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Reagents and methods for preventing, freating or lmiting henipaviras infection

Sequence Listing Statement

A computer readable form of the Sequence Listing 1s filed with this application by
electronic submission and is incorporated into thus application by reference in its entirety. The
Sequence Listing is contained in the file created on August 19, 2024 having the file name

“23-1410-WO.xol” and 1s 81,889 bvtes in size.

Background

Nipah virus {NiV) and Hendra virus (HeV} are bat-bome zoonotic pathogens of
the Henipavirus (HNV) genus causing encephalitis and respivatory symptoms n humans,
with fatality rates between 50 and 100%. NIV was discovered in 1999 and over the past two
decades N1V has spilled over into humans almost annually m Bangladesh {Bangladesh strain,
MNiV-B) and has also caused outbreaks in India (N1V-B) and the Philippines (Malaysia strain,
NiV-M} The detection of cross-reactive HNV antibodies in humans and Preropus bais in
Adfrica underscored that 2 billion people worldwide live in regions threatened by HNV
spillovers. To date, no approved vaccines or therapeutics for use in hwmans exist against
HNV infections.

HNV genoimes are non-segmented single-stranded negative-sense RNA of 182 kb in
length containing six genes encoding for the structural proteins N, P, M, F, Gand L. HNV
entry into host cells requires fusion of the viral mermbrane and the host plasma membrane
through the concerted action of the attachment (G) glycoproten and the fusion (F)
glycoprotemn. The NiV and HeV entry receptors at the surface of host cells are the
transmembrane protein tyrosine kinases ephrin-B2 or ephrin-B3. G and F undergo a cascade
of conformational changes to promote membrane fusion upon receplor engagement.

The NiV G ectodomain contains an N-ternunal stalk {residues 96 10 147}, a neck
domain (residues 148 to 165), a linker region {residues 166 to 177}, and a C-terminal
head domain (residues 178 to 602). NiV G forms a 200-A-long and 120-A-wide intertwined
homotetraroer stabilized by interprotomer disulfide bonds formed n the neck and stalk. The
overall NiV G architecture adopts a distinctive two-heads-up and two-heads-down

conformation.
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Sumpmary

In a fivst aspect, the disclosure provides isolated polyvpeptides comprising;

{a) an attachment gly coprotein G head domain (G HD) comprising an amino acid
sequence at least 70%, 75%. 80%, 85%, 90%, 21%. 92%. 93%, 94%. 95%, 96%, 7%, 98%.
99%, or 100% identical to the amino acid sequence of any one of SEQ 1D NG:1-2, optionally
wherein the head domain comoprises the amine acd sequence of SEQ TD NO: 1, wheremn at
least 1,2,3. 4,5, 6,7, 8 9,10, 11, 12,13, 14, 15, 16, 17, 18, 19 or all 20 of the residues
bounded by parentheses is the first listed residue; and

(b) a multimerization domain capable of generating multimers comprising 2 to 60
copies of the isolated polypeptide.

In one embodiment, the multimerization domain generates 4 copies or 60 copies of
the isolated polypeptide. In another embodiment, the multmerization domain comprises an
amuno acid sequence at least 70%, 753%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 93%, 96%,
97%. 98%, 99%, or 100% identical fo the amino acid sequence of SEQ 1D NO:3-4, optionally
wherein the multimerization domain comprises the amino acid sequence of SEQ 1D N3,
whereinatleast 1,2, 3,4, 5,6, 7. 8.9, 10, 11, 12, 13, 14, 15, 16, 17 or all 18 of the residues
bounded by parentheses is the first listed residue. In a further embodiment, the polypeptides
comprise an amino acid linker between the head domain and the multimerization domain. In
a still further embodiment, the head domain is carboxy-terminal to the multimerization
domain,

in one embodiment, the polypeptide comprises an amino acid sequence at least 70%,
5%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 10(:% identical
to the amino acid sequence selected from the group consisting of SEQ ID NO:5-6, wherein n
18 3-11, 4-11, S-11, 6-1 1, 7-11, 8-11, 9-11, 10-11, 3-10, 4-10, 5-10, 6-10, 7-10, 8-19, 9-10, 3-
9, 4-9, 59,69, 7-9, 8-9, 3-8, 4-8, 5-8, 6-8 7-%, 3,4, 56,7, 8,9, 100or 11; optionally
whereinnis 8-11, 9-11, 10-11, 8-10, 9-10, 8-9, 8, 9, 10, or 11. In another embodiment, the
polypeptide comprises an amino acid sequence at least 70%, 75%, 8%, 85%, 90%, 91%,
92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
of any one of SEQ ID NO:7-10 and 18.

The disclosure further provides mudtimers or scaffolds comprising 60 or more copies
of a head domaim (HD) comprising an amino acid sequence at least 70%, 75%, 80%, §5%.
G(%, 91%. 92%, 93%, 94%, 953%. 96%, 97%, 98%. 99%, or 100% 1dentical to the amino acid

sequence of any one of SEQ 1D NG:1-2. In one embodiment, the multimer comprises 60 or
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more copigs of the isolated polypeptide of any embodiment or combination of embodiments
herein.

in various embodiments, the disclosure provides nucleic acid encoding the isolated
polypeptide of any embodiment or combination of embodimenis disclosed herein, a
recombinani expression vector comprising the nucleic acid operatively linked to a suitable
conirol sequence, such as a promoter, and recombinant host cells compnsing the polvpeptide,
the multimer, the scaffold, the nucleic acid, and/or the recombinant expression vector of any
embodiment or comisunation of embodiments disclosed herein.

In one embodiment, the nucleic acid comprises mRNA. In another embodiment, the
mRNA comprises

{a) as cap:

{b} a polv{A) tail of between 50 and 120 contignous adenosine residues;

{) a S untranslated region comprising the vucleic acid sequence of SEQ 1D
NG 12 or 13

{d) a 3" untranslated region comprising one or two copies of a beta globin mRNA
3.UTR, optionally wherein the beta globin mRNA 37-UTR comprises the nucleic acid
sequence of SEQ ID NO: 11, and/or

{e} a signal sequence, optionally wherein the signal sequence is at the N-terminus
of the encoded polypeptide, and optionally wherein the signal sequence comprises the amino
actd sequence of SEQ 1D NG 14,

The disclosure also provides compositions comprising a plurality of mRNAs that
encode 2, 3, or 4 polypeptides comprising an amino acid sequence at least 90%, 91%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence
selected from the group cousisting of SEQ 1D NO:3-10 and 18

The disclosure further provides pharmaceutical compositions comprising

{a) the polypeptide, the multimer, the scaffold, the nucleic acid, the recombinant
expression veclor, and/or the cell of any embodiment or combination of embodiments
disclosed herein; and

{b) a pharmaceutically acceptable carner.

In some embodiments, the pharmaceutical composition comprises:

{a) the mBNA of anv embodiment or combination of embodiments disclosed
herein; and

{b) a cationic lipid carrier, such as a liposome, or a cationic protein, such as

prolamine.
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Also disclosed are methods for treating or limiting development of a henipavirus
mfection, or of generating an immune response, comprising administering 1o a subject
infected with or at risk of a henipavirus an amount effective to treat or limit the infection,
and/or to generate an immune response, of the polypeptide, the multimer, the scaffold, the
nucleic acid, the recombinant expression vector, the cell, and/or the pharmaceutical
composition of any embodiment or combination of embodiments disclosed herein.

The disclosure also provides methods for monitoring a henipavirus-induced disease in
a subject and/or monitoring response of the subject to tmmunization by a henipavirus
vaccine, comprising contacting the polypeptide, the moultimer, the scaffold, the nucleic acid,
the recombinant expression vector, the cell, and/or the pharmaceutical composition of any
embodiment or combination of embodiments disclosed herein with a bodily fhud from the
subject and detecting henipavirus-binding antibodies in the bodily fluid of the subject.

In another embodiment, the disclosure provides methods for detecting henipavirus
binding antibodigs, comprising

{a) contacting the polypeptide, the multimer, the scaffold, and/or the pharmaceutical
composition of any embodiment or combination of embodiments disclosed herein with a
composition comprising a candidate henipavirus binding antibody under conditions suitable
for binding of henipavirus antibodies to the polypeptide, the multimer, the scaffold, and/or
the pharmaceutical composition; and

{b} detecting henipavirus antibody complexes with the polvpeptide, the mulumer, the

scaffold, and/or the pharmaceutical composition.

Bescription of the Figures

Figure 1. ELISA Positive control: Optical density (OD) values of anti-NiV G
anttbody at 7 serial volume dilutions starting with a concentration of T ug/mL

b. Optical denstty (OD) values of week 3 and 6 mouse serum samples at 1:56000
volwme dilution.

Figure 3. Optical Density (0D} values of week 6 mouse serum samples at 1:50000
and 1:100000 volume dilutions.

Figure 4. Concentration-response curves in Vero-Feo cells. Vero-Feo cells were
infected with recombinant virus rvVSVAG-NiV-G after neutralization with mouse sera.
Relative fluorescence units (RFU) are shown on the y-axis. Each point on the graph
represents mean values, and error bars indicate standard deviations of triplicate wells. {A)

4
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Sera of mouse #1-3 at week O prior fo immunization and serum of positive conirol (hamster
that survived Nipah virus mfection}. (B) Sera of mouse #1-4 at week 3 after one dose. {C)
Sera of mouse #5-8 at week 3 after one dose. (D) Sera of mouse #9-10 at week 3 after one
dose and sera of mouse #1-2 at week 6 after prime/boost. {E} Sera of mouse #3-6 at week 6
after prime-boost. {F) Sera of mouse #7-10 at week 6 after prime-boost.

Figure S. Representative images of the neutralization activity of anti-NiV G
glvcoprotein in Vero-Feo cells infected with recombinant virus rVSVAG-NiV-G. Vero-Feo
cells were treated with serial S-fold dilutions of indicated mouse sera mixed with 100 TCIDso
of rVSVAG-NIV-G. Fluorescence signal was measured after 72 hours. {A) Positive Control:
serurn of a haroster that survived Nipah virus infection. (B) Serum of roouse #1 at week O
prior to immunization. {C) Serum of mouse #1 at week 3 after one dose. () Serum of mouse

#1 at week 6 after prime/boost.

Betailed Description

All references cited are herein incorporated by reference in their entirety. As used
herein, the singular forms “a”, “an” and “the” include plural referents unless the context
clearly dictates otherwise.

All embodiments of any aspect of the disclosure can be used in combination, unless
the context clearly dictates otherwise.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise™, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say. in the sense of
“including, but not imited 10”7, Words using the singular or plural number also include the
plural and singular sumber, respectively. Additionally, the words “herein,” “above,” and
“below” and words of similar import, when used in this application, shall refer to this
application as a whole and not to any particular portions of the application.

As used throughout the present application, the termos “protein” or “polypeptide™ are
used i their broadest sense to refer to a sequence of subunit amino acids. The proteins or
polypeptides of the disclosure may comprise L-amino acids, D-amino acids {which are
resistant to L-amino acid-specific proteases in vivo), or a combination of D- and L-amino
acids. The proteins or polypeptides described herein may be chemically syuothesized or
recombinantly expressed.

The description of embodiments of the disclosure is not intended {o be exhaustive or
to lirnit the disclosure to the precise form disclosed. While the specific embodiments of, and

5
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examples for, the disclosure are described herein for illustrative purposes, various equivalent
modifications are possible within the scope of the disclosure, as those skilled in the relevant
art will recognize.

As used throughout the present application, the term “henipavirus™ 15 used to
designate anv highly pathogenic virus phylogenetically related to Nipah virus (NiV) or
Hendra virus (HeV).

As used herein, the amino acid residues are abbreviated as follows: alanine (Ala; A),
asparagine {Asn; N), aspartic acid (Asp; D), arginine (Arg; R}, cysteine (Cys: C), glutamic
acid (Glu; E), glutamine (Gln; Q) glvane (Gly; &), histidine {(His; H), isoleucine (Ile; 1),
leucme (Leu; L), lysine (Lys; K}, methionine (Met; M), phenvlalanine (Phe; F), proline
{Pro; P), serine (8Ser; 8}, threonine (Thr; T), tryptophan (Trp: W), tyrosine (Tyr; Y), and
valine {Val; V}.

Any N-ternunal amino acids in the polypeptides disclosed herein are optional, and
may be present, or may be deleted.

Parentheses represent variable positions in the poly peptide, with the recited amino
acid residues as alternatives in these positions.

An abbreviated armvino acid residue preceded or followed by a nuraber indicates the

position of the anuno acid in a sequence of residues.

WNipah virus glveoprotein G head domain (MNiIV G HD) and Hendra virus elveoproiein G head

domain (HeV G HD).

SEQ ID NO:17 is the reference sequence of NiV G HD (residues 178-602 of the Malaysia
strain NiV G protein, Genbank AF212302):

VSNILVGLPNNICLOQKTSNGILKPRLISYTLRPVVGQSGTCITDPLLAMDEGYFAYSHLERIGS
CSRGVSKORIIGVGEVLDRGDEVPSLEMTNVWIPPNPNTVYHCSAVYNNEFYYVLCAVITVG
DPILNSTYWSGELMMTRLAVH P SNGCGCYNQEQLALRSTEXGRYDKVMPYGPSGIKOGDTLY
FPAVGFLVRTEFKYNDSNCPITKCQYSKPENCRLEMGIRPNSHY ILREGLLKYNLEDGENPK
VVFIEISDORLEIGSPSKIYDELGOPVEYCASFSWDTMIKFGDVLTVNPLVVINWRNNTVISR
PCOSQCPRFNTCPEICWEGVYNDAFLIDRINWISAGVFLDENQTAENPVFTVEFKDNEILYRA
QOLASEDTNAQKTITNCFLLENKIWCISLVEIYDTGDNVIRPKLFAVKIPEQCT (SEQ ID

N7y (NIV G HD Malaysia stram restdues 178-602, Genbank AF212302)
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The foliowing is a list of N1V G HD mutations observed in Bangladesh, India and
Malaysia (nombering relative to the mumbering of the NiV G ectodomain sequence):
RZ36K,
P2748,
T299V,
1304V,
L335F,
S339N,
R344K,
1384V,
T3835A,
K386E,
G421E,
P4248,
V4261,
V4271,
1444V,
L470Q,
N4B1D,
T498K,
1502V, and
1545V,

The above mutations are included in SEQ 1D NO:1 of Nipah virus glveoprotein G
head domain (NiV G HD) vaniants. Residue 1 in SEQ ID NG: 1 corresponds to residue
number 178 in the glycoprotein G. The same mutations using numbering starting with
residue | in SEQ ID NG 1 s afollows:

R39K,
PO78,
TI22V,
Y27V,
L158F,
STG2N,
RISTK,
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1207V,
T2084,
K209E,
G244E,
P2478,
V2491,

1267V,
L2930,
N304D,
T321K,
1325V, and
1368V,

VENLVEGLPNNICLOKTSNQILEPFRLISYTLPVVGCSGTCITDPLLAMDEGYFAYSHLE (R/K
) IGSCSREVSKORI IGVEEVLDREDEVPSLEMTNVWTE (F/S) NPNTVYHCSAVYNNEFYYV
LCAVS {(T/V) VGDP (I/V) LNSTYWSGSLMMTRLAVK FRKSNGGGYNQHQ (L/F) ALR (5/N)
TEXG{R/K) YDKVMPYGPSCIKQGDTLYFPAVOFLVRTEFKYNDSNCE (I /V) (T/A) (K/E
) COYSKPENCRLEMGIRPNSHY ILRSGLLRYNLAD (G/8) EN(P/SYK(V/I) (V/I)FIET
SDORLSIGSPEK(I/V) YDSLGOPVEYQASFESWDTMIKFGDV (L/ Q) TVNPLVVNWR (/D)
NTVISRPGQSQCPREN (T/K) CFE (I/V) CWESVYNDAFLIDRINWISAGVFLDSNQTAENP
VETVEKDNE (I/V} LYRAQLASEDTNAQKTITNCFLLXKNKIWCISLVEIYDTGDNVIRERLE
AVKIPEQCT

(SEQ ID NO:1) (NiV G HD variants)

SEQ ID NO:2 is the reference sequence of HeV G HI:
VEDRLVGLEPNQICLOKTTSTILEKPRLISYTLP INTREGVCTITOPLLAVINGFFAY SHLEKIGS

CTRGIAROR SVGEVLDRGDRVPSMFMTNVWT PPNPSTIHHCSSTYHEDFYYTLCAVSHVG

DEILNE

SLELTRLAVRPKEDEGDYNQRKY TATTKVERGRKYDKVMPY GPSGIRQGDTLY

FPAVGFLPRTERFQYNDSNCPITHCKYSKAENCRLSMGVYNSE

SHY ILRSGLLXKYNLSLGGDII

LOFIED

VONRLTIGSPSKIYNSLGOPVEYQASY SWDTMIKLGDVDTVDPLRVOQWRNNSVISE
PGQEQUPREFNVCPEVCWEGTYNDAFPLIDRLNWVSAGVYLNSNQTAENPVFAVFKDNETLYQV
PLARDDTNAQKTITDCRLLENVIWCISLVEIYDIGDSVIRPRLEFAVKIPAQUSES (SEG 1D

NO:2) (HeV G HD)

PCT/US2024/046998
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In one aspect, the disclosure provides isolated polypeptide comprising:

{a) a head domain (HD) comprising an amino acid sequence at least 70%, 75%,
R0%, 83%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of any one of SEQ ID NG:1-2; and

{h) a multimerization domain capable of generating multimers comprising 2 to 60
copies of the isolated polypeptide.

The polypeptides of the disclosure comprise a multimernization domain. For example,
the poly peptides can be engineered via genetic {fusion {o create 4-mer or 60-mer multimers.
These constructs may be expressed, for example, i Chinese haroster ovary (CHO) cells and
purified using standard nickel and size exclusion methods. By size exclusion
chromatography with multi-angle light scattering (SEC-MALS), each construct is shown to
have the correct molecular weight according to 115 ntended multiroeric state. The antigenic
profiles of the constructs are tested and the results show binding to neutralizing antibodies.

The polypeptide is capable of multimerization and thus presenting muldiiple copies of
the head domain to enhance the immume response generaied when the polypeptide is
administered {0 a subject. Anv multimerization can be used that is capable of generating
nmultimers as deemed suitable for an intended use.

In one embodiment the mutimerization domain may comprise motifs from the leucine
zipper domain of the general control protetn GCN4 of the veast Saccharomyces cerevisiae:
RMKQIEDKIEEILSKIYHIENEIARIKKLIGER (SEQ ED NO:21), which is a coiled
trimerization motif, or
MRKVKQLEDVVEELLSVNYHLENVVARLEKLVGER (SEG 1D NG:22), whichis a
tetramenization motif having 4 helices curling around each other 1n helical manner.

These multimerization domains can be used to generate multimers comprising 3, 4, 6
or 8 copies of the isolated polypeptide comprising a first domain of the disclosure.

A fusion with multimerization domain of SEQ ID NO: 21 may comprise fusing one
copy of a polypeptide comprising a first domain of the disclosure to the N-terminus of SEQ}
ID NG:21 with anv suitable linker (such as those described below), including but not limited
10 the linker GGSGGSGGSGGSGGSGGE (SEQ 1D NO:23) resulting tn a 3-mer. A fusion
with multimerization doroain of SEQ 1D NO:22 may comprise fusing one copy of a
polypeptide comprising a first domain of the disclosure to the N-terminus of SEQ 1D NO:22

with any suitable linker {such as those described below), including but not limited to the



10

15

20

25

30

WO 2025/064372 PCT/US2024/046998

linker GGSGGSGGSGGRSGGSGHG (SEQ 1D NO:23) resulting in a 4-mer. A fusion with
muttimerization domain may comprise Rusing one copy of a polypeptide comprising a first
domain of the disclosure to the N- termunus of SEQ 13 NG:22 with any suitable linker (such
as those described below), including but not hmited to the linker
GGSGGSGGSGGSGGSGGE (SEQ ID NO:23y and a second copy of a polypeptide of the
disclosure 1o the C- termunus of SEQ 1D NG:22 with aoy suitable linker (such as those
described below), including but not limnited to the linker GGSGGSGGSGGSGGSGGE (SEQ
ID NO:23), resulting in an 8-mer.

In another embodiment, the multimerization domain comprises an amino acid
sequence at least at least 70%, 75%. 80%, 85%, 90%. 91%, 92%, 93%, 94%, 93%, 96%,
97%, 98%, 99%. or 100% identical to the amino acid sequence of SEQID NO: 3 or 4.
MOIY{E/C)CGK(L/C) (T/C)ARCLRFEIVASR (F/A) NHALVDRLVEGAIDAIV{R/C) {H
/F/M) GCREEDITLV(R/C)V{P/C)GSWEIP (V/C) AAGELARKEDIDAVIAIGVL (I /C)
RGA(T/C) {P/G) (H/S) FDYIASEVSKCLADLS (L/C) ELRKPITFCVITA (D/C) TLEQA
IE{R/A)RCGT (K/C) HGNKGWEAAL (S/C) ATEMANLFXSLR (SEQ 1D NG:3) (Lumazine

synthase (LS) variants)

MOIYECGKLTAEGLRFGIVASRANHALVDRLVEGAIDATIVRHCGREEEDITLVRVCGSWELPVA
AGELARKEDIDAVIAIGVLCRGATPSFDYIASEVEKGLADLELELRKPITFGVITADTLEQA

IEAAGTCHCGNKGWEAALCATEMANLFKSLR (SEQ ID NG:4) (Lumarine synthase (LS}

in this embodument, the multireerization platform coroprises lumazive synthase. The
multimerization domains of SEQ 1D NO: 3 and 4 can be used to generate multimers
comprising 60 copies of the isolated poly peptides of the disclosure.

In one embodiment where the multimerization domain comprises SEQ D NO:3, at
least 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17 or all 18 of the residues bounded by
parentheses is the first listed residue.

In another embodiment, the polypeptides of the disclosure may further comprise an
ammano acid linker between the head domain and the multimernization domain. Aoy amino
acid linker may be used as suitable for an intended purpose. In one embodiment, the linker is
a Gly-Ser rich linker (i.e.: 50%, 60%, 70%, &0%, 90%, 95%, or 100% made up of Gly or Ser
residues). The combination of flexible and hydrophilic residues in these linkers limits the
forroation of secondary structures and reduces the likelihood that the linkers will interfere

with the folding and function of the protein domains. In one specific embodiment, the linker
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comprises or consists of {GGSHGGG, whereinn is 3-11, 4-11, 5-11, 6-11, 7-11, &11, 9-11,
10-11, 3-10, 4-10, 53-19, 6-10, 7-10, 8-10, 9-10, 3-9, 49, 5-9, 6-9, 7-9, §-9, 3-8, 4-8, 5-8, 6-8
7-8,3,4,5,6,7,8,9, 10 or 11 In some embodiments, nis 811, 9-11, 10-11, 8-10, 9-10, 8-9,
8,9 10, 0or 1.

The multimerization domain may be N-terminal or C-terminal to the head domain. In
one specific embodiment, the head domain is carboxy-terminal {0 the multimenization
domain.

in other embodiments, the polypeptide comprises the amino acid sequence selected
from the group consisting of SEQ ID NO: 5-6, wherein nig 3-11, 4-11, 5-11, 6-11, 7-11, 8-
11,9-11, 10-11, 3-10, 4-10, 5-10, 6-10, 7-10, 8-10, 9-10, 3-9, 4-9, 5-9, 6-9, 7-9, 8-9, 3-8, 4-§
5-8 6-8,7-8.3.4.5.6,7,8,9, 10 or 11. In some embodiments, nis 8-11, 9-11, 10-11, 8-10,
9-10,8-9, 8,9, 10, or 11
MOIY{(E/C)GK(L/C) (T/C)ARGLRFGIVASR (F/A) NHALVDRLVEGAIDATIVI(R/C) {H
/F/M)GEREEDITLV(R/C)V{P/C)GESWEIP (V/C) ARGELARKEDIDAVIATIGVL (I /C)
RGA{T/C) {P/C) (H/S) FDYIASEVSKGLADLS (L/C) BELRKPITFGVITA (D/C) TLEQA
IE{(R/A)AGT (K/C} HGNKGWEAAL (S8/C} AIEMANLFXSLR {GG8} nGEEVSNLVGLPNNIC
LOXTESNQILKPKLISYTLRPVVGRSGTCITDPLLAMDEGYFAYSHLE (R/K) IGSCSRGVSKQ
RITIGVGEVLDRGDEVESLEMTNVWT S)NPNTVYHCSAVYNNEFYYVLCAVS {(T/V) VG
DP{I/V) LESTYWSGSLMMTRLAVKPKSNGGEYNGHG (L/FIALR (S/N) IEKG (R/X) YDK
VMPYGPSGIKQGDTLYFPAVGFLVRTEFKYNDSNCP (I/V) {T/2) (K/E) CCYSKPENCRL
SMGIRPNSHYILRSGLLKYNLED (G/E)EN(P/S)K(V/I) {V/I})FIEISDCRLSIGSPSK

{I/V)YDSLEQPVFYQASFSWDTMIKFGDV (L/Q) TYNPLVVNWR (N/D) NTVISRPGQSQC
PREN (T/X)CPE (I/V) CWEGVYNDAFLIDRINWISAGVFLDSNQTAENPVFTVFKDNE (I/
V) LYRAQLASEDTNAQKTITNCFLLKNKIWCISLYVEIYDTGDNVIRPKLFAVKIPEQCT

(SEQ IB N{:8) (LS vanants-linker-NtV G HD vartanis)

MOIY{(E/C)GK(L/C) (T/G)AEGLRFGIVASR (F/A) NHALVDRLVEGAIDATIV{R/C) (H
JB/M) GEREEDITLV (R/C) VI{EF/C) GSWEIP (V/C) ARGELARKEDIDAVIATIGVL (I /)
RGA(T/C) (P/3) (H/8) FDYIASEVSKGLADLS (L/C) ELRRPITFGVITA (D/C) TLEQA
EA{R/A)AGT (K/C) HGNKGWEAAL {3/C) ATEMANLFKSLR {GGS) .GEGVSDLVGLPNQIC
LOKTTSTILKPRLISYTLPINTREGVCITDPLLAVDNGEFPAY SHLEKIGSCTRGTAKQRIIG
VEEVLDRGDKVPSMEMTNVWT PENPST I HEHCESTYHEDFYY TLCAVEHVGDP ILNSTSWTES
LELIRLAVEPKSDISGRYNOQRYTATTRVERGKYDKVMPYGRPSGIKQGDTLY FPAVGFLPRTEF

QYNDSNCPIIHCKYSKAENCRLSMGVNESKSHY TLRSGLLKYNLSLGGR I TLOFIETADNRLT

11
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IGSEFSKIYNSLOGCPVEYQASYSWDTMIKLGDVDTVDPLRVOWENNSVISRPGOSQCERFNVC
PEVCWEGTYNDAFLIDRLNWVSAGVYLNSNQTAENPVFAVFKDNE ILYQVPLAEDDTNAQKT
ITDCFLLENVIWCISLVEIYDTGDSVIRPKLFAVKIPAQCSES (SEQ ID NG:6) (LS
vartanis-linker-HeV G HD)

in specific embodiments, the polypeptide comprises the amino acid sequence of any
one of SEQ ID NG:7-10 and 18,
MOIYEGKLTAEGLRFGIVASRANHALVDRLVEGAIDATIVRHGGREEDITLVRVCGSWEL PVA
AGELARKEDIDAVIAIGVLCRCGATPSFOYIASEVSKGLADLSLELRKPITFGVITADTLEQA
IEAAGTCHGNKGWEAALCATEMANLEFKSLRGGSGGEGCSGESGESGGSGGEGESGEEVENLY
GLPNNICLOKTSNQILKPKLISYTLPVVGEQSGTCITDPLLAMDEGYFAYSHLE (R/K) IGSC
SRGVSKORIIGVGEVLDRCGDEVPSLFMTNVWTR (P/S) NPNTVYHCSAVYNNEFYYVLCAVS
{T/V)VGDP{I/V}LNSTYWSGSLMMTRLAVKPKSNGGGYNQHQ {L/F}ALR (S/N) IEKG
R/¥) YDKVMPYGPSCIKCCDTLYFPAVGFLVRTEFKYNDSNCP {I/V} (T/A) (K/E)CQYS
KPENCRLSMEIRPNSHYILRSGLLKYNLSD (G/E)EN({P/S)K(V/I) (V/I)FIEISDORL
SIGSPSK{I/V} YDSLEGCPVFYQASFSWDTMIKFGDV (L/Q) TVNPLVVNWR (N/D) NTVIS
RPGQSQCPRFN (T/X) CPE{I/V) CWECVYNDAFLIDRINWISAGVFLDSNGTAENPVFTVE
KDNE {I/V)LYRACLASEDTNAQKTITNCFLLENKIWCISLVEIYDTGDNVIRPKLFAVKIP
EQCT (SEQ ID N{O:7) (L.S-linker-NtV G HD variants)

MOTYEGKLTAEGLREFGIVASRANHALVDRLVEGATDATVRHGGREEDITLVRVCGSWETI PVA

AGELARKEDIDAVIAIGVLCRGATEPEFDY IASEVSKGLADLSLELRKPITFGOVITADTLEQA

TEAACTCHGNRGWEAALCAT EMANLFKELRGGSGEEGESGEEGEEGGEGHEGGSGEGEVEDLY
GLPNQICLOKTTSTILKPRLISYTLPINTREGVCITDFLLAVDNGFFAYSHLEKIGSCTRGI

AKQRIIGVGEVLDRGDKVEPSMEMINVRIPPNPSTIHHUSSTYHEDFYY TLCAVSHVGD P I LN

STSWTESLELIRLAVRPRKSDEGDYNQKY TATTRKVERGKYDRVMPYGPSGIKQGDTLYFEAVG
FLPRTEFQYNDSNCPITHCRKYSKAENCRLEMGVNSKSHY TLREGLLKYNLSLGGDITLOFIE

JTADNRLTIGE PSKIYNSLGQRPVEFYQASYSWDTMIKLGDVDTVDRPLRVOWRNNSVISRPGQSQ

CPRPNVCPEVCHEGTYNDAFLIDRLNWVSAGVYLNSNQTAENPVFAVEFKDNE TLYQVPLARL
DTNAQRTITDCFLLENVIWCISLVEIVDTEDSVIRPKLFAVRIPAQCSES (SEQ ID NO:§)

(LS-linker-HeV G HD})

12
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MRKVKQLEDVVEELLSVNYHLENVVARLKKLVGERGGSGGSGGSGESGGEGGSGEEVENLVGL

GVSKQRIIGVGEVLDRGDEVESLEFMINVWIP (P/S) NENTVYHCSAVYNNERYYVLCAVS (T
JVYVCEDP (1/V) LNSTYWSCSLMMTRLAVKPKSNGGGYNQHO (L/F) ALR (S/N) IEXKG (R/
X) YDRVMPYGPSGIKQGDTLYFFAVEFLVRTEFKYNDSNCP {I/V) (T/A) (X/E) CQYSKP
ENCRLSMGIRPNSHYILREGLLKYNLSD (G/E)EN(P/S)K{V/1} (V/I)FIEISDORLSI

GEPSXK(I/V) YDELGOPVEFYQASFSWITMIKEGDV (L/Q) TVNPLVVNWR (N/D) NTVISRP

GOSQCEPRFN (T/K) CPE (I/V) CWECVYNDAFLIDRINWI SAGVFLDSNQTAENFVFTVEKD
NE(I/V)LYRAQLASEDTNAQKT I TRCFLLEKNKIWCISLVEIVDTEDNVIRPKLFAVEIPEQ
CT (SEQ IB NO:9) (tetra motif-linker-NiV G HD variants)

MXVKQLEDVVEELLSVNYHLENVVARLKKLVGERGGEGGSGGEGGSGGESGESGEGVSDLVGL
PNQICLOKITTSTILKPRLISYTLPINTREGVCITDPLLAVDNGFFAYSHLEKIGSCTRGIAK
QRIIGVGEVLDRGDKVPSMFMTNVWIPPNPSTIHHCSSTYHEDFYYTLCAVSHVGDPILNST
SWTESLSLIRLAVRPKSDSGDYNQKYIATTRKVERGKYDKVMPYGPSGIKQGDTLYFPAVGEL
PRTEFQYNDSNCPIIHCKYSKAENCRLSMGVNSKSHY TLREGLLKYNLSLGGRITILOFIEIA
DNRLTIGSPSKIYNSLGQPVEYQASYSWDTMIKLGDVDTVDPLRVQWRNNSVISRPGQSQCP
RENVCPEVCWEGTYNDAFLIDRLNWVSAGVYLNSNCTAENPVFAVFKDNEILYQVPLAEDDT
NAQKTITDCFLLENVIWCISLVEIYDTGDSVIRPKLFAVKIPAQUSES (SEQ ID NOG:18)

{(tetra motif-linker-HeV G HD)

MOIYEGKLTAEGLRIFGIVASRANHALVDRLVEGATIDAIVRHGGREEDITLVRVCCSWETI PVA
AGELARKEDIDAVIAICGVLCRGATPSFDYIASEVSKGLADLSLELRKPITEFGVITADTLEQA
IEAACTCHCNKCGWEAALCATEMANLFKSLRGGESCGGSGGECGESGESGGSCESGGESGEGVSNLVY
GLEFNNICLOKTENQILKPELISYTLEPVVGQEGTCITDPLLAMDEGYFAYSHLERIGSCSREY
SKQRIIGVGEVLDRGPEVESLIFMINVW T PPNRPNTVYHCSAVYNNEFYYVLCAVSTVGDPILN
STYWSGSLMMTRLAVKPKSNGGGYNQHOQLALRSTEXGRYDKVMPYGPESGIKQGDTLYFPAVEG
PLVRTEFRKYNDENCPITKCQYSKPENCRLSMGIRPNSHY ILRSCLLKYNLSDGENTFEKVVEIER
ISPORLSIGESPEKIYDRSLGQPVEYQASFEWDTMIKFGDVLTVNPLVVNWRNNTVISREFGOSO
CPRENTCPEICWEGVYNDAFPLIDRINWISAGVFLDSNQTAENPVEFTVFKONEILYRAQLASE
DTNAQKTITNCFLLKNKIWCISLVEIYDTGDNVIRPKLFAVKIPEQCT (SEQ ID NG:18)
(LS-linker-NiV G HD Malaysia strain residues 178-602)
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in specific embodiments the Nipah virus head domain comprises the amino acid
sequence of SEQ IBDNG:S, 7and 9, whereinatleast 1,2, 3,4, 5, 6,7, 8,9 ,10,11 ,12, 13, 14,
15,16, 17, or all 18 of the residues bounded by parentheses is the first listed residue.

In another aspect, the disclosure provides multimers. comprising two or more copies
of the isolated polypeptide of any embodiment or combination of embodiments disclosed
herem. The multiroers may be formed 1 any suitable maoner, including but not limoited to by
inclusion of multimerization domains in the primary amino acid sequence, or by linking the
polvpeptides to a scaffold. In one embodiment, the multimer comprises between 2 and 60
copies of the isolated polvpepiide. In various embodiments, the mudiimer may comprise 2, 3,
4, 6, 8, 60, ot more copies of the polypeptide. In one embodiment, the disclosure provides
scaffolds comprising two or more isolated polypeptides of any embodiment or combination
of embodiments disclosed herein on a surface of the scaffold. Any suitable scaffolds may be
used, whether polypeptide scaftolds, virus-like particles, beads, or other scaffold materials.
The polypeptides may be linked to the scaffolds in any suitable maiter. In one embodiment,
the two or more isolated polypeptides are all identical polypeptides. In another embodiment,
the two or more 1solated poly peptides include different polypeptides, permitting delivery of a
multivalent composttion to a subject in need thereof.

in another aspect, the disclosure provides isolated nucleic acids encoding the isolated
polypeptide of any embodiment or combination of embodiments disclosed herein. The
isolated nucleic acid sequence may comprise RNA or DNA. Such isolated nucleic acid
sequences may comprise additional sequences useful for promoting expression and/or
purification of the encoded protein, including but not limited to poly A sequences, modified
Kozak sequences, and sequences encoding eptiope tags, export signals, and secretory signals,
nuclear localization signals, and plasma membrane locahization signals. It will be apparent to
those of skill in the art, based on the teachings herein, what nucleic acid sequences will
encode the polypeptides of the disclosure.

In another aspect, the present disclosure provides expression vectors comprising the
nucleic acid of anv aspect of the disclosure operatively linked to a suitable control sequence.
"Expression vector” includes vectors that operatively link a nucleic acid coding region or
gene to any conirol sequences capable of effecting expression of the gene product. “Contirol
sequences” operably linked to the nucleic acid sequences of the disclosure are nucleic acid
sequences capable of effecting the expression of the nucleic acid molecules. The control
sequences need not be contiguous with the nucleic acid sequences, so long as they function to
direct the expression thereof Thus, for example, itervening untransiated vet transcribed
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sequences can be preseni between a promoter sequence and the nucleic acid sequences and
the promoter sequence can still be considered "operably linked" to the coding sequence.
Other such control sequences mnclude, but are not limited to, polyadenylation signals,
termunation signals, and ribosome binding sites. Such expression vectors include but are not
fimited to, plasmid and viral-based expression vectors. The control sequence used to drive
expression of the disclosed nucleic acid sequences in a maromalian system may be
constitutive (driven by any of a variety of promoters, including but not hmited to, CMV,
SV40, RSV, actin, EF) or inducible {driven by anv of a number of inducible promoters
mchuding, but not limited {o, tetracvcling, ecdysone, siergid-responsive). The expression
vector must be replicable in the host organisis either as an episome or by indegration indo
host chromosomal DNA. In various embodiments, the expression vector may comprise a
plasmid, viral-based vector (including but not linuted to a retroviral vector or oncolytic
virus), or any other suitable expression vector. In some ernbodiments, the expression vector
can be adminustered in the methods of the disclosure to express the polypeptides in vivo for
therapeutic benefit

In a further aspect, the present disclosure provides host cells that comprise the
polypeptides, nucleic acids, expression vectors and/or nucleic acids disclosed herein, wherein
the host cells can be either prokaryotic or eukarvotic. The cells can be transiently or stably
engineered to incorporate the expression vector of the disclosure, using techniques inclading
but not limited to bacterial transformations, calcium phosphate co-precipitation,
electroporation, or liposome mediated-, DEAE dextran mediated-, polvcationic mediated-, or
viral mediated {ransfection. {(See, for example, Molecular Cloning: A Laboratory Manual
{Sambrook, et al., 1989, Cold Spring Harbor Laboratory Press), Culture of Animal Cells: A
Manual of RBasic Technigue, 2 Fd. (R Freshney. 1987, Liss, Inc. New York, NY). A
method of producing a polypeptide according to the disclosure is an additional part of the
disclosure. The method comprises the steps of (a) culturing a host according to this aspect of
the disclosure under conditions conducive 1o the expression of the polypeptide, and (b)
optionally. recovering the expressed polypeptide. The expressed polypeptide can be
recoverad from the cell free extract, but preferably thev are recovered from the culture
medium,

In one embodiment of the nucleic acids of the disclosure, the nucleic acid comprises
mRNA. Messenger RNA (mRNA) offers a relatively safe and efficient alternative to the
polypeptide therapeutics and vaccines of the disclosure. After mRNA in vivo imnjection and

uptake by professional antigen-presenting cells (APCs) in various tissues, the head domain 13
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expressed in APCs and displayed for the immumne response.

Various modifications of mRNA may be ased in order to counter the degradation of a
head domain mRNA therapeutic or vaccine disclosed herein,

In one embodiment, the mRNA comprises a 37 cap. The 5 cap 15 a specially
altered nucleotide on the 57 end of mRNA. This process, known as mRINA capping, is highly
regulated and vital in the creation of stable and mature messenger RNA able to undergo
transiation during protein synthesis. In eukaryotes, the 5' cap consists of a guanine nucleotide
connected to mRNA via an unusual 3' to 57 iriphosphate Hinkage. This guanosine is
methvliated directly after capping /2 vivo by a methyl transferase. In multicellular eukarvotes,
further modifications exist, including the methylation of the first 2 nibose sugars of the 5" end
of the mRNA. The 5 cap i1s chemically similar to the 3° end of an RNA molecule and this
provides significant resistance to 5'exonucleases. Eukaryotic RNA undergoes a series of
modifications in order to be exported from the nucleus and successfully translated nto
function proteins, many of which are dependent on mRNA capping, the first mRNA
madification to take place. Various versions of 5’ caps can be added during or afier the
transcription reaction using various capping enzymes such as a vaccinia vires capping
enzyme or by incorporating a synthetic cap or anfi-reverse cap analogues.

in another embodiment, the mRNA further comprises a poly(A}) tail of between 50
and 120 contiguous adenosine residues. Polvadenvlation helps protect the mRNA 3" end
aganst degradation by exonucleases, the export of mature mRNA 1o the cytoplasmic
environment, and also for mRNA translation.

In another embodiment, the mRNA comprises a 57 untranslated region {including the
start codon} comprising the sequence GGGAGACUGCCACCAUG (SEQ IBNG:12) or
GCGAGACUGCCAAGATUG {(SEQ ID NG:13). The 3 -untranslated region {$'-UTR) of mRNA
of this embodiment contains structural elements, which are recognized by cell-specific RNA-
binding proteins, thereby affecting the translation of the molecule. To create recombinant
RNA transcripts with short syathetic 5°-UTRs, the corresponding DNA sequences may be
cloned into a plasmid vector upsiream of the head domain gene. Table 1 lists the positions of
different bases in the mRNA relative to the start codon. T7 promoter
{TAATACGACTCACTATA (SEQ ID NG: 15)) may be combined with the Kozak element
consensus seguence upstrearn of the start codon (ATG). Transcription from T7 promoter
begins with the first G after the TATA element. The following six bases after the TATA

element (GGGAGA) help provide high yields and homogenous 5"mRNA ends dwring in vitro
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transcription. This template-sequence results in an RNA, which has the sequence
GGGAGACUGCCA (C/A) (C/G)AUG (SEQ ID NG: 16) as its 5°-UTR.

Tabie 1 shows two maundmal UTRs with best results as 5°-UTRs.

Table 1. Sequences of Svathetic 5™ -Untransiated Region

Minimal Promoter Transcription | Extra Kozak Start codon
UTR start site nucleotides | sequence

UTR1 T7 GGGAGA CT GCCACC ATG

UTR2 17 GGGAGA CT GCCAAG ATG

In a further embodiment, the mRINA comprises a 3™ uniransiated region comprising
one or two copies of a beta globin mRNA 3°-UTR. Any beta globin mRNA 3°-UTR may be
used as deemed surtable for an intended purpose. In one embodiment, the beta globin mRNA
37-UTR comprises the amino acid sequence:
GCUCGCUTUCUUGCUGUCCAAUUUCUAUTUAAAGGUICCUTUGUUCCCUAAGUCCAACUACUA
AACUGGEGCGAUATUAUCAAGGECCUUGAGCAUCUGCATUUCUGCCUARUAAAADACATIUTAUU
DUCAUUGC (SEQ ID NO:1D

o another aspect, the disclosure provides pharmaceutical compositions comprising

{a) the polypeptide, the multimer, the scaffold, the nucleic acid, the recombinant
expression vector, and/or the celi of a preceding claim; and

{b} a pharmaceutically acceptable carrier.

The pharmaceutical compositions of the disclosure may be used, for example, in the
methods of the disclosure. In one embodiment, the composition comprises the
pharmaceutically acceptable carrier and:

{a) the isolated polypeptide of SEQ 1D NG:S; or

{b} the isolated polypeptide of SEQ 1D NO:6; or

{c) the isolated polvpeptide of SEQ ID NO7; or

{d}  the isolated polvpepiide of SEQ ID NO:§; or

{e) the 1solated polvpeptide of SEQ 1D NO:9; or

() the isolated polypeptide of SEG 1D NG:10.

io another erobodirsent, conmpositions coruprise
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(a) the mRNA of any embodiment or combination of embodiments herein; and

b) a cationic lipid carrier, such as a liposome, or a cationi¢ protein, such as
protanane.

Axnry cationic lipid carrier or cationic protein may be used as deemed appropriate for
an intended use, including but not limited to Hiposomes and protamine.

In one such embodiment, the mRNA encodes:

{a) the isolated polypeptide of SEQ 1D NQO:5; or

{b) the isolated polypeptide of SEG 1D NO:6; or

{c} the isolated polypeptide of SEQ 1D NG.7; or

{d) the isolated polypeptide of SEQ 1D NO:B; or

{e) the isolated polypeptide of SEQ 1D NO:9; or

{f) the isolated polypepiide of SEQ ID NO:10.

The pharmaceutical composition may further comprise (a} a lyoprotectant; (b} a
surfactant; {c} a bultking agent; (d) a tonicity adjusting agent; (&) a stabilizer; {H) a
preservative and/or {g) a buffer.

in some embodiments, the buffer in the pharmaceutical composition is a Tris buffer, a
histidine buffer, a phosphate butfer, a citrate buffer or an acetate buffer. The pharmaceutical
composition may also include a lyoprotectant, e.g. sucrose, sorbitol or trehalose. In certain
embodiments, the pharmaceutical composition includes a preservative e.g. benzalkonium
chioride, benzethonium, chlorchexidine, phenol, m-cresol, benzyl alcohol, methylparaben,
propylparaben, chlorcbutanol, o-cresol, p-cresol, chiorocresol, phenvimercuric nitrate,
thimerosal, benzoic acid, and various maxiures thereof. In other embodiments, the
pharmaceutical composition includes a bulking agent, hike glvcine. In yet other embodiments,
the pharmaceutical composition includes a surfactant e.g., polysorbate-20, polysorbate-40,
polysorbate- 60, polysorbate-65, polysorbate-80 polvsorbate-85, poloxamer-188, sorbitan
monolaurate, sorbitan monopalmitate, sorbiian monostearate, sorbitan monooleate, sorbitan
trilaurate, sorbitan tristearate, sorbitan trioleaste, or a combination thereof. The
pharmaceutical composttion may also include a tonicity-adiusting agent, e.g., a compound
that renders the formulation substantially isotonic or isgosmotic with human blood.
Exemplary torcity adjusting agends include sucrose, sorbitol, glyveine, methionive, mannifol,
dextrose, inositol, sodium chloride, argining and arginine hydrochloride. in other
embodimenis, the pharmaceutical composition additionally includes a stabilizer, e g., a
molecule which, when combined with a protein of interest substantially prevents or reduces
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chemical and/or physical instability of the protein of interest in lyophilized or liquid form.
Exemplary stabilizers include sucrose, sorbitol, glvcine, mositol, sodium chioride,
methionine, arginine, and arginine hydrochloride.

The polypeptide, the multimer, the scatfold, the nucleic acid. the recombinant
expression vector, and/or the cell of anv embodiment or combination of embodiments herein
mayv be the sole active agent n the pharmaceutical composition, or the composition may
further comprise one or more other active agents suitable for an intended use.

iIn another aspect, the disclosure provides methods for treating a henipavirus infection,
comprising adminmstering to a subject infected with a henipavirus an amount effective to treal
the infection of the polvpeptide, the multimer, the scaffold, the nucleic acid, the recombinant
expression vector, the cell, and/or the pharmaceutical composition of any claim herein.

As used herein, "tfreat” or "treating” means accomplishing one or more of the
following 1n an ndividual that already has a henipavirus infection: (a) reducing the severity
of the infection; (b} limiting or preventing development of symptoms characteristic of the
infection being treated; {c} inhibiting worsening of sympioms characteristic of the infection;
and (d) limiting or preventing recurrence of symptoms in patients that were previously
symptomatic for the wofection.

in another aspect, the disclosure provides methods for limiting development of a
henipavirus infection, comprising adnunistering to a subject at risk of henipavirus infection
an amount effective to limit development of a henipavirus infection of the polypeptide, the
multimer, the scaffold, the nucleic acid, the recombinant expression vector, the cell, and/or
the pharmaceutical composition of anv claim herein.

As used herein, "lumiting” or "himiting development of ' means accomplishing one or
more of the following ju an individual that does not have a herupavirus imfection: {(a}
preventing mfection; (b} reducing the severity a subsequent infection; and (¢} limiting or
preventing development of symptoms after a subsequent infection.

In a further aspect, the disclosure provides methods for generating an imrmune
response in a subject, comprising administering to the subject an amount effective to generate
an immune response of the polypeptide, the multimer, the scaffold, the nucleic acid, the
recombinant expression vector, the cell, and/or the pharmaceutical composition of any claim
herein.

in this aspect, generating an immune response can be used to prevent infection, treat

an existing infection or limit development of a subsequent infection.
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in al of the above aspects, an “amowunt effective” refers to an amount of the
therapeutic that is effective for treating and/or limiting the infection. The polypeptide, the
muttimer, the scaffold, the nucleic acid, the recombinant expression vecior, the cell, and/or
the pharmaceutical composition may be administered by any suitable rowte. In one
embodiment of all of these aspects, the polypeptide, the multimer, the scaffold, the nucleic
acid, the recombinant expression vector, the cell, and/or the pharmaceutical composition may
be admunistered by subcutaneous, infradermal or inframuscular injection. In one embodiment
of the above aspects, the nucleic acid is adnunistered with a needie-free injection system.

The subject in any of the methods disclosed hergin may be any subject infected with
or at risk or a henipavirus infection, including but not himited (o a2 human subject.

In another aspect, the disclosure provides methods for monitoring a henipavirus-
mduced disease in a subject and/or monitoring response of the subject to immunization bv a
henipavirus vaceine, coraprising contacting the polypeptide, the multimer, the scaffold, the
nucleic acid, the recombinant expression vector, the cell, and/or the pharmaceutical
composition of any claim herein with a bodily flind from the subject and detecting
henipavirus-binding antibodies in the bodily fluid of the subject. In this embodiment, a
change in hempavitus-binding antibodies in the bodily flind of the subject can be momtored
over time after the therapeutic or prophylactic methods disclosed herein, or any other
therapeutic or prophylactic methods to treat or limit development of a henipavirus-induced
disease.

In one embodiment, the bodily fhuid comprises serum or whole blood.

In a further aspect, the disclosure provides methods for detecting henipavirus binding
antibodies, comprising

{a) contacting the polvpeptide, the multimer, the scaffold, and/or the pharmaceutical
compaosition of any claim herein with a composition comprising a candidate henipavirus
binding antibody under conditions suitable for binding of henipavirus antibodies {o the
polypeptide, the multimer, the scaffold, and/or the pharmaceutical composition; and

{h} detecting henipavirus antibody complexes with the polvpeptide. the multimer, the
scaffold, and/or the pharmaceutical composition. In this embodiment, the reagents disclosed
herein can be used in testing a subject for henipavirus infection.

o one embodiment, the method further comprises isolating the henipavitus antibodies
that can be used, for example, as therapeutic antibodies to treat a subject having a hemipavirus

infection.
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in a further embodiment, the disclosure provides methods for producing henipavirus
antibodies, comprising

{a) admanistering to a subject an amount effective to generate an antibody
response of the polypeptide, the multimer, the scaffold, the nucleic acid. the recombinant
axpression vector, the cell, and/or the pharmaceutical composition of any claim herein; and

{h) isolating antibodies produced by the subject. To this aspect, antibodies may be
isolated and used, for example, as therapeutic antibodies to treat a subject having a

henipavirus infection.

Example
Immunogenicity in mouse of Nipah mRNA vaccine encoeding for amine acid sequence of
SEQ ID NG:18.

The following experiments confirmed that the mRNA vaceine VX4004R2 encoding
for the anuno acid sequence of SEQ 1D NO: 18 elicits newtralizing antibodies in vaccinated
mice.

Construct in pUC19 plasmud

A construct with the T7 RNA polymerase promoter, the 5” munimal untranslated
region UTRZ of Table 1, the N-terminal human 1L-2 signal sequence encoding for the anuno
actd sequence MYRMOLLSCIALSLALVTNG (SEQ ID NO:14), a nucleotide sequence
encoding the amino acid sequence of SEQ D NG: 13, the 3'UTR region of SEQ ID NG: 11, a
poly{A) tail of 80 adenosine residues and the BsmBI restriction site was cloned into the

pUC19 vector. The sequence of this construct is SEQ D NG 19,

t

¢

tacgactcactatagggagactgecaagatgtacagaatgeagotgetgagetgeategeoatga

gectggeoctggtgaccaacageatgeagatetacgagggesagetgaceygocgagggectgagatta
ggcatcgtggecageagagecaaccacgocctggtggacagactggtggagggegeccatcgacgeoat
cgtgagacacggegycagaegaggagygecatcacceiggtgagagtgtgeggeagetgggagateceacy
tggecygcegygegagetggecagaaaggaggacategacgecgtgategecatcggegtgetgtgeaga

ggcgccaccececagettegactacategecagegaggtgageaagggectggecgacctzgagectgga

getgagasagecoatcaccticggoegtgatcacoegecgacacactggagecaggecategaggeogecy
geacctgeocacggeaacaaggactygggaggecgecctgtgegocatogage

agccetgagaggaggctocggaggatctggagggagtggagget caggeggeageggagagceggogy
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aagogggggctectggaggaggegtgagecaacctggtgggectgeccaacaacatetgectgecagaaga

gc
ccagoaacoagatoctgaagoocaagetgatcagotacaccetgeeogtggtgggocagageggoaca

cacectgetggecatggacgagggctacttegectacage

cagctgeageagaggegtgagcaagcagagaatcatoggegtgggaegagat

aggtgoocagoctgttecatgacocaacgigiggaccoaccooaacaaca

)
0
o

goecgtgtaceacascgagttctactacgtgeigtgegeeghgagoacegtgggegacaccatectgaa

ca

@

cacctactggagocggeagectgatgatgaccagactggecgtgaagoecasagaygecaacyggeygygacy

gcetacaacocageaccagoetggoechgagaagecatcgagaagggceagatacgacaaggtgatgeoctan

ggceaccagoggeatcaagcagggegacacoctgtacttoocageegtgggottectggtgagaaccga
gtteaagtacaacgacageasctgececateaccaagtgecagtacageaageccgagaactgoagac
tgagcatgggoatcagacocaacagccactacatcotgagaagoggactgetgaagtracaacctgage

gacggogagaacecocaaggtggtgttcatcgagat cagegaccagagactgagaat cggeagocecay

gatctacgacsgectygggecageccgtygttetaccaggecagottoagetgggacaccatgatca

5
ca

a
agttoggegacgtgcetgacegtgaacccoctggtggtgasctggagaaacaacacegtgatcageaga

ceeggecagageoagtgoeccagattcaacaccigecoogagatectgotgggagggegtgtacaacga

cgtgttectggacageaaccagaccgeey

cgecttectgatogacegaatcaactggatecagoegee
agascccoogtgttcacegtgttecaaggacaacgagatectgtacagageccagetggecagegaggac
accaacgeccagasgaceatcacoaactgettcctgoctgeagaascaagatetggtgeatcageetgagt
guagatctacgacaccggegacaacgtgatcagacecaagctgttegeogtgaagatececcgageagt

c
geacctgagetegettteottgetgtecaatttctattaaaggttccttogttcecetaagtecaactac
o

ggattctgcectaataasaaacat

ggdggatattatgaagggecttgageaict

CLQCasasanisaadisdaisaddidanisaaaidadassaassanagaaassaaasaassasagaaaas

aaddaasgaaasaaaagagacyg

0

mBRNA transcnption and capping

The supercoiled pUC19 DNA was upscaled, linearized with the enzyme BsmBI, and
purified. In vitro transcription was performed with T7 polymerase in a Sl reaction. The
mRNA was capped with a cap 1 structure on the 5" end by vaccima 2'-O-methvltransferase
enzymatic capping. Capped mRNA was purtfied by reverse phase chromatography using
POROS™ resin {ThermoFisher) followed by tangential flow filtration {TFF). Final yield of
purified mRNA was 5.51 g/l of IVT reaction. RNA integrity was analyzed by denaturing
PAGE. mRNA sample and ladder were denatured at 70°C for 2 minutes and kept on ice, then
200 ng of mRMNA mixed with difuent marker was loaded on gel. The sequence of this mRNA
s SEGQ ID NO:20.

SEQ ID NO:20¢
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mRNA Sequence

GEGAGACUCGCCAAGAUGUACAGAAUGCAGCUGCUGAGCUGCAUCGCCCUGAGCCUCGECCCUG
GUGACCAACAGCAUGCAGAUCUACGAGGGECAAGCUGACCECCCAGGGCCUGAGAUUCGECAY
CCUGGCCAGCACAGCCAACCACGCCCUCGUGGACAGACUGGUGCAGCGGCECCAUCGACGCCA
UCGUGACGACACGGCGECAGAGAGCAGGACAUCACCCUGCGUGACACUGUGCGGCAGCUCGEAG
AUCCCCGUEGCCGCCGGCCGAGCUGGCCACAAAGCAGGACAUCCACGCCCUGAUCGCCAUCESG
CCUGCUGUGCACAGGCGCCACCCCCAGCUUCCACTUACAUCGCCAGCGAGGUGAGCAAGGCECC
JGGCCGACCUCGAGCCUGGAGCUGAGAAAGCCCAUCACCUUCGECEUGAUCACCECCGACACC
CUGGAGCAGGCCAUCGAGGCCGCCEECACCUGCCACGGCAACAAGGGCUGGGAGGCCGCCCU
UGCGCCAUCCAGCGAUGGCCAACCUGUUCAACAGCCUGAGAGGAGCCUCCGGAGGAUCTUGGAG

C‘.

ST ST D N N alalel COCCAGCOUCCRE ¥ XeTolalelalel:
GGAGUGGAGGCUCAGGUGGCAGUGGAGGGUCCGGLGGAAGCGGEGEE

AGCAACCUGGUGGGCCUGCCCAACAACAUCUGCIUGCAGAAGACCAGCAACCAGATUCCUGAA

GUCCAAGCUGAUCAGCUACACCCUGCCCHUGGUGEGCUAGAGCGGCACCUGCATUCACCGACC
CCCUGCUGGCCATUGGACGAGGGUUACUUCGCCUACAGCCACCUGGAGAGAAUCGGCAGTUGC

AGCAGAGGCGUGAGTAAGCAGAGAAUCAUCGGCGUGEGCGAGGUGCUGGACAGAGGUGACGA

GGUGCCCAGCCUGUUCAUGACCAACGUGUGGACCCICUCTAACCCCAR SCGUGUACCAC

GCAGCGCCGUGUACAACAACGAGUUCUACUACGUSG

-~

FCGECCGUGAGCACTG

CCCAUCCUGAACAGCACCUACUGGAGCGHCAGCTUGAUGAUGACCAGACUGGICGUGAAGCC
CAAGAGCAACGHCGGCEGTUACAACCAGCACCAGCUGGCCCUGAGAAGCATUCGAGAAGGGCA

GAUACGACAAGGUGAUGCCCUACGGCCCCAGCGGCAUCAAGCAGGHLCGACACCCUGUACTU

O

CCCGCCGUGEGCTICCUGGUGAGAACCGAGUUCAAGUACAACGACAGCAATUGCCCCAUCAC
CAAGUGCCAGUACAGCAAGCCCGAGAACUGCAGACUGAGCAUGGGCAUCAGATCCAACAGCC
ACUACAUCCUGAGAAGUGGCCUGCUGAAGUACAACCUGAGCGACGGCGAGAAICTCAAGGUG
GUGUUCAUCGAGAUCAGCGACCAGAGACUGAGCAUCGGCAGCCCCAGCAAGATUCUACGACAG
COUGEECCAGCCCGUGSTUCUACCAGGUCAGCUUCAGCUCGCACACCAUGATCAAGUUCGGCG
ACGUGCUGACCGQUGAACCCCCUGGUGGUGAACUGGAGAAACAACACCGUGAUCAGCAGACCC

GGCCAGAGCCAGUGCCCCAGAUUCAACACCUGCCCUGAGAUCUGCUGGGAGGGCGUGUACAA
CCACGCCUUCCUGAUCGATAGAATUCARACUGGAUCAGCCGCCEGCGUGUUCCUGGACAGCAACC
AGACCGCCGAGAACCCOGUGUUCACCGUGUUCAAGGACAACGAGAUCCUGUACAGAGCCCAG
CUGGCCAGCGAGGACACCAACGUCCAGAAGACCAUCACCAACUGCUUCCUGCUGAAGAACAA
GAUCUGGUGCAUCAGCUUGGUGGAGAUCUACGACACCGEGCGACAACGUGATUCAGACCCARAGC

UGUUCGCCGUGAAGAUCCCCGAGCAGUGCACCUGAGCUCGCUUICTUGCUGUCCAATULICUA

UTAAAGGUUCCUTUGUUCCCUAAGUCCAACUACTUAAACUGGGGGAUAUUAUGAAGGGCCUUG
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AGCAUCUGCAUUCUGCCUAAUAAAAAACAUTUAUUUUCAUUGCAAAAAAAAANADNRNDRARNAN
ADADADRARAALAAADAAAAALAAADALABADAAAANAAADAAARADAAADARAANADNNDAARA

Vaccine formulation

The mRNA was complexed with the polvcationic protein protamane by addition of
protamane to the mBNA at a mass ratio of 1:5. The vaccine was prepared on each injection
day with final mRNA concentration of 420pg/mbL. mRNA integrity prior o and after
formulation was analyzed on 1% agarose gel with SYBR safe stain (ThermoFisher).

Immunization

A group of N=10 CBGF /] female muce 7 weeks old from The Jackson Laboratory
{SN 100007} was dosed by mtramuscular injection in the caudal thigh with a needle-free
injection systern (Tropis™ injector prototype modified for mouse injection, Pharmalet) under
1-5% isoflurane anesthesia at week 0 and 3. Dose was 42ug/100uL.

Blood collection

Blood was collected into clot activator tubes via retro-orbital capiliary tube collection
under 1-5% isoflurane anesthesia at 200 ulL per collection in week O (prior to dose) and 3 {prior
to second dose), and terroinal cardiac puncture (300 ul) 1o week 6. All blood samples were
allowed to clot at room temperature, centrifuged ambient (20°C) at 3000 RPM for 15 minutes,
and serum supernatant was stored frozen at -80 °C.

Ani-MNi1V G antibody detection enzvme-linked inymunosorbent assay (ELISAL

Serum samples of week 0, 3 and 6 were analyzed with anti-NiV G antibody detection
ELISA. The sandwich ELISA detects any antibodies directed to the NiV glycoprotein G. The
ELISA has four key components: a nickel chelate-coated 96-well plate (Pierce ThermoFisher,
Cat #15442), a NiV G protein {Malaysia strain residues 71-602, Genbank AF212302)
produced in HEK 293 cells with polvhistidine tag at the N-termunus used for plate capture
{Acro Biosystems, Cat #GLN-N52H3), a horseradish peroxidase (HRP) conjugated goat anti~
mouse immumoglobulin G fragment crystallizable region (IgG Fo) secondary antibody
{ThermoFisher, Cat #8A510276), and a mouse monoclonal anti-NiV G antibody (JB3} (The
Native Antigen, Cat #MAB12308) used as positive control.

First, the nickel chelate-coated plate was pre-washed. The plate was then be coated
with NiV G protem by adding 0.5ug of polvhistidine-tagged N1V G per well and incubating
with shaking for 1 hour at room temperature (20-25°C). After washing steps, the positive
control with a series of dilutions, the negative control {phosphate buffered salineg, PBS) and

the 30 serum sarples were added n duplicate to the wells and incubated for 1 howr at room
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temperature. After washing sieps antibodies in mouse sera targeting NiV G remained bound
to the plate. The HRP-conjugated secondary anti-mouse IgG Fe antibody was added to detect
the mouse antibodies on the plate and jucubated for | hour at roors temperature.  After
washing steps 3.37,5,5 -tetramethvibenzidine (TMB} solution was added and the plate was
incubated in dark at 20°C for 15 min. The reaction was quenched by adding 0.16M sulfuric
actd and the final solution read wwoediately at 430 vm n a microtiter plate reader. The
absorbance of the sample was dependent on the concentration of anti-NiV G antibodies in the
sample as indicated bv the positive control curve.

Neutralizaiion assays

WiV is a highly pathogenic virus with a high case {atality rate and tts study requires
biosafety level 4 (BSL4) containment. We used a novel neutralization assay developed for
use in biosafety level 2 laboratories. The assay uses a recombinant vesicular stomatitis virns
(VSV} expressing NiV glvcoprotein G and the flucrescent protein ZsGreen™ (ZsG). The
recombinant virus propagates as a replication-competent virus in a cell line (Vero-Fco)
constitutively expressing NiV fusion (F) protein. This system was used to evaluate the
neutralization activity of serum from immunized mice as a surrogate for using pathogenic
NiV. Sera from all 10 mice collected at week 0, 3 and 6 were tested with this neutralization
assay to deternmine 50% effective inhibition concentration (1Cse) values.

Vero-Feo cells were created with a codon-optinuzed sequence encoding the F protein
of NiV strain Malaysia {Genbank AF212302) inserted into the cell genome using the Flip-
In™ system (Invitrogen). Continuing expression of NiV F protein in Vero-Fco cells was
verified by immunofiuorescence assavs (IFA) performed on non-infected Vero-Feo and
Vero-E6 cells using anti-MNiV F protein antibody (12B2) and representative IFA images
{magnification 10x) of non~-infected Vero-Feo and Vero-EG cells collected using EVOS
MHCrosCope.

The recombinant rVSVAG-NiV-G virus contains ZsGreen™ (ZsG) fluorescent
protein fused to VSV nucleoprotein (N} via a porane teshovirus-1 ZA (P2A}, VSV
phosphoprotein (P), VSV matrix protem (M}, NiV glvcoprotein (G, and VSV-polymerase (L),
Plasmids encoding VEVAG-NiV-G, VEV-L, VSV-N, VEV-P, and VSV-G were co-
transfected into Huh-7 cells to rescue rVSVAG-NiV-G. The supernatant was blind-passaged
onto Vero-Feo cells and the resulting virus sfock titered using TCIDso determimation method
and sequenced by nexi-generation sequencing. Replication of recombinant virus in Vero-Fco
cells was verified with representative images (magnification 10x, EVOS microscope) of
Vero-Feo infected with rVSVAG-Ni1V-G or mock infected.

25



10

20

B2
(531

20

WO 2025/064372 PCT/US2024/046998

For the neutralization assay, 10,000 cells/well were seeded onto 96-well plates one
day prior to the experiment. Serial 5-fold difutions of mouse serum samples were mixed with
100 TCIDso of 'VSVAG-NIV-G. After the virus-sample nuxture incubation for 1 hat 37°C, 1t
was added to Vero-Fco monolayers in triphicate. Cells were incubated for 72 h at 37°C and
the fluorescence signal was measured using a plate reader (BioTek). Data were analvzed

using GraphPad Prism™

v9 {GraphPad Software). Fluorescence values of Zs(3 expression
were normalized to fluorescence in non-infected cells. The resulting normalized values were
used to fit a 4-parameter equation to senu-log plots of the conceniration-response data.

Dilution of the sera samples inhibiting $0% of ZsG™

expression (ICS0) was calculated by
interpolating the values.
ELISA resulis

The sandwich ELISA detected anv antibodies targeting the Nipah vires G
glycoprotein {(Malaysia strain). A positive control mouse anti-NiV G monoclonal antibody
mndicated a sensitivity of the assay below 1 ng/ml of antibody and optical density (0D} a
linear function of antibody concentration in the 5-100 ng/mi range (Fig. 1. In all 10 nuce
immunized with VX4004R2 vaccine a high concentration of antibodies (100 ng/ml)
targeting NiV G was detecied i week 3 and week 6 sera, with OD = 4.0 in all week 3 and
week 6 mouse sera samples at volume dilution ratios of 1:10, 1:100, 1:1000 and 1:5000, and
in 10/10 week 6 and 9/10 week 3 mouse sera at a volume dilution ratio of 1:10000. Ata
vohume ditution ratio of 1:50000 OD results were significantly different between week 3
{mean 1.39, sd 0.46) and week 6 (mean 3.79, sd 0.33) mouse sera (Fig. 2), this difference was
equivalent to a 15-fold serum dilution according to the positive control curve. At a volume
dilution ratio of 1:100000 all week 6 sera were in the linear part of the positive control curve
with 0T ranging from 1.33 {0 3.57 (mean 2.54, sd 0.72) (Fig. 3) and the extrapolated average

concentration of anti-NiV ( antibodies in mouse sera was 2 mg/mil.

Neutralization assay results

o all 10 mice immunized with VX4004R2 week 3 and week 6 sera neutralized rVSV-
AG-NiV G in a dose-dependent manner (Fig. 4B-F, Fig. 5 and Tables 3-4). All 10/10 week 6
sera sarnples and 7/10 week 3 sera samples neutralized the pseudotyped virus in an efficient
manner (Fig. 4B-F and Tables 3-4}. 50% effective inhibition concentration (1Cso) values of
mouse sera against rIVSVAG-NiV-( at week 6 ranged from 1120 to 5302 (mean 1984, sd

1310} (Table 3). ICso values of mouse sera against rVSVAG-NiV-G at week 6 were on
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average more than 4-fold ICso value of the serum of a Syrian hamster (Mesocricetus auratus)
surviving Nipah virus infection used as a positive control, with a range from more than 2-fold
to more than 11-fold. As expecied, no neuiralization activity, even at lower dilutions, was
observed in mouse sera samples collected at week 0 prior to tnununization (Fig. 4A, Fig. §

5 and Table 2). For 7/10 mouse sera at week 3 50% effective inhibition concentration {(ICso}
ranged from 117 to 346 (mean 249, sd 144} and concentration-response curves in Vero-Feo
cells were comparable to the positive control serum curve (Fig. 4B-D and Table 3), indicating

efficient neutralization activity 3 weeks after the first dose and prior to the second dose.

10
Serum # 1Cso
{dilution factor)
Week 0-1 0
Week -2 0
Week (-3 0
Positive Conirol 465
Table 2. 50% effective inhibition concentration (ICs0) values of each indicated mouse serum
at week 0 and YCso value of positive control agamst iVSVAG-NiV-G. The positive control 15
serum of a hamster that survived a Nipah virus chalienge.
15
Serum # 1Cso0
{dilution factor)
Week 3-1 60
Week 3-2 18
Week 3-3 117
Week 3-4 52
Week 3-5 230
Week 3-6 139
Week 3-7 249
Week 3-8 546
Week 3-9 174
Week 3-10 287
Table 3. 50% effective inhibition concentration (Cso} values of each indicated mouse serum
at week 3 agamst rVSVAG-NiV-G.
20
Serum # 1Cso
{dilution factor)
Week 6-1 5302
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Week 6-2 1424
Week 6-3 1471
Week 6-4 1418
Week 6-5 1399
Week 6-6 1394
Week 6-7 1120
Week 6-8 1555
Week 6-0 1485
Week 6-10 3276

Table 4. 50% effective inhibition concentration (I1Cso} values of each indicated mouse serum

at week 6 against rVSVAG-NV-G.
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I ciaim
1. An isolated polypeptide comprising:

{a) an attachment gly coprotein G head domain (G HD) comprising an amino acid
sequence at least 70%, 75%. 80%, 85%, 90%, 21%. 92%. 93%, 94%. 95%, 96%, 7%, 98%.
99%, or 100% identical to the amino acid sequence of any one of SEQ 1D NG:1-2, optionally
wherein the head domain comoprises the amine acd sequence of SEQ TD NO: 1, wheremn at
least 1,2,3. 4,5, 6,7, 8 9,10, 11,12, 13, 14, 15, 16, 17, 18, 19 or all 20 of the residues
bounded by parentheses is the first listed residue; and

(b) a multimerization domain capable of generating multimers comprising 2 to 60

copies of the isolated polypeptide.

2. The 1solated polypeptide of claim 1, wherein the multimerization domain generates 4

copies or 60 copies of the isolated polypeptide.

3. The isolated polvpeptide of claim 1 or 2, whereain the multimerization domain

comprises an amino acid sequence at least 70%, 75%, 80%, 85%, 9%, 21%, 92%, 93%,
94%, 95%, 36%, 97%, 98%, 99%, or 100% 1dentical to the amino acid sequence of SEQ ID
NG:3-4, optionally wherein the multimerization domain comprises the amino acid sequence
of SEQ I NO3, wherein atleast 1, 2,3, 4.5, 6,7, 8,9, 10, 11, 12, 13,14, 15, 16, 17 or all

18 of the residues bounded by parentheses is the first listed residue.

4. The 1solated polypeptide of anv one of claims 1-3, further comprising an amino acid
linker between the head domain and the multimerization domain.

5. The isolated polypeptide of claim 4, wherein the linker comprises or consists of
{GGSWGGG, wheremnis 3-11, 4-11, 5-11, 6-11, 7-11, 811, 9-11, 10-11, 3-10, 4-10, 5-10,
6-10, 7-10, 810, 9-10, 3-9, 4-9, 5.9, 69, 7-9, 8-9, 3-8, 4-8, 5-8, 6-8,7-8,3,4,5,6,7,8&,9, 10

or 11; optionally wherein n 13 8-11, 9-11, 10-11, 8-10, 9-10, 8-9, 8, 9, 10, or 11.

6. The isolated polypeptide of any one of claims 15, wherein the head domain is
carboxy-terminal to the multimerization domain.
7. The 1solated polypeptide of any one of claims 1-6 comprising an amino acid sequence

at feast 70%, 75%, 80%, 85%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99%, or
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100% identical to the amino acid sequence selected from the group consisting of SEQ 1D
MNO:5-6, whereinnis 3-11, 4-11, 5-11, 6-11, 7-11, 8-11, 9-11, 16-11, 3-10, 4-18, 3-10, 6-10,
7-10, 8-10, 9-10, 3-9, 4-9, 59, 69, 7-9, 8-9, 3-8, 4-§, 5-8,6-8, 7-8,3,4,5,6,7. 8,9, 10or
11; optionally wherem nis 8-11, 9-11, 10-11, 8-10, 9-10, 8-9, &, 9, 10, or 11,

8. The 1solated polypeptide of any one of claims 1-7 comprising an amuno acid sequence
at feast 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%. 94%, 95%, 26%. 97%, 98%, 99%, or

100% identical to the amino acid sequence of any one of SEQ ID NG:7-10 and 18

9. A multiroer comprising 60 or more copies of a head domain (HD) comprising an
amino acid sequence at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%.
97%, 98%, 99%, or 100% identical to the amino acid sequence of any one of SEQ ID NO:1-

2.

10. The multimer of claim 9, comprising 60 or more copies of the isolated poly peptide of

any one of claims 1-8.

il A scaffold. comprising 60 or more isolated polypeptides of any one of claims 1-8 on a

surface of the scaffold.

12, The scaffold of claim 11, wherein the isolated polypeptides are all identical

polypeptides, or wherein the isolated polvpeptides include different polvpeptides.

13, A nucleic acid encoding the 1solated polypeptide of any one of claims 1-8,
14, A recombinant expression vector comprising the nucleic acid of claim 13 operatively

tinked to a suitable control sequence.

5. A recombinant host cell comprising the polypeptide, the multimer, the scaffold, the

nucleic acid, and/or the recombinant expression veetor of any claim herein.

16, The nucleic acid of claim 13 whereimn the nucleic acid comprises mRNA

17. The nucleic acid of claim 16, wherein the mRNA comprises:
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{2} a5 cap;

b) a poly(A) tail of between 50 and 120 contiguous adenosineg residues;

{c} a 5" untranslated region comprising the nucleic acid sequence of SEQ 1D
NO:1Zor 13,

{d) a 3" untranslated region comprising one or two copies of a beta globin mRNA
3-UTR, optionally wherein the beta globin mRNA 3°-UTR compnises the nucleic acid
sequence of SEQ ID NO:11; and/or

(&) a signal sequence, optionally wherein the signal sequence is at the N-terminus
of the encoded polypeptide, and optionally wherein the signal sequence comprises the amino

acid sequence of SEQ 1D NO:14.

18. The nucleic acid of claim 16, wherein the mRNA comprises:

{a) as’ cap;

{b} a poly{A) tail of between 50 and 120 contiguous adenosine residues;

() a 5" untranslated region comprising the nucleic acid sequence of SEQ 1D
NG 12 or 135

{d) a 3" untranslated region comprising one or two copies of a beta globin mRNA
37-UTR, wherein the beta globin mRNA 37-UTR comprises the nucleic acid sequence of SEQ
D NO:11; and

{e} a signal sequence at the N-terminus of the encoded polypeptide, comprising

the amino acid sequence of SEQ ID NO:14.

19, A composition comprising a plurality of mRNA that encode 2, 3, or 4 polypeptides
comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%.
98%, 99%, or 100% identical 1o the amino acid sequence selected from the group consisting

of SEQ 1D NO:5-10 and 18.

20. A pharmaceutical composition comprising
(a) the polypeptide, the multimer, the scaffold, the nucleic acid, the recombinant
expression vector, and/or the cell of an preceding claim; and

{b) a pharmaceutically acceptable camer.

21. The pharmaceutical composition of claim 20, comprising the pharmaceutically
acceptable carrier and:
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{2} the isolated polypeptide of SEQ 1D NG5, or
b) the isolated polypeptide of SEQ ID NG:6; or
{c} the isolated polyvpeptide of SEQ D NO:7; or
{d) the isolated polypeptide of SEQ 1D NO:E; or
{e} the isolated polypeptide of SEQ ID NO:9; or
{f) the 1solated polvpeptide of SEG 1D NO:10: or
{gy  theisolated polypeptide of SEQ 1D NO:18;

or multimers or scaffolds thereof.

22.  The pharmaceutical composition of claim 20, comprising:
{a) the mRNA of any one of claims 16-18, or the composition of claim 19; and
{b} a cationic lipid carrier, such as a Hposome, or a cationic protein, such as
protamine.
23, The pharmaceutical composition of claim 22, wherein the mRNA encodes:
(a} the isolated polypeptide of SEQ 1D NO:§;
{b) the isolated polypeptide of SEQ 1D NG:6;
{c} the isolated polypeptide of SEQ 1D NO:7,;
{d) the isolated polvpeptide of SEQ ID N8,
{e) the isolated polvpeptide of SEG 1D N9,
{f) the isolated polvpeptide of SEQ 1D NO:10; and/or
{g) the isolated polypeptide of SEQ ID NG 18,
24, A method for freating a henipavirus infection, comprising admirustering to a subject

mfected with a henipavirus an amount effective to treat the mfection of the polypeptide, the
multimer, the scaffold, the nucleic acid, the recombinant expression vector, the cell, and/or

the pharmaceutical composition of any claim herein.

25, A method for Himiting development of a henipavirus infection, comprising
admimstering 1o a subject at risk of henipavirus infection an amount effective to limit
development of a hemapavirus infection of the polypeptide, the multimer, the scaffold, the
nucleic acid, the recombinant expression vector, the cell, and/or the pharmaceutical

compaosition of any claim herein.
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26. A method for generating an imimune response in a subject, comprising adminisiering
to the subject an amount effective to generate an immune response of the polvpeptide, the
muttimer, the scaffold, the nucleic acid, the recombinant expression vecior, the cell, and/or

the pharmaceutical composition of any claim herein.

27 The method of any one of claims 25-26, wherein the method coroprises admunistering
to the subject an amount effective of the pharmaceutical composition of claim 22 or 23 by
subcutanecus, intradermal or intramuscular injection, optionally administering with a needle-

free injection sysiem.

28. A method for monitoring a henipavirus-induced disease in a subject and/or
monitoring response of the subject to immunization by a henipavirus vaccine, comprising
contacting the polypeptide, the multirner, the scaffold, the nucleic acid, the recombinant
expression vector, the cell, and/or the pharmaceutical composition of any claim herein with a
bodily fluid from the subject and detecting henipavirus-binding antibodies in the bodily fluid

of the subject.

29. The method of claim 28, wherein the bodily fluid comprises serum or whole blood.
30 A method for detecting henipavirus binding antibodies, comprising

{a) contacting the polypeptide, the multimer, the scaffold, and/or the pharmaceutical
composition of any claim herein with a composition comprising a candidate henipavirus
binding antibody under conditions suitable for binding of henipavirus antibodies to the
polypeptide, the multivoer, the scaffold, and/or the pharmaceutical composifion; and

{b} detecting henipavirus antibody complexes with the polypeptide, the multimer, the

scaffold, and/or the pharmaceutical composition.

35 The method of claim 30, further comprising isolating the henipavirus antibodies.
32. A method for producing henipavirus antibodies, comprising
{a) administering to a subject an amount effective to generate an antibody

response of the polypeptide, the multimer, the scaffold, the nucleic acid, the recombinant
axpression vector, the cell, and/or the pharmaceutical composition of any claim herein; and
{b} isolating antibodies produced by the subject.
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