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COMPOSITION AND METHODS OF mRNA VACCINES AGAINST
NOVEL CORONAVIRUS INFECTION

This application claims priority to U.S.Provisional application nos. 62/971,834, filed
February 7, 2020, 63/058,463, filed July 29, 2020, and 63/130,581, filed December 24, 2020,

the contents of each of which are hereby incorporated by reference in their entireties.

FIELD OF INVENTION
Prophylactic and therapeutic agents for vaccination, prevention and treatment of

2019-nCoV infection are provided, together with methods for their use.

BACKGROUND
Novel coronavirus (2019-nCoV) infection: Biology and Pathology

Coronaviruses (CoVs) have repeatedly crossed species barriers and some have
emerged as important human pathogens. During the past two decades, two coronaviruses
infecting animals have evolved and caused outbreaks in humans: SARS-CoV (2002,
Betacoronavirus, subgenus Sarbecovirus), and MERS-CoV (2012, Betacoronavirus, subgenus
Merbecovirus) [ Drosten ef al., New Engl J Med. 2003; 348: 1967-1976; Zaki et al.,. New
Engl J Med. 2012; 367: 1814-1820]. On 31 December 2019, the Wuhan Municipal Health
Commission in Wuhan City, Hubei province, China reported a cluster of 27 pneumonia cases
of unknown etiology, including seven severe cases, with a common reported link to Wuhan's
Huanan Seafood Wholesale Market (a wholesale fish and live animal market selling different
animal species) [Wuhan City Health Committee (WCHC). Wuhan Municipal Health and
Health Commission's briefing on the current pneumonia epidemic situation in our city 2019
(updated 31 December 201914 January 2020). Available from:
http://wjw.wuhan.gov.cn/front/web/showDetail/2019123108989]. The 2019-nCoV is a new
strain of coronavirus that has not been previously identified in humans [Zhu ef al., N Engl J
Med. 382:727-733 (2020)]. The outbreak has rapidly spread to affect other parts of China and
outside the country. Cases have now been detected in several countries in Asia, but also in

Australia, Europe and North America. It appears that the 2019-nCoV can be spread through
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human-human contact via respiratory droplets [ Li ef al., N Engl J Med. 383%; 3821 149~

Genetic analysis revealed that 2019-nCoV is closely related to SARS-CoV and
genetically clusters within the genus Betacoronavirus, forming a distinct clade in lineage B of
the subgenus Sarbecovirus together with two bat-derived SARS-like strains. The virus
genome consists of six major open reading frames (ORFs) common to coronaviruses and a
number of other accessory genes. Further analysis indicates that some of the 2019-nCoV
genes shared less than 80% sequence identity to SARS-CoV. However, the seven conserved
replicase (RARP) domains in ORF1ab that were used for CoV species classification, are
94.6% AA sequence identical between 2019-nCoV and SARS-CoV, implying the two belong
to the same species. Angiotensin converting enzyme II (ACE2), a membrane exopeptidase,
was known as the cell receptor for SARS- CoV. This receptor also has been shown to be used
by 2019-nCoV for entry into human cells. Domain 266-330 (numbering based on the
sequence of the mature protein) has been shown to be essential for interaction of 2019-nCoV

with ACE2 [Veljkovic er al., F1000Research. 2020; 9: 52.].

Current Prophylaxis and Therapeutics for Novel coronavirus (2019-nCoV)

At present, the sequences of 287,543 full genomes of 2019-nCoV have been
submitted on GISAID [GISAID, Newly discovered betacoronavirus, Wuhan 2019-2020
(2019); https://www.gisaid.org/.] by China CDC, efc., including one that has been released on
GenBank(Accession: MN908947.3) [http://www.ncbi.nlm.nih. gov/genbank/.]. Currently,
there are only two emergency use authorized vaccines and no licensed vaccines for

preventing coronavirus infections, including 2019-nCoV infections.

Advantages of mRNA vaccines

Vaccination is the most successful medical approach to disease prevention and
control. The successful development and use of vaccines has saved thousands of lives and
large amounts of money. A key advantage of RNA vaccines is that RNA can be produced in

the laboratory from a DNA template using readily available materials, less expensively and
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faster than conventional vaccine production, which can require the use of chicken eggs or
other mammalian cells. In addition, mRNA vaccines have the potential to streamline vaccine
discovery and development, and facilitate a rapid response to emerging infectious diseases
[Maruggi et al., Mol Ther. 2019, 27(4): 757-772

Preclinical and clinical trials have shown that mRNA vaccines provide a safe and
long-lasting immune response in animal models and humans. mRNA vaccines against
infectious diseases may be developed as prophylactic or therapeutic treatments. mRNA
vaccines expressing antigens of infectious pathogens have been shown to induce potent T cell
and humoral immune responses [Pardi et al., Nat Rev Drug Discov. 2018; 17: 261-279.]. The
production procedure to generate mRNA vaccines is cell-free, simple, and rapid, compared to
production of whole microbe, live attenuated, and subunit vaccines. This fast and simple
manufacturing process makes mRNA a promising bio-product that can potentially fill the gap

between emerging infectious disease and the desperate need for effective vaccines.

SUMMARY OF THE INVENTION

Compositions are provided containing an effective amount of a messenger ribonucleic
acid (mRNA) that contains an open reading frame (ORF) encoding a 2019-nCoV protein or
protein fragment formulated in a pharmaceutically acceptable carrier, where the mRNA and
the carrier form a polymeric nanoparticle. The 2019-nCoV protein may be a spike (S)
protein or spike (S) subunit. The ORF may be an mRNA encoding a peptide such as the
peptides having a sequence of selected from SEQ ID 14 to 31, or 50-66. The ORF may
contain for example, an mRNA have a sequences as shown in SEQ ID Nos. 32 to 49 or SEQ
ID No.91to 107. The ORF may be selected from mRNA molecules encoding the amino
acid sequence selected from SEQ ID No. 11, 13, 68, 70, 72, 74 and 90. The ORF may have
a sequence such as SEQ ID No. 1-4, 10, 12, 67, 69, 71, 73 or 89.

These composition may also contain an mRNA containing all or part of orfla and/or
orflb, where the mRNA encodes a 2019-nCoV non-structural protein polymerase and/or

RdRp. The ORF may be an mRNA having a sequence such as SEQID NO:. 5or 6. The
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ORF may encode all or part of the 2019 nCoV encoding envelope (E), membrane (M), and/or
nucleocapsid (N) protein. These compositions may also contain one or more mRNA
sequences encoding all or part of the 2019 nCoV encoding envelope (E), membrane (M),
and/or nucleocapsid (N) protein. The ORF may be selected from mRNA molecules having a
sequence shown in SEQ ID No.7, 8, or 9.

In any of these compositions, the mRNA may be chemically modified with one or
more N1-methyl-pseudouridine and/or pseudouridine residues. The uridine residues in the
mRNA may all be N1-methyl pseudouridine or pseudouridine.

In any of these compositions the mRNA molecule may further contain a 3'-UTR, a 5'-
UTR and optionally further contains additional elements that (a) stabilize the composition
and (b) enhance expression of the polypeptide encoded by the ORF. The 5'-UTR may
contain an m7G cap structure and a start codon and/or the 3'-UTR may contain a stop codon
and a poly A tail.

The composition may contain more than one ORF and may encode at least two
polypeptides.

The composition may contain a polymeric nanoparticle carrier that contains a
Histidine-Lysine co-polymer (HKP). Examples of suitable HKP include, but are not limited
to polymers having side chains selected from SEQ ID NO:75-88.

Also provided are methods of making a composition as described above by expressing
the ORF in a linear in vitro transcription (IVT) system or by a plasmid DNA (pDNA) vector
delivery system.

The compositions as described above may be made by contacting a composition
containing the ORF(s) with an HKP, where the mRNA and the HKP self-assemble into
nanoparticles. The composition may further contain a lipid, where the lipid optionally may
be a cationic lipid.

Also provided are methods of treating a subject suffering from a 2019-nCoV infection
by administering to the subject a pharmaceutically effective amount of a composition as

described above. The composition may be atomized by a nebulizer inhalation system prior
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to or during administration. The nebulizer system may be a portable nebulizer for whole
respiratory tract drug delivery. The composition may be administered by subcutaneous

injection, intramuscular injection, or intraperitoneal injection (i.p).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic representation of optimized mRNA vaccine expression
structure. This structure is contained in a linear in vitro transcription (IVT) expression system
or plasmid DNA delivery vector.

Figure 2 shows immunofluorescence analysis result of spike protein expression after
mRNA transient transfection.

Figure 3 shows Western Blot result of Spike Protein expression after mRNA transient
transfection.

Figure 4 shows spike protein ORF mRNA sequences

Figure 5 shows D614G mutated spike protein ORF mRNA and protein sequences

Figure 6 shows SARS RBD mRNA sequence, and the amino acid sequence for
D614G Mutated Spike Protein ORF

Figure 7 shows mRNA and amino acid sequences for polypeptide epitopes for 2019-
nCoV

Figure 8 shows the D614G_S6P DNA and amino acid sequences

Figure 9 shows RBD trimer DNA and amino acid sequences

Figure 10 shows VUI-202012 DNA and amino acid sequences

Figure 11 shows HKP peptide sequences

Figure 12 shows D614G S2P DNA Sequence

Figure 13 shows D614G S2P amino acid sequence

Figure 14 shows the sequences of mRNA molecules encoding peptide epitopes of

2019-nCoV.
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DETAILED DESCRIPTION

Prophylactic and therapeutic agents for vaccination, prevention and treatment of
2019-nCoV infection are provided. Pharmaceutical compositions are provided that contain
mRNA sequences formulated with pharmaceutical excipients. The composition of the
mRNA-based pharmaceutical formulation contains mRNA sequences coding viral proteins
necessary for coronavirus infection and replication, and a specific carrier. Suitable carriers
include Histidine-Lysine Co-polymers (HKP), and/or HKP plus a lipid, such as a cationic
lipid. Methods also are provided for using these pharmaceutical compositions, including

methods of treatment, process development, and specific delivery routes and regimens.

Target selection and design for mRNA vaccine against 2019-nCoV

In regard to the protein level, the predicted genes of 2019-nCoVs were identified and
annotated. It was found that the annotation results of all six 2019-nCoV genomes are
identical, including seven functional proteins (ppla, E2 glycoprotein precursor, hypothetical
protein sars3a, matrix protein, hypothetical protein sars6, hypothetical protein sars7a,
nucleocapsid protein) verified in SARS-CoV-like coronavirus [B. Buchfink, ef al., Nat
Methods. 2015; 12: 59-60]. These results illustrate the similarities and differences between
2019-nCoV and SARS-CoV or MERS-CoV-like Coronaviruses.

The predominant human receptor for 2019-nCoV is believed to be human
angiotensin-converting enzyme 2 (ACE2). Domain 288-330 of S1 protein from the 2019-
nCoV represents a promising therapeutic and/or vaccine target [Veljkovic ef al., supral.
Generally, the spike (S) protein of coronavirus including 2019-nCoV is the major inducer of
neutralizing antibodies, and the receptor-binding domain (RBD) in the S1 subunit of S
protein contains multiple conformational neutralizing epitopes [He et al., J Immunol. 2005,
174(8): 4908-4915]. This suggests that recombinant proteins containing RBD and vectors
including mRNAs encoding the RBD sequence can be used to develop safe and effective
2019-nCoV vaccines.

As described herein, a new type of mRNA vaccine (mRNA-1273) has been developed

using an immunogenic composition that contains a messenger ribonucleic acid (mMRNA)
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containing an open reading frame (ORF) encoding one or more epitopes from one or more
proteins of 2019-nCoV. The mRNA is formulated in a pharmaceutically acceptable carrier
containing a polymeric nanoparticle and/or a liposomal nanoparticle. The composition may
be administered to a subject in an amount effective to induce a specific immune response
against 2019-nCoV in the subject. The composition may contain more than one type of
mRNA molecule. Each additionaly copy enhances the immunostimulatory activities of the
composition. All the mRNAs encode antigens that are highly immunogenic and that are
required for 2019-nCoV to enter epithelial cells, which is the first step in 2019-nCoV
infection.

In one embodiment, the composition contains one or more mRNAs encoding the
entire spike (S) protein of 2019-nCoV (Fig. 3). The S protein is used by the virus to attach to
the host cell receptor. The Spike protein-coding mRNA sequence is long, and therefore in
order to improve the efficiencies of mRNA expression systems preparation, it was divided
into four regions, where one, some, or all of these regions can be used as mRNA antigen(s)
against Spike protein structure (SEQ ID Nos.1 to 4), when expressed in frame for the Spike
protein domains. 24 short peptide fragments that are potential epitopes were selected as
targets (SEQ ID Nos. 14 to 31). The short peptide selected is less than 20 amino acids,
advantageously less than 15 amino acids. mRNA sequences encoding short peptide sequences
were designed using methods that are well known in the art (SEQ ID No.32 to 49).

Furthermore, compared to other coronavirus, 2019-nCoV has several unique
insertions in the spike protein. The amino acid residues in those insertion sites of S protein of
2019-nCoV are identical or similar to the amino acid residues in the replicating protein gp120
or Gag of human immunodeficiency virus type 1 (HIV-1). In another embodiment, a series of
mRNA sequences was designed that encode amino acid residues that are identical between
2019-nCoV and HIV-1 (SEQ ID No.50 to 66), which are recognized by the human immune
system.

In another embodiment, the mRNA encodes the D614G variant of the ORF of the

spike protein. The coronavirus disease 2019 (COVID-19) outbreak, caused by SARS-CoV-2,
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has rapidly expanded to a global pandemic. SARS-CoV-2 isolates encoding a D614G
mutation in the viral spike (S) protein predominate over time in locales where it is found,
implying that this change enhances viral transmission. S proteins with aspartic acid (D614)
and glycine (G614) at residue 614 have different functional properties. Specifically,
retroviruses pseudotyped with G614 were found to infect ACE2- expressing cells much more
efficiently than those with wild type (D614). This greater infectivity was correlated with less
S1 shedding and greater incorporation of the S protein into the pseudovirion. Similar results
were obtained using virus-like particles produced with SARS-CoV-2 M, N, E, and S proteins.
In correlation analyses, spike protein bearing the D614G mutation showed significant
positive correlations with fatality rates (r = 0.43, P = 0.022). These results indicate that spike
protein with the D614G mutation is more stable than wild type, which is consistent with
epidemiological data suggesting that viruses with the spike D614G mutation transmit more
efficiently (SEQ ID No. 10).A vaccine with an ORF that incorporates the D614G mutation
was produced because it would more effectively protect against the dominant strain of Sars-
Cov-2.

In another embodiment, the mRNA encodes the ORF with SEQ ID NO:89, encoding
D614G spike protein precursor S2P.

In another embodiment, the mRNA encodes the ORF with Seq ID No.67 , which
incorporates other mutations in the spike protein that have been identified. These include the
HV 69-70 deleted spike protein, the Y144 deleted spike protein, the N501Y mutated spike
protein, the AS70D mutated spike protein, the P681H mutated spike protein, the T7161
mutated spike protein, the F§17P modified spike protein, the A892P modified spike protein,
the A899P modified spike protein, the A942P modified spike protein, the S982A mutated
spike protein, and the D1118H mutated spike protein. Vaccine compositions containing
mRNAs encoding one or more of any of these known mutations can be prepared using the
methods described herein.

In other embodiments, the mRNA may encode one or more other SARS-CoV-2 viral

protein coding sequences including the Envelope (E), Membrane (M), or Nucleocapsid (N)
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structural proteins. The 2019- nCoV genome is arranged in the order of: 5’ -replicase
(orfl/ab)-structural proteins [Spike (S)-Envelope (E)-Membrane (M)-Nucleocapsid (N)]—3’
(Zulma et al. 2016, Nature Reviews Drug Discovery 15:327-347.), and lacks the
hemagglutinin-esterase gene which is characteristically found in lineage A B-CoV. Therefore,
various viral proteins other than, or in addition to, the S protein of 2019-nCoV coding mRNA
can be applied as the mRNA based vaccination targets. In an embodiment, the viral surface
proteins advantageously are targets for an mRNA vaccine, The viral functional proteins
responsible for viral polymerase in the region of ORFla (SEQ ID No. 5) and replication
(RdRp) in the region of ORF1b (SEQ ID No. 6) also may be used to prepare a vaccine
composition.

Other viral proteins may also be the target of mRNA vaccines. For example, the
coronavirus membrane (M) protein is a key player in virion assembly. One of its functions is
to mediate the incorporation of the spikes into the viral envelope. The nucleocapsid N-protein
is a highly immunogenic phosphoprotein, that is typically highly conserved. The
coronavirus N-protein is often used as a marker in diagnostic assays. Coronavirus (CoV)
envelope (E) proteins play multiple roles during infection, including virus morphogenesis and
pathogenesis. In other embodiments, mRNAs coding for all or part of one or more viral M
protein, N protein and E protein as their specific antigens may be selected for use as
components in the antigenic vaccine composition (SEQ ID No.7,8.9).

Modifications may be made in the mRNA sequence to prepare the vaccine
composition. For example, a 5° cap structure may be added to the mRNA sequence. In one
embodiment, a 5’CleanCap is added. This structure uses an initiating capped trimer to yield a
naturally occurring 5° cap structure. Advantageously,a poly-A tail is added to the sequence to
increase mRNA stability. AU or GU-enriched sequences may be selected in the 3° UTR,
while random sequences may be utilized in the 5° UTP to reduce similarity to the host gene
sequences. Codon optimization of the mRNA sequence may also be used to improve
translation efficiency. Specifically, codons that correspond to lower abundance tRNA species

and that therefore lead to lower protein expression are replaced with codons that correspond

9
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to higher abundance tRNAs that provide higher levels of protein expression. (Brown, ef al.
Protein Expr Purif, 2008, 59:94-102; Maertens et al., 2010, Protein Sci, 9:1312-1326.;

Plotkin ef al., 2011, Nat Rev Genet, 12:32-42; Kudla et al., 2009, Science, 324:255-258.)

Improving mRNA Vaccine Expression efficiency

To improve mRNA expression efficiency in mammalian cells, mRNA stability may
be enhanced by partial chemical modification. To further increase the translation efficiency,
short and double strand RNAs derived from aberrant RNA polymerase activities are
removed, for example by FPLC, HPLC, or chromatography using cellulose as a matrix. To
improve the potency of mRNA vaccines, sequence optimization may be used, together with
usage of modified nucleosides, such as pseudouridine (¢), S-methylcytidine (SmC), Cap-1
structure and optimized codons, which in turn improve translation efficiency. [Do we have
any more information about the use of modified nucleosides? Or is that common
knowledge? 1 think codon optimization is common knowledge at this point] During in vitro
transcription of mRNA, immature mRNA may be produced as a contaminant which inhibits
translation through stimulating innate immune activation (Kariko et al, Mol Ther. 2008
16(11):1833-40.; Andries et al, J Control Release. 2015 Nov 10;217:337-44.). FPLC and
HPLC purification may be used to remove these contaminants.

In the compositions described herein, the template for in vitro transcription of mRNA
contains five cis-acting structural elements, namely from 5° to 3°: (i) the optimized cap
structure, (ii) the optimized 5° untranslated region (UTR), (iii) the codon optimized coding
sequence, (iv) the optimized 3° UTR and (v) a stretch of repeated adenine nucleotides (poly A
tail) (Fig. 18). (Murray et al, Mol. Cell. Biol. 2007, 27, 2791-2799. ; Louis et al, Curr. Opin.
Genet. Dev. 2011, 21, 444-451. ; Ferizi et al, Lab Chip 2015, 15, 3561-3571. ; Von Niessen
et al, Mol. Ther. 2019, 27, 824-836.) These cis-acting structural elements are further
optimized in the endeavor for better mRNA features, including half-life and expression level.
Provided herein, the 5'-UTR includes a start, but does not encode polypeptide (i.e. it is non-
coding). In some embodiments, a 5'-UTR of the present disclosure comprises a cap structure

with 7-methylguanosine (7mG) sequences. The 3'-UTR is directly downstream (3') from the
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stop codon (the codon of an mRNA transcript representing a termination signal) and does not
encode a polypeptide (is non-coding). A polyA tail is a special region of mRNA that is
downstream from 3'-UTR and contains multiple consecutive adenosine monophosphates; it is
required for efficient mRNA production. An mRNA in vifro transcription template is used not
only for efficiency of mRNA production but also for the subsequent protein or peptide
production

In some embodiments, mRNA is produced by in vitro transcription (IVT) from a
linear DNA template containing a bacteriophage promoter, the optimized UTR’s and the
codon optimized sequence by using a RN A polymerase (T7, T3 or SP6) and a mix of the
different nucleosides. In other embodiments, the linear DNA template can be cloned into a
plasmid DNA (pDNA) as a delivery vector. The plasmid vectors can be adapted for mRNA
vaccine production. Commonly used plasmids include pSFV 1, pcDNA3 and pTK126, which
are all commercially available. One unique mRNA expression system is pEVL (see Grier ef
al. Mol Ther Nucleic Acids. 19;5:€306 (2016),

In some embodiments, the mRNA is a modified mRNA where all uridine residues are
replaced by pseudouridines during in vitro transcription. This modification stabilizes the
mRNA against enzymatic degradation in the cell, leading to enhanced translation efficiency
of the mRNA. The pseudouridines used can be N1-methyl-pseudouridine, or other
modifications that are well known in the art such as N6 -methyladenosine (m6A), inosine,
pseudouridine, 5-methylcytidine (mSC), 5-hydroxymethylcytidine (hm5C), and N1-
methyladenosine (m1A). The modification optionally is made throughout the entire mRNA,
including the ORF, the 5’UTR and 3’UTR. The skilled artisan will recognize that other
modified RNA residues may be used to stabilize the the protein 3 dimensional structure and
increase protein translation.

To test the level of efficiency, the experiments described in Example 3, 4 and 5 were

performed.
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Histidine-Lysine (HK) polypeptides as mRNA vaccine delivery systems

Effective means for transferring nucleic acids into target cells are important tools,
both in the basic research setting and in clinical applications. A diverse array of nucleic acid
carriers is currently required because the effectiveness of a particular carrier depends on the
characteristics of the nucleic acids that is being transfected [Blakney et al.
Biomacromolecules 2018, 19: 2870-2879. Goncalves et al. Mol Pharm 2016; 13: 3153-3163.
Kauffman et al. Biomacromolecules 2018; 19: 3861-3873. Peng et al. Biomacromolecules
2019; 20: 3613-3626. Scholz et al. J Control Release 2012; 161: 554-565.]. Among various
carriers, non-viral delivery systems have been developed and reported to be more
advantageous than the viral delivery system in many aspects [Brito et al. Adv Genet. 2015,
89: 179-233]. For example, the large molecular weight branched polyethylenimine (PEIL 25
kDa) is an excellent carrier for plasmid DNA but not for mRNA. However, by decreasing the
molecular weight of PEI to 2 kDa, it becomes a more effective carrier of mRNA [Bettinger et
al. Nucleic Acids Res 2001; 29: 3882-3891.].

The four-branched histidine-lysine (HK) peptide polymer H2K4b has been shown to
be a good carrier of large molecular weight DNA plasmids [Leng et al. Nucleic Acids Res
2005; 33: e40.], but a poor carrier of relatively low molecular weight siRNA [Leng et al. J
Gene Med 2005; 7: 977-986.]. Two histidine-rich peptides analogs of H2K4b, namely H3K4b
and H3K(+H)4b, were shown to be effective carriers of siRNA [Leng et al. J Gene Med
2005; 7: 977-986. Chou et al. Biomaterials 2014, 35: 846-855.], although H3K(+H)4b
appeared to be modestly more effective [Leng et al. Mol Ther 2012; 20: 2282-2290.].
Moreover, the H3K4b carrier of siRNA induced cytokines to a significantly greater degree in
vitro and in vivo than H3K(+H)4b siRNA polyplexes [Leng et al. Mol Ther 2012; 20: 2282-
2290.]. Suitable HK polypeptides are described in W0O/2001/047496, W0/2003/090719, and
WO0/2006/060182, the contents of each of which are incorporated herein in their entireties.
These polypeptides have a lysine backbone (three lysine residues) where the lysine side chain

g-amino groups and the N-terminus are coupled to various HK sequences. HK polypeptide
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carriers can be synthesized by methods that are well-known in the art including, for example,
solid-phase synthesis.

It was found that such histidine-lysine peptide polymers (“HK polymers™) were
surprisingly effective as mRINA carriers, and that they can be used, alone or in combination
with liposomes, to provide effective delivery of mRNA into target cells. Similar to PEI and
other carriers, initial results suggested HK polymers differ in their ability to carry and release
nucleic acids. However, because HK polymers can be reproducibly made on a peptide
synthesizer, their amino acid sequence can be easily varied, thereby allowing fine control of
the binding and release of mRNAs, as well as the stability of polyplexes containing the HK
polymers and mRNA [Chou et al. Biomaterials 2014; 35: 846-855. Midoux et al. Bioconjug
Chem 1999; 10: 406-411. Henig et al. Journal of American Chemical Society 1999; 121:
5123-5126.]. When mRNA molecules are admixed with one or more HKP carriers the
components self-assemble into nanoparticles.

As described herein, advantageously the HK polymer comprises four short peptide
branches linked to a three-lysine amino acid core. The peptide branches consist of histidine
and lysine amino acids, in different configurations. The general structure of these histidine-
lysine peptide polymers (HK polymers) is shown in Formula I, where R represents the

peptide branches and K is the amino acid L-lysine.

R _R,

Rz/ K\ i'f/K\ C(ONH2
R;
FormulaI

In Formula I where K is L-lysine and each of R1, R2, R3 and R4 is independently a
histidine-lysine peptide. The Ri-4 branches may be the same or different in the HK polymers
of the invention. When a R branch is “different”, the amino acid sequence of that branch

differs from each of the other R branches in the polymer. Suitable R branches used in the HK
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polymers of the invention shown in Formula I include, but are not limited to, the following R

branches Ra — R-y:

R = KHKHHKHHKHHKHHKHHKHK - (SEQ ID NO:79)
Re = KHHHKHHHKHHHKHHHK - (SEQ ID NO:80)
Rc = KHHHKHHHKHHHHKHHHK - (SEQ ID NO:81)
Rp = kKHHHKHHHKHHHHKHHHK- (SEQ ID NO:82)

R = HKHHHKHHHKHHHHKHHHK - (SEQ ID NO:83)
Rr = HHKHHHKHHHKHHHHKHHHK - (SEQ ID NO:84)
R = KHHHHKHHHHKHHHHKHHHHK - (SEQ ID NO:85)
Ry = KHHHKHHHKHHHKHHHHK- (SEQ ID NO:86)
Ri = KHHHKHHHHKHHHKHHHK - (SEQ ID NO:87)
Ry = KHHHKHHHHKHHHKHHHHK - (SEQ ID NO:88)

Specific HK polymers that may be used in the mRNA compositions include, but are
not limited to, HK polymers where each of R1, R2, R3 and R4 is the same and selected from
Ra — Ry (Table 1).These HK polymers are termed H2K4b, H3K4b, H3K(+H)4b, H3k(+H)4b,
H-H3K(+H)4b, HH-H3K(+H)4b, H4K4b, H3K(1+H)4b, H3K(3+H)4b and H3K(1,3+H)4b,
respectively. In each of these 10 examples, upper case “K” represents a L-lysine, and lower
case “k” represents D-lysine. Extra histidine residues, in comparison to H3K4b, are
underlined within the branch sequences. Nomenclature of the HK polymers is as follows:

1) for H3K4b, the dominant repeating sequence in the branches is -HHHK-, thus
“H3K” is part of the name; the “4b” refers to the number of branches;

2) there are four -HHHK- motifs in each branch of H3K4b and analogues; the first -
HHHK- motif (“17) is closest to the lysine core;

3) H3K(+H)4b is an analogue of H3K4b in which one extra histidine is inserted in the
second -HHHK - motif (motif 2) of H3K4b;

4) for H3K(1+H)4b and H3K(3+H)4b peptides, there is an extra histidine in the first
(motif 1) and third (motif 3) motifs, respectively; 5) for H3K(1,3+H)4b, there are two extra

histidines in both the first and the third motifs of the branches.

Table 1
Polymer Branch Sequence Sequence
Identifier
H2K4b Ra = KHKHHKHHKHHKHHKHHKHK- (SEQ ID NO:79)

14



WO 2021/159118 PCT/US2021/017149

4 3 2 1
H3K4b Re = KHHHKHHHKHHHKHHHK- (SEQ ID NO:80)
H3K(+H)4b Rc = KHHHKHHHKHHHHKHHHK - (SEQ ID NO:81)
H3k(+H)4b Rp = KHHHKHHHKkHHHHKHHHkK- (SEQ ID NO:82)
H-H3K(+H)4b | Rg = HKHHHKHHHKHHHHKHHHK- (SEQ ID NO:83)
HH-H3K(+H)4b | Ry = HHKHHHKHHHKHHHHKHHHK- (SEQ ID NO:84)
H4K4b R¢ = KHHHHKHHHHKHHHHKHHHHK- | (SEQ ID NO:85)
H3K(1+H)4b Ru = KHHHKHHHKHHHKHHHHK - (SEQ ID NO:86)
H3K(3+H)4b R: = KHHHKHHHHKHHHKHHHK - (SEQ ID NO:87)
H3K(1,3+H)4b | Ry = KHHHKHHHHKHHHKHHHHK- (SEQ ID NO:88)

Methods well known in the art, including gel retardation assays, heparin displacement
assays and flow cytometry can be performed to assess performance of different formulations
containing HK polymer plus liposome in successfully delivering mRNA. Suitable methods
are described in, for example, Gujrati ef al, | Mol. Pharmaceutics 11:2734-2744 (2014),
Paraste et al., Mol Ther Nucleic Acids. 7: 1-10 (2017).

Detection of mRNA uptake into cells can also be achieved using SmartFlare®
technology (Millipore Sigma). These smart flares are beads that have a sequence attached
that, when recognizing the RNA sequence in the cell, produce an increase in fluorescence that
can be analyzed with a fluorescent microscope.

Other methods include measuring protein expressions from the mRNA - for example,
an mRNA encoding luciferase can be used to measure the efficiency of transfection using
methods that are well known in the art.  See, for example, These were done with luciferase
mRNA in the latest publication. (He ef al, J Gene Med. 2021 Feb;23(2):e3295). to

demonstrate the efficacy of delivering mRNA using a HKP and liposome formulation.
Synergistic activity of DOTAP and HK carriers in mRNA delivery

The combination of H3K(+H)4b and DOTAP (a cationic lipid) surprisingly was
synergistic in its ability to carry mRNA into MDA-MB-231 cells (H3K(+H)4b/liposomes vs
liposomes, P<0.0001). The combination was about 3-fold and 8-fold more effective as
carriers of mRNA than the polymer alone and the cationic lipid carrier, respectively. Not all
HK peptides demonstrated the synergistic activity with DOTARP lipid. For example, the
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combination of H3K4b and DOTAP was less effective than the DOTAP liposomes as carriers
of luciferase mRNA. Besides DOTAP, other cationic lipids that may be used with HK
peptides include Lipofectin (ThermoFisher), Lipofectamine (ThermoFisher), and DOSPER
(Fig. 22).

The D-isomer of H3k (+H)4b, in which the L-lysines in the branches are replaced
with D-lysines, was the most effective polymeric carrier (H3k(+H)4b vs. H3K(+H)4b,
P<0.05). The D-isomer/ liposome carrier of mRNA was nearly 4-fold and 10-fold more
effective than the H3k(+H)4b alone and liposome carrier, respectively. Although the D-
H3k(+H)4b/lipid combination was modestly more effective than the L-

H3K(+H)4b/lipidmbination, this comparison was not statistically different (Fig. 23).

H3K(+H)4b as a carrier for mRNA among HK polymers

Both H3K4b and H3K(+H)4b may be used as carriers of nucleic acids in vifro [Leng
et al. J Gene Med 2005, 7: 977-986. Chou et al., Cancer Gene Ther 2011; 18: 707-716.].
Despite these previous findings, H3K(+H)4b was markedly better as a carrier of mRNA

compared to other similar analogues (Table 2).

Table 2

Polymer Ratio(wt:wt; mRNA:Polymer) RLU/ug-Protein
1:4 1532.9£122.9

H3K(+H)4b 1:8 1656. 3+202. 5
1:12 1033. 44197
1:4 1851.6+138.3

H3k(+H)4b 1:8 1787.24195. 2
1:12 1982.3+£210.7
1:4 156.8+41.8

H3K4b 1:8 62.1+13. 2
1:12 18.1+4.0

H3K(3+H)4b 1:4 61.74+5.7
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1:8 68. 743, 1
1:12 59.047.5
1:4 24.34+4.5
H3K(1+H)4b 1:8 15.043.6
1:12 7.342.5
1:4 1107. 5+ 140. 4
H-H3K(+H)4b 1:8 874.6+65. 2
1:12 676.4425.7
1:4 1101.94106. 6
HH-H3K(+H)4b 1:8 832.2+75. 3
1:12 739. 8+ 105. 4
1:4 896.4+112.6
H4K4b 1:8 821.8+115.6
1:12 522.4469. 2
1:4 518.3+134.7
H3K(1,3+H)4b 1:8 427.7+18. 1
1:12 37845.2
1:4 546.7+70. 1
H2K4b 1:8 132.3458. 5
1:12 194.7+18. 4

Especially, it has higher mRNA transfection efficiency than H3K4b in various
weight:weight (HK:mRNA) ratios. At a 4:1 ratio, luciferase expression was 10-fold higher
with H3K(+H)4b than H3K4b in MDA-MB-231 cells without significant cytotoxicity.
Moreover, the buffering capacity does not seem to be an essential factor in their transfection
differences since the percent of histidines (by weight) in H3K4b and H3K(+H)4b is 68.9 and
70.6 %, respectively.

Gel retardation assays show that the electrophoretic mobility of mRNA was delayed

by the HK polymers. The retardation effect increased with higher peptide to mRNA weight
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ratios. However, mRNA was completely retarded in 2:1 ratio of H3K(+H)4b, whereas it was
not completely retarded by H3K4b. This suggested that H3K(+H)4b could form a more stable
polyplex, which was advantageous for its ability to be a suitable carrier for mRNA delivery.

Further confirmation that the H3K(+H)4b peptide binds more tightly to mRNA was
demonstrated with a heparin-displacement assay. Various concentrations of heparin was
added into the polyplexes formed with mRNA and HK and it was observed that, particularly
at the lower concentrations of heparin, mRNA was released by the H3K4b polymer more
readily than the H3K(+H)4b polymer. These data suggest H3K(+H)4b could bind to mRNA
and form a more stable polyplex than H3K4b.

With the mRNA labeled with cyanine-5, the uptake of H3K4b and H3K(+H)4b
polyplexes into MDA-MB-231 cells was compared using flow cytometry. At different time
points (1, 2, and 4 h), the H3K(+H)4b polyplexes were imported into the cells more
efficiently than H3K4b polyplexes (data not shown). Similar to these results, fluorescent
microscopy indicated that H3K(+H)4b polyplexes localized within the acidic endosomal
vesicles significantly more than H3K4b polyplexes (H3K4b vs. H3K(+H)4b, P<0.001).
Interestingly, irregularly-shaped H3K4b polyplexes, which did not overlap endocytic
vesicles, were likely extracellular and were not observed with H3K(+H)4b polyplexes.

It is known both that HK polymers and cationic lipids (i.e., DOTAP) significantly and
independently increase transfection with plasmids [Chen et al. Gene Ther 2000; 7: 1698-
1705.]. Consequently, whether these lipids together with HK polymers enhanced mRNA
transfection was investigated. Notably, the H3K(+H)4b and H3k(+H)4b carriers were
significantly better carriers of mRNA than the DOTAP liposomes. The combination of
H3K(+H)4b and DOTAP lipid was synergistic in the ability to carry mRNA into MDA-MB-
231 cells. The combination was about 3-fold and 8-fold more effective as carriers of mMRNA
than the polymer alone and the liposome carrier, respectively (H3K(+H)4b/lipid vs.
liposomes or H3K(+H)4b). Notably, not all HK peptides demonstrated improved activity
with DOTAP lipid. The combination of H3K4b and DOTARP carriers was less effective than

the DOTAP liposomes as carriers of luciferase mRNA. The combination of DOTAP and
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H3K(+H)4b carriers were found to be synergistic in their ability to carry mRNA into cells

[He et al. J Gene Med. 2020 Nov 10:e3295].

Administration of mRNA Vaccines

The vaccine formulations described herein may be administered to subjects, including
human subjects, by any mode of administration that is conventionally used to administer
vaccines. Thus the compositions can be in the form of an aerosol, dispersion, solution, or
suspension and can be formulated for inhalation, intramuscular, oral, sublingual, buccal,
parenteral, nasal, subcutaneous, intradermal, or topical administration. The term parenteral as
used herein includes percutaneous, subcutaneous, intravascular (e.g., intravenous),
intramuscular, or intrathecal injection or infusion techniques and the like.

As used herein, an effective dose of a vaccine is the dose required to produce a
protective immune response in the subject to whom the vaccine is administered. A
protective immune response in the present context is one that prevents or ameliorates disease
in a subject challenged with 2019-nCoV. Methods of running clinical trials in multiple
subjects to determine whether a vaccine produces a protective immune response are well
known in the art.

The vaccine may be administered one or more times. An initial measurement of an
immune response to the vaccine may be made by measuring production of antibodies in the
subject receiving the vaccine. Methods of measuring antibody production in this manner are
also well known in the art. is that dose required to prevent, inhibit the occurrence, or treat
(alleviate a symptom to some extent, preferably all of the symptoms) of a disease state. The
pharmaceutically effective dose depends on the type of disease, the composition used, the
route of administration, the type of mammal being treated, the physical characteristics of the
specific mammal under consideration, concurrent medication, and other factors that those
skilled in the medical arts will recognize Generally, an amount between 0.1 mg/kg and 100
mg/kg body weight/day of active ingredients is administered dependent upon potency of the

formulated composition.

19



10

15

20

25

WO 2021/159118 PCT/US2021/017149

However, their application has until recently been restricted by the instability and
inefficient in vivo delivery of mRNA. The methods described herein provide methods of
making and using mRNA vaccines with a polypeptide delivery system and a polypeptide
nanoparticle delivery system.

The methods described herein may be used in clinical applications of the mRNA
include prophylactic and therapeutic vaccines against various diseases, especially infectious

diseases.

Example 1: mRNA synthesis:

CleanCap SARS-COV 2 spike protein (S1P and S2P) and CleanCap Enhanced Green
Fluorescent Protein(EGFP) expressed mRNA were synthesized and CleanCap SARS-COV 2
spike protein (S6P) was manufactured by TriLink BioTechnologies, Inc, (San Diego, CA)
and purified by selective binding of dsRNA to cellulose in an ethanol-containing bufferA
chromatography buffer containing 10mM HEPES (pH 7.2), 0.1mM EDTA, 125mM NaCl,
16% ethanol and cellulose fibers were added to microcentrifuge spin columns along with
mRNA products and centrifuged. Almost 90% of dsSRNA could be removed after this
procedure (Baiersdorfer et.al, 2019). Contaminants could be also eliminated using FPLC and

HPLC (Kariko et.al, 2011).
Example 2: Peptides (HK polymers) preparation

The HK peptide polymers were synthesized on a Rainin Voyager synthesizer (Tucson,

AZ) by the biopolymer core facility at the University of Maryland.

Example 3: In-vitro transfection of mRNA
To verify the proper protein expression of mRNA, EGFP mRNA and SARS-COV 2
SP, mRNAs were transiently transfected into human embryonic kidney 293T cells (293T
cells). Briefly, 4.8 X 10° cells were plated into a 6 well plate containing 2ml of DMEM(10%
fetal bovine serum and 1% Penicillin-Streptomycin (ThermoFisher Scientific)). After 24hr,

when the cells were 70-90% confluent, mRNAs were transfected into 293T cells using
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Lipofectamine MessengerMAX Transfection Reagent (ThermoFisher Scientific) according to
the provided protocol. 293T celsl were cultured for two day for in vitro protein expression
measurement.

Two HK based polymers associated with cationic liposome DOTAP (1,2-dioleoyl-3-
trimethylammonium-propane, Roche), MC3 (DLin-MC3-DMA, ChemScene), and
PLA(Polylactic acid) were examined for their ability to carry an EGFP mRNA and SARS-
COV 2 SP mRNA into human embryonic kidney 293 cells(HEK 293 cells). Briefly, 4.8 X
103 cells were plated into a 6 well plate containing 2ml of DMEM(10% fetal bovine serum
and Penicillin-Streptomy cin (ThermoFisher Scientific)). After 24hr, when the cell were 70-
90% confluent, two HK based polymer formulations with EGFP and SPs mRNA added into

each well. 293T cell were cultured for two day for In-vitro protein expression measurement.

Example 4: In-vitro protein expression measurement

Immunofluorescence analysis: After two days of transfection, protein expression
was measured by immunofluorescence imaging using a Cytation5 Cell Imaging Multi-Mode
Reader (Biotek, Winooski, VT) .

Cell lysate preparation: After two days of transfection, culture media was aspirated
and cells were washed on ice with ice-cold PBS. Ice-cold lysis buffer(RIPA, ThermoFisher
Scientific) with protease inhibitor(ThermoFisher Scientific) was added and cells were
incubated for 30 minutes at 4°C. Cells were harvested using a cell scraper and lysed by
sonication. Centrifugation at 10,000g for 20 minutes at 4°C pelleted cell debris, and the
supernatant was transferred to a fresh microcentrifuge tube. The protein concentration of the
lysate was determined by Bradford or BCA protein assay for Western blot.

Western blot: Briefly, in each well of a gel, 20-50ug of protein was with 4X SDS
sample buffer(ThermoFisher Scientific), 10X Reducing buffer(ThermoFisher Scientific), and
additional ddH2O(ThermoFisher Scientific) with a total loading volume of 25ul/well. The
mixture was denatured by heating at 95°C for 5 minutes and cooled to room temperature and
centrifuged before loading onto a NuUPAGE™ 4 to 12%, Bis-Tris gel(ThermoFisher

Scientific). After electrophoretic separation, the gel was removed from the cassette and
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transferred using an iBlot™ 2 Dry Blotting System (ThermoFisher Scientific). The transfer
membrane was blocked with 5% fat-free milk powder in TBST for 1hr at RT, incubated with
primary antibody for overnight at 4°C, washed three times with TBST(0.05% Tween20 in
TBS) buffer, and incubated with secondary antibody, which is HRFP coniugated Maouse gG
(H+L} Secondary Antibody {ThermoFisher Scientific, AZ4512) for 1hr at RT. Transfer
membrane was developed by Pierce ECL Western Blotting Substrate (ThermoFisher

Scientific) and was imaged using chemiluminescent imaging system.

Example 5: In vivo formulation preparation

1. PNI-Genvoy LNP formulation: Lipid nanoparticles were formulated using the
GenVoy Platform with PNI NanoAssemblr ( Precision NanoSystems, Vancouver, British
Columbia, Canada) as the positive control in both in vifro and in vivo assays.

2. HKP(+H) formulation: HKP(+H) stock solution (10 mg/mL) was prepared in
nuclease free water. A concentrated stock solution was diluted to 4 mg/mL in water. mRNA
working solution (1 mg/mL) was prepared in 1 mM citrate buffer (pH 6.0). The
mRNA/HKP(+H) polyplex was formed by mixing equal volumes of 4 mg/mL HKP(+H) and
1 mg/mL mRNA. The mass ratio of HKP(+H) to mRNA is 4:1. The mRNA/HKP(+H)
polyplex was incubated for 30 min at room temperature before use. The size of each peptide-
based polyplexwas determined with the Zetasizer(Malvern Panalytical) prior to transfection
or injection.

3. HKP(+H)/DOTAP formulation (post-mixed DOTAP): HKP(+H) stock solution
(10 mg/mL) was prepared in nuclease free water. A concentrated stock solution was diluted
to 4 mg/mL in water. DOTAP (Sigma-Aldrich) is 1 mg/mL in aqueous buffered solution.
mRNA working solution (1 mg/mL) was prepared in 1 mM citrate buffer (pH 6.0). First the
mRNA/HKP(+H) polyplex was formed by mixing equal volumes of 4 mg/mL HKP(+H) and
1 mg/mL mRNA. The mRNA/HKP(+H) polyplex was incubated for 30 min at room
temperature. Next, the same volume of DOTAP to HKP(+H) solution was added to the

mRNA/HKP(+H) polyplex. The mass ratio of HKP(+H)/DOTAP to mRNA was 4:1:1. The
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mRNA/HKP(+H)/DOTAP nanoparticle was incubated for 30 min at room temperature before
use.

4. HKP(+H)/MC3 or HKP(+H)/DOTAP formulations (pre-mixed MC3 or
DOTAP): HKP(+H) stock solution (10 mg/mL) was prepared in nuclease-free water. A
concentrated stock solution was diluted to 4 mg/mL in water. DOTAP or MC3 is 1 mg/mL in
aqueous buffered solution. mRNA working solution (1 mg/mL) was prepared in 1 mM citrate
buffer (pH 6.0). Equal volumes of HKP(+H) and MC3 were pre-mixed at a 4:1 mass ratio
and the same volume of mRNA to HKP(+H) solution was added to a pre-mixed
HKP(+H)/MC3. The mRNA/HKP(+H)/MC3 nanoparticle was formed by mixing pre-mixed
4 mg/mL HKP(+H)/ Img/mL MC3 and 1 mg/mL mRNA. The mass ratio of HKP(+H)/MC3
to mRNA is 4:1:1. The mRNA/HKP(+H)/MC3 nanoparticle was incubated for 30 min at
room temperature before use.

5. HKP(+H)/PLA NP formulation: HKP(+H) stock solution (10 mg/mL) was
prepared in nuclease free water. A concentrated stock solution was diluted to 4 mg/mL in
water. A poly-L-Lactic Acid (PLA) nanoparticle (Smg/mL) was prepared in water. mRNA
working solution (1 mg/mL) was prepared in 1 mM citrate buffer (pH 6.0). Equal volumes of
HKP(+H) and mRNA were mixed at a 4:1 mass ratio. The mRNA/HKP(+H) polyplex was
incubated for 30 min at room temperature, and then the same volume of PLA nanoparticle
to HKP(+H) solution was added to the mRNA/HKP(+H) nanoparticle so that the
mRNA/HKP(+H) polyplex was adsorbed on the surface of the PLA nanoparticle. The mass
ratio of HKP(+H)/PLA to mRNA was 4:5:1. The mRNA/HKP(+H)/PLA nanoparticle was

incubated for 30 min at room temperature before use.

Example 6: In vive animal model and injection

An in vivo study was performed at Antibody and Immunoassay Consultants (AIC) Inc
(Gaithersburg, MD). Briefly,8 6-8 week old female BALB/C were randomized into each
group, 4 mice per each group and injected intramuscularly into the right flank with 30pg of

EGFP with different formulations. With the same formulations mentioned above, CleanCap
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SARS-COV 2 spike protein (S6P) polyplexes were prepared for in vivo analysis and antibody
titer measurement and binding.
On day 28, a second injection for boosting was made and on day 35 serum was

collected and analyzed by immunoassay (ELISA) for measurement of antibody titer.

Results
Immunofluorescence Analysis

One week after fabrication, formulations delivered to HEK 293T cells (Figure 2). All
HKP(H) groups proved the possibility to carry mRNA into cells in vitro. Among HKP(H)
groups, HKP(H) alone group showed higher EGFP expression than others and

PNI Genvoy (positive control).
Western Blot Analysis

Next Western Blot assay perforroed and results (Figure 3) showed the expressed spike
protein on the cell surface from S1P D614G mRNA delivered group was underwent shedding
after localization to cell membrane. Only 82 domain of spike protein rermained ou the cell
surface. The band size in the Western Blot(70-80 KDa) supported thus hypothesis. However

the spike protemn from S2P D614G showed intact size of the spike protein{180 KDaj).
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WHAT IS CLAIMED IS:

1. A composition comprising an effective amount of a messenger ribonucleic acid
(mRNA) that comprises an open reading frame (ORF) encoding a 2019-nCoV protein or
protein fragment formulated in a pharmaceutically acceptable carrier, wherein said mRNA
and said carrier form a polymeric nanoparticle.

2. The composition of claim 1, wherein the 2019-nCoV protein is a spike (S)
protein or spike (S) subunit.

3. The composition of claim 2, wherein the ORF is selected from the group
consisting of mMRNA molecules encoding a peptide selected from SEQ ID 14 to 31.

4. The composition according to claim 2, wherein said ORF is selected from the
group consisting of SEQ ID No.32 to 49.

5. The composition of claim 2, wherein the ORF comprises an mRNA encoding a
peptide selected from SEQ ID No.50 to 55.

6.  The composition of claim 4, wherein said ORF is selected from the group
consisting of SEQ ID No.91 to 96.

7. The composition of claim 2, wherein the ORF comprises an mRNA encoding a
peptide selected from SEQ ID No.56 to 66.

8. The composition of claim 6, wherein said OREF is selected from the group
consisting of SEQ ID No.97 to 107.

9. The composition of claim 2 wherein the ORF is selected from the group
consisting of mRNA molecules encoding the amino acid sequence selected from SEQ ID No.
11, 13, 68, 70, 72, 74 and 90

10. The composition of claim 8 wherein said ORF is selected from the group
consisting of SEQ ID No.10, 12, 67, 69, 71, 73 and 89.

11. The composition of claim 2 wherein said ORF is selected from the group

consisting of SEQ ID No. 1, 2, 3, and 4.
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12.  The composition of any preceding claim, further comprising an mRNA
comprising all or part of orfla and/or orflb, wherein said mRNA encodes a 2019-nCoV non-
structural protein polymerase and/or RdRp.

13.  The composition of claim 12 wherein said ORF is an mRNA selected from the
group consisting of SEQ ID NOs. 5 and 6.

14.  The composition of claim 1 wherein said ORF encodes all or part of the 2019
nCoV encoding envelope (E), membrane (M), and/or nucleocapsid (N) protein.

15.  The composition of any preceding claim, further comprising one or more
mRNA sequences encoding all or part of the 2019 nCoV encoding envelope (E), membrane
(M), and/or nucleocapsid (N) protein.

16. The composition of claim 14 or 15, wherein said OREF is selected from the group
consisting of SEQ ID No.7, 8, and 9.

17.  The composition of any preceding claim, wherein the mRNA is a chemically
modified mRNA sequence comprising one or more N1-methyl-pseudouridine and/or
pseudouridine residues.

18. The composition according to claim 17, wherein all uridine residues in the
mRNA are N1-methyl pseudouridine or pseudouridine.

19.  The composition of any preceding claim, wherein the mRNA molecule further
comprises a 3'-UTR, a 5'-UTR and optionally further comprises additional elements that (a)
stabilize the composition and (b) enhance expression of the polypeptide encoded by said
ORF.

20. The composition of claim 19, wherein the 5'-UTR comprises an m7G cap
structure and a start codon.

21. The composition of claim 19 or 20, wherein the 3'-UTR comprises a stop codon
and a poly A tail.

22. A method of making a composition according to any one of claims 1-21,

comprising expressing said ORF in a linear in vifro transcription (IVT) system.
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23. A method of making a compositions of any one of claims 1-21, comprising
expressing said ORF expression using a plasmid DNA (pDNA) vector delivery system.

24. The composition of any one of claims 1-21, wherein the composition comprises
more than one ORF and encodes at least two polypeptides.

25. The composition of any one of claims 1-21 or 24, wherein the composition
further comprises a polymeric nanoparticle carrier comprising a Histidine-Lysine co-polymer
(HKP).

26. The composition of claim 25, wherein the HKP is selected from the group
consisting of polymers having side chains selected from SEQ ID NO:75-88.

27. A method of making a composition according to claim 25 or claims 26,
comprising contacting a composition comprising said ORF with an HKP, said mRNA and
said HKP self-assemble into nanoparticles.

28. The composition of any of claims 1-21 or 24-26, wherein said nanoparticle
further comprises a lipid, wherein said lipid optionally is a cationic lipid.

29. A method of treating a subject with a 2019-nCoV infection comprising
administering to said subject a pharmaceutically effective amount of a composition according
to any one of claims 1-21, 24-26 or28.

30. The method of claim 29, wherein the composition is atomized by a nebulizer
inhalation system prior to or during administration.

31. The method of claim 30, wherein the nebulizer system is a portable nebulizer for
whole respiratory tract drug delivery.

32. The method of claim 29, wherein the composition is administered by
subcutaneous injection.

33. The method of claim 29, wherein the composition is administered by
intramuscular injection.

34. The method of claim 29, wherein the composition is administered by

intraperitoneal injection (i.p).
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