGGTGGCTAGTTGCCA
GTGGGTCCACAGTTGCCATGACCGAGCAACTTCAGATGGGGTTTGGCATAACAGTGCAGTATGGT
ACCGATACGAACAGCGTGTGTCCAAAATTGGAATTTGCTAACGACACCAAGATCGCCTCCCAGTT
GGGAAATTGTGTTGAATATTCCCTGTACGGAGTGTCAGGCCGGGGGGTGTTCCAAAATTGCACCG
CCGTGGGAGTGAGGCAGCAAAGATTCGTGTACGACGCATACCAGAATCTAGTCGGATACTATTCT
GACGATGGAAACTACTACTGTCTGCGCGCTTGCGTCTCAGTGCCCGTGAGTGTCATATATGATAA
GGAGACCAAGACTCACGCTACTCTCTTTGGTTCTGTCGCGTGCGAACACATTTCCTCTACAATGT
CCCAGTATAGTCGCTCCACTCGGTCTATGTTAAAGCGCAGAGACAGTACCTACGGCCCTCTACAG
ACACCTGTGGGGTGCGTTCTCGGCCTTGTCAATTCTAGCCTGTTTGTGGAGGATTGTAAGCTGCC
CCTTGGTCAAAGCTTATGCGCACTGCCCGATACGCCCAGCACACTTACACCAGCTTCAGTGGGGT
CCGTCCCCGGGGARAATGAGATTGGCCTCGATCGCTTTCAACCACCCCATACAGGTGGATCAGCTC
AACTCGTCATACTTCAAGCTAAGCATCCCTACTAATTTCTCCTTTGGTGTGACTCAGGAGTACAT
TCAGACCACAATTCAAAAGGTGACCGTTGACTGCAAGCAGTATGTGTGCAACGGGTTCCAGAAAT
GTGAACAGCTGCTCCGGGAGTATGGCCAGTTCTGTTCTAAAATCAACCAGGCCCTCCACGGAGCA
AACCTTAGGCAGGACGATTCTGTCAGAAACCTCTTTGCCAGCGTCAAGAGTTCTCAGAGTTCCCC
TATTATACCTGGCTTCGGCGGGGATTTCAACCTGACACTACTTGAACCTGTAAGCATATCAACCG
GAAGTCGCAGTGCCCGTTCCGCCATCGAGGATCTGCTCTTCGACAAAGTAACTATTGCAGATCCC
GGATACATGCAGGGGTATGACGACTGCATGCAGCAGGGTCCAGCCTCTGCAAGGGATCTGATATG
CGCACAGTATGTCGCTGGGTACAAAGTGTTGCCTCCTCTCATGGACGTGAACATGGAAGCGGCCT
ATACCTCCTCACTTCTAGGCTCCATAGCGGGCGTGGGATGGACCGCAGGGCTTTCAAGCTTCGCC
GCAATTCCCTTTGCTCAATCTATCTTCTACAGGCTTAATGGCGTTGGAATCACCCAGCAGGTGTT
AAGCGAAAACCAGAAATTGATTGCCAATAAGTTTAACCAAGCTTTGGGGGCCATGCAGACAGGCT
TTACAACCACAAACGAGGCTTTCCATAAAGTACAGGATGCGGTAAACAATAACGCACAAGCCCTG
TCAAAGCTGGCTTCAGAGCTCTCAAATACATTTGGCGCTATATCCGCGTCTATCGGCGATATCAT
ACAACGGTTGGACCCACCCGAACAGGACGCACAGATTGATCGTTTGATCAACGGGAGGCTTACCA
CCTTAAACGCTTTTGTGGCCCAGCAACTGGTGCGGTCTGAGAGCGCCGCCTTGAGCGCTCAGCTG
GCAAAGGATAAAGTGAATGAATGCGTGAAAGCTCAATCAAAGAGAAGTGGGTTTTGTGGGCAGGG
TACTCATATTGTTTCCTTTGTGGTGAACGCCCCAAATGGACTCTACTTTATGCATGTTGGATACT
ACCCGAGCAACCACATCGAGGTCGTTTCCGCCTATGGGCTTTGTGACGCAGCAAACCCTACTAAC
TGTATCGCGCCAGTTAATGGCTACTTTATTAAAACAAATAACACACGCATTGTGGATGAATGGAG
TTACACAGGGTCCAGCTTCTACGCTCCAGAGCCTATCACCTCTCTGAACACAAAGTATGTGGCAC
CTCAGGTCACATATCAGAACATCTCGACAAACCTGCCCCCCCCACTCTTGGGCAACTCCACAGGG
ATCGACTTCCAGGACGAGCTTGACGAATTCTTCAAGAACGTGTCCACCAGTATCCCTAATTTTGG
TTCGCTGACCCAAATTAACACAACCCTGCTCGATCTGACATATGAAATGCTTTCACTACAGCAGG
TGGTCAAAGCGTTGAACGAGTCGTATATCGACCTGAAAGAGTTAGGGAATTACACATACTATAAC
ARATGGCCCTGGTATATTTGGTTAGGATTCATTGCCGGGCTGGTGGCCCTTGCCTTGTGCGTATT
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TTTCATCTTGagcttctggatgtgctctaatgggtctctacagtgtagaatatgtattTGA

PDI-MERS-wtTMCT-AA (SEQ ID NO: 106)

MAKNVATIFGLLESLLVLVPSQIFAYVDVGPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGITIY
POGRTYSNITITYQGLEFPYQGDHGDMYVYSAGHATGTTPQKLEVANY SQDVKQFANGEVVRIGAA
ANSTGTVIISPSTSATIRKIYPAFMLGSSVGNESDGKMGRFFNHTLVLLPDGCGTLLRAFYCILE
PRSGNHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEY FNLRNCTFMYTYNITEDEILEW
FGITQTAQGVHLESSRYVDLYGGNMEFQFATLPVYDTIKYYSITPHSTIRSIQSDRKAWAAFYVYKL
QPLTFLLDESVDGY IRRAIDCGENDLSQLHCSYESEFDVESGVYSVSSFEAKPSGSVVEQAEGVEC
DEFSPLLSGTPPQVYNEFKRLVETNCNYNLTKLLSLESVNDEFTCSQISPAATASNCYSSLILDYESY
PLSMKSDLSVSSAGPISQFNYKQSESNPTCLILATVPHNLTTITKPLKY SY INKCSREFLSDDRTE
VPOQLVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGFGITVQYG
TDTNSVCPKLEFANDTKIASQLGNCVEY SLYGVSGRGVEQNCTAVGVROQREVYDAYQNLVGYYS
DDGNYYCLRACVSVPVSVIYDKETKTHATLEFGSVACEHISSTMSQYSRSTRSMLKRRDSTYGPLQ
TPVGCVLGLVNSSLEVEDCKLPLGQSLCALPDTPSTLTPASVGSVPGEMRLASTAFNHPIQVDQL
NSSYFKLSIPTNESEGVTQEYIQTTIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQALHGA
NLRQDDSVRNLEFASVKSSQSSPITPGEFGGDENLTLLEPVSISTGSRSARSATIEDLLEDKVTIADP
GYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSEFA
ATPFAQSIFYRLNGVGITQQVLSENQKLIANKEFNQALGAMOTGEFTTTNEAFHKVQDAVNNNAQAT,
SKLASELSNTFGAISASIGDIIQRLDPPEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQL
AKDKVNECVKAQSKRSGFCGQGTHIVSEVVNAPNGLY FMHVGYYPSNHIEVVSAYGLCDAANPTN
CIAPVNGYFIKTNNTRIVDEWSYTGSSEYAPEPITSLNTKYVAPQVTYONISTNLPPPLLGNSTG
IDFODELDEFEFKNVSTSIPNEFGSLTQINTTLLDLTYEMLSLOQVVKALNESY IDLKELGNYTYYN
KWPWYIWLGFIAGLVALALCVFFILCCTGCGTNCMGKLKCNRCCDRYEEYDLEPHKVHVH

PDI-MERS-H51TMCT-AA (SEQ ID NO: 107)

MAKNVAIFGLLESLLVLVPSQIFAYVDVGPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGITIY
POGRTYSNITITYQGLEFPYQGDHGDMYVYSAGHATGTTPQKLEVANY SQDVKQFANGEFVVRIGAA
ANSTGTVIISPSTSATIRKIYPAFMLGSSVGNESDGKMGREFFNHTLVLLPDGCGTLLRAFYCILE
PRSGNHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEY FNLRNCTFMYTYNITEDEILEW
FGITQTAQGVHLESSRYVDLYGGNMEQFATLPVYDTIKYYSITPHSTIRSIQSDRKAWAAFYVYKL
QPLTFLLDESVDGY IRRAIDCGENDLSQLHCSYESEFDVESGVYSVSSFEAKPSGSVVEQAEGVEC
DFSPLLSGTPPQVYNFKRLVETNCNYNLTKLLSLESVNDEFTCSQISPAATASNCYSSLILDYEFSY
PLSMKSDLSVSSAGPISQFNYKQSESNPTCLILATVPHNLTTITKPLKYSY INKCSREFLSDDRTE
VPOQLVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGEFGITVQYG
TDTNSVCPKLEFANDTKIASQLGNCVEY SLYGVSGRGVEFQNCTAVGVROQQOREVYDAYQONLVGYYS
DDGNYYCLRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQYSRSTRSMLKRRDSTYGPLQ
TPVGCVLGLVNSSLEVEDCKLPLGQSLCALPDTPSTLTPASVGSVPGEMRLASTIAFNHPIQVDQL
NSSYFKLSIPTNESEGVIQEYIQTTIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQATLHGA
NLRQDDSVRNLEFASVKSSQSSPITPGEFGGDENLTLLEPVSISTGSRSARSATIEDLLEDKVTIADP
GYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSEFA
ATPFAQSIFYRLNGVGITQQVLSENQKLIANKEFNQALGAMOTGFTTTNEAFHKVQDAVNNNAQATL
SKLASELSNTFGAISASIGDITIQRLDPPEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQL
AKDKVNECVKAQSKRSGFCGQGTHIVSEVVNAPNGLY FMHVGYYPSNHIEVVSAYGLCDAANPTN
CIAPVNGYFIKTNNTRIVDEWSYTGSSEFYAPEPITSLNTKYVAPQVTYQNISTNLPPPLLGNSTG
IDFODELDEFEFKNVSTSIPNEFGSLTQINTTLLDLTYEMLSLQQVVKALNESY IDLKELGNYTYYN
KWPWYQILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICI
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PDI-MERS-H35iCT-AA (SEQ ID NO: 108)

MARKNVATIFGLLESLLVLVPSQIFAYVDVGPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGITY
POGRTYSNITITYQGLEFPYQGDHGDMYVYSAGHATGTTPQKLEVANY SQDVKQFANGEVVRIGAA
ANSTGTVIISPSTSATIRKIYPAFMLGSSVGNESDGKMGRFFNHTLVLLPDGCGTLLRAFYCILE
PRSGNHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEY FNLRNCTFMYTYNITEDEILEW
FGITQTAQGVHLESSRYVDLYGGNMEFQFATLPVYDTIKYYSITPHSTIRSIQSDRKAWAAFYVYKL
QPLTFLLDESVDGY IRRAIDCGENDLSQLHCSYESEFDVESGVYSVSSFEAKPSGSVVEQAEGVEC
DEFSPLLSGTPPQVYNEFKRLVETNCNYNLTKLLSLESVNDEFTCSQISPAATASNCYSSLILDYFESY
PLSMKSDLSVSSAGPISQFNYKQSESNPTCLILATVPHNLTTITKPLKYSY INKCSREFLSDDRTE
VPQLVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGEFGITVQYG
TDTNSVCPKLEFANDTKIASQLGNCVEY SLYGVSGRGVEFQNCTAVGVRQQOREFVYDAYQNLVGYYS
DDGNYYCLRACVSVPVSVIYDKETKTHATLEFGSVACEHISSTMSQYSRSTRSMLKRRDSTYGPLQ
TPVGCVLGLVNSSLEVEDCKLPLGQSLCALPDTPSTLTPASVGSVPGEMRLASTAFNHPIQVDQL
NSSYFKLSIPTNESEGVIQEYIQTTIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQATLHGA
NLRQDDSVRNLEFASVKSSQSSPITPGEFGGDENLTLLEPVSISTGSRSARSATEDLLEDKVTIADP
GYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSFEFA
ATPFAQSIFYRLNGVGITQQVLSENQKLIANKENQALGAMOTGFTTTNEAFHKVQDAVNNNAQAT,
SKLASELSNTFGAISASIGDIIQRLDPPEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQL
AKDKVNECVKAQSKRSGFCGQGTHIVSEVVNAPNGLY FMHVGYYPSNHIEVVSAYGLCDAANPTN
CIAPVNGYFIKTNNTRIVDEWSYTGSSEYAPEPITSLNTKYVAPQVTYQNISTNLPPPLLGNSTG
IDFODELDEFFKNVSTSIPNEGSLTQINTTLLDLTYEMLSLOQVVKALNESY IDLKELGNYTYYN
KWPWYIWLGFIAGLVALALCVFFILSLWMCSNGSLQCRICT

PDI-MERS-H5iCT(V4)-AA (SEQ ID NO: 109)

MAKNVAIFGLLESLLVLVPSQIFAYVDVGPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGITIY
POGRTYSNITITYQGLEFPYQGDHGDMYVYSAGHATGTTPQKLEVANY SQDVKQFANGEVVRIGAA
ANSTGTVIISPSTSATIRKIYPAFMLGSSVGNESDGKMGREFFNHTLVLLPDGCGTLLRAFYCILE
PRSGNHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEY FNLRNCTFMYTYNITEDETILEW
FGITQTAQGVHLEFSSRYVDLYGGNMEFQFATLPVYDTIKYYSITPHSIRSIQSDRKAWAAFYVYKL
QPLTFLLDESVDGY IRRAIDCGENDLSQLHCSYESEFDVESGVYSVSSFEAKPSGSVVEQAEGVEC
DESPLLSGTPPQVYNEFKRLVETNCNYNLTKLLSLESVNDEFTCSQISPAATASNCYSSLILDYESY
PLSMKSDLSVSSAGPISQFNYKQSEFSNPTCLILATVPHNLTTITKPLKYSY INKCSREFLSDDRTE
VPOQLVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGFGITVQYG
TDTNSVCPKLEFANDTKIASQLGNCVEY SLYGVSGRGVEQNCTAVGVRQQOREVYDAYQNLVGYYS
DDGNYYCLRACVSVPVSVIYDKETKTHATLEGSVACEHISSTMSQYSRSTRSMLKRRDSTYGPLQ
TPVGCVLGLVNSSLEVEDCKLPLGQSLCALPDTPSTLTPASVGSVPGEMRLASTAFNHPIQVDQL
NSSYFKLSIPTNESEFGVIQEYIQTTIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQALHGA
NLRQDDSVRNLEFASVKSSQSSPITPGFGGDENLTLLEPVSISTGSRSARSAIEDLLEDKVTIADP
GYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSFEFA
ATPFAQSTIFYRLNGVGITQQVLSENQKLIANKENQALGAMOTGEFTTTNEAFHKVODAVNNNAQAT
SKLASELSNTFGAISASIGDIIQRLDPPEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQL
AKDKVNECVKAQSKRSGFCGQGTHIVSEFVVNAPNGLY FMHVGYYPSNHIEVVSAYGLCDAANPTN
CIAPVNGYFIKTNNTRIVDEWSYTGSSEYAPEPITSLNTKYVAPQVTYONISTNLPPPLLGNSTG
IDFODELDEFEFKNVSTSIPNEGSLTQINTTLLDLTYEMLSLOQVVKALNESY IDLKELGNYTYYN
KWPWYIWLGEFIAGLVALALCVEFFILCCSNGSLQCRICI

PDI-MERS-H1cCT-AA (SEQ ID NO: 110)
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MAKNVAIFGLLESLLVLVPSQIFAYVDVGPDSVKSACIEVDIQQTEFFDKTWPRPIDVSKADGITIY
POGRTYSNITITYQGLEFPYQGDHGDMYVYSAGHATGTTPQKLEVANY SQDVKQFANGEFVVRIGAA
ANSTGTVIISPSTSATIRKIYPAFMLGSSVGNESDGKMGRFFNHTLVLLPDGCGTLLRAFYCILE
PRSGNHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEY FNLRNCTFMYTYNITEDEILEW
FGITQTAQGVHLESSRYVDLYGGNMEQFATLPVYDTIKYYSITPHSTIRSIQSDRKAWAAFYVYKL
QPLTFLLDESVDGY IRRAIDCGENDLSQLHCSYESEFDVESGVYSVSSFEAKPSGSVVEQAEGVEC
DFSPLLSGTPPQVYNEFKRLVETNCNYNLTKLLSLESVNDFTCSQISPAATASNCYSSLILDYFESY
PLSMKSDLSVSSAGPISQFNYKQSESNPTCLILATVPHNLTTITKPLKYSY INKCSREFLSDDRTE
VPOQLVNANQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGEFGITVQYG
TDTNSVCPKLEFANDTKIASQLGNCVEYSLYGVSGRGVEQNCTAVGVROQQREVYDAYQONLVGYYS
DDGNYYCLRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQYSRSTRSMLKRRDSTYGPLQ
TPVGCVLGLVNSSLEVEDCKLPLGQSLCALPDTPSTLTPASVGSVPGEMRLASTIAFNHPIQVDQL
NSSYFKLSIPTNESEGVIQEYIQTTIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQATLHGA
NLRQDDSVRNLEFASVKSSQSSPITIPGEFGGDENLTLLEPVSISTGSRSARSATIEDLLEDKVTIADP
GYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSEFA
ATIPFAQSIFYRLNGVGITQQVLSENQKLIANKEFNQALGAMOTGFTTTNEAFHKVQDAVNNNAQAL
SKLASELSNTFGAISASIGDITIQRLDPPEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQL
AKDKVNECVKAQSKRSGEFCGQGTHIVSEVVNAPNGLY FMHVGYYPSNHIEVVSAYGLCDAANPTN
CIAPVNGYFIKTNNTRIVDEWSYTGSSEYAPEPITSLNTKYVAPQVTYONISTNLPPPLLGNSTG
IDFODELDEFEFKNVSTSIPNEFGSLTQINTTLLDLTYEMLSLQQVVKALNESY IDLKELGNYTYYN
KWPWYIWLGFIAGLVALALCVFFILSEFWMCSNGSLQCRICT

Cloning vector 7147 from left to right T-DNA (SEQ ID NO: 111)

tggcaggatatattgtggtgtaaacaaattgacgcttagacaacttaataacacattgcggacgt
ttttaatgtactgaattaacgccgaatcccgggectggtatatttatatgttgtcaaataactcaa
aaaccataaaagtttaagttagcaagtgtgtacatttttacttgaacaaaaatattcacctacta
ctgttataaatcattattaaacattagagtaaagaaatatggatgataagaacaagagtagtgat
attttgacaacaattttgttgcaacatttgagaaaattttgttgttctctcttttcattggtcaa
aaacaatagagagagaaaaaggaagagggagaataaaaacataatgtgagtatgagagagaaagt
tgtacaaaagttgtaccaaaatagttgtacaaatatcattgaggaatttgacaaaagctacacaa
ataagggttaattgctgtaaataaataaggatgacgcattagagagatgtaccattagagaattt
ttggcaagtcattaaaaagaaagaataaattatttttaaaattaaaagttgagtcatttgattaa
acatgtgattatttaatgaattgatgaaagagttggattaaagttgtattagtaattagaatttg
gtgtcaaatttaatttgacatttgatcttttcctatatattgccccatagagtcagttaactcat
ttttatatttcatagatcaaataagagaaataacggtatattaatccctccaaaaaaaaaaaacq
gtatatttactaaaaaatctaagccacgtaggaggataacaggatccccgtaggaggataacatce
caatccaaccaatcacaacaatcctgatgagataacccactttaagcccacgcatctgtggecaca
tctacattatctaaatcacacattcttccacacatctgagccacacaaaaaccaatccacatctt
tatcacccattctataaaaaatcacactttgtgagtctacactttgattcccttcaaacacatac
aaagagaagagactaattaattaattaatcatcttgagagaaaatggaacgagctatacaaggaa
acgacgctagggaacaagctaacagtgaacgttgggatggaggatcaggaggtaccacttctcce
ttcaaacttcctgacgaaagtccgagttggactgagtggcggctacataacgatgagacgaattce
gaatcaagataatccccttggtttcaaggaaagctggggtttcgggaaagttgtatttaagagat
atctcagatacgacaggacggaagcttcactgcacagagtccttggatcttggacgggagattcg
gttaactatgcagcatctcgatttttcggtttcgaccagatcggatgtacctatagtatteggtt
tcgaggagttagtatcaccgtttctggagggtcgecgaactcttcagecatctectgtgagatggcaa
ttcggtctaagcaagaactgctacagcttgccccaatcgaagtggaaagtaatgtatcaagagga
tgccctgaaggtactcaaaccttcgaaaaagaaagcgagtaagttaaaatgettcecttegtcectcecet
atttataatatggtttgttattgttaattttgttcttgtagaagagcttaattaategttgttgt
tatgaaatactatttgtatgagatgaactggtgtaatgtaattcatttacataagtggagtcaga
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atcagaatgtttcctccataactaactagacatgaagacctgccgecgtacaattgtecttatattt
gaacaactaaaattgaacatcttttgccacaactttataagtggttaatatagctcaaatatatg
gtcaagttcaatagattaataatggaaatatcagttatcgaaattcattaacaatcaacttaacg
ttattaactactaattttatatcatcccctttgataaatgatagtacaccaattaggaaggagca
tgctcgecctaggagattgtegtttececgecttcagtttgecaagetgetectageecgtgtagecaat
acgcaaaccgcctctceccececgegegttgggaattactagecgegtgtcgacaagettgecatgeecggt
caacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctcagaagacc
aaagggcaattgagacttttcaacaaagggtaatatccggaaacctcctecggattccattgecca
gctatctgtcactttattgtgaagatagtggaaaaggaaggtggctcctacaaatgceccatcattg
cgataaaggaaaggccatcgttgaagatgcctcectgecgacagtggtecccaaagatggaccecececac
ccacgaggagcatcgtggaaaaagaagacgttccaaccacgtcttcaaagcaagtggattgatgt
gataacatggtggagcacgacacacttgtctactccaaaaatatcaaagatacagtctcagaaga
ccaaagggcaattgagacttttcaacaaagggtaatatccggaaacctcecctcecggattceccattgece
cagctatctgtcactttattgtgaagatagtggaaaaggaaggtggctcctacaaatgccatcat
tgcgataaaggaaaggccatcgttgaagatgcctctgecgacagtggtcecccaaagatggacccce
acccacgaggagcatcgtggaaaaagaagacgttccaaccacgtcttcaaagcaagtggattgat
gtgatatctccactgacgtaagggatgacgcacaatcccactatccttecgcaagacccttectet
atataaggaagttcatttcatttggagaggcactccatttgaatctatcaaaccaaaacacattg
agacgtcacgtactcctcagccaaaacgacacccecccatctgtcectatccactggececectggatetyg
ctgcccaaactaactccatggtgaccctgggatgectggtcaagggctatttececctgagecagtyg
acagtgacctggaactctggatccctgtccagcggtgtgcacaccttcccagetgtectgecagte
tgacctctacactctgagcagctcagtgactgtecceccteccagecacctggeccagecgagacecgtea
cctgcaacgttgcecccacccggccagcagcaccaaggtggacaagaaaattgtgeccagggattgt
ggttgtaagccttgcatatgtacagtcccagaagtatcatctgtcttcatectteccecccaaagece
caaggatgtgctcaccattactctgactcctaaggtcacgtgtgttgtggtagacatcagcaagg
atgatcccgaggtccagttcagectggtttgtagatgatgtggaggtgcacacagectcagacgcaa
ccceccgggaggagcagttcaacagcactttecgetecagtcagtgaacttceecatcatgcaccagga
ctggctcaatggcaaggagacgtccagattttggecgatctattcaactgtecgeccagttcattggt
actggtagtctccctgggggcaatcagtttctggatgtgctctaatgggtctctacagtgtagaa
tatgtatttaaaggccttagtcgtgtcgtttttcaaataatataatccttttagggttttagtta
gtttaaattttctgttgctecctgtttagcaggtegtgecttcagcaagcacacaaaaacagagtg
tttattttaagttgtttgtttagtgattcaaaaaaaaaatcgttcaaacatttggcaataaagtt
tcttaagattgaatcctgttgeccggtcttgecgatgattatcatataatttctgttgaattacgtt
aagcatgtaataattaacatgtaatgcatgacgttatttatgagatgggtttttatgattagagt
cccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactaggataaattat
cgcgcgcecggtgtcatctatgttactagatctctagagtctcaagettggegegeccacgtgacta
gtggcactggccgtcgttttacaacgtcgtgactgggaaaaccctggegttacccaacttaatceg
ccttgcagcacatccccectttcecgecagetggegtaatagcgaagaggecccgecaccgatecgecectt
cccaacagttgcgcagcecctgaatggcgaatgctagagcagecttgagettggatcagattgtegtt
tccecgecttcagtttaaactatcagtgtttgacaggatatattggecgggtaaacctaagagaaaa
gagcgttta

Native SARS-CoV-1 S protein wtTM/CT AA P59594 (SEQ ID NO: 112)

MFETFLLFLTLTSGSDLDRCTTEDDVQAPNYTQHTSSMRGVYYPDETITFRSDTLYLTQDLEFLPEY SN
VIGFHTINHTFGNPVIPFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVITIINNSTNVVIRACNE
ELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEY ISDAFSLDVSEKSGNEFKHLREEFVEKNKDGELY
VYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPT
TFMLKYDENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVREPNITNLCPFE
GEVEFNATKFPSVYAWERKKISNCVADY SVLYNSTFESTFKCYGVSATKLNDLCEFSNVYADSEVVK
GDDVRQIAPGQTGVIADYNYKLPDDEMGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDT
SNVPESPDGKPCTPPALNCYWPLNDYGEYTTTGIGYQPYRVVVLSFELLNAPATVCGPKLSTDLI
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KNQCVNENENGLTGTGVLTPSSKRFQPFQQFGRDVSDETDSVRDPKTSEILDISPCSEGGVSVIT
PGTNASSEVAVLYQDVNCTDVSTATHADQLTPAWRIYSTGNNVEFQTQAGCLIGAEHVDTSYECDI
PIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIATPTNESISITTEVMPVSMAK
TSVDCNMYICGDSTECANLLLOQYGSEFCTQLNRALSGIAAEQDRNTREVFAQVKOMYKTPTLKY FG
GENFSQILPDPLKPTKRSEFIEDLLENKVTLADAGEMKQYGECLGDINARDLICAQKENGLTVLPP
LLTDDMIAAYTAATLVSGTATAGWT FGAGAALQIPFAMOMAYRENGIGVTONVLYENQKQTIANQEN
KATSQIQESLTTTSTALGKLODVVNONAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQT
DRLITGRLOSLOTYVTQOQOLIRAAETRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQAAPH
GVVEFLHVTYVPSQERNEFTTAPAICHEGKAY FPREGVEVENGTSWEITQRNEESPOQITITTDNTEVS
GNCDVVIGIINNTVYDPLOQPELDSFKEELDKY FKNHTSPDVDLGDISGINASVVNIQKEIDRLNE
VARKNLNESLIDLQELGKYEQY IKWPWYVWLGFIAGLTIATVMVTILLCCMTSCCSCLKGACSCGSC
CKFDEDDSEPVLKGVKLHYT

Native MERS S protein wtTM/CT AA AFY 13307 (SEQ ID NO: 113)

MIHSVFLLMFLLTPTESYVDVGPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGITIYPQGRTYS
NITITYQGLEFPYQGDHGDMY VY SAGHATGTTPQKLEVANY SQDVKQFANGEFVVRIGAAANSTGTV
ITISPSTSATIRKIYPAFMLGSSVGNESDGKMGREFEFNHTLVLLPDGCGTLLRAFYCILEPRSGNHC
PAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEY FNLRNCTFMYTYNITEDEILEWEGITQTA
QGVHLESSRYVDLYGGNMEFQFATLPVYDTIKYYSITPHSIRSIQSDRKAWAAFYVYKLQPLTEFLL
DEFSVDGYIRRAIDCGENDLSQLHCSYESEFDVESGVYSVSSFEAKPSGSVVEQAEGVECDESPLLS
GTPPQVYNFKRLVEFTNCNYNLTKLLSLESVNDFTCSQISPAATASNCYSSLILDY FSYPLSMKSD
LSVSSAGPISQFNYKQSEFSNPTCLILATVPHNLTTITKPLKYSYINKCSRFLSDDRTEVPQLVNA
NQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGEFGITVQYGTDTNSVC
PKLEFANDTKIASQLGNCVEYSLYGVSGRGVEFQNCTAVGVRQOREVYDAYQONLVGYY SDDGNYYC
LRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQY SRSTRSMLKRRDSTYGPLQTPVGCVL
GLVNSSLEVEDCKLPLGQSLCALPDTPSTLTPRSVRSVPGEMRLASTAFNHPIQVDQLNSSYFKL
SIPTNESEFGVTQEYIQTTIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQATHGANLRQDDS
VRNLFASVKSSQSSPITPGEFGGDENLTLLEPVSISTGSRSARSAIEDLLEDKVTIADPGYMQGYD
DCMOQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSFAAIPFAQS
IFYRLNGVGITQQVLSENQKLIANKEFNQALGAMQTGFTTTNEAFHKVQODAVNNNAQATLSKLASEL
SNTFGAISASIGDITIQRLDVLEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNE
CVKAQSKRSGFCGQGTHIVSEVVNAPNGLY FMHVGYYPSNHIEVVSAYGLCDAANPTNCIAPVNG
YFIKTNNTRIVDEWSYTGSSEYAPEPITSLNTKYVAPQVTYONISTNLPPPLLGNSTGIDFQDEL
DEFFRNVSTSIPNFGSLTQINTTLLDLTYEMLSLOQVVKALNESY IDLKELGNYTYYNKWPWY ITW
LGFIAGLVALALCVFEFFILCCTGCGTNCMGKLKCNRCCDRYEEYDLEPHKVHVH

Native SARS-CoV-1 S protein wtTM/CT AA P59594 without signal peptide (SEQ ID NO: 114)

SDLDRCTTEFDDVQAPNYTQHTSSMRGVYYPDETIFRSDTLYLTQDLFLPEYSNVTGEFHT INHTEGN
PVIPFKDGIYFAATEKSNVVRGWVEGSTMNNKSQSVIIINNSTNVVIRACNFELCDNPEFFAVSKP
MGTQTHTMIFDNAFNCTFEY ISDAFSLDVSEKSGNFKHLREEVEKNKDGFLYVYKGYQPIDVVRD
LPSGENTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPTTFMLKYDENGTIT
DAVDCSQONPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVREPNITNLCPEFGEVENATKEPSVY
AWERKKISNCVADY SVLYNSTEFEFSTEFKCYGVSATKLNDLCESNVYADSEVVKGDDVRQIAPGQTG
VIADYNYKLPDDFMGCVLAWNTRNIDAT STGNYNYKYRYLRHGKLRPFERDISNVPESPDGKPCT
PPALNCYWPLNDYGEYTTTGIGYQPYRVVVLSFELLNAPATVCGPKLSTDLIKNQCVNENENGLT
GTGVLTPSSKREFQPFQOQFGRDVSDETDSVRDPKTSEILDISPCSEGGVSVITPGTNASSEVAVLY
QDVNCTDVSTAIHADQLTPAWRIYSTGNNVEQTQAGCLIGAEHVDTSYECDIPIGAGICASYHTV
SLLRSTSQKSIVAYTMSLGADSSIAY SNNTIATPTNESISITTEVMPVSMAKT SVDCNMY ICGDS
TECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKOMYKTPTLKYFGGENEFSQILPDPLK
PTKRSFIEDLLENKVTLADAGEFMKQYGECLGDINARDLICAQKEFNGLTVLPPLLTDDMIAAYTAA
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LVSGTATAGWTFGAGAATLQIPFAMOMAYRFNGIGVTONVLYENQKOQIANQFNKAISQIQESLTTT
STALGKLODVVNONAQATLNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLQT
YVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDEFCGKGY HLMSFPQAAPHGVVELHVTYVPSQ
ERNFTTAPATCHEGKAYFPREGVEVENGTSWEITQRNEFFSPOQITITTDNTEVSGNCDVVIGIINNT
VYDPLOQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQ
ELGKYEQYIKWPWYVWLGFIAGLIAIVMVTILLCCMTSCCSCLKGACSCGSCCKEFDEDDSEPVLK
GVKLHYT

Native MERS S protein wtTM/CT AA AFY 13307 without signal peptide (SEQ ID NO: 115)

YVDVGPDSVKSACIEVDIQQTEFFDKTWPRPIDVSKADGITIYPQGRTYSNITITYQGLEFPYQGDHG
DMYVYSAGHATGTTPQKLEVANY SQDVKQFANGEVVRIGAAANSTGTVITISPSTSATIRKIYPAF
MLGSSVGNEFSDGKMGRFEFNHTLVLLPDGCGTLLRAFYCILEPRSGNHCPAGNSYTSFATYHTPAT
DCSDGNYNRNASINSFKEYENLRNCTEFMYTYNITEDEILEWEFGITQTAQGVHLESSRYVDLYGGN
MEFQFATLPVYDTIKYYSITIPHSIRSIQSDRKAWAAFYVYKLOQPLTFLLDESVDGY IRRATIDCGEN
DLSQLHCSYESFDVESGVYSVSSFEAKPSGSVVEQAEGVECDESPLLSGTPPQVYNEFKRLVETNC
NYNLTKLLSLESVNDFTCSQISPAATASNCYSSLILDYFSYPLSMKSDLSVSSAGPISQFNYKQS
FSNPTCLILATVPHNLTTITKPLKYSY INKCSREFLSDDRTEVPQLVNANQY SPCVSIVPSTVWED
GDYYRKQLSPLEGGGWLVASGSTVAMTEQLOMGFGITVQYGTDTNSVCPKLEFANDTKIASQLGN
CVEYSLYGVSGRGVEQNCTAVGVRQOQREVYDAYQONLVGYYSDDGNYYCLRACVSVPVSVIYDKET
KTHATLFGSVACEHISSTMSQYSRSTRSMLKRRDSTYGPLOTPVGCVLGLVNSSLEVEDCKLPLG
QSLCALPDTPSTLTPRSVRSVPGEMRLASTIAFNHPIQVDQLNSSY FKLSIPTNEFSFGVTQEYIQT
TIQKVTVDCKQYVCNGFQKCEQLLREYGQFCSKINQATLHGANLRQDDSVRNLFASVKSSQSSPIT
PGFGGDENLTLLEPVSISTGSRSARSATIEDLLEDKVTIADPGYMQGY DDCMQQGPASARDLICAQ
YVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWTAGLSSFAATPFAQSTIFYRLNGVGITQQVLSE
NQKLIANKEFNQALGAMQTGFTTTNEAFHKVODAVNNNAQALSKLASELSNTFGATISASIGDIIQR
LDVLEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNECVKAQSKRSGEFCGQGTH
IVSEVVNAPNGLYFMHVGYYPSNHIEVVSAYGLCDAANPTNCIAPVNGY FIKTNNTRIVDEWSYT
GSSEFYAPEPITSLNTKYVAPQVTYONISTNLPPPLLGNSTGIDFQDELDEFFKNVSTSIPNEGSL
TQINTTLLDLTYEMLSLOQVVKALNESY IDLKELGNYTYYNKWPWY IWLGEFIAGLVALALCVEET
LCCTGCGTNCMGKLKCNRCCDRYEEYDLEPHKVHVH

TMCT region of modified PDI-SARS-COV-1 wtTMCT-AA (SEQ ID NO: 116)
WYVWLGFIAGLTIATVMVTILLCCMTSCCSCLKGACSCGSCCKEDEDDSEPVLKGVKLHYT
TMCT region of modified PDI-SARS-COV-1 H5iTMCT-AA (SEQ ID NO:117)
WYQILSTIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICT

TMCT region of modified PDI-SARS-COV-1 H5iCT-AA (SEQ ID NO: 118)
WYVWLGFIAGLTATVMVTILLSLWMCSNGSLQCRICT

TMCT region of modified PDI-SARS-COV-1 H5iCT(V4)-AA (SEQ ID NO: 119)
WYVWLGFIAGLTATVMVTILLCCSNGSLQCRICT

TMCT region of modified PDI-SARS-COV-1 H1cCT-AA (SEQ ID NO: 120)

WYVWLGFIAGLIAIVMVTILLSEWMCSNGSLQCRICI
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TMCT region of modified PDI-MERS-wtTMCT-AA (SEQ ID NO: 121)
WYIWLGFIAGLVALALCVEFFILCCTGCGTNCMGKLKCNRCCDRYEEYDLEPHKVHVH
TMCT region of modified PDI-MERS-H51TMCT-AA (SEQ ID NO: 122)
WYQILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICT

TMCT region of modified PDI-MERS-H5iCT-AA (SEQ ID NO: 123)
WYIWLGFIAGLVALALCVFFILSLWMCSNGSLQCRICI

TMCT region of modified PDI-MERS-H5iCT(V4)-AA (SEQ ID NO: 124)
WYIWLGFIAGLVALALCVFFILCCSNGSLQCRICI

TMCT region of modified PDI-MERS-H1cCT-AA (SEQ ID NO: 125)
WYIWLGFIAGLVALALCVFFILSFWMCSNGSLQCRICI

TMCT region of modified PDI-S-protein+H1 Cal (SEQ ID NO: 126)

WYIWLGFIAGLIAIVMVTIMLSEWMCSNGSLQCRICT

TMCT region of modified PDI-S-proteintH3 Minn (SEQ ID NO: 127)
WYIWLGFIAGLIAIVMVTIMLMWACQKGNIRCNICT

TMCT region of modified PDI-S-protein+tH6 HK (SEQ ID NO: 128)
WYIWLGFIAGLIAIVMVTIMLGLWMCSNGSMQCRICI

TMCT region of modified PDI-S-proteintH7 Guangdong (SEQ ID NO: 129)
WYIWLGFIAGLIAIVMVTIMLVEICVKNGNMRCTICI

TMCT region of modified PDI-S-proteintH9 HK (SEQ ID NO: 130)
WYIWLGFIAGLIAIVMVTIMLLEWAMSNGSCRCNICI

TMCT region of modified PDI-S-protein+ B/ Wash (SEQ ID NO: 131)
WYIWLGFIAGLIAIVMVTIMLVVYMVSRDNVSCSICL

Consensus Sequence of TM Domain of Coronavirus S-protein (SEQ ID NO: 132)
WYXWLGFIAGLXAXXX {X} VXXXL ({X} may be absent)

Consensus Sequence of TM Domain of Coronavirus S-protein (SEQ ID NO: 133)

WY[I/VIWLGFIAGL[V/I]A[L/I][A/V][L/M]{X}V[F/T][F/I]XL (wherein {X} may be C or

absent)

TM/CT Region of Modified SARS-CoV-1 S protein with intervening peptide sequence X, (SEQ ID NO:

134)
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WYVWLGFIAGLIAIVMVTIL - (X)n - CSNGSXXCXICI

TM/CT Region of Modified MERS S protein with intervening peptide sequence X, (SEQ ID NO: 135)

WYIWLGFIAGLVALALCVFFIL - (X)n — CSNGSXXCXICI

IF(AVB+wtCT-0C43).r (SEQ ID NO: 136)

ACGACACGACTAAGGCCTTCAGTCGTCATGCGAGGTCTTAATGACAAGC

PDI-OC43-wtTMCT-DNA (SEQ ID NO: 137)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggttecttetecagat
cttcgcgGTGATCGGCGATCTGAATTGTACCCTGGATCCCCGCCTGARAGGGAGCTTTAACAACC
GAGATACAGGACCCCCGTCTATATCCATAGATACAGTGGATGTTACGAACGGGCTCGGCACCTAC
TATGTGCTAGACCGAGTTTATTTGAACACCACCTTATTCCTCAATGGATACTACCCAACTTCAGG
TAGTACTTACAGAAACATGGCGCTGAAGGGTACGGATCTGCTGAGCACCCTATGGTTTARAACCTC
CCTTCCTCTCGGACTTTATTAATGGCATCTTCGCTAAGGTGAAAAACACGAAGGTTTTCAAAGAT
GGAGTGATGTATTCAGAGTTCCCTGCGATCACCATTGGAAGTACCTTCGTGAATACTTCCTATAG
CGTGGTGGTTCAACCACGGACAATCAACTCCACCCAGGACGGCGTCAACAAGCTCCAGGGATTGC
TGGAGGTGTCAGTCTGTCAATATAACATGTGTGAGTACCCACACACTATCTGTCACCCTAATCTA
GGCAACCACTTTAAGGAACTGTGGCACTACGATACGGGGGTGGTAAGTTGCTTATATAAGAGAAA
TTTCACCTATGATGTTAATGCAACGTACCTGTACTTTCACTTCTATCAAGAAGGAGGAACTTTCT
ACGCATATTTCACAGATACCGGCTTTGTGACGAAATTCTTATTCAACGTTTACCTCGGAATGGCA
TTAAGCCATTATTACGTGATGCCTCTCACTTGCATCAGACGCCCTAAGGATGGTTTTTCTCTGGA
GTACTGGGTCACTCCCCTGACACCACGGCAGTACCTGCTTGCTTTTAACCAGGACGGTATCATTT
TTAATGCCGTCGATTGTATGAGCGATTTTATGAGCGAGATAAAGTGCAAGACCCAATCTATTGCT
CCGCCCACGGGGGTGTACGAACTGAATGGTTACACCGTCCAGCCCGTTGCCGATGTATATAGACG
GAAACCAGACCTGCCCAATTGCAACATCGAAGCTTGGTTAAACGATAAGTCAGTGCCCTCCCCCC
TCAATTGGGAGAGGAAGACTTTCTCCAACTGTAATTTCAACATGTCAAGCCTGATGTCTTTCATT
CAAGCCGATTCGTTCACTTGTAATAATATAGATGCAGCAAAGATCTATGGTATGTGCTTCAGTTC
CATCACAATAGATAAGTTTGCAATACCAAACCGTCGCAAGGTGGACCTTCAGCTCGGCAACCTGG
GCTATCTGCAGTCCAGCAATTATAGAATAGACACCACCGCCACATCATGTCAGCTGTACTATAAC
CTCCCAGCAGCGAACGTCAGTGTTAGTAGGTTCAATCCTTCTACCTGGAATAAAAGGTTTGGATT
CATCGAAGATAGTGTGTTCGTACCTCAGCCAACAGGAGTGTTCACCAATCACAGCGTGGTCTACG
CCCAACATTGCTTCAAGGCACCCAAAAATTTCTGCCCATGTAGCAGTTGCTCCTGCCCGGGTAAG
AACAATGGGATCGGCACCTGCCCAGCAGGCACCAATTCACTTACATGCGATAATCTGTGTACACT
GGATCCTATTACACTTAAGGCCCCTGATACCTACAAATGCCCCCAGAGCAAGAGCCTGGTCGGTA
TCGGAGAACACTGTTCCGGACTTGCAGTAAARAGCGACTATTGTGGAAATAACTCTTGCACTTGT
CAGCCACAAGCCTTCCTCGGTTGGTCCGCTGACTCTTGTTTACAAGGGGATAAGTGTAACATCTT
CGCAAATTTCATCTTACACGATGTGAATAACGGCTTAACATGCAGCACAGATCTCCAGAAGGCAA
ACACAGAGATCGAATTAGGAGTCTGCGTTAATTACGATCTCTACGGGATCTCTGGCCAGGGCATC
TTCGTGGAGGTTAATGCTACCTACTACAATAGTTGGCAAAATCTGCTCTACGATAGCAATGGCAA
CCTCTATGGATTCAGAGACTATATTACTAACAGGACGTTCATGATTCACTCGTGCTATTCCGGGC
GGGTGTCAGCAGCTTATCACGCAAATTCTTCAGAGCCAGCTCTGCTATTCCGAAACATAAAATGT
AATTACGTGTTCAATAATTCACTGACTCGGCAGCTGCAGCCGATTAATTACAGCTTCGACAGCTA
CCTTGGTTGCGTTGTTAACGCCTACAACTCCACTGCCATATCAGTTCAGACCTGCGACCTTACTG
TGGGCTCTGGCTATTGTGTCGATTATTCAAAGAACGGGGGGAGCGGGTCCGCAATAACAACTGGC
TATAGGTTCACCAATTTTGAGCCTTTCACCGTGAATAGTGTCAACGATAGCCTGGAGCCTGTCGG
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AGGTCTTTATGAGATACAAATCCCCTCCGAGTTCACAATTGGCAACATGGAAGAGTTCATCCAGA
CGAGTTCCCCAAAGGTGACGATCGATTGCGCGGCTTTCGTCTGCGGCGACTACGCCGCATGCAAG
TTACAACTCGTTGAGTATGGAAGTTTTTGCGATAATATAAACGCAATTCTGACTGAAGTGAACGA
ACTGCTGGACACCACTCAGTTGCAGGTGGCAAATTCGCTCATGAACGGCGTGACACTGTCAACCA
AACTGAAGGACGGTGTCAATTTCAATGTGGATGACATTAACTTCAGCCCCGTACTGGGCTGTTTG
GGTAGTGAGTGTTCTAAGGCTAGCAGCCGCTCCGCCATTGAGGACTTGTTGTTTGATAAAGTTAA
GCTGAGTGACGTTGGATTTGTTGAGGCGTATAATAACTGTACCGGTGGTGCAGAGATAAGGGATC
TGATCTGTGTCCAGAGTTATAAGGGGATTAAGGTTCTCCCCCCGCTACTCTCGGAGAATCAGATA
TCAGGATACACCCTGGCCGCTACCTCAGCCTCGCTGTTTCCCCCTTGGACCGCTGCCGCCGGTGT
CCCATTTTATTTGAATGTGCAGTATCGGATCAACGGTCTGGGAGTGACAATGGACGTGCTGTCTC
AGAACCAGAAACTGATCGCCAATGCATTCAACAATGCTCTGCACGCCATCCAGCAAGGGTTTGAC
GCTACAAATTCTGCCCTCGTAAAAATCCAGGCCGTGGTGAATGCTAACGCCGAAGCCCTTAATAA
TCTGCTCCAGCAGCTTTCTAACCGCTTTGGAGCTATTTCTGCCTCACTGCAGGAAATTCTATCCA
GACTGGATCCCCCTGAGGCAGAAGCCCAAATCGACCGTCTCATAAACGGCAGACTCACTGCTCTT
AACGCCTACGTTAGTCAACAATTGAGCGATTCGACCTTGGTGAAATTCAGCGCAGCTCAGGCTAT
GGAGAAGGTGAACGAGTGCGTGAAGTCACAGAGCTCCAGAATCAATTTCTGTGGCAATGGGAACC
ATATCATCTCCTTGGTTCAGAATGCTCCCTACGGCCTGTATTTCATCCACTTCAACTACGTGCCC
ACGAAGTACGTTACAGCCAAAGTGTCCCCCGGACTGTGCATCGCTGGTAACAGGGGCATTGCACC
ARAAATCCGGCTACTTCGTCAATGTCAACAACACATGGATGTATACTGGGAGTGGTTATTATTACC
CTGAACCTATAACAGAGAACAATGTAGTAGTCATGTCCACATGCGCCGTCAATTATACTAAGGCC
CCCTATGTTATGCTCAACACTTCAATTCCCAATCTCCCGGATTTCAAAGAAGAGCTGGATCAGTG
GTTTAAGAATCAGACATCCGTGGCCCCTGACTTAAGCTTGGATTATATCAATGTGACTTTTTTAG
ACTTACAGGTCGAGATGAACCGACTCCAGGAAGCTATAAAAGTACTGAACCACTCCTATATCAAT
CTGAAAGATATCGGTACATACGAATATTACGTAAAATGGCCTTGGTATGTGTGGCTACTAATTTG
CCTTGCGGGCGTGGCTATGCTGGTCCTGCTGTTCTTCATTTGCTGCTGTACTGGGTGCGGTACTT
CCTGCTTCAAARAAGTGCGGTGGTTGCTGCGACGACTACACTGGGTACCAGGAGCTTGTCATTAAG
ACCTCGCATGACGACTGA

PDI-OC43-H5iTMCT-DNA (SEQ ID NO: 138)

atggcgaaaaacgttgcgattttcggecttattgttttctecttecttgtgttggtteccttectcagat
cttcgcgGTGATCGGCGATCTGAATTGTACCCTGGATCCCCGCCTGARAGGGAGCTTTAACAACC
GAGATACAGGACCCCCGTCTATATCCATAGATACAGTGGATGTTACGAACGGGCTCGGCACCTAC
TATGTGCTAGACCGAGTTTATTTGAACACCACCTTATTCCTCAATGGATACTACCCAACTTCAGG
TAGTACTTACAGAAACATGGCGCTGAAGGGTACGGATCTGCTGAGCACCCTATGGTTTAAACCTC
CCTTCCTCTCGGACTTTATTAATGGCATCTTCGCTAAGGTGAAAAACACGAAGGTTTTCAAAGAT
GGAGTGATGTATTCAGAGTTCCCTGCGATCACCATTGGAAGTACCTTCGTGAATACTTCCTATAG
CGTGGTGGTTCAACCACGGACAATCAACTCCACCCAGGACGGCGTCAACAAGCTCCAGGGATTGC
TGGAGGTGTCAGTCTGTCAATATAACATGTGTGAGTACCCACACACTATCTGTCACCCTAATCTA
GGCAACCACTTTAAGGAACTGTGGCACTACGATACGGGGGTGGTAAGTTGCTTATATAAGAGAAA
TTTCACCTATGATGTTAATGCAACGTACCTGTACTTTCACTTCTATCAAGAAGGAGGAACTTTCT
ACGCATATTTCACAGATACCGGCTTTGTGACGAAATTCTTATTCAACGTTTACCTCGGAATGGCA
TTAAGCCATTATTACGTGATGCCTCTCACTTGCATCAGACGCCCTAAGGATGGTTTTTCTCTGGA
GTACTGGGTCACTCCCCTGACACCACGGCAGTACCTGCTTGCTTTTAACCAGGACGGTATCATTT
TTAATGCCGTCGATTGTATGAGCGATTTTATGAGCGAGATAAAGTGCAAGACCCAATCTATTGCT
CCGCCCACGGGGGTGTACGAACTGAATGGTTACACCGTCCAGCCCGTTGCCGATGTATATAGACG
GAAACCAGACCTGCCCAATTGCAACATCGAAGCTTGGTTAAACGATAAGTCAGTGCCCTCCCCCC
TCAATTGGGAGAGGAAGACTTTCTCCAACTGTAATTTCAACATGTCAAGCCTGATGTCTTTCATT
CAAGCCGATTCGTTCACTTGTAATAATATAGATGCAGCAAAGATCTATGGTATGTGCTTCAGTTC
CATCACAATAGATAAGTTTGCAATACCAAACCGTCGCAAGGTGGACCTTCAGCTCGGCAACCTGG
GCTATCTGCAGTCCAGCAATTATAGAATAGACACCACCGCCACATCATGTCAGCTGTACTATAAC
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CTCCCAGCAGCGAACGTCAGTGTTAGTAGGTTCAATCCTTCTACCTGGAATAAAAGGTTTGGATT
CATCGAAGATAGTGTGTTCGTACCTCAGCCAACAGGAGTGTTCACCAATCACAGCGTGGTCTACG
CCCAACATTGCTTCAAGGCACCCAAAAATTTCTGCCCATGTAGCAGTTGCTCCTGCCCGGGTAAG
AACAATGGGATCGGCACCTGCCCAGCAGGCACCAATTCACTTACATGCGATAATCTGTGTACACT
GGATCCTATTACACTTAAGGCCCCTGATACCTACAAATGCCCCCAGAGCAAGAGCCTGGTCGGTA
TCGGAGAACACTGTTCCGGACTTGCAGTAAARAGCGACTATTGTGGAAATAACTCTTGCACTTGT
CAGCCACAAGCCTTCCTCGGTTGGTCCGCTGACTCTTGTTTACAAGGGGATAAGTGTAACATCTT
CGCAAATTTCATCTTACACGATGTGAATAACGGCTTAACATGCAGCACAGATCTCCAGAAGGCAA
ACACAGAGATCGAATTAGGAGTCTGCGTTAATTACGATCTCTACGGGATCTCTGGCCAGGGCATC
TTCGTGGAGGTTAATGCTACCTACTACAATAGTTGGCAARAATCTGCTCTACGATAGCAATGGCAA
CCTCTATGGATTCAGAGACTATATTACTAACAGGACGTTCATGATTCACTCGTGCTATTCCGGGC
GGGTGTCAGCAGCTTATCACGCAAATTCTTCAGAGCCAGCTCTGCTATTCCGAAACATAAAATGT
AATTACGTGTTCAATAATTCACTGACTCGGCAGCTGCAGCCGATTAATTACAGCTTCGACAGCTA
CCTTGGTTGCGTTGTTAACGCCTACAACTCCACTGCCATATCAGTTCAGACCTGCGACCTTACTG
TGGGCTCTGGCTATTGTGTCGATTATTCAAAGAACGGGGGGAGCGGGTCCGCAATAACAACTGGC
TATAGGTTCACCAATTTTGAGCCTTTCACCGTGAATAGTGTCAACGATAGCCTGGAGCCTGTCGG
AGGTCTTTATGAGATACAAATCCCCTCCGAGTTCACAATTGGCAACATGGAAGAGTTCATCCAGA
CGAGTTCCCCAAAGGTGACGATCGATTGCGCGGCTTTCGTCTGCGGCGACTACGCCGCATGCAAG
TTACAACTCGTTGAGTATGGAAGTTTTTGCGATAATATAAACGCAATTCTGACTGAAGTGAACGA
ACTGCTGGACACCACTCAGTTGCAGGTGGCAAATTCGCTCATGAACGGCGTGACACTGTCAACCA
AACTGAAGGACGGTGTCAATTTCAATGTGGATGACATTAACTTCAGCCCCGTACTGGGCTGTTTG
GGTAGTGAGTGTTCTAAGGCTAGCAGCCGCTCCGCCATTGAGGACTTGTTGTTTGATAAAGTTAA
GCTGAGTGACGTTGGATTTGTTGAGGCGTATAATAACTGTACCGGTGGTGCAGAGATAAGGGATC
TGATCTGTGTCCAGAGTTATAAGGGGATTAAGGTTCTCCCCCCGCTACTCTCGGAGAATCAGATA
TCAGGATACACCCTGGCCGCTACCTCAGCCTCGCTGTTTCCCCCTTGGACCGCTGCCGCCGGTGT
CCCATTTTATTTGAATGTGCAGTATCGGATCAACGGTCTGGGAGTGACAATGGACGTGCTGTCTC
AGAACCAGAAACTGATCGCCAATGCATTCAACAATGCTCTGCACGCCATCCAGCAAGGGTTTGAC
GCTACAAATTCTGCCCTCGTAAAAATCCAGGCCGTGGTGAATGCTAACGCCGAAGCCCTTAATAA
TCTGCTCCAGCAGCTTTCTAACCGCTTTGGAGCTATTTCTGCCTCACTGCAGGAAATTCTATCCA
GACTGGATCCCCCTGAGGCAGAAGCCCAAATCGACCGTCTCATAAACGGCAGACTCACTGCTCTT
AACGCCTACGTTAGTCAACAATTGAGCGATTCGACCTTGGTGAAATTCAGCGCAGCTCAGGCTAT
GGAGAAGGTGAACGAGTGCGTGAAGTCACAGAGCTCCAGAATCAATTTCTGTGGCAATGGGAACC
ATATCATCTCCTTGGTTCAGAATGCTCCCTACGGCCTGTATTTCATCCACTTCAACTACGTGCCC
ACGAAGTACGTTACAGCCAAAGTGTCCCCCGGACTGTGCATCGCTGGTAACAGGGGCATTGCACC
AAAATCCGGCTACTTCGTCAATGTCAACAACACATGGATGTATACTGGGAGTGGTTATTATTACC
CTGAACCTATAACAGAGAACAATGTAGTAGTCATGTCCACATGCGCCGTCAATTATACTAAGGCC
CCCTATGTTATGCTCAACACTTCAATTCCCAATCTCCCGGATTTCAAAGAAGAGCTGGATCAGTG
GTTTAAGAATCAGACATCCGTGGCCCCTGACTTAAGCTTGGATTATATCAATGTGACTTTTTTAG
ACTTACAGGTCGAGATGAACCGACTCCAGGAAGCTATARAAGTACTGAACCACTCCTATATCAAT
CTGAAAGATATCGGTACATACGAATATTACGTAAAATGGCCTTGGTATcaaatactgtcaattta
ttcaacagtggcgagttccctagcactggcaatcatgatggectggtctatectttatggatgtget
ccaatggatcgttacaatgcagaatttgcattTGA

PDI-OC43-H5iCT-DNA (SEQ ID NO: 139)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggtteccttetecagat
cttcgcgGTGATCGGCGATCTGAATTGTACCCTGGATCCCCGCCTGARAGGGAGCTTTAACAACC
GAGATACAGGACCCCCGTCTATATCCATAGATACAGTGGATGTTACGAACGGGCTCGGCACCTAC
TATGTGCTAGACCGAGTTTATTTGAACACCACCTTATTCCTCAATGGATACTACCCAACTTCAGG
TAGTACTTACAGAAACATGGCGCTGAAGGGTACGGATCTGCTGAGCACCCTATGGTTTAAACCTC
CCTTCCTCTCGGACTTTATTAATGGCATCTTCGCTAAGGTGAARAAACACGAAGGTTTTCAAAGAT
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GGAGTGATGTATTCAGAGTTCCCTGCGATCACCATTGGAAGTACCTTCGTGAATACTTCCTATAG
CGTGGTGGTTCAACCACGGACAATCAACTCCACCCAGGACGGCGTCAACAAGCTCCAGGGATTGC
TGGAGGTGTCAGTCTGTCAATATAACATGTGTGAGTACCCACACACTATCTGTCACCCTAATCTA
GGCAACCACTTTAAGGAACTGTGGCACTACGATACGGGGGTGGTAAGTTGCTTATATAAGAGAAA
TTTCACCTATGATGTTAATGCAACGTACCTGTACTTTCACTTCTATCAAGAAGGAGGAACTTTCT
ACGCATATTTCACAGATACCGGCTTTGTGACGAAATTCTTATTCAACGTTTACCTCGGAATGGCA
TTAAGCCATTATTACGTGATGCCTCTCACTTGCATCAGACGCCCTAAGGATGGTTTTTCTCTGGA
GTACTGGGTCACTCCCCTGACACCACGGCAGTACCTGCTTGCTTTTAACCAGGACGGTATCATTT
TTAATGCCGTCGATTGTATGAGCGATTTTATGAGCGAGATAAAGTGCAAGACCCAATCTATTGCT
CCGCCCACGGGGGTGTACGAACTGAATGGTTACACCGTCCAGCCCGTTGCCGATGTATATAGACG
GAAACCAGACCTGCCCAATTGCAACATCGAAGCTTGGTTAAACGATAAGTCAGTGCCCTCCCCCC
TCAATTGGGAGAGGAAGACTTTCTCCAACTGTAATTTCAACATGTCAAGCCTGATGTCTTTCATT
CAAGCCGATTCGTTCACTTGTAATAATATAGATGCAGCAAAGATCTATGGTATGTGCTTCAGTTC
CATCACAATAGATAAGTTTGCAATACCAAACCGTCGCAAGGTGGACCTTCAGCTCGGCAACCTGG
GCTATCTGCAGTCCAGCAATTATAGAATAGACACCACCGCCACATCATGTCAGCTGTACTATAAC
CTCCCAGCAGCGAACGTCAGTGTTAGTAGGTTCAATCCTTCTACCTGGAATAAAAGGTTTGGATT
CATCGAAGATAGTGTGTTCGTACCTCAGCCAACAGGAGTGTTCACCAATCACAGCGTGGTCTACG
CCCAACATTGCTTCAAGGCACCCAAAAATTTCTGCCCATGTAGCAGTTGCTCCTGCCCGGGTAAG
AACAATGGGATCGGCACCTGCCCAGCAGGCACCAATTCACTTACATGCGATAATCTGTGTACACT
GGATCCTATTACACTTAAGGCCCCTGATACCTACAAATGCCCCCAGAGCAAGAGCCTGGTCGGTA
TCGGAGAACACTGTTCCGGACTTGCAGTAAAAAGCGACTATTGTGGAAATAACTCTTGCACTTGT
CAGCCACAAGCCTTCCTCGGTTGGTCCGCTGACTCTTGTTTACAAGGGGATAAGTGTAACATCTT
CGCAAATTTCATCTTACACGATGTGAATAACGGCTTAACATGCAGCACAGATCTCCAGAAGGCAA
ACACAGAGATCGAATTAGGAGTCTGCGTTAATTACGATCTCTACGGGATCTCTGGCCAGGGCATC
TTCGTGGAGGTTAATGCTACCTACTACAATAGTTGGCAAAATCTGCTCTACGATAGCAATGGCAA
CCTCTATGGATTCAGAGACTATATTACTAACAGGACGTTCATGATTCACTCGTGCTATTCCGGGC
GGGTGTCAGCAGCTTATCACGCAAATTCTTCAGAGCCAGCTCTGCTATTCCGAAACATAAAATGT
AATTACGTGTTCAATAATTCACTGACTCGGCAGCTGCAGCCGATTAATTACAGCTTCGACAGCTA
CCTTGGTTGCGTTGTTAACGCCTACAACTCCACTGCCATATCAGTTCAGACCTGCGACCTTACTG
TGGGCTCTGGCTATTGTGTCGATTATTCAAAGAACGGGGGGAGCGGGTCCGCAATAACAACTGGC
TATAGGTTCACCAATTTTGAGCCTTTCACCGTGAATAGTGTCAACGATAGCCTGGAGCCTGTCGG
AGGTCTTTATGAGATACAAATCCCCTCCGAGTTCACAATTGGCAACATGGAAGAGTTCATCCAGA
CGAGTTCCCCAAAGGTGACGATCGATTGCGCGGCTTTCGTCTGCGGCGACTACGCCGCATGCAAG
TTACAACTCGTTGAGTATGGAAGTTTTTGCGATAATATAAACGCAATTCTGACTGAAGTGAACGA
ACTGCTGGACACCACTCAGTTGCAGGTGGCAAATTCGCTCATGAACGGCGTGACACTGTCAACCA
AACTGAAGGACGGTGTCAATTTCAATGTGGATGACATTAACTTCAGCCCCGTACTGGGCTGTTTG
GGTAGTGAGTGTTCTAAGGCTAGCAGCCGCTCCGCCATTGAGGACTTGTTGTTTGATAAAGTTAA
GCTGAGTGACGTTGGATTTGTTGAGGCGTATAATAACTGTACCGGTGGTGCAGAGATAAGGGATC
TGATCTGTGTCCAGAGTTATAAGGGGATTAAGGTTCTCCCCCCGCTACTCTCGGAGAATCAGATA
TCAGGATACACCCTGGCCGCTACCTCAGCCTCGCTGTTTCCCCCTTGGACCGCTGCCGCCGGTGT
CCCATTTTATTTGAATGTGCAGTATCGGATCAACGGTCTGGGAGTGACAATGGACGTGCTGTCTC
AGAACCAGAAACTGATCGCCAATGCATTCAACAATGCTCTGCACGCCATCCAGCAAGGGTTTGAC
GCTACAAATTCTGCCCTCGTAAAAATCCAGGCCGTGGTGAATGCTAACGCCGAAGCCCTTAATAA
TCTGCTCCAGCAGCTTTCTAACCGCTTTGGAGCTATTTCTGCCTCACTGCAGGAAATTCTATCCA
GACTGGATCCCCCTGAGGCAGAAGCCCAAATCGACCGTCTCATAAACGGCAGACTCACTGCTCTT
AACGCCTACGTTAGTCAACAATTGAGCGATTCGACCTTGGTGAAATTCAGCGCAGCTCAGGCTAT
GGAGAAGGTGAACGAGTGCGTGAAGTCACAGAGCTCCAGAATCAATTTCTGTGGCAATGGGAACC
ATATCATCTCCTTGGTTCAGAATGCTCCCTACGGCCTGTATTTCATCCACTTCAACTACGTGCCC
ACGAAGTACGTTACAGCCAAAGTGTCCCCCGGACTGTGCATCGCTGGTAACAGGGGCATTGCACC
ARAAATCCGGCTACTTCGTCAATGTCAACAACACATGGATGTATACTGGGAGTGGTTATTATTACC
CTGAACCTATAACAGAGAACAATGTAGTAGTCATGTCCACATGCGCCGTCAATTATACTAAGGCC
CCCTATGTTATGCTCAACACTTCAATTCCCAATCTCCCGGATTTCAAAGAAGAGCTGGATCAGTG
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GTTTAAGAATCAGACATCCGTGGCCCCTGACTTAAGCTTGGATTATATCAATGTGACTTTTTTAG
ACTTACAGGTCGAGATGAACCGACTCCAGGAAGCTATAAAAGTACTGAACCACTCCTATATCAAT
CTGAAAGATATCGGTACATACGAATATTACGTAAAATGGCCTTGGTATGTGTGGCTACTAATTTG
CCTTGCGGGCGTGGCTATGCTGGTCCTGCTGTTCTTCATTtctttatggatgtgectccaatggat
cgttacaatgcagaatttgcattTGA

PDI-OC43-H5iCT(V4)-DNA (SEQ ID NO: 140)

atggcgaaaaacgttgcgattttcggecttattgttttctettecttgtgttggtteccttectcagat
cttcgcgGTGATCGGCGATCTGAATTGTACCCTGGATCCCCGCCTGARAGGGAGCTTTAACAACC
GAGATACAGGACCCCCGTCTATATCCATAGATACAGTGGATGTTACGAACGGGCTCGGCACCTAC
TATGTGCTAGACCGAGTTTATTTGAACACCACCTTATTCCTCAATGGATACTACCCAACTTCAGG
TAGTACTTACAGAAACATGGCGCTGAAGGGTACGGATCTGCTGAGCACCCTATGGTTTAAACCTC
CCTTCCTCTCGGACTTTATTAATGGCATCTTCGCTAAGGTGAAAAACACGAAGGTTTTCAAAGAT
GGAGTGATGTATTCAGAGTTCCCTGCGATCACCATTGGAAGTACCTTCGTGAATACTTCCTATAG
CGTGGTGGTTCAACCACGGACAATCAACTCCACCCAGGACGGCGTCAACAAGCTCCAGGGATTGC
TGGAGGTGTCAGTCTGTCAATATAACATGTGTGAGTACCCACACACTATCTGTCACCCTAATCTA
GGCAACCACTTTAAGGAACTGTGGCACTACGATACGGGGGTGGTAAGTTGCTTATATAAGAGAAA
TTTCACCTATGATGTTAATGCAACGTACCTGTACTTTCACTTCTATCAAGAAGGAGGAACTTTCT
ACGCATATTTCACAGATACCGGCTTTGTGACGAAATTCTTATTCAACGTTTACCTCGGAATGGCA
TTAAGCCATTATTACGTGATGCCTCTCACTTGCATCAGACGCCCTAAGGATGGTTTTTCTCTGGA
GTACTGGGTCACTCCCCTGACACCACGGCAGTACCTGCTTGCTTTTAACCAGGACGGTATCATTT
TTAATGCCGTCGATTGTATGAGCGATTTTATGAGCGAGATAAAGTGCAAGACCCAATCTATTGCT
CCGCCCACGGGGGTGTACGAACTGAATGGTTACACCGTCCAGCCCGTTGCCGATGTATATAGACG
GAAACCAGACCTGCCCAATTGCAACATCGAAGCTTGGTTAAACGATAAGTCAGTGCCCTCCCCCC
TCAATTGGGAGAGGAAGACTTTCTCCAACTGTAATTTCAACATGTCAAGCCTGATGTCTTTCATT
CAAGCCGATTCGTTCACTTGTAATAATATAGATGCAGCAAAGATCTATGGTATGTGCTTCAGTTC
CATCACAATAGATAAGTTTGCAATACCAAACCGTCGCAAGGTGGACCTTCAGCTCGGCAACCTGG
GCTATCTGCAGTCCAGCAATTATAGAATAGACACCACCGCCACATCATGTCAGCTGTACTATAAC
CTCCCAGCAGCGAACGTCAGTGTTAGTAGGTTCAATCCTTCTACCTGGAATAAAAGGTTTGGATT
CATCGAAGATAGTGTGTTCGTACCTCAGCCAACAGGAGTGTTCACCAATCACAGCGTGGTCTACG
CCCAACATTGCTTCAAGGCACCCARAAAATTTCTGCCCATGTAGCAGTTGCTCCTGCCCGGGTAAG
AACAATGGGATCGGCACCTGCCCAGCAGGCACCAATTCACTTACATGCGATAATCTGTGTACACT
GGATCCTATTACACTTAAGGCCCCTGATACCTACAAATGCCCCCAGAGCAAGAGCCTGGTCGGTA
TCGGAGAACACTGTTCCGGACTTGCAGTAAARAGCGACTATTGTGGAAATAACTCTTGCACTTGT
CAGCCACAAGCCTTCCTCGGTTGGTCCGCTGACTCTTGTTTACAAGGGGATAAGTGTAACATCTT
CGCAAATTTCATCTTACACGATGTGAATAACGGCTTAACATGCAGCACAGATCTCCAGAAGGCAA
ACACAGAGATCGAATTAGGAGTCTGCGTTAATTACGATCTCTACGGGATCTCTGGCCAGGGCATC
TTCGTGGAGGTTAATGCTACCTACTACAATAGTTGGCAAAATCTGCTCTACGATAGCAATGGCAA
CCTCTATGGATTCAGAGACTATATTACTAACAGGACGTTCATGATTCACTCGTGCTATTCCGGGC
GGGTGTCAGCAGCTTATCACGCAAATTCTTCAGAGCCAGCTCTGCTATTCCGAAACATAAAATGT
AATTACGTGTTCAATAATTCACTGACTCGGCAGCTGCAGCCGATTAATTACAGCTTCGACAGCTA
CCTTGGTTGCGTTGTTAACGCCTACAACTCCACTGCCATATCAGTTCAGACCTGCGACCTTACTG
TGGGCTCTGGCTATTGTGTCGATTATTCAAAGAACGGGGGGAGCGGGTCCGCAATAACAACTGGC
TATAGGTTCACCAATTTTGAGCCTTTCACCGTGAATAGTGTCAACGATAGCCTGGAGCCTGTCGG
AGGTCTTTATGAGATACAAATCCCCTCCGAGTTCACAATTGGCAACATGGAAGAGTTCATCCAGA
CGAGTTCCCCAAAGGTGACGATCGATTGCGCGGCTTTCGTCTGCGGCGACTACGCCGCATGCAAG
TTACAACTCGTTGAGTATGGAAGTTTTTGCGATAATATAAACGCAATTCTGACTGAAGTGAACGA
ACTGCTGGACACCACTCAGTTGCAGGTGGCAAATTCGCTCATGAACGGCGTGACACTGTCAACCA
AACTGAAGGACGGTGTCAATTTCAATGTGGATGACATTAACTTCAGCCCCGTACTGGGCTGTTTG
GGTAGTGAGTGTTCTAAGGCTAGCAGCCGCTCCGCCATTGAGGACTTGTTGTTTGATAAAGTTAA
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GCTGAGTGACGTTGGATTTGTTGAGGCGTATAATAACTGTACCGGTGGTGCAGAGATAAGGGATC
TGATCTGTGTCCAGAGTTATAAGGGGATTAAGGTTCTCCCCCCGCTACTCTCGGAGAATCAGATA
TCAGGATACACCCTGGCCGCTACCTCAGCCTCGCTGTTTCCCCCTTGGACCGCTGCCGCCGGTGT
CCCATTTTATTTGAATGTGCAGTATCGGATCAACGGTCTGGGAGTGACAATGGACGTGCTGTCTC
AGAACCAGAAACTGATCGCCAATGCATTCAACAATGCTCTGCACGCCATCCAGCAAGGGTTTGAC
GCTACAAATTCTGCCCTCGTAAAAATCCAGGCCGTGGTGAATGCTAACGCCGAAGCCCTTAATAA
TCTGCTCCAGCAGCTTTCTAACCGCTTTGGAGCTATTTCTGCCTCACTGCAGGAAATTCTATCCA
GACTGGATCCCCCTGAGGCAGAAGCCCAAATCGACCGTCTCATAAACGGCAGACTCACTGCTCTT
AACGCCTACGTTAGTCAACAATTGAGCGATTCGACCTTGGTGAAATTCAGCGCAGCTCAGGCTAT
GGAGAAGGTGAACGAGTGCGTGAAGTCACAGAGCTCCAGAATCAATTTCTGTGGCAATGGGAACC
ATATCATCTCCTTGGTTCAGAATGCTCCCTACGGCCTGTATTTCATCCACTTCAACTACGTGCCC
ACGAAGTACGTTACAGCCAAAGTGTCCCCCGGACTGTGCATCGCTGGTAACAGGGGCATTGCACC
AAAATCCGGCTACTTCGTCAATGTCAACAACACATGGATGTATACTGGGAGTGGTTATTATTACC
CTGAACCTATAACAGAGAACAATGTAGTAGTCATGTCCACATGCGCCGTCAATTATACTAAGGCC
CCCTATGTTATGCTCAACACTTCAATTCCCAATCTCCCGGATTTCAAAGAAGAGCTGGATCAGTG
GTTTAAGAATCAGACATCCGTGGCCCCTGACTTAAGCTTGGATTATATCAATGTGACTTTTTTAG
ACTTACAGGTCGAGATGAACCGACTCCAGGAAGCTATARAAGTACTGAACCACTCCTATATCAAT
CTGAAAGATATCGGTACATACGAATATTACGTAAAATGGCCTTGGTATGTGTGGCTACTAATTTG
CCTTGCGGGCGTGGCTATGCTGGTCCTGCTGTTCTTCATTtgctgecteccaatggatecgttacaat
gcagaatttgcattTGA

PDI-OC43-H1cCT-DNA (SEQ ID NO: 141)

atggcgaaaaacgttgcgattttcggecttattgttttctecttettgtgttggttecttetecagat
cttcgcgGTGATCGGCGATCTGAATTGTACCCTGGATCCCCGCCTGARAGGGAGCTTTAACAACC
GAGATACAGGACCCCCGTCTATATCCATAGATACAGTGGATGTTACGAACGGGCTCGGCACCTAC
TATGTGCTAGACCGAGTTTATTTGAACACCACCTTATTCCTCAATGGATACTACCCAACTTCAGG
TAGTACTTACAGAAACATGGCGCTGAAGGGTACGGATCTGCTGAGCACCCTATGGTTTARAACCTC
CCTTCCTCTCGGACTTTATTAATGGCATCTTCGCTAAGGTGAARAAACACGAAGGTTTTCAAAGAT
GGAGTGATGTATTCAGAGTTCCCTGCGATCACCATTGGAAGTACCTTCGTGAATACTTCCTATAG
CGTGGTGGTTCAACCACGGACAATCAACTCCACCCAGGACGGCGTCAACAAGCTCCAGGGATTGC
TGGAGGTGTCAGTCTGTCAATATAACATGTGTGAGTACCCACACACTATCTGTCACCCTAATCTA
GGCAACCACTTTAAGGAACTGTGGCACTACGATACGGGGGTGGTAAGTTGCTTATATAAGAGAAA
TTTCACCTATGATGTTAATGCAACGTACCTGTACTTTCACTTCTATCAAGAAGGAGGAACTTTCT
ACGCATATTTCACAGATACCGGCTTTGTGACGAAATTCTTATTCAACGTTTACCTCGGAATGGCA
TTAAGCCATTATTACGTGATGCCTCTCACTTGCATCAGACGCCCTAAGGATGGTTTTTCTCTGGA
GTACTGGGTCACTCCCCTGACACCACGGCAGTACCTGCTTGCTTTTAACCAGGACGGTATCATTT
TTAATGCCGTCGATTGTATGAGCGATTTTATGAGCGAGATAAAGTGCAAGACCCAATCTATTGCT
CCGCCCACGGGGGTGTACGAACTGAATGGTTACACCGTCCAGCCCGTTGCCGATGTATATAGACG
GAAACCAGACCTGCCCAATTGCAACATCGAAGCTTGGTTAAACGATAAGTCAGTGCCCTCCCCCC
TCAATTGGGAGAGGAAGACTTTCTCCAACTGTAATTTCAACATGTCAAGCCTGATGTCTTTCATT
CAAGCCGATTCGTTCACTTGTAATAATATAGATGCAGCAAAGATCTATGGTATGTGCTTCAGTTC
CATCACAATAGATAAGTTTGCAATACCAAACCGTCGCAAGGTGGACCTTCAGCTCGGCAACCTGG
GCTATCTGCAGTCCAGCAATTATAGAATAGACACCACCGCCACATCATGTCAGCTGTACTATAAC
CTCCCAGCAGCGAACGTCAGTGTTAGTAGGTTCAATCCTTCTACCTGGAATAAAAGGTTTGGATT
CATCGAAGATAGTGTGTTCGTACCTCAGCCAACAGGAGTGTTCACCAATCACAGCGTGGTCTACG
CCCAACATTGCTTCAAGGCACCCAAAAATTTCTGCCCATGTAGCAGTTGCTCCTGCCCGGGTAAG
AACAATGGGATCGGCACCTGCCCAGCAGGCACCAATTCACTTACATGCGATAATCTGTGTACACT
GGATCCTATTACACTTAAGGCCCCTGATACCTACAAATGCCCCCAGAGCAAGAGCCTGGTCGGTA
TCGGAGAACACTGTTCCGGACTTGCAGTAAARAGCGACTATTGTGGAAATAACTCTTGCACTTGT
CAGCCACAAGCCTTCCTCGGTTGGTCCGCTGACTCTTGTTTACAAGGGGATAAGTGTAACATCTT
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CGCAAATTTCATCTTACACGATGTGAATAACGGCTTAACATGCAGCACAGATCTCCAGAAGGCAA
ACACAGAGATCGAATTAGGAGTCTGCGTTAATTACGATCTCTACGGGATCTCTGGCCAGGGCATC
TTCGTGGAGGTTAATGCTACCTACTACAATAGTTGGCAAAATCTGCTCTACGATAGCAATGGCAA
CCTCTATGGATTCAGAGACTATATTACTAACAGGACGTTCATGATTCACTCGTGCTATTCCGGGC
GGGTGTCAGCAGCTTATCACGCAAATTCTTCAGAGCCAGCTCTGCTATTCCGAAACATAAAATGT
AATTACGTGTTCAATAATTCACTGACTCGGCAGCTGCAGCCGATTAATTACAGCTTCGACAGCTA
CCTTGGTTGCGTTGTTAACGCCTACAACTCCACTGCCATATCAGTTCAGACCTGCGACCTTACTG
TGGGCTCTGGCTATTGTGTCGATTATTCAAAGAACGGGGGGAGCGGGTCCGCAATAACAACTGGC
TATAGGTTCACCAATTTTGAGCCTTTCACCGTGAATAGTGTCAACGATAGCCTGGAGCCTGTCGG
AGGTCTTTATGAGATACAAATCCCCTCCGAGTTCACAATTGGCAACATGGAAGAGTTCATCCAGA
CGAGTTCCCCAAAGGTGACGATCGATTGCGCGGCTTTCGTCTGCGGCGACTACGCCGCATGCAAG
TTACAACTCGTTGAGTATGGAAGTTTTTGCGATAATATAAACGCAATTCTGACTGAAGTGAACGA
ACTGCTGGACACCACTCAGTTGCAGGTGGCAAATTCGCTCATGAACGGCGTGACACTGTCAACCA
AACTGAAGGACGGTGTCAATTTCAATGTGGATGACATTAACTTCAGCCCCGTACTGGGCTGTTTG
GGTAGTGAGTGTTCTAAGGCTAGCAGCCGCTCCGCCATTGAGGACTTGTTGTTTGATAAAGTTAA
GCTGAGTGACGTTGGATTTGTTGAGGCGTATAATAACTGTACCGGTGGTGCAGAGATAAGGGATC
TGATCTGTGTCCAGAGTTATAAGGGGATTAAGGTTCTCCCCCCGCTACTCTCGGAGAATCAGATA
TCAGGATACACCCTGGCCGCTACCTCAGCCTCGCTGTTTCCCCCTTGGACCGCTGCCGCCGGTGT
CCCATTTTATTTGAATGTGCAGTATCGGATCAACGGTCTGGGAGTGACAATGGACGTGCTGTCTC
AGAACCAGAAACTGATCGCCAATGCATTCAACAATGCTCTGCACGCCATCCAGCAAGGGTTTGAC
GCTACAAATTCTGCCCTCGTAAAAATCCAGGCCGTGGTGAATGCTAACGCCGAAGCCCTTAATAA
TCTGCTCCAGCAGCTTTCTAACCGCTTTGGAGCTATTTCTGCCTCACTGCAGGAAATTCTATCCA
GACTGGATCCCCCTGAGGCAGAAGCCCAAATCGACCGTCTCATAAACGGCAGACTCACTGCTCTT
AACGCCTACGTTAGTCAACAATTGAGCGATTCGACCTTGGTGAAATTCAGCGCAGCTCAGGCTAT
GGAGAAGGTGAACGAGTGCGTGAAGTCACAGAGCTCCAGAATCAATTTCTGTGGCAATGGGAACC
ATATCATCTCCTTGGTTCAGAATGCTCCCTACGGCCTGTATTTCATCCACTTCAACTACGTGCCC
ACGAAGTACGTTACAGCCAAAGTGTCCCCCGGACTGTGCATCGCTGGTAACAGGGGCATTGCACC
AAAATCCGGCTACTTCGTCAATGTCAACAACACATGGATGTATACTGGGAGTGGTTATTATTACC
CTGAACCTATAACAGAGAACAATGTAGTAGTCATGTCCACATGCGCCGTCAATTATACTAAGGCC
CCCTATGTTATGCTCAACACTTCAATTCCCAATCTCCCGGATTTCAAAGAAGAGCTGGATCAGTG
GTTTAAGAATCAGACATCCGTGGCCCCTGACTTAAGCTTGGATTATATCAATGTGACTTTTTTAG
ACTTACAGGTCGAGATGAACCGACTCCAGGAAGCTATAAAAGTACTGAACCACTCCTATATCAAT
CTGAAAGATATCGGTACATACGAATATTACGTAAAATGGCCTTGGTATGTGTGGCTACTAATTTG
CCTTGCGGGCGTGGCTATGCTGGTCCTGCTGTTCTTCATTagcttctggatgtgectctaatgggt
ctctacagtgtagaatatgtattTGA

PDI-OC43-wtTMCT-AA (SEQ ID NO: 142)

MAKNVAIFGLLESLLVLVPSQIFAVIGDLNCTLDPRLKGSEFNNRDTGPPSISIDTVDVTNGLGTY
YVLDRVYLNTTLFLNGYYPTSGSTYRNMALKGTDLLSTLWEFKPPFLSDEFINGIFAKVKNTKVEKD
GVMYSEFPAITIGSTEVNTSYSVVVQPRTINSTODGVNKLQGLLEVSVCQYNMCEYPHTICHPNL
GNHFKELWHYDTGVVSCLYKRNFTYDVNATYLYFHEYQEGGTEYAYFTDTGEVTIKELENVY LGMA
LSHYYVMPLTCIRRPKDGESLEYWVTPLTPRQYLLAFNQDGITEFNAVDCMSDEMSETIKCKTQSTA
PPTGVYELNGYTVQPVADVYRRKPDLPNCNIEAWLNDKSVPSPLNWERKTEFSNCNEFNMSSLMSFET
QADSFTCNNIDAAKIYGMCESSITIDKFAIPNRRKVDLOLGNLGYLQSSNYRIDTTATSCQLYYN
LPAANVSVSRENPSTWNKREGEFIEDSVEVPQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGK
NNGIGTCPAGTNSLTCDNLCTLDPITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDYCGNNSCTC
QPOAFLGWSADSCLQGDKCNIFANFILHDVNNGLTCSTDLOQKANTEIELGVCVNYDLYGISGQGT
FVEVNATYYNSWONLLYDSNGNLYGEFRDY ITNRTEFMIHSCYSGRVSAAYHANSSEPALLFRNIKC
NYVENNSLTRQLOPINYSEFDSYLGCVVNAYNSTATISVQTCDLTVGSGYCVDY SKNGGSGSAITTG
YREFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACK
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LOLVEYGSFCDNINAILTEVNELLDTTQLOVANSLMNGVTLSTKLKDGVNENVDDINESPVLGCL
GSECSKASSRSAIEDLLEFDKVKLSDVGEFVEAYNNCTGGAETIRDLICVQSYKGIKVLPPLLSENQT
SGYTLAATSASLEFPPWTAAAGVPEYLNVQYRINGLGVTMDVLSQNQKLIANAFNNALHATQQGED
ATNSALVKIQAVVNANAEATNNLLOQLSNREFGATISASLQEILSRLDPPEAEAQIDRLINGRLTAL
NAYVSQQLSDSTLVKESAAQAMEKVNECVKSQSSRINFCGNGNHITISLVONAPYGLYFIHENYVP
TKYVTAKVSPGLCIAGNRGIAPKSGY FVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKA
PYVMLNTSIPNLPDEFKEELDQWEFRKNQTSVAPDLSLDY INVTFLDLQVEMNRLQEATKVLNHSY IN
LKDIGTYEYYVKWPWYVWLLICLAGVAMLVLLEFFICCCTGCGTSCFKKCGGCCDDYTGYQELVIK
TSHDD

PDI-OC43-H51TMCT-AA (SEQ ID NO: 143)

MAKNVAIFGLLESLLVLVPSQIFAVIGDLNCTLDPRLKGSEFNNRDTGPPSISIDTVDVTNGLGTY
YVLDRVYLNTTLFLNGYYPTSGSTYRNMALKGTDLLSTLWEFKPPFLSDEINGIFAKVKNTKVEKD
GVMYSEFPAITIGSTEVNTSYSVVVQPRTINSTODGVNKLQGLLEVSVCQYNMCEYPHTICHPNL
GNHFKELWHYDTGVVSCLYKRNEFTYDVNATYLYFHEYQEGGTEFYAYFTDTGEVTIKEFLENVY LGMA
LSHYYVMPLTCIRRPKDGESLEYWVTPLTPRQYLLAFNQDGITEFNAVDCMSDEMSEIKCKTQSTIA
PPTGVYELNGYTVQPVADVYRRKPDLPNCNIEAWLNDKSVPSPLNWERKTFSNCNENMSSLMSFET
QADSFTCNNIDAAKIYGMCESSITIDKFAIPNRRKVDLOLGNLGYLQSSNYRIDTTATSCQLYYN
LPAANVSVSRENPSTWNKREGEIEDSVEVPQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGK
NNGIGTCPAGTNSLTCDNLCTLDPITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDYCGNNSCTC
QPQAFLGWSADSCLQGDKCNIFANFILHDVNNGLTCSTDLOKANTEIELGVCVNYDLYGISGQGT
FVEVNATYYNSWONLLYDSNGNLYGEFRDY ITNRTEFMIHSCYSGRVSAAYHANSSEPALLFRNIKC
NYVENNSLTROQLOPINYSEFDSYLGCVVNAYNSTATISVQTCDLTVGSGYCVDY SKNGGSGSAITTG
YREFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACK
LOLVEYGSFCDNINAILTEVNELLDTTQLOQVANSLMNGVTLSTKLKDGVNENVDDINESPVLGCL
GSECSKASSRSAIEDLLEFDKVKLSDVGEVEAYNNCTGGAETIRDLICVQSYKGIKVLPPLLSENQT
SGYTLAATSASLFPPWTAAAGVPEYLNVQYRINGLGVTMDVLSQNQKLIANAFNNALHATQQGED
ATNSALVKIQAVVNANAEATLNNLLOQLSNREFGATISASLQEILSRLDPPEAEAQIDRLINGRLTAL
NAYVSQQLSDSTLVKESAAQAMEKVNECVKSQSSRINFCGNGNHITSLVONAPYGLYFIHENYVP
TKYVTAKVSPGLCIAGNRGIAPKSGY FVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKA
PYVMLNTSIPNLPDEFKEELDQWEFRKNQTSVAPDLSLDY INVTFLDLQVEMNRLQEATKVLNHSY IN
LKDIGTYEYYVKWPWYQILSIYSTVASSLATLAIMMAGLSLWMCSNGSLQCRICT

PDI-OC43-H5iCT-AA (SEQ ID NO: 144)

MAKNVATIFGLLESLLVLVPSQIFAVIGDLNCTLDPRLKGSFNNRDTGPPSISIDTVDVTNGLGTY
YVLDRVYLNTTLEFLNGYYPTSGSTYRNMALKGTDLLSTLWEFKPPEFLSDEINGIFAKVKNTKVEKD
GVMYSEFPAITIGSTEVNTSYSVVVQPRTINSTODGVNKLQGLLEVSVCQYNMCEYPHT ICHPNL
GNHFKELWHYDTGVVSCLYKRNFTYDVNATYLYFHEYQEGGTEFYAYFTDTGEVTIKEFLENVY LGMA
LSHYYVMPLTCIRRPKDGESLEYWVTPLTPROQYLLAFNQDGITIEFNAVDCMSDEMSEIKCKTQSTIA
PPTGVYELNGYTVQPVADVYRRKPDLPNCNIEAWLNDKSVPSPLNWERKTFSNCNFNMSSLMSFET
QADSEFTCNNIDAAKIYGMCESSITIDKFAIPNRRKVDLOLGNLGYLQSSNYRIDTTATSCQLYYN
LPAANVSVSRENPSTWNKREGEFIEDSVEVPOQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGK
NNGIGTCPAGTNSLTCDNLCTLDPITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDYCGNNSCTC
QPOAFLGWSADSCLOQGDKCNIFANFILHDVNNGLTCSTDLQKANTETIELGVCVNYDLYGISGQGT
FVEVNATYYNSWONLLYDSNGNLYGERDY ITNRTEMIHSCYSGRVSAAYHANSSEPALLEFRNIKC
NYVENNSLTRQLOPINYSEFDSYLGCVVNAYNSTATISVQTCDLTVGSGYCVDY SKNGGSGSAITTG
YREFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACK
LOLVEYGSFCDNINAILTEVNELLDTTQLOQVANSLMNGVTLSTKLKDGVNENVDDINESPVLGCL
GSECSKASSRSATIEDLLEDKVKLSDVGEVEAYNNCTGGAETIRDLICVQSYKGIKVLPPLLSENQT
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SGYTLAATSASLFPPWTAAAGVPEYLNVQYRINGLGVTMDVLSONQKLIANAFNNALHATQQGED
ATNSALVKIQAVVNANAEALNNLLOQLSNRFGAISASLQEILSRLDPPEAEAQIDRLINGRLTAL
NAYVSQQLSDSTLVKESAAQAMEKVNECVKSQSSRINFCGNGNHITISLVONAPYGLYFIHENYVP
TKYVTAKVSPGLCIAGNRGIAPKSGY FVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKA
PYVMLNTSIPNLPDEKEELDOQWERKNQTSVAPDLSLDY INVTFLDLOQVEMNRLOQEATKVLNHSY IN
LKDIGTYEYYVKWPWYVWLLICLAGVAMLVLLFFISLWMCSNGSLQCRICI

PDI-OC43-H5iCT(V4)-AA (SEQ ID NO: 145)

MAKNVATIFGLLESLLVLVPSQIFAVIGDLNCTLDPRLKGSENNRDTGPPSISIDTVDVTNGLGTY
YVLDRVYLNTTLFLNGYYPTSGSTYRNMALKGTDLLSTLWEFKPPEFLSDEFINGIFAKVKNTKVEKD
GVMYSEFPAITIGSTEVNTSYSVVVQPRTINSTQDGVNKLOQGLLEVSVCQYNMCEYPHT ICHPNL
GNHFKELWHYDTGVVSCLYKRNFTYDVNATYLYFHEYQEGGTEFYAYFTDTGEVTKEFLENVYLGMA
LSHYYVMPLTCIRRPKDGESLEYWVTPLTPROQYLLAFNQDGITEFNAVDCMSDEMSEIKCKTQSTIA
PPTGVYELNGYTVQPVADVYRRKPDLPNCNIEAWLNDKSVPSPLNWERKTEFSNCNEFNMSSLMSET
QADSFTCNNIDAAKIYGMCESSITIDKFAIPNRRKVDLOLGNLGYLQSSNYRIDTTATSCQLYYN
LPAANVSVSRENPSTWNKREGFIEDSVEVPQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGK
NNGIGTCPAGTNSLTCDNLCTLDPITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDYCGNNSCTC
QPOAFLGWSADSCLOQGDKCNIFANFILHDVNNGLTCSTDLOQKANTETIELGVCVNYDLYGISGQGT
FVEVNATYYNSWONLLYDSNGNLYGEFRDY ITNRTFMIHSCY SGRVSAAYHANSSEPALLEFRNIKC
NYVENNSLTRQLQPINYSFDSYLGCVVNAYNSTAISVQTCDLTVGSGYCVDYSKNGGSGSAITTG
YREFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACK
LOLVEYGSFCDNINAILTEVNELLDTTQLOVANSLMNGVTLSTKLKDGVNENVDDINESPVLGCL
GSECSKASSRSAIEDLLEDKVKLSDVGEVEAYNNCTGGAETIRDLICVQSYKGIKVLPPLLSENQT
SGYTLAATSASLFPPWTAAAGVPEYLNVQYRINGLGVTMDVLSONQKLIANAFNNALHATQQGED
ATNSALVKIQAVVNANAEALNNLLOQLSNREFGAISASLQEILSRLDPPEAEAQIDRLINGRLTAL
NAYVSQQLSDSTLVKESAAQAMEKVNECVKSQSSRINFCGNGNHITISLVONAPYGLYFIHENYVP
TKYVTAKVSPGLCIAGNRGIAPKSGY FVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKA
PYVMLNTSIPNLPDEFKEELDOQWEKNQTSVAPDLSLDY INVTFLDLOVEMNRLOQEATKVLNHSY IN
LKDIGTYEYYVKWPWYVWLLICLAGVAMLVLLFFICCSNGSLQCRICI

PDI-OC43-H1cCT-AA (SEQ ID NO: 146)

MAKNVATIFGLLESLLVLVPSQIFAVIGDLNCTLDPRLKGSEFNNRDTGPPSISIDTVDVTNGLGTY
YVLDRVYLNTTLFLNGYYPTSGSTYRNMALKGTDLLSTLWEFKPPFLSDEINGIFAKVKNTKVEKD
GVMYSEFPAITIGSTEVNTSYSVVVQPRTINSTQDGVNKLQGLLEVSVCQYNMCEYPHTICHPNL
GNHFKELWHYDTGVVSCLYKRNEFTYDVNATYLYFHEYQEGGTEFYAYFTDTGEVTIKELENVYLGMA
LSHYYVMPLTCIRRPKDGESLEYWVTPLTPRQYLLAFNQDGITEFNAVDCMSDEMSEIKCKTQSIA
PPTGVYELNGYTVQPVADVYRRKPDLPNCNIEAWLNDKSVPSPLNWERKTEFSNCNEFNMSSLMSE'T
QADSFTCNNIDAAKIYGMCESSITIDKFAIPNRRKVDLOLGNLGYLQSSNYRIDTTATSCQLYYN
LPAANVSVSRENPSTWNKREGEFIEDSVEVPQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGK
NNGIGTCPAGTNSLTCDNLCTLDPITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDYCGNNSCTC
QPOAFLGWSADSCLQGDKCNIFANFILHDVNNGLTCSTDLOQKANTETELGVCVNYDLYGISGQGT
FVEVNATYYNSWONLLYDSNGNLYGEFRDY ITNRTFMIHSCY SGRVSAAYHANSSEPALLFRNIKC
NYVENNSLTRQLQPINYSEFDSYLGCVVNAYNSTAISVQTCDLTVGSGYCVDY SKNGGSGSAITTG
YREFTNFEPFTVNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACK
LOLVEYGSEFCDNINAILTEVNELLDTTQLOVANSLMNGVTLSTKLKDGVNENVDDINESPVLGCL
GSECSKASSRSAIEDLLEDKVKLSDVGEVEAYNNCTGGAETIRDLICVQSYKGIKVLPPLLSENQT
SGYTLAATSASLFPPWTAAAGVPEYLNVQYRINGLGVTMDVLSQNQKLIANAFNNALHATQQGED
ATNSALVKIQAVVNANAEATLNNLLOQLSNREFGATISASLQEILSRLDPPEAEAQIDRLINGRLTAL
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NAYVSQQLSDSTLVKESAAQAMEKVNECVKSQSSRINFCGNGNHITSLVONAPYGLYFIHENYVP
TKYVTAKVSPGLCIAGNRGIAPKSGY FVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKA
PYVMLNTSIPNLPDEFKEELDQWEFRKNQTSVAPDLSLDY INVTFLDLQVEMNRLQEATIKVLNHSY IN
LKDIGTYEYYVKWPWYVWLLICLAGVAMLVLLEFFISFWMCSNGSLQCRICI

IF(CoV229EwtCT).r (SEQ ID NO: 147)

ACGACACGACTAAGGCCTTCACTGTATGTGGATCTTTTCGACATCGTA

PDI-229E -wtTMCT-DNA (SEQ ID NO: 1438)

atggcgaaaaacgttgcgattttcggcttattgttttctecttecttgtgttggtteccttetecagat
cttcgcgCAAACGACTAATGGGCTGAACACCAGTTACAGCGTCTGTAACGGCTGCGTCGGATATA
GCGAGAACGTGTTCGCAGTGGAAAGTGGGGGGTACATTCCTTCCGACTTCGCTTTCAATAACTGG
TTTCTCCTGACTAACACAAGCTCCGTCGTGGATGGCGTGGTCAGGTCCTTTCAGCCTCTTCTCCT
GAATTGCCTGTGGTCTGTGTCCGGGTTAAGATTCACTACAGGCTTCGTATACTTCAACGGGACGG
GCCGGGGGGATTGCAAGGGCTTCTCCTCCGACGTGCTGTCAGATGTGATCCGTTACAATCTGAAC
TTCGAAGAGAACTTACGGCGGGGGACAATCCTGTTCAAAACATCATATGGCGTAGTCGTATTTTA
CTGCACCAATAATACCCTGGTGAGTGGGGACGCCCATATTCCCTTCGGAACAGTGCTGGGTAACT
TTTACTGTTTTGTCAACACTACGATCGGAAACGAAACCACTAGCGCCTTTGTCGGAGCTCTGCCA
AAAACAGTTAGGGAGTTCGTGATCTCTCGGACCGGTCACTTCTATATCAACGGCTACCGTTATTT
TACTTTGGGCAACGTCGAAGCCGTCAATTTTAATGTGACAACTGCAGAGACAACTGACTTTTGCA
CTGTGGCTCTCGCCAGTTATGCCGATGTGCTGGTGAATGTAAGTCAAACGTCAATTGCCAACATC
ATCTATTGTAACTCAGTAATCAACCGGCTCCGCTGTGACCAACTCTCATTCGACGTCCCCGACGG
ATTCTATTCCACGAGCCCGATTCAGAGCGTGGAACTGCCAGTTTCCATCGTATCCCTCCCAGTTT
ACCACAAGCACACTTTTATCGTTCTCTACGTAGATTTTAAACCCCAGTCAGGAGGAGGGAAATGC
TTCAACTGCTACCCGGCTGGCGTGAACATCACCTTGGCCAATTTTAATGAAACTAAAGGGCCCCT
TTGCGTGGATACGTCACACTTTACCACAAAGTATGTTGCAGTCTATGCTAACGTCGGCAGGTGGT
CAGCGTCCATTAACACAGGCAATTGCCCGTTCTCTTTCGGGARAGTGAACAACTTCGTGAAGTTT
GGAAGTGTGTGCTTCAGTTTGAAAGACATTCCGGGCGGCTGCGCCATGCCTATTGTGGCTAATTG
GGCTTATTCCAAGTACTACACCATTGGCTCTCTCTACGTTAGCTGGAGCGACGGTGACGGTATAA
CGGGCGTACCACAACCGGTGGAAGGGGTCAGCTCTTTCATGAATGTCACTCTGGACAAGTGTACC
AAATATAATATATACGATGTGAGTGGAGTGGGCGTTATACGCGTGTCTAACGACACCTTTCTAAA
CGGCATAACCTACACAAGCACGTCAGGCAATCTGTTAGGTTTTAAAGACGTCACTAAAGGCACTA
TATATAGCATCACCCCATGCAACCCACCTGATCAATTAGTCGTATATCAGCAAGCTGTTGTGGGT
GCTATGCTGTCAGAAAACTTCACCAGCTACGGGTTCTCCAATGTGGTGGAACTGCCCAAATTCTT
TTACGCTAGCAATGGCACATATAACTGTACTGACGCCGTCTTGACTTACAGTTCATTCGGAGTGT
GCGCGGACGGCAGCATTATCGCCGTGCAGCCGGCCAATGTCAGCTATGATTCCGTTTCCGCCATC
GTGACAGCCAACTTGTCGATTCCCTCTAACTGGACAACGTCTGTCCAAGTCGAATATCTGCAGAT
CACCTCAACCCCCATAGTAGTCGATTGCTCAACCTACGTCTGCAACGGTAATGTCAGATGTGTCG
AGCTGCTCAAGCAGTACACCTCCGCCTGTAAGACTATTGAGGATGCATTAAGAAATAGTGCAAGA
TTGGAAAGCGCCGATGTGTCGGAAATGCTAACCTTCGATAAGAAGGCATTCACACTGGCGAACGT
AAGCTCTTTCGGCGATTACAACCTGTCTTCGGTAATCCCTAGCTTGCCCACATCCGGCTCTCGGG
TGGCGGGGCGGAGCGCTATCGAGGACATTTTATTCTCGAAACTGGTTACATCTGGGCTCGGAACT
GTGGACGCCGATTACAAGAAGTGCACCAAGGGCCTAAGCATCGCCGACCTCGCCTGTGCTCAGTA
CTACAACGGAATTATGGTGCTGCCAGGTGTCGCTGACGCAGAGCGGATGGCTATGTATACCGGCA
GTCTCATTGGCGGGATTGCGTTGGGCGGCCTGACGTCCGCTGTCTCCATCCCTTTCTCTCTGGCT
ATACAAGCCCGACTGAATTATGTGGCCCTGCAGACTGATGTCCTGCAAGAARATCAGAAGATTCT
TGCCGCCAGCTTCAACAAGGCCATGACTAATATTGTGGATGCGTTTACCGGAGTGAATGACGCCA
TCACCCAARACGTCCCAAGCCCTGCAGACAGTCGCCACGGCGTTAAACAAAATCCAGGATGTAGTG
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ARATCAGCAAGGGAACAGCTTGAATCACCTGACGTCCCAGTTAAGACAGAACTTTCAGGCAATCAG
TAGCTCAATCCAGGCTATCTACGATCGATTAGATCCTCCTCAGGCAGATCAGCAGGTGGATCGGC
TCATCACCGGCCGCCTCGCGGCATTGAATGTTTTCGTAAGTCATACCTTGACCAAGTACACGGAG
GTGAGGGCCAGTCGCCAGCTGGCTCAGCAAARAGTGAATGAGTGTGTGARAATCACAGAGCAAACG
GTACGGGTTTTGTGGAAATGGGACGCACATCTTTAGCATCGTTAATGCTGCCCCCGAAGGGTTAG
TCTTCCTGCACACTGTGCTCCTTCCTACCCAGTATAAAGATGTCGAAGCATGGTCTGGGCTCTGT
GTCGATGGAACTAACGGTTATGTCCTTCGACAGCCAAACCTCGCTCTCTATAAAGAAGGGAATTA
CTATAGGATCACCTCAAGAATCATGTTCGAGCCCAGGATACCAACAATGGCCGATTTTGTGCAGA
TTGAAAATTGTAACGTGACCTTTGTGAATATCAGTCGATCCGAGCTTCARACGATTGTTCCTGAG
TACATCGACGTGAATAAAACTCTACAAGAGCTGTCCTATAAACTGCCTAATTATACCGTGCCTGA
CCTTGTAGTCGAGCAATACAACCAGACTATTCTGAACCTGACATCGGAAATCTCTACATTGGAGA
ATAAAAGCGCCGAGCTCAATTACACAGTGCAGAAGCTGCAGACCCTGATCGACAATATTAACAGC
ACTCTTGTGGACTTAAAGTGGCTGAACCGTGTGGAGACTTACATCAAGTGGCCCTGGTGGGTGTG
GCTCTGTATTTCCGTGGTCCTTATATTTGTTGTAAGTATGCTGCTCCTGTGCTGTTGCTCAACCG
GGTGCTGCGGTTTTTTCTCCTGTTTCGCCTCATCCATCCGTGGCTGTTGTGAGAGCACTAAACTG
CCATATTACGATGTCGAAAAGATCCACATACAGTGA

PDI-229E -H5iTMCT-DNA (SEQ ID NO: 149)

atggcgaaaaacgttgcgattttcggcttattgttttctecttettgtgttggtteccttectecagat
cttcgcgCAAACGACTAATGGGCTGAACACCAGTTACAGCGTCTGTAACGGCTGCGTCGGATATA
GCGAGAACGTGTTCGCAGTGGAAAGTGGGGGGTACATTCCTTCCGACTTCGCTTTCAATAACTGG
TTTCTCCTGACTAACACAAGCTCCGTCGTGGATGGCGTGGTCAGGTCCTTTCAGCCTCTTCTCCT
GAATTGCCTGTGGTCTGTGTCCGGGTTAAGATTCACTACAGGCTTCGTATACTTCAACGGGACGG
GCCGGGGGGATTGCAAGGGCTTCTCCTCCGACGTGCTGTCAGATGTGATCCGTTACAATCTGAAC
TTCGAAGAGAACTTACGGCGGGGGACAATCCTGTTCAAAACATCATATGGCGTAGTCGTATTTTA
CTGCACCAATAATACCCTGGTGAGTGGGGACGCCCATATTCCCTTCGGAACAGTGCTGGGTAACT
TTTACTGTTTTGTCAACACTACGATCGGAAACGAAACCACTAGCGCCTTTGTCGGAGCTCTGCCA
AAAACAGTTAGGGAGTTCGTGATCTCTCGGACCGGTCACTTCTATATCAACGGCTACCGTTATTT
TACTTTGGGCAACGTCGAAGCCGTCAATTTTAATGTGACAACTGCAGAGACAACTGACTTTTGCA
CTGTGGCTCTCGCCAGTTATGCCGATGTGCTGGTGAATGTAAGTCAAACGTCAATTGCCAACATC
ATCTATTGTAACTCAGTAATCAACCGGCTCCGCTGTGACCAACTCTCATTCGACGTCCCCGACGG
ATTCTATTCCACGAGCCCGATTCAGAGCGTGGAACTGCCAGTTTCCATCGTATCCCTCCCAGTTT
ACCACAAGCACACTTTTATCGTTCTCTACGTAGATTTTAAACCCCAGTCAGGAGGAGGGAAATGC
TTCAACTGCTACCCGGCTGGCGTGAACATCACCTTGGCCAATTTTAATGAAACTAAAGGGCCCCT
TTGCGTGGATACGTCACACTTTACCACAAAGTATGTTGCAGTCTATGCTAACGTCGGCAGGTGGT
CAGCGTCCATTAACACAGGCAATTGCCCGTTCTCTTTCGGGARAGTGAACAACTTCGTGAAGTTT
GGAAGTGTGTGCTTCAGTTTGAAAGACATTCCGGGCGGCTGCGCCATGCCTATTGTGGCTAATTG
GGCTTATTCCAAGTACTACACCATTGGCTCTCTCTACGTTAGCTGGAGCGACGGTGACGGTATAA
CGGGCGTACCACAACCGGTGGAAGGGGTCAGCTCTTTCATGAATGTCACTCTGGACAAGTGTACC
AAATATAATATATACGATGTGAGTGGAGTGGGCGTTATACGCGTGTCTAACGACACCTTTCTARA
CGGCATAACCTACACAAGCACGTCAGGCAATCTGTTAGGTTTTAAAGACGTCACTAAAGGCACTA
TATATAGCATCACCCCATGCAACCCACCTGATCAATTAGTCGTATATCAGCAAGCTGTTGTGGGT
GCTATGCTGTCAGAAAACTTCACCAGCTACGGGTTCTCCAATGTGGTGGAACTGCCCAAATTCTT
TTACGCTAGCAATGGCACATATAACTGTACTGACGCCGTCTTGACTTACAGTTCATTCGGAGTGT
GCGCGGACGGCAGCATTATCGCCGTGCAGCCGGCCAATGTCAGCTATGATTCCGTTTCCGCCATC
GTGACAGCCAACTTGTCGATTCCCTCTAACTGGACAACGTCTGTCCAAGTCGAATATCTGCAGAT
CACCTCAACCCCCATAGTAGTCGATTGCTCAACCTACGTCTGCAACGGTAATGTCAGATGTGTCG
AGCTGCTCAAGCAGTACACCTCCGCCTGTAAGACTATTGAGGATGCATTAAGAAATAGTGCAAGA
TTGGAAAGCGCCGATGTGTCGGAAATGCTAACCTTCGATAAGAAGGCATTCACACTGGCGAACGT
AAGCTCTTTCGGCGATTACAACCTGTCTTCGGTAATCCCTAGCTTGCCCACATCCGGCTCTCGGG
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TGGCGGGGCGGAGCGCTATCGAGGACATTTTATTCTCGAAACTGGTTACATCTGGGCTCGGAACT
GTGGACGCCGATTACAAGAAGTGCACCAAGGGCCTAAGCATCGCCGACCTCGCCTGTGCTCAGTA
CTACAACGGAATTATGGTGCTGCCAGGTGTCGCTGACGCAGAGCGGATGGCTATGTATACCGGCA
GTCTCATTGGCGGGATTGCGTTGGGCGGCCTGACGTCCGCTGTCTCCATCCCTTTCTCTCTGGCT
ATACAAGCCCGACTGAATTATGTGGCCCTGCAGACTGATGTCCTGCAAGAARATCAGAAGATTCT
TGCCGCCAGCTTCAACAAGGCCATGACTAATATTGTGGATGCGTTTACCGGAGTGAATGACGCCA
TCACCCAAACGTCCCAAGCCCTGCAGACAGTCGCCACGGCGTTAAACAAAATCCAGGATGTAGTG
AATCAGCAAGGGAACAGCTTGAATCACCTGACGTCCCAGTTAAGACAGAACTTTCAGGCAATCAG
TAGCTCAATCCAGGCTATCTACGATCGATTAGATCCTCCTCAGGCAGATCAGCAGGTGGATCGGC
TCATCACCGGCCGCCTCGCGGCATTGAATGTTTTCGTAAGTCATACCTTGACCAAGTACACGGAG
GTGAGGGCCAGTCGCCAGCTGGCTCAGCAAARAAGTGAATGAGTGTGTGAAATCACAGAGCAAACG
GTACGGGTTTTGTGGAAATGGGACGCACATCTTTAGCATCGTTAATGCTGCCCCCGAAGGGTTAG
TCTTCCTGCACACTGTGCTCCTTCCTACCCAGTATAAAGATGTCGAAGCATGGTCTGGGCTCTGT
GTCGATGGAACTAACGGTTATGTCCTTCGACAGCCAAACCTCGCTCTCTATARAGAAGGGAATTA
CTATAGGATCACCTCAAGAATCATGTTCGAGCCCAGGATACCAACAATGGCCGATTTTGTGCAGA
TTGAAAATTGTAACGTGACCTTTGTGAATATCAGTCGATCCGAGCTTCAAACGATTGTTCCTGAG
TACATCGACGTGAATAAAACTCTACAAGAGCTGTCCTATAAACTGCCTAATTATACCGTGCCTGA
CCTTGTAGTCGAGCAATACAACCAGACTATTCTGAACCTGACATCGGAAATCTCTACATTGGAGA
ATAARAGCGCCGAGCTCAATTACACAGTGCAGAAGCTGCAGACCCTGATCGACAATATTAACAGC
ACTCTTGTGGACTTAAAGTGGCTGAACCGTGTGGAGACTTACATCAAGTGGCCCTGGTGG caaat
actgtcaatttattcaacagtggcgagttccctagcactggcaatcatgatggctggtctatcett
tatggatgtgctccaatggatcgttacaatgcagaatttgcattTGA

PDI-229E -H51CT-DNA (SEQ ID NO: 150)

atggcgaaaaacgttgcgattttcggecttattgttttctecttecttgtgttggttccttctcagat
cttcgcgCAAACGACTAATGGGCTGAACACCAGTTACAGCGTCTGTAACGGCTGCGTCGGATATA
GCGAGAACGTGTTCGCAGTGGAAAGTGGGGGGTACATTCCTTCCGACTTCGCTTTCAATAACTGG
TTTCTCCTGACTAACACAAGCTCCGTCGTGGATGGCGTGGTCAGGTCCTTTCAGCCTCTTCTCCT
GAATTGCCTGTGGTCTGTGTCCGGGTTAAGATTCACTACAGGCTTCGTATACTTCAACGGGACGG
GCCGGGGGGATTGCAAGGGCTTCTCCTCCGACGTGCTGTCAGATGTGATCCGTTACAATCTGAAC
TTCGAAGAGAACTTACGGCGGGGGACAATCCTGTTCAAAACATCATATGGCGTAGTCGTATTTTA
CTGCACCAATAATACCCTGGTGAGTGGGGACGCCCATATTCCCTTCGGAACAGTGCTGGGTAACT
TTTACTGTTTTGTCAACACTACGATCGGAAACGAAACCACTAGCGCCTTTGTCGGAGCTCTGCCA
AAAACAGTTAGGGAGTTCGTGATCTCTCGGACCGGTCACTTCTATATCAACGGCTACCGTTATTT
TACTTTGGGCAACGTCGAAGCCGTCAATTTTAATGTGACAACTGCAGAGACAACTGACTTTTGCA
CTGTGGCTCTCGCCAGTTATGCCGATGTGCTGGTGAATGTAAGTCAAACGTCAATTGCCAACATC
ATCTATTGTAACTCAGTAATCAACCGGCTCCGCTGTGACCAACTCTCATTCGACGTCCCCGACGG
ATTCTATTCCACGAGCCCGATTCAGAGCGTGGAACTGCCAGTTTCCATCGTATCCCTCCCAGTTT
ACCACAAGCACACTTTTATCGTTCTCTACGTAGATTTTAAACCCCAGTCAGGAGGAGGGAAATGC
TTCAACTGCTACCCGGCTGGCGTGAACATCACCTTGGCCAATTTTAATGAAACTAAAGGGCCCCT
TTGCGTGGATACGTCACACTTTACCACAAAGTATGTTGCAGTCTATGCTAACGTCGGCAGGTGGT
CAGCGTCCATTAACACAGGCAATTGCCCGTTCTCTTTCGGGARAGTGAACAACTTCGTGAAGTTT
GGAAGTGTGTGCTTCAGTTTGAAAGACATTCCGGGCGGCTGCGCCATGCCTATTGTGGCTAATTG
GGCTTATTCCAAGTACTACACCATTGGCTCTCTCTACGTTAGCTGGAGCGACGGTGACGGTATAA
CGGGCGTACCACAACCGGTGGAAGGGGTCAGCTCTTTCATGAATGTCACTCTGGACAAGTGTACC
AAATATAATATATACGATGTGAGTGGAGTGGGCGTTATACGCGTGTCTAACGACACCTTTCTARAA
CGGCATAACCTACACAAGCACGTCAGGCAATCTGTTAGGTTTTAAAGACGTCACTAAAGGCACTA
TATATAGCATCACCCCATGCAACCCACCTGATCAATTAGTCGTATATCAGCAAGCTGTTGTGGGT
GCTATGCTGTCAGAAAACTTCACCAGCTACGGGTTCTCCAATGTGGTGGAACTGCCCAAATTCTT
TTACGCTAGCAATGGCACATATAACTGTACTGACGCCGTCTTGACTTACAGTTCATTCGGAGTGT
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GCGCGGACGGCAGCATTATCGCCGTGCAGCCGGCCAATGTCAGCTATGATTCCGTTTCCGCCATC
GTGACAGCCAACTTGTCGATTCCCTCTAACTGGACAACGTCTGTCCAAGTCGAATATCTGCAGAT
CACCTCAACCCCCATAGTAGTCGATTGCTCAACCTACGTCTGCAACGGTAATGTCAGATGTGTCG
AGCTGCTCAAGCAGTACACCTCCGCCTGTAAGACTATTGAGGATGCATTAAGAAATAGTGCAAGA
TTGGAAAGCGCCGATGTGTCGGAAATGCTAACCTTCGATAAGAAGGCATTCACACTGGCGAACGT
AAGCTCTTTCGGCGATTACAACCTGTCTTCGGTAATCCCTAGCTTGCCCACATCCGGCTCTCGGG
TGGCGGGGCGGAGCGCTATCGAGGACATTTTATTCTCGAAACTGGTTACATCTGGGCTCGGAACT
GTGGACGCCGATTACAAGAAGTGCACCAAGGGCCTAAGCATCGCCGACCTCGCCTGTGCTCAGTA
CTACAACGGAATTATGGTGCTGCCAGGTGTCGCTGACGCAGAGCGGATGGCTATGTATACCGGCA
GTCTCATTGGCGGGATTGCGTTGGGCGGCCTGACGTCCGCTGTCTCCATCCCTTTCTCTCTGGCT
ATACAAGCCCGACTGAATTATGTGGCCCTGCAGACTGATGTCCTGCAAGAARATCAGAAGATTCT
TGCCGCCAGCTTCAACAAGGCCATGACTAATATTGTGGATGCGTTTACCGGAGTGAATGACGCCA
TCACCCAARACGTCCCAAGCCCTGCAGACAGTCGCCACGGCGTTAAACAAAATCCAGGATGTAGTG
AATCAGCAAGGGAACAGCTTGAATCACCTGACGTCCCAGTTAAGACAGAACTTTCAGGCAATCAG
TAGCTCAATCCAGGCTATCTACGATCGATTAGATCCTCCTCAGGCAGATCAGCAGGTGGATCGGC
TCATCACCGGCCGCCTCGCGGCATTGAATGTTTTCGTAAGTCATACCTTGACCAAGTACACGGAG
GTGAGGGCCAGTCGCCAGCTGGCTCAGCAAAAAGTGAATGAGTGTGTGAAATCACAGAGCAAACG
GTACGGGTTTTGTGGAAATGGGACGCACATCTTTAGCATCGTTAATGCTGCCCCCGAAGGGTTAG
TCTTCCTGCACACTGTGCTCCTTCCTACCCAGTATAAAGATGTCGAAGCATGGTCTGGGCTCTGT
GTCGATGGAACTAACGGTTATGTCCTTCGACAGCCAAACCTCGCTCTCTATARAGAAGGGAATTA
CTATAGGATCACCTCAAGAATCATGTTCGAGCCCAGGATACCAACAATGGCCGATTTTGTGCAGA
TTGAAAATTGTAACGTGACCTTTGTGAATATCAGTCGATCCGAGCTTCAAACGATTGTTCCTGAG
TACATCGACGTGAATAAAACTCTACAAGAGCTGTCCTATAAACTGCCTAATTATACCGTGCCTGA
CCTTGTAGTCGAGCAATACAACCAGACTATTCTGAACCTGACATCGGAAATCTCTACATTGGAGA
ATAARAGCGCCGAGCTCAATTACACAGTGCAGAAGCTGCAGACCCTGATCGACAATATTAACAGC
ACTCTTGTGGACTTAAAGTGGCTGAACCGTGTGGAGACTTACATCAAGTGGCCCTGGTGGGTGTG
GCTCTGTATTTCCGTGGTCCTTATATTTGTTGTAAGTATGCTGCTCCTGtctttatggatgtgcet
ccaatggatcgttacaatgcagaatttgcattTGA

PDI-229E -H5iCT(V4)-DNA (SEQ ID NO: 151)

atggcgaaaaacgttgcgattttcggecttattgttttctettettgtgttggtteccttetecagat
cttcgcgCAAACGACTAATGGGCTGAACACCAGTTACAGCGTCTGTAACGGCTGCGTCGGATATA
GCGAGAACGTGTTCGCAGTGGAAAGTGGGGGGTACATTCCTTCCGACTTCGCTTTCAATAACTGG
TTTCTCCTGACTAACACAAGCTCCGTCGTGGATGGCGTGGTCAGGTCCTTTCAGCCTCTTCTCCT
GAATTGCCTGTGGTCTGTGTCCGGGTTAAGATTCACTACAGGCTTCGTATACTTCAACGGGACGG
GCCGGGGGGATTGCAAGGGCTTCTCCTCCGACGTGCTGTCAGATGTGATCCGTTACAATCTGAAC
TTCGAAGAGAACTTACGGCGGGGGACAATCCTGTTCAAAACATCATATGGCGTAGTCGTATTTTA
CTGCACCAATAATACCCTGGTGAGTGGGGACGCCCATATTCCCTTCGGAACAGTGCTGGGTAACT
TTTACTGTTTTGTCAACACTACGATCGGAAACGAAACCACTAGCGCCTTTGTCGGAGCTCTGCCA
AAAACAGTTAGGGAGTTCGTGATCTCTCGGACCGGTCACTTCTATATCAACGGCTACCGTTATTT
TACTTTGGGCAACGTCGAAGCCGTCAATTTTAATGTGACAACTGCAGAGACAACTGACTTTTGCA
CTGTGGCTCTCGCCAGTTATGCCGATGTGCTGGTGAATGTAAGTCAAACGTCAATTGCCAACATC
ATCTATTGTAACTCAGTAATCAACCGGCTCCGCTGTGACCAACTCTCATTCGACGTCCCCGACGG
ATTCTATTCCACGAGCCCGATTCAGAGCGTGGAACTGCCAGTTTCCATCGTATCCCTCCCAGTTT
ACCACAAGCACACTTTTATCGTTCTCTACGTAGATTTTAAACCCCAGTCAGGAGGAGGGAAATGC
TTCAACTGCTACCCGGCTGGCGTGAACATCACCTTGGCCAATTTTAATGAAACTARAAGGGCCCCT
TTGCGTGGATACGTCACACTTTACCACAAAGTATGTTGCAGTCTATGCTAACGTCGGCAGGTGGT
CAGCGTCCATTAACACAGGCAATTGCCCGTTCTCTTTCGGGARAGTGAACAACTTCGTGAAGTTT
GGAAGTGTGTGCTTCAGTTTGAAAGACATTCCGGGCGGCTGCGCCATGCCTATTGTGGCTAATTG
GGCTTATTCCAAGTACTACACCATTGGCTCTCTCTACGTTAGCTGGAGCGACGGTGACGGTATAA
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CGGGCGTACCACAACCGGTGGAAGGGGTCAGCTCTTTCATGAATGTCACTCTGGACAAGTGTACC
AAATATAATATATACGATGTGAGTGGAGTGGGCGTTATACGCGTGTCTAACGACACCTTTCTAAA
CGGCATAACCTACACAAGCACGTCAGGCAATCTGTTAGGTTTTAAAGACGTCACTAAAGGCACTA
TATATAGCATCACCCCATGCAACCCACCTGATCAATTAGTCGTATATCAGCAAGCTGTTGTGGGT
GCTATGCTGTCAGAAAACTTCACCAGCTACGGGTTCTCCAATGTGGTGGAACTGCCCAAATTCTT
TTACGCTAGCAATGGCACATATAACTGTACTGACGCCGTCTTGACTTACAGTTCATTCGGAGTGT
GCGCGGACGGCAGCATTATCGCCGTGCAGCCGGCCAATGTCAGCTATGATTCCGTTTCCGCCATC
GTGACAGCCAACTTGTCGATTCCCTCTAACTGGACAACGTCTGTCCAAGTCGAATATCTGCAGAT
CACCTCAACCCCCATAGTAGTCGATTGCTCAACCTACGTCTGCAACGGTAATGTCAGATGTGTCG
AGCTGCTCAAGCAGTACACCTCCGCCTGTAAGACTATTGAGGATGCATTAAGAAATAGTGCAAGA
TTGGAAAGCGCCGATGTGTCGGAAATGCTAACCTTCGATAAGAAGGCATTCACACTGGCGAACGT
AAGCTCTTTCGGCGATTACAACCTGTCTTCGGTAATCCCTAGCTTGCCCACATCCGGCTCTCGGG
TGGCGGGGCGGAGCGCTATCGAGGACATTTTATTCTCGAAACTGGTTACATCTGGGCTCGGAACT
GTGGACGCCGATTACAAGAAGTGCACCAAGGGCCTAAGCATCGCCGACCTCGCCTGTGCTCAGTA
CTACAACGGAATTATGGTGCTGCCAGGTGTCGCTGACGCAGAGCGGATGGCTATGTATACCGGCA
GTCTCATTGGCGGGATTGCGTTGGGCGGCCTGACGTCCGCTGTCTCCATCCCTTTCTCTCTGGCT
ATACAAGCCCGACTGAATTATGTGGCCCTGCAGACTGATGTCCTGCAAGAAAATCAGAAGATTCT
TGCCGCCAGCTTCAACAAGGCCATGACTAATATTGTGGATGCGTTTACCGGAGTGAATGACGCCA
TCACCCAAACGTCCCAAGCCCTGCAGACAGTCGCCACGGCGTTAAACAAAATCCAGGATGTAGTG
AATCAGCAAGGGAACAGCTTGAATCACCTGACGTCCCAGTTAAGACAGAACTTTCAGGCAATCAG
TAGCTCAATCCAGGCTATCTACGATCGATTAGATCCTCCTCAGGCAGATCAGCAGGTGGATCGGC
TCATCACCGGCCGCCTCGCGGCATTGAATGTTTTCGTAAGTCATACCTTGACCAAGTACACGGAG
GTGAGGGCCAGTCGCCAGCTGGCTCAGCAAAAAGTGAATGAGTGTGTGAAATCACAGAGCARACG
GTACGGGTTTTGTGGAAATGGGACGCACATCTTTAGCATCGTTAATGCTGCCCCCGAAGGGTTAG
TCTTCCTGCACACTGTGCTCCTTCCTACCCAGTATAAAGATGTCGAAGCATGGTCTGGGCTCTGT
GTCGATGGAACTAACGGTTATGTCCTTCGACAGCCAAACCTCGCTCTCTATAAAGAAGGGAATTA
CTATAGGATCACCTCAAGAATCATGTTCGAGCCCAGGATACCAACAATGGCCGATTTTGTGCAGA
TTGAAAATTGTAACGTGACCTTTGTGAATATCAGTCGATCCGAGCTTCAAACGATTGTTCCTGAG
TACATCGACGTGAATAAAACTCTACAAGAGCTGTCCTATAAACTGCCTAATTATACCGTGCCTGA
CCTTGTAGTCGAGCAATACAACCAGACTATTCTGAACCTGACATCGGAAATCTCTACATTGGAGA
ATAAAAGCGCCGAGCTCAATTACACAGTGCAGAAGCTGCAGACCCTGATCGACAATATTAACAGC
ACTCTTGTGGACTTAAAGTGGCTGAACCGTGTGGAGACTTACATCAAGTGGCCCTGGTGGGTGTG
GCTCTGTATTTCCGTGGTCCTTATATTTGTTGTAAGTATGCTGCTCCTGtgctgcteccaatggat
cgttacaatgcagaatttgcattTGA

PDI-229E -H1cCT-DNA (SEQ ID NO: 152)

atggcgaaaaacgttgcgattttcggcttattgttttctecttecttgtgttggtteccttectecagat
cttcgcgCAAACGACTAATGGGCTGAACACCAGTTACAGCGTCTGTAACGGCTGCGTCGGATATA
GCGAGAACGTGTTCGCAGTGGAAAGTGGGGGGTACATTCCTTCCGACTTCGCTTTCAATAACTGG
TTTCTCCTGACTAACACAAGCTCCGTCGTGGATGGCGTGGTCAGGTCCTTTCAGCCTCTTCTCCT
GAATTGCCTGTGGTCTGTGTCCGGGTTAAGATTCACTACAGGCTTCGTATACTTCAACGGGACGG
GCCGGGGGGATTGCAAGGGCTTCTCCTCCGACGTGCTGTCAGATGTGATCCGTTACAATCTGAAC
TTCGAAGAGAACTTACGGCGGGGGACAATCCTGTTCAAAACATCATATGGCGTAGTCGTATTTTA
CTGCACCAATAATACCCTGGTGAGTGGGGACGCCCATATTCCCTTCGGAACAGTGCTGGGTAACT
TTTACTGTTTTGTCAACACTACGATCGGAAACGAAACCACTAGCGCCTTTGTCGGAGCTCTGCCA
AAAACAGTTAGGGAGTTCGTGATCTCTCGGACCGGTCACTTCTATATCAACGGCTACCGTTATTT
TACTTTGGGCAACGTCGAAGCCGTCAATTTTAATGTGACAACTGCAGAGACAACTGACTTTTGCA
CTGTGGCTCTCGCCAGTTATGCCGATGTGCTGGTGAATGTAAGTCAAACGTCAATTGCCAACATC
ATCTATTGTAACTCAGTAATCAACCGGCTCCGCTGTGACCAACTCTCATTCGACGTCCCCGACGG
ATTCTATTCCACGAGCCCGATTCAGAGCGTGGAACTGCCAGTTTCCATCGTATCCCTCCCAGTTT
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ACCACAAGCACACTTTTATCGTTCTCTACGTAGATTTTAAACCCCAGTCAGGAGGAGGGAAATGC
TTCAACTGCTACCCGGCTGGCGTGAACATCACCTTGGCCAATTTTAATGAAACTAAAGGGCCCCT
TTGCGTGGATACGTCACACTTTACCACAAAGTATGTTGCAGTCTATGCTAACGTCGGCAGGTGGT
CAGCGTCCATTAACACAGGCAATTGCCCGTTCTCTTTCGGGARAGTGAACAACTTCGTGAAGTTT
GGAAGTGTGTGCTTCAGTTTGAAAGACATTCCGGGCGGCTGCGCCATGCCTATTGTGGCTAATTG
GGCTTATTCCAAGTACTACACCATTGGCTCTCTCTACGTTAGCTGGAGCGACGGTGACGGTATAA
CGGGCGTACCACAACCGGTGGAAGGGGTCAGCTCTTTCATGAATGTCACTCTGGACAAGTGTACC
AAATATAATATATACGATGTGAGTGGAGTGGGCGTTATACGCGTGTCTAACGACACCTTTCTARAA
CGGCATAACCTACACAAGCACGTCAGGCAATCTGTTAGGTTTTAAAGACGTCACTAAAGGCACTA
TATATAGCATCACCCCATGCAACCCACCTGATCAATTAGTCGTATATCAGCAAGCTGTTGTGGGT
GCTATGCTGTCAGAAAACTTCACCAGCTACGGGTTCTCCAATGTGGTGGAACTGCCCAAATTCTT
TTACGCTAGCAATGGCACATATAACTGTACTGACGCCGTCTTGACTTACAGTTCATTCGGAGTGT
GCGCGGACGGCAGCATTATCGCCGTGCAGCCGGCCAATGTCAGCTATGATTCCGTTTCCGCCATC
GTGACAGCCAACTTGTCGATTCCCTCTAACTGGACAACGTCTGTCCAAGTCGAATATCTGCAGAT
CACCTCAACCCCCATAGTAGTCGATTGCTCAACCTACGTCTGCAACGGTAATGTCAGATGTGTCG
AGCTGCTCAAGCAGTACACCTCCGCCTGTAAGACTATTGAGGATGCATTAAGAAATAGTGCAAGA
TTGGAAAGCGCCGATGTGTCGGAAATGCTAACCTTCGATAAGAAGGCATTCACACTGGCGAACGT
AAGCTCTTTCGGCGATTACAACCTGTCTTCGGTAATCCCTAGCTTGCCCACATCCGGCTCTCGGG
TGGCGGGGCGGAGCGCTATCGAGGACATTTTATTCTCGAAACTGGTTACATCTGGGCTCGGAACT
GTGGACGCCGATTACAAGAAGTGCACCAAGGGCCTAAGCATCGCCGACCTCGCCTGTGCTCAGTA
CTACAACGGAATTATGGTGCTGCCAGGTGTCGCTGACGCAGAGCGGATGGCTATGTATACCGGCA
GTCTCATTGGCGGGATTGCGTTGGGCGGCCTGACGTCCGCTGTCTCCATCCCTTTCTCTCTGGCT
ATACAAGCCCGACTGAATTATGTGGCCCTGCAGACTGATGTCCTGCAAGAAAATCAGAAGATTCT
TGCCGCCAGCTTCAACAAGGCCATGACTAATATTGTGGATGCGTTTACCGGAGTGAATGACGCCA
TCACCCAARACGTCCCAAGCCCTGCAGACAGTCGCCACGGCGTTARACAAAATCCAGGATGTAGTG
AATCAGCAAGGGAACAGCTTGAATCACCTGACGTCCCAGTTAAGACAGAACTTTCAGGCAATCAG
TAGCTCAATCCAGGCTATCTACGATCGATTAGATCCTCCTCAGGCAGATCAGCAGGTGGATCGGC
TCATCACCGGCCGCCTCGCGGCATTGAATGTTTTCGTAAGTCATACCTTGACCAAGTACACGGAG
GTGAGGGCCAGTCGCCAGCTGGCTCAGCAAARAGTGAATGAGTGTGTGAAATCACAGAGCAAACG
GTACGGGTTTTGTGGAAATGGGACGCACATCTTTAGCATCGTTAATGCTGCCCCCGAAGGGTTAG
TCTTCCTGCACACTGTGCTCCTTCCTACCCAGTATAAAGATGTCGAAGCATGGTCTGGGCTCTGT
GTCGATGGAACTAACGGTTATGTCCTTCGACAGCCAAACCTCGCTCTCTATARAGAAGGGAATTA
CTATAGGATCACCTCAAGAATCATGTTCGAGCCCAGGATACCAACAATGGCCGATTTTGTGCAGA
TTGAAAATTGTAACGTGACCTTTGTGAATATCAGTCGATCCGAGCTTCAAACGATTGTTCCTGAG
TACATCGACGTGAATAAAACTCTACAAGAGCTGTCCTATAAACTGCCTAATTATACCGTGCCTGA
CCTTGTAGTCGAGCAATACAACCAGACTATTCTGAACCTGACATCGGAAATCTCTACATTGGAGA
ATAARAGCGCCGAGCTCAATTACACAGTGCAGAAGCTGCAGACCCTGATCGACAATATTAACAGC
ACTCTTGTGGACTTAAAGTGGCTGAACCGTGTGGAGACTTACATCAAGTGGCCCTGGTGGGTGTG
GCTCTGTATTTCCGTGGTCCTTATATTTGTTGTAAGTATGCTGCTCCTGagcttectggatgtgcet
ctaatgggtctctacagtgtagaatatgtattTGA

PDI-229E -wtTMCT-AA (SEQ ID NO: 153)

MAKNVAIFGLLESLLVLVPSQIFAQTTNGLNTSYSVCNGCVGY SENVFAVESGGY IPSDFAFNNW
FLLTNTSSVVDGVVRSFQPLLLNCLWSVSGLRETTGEVY FNGTGRGDCKGESSDVLSDVIRYNLN
FEENLRRGTILFKTSYGVVVEYCTNNTLVSGDAHIPFGTVLGNEYCEVNTTIGNETTSAFVGALP
KTVREFVISRTGHEYINGYRYFTLGNVEAVNENVTTAETTDFCTVALASYADVLVNVSQTSIANT
IYCNSVINRLRCDQLSFDVPDGEYSTSPIQSVELPVSIVSLPVYHKHTEFIVLYVDEKPQSGGGKC
FNCYPAGVNITLANFNETKGPLCVDTSHETTKYVAVYANVGRWSASINTGNCPEFSEFGKVNNEVKE
GSVCESLKDIPGGCAMPIVANWAY SKYYTIGSLYVSWSDGDGITGVPQPVEGVSSEFMNVTLDKCT
KYNIYDVSGVGVIRVSNDTEFLNGITYTSTSGNLLGEFKDVTKGTIYSITPCNPPDQLVVYQQAVVG
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AMLSENFTSYGESNVVELPKEFEFYASNGTYNCTDAVLTYSSFGVCADGSITAVQPANVSYDSVSAT
VIANLSIPSNWTTSVQVEYLQITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSAR
LESADVSEMLTEFDKKAFTLANVSSEGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGT
VDADYKKCTKGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGIALGGLTSAVSIPEFSLA
IQARLNYVALQTDVLOENQKILAASENKAMTNIVDAFTGVNDAITQTSQALQTVATALNKIQDVV
NQOGNSLNHLTSQLRONFQATSSSIQATYDRLDPPOQADQQVDRLITGRLAALNVEVSHTLTKYTE
VRASRQLAQOQKVNECVKSQSKRYGFCGNGTHIFSIVNAAPEGLVEFLHTVLLPTQYKDVEAWSGLC
VDGTNGYVLRQPNLALYKEGNYYRITSRIMFEPRIPTMADEVQIENCNVTEFVNISRSELQTIVPE
YIDVNKTLQELSYKLPNYTVPDLVVEQYNQTILNLTSEISTLENKSAELNYTVQKLOQTLIDNINS
TLVDLKWLNRVETY IKWPWWVWLCISVVLIFVVSMLLLCCCSTGCCGEFEFSCFASSIRGCCESTKL
PYYDVEKTIHIQ

PDI-229E -H5iTMCT-AA (SEQ ID NO: 154)

MAKNVAIFGLLESLLVLVPSQIFAQTTNGLNTSYSVCNGCVGY SENVFAVESGGY IPSDFAFNNW
FLLTNTSSVVDGVVRSFQPLLLNCLWSVSGLRETTGEVY FNGTGRGDCKGESSDVLSDVIRYNLN
FEENLRRGTILFKTSYGVVVEYCTNNTLVSGDAHIPFGTVLGNEYCEFVNTTIGNETTSAFVGALP
KTVREFVISRTGHEYINGYRYFTLGNVEAVNENVITAETTDECTVALASYADVLVNVSQTSIANT
IYCNSVINRLRCDQLSEFDVPDGEYSTSPIQSVELPVSIVSLPVYHKHTEFIVLYVDEFKPQSGGGKC
FNCYPAGVNITLANEFNETKGPLCVDTSHETTKYVAVYANVGRWSASINTGNCPESEFGKVNNEVKE
GSVCESLKDIPGGCAMPIVANWAY SKYYTIGSLYVSWSDGDGITGVPQPVEGVSSEFMNVTLDKCT
KYNIYDVSGVGVIRVSNDTFLNGITYTSTSGNLLGFKDVTKGTIYSITPCNPPDQLVVYQQAVVG
AMLSENFTSYGEFSNVVELPKEFYASNGTYNCTDAVLTYSSFGVCADGSITAVQPANVSYDSVSAT
VIANLSIPSNWTTSVQVEYLOITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSAR
LESADVSEMLTEFDKKAFTLANVSSEFGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGT
VDADYKKCTKGLSIADLACAQYYNGIMVLPGVADAERMAMY TGSLIGGIALGGLTSAVSIPEFSLA
IQARLNYVALQTDVLQENQKILAASENKAMTNIVDAFTGVNDAITQTSQALQTVATALNKIQDVV
NQOGNSLNHLTSQLRONFQATSSSIQATYDRLDPPOQADQQVDRLITGRLAALNVEVSHTLTKYTE
VRASRQLAQOKVNECVKSQSKRYGEFCGNGTHIFSIVNAAPEGLVELHTVLLPTQYKDVEAWSGLC
VDGTNGYVLRQPNLALYKEGNYYRITSRIMFEPRIPTMADEFVQIENCNVTEFVNISRSELQTIVPE
YIDVNKTLOQELSYKLPNYTVPDLVVEQYNQTILNLTSEISTLENKSAELNYTVQKLOQTLIDNINS
TLVDLKWLNRVETY IKWPWWQILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICT

PDI-229E -H5i1CT-AA (SEQ ID NO: 155)

MAKNVAIFGLLESLLVLVPSQIFAQTTNGLNTSYSVCNGCVGY SENVFAVESGGY IPSDFAFNNW
FLLTNTSSVVDGVVRSFQPLLLNCLWSVSGLRETTGEVY FNGTGRGDCKGEFSSDVLSDVIRYNLN
FEENLRRGTILFKTSYGVVVEYCTNNTLVSGDAHIPFGTVLGNEYCEVNTTIGNETTSAFVGALP
KTVREFVISRTGHEYINGYRYFTLGNVEAVNENVITAETTDEFCTVALASYADVLVNVSQTSIANIT
IYCNSVINRLRCDQLSFDVPDGEYSTSPIQSVELPVSIVSLPVYHKHTEFIVLYVDEFKPQSGGGKC
FNCYPAGVNITLANEFNETKGPLCVDTSHETTKYVAVYANVGRWSASINTGNCPEFSEFGKVNNEVKE
GSVCEFSLKDIPGGCAMPIVANWAY SKYYTIGSLYVSWSDGDGITGVPQPVEGVSSFMNVTLDKCT
KYNIYDVSGVGVIRVSNDTELNGITYTSTSGNLLGEFKDVTKGTIYSITPCNPPDQLVVYQQAVVG
AMLSENFTSYGESNVVELPKEEFYASNGTYNCTDAVLTYSSFGVCADGSITAVQPANVSYDSVSAT
VIANLSIPSNWTTSVQVEYLQITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSAR
LESADVSEMLTFDKKAFTLANVSSEGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGT
VDADYKKCTKGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGIALGGLTSAVSIPESLA
IQARLNYVALQTDVLQENQKILAASEFNKAMTNIVDAFTGVNDAITQT SQALQTVATALNKIQDVV
NQOGNSLNHLTSQLRONFQATSSSIQATYDRLDPPOQADQQVDRLITGRLAALNVEVSHTLTKYTE
VRASRQLAQOKVNECVKSQSKRYGEFCGNGTHIFSIVNAAPEGLVEFLHTVLLPTQYKDVEAWSGLC
VDGTNGYVLRQPNLALYKEGNYYRITSRIMFEPRIPTMADEVQIENCNVTEFVNISRSELQTIVPE
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YIDVNKTLOQELSYKLPNYTVPDLVVEQYNQTILNLTSEISTLENKSAELNYTVQKLOQTLIDNINS
TLVDLKWLNRVETY IKWPWWVWLCISVVLIFVVSMLLLSLWMCSNGSLQCRICT

PDI-229E -H5iCT(V4)-AA (SEQ ID NO: 156)

MAKNVAIFGLLESLLVLVPSQIFAQTTNGLNTSYSVCNGCVGY SENVFAVESGGY IPSDFAFNNW
FLLTNTSSVVDGVVRSFQPLLLNCLWSVSGLREFTTGEVY FNGTGRGDCKGESSDVLSDVIRYNLN
FEENLRRGTILFKTSYGVVVEYCTNNTLVSGDAHIPFGTVLGNEYCEFVNTTIGNETTSAFVGALP
KTVREFVISRTGHEYINGYRYFTLGNVEAVNENVITAETTDEFCTVALASYADVLVNVSQTSIANT
IYCNSVINRLRCDQLSEFDVPDGEYSTSPIQSVELPVSIVSLPVYHKHTEFIVLYVDEFKPQSGGGKC
FNCYPAGVNITLANFNETKGPLCVDT SHETTKYVAVYANVGRWSASINTGNCPESEFGKVNNEVKE
GSVCFSLKDIPGGCAMPIVANWAY SKYYTIGSLYVSWSDGDGITGVPQPVEGVSSFMNVTLDKCT
KYNIYDVSGVGVIRVSNDTELNGITYTSTSGNLLGEFKDVTKGTIYSITPCNPPDQLVVYQQAVVG
AMLSENFTSYGESNVVELPKEFEFYASNGTYNCTDAVLTYSSEFGVCADGSITAVQPANVSYDSVSAT
VIANLSIPSNWTTSVQVEYLOITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSAR
LESADVSEMLTEFDKKAFTLANVSSEFGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGT
VDADYKKCTKGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGIALGGLTSAVSIPEFSLA
IQARLNYVALQTDVLOQENQKILAASENKAMTNIVDAFTGVNDAITQT SQALQTVATALNKIQDVV
NQOGNSLNHLTSQLRONFQATSSSIQATYDRLDPPOQADQQVDRLITGRLAALNVEVSHTLTKYTE
VRASRQLAQOKVNECVKSQSKRYGEFCGNGTHIFSIVNAAPEGLVEFLHTVLLPTQYKDVEAWSGLC
VDGTNGYVLRQPNLALYKEGNYYRITSRIMFEPRIPTMADFVQIENCNVTFVNISRSELQTIVPE
YIDVNKTLQELSYKLPNYTVPDLVVEQYNQTILNLTSEISTLENKSAELNYTVQKLOQTLIDNINS
TLVDLKWLNRVETY IKWPWWVWLCISVVLIEFVVSMLLLCCSNGSLQCRICI

PDI-229E-H1cCT-AA (SEQ ID NO: 157)

MARKNVAIFGLLESLLVLVPSQIFAQTTNGLNTSYSVCNGCVGY SENVFAVESGGY IPSDFAFNNW
FLLTNTSSVVDGVVRSFQPLLLNCLWSVSGLRETTGEVY FNGTGRGDCKGESSDVLSDVIRYNLN
FEENLRRGTILFKTSYGVVVEYCTNNTLVSGDAHIPFGTVLGNEYCEVNTTIGNETTSAFVGALP
KTVREFVISRTGHEYINGYRYFTLGNVEAVNENVTITAETTDFCTVALASYADVLVNVSQTSIANT
IYCNSVINRLRCDQLSFDVPDGEYSTSPIQSVELPVSIVSLPVYHKHTEFIVLYVDEKPQSGGGKC
FNCYPAGVNITLANEFNETKGPLCVDTSHETTKYVAVYANVGRWSASINTGNCPEFSEFGKVNNEVKE
GSVCESLKDIPGGCAMPIVANWAY SKYYTIGSLYVSWSDGDGITGVPQPVEGVSSEFMNVTLDKCT
KYNIYDVSGVGVIRVSNDTEFLNGITYTSTSGNLLGEFKDVTKGTIYSITPCNPPDQLVVYQQAVVG
AMLSENFTSYGFSNVVELPKFEFYASNGTYNCTDAVLTYSSFGVCADGSITAVQPANVSYDSVSAT
VIANLSIPSNWTTSVQVEYLOQITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSAR
LESADVSEMLTEFDKKAFTLANVSSEGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGT
VDADYKKCTKGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGIALGGLTSAVSIPESLA
IQARLNYVALQTDVLQENQKILAASEFNKAMTNIVDAFTGVNDATITQT SQALQTVATALNKIQDVV
NQOGNSLNHLTSQLRONFQATSSSIQATYDRLDPPOQADQQVDRLITGRLAALNVEVSHTLTKYTE
VRASRQLAQOKVNECVKSQSKRYGEFCGNGTHIFSIVNAAPEGLVEFLHTVLLPTQYKDVEAWSGLC
VDGTNGYVLRQPNLALYKEGNYYRITSRIMFEPRIPTMADEVQIENCNVTEFVNISRSELQTIVPE
YIDVNKTLOELSYKLPNYTVPDLVVEQYNQTILNLTSEISTLENKSAELNYTVQKLOQTLIDNINS
TLVDLKWLNRVETY IKWPWWVWLCISVVLIFVVSMLLLSFWMCSNGSLQCRICT

Native 0C43-CoV S protein wtTM/CT AA (AVR40344) (SEQ ID NO: 158)

MFLILLISLPTAFAVIGDLNCTLDPRLKGSENNRDTGPPSISIDTVDVTNGLGTYYVLDRVYLNT
TLEFLNGYYPTSGSTYRNMALKGTDLLSTLWFKPPFLSDEINGIFAKVKNTKVEKDGVMY SEFPAT
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TIGSTEVNTSYSVVVQPRTINSTODGVNKLOGLLEVSVCQYNMCEYPHTICHPNLGNHEFKELWHY
DTGVVSCLYKRNFTYDVNATYLYFHEYQEGGTEFYAYFTDTGEVTKEFLENVYLGMALSHYYVMPLT
CIRRPKDGEFSLEYWVTPLTPRQYLLAFNQDGIIFNAVDCMSDEFMSEIKCKTQSIAPPTGVYELNG
YTVQPVADVYRRKPDLPNCNIEAWLNDKSVPSPLNWERKTEFSNCNENMSSLMSEFIQADSEFTCNNIT
DAAKTIYGMCESSITIDKFAIPNRRKVDLOLGNLGYLQSSNYRIDTTATSCQLYYNLPAANVSVSR
FNPSTWNKREGEFIEDSVEVPQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGKNNGIGTCPAG
TNSLTCDNLCTLDPITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDY CGNNSCTCQPQAFLGWSA
DSCLQGDKCNIFANFILHDVNNGLTCSTDLOKANTETIELGVCVNYDLYGISGQGIEFVEVNATYYN
SWONLLYDSNGNLYGFRDYITNRTEMIHSCYSGRVSAAYHANSSEPATLLFRNIKCNYVENNSLTR
QLOPINYSEDSYLGCVVNAYNSTAISVQTCDLTVGSGYCVDYSKNRRSRRAITTGYREFTNEFEPET
VNSVNDSLEPVGGLYEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACKLQLVEYGSEC
DNINAILTEVNELLDTTQLOQVANSLMNGVTLSTKLKDGVNENVDDINESPVLGCLGSECSKASSR
SATEDLLEDKVKLSDVGEVEAYNNCTGGAEIRDLICVQSYKGIKVLPPLLSENQISGYTLAATSA
SLFPPWTAAAGVPEYLNVQYRINGLGVTMDVLSONQKLIANAFNNALHATQQOGEFDATNSALVKIQ
AVVNANAEATNNLLOOQLSNRFGATISASLQEILSRLDALEAEAQIDRLINGRLTALNAYVSQQLSD
STLVKESAAQAMEKVNECVKSQSSRINFCGNGNHI ISLVONAPYGLY FTHEFNYVPTKYVTAKVSP
GLCIAGNRGIAPKSGY FVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKAPYVMILNTSIP
NLPDFKEELDQWEKNQTSVAPDLSLDY INVTEFLDLOQVEMNRLOEATKVLNHSY INLKDIGTYEYY
VKWPWYVWLLICLAGVAMLVLLEFFICCCTGCGTSCFKKCGGCCDDYTGYQELVIKTSHDD

Native 229E S protein wtTM/CT AA (P15423) (SEQ ID NO: 159)

MEVLLVAYALLHIAGCQTTNGLNTSY SVCNGCVGY SENVFAVESGGY IPSDFAFNNWELLTNTSS
VVDGVVRSFQPLLLNCLWSVSGLREFTTGEVY ENGTGRGDCKGEFSSDVLSDVIRYNLNFEENLRRG
TILFKTSYGVVVEYCTNNTLVSGDAHIPFGTVLGNEYCEVNTTIGNETTSAFVGALPKTVREEFVI
SRTGHEYINGYRYFTLGNVEAVNENVTTAETTDFCTVALASYADVLVNVSQTSIANITIYCNSVIN
RLRCDQLSEDVPDGEYSTSPIQSVELPVSIVSLPVYHKHTEFIVLYVDEFKPQSGGGKCENCY PAGV
NITLANFNETKGPLCVDTSHEFTTKYVAVYANVGRWSASINTGNCPESEFGKVNNEVKEFGSVCESLK
DIPGGCAMPIVANWAYSKYYTIGSLYVSWSDGDGITGVPQPVEGVSSFMNVTLDKCTKYNIYDVS
GVGVIRVSNDTFLNGITYTSTSGNLLGFKDVTKGTIYSITPCNPPDQLVVYQQAVVGAMLSENET
SYGEFSNVVELPKFEYASNGTYNCTDAVLTYSSFGVCADGSITIAVQPRNVSYDSVSAIVTANLSTIP
SNWTTSVQVEYLQITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKT IEDALRNSARLESADVSE
MLTEFDKKAFTLANVSSEFGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGTVDADYKKC
TKGLSIADLACAQYYNGIMVLPGVADAERMAMYTGSLIGGIALGGLTSAVSIPFSLATQARLNYV
ALQTDVLQENQKILAASEFNKAMTNIVDAFTGVNDAITQTSQALQTVATALNKIQDVVNQQGNSLN
HLTSQLRONFQAISSSIQAIYDRLDTIQADQQVDRLITGRLAALNVEVSHTLTKYTEVRASROQLA
QOKVNECVKSQSKRYGFCGNGTHIFSIVNAAPEGLVEFLHTVLLPTQYKDVEAWSGLCVDGTNGYV
LROPNLALYKEGNYYRITSRIMFEPRIPTMADEVQIENCNVTEFVNISRSELQTIVPEYIDVNKTL
QELSYKLPNYTVPDLVVEQYNQTILNLTSETISTLENKSAELNY TVOKLOTLIDNINSTLVDLKWL
NRVETY IKWPWWVWLCISVVLIEVVSMLLLCCCSTGCCGFEFSCFASSIRGCCESTKLPYYDVEKT
HIQ

Native OC43-CoV S protein wtTM/CT AA (AVR40344) without signal peptide (SEQ ID NO:
160)

VIGDLNCTLDPRLKGSFNNRDTGPPSISIDTVDVTNGLGTYYVLDRVYLNTTLFLNGYYPTSGST
YRNMALKGTDLLSTLWFKPPFLSDEFINGIFAKVKNTKVEKDGVMY SEFPATITIGSTEVNTSYSVV
VQPRTINSTQDGVNKLOGLLEVSVCQYNMCEYPHTICHPNLGNHFKELWHYDTGVVSCLYKRNET
YDVNATYLYFHEYQEGGTEYAYFTDTGEVTKFLENVYLGMALSHYYVMPLTCIRRPKDGESLEYW
VIPLTPROQYLLAFNQDGITFNAVDCMSDFMSEIKCKTQSTIAPPTGVYELNGYTVQPVADVYRRKP
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DLPNCNIEAWLNDKSVPSPLNWERKTEFSNCNEFNMSSLMSEFIQADSEFTCNNIDAAKIYGMCESSIT
IDKFAIPNRRKVDLQLGNLGYLQSSNYRIDTTATSCQLYYNLPAANVSVSRENPSTWNKREGEIE
DSVEVPQPTGVETNHSVVYAQHCFKAPKNFCPCSSCSCPGKNNGIGTCPAGTNSLTCDNLCTLDP
ITLKAPDTYKCPQSKSLVGIGEHCSGLAVKSDYCGNNSCTCQPOAFLGWSADSCLQGDKCNIFAN
FILHDVNNGLTCSTDLOKANTEIELGVCVNYDLYGISGQGIEFVEVNATYYNSWONLLYDSNGNLY
GFRDYITNRTFMIHSCYSGRVSAAYHANSSEPALLFRNIKCNYVENNSLTRQLOQPINYSEFDSYLG
CVVNAYNSTATISVQTCDLTVGSGYCVDY SKNRRSRRATITTGYREFTNFEPFTVNSVNDSLEPVGGL
YEIQIPSEFTIGNMEEFIQTSSPKVTIDCAAFVCGDYAACKLQLVEYGSFCDNINAILTEVNELL
DTTQLOVANSLMNGVTLSTKLKDGVNENVDDINEFSPVLGCLGSECSKASSRSATIEDLLEDKVKLS
DVGEVEAYNNCTGGAEIRDLICVQSYKGIKVLPPLLSENQISGYTLAATSASLFPPWTAAAGVPE
YLNVQYRINGLGVTMDVLSONQKLIANAFNNALHATQQGFDATNSALVKIQAVVNANAEATLNNLL
QOLSNRFGAISASLQEILSRLDALEAEAQIDRLINGRLTALNAYVSQQLSDSTLVKESAAQAMEK
VNECVKSQSSRINFCGNGNHITISLVONAPYGLY FTHENYVPTKYVTAKVSPGLCIAGNRGIAPKS
GYFVNVNNTWMYTGSGYYYPEPITENNVVVMSTCAVNYTKAPYVMLNTSIPNLPDFKEELDQWEK
NQTSVAPDLSLDY INVTFLDLOQVEMNRLQEATKVLNHSY INLKDIGTYEYYVKWPWYVWLLICLA
GVAMLVLLFFICCCTGCGTSCEFKKCGGCCDDYTGYQELVIKTSHDD

Native 229E S protein wtTM/CT AA (P15423) without signal peptide (SEQ ID NO: 161)

QTTNGLNTSYSVCNGCVGYSENVFAVESGGYIPSDFAFNNWELLTNT SSVVDGVVRSFQPLLLNC
LWSVSGLRETTGEVYEFNGTGRGDCKGESSDVLSDVIRYNLNFEENLRRGTILEFKTSYGVVVEYCT
NNTLVSGDAHIPFGTVLGNEYCEVNTTIGNETTSAFVGALPKTVREFVISRTGHEYINGYRYFTL
GNVEAVNENVTTAETTDEFCTVALASYADVLVNVSQTSIANTITYCNSVINRLRCDQLSEFDVPDGEY
STSPIQSVELPVSIVSLPVYHKHTFIVLYVDEFKPQSGGGKCENCY PAGVNITLANFNETKGPLCV
DTSHETTKYVAVYANVGRWSASINTGNCPESFGKVNNEVKEGSVCESLKDIPGGCAMPIVANWAY
SKYYTIGSLYVSWSDGDGITGVPQPVEGVSSEMNVTLDKCTKYNIYDVSGVGVIRVSNDTFLNGI
TYTSTSGNLLGEFKDVTKGTIYSITPCNPPDQLVVYQQOAVVGAMLSENFTSYGESNVVELPKEEYA
SNGTYNCTDAVLTYSSEFGVCADGSITAVQPRNVSYDSVSAIVTANLSIPSNWTTSVQVEYLQITS
TPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSARLESADVSEMLTEFDKKAFTLANVSS
FGDYNLSSVIPSLPTSGSRVAGRSAIEDILESKLVTSGLGTVDADYKKCTKGLSIADLACAQYYN
GIMVLPGVADAERMAMYTGSLIGGIALGGLTSAVSIPEFSLATIQARLNYVALQTDVLOENQKILAA
SENKAMTNIVDAFTGVNDAITQTSQALQTVATALNKIQDVVNQQOGNSILNHLTSQLRONEFQATSSS
IQATYDRLDTIQADQQVDRLITGRLAALNVEVSHTLTKYTEVRASRQLAQOQKVNECVKSQSKRYG
FCGNGTHIFSIVNAAPEGLVFLHTVLLPTQYKDVEAWSGLCVDGTNGYVLROQPNLALYKEGNYYR
ITSRIMFEPRIPTMADEVQIENCNVTEFVNISRSELQTIVPEYIDVNKTLOQELSYKLPNYTVPDLV
VEQYNQTILNLTSEISTLENKSAELNYTVOQKLOTLIDNINSTLVDLKWLNRVETY IKWPWWVWLC
ISVVLIFVVSMLLLCCCSTGCCGEFFSCFASSIRGCCESTKLPYYDVEKIHIQ

TMCT region of modified PDI-OC43-COV wtTMCT-AA (SEQ ID NO: 162)
WYVWLLICLAGVAMLVLLFFICCCTGCGTSCEFKKCGGCCDDYTGYQELVIKTSHDD
TMCT region of modified PDI-OC43-COV H51TMCT-AA (SEQ ID NO: 163)
WYQILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICT

TMCT region of modified PDI-OC43-COV H51CT-AA (SEQ ID NO: 164)

WYVWLLICLAGVAMLVLLEFFISLWMCSNGSLQCRICI
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TMCT region of modified PDI-OC43-COV H51CT(V4)-AA (SEQ ID NO: 165)
WYVWLLICLAGVAMLVLLFFICCSNGSLQCRICT

TMCT region of modified PDI-OC43-COV H1cCT-AA (SEQ ID NO: 166)
WYVWLLICLAGVAMLVLLEFEFISEFWMCSNGSLQCRICT

TMCT region of modified PDI-229E-wtTMCT-AA (SEQ ID NO: 167)
WWVWLCISVVLIFVVSMLLLCCCSTGCCGFEFSCFASSIRGCCESTKLPYYDVEKIHIQ
TMCT region of modified PDI-229E-H51TMCT-AA (SEQ ID NO: 168)
WWQILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICT

TMCT region of modified PDI-229E-H51CT-AA (SEQ ID NO: 169)
WWVWLCISVVLIEFVVSMLLLSLWMCSNGSLQCRICTI

TMCT region of modified PDI-229E-H51CT(V4)-AA (SEQ ID NO: 170)
WWVWLCISVVLIFVVSMLLLCCSNGSLQCRICTI

TMCT region of modified PDI-229E-H1cCT-AA (SEQ ID NO: 171)
WWVWLCISVVLIFVVSMLLLSEFWMCSNGSLQCRICT

TM/CT Region of Modified OC43-CoV S protein with intervening peptide sequence X, (SEQ ID
NO: 172)

WYVWLLICLAGVAMLVLLFFI - (X)n — CSNGSXXCXICI

TM/CT Region of Modified OC43-CoV S protein with intervening peptide sequence X, (SEQ ID
NO: 173)

WWVWLCISVVLIFVVSMLLL - (X)n — CSNGSXXCXICI

[00343] All citations are hereby incorporated by reference.

[00344] The present invention has been described with regard to one or more
embodiments. However, it will be apparent to persons skilled in the art that a number of
variations and modifications can be made without departing from the scope of the

invention as defined in the claims.
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WHAT IS CLAIMED IS:
1. A modified coronavirus S-protein comprising, in series,
- an ectodomain derived from a coronavirus S-protein,

- a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a chimeric

TMCT, comprising:

- a transmembrane domain (TM), wherein the TM or a portion of the TM is

derived from a coronavirus S-protein and

- a cytosolic tail (CT), wherein the CT or a portion of the CT is derived from an

influenza hemagglutinin (HA) protein.

2. The modified coronavirus S-protein of claim 1, wherein the TM is directly fused to the

CT.

3. The modified coronavirus S-protein of claim 1, wherein the TM is a chimeric TM
comprising a N-terminal sequence derived from the coronavirus S-protein TM and a C-

terminal sequence derived from the influenza HA protein TM.

4. The modified coronavirus S-protein of claim 3, wherein the chimeric TM comprises a
N-terminal sequence derived from the coronavirus S-protein TM comprising at least 20
amino acids corresponding to amino acids 1-20 of SEQ ID NO: 18 or SEQ ID NO: 169,
or at least 21 amino acids corresponding to amino acids 1-21 of SEQ ID NO: 118 or 164,
or at least 22 amino acids corresponding to amino acids 1-22 of SEQ ID NO: 123 and
one or more than one amino acid from the C-terminal end of the influenza HA protein

™.

5. The modified coronavirus S-protein of claim 4, wherein the one or more than one
amino acid from the C-terminal end of the influenza HA protein TM are selected from

AGL or conserved substitution of AGL, MAGL or conserved substitution of MAGL.
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6. The modified coronavirus S-protein of claim 1, wherein the CT is a chimeric CT
comprising a N-terminal sequence derived from the coronavirus S-protein CT and a C-

terminal sequence derived from the influenza HA protein CT.

7. The modified coronavirus S-protein of claim 6, wherein the chimeric CT comprises a
C-terminal sequence derived from the influenza HA protein CT comprising amino acids
corresponding to amino acids 27-37 of SEQ ID NO: 18, 126, 128, 129, 130 or 131; or
amino acids corresponding to amino acids 27-36 of SEQ ID NO: 127 and one or more

than one amino acid from the N-terminal end of the coronavirus S-protein CT.

8. The modified coronavirus S-protein of claim 7, wherein the one or more than one
amino acid from the N-terminal end of the coronavirus S-protein CT are selected from C
or a conserved substitution of C, CC or a conserved substitution of CC, or CCM or a or a

conserved substitution of CCM.

9. The modified coronavirus S-protein of claim 3, wherein the chimeric TM comprises
amino acids corresponding to amino acids 1-20 of SEQ ID NO: 18 or SEQ ID NO: 169,
or to amino acids 1-21 of SEQ ID NO: 118 or SEQ ID NO: 164, or amino acids 1-22 of
SEQ ID NO: 123.

10. The modified coronavirus S-protein of claim 4, wherein the chimeric CT comprises
amino acids corresponding to amino acids of 27-37 of SEQ ID NO: 18, 126, 128, 129,
130 or 131; or amino acids 27-36 of SEQ ID NO: 127.

11. The modified coronavirus S-protein of claim 1, wherein the chimeric TMCT
comprises a chimeric TM comprising amino acids corresponding to amino acids 1-20 of
SEQ ID NO: 18 or SEQ ID NO: 169, or to amino acids 1-21 of SEQ ID NO: 118 or SEQ
ID NO: 164, or amino acids 1-22 of SEQ ID NO: 123 and, a chimeric CT comprising
amino acids corresponding to amino acids 27-37 of SEQ ID NO: 18, 126, 128, 129, 130
or 131; amino acids 27-36 of SEQ ID NO: 127 or a combination thereof.

12. The modified S-protein of any one of claims 1-11, wherein the S-protein comprises
one or more than one amino acid substitution when compared to a wild-type coronavirus

S-protein amino acid sequence.
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13. The modified S-protein of claim 12, wherein the one or more than one amino acid
substitution comprises:

1) substitutions that restricts the processing at a cleavage site between S1 and S2 subunit,
ii) substitution of one or more than one amino acid to one or more than one proline, or
iii) substitutions that restrict the processing at the cleavage site between the S1 and the S2
subunit and substitution of one or more than one amino acid to one or more than one

proline.

14. The modified S-protein of claim 12 or 13, wherein the one or more than one amino
acid substitution correspond to amino acids at positions 971 and 972, when compared to

reference amino acid sequence of SEQ ID NO: 2.

15. The modified S-protein of claim 12 or 13, wherein the one or more than one amino
acid substitution correspond to amino acids at positions 802, 927, 971 and 972, when

compared to reference amino acid sequence of SEQ ID NO: 2.

16. The modified S-protein of claim 14 or 15, wherein the modified S-protein further
comprises one or more than one amino acid substitution corresponding to amino acids at
positions 667, 668, 670, or a combination thereof, when compared to reference amino

acid sequence of SEQ ID NO: 2.

17. The modified S-protein of claim 16, wherein the substitution of the amino acid
corresponding to the amino acid at position 667 of SEQ ID NO: 2 is to glycine or a
conserved substitution of glycine, the substitution of the amino acid corresponding to
position 668 of SEQ ID NO: 2 is to a serine or a conserved substitution of serine, the
substitution of the amino acid corresponding to position 670 of SEQ ID NO: 2istoa
serine or a conserved substitution of serine, the substitution of the amino acid
corresponding to the amino acid at positions 971 and 972 of SEQ ID NO: 2 is to a proline

or a conserved substitution of proline.

18. The modified S-protein of claim 16, wherein the substitution of the amino acid
corresponding to the amino acid at position 667 of SEQ ID NO: 2 is to glycine or a

conserved substitution of glycine, the substitution of the amino acid corresponding to
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position 668 of SEQ ID NO: 2 is to a serine or a conserved substitution of serine, the
substitution of the amino acid corresponding to position 670 of SEQ ID NO: 2istoa
serine or a conserved substitution of serine, the substitution of the amino acid
corresponding to the amino acid at positions 802, 927, 971 and 972 of SEQ ID NO: 2 is

to a proline or a conserved substitution of proline.

19. The modified S-protein of any one of claims 14-18, wherein the modified S-protein
further comprises an amino acid substitution corresponding to amino acid at position 923,

when compared to reference amino acid sequence of SEQ ID NO: 2.

20. The modified S-protein of claim 19, wherein the substitution of the amino acid
corresponding to the amino acid at position 667 of SEQ ID NO: 2 is to glycine or a
conserved substitution of glycine, the substitution of the amino acid corresponding to
position 668 of SEQ ID NO: 2 is to a serine or a conserved substitution of serine, the
substitution of the amino acid corresponding to position 670 of SEQ ID NO: 2 istoa
serine or a conserved substitution of serine, the substitution of the amino acid
corresponding to the amino acid at positions 802, 927, 971 and 972 of SEQ ID NO: 2 is
to a proline or a conserved substitution of proline and the substitution of the amino acid
corresponding to position 923 of SEQ ID NO: 2 is to phenylalanine or a conserved

substitution of phenylalanine.

21. The modified S-protein of any one of claims 12-20, wherein the one or more than one
substitution maintains the S-protein in a pre-fusion state or produces are higher yield of

the modified S-protein when expressed in a host or host cell, when compared to the yield
of a corresponding S-protein without the one or more than one substitutions expressed in

the host or host cell.

22. The modified S-protein of any one of claims 1-21, wherein the S-protein comprises

an S1 subunit and an S2 subunit, wherein the S2 subunit comprises the chimeric TMCT.

23. The modified S-protein of any one of claims 1-22, wherein the influenza HA protein
is derived from influenza type B or influenza subtype H1, H2, H3, H4, H5, H6, H7, HS,
H9, H10, H11, H12, H13, H14, H15, or H16.
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24. The modified S-protein of any one of claims 1-23, wherein the coronavirus S-protein

is derived from SARS-CoV-2, SARS-CoV-1, MERS-CoV, OC43-CoV or 229E-CoV.

25. The modified S-protein of any one of claims 1-23, wherein the ectodomain is derived
from SARS-CoV-2, SARS-CoV-1, MERS-CoV, OC43-CoV or 229E-CoV, the TM or
the portion of the TM is derived from SARS-CoV-2, SARS-CoV-1, MERS-CoV, OC43-
CoV or 229E-CoV or wherein the ectodomain and the TM or the portion of the TM are
derived from SARS-CoV-2, SARS-CoV-1, MERS-CoV, OC43-CoV or 229E-CoV.

26. The modified S-protein of any one of claims 1-25, wherein the TMCT comprises a
sequence having about 80% to about 100% identity with the sequence of SEQ ID NO: 18,
19, 37, 38, 39, 64, 126, 127, 128, 129, 130, 131, 118, 119, 120, 123, 124, 125, 134, 135,
164, 165, 166, 169, 170, 171, 172 or 173

27. The modified S-protein of any one of claims 1-26, wherein the modified S-protein is
produced as a precursor protein, the precursor protein comprising the modified S-protein

and a signal peptide.

28. The modified S-protein of claim 27, wherein the signal peptide is native or non-native

to the modified S-protein.

29. The modified S-protein of claim 27 or 28, wherein the signal peptide is derived from

the signal peptide of protein disulfide-isomerase (PDI).

30. The modified S-protein of any one of claims 1-29, wherein the modified S-protein

comprises plant specific N-glycans.

31. The modified S-protein of claim 1, wherein the amino acid sequence of the S-protein
comprises from 80% to 100% identity with amino acids of SEQ ID NO: 5, 21, 30, 47, 48,
49,50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 95, 96, 97, 108, 109, 110, 144, 145,
146, 155, 156 or 157, or with amino acids 24-1259 of SEQ ID NO: 47 amino acids 25-
1259 of SEQ ID NO: 48, amino acids 25-1259 of SEQ ID NO: 49, amino acids 25-1259
of SEQ ID NO: 50, amino acids 25-1259 of SEQ ID NO: 51, amino acids 25-1259 of
SEQ ID NO: 52, amino acids 25-1259 of SEQ ID NO: 53, amino acids 25-1259 of SEQ
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ID NO: 54, amino acids 25-1259 of SEQ ID NO: 55, amino acids 25-1259 of SEQ ID
NO: 56, amino acids 25-1259 of SEQ ID NO: 57, amino acids 25-1259 of SEQ ID NO:
58, amino acids 25-1262 of SEQ ID NO: 59, amino acids 25-1261 of SEQ ID NO: 60,
amino acids 25-1258 of SEQ ID NO: 61, or amino acids 25-1256 of SEQ ID NO: 62,
amino acids 25-1243 of SEQ ID NO: 95, amino acids 25-1240 of SEQ ID NO: 96, amino
acids 25-1243 of SEQ ID NO: 97, amino acids 25-1341 of SEQ ID NO: 108, amino acids
25-1338 of SEQ ID NO: 109, amino acids 25-1341 of SEQ ID NO: 110, or amino acids
25-1351 of SEQ ID NO: 144, amino acids 25- 1348 of SEQ ID NO: 145, amino acids 25-
1351 of SEQ ID NO: 146, amino acids 25- 1159 of SEQ ID NO: 155, amino acids 25-
1156 of SEQ ID NO: 156, or amino acids 25- 1159 of SEQ ID NO: 157.

32. The modified S-protein of any one of claims 1-30, wherein the CT or portion of the
CT comprises from 80% to 100% identity with the sequence of SEQ ID NO: 15, or with
amino acids 35-50 of SEQ ID NO 6, 8, 7, 9, 10, 12, 13 or 14, , or with amino acids 34-49
of SEQ ID NO 11, or with amino acids 553-568 of SEQ ID NO:3 or with amino acids 22-
37 of SEQ ID NO:18, or with amino acids 21-40 of SEQ ID NO: 19, or with amino acids
21-39 of SEQ ID NO: 37, or with amino acids 25-36 of SEQ ID NO: 38 or with amino
acids 24-34 of SEQ ID NO: 39, or amino acids 22-37 of SEQ ID NO: 126, 128, 129, 130
or 131 or amino acids 22-36 of SEQ ID NO: 127

33. The modified S-protein of claim 27, wherein the precursor protein comprises from
80% to 100% identity with amino acids 1-1234 of SEQ ID 1, or with amino acids 1-1234
of SEQ ID NO: 5, with amino acids 1-1243 of SEQ ID NO: 30, with amino acids 1-1227
of SEQ ID NO: 95 , with amino acids 1-1325 of SEQ ID NO: 108, with amino acids 1-
1216 of SEQ ID NO: 112, with amino acids 1-1318 of SEQ ID NO: 113, with amino
acids 1-1335 of SEQ ID NO: 144, with amino acids 1-1143 of SEQ ID NO: 155, with
amino acids 1-1325 of SEQ ID NO: 158 , with amino acids 1-1135 of SEQ ID NO: 159,
and wherein the amino acid sequence of the CT comprises from 80% to 100% identity
with the sequence of SEQ ID NO: 15, or with amino acids 35-50 of SEQ ID NO 6, 8, 7,
9,10, 12, 13 or 14, or with amino acids 34-49 of SEQ ID NO 11, or with amino acids
553-568 of SEQ ID NO:3.
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34. A nucleic acid comprising a nucleotide sequence encoding the modified S protein of

any one of claims 1-33.
35. A trimer comprising the modified S-protein of any one of claims 1-33.

36. A virus like particle (VLP) comprising the modified S-protein of any one of claims 1-

33 or the trimer of claim 35.
37. The VLP of claim 36, wherein the VLP further comprises plant lipids.

38. A composition comprising an effective dose of the modified S-protein of any one of
claims 1-33, the trimer of claim 35 or the VLP of any one of claims 36-37 and a

pharmaceutically acceptable carrier, adjuvant, vehicle or excipient.

39. A vaccine for inducing an immune response, the vaccine comprising an effective dose
of the modified S-protein of any one of claims 1-33, the trimer of claim 35, the VLP of

any one of claims 36-37, or the composition of claim 38.

40. The vaccine of claim 39, wherein the vaccine is a multivalent vaccine, comprising a

mixture of VLP.

41. A method for inducing immunity to a Coronavirus infection in a subject, the method
comprising administering the composition of claim 38 or the vaccine of claim 39 or 40 to

the subject.

42. The method of claim 41, wherein the composition or vaccine is administered once to

the subject.

43. The method of claim 41, wherein the composition or vaccine is administered multiple

times to the subject.

44. The method of claim 41, wherein the composition or vaccine is administered as an
initial dose and one or more than one subsequent doses are administered between 1 day

and 6 months from the administration of the initial dose.
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45. An antibody or antibody fragment prepared using the composition of claim 38 or the

vaccine of claim 39 or 40.

46. A non-human host or host cell comprising the modified S-protein of any one of
claims 1-33, the trimer of claim 35, the nucleic acid of claims 34 or the VLP of claims 36

or 37.

47. A method of producing a modified S-protein in a non-human host or host cell

comprising:

a) introducing the nucleic acid of claim 34 into the non-human host or host cell, or
providing the non-human host or host cell comprising the nucleic acid of claim

34, and

b) incubating the non-human host or host cell under conditions that permit the

expression of the nucleic acid, thereby producing the modified S-protein.

48. A method of producing a virus like particle (VLP) in a non-human host or host cell

comprising:

a) introducing the nucleic acid of claim 34 into the non-human host or host cell, or
providing the non-human host or host cell comprising the nucleic acid of claim

34, and

b) incubating the non-human host or host cell under conditions that permit the

expression of the nucleic acid, thereby producing the VLP.

49. The method of claim 47 or 48, the method further comprising step ¢) of harvesting the

non-human host or host cell.

50. A method of increasing yield of production of a modified Coronavirus S-protein in a

non-human host or host cell comprising:

a) introducing the nucleic acid of claims 34 into the host or host cell; or providing

a non-human host or host cell comprising the nucleic acid of claim 34; and
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b) incubating the non-human host or host cell under conditions that permit
expression of the modified S-protein encoded by the nucleic acid, thereby
producing modified S-protein at a higher yield compared to a host or host cell

expressing the unmodified S-protein.

5 51. A method of increasing yield of production of virus like particle (VLP) in a non-

human host or host cell comprising:

a) introducing into a non-human host or host cell a nucleic acid encoding a
modified coronavirus S-protein comprising, in series, an ectodomain derived
from a coronavirus S-protein, a transmembrane and cytosolic tail domain

10 (TMCT), wherein the TMCT is a chimeric TMCT, comprising: a transmembrane
domain (TM), wherein the TM or a portion of the TM is derived from a
coronavirus S-protein and a cytosolic tail (CT), wherein the CT or a portion of

the CT is derived from an influenza hemagglutinin (HA) protein, or

providing a non-human host or host cell comprising the nucleic acid encoding the
15 modified coronavirus S-protein comprising, in series, an ectodomain derived
from a coronavirus S-protein, a transmembrane and cytosolic tail domain
(TMCT), wherein the TMCT is a chimeric TMCT, comprising: a transmembrane
domain (TM), wherein the TM or a portion of the TM is derived from a
coronavirus S-protein and a cytosolic tail (CT), wherein the CT or a portion of

20 the CT is derived from an influenza hemagglutinin (HA) protein; and

b) incubating the non-human host or host cell under conditions that permit
expression of the modified S-protein encoded by the nucleic acid, thereby
producing VLP comprising modified S-protein at a higher yield compared to the
yield of VLP in a host of host cell that expresses unmodified S protein.

25 52. A method of producing a virus like particle (VLP) in a non-human host or host cell

comprising:

a) introducing into the a non-human host or host cell a nucleic acid encoding a

modified coronavirus S-protein comprising, in series, an ectodomain derived
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from a coronavirus S-protein, atransmembrane and cytosolic tail domain
(TMCT), wherein the TMCT is a chimeric TMCT, comprising: a transmembrane
domain (TM), wherein the TM or a portion of the TM is derived from a
coronavirus S-protein and a cytosolic tail (CT), wherein the CT or a portion of

the CT is derived from an influenza hemagglutinin (HA) protein; or

providing a non-human host or host cell comprising the nucleic acid encoding the
modified coronavirus S-protein comprising, in series, an ectodomain derived
from a coronavirus S-protein, a transmembrane and cytosolic tail domain
(TMCT), wherein the TMCT is a chimeric TMCT, comprising: a transmembrane
domain (TM), wherein the TM or a portion of the TM is derived from a
coronavirus S-protein and a cytosolic tail (CT), wherein the CT or a portion of

the CT is derived from an influenza hemagglutinin (HA) protein; and

b) incubating the non-human host or host cell under conditions that permit the

expression of the nucleic acid, thereby producing the VLP.

53. The method of any one of claims 48, 51 or 52, wherein the VLP is further extracted

and purified from the non-human host or host cell.
54. A VLP produced by the method of claim 48, 51 or 52.
55. A modified S-protein produced by the method of claim 47 or 50.

56. The method of any one of claims 47-55, or the non-human host or host cell of claim
46, wherein the non-human host or host cell comprises a plant, portion of a plant, a plant

cell, a fungi, a fungi cell, an insect, an insect cell, an animal or an animal cell.

57. A composition comprising a virus-like particles (VLP), the VLP comprising a
modified coronavirus S-protein comprising, in series, an ectodomain derived from a
coronavirus S-protein, a transmembrane and cytosolic tail domain (TMCT), wherein the
TMCT is a chimeric TMCT, comprising: a transmembrane domain (TM), wherein the
TM or a portion of the TM is derived from a coronavirus S-protein and a cytosolic tail

(CT), wherein the CT or a portion of the CT is derived from an influenza hemagglutinin
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(HA) protein and wherein the S-protein comprises substitutions at positions 667, 668,

670, 971 and 972 when compared to reference amino acid sequence of SEQ ID NO: 2.

58. A composition comprising a virus-like particle (VLP), the VLP comprising a
modified coronavirus S-protein comprising, in series, an ectodomain derived from a
coronavirus S-protein, a transmembrane and cytosolic tail domain (TMCT), wherein the
TMCT is a chimeric TMCT, comprising: a transmembrane domain (TM), wherein the
TM or a portion of the TM is derived from a coronavirus S-protein and a cytosolic tail
(CT), wherein the CT or a portion of the CT is derived from an influenza hemagglutinin
(HA) protein and wherein the S-protein comprises a glycine substitution at position 667,
a serine substitution at position 668, a serine substitution at position 670, a proline
substitution at position 971 and a proline substitution at position 972, the position

corresponding to reference amino acid sequence of SEQ ID NO: 2.

59. A composition comprising a virus-like particle (VLP), the VLP comprising a
modified coronavirus S-protein, the modified S-protein comprising the sequence of SEQ
ID NO: 21 or amino acids 25-1259 of SEQ ID NO: 51.

60. A composition comprising a virus-like particle (VLP), the VLP comprising modified
coronavirus S-protein comprising, in series, an ectodomain derived from a coronavirus
S-protein, a transmembrane and cytosolic tail domain (TMCT), wherein the TMCT is a
chimeric TMCT, comprising: a transmembrane domain (TM), wherein the TM or a
portion of the TM is derived from a coronavirus S-protein and a cytosolic tail (CT),
wherein the CT or a portion of the CT is derived from an influenza hemagglutinin (HA)
protein and wherein the S-protein comprises substitutions at positions 667, 668, 670, 802,
923,927,971 and 972 when compared to reference amino acid sequence of SEQ ID
NO: 2.
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