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IMPROVED CHIMERIC POLYPEPTIDES AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of priority from the earlier European patent application EP 22 166
085.5 which was filed on March 31, 2022, together with a sequence listing. The contents of this earlier application

and the accompanying sequence listing are incorporated herein by reference in their entirety.

FIELD
The disclosure relates generally to chimeric polypeptides that comprise a microbial polypeptide (preferably (a) a
virion surfaced exposed portion of an enveloped viral fusion protein or (b) a bacterial outer membrane
polypeptide) and a heterologous structure-stabilizing moiety, and to complexes comprising those chimeric
polypeptides. The present disclosure also relates to the use of these chimeric polypeptides and complexes
thereof in compositions and methods for eliciting an immune response to a microbial polypeptide (preferably a
fusion protein of an enveloped virus or a bacterial outer membrane polypeptide), or to respective complexes
thereof and/or for treating or preventing related microbial infection (preferably an enveloped virus infection or
a bacterial infection). Moreover, the disclosure further relates to compositions and methods for producing an
antigen-binding molecule that specifically binds to such a microbial polypeptide or a complex thereof (preferably
to an enveloped viral fusion protein or a complex thereof, or to a bacterial outer membrane polypeptide or a

complex thereof).

BACKGROUND
Enveloped viruses, such as respiratory syncytial virus (RSV), influenza virus and human immunodeficiency virus
(HIV) require fusion of viral membrane with a host cell's membrane to enter and infect the host cell. Viral fusion
proteins facilitate this process by undergoing energy favorable structural rearrangements from a metastable
'pre-fusion'-conformation to a highly stable 'post-fusion'-conformation. This structural change drives fusion of

the virus and host cell membranes resulting in the release of viral genome into the host cell.

Viral fusion proteins are currently classified into three major classes based on their individual structural
architecture and molecular features that drive the fusion process. Class | and class Ill fusion proteins are trimeric
in both their pre- and post-fusion conformations, while class Il fusion proteins are dimeric in their pre-fusion
conformation which is then rearranged into a trimeric post-fusion form. It is possible, however, that new classes
of viral fusion proteins may be identified in the future that share some key features in common with these
currently defined classes. Class | and class Il fusion proteins share substantial structural features, including an N-
terminal signal sequence and a C-terminal transmembrane and cytoplasmic domain. They also share similar

fusion mechanisms, with the initial pre-fusion trimer undergoing partial dissociation to allow the significant



10

15

20

25

30

35

WO 2023/187743 PCT/1B2023/053263

structural rearrangement required to form the post-fusion trimer.

Viral fusion proteins are excellent subunit vaccine candidates, as they are the primary targets of protective
neutralizing antibody responses for many medically important enveloped viruses. However, the intrinsic
metastable nature of these fusion proteins especially when recombinantly expressed as soluble proteins in
isolation is a major obstacle for effective subunit vaccine design. Evidence has shown that the majority of the
broadly cross-reactive and potently neutralizing antibodies elicited during a natural infection target primarily the
pre-fusion form, not the post-fusion form. In addition, the pre-fusion forms of viral envelope fusion proteins have
been shown to contain epitopes that are either absent from the post-fusion forms, or structurally not accessible
(e.g., Magro et al., 2012. Proc. Natl. Acad. Sci. USA 109(8):3089-3094). On account of these known observations,
for the development of vaccines, the stabilized pre-fusion form is generally considered more desirable
antigenically. However, conventional recombinant expression of these proteins typically results in premature
triggering and a conformational shift to the structurally more stable post-fusion form. Strategies have since been
sought which would overcome these previous impediments arising from the intrinsic structural propensities of

this particular class of proteins, mostly through stabilization in their antigenically more potent pre-fusion state.

Accumulating structural information on many relevant viral targets has paved the way for structure-based design
of pre-fusion state-stabilized viral fusion protein antigens. One reported advance to that end was the
development of an engineered form of the respiratory syncytial virus (RSV) fusion (F) protein (RSV F), also known
as DS-Cavl Foldon, wherein a stabilization of the pre-fusion state was achieved through structure-guided
introduction of stabilizing mutations, including an artificial disulfide bond (DS) and hydrophobic cavity-filling
(Cavl) mutations, and C-terminal fusion to the T4 bacteriophage fibritin trimerization domain (commonly known
as “Foldon”) (Mclellan et al., Science. 2013; 342(6158):592-598; Zhang et al., Vaccine. 2018;36(52):8119-8130.
DOI: 10.1016/j.vaccine.2018.10.032).

However, a major drawback of such “structural vaccinology”-based approaches is their dependency on high-
resolution structural data from each individual virus target, thus limiting the process for development of vaccines
to targets of yet unknown structure. In view of the continued emergence of new virus variants, as prominently
evident, e.g., for SARS-CoV-2 in the presently ongoing COVID-19 pandemic, there is a particular need for vaccine
design strategies that can be readily applied, i.e., as a universally applicable platform technology, without prior

availability of respective 3D structural information.

Seeking to address this need, some of the present inventors recently developed an approach for stabilizing viral
fusion protein antigens in their pre-fusion conformation (WO 2018/176103; WO 2022/043908). Their technology
is based on the finding that a viral fusion protein can be maintained in its pre-fusion form by operably connecting
a heterologous moiety that comprises a pair of complementary heptad repeat regions (HRRs) downstream of the

fusion protein virion surface exposed domain. These HRRs facilitate trimerization with two further chimeric
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polypeptide subunits, whereby the pairs of HRRs of each of the three subunits associate into a six-helix bundle
structure. The resulting trimeric structure acts as a kind of 'molecular clamp' that ‘locks’ the fusion ectodomain
polypeptide in the pre-fusion conformation, thereby inhibiting it from rearranging into a post-fusion
conformation. The first generation of this technology centered on the utilization of a clamp derived from the 6-

helix bundle of the human immunodeficiency virus (HIV) glycoprotein 41 (gp41).

Whereas this technology was successfully applied to the development of a SARS-CoV-2-vaccine candidate which
in a subsequent phase 1 clinical trial was proven to elicit potent neutralizing antibody responses against the
enveloped virus fusion protein ectodomain, it was also found that additional antibodies were generated in all
recipients against the small HIV gp41-derived clamp domain. Although titers of these antibodies were low, they
were sufficient to generate false-positive results on some rapid HIV point-of-care diagnostic tests. Because of
this observed HIV diagnostic interference, the further development and clinical investigation of this vaccine

candidate was suspended.

Hence, there is still a pressing need for new viral fusion protein subunit vaccines which circumvent the risk of HIV
diagnostic interference caused by the clamp domain while having a comparable or even improved capacity to
elicit neutralizing antibody responses towards the targeted antigen, and, in particular, for new vaccine designs
that can be readily applied as a universal platform technology to viral targets in the absence of structural

information.

Moreover, on account of the increasing threat of antibiotic resistance and the resurgence of numerous related
infections, there is also an urgent demand for novel vaccines against bacterial pathogens. In recent years,
bacterial outer membrane proteins have become a major interest for vaccine development, as they are the
proteins which interact with the extracellular environment. A specific kind of outer membrane proteins found in
many pathologically relevant Gram-negative bacteria are the so-called trimeric autotransporter adhesins (TAAs)
which mediate the first adherence to host cells in the course of infection. TAAs are therefore considered to
constitute important virulence factors and have thus gained increasing interest as potential vaccine targets. Most
related bacterial infections, however, are not covered by any of the current vaccines, and new developments
have even decelerated in the last decades (see, e.g., review by Thibau A. et al. Immunogenicity of trimeric
autotransporter adhesins and their potential as vaccine targets. Med Microbiol Immunol. 2020;209(3):243-263.
doi: 10.1007/s00430-019-00649-y). There is, hence, also a need in the art for vaccines against related bacterial

targets.

The present invention addresses these needs and provides related advantages as well.
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SUMMARY OF THE INVENTION

Accordingly, the invention provides, in a first aspect, a chimeric polypeptide comprising a microbial polypeptide
(preferably (a) an enveloped virus fusion ectodomain polypeptide or (b) a bacterial outer membrane
polypeptide) operably connected downstream to a heterologous, structure-stabilizing moiety (SSM), wherein the
structure-stabilizing moiety is a polypeptide comprising, in an N- to C-terminal order, a first heptad repeat region
(FHRR) and second heptad repeat region (SHRR), wherein (i) the FHRR comprises or consists of an amino acid
sequence having at least 60% sequence identity to the amino acid sequence set forth in SEQ ID NO: 80 or 81, and
the SHRR comprises or consists of an amino acid sequence having at least 40% sequence identity to the amino
acid sequence set forth in SEQ ID NO: 82 or 83; and/or (ii) the FHRR comprises or consists of an amino acid
sequence having at least 90% sequence similarity to the amino acid sequence set forth in SEQ ID NO: 80 or 81,
and the SHRR comprises or consists of an amino acid sequence having at least 70% sequence similarity to the

amino acid sequence set forth in SEQ ID NO: 82 or 83.

The invention provides, in a second aspect, a chimeric polypeptide comprising a first (poly)peptide operably
connected downstream to a structure-stabilizing moiety, wherein said structure-stabilizing moiety is as defined
in connection with the first aspect of the invention; wherein preferably the first polypeptide is a therapeutic

polypeptide.

The invention provides, in a third aspect, a nucleic acid comprising a polynucleotide sequence encoding a
chimeric polypeptide as defined in embodiments disclosed herein in connection with the first or second aspect

of the invention.

The invention provides, in a fourth aspect, a host cell comprising the nucleic acid as defined in accordance with

the third aspect of the invention.

The invention provides, in a fifth aspect, a method of producing a chimeric polypeptide complex, wherein the
method comprises: combining chimeric polypeptides as defined in accordance with the first or the second aspect
of the invention under conditions suitable for the formation of a chimeric polypeptide complex, whereby a
chimeric polypeptide complex is produced that comprises three chimeric polypeptide subunits and is
characterized by a six-helix bundle formed by homo-trimerization of the structure-stabilizing moieties of the

three chimeric polypeptides.

The invention provides, in a sixth aspect, a chimeric polypeptide complex that comprises three chimeric
polypeptide subunits, wherein each subunit is a chimeric polypeptide as defined in accordance with the first or
the second aspect of the invention, and wherein the complex is characterized by a six-helix bundle formed by

homo-trimerization of the structure-stabilizing moieties of the three chimeric polypeptides.
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The invention provides, in a seventh aspect, a composition comprising a chimeric polypeptide as defined in
accordance with the first or second aspect of the invention, or a chimeric polypeptide complex as defined in

accordance with the sixth aspect of the invention, and a pharmaceutically acceptable carrier, diluent or adjuvant.

The invention provides, in an eighth aspect, a method of identifying an agent that binds with:

a microbial polypeptide or a complex thereof, wherein the method comprises:

(i) contacting a candidate agent with a microbial polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention or a microbial polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide complex;

wherein preferably the candidate agent is part of a compound library (e.g., small molecule or macromolecule

library).

In preferred embodiments of the latter aspect, the microbial polypeptide or the complex thereof is:

(a) a fusion protein of an enveloped virus, or a complex of the fusion protein, respectively, wherein the method
comprises: (i) contacting the candidate agent with an enveloped virus fusion ectodomain polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention or an
enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, wherein the enveloped virus fusion ectodomain
polypeptide corresponds to the fusion protein of the enveloped virus; and (ii) detecting binding of the
candidate agent to the chimeric polypeptide or chimeric polypeptide complex;

or

(b) an outer membrane polypeptide of a bacterium or a complex of the outer membrane polypeptide,
respectively, wherein the method comprises: (i) contacting the candidate agent with a bacterial outer
membrane polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the
invention or a bacterial outer membrane polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, wherein the bacterial outer membrane polypeptide
corresponds to the outer membrane polypeptide of the bacterium; and (ii) detecting binding of the candidate

agent to the chimeric polypeptide or chimeric polypeptide complex.

In preferred embodiments of the latter embodiment, the outer membrane polypeptide of a bacterium or the

complex thereof is:

(a) a trimeric autotransporter adhesin (TAA) polypeptide of a bacterium, or a complex of the TAA polypeptide,
respectively, wherein the method comprises: (i) contacting the candidate agent with a TAA polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention or a TAA

polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
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invention, wherein the TAA polypeptide corresponds to the TAA polypeptide of the bacterium; and (ii)

detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide complex;

a major outer membrane protein (MOMP) polypeptide of a Chlamydia bacterium or a complex thereof,
respectively, wherein the method comprises: (i) contacting the candidate agent with a Chlamydia MOMP
polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention
or a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex as defined in accordance with
the sixth aspect of the invention, wherein the Chlamydia MOMP polypeptide corresponds to the MOMP
polypeptide of the Chlamydia bacterium; and (ii) detecting binding of the candidate agent to the chimeric

polypeptide or chimeric polypeptide complex.

The invention provides, in a ninth aspect, a method of producing an antigen-binding molecule that specifically

binds to:

a microbial polypeptide, or a complex thereof, wherein the method comprises:

(1)

(2)

(3)

immunizing a subject with a microbial polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, or a microbial polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention, or a composition
thereof as defined in accordance with the seventh aspect of the invention;

identifying and/or isolating a B cell from the immunised subject, which specifically binds to the microbial
polypeptide or complex thereof; and

producing the antigen-binding molecule expressed by that B cell.

In preferred embodiments of the latter aspect, the microbial polypeptide or the complex thereof is:

(a)

or

(b)

an ectodomain of a fusion protein of an enveloped virus, or complex of the fusion protein, respectively,
wherein the method comprises: (1) immunizing a subject with an ectodomain polypeptide-containing
chimeric polypeptide as defined in accordance with the first aspect of the invention, or an ectodomain
polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention,
wherein the ectodomain polypeptide corresponds to the fusion protein of the enveloped virus; (2) identifying
and/or isolating a B cell from the immunised subject, which specifically binds to the ectodomain of the fusion

protein or complex thereof; and (3) producing the antigen-binding molecule expressed by that B cell;

an outer membrane polypeptide of a bacterium, or a complex of the outer membrane polypeptide, wherein
the method comprises: (1) immunizing a subject with a bacterial outer membrane polypeptide-containing
chimeric polypeptide as defined in accordance with the first aspect of the invention, or a bacterial outer
membrane polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth

aspect of the invention, or a composition thereof as defined in accordance with the seventh aspect of the
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invention, wherein the bacterial outer membrane polypeptide corresponds to the outer membrane
polypeptide of the bacterium; (2) identifying and/or isolating a B cell from the immunised subject, which
specifically binds to the bacterial outer membrane polypeptide or complex thereof; and (3) producing the

antigen-binding molecule expressed by that B cell.

In preferred embodiments of the latter embodiment, the outer membrane polypeptide or the complex thereof

is:

(i)

or

(ii)

a TAA polypeptide of a bacterium or a complex thereof, respectively, wherein the method comprises: (1)
immunizing a subject with a TAA polypeptide-containing chimeric polypeptide as defined in accordance with
the first aspect of the invention, or a TAA polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention, wherein the TAA polypeptide corresponds to the TAA polypeptide of the
bacterium; (2) identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
TAA polypeptide or complex thereof; and (3) producing the antigen-binding molecule expressed by that B

cell;

a major outer membrane protein (MOMP) polypeptide of a Chlamydia bacterium or a complex thereof,
respectively, wherein the method comprises: (1) immunizing a subject with a Chlamydia MOMP polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention, or a
Chlamydia MOMP polypeptide-containing chimeric polypeptide complex as defined in accordance with the
sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh aspect of
the invention, wherein the Chlamydia MOMP polypeptide corresponds to the MOMP polypeptide of the
Chlamydia bacterium; (2) identifying and/or isolating a B cell from the immunised subject, which specifically
binds to the Chlamydia MOMP polypeptide or complex thereof; and (3) producing the antigen-binding

molecule expressed by that B cell.

The invention provides, in a tenth aspect, an antigen-binding molecule that specifically binds to:

the microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the

invention and/or the microbial polypeptide of one or more subunits of a microbial polypeptide-containing

chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention.

In preferred embodiments of the latter aspect, the antigen-binding molecule specifically binds to:

(i)

or

the ectodomain of an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide as
defined in accordance with the first aspect of the invention; and/or the ectodomain of one or more subunits
of an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide complex as defined in

accordance with the sixth aspect of the invention;
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(ii) the bacterial outer membrane polypeptide of a bacterial outer membrane polypeptide-containing chimeric
polypeptide as defined in accordance with the first aspect of the invention; and/or the bacterial outer
membrane polypeptide of a bacterial outer membrane polypeptide-containing chimeric polypeptide complex

as defined in accordance with the sixth aspect of the invention.

In preferred embodiments of the latter embodiment, the antigen-binding molecule specifically binds to:

(i) the TAA polypeptide of a TAA polypeptide-containing chimeric polypeptide as defined in accordance with the
first aspect of the invention; and/or the TAA polypeptide of a TAA polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention; or

(ii) the Chlamydia major outer membrane protein (MOMP) polypeptide of a Chiamydia MOMP polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention; and/or the
Chlamydia MOMP polypeptide of a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex

as defined in accordance with the sixth aspect of the invention.

The invention provides, in an eleventh aspect, an antigen-binding molecule that is obtainable by the method

according to the ninth aspect of the invention.

The invention provides, in a twelfth aspect, a composition comprising an antigen-binding molecule as defined in
accordance with the tenth or eleventh aspect of the invention, and a pharmaceutically acceptable carrier, diluent

or adjuvant.

The invention provides, in a thirteenth aspect, a composition comprising the nucleic acid as defined in accordance

with the third aspect of the invention.

The invention provides, in a fourteenth aspect, a chimeric polypeptide as defined in accordance with the first or
second aspect of the invention, a nucleic acid as defined in accordance with the third aspect of the invention, a
host cell as defined in accordance with the fourth aspect of the invention, a chimeric polypeptide complex as
defined in accordance with the sixth aspect of the invention, a composition as defined in accordance with the
seventh aspect of the invention, an antigen-binding molecule as defined in accordance with the tenth or eleventh
aspect of the invention, or a composition as defined in accordance with the twelfth or thirteenth aspect of the

invention for use as a medicament.

The invention provides, in a fifteenth aspect, a method of eliciting an immune response to:

a microbial polypeptide, or complex thereof, in a subject, wherein the method comprises administering to the
subject:

(i) a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of

the invention, a microbial polypeptide-containing chimeric polypeptide complex as defined in accordance
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with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or

a composition as defined in accordance with the thirteenth aspect of the invention.

In preferred embodiments of the latter aspect, the microbial polypeptide, or the complex thereof, is:

(a) a fusion protein of an enveloped virus, or complex of the fusion protein, respectively, wherein the method

or

comprises administering to the subject (i) an enveloped virus fusion ectodomain-containing chimeric
polypeptide as defined in accordance with the first aspect of the invention, an enveloped virus fusion
ectodomain-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention; or (ii)
a composition as defined in accordance with the thirteenth aspect of the invention; wherein an ectodomain
polypeptide subunit of the chimeric polypeptide complex corresponds to the fusion protein of the enveloped

virus;

(b) an outer membrane polypeptide of a bacterium, or a complex of the outer membrane polypeptide,

respectively, wherein the method comprises administering to the subject: (i) a bacterial outer membrane
polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention,
a bacterial outer membrane polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or (ii) a composition as defined in accordance with the thirteenth aspect of the
invention; wherein a bacterial outer membrane polypeptide subunit of the chimeric polypeptide complex
corresponds to, or substantially corresponds to, a bacterial outer membrane polypeptide expressed by the

bacterium.

In preferred embodiments of the latter embodiment, the bacterial outer membrane polypeptide, or the complex

thereof, is:

(a) TAA polypeptide of a bacterium, or a complex of the TAA polypeptide, respectively, wherein the method

or

comprises administering to the subject: (i) a TAA polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, a TAA polypeptide-containing chimeric polypeptide complex
as defined in accordance with the sixth aspect of the invention, or a composition thereof as defined in
accordance with the seventh aspect of the invention; or (ii) a composition as defined in accordance with the
thirteenth aspect of the invention; wherein a TAA polypeptide subunit of the chimeric polypeptide complex

corresponds to, or substantially corresponds to, a TAA polypeptide expressed by the bacterium;

(b) Chlamydia major outer membrane protein (MOMP) polypeptide, or a complex of the Chlamydia MOMP

polypeptide, respectively, wherein the method comprises administering to the subject: (i) a Chlamydia

MOMP polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the
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invention, a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention; or (ii) a composition as defined in accordance with the thirteenth aspect
of the invention; wherein a Chlamydia MOMP polypeptide subunit of the chimeric polypeptide complex

corresponds to, or substantially corresponds to, a Chlamydia MOMP polypeptide expressed by the bacterium.

The invention provides, in a sixteenth aspect, a method for treating or preventing a microbial infection in a

subject, wherein the method comprises administering to the subject an effective amount of:

(i)

(ii)

(i)

a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, a microbial polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention;

an antigen-binding molecule as defined in accordance with the tenth or eleventh aspect of the invention,
or a composition thereof as defined in accordance with the twelfth aspect of the invention; or

a composition as defined in accordance with the thirteenth aspect of the invention.

In preferred embodiments of the latter aspect, the microbial infection is:(a) an enveloped virus infection in a

or

(b

subject, wherein the method comprises administering to the subject an effective amount of: (i) an enveloped
virus fusion ectodomain-containing chimeric polypeptide as defined in accordance with the first aspect of the
invention, an enveloped virus fusion ectodomain-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention; (ii) an antigen-binding molecule as defined in accordance with the tenth
or eleventh aspect of the invention, or a composition thereof as defined in accordance with the twelfth aspect

of the invention; or (iii) a composition as defined in accordance with the thirteenth aspect of the invention;

a bacterial infection in a subject, wherein the method comprises administering to the subject an effective
amount of: (i) a bacterial outer membrane polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, a bacterial outer membrane polypeptide-containing
chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention, or a
composition thereof as defined in accordance with the seventh aspect of the invention; (ii) an antigen-binding
molecule as defined in accordance with the tenth or eleventh aspect of the invention, or a composition
thereof as defined in accordance with the twelfth aspect of the invention; or (iii) a composition as defined in

accordance with the thirteenth aspect of the invention.

In preferred embodiments of the latter embodiment, the bacterial infection is:

(a) an infection by a TAA-expressing bacterium, wherein the method comprises administering to the subject an

effective amount of: (i) a TAA polypeptide-containing chimeric polypeptide as defined in accordance with the

10
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first aspect of the invention, a TAA polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention; (ii) an antigen-binding molecule as defined in accordance with the tenth
or eleventh aspect of the invention or a composition thereof as defined in accordance with the twelfth aspect

of the invention; or (iii) a composition as defined in accordance with the thirteenth aspect of the invention;

(b) an infection by a Chlamydia bacterium, wherein the method comprises administering to the subject an

effective amount of: (i) a Chlamydia MOMP polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, a Chlamydia MOMP polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention, or a composition thereof
as defined in accordance with the seventh aspect of the invention; (ii) an antigen-binding molecule as defined
in accordance with the tenth or eleventh aspect of the invention, or a composition thereof as defined in
accordance with the twelfth aspect of the invention; or (iii) a composition as defined in accordance with the

thirteenth aspect of the invention.

The invention provides, in a seventeenth aspect, a vaccine comprising:

(i)

(i)

a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, a microbial polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or

a composition as defined in accordance with the thirteenth aspect of the invention;

for use in a method of eliciting an immune response to a microbial polypeptide, or a complex of the microbial

polypeptide, in a subject.

In preferred embodiments of the latter aspect, the microbial polypeptide is:

(a)

or

(b)

an enveloped virus fusion ectodomain polypeptide, and the vaccine comprises: (i) an enveloped virus fusion
ectodomain polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide complex
as defined in accordance with the sixth aspect of the invention, or a composition thereof as defined in
accordance with the seventh aspect of the invention; or (ii) a composition as defined in accordance with the
thirteenth aspect of the invention; for use in a method of eliciting an immune response to a fusion protein of
an enveloped virus, or a complex of the fusion protein, in a subject, and wherein an ectodomain polypeptide

subunit of the chimeric polypeptide complex corresponds to the fusion protein of the enveloped virus;

a bacterial outer membrane polypeptide, and the vaccine comprises: (i) a bacterial outer membrane

polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention,

a bacterial outer membrane polypeptide-containing chimeric polypeptide complex as defined in accordance

11
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with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or (ii) a composition as defined in accordance with the thirteenth aspect of the
invention; for use in a method of eliciting an immune response to an outer membrane polypeptide of a
bacterium, or a complex of the outer membrane polypeptide, in a subject, and wherein a bacterial outer
membrane polypeptide subunit of the chimeric polypeptide complex corresponds to an outer membrane

polypeptide of the bacterium.

In preferred embodiments of the latter embodiment, the bacterial outer membrane polypeptide is:

(a) a trimeric autotransporter adhesin (TAA) polypeptide, and the vaccine comprises: (i) a TAA polypeptide-

or

containing chimeric polypeptide as defined in accordance with the first aspect of the invention, a TAA
polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention; or (ii)
a composition as defined in accordance with the thirteenth aspect of the invention; for use in a method of
eliciting an immune response to a TAA polypeptide of a bacterium, or a complex of the TAA polypeptide, in a
subject, and wherein a TAA polypeptide subunit of the chimeric polypeptide complex corresponds to a TAA

polypeptide of the bacterium;

(b) a Chlamydia MOMP polypeptide, and the vaccine comprises: (i) a Chlamydia MOMP polypeptide-containing

chimeric polypeptide as defined in accordance with the first aspect of the invention, a Chlamydia MOMP
polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention; or (ii)
a composition as defined in accordance with the thirteenth aspect of the invention; for use in a method of
eliciting an immune response to a MOMP polypeptide of a Chlamydia bacterium, or a complex of the MOMP
polypeptide, in a subject, and wherein a MOMP polypeptide subunit of the chimeric polypeptide complex

corresponds to a MOMP polypeptide of the Chiamydia bacterium.

The invention provides, in an eighteenth aspect, a microbial polypeptide-containing chimeric polypeptide as

defined in accordance with the first aspect of the invention, a microbial polypeptide-containing chimeric

polypeptide complex as defined in accordance with the sixth aspect of the invention, or a composition thereof

as defined in accordance with the seventh aspect of the invention, or an antigen-binding molecule as defined in

accordance with the tenth or eleventh aspect of the invention or a composition thereof as defined in accordance

with the twelfth aspect of the invention, or a composition as defined in accordance with the thirteenth aspect of

the invention, for use in a method for treating or preventing a microbial infection in a subject.

In preferred embodiments of the latter aspect, the microbial polypeptide is:

(a)

an enveloped virus fusion ectodomain polypeptide, and provided is an enveloped virus fusion ectodomain

polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention,
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an enveloped virus fusion ectodomain-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention or a composition thereof as defined in accordance with the seventh
aspect of the invention, or an antigen-binding molecule as defined in accordance with the tenth or eleventh
aspect of the invention or a composition thereof as defined in accordance with the twelfth aspect of the
invention, or a composition as defined in accordance with the thirteenth aspect of the invention, for use in

a method for treating or preventing an enveloped virus infection in a subject;

a bacterial outer membrane polypeptide, and provided is a bacterial outer membrane polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention, a bacterial
outer membrane polypeptide-containing chimeric polypeptide complex as defined in accordance with the
sixth aspect of the invention or a composition thereof as defined in accordance with the seventh aspect of
the invention, or an antigen-binding molecule as defined in accordance with the tenth or eleventh aspect
of the invention or a composition thereof as defined in accordance with the twelfth aspect of the invention,
or a composition as defined in accordance with the thirteenth aspect of the invention, for use in a method

for treating or preventing a bacterial infection in a subject.

In preferred embodiments of the latter embodiment, the bacterial outer membrane polypeptide is:

(a)

or

(b)

a bacterial trimeric autotransporter adhesin (TAA) polypeptide, and provided is a bacterial trimeric
autotransporter adhesin (TAA) polypeptide-containing chimeric polypeptide as defined in accordance with
the first aspect of the invention, a TAA polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention or a composition thereof as defined in accordance with the
seventh aspect of the invention, or an antigen-binding molecule as defined in accordance with the tenth or
eleventh aspect of the invention or a composition thereof as defined in accordance with the twelfth aspect
of the invention, or a composition as defined in accordance with the thirteenth aspect of the invention, for

use in a method for treating or preventing a bacterial infection by a TAA-expressing bacterium in a subject;

a Chlamydia MOMP polypeptide, and provided is a Chlamydia MOMP polypeptide-containing chimeric
polypeptide as defined in accordance with the first aspect of the invention, a Chlamydia MOMP polypeptide-
containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention or a
composition thereof as defined in accordance with the seventh aspect of the invention, or an antigen-binding
molecule as defined in accordance with the tenth or eleventh aspect of the invention or a composition thereof
as defined in accordance with the twelfth aspect of the invention, or a composition as defined in accordance
with the thirteenth aspect of the invention, for use in a method for treating or preventing a Chlamydia

infection in a subject.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Nineteen putative clamp sequences derived from the trimerization domains of proteins from animal
viruses known not to commonly infect humans were designed. Potential second-generation clamp sequences
are aligned with the original HIV-based clamp, denoted HIV-clamp. CD and CK codes were assigned to the various

second-generation clamps. The viruses that the sequences are derived from are indicated.

Figure 2: Size exclusion HPLC (SE-HPLC) analysis of selected VL22_ 66K clamp antigens. AUC= area under curve.
Antigens labelled CDX or CK8 are VL22_ 66K CDX or VL22 K66 CKS8, respectively. Fsol is the non-stabilized soluble
form of RSV ectodomain and is a post-fusion F control (SEQ ID NO: 27). F HIV-clamp is the control antigen
stabilised by an HIV-clamp (SEQ ID NO: 26).

Figure 3: Transmission electron microscopy (TEM) of selected VL22_66K clamp antigens. Samples were coated

at 10 pg/ml on glow discharged carbon coated grids. Antigens labelled CDX are VL22 K66 CDX.

Figure 4: Thermal stability analysis of selected VL22_ 66K clamps by SE-HPLC. Antigens were incubated at 4°C or
25°C for 72 hours. Antigens labelled CDX are VL22_66K CDX.

Figure 5: Comparison of antigen yield recovered from transient ExpiCHO (Thermo Fisher) protein expression of
the VL22_66K clamp antigens (A) and VL22_66E clamp antigens (B). ND= not determined. In each graph, the
dotted line indicates the yield recovered for the F HIV-clamp. For simplicity, in the graph labels, VL22 is omitted

from the VL22 clamp antigen names.

Figure 6: Thermal stability of VL22 CD10 and VL22_CD11, and F HIV-clamp as assessed by binding of RSV F
specific mAbs (101F and MPES) via ELISA. Prior to ELISA, antigens were incubated at 4, 25, 40 and 60°C for 72

hours.

Figure 7: Thermal stability of VL22_CD10 and VL22_CD11, and F HIV-clamp as assessed by SE-HPLC analysis in
duplicate. Prior to SE-HPLC, antigens were incubated at 4, 25, 40 and 60°C for 72h.

Figure 8: Cryo-Electron Microscopy of VL22_CD11 trimer and low-resolution model produced from images.

Figure 9: Cryo-Electron Microscopy of VL22_CD11 trimer in complex with Motavizumab Fab and high-resolution

model produced

Figure 10: Binding of sera from eight mice immunised with SARS-CoV-2 S HIV-clamp to VL22_CD10, VL22_CD11

and F HIV-clamp by ELISA (panels A-C). Endpoint titres (EPTs) are plotted as geometric means with geometric

14



10

15

20

25

30

35

WO 2023/187743 PCT/1B2023/053263

standard deviations (panel D).

Figure 11: Analysis of binding of Bio-Rad Geenius HIV 1/2 control human plasma (panel A and B) and NIBSC
International HIV reference standard (panel C and D) to SARS-CoV-2 S HIV-clamp and SARS-CoV-2 S CD11 via
ELISA.

Figure 12: Analysis of binding for sera from 8 mice immunised with VL22_CD10 (A), VL22_CD11 (B) and F HIV-
clamp (C) to HIV gp41 (#ab49070, Abcam, Cambridge, United Kingdom), the identical antigen used for vaccination
(self-antigen), to the clamp domain within the antigen when paired with an alternate ectodomain (SARS-CoV-2
S HIV-clamp, SARS-CoV-2 S CD10 and SARS-CoV-2 SCD11), and to the ectodomain within the antigen when paired
with an alternate clamp (F HIV-clamp or SARS-CoV-2 S CD11) by ELISA.

Figure 13: Serum neutralisation of RSV A2 assessed by Plague Reduction Neutralization Test (PRNT) following
two vaccinations of BALB/c mice (n=5 or n=3 for PBS), three weeks apart, with each dose consisting of 25 pl
AddaVax (Invivogen) and 5 ug of VL22_CD10, VL22 CD11 or F HIV-clamp or PBS control. International standard
refers to the WHO 1% International Standard for Antiserum to Respiratory Syncytial Virus (NIBSC; #16-284).

Figure 14: SE HPLC of partial CD panel with SARS-CoV-2 Spike antigen. Dotted lines indicate elusion time for
Molecular Weight Standards. A = Thyroglobin (670 kDa), B = Gama Globulin (158 kDa), C = Ovalbumin (44 kDa).

Figure 15: SE-FPLC of viral antigens stabilised with HIV-clamp and CD11. Comparison between SARS-CoV-2 S HIV-
clamp and SARS-CoV-2 S CD11 on Superose 6 Increase 10/300GL (Cytiva) (panel A). Comparison between Nipah
virus F HIV-clamp and Nipah F CD11 on Superdex 200 Increase 10/300GL (Cytiva) (panel B). Comparison between
Influenza HA HIV-clamp and Influenza HA CD11 on Superdex 200 Increase 10/300GL (Cytiva) (panel c).

Figure 16: Serum neutralisation assessed by PRNT or pseudovirus neutralisation following two vaccinations of
BALB/c mice (n=8), three weeks apart, with each dose consisting of 25 ul AddaVax (Invivogen) and 5 pg of each
antigen or PBS control. Neutralisation is assessed against live viruses, SARS-CoV-2 614G mutant and influenza A

H1N1pdm California09 by PRNT and lenti pseudovirus for Nipah virus.
Figure 17: SE-FPLC of SARS-CoV-2 S CD11 (GSG-linker) (SEQ ID NO: 29) and SARS-CoV-2 S CD11-SG (G-linker) (SEQ
ID NO: 34) on Superose 6 Increase 10/300GL (Cytiva). Arrows indicate expected sizes for trimer and monomeric

protein.

Figure 18: A model of CD11 trimer (grey) with selected regions for potential incorporation of N-linked

glycosylation sites (black).
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Figure 19: Alignment of silenced CD11 sequences. Shading indicates modified residues, arrows indicate
glycosylation sites and numbering used to define each site. Naming of variants reflects site numbering (e.g., 159
has glycosylation sites 1, 5 and 9). The grey bar indicates the samples incubated at 4 and 40°C for 1 week and

subsequently analysed by SE-HPLC.

Figure 20: Binding affinity (KD) for 101F and MPES8 attachment to VL22 antigens containing CD11, CD11 silenced

variants or to non-stabilised Fsol.

Figure 21: Protein yield for VL22 antigens containing CD11 or CD11 silenced variants. Mean yields with standard
deviation of two expression runs are graphed for antigens except CD11 12456, CD11 1245T68, CD11 15T,

CD11 1 and CD11 5T where results are from one expression run only.

Figure 22: SE-HPLC of VL22 antigens containing CD11 or CD11 silenced variants. Duplicate traces are overlayed

for each sample.

Figure 23: SE-HPLC traces of VL22 antigens containing CD11 or CD11 silenced variants following 1 week

incubation at 4 or 40°C.

Figure 24: SE-HPLC traces of VL22 antigens containing CD11 or CD11 silenced variants following incubation at 4

or 40°C for 38 days. Duplicate runs are plotted for each temperature incubation.

Figure 25: Glycan composition of recombinant antigens. (A) Alignment of N-linked sites in each vaccine candidate
and (B) N-linked site-specific occupancy. Note CD11referstoVL22 CD11and CD11 145T8 and CD11 1245T8 refer
to silenced clamp variants of VL22 CD11. N518= site 1; N523= site 2; N530= site 4; N534= site 5; N544= site 8
(e.g., 145T8 has N518, N530, N534 and N544).

Figure 26: SE-HPLC traces for lead silenced CD11-based antigens VL22_CD11 1245T8 andVL22 CD11 145T8and
unsilenced VL22_CD11, F HIV-clamp, and controls DS-Cavl Foldon and SC9-10 DS-Cav AY Foldon.

Figure 27: Yields of VL22_CD11 145T8, VL22 CD11, VL22_HIV-clamp, DS-Cavl Foldon and SC9-10 DS-Cav AY

Foldon. Average viald and standard deviation from 3-5 separate transient expression runs is presented.

Figure 28: RSV A2 PRNT analysis of terminal sera from mice receiving two IM injections of 1 pg of
VL22_CD11_1245T8, VL22_CD11_145T8, VL22_CD11, F HIV-clamp, DS-Cav1 Foldon or SC9-10 DS-Cav AY Foldon
mixed with Addavax adjuvant. Error bars represent geometric mean titres and standard deviation, with
geometric mean titres also labelled above each data set. Significance relative to PBS vaccinated control was

determined by One-way ANOVA with Dunn’s Multiple Comparison Test using GraphPad Prism version 9.2.0 for
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Windows. Indicated significance: ****P<0.0001; ***P<0.001; **P<0.01; *P<0.05 and ns=not significant.
International standard refers to the WHO 15 International Standard for Antiserum to Respiratory Syncytial Virus

(NIBSC; #16-284). LoD indicates the limit of detection of the assay.

Figure 29: Binding of terminal sera from mice receiving two IM injections of 1 ug of of VL22 CD11 1245TS,
V0122 CD11 145T8, VL22 CD11, F HIV-clamp, DS-Cavl Foldon or SC9-10 DS-Cav AY Foldon mixed with Addavax
adjuvant to either the identical antigen used for vaccination (self-antigen), to the RSV F ectodomain with an
alternate (stabilisation domain (CD11 or HIV-clamp) or the Nipah F antigen containing the identical stabilisation
domain (Foldon, HIV-clamp, CD11, CD11 145T8 or CD11_1245T8) by ELISA. Geometric mean end point titres

(EPTs) with geometric standard deviations are plotted.

Figure 30: Alignment of amino acid sequences of CD11 and site directed modifications (SEQ ID NO: 55-72) with

the HIV-clamp sequence provided for reference.

Figure 31: Expression level for CD11 site directed modifications relative to unmodified CD11 control. Three
measurements via ELISA presented for each of the SARS-CoV-2 S CD11 panel, SARS-CoV-2 (Delta) S CD11 panel
SARS-CoV-2 (Delta) S CD11-QS panel and 2 measurements via Nanodrop, post purification for each of the SARS-
CoV-2 (Delta) S CD11 panel SARS-CoV-2 (Delta) S CD11-QS panel. Geometric mean with geometric standard

deviation plotted.

Figure 32: Percentage of antigen found to be in trimeric conformation, HMW aggregate and LMW product by
SEC for the SARS-CoV-2 (Delta) S CD11 site directed modification panel (A) and SARS-CoV-2 (Delta) S CD11-QS

site directed modifications panel (B).

Figure 33: Percentage of antigen found to be in trimeric conformation, HMW aggregate and LMW product by
SEC following incubation at 40°C for 48 h for the SARS-CoV-2 (Delta) S CD11 site directed modification panel (A)
and SARS-CoV-2 (Delta) S CD11-QS site directed modifications panel (B).

Figure 34: Antigen integrity assessed via conformation specific ELISA for VL22 Clamp2 (D25 mAb) or SARS2-S
Clamp2 (CR3022 mAb) at time O or at 6 weeks of incubation at 4°C, either each antigen alone or for the mixed
products. nr = no result.

Figure 35: Serum neutralisation of RSV A2 (A) or SARS-CoV-2 (B) assessed by PRNT following two vaccinations of
BalB/C mice (n=8), three weeks apart, with each dose consisting of 25 ul AddaVax (Invivogen) and either 1 pg of

VL22 Clamp2, 1 ug of SARS2-S Clamp2, or 1 ug of VL22 Clamp2 + 1 pug of SARS2-S Clamp2 or PBS control.

Figure 36: Expression of CD11 stabilized bacterial autotransporters analysed by SDS-PAGE of E. coli lysate (A) or
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Western blot (WB) with anti-CD11 monoclonal antibody (B). Lane 1 = Lysate of negative control E. coli
transformed with pSU vector backbone only, Lane 2 = Molecular Weight Marker (MW listed on left), Lanes 3-9 =
Lysate E. coli transformed with pSU expression vector containing CD11 stabilized antigens EhaG, HiA, NadA,
NhhA, YadA, EibD, and UpaG.

Figure 37: CD11 stabilized bacterial autotransporters, EhaG (A), UpaG (B) and HiA (C), purified by affinity
chromatography and analysed by SDS-PAGE.

Figure 38: Purified CD11 stabilized bacterial autotransporters, EhaG (A), UpaG (B) and HiA (C), analysed by size
exclusion chromatography on Superose 6 Increase 10/300GL (Cytiva). Also shown linear regression of Log Marker

MW and elution volume and table comparing expected and observed MW for each autotransporter.

Figure 39: Purified CD11 stabilized bacterial autotransporter, UpaG, analysed by negative stain Transmission

Electron Microscopy (TEM).

Figure 40: Serum neutralisation of RSV A2 assessed by PRNT following two vaccinations of BalB/C mice (n=8),
three weeks apart, with each dose consisting of 25 ul AddaVax (Invivogen) and 1 ug of VL22 Clamp2, 1 pg of
SARS2-S Clamp2, 1 pg of VL22 Clamp2 + 1 ug of SARS2-S Clamp2 1 (CD11), or PBS control.

Figure 41: lllustrative for generation of a membrane tethered clamp stabilized antigen to be delivered by LNP
encapsulated mRNA, DNA or alternated vaccine vector. A) Standard soluble RSV F Clamp2 design — following
administration, the encoded antigen will be secreted from the cell into the extracellular medium. B) Design for a
membrane tethered RSV F Clamp2 in which there is a hydrophobic sequence inserted within the linker region
between the FHRR and SHRR regions of Clamp2 — following administration, the encoded antigen will be secreted
but remain tethered to the cell surface. C) Design for a membrane embedded RSV F clamp2 in which the Clamp2
sequence is inserted following the native transmembrane domain so that the clamp is present on the cytoplasmic
face of the membrane — following administration, the encoded antigen will be secreted but remain tethered to

the cell surface.

Figure 42: Overview of candidate membrane tethering (poly)peptides, including origin, sequence and structural

information.

Figure 43: Qualitative assessment of soluble vs membrane bound Clamp2 stabilized protein. A) Soluble antigen

as measured in cell supernatant by cature ELISA. B) Cell surface bound antigen as measured by Flow Cytometry.

Figure 44: Westernblot of CHO cell extract following transfection with membrane tethered clamp constructs and

controls. Each cell extract was run on SDS-PAGE with or without prior treatment with PNGase to remove N-linked
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glycans. Gel 1 (from left to right) — molecular weight marker, purified VL22-Clamp2 (SEQ ID NO: 75), cell extract
mFwt (SEQ ID NO: 234), cell extract VL22-CT5s (SEQ ID NO: 78), cell extract mVL22-TM-CD11 (SEQ ID NO: 233),
mDSCavAY (SEQ ID NO: 235), 2™ cell extract mFwt (SEQ ID NO: 234). Gel 2 (from left to right) —molecular weight
marker, purified VL22-Clamp2 (SEQ ID NO: 75), cell extract VL22 CT5s_alpha (SEQ ID NO: 225), cell extract
V022 CTS5s gamma (SEQ ID NO: 227), cell extract VL22 CT5s eta (SEQ ID NO: 232), cell extract
V022 _CT5s_epsilon (SEQ ID NO: 229), cell extract non-transfected.

Figure 45: Quantification of expression level for membrane tethered clamp constructs. Detergent extract from
cellular membranes quantified by capture ELISA, A) Motavizumab, B) D25. ELISA curves assessed by non-linear

regression and 50% effective concentration (ECso) shown.

DETAILED DESCRIPTION OF THE INVENTION
1. DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by those of ordinary skill in the art to which the disclosure belongs. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing of the present
disclosure, preferred methods and materials are described. For the purposes of the present disclosure, the

following terms are defined below.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or more than one

element.

As used herein, “and/or” refers to and encompasses any and all possible combinations of one or more of the

associated listed items, as well as the lack of combinations when interpreted in the alternative (or).

Further, the terms “about” and “approximate”, as used herein, when referring to a measurable value such as an
amount, dose, time, temperature, activity, level, number, frequency, percentage, dimension, size, amount,
weight, position, length and the like, is meant to encompass variations of, e.g., + 15%, + 10%, + 5%, + 1%, + 0.5%,
or even t 0.1% of the specified amount, dose, time, temperature, activity, level, number, frequency, percentage,
dimension, size, amount, weight, position, length and the like. In instances in which the terms “about” and
“approximate” are used in connection with the location or position of regions within a reference polypeptide,
these terms encompass variations of, e.g., £ up to 20 amino acid residues, £ up to 15 amino acid residues, * up
to 10 amino acid residues, £ up to 5 amino acid residues, £ up to 4 amino acid residues, * up to 3 amino acid
residues, £ up to 2 amino acid residues, or even = 1 amino acid residue. Moreover, whenever the term “about”
or “approximate” is used, the present invention also specifically relates to the corresponding exact value (without

variation).
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The term “adjuvant” as used herein refers to a compound that, when used in combination with a specific
immunogen (e.g., a (poly)peptide, chimeric polypeptide, chimeric polypeptide complex, polynucleotide and
nucleic acid construct of the present disclosure) in a composition, will augment the resultant immune response,
including intensification and/or broadening the specificity of either or both antibody and cellular immune
responses. In the context of the present disclosure, an adjuvant will preferably enhance the specificimmunogenic
effect of the active agents of the present disclosure. The term “adjuvant” is typically understood not to comprise
agents which confer immunity by themselves. An adjuvant assists the immune system unspecifically to enhance
the antigen-specific immune response by, e.g., promoting presentation of an antigen to the immune system or
induction of an innate immune response. Furthermore, an adjuvant may preferably, e.g., modulate the antigen-
specific immune response by, e.g., shifting the dominating Th2-based antigen specific response to a more Th1-
based antigen specific response or vice versa. Accordingly, an adjuvant may favorably modulate cytokine

expression/secretion, antigen presentation, type of immune response etc.

The term "agent" as used herein interchangeably with "compound", refers to any compound or substance such
as, but not limited to, a small molecule, nucleic acid, polypeptide, peptide, drug, ion, etc. An "agent" can be any
chemical entity, including without limitation synthetic and naturally-occurring proteinaceous and non-
proteinaceous entities. In some embodiments, an agent is selected from nucleic acids, nucleic acid analogues,
proteins, antibodies, peptides, aptamers, oligomers of nucleic acids, amino acids, carbohydrates,
oligonucleotides, ribozymes, DNAzymes, glycoproteins, glycolipids, siRNAs, lipoproteins, and modifications and
combinations thereof. In some embodiments, the nucleic acid is DNA or RNA; nucleic acid analogues, for
example, can be selected from PNA, pcPNA and LNA. A nucleic acid may be single or double stranded, and can
be selected from nucleic acids encoding a protein of interest, oligonucleotides, etc. Such nucleic acids include,
for example, nucleic acids encoding proteins that act as transcriptional repressors, antisense molecules,
ribozymes, small inhibitory nucleic acid sequences, for example but not limited to RNAi, shRNA, siRNA, microRNA,
antisense oligonucleotides etc. A protein can be any protein of interest, for example, mutated proteins;
therapeutic proteins; truncated proteins, wherein the protein is normally absent or expressed at lower levels in
the cell. Proteins and peptides can be selected from mutated proteins, genetically engineered proteins, synthetic
peptides, recombinant proteins, chimeric proteins, antibodies, humanized proteins, humanized antibodies,
chimeric antibodies, modified proteins and fragments thereof. A carbohydrate may be, e.g., a monosaccharide,

a disaccharide, an oligosaccharide, or a polysaccharide.

As used herein, the term “antigen” and its grammatically equivalent expressions (e.g., “antigenic”) refer to a
compound, composition, or substance that may be specifically bound by the products of specific humoral or
cellular immunity, such as an antibody molecule or T-cell receptor. Antigens can be any type of molecule
including, for example, haptens, simple intermediary metabolites, sugars (e.g., oligosaccharides), lipids, and

hormones as well as macromolecules such as complex carbohydrates (e.g., polysaccharides), phospholipids, and
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proteins. Common categories of antigens include, but are not limited to, viral antigens, bacterial antigens, fungal
antigens, protozoa and other parasitic antigens, tumor antigens, antigens involved in autoimmune disease,

allergy and graft rejection, toxins, and other miscellaneous antigens.

By “antigen-binding molecule” is meant a molecule that has binding affinity for a target antigen. It will be
understood that this term extends to immunoglobulins, immunoglobulin fragments and non-immunoglobulin
derived protein or other non-protein frameworks that exhibit antigen-binding activity. Representative antigen-
binding molecules that are useful in the practice of the present disclosure include polyclonal and monoclonal
antibodies as well as their fragments (such as Fab, Fab’, F(ab’),, Fv), single chain (scFv) and domain antibodies
(including, for example, shark and camelid antibodies), and fusion proteins comprising an antibody, and any
other modified configuration of the immunoglobulin molecule that comprises an antigen binding/recognition
site. An antibody includes an antibody of any class, such as IgG, IgA, or IgM (or sub-class thereof), and the
antibody need not be of any particular class. Depending on the antibody amino acid sequence of the constant
region of its heavy chains, immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, IgE, 1gG, and IgM, and several of these may be further divided into subclasses
(isotypes), e.g., 1gG1, 1gG2, 1gG3, 1gG4, IgAl and IgA2. The heavy-chain constant regions that correspond to the
different classes of immunoglobulins are called o, §, €, y, and y, respectively. The subunit structures and three-
dimensional configurations of different classes of immunoglobulins are well known. Antigen-binding molecules
also encompass dimeric antibodies, as well as multivalent forms of antibodies. In some embodiments, the
antigen-binding molecules are chimeric antibodies in which a portion of the heavy and/or light chain is identical
with or homologous to corresponding sequences in antibodies derived from a particular species or belonging to
a particular antibody class or subclass, while the remainder of the chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from another species or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological activity (see, for
example, US Pat. No. 4,816,567; and Morrison et al., 1984, Proc. Natl. Acad. Sci. USA 81:6851-6855). Also
contemplated, are humanized antibodies, which are generally produced by transferring complementarity
determining regions (CDRs) from heavy and light variable chains of a non-human (e.g., rodent, preferably mouse)
immunoglobulin into a human variable domain. Typical residues of human antibodies are then substituted in the
framework regions of the non-human counterparts. The use of antibody components derived from humanized
antibodies obviates potential problems associated with the immunogenicity of non-human constant regions.
General techniques of cloning non-human, particularly murine, immunoglobulin variable domains are described,
for example, by Orlandi et al. (1989, Proc. Natl. Acad. Sci. USA 86: 3833). Techniques for producing humanized
monoclonal antibodies are described, for example, by Jones et al. (1986, Nature 321:522), Carter et al. (1992,
Proc. Natl. Acad. Sci. USA 89: 4285), Sandhu (1992, Crit. Rev. Biotech. 12: 437), Singer et al. (1993, J. Immun. 150:
2844), Sudhir (ed., Antibody Engineering Protocols, Humana Press, Inc. 1995), Kelley (“Engineering Therapeutic
Antibodies,” in Protein Engineering: Principles and Practice Cleland et al. (eds.), pages 399-434 (John Wiley &
Sons, Inc. 1996), and by Queen et al., U.S. Pat. No. 5,693,762 (1997). Humanized antibodies include “primatized”
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antibodies in which the antigen-binding region of the antibody is derived from an antibody produced by
immunizing macaque monkeys with the antigen of interest. Also contemplated as antigen-binding molecules are
humanized antibodies. Further examples of an “antigen-binding molecule” include any of the above-described

agents, which can be obtained, e.g., by using the method according to the eighth aspect of the invention.

The term “anti-parallel”, as used herein, refers to a proteinaceous polymer in which regions or segments of the

polymer are in a parallel orientation but have opposite polarities.

As used herein, the term “binds specifically” refers to a binding reaction which is determinative of the presence
of a chimeric polypeptide or complex of the present disclosure in the presence of a heterogeneous population
of molecules including macromolecules such as proteins and other biologics. In specific embodiments, the term
“binds specifically” when referring to an antigen-binding molecule is used interchangeably with the term
“specifically immuno-interactive” and the like to refer to a binding reaction which is determinative of the
presence of a chimeric polypeptide or complex of the present disclosure in the presence of a heterogeneous
population of proteins and other biologics. Under designated assay conditions, a molecule binds specifically to a
chimeric polypeptide or complex of the disclosure and does not bind in a significant amount to other molecules
(e.g., proteins or antigens) present in the sample. In antigen-binding molecule embodiments, a variety of
immunoassay formats may be used to select antigen-binding molecules that are specifically immuno-interactive
with a chimeric polypeptide or complex of the disclosure. For example, solid-phase ELISA immunoassays are
routinely used to select monoclonal antibodies that are specifically immuno-interactive with a protein. See
Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York, for a

description of immunoassay formats and conditions that can be used to determine specific immunoreactivity.

The term “chimeric”, when used in reference to a molecule, means that the molecule contains portions that are
derived from, obtained or isolated from, or based upon two or more different origins or sources. Thus, a
polypeptide is chimeric when it comprises two or more amino acid sequences of different origin and includes (1)
polypeptide sequences that are not found together in nature (i.e., at least one of the amino acid sequences is
heterologous with respect to at least one of its other amino acid sequences), or (2) amino acid sequences that

are not naturally adjoined.

By “coding sequence” is meant any nucleic acid sequence that contributes to the code for the polypeptide
product of a gene or for the final mMRNA product of a gene (e.g., the mRNA product of a gene following splicing).
By contrast, the term “non-coding sequence” refers to any nucleic acid sequence that does not contribute to the
code for the polypeptide product of a gene or for the final mMRNA product of a gene.

I”

The terms “coiled coil” or “coiled coil structure” are used interchangeably herein to refer to a structural motif in

proteins, in which two or more a-helices (most often 2-7 a-helices) are coiled together like the strands of a rope
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(dimers and trimers are the most common types). Many coiled coil type proteins are involved in important
biological functions such as the regulation of gene expression, e.g., transcription factors. Coiled coils often, but
not always, contain a repeated pattern, hpphppp or hppphpp, of hydrophobic (h) and polar (p) amino-acid
residues, referred to as a heptad repeat (see herein below). This repeating pattern in a (poly)peptide sequence
naturally folds into an a-helical secondary structure resulting in the presentation of the hydrophobic residues
along one face of the helix and the hydrophilic residues along the opposite face forming an amphipathic
structure. The most favorable way for two or three such helices to arrange themselves in a water-filled
environment is to wrap or sequester the hydrophobic faces of the helix against each other leaving the hydrophilic
amino acids solvent exposed. It is thus the burial of hydrophobic surfaces, which provides the thermodynamic
driving force for oligomerization of the a-helices and the stability of the structure. The packing in a coiled-coil
interface is exceptionally tight. The a-helices may be parallel or anti-parallel, and usually adopt a left-handed
super-coil. Although disfavored, a few right-handed coiled coils have also been observed in nature and in
designed proteins. The terms “coiled coil” or “coiled coil structure” will be clear to the person skilled in the art
based on the common general knowledge. Particular reference in this regard is made to review papers
concerning coiled-coil structures, such as for example, Cohen and Parry (1990. Proteins 7:1-15); Kohn and Hodges
(1998. Trends Biotechnol 16:379- 389); Schneider et al. (1998. Fold Des 3:R29-R40); Harbury et al. (1998. Science
282:1462-1467); Mason and Arndt (2004. Chem- BioChem 5:170-176); Lupas and Gruber (2005. Adv Protein
Chem 70:37-78); Woolfson (2005. Adv Protein Chem 70:79-112); Parry et al. (2008. J Struct Biol 163:258-269);
and Mcfarlane et al. (2009. Eur J Pharmacol 625:101-107).

As used herein the term “complementary” and grammatically equivalent expressions thereof refer to the
characteristic of two or more structural elements (e.g., peptide, polypeptide, nucleic acid, small molecule, or
portions thereof etc.) of being able to hybridize, oligomerize (e.g., dimerize), interact or otherwise form a
complex with each other. For example, “complementary regions of a polypeptide” are capable of coming
together to form a complex, which is characterized in specific embodiments by an anti-parallel, two-helix bundle.
As used herein, the term “complex” refers to an assemblage or aggregate of molecules (e.g., peptides,
polypeptides, etc.) in direct and/or indirect contact with one another. In specific embodiments, “contact”, or
more particularly, “direct contact” means that two or more molecules are close enough so that attractive
noncovalent interactions, such as Van der Waal forces, hydrogen bonding, ionic and hydrophobic interactions,
and the like, dominate the interaction of the molecules. In such embodiments, a complex of molecules (e.g., a
peptide and polypeptide) is formed under conditions such that the complex is thermodynamically favored (e.g.,
compared to a non-aggregated, or non-complexed, state of its component molecules). As used herein the term
“complex”, unless described otherwise, refers to the assemblage of two or more molecules (e.g., peptides,
polypeptides or a combination thereof). In specific embodiments, the term “complex” refers to the assemblage
of three polypeptides.

" ou

Throughout this specification, unless the context requires otherwise, the words “comprise,” “comprises” and
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“comprising”, as well as “contain”, “contains” and “containing”, will be understood to imply the inclusion of a
stated step or element or group of steps or elements but not the exclusion of any other step or element or group
of steps or elements. Thus, use of the term “comprising” and the like indicates that the listed elements are
required or mandatory, but that other elements are optional and may or may not be present. By “consisting of”
is meant including, and limited to, whatever follows the phrase “consisting of”. Thus, the phrase “consisting of”
indicates that the listed elements are required or mandatory, and that no other elements may be present. By
“consisting essentially of” is meant including any elements listed after the phrase, and limited to other elements
that do not interfere with or contribute to the activity or action specified in the disclosure for the listed elements.
Thus, the phrase “consisting essentially of” indicates that the listed elements are required or mandatory, but
that other elements are optional and may or may not be present depending upon whether or not they affect the
activity or action of the listed elements. Throughout the present specification, the term “comprising” (or
“containing” or the like) also includes the narrower meanings of “consisting essentially of” and “consisting of”.
Accordingly, whenever the term “comprising” (or “containing” or the like) is used, the invention also specifically
relates to the corresponding subject-matter defined by the term “consisting essentially of” as well as the

corresponding subject-matter defined by the term “consisting of” (in place of “comprising” or “containing”).

As used herein, the terms “conjugated”, “linked”, “fused” or “fusion” and their grammatical equivalents, in the
context of joining together of two or more elements or components or domains by whatever means including
chemical conjugation or recombinant means (e.g., by genetic fusion) are used interchangeably. Methods of
chemical conjugation (e.g., using heterobifunctional crosslinking agents) are known in the art. More specifically,
as used herein, a “(poly)peptide” — “structure-stabilizing moiety” fusion or conjugate refers to the genetic or
chemical conjugation of the (poly)peptide, which is suitably in a metastable, pre-fusion conformation, to a

structure-stabilizing moiety.

In specific embodiments, the structure-stabilizing moiety is fused indirectly to a polypeptide, e.g., via a hinge,
particularly a flexible linker, comprising, for example, one or more glycine (Gly) and/or one or more serine (Ser)
residues. In other embodiments, the structure-stabilizing moiety is fused directly to a polypeptide disclosed

herein.
A "conservative amino acid substitution" is one in which the amino acid residue is replaced with an amino acid

residue having a similar side chain. Families of amino acid residues having similar side chains have been defined

in the art, which can be generally sub-classified as shown in Table 1:
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Table 1

Amino acid sub-classification

Sub-classes Amino acids

Acidic Aspartic acid, Glutamic acid

Basic Noncyclic: Arginine, Lysine; Cyclic: Histidine

Charged Aspartic acid, Glutamic acid, Arginine, Lysine, Histidine

Small Glycine, Serine, Alanine, Threonine, Proline

Hydrophilic (polar)/neutral Asparagine, Histidine, Glutamine, Cysteine, Serine, Threonine

Hydrophilic (polar)/large Asparagine, Glutamine

Hydrophobic (non-polar) Tyrosine, Valine, Isoleucine, Leucine, Methionine, Phenylalanine,
Tryptophan

Aromatic Tryptophan, Tyrosine, Phenylalanine

Residues that influence chain | Glycine and Proline

orientation

Conservative amino acid substitution also includes groupings based on side chains. For example, a group of amino
acids having aliphatic side chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having amide-containing side chains
is asparagine and glutamine; a group of amino acids having aromatic side chains is phenylalanine, tyrosine, and
tryptophan; a group of amino acids having basic side chains is lysine, arginine, and histidine; and a group of amino
acids having sulfur-containing side chains is cysteine and methionine. For example, it is reasonable to expect that
replacement of a leucine with an isoleucine or valine, an aspartate with a glutamate, a threonine with a serine,
or a similar replacement of an amino acid with a structurally related amino acid will not have a major effect on
the properties of the resulting variant polypeptide. Whether an amino acid change results in a functional
polypeptide can readily be determined by assaying its activity. Conservative substitutions are shown in Table 2
under the heading of exemplary and preferred substitutions. Amino acid substitutions falling within the scope of
the disclosure, are, in general, accomplished by selecting substitutions that do not differ significantly in their
effect on maintaining (a) the structure of the peptide backbone in the area of the substitution, (b) the charge or
hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain. After the substitutions are

introduced, the variants are screened for biological activity.
TABLE 2

Exemplary and Preferred Amino Acid Substitutions

Original Residue Exemplary Substitutions Preferred Substitutions
Ala Val, Leu, lle Val
Arg Lys, Gln, Asn Lys
Asn Gln, His, Lys, Arg Gln
Asp Glu Glu
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Cys Ser Ser
Gln Asn, His, Lys, Asn
Glu Asp, Lys Asp
Gly Pro Pro
His Asn, GIn, Lys, Arg Arg
lle Leu, Val, Met, Ala, Phe, Norleu Leu
Leu Norleu, lle, Val, Met, Ala, Phe lle
Lys Arg, GIn, Asn Arg
Met Leu, lle, Phe Leu
Phe Leu, Val, lle, Ala Leu
Pro Gly Gly
Ser Thr Thr
Thr Ser Ser
Trp Tyr Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val lle, Leu, Met, Phe, Ala, Norleu Leu

The term “construct” refers to a recombinant genetic molecule including one or more isolated nucleic acid
sequences from different sources. Thus, constructs are chimeric molecules in which two or more nucleic acid
sequences of different origin are assembled into a single nucleic acid molecule and include any construct that
contains (1) nucleic acid sequences, including regulatory and coding sequences that are not found together in
nature (i.e., at least one of the nucleotide sequences is heterologous with respect to at least one of its other
nucleotide sequences), or (2) sequences encoding parts of functional RNA molecules or proteins not naturally
adjoined, or (3) parts of promoters that are not naturally adjoined. Representative constructs include any
recombinant nucleic acid molecule such as a plasmid, cosmid, virus, autonomously replicating polynucleotide
molecule, phage, or linear or circular single stranded or double stranded DNA or RNA nucleic acid molecule,
derived from any source, capable of genomic integration or autonomous replication, comprising a nucleic acid
molecule where one or more nucleic acid molecules have been operably linked. Constructs of the present
disclosure will generally include the necessary elements to direct expression of a nucleic acid sequence of interest
that is also contained in the construct, such as, for example, a target nucleic acid sequence or a modulator nucleic
acid sequence. Such elements may include control elements such as a promoter that is operably linked to (so as
to direct transcription of) the nucleic acid sequence of interest, and often includes a polyadenylation sequence
as well. Within certain embodiments of the disclosure, the construct may be contained within a vector. In
addition to the components of the construct, the vector may include, for example, one or more selectable
markers, one or more origins of replication, such as prokaryotic and eukaryotic origins, at least one multiple
cloning site, and/or elements to facilitate stable integration of the construct into the genome of a host cell. Two

or more constructs can be contained within a single nucleic acid molecule, such as a single vector, or can be
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containing within two or more separate nucleic acid molecules, such as two or more separate vectors. An
“expression construct” generally includes at least a control sequence operably linked to a nucleotide sequence
of interest. In this manner, for example, promoters in operable connection with the nucleotide sequences to be
expressed are provided in expression constructs for expression in an organism or part thereof including a host
cell. For the practice of the present disclosure, conventional compositions and methods for preparing and using
constructs and host cells are well known to one skilled in the art, see for example, Molecular Cloning: A
Laboratory Manual, 3" edition Volumes 1, 2, and 3. J. F. Sambrook, D. W. Russell, and N. Irwin, Cold Spring Harbor
Laboratory Press, 2000.

By “corresponds to” or “corresponding to” is meant a nucleic acid sequence or an amino acid sequence that
displays substantial sequence similarity or identity to a reference nucleic acid sequence or amino acid sequence,
respectively. In general, the nucleic acid sequence or amino acid sequence will display, with increasing
preference, at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, 99% or even up to 100% sequence similarity or identity to at least a portion of the reference
nucleic acid sequence or amino acid sequence or to the entire reference nucleic acid sequence or amino acid

sequence.

The term “domain”, as used herein, refers to a part of a molecule or structure that shares common
physicochemical features, such as, but not limited to, hydrophobic, polar, globular and helical domains or
properties such as ligand-binding, membrane fusion, signal transduction, cell penetration and the like. Often, a
domain has a folded protein structure which has the ability to retain its tertiary structure independently of the
rest of the protein. Generally, domains are responsible for discrete functional properties of proteins, and in many
cases may be added, removed or transferred to other proteins without loss of function of the remainder of the
protein and/or of the domain. Domains may be co-extensive with regions or portions thereof; domains may also
include distinct, non-contiguous regions of a molecule. Examples of protein domains include, but are not limited
to, a cellular or extracellular localization domain (e.g., signal peptide; SP), an immunoglobulin (Ig) domain, a
membrane fusion (e.g., fusion peptide; FP) domain, an ectodomain, a membrane proximal external region

(MPER) domain, a transmembrane (TM) domain, and a cytoplasmic (C) domain.

By “effective amount”, in the context of treating, inhibiting the development of, or preventing a condition is
meant the administration of an amount of an agent or composition to an individual in need of such treatment,
inhibition or prophylaxis, either in a single dose or as part of a series, that is effective for the prevention of
incurring a symptom, holding in check such symptoms, and/or treating existing symptoms, of that condition. The
effective amount will vary depending upon the health and physical condition of the individual to be treated, the
taxonomic group of the individual to be treated, the formulation of the composition, the assessment of the
medical situation, and other relevant factors. It is expected that the amount will fall in a relatively broad range

that can be determined through routine trials.
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The term “endogenous” refers to a polypeptide or part thereof thatis present and/or naturally expressed within
a host organism or cell thereof. For example, an “endogenous” ectodomain polypeptide or part thereof refers to
an ectodomain polypeptide of an enveloped fusion protein or a part of that ectodomain that is naturally

expressed in enveloped virus.

The term “endogenous production” refers to expression from a nucleic acid in an organism and the associated
production and/or secretion of an expression product of the nucleic acid in the organism. In specific
embodiments, the organism is multicellular (e.g., a vertebrate animal, preferably a mammal, more preferably a

primate such as a human) and the nucleic acid is expressed within cells or tissues of the multicellular organism.

The terms “epitope” and “antigenic determinant” are used interchangeably herein to refer to an antigen,
typically a protein determinant, that is capable of specific binding to an antibody (such epitopes are often
referred to as “B cell epitopes”) or of being presented by a Major Histocompatibility Complex (MHC) protein
(e.g., Class | or Class Il) to a T-cell receptor (such epitopes are often referred to as “T cell epitopes”). Where a B
cell epitope is a peptide or polypeptide, it typically comprises three or more amino acids, generally at least 5 and
more usually at least 8 to 10 amino acids. The amino acids may be adjacent amino acid residues in the primary
structure of the polypeptide (often referred to as contiguous peptide sequences) or may become spatially
juxtaposed in the folded protein (often referred to as non-contiguous peptide sequences). T cell epitopes may
bind to MHC Class | or MHC Class Il molecules. Typically, MHC Class I-binding T cell epitopes are 8 to 11 amino
acids long. Class Il molecules bind peptides that may be 10 to 30 residues long or longer, the optimal length being
12 to 16 residues. The ability of a putative T cell epitope to bind to an MHC molecule can be predicted and

confirmed experimentally (Dimitrov et al., 2010. Bioinformatics 26(16):2066-8).

The term “flexible linker” as used herein refers to a proteinaceous molecule containing at least one amino acid
residue, usually at least two amino acids residues joined by peptide bond(s), which molecule permits two
polypeptides linked thereby to move more freely relative to one another, as compared to their movement
without the flexible linker. In certain embodiments, the flexible linker provides increased rotational freedom for
two polypeptides linked thereby than the two linked polypeptides would have in the absence of the flexible
linker. Such freedom of relative movement or rotational freedom allows polypeptides joined by the flexible linker
to perform their individual functions or elicit their activities with less structural hindrance. A flexible linker may
be characterized by the absence of secondary structures such as helices or B-sheets or a maximal secondary
structure content of 10%, 20% 30% or 40%. Non-limiting examples of flexible linkers include the amino acid
sequences GS, GSG, GGSGG (SEQ ID NO: 84), GGSG (SEQ ID NO: 149), GSGS (SEQ ID NO: 150), AS, GGGS (SEQ ID
NO: 151), G4S (SEQ ID NO: 152), (G4S)s (SEQ ID NO: 153), (G4S)s (SEQ ID NO: 154), (GaS)a (SEQ ID NO: 155), G4SG
(SEQ ID NO: 156), GSGG (SEQ ID NO: 157) and GSGGS (SEQ ID NO: 158). In alternative preferred embodiments,
the linker comprises or consists of the amino acid sequence G, GG, GGG, GGGG (SEQ ID NO: 159) or GGGGG (SEQ

ID NO: 160). Additional flexible linker sequences are well known in the art. In various embodiments, the flexible
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linker contains or consists of at least 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 amino acid residues. In some of the same and other embodiments,
the flexible linker contains or consists ofupto 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 amino acid residues. In some of the same and other
embodiments, the flexible linker contains or consists of between about 1 to about 30 amino acid residues,
between about 1 to about 25 amino acid residues, between about 1 to about 20 amino acid residues, between
about 1 to about 15 amino acid residues, between about 1 to about 12 amino acid residues, between about 1 to
about 10 amino acid residues, between about 1 to about 8 amino acid residues, between about 1 to about 6
amino acid residues, between about 1 to about 5 amino acid residues, between about 1 to about 4 amino acid
residues, or between about 1 to about 3 amino acid residues. In some of the same and other embodiments, the
flexible linker contains or consists of between about 2 to about 30 amino acid residues, between about 2 to
about 25 amino acid residues, between about 2 to about 20 amino acid residues, between about 2 to about 15
amino acid residues, between about 2 to about 12 amino acid residues, between about 2 to about 10 amino acid
residues, between about 2 to about 8 amino acid residues, between about 2 to about 6 amino acid residues,
between about 2 to about 5 amino acid residues, or between about 2 to about 4 amino acid residues. In some of
the same and other embodiments, the flexible linker contains or consists of between about 3 to about 30 amino
acid residues, between about 3 to about 25 amino acid residues, between about 3 to about 20 amino acid
residues, between about 3 to about 15 amino acid residues, between about 3 to about 12 amino acid residues,
between about 3 to about 10 amino acid residues, between about 3 to about 8 amino acid residues, between
about 3 to about 6 amino acid residues, or between about 3 to about 5 amino acid residues. In certain
embodiments, the flexible linker contains or consists of 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid residues. In
particular, a flexible linker may be composed of amino acid residues (e.g., having any of the above-mentioned
exemplary numbers of amino acid residues), wherein preferably at least about 70% (more preferably at least
about 80%, even more preferably at least about 90%, even more preferably at least about 95%, still more
preferably 100%) of said amino acid residues are selected from glycine, serine and alanine; more preferably, at
least about 70% (more preferably at least about 80%, even more preferably at least about 90%, even more
preferably at least about 95%, still more preferably 100%) of said amino acid residues are selected from glycine

and serine. In some embodiments, the said amino acid residues are all glycine.

The term “helix bundle” refers to a plurality of peptide helices that fold such that the helices are substantially
parallel or anti-parallel to one another. A two-helix bundle has two helices folded such that they are substantially
parallel or anti-parallel to one another. Likewise, a six-helix bundle has six helices folded such that they are

4

substantially parallel or anti-parallel to one another. By “substantially parallel or anti-parallel” is meant that the

helices are folded such that the side chains of the helices are able to interact with one another. For example, the

hydrophobic side chains of the helices are able to interact with one another to form a hydrophobic core.

The term “heterologous” when used with reference to portions of a nucleic acid or protein indicates that the
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nucleic acid or protein comprises two or more subsequences that are not found in the same relationship to each
other in nature. For instance, the nucleic acid is typically recombinantly produced, having two or more sequences
from unrelated genes arranged to make a new functional nucleic acid, e.g., a promoter from one source and a
coding region from another source, or coding regions from different sources. Similarly, a heterologous protein
indicates that the protein comprises two or more subsequences that are not found in the same relationship to

each other in nature (e.g., a fusion protein).

The term “host” refers to any organism, or cell thereof, whether eukaryotic or prokaryotic into which a construct
of the disclosure can be introduced. In particular embodiments, the term “host” refers to eukaryotes, including
unicellular eukaryotes such as yeast and fungi as well as multicellular eukaryotes such as animals non-limiting
examples of which include invertebrate animals (e.g., insects, cnidarians, echinoderms, nematodes, etc.);
eukaryotic parasites (e.g., malarial parasites, such as Plasmodium falciparum, helminths, etc.); vertebrate
animals (e.g., fish, amphibian, reptile, bird, mammal); and mammals (e.g., rodents, primates such as humans and
non-human primates). Thus, the term “host cell” suitably encompasses cells of such eukaryotes as well as cell

lines derived from such eukaryotes.

Reference herein to “immuno-interactive” includes reference to any interaction, reaction, or other form of
association between molecules and in particular where one of the molecules is, or mimics, a component of the

immune system.

As use herein, the term “immunogenic composition” or “immunogenic formulation” refers to a preparation
which, when administered to a vertebrate, especially an animal such as a mammal, will induce an immune

response.

By the term “linker”, or “flexible linker”, it is meant a molecule or group of molecules (such as a monomer or

polymer) that connects two molecules and often serves to place the two molecules in a desirable configuration.

As used herein, the term “meta-stable”, as used in the context of a protein (e.g., an enveloped virus ectodomain
polypeptide), refers to a labile but constrained conformational state that rapidly converts to a more stable
conformational state upon a change in conditions. For example, an enveloped virus fusion protein in a pre-fusion
form is in a labile, meta-stable conformation, and converts to the more stable post-fusion conformation upon,

e.g., fusion to a host cell.

As used herein, the term “moiety” refers to a portion of a molecule, which may be a functional group, a set of

functional groups, and/or a specific group of atoms within a molecule, that is responsible for a characteristic

chemical, biological, and/or medicinal property of the molecule.
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The term “neutralizing antigen-binding molecule” refers to an antigen-binding molecule that binds to or interacts
with a target molecule or ligand and prevents binding or association of the target antigen to a binding partner
such as a receptor or substrate, thereby interrupting the biological response that otherwise would result from
the interaction of the molecules. In the case of the instant disclosure a neutralizing antigen-binding molecule
suitably associates with a metastable or pre-fusion form of an enveloped virus fusion protein and preferably

interferes or reduces binding and/or fusion of the spike protein to a cell membrane.

The term “oligomer” refers to a molecule that consists of more than one but a limited number of monomer units
in contrast to a polymer that, at least in principle, consists of an unlimited number of monomers. Oligomers
include, but are not limited to, dimers, trimers, tetramers, pentamers, hexamers, heptamers, octamers,
nonamers, decamers and the like. An oligomer can be a macromolecular complex formed by non-covalent
bonding of macromolecules like proteins. In this sense, a homo-oligomer would be formed by identical molecules
and by contrast, a hetero-oligomer would be made of at least two different molecules. In specific embodiments,
an oligomer of the disclosure is a trimeric polypeptide complex consisting of three polypeptide subunits. In these
embodiments, the trimeric polypeptide may be a “homotrimeric polypeptide complex” consisting of three
identical polypeptide subunits, or a “heterotrimeric polypeptide complex” consisting of three polypeptide
subunits in which at least one subunit polypeptide is non-identical. A “polypeptide subunit” is a single amino acid
chain or monomer that in combination with two other polypeptide subunits forms a trimeric polypeptide

complex.

The term “operably connected” or “operably linked” as used herein refers to a juxtaposition wherein the
components so described are in a relationship permitting them to function in their intended manner. For
example, a regulatory sequence (e.g., a promoter) “operably linked” to a nucleotide sequence of interest (e.g., a
coding and/or non-coding sequence) refers to positioning and/or orientation of the regulatory sequence relative
to the nucleotide sequence of interest to permit expression of that sequence under conditions compatible with
the regulatory sequence. The regulatory sequences need not be contiguous with the nucleotide sequence of
interest, so long as they function to direct its expression. Thus, for example, intervening non-coding sequences
(e.g., untranslated, yet transcribed, sequences) can be present between a promoter and a coding sequence, and
the promoter sequence can still be considered “operably linked” to the coding sequence. Likewise, "operably
connecting" an enveloped virus fusion ectodomain polypeptide to a heterologous, structure-stabilizing moiety
(SSM) encompasses positioning and/or orientation of the structure-stabilizing moiety (SSM) such that it can,
under suitable conditions (e.g., in aqueous solution and/or physiological conditions), associate with the
structure-stabilizing moieties (SSMs) of two further chimeric polypeptides to form a trimer, wherein preferably,
in the trimer, the FHRRs and SHRRs of the three SSMs are associated in the form of a six-helix bundle.

Iu

The terms “patient”, “subject”, “host” or “individual” used interchangeably herein, refer to any subject,

particularly a vertebrate subject, and even more particularly a mammalian subject, for whom therapy or
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prophylaxis is desired. Suitable vertebrate animals that fall within the scope of the disclosure include, but are not
restricted to, any member of the subphylum Chordata including primates (e.g., humans, monkeys and apes, and
includes species of monkeys such from the genus Macaca (e.g., cynomolgus monkeys such as Macaca
fascicularis, and/or rhesus monkeys (Macaca mulatta)) and baboon (Papio ursinus), as well as marmosets
(species from the genus Callithrix), squirrel monkeys (species from the genus Saimiri) and tamarins (species from
the genus Saguinus), as well as species of apes such as chimpanzees (Pan troglodytes)), rodents (e.g., mice, rats,
guinea pigs), lagomorphs (e.g., rabbits, hares), bovines (e.g., cattle), ovines (e.g., sheep), caprines (e.g., goats),
porcines (e.g., pigs), equines (e.g., horses), canines (e.g., dogs), felines (e.g., cats), avians (e.g., chickens, turkeys,
ducks, geese, or other poultry, companion birds such as canaries, budgerigars etc.), marine mammals (e.g.,
dolphins, whales), reptiles (snakes, frogs, lizards etc.), and fish. A preferred subject is a human, particularly a
human in need of eliciting an immune response to a fusion protein of an enveloped virus, or complex thereof.

However, it will be understood that the aforementioned terms do not imply that symptoms are present.

By “pharmaceutically acceptable carrier” is meant a solid or liquid filler, diluent or encapsulating substance that
can be safely used in topical or systemic administration to an animal, preferably a mammal, including humans.
Representative pharmaceutically acceptable carriers include any and all solvents, dispersion media, coatings,
surfactants, antioxidants, preservatives (e.g., antibacterial agents, antifungal agents), isotonic agents, absorption
delaying agents, salts, preservatives, drugs, drug stabilizers, gels, binders, excipients, disintegration agents,
lubricants, sweetening agents, flavoring agents, dyes, such like materials and combinations thereof, as would be
known to one of ordinary skill in the art (see, for example, Remington’s Pharmaceutical Sciences, 18th Ed. Mack
Printing Company, 1990, pp. 1289-1329, incorporated herein by reference). Except insofar as any conventional

carrier is incompatible with the active ingredient(s), its use in the pharmaceutical compositions is contemplated.

The term “polynucleotide” or “nucleic acid”, as used herein, encompasses any molecule containing two or more
nucleotides, particularly a polymer of nucleotides, such as, e.g., a deoxyribonucleic acid (DNA) or a ribonucleic
acid (RNA). The nucleotides may be, e.g., deoxyribonucleotides, ribonucleotides or nucleotide analogs, and they
may optionally be substituted or modified. The nucleotides can be linked by phosphodiester bonds/linkages or,
e.g., by phosphorothioate linkages, methylphosphonate linkages or boranophosphate linkages. The term
“polynucleotide” or “nucleic acid” particularly relates to DNA or RNA, such as, e.g., mRNA, cRNA, or cDNA. The
term typically refers to polymeric forms of nucleotides of, e.g., at least 10 bases in length, either ribonucleotides
or deoxynucleotides or a modified form of either type of nucleotide. A “polynucleotide” or “nucleic acid” can be
single stranded or double stranded.

The terms “peptide”, “polypeptide”, “(poly)peptide” and “protein” are used herein interchangeably and refer to
a polymer of two or more amino acids linked via amide bonds (i.e., peptide bonds) that are formed between an
amino group of one amino acid and a carboxyl group of another amino acid. The amino acids comprised in the

peptide, polypeptide, (poly)peptide, or protein, which are also referred to as amino acid residues, may be
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selected from the 20 standard proteinogenic a-amino acids (i.e., Ala, Arg, Asn, Asp, Cys, Glu, GIn, Gly, His, lle,
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val) but also from non-proteinogenic and/or non-standard a-amino
acids (such as, e.g., ornithine, citrulline, homolysine, pyrrolysine, 4-hydroxyproline, a-methylalanine (i.e., 2-
aminoisobutyric acid), norvaline, norleucine, terleucine (tert-leucine), labionin, or an alanine or glycine that is
substituted at the side chain with a cyclic group such as, e.g., cyclopentylalanine, cyclohexylalanine,
phenylalanine, naphthylalanine, pyridylalanine, thienylalanine, cyclohexylglycine, or phenylglycine) as well as -
amino acids (e.g., B-alanine), y-amino acids (e.g., y-aminobutyric acid, isoglutamine, or statine) and &-amino
acids. Preferably, the amino acid residues comprised in the peptide, polypeptide or protein are selected from a-
amino acids, more preferably from the 20 standard proteinogenic a-amino acids (which can be present as the L-
isomer or the D-isomer, and are preferably all present as the L-isomer). The peptide, polypeptide or protein may
be unmodified or may be modified, e.g., at its N-terminus, at its C-terminus and/or at a functional group in the
side chain of any of its amino acid residues (particularly at the side chain functional group of one or more Lys,
His, Ser, Thr, Tyr, Cys, Asp, Glu, and/or Arg residues). Such modifications may include, e.g., the attachment of any
of the protecting groups described for the corresponding functional groups in: Wuts PG & Greene TW, Greene’s
protective groups in organic synthesis, John Wiley & Sons, 2006. Such modifications may also include the covalent
attachment of one or more polyethylene glycol (PEG) chains (forming a PEGylated peptide, polypeptide or
protein), the covalent attachment of albumin, the glycosylation and/or the acylation with one or more fatty acids
(e.g., one or more Csg.30 alkanoic or alkenoic acids; forming a fatty acid acylated peptide, polypeptide or protein).
Moreover, such modified peptides, polypeptide or proteins may also include peptidomimetics, provided that
they contain at least two amino acids that are linked via an amide bond (formed between an amino group of one
amino acid and a carboxyl group of another amino acid). The amino acid residues comprised in the peptide,
polypeptide or protein may, e.g., be present as a linear molecular chain (forming a linear peptide, polypeptide
or protein) or may form one or more rings (corresponding to a cyclic peptide, polypeptide or protein). The
peptide, polypeptide or protein may also form oligomers consisting of two or more identical or different
molecules. Accordingly, peptides, polypeptides and proteins may form dimers, trimers and higher oligomers,
wherein the peptide, polypeptide or protein molecules forming such dimers, trimers etc. may be identical or
non-identical. The corresponding higher order structures are, consequently, termed homo- or heterodimers,
homo- or heterotrimers, and homo- or heterooligomers (etc.). Such dimers, trimers and oligomers are likewise

”nou

embraced by the terms “peptide”, “polypeptide”, “(poly)peptide” and “protein”.

The term “amino acid” refers, in particular, to any one of the 20 standard proteinogenic a-amino acids (i.e., Ala,
Arg, Asn, Asp, Cys, Glu, Gln, Gly, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val) but also to non-
proteinogenic and/or non-standard a-amino acids (such as, e.g., ornithine, citrulline, homolysine, pyrrolysine, 4-
hydroxyproline, a-methylalanine (i.e., 2-aminoisobutyric acid), norvaline, norleucine, terleucine (tert-leucine),
labionin, or an alanine or glycine that is substituted at the side chain with a cyclic group such as, e.g.,
cyclopentylalanine, cyclohexylalanine, phenylalanine, naphthylalanine, pyridylalanine, thienylalanine,

cyclohexylglycine, or phenylglycine) as well as B-amino acids (e.g., B-alanine), y-amino acids (e.g., y-aminobutyric

33



10

15

20

25

30

35

WO 2023/187743 PCT/1B2023/053263

acid, isoglutamine, or statine) and/or &-amino acids as well as any other compound comprising at least one
carboxylic acid group and at least one amino group. Unless defined otherwise, an “amino acid” preferably refers
to an a-amino acid, more preferably to any one of the 20 standard proteinogenic a-amino acids (which can be

present as the L-isomer or the D-isomer, and are preferably present as the L-isomer).

As used herein, the term "post-fusion conformation" of a fusion protein of an enveloped virus refers to the
structure of an enveloped virus fusion protein, which is in a terminal conformation (i.e., formed at the end of the
fusion process) and is the most energetically favorable state. In the post-fusion conformation, the fusion peptides
or loops of the fusion protein are brought into close proximity with the fusion protein transmembrane domain.
The specific structural elements that facilitate formation of the hairpin structure vary according to the class of
enveloped fusion protein. For example, the post-fusion conformation of a Class | fusion protein is characterized
by interaction between the endogenous FHRR region and the endogenous SHRR region of individual Class | fusion
proteins to form a hairpin structure characterized by a six-helix bundle, comprising three endogenous SHRR and
three endogenous FHRR regions. Alternatively, the post-fusion conformation of a Class Ill fusion protein is
characterized by interaction between the internal fusion loops and the C-terminal transmembrane region which
facilitates the formation of a hairpin structure. Post-fusion conformations of individual viral fusion proteins have
been determined by electron microscopy and/or x-ray crystallography, such structures are readily identifiable

when viewed in negatively stained electron micrographs and/or by a lack of pre-fusion epitopes.

As used herein, the term "pre-fusion conformation" of a fusion protein of an enveloped virus refers to the
structure of an enveloped virus fusion protein, which is in a meta-stable confirmation (i.e., in a semi-stable
conformation that is not the most energetically favorable terminal conformation) and upon appropriate
triggering is able to undergo conformational rearrangement to the terminal post-fusion conformation. Typically,
pre-fusion conformations of viral fusion proteins contain a hydrophobic sequence, referred to as the fusion
peptide or fusion loop, that is located internally within the pre-fusion conformation and cannot interact with
either the viral or host cell membranes. Upon triggering this hydrophobic sequence is inserted into the host cell
membrane and the fusion protein collapses into the post-fusion hairpin like conformation. The pre-fusion
conformation of viral fusion proteins varies according to the class of enveloped fusion protein. Each class is
characterized by non-interacting structural elements that subsequently associate in the energetically favorable
post-fusion conformation. For example, the pre-fusion conformation of a Class | fusion protein is dependent on
the endogenous FHRR region not interacting with the endogenous SHRR region of individual fusion proteins of
the trimer, thereby not permitting formation of a hairpin structure characterized by a six-helix bundle.
Alternatively, the pre-fusion conformation of a Class Il fusion protein is dependent a central a-helical coiled coil
not interacting with fusion loop(s) at the C-terminal region of individual fusion proteins of the trimer, thereby
not permitting formation of a hairpin structure. Pre-fusion conformations of individual viral fusion proteins have
been determined by electron microscopy and/or X-ray crystallography, such structures are readily identifiable

when viewed in negatively stained electron micrographs and/or by pre-fusion epitopes that are not present on
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post-fusion conformations.
“Regulatory elements”, “regulatory sequences”, “control elements”, “control sequences” and the like are used
interchangeably herein to refer to nucleotide sequences located upstream (5’ non-coding sequences), within, or
downstream (3’ non-coding sequences) of a coding sequence, and which influence the transcription, RNA
processing or stability, or translation of the associated coding sequence, either directly or indirectly. Regulatory
elements include enhancers, promoters, translation leader sequences, introns, Rep recognition element,

intergenic regions and polyadenylation signal sequences. They include natural and synthetic sequences as well

as sequences which may be a combination of synthetic and natural sequences.

The term “replicon” refers to any genetic element, e.g., a plasmid, a chromosome, a virus, a cosmid, etc., that
behaves as an autonomous unit of polynucleotide replication within a cell, i.e., capable of replication under its

own control.

“Self-assembly” refers to a process of spontaneous assembly of a higher order structure that relies on the natural
attraction of the components of the higher order structure (e.g., molecules) for each other. It typically occurs
through random movements of the molecules and formation of bonds based on size, shape, composition, or

chemical properties.

The term "sequence identity", as used herein, refers to the sequence match between two (poly)peptides or
nucleic acids. The (poly)peptide or nucleic acid sequences to be compared are aligned to give maximum identity,
for example, using bioinformatics tools for pair wise alignment such as EMBOSS Needle
(https://www.ebi.ac.uk/Tools/psa/emboss_needle/; see also Madeira F, et al. The EMBL-EB! search and
sequence analysis tools APIs in 2019. Nucleic Acids Research. 2019 Jul;47(W1):W636-W641. DOI:
10.1093/nar/gkz268). When the same position in the sequences to be compared is occupied by the same
nucleobase or amino acid residue, then the respective molecules are identical at that very position. Accordingly,
the "percent identity" is a function of the number of matching positions divided by the number of positions
compared and multiplied by 100%. For example, if 6 out of 10 sequence positions are identical, then the identity
is 60%. The “identity” or “percent (%) identity” between two amino acid sequences can, e.g., be determined by
using the Needleman-Wunsch algorithm (Needleman, S.B. and Wunsch, CD. A general method applicable to the
search for similarities in the amino acid sequence of two proteins. J Mol Biol. 1970;48(3):443-53. DOI:
10.1016/0022-2836(70)90057-4.) which has been incorporated into EMBOSS Needle, using a BLOSUM62 matrix,
a "gap open penalty" of 10, a "gap extend penalty" of 0.5, a false "end gap penalty", an "end gap open penalty"
of 10 and an "end gap extend penalty" of 0.5. The percent (%) identity is typically determined over the entire
length of the query sequence on which the analysis is performed. Two molecules having the same primary amino
acid or nucleic acid sequence are identical irrespective of any chemical and/or biological modification. For

example, two antibodies having the same primary amino acid sequence, but different glycosylation patterns are
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identical by this definition. In case of nucleic acids, for example, two molecules having the same sequence but

different linkage components such as thiophosphate instead of phosphate are identical by this definition.

"Similar" (poly)peptide sequences are those which, when aligned, share similar amino acid residues and most
often, but not mandatorily, identical amino acid residues at the same positions of the sequences to be compared.
Similar amino acid residues are grouped by chemical characteristics of their side chains into families. Said families
are described below for "conservative amino acid substitutions". The "similarity" or "percent (%) similarity"
between sequences is the number of positions that contain identical or similar residues at the same sequence
positions of the sequences to be compared divided by the total number of positions compared and multiplied by
100%. For example, if 6 out of 10 sequence positions have identical amino acid residues and 2 out of 10 positions
contain similar residues, then the sequences have 80% similarity. The % similarity between two sequences can,
e.g., be determined using EMBOSS Needle (https://www.ebi.ac.uk/Tools/psa/emboss_needle/), using a
BLOSUMG62 matrix, a "gap open penalty" of 10, a "gap extend penalty" of 0.5, a false "end gap penalty", an "end
gap open penalty" of 10 and an "end gap extend penalty" of 0.5. The percent (%) similarity is typically determined

over the entire length of the query sequence on which the analysis is performed.

As used herein, the term “single-chain” refers to a molecule comprising amino acid monomers linearly linked by

peptide bonds.

As used herein, the terms “treatment”, “treating”, and the like, refer to obtaining a desired pharmacologic and/or
physiologic effect. The effect may be prophylactic in terms of completely or partially preventing a disease or
symptom thereof and/or may be therapeutic in terms of a partial or complete cure for a disease and/or adverse
effect attributable to the disease. “Treatment”, as used herein, covers any treatment of a disease in a mammal,
particularly in a human, and includes: (a) preventing the disease from occurring in a subject which may be
predisposed to the disease but has not yet been diagnosed as having it; (b) inhibiting the disease, i.e., arresting
its development; and (c) relieving the disease, i.e., causing regression of the disease.

The terms “wild-type”, “native” and “naturally occurring” are used interchangeably herein to refer to a gene or
gene product that has the characteristics of that gene or gene product when isolated from a naturally occurring
source. A wild type, native or naturally occurring gene or gene product (e.g., a polypeptide) is that which is most
frequently observed in a population and is thus arbitrarily designed the “normal” or “wild-type” form of the gene

or gene product.

Each embodiment described herein is to be applied mutatis mutandis to each and every embodiment unless

specifically stated otherwise.

The term "enveloped virus fusion ectodomain polypeptide", as used herein, refers to a polypeptide that contains
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a virion surface exposed portion of a mature enveloped virus fusion protein, with or without the signal peptide,
but which lacks the transmembrane domain and cytoplasmic tail of the naturally occurring enveloped virus fusion

protein.

2. CHIMERIC POLYPEPTIDES

The present invention is predicated on a further advancement of the strategy for artificially stabilizing or
“clamping” an enveloped virus fusion protein ectodomain polypeptide in a pre-fusion conformation. Generally,
this “molecular clamping” strategy employs fusion or linkage of a structure-stabilizing moiety (SSM) to an

ectodomain polypeptide to form a chimeric polypeptide.

The structure-stabilizing moiety (SSM) is typically a single-chain polypeptide, which comprises complementary
heptad repeats that lack complementarity to the ectodomain polypeptide and that therefore preferentially
associate with each other rather than with structural elements of the ectodomain polypeptide. Association of
the complementary heptad repeats to one another under conditions suitable for their association (e.g., in
aqueous solution) results in formation of an anti-parallel, two-helix bundle that inhibits rearrangement of the
ectodomain polypeptide to a post-fusion conformation. The two-helix bundle of the structure-stabilizing moiety
can trimerize to form a highly stable six-helix bundle, thus permitting self-assembly of the chimeric polypeptide
to form an artificial enveloped virus fusion protein complex. The complex so assembled can mimic the pre-fusion
conformation of a native enveloped virus fusion protein complex and comprises three chimeric polypeptides,
characterized by a six-helix bundle formed by the coiled coil structures of the respective structure-stabilizing

moieties of the chimeric polypeptides.

Whereas the originally established clamp technology, due to the utilization of a structure-stabilizing moiety (SSM)
derived from the human immunodeficiency virus (HIV) glycoprotein 41 (gp4l), was found to be
disadvantageously associated with the induction of antibodies that led to HIV diagnostic interference, the
present inventors set out to develop alternative clamp constructs which overcome these impediments while
providing at least comparable or even improved capacities to stabilize the targeted viral fusion protein antigens
in their “pre-fusion”-conformation and thus to induce protective neutralizing antibody responses upon
vaccination. To that end, the inventors designed a panel of nineteen putative clamp sequences derived from the
trimerization domains of fusion proteins from selected viruses known to not commonly infect humans. The
nineteen candidate clamps were fused to the RSV fusion protein ectodomain. Subsequent assessment by
thorough biophysical characterization led to the identification of lead molecules derived from the fusion proteins
of two genetically related caprine lentiviruses, i.e., two constructs (CDS, CD11; see Example 1) derived from the
Visna virus (also known as Visna-Maedi virus, Maedi-Visna virus (MVV) and Ovine lentivirus) and one further

construct (CD10; see Example 1) derived from Caprine Arthritis-Encephaltis-Virus (CAEV).
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The results presented herein demonstrate that the novel vaccine leads generated are viable alternatives to the
previous HIV-clamp-based molecules. Furthermore, the data indicate that these leads are superior in terms of
stability and at least equivalent in terms of their capacity to elicit neutralizing antibody responses compared to

the earlier developed HIV-clamp-based vaccine candidate.

In accordance with the newly identified lead structures, the chimeric polypeptide as defined by the herein
disclosed invention is characterized by comprising a microbial polypeptide, preferably an enveloped virus fusion
ectodomain polypeptide, that is operably connected downstream to a heterologous, structure-stabilizing moiety

(SSM) with specific sequence peculiarities as detailed below.

In a similar vein, the herein disclosed “molecular clamping” strategy can also be suitably employed for holding
other (poly)peptides in a trimeric state. For example, according to a preferred embodiment of the first aspect of
the invention, a bacterial outer membrane polypeptide (preferably a bacterial trimeric autotransporter adhesin
(TAA) polypeptide) is fused with the structure-stabilizing moiety (SSM). The two-helix bundle of the structure-
stabilizing moiety can then also trimerize to form a highly stable six-helix bundle, thus also permitting self-

assembly of a trimer of the bacterial outer membrane polypeptide (e.g., a trimer of TAA polypeptides).

2.1 Structure-stabilizing moieties

The “structure-stabilizing moiety (SSM)”, as employed in connection with the present invention, is a polypeptide
comprising, in an N- to C-terminal order, a first heptad repeat region (FHRR) and second heptad repeat region
(SHRR), wherein the FHRR and SHRR may optionally be interconnected by a linker region (preferably in the

following N- to C-terminal order: FHRR—linker—SHRR) as further defined herein below (e.g., in section 2.1.2).

2.1.1 Heptad repeats

Alpha-helical coiled coils have been characterized at the level of their amino acid sequences, in that, each helix
is constituted of a series of heptad repeats. A heptad repeat (heptad unit, heptad) is a 7-residue sequence motif
which can be encoded as hpphppp, and wherein each 'h' represents a hydrophobic residue and each 'p'is a polar
(i.e., hydrophilic) residue. Occasionally, p-residues are observed at h-positions, and vice versa. A heptad repeat
is also often encoded by the patterns a-b-c-d-e-f-g (abcdefg) or d-e-f -g-a-b-c (defgabc), in which case the indices
'a' to 'g' refer to the conventional heptad positions at which typical amino acid types are observed. By convention,
indices 'a' and 'd' denote the positions of the core residues (central, buried residues) in a coiled coil. The typical
amino acid types that are observed at core a- and d-positions are hydrophobic amino acid residue types; at all
other positions (non-core positions), predominantly polar (hydrophilic) residue types are observed. Thus,
conventional heptad patterns 'hpphppp' match with the pattern notation 'abcdefg' (‘"hppphpp' patterns match
with the pattern notation 'defgabc', this notation being used for coiled coils starting with a hydrophobic residue

at a d-position).
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The heptad repeat regions (HRRs) as referred to in accordance with the present invention include at least 2, and
suitably 3 or more (preferably consecutive, i.e. uninterrupted) heptad repeats in individual a-helices of the coiled
coil structure. Each series of consecutive heptad repeats in a helix is denoted a 'heptad repeat sequence' (HRS).
The start and end of a heptad repeat sequence is preferably determined on the basis of the experimentally
determined three-dimensional (3-D) structure, if available. If a 3-D structure is not available, the start and end of
a heptad repeat sequence is preferably determined on the basis of an optimal overlay of a (hpphppp), or
(hppphpp)n pattern with the actual amino acid sequence, where 'h' and 'p' denote hydrophobic and polar
(hydrophilic) residues, respectively, and where 'n' is a number equal to or greater than 2. The start and end of
each heptad repeat sequence is taken to be the first and last hydrophobic residue at an a- or d-position,
respectively. Conventional H-residues are preferably selected from the group consisting of valine, isoleucine,
leucine, methionine, phenylalanine, tyrosine, tryptophan, histidine, glutamine, threonine, serine and alanine,
more preferably from the group consisting of valine, isoleucine, leucine and methionine, and most preferably
isoleucine. Conventional p-residues are preferably selected from the group consisting of glycine, alanine,
cysteine, serine, threonine, histidine, asparagine, aspartic acid, glutamine, glutamic acid, lysine and arginine. In
case this method does not permit unambiguous assignment of amino acid residues to a heptad repeat sequence,
a more specialized analysis method can be applied, such as the COILS method of Lupas et al. (1991. Science 252:

1162-1164; http://www.russell.embl-heidelberg.de/cgi -bin/coils-svr.pl).

In the chimeric polypeptide according to the present invention, the “structure-stabilizing moiety (SSM)”
comprises, in an N- to C-terminal order, a first heptad repeat region (FHRR) and second heptad repeat region
(SHRR), wherein (i) the FHRR comprises or consists of an amino acid sequence having at least 60% (or, with
increasing preference, at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99%, most preferably 100%) sequence identity to the amino acid sequence set forth in SEQ ID NO:
80 or 81, and the SHRR comprises or consists of an amino acid sequence having at least 40% (or, with increasing
preference, at least 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99%, most preferably 100%) sequence identity to the amino acid sequence set forth in SEQ ID NO: 82 or 83;
and/or (ii) the FHRR comprises or consists of an amino acid sequence having at least 90% (or, with increasing
preference, at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence
similarity to the amino acid sequence set forth in SEQ ID NO: 80 or 81, and the SHRR comprises or consists of an
amino acid sequence having at least 70% (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%, most preferably 100%) sequence similarity to the amino acid sequence set forth in SEQ ID NO: 82
or 83.
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In accordance with the present invention, (i) the FHRR comprises or consists of an amino acid sequence having
at least 60% (or, with increasing preference, at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to the amino acid sequence
set forth in SEQ ID NO: 80, and the SHRR comprises or consists of an amino acid sequence having at least 40%
(or, with increasing preference, at least 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%,
54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to the amino acid sequence set forth in SEQ ID
NO: 82; and/or (ii) the FHRR comprises or consists of an amino acid sequence having at least 90% (or, with
increasing preference, at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%)
sequence similarity to the amino acid sequence set forth in SEQ ID NO: 80, and the SHRR comprises or consists
of an amino acid sequence having at least 70% (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99%, most preferably 100%) sequence similarity to the amino acid sequence set forth in SEQ ID NO:
82.

In some embodiments, (i) the FHRR comprises or consists of an amino acid sequence having at least 60% (or,
with increasing preference, at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to the amino acid sequence set forth in SEQ ID
NO: 80, and the SHRR comprises or consists of an amino acid sequence having at least 40% (or, with increasing
preference, at least 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99%, most preferably 100%) sequence identity to the amino acid sequence set forth in SEQ ID NO: 82; and/or (ii)
the FHRR comprises or consists of an amino acid sequence having at least 90% (or, with increasing preference,
at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence similarity to the
amino acid sequence set forth in SEQ ID NO: 80, and the SHRR comprises or consists of an amino acid sequence
having at least 70% (or, with increasing preference, atleast 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most

preferably 100%) sequence similarity to the amino acid sequence set forth in SEQ ID NO: 82.

In some embodiments, the structure-stabilizing moiety is capable of homo-trimerization with the structure-

stabilizing moieties of two further chimeric polypeptides; wherein preferably, by the homo-trimerization, a six-

helix bundle is formed, wherein the six-helix bundle is composed of an inner trimer of three parallel oriented,
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substantially a-helical FHRRs against which three substantially a-helical SHRRs are packed in an anti-parallel

orientation relative to the FHRRs.

In some embodiments, the FHRR and SHRR each comprise anindependently selected, n-times repeated 7-residue
motif characterized by a pattern of amino acids, represented as (a-b-c-d-e-f-g-), or (d-e-f-g-a-b-c-),, wherein the
pattern elements 'a' to 'g' denote positions at which the amino acids are located and n is a number equal to or
greater than 2, and at least 50% of the positions 'a' and 'd' are occupied by hydrophobic amino acids and at least

50% of the positions 'b', 'c', 'e', 'f' and 'g' are occupied by polar (hydrophilic) amino acids.

With respect to which amino acids in the context of the present disclosure are categorized as falling within the
groups of hydrophilic (polar) or hydrophobic (non-polar) amino acids, respectively, reference is made to Table 1,

supra.

In preferred embodiments of the latter embodiments, the FHRR comprises an independently selected, 4-times
repeated 7-residue motif, and the SHRR comprises anindependently selected, 5-times repeated 7-residue motif,
wherein the 7-residue motif is characterized by a pattern of amino acids, represented as (a-b-c-d-e-f-g-) or (d-e-
f-g-a-b-c-), wherein the pattern elements 'a' to 'g' denote positions at which the amino acids are located, and at
least 50% of the positions 'a' and 'd" are occupied by hydrophobic amino acids and at least 50% of the positions

'b', 'c', 'e', 'f' and 'g' are occupied by hydrophilic amino acids.

In some embodiments, the structure-stabilizing moiety has a glutamine at the position corresponding to position

17 of SEQ. 1D NO: 80.

As apparent from the herein disclosed experimental data, presence of a corresponding mutation (GIn17)
provides a slight further increase of soluble protein yields (see Example 4, Table 4; CD11 vs. CD9), indicative of a
stabilizing effect in terms of protein folding and trimer association. Additional data consistently indicated that
this mutation also advantageously enhances thermal stability (see Example 5, Fig. 4). In view of these
advantageous effects provided by glutamine at position 17, it is expected that comparable positive effects are
also provided by substitution to asparagine, or similarly to glutamate or aspartate, which are also contemplated
herein as alternative preferred embodiments. However, as constructs having a serine or threonine at position 17
also provided a suitable trimer stabilization, it is also contemplated as further alternative embodiments that the
structure-stabilizing moiety has a serine or threonine at the position corresponding to position 17 of SEQ ID NO:

80.

In alternative preferred embodiments, the structure-stabilizing moiety has a leucine at the position

corresponding to position 17 of SEQ ID NO: 80. As is evident from the data presented in Example 16, presence of

a corresponding mutation (Leul7; see construct denoted “CT9”) led to a substantial improvement in terms of
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presence of trimer in solution, as revealed by size exclusion chromatography (SEC) analysis (Figure 32), and also

in terms thermal stability of the trimer (Figure 33).

In particular embodiments, the structure-stabilizing moiety comprises at least one immune-silencing moiety that
reduces or inhibits elicitation of an immune response to the structure-stabilizing moiety. These embodiments
are advantageous as they can permit the generation of a selective and/or enhanced immune response to the
microbial polypeptides, e.g., (i) the enveloped virus fusion ectodomain polypeptide or a complex thereof; or (ii),
in the instance where the chimeric polypeptide comprises bacterial outer membrane polypeptide (e.g., a TAA

polypeptide), to the bacterial outer membrane polypeptide (e.g., the TAA polypeptide) or a complex thereof.

The immune-silencing moiety can be a glycosylation site that is specifically recognized and glycosylated by one
or more glycosylation enzymes, in particular glycosyltransferase(s). Glycosylations can be N-linked or O-linked.
N-linked refers to the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The
tripeptide sequences N-X-S and N-X-T (expressed in three-letter code as Asn-Xaa-Ser and Asn-Xaa-Thr,
respectively), where X (Xaa) is any amino acid except P (Pro), are the recognition sequences for enzymatic
attachment of the carbohydrate moiety to the asparagine (Asn) side chain, and these sequences are commonly
referred to as ‘glycosylation sites’ or ‘sequons’. O-linked glycosylation refers to the attachment of one of the
monosaccharide units N-acetylgalactosamine (GalNAc) or galactose (Gal) to a hydroxyamino acid, most
commonly serine (Ser) or threonine (Thr), although 5-hydroxyproline or 5-hydroxylysine may also be used, which
monosaccharide units may be further elongated by additional monosaccharide units, such as Gal, GalNAc or N-
acetylglucosamine (GlcNAc). The immune-silencing moiety may be inserted into the structure stabilizing moiety,

including one or both of the heptad repeat regions.

In particularly preferred embodiments of the latter embodiments, the at least one immune silencing moiety is

an N-linked glycosylation site.

In even more preferred embodiments, the N-linked glycosylation site is post-translationally modified and a glycan
(e.g., a polysaccharide, oligosaccharide or monosaccharide) is attached. The glycan attached may correspond to
those known to be commonly utilised in the particular mammal (preferably, Homo sapiens) envisaged for being
administered with the chimeric polypeptide or complex thereof, or with any of the compositions provided herein,
for the sake of diminishing or circumventing the immune response to the corresponding protein sequence. The
skilled person will be able to select suitable host cells for recombinant expression of the chimeric polypeptide(s)
and complexes thereof, wherein said host cells bear a glycosylation machinery that yields such N-glycans that
are endogenous to the targeted mammalian subject species and which thus are likely to provide an immune-

silencing effect.

In some embodiments, the structure-stabilizing moiety comprises at least one glycosylation site; wherein
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preferably the at least one glycosylation site is an N-linked glycosylation site, selected from the group consisting
of: (1) -Asn-Xaa-Ser-; and (2) -Asn-Xaa-Thr-; wherein Xaa is an amino acid other than Pro; wherein preferably the

glycosylation site is glycosylated with an occupancy level of at least 50%.

Generally, the “occupancy level” of a glycosylation site in a given protein molecule refers to the percentage (%)
level of this glycosylation site actually being glycosylated within a given population of that protein molecule. The
skilled person is aware that this level is dependent, inter alia, upon the intrinsic sequence-wise and consequently
structural properties of the protein, but also from the organism (expression host) and the expression route
(cytoplasmic vs. secretory) that is utilized for the recombinant expression of that protein. Means and methods

"

for determining and quantifying the “% occupancy level” of a given glycosylation site are known in the art and
can be readily applied by the skilled person. One exemplary method for determining the “% occupancy level” for

an N-glycosylation site is also described herein; see appended Example 14.

In some embodiments, the structure-stabilizing moiety comprises one or more N-linked glycosylation sites at the
amino acid positions corresponding to: (i) positions 5-7 of SEQ ID NO: 80; (ii) positions 1-3 of SEQ ID NO: 82; (iii)
positions 6-8 of SEQ ID NO: 82; (iv) positions 13-15 of SEQ ID NO: 82; (v) positions 17-19 of SEQ ID NO: 82; and/or
(vi) positions 27-29 of SEQ ID NO: 82; wherein preferably each N-linked glycosylation site is independently -Asn-

Xaa-Thr-, wherein Xaa is an amino acid other than Pro.

In some embodiments, the structure-stabilizing moiety comprises N-linked glycosylation sites at the amino acid
positions corresponding to: (i) (i-a) positions 5-7 of SEQ ID NO: 80; (i-b) positions 1-3 of SEQ ID NO: 82; and (i-c)
positions 17-19 of SEQ ID NO: 82; or (ii) (ii-a) positions 5-7 of SEQ ID NO: 80; (ii-b) positions 1-3 of SEQ ID NO: 82;
(ii-c) positions 17-19 of SEQ ID NO: 82; and (ii-d) positions 27-29 of SEQ ID NO: 82; or {(iii) (iii-a) positions 5-7 of
SEQ ID NO: 80; (iii-b) positions 1-3 of SEQ ID NO: 82; (iii-c) positions 13-15 of SEQ ID NO: 82; (iii-d) positions 17-
19 of SEQ ID NO: 82; and (iii-e) positions 27-29 of SEQ ID NO: 82; or (iv) (iv-a) positions 5-7 of SEQ ID NO: 80; (iv-
b) positions 1-3 of SEQ ID NO: 82; (iv-c) positions 6-8 of SEQ ID NO: 82; (iv-d) positions 13-15 of SEQ ID NO: 82;
(iv-e) positions 17-19 of SEQ ID NO: 82; and (iv-f) positions 27-29 of SEQ ID NO: 82; wherein preferably each N-

linked glycosylation site is independently -Asn-Xaa-Thr-, wherein Xaa is an amino acid other than Pro.

In some embodiments, the structure stabilizing moiety has (i) an arginine at the amino acid position
corresponding to glutamine 22 of SEQ ID NO: 80; (ii) a histidine at the amino acid position corresponding to
asparagine 1 of SEQ ID NO: 82; (iii) a threonine at the amino acid position corresponding to histidine 2 of SEQ ID
NO: 82; (iv) a serine at the amino acid position corresponding to alanine 25 of SEQ ID NO: 82; (v) a glutamine at
the amino acid position corresponding to alanine 26 of SEQ ID NO: 82; (vi) a glutamine at the amino acid position
corresponding to leucine 27 of SEQ ID NO: 82; (vii) a leucine at the amino acid position corresponding to
glutamine 17 of SEQ ID NO: 80; (viii) a deletion of the amino acid residue at the position corresponding to

arginine 37 of SEQ ID NO: 80; and/or (ix) a deletion of the amino acid residues at the positions corresponding to
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glutamine 1 and serine 2 of SEQ ID NO: 80.

In preferred embodiments of the letter embodiments, the structure stabilizing moiety has (i) an arginine at the
amino acid position corresponding to glutamine 22 of SEQ ID NO: 80; (ii) a histidine at the amino acid position
corresponding to asparagine 1 of SEQ ID NO: 82 and a threonine at the amino acid position corresponding to
histidine 2 of SEQ ID NO: 82; (iii) a serine at the amino acid position corresponding to alanine 25 of SEQ ID NO:
82, a glutamine at the amino acid position corresponding to alanine 26 of SEQ ID NO: 82, and a glutamine at the
amino acid position corresponding to leucine 27 of SEQ ID NO: 82; (iv) a leucine at the amino acid position
corresponding to glutamine 17 of SEQ ID NO: 80; (v) a deletion of the amino acid residue at the position
corresponding to arginine 37 of SEQ ID NO: 80; and/or (vi) a deletion of the amino acid residues at the positions
corresponding to glutamine 1 and serine 2 of SEQ ID NO: 80. As is apparent from Example 16, specifically the size
exclusion chromatography (SEC) data presented in Figures 32 and 33, each of the above-indicated site-specific
mutations (i) to (v) (referred to in Example 16 as CT1, CT5, CT6, CT9 and CT10, respectively) provides a further

enhancement of trimer stabilization relative to unmodified CD11.

In preferred embodiments, the structure stabilizing moiety has (i) an arginine at the amino acid position
corresponding to glutamine 22 of SEQ ID NO: 80, and (ii) a deletion of the amino acid residues at the positions

corresponding to glutamine 1 and serine 2 of SEQ ID NO: 80.

In a preferred embodiment, the structure stabilizing moiety has (i) a leucine at the amino acid position
corresponding to position 20 of SEQ ID NO: 82; and/or (ii) a glutamine at the amino acid position corresponding
to position 11 of SEQ ID NO: 80. As is apparent from the mutagenesis studies in Example 16, maintaining these

amino acids as in the wild-type sequence of CD11 is beneficial in terms of stabilization of the trimer.

In some embodiments, the structure-stabilizing moiety comprises one or more unnatural amino acids.

1"

A “unnatural” or “non-natural amino acid”, as used herein, refers to an amino acid that is not one of the 20
common naturally occurring amino acids or the rare naturally occurring amino acids e.g., selenocysteine (Sec) or
pyrrolysine (Pyl). Other terms that may be used synonymously with the term non-natural amino acid is non-
naturally encoded amino acid, unnatural amino acid, non-naturally-occurring amino acid, and variously
hyphenated and non-hyphenated versions thereof. The term “non-natural amino acid” includes, but is not
limited to, amino acids which occur naturally by modification of a naturally encoded amino acid (including but
not limited to, the 20 common amino acids or pyrrolysine and selenocysteine) but are not themselves
incorporated into a growing (poly)peptide chain by the translation complex. Examples of naturally-occurring
amino acids that are not naturally-encoded include, but are not limited to, N-acetylglucosaminyl-L-serine, N-

acetylglucosaminyl-L-threonine, and O-phosphotyrosine. Additionally, the term non-natural amino acid includes,

but is not limited to, amino acids which do not occur naturally and may be obtained synthetically or may be
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obtained by modification of non-natural amino acids. Non-natural amino acids can be incorporated into the
chimeric polypeptide (e.g., into one or both of the therein comprised heptad repeat regions) or any other
(poly)peptide contemplated herein by using an expanded genetic code. The non-natural amino acids are
biosynthetically incorporated into a desired location using tyrosyl-tRNA/aminoacyl- tRNA synthetase orthogonal
pair and a nonsense codon at the desired site. The non-natural amino acids are supplied to cells expressing a
construct from which the chimeric polypeptide is expressible, from an external source and this strategy can
incorporate side chains with a wide range of physical attributes including, but not limited to, chemical
crosslinking group (e.g., azide or haloalkane), a trackable maker (e.g., fluorescent or radioactive) and
photosensitive groups to enable temporally controlled modifications. To these unnatural amino acids various
moieties can be covalently linked by chemical addition to the structure-stabilizing moiety to provide

advantageous properties.

In preferred embodiments of the latter embodiments, the one or more unnatural amino acids permit coupling

of (i) polyethylene glycol (PEG); (ii) an immune-stimulating moiety; or (iii) a lipid.

Further embodiments may include any possible combination of the above examples, or additional unnatural

chemical addition, covalently linked to the structure-stabilizing moiety.

Optionally, one or more additional cysteine residues may be inserted into the FHRR and/or SHRR to form disulfide

bonds and further stabilize the anti-parallel, a-helical coiled coil structure of the structure stabilizing moiety.

2.1.2 Linkers

The structure-stabilizing moiety (SSM) of the present invention can suitably comprise a linker that spaces the
first and second heptad repeat regions (also referred to herein as FHRR and SHRR, respectively).

The linker generally includes any amino acid residue that cannot be unambiguously assigned to a heptad repeat
sequence. Linkers are frequently used in the field of protein engineering to interconnect different functional
units, e.g., in the creation of single-chain variable fragment (scFv) constructs derived from antibody variable light
(VL) and variable heavy (VH) chains. They are generally conformationally flexible in solution and are suitably and
predominantly composed of polar amino acid residue types. Typical (frequently used) amino acids in flexible
linkers are serine and glycine. Less preferably, flexible linkers may also include alanine, threonine and proline.
Thus, an intervening linker of the structure-stabilizing moiety is preferably flexible in conformation to ensure
relaxed (unhindered) association of FHRR and SHRR as two-helix bundle that suitably adopts an a-helical coiled
coil structure. Suitable linkers for use in the polypeptides envisaged herein will be clear to the skilled person, and
may generally be any linker used in the art to link amino acid sequences, as long as the linkers are structurally
flexible, in the sense that they permit, and suitably do not impair, assembly of the characteristic two-helix bundle

structure of the structure-stabilizing moiety.
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The skilled person will be able to determine the optimal linkers, optionally after performing a limited number of
routine experiments. The intervening linker is suitably an amino acid sequence generally consisting of at least 1
amino acid residue and usually consisting of at least 2 amino acid residues, with a non-critical upper limit chosen
for reasons of convenience being about 100 amino acid residues. In particular embodiments, the linker consists
of about 1 to about 50 amino acid residues, or about 50 to about 100 amino acid residues, usually about 1 to
about 40 amino acid residues, typically about 1 to about 30 amino acid residues. In non-limiting examples, the
linker has about the same number of amino acids as the number of amino acids connecting complementary FHRR
and SHHR regions of a Class | enveloped virus fusion protein. In particular non-limiting embodiments, at least
50% of the amino acid residues of a linker sequence are selected from the group proline, glycine, and serine. In
further non-limiting embodiments, at least 60%, such as at least 70%, such as for example 80% and more
particularly 90% of the amino acid residues of a linker sequence are selected from the group proline, glycine, and
serine. In other particular embodiments, the linker sequences essentially consist of polar amino acid residues; in
such particular embodiments, at least 50%, such as at least 60%, such as for example 70% or 80% and more
particularly 90% or up to 100% of the amino acid residues of a linker sequence are selected from the group
consisting of glycine, serine, threonine, alanine, proline, histidine, asparagine, aspartic acid, glutamine, glutamic
acid, lysine and arginine. In specific embodiments, linker sequences may include [GGSG],GG (SEQ ID NOs: 161-
170), [6GGGS), (SEQ ID NOs: 152-155; 171-176), [GGGGG], (SEQ ID NOs: 160; 177-185), [GGKGGGG], (SEQ ID
NOs: 186-195), [GGGNGGGG], (SEQ ID NOs: 196-205), [GGCGGGG], (SEQ ID NOs: 206-215), wherein n is an

integer from 1 to 10, suitably 1to 5, more suitably 1 to 3.

In preferred embodiments, the FHRR and the SHRR comprised in the structure-stabilizing moiety (SSM) are
connected by a linker. Preferably, the linker comprises or consists of a peptide with an amino acid sequence

identical to SEQ ID NO: 84 or 85, more preferably an amino acid sequence defined by SEQ ID NO: 84.

In addition to the spacing of the heptad repeat regions (i.e., the FHRR and SHRR) of the structure-stabilizing
moiety (SSM), and preferably introducing structural flexibility to facilitate anti-parallel association of those

regions, the linker may comprise one or more ancillary functionalities.

For example, the linker may comprise a purification moiety that facilitates purification of the chimeric
polypeptide and/or at least one immune-modulating moiety that modulates an immune response to the chimeric

polypeptide.

Purification moieties typically comprise a stretch of amino acids that enables recovery of the chimeric
polypeptide through affinity binding. Numerous purification moieties or 'tags' are known in the art, illustrative
examples of which include biotin carboxyl carrier protein-tag (BCCP-tag), Myc-tag (c-myc-tag), Calmodulin-tag,

FLAG-tag, HA-tag, His-tag (Hexahistidine-tag, His6, 6H, 6xHis), Maltose binding protein-tag (MBP-tag), Nus-tag,
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Chitin-binding protein-tag (CBP-tag) Glutathione-S-transferase-tag (GST-tag), Green fluorescent protein-tag
(GFP-tag), Polyglutamate-tag, Amyloid beta-tag, Thioredoxin-tag, S-tag, Softag 1, Softag 3, Strep-tag,
Streptavidin-binding peptide-tag (SBP-tag), biotin-tag, streptavidin-tag and V5-tag.

Immune-modulating moieties can be introduced into the linker to modulate the immune response elicited by
the chimeric polypeptide or complex thereof. Non-limiting examples of such moieties include immune-silencing
or suppressing moieties as described for example above, antigenic moieties, including antigenic moieties derived
from pathogenic organisms, or other disease associated antigenic moieties such as cancer or tumor-associated
antigens. Exemplary pathogenic organisms include, but are not limited to, viruses, bacteria, fungi parasites, algae
and protozoa and amoebae. In specific embodiments, the antigenic moieties are derived from antigens of
pathogenic viruses. lllustrative viruses responsible for diseases include, but are not limited to, measles, mumps,
rubella, poliomyelitis, hepatitis A, B (e.g., GenBank Accession No. E02707), and C (e.g., GenBank Accession No.
E06890), as well as other hepatitis viruses, influenza, adenovirus (e.g., types 4 and 7), rabies (e.g., GenBank
Accession No. M34678), yellow fever, Epstein-Barr virus and other herpesviruses such as papillomavirus, Ebola
virus, influenza virus, Japanese encephalitis (e.g.,, GenBank Accession No. E07883), dengue (e.g., GenBank
Accession No. M24444), hantavirus, Sendai virus, respiratory syncytial virus, orthomyxoviruses, vesicular
stomatitis virus, Visna virus, cytomegalovirus, human immunodeficiency virus (HIV) (e.g., GenBank Accession No.
U18552). Any suitable antigen derived from such viruses are useful in the practice of the present invention. For
example, illustrative retroviral antigens derived from HIV include, but are not limited to, antigens such as gene
products of the gag, pol, and env genes, the Nef protein, reverse transcriptase, and other HIV components.
Illustrative examples of hepatitis viral antigens include, but are not limited to, antigens such as the S, M, and L
proteins of hepatitis B virus, the pre-S antigen of hepatitis B virus, and other hepatitis, e.g., hepatitis A, B, and C.
Illustrative examples of influenza viral antigens include, but are not limited to, antigens such as hemagglutinin
and neuraminidase and other influenza viral components. lllustrative examples of measles viral antigens include,
but are not limited to, antigens such as the measles virus fusion protein and other measles virus components.
Illustrative examples of rubella viral antigens include, but are not limited to, antigens such as proteins E1 and E2
and other rubella virus components; rotaviral antigens such as VP7sc and other rotaviral components. lllustrative
examples of cytomegaloviral antigens include, but are not limited to, antigens such as envelope glycoprotein B
and other cytomegaloviral antigen components. Non-limiting examples of respiratory syncytial viral antigens
include antigens such as the RSV fusion protein, the M2 protein and other respiratory syncytial viral antigen
components. lllustrative examples of herpes simplex viral antigens include, but are not limited to, antigens such
as immediate early proteins, glycoprotein D, and other herpes simplex viral antigen components. Non-limiting
examples of varicella zoster viral antigens include antigens such as 9PI, gpll, and other varicella zoster viral
antigen components. Non-limiting examples of Japanese encephalitis viral antigens include antigens such as

proteins E, M-E, M-E-NS 1, NS 1, NS 1-NS2A, 80% E, and other Japanese encephalitis viral antigen components.

Representative examples of rabies viral antigens include, but are not limited to, antigens such as rabies
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glycoprotein, rabies nucleoprotein and other rabies viral antigen components. lllustrative examples of
papillomavirus antigens include, but are not limited to, the LI and L2 capsid proteins as well as the E6/E7 antigens
associated with cervical cancers, See Fundamental Virology, Second Edition, eds. Fields, B. N. and Knipe, D. M.,
1991, Raven Press, New York, for additional examples of viral antigens. In particular embodiments, the viral
antigen is an antigen of an enveloped virus to which the ectodomain polypeptide corresponds. In other
embodiments, the viral antigen is an antigen of a different enveloped virus to which the ectodomain polypeptide

corresponds.

In some embodiments, one or more cancer- or tumor-associated antigens are inserted into the linker. Such
antigens include, but are not limited to, MAGE-2, MAGE-3, MUC-1, MUC-2, HER-2, high molecular weight
melanoma-associated antigen MAA, GD2, carcinoembryonic antigen (CEA), TAG-72, ovarian-associated antigens
OV-TL3 and MQV 18, TUAN, alpha-feto protein (AFP), OFP, CA-125, CA-50, CA-19-9, renal tumor-associated
antigen G250, EGP-40 (also known as EpCAM), S100 (malignant melanoma-associated antigen), p53, prostate
tumor-associated antigens (e.g., PSA and PSMA), p21ras, Her2/neu, EGFR, EpCAM, VEGFR, FGFR, MUC-I, CA 125,
CEA, MAGE, CD20, CD189, CD40, CD33, A3, antigen specific to A33 antibodies, BrE3 antigen, CD1, CD1a, CDS, CDS,
CD14, CD15, CD16, CD21, CD22, CD23, CD30, CD33, CD37, CD38, CD40, CD45, CD46, CD52, CD54, CD74, CD79a,
CD126, CD138, CD154, B7, la, li, HMI.24, HLA-DR (e.g., HLA-DR10), NCA95, NCA90, HCG and sub-units, CEA
(CEACAMS), CEACAM-6, CSAp, EGP-I, EGP-2, Ba 733, KC4 antigen, KS-I antigen, KS1-4, Le-Y, MUC2, MUC3, MUC4,
PIGF, ED-B fibronectin, NCA 66a-d, PAM-4 antigen, PSA, PSMA, RSS, SIOO, TAG-72, TO, TAG TRAIL-RI, TRAIL-R2,

p53, tenascin, insulin growth factor-1 (IGF-I), Tn antigen etc.

The antigenic moiety or moieties included in the linker may correspond to full-length antigens or part antigens.
When part antigens are employed, the part antigens may comprise one or more epitopes of an antigen of
interest, including B cell epitopes and/or T cell epitopes (e.g., cytotoxic T lymphocyte (CTL) epitopes and/or T
helper (Th) epitopes). Epitopes of numerous antigens are known in the literature or can be determined using
routine technigues known to persons of skill in the art. In other embodiments the linker may include another cell
targeting moiety which can provide delivery to a specific cell type within the immunized individual. Cell
populations of interest include, but are not limited to, B-cells, Microfold cells and antigen-presenting cells (APC).
In the later example the targeting moiety facilitates enhanced recognition of the chimeric polypeptide or complex
thereof to an APC such as a dendritic cell or macrophage. Such targeting sequences can enhance APC
presentation of epitopes of an associated ectodomain polypeptide, which can in turn augment the resultant
immune response, including intensification or broadening the specificity of either or both of antibody and cellular
immune responses to the ectodomain polypeptide. Non-limiting examples of APC-targeting moieties include
ligands that bind to APC surface receptors such as, but not limited to, mannose-specific lectin {mannose
receptor), IgG Fc receptors, DC-SIGN, BDCA3 (CD141), 33D1, SIGLEC-H, DCIR, CD11c, heat shock protein receptors
and scavenger receptors. In particular embodiments, the APC-targeting moiety is a dendritic cell targeting

moiety, which comprises, consists or consists essentially of the sequence FYPSYHSTPQRP (Uriel et al., ). Immunol.
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2004 172: 7425-7431) or NWYLPWLGTNDW (Sioud et al., FASEB J 2013 27(8): 3272-83).

2.1.3  Particularly preferred structure-stabilizing moieties (SSMs)

Two structure-stabilizing moieties were selected by the inventors as lead constructs, and designated “Clamp2”

and “Clamp2s”:

e Clamp2 (alternatively designated herein “CD11-QS”) is defined by SEQ ID NO: 265:

LANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRD
ARRI [SEQ ID NO: 265]

e Clamp2s (alternatively designated herein as “CD11_145T8-QS _CT5”, which corresponds to a silenced
variant of Clamp2) is defined by SEQ ID NO: 266:

LANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQR
DARRI [SEQ ID NO: 266]

2.1.4 Membrane tethering

In may be advantageous, in certain embodiments, to provide a chimeric polypeptide, or a complex thereof, which

is tethered to the cell surface, such as the cell surface of a cell expressing the chimeric polypeptide.

For example, in the chimeric polypeptides according to the first aspect of the invention, which are intended for
being employed as a vaccine, membrane tethering to the cell surface (e.g., of a host cell, which upon vaccination
with an mRNA, viral vector or other nucleic acid encoding the chimeric polypeptide expresses the chimeric
polypeptide) will allow displaying the chimeric polypeptide (or at least the antigen portion thereof, i.e., the
microbial polypeptide, preferably an enveloped virus fusion ectodomain polypeptide or a bacterial outer

membrane polypeptide (e.g., a TAA polypeptide) onto the cell surface.

Without wishing to be bound by any theory, it is thought that a corresponding setup can be advantageous in
terms of providing an enhanced stimulation of the immune response and thus for eliciting a more potent,
persistent broadly neutralizing antibody response. This is because the cells and/or cell-derived organelles
expressing and consequently displaying high concentration and/or high density of chimeric polypeptide may help
to recruit and activate naive and memory B cells and thereby enhance the stimulation of a potent B-cell mediated
neutralizing antibody response. Moreover, an interaction with B cells may additionally be amplified through

avidity effects resulting from the display of multiple chimeric polypeptides, or multiple complexes thereof, on
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the cell surface. An efficient formation of neutralizing antibodies by B cells also requires helper functions by T
cells (in particular, CD4 T cells). Whereas an induction of a B cell response requires a direct interaction with the
antigen, CDA T cells are stimulated by peptides derived from the same antigen in complex with MHCII molecules.
It is hence presumed that tethering of the chimeric polypeptide, or its complexes, to the surface of cells and/or
cell-derived organelles can indirectly lead to higher epitope presentation through MHCII which might also help
to recruit CD4 T cells and thereby additionally enhance the immune response and formation of potent

neutralizing antibodies.

Two general kinds of embodiments of membrane-tethered constructs particularly contemplated herein include:
(i) embodiments, wherein the SSM additionally comprises a membrane-tethering polypeptide; and
(ii) embodiments, wherein the chimeric polypeptide additionally comprises a transmembrane (TM) domain

upstream of (i.e., N-terminal to) the SSM.

Representative embodiments relating to (i) and (ii) are set out in sections 2.1.4.1 and 2.1.3.2, respectively,

following hereafter.

2.1.4.1 Membrane tethering (poly)peptide

In particularly preferred embodiments, the chimeric polypeptide of the invention additionally comprises a
“membrane tethering (poly)peptide”. As used herein, the term “membrane tethering (poly)peptide”,

»oou o

“membrane anchoring (poly)peptide”, “membrane tether” or “membrane anchor”, “membrane localisation
(poly)peptide”, “membrane targeting (poly)peptide”, or further equivalents thereof refers to a (poly)peptide
sequence that can act as an anchor, tethering the chimeric polypeptide of the invention to the extracellular
surface of the cell membrane (e.g., a lipid bilayer of a cell membrane). In its broadest sense, the term “membrane
tethering (poly)peptide” or its herein referred equivalents encompasses such (poly)peptides which capacity to
at least partially insert into a membrane (such as the lipid bilayer of a cell or of a (nano)lipid particle) is due to
the intrinsic nature and physicochemical properties of the specific amino acid residues comprised therein (e.g.,
amino acids having sidechains characterized by having high intrinsic hydrophobicity, such as, in particular,
tryptophan, phenylalanine, tyrosine, isoleucine, leucine, and valine). However, the term also embraces such
(poly)peptides, where this capacity is conferred through the presence of certain chemical or posttranslational
modifications of one or more of the amino acid residues comprised. For example, one or more amino acids may
carry covalently attached lipids/fatty acids. Such an amino acid may, for example, but without intention to be

limiting, be myristoylated, palmitoylated or prenylated.

In general, a membrane-tethering (poly)peptide may be suitably included at any position within the chimeric

polypeptide as long as its presence does not, or at least substantially not, negatively interfere with the folding of

the remaining portions of the chimeric polypeptide and/or sterically impart its capacity to trimerize. Moreover,
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the skilled person will understand that, in such instances where the chimeric polypeptide includes a microbial
polypeptide (preferably an enveloped virus fusion ectodomain polypeptide or a bacterial outer membrane
polypeptide (e.g., a TAA polypeptide)), a membrane-tethering (poly)peptide should only be included into the
chimeric polypeptide at a position where its presence does not, or at least substantially not, sterically interfere
with the surface accessibility of the microbial polypeptide (preferably the enveloped virus fusion ectodomain
polypeptide or the bacterial outer membrane polypeptide (e.g., the TAA polypeptide)) in order to not negatively

interfere with the immunogenic capacity of these antigenic portions.

As shown in the herein disclosed experimental evidence (see, e.g., Example 21), the present inventors found that
constructs having a membrane tethering (poly)peptide inserted as a linker between the FHRR and the SHRR of
the SSM were particularly effective for tethering the chimeric polypeptide or complexes thereof to the surface
of cells expressing the chimeric polypeptide. Corresponding constructs are presumed to result in a structural
arrangement as illustrated in Figure 41B, wherein the SSM is oriented proximal to the cell membrane and the
portion of the chimeric polypeptide which is upstream of the SSM (such as the enveloped virus fusion ectodomain
polypeptide or the bacterial outer membrane polypeptide (e.g., a TAA polypeptide)) is displayed distal to the cell

surface protruding away from it.

Thus, in preferred embodiments of those embodiments where the FHRR and the SHRR comprised in the SSM are

connected by a linker, the linker comprises or consists of a membrane tethering (poly)peptide.

For being particularly suitable for constructs according to the latter embodiment, a membrane tethering
(poly)peptide should be of a length and structural conformation that is compatible with the structural
arrangement of the FHRR and the SSHR in the SSM. More specifically, the membrane tethering (poly)peptide
should be of sufficient length to allow its stable insertion into the cell membrane, while its N- and C-termini
should be spatially oriented/separated in a way that matches the C- and N-termini, respectively, of the FHRR and
the SHRR of the SSM. It may, in addition, be beneficial in terms of providing a further stabilization and/or
rigidification, if the membrane tethering (poly)peptide, or at least a substantial portion thereof, is itself capable

to trimerize.

In preferred embodiments, the membrane-tethering polypeptide:

(i) comprises or consists of between, with increasing preference, 10 and 50, 15 and 40, 16 and 30, 18 and 28, 20
and 26, 22 and 24, most preferably 23 amino acid residues; and/or

(ii) comprises at least, with increasing preference, 1, 2,3,4,5,6, 7, 8,9, 10, 11, 12, 13, 14, 15 or more amino

acid residues selected from tryptophan, phenylalanine, tyrosine, isoleucine, leucine, and/or valine.

In the herein disclosed examples, a panel of eight different membrane tethering (poly)peptides (as defined by

SEQ ID NO: 236-243, respectively) has been developed of which each was subsequently found to be effective for
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tethering the chimeric polypeptide to the exterior surface of the cell membrane (see Example 21 and Figures 41B
and 42). Thus, in particularly preferred embodiments, the membrane tethering (poly)peptide comprises or
consists of an amino acid sequence having at least 60% (or, with increasing preference, at least 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%)

sequence identity to one of the amino acid sequences set forth in SEQ ID NOs: 236-243.

In the specific constructs as defined by SEQ ID NOs: 225-232 and employed in Example 21, a membrane tethering
(poly)peptide was included into the linker region which interconnects the FHRR and the SHRR of the SSM.
Accordingly, in these constructs, the included membrane tethering (poly)peptides as defined by SEQ ID NO: 236-
243, respectively, were N- and C-terminally flanked by two (GG) and three (SGG) amino acids, respectively, which
originated from the insertion into the original linker sequence GGSGG (as defined by SEQ ID NO: 84). Without
wishing to be bound by any theory, it is presumed that the inclusion of one or more amino acids, such as glycine
or serine (or other small amino acid residues), as flanking portions will be helpful to separate the membrane
tethering (poly)peptide from the remaining portions of the chimeric polypeptide so that the former can insert

into the cell membrane whereas the latter will be surface displayed, thus allowing an ideal antigen presentation.

Thus, in preferred embodiments, the membrane tethering (poly)peptide comprises or consists of an amino acid
sequence having at least 60% (or, with increasing preference, at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to any one of
the amino acid sequences set forth in SEQ ID NOs: 244-251.

Whereas each of the eight membrane tethering (poly)peptides tested proved to be effective for tethering the
respective chimeric polypeptide to the cell membrane, the three constructs bearing the membrane tethering
(poly)peptides referred to herein as “alpha”, “gamma” or “epsilon” (as defined by SEQ ID NOs: 236, 238 and 240,
respectively) resulted in the highest levels of surface-bound chimeric polypeptides (as assessed by flow

cytometry using an antigen specific monoclonal antibody; see Figure 43B).

Thus, in preferred embodiments, the membrane tethering (poly)peptide comprises or consists of an amino acid
sequence having at least 60% (or, with increasing preference, at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to:

(a) any one of the amino acid sequences set forth in SEQ ID NOs: 236, 238 and 240; or

(b) any one of the amino acid sequences set forth in SEQ ID NOs: 244, 246 and 248.

A further analysis of the exemplified panel of constructs revealed that the inclusion of the membrane tethering
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(poly)peptide designated herein as “gamma” (as defined by SEQ ID NO: 238) was also most effective in terms of
stabilizing the viral fusion protein (RSV F) in the pre-fusion conformation. Thus, in even more preferred
embodiments, the membrane tethering (poly)peptide comprises or consists of an amino acid sequence having
at least 60% (or, with increasing preference, at least 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to SEQ ID NO: 238 or SEQ ID
NOs: 246. In alternative, yet less preferred embodiments, however, a membrane tethering (poly)peptide may be
comprised in the C-terminal portion of the chimeric polypeptide, i.e., C-terminal to the SHRR of the SSM. For
example, in an exemplary embodiment of the latter embodiment, the chimeric polypeptide may comprise,

C-terminal to the SHRR of the SSM, a (poly)peptide which comprises a glycosylphosphatidylinositol(GPl)-anchor.

2.1.4.2 Membrane tethering by inclusion of a transmembrane region upstream of the SSM

In alternative embodiments, membrane tethering of the chimeric polypeptide of the invention may be
established through inclusion of a transmembrane (poly)peptide upstream of (i.e., N-terminal to) the SSM.
Corresponding constructs are presumed to give rise to a structural arrangement as illustrated in Figure 41C,
wherein the SSM is oriented at the interior (i.e., the cytoplasmic side) of the cell membrane and the portion of
the chimeric polypeptide which is upstream of (i.e., N-terminal to) the SSM, such as the enveloped virus fusion
protein ectodomain polypeptide or the TAA polypeptide, is displayed extracellularly, i.e., on the cell surface and

protruding away from it.

The term “transmembrane (poly)peptide” or “transmembrane domain”, as used herein, refers in its broadest
sense to any (poly)peptide which can span (i.e., traverse) the lipid bilayer of a cell membrane and thus function
to link the extracellular and intracellular portions of a polypeptide chain. This may be a single alpha helix, a
transmembrane beta barrel, a beta-helix or any other structure. Typically, the transmembrane domain denotes

a single transmembrane alpha helix of a transmembrane protein, also known as an integral protein.

For example, in related embodiments, where the chimeric polypeptide comprises a microbial polypeptide (e.g.,
an enveloped virus fusion ectodomain polypeptide or a bacterial surface polypeptide (e.g., a bacterial outer
membrane polypeptide)), the chimeric polypeptide may additionally comprise a transmembrane (poly)peptide
C-terminal of the microbial polypeptide (e.g., the enveloped virus fusion ectodomain polypeptide or the bacterial
surface polypeptide) and N-terminal of the SSM. In particularly preferred embodiments of the latter
embodiments, the transmembrane (poly)peptide is comprised in the chimeric polypeptide immediately
C-terminal of the microbial polypeptide (e.g., C-terminal of the enveloped virus fusion ectodomain polypeptide
or of the bacterial surface polypeptide) and N-terminal of the SSM. In even more preferred embodiments, if
applicable, the transmembrane (poly)peptide corresponds, or substantially corresponds, to the transmembrane

(poly)peptide which is naturally comprised in the microbial polypeptide (e.g., the enveloped virus fusion
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polypeptide).

In preferred embodiments of the chimeric polypeptide of the first or second aspect of the invention, the chimeric
polypeptide further comprises a hinge region which operably connects the microbial polypeptide (preferably the
enveloped virus fusion ectodomain polypeptide or the bacterial outer membrane polypeptide) with the
structure-stabilizing moiety (SSM). Thus, in particularly preferred embodiments of the latter embodiments,
where an inclusion of a transmembrane (poly)peptide into the chimeric polypeptide is envisaged, the hinge

region may comprise, further comprise, or consist of a transmembrane (poly)peptide.

Moreover, in such instances where the chimeric polypeptide comprises an enveloped virus fusion ectodomain
polypeptide, the transmembrane (poly)peptide preferably corresponds to the transmembrane (poly)peptide
which is naturally comprised in the enveloped virus fusion polypeptide. In any of the latter embodiments, the
transmembrane (poly)peptide may be operably connected with the SSM through a peptide consisting of 3to 5

amino acid residues selected independently from serine and glycine.

As demonstrated in the herein disclosed examples, such a construct (referred to in Example 21 as “mVL22-TM-
CD11” and as defined by SEQ ID NO: 233) has been generated as a ‘proof-of-concept’ and was shown to express
at high yields and to be capable of stabilizing the enveloped virus fusion protein ectodomain in the pre-fusion
conformation. Thus, in particularly preferred embodiments of the chimeric polypeptide according to the first
aspect of the invention, where the ectodomain polypeptide corresponds to, or is a variant of, an ectodomain of
a fusion protein from a respiratory syncytial virus (RSV), the chimeric polypeptide further comprises a hinge
region which operably connects the ectodomain polypeptide with the SSM, and the hinge region comprises a
transmembrane (poly)peptide corresponding to the amino acid residues 486 to 512 of SEQ ID NO: 233. In even
more preferred embodiments, the hinge region comprises, or consists of, a transmembrane (poly)peptide

corresponding to the amino acid residues 486 to 514 of SEQ ID NO: 233.

2.2 Microbial polypeptide

In accordance with the most general embodiment of the first aspect of the invention, the chimeric polypeptide
comprises a microbial polypeptide operably connected downstream to a heterologous, structure-stabilizing

moiety (SSM).

The term “microbial polypeptide”, as used herein, refers broadly to a polypeptide which corresponds to, or
substantially corresponds to a polypeptide of (or derived from) a microorganism, wherein the microorganism is

preferably one selected from the group consisting of bacteria, archaea, protists, fungi, and viruses.

In particularly preferred embodiments, the microorganism is a pathogenic microorganism (i.e., the

microorganism is a pathogen of a mammal, preferably a human pathogen); preferably one selected from the

group consisting of bacteria and viruses.
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In view of the capacity of the herein disclosed structure-stabilizing moiety (SSM) to trimerize and, thus, when
being employed as a fusion partner for other polypeptides to also present these in a trimeric conformation, it is
thought that the herein disclosed technology will be particularly suitable for effecting a stabilization of such
polypeptides which also naturally exist as a trimer. Thus, in preferred embodiments, the microbial polypeptide

(or any more specific form thereof, as defined hereafter) is a polypeptide which is capable to trimerize.

Whereas preferably the chimeric polypeptide of the invention is a single polypeptide chain, wherein the structure
stabilizing moiety (SSM) is C-terminal of (downstream to) the microbial polypeptide, the present disclosure also
contemplates as an alternative arrangement that the structure-stabilizing moiety (SSM) is N-terminal of
(upstream to) the microbial polypeptide. In both instances, the structure-stabilizing moiety (SSM) and the

microbial polypeptide may be connected by a hinge as defined herein.

In other or even more preferred embodiments, the microbial polypeptide is a viral surface polypeptide or a

bacterial surface polypeptide.

In even more preferred embodiments, (i) the viral surface polypeptide is an enveloped virus fusion ectodomain

polypeptide; or (ii) the bacterial surface polypeptide is a bacterial outer membrane polypeptide.
Where reference is made to a “variant” of a microbial polypeptide (including any of the specific microbial
polypeptides described herein), this preferably refers to a polypeptide having at least 70% or, with increasing

preference, at least 80%, 85%, 90%, 95%, or 98% sequence identity to the corresponding microbial polypeptide.

2.2.1 Enveloped virus fusion proteins and ectodomain polypeptides

In some embodiments, the enveloped virus fusion ectodomain polypeptide corresponds to, or is a variant of: (i)
a Class | enveloped virus fusion protein ectodomain; wherein preferably said ectodomain is from a virus selected
from orthomyxoviruses, paramyxoviruses, orthopneumoviruses, metapneumoviruses, retroviruses,
coronaviruses, filoviruses and arenaviruses; or (ii) a Class lll enveloped virus fusion protein ectodomain; or

wherein preferably said ectodomain is from a virus selected from rhabdoviruses and herpesviruses.

In preferred embodiments of the latter embodiments, the enveloped virus fusion ectodomain polypeptide
corresponds to, or is a variant of, an ectodomain of a fusion protein from: (i) a respiratory syncytial virus (RSV);
(ii) a metapneumovirus; (iiij) a coronavirus, preferably a betacoronavirus, more preferably a severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) or a Middle East respiratory syndrome-related coronavirus
(MERS-CoV); (iv) a henipavirus, preferably a Hendra virus (HeV) or Nipah virus (NiV); (v} an influenza virus,
preferably influenza A or influenza B; (vi) a parainfluenza virus (PIV), preferably a human parainfluenza virus
(HPIV); (vii) an arena virus, preferably Lassa Fever virus; or (viii) a retrovirus, preferably human T-lymphotropic

virus-1 (HTLV-1).
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In some embodiments, the chimeric polypeptide further comprises a hinge region which operably connects the
microbial polypeptide (preferably the bacterial or viral surface polypeptide, more preferably the enveloped virus
fusion ectodomain polypeptide or the bacterial outer membrane polypeptide (e.g., the TAA polypeptide)) with
the structure stabilizing moiety; wherein preferably the hinge region comprises or consists of (i) a (poly)peptide
consisting of 3 to 5 amino acid residues selected independently from serine and glycine; (ii) serine and glycine

residues; (iii) GGSG (SEQ ID NO: 149); (iv) GSG; or (v) G.

Whereas most preferably the chimeric polypeptide of the invention is a single polypeptide chain, wherein the
structure stabilizing moiety (SSM) is C-terminal of (downstream to) the enveloped virus fusion ectodomain
polypeptide, the present disclosure also contemplates as an alternative arrangement that the structure-
stabilizing moiety is N-terminal of (upstream to) the enveloped virus fusion protein ectodomain. In both
instances, the structure-stabilizing moiety and the enveloped virus fusion protein ectodomain may be connected

by a hinge as defined herein.

Non-limiting examples of an enveloped virus fusion ectodomain polypeptide are presented in the following:

2.2.1.1 Inf AHA

Non-limiting examples of Inf A HA ectodomain polypeptides include:

Ectodomain 1—529:

MKTIIAFSCILCLIFAQKLPGSDNSMATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGRICNSPHQILDGKNCTLIDALLG
DPHCDDFQNKEWDLFVERSTAYSNCYPYYVPDYATLRSLVASSGNLEFTQESFNWTGVAQDGSSYACRRGSVNSFFSRLNWLY
NLNYKYPEQNVTMPNNDKFDKLYIWGVHHPGTDKDQTNLYVQASGRVIVSTKRSQQTVIPNIGSRPWVRGVSSIISIYWTIVKP
GDILLINSTGNLIAPRGYFKIQSGKSSIMRSDAHIDECNSECITPNGSIPNDKPFQNVNKITYGACPRYVKQNTLKLATGMRNVPE
KQTRGIFGAIAGFIENGWEGMVDGWYGFRHQNSEGTGQAADLKSTQAAINQITGKLNRVIKKTNEKFHQIEKEFSEVEGRIQD
LEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMSKLFERTRRQLRENAEDMGNGCFKIYHKCDNACIGSIRNGTYDHDIYRN
EALNNRFQIKGVQLKSGYKD [SEQ ID NO: 86] (GenPept gbAEC23340.1).

This sequence comprises the following domains/moieties:
SP=1-16

Ectodomain =17 — 529

Furin cleavage sites = 345-346

FP = 346-355

MPER = 470-529

Head region = 51-328, 403-444,

Stem region = 17-58, 327-401, 442-509.
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Ectodomain minus SP 18 — 529:

KLPGSDNSMATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGRICNSPHQILDGKNCTLIDALLGDPHCDDFQNKEWD
LFVERSTAYSNCYPYYVPDYATLRSLVASSGNLEFTQESFNWTGVAQDGSSYACRRGSVNSFFSRLNWLYNLNYKYPEQNVTMP
NNDKFDKLYIWGVHHPGTDKDQTNLYVQASGRVIVSTKRSQQTVIPNIGSRPWVRGVSSIISIYWTIVKPGDILLINSTGNLIAPR
GYFKIQSGKSSIMRSDAHIDECNSECITPNGSIPNDKPFQNVNKITYGACPRYVKQNTLKLATGMRNVPEKQTRGIFGAIAGFIEN
GWEGMVDGWYGFRHQNSEGTGQAADLKSTQAAINQITGKLNRVIKKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYN
AELLVALENQHTIDLTDSEMSKLFERTRRQLRENAEDMGNGCFKIYHKCDNACIGSIRNGTYDHDIYRNEALNNRFQIKGVQLKS
GYKD [SEQ ID NO: 87] (GenPept gbAEC23340.1).

Ectodomain minus SP, minus MPER18 — 469:

KLPGSDNSMATLCLGHHAVPNGTLVKTITDDQIEVTNATELVQSSSTGRICNSPHQILDGKNCTLIDALLGDPHCDDFQNKEWD
LFVERSTAYSNCYPYYVPDYATLRSLVASSGNLEFTQESFNWTGVAQDGSSYACRRGSVNSFFSRLNWLYNLNYKYPEQNVTMP
NNDKFDKLYIWGVHHPGTDKDQTNLYVQASGRVIVSTKRSQQTVIPNIGSRPWVRGVSSIISIYWTIVKPGDILLINSTGNLIAPR
GYFKIQSGKSSIMRSDAHIDECNSECITPNGSIPNDKPFQNVNKITYGACPRYVKQNTLKLATGMRNVPEKQTRGIFGAIAGFIEN
GWEGMVDGWYGFRHQONSEGTGQAADLKSTQAAINQITGKLNRVIKKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYN
AELLVALENQHTIDLTDSEMSKLFERTRR [SEQ ID NO: 88] (GenPept gbAEC23340.1).

Ectodomain 18 — 341, 346 - 529 plus altered furin cleavage sites:

KLPGSDNSMATLCLGHHAVPNGTLVKTITDDQIEVTNATELYVQSSSTGRICNSPHQILDGKNCTLIDALLGDPHCDDFQNKEWD
LFVERSTAYSNCYPYYVPDYATLRSLVASSGNLEFTQESFNWTGVAQDGSSYACRRGSVNSFFSRLNWLYNLNYKYPEQNVTMP
NNDKFDKLYIWGVHHPGTDKDQTNLYVQASGRVIVSTKRSQQTVIPNIGSRPWVRGVSSIISIYWTIVKPGDILLINSTGNLIAPR

GYFKIQSGKSSIMRSDAHIDECNSE CITPNGSIPNDKPFQNVNKITYGACPRYVKQNTLKLATGMRNVPERRRKKRGIFGAIAGF

ENGWEGMVDGWYGFRHQNSEGTGQAADLKSTQAAINQITGKLNRVIKKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWS
YNAELLVALENQHTIDLTDSEMSKLFERTRRQLRENAEDMGNGCFKIYHKCDNACIGSIRNGTYDHDIYRNEALNNRFQIKGVQ

LKSGYKD [SEQ,ID NO: 89] (GenPept gbAEC23340.1).

Stem domain 1-58, 327-401, 442-509 plus linker regions:

MKTIIALSYILCLVFAQKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVTNATELGFGONTLKLATGMRNVPEKQTRGIFGAI
AGFIENGWEGMLDGWYGFRHQONSEGRGQAADLKSTQAAIDQINGMLNRLIGSGGSGELLVALLNQHTIDLTDSEMNKLFEKT
KKQLRENAEDMGNGCFKIYHKCDNACIGSIRNGTYDHDVYRDEALNNRFQIKGVELKSGYKD [SEQ. ID NO: 90] (GenPept
gbAEC23340.1).

Head domain 1-18, 51-328, 403-444 plus linker regions:

MKTIIALSYILCLVFAQKEVTNATELVQNSSTGGICDSPHQILDGENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPYDV
PDYASLRSLVASSGTLEFNNESFNWTGVTQNGTSSACKRGSNNSFFSRLNWLTHSKFKYPALNVTMPNNEEFDKLYIWGVHHP
GTDNDQIFLYAQASGRITVSTKRSQQTVIPNIGSRPRVRNIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSSIMRSDAPI
GKCNSECITPNGSIPNDKPFQNVNRITYGACPRYVKQNGSGGSGKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAEL
L [SEQ.ID NO: 91] (GenPept gbAEC23340.1).
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2.2.1.2 InfBHA

Non-limiting examples of Inf B HA ectodomain polypeptides include:

Ectodomain 1—547:

MKAIIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRP
KCMGNTPSAKVSILHEVKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCPNVANGNGFFNT
MAWVIPKDNNKTAINPVTVEVPYICSEGEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQTEDE
GLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPI
WVKTPLKLANGTKYRPPAKLLKERGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNYLSELE
VKNLQRLSGAMNELHDEILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCFETKHKCNQ,
TCLDRIAAGTFNAGDFSLPTFDSLNITAASLNDDGLDNHT [SEQ,ID NO: 92] (GenPept gbAFH57854.1).

This sequence comprises the following domains/moieties:
SP=1-16

Ectodomain = 17-547

Furin cleavage sites = 361-362

FP =362-382

MPER = 488-547

Head region = 48-344, 418-456

Stem region = 17-47, 345-417, 457-547

Ectodomain minus SP 17-547:

RICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILHE
VKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCPNVANGNGFFNTMAWVIPKDNNKTAIN
PVTVEVPYICSEGEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQTEDEGLKQSGRIVVDYMVQ
KPGKTGTIVYQRGILLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRP
PAKLLKERGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNYLSELEVKNLQRLSGAMNELHD
EILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCFETKHKCNQTCLDRIAAGTFNAGDFS
LPTFDSLNITAASLNDDGLDNHT [SEQ ID NO: 93] (GenPept gbAFH57854.1).

Ectodomain minus SP, minus MPER 17-487:

RICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILHE
VKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCPNVANGNGFFNTMAWVIPKDNNKTAIN
PVTVEVPYICSEGEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQTEDEGLKQSGRIVVDYMVQ,
KPGKTGTIVYQRGILLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRP
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PAKLLKERGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNYLSELEVKNLQRLSGAMNELHD
EILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKML [SEQ,ID NO: 94] (GenPept gbAFH57854.1).

Ectodomain minus SP plus altered furin cleavage sites 17-355, 362-547:

RICTGITSSNSPHVVKTATQGEVNVTGVIPLTTTPTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILHE
VKPATSGCFPIMHDRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCPNVANGNGFFNTMAWVIPKDNNKTAIN
PVTVEVPYICSEGEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQTEDEGLKQSGRIVVDYMVQ,
KPGKTGTIVYQRGILLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRP
PARRRKKRAGFFGAIAGFLEGGWEGMIAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNYLSELEVKNLQRLSGAMNEL
HDEILELDEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCFETKHKCNQTCLDRIAAGTFNAG
DFSLPTFDSLNITAASLNDDGLDNHT [SEQ ID NO: 95] (GenPept gbAFH57854.1).

Stem domain 1-47, 345-417, 457-547 plus linker regions:

MKAIIVLLMVVTSNADRICTGITSSNSPHVVKTATQGEVNVTGVIPLGSGLANGTKYRPPAKLLKERGFFGAIAGFLEGGWEGMI
AGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNYLSGSGGSGIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNG
CFETKHKCNQTCLDRIAAGTFNAGDFSLPTFDSLNITAASLNDDGLDNHT [SEQ ID NO: 96] (GenPept gbAFH57854.1).

Head domain 1-17, 48-344, 418-456 plus linker regions:

MKAIIVLLMVVTSNADRTTTPTKSHFANLKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNTPSAKVSILHEVKPATSGCFPIMH
DRTKIRQLPNLLRGYENIRLSTSNVINTETAPGGPYKVGTSGSCPNVANGNGFFNTMAWVIPKDNNKTAINPVTVEVPYICSEGE
DQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFPNQTEDEGLKQSGRIVVDYMVQKPGKTGTIVYQRGI
LLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVKTPLKGSGGSGELEVKNLOQRLSGAMN
ELHDEILELDEKVDDLRADTISSQ [SEQ ID NO: 97] (GenPept gbAFH57854.1).

2.2.1.3 RSVF

Non-limiting examples of RSV F ectodomain polypeptides include:
Ectodomain 1 - 524:

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTQATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST

NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG

SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCEIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGK
STTN [SEQ ID NO: 98] (GenPept gbAHL84194.1).

This sequence comprises the following domains/moieties:

SP=1-23
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Ectodomain = 24-524
Furin cleavage sites = 109-110, 136-137
FP=137-163

D25 interaction domain = 61-97, 193-240

Ectodomain of RSV F (1-520):

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTQATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST

NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG

SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCEIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGK
[SEQ ID NO: 99].

Ectodomain minus SP 24-524:

SGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTQATNNRARR
ELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLK
NYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQ
QSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDT
MNSLTLPSEVNLCNVDIFNPKYDCEIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNT
LYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGKSTTN [SEQ D NO: 100]
(GenPept gbAHL84194.1).

Ectodomain minus SP plus altered furin cleavage sites 24-524.:

SGQONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNAVTELQLLMQSTQATNNNAN
NELPRFMNYTLNNAKKTNVTLSNNNNNNFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVL
DLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQI
VRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRV
FCDTMNSLTLPSEVNLCNVDIFNPKYDCEIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSV
GNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGKSTTN [SEQ ID NO: 101]
(GenPept gbAHL84194.1).

D25 interaction domain 61-97, 193-240 plus linker regions:

LSNIKKNKCNGTDAKVKLIKQELDKYKNAVTELQLLM GGLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSYN
[SEQ ID NO: 102] (GenPept gbAHL84194.1).
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2.2.1.4 hMPVF

An illustrative hMPV F precursor has the following amino acid sequence:

MSWKVVIIFSLLITPQHGLKESYLEESCSTITEGYLSVLRTGWYTNVFTLEVGDVENLTCADGPSLIKTELDLTKSALRELRTVSADQ
LAREEQIENPRQSRFVLGAIALGVATAAAVTAGVAIAKTIRLESEVTAIKNALKKTNEAVSTLGNGVRVLATAVRELKDFVSKNLTR
AINKNKCDIADLKMAVSFSQFNRRFLNVVRQFSDNAGITPAISLDLMTDAELARAVSNMPTSAGQIKLMLENRAMVRRKGFGI
LIGVYGSSVIYMVQLPIFGVIDTPCWIVKAAPSCSEKKGNYACLLREDQGWYCQNAGSTVYYPNEKDCETRGDHVFCDTAAGIN
VAEQSKECNINISTTNYPCKVSTGRHPISMVALSPLGALVACYKGVSCSIGSNRVGIIKQLNKGCSYITNQDADTVTIDNTVYQLSK
VEGEQHVIKGRPVSSSFDPVKFPEDQFNVALDQVFESIENSQALVDQSNRILSSAEKGNTGFIIVIILIAVLGSTMILVSVFIIKKTKK
PTGAPPELSGVTNNGFIPHN [SEQ ID NO: 103] (GenPept gbAAN52913.1).

This sequence comprises the following domains/moieties:
SP=1-19

Ectodomain = 1-490

Furin cleavage sites = 102-103

FP = 103-125

FHRR = 126-169

SHRR = 456-490

TM = 491-514

C =515-539

Non-limiting examples of hMPV F ectodomain polypeptides include:

Ectodomain 1 —490:

MSWKVVIIFSLLITPQHGLKESYLEESCSTITEGYLSVLRTGWYTNVFTLEVGDVENLTCADGPSLIKTELDLTKSALRELRTVSADQ,
LAREEQIENPRQSRFVLGAIALGVATAAAVTAGVAIAKTIRLESEVTAIKNALKKTNEAVSTLGNGVRVLATAVRELKDFVSKNLTR
AINKNKCDIADLKMAVSFSQFNRRFLNVVRQFSDNAGITPAISLDLMTDAELARAVSNMPTSAGQIKLMLENRAMVRRKGFGI
LIGVYGSSVIYMVQLPIFGVIDTPCWIVKAAPSCSEKKGNYACLLREDQGWYCQNAGSTVYYPNEKDCETRGDHVFCDTAAGIN
VAEQSKECNINISTTNYPCKVSTGRHPISMVALSPLGALVACYKGVSCSIGSNRVGIIKQLNKGCSYITNQDADTVTIDNTVYQLSK
VEGEQHVIKGRPVSSSFDPVKFPEDQFNVALDQVFESIENSQALVDQSNRILSSAEKGNTG [SEQ ID NO: 104] (GenPept
gbAANS52913.1).

Ectodomain minus SP 20-490:

KESYLEESCSTITEGYLSVLRTGWYTNVFTLEVGDVENLTCADGPSLIKTELDLTKSALRELRTVSADQLAREEQIENPRQSRFVLGA
IALGVATAAAVTAGVAIAKTIRLESEVTAIKNALKKTNEAVSTLGNGVRVLATAVRELKDFVSKNLTRAINKNKCDIADLKMAVSF
SQFNRRFLNVVRQFSDNAGITPAISLDLMTDAELARAVSNMPTSAGQIKLMLENRAMVRRKGFGILIGVYGSSVIYMVQLPIFG
VIDTPCWIVKAAPSCSEKKGNYACLLREDQGWYCQNAGSTVYYPNEKDCETRGDHVFCDTAAGINVAEQSKECNINISTTNYPC
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KVSTGRHPISMVALSPLGALVACYKGVSCSIGSNRVGIIKQLNKGCSYITNQDADTVTIDNTVYQLSKVEGEQHVIKGRPVSSSFD
PVKFPEDQFNVALDQVFESIENSQALVDQSNRILSSAEKGNTG [SEQ ID NO:105] (GenPept gbAAN52913.1).

Ectodomain minus SP plus altered furin cleavage sites 20-490:

KESYLEESCSTITEGYLSVLRTGWYTNVFTLEVGDVENLTCADGPSLIKTELDLTKSALRELRTVSADQLAREEQIENPNQSNFVLG

AIALGVATAAAVTAGVAIAKTIRLESEVTAIKNALKKTNEAVSTLGNGVRVLATAVRELKDFVSKNLTRAINKNKCDIADLKMAVS
FSQFNRRFLNVVRQFSDNAGITPAISLDLMTDAELARAVSNMPTSAGQIKLMLENRAMVRRKGFGILIGVYGSSVIYMVQLPIF

GVIDTPCWIVKAAPSCSEKKGNYACLLREDQGWYCQNAGSTVYYPNEKDCETRGDHVFCDTAAGINVAEQSKECNINISTTNYP
CKVSTGRHPISMVALSPLGALVACYKGVSCSIGSNRVGIIKQLNKGCSYITNQDADTVTIDNTVYQLSKVEGEQHVIKGRPVSSSF

DPVKFPEDQFNVALDQVFESIENSQALVDQSNRILSSAEKGNTG [SEQ ID NO: 106] (GenPept gbAAN52913.1).

2.2.1.5 PIVF

Non-limiting examples of PIV F ectodomain polypeptides include:

Ectodomain 1—493:

MPTSILLITTMIMASFCQIDITKLQHVGVLVNSPKGMKISQNFETRY LILSLIPKIEDSNSCGDQQIKQYKRLLDRLIIPLYDGLRLQK
DVIVSNQESNENTDPRTKRFFGGVIGTIALGVATSAQITAAVALVEAKQARSDIEKLKEAIRDTNKAVQSVQSSIGNLIVAIKSVQD
YVNKEIVPSIARLGCEAAGLQLGIALTQHYSELTNIFGDNIGSLQEKGIKLQGIASLYRTNITEIFTTSTVDKYDIYDLLFTESIKVRVID
VDLNDYSITLQVRLPLLTRLLNTQIYKVDSISYNIQNREWYIPLPSHIMTKGAFLGGADVKECIEAFSSYICPSDPGFVLNHEMESCL
SGNISQCPRTVVTSDIVPRYAFVNGGVVANCITTTCTCNGIGNRINQPPDQGVKITHKECNTIGINGMLFNTNKEGTLAFYTPN
DITLNNSVALDPIDISIELNKAKSDLEESKEWIRRSNQKLDSIGNWHQSSTT [SEQ ID NO: 107] (GenPept gbAAB21447.1).

This sequence comprises the following domains/moieties:
SP=1-19

Ectodomain =1-493

Furin cleavage sites = 109-110

FP=110-135

Ectodomain minus SP 20-493:

IDITKLQHVGVLVNSPKGMKISQNFETRYLILSLIPKIEDSNSCGDQQIKQYKRLLDRLIPLYDGLRLQKDVIVSNQESNENTDPRT
KRFFGGVIGTIALGVATSAQITAAVALVEAKQARSDIEKLKEAIRDTNKAVQSVQSSIGNLIVAIKSVOQDYVNKEIVPSIARLGCEAA
GLQLGIALTQHYSELTNIFGDNIGSLQEKGIKLQGIASLYRTNITEIFTTSTVDKYDIYDLLFTESIKVRVIDVDLNDYSITLQVRLPLLT
RLLNTQIYKVDSISYNIQNREWYIPLPSHIMTKGAFLGGADVKECIEAFSSYICPSDPGFVLNHEMESCLSGNISQCPRTVVTSDIV
PRYAFVNGGVVANCITTTCTCNGIGNRINQPPDQGVKITHKECNTIGINGMLFNTNKEGTLAFYTPNDITLNNSVALDPIDISIEL
NKAKSDLEESKEWIRRSNQKLDSIGNWHQSSTT [SEQ ID NO: 108] (GenPept gbAAB21447.1).
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Ectodomain minus SP plus altered furin cleavage sites 20-493:

IDITKLQHVGVLVNSPKGMKISQNFETRYLILSLIPKIEDSNSCGDQQIKQYKRLLDRLIIPLYDGLRLQKDVIVSNQESNENTDPNT

KNFFGGVIGTIALGVATSAQITAAVALVEAKQARSDIEKLKEAIRDTNKAVQSVQSSIGNLIVAIKSVQDYVNKEIVPSIARLGCEAA
GLQLGIALTQHYSELTNIFGDNIGSLQEKGIKLQGIASLYRTNITEIFTTSTVDKYDIYDLLFTESIKVRVIDVDLNDYSITLQVRLPLLT

RLLNTQIYKVDSISYNIQNREWYIPLPSHIMTKGAFLGGADVKECIEAFSSYICPSDPGFVLNHEMESCLSGNISQCPRTVVTSDIV

PRYAFVNGGVVANCITTTCTCNGIGNRINQPPDQGVKITHKECNTIGINGMLFNTNKEGTLAFYTPNDITLNNSVALDPIDISIEL
NKAKSDLEESKEWIRRSNQKLDSIGNWHQSSTT [SEQ ID NO: 109] (GenPept gbAAB21447.1).

2.2.1.6 MeVF

Non-limiting examples of MeV F ectodomain polypeptides include:

Ectodomain 1-493:

MGLKVNVSAIFMAVLLTLQTPTG QIHWGNLSKIGVVGIGSASYKVMTRSSHQSLVIKLMPNITLLNNCTRVEIAEYRRLLRTVLEP
IRDALNAMTQNIRPVQSVASSRRHKRFAGVVLAGAALGVATAAQITAGIALHQSMLNSQAIDNLRASLETTNQAIEAIRQAGQE
MILAVQGVQDYINNELIPSMNQLSCDLIGQKLGLKLLRYYTEILSLFGPSLRDPISAEISIQALSYALGGDINKVLEKLGYSGGDLLGI
LESRGIKARITHVDTESYLIVLSIAYPTLSEIKGVIVHRLEGVSYNIGSQEWYTTVPKYVATQGYLISNFDESSCTFMPEGTVCSQNAL
YPMSPLLQECLRGSTKSCARTLVSGSFGNRFILSQGNLIANCASILCKCYTTGTIINQDPDKILTYIAADHCPVVEVNGVTIQVGSRR
YPDAVYLHRIDLGPPILLERLDVGTNLGNAIAKLEDAKELLESSDQILRSMKGLSST ~ [SEQ. ID  NO: 110] (GenPept
dbjBAB60865.1).

This sequence comprises the following domains/moieties:
SP=1-24

Ectodomain = 1-493

Furin cleavage sites = 112-113

FP=113-137

Ectodomain minus SP 25-493:

IHWGNLSKIGVVGIGSASYKVMTRSSHQSLVIKLMPNITLLNNCTRVEIAEYRRLLRTVLEPIRDALNAMTQNIRPVQSVASSRRH
KRFAGVVLAGAALGVATAAQITAGIALHQSMLNSQAIDNLRASLETTNQAIEAIRQAGQEMILAVQGVQDYINNELIPSMNQLS
CDLIGQKLGLKLLRYYTEILSLFGPSLRDPISAEISIQALSYALGGDINKVLEKLGYSGGDLLGILESRGIKARITHVDTESYLIVLSIAYPT
LSEIKGVIVHRLEGVSYNIGSQEWYTTVPKYVATQGYLISNFDESSCTFMPEGTVCSQNALYPMSPLLQECLRGSTKSCARTLVSG
SFGNRFILSQGNLIANCASILCKCYTTGTIINQDPDKILTYIAADHCPVVEVNGVTIQVGSRRYPDAVYLHRIDLGPPILLERLDVGT

NLGNAIAKLEDAKELLESSDQILRSMKGLSST [SEQ ID NO: 111] (GenPept dbjBAB60865.1)

Ectodomain minus SP plus altered furin cleavage sites:

IHWGNLSKIGVVGIGSASYKVMTRSSHQSLVIKLMPNITLLNNCTRVEIAEYRRLLRTVLEPIRDALNAMTQNIRPVQSVASSNNH
KNFAGVVLAGAALGVATAAQITAGIALHOQSMLNSQAIDNLRASLETTNQAIEAIRQAGQEMILAVQGVQDYINNELIPSMNQL
SCDLIGQKLGLKLLRYYTEILSLFGPSLRDPISAEISIQALSYALGGDINKVLEKLGYSGGDLLGILESRGIKARITHVDTESYLIVLSIAYP
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TLSEIKGVIVHRLEGVSYNIGSQEWYTTVPKYVATQGYLISNFDESSCTFMPEGTVCSQNALYPMSPLLQECLRGSTKSCARTLVS
GSFGNRFILSQGNLIANCASILCKCYTTGTIINQDPDKILTYIAADHCPVVEVNGVTIQVGSRRYPDAVYLHRIDLGPPILLERLDVG
TNLGNAIAKLEDAKELLESSDQILRSMKGLSST [SEQ ID NO: 112] (GenPept dbjBAB60865.1).

2.2.1.7 HeVF

Non-limiting examples of HeV F ectodomain polypeptides include:

Ectodomain 1-487:

MATQEVRLKCLLCGIIVLVLSLEGLGILHYEKLSKIGLVKGITRKYKIKSNPLTKDIVIKMIPNVSNVSKCTGTVMENYKSRLTGILSPI

KGAIELYNNNTHDLVGDVKLAGVVMAGIAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTAL

QDYINTNLVPTIDQISCKQTELALDLALSKYLSDLLFVFGPNLODPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIA
GQIVYVDLSSYYIIVRVYFPILTEIQQAYVQELLPVSFNNDNSEWISIVPNFVLIRNTLISNIEVKYCLITKKSVICNQDYATPMTASVR
ECLTGSTDKCPRELVVSSHVPRFALSGGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCTTVVLGNIISLGKYLGSINYNSE
SIAVGPPVYTDKVDISSQISSMNQSLQQSKDYIKEAQKILDTVNPS [SEQ ID NO: 113] (GenPept NP_047111.2).

This sequence comprises the following domains/moieties:
SP=1-20

Ectodomain = 1-487

Furin cleavage sites = 109-110

FP=110-135

FHRR = 136-169

SHRR = 456-587

TM = 488-518

C=519-546

Ectodomain minus SP 21-487:

SLEGLGILHYEKLSKIGLVKGITRKYKIKSNPLTKDIVIKMIPNVSNVSKCTGTVMENYKSRLTGILSPIKGAIELYNNNTHDLVGDVK
LAGVVMAGIAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTALQDYINTNLVPTIDQISCKQT
ELALDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIAGQIVYVDLSSYYIIVRVYFPI
LTEIQQAYVQELLPVSFNNDNSEWISIVPNFVLIRNTLISNIEVKYCLITKKSVICNQDYATPMTASVRECLTGSTDKCPRELVVSSH
VPRFALSGGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCTTVVLGNIIISLGKYLGSINYNSESIAVGPPVYTDKVDISSQIS
SMNQSLQQSKDYIKEAQKILDTVNPS [SEQ ID NO: 114] (GenPept NP_047111.2).

Ectodomain minus SP plus altered furin cleavage sites 21-487:

SLEGLGILHYEKLSKIGLVKGITRKYKIKSNPLTKDIVIKMIPNVSNVSKCTGTVMENYKSRLTGILSPIKGAIELYNNNTHDLVGDVN
LAGVVMAGIAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTALQDYINTNLVPTIDQISCKQT
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ELALDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIAGQIVYVDLSSYYIIVRVYFPI
LTEIQQAYVQELLPVSFNNDNSEWISIVPNFVLIRNTLISNIEVKYCLITKKSVICNOQDYATPMTASVRECLTGSTDKCPRELVVSSH
VPRFALSGGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCTTVVLGNIISLGKYLGSINYNSESIAVGPPVYTDKVDISSQIS
SMNQSLQQSKDYIKEAQKILDTVNPS [SEQ ID NO: 115] (GenPept NP_047111.2).

2.2.1.8 NiVF

Non-limiting examples of NiV F ectodomain polypeptides include:

Ectodomain 1-487:

MVVILDKRCYCNLLILILMISECSVGILHYEKLSKIGLVKGVTRKYKIKSNPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILTP
IKGALEIYKNNTHDLVGDVRLAGVIMAGVAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTAL
QDYINTNLVPTIDKISCKQTELSLDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIT

GQIIYVDLSSYYIIVRVYFPILTEIQQAYIQELLPVSFNNDNSEWISIVPNFILVRNTLISNIEIGFCLITKRSVICNQDYATPMTNNMR

ECLTGSTEKCPRELVVSSHVPRFALSNGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCPTAVLGNVIISLGKYLGSVNYNS
EGIAIGPPVFTDKVDISSQISSMNQSLQQSKDYIKEAQRLLDTVNPS [SEQ ID NO: 116] (GenPept NP 112026).

This sequence comprises the following domains/moieties:
SP=1-20

Ectodomain = 1-487

Furin cleavage sites = 109-110

FP=110-135

Ectodomain minus SP:

SECSVGILHYEKLSKIGLVKGVTRKYKIKSNPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILTPIKGALEIYKNNTHDLVGD
VRLAGVIMAGVAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTALQDYINTNLVPTIDKISCK

QTELSLDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSITGQIIYVDLSSYYIIVRVYF
PILTEIQQAYIQELLPVSFNNDNSEWISIVPNFILVRNTLISNIEIGFCLITKRSVICNQDYATPMTNNMRECLTGSTEKCPRELVVSS
HVPRFALSNGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCPTAVLGNVIISLGKYLGSVNYNSEGIAIGPPVFTDKVDISS
QISSMNQSLQQSKDYIKEAQRLLDTVNPS [SEQ ID NO: 117] (GenPept NP 112026).

Ectodomain minus SP plus altered furin cleavage sites:

SECSVGILHYEKLSKIGLVKGVTRKYKIKSNPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILTPIKGALEIYKNNTHDLVGD
VNLAGVIMAGVAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTALQDYINTNLVPTIDKISCK
QTELSLDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSITGQIIYVDLSSYYIIVRVYF
PILTEIQQAYIQELLPVSFNNDNSEWISIVPNFILVRNTLISNIEIGFCLITKRSVICNQDYATPMTNNMRECLTGSTEKCPRELVVSS
HVPRFALSNGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCPTAVLGNVIISLGKYLGSVNYNSEGIAIGPPVFTDKVDISS
QISSMNQSLQQSKDYIKEAQRLLDTVNPS [SEQ ID NO: 118] (GenPept NP 112026).
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2.2.1.9 HIVGP160

Non-limiting examples of HIV GP160 ectodomain polypeptides include:

Ectodomain 1-688:

MRVKGTRKNYWWRWGTMLLGMLMICSAAEQLWVTVYYGVPVWKEATTTLFCASDAKAVNTEVHNVWATHACVPTDPNP
QEVVLENVTENFNMWKNDMVEQMQEDIISLWDQSLKPCVKLTPLCVTLNCTNWDGRNGTMNTTSTRNTTTANISRWEME

GEIKNCSFNVTTSIRNKMHKEYALFYKLDVMPIDNGSSYTLINCNTSVITQACPKVSFEPIPIHYCTPAGFALLKCNDKKFNGTGPC
KNVSTVQCTHGIRPVVSTQLLLNGSLAEEEIVIRSENLTDNAKTIIVQLNETVVINCTRPGNNTRKSIHIGPGRAFYATGDIIGDIRQ
AHCNLSEASWNKTLKQIATKLREQFVNKTIIFNQSSGGDPEIVMHSFNCGGEFFYCDTTQLFNSAWFSNNTGLNYNNGSNTGG
NITLPCRIKQIVNRWQEVGKAMYAPPIRGNITCSSNITGLLLTRDGGNNVTNESEIFRPGGGNMKDNWRSELYKYKVVKIEPLGV
APTRAKRRVVQREKRAVGTIGAMFLGFLGAAGSTMGAASLTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLALTVWGIKQLQ

ARVLAVERYLKDQQLLGIWGCSGRLICTTAVPWNASWSNKSLDDIWNNMTWMQWEKEIDNYTGLIYRLIEESQTQQEKNEQ
DLLQLDTWASLWNWEFSISNWLWYIK [SEQ ID NO: 119] (GenPept dbjBAF31430.1).

This sequence comprises the following domains/moieties:
SP=1-28

Ectodomain = 1-688

Furin cleavage sites = 508-509

FP = 509-538

MPER = 668-688

GP120 = 1-508

Ectodomain minus SP:

EQLWVTVYYGVPVWKEATTTLFCASDAKAVNTEVHNVWATHACYPTDPNPQEVVLENVTENFNMWKNDMVEQMQEDIIS
LWDQSLKPCVKLTPLCVTLNCTNWDGRNGTMNTTSTRNTTTANISRWEMEGEIKNCSFNVTTSIRNKMHKEYALFYKLDVMPI
DNGSSYTLINCNTSVITQACPKVSFEPIPIHYCTPAGFALLKCNDKKFNGTGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEIVIR
SENLTDNAKTIIVOLNETVVINCTRPGNNTRKSIHIGPGRAFYATGDIIGDIRQAHCNLSEASWNKTLKQIATKLREQFVNKTIIFN
QSSGGDPEIVMHSFNCGGEFFYCDTTQLFNSAWFSNNTGLNYNNGSNTGGNITLPCRIKQIVNRWQEVGKAMYAPPIRGNIT
CSSNITGLLLTRDGGNNVTNESEIFRPGGGNMKDNWRSELYKYKVVKIEPLGVAPTRAKRRVVQREKRAVGTIGAMFLGFLGAA
GSTMGAASLTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARVLAVERYLKDQQLLGIWGCSGRLICTTAVP
WNASWSNKSLDDIWNNMTWMQWEKEIDNYTGLIYRLIEESQTQQEKNEQDLLOLDTWASLWNWFSISNWLWYIK [SEQ 1D
NO: 120] (GenPept dbjBAF31430.1).

Ectodomain minus SP, minus MPER:

EQLWVTVYYGVPVWKEATTTLFCASDAKAVNTEVHNVWATHACVPTDPNPQEVVLENVTENFNMWKNDMVEQMQEDIIS
LWDQSLKPCVKLTPLCVTLNCTNWDGRNGTMNTTSTRNTTTANISRWEMEGEIKNCSFNVTTSIRNKMHKEYALFYKLDVMPI
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DNGSSYTLINCNTSVITQACPKVSFEPIPIHYCTPAGFALLKCNDKKFNGTGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEIVIR
SENLTDNAKTIIVQLNETVVINCTRPGNNTRKSIHIGPGRAFYATGDIIGDIRQAHCNLSEASWNKTLKQIATKLREQFVNKTIIFN
QSSGGDPEIVMHSFNCGGEFFYCDTTQLFNSAWFSNNTGLNYNNGSNTGGNITLPCRIKQIVNRWQEVGKAMYAPPIRGNIT
CSSNITGLLLTRDGGNNVTNESEIFRPGGGNMKDNWRSELYKYKVVKIEPLGVAPTRAKRRVVQREKRAVGTIGAMFLGFLGAA
GSTMGAASLTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLOLTVWGIKQLOARVLAVERYLKDQQLLGIWGCSGRLICTTAVP
WNASWSNKSLDDIWNNMTWMQWEKEIDNYTGLIYRLIEESQTQQEKNEQDLLQ  [SEQ ID NO: 121] (GenPept
dbjBAF31430.1).

Ectodomain minus SP plus altered furin cleavage sites:

EQLWVTVYYGVPVWKEATTTLFCASDAKAVNTEVHNVWATHACYPTDPNPQEVVLENVTENFNMWKNDMVEQMQEDIIS
LWDQSLKPCVKLTPLCVTLNCTNWDGRNGTMNTTSTRNTTTANISRWEMEGEIKNCSFNVTTSIRNKMHKEYALFYKLDVMPI
DNGSSYTLINCNTSVITQACPKVSFEPIPIHYCTPAGFALLKCNDKKFNGTGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEIVIR
SENLTDNAKTIIVOLNETVVINCTRPGNNTRKSIHIGPGRAFYATGDIIGDIRQAHCNLSEASWNKTLKQIATKLREQFVNKTIIFN

QSSGGDPEIVMHSFNCGGEFFYCDTTQLFNSAWFSNNTGLNYNNGSNTGGNITLPCRIKQIVNRWQEVGKAMYAPPIRGNIT

CSSNITGLLLTRDGGNNVTNESEIFRPGGGNMKDNWRSELYKYKVVKIEPLGVAPTNANNNVVQREKRAVGTIGAMFLGFLGA
AGSTMGAASLTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLOLTVWGIKQLQARVLAVERYLKDQQLLGIWGCSGRLICTTAV

PWNASWSNKSLDDIWNNMTWMQWEKEIDNYTGLIYRLIEESQTQQEKNEQDLLQLDTWASLWNWFSISNWLWYIK [SEQ
ID NO: 122] (GenPept dbjBAF31430.1).

GP41 ectodomain 509-688:

VVQREKRAVGTIGAMFLGFLGAAGSTMGAASLTLTVQARQLLSGIVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARVLAVERY
LKDQQLLGIWGCSGRLICTTAVPWNASWSNKSLDDIWNNMTWMQWEKEIDNYTGLIYRLIEESQTQQEKNEQDLLOLDTWA
SLWNWFSISNWLWYIK [SEQ ID NO: 123] (GenPept dbjBAF31430.1).

2.2.1.10 EBOVGP

Non-limiting examples of EBOV GP ectodomain polypeptides include:

Ectodomain 1-650:

MGVTGILQLPRDRFKRTSFFLWVIILFQRTFSIPLGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKR
WGFRSGVPPKVVNYEAGEWAENCYNLEIKKPDGSECLPAAPDGIRGFPRCRYVHKVSGTGPCAGDFAFHKEGAFFLYDRLAST
VIYRGTTFAEGVVAFLILPQAKKDFFSSHPLREPVNATEDPSSGYYSTTIRYQATGFGTNETEYLFEVDNLTYVQLESRFTPQFLLOL
NETIYTSGKRSNTTGKLIWKVNPEIDTTIGEWAFWETKKNLTRKIRSEELSFTVVSNGAKNISGQSPARTSSDPGTNTTTEDHKIM
ASENSSAMVQVHSQGREAAVSHLTTLATISTSPQSLTTKPGPDNSTHNTPVYKLDISEATQVEQHHRRTDNDSTASDTPSATTA
AGPPKAENTNTSKSTDFLDPATTTSPQNHSETAGNNNTHHQDTGEESASSGKLGLITNTIAGVAGLITGGRRTRREAIVNAQPK
CNPNLHYWTTQDEGAAIGLAWIPYFGPAAEGIYIEGLMHNQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLQR
WGGTCHILGPDCCIEPHDWTKNITDKIDQIIHDFVDKTLPDQGDNDNWWTGWRQ, [SEQ ID NO: 124] (GenPept
NP_066246.1)

This sequence comprises the following domains/moieties:
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SP=1-27

Ectodomain = 1-650

Furin cleavage sites = 501-502

Cathepsin cleavage sites = 191-192, 201-202
FP=511-556

MPER = 636-650

Mucin-like domain = 312-461

Ectodomain minus SP:

QRTFSIPLGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKRWGFRSGVPPKVVNYEAGEWAENCYN
LEIKKPDGSECLPAAPDGIRGFPRCRYVHKVSGTGPCAGDFAFHKEGAFFLYDRLASTVIYRGTTFAEGVVAFLILPQAKKDFFSSH
PLREPVNATEDPSSGYYSTTIRYQATGFGTNETEYLFEVDNLTYVQLESRFTPQFLLQLNETIYTSGKRSNTTGKLIWKVNPEIDTTI
GEWAFWETKKNLTRKIRSEELSFTVVSNGAKNISGQSPARTSSDPGTNTTTEDHKIMASENSSAMVQVHSQGREAAVSHLTTL

ATISTSPQSLTTKPGPDNSTHNTPVYKLDISEATQVEQHHRRTDNDSTASDTPSATTAAGPPKAENTNTSKSTDFLDPATTTSPQ
NHSETAGNNNTHHQDTGEESASSGKLGLITNTIAGVAGLITGGRRTRREAIVNAQPKCNPNLHYWTTQDEGAAIGLAWIPYFG

PAAEGIYIEGLMHNQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLQRWGGTCHILGPDCCIEPHDWTKNITDKI
DQIIHDFVDKTLPDQGDNDNWWTGWRQ [SEQ ID NO: 125] (GenPept NP_066246.1).

Ectodomain minus SP, minus MPER:

QRTFSIPLGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKRWGFRSGVPPKVVNYEAGEWAENCYN
LEIKKPDGSECLPAAPDGIRGFPRCRYVHKVSGTGPCAGDFAFHKEGAFFLYDRLASTVIYRGTTFAEGVVAFLILPQAKKDFFSSH
PLREPVNATEDPSSGYYSTTIRYQATGFGTNETEYLFEVDNLTYVQLESRFTPQFLLQLNETIYTSGKRSNTTGKLIWKVNPEIDTTI
GEWAFWETKKNLTRKIRSEELSFTVVSNGAKNISGQSPARTSSDPGTNTTTEDHKIMASENSSAMVQVHSQGREAAVSHLTTL

ATISTSPQSLTTKPGPDNSTHNTPVYKLDISEATQVEQHHRRTDNDSTASDTPSATTAAGPPKAENTNTSKSTDFLDPATTTSPQ
NHSETAGNNNTHHQDTGEESASSGKLGLITNTIAGVAGLITGGRRTRREAIVNAQPKCNPNLHYWTTQDEGAAIGLAWIPYFG

PAAEGIYIEGLMHNQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLQRWGGTCHILGPDCCIEPHDWTKNITDKI
DQIIHDFVDKTL [SEQ ID NO: 126] (GenPept NP_066246.1).

Ectodomain minus SP plus altered furin cleavage sites:

QRTFSIPLGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKRWGFRSGVPPKVVNYEAGEWAENCYN
LEIKKPDGSECLPAAPDGIRGFPRCRYVHKVSGTGPCAGDFAFHKEGAFFLYDRLASTVIYRGTTFAEGVVAFLILPQAKKDFFSSH
PLREPVNATEDPSSGYYSTTIRYQATGFGTNETEYLFEVDNLTYVQLESRFTPQFLLQLNETIYTSGKRSNTTGKLIWKVNPEIDTTI
GEWAFWETKKNLTRKIRSEELSFTVVSNGAKNISGQSPARTSSDPGTNTTTEDHKIMASENSSAMVQVHSQGREAAVSHLTTL
ATISTSPQSLTTKPGPDNSTHNTPVYKLDISEATQVEQHHRRTDNDSTASDTPSATTAAGPPKAENTNTSKSTDFLDPATTTSPQ
NHSETAGNNNTHHQDTGEESASSGKLGLITNTIAGVAGLITGGNNTNNEAIVNAQPKCNPNLHYWTTQDEGAAIGLAWIPYF
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GPAAEGIYIEGLMHNQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLOQRWGGTCHILGPDCCIEPHDWTKNITD
KIDQIIHDFVDKTL [SEQ ID NO: 127] (GenPept NP_066246.1).

Ectodomain minus SP, minus mucin-like domain:

QRTFSIPLGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKRWGFRSGVPPKVVNYEAGEWAENCYN
LEIKKPDGSECLPAAPDGIRGFPRCRYVHKVSGTGPCAGDFAFHKEGAFFLYDRLASTVIYRGTTFAEGVVAFLILPQAKKDFFSSH
PLREPVNATEDPSSGYYSTTIRYQATGFGTNETEYLFEVDNLTYVQLESRFTPQFLLQLNETIYTSGKRSNTTGKLIWKVNPEIDTTI
GEWAFWETKKNLTRKIRSEELSFTVVGGNNTHHQDTGEESASSGKLGLITNTIAGVAGLITGGRRTRREAIVNAQPKCNPNLHY
WTTQDEGAAIGLAWIPYFGPAAEGIYIEGLMHNQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLORWGGTCH
ILGPDCCIEPHDWTKNITDKIDQIIHDFVDKTLPDQGDNDNWWTGWRQ [SEQ ID NO: 128] (GenPept NP_066246.1).

Ectodomain minus mucin-like domain:

MGVTGILQLPRDRFKRTSFFLWVIILFQRTFSIPLGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSVGLNLEGNGVATDVPSATKR
WGFRSGVPPKVVNYEAGEWAENCYNLEIKKPDGSECLPAAPDGIRGFPRCRYVHKVSGTGPCAGDFAFHKEGAFFLYDRLAST
VIYRGTTFAEGVVAFLILPQAKKDFFSSHPLREPVNATEDPSSGYYSTTIRYQATGFGTNETEYLFEVDNLTYVQLESRFTPQFLLQL
NETIYTSGKRSNTTGKLIWKVNPEIDTTIGEWAFWETKKNLTRKIRSEESASSGKLGLITNTIAGVAGLITGGRRTRREAIVNAQPK
CNPNLHYWTTQDEGAAIGLAWIPYFGPAAEGIYIEGLMHNQDGLICGLRQLANETTQALQLFLRATTELRTFSILNRKAIDFLLQR
WGGTCHILGPDCCIEPHDWTKNITDKIDQIIHDFVDKTL [SEQ ID NO: 129]

2.2.1.11 MARVGP

Non-limiting examples of MARV GP ectodomain polypeptides include:

Ectodomain 1—650:

MKTTCFLISLILIQGTKNLPILEIASNNQPQNVDSVCSGTLQKTEDVHLMGFTLSGQKVADSPLEASKRWAFRTGVPPKNVEYTE
GEEAKTCYNISVTDPSGKSLLLDPPTNIRDYPKCKTIHHIQGQNPHAQGIALHLWGAFFLYDRIASTTMYRGKVFTEGNIAAMIV
NKTVHKMIFSRQGQGYRHMNLTSTNKYWTSSNGTQTNDTGCFGALQEYNSTKNQTCAPSKIPPPLPTARPEIKLTSTPTDATKL
NTTDPSSDDEDLATSGSGSGEREPHTTSDAVTKQGLSSTMPPTPSPQPSTPQQGGNNTNHSQDAVTELDKNNTTAQPSMPP
HNTTTISTNNTSKHNFSTLSAPLQNTTNDNTQSTITENEQTSAPSITTLPPTGNPTTAKSTSSKKGPATTAPNTTNEHFTSPPPTPS
STAQHLVYFRRKRSILWREGDMFPFLDGLINAPIDFDPVPNTKTIFDESSSSGASAEEDQHASPNISLTLSYFPNINENTAYSGENE
NDCDAELRIWSVQEDDLAAGLSWIPFFGPGIEGLYTAVLIKNQNNLVCRLRRLANQTAKSLELLLRVTTEERTFSLINRHAIDFLLT
RWGGTCKVLGPDCCIGIEDLSKNISEQIDQIKKDEQKEGTGWGLGGKWWTSDWG  [SEQ. ID  NO: 130] (GenPept
YP_001531156.1).

This sequence comprises the following domains/moieties:
SP=1-19
Ectodomain = 1-650

Furin cleavage sites = 434-435
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FP = 526-549

MPER = 628-650

Mucin-like domain = 244-425

Ectodomain minus SP 20-650:

PILEIASNNQPQNVDSVCSGTLOQKTEDVHLMGFTLSGQKVADSPLEASKRWAFRTGVPPKNVEYTEGEEAKTCYNISVTDPSGK
SLLLDPPTNIRDYPKCKTIHHIQGONPHAQGIALHLWGAFFLYDRIASTTMYRGKVFTEGNIAAMIVNKTVHKMIFSRQGQGYR

HMNLTSTNKYWTSSNGTQTNDTGCFGALQEYNSTKNQTCAPSKIPPPLPTARPEIKLTSTPTDATKLNTTDPSSDDEDLATSGSG
SGEREPHTTSDAVTKQGLSSTMPPTPSPQPSTPQQGGNNTNHSQDAVTELDKNNTTAQPSMPPHNTTTISTNNTSKHNFSTLS
APLONTTNDNTQSTITENEQTSAPSITTLPPTGNPTTAKSTSSKKGPATTAPNTTNEHFTSPPPTPSSTAQHLVYFRRKRSILWRE

GDMFPFLDGLINAPIDFDPVPNTKTIFDESSSSGASAEEDQHASPNISLTLSYFPNINENTAYSGENENDCDAELRIWSVQEDDLA
AGLSWIPFFGPGIEGLYTAVLIKNQNNLVCRLRRLANQTAKSLELLLRVTTEERTFSLINRHAIDFLLTRWGGTCKVLGPDCCIGIED
LSKNISEQIDQIKKDEQKEGTGWGLGGKWWTSDWG [SEQ ID NO: 131] (GenPept YP_001531156.1).

Ectodomain minus SP, minus MPER 20-627:

PILEIASNNQPQNVDSVCSGTLQKTEDVHLMGFTLSGQKVADSPLEASKRWAFRTGVPPKNVEYTEGEEAKTCYNISVTDPSGK
SLLLDPPTNIRDYPKCKTIHHIQGQNPHAQGIALHLWGAFFLYDRIASTTMYRGKVFTEGNIAAMIVNKTVHKMIFSRQGQGYR

HMNLTSTNKYWTSSNGTQTNDTGCFGALQEYNSTKNQTCAPSKIPPPLPTARPEIKLTSTPTDATKLNTTDPSSDDEDLATSGSG
SGEREPHTTSDAVTKQGLSSTMPPTPSPQPSTPQQGGNNTNHSQDAVTELDKNNTTAQPSMPPHNTTTISTNNTSKHNFSTLS
APLONTTNDNTQSTITENEQTSAPSITTLPPTGNPTTAKSTSSKKGPATTAPNTTNEHFTSPPPTPSSTAQHLVYFRRKRSILWRE

GDMPFPFLDGLINAPIDFDPVPNTKTIFDESSSSGASAEEDQHASPNISLTLSYFPNINENTAYSGENENDCDAELRIWSVQEDDLA
AGLSWIPFFGPGIEGLYTAVLIKNQNNLVCRLRRLANQTAKSLELLLRVTTEERTFSLINRHAIDFLLTRWGGTCKVLGPDCCIGIED
LSKNISEQIDQI [SEQ ID NO: 132] (GenPept YP_001531156.1).

Ectodomain minus SP plus altered furin cleavage sites:

PILEIASNNQPQNVDSVCSGTLOQKTEDVHLMGFTLSGQKVADSPLEASKRWAFRTGVPPKNVEYTEGEEAKTCYNISVTDPSGK
SLLLDPPTNIRDYPKCKTIHHIQGQNPHAQGIALHLWGAFFLYDRIASTTMYRGKVFTEGNIAAMIVNKTVHKMIFSRQGQGYR
HMNLTSTNKYWTSSNGTQTNDTGCFGALQEYNSTKNQTCAPSKIPPPLPTARPEIKLTSTPTDATKLNTTDPSSDDEDLATSGSG
SGEREPHTTSDAVTKQGLSSTMPPTPSPQPSTPQQGGNNTNHSQDAVTELDKNNTTAQPSMPPHNTTTISTNNTSKHNFSTLS
APLONTTNDNTQSTITENEQTSAPSITTLPPTGNPTTAKSTSSKKGPATTAPNTTNEHFTSPPPTPSSTAQHLVYFNNNNSILWRE
GDMFPFLDGLINAPIDFDPVPNTKTIFDESSSSGASAEEDQHASPNISLTLSYFPNINENTAYSGENENDCDAELRIWSVQEDDLA
AGLSWIPFFGPGIEGLYTAVLIKNQNNLVCRLRRLANQTAKSLELLLRVTTEERTFSLINRHAIDFLLTRWGGTCKVLGPDCCIGIED
LSKNISEQIDQIKKDEQKEGTGWGLGGKWWTSDWG [SEQ ID NO: 133] (GenPept YP_001531156.1).

Ectodomain minus SP, minus mucin-like domain:

PILEIASNNQPQNVDSVCSGTLOQKTEDVHLMGFTLSGQKVADSPLEASKRWAFRTGVPPKNVEYTEGEEAKTCYNISVTDPSGK
SLLLDPPTNIRDYPKCKTIHHIQGQNPHAQGIALHLWGAFFLYDRIASTTMYRGKVFTEGNIAAMIVNKTVHKMIFSRQGQGYR
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HMNLTSTNKYWTSSNGTQTNDTGCFGALQEYNSTKNQTCAPSKIPPPLPTARPEIKLGGAQHLVYFRRKRSILWREGDMFPFL
DGLINAPIDFDPVPNTKTIFDESSSSGASAEEDQHASPNISLTLSYFPNINENTAYSGENENDCDAELRIWSVQEDDLAAGLSWIP
FFGPGIEGLYTAVLIKNQNNLVCRLRRLANQTAKSLELLLRVTTEERTFSLINRHAIDFLLTRWGGTCKVLGPDCCIGIEDLSKNISE
QIDQIKKDEQKEGTGWGLGGKWWTSDWG [SEQ ID NO: 134] (GenPept YP_001531156.1).

2.2.1.12 SARS-CoVS

Non-limiting examples of SARS-CoV S ectodomain polypeptides include:

Ectodomain 1—1199:

MFIFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSNVTGFHTINHTFGNPVIPFKDGI
YFAATEKSNVVRGWVFGSTMNNKSQSVIINNSTNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISDAFSLD
VSEKSGNFKHLREFVFKNKDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLK
PTTFMLKYDENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFPNITNLCPFGEVFNATKFPSVYAWERK
KISNCVADYSVLYNSTFFSTFKCYGVSATKLNDLCFSNVYADSFVWKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRN
IDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVVVLSFELLNAPATVCGP
KLSTDLIKNQCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSVRDPKTSEILDISPCAFGGVSVITPGTNASSEVAVLYQ
DVNCTNVSAAIHADQLTPAWRIYSTGNNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGAD
SSIAYSNNTIAIPTNFSISITTEVMPVSMAKTSVDCNMYICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVFAQVKQ,
MYKTPTLKYFGGFNFSQILPDPLKPTKRSFIEDLLFNKVTLADAGFMKQYGECLGDINARDLICAQKFNGLTVLPPLLTDDMIAAY
TAALVSGTATAGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKQIANQFNKAISQIQESLTTTSTALGKLQDVVNQN
AQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDF
CGKGYHLMSFPQAAPHGVVFLHVTYVPSQERNFTTAPAICHEGKAYFPREGVFVFNGTSWFITQRNFFSPQIITTDNTFVSGNC
DVVIGIINNTVYDPLQPELDSFKGELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWP
WYVW [SEQ ID NO: 135] (GenPept gbAARS6788.1).

This sequence comprises the following domains/moieties:
SP=1-13

Ectodomain =1-1199

human airway trypsin-like protease cleavage sites = 667-668
FP =770-788

MPER = 1188-1199

Ectodomain minus SP:

SDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSNVTGFHTINHTFGNPVIPFKDGIYFAATEKSNVVR
GWVFGSTMNNKSQSVIIINNSTNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISDAFSLDVSEKSGNFKHLR
EFVFKNKDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPTTFMLKYDENG
TITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFPNITNLCPFGEVFNATKFPSVYAWERKKISNCVADYSVLY
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NSTFFSTFKCYGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYK
YRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVVVLSFELLNAPATVCGPKLSTDLIKNQCY
NFENFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSVRDPKTSEILDISPCAFGGVSVITPGTNASSEVAVLYQDVNCTNVSAAI
HADQLTPAWRIYSTGNNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIP
TNFSISITTEVMPVSMAKTSVDCNMYICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVFAQVKQMYKTPTLKYFGG
FNFSQILPDPLKPTKRSFIEDLLFNKVTLADAGFMKQYGECLGDINARDLICAQKFNGLTVLPPLLTDDMIAAYTAALVSGTATAG
WTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKQIANQFNKAISQIQESLTTTSTALGKLQDVVNQNAQALNTLVKQLS
SNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFP
QAAPHGVVFLHVTYVPSQERNFTTAPAICHEGKAYFPREGVFVENGTSWFITQRNFFSPQIITTDNTFVSGNCDVVIGIINNTVY
DPLQPELDSFKGELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYVW [SEQ, ID
NO: 136] (GenPept gbAARS6788.1).

Ectodomain minus SP, minus MPER:

SDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSNVTGFHTINHTFGNPVIPFKDGIYFAATEKSNVVR
GWVFGSTMNNKSQSVIIINNSTNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISDAFSLDVSEKSGNFKHLR
EFVFKNKDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPTTFMLKYDENG
TITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFPNITNLCPFGEVFNATKFPSVYAWERKKISNCVADYSVLY
NSTFFSTFKCYGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYK
YRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVVVLSFELLNAPATVCGPKLSTDLIKNQCV
NFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSVRDPKTSEILDISPCAFGGVSVITPGTNASSEVAVLYQDVNCTNVSAAI
HADQLTPAWRIYSTGNNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIP
TNFSISITTEVMPVSMAKTSVDCNMYICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVFAQVKQMYKTPTLKYFGG
FNFSQILPDPLKPTKRSFIEDLLFNKVTLADAGFMKQYGECLGDINARDLICAQKFNGLTVLPPLLTDDMIAAYTAALVSGTATAG
WTFGAGAALQIPFAMQMAYRFNGIGVTONVLYENQKQIANQFNKAISQIQESLTTTSTALGKLOQDVVNQONAQALNTLVKQLS
SNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFP
QAAPHGVVFLHVTYVPSQERNFTTAPAICHEGKAYFPREGVFVFNGTSWFITQRNFFSPQIITTDNTFVSGNCDVVIGIINNTVY
DPLQPELDSFKGELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGK [SEQ ID NO: 137]
(GenPept gbAAR86788.1).

2.2.1.13 MERS-CoVS

Non-limiting examples of MERS-CoV S ectodomain polypeptides include:

Ectodomain 1—1301:

MIHSVFLLMFLLTPTESYVDVGPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGIIYPQGRTYSNITITYQGLFPYQGDHGDMYV
YSAGHATGTTPQKLFVANYSQDVKQFANGFVVRIGAAANSTGTVIISPSTSATIRKIYPAFMLGSSVGNFSDGKMGRFFNHTLVL
LPDGCGTLLRAFYCILEPRSGNHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEYFNLRNCTFMYTYNITEDEILEWFGIT
QTAQGVHLFSSRYVDLYGGNMFQFATLPVYDTIKYYSIIPHSIRSIQSDRKAWAAFYVYKLQPLTFLLDFSVDGYIRRAIDCGFNDL
SQLHCSYESFDVESGVYSVSSFEAKPSGSVVEQAEGVECDFSPLLSGTPPQVYNFKRLVFTNCNYNLTKLLSLFSVNDFTCSQISPA
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AIASNCYSSLILDYFSYPLSMKSDLGVSSAGPISQFNYKQSFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQLVNA
NQYSPCVSIVPSTVWEDGDYYRKQLSPLEGGGWLVASGSTVAMTEQLQMGFGITVQYGTDTNSVCPKLEFANDTKIASQLGN
CVEYSLYGVSGRGVFQNCTAVGVRQQRFVYDAYQNLVGYYSDDGNYYCLRACVSVPVSVIYDKETKTHATLFGSVACEHISSTM
SQYSRSTRSMLKRRDSTYGPLQTPVGCVLGLVNSSLFVEDCKLPLGQSLCALPDTPSTLTPRSVRSVPGEMRLASIAFNHPIQVDQ,
FNSSYFKLSIPTNFSFGVTQEYIQTTIQKVTVDCKQYICNGFQKCEQLLREYGQFCSKINQALHGANLRQDDSVRNLFASVKSSQS
SPIIPGFGGDFNLTLLEPVSISTGSRSARSAIEDLLFDKVTIADPGYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVN
MEAAYTSSLLGSIAGVGWTAGLSSFAAIPFAQSIFYRLNGVGITQQVLSENQKLIANKFNQALGAMQTGFTTTNEAFRKVQDAV
NNNAQALSKLASELSNTFGAISASIGDIIQRLDVLEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNECVKAQSK
RSGFCGQGTHIVSFVVNAPNGLYFMHVGYYPSNHIEVVSAYGLCDAANPTNCIAPVNGYFIKTNNTRIVDEWSYTGSSFYSPEP
TSLNTKYVAPQVTYQNISTNLPPPLLGNSTGIDFQDELDEFFKNVSTSIPNFGSLTQINTTLLDLTYEMLSLQQVVKALNESYIDLKE
LGNYTYYNKWPWYIWL [SEQ ID NO: 138] (GenPept gbAHX00711.1).

This sequence comprises the following domains/moieties:
SP=1-21

Ectodomain = 1-1301

Furin cleavage sites = 751-752, 887-888

FP = 888-891, 951-980

MPER =1292-1301

Ectodomain minus SP 22-1301:

GPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGIIYPQGRTYSNITITYQGLFPYQGDHGDMYVYSAGHATGTTPQKLFVANYS
QDVKQFANGFVVRIGAAANSTGTVIISPSTSATIRKIYPAFMLGSSVGNFSDGKMGRFFNHTLVLLPDGCGTLLRAFYCILEPRSG
NHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEYFNLRNCTFMYTYNITEDEILEWFGITQTAQGVHLFSSRYVDLYGG
NMFQFATLPVYDTIKYYSIIPHSIRSIQSDRKAWAAFYVYKLQPLTFLLDFSVDGYIRRAIDCGFNDLSQLHCSYESFDVESGVYSVS
SFEAKPSGSVVEQAEGVECDFSPLLSGTPPQVYNFKRLVFTNCNYNLTKLLSLFSVNDFTCSQISPAAIASNCYSSLILDYFSYPLSM
KSDLGVSSAGPISQFNYKQSFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQLVNANQYSPCVSIVPSTVWEDGD
YYRKQLSPLEGGGWLVASGSTVAMTEQLOMGFGITVQYGTDTNSVCPKLEFANDTKIASQLGNCVEYSLYGVSGRGVFQNCT
AVGVRQQRFVYDAYQNLVGYYSDDGNYYCLRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQYSRSTRSMLKRRDSTYG
PLQTPVGCVLGLVNSSLFVEDCKLPLGQSLCALPDTPSTLTPRSVRSVPGEMRLASIAFNHPIQVDQFNSSYFKLSIPTNFSFGVTQ
EYIQTTIQKVTVDCKQYICNGFQKCEQLLREYGQFCSKINQALHGANLRQDDSVRNLFASVKSSQSSPIIPGFGGDFNLTLLEPVSI
STGSRSARSAIEDLLFDKVTIADPGYMQGY DDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWT
AGLSSFAAIPFAQSIFYRLNGVGITQQVLSENQKLIANKFNQALGAMQTGFTTTNEAFRKVODAVNNNAQALSKLASELSNTFG
AISASIGDIIQRLDVLEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNECVKAQSKRSGFCGQGTHIVSFVVNAP
NGLYFMHVGYYPSNHIEVVSAYGLCDAANPTNCIAPVNGYFIKTNNTRIVDEWSYTGSSFYSPEPITSLNTKYVAPQVTYQNIST
NLPPPLLGNSTGIDFQDELDEFFKNVSTSIPNFGSLTQINTTLLDLTYEMLSLQQVVKALNESYIDLKELGNYTYYNKWPWYIWL
[SEQ ID NO: 139] (GenPept gbAHX00711.1).
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Ectodomain minus SP, minus MPER 22-1291:

GPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGIIYPQGRTYSNITITYQGLFPYQGDHGDMYVYSAGHATGTTPQKLFVANYS
QDVKQFANGFVVRIGAAANSTGTVIISPSTSATIRKIYPAFMLGSSVGNFSDGKMGRFFNHTLVLLPDGCGTLLRAFYCILEPRSG
NHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEYFNLRNCTFMYTYNITEDEILEWFGITQTAQGVHLFSSRYVDLYGG
NMFQFATLPVYDTIKYYSIIPHSIRSIQSDRKAWAAFYVYKLQPLTFLLDFSVDGYIRRAIDCGFNDLSQLHCSYESFDVESGVYSVS
SFEAKPSGSVVEQAEGVECDFSPLLSGTPPQVYNFKRLVFTNCNYNLTKLLSLFSYNDFTCSQISPAAIASNCYSSLILDYFSYPLSM
KSDLGVSSAGPISQFNYKQSFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQLVNANQYSPCVSIVPSTVWEDGD
YYRKQLSPLEGGGWLVASGSTVAMTEQLQMGFGITVQYGTDTNSVCPKLEFANDTKIASQLGNCVEYSLYGVSGRGVFQNCT
AVGVRQQRFVYDAYQNLVGYYSDDGNYYCLRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQYSRSTRSMLKRRDSTYG
PLAQTPVGCVLGLVNSSLFVEDCKLPLGQSLCALPDTPSTLTPRSVRSVPGEMRLASIAFNHPIQVDQFNSSYFKLSIPTNFSFGVTQ
EYIQTTIQKVTVDCKQYICNGFQKCEQLLREYGQFCSKINQALHGANLRQDDSVRNLFASVKSSQSSPIIPGFGGDFNLTLLEPVSI
STGSRSARSAIEDLLFDKVTIADPGYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGWT
AGLSSFAAIPFAQSIFYRLNGVGITQQVLSENQKLIANKFNQALGAMQTGFTTTNEAFRKVQDAVNNNAQALSKLASELSNTFG
AISASIGDIIQRLDVLEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNECVKAQSKRSGFCGQGTHIVSFVVNAP
NGLYFMHVGYYPSNHIEVVSAYGLCDAANPTNCIAPVNGYFIKTNNTRIVDEWSYTGSSFYSPEPITSLNTKYVAPQVTYQNIST
NLPPPLLGNSTGIDFQDELDEFFKNVSTSIPNFGSLTQINTTLLDLTYEMLSLQQVVKALNESYIDLKELGNYTY [SEQ ID NO: 140]
(GenPept gbAHX00711.1).

Ectodomain minus SP plus altered furin cleavage sites:

GPDSVKSACIEVDIQQTFFDKTWPRPIDVSKADGIIYPQGRTYSNITITYQGLFPYQGDHGDMYVYSAGHATGTTPQKLFVANYS
QDVKQFANGFVVRIGAAANSTGTVIISPSTSATIRKIYPAFMLGSSVGNFSDGKMGRFFNHTLVLLPDGCGTLLRAFYCILEPRSG
NHCPAGNSYTSFATYHTPATDCSDGNYNRNASLNSFKEYFNLRNCTFMYTYNITEDEILEWFGITQTAQGVHLFSSRYVDLYGG
NMFQFATLPVYDTIKYYSIIPHSIRSIQSDRKAWAAFYVYKLQPLTFLLDFSVDGYIRRAIDCGFNDLSQLHCSYESFDVESGVYSVS
SFEAKPSGSVVEQAEGVECDFSPLLSGTPPQVYNFKRLVFTNCNYNLTKLLSLFSVNDFTCSQISPAAIASNCYSSLILDYFSYPLSM
KSDLGVSSAGPISQFNYKQSFSNPTCLILATVPHNLTTITKPLKYSYINKCSRLLSDDRTEVPQLVNANQYSPCVSIVPSTVWEDGD
YYRKQLSPLEGGGWLVASGSTVAMTEQLOMGFGITVQYGTDTNSVCPKLEFANDTKIASQLGNCVEYSLYGVSGRGVFQNCT
AVGVRQQRFVYDAYQNLVGYYSDDGNYYCLRACVSVPVSVIYDKETKTHATLFGSVACEHISSTMSQYSRSTRSMLKRRDSTYG
PLQTPVGCVLGLVNSSLFVEDCKLPLGQSLCALPDTPSTLTPNSVNSVPGEMRLASIAFNHPIQVDQFNSSYFKLSIPTNFSFGVT
QEYIQTTIQKVTVDCKQYICNGFQKCEQLLREYGQFCSKINQALHGANLRQDDSVRNLFASVKSSQSSPIIPGFGGDFNLTLLEPY
SISTGSNSANSAIEDLLFDKVTIADPGYMQGYDDCMQQGPASARDLICAQYVAGYKVLPPLMDVNMEAAYTSSLLGSIAGVGW
TAGLSSFAAIPFAQSIFYRLNGVGITQQVLSENQKLIANKFNQALGAMQTGFTTTNEAFRKVQDAVNNNAQALSKLASELSNTF
GAISASIGDIIQRLDVLEQDAQIDRLINGRLTTLNAFVAQQLVRSESAALSAQLAKDKVNECVKAQSKRSGFCGQGTHIVSFVVNA
PNGLYFMHVGYYPSNHIEVVSAYGLCDAANPTNCIAPYNGYFIKTNNTRIVDEWSYTGSSFYSPEPITSLNTKYVAPQVTYQNIST
NLPPPLLGNSTGIDFQDELDEFFKNVSTSIPNFGSLTQINTTLLDLTYEMLSLOQVVKALNESYIDLKELGNYTYYNKWPWYIWL
[SEQ ID NO: 141] (GenPept gbAHX00711.1).

22114 VSVG

Non-limiting examples of VSV G ectodomain polypeptides include:
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Ectodomain 1—462:

MKCLLYLAFLFIGVNCKFTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTAIQVKMPKSHKAIQADGWMCHASKWV
TTCDFRWYGPKYITQSIRSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVYDEYTGEWVDSQFI
NGKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKACKMQYCKHWGVRLPS
GVWFEMADKDLFAAARFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPISPVDLSYLAPKNPGTGPAFTIIN
GTLKYFETRYIRVDIAAPILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSSKAQVF
EHPHIQDAASQLPDDESLFFGDTGLSKNPIELVEGWFSSWK [SEQ. ID NO: 142] (GenPept gbADX53329.1).

This sequence comprises the following domains/moieties:
SP=1-17
Ectodomain = 1-462

MPER = 421-462

Ectodomain minus SP:

FTIVFPHNOQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTAIQVKMPKSHKAIQADGWMCHASKWVTTCDFRWYGPKYITQSI
RSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFINGKCSNYICPTVHNSTT
WHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKACKMQYCKHWGVRLPSGVWFEMADKDLFAAA
RFPECPEGSSISAPSQTSVDVSLIQDVERILDYSLCQETWSKIRAGLPISPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAP
ILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSSKAQVFEHPHIQDAASQLPDDE
SLFFGDTGLSKNPIELVEGWFSSWK [SEQ ID NO: 143] (gbADX53329.1).

Ectodomain minus SP, minus MPER:

FTIVFPHNQKGNWKNVPSNYHYCPSSSDLNWHNDLIGTAIQVKMPKSHKAIQADGWMCHASKWVTTCDFRWYGPKYITQSI
RSFTPSVEQCKESIEQTKQGTWLNPGFPPQSCGYATVTDAEAVIVQVTPHHVLVDEYTGEWVDSQFINGKCSNYICPTVHNSTT
WHSDYKVKGLCDSNLISMDITFFSEDGELSSLGKEGTGFRSNYFAYETGGKACKMQYCKHWGVRLPSGVWFEMADKDLFAAA
RFPECPEGSSISAPSQTSVDVSLIOQDVERILDYSLCQETWSKIRAGLPISPVDLSYLAPKNPGTGPAFTIINGTLKYFETRYIRVDIAAP
ILSRMVGMISGTTTERELWDDWAPYEDVEIGPNGVLRTSSGYKFPLYMIGHGMLDSDLHLSSKAQVF [SEQ ID NO: 144]
(GenPept gbADX53329.1).

2.2.1.15 RABVGP

Non-limiting examples of RABV GP ectodomain polypeptides include:

Ectodomain 1-458:

MIPQTLLFVPLLVFSLCFGKFPIYTIPDKLGPWSPIDIHHLSCPNNLVVEDEGCTNLSGFSYMELKVGYISAIKVNGFTCTGVVTEAE
TYTNFVGYVTTTFKRKHFRPTPDACRAAYNWKMAGDPRYEESLHNPYPDYHWLRTVKTTKESLVIISPSVSDLDPYDKSLHSRVF
PSGKCSGITVSSTYCPTNHDYTIWMPENPRLGTSCDIFTNSRGKRASKGSKTCGFVDERGLYKSLKGACKLKLCGVLGLRLMDGT
WAAIQTSDEAKWCPPDQLVNIHDFRSDEIEHLVVEELVKKREECLDALESIMTTKSVSFRRLSHLRKLVPGFGKAYTIFNKTLMEA
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DAHYKSVRTWNEIIPSKGCLRVGGRCHPHVNGVFFNGIILGPDGHVLIPEMQSSLLQQHMELLESSVIPLMHPLADPSTVFKDG
DEAEDFVEVHLPDVHKQVSGVDLGLPSWGK [SEQ ID NO: 145] (GenPept gbAFM52658.1).

This sequence comprises the following domains/moieties:
SP=1-20

Ectodomain = 1-458

Ectodomain minus SP:

FPIYTIPDKLGPWSPIDIHHLSCPNNLVVEDEGCTNLSGFSYMELKVGYISAIKVNGFTCTGVVTEAETYTNFVGYVTTTFKRKHFR
PTPDACRAAYNWKMAGDPRYEESLHNPYPDYHWLRTVKTTKESLVIISPSVSDLDPYDKSLHSRVFPSGKCSGITVSSTYCPTNH

DYTIWMPENPRLGTSCDIFTNSRGKRASKGSKTCGFVDERGLYKSLKGACKLKLCGVLGLRLMDGTWAAIQTSDEAKWCPPDQ
LVNIHDFRSDEIEHLVVEELVKKREECLDALESIMTTKSVSFRRLSHLRKLVPGFGKAYTIFNKTLMEADAHYKSVRTWNEIIPSKGC
LRVGGRCHPHVNGVFFNGIILGPDGHVLIPEMQSSLLOQHMELLESSVIPLMHPLADPSTVFKDGDEAEDFVEVHLPDVHKQVS
GVDLGLPSWGK [SEQ ID NO: 146] (GenPept gbAFM52658.1).

2.2.1.16 HSV1Gb

Non-limiting examples of HSV1 Gb ectodomain polypeptides include:

Ectodomain 1-774:

MRQGAPARGCRWFVVWALLGLTLGVLVASAAPSSPGTPGVAAATQAANGGPATPAPPALGAAPTGDPKPKKNKKPKNPTPP
RPAGDNATVAAGHATLREHLRDIKAESTDANFYVCPPPTGATVVQFEQPRRCPTRPEGONYTEGIAVVFKENIAPYKFKATMYY
KDVTVSQVWFGHRYSQFMGIFEDRAPVPFEEVIDKINAKGVCRSTAKYVRNNLETTAFHRDDHETDMELKPANAATRTSRGW
HTTDLKYNPSRVEAFHRYGTTVNCIVEEVDARSVYPYDEFVLATGDFVYMSPFYGYREGSHTEHTSYAADRFKQVDGFYARDLT
TKARATAPTTRNLLTTPKFTVAWDWYVPKRPSVCTMTKWQEVDEMLRSEYGGSFRFSSDAISTTFTTNLTEYPLSRVDLGDCIGK
DARDAMDRIFARRYNATHIKVGQPQYYLANGGFLIAYQPLLSNTLAELYVREHLREQSRKPPNPTPPPPGASANASVERIKTTSSI
EFARLQFTYNHIQRHVNDMLGRVAIAWCELQNHELTLWNEARKLNPNAIASATVGRRVSARMLGDVMAVSTCVPVAADNVI
VONSMRISSRPGACYSRPLVSFRYEDQGPLVEGQLGENNELRLTRDAIEPCTVGHRRYFTFGGGYVYFEEYAYSHQLSRADITTV
STFIDLNITMLEDHEFVPLEVYTRHEIKDSGLLDYTEVQRRNQLHDLRFADIDTVIHADANAAMFAGLGAFFEGMGDLGRAVGK
VVMGIVGGVVSAVSGVSSFMSNP [SEQ ID NO: 147] (GenPept gbAAF04615.1).

This sequence comprises the following domains/moieties:
SP=1-24

Ectodomain = 1-774

Ectodomain minus SP 25-774:

VLVASAAPSSPGTPGVAAATQAANGGPATPAPPALGAAPTGDPKPKKNKKPKNPTPPRPAGDNATVAAGHATLREHLRDIKA
ESTDANFYVCPPPTGATVVQFEQPRRCPTRPEGQONYTEGIAVVFKENIAPYKFKATMYYKDVTVSQVWFGHRYSQFMGIFEDR
APVPFEEVIDKINAKGVCRSTAKYVRNNLETTAFHRDDHETDMELKPANAATRTSRGWHTTDLKYNPSRVEAFHRYGTTVNCIV
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EEVDARSVYPYDEFVLATGDFVYMSPFYGYREGSHTEHTSYAADRFKQVDGFYARDLTTKARATAPTTRNLLTTPKFTVAWDW
VPKRPSVCTMTKWQEVDEMLRSEYGGSFRFSSDAISTTFTTNLTEYPLSRVDLGDCIGKDARDAMDRIFARRYNATHIKVGQPQ
YYLANGGFLIAYQPLLSNTLAELYVREHLREQSRKPPNPTPPPPGASANASVERIKTTSSIEFARLQFTYNHIQRHVNDMLGRVAI
AWCELQNHELTLWNEARKLNPNAIASATVGRRVSARMLGDVMAVSTCVPVAADNVIVQNSMRISSRPGACYSRPLVSFRYED
QGPLVEGQLGENNELRLTRDAIEPCTVGHRRY FTFGGGYVYFEEYAYSHQLSRADITTVSTFIDLNITMLEDHEFVPLEVYTRHEIK
DSGLLDYTEVQRRNQLHDLRFADIDTVIHADANAAMFAGLGAFFEGMGDLGRAVGKVVMGIVGGVVSAVSGVSSFMSNP
[SEQ ID NO: 148] (GenPept gbAAF04615.1).

2.2.2 Bacterial outer membrane polypeptides

In preferred embodiments, the bacterial outer membrane polypeptide is:
(i) a Chlamydia major outer membrane protein (MOMP) polypeptide; or

(ii) atrimeric autotransporter adhesin (TAA) polypeptide.

2.2.2.1  Chlamydia major outer membrane protein (MOMP) polypeptide

Chlamydial bacteria are obligate intracellular pathogens of eukaryotic cells and are known as the most common
cause of bacterial sexually transmitted infections worldwide. While infections may resolve with antibiotic
treatment, this is often neglected due to frequent asymptomatic infections, leading to disease progression and
severe sequelae. Development of a vaccine against Chlamydia is hence considered crucial. The “Chlamydia major
outer membrane protein” (commonly also referred to as “MOMP” or “Chlamydia MOMP”) has become one of
the prime target molecules for vaccine development (see, e.g., review by Madico G et al., Structural and
Immunological Characterization of Novel Recombinant MOMP-Based Chlamydial Antigens. Vaccines (Basel).

2017;6(1):2. doi: 10.3390/vaccines6010002).

Chlamydia MOMP is a surface-exposed trimeric porin with a putative 16-stranded barrel transmembrane core
region, 8 surface-exposed loops and 8 short periplasmic loops per monomer. Thus, in view of MOMP being
naturally in a trimeric conformation, the herein disclosed technology will likely also provide a benefit in terms of
stabilizing a trimeric state of polypeptides derived or corresponding to MOMP. Corresponding trimers formed
upon trimerization of the herein disclosed molecular clamp may allow to present the MOMP derived antigen in
a conformation which resembles the natural trimeric state of MOMP (or fragments/portions derived therefrom).
Thus, when employing respective chimeric polypeptides as a vaccine, an antigen presentation resembling the
natural trimeric conformation may result in the generation of a more potent broadly neutralizing antibody

response as compared to antigens not presented in a trimeric state.

Molecular characterization and a topology modeling of MOMP have identified four serovar-specific domains of

sequence variability (variable domains, VD) in loops 2, 3, 5 and 6, along with constant domains (CDs). Whereas
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the VDs have been shown to contain B- and T-cell epitopes which can elicit humoral responses (monoclonal and

polyclonal), the CDs can induce T-cell responses (see, e.g., Madico G et al Vaccines (Basel). 2017;6(1):2).

The term “Chlamydia major outer membrane protein (MOMP) polypeptide” or “Chlamydia major outer
membrane porin (MOMP) polypeptide”, as interchangeably used herein, is intended to refer to both, the full-
length polypeptide that corresponds to a monomeric subunit of MOMP, as well as to fragments or portions of

the latter polypeptide.

There are three known species of the family Chlamydia which infect humans: C. trachomatis, C. pneumoniae, and

C. psittaci. Genomic sequences for each of these are publicly available.

Thus, in preferred embodiments, the Chlamydia major outer membrane protein (MOMP) polypeptide
corresponds to, or is a variant of, a Chlamydia MOMP polypeptide from a species selected from C. trachomatis,

C. pneumoniae, and C. psittaci.

In particularly preferred embodiments, the Chlamydia MOMP polypeptide comprises or consists of an amino
acid sequence having at least 70% (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99%, more preferably 100%) sequence identity to one of the amino acid sequences defined by SEQ ID NO: 216
or 217.

SEQID NO: 216
Chlamydia trachomatis major outer membrane protein (MOMP) (as comprised in SEQ ID NO: 263)

MKKLLKSVLVFAALSSASSLQALPVGNPAEPSLMIDGILWEGFGGDPCDPCTTWCDAISMRVGYYGDFVFDRVLKTDVNKEFQ
MGAAPTTSDVAGLONDPTINVARPNPAYGKHMQDAEMFTNAAYMALNIWDRFDVFCTLGATTGYLKGNSASFNLVGLFGTK
TQSSSFNTAKLIPNTALNEAVVELYINTTFAWSVGARAALWECGCATLGASFQYAQSKPKVEELNVLCNASEFTINKPKGYVGAE
FPLNITAGTEAATGTKDASIDYHEWQASLALSYRLNMFTPYIGVKWSRVSFDADTIRIAQPKLAEAILDVTTLNRTTAGKGSVVSA
GTDNELADTMQIVSLQLNKMKSRKSCGIAVGTTIVDADKYAVTVEARLIDERAAHVNAQFRF

. Italicized text corresponds to the leader sequence

SEQID NO: 217
Chlamydia pneumoniae major outer membrane protein (MOMP); Uniprot entry: P27455

MKKLLKSALLSAAFAGSVGSLQALPVGNPSDPSLLIDGTIWEGAAGDPCDPCATWCDAISLRAGFYGDYVFDRILKVDAPKTFS
MGAKPTGSAAANYTTAVDRPNPAYNKHLHDAEWFTNAGFIALNIWDRFDVFCTLGASNGYIRGNSTAFNLVGLFGVKGTTVN
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ANELPNVSLSNGVVELYTDTSFSWSVGARGALWECGCATLGAEFQYAQSKPKVEELNVICNVSQFSVNKPKGYKGVAFPLPTD
AGVATATGTKSATINYHEWQVGASLSYRLNSLVPYIGVQWSRATFDADNIRIAQPKLPTAVLNLTAWNPSLLGNATALSTTDSF
SDFMQIVSCQINKFKSRKACGVTVGATLVDADKWSLTAEARLINERAAHVSGQFRF

. Italicized text corresponds to the leader sequence

In even more preferred embodiments, the chimeric polypeptide comprises or consists of an amino acid sequence
having at least 70% (or, with increasing preference, atleast 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, more
preferably 100%) sequence identity to the amino acid sequence defined by SEQ ID NO: 263.

Whereas preferably the chimeric polypeptide of the invention is a single polypeptide chain, wherein the structure
stabilizing moiety (SSM) is C-terminal of (i.e., downstream to) the bacterial surface polypeptide, the present
disclosure also contemplates as an alternative arrangement that the structure-stabilizing moiety (SSM) is N-
terminal of (i.e., upstream to) the bacterial surface polypeptide. In both instances, the structure-stabilizing

moiety (SSM) and the bacterial surface polypeptide may be connected by a hinge as defined herein.

Chlamydia PGP3 polypeptide

Another surface polypeptide of Chlamydia and prominent antigen which is expressly contemplated herein for
being included into the chimeric polypeptide as a bacterial surface polypeptide is the so-called “plasmid gene

protein 3 (PGP3)”".

Thus, in preferred embodiments, the bacterial surface polypeptide is a Chlamydia PGP3 polypeptide, more

preferably a Chlamydia PGP3 polypeptide from Chlamydia trachomatis.

In particular preferred embodiments of the latter embodiment, the Chlamydia trachomatis PGP3 polypeptide
comprises or consists of an amino acid sequence having at least 70% (or, with increasing preference, at least
71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, more preferably 100%) sequence identity to one of the amino acid
sequences defined by SEQ ID NO: 259.

SEQID NO: 258

Chlamydia trachomatis PGP3 {sequence corresponds to aming acid residues 3-264 of full-length protein}
NSGFYLYNTENCVFADNIKVGQMTEPLKDQQIILGTTSTPVAAKMTASDGISLTVSNNSSTNASITIGLDAEKAYQLILEKLGNQIL
DGIADTIVDSTVQDILDKITTDPSLGLLKAFNNFPITNKIQCNGLFTPSNIETLLGGTEIGKFTVTPKSSGSMFLVSADIIASRMEGSV
VLALVREGDSKPCAISYGYSSGVPNLCSLRTSITNTGLTPTTYSLRVGGLESGVVWVNALSNGNDILGITNTSNVSFLEVIPQTNA
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Based upon an assessment of the structural topology of the Chlamydia PGP3 polypeptide, it is thought by the
inventors that an arrangement wherein the SSM is N-terminal to (i.e., upstream of) a Chlamydia PGP3
polypeptide will be particularly suitable in terms of yielding a stably folded fusion protein and in terms of

providing an effective display of the Chiamydia PGP3 polypeptide as antigen.

Thus, in alternative, yet particularly preferred aspects of the invention, a chimeric polypeptide is provided which
comprises a heterologous, structure-stabilizing moiety (SSM) operably connected downstream to a Chlamydia
PGP3 polypeptide, wherein the structure-stabilizing moiety is a polypeptide comprising, in an N- to C-terminal
order, a first heptad repeat region (FHRR) and a second heptad repeat region (SHRR), wherein (i) the FHRR
comprises or consists of an amino acid sequence having at least 60% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 80 or 81, and the SHRR comprises or consists of an amino acid sequence having
at least 40% sequence identity to the amino acid sequence set forth in SEQ ID NO: 82 or 83; and/or (ii) the FHRR
comprises or consists of an amino acid sequence having at least 90% sequence similarity to the amino acid
sequence set forth in SEQ ID NO: 80 or 81, and the SHRR comprises or consists of an amino acid sequence having

at least 70% sequence similarity to the amino acid sequence set forth in SEQ ID NO: 82 or 83.

In particularly preferred embodiments of the latter aspect, the chimeric polypeptide comprises or consists of an
amino acid sequence having at least 70% (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%, 76%,
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, or 99%, more preferably 100%) sequence identity to the amino acid sequence defined by SEQ ID NO: 264.

The skilled person will readily understand that the embodiments as disclosed herein in connection with the
chimeric polypeptide according to the first aspect of the invention, and the embodiments of the further aspects
relating to the chimeric polypeptide according to the first aspect of the invention, apply in a far as applicable,
mutatis mutandis to the chimeric polypeptide as defined in accordance with the above-mentioned alternative

aspect.

2.2.2.2  Trimeric autotransporter adhesin (TAA) polypeptides

As demonstrated by the herein disclosed evidence (see, e.g., Example 19 and corresponding Figures 36 to 39),
the applicability of the structure-stabilizing moiety of the invention is by no means confined to the stabilization
of enveloped virus fusion protein ectodomain-derived antigens but can also suitably be employed for the
stabilization of other (poly)peptides, in particular of those which also naturally occur in a trimeric state and which

natural conformation may hence also be stabilized by the herein disclosed SSM.

Of particular interest are further (poly)peptides which also constitute target antigens for vaccines including those

of bacterial origin, such as bacterial outer membrane proteins (OMPs). Among the latter are the so-called
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“trimeric autotransporter adhesins (TAAs)” which have recently been endorsed as promising new vaccine targets
(see, e.g., review by Thibau A. et al. Immunogenicity of trimeric autotransporter adhesins and their potential as

vaccine targets. Med Microbiol Immunol. 2020 Jun;209(3):243-263. doi: 10.1007/s00430-019-00649-y).

The term “trimeric autotransporter adhesins (TAAs)”, commonly also known as “bacterial autotransporters”,
“trimeric autotransporters”, “non-fimbrial adhesins (NFAs)”, or “oligomeric coiled-coil adhesins (Ocas)”, refers
to a group of outer membrane proteins of Gram-negative bacteria which play important roles in bacterial
infection and host colonization. TAAs are generally built of three identical polypeptide chains (fibers) which are
assembled into long filamentous trimeric proteins. Each monomeric subunit typically consists of an N-terminal
extracellular portion, commonly referred to as the “passenger domain”, and a C-terminal membrane anchor,
commonly referred to as “translocator domain”, “translocation domain” or “B-domain”. The N-terminal
“passenger domain” is responsible for the specific effector functions, such as adhesion to specific molecular
components on host cells. The passenger domain typically comprises one or more head and neck domains, as
well as one or more coiled-coil stalk domains. Dependent on the arrangement of the head domain(s), TAAs can
be classified as either “lollipop” or “beads-on-a-string”-like structures. The C-terminal “translocator domain”
typically consists of three subunits, each composed of one long, amphipathic helix, followed by a four-stranded
B-meander which are assembled into a 12-stranded B-barrel (each of the monomeric subunits contributing four
strands) that is embedded in the bacterial outer membrane. The translocator domain is believed to be
responsible for insertion and translocation of the passenger domain to the outside of the cell. Whereas in some
TAAs, such as YadA of Yersinia enterocolitica, the passenger domain consists of only one head region and one
stalk region, more complex TAAs exist, which comprise multiple head and stalk regions in various arrangements.
Moreover, although all TAAs have a translocator domain, not all of them contain both, a stalk and a head region.
TAAs are synthesized as precursors that contain three functional domains: an N-terminal signal sequence, the
passenger domain and the C-terminal translocator domain. The signal sequence is usually about 20-50 amino
acid residues in length (hence often designated as “extended signal peptide”) and targets these proteins to the
Sec transport machinery of the cytoplasmic membrane. Translocation across this membrane then proceeds via
the Sec pathway utilizing ATP as an energy source and culminates with the loss of the signal peptide. From within
the periplasm, the translocator domain then inserts into the outer membrane as a B-barrel structure and forms
a pore through which the passenger domain translocates onto the bacterial cell surface. At this point, the
passenger domain can remain associated with the outer membrane, via its covalent attachment to the
translocator domain or in a noncovalent manner following cleavage from the translocator domain. Alternatively,
the passenger domain can be released free into the extracellular milieu following cleavage from the B-domain
(see, e.g., Linke D et al., Trimeric autotransporter adhesins: variable structure, common function. Trends
Microbiol. 2006;14(6):264-70; Bassler J et al.; A domain dictionary of trimeric autotransporter adhesins. Int J Med
Microbiol. 2015;305(2):265-75; Kiessling AR et al.,, Recent advances in the understanding of trimeric
autotransporter adhesins. Med Microbiol Immunol. 2020;209(3):233-242).
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As shown in Example 19 and corresponding Figures 36 to 39, the present technology could also successfully be
employed to generate chimeric polypeptides and complexes thereof which, instead of an enveloped virus fusion
ectodomain polypeptide, comprised a TAA polypeptide fused to the SSM of the invention. In total, a panel of
seven constructs with TAAs derived from major bacterial pathogens could be solubly and stably expressed and
purified from E. coli, and a subsequent analysis (by TEM) indicated overall shapes consistent with their native
long filamentous conformation. These results hence suggest that the present molecular clamping technology can
also suitably stabilize TAAs in a close to native conformation, thus rendering plausible that respective constructs
will similarly prove effective as vaccines, and in particular for eliciting a potent immune response towards these

important class of virulence factors.

Although TAAs naturally fold into a trimer, it is understood by the skilled artisan that whenever a “TAA
polypeptide” is referred to herein, the term refers to a single polypeptide chain that corresponds to, or is a

variant or fragment of, a monomeric subunit of a TAA polypeptide.

Thus, in preferred embodiments, the TAA polypeptide corresponds to, or is a variant of:

(i) aTAA polypeptide from a bacterium of a genus selected from Neisseria, Escherichia, Haemophilus, Yersinia,
Salmonella, Bartonella, Vibrio, Acinetobacter and Moraxella; and/or

(ii) a TAA polypeptide selected from Neisseria meningitidis adhesin A (NadA), Neisseria meningitidis hia/hsf
homologue (NhhA), Escherichia coli autotransporter G (EhaG), Escherichia coli 1gG-binding protein D (EibD),
Uropathogenic Escherichia coli autotransporter G (UpaG), Haemophilus influenzae adhesin (HiA) and

Yersinia enterocolitica adhesin (YadA).
In preferred embodiments, the bacterium of the genus Neisseria is one of the species N. meningitidis.
In other preferred embodiments, the bacterium of the genus Escherichia is selected from the group consisting
of: Enterotoxigenic Escherichia coli (ETEC), Enteropathogenic Escherichia coli (EPEC), Enteroaggregative
Escherichia coli (EAEC), Enteroinvasive Escherichia coli (EIEC), Enterohemorrhagic Escherichia coli (EHEC),

Adherent-Invasive Escherichia coli (AIEC), and Uropathogenic Escherichia coli (UPEC).

In other preferred embodiments, the bacterium of the genus Haemophilus is selected from the group consisting

of: H. influenzae, H. ducreyi, H. aegyptius, H. parainfluenzae, H. parasuis, and H. paragallinarum.

In other preferred embodiments, the bacterium of the genus Yersinia is selected from the group consisting of: Y.

enterocolitica and Y. pseudotuberculosis.

In other preferred embodiments, the bacterium of the genus Salmonella is selected from the group consisting

of: S. typhi, S. enterica, and S. enteritidis.
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In other preferred embodiments, the bacterium of the genus Bartonella is selected from the group consisting of:
B. bacilliformis, B. quintana, B. clarridgeiae, B. elizabethae, B. grahamii, B. henselae, B. koehlerae, B.

naantaliensis, B. vinsonii, B. washoensis, and B. rochalimae.

In other preferred embodiments, the bacterium of the genus Vibrio is selected from the group consisting of: V.

vulnificus, V. parahaemolyticus, V. cholerae and V. campbellii.

In other preferred embodiments, the bacterium of the genus Acinetobacter is selected from the group consisting
of: A. calcoaceticus, A. baumannii, A. haemolyticus, A. junii, A. johnsonii, A. Iwoffii, A. radioresistens, A. schindleri,

A. ursingii, A. baylyi, A. bouvetii, A. gerneri, A. grimontii, A. tandoii, A. tjernbergiae, A. towneri, and A. parvus.

In other preferred embodiments, the bacterium of the genus Moraxella is selected from the group consisting of:

M. catarrhalis, M. lacunata, and M. bovis.

In the herein disclosed Example 19, the chimeric polypeptides were designed to either comprise the full-length
TAA polypeptide (without signal peptide) or C-terminally truncated version thereof (which lacked the

translocator domain partially or even entirely).

In other or even more preferred embodiments, the TAA polypeptide comprises or consists of:
(i) apassenger domain; and/or

(ii) atranslocator domain.

However, it is also thought that constructs only comprising one (i.e., a single) head, neck, or stalk domain, or only
the translocator domain can also be generated at similar yield. In view of the head domain often being
responsible for the adhesion function, it might be that respective constructs only comprising a head domain as
TAA polypeptide fused to the SSM will be particularly effective for eliciting a potent neutralizing antibody

response toward that effector protein and related bacteria expressing said protein or similar variants thereof.

In even more preferred embodiments, the TAA polypeptide comprises or consists of at least one head domain,

neck domain and/or stalk domain; or any antigenic fragment(s) thereof.

In preferred embodiments, the TAA polypeptide comprises or consists of an amino acid sequence having at least
70% (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, more preferably

100%) sequence identity to one of the amino acid sequences set forth in SEQ ID NOs: 252 to 258.
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In even more preferred embodiments, the chimeric polypeptide comprises or consists of an amino acid sequence
having at least 70% (or, with increasing preference, atleast 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, more

preferably 100%) sequence identity to one of the amino acid sequences set forth in SEQ ID NOs: 218-224.

In addition, the present technology may also suitably be employed for effecting a trimerization of other
(poly)peptides, such as therapeutic (poly)peptides, which do naturally not adapt a trimeric state, but which
presentation as a trimer may provide a benefit in terms of their activity and/or interaction with other
molecules/binding partners, e.g., when applied as a medicament. Exemplary embodiments are described in

section 2.4, below.

2.3 Representative chimeric polypeptide constructs

Non-limiting examples of chimeric polypeptides of the present invention are set out below:

RSV Fusion protein 66K — T103.G5-GM — FHLGSG-VISNA-based SSM

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 22], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity);

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM (CD11).

RSV Fusion protein 66F — TO.G5-GY— FPILGSG-VISNA-based SSM

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS

NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
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WQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 24], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SARS-CoV-2 Spike protein — NO-GSG-5 — G124 VISNA-based SSKM CD1T

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYV
SQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNAT
RFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSG
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
[SEQ ID NO: 29], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bald text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

Nipah virus Fusion -VISNA-based SSM

MVVILDKRCYCNLLILILMISECSVGILHYEKLSKIGLVKGVTRKYKIKSNPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILTP
IKGALEIYKNNTHDLVGDVRLAGVIMAGVAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTAL
QDYINTNLVPTIDKISCKQTELSLDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIT
GQIIYVDLSSYYIIVRVYFPILTEIQQAYIQELLPVSFNNDNSEWISIVPNFILVRNTLISNIEIGFCLITKRSVICNQDYATPMTNNMR
ECLTGSTEKCPRELVVSSHVPRFALSNGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCPTAVLGNVIISLGKYLGSVNYNS
EGIAIGPPVFTDKVDISSQISSMNQSLQQSKDYIKEAQRLLDTGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGG
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SGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 31], or an amino acid sequence
corresponding thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity
or identity)

wherein:
. Italicized text corresponds to the signal peptide of Nipah virus Fusion protein; and
. Boid text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

Influenza Hemagglutinin protein R*?6-VISNA-based SSM

MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAPLHLGKCNIAGWILGNPECE
SLSTASSWSYIVETPSSDNGTCYPGDFIDYEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKK
GNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQNADTYVFVGSSRYSKKFKPEIAIRPKVRDQEGRMNYYWTLVEPGD
KITFEATGNLVVPRYAFAMERNAGSGIIISDTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLATGLRNIPSIQS
RGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTONAIDEITNKVNSVIEKMNTQFTAVGKEFNHLEKRIENLN
KKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEE
AKLNREEIDGVKLESTRGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSL
LLREAALQVHIAQRDARRI [SEQ ID NO: 33], or an amino acid sequence corresponding thereto (e.g., an amino acid
sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of Influenza Hemagglutinin protein; and
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SARS-CoV-2 Spike protein — NG5G-85 — G1200VISNA-based SSM CD11 [-5G)

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYV
SQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFENAT
RFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTOQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
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KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGQSL
ANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ
ID NO: 34], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

REV Fusion protein 66E ~ TWLGES-G' - PPULGSG-VISNA-based SSM with additional N-linked glycosylation

seguences (CDI1 124578}

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSYNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQNWTEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 51], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

RSV Fusion protein 66F — TH.GE-GM— FPRLGS5G-VISNA-based SSM with additional N-linked glycosviation

seguences {CD11 14578}

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 52], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)
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wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SARS-CoV-2 {Delta) Spike protein — N*77-GSG-$81 —GRMViSNA-based SSM CDI2

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLP
FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESGVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWT
AGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATR
FASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTG
CVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSF
ELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPG
TNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI!
AYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLONV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSG
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
[SEQID NO: 73], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SARS-CoV-2 (Delta) Spike protein — N¥°-G5G-8%7 G2 yiSNA-based 55M {CD11} and QS removed from D11

FHRR

MFVFLVLLPLVSSQCVYNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLP
FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESGVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWT
AGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATR
FASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTG
CVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSF
ELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPG
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TNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSII
AYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLONV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSGL
ANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ
ID NO: 74], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of Influenza Hemagglutinin protein; and

. Underlined text corresponds to a VISNA-based SSM CD11.

RSV Fusion protein 66F — T3.G5-G — FPHL.GSG-VISNA-based S50 (CD11) ond QS removed from C0E1 FHRR

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSYNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTW
QQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 75], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

RSV Fusion protein 66F — TH5.GS-G'— FU.GSG-VISNA-based SSM with additional N-finked giycosyiation

seguences and QS removed from COIY FHRR {CD11_145TR-05)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS

NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
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WQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 76)], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

RSV Fusion protein 66F — THWLGS-G'— PU.GSG-VISNA-based SSM with additional N-linked glycosylation

seguences and Q5 removed from CD11 FHRAR and CT1 mutation included {CD11_145T8-Q5)

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSYNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVRHIAKGIRILEARVARGGSGGNHT
WQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 77], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

RSV Fusion protein 66F — T8.G5-GY - FFILGSG-VISNA-based SSM with additional N-linked glycosyiation

seguences and QS removed from CDI11 FHRR and {TS mutation included (D11 145T8-QS)

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTT
WQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 78], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
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. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

RSV Fusion protein 66F — TWLGES-G'¥— FU.GSG-VISNA-based SSM with additional N-linked glycosyiation

seguences and Q5 removed from CO11 FHRR and CT9 mutation included {CD11_145T8-Q5)

MELLILKANAITTILTAVTFCFASGQNITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 79], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Zold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

£. coli FhaG-VISNA-based 5SM CD11

MNAGNDNGQGVDYGSGSAGDGWVAIGKGAKANTFMNTSGSSTAVGYDAIAEGQYSSAIGSKTHAIGGASMAFGVSAISEG
DRSIALGASSYSLGQYSMALGRYSKALGKLSIAMGDSSKAEGANAIALGNATKATEIMSIALGDTANASKAYSMALGASSVASEE
NAIAIGAETEAAENATAIGNNAKAKGTNSMAMGFGSLADKVNTIALGNGSQALADNAIAIGQGNKADGVDAIALGNGSQSRG
LNTIALGTASNATGDKSLALGSNSSANGINSVALGADSIADLDNTVSVGNSSLKRKIVNVKNGAIKSDSYDAINGSQLYAISDSVA
KRLGGGAAVDVDDGTVTAPTYNLKNGSKNNVGAALAVLDENTLQWDQTKGKYSAAHGTSSPTASVITDVADGTISASSKDAV
NGSQLKATNDDVEANTANIATNTSNIATNTANIATNTTNITNLTDSVGDLQADALLWNETKKAFSAAHGQDTTSKITNVKDAD
LTADSTDAVNGSQLKTTNDAVATNTTNIANNTSNIATNTTNISNLTETVTNLGEDALKWDKDNGVFTAAHGTETTSKITNVKDG
DLTTGSTDAVNGSQLKTTNDAVATNTTNIATNTTNISNLTETVTNLGEDALKWDKDNGVFTAAHGNNTASKITNILDGTVTATS
SDAINGSQLYDLSSNIATYFGGNASVNTDGVFTGPTYKIGETNYYNVGDALAAINSSFSTSLGDALLWDATAGKFSAKHGTNGD
ASVITDVADGEISDSSSDAVNGSQLHGVSSYVVDALGGGAEVNADGTITAPTYTIANADYDNVGDALNAIDTTLDDALLWDAD
AGENGAFSAAHGKDKTASVITNVANGAISAASSDAINGSQLYTTNKYIADALGGDAEVNADGTITAPTYTIANAEYNNVGDALD
ALDDNALLWDETANGGAGAYNASHDGKASIITNVANGSISEDSTDAVNGSQLNATNMMIEQNTQIINQLAGNTDATYIQENG
AGINYVRTNDDGLAFNDASAQGVGATAIGYNSVAKGDSSVAIGQGSYSDVDTGIALGSSSVSSRVIAKGSRDTSITENGVVIGYD
TTDGELLGALSIGDDGKYRQIINVADGSEAHDAVTVRQLONAIGAVATTPTKYFHANSTEEDSLAVGTDSLAMGAKTIVNGDKG
IGIGYGAYVDANALNGIAIGSNAQVIHVNSIAIGNGSTTTRGAQTNYTAYNMDAPQNSVGEFSVGSADGQRQITNVAAGSADT
DAVNVGQLKVTDAQVSQNTQSITNLDNRVTNLDSRVTNIENGIGDIVTTGSTKYFKTNTDGVDASAQGKDSVAIGSGSIAAAD
NSVALGTGSVATEENTISVGSSTNQRRITNVAAGKNATDAVNVAQLKSSEAGGVRYDTKADGSIDYSNITLGGGNGGTTRISNV
SAGVNNNDVVNYAQLKQSVQETKQYTDQRMVEMDNKLSKTESKLSGGIASAMAMTGLPQAYTPGGSGQSLANATAAQQE
VLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 218],
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or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 99% sequence similarity or identity)

wherein:
e  Bold textis a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

£, coli EibD-VISNA-based SSM CD11

MQNGTYSVLQDDSQKSGPVKYGSTYEVVKTVDNGNFRYEVKEKKNDKRTLFKFDSEGNVTVKGKGITHTLHDPALKDFARTAE

GKKNEQNGNTPPHKLTDSAVRGVYNKVYGLEKTEITGFSVEDGENGKVSLGSDAKASGEFSVAVGNGARATEKASTAVGSWA

AADGKQSTALGVGTYAYANASTALGSVAFVDNTATYGTAAGNRAKVDKDATEGTALGAKATVTNKNSVALGANSVTTRDNEV
YIGYKTGTESDKTYGTRVLGGLSDGTRNSDAATVGQLNRKVGGVYDDVKARITVESEKQKKYTDQKTSEVNEKVEARTTVGVDS
DGKLTRAEGATKTIAVNDGLVALSGRTDRIDYAVGAIDGRVTRNTQSIEKNSKAIAANTRTLQQHSARLDSQQRQINENHKEMK
RAAAQSAALTGLFQPYSVGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGN
LSLLLREAALQVHIAQRDARRI [SEQ ID NO: 219], or an amino acid sequence corresponding thereto (e.g., an amino
acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
e Bold textis a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

£. coli UpaG-VISNA-based SSM CD11

MDNYTGQPTDYGDGSAGDGWVAIGKGAKANTFMNTSGASTALGYDAIAEGEYSSAIGSKTLATGGASMAFGVSAKAMGDR
SVALGASSVANGDRSMAFGRYAKTNGFTSLAIGDSSLADGEKTIALGNTAKAYEIMSIALGDNANASKEYAMALGASSKAGGA
DSLAFGRKSTANSTGSLAIGADSSSSNDNAIAIGNKTQALGVNSMALGNASQASGESSIALGNTSEASEQNAIALGQGSIASKVN
SIALGSNSLSSGENAIALGEGSAAGGSNSLAFGSQSRANGNDSVAIGVGAAAATDNSVAIGAGSTTDASNTVSVGNSATKRKIV
NMAAGAISNTSTDAINGSQLYTISDSVAKRLGGGATVGSDGTVTAVSYALRSGTYNNVGDALSGIDNNTLQWNKTAGAFSAN
HGANATNKITNVAKGTVSATSTDVVNGSQLYDLQQDALLWNGTAFSAAHGTEATSKITNVTAGNLTAGSTDAVNGSQLKTTN
DNVTTNTTNIATNTTNITNLTDAVNGLGDDSLLWNKAAGAFSAAHGTEATSKITNVTAGNLTAGSTDAVNGSQLKTTNDNVTT
NTTNIATNTTNITNLTDAVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVTAGNLTAGSTDAVNGSQLKTTNDNVTTNTTNI
ATNTTNITNLTDAVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVKAGDLTAGSTDAVNGSQLKTTNDNVSTNTTNITNLTD
AVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVKAGDLTAGSTDAVNGSQLKTTNDNVSTNTTNITNLTDSVGDLKDDSLL
WNKAAGAFSAAHGTEATSKITNLLAGKISSNSTDAINGSQLYGVADSFTSYLGGGADISDTGVLSGPTYTIGGTDYTNVGDALAA
INTSFSTSLGDALLWDATAGKFSAKHGINNAPSVITDVANGAVSSTSSDAINGSQLYGVSDYIADALGGNAVVNTDGSITTPTYAI
AGGSYNNVGDALEAIDTTLDDALLWDTTANGGNGAFSAAHGKDKTASVITNVANGAVSATSNDAINGSQLYSTNKYIADALG
GDAEVNADGTITAPTYTIANTDYNNVGEALDALDNNALLWDEDAGAYNASHDGNASKITNVAAGDLSTTSTDAVNGSQLNAT
NILVTONSQMINQLAGNTSETYIEENGAGINYVRTNDSGLAFNDASASGIGATAVGYNAVASHASSVAIGQDSISEVDTGIALGS
SSVSSRVIVKGTRNTSVSEEGVVIGYDTTDGELLGALSIGDDGKYRQIINVADGSEAHDAVTVRQLQONAIGAVATTPTKYYHANS
TAEDSLAVGEDSLAMGAKTIVNGNAGIGIGLNTLVLADAINGIAIGSNARANHADSIAMGNGSQTTRGAQTNYTAYNMDAPQ
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NSVGEFSVGSEDGQRQITNVAAGSADTDAVNVGQLKVTDAQVSONTQSITNLNTQVTNLDTRVTNIENGIGDIVTTGSTKYFK
TNTDGADANAQGKDSVAIGSGSIAAADNSVALGTGSVADEENTISVGSSTNQRRITNVAAGVNATDAVNVSQLKSSEAGGVRY
DTKADGSIDYSNITLGGGNSGTTRISNVSAGVNNNDAVNYAQLKQSVQETKQYTDQRMVEMDNKLSKTESKLSGGIASAMA
MTGLPQAYTPGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREA
ALQVHIAQRDARRI [SEQ ID NO: 220], or an amino acid sequence corresponding thereto (e.g., an amino acid
sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
e  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

H, influenzae HIA-VISNA-based SSM D11

MNNNTPVTNKLKAYGDANFNFTNNSIADAEKQVQEAYKGLLNLNEKNASDKLLVEDNTAATVGNLRKLGWVLSSKNGTRNEK
SQQVKHADEVLFEGKGGVQVTSTSENGKHTITFALAKDLGVKTATVSDTLTIGGGAAAGATTTPKVNVTSTTDGLKFAKDAAGA
NGDTTVHLNGIGSTLTDTLVGSPATHIDGGDQSTHYTRAASIKDVLNAGWNIKGVKAGSTTGQSENVDFVHTYDTVEFLSADTE
TTTVTVDSKENGKRTEVKIGAKTSVIKEKDGKLFTGKANKETNKVDGANATEDADEGKGLVTAKDVIDAVNKTGWRIKTTDAN
GQNGDFATVASGTNVTFASGNGTTATVTNGTDGITVKYDAKVGDGLKLDGDKIAADTTALTVNDGKNANNPKGKVADVAST
DEKKLVTAKGLVTALNSLSWTTTAAEADGGTLDGNASEQEVKAGDKVTFKAGKNLKVKQEGANFTYSLQDALTGLTSITLGTGN
NGAKTEINKDGLTITPANGAGANNANTISVTKDGISAGGQSVKNVVSGLKKFGDANFDPLTSSADNLTKQNDDAYKGLTNLDE
KGTDKQTPVVADNTAATVGDLRGLGWVISADKTTGGSTEYHDQVRNANEVKFKSGNGINVSGKTVNGRREITFELAKGEVVKS
NEFTVKETNGKETSLVKVGDKYYSKEDIDLTTGQPKLKDGNTVAAKYQDKGGKVVSVTDNTEATITNKGSGYVTGNQVADAIAK
SGFELGLADEADAKAAFDDKTKALSAGTTEIVNAHDKVRFANGLNTKVSAATVESTDANGDKVTTTFVKTDVELPLTQIYNTDA
NGKKITKVVKDGQTKWYELNADGTADMTKEVTLGNVDSDGKKVWKDNDGKWYHAKADGTADKTKGEVSNDKVSTDEKHVV
SLDPNDQSKGKGVVIDNVANGDISATSTDAINGSQLYAVAKGVTNLAGQVNNLEGKVNKVGKRADAGTASALAASQLPQAT
MPGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQ
RDARRI [SEQ ID NO: 221], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having
at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
o  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

N, meningitidis NadA-VISNA-based SSM CD11

MATNDDDVKKAATVAIAAAYNNGQEINGFKAGETIYDIDEDGTITKKDATAADVEADDFKGLGLKKVVTNLTKTVNENKQNVD
AKVKAAESEIEKLTTKLADTDAALADTDAALDATTNALNKLGENITTFAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDET
NTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKDNIAKKANSAD
VYTREESDSKFVRIDGLNATTEKLDTRLASAEKSIADHDTRLNGLDKTVSDLRKETRQGLAEQAALSGLFQPYNVGGSGQSLANA
TAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID
NO: 222], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%,
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76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% sequence similarity or identity)

wherein:
e  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

N. meningitidis NEhA-VISNA-based SSM D11

MNNEEQEEDLYLDPVQRTVAVLIVNSDKEGTGEKEKVEENSDWAVYFNEKGVLTAREITLKAGDNLKIKQNGTNFTYSLKKDLT

DLTSVGTEKLSFSANGNKVNITSDTKGLNFAKETAGTNGDTTVHLNGIGSTLTDTLLNTGATTNVTNDNVTDDEKKRAASVKDV
LNAGWNIKGVKPGTTASDNVDFVRTYDTVEFLSADTKTTTVNVESKDNGKKTEVKIGAKTSVIKEKDGKLVTGKDKGENGSSTD
EGEGLVTAKEVIDAVNKAGWRMKTTTANGQTGQADKFETVTSGTNVTFASGKGTTATVSKDDQGNITVMYDVNVGDALNV

NQLONSGWNLDSKAVAGSSGKVISGNVSPSKGKMDETVNINAGNNIEITRNGKNIDIATSMTPQFSSVSLGAGADAPTLSVDG
DALNVGSKKDNKPVRITNVAPGVKEGDVTNVAQLKGVAQNLNNRIDNVDGNARAGIAQAIATAGLVQAYLPGGSGQSLANA

TAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID
NO: 223], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% sequence similarity or identity)

wherein:
e Bold textis a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

Y. enterocolitica YadA-ViSNA-based SSM CD1E

MDDYDGIPNLTAVQISPNADPALGLEYPVRPPVPGAGGLNASAKGIHSIAIGATAEAAKGAAVAVGAGSIATGVNSVAIGPLSK
ALGDSAVTYGAASTAQKDGVAIGARASTSDTGVAVGFNSKADAKNSVAIGHSSHVAANHGYSIAIGDRSKTDRENSVSIGHESL
NRQLTHLAAGTKDTDAVNVAQLKKEIEKTQENTNKRSAELLANANAYADNKSSSVLGIANNYTDSKSAETLENARKEAFAQSKD
VLNMAKAHSNSVARTTLETAEEHANSVARTTLETAEEHANKKSAEALASANVYADSKSSHTLKTANSYTDVTVSNSTKKAIRESN
QYTDHKFRQLDNRLDKLDTRVDKGLASSAALNSLFQPYGVGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARG
GSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 224], or an amino acid sequence
corresponding thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity
or identity)

wherein:
o  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

AMPY Fusion protein Clamp2s
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MSWKWVIIFSLLITPQHGLKESYLEESCSTITEGYLSVLRTGWYTNVFTLEVGDVENLTCADGPSLIKTELDLTKSALRELRTVSADQ
LAREEQIENPRQSRFVLGAIALGVATAAAVTAGVAIAKTIRLESEVTAIKNALKKTNEAVSTLGNGVRVLATAVRELKDFVSKNLTR
AINKNKCDIADLKMAVSFSQFNRRFLNVVRQFSDNAGITPAISLDLMTDAELARAVSNMPTSAGQIKLMLENRAMVRRKGFGI

LIGVYGSSVIYMVQLPIFGVIDTPCWIVKAAPSCSEKKGNYACLLREDQGWYCQNAGSTVYYPNEKDCETRGDHVFCDTAAGIN
VAEQSKECNINISTTNYPCKVSTGRHPISMVALSPLGALVACYKGVSCSIGSNRVGIIKQLNKGCSYITNQDADTVTIDNTVYQLSK
VEGEQHVIKGRPVSSSFDPVKFPEDQFNVALDQVFESIENSQALVDQSNRIGSGLANATAAQQEVLEAQYAMVQHIAKGIRILE

ARVARGGSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 260], or an amino acid
sequence corresponding thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence
similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of hMPV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

HTLY-1 giycoprotein Clamp2s

MGWSCILFLVATATGVHSESRCTLTIGVSSYHSKPCNPAQPVCSWTLDLLALSADQALQPPCPNLVSYSNYHATYSLYLFPHWIK
KPNRNGGGYYSASYSDPCSLKCPYLGCQSWTCPYTGAVSSPYWKFQQDVNFTQEVSRLNINLHFSKCGFPFSLLVDAPGYDPIW
LLNTEPSQLPPTAPPLLPHSNLDHILEPSIPWKSKLLTLVQLTLQSTNYTCIVCIDRASLSTWHVLYSPNISIPSSSSTPLLYPSLALPAP
HLTLPFNWTHCFDPQIQAIVSSPCHNSLILPPFSLSPVPTLRSRSRRGGGGVSALAMGTGIAGGITGSMSLASGKNLLHEVDKDIS
QLTQAIVKNHKNLLKIAQYAAQNRRGLDLLFWEQGGLCKALQEQCCFLNITNSHVSILQERPPLEGSGLANATAAQQEVLEAQY
AMVQHIAKGIRILEARVARGGSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 261], or an
amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of HTLV-1 Glycoprotein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

APV Fusion protein Clamp2s

MPTSILLITTMIMASFCQIDITKLQHVGVLVNSPKGMKISQNFETRYLILSLIPKIEDSNSCGDQQIKQYKRLLDRLIIPLYDGLRLQK
DVIVTNQESNENTDPRTERFFGGVIGTIALGVATSAQITAAVALVEAKQAKSDIEKLKEAIRDTNKAVQSVQSSVGNLIVAIKSVQ
DYVNKEIVPSIARLGCEAAGLQLGIALTQHYSELTNIFGDNIGSLQEKGIKLQGIASLYRTNITEIFTTSTVDKYDIYDLLFTESIKVRVI
DVDLNDYSITLQVRLPLLTRLLNTQIYKVDSISYNIQNREWYIPLPSHIMTKGAFLGGADVKECIEAFSSYICPSDPGFVLNHEMES
CLSGNISQCPRTTVTSDIVPRYAFVNGGVVANCITTTCTCNGIGNRINQPPDQGVKIITHKECNTIGINGMLFNTNKEGTLAFYTP
DDITLNNSVALDPIDISIELNKAKSDLEESKEWIRRSNOQKGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNH
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TTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI [SEQ ID NO: 262], or an amino acid sequence corresponding
thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the signal peptide of hPIV3 Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

Chlamydia trachomatis Major Quter Membrane Protein Clamp2

MKKLLKSVLVFAALSSASSLQALPVGNPAEPSLMIDGILWEGFGGDPCDPCTTWCDAISMRVGYYGDFVFDRVLKTDVNKEFQ
MGAAPTTSDVAGLONDPTINVARPNPAYGKHMQDAEMFTNAAYMALNIWDRFDVFCTLGATTGYLKGNSASFNLVGLFGTK
TQSSSFNTAKLIPNTALNEAVVELYINTTFAWSVGARAALWECGCATLGASFQYAQSKPKVEELNVLCNASEFTINKPKGYVGAE
FPLNITAGTEAATGTKDASIDYHEWQASLALSYRLNMFTPYIGVKWSRVSFDADTIRIAQPKLAEAILDVTTLNRTTAGKGSVVSA
GTDNELADTMQIVSLQLNKMKSRKSCGIAVGTTIVDADKYAVTVEARLIDERAAHVNAQFRFGSGLANATAAQQEVLEAQYA
MVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI [SEQ ID NO: 263], or an
amino acid sequence corresponding thereto (e.g., an amino acid sequence having at least 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% sequence similarity or identity)

wherein:
. Italicized text corresponds to the leader sequence;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

Chlamydia trachomatis PGP3 Clamip2

MANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRIGG

SGGNSGFYLYNTENCVFADNIKVGOQMTEPLKDQQIILGTTSTPVAAKMTASDGISLTVSNNSSTNASITIGLDAEKAYQLILEKLG

NQILDGIADTIVDSTVQDILDKITTDPSLGLLKAFNNFPITNKIQCNGLFTPSNIETLLGGTEIGKFTVTPKSSGSMFLVSADIIASRM

EGSVVLALVREGDSKPCAISYGYSSGVPNLCSLRTSITNTGLTPTTYSLRVGGLESGVVWVNALSNGNDILGITNTSNVSFLEVIPQ,
TNA [SEQ ID NO: 264], or an amino acid sequence corresponding thereto (e.g., an amino acid sequence having
at least 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% sequence similarity or identity)

wherein:
. Zoid text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.
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2.4 Use of structure-stabilizing moiety as a universal oligomerization domain

In addition to its utility in stabilizing an ectodomain polypeptide of the invention against rearrangement to a
post-fusion conformation, the structure-stabilizing moiety is useful as a universal oligomerization domain (UOD)
for oligomerizing any heterologous molecules of interest into oligomers, particularly trimers. In specific
embodiments, a UOD is fused upstream or downstream of a heterologous proteinaceous molecule (referred to
herein as “first (poly)peptide”) to form a chimeric polypeptide. Typically, the UOD is fused downstream of the
heterologous proteinaceous molecule. As with the ectodomain embodiments described herein, association of
the complementary heptad repeats of the UOD to one another under conditions suitable for their association
(e.g., in aqueous solution) results in formation of an anti-parallel, two-helix bundle that trimerizes to form a
highly stable six-helix bundle, thus permitting trimerization of the chimeric polypeptide to form a trimeric

polypeptide complex.

Thus, the invention provides, in a second aspect, a chimeric polypeptide comprising a first (poly)peptide operably
connected downstream to a structure-stabilizing moiety, wherein said structure-stabilizing moiety is as defined
in connection with the first aspect of the invention; wherein preferably the first (poly)peptide is a therapeutic

(poly)peptide.

The heterologous proteinaceous molecule (i.e., the “first (poly)peptide”) may be a natural or non-natural
polypeptide. In certain embodiments, the heterologous (poly)peptide is or comprises a therapeutic
(poly)peptide. A vast variety of therapeutic (poly)peptides, including both ligands and receptors, are known in

the art to be useful for treating or preventing a variety of diseases.

2.5  Methods of preparing chimeric polypeptide and complexes thereof

The chimeric polypeptides of the present disclosure may be prepared by chemical synthesis or recombinant
means. Usually, the polypeptides are prepared by expression of a recombinant construct that encodes the
modified or chimeric polypeptide in suitable host cells, although any suitable methods can be used. Suitable host
cells include, for example, insect cells (e.g., Aedes aegypti, Autographa californica, Bombyx mori, Drosophila
melanogaster, Spodoptera frugiperda, and Trichoplusia ni), mammalian cells (e.g., human, non-human primate,
horse, cow, sheep, dog, cat, and rodent (e.g., hamster), avian cells (e.g., chicken, duck, and geese), bacteria (e.g.,
Escherichia coli, Bacillus subtilis, and Streptococcus spp.), yeast cells (e.g., Saccharomyces cerevisiae, Candida
albicans, Candida maltosa, Hansenula polymorphs, Kluyveromyces fragilis, Kluyveromyces lactis, Pichia
guillerimondii, Pichia pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica), Tetrahymena cells (e.g.,
Tetrahymena thermophile) or combinations thereof. Many suitable insect cells and mammalian cells are well-
known in the art. Suitable insect cells include, for example, Sf9 cells, Sf21 cells, Tn5 cells, Schneider S2 cells, and

High Five cells (a clonal isolate derived from the parental Trichoplusia ni BTI-TN-5B1-4 cell line (Invitrogen)).
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Suitable mammalian cells include, for example, Chinese hamster ovary (CHO) cells, human embryonic kidney cells
(HEK293 cells), NIH-3T3 cells, 293-T cells, Vero cells, Hela cells, PERC.6 cells (ECACC deposit number 96022940),
Hep G2 cells, MRC-5 (ATCC CCL-171), WI-38 (ATCC CCL-75), fetal rhesus lung cells (ATCC CL-160), Madin-Darby
bovine kidney (“MDBK”) cells, Madin-Darby canine kidney ("MDCK") cells (e.g., MDCK (NBL2), ATCC CCL34; or
MDCK 33016, DSM ACC 2219), baby hamster kidney (BHK) cells, such as BHK21-F, HKCC cells, and the like.
Suitable avian cells include, for example, chicken embryonic stem cells (e.g., EBx® cells), chicken embryonic
fibroblasts, chicken embryonic germ cells, duck cells (e.g., AGE1.CR and AGE1.CR.pIX cell lines (ProBioGen) which
are described, for example, in Vaccine 27:4975-4982 (2009) and W02005/042728), EB66 cells, and the like.

Appropriate insect cell expression systems, such as Baculovirus systems, are known to those of skill in the art and
described in, e.g., Summers and Smith, Texas Agricultural Experiment Station Bulletin No. 1555 (1987). Materials
and methods for Baculovirus/insert cell expression systems are commercially available in kit form from, inter
alia, Invitrogen, San Diego Calif. Avian cell expression systems are also known to those of skill in the art and
described in, e.g., U.S. Pat. Nos. 5,340,740; 5,656,479; 5,830,510; 6,114,168; and 6,500,668; European Patent
No. EP 0787180B; European Patent Application No. EP03291813.8; WO 03/043415; and WO 03/076601.
Similarly, bacterial and mammalian cell expression systems are also known in the art and described in, e.g., Yeast

Genetic Engineering (Barr et al., eds., 1989) Butterworths, London.

Recombinant constructs encoding the modified or chimeric polypeptides of the present disclosure can be
prepared in suitable vectors using conventional methods. A number of suitable vectors for expression of
recombinant proteins in insect or mammalian cells are well-known and conventional in the art. Suitable vectors
can contain a number of components, including, but not limited to one or more of the following: an origin of
replication; a selectable marker gene; one or more expression control elements, such as a transcriptional control
element (e.g., a promoter, an enhancer, a terminator), and/or one or more translation signals; and a signal
sequence or leader sequence for targeting to the secretory pathway in a selected host cell (e.g., of mammalian
origin or from a heterologous mammalian or non-mammalian species). For example, for expression in insect cells
a suitable Baculovirus expression vector, such as pFastBac (Invitrogen), can be used to produce recombinant
Baculovirus particles. The Baculovirus particles are amplified and used to infect insect cells to express
recombinant protein. For expression in mammalian cells, a vector that will drive expression of the construct in

the desired mammalian host cell (e.g., Chinese hamster ovary cells) is used.

The modified or chimeric polypeptides can be purified using any applicable method. Suitable methods for
purifying desired proteins including precipitation and various types of chromatography, such as hydrophobic
interaction, ion exchange, affinity, chelating and size exclusion are well-known in the art. Appropriate purification
schemes can be created using two or more of these or other suitable methods. If desired, the modified or
chimeric polypeptides can include a purification moiety or “tag” that facilitates purification, as described for

example supra. Such tagged polypeptides can conveniently be purified, for example from conditioned media, by
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chelating chromatography or affinity chromatography.

The modified or chimeric polypeptides may include additional sequences. For example, for expression purposes,
the natural leader peptide of a heterologous polypeptide of interest (e.g., the natural leader peptide of a
bacterial or viral surface polypeptide, e.g., the leader peptide of an enveloped virus fusion protein or of a

bacterial outer membrane polypeptide) may be substituted for a different one.

The invention provides, in a fifth aspect, a method of producing a chimeric polypeptide complex, wherein the
method comprises: combining chimeric polypeptides of the invention under conditions suitable for the formation
of a chimeric polypeptide complex, whereby a chimeric polypeptide complex is produced that comprises three
chimeric polypeptide subunits and is characterized by a six-helix bundle formed by homo-trimerization of the

structure-stabilizing moieties of the three chimeric polypeptides.

3. POLYNUCLEOTIDES AND NUCLEIC ACID CONSTRUCTS FOR ENDOGENOUS OR HETEROLOGOUS PRODUCTION
OF CHIMERIC POLYPEPTIDES

The present disclosure also contemplates polynucleotides and nucleic acid constructs for endogenous or
heterologous (i.e., recombinant) production of the chimeric polypeptides in a host organism, suitably a

vertebrate animal, preferably a mammal such as a human.

More specifically, the invention provides, in a third aspect, a nucleic acid comprising a polynucleotide sequence
encoding a chimeric polypeptide as defined in embodiments disclosed herein in connection with the first or

second aspect of the invention.

In preferred embodiments, the nucleic acid further comprises a promoter operably linked to the polynucleotide
sequence encoding the chimeric polypeptide; wherein the promoter is preferably a mammalian promoter. The
skilled person will be able to select a promoter that suitably functions for controlling the expression of the

chimeric polypeptide in the specific host organism envisaged.

Generally, polynucleotides contemplated herein comprise a coding sequence for the chimeric polypeptide of the
disclosure. These polynucleotides are useful for making nucleic acid constructs from which a chimeric
polypeptide coding sequence is expressible for immunizing subjects. In some embodiments, these
polynucleotides are themselves useful for immunizing subjects directly. In representative embodiments of this
type, the polynucleotides comprise at least one ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) having an
open reading frame encoding a polypeptide of the present disclosure. In some embodiments, the RNA is a

messenger RNA (mRNA) having an open reading frame that codes for a polypeptide disclosed herein.
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Polynucleotides of the present disclosure, in some embodiments, are codon optimized. Codon optimization
methods are known in the art and may be used for optimizing expression of the polypeptides disclosed herein.
Codon optimization, in some embodiments, may be used to match codon frequencies in target and host
organisms to ensure proper folding; bias GC content to increase mRNA stability or reduce secondary structures;
minimize tandem repeat codons or base runs that may impair gene construction or expression; customize
transcriptional and translational control regions; insert or remove protein trafficking sequences; remove/add
post translation modification sites in encoded protein (e.g. glycosylation sites); add, remove or shuffle protein
domains; insert or delete restriction sites; modify ribosome binding sites and mRNA degradation sites; adjust
translational rates to allow the various domains of the protein to fold properly; or to reduce or eliminate problem
secondary structures within the polynucleotide. Codon optimization tools, algorithms and services are known in
the art. Non-limiting examples include services from GeneArt (Life Technologies), DNA2.0 (Menlo Park Calif.)
and/or proprietary methods. In some embodiments, the open reading frame (ORF) sequence is optimized using
optimization algorithms. In some embodiments a codon optimized RNA may, for instance, be one in which the
levels of G/C are enhanced. The G/C-content of nucleic acid molecules may influence the stability of the RNA.
RNA having an increased amount of guanine (G) and/or cytosine (C) residues may be functionally more stable
than nucleic acids containing a large amount of adenine (A) and thymine (T) or uracil (U) nucleotides.
W002/098443 discloses a pharmaceutical composition containing an mRNA stabilized by sequence modifications
in the translated region. Due to the degeneracy of the genetic code, the modifications work by substituting
existing codons for those that promote greater RNA stability without changing the resulting amino acid. The

approach is limited to coding regions of the RNA.

In some embodiments, the RNA polynucleotides of the present disclosure may further comprise a sequence
comprising or encoding an additional sequence, for example, one or more functional domain(s), one or more
further regulatory sequence(s), and/or an engineered 5' cap. Thus, in some embodiments, the RNA vaccines
comprise a 5'UTR element, an optionally codon optimized open reading frame incorporating or not incorporating
non-natural bases (or non-natural nucleotides) to reduce innate immune response triggering, and a 3'UTR

element, a poly(A) sequence and/or a polyadenylation signal wherein the RNA is or is not modified.

The RNA polynucleotide may be transcribed in vitro from template DNA, referred to as an “in vitro transcription
template”. In some embodiments, an in vitro transcription template encodes a 5' untranslated (UTR) region,
contains an open reading frame, and encodes a 3' UTR and a polyA tail. The particular nucleotide sequence
composition and length of an in vitro transcription template will depend on the mRNA encoded by the template.
A “5” untranslated region” (UTR) refers to a region of an mRNA that is directly upstream (i.e., 5’) from the start
codon (i.e., the first codon of an mRNA transcript translated by a ribosome) that does not encode a polypeptide.
A “3" untranslated region” (UTR) refers to a region of an mRNA that is directly downstream (i.e., 3’) from the stop
codon (i.e., the codon of an mRNA transcript that signals a termination of translation) that does not encode a

polypeptide.
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An “open reading frame” is a continuous stretch of codons beginning with a start codon (e.g., methionine (ATG)),

and ending with a stop codon (e.g., TAA, TAG or TGA) that encodes a polypeptide.

A “polyA tail” is a region of mRNA that is downstream, e.g., directly downstream (i.e., 3’), from the 3’ UTR that
contains multiple, consecutive adenosine monophosphates. A polyA tail may contain 10 to 300 adenosine
monophosphates. For example, a polyA tail may contain 10, 20, 30.40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290 or 300 adenosine monophosphates. In
some embodiments, a polyA tail contains 50 to 250 adenosine monophosphates. In a relevant biological setting
(e.g., in cells, in vivo) the poly(A) tail functions to protect mRNA from enzymatic degradation, e.g., in the

cytoplasm, and aids in transcription termination, export of the mRNA from the nucleus and translation.

In some embodiments, the RNA polynucleotide is formulated within a lipid nanoparticle (LNP). 5'-capping of
polynucleotides may be completed concomitantly during the in vitro-transcription reaction using the following
chemical RNA cap analogs to generate the 5'-guanosine cap structure according to manufacturer protocols: 3'-
0-Me-m7G(5')ppp(5') G [the ARCA cap]; G(5')ppp(5')A; G(5')ppp(5')G; m7G(5')ppp(5')A; m7G(S')ppp(5')G (New
England Biolabs, Ipswich, Mass.). 5'-capping of modified RNA may be completed post-transcriptionally using a
Vaccinia Virus Capping Enzyme to generate the "Cap 0" structure: m7G(5')ppp(5')G (New England Biolabs,
Ipswich, Mass.). Cap 1 structure may be generated using both Vaccinia Virus Capping Enzyme and a 2'-O methyl-
transferase to generate: m7G(5')ppp(5')G-2'-O-methyl. Cap 2 structure may be generated from the Cap 1
structure followed by the 2'-O-methylation of the 5'-antepenultimate nucleotide using a 2'-O methyl-transferase.
Cap 3 structure may be generated from the Cap 2 structure followed by the 2'-O-methylation of the 5'-
preantepenultimate nucleotide using a 2'-O methyl-transferase. Enzymes may be derived from a recombinant

source.

The present disclosure also contemplates nucleic acid constructs for endogenous production of the polypeptides
disclosed herein. The nucleic acid constructs can be self-replicating extra-chromosomal vectors/replicons (e.g.,
plasmids) or vectors that integrate into a host genome. In specific embodiments, the nucleic acid constructs are
viral vectors. Exemplary viral vectors include retroviral vectors, lentiviral vectors, poxvirus vectors, vaccinia virus
vectors, adenovirus vectors, adenovirus-associated virus vectors, herpes virus vectors, flavivirus vectors, and
alphavirus vectors. Viral vectors may be live, attenuated, replication conditional or replication deficient, and

typically is a non-pathogenic (defective), replication competent viral vector.

By way of example, when the viral vector is a vaccinia virus vector, a polynucleotide encoding a chimeric
polypeptide of the disclosure may be inserted into a non-essential site of a vaccinia viral vector genome. Such
non-essential sites are described, for example, in Perkus et al. (1986. Virology 152:285); Hruby et al. (1983. Proc.
Natl. Acad. Sci. USA 80:3411); Weir et al. (1983. J. Virol. 46:530). Suitable promoters for use with vaccinia viruses
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include but are not limited to P7.5 (see, e.g., Cochran et al. 1985. J. Virol. 54:30); P11 (see, e.g., Bertholet, et al.,
1985. Proc. Natl. Acad. Sci. USA 82:2096); and CAE-1 (see, e.g., Patel et al., 1988. Proc. Natl. Acad. Sci. USA
85:9431). Highly attenuated strains of vaccinia are more acceptable for use in humans and include Lister, NYVAC,
which contains specific genome deletions (see, e.g., Guerra et al., 2006. J. Virol. 80:985-998); Tartaglia et al.,
1992. AIDS Research and Human Retroviruses 8:1445-1447), or MVA (see, e.g., Gheradi et al., 2005. J. Gen. Virol.
86:2925-2936); Mayr etal., 1975. Infection 3:6-14). See also Hu et al. (2001. J. Virol. 75:10300-10308), describing
use of a Yaba-Like disease virus as a vector for cancer therapy); U.S. Pat. Nos. 5,698,530 and 6,998,252. See also,
e.g., U.S. Pat. No. 5,443,964. See also U.S. Pat. Nos. 7,247,615 and 7,368,116.

In certain embodiments, an adenovirus vector may be used for expressing a chimeric polypeptide of interest.
The adenovirus on which a viral transfer vector may be based may be from any origin, any subgroup, any subtype,
mixture of subtypes, or any serotype. For instance, an adenovirus can be of subgroup A (e.g., serotypes 12, 18,
and 31), subgroup B (e.g., serotypes 3, 7, 11, 14, 16, 21, 34, 35, and 50), subgroup C (e.g., serotypes 1, 2, 5, and
6), subgroup D (e.g., serotypes 8, 9, 10, 13, 15, 17, 19, 20, 22-30, 32, 33, 36-39, and 42-48), subgroup E (e.g.,
serotype 4), subgroup F (e.g., serotypes 40 and 41), an unclassified serogroup (e.g., serotypes 49 and 51), or any
other adenoviral serotype. Adenoviral serotypes 1 through 51 are available from the American Type Culture
Collection (ATCC, Manassas, Va.). Non-group C adenoviruses, and even non-human adenoviruses, can be used to
prepare replication-deficient adenoviral vectors. Non-group C adenoviral vectors, methods of producing non-
group C adenoviral vectors, and methods of using non-group C adenoviral vectors are disclosed in, for example,
U.S. Pat. Nos. 5,801,030, 5,837,511, and 5,849,561, and International Patent Applications WO 97/12986 and WO
98/53087. Any adenovirus, even a chimeric adenovirus, can be used as the source of the viral genome for an
adenoviral vector. For example, a human adenovirus can be used as the source of the viral genome for a
replication-deficient adenoviral vector. Further examples of adenoviral vectors can be found in Molin et al. (1998.
J. Virol. 72:8358-8361), Narumi et al. (1998. Am J. Respir. Cell Mol. Biol. 19:936-941) Mercier et al. (2004. Proc.
Natl. Acad. Sci. USA 101:6188-6193), U.S. Publication Nos. 20150093831, 20140248305, 20120283318,
20100008889, 20090175897 and 20090088398 and U.S. Pat. Nos. 6,143,290; 6,596,535; 6,855,317; 6,936,257;
7,125,717; 7,378,087; 7,550,296.

The viral vector can also be based on adeno-associated viruses (AAVs). For a description of AAV-based vectors,
see, for example, U.S. Pat. Nos. 8,679,837, 8,637,255, 8,409,842, 7,803,622, and 7,790,449, and U.S. Publication
Nos. 20150065562, 20140155469, 20140037585, 20130096182, 20120100606, and 20070036757. The AAV
vectors may also be self-complementary (sc) AAV vectors, which are described, for example, in U.S. Patent

Publications 2007/01110724 and 2004/0029106, and U.S. Pat. Nos. 7,465,583 and 7,186,699.

Herpes simplex virus (HSV)-based viral vectors are also suitable for endogenous production of the chimeric

polypeptides of the disclosure. Many replication-deficient HSV vectors contain a deletion to remove one or more

intermediate-early genes to prevent replication. Advantages of the herpes vector are its ability to enter a latent
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stage that can result in long-term DNA expression, and its large viral DNA genome that can accommodate
exogenous DNA up to 25 kb. For a description of HSV-based vectors, see, for example, U.S. Pat. Nos. 5,837,532,
5,846,782, 5,849,572, and 5,804,413, and International Patent Applications WO 91/02788, WO 96/04394, WO
98/15637, and WO 99/06583.

Retroviral vectors may include those based upon murine leukemia virus (MuLV), gibbon ape leukemia virus
(GaLV), ecotropic retroviruses, simian immunodeficiency virus (SW), human immunodeficiency virus (HIV), and
combinations (see, e.g., Buchscher et al., 1992. J. Virol. 66:2731-2739; Johann et al., 1992. J. Virol. 66:1635-1640;
Sommerfelt et al., 1990. Virology 176:58-59; Wilson et al., 1989. J. Virol. 63:2374-2378; Miller et al., 1991. J. Virol.
65:2220-2224; Miller et al., 1990. Mol. Cell Biol. 10:4239; Kolberg, 1992. NIH Res. 4:43; Cornetta etal.,1991. Hum.
Gene Ther. 2:215).

In specific embodiments, the retroviral vector is a lentiviral vector. As would be understood by the skilled person,
a viral vector, such as a lentiviral vector, generally refers to a viral vector particle that comprises the viral vector
genome. For example, a lentiviral vector particle may comprise a lentiviral vector genome. With respect to
lentiviral vectors, the vector genome can be derived from any of a large number of suitable, available lentiviral
genome-based vectors, including those identified for human gene therapy applications (see, e.g., Pfeifer et al.,
2001. Annu. Rev. Genomics Hum. Genet. 2:177-211). Suitable lentiviral vector genomes include those based on
Human Immunodeficiency Virus (HIV-1), HIV-2, feline immunodeficiency virus (FIV), equine infectious anemia
virus, Simian Immunodeficiency Virus (SIV), and Maedi-Visna virus. A desirable characteristic of lentiviruses is
that they are able to infect both dividing and non-dividing cells, although target cells need not be dividing cells
or be stimulated to divide. Generally, the genome and envelope glycoproteins will be based on different viruses,
such that the resulting viral vector particle is pseudotyped. Safety features of the viral vector are desirably
incorporated. Safety features include self-inactivating LTR and integration deficiency as described in more detail
herein. In certain embodiments integration deficiency may be conferred by elements of the vector genome but
may also derive from elements of the packaging system (e.g., a non-functional integrase protein that may not be
part of the vector genome but supplied in trans). Exemplary vectors contain a packaging signal (psi), a Rev-
responsive element (RRE), splice donor, splice acceptor, optionally a central poly-purine tract (cPPT), and WPRE
element. In certain exemplary embodiments, the viral vector genome comprises sequences from a lentivirus
genome, such as the HIV-1 genome or the SIV genome. The viral genome construct may comprise sequences
from the 5' and 3' LTRs of a lentivirus, and in particular may comprise the R and US sequences from the 5' LTR of
a lentivirus and an inactivated or self-inactivating 3' LTR from a lentivirus. The LTR sequences may be LTR
sequences from any lentivirus from any species. For example, they may be LTR sequences from HIV, SIV, FIV or

BIV. Typically, the LTR sequences are HIV LTR sequences.

The vector genome may comprise an inactivated or self-inactivating 3' LTR (see, e.g., Zufferey et al., 1998. J. Virol.

72:9873; Miyoshi etal., 1998. J. Virol. 72:8150). A self-inactivating vector generally has a deletion of the enhancer
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and promoter sequences from the 3' long terminal repeat (LTR), which is copied over into the 5' LTR during vector
integration. In one instance, the U3 element of the 3' LTR contains a deletion of its enhancer sequence, the TATA
box, Spl and NF-kappa B sites. As a result of the self-inactivating 3' LTR, the provirus that is generated following
entry and reverse transcription will comprise an inactivated 5' LTR. The rationale is to improve safety by reducing
the risk of mobilization of the vector genome and the influence of the LTR on nearby cellular promoters. The self-

inactivating 3' LTR may be constructed by any method known in the art.

Optionally, the U3 sequence from the lentiviral 5' LTR may be replaced with a promoter sequence in the viral
construct, such as a heterologous promoter sequence. This can increase the titer of virus recovered from the
packaging cell line. An enhancer sequence may also be included. Any enhancer/promoter combination that
increases expression of the viral RNA genome in the packaging cell line may be used. In one example, the CMV

enhancer/promoter sequence is used (see, e.g., U.S. Pat. Nos. 5,385,839 and 5,168,062).

In certain embodiments, the risk of insertional mutagenesis is minimized by constructing the lentiviral vector to
be integration defective. A variety of approaches can be pursued to produce a non-integrating vector genome.
These approaches entail engineering a mutation(s) into the integrase enzyme component of the pol gene, such
that it encodes a protein with an inactive integrase. The vector genome itself can be modified to prevent
integration by, for example, mutating or deleting one or both attachment sites, or making the 3' LTR-proximal
polypurine tract (PPT) non-functional through deletion or modification. In addition, non-genetic approaches are
available; these include pharmacological agents that inhibit one or more functions of integrase. The approaches
are not mutually exclusive, that is, more than one of them can be used at a time. For example, both the integrase
and attachment sites can be non-functional, or the integrase and PPT site can be non-functional, or the
attachment sites and PPT site can be non-functional, or all of them can be non-functional. Exemplary lentivirus
vectors are described for example in U.S. Publication Nos. 20150224209, 20150203870, 20140335607,
20140248306, 20090148936, and 20080254008.

The viral vectors may also be based on an alphavirus. Alphaviruses include Sindbis virus (and Venezuelan equine
encephalitis virus (VEEV)), Aura virus, Babanki virus, Barmah Forest virus, Bebaru virus, Cabassou virus,
Chikungunya virus, Eastern equine encephalitis virus, Everglades virus, Fort Morgan virus, Getah virus, Highlands
Jvirus, Kyzylagach virus, Mayaro virus, Me Tri virus, Middelburg virus, Mosso das Pedras virus, Mucambo virus,
Ndumu virus, O'nyong-nyong virus, Pixuna virus, Rio Negro virus, Ross River virus, Salmon pancreas disease virus,
Semliki Forest virus (SFV), Southern elephant seal virus, Tonate virus, Trocara virus, Una virus, Venezuelan equine
encephalitis virus, Western equine encephalitis virus, and Whataroa virus. Generally, the genome of such viruses
encode nonstructural (e.g., replicon) and structural proteins (e.g., capsid and envelope) that can be translated in
the cytoplasm of the host cell. Ross River virus, Sindbis virus, SFV, and VEEV have all been used to develop viral
transfer vectors for transgene delivery. Pseudotyped viruses may be formed by combining alphaviral envelope

glycoproteins and retroviral capsids. Examples of alphaviral vectors can be found in U.S. Publication Nos.
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20150050243, 20090305344, and 20060177819.

Alternatively, the viral vectors can be based on a flavivirus. Flaviviruses include Japanese encephalitis virus,
Dengue virus (e.g., Dengue-1, Dengue-2, Dengue-3, Dengue-4), Yellow fever virus, Murray Valley encephalitis
virus, St. Louis encephalitis virus, West Nile virus, Kunjin virus, Rocio encephalitis virus, llheus virus, Tick-borne
encephalitis virus, Central European encephalitis virus, Siberian encephalitis virus, Russian Spring-Summer
encephalitis virus, Kyasanur Forest Disease virus, Omsk Hemorrhagic fever virus, Louping ill virus, Powassan virus,
Negishi virus, Absettarov virus, Hansalova virus, Apoi virus, and Hypr virus. Examples of flavivirus vectors can be
found in U.S. Publication Nos. 20150231226, 20150024003, 20140271708, 20140044684, 20130243812,
20120294889, 20120128713, 20110135686, 20110014229, 20110003884, 20100297167, 20100184832,
20060159704, 20060088937, 20030194801 and 20030044773.

4. HOSTCELLS

The invention also contemplates, in a fourth aspect, a host cell comprising the nucleic acid as defined in

accordance with the third aspect of the invention.

In some embodiments, the host cell is (i) a prokaryotic host cell; or (ii) a eukaryotic host cell.

Exemplary eukaryotic host cells are, without intended to be limiting, yeast cells (e.g., Saccharomyces cerevisiae,
Pichia pastoris), insect cells (e.g., Spodoptera frugiperda) or mammalian cells. Examples of preferred mammalian
host cells are the human embryonic kidney cell lines (e.g., the cell line HEK-293), and the cell lines derived from
Chinese hamster ovary (CHO) cells such as, for example, the ExpiCHO (Thermo Fisher) cell line as used in the
herein disclosed examples. Preferably, the host cell bears a glycosylation machinery (endogenously or genetically
engineered) that allows glycosylation (preferably N-glycosylation) of the expressed polypeptide with glycans that
are commonly expressed in the particular mammalian subject species (e.g., Homo sapiens) envisaged for being
administered with the so expressed polypeptide (i.e., the chimeric polypeptide(s) or complexes thereof as

contemplated herein).

In a preferred embodiment, the host cells are those cells (preferably mammalian cells) which have been stably
transfected with the nucleic acid(s) as contemplated herein. In the case of stably transfected cells, the expression
system is incorporated into the genome of the target cell and remains in the genome in a stable manner. In
contrast to transient transfection, the transferred gene is here not only not degraded but doubled with each cell
division and passed onto the daughter cells. The latter thus retain the ability to prepare the desired protein over
a long period of time. Processes for preparing transfected, in particular stably transfected, cells are known in the
art. The host cell may be transformed, for example, by means of electroporation in which permeabilization of

the cell membrane, due to briefly applying an electric field, allows nucleic acids to be taken up into the cell, or
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by way of transfection or infection with a viral vector as also described herein. Besides transient expression of
the recombinant protein, the expression system used may also allow clonal selection of the transfected host cells

so that it is possible to select clonal cell lines having a suitable expression efficiency.

Exemplary prokaryotic host cells include, without limitation, Escherichia species, Shigella species, Klebsiella
species, Xhantomonas species, Salmonella species, Yersinia species, Lactococcus species, Lactobacillus species,
Pseudomonas species, Corynebacterium species, Streptomyces species, Streptococcus species, Staphylococcus

species, Bacillus species, and Clostridium species. A particularly preferred prokaryotic host cell is Escherichia coli.

5. CHIMERIC POLYPEPTIDE COMPLEXES AND METHODS OF PRODUCTION THEREOF

The invention provides, in a fifth aspect, a method of producing a chimeric polypeptide complex, wherein the
method comprises: combining chimeric polypeptides as defined in accordance with the first or the second aspect
of the invention under conditions suitable for the formation of a chimeric polypeptide complex, whereby a
chimeric polypeptide complex is produced that comprises three chimeric polypeptide subunits and is
characterized by a six-helix bundle formed by homo-trimerization of the structure-stabilizing moieties of the

three chimeric polypeptides.

Preferably, the six-helix bundle is composed of an inner trimer of three parallel oriented, substantially a-helical
FHRRs against which three substantially a-helical SHRRs are packed in an anti-parallel orientation relative to the

FHRRs.

The invention provides, in a sixth aspect, a chimeric polypeptide complex that comprises three chimeric
polypeptide subunits, wherein each subunit is a chimeric polypeptide as defined in accordance with the first or
the second aspect of the invention, and wherein the complex is characterized by a six-helix bundle formed by

homo-trimerization of the structure-stabilizing moieties of the three chimeric polypeptides.

In some embodiments, the six-helix bundle is composed of an inner trimer of three parallel oriented, substantially
a-helical FHRRs against which three substantially a-helical SHRRs are packed in an anti-parallel orientation

relative to the FHRRs.

Whereas it is generally preferred that the so produced chimeric polypeptide complex comprises three identical
chimeric polypeptides, also such complexes are conceivable and expressly contemplated herein wherein the
individual chimeric polypeptides are distinct from each other, e.g., with respect to any one or more of the
components (e.g., the structure-stabilizing moiety (SSM) and/or the microbial polypeptide (e.g., the enveloped
virus fusion ectodomain polypeptide or the bacterial outer membrane polypeptide)) comprised in the chimeric

polypeptide as defined herein.
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In some embodiments, the chimeric polypeptide subunits each comprise an enveloped virus fusion ectodomain

polypeptide, and the complex comprises at least one pre-fusion epitope of an enveloped virus fusion protein.

6. SCREENING METHODS

The present invention also encompasses methods of screening for agents that bind, preferably specifically bind,
with a microbial polypeptide (preferably a fusion protein of an enveloped virus or a bacterial outer membrane
polypeptide (e.g., a TAA polypeptide of a bacterium), and/or a respective complex (e.g., a complex of the fusion
protein or the TAA polypeptide). In specific embodiments, a compound library is screened for binding to a
microbial polypeptide-containing chimeric polypeptide (preferably an enveloped virus fusion ectodomain
polypeptide-containing chimeric polypeptide or a bacterial outer membrane polypeptide-containing chimeric

polypeptide), or complex thereof.

Thus, the invention provides, in an eighth aspect, a method of identifying an agent that binds with: a microbial

polypeptide or a complex thereof, wherein the method comprises:

(i) contacting a candidate agent with a microbial polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention or a microbial polypeptide-containing chimeric polypeptide
complex as defined in accordance with the sixth aspect of the invention; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide complex;

wherein preferably the candidate agent is part of a compound library (e.g., small molecule or macromolecule

library).

In preferred embodiments, the method further comprises:

(i) contacting the candidate agent with the microbial polypeptide or the complex thereof and detecting binding
of the candidate agent to the microbial polypeptide or the complex thereof;

and/or

(ii) isolating the candidate agent.

In preferred embodiment of the latter aspect, the microbial polypeptide or the complex thereof is:
(a) afusion protein of an enveloped virus, or a complex of the fusion protein, respectively, wherein the method
comprises:
(i) contacting the candidate agent with an enveloped virus fusion ectodomain polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention
or an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide

complex as defined in accordance with the sixth aspect of the invention, wherein the
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enveloped virus fusion ectodomain polypeptide corresponds to the fusion protein of the
enveloped virus; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide
complex;

or

(b) an outer membrane polypeptide of a bacterium or a complex of the outer membrane polypeptide,
respectively, wherein the method comprises:

(i) contacting the candidate agent with a bacterial outer membrane polypeptide-containing
chimeric polypeptide as defined in accordance with the first aspect of the invention or a
bacterial outer membrane polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, wherein the bacterial outer membrane
polypeptide corresponds to the outer membrane polypeptide of the bacterium; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide

complex.

In preferred embodiments of the latter embodiment, the method further comprises:

(i) (i-a) contacting the candidate agent of item (a) with the fusion protein or the complex of the fusion protein
and detecting binding of the candidate agent to the fusion protein or the complex of the fusion protein; or
(i-b) contacting the candidate agent of item (b) with the outer membrane polypeptide or the complex of the
outer membrane polypeptide and detecting binding of the candidate agent to the outer membrane
polypeptide or the complex of the outer membrane polypeptide;

and/or

(ii) isolating the candidate agent.

In preferred embodiments, the outer membrane polypeptide of a bacterium or the complex thereof is:
(a) a trimeric autotransporter adhesin (TAA) polypeptide of a bacterium, or a complex of the TAA polypeptide,
wherein the method comprises:

(i) contacting the candidate agent with a TAA polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention or a TAA polypeptide-containing chimeric polypeptide
complex as defined in accordance with the sixth aspect of the invention, wherein the TAA polypeptide
corresponds to the TAA polypeptide of the bacterium; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide complex;

or
(b) a major outer membrane protein (MOMP) polypeptide of a Chlamydia bacterium or a complex thereof,
wherein the method comprises:

(i) contacting the candidate agent with a Chlamydia MOMP polypeptide-containing chimeric polypeptide as

defined in accordance with the first aspect of the invention or a Chlamydia MOMP polypeptide-containing
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chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention, wherein
the Chlamydia MOMP polypeptide corresponds to the MOMP polypeptide of the Chlamydia bacterium;
and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide complex.

In preferred embodiments of item (a) of the latter embodiment, the method further comprises:

(i) (i-a) contacting the candidate agent with the TAA polypeptide or the complex of the TAA polypeptide and
detecting binding of the candidate agent to the TAA polypeptide or the complex of the TAA polypeptide; or
(i-b) contacting the candidate agent with the MOMP polypeptide or the complex of the MOMP polypeptide;

and/or

(ii) isolating the candidate agent.

In preferred embodiments of the latter embodiments, the candidate agent binds specifically to the chimeric

polypeptide or chimeric polypeptide complex.

In other or even more preferred embodiments, the candidate agent binds specifically to the microbial

polypeptide or the complex thereof.

In even more preferred embodiments, the candidate agent binds specifically to:
(i) the enveloped virus fusion protein or the complex of the fusion protein; or

(ii) the outer membrane polypeptide or the complex of the outer membrane polypeptide.

In even more preferred embodiments of item (ii) of the latter embodiment, the candidate agent binds specifically
to:

(i) the TAA polypeptide or the complex of the TAA polypeptide; or

(ii) the MOMP polypeptide or the complex of the MOMP polypeptide.

Candidate agents encompass numerous chemical classes including small molecules, such as small organic
compounds and macromolecules such as peptides, polypeptides and polysaccharides. Candidate agents
comprise functional groups necessary for structural interaction with proteins, particularly hydrogen bonding, and
typically include at least an amine, carbonyl, hydroxyl or carboxyl group, desirably at least two of the functional
chemical groups. The candidate compounds may comprise cyclical carbon or heterocyclic structures or aromatic
or polyaromatic structures substituted with one or more of the above functional groups. Candidate agents are
also found among biomolecules including, but not limited to: peptides, polypeptides, saccharides, fatty acids,
steroids, purines, pyrimidines, derivatives, structural analogues or combinations thereof. The compound library
may comprise natural compounds in the form of bacterial, fungal, plant and animal extracts. Alternatively, or in

addition, the compound library may include natural or synthetically produced compounds.
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In particularly preferred embodiments also envisaged herein, the candidate agent is a peptide, an antibody, an
antibody-fragment (e.g., a single-chain fragment variable (scFv)) or any alternative binding protein scaffold and
expressed as part of a combinatorial library, such as used in high-throughput (HT) combinatorial library-based
display and selection methods, for example, without intending to being limiting, phage display, ribosome display,
mRNA display, and cell surface display (e.g. yeast display). Candidate agents that specifically bind with a microbial
polypeptide (e.g., a fusion protein of an enveloped virus or complex thereof or a bacterial surface polypeptide,
such as a bacterial outer membrane polypeptide (e.g., a TAA polypeptide)) or a complex thereof can be routinely
selected by using such known display and selection approaches in connection with a microbial polypeptide-
containing chimeric polypeptide or complex thereof (e.g., an enveloped virus fusion ectodomain polypeptide-
containing chimeric polypeptide or complex thereof or a bacterial surface polypeptide-containing chimeric
polypeptide or complex thereof, such as a bacterial outer membrane polypeptide-containing chimeric
polypeptide or complex thereof (e.g., a TAA polypeptide-containing chimeric polypeptide or complex thereof))

as respective antigen against which the selection is performed.

Methods for determining whether an agent binds to a target protein and/or for determining the affinity of an
agent for a target protein are known in the art. For example, the binding of an agent to a target protein can be
detected and/or quantified using a variety of techniques such as, but not limited to, BioLayer Interferometry
(BLI), Western blot, dot blot, surface plasmon resonance method (SPR), enzyme-linked immunosorbent assay

(ELISA), AlphaScreen® or AlphalLISA® assays, or mass spectrometry-based methods.

In some embodiments, agents can be assayed using any surface plasmon resonance (SPR)-based assays known
in the art for characterizing the kinetic parameters of the interaction of the agent with a microbial polypeptide-
containing chimeric polypeptide or complex thereof (e.g., an enveloped virus fusion ectodomain polypeptide-
containing chimeric polypeptide or complex thereof or a bacterial surface polypeptide-containing chimeric
polypeptide or complex thereof, such as a bacterial outer membrane polypeptide-containing chimeric
polypeptide or complex thereof (e.g., a TAA polypeptide-containing chimeric polypeptide or complex thereof)).
Any SPR instrument commercially available including, but not limited to, BlAcore Instruments (Biacore AB;
Uppsala, Sweden); |Asys instruments (Affinity Sensors; Franklin, Mass.); IBIS system (Windsor Scientific Limited;
Berks, UK), SPR-CELLIA systems (Nippon Laser and Electronics Lab; Hokkaido, Japan), and SPR Detector Spreeta
(Texas Instruments; Dallas, Tex.) can be used in the methods described herein. See, e.g., Mullett et al. (2000)
Methods 22: 77-91; Dong et al. (2002) Reviews in Mol Biotech 82: 303-323; Fivash et al. (1998) Curr Opin
Biotechnol 9: 97-101; and Rich et al. (2000) Curr Opin Biotechnol 11: 54-61.

In some embodiments, the biomolecular interactions between the agents and a microbial polypeptide-
containing chimeric polypeptide or complex thereof (e.g., an enveloped virus fusion ectodomain polypeptide-
containing chimeric polypeptide or complex thereof or a bacterial surface polypeptide-containing chimeric

polypeptide or complex thereof, such as a bacterial outer membrane polypeptide-containing chimeric
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polypeptide or complex thereof (e.g., a TAA polypeptide-containing chimeric polypeptide or complex thereof))
can be assayed using BLI on an Octet (ForteBio Inc.). BLI is a label-free optical analytical technique that senses
binding between a ligand (such as an ectodomain polypeptide-containing chimeric polypeptide or complex of
the invention) that is immobilized on a biosensor tip and an analyte (such as a test compound) in solution by

measuring the change in the thickness of the protein layer on the biosensor tip in real-time.

In some embodiments, AlphaScreen (PerkinElmer) assays can be used to characterize binding of test agents to a
microbial polypeptide-containing chimeric polypeptide or complex thereof (e.g., an enveloped virus fusion
ectodomain polypeptide-containing chimeric polypeptide or complex thereof or a bacterial surface polypeptide-
containing chimeric polypeptide or complex thereof, such as a bacterial outer membrane polypeptide-containing
chimeric polypeptide or complex thereof (e.g., a TAA polypeptide-containing chimeric polypeptide or complex
thereof). The acronym ALPHA stands for Amplified Luminescent Proximity Homogeneous Assay. AlphaScreen is
a bead-based proximity assay that senses binding between molecules (such as a subject chimeric polypeptide, or
complex and a test compound) attached to donor and acceptor beads by measuring the signal produced by
energy transfer between the donor and acceptor beads. (See e.g., Eglen et al. (2008) Curr Chem Genomics 1:2-

10).

In some embodiments, AlphalISA® (PerkinElmer) assays can be used to characterize binding of test agents to the
chimeric polypeptide or complex of the invention. AlphaLISA is modified from the AlphaScreen assay described
above toinclude europium-containing acceptor beads and functions as an alternative to traditional ELISA assays.

(See, e.g., Eglen et al. (2008) Curr Chem Genomics 1:2-10.)

A variety of immunoassay techniques, including competitive and non-competitive immunoassays, can be used.
The term "immunoassay" encompasses techniques including, without limitation, flow cytometry, FACS, enzyme
immunoassays (EIA), such as enzyme multiplied immunoassay technigue (EMIT), enzyme-linked immunosorbent
assay (ELISA), IgM antibody capture ELISA (MAC ELISA) and microparticle enzyme immunoassay (MEIA),
furthermore capillary electrophoresis immunoassays (CEIA), radio-immunoassays (RIA), immunoradiometric
assays (IRMA), fluorescence polarization immunoassays (FPIA) and chemiluminescence assays (CL). If desired,
such immunoassays can be automated. Immunoassays can also be used in conjunction with laser induced
fluorescence. Liposome immunoassays, such as flow-injection liposome immunoassays and liposome
immunosensors, are also suitable for use in the present invention. In addition, nephelometry assays, in which,
for example, the formation of protein/antibody complexes results in increased light scatter that is converted to
a peak rate signal as a function of the marker concentration, are suitable for use in the methods of the present

invention.

In some embodiments, binding of test agents to the subject chimeric polypeptide, or complex can be assayed

using thermal denaturation methods involving differential scanning fluorimetry (DSF) and differential static light

scattering (DSLS).
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In some embodiments, binding of test agents to the chimeric polypeptide or complex of the invention can be
assayed using a mass spectrometry-based method such as, but not limited to, an affinity selection coupled to
mass spectrometry (AS-MS) platform. This is a label-free method where the protein and test compound are
incubated, unbound molecules are washed away and protein-ligand complexes are analyzed by MS for ligand

identification following a decomplexation step.

In some embodiments, binding of test agents to the subject chimeric polypeptide or complex can be quantitated
using, for example, detectably labeled proteins such as radiolabeled (e.g., 32P, 35S, 14C or 3H), fluorescently
labeled (e.g., FITC), or enzymatically labeled chimeric polypeptide or complex or test compound, by

immunoassay, or by chromatographic detection.

In some embodiments, the present invention contemplates the use of fluorescence polarization assays and
fluorescence resonance energy transfer (FRET) assays in measuring, either directly or indirectly, the degree of

interaction between a chimeric polypeptide or complex and a test compound.

All of the above embodiments are suitable for development into high-throughput platforms.

Compounds may be further tested in the animal models to identify those compounds having the most potent in
vivo effects, e.g., those that bind specifically to a microbial polypeptide or a complex thereof (e.g., a fusion
protein of an enveloped virus, or a complex of the fusion protein, or a bacterial surface polypeptide or complex
thereof, such as a bacterial outer membrane polypeptide or complex thereof (e.g., a TAA polypeptide-containing
chimeric polypeptide or complex thereof) and preferably stimulate or enhance a therapeutically useful effect,
e.g., reduced microbial (e.g., viral or bacterial) load, reduced infection or symptoms associated therewith. These
molecules may serve as "lead compounds" for the further development of pharmaceuticals by, for example,
subjecting the compounds to sequential modifications, molecular modeling, and other routine procedures

employed in rational drug design.

7. ANTIGEN-BINDING MOLECULES AND METHODS OF PRODUCTION THEREOF

The invention provides, in a ninth aspect, a method of producing an antigen-binding molecule that specifically

binds to:

a microbial polypeptide, or a complex thereof, wherein the method comprises:

(1) immunizing a subject with a microbial polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, or a microbial polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention, or a composition

thereof as defined in accordance with the seventh aspect of the invention;

112



10

15

20

25

30

35

(2)

3)

WO 2023/187743 PCT/1B2023/053263

identifying and/or isolating a B cell from the immunised subject, which specifically binds to the microbial
polypeptide or complex thereof; and

producing the antigen-binding molecule expressed by that B cell.

In preferred embodiments of the latter aspect, the microbial polypeptide or the complex thereof is:

(a) an ectodomain of a fusion protein of an enveloped virus, or complex of the fusion protein, respectively,

or

wherein the method comprises: (1) immunizing a subject with an ectodomain polypeptide-containing
chimeric polypeptide as defined in accordance with the first aspect of the invention, or an ectodomain
polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention,
wherein the ectodomain polypeptide corresponds to the fusion protein of the enveloped virus; (2) identifying
and/or isolating a B cell from the immunised subject, which specifically binds to the ectodomain of the fusion

protein or complex thereof; and (3) producing the antigen-binding molecule expressed by that B cell;

(b) an outer membrane polypeptide of a bacterium, or a complex of the outer membrane polypeptide, wherein

the method comprises: (1) immunizing a subject with a bacterial outer membrane polypeptide-containing
chimeric polypeptide as defined in accordance with the first aspect of the invention, or a bacterial outer
membrane polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth
aspect of the invention, or a composition thereof as defined in accordance with the seventh aspect of the
invention, wherein the bacterial outer membrane polypeptide corresponds to the outer membrane
polypeptide of the bacterium; (2) identifying and/or isolating a B cell from the immunised subject, which
specifically binds to the bacterial outer membrane polypeptide or complex thereof; and (3) producing the

antigen-binding molecule expressed by that B cell.

In preferred embodiments of the latter embodiment, the outer membrane polypeptide or the complex thereof

is:

(i)

or

a TAA polypeptide of a bacterium or a complex thereof, respectively, wherein the method comprises: (1)
immunizing a subject with a TAA polypeptide-containing chimeric polypeptide as defined in accordance with
the first aspect of the invention, or a TAA polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention, wherein the TAA polypeptide corresponds to the TAA polypeptide of the
bacterium; (2) identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
TAA polypeptide or complex thereof; and (3) producing the antigen-binding molecule expressed by that B

cell;

(ii) a major outer membrane protein (MOMP) polypeptide of a Chlamydia bacterium or a complex thereof,

respectively, wherein the method comprises: (1) immunizing a subject with a Chlamydia MOMP polypeptide-
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containing chimeric polypeptide as defined in accordance with the first aspect of the invention, or a
Chlamydia MOMP polypeptide-containing chimeric polypeptide complex as defined in accordance with the
sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh aspect of
the invention, wherein the Chlamydia MOMP polypeptide corresponds to the MOMP polypeptide of the
Chlamydia bacterium; (2) identifying and/or isolating a B cell from the immunised subject, which specifically
binds to the Chlamydia MOMP polypeptide or complex thereof; and (3) producing the antigen-binding

molecule expressed by that B cell.

The invention provides, in a tenth aspect, an antigen-binding molecule that specifically binds to:
the microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the
invention and/or the microbial polypeptide of one or more subunits of a microbial polypeptide-containing

chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention.

In preferred embodiments of the latter aspect, the antigen-binding molecule specifically binds to:

(i) the ectodomain of an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide as
defined in accordance with the first aspect of the invention; and/or the ectodomain of one or more subunits
of an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention;

or

(ii) the bacterial outer membrane polypeptide of a bacterial outer membrane polypeptide-containing chimeric
polypeptide as defined in accordance with the first aspect of the invention; and/or the bacterial outer
membrane polypeptide of a bacterial outer membrane polypeptide-containing chimeric polypeptide complex

as defined in accordance with the sixth aspect of the invention.

In preferred embodiments of the latter embodiment, the antigen-binding molecule specifically binds to:

(i) the TAA polypeptide of a TAA polypeptide-containing chimeric polypeptide as defined in accordance with the
first aspect of the invention; and/or the TAA polypeptide of a TAA polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention; or

(ii) the Chlamydia major outer membrane protein (MOMP) polypeptide of a Chlamydia MOMP polypeptide-

containing chimeric polypeptide as defined in accordance with the first aspect of the invention; and/or the

Chlamydia MOMP polypeptide of a Chilamydia MOMP polypeptide-containing chimeric polypeptide complex as

defined in accordance with the sixth aspect of the invention.

The invention provides, in an eleventh aspect, an antigen-binding molecule that is obtainable by the method

according to items (a) or (b) of the ninth aspect of the invention.
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8. COMPOSITIONS

The invention provides, in a seventh aspect, a composition comprising a chimeric polypeptide as defined in
accordance with the first or second aspect of the invention, or a chimeric polypeptide complex as defined in

accordance with the sixth aspect of the invention, and a pharmaceutically acceptable carrier, diluent or adjuvant.

As demonstrated in Example 18 and corresponding Figures 34 and 35, the present technology also provides
compositions which comprise at least two different chimeric polypeptide complexes, i.e., having antigen portions
derived from the fusion ectodomain polypeptides from two different viruses (e.g., SARS-CoV-2 and RSV). The
results of these experiments show that at least two different clamp stabilized antigens can be suitably combined
into a single (bivalent) formulation (and stored over more than 6 weeks at 4°C) without affecting the stability of

either antigen or interfering with the neutralising immune response elicited to either antigen.

Thus, in particularly preferred embodiments of the composition according to the seventh aspect of the invention,
the composition comprises at least two different variants of a chimeric polypeptide as defined in accordance
with the first or second aspect of the invention; or at least two different variants of a chimeric polypeptide
complex as defined in accordance with the sixth aspect of the invention. It will be understood that the expression
“at least two different variants” of a chimeric polypeptide (or a chimeric polypeptide complex) is used herein
synonymously with “at least two different types” of a chimeric polypeptide (or a chimeric polypeptide complex)

or “at least two different” chimeric polypeptides (or chimeric polypeptide complexes).

In preferred embodiments of the latter embodiments, said variants differ with respect to their microbial
polypeptides, e.g., their enveloped virus fusion ectodomain polypeptides or bacterial outer membrane

polypeptides.

In even more preferred embodiments, said different enveloped virus fusion ectodomain polypeptides are
derived from different viruses, more preferably, at least one from an orthopneumovirus (e.g., RSV) and at least
one from a coronavirus (e.g., SARS-CoV-2). In alternative preferred embodiments, said different enveloped virus
fusion ectodomain polypeptides are derived from an orthopneumovirus (e.g., RSV) and from a
metapneumovirus; or from an orthopneumovirus (e.g., RSV) and from a parainfluenza virus (PIV); or from an

orthopneumovirus (e.g., RSV) and from a parainfluenza virus (PIV) and from a metapneumovirus.

In other embodiments, said variants differ with respect to their bacterial outer membrane polypeptides, e.g.,
their TAA polypeptides; in particular, the TAA polypeptides may be derived from different bacteria (e.g., from
different bacteria which belong to different genera, or from different bacteria that belong to the same genus, or

from different bacteria that belong to the same species but different subtypes of said species.
The invention provides, in a twelfth aspect, a composition comprising an antigen-binding molecule as defined in

accordance with the tenth or eleventh aspect of the invention, and a pharmaceutically acceptable carrier, diluent

or adjuvant. The composition may be, e.g., an immune-modulating composition.
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The invention provides, in a thirteenth aspect, a composition comprising the nucleic acid as defined in accordance

with the third aspect of the invention.

In some embodiments, the chimeric polypeptide, which is encoded by the polynucleotide sequence and

comprised in the nucleic acid, is:

(i) a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention; or

(ii)  a first (poly)peptide-containing chimeric polypeptide as defined in accordance with the second aspect of

the invention.

In preferred embodiments of item (i) of the latter embodiment, the microbial polypeptide-containing chimeric

polypeptide is:

(i) an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention; or

(ii) a bacterial outer membrane polypeptide-containing chimeric polypeptide as defined in accordance with

the first aspect of the invention.

In preferred embodiments of item (ii) of the latter embodiment, the bacterial outer membrane polypeptide-

containing chimeric polypeptide is:

(i) a TAA polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the
invention; or

(ii) a Chlamydia major outer membrane protein (MOMP) polypeptide-containing chimeric polypeptide as

defined in accordance with the first aspect of the invention.

In some embodiments, the nucleic acid comprises or consists of RNA.

In some embodiments, the RNA comprises at least one modified nucleotide; wherein preferably the at least
modified nucleotide is a modified uridine, more preferably, a methylated derivative of uridine, most preferably
a N1-methyl-pseudouridine. In even further preferred embodiments, every uridine within the RNA is replaced by

a methylated derivative of uridine, preferably by a N1-methyl-pseudouridine.

In even more preferred embodiments, every uridine within the RNA is replaced by N1-methyl-pseudouridine,

and the RNA comprises a 5'—cap and a poly-A tail.

In some embodiments, the RNA is formulated in a delivery vehicle which is a liposome, lipoplex or lipid

nanoparticle; wherein preferably the lipid nanoparticle comprises a cationic lipid, a neutral lipid, a steroid, and/or

a PEGylated lipid.
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In some embodiments, the nucleic acid comprises or consists of DNA; wherein preferably the DNA is comprised

in a plasmid.

9. MEDICAL APPLICATIONS

The invention provides, in a fourteenth aspect, a chimeric polypeptide as defined in accordance with the first or
second aspect of the invention, a nucleic acid as defined in accordance with the third aspect of the invention, a
host cell as defined in accordance with the fourth aspect of the invention, a chimeric polypeptide complex as
defined in accordance with the sixth aspect of the invention, a composition as defined in accordance with the
seventh aspect of the invention, an antigen-binding molecule as defined in accordance with the tenth or eleventh
aspect of the invention, or a composition as defined in accordance with the twelfth or thirteenth aspect of the

invention for use as a medicament.

The invention provides, in a fifteenth aspect, a method of eliciting an immune response to: a microbial

polypeptide, or complex thereof, in a subject, wherein the method comprises administering to the subject:

(i) a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, a microbial polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or

(ii) acomposition as defined in accordance with the thirteenth aspect of the invention.

In preferred embodiments of the latter aspect, the microbial polypeptide, or the complex thereof, is:

(a) a fusion protein of an enveloped virus, or complex of the fusion protein, respectively, wherein the method
comprises administering to the subject (i) an enveloped virus fusion ectodomain-containing chimeric
polypeptide as defined in accordance with the first aspect of the invention, an enveloped virus fusion
ectodomain-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention; or (ii)
a composition as defined in accordance with the thirteenth aspect of the invention; wherein an ectodomain
polypeptide subunit of the chimeric polypeptide complex corresponds to, or substantially corresponds to, the
fusion protein of the enveloped virus;

or

(b) an outer membrane polypeptide of a bacterium, or a complex of the outer membrane polypeptide,
respectively, wherein the method comprises administering to the subject: (i) a bacterial outer membrane
polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention,
a bacterial outer membrane polypeptide-containing chimeric polypeptide complex as defined in accordance

with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
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aspect of the invention; or (ii) a composition as defined in accordance with the thirteenth aspect of the
invention; wherein a bacterial outer membrane polypeptide subunit of the chimeric polypeptide complex
corresponds to, or substantially corresponds to, a bacterial outer membrane polypeptide expressed by the

bacterium.

In preferred embodiments of the latter embodiment, the bacterial outer membrane polypeptide, or the complex

thereof, is:

(a) TAA polypeptide of a bacterium, or a complex of the TAA polypeptide, respectively, wherein the method

or

comprises administering to the subject: (i) a TAA polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, a TAA polypeptide-containing chimeric polypeptide complex
as defined in accordance with the sixth aspect of the invention, or a composition thereof as defined in
accordance with the seventh aspect of the invention; or (ii) a composition as defined in accordance with the
thirteenth aspect of the invention; wherein a TAA polypeptide subunit of the chimeric polypeptide complex

corresponds to, or substantially corresponds to, a TAA polypeptide expressed by the bacterium;

(b) Chlamydia major outer membrane protein (MOMP) polypeptide, or a complex of the Chlamydia MOMP

polypeptide, respectively, wherein the method comprises administering to the subject: (i) a Chlamydia
MOMP polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the
invention, a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention; or (ii) a composition as defined in accordance with the thirteenth aspect
of the invention; wherein a Chlamydia MOMP polypeptide subunit of the chimeric polypeptide complex

corresponds to, or substantially corresponds to, a Chlamydia MOMP polypeptide expressed by the bacterium.

As used herein, the expression that a microbial polypeptide comprised in the chimeric polypeptide “substantially

corresponds to” a certain referred microbial polypeptide means that the microbial polypeptide as comprised in

the chimeric polypeptide has at least 70% (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%,

76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99%, most preferably 100%) sequence identity or similarity to a naturally occurring polypeptide

expressed by a corresponding microorganism.

The invention provides, in a sixteenth aspect, a method for treating or preventing: a microbial infection in a

subject, wherein the method comprises administering to the subject an effective amount of:

(i)

a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, a microbial polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh

aspect of the invention;
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an antigen-binding molecule as defined in accordance with the tenth or eleventh aspect of the invention,
or a composition thereof as defined in accordance with the twelfth aspect of the invention; or

a composition as defined in accordance with the thirteenth aspect of the invention.

In preferred embodiments of the latter aspect, the microbial infection is: (a) an enveloped virus infection in a

or

(b

subject, wherein the method comprises administering to the subject an effective amount of: (i) an enveloped
virus fusion ectodomain-containing chimeric polypeptide as defined in accordance with the first aspect of the
invention, an enveloped virus fusion ectodomain-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention; (ii) an antigen-binding molecule as defined in accordance with the tenth
or eleventh aspect of the invention, or a composition thereof as defined in accordance with the twelfth aspect

of the invention; or (iii) a composition as defined in accordance with the thirteenth aspect of the invention;

a bacterial infection in a subject, wherein the method comprises administering to the subject an effective
amount of: (i) a bacterial outer membrane polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, a bacterial outer membrane polypeptide-containing
chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention, or a
composition thereof as defined in accordance with the seventh aspect of the invention; (ii) an antigen-binding
molecule as defined in accordance with the tenth or eleventh aspect of the invention, or a composition
thereof as defined in accordance with the twelfth aspect of the invention; or (iii) a composition as defined in

accordance with the thirteenth aspect of the invention.

In preferred embodiments of the latter embodiment, the bacterial infection is:

(a) an infection by a TAA-expressing bacterium, wherein the method comprises administering to the subject an

or

effective amount of: (i) a TAA polypeptide-containing chimeric polypeptide as defined in accordance with the
first aspect of the invention, a TAA polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention, or a composition thereof as defined in accordance with
the seventh aspect of the invention; (ii) an antigen-binding molecule as defined in accordance with the tenth
or eleventh aspect of the invention or a composition thereof as defined in accordance with the twelfth aspect

of the invention; or (iii) a composition as defined in accordance with the thirteenth aspect of the invention;

(b) an infection by a Chlamydia bacterium, wherein the method comprises administering to the subject an

effective amount of: (i) a Chlamydia MOMP polypeptide-containing chimeric polypeptide as defined in
accordance with the first aspect of the invention, a Chlamydia MOMP polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention, or a composition thereof
as defined in accordance with the seventh aspect of the invention; (ii) an antigen-binding molecule as defined

in accordance with the tenth or eleventh aspect of the invention, or a composition thereof as defined in
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accordance with the twelfth aspect of the invention; or (iii) a composition as defined in accordance with the

thirteenth aspect of the invention.

The invention provides, in a seventeenth aspect, a vaccine comprising:

(i)

(i)

a microbial polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, a microbial polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or

a composition as defined in accordance with the thirteenth aspect of the invention;

for use in a method of eliciting an immune response to a microbial polypeptide, or a complex of the microbial

polypeptide, in a subject.

In preferred embodiments of the latter aspect, the microbial polypeptide is:

(a)

or

an enveloped virus fusion ectodomain polypeptide, and the vaccine comprises: (i) an enveloped virus fusion
ectodomain polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of
the invention, an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide complex
as defined in accordance with the sixth aspect of the invention, or a composition thereof as defined in
accordance with the seventh aspect of the invention; or (ii) a composition as defined in accordance with the
thirteenth aspect of the invention; for use in a method of eliciting an immune response to a fusion protein of
an enveloped virus, or a complex of the fusion protein, in a subject, and wherein an ectodomain polypeptide

subunit of the chimeric polypeptide complex corresponds to the fusion protein of the enveloped virus;

(b) a bacterial outer membrane polypeptide, and the vaccine comprises: (i) a bacterial outer membrane

polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention,
a bacterial outer membrane polypeptide-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention, or a composition thereof as defined in accordance with the seventh
aspect of the invention; or (ii) a composition as defined in accordance with the thirteenth aspect of the
invention; for use in a method of eliciting an immune response to an outer membrane polypeptide of a
bacterium, or a complex of the outer membrane polypeptide, in a subject, and wherein a bacterial outer
membrane polypeptide subunit of the chimeric polypeptide complex corresponds to an outer membrane

polypeptide of the bacterium.

In preferred embodiments of the latter embodiment, the bacterial outer membrane polypeptide is:

(a)

a trimeric autotransporter adhesin (TAA) polypeptide, and the vaccine comprises: (i) a TAA polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention, a TAA
polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the

invention, or a composition thereof as defined in accordance with the seventh aspect of the invention; or (ii)
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a composition as defined in accordance with the thirteenth aspect of the invention; for use in a method of
eliciting an immune response to a TAA polypeptide of a bacterium, or a complex of the TAA polypeptide, in a
subject, and wherein a TAA polypeptide subunit of the chimeric polypeptide complex corresponds to a TAA
polypeptide of the bacterium;

or

(b) a Chlamydia MOMP polypeptide, and the vaccine comprises: (i) a Chlamydia MOMP polypeptide-containing
chimeric polypeptide as defined in accordance with the first aspect of the invention, a Chlamydia MOMP
polypeptide-containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the
invention, or a composition thereof as defined in accordance with the seventh aspect of the invention; or (ii)
a composition as defined in accordance with the thirteenth aspect of the invention; for use in a method of
eliciting an immune response to a MOMP polypeptide of a Chlamydia bacterium, or a complex of the MOMP
polypeptide, in a subject, and wherein a MOMP polypeptide subunit of the chimeric polypeptide complex

corresponds to a MOMP polypeptide of the Chiamydia bacterium.

The invention provides, in an eighteenth aspect, a microbial polypeptide-containing chimeric polypeptide as
defined in accordance with the first aspect of the invention, a microbial polypeptide-containing chimeric
polypeptide complex as defined in accordance with the sixth aspect of the invention, or a composition thereof
as defined in accordance with the seventh aspect of the invention, or an antigen-binding molecule as defined in
accordance with the tenth or eleventh aspect of the invention or a composition thereof as defined in accordance
with the twelfth aspect of the invention, or a composition as defined in accordance with the thirteenth aspect of

the invention, for use in a method for treating or preventing a microbial infection in a subject.

It is understood that the microbial infection (which may also be referred to as “microbial infectious disease”)
which in accordance with the use of the eighteenth aspect is treated or prevented is an infection caused by a
microorganism which expresses a microbial polypeptide corresponding to or having at least 70% (or, with
increasing preference, at least 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence

identity to the microbial polypeptide as comprised in the chimeric polypeptide.

In preferred embodiments of the latter aspect, the microbial polypeptide is:

(a) anenveloped virus fusion ectodomain polypeptide, and provided is an enveloped virus fusion ectodomain
polypeptide-containing chimeric polypeptide as defined in accordance with the first aspect of the invention,
an enveloped virus fusion ectodomain-containing chimeric polypeptide complex as defined in accordance
with the sixth aspect of the invention or a composition thereof as defined in accordance with the seventh
aspect of the invention, or an antigen-binding molecule as defined in accordance with the tenth or eleventh
aspect of the invention or a composition thereof as defined in accordance with the twelfth aspect of the
invention, or a composition as defined in accordance with the thirteenth aspect of the invention, for use in

a method for treating or preventing an enveloped virus infection in a subject;
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or
(b) a bacterial outer membrane polypeptide, and provided is a bacterial outer membrane polypeptide-
containing chimeric polypeptide as defined in accordance with the first aspect of the invention, a bacterial
outer membrane polypeptide-containing chimeric polypeptide complex as defined in accordance with the
sixth aspect of the invention or a composition thereof as defined in accordance with the seventh aspect of
the invention, or an antigen-binding molecule as defined in accordance with the tenth or eleventh aspect
of the invention or a composition thereof as defined in accordance with the twelfth aspect of the invention,
or a composition as defined in accordance with the thirteenth aspect of the invention, for use in a method

for treating or preventing a bacterial infection in a subject.

It is understood that the enveloped virus infection which, in accordance with item (a) of the forgoing
embodiment, is treated or prevented is an infection caused by an enveloped virus which expresses an enveloped
virus fusion ectodomain polypeptide corresponding to, or having at least 70 % (or, with increasing preference, at
least 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to the enveloped

virus fusion ectodomain polypeptide as comprised in the chimeric polypeptide.

Similarly, it is understood that the bacterial infection which, in accordance with item (b) of the forgoing
embodiment, is treated or prevented is an infection caused by bacteria which express an outer membrane
polypeptide corresponding to, or having at least 70 % (or, with increasing preference, at least 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to the bacterial outer membrane

polypeptide as comprised in the chimeric polypeptide.

In preferred embodiments of the latter embodiment, the bacterial outer membrane polypeptide is:

(a) a bacterial trimeric autotransporter adhesin (TAA) polypeptide, and provided is a bacterial trimeric
autotransporter adhesin (TAA) polypeptide-containing chimeric polypeptide as defined in accordance with
the first aspect of the invention, a TAA polypeptide-containing chimeric polypeptide complex as defined in
accordance with the sixth aspect of the invention or a composition thereof as defined in accordance with the
seventh aspect of the invention, or an antigen-binding molecule as defined in accordance with the tenth or
eleventh aspect of the invention or a composition thereof as defined in accordance with the twelfth aspect
of the invention, or a composition as defined in accordance with the thirteenth aspect of the invention, for
use in a method for treating or preventing a bacterial infection by a TAA-expressing bacterium in a subject;

or

(b) a Chlamydia MOMP polypeptide, and provided is a Chlamydia MOMP polypeptide-containing chimeric
polypeptide as defined in accordance with the first aspect of the invention, a Chlamydia MOMP polypeptide-
containing chimeric polypeptide complex as defined in accordance with the sixth aspect of the invention or a
composition thereof as defined in accordance with the seventh aspect of the invention, or an antigen-binding

molecule as defined in accordance with the tenth or eleventh aspect of the invention or a composition thereof
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as defined in accordance with the twelfth aspect of the invention, or a composition as defined in accordance
with the thirteenth aspect of the invention, for use in a method for treating or preventing a Chlamydia

infection in a subject.

It is understood that the bacterial infection which in accordance with item (a) of the forgoing embodiment is
treated or prevented is an infection caused by bacteria which express a TAA polypeptide corresponding to or
having at least 70 % (or, with increasing preference, at least 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%,
most preferably 100%) sequence identity to the TAA polypeptide as comprised in the chimeric polypeptide.

It is understood that the Chlamydia infection which in accordance with item (b) of the forgoing embodiment is
treated or prevented is a Chlamydia infection caused by Chlamydia bacteria which express a Chlamydia MOMP
polypeptide corresponding to or having at least 70 % (or, with increasing preference, at least 71%, 72%, 73%,
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99%, most preferably 100%) sequence identity to the Chlamydia MOMP polypeptide as

comprised in the chimeric polypeptide.

It is particularly preferred that the bacterial infection to be treated or prevented is caused by the bacterium from
which the bacterial surface polypeptide (e.g., the bacterial outer membrane polypeptide, such as the TAA
polypeptide) which is comprised in the chimeric polypeptide is derived. For example, if the chimeric polypeptide
comprises a TAA polypeptide which is Haemophilus influenzae adhesin (HiA), then it is preferred that the

bacterial infection to be treated or prevented is an infection caused by Haemophilus influenzae.

It will be understood that each of the products and compositions described in the fourteenth to eighteenth
aspects of the invention may also be used in the manufacture of a medicament for the therapeutic or

prophylactic applications described herein.

10. DOSAGES AND ROUTES OF ADMINISTRATION

The composition is administered in an “effective amount” that is, an amount effective to achieve an intended
purpose in a subject. The dose of active compound(s) administered to a patient should be sufficient to achieve a
beneficial response in the subject over time such as a reduction in at least one symptom associated with an
infection. The quantity or dose frequency of the pharmaceutically active compounds(s) to be administered may
depend on the subject to be treated inclusive of the age, sex, weight, and general health condition thereof. In
this regard, precise amounts of the active compound(s) for administration will depend on the judgment of the
practitioner. One skilled in the art would be able, by routine experimentation, to determine an effective, non-
toxic amount of a chimeric polypeptide or complex described herein to include in a pharmaceutical composition

of the present disclosure for the desired therapeutic outcome.
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In general, a (pharmaceutical) composition of the present disclosure can be administered in a manner compatible
with the route of administration and physical characteristics of the recipient (including health status) and in such
a way that it elicits the desired effect(s) (i.e., therapeutically effective, immunogenic and/or protective). For
example, the appropriate dosage of a pharmaceutical composition of the present disclosure may depend on a
variety of factors including, but not limited to, a subject’s physical characteristics (e.g., age, weight, sex), whether
the compound is being used as single agent or adjuvant therapy, the type of MHC restriction of the patient, the
progression (i.e., pathological state) of a virus infection, and other factors that may be recognized by one skilled
in the art. Various general considerations that may be considered when determining an appropriate dosage of a
pharmaceutical composition of the present disclosure are described, for example, in Gennaro (2000)
“Remington: The Science and Practice of Pharmacy”, 20th edition, Lippincott, Williams, & Wilkins; and Gilman et

al., (Eds), (1990), “Goodman And Gilman's: The Pharmacological Bases of Therapeutics”, Pergamon Press.

In some embodiments, an “effective amount” of a subject chimeric polypeptide or complex, or a chimeric
polypeptide-encoding polynucleotide, or a nucleic acid construct from which the chimeric polypeptide or
complex is expressible, is an amount sufficient to achieve a desired prophylactic or therapeutic effect, e.g., to
reduce a symptom associated with infection, and/or to reduce the number of infectious agents in the individual.
In these embodiments, an effective amount reduces a symptom associated with infection and/or reduces the
number of infectious agents in an individual by at least about 10%, at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, or at least about
90%, or more, when compared to the symptom or number of infectious agents in an individual not treated with
the chimeric polypeptide or complex. Symptoms of infection by a pathogenic organism, as well as methods for
measuring such symptoms, are known in the art. Methods for measuring the number of pathogenic organisms

in anindividual are standard in the art.

In some embodiments, an “effective amount” of a subject chimeric polypeptide or complex, or a chimeric
polypeptide-encoding polynucleotide, or a nucleic acid construct from which the chimeric polypeptide or
complex is expressible, is an amount that is effective in a selected route of administration to elicit an immune
response to an enveloped virus fusion ectodomain polypeptide comprised in the chimeric polypeptide of the

invention.

In some embodiments, e.g., where the chimeric polypeptide comprises a heterologous antigen, an “effective
amount” is an amount that is effective to facilitate elicitation of an immune response against that antigen. For
example, where the heterologous antigen is an antigen from a different pathogenic organism than the one from
which the ectodomain polypeptide is derived), an “effective amount” of a subject chimeric polypeptide or
complex, or a chimeric polypeptide-encoding polynucleotide, or a nucleic acid construct from which the chimeric
polypeptide or complex is expressible, is an amount that is effective for elicitation of an immune response against

that antigen and preferably protection of the host against infection, or symptoms associated with infection, by
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that pathogenic organism. In these embodiments, an effective amount reduces a symptom associated with
infection by the pathogenic organism and/or reduces the number of infectious agents corresponding to the
pathogenic organism in an individual by at least about 10%, at least about 20%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, or at least about 90%, or
more, when compared to the symptom or number of infectious agents in an individual not treated with the
chimeric polypeptide or complex, or a chimeric polypeptide-encoding polynucleotide, or a nucleic acid construct
from which the chimeric polypeptide or complex is expressible. Symptoms of infection by a pathogenic organism,

as well as methods for measuring such symptoms, are known in the art.

Alternatively, where a heterologous antigen is a cancer- or tumor-associated antigen, an “effective amount” of
a chimeric polypeptide or complex, or a chimeric polypeptide-encoding polynucleotide, or a nucleic acid
construct from which the chimeric polypeptide or complex is expressible, is an amount that is effective in a route
of administration to elicit an immune response effective to reduce or inhibit cancer or tumor cell growth, to
reduce cancer or tumor cell mass or cancer or tumor cell numbers, or to reduce the likelihood that a cancer or
tumor will form. In these embodiments, an effective amount reduces tumor growth and/or the number of tumor
cells in an individual by at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%, or at least about 90%, or more, when
compared to the tumor growth and/or number of tumor cells in an individual not treated with the chimeric
polypeptide or complex, or a chimeric polypeptide-encoding polynucleotide, or a nucleic acid construct from
which the chimeric polypeptide or complex is expressible. Methods of measuring tumor growth and numbers of

tumor cells are known in the art.

In various embodiments, the amount of chimeric polypeptide or complex, or a chimeric polypeptide-encoding
polynucleotide, or a nucleic acid construct from which the chimeric polypeptide or complex is expressible in each
dose is selected as an amount that induces an immune response to the encoded ectodomain polypeptide, and/or
that induces an immune-protective or other immunotherapeutic response without significant, adverse side
effects generally associated with typical vaccines. Such amount may vary depending upon which specific chimeric
polypeptide or complex, or chimeric polypeptide-encoding polynucleotide, or a nucleic acid construct from which
the chimeric polypeptide or complex is expressible is employed, whether or not the vaccine formulation

comprises an adjuvant, and a variety of host-dependent factors.

A pharmaceutical composition of the present disclosure can be administered to a recipient by standard routes,

including, but not limited to, parenteral (e.g., intravenous), intramuscular, subcutaneous or intradermal.

A pharmaceutical composition of the present disclosure may be administered to a recipient in isolation or in
conjunction with additional therapeutic agent(s). In embodiments where a pharmaceutical composition is
concurrently administered with therapeutic agent(s), the administration may be simultaneous or sequential (i.e.,

pharmaceutical composition administration followed by administration of the agent(s) or vice versa).
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Typically, in treatment applications, the treatment may be for the duration of the disease state or condition.
Further, it will be apparent to one of ordinary skill in the art that the optimal quantity and spacing of individual
dosages will be determined by the nature and extent of the disease state or condition being treated, the form,
route and site of administration, and the nature of the particular individual being treated. Optimum conditions

can be determined using conventional techniques.

In many instances (e.g., preventative applications), it may be desirable to have several or multiple
administrations of a pharmaceutical composition of the present disclosure. For example, a pharmaceutical
composition may be administered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more times. The administrations may be from
about one- to about twelve-week intervals, and in certain embodiments from about one to about four-week
intervals. Periodic re-administration may be desirable in the case of recurrent exposure to a particular pathogen
or other disease-associated component targeted by a pharmaceutical composition of the present disclosure.

It will also be apparent to one of ordinary skill in the art that the optimal course of administration can be

ascertained using conventional course of treatment determination tests.

Where two or more entities are administered to a subject “in conjunction” or “concurrently” they may be
administered in a single composition at the same time, or in separate compositions at the same time, or in

separate compositions separated in time.

Certain embodiments of the present disclosure involve the administration of pharmaceutical compositions in
multiple separate doses. Accordingly, the methods for the prevention (i.e., vaccination) and treatment of
infection described herein encompass the administration of multiple separated doses to a subject, for example,
over a defined period of time. Accordingly, the methods for the prevention (i.e., vaccination) and treatment of
infection disclosed herein include administering a priming dose of a pharmaceutical composition of the present
disclosure. The priming dose may be followed by a booster dose. The booster may be for the purpose of re-
vaccination. In various embodiments, the pharmaceutical composition or vaccine is administered at least once,

twice, three times or more.

Methods for measuring the immune response are known to persons of ordinary skill in the art. Exemplary
methods include solid-phase heterogeneous assays (e.g., enzyme-linked immunosorbent assay), solution phase
assays (e.g., electrochemiluminescence assay), amplified luminescent proximity homogeneous assays, flow
cytometry, intracellular cytokine staining, functional T-cell assays, functional B-cell assays, functional monocyte-
macrophage assays, dendritic and reticular endothelial cell assays, measurement of NK cell responses, IFN-y
production by immune cells, quantification of virus RNA/DNA in tissues or biological fluids (e.g., quantification
of viral RNA or DNA in serum or other fluid or tissue/organ), oxidative burst assays, cytotoxic-specific cell lysis

assays, pentamer binding assays, and phagocytosis and apoptosis evaluation.

126



10

15

20

25

30

WO 2023/187743 PCT/1B2023/053263

It will be appreciated by persons skilled in the art that numerous variations and/or modifications may be made
to the disclosure as shown in the specific embodiments without departing from the spirit or scope of the present
disclosure as broadly described. The present embodiments are, therefore, to be considered in all respects as

illustrative and not restrictive.

Sequences referred to herein are also presented in the form of a sequence listing which is filed together with the
present disclosure. In case of any deviation(s) between the respective sequences, the present invention
specifically and individually relates to each one of the corresponding sequences, and it preferably relates to the

sequences disclosed in the present specification.

Regarding the embodiments characterized in this specification, in particular in the claims, itis intended that each
embodiment mentioned in a dependent claim is combined with each embodiment of each claim (independent
or dependent) said dependent claim depends on. For example, in case of an independent claim 1 reciting 3
alternatives A, B and C, a dependent claim 2 reciting 3 alternatives D, E and F and a claim 3 depending from claims
1 and 2 and reciting 3 alternatives G, H and |, it is to be understood that the specification unambiguously,
individually and specifically discloses embodiments corresponding to combinations A, D, G; A, D, H; A, D, I; A, E,
G, A ELH,AELAFG;AFHAFIBD,G;BDH;B,D,I;B,EG;B,E H;B,E, I;B,F,G;B,F,H; B, F, I, C, D,
G;C,D,H;CD,I;CEG;CEHCEICFG;C F, H; C F, I, unless specifically mentioned otherwise.

Similarly, and also in those cases where independent and/or dependent claims do not recite alternatives, it is
understood that if dependent claims refer back to a plurality of preceding claims, any combination of subject-
matter covered thereby is considered to be explicitly and individually disclosed. For example, in case of an
independent claim 1, a dependent claim 2 referring back to claim 1, and a dependent claim 3 referring back to
both claims 2 and 1, it follows that the combination of the subject-matter of claims 3 and 1 is clearly and
unambiguously disclosed as is the combination of the subject-matter of claims 3, 2 and 1. In case a further
dependent claim 4 is present which refers to any one of claims 1 to 3, it follows that the combination of the
subject-matter of claims 4 and 1, of claims 4, 2 and 1, of claims 4, 3 and 1, as well as of claims 4, 3, 2 and 1 is

clearly and unambiguously disclosed.

In order that the disclosure may be readily understood and put into practical effect, particular preferred

embodiments will now be described by way of the following non-limiting examples.
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EXAMPLES

Example 1: Preparation of constructs

In order to overcome the HIV diagnostic interference chserved with the original HiV-basad clamp {(HIV-clamp
SEQUID NO: 1, nineteen putative cdlamp sequences derived from the trimerization domains from proteins from
animal viruses known not to commonly infect humans were designed {Table 3; Figure 1; 5EQ 1D NQOs: 2-20)
Predicted first and second heptad repeat regions {FHRR and SHRR, respectively} were joined by flexible linker

sequeances {GG, GSG or GGSGG) to facilitate engagement between the FHRR and SHRR.

The resulting panel of putative damp sequences weare appended to the C-terminal ends of the respiratory
syncytial virus fusion protein ectodomain amine acids 1-511 (Genbank Accession: AHL84194; SEQ 1D N 21
{66K)) with a flexible GS linker included between T'% and G, An additional GSG linker sequence was included
between the C-terminus of the ectodomain and the N-terminus of each of the 19 putative clamp sequences SEQ
15 NOs: 2-20. The resulting panel were referred to as V022 66K _€D1-11/CKL-8 {representative sequance shown

for VL22 66K _CDL1 in SECLID NO: 22).

The same panal of clamp sequences were similarly appended to the C-terminal ends of the respiratory syncytial
virus fusion protein ectodomain amino acids 1-511 {Genbank Accession: AHL4194; SEQ D NO: 23 {66E)) with a
flexible GS finker included hetween T' and G, An additional G5G linker sequence was included as a hinge
region between the (-terminus of the ectodomain and the N-terminus of each of the 18 putative clamp
sequances SEQ 1D NOs: 2-20. The resulting panel were referred to as V22 _88E CD1-11/CK1-8 {representative

seguence shown for V122 _66E_ (D11 in SEQ 1D NG: 24,

Previcusly a prefusion stabilized RSV F protein was produced that consisted of fusion protein ectodomain amina
acids 1-811 {Genbank Accession: AIOGRO4E; SEQ 1D NO: 25) with a flexible GS linker included between T and
G and a HIV gpél based clamp (SEQ ID NO: 1) appended to the C-terminus of the ectodormain. This original

antigen is referred to herein as F HiV-clamp {SEQ iD NO: 26},

Primers and gene fragmant blocks {gBlocks™ ) ware synthesised by Integrated DNA Technologies and cloned into
digested expression vector using an In-Fusion cloning reaction {Takara Bio Kusatsu, Shiga, fapan). The resulting
plasmids were transformed into Escherichio coli HSTOR Stellar™ Competent Cells {Takara Bio Kusatsu, Shiga,
Japan). Plasmids from selected colonies were screened for correct insertions by colony PCR and were subjected

to subsequant INA sequencing to confirm sequence fidelity.
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Table 3: Putative clamp sequences
Virus Linker
Name SEQID NO: FHRR Sequence SHRR Sequence
Source Sequence
HIV- SGIVQQQNNLLRAIEAQQ HTTWMEWDREINNYTSLIH
SEQID NO: 1 GGSGG
clamp Q HLLQLTVWGIKQLQARILA SLIEESQNQQEKNEQELLE
SITQYTKLSHQLISDVQAIS ICLALQEKCSFYANKSGIVRD
CD1 MMPV | SEQID NO: 2 STIQDLQDQVDSLAEVVLQ GG KIKNLQDDLERRRRAQLI
NRRGLDLLTAEQ
SITQYTKLSHQLISDVQAIS ANKSGIVRDKIKNLQDDLER
cb2 MMPV | SEQID NO: 3 STIQDLQDQVDSLAEVV GSG RRRQLI
FEQLQAAIHTDLGALEKSV LCAALKEECSFYADHTGVVR
CcD3 XMRV SEQID NO: 4 SALEKSLTSLSEVVLQNRRG GG DSMAKLRERLNQ,
LDLLFLKE
FEQLQAAIHTDLGALEKSV YADHTGVVRDSMAKLRERL
CD4 XMRV SEQID NO: 5 SALEKSLTSLSEVY GSG NQ
LQIAMDTDLRALQDSISKL LCAALKEECSFYVDHSGAVR
CD5 KoRV SEQID NO: 6 EDSLTSLSEVVLQNRRGLD GG DSMRRLKERL
LLFLKE
AMDTDLRALQDSISKLEDS YVDHSGAVRDSMRRLKERL
CD6 KoRV SEQID NO: 7 LTSLSEVV GSG
ATHQEAIEKVTEALKINNLR NQTIWNHGNITLGEWYNK
CcD7 FIV SEQID NO: 8 GGSGG
Q LVTLEHQVLVIGLKVEA TKDLQQKFYEIIMDIEQNN
AGIVQQQQQLLDVVKRQ NNETWQEWERKVDFLEENI
CD8 SIV SEQID NO: 9 QELLRLTVWGTKNLQTRV GGSGG TALLEEAQIQQEKNMYELQ
TA
QSLANATAAQQEVLEASY NHTWQQWEEEIEQHEGNL
CD9 VISNA SEQID NO: 10 AMVQHIAKGIRILEARVAR GGSGG SLLLREAALQVHIAQRDARR
|
QTLANATAAQQDVLEATY NHTWQQWERGLQGYDTN
CD10 CAEV SEQID NO: 11 AMVQHVAKGVRILEARVA GGSGG LTILLKESAAMTQLAEEQAR
R (SEQ ID NO: 81) RI {SEQ ID NO: 83)
QSLANATAAQQEVLEAQY NHTWQQWEEEIEQHEGNL
CD11 VISNA SEQID NO: 12 AMVQHIAKGIRILEARVAR GGSGG SLLLREAALQVHIAQRDARR
(SEQ ID NO: 80) | (SEQ ID NO: 82)
EFSDMLRLFDFNKQAIQRL NETHFSDDIEQQADNMITE
CK1 Lassa SEQID NO: 13 KAEAQMSIQLIN GGSGG MLQKEYMERQGKTPLGLV
D
ADSVQONHTFEVENNTING TQWDDWVDKMENLNHDI
CK2 EAIV SEQID NO: 14 GGSGG
Q LELTEEQVHILYAMVLQT LTTLHTARNNLEQSMITEN
. EAMKNADNINKLKSSIEST DISSQISSMNQSLQQSKDY!
CK3 NiV SEQ D NO: 15 GGSGG
! Q NEAVVKLQETAEKTV KEAQRLLDTVNPS
DLQQGLTSLQIAMDTDLR FYVDHSGAVRDSMKKLKER
CK4 GALV SEQID NO: 16 GGSGG
Q ALQDSISKLEDSLTSLSE LDKRQLERQKNQN
DLQQGLTSLQIAMDTDLR FYVDHSGAVRDSMRRLKER
CK5 KoRV SEQID NO: 17 GGSGG
° Q ALQDSISKLEDSLTSLSE LDKRQLEHQKNLS
QQLEKGLSNLHRIVTEDLQ FYVDHSGAIRDSMNKLRER
CK6 PERV SEQ D NO: 18 GGSGG
Q ALEKSVSNLEESLTSLSE LEKRRREKETTQG
KALIETAQFRQLOMAMHT FYADHTGLVRDNMAKLRER
K7 FelV SEQID NO: 13 DIQALEESISALEKSLTSLSE GGSGG LKQRQQLFDSQQGWFE
STLSHQRLTSLIHVLEQDQ FLRIQNDSIIRLGDLQPLSQR
cka BolV SEQID NO: 20 QRLITAINQTHYNLLNVAS GGSGG VSTD
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Example 2: Protein expression

ExpiCHO™ Chinese hamster ovary (CHO) mammalian cells were transfected with 18 putative clamp-stabilised
V022 66K antigens generated in Example 1 (Table 3, excluding CDS), F HIV-clamp (SEQ ID NO: 26), and a non-
stabilised control antigen (Fsol; SEQ ID NO: 27) using the ExpiCHO-S™ expression system (Thermo Fisher
Scientific) for transient protein expression. After 6 days of culture the supernatants containing the soluble clamp

proteins were harvested and immediately filtered through a 0.22 um filter.

Example 3: Screening of clamp supernatants

Supernatants obtained from CHO cells transfected with 18 putative clamp-stabilised VL22 66K antigens were
tested for binding to RSV-specific antibodies; Motavizumab 101F (Mclellan et al., J Virol, 2010,
DOI: 10.1128/1V1.01579-10) and MPE8 (Wen et al., Nat Microbiol, 2017, DOI: 10.1038/nmicrobiol.2016.272) in a
capture ELISA. Motavizumab 101F is a non-conformationally dependent RSV ectodomain binding antibody
(McLellan et al., Nat Struct Mol Biol, 2010, DOI: 10.1038/nsmb.1723) whereas MPES is a conformationally
dependent antibody specific for the pre-fusion form of the RSV F protein. Antibody 101F was coated on ELISA
plates at 50 or 2 ug/mL in carbonate-bicarbonate buffer, and stored overnight at 4°C. Coating buffer was
removed and additional protein binding sites on the plate blocked by incubation for 60 min at room temperature
with 150 ulL of KPL Milk diluent/blocking solution (Seracare, MA USA) in PBST, after which the blocking buffer
was removed. 50 plL each of serial dilution of supernatants or purified protein controls in 1 x KPL in PBST were
added to the wells and incubated at 37°C for 1 h. Plates were washed three times by immersing in water, and
50 plL of either 101F or MPES in 1 x KPL Milk diluent/blocking solution (Seracare, MA USA) at a concentration of
2 ug/ml added. Plates were incubated for a further hour at 37°C, washed three times by immersing in water, and
incubated with anti-human horse radish peroxidase conjugated antibody (Life Technologies A18829, diluted
1:2000 in KPL blocking buffer). Plates were incubated and washed as described above, then TMB (3,3’,5,5'-
tetramethylbenzidine; 50 ul/well) added for 3 min, and the reaction stopped with 1 M sulphuric acid

(25 uL/well). Antibody binding was detected using a colorimeter at 450 nm.

ELISA-based supernatant screening of VL22_66K antigen series found that the majority were expressed. Yields of
the VL22-K66 clamp antigens were assessed by ELISA (Table 4) and compared to control F HIV-clamp and Fsol.
All clamp antigens bound 101F but not all exhibited binding to the pre-fusion conformationally-specific MPE8
monoclonal antibody. VL22_66K_CD1 & CD2 (MPMV); CD3 (XMRV); CD7 (FIV); CD9 (VISNA); CD10 (CAEV); CD11
(VISNA2); and CK8 (BoLV) all bound MPES (see Table 4).

Example 4: Antigen purification

VL22_ 66K clamp antigens were purified using an in house made immunoaffinity chromatography column using
the RSV-specific antibody 101F and an AKTA pure protein purification system (Cytiva, Marlborough, MA, USA)

and pH11.5 elution. Following purification, eluates were immediately neutralised, and buffer exchanged into PBS
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using Merck Amicon Ultra-4 or Ultra-15 centrifugal filter units. Protein concentration was determined using the

NanoDrop One (Thermofisher Scientific) (Table 4), and clamp-antigens ranked for further studies based on yields

obtained.

Table 4: Yield of protein from supernatants

Yield of purified protein
VL22_66K 101F binding |MPE8 binding ELISA Nanodrop post- Lead ranking based on
Construct ELISA (mg/L) {mg/L) purification (mg/L) yield
CD1 13.1 6.7 24.6 -
CD2 27.0 3.4 50.0 et
CD3 8.9 3.9 16.3 *
CD4 1.6 0 4.4 0
CD5 Not performed |Not performed Not performed N/A
CD6 1.7 0 3.1 0
CD7 12.9 9.5 24.7 .t
CD8 1.6 0 Not performed 0
CD9 51.7 10.1 101.5 o
CD10 40.2 28.1 72.2 .
CD11 59.0 26.1 101.9 ok
CK1 5.1 0 Not performed 0
CK2 0.7 0 Not performed 0
CK3 19.1 0 Not performed 0
CK4 0.0 0 Not performed 0
CKS 0.1 0 0.2 0
CK6 0.7 0 0.8 0
CK7 0.0 0 0.1 0
CK8 7.5 1.8 15.4 *
F HIV-clamp 10.1 10 35.5 o
non-stabilised 17.2 0 0
22.1
control (Fsol)

**** to * highest to lowest rank clamps. Antigens which failed one of the tests were assigned a clamp rank of 0.
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Example 5: Characterization of purified antigens

The transient protein expression was repeated for the lead clamp candidates (CD1, CD2, CD3, CD7, CD9, CD10,
CD11 and CK8). Control F HIV-clamp and non-stabilised Fsol were again included, as was CD5, which was absent
from the previous comparison and CD4 was included as a low promise candidate that produced at low yield and
did not bind MPES. Size exclusion high pressure liquid chromatography (SE-HPLC) analysis was used to evaluate
the monodispersity and oligomeric state of the purified clamp antigens. SE-HPLC used a Waters column (XBridge
BEH450 7.8x 300 mm) and Waters guard column (Xbridge Guard BDH450 7.8 x 30 mm) using a DPBS mobile
phase. The relative proportions of soluble trimer, high molecular weight aggregate and low molecular weight
product were estimated by calculation of Area Under Curve (AUC) (Figure 2). The analysis revealed that multiple
candidate clamps facilitated trimer formation and stabilisation compared to the non-stabilised control. CD1, CD2,
CD3, CD9, CD10 and CD11 stabilised similar levels of trimer compared to the F HIV-clamp control. CD4, CD5 and

CD7 were all substantially aggregated, indicative of poor pre-fusion stabilisation.

Five of the selected clamp antigens (CD1, CD2, CD9, CD10, and CD11) were then analysed by transition electron
microscopy (TEM). CD3 was not analysed due to low yield. Negative stain TEM images revealed homogenous 10-
20 nm particles similar to those previously observed of the F HIV-clamp and consistent with the know pre-fusion

structure of RSV F (Figure 3).

Selected VL22_66K clamps were incubated at 4, 25 and 40°C for 72 hr to assess thermal stability. Clamp antigens
were incubated at a concentration of 100ug/ml at the respective temperatures and then analysed by SE-HPLC
using a Waters column (XBridge BEH450 7.8x 300 mm) and Waters guard column (XBridge Guard BDH450 7.8 x
30 mm) using a DPBS mobile phase (Figure 4). Analysis of the 5 clamp antigens showed that VL22_66K_CD10 and
VL22_66K_CD11 formed the most stable trimers and were the least likely to aggregate following incubation in
the range of temperatures assessed (Figure 4). Thermal stability of VL22_66K_CD10& VL22_66K_CD11incubated

at 4 and 25°C for 72 hours was similar to the F HIV-clamp.

Example 6: Expression, purification and analysis of clamp variants when appended to VL22-66E

Constructs encoding the clamp series appended to VL22 66E were then expressed in ExpiCHO cells (as per
Example 2) and purified by FPLC (as per Example 4). Yields of the VL22_ 66E clamp antigens were calculated by
NanoDrop™ One microvolume UV-Vis spectrophotometry (Thermofisher Scientific) and are compared with the
results for the VL22_66K clamp antigens in Figure 5. Yields of VL22_CD9, 10 and 11 variants were high for both
the VL22_66K and VL22_66E antigen series. CD9 was excluded at this point due to it being similar in sequence to
CD11 and resulting in slightly more aggregation (as shown in Figure 4). Hence CD10 and CD11 were selected as

preferred leads.

The stability of VL22_66E_CD10 and VL22_66E_CD11 antigens was examined over a wide temperature range.
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Stability was assessed using ELISA to characterise binding of RSV-specific antibodies 101F and MPES8 as per
Example 3 (Figure 6) and SE-HPLC to determine monodispersity and oligomeric state as per Example 5 (Figure 7).
Prior to analysis by ELISA and SE-HPLC, clamp-antigens were incubated for 72 h at 4, 25, 40 or 60°C at 100ug/ml
in PBS. Both the VL22_66E_CD10and VL22_66E_CD11 antigens were found to be highly stable, retain 101F- and
MPES8-binding activity after 72 hours at temperatures up to 60°C, and maintaining a stable trimeric state over a
range of temperatures. These two lead candidates are referred to as VL22_CD10 and VL22_CD11 in the following
examples and figures for simplicity. Both VL22_CD10 and VL22_CD11 were less prone to aggregation than the F
HIV-clamp control (Figure 7) following incubation in temperatures up to 40°C. However, stability of all three

clamp antigens began to exhibit altered trimerization stability following incubation at 60°C for 72h.

Example 7: Characterisation of CD11

A near-atomic three-dimensional model of VL22_CD11 was generated by single particle analysis (SPA) cryogenic
electron microscopy. Purified VL22_CD11 or VL22_CD11 complexed with Fab were adsorbed onto glow-
discharged quantifoil grids and plunge frozen using an EMGP2 system (Leica, Mount Waverley, VIC, Australia).
Grids were imaged on a CRYO ARM 300 (JEOL, Tokyo, Japan) equipped with a K3 detector (Gatan, Pleasanton,
CA, USA). Image processing and SPA was performed in cryoSPARCAs seen in Figure 8, the data shows the
VL22_CD11 trimer adopts a structure resembling a pyramid as opposed to the lollipop-like structure that is
characteristic of post-fusion F, but a high-resolution structure was not obtainable. To overcome any orientation
bias, which might account for the difficulty obtaining a high-resolution structure, a second structure of
VL22_CD11 was determined in complex with Motavizumab Fab (McLellan et al., Nat Struct Mol Biol, 2010,

[:0i: 10.1038/nsmb.1723}.

The motavizumab Fab complexed with VL22_CD11 improved orientation bias and provided a structural landmark
for model interpretation. A 3.8 A map of the complex was determined and is shown in Figure 9. While, some key
pre-fusion specific antibody binding sites, @ and V, are not well resolved in the structure, it is also clear that
hallmarks of the post-fusion structure, such as the characteristic 6-helix bundle are absent. Poor resolution for
sites, @ and V is indicative of a high level of flexibility within poorly resolved regions, that is beyond that described
for DS-Cavl Foldon (McLellan et al., Science 2013 doi: 10.1126/science.1243283). It is hypothesized by the
inventors that the antigen adopts a more native and flexible conformation at these sites due to the absence of
non-native structure stabilising mutations present in DS-Cavl Foldon. In addition, the clamp density was not
resolved so its structure was not clearly defined. It is hypothesised that the lack of a single, stable conformation
of the clamp within the structure is due to the flexible linker (more specifically referred to herein as “hinge”)
between the C-terminus of the F ectodomain and the N-terminus of clamp CD11 resulting in inconsistent spatial

orientation of the clamp relative to the ectodomain antigen, as opposed to flexibility within the clamp itself.
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Example 8: Assessment of interference with HIV diagnostic assay

Development of a SARS-CoV-2 vaccine utilising an HIV-derived trimerization domain was discontinued as the
vaccine induced HIV specific antibodies that resulted in diagnostic interference in HIV testing (Chappell, et al.,
Lancet Infect Dis, 2021, DOI: 10.1016/51473-3099(21)00200-0). To dispel any concerns that CD10 and CD11 could

also interfere with common HIV diagnostic tests, the CD10 and CD11 clamps were tested in a series of assays.

As an initial assessment, mice were immunized twice 3 weeks apart with 5 ug a SARS-Cov-2 Spike (S) ectodomain
stabilised with the HIV-clamp (SARS-Cov-2 S HIV-clamp, SEQ ID NO: 28; Watterson, et al., Clin Transl Immunology,
2021, DOI: 10.1002/cti2.1269), and serum collected 3 weeks after the second immunisation. ELISA plates were
coated with the F HIV-clamp, VL22_CD10 or VL22_CD11. The results, shown in Figure 10, demonstrate that the
response elicited in mice by the F HIV-clamp exhibits ~1000 fold less reactivity against the non-HIV derived CD10

and CD11 clamps.

A SARS-Cov-2 Spike protein stabilised with the CD11, SARS-CoV-2 S CD11 (SEQ ID NO: 29), was produced as per
methods described in examples 1, 2 and 4, except that Spike specific antibody CR3022 (Tian et al., 2020,
[0i: 10.1080/22221751.2020.1729069) was used for immunoaffinity chromatography together with elution at
pH 3.0.

Binding of HIV standard human plasma or serum to CD11 was assessed using BioRad Geenius HIV 1/2 control
plasma and NIBSC International HIV reference serum standard. SARS-CoV-2 S HIV-clamp and SARS-CoV-2 Spike-
CD11 antigens were used in place of RSV antigens as RSV antibodies are ubiquitous in human plasma/serum. The
NIBSC international standard panel included vials of human sera raised against HIV-1 subtypes A, B, C and E;
HIV-1 group O; and HIV-2. Equal volumes of the individual standards were pooled for testing in ELISA. SARS-CoV-2
S HIV-clamp and SARS-CoV-2 S CD11 were coated on ELISA plates, and serial dilutions of the BioRad Geenius HIV
1/2 control plasma and NIBSC International HIV reference serum analysed by ELISA (Figure 11). Both HIV positive
controls reacted strongly with SARS-CoV-2 S HIV-clamp but not with SARS-CoV-2 S CD11, indicating the absence

of cross-reactivity between CD11 and HIV gp41.

To further assess potential for HIV diagnostic cross reactivity, groups of five mice were immunised twice, three
weeks apart, with each dose consisting of 25 ul AddaVax (Invivogen) squalene-based oil-in-water nano-emulsion
adjuvant and 5 pg of VL22_CD10, VL22_CD11 or F HIV-clamp in 25 pl of PBS pH 7.4. A group of three mice was
included as a negative control. Serum collected from mice 3 weeks after the second immunisation was tested by
ELISA against the antigen HIV-1 gp41 (#ab49070, Abcam, Cambridge, United Kingdom), which is commonly used
in HIV testing and the antigen used for immunisation. In addition, sera were tested for binding to the clamp
(using a SARS-CoV-2 S HIV-clamp, SARS-CoV-2 S CD10 and SARS-CoV-2 S CD11) and for binding to the ectodomain
(using an RSV with a mismatched clamp domain). The results, shown in Figure 12, indicate that sera generated

to the CD10 and CD11 clamps does not bind HIV-1 gp4l, while sera generated to the HIV-clamp does.
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Additionally, the immune response elicited to CD10 and CD11 appear to be lower than HIV-clamp.

Example 9: Analysis of the ability of VL22_CD10 and VL22_CD11 to induce neutralising antibodies in mice

Terminal sera from mice immunised in Example 8 were tested for the present of neutralising antibodies against
RSV A2 by Plague Reduction Neutralization Test (PRNT) as per methods outlined in Isaacs et al., Viruses 2021
DOI: 10.3390/v13101942. Due to the small group sizes, it is not possible to make statistically relevant
comparisons between the new clamps and the control F HIV-clamp. However, the results of the PRNT, shown in
Figure 13, indicate that the RSV F antigens stabilised with the CD10 and CD11 clamps were able to induce

neutralising antibodies in mice.

Example 10: Assessment of candidate clamps with other viral proteins

Eight of the candidate clamp moieties were assessed for their ability to stabilise the SARS-CoV-2 Spike protein
(S). CD1, CD2, CD3, CDS5, CD6, CDY, CD10, and CD11 clamp sequences were appended to the C-terminal end of
SARS-CoV-2 S in place of the HIV-clamp sequence (SEQ ID NO: 28) using the molecular cloning methods as
described in Example 1, and clamp-antigens were expressed and purified as per Examples 2 and 4. Following
purification, monodispersity and oligomeric state of antigens were analysed via SE-HPLC (Figure 14). Only SARS-
CoV-2 S CD11 was found to form a species consistent with the trimeric protein (molecular weight ~600kDa) The
calculated molecular weight of all other clamp-antigens (CD1, CD2, CD3, CD5, CD6, CD9, CD10) was consistent

with monomeric protein (~200kDa) or degraded protein.

The molecular species of SARS-CoV-2 S CD11 (SEQ ID NO: 29) was assessed by size exclusion chromatography
(SEC) column Superose 6 Increase 10/300GL (Cytiva) for comparison to the same construct with the HIV-clamp
(Figure 15A). The two constructs are shown to be highly comparable with the calculated molecular weight of the

primary species of both clamp-antigens consistent with a trimer (~600kDa).

The HIV-clamp and the CD11 clamp were appended to the C-terminus of Nipah virus Fusion protein (F) (SEQ ID
NO: 30 and 31) as per Examples 1, 2, and 4. Specific antibody mAb66 (Avanzato et al., 2019,
Qi 10.1073/pnas.1912503116} was used for immunoaffinity chromatography. The two constructs were
analysed by SEC on a Superdex 200 Increase 10/300GL (Cytiva). The two constructs are shown to be highly
comparable with the calculated molecular weight of the primary species of both clamp-antigens consistent with

a trimer (~200-250kDa) (Figure 15B).

The HIV-clamp and the CD11 clamp were appended to the C-terminal of Influenza A (strain HIN1pdm
California09) hemagglutinin protein (HA) (SEQ ID NO: 32 and 33) as per Examples 1, 2, and 4, and specific antibody
518 (Krause et al., 2019, D{1: 10.1128/IVI.00700-11} was used for immunoaffinity chromatography. The two

constructs were analysed by SEC on a Superdex 200 Increase 10/300GL (Cytiva). The two constructs are shown
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to be highly comparable with as the calculated molecular weight of the primary species of both clamp-antigens

consistent a trimer (~250kDa) (Figure 15C).

Example 11: Comparison of CD11 and HIV-clamp stabilised viral antigens to elicit a neutralising immune

response upon vaccination in mice

Groups of Balb/c mice (n=8) were immunised with either PBS placebo or the purified antigens; SARS-CoV-2 Spike,
Nipah F and Influenza HA stabilised with either the HIV-clamp or CD11. Two intramuscular injections were given
3 weeks apart with each dose consisting of 25 pl AddaVax (Invivogen) squalene-based oil-in-water nano-emulsion
adjuvant and 5 pg purified protein antigen in 25 pl of PBS pH 7.4. Total volume delivered was 50 pl. Three weeks
following administration of the second dose mice were culled and blood collected by cardiac puncture. Virus
neutralisation activity of blood serum was quantified against SARS-CoV-2 or Influenza A H1IN1pdm California09
by plague reduction neutralisation testing as per published methodology (Amarilla et al., Front Microbiol. 2021,
DOI: 10.3389/fmicb.2021.625136 and McMillan et al., NPJ Vaccines. 2021, DOI: 10.1038/s41541-021-00395-4)
or against Nipah virus pseudovirus as per published methodology (lsaacs et al.,, Viruses 2021 DOI:

10.3390/v13101942).

Virus neutralisation against SARS-COV-2 and Nipah virus was found to be equivalent for the respective antigens
containing HIV-clamp and CD11 stabilisation domains (Figure 16A/B). Virus neutralisation against Influenza virus

was enhanced by the inclusion of CD11 relative to the HIV-clamp (Figure 16C).

Example 12: Modification of hinge region improved trimer stabilisation

Analysis of the CD11-appended SARS-CoV-2 Spike (S) antigen showed that a small fraction of the protein formed
a species with calculated molecular weight indicative of monomer. The SARS-CoV-2 S CD11 antigen was modified
by shortening the “hinge” region between the C-terminus of SARS-CoV-2 S and the N-terminus of CD11 from
‘GSG’ to ‘G’ to generate antigen SARS-CoV-2 Spike_CD11 SG (SEQ ID NO: 34). Analysis of this shortened antigen

showed that the clamp-antigen forms a single species characteristic of trimer (Figure 17).

Example 13: Generation and analysis of immune-silenced CD11 clamp variants

Immune responses to VL22 CD11 are directed both at the RSV F ectodomain (VL22) and to the CD11 clamp
sequence. To reduce the immune response to the clamp sequence, additional glycosylation sites were introduced
into the CD11 sequence at sites identified in Figure 18 to create ‘silenced’ variants. Plasmids encoding 15 CD11
‘silenced’ variants (SEQ ID NOs: 35-49; Figure 19) appended to VL22 were generated as per Example 1 and
proteins expressed in ExpiCHO cells and purified as per Example 2 and 4. Purified ‘silenced’ variants were

analysed by ELISA to measure binding of the antibodies 101F and MPES.

All of the silenced VL22_CD11 variants bound 101F. The first two constructs, VL22_CD11 124568 and 1245T68,
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showed a greater than 10-fold reduction in binding to MPES relative to CD11, however all other silenced variants

retained low nM binding of MPE8 (Figure 20).

Most of the silenced VL22_CD11 series gave similar yields to VL22_CD11 (Figure 21), with the yields of only
VL22_CD11_5T, 124568 and 1245T68 reduced by roughly 50%.

All 15 of the silenced CD11 antigens were analysed by SE-HPLC. The traces are shown in Figure 22. Silenced clamp
antigensVL22_CD11 1245T8, 145T8, 1458, 156, 158, 157, 156, 145, 135, 125, 15T, and 1 all produced favourable

traces with minimal aggregate formation and a well-defined peak representative of trimer.

Silenced clamp antigens that displayed significantly reduced MPES binding and/or less favourable SE-HPLC traces
(CD11_124568, 1245768 and ST) were not pursued further. The two constructs which had the fewest

glycosylation sites (CD11_15T, and 1) were also not pursued further.

To further distinguish between the variants, a thermostability analysis of constructs VL22_CD11 1245T8, 145T8,
1458, 156, 158, 157, 156, 145, 135, and 125 (indicated by the grey bar in Figure 19) was carried out. The antigens
were incubated in PBS at 4 or 40°C for 1 week and then analysed by SE-HPLC. The resulting traces are in Figure

23 and indicate that all of the silenced CD11 variants analysed were stable under the tested conditions.

As all of the tested antigens (VL22_CD11_1245T8, 145T8, 1458, 156, 158, 157, 156, 145, 135, and 125) proved to
be stable after one week at 40°C, the two with the most glycosylation sites (VL22 CD11 1245T8 and
CD11_145T8) were selected for further analysis. VL22_CD11 158 and the original VL22_CD11 were also analysed
further for thermal stability. All four antigens were found to be stable after incubation at 40°C for 38 days (Figure

24).

Example 14: Glycoform analysis of ‘silenced’ CD11 clamped proteins

The two theoretically most glycosylated variants that had good SE-FPLC traces, MPES8 binding and yield data,
V0122 CD11 145T8 andVL22 CD11 1245T8, were chosen as leads. The occupancy of the glycosylation sites was

examined for the two leads and unsilenced VL22_CD11.

Two separate digests (trypsin and Glu-C) were performed on each protein and one aliquot of each of the digests
were subjected to treatment with PNGase F in 120 water. Peptides, glycopeptides, and de-glycosylated peptides
were measured with LC-MS/MS. For the PNGase F treated samples, deamidation and incorporation of 280 at Asn
in N-linked sequons was identified using Proteome Discoverer and site-specific N-glycosylation occupancy was

quantified using an in-house script.

The use of 80 water for N-glycosylation site mapping can potentially introduce analytical artefacts, including
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incorporation of 0 into the C-terminus of peptides if residual protease activity occurs and contamination from
unlabelled species due to improperly dried samples, exposure to air or reincorporation of *°0 after the samples
have been re-suspended in water for analyses. The samples that were prepared without 80 water and PNGase
F treatment were used to validate *¥0 occupancy data. Glycoforms were identified with ByonicTM and occupancy
was calculated using published software and scripts3. Sites that could be reliably measured (containing only one

N-linked site) were used to confirm 80 occupancy data.

Another potential caveat is deglycosylation inefficiency due to reduced enzyme activity of PNGase F after drying
and reconstitution in ¥0 water. To investigate this, the data obtained from the PNGase F treated samples was
additionally processed by the above glycoform data analysis pipeline to confirm complete or near-complete
deglycosylation. Finally, in measuring site-specific N-glycosylation occupancy, it is critical that the sites of ¥0
incorporation within a peptide are confidently assigned. This is especially important for peptides that contain
multiple, closely spaced NxS/T N-glycosylation sequons. The inventors therefore manually validated non-
redundant spectral matches on peptides with multiple N-glycosylation sequons, paying careful attention to those

within a few amino acid residues of each other.

The location and sequence of N-glycosylation sequons in the clamp of each protein is shown in Figure 25A. High
occupancy was observed at the sites of RSV F (N27, N70 and N461, Figure 25B). High occupancy was also observed
at CD11 sites N480 and N518 in unmodified CD11 as well as VL22_CD11_145T8 and VL22_CD11 1245T8. Low
occupancy was observed at site N534 in unmodified CD11, High occupancy was observed at N534 in
V0L22 CD11 145T8 and 1245T8, where Serine 537 was substituted with Threonine. Site N523, which is present
in protein 1245T8 only, had low occupancy and site N530, which is present in proteins 145T8 and 1245T8 only,

had low/no occupancy.

In summary, each of the lead silenced clamps (CD11_1245T8 and 145T8) had high occupancy at four sites within
CD11 compared to the two occupied in unmodified CD11. Each of the two lead silenced clamps are likely to have
very similar properties. Variants with more glycosylation sites than these had a higher proportion of aggregate

to trimer in the SE-HPLC trace and binding of MPE8 was impacted.

Example 15: Immunogenicity of new ‘silenced’ clamp leads and controls

To enable direct comparison with the VL22 _CD11 (SEQ iD NGC: 24}, VL22_CD11_1245T8 (SEQ {D NG: 501 and
V022 _CD11 145T8 (SEQ D NO: 51}, the RSV F ectodormain sequence (VL22} was appended to the HIV-clamp via
the cloning methods described in Example 1to produce antigen F HIV-clamp (SEQ 1D NG: 52). Best in class controd
antigens described in the literature DS-Cav1 Foldon (McLellan et al., Science 2013 doi: 10.1126/science.1243283;
SEQ 1D NO: 53} and SC9-10 DS-Cav AY Foldon (Joyce et al., Nat Struct Mol Biol 2016 DO 10.1038/nsmb.3267;

SEQ D NO: 54) were also cloned as per the methods described in Example 1.
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DS-Cavl Foldon, SC9-10 DS-Cavl AY Foldon, F HIV-clamp, VL22_CD11, VL22_CD11 1245T8 and
V022 _CD11 145T8 were expressed and purified as per Examples 2 and 4. SEC analysis showed that there was
minimal aggregate formation in all of the antigen preparations, with the exception of DS-Cavl Foldon (Figure

26).

The vield of each respective antigen obtained from 3-5 separate purification runs was assessed. The yield
obtained for DS-Cavl Foldon and SC9-10 AY DS-Cavl Foldon was consistently 10- to 50-fold lower in comparison
to VL22 stabilised with either the HIV-clamp, CD11 or CD11_145T8 (Figure 27). In addition, the VL22 incorporating
either CD11 or CD11_145T8 produced at consistently higher yields than the F HIV-clamp.

Groups of 16 Balb/c mice were immunised twice, three weeks apart, with 1 ug of antigen mixed with Addavax
adjuvant. A negative control PBS group of 8 mice was also included. Serum was collected from the mice three
weeks after first immunisation by terminal bleed. PRNT analysis of terminal serum samples indicated that
VL22_CD11 and the two silenced CD11 antigens all gave rise to strong neutralising responses in naive mice (Figure
28). The amplitudes of the responses were similar to those for DS-Cavl Foldon. SC9-10 DS-Cav1l AY Foldon, the
optimised DS-Cav Foldon comparator, performed significantly better than all of the antigens except for
V0122 CD11 145T8. Therefore, the lead antigen VL22_CD11 145T8 is potentially comparable to SC9-10 DS-Cavl

AY Foldon in its ability to induce a neutralising response.

In order to determine the relative antibody responses directed towards the antigen ectodomain and stabilisation
domains included in different antigens, Nipah F ectodomain containing Foldon, CD11 1245T8 and CD11_145T8
(SEQ ID NOs: 55-57), were produced as per methods in Example 1,2 and 4 for use in ELISA. Serum collected from
the terminal bleeds in a mouse immunisation study was then assessed for binding to the antigen used for
immunisation (self), antigen contain the RSV F ectodomain with an alternate (stabilisation domain (CD11 or HIV-
clamp) or the Nipah F antigen containing the identical stabilisation domain (Foldon, HIV-clamp, CD11,
CD11_145T8 or CD11_1245T8). Endpoint titres were calculated for each serum sample and the geometric mean
for each group calculated (Figure 29). Response to Foldon stabilisation domain was 3.2- and 2.7-fold lower than
the ectodomain response for DS Cavl Foldon and SC9-10 AY DS-Cav1 Foldon, respectively. The response to HIV-
clamp was 3.0-fold lower than the ectodomain response and the response to CD11 was 1.7-fold lower. Responses
to the ‘silenced’ CD11 1245T8 and CD11 145T8 were 22.1-fold and 4.9-fold lower than the ectodomain
confirming that the relative antibody response to the stabilisation domain had been reduced through the

incorporation of additional N-linked glycosylation sites.

Example 16: Generation of improved CD11 constructs

An overlay of the crystal structures available for the HIV-1 gp41 six-helical bundle (from which the HIV clamp is
derived) and the Visna six-helical bundle (from which the CD11 clamp is derived) (Protein Data Bank (PDB) entries

6KTS and 1JEK, respectively) was used to guide selection of potential mutations to increase stability.
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A panel of site-directed changes were designed with the objective to maximise stability by either (i) increasing

charged interactions, (ii) increasing hydrophobic interactions, (iii) incorporation of changes to linker region

(between FHRR and SHRR) to enhance engagement between FHRR and SHRR, or (iv) change to C-terminus of

SHRR (see CT1 to CT18 (SEQ ID NOs: 55-72) in Table 5; Figure 30).

Table 5. Structure-based changes to CD11

SEQ
CD11 .
ID Mutation Sequence Notes
Change
NO:
cT1 55 Q22R QSLANATAAQQEVLEAQYAMVRHIAKGIRILEARVARGGSGGN | Increasing
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI charged
T2 56 130K QSLANATAAQQEVLEAQYAMVQHIAKGIRKLEARVARGGSGG | interactions
NHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
T3 57 L62S QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN
HTWQQWEEEIEQHEGNLSSLLREAALQVHIAQRDARRI
T4 58 L62S QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN
L63K HTWQQWEEEIEQHEGNLSSKLREAALQVHIAQRDARRI
TS 59 N43H QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGH
H44T TTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
A67S QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN
CTé 60 A68Q HTWQQWEEEIEQHEGNLSLLLRESQQQVHIAQRDARRI
L69Q
cT7 61 1735 QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN
HTWQQWEEEIEQHEGNLSLLLREAALQVHSAQRDARRI
cT8 62 QuiL QSLANATAAQLEVLEAQYAMVQHIAKGIRILEARVARGGSGGN | Increasing
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI hydrophobic
cT9 63 Q1L QSLANATAAQQEVLEALYAMVQHIAKGIRILEARVARGGSGGN | interactions
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
cT10 64 R37del QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVAGGSGGN | Change to
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI linker region
. QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARVEAGGS | to enhance
CT11 65 38insVEA
GGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI engagement
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARPGSGGN | between
CT12 66 G38P
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI FHRR and
CT13 67 R37P QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVAPGGSGGN | SHRR
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
CT1a 63 SAOE QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGEGG
NHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN | Change to
CT15 69 Q75stop ]
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQ, C-terminus
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN | of SHRR
CT1l6 70 R76stop
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQR
CT17 71 A78sto QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN
P HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDA
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGN
CT18 72 R79stop
HTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDAR
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Each of the 18 clamp variants (CT1-CT18) was cloned C-terminal to two different SARS-CoV-2 Spike proteins from
different virus strains: SARS-CoV-2 S and SARS-Cov-2 (Delta) S to yield SARS-CoV-2 S CD11 (SEQ ID NO: 29), SARS-
CoV-2 (Delta) S CD11 (SEQ ID NO: 73), and SARS-CoV-2 (Delta) CD11-QS (SEQ ID NO: 74). The latter construct
5 (“-QS”) included a modification at the region linking the C-terminus of spike and the N-terminus of CD11 as
demonstrated in Example 12, however amino acids ‘QS’ were deleted from the N-terminus of the CD11 FHRR as

opposed to amino acids ‘SG’, which correspond to the flexible linker.

Expression level was assessed via ELISA for all 3 antigens and via Nanodrop post purification for the two delta

10 panels. All 5 measures of expression level are presented in Table 6 as relative to unmodified CD11 in Figure 31.

Table 6. Protein yield estimates for SARS-CoV-2 antigens with changes to CD11

ELISA-based estimate of antigen expression [ Nanodrop-based estimate of antigen
(mg/L) expression (mg/L) post-purification
SARS-CoV-2 S SARS-CoV-2 SARS-CoV-2 SARS-CoV-2 (Delta) S SARS-CoV-2
od11 (Delta) S (Delta) S ob11 (Delta) S
CDh11 CD11-QS CD11-QS
Control 2.72 5.682 5.41 1.45 1.66
11 1.784 19.4 11.22 1.992 1.328
CT2 0.3953 8.466 7.76 0.34 0.65
CT3 0 0.03475 0.47 0.02 0.46
CT4 0 0.03791 0.07 0.04 0
CT5 1.673 21.41 19.45 19 1.6
CTé 1.395 22.33 21.52 1.6 3.27
17 1.945 9.292 17.08 1.08 1.56
CT8 1.214 2.797 6.56 0.144 141
CT9 1.459 14.73 10.53 1.4 1.01
CT10 0.9958 9.28 18.41 1.26 1.46
CT11 2.747 11.29 14.29 0.52 1.104
CT12 1.397 11.57 0 1.08 0
CT13 0.5675 7.778 11.8 0.255 1.088
CT14 0.9803 7.848 17.16 1.23 1.332
CT15 0.2432 5.64 6.007 0.74 0
CT1e 0.3807 5.08 7.424 0.8 0.96
117 1.297 5.61 5.718 0.79 1.104
CT18 0.6896 5.66 1.071 1.7 2.276

Based on the expression level eight candidates (CT1, CTS, CT6, CT7, CT9, CT10, CT14, and CT18) were progressed
15 into analysis via SEC for both the SARS-Cov-2 (Delta) S CD11 and CD11-QS panels. Two additional candidates
(CT12 and CT16) were progressed for only the SARS-Cov-2 (Delta) S CD11 panel and three additional candidates
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(CT3, CT8, and CT17) for only the SARS-Cov-2 (Delta) S CD11-QS panel. Five candidates were excluded at this
stage (CT2, CT4, CT11, CT13, and CT15).

Purified proteins were analysed by SEC using a Superose 6 Increase 10/300GL column (Cytiva). The relative
amounts of trimer, high molecular weight (HMW) aggregated product and low molecular weight (LMW) product
were assessed by calculating area under the curve (AUC) for the SEC trace for each panel (Figure 32). Control
SARS-Cov-2 (Delta) S CD11 displayed a propensity to dissociate into monomers. For this panel there was
substantial improvement in trimer presence for CT1, CT5, CT6, CT9, CT10 and CT12. For control SARS-Cov-2
(Delta) S CD11-QS less monomer was present, however substantial aggregate (40%) was present. Improvements
in terms of decreased aggregation were not observed. It was evident however that some CT candidates resulted

in substantial transition to monomer. CT3, CT8, CT18 were excluded based on high presence of monomer.

From SEC analysis of the two CT panels, candidates were narrowed to five; CT1, CTS, CT6, CT9 and CT10. While
other CT candidates (CT7, CT12, CT14, CT16 and CT17) did not appear substantially worse than the control CD11,
there was little evidence to suggest any relative improvement. These five candidates (CT1, CT5, CT6, CT9 and
CT10) were progressed into an accelerated thermal stability analysis (40°C incubation for 48 hr, Figure 33). For
the SARS-Cov-2 (Delta) S CD11 panel all 5 modifications showed improvement relative to the control, with CT6
showing the most promise. For the SARS-Cov-2 (Delta) S CD1-QS panel, CT1, CT6 and CT10 showed moderate

improvement, however CT9 showed some dissociation into monomer.

Example 17: Analysis of RSV VL22_CD11 modifications

Based on results obtained in Example 16, three CD11 modifications (CT1, CTS and CT9; Table 6) were selected
for incorporation into the lead RSV candidates VL22_CD11 (SEQ ID NO: 24). These CD11 modifications (as well as
an additional modification, CT6) were also incorporated into RSV candidate VL22_CD11-QS (SEQ ID NO: 75), in
which the two amino acids ‘QS’ were removed from the N-terminus of CD11, as per Example 16. An additional
silenced CD11 antigen VL22 CD11 145T8-QS (SEQ ID NO: 76) in which the two amino acids ‘QS’ were removed
from the N-terminus of CD11, and the three modifications (CT1, CTS and CT9) were also incorporated into
V0122 _CD11 145T8-QS (SEQ ID NOs: 77-79). All constructs were cloned as per the methods described in Example 1

and proteins expressed and purified as per Examples 3 and 4.

Purified proteins were analysed by SEC using a Superdex 200 Increase 10/300GL (Cytiva). SEC analysis was
conducted either immediately following purification (T=0) or following storage for 19 days at 25°C or 40°C. The
relative amounts of trimer, high-molecular-weight (HMW)-aggregated product, and low-molecular weight
(LMW)-product were assessed by calculating area under the curve (AUC) for the SEC trace for each panel

(Table 7).

Control VL22_CD11 was predominantly soluble trimer with approximately 15.5% HMW aggregate. There was

little change in the soluble trimer following incubation at elevated temperature with only a modest increase in
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aggregated product from 15.5% to 17%. Some modified constructs displayed reduced aggregate presence at
time O, in particular VL22_CD11 CT1 (13.6% aggregate), VL22_CD11-QS_CT1(12.8% aggregate) and VL22_CD11-
QS_CT6 (8.1% aggregate).

Of the antigens that included additional glycosylation sites introduced into the CD11, VL22 CD11 145T8-QS_CT5
and V0L22_CD11_145T8-QS_CT9 had the highest percentage of soluble trimer at time 0; 91.5% and 92.5%,
respectively. At elevated temperature incubation trimer percentage dropped significantly for
VL22_CD11_145T8-QS_CT9 (92.5% to 84.2%), while VL22_CD11_145T8-QS_CT5 percentage only showed a

modest drop in trimer percentage (91.5% to 88.6%).

Table 7. AUC analysis of SEC for RSV VL22_CD11 modifications

Antigen Name SEQID NO: Storage HMW Trimer LMW
VL22_CD11 24 T=0 15.5 84.5 0
19days @ 25°C 15.4 84.6 0
19days @ 40°C 17 83 0
VL22_CD11_CT1 24 + 55 T=0 13.6 86.4 0
19days @ 25C 15.4 84.6 0
19days @ 40C 15.8 84.2 0
VL22_CD11_CTS T=0 21.5 78.5 0
24 + 59 19days @ 25C 21.2 78.8 0
19days @ 40C 19.8 80.2 0
V122 _CD11 CT9 T=0 22 78 0
24 + 63 19days @ 25C 21.8 78.2 0
19days @ 40C 23.8 76.2 0
V122 CD11-QS CT1 75+ 55 T=0 12.8 87.2 0
19days @ 25C 11.7 81.4 4
19days @ 40C 13.2 86.8 0
V0L22_CD11-QS_CT5 75 +59 T=0 21.5 78.5 0
19days @ 25C 18.6 81.4 0
19days @ 40C 18.7 81.3 0
V0L22_CD11-QS_CTé6 T=0 8.1 91.9 0
75+ 60 19days @ 25C 9.7 90.3 0
19days @ 40C 10.9 89.1 0
V0L22_CD11-QS_CT9 T=0 18.2 81.8 0
75+ 63 19days @ 25C 18.6 81.4 0
19days @ 40C 19.3 80.7 0
V0L22_CD11_145T8-QS CT1 77 T=0 3.6 87.7 8.7
19days @ 25C 3 88.7 8.3
19days @ 40C 5.6 86.4 8
V0L22_CD11_145T8-QS_CT5 78 T=0 5.1 91.5 3.4
19days @ 25C 3.6 93.5 2.9
19days @ 40C 7.6 88.6 3.8
V122 CD11_145T8-QS_CT9 79 T=0 7.5 92.5 0
19days @ 25C 11 89 0
19days @ 40C 12.4 84.2 3.4
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Example 18: Combining Multiple Clamp Vaccines into a Single Administration

The goal of this stream was to evaluate whether clamp vaccines developed for different respiratory pathogens
could be combined and administered to provide an immune response to multiple pathogens. RSV F antigen
containing lead unsilenced Clamp2 (VL22 Clamp2; SEQ ID NO: 75); and SARS-CoV-2 Spike antigen also containing
lead unsilenced Clamp2 (SARS2-S Clamp2; SEQ ID NO: 34) were either stored as separate monovalent
preparations or as a mixture of the two antigens into a single bivalent formulation. All formulations were

prepared in PBS pH 7.4 and stored 4°C.

Antigen integrity was then assessed via antigen specific ELISA at the time of mixing or following storage at 4°C
for 6 weeks. Relative avidity (kD) of pre-fusion RSV F specific mAb D25 was sub-nanomolar for VL22 Clamp2 alone
and for VL22 Clamp2 + SARS2-S Clamp2 both at time 0 and after incubation at 4°C for 6 weeks (Figure 34A).
Similarly, the relative avidity (kD) of SARS-CoV-2 Spike Receptor Binding Domain (RBD) specific mAb CR3022 was
sub-nanomolar for SARS2-S Clamp2 at time 0 and only showed a relatively small loss in avidity after incubation
at 4°C for 6 weeks, which was comparable for SARS2-S Clamp2 alone and for VL22 Clamp2 + SARS2-S Clamp2
(Figure 34B).

Groups of Balb/c mice (n=6 or n=8) were immunised twice, three weeks apart, via IM injection with either 50 pl
of PBS (placebo), or 50 pl total volume comprised of 25 ul AddaVax (Invivogen) squalene-based oil-in-water nano-
emulsion adjuvant and 25 pl of PBS containing either 1 pg of VL22 Clamp2, 1 pug of SARS2-S Clamp2, or 1 ug of
VL22 Clamp2 + 1 pg of SARS2-S Clamp2. Monovalent (VL22 Clamp2 and SARS2-S Clamp2) and bivalent (VL22
Clamp2 + SARS2-S Clamp2) formulations were incubated at 4°C for 3 weeks prior to administration of the first
dose and for 6 weeks prior to administration of the second dose. A further 3 weeks following administration of

the second dose, mice were culled, and blood collected by cardiac puncture.

Virus neutralisation activity of blood serum was quantified against RSV (A2 strain) and SARS-CoV-2 (Prototypic
strain) by plague reduction neutralisation testing (PRNT) as per published methodology (Amarilla et al., Front
Microbiol. 2021 DOI: 10.3389/fmicb.2021.625136 and Isaacs et al., Viruses 2021 DOI: 10.3390/v13101942). Virus
neutralisation elicited against RSV was found to be equivalent whether mice received 1 pg of VL22 Clamp2 or
1 ug of VL22 Clamp2 and 1 pug of SARS2-S Clamp2 (Figure 35A). Similarly, virus neutralisation elicited against
SARS-CoV-2 was found to be equivalent whether mice received 1 pg of SARS2-S Clamp2 or 1 pg of VL22 Clamp2
and 1 pg of SARS2-S Clamp2 (Figure 35B).

The results obtained in this example therefore demonstrate that at least two clamp stabilized antigens can be

combined into a single formulation without affecting the stability of either antigen or interfering with the

neutralising immune response elicited to either antigen.
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Example 19: Applicability to trimeric bacterial autotransporters

Bacterial autotransporters, also commonly known as trimeric autotransporter adhesins (TAAs), are a class of
surface localised trimeric proteins found on many Gram-negative bacteria. Examples include Neisseria
meningitidis adhesin A (NadA), Neisseria meningitidis hia/hsf homologue (NhhA), E. coli autotransporter G
(EhaG), E. coli 1gG-binding protein D (EibD), Uropathogenic E. coli autotransporter G (UpaG), Haemophilus
influenzae adhesin (HiA) and Yersinia enterocolitica adhesin (YadA). Such proteins are important virulence factors

and can mediate adherence to host cells and extracellular matrix proteins as well as biofilm formation.

Bacterial autotransporters are trimeric and therefore well suited to expression and purification using the
molecular clamp platform and use as vaccines given their importance as virulence factors for medically important
bacteria. The genes encoding the bacterial autotransporters, NadA, NhhA, EhaG, EibD, UpaG, HiA and YadA, were
PCR amplified and cloned in-frame with the VisNA-based S5M (D11 sequence (SEQ ID NOs: 218-224) as a 3'-
extension into the E. coli expression vector pSU2718. Competent E. coli cells were transformed with the
generated expression vectors as well as the empty pSU2718 vector as a negative control. For expression, cells
were grown at 37°C in LB supplemented with chloramphenicol (30 ug/ml) to an optical density at 600 nm
(ODeoonm) equal to 0.5, and expression was induced by the addition of 0.1 mM IPTG prior to harvesting and

pelleting of cells by centrifugation.

Recombinant E. coli cell pellets were resuspended in PBS pH 7.4, 10% sucrose, 1mM EDTA, 10ug/ml lysozyme
and 10ul DNase/100ml at a volume of 5 ml/g wet pellet. Cells were then lysed by sonication and cell debris was
removed by centrifugation. Cell lysates were examined by SDS-PAGE (Figure 36A). Of the seven CD11-stabilised
bacterial autotransporters, three (EhaG, HiA, and UpaG) were clearly visible relative to the background E. coli
proteins present in the negative control. For more sensitive analysis of protein expression, Western Blotting was
performed with a ViSNA-based SSM CB11 specific monoclonal antibody previously identified by Phage panning
(Figure 36B). In the western blot analysis, all seven CD11-stabilised bacterial autotransporters were detected at

the expected molecular weight.

The three best-expressed CD11-stabilized bacterial autotransporters (EhaG, HiA, and UpaG) were purified via
gravity flow chromatography using a ViSNA-based $SM €811 specific affinity resin (AVI-8740) produced by
Avitide Pty Ltd. The resin was initially equilibrated with PBS pH7.4. A volume of 5ml of each recombinant E. coli
cell lysate was then added to approximately 1ml of resin and incubated for 1hr at room temperature. Unbound
protein, flow through, was then collected and column was washed 3 times with 10ml of PBS pH 7.4. Bound
protein was then recovered by elution with sodium acetate pH3.0. Cell lysate, flow through, wash 1, wash 3 and
recovered protein were then assessed by SDS-PAGE, which confirmed successful purification of each bacterial

autotransporter (Figure 37).

Purified bacterial autotransporters were then analysed by size exclusion chromatography on Superose 6 Increase
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10/300GL (Cytiva). The absorbance trace for HiA-CD11 and UpaG-CD11 showed a single peak indicative of a
homogeneous protein (Figure 38A/B), whereas EhaG-CD11 showed two distinct peaks indicative of two distinct
species (Figure 38C). The MW estimates based on size exclusion chromatography were substantially higher than
expected, which may be due to the long filamentous proteins running aberrantly on size exclusion
chromatography. The higher-than-expected MW is not thought to be due to protein aggregate formation as no

protein was detected in the void volume, which is around 7ml.

To further analyse the purified bacterial autotransporter UpaG-CD11, negative stain Transmission Electron
Microscopy was utilized. Long filamentous proteins of between 100 — 150 nm in length were observed, consistent

with the expected length of UpaG (Bassler et al., lIMM 2015 DOI: 10.1016/j.ijmm.2014.12.010} (Figure 39).

The results obtained in this example demonstrate that by appending the ViSNA-based SSht CD11 sequence to
the C-terminus of bacterial autotransporters (or certain portions thereof), such proteins can be expressed in
E. coli and purified from recombinant E. coli cell lysates. The results further demonstrate that these proteins
adopt the expected quaternary structure consisting of a long filamentous trimeric protein and therefore would
be expected to elicit an immune response following vaccination that would recognise such filaments on the

surface of Gram-negative bacteria.

Example 20: Delivery via LNP/mRNA vaccine

The aim of the mRNA POC study was to demonstrate that the clamp technology can be applied to mRNA-based
vaccines. To do this, mRNA encoding a RSV F Clamp2 lead was to be designed and synthesised; a transfection
study carried out to confirm that correctly folded protein is produced from the mRNA; and finally the mRNA

formulated into lipid nanoparticles and tested for immunogenicity in mice.

Custom mRNA was prepared by Trilink Pty Ltd using their own proprietary methods. The sequence of the open
reading frame (ORF) of VL22 Clamp2 (SEQ ID NO: 75) was provided to Trilink, cloned into their standard vector
and mRNA synthesis carried out by in vitro transcription (IVT). The Trilink Cleancap, N1-methylpseudouridine,
and a poly A tail were incorporated into the mRNA. Generated mRNA was then encapsulated into Lipid
Nanoparticles (LNPs) by a standard methodology. LNPs were stored at 4°C for 4 days post-formulation and then

frozen and stored at -20°C until use.

Groups of Balb/c mice (n=8) were immunised twice, three weeks apart, via IM injection with either 50 pl of Tris
buffered saline (TBS) placebo, 50 pl TBS containing either 0.4, 2 or 10 pg of LNP encapsulated mRNA, or protein
vaccine control (50 pl total volume comprised of 25 ul AddaVax (Invivogen)). Three weeks following

administration of the second dose mice were culled and blood collected by cardiac puncture.

Virus neutralisation activity of blood serum was quantified against RSV (A2 strain) by PRNT as per published
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methodology (Isaacs et al., Viruses 2021 DOI: 10.3390/v13101942). All doses of mRNA/LNP also gave measurable
neutralising immune responses to RSV A2 (Figure 40). The 2 uyg mRNA/LNP dose gave a response of similar
amplitude to the 1 pg VL22 Clamp2 protein/adjuvant control while the amplitude of the response to the 10 ug

mRNA/LNP dose was increased relative to the protein control.

The results obtained in this example therefore demonstrate that molecular clamp stabilized antigens are

compatible with delivery as LNP encapsulated mRNA vaccines.

Example 21: Development of a Membrane Tethered Clamp Sequence for use in mRNA Vaccines

The antigen coding sequence investigated in Example 20 as an LNP/mRNA vaccine encoded the soluble Clamp2
stabilised antigen. As this antigen does not include any membrane spanning regions, following administration,
the translated protein sequence would be expected to transit through the secretory system and be exported into
the extracellular medium (Figure 41A). This may be beneficial for vaccination in some circumstances as the
soluble antigen may have a longer half-life within the body and/or could be more easily transported to draining
lymph nodes to stimulate a potent adaptive immune response. Alternatively, for vaccination in other
circumstances, an antigen which remains tethered to the cellular surface may be advantageous as the cells
and/or cell-derived organelles expressing and consequently displaying high concentration and/or high density of
chimeric polypeptide may help to recruit and activate naive and memory B cells and thereby enhance the

stimulation of a potent B-cell mediated neutralizing antibody response.

To enable a vaccine design that can combine the benefits of molecular clamp prefusion stabilisation with
presentation at the target cell surface, the inventors sought to design a membrane tethered molecular clamp.
Two potential designs were envisaged: inclusion of a membrane tethering (poly)peptide sequence within the
flexible linker between the FHRR and SHRR of the Clamp2 or Clamp2s sequence (Figure 41B) or inclusion of the
Clamp2 sequence following the native transmembrane region of a viral class 1 fusion protein so that the clamp2

will be positioned on the cytoplasmic side of the plasma membrane (Figure 41C).

Based on the structural features of the herein described molecular clamp, a membrane tethering (poly)peptide
(as envisaged in Figure 41B) should presumably enter and leave from the same surface of the lipid bilayer.
Additionally, it may be also advantageous if the membrane tethering (poly)peptide itself had the potential to
trimerize and if the N- and C-termini were spatially separated in a way that matches with the corresponding ends

of the Clamp2/Clamp2s FHRR and SHRR sequences.

Upon searching of the structural depository, the inventors were able to identify a panel of candidate molecules
with regions matching properties that were desired. The panel of identified candidates included, Campylobacter
concisus phosphogiycosyl transferase C (PgiC) (PDB: SW7L), chicken acid-sensing ion channels 1a {ASiCla) (PDB:

SWKV), human N-arachidonoviethanolamine {AEA} (PDB: 3QUY), human ionotropic P2X receptor {PDB: 2A9H),
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Streptomyces lividons, K'-channel KesA {PDB: 2A8H), Thermotoga maritima CorA (PDB: 21UB), Baciillus subtilis
Membrane-integrating sequence for translation of I8d profein constructs {Mistic} (PDB: 1YGM]. An additional
candidate was designed in sifico to adopt the desired properties. The candidate sequences have been ascribed
tha following nomenclature: alpha, beta, gamms, delta, epsilon, eta, neta, and theta. These seqguences and thair

respective structures are shown in Figure 42.

Each candidate membrane tethering sequence was cloned within the RSV F antigen containing lead silenced
Clamp2s (VL22 Clamp2s; SEQ ID NO: 78) within the flexible linker between the Clamp2s FHRR and SHRR. The

amino acid sequences from each construct of the generated panel are listed below (SEQ ID NOs: 225-232).

An additional candidate was produced in which the Clamp2 sequence is included following the native
transmembrane region so that the VL22 antigen is located on the extraceliular side of the plasma membrane and
clamp?2 will be positioned on the cytoplasmic side, as per Figure 41C; native transmembrane sequence of RSV F
was inserted into V0L22 Clamp2s, as per Fgure 41C (SEQ D NO: 233). Full-length native RSV F sequence (SEQ D
NG: 234} was included as a positive control for membrane anchoring. Lastly, another control construct was
produced based on the previously described pre-fusion stabilized antigen (Joyce et al., 2016; Nat Struct Mol Biol
D4: 10.1038/nsmb.3267). This construct (SEQ ID NO: 235) included optimal structure based stabilising
mutations (A149C, S155C, S190F, V207L, L373R, S290C and Y458C) none of which were included in any of clamp

stabilised candidates.

Membrane tethered clamp constructs were initially expressed in expiCHO transient expression system (Thermo
Fisher). Soluble antigen secreted into the cell culture medium was quantified by capture ELISA with paired RSV
specific monoclonal antibodies 101F (Mclellan et al., 1 Virol, 2010, DOI: 10.1128/1V1.01579-10) and Motavizumab
(Mclellan et al., Nat Struct Mol Biol, 2010, DOI: 10.1038/nsmb.1723) (Figure 43A). Antigen present on the cell
surface was quantified by flow cytometry with monoclonal antibody Motavizumab (Figure 43B). Three
membrane tethered clamp constructs (VL22_CT5S_alpha, VL22_CT5S_gamma and VL22_CT5S_epsilon) showed
substantially decreased level of antigen secreted into the cell supernatant relative to VL22_CT5S and increased

cell number positive for surface bound antigen.

To further characterize RSV antigens expiCHO cells were lysed in SDS-PAGE sample buffer and assessed by SDS-
PAGE and western blot with monoclonal antibody motavizumab with and without prior treatment with PNGase
to remove N-linked glycans (Figure 44). In this analysis soluble VL22-CT5s and membrane tethered mVL22-TM-
CD11, VL22 CTSS alpha and VL22_CT5S_gamma showed high expression of each antigen at the expected
molecular weight. The expression level appeared to be significantly higher compared to controls mFwt and
mDSCavAY. Two other membrane tethered clamp candidates, VL22_CT5S_eta and VL22_CT5S_epsilon, showed

lower than expected molecular weight indicative of proteolytic cleavage.
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To provide a more quantitative analysis on expression level expiCHO cell extracts were prepared by resuspending
cell pellets in lysis buffer containing 50mM Tris-HCl, 150mM NaCl, 1mM EDTA, 10mM EDTA and 1% polysorbate
80. Cells were lysed by sonication and cell debris removed by centrifugation. Relative amount of RSV F antigen
within cell lysate was quantified by capture ELISA using monoclonal antibody 101F for capture and either
Motavizumab for detection of total RSV F (Figure 45A) or D25 (Mclellan et al., 2013, Science,
D(i: 10.1126/science. 1234914) for detection of pre-fusion stabilised RSV F (Figure 45B). Quantitative analysis of
total RSV F revealed that mVL22-TM-CD11 and VL22_CT5S gamma both produced higher levels of RSV F
compared to mFwt. However, quantitative analysis of RSV F in the pre-fusion conformation using D25 revealed

that VL22_CT5S_gamma had by far the highest amount of RSV F in the pre-fusion conformation.

The results obtained in this example therefore demonstrate that molecular Clamp2s design that included the
membrane tethering (poly)peptide sequence from chicken ASIC1a {gamma) inserted between the FHRR and the
SHRR was able to effectively stabilize the pre-fusion conformation of RSV F and to facilitate the presentation of
a high level of antigen at the surface of transfected cells. The identified membrane tethered clamp (CT5S_gamma
(SEQ ID NO: 227)) is therefore expected to be ideal for inclusion into mRNA vaccines for class | viral fusion proteins

to enable the dual benefits of pre-fusion stabilisation with presentation at the target cell surface.
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LIST OF SEQUENCES

SEQID NO: 1
Original HIV-clamp
IVQQQNNLLRAIEAQQHLLQLTVWGIKQLQARILAGGSGGHTTWMEWDREINNYTSLIHSLIEESQNQQEKNEQELLE

SEQID NO: 2

CD1: MMPV-based SSM
SITQYTKLSHQLISDVQAISSTIQDLOQDQVDSLAEVVLONRRGLDLLTAEQGGICLALQEKCSFYANKSGIVRDKIKNLQDDLERRR
RQLI

SEQID NO: 3
CD2: MMPV-based SSM
SITQYTKLSHQLISDVQAISSTIQDLQDQVDSLAEVVGSGYANKSGIVRDKIKNLQDDLERRRRQLI

SEQID NO: 4
CD3: XMRV-based SSM
FEQLQAAIHTDLGALEKSVSALEKSLTSLSEVVLONRRGLDLLFLKEGGLCAALKEECSFYADHTGVVRDSMAKLRERLNQ

SEQID NO: 5
CD4: XMRV-based SSM
FEQLQAAIHTDLGALEKSVSALEKSLTSLSEVVGSGYADHTGVVRDSMAKLRERLNQ

SEQID NO: 6
CD5: KoRV-based SSM
LQIAMDTDLRALQDSISKLEDSLTSLSEVVLONRRGLDLLFLKEGGLCAALKEECSFYVDHSGAVRDSMRRLKERL

SEQID NO: 7
CD6: KoRV-based SSM
AMDTDLRALQDSISKLEDSLTSLSEVVGSGYVDHSGAVRDSMRRLKERL

SEQID NO: 8
CD7: FIV-based SSM
ATHQEAIEKVTEALKINNLRLVTLEHQVLVIGLKVEAGGSGGNQTIWNHGNITLGEWYNKTKDLQQKFYEIIMDIEQNN

SEQID NO: 9
CD8: SIV-based SSM
AGIVQQQQQLLDVVKRQQELLRLTVWGTKNLQTRVTAGGSGGNNETWQEWERKVDFLEENITALLEEAQIQQEKNMYELQ

SEQID NO: 10

CD9: VISNA-based SSM
QSLANATAAQQEVLEASYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI
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SEQID NO: 11
CD10: CAEV-based SSM
QTLANATAAQQDVLEATYAMVQHVAKGVRILEARVARGGSGGNHTWQQWERGLQGYDTNLTILLKESAAMTQLAEEQARRI

SEQID NO: 12
CD11: VISNA-based SSM
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 13
CK1: Lassa-based SSM
EFSDMLRLFDFNKQAIQRLKAEAQMSIQLINGGSGGNETHFSDDIEQQADNMITEMLQKEYMERQGKTPLGLVD

SEQID NO: 14
CK2: EAIV-based SSM
ADSVONHTFEVENNTINGLELTEEQVHILYAMVLQTGGSGGTOQWDDWVDKMENLNHDILTTLHTARNNLEQSMITEN

SEQID NO: 15
CK3: NiV-based SSM
EAMKNADNINKLKSSIESTNEAVVKLQETAEKTVGGSGGDISSQISSMNQSLQQSKDYIKEAQRLLDTVNPS

SEQID NO: 16
CK4: GALV-based SSM
DLQQGLTSLQIAMDTDLRALQDSISKLEDSLTSLSEGGSGGFYVDHSGAVRDSMKKLKERLDKRQLERQKNQN

SEQID NO: 17
CK5: KoRV-based SSM
DLQQGLTSLQIAMDTDLRALQDSISKLEDSLTSLSEGGSGGFYVDHSGAVRDSMRRLKERLDKRQLEHQKNLS

SEQID NO: 18
CK6: PERV-based SSM
QQLEKGLSNLHRIVTEDLQALEKSVSNLEESLTSLSEGGSGGFYVDHSGAIRDSMNKLRERLEKRRREKETTQG

SEQID NO: 19
CK7: FELV-based SSM
KALIETAQFRQLOMAMHTDIQALEESISALEKSLTSLSEGGSGGFYADHTGLVRDNMAKLRERLKQRQQLFDSQQGWFE

SEQID NO: 20
CK8: BoLV-based SSM

STLSHQRLTSLIHVLEQDQQRLITAINQTHYNLLNVASGGSGGFLRIQNDSIIRLGDLQPLSQRVSTD

SEQID NO: 21

RSV Fusion protein 66K {oal-574) - unmodified sequence Genhank Accession: AHL84194
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MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST
NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG
SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGK
STTNIMITTINVIIVILLSLIAVGLLLYCKARSTPVTLSKDQLSGINNIAFSN

wherein:

e |talicized text corresponds to the signal peptide of RSV Fusion protein

SEQID NO: 22
RSV Fusion protein 66K — TO5-GS-G1 — FPPH.GSG-VISNA-bosed 55M

Referred to as ‘VI22 66K (011’

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM (CD11).

SEQID NO: 23

RSV Fusion protein 86E {aa1-574) — unmadified sequence Genbank Accession: QGW56794

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST
NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG
SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGK
STTNIMITTIIVIVILLSLIAVGLLLYCKARSTPVTLSKDQLSGINNIAFSN

wherein:

. Italicized text corresponds to the signal peptide of RSV Fusion protein.
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SEQID NO: 24
RSV Fusion protein 66F — T9.GS-G . BPH.GSG-VISNA-based S5M

Referred to as V022 665 CD11in Exampies 1-6 or for simplicity 'VI22 (D11 from Example 7

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 25

RSV Fusion protein 86K/101Q {oal-574} - unmodified sequence Genbank AIO08046

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTQATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST
NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG
SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGK
STTNIMITTINVIIVILLSLIAVGLLLYCKARSTPVTLSKDQLSGINNIAFSN

wherein:

. Italicized text corresponds to the signal peptide of RSV Fusion protein.

SEQ ID NO: 26
RSV Fusion protein 66K/101Q — NP.G8-G19 — FILGSG-RIV-1 GP41-based SSM

Referred to as ‘F HiV-clamp’

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTQATNNGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSC
SISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYV
VQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNV
DIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVK
GEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGIVQQQNNLLRAIEAQQHLLALTVWGIKQLQARILAGGSGGHT
TWMEWDREINNYTSLIHSLIEESONQQEKNEQELLE
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wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a HIV gp41-based SSM.

SEQID NO: 27
RSV Fusion protein 66K/101Q — V*Y-His-Tag

Referred to as Fsol

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTQATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST
NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQOQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG
SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVGGGG
HHHHHH

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a His Tag.

SEQID NO: 28
SARS-CoV-2 Spike protein — NVP.G8G-55 — G106 HiV GP41-based SSM

Referred to as SARS-CoV-2 § HiV-clamp”

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYV
SQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFENAT
RFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSG]
VQQQNNLLRAIEAQQHLLAQLTVWGIKQLQARILAGGSGGHTTWMEWDREINNYTSLIHSLIEESONQQEKNEQELLE

wherein:
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. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a HIV GP41-based SSM.

SEQID NO: 29
SARS-CoV-2 Spike protein — N¥9-GSG-§51 — G VISNA-based 5SM CD11
Referred to as ‘SARS-CoV-2S CD11’

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYV
SQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVENAT
RFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSG
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SEQID NO: 30
Nipah virus Fusion -HIV GP41-based SSM
Referred to as ‘Nipah F HIV-clamp’

MVVILDKRCYCNLLILILMISECSVGILHYEKLSKIGLVKGVTRKYKIKSNPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILTP
IKGALEIYKNNTHDLVGDVRLAGVIMAGVAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTAL
QDYINTNLVPTIDKISCKQTELSLDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIT
GQIIYVDLSSYYIIVRVYFPILTEIQQAYIQELLPVSFNNDNSEWISIVPNFILVRNTLISNIEIGFCLITKRSVICNQDYATPMTNNMR
ECLTGSTEKCPRELVVSSHVPRFALSNGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCPTAVLGNVIISLGKYLGSVNYNS
EGIAIGPPVFTDKVDISSQISSMNQSLQQSKDYIKEAQRLLDTGSGIVQQQNNLLRAIEAQQHLLAQLTVWGIKQLQARILAGGSG
GHTTWMEWDREINNYTSLIHSLIEESONQQEKNEQELLE

wherein:

. Italicized text corresponds to the signal peptide of Nipah virus Fusion protein;
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. Bold text is a flexible linker; and
. Underlined text corresponds to a HIV GP41-based SSM.

SEQID NO: 31
Nipah virus Fusion -VISNA-based SSM
Referred to as ‘Nipah F CD11’

MVVILDKRCYCNLLILILMISECSVGILHYEKLSKIGLVKGVTRKYKIKSNPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILTP
IKGALEIYKNNTHDLVGDVRLAGVIMAGVAIGIATAAQITAGVALYEAMKNADNINKLKSSIESTNEAVVKLQETAEKTVYVLTAL
QDYINTNLVPTIDKISCKQTELSLDLALSKYLSDLLFVFGPNLQDPVSNSMTIQAISQAFGGNYETLLRTLGYATEDFDDLLESDSIT
GQIIYVDLSSYYIIVRVYFPILTEIQQAYIQELLPVSFNNDNSEWISIVPNFILVRNTLISNIEIGFCLITKRSVICNQDYATPMTNNMR
ECLTGSTEKCPRELVVSSHVPRFALSNGVLFANCISVTCQCQTTGRAISQSGEQTLLMIDNTTCPTAVLGNVIISLGKYLGSVNYNS
EGIAIGPPVFTDKVDISSQISSMNQSLQQSKDYIKEAQRLLDTGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGG
SGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of Nipah virus Fusion protein;
. Zoid text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SEQ ID NO: 32
Influenza Hemagglutinin protein R>2-HIV GP41-based SSM

Referred to as ‘Influenza HA HIV-clamp’

MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAPLHLGKCNIAGWILGNPECE
SLSTASSWSYIVETPSSDNGTCYPGDFIDYEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKK
GNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQNADTYVFVGSSRYSKKFKPEIAIRPKVRDQEGRMNYYWTLVEPGD
KITFEATGNLVVPRYAFAMERNAGSGIIISDTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLATGLRNIPSIQS
RGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVIEKMNTQFTAVGKEFNHLEKRIENLN
KKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEE
AKLNREEIDGVKLESTRGSGIVQQQNNLLRAIEAQQHLLALTVWGIKQLQARILAGGSGGHTTWMEWDREINNYTSLIHSLIEE
SQNQQEKNEQELLE

wherein:
. Italicized text corresponds to the signal peptide of Influenza Hemagglutinin protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a HIV-1 GP41-based SSM.
SEQID NO: 33
Influenza Hemagglutinin protein R>?°-VISNA-based SSM

‘Influenza HA CD11’

MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLCKLRGVAPLHLGKCNIAGWILGNPECE
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SLSTASSWSYIVETPSSDNGTCYPGDFIDYEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKK
GNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQNADTYVFVGSSRYSKKFKPEIAIRPKVRDQEGRMNYYWTLVEPGD
KITFEATGNLVVPRYAFAMERNAGSGIIISDTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLATGLRNIPSIQS
RGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVIEKMNTQFTAVGKEFNHLEKRIENLN
KKVDDGFLDIWTYNAELLVLLENERTLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEE
AKLNREEIDGVKLESTRGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSL
LLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of Influenza Hemagglutinin protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SEQID NO: 34
SARS-CoV-2 Spike protein — NY2-GSG-89— GROVISNA-based S5M CD11 {-5G)
Referred to as ‘SARS-CoV-2S CD11_SG’

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYV
SQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNAT
RFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLS
FELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITP
GTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTOQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGQSL
ANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQOWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bald text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.
SEQID NO: 35

CD11_ 124568
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQNWTEEIENHTGNLSNLTREAANQTHIAQRDARRI
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SEQID NO: 36
CD11_1245T68
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQNWTEEIENHTGNLTNLTREAANQTHIAQRDARRI

SEQID NO: 37
CD11_1245T8
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQNWTEEIENHTGNLTLLLREAANQTHIAQRDARRI

SEQID NO: 38
CD11_145T8
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

SEQID NO: 39
CD11_1458
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIENHTGNLSLLLREAANQTHIAQRDARRI

SEQID NO: 40
CD11_159
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHNATRDARRI

SEQID NO: 41
CD11_158
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAANQTHIAQRDARRI

SEQID NO: 42
CD11_157
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLRNATLQVHIAQRDARRI

SEQID NO: 43
CD11_156
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSNLTREAALQVHIAQRDARRI

SEQID NO: 44
CD11_145
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIENHTGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 45
CD11_135
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEENITQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 46

CD11_125
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQNWTEEIEQHEGNLSLLLREAALQVHIAQRDARRI
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SEQID NO: 47
CD11_15T
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLTLLLREAALQVHIAQRDARRI

SEQ ID NO: 48
cD11 1
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGG SGGNHTWQQWEEEIEQHEGQLTLLLREAALQVHIAQRDARRI

SEQ ID NO: 49
CD11_5T
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGG SGGQHTWQQWEEEIEQHEGNLTLLLREAALQVHIAQRDARRI

SEQID NO: 50
RSV Fusion protein 66E — T8.G5-GH — B GEG-HIV-GP41-based S5M

Referred to gs 'F HiV-clamp

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGIVQQQONNLLRAIEAQQHLLALTVWGIKQLOARILAGGSGGHTTW
MEWDREINNYTSLIHSLIEESQONQQEKNEQELLE

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a HIV-1 GP41-based SSM.

SEQID NO: 51
RSV Fusion protein 66 — T9-GS-GM— FPILGSG-VISNA-hased SSM with additional N-linked glycosviation
seguences (CDI1 124578}

Referred toas V22 (DII 124578

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQONWTEEIENHTGNLTLLLREAANQTHIAQRDARRI
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wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 52

RSV Fusion protein 66F — TI9.G5-GM— FRILGSG-VISNA-based S5M with additional N-finked glycosylation
seguences {CD11 14578}

Referred to gs 'Vi22 (D11 14578

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHT
WQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 53
RSV Fusion protein DS Cavl Foldon {Mclelian et al,, Science 2013 doi: 10.1126/science.1243283}

Referred to as ‘D5 Cavl Foldon’

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKKNKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTQATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVCKVLHLEGEVNKIKSALLST

NKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISNIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG

SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLSAIGGYIPE
APRDGQAYVRKDGEWVLLSTFLGGLVPRGSGSAWSHPQFEK

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to Foldon SSM.
SEQ ID NO: 54

RSV Fusion protein SC9-10 AY DS Cav1 Foldon (Joyce et al., Nat Struct Mol Biol 2016 DGi: 10.1038/nsmb.3267)

Referred to as SCH-10 AY DS Cavl Foldon’

161



10

15

20

25

30

35

40

WO 2023/187743 PCT/1B2023/053263

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAICSGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISN
IETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQL
PLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSRTLPSEVNLCNVDIF

NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYCVNKQEGKSLYVKGEP
IINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLSAIGGYIPEAPRDGQAYVRKDGEWVLLSTFLGGLVPR

wherein:

. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to Foldon SSM.

SEQID NO: 55

CT1

QSLANATAAQQEVLEAQYAMVRHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 56
CT2
QSLANATAAQQEVLEAQYAMVQHIAKGIRKLEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 57
CT3
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSSLLREAALQVHIAQRDARRI

SEQID NO: 58
CT4
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSSKLREAALQVHIAQRDARRI

SEQID NO: 59
CT5
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGHTTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 60
CT6
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLRESQQQVHIAQRDARRI

SEQID NO: 61

CT7
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHSAQRDARRI
SEQID NO: 62

CT8
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QSLANATAAQLEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 63
CT9
QSLANATAAQQEVLEALYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 64
CT10
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVAGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 65

CT11
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARVEAGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDAR
RI

SEQ ID NO: 66
CT12
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARPGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 67
CT13
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVAPGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 68
CT14
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGEGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 69
CT15
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQ

SEQID NO: 70
CT16
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQR

SEQID NO: 71
CcT17
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDA

SEQID NO: 72

CT18
QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDAR
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SEQID NO: 73
SARS-CoV-2 {Delta} Spike protein — N¥°-G5G-5% G ViSNA-based SSM CDNI
Referred to as ‘SARS-CoV-2 (Delta) SCD11’

MFVFLVLLPLVSSQCVYNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLP
FNDGVYFASTEKSNIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESGVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWT
AGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATR
FASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTG
CVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSF
ELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPG
TNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI!
AYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ,
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTOQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLONV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLAQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSG
QSLANATAAQQEVIEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of SARS-CoV-2 spike protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SEQID NO: 74

SARS-CoV-2 {Delto} Spike protein — N9-GSG-§71 — G104 VSNA-based SSM {(CDI11) and QS removed from CD11
FHRR

Referred to as ‘SARS-CoV-2 (Delta) SCD11-QS

MFVFLVLLPLVSSQCVYNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLP
FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESGVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGY FKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWT
AGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATR
FASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTG
CVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSF
ELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPG
TNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNGSGSI!

AYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTOQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLONV
VNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQS
KRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
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FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGSGL
ANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of Influenza Hemagglutinin protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM CD11.

SEQID NO: 75
RSV Fusion protein 66F — T72.G8-G — PPHLGSG-VISNA-based S5M {CD13) ond QS removed from CD13 FHRR
Referred to as V22 CDI11-0Q8

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTW
QQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 76

RSV Fusion protein 66F — TIB.G5-6"— FFLLGSG-VISNA-based SSM with additional N-linked glycosyiation
sequences and QS removed from CD11 FHRR {CD11_14578-QS)

Referred to as 'Vi22 (D11 _145T8-Q5

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTW
QQOWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. 3old text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.
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SEQID NO: 77

RSV Fusion protein 66F — TIO.G5-GY— EFILGSG-VISNA-based SSM with additional N-linked alycosyviation
seguences and QS removed from CO1I FHRR and CT1 mutation included {CO11_145T8-QS)

Referred to as ‘VI22 (D11 14578-Q5 (717

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVRHIAKGIRILEARVARGGSGGNHTW
QQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 78

REV Fusion protein 66E ~ TWL.GS-G'" - FULGSG-VISNA-based SSM with additional N-linked glycosylation
sequences ond QS removed from CO11 FHARR and CT5 mutation included (CD11 145T8-Q8)

Referred to as VI22 CDIT 14578-Q8 {75

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTT
WQQOWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 79

RSV Fusion protein 66F — TO.G5-GY FRILGSGVISNA-based SSM with additional N-finked glycosylation
seqguences and QS removed from CO11 FHRR and CT9 mutation included {CO11_1457T8-0S)

Referred to as ‘Vi22 CDIi 145T8-Q5 (T8’

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
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NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTW
QQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
. Italicized text corresponds to the signal peptide of RSV Fusion protein;
. Bold text is a flexible linker; and

. Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 80
FHRR of CO11

QSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVAR

SEQID NO: 81
FHRR of CD20
QTLANATAAQQDVLEATYAMVQHVAKGVRILEARVAR

SEQID NO: 82
SHRR of CO11

NHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

SEQID NO: 83
SHRR of CD10
NHTWQQWERGLQGYDTNLTILLKESAAMTQLAEEQARRI

SEQID NO: 84
Linker in CD11
GGSGG

SEQ ID NO: 85
Linker in CT12 (see Example 16, Table 5)
PGSGG

SEQID NO: 218
£. coli EhaG-CD11

MNAGNDNGQGVDYGSGSAGDGWVAIGKGAKANTFMNTSGSSTAVGYDAIAEGQYSSAIGSKTHAIGGASMAFGVSAISEG

DRSIALGASSYSLGQYSMALGRYSKALGKLSIAMGDSSKAEGANAIALGNATKATEIMSIALGDTANASKAYSMALGASSVASEE
NAIAIGAETEAAENATAIGNNAKAKGTNSMAMGFGSLADKVNTIALGNGSQALADNAIAIGQGNKADGVDAIALGNGSQSRG
LNTIALGTASNATGDKSLALGSNSSANGINSVALGADSIADLDNTVSVGNSSLKRKIVNVKNGAIKSDSYDAINGSQLYAISDSVA
KRLGGGAAVDVDDGTVTAPTYNLKNGSKNNVGAALAVLDENTLQWDQTKGKYSAAHGTSSPTASVITDVADGTISASSKDAV
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NGSQLKATNDDVEANTANIATNTSNIATNTANIATNTTNITNLTDSVGDLQADALLWNETKKAFSAAHGQDTTSKITNVKDAD
LTADSTDAVNGSQLKTTNDAVATNTTNIANNTSNIATNTTNISNLTETVTNLGEDALKWDKDNGVFTAAHGTETTSKITNVKDG
DLTTGSTDAVNGSQLKTTNDAVATNTTNIATNTTNISNLTETVTNLGEDALKWDKDNGVFTAAHGNNTASKITNILDGTVTATS
SDAINGSQLYDLSSNIATYFGGNASVNTDGVFTGPTYKIGETNYYNVGDALAAINSSFSTSLGDALLWDATAGKFSAKHGTNGD
ASVITDVADGEISDSSSDAVNGSQLHGVSSYVVDALGGGAEVNADGTITAPTYTIANADYDNVGDALNAIDTTLDDALLWDAD
AGENGAFSAAHGKDKTASVITNVANGAISAASSDAINGSQLYTTNKYIADALGGDAEVNADGTITAPTYTIANAEYNNVGDALD
ALDDNALLWDETANGGAGAYNASHDGKASIITNVANGSISEDSTDAVNGSQLNATNMMIEQNTQIINQLAGNTDATYIQENG
AGINYVRTNDDGLAFNDASAQGVGATAIGYNSVAKGDSSVAIGQGSYSDVDTGIALGSSSVSSRVIAKGSRDTSITENGVVIGYD
TTDGELLGALSIGDDGKYRQIINVADGSEAHDAVTVRQLONAIGAVATTPTKYFHANSTEEDSLAVGTDSLAMGAKTIVNGDKG
IGIGYGAYVDANALNGIAIGSNAQVIHVNSIAIGNGSTTTRGAQTNYTAYNMDAPQNSVGEFSVGSADGQRQITNVAAGSADT
DAVNVGQLKVTDAQVSQONTQSITNLDNRVTNLDSRVTNIENGIGDIVTTGSTKYFKTNTDGVDASAQGKDSVAIGSGSIAAAD
NSVALGTGSVATEENTISVGSSTNQRRITNVAAGKNATDAVNVAQLKSSEAGGVRYDTKADGSIDYSNITLGGGNGGTTRISNV
SAGVNNNDVVNYAQLKQSVQETKQYTDQRMVEMDNKLSKTESKLSGGIASAMAMTGLPQAYTPGGSGQSLANATAAQQE
VLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
e  Bold textis a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 219
£. coli EibD-CD11

MQNGTYSVLQDDSQKSGPVKYGSTYEVVKTVDNGNFRYEVKEKKNDKRTLFKFDSEGNVTVKGKGITHTLHDPALKDFARTAE
GKKNEQNGNTPPHKLTDSAVRGVYNKVYGLEKTEITGFSVEDGENGKVSLGSDAKASGEFSVAVGNGARATEKASTAVGSWA
AADGKQSTALGVGTYAYANASTALGSVAFVDNTATYGTAAGNRAKVDKDATEGTALGAKATVTNKNSVALGANSVTTRDNEV
YIGYKTGTESDKTYGTRVLGGLSDGTRNSDAATVGQLNRKVGGVYDDVKARITVESEKQKKYTDQKTSEVNEKVEARTTVGVDS
DGKLTRAEGATKTIAVNDGLVALSGRTDRIDYAVGAIDGRVTRNTQSIEKNSKAIAANTRTLQQHSARLDSQQRQINENHKEMK
RAAAQSAALTGLFQPYSVGGSGQSLANATAAQQEVIEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGN
LSLLLREAALQVHIAQRDARRI

wherein:
o  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

SEQ ID NO: 220
£ coli UpaG-CD11

MDNYTGQPTDYGDGSAGDGWVAIGKGAKANTFMNTSGASTALGYDAIAEGEYSSAIGSKTLATGGASMAFGVSAKAMGDR
SVALGASSVANGDRSMAFGRYAKTNGFTSLAIGDSSLADGEKTIALGNTAKAYEIMSIALGDNANASKEYAMALGASSKAGGA
DSLAFGRKSTANSTGSLAIGADSSSSNDNAIAIGNKTQALGVNSMALGNASQASGESSIALGNTSEASEQNAIALGQGSIASKVN
SIALGSNSLSSGENAIALGEGSAAGGSNSLAFGSQSRANGNDSVAIGVGAAAATDNSVAIGAGSTTDASNTVSVGNSATKRKIV
NMAAGAISNTSTDAINGSQLYTISDSVAKRLGGGATVGSDGTVTAVSYALRSGTYNNVGDALSGIDNNTLQWNKTAGAFSAN
HGANATNKITNVAKGTVSATSTDVVNGSQLYDLQQDALLWNGTAFSAAHGTEATSKITNVTAGNLTAGSTDAVNGSQLKTTN
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DNVTTNTTNIATNTTNITNLTDAVNGLGDDSLLWNKAAGAFSAAHGTEATSKITNVTAGNLTAGSTDAVNGSQLKTTNDNVTT
NTTNIATNTTNITNLTDAVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVTAGNLTAGSTDAVNGSQLKTTNDNVTTNTTNI
ATNTTNITNLTDAVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVKAGDLTAGSTDAVNGSQLKTTNDNVSTNTTNITNLTD
AVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVKAGDLTAGSTDAVNGSQLKTTNDNVSTNTTNITNLTDSVGDLKDDSLL
WNKAAGAFSAAHGTEATSKITNLLAGKISSNSTDAINGSQLYGVADSFTSYLGGGADISDTGVLSGPTYTIGGTDYTNVGDALAA
INTSFSTSLGDALLWDATAGKFSAKHGINNAPSVITDVANGAVSSTSSDAINGSQLYGVSDYIADALGGNAVVNTDGSITTPTYAI
AGGSYNNVGDALEAIDTTLDDALLWDTTANGGNGAFSAAHGKDKTASVITNVANGAVSATSNDAINGSQLYSTNKYIADALG
GDAEVNADGTITAPTYTIANTDYNNVGEALDALDNNALLWDEDAGAYNASHDGNASKITNVAAGDLSTTSTDAVNGSQLNAT
NILVTQNSQMINQLAGNTSETYIEENGAGINYVRTNDSGLAFNDASASGIGATAVGYNAVASHASSVAIGQDSISEVDTGIALGS
SSVSSRVIVKGTRNTSVSEEGVVIGYDTTDGELLGALSIGDDGKYRQIINVADGSEAHDAVTVRQLQONAIGAVATTPTKYYHANS
TAEDSLAVGEDSLAMGAKTIVNGNAGIGIGLNTLVLADAINGIAIGSNARANHADSIAMGNGSQTTRGAQTNYTAYNMDAPQ
NSVGEFSVGSEDGQRQITNVAAGSADTDAVNVGQLKVTDAQVSONTQSITNLNTQVTNLDTRVTNIENGIGDIVTTGSTKYFK
TNTDGADANAQGKDSVAIGSGSIAAADNSVALGTGSVADEENTISVGSSTNQRRITNVAAGVNATDAVNVSQLKSSEAGGVRY
DTKADGSIDYSNITLGGGNSGTTRISNVSAGVNNNDAVNYAQLKQSVQETKQYTDQRMVEMDNKLSKTESKLSGGIASAMA
MTGLPQAYTPGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREA

ALQVHIAQRDARRI

wherein:
e  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 221

H. influenzoe HIA-CD11

MNNNTPVTNKLKAYGDANFNFTNNSIADAEKQVQEAYKGLLNLNEKNASDKLLVEDNTAATVGNLRKLGWVLSSKNGTRNEK
SQQVKHADEVLFEGKGGVQVTSTSENGKHTITFALAKDLGVKTATVSDTLTIGGGAAAGATTTPKVNVTSTTDGLKFAKDAAGA
NGDTTVHLNGIGSTLTDTLVGSPATHIDGGDQSTHYTRAASIKDVLNAGWNIKGVKAGSTTGQSENVDFVHTYDTVEFLSADTE
TTTVTVDSKENGKRTEVKIGAKTSVIKEKDGKLFTGKANKETNKVDGANATEDADEGKGLVTAKDVIDAVNKTGWRIKTTDAN
GQONGDFATVASGTNVTFASGNGTTATVTNGTDGITVKYDAKVGDGLKLDGDKIAADTTALTVNDGKNANNPKGKVADVAST
DEKKLVTAKGLVTALNSLSWTTTAAEADGGTLDGNASEQEVKAGDKVTFKAGKNLKVKQEGANFTYSLQDALTGLTSITLGTGN
NGAKTEINKDGLTITPANGAGANNANTISVTKDGISAGGQSVKNVVSGLKKFGDANFDPLTSSADNLTKQNDDAYKGLTNLDE
KGTDKQTPVVADNTAATVGDLRGLGWVISADKTTGGSTEYHDQVRNANEVKFKSGNGINVSGKTVNGRREITFELAKGEVVKS
NEFTVKETNGKETSLVKVGDKYYSKEDIDLTTGQPKLKDGNTVAAKYQDKGGKVVSVTDNTEATITNKGSGYVTGNQVADAIAK
SGFELGLADEADAKAAFDDKTKALSAGTTEIVNAHDKVRFANGLNTKVSAATVESTDANGDKVTTTFVKTDVELPLTQIYNTDA
NGKKITKVVKDGQTKWYELNADGTADMTKEVTLGNVDSDGKKVVKDNDGKWYHAKADGTADKTKGEVSNDKVSTDEKHVV
SLDPNDQSKGKGVVIDNVANGDISATSTDAINGSQLYAVAKGVTNLAGQVNNLEGKVNKVGKRADAGTASALAASQLPQAT
MPGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQ
RDARRI

wherein:
e  Bold textis a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.
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SEQID NO: 222
N. meningitidis NadA-CD11

MATNDDDVKKAATVAIAAAYNNGQEINGFKAGETIYDIDEDGTITKKDATAADVEADDFKGLGLKKVVTNLTKTVNENKQNVD
AKVKAAESEIEKLTTKLADTDAALADTDAALDATTNALNKLGENITTFAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDET
NTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKDNIAKKANSAD
VYTREESDSKFVRIDGLNATTEKLDTRLASAEKSIADHDTRLNGLDKTVSDLRKETRQGLAEQAALSGLFQPYNVGGSGQSLANA
TAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
e Boidtext is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 223
N. meningitidis NBhA-CD11

MNNEEQEEDLYLDPVQRTVAVLIVNSDKEGTGEKEKVEENSDWAVYFNEKGVLTAREITLKAGDNLKIKQNGTNFTYSLKKDLT
DLTSVGTEKLSFSANGNKVNITSDTKGLNFAKETAGTNGDTTVHLNGIGSTLTDTLLNTGATTNVTNDNVTDDEKKRAASVKDV
LNAGWNIKGVKPGTTASDNVDFVRTYDTVEFLSADTKTTTVNVESKDNGKKTEVKIGAKTSVIKEKDGKLVTGKDKGENGSSTD
EGEGLVTAKEVIDAVNKAGWRMKTTTANGQTGQADKFETVTSGTNVTFASGKGTTATVSKDDQGNITVMYDVNVGDALNV
NQLONSGWNLDSKAVAGSSGKVISGNVSPSKGKMDETVNINAGNNIEITRNGKNIDIATSMTPQFSSVSLGAGADAPTLSVDG
DALNVGSKKDNKPVRITNVAPGVKEGDVTNVAQLKGVAQNLNNRIDNVDGNARAGIAQAIATAGLVQAYLPGGSGQSLANA
TAAQQEVLEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
e Bold textis a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.

SEQID NO: 224

Y. enterocolitica YadA-CD11

MDDYDGIPNLTAVQISPNADPALGLEYPVRPPVPGAGGLNASAKGIHSIAIGATAEAAKGAAVAVGAGSIATGVNSVAIGPLSK
ALGDSAVTYGAASTAQKDGVAIGARASTSDTGVAVGFNSKADAKNSVAIGHSSHVAANHGYSIAIGDRSKTDRENSVSIGHESL
NRQLTHLAAGTKDTDAVNVAQLKKEIEKTQENTNKRSAELLANANAYADNKSSSVLGIANNYTDSKSAETLENARKEAFAQSKD
VLNMAKAHSNSVARTTLETAEEHANSVARTTLETAEEHANKKSAEALASANVYADSKSSHTLKTANSYTDVTVSNSTKKAIRESN
QYTDHKFRQLDNRLDKLDTRVDKGLASSAALNSLFQPYGVGGSGQSLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARG
GSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
o  Bold text is a flexible linker; and

e Underlined text corresponds to a VISNA-based SSM.
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SEQID NO: 225

Vi22 with membrane tethered silenced Clamp2 alpha (VL22 CT5s aipha}

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGKRVIDGFLLI
LTSPINATAILSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold text is a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and Italicized text corresponds to the membrane tethering
(poly)peptide alpha
SEQID NO: 226

V22 with membrane tethered sifenced Clamp2 beta (VE22 CT5s_beta)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGYRLLSPDLL
RYSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold text is a flexible linker;
o Underlined text corresponds to a VISNA-based SSM; and
e Underlined and ltalicized text corresponds to the membrane tethering
(poly)peptide beta
SEQ ID NO: 227

VE22 with membrane tethered silenced Clamp2 gamma (VL22_CT5s gamma)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS

NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
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NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGKAYEVAGLL
GDIGGTNRIQYYFISGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e ltalicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold text is a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and Italicized text corresponds to the membrane tethering
(poly)peptide gamma
SEQ ID NO: 228

Vi22 with membrane tethered silenced Clamp2 defta (VL22 CT5s delta}

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGLGDLILILRL
PSWFKRLLSLLLKPLFPRLAAFLNSMRPRSAESGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e ltalicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold text is a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and Italicized text corresponds to the membrane tethering
(poly)peptide delta
SEQID NO: 229

V22 with membrane tethered silenced Clamp2 epsifon (V22 (T5s epsiion)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGGTLNRFTQ
ALVIAYVIGGGLALLGLYNVICDWSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein;

e  Bold text is a flexible linker;
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e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and ltalicized text corresponds to the membrane tethering

(poly)peptide epsilon

SEQID NO: 230

VE22 with membrane tethered silenced Clamp2 neta (Vi22 (755 _neta}
MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGKVLTIIATIF
MPLGGGVIAVIMVVYFKKKKSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e ltalicized text corresponds to the signal peptide of RSV Fusion protein;
o Bold text is a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and Italicized text corresponds to the membrane tethering
(poly)peptide neta
SEQID NO: 231

VI22 with membrane tethered silenced Clamp2 theta {VL22 CT5s theta)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGKEQLSTAID
RMNEGLDAFIQLYSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold textis a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and Italicized text corresponds to the membrane tethering
(poly)peptide theta
SEQID NO: 232

V22 with membraone tethered sifenced Clamp2 eta (Vi22 (55 eta)
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MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDEGSGLANATAAQQEVLEAQYAMVQHIAKGIRILEARVARGGHWRAAGA
ATVLLGGVVVMVAGITSYSGGNHTTWQQWEEEIENHTGNLTLLLREAANQTHIAQRDARRI

wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold text is a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and ltalicized text corresponds to the membrane tethering
(poly)peptide eta
SEQID NO: 233

VL22 with native transmembrane and cytoplasmic Clamp2 (mVL22-TM-CD11)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAIASGVAVSKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSIS
NIETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIF
NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPI
INFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGKSTTN/MITTHIVIIVILLSLIAVGLLLYCKGSGLANATAAQQEV
LEAQYAMVQHIAKGIRILEARVARGGSGGNHTWQQWEEEIEQHEGNLSLLLREAALQVHIAQRDARRI

wherein:
e ltalicized text corresponds to the signal peptide of RSV Fusion protein;
e Bold text is a flexible linker;
e Underlined text corresponds to a VISNA-based SSM; and
e Underlined and Italicized text corresponds to the native transmembrane
domain of RSV F
SEQID NO: 234

Native full length RSV F (mFwt)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATNNRARRELPRFMNYTLNNAKKTNVTLSKKRKRRFLGFLLGVGSAIASGVAVSKVLHLEGEVNKIKSALLST
NKAVVSLSNGVSVLTSKVLDLKNYIDKQLLPIVNKQSCSISNIETVIEFQOQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLIND
MPITNDQKKLMSNNVQIVRQQSYSIMSIIKEEVLAYVVQLPLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAG
SVSFFPQAETCKVQSNRVFCDTMNSLTLPSEVNLCNVDIFNPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKT
FSNGCDYVSNKGVDTVSVGNTLYYVNKQEGKSLYVKGEPIINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGK
STTNIMITTINIVIIVILLSLIAVGLLLYCKARSTPVTLSKDQLSGINNIAFSN
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wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein; and
e Underlined and Italicized text corresponds to the native transmembrane
domain of RSV
SEQ ID NO: 235

DSCav1AY stabilized RSV F with transmembrane domain (mDSCavAY)

MELLILKANAITTILTAVTFCFASGONITEEFYQSTCSAVSKGYLSALRTGWYTSVITIELSNIKENKCNGTDAKVKLIKQELDKYKNA
VTELQLLMQSTPATGSGSAICSGVAVCKVLHLEGEVNKIKSALLSTNKAVVSLSNGVSVLTFKVLDLKNYIDKQLLPILNKQSCSISN
IETVIEFQQKNNRLLEITREFSVNAGVTTPVSTYMLTNSELLSLINDMPITNDQKKLMSNNVQIVRQQSYSIMCIIKEEVLAYVVQL
PLYGVIDTPCWKLHTSPLCTTNTKEGSNICLTRTDRGWYCDNAGSVSFFPQAETCKVQSNRVFCDTMNSRTLPSEVNLCNVDIF

NPKYDCKIMTSKTDVSSSVITSLGAIVSCYGKTKCTASNKNRGIIKTFSNGCDYVSNKGVDTVSVGNTLYCVNKQEGKSLYVKGEP
IINFYDPLVFPSDEFDASISQVNEKINQSLAFIRKSDELLHNVNAGKSTTN/MITTHIVIVILLSLIAVGLLLYCKAR*

wherein:
e |talicized text corresponds to the signal peptide of RSV Fusion protein;
e  Bold text is a flexible linker; and
e Underlined and ltalicized text corresponds to the native transmembrane
domain of RSV
SEQID NO: 236

Membrane tethering (poly)peptide “alpha” {as comprised in SEQ 1D NO: 225]):
KRVIDGFLLILTSPIIIATAIL

SEQID NO: 237
Membrane tethering (poly)peptide “beta” {as comprised in SEG 1D NQO: 228}
YRLLSPDLLRY

SEQID NO: 238
Membrane tethering (poly)peptide “gamma” {as comprised in SEQIDNQ: 227):
KAYEVAGLLGDIGGTNRIQYYFL

SEQID NO: 239
Membrane tethering (poly)peptide “delta” {as comprised in SEQ 1D NO: 228}):
LGDLILILRLPSWFKRLLSLLLKPLFPRLAAFLNSMRPRSAE

SEQID NO: 240

Membrane tethering (poly)peptide “epsilon” {¢s comprised in SEQ 1D NO: 229):
GTLNRFTQALVIAYVIGGGLALLGLVNVICDW
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SEQID NO: 241
Membrane tethering (poly)peptide “neta” {as comprised in SEQ iD NO: 230}):
KVLTHATIFMPLGGGVIAVIMVVYFKKKK

SEQID NO: 242
Membrane tethering (poly)peptide “theta” {as comprised in SEQ 1D NO: 231}
KEQLSTAIDRMNEGLDAFIQLY

SEQID NO: 243
Membrane tethering (poly)peptide “eta” {os comprised in SEQ 1D NG: 232}):
HWRAAGAATVLLGGVVVMVAGITSYS

SEQID NO: 244
Membrane tethering (poly)peptide “alpha” pius fiunking linker residues {as comprised in 5EQ D NO: 225):
GGKRVIDGFLLILTSPIIIATAILSGG

SEQID NO: 245
Membrane tethering (poly)peptide “beta” pius fiuniing linker residues {as comprised in SEQID NQ: 228}
GGYRLLSPDLLRYSGG

SEQID NO: 246
Membrane tethering (poly)peptide “gamma” pius flanking finker residues {os comprised in SEQ iD NO: 227):
GGKAYEVAGLLGDIGGTNRIQYYFLSGG

SEQID NO: 247
Membrane tethering (poly)peptide “delta” pius fisnking finker residues {os comprised in SEQID NO: 228):
GGLGDLILILRLPSWFKRLLSLLLKPLFPRLAAFLNSMRPRSAESGG

SEQID NO: 248
Membrane tethering (poly)peptide “epsilon” pius flanking linker residues {as comprised in SEQID NQC: 229):
GGGTLNRFTQALVIAYVIGGGLALLGLVNVICDWSGG

SEQID NO: 249
Membrane tethering (poly)peptide “neta” pius flanking finker residues {os comprised in SEQ 1D NO: 230}
GGKVLTIIATIFMPLGGGVIAVIMVVYFKKKKSGG

SEQ ID NO: 250
Membrane tethering (poly)peptide “theta” pius flanking linker residues {as comprised in 3£Q 1D NG: 231}:
GGKEQLSTAIDRMNEGLDAFIQLYSGG

SEQID NO: 251

Membrane tethering (poly)peptide “eta” pius fianking linker residues {as comprised in SEQIDNQ: 232):
GGHWRAAGAATVLLGGVVVMVAGITSYSGG
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SEQID NO: 252
£. cofi EhaG (as comprised in SEQ ID NO: 218)

MNAGNDNGQGVDYGSGSAGDGWVAIGKGAKANTFMNTSGSSTAVGYDAIAEGQYSSAIGSKTHAIGGASMAFGVSAISEG
DRSIALGASSYSLGQYSMALGRYSKALGKLSIAMGDSSKAEGANAIALGNATKATEIMSIALGDTANASKAYSMALGASSVASEE
NAIAIGAETEAAENATAIGNNAKAKGTNSMAMGFGSLADKVNTIALGNGSQALADNAIAIGQGNKADGVDAIALGNGSQSRG
LNTIALGTASNATGDKSLALGSNSSANGINSVALGADSIADLDNTVSVGNSSLKRKIVNVKNGAIKSDSYDAINGSQLYAISDSVA
KRLGGGAAVDVDDGTVTAPTYNLKNGSKNNVGAALAVLDENTLQWDQTKGKYSAAHGTSSPTASVITDVADGTISASSKDAV
NGSQLKATNDDVEANTANIATNTSNIATNTANIATNTTNITNLTDSVGDLQADALLWNETKKAFSAAHGQDTTSKITNVKDAD
LTADSTDAVNGSQLKTTNDAVATNTTNIANNTSNIATNTTNISNLTETVTNLGEDALKWDKDNGVFTAAHGTETTSKITNVKDG
DLTTGSTDAVNGSQLKTTNDAVATNTTNIATNTTNISNLTETVTNLGEDALKWDKDNGVFTAAHGNNTASKITNILDGTVTATS
SDAINGSQLYDLSSNIATYFGGNASVNTDGVFTGPTYKIGETNYYNVGDALAAINSSFSTSLGDALLWDATAGKFSAKHGTNGD
ASVITDVADGEISDSSSDAVNGSQLHGVSSYVVDALGGGAEVNADGTITAPTYTIANADYDNVGDALNAIDTTLDDALLWDAD
AGENGAFSAAHGKDKTASVITNVANGAISAASSDAINGSQLYTTNKYIADALGGDAEVNADGTITAPTYTIANAEYNNVGDALD
ALDDNALLWDETANGGAGAYNASHDGKASIITNVANGSISEDSTDAVNGSQLNATNMMIEQNTQIINQLAGNTDATYIQENG
AGINYVRTNDDGLAFNDASAQGVGATAIGYNSVAKGDSSVAIGQGSYSDVDTGIALGSSSVSSRVIAKGSRDTSITENGVVIGYD
TTDGELLGALSIGDDGKYRQIINVADGSEAHDAVTVRQLONAIGAVATTPTKYFHANSTEEDSLAVGTDSLAMGAKTIVNGDKG
IGIGYGAYVDANALNGIAIGSNAQVIHVNSIAIGNGSTTTRGAQTNYTAYNMDAPQNSVGEFSVGSADGQRQITNVAAGSADT
DAVNVGQLKVTDAQVSQNTQSITNLDNRVTNLDSRVTNIENGIGDIVTTGSTKYFKTNTDGVDASAQGKDSVAIGSGSIAAAD
NSVALGTGSVATEENTISVGSSTNQRRITNVAAGKNATDAVNVAQLKSSEAGGVRYDTKADGSIDYSNITLGGGNGGTTRISNV
SAGVNNNDVVNYAQLKQSVQETKQYTDQRMVEMDNKLSKTESKLSGGIASAMAMTGLPQAYTP

SEQID NO: 253
£. coli EibD (as comprised in SEQ ID NO: 219)

MQNGTYSVLQDDSQKSGPVKYGSTYEVVKTVDNGNFRYEVKEKKNDKRTLFKFDSEGNVTVKGKGITHTLHDPALKDFARTAE
GKKNEQNGNTPPHKLTDSAVRGVYNKVYGLEKTEITGFSVEDGENGKVSLGSDAKASGEFSVAVGNGARATEKASTAVGSWA
AADGKQSTALGVGTYAYANASTALGSVAFVDNTATYGTAAGNRAKVDKDATEGTALGAKATVTNKNSVALGANSVTTRDNEV
YIGYKTGTESDKTYGTRVLGGLSDGTRNSDAATVGQLNRKVGGVYDDVKARITVESEKQKKYTDQKTSEVNEKVEARTTVGVDS
DGKLTRAEGATKTIAVNDGLVALSGRTDRIDYAVGAIDGRVTRNTQSIEKNSKAIAANTRTLQQHSARLDSQQRQINENHKEMK
RAAAQSAALTGLFQPYSV

SEQID NO: 254
£. coli UpaG (as comprised in SEQ ID NO: 220)

MDNYTGQPTDYGDGSAGDGWVAIGKGAKANTFMNTSGASTALGYDAIAEGEYSSAIGSKTLATGGASMAFGVSAKAMGDR
SVALGASSVANGDRSMAFGRYAKTNGFTSLAIGDSSLADGEKTIALGNTAKAYEIMSIALGDNANASKEYAMALGASSKAGGA
DSLAFGRKSTANSTGSLAIGADSSSSNDNAIAIGNKTQALGVNSMALGNASQASGESSIALGNTSEASEQNAIALGQGSIASKVN
SIALGSNSLSSGENAIALGEGSAAGGSNSLAFGSQSRANGNDSVAIGVGAAAATDNSVAIGAGSTTDASNTVSVGNSATKRKIV
NMAAGAISNTSTDAINGSQLYTISDSVAKRLGGGATVGSDGTVTAVSYALRSGTYNNVGDALSGIDNNTLQWNKTAGAFSAN
HGANATNKITNVAKGTVSATSTDVVNGSQLYDLQQDALLWNGTAFSAAHGTEATSKITNVTAGNLTAGSTDAVNGSQLKTTN
DNVTTNTTNIATNTTNITNLTDAVNGLGDDSLLWNKAAGAFSAAHGTEATSKITNVTAGNLTAGSTDAVNGSQLKTTNDNVTT
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NTTNIATNTTNITNLTDAVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVTAGNLTAGSTDAVNGSQLKTTNDNVTTNTTNI
ATNTTNITNLTDAVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVKAGDLTAGSTDAVNGSQLKTTNDNVSTNTTNITNLTD
AVNGLGDDSLLWNKTAGAFSAAHGTDATSKITNVKAGDLTAGSTDAVNGSQLKTTNDNVSTNTTNITNLTDSVGDLKDDSLL
WNKAAGAFSAAHGTEATSKITNLLAGKISSNSTDAINGSQLYGVADSFTSYLGGGADISDTGVLSGPTYTIGGTDYTNVGDALAA
INTSFSTSLGDALLWDATAGKFSAKHGINNAPSVITDVANGAVSSTSSDAINGSQLYGVSDYIADALGGNAVVNTDGSITTPTYAI
AGGSYNNVGDALEAIDTTLDDALLWDTTANGGNGAFSAAHGKDKTASVITNVANGAVSATSNDAINGSQLYSTNKYIADALG
GDAEVNADGTITAPTYTIANTDYNNVGEALDALDNNALLWDEDAGAYNASHDGNASKITNVAAGDLSTTSTDAVNGSQLNAT
NILVTQNSQMINQLAGNTSETYIEENGAGINYVRTNDSGLAFNDASASGIGATAVGYNAVASHASSVAIGQDSISEVDTGIALGS
SSVSSRVIVKGTRNTSVSEEGVVIGYDTTDGELLGALSIGDDGKYRQIINVADGSEAHDAVTVRQLQONAIGAVATTPTKYYHANS
TAEDSLAVGEDSLAMGAKTIVNGNAGIGIGLNTLVLADAINGIAIGSNARANHADSIAMGNGSQTTRGAQTNYTAYNMDAPQ
NSVGEFSVGSEDGQRQITNVAAGSADTDAVNVGQLKVTDAQVSONTQSITNLNTQVTNLDTRVTNIENGIGDIVTTGSTKYFK
TNTDGADANAQGKDSVAIGSGSIAAADNSVALGTGSVADEENTISVGSSTNQRRITNVAAGVNATDAVNVSQLKSSEAGGVRY
DTKADGSIDYSNITLGGGNSGTTRISNVSAGVNNNDAVNYAQLKQSVQETKQYTDQRMVEMDNKLSKTESKLSGGIASAMA
MTGLPQAYTP

SEQ ID NO: 255
H. influenzae HiA (as comprised in SEQ ID NO: 221)

MNNNTPVTNKLKAYGDANFNFTNNSIADAEKQVQEAYKGLLNLNEKNASDKLLVEDNTAATVGNLRKLGWVLSSKNGTRNEK
SQQVKHADEVLFEGKGGVQVTSTSENGKHTITFALAKDLGVKTATVSDTLTIGGGAAAGATTTPKVNVTSTTDGLKFAKDAAGA
NGDTTVHLNGIGSTLTDTLVGSPATHIDGGDQSTHYTRAASIKDVLNAGWNIKGVKAGSTTGQSENVDFVHTYDTVEFLSADTE
TTTVTVDSKENGKRTEVKIGAKTSVIKEKDGKLFTGKANKETNKVDGANATEDADEGKGLVTAKDVIDAVNKTGWRIKTTDAN
GQNGDFATVASGTNVTFASGNGTTATVTNGTDGITVKYDAKVGDGLKLDGDKIAADTTALTVNDGKNANNPKGKVADVAST
DEKKLVTAKGLVTALNSLSWTTTAAEADGGTLDGNASEQEVKAGDKVTFKAGKNLKVKQEGANFTYSLQDALTGLTSITLGTGN
NGAKTEINKDGLTITPANGAGANNANTISVTKDGISAGGQSVKNVVSGLKKFGDANFDPLTSSADNLTKQNDDAYKGLTNLDE
KGTDKQTPVVADNTAATVGDLRGLGWVISADKTTGGSTEYHDQVRNANEVKFKSGNGINVSGKTVNGRREITFELAKGEVVKS
NEFTVKETNGKETSLVKVGDKYYSKEDIDLTTGQPKLKDGNTVAAKYQDKGGKVVSVTDNTEATITNKGSGYVTGNQVADAIAK
SGFELGLADEADAKAAFDDKTKALSAGTTEIVNAHDKVRFANGLNTKVSAATVESTDANGDKVTTTFVKTDVELPLTQIYNTDA
NGKKITKVVKDGQTKWYELNADGTADMTKEVTLGNVDSDGKKVVKDNDGKWYHAKADGTADKTKGEVSNDKVSTDEKHVV
SLDPNDQSKGKGVVIDNVANGDISATSTDAINGSQLYAVAKGVTNLAGQVNNLEGKVNKVGKRADAGTASALAASQLPQAT
MP

SEQID NO: 256
N. mmeningitidis NadA (as comprised in SEQ ID NO: 222)

MATNDDDVKKAATVAIAAAYNNGQEINGFKAGETIYDIDEDGTITKKDATAADVEADDFKGLGLKKVVTNLTKTVNENKQNVD
AKVKAAESEIEKLTTKLADTDAALADTDAALDATTNALNKLGENITTFAEETKTNIVKIDEKLEAVADTVDKHAEAFNDIADSLDET
NTKADEAVKTANEAKQTAEETKQNVDAKVKAAETAAGKAEAAAGTANTAADKAEAVAAKVTDIKADIATNKDNIAKKANSAD
VYTREESDSKFVRIDGLNATTEKLDTRLASAEKSIADHDTRLNGLDKTVSDLRKETRQGLAEQAALSGLFQPYNV

SEQID NO: 257
N. meningitidis NhhA (as comprised in SEQ ID NO: 223)
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MNNEEQEEDLYLDPVQRTVAVLIVNSDKEGTGEKEKVEENSDWAVYFNEKGVLTAREITLKAGDNLKIKQNGTNFTYSLKKDLT
DLTSVGTEKLSFSANGNKVNITSDTKGLNFAKETAGTNGDTTVHLNGIGSTLTDTLLNTGATTNVTNDNVTDDEKKRAASVKDV
LNAGWNIKGVKPGTTASDNVDFVRTYDTVEFLSADTKTTTVNVESKDNGKKTEVKIGAKTSVIKEKDGKLVTGKDKGENGSSTD
EGEGLVTAKEVIDAVNKAGWRMKTTTANGQTGQADKFETVTSGTNVTFASGKGTTATVSKDDQGNITVMYDVNVGDALNV
NQLQONSGWNLDSKAVAGSSGKVISGNVSPSKGKMDETVNINAGNNIEITRNGKNIDIATSMTPQFSSVSLGAGADAPTLSVDG
DALNVGSKKDNKPVRITNVAPGVKEGDVTNVAQLKGVAQNLNNRIDNVDGNARAGIAQAIATAGLVQAYLP

SEQ ID NO: 258
Y. enterocolitica YadA (as comprised in SEQ ID NO: 224)

MDDYDGIPNLTAVQISPNADPALGLEYPVRPPVPGAGGLNASAKGIHSIAIGATAEAAKGAAVAVGAGSIATGVNSVAIGPLSK

ALGDSAVTYGAASTAQKDGVAIGARASTSDTGVAVGFNSKADAKNSVAIGHSSHVAANHGYSIAIGDRSKTDRENSVSIGHESL
NRQLTHLAAGTKDTDAVNVAQLKKEIEKTQENTNKRSAELLANANAYADNKSSSVLGIANNYTDSKSAETLENARKEAFAQSKD
VLNMAKAHSNSVARTTLETAEEHANSVARTTLETAEEHANKKSAEALASANVYADSKSSHTLKTANSYTDVTVSNSTKKAIRESN
QYTDHKFRQLDNRLDKLDTRVDKGLASSAALNSLFQPYGV.
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CLAIMS

A chimeric polypeptide comprising a microbial polypeptide operably connected downstream to a

heterologous, structure-stabilizing moiety (SSM), wherein the structure-stabilizing moiety is a polypeptide

comprising, in an N- to C-terminal order, a first heptad repeat region (FHRR) and a second heptad repeat

region (SHRR), wherein

(i)  the FHRR comprises or consists of an amino acid sequence having at least 60% sequence identity to
the amino acid sequence set forth in SEQ ID NO: 80 or 81, and the SHRR comprises or consists of an
amino acid sequence having at least 40% sequence identity to the amino acid sequence set forth in
SEQ.ID NO: 82 or 83; and/or

(i) the FHRR comprises or consists of an amino acid sequence having at least 90% sequence similarity
to the amino acid sequence set forth in SEQ ID NO: 80 or 81, and the SHRR comprises or consists of
an amino acid sequence having at least 70% sequence similarity to the amino acid sequence set forth

in SEQ. ID NO: 82 or 83.

The chimeric polypeptide of claim 1, wherein:

(i) the FHRR comprises or consists of an amino acid sequence having at least 60% sequence identity to
the amino acid sequence set forth in SEQ ID NO: 80, and the SHRR comprises or consists of an amino
acid sequence having at least 40% sequence identity to the amino acid sequence set forth in SEQ ID
NO: 82; and/or

(ii) the FHRR comprises or consists of an amino acid sequence having at least 90% sequence similarity
to the amino acid sequence set forth in SEQ ID NO: 80, and the SHRR comprises or consists of an
amino acid sequence having at least 70% sequence similarity to the amino acid sequence set forth

in SEQ ID NO: 82.

The chimeric polypeptide of claim 1 or 2, wherein the structure-stabilizing moiety is capable of homo-
trimerization with the structure-stabilizing moieties of two further chimeric polypeptides;

wherein preferably, by the homo-trimerization, a six-helix bundle is formed, wherein the six-helix bundle
is composed of an inner trimer of three parallel oriented, substantially a-helical FHRRs against which three

substantially a-helical SHRRs are packed in an anti-parallel orientation relative to the FHRRs.

The chimeric polypeptide of any one of claims 1 to 3, wherein the FHRR and SHRR each comprise an
independently selected, n-times repeated 7-residue motif characterized by a pattern of amino acids,
represented as (a-b-c-d-e-f-g-), or (d-e-f-g-a-b-c-),, wherein the pattern elements 'a' to 'g' denote
positions at which the amino acids are located and n is a number equal to or greater than 2, and at least
50% of the positions 'a' and 'd" are occupied by hydrophobic amino acids and at least 50% of the positions

'b', 'c', 'e', 'f'and 'g' are occupied by hydrophilic amino acids.
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The chimeric polypeptide of any one of claims 1 to 4, wherein the structure-stabilizing moiety has a

glutamine at the position corresponding to position 17 of SEQ ID NO: 80.

The chimeric polypeptide of any one of claims 1 to 5, wherein the structure-stabilizing moiety comprises
at least one immune-silencing moiety that reduces or inhibits elicitation of an immune response to the
structure-stabilizing moiety;

wherein preferably the immune silencing moiety is a glycosylation site.

The chimeric polypeptide of any one of claims 1 to 6, wherein the structure-stabilizing moiety comprises
at least one glycosylation site;

wherein preferably the at least one glycosylation site is an N-linked glycosylation site, selected from the
group consisting of:

(1) -Asn-Xaa-Ser-; and

(2) -Asn-Xaa-Thr-;

wherein Xaa is an amino acid other than Pro;

wherein preferably the glycosylation site is glycosylated with an occupancy level of at least 50%.

The chimeric polypeptide of any one of claims 1 to 7, wherein the structure-stabilizing moiety comprises
one or more N-linked glycosylation sites at the amino acid positions corresponding to:

(i) positions 5-7 of SEQ ID NO: 80;

(ii) positions 1-3 of SEQ ID NO: 82;

(iii)  positions 6-8 of SEQ ID NO: 82;

(iv)  positions 13-15 of SEQ ID NO: 82;

(v) positions 17-19 of SEQ ID NO: 82; and/or

(vi)  positions 27-29 of SEQ ID NO: 82;

wherein preferably each N-linked glycosylation site is independently -Asn-Xaa-Thr-, wherein Xaa is an

amino acid other than Pro.

The chimeric polypeptide of claim 8, wherein the structure-stabilizing moiety comprises N-linked
glycosylation sites at the amino acid positions corresponding to:
(i) (i-a) positions 5-7 of SEQ ID NO: 80;
(i-b) positions 1-3 of SEQ ID NO: 82; and
(i-c) positions 17-19 of SEQ ID NO: 82;
or
(ii) (ii-a) positions 5-7 of SEQ ID NO: 80;
(ii-b) positions 1-3 of SEQ ID NO: 82;
(ii-c) positions 17-19 of SEQ ID NO: 82; and
(ii-d) positions 27-29 of SEQ ID NO: 82;
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or
(ii)  (iii-a) positions 5-7 of SEQ ID NO: 80;
(iii-b) positions 1-3 of SEQ ID NO: 82;
(iii-c) positions 13-15 of SEQ ID NO: 82;
(iii-d) positions 17-19 of SEQ ID NO: 82; and
(iii-e) positions 27-29 of SEQ ID NO: 82;
or
(iv)  (iv-a) positions 5-7 of SEQ ID NO: 80;
(iv-b) positions 1-3 of SEQ ID NO: 82;
(iv-c) positions 6-8 of SEQ ID NO: 82;
(iv-d) positions 13-15 of SEQ ID NO: 82;
(iv-e) positions 17-19 of SEQ ID NO: 82; and
(iv-f) positions 27-29 of SEQ ID NO: 82;
wherein preferably each N-linked glycosylation site is independently -Asn-Xaa-Thr-, wherein Xaa is an

amino acid other than Pro.

The chimeric polypeptide of any one of claims 1 to 9, wherein the structure-stabilizing moiety has

(i) anarginine at the amino acid position corresponding to glutamine 22 of SEQ ID NO: 80;

(ii)  a histidine at the amino acid position corresponding to asparagine 1 of SEQ ID NO: 82;

(iii) athreonine at the amino acid position corresponding to histidine 2 of SEQ ID NO: 82;

(iv) aserine at the amino acid position corresponding to alanine 25 of SEQ ID NO: 82;

(v) aglutamine at the amino acid position corresponding to alanine 26 of SEQ ID NO: 82;

(vi) anasparagine at the amino acid position corresponding to leucine 27 of SEQ ID NO: 82;

(vii) aleucine at the amino acid position corresponding to glutamine 17 of SEQ ID NO: 80;

(viii) a deletion of the amino acid residue at the position corresponding to arginine 37 of SEQ ID NO: 80;
and/or

(ix) a deletion of the amino acid residues at the positions corresponding to glutamine 1 and serine 2 of

SEQ ID NO: 80.

The chimeric polypeptide of any one of claims 1 to 10, wherein the structure-stabilizing moiety comprises

one or more unnatural amino acids.

The chimeric polypeptide of claim 11, wherein the one or more unnatural amino acids permit coupling of
(i) polyethylene glycol (PEG);
(ii) animmune-stimulating moiety; or

(iii) a lipid.

182



10

15

20

25

30

35

13.

14.

15.

16.

17.

18.

WO 2023/187743 PCT/1B2023/053263

The chimeric polypeptide of any one of claims 1 to 12, wherein the microbial polypeptide is a viral or

bacterial surface polypeptide.

The chimeric polypeptide of claim 13, wherein (i) the viral surface polypeptide is an enveloped virus fusion
ectodomain polypeptide; or (ii) the bacterial surface polypeptide is a bacterial outer membrane

polypeptide.

The chimeric polypeptide of claim 14, wherein the enveloped virus fusion ectodomain polypeptide

corresponds to, or is a variant of:

(i) acClass | enveloped virus fusion protein ectodomain;
wherein preferably said ectodomain is from a virus selected from orthomyxoviruses,
paramyxoviruses, orthopneumoviruses, metapneumoviruses, retroviruses, coronaviruses,
filoviruses and arenaviruses; or

(i) aClass Il enveloped virus fusion protein ectodomain;

wherein preferably said ectodomain is from a virus selected from rhabdoviruses and herpesviruses.

The chimeric polypeptide of claim 15, wherein the enveloped virus fusion ectodomain polypeptide

corresponds to, or is a variant of, an ectodomain of a fusion protein from:

(i) arespiratory syncytial virus;

(ii) a metapneumovirus;

(iii) a coronavirus, preferably a betacoronavirus, more preferable a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) or a Middle East respiratory syndrome—related coronavirus (MERS-CoV);

(iv) a henipavirus, preferably a Hendra virus (HeV) or Nipah virus (NiV);

(v) aninfluenza virus, preferably influenza A or influenza B;

(vi) a parainfluenza virus (PIV), preferably a human parainfluenza virus (HPIV);

(vii) an arena virus, preferably Lassa Fever virus; or

(viii) aretrovirus, preferably human T-lymphotropic virus-1 (HTLV-1).

The chimeric polypeptide of claim 14, wherein the bacterial outer membrane polypeptide is:
(i) a Chlamydia major outer membrane protein (MOMP) polypeptide; or

(ii) atrimeric autotransporter adhesin (TAA) polypeptide.

The chimeric polypeptide of claim 17, wherein the TAA polypeptide corresponds to, or is a variant of:

(i) a TAA polypeptide from a bacterium of a genus selected from Neisseria, Escherichia, Haemophilus,
Yersinia, Salmonella, Bartonella, Vibrio, Acinetobacter and Moraxella; and/or

(ii) a TAA polypeptide selected from Neisseria meningitidis adhesin A (NadA), Neisseria meningitidis

hia/hsf homologue (NhhA), Escherichia coli autotransporter G (EhaG), Escherichia coli 1gG-binding
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protein D (EibD), Uropathogenic Escherichia coli autotransporter G (UpaG), Haemophilus influenzae

adhesin (HiA) and Yersinia enterocolitica adhesin (YadA).

The chimeric polypeptide of claim 17 or 18, wherein the TAA polypeptide comprises or consists of:
(i) apassenger domain; and/or

(ii) atranslocator domain.

The chimeric polypeptide of any one of claims 1 to 19, wherein the FHRR and the SHRR comprised in the
SSM are connected by a linker;
wherein preferably the linker comprises or consists of a (poly)peptide with an amino acid sequence

identical to SEQ ID NO: 84 or 85.

The chimeric polypeptide of claim 20, wherein the linker comprises or consists of a membrane tethering

(poly)peptide.

The chimeric polypeptide of any one of claims 1 to 21, further comprising a hinge region which operably

connects the microbial polypeptide, preferably the enveloped virus fusion ectodomain polypeptide

according to any one of claims 14 to 16, 20 and 21 or the bacterial outer membrane polypeptide according

to any one of claims 14 and 17 to 21, with the structure-stabilizing moiety;

wherein preferably the hinge region comprises or consists of:

(i) a (poly)peptide consisting of 3 to 5 amino acid residues selected independently from serine and
glycine;

(ii)  serine and glycine residues;

(i) GGSG;

(iv) GSG;or

(v) G.

The chimeric polypeptide of claim 22, wherein the hinge region comprises or consists of a transmembrane

(poly)peptide.

A chimeric polypeptide comprising a first (poly)peptide operably connected downstream to a structure-
stabilizing moiety, wherein said structure-stabilizing moiety is as defined in any one of claims 1 to 12, 20
and 21;

wherein preferably the first (poly)peptide is a therapeutic (poly)peptide.

A nucleic acid comprising a polynucleotide sequence encoding a chimeric polypeptide as defined in any

one of claims 1 to 24.
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The nucleic acid of claim 25, further comprising a promoter operably linked to the polynucleotide

sequence encoding the chimeric polypeptide; wherein the promoter is preferably a mammalian promoter.

A host cell comprising the nucleic acid of claim 25 or 26.

The host cell of claim 27, wherein the host cell is
(i) aprokaryotic host cell; or

(ii) aeukaryotic host cell.

A method of producing a chimeric polypeptide complex, wherein the method comprises: combining
chimeric polypeptides according to any one of claims 1 to 24 under conditions suitable for the formation
of a chimeric polypeptide complex, whereby a chimeric polypeptide complex is produced that comprises
three chimeric polypeptide subunits and is characterized by a six-helix bundle formed by homo-

trimerization of the structure-stabilizing moieties of the three chimeric polypeptides.

The method of claim 29, wherein the six-helix bundle is composed of an inner trimer of three parallel
oriented, substantially a-helical FHRRs against which three substantially a-helical SHRRs are packed in an

anti-parallel orientation relative to the FHRRs.

A chimeric polypeptide complex that comprises three chimeric polypeptide subunits, wherein each
subunit is a chimeric polypeptide according to any one of claims 1 to 24, and wherein the complex is
characterized by a six-helix bundle formed by homo-trimerization of the structure-stabilizing moieties of

the three chimeric polypeptides.

The chimeric polypeptide complex of claim 31, wherein the six-helix bundle is composed of an inner trimer
of three parallel oriented, substantially a-helical FHRRs against which three substantially a-helical SHRRs

are packed in an anti-parallel orientation relative to the FHRRs.

The chimeric polypeptide complex of claim 31 or 32, wherein the chimeric polypeptide subunits each
comprise an enveloped virus fusion ectodomain polypeptide, and wherein the complex comprises at least

one pre-fusion epitope of an enveloped virus fusion protein.

A composition comprising a chimeric polypeptide according to any one of claims 1 to 24, or a chimeric

polypeptide complex according to any one of claims 31 to 33, and a pharmaceutically acceptable carrier,

diluent or adjuvant.
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A method of identifying an agent that binds with:

a microbial polypeptide or a complex thereof, wherein the method comprises:

(i)

(ii)

contacting a candidate agent with a microbial polypeptide-containing chimeric polypeptide
according to any one of claims 1 to 23 or a microbial polypeptide-containing chimeric polypeptide
complex according to any one of claims 31 to 33; and

detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide

complex;

wherein preferably the candidate agent is part of a compound library (e.g., small molecule or

macromolecule library).

The method of claim 35, wherein the microbial polypeptide or the complex thereof is:

(a)

(b)

a fusion protein of an enveloped virus, or a complex of the fusion protein, respectively, wherein the

method comprises:

(i) contacting the candidate agent with an enveloped virus fusion ectodomain polypeptide-
containing chimeric polypeptide according to any one of claims 14 to 16 or 20 to 23 or an
enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide complex
according to any one of claims 31 to 33, wherein the enveloped virus fusion ectodomain
polypeptide corresponds to the fusion protein of the enveloped virus; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide
complex;

or

an outer membrane polypeptide of a bacterium or a complex of the outer membrane polypeptide,

respectively, wherein the method comprises:

(i) contacting the candidate agent with a bacterial outer membrane polypeptide-containing
chimeric polypeptide according to any one of claims 14 and 17 to 23 or a bacterial outer
membrane polypeptide-containing chimeric polypeptide complex according to claim 31 or 32,
wherein the bacterial outer membrane polypeptide corresponds to the outer membrane
polypeptide of the bacterium; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide

complex.

The method of claim 36(b), wherein the outer membrane polypeptide of a bacterium or the complex

thereofis:

(a)

a trimeric autotransporter adhesin (TAA) polypeptide of a bacterium, or a complex of the TAA
polypeptide, wherein the method comprises:
(i) contacting the candidate agent with a TAA polypeptide-containing chimeric polypeptide

according to any one of claims 17 to 23 or a TAA polypeptide-containing chimeric polypeptide
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complex according to claim 31 or 32, wherein the TAA polypeptide corresponds to the TAA
polypeptide of the bacterium; and
(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide
complex; or(b) a major outer membrane protein (MOMP) polypeptide of a Chlamydia
bacterium or a complex thereof, wherein the method comprises:

(i) contacting the candidate agent with a Chlamydia MOMP polypeptide-containing chimeric
polypeptide according to any one of claims 17 to 23 or a Chlamydia MOMP polypeptide-
containing chimeric polypeptide complex according to claim 31 or 32, wherein the Chiamydia
MOMP polypeptide corresponds to the MOMP polypeptide of the Chlamydia bacterium; and

(ii) detecting binding of the candidate agent to the chimeric polypeptide or chimeric polypeptide

complex.

The method of claim 35, further comprising:

(i) contacting the candidate agent of claim 35 with the microbial polypeptide or the complex thereof
and detecting binding of the candidate agent to the microbial polypeptide or the complex thereof;
and/or

(ii) isolating the candidate agent.

The method of claim 36, further comprising:

(i)  (i-a) contacting the candidate agent of claim 36(a) with the fusion protein or the complex of the
fusion protein and detecting binding of the candidate agent to the fusion protein or the complex of
the fusion protein; or
(i-b) contacting the candidate agent of claim 36(b) with the outer membrane polypeptide or the
complex of the outer membrane polypeptide and detecting binding of the candidate agent to the
outer membrane polypeptide or the complex of the outer membrane polypeptide;
and/or

(ii) isolating the candidate agent.

The method of claim 37, further comprising:

(i)  (i-a) contacting the candidate agent of claim 37(a) with the TAA polypeptide or the complex of the
TAA polypeptide and detecting binding of the candidate agent to the TAA polypeptide or the
complex of the TAA polypeptide; or
(i-b) contacting the candidate agent of claim 37(b) with the MOMP polypeptide or the complex of
the MOMP polypeptide;
and/or

(ii) isolating the candidate agent.
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The method of any one of claims 35 to 40, wherein the candidate agent binds specifically to the chimeric

polypeptide or chimeric polypeptide complex.

The method of any one of claims 35 to 41, wherein the candidate agent binds specifically to the microbial

polypeptide or the complex thereof.

The method of claim 36 or 39, wherein the candidate agent binds specifically to:
(i) the enveloped virus fusion protein or the complex of the fusion protein; or

(ii) the outer membrane polypeptide or the complex of the outer membrane polypeptide.

The method of claim 37 or 40, wherein the candidate agent binds specifically to:
(i) the TAA polypeptide or the complex of the TAA polypeptide; or
(ii) the MOMP polypeptide or the complex of the MOMP polypeptide.

A method of producing an antigen-binding molecule that specifically binds to:

a microbial polypeptide, or a complex thereof, wherein the method comprises:

(1) immunizing a subject with a microbial polypeptide-containing chimeric polypeptide according to any
one of claims 1 to 23, or a microbial polypeptide-containing chimeric polypeptide complex according
to any one of claims 31 to 33, or a composition thereof according to claim 34;

(2) identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
microbial polypeptide or complex thereof; and

(3) producing the antigen-binding molecule expressed by that B cell.

The method of claim 45, wherein the microbial polypeptide or the complex thereof is:
(a) an ectodomain of a fusion protein of an enveloped virus, or complex of the fusion protein, wherein
the method comprises:

(1) immunizing a subject with an ectodomain polypeptide-containing chimeric polypeptide
according to any one of claims 14 to 16 or 20 to 23, or an ectodomain polypeptide-containing
chimeric polypeptide complex according to any one of claims 31 to 33, or a composition thereof
according to claim 34, wherein the ectodomain polypeptide corresponds to the fusion protein of
the enveloped virus;

(2) identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
ectodomain of the fusion protein or complex thereof; and

(3) producing the antigen-binding molecule expressed by that B cell;

or
(b) an outer membrane polypeptide of a bacterium, or a complex of the outer membrane polypeptide,

wherein the method comprises:
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(1)

(2)

(3)

immunizing a subject with a bacterial outer membrane polypeptide-containing chimeric
polypeptide according to any one of claims 14 and 17 to 23, or a bacterial outer membrane
polypeptide-containing chimeric polypeptide complex according to claim 31 or 32, or a
composition thereof according to claim 34, wherein the bacterial outer membrane polypeptide
corresponds to the outer membrane polypeptide of the bacterium;

identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
bacterial outer membrane polypeptide or complex thereof; and

producing the antigen-binding molecule expressed by that B cell.

The method of claim 46(b), wherein the outer membrane polypeptide or the complex thereof is:

(i)

or

(ii)

a TAA polypeptide of a bacterium or a complex thereof, respectively, wherein the method

comprises:

(1)

(2)

(3)

immunizing a subject with a TAA polypeptide-containing chimeric polypeptide according to any
one of claims 17 to 23, or a TAA polypeptide-containing chimeric polypeptide complex
according to claim 31 or 32, or a composition thereof according to claim 34, wherein the TAA
polypeptide corresponds to the TAA polypeptide of the bacterium;

identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
TAA polypeptide or complex thereof; and

producing the antigen-binding molecule expressed by that B cell;

a major outer membrane protein (MOMP) polypeptide of a Chlamydia bacterium or a complex

thereof, respectively, wherein the method comprises:

(1)

(2)

(3)

immunizing a subject with a Chlamydia MOMP polypeptide-containing chimeric polypeptide
according to any one of claims 17 to 23, or a Chlamydia MOMP polypeptide-containing
chimeric polypeptide complex according to claim 31 or 32, or a composition thereof according
to claim 34, wherein the Chlamydia MOMP polypeptide corresponds to the MOMP polypeptide
of the Chlamydia bacterium;

identifying and/or isolating a B cell from the immunised subject, which specifically binds to the
Chlamydia MOMP polypeptide or complex thereof; and

producing the antigen-binding molecule expressed by that B cell.

An antigen-binding molecule that specifically binds to:

the microbial polypeptide of a microbial polypeptide-containing chimeric polypeptide according to any

one of claims 1 to 23 and/or the microbial polypeptide of one or more subunits of a microbial polypeptide-

containing chimeric polypeptide complex according to any one of claims 31 to 33.

The antigen-binding molecule of claim 48, wherein the antigen-binding molecule specifically binds to:
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(i)

or

(ii)

the ectodomain of an enveloped virus fusion ectodomain polypeptide-containing chimeric
polypeptide according to any one of claims 14 to 16 or 20 to 23; and/or the ectodomain of one or
more subunits of an enveloped virus fusion ectodomain polypeptide-containing chimeric

polypeptide complex according to any one of claims 31 to 33;

the bacterial outer membrane polypeptide of a bacterial outer membrane polypeptide-containing
chimeric polypeptide according to any one of claims 14 and 17 to 23; and/or the bacterial outer
membrane polypeptide of a bacterial outer membrane polypeptide-containing chimeric polypeptide

complex according to claim 31 or 32.

The antigen-binding molecule of claim 49(ii), wherein the antigen-binding molecule specifically binds to:

(i)

(i)

the TAA polypeptide of a TAA polypeptide-containing chimeric polypeptide according to any one of
claims 17 to 23; and/or the TAA polypeptide of a TAA polypeptide-containing chimeric polypeptide
complex according to claim 31 or 32; or

the Chlamydia major outer membrane protein (MOMP) polypeptide of a Chlamydia MOMP
polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23; and/or the
Chlamydia MOMP polypeptide of a Chlamydia MOMP polypeptide-containing chimeric polypeptide

complex according to according to claim 31 or 32.

An antigen-binding molecule that is obtainable by:

(i)

(ii)
(i)
(iv)
{v)

the method of any of claims 45 to 47;
the method of claim 46(a);

the method of claim 46(b);

the method of claim 47(i); or

(

the method of claim 47(ii).

A composition comprising an antigen-binding molecule according to any one of claims 48 to 51, and a

pharmaceutically acceptable carrier, diluent or adjuvant.

A composition comprising the nucleic acid according to claim 25 or 26.

The composition of claim 53, wherein the chimeric polypeptide, which is encoded by the polynucleotide

sequence comprised in the nucleic acid, is:

(i)
(i)

a microbial polypeptide-containing chimeric polypeptide according to any one of claims 1 to 23; or

a first (poly)peptide-containing chimeric polypeptide according to claim 24.

The composition of claim 54(i), wherein the microbial polypeptide-containing chimeric polypeptide is:
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(i) an enveloped virus fusion ectodomain polypeptide-containing chimeric polypeptide according to
any one of claims 14 to 16 and 20 to 23; or
(ii) a bacterial outer membrane polypeptide-containing chimeric polypeptide according to any one of

claims 14 and 17 to 23.

The composition of claim 55(ii), wherein the bacterial outer membrane polypeptide-containing chimeric
polypeptide is:

(i) aTAA polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23; or

(ii) a Chlamydia major outer membrane protein (MOMP) polypeptide-containing chimeric polypeptide

according to any one of claims 17 to 23.

The composition of any one of claims 53 to 56, wherein the nucleic acid comprises or consists of RNA.

The composition of claim 57, wherein the RNA comprises at least one modified nucleotide;
wherein preferably the at least modified nucleotide is a modified uridine, more preferable a methylated

derivative of uridine, most preferably a N1-methyl-pseudouridine.

The composition of claim 57 or 58, wherein the RNA is formulated in a delivery vehicle which is a liposome,
lipoplex or lipid nanoparticle (LNP);
wherein preferably the lipid nanoparticle (LNP) comprises a cationic lipid, a neutral lipid, a steroid, and/or

a PEGylated lipid.

The composition of any one of claims 53 to 56, wherein the nucleic acid comprises or consists of DNA;

wherein preferably the DNA is comprised in a plasmid.

A chimeric polypeptide according to any one of claims 1 to 24, a nucleic acid according to claims 25 or 26,
a host cell according to claim 27 or 28, a chimeric polypeptide complex according to any one of claims 31
to 33, a composition according to claim 34, an antigen-binding molecule according to any one of claims

48 to 51, or a composition according to any one of claims 52 to 60, for use as a medicament.

A method of eliciting an immune response to:

a microbial polypeptide, or a complex thereof, in a subject, wherein the method comprises administering

to the subject:

(i) a microbial polypeptide-containing chimeric polypeptide according to any one of claims 1 to 23, a
microbial polypeptide-containing chimeric polypeptide complex according to any one of claims 31
to 33, or a composition thereof according to claim 34; or

(ii) a composition according to claim 54(i) or any of its dependent claims 55 to 60.
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63.  The method of claim 62, wherein the microbial polypeptide, or the complex thereof, is:
(a) a fusion protein of an enveloped virus, or a complex of the fusion protein, respectively, wherein the
method comprises administering to the subject:

(i) an enveloped virus fusion ectodomain-containing chimeric polypeptide according to any one of
claims 14 to 16 or 20 to 23, an enveloped virus fusion ectodomain-containing chimeric
polypeptide complex according to any one of claims 31 to 33, or a composition thereof according
to claim 34; or

(ii) a composition according to claim 55(i) or any of its dependent claims 57 to 60;

wherein an ectodomain polypeptide subunit of the chimeric polypeptide complex corresponds to the

fusion protein of the enveloped virus;

or
(b) an outer membrane polypeptide of a bacterium, or a complex of the outer membrane polypeptide,
respectively, wherein the method comprises administering to the subject:

(i) a bacterial outer membrane polypeptide-containing chimeric polypeptide according to any one
of claims 14 and 17 to 23, a bacterial outer membrane polypeptide-containing chimeric
polypeptide complex according to claim 31 or 32, or a composition thereof according to claim
34; or

(ii) a composition according to claim 55(ii) or any one of its dependent claims 56 to 60;

wherein a bacterial outer membrane polypeptide subunit of the chimeric polypeptide complex

corresponds to, or substantially corresponds to, a bacterial outer membrane polypeptide expressed

by the bacterium.

64. The method of claim 63(b), wherein the bacterial outer membrane polypeptide, or the complex thereof,
is:
(a) TAA polypeptide of a bacterium, or a complex of the TAA polypeptide, respectively, wherein the
method comprises administering to the subject:

(i) a TAA polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23, a
TAA polypeptide-containing chimeric polypeptide complex according to claim 31 or 32, or a
composition thereof according to claim 34; or

(ii) a composition according to claim 56(i) or any one of its dependent claims 57 to 60;

wherein a TAA polypeptide subunit of the chimeric polypeptide complex corresponds to, or

substantially corresponds to, a TAA polypeptide expressed by the bacterium;

or

(b) Chlamydia major outer membrane protein (MOMP) polypeptide, or a complex of the Chlamydia

MOMP polypeptide, respectively, wherein the method comprises administering to the subject:
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(i) a Chlamydia MOMP polypeptide-containing chimeric polypeptide according to any one of claims
17 to 23, a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex according
to claim 31 or 32, or a composition thereof according to claim 34; or

(ii) a composition according to claim 56(ii) or any one of its dependent claims 57 to 60;

wherein a Chlamydia MOMP polypeptide subunit of the chimeric polypeptide complex corresponds

to, or substantially corresponds to, a Chlamydia MOMP polypeptide expressed by the bacterium.

65. A method for treating or preventing a microbial infection in a subject, wherein the method comprises
administering to the subject an effective amount of:
(i) a microbial polypeptide-containing chimeric polypeptide according to any one of claims 1 to 23, a
microbial polypeptide-containing chimeric polypeptide complex according to any one of claims 31
to 33, or a composition thereof according to claim 34;
(ii) anantigen binding molecule according to claim 48 to 51, or a composition thereof according to claim
52; or

(iii) a composition according to claim 54(i) or any of its dependent claims 55 to 60.

66. The method of claim 65, wherein the microbial infection is:
(a) an enveloped virus infection in a subject, wherein the method comprises administering to the subject
an effective amount of:

(i) an enveloped virus fusion ectodomain-containing chimeric polypeptide according to any one of
claims 14 to 16 or 20 to 23, an enveloped virus fusion ectodomain-containing chimeric
polypeptide complex according to any one of claims 31 to 33, or a composition thereof according
to claim 34;

(ii) an antigenbinding molecule according to claim 49(i) or 51(ii), or a composition thereof according
to claim 52; or

(iii) a composition according to claim 55(i) or any one of its dependent claims 57 to 60;

or
(b) a bacterial infection in a subject, wherein the method comprises administering to the subject an
effective amount of:

(i) a bacterial outer membrane polypeptide-containing chimeric polypeptide according to any one
of claims 14 and 17 to 23, a bacterial outer membrane polypeptide-containing chimeric
polypeptide complex according to claim 31 or 32, or a composition thereof according to claim
34;

(ii) an antigen-binding molecule according to claim 49(ii), 50 and 51(iii-v), or a composition thereof
according to claim 52; or

(iii) a composition according to claim 55(ii) or any one of its dependent claims 56 to 60.
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67. The method of claim 66(b), wherein the bacterial infection is:
(a) an infection by a TAA-expressing bacterium, wherein the method comprises administering to the
subject an effective amount of:

(i) a TAA polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23, a
TAA polypeptide-containing chimeric polypeptide complex according claim 31 or 32, or a
composition thereof according to claim 34;

(ii) an antigen-binding molecule according to claim 50(i) or 51(iv), or a composition thereof
according to claim 52; or

(iii) a composition according to claim 56(i) or any one of its dependent claims 57 to 60;

or
(b) an infection by a Chlamydia bacterium, wherein the method comprises administering to the subject
an effective amount of:

(i) a Chlamydia MOMP polypeptide-containing chimeric polypeptide according to any one of claims
17 to 23, a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex according
claim 31 or 32, or a composition thereof according to claim 34;

(ii) an antigen-binding molecule according to claim 50(ii) or 51(v), or a composition thereof
according to claim 52; or

(iii) a composition according to claim 56(ii) or any one of its dependent claims 57 to 60.

68. A vaccine comprising:

(i) a microbial polypeptide-containing chimeric polypeptide according to any one of claims 1 to 23, a
microbial polypeptide-containing chimeric polypeptide complex according to any one of claims 31
to 33, or a composition thereof according to claim 34; or

(ii) a composition according to claim 54(i) or any of its dependent claims 55 to 60;

for use in a method of eliciting an immune response to a microbial polypeptide, or a complex of the

microbial polypeptide, in a subject.

69.  The vaccine for use according to claim 68, wherein the microbial polypeptide is:
(a) anenveloped virus fusion ectodomain polypeptide, and the vaccine comprises:

(i) an enveloped virus fusion ectodomain-containing chimeric polypeptide according to any one of
claims 14 to 16 or 20 to 23, an enveloped virus fusion ectodomain polypeptide-containing
chimeric polypeptide complex according to any one of claims 31 to 33, or a composition thereof
according to claim 34; or

(ii) a composition according to claim 55(i) or any one of its dependent claims 57 to 60;

for use in a method of eliciting an immune response to a fusion protein of an enveloped virus, or a complex
of the fusion protein, in a subject, and wherein an ectodomain polypeptide subunit of the chimeric

polypeptide complex corresponds to the fusion protein of the enveloped virus;
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or
(b) abacterial outer membrane polypeptide, and the vaccine comprises:

(i) abacterial outer membrane polypeptide-containing chimeric polypeptide according to any one
of claims 14 and 17 to 23, a bacterial outer membrane polypeptide-containing chimeric
polypeptide complex according to claim 31 or 32, or a composition thereof according to claim
34; or

(ii) a composition according to claim 55(ii) or any one of its dependent claims 56 to 60;

for use in a method of eliciting an immune response to an outer membrane polypeptide of a bacterium,
or a complex of the outer membrane polypeptide, in a subject, and wherein an outer membrane
polypeptide subunit of the chimeric polypeptide complex corresponds to an outer membrane polypeptide

of the bacterium.

The vaccine for use according to claim 69, wherein the bacterial outer membrane polypeptide is:
(a) abacterial trimeric autotransporter adhesin (TAA) polypeptide, and the vaccine comprises:

(i) aTAA polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23, a
TAA polypeptide-containing chimeric polypeptide complex according to claim 31 or 32, or a
composition thereof according to claim 34; or

(ii) a composition according to claim 56(i) or any one of its dependent claims 57 to 60;

for use in a method of eliciting an immune response to a TAA polypeptide of a bacterium, or complex of
the TAA polypeptide, in a subject, and wherein a TAA polypeptide subunit of the chimeric polypeptide
complex corresponds to a TAA polypeptide of the bacterium;

or

(b) a Chlamydia MOMP polypeptide, and the vaccine comprises:

(i) a Chlamydia MOMP polypeptide-containing chimeric polypeptide according to any one of
claims 17 to 23, a Chlamydia MOMP polypeptide-containing chimeric polypeptide complex
according to claim 31 or 32, or a composition thereof according to claim 34; or

(ii) a composition according to claim 56(ii) or any one of its dependent claims 57 to 60;

for use in a method of eliciting an immune response to a MOMP polypeptide of a Chlamydia bacterium,
or complex of the MOMP polypeptide, in a subject, and wherein a MOMP polypeptide subunit of the

chimeric polypeptide complex corresponds to a MOMP polypeptide of the Chlamydia bacterium.

A microbial polypeptide-containing chimeric polypeptide according to any one of claims 1 to 23, a
microbial polypeptide-containing chimeric polypeptide complex according to any one of claims 31 to 33
or a composition thereof according to claim 34, or an antigen-binding molecule according to any one of
claims 48 to 51 or a composition thereof according to claim 52, or a composition according to claim 54(i)
or any of its dependent claims 55 to 60, for use in a method for treating or preventing a microbial infection

in a subject.
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72.  The microbial polypeptide-containing chimeric polypeptide for use according to claim 71, wherein the

microbial polypeptide is:

(a)

(b)

an enveloped virus fusion ectodomain polypeptide, and provided is an enveloped virus fusion
ectodomain polypeptide-containing chimeric polypeptide according to any one of claims 14 to 16
and 20 to 23, an enveloped virus fusion ectodomain-containing chimeric polypeptide complex
according to any one of claims 31 to 33 or a composition thereof according to claim 34, or an antigen
binding molecule according to claim 49(i) or 51(ii) or a composition thereof according to claim 52, or
a composition according to claim 55(i) or any of its dependent claims 57 to 60, for use in a method
for treating or preventing an enveloped virus infection in a subject; or

a bacterial outer membrane polypeptide, and provided is a bacterial outer membrane polypeptide-
containing chimeric polypeptide according to any one of claims 14 and 17 to 23, a bacterial outer
membrane polypeptide-containing chimeric polypeptide complex according to claim 31 or 32 or a
composition thereof according to claim 34, or an antigen-binding molecule according to any one of
claims 49(ii), 50 and 51(iii-v) or a composition thereof according to claim 52, or a composition
according to claim 55(ii) or any one of its dependent claims 56 to 60, for use in a method for treating

or preventing a bacterial infection in a subject.

73.  The microbial polypeptide-containing chimeric polypeptide for use according to claim 72(b), wherein the

bacterial outer membrane polypeptide is:

(a)

or

(b)

a bacterial trimeric autotransporter adhesin (TAA) polypeptide, and provided is a bacterial TAA
polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23, a TAA
polypeptide-containing chimeric polypeptide complex according to claim 31 or 32 or a composition
thereof according to claim 34, or an antigen-binding molecule according to claim 50(i) or 51(iv) or a
composition thereof according to claim 52, or a composition according to claim 56(i) or any one of
its dependent claims 57 to 60, for use in a method for treating or preventing a bacterial infection by

a TAA-expressing bacterium in a subject;

a Chlamydia major outer membrane protein (MOMP) polypeptide, and provided is a Chlamydia
MOMP polypeptide-containing chimeric polypeptide according to any one of claims 17 to 23, a
Chlamydia MOMP polypeptide-containing chimeric polypeptide complex according to claim 31 or 32
or a composition thereof according to claim 34, or an antigen-binding molecule according to claim
50(ii) or 51(v) or a composition thereof according to claim 52, or a composition according to claim
56(ii) or any one of its dependent claims 57 to 60, for use in a method for treating or preventing a

Chlamydia infection in a subject.
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