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USE OF RESISTIN AS A TRIMERIZATION PARTNER FOR EXPRESSION OF
TRIMERIC PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority of United States provisional patent application no.
63/027,109, filed May 19, 2020, the content of which is hereby incorporated by reference in its

entirety.
FIELD

[0001] The invention relates to the field of recombinant protein production, particularly to the
recombinant production of protein trimers such as trimeric viral surface antigens, and more
particularly to the production of coronavirus spike protein, particularly SARS-CoV-2 spike

protein.
BACKGROUND

[0002] Many enveloped viruses, such as influenza, HIV, RSV, hMPV and others, express
trimeric surface antigens that are critical for their infectivity. For example, influenza expresses the
hemagglutinin protein, a transmembrane homotrimer that binds sialic acid sugar residues exposed
on cell surface glycoproteins. Respiratory syncytial virus (RSV) expresses the RSV-F
glycoprotein, a transmembrane homotrimeric protein that binds a yet undefined receptor.
Similarly, the SARS-CoV-2 spike (S) protein is a trimeric transmembrane protein that binds the
ACE2 receptor.

[0003] Trimerization domains can be used to promote trimerization of proteins, including
soluble viral proteins. The most widely known and used trimerization domains are the T4 phage
fibritin trimerization domain (foldon) (Tao et al. 1997) and the yeast GCN4 trimerization domain
(Harbury et al. 1993). A problem with trimerization domains that are commonly used to develop
trimeric viral antigen subunit vaccines is their potential immunogenicity in humans (Sliepen et al.

2015).

[0004] The SARS-CoV-2 spike protein is closely related to the spike protein of SARS-CoV-1

(also referred to as SARS-CoV), the virus responsible for the outbreak of severe acute respiratory
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syndrome (SARS) that occurred in 2003. SARS-CoV-2 is the virus responsible for the COVID-19
pandemic that started in late 2019. Both proteins are large, multi-domain glycoproteins with
transmembrane domains that traverse the viral envelope and that are proteolytically processed into
S1 and S2 subunits. Notably, while the SARS-CoV-1 spike protein is only cleaved during infection
of target cells, the SARS-CoV-2 spike protein contains a furin recognition site at the S1/S2
junction, such that cleavage occurs during biosynthesis in host cells; this difference may impact
the route of entry of the two virus types into host cells (Xia et al, 2020). The SARS-CoV-1 spike
protein was shown to assemble into homo-trimeric complexes that are found on mature viral

particles (Gui et al, 2017).

[0005] In the literature on SARS-CoV-1 and other related coronaviruses, there are reports of
various approaches for producing recombinant spike proteins. Individual domains of the spike
polypeptide, including the receptor-binding and hemagglutinin-esterase domains, have been
produced in CHO, HEK293, Vero and insect cells (Li et al, 2013; Du et al, 2010; Huang et al,
2015). It 1s also possible to express the full-length spike polypeptide, including transmembrane
and C-terminal domains, which can be purified following membrane solubilisation of expressing
cells (Kam et al, 2007; Coleman et al, 2014). Finally, expression of full-length soluble forms of
coronavirus spike ectodomains has also been reported in HEK293 and insect cells (Li et al, 2013;
Tortorici et al, 2019; Chun et al, 2019; Kirchdoerfer et al, 2018; Wrapp et al, 2020; Walls et al,
2020). Importantly, however, in cases where this data is reported, yields were extremely low,
ranging from 0.5-1.5 mg per litre of culture media for expression of constructs containing the full-
length spike ectodomain (Kam et al, 2007; Wrapp et al, 2020). This productivity is well below
desirable levels for mass production, in particular for development and manufacturing for potential

diagnostic or vaccine applications.
SUMMARY

[0006] The present inventors have found that resistin is an effective trimerization partner for
the recombinant production of trimeric proteins, including trimeric viral surface antigens such as

the ectodomain of the SARS-CoV-2 spike protein.

[0007]  Accordingly, there is provided a recombinant polypeptide comprising a polypeptide of

interest and a resistin trimerization partner, wherein the trimerization partner advantageously
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facilitates the trimerization of the polypeptide of interest. In an embodiment, the protein of interest
is a SARS-CoV-2 spike protein ectodomain and the recombinant polypeptide provides a properly
folded and assembled SARS-CoV-2 antigen that is structurally equivalent to the native antigen. In
an embodiment, the trimerization partner is a resistin polypeptide, a polypeptide comprising the

amino acid sequence set forth in SEQ ID NO: 1, or a sequence substantially equivalent thereto.

[0008] An embodiment of the present disclosure is a recombinant polypeptide comprising a
first portion and a second portion, the first portion comprising a resistin trimerization domain and
the second portion comprising a viral surface antigen or a fragment thereof. In an embodiment,
the first portion comprises an amino acid sequence having at least 85% sequence identity to the
full length of the amino acid sequence set forth in SEQ ID NO: 1 and the second portion comprises
an amino acid sequence of a viral surface antigen. In an embodiment, the first portion comprises
an amino acid sequence having at least 85%, at least 90%, or at least 95% sequence identity to the
full length of the amino acid sequence set forth in SEQ ID NO: 1. In an embodiment, the first

portion comprises or consists of the amino acid sequence set forth in SEQ ID NO: 1.

[0009] In an embodiment, the first portion is located C-terminal of the second portion.

[0010] In an embodiment, the first portion is linked to the second portion by a linker.

[0011] In an embodiment, the first portion comprises an amino acid sequence having at least
85% identity to the full length of the amino acid sequence set forth in SEQ ID NO: 2. In an
embodiment, the first portion comprises an amino acid sequence having at least 85%, at least 90%,
at least 92%, at least 94%, at least 96%, or at least 98% identity to the full length of the amino acid
sequence set forth in SEQ ID NO: 2. In an embodiment, the second portion comprises or consists

of the amino acid sequence set forth in SEQ ID NO: 2.

[0012] Inanembodiment, the second portion comprises an amino acid sequence having at least
70% 1identity to the full length of the amino acid sequence set forth in SEQ ID NO: 3, SEQ ID NO:
4, or SEQ ID NO: 16. In an embodiment, the second portion comprises an amino acid sequence
having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% 1identity to the full length of the amino acid sequence set forth in SEQ ID NO: 3, SEQ ID NO:
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4, or SEQ ID NO: 16. In an embodiment, the second portion comprises or consists of the amino

acid sequence set forth in SEQ ID NO: 3, SEQ ID NO: 4, or SEQ ID NO: 16.

[0013] In an embodiment, the recombinant polypeptide comprises an amino acid sequence
having a least 85% identity to the full length of the amino acid sequence set forth in SEQ ID NO:
5, SEQ ID NO: 6, or SEQ ID NO: 17. In an embodiment, the recombinant polypeptide comprises
an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the
full length of the amino acid sequence set forth in SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO:
17. In an embodiment, the recombinant polypeptide comprises or consists of the amino acid

sequence set forth in SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 17.

[0014] In an embodiment, the recombinant polypeptide further comprises at least one affinity
tag. In an embodiment, the at least one affinity tag comprises a FLAG tag and/or a 6xHis tag. In

an embodiment, the at least one affinity tag is located C-terminal of the first and second portions.

[0015] Another embodiment is a trimeric protein comprising three recombinant polypeptides
as described herein. In an embodiment, each of the three recombinant polypeptides comprises the
same amino acid sequence. Inan embodiment, each of the three recombinant polypeptides consists

of the same amino acid sequence.

[0016] Another embodiment is a composition comprising a recombinant polypeptide or a

trimeric protein as described herein and a pharmaceutically acceptable carrier.

[0017] In an embodiment, the composition further comprises an adjuvant. In an embodiment,
the  adjuvant comprises 6'-sulfate-B-D-Galp-(1,4)-B-D-Glcp-(1,1)-archaeol (SLA),
monophosphoryl lipid A (MPL), aluminum phosphate, QS-21, and/or liposomes. In an
embodiment, the adjuvant comprises MPL, QS-21, and liposomes. In an embodiment, the
adjuvant comprises SLA. In an embodiment, the adjuvant comprises aluminum phosphate. In an
embodiment the adjuvant comprises CpG oligodeoxynucleotide (CpG) or polyinosinic-
polycytidylic acid (Poly(I:C)). In an embodiment the adjuvant comprises CpG or Poly(I:C) in

combination with SLA.

[0018] In an embodiment, the composition is an immunogenic composition.
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[0019] In an embodiment, the composition is a vaccine.

[0020] Another embodiment is an expression vector for producing a recombinant polypeptide
as described herein, the expression vector comprising a nucleic acid molecule, the nucleic acid
molecule encoding a recombinant polypeptide as described herein, operably linked to one or more
regulatory elements that allow the nucleic acid molecule to be expressed. In an embodiment, the
nucleic acid molecule is operably linked to a promoter. In an embodiment, the promoter is an

inducible promoter. In an embodiment, the promoter is a cumate-inducible promoter.

[0021] In an embodiment, the nucleic acid molecule comprises the nucleotide sequence set

forth in SEQ ID NO: 7, SEQ ID NO: 8, or SEQ ID NO: 18.

[0022]  Another embodiment is a method for expressing a recombinant polypeptide as described
herein, the method comprising: introducing an expression vector as described herein into a host
cell and maintaining the cell under conditions that allow the recombinant polypeptide to be
expressed. In an embodiment, the host cell is a mammalian cell. In an embodiment, the host cell

is a Chinese Hamster Ovary (CHO) cell.

[0023] Another embodiment is use of a recombinant polypeptide or trimeric protein as

described herein as an antigen in a vaccine, immunogenic composition, or serological assay.

[0024]  Another embodiment is a method of identifying whether a subject has developed an

antibody response to a pathogen or to an antigen from a pathogen, the method comprising

a) contacting serum or a serum fraction from the subject with a recombinant polypeptide as

described herein, and

b) detecting binding of the recombinant polypeptide by an antibody present in the serum or

the serum fraction,

wherein the second portion of the recombinant polypeptide comprises an amino acid sequence

from an antigen of the pathogen.

[0025] In an embodiment, the pathogen is SARS-CoV-2 and the recombinant polypeptide

comprises a SARS-CoV-2 spike protein ectodomain sequence as described herein.
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[0026] In an embodiment, a recombinant polypeptide or trimeric protein as described herein 1s

mmobilized on a surface.

[0027] A further embodiment is a device comprising a recombinant polypeptide or a trimeric
protein as described herein immobilized on a surface. In an embodiment, the device is a plate or

a test cassette.

[0028] A further embodiment is a kit comprising a recombinant polypeptide or a trimeric
protein as defined herein, and an antigen-binding molecule that specifically binds the
recombinant polypeptide or trimeric protein. In an embodiment, the antigen-binding molecule is
an antibody or an antigen-binding fragment thereof. In an embodiment, the antigen-binding

molecule 1s bonded to a detectable label
BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 shows the three dimensional structure of a human resistin trimer, left, and a trimer
of a recombinant polypeptide according to the present disclosure comprising a stabilized SARS-

CoV-2 spike ectodomain polypeptide and a human resistin polypeptide (SmT1), right.

[0030] FIG. 2 shows a schematic of a recombinant SARS-CoV-2 spike ectodomain-resistin
fusion polypeptide, with the N-terminal end of the polypeptide to the left and the C-terminal end
of the polypeptide to the right. “S1” and “S2” represent the S1 and S2 subunits of the spike protein.

[0031] FIG. 3 shows the sequence of the SmT1 recombinant polypeptide. The modified SARS-
CoV-2 spike sequence is shown in unboxed plain text, the linker sequence is shown in bold, the
human resistin sequence is boxed by a solid line and the putative trimerization domain of the
human resistin sequence is underlined, the FLAG tag sequence is boxed by a dashed line, and the

6xHis tag sequence is boxed by a double solid line.

[0032] FIG. 4 shows western blots (upper panels) of culture supernatants taken at 5 or 6 days
post-transfection from HEK293-6E (Stuible et al, 2018) or CHO-3E7 (L’ Abbé et al, 2018) cells
expressing recombinant polypeptides comprising: the full ectodomain of the SARS-CoV-2 spike
protein (aa 1-1028 of GenBank protein ID QHD43416.1), a human resistin sequence (aa 23 to 108
of GenBank accession NM_001193374.2) joined to the C-terminus of the ectodomain by a peptide
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linker, and C-terminal FLAG and 6xHis affinity tags. Two variants of the SARS-CoV-2
ectodomain were used, an unmodified ectodomain sequence (S) and a modified ectodomain
sequence (Sm) that includes two modifications, one to prevent furin-mediated S1/S2 cleavage
(RRAR -> GGAS) and the second to stabilize the pre-fusion conformation (K986P V987P), as
recently described in Wrapp et al, 2020. The fusion proteins including the resistin sequence are
referred to as ST1 (wild-type S ectodomain protein sequence) and SmT1 (modified S ectodomain
protein sequence). The lower panels show Ponceau S staining of the membranes before western

blotting.

[0033] FIG. 5 shows a Coomassie®-stained 4-12% SDS-PAGE gel in which 2 pg of purified

S, Sm, ST1, and SmT1 proteins were separated under reducing conditions.

[0034] FIG. 6 provides the elution profiles of wild-type spike protein (S), upper panel, and a

mutated spike ectodomain (Sm), lower panel, on a Superose® 6 5/15 column equilibrated in PBS.

[0035] FIG. 7 provides the elution profiles of wild-type spike ectodomain-resistin fusion (ST1),
upper panel, and the mutated spike ectodomain-resistin fusion (SmT1), lower panel, on a BEH

SEC200 UPLC column equilibrated in PBS.

[0036] FIG. 8 provides the SEC-UPLC elution profiles of mutated spike ectodomain (Sm) fused
to three different trimerization partners T1 = resistin, T2 = T4Fib, T3 = GCN4.

[0037] FIG. 9 Affinity purified S proteins were analyzed by reducing SDS-PAGE and stained
by Coomassie® blue. Molecular weight protein standards are shown on the last lane on the right.
Note that ST2 construct lost significant amount of the cleaved S1 fragment while ST3 the loss is

almost complete.

[0038] FIG. 10 shows an alignment of amino acids 661 to 1020 of modified spike ectodomain
(Sm, SEQ ID NO: 3), modified spike ectodomain 2 (Sm2, SEQ ID NO: 16), and wild-type spike
ectodomain (S, SEQ ID NO: 4), showing the locations of: the RRAR -> GGAS mutations in Sm
and Sm2, and the K986P and V987P mutations in Sm.

[0039] FIG. 11 shows the sequence of the Sm2T1 recombinant polypeptide. The modified

SARS-CoV-2 spike sequence is shown in unboxed plain text, the linker sequence is shown in bold,
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the human resistin sequence is boxed by a solid line and the putative trimerization domain of the
human resistin sequence is underlined, the FLAG tag sequence is boxed by a dashed line, and the

6xHis tag sequence is boxed by a double solid line.

[0040] FIG. 12 shows IgG titers in serum from male and female mice immunized with a single

dose of the SmT1 vaccine formulations identified in Table 1.

[0041] FIG. 13 shows IgG titers in serum from male and female mice immunized with two

doses of the SmT1 vaccine formulations identified in Table 1.

[0042] FIG. 14 shows IgGl and IgG2 profiles in serum of male and female mice immunized

with two doses of the SmT1 vaccine formulations identified in Table 1.

[0043] FIG. 15 shows the results of IFN-y ELISpot assays using N-terminal and C-terminal
peptide pools, carried out on splenocytes from male and female mice immunized with two doses

of the SmT1 vaccine formulations identified in Table 1.

[0044] FIG. 16 shows the results of IFN-y ELISpot assays using whole spike protein, carried
out on splenocytes male and female mice immunized with two doses of the SmT1 vaccine

formulations identified in Table 1.

[0045]  FIG. 17 shows the results of intracellular cytokine staining (ICCS) on splenocytes from
female mice immunized with two doses of the SmT1 vaccine formulations identified in Table 1.
Graphs indicate the number of Ag-specific IFN-y, IL-2 or TNF-a -positive cells per million CD4
T cells following stimulation of splenocytes with N-terminal and C-terminal peptide pools or

whole spike protein.

[0046] FIG. 18 shows the results of intracellular cytokine staining (ICCS) on splenocytes from
female mice immunized with two doses of the SmT1 vaccine formulations identified in Table 1.
Graphs indicate the number of Ag-specific IFN-y, IL-2 or TNF-a -positive cells per million CD8
T cells following stimulation of splenocytes with N-terminal and C-terminal peptide pools or

whole spike protein.

[0047]  FIG. 19 shows IgG titers in serum from female mice immunized with a single dose of

the SmT1 vaccine formulations identified in Table 2 (Groups 1-11).
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[0048] FIG. 20 shows the results of IFN-y ELISpot assays using N-terminal and C-terminal
peptide pools, carried out on splenocytes of female mice immunized with two doses of the SmT1

vaccine formulations identified in Table 2 (Groups 1-11).

[0049] FIG. 21 shows the neutralization activity on the binding of soluble spike protein to
VERO cells of serum from mice immunized with two doses of the SmT1 vaccine formulations

identified in Table 2 (Groups 1-11).

[0050] FIG. 22 shows IgG titers in serum from female mice immunized with a single dose of

the SmT1 or Sm2T1 vaccine formulations identified in Table 2 (Groups 1, 2, 4, 12-16).

[0051] FIG. 23 shows the results of IFN-y ELISpot assays using N-terminal and C-terminal
peptide pools, carried out on splenocytes of female mice immunized with two doses of the SmT1

vaccine formulations identified in Table 2 (Groups 1, 2, 4, 12-16).

[0052] FIG. 24 shows the neutralization activity on the binding of soluble spike protein to
VERO cells of serum from mice immunized with two doses of the SmT1 vaccine formulations

identified in Table 2 (Groups 1, 2, 4, 12-16).

[0053] FIG. 25 shows the degree of body weight loss following SARS-CoV-2 challenge in

female hamsters immunized with the SmT1 vaccine formulations identified in Table 3.

[0054] FIG. 26 shows the viral load in lungs following SARS-CoV-2 challenge in female

hamsters immunized with the SmT1 vaccine formulations identified in Table 3.

[0055] FIG. 27 shows IgG titers in serum from female hamsters immunized with the SmT1

vaccine formulations identified in Table 3.

[0056] FIG. 28 shows the neutralization activity on the binding of soluble spike protein to
VERO cells of serum from hamsters immunized with the SmT1 vaccine formulations identified in

Table 3.
[0057] FIG. 29 shows an SDS-PAGE gel of a purified VHH-resistin fusion protein.

[0058] FIG. 30 shows a SEC-UPLC profile of the purified VHH-resistin fusion protein.
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[0059] FIG. 31 shows an SDS-PAGE gel of purified Sm2T1 fusion protein. Lane 1: MW
standards; lane 2: clarified harvest (expression level estimated at 100 mg/L); lane3: IMAC flow-
through; lane 4-6 IMAC washes; lane 7-10: IMAC elution; lane 12: pooled IMAC eluted fractions;
lane 13; 3 ug of purified Sm2T1 was loaded on the gel to show purity.

[0060] FIG. 32 shows a SEC-UPLC profile of purified Sm2T1 fusion protein
DETAILED DESCRIPTION

[0061] The following is a detailed description provided to aid those skilled in the art in
practicing the present disclosure. Unless otherwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the art to which
this disclosure belongs. The terminology used in the description herein is for describing particular
embodiments only and is not intended to be limiting of the disclosure. All publications, patent
applications, patents, figures, published sequences, and other references mentioned herein are

expressly incorporated by reference in their entirety.

Definitions

[0062]  As used herein, the following terms may have meanings ascribed to them below, unless
specified otherwise. However, it should be understood that other meanings that are known or
understood by those having ordinary skill in the art are also possible, and within the scope of the
present disclosure. In the case of conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples are illustrative only and not intended to

be limiting.

[0063] The term “about” as used herein may be used to take into account experimental error,
measurement error, and variations that would be expected by a person having ordinary skill in the
art. For example, “about” may mean plus or minus 10%, or plus or minus 5%, of the indicated

value to which reference is being made.

[0064]  As used herein the singular forms "a", "an", and "the" include plural references unless

the context clearly dictates otherwise.

[0065] The phrase "and/or", as used herein, should be understood to mean "either or both" of

the elements so conjoined, i.e., elements that are conjunctively present in some cases and
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disjunctively present in other cases. Multiple elements listed with "and/or" should be construed in
the same fashion, 1.e., "one or more" of the elements so conjoined. Other elements may optionally
be present other than the elements specifically identified by the "and/or" clause, whether related

or unrelated to those elements specifically identified.

[0066] As used herein in the specification and in the claims, "or" should be understood to have
the same meaning as "and/or" as defined above. For example, when separating items in a list, "or"
or "and/or" shall be interpreted as being inclusive, ie., the inclusion of at least one, but also
including more than one, of a number or list of elements, and, optionally, additional unlisted items.
Only terms clearly indicated to the contrary, such as "only one of or "exactly one of" or, when
used in the claims, "consisting of" will refer to the inclusion of exactly one element of a number
or list of elements. In general, the term "or" as used herein shall only be interpreted as indicating
exclusive alternatives (i.e., "one or the other but not both") when preceded by terms of exclusivity,

such as "either," "one of," "only one of," or "exactly one of."

[0067]  As used herein, all transitional phrases such as "comprising," "including,

carrying,"

"having," "containing," "involving," "holding," "composed of," and the like are to be understood
to be open-ended, ie., to mean including but not limited to. Only the transitional phrases
"consisting of” and "consisting essentially of” shall be closed or semi-closed transitional phrases,

respectively.

[0068]  As used herein, the phrase "at least one," in reference to a list of one or more elements,
should be understood to mean at least one element selected from any one or more of the elements
in the list of elements, but not necessarily including at least one of each and every element
specifically listed within the list of elements and not excluding any combinations of elements in
the list of elements. This definition also allows that elements may optionally be present other than
the elements specifically identified within the list of elements to which the phrase "at least one"

refers, whether related or unrelated to those elements specifically identified.

[0069] The term "sequence identity" as used herein refers to the percentage of sequence identity
between two amino acid sequences or two nucleic acid sequences. To determine the percent
identity of two amino acid sequences or of two nucleic acid sequences, the sequences are aligned
for optimal comparison purposes (e.g. gaps can be introduced in the sequence of a first amino acid

or nucleic acid sequence for optimal alignment with a second amino acid or nucleic acid sequence).
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The amino acid residues or nucleotides at corresponding amino acid positions or nucleotide
positions are then compared. When a position in the first sequence is occupied by the same amino
acid residue or nucleotide as the corresponding position in the second sequence, then the molecules
are identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences (i.e., % identity=number of identical
overlapping positions/total number of positions.times.100%). In one embodiment, the two
sequences are the same length. The determination of percent identity between two sequences can
also be accomplished using a mathematical algorithm. One non-limiting example of a
mathematical algorithm utilized for the comparison of two sequences is the algorithm of Karlin
and Altschul, 1990, modified as in Karlin and Altschul, 1993. Such an algorithm is incorporated
into the NBLAST and XBLAST programs of Altschul et al., 1990. BLAST nucleotide searches
can be performed with the NBLAST nucleotide program parameters set, e.g. for score=100,
wordlength=12 to obtain nucleotide sequences homologous to a nucleic acid molecules of the
present disclosure. BLAST protein searches can be performed with the XBLAST program
parameters set, e.g. to score-50, wordlength=3 to obtain amino acid sequences homologous to a
protein molecule of the present invention. To obtain gapped alignments for comparison purposes,
Gapped BLAST can be utilized as described in Altschul et al., 1997. Alternatively, PSI-BLAST
can be used to perform an iterated search which detects distant relationships between molecules.
When utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the
respective programs (e.g. of XBLAST and NBLAST) can be used (see, e.g. the NCBI website).
Another non-limiting example of a mathematical algorithm utilized for the comparison of
sequences is the algorithm of Myers and Miller, 1988. Such an algorithm is incorporated in the
ALIGN program (version 2.0) which is part of the GCG sequence alignment software package.
When utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length penalty of 12, and a gap penalty of 4 can be used. The percent identity
between two sequences can be determined using techniques similar to those described above, with

or without allowing gaps. In calculating percent identity, typically only exact matches are counted.

[0070] A “substantially identical” sequence may comprise one or more conservative amino acid
mutations. It is known in the art that one or more conservative amino acid mutations to a reference
sequence may yield a mutant peptide with no substantial change in physiological, chemical,

physico-chemical or functional properties compared to the reference sequence; in such a case, the
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reference and mutant sequences would be considered “substantially identical” polypeptides. A
conservative amino acid substitution i1s defined herein as the substitution of an amino acid residue

for another amino acid residue with similar chemical properties (e.g. size, charge, or polarity).

[0071] In a non-limiting example, a conservative mutation may be an amino acid substitution.
Such a conservative amino acid substitution may substitute a basic, neutral, hydrophobic, or acidic
amino acid for another of the same group. By the term “basic amino acid" it is meant hydrophilic
amino acids having a side chain pKa value of greater than 7, which are typically positively charged
at physiological pH. Basic amino acids include arginine (Arg or R) and lysine (Lys or K). By the
term “neutral amino acid” (also “polar amino acid”), it is meant hydrophilic amino acids having a
side chain that is uncharged at physiological pH, but which has at least one bond in which the pair
of electrons shared in common by two atoms is held more closely by one of the atoms. Polar amino
acids include serine (Ser or S), threonine (Thr or T), cysteine (Cys or C), tyrosine (Tyr or Y),
asparagine (Asn or N), and glutamine (Gln or Q). The term “hydrophobic amino acid” (also “non-
polar amino acid”) is meant to include amino acids exhibiting a hydrophobicity of greater than
zero according to the normalized consensus hydrophobicity scale of (Eisenberg et al, 1984).
Hydrophobic amino acids include proline (Pro or P), isoleucine (Ile or I), phenylalanine (Phe or
F), valine (Val or V), leucine (Leu or L), tryptophan (Trp or W), methionine (Met or M), alanine
(Ala or A), and glycine (Gly or G). "Acidic amino acid" refers to hydrophilic amino acids having
a side chain pKa value of less than 7, which are typically negatively charged at physiological pH.
Acidic amino acids include glutamate (Glu or E), and aspartate (Asp or D). Histidine (His or H) is
a polar amino acid with a special ionization potential due to its pKa around 7, and more precisely
around 6.4 in case of histidine residues located at the protein surface (Tanokura, 1983). This results
in histidine amino acid residues being a “polar” and predominantly uncharged at physiological pH

of 7.2-7.4, and predominantly positively charged in acidic environments (pH < 7).

[0072] The substantially identical sequences of the present invention may be at least 85%
identical; in another example, the substantially identical sequences may be at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, or 100% identical, or any percentage there between, at the amino acid
level or the nucleotide level to sequences described herein. Importantly, the substantially identical
sequences retain the activity and specificity of the reference sequence. In a non-limiting

embodiment, the difference in sequence identity may be due to conservative amino acid
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mutation(s). In a non-limiting embodiment, the difference in sequence identity may be due to
synonymous nucleotide substitutions or nucleotide substitutions that give rise to conservative
amino acid mutation(s). In a non-limiting example, the present invention may be directed to
trimerization partner comprising an amino acid sequence that is at least 85%, at least 90%, or at

least 95% 1dentical to the trimerization domain sequence set forth in SEQ ID NO: 1.

[0073]  As used herein the terms “peptide” and “polypeptide” refer to a linear chain of two or
more amino acids joined by peptide bonds. The term “peptide” is generally used to refer to a short
chain of amino acids comprising 2 to 49 amino acids, whereas the term “polypeptide” is generally
used to refer to a longer chain of amino acids comprising 50 or more amino acids. However, these
terms may be used interchangeably. The term “protein” is used herein to refer to one or more
peptides or polypeptides that have been folded and/or assembled to form a three dimensional
structure, although the terms protein and polypeptide may also be used interchangeably. A protein
may include post-translational modifications, as will be understood to one skilled in the art. For
example, a protein may be glycosylated, lipidated, phosphorylated, ubiquitinated, acetylated,
nitrosylated, and/or methylated.

[0074]  As used herein, the term “recombinant polypeptide” refers to a polypeptide that is
produced by recombinant techniques, wherein generally DNA or RNA encoding the expressed
protein is inserted into a suitable expression vector that is in turn introduced into a host cell to
allow expression of the recombinant polypeptide. Recombinant polypeptides may include amino
acid sequences from two or more sources, such as different proteins. Such recombinant
polypeptides may be referred to as fusion polypeptides, fusion proteins, or fusion constructs.

Recombinant polypeptides may also include one or more synthetic amino acid sequences.

[0075] As used herein, the term “linker” refers to a molecule that covalently links two
polypeptides. The linker may be an amino acid, or a peptide comprising two or more amino acids.
If the linker is an amino acid or peptide, the N-terminal end of the linker may be covalently linked
by a peptide bond to the C-terminal end of a first polypeptide and the C-terminal end of the linker
may be covalently linked by a peptide bond to the N-terminal end of a second polypeptide.
Typically, the two polypeptides covalently linked by the linker are polypeptides that are not
naturally joined, for example they may be encoded by different genes and/or by different species,

or they may be different portions or domains of a single polypeptide or protein.
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[0076] As used herein, the term “trimerization partner” refers to a trimerization domain or
motif, or a polypeptide comprising a trimerization domain or motif, that is able to form a trimer.
A trimerization partner may be included in a recombinant polypeptide to promote trimerization of
the recombinant polypeptide to form a trimeric protein. In an embodiment the trimerization partner
is a resistin polypeptide or the trimerization partner comprises a trimerization domain of a resistin
polypeptide. In a preferred embodiment, the trimerization partner is a human resistin polypeptide

or the trimerization partner comprises a trimerization domain of a human resistin polypeptide.

[0077]  Asused herein, the term "antigen" refers to any molecule, moiety or entity that is capable
of eliciting an immune response. This includes cellular and/or humoral immune responses. An
antigen is commonly a biological molecule, usually a protein, peptide, polysaccharide, lipid and/or

conjugate that contains at least one epitope to which a cognate antibody can selectively bind.

[0078]  Asused herein, the term “antigen from a pathogen” refers to an antigen that is comprised
by a pathogen, such as a virus, bacterium, or fungus, or that is derived from a pathogen. An antigen
derived from a pathogen may, for example, be isolated from the pathogen, or the antigen may be
engineered to replicate an antigen comprised by a pathogen. For example an antigen derived from
a pathogen may be produced synthetically, semi-synthetically, or recombinantly. An antigen may
be produced recombinantly; for example, by introducing a nucleic acid molecule encoding the
antigen into a host cell or organism that is able to transcribe and/or translate the nucleic acid
molecule to produce the antigen. In an embodiment, the pathogen is a pathogen that infects one
or more animals, including human and non-human animals. In an embodiment, the pathogen is a
pathogen that infects one or more mammals. In a specific embodiment, the pathogen is a virus

that infects humans.

[0079] A “viral surface antigen” is an antigen, such as a polypeptide, that can be found on the
surface of a virus. The viral surface antigen may be a trimeric viral surface antigen. Examples of
trimeric viral surface antigens include but are not limited to Influenza hemagglutinin (HA), human
immunodeficiency virus (HIV) gp120, Respiratory syncytial virus (RSV) RSVF protein, the
Rabies Virus Glycoprotein (RABVG), and the Human metapneumovirus (hMPV) glycoprotein.

[0080] As used herein, the term “immunogenic composition” refers to any composition
comprising an antigen that can be used to elicit an immune response in a subject. In specific

embodiments, an immunogenic composition may further comprise an adjuvant.
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[0081] As used herein, the term “pharmaceutically acceptable carrier” refers to a carrier that is
non-toxic. Suitable pharmaceutically acceptable carriers include, for example, one or more of
water, saline, phosphate buffered saline, dextrose, glycerol, ethanol, and combinations thereof.
Pharmaceutically acceptable carriers may further contain minor amounts of auxiliary substances
such as wetting or emulsifying agents, preservatives or buffering agents that enhance shelf life or

effectiveness.

[0082]  As used herein, the term “serological assay” refers to a diagnostic assay that relies on
binding of an antibody to an antigen. A serological assay may also be referred to as a “serologic
test”, “serological test”, or “serology test”. Serological assays may be used to detect the presence
of antibodies against an antigen of interest in the serum of a subject. A recombinant polypeptide
or protein as described herein may be used as the antigen in a serological assay. For example, a
recombinant polypeptide comprising a SARS-CoV-2 spike protein ectodomain may be used as an
antigen in a serological assay to identify subjects that have been infected with the SARS-SoV-2
virus. Examples of serology assays are flocculation tests, enzyme-linked immunosorbent assays

(ELISAs), and western blots.

[0083]  As used herein, the term “fragment”, in reference to a molecule, such as a nucleic acid
molecule or a polypeptide, refers to a portion of the molecule that is less than the full length of the

molecule.

[0084]  As used herein, the term “subject” refers to a human or non-human animal, for example

a mammal, avian, reptile, fish, or amphibian.

[0085]  As used herein, the term “antigen-binding molecule” refers to a molecule that is able to
specifically bind to an antigen, such as a recombinant polypeptide or trimeric protein as described
herein. An “antigen-binding molecule” may, but need not be, an antibody or an antigen-binding
fragment of an antibody. An antigen-binding fragment of an antibody (also referred to as an
antigen-binding antibody fragment) is any antibody fragment that has the ability to specifically
bind an antigen or epitope. Examples of antigen-binding antibody fragments include, but are not
limited to, antigen-binding fragments (Fabs), F(ab’)2 fragments, Fab’ fragments, Fv fragments,
single chain variable fragments (scFv), nanobodies (also known as VyHs), Vu fragments, and VL

fragments.
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[0086] The specificity of an antigen-binding molecule, also referred to as “specific binding” or
“specifically binding” or other grammatical forms thereof, can be determined based on affinity. A
specific antigen-binding molecule preferably has a binding affinity (Kd) for its epitope of less than
107 M, preferably less than 10® M. An antigen-binding molecule may cross-react with more than
one epitope or antigen and still be considered specific. For example, an antigen-binding molecule
specific for SARS-CoV-2 spike protein may also specifically bind to variants of that spike protein

and/or it may also specifically bind to spike proteins from one or more additional coronaviruses.

[0087]  As used herein, the term “detectable label” refers to a molecule that can be bonded to a
molecule of interest to allow the molecule of interest to be detected. Detectable labels are most
commonly bonded by covalent bonding, but non-covalent bonding is also possible. Detection of
the detectable reagent may be by direct observation (e.g. by microscopy or radiography), or by
indirect observation (e.g. by exposing the detectable label to one or more reagents to allow a
reaction between the detectable label and the one or more reagents to produce a detectable signal).
Suitable detectable labels will be known to one skilled in the art and include, for example:
radioisotopes; enzymes, such as horse radish peroxidase (HRP), calf intestinal alkaline phosphate
(AP), glucose oxidase, and B-galactosidase; fluorophores; biotin; and colloidal gold. As used
herein, the term detectable label includes molecules that are not typically detected directly, but that
can be specifically bound by another detectable molecule. For example, a primary antibody or
antibody fragment may be considered to be a detectable label, even if its detection involves the

use of a secondary antibody labeled with a detectable label.

[0088] It should also be understood that, in certain methods described herein that include more
than one step or act, the order of the steps or acts of the method is not necessarily limited to the

order in which the steps or acts of the method are recited unless the context indicates otherwise.
Description

[0089] To address problems of immunogenicity, misfolding, and lack of stability found with
commonly used trimerization domains, the present inventors have discovered that a resistin protein
or trimerization domain may be used as a trimerization partner for the production of recombinant
polypeptides, such as viral surface antigens, and particularly trimeric viral surface antigens such

as the SARS-CoV-2 spike protein ectodomain.
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[0090] Resistin is a small secretory protein predominantly produced by macrophages that has
an extremely stable and high-order multimeric structure, plays a role in inflammation, and also
functions as a small accessory chaperone. Resistin exists in circulation mostly as trimeric and
hexameric species, the hexameric form being formed through head-to-head covalent association
of two resistin trimers by disulfide bridge formation via their penultimate N-terminal cysteine
residues. The three-dimensional structure of the human resistin trimer is shown in FIG. 1. Since
human resistin is naturally present in human serum, it is expected to be non-immunogenic or of
low immunogenicity in humans. However, it is also possible to use a resistin protein or resistin
trimerization domain from a non-human species, such as, but not limited to, a mammalian species,

for example mouse or rat.

[0091] Resistin is involved in secretion of immune effectors and induces macrophages, PBMCs
and hepatic stellar cells to secrete tumor necrosis factor alpha, interleukin (IL)-1b, IL-6, IL-8, IL-
12 and MCP-1 that stimulate pro-inflammatory responses. As such, circulatory resistin levels have
been positively correlated with common inflammatory conditions in humans. In contrast, resistin
attenuates the inflammatory and immunological pathways of other types of immune cells. In
dendritic cells, resistin suppresses the pro-inflammatory pathway and impairs antigen uptake.
Resistin also diminishes the T-cell-mediated immune response by altering IRF-1-mediated TREG

pathway.

[0092] The adenylate cyclase-associated protein-1 (CAP-1) has been identified as a receptor for
resistin. Resistin stimulation of the CAP-1 receptor participates in resistin-mediated pro-

inflammatory responses.

[0093] Resistin is highly stable and resistant to heat and chemical denaturants such as urea and
SDS. It also protects other proteins from thermal aggregation, restores their functional activity
after guanidinium chloride-induced denaturation and rescues bacteria from heat shock, suggesting
that resistin has chaperone-like activity. This is also supported by the fact that
tunicamycin/thapsigargin-induced ER stress and apoptosis are averted by the overexpression of

recombinant resistin in HeLLa and U937 cells.

[0094] The present disclosure provides a recombinant polypeptide comprising a resistin

trimerization partner that advantageously and unexpectedly provides increased stability to the
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resulting trimeric recombinant fusion protein compared to fusions with commonly used
trimerization domains T4Fib and GCN4, as shown in FIG. 8. In an embodiment the trimerization
partner that confers stability to the recombinant fusion protein comprises the amino acid sequence
set forth in SEQ ID NO: 1 or comprises an amino acid sequence having at least 85%, at least 90%,
or at least 95% identity to the full length of the amino acid sequence set forth in SEQ ID NO: 1.
In an embodiment, the trimerization partner comprises an amino sequence having at least 85%
identity to the full length of the amino acid sequence set forth in SEQ ID NO: 2 and comprises a
trimerization domain having at least 85% identity to SEQ ID NO: 1. In an embodiment, the
trimerization partner comprises a trimerization domain having at least 85%, at least 90%, at least
95% or 100% identity to the full length of the amino acid sequence set forth in SEQ ID NO: 1 and
the trimerization partner has at least 85%, at least 90%, at least 92%, at least 94%, at least 96%, at
least 98%, or 100% identity to the full length of the amino acid sequence set forth in SEQ ID NO:
2. In an embodiment, the trimerization partner has at least 85%, at least 90%, at least 92%, at least
94%, at least 96%, at least 98%, or 100% identity to the full length of the amino acid sequence set
forth in SEQ ID NO: 2. In an embodiment, the trimerization partner consists of the amino acid
sequence set forth in SEQ ID NO: 2. In an embodiment, the trimerization partner comprises a
resistin polypeptide or a fragment thereof that is sufficient to enable trimerization. In an
embodiment, the resistin polypeptide or fragment thereof is a mammalian resistin or fragment

thereof. Inan embodiment, the resistin or fragment thereof is a human resistin or fragment thereof.

[0095]  The present inventors have shown that the use of a resistin polypeptide as a trimerization
partner in a recombinant polypeptide with a polypeptide, particularly a trimeric viral surface
antigen, and more particularly a SARS-CoV-2 spike ectodomain polypeptide, unexpectedly and
advantageously allows for robust expression of the recombinant polypeptide and for self-assembly
of the recombinant polypeptide into a stable homotrimeric protein. A representative three-
dimensional structure of a recombinant polypeptide comprising a SARS-CoV-2 spike ectodomain

polypeptide linked to a resistin polypeptide is shown on the right in FIG. 1.

[0096] Human resistin is produced as a 108 amino acid polypeptide, including a 20 amino acid
signal sequence that is cleaved to produce a mature polypeptide that is 88 amino acids in length.
The penultimate N-terminal residue of the mature resistin polypeptide is a cysteine residue that

allows hexamer formation. The resistin polypeptide used in the recombinant polypeptides
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described herein lacks the N-terminal leucine and cysteine residues of the mature resistin
polypeptide, to prevent hexamer formation. In a preferred embodiment, the trimerization partner
comprises a trimerization domain of a resistin polypeptide or the trimerization partner is a resistin
polypeptide or the trimerization partner is a polypeptide substantially equivalent thereto. In a
preferred embodiment, the resistin polypeptide, or the trimerization domain thereof, is a human
resistin polypeptide or comprises a human resistin trimerization domain. In other embodiments,
the resistin polypeptide or trimerization domain is a non-human resistin or trimerization domain,

such as a mammalian resistin polypeptide or trimerization domain.

[0097]  The use of a trimerization partner is particularly advantageous when the protein in need
of expression is a trimeric protein, such as a viral surface antigen, or a fragment thereof. The
methods and constructs of the present disclosure allow for production of a stable trimeric antigen
that is structurally equivalent to a trimeric SARS-CoV-2 spike protein. The provided recombinant
polypeptide unexpectedly allows the formation of a highly stable trimer (as shown in FIG. 8).

[0098] In an embodiment, the trimeric viral surface antigen is a coronavirus spike protein or a
fragment thereof. In a preferred embodiment, the trimeric viral surface antigen is a SARS-CoV-2
spike protein or a fragment thereof In an embodiment, the SARS-CoV-2 spike polypeptide
comprises the amino acid sequence set forth in SEQ ID NO: 3 or SEQ ID NO: 4. In an
embodiment, the SARS-CoV-2 spike polypeptide comprises an amino acid sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identity to the full length of the amino acid sequence set
forth in SEQ ID NO: 3 or SEQ ID NO: 4. In an embodiment, the SARS-CoV-2 spike polypeptide
comprises one or more amino acid substitutions relative to the full length of the amino acid
sequence set forth in SEQ ID NO: 4. In an embodiment, the SARS-CoV-2 spike polypeptide
comprises one, up to two, up to three, up to four, up to five, up to six, up to seven, up to eight, up
to nine, up to ten, up to 15, up to 20, or more amino acid substitutions, insertions, and/or deletions
relative to the full length of the amino acid sequence set forth in SEQ ID NO: 4. In another
embodiment, the SARS-CoV-2 spike polypeptide may comprise one or more mutations from a
known SARS-CoV-2 variant, such as B.1.1.7, B.1.351, or P.1 (for example, as described in Miao
et al, 2021 or Guo et al, 2021).
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[0099]  The trimerization partner and the polypeptide to be expressed may optionally be joined
by a linker. The selection of an appropriate linker will be readily apparent to one skilled in the art,
as evidenced, for example, by Chen et al (2014). Linkers included in recombinant polypeptides
are generally classified in three groups: flexible linkers, rigid linkers, and cleavable linkers, and
they are typically 2-40 amino acids in length, though other lengths may also be suitable. Flexible
linkers are generally composed of small non-polar (e.g. Gly) or polar (e.g. Ser) amino acids, though
other amino acids such as Thr, Ala, Lys, and Glu may be included to maintain flexibility and/or
improve solubility. Rigid linkers comprise amino acids chosen to favour the adoption of a-helical
structures, such as Pro and Lys together with Glu and Ala. Cleavable linkers are chosen to allow
cleavage by an enzyme of choice, allowing two portions of a recombinant protein to be separated
either in vitro or in vivo. The polypeptides described in the examples provided herein comprise a
flexible linker having the sequence GTGG. However, the linker could be omitted or an alternate

linker sequence could be employed, as will be understood by one skilled in the art.

[0100] The recombinant polypeptide may optionally comprise one or more affinity tags to allow
for ease of purification of the expressed protein. The selection of one or more affinity tags will be
understood to one skilled in the art. Commonly used affinity tags include, for example,
polyhistidine (commonly hexahistidine), FLAG, Streptag II, streptavidin-binding peptide (SBP),
calmodulin-binding peptide (CBP), glutathione S-transferase (GST), maltose-binding protein
(MBP), S-tag, HA-tag, and c-Myc tag. Depending on the nature of the affinity tag and the nature
of the polypeptide being expressed, an affinity tag may be positioned at the N-terminus or C-
terminus of the polypeptide. The polypeptides described in the examples provided herein include
a FLAG tag and a 6xHis tag at the C-terminus of each polypeptide. However, the inclusion of one
or more affinity tags in the recombinant polypeptide is optional, and one or more other affinity

tags could be employed, as will be understood to one skilled in the art.

[0101] A schematic of a recombinant polypeptide comprising a polypeptide of interest, a linker,
a resistin polypeptide, and one or more affinity tags is shown in FIG. 2. Depending on the
polypeptide of interest, the linker may be optional. Similarly, one or more affinity tags are
included to allow ease of purification, but the affinity tags may be omitted if purification using

affinity tags is not required.
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[0102] A recombinant polypeptide as described herein may be produced using any suitable host
cell and expression system. Commonly used host cells include prokaryotic expression host cells,
such as F. coli, and eukaryotic host cells, such as yeast or cultured mammalian cells. The
expression system may be a transient expression system or a stable expression system, and
expression may be constitutive or inducible, depending on the promoter and/or other regulatory
element(s) selected to drive expression. Suitable cells, vectors, promoters, and expression
protocols will be well understood to one skilled in the art (for example, see Lalonde, 2017). For
example, suitable mammalian cells include, but are not limited to, HEK293 cells, CHO cells, Vero
cells, BHK cells, and CAP cells. In an embodiment, the host cell 1s a CHO cell. Inan embodiment,
the promoter is an inducible promoter. In an embodiment, the promoter is a cumate responsive
promoter. Other suitable inducible promoters will be known to one skilled in the art and include,
for example, a tetracycline responsive promoter, an ecdysone responsive promoter, a cumate
responsive promoter, a glucocorticoid responsive promoter, an estrogen responsive promoter, an
RU-486 responsive promoter, a PPAR-y promoter, and a peroxide inducible promoter. A
constitutive promoter may also be used, such as but not limited to, a cytomegalovirus (CMYV)
immediate early promoter, an elongation factor 1-alpha (EFla) promoter, a cytomegalovirus
enhancer/chicken B-actin (CAG) promoter, a simian vacuolating virus 40 (SV40) promoter, a

phosphoglycerate kinase (PGK1) promote, or a ubiquitin C (Ubc) promoter.

[0103] A recombinant polypeptide or trimeric protein as described herein may be comprised in
a composition together with a carrier. The carrier may be a pharmaceutically acceptable carrier,
as will be understood to one skilled in the art. The composition may be an immunogenic
composition and, in some embodiments, the composition may further comprise an adjuvant for
enhancing an immune response in a subject. Suitable adjuvants will be understood to one skilled
in the art and include, for example, aluminum salts, virosomes, water-in-oil emulsions such as
MF59 and ASO03, 6'-sulfate-B-D-Galp-(1,4)-B-D-Glcp-(1,1)-archaeol (SLA), monophosphoryl
lipid A (MPL), QS-21, CpG oligodeoxynucleotide (CpG), polyinosinic-polycytidylic acid
(Poly(I:C)), and liposomes, among others. In embodiments, an immunogenic composition may

comprise a combination of two or more adjuvants.

[0104] A recombinant polypeptide or trimeric protein as described herein may be used as an

antigen, for example in a vaccine, immunogenic composition, or serological assay.
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[0105] A recombinant polypeptide or trimeric protein as described herein may be used in a
method of identifying whether a subject has developed an antibody response to a pathogen or an
antigen from a pathogen, the method comprising: contacting serum or a serum fraction from the
subject with the recombinant polypeptide or trimeric protein and detecting binding of the
recombinant polypeptide or trimeric protein by an antibody present in the serum or the serum
fraction, wherein the second portion of the recombinant polypeptide comprises an amino acid
sequence from an antigen of the pathogen. The pathogen may be SARS-CoV-2 and the
recombinant polypeptide may comprise a SARS-CoV-2 spike ectodomain polypeptide as
described herein. Methods to detect binding of a polypeptide or protein by an antibody would be
known to one skilled in the art and include well established techniques such as western blotting
and ELISA. The presence of an antibody against a pathogen or an antigen from a pathogen in the
serum of a subject indicates that the subject has, at some time, been sufficiently exposed to the
pathogen, or the antigen from the pathogen, to allow the subject to mount an antibody response;

for example a subject may be exposed by infection and/or by vaccination.

[0106] A recombinant polypeptide or trimeric protein as described herein may be immobilized
on a surface. For example, the recombinant polypeptide or trimeric protein may be covalently or
non-covalently bonded to a surface. Methods for immobilizing proteins and surfaces suitable for
protein immobilization are well known in the art. Examples of such surfaces include, but are not
limited to: plastic; organosilane-derivatized glass; affinity chromatography media; protein-binding
membranes, such as nitrocellulose, nylon, and polyvinylidene difluoride (PVDF) membranes; and

hydrogels.

[0107] A surface-immobilized recombinant polypeptide or trimeric protein as described herein,
may be comprised by a device. Suitable devices will be known to one skilled in the art include,
but are not limited to: plates, such as microwell or microtiter plates; affinity chromatography
columns; microarrays or biochips; microfluidic devices; and test cassettes, such as blood or serum
test cassettes. A recombinant polypeptide or trimeric protein as described herein may be included
in a kit, together with an antigen-binding molecule that specifically binds the recombinant
polypeptide or trimeric protein. The antigen-binding molecule may be, but is not necessarily, an
antibody or an antigen-binding fragment thereof. In some embodiments, the antigen-binding

molecule may bonded to a detectable label to allow detection of the presence of the antigen-binding
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molecule and, correspondingly, allow detection of the presence of the recombinant polypeptide or
trimeric protein when the recombinant polypeptide or trimeric protein bound by the antigen-

binding molecule.

[0108]  The recombinant polypeptide described herein advantageously allows for the production

and purification of the corresponding homotrimer (as shown in FIG. 5).

[0109] The provided recombinant polypeptide may advantageously leverage the anti-apoptotic,

anti- and pro-inflammatory, and non-immunogenic nature of resistin.

[0110] The present disclosure provides a trimerization partner that unexpectedly and

advantageously allows for stable trimerization of the polypeptide in solution.

Examples

[0111]  The following non-limiting examples are illustrative of the present disclosure.
Example 1: Preparation of SARS-CoV-2 spike protein expression constructs

[0112] A codon-optimized (Cricetulus griseus codon bias) SARS-CoV-2 spike (S) protein
cDNA (aa 1-1208) was synthesized by GenScript and cloned into the pTT®5 plasmid expression
vector, under control of a CMV promoter. Three versions of the S protein were expressed: one
encoding an unmodified ectodomain (ECD) protein sequence (S), having the amino acid sequence
set forth in SEQ ID NO: 4; a second encoding a modified ECD sequence (Sm) with two
modifications, one to prevent furin-mediated S1/S2 cleavage (RRAR -> GGAS) and the second to
stabilize the pre-fusion conformation (K986P V987P), as recently described (Wrapp et al. 2020),
having the amino acid sequence set forth in SEQ ID NO: 3; and a third encoding a second modified
ECD sequence (Sm2) with one modification to prevent furin-mediated S1/S2 cleavage (RRAR ->
GGAS), having the amino acid sequence set forth in SEQ ID NO: 16. The locations of the RRAR
-> GGAS mutation in Sm and Sm2 and the K986P and V987P mutations in Sm are shown in the
sequence alignment provided in FIG. 10. To mimic the native trimeric structure of the spike
protein, as found on SARS-CoV-2 virus particles, constructs were prepared with three different
trimerization partners fused to the C-terminus of the ectodomain in various constructs (ST1, ST2,

ST3; SmT1, SmT2 and SmT3; and Sm2T1). The sequence of SmT1 is shown in FIG. 3. The

-24-



WO 2021/234579 PCT/IB2021/054285

sequence of Sm2T1 is shown in FIG. 11. Sequences for all constructs are provided in the sequence

listing.

[0113] The first trimerization partner tested was a resistin polypeptide having the amino acid
sequence set forth in SEQ ID NO: 2 (“T17), the second trimerization partner tested was a T4 phage
fibritin or “foldon” trimerization domain (“T2”) having the amino acid sequence set forth in SEQ
ID NO: 9, and the third trimerization partner tested was a yeast GCN4 trimerization domain (“T3”)
having the amino acid sequence set forth in SEQ ID NO: 10. Each construct includes FLAG and
6xHis tags for purification, cloned in-frame at, or proximal to, the C-terminus of the S, Sm, or Sm2

polypeptide.
Example 2: Expression of SARS-Cov-2 spike protein

[0114] The present inventors assessed the potential of three polyethylenimine (PEI)-mediated
transient expression platforms for production of the SARS-CoV-2 spike constructs: two methods,
based on EBNA1-expressing CHO cells (CHO-3E7) (Stuible et al. 2018) and HEK293 cells (293-
6E) (L’ Abbé et al. 2018) have served as core platforms for recombinant protein production by the
present inventors for several years, and generally perform very well for a wide range of
recombinant antibodies and other proteins. For both methods, cells were cultured in chemically-
defined F17 media and transfected at low cell density using PEI. A third method used a CHO-
DXB11-derived clone (CHOPRV3*El) that expresses machinery for cumate-inducible protein
expression (Poulain et al. 2017; Poulain et al. 2019); CHOPRUSE! cells are routinely used by the

present inventors for stable cell line development for biologics manufacturing.

[0115] Preliminary expression analysis at day 5 post-transfection indicated that the CHO cells
allowed secretion of 5- to 20-fold higher levels of S protein compared to HEK293 cells (FIG. 4),
so further process optimization was done using CHO cells. Similar expression tests were
performed for the ST1, SmT1, and Sm2T1 constructs using the CHO-3E7 and CHOBRVE!
platforms. As shown in FIG. 4, the CHOPRV*E! platform gave substantially higher yields,
estimated at 70-120 mg/L based on a purified and quantified SmT1 standard (not shown). This
yield is 35-100-fold higher than the typical titers of 0.5-2 mg/L reported in the literature for

expression of coronavirus spike protein using transient HEK293 transfection.
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Example 3: Purification of SARS-Cov-2 spike protein

[0116] The present inventors developed a purification process using immobilized metal affinity
chromatography (IMAC) followed by an anti-FLAG affinity column. A third polishing step using
preparative size-exclusion chromatography was used to obtain highly pure protein preparations
(FIG. 5). Purified proteins are estimated to be >98% pure on Coomassie®-stained SDS-PAGE gels
(FIG. 5). The ST1 protein shows 3 bands on the gel, indicating significant level of cleavage at the
furin site during expression, generating the S1 and S2 subdomains, with some uncleaved S
remaining. In contrast, the SmT1 protein shows a single ~180 kDa band (FIG. 5) as expected for
a highly glycosylated protein.

[0117]  The purified recombinant S and Sm proteins were analyzed by analytical size exclusion
chromatography (SEC) on Superose® 6 5/15 column (FIG. 6). The elution profiles indicate that
neither the S nor the Sm proteins are able to form stable trimers in solution based on their apparent
molecular weight (136 and 274 kDa, respectively). The lower apparent molecular weight of S may
be explained by the loss of the cleaved S1 fragment during affinity purification, leaving only the

S2 subdomain as the predominant species in the 136 kDa peak.

[0118]  Analysis of the affinity purified resistin fusion constructs (ST1 and SmT1) was done by
SEC-UPLC coupled to a MALS detector (FIG. 7). The elution profile obtained with the ST1
construct (upper panel) clearly indicates the presence of three species, one minor (18%)
corresponding to the unprocessed S protein, one major (52%) corresponding to the S2 trimer
lacking the S1 fragment, and a third peak (29%) corresponding to the S1 fragment. In contrast, the
SmT1 construct (lower panel) elutes as a single symmetric peak that correspond to a 100% pure

trimer with a calculated mass of 486 kDa.

[0119] The Sm2T1 protein was expressed from a stable cumate-inducible CHO pool. Culture
medium was harvested a day 7 post-induction and clarified by centrifugation and filtration.
Clarified medium was purified by IMAC, as described above for SmT1, and formulated in DPBS.
A typical purification process result is exemplified by the SDS-PAGE gel shown in in FIG. 31.

[0120]  Analysis of the affinity purified Sm2T1 resistin fusion construct was done by SEC-
UPLC coupled to a MALS detector (FIG. 32). The elution profile obtained with the Sm2T1
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construct indicates that Sm2T1 elutes as a mixture of high molecular weight species (21%) and

trimeric species (79%).

Example 4: Comparison of resistin fusion partner to T4 phage foldon and yeast GCN4

trimerization domains

[0121]  For the sake of comparison, the SmT1 construct was compared to SmT2 (containing the
T4 phage foldon trimerization domain) and SmT3 (containing the yeast GCN4 trimerization
domain). The SEC-UPLC elution profiles (FIG. 8) indicate that SmT2 and SmT3 are
heterogeneous trimers with the presence of some higher molecular weight aggregates (SmT2) and
some tailing species (SmT2 and SmT3) that may indicate the presence of partially unfolded
protein. In contrast, the elution profile of the SmT1 construct indicates that it is a substantially
homogeneous trimer and there is no evidence of trailing species, suggesting that substantially all

of the SmT1 the protein is properly folded.

[0122]  Affinity purified S proteins were analyzed by reducing SDS-PAGE and stained with
Coomassie® blue (FIG. 9). Molecular weight protein standards are shown in the right-most lane.
From the gel data, it is clear that the ST2 construct lost significant amounts of the cleaved S1
fragment during purification, while for ST3 the loss was almost complete. Similar to ST2, ST1
also shows significant loss of the cleaved S1 fragment. For SmT1, SmT2 and SmT3, no clear
qualitative differences between the constructs could be observed on the gel and none of these

constructs shows evidence of furin-mediated S1/S2 cleavage.
Example 5: Immunogenicity of SARS-CoV-2 Spike Protein-Based Vaccine Formulations

[0123] To evaluate the immunogenicity of SmT1 in a vaccine setting, male (n = 8) and female
(n = 8 for all groups except group 5, in which n = 7) C57Bl/6 mice were immunized with 2 or 10
ng of the protein alone or in combination with various adjuvants on days O and 21 (see Table 1 for
a list of adjuvants used). Serum was collected on Day 20 and Day 28 for evaluation of antigen-
specific IgG responses by ELISA. In addition, splenocytes were collected on Day 28 and assayed
by ELISpot and intracellular cytokine staining (ICCS) for the evaluation of antigen-specific T cell
responses. Cells were stimulated with peptide pools (15-mers overlapping by 11 a.a.) that cover

the entire length of the spike protein (split into two N- or C- terminal pools) or with SmT1 protein.
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The secretion of cytokines such as IFN-y, IL-2 and TNF-a in response to antigen stimulation was

indicative of an antigen specific T cell response.

Table 1: Vaccine formulations of SmT1 used to immunize mice

Group (n=15-16) Adjuvant SmT1 Dose

1 None 10 ug

2 SLA

3 Adju-Phos® 2 ug

4 MPL/ QS-21/ Liposomes

5 SLA

6 Adju-Phos® 10 ug

7 MPL/ QS-21/ Liposomes

SLA = 6'-sulfate-B-D-Galp-(1,4)-B-D-Glep-(1,1)-archaeol; MPL = monophosphoryl lipid A;
AdjuPhos® = aluminum phosphate

[0124] When combined with the various adjuvants, as detailed in Table 1, SmT1 was capable
of inducing a strong IgG response in both male and female mice after a single immunization (FIG.
12). When adjuvanted with SLA or Liposomes/QS-21/MPL formulations, antibody levels were
>100-fold higher than antigen alone, even when 5-fold less protein antigen was administered.
Antibody levels were generally similar in animals receiving 2 or 10 ug of adjuvanted SmT1.
Antibody titers were further increased following a second immunization with a >10-fold increase
in antibody titers seen with all vaccine formulations (FIG. 13). The IgG1/IgG2c bias in the
antibody response was also assessed, with most formulations showing a bias towards IgG1, while

the inclusion of Liposomes/QS-21 /MPL shifted the response more towards IgG2c (FIG. 14).

[0125] SmT1 was also capable of inducing antigen-specific T cell responses when combined
with certain adjuvants as demonstrated by IFN-y ELISpot (FIG. 15 & 16). The inclusion of SLA
or in particular Liposomes/QS-21 /MPL in the vaccine formulations led to an increase in the
number of IFN- y+ spot-forming cells upon stimulation with the Spike peptide pools or whole
SmT1 protein. These responses were detected in mice administered either the 2 or 10 ug antigen

dose. Inaddition, ICCS analysis in a subset of the female mice revealed that these T cells consisted
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of both CD4 and CD8 T cells (FIG. 17 & 18, respectively). Both types of cells contained increased

levels of IL-2 and TNF-a in addition to IFN-y upon stimulation with spike protein or peptide pools.

[0126]

Vaccine compositions comprising lower doses (1 pg and 0.1 pg) of SmT1 antigen in

combination with various adjuvants were also tested (see Table 2 for a list of vaccine

formulations). In addition, vaccine compositions comprising Sm2T1 in combination with various

adjuvants (see Table 2 for a list of vaccine formulations) were tested to compare the

immunogenicity of Sm2T1 to that of SmT1.

Table 2: Vaccine formulations of SmT1 and SmT?2 used to immunize mice

Group Adjuvant Antigen
1 None
2 SLA
3 CpG
SmT1 (1 pg)
4 Poly(I:C)
5 SLA + CpG
6 SLA + Poly(I:C)
7 SLA
8 CpG
9 Poly(I:C) SmT1 (0.1pg)
10 SLA + CpG
11 SLA + Poly(I:C)
12 None
13 SLA
14 AdjuPhos® Sm2T1 (1ug)
15 ASO1
16 Poly(I: C)

SLA = 6'-sulfate-B-D-Galp-(1,4)-B-D-Glcp-(1,1)-archaeol; CpG = CpG oligodeoxynucleotide,

Poly(I:C) = polyinosinic-polycytidylic acid, SLA = sulfated lactosylarchaeol,
aluminum phosphate, ASO1g = ASO1B adjuvant system.
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[0127] Female C57Bl/6 mice (n=10/group) were immunized on days O and 21 (with vaccine
formulations as described in Table 2). Serum was collected on Day 20 and Day 28 for evaluation
of antigen-specific IgG responses by ELISA and neutralization assay, respectively. In addition,
splenocytes were collected on Day 28 and assayed by ELISpot for the evaluation of antigen-
specific T cell responses. Cells were stimulated with peptide pools (15-mers overlapping by 11
a.a.) that cover the entire length of the spike protein (split into two N- or C- terminal pools) or with

SmT1 protein.

[0128] When combined with the various adjuvant formulations, SmT1 at either 0.1 or 1 ug dose
was capable of inducing a strong IgG response after a single immunization (FIG. 19). While
antigen-specific T cell responses were detected by IFN-y ELISpot in the splenocytes of mice
immunized with SmT1 adjuvanted with SLA or Poly (I.C), an >5-fold increase in IFN-y+
splenocytes was observed in mice immunized with SmT1 adjuvanted with the SLA+CpG or
SLA+Poly(I:C) combination adjuvant formulations (FIG. 20). The functionality of the antigen-
specific antibodies was measured in a surrogate neutralization assay, where the ability of
immunized mouse serum collected on Day 28 to inhibit the binding of labeled soluble spike protein
to VERO cells was assessed. A clear antigen dose effect was evident. While serum (diluted 1 in
75) from mice immunized with antigen alone induced low neutralization activity, adjuvanted
formulations induced ~40% and ~80% neutralization with 0.1 and 1 pug of SmT1, respectively
(FIG. 21). When a more stringent 1:300 serum dilution was used, neutralization was still clearly
detected in the serum of mice immunized with adjuvanted formulations of 1 ug SmT1. As with
the T cell responses, the SLA+CpG and SLA+Poly(I:C) combination formulations showed

superior activity (>70% neutralization) in this assay.

[0129] The same set of assays were utilized to evaluate the immunogenicity of Sm2T1 when
combined with different types of adjuvants. As with SmT1, Sm2T1 when combined with an
appropriate adjuvant was capable of inducing strong antigen-specific antibody (Fig. 22) and
cellular responses (Fig. 23). In addition, the immunized mouse serum was able to inhibit binding
of SARS-CoV-2 Spike protein in the surrogate neutralization assay (Fig. 24). The level of the
measured response was dependent on the type of adjuvant used. Interestingly, similarly adjuvanted
formulations of SmT1 and Sm2T1 showed equal levels of immunogenicity (both humoral and

cellular) when compared head-to-head.
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[0130] Vaccine compositions comprising 3 pg of SmT1 antigen in combination with various

adjuvants were tested in a SARS-CoV-2 hamster challenge model (see Table 3 for a list of groups).

Table 3: Vaccine formulations of SmT1 used to immunize hamsters

Vaccination

Group Adjuvant Antigen Timepoints

None
SLA None
SLA+CpG
None Days 0 and 21
SLA
CpG
SLA+CpG
SLA
SLA+CpG

SmT1 (3 pg)

XA W N[

SmT1 (3 pg) Day 0

o

SLA = sulfated lactosylarchaeol = 6'-sulfate-B-D-Galp-(1,4)-B-D-Glcp-(1,1)-archaeol; CpG =
CpG oligodeoxynucleotide.

[0131] Female Syrian Golden hamsters (n=6/group) were immunized on days O and/or 21 with
SmT1 alone or with adjuvant (as described in Table 3). As negative controls, animals were
immunized with vehicle (group 1) or adjuvant alone (groups 2 and 3). Serum was collected on
Day 34 for evaluation of antigen-specific IgG responses by ELISA and neutralization assay. On
Day 35, animals were challenged intranasally with 10° plaque forming units of live SARS-CoV-2
virus. The effect of viral challenge of body weight was tracked for 5 days post viral challenge.
On Day 40, animals were euthanized and lungs collected for the quantification of viral load by

plaque assay.

[0132] Animals immunized with vehicle or adjuvant alone continued losing weight during the
course of the study (Fig. 25). SmT1 was able to protect the hamsters from viral challenge, as prior
treatment with any of the vaccine regimens containing SmT1 antigen led to a significant decrease
in body weight loss. The adjuvanted prime/boost regimens greatly protected the hamsters with

their average body weight loss never exceeding 3% and a steady gain in body weight seen
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thereafter. While not as effective, a decrease in body weight loss was also observed with the single
dose vaccine regimens or the double dose of antigen alone. The ability of the vaccine formulations
to protect from viral infection was confirmed when measuring the viral load in the lungs on Day
5. Average viral loads >60,000 PFU/g lung tissue were seen in hamsters treated with vehicle or
adjuvant alone (Fig. 26). No detectable viral titers were observed in lungs of any of the hamsters
immunized with adjuvanted Spike mECD formulations (single or double vaccinations). The
antigen alone formulation did lead to a significant decrease in average viral titers, but virus was

still detectable 1n 3/6 animals.

[0133] Anti-Spike IgG titers were observed in the serum of all hamsters immunized with
antigen alone following a single or double vaccine dose (Fig. 27). Titers were ~1-log higher in
animals that received the 2™ vaccination on Day 21 as compared to those that received a single
dose of similarly-adjuvanted SmT1 formulation on Day 0. The activity of the immunized hamster
serum was confirmed in the cell-based neutralization assay (Fig. 28). When serum was diluted to
1:75, the serum from animals receiving two doses of Spike mECD with SLA, CpG or SLA+CpG
had significantly higher neutralization (>66%) than other groups.

[0134]  These results demonstrate that an antigen comprising a coronavirus spike ectodomain
fused to a resistin polypeptide is immunogenic when combined with various adjuvants and that

this antigen is able to generate strong humoral and cell-mediated immune responses.
Example 6: INSTI® Serological Assay using SmT1 or Sm2T1 antigen

[0135] INSTI® Test Device production: INSTI® blotted membrane units (BMUs) were
blotted with SmT1 at a concentration of 1.21 mg/mL or Sm2T1 at a concentration of 1.19 mg/mL.

[0136] INSTI® Test Procedure: 50 pL of serum/plasma was added to a bottle of INSTI®
Solution 1, mixed by inversion, and poured onto the INSTI® test device. Once the liquid has
flowed through the device (<20 sec), INSTI® Solution 2 (Color Developer) is poured into the
device, followed by INSTI® Solution 3 (Clarifying Solution). Total test time was ~ 60 seconds. A

positive result is obtained if a blue dot appears in the area where a specific antigen was blotted.
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[0137]  Sensitivity challenge: To test analytical sensitivity, one limit of detection sample (LoD)
was tested at n =20 replicates. To test clinical sensitivity, 10 unique COVID-19 positive samples

were tested atn=1.

[0138] Specificity challenge: 33 samples were tested at n=1. Samples were positive for other
medical conditions such as Hepatitis B (2), pregnancy (8), Epstein-Barr Virus (2), HIV (5),
Syphilis (2), Hepatitis C (2), Influenza vaccination (2), and human Coronavirus (10).

[0139] Results:

Table 4. Comparison of COVID-19 SmT1 and COVID-19 Sm2T1 results

Reactive Results - LoD Reactive Results - Reactive Results -

Antigen Sample Positive Samples Negative Samples
SmT1 20/20 9/10 0/33
Sm2T1 20/20 9/10 0/33

[0140] When testing the LoD sample, both SmT1 and Sm2T1 were able to detect all 20
replicates (see Table 4). Therefore, these antigens appear to be equivalent in terms of analytical

sensitivity.

[0141] In the clinical sensitivity and specificity evaluations, both antigens detected the same
nine COVID-19 positive specimens and were unable to detect antibodies for the remaining one
sample. Therefore the two antigens appear to be equivalent in terms of clinical sensitivity. For
the 33 COVID-19 negative samples, including samples positive for human coronavirus, no false

positives were observed for either antigen (see Table 4).
[0142] Example 7: Testing resistin as a trimerization partner for VHH

[0143] To test whether resistin is an effective trimerization partner for other proteins, a VHH
antibody (aka nanobody) was fused in-frame with the human resistin gene and the resulting
construct was cloned into the pTT™ 5 plasmid, followed by transfection into CHO cells. Following
transient expression in CHO cells, the VHH-RSTN fusion was purified by IMAC. Purified VHH-
RSTN was analyzed by SDS-PAGE under reducing conditions (Fig. 29) and by SEC-UPLC (Fig.
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30) linked to a MALS detector. The calculated molecular weight of the VHH-RSTN was 106 kDa,
suggesting that it exists as a trimer in solution (based on the amino acid sequence, the expected

molecular weight is 84 kDa).

[0144]  The preceding examples have been provided to illustrate various aspects of the invention
and are non-limiting. The scope of the claims is not limited to specific details provided in the
examples; rather the claims are to be given the broadest interpretation consistent with the teachings

of the specification and drawings as a whole.
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WHAT IS CLAIMED IS:

1. A recombinant polypeptide comprising a first portion and a second portion, the first
portion comprising a resistin trimerization domain and the second portion comprising a viral

surface antigen or a fragment thereof.

2. The recombinant polypeptide of claim 1, wherein the first portion comprises an amino
acid sequence having at least 85% sequence identity to the full length of the amino acid sequence

set forth in SEQ ID NO: 1.

3. The recombinant polypeptide of claim 1 or 2, wherein the first portion is located C-

terminal of the second portion.

4. The recombinant polypeptide of any one of claims 1 to 3, wherein the first portion is

linked to the second portion by a linker.

S. The recombinant polypeptide of any one of claims 1 to 4, wherein the first portion
comprises an amino acid sequence having at least 85% identity to the full length of the amino

acid sequence set forth in SEQ ID NO: 2.

6. The recombinant polypeptide of any one of claims 1 to 5, wherein the second portion
comprises an amino acid sequence having at least 70% identity to the full length of the amino

acid sequence set forth in SEQ ID NO: 3, SEQ ID NO: 4, or SEQ ID NO: 16.

7. The recombinant polypeptide of any one of claims 1 to 6, comprising an amino acid
sequence having a least 85% identity to the full length of the amino acid sequence set forth in

SEQ ID NO: 5.

8. The recombinant polypeptide of any one of claims 1 to 7, comprising the amino acid

sequence set forth in SEQ ID NO: 5.

9. The recombinant polypeptide of claim 8, comprising the amino acid sequence set forth in

SEQ ID NO: 6.
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10. The recombinant polypeptide of claim 8, consisting of the amino acid sequence set forth

in SEQ ID NO: 6.

11. The recombinant polypeptide of claim 8, comprising the amino acid sequence set forth in
SEQ ID NO: 17.
12. The recombinant polypeptide of claim 8, consisting of the amino acid sequence set forth

in SEQ ID NO: 17.

13. The recombinant polypeptide of any one of claims 1 to 12, further comprising at least one
affinity tag.
14. A trimeric protein comprising three recombinant polypeptides, wherein each of the three

recombinant polypeptides is as defined in any one of claims 1 to 13.

15. The trimeric protein of claim 14, wherein each of the three recombinant polypeptides

comprises the same amino acid sequence.

16. The trimeric protein of claim 14, wherein each of the three recombinant polypeptides

consists of the same amino acid sequence.

17. A composition comprising the recombinant polypeptide of any one of claims 1 to 13 or

the trimeric protein of any one of claims 14 to 16 and a pharmaceutically acceptable carrier.

18. The composition of claim 17, further comprising an adjuvant.

19. The composition of claim 17 or 18, which is an immunogenic composition.

20. The composition of claim 17 or 18, which is a vaccine.

21. An expression vector for producing a recombinant polypeptide as defined in any one of

claims 1 to 13, the expression vector comprising a nucleic acid molecule encoding a recombinant

polypeptide as defined in any one of claims 1 to 13 operably linked to a promoter.
22. The expression vector of claim 21, wherein the promoter is an inducible promoter.

23. The expression vector of claim 22, wherein the promoter is a cumate-inducible promoter.
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24, The expression vector of any one of claims 21 to 23, wherein the nucleic acid molecule
comprises the nucleotide sequence set forth in SEQ ID NO: 7, SEQ ID NO: 8, or SEQ ID NO:
18.

25. A method for expressing the recombinant polypeptide as defined in any one of claims 1
to 13, the method comprising: introducing the expression vector of any one of claims 21 to 24
into a host cell and maintaining the cell under conditions that allow the recombinant polypeptide

to be expressed.
26. The method of claim 25, wherein the host cell 1s a mammalian cell.
27. The method of claim 26, wherein the host cell is a Chinese Hamster Ovary (CHO) cell.

28. Use of a recombinant polypeptide as defined in any one of claims 1 to 13 or a trimeric
protein as defined in any one of claims 14 to 16 as an antigen in a vaccine, immunogenic

composition, or serological assay.

29. A method of identifying whether a subject has developed an antibody response to a

pathogen or to an antigen from a pathogen, the method comprising:

a. contacting serum or a serum fraction from the subject with a recombinant

polypeptide as defined in any one of claims 1 to 5, and

b. detecting binding of the recombinant polypeptide by an antibody present in the

serum or the serum fraction,

wherein the second portion of the recombinant polypeptide comprises an amino acid sequence

from an antigen of the pathogen.

30. The method of claim 29, wherein the pathogen is SARS-CoV-2 and the recombinant

polypeptide is as defined in any one of claims 6 to 10.

31. A recombinant polypeptide as defined in any one of claims 1 to 13 or a trimeric protein
as defined in any one of claims 14 to 16, wherein the recombinant polypeptide or trimeric protein

1s immobilized on a surface.
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32. A device comprising the recombinant polypeptide or trimeric protein of claim 31.
33. The device of claim 32, wherein the device 1s a microtiter plate or a test cassette.
34. A kit comprising the recombinant polypeptide as defined in any one of claims 1 to 13 or a

trimeric protein as defined in any one of claims 14 to 16, and an antigen-binding molecule that

specifically binds the recombinant polypeptide or trimeric protein.

35. The kit of claim 34, wherein the antigen-binding molecule is an antibody or an antigen-

binding fragment thereof.

36. The kit of claim 34 or 35, wherein the antigen-binding molecule is bonded to a detectable
label.

-40 -



WO 2021/234579 PCT/IB2021/054285

1/24

Resistin trimer

FIG. 1

Trimerization
partner

FIG. 2



WO 2021/234579

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

MFVFLVLLPL
NVTWFHAIHV
NNATNVVIKV
GKQGNFKNLR
LLALHRSYLT
CTLKSFTVEK
CVADYSVLYN
YNYKLPDDFT
NGVEGFNCYF
FNFNGLTGTG
GTNTSNQVAV
ECDIPIGAGI
SVTTEILPVS
VFAQVKQIYK
LGDIAARDLI
QMAYRFNGIG
TLVKQLSSNF
SANLAATKMS
ICHDGKAHFP
LQPELDSFKE
QELGKYEQGT

VSSQCVNLTT
SGTNGTKRFD
CEFQFCNDPF
EFVFKNIDGY
PGDSSSGWTA
GIYQTSNFRV
SASFSTFKCY
GCVIAWNSNN
PLQSYGFQPT
VLTESNKKFL
LYQDVNCTEV
CASYQTQTNS
MTKTSVDCTM
TPPIKDFGGF
CAQKFNGLTV
VTQNVLYENQ
GAISSVLNDI
ECVLGQSKRV
REGVFVSNGT
ELDKYFKNHT

2/24

RTQLPPAYTN
NPVLPFNDGV
LGVYYHKNNK
FKIYSKHTPI
GAAAYYVGYL
QPTESIVRFP
GVSPTKLNDL
LDSKVGGNYN
NGVGYQPYRV
PFQQFGRDIA
PVAIHADQLT
PGGASSVASQ
YICGDSTECS
NFSQILPDPS
LPPLLTDEMI
KLIANQFNSA
LSRLDPPEAE
DFCGKGYHLM
HWFVTQRNFY
SPDVDLGDIS

SFTRGVYYPD
YFASTEKSNI
SWMESEFRVY
NLVRDLPQGF
QPRTFLLKYN
NITNLCPFGE
CFTNVYADSF
YLYRLFRKSN
VVLSFELLHA
DTTDAVRDPQ
PTWRVYSTGS
SITAYTMSLG
NLLLQYGSFC
KPSKRSFIED
AQYTSALLAG
IGKIQDSLSS
VQIDRLITGR
SFPQSAPHGV
EPQIITTDNT
GINASVVNIQ

PCT/IB2021/054285

KVFRSSVLHS
IRGWIFGTTL
SSANNCTFEY
SALEPLVDLP
ENGTITDAVD
VFNATRFASV
VIRGDEVRQI
LKPFERDIST
PATVCGPKKS
TLEILDITPC
NVFQTRAGCL
AENSVAYSNN
TQLNRALTGI
LLFNKVTLAD
TITSGWTFGA
TASALGKLQD
LASLATYVTQ
VFLHVTYVPA
FVSGNCDVVI
KEIDRLNEVA

TQDLFLPFFS
DSKTQSLLIV
VSQPFLMDLE
IGINITRFQT
CALDPLSETK
YAWNRKRISN
APGQTGKIAD
EIYQAGSTPC
TNLVKNKCVN
SFGGVSVITP
IGAEHVNNSY
SIAIPTNFTI
AVEQDKNTQE
AGFIKQYGDC
GAALQIPFAM
VVNQNAQALN
QLIRAAEIRA
QEKNFTTAPA
GIVNNTVYDP
KNLNESLIDL

GGSMEEAINE RIQEVAGSLI FRAISSIGLE

CQSVTSRGDL

ATCPRGFAVT

GCTCGSACGS

WDVRAETTCH CQCAGMDWTG ARCCRVQPlD? 'KDDDD

FIG. 3

g




WO 2021/234579 PCT/IB2021/054285

3/24

ST1 transfection SmT1 transfection
HEK293-6E CHOB3ET? CHORET  OHOBRISSE!

=2

Q@Q@gDNA:&

250 -
150 -

100 -
75 -
50 -
37 -
25 -
20 -

250 -
150 -

FIG. 4



WO 2021/234579 PCT/IB2021/054285

4/24

250
150
100
5
50

37

25
20

FIG. 5



WO 2021/234579

UV absorbance

ERSY

PCT/IB2021/054285

5/24

FLAG
peptide

SEC elution volume (ml)

FIG. 6



PCT/IB2021/054285

6/24

e

T8

[
B483

Erg o5
L -
b7 i

FLAG
AN

3
L]

&8
Fody
&

Mirades

%] [0}

1

B, bt ferr |

PR Lo rrieng £ Bhw g | v

38
It
T
™

Trimers {£51)

i

{
&

g

5
3
%
]

e
S g .
mairr e .

WO 2021/234579

s e o
o A— alm e e pHE — L
o : B I A B 1l _%=
) B % PR T i
s Ladl B o I 1 |
@ ter e {en -
.. R B R
A N L
2 e oo U e
7 _
. g pee p 5
% ERER I RE -
- AR LY -
~ A
— L
. L W § oo s T
w.m % 2 i SRS - S 5 = o O
5 Z iy

g

thusRes

Sample Conc, {mg/mil)

FIG. 7

Heoigh
143480

atests
717630

% Avea
10R0.00

BT
2672




PCT/IB2021/054285

7124

% @

3 i &

% e #
4 .

& -2

(e
B

Pyl

2
Mg

AR
§

N
RN

¥

FIG. 8

WO 2021/234579

A % "
P b b b -2 %
G Ed IS st i 3 %
Z [ER RS 3 %
& W b o
P ;
2 LSl R X
\ N A
” ; L5 SN st .
H P : zidigte B S o G : % |
T H RS . : %
R H T : 2% 21z : =
o i : Ll tala 2 2
i
- B e 1w AR
K K o 4 et o
2 AP PR 3 R
SR LA LS SHEAE
B <t A s
. o 7
JEAN P o : -
P LSBT ETS w
5 ool A L s ¢
o H ] -
LSRR 2 ] 7
R ER ¥ . e o
-
; Z o 2
: 2 ¥ @ 5 2
g 4 - M 4%
‘ >4 L

R




WO 2021/234579 PCT/IB2021/054285

8/24

-
o ™~
&
o oA 5

smt2
ST3
Smi3

FIG. 9



WO 2021/234579 PCT/IB2021/054285

9/24
SEQID4 ECDIPIGAGICASYQTQTNSPRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTI 720
SEQID16 ECDIPIGAGICASYQTQTNSPGGASSVASQSITAYTMSLGAENSVAYSNNSIAIPTNFTI 720
SEQID3 ECDIPIGAGICASYQTQTNSPGGASSVASQSITAYTMSLGAENSVAYSNNSIAIPTNFTI 720
SEQID4 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTAQLNRALTGIAVEQDKNTQE 780
SEQID16 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTAQLNRALTGIAVEQDKNTQE 780
SEQID3 SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTAQLNRALTGIAVEQDKNTQE 780
SEQID4 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC 840
SEQID16 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC 840
SEQID3 VFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDC 840
SEQID4 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM 900
SEQID16 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM 900
SEQID3 LGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM 900
SEQID4 QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN 960
SEQID16 QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN 960
SEQID3 QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN 960
mM
SEQID4 TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLASLQTYVTQQLIRAAEIRA 1020
SEQID16 TLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLASLQTYVTQQLIRAAEIRA 1020
SEQID3 TLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLASLQTYVTQQLIRAAEIRA 1020

Kk hkhkhhhhkhhkhhkhhkhhkhhhhhx Kk hkhhkhkhkkhkhhhhhkhkhhkhhhkhhkhhhhrr

FIG. 10



WO 2021/234579

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

MFVFLVLLPL
NVTWFHAIHV
NNATNVVIKV
GKQGNFKNLR
LLALHRSYLT
CTLKSFTVEK
CVADYSVLYN
YNYKLPDDFT
NGVEGFNCYF
FNFNGLTGTG
GTNTSNQVAV
ECDIPIGAGI
SVTTEILPVS
VFAQVKQIYK
LGDIAARDLI
QMAYRFNGIG
TLVKQLSSNF
SANLAATKMS
ICHDGKAHFP
LQPELDSFKE
QELGKYEQGT

VSSQCVNLTT
SGTNGTKRFD
CEFQFCNDPF
EFVFKNIDGY
PGDSSSGWTA
GIYQTSNFRV
SASFSTFKCY
GCVIAWNSNN
PLQSYGFQPT
VLTESNKKFL
LYQDVNCTEV
CASYQTQTNS
MTKTSVDCTM
TPPIKDFGGF
CAQKFNGLTV
VTQNVLYENQ
GAISSVLNDI
ECVLGQSKRV
REGVFVSNGT
ELDKYFKNHT

10/24

RTQLPPAYTN
NPVLPFNDGV
LGVYYHKNNK
FKIYSKHTPI
GAAAYYVGYL
QPTESIVRFP
GVSPTKLNDL
LDSKVGGNYN
NGVGYQPYRV
PFQQFGRDIA
PVAIHADQLT
PGGASSVASQ
YICGDSTECS
NFSQILPDPS
LPPLLTDEMI
KLIANQFNSA
LSRLDKVEAE
DFCGKGYHLM
HWFVTQRNFY
SPDVDLGDIS

SFTRGVYYPD
YFASTEKSNI
SWMESEFRVY
NLVRDLPQGF
QPRTFLLKYN
NITNLCPFGE
CFTNVYADSF
YLYRLFRKSN
VVLSFELLHA
DTTDAVRDPQ
PTWRVYSTGS
SITAYTMSLG
NLLLAQYGSFC
KPSKRSFIED
AQYTSALLAG
IGKIQDSLSS
VQIDRLITGR
SFPQSAPHGV
EPQIITTDNT
GINASVVNIQ

PCT/IB2021/054285

KVFRSSVLHS
IRGWIFGTTL
SSANNCTFEY
SALEPLVDLP
ENGTITDAVD
VFNATRFASV
VIRGDEVRQI
LKPFERDIST
PATVCGPKKS
TLEILDITPC
NVFQTRAGCL
AENSVAYSNN
TQLNRALTGI
LLFNKVTLAD
TITSGWTFGA
TASALGKLQD
LASLATYVTQ
VFLHVTYVPA
FVSGNCDVVI
KEIDRLNEVA

TQDLFLPFFS
DSKTQSLLIV
VSQPFLMDLE
IGINITRFQT
CALDPLSETK
YAWNRKRISN
APGQTGKIAD
EIYQAGSTPC
TNLVKNKCVN
SFGGVSVITP
IGAEHVNNSY
SIAIPTNFTI
AVEQDKNTQE
AGFIKQYGDC
GAALQIPFAM
VVNQNAQALN
QLIRAAEIRA
QEKNFTTAPA
GIVNNTVYDP
KNLNESLIDL

GGSMEEAINE RIQEVAGSLI

FRAISSIGLE

CQSVTSRGDL

ATCPRGFAVT

GCTCGSACGS

WDVRAETTCH CQCAGMDWTG ARCCRVQPDY KDDDD

FIG.

11

g




WO 2021/234579 PCT/IB2021/054285

11/24
Male
1&5-
= 104 » & ~
X - o
RN 402~ ®
€% . ‘:o.
<8 1024 U
¥ Y
10“‘"“"‘ Y t Y Y Y Y
& & & > o &
=& @ b\‘éq‘\ 3:&'\ @ b\;}q“ Q’Q\Q
¥ P ¥ F
) N
& &
2 ug Ag 10 ug Ag

Female

10%m
o 104 & » M N
: =
BN 103 %. @
f‘é E . ¢

Q 102 a* ®
E ad
101“-’?‘. T Y Y Y Y 1

& A o
N & 2 » 2N
La & » &
> N
& &
2 g Ag 10 g Ag



WO 2021/234579 PCT/IB2021/054285

12/24
Male
1{)8-
= G o
%g 10 N N % »
PN 494+ oe ®
.0 3 o
0 10°1 o Qz o
102""‘"6 Y T Y T T T
& T T
?b\ %0 ?\ o&’
& §
2 19 Ag 10 pg Ag

L’)g 1054
3 & o o
N 1044 @
2%: . 7
i s : 3
Q 10°4
o
102"""'?. Y 1 1 11 T 1
& & &€ ,sﬁo & ga“a Q\@c
© &
& &
2 wg Ag 10 g Ag

FIG. 13



WO 2021/234579

PCT/IB2021/054285

13/24
Male
197
@ 3 46 42 0.1 9 33 0.3
E] N
o~ 108
o
-~
O qps
o
'-Sé Q 1034 T
<t ’_T_‘
102 —
® ]
& ¥ & Y
S @
bl Qd-’
Q\>
@
2 pg Ag
Female
107 Geomean
o 4 6 35 0.3 5 70 0.3 n=lost
e 112 I goec
fe)
==
g g 105 — igGt
;ﬂﬁ 104 m gGae
M
— 103
z
102
e ™ & & Jns)
*OQ & Q.QD \\“\Qo fg\y. Q\SO \QQ
& A el
e ¥
ﬁ?“} *2"“}
& I\
2 pg Ag 10 pg Ag

FIG. 14



PCT/IB2021/054285

WO 2021/234579

14/24

By Bl 0 Byiiz
$ P
A./v .v
> %a%%% &a\%f%& b
i A A A A
i .
.
*

wiipy oy afeag

Oy i gy By tlg
o 2>
P 2
v &
&° 25
S e SF e S
: L
»

ULIOL 23 IHIR

Gl Ol

]
<

1
fd
W

L
<&
=
L

<8
2
fpajoegang pbpg)
s83s0ueldg 0L I

- (081
- 3051

¥
22
0

o
=2
s

- 00
- (DY

safsousids BN

-
b3
{paprenang pbpg)

iy 59 0t By iz
ol #
s %%A.,»% Q@%%%
A AR A B A

) i 1 ) -3 =
Bad 4 o I » 41 .mw
.“ i 4 ~ G5 m”ﬂ
(Y » =
. Ly
“ » - (05 WW
- . gn0) mﬁm
» w&.vm»ﬁ

WAl N aRuag

3 By iz

oti
t § cf:

i e SR L

¥
&¥
oy

005
- (001
-~ 0%k

(repoesars pipa)
SAASOUAS 011N



WO 2021/234579 PCT/IB2021/054285

15/24

Male: Protein

@
%g 1500 ~ .
g . 1060 ~.
: ﬂ SQG- Lasaad
28 = N .
%3] s
@ 100 . o
o . e
=5 504 . .
;»«g ®
g — o——b—‘—M’—,—q&—
2 o
ét’(\ Q\? \s‘@‘ﬁ &Q ‘b\y *)Q‘\& 'S}QQ 6‘45
NS o
\a \.}ef’ RS
3 &
2 pQ Ag 10 ng Ag

Famale: Protein

-h
b |

i &
® ¥

3

.5 3 BEB
¥

{FNy+/110° Splenocytes
{Bdgd. Subtracted)

& L2
& T T T
& & & g
& Ky
N X
& §
2pgAg 10 g Ag

FIG. 16



N, Term Pep. C, Term Fep,

WO 2021/234579
16/24
IFNy
2.5%10%—
%1054 ©
52 ] * & .
= W
= 3 1.5%10° o
Q- | < -
+ * 5.
S8 TP o @ &
Lt O 1 © o o
5% 104 A . e
0
N. Termi Pep. C. Term Pep. Protein
IL-2
3105+
° .
- & &
@ 0 *
23 054 _ -
= O
8+ ] o : L
&3 ° g .
0 =105 CA o
20 A 1 . A @
. &
0
N. Term Pep. C. Term Pep. Protein
TNFa
6% 103
} u ° =
o » Lol o
T3 4105+ o
53 - -
L g . ]
5 3 o .
L &3 2¢10°- ¥ A r
[l 4 } A

FProtein

FIG. 17

¢« N B> OO0

PCT/IB2021/054285

Nohe
SLA
AdjuFhos

MPLAQS-21/Lipo

SLA
AdjuPhos

MPL/QS-21/Lipo

Naive

2 ug Ag

10 ug Ag



WO 2021/234579

1.5%108

%108+

5% 105

IFNy+ per 10°
CD8+ T Cells
e

[

N. Term Pep. C. Term Pep.

&
o @ 3x10%
™~ Q .
b Q
o 2x10%-
¥
& | -
b o
=0 4xy05- %
A
o -G

N. Terms Pep. C. Term Pep.

3%10%

2%10%

<
%108+

TNFa+ per 105
CD8+ T Cells

17/24

IFNy

2
F IR 4

Protein

-2

AT
Protein

TNFa

+

- & B
ey SeY=-T N I
0_

N. Term Pep. C. Term Pep.

Protein

FIG. 18

A NP>PODDEO

PCT/IB2021/054285
None
SLA ™
AdiuPhos 2 ng Ag
MPL/AQS-21/Lipy -
SLA ]
AdjuPhos 10 1g Ag
MPLAQS-21/pe -~
Naive



WO 2021/234579 PCT/IB2021/054285

18/24

D20

105- §
o] Bga?é
wle ¥ g

102-

&
101 --ds
&

Anti-S IgG
{0D=0.2; GMT)

Adjuvant: (&)
& ¥R RN R R
SR SR
Q° s <° <° bl Q°
&Y x &Y %
9}5» 4>Sb
1ug SmTH 0.1 ng SMmTH
FIG. 19
Spike N-Term. Spike C-Term.
n e o=
23 £ 3 2500~
5= %=
e¥ 8 ¥ 1500+
g3 £ % o .
& £ Z s 500t
:35 B ‘§ - . *
e & 2@ 400+ -': ®
£y £3 200 e o
£e - 4 M
Adjuvant: & & oL O & N0 O Adjuvant: T LOLNFPTLONE O
' T s W SR Y RER T R TR E
NN H Y P OF & S5 o
< g_.,\l ,‘Q < g\/ XQ Q @V xq & XQ
B ¥
3 @” % ¥
1 ug SmT1 0.1 ug SmTH T g SmTt 0.1 ug SmT1

FIG. 20



PCT/IB2021/054285

WO 2021/234579

19/24

e by 454
] » (%
s HRe 8

por

4

T t 13

]
o S S~ S~ SR -

¥
]
= w w = ™~
-~

{veapy ‘vomamyy %)
Auaay uoneziennan

{ueay Suonigyyl %)
Auagoy uenezyennon

v—

&
o~

Adjuvant:

0.1 ng SmTt

1 ug SmT1

0.4 ug SmTH

1 pg SmT1

FIG. 21

D20

(o)
...................................... 4
- /-
¢ 5,
%
4 - b %
&
) Otﬂe
<,
Q
L e e e e e PP
2222282 85
>
{LWD 'Z'0=00) 2
ob} s-nuy b4

Sm2T1

smT1

FIG. 22



PCT/IB2021/054285

WO 2021/234579

20/24

Spike C-Term.

Spike N-Term.

et
o S~ T - |
[~ ~ T~
3D S
L

2500+

{uesgy :paroengeg phyg)}
soihoousidg (oL AN

[~
e
3

4
4
=
o

500+~
500+
A00+

o~ A
{ueay; ‘posoraans poxg)
sojhoousjdg oL+ IN

Adjuvant:

Sm2T1

SmTt

Sm2T1

SmT1

FIG. 23

1:100

100+

@ W o= N

Ayanay vonezegnay

~&\o » -

¥ 1] L] 1 t 1
[ed «Q <3 [ < <
mw. =® ©0 < o~
{usayy ‘uomiqiyuy %)
Apagoy uolezgEINGN

T T ) T 1 .

{uealy {uomaqILE %) 2
<

Sm2T1

SmT1

Sm2T1

SmT1

FIG. 24



WO 2021/234579

Body Weight Change
(% DayX/DO; Mean+SEM)

Viral Titer
(PFU/g lung; mean + SEM)

21/24

PCT/IB2021/054285

-© Vehicle ]
-+ SLA No Antigen
4 SLA+CpG
¥ Unad]. ] Ani
+ Antigen
<+ SLA 2 Vacgine Boses
* CpG
o SLA + CpG_|
<O SLA ‘{“Aﬂﬁg@ﬂ
o SLA+CpG_ 1 Vaccine Dose
| 1 | | | 1
1 2 3 4 & 8
Days Post-Challenge
FIG. 25
108 m ) .
Vaccine Formulations
105 A - _
Ak Im| Vv O Vehicle
. Al Fs I A SLA No Antigen
10 Al B SLA+CpG _
v ¥ Unad;.
10° v . SLAJ + Antigen
2 Vaccine
102 * CpG Doses
® SLA+CpG _|
10° o SLA 1 +Antigen
1 Vaccine
100 v —ar—an—a—®—D— O SLA+CpG Dose

FIG. 26




WO 2021/234579 PCT/IB2021/054285
22/24
108 2 Vaccine Doses 1 Vaccine Dose

o5 108 . * "N

50 4 ". o, o

@& 10 . o83,

s O

= 103 o

<4 ®oee

S 102

_ 101 | T | T | T

Adjuvant: None SLA SLA+CpG None  SLA CpG SLA+CpG SLA SLA+CpG
No Ag 3 ug SmT1
FIG. 27

2~ 100- 2 Vaccine Doses 1 Vaccine Dose

<= 757 3 o

.5 _S 50_ . . ..

55

EE 25 . o« °

5% ° o®

[T o— -0

=z _oupuo—esepso—enepee ~— , , , oljio—280¢
Adjuvant: None SLA SLA+CpG None SLA CpG SLA+CpG SLA SLA+CpG

No Ag

3 ug SmT1

FIG. 28



PCT/IB2021/054285

WO 2021/234579

23/24

s
o
fase
posst

fEa
e

FIG. 29

106 kDa (MALS detector)

HEE

T aditd

H
H
H
H
z
H

%

F
$
i Z
H =)
%54
H ’
Y, b
y
H
b4 -~
3
f
}
;or
\\\\
Yreren;,
3 5
§oden
] 4
\m
71
g

an

s
\\\\\\

o

A

N
=

o

o

"y

Y.
V¥ mw
—
BBl Eee i,
E
#i
L
Eot]
)
o
.
;.
7
v e e s Eee i
AR A R " A
7 % " 74 F % o
i 4 2% % 57 i &
faed 1 b 758 o] 4 =

BRSERN

FIG. 30



PCT/IB2021/054285

24/24

WO 2021/234579

b

LY
fod

(e

” e

o
253
=
k3

T
S EENS

~
¥

g

FIG. 31

el e [

Bg
Hai
g
B

FIG. 32

o [ od |

i 3|5
] SR I I e
2% ol |
£ &

{5

af | o %

i 1)
Q...

’ W | |7

e poe | D [P |2

§

Pacy

]
B
v
g

B Ll 5 I B <

LIL20 S S T P8 i

NEF

%

&




INTERNATIONAL SEARCH REPORT

International application No.

PCT/1B2021/054285

A. CLASSIFICATION OF SUBJECT MATTER

AGIP 31/14 (2006.01), AG6IP 37/04 (2006.01)

IPC: CO7K 19/00 (2006.01), AG6IK 39/215 (2006.01), A6I1K 39/385(2006.01), A61P 31/12(2006.01),
(more IPCs on the last page)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Search terms used across the whole IPC.

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Databases: Scopus, GenomeQuest, Questel Orbit, STN (CAPLUS, EMBASE, BIOSIS, BIOTECHABS).
Keywords: Resistin, GMAD, adipose tissue-specific secretory factor, ADSF, C/EBP-epsilon-regulated myeloid-specific secreted cysteine-rich
protein, XCP1, trimer, viral, virus, antigen, SARS, CoV, COVID, vaccine, spike, fusion, SMEEAINERIQEVAGSLIFRAIS.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

10.1371/journal.pone.0043603> *abstract, figure 2*

Krammer, F. et AL, " 4 Carboxy-Terminal Trimerization Domain Stabilizes Conformational
Epitopes on the Stalk Domain of Soluble Recombinant Hemagglutinin Substrates”". PLOS
ONE, 23 August 2012 (23-08-2012), Vol. 7(8), pp. €43603, ISSN 19326203, <doi:

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A,D WRAPP, D. et AL, "Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation”. 1-36
Science, 13 March 2020 (13-03-2020), Vol. 367(6483), pp. 1260-1263, ISSN 00368075, <doi:
10.1126/science.abb2507> *whole document*
A WO 2014/100913 A1 (QIAN, X. et AL) 3 July 2014 (03-07-2014) *whole document, 1-36
particularly page 8, second paragraph *
A 1-36

X Further documents are listed in the continuation of Box C.

Xl See patent family annex.

* |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

“D” |document cited by the applicant in the international application

“E” |earlier application or patent but published on or after the international
filing date

“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than
the priority date claimed

“T” [later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

D&

wy

g

Date of the actual completion of the international search
23 July 2021 (23-07-2021)

Date of mailing of the international search report
17 August 2021 (17-08-2021)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Darryl Jones (873) 354-9761

Form PCT/ISA/210 (second sheet ) (July 2019)

Page 3 of 6




International application No.
INTERNATIONAL SEARCH REPORT

PCT/1B2021/054285
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
P, X ISHO, B. et AL, "Persistence of serum and saliva antibody responses to SARS-CoV-2 1-36

spike antigens in patients with COVID-19". Science Immunology, 8 October 2020 (08-10-
2020), Vol. 5(52), pp. eabe5511, ISSN 24709468, <doi: 10.1126/sciimmunol.abe5511>
*whole document*

P, X STUIBLE, M. et AL, "Rapid, high-yield production of full-length SARS-CoV-2 spike 1-36
ectodomain by transient gene expression in CHO cells". Joumal of Biotechnology, 7
December 2020 (07-12-2020), Vol. 326, pp. 21-27, ISSN 24133256, <doi:
10.1016/1.jbiotec.2020.12.005> *whole document*

Form PCT/ISA/210 (continuation of second sheet) (July 2019) Page 4 of 6



International application No.

PCT/1B2021/054285

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

INTERNATIONAL SEARCH REPORT

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was carried out
on the basis of a sequence listing:

a. X forming part of the international application as filed:
B in the form of an Annex C/ST.25 text file.
I on paper or in the form of an image file.

b. U fumished to gether with the international application under PCT Rule 13fer.1(a) for the purposes of international search only in the
form of an Annex C/ST.25 text file.

c. O furnished subsequent to the international filing date for the purposes of international search only:
[0 in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
I on paper or in the form of an image file (Rule 137er.1(b) and Administrative Instructions, Section 713).
2. Umn addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required statements
that the information in the subsequent or additional copies is identical to that in the application as filed or does not go beyond the

application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019) Page 2 of 6



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT /IB2021 /054285

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

WO02014100913A1 03 July 2014 (03-07-2014) CN104870478A 26 August 2015 (26-08-2015)
CN104870478B 22 May 2020 (22-05-2020)
EP2935338A1 28 October 2015 (28-10-2015)
EP2935338A4 15 March 2017 (15-03-2017)
US2016194370A1 07 July 2016 (07-07-2016)
US10246503B2 02 April 2019 (02-04-2019)
WO02014101287A1 03 July 2014 (03-07-2014)
WO02015090234A1 25 June 2015 (25-06-2015)

Form PCT/ISA/210 (patent family annex ) (July 2019)

Page Sof 6




International application No.

PCT/1B2021/054285

INTERNATIONAL SEARCH REPORT

CO7K 14/005 (2006.01), CO7K 14/165 (2006.01), CO7K 14/575 (2006.01), CO7K 17/00 (2006.01),
CI2N 15/62 (2006.01), CI2N 15/85 (2006.01), CI2N 5/10(2006.01)

Form PCT/ISA/210 (extra sheet) (July 2019) Page 6 of 6



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - wo-search-report
	Page 68 - wo-search-report
	Page 69 - wo-search-report
	Page 70 - wo-search-report
	Page 71 - wo-search-report

