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POLYPEPTIDE

FIELD OF THE INVENTION

The present invention relates to molecules with therapeutic activity against a coronavirus

infection.

BACKGROUND TO THE INVENTION

In December 2019, a novel coronavirus (SARS-CoV-2, COVID-19 or 2019-nCoV) crossed
species barriers to infect humans and was effectively transmitted from person to person,
leading to a pneumonia outbreak first reported in Wuhan, China. This virus causes
coronavirus disease-19 (COVID-19) with influenza like symptoms ranging from mild
disease to severe lung injury and multi-organ failure, eventually leading to death, especially
in older patients with other co-morbidities. The WHO has declared that COVID-19 is a
public health emergency of pandemic proportions. The SARS-CoV-2 pandemic is not only
an enormous burden to public health but has already markedly affected civil societies and

the global economy.

SARS-CoV-2 is currently considered a worldwide pandemic outbreak, with more than 100
million confirmed cases and more than 2 million confirmed deaths as of January 2021. Trials
are currently ongoing for the antiviral reagents Remdesivir (Gilead), Chloroquine and
hydroxychloroquine, and Ritonavir/Lopinavir (Kaletra, AbbVie). Other companies such as
EliLilly/AbCeller, Takeda, and Regeneron are also testing neutralising antibodies, while a
number of vaccine strategies have been approved (notably those from Astra Zeneca,

Pfizer/BioNTech and Moderna) or are currently being investigated.

Recent structural data has elucidated the mechanism by which SARS-CoV-2 viral particles
enter cells. SARS-CoV-2 has been shown to bind to angiotensin-converting enzyme 2
(ACE2) via the spike protein (S protein) on its surface (Figure 1). In a recent publication,
Lei at al. described a recombinant ACE2-Fc¢ fusion protein able to neutralize SARS-CoV-2
(Lei et al., 2020, bioRxiv 2020.02.01.929976; https://doi.org/10.1101/2020.02.01.929976).
A similar construct was also effective against SARS-CoV in 2003 (Moore et al., 2004, J
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Virol 78:10628-35). A pilot clinical trial from GSK (NCT01597635) using a recombinant
version of ACE2 (GSK2586881) proved to be well tolerated in patients with acute
respiratory distress syndrome (Khan et al., 2017, Crit Care 21:234). However, it is not clear
whether the catalytic activity of ACE2 will have an adverse effect on the renin-angiotensin

system and provoke detrimental and possibly long-term effects on patients.

A recent study reported that CD147 may bind S protein of SARS-CoV-2 and possibly be
,  bioRxiv 2020.03.14.988345;
https://doi.org/10.1101/2020.03.14.988345). Consequently, meplazumab, a humanised anti-
CD147 antibody is being tested in patients with SARS-CoV-2 pneumonia.

involved in host cell invasion (Wang et al.

Although SARS-CoV and SARS-CoV-2 S proteins share a high amino acid homology
(76.5%), neutralising antibodies against SARS-CoV have been shown to decrease SARS-
CoV-2 infectivity but did not block it entirely (Hoffmann et al., 2020, Cell, in press; Walls
et al., 2020, Cell, in press). Moreover, due to the nature of SARS-CoV-2, a high mutation
rate is expected as a result of selective pressure. Several strain variants have already been
described in the literature, which in some cases presented mutations within the receptor
binding domain (RDB) of the S protein (Ou et al., 2020, bioRxiv 2020.03.15.991844;
doi:10.1101/2020.03.15.991844; Wang et al.,, 2020, J Med Virol, early view;
doi:10.1002/jmv.25762). Some of the RDB mutations resulted in a higher binding affinity
for ACE2 (Ou et al.,, 2020, bioRxiv 2020.03.15.991844; do0i:10.1101/2020.03.15.991844).
This occurrence may prevent successful application of neutralising antibodies in clinical

therapy.

Paradoxically, non-neutralizing antibodies to variable S domains may enable an alternative
infection pathway via Fc receptor-mediated uptake. These antibodies can act to enhance viral
infection by aiding viral entry into target and non-target cells. This mechanism of improved
virus uptake, termed antibody-dependent enhancement (ADE) of infection. Prior studies
involving anti-spike protein antibodies (Yip et al., 2014, Virol J 11:82) and vaccine
candidates for SARS-CoV (Wang et al., 2014, Biochem Biophys Res Commun 451:208-14)
and Middle East Respiratory Syndrome coronavirus (MERS-CoV) (Agrawal et al., 2016,
Hum Vaccine Immunother 12:2351-6) demonstrate vaccination-induced ADE of disease,

including infection of phagocytic antigen presenting cells (APC) — so-called extrinsic ADE.
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Once internalised, these immunocomplexes may modulate innate antiviral cells responses to
increase virus production substantially in each cell, a process termed intrinsic ADE.
Together, extrinsic and intrinsic ADE are thought to prompt the massive release of
inflammatory and vasoactive mediators that ultimately contribute to disease severity.
Sequence and structural conservation of S motifs suggests that SARS and MERS vaccine
ADE risks may foreshadow the risks of SARS-CoV-2 S-based vaccine or antibody mediated

approaches.

The rapid mutation rate of coronaviruses, and particularly of SARS-CoV-2, has already
revealed weaknesses in the antibody and vaccine approaches. Therefore, there is a need in
the art to provide effective therapeutics for the treatment of human-infecting coronaviruses

and, especially, SARS-CoV-2.

SUMMARY OF ASPECTS OF THE INVENTION

The present inventors have generated a series of molecular clamps with ability to neutralise
coronaviruses, and SARS-CoV-2 in particular. These molecular clamps are based on
angiotensin converting enzyme type 2 (ACE2), CD147 and/or antibodies that are specific
for the coronavirus S protein. The avidity of these molecules for coronavirus virions has
been increased following different genetic engineering approaches, ranging from
oligomerisation to combining these molecules into fusion proteins. Through stronger
interactions with the coronavirus S protein and/or the virions, the inefficient neutralisation
capacity of previous targeting approaches is improved. Moreover, the use of two or more

binding events minimises the risk of viral escape mechanisms through viral mutation.

Thus, in a first aspect, the present invention provides a polypeptide comprising:
a) a domain A which comprises the sequence shown as SEQ ID NO: 104, and
b) a domain O which comprises the sequence shown as SEQ ID NO: 121.

The polypeptide according to the first aspect may comprise or consist of the amino acid

sequence shown as SEQ ID NO: 125.
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In a second aspect, the present invention provides a nucleic acid encoding the polypeptide

according to the first aspect of the invention.

In a third aspect, the present invention provides an expression cassette comprising the

nucleic acid according to the second aspect of the invention.

In a fourth aspect, the present invention provides a vector comprising the nucleic acid
according to the second aspect of the invention or the expression cassette according to the

third aspect of the invention.

In an fifth aspect, the present invention provides a cell comprising the nucleic acid according
to the second aspect of the invention or the expression cassette according to the third aspect

of the invention, or the vector according to the fourth aspect of the invention.

In a sixth aspect, the present invention provides a pharmaceutical composition comprising
the polypeptide according to the first aspect of the invention, or the nucleic acid according
to the second aspect of the invention, or the expression cassette according to the third aspect
of the invention, or the vector according to the fourth aspect of the invention, or the cell
according to the fifth aspect of the invention and a pharmaceutically acceptable carrier,

diluent, excipient or adjuvant.

In a seventh aspect, the present invention provides a polypeptide according to the first aspect
of the invention, or a pharmaceutical composition according to the sixth aspect of the

invention, for use in medicine.

In an eighth aspect, the present invention provides a polypeptide according to the first aspect
of the invention, or a pharmaceutical composition according to the sixth aspect of the
invention, for use in the treatment of a coronavirus infection or a condition or disorder

resulting from this infection.

In a ninth aspect, the present invention provides a use of a polypeptide according to the first

aspect of the invention, or a pharmaceutical composition according to the sixth aspect of the
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invention, in the manufacturing of a medicament for the treatment of a coronavirus infection

or a condition or disorder resulting from this infection.

In an tenth aspect, the present invention provides a method for treating a coronavirus
infection or a condition or disorder resulting from this infection in a subject in need thereof
comprising a step of administering a polypeptide according to the first aspect of the
invention, or a pharmaceutical composition according to the sixth aspect of the invention, to

the subject.

In a eleventh aspect, the present invention provides a method of neutralising a coronavirus
infection, comprising a step of contacting a polypeptide according to the first aspect of the
invention, or a pharmaceutical composition according to the sixth aspect of the invention,

with a cell infected with said coronavirus.

In a twelfth aspect, the present invention provides a method for treating a subject having
COVID-19 of unknown SARS-CoV-2 strain, comprising a step of administering a
polypeptide according the first aspect of the invention, or a pharmaceutical composition

according to the sixth aspect of the invention to the subject.

In a thirteenth aspect, the present invention provides a method for treating a subject
previously immunised with a vaccine based on S protein depicted under Uniprot accession
number PODTC2, comprising a step of administering a polypeptide according the first aspect
of the invention, or a pharmaceutical composition according to the sixth aspect of the

invention to the subject.

In a fourteenth aspect, the present invention provides a method for treating a subject
previously treated with antibodies specific to S protein depicted under Uniprot accession
number PODTC2, comprising a step of administering a polypeptide according the first aspect
of the invention, or a pharmaceutical composition according to the sixth aspect of the

invention to the subject.

In a fifteenth aspect, the present invention provides a method for treating a subject previously

infected with a first SARS-CoV-2 strain who is currently infected with a second SARS-
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CoV-2 strain, wherein the first and second SARS-CoV-2 strains are different, comprising a
step of administering a polypeptide according the first aspect of the invention, or a

pharmaceutical composition according to the sixth aspect of the invention to the subject.

In a sixteenth aspect, the present invention provides a method for treating a coronavirus
infection of one SARS-CoV-2 strain selected from wild-type, variant D614G, variant
A222V, variant S477N, variant B.1.1.7, variant B.1.351, and variant B.1.1.28, comprising a
step of administering a polypeptide according the first aspect of the invention, or a

pharmaceutical composition according to the sixth aspect of the invention to the subject.

In a seventeenth aspect, the present invention provides a method of neutralising a
coronavirus infection, comprising a step of contacting a polypeptide according the first
aspect of the invention, or a pharmaceutical composition according to the sixth aspect of the

invention with a cell infected with said coronavirus.

The coronavirus in the eighth, ninth, tenth, and seventeenth aspects of the invention may be

SARS-CoV-2.

FURTHER ASPECTS OF THE INVENTION

The present invention also relates to the aspects listed in the following numbered paragraphs:

1. A polypeptide comprising:
a) adomain A which comprises the ectodomain of human angiotensin converting enzyme
type 2 (hACE2), a fragment thereof comprising the amino acid sequence shown as
SEQ ID NO: 3, or a variant thereof which maintains the capacity of hACE2 to interact
with the S protein of coronavirus, and
b) a domain O which comprises an oligomerisation domain,
wherein the oligomerisation domain is selected from an IgG Fc region or a variant thereof
which does not interact with FcyRI, FcyRIla and FcyRIIL, an IgM Fc region, an IgA Fc
region, a collagen X VIII trimerizing structural element, a collagen XV trimerizing structural

element, a foldon domain, a TenC domain and a coiled coil domain,
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with the proviso that if the domain A consists of the ectodomain of hACE2 then the domain
O is not the IgG1 Fc region.

2. A polypeptide comprising:
a) adomain A which comprises the ectodomain of human angiotensin converting enzyme
type 2 (hACE2), a fragment thereof comprising the amino acid sequence shown as
SEQ ID NO: 3, or a variant thereof which maintains the capacity of hACE2 to interact
with the S protein of coronavirus,
b) a domain O which comprises an oligomerisation domain, and
¢) a domain C which comprises the ectodomain of CD147 or a fragment thereof

comprising the amino acid sequence shown as SEQ ID NO: 8 or SEQ ID NO: 9.

3. The polypeptide according to paragraph 2, wherein the oligomerisation domain is
selected from an IgG Fc region or a variant thereof which does not interact with FcyRI,
FcyRlIla and FcyRIIL, an IgM Fc region, an IgA Fc region, a collagen XVIII trimerizing
structural element, a collagen XV trimerizing structural element, a foldon domain, a TenC

domain and a coiled coil domain.

4. The polypeptide according to any of paragraphs 1 to 3, wherein the variant thereof which
maintains the capacity of hACE2 to interact with the S protein of coronavirus comprises the

sequence shown as SEQ ID NO: 104,

5. The polypeptide according to any of paragraphs 1 to 4, further comprising a domain
ABD, wherein the domain ABD comprises an antigen-binding domain that binds specifically

to a coronavirus spike protein (S protein).

6. The polypeptide according to paragraph 5, wherein the ectodomain of hACE2, or a
fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 3, or a variant
thereof which maintains the capacity of hACE?2 to interact with the S protein of coronavirus,

and the antigen-binding domain bind to different epitopes on the S protein of coronavirus.

7. The polypeptide according to paragraph 4, wherein the ectodomain of CD147, or a
fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 8 or SEQ ID
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NO: 9, and the antigen-binding domain bind to different epitopes on the coronavirus S

protein.

8. The polypeptide according to any of paragraphs 1 to 7, further comprising a domain
ALB which comprises an antigen-binding domain that binds specifically to albumin, or an
albumin domain, or an antigen-binding domain that binds specifically to albumin, or an

albumin-binding-peptide, or an albumin-binding domain of a Streptococcus protein.

9. The polypeptide according to any of paragraphs 1 to 8, wherein each of domain A,
domain O, and, where present, domain C, domain ABD and/or domain ALB, are joined by

a linker.

10. The polypeptide according to paragraph 4, which comprises the amino acid sequence

shown as SEQ ID NO: 125.

11. A polypeptide comprising:
a) a domain C which comprises the ectodomain of CD147 or a fragment thereof
comprising the amino acid sequence shown as SEQ ID NO: 8 or a fragment thereof
comprising the amino acid sequence shown as SEQ ID NO: 9, and

b) a domain O which comprises an oligomerisation domain.

12. The polypeptide according paragraph 11, wherein the oligomerisation domain is
selected from an IgG Fc region or a variant thereof which does not interact with FcyRI,
FcyRlIla and FcyRIIL, an IgM Fc region, an IgA Fc region, a collagen XVIII trimerizing
structural element, a collagen XV trimerizing structural element, a foldon domain, a TenC

domain and a coiled coil domain.

13. The polypeptide according to any of paragraphs 11 or 12, further comprising a domain
ABD, wherein the domain ABD comprises an antigen-binding domain that binds specifically

to a coronavirus S protein.

14. The polypeptide according to any of ¢ paragraphs laims 11 to 13, further comprising a

domain ALB which comprises an antigen-binding domain that binds specifically to albumin,
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or an albumin domain, or an antigen-binding domain that binds specifically to albumin, or

an albumin-binding-peptide, or an albumin-binding domain of a Streptococcus protein.

15. The polypeptide according to any of paragraphs 11 to 14, wherein each of domain C,

domain O, and, where present, domain ABD and/or domain ALB, are joined by a linker.

16. The polypeptide according to paragraph 15, wherein the linker is (Gly4Ser)3 (SEQ ID
NO: 6).

17. A polypeptide comprising:
a) a domain ABD which comprises an antigen-binding domain that binds specifically to
a coronavirus S protein, and

b) a domain O which comprises an oligomerisation domain.

18. The polypeptide according paragraph 17, wherein the oligomerisation domain is
selected from an IgG Fc region or a variant thereof which does not interact with FcyRI,
FcyRlIla and FcyRIIL, an IgM Fc region, an IgA Fc region, a collagen XVIII trimerizing
structural element, a collagen XV trimerizing structural element, a foldon domain, a TenC

domain and a coiled coil domain.

19. The polypeptide according to any of paragraphs 17 or 18, further comprising a domain
ALB which comprises an antigen-binding domain that binds specifically to albumin, or an
albumin domain, or an antigen-binding domain that binds specifically to albumin, or an

albumin-binding-peptide, or an albumin-binding domain of a Streptococcus protein.

20. The polypeptide according to any of paragraphs 17 to 19, wherein domain ABD and

domain O, and, where present, domain ALB, are joined by a linker.

21. The polypeptide according to paragraph 20, wherein the linker is (Gly4Ser)3 (SEQ ID
NO: 6).
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22. The polypeptide according to any of paragraphs 4 to 10 and 13 to 21, wherein the
antigen-binding domain binds to the S1 subunit or the S2 subunit of the coronavirus S

protein.

23. The polypeptide according to any of paragraphs 4 to 10 and 13 to 22, wherein the

antigen-binding domain is selected from a scFv or a domain antibody (dAb or VH).

24. The polypeptide according to any of paragraphs 4 to 10 and 13 to 23, wherein the
antigen-binding domain comprises the CDR1, CDR2 and CDR3 from one of the following
sequences:

- a VH sequence of SEQ ID NO: 10 and a VL sequence of SEQ ID NO: 11;

- a VH sequence of SEQ ID NO: 12 and a VL sequence of SEQ ID NO: 13;

- a VH sequence of SEQ ID NO: 14 and a VL sequence of SEQ ID NO: 15;

- a VH sequence of SEQ ID NO: 16 and a VL sequence of SEQ ID NO: 17;

- a VH sequence of SEQ ID NO: 18 and a VL sequence of SEQ ID NO: 19;

- a VH sequence of SEQ ID NO: 20 and a VL sequence of SEQ ID NO: 21;

- a VH sequence of SEQ ID NO: 22 and a VL sequence of SEQ ID NO: 23;

2

- a VH sequence of SEQ ID NO: 24 and a VL sequence of SEQ ID NO: 25;

2

- a VH sequence of SEQ ID NO: 26 and a VL sequence of SEQ ID NO: 27;

2

- a VH sequence of SEQ ID NO: 28 and a VL sequence of SEQ ID NO: 29;

- a VH sequence of SEQ ID NO: 30 and a VL sequence of SEQ ID NO: 31;
- a VH sequence of SEQ ID NO: 32 and a VL sequence of SEQ ID NO: 33;
- a VH sequence of SEQ ID NO: 34 and a VL sequence of SEQ ID NO: 35;
- a VH sequence of SEQ ID NO: 36 and a VL sequence of SEQ ID NO: 37;
- a VH sequence of SEQ ID NO: 38 and a VL sequence of SEQ ID NO: 39;
- a VH sequence of SEQ ID NO: 40 and a VL sequence of SEQ ID NO: 41;
- a VH sequence of SEQ ID NO: 42 and a VL sequence of SEQ ID NO: 43;

2

- a VH sequence of SEQ ID NO: 44 and a VL sequence of SEQ ID NO: 45;

2

- a VH sequence of SEQ ID NO: 46 and a VL sequence of SEQ ID NO: 47;

2

- a VH sequence of SEQ ID NO: 48 and a VL sequence of SEQ ID NO: 49;
- a VH sequence of SEQ ID NO: 50 and a VL sequence of SEQ ID NO: 51;
- a VH sequence of SEQ ID NO: 52 and a VL sequence of SEQ ID NO: 53;

- a VH sequence of SEQ ID NO: 58;
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25. The polypeptide according to paragraph 24, wherein the antigen-binding domain

a VH sequence of SEQ ID NO
a VH sequence of SEQ ID NO

comprises

a VH sequence of SEQ ID NO

a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
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. 59; and
- 60.

: 10 and a VL sequence of SEQ ID NO:
12 and a VL sequence of SEQ ID NO:
14 and a VL sequence of SEQ ID NO:
16 and a VL sequence of SEQ ID NO:
18 and a VL sequence of SEQ ID NO:
20 and a VL sequence of SEQ ID NO:
22 and a VL sequence of SEQ ID NO:
24 and a VL sequence of SEQ ID NO:
26 and a VL sequence of SEQ ID NO:
28 and a VL sequence of SEQ ID NO:
30 and a VL sequence of SEQ ID NO:
32 and a VL sequence of SEQ ID NO:
34 and a VL sequence of SEQ ID NO:
36 and a VL sequence of SEQ ID NO:
38 and a VL sequence of SEQ ID NO:
40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:
48 and a VL sequence of SEQ ID NO:
50 and a VL sequence of SEQ ID NO:
52 and a VL sequence of SEQ ID NO:

58;

59; and
60.

26. The polypeptide according to any of paragraphs 1 to 25, which is pegylated.

11;
13;

2

15;

2

17;

2

19;

2

21;

2

23;

2

25;

2

27,

2

29;

2

31;

2

33;

2

35;

2

37,

2

39;

2

41;

2

43;

2

45;

2

47,

2

49;

2

51;

2

53;

2
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27. A nucleic acid encoding the polypeptide of any of paragraphs 1 to 25.

28. An expression cassette comprising the nucleic acid according to paragraph 27.

29. A vector comprising the nucleic acid according to paragraph 27 or the expression

cassette according to paragraph 28.

30. A cell comprising the nucleic acid according to paragraph 27, the expression cassette

according to paragraph 28, or the vector according to paragraph 29.

31. A method for making a polypeptide according to any of paragraphs 1 to 25 by culturing
a cell according to paragraph 30 and purifying the polypeptide from the supernatant.

32. A pharmaceutical composition comprising the polypeptide according to any of
paragraphs 1 to 26, or the nucleic acid according to paragraph 27, or the expression cassette
according to paragraph 28, or the vector according to paragraph 29; and a pharmaceutically

acceptable carrier, diluent, excipient or adjuvant.

33. A polypeptide according to any of paragraphs 1 to 26 or a pharmaceutical composition

according to paragraph 32 for use in medicine.

34. A polypeptide according to any of paragraphs 1 to 26 or a pharmaceutical composition
according to paragraph 32 for use in the treatment of a coronavirus infection or a condition

or disorder resulting from this infection.

35. Use of a polypeptide according to any of paragraphs 1 to 26 or a pharmaceutical
composition according to paragraph 32 in the manufacturing of a medicament for the

treatment of a coronavirus infection or a condition or disorder resulting from this infection.

36. Method for treating a coronavirus infection or a condition or disorder resulting from this
infection in a subject in need thereof, comprising a step of administering a polypeptide
according to any of paragraphs 1 to 26 or a pharmaceutical composition according to

paragraph 32 to the subject.
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37. Method for treating a subject having COVID-19 of unknown SARS-CoV-2 strain,
comprising a step of administering a polypeptide according to any of paragraphs 1 to 26 or

a pharmaceutical composition according to paragraph 32 to the subject.

38. Method for treating a subject previously immunised with a vaccine based on S protein
depicted under Uniprot accession number PODTC2, comprising a step of administering a
polypeptide according to any of paragraphs 1 to 26 or a pharmaceutical composition

according to paragraph 32 to the subject.

39. Method for treating a subject previously treated with antibodies specific to S protein
depicted under Uniprot accession number PODTC2, comprising a step of administering a
polypeptide according to any of paragraphs 1 to 26 or a pharmaceutical composition

according to paragraph 32 to the subject.

40. Method for treating a subject previously infected with a first SARS-CoV-2 strain who
is currently infected with a second SARS-CoV-2 strain, wherein the first and second SARS-
CoV-2 strains are different, comprising a step of administering a polypeptide according to
any of paragraphs 1 to 26 or a pharmaceutical composition according to paragraph 32 to the

subject.

41. Method for treating a coronavirus infection of one SARS-CoV-2 strain selected from
wild-type, variant D614G, variant A222V, variant S477N, variant B.1.1.7, variant B.1.351,
and variant B.1.1.28, comprising a step of administering a polypeptide according to any of

paragraphs 1 to 26 or a pharmaceutical composition according to paragraph 32 to the subject.

42. A method of neutralising a coronavirus infection, comprising a step of contacting a
polypeptide according to any of paragraphs 1 to 26 or a pharmaceutical composition

according to paragraph 32 with a cell infected with said coronavirus.

43. A polypeptide or pharmaceutical composition for use according to paragraph 34, or the
use according to paragraph 35, or the method according to paragraphs 36, 37 or 42, wherein

the coronavirus is SARS-CoV-2.
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DESCRIPTION OF THE FIGURES

Figure 1. X-ray crystal structure of the ACE2-S1 complex. ACE2 (bottom), S1 (top)
complex X-ray crystallography (6MO0J).

Figure 2. ACE2-Fc fusion constructs.

Figure 3. ACE2-scFv-Fc fusion constructs.

Figure 4. X-ray crystal structure of Domain 1 and Domain 2 of CD147. Domain 1
spanning aa 140-219 (top); Domain 2 aa 220-320 (bottom). X-ray crystal structure (3BSH).

Figure 5. CD147-Fc and CD147-ACE2-Fc fusion constructs.

Figure 6. Fusion proteins based on anti-S protein binders. A) dAb and scFv-Fc fusion
protein homodimers. B) Heterodimers of dAb and scFv-based fusion constructs using the
“knob-into-hole” strategy. C) Heterodimers of dAb and scFv-based fusion constructs using

the bispecific tetravalent Fc¢ fusions strategy.

Figure 7. Binding of hACE2-IgG Fc and hACE2-IgM Fc to the S1 protein of SARS-
CoV-2 and SARS-CoV by ELISA.

A) Binding to S1 protein of SARS-CoV-2. B) Binding to S1 protein of SARS-CoV. C) Non-
specific binding control to unrelated HepB peptides.

Figure 8. Binding of hACE2-IgGFc-CD147D1 to the S1 protein of SARS-CoV-2 and
SARS-CoV by ELISA.

A) Binding to S1 protein of SARS-CoV-2. B) Binding to S1 protein of SARS-CoV. C) Non-
specific binding control to unrelated HepB peptides.

Figure 9. Screening of dAb binders specific for S1 protein of SARS-CoV-2 by ELISA.
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Figure 10. Characterisation of the binding specificity of dAbs specific for the S protein
of SARS-CoV-2 by ELISA.

A) Binding to S1 protein of SARS-CoV-2. B) Binding to S1 protein of SARS-CoV. C) Non-
specific binding control to unrelated HepB peptides.

Figure 11. Binding of SARS-CoV neutralising antibodies to SARS-CoV-2 S1.
Recombinant anti-SARS antibodies in scFv-Fc¢ format were tested by ELISA as supernatant
at approximately 10 pg/ml against SARS-CoV-2 S1 subunit. Clones are 80R (74648),
$230.15 (74649), M396 (74650), F26G19 (74651), F26G8 (74652), F26G8.2 (74653),
F26G18 (74654), 92N (74655), 91M (75656), 27D (74657), 26H (74658), 12E (74659), 8C
(74660), CR3009 (74661), CR3006 (74662), CR3018 (74663), CR3013 (74664), CR3014
(74665), AS3-3 (74667), CR3022 (74668), and B1 (74669). Dotted line represents baseline
cut-off (3x background signal).

Figure 12. Binding profile of CR3022 scFv-Fc, ACE2-CR3022 scFv-Fc, CR3022 scFv-
ACE2-Fc to recombinant full length spike protein in ELISA.

Figure 13. ACE2 enzymatic activity.
Enzymatic activity of active and inactive ACE2 (HH:NN)-Fc¢ on fluorogenic substrate Mca-
APK(Dnp) showing no activity for the mutated ACE2 (18-740)-Fc.

Figure 14. Binding of ACE2 to Angiotensin Il by surface plasmon resonance and
ELISA.

(A) Surface plasmon resonance (SPR) sensograms of binding kinetics between active ACE2-
Fc and inactive ACE2 (HH:NN)-Fc for angiotensin 2. Angiotensin II concentration range
was from 1 uM to 15.625 nM. Kinetic affinity, expressed as KD (M), was measured at 117
nM for active ACE2-Fc and at 1.3 uM for inactive ACE2-Fc, when fitted with a Langmuir
1:1 binding model. (B) SPR kinetic affinity of ACE2-Fc WT (left) and HH:NN mutated
(inactive) (right), on SARS-CoV-2 spike S1 domain, showing comparable kinetic profiles.
(C) ELISA of SARS-CoV-2 active spike trimer (left) or S1 domain (centre) against WT
active and ACE2 (HH:NN)-Fc (inactive), showing comparable binding capacity. No binding
detected with control antigen (right) or negative control antibody (Mean = SD). Unpaired t-
test of AUC (left t=1.086, df=42; centre t=1.79, df=42).
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Figure 15. Biophysical characterisation of ACE2-Fc LALA and ACE2-Fc LALA-PG.
(A) Size exclusion chromatography on a Superdex 200 increase 5-150 GL in comparison to
ACE2(18-740)-Fc. (B) Representative thermal stability scan on nanoDSF showing first
derivative of 350nm/330nm absorbance ratio, in comparison to ACE2(18-740)-Fc.

Figure 16. Characterisation of Fc effector functions.

(A) ELISA of SARS-CoV-2 active spike trimer (left) or S1 domain (right) with
ACE2(HH:NN) WT Fc (square), LALA Fc (triangle) or LALA-PG Fc (rhomboid), showing
comparable binding capacity (Mean = SD). One-way ANOVA of AUC with Turkey’s
multiple comparison (left F=0.3121, df=2, 96; right F=34.17, df=2, 96, compared to square).
(B) Binding capacity of SupT1 cell line expressing codon optimised SARS-CoV-2 full
length Spike, by flow cytometry against ACE2(HH:NN) WT Fc¢ (square), LALA Fc
(triangle) or LALA-PG Fc (thomboid). (Mean + SD). One-way ANOVA of AUC with
Turkey’s multiple comparison (square vs triangle, F=3.986, df=2, 69). (C) Fc-mediated
binding capacity to U937, K562 and SupT1 of ACE2(HH:NN) WT Fc (square), LALA Fc¢
(triangle) or LALA-PG Fc (rhomboid), detected with biotinylated SARS-CoV-2 S1 and
streptavidin conjugated secondary agent. No binding was detected with ACE2-Fc constructs
carrying the LALA or LALA-PG mutations (Mean = SD). (D) Representative flow
cytometry plot of Fc-mediated binding of ACE2 (HH:NN) WT Fc (top) and LALA-PG Fc
(middle) on human monocyte-derived M1 macrophages. No binding detected with Fc
carrying the LAL A-PG mutation (n=4). (E) SPR binding kinetic of ACE2 (HH:NN) WT Fc,
LALA Fc or LALA-PG Fc¢ on human FcyRIa, FcyRIla, FcyRIIb, FcyRIIla and FcyRIIIb.

LALA-PG mutations mediated a complete abrogation of FcyR interaction.

Figure 17. Virus neutralisation assay.

Virus neutralisation assay on live SARS-CoV-2 virus (A) and lentiviral pseudotyped virus
(B) using ACE2-Fc, ACE2-Fc LALA or ACE2-Fc LALA-PG constructs. Virus
neutralisation was measured at IC50 of 5.2, 11.7 and 4.1 nM for ACE2-Fc, ACE2-Fc LALA
and ACE2-Fc LALA-PG, respectively for live virus. Neutralisation on pseudotyped virus
was determined at IC50 of 0.3nM for ACE2-Fc and ACE-Fc LALA, and 0.1 nM for ACE2-
Fc LALA-PG.
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Figure 18. ACE2-Fc formulation optimisation.

(A) Thermal stability analysis via nanoDSF of ACE2 (HH:NN)-Fc in PBS at pH 7.4 or in
20mM His bufter with pH range of 3.5-7. Higest stability obtained with 20 mM His pH 6.5.
(B) Thermal stability of ACE2-FX in 20 mM His pH 6.5 (dashed line) and 3.5 (thick solid
line) following 2h incubation at RT. Full stability could be recovered following buffer
exchange of ACE2-FX from pH 3.5 to pH 6.5 (line). (C) Particle size distribution analysis
via MADLS of ACE2-FX at 1 mg/ml in PBS pH 7.4, 20 mM His pH3.5, 6.5 or buffer
exchanged from pH 3.5 to 6.5. Increase of particle size of sample at pH 3.5 was partially
recovered upon buffer exchange in 20 mM His pH 6.5 (Mean + SD). (D) ACE2 (HH:NN)-
Fc binding capacity for SARS-CoV-2 S1 in ELISA in PBS pH 7.4 (circle), 20 mM His pH
6.5 (triangle) or 20 mM His pH3.5 followed by buffer exchange in 20 mM His pH 6.5
(square). (Mean + SD). (E) Thermal stability analysis via nanoDSF of ACE2-FX in PBS at
pH 7.4 (dashed line) or in 20 mM His pH 6.5 (solid line) showing a 3.9 °C Tm shift. (F)
Particle size distribution analysis via MADLS of ACE2-FX at 1 mg/ml in PBS pH 7.4
(dashed line) and 20 mM His pH 6.5 (solid line) showing comparable profile (Mean + SD).
(G) Particle size distribution analysis via MADLS of ACE2 (HH:NN)-Fc (LALA-PG) at 20
mg/ml in 20 mM His pH 6.5 with polisorbate 80 range 0-1% (Mean + SD). One way
ANOVA with Turkey’s multiple comparisons (F=9.384, df=6, 14).

Figure 19. Biophysical characterisation of low pH exposed ACE2-Fc.
Biophysical characterisation of ACE2-Fc¢ upon incubation at low pH, via DSF (A), SEC (B)
and ELISA against full length SARS-CoV-2 spike protein (C). Change of pH from 3.5 to 7

resulted in a complete recovery of binding capacity and thermal stability of the construct.

Figure 20. Formulation optimisation for ACE2-Fc LALA and LALA-PG.

Formulation optimisation of ACE2-Fc LALA and LALA-PG. Proteins dialysed in 20mM
His buffer at a pH 6.5 were analysed by SEC (A) and thermal stability determined by
nanoDSF (B). 20mM His pH 6.5 was able to increase Tm for both constructs by 3.9 °C
compared to PBS pH 7.4 formulation.

Figure 21. Comparison of virus neutralisation assay.
Neutralisation assay of SARS-CoV-2 pseudotype (left) or live virus (right) with ACE2
(HH:NN)-Fc (LALA-PG) in PBS pH 7.4 (triangle) and 20 mM His pH 6.5 (open square).
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Both formulations show comparable neutralisation efficiencies (Mean = SD). Unpaired t test

of AUC (left t=0.000, df=40; right t=1.317, df=28).

Figure 22. ACE2-Fc¢ (LALA-PG) specificity.

A) Cell microarray screening of human cell-membrane proteome with ACE2-Fc (LALA-
PG), control Fc (LALA-PG), CTLA4-hFc or PBS. Depicted is a selection of antigens (key
legend on the right panel). ACE2-F¢ (LALA-PG) shows strong specific interaction with
SARS-CoV-2 spike protein only. B) SPR binding kinetics of ACE2 (HH:NN) WT Fc,
LALA-PG Fc, mAb #A, mAb #B and mAb #C against SARS-CoV-1 S1, SARS-CoV-2 S1,
SARS-CoV-2 S1 D614G and HCoV-NL63 S1 domains. ACE2 (HH:NN) Fc and ACE2
(HH:NN) Fc (LALA-PG) were able to efficiently bind all spike protein tested. All
sensograms were fitted with Langmuir 1:1 binding model, except for SARS-CoV-1 S1
kinetics which were fitted with two-state kinetics. Two-fold serial dilutions starting from
500 nM for HCoV-NL63 S1, 250 nM for SARS-CoV-1 and SARS-CoV-2 S1, 125 nM for
SARS-CoV-2 S1 D614G.

Figure 23. SARS-CoV-2 neutralisation efficiency.

A) Neutralisation assay of live SARS-CoV-2 virus by ACE2 (HH:NN) WT Fc (blue) and
LALA-PG Fc (orange). Both variants show comparable neutralisation efficiencies (Mean +
SD). Unpaired t-test of AUC (t=1.695, df=28). B) Infectious viral titre (left) and physical
particle number as determined by p24 ELISA (right) comparison of SARS-CoV-1, SARS-
CoV-2 WT, SARS-CoV-2 D614G, SARS-CoV-2 B.1.1.7 and SARS-CoV-2 B.1.351
pseudotyped vectors, showing comparable particle concentration but diverse infective
capacity (Mean + SD). One way ANOVA Dunnett’s multiple comparison (F=105.2, df=4,
10). C) Neutralisation assay of SARS-CoV-1, SARS-CoV-2, SARS-CoV-2 D614G, SARS-
CoV-2B.1.1.7, and SARS-CoV-2 B.1.351 pseudotyped vectors against ACE2 (HH:NN)-Fc
(LALA-PG), mAb #A, mAb #B+C, mAb #B and mAb #C. Marked decrease of neutralisation
capacity for SARS-CoV-2 B1.351 detected for mAb #A, mAb #B+C, and mAb #B and mAb
#C individually. No loss of neutralisation capacity detected for ACE2 (HH:NN)-Fc (LALA-
PG) receptor decoy (Mean + SD). One-way ANOVA of AUC with Dunnett’s multiple
comparison to blue (F=369.2, df=4,100). Bottom right panel, fold change of neutralisation

capacity based on ICso values.
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Figure 24. In vivo SARS-CoV-2 neutralisation.

Syrian hamsters intranasally challenged with live SARS-CoV-2. ACE2 (HH:NN)-Fc
(LALA-PG) administered i.p. at day 1 post-challenge at 5 mg/kg and 50 mg/kg or placebo
(PBS) (n=6 per group). A) Body weight change (%) relative to the day of viral inoculation.
Day of therapeutic administration marked with arrow. Significant reduction of body weight
change compared to placebo, detected for both treatment regimens (Mean + SD). Individual
day comparison placebo vs. 50 mg/kg dose two-way ANOVA with Sidak’s multiple
comparison compared to placebo group * p=0.01, ** p=0.004, *** p=0.0001, ****
p<0.0001. One-way ANOVA of AUC with Turkey’s multiple comparison (F=9.379, df=2,
249). B) Subgenomic RNA PCR swab test. Limit of detection 2.88 RNA copies, samples
with undetectable RNA were assigned a value of 1 (Mean + SD). Two-way ANOVA with
Dunnett’s multiple comparison, one-way ANOVA of AUC with Dunnett’s multiple
comparison (F=3.247, df=2,69). C) Necropsy pathology lung score (categories 1-3) showing
reduction in lung damage for ACE2(HH:NN)-Fc (LALA-PG) treated groups. Bottom,
representative lung damage for grade score 1, 2 and 3. D) Human IgG1 Fc concentration in
hamster sera at day -5 and day 7 relative to viral inoculation. Limit of detection 4 ng/ml.
Samples with undetectable levels were assigned a value of 1 (Mean + SD). Two-way

ANOVA with Sidak’s multiple comparison (F=39.2, df=2, 22).

Figure 25. Inmunoglobulin-based architectures.
A) IgG and IgG-based molecules. B) Dual variable domain (DVD) and DVD-based

molecules. C) scFvs-Fc and scFvs-Fc-based molecules.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides recombinant fusion proteins which have the ability to
neutralise coronavirus, and SARS-CoV-2 virus in particular, and viral re-entry. These fusion
proteins are based on ACE2, CD147 and antibodies binding to the coronavirus spike protein

(S protein).

1. Coronavirus spike protein (S protein)
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Three coronaviruses have crossed the species barrier to cause deadly pneumonia in humans
since the beginning of the 21st century: severe acute respiratory syndrome coronavirus
(SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), and SARS-
CoV-2.1n2002-2003, SARS-CoV, alineage B beta-CoV, emerged from bat and palm civet,
and infected over 8,000 people and caused about 800 deaths. In 2012, MERS-CoV, a lineage
C beta-CoV, was discovered as the causative agent of a severe respiratory syndrome in Saudi
Arabia, currently with 2,494 confirmed cases and 858 deaths, it remains endemic in Middle
East, and dromedary camel is considered as the zoonotic reservoir host of MERS-CoV. At
the end 0of 2019, a novel coronavirus, named SARS-CoV-2, was found in patients with severe
pneumonia in Wuhan, China. Viruses were isolated from patients and sequenced.
Phylogenetical analysis revealed that it is a lineage B beta-CoV and closely related to a
SARS-like (SL) CoV, RaTG13, discovered in a cave of Yunnan, China, in 2013. They share
about 96% nucleotide sequence identities, suggesting that SARS-CoV-2 might have
emerged from a Bat SL-CoV. However, the intermediate host or whether there is an

intermediate host remains to be determined.

In addition to the highly pathogenic zoonotic pathogens SARS-CoV, MERS-CoV, and
SARS-CoV-2, all belonging to the p-coronavirus genus, four low-pathogenicity
coronaviruses are endemic in humans: HCoV-0OC43, HCoV-HKU1, HCoV-NL63, and
HCoV-229E.

The coronaviruses (order Nidovirales, tamily Coronaviridae, genus Coronavirus) are a
diverse group of large RNA viruses that cause varieties of diseases in humans and other
animals, including respiratory, enteric, renal, and neurological diseases. Coronaviruses are
enveloped viruses that contain a large single-stranded RNA genome of positive polarity. At
~30,000 nucleotides (nt), their genome is the largest found in any of the RNA viruses. Their
envelope accommodates three or four membrane proteins of which the membrane (M),
envelope (E), and spike (S) proteins are common to all. The S protein is a relatively large,
about 180kDa type I glycoprotein, trimers of which form the petal-shaped projections on the
surface of the virion that give rise to the characteristic corona solis-like appearance. It has
been suggested that the S1 subunit constitutes the globular head, while the S2 subunit forms
the stalk-like region of the spike.
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The two functions of the coronavirus S protein appear to be spatially separated. The S1
subunit (or the equivalent part in viruses with uncleaved S protein) is responsible for receptor
binding, and the S2 subunit is responsible for membrane fusion. In the structure, N- and C-
terminal portions of S1 fold as two independent domains, N-terminal domain (NTD) and C-
terminal domain (C-domain). Depending on the virus, either NTD or C-domain can serve as
the receptor-binding domain (RBD). While RBD of mouse hepatitis virus (MHYV) is located
at the NTD, most of other CoVs, including SARS-CoV and MERS-CoV use C-domain to
bind their receptors. MHV uses mouse carcinoembryonic antigen related cell adhesion
molecule 1a (mMCEACAMIa) as the receptor, and the receptors for SARS-CoV and MERS-
CoV are human angiotensin-converting enzyme 2 (hACE2) and dipeptidyl peptidase 4
(DPP4), respectively. In terms of sequence identity, S proteins of SARS-CoV-2 share about
76% and 97% of amino acid identity with SARS-CoV and RaTG13, respectively, and the
amino acid sequence of potential RBD of SARS-CoV-2 is about 74% and 90.1%
homologous to that of SARS-CoV and RaTG13, respectively.

The ectodomain of the S2 subunit contains two heptad repeat (HR) regions, HR1 and HR2,
characteristic of coiled coils, while the fusion peptide (FP) is predicted to be located amino
terminally of the first HR region (HR1). Binding of the S1 subunit to the (soluble) receptor
has been shown to trigger conformational changes that supposedly facilitate virus entry by
activation of the fusion function of the S2 subunit. The conformational changes are thought
to expose the fusion peptide and to lead to the formation of a heterotrimeric six-helix bundle
by the two HR regions, a characteristic of class I viral fusion proteins, resulting in the close
locations of the fusion peptide and the transmembrane domain in the process of membrane

fusion.

Coronavirus S proteins are typical class I viral fusion proteins, and protease cleavage is
required for activation of the fusion potential of S protein. A two-step sequential protease
cleavage model has been proposed for activation of S proteins of SARS-CoV and MERS-
CoV, priming cleavage between S1 and S2 and activating cleavage on S2’ site. Depending
on virus strains and cell types, CoV S proteins may be cleaved by one or several host
proteases, including furin, trypsin, cathepsins, transmembrane protease serine protease-2
(TMPRSS-2), TMPRSS-4, or human airway trypsin-like protease (HAT). Availability of

these proteases on target cells largely determines whether coronaviruses enter cells through
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plasma membrane or endocytosis. It has been reported that SARS-CoV-2 S protein is
capable of triggering protease-independent and receptor-dependent syncytium formation.
Such a mechanism might enhance virus spreading through cell-cell fusion and this might

partially explain rapid progress of the disease.

The coronavirus S protein may be the S protein of one of the following coronavirus: SARS-
CoV-2, SARS-CoV, SARS-like CoV RaTG13, MERS-CoV, HCoV-0OC43, HCoV-HKUI,
HCoV-NL63, and HCoV-229E.

The coronavirus S protein may be the S protein of SARS-CoV-2, SARS-CoV, or SARS-like
CoV RaTG13.

The coronavirus S protein may be the S protein of SARS-CoV-2 depicted under Uniprot
accession number PODTC?2 (sequence version 1, as of 22% April 2020).

The sequences of S protein (SEQ ID NO: 73; signal sequence underlined), subunit S1 (SEQ
ID NO: 74) and subunit S2 (SEQ ID NO: 75; HR1 region is underlined and HR2 region is

in bold) of coronavirus SARS-CoV-2 are shown below.

SARS-CoV-2 S protein (SEQ ID NO: 73):
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFL
PFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSK
TQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTF
EYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALE
PLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYN
ENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPF
GEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFT
NVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGN
YNYLYRLFRKSNLKPFERDISTEITYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVG
YQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKF
LPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVN
CTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICA
SYQTQTNSPRRARSVASQSITAY TMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVS
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MTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQV
KQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGD
TAARDLICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFA
MQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQ
NAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQ
LIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVT
YVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWEFVTQRNFYEPQIITTDNTFV
SGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNI
QKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLC
CMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

SARS-CoV-2 Spike protein, S1 subunit (SEQ ID NO: 74):
QCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIH
VSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNV
VIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEG
KQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQ
TLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALD
PLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYA
WNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEV
RQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLK
PFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTT
DAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQL
TPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSP

SARS-CoV-2 Spike protein, S2 subunit (SEQ ID NO: 75):
RRARSVASQSITAYTMSLGAENSVAY SNNSIAIPTNFTISVTTEILPVSMTKTSVDCT
MYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIK
DFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICA
QKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFN
GIGVTONVLYENOKILTANQFNSAIGKIODSLSSTASAL GKLODVVNONAQALNTL
VKOQLSSNFGAISSVLNDILSRLDK VEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA
SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKN
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FTTAPAICHDGKAHFPREGVFVSNGTHWEFVTQRNFYEPQIITTDNTFVSGNCDVVI

GIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRL
NEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSC

CSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Several variants carrying mutations in S-protein, including in its receptor-binding domain
(RBD), have emerged, likely due to the rapid dissemination of the virus coupled with
pressure from the patients’ immune response. Of note is the identification of the D614G
(Nextstrain clade 20A) in early March 2020 that has rapidly become the dominant strain
globally. Additional variants have also gained partial dominance in different regions of the
globe. The variants A222V (Nextstrain clade 20A EU1) and S477N (Nextstrain clade
20A EU2) have emerged in the summer of 2020 in Spain and have rapidly shown diffusion
within Europe. Recently, a new variant (clade 20B/501Y.V1, B.1.1.7) characterised by
multiple mutations in S-protein (deletion 69-70, deletion 144, N501Y, A570D, D614G,
P681H, T716I, S982A, D1118H) has been associated with a rapid surge in COVID-19 cases
in the UK between December 2020 and January 2021. In the same period, a new variant in
South Africa (clade 20C/501Y.V2, B.1.351), also carrying the NS01Y mutation in the RBD
(L18F, D8OA, D215G, R2461, K417N, E484K, N501Y, D614G and A701V), has been
associated with increased transmissibility and reduction of serum neutralisation capacity.
Finally, a variant that emerged in Brazil (B.1.1.28) contains mutational hallmarks of both
the UK and South Africa variants (L18F, T20N, P26S, D138Y, R190S, K417T, E484K,
N501Y, H655Y, T1027I), suggesting convergent evolution in SARS-CoV-2 due to similar
selective pressures. Further variants are expected to emerge. The mutation numbering refers

to the SARS-CoV-2 S protein as shown in SEQ ID NO: 73.

The coronavirus S protein may be the S protein of wild type SARS-CoV-2 (SEQ ID NO: 73)
or a variant thereof having one or more mutations from the sequence shown as SEQ ID NO:
73. Variants of one the S protein of wild type SARS-CoV-2 include, without limitation,
variants D614G; A222V; S477N; clade 20B/501Y.V1 or UK variant B.1.1.7; and clade
20C/501Y.V2, B.1.351 or South African variant; Brazilian variant B.1.1.28.
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Variants of wild type SARS-CoV-2 include, without limitation, variants D614G; A222V;,

S477N; clade 20B/501Y.V1 or UK variant B.1.1.7; and clade 20C/501Y.V2, B.1.351 or

South African variant; Brazilian variant B.1.1.28.
It will be immediately understood that the present invention is useful with any other SARS-
CoV-2 variants existent at the time of filing or with any future variants that may emerge.

Thus, the coronavirus S protein may be the S protein of any of these variants.

2. Polypeptide based on ACE2

The present inventors have designed and generated fusion proteins based on the ectodomain
of ACE2, which is used by a number of coronaviruses as a receptor to infect cells. As shown
in Examples 12 to 15, these molecules can efficiently neutralise the virus by acting as a
receptor decoy for the spike protein of SARS-CoV-2. Surprisingly, these molecules appear
to be insensitive to coronavirus mutational drift, as demonstrated in Example 14 with
different SARS-CoV-2 variants. Such drift can alter epitopes on the spike protein rendering
antibody-based passive immunisations less effective or entirely ineffective. Consequently,
immunisation achieved by infection with an earlier form of the virus, or vaccination with an
earlier form of the spike protein may limit or lose their protective effect. The present
inventors have hypothesised that fusion proteins based on ACE2 may reduce the deleterious
impact of the infection irrespective of the viral strain for as long as the virus binds to human

ACE2 protein.

In a first aspect, the present invention provides a polypeptide, hereinafter “the first

polypeptide of the invention”, comprising:

a) a domain A which comprises the ectodomain of human angiotensin converting
enzyme type 2 (hACE2), or a fragment thereof comprising the amino acid sequence
shown as SEQ ID NO: 3, or a variant thereof which maintains the capacity of
hACE?2 to interact with the S protein of coronavirus, and

b) adomain O which comprises an oligomerisation domain,

wherein the oligomerisation domain is selected from an IgG Fc region or a variant thereof

which does not interact with FcyRI, FcyRIla and FcyRIIL, an IgM Fc region, an IgA Fc
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region, a collagen X VIII trimerizing structural element, a collagen XV trimerizing structural
element, a foldon domain, a TenC domain and a coiled coil domain;

with the proviso that if the domain A consists of the ectodomain of hACE2 then the domain
O is not an IgG1 Fc region.

The term polypeptide, as used herein, refers to natural, synthetic, and recombinant proteins

or peptides generally having more than 10 amino acids.

2.1. Domain A

The first polypeptide of the invention comprises a domain A, which comprises the
ectodomain of human angiotensin converting enzyme type 2 (hACE2) or a fragment thereof
comprising the amino acid sequence shown as SEQ ID NO: 3, or a variant thereof which

maintains the capacity of hACE2 to interact with the S protein of coronavirus.

The terms “angiotensin converting enzyme type 27, “ACE2”, “hACE2”, “ACE-related

2%

carboxypeptidase”, “angiotensin-converting enzyme homolog”, “ACEH”, “metalloprotease
MPROT15”, and “processed angiotensin-converting enzyme 2” are used indistinctly in the
present invention. Human ACE?2 is depicted under Accession No. Q9BYF1 in the Uniprot
database on 30" March 2020. hACE2 is an 805 aa transmembrane protein with a processed
ectodomain that spans aa 18-740 of the sequence shown under Uniprot Accession No.

Q9BYF1.

Human ACE2 has been identified as a functional receptor for the S protein of human
coronavirus NL63 (HCoV-NL63) and of SARS coronavirus (SARS-CoV). More recently, it
has also been shown to be a receptor for SARS-CoV-2.

ACE2 is a metalloprotease involved in the Renin-Angiotensin System (RAS), which controls
blood pressure, electrolytes and intravascular fluid volume. A key function of hACE2 is
believed to be the cleavage of Angiotensin II (Ang II) to Ang (1-7), which have opposing
physiological roles. Elevated levels of Ang II are associated with vasoconstriction,
inflammation, fibrosis, vascular leak, and sodium absorption. Ang (1-7) appears to be a

counterregulatory protein in the RAS; associated with vasodilation, anti-proliferation,
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antiinflammation, and reduced vascular leak. hACE2 has also been reported to have a
protective role in acute lung injury, providing a molecular explanation for the severe lung

failure and death due to SARS-CoV infections.

In a normal adult human lung, hACE2 is expressed primarily in alveolar epithelial type 11
cells, which can serve as a viral reservoir. These cells produce surfactant which reduces
surface tension, thus preventing alveoli from collapsing, and hence are critical to the gas
exchange function of the lung. Injury to these cells could explain the severe lung injury
observed in COVID-19 patients. hACE2 is also expressed in multiple extrapulmonary
tissues including heart, kidneys, blood vessels, and intestine. The ACE2 tissue distribution
in these organs may explain the multiorgan dysfunction observed in patients. There have
been reports of patients presenting pulmonary embolism and kidney damage, probably
caused by blood clots damaging the pulmonary and renal capillaries, as well as myocarditis,

increased blood pressure, abdominal pain, diarrhoea and nausea.

Domain A of the first polypeptide of the invention may comprise the ectodomain of hACE2
or a fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 3. hACE2
may comprise or consist of the processed ectodomain that spans aa 18-740 (SEQ ID NO:1),
or the full ectodomain that spans aa 1-740 (SEQ ID NO: 2). Domain A may consist of the

amino acid sequence shown as SEQ ID NO: 3.

Processed ACE2 ectodomain (SEQ ID NO: 1):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLY SLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
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ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVS

Full ACE2 ectodomain (SEQ ID NO: 2):
MSSSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITE
ENVQNMNNAGDKWSAFLKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSE
DKSKRLNTILNTMSTIY STGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAW
ESWRSEVGKQLRPLYEEYVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY
SRGQLIEDVEHTFEEIKPLYEHLHAY VRAKLMNAYPSYISPIGCLPAHLLGDMWGR
FWTNLYSLTVPFGQKPNIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGF
WENSMLTDPGNVQKAVCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQ
YDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEI
NFLLKQALTIVGTLPFTYMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVE
PVPHDETYCDPASLFHVSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDIS
NSTEAGQKLFNMLRLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQN
KNSFVGWSTDWSPYADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQ
YFLKVKNQMILFGEEDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRI
NDAFRLNDNSLEFLGIQPTLGPPNQPPVS

Truncated ACE2, aa 18-605 (SEQ ID NO: 3):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLY SLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVG
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For reference, the sequence of hACE2 depicted under Accession No. Q9BYF 1 in the Uniprot
database on 30" March 2020 is shown as SEQ ID NO: 137. In this sequence the leader
peptide spans aa 1-17, the processed ectodomain spans aa 18-740, the transmembrane

domain spans aa 741-761, and the cytoplasmic domain spans 762-805.

Human ACE?2 (full-length) (SEQ ID NO: 137)
MSSSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITE
ENVONMNNAGDKWSAFLKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSE
DKSKRLNTILNTMSTIY STGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAW
ESWRSEVGKQLRPLYEEYVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY
SRGQLIEDVEHTFEEIKPLYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGR
FWTNLYSLTVPFGQKPNIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGF
WENSMLTDPGNVQKAVCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQ
YDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEI
NFLLKQALTIVGTLPFTYMLEKWRWM VFKGEIPKDQWMKKWWEMKREIVGVVE
PVPHDETYCDPASLFHVSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDIS
NSTEAGQKLFNMLRLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQN
KNSFVGWSTDWSPYADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQ
YFLKVKNQMILFGEEDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRI
NDAFRLNDNSLEFLGIQPTLGPPNQPPVSIWLIVFGVVMGVIVVGIVILIFTGIRDRK
KKNKARSGENPY ASIDISKGENNPGFQNTDDVQTSF

The terms ectodomain of hACE2 or a fragment thereof comprising the amino acid sequence
shown as SEQ ID NO: 3 are also intended to embrace functionally equivalent variants of the
ectodomain of hACE2 or of a fragment thereof comprising the amino acid sequence shown
as SEQ ID NO: 3, variants which have been modified in the amino acid sequence without
adversely affecting, to any substantial degree, the capacity of hACE2 to interact with the S
protein of coronavirus relative to those of the native hACE2 molecule. Said modifications
include, the conservative (or non-conservative) substitution of one or more amino acids for
other amino acids, the insertion and/or the deletion of one or more amino acids, provided
that the capacity to interact with the S protein of coronavirus of the variant is substantially
maintained, i.e., the variant maintains the ability (capacity) to interact with the S protein of

coronavirus at physiological conditions.
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The term “variant” or “mutant”, as used herein, refers to a polypeptide differing from a
specifically recited polypeptide, i.e. reference or parent polypeptide by amino acid
insertions, deletions, and/or substitutions, created using, for example, recombinant DNA
techniques or by de novo synthesis. Variant and mutant are used indistinctly in the context
of the present invention. The variants or mutants of the ectodomain of hACE2 or of a
fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 3 may have at
least 70%, or at least 80%, or at least 90%, or at least 95%, or at least 96%, or at least 97%,
or at least 98%, or at least 99% sequence identity with the sequences shown as SEQ ID NO:
1,2 or 3, provided that the capacity to interact with the S protein of coronavirus of the variant
is substantially maintained. Regions corresponding to positions 19-41, 82-84 and 353-357
of the full ACE2 ectodomain (SEQ ID NO: 2) may be kept unchanged.

Variants of the ectodomain of hACE2 or of a fragment thereof comprising the amino acid
sequence shown as SEQ ID NO: 3 typically have at least about 75%, for example at least
about 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity with the sequences given
as SEQ ID NO: 1-3.

Typically, variants may contain one or more conservative amino acid substitutions compared
to the original amino acid or nucleic acid sequence. Conservative substitutions are those
substitutions that do not substantially affect or decrease the affinity of a hACE2 variant to
bind coronavirus S protein. For example, a hACE2 variant that specifically binds
coronavirus S protein may includeup to 1, upto 2, up to 5, up to 10, or up to 15 conservative
substitutions compared to any of the sequences given as SEQ ID NO: 1-3 and retain specific

binding to coronavirus S protein.

Functionally similar amino acids which may be exchanged by way of conservative
substitution are well known to one of ordinary skill in the art. The following six groups are
examples of amino acids that are considered to be conservative substitutions for one another:
1) Alanine (A), Serine (S), Threonine (T); 2) Aspartic acid (D), Glutamic acid (E); 3)
Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleucine (I), Leucine (L),
Methionine (M), Valine (V); and 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).
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The percentage of sequence identity may be determined by comparing two optimally aligned
sequences over a comparison window. The aligned sequences may be polynucleotide
sequences or polypeptide sequences. For optimal alignment of the two sequences, the portion
of the polynucleotide or amino acid sequence in the comparison window may comprise
insertions or deletions (i.e., gaps) as compared to the reference sequence (that does not
comprise insertions or deletions). The percentage of sequence identity is calculated by
determining the number of positions at which the identical nucleotide residues, or the
identical amino acid residues, occurs in both compared sequences to yield the number of
matched positions, then dividing the number of matched positions by the total number of
positions in the window of comparison and multiplying the result by 100 to yield the
percentage of sequence identity. Sequence identity between two polypeptide sequences or
two polynucleotide sequences can be determined, for example, by using the Gap program in
the WISCONSIN PACKAGE version 10.0-UNIX from Genetics Computer Group, Inc.
based on the method of Needleman and Wunsch (1970, J Mol Biol 48:443-53) using the set
of default parameters for pairwise comparison (for amino acid sequence comparison: Gap
Creation Penalty=8, Gap Extension Penalty=2; for nucleotide sequence comparison: Gap
Creation Penalty=50; Gap Extension Penalty=3), or using the TBLASTN program in the
BLAST 2.2.1 software suite (Altschul et al., 1997, Nucleic Acids Res 25:3389-402), using
BLOSUMG62 matrix (Henikoff & Henikoff, 1992, Proc Natl Acad Sci USA 89:10915-9) and
the set of default parameters for pair-wise comparison (gap creation cost=I 1, gap extension

cost=l).

The percentage of sequence identity between polypeptides and their corresponding functions
may be determined, for example, using a variety of homology-based search algorithms that
are available to compare a query sequence, to a protein database, including for example,
BLAST, FASTA, and Smith-Waterman. BLASTX and BLASTP algorithms may be used to
provide protein function information. A number of values are examined in order to assess
the confidence of the function assignment. Useful measurements include “E-value” (also
shown as “hit_p”),“percent identity”, “percent query coverage”, and “percent hit coverage”.
In BLAST, the E-value, or the expectation value, represents the number of different
alignments with scores equivalent to or better than the raw alignment score, S, that are

expected to occur in a database search by chance. Hence, the lower the E value, the more

significant the match. Since database size is an element in E-value calculations, the E-values
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obtained by doing a BLAST search against public databases, such as GenBank, have
generally increased over time for any given query/entry match. Thus, in setting criteria for
confidence of polypeptide function prediction, a “high” BLASTX match is considered as
having an E- value for the top BLASTX hit of less than 1E-30; a medium BLASTX is
considered as having an E-value of 1E-30 to 1E-8; and a low BLASTX is considered as
having an E- value of greater than 1E-8. Percent identity refers to the percentage of
identically matched amino acid residues that exist along the length of that portion of the
sequences which is aligned by the BLAST algorithm. In setting criteria for confidence of
polypeptide function prediction, a “high” BLAST match is considered as having percent
identity for the top BLAST hit of at least 70%; a medium percent identity value is considered
from 35% to 70%; and a low percent identity is considered of less than 35%. Of particular
interest in protein function assignment is the use of combinations of E- values, percent
identity, query coverage and hit coverage. Query coverage refers to the percent of the query
sequence that is represented in the BLAST alignment, whereas hit coverage refers to the
percent of the database entry that is represented in the BLAST alignment. For the purpose
of defining the polypeptides functionally covered by the present invention, the function of a
polypeptide is deduced from the function of a protein homolog, such as SEQ ID NO: 1, SEQ
ID NO: 2 or SEQ ID NO: 3, wherein a polypeptide of the invention is one that either (1)
results in hit p<le-30 or % identity >35% AND query coverage>50% AND
hit_coverage>50%, or (2) results in hit p<le-8 AND query coverage>70% AND

hit_coverage>70%.

Variants of the ectodomain of hACE2 or of a fragment thereof comprising the amino acid
sequence shown as SEQ ID NO: 3 may maintain at least about 75%, for example at least
about 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% of the capacity to interact with the S
protein of coronavirus of the wild type hACE2. Variants of the ectodomain of hACE2 or of
a fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 3 may have
an increased capacity to interact with the S protein of coronavirus of about 105%, for
example at least about 110%, 115%, 120%, 125%, 130%, 140%, 150% or more compared
with that of the wild type hACE2.

The interaction between ACE2 and coronavirus S protein can be determined by conventional

methods. For example, in vitro binding of ACE2 to the S protein may be determined by
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ELISA, surface plasmon resonance (SPR), or by flow cytometry using ACE2- or S protein-
expressing cells. Additionally, the virus neutralisation ability of ACE2-based fusion proteins
may be determined by incubating the fusion proteins with relevant virus, e.g. lentiviral
vectors pseudotyped with coronavirus S protein, and cultured onto ACE2-expressing cells.

These methods are further described in Example 2.

Since hACE2 has a key role in the Renin-Angiotensin System (RAS), as previously
explained, the present inventors have hypothesised that the use of hACE2 mutants having a
partial or complete obliteration of its catalytic activity will prevent any deleterious effect
associated with an increased systemic presence of hACE2. Angiotensin 1-8 (Angiotensin
II) is processed by ACE2 enzyme to form Angiotensin 1-7 which mediates vasodilation,
diuresis, anti-inflammatory and anti-proliferative activity via interaction with MES receptors
(Lovren et al. Am J Physiol Heart Circ Physiol 2008). Tilting the ACE/ACE2 balance on
one side can cause hypertension, cardiac dysfunction and pro-inflammatory activity, on the
other hand, systemic ACE2 activity and downregulation of angiotensin 1-8 can result in
lower blood pressure, myocardial disturbance and immunosuppression (Tikellis and

Thomas, Int J Pept 2012)

Thus, the variant or mutant of the ectodomain of hACE2 or of a fragment thereof comprising
the amino acid sequence shown as SEQ ID NO: 3 may comprise one or more mutations in
residues at positions that are involved in the enzymatic activity of hACE2. These mutations
will advantageously decrease or eliminate completely (i.e. inactivate) the catalytic activity
of hACE2. Moreover, the variant or mutant of the ectodomain of hACE2 or of a fragment
thereof comprising the amino acid sequence shown as SEQ ID NO: 3 comprising one or
more of these mutations will maintain the capacity of wild type hACE2 to interact with the
S protein of coronavirus. The variant or mutant of the ectodomain of hACE2 or of a fragment
thereof comprising the amino acid sequence shown as SEQ ID NO: 3 may comprise two or
more mutations in residues at positions that are involved in the enzymatic activity of hACE2.
Amino acids involved in the enzymatic activity of hACE2 include Arg 169, Arg 273, His
345, Pro 346, Thr 371, His 374, Glu 375, His 378, Glu 402, Trp 477, Lys 481, His 505, and
Tyr 515, with respect of the sequence of the full, unprocessed hACE2 ectodomain shown as

SEQ ID NO: 2.
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The variant or mutant of the ectodomain of hACE2 or of a fragment thereof comprising the
amino acid sequence shown as SEQ ID NO: 3 may comprise mutations at His 374 and His
378. The terms inactive ACE2 and ACE2(HH:NN) are used in this document to refer to this

molecule.

The variant of the ectodomain of hACE2 may comprise or consist of the sequence shown as
SEQ ID NO: 104. The variant of a fragment thereof comprising the amino acid sequence
shown as SEQ ID NO: 3 may comprise or consist of the sequence shown as SEQ ID NO:
105. These two variants contain mutations at His 374 and His 378.

Processed ACE2 ectodomain variant (SEQ ID NO: 104):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLY SLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVS

Truncated ACE2 variant, aa 18-605 (SEQ ID NO: 105):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLY SLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
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VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVG

The variant or mutant of the ectodomain of hACE2 or of a fragment thereof comprising the
amino acid sequence shown as SEQ ID NO: 3 having one or more mutations in residues at
positions that are involved in the enzymatic activity of hACE2 may show a decreased
catalytic activity compared to that of wild-type hACE2. The decreased catalytic activity may
be of at least about 50%, for example at least about 40%, 30%, 25%, 20%, 15%, 10%, 5%
or 0% of the catalytic activity the wild type hACE2.

The enzymatic or catalytic activity of hACE2 (wild type or a variant, mutant or fragment
thereof) may be evaluated by any means known in the art. For example, by incubating the
protein with a surrogate fluorogenic substrate for ACE2, such as Mca-APK(Dnp) (Example

12), or with a positive control peptide and monitoring the fluorescence over time.

A domain A comprising more than one ectodomains of hACE2 or a fragment thereof
comprising the amino acid sequence shown as SEQ ID NO: 3, or a variant thereof, is also
within the scope of the present invention. Such a domain A will comprise two or more
ectodomains of hACE2, or a fragment thereof comprising the amino acid sequence shown
as SEQ ID NO: 3, or a variant thereof which maintains the capacity of hACE2 to interact
with the S protein of coronavirus and, optionally, which has a decreased catalytic activity
compared to that of wild-type hACE2, in tandem, optionally separated by a flexible linker,

as will be described in following sections of the present application.

2.2. Domain O

In addition to a domain A, the first polypeptide of the invention also comprises a domain O,
which comprises an oligomerisation domain. The resulting molecule will self-assemble into
an oligomer. Oligomeric proteins have the advantage of an increased valency and,

potentially, also display an extended serum half-life.
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The term “oligomerisation domain”, as used herein, refers to a protein sequence, polypeptide
or oligopeptide that self-assembles to form an oligomer. The oligomer may be a dimer,
trimer, tetramer, pentamer, hexamer and so on depending on the number of monomers that
assemble together, i.e. two, three, four, five, six and so on, respectively. Oligomers can be
homooligomers, when all the monomers are the same, or heterooligomers, when the

monomers are different.

Homooligomer

The oligomer may be a homooligomer. The oligomerisation domain of the homooligomer

may be any homooligomerisation domain that is suitable for making fusion proteins.

The oligomerisation domain of the homooligomer may be selected from an IgG Fc region or
a variant thereof which does not interact with FcyRI, FcyRIla and FeyRIIL, an IgM Fc region,
an IgA Fcregion, a collagen X VIII trimerizing structural element, a collagen XV trimerizing
structural element, a foldon domain, a TenC domain and a homooligomerising coiled-coil

domain.

The Fc region is the tail region of an antibody that is formed by the CH2 and the CH3
domains of an antibody. There are several different Fc¢ regions, according to the antibody
isotype and subclass, and these are the Fc regions of an IgG1, an IgG2, an IgG3, an IgG4,
an IgM, an IgA, an IgE, and an IgD. The Fc regions dimerise, but in the case of IgM and
IgA these dimers additionally form pentamers or further dimers, respectively. The additional
oligomerisation may be particularly advantageous for increasing the valency of the first
polypeptide of the invention, or when an avidity effect is to be obtained. The Fc region may

be the Fc region of an IgG1, an IgG2, an IgG3, an IgG4, an IgM, or an IgA.

The Fc region may be the Fc region of an IgG1 depicted under Uniprot Accession No.
P01857 as of 8™ April 2020 or a sequence shown as SEQ ID NO: 61. The Fc region may be
the Fc region of an IgG2 (SEQ ID NO: 62).
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The Fc region may comprise the hinge region. The Fc region may not comprise the hinge

region.

The domain O may comprise the sequence shown as SEQ ID NO: 61 or SEQ ID NO: 62,

shown below (hinge region is underlined):

Hinge-IgG1 Fc region (SEQ ID NO: 61):
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

IgG2 Fe (SEQ ID NO: 62);
ERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGL
PAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDISVEWESNG
QPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQK
SLSLSPGK

Reports from SARS-CoV have highlighted that the natural immune response and sero-
conversion in affected patients correlated with decreasing viral loads from day 10. However,
it was also associated to severe clinical worsening, probably due to an overexuberant host
response. Similarly, there is evidence of a detrimental role of anti-S protein antibodies in
SARS-CoV infection, causing lung injuries, abrogating TGFp production and promoting
inflammatory macrophage accumulation. This activity could be counteracted by FcyR

blockade.

Moreover, reports revealed that, in addition to infection of the respiratory tract, SARS-CoV
may also directly infect immune cells which do not ACE2. The occurrence of antibody-
dependent enhancement (ADE) of infection was established in different cell lines and
circulating immune cell types, among which the monocytic lineage (CD68" cells) was the

primary target. In addition to monocytes, human macrophages were also infected by SARS-
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CoV in the presence of anti-spike antibodies. ADE is thought to prompt the massive release

of inflammatory and vasoactive mediators that ultimately may contribute to the cytokine

release syndrome and disease severity observed in coronavirus infections by SARS-CoV,

SARS-CoV-2 and MERS-CoV. Therefore, interaction of the Fc region of IgG with its

cognate receptors (FcyRI, FcyRlIla and/or FcyRIII) may be undesirable as it may lead to

antibody-dependent cellular phagocytosis (ADCP) and ADE.

Thus, the present invention also contemplates using a variant of an Fc¢ region of an IgG which

does not interact with FcyRI, FcyRIla and FcyRIII. Mutations that abrogate the effector

function of the Fc region have been extensively investigated and are well-known in the art.

For example, the Fc region of an IgG may contain one or more of the following mutations

or mutation combinations:

Leu235Glu;

Leu234Ala and Leu235Ala (LALA);
Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG);
Pro331Ser, Leu234Glu and Leu235Phe;
Asp265Ala;

Gly237Ala;

Glu318Ala;

Glu233Pro;

Gly236Arg and Leu328Arg;
Ala330Leu;

Asp270Ala;

Lys322Ala,;

Pro329Ala;

Pro331Ala;

Val264Ala;

Phe241Ala;

Asn297Ala;

Asn297Gly; and

Asn297Gln.

HulgGFc with LALA mutations (SEQ ID NO: 120)
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EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK VSN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

HulgGFc with LALA and PG mutations (SEQ ID NO: 121)
EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALGAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

The first polypeptide of the invention may comprise:
a) adomain A which comprises the ectodomain of ACE2 having a sequence of SEQ
ID NO: 1, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala and Leu235Ala (LALA).

The first polypeptide of the invention may comprise:
a) adomain A which comprises the ectodomain of ACE2 having a sequence of SEQ
ID NO: 1, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG).

The first polypeptide of the invention may comprise:
a) a domain A which comprises a fragment of the ectodomain of ACE2 comprising
the amino acid sequence shown as SEQ ID NO: 3, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala and Leu235Ala (LALA).

The first polypeptide of the invention may comprise:



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

40

a) a domain A which comprises a fragment of the ectodomain of ACE2 comprising
the amino acid sequence shown as SEQ ID NO: 3, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG).

The first polypeptide of the invention may comprise:
a) a domain A which comprises a variant of the ectodomain of ACE2 having a
sequence of SEQ ID NO: 104, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala, Leu235Ala (LALA).

The first polypeptide of the invention may comprise:
a) a domain A which comprises a variant of the ectodomain of ACE2 having a
sequence of SEQ ID NO: 104, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG).

The first polypeptide of the invention may comprise:
a) adomain A which comprises a fragment of a variant of the ectodomain of ACE2
comprising the amino acid sequence shown as SEQ ID NO: 105, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala, Leu235Ala (LALA).

The first polypeptide of the invention may comprise:
a) adomain A which comprises a fragment of a variant of the ectodomain of ACE2
comprising the amino acid sequence shown as SEQ ID NO: 105, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations

Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG).

These embodiments are particularly beneficial compared to standard antibody-mediated and
vaccine approaches because of the avoidance of ADE, i.e. Fc receptor mediated uptake of
virus in FcR-expressing cells. Furthermore, the present inventors found that polypeptides

according to the first aspect of the invention comprising a IgG Fc having the LALA and PG



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

41

mutations showed an improved virus neutralisation efficiency against SARS-CoV-2 (live
virus and lentiviral pseudotyped virus expressing SARS-CoV-2 spike protein) compared
with a polypeptide comprising the wild type Fc region (Example 13). The fact that variations
in the Fc domain influence the neutralisation capacity of the therapeutic fusion protein is
surprising because the Fc domain is not involved in the interaction between the SARS-CoV-
2 spike protein and ACE2 and, moreover, the mutations in the Fc domain would be expected

to have an effect solely on the interaction with the Fc receptors.

The Fc region may comprise the hinge region. The Fc region may lack the hinge region.

IgG1 hinge (SEQ ID NO: 126)
EPKSCDKTHTCP

The Fc region may be truncated. The truncated Fc region may comprise the CH3 domain.
The truncated Fc region may comprise the hinge region and, optionally, a flexible linker.
The truncated Fc region may comprise the sequence shown as SEQ ID NO: 118 or SEQ ID
NO: 119.

Truncated Fc region (Hinge-CH3) (SEQ ID NO: 118)
EPKSCDKTHTCPPCGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

Truncated Fc region (Hinge-CH3) (SEQ ID NO: 119)
EPKSCDKTHTCPPCGGGSSGGGSGGQPREPQVYTLPPSREEMTKNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

Non-limiting examples of fusion proteins comprising domain A and the Fc region in

different orientations are depicted in Figure 2.

The first polypeptide of the invention may comprise or consist of the amino acid sequence

shown as SEQ ID NO: 76 to 79 and 125.
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hACE2_18-740 HulgG1Fc (SEQ ID NO: 76):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPK SCDK THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIA VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

hACE2_18-740 HulgMFc (SEQ ID NO: 77):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
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ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSSGGGSIAELPPKVSVFVPPRDGFFGNPRSKSKLICQATGFSPR
QIQVSWLREGKQVGSGVTTDQVQAEAKESGPTTYKVTSTLTIKESDWLSQSMFTC
RVDHRGLTFQQNASSMCVPDQDTAIRVFAIPPSFASIFLTKSTKLTCLVIDLTTYDS
VTISWTRQNGEAVKTHTNISESHPNATFSAVGEASICEDDWNSGERFTCTVTHTDL
PSPLKQTISRPKGVALHRPDVYLLPPAREQLNLRESATITCLVTGFSPADVFVQWM
QRGQPLSPEKYVTSAPMPEPQAPGRYFAHSILTVSEEEWNTGETYTCVVAHEALP
NRVTERTVDKST

ACE2 18-605 HulgMFc¢ (SEQ ID NO: 78):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGSGGGSIAELP
PKVSVFVPPRDGFFGNPRSK SKLICQATGFSPRQIQVSWLREGKQVGSGVTTDQVQ
AEAKESGPTTYKVTSTLTIKESDWLSQSMFTCRVDHRGLTFQQNASSMCVPDQDT
AIRVFAIPPSFASIFLTKSTKLTCLVTDLTTYDSVTISWTRQNGEA VK THTNISESHP
NATFSAVGEASICEDDWNSGERFTCTVTHTDLPSPLKQTISRPKGVALHRPDVYLL
PPAREQLNLRESATITCLVTGFSPADVFVQWMQRGQPLSPEKYVTSAPMPEPQAPG
RYFAHSILTVSEEEWNTGETYTCVVAHEALPNRVTERTVDKST

ACE2 18-605 HulgG1Fc (SEQ ID NO: 79):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
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YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGEPKSCDKTH
TCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK

Inactive ACE2-Fc (LALA-PG) (ACE2(HH:NN)-Fc LALA-PG) (SEQ ID NO: 125):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPE
VICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VESCSVMHEALHNHYTQKSLSLSPGK
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The present invention also contemplates using a variant of the Fc region of an IgG which
does not interact with FcyRI, FcyRIIa and FcyRIII and displays improved circulation or
serum half-life. One or more of the following mutations or mutation combinations may be
combined to the previously described silencing mutations (i.e. mutations that abrogate the
effector function of the Fc region) in the IgG Fc region:

- Arg435His;

- Asn434Ala;

- Met252Tyr, Ser 254Thr and Thr256Glu;

- Met428Leu and Asn434Ser;

- Thr252Leu, Thr253Ser and Thr254Phe;

- Glu2%94delta, Thr307Pro and Asn434Tyr;

- Thr256Asn, Ala378Val, Ser383Asn, and Asn434Tyr; and

- Glu294delta.

The variant of the Fc region of an IgG which does not interact with FcyRI, FcyRIla and
FcyRIII and displays improved circulation or serum half-life may comprise mutations

Met252Tyr, Ser 254Thr and Thr256Glu (YTE).

The variant of the Fc region of an IgG which does not interact with FcyRI, FcyRIla and
FcyRIII and displays improved circulation or serum half-life may comprise the sequence

shown as SEQ ID NO: 128.

HulgG1Fc with LALA, PG and YTE mutations (SEQ ID NO: 128)
EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALGAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK

The first polypeptide of the invention may comprise:
a) adomain A which comprises the ectodomain of ACE2 having a sequence of SEQ

ID NO: 1, and
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b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala and Leu235Ala (LALA), and Met252Tyr, Ser 254Thr and Thr256Glu
(YTE).

The first polypeptide of the invention may comprise:
a) adomain A which comprises the ectodomain of ACE2 having a sequence of SEQ
ID NO: 1, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG), and Met252Tyr, Ser 254Thr
and Thr256Glu (YTE).

The first polypeptide of the invention may comprise:
a) a domain A which comprises a fragment of the ectodomain of ACE2 comprising
the amino acid sequence shown as SEQ ID NO: 3, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala and Leu235Ala (LALA), and Met252Tyr, Ser 254Thr and Thr256Glu
(YTE).

The first polypeptide of the invention may comprise:
a) a domain A which comprises a fragment of the ectodomain of ACE2 comprising
the amino acid sequence shown as SEQ ID NO: 3, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG), and Met252Tyr, Ser 254Thr
and Thr256Glu (YTE).

The first polypeptide of the invention may comprise:
a) a domain A which comprises a variant of the ectodomain of ACE2 having a
sequence of SEQ ID NO: 104, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala, Leu235Ala (LALA), and Met252Tyr, Ser 254Thr and Thr256Glu
(YTE).

The first polypeptide of the invention may comprise:
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a) a domain A which comprises a variant of the ectodomain of ACE2 having a
sequence of SEQ ID NO: 104, and

b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG), and Met252Tyr, Ser 254Thr
and Thr256Glu (YTE).

The first polypeptide of the invention may comprise:
a) adomain A which comprises a fragment of a variant of the ectodomain of ACE2
comprising the amino acid sequence shown as SEQ ID NO: 105, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala, Leu235Ala (LALA), and Met252Tyr, Ser 254Thr and Thr256Glu
(YTE).

The first polypeptide of the invention may comprise:
a) adomain A which comprises a fragment of a variant of the ectodomain of ACE2
comprising the amino acid sequence shown as SEQ ID NO: 105, and
b) adomain O which comprises the Fc¢ region of an IgG which contains the mutations
Leu234Ala, Leu235Ala (LALA) and Pro329Gly (PG), and Met252Tyr, Ser 254Thr
and Thr256Glu (YTE).

The first polypeptide of the invention may comprise or consist of the amino acid sequence

shown as SEQ ID NOs: 129 or 130.

hACE2 18-740 HulgG1Fc (LALA-PG, YTE) (SEQ ID NO: 129):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
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VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL

GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPK SCDK THTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPE
VTICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ

DWLNGKEYKCKVSNKALGAPIEK TISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

Inactive ACE2-Fc (LALA-PG, YTE) (ACE2(HH:NN)-Fc LALA-PG, YTE) (SEQ ID NO:
130):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIK VRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSR SRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPK SCDK THTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPE
VTICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIA VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
VFSCSVMHEALHNHYTQKSLSLSPGK

The oligomerisation domain may be a collagen XVIII trimerizing structural element. The

term “collagen XVIII trimerizing structural element” or “XVIIITSE”, as used herein, refers
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to the portion of collagen XVIII which is responsible for trimerization between monomers
of collagen XVIIIL The term is also intended to embrace functionally equivalent variants of
a XVIHITSE of a naturally occurring collagen XVIII, variants which have been modified in
the amino acid sequence without adversely affecting, to any substantial degree, the
trimerization properties relative to those of the native collagen XVIII molecule. Said
modifications include, the conservative (or non-conservative) substitution of one or more
amino acids for other amino acids, the insertion and/or the deletion of one or more amino
acids, provided that the trimerization properties of the native collagen XVIII protein is
substantially maintained, i.e., the variant maintains the ability (capacity) of forming trimers

with other peptides having the same sequence at physiological conditions.

The XVIITSE may be a polypeptide having the amino acid sequence shown in SEQ ID NO:
4.

XVIITSE (SEQ ID NO: 4):
SGVRLWATRQAMLGQVHEVPEGWLIFVAEQEELYVRVQNGFRKVQLEARTPLPR
GTDNE

The oligomerisation domain may be a collagen XV trimerizing structural element. The term
“collagen XV trimerizing structural element” or “XVTSE”, as used herein, refers to the
portion of collagen XV which is responsible for trimerization between monomers of collagen
XV. The term is also intended to embrace functionally equivalent variants of a XVTSE of a
naturally occurring collagen XV, variants which have been modified in the amino acid
sequence without adversely affecting, to any substantial degree, the trimerization properties
relative to those of the native collagen XV molecule. Said modifications include, the
conservative (or non-conservative) substitution of one or more amino acids for other amino
acids, the insertion and/or the deletion of one or more amino acids, provided that the
trimerization properties of the native collagen XV protein is substantially maintained, i.e.,
the variant maintains the ability (capacity) of forming trimers with other peptides having the

same sequence at physiological conditions.

The XVTSE may be a polypeptide having the amino acid sequence shown in SEQ ID NO:
5.
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XVTSE (SEQ ID NO: 5):
VTAFSNMDDMLQKAHLVIEGTFTYLRDSTEFFIR VRDGWKKLQLGELIPIPADSPPP
PALSSNP

The oligomerisation domain may be a foldon domain. The term “foldon domain”, “foldon
T4” or “foldon T4 domain”, as used herein, refers to the C-terminal amino acid residues of
the trimeric protein fibritin from bacteriophage T4 (SEQ ID NO: 63). The foldon domain
promotes folding and trimerisation of fibritin. This feature has been exploited to trimerise

other molecules.

Foldon T4 (SEQ ID NO: 63):
GYIPEAPRDGQAYVRKDGEWVLLSTFL

The oligomerisation domain may be a TenC domain. The term “TenC domain”, as used
herein, refers to the oligomerisation domain located at the N-terminus of Tenascin C (TN-
(). The TenC domain may be human (SEQ ID NO: 64) or from chicken (SEQ ID NO: 65).

The TenC domain forms trimers.

Human TenC domain (SEQ ID NO: 64):
ACGCAAAPDVKELLSRLEELENLVSSLREQ

Chicken TenC domain (SEQ ID NO: 65):
ACGCAAAPDVKDLLSRLEELEGLVSSLREQ

The oligomerisation domain may be a coiled coil domain. A “coiled coil” is a structural
motif in which two to seven alpha helices are wrapped together like the strands of a rope.
Many endogenous proteins incorporate coiled coil domains. The coiled coil domain may be
involved in protein folding (e.g. it interacts with several alpha helical motifs within the same
protein chain) or responsible for protein-protein interaction. In the latter case, the coiled coil

can initiate homo or hetero oligomer structures.
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The structure of coiled coil domains is well known in the art. For example, as described by
Lupas & Gruber (2007, Advances in Protein Chemistry 70:37-8). Coiled coils usually
contain a repeated pattern, hxxhcxc, of hydrophobic (h) and charged (¢) amino-acid residues,
referred to as a heptad repeat. The positions in the heptad repeat are usually labelled abcdefg,
where a and d are the hydrophobic positions, often being occupied by isoleucine, leucine, or

valine.

Examples of proteins which contain a homooligomerising coiled coil domain include, but
are not limited to, cartilage-oligomeric matrix protein (COMP), kinesin motor protein,
hepatitis D delta antigen, archaeal box C/D sRNP core protein, mannose-binding protein A,
coiled-coil serine-rich protein 1, polypeptide release factor 2, SNAP-25, SNARE, Lac

repressor or apolipoprotein E.

The sequence of various coiled coil domains is shown below:

Cartilage oligomeric matrix protein (COMP) homopentamer (SEQ ID NO: 66)
AGSDLGPQMLRELQETNAALQDVRELLRQQVREITFLKNTVMECDACGSGKKDP
K

Kinesin motor protein: parallel homodimer (SEQ ID NO: 106)
MHAALSTEVVHLRQRTEELLRCNEQQAAELETCKEQLFQSNMERKELHNTVMDL
RGN

Hepatitis D delta antigen: parallel homodimer (SEQ ID NO: 107)
GREDILEQWVSGRKKLEELERDLRKLKKKIKKLEEDNPWLGNIKGIIGKY

Archaeal box C/D sRNP core protein: anti-parallel heterodimer (SEQ ID NO: 108)
RYVVALVKALEEIDESINMLNEKLEDIRAVKESEITEKFEKKIRELRELRRDVEREIE
EVM

Mannose-binding protein A: parallel homotrimer (SEQ ID NO: 109)
AIEVKLANMEAEINTLKSKLELTNKLHAFSM
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Coiled-coil serine-rich protein 1: parallel homotrimer (SEQ ID NO: 110)
EWEALEKKLAALESKLQALEKKLEALEHG

The oligomerisation domain may be a pS53 oligomerisation domain. The term “p53

oligomerisation domain” or “p53 domain”, as used herein, refers to the oligomerisation

2

domain located at the C-terminus of p53. The TenC domain may comprise the sequence

shown as SEQ ID NO: 136. The TenC domain forms tetramers.

p53 oligomerisation domain (SEQ ID NO: 136)
KKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG

Heterooligomer

The oligomer may be a heterooligomer. The use of heterooligomerisation domains may be
advantageous when it is intended that the polypeptide of the invention contains two or more
different domains A, as described previously, or two or more different domains C, domains
ABD or domains ALB, as will be described in subsequent sections of the present application.
For example, the use of a heterooligomerisation domain, such as a heterodimerization
domain, enables the fusion of an antibody binding domain having different specificity to
each of the heteromonomers. This results in bispecific molecules, such as the general

bispecific scFv-based fusion proteins depicted in Figure 6B, 6C and 25.

Different heterooligomerisation domains may be used in the context of the present invention.
Non-limiting examples of heterooligomerisation domains are described in Brinkmann &
Kontermann (2017, MAbs 9:182-212), and include the dock-and-lock (DNL) modules,
knobs-into-holes modified CH3 domains, SEEDbodies, bispecific tetravalent Fc fusions,
dual variable domain Ig (DVD), the barnase-barstar domains, and heterooligomerising

coiled coil domains.

The basis of the DNL method is the exploitation of the specific protein-protein interactions
occurring in nature between the regulatory (R) subunits of protein kinase (PKA) and the

anchoring domain (AD) of A-kinase anchoring proteins (AKAPs). The dimerization domain
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and AKAP binding domain of human RIla are both located within the same amino-terminal
44-amino acid sequence, which is termed the dimerization and docking domain (DDD) This
platform technology exploits the DDD of human RIla and the AD of a certain amino acid
sequence as a pair of linker modules for docking any two entities into a noncovalent
complex, which could be further locked into a stably tethered structure through the
introduction of cysteine residues into both the DDD and the AD at strategic positions to

facilitate the formation of disulfide bonds.

The general methodology of the DNL approach is as follows. A recombinant protein is
constructed by linking a DDD sequence to the compound of interest, for example the
ectodomain of hACE2. Because the DDD sequence effects the spontaneous formation of a
dimer, the resulting recombinant protein is a divalent compound, for example a divalent
ectodomain of hACE2. To make the end product bispecific, a second recombinant protein is
prepared by fusing an AD sequence. This second recombinant protein may comprise domain
C, domain ABD, or domain ALB, which will be described in more detail in following
sections of present invention. The dimeric motif of DDD in the first recombinant protein
creates a docking site for binding to the AD sequence, thus facilitating a ready association
of the dimeric ectodomain of hACE2 construct with the monomeric domain C, domain ABD,
or domain ALB to form a binary, trimeric complex. This binding event is made irreversible
with a subsequent reaction to secure the 2 entities covalently via disulfide bridges between
the inserted cysteine residues. This reaction occurs very efficiently, because the initial
binding interactions bring the reactive thiol groups on both the DDD and AD into proximity
to ligate site-specifically. By attaching the DDD and AD away from the functional groups
of the 2 precursors, such site-specific ligations preserve the original activities of the 2
precursors. The DNL method was disclosed in US provisional application 60/751196, which

is incorporated herein by reference in its entirety.

“Knobs-into-holes” is a design strategy for engineering antibody heavy chain homodimers
for heterodimerization. In this approach, a 'knob' variant was first obtained by replacement
of a small amino acid with a larger one in the CH3 domain of an IgG: T366Y. The knob was
designed to insert into a 'hole' in the CH3 domain of a different IgG created by judicious
replacement of a large residue with a smaller one: Y407T. Another example of knobs-into-

holes structure (CW-CSAV) comprises mutations S354C, T366W in the CH3 domain of one
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IgG chain, and Y349C, T366S, L368A, and Y407V in the CH3 domain of other IgG chain.
Other paired variant combinations have been developed. Knobs-into-holes fusion proteins
consist of [IgG1 hinge]-CH2-[Knobs-into-holes CH3], that may be genetically linked to one
or more fusion partners. This results in bispecific molecules, such as the general bispecific

scFv-based fusion proteins depicted in Figure 6B.

By designing strand-exchange engineered domain (SEED) heterodimers, another way of
achieving complementarity in the CH3 interface allowing for a heterodimeric assembly of
Fc chains was developed. These SEED CH3 domains or SEEDbodies are composed of
alternating segments derived from human IgA and IgG CH3 sequences (AG SEED CH3 and
GA SEED CH3) and were used to generate so-called SEEDbodies. Because molecular
models suggested that interaction with FcRn is impaired in the AG SEED CH3, residues at
the CH2-CH3 junction were returned to IgG sequences. Pharmacokinetic studies confirmed
that the half-life of SEEDbodies was comparable to other Fc fusion proteins and IgGl.
SEEDbody fusion proteins consist of [IgG1 hinge]-CH2-[SEED CH3], that may be

genetically linked to one or more fusion partners.

Another immunoglobulin-based architecture that may be used in the context of the present
invention consists in fusing two antigen binding domains (e.g. scFv or dAb) of different
specificity to the constant domain of human « chain (CL) and the first constant domain of
human heavy chain (CH1) to form two polypeptides, (ABD1)-CL and (ABD2)-CH1-CH2-
CH3, respectively. These molecules are termed bispecific tetravalent Fc fusions. The two
polypeptides are co-expressed in cells. Association between the heavy and the light chains
forms a covalently linked hetero-tetramer with dual specificity. This approach yields a
homogeneous bispecific IgG-like antibody product with each molecule containing four
antigen binding sites, two for each of its target antigen. An example of these molecules is
the bispecific scFva-Fc protein depicted in Figure 6C). The BsAb retains not only antigen

binding efficiency but also the biological activity of its component antibodies.

Human IgG1 CH1 (SEQ ID NO: 127)
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAV
LQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKYV
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Human IgGT1 constant kappa (SEQ ID NO: 131)
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

It will be immediately appreciated that, in the context of the present invention, this
immunoglobulin-based architecture may be exploited to increase the valency and avidity of
other antigen binding domains, such as Domain A or Domain C (which is described in later
aspects of the invention). For example, a fusion of Domain A to the constant domain of
human « chain (CL) and the first constant domain of human heavy chain (CH1) to form two
polypeptides, (Domain A)-CL and (Domain A)-CH1-CH2-CH3, respectively, which result
in a quadri- or tetravalent ACE2 molecule (fourth panel, Figure 2). The variants of an Fc
region of an IgG which does not interact with FcyRI, FcyRIla and FcyRIII described
previously, including all the mutation and mutation combinations, may be used in this

molecule.

The tetravalent Domain A based on this immunoglobulin architecture may comprise the

sequences shown as SEQ ID NOs: 132 to 135.

Inactive ACE2 (HH:NN)-Heavy chain (CH1-hinge-CH2-CH3) (SEQ ID NO: 132)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
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WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN

HYTQKSLSLSPGK

Inactive ACE2 (HH:NN)-Heavy chain (IgG1 LALA-PG) (SEQ ID NO: 133)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALGAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK

Inactive ACE2 (HH:NN)-Heavy chain (IgG1 LALA-PG, YTE) (SEQ ID NO: 134)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
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YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDK
KVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALGAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK

Inactive ACE2 (HH:NN)-Light chain (constant kappa) (SEQ ID NO: 135)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLY SLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKA
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSSSASVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQ
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WKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFNRGEC

Further immunoglobulin-based architectures that form heterooligomers include the dual
variable domain (DVD or DVD-Ig) (Wu et al., 2007, Nat Biotechnol 25:1290-7). Like a
conventional IgG, the DVD molecule is composed of two heavy chains and two light chains.
Unlike IgG, however, both heavy and light chains of a DVD molecule contain an additional
variable domain (VD) connected via a linker sequence at the N-termini of the VH and VL
of an existing monoclonal antibody (mAb). Thus, when the heavy and the light chains
combine, the resulting DVD molecule contains four antigen recognition sites (Figure 25B).
The outermost or N-terminal variable domain is termed VD1 and the innermost variable

domain is termed VD2; the VD2 is proximal to the C-terminal CH1 or CL.

Non-limiting examples of other immunoglobulin-based architectures are depicted in Figure
25. These architectures, including DVD and scFvas-Fc, enable the production of multivalent
and multispecific heterooligomers. These are particularly useful in the aspect of the
invention related to a polypeptide based on coronavirus SP-specific binders, which is

described in subsequent aspects.

Variants of the Fc region of an IgG which do not interact with FcyRI, FcyRIla and FcyRIII
and/or which display improved circulation or serum half-life, which were described
previously in the context of the homooligomer, are equally applicable to the

immunoglobulin-based architectures of the heterooligomer.

The barnase-barstar system is a multimerisation module based on the tight interaction
between barnase and barstar. Barnase is a 110 aa secreted ribonuclease from Bacillus
amyloliquefaciens. Barstar is an 89 aa cytoplasmic barnase inhibitor with which the host
protects itself. They rapidly form a complex with a KD of ~10""* M. Both the N- and C-
termini of both proteins are accessible and available for fusions (Deyev et al., 2003, Nat

Biotech 21:1486-92).

The coiled coil domain has been described in the context of the homooligomer of the

invention, and its definition applies equally to the heterooligomer. Examples of proteins
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which contain a heterooligomerising coiled coil domain include, but are not limited to,
polypeptide release factor 2, SNAP-25, SNARE, Lac repressor and apolipoprotein E. Non-

limiting examples of heterooligomerising coiled coil domains include

Polypeptide release factor 2: anti-parallel heterotrimer

Chain A: INPVNNRIQDLTERSDVLRGYLDY (SEQ ID NO: 138)

Chain B:
VVDTLDQMKQGLEDVSGLLELAVEADDEETFNEAVAELDALEEKLAQLEFR (SEQ
ID NO: 111)

SNAP-25 and SNARE: parallel heterotetramer

Chain A:

IETRHSEINIKLENSIRELHDMFMDMAML VESQGEMIDRIEYNVEHAVDYVE  (SEQ
ID NO: 112)

Chain B:
ALSEIETRHSEIIKLENSIRELHDMFMDMAMLVESQGEMIDRIEYNVEHAVDY VER
AVSDTKKAVKY (SEQ ID NO: 113)

Chain C:
ELEEMQRRADQLADESLESTRRMLQLVEESKDAGIRTLVMLDEQGEQLERIEEGM
DQINKDMKEAEKNL (SEQ ID NO: 114)

Chain D:

IETRHSEIIKLENSIRELHDMFMDMAML VESQGEMIDRIEYNVEHAVDYVE  (SEQ
ID NO: 115)

Lac repressor: parallel homotetramer

SPRALADSLMQLARQVSRLE (SEQ ID NO: 116)

Apolipoprotein E: anti-parallel heterotetramer
SGQRWELALGRFWDYLRWVQTLSEQVQEELLSSQVTQELRALMDETMKELKAY
KSELEEQLTARLSKELQAAQARLGADMEDVCGRLVQYRGEVQAMLGQSTEELRV
RLASHLRKLRKRLLRDADDLQKRLAVYQA (SEQ ID NO: 117)

RECTIFIED SHEET (RULE 91) ISA/EP
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The ability of the first polypeptide of the invention to form dimers, trimers or higher
oligomers can be determined by conventional methods known by the skilled person in the
art. For example, by way of a simple illustration, the ability of a domain A fused to a domain
O comprising a trimerising domain, or functionally equivalent variant thereof, to form a
trimer can be determined by using standard chromatographic techniques. Thus, the variant
to be assessed is put under suitable trimerisation conditions and the complex is subjected to
a standard chromatographic assay under non denaturing conditions so that the eventually
formed complex (trimer) is not altered. If the variant trimerises properly, the molecular size
of the complex would be three times heavier than the molecular size of a single molecule of
the variant. The molecular size of the complex can be revealed by using standard methods
such as analytical centrifugation, mass spectrometry, size-exclusion chromatography,

sedimentation velocity, etc.

Combinations of two or more type of homo-oligomerisation domain in the same polypeptide,
or two or more type of hetero-oligomerisation domain in the same polypeptide, or one or
more homo-oligomerisation domain and one or more hetero-oligomerisation domain in the
same polypeptide are within the scope of the present invention. A non-limiting example is

shown in the fourth panel of Figure 25B.

The first polypeptide of the invention may have different configurations. Thus, the first
polypeptide of the invention may comprise, from N-terminus to C-terminus:
- domain A — domain O, and

- domain O — domain A.

Domain A and domain O may be joined by a linker.

The terms “linker” and “spacer” are used indistinctively in the present application. A linker
provides spatial separation between domain A and domain O. The linker may be a flexible
linker. This type of linkers allows for torsion of domain A respective of domain O, which
may be beneficial when domain A interacts with the S protein of a coronavirus. Non-limiting
examples of flexible linkers that may be used in the first polypeptide of the invention include:
- (GlysSer)2 (SEQ ID NO: 67: GGGGSGGGGY);
- (GlysSer)s; (SEQ ID NO: 6: GGGGSGGGGSGGGGS);
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- (GlysSer)s (SEQ ID NO: 68: GGGGSGGGGSGGGGSGGGGS);

- (GlysSer)s (SEQ ID NO: 69: GGGGSGGGGSGGGGSGGGGSGGGGS);
- SGGGGSGGGGSGGGGS (SEQ ID NO: 70);

- GGGGSGGGGSGGGGS (SEQ ID NO: 71); and

- GGGGSGGGGSGGGAS (SEQ ID NO: 72).

The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

Where possible, the sequences used in domain O may be of human origin. This is convenient

in order to prevent immunogenicity.

Where the first polypeptide of the invention consists of one domain A which consists of the
ectodomain of hACE2 having a sequence of SEQ ID NO: 1 or 2, then the domain O may not

comprise the human IgG1 Fc region.

The first polypeptide of the invention may further comprise a domain C, wherein the domain
C comprises CD147 or a fragment thereof comprising the amino acid sequence shown as
SEQ ID NO: 2 or a fragment thereof comprising the amino acid sequence shown as SEQ ID
NO: 3.

2.3. Domain C

A high mutation rate is expected for SARS-CoV-2 as a result of selective pressure. Since the
binding between ACE2 and S protein of SARS-CoV and SARS-CoV-2 has been described
as a low affinity interaction, a second interaction with the coronavirus virion may have
potential benefit. CD147 has been reported to be involved coronavirus entry into the host
cell, although the mechanism is still unknown. Thus, a fusion protein formed with ACE2
and CD147 may result in an avidity maximisation and enhanced overall neutralisation

potential.

Therefore, the first polypeptide of the invention may further comprise a domain C.

Thus, the first polypeptide of the invention may comprise:
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a) a domain A which comprises the ectodomain of human angiotensin converting
enzyme type 2 (hACE2), or a fragment thereof comprising the amino acid sequence
shown as SEQ ID NO: 3, or a variant thereof which maintains the capacity of
hACE?2 to interact with the S protein of coronavirus,

b) adomain O which comprises an oligomerisation domain, and

¢) a domain C which comprises the ectodomain of CD147 or a fragment thereof

comprising the amino acid sequence shown as SEQ ID NO: 8 or SEQ ID NO: 9.

The terms “polypeptide”, “domain A”, “hACE2”, “domain O”, and “oligomerisation
domain” have been described in detail in previous sections of this specification, and their

definitions and particular features apply equally herein.

Importantly, the proviso defining that “where the first polypeptide of the invention comprises
one domain A which consists of the ectodomain of hACE2 having a sequence of SEQ ID
NO: 1 or 2, then the domain O may not comprise the human IgG1 Fc region” does not apply

to polypeptides of the invention comprising a domain A, a domain O and a domain C.

Domain C comprises the ectodomain of CD147 or a fragment thereof comprising the amino
acid sequence shown as SEQ ID NO: 8 or a fragment thereof comprising the amino acid

sequence shown as SEQ ID NO: 9.

The term “CD147” or “hCD147” or “cluster of differentiation 147" or “basigin” or “BSG”
or “SF7” or “collagenase stimulatory factor” or “extracellular matrix metalloproteinase
inducer (EMMPRIN) ” or “leukocyte activation antigen M6” or “OK blood group antigen”
or “tumour cell-derived collagenase stimulatory factor (TCSF)” refers is a 385 aa highly
glycosylated type I transmembrane receptor with three immunoglobulin-like domains.
Human CD147 is depicted under Accession No. P35613 in the Uniprot database on 30%
March 2020. It is widely expressed on various tissues and cell types and is involved in many
physiological and pathological processes, such as various immunologic phenomena,
differentiation, and development. CD147 is expressed by many cell types, including

epithelial cells, endothelial cells and leukocytes.
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CD147 has many ligands, including the cyclophilin (CyP) proteins Cyp-A and CyP-B and
certain integrins. It is the main receptor for CyPA, which is a ubiquitously expressed cellular
protein involved in protein folding. CyPA has been shown to incorporate into HIV-1 virions
by a specific interaction with the viral capsid protein. Through its binding to CD147, CyPA
plays an essential role in early stage HIV-1 infection by modulating the translocation of HIV-
1 core protein and initiation of viral reverse transcription. CD147/CyPA have been
implicated in the regulation of viral infectivity of other viruses such as measles virus,
influenza virus and, relevantly, SARS-CoV. In SARS-CoV-2, CD147 has been shown to
bind to the S protein.

The processed mature protein spans aa 21-385 of the sequence shown under Uniprot
Accession No. P35613, and contains three extracellular immunoglobulin domains spanning
aa 37-120, aa 138-219, and aa 221-315, respectively. There are 4 isoforms of CD147: the
one just described is known as Isoform 1 or long or basigin-2 (Uniprot Accession No.
P35613-1); Isoform 2 or short or basigin-1 (Uniprot Accession No. P35613-2); Isoform 3 or
basigin-3 (Uniprot Accession No. P35613-3); and Isoform 4 or basigin-4 (Uniprot Accession
No. P35613-4).

Domain C of the first polypeptide of the invention may comprise the ectodomain of CD147
having the sequence of SEQ ID NO: 7, or Domain 1 of CD147 having the sequence of SEQ
ID NO: 8, or Domain 2 of CD147 having the sequence of SEQ ID NO: 9. The structure of
Domain 1 and Domain 2 of CD147 is depicted in Figure 4.

Non-limiting examples domain A, domain O comprising an F¢ region, and domain C fusion

proteins in different configurations are depicted in Figure 5.

Processed extracellular domain of CD147 (SEQ ID NO: 7):
AAGFVQAPLSQQRWVGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA
RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEYSCVFLPEPMGTANIQLHGPPRVKAVKSSEHINEGETAM
LVCKSESVPPVTDWAWYKITDSEDKALMNGSESRFFVSSSQGRSELHIENLNMEA
DPGQYRCNGTSSKGSDQAIITLRVRS
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Domain 1 of CD147 (SEQ ID NO: 8):
AAGFVQAPLSQQRWVGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA
RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEYSCVFLPEPMGTANIQLHG

Domain 2 of CD147 (SEQ ID NO: 9):
GPPRVKAVKSSEHINEGETAMLVCKSESVPPVTDWAWYKITDSEDKALMNGSESR
FFVSSSQGRSELHIENLNMEADPGQYRCNGTSSKGSDQAIITLRVRS

The terms CD147 of sequence SEQ ID NO: 7, or a fragment thereof comprising the amino
acid sequence shown as SEQ ID NO: 8 or SEQ ID NO: 9 are also intended to embrace
functionally equivalent variants which have been modified in the amino acid sequence
without adversely affecting, to any substantial degree, the capacity of CD147 or one of its
fragments to interact with the coronavirus virion relative to that of the native CD147
molecule. Said modifications include, the conservative (or non-conservative) substitution of
one or more amino acids for other amino acids, the insertion and/or the deletion of one or
more amino acids, provided that the capacity to interact with the coronavirus virion of the
variant is substantially maintained, i.e., the variant maintains the ability (capacity) to interact

with the coronavirus virion at physiological conditions.

The term “variant” or “mutant” has been described in the context of domain A and its
definition and particular features apply equally to domain C. The variants or mutants of
CD147 of sequence SEQ ID NO: 7, or a fragment thereof comprising the amino acid
sequence shown as SEQ ID NO: 8 or SEQ ID NO: 9 may have at least 70%, or at least 80%,
or at least 90%, or at least 95%, or at least 96%, or at least 97%, or at least 98%, or at least
99% sequence identity with the sequences shown as SEQ ID NO: 6, 7 or 8, provided that the

capacity to interact with the coronavirus virion of the variant is substantially maintained.

The interaction between CD147 and coronavirus S protein can be determined by
conventional methods. For example, in vitro binding of CD147 to the S protein may be

determined by ELISA, surface plasmon resonance (SPR), or by flow cytometry using ACE2-
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or S protein-expressing cells. Additionally, the virus neutralisation ability of CD147-based
fusion proteins may be determined by incubating the fusion proteins with relevant virus, e.g.
lentiviral vectors pseudotyped with coronavirus S protein, and cultured onto ACE2-

expressing cells. These methods are further described in Example 4.

Domain A, domain O and domain C may have any configuration in the first polypeptide of
the invention. The structure of the polypeptide may be selected from one of the following,
from N-terminus to C-terminus:

- domain A — domain C — domain O,

- domain C — domain A — domain O,

- domain A — domain O — domain C,

- domain C — domain O — domain A,

- domain O — domain A — domain C, and

- domain O — domain C — domain A.

Each of these domains may be joined by a linker. The linker may be a flexible linker. The
linkers described in the context of the fusion between domain A and domain O may be

equally used herein. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

The first polypeptide of the invention may consist of an amino acid sequence selected from

SEQ ID NO: 80 to 83.

hACE2 18-740 HulgG1Fc CD147 22-320 (SEQ ID NO: 80):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
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GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNV
FSCSVMHEALHNHYTQKSLSLSPGKSGGGGSGGGGSGGGGSAAGFVQAPLSQQR
WVGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGARLDRVHIHATYHQ
HAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVRAQAVVLVLEPGTV
FTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALPGQKTEFKVDSDDQ
WGEYSCVFLPEPMGTANIQLHGPPRVKAVKSSEHINEGETAMLVCKSESVPPVTD
WAWYKITDSEDKALMNGSESRFFVSSSQGRSELHIENLNMEADPGQYRCNGTSSK
GSDQAIITLRVRS

hACE2 18-740 HulgG1Fc CD147 22-219 (SEQ ID NO: 81):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIK VRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSR SRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPK SCDK THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIA VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN
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VFSCSVMHEALHNHYTQKSLSLSPGKSGGGGSGGGGSGGGGSAAGFVQAPLSQQ
RWVGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGARLDRVHIHATYH

QHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVRAQAVVLVLEPGT
VFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALPGQKTEFKVDSDD
QWGEYSCVFLPEPMGTANIQLHG

hACE2 18-740 HulgG1Fc CD147 219-320 (SEQ ID NO: 82):
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIK VRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSR SRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSEPK SCDK THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCK VSNKALPAPIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNV
FSCSVMHEALHNHY TQK SLSLSPGK SGGGGSGGGGSGGGGSGPPRVKA VK SSEHI
NEGETAMLVCKSESVPPVTDWAW YKITDSEDK ALMNGSESRFFVSSSQGRSELHI
ENLNMEADPGQYRCNGTSSKGSDQAITLRVRS

CD147 22-320 16gs hACE2 18-740 HulgG1Fc (SEQ ID NO: 83):
AAGFVQAPLSQQRW VGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA
RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEY SCVFLPEPMGTANIQLHGPPRVKA VK SSEHINEGETAM
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LVCKSESVPPVTDWAW YKITDSEDK ALMNGSESRFFVSSSQGRSELHIENLNMEA
DPGQYRCNGTSSKGSDQAIITLR VRSSGGGGSGGGGSGGGGSQSTIEEQAKTFLDK
FNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQMYPL
QEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTILNTMSTIYSTGK VCNPDNPQEC
LLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEEYVVLKNEMARAN
HYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKPLYEHLHAYVRAKL
MNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKPNIDVTDAMVDQAW
DAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGD
FRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNGANEGFHEAVGEIMS
LSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMVFK
GEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDYSFIRYYTRT
LYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPWTLALENVV
GAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPYADQSIK VRISLKSAL
GDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGEEDVRVANLKPRISFN
FFVTAPKNVSDIIPRTEVEK AIRMSR SRINDAFRLNDNSLEFLGIQPTLGPPNQPPVS
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK VSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

2.4. Domain ABD

As an alternative approach to enhance the interaction between the neutralising clamp of the
invention and SARS-CoV-2, the ACE2 molecule can be combined with antibodies binding
distinct epitopes on the coronavirus S protein, maximising avidity and overall neutralisation
potential. Although viral escape mechanisms (through viral mutation) are more probable
with non-endogenous ligands such as antibodies, the use of two or more binding events

minimises the risk of such occurrence.

The first polypeptide of the invention may further comprise a domain ABD, wherein the
domain ABD comprises an antigen-binding domain that binds specifically to a coronavirus

spike protein (S protein).
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Therefore, the first polypeptide of the invention may comprise:

a) a domain A which comprises the ectodomain of human angiotensin converting
enzyme type 2 (hACE2), or a fragment thereof comprising the amino acid sequence
shown as SEQ ID NO: 3, or a variant thereof which maintains the capacity of
hACE?2 to interact with the S protein of coronavirus,

b) adomain O which comprises an oligomerisation domain, and

¢) a domain ABD, wherein the domain ABD comprises an antigen-binding domain
that binds specifically to a coronavirus spike protein (S protein);

and, optionally,

d) a domain C which comprises the ectodomain of CD147 or a fragment thereof

comprising the amino acid sequence shown as SEQ ID NO: 8 or SEQ ID NO: 9.

The first polypeptide of the invention may comprise:
- adomain A, a domain O and a domain ABD, or

- adomain A, a domain O, a domain C, and a domain ABD.

The terms “polypeptide”, “domain A”, “hACE2”, “domain O”, “oligomerisation domain”,
“coronavirus S protein”, “domain C”, and “CD147” have been described in detail in previous
sections of this specification, and their definitions and particular features apply equally

herein.

Importantly, the proviso defining that “where the first polypeptide of the invention comprises
one domain A which consists of the ectodomain of hACE2 having a sequence of SEQ ID
NO: 1 or 2, then the domain O may not comprise the human IgG1 Fc region” does not apply
to polypeptides of the invention comprising a domain A, a domain O and a domain ABD,

and, where present, a domain C.

The first polypeptide of the invention may comprise a domain A, a domain O, a domain
ABD, and, where present, a domain C, in any possible configuration. The skilled person will
immediately identify all the different configurations that are possible for combinations of a
domain A, a domain O, a domain ABD, and, where present, a domain C (from N- to C-

terminus).
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Each of domain A, domain O, domain ABD, and, where present, domain C, may be joined
by a linker. The linker may be a flexible linker. The linkers described in the context of the
fusion between domain A and domain O may be equally used herein. The linker may be the

(GlyaSer)s linker (SEQ ID NO: 6).

The term “antigen-binding domain”, as used herein, refers to a polypeptide having an antigen
binding site which comprises at least one complementarity determining region or CDR. The
antigen-binding domain may comprise 3 CDRs and have an antigen binding site which is
equivalent to that of a single domain antibody (dAb), heavy chain antibody (VHH) or a
nanobody. Alternatively, the antibody may comprise 6 CDRs and have an antigen binding
site which is equivalent to that of a classical antibody molecule. The remainder of the
polypeptide may be any sequence which provides a suitable scaffold for the antigen binding

site and displays it in an appropriate manner for it to bind the antigen.

A full-length antibody or immunoglobulin typically consists of four polypeptides: two
identical copies of a heavy (H) chain polypeptide and two identical copies of a light (L) chain
polypeptide. Each of the heavy chains contains one N terminal variable (VH) region and
three C-terminal constant (CH1, CHz and CH3) regions, and each light chain contains one N-
terminal variable (VL) region and one C-terminal constant (CL) region. The variable regions
of each pair of light and heavy chains form the antigen binding site of an antibody. They are
characterised by the same general structure constituted by relatively preserved regions called
frameworks (FR) joined by three hyper-variable regions called complementarity
determining regions (CDR) (Kabat et al., 1991, Sequences of Proteins of Immunological
Interest, S"Ed., NIH Publication No. 91-3242, Bethesda, MD.; Chothia & Lesk, 1987, J Mol
Biol 196:901-17). The term “complementarity determining region” or “CDR”, as used
herein, refers to the region within an antibody that complements an antigen’s shape. Thus,
CDRs determine the protein’s affinity and specificity for specific antigens. The CDRs of the
two chains of each pair are aligned by the framework regions, acquiring the function of
binding a specific epitope. Consequently, in the case of VH and VL domains both the heavy
chain and the light chain are characterised by three CDRs, respectively CDRH1, CDRH2,
CDRH3 and CDRL1, CDRL2, CDRL3.
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A number of definitions of the CDRs are commonly in use. The Kabat definition is based on
sequence variability and is the most commonly used (see http://www bioinf.org.uk/abs/).
The ImMunoGeneTics information system (IMGT) (see http://www.imgt.org) can also be
used. According to this system, a complementarity determining region (CDR-IMGT) is a
loop region of a variable domain, delimited according to the IMGT unique numbering for V
domain. There are three CDR-IMGT in a variable domain: CDRI1-IMGT (loop BC), CDR2-
IMGT (loop C'C"), and CDR3-IMGT (loop FG). Other definitions of the CDRs have also
been developed, such as the Chothia, the AbM and the contact definitions (see
http://www.imgt.org). Unless stated otherwise, the CDRs described herein are derived using

the Kabat system.

The terms “antigen-binding fragment” and “antigen-binding portion” are used
interchangeably herein and refer to one or more fragments or portions of an antibody that
retain the ability to specifically bind to an antigen. The antibody fragment may comprise, for
example, one or more CDRs, the variable region (or portions thereof), the constant region
(or portions thereof), or combinations thereof. Examples of antibody fragments include, but
are not limited to, a Fab fragment, a F(ab’). fragment, an Fv fragment, a single chain Fv
(scFv), a domain antibody (dAb or VH), a single domain antibody (sdAb), a VHH, and a

nanobody.

The antigen-binding domain may be selected from a scFv, a domain antibody (dAb or VH),
a single domain antibody (sdAb), a VHH, or a nanobody.

The domain ABD of the first polypeptide of the invention may comprise an antigen-binding
domain which is based on a non-immunoglobulin scaffold, also known as antibody mimetic.
These antibody-binding domains are also called antibody mimetics. Non-limiting examples
of non-immunoglobulin antigen-binding domains include an affibody, a fibronectin artificial
antibody scaffold, an anticalin, an affilin, a DARPin, a VNAR, an iBody, an affimer, a

fynomeran, abdurin/nanoantibody, a centyrin, an alphabody, a nanofitin, and a D domain.

The antigen-binding domain may be non-human, such as murine, rat or camelid, chimeric,

humanised or fully human. The antigen-binding domain may be synthetic.
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Non-limiting examples domain A, domain O and domain ABD fusion proteins in different

orientations are depicted in Figure 3.

Preparation of antibodies

Preparation of antibodies may be performed using standard laboratory techniques.
Antibodies may be obtained from animal serum, or, in the case of monoclonal antibodies or
fragments thereof, produced in cell culture. Recombinant DNA technology may be used to
produce the antibodies according to established procedure, in bacterial or mammalian cell

culture.

Methods for the production of monoclonal antibodies are well known in the art. Briefly,
monoclonal antibodies are typically made by fusing myeloma cells with the spleen cells from
a mouse or rabbit that has been immunised with the desired antigen. Herein, the desired
antigen is a coronavirus S protein, or subunit S1 or subunit S2 of a coronavirus S protein.
The coronavirus may be SARS-CoV-2. The antigen-binding domain will be readily obtained
from monoclonal antibodies by means of molecular biology techniques that are conventional

in the art.

Alternatively, antibodies and related molecules, particularly scFvs, may be made outside the
immune system by combining libraries of VH and VL chains in a recombinant manner.
Libraries of VH, VHH, dAb and nanobodies may also be generated. Such libraries may be

constructed and screened using phage-display technology as described in Example 9.

The antibody libraries may be immune or non-immune.

Approaches to generate antibody mimetics having a particular specificity are similar and
well-known in the art. Methods to generate and screen antibody mimetics against a particular
target are described, for example, in Binz et al., 2005 (Binz et al ., 2005, Nat Biotech 23:1257-

68).

Identification of coronavirus S protein-specific antibodies

Antibodies which are selective for a coronavirus S protein, or subunit S1 or subunit S2 of a

coronavirus S protein, may be identified using methods which are standard in the art.
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Methods for determining the binding specificity of an antibody include, but are not limited
to, enzyme-linked immunosorbent assay (ELISA), and competitive ELISA, western blot,
immunofluorescent techniques such as immunohistochemistry (IHC), fluorescence
microscopy, and flow cytometry; surface plasmon resonance (SPR), radioimmunoassay
(RIA), Forster resonance energy transfer (FRET), phage display libraries, yeast two-hybrid
screens, co-immunoprecipitation, bimolecular fluorescence complementation and tandem
affinity purification. Additionally, the virus neutralisation ability of antibodies may be
determined by incubating the antibodies with relevant virus, e.g. lentiviral vectors
pseudotyped with coronavirus S protein, and cultured onto ACE2-expressing cells. These

methods are further described in Example 10.

To identify an antibody which is selective for the S protein of SARS-CoV-2, or subunit S1
or subunit S2 thereof, and not for the S protein of another coronavirus, the binding of the
antibody to these targets is assessed. Typically, the binding to either the S protein (or S1 or

S2 subunits) of SARS-CoV-2 or of another coronavirus is determined.

The antigen-binding domain and ACE2 or a fragment thereof comprising the amino acid
sequence shown as SEQ ID NO: 3 may bind to the same or to different epitopes on the

coronavirus S protein.

Steric hindrance may prevent domain A and domain ABD from binding to coronavirus
protein S at the same time. Thus, advantageously, the antigen-binding domain and ACE2 or
a fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 3 may bind
to different epitopes on the coronavirus S protein. This will enhance the interaction of the

first polypeptide of the invention with the S protein.

The antigen-binding domain may bind to the S1 subunit or the S2 subunit of the coronavirus
S protein of one of the following coronavirus: SARS-CoV-2, SARS-CoV, SARS-like CoV
RaTG13, MERS-CoV, HCoV-0C43, HCoV-HKU1, HCoV-NL63, and HCoV-229E.

Since the S protein of SARS-CoV-2 share about 76% and 97% amino acid sequence identity
that of SARS-CoV and SARS-like CoV RaTG13, the antigen-binding domains of antibodies
specific for the S protein of SARS-CoV and SARS-like CoV RaTG13 may be useful to
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enhance the interaction of the first polypeptide of the invention for the S protein of SARS-
CoV-2. While the affinity of these cross-reacting antibodies may not be optimal, the avidity
effect obtained may have a beneficial effect in the overall interaction of the first polypeptide
of the invention and the S protein of SARS-CoV-2. Thus, the antigen-binding domain may
bind to the S1 subunit or the S2 subunit of the coronavirus S protein of SARS-CoV-2, SARS-
CoV, or SARS-like CoV RaTG13.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-
CoV-2, or subunit S1 or subunit S2 thereof, of SARS-CoV-2.

The antigen-binding domain may bind to an epitope in the HR1 or the HR2 region of the S2
subunit of the S protein of SARS-CoV-2.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-like
CoV RaTG13, or subunit S1 or subunit S2 thereof, of SARS-like CoV RaTG13.

The antigen-binding domain may comprise the CDR1, CDR2, and CDR3 from one of the

following sequences:
- a VH sequence of SEQ ID NO: 10 and a VL sequence of SEQ ID NO: 11;
- a VH sequence of SEQ ID NO: 12 and a VL sequence of SEQ ID NO: 13;
- a VH sequence of SEQ ID NO: 14 and a VL sequence of SEQ ID NO: 15;
- a VH sequence of SEQ ID NO: 16 and a VL sequence of SEQ ID NO: 17;
- a VH sequence of SEQ ID NO: 18 and a VL sequence of SEQ ID NO: 19;
- a VH sequence of SEQ ID NO: 20 and a VL sequence of SEQ ID NO: 21;
- a VH sequence of SEQ ID NO: 22 and a VL sequence of SEQ ID NO: 23;
- a VH sequence of SEQ ID NO: 24 and a VL sequence of SEQ ID NO: 25;
- a VH sequence of SEQ ID NO: 26 and a VL sequence of SEQ ID NO: 27;
- a VH sequence of SEQ ID NO: 28 and a VL sequence of SEQ ID NO: 29;
- a VH sequence of SEQ ID NO: 30 and a VL sequence of SEQ ID NO: 31;
- a VH sequence of SEQ ID NO: 32 and a VL sequence of SEQ ID NO: 33;
- a VH sequence of SEQ ID NO: 34 and a VL sequence of SEQ ID NO: 35;
- a VH sequence of SEQ ID NO: 36 and a VL sequence of SEQ ID NO: 37;
- a VH sequence of SEQ ID NO: 38 and a VL sequence of SEQ ID NO: 39;
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The antigen-binding domain may comprise or consist of one of the following sequences:
10 and a VL sequence of SEQ ID NO:
12 and a VL sequence of SEQ ID NO:
14 and a VL sequence of SEQ ID NO:
16 and a VL sequence of SEQ ID NO:
18 and a VL sequence of SEQ ID NO:
20 and a VL sequence of SEQ ID NO:
22 and a VL sequence of SEQ ID NO:
24 and a VL sequence of SEQ ID NO:
26 and a VL sequence of SEQ ID NO:
28 and a VL sequence of SEQ ID NO:
30 and a VL sequence of SEQ ID NO:
32 and a VL sequence of SEQ ID NO:
34 and a VL sequence of SEQ ID NO:
36 and a VL sequence of SEQ ID NO:
38 and a VL sequence of SEQ ID NO:
40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:
48 and a VL sequence of SEQ ID NO:
50 and a VL sequence of SEQ ID NO:

a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:

a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
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40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:
48 and a VL sequence of SEQ ID NO:
50 and a VL sequence of SEQ ID NO:
52 and a VL sequence of SEQ ID NO:

58;

59; and
60.

41;
43;
45;
47;
49;
51;
53:

11;

2

13;

2

15;

2

17;

2

19;

2

21;

2

23;

2

25;

2

27,

2

29;

2

31;

2

33;

2

35;

2

37,

2

39;

2

41;

2

43;

2

45;

2

47,

2

49;

2

51;

2
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- a VH sequence of SEQ ID NO: 52 and a VL sequence of SEQ ID NO: 53;
- a VH sequence of SEQ ID NO: 58;

- a VH sequence of SEQ ID NO: 59; and

- a VH sequence of SEQ ID NO: 60.

VH domain clone 80R (SEQ ID NO: 10; CDR1, CDR2 and CDR3 underlined):
EVQLVQSGGGVVQPGKSLRLSCAASGFAFSSYAMHW VRQAPGKGLEWVAVISYD
GSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARDRSYYLDYW
GQGTLVTVSS

VL domain clone 80R (SEQ ID NO: 11; CDR1, CDR2 and CDR3 underlined):
ETTLTQSPATLSLSPGERATLSCRASOSVRSNLAWYQQKPGQAPRPLIYDASTRAT
GIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQORSNWPPTFGQGTKVEVK

VH domain clone S230.15(SEQ ID NO: 12; CDR1, CDR2 and CDR3 underlined):
QAQLVESGGALVQPGRSLRLSCAASGFTFRNYAMHW VRQAPATGLQWLAVITSD
GRNKFYADSVKGRFTISREDSKNTLYLQMDSLRGEDTAVYYCVTQRDNSRDYFP
HYFHDMDVWGQGTTVAVSS

VL domain clone S230.15(SEQ ID NO: 13; CDR1, CDR2 and CDR3 underlined):
DVVLTQSPLSLPVTLGQPASISCRSSQSLVYSDGDTYLNWFQQRPGQSPRRLIYQVS
NRDSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOQGSHWPPTFGQGTKVEIK

VH domain clone M396 (SEQ ID NO: 14; CDR1, CDR2 and CDR3 underlined):
QVQLQQSGAEVKKPGSSVKVSCKASGGTFSSYTISWVRQAPGQGLEWMGGITPIL
GIANYAQKFOQGRVTITTDESTSTAYMELSSLRSEDTAVYYCARDTVMGGMDVWG
QGTTVTVSS

VL domain clone M396 (SEQ ID NO: 15; CDR1, CDR2 and CDR3 underlined):
SYELTQPPSVSVAPGKTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDDSDRPS
GIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDYVFGTGTKVTVL

VH domain clone F26G19 (SEQ ID NO: 16; CDR1, CDR2 and CDR3 underlined):
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EVQLEESGTVLARPGASVKMSCKASGYTFTTYRMHWIKQRPGQGLEWIGAIYPGN
SDTTYNOQKFKDKAKLTAVTSTSSAYMELSSLTNEDSAVYFCTREGIPOLLRTLDY
WGQGTSVTVSS

VL domain clone F26G19 (SEQ ID NO: 17, CDR1, CDR2 and CDR3 underlined):
DILMTQSPSSLSASLGERVSLTCRASQEISGYLSWLQEKPDGTIKRLIYAASTLDSG
VPKRFSGSRSGSDYSLTISSLESEDFADYYCLQYVSYPWTFGGGTKLEIK

VH domain clone F26G8 (SEQ ID NO: 18; CDR1, CDR2 and CDR3 underlined):
QVQLLESGAELVKPGASVKVSCKASGYTFTSYWIHW VKQRPGQGLEWIGEINPSN
GRTNYNGNFESKATLTVDKSSNTAYMHLSSLTYEDSAVYHCTRLDYWGQGTTLT
VSS

VL domain clone F26G8 (SEQ ID NO: 19; CDR1, CDR2 and CDR3 underlined):
ELVMTQSPASLSVITGKKVTIRCISNTDIDDDLNWSQLKAGEPPKLLISEGNIFSPGV
PSRFSSSGNGTDFVFTIENTLSEDVANNYCFQSDNMPFTFGSGTKLEIK

VH domain clone F26G8.2 (SEQ ID NO: 20; CDR1, CDR2 and CDR3 underlined):
QVQLQQPGAELVKPGASVKVSCKASGYTFTNYWIHW VKQRPGQGLEWIGEINPG
NGRTNYNGNFMNKATLTVDKSSNTAYMQLSSLTSEDSAVYHCARLDYWGQGTT
LTVSS

VL domain clone F26G8.2 (SEQ ID NO: 21; CDR1, CDR2 and CDR3 underlined):
ELVMTQSPASLSVATGKKVTIRCISSTDIDDDMNWY QQKAGKPPKLLISEGNIFSPG
VPSRFSSSGNGTDFVFTVENTLSEDVADNYCLOQSDNMPFTFGSGTKLGIK

VH domain clone F26G18 (SEQ ID NO: 22; CDR1, CDR2 and CDR3 underlined):
QLVQLEESGTVLPRPGASVKMSCKASGYTFTSYWMHW VKQRPGQGLEWIGAIYP
GNSDTNYNOKFKGRATLTAVTSTSTASMELSSLTNEDSAVYYCTRDGYGSLYYY
AMDFWGQGTSVTVSS

VL domain clone F26G18 (SEQ ID NO: 23; CDR1, CDR2 and CDR3 underlined):
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ELVMTQSPSSLSASLGDRVTISCRASODISNYLNWYQQKPDGTVKLLIYYTSRLHA
GVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQOQGYTLPYTFGGGTKLEIK

VH domain clone 92N (SEQ ID NO: 24; CDR1, CDR2 and CDR3 underlined):
QVQLVQSGAEVKKPGASVKVSCKASGYTFTTYGISWVRQAPGQGLEWMGWISA
YNGNTNYAQKLOQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDDLSDYGE
WLGPDYWGQGTLVTVSS

VL domain clone 92N (SEQ ID NO: 25; CDR1, CDR2 and CDR3 underlined):
QPGLTQPPSASGTPGQRVTISCSGSRSNIGGNTVNWYQHVPGTAPKLLIYSNNQRP
SGVPDRFSGSKSGTSASLAISGLRSEDEAEYYCATWEDSLSGYVFGPGTKVTVL

VH domain clone 91M (SEQ ID NO: 26; CDR1, CDR2 and CDR3 underlined):
QVQLVQSGGGLVQPGGSLRLSCAASGFTFSSSWMSWVRQAPGKGLEWVAYIKOQD
GSEKYYVDSVKGRFTISRDNAKNSLYLQMDSLRAEDTAVYYCARDOQGWGWDGT
EYYSDYWGQGTLVTVSS

VL domain clone 91M (SEQ ID NO: 27; CDR1, CDR2 and CDR3 underlined):
QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSKR
PSGVPDRFSGSKSGNTASLTISGLQAEDEADYFCSSYTITDIVVFGGGTKLTVL

VH domain clone 27D (SEQ ID NO: 28; CDR1, CDR2 and CDR3 underlined):
QVQLVQSGGGLIQPGGSLRLSCAASGFTVSSNYMSWVRQAPGKGLEWVSVIYSG
GSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARNFGEDFDYWGQ
GTLVTVSS

VL domain clone 27D (SEQ ID NO: 29; CDR1, CDR2 and CDR3 underlined):
QSALTQPASVSGSPGQSITISCTGTSSDLGGHNFVSWYQQHPGKAPKLMIYDVFNR
PSGVSSRFSGSKSGNTASLTISGLQAEDEADYFCSSYTITNIVVFGRGTKLTVL

VH domain clone 26H (SEQ ID NO: 30; CDR1, CDR2 and CDR3 underlined):
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QVQLQESGGGLVKPGGSLRLSCAASGFTFSDY YMSWIRQAPGKGLEWVSYISSSG

STIYYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARERWLOQIGEDAFD
IWGQGTTVTVSS

VL domain clone 26H (SEQ ID NO: 31; CDR1, CDR2 and CDR3 underlined):
QTVVTQEPSFSVSPGGTITLTCDLNSGLVSSSHYPSWYQQTPGQAPRTLIYNTNIRS
SGVPDRFSGAILGNKAALTITGAQAEDESDYYCVLYMGSGISVFGGGTKLTVLGQ

VH domain clone 12E (SEQ ID NO: 32; CDR1, CDR2 and CDR3 underlined):
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYGISWVRQAPGQGLEWMGWISAY
NGNTNYAQKLOGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARVGYYGDYAW
GYYYYGMDVWGQGTLVTVSS

VL domain clone 12E (SEQ ID NO: 33; CDR1, CDR2 and CDR3 underlined):
SYELTQPPSASGTPGQRVTISCSGSSSSIGSETVNWYQQLPGTAPKLLIYSNNQRPSG
VPDRFSGSKSGTSASLAISGLQSEDEADYYCTAWDDTLNGRVIFGGGTKLTVL

VH domain clone 8C (SEQ ID NO: 34; CDR1, CDR2 and CDR3 underlined):
EVQLVQSGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSG
STIYYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTGVYYCARDWGYSFGDWGQ
GTLVTVSS

VL domain clone 8C (SEQ ID NO: 35; CDR1, CDR2 and CDR3 underlined):
DIQMTQSPSSLSASVGDRVTITCRATQSISTHLNWYQQRGGKAPKLLIYGASTLES
GVPSRFSGSGSGTEFTLTISSLQPEDFATYYCLQHRSYPWTFGQGTNVEIK

VH domain clone CR3009 (SEQ ID NO: 36; CDR1, CDR2 and CDR3 underlined):
EVQLVESGGGVVQPGRSLRLSCAASGFTFSDYPMNWVRQAPGKGLEW VSSISGSG
GSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKGLFMVTTYAFD
YWGQGTLVTVLE

VL domain clone CR3009 (SEQ ID NO: 37; CDR1, CDR2 and CDR3 underlined):
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DIELTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLOQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQOSYSTPPTFGQGTKVEIK

VH domain clone CR3006 (SEQ ID NO: 38; CDR1, CDR2 and CDR3 underlined):
EVQLVESGGGLVQPGGSLRLSCAASGFTFSGYPMHWVRQAPGKGLEWVAYVISYD
GSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDGSPRTPSFDY
WGQGTLVTVLE

VL domain clone CR3006 (SEQ ID NO: 39; CDR1, CDR2 and CDR3 underlined):
DIQMTQSPHSLSASVGDRVTITCRASQGISNYLAWYQQKPGKVPKLLIYAASTLQS
GVPSRFSGSGSGTDFTLTISSLQPEDVGVYYCQORFRTPVTFGQGTKLEIK

VH domain clone CR3018 (SEQ ID NO: 40; CDR1, CDR2 and CDR3 underlined):
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSG
GSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKENPFTSFDYWG
QGTLVTVSS

VL domain clone CR3018 (SEQ ID NO: 41; CDR1, CDR2 and CDR3 underlined):
DIELTQSPSSLSASVGDRVTITCRASOSISSYLNWYQQKPGKAPKLLIYAASSLOQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPPTFGQGTKVEIK

VH domain clone CR3013 (SEQ ID NO: 42; CDR1, CDR2 and CDR3 underlined):
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDHYMDW VRQAPGKGLEW VGRTRN
KANSYTTEYAASVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAKGLTPLYFD
YWGQGTLVTVSS

VL domain clone CR3013 (SEQ ID NO: 43; CDR1, CDR2 and CDR3 underlined):
DIELTQSPSSLSASVGDRVTITCRASOSISSYLNWYQQKPGKAPKLLIYAASSLOQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPPTFGQGTKVEIK

VH domain clone CR3014 (SEQ ID NO: 44; CDR1, CDR2 and CDR3 underlined):
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EVQLVESGGGLVQPGGSLRLSCAASGFTFSDHYMDWVRQAPGKGLEWVGRTRN
KANSYTTEYAASVKGRFTISRDDSKNSLYLOMNSLKTEDTAVYYCARGISPFYFD
YWGQGTLVTVSS

VL domain clone CR3014 (SEQ ID NO: 45; CDR1, CDR2 and CDR3 underlined):
DIELTQSPSSLSASVGDRVTITCRASOSISSYLNWYQQKPGKAPKLLIYAASSLQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPPTFGQGTKVEIK

VH domain clone CR3015 (SEQ ID NO: 46; CDR1, CDR2 and CDR3 underlined):
EVQLVESGGGVVRPGGSLRLSCAASGFTFDDYGMSWVRQAPGKGLEWVSGINW
NGGSTGYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGLSLRPWGQ
GTLVTVSR

VL domain clone CR3015 (SEQ ID NO: 47; CDR1, CDR2 and CDR3 underlined):
SELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSG
IPDRFSGSSSGNTASLTITGAQAEDEADYYCNSRDSSGNHVVFGGGTKLTVL

VH domain clone AS3-3 (SEQ ID NO: 48; CDR1, CDR2 and CDR3 underlined):
QVQLVQSGAEVKKPGESLKISCKGSGY SFANHWIAWVRQMPGKGLEWMGIFNPD
NSDTTYSPSFOGQVTFSADKSISIAYLHWSSLKASDTAIYYCARLALSDGWLHDFW
GQGTLVTVSS

VL domain clone AS3-3 (SEQ ID NO: 49; CDR1, CDR2 and CDR3 underlined):
EIVMTQSPLSLPVTLGQPASISCKSSQSLVDTNGNTYLIWFHQRPGQSPRRLIYQVS
KRDSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYFCMQGTYRPPTLGQGTKVEIK

VH domain clone CR3022 (SEQ ID NO: 50; CDR1, CDR2 and CDR3 underlined):
QOMQLVQSGTEVKKPGESLKISCKGSGYGFITYWIGWVRQMPGKGLEWMGILYPGD
SETRYSPSFOGQVTISADKSINTAYLQWSSLKASDTAIYYCAGGSGISTPMDVWGQ
GTTVTVSS

VL domain clone CR3022 (SEQ ID NO: 51; CDR1, CDR2 and CDR3 underlined):
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DIQLTQSPDSLAVSLGERATINCKSSQSVLYSSINKNYLAWYQQKPGQPPKLLIYW

ASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQOQYYSTPYTFGQGTKVEI
K

VH domain clone B1 (SEQ ID NO: 52; CDR1, CDR2 and CDR3 underlined):
QVQLLESGAEVKKPGASAKVSCKASGCTFTSYGISWVRQAPGQGLEWMGWISAY
NGNTNYAQKLOGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGVAVAGTWD
WEDPWGQGTLVTVSS

VL domain clone B1 (SEQ ID NO: 53; CDR1, CDR2 and CDR3 underlined):
DIVLTQTPGTLSLSPGERATLSCRASQSVRTYLAWYQQKPGQVPRLLIYGASSRAT
GIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSLWTFGQGTRLEIKR

dAb clone 5 (SEQ ID NO: 58; CDR1, CDR2 and CDR3 underlined):
QVQLQESGGGLVQAGGSLRLSCVDSGRTFSGGTMAWFRQAPGKAREFVAADRGF
TSTYYADAVKGRFTISRDNAENAAENAVYLQMNSLKPEDTAVYYCAARPTVAFS
TDEIFYKFWGQGTQVTVSS

dAb clone 7 (SEQ ID NO: 59; CDR1, CDR2 and CDR3 underlined):
QVQLQESGGGLVEAGGSLRLSCVASGFTFEDYNIGWFRQAPGKEREGVSYIRANG
GTTYYTDSVKGRFTISADNAKNTVYLQMSNLKSEDTAVYYCAADGSSWPIDLPVY
EYDYWGQGTQVTVSS

dAb clone 9 (SEQ ID NO: 60; CDR1, CDR2 and CDR3 underlined):
QVQLQESGGGLVQAGDSLRLSCAASGRTSDTMTIGWFRQAPGKEREFVASINWSG
STTYYADSVNERFTISRDDAKNTVYLQMNSLKPEDTAVYYCAAKRGVWTIKSAA
ADFASWGQGTQVTVSS

Variants of the above amino acid sequences may also be used in the present invention,
provided that the resulting antibody binds coronavirus S protein. Typically, such variants

have a high degree of sequence identity with one of the sequences specified above.
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2

The terms “identity”, "identical" or “percent identity" have been described in previous
sections of this specification and their definitions and particular features apply equally

herein.

Variants of the VL or VH domain or scFv typically have at least about 75%, for example at
least about 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity with the sequences
given as SEQ ID NO: 10-53.

Typically, variants may contain one or more conservative amino acid substitutions compared
to the original amino acid or nucleic acid sequence. Conservative substitutions are those
substitutions that do not substantially affect or decrease the affinity of an antibody to bind
coronavirus S protein. For example, a human antibody that specifically binds coronavirus S
protein may include up to 1, up to 2, up to 5, up to 10, or up to 15 conservative substitutions
in either or both of the VH or VL compared to any of the sequences given as SEQ ID No.

10-53 and retain specific binding to coronavirus S protein.

The first polypeptide of the invention may further comprise an additional domain ABD
which comprises an antigen-binding domain that binds specifically to a coronavirus S

protein.

The term “domain ABD” has been described previously and all the definitions and particular

features of the first domain ABD apply equally to the additional domain ABD.

Steric hindrance may prevent domain A and domain ABD from binding to coronavirus S
protein at the same time. In order to avoid this, the ectodomain of hACE2 or a fragment
thereof comprising the amino acid sequence shown as SEQ ID NO: 3, the antigen-binding
domain of domain ABD and the antigen-binding domain of the additional domain ABD may

bind to different epitopes on the coronavirus S protein.

The coronavirus S protein may be the spike protein of SARS-CoV-2 Coronavirus.

Internal flexibility is also a factor contributing to multivalent binding. Thus, each of domain

A, domain O, domain ABD, additional domain ABD, and, where present, domain C, may be
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joined by a linker. The linker may be a flexible linker. The linker may be the (GlysSer)s
linker (SEQ ID NO: 6).

The first polypeptide of the invention may consist of one of the amino acid sequences shown

as SEQ ID NO: 84 to 87 and 96 to 99.

hACE2 18-605-L-SARS aCoV CR3022 ScFv HL-HulgG1Fc (SEQ ID NO: 84)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGGGGGSGGG
GSGGGASQMQLVQSGTEVKKPGESLKISCKGSGY GFITYWIGW VRQMPGK GLEW
MGITYPGDSETRY SPSFQGQVTISADK SINTAYLQWSSLKASDTAIYYCAGGSGIST
PMDVWGQGTTVTVSSGGGGSGGGGSGGGGSDIQLTQSPDSLAVSLGERATINCKS
SQSVLYSSINKNYLAWYQQKPGQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTIS
SLQAEDVAVYYCQQYYSTPYTFGQGTK VEIKGSEPK SCDK THTCPPCPAPELLGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQV
YTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

hACE2 18-740-L-SARS aCoV CR3022 ScFv HL-HulgG1Fc (SEQ ID NO: 85)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIY'S
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
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LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSGGGGSGGGGSGGGASQMQLVQSGTEVKKPGESLKISCKGS
GYGFITYWIGW VRQMPGKGLEWMGITYPGDSETRY SPSFQGQVTISADKSINTAYL
QWSSLKASDTAIYYCAGGSGISTPMDVWGQGTTVTVSSGGGGSGGGGSGGGGSD
IQLTQSPDSLAVSLGERATINCKSSQSVLYSSINKNYLAWYQQKPGQPPKLLIYWA
STRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPYTFGQGTKVEIK
GSEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

hACE2 18-605-L-SARS aCoV-S2 B1 ScFv HL-HulgG1Fc (SEQ ID NO: 86)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGGGGGSGGG
GSGGGASQVQLLESGAEVKKPGASAKVSCKASGCTFTSYGISWVRQAPGQGLEW
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MGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGV

AVAGTWDWFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQTPGTLSLSPGE

RATLSCRASQSVRTYLAWYQQKPGQVPRLLIYGASSRATGIPDRFSGSGSGTDFTL

TISRLEPEDFAVYYCQQYGSSLWTFGQGTRLEIKRGSEPKSCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE

PQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

hACE2 18-740-L-SARS aCoV-S2 B1 ScFv HL-HulgG1Fc (SEQ ID NO: 87)
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAF
LKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYS
TGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEE
YVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDY SRGQLIEDVEHTFEEIKP
LYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKP
NIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQK A
VCHPTAWDLGKGDFRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNG
ANEGFHEAVGEIMSLSAATPKHLK SIGLLSPDFQEDNETEINFLLKQALTIVGTLPFT
YMLEKWRWMVFKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFH
VSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRL
GKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPY
ADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGE
EDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEK AIRMSRSRINDAFRLNDNSLEFL
GIQPTLGPPNQPPVSGGGGSGGGGSGGGASQVQLLESGAEVKKPGASAKVSCKAS
GCTFTSYGISWVRQAPGQGLEWMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTA
YMELRSLRSDDTAVYYCARGVAVAGTWDWFDPWGQGTLVTVSSGGGGSGGGG
SGGGGSDIVLTQTPGTLSLSPGERATLSCRASQSVRTYLAWYQQKPGQVPRLLIYG
ASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSLWTFGQGTRLEIK
RGSEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALPAPIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK
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SARS aCoV CR3022 ScFv HL-L ACE2 18-605 shuttle HulgG1Fc (SEQ ID NO: 96)
QMQLVQSGTEVKKPGESLKISCKGSGYGFITYWIGW VRQMPGK GLEWMGITYPGD
SETRYSPSFQGQVTISADK SINTAYLQWSSLKASDTAIYYCAGGSGISTPMDVWGQ
GTTVTVSSGGGGSGGGGSGGGGSDIQLTQSPDSLAVSLGERATINCKSSQSVLYSSI
NKNYLAWYQQKPGQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDV
AVYYCQQYYSTPYTFGQGTK VEIKGSGGGGSGGGGSGGGGSQSTIEEQAKTFLDK
FNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQMYPL
QEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTILNTMSTIYSTGKVCNPDNPQEC
LLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEEYVVLKNEMARAN
HYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKPLYEHLHAYVRAKL
MNAYPSYISPIGCLPAHLLGDMWGRFWTNLY SLTVPFGQKPNIDVTDAMVDQAW
DAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGD
FRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNGANEGFHEA VGEIMS
LSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMYVFK
GEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDY SFIRYYTRT
LYQFQFQEALCQAAKHEGPLHK CDISNSTEAGQKLFNMLRLGK SEPWTLALENVV
GAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGEPKSCDK THTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCK VSNKALPAPIEK TISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SARS aCoV CR3022 ScFv HL-L ACE2 18-740 shuttle HulgG1Fc (SEQ ID NO: 97)

QMQLVQSGTEVKKPGESLKISCKGSGYGFITYWIGW VRQMPGK GLEWMGITYPGD
SETRYSPSFQGQVTISADK SINTAYLQWSSLKASDTAIYYCAGGSGISTPMDVWGQ
GTTVTVSSGGGGSGGGGSGGGGSDIQLTQSPDSLAVSLGERATINCKSSQSVLYSSI
NKNYLAWYQQKPGQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDV

AVYYCQQYYSTPYTFGQGTK VEIKGSGGGGSGGGGSGGGGSQSTIEEQAKTFLDK
FNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQMYPL
QEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTILNTMSTIYSTGKVCNPDNPQEC
LLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEEYVVLKNEMARAN

HYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKPLYEHLHAYVRAKL
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MNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKPNIDVTDAMVDQAW
DAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGD
FRILMCTKVTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNGANEGFHEAVGEIMS
LSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMVFK
GEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDYSFIRYYTRT
LYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPWTLALENVV
GAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPYADQSIK VRISLKSAL
GDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGEEDVRVANLKPRISFN
FFVTAPKNVSDIIPRTEVEK AIRMSR SRINDAFRLNDNSLEFLGIQPTLGPPNQPPVS
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK VSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK

SARS aCoV-S2 B1 ScFv HL-L ACE2 18-605 shuttle HulgG1Fc (SEQ ID NO: 98)
QVQLLESGAEVKKPGASAKVSCKASGCTFTSYGISWVRQAPGQGLEWMGWISAY
NGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGVAVAGTWD
WFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQTPGTLSLSPGERATLSCRA
SQSVRTYLAWYQQKPGQVPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPED
FAVYYCQQYGSSLWTFGQGTRLEIKRGSGGGGSGGGGSGGGGSQSTIEEQAKTFL
DKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQM
YPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYSTGK VCNPDNP
QECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEEYVVLKNEMAR
ANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKPLYEHLHAY VRA
KLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKPNIDVTDAMVDQ
AWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGK
GDFRILMCTK VTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNGANEGFHEA VGEI
MSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMV
FKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDYSFIRYYT
RTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPWTLALEN
VVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGEPKSCDK THTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
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EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SARS aCoV-S2 B1 ScFv HL-L ACE2 18-740 shuttle HulgG1Fc (SEQ ID NO: 99)
QVQLLESGAEVKKPGASAKVSCKASGCTFTSYGISWVRQAPGQGLEWMGWISAY
NGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGVAVAGTWD
WFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQTPGTLSLSPGERATLSCRA
SQSVRTYLAWYQQKPGQVPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPED
FAVYYCQQYGSSLWTFGQGTRLEIKRGSGGGGSGGGGSGGGGSQSTIEEQAKTFL
DKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQM
YPLQEIQNLTVKLQLQALQQNGSSVLSEDK SKRLNTILNTMSTIYSTGK VCNPDNP
QECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEEYVVLKNEMAR
ANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKPLYEHLHAY VRA
KLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKPNIDVTDAMVDQ
AWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGK
GDFRILMCTK VTMDDFLTAHNEMGNIQYDMAYAAQPFLLRNGANEGFHEA VGEI
MSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMV
FKGEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDYSFIRYYT
RTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPWTLALEN
VVGAKNMNVRPLLNYFEPLFTWLKDQNKNSFVGWSTDWSPYADQSIK VRISLKS
ALGDKAYEWNDNEMYLFRSSVAYAMRQYFLK VKNQMILFGEEDVRVANLKPRIS
FNFFVTAPKNVSDIIPRTEVEK AIRMSRSRINDAFRLNDNSLEFLGIQPTLGPPNQPP
VSEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSPGK

The first polypeptide of the invention may comprise a domain A, a domain O, a domain
ABD, additional domain ABD, and, where present, a domain C, in any configuration. The
skilled person will immediately recognise all the possible different domain structures (from

N- to C-terminus).
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2.5. Domain ALB

The first polypeptide of the invention may be short-lived in the bloodstream or, otherwise,
its pharmacokinetic properties may need to be enhanced. Plasma proteins and plasma protein
binding proteins or peptides can be an effective means of improving the pharmacokinetic
properties of any molecule. One of these plasma proteins is albumin, which has been

extensively investigated for extending the half-life of therapeutic molecules in blood.

Human serum albumin (HSA) can be exploited in one of two ways. One approach is to
directly couple the therapeutic protein to HSA, either genetically or chemically. A second

approach is to use an albumin-binding domain.

The first polypeptide of the invention may further comprise a domain ALB which comprises
albumin or an albumin domain, or an antigen-binding domain that binds specifically to
albumin, or an albumin-binding-peptide, or an albumin-binding domain of a Streptococcus

protein.

Therefore, the first polypeptide of the invention may comprise:

a) a domain A which comprises the ectodomain of human angiotensin converting
enzyme type 2 (hACE2), or a fragment thereof comprising the amino acid sequence
shown as SEQ ID NO: 3, or a variant thereof which maintains the capacity of
hACE?2 to interact with the S protein of coronavirus,

b) adomain O which comprises an oligomerisation domain, and

¢) a domain ALB which comprises albumin or an albumin domain, or an antigen-
binding domain that binds specifically to albumin, or an albumin-binding-peptide,

or an albumin-binding domain of a Streptococcus protein.

Optionally, the first polypeptide of the invention may further comprise a domain ABD,
wherein the domain ABD comprises an antigen-binding domain that binds specifically to a
coronavirus S protein and/or a domain C which comprises the ectodomain of CD147 or a
fragment thereof comprising the amino acid sequence shown as SEQ ID NO: 8 or SEQ ID
NO: 9.



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

91

The terms “polypeptide”, “domain A”, “hACE2”, “domain O”, “oligomerisation domain”,
“domain C”, “CD147”, “domain ABD”, “antigen-binding domain”, and “coronavirus S
protein” have been described in detail in previous sections of this specification, and their

definitions and particular features apply equally herein.

Importantly, the proviso defining that “where the first polypeptide of the invention comprises
one domain A which consists of the ectodomain of hACE2 having a sequence of SEQ ID
NO: 1 or 2, then the domain O may not comprise the human IgG1 Fc region” does not apply
to polypeptides of the invention comprising a domain A, a domain O and a domain ALB,

and, where present, a domain C and/or a domain ABD.

The first polypeptide of the invention may comprise a domain A, a domain O, and a domain
ALB, and, where present, a domain C and/or a domain ABD, in any orientation. The skilled
person will immediately recognise all the possible different domain structures (from N- to

C-terminus).

Each of domain A, domain O, and a domain ALB, and, where present, a domain C and/or a
domain ABD, may be joined by a linker. The linker may be a flexible linker. The linkers
described in the context of the fusion between domain A and domain O may be equally used

herein. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

Albumin is the most abundant protein in plasma, present at 50 mg/ml (600 uM), and has a
half-life of 19 days in humans. With a molecular mass of about 67 kDa, albumin serves to
maintain plasma pH, contributes to colloidal blood pressure, functions as carrier of many
metabolites and fatty acids, and serves as a major drug transport protein in plasma. Human
albumin is depicted under Accession No. P02768 in the Uniprot database on 30" March
2020. Albumin is formed by three domains, i.e. albumin domain 1 spanning aa 19-210,

albumin domain 2 spanning aa 211-403, and albumin domain 3 spanning aa 404-601.

Domain ALB of the first polypeptide of the invention may comprise the sequence of the full

albumin protein or the sequence of one or two of the albumin domains.
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The amino acid sequence of HSA is shown as SEQ ID NO: 139. Alternatively, it may
comprise a mutated HSA, such as the ones described in WO2010059315.

Wild-type human serum albumin; processed protein (SEQ ID NO: 139)
RGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEF
AKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAKQEPERNECFL
QHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAPELLFFA
KRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERAFK
AWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICE
NQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVCKNYAEA
KDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKVFDE
FKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGK
VGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRP
CFSALEVDETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVELVKHKPKATKE
QLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

The half-life extending domain may comprise one domain of HSA, i.e. domain I of HSA
(residues 1-192 of SEQ ID NO: 139), domain II of HSA (residues 193-385 of SEQ ID NO:
139), or domain III of HSA (residues 386-591 of SEQ ID NO: 139). The half-life extending
domain may comprise a combination of HSA domains, such as domains I and II, I and III,

or IT and III.

Domain ALB of the first polypeptide of the invention may comprise the sequence of an

antigen-binding domain that binds specifically to albumin.

The term “antigen-binding domain” has been described previously, and its definition and
particular features apply equally herein. Where necessary, the skilled person will readily be

able to adapt the previous description to albumin.

Numerous anti-HSA antigen-binding domain have been described in the art, such as scFvs,
single domain antibodies (Nanobody™, AlbudAb™) and Fabs, as well as albumin-binding
domains based on antibody mimetics, such as anti-albumin DARPins. Anti-serum albumin

binding single variable domains have been described, for example, in Holt et al., Protein Eng

RECTIFIED SHEET (RULE 91) ISA/EP
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Des Sel 21:283-8, WO004003019, W02008096158, WO05118642, WO020060591056,
WO02011/006915.

Domain ALB of the first polypeptide of the invention may comprise the sequence of an
albumin-binding-peptide. A non-limiting example of an albumin-binding-peptide includes
peptides having the core sequence DICLPRWGCLW (SEQ ID NO: 54), which was
generated using peptide phage display to specifically bind to albumin.

Domain ALB of the first polypeptide of the invention may comprise the sequence of an
albumin-binding domain of a Streptococcus protein. The Streptococcal protein may be
Protein G. The albumin-binding domain of Streptococcal protein G may be the albumin-

binding domain B2A3 (BA) and/or BIA2B2A3 (BABA).
Other modifications used to extend half-life that are currently known in the art, or that will
be developed in the future, also form part of the present invention. For example, the first

polypeptide of the invention may be conjugated to polyethylene glycol (PEG), or pegylated.

3. Polvpeptide based on CD147

In anotheraspect, the present invention provides a polypeptide, hereinafter “the second

polypeptide of the invention”, comprising

a) a domain C which comprises the ectodomain of CD147 or a fragment thereof
comprising the amino acid sequence shown as SEQ ID NO: 2 or a fragment thereof
comprising the amino acid sequence shown as SEQ ID NO: 3, and

b) adomain O which comprises an oligomerisation domain.

The terms “polypeptide”, “domain C”, “CD147”, “domain O”, and “oligomerisation
domain” have been described in detail in the context of the first polypeptide of the invention,
and their definitions and particular features apply equally to the second polypeptide of the

invention.

The oligomerisation domain may be selected from an IgG Fc region or a variant thereof

which does not interact with FcyRI, FcyRIla and FcyRIIL, an IgM Fc region, an IgA Fc
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region, a collagen X VIII trimerizing structural element, a collagen XV trimerizing structural

element, a foldon domain, a TenC domain and a coiled coil domain.

Non-limiting examples domain C and domain O fusion proteins are depicted in Figure 5.

The second polypeptide of the invention may comprise, from N-terminus to C-terminus:
- domain C — domain O, and

- domain O — domain C.

The second polypeptide of the invention may consist of an amino acid sequence selected

from SEQ ID NO: 122-124.

hCD147-Fc (SEQ ID NO: 122)

AAGFVQAPLSQQRW VGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA
RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEY SCVFLPEPMGTANIQLHGPPRVKA VK SSEHINEGETAM
LVCKSESVPPVTDWAW YKITDSEDK ALMNGSESRFFVSSSQGRSELHIENLNMEA
DPGQYRCNGTSSKGSDQAINTLRVRSEPKSCDK THTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVYTLPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHY TQK SLSLSPGK

hCD147 D1-Fc (SEQ ID NO: 123)
AAGFVQAPLSQQRWVGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA
RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GOQKTEFKVDSDDQWGEYSCVFLPEPMGTANIQLHGEPKSCDKTHTCPPCPAPELL
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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CD147 D2-Fc (SEQ ID NO: 124)
GPPRVKAVKSSEHINEGETAMLVCKSESVPPVTDWAWYKITDSEDKALMNGSESR
FFVSSSQGRSELHIENLNMEADPGQYRCNGTSSKGSDQAINTLRVRSEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
K

Domain C and domain O may be joined by a linker. The linker may be a flexible linker. The
linkers described in the context of the fusion between domain C and domain O may be

equally used herein. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

As an alternative approach to enhance the interaction between the neutralising clamp of the
invention and SARS-CoV-2, the CD147 molecule can be combined with antibodies binding
distinct epitopes on the coronavirus S protein, maximising avidity and overall neutralisation
potential. Although viral escape mechanisms (through viral mutation) are more probable
with non-endogenous ligands such as antibodies, the use of two or more binding events

minimises the risk of such occurrence.

Thus, the second polypeptide of the invention may further comprise a domain ABD, wherein
the domain ABD comprises an antigen-binding domain that binds specifically to a

coronavirus S protein.

The second polypeptide of the invention may comprise a domain C, a domain O and a

domain ABD.

The second polypeptide of the invention may comprise a domain C, a domain O and a
domain ABD in any orientation. The structure of the polypeptide may be selected from one
of the following, from N-terminus to C-terminus:

- domain C — domain ABD- domain O,

- domain ABD- domain C — domain O,
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- domain C — domain O — domain ABD,
- domain ABD — domain O — domain C,
- domain O — domain C — domain ABD, and

- domain O — domain ABD- domain C.

Each of domain C, domain O and domain ABD may be joined by a linker. The linker may
be a flexible linker. The linkers described in the context of the fusion between domain A and
domain O may be equally used herein. The linker may be the (GlysSer)s linker (SEQ ID NO:
0).

The terms “ABD”, and “coronavirus S protein” have been described in detail in the context
of the first polypeptide of the invention, and their definitions and particular features apply
equally to the second polypeptide of the invention.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-
CoV-2, or subunit S1 or subunit S2 thereof, of SARS-CoV-2.

The antigen-binding domain may bind to an epitope in the HR1 or the HR2 region of the S2
subunit of the S protein of SARS-CoV-2.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-like
CoV RaTG13, or subunit S1 or subunit S2 thereof, of SARS-like CoV RaTG13.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-
CoV, or subunit S1 or subunit S2 thereof, of SARS-CoV.

The antigen-binding domain is selected from a scFv or a domain antibody (dAb or VH).

The antigen-binding domain may comprise the CDR1, CDR2, and CDR3 from one of the
following sequences:

- a VH sequence of SEQ ID NO: 10 and a VL sequence of SEQ ID NO: 11;

- a VH sequence of SEQ ID NO: 12 and a VL sequence of SEQ ID NO: 13;

- a VH sequence of SEQ ID NO: 14 and a VL sequence of SEQ ID NO: 15;
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a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
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a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
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16 and a VL sequence of SEQ ID NO:
18 and a VL sequence of SEQ ID NO:
20 and a VL sequence of SEQ ID NO:
22 and a VL sequence of SEQ ID NO:
24 and a VL sequence of SEQ ID NO:
26 and a VL sequence of SEQ ID NO:
28 and a VL sequence of SEQ ID NO:
30 and a VL sequence of SEQ ID NO:
32 and a VL sequence of SEQ ID NO:
34 and a VL sequence of SEQ ID NO:
36 and a VL sequence of SEQ ID NO:
38 and a VL sequence of SEQ ID NO:
40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:
48 and a VL sequence of SEQ ID NO:
50 and a VL sequence of SEQ ID NO:
52 and a VL sequence of SEQ ID NO:

58;

59; and
60.

The antigen-binding domain may comprise one of the following sequences:

a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:

10 and a VL sequence of SEQ ID NO:
12 and a VL sequence of SEQ ID NO:
14 and a VL sequence of SEQ ID NO:
16 and a VL sequence of SEQ ID NO:
18 and a VL sequence of SEQ ID NO:
20 and a VL sequence of SEQ ID NO:
22 and a VL sequence of SEQ ID NO:
24 and a VL sequence of SEQ ID NO:
26 and a VL sequence of SEQ ID NO:

17;
19;

2

21;

2

23;

2

25;

2

27,

2

29;

2

31;

2

33;

2

35;

2

37,

2

39;

2

41;

2

43;

2

45;

2

47,

2

49;

2

51;

2

53;

2

11;
13;
15;
17;
19;
21;
23;
25;
27,
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a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
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28 and a VL sequence of SEQ ID NO:
30 and a VL sequence of SEQ ID NO:
32 and a VL sequence of SEQ ID NO:
34 and a VL sequence of SEQ ID NO:
36 and a VL sequence of SEQ ID NO:
38 and a VL sequence of SEQ ID NO:
40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:
48 and a VL sequence of SEQ ID NO:
50 and a VL sequence of SEQ ID NO:
52 and a VL sequence of SEQ ID NO:

58;

59; and
60.

29;
31;
33;
35;
37,
39;
41;
43;
45;
47,
49;
51;
53;

The coronavirus S protein may be the spike protein of SARS-CoV-2 coronavirus.

Variants of the above amino acid sequences may also be used in the second polypeptide of
the invention, provided that the resulting antibody binds coronavirus S protein. Typically,
such variants have a high degree of sequence identity with one of the sequences specified

above.

»on
2

The terms “identity”, "identical" or “percent identity" have been described in the context of
the first polypeptide of the invention and their definitions and particular features apply

equally to the second polypeptide of the invention.

The second polypeptide of the invention may further comprise an additional domain ABD
which comprises an antigen-binding domain that binds specifically to a Coronavirus spike

protein.
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The term “domain ABD” has been described previously and all the definitions and particular

features of the first domain ABD apply equally to the additional domain ABD.

Steric hindrance may prevent domain C and domain ABD from binding to coronavirus
protein S at the same time. In order to avoid this, CD147 or a fragment thereof comprising
the amino acid sequence shown as SEQ ID NO: 2 or a fragment thereof comprising the
amino acid sequence shown as SEQ ID NO: 3, the antigen-binding domain of domain ABD
and the antigen-binding domain of the additional domain ABD may bind to different

epitopes on the Coronavirus spike protein.

The coronavirus S protein may be the spike protein of SARS-CoV-2, SARS-CoV or SARS-
like CoV RaTG13.

Internal flexibility is also a factor contributing to multivalent binding. Thus, each of domain
C, domain O, domain ABD, and additional domain ABD may be joined by a linker. The
linker may be a flexible linker. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

The second polypeptide of the invention may comprise a domain C, a domain O, a domain
ABD, and an additional domain ABD in any orientation. The skilled person will immediately

recognise all the possible different domain structures (from N- to C-terminus).

The second polypeptide of the invention may be short-lived in the bloodstream or, otherwise,
its pharmacokinetic properties may need to be enhanced. Plasma proteins and plasma protein
binding can be an effective means of improving the pharmacokinetic properties of any
molecule. One of these plasma proteins is albumin, which has been extensively investigated

for extending the half-life of therapeutic molecules in blood.

Thus, the second polypeptide of the invention may further comprise a domain ALB which
comprises albumin or an albumin domain, or an antigen-binding domain that binds
specifically to albumin, or an albumin-binding-peptide, or an albumin-binding domain of a

Streptococcus protein.
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The terms “albumin”, “antigen-binding domain that binds specifically to albumin”,
“albumin-binding-peptide”, and “albumin-binding domain of a Streptococcus protein” have
been described in the context of the first polypeptide of the invention and their definitions

and particular features apply equally to the second polypeptide of the invention.

Domain ALB may be joined by a linker. The linker may be a flexible linker. The linkers
described in the context of the fusion between domain A and domain O may be equally used

herein. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

The second polypeptide of the invention may consist of the amino acid sequence shown as

SEQ ID NO: 88 to 91.

CD147 22-320 HulgMFc (SEQ ID NO: 88)

AAGFVQAPLSQQRW VGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA

RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR

AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEY SCVFLPEPMGTANIQLHGPPRVKA VK SSEHINEGETAM
LVCKSESVPPVTDWAW YKITDSEDK ALMNGSESRFFVSSSQGRSELHIENLNMEA

DPGQYRCNGTSSKGSDQAINTLRVRSSGGGSIAELPPK VSVFVPPRDGFFGNPRSKS

KLICQATGFSPRQIQVSWLREGKQVGSGVTTDQVQAEAKESGPTTYKVTSTLTIKE
SDWLSQSMFTCRVDHRGLTFQQNASSMCVPDQDTAIR VFAIPPSFASIFLTKSTKLT
CLVTDLTTYDSVTISWTRQNGEA VK THTNISESHPNATFSAVGEASICEDDWNSGE
RFTCTVTHTDLPSPLKQTISRPKGVALHRPDVYLLPPAREQLNLRESATITCLVTGF

SPADVFVQWMQRGQPLSPEKY VTSAPMPEPQAPGRYFAHSILTVSEEEWNTGETY
TCVVAHEALPNRVTERTVDKST

CD147-D1_22-219 HulgG1Fc (SEQ ID NO: 89)

AAGFVQAPLSQQRW VGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA

RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEY SCVFLPEPMGTANIQLHGEPK SCDK THTCPPCPAPELL

GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPRE
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PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

CD147-D2_219-320 HulgG1Fc (SEQ ID NO: 90)
GPPRVKAVKSSEHINEGETAMLVCKSESVPPVTDWAW YKITDSEDKALMNGSESR
FFVSSSQGRSELHIENLNMEADPGQYRCNGTSSKGSDQAIITLRVRSEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
K

CD147 22-320 HulgG1Fc (SEQ ID NO: 91)

AAGFVQAPLSQQRW VGGSVELHCEAVGSPVPEIQWWFEGQGPNDTCSQLWDGA

RLDRVHIHATYHQHAASTISIDTLVEEDTGTYECRASNDPDRNHLTRAPRVKWVR
AQAVVLVLEPGTVFTTVEDLGSKILLTCSLNDSATEVTGHRWLKGGVVLKEDALP
GQKTEFKVDSDDQWGEY SCVFLPEPMGTANIQLHGPPRVKA VK SSEHINEGETAM
LVCKSESVPPVTDWAW YKITDSEDK ALMNGSESRFFVSSSQGRSELHIENLNMEA

DPGQYRCNGTSSKGSDQAINTLRVRSEPKSCDK THTCPPCPAPELLGGPSVFLFPPK

PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTY

RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVYTLPPSR

DELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHY TQK SLSLSPGK

The first polypeptide of the invention may comprise a domain C, a domain O, a domain
ALB, and, where present, a domain ABD and/or an additional domain ABD, in any
orientation. The skilled person will immediately recognise all the possible different domain

structures (from N- to C-terminus).

Other modifications used to extend half-life that are currently known in the art, or that will
be developed in the future, also form part of the present invention. For example, the first

polypeptide of the invention may be conjugated to polyethylene glycol (PEG), or pegylated.
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4. Polvpeptide based on coronavirus SP-specific binders

In another aspect, the present invention provides a polypeptide, hereinafter “the third

polypeptide of the invention”, comprising:

a) a domain ABD which comprises an antigen-binding domain that binds specifically
to a Coronavirus spike protein, and
b) adomain O which comprises an oligomerisation domain.
The terms “polypeptide”, “domain ABD”, “antigen-binding domain”, “coronavirus spike
protein”, “domain O”, and “oligomerisation domain” have been described in detail in the
context of the first polypeptide of the invention, and their definitions and particular features

apply equally to the third polypeptide of the invention.

The oligomerisation domain may be selected from an IgG Fc region or a variant thereof
which does not interact with FcyRI, FcyRIla and FcyRIIL, an IgM Fc region, an IgA Fc
region, a collagen X VIII trimerizing structural element, a collagen XV trimerizing structural

element, a foldon domain, a TenC domain and a coiled coil domain.

Using a variant of an Fc region of an IgG which does not interact with FcyRI, FcyRIla and
FcyRIII is within the scope of the present invention. These variants are well-known in the
art. For example, the Fc region of an IgG may contain one or more of the following mutations

Leu234Ala, Leu235Ala (LALA).

Non-limiting examples domain ABD and domain O fusion proteins in different orientations

are depicted in Figure 6.

The third polypeptide of the invention may comprise, from N-terminus to C-terminus:
- domain ABD — domain O, and
- domain O — domain ABD.

Domain ABD and domain O may be joined by a linker. The linker may be a flexible linker.
The linkers described in the context of the fusion between domain A and domain O may be

equally used herein. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).
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The antigen-binding domain may bind to the S1 subunit or the S2 subunit of the coronavirus

S protein.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-
CoV-2, or subunit S1 or subunit S2 thereof, of SARS-CoV-2.

The antigen-binding domain may bind to an epitope in the HR1 or the HR2 region of the S2
subunit of the S protein of SARS-CoV-2.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-like
CoV RaTG13, or subunit S1 or subunit S2 thereof, of SARS-like CoV RaTG13.

The antigen-binding domain of domain ABD may be specific for the S protein of SARS-
CoV, or subunit S1 or subunit S2 thereof, of SARS-CoV.

The antigen-binding domain is selected from a scFv or a domain antibody (dAb or VH).

The antigen-binding domain may comprise the CDR1, CDR2 and CDR3 from one of the

following sequences:
- a VH sequence of SEQ ID NO: 10 and a VL sequence of SEQ ID NO: 11;
- a VH sequence of SEQ ID NO: 12 and a VL sequence of SEQ ID NO: 13;
- a VH sequence of SEQ ID NO: 14 and a VL sequence of SEQ ID NO: 15;
- a VH sequence of SEQ ID NO: 16 and a VL sequence of SEQ ID NO: 17;
- a VH sequence of SEQ ID NO: 18 and a VL sequence of SEQ ID NO: 19;
- a VH sequence of SEQ ID NO: 20 and a VL sequence of SEQ ID NO: 21;
- a VH sequence of SEQ ID NO: 22 and a VL sequence of SEQ ID NO: 23;
- a VH sequence of SEQ ID NO: 24 and a VL sequence of SEQ ID NO: 25;
- a VH sequence of SEQ ID NO: 26 and a VL sequence of SEQ ID NO: 27;
- a VH sequence of SEQ ID NO: 28 and a VL sequence of SEQ ID NO: 29;
- a VH sequence of SEQ ID NO: 30 and a VL sequence of SEQ ID NO: 31;
- a VH sequence of SEQ ID NO: 32 and a VL sequence of SEQ ID NO: 33;
- a VH sequence of SEQ ID NO: 34 and a VL sequence of SEQ ID NO: 35;
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36 and a VL sequence of SEQ ID NO:
38 and a VL sequence of SEQ ID NO:
40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:
48 and a VL sequence of SEQ ID NO:
50 and a VL sequence of SEQ ID NO:
52 and a VL sequence of SEQ ID NO:

58;

59; and
60.

The antigen-binding domain may comprise one of the following sequences:

a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:
a VH sequence of SEQ ID NO:

10 and a VL sequence of SEQ ID NO:
12 and a VL sequence of SEQ ID NO:
14 and a VL sequence of SEQ ID NO:
16 and a VL sequence of SEQ ID NO:
18 and a VL sequence of SEQ ID NO:
20 and a VL sequence of SEQ ID NO:
22 and a VL sequence of SEQ ID NO:
24 and a VL sequence of SEQ ID NO:
26 and a VL sequence of SEQ ID NO:
28 and a VL sequence of SEQ ID NO:
30 and a VL sequence of SEQ ID NO:
32 and a VL sequence of SEQ ID NO:
34 and a VL sequence of SEQ ID NO:
36 and a VL sequence of SEQ ID NO:
38 and a VL sequence of SEQ ID NO:
40 and a VL sequence of SEQ ID NO:
42 and a VL sequence of SEQ ID NO:
44 and a VL sequence of SEQ ID NO:
46 and a VL sequence of SEQ ID NO:

37
39;
41;
43;
45;
47;
49;
51;
53:

11;
13;
15;
17;
19;
21;
23;
25;
27;
20;
31;
33;
35;
37
39;
41;
43;
45;
47;
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- a VH sequence of SEQ ID NO: 48 and a VL sequence of SEQ ID NO: 49;
- a VH sequence of SEQ ID NO: 50 and a VL sequence of SEQ ID NO: 51;
- a VH sequence of SEQ ID NO: 52 and a VL sequence of SEQ ID NO: 53;
- a VH sequence of SEQ ID NO: 58;

- a VH sequence of SEQ ID NO: 59; and

- a VH sequence of SEQ ID NO: 60.

The coronavirus S protein may be the spike protein of SARS-CoV-2 coronavirus.

Variants of the above amino acid sequences may also be used in the third polypeptide of the
invention, provided that the resulting antibody binds coronavirus S protein. Typically, such
variants have a high degree of sequence identity with one of the sequences specified above.

»on

The terms “identity”, "identical" or “percent identity" have been described in the context of
the first polypeptide of the invention and their definitions and particular features apply

equally to the third polypeptide of the invention.

The third polypeptide of the invention may further comprise an additional domain ABD
which comprises an antigen-binding domain that binds specifically to a coronavirus spike

protein.

Steric hindrance may prevent domain ABD and the additional domain ABD from binding to
coronavirus protein S at the same time. Thus, the antigen-binding domain of domain ABD
and the antigen-binding domain of the additional domain ABD may bind to different

epitopes on the coronavirus S protein.

The coronavirus S protein may be the S protein of SARS-CoV-2 Coronavirus.

Internal flexibility is also a factor contributing to multivalent binding. Thus, each of domain
ABD, domain O, and additional domain ABD may be joined by a linker. The linker may be
a flexible linker. The linkers described in the context of the fusion between domain A and
domain O may be equally used herein. The linker may be the (GlysSer); linker (SEQ ID NO:
6).



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

106

The third polypeptide of the invention may comprise a domain C, a domain O, a domain
ABD, and an additional domain ABD in any orientation. The skilled person will immediately

recognise all the possible different domain structures (from N- to C-terminus).

The third polypeptide of the invention may be short-lived in the bloodstream or, otherwise,
its pharmacokinetic properties may need to be enhanced. Plasma proteins and plasma protein
binding can be an effective means of improving the pharmacokinetic properties of any
molecule. One of these plasma proteins is albumin, which has been extensively investigated

for extending the half-life of therapeutic molecules in blood.

Thus, the third polypeptide of the invention may further comprise a domain ALB which
comprises an antigen-binding domain that binds specifically to albumin, or an albumin
domain, or an antigen-binding domain that binds specifically to albumin, or an albumin-

binding-peptide, or an albumin-binding domain of a Streptococcus protein.

The terms “albumin”, “antigen-binding domain that binds specifically to albumin”,
“albumin-binding-peptide”, and “albumin-binding domain of a Streptococcus protein” have
been described in the context of the first polypeptide of the invention and their definitions

and particular features apply equally here.

Domain ALB may be joined by a linker. The linker may be a flexible linker. The linkers
described in the context of the fusion between domain A and domain O may be equally used

herein. The linker may be the (GlysSer)s linker (SEQ ID NO: 6).

The third polypeptide of the invention may consist of the amino acid sequence shown as

SEQ ID NO: 100 to 103.

SARS aCoV_CR3022 scFv4-Ig HL. HC mlgG2aFc (SEQ ID NO: 100)
QMQLVQSGTEVKKPGESLKISCKGSGYGFITYWIGWVRQMPGKGLEWMGITYPGD
SETRYSPSFQGQVTISADKSINTAYLQWSSLKASDTAIYYCAGGSGISTPMDVWGQ
GTTVTVSSGGGGSGGGGSGGGGSDIQLTQSPDSLAVSLGERATINCKSSQSVLYSSI
NKNYLAWYQQKPGQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDV
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AVYYCQQYYSTPYTFGQGTKVEIKSSAKTTAPSVYPLAPVCGDTTGSSVTLGCLV
KGYFPEPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVA
HPASSTKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVTC
VVVDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQDWMS
GKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQVTLTCMVT
DFMPEDIY VEWTNNGKTELNYKNTEPVLDSDGSYFMY SKLRVEKKNWVERNSYS
CSVVHEGLHNHHTTKSFSRTPGK

SARS aCoV_CR3022 scFv4-Ig HL. LC mKappa (SEQ ID NO: 101)
QMQLVQSGTEVKKPGESLKISCKGSGYGFITYWIGWVRQMPGKGLEWMGITYPGD
SETRYSPSFQGQVTISADKSINTAYLQWSSLKASDTAIYYCAGGSGISTPMDVWGQ
GTTVTVSSGGGGSGGGGSGGGGSDIQLTQSPDSLAVSLGERATINCKSSQSVLYSSI
NKNYLAWYQQKPGQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDV
AVYYCQQYYSTPYTFGQGTKVEIKADAAPTVSIFPPSSEQLTSGGASVVCFLNNFY
PKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYTCE
ATHKTSTSPIVKSFNRNEC

SARS aCoV-S2 Bl scFv4-Ig HL. HC mlgG2aFc (SEQ ID NO: 102)
QVQLLESGAEVKKPGASAKVSCKASGCTFTSYGISWVRQAPGQGLEWMGWISAY
NGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGVAVAGTWD
WEFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQTPGTLSLSPGERATLSCRA
SQSVRTYLAWYQQKPGQVPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPED
FAVYYCQQYGSSLWTFGQGTRLEIKRSSAKTTAPSVYPLAPVCGDTTGSSVTLGCL
VKGYFPEPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNV
AHPASSTKVDKKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVT
CVVVDVSEDDPDVQISWFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQDWM
SGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQVTLTCMVT
DFMPEDIY VEWTNNGKTELNYKNTEPVLDSDGSYFMY SKLRVEKKNWVERNSYS
CSVVHEGLHNHHTTKSFSRTPGK

SARS aCoV-S2 Bl scFv4-Ig HL. LC mKappa (SEQ ID NO: 103)
QVQLLESGAEVKKPGASAKVSCKASGCTFTSYGISWVRQAPGQGLEWMGWISAY
NGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGVAVAGTWD
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WFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQTPGTLSLSPGERATLSCRA
SQSVRTYLAWYQQKPGQVPRLLIYGASSRATGIPDRFSGSGSGTDFTLTISRLEPED
FAVYYCQQYGSSLWTFGQGTRLEIKRADAAPTVSIFPPSSEQLTSGGASVVCFLNN
FYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYERHNSYT
CEATHKTSTSPIVKSFNRNEC

The third polypeptide of the invention may comprise a domain ABD, a domain O, a domain
ALB, and, optionally, an additional domain ABD in any orientation. The skilled person will

immediately recognise all the possible different domain structures (from N- to C-terminus).
Other modifications used to extend half-life that are currently known in the art, or that will
be developed in the future, also form part of the present invention. For example, the first

polypeptide of the invention may be conjugated to polyethylene glycol (PEG), or pegylated.

5. Signal peptide

The first, second and third polypeptides of the present invention may comprise a signal
peptide at their N-terminus so that when the polypeptide is expressed inside a cell, the

nascent protein is directed to the endoplasmic reticulum and subsequently secreted.

The core of the signal peptide or leader sequence may contain a long stretch of hydrophobic
amino acids that has a tendency to form a single alpha-helix. The signal peptide may begin
with a short positively charged stretch of amino acids, which helps to enforce proper
topology of the polypeptide during translocation. At the end of the signal peptide there is
typically a stretch of amino acids that is recognised and cleaved by signal peptidase. Signal
peptidase may cleave either during or after completion of translocation to generate a free
signal peptide and a mature protein. The free signal peptides are then digested by specific

proteases.

The signal peptide may be at the amino terminus of the molecule.
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The signal peptide may comprise the SEQ ID NO: 55 to 57, 92 or 93 or a variant thereof
having 5, 4, 3, 2 or 1 amino acid mutations (insertions, substitutions or additions) provided
that the signal peptide still functions to cause cell surface expression of the protein.

SEQ ID NO: 55: MGTSLLCWMALCLLGADHADG

The signal peptide of SEQ ID NO: 55 is compact and highly efficient. It is predicted to give

about 95% cleavage after the terminal glycine, giving efficient removal by signal peptidase.

SEQ ID NO: 56: MSLPVTALLLPLALLLHAARP

The signal peptide of SEQ ID NO: 56 is derived from IgGl.

SEQ ID NO: 57: MAVPTQVLGLLLLWLTDARC

The signal peptide of SEQ ID NO: 57 is derived from CDS.

SEQ ID NO: 92: METDTLLLWVLLLWVPGSTGD

The signal peptide of SEQ ID NO: 92 is derived from mouse Ig Kappa.

SEQ ID NO: 93: MGWSCIILFLVATATGVHS

The signal peptide of SEQ ID NO: 93 is derived from human IgG2 heavy chain.

It will be appreciated that other signal peptides may be used for the purposes of this

invention.

6. Nucleic acid

In another aspect, the present invention also provides a nucleic acid encoding the first
polypeptide of the invention, the second polypeptide of the invention or the third polypeptide

of the invention, hereinafter “the nucleic acid of the invention”.
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The nucleic acid of the invention may have one of the following structures:
a) where the nucleic acid encodes the first polypeptide of the invention:
A-O

or

A-C-O

or

A-ABD-O

or

A-C-ABD-O

or

A-O-ALB

or

A-C-O-ALB

or

A-ABD-O-ALB

or

A-C-ABD-O-ALB

b) where the nucleic acid encodes the second polypeptide of the invention:
C-0

or

C-ABD-O

or

C-O-ALB

or

C-ABD-O-ALB

¢) where the nucleic acid encodes the third polypeptide of the invention:
ABD-O
or

ABD-O-ALB
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in which:
- Aisanucleic acid encoding a domain A
- Ois anucleic acid encoding the homooligomerisation domain;
- coexpr is a nucleic acid encoding a sequence enabling co-expression of the first
and second polypeptides;
- Cisanucleic acid encoding a domain C;
- ABD is a nucleic acid encoding a domain ABD;

- ALB is anucleic acid encoding a domain ALB.

These nucleic acid structures may optionally encode a spacer between any of domains, A,
O, C, ABD and/or ALB. The skilled person will immediately recognise the nucleic acid
structures that are needed to encode all the embodiments of the first, second and third
polypeptide of the invention. For example, the nucleic acid of the invention may have one

of the following structures:

a) where the nucleic acid encodes the first polypeptide of the invention:
A-spacer-O

or

A- spacer-C- spacer-O

or

A- spacer-ABD- spacer-O

or

A- spacer-C- spacer-ABD- spacer-O

or

A- spacer-O- spacer-ALB

or

A- spacer-C- spacer-O- spacer-ALB

or

A- spacer-ABD- spacer-O- spacer-ALB
or

A- spacer-C- spacer-ABD- spacer-O- spacer-ALB

b) where the nucleic acid encodes the second polypeptide of the invention:
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C- spacer-O

or

C- spacer-ABD- spacer-O
or

C- spacer-O- spacer-ALB
or

C- spacer-ABD- spacer-O- spacer-ALB

¢) where the nucleic acid encodes the third polypeptide of the invention:
ABD- spacer-O
or

ABD- spacer-O- spacer-ALB

in which:
- Aisanucleic acid encoding a domain A
- spacer is a nucleic acid encoding a spacer;
- Ois anucleic acid encoding the homooligomerisation domain;
- coexpr is a nucleic acid encoding a sequence enabling co-expression of the first
and second polypeptides;
- Cisanucleic acid encoding a domain C;
- ABD is a nucleic acid encoding a domain ABD;

- ALB is anucleic acid encoding a domain ALB.

In particular embodiments where the domain O comprises a heterooligomeric domain (e.g.
the polynucleotides shown in Figure 3, right-two panels, and Figure 6B), the nucleic acid

construct encoding such a polynucleotide may have one of the following structures:

a) where the nucleic acid encodes the first polypeptide of the invention:
A-Ol-coexpr-A-O2

or

A-C-O1-coexpr-A-C-02

or

A-ABD1-O1-coexpr-A-ABD2-02
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or
A-C-ABD1-O1-coexpr-A-C-ABD2-02

or

A-O1-ALB-coexpr-A-O2-ALB

or

A-C-O1-ALB -coexpr-A-C-O2-ALB

or
A-ABDI1-O1-ALB-coexpr-A-ABD2-0O2-ALB
or

A-C-ABD1-O1-ALB-coexpr-A-C-ABD2-02-ALB

b) where the nucleic acid encodes the second polypeptide of the invention:
C-O1-coexpr-C-0O2

or

C-ABD1-O1-coexpr-C-ABD2-02

or

C-O1-ALB-coexpr-C-O2-ALB

or

C-ABD1-O1-ALB-coexpr-C-ABD2-02-ALB

¢) where the nucleic acid encodes the third polypeptide of the invention:
ABD1-O1-coexpr-ABD2-02
or

ABD1-0O1- ALB-coexpr-ABD2-O2-ALB

in which:
- Aisanucleic acid encoding a domain A
- Ol is anucleic acid encoding one of the heterooligomers;
- 021is anucleic acid encoding another one of the heterooligomers;
- coexpr is a nucleic acid encoding a sequence enabling co-expression of the first
and second polypeptides;
- Cisanucleic acid encoding a domain C;

- ABDI is a nucleic acid encoding a domain ABD;
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- ABD2 is a nucleic acid encoding a domain ABD of different specificity to the
one of ABDI,;

- ALB is anucleic acid encoding a domain ALB.

These nucleic acid structures may optionally encode a spacer between any of domains A, O,
C, ABD and/or ALB. The skilled person will immediately recognise the nucleic acid
structures that are needed to encode all the embodiments of the first, second and third
polypeptide of the invention. For example, the nucleic acid of the invention may have one

of the following structures:

a) where the nucleic acid encodes the first polypeptide of the invention:
A-spacer1-O1-coexpr-A-spacer2-02

or

A-spacerl -C-spacer2-O1-coexpr-A-spacer3 -C-spacer4-02

or

A-spacerl -ABD1-spacer2-O1-coexpr-A-spacer3 -ABD2-spacer4-02

or

A-spacerl -C-spacer2-ABD1-spacer3-O1-coexpr-A-spacer4-C-spacer5S-ABD2-spacer6-02
or

A-spacerl -O1—spacer2-ALB-coexpr-A-spacer3-O2-spacer 4-ALB

or

A-spacerl -C-spacer2-O1-spacer3 -ALB -coexpr-A-spacer4 -C-spacer5-O2-spacer6 -ALB
or

A-spacer1-ABD1-spacer2-O1-spacer3-ALB-coexpr-A-spacer4-ABD2-spacer5-02-
spacer6-ALB

or

A-spacer1-C-spacer2-ABD1-spacer3-O1-spacer4-ALB-coexpr-A-spacer5-C-spacer6-
ABD?2-spacer7-O2-spacer8-ALB

b) where the nucleic acid encodes the second polypeptide of the invention:
C-spacer1-O1-coexpr-C-spacer2-O2
or

C-spacer] -ABD1-spacer2-O1-coexpr-C-spacer 3-ABD2-spacer4-02
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or

C-spacer1-O1-spacer2-ALB-coexpr-C-spacer3-O2-spacer4-ALB

or
C-spacer1-ABD1-spacer2-O1-spacer3-ALB-coexpr-C-spacer4-ABD2-spacer5-02-
spacer6-ALB

¢) where the nucleic acid encodes the third polypeptide of the invention:
ABD1-spacer1-O1-coexpr-ABD2-spacer2-02
or

ABD1-spacer1-O1l-spacer2- ALB-coexpr-ABD2-spacer3-O2-spacer4 -ALB

in which:

- Aisanucleic acid encoding a domain A

- Spacerl, spacer2 and so on, which may be the same or different, are nucleic acids
encoding a spacerl, spacer2 and so on;

- Ol is anucleic acid encoding one of the heterooligomers;

- 021is anucleic acid encoding another one of the heterooligomers;

- coexpr is a nucleic acid encoding a sequence enabling co-expression of the first
and second polypeptides;

- Cisanucleic acid encoding a domain C;

- ABDI is a nucleic acid encoding a domain ABD;

- ABD2 is a nucleic acid encoding a domain ABD of different specificity to the
one of ABDI,;

- ALB is anucleic acid encoding a domain ALB.

These structures encode heterodimers, but they can be easily adapted to higher forms of

heterooligomers (e.g. heterotrimers, heterotetramers, and so on).

For the three groups of structures mentioned above, nucleic acid sequences encoding the two

polypeptides may be in either order in the construct. Additionally, for the three groups of

structures mentioned above, nucleic acid sequences encoding each of the different domains

may be in any orientation.



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

116

There is also provided a nucleic acid construct encoding a third polypeptide of the invention
such as the one shown in Figure 6C. This nucleic acid may have the structure:
ABD1-spacer-CH1-hinge-CH2-CH3-coexpr-ABD2- CL
in which:

- ABDI is a nucleic acid encoding a domain ABD;

- ABD2 is a nucleic acid encoding a domain ABD of different specificity to the

one of ABDI,;

- CHI is a nucleic acid encoding a heavy chain constant domain 1;

- hinge is a nucleic acid encoding a hinge region;

- CH2 is a nucleic acid encoding a heavy chain constant domain 2;

- CH3 is a nucleic acid encoding a heavy chain constant domain 3

- CL s anucleic acid encoding a light chain constant domain;

- spacer is a nucleic acid encoding a spacer or linker;

- hinge is a nucleic acid encoding a hinge region;

- coexpr is a nucleic acid encoding a sequence enabling co-expression of the first

and second polypeptides.

For this structure, nucleic acid sequences encoding the two polypeptides forming the third

polypeptide of the invention may be in any order in the construct.

The nucleic acid structures described above are not limiting in any way and, thus, the nucleic
acid of the invention may have other different structures. The skilled person will
immediately recognise the nucleic acid structures that are needed to encode all the

embodiments of the first, second and third polypeptide of the invention.

29 LC
2

The terms “first polypeptide of the invention”, “second polypeptide of the invention” and
“third polypeptide of the invention” have been described in detail in the context of previous
aspects of the invention and its features and embodiments apply equally to this aspect of the

invention.

29 LC
2

As used herein, the terms “polynucleotide”, “nucleotide”, and “nucleic acid” are intended to

be synonymous with each other.
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It will be understood by a skilled person that numerous different polynucleotides and nucleic
acids can encode the same polypeptide as a result of the degeneracy of the genetic code. In
addition, it is to be understood that skilled persons may, using routine techniques, make
nucleotide substitutions that do not affect the polypeptide sequence encoded by the
polynucleotides described here to reflect the codon usage of any particular host organism in

which the polypeptides are to be expressed.

The nucleic acid sequences and constructs of the invention may contain alternative codons
in regions of sequence encoding the same or similar amino acid sequences, in order to avoid

homologous recombination.

Nucleic acids according to the invention may comprise DNA or RNA. They may be single-
stranded or double-stranded. They may also be polynucleotides which include within them
synthetic or modified nucleotides. A number of different types of modification to
oligonucleotides are known in the art. These include methylphosphonate and
phosphorothioate backbones, addition of acridine or polylysine chains at the 3' and/or 5' ends
of the molecule. For the purposes of the use as described herein, it is to be understood that
the polynucleotides may be modified by any method available in the art. Such modifications
may be carried out in order to enhance the in vivo activity or life span of polynucleotides of
interest.

<

The terms “variant”, “homologue” or “derivative” in relation to a nucleotide sequence
include any substitution of, variation of, modification of, replacement of, deletion of or

addition of one (or more) nucleic acid from or to the sequence.

In the structure above, “coexpr” is a nucleic acid sequence enabling co-expression of two
polypeptides as separate entities. It may be a sequence encoding a cleavage site, such that
the nucleic acid construct produces both polypeptides, joined by a cleavage site(s). The
cleavage site may be self-cleaving, such that when the polypeptide is produced, it is
immediately cleaved into individual peptides without the need for any external cleavage

activity.
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The cleavage site may be any sequence which enables the two polypeptides to become

separated.

The term “cleavage” is used herein for convenience, but the cleavage site may cause the
peptides to separate into individual entities by a mechanism other than classical cleavage.
For example, for the Foot-and-Mouth disease virus (FMDV) 2A self-cleaving peptide (see
below), various models have been proposed for to account for the “cleavage” activity:
proteolysis by a host-cell proteinase, autoproteolysis or a translational effect (Donnelly et al
(2001) J. Gen. Virol. 82:1027-1041). The exact mechanism of such “cleavage” is not
important for the purposes of the present invention, as long as the cleavage site, when
positioned between nucleic acid sequences which encode proteins, causes the proteins to be

expressed as separate entities.

The cleavage site may, for example be a furin cleavage site, a Tobacco Etch Virus (TEV)

cleavage site or encode a self-cleaving peptide.

A ‘self-cleaving peptide’ refers to a peptide which functions such that when the polypeptide
comprising the proteins and the self-cleaving peptide is produced, it is immediately
“cleaved” or separated into distinct and discrete first and second polypeptides without the

need for any external cleavage activity.

The self-cleaving peptide may be a 2A self-cleaving peptide from an aphtho- or a
cardiovirus. The primary 2A/2B cleavage of the aptho- and cardioviruses is mediated by 2A
“cleaving” at its own C-terminus. In apthoviruses, such as foot-and-mouth disease viruses
(FMDYV) and equine rhinitis A virus, the 2A region is a short section of about 18 amino
acids, which, together with the N-terminal residue of protein 2B (a conserved proline
residue) represents an autonomous element capable of mediating “cleavage” at its own C-

terminus (Donelly et al (2001) as above).

“2A-like” sequences have been found in picornaviruses other than aptho- or cardioviruses,
‘picornavirus-like’ insect viruses, type C rotaviruses and repeated sequences within

Trypanosoma spp and a bacterial sequence (Donnelly et al (2001) as above).
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The cleavage site may comprise the 2A-like sequence shown as SEQ ID No.140
(RAEGRGSLLTCGDVEENPGP).

Alternatively, where the domain O comprises a heterooligomeric domain the different

monomers may be encoded by separate nucleic acids.

The nucleic acid of the invention can contain a regulatory sequence operatively linked for
the expression of the nucleotide sequence encoding the first polypeptide of the invention,
thereby forming a gene construct, hereinafter the “gene construct of the invention”. As used
herein, the term “operatively linked” means that the antibody encoded by the nucleic acid
sequence of the invention is expressed in the correct reading frame under control of the
expression control or regulating sequences. Therefore, in another aspect, the invention
provides an expression cassette, hereinafter “the expression cassette of the invention”,
comprising the gene construct of the invention operatively linked to an expression control
sequence. The gene construct of the invention can be obtained through the use of techniques

that are widely known in the art.

The expression cassette may comprise one or more control sequences. Control sequences are
sequences that control and regulate transcription and, where appropriate, the translation of
said antibody, and include promoter sequences, transcriptional regulators encoding
sequences, ribosome binding sequences (RBS) and/or transcription terminating sequences.
The expression cassette of the present invention may additionally include an enhancer, which
may be adjacent to or distant from the promoter sequence and can function to increase
transcription from the same. The expression control sequence may functional in prokaryotic
cells or in eukaryotic cells and organisms, such as mammalian cells. The expression cassette

may comprise a promoter. Any promoter may be used in this methodology.

It will be appreciated that different nucleic acids are required to encode the first, second or
third polypeptides of the invention where the domain O comprises a hetero oligomerisation
domain. The skilled person will readily know how to make the necessary modifications to
obtain the different nucleic acids encoding for these heterooligomeric first, second or third

polypeptides of the invention.

RECTIFIED SHEET (RULE 91) ISA/EP



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

120

7. Vector

In another aspect, the present invention also provides a vector, or kit of vectors, which
comprises a nucleic acid of the invention, or an expression cassette of the invention. Such a
vector may be used to introduce the nucleic acid or expression cassette into a host cell so
that it expresses the first polypeptide of the invention, the second polypeptide of the
invention or the third polypeptide of the invention.

2

The terms “first polypeptide of the invention”, “second polypeptide of the invention”, “third

2
2

polypeptide of the invention”, “nucleic acid of the invention” and “expression cassette or the
invention” have been described in detail in the context of previous aspects of the invention

and their features and embodiments apply equally to this aspect of the invention.

The vector may, for example, be a plasmid or a viral vector, such as a retroviral vector or a

lentiviral vector, or a transposon-based vector or synthetic mRNA.

8. Cell

Another aspect of the present invention relates to a cell, hereinafter “the cell of the
invention”, comprising the nucleic acid of the invention, the nucleic acid of the invention,
the expression cassette of the invention, the vector of the invention, or the vector of the

invention.

The cell may comprise a nucleic acid, or an expression cassette, or a vector according to the

present invention.

2

The term “first polypeptide of the invention”, “second polypeptide of the invention”, “third

29 (13
2

29 (13
2

polypeptide of the invention”, “nucleic acid of the invention”, “expression cassette or the
invention”, and “vector of the invention” have been described in detail in the context of
previous aspects of the invention and their features and embodiments apply equally to this

aspect of the invention.

The cell may be prokaryotic or eukaryotic.
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Cells suitable for performing the invention include, without limitation, mammalian, plant,
insect, fungal and bacterial cells. Mammalian cells suitable for the present invention include
epithelial cell lines, osteosarcoma cell lines, neuroblastoma cell lines, epithelial carcinomas,
glial cells, hepatic cell lines, CHO (Chinese Hamster Ovary) cells, COS, BHK cells, HeLa
cells, 911 cells, AT1080 cells, A549 cells, 293 and 293T cells, PER.C6 cells, NTERA-2
human ECCs cells, D3 cells of the mESCs line, human embryonic stem cells such as HS293,
hMSCs and BGVOI, SHEFI, SHEF2 and HS181, NIH3T3 cells, REH and MCF-7 cells.
Bacterial cells include, without limitation, cells from Gram positive bacteria such as species
of the genus Bacillus, Streptomyces and Staphylococcus and Gram-negative bacterial cells
such as cells of the genus FEscherichia and Pseudomonas. Fungal cells preferably include
yeast cells such as Saccharomyces, Pichia pastoris and Hansenula polymorpha. Insect cells
include, without limitation, Drosophila cells and Sf9 cells. Plant cells include, among others,

cells of crop plants such as cereals, medicinal, ornamental or bulbs.

The first, second or third polypeptide of the invention may be produced by culturing the host
cells for a period of time sufficient to allow for expression of the polypeptide in the host
cells or, more preferably, secretion of the polypeptide into the culture medium in which the
host cells are grown. The first, second or third polypeptide of the invention can be recovered

from the culture medium using standard protein purification methods.
Thus, the present invention also relates to a method for making the first, second or third
polypeptide of the invention by culturing a cell of the invention and purifying the

polypeptide from the supernatant.

9, Pharmaceutical composition

In another aspect, the present invention also relates to a pharmaceutical composition
containing the first polypeptide of the invention, the second polypeptide of the invention,
the third polypeptide of the invention, the nucleic acid of the invention, the expression
cassette of the invention, the vector of the invention, or the cell of the invention, hereinafter

“the pharmaceutical composition of the invention”.
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The pharmaceutical composition may additionally comprise a pharmaceutically acceptable
carrier, diluent, excipient, or adjuvant. The pharmaceutical composition may optionally
comprise one or more further pharmaceutically active polypeptides and/or compounds. Such

a formulation may, for example, be in a form suitable for intravenous infusion.

2
2

The terms “first polypeptide of the invention”, “second polypeptide of the invention”, “third

29 (13
2

29 (13
2

polypeptide of the invention”, “nucleic acid of the invention”, “expression cassette of the

29 LC
2

invention”, “vector of the invention”, or “cell of the invention” have been described in detail
in the context of previous aspects of the invention and their definitions and particular features

apply equally to this aspect of the invention.

Asused herein, “pharmaceutically acceptable carrier” means any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents,
and the like that are physiologically compatible. Some examples of pharmaceutically
acceptable carriers are water, saline, phosphate buffered saline, dextrose, glycerol, ethanol
and the like, as well as combinations thereof. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium
chloride in the composition. Additional examples of pharmaceutically acceptable substances
are wetting agents or minor amounts of auxiliary substances such as wetting or emulsifying
agents, preservatives or buffers, which enhance the shelf life or effectiveness of the first,

second or third polypeptide of the invention.

The pharmaceutical compositions may be in a variety of forms, for example, liquid, semi-
solid and solid dosage forms, such as liquid solutions (e.g. injectable and infusible solutions),
dispersions or suspensions, tablets, pills, powders, and liposomes. The preferred form

depends on the intended mode of administration and therapeutic application.

ADMINISTRATION

The administration of the first, second or third polypeptide of the invention, the nucleic acid
of the invention, the expression cassette of the invention, the vector of the invention, or the
cell of the invention can be accomplished using any of a variety of routes that make the
active ingredient bioavailable. For example, the agent can be administered via an oral,

mucosal, buccal, intranasal, inhalable, intravenous, subcutaneous, transcutaneous,
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intramuscular, intraperitoneal, parenteral or topical route. Oral administration may be by
inhalation, by nebulisation or nasally. The first, second or third polypeptide of the invention

may be administered locally, for example by catheter or stent, or systemically.

The pharmaceutical compositions comprising the first, second or third polypeptide of the
invention, the nucleic acid of the invention, the expression cassette of the invention, the
vector of the invention, or the cell of the invention may be administered to the subject in a
variety of pharmaceutically acceptable dosing forms, which will be familiar to those skilled

in the art.

For example, the first, second or third polypeptide of the invention, the nucleic acid of the
invention, the expression cassette of the invention, the vector of the invention, or the cell of
the invention may be administered via the nasal route using a nasal insufflator device.
Examples of these are already employed for commercial powder systems intended for nasal
application (e.g. Fisons Lomudal System). Details of other devices are well-known in the

art.

Other delivery routes for the first, second or third polypeptide of the invention, the nucleic
acid of the invention, the expression cassette of the invention, the vector of the invention, or
the cell of the invention include via the pulmonary route using a powder inhaler or metered
dose inhaler, via the buccal route formulated into a tablet or a buccal patch, and via the oral
route in the form of a tablet, a capsule or a pellet (which compositions may administer agent
via the stomach, the small intestine or the colon), all of which may be formulated in

accordance with techniques which are well known to those skilled in the art.

Typically, a physician will determine the actual dosage which will be most suitable for an

individual subject and it will vary with the age, weight and response of the particular patient.

10. Method of treatment

The specificity for the coronavirus S protein of the first, second and third polypeptides of
the invention makes these molecules capable of neutralising coronavirus virions and prevent

cell infection. This can be exploited for therapeutic purposes.
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Thus, in another aspect, the present invention provides a first polypeptide of the invention,
a second polypeptide of the invention or a third polypeptide of the invention for use in

medicine.

The invention provides a method for neutralising a coronavirus by administering a first,
second or third polypeptide of the invention to a patient in need thereof. The coronavirus
may be SARS-CoV-2 or SARS-CoV. The SARS-CoV-2 strain may be selected from wild-
type, variant D614G, variant A222V, variant S477N, variant B.1.1.7, variant B.1.351, and
variant B.1.1.28.

In another aspect, the present invention provides a method of treating a coronavirus infection
or a condition or disorder resulting from this infection in a subject, hereinafter “the method

of treatment of the invention”, which comprises the step of administering a first polypeptide

of the invention, a second polypeptide of the invention or a third polypeptide of the invention
to a subject in need thereof. The administration step may be in the form of a pharmaceutical

composition as described above.

This aspect of the invention may be alternatively formulated as a first polypeptide of the
invention, a second polypeptide of the invention or a third polypeptide of the invention for
use in the treatment of a coronavirus infection or a condition or disorder resulting from this

infection.

This aspect of the invention may be alternatively formulated as the use of a first polypeptide
of the invention, a second polypeptide of the invention or a third polypeptide of the invention
in the manufacture of a medicament for treating a coronavirus infection or a condition or

disorder resulting from this infection.

29 LC
2

The terms “first polypeptide of the invention”, “second polypeptide of the invention” and
“third polypeptide of the invention” have been described in detail in the context of previous
aspects of the invention and their definitions and particular features apply equally to this

aspect of the invention.
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A method for treating a coronavirus infection or a condition or disorder resulting from this
infection relates to the therapeutic use of the first, second or third polypeptide of the
invention, which may be administered to a subject who has been infected with a coronavirus,
or is suspected to have been infected with a coronavirus, or has tested positive for a
coronavirus in order to lessen, reduce or improve at least one symptom associated with the

disease and/or to slow down, reduce or block the progression of the disease.

The method for preventing a coronavirus infection or a condition or disorder resulting from
this infection relates to the prophylactic use of the first, second or third polypeptide of the
invention. Herein such polypeptide may be administered to a subject who has not yet
contracted the coronavirus infection or condition or disorder resulting from this infection
and/or who is not showing any symptoms of the coronavirus infection or condition or
disorder resulting from this infection to prevent or impair the coronavirus from infecting the
cells of the subject or to reduce or prevent development of at least one symptom associated
with the coronavirus infection or condition or disorder resulting from this infection. The
subject may have a predisposition for or be thought to be at risk of contracting a coronavirus

infection or a condition or disorder resulting from this infection.

In another aspect, the present invention provides a method for treating a subject having
COVID-19 of unknown SARS-CoV-2 strain, comprising a step of administering a first
polypeptide of the invention, a second polypeptide of the invention or a third polypeptide of
the invention, or a pharmaceutical composition of the invention to the subject. This aspect
may be alternatively formulated as a first polypeptide of the invention, a second polypeptide
of the invention, a third polypeptide of the invention, or a pharmaceutical composition of the
invention for use in the treatment of COVID-19 of unknown SARS-CoV-2 strain. This
aspect may be alternatively formulated as the use of a first polypeptide of the invention, a
second polypeptide of the invention, a third polypeptide of the invention, or a pharmaceutical
composition of the invention in the manufacture of a medicament for treating COVID-19 of

unknown SARS-CoV-2 strain.

In another aspect, the present invention provides a method for treating a subject previously
immunised with a vaccine based on S protein depicted under Uniprot accession number

PODTC2, comprising a step of administering a first polypeptide of the invention, a second



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

126

polypeptide of the invention or a third polypeptide of the invention, or a pharmaceutical
composition of the invention to the subject. This aspect may be alternatively formulated as
a first polypeptide of the invention, a second polypeptide of the invention, a third polypeptide
of the invention, or a pharmaceutical composition of the invention for use in the treatment
of a subject previously immunised with a vaccine based on S protein depicted under Uniprot
accession number PODTC2. This aspect may be alternatively formulated as the use of a first
polypeptide of the invention, a second polypeptide of the invention, a third polypeptide of
the invention, or a pharmaceutical composition of the invention in the manufacture of a
medicament for treating a subject previously immunised with a vaccine based on S protein

depicted under Uniprot accession number PODTC2.

In another aspect, the present invention provides a method for treating a subject previously
treated with antibodies specific to S protein depicted under Uniprot accession number
PODTC2, comprising a step of administering a first polypeptide of the invention, a second
polypeptide of the invention or a third polypeptide of the invention, or a pharmaceutical
composition of the invention to the subject. This aspect may be alternatively formulated as
a first polypeptide of the invention, a second polypeptide of the invention, a third polypeptide
of the invention, or a pharmaceutical composition of the invention for use in the treatment
of a subject previously treated with antibodies specific to S protein depicted under Uniprot
accession number PODTC2. This aspect may be alternatively formulated as the use of a first
polypeptide of the invention, a second polypeptide of the invention, a third polypeptide of
the invention, or a pharmaceutical composition of the invention in the manufacture of a
medicament for treating a subject previously treated with antibodies specific to S protein

depicted under Uniprot accession number PODTC2.

In another aspect, the present invention provides a method for treating a subject previously
infected with a first SARS-CoV-2 strain who is currently infected with a second SARS-
CoV-2 strain, wherein the first and second SARS-CoV-2 strains are different, comprising a
step of administering a first polypeptide of the invention, a second polypeptide of the
invention or a third polypeptide of the invention, or a pharmaceutical composition of the
invention to the subject. This aspect may be alternatively formulated as a first polypeptide
of the invention, a second polypeptide of the invention, a third polypeptide of the invention,

or a pharmaceutical composition of the invention for use in the treatment of a subject
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previously infected with a first SARS-CoV-2 strain who is currently infected with a second
SARS-CoV-2 strain, wherein the first and second SARS-CoV-2 strains are different. This
aspect may be alternatively formulated as the use of a first polypeptide of the invention, a
second polypeptide of the invention, a third polypeptide of the invention, or a pharmaceutical
composition of the invention in the manufacture of a medicament for treating a subject
previously infected with a first SARS-CoV-2 strain who is currently infected with a second

SARS-CoV-2 strain, wherein the first and second SARS-CoV-2 strains are different.

The first and second SARS-CoV-2 strain may be selected from wild-type, variant D614G,
variant A222V, variant S477N, variant B.1.1.7, variant B.1.351, and variant B.1.1.28. It will
be appreciated that this aspect is not limited to the SARS-CoV-2 strains described above
since the present invention is useful in the treatment of any other SARS-CoV-2 variants

existent at the time of filing or of any future variants that may emerge.

In another aspect, the present invention provides a method for treating a coronavirus
infection of one SARS-CoV-2 strain selected from wild-type, variant D614G, variant
A222V, variant S477N, variant B.1.1.7, variant B.1.351, and variant B.1.1.28, comprising a
step of administering a first polypeptide of the invention, a second polypeptide of the
invention or a third polypeptide of the invention, or a pharmaceutical composition of the
invention to the subject. This aspect may be alternatively formulated as a first polypeptide
of the invention, a second polypeptide of the invention, a third polypeptide of the invention,
or a pharmaceutical composition of the invention for use in the treatment of a coronavirus
infection of one SARS-CoV-2 strain selected from wild-type, variant D614G, variant
A222V, variant S477N, variant B.1.1.7, variant B.1.351, and variant B.1.1.28. This aspect
may be alternatively formulated as the use of a first polypeptide of the invention, a second
polypeptide of the invention, a third polypeptide of the invention, or a pharmaceutical
composition of the invention in the manufacture of a medicament for treating a coronavirus
infection of one SARS-CoV-2 strain selected from wild-type, variant D614G, variant
A222V, variant S477N, variant B.1.1.7, variant B.1.351, and variant B.1.1.28.

It will be appreciated that this aspect is not limited to the SARS-CoV-2 strains described
above since the present invention is useful in the treatment of any other SARS-CoV-2

variants existent at the time of filing or of any future variants that may emerge.
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29 LC
2

The terms “first polypeptide of the invention”, “second polypeptide of the invention” and
“third polypeptide of the invention” have been described in detail in the context of previous
aspects of the invention and their definitions and particular features apply equally to this

aspect of the invention.

These therapeutic applications will comprise the administration of a therapeutically effective
amount of the first, second or third polypeptide of the invention. The administration step

may be in the form of a pharmaceutical composition as described above.

The treatment of a coronavirus disease in a subject may comprise the step of administrating
the first, second or third polypeptide of the invention to the subject, to cause complete or

partial neutralisation of the coronaviruses.

In another aspect, the present invention provides a method of neutralising a coronavirus
infection, comprising a step of contacting a first polypeptide of the invention, a second
polypeptide of the invention or a third polypeptide of the invention with a cell infected with
said coronavirus. The first, second or third polypeptides of the invention may be in the form

of a pharmaceutical composition as described above.

29 LC
2

The terms “first polypeptide of the invention”, “second polypeptide of the invention” and
“third polypeptide of the invention” have been described in detail in the context of previous
aspects of the invention and their definitions and particular features apply equally to this

aspect of the invention.

The term “subject” or “individual”, as used in the context of the present invention, refers to

members of mammalian species. The subject may be a human patient of any gender, age or

race.

Alternatively, the subject may be a non-human mammal infected with coronavirus. The first,
second or third polypeptide of the invention may be administered to a non-human mammal
infected with coronavirus for veterinary purposes or as an animal model of human disease.

Such animal models may be useful for evaluating the therapeutic efficacy of the polypeptides
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of this invention. Non-limiting examples of non-human mammal that may be subject to
treatment according to the invention include a cat or any other feline, a dog or any other

canid, a mouse, a hamster, a rat or any other rodent, a pig, a primate, and a bat.

The term “therapeutically effective amount”, as used herein, refers to the amount of the first,
second or third polypeptide of the invention which is required to achieve an appreciable
prevention, neutralisation, cure, delay, reduction of the severity of, or amelioration of one or

more symptoms of a coronavirus disease.

The term “a coronavirus infection or a condition or disorder resulting from this infection”,
as used herein, refers to an infection, condition or disorder caused by a coronavirus. The
coronaviruses can cause varieties of diseases in humans and other animals, including
respiratory, enteric, renal, and neurological diseases. Particularly important are the diseases
caused by SARS-CoV and SARS-CoV-2 coronaviruses because of the severe acute

respiratory syndrome that they cause.

The coronavirus condition or disorder may be coronavirus disease 2019 (COVID-19). The
disease was first identified in December 2019 in Wuhan, the capital of China's Hubei
province, and has since spread globally, resulting in the ongoing 2019-20 coronavirus
pandemic. Common symptoms include fever, cough and shortness of breath. Other
symptoms may include fatigue, muscle pain, diarrhoea, nausea, sore throat, loss of smell and
abdominal pain. While the majority of cases result in mild symptoms, some progress to viral

pneumonia and multi-organ failure.

Reports have shown that COVID-19 manifests as a clotting disorder, which may cause
pulmonary embolism and hypoxia. Pulmonary vasculature affected by pulmonary embolism
is not fully restored and can cause permanent fibrosis of the lining of blood vessels.
Pulmonary fibrosis may also be the result of prolonged mechanical ventilation; even
prolonged use of high concentration oxygen can lead to lung injury and result in fibrosis.
Permanent fibrosis may lead to chronic thromboembolic pulmonary hypertension (CTEPH).
Additionally, the clotting disorder causes end organ damage, primarily kidney. Kidney
injury does not fully recover and may lead to chronic kidney disease (CKD) in post-

COVIDI19 patients.
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Direct infection of SARS-CoV-2 of ACE2-expressing cells has a number of consequences.
Infection of the heart muscle cells leads to myocarditis. Patients who have no or minimal
pulmonary symptoms but presented with fatigue may experience myocarditis as the primary
disease. Myocardial injury may also explain the increase incidence of cardiac arrest in
COVID-19 patients. Because ACE2 receptors play a key role in the renin-angiotensin
system, which is a primary regulatory mechanism for blood pressure, viral infection of

ACE2-expressing cells may lead to malfunction of the system and increased blood pressure.

Severe COVID-19 presents with a cytokine storm or cytokine release syndrome (CRS),
which is an immediate and intense response of the immune system to viral infection.
However, there are indications that the immune response may not just be temporary. One
example is the case reports of Kawasaki disease symptoms in children infected with SARS-
CoV-2. Kawasaki disease is an autoimmune disease in which blood vessels throughout the
body become inflamed. It is considered a “post-viral” autoimmune disease. Several reports
have described COVID-19 patients suffering from Guillain-Barré syndrome Guillain—Barré
syndrome is a neurological disorder where the immune system responds to an infection and
ends up mistakenly attacking nerve cells, resulting in muscle weakness and eventually
paralysis. Thus, severe COVID-19 may also cause an incidence of other more prevalent

autoimmune diseases in recovered patients.

The loss of the sense of smell is a direct result of the virus infecting the olfactory neurons. It
has been suggested that this may enable the virus to spread from the respiratory tract to the
brain. Cells in the human brain express the ACE2 protein on their surface. ACE2 is also
found on endothelial cells that line blood vessels. Infection of endothelial cells may allow
the virus to pass from the respiratory tract to the blood and then across the blood-brain barrier
into the brain. Once in the brain, replication of the virus may cause neurological disorders.
Larger studies from China and France have also investigated the prevalence of neurological
disorders in COVID-19 patients. These studies have shown that 36% of patients have
neurological symptoms. Many of these symptoms were mild and include headache or
dizziness that could be caused by a robust immune response. Other more specific and severe
symptoms were also seen and include loss of smell or taste, muscle weakness, stroke, seizure

and hallucinations. Case studies have described severe COVID-19 encephalitis and stroke
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in healthy young people with otherwise mild COVID-19 symptoms. These symptoms are
seen more often in severe cases, with estimates ranging from 46% to 84% of severe cases
showing neurological symptoms. Changes in consciousness, such as disorientation,
inattention and movement disorders, were also seen in severe cases and found to persist after
recovery. Therefore, brain inflammation in severe COVID-19 might also indirectly cause
neurological damage, such as through brain swelling, which is associated with

neurodegenerative diseases.

The virus is mainly spread during close contact and by small droplets produced when those
infected cough, sneeze or talk. These small droplets may also be produced during breathing,
but rapidly fall to the ground or surfaces and are not generally spread through the air over
large distances. People may also become infected by touching a contaminated surface and
then their face. The virus can survive on surfaces for up to 72 hours. It is most contagious
during the first three days after onset of symptoms, although spread may be possible before
symptoms appear and in later stages of the disease. The time from exposure to onset of
symptoms is typically around five days, but may range from two to 14 days. The standard
method of diagnosis is by real-time reverse transcription polymerase chain reaction (RT-
PCR) or by lateral flow test (commonly known as rapid antigen test) from a nasopharyngeal
swab. The infection can also be diagnosed from a combination of symptoms, risk factors and

a chest CT scan showing features of pneumonia.

Currently, there is no vaccine or specific antiviral treatment for COVID-19. Management

involves treatment of symptoms, supportive care, isolation and experimental measures.

If any of the above-mentioned effects of COVID-19 is related to the immune response, and
not only to the viral infection itself, then there is a risk that it may also be triggered by a
vaccine, since a vaccine could produce the same immune responses. Therefore, the method
of treatment of the present invention poses a significant advantage over vaccine and other

antibody-mediated therapeutic approaches.

The method of treating a coronavirus infection or a condition or disorder resulting from this
infection in a subject according to the invention, or the method of neutralising a coronavirus

infection according to the invention may comprise a step of administering the first, the
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second or the third polypeptide of the invention to the subject. The skilled person will be
able to determine by conventional methods the amount of the polypeptide of the invention

that are able to exert a therapeutic effect on the patient.

The first, the second or the third polypeptide of the invention may be administered once, but
it may be administered multiple times. The first, the second or the third polypeptide of the
invention may be administered from three times daily to once every six months or longer.
The administering may be on a schedule such as three times daily, twice daily, once daily,
once every two days, once every three days, once weekly, once every two weeks, once every
month, once every two months, once every three months and once every six months. The
first, the second or the third polypeptide of the invention may also be administered
continuously via a minipump. The first, the second or the third polypeptide of the invention
may be administered via an oral, mucosal, buccal, intranasal, inhalable, intravenous,
subcutaneous, intramuscular, parenteral, or topical route. The first, the second or the third

polypeptide of the invention may be administered locally or systemically.

The first, the second or the third polypeptide of the invention may be administered once, at
least twice or for at least the period of time until the condition is treated, palliated or cured.
The first, the second or the third polypeptide of the invention will generally be administered
as part of a composition as described supra. The dosage of polypeptide of the invention will
generally be in the range of 0.1-100 mg/kg, more preferably 0.5-50 mg/kg, more preferably
1-20 mg/kg, and even more preferably 1-10 mg/kg. The serum concentration of the

polypeptide of the invention may be measured by any method known in the art.

The invention will now be further described by way of Examples, which are meant to serve
to assist one of ordinary skill in the art in carrying out the invention and are not intended in
any way to limit the scope of the invention.

EXAMPLES

Example 1: Generation of fusion proteins based on hACE?2
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Full length hACE2 (aal8-740, Q9BYF1) or truncated hACE2 (aal8-605, Q9BYF1) was
cloned in a protein expression vector using a murine IgKappa leader sequence. hACE2 was
fused to a human IgG1 or a human IgM Fc domain, comprising the hinge region and constant
domains CH2, CH3, and CH4 for IgM. The plasmid vector was transiently transfected onto
suspension Freestyle HEK293 using polyethylenimine (PEI), and onto ExpiCHO using
Expifectamine transfection reagent. Transfected cells were cultured for 5 days in a shaker
incubator at 37 °C, 8% COz to allow for protein secretion. Culture supernatant was filtered

using 0.22um filter units to remove large contaminants (cells and cellular debris).

Fusion proteins were purified using an AKTA™ pure system (GE Healthcare) using a
HiTrap MabSelect PrismA 1 ml column (for IgG1 Fc fusion proteins) or a HiTrap IgM 1m
column (for IgM fusion proteins) (both columns from GE Healthcare). Briefly, columns
were equilibrated with 5 column volumes of PBS pH 7.4. Supernatant was applied to the
column at a flow rate of 1 mL/min. Following application of supernatant, the column was
washed with 20 column volumes of PBS. Sample was then eluted from the column with 3
ml of IgG elution buffer (Pierce — 21004) at 1 mL/min and directly loaded onto 2 HiTrap 5
ml desalting columns, previously equilibrated in PBS, and collected on a 96-well plate using
a fraction collector unit. Proteins were characterised via SDS-PAGE under reducing and

non-reducing conditions to assess molecular weight and purity.

Example 2: Characterisation of fusion proteins based on hACE?2

ELISA assay

ACE2-based fusion proteins were characterised by ELISA to assess binding capacity to viral
spike protein. Briefly, Nunc MaxiSorp flat-bottom 96-well plates were coated with 1 pg/ml
of recombinant S1 spike protein domain from SARS-CoV and SARS-CoV-2. As control,
HepB peptides were coated at 1 pg/ml. Plates were blocked with a solution of 2% BSA in
PBS for 1h at RT. Antibodies were incubated at a range of concentrations, diluted in 0.5%
BSA, and allowed to bind for 1h at RT. Non-specific interactions and un-bound antibodies
were washed away by 4 PBS 0.05% Tween20 buffer washes. Bound antibodies were
detected via anti-human IgG (H+L) HRP conjugated secondary antibody (for IgG) (Jackson
Immunotools) or anti-human IgM HRP conjugated secondary antibody (for I[gM) (Abcam),
diluted in PBS 0.5% BSA and allow to interact for 1h at RT. un-bound antibodies were
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washed away by 4 PBS 0.05% Tween20 buffer washes. Plates were incubated with substrate
reagent (1-Step Ultra TMB, Thermo Scientific) and blocked with 1M H2SOs. Signal was

acquired using a Varioskan plate reader at 450nm.

Results showed that hACE2-1gG Fc and hACE2-IgM Fc molecules bind specifically to the
S1 subunit of the S protein of SARS-CoV-2 (Figure 7A) and SARS-CoV (Figure 7B) in a

dose-dependent manner.

SPR assay

Recombinant hACE2-Fc fusion proteins were immobilised on individual flow cells on a
Series S Protein A sensor chip (GE Healthcare) to a density of 70 RU using a Biacore T200
instrument. HBS-P+ buffer was used as running buffer in all experimental conditions.
Recombinant purified SARS-CoV-2 S1 protein (Acro biosystems) at known concentrations
was used as the ‘analyte’ and injected over the respective flow cells with 150 s contact time
and 500 s dissociation at 30 ul/min of flow rate with a constant temperature of 25 °C. In each
experiment, flow cell 1 was unmodified and used for reference subtraction. A ‘O
concentration’ sensorgram of buffer alone was used as a double reference subtraction to
factor for drift. Data were fit to a 1:1 Langmuir binding model. Since a capture system was

used, a local Rmax parameter was used for the data fitting in each case.

Fluorescence-based receptor blocking assay

Recombinant hACE2-Fc¢ fusion proteins are serially diluted from the uM to the pM range
and the decreased concentrations fractions are incubated with biotinylated recombinant
soluble Spike protein at a constant concentration for 30 min at 37 °C. Mixtures are then
added to hACE2 expressing cells and incubated for 30 min at 37 °C. Cells are then washed
with PBS to remove any unbound proteins and stained with Streptavidin conjugated to a
fluorophore for 30 min at room temperature. After another PBS wash, cells are analysed for

Spike binding to ACE2 in the presence of recombinant therapeutics by flow cytometry.

Fluorescence-based Spike protein targeting
Recombinant hACE2-Fc¢ fusion proteins are serially diluted from the uM to the pM range
and the decreased concentrations fractions are added to SARS-CoV-2 Spike protein

expressing cells and incubated for 30 min at 37 °C. Cells are then washed with PBS to
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remove any unbound proteins and stained with a secondary anti-Fc¢ antibody conjugated to
a fluorophore for 30 min at room temperature. After another PBS wash, cells are analysed

by flow cytometry.

Virus neutralisation assay

Recombinant fusion proteins are serially diluted to cover a broad range of concentrations.
Each dilution is then mixed 1:1 with lentiviral vectors pseudotyped with either control VSV-
G glycoprotein or SARS-CoV-2 spike protein to a final volume of 200uL. and incubated at
37 °C for 1 h. The lentiviral vectors also encode eGFP. Mixtures of fusion proteins and virus
are then cultured onto hACE2 expressing cell line for 48-72 h. Viral titers are then quantified
by eGFP expression in target cells and infectivity of all dilution is determined as a percentage

of viral titers in the absence of the recombinant protein.

Example 3: Generation of fusion proteins based on CD147

Full length human CD147 (aa 22-320, P35613), Domain 1 (D1) of CD147 (aa 22-219,
P35613) or Domain 2 (D2) of CD147 (aa 219-320, P35613) were cloned in a protein
expression vector using a murine IgKappa leader sequence. The different CD147-based
sequences were fused to a human IgG1 or a human IgM Fc domain, comprising the hinge
region and constant domains CH2, CH3, and CH4 for IgM. For CD147-hACE2-Fc¢ fusion
proteins, CD147 (full length, D1 or D2 domain) was cloned at the C-terminus of hACE2 full
length (aa 18-740, Q9BYF1) or truncated (aa 18-605, Q9BYF1) using a flexible Gly-Ser
linker. For hACE2-Fc-CD147 fusion proteins, CD147 (full length, D1 or D2 domain) was
cloned at the C-terminus of IgG1 Fc using a flexible Gly-Ser linker.

The plasmid vector was transiently transfected onto suspension Freestyle HEK293 using
polyethylenimine (PEI) and onto ExpiCHO using Expifectamine transfection reagent.
Transfected cells were cultured for 5 days in a shaker incubator at 37 °C, 8% COz to allow
for protein secretion. Culture supernatant was filtered using 0.22pm filter units to remove

large contaminants (cells and cellular debris).

Fusion proteins were purified using an AKTA™ pure system (GE Healthcare) using a

HiTrap MabSelect PrismA 1 ml column (for IgG1 Fc fusion proteins) or a HiTrap IgM 1ml
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column (for IgM fusion proteins) (both columns from GE Healthcare). Briefly, columns
were equilibrated with 5 column volumes of PBS pH 7.4. Supernatant was applied to the
column at a flow rate of 1 ml/min. Following application of supernatant, the column was
washed with 20 column volumes of PBS. Sample was then eluted from the column with 3
ml of IgG elution buffer (Pierce — 21004) at 1 ml/min and directly loaded onto 2 HiTrap 5
ml desalting columns, previously equilibrated in PBS, and collected on a 96-well plate using
a fraction collector unit. Proteins were characterised via SDS-PAGE under reducing and

non-reducing conditions to assess molecular weight and purity.

Example 4: Characterisation of fusion proteins based on CD147

ELISA assay

The binding capacity of CD147-based fusion proteins to the spike protein of coronavirus
was characterised by ELISA. Briefly, Nunc MaxiSorp flat-bottom 96-well plates were
coated with 1 ug/ml of recombinant S1 spike protein domain from SARS-CoV or SARS-
CoV-2. As control, HepB peptides were coated at 1 ug/ml. Plates were blocked with a
solution of 2% BSA in PBS for 1h at room temperature (RT). Antibodies were incubated at
a range of concentrations, diluted in 0.5% BSA, and allowed to bind for 1h at RT. Non-
specific interactions and un-bound antibodies were washed away by 4 PBS 0.05% Tween20
buffer washes. Bound antibodies were detected via anti-human IgG (H+L) HRP conjugated
secondary antibody (for IgG) (Jackson Immunotools) or anti-human IgM HRP conjugated
secondary antibody (for IgM) (Abcam), diluted in PBS 0.5% BSA and allow to interact for
1h at RT. un-bound antibodies were washed away by 4 x PBS 0.05% Tween20 buffer
washes. Plates were incubated with substrate reagent (1-Step Ultra TMB, Thermo Scientific)
and blocked with 1M H2SOs. Signal was acquired using a Varioskan plate reader at 450nm.

Results showed that CD147-based fusion proteins bind specifically to the S1 subunit of the
S protein of SARS-CoV-2 (Figure 8A) and SARS-CoV (Figure 8B) in a dose-dependent

manner.

SPR assay
Recombinant CD147-Fc¢ fusion proteins carrying a spike protein binding domain are

immobilised on individual flow cells on a Series S CMS5 sensor chip (GE Healthcare)
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previously functionalised with anti-human capture kit or protein A using a Biacore SPR
instrument. HBS-P+ buffer is used as running buffer is all experimental conditions.
Recombinant purified SARS-CoV-2 spike protein at known concentrations is used as the
‘analyte’ and injected over the respective flow cells with 150 s contact time and 600 s
dissociation at 30 pl/min of flow rate with a constant temperature of 25 °C. In each
experiment, flow cell 1 is unmodified and used for reference subtraction. A ‘O concentration’
sensorgram of buffer alone is used as a double reference subtraction to factor for drift. Data

are fit to a 1:1 Langmuir binding model using local Rmax.

Fluorescence-based receptor blocking assay

Recombinant CD147-based fusion proteins are serially diluted from the uM to the pM range
and the decreased concentrations fractions are incubated with biotinylated recombinant
soluble Spike protein from coronavirus at a constant concentration for 30 min at 37 °C.
Mixtures are then added to hACE2 expressing cells and incubated for 30 min at 37 °C. Cells
are then washed with PBS to remove any unbound proteins and stained with Streptavidin
conjugated to a fluorophore for 30 min at room temperature. After another PBS wash, cells
are analysed for Spike binding to hACE2 in the presence of recombinant CD147-based

fusion proteins by flow cytometry.

Fluorescence-based Spike protein targeting

Recombinant CD147-Fc fusion proteins carrying a spike protein binding domain are serially
diluted from the pM to the pM range and the decreased concentrations fractions are added
to SARS-CoV-2 Spike protein expressing cells and incubated for 30 min at 37 °C. Cells are
then washed with PBS to remove any unbound proteins and stained with a secondary anti-
Fc antibody conjugated to a fluorophore for 30 min at room temperature. After another PBS

wash, cells are analysed by flow cytometry.

Virus neutralisation assay

Recombinant CD147-Fc fusion proteins are serially diluted to cover a broad range of
concentrations. Each dilution is then mixed 1:1 with lentiviral vectors pseudotyped with
either control VSV-G glycoprotein or SARS-CoV-2 spike protein to a final volume of 200
ulL and incubated at 37 °C for 1 h. The lentiviral vectors also encode eGFP. Mixtures of

fusion proteins and virus are then cultured onto ACE2 expressing cell line for 48-72hrs. Viral
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titers are then quantified by eGFP expression in target cells and infectivity of all dilution is

determined as a percentage of viral titers in the absence of the recombinant protein.

Example 5: Generation of fusion proteins based on anti-SARS antibodies

A number of neutralising antibodies for SARS-CoV 2003 have been described in the

literature. Since the homology between the spike protein of SARS-CoV 2003 and SARS-

CoV-2 is high, cross-reactivity can reasonably be expected. Antibodies from previously
described SARS-CoV 2003 neutralising binders have the following VH and VL sequences:
a VH sequence of SEQ ID NO: 10 and a VL sequence of SEQ ID NO: 11 (clone

80R);

a VH sequence of SEQ ID NO:

$230.15);

a VH sequence of SEQ ID NO:

M396);

a VH sequence of SEQ ID NO:

F26G19);

a VH sequence of SEQ ID NO:

F26G8);

a VH sequence of SEQ ID NO:

F2G8.2);

a VH sequence of SEQ ID NO:

F26G18);

a VH sequence of SEQ ID NO:

92N);

a VH sequence of SEQ ID NO:

91M);

a VH sequence of SEQ ID NO:

27D);

a VH sequence of SEQ ID NO:

26H);

a VH sequence of SEQ ID NO:

12E);

12 and a VL sequence of SEQ ID NO:

14 and a VL sequence of SEQ ID NO:

16 and a VL sequence of SEQ ID NO:

18 and a VL sequence of SEQ ID NO:

20 and a VL sequence of SEQ ID NO:

22 and a VL sequence of SEQ ID NO:

24 and a VL sequence of SEQ ID NO:

26 and a VL sequence of SEQ ID NO:

28 and a VL sequence of SEQ ID NO:

30 and a VL sequence of SEQ ID NO:

32 and a VL sequence of SEQ ID NO:

13 (clone

15 (clone

17 (clone

19 (clone

21 (clone

23 (clone

25 (clone

27 (clone

29 (clone

31 (clone

33 (clone
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- a VH sequence of SEQ ID NO: 34 and a VL sequence of SEQ ID NO: 35 (clone
8C);

- a VH sequence of SEQ ID NO: 36 and a VL sequence of SEQ ID NO: 37 (clone
CR3009);

- a VH sequence of SEQ ID NO: 38 and a VL sequence of SEQ ID NO: 39 (clone
CR3006);

- a VH sequence of SEQ ID NO: 40 and a VL sequence of SEQ ID NO: 41 (clone
CR3018);

- a VH sequence of SEQ ID NO: 42 and a VL sequence of SEQ ID NO: 43 (clone
CR3013);

- a VH sequence of SEQ ID NO: 44 and a VL sequence of SEQ ID NO: 45 (clone
CR3014);

- a VH sequence of SEQ ID NO: 48 and a VL sequence of SEQ ID NO: 49 (clone
AS3-3);

- a VH sequence of SEQ ID NO: 50 and a VL sequence of SEQ ID NO: 51 (clone
CR3022); and

- a VH sequence of SEQ ID NO: 52 and a VL sequence of SEQ ID NO: 53 (clone
B1).

ScFv of anti-SARS antibodies (ABD) were fused to the N-terminus of a human IgG1 F¢
domain. Additionally, scFv of anti-SARS antibodies (ABD) were cloned in fusion to hACE2
full length (aal8-740, Q9BYF1) or truncated (aal8-605, Q9BYF1), carrying a human IgG1
Fc domain at the C-terminus and a murine Igkappa leader sequence at the N-terminus. For
the ABD-ACE2-Fc orientation, the antibody was fused to the N-terminus of ACE2 via a
flexible Gly-Ser linker. For the ACE2-ABD-Fc orientation, the antibody was linked to the
C-terminus of ACE2 via a flexible Gly-Ser linker and to the Fc via the hinge region. The
plasmid vector was transiently transfected onto suspension ExpiCHO using Expifectamine
transfection reagent. Transfected cells were cultured for 5 days in a shaker incubator at 37
°C, 8% COx to allow for protein secretion. Culture supernatant was filtered using 0.22pm

filter units to remove large contaminants (cells and cellular debris). F

Fusion proteins were purified using an AKTA™ pure system (GE Healthcare) using a
p y g

HiTrap MabSelect PrismA 1 ml column (for IgG1 Fc fusion proteins) or a HiTrap IgM 1ml
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column (for IgM fusion proteins) (both columns from GE Healthcare). Briefly, column was
equilibrated with 5 column volumes of PBS pH 7.4. Supernatant was applied to the column
at a flow rate of 1 mL/min. Following application of supernatant, the column was washed
with 20 column volumes of PBS. Sample was then eluted from the column with 3 ml of IgG
elution buffer (Pierce —21004) at 1 mL/min and directly loaded onto 2 HiTrap 5 ml desalting
columns, previously equilibrated in PBS, and collected on a 96-well plate using a fraction
collector unit. Proteins were characterised via SDS-PAGE under reducing and non-reducing

conditions to assess molecular weight and purity.

Example 6: Characterisation of fusion proteins based on anti-SARS antibodies

ELISA assay of anti-SARS scFv-hACE2-Fc fusion proteins

Spike protein binding capacity of anti-SARS-based fusion proteins are characterised by
ELISA. Briefly, Nunc MaxiSorp flat-bottom 96-well plates are coated with 1 pug/ml of
recombinant S1 spike protein domain from SARS-CoV and SARS-CoV-2. As control, HepB
peptides are coated at 1 ug/ml. Plates are blocked with a solution of 2% BSA in PBS for 1 h
at room temperature. Test proteins are incubated at a range of concentrations, diluted in 0.5%
BSA, and allowed to bind for 1h at RT. Non-specific interactions and un-bound antibodies
are washed away with 4 PBS 0.05% Tween20 buffer washes. Bound antibodies are detected
via anti-mouse IgG HRP conjugated secondary antibody (Jackson Immunotools) or anti-
human IgG (H+L) HRP conjugated secondary antibody (Jackson Immunotools), diluted in
PBS 0.5% BSA and allowed to interact for 1h at RT. Un-bound antibodies are washed away
by 4 PBS 0.05% Tween20 buffer washes. Plates are incubated with substrate reagent (1-Step
Ultra TMB, Thermo Scientific) and blocked with 1M H2SOas. Signal is acquired using a

Varioskan plate reader at 450nm.

ELISA assay of anti-SARS scFv-Fc fusion proteins
Antibodies in scFv-Fc format were expressed by transient transfection in ExpiCHO cells and
tested as non-purified supernatants in ELISA against SARS-CoV-2 Spike protein subunit S1

or full spike protein

Nunc Maxisorp clear 96-well plates were coated with 1 pg/ml (in PBS) of recombinant

protein (SARS-CoV-2 S1 or full spike protein, ACRO biosystems) overnight at 4 °C. Plates
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were blocked with PBS 2% BSA for 1h at RT. Test proteins were incubated at a specified
range of concentrations with serial dilutions for 1h at RT in PBS 0.5% BSA. Bound proteins
were detected with anti-mouse or anti-human HRP conjugated antibodies (Jackson
Immunotools) at 1:5000 and 1:3000 dilution in PBS 0.5% BSA, respectively. Incubation was
allowed for 1h at RT. All washes were performed in PBS 0.05% Tween20. Detection reagent
I-step TMB Ultra (thermo scientific) and reaction blocked with 1M HaSOs. Plates were
acquired on a Varioskan Lux instrument at a wavelength of 450nm.

Results revealed that scFv-Fc based on clones 91M (75656), 27D (74657), 26H (74658),
12E (74659), 8C (74660) and CR3022 (74668) showed cross-reactivity for SARS-CoV-2 S1
protein (Figure 11). Clone B1 (74669) was identified as a S2 binder.

Clone CR3022, was initially recognised as a potential SARS-CoV-2 neutralising antibody.
Indeed, strong binding was also observed against recombinant SARS-CoV-2 S1 protein in
our hands (Figure 11). CR3022 has been demonstrated to bind to a distinct epitope on the
S1 subunit of SARS-CoV-2 spike protein, in close proximity to the ACE2 binding region,
unlikely to elicit steric hindrance. Two fusion products were developed in order to take
advantage of a potential second contact point to SARS-CoV-2 spike protein, ACE2-CR3022
scFv-Fc and CR3022 scFv-ACE2-Fc. Binding to the spike protein was evaluated for these
constructs and ACE2 (18-740)-Fc and 3022 scFv-Fc by ELISA. Results showed that binding

to the spike protein was comparable for all protein constructs (Figure 12).

SPR assay

Recombinant fusion proteins are immobilised on individual flow cells on a Series S CM5
sensor chip (GE Healthcare) previously functionalised with anti-human, anti-mouse capture
kit or protein A, using a Biacore SPR instrument. HBS-P+ buffer is used as running bufter
is all experimental conditions. Recombinant purified SARS-CoV-2 spike protein at known
concentrations is used as the ‘analyte’ and injected over the respective flow cells with 150 s
contact time and 600 s dissociation at 30 ul/min of flow rate with a constant temperature of
25 °C. In each experiment, flow cell 1 is unmodified and used for reference subtraction. A
‘0 concentration’ sensorgram of buffer alone is used as a double reference subtraction to

factor for drift. Data are fit to a 1:1 Langmuir binding model using local Rmax.
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Fluorescence-based receptor blocking assay

Recombinant fusion proteins are serially diluted from the uM to the pM range and the
decreased concentrations fractions are incubated with biotinylated recombinant soluble
Spike protein at a constant concentration for 30 min at 37°C. Mixtures are then added to
hACE2 expressing cells and incubated for 30 min at 37°C. Cells are then washed with PBS
to remove any unbound proteins and stained with Streptavidin conjugated to a fluorophore
for 30 min at room temperature. After another PBS wash, cells are analysed for Spike

binding to ACE2 in the presence of recombinant therapeutics by flow cytometry.

Fluorescence-based Spike protein targeting

Recombinant fusion proteins are serially diluted from the uM to the pM range and the
decreased concentrations fractions are added to SARS-CoV-2 Spike protein expressing cells
and incubated for 30 min at 37°C. Cells are then washed with PBS to remove any unbound
proteins and stained with a secondary anti-Fc antibody conjugated to a fluorophore for 30

min at room temperature. After another PBS wash, cells are analysed by flow cytometry.

Virus neutralisation assay

Recombinant proteins are serially diluted to cover a broad range of concentrations. Each
dilution is then mixed 1:1 with lentiviral vectors pseudotyped with either control VSV-G
glycoprotein or SARS-CoV-2 spike protein to a final volume of 200 pL and incubated at 37
°C for 1 h. The lentiviral vectors also encode eGFP. Mixtures of fusion proteins and virus
are then cultured onto hACE2 expressing cell line for 48-72 h. Viral titers are then quantified
by eGFP expression in target cells and infectivity of all dilution is determined as a percentage

of viral titers in the absence of the recombinant protein.

Example 7: Generation of binders specific for the S protein of SARS-CoV-2 by

Immunising rats

The nucleic acid sequence of SARS-CoV-2 Spike protein is cloned in the vector pVAC2. 3
x Wistar rats are immunized with plasmid DNA encoding the spike protein, adsorbed to gold
nanoparticles. A Gene-Gun™ (Biorad) system is used to deliver the coated gold

nanoparticles intramuscularly. Rats are boosted 3 times over the course of 28 days. Test
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bleeds from the rats are screened for titres of anti-SARS-CoV-2 antibodies by ELISA and
flow cytometry.

Rats with SARS-CoV-2 positive sera are selected for a final immunisation boost before the
spleens are harvested for B cell isolation and hybridoma production. Hybridoma fusions of
10 x 96-well plates with lymphocytes from the selected rats are performed. Hybridoma
supernatants are screened for reactive anti-SARS-CoV-2 antibodies by ELISA against
recombinant purified protein. ELISA positive hybridoma supernatants are tested by flow

cytometry spike protein expressing cell lines.

Hybridomas expressing the strongest anti-SARS-CoV-2 response by flow cytometry are
identified, expanded, and stocks cloned to generate monoclonal antibody secreting

hybridomas. Hybridoma clones are obtained by limiting dilution.

Total RNA is isolated from monoclonal hybridoma cells using illustra RNAspin Mini kit
(GE Healthcare, product number 25050071) according to the manufacturer’s instructions.
The total RNA is analysed by agarose gel electrophoresis and the concentration assessed
using a NanoDrop2000C. Total RNA is reverse-transcribed into cDNA using Oligo(dT)20
and SuperScriptTM II Reverse Transcriptase (ThermoFisher Scientific, product number
18064022) in the presence of template-switch oligo according to manufacturer’s
instructions. The antibody fragments of VH and VL are amplified using the S’RACE PCR
method. DNA fragments are cloned blunt-ended into vectors using CloneJET PCR Cloning
Kit (ThermoFisher Scientific, product number K1231) according to manufacturer’s
instructions. Five colonies for each of the heavy and light chains are sequenced and a

consensus sequence was obtained.

Example 8: Generation of binders specific for the S protein of SARS-CoV-2 by

immunising Llama

One hundred micrograms of spike protein S1-His (Acro biosystems, SIN-C52H3) are
injected intraperitoneally in llamas. A blood sample of about 200 ml is taken from 2 x
immunised llamas. An enriched lymphocyte population is obtained via Ficoll discontinuous

gradient centrifugation. From these cells, total RNA is isolated by acid guanidium
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thiocyanate extraction. After first strand cDNA synthesis DNA fragments encoding HC-V
fragments and part of the long or short hinge region are amplified by PCR. The amplified
pool of dAb antibody sequences is digested using the restriction enzymes Pstl and Notl, and

ligated into the phagemid vector PRL114.

Single domain antibodies are expressed on phage after infection with M13K07. The phage
library is panned for the presence of binders respectively on solid-phase Spike protein in
wells of a microtitre plates or in solution with 100 nM biotinylated spike protein in

combination with streptavidin-coated magnetic beads.

Example 9: Generation of binders specific for the S protein of SARS-CoV-2 by phage

display

Binders specific for the S protein of SARS-CoV-2 were screened by phage display using a
naive llama library. Recombinant SARS-CoV-2 spike protein with a His tag (Acro S1N-
C52H3) was immobilised on a Nunc immunotube at 1 pg/ml overnight at 4C before blocking
with a 2% milk PBS solution. Phage were blocked in 2% milk PBS with 1 ug/ml of a His
tagged protein included (2 ml) for 1 h before addition to the S1-His coated immunotube.
After 1 h at room temp the tube wash washed 10 times using PBS 0.05% tween (4 ml/wash).
Elution of specific phage was performed by addition of re-warmed trypsin (2 ml) to the tube
and incubation at 37 °C for 10-15 min. Eluted phage were amplified by reinfection into log
phase TG cells (5 ml) and plating out on Amp/Gluc agar plates. Titrations were performed

to establish phage numbers and enrichment.

Further panning selection rounds were performed as above except alterations to panning
antigen and elution method were made. Namely, site specifically biotinylated (avi-tagged)
Spike protein 1 (sp1) was used in pan 2 and capture was performed on a streptavidin coated
plate (Pierce Cat#15500) (300ul/well). In a further panning method panning was performed
in solution phase whereby pre-blocked phage were incubated with S1-avitag in solution
(lug/ml) with addition of ACE2-Fc at equal concentration to enable high affinity antibody
selection. S1-avitag as well as bound phage were then captured on streptavidin coated plates

before trypsin elution as described above.
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Screening

Individual bacterial colonies were picked and cultured at 37 °C in 2TY Gluc/Amp media
until OD600nm of 0.5 before induction of antibody expression by addition of IPTG (1mM)
and overnight culture at 30 °C. The cells were pelleted by centrifugation and supernatant

used directly for screening ELISAs and flow cytometry.

ELISA

All incubations were room temp 1 h with agitation whilst washing was 3 times with 0.05%
PBS.tween. S1-avitag was plated on a streptavidin coated 96 well plate at 0.5 pg/ml (50ul)
and incubated at room temp for 1h, a further 2 plates were coated with His tag control protein
or blocking reagent (2% milk), washed and blocked with 2 % milk for 1 h and washed again
before supernatants were added. Detection antibody was anti-C Myc-HRP conjugate
(Abcam clone 9E10 Cat#62928), and the plate was developed with TMB substrate before
being read at 450nm.

Results showed that some clones presented specific binding to S1 protein of SARS-CoV-2
(Figure 9).

Sequencing

All sequences were obtained after PCR amplification of dAb coding region from phage
expressing TG1 cells using primers M13Rvs: caggaaacagctatgac (SEQ ID NO: 94) and M13
Fwd: gtegtctttccagacgttagt (SEQ ID NO: 95). Primer annealing temperature was 48 °C.

M13Rvs primer was used as sequencing primer at Source Bioscience (Cambridge, UK).

Example 10: Characterisation of binders specific for the S protein of SARS-CoV-2

ELISA assay

The capacity of anti-SARS antibodies obtained in Example 9 to bind to the S protein of
SARS-CoV-2 Spike protein was further characterised by ELISA. Briefly, Nunc MaxiSorp
flat-bottom 96-well plates were coated with 1 ug/ml of recombinant S1 spike protein domain
from SARS-CoV and SARS-CoV-2. As control, HepB peptides were coated at 1 pg/ml.
Plates were blocked with a solution of 2% BSA in PBS for 1h at RT. Antibodies were
incubated at a range of concentrations, diluted in 0.5% BSA, and allow to bind for 1h at RT.
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Non-specific interactions and un-bound antibodies were washed away by 4 PBS 0.05%
Tween20 buffer washes. Bound antibodies were detected via anti-mouse IgG HRP
conjugated secondary antibody (Jackson Immunotools) or anti-human IgG (H+L) HRP
conjugated secondary antibody (Jackson Immunotools), diluted in PBS 0.5% BSA and allow
to interact for 1h at RT. un-bound antibodies were washed away by 4 PBS 0.05% Tween20
buffer washes. Plates were incubated with substrate reagent (1-Step Ultra TMB, Thermo
Scientific) and blocked with 1M H2SOas. Signal was acquired using a Varioskan plate reader
at 450nm.

Results obtained using clone C9 fused to Fc showed that it binds specifically to the S1
subunit of the S protein of SARS-CoV-2 (Figure 10A) in a dose-dependent manner.
Importantly, clone 9 did not bind to SARS-CoV (Figure 10B).

SPR assay

Anti-SARS-CoV-2 antibodies are immobilised on individual flow cells on a Series S CM5
sensor chip (GE Healthcare) previously functionalised with anti-mouse capture kit or protein
A using a Biacore SPR instrument. HBS-P+ buffer is used as running buffer is all
experimental conditions. Recombinant purified SARS-CoV-2 spike protein at known
concentrations is used as the ‘analyte’ and injected over the respective flow cells with 150 s
contact time and 600s dissociation at 30 ul/minute of flow rate with a constant temperature
of 25°C. In each experiment, flow cell 1 is unmodified and used for reference subtraction. A
‘0 concentration’ sensorgram of buffer alone is used as a double reference subtraction to

factor for drift. Data are fit to a 1:1 Langmuir binding model using local Rmax.

Fluorescence-based receptor blocking assay

Recombinant antibodies are serially diluted from the uM to the pM range and the decreased
concentrations fractions are incubated with biotinylated recombinant soluble Spike protein
at a constant concentration for 30 min at 37°C. Mixtures are then added to ACE2 expressing
cells and incubated for 30 min at 37°C. Cells are then washed with PBS to remove any
unbound proteins and stained with Streptavidin conjugated to a fluorophore for 30 min at
room temperature. After another PBS wash, cells are analysed for Spike binding to ACE2 in

the presence of recombinant therapeutics by flow cytometry.



10

15

20

25

30

WO 2021/205183 PCT/GB2021/050875

147

Fluorescence-based Spike protein targeting

Recombinant antibodies are serially diluted from the uM to the pM range and the decreased
concentrations fractions are added to SARS-CoV-2 Spike protein expressing cells and
incubated for 30 min at 37°C. Cells are then washed with PBS to remove any unbound
proteins and stained with a secondary anti-Fc antibody conjugated to a fluorophore for 30

min at room temperature. After another PBS wash, cells are analysed by flow cytometry.

Virus neutralisation assay

Recombinant proteins are serially diluted to cover a broad range of concentrations. Each
dilution is then mixed 1:1 with lentiviral vectors pseudotyped with either control VSV-G
glycoprotein or SARS-CoV-2 spike protein to a final volume of 200uL and incubated at
37°C for 1 h. The lentiviral vectors also encode eGFP. Mixtures of fusion proteins and virus
are then cultured onto ACE2 expressing cell line for 48-72hrs. Viral titers are then quantified
by eGFP expression in target cells and infectivity of all dilution is determined as a percentage

of viral titers in the absence of the recombinant protein.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described methods and system of the invention
will be apparent to those skilled in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the described modes
for carrying out the invention which are obvious to those skilled in molecular biology or

related fields are intended to be within the scope of the following claims.

Example 11: Generation of fusion proteins based on inactive hACE?2

Human ACE2 (18-740) or truncated human ACE2 (18-605) were mutated to incorporate the
H374N and H378N mutations (HH:NN or inactive ACE2) to inhibit catalytic activity. These
mutations are predicted to remove interaction with Zn™* ions mediated by the two original
His residues, with a spatially conservative mutation. Then, they were fused to a human IgG1
hinge-CH2-CH3 domain and were cloned in a protein expression vector using a murine

IgKappa leader sequence. hACE2 was fused to a human IgG1, comprising the hinge region
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and constant domains CH2 and CH3. The plasmid vector was transiently transfected onto
suspension Freestyle HEK293 using polyethylenimine (PEI), and onto ExpiCHO using
Expifectamine transfection reagent. Transfected cells were cultured for 5 days in a shaker
incubator at 37 °C, 8% COz to allow for protein secretion. Culture supernatant was filtered

using 0.22um filter units to remove large contaminants (cells and cellular debris).

Fusion proteins were purified using an AKTA™ pure system (GE Healthcare) using a
HiTrap MabSelect PrismA 1 ml column (for IgG1 Fc fusion proteins). Briefly, the column
was equilibrated with 5 column volumes of PBS pH 7.4. Supernatant was applied to the
column at a flow rate of 1 mL/min. Following application of supernatant, the column was
washed with 20 column volumes of PBS. Sample was then eluted from the column with 3
ml of IgG elution buffer (Pierce — 21004) at 1 mL/min and directly loaded onto 2 HiTrap 5
ml desalting columns, previously equilibrated in PBS, and collected on a 96-well plate using
a fraction collector unit. Proteins were characterised via SDS-PAGE under reducing and

non-reducing conditions to assess molecular weight and purity.

Example 12: Characterisation of fusion proteins based on inactive hACE2 (HH:NN)

ACE2 enzymatic activity

ACE2 activity was measured by using Mca-APK(Dnp) as substrate in 96-well black
microtiter plates. The samples were added into wells containing reaction buffer (50 mM 4-
morpholineethanesulfonic acid, pH = 6.5, 300 mM NaCl, 10 uM ZnCl2 and 0.01% Triton
X-100,) at a concentration of 0.1 pg/ml in the presence of 20 uM of Ma-APK(Dnp) or control
peptide BML-P127 (Enzo Life Sciences) in a final volume of 100 pl/well. Activity was
compared to the active ACE2-F¢ (Acro biosystems). The reaction was performed in triplicate
at room temperature for 1h. Activity was measured as fluorescence intensity at 320 nm
excitation and 393 nm emission wavelength at 1-minute intervals using a Varioskan LUX

instrument (Thermo Scientific).

Results indicate that the active ACE2-Fc was able to efficiently process and activate
fluorescence on the substrate, while the inactive ACE2 (HH:NN) (18-740)-Fc construct
developed in this project was unable to convert the substrate and showed a completely

abrogated enzymatic activity (Figure 13).
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SPR assay

Recombinant ACE2-Fc¢ constructs were captured on flow cell 2 of a Series S Protein A
sensor chip (GE Healthcare) to a density of 500 RU using a Biacore 8K instrument. HBS-
EP+ buffer was used as running buffer in all experimental conditions. Recombinant purified
Angiotensin II (Sigma) at known concentrations (concentration range from 1 uM to 15.625
nM) was used as the ‘analyte’ and injected over the respective flow cells with 150s contact
time and 500s dissociation at 30 ul/minute of flow rate with a constant temperature of 25°C.
In each experiment, flow cell 1 was unmodified and used for reference subtraction. A ‘0
concentration’ sensogram of buffer alone was used as a double reference subtraction to factor
for drift. Data were fit to a 1:1 Langmuir binding model. Since a capture system was used, a

local Rmax parameter was used for the data fitting in each case.

Active ACE2-Fc¢c (ACRO biosystems) was compared to the inactive ACE2(18-740;
HH:NN)-Fc molecule. A 1:1 binding kinetic model shows an 11-fold reduction in affinity

for their natural substrate Ang II (Table 1), primarily due to a slower on-rate (ka) (Figure
14A).

Table 1: Binding kinetics between active ACE2-Fc¢ and inactive ACE2 (HH:NN)-

Fc for angiotensin 2, fitted to a Langmuir 1:1 binding model.

Sample Ka (1/Ms) Kd(1/s) KD M)
Inactive ACE2 (18-740)-F¢ 1.38x 10° 180x 10" 130x10%
Active ACE2 (18-740)-F¢  780x10° 9.11x10? 1.17x 107

SPR measurements of kinetic interaction for the S1 domain of SARS-CoV-2 showed
comparable kinetic profiles between active WT and HH:NN ACE2 (Figure 14B and Table
3), further suggesting the preservation of an unaltered Spike binding domain.

ELISA on spike protein

Nunc Maxisorp clear 96-well plates were coated with 1 pg/ml (in PBS) of the relevant
recombinant protein (SARS-CoV-2 spike trimer, SARS-CoV-2 S1, or BSA as control)
overnight at 4 °C. Plates were blocked with PBS 2% BSA for 1h at RT. Active ACE2-Fc
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(ACRO biosystems) was compared to the inactive ACE2(18-740; HH:NN)-Fc molecule.
were incubated at 10 pug/ml with 3-fold serial dilutions for 1h at RT in PBS 0.5% BSA.
Bound proteins were detected with anti-human HRP conjugated antibodies (Jackson
Immunotools) at 1:3000 dilution in PBS 0.5% BSA, respectively. Incubation was allowed
for 1h at RT. All washes were performed in PBS 0.05% Tween20. Detection reagent 1-step
TMB Ultra (thermo scientific) and reaction blocked with 1M HaSOas. Plates were acquired

on a Varioskan Lux instrument at a wavelength of 450 nm.

The mutations introduced in the catalytic site of ACE2 did not impact the overall protein
structure, and both WT and mutated ACE2 showed comparable binding capacity for
recombinant SARS-CoV-2 full S trimer and S1 domain by ELISA (Figure 14C).

Taken together, these results demonstrate an impaired capacity for the inactive
ACE2(HH:NN)-Fc construct described here, to interact and process the endogenous

substrate.

Example 13: Optimisation of F¢c domain

To abrogate Fc effector functions, thus overcoming the risk of activating the host immune
system and exacerbating the hyperinflammatory response often associated with severe
COVID-19 development, the Fc domain was engineered to remove FcyR interactions. The
human IgG1 Fc domain was mutated by introducing the LAL A mutations of the CH2 domain
alone or in combination with P329G (LALA-PQG). Inactive ACE2 (HH:NN)-Fc LALA and
ACE2-Fc LALA-PG, based on ACE2 aal8-740, were expressed by transient transfection in
ExpiCHO cell line, as described above, and purified by Protein A affinity chromatography.
The recombinant proteins showed a purity greater than 95% by SDS-PAGE.

Size exclusion chromatography

Twenty microliters of purified proteins were loaded onto a Superdex 200 increase 5/150 GL
size exclusion chromatography column using Akta™ Pure system at a flow rate of 0.3
mL/min in PBS to determine protein purity and aggregation status. Eluted protein was

detected at OD 280nm.
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The recombinant ACE2-Fc LALA and ACE2-Fc LALA-PG showed lower aggregation
propensity compared to ACE2(18-740)-Fc (Figure 15A and Table 2).

Differential scanning fluorimetry (DSF)

Thermal stability was determined by differential scanning fluorimetry nano(DSF) on a
Prometheus NT.48 instrument (Nanotemper) using first derivative of 350/330nm ratio to
determine the melting temperature (Tm) value. Samples resuspended in PBS pH 7.4 were

loaded on a glass capillary and temperature scanned from 20 to 95°C with 1 °C/min intervals.

The recombinant inactive ACE2-Fc LALA and ACE2-Fc LALA-PG showed a higher
thermal stability (Tm) compared to ACE2(18-740)-Fc (Figure 15B and Table 2).

Table 2: Yield and biophysical properties of different ACE2-Fc constructs.

Host Yield Aggregates Apparent MW

Clone Tm (°C)
cell  (zL) bySEC(%) by SEC (kDa)
ACE2-Fc¢ CHO 02 2.82 418 46.1
ACE2-Fc¢
CHO 0.12 2.34 488 477
LALA
ACE2-Fc¢
CHO 0.19 248 454 48.1
LALA-PG

Overall, these results revealed that the ACE2-Fc constructs based on an optimised Fc region
have good biophysical properties, including lower aggregation propensity and a higher
thermal stability (Tm) compared to ACE2(18-740)-Fc (Figure 15 and Table 2). The LALA-
PG clone showed the comparable expression yield (+25%) and higher Tm (+2 °C) compared
to parental construct, and higher expression yield (+58%) and Tm (+0.4 °C) compared to the
LALA construct (Table 2).

Binding to spike protein

Nunc Maxisorp clear 96-well plates were coated with 1 pg/ml (in PBS) of the relevant
recombinant protein (SARS-CoV-2 spike trimer, SARS-CoV-2 S1, or BSA as control)
overnight at 4 °C. Plates were blocked with PBS 2% BSA for 1h at RT. Active ACE2-Fc
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(ACRO biosystems) was compared to the inactive ACE2(18-740; HH:NN)-Fc molecule.
were incubated at 10 pug/ml with 3-fold serial dilutions for 1h at RT in PBS 0.5% BSA.
Bound proteins were detected with anti-human HRP conjugated antibodies (Jackson
Immunotools) at 1:3000 dilution in PBS 0.5% BSA, respectively. Incubation was allowed
for 1h at RT. All washes were performed in PBS 0.05% Tween20. Detection reagent 1-step
TMB Ultra (thermo scientific) and reaction blocked with 1M HaSOas. Plates were acquired

on a Varioskan Lux instrument at a wavelength of 450 nm.

Mutations on the Fc¢ domain did not affect the binding capacity of ACE2 for SARS-CoV-2
S-protein and all three versions showed highly comparable dose/response curves to

recombinant SARS-CoV-2 full S trimer or S1 domain by ELISA (Figure 16A).

Similarly, all three variants were able to bind SupT1 cell lines expressing SARS-CoV-2 full
S trimer as a transmembrane protein (Figure 16B), further confirming binding capacity for

the glycoprotein in a more physiological environment.

Binding to Fc gamma receptors (FcyR)

Fc interaction for human FcyRI, FcyRII and FcyRIIT was tested on K562, U937 and SupT1
human cell lines. K562 are reported to express RNA for FcyRIla and Illa/b, while U937
express FcyRIa/b, Ila/b and IIIb (source www.proteinatlas.org, v20.0). A reverse flow
cytometry detection assay, using biotinylated SARS-CoV-2 S1 as secondary reagent,
demonstrated that the ACE2 construct with WT Fc efficiently bound both K562 and U937
in a dose-dependent manner (Figure 16C). No binding was detected with either LALA or
LALA-PG Fc mutations. SupT1 cells are not reported to express FcyR on the membrane

and, consequently, failed to show binding events with the tested molecules.

Equally, human M1 polarised monocyte-derived macrophages (MDM) from healthy donors,
showed strong interaction with the ACE2 carrying WT Fc, while no detectable engagement
was obtained with the LALA-PG Fc mutation (Figure 16D)..

SPR assay
Recombinant ACE2-Fc¢ constructs were captured on flow cell 2, 3 and 4 of a Series S Protein

A sensor chip (GE Healthcare) to a density of 70 RU using a Biacore T200 instrument. HBS-
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EP+ buffer was used as running buffer in all experimental conditions. Recombinant purified
SARS-CoV-2 S1 protein (Acro biosystems) at known concentrations (concentration range
from 250 nM to 3.9 nM) was used as the ‘analyte’ and injected over the respective flow cells
with 150 s contact time and 500 s dissociation at 30 ul/minute of flow rate with a constant
temperature of 25°C. In each experiment, flow cell 1 was unmodified and used for reference
subtraction. A ‘0 concentration’ sensogram of buffer alone was used as a double reference
subtraction to factor for drift. Data were fitto a 1:1 Langmuir binding model. Since a capture

system was used, a local Rmax parameter was used for the data fitting in each case.

Inactive ACE2(HH:NN)-Fc¢ showed strong interaction with FcyRlIa and IIla (27.5 nM and
73.2 nM, respectively) and reduced binding affinity for FcyRIla and IIIb (207 nM and 118
nM, respectively). The LALA mutation still maintained residual binding to the FcyRIa and
[Ia (657 nM and 225 nM, respectively) but no detectable binding to the remainder of the
receptors. The LALA-PG mutation, however, showed a complete abrogation of FcyR

binding, suggesting a more silent immunomodulatory profile (Figure 16E).

Virus neutralisation assay

The ACE2-Fc wt, with LALA or LALA-PG mutations were tested in a live virus
neutralisation assay. The assay is based on incubation of SARS-CoV-2 live virus or
pseudotyped virus on VeroE6 cells and measuring for cell expression of viral spike protein
and nucleocapsid at 48h. Live viral neutralisation experiments were performed in a BSL3
laboratory. Briefly, VeroE6 cells were seeded at 2x10° cells/ml in a 96-well flat bottom plate
and incubated at 37 °C 5% CO: overnight. Test constructs (at specific concentrations) were
incubated at 37 °C for lh in the presence of 100 TCIDso/well of virus (300 TC1Dso for
pseudotyped lentivirus) in MEM culture medium. Protein/virus mixture was then incubated
with cells for 48h. For live virus, cells were fixed in 2% PFA and stained with anti-SARS-
CoV-2 N protein antibody (1:500 dilution) for 1h and detected with HRP conjugated
secondary antibody. Wells were incubated with TMB substrate solution and reaction
neutralised with 2N H2SOs4. Signal acquired at a wavelength of 450nm using a microplate

reader. For pseudotyped virus, infectivity was measured via luciferase reporter assay.

A range of concentrations of each test agent was used to identify half maximal inhibitory

concentration (ICso) values for live virus (Figure 17A). Similarly, the neutralisation
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efficiency was tested on a lentiviral pseudotyped virus expressing SARS-CoV-2 spike
protein (Figure 17B). In both cases, the ACE2-Fc LALA-PG showed the best neutralisation
efficiency at ICso of 4.1 nM for live virus and 0.1 nM for pseudotyped virus. These results
were surprising because all three constructs share the same ACE2 domain and variations in
the Fc domain were not expected to have an effect in the interaction between ACE2 and the

spike protein of SARS-CoV-2.

Example 14: Viral S glvcoprotein binding specificity and neutralisation profile

Binding specificity and cross-reactivity of the ACE2(HH:NN)-Fc LALA-PG construct was
assessed using a cell-based protein microarray assay, screening 5477 full length plasma
membrane and cell surface-tethered human secreted proteins, plus 371 human heterodimers
and the SARS-CoV-2 S-protein. The test construct showed strong specific binding to the
target protein SARS-CoV-2 S, while no other interaction was detected across the
comprehensive panel of human protein (Figure 22A). An Fc LALA-PG only construct with
the ACE2 domain omitted did not display any interaction with SARS-CoV-2 S-protein or
any other target tested. The control fusion protein CTLA4-hFc instead, showed strong
interaction for its predicted target CD86, and the FcyRIa, due to the presence of a WT IgG1
Fc domain. A secondary anti-human F¢ antibody interaction with human IgG3 was detected

across all conditions tested (Figure 22A).

Binding kinetics were generated for the S1 spike domain of SARS-CoV-1, SARS-CoV-2,
SARS-CoV-2 D614G variant and HCoV-NL63, and compared to the leading anti-SARS-
CoV-2 antibodies mAb #A, mAb #B and mAb #C. Remarkably, the ACE2-Fc fusion
constructs mediated specific interaction towards all spike proteins tested, while the
monoclonal antibodies showed specificity only for the SARS-CoV-2 related S-proteins
(Figure 22B). The ACE2(HH:NN)-Fc and ACE2(HH:NN)-Fc LALA-PG showed
comparable affinities for the tested S1 domains, confirming no effect of the Fc mutations on
ACE2 activity (Figure 22B and Table 3). Interestingly, the ACE2-Fc constructs showed
enhanced affinity for the SARS-CoV-2 S1 domain carrying the predominant D614G
mutation, with a 4.5-fold increase in affinity, mainly driven by a slower off-rate. The
monoclonal antibodies showed a 2-fold and 1.7-fold increase for the mAb #A, mAb #2 and
mAb #C, respectively (Figure 22B and Table 3).



WO 2021/205183 PCT/GB2021/050875
Table 3 — Kinetic affinities
. . 1:1 binding 4, Two-state
Clone Spike S1 domain kd (1/s) Kp (M)
(1/Ms) Ko (M)
SARS-CoV-1 4 17e+5 1.44e-2 3.45¢-8 1.98¢-8
SARS-CoV-2 1.56e+5 4.44¢e-3 2.84e-8
ACE2-Fc active
SARS-CoV-2 D614G 1.39¢+5 8.49e-4 6.11e-9
HCoV-NL63 2.97e+3 3.55e-3 1.20e-6
SARS-CoV-1 4 93e+5 1.31e-2 2.65¢-8 931e-9
SARS-CoV-2 2.66e+5 4.29¢-3 1.61e-8
ACE2 (HH:NN) F¢
SARS-CoV-2 D614G 1.62e+5 5.79¢e-4 3.58e-9
HCoV-NL63 4.00e+3 3.34e-3 8.35e-7
SARS-CoV-1 5.05e+5 1.39¢-2 2.75e-8 9.69¢-9
ACE2 (HH:NN)-Fc SARS-CoV-2 2.92¢+5 4.28e-3 1.47e-8
(LALA-PG) SARS-CoV-2 D614G 1.79¢+5 6.00e-4  3.35¢9
HCoV-NL63 3.72¢+3 3.49¢-3 9.38e-7
SARS-CoV-1 N/A N/A N/A
SARS-CoV-2 1.29¢+5 6.11e-4 4.73e-9
mAb #A
SARS-CoV-2 D614G 1.45e+5 2.79¢-4 1.93e-9
HCoV-NL63 NA N/A N/A
SARS-CoV-1 NA NA N/A
SARS-CoV-2 4 46e+5 1.23e-3 2.75¢-9
mAb #B
SARS-CoV-2 D614G 3.78¢+5 5.89¢-4 1.56e-9
HCoV-NL63 N/A N/A NA
SARS-CoV-1 NA NA N/A
SARS-CoV-2 4 45e+5 5.65¢-3 1.27e-8
mAb #C
SARS-CoV-2 D614G 1.45e+5 1.04e-3 7.18¢-9
HCoV-NL63 N/A N/A NA
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Both ACE2(HH:NN)-Fc and ACE2(HH:NN)-Fc LALA-PG showed comparable
neutralisation efficiency for live SARS-CoV-2 virus in vifro, with ICso values of 5.2 and 4.1
nM, respectively, providing evidence of potent therapeutic activity (Figure 23A). To
investigate the degree of neutralisation efficiency against the SARS-CoV-2 variants of
interest, replication deficient lentiviral vectors pseudotyped with the glycoproteins of SARS-
CoV-2 WT (derived from the Wuhan Hu-1 strain), D614G mutation, UK B.1.1.7 and South
Africa B.1.351 variants were engineered. Although viral vectors pseudotyped with protein
S of SARS-CoV-1 and the four SARS-CoV-2 variants showed equivalent physical particle
concentrations, as measured by p24 ELISA, they exhibited wildly different infectivity
capacity (Figure 23B). SARS-CoV-1 resulted in the lowest viral titre with a reduction of 3 .2-
fold in infectious units (IU)/ml compared to WT SARS-CoV-2. The SARS-CoV-2 D614G
variant was instead the most efficient with 2.6-fold higher viral titre compared to WT.
B.1.1.7 and B.1.351 showed 1.8 and 1.9-fold higher viral titres, compared to WT SARS-
CoV-2, respectively (Figure 23B).

The ACE2(HH:NN)-Fc LALA-PG was able to efficiently neutralise SARS-CoV-2, with
tight dose-response curves among the SARS-CoV-2 variants, and SARS-CoV-1 (Figure
23C). Interestingly, the neutralisation capacity was slightly improved for the B.1.1.7 and
B.1.351 variants compared to WT SARS-CoV-2. The monoclonal antibody mAb #A showed
a marked reduction in neutralisation capacity for the D614G and B.1.1.7 variants, 3 and 8-
fold respectively, significantly impacting on the antibody efficacy; with an almost complete
abrogation of neutralisation against the B.1.351 variant (Figure 23C). The antibody cocktail
mAb #B+C was more resilient in its response to the SARS-CoV-2 variants but was
characterised by a 4-fold reduction in neutralisation for the B.1.351 variant. When the two
antibodies constituting the cocktail were analysed individually, the mAb #B showed a 3-fold
decrease in neutralisation capacity for the D614G and B.1.1.7 variants, with a staggering 3-
Log reduction for the B.1.351 variant; while the mAb #C showed a 4-fold neutralisation
reduction for the B.1.1.7 variant and a Log shift for the D614G variant (Figure 23C).

Example 15: In vivo SARS-CoV-2 neutralisation.
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It has been previously reported that Syrian hamsters (Mesocricetus auratus) are a relevant
small animal model for SARS-CoV-2 infection reporting symptoms such as reduced body
weight and pathological lesions on the lung. Syrian hamsters were challenged intranasally
with 10*° TCIDso viral inoculum and then dosed 24 h later via intra-peritoneal (i.p.)
injections of ACE2(HH:NN)-Fc LALA-PG at either 5 mg/kg or 50 mg/kg. PBS injections
were used for the placebo control group. Body weight and clinical observations were
performed at regular intervals, blood samples collected for PK analysis, and throat swabs

taken for analysis of viral load by PCR.

The hamster groups treated with either high or low ACE2(HH:NN)-Fc LALA-PG doses
showed a significant protection against body weight loss, with a maximum average weight
loss of 11% compared to 21% for the placebo group, relative to the day of viral challenge
(Figure 24A). Throat swabs revealed a substantial reduction in viral RNA copies between
day 4 and day 6 post-viral challenge, compared to the placebo; several animals showed
undetectable levels of RNA between day 3 and day 6 for the high ACE2(HH:NN)-Fc LALA-
PG dose and an overall viral load significantly lower than placebo control group (Figure
24B). Macro-analysis on lung necropsies (day 7) also showed an overall reduction in lung
damage for the ACE2(HH:NN)-Fc LALA-PG treated groups, characterised by fewer lesions
and blood clotting (Figure 24C). Finally, i.p. administered ACE2(HH:NN)-Fc LALA-PG
was still detectable in the hamster sera at day 7, with levels almost 20-fold higher for the
high dose compared to low dose treatment (Figure 24D).

Example 16: Down-stream processing and formulation optimisation.

To define a suitable formulation considering manufacturing scale-up for clinical application,
the well-established antibody formulation buffer, 20 mM His, was used to solubilise the
ACE2(HH:NN)-Fc at a range of pH conditions from 3.5 to 7. Thermal stability profile was
determined using differential scanning fluorimetry (DSF) to identify the first transition event
(Tm °C). The ACE2(HH:NN)-Fc in PBS at pH 7.4 showed a first unfolding event at 46.1
°C, attributed to the unfolding of the ACE2 domain (Figure 18A). When tested in 20 mM
His buffer, the first unfolding event occurred at a Tm between 42.3 and 51.6 °C, with the
lowest Tm associated with pH 3.5 and the most stable Tm obtained at pH 6.5 (Figure 18A).
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A crucial phase during manufacturing of monoclonal antibodies lies in the viral inactivation
step, often carried out at low pH, which can affect the stability and aggregation state of the
proteins in solution. To investigate this, the ACE2(HH:NN)-Fc was incubated in 20mM His
pH 3.5 for 90 minutes before dialysis in 20 mM His pH 6.5. Thermal stability comparison
of ACE2Z(HH:NN)-Fc at pH 3.5, 6.5 and 3.5 dialysed to 6.5 showed how the initial instability
due to pH 3.5 could efficiently be restored to that of the ACE2(HH:NN)-Fc in 20 mM His
pH 6.5 solution following dialysis (Figure 18B). The ACE2(HH:NN)-Fc in 20 mM His pH
6.5 presented also two additional unfolding events at 61.9 °C and 81.3 °C belonging to the
CH2 and CH3 domains, respectively. The distribution of particles within the solution
showed a predominantly monodispersed profile for the ACE2(HH:NN)-Fc in PBS at pH 7.4
with an average diameter of 13.5 nm, in agreement with a molecule of predicted MW of 219
kDa. Similarly, the ACE2(HH:NN)-Fc in 20mM His pH 6.5 showed a comparable
monodispersed profile with a particle average of 13.3 nm. The suspension in a low pH buffer
of 3.5 did not significantly enhance aggregation of ACE2(HH:NN)-Fc but depicted a slight
increase in average particle diameter to 16.8 nm. Upon dialysis to 20 mM His pH 6.5, the
apparent particle size was reduced to 15.0 nm, without increasing aggregates (Figure 18C).
Furthermore, the change of buffer from PBS pH 7.4 to 20 mM His pH 6.5 and, crucially, the
viral inactivation step in 20 mM His pH 3.5 with subsequent dialysis to pH 6.5, did not affect
the capacity of the ACE2(HH:NN)-Fc to bind the SARS-CoV-2 S1 protein, further
validating the proposed process (Figure 18D).

The ACE2(HH:NN)-Fc LALA-PG also showed an increased thermal stability when in 20
mM His pH 6.5 buffer, with Tm moving from 48.1 °C to 52.0 °C for the unfolding of the
ACE2 domain (Figure 18E). Interestingly, the unfolding of the Fc LALA-PG domain also
occurred at temperatures similar to the unmodified Fc, with Tm of 66.8 °C and 80.6 °C for
the CH2 and CH3 domains, respectively, in PBS pH 7.4 and 64.3 °C and 81.8 °C for CH2
and CH3, respectively, in 20 mM His pH 6.5 (Figure 18E). The ACE2(HH:NN)-Fc LALA-
PG was also characterised by a monodispersed particle profile with an average diameter size
of 13.8 nm and 13.6 nm for the PBS pH 7.4 and 20 mM His pH 6.5 formulations, respectively
(Figure 18F). The construct at a concentration of 20 mg/ml in 20 mM His pH 6.5 still
exhibited a monodispersed distribution with an average particle size 10.2 nm. Increasing
concentrations of polysorbate 80 from 0.01 to 1% showed a slight particle size reduction to

9.9 nm with the highest concentration (Figure 18G).



10

15

20

WO 2021/205183 PCT/GB2021/050875

159

Biophysical characterisation of low pH exposed ACE2-Fc constructs

During monoclonal antibody production, a viral inactivation step at low pH (3-3.5) is
generally required as a safety measure. As the 20mM His pH 3.5 showed a low unfolding
transition (Tm 42.3 °C, Figure 18), probably due to partial unfolding due to strong inter-
molecular repulsion, the protein was subjected to a transition from PBS pH 7.4 to 20mM His
pH 3.5 for 90 min and then rescued in 20mM His pH 7 and tested for thermal stability,
aggregation by SEC and binding capacity by ELISA, as described previously.

Results showed that the inactive ACE2 (HH:NN)-Fc fully maintained Spike protein binding
capacity comparable biophysical characteristics even after prolonged exposure to low pH

(Figure 19 and Table 4).

Table 4: Biophysical characterisation of low pH exposed inactive ACE2-Fc.

Aggregates  Apparent MW ELISA ECso
Buffer Tm (°C)
by SEC (%) by SEC (kDa) (nM)
PBS 2.82 418 46.1 0.08
20mM His pH 3.5 423
20mM His pH 3.5
6.62 532 503 0.06
dialysed to pH 7
20mM His pH 6.5 51.6 0.05
20mM His pH 7 5.56 526 503

Similarly, when the inactive ACE2-Fc constructs carrying the LALA or LALA-PG
mutations were resuspended in 20mM His buffer at pH 6.5, the constructs showed a 3.9 °C

increase in Tm compared to PBS, while maintaining similar aggregation propensity (Figure
20 and Table 5).

Table 5: Formulation optimisation for inactive (HH:NN) ACE2-Fc LALA and LALA-
PG.

Clone Buffer Aggregates Apparent MW Tm (°C)
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by SEC (%) by SEC (kDa)

ACE2-Fc LALA PBSpH 7.4 2.46 544 47.7

ACE2-Fc LALA 20mM His pH 6.5 3.03 592 51.6
ACE2-Fc LALA-PG PBSpH 7.4 3.13 512 48.1
ACE2-Fc LALA-PG 20mM His pH 6.5 3.88 474 52

Virus neutralisation assay

Virus neutralisation on live SARS-CoV-2 virus and lentiviral pseudotyped virus using
inactive ACE2-Fc LALA or inactive ACE2-Fc LALA-PG constructs formulated in PBS or
20mM His pH 6.5 was carried out as described in Example 13.

The formulation in 20 mM His pH 6.5 of ACE2(HH:NN)-Fc LALA-PG did not alter the
SARS-CoV-2 neutralisation capacity of the construct. Efficient neutralisation, comparable
to the PBS pH 7.4 formulation, was determined against a lentiviral vector pseudotyped with
SARS-CoV-2 S glycoprotein with IC50 of 2.9 nM and 3.0 nM; and against the live SARS-
CoV-2 virus with an IC50 of 4.1 nM and 5.6 nM for the PBS pH7.4 and 20 mM His pH 6.5

formulation, respectively (Figure 21).
These results demonstrate that the neutralisation capacity of inactive ACE2-Fc LALA or
ACE2-Fc LALA-PG constructs against live SARS-CoV-2 virus or pseudotyped lentivirus

was maintained within range of the PBS formulated constructs.

Example 17: Generation of tetravalent fusion proteins based on inactive hACE?2

The ectodomain of human ACE2 (18-740) is mutated to incorporate the H374N and H378N
mutations (HH:NN or inactive ACE2) to inhibit catalytic activity. Then, the inactive hACE2
is fused to a human IgG1 hinge-CH2-CH3 domain and to a human IgG1 constant kappa
domain (CL kappa), and cloned in a protein expression vector using a murine IgKappa leader
sequence. A diagram of this molecule is shown in Figure 2, fourth panel. The plasmid vector
is transiently transfected onto suspension Freestyle HEK293 using polyethylenimine (PEI),
and onto ExpiCHO using Expifectamine transfection reagent. Transfected cells are cultured

for 5 days in a shaker incubator at 37 °C, 8% COz to allow for protein secretion. Culture
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supernatant is filtered using 0.22um filter units to remove large contaminants (cells and

cellular debris).

Fusion proteins are purified using an AKTA™ pure system (GE Healthcare) using a HiTrap
MabSelect PrismA 1 ml column (for IgG1l Fc fusion proteins). Briefly, the column is
equilibrated with 5 column volumes of PBS pH 7.4. Supernatant is applied to the column at
a flow rate of 1 mL/min. Following application of supernatant, the column is washed with
20 column volumes of PBS. Sample is then eluted from the column with 3 ml of IgG elution
buffer (Pierce — 21004) at 1 mL/min and directly loaded onto 2 HiTrap 5 ml desalting
columns, previously equilibrated in PBS, and collected on a 96-well plate using a fraction
collector unit. Proteins are characterised via SDS-PAGE under reducing and non-reducing

conditions to assess molecular weight and purity.

Example 18: Characterisation of tetravalent fusion proteins based on inactive hACE?2

SPR assay

To determine 1:1 binding kinetics for SARS-CoV-2 S1 WT, D614G, B.1.1.7 and B.1.351
kinetics, tetrameric ACE2-Fc construct is captured to a density between 50 and 100 RU, on
a Series S Protein A sensor chip (GE Healthcare - 29127555) using a Biacore instrument
(GE Healthcare). HBS-P+ buffer is used as running buffer in all experimental conditions.
Recombinant purified spike proteins at known concentrations are used as the ‘analyte’ and
injected over the respective flow cells with 150s contact time and up to 500s dissociation.
Kinetics are performed at 25°C with a flow rate of 30 ul/ml. Flow cell 1 is unmodified and
used for reference subtraction. A ‘0 concentration’ sensogram of buffer alone is used as a
double reference subtraction to factor for drift. Data are fitto a 1:1 Langmuir binding model
using Biacore insight evaluation software (GE Healthcare). Since a capture system is used,

a local Rmax parameter was used for the data fitting in each case.

To determine avidity effects of the poly-valent ACE2 fusion construct, spike S1 domains
from SARS-CoV-2 WT, D614G, B.1.1.7 and B.1.351 are immobilised to a low, mid and
high density on a anti-His Series S CMS5 chip (GE Healthcare) using a Biacore T200
instrument (GE Healthcare). Tetrameric ACE2-Fc at known concentrations is used as the

‘analyte’ and injected over the respective flow cells with 150s contact time and up to 500s
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dissociation. Kinetics are performed at 25°C with a flow rate of 30 pl/ml. Flow cell 1 is
unmodified and used for reference subtraction. A ‘0O concentration’ sensogram of buffer
alone is used as a double reference subtraction to factor for drift. Data are fit to a 1:1
Langmuir binding model using Biacore insight evaluation software (GE Healthcare). Since

a capture system is used, a local Rmax parameter was used for the data fitting in each case.

SARS-CoV-2 lentiviral pseudotyped viral vector neutralisation assay

Tetrameric ACE2-Fc is serially diluted in PBS to 7 decreasing concentrations ranging from
100 mg/mL to 6.1 ng/mL (4-fold serial dilution). Each dilution is mixed 1:1 with lentiviral
vectors pseudotyped with SARS-CoV S glycoproteins normalised to 1.0 x 10° physical
particle of vectors pseudotyped with WT Wuhan Hu-1 glycoprotein, to a final volume of
200 uL and incubated at 37 °C for 1 h. Antibody-virus mixtures are cultured with 3 x 10*
HEK-293T cells previously genetically engineered to express human ACE2 and TMPRSS2,
in the presence of 8 pg/mL of polybrene, in 48-well plates with a final volume of 0.5 mL per
well. Plates are spin-inoculated at 1000 g for 10 mins and incubated for 72 h. Viral titers are
then quantified by eGFP expression in target cells using BD LSRFORTESSA X-20 cell
analyser and infectivity of all fractions is determined as a percentage of viral titers in the

PBS only control.

This application claims the benefit of United Kingdom application No. 2005333.6 filed on
o April 2020, United Kingdom application No. 2013372 4 filed on 26™ August 2020, and
United Kingdom application No. 2103001.0 filed on 3 Mar 2021. These applications are

incorporated herein by reference in their entirety.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described methods and system of the invention
will be apparent to those skilled in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the described modes
for carrying out the invention which are obvious to those skilled in molecular biology or

related fields are intended to be within the scope of the following claims.
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CLAIMS

1.

10.

A polypeptide comprising:
a) a domain A which comprises the sequence shown as SEQ ID NO: 104, and
b) a domain O which comprises the sequence shown as SEQ ID NO: 121.

The polypeptide according to claim 1, which comprises the amino acid sequence shown

as SEQ ID NO: 125.

A nucleic acid encoding the polypeptide of any of claims 1 or 2.

An expression cassette comprising the nucleic acid according to claim 3.

A vector comprising the nucleic acid according to claim 3 or the expression cassette

according to claim 4.

A cell comprising the nucleic acid according to claim 3, the expression cassette

according to claim 4, or the vector according to claim 5.

A method for making a polypeptide according to any of claims 1 or 2 by culturing a cell

according to claim 6 and purifying the polypeptide from the supernatant.

A pharmaceutical composition comprising the polypeptide according to any of claims 1
or 2, or the nucleic acid according to claim 3, or the expression cassette according to
claim 4, or the vector according to claim 5; and a pharmaceutically acceptable carrier,

diluent, excipient or adjuvant.

A polypeptide according to any of claims 1 or 2 or a pharmaceutical composition

according to claim 8 for use in medicine.

A polypeptide according to any of claims 1 or 2 or a pharmaceutical composition
according to claim 8 for use in the treatment of a coronavirus infection or a condition or

disorder resulting from this infection.
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14.

15.

16.

17.
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Use of a polypeptide according to any of claims 1 or 2 or a pharmaceutical composition
according to claim 8 in the manufacturing of a medicament for the treatment of a

coronavirus infection or a condition or disorder resulting from this infection.

Method for treating a coronavirus infection or a condition or disorder resulting from this
infection in a subject in need thereof, comprising a step of administering a polypeptide
according to any of claims 1 or 2 or a pharmaceutical composition according to claim 8

to the subject.

Method for treating a subject having COVID-19 of unknown SARS-CoV-2 strain,
comprising a step of administering a polypeptide according to any of claims 1 or 2 or a

pharmaceutical composition according to claim 8 to the subject.

Method for treating a subject previously immunised with a vaccine based on S protein
depicted under Uniprot accession number PODTC2, comprising a step of administering
a polypeptide according to any of claims 1 or 2 or a pharmaceutical composition

according to claim 8 to the subject.

Method for treating a subject previously treated with antibodies specific to S protein
depicted under Uniprot accession number PODTC2, comprising a step of administering
a polypeptide according to any of claims 1 or 2 or a pharmaceutical composition

according to claim 8 to the subject.

Method for treating a subject previously infected with a first SARS-CoV-2 strain who
is currently infected with a second SARS-CoV-2 strain, wherein the first and second
SARS-CoV-2 strains are different, comprising a step of administering a polypeptide
according to any of claims 1 or 2 or a pharmaceutical composition according to claim 8

to the subject.

Method for treating a coronavirus infection of one SARS-CoV-2 strain selected from
wild-type, variant D614G, variant A222V, variant S477N, variant B.1.1.7, variant
B.1.351, and variant B.1.1.28, comprising a step of administering a polypeptide
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according to any of claims 1 or 2 or a pharmaceutical composition according to claim 8

to the subject.

A method of neutralising a coronavirus infection, comprising a step of contacting a
polypeptide according to any of claims 1 or 2 or a pharmaceutical composition

according to claim 8 with a cell infected with said coronavirus.

A polypeptide or pharmaceutical composition for use according to claim 10, or the use
according to claim 11, or the method according to any of claims 12, 13 or 18, wherein

the coronavirus is SARS-CoV-2.
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