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ANTIGEN-BINDING PROTEIN TO SARS-CoV-2

TECHNICAL FIELD

The present disclosure relates broadly to antigen-binding protein
capable of binding to SARS-CoV-2, and related products and methods.

BACKGROUND

At the end of 2019, a novel coronavirus, designated as SARS-CoV-2,
emerged in Wuhan, China. Like outbreaks caused by two other pathogenic
human respiratory coronaviruses (severe acute respiratory syndrome
coronavirus [SARS-CoV] and Middle East respiratory syndrome coronavirus
[MERS-CoV]), SARS-CoV-2, also known as COVID-19, causes acute respiratory
disease that is often severe. As of March 2021, nearly 120 million individuals
worldwide have been confirmed to have COVID-19 infection with more than 2
million fatalities occurred. Given the SARS-CoV outbreak in 2002 and the MERS-
CoV outbreak in 2012, SARS-CoV-2 is the third coronavirus to emerge in the
human population in the past two decades — an emergence that has put global
public health institutions on high alert.

Although vaccine is an important tool against the virus, detecting agents
and therapeutic agents (e.g., virus neutralizing antibodies) may enhance
detection, and also provide immediate protection and effective treatment which
are urgently needed. Thus, there is a need to provide an agent, such as an
antigen-binding protein, that is capable of binding and/or neutralising SARS-CoV-
2, and related products and methods.

SUMMARY
In one aspect, there is provided an isolated antigen-binding protein that is

capable of binding to and/or neutralizing severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).
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In one embodiment, the antigen-binding protein is capable of binding to a
spike protein of SARS-CoV-2, optionally a receptor-binding domain (RBD) of
SARS-CoV-2.

In one embodiment, the antigen-binding protein comprises one or more of
the following properties:

- an ECso value of no more than about 80 nM, optionally no more than about
12 nM, further optionally no more than about 6 nM, further optionally no
more than about 3 nM, further optionally no more than about 1 nM, further
optionally no more than about 0.5 nM or further optionally no more than
about 0.1 nM for SARS-CoV-2;

- an ICso value of no more than about 360 nM, optionally no more than about
180 nM, further optionally no more than about 100 nM, further optionally no
more than about 50 nM, further optionally no more than about 10 nM, further
optionally no more than about 5 nM, further optionally no more than about
2 nM, further optionally no more than about 1 nM or further optionally no
more than about 0.5 nM for an inhibition of binding between SARS-CoV-2
and a cell;

- an ICsp value of no more than about 20,000 ng/ml, optionally no more than
about 10,000 ng/ml, further optionally no more than about 5000 ng/ml,
further optionally no more than about 2500 ng/ml, further optionally no more
than about 1000 ng/ml, further optionally no more than about 500 ng/ml,
further optionally no more than about 250 ng/ml, further optionally no more
than about 100 ng/ml, further optionally no more than about 50 ng/ml, further
optionally no more than about 25 ng/ml or further optionally no more than
about 10 ng/ml for an inhibition of SARS-CoV-2 entry into a cell; and/or

- a Kb value of no more than about 130 nM, optionally no more than about
100 nM, further optionally no more than about 50 nM, further optionally no
more than about 10 nM, further optionally no more than about 2 nM, further
optionally no more than about 1 nM, further optionally no more than about
0.5 nM or further optionally no more than about 1 pM for SARS-CoV-2.

In one embodiment, the antigen-binding protein does not cross-react with
severe acute respiratory syndrome coronavirus (SARS-CoV).
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In one embodiment, the antigen-binding protein is capable of binding to
SARS-CoV.

In one embodiment, the antigen-binding protein comprises a monoclonal
antigen-binding protein.

In one embodiment, the antigen-binding protein comprises a fully human
antigen-binding protein.

In one embodiment, the antigen-binding protein comprises an IgG-like
structure.

In one embodiment, the antigen-binding protein comprises a Fab fragment.

In one embodiment, the antigen-binding protein is capable of binding to
and/or neutralizing about two or more of the following SARS-CoV-2: a SARS-
CoV-2 comprising a wild-type spike protein, a SARS-CoV-2 comprising a mutated
spike protein with no more than about two mutations, a SARS-CoV-2 comprising
a mutated spike protein with no more than about one mutation, a SARS-CoV-2
comprising a N439K mutation, a SARS-CoV-2 comprising a V483A mutation, a
SARS-CoV-2 comprising a G476S mutation, a SARS-CoV-2 comprising a S494P
mutation, a SARS-CoV-2 comprising a V483l mutation, a SARS-CoV-2
comprising L4551 and F456V mutations and a SARS-CoV-2 comprising a D614G
mutation.

In one embodiment, the antigen-binding protein is capable of inhibiting
virus-cell fusion and/or cell-cell fusion mediated by SARS-CoV-2.

In one embodiment, the antigen-binding protein comprises:

a light-chain complementarity determining region CDR1 selected from the
group consisting of: SEQ ID NO: 28-50 and conservative sequence variants
thereof;

a light-chain CDR2 selected from the group consisting of: SEQ ID NO: 51-
64 and conservative sequence variants thereof;

a light-chain CDR3 selected from the group consisting of: SEQ ID NO: 65-
90 and conservative sequence variants thereof;

a heavy-chain CDR 1 selected from the group consisting of: SEQ ID NO:
117-132 and conservative sequence variants thereof;



10

15

20

25

30

WO 2021/206636

a heavy-chain CDR 2 selected from the group consisting of: SEQ ID NO:

PCT/SG2021/050195

133-148 and conservative sequence variants thereof; and

a heavy-chain CDR 3 selected from the group consisting of: SEQ ID NO:

149-173 and conservative sequence variants thereof.

In one embodiment, the antigen-binding protein comprises the following

CDR sequences:

1A5

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1A8

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1B2

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

SGSIASHY (SEQ ID NO: 28)
EDN (SEQ ID NO: 51)
QSYGSGFVV (SEQ ID NO: 65)
GFTFSSYA (SEQ ID NO: 117)
ISGSGGST (SEQ ID NO: 133)
AKDYFRWL (SEQ ID NO: 149);

QSVLYSSNNKNY (SEQ ID NO: 29)
WAS (SEQ ID NO: 52)
QQYYGTPYT (SEQ ID NO: 66)
GVSISSRSDH (SEQ ID NO: 118)
ISYSGST (SEQ ID NO: 134)
ARLASLYSTFDI (SEQ ID NO: 150);

GGRIATNY (SEQ ID NO: 30)

EDN (SEQ ID NO: 51)
QSHDTSRQAV (SEQ ID NO: 67)
GYTFTSYY (SEQ ID NO: 119)
INPSGGST (SEQ ID NO: 135)
ATGEMAGDFDY (SEQ ID NO: 151);
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1B11

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1C2

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

1C3

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

1D12

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

PCT/SG2021/050195

QSLLYSNGYNY (SEQ ID NO: 31)
LGS (SEQ ID NO: 53)

MQALQTPYT (SEQ ID NO: 68)

GGTFSSYA (SEQ ID NO: 120)

IIPIFGTA (SEQ ID NO: 136)
ARDNPGYSSSWSPNWFDP (SEQ ID NO: 152);

QSLLHSNGFTY (SEQ ID NO: 32)
LGS (SEQ ID NO: 53)

MQGIQTPLT (SEQ ID NO: 69)
GYTFTSYY (SEQ ID NO: 119)
INPSGGST (SEQ ID NO: 135)
ASSSAGTFYFDY (SEQ ID NO: 153);

SGSIASYY (SEQ ID NO: 33)

EDD (SEQ ID NO: 54)

QSFDSSIQHVV (SEQ ID NO: 70)
GYPFSTYY (SEQ ID NO: 121)
IDPSGGST (SEQ ID NO: 137)
ARVAEQHLDYYFDY (SEQ ID NO: 154);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)
QSYDGSAWYV (SEQ ID NO: 71)
GGTFSSYA (SEQ ID NO: 120)
ISAYNGNT (SEQ ID NO: 138)
ARLEWLRGAFDI (SEQ ID NO: 155);
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1E5

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1F4

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

1H7

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

2C9

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

PCT/SG2021/050195

SGRIASNY (SEQ ID NO: 35)

EDT (SEQ ID NO: 55)
QSFDSGNQRVYV (SEQ ID NO: 72)
GGTFSSYA (SEQ ID NO: 120)
IIPIFGTA (SEQ ID NO: 136)

ARALVGKWLLLRGFDY (SEQ ID NO: 156);

SSNIGRNF (SEQ ID NO: 36)

RNN (SEQ ID NO: 56)

QSYDNSLFVV (SEQ ID NO: 73)
GDSVSSNSAA (SEQ ID NO: 122)
TYYRSKWYN (SEQ ID NO: 139)
AREKGIEGPAFDP (SEQ ID NO: 157);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)

QSYDENIRV (SEQ ID NO: 74)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARGRWLRGAFDI (SEQ ID NO: 158);

QTVGGSY (SEQ ID NO: 37)
GAS (SEQ ID NO: 57)
QQYASSRT (SEQ ID NO: 75)
GGTFSSYA (SEQ ID NO: 120)
IIPILGIA (SEQ ID NO: 141)

ARHGGVGATTGYYYMDV (SEQ ID NO: 159);
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2C10

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

2C12

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

2D3

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

2G7

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

PCT/SG2021/050195

SSTIGTNY (SEQ ID NO: 38)

DNY (SEQ ID NO: 58)
GTWDSRLSVGYV (SEQ ID NO: 76)
GGSFSGYY (SEQ ID NO: 123)
INYRGNT (SEQ ID NO: 142)
ARWDGGNSVDH (SEQ ID NO: 160);

QSINIY (SEQ ID NO: 39)

AAS (SEQ ID NO: 59)

QQSYITPQT (SEQ ID NO: 77)
GFTFSSYA (SEQ ID NO: 117)

ISYDGSNK (SEQ ID NO: 143)
ARGGRFHYYYYAMDV (SEQ ID NO: 161);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)
QSYDSSNWV (SEQ ID NO: 78)
GGTFSSYA (SEQ ID NO: 120)
IIPIFGTA (SEQ ID NO: 136)
ASSGWLRGAFDI (SEQ ID NO: 162);

GGTIGSNY (SEQ ID NO: 40)

EDN (SEQ ID NO: 51)

QSYDSSNRV (SEQ ID NO: 79)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARGKWLRGAFDI (SEQ ID NO: 163);
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2H4

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3A11

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

3C5

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

3D2

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

PCT/SG2021/050195

EFIGDD (SEQ ID NO: 41)

EAR (SEQ ID NO: 60)

LQYDSFPLT (SEQ ID NO: 80)
GYTFSGYY (SEQ ID NO: 124)
VNPNSGGT (SEQ ID NO: 144)
ARGGRPGLPAAGYIDY (SEQ ID NO: 164);

SSDVGTYNY (SEQ ID NO: 42)

DVS (SEQ ID NO: 61)

ASFSSSSTLLV (SEQ ID NO: 81)
GYTFSTYD (SEQ ID NO: 125)
ISTYNGDT (SEQ ID NO: 145)
ARGDSSVGYEYFQH (SEQ ID NO: 165);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)

QSYDSSNWV (SEQ ID NO: 78)
GGSLSGYY (SEQ ID NO: 126)
INHSGST (SEQ ID NO: 140)
ARRWWLRGAFDI (SEQ ID NO: 166);

SGSIARNY (SEQ ID NO: 43)

EDN (SEQ ID NO: 51)
QSYDRTNKRYV (SEQ ID NO: 82)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARRWWLRGAFDI (SEQ ID NO: 166);
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3D11

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3E9

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

3F1

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

3F11

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

PCT/SG2021/050195

SGNIASNY (SEQ ID NO: 44)

EDN (SEQ ID NO: 51)

QSYDNNIQV (SEQ ID NO: 83)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARRWWLRGAFDI (SEQ ID NO: 166);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)
QSYDSSNLQWYV (SEQ ID NO: 84)
GYTFTSYG (SEQ ID NO: 127)
ISAYNGNT (SEQ ID NO: 138)
ARGIITMISDY (SEQ ID NO: 167);

GGSIADNF (SEQ ID NO: 45)

DYS (SEQ ID NO: 62)

QSYDISNPV (SEQ ID NO: 85)
GFTFSSYG (SEQ ID NO: 128)
ISYDGSNK (SEQ ID NO: 143)
ARDGGGGMDV (SEQ ID NO: 168);

HSDGRNY (SEQ ID NO: 46)

DTS (SEQ ID NO: 63)
HQFRRSVST (SEQ ID NO: 86)
GYTFSSSG (SEQ ID NO: 129)
ISTYNGNT (SEQ ID NO: 146)
ATSIAVAGIDY (SEQ ID NO: 169);
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3H7

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3H11

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

5A6

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

6F8

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

10 PCT/SG2021/050195

TDSIASNY (SEQ ID NO: 47)

EDN (SEQ ID NO: 51)

QSYDGVNRGVI (SEQ ID NO: 87)
GFTFSNYG (SEQ ID NO: 130)
IWHDGTNK (SEQ ID NO: 147)
VRDQGAGVWNGYSY (SEQ ID NO: 170);

SGNIASYY (SEQ ID NO: 48)

EDN (SEQ ID NO: 51)

QSYDRPNHVV (SEQ ID NO: 88)

GYTFTSYY (SEQ ID NO: 119)

INPSGGST (SEQ ID NO: 135)
ASSVVPAAIYDYYYGMDV (SEQ ID NO: 171);

QSISSY (SEQ ID NO: 49)

AAS (SEQ ID NO: 59)

QQSYNLPRT (SEQ ID NO: 89)
GFTFSSYE (SEQ ID NO: 131)
ISYDGSNK (SEQ ID NO: 143)
ARLITMVRGEDY (SEQ ID NO: 172);

QTINNNY (SEQ ID NO: 50)

DAS (SEQ ID NO: 64)

QQYGSSPRT (SEQ ID NO: 90)
GFTVSSNY (SEQ ID NO: 132)
IYSGGST (SEQ ID NO: 148)
ARDYGDYYFDY (SEQ ID NO: 173); or
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conservative sequence variants thereof.

In one embodiment, the antigen-binding protein comprises a light-chain
variable region comprising any one of SEQ ID NO: 1-27 or a sequence sharing
at least about 75% sequence similarity thereto; and/or a heavy-chain variable
region comprising any one of SEQ ID NO: 91-116 or a sequence sharing at least
about 75% sequence similarity thereto.

In one aspect, there is provided a combination of two antigen-binding
proteins, wherein a first antigen-binding protein comprises the following CDR

sequences:

5A6
light-chain CDR1:  QSISSY (SEQ ID NO: 49)
light-chain CDR2:  AAS (SEQ ID NO: 59)

light-chain CDR3:  QQSYNLPRT (SEQ ID NO: 89)
heavy-chain CDR1: GFTFSSYE (SEQ ID NO: 131)
heavy-chain CDR2: ISYDGSNK (SEQ ID NO: 143)
heavy-chain CDR3: ARLITMVRGEDY (SEQ ID NO: 172)

and a second antigen-binding protein comprises the following CDR
sequences:

3D11

light-chain CDR1:  SGNIASNY (SEQ ID NO: 44)
light-chain CDR2:  EDN (SEQ ID NO: 51)

light-chain CDR3:  QSYDNNIQV (SEQ ID NO: 83)
heavy-chain CDR1: GGSFSGYY (SEQ ID NO: 123)
heavy-chain CDR2: INHSGST (SEQ ID NO: 140)
heavy-chain CDR3: ARRWWLRGAFDI (SEQ ID NO: 166).
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In one aspect, there is provided a pharmaceutical composition comprising
embodiments of the antigen-binding protein or embodiments of the combination,
and a pharmaceutically acceptable carrier.

In one aspect, there is provided embodiments of the antigen-binding protein,
embodiments of the combination or embodiments of the pharmaceutical
composition, for use in therapy, or as a diagnostic agent.

In one aspect, there is provided a nucleotide sequence encoding for
embodiments of the antigen-binding protein or embodiments of the combination.

In one embodiment, the nucleotide sequence comprises one of more of
SEQ ID NO: 174-351 or a sequence sharing at least about 75% sequence identity
thereto.

In one aspect, there is provided a bacteriophage, a host cell or a non-human
organism comprising embodiments of the nucleotide sequence.

In one aspect, there is provided a method of treating SARS-CoV-2 in a
subject, the method comprising administering to the subject embodiments of the
antigen-binding protein, embodiments of the combination or embodiments of the
pharmaceutical composition.

In one embodiment, where the SARS-CoV-2 comprises a V483A mutation,
the method comprises administering to the subject embodiments of the
combination.

In one aspect, there is provided a method of detecting the presence of
SARS-CoV-2 in a sample, the method comprising: contacting the sample with the
embodiments of the antigen-binding protein; detecting a binding event involving
the antigen-binding protein; wherein the detection of a binding event is indicative

of the presence of SARS-CoV-2 in the sample.

DEFINITIONS

The term “treating", "treat" and “therapy”, and synonyms thereof as used
herein refer to both therapeutic treatment and prophylactic or preventative

measures, wherein the object is to prevent or slow down (lessen) a medical
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condition, which includes but is not limited to diseases (such as SARS-CoV-2
infections), symptoms and disorders. A medical condition also includes a body’s
response to a disease or disorder, e.g., inflammation. Those in need of such
treatment include those already with a medical condition as well as those prone
to getting the medical condition or those in whom a medical condition is to be
prevented.

As used herein, the term "therapeutically effective amount" will be an
amount of an active agent that is capable of preventing, reversing or at least
slowing down (lessening) a medical condition, such as SARS-CoV-2 infections.
Dosages and administration of agents, compounds, compositions and
formulations of the present disclosure may be determined by one of ordinary skill
in the art of clinical pharmacology or pharmacokinetics. See, for example,
Mordenti and Rescigno, (1992) Pharmaceutical Research. 9:17-25; Morenti et
al., (1991) Pharmaceutical Research. 8:1351-1359; and Mordenti and Chappell,
"The use of interspecies scaling in toxicokinetics" in Toxicokinetics and New Drug
Development, Yacobi et al. (eds) (Pergamon Press: NY, 1989), pp. 42-96. An
effective amount of the active agent of the present disclosure to be employed
therapeutically will depend, for example, upon the therapeutic objectives, the
route of administration, and the condition of the subject. Accordingly, it may be
necessary for the therapist to titer the dosage and modify the route of
administration as required to obtain the optimal therapeutic effect.

The term “subject” as used herein includes patients and non-patients. The
term “patient” refers to individuals suffering or are likely to suffer from a medical
condition such as a SARS-CoV-2 infection, while “non-patients” refer to
individuals not suffering and are likely to not suffer from the medical condition.
“Non-patients” include healthy individuals, non-diseased individuals and/or an
individual free from the medical condition. The term “subject” includes humans
and animals. Animals may include, but is not limited to, mammals (for example
non-human primates, canine, murine and the like), and the like. “Murine” refers
to any mammal from the family Muridae, such as mouse, rat, rabbit, and the like.

The term "micro" as used herein is to be interpreted broadly to include

dimensions from about 1 micron to about 1000 microns.
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The term "nano" as used herein is to be interpreted broadly to include
dimensions less than about 1000 nm.

The term “particle” as used herein broadly refers to a discrete entity or a
discrete body. The particle described herein can include an organic, an inorganic
or a biological particle. The particle used described herein may also be a macro-
particle that is formed by an aggregate of a plurality of sub-particles or a fragment
of a small object. The particle of the present disclosure may be spherical,
substantially spherical, or non-spherical, such as irregularly shaped particles or
ellipsoidally shaped particles. The term “size” when used to refer to the particle
broadly refers to the largest dimension of the particle. For example, when the
particle is substantially spherical, the term “size” can refer to the diameter of the
particle; or when the particle is substantially non-spherical, the term “size” can
refer to the largest length of the particle.

The terms "coupled" or "connected" as used in this description are
intended to cover both directly connected or connected through one or more
intermediate means, unless otherwise stated.

The term "associated with", used herein when referring to two elements
refers to a broad relationship between the two elements. The relationship
includes, but is not limited to a physical, a chemical or a biological relationship.
For example, when element A is associated with element B, elements A and B
may be directly or indirectly attached to each other or element A may contain
element B or vice versa.

The term "adjacent" used herein when referring to two elements refers to
one element being in close proximity to another element and may be but is not
limited to the elements contacting each other or may further include the elements
being separated by one or more further elements disposed therebetween.

The term "and/or", e.g., "X and/or Y" is understood to mean either "X and
Y" or "X or Y" and should be taken to provide explicit support for both meanings
or for either meaning.

Further, in the description herein, the word “substantially” whenever used
is understood to include, but not restricted to, "entirely" or “completely” and the

like. In addition, terms such as "comprising", "comprise", and the like whenever
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used, are intended to be non-restricting descriptive language in that they broadly
include elements/components recited after such terms, in addition to other
components not explicitly recited. For example, when “comprising” is used,
reference to a “one” feature is also intended to be a reference to “at least one” of
that feature. Terms such as “consisting”, “consist’, and the like, may in the
appropriate context, be considered as a subset of terms such as "comprising",
"comprise”, and the like. Therefore, in embodiments disclosed herein using the
terms such as "comprising", "comprise", and the like, it will be appreciated that
these embodiments provide teaching for corresponding embodiments using
terms such as “consisting”, “consist”’, and the like. Further, terms such as "about",
"approximately" and the like whenever used, typically means a reasonable
variation, for example a variation of +/- 5% of the disclosed value, or a variance
of 4% of the disclosed value, or a variance of 3% of the disclosed value, a
variance of 2% of the disclosed value or a variance of 1% of the disclosed value.

Furthermore, in the description herein, certain values may be disclosed in
a range. The values showing the end points of a range are intended to illustrate
a preferred range. Whenever a range has been described, it is intended that the
range covers and teaches all possible sub-ranges as well as individual numerical
values within that range. That is, the end points of a range should not be
interpreted as inflexible limitations. For example, a description of a range of 1%
to 5% is intended to have specifically disclosed sub-ranges 1% to 2%, 1% to 3%,
1% to 4%, 2% to 3% etc., as well as individually, values within that range such
as 1%, 2%, 3%, 4% and 5%. It is to be appreciated that the individual numerical
values within the range also include integers, fractions and decimals.
Furthermore, whenever a range has been described, it is also intended that the
range covers and teaches values of up to 2 additional decimal places or
significant figures (where appropriate) from the shown numerical end points. For
example, a description of a range of 1% to 5% is intended to have specifically
disclosed the ranges 1.00% to 5.00% and alsc 1.0% to 5.0% and all their
intermediate values (such as 1.01%, 1.02% ... 4.98%, 4.99%, 5.00% and 1.1%,
1.2% ... 4.8%, 4.9%, 5.0% etc.,) spanning the ranges. The intention of the above
specific disclosure is applicable to any depth/breadth of a range.
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Additionally, when describing some embodiments, the disclosure may
have disclosed a method and/or process as a particular sequence of steps.
However, unless otherwise required, it will be appreciated that the method or
process should not be limited to the particular sequence of steps disclosed. Other
sequences of steps may be possible. The particular order of the steps disclosed
herein should not be construed as undue limitations. Unless otherwise required,
a method and/or process disclosed herein should not be limited to the steps being
carried out in the order written. The sequence of steps may be varied and still
remain within the scope of the disclosure.

Furthermore, it will be appreciated that while the present disclosure
provides embodiments having one or more of the features/characteristics
discussed herein, one or more of these features/characteristics may also be
disclaimed in other alternative embodiments and the present disclosure provides

support for such disclaimers and these associated alternative embodiments.

DESCRIPTION OF EMBODIMENTS

Exemplary, non-limiting embodiments of an agent, such as an antigen-
binding molecule/protein, that is capable of recognising/interacting with/binding
to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and related
products and methods are disclosed hereinatfter.

Like two other pathogenic human respiratory coronaviruses (severe acute
respiratory syndrome coronavirus [SARS-CoV] and Middle East respiratory
syndrome coronavirus [MERS-CoV]), SARS-CoV-2, also known as COVID-19,
can cause severe acute respiratory symptoms leading to mortality and morbidity.
Common symptoms/features of a SARS-CoV-2 infection include fever, cough/dry
cough, fatigue, myalgia, headache, dyspnea, sore throat, diarrhea,
nausea/vomiting, loss of smell, loss of taste, abdominal pain, rhinorrhea and the
like.

In various embodiments, there is provided an agent that is capable of
recognising/interacting with/binding to SARS-CoV-2. The term “SARS-CoV-2”
includes a virus having the sequence set forth in SEQ ID NO: 352, as well as
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variants/mutants thereof that share at least about 80%, at least about 81%, at
least about 82%, at least about 83%, at least about 84%, at least about 85%, at
least about 86%, at least about 87%, at least about 88%, at least about 89%, at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, at least about 99%, at least about 99.1%, at least about 99.2%,
at least about 99.3%, at least about 99.4%, at least about 99.5%, at least about
99.6%, at least about 99.7%, at least about 99.8%, at least about 99.9%, at least
about 99.91%, at least about 99.92%, at least about 99.93%, at least about
99.94%, at least about 99.95%, at least about 99.96%, at least about 99.97%, at
least about 99.98% or at least about 99.99% sequence identity with the sequence
over its entire length. Advantageously, embodiments of the agent are useful as
therapeutics and detecting agents for SARS-CoV-2.

The agent may be in the form of a binding molecule, peptide (e.g., a
polypeptide, an cligopeptide, a protein etc.), a peptidomimetic, an antigen binding
protein, an antibody or fragments thereof (e.g., antigen binding fragments),
derivatives thereof, combinations thereof, or the like. In various embodiments, a
derivative of a molecule is structurally related to the molecule. For example, the
derivative may share a common structural feature, fundamental structure and/or
underlying chemical basis with the molecule. A derivative is not limited to one
produced or obtained from the molecule although it may be one produced or
obtained from the molecule. In some embodiments, the derivative is derivable, at
least theoretically, from the molecule through modification of the molecule. In
some embodiments, a derivative of a molecule shares or at least retains to a
certain extent a function, chemical property, biological property, chemical activity
and/or biological activity associated with the molecule. A skilled person will be
able to identify, on a case-by-case basis and upon reading of the disclosure, the
common structural feature, fundamental structure and/or underlying chemical
basis of the molecule that have to be maintained in the derivative to retain the
function, chemical property, biological property, chemical activity, and/or
biological activity. A skilled person will also be able to identify assays that can
prove the retention of the function, chemical property, biological property,
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chemical activity, and/or biological activity. For example, a binding assay such as
ELISA (enzyme-linked immunosorbent assay) may be carried out to determine a
binding property of a derivative of a molecule.

In one embodiment, the agent comprises an antigen-binding protein. An
antigen-binding protein may include any protein construct that is capable of
binding to SARS-CoV-2 antigen. Examples include, but are not limited to,
antibodies and fragments thereof such as antigen binding fragments. Non-limiting
examples of antigen binding fragments include one or more fragments or portions
of an antibody that retain the ability to specifically bind to an antigen (e.g., SARS-
CoV-2), or synthetic modifications of an antibody fragments that retain the desired
binding ability to the antigen. In various embodiments, antigen binding fragments
include single domain antibodies, further engineered molecules (such as, but is
not limited to diabodies, triabodies, tetrabodies, minibodies, and the like), Fab
fragments, Fab'fragments, F(ab')2 fragments, Fd fragments, Fv fragments,
single-chain Fv (scFv) molecules, seFv molecules, scFv dimer, BsFv molecules,
dsFv molecules, (dsFv)2 molecules, dsFv-dsFv' molecules, Fv fragments, dAb
fragments, bispecific antibodies, ds diabodies, nanobodies, domain antibodies,
bivalent domain antibodies, and minimal recognition units consisting of the amino
acid residues that mimic the hypervariable region of an antibody (e.g. an isolated
complementarity determining region (CDR)). In some embodiments, antigen
binding fragments may retain at least about one, at least about two, at least about
three, at least about four, at least about five or at least about six of the CDR
regions/sequences of the antibody.

Antigen-binding proteins may be of different formats/types, such as IgG,
IgE, IgM, IgD, IgA, and IgY formats/types. They may also be of different
subclasses/isotypes, such as IgG1, 1gG2, 1gG3, IgG4, IgA1 and IgA2
subclasses/isotypes. In some embodiments, the antigen-binding protein
comprises an IgG-like structure/format or full-length IgG-like structure/format. In
some embodiments, the antigen-binding protein comprises or consists of a Fab
fragment. A Fab fragment may be composed of a light chain and the variable and
first constant domains of a heavy chain. A Fab fragment can be the product of
papain cleavage of an antibody.
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The antigen-binding protein may be recombinant, chimeric, humanised or
fully human. In various embodiments, the antigen-binding protein comprises a
fully human antigen-binding protein. A fully human antigen-binding protein
includes an antibody in which both the CDR and framework regions comprise
human sequences. Methods for producing fully human antigen-binding
proteins/antibodies are known in the art. For example, fully human antigen-
binding proteins/antibodies may be produced in transgenic non-human
mammals, e.g., mice, that have been genetically engineered with the human
immunoglobulin  loci. For example, fully human antigen-binding
proteins/antibodies may be produced by phage display technology.

In various embodiments, the antigen-binding protein may comprise
monoclonal antigen-binding protein. The monoclonal antigen-binding protein may
be part of a population of substantially homogenous antigen-binding proteins that
recognise the same epitope and display substantially the same binding specificity
for the same epitope. Monoclonal antigen-binding proteins are typically identical
in their amino acid sequences. The preparation of monoclonal antigen-binding
proteins is not limited to any particular methods, and may include the use of
hybridoma, recombinant techniques, phage display techniques, combinations
thereof or any other techniques that are capable of producing a substantially
uniform population of antigen-binding proteins.

In some embodiments, the antigen-binding protein comprises an isolated
antigen-binding protein. The term "isolated” as used herein in relation to an
antigen-binding protein or other molecule refers to such molecule that has been
sufficiently separated from the environment with which it would naturally be
associated (e.g., tissue, body fluid, etc.). An “isolated” antigen binding protein or
molecule is therefore distinguished from any such molecule that may be present
in situ within @ human or animal body or present in a sample derived from a
human or animal body. The sequence of an “isolated” antigen binding protein
may, however, correspond to sequences found in a human or animal body. The
term “isolated” does not necessarily mean the exclusion of artificial or synthetic
mixtures with other components, or the presence of impurities, for example, due

to incomplete purification. In particular, isolated antigen-binding proteins or
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molecules are also meant to include those that are chemically synthesised or
engineered. In various embodiments, an isolated antigen-binding protein or
molecule is obtained by removing or purifying it from its natural environment, by
selection from an antibody source as a phage display library or a B-cell repertoire
or by chemical synthesis. In some embodiments, an isolated antigen-binding
protein comprises a Fab fragment selected from a phage display library. In some
embodiments, an isolated antigen-binding protein is obtained by cloning Fab
sequences (e.g., sequences of a Fab fragment selected from a phage display
library) to become an IgG format.

In some embodiments, the antigen-binding protein or parts thereof is
naturally occurring. In some embodiments, the antigen-binding protein or parts
thereof is derived or obtained from a non-immunized and/or a healthy
source/donor. In some embodiments, the antigen-binding protein or parts thereof
is derived from a non-infected source/donor e.g., a non-SARS-CoV-2-infected
source/donor. The source/donor may be a mammal, optionally a human. In some
embodiments, the antigen-binding protein or parts thereof is derived or obtained
from a naive phage display library, optionally a naive human phage display
library. In some embodiments, the antigen-binding protein is derived or obtained
from a Fab phage display library, optionally a human Fab phage display library,
further optionally a naive human Fab phage display library. In various
embodiments, a variable region of the antigen-binding protein is not further
modified/engineered after being obtained from a naive human Fab phage display
library. In some embodiments, the agent is engineered, synthetic or non-
naturally-occurring.

In various embodiments therefore, there is provided an antigen-binding
protein, optionally an isolated antigen-binding protein, that is capable of binding
to SARS-CoV-2 including portions thereof.

In various embodiments, the antigen-binding protein is capable of binding
specifically to SARS-CoV-2. In various embodiments, the antigen-binding protein
is specific to SARS-CoV-2. In various examples, the antigen-binding protein is
capable of binding to SARS-CoV-2 or portions thereof in a dose-dependent

manner. In various embodiments, the antigen-binding protein does not
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substantially bind to or cross-react with a virus of another family that is not the
coronavirus family.

In various examples, the antigen-binding protein is capable of binding to
pseudotyped SARS-CoV-2. In various examples, the antigen-binding protein is
capable of binding to live SARS-CoV-2. A “live” SARS-CoV-2 may comprise a
wild-type envelope protein. In contrast, a “pseudotyped” virus may comprise a
recombinant virus having a different envelope protein from the wild-type envelope
protein. In some examples, the spike protein of a pseudotyped virus may contain
only 1254 amino acid residues (instead of 1273 amino acid residues) without the
last 19 amino acid residues of the C-terminal region. In various examples, the
antigen-binding protein is capable of binding to live or pseudotyped SARS-CoV-
2 in solution and/or on surface.

In various embodiments, the antigen-binding protein is capable of
recognising/interacting with/binding to portions of SARS-CoV-2 that mediate virus
binding to or entry into a potential host cell. In various embodiments, the antigen-
binding protein is capable of recognising/interacting with/binding to an envelope
protein of SARS-CoV-2 or portions thereof. In various embodiments, the antigen-
binding protein is capable of recognising/interacting with/binding to the spike
protein (or spike glycoprotein) of SARS-CoV-2, e.g., a spike protein of SEQ ID
NO: 353, or portions thereof. In various embodiments, the antigen-binding protein
is capable of recognising/interacting with/binding to the amino-terminal region or
an amino-terminal unit of SARS-CoV-2 spike protein or portions thereof. In
various embodiments, the antigen-binding protein is capable of
recognising/interacting with/binding to the amino-terminal S1 subunit of SARS-
CoV-2 spike protein or portions thereof. In various embodiments, the antigen-
binding protein is capable of recognising/interacting with/binding to the receptor
binding domain (RBD) of SARS-CoV-2 spike protein, e.g., a RBD of SEQ ID NO:
354, or portions thereof. In various embodiments, the antigen-binding protein is
capable of recognising/interacting with/binding to an epitope or an antigen on
SARS-CoV-2.

In various embodiments, the antigen-binding protein has an ECso value
(e.g., an average ECso value) of no more than about 100 nM, no more than about
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90 nM, no more than about 80 nM, no more than about 70 nM, no more than
about 60 nM, no more than about 50 nM, no more than about 40 nM, no more
than about 30 nM, no more than about 20 nM, no more than about 19 nM, no
more than about 18 nM, no more than about 17 nM, no more than about 16 nM,
no more than about 15 nM, no more than about 14 nM, no more than about 13
nM, no more than about 12 nM, no more than about 11 nM, no more than about
10 nM, no more than about 9.5 nM, no more than about 9 nM, no more than about
8.5 nM, no more than about 8 nM, no more than about 7.5 nM, no more than
about 7 nM, no more than about 6.5 nM, no more than about 6 nM, no more than
about 5.5 nM, no more than about 5 nM, no more than about 4.5 nM, no more
than about 4 nM, no more than about 3.5 nM, no more than about 3 nM, no more
than about 2.5 nM, no more than about 2 nM, no more than about 1.5 nM, no
more than about 1 nM, no more than about 0.95 nM, no more than about 0.9 nM,
no more than about 0.85 nM, no more than about 0.8 nM, no more than about
0.75 nM, no more than about 0.7 nM, no more than about 0.65 nM, no more than
about 0.6 nM, no more than about 0.55 nM, no more than about 0.5 nM, no more
than about 0.45 nM, no more than about 0.4 nM, no more than about 0.35 nM,
no more than about 0.3 nM, no more than about 0.25 nM, no more than about
0.2 nM, no more than about 0.15 nM, no more than about 0.1 nM, no more than
about 0.095 nM, no more than about 0.09 nM, no more than about 0.085 nM, no
more than about 0.08 nM, no more than about 0.075 nM, no more than about
0.07 nM, no more than about 0.065 nM, no more than about 0.06 nM, no more
than about 0.055 nM or no more than about 0.05 nM for SARS-CoV-2 e.g., a RBD
of SARS-CoV-2. In various embodiments, the antigen-binding protein has an
ECso value (e.g., an average ECso value) of no more than about 80 nM, optionally
no more than about 12 nM, further optionally no more than about 6 nM, further
optionally no more than about 3 nM, further optionally no more than about 1 nM,
further optionally no more than about 0.5 nM or further optionally no more than
about 0.1 nM for SARS-CoV-2 e.g., a RBD of SARS-CoV-2. In various
embodiments, the antigen-binding protein has an ECso value (e.g., an average
ECso value) of from about 0.05 nM to about 80 nM, from about 0.05 nM to about
12 nM, from about 0.05 nM to about 10 nM, from about 0.05 nM to about 5 nM,
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from about 0.05 nM to about 2 nM, from about 0.05 nM to about 1 nM, from about
0.05 nM to about 0.5 nM, from about 0.05 nM to about 0.2 nM or from about 0.05
nM to about 0.1 nM for SARS-CoV-2 e.g., a RBD of SARS-CoV-2.

In various embodiments, the antigen-binding protein is capable of
blocking/interfering/inhibiting/hindering/disrupting one or more of the following
function(s) of SARS-CoV-2 spike protein: (i) host cell attachment; (ii) receptor
binding; and (iii) mediating host cell membrane and viral membrane fusion.

In various embodiments, the antigen-binding protein is capable of
blocking/interfering/inhibiting/hindering/disrupting the attachment of SARS-CoV-
2 to a host cell.

In various embodiments, the antigen-binding protein is capable of
blocking/interfering/inhibiting/hindering/disrupting the binding of SARS-CoV-2 to
a cell entry receptor. In various embodiments, the cell entry receptor comprises
angiotensin converting enzyme |l (ACE2). In various embodiments, the cell entry
receptor comprises human ACE2.

In various embodiments, the antigen-binding protein has a potent
blocking/interfering/inhibiting/hindering/disrupting action against the binding of
SARS-CoV-2 to the cell entry receptor. In various embodiments, the associated
ECso value of the antigen-binding protein is from about 0.1 nM to about 360 nM,
from about 0.3 nM to about 100 nM, from about 0.3 nM to about 50 nM, from
about 0.3 nM to about 25 nM, from about 0.3nM to about 2.5 nM, from about 0.3
nM to about 2.0nM or from about 0.3 nM to about 1.5 nM. In some embodiments,
the associated ECso value of the antigen-binding protein is no more than about
2.5 nM, no more than about 2.0 nM, or no more than about 1.5 nM.

In various embodiments, the antigen-binding protein is capable of
neutralising or mediating (or initiating) the neutralisation of SARS-CoV-2. The
neutralizing antigen-binding protein may substantially prevent, block, inhibit or
hinder the binding or association of SARS-CoV-2 to a cell (e.g., the binding or
association of a RBD of a SARS-CoV-2 to a cell entry receptor ACE2 of a cell),
thereby interrupting a biological response that would otherwise result from the
interaction of SARS-CoV-2 with the cell. The neutralizing antigen-binding protein
may substantially prevent, block, inhibit or hinder SARS-CoV-2 from infecting a
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cell. In various examples, the antigen-binding protein is capable of substantially
neutralising or mediating (or initiating) the neutralisation of SARS-CoV-2 in a
dose-dependent manner. In various embodiments, the antigen-binding protein is
capable of substantially neutralising or mediating the neutralisation of SARS-
CoV-2 entry into cells, optionally human cells, further optionally ACE2
expressing/presenting cells. In various embodiments therefore, the antigen-
binding protein comprises a SARS-CoV-2 neutralising antigen binding protein.

In various embodiments, the antigen-binding protein has a potent
neutralising action against cell entry of SARS-CoV-2. In various embodiments,
the associated ECso value of the antigen-binding protein is from about 5 ng/ml to
about 17000 ng/ml, from about 6 ng/ml to about 1000 ng/ml, from about 6 ng/ml
to about 100 ng/ml, from about 6 ng/ml to about 60 ng/ml, from about 6 ng/ml to
about 30 ng/ml or from about 6 ng/ml to about 12 ng/ml. In some embodiments,
the associated ECso value of the antigen-binding protein is no more than about
60 ng/ml, no more than about 30 ng/ml, or no more than about 12 ng/ml.

In various embodiments, the antigen-binding protein has an ICsovalue (e.g.,
an average ICso value) of no more than about 360 nM, no more than about 350
nM, no more than about 300 nM, no more than about 200 nM, no more than
about 100 nM, no more than about 90 nM, no more than about 80 nM, no more
than about 70 nM, no more than about 60 nM, no more than about 50 nM, no
more than about 40 nM, no more than about 30 nM, no more than about 20 nM,
no more than about 10 nM, no more than about 9.5 nM, no more than about 9
nM, no more than about 8.5 nM, no more than about 8 nM, no more than about
7.5 nM, no more than about 7 nM, no more than about 6.5 nM, no more than
about 6 nM, no more than about 5.5 nM, no more than about 5 nM, no more
than about 4.5 nM, no more than about 4 nM, no more than about 3.5 nM, no
more than about 3 nM, no more than about 2.5 nM, no more than about 2 nM,
no more than about 1.5 nM, no more than about 1 nM, no more than about 0.95
nM, no more than about 0.9 nM, no more than about 0.85 nM, no more than
about 0.8 nM, no more than about 0.75 nM, no more than about 0.7 nM, no
more than about 0.65 nM, no more than about 0.6 nM, no more than about 0.55
nM, no more than about 0.5 nM, no more than about 0.45 nM, no more than
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about 0.4 nM, no more than about 0.35 nM, no more than about 0.3 nM, no
more than about 0.25 nM, no more than about 0.2 nM, no more than about 0.15
nM, no more than about 0.1 nM or no more than about 0.05 nM for an inhibition
of binding between SARS-CoV-2 and a cell, optionally for an inhibition of binding
between a spike protein of SARS-CoV-2 and an ACE2 of a cell. In various
embodiments, the antigen-binding protein has an ICso value (e.g., an average ICso
value) of no more than about 360 nM, optionally no more than about 180 nM,
further optionally no more than about 100 nM, further optionally no more than
about 50 nM, further optionally no more than about 10 nM, further optionally no
more than about 5 nM, further optionally no more than about 2 nM, further
optionally no more than about 1 nM or further optionally no more than about 0.5
nM for an inhibition of binding between SARS-CoV-2 and a cell, optionally for an
inhibition of binding between a spike protein of SARS-CoV-2 and an ACE2 of a
cell. In various embodiments, the antigen-binding protein has an I1Cso value (e.g.,
an average ICso value) of from about 0.05 nM to about 360 nM, from about 0.05
nM to about 200 nM, from about 0.1 nM to about 100 nM, from about 0.1 nM to
about 50 nM, from about 0.1 nM to about 10 nM, from about 0.1 nM to about 3
nM, from about 0.1 nM to about 1.2 nM or from about 0.1 nM to about 0.5 nM for
an inhibition of binding between SARS-CoV-2 and a cell, optionally for an
inhibition of binding between a spike protein of SARS-CoV-2 and an ACE2 of a
cell.

In various embodiments, the antigen-binding protein has an ICsovalue (e.g.,
an average ICso value) of no more than about 20,000 ng/ml, no more than about
10,000 ng/ml, no more than about 5000 ng/ml, no more than about 4000 ng/ml,
no more than about 3000 ng/ml, no more than about 2000 ng/ml, no more than
about 1000 ng/ml, no more than about 900 ng/ml, no more than about 800 ng/ml,
no more than about 700 ng/ml, no more than about 600 ng/ml, no more than
about 500 ng/ml, no more than about 450 ng/ml, no more than about 400 ng/ml,
no more than about 350 ng/ml, no more than about 300 ng/ml, no more than
about 250 ng/ml, no more than about 200 ng/ml, no more than about 150 ng/ml,
no more than about 100 ng/ml, no more than about 95 ng/ml, no more than about
90 ng/ml, no more than about 85 ng/ml, no more than about 80 ng/ml, no more
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than about 75 ng/ml, no more than about 70 ng/ml, no more than about 65 ng/ml,
no more than about 60 ng/ml, no more than about 55 ng/ml, no more than about
50 ng/ml, no more than about 45 ng/ml, no more than about 40 ng/ml, no more
than about 35 ng/ml, no more than about 30 ng/ml, no more than about 25 ng/ml,
no more than about 20 ng/ml, no more than about 15 ng/ml, no more than about
10 ng/ml or no more than about 5 ng/ml for an inhibition of SARS-CoV-2 entry
into a cell, e.g., pseudotyped SARS-CoV-2 entry into an ACE2-expressing cell.
In various embodiments, the antigen-binding protein has an ICso value (e.g., an
average ICso value) of no more than about 20,000 ng/ml, optionally no more than
about 10,000 ng/ml, further optionally no more than about 5000 ng/ml, further
optionally no more than about 2500 ng/ml, further optionally no more than about
1000 ng/ml, further optionally no more than about 500 ng/ml, further optionally no
more than about 250 ng/ml, further optionally no more than about 100 ng/ml,
further optionally no more than about 50 ng/ml, further optionally no more than
about 25 ng/ml or further optionally no more than about 10 ng/ml for an inhibition
of SARS-CoV-2 entry into a cell, e.g., pseudotyped SARS-CoV-2 entry into an
ACE2-expressing cell. In various embodiments, the antigen-binding protein has
an ICsp value (e.g., an average ICso value) of from about 5 ng/ml to about 20,000
ng/ml, from about 5 ng/ml to about 10,000 ng/ml, from about 5 ng/ml to about
1000 ng/ml, from about 5 ng/ml to about 500 ng/ml, from about 5 ng/ml to about
100 ng/ml, from about 5 ng/ml to about 50 ng/ml, from about 5 ng/ml to about 25
ng/ml or from about 5 ng/ml to about 10 ng/ml for an inhibition of SARS-CoV-2
entry into a cell, e.g., pseudotyped SARS-CoV-2 entry into an ACE2-expressing
cell.

In various embodiments, the antigen-binding protein has a Kp value (e.g.,
an average Kb value) of no more than about 150 nM, no more than about 100
nM, no more than about 50 nM, no more than about 10 nM, no more than about
9 nM, no more than about 8 nM, no more than about 7 nM, no more than about
6 nM, no more than about 5 nM, no more than about 4 nM, no more than about
3 nM, no more than about 2 nM, no more than about 1 nM, no more than about
0.5 nM, no more than about 0.45 nM, no more than about 0.4 nM, no more than
about 0.35 nM, no more than about 0.3 nM, no more than about 0.25 nM, no more
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than about 0.2 nM, no more than about 0.15 nM, no more than about 0.1 nM, no
more than about 50 pM, no more than about 10 pM, no more than about 5 pM or
no more than about 1 pM for SARS-CoV-2, e.g., a RBD of SARS-CoV-2 e.g., as
measured by Bio-Layer Interferometry. In various embodiments, the antigen-
binding protein has a Ko value (e.g., an average Kb value) of no more than about
130 nM, optionally no more than about 100 nM, further optionally no more than
about 50 nM, further optionally no more than about 10 nM, further optionally no
more than about 2 nM, further optionally no more than about 1 nM, further
optionally no more than about 0.5 nM or further optionally no more than about 1
pM for SARS-CoV-2, e.g., a RBD of SARS-CoV-2 e.g., as measured by Bio-Layer
Interferometry. In various embodiments, the antigen-binding protein has a Kb
value (e.g., an average Kp value) of less than about 1 x 1012 M for SARS-CoV-2,
e.g., a RBD of SARS-CoV-2 e.g., as measured by Bio-Layer Interferometry.

In various embodiments, the antigen-binding protein is capable of inhibiting
virus-cell fusion and/or cell-cell fusion mediated by SARS-CoV-2.

In some embodiments, the antigen-binding protein does not bind to, interact
with or cross-react with other human coronaviruses (other than SARS-CoV-2). In
some embodiments, the antigen-binding protein does not cross-react with severe
acute respiratory syndrome coronavirus (SARS-CoV). Advantageously,
embodiments of the antigen-binding protein have high specificity for SARS-CoV-
2.

In some embodiments, the antigen-binding protein is capable of binding to
or interacting with other human coronaviruses (other than SARS-CoV-2). In some
embodiments, the antigen-binding protein is capable of binding to or interacting
with SARS-CoV in addition to SARS-CoV-2. Thus, embodiments of the antigen-
binding protein are capable of binding to an epitope that is conserved between
SARS-CoV and SARS-CoV-2. Embodiments of the antigen-binding protein may
be useful for detecting, binding to or neutralising two or more human
coronaviruses such as SARS-CoV and SARS-CoV-2. In some embodiments, the
antigen-binding protein binds to SARS-CoV-2 more strongly than SARS-CoV. In
some embodiments, the antigen-binding protein has a higher affinity for SARS-
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CoV-2 than SARS-CoV. In some embodiments, the antigen-binding protein
neutralises SARS-CoV-2 by a greater extent as compared to SARS-CoV.

In various embodiments the antigen-binding protein is capable of binding to
and/or neutralizing SARS-CoV-2 comprising one or more mutations. In various
embodiments, the antigen-binding protein is capable of binding to and/or
neutralizing SARS-CoV-2 comprising no more than about 50, no more than about
40, no more than about 30, no more than about 20, no more than about 10, no
more than about nine, no more than about eight, no more than about seven, no
more than about six, no more than about five, no more than about four, no more
than about three, no more than about two or no more than about one mutation(s).

In various embodiments, the antigen-binding protein is capable of binding
to and/or neutralizing SARS-CoV-2 comprising a mutated spike protein, for
example, a mutated spike protein comprising no more than about 10, no more
than about nine, no more than about eight, no more than about seven, no more
than about six, no more than about five, no more than about four, no more than
about three, no more than about two or no more than about one mutation(s). In
various embodiments, the antigen-binding protein is capable of binding to and/or
neutralizing SARS-CoV-2 comprising a mutated RBD, for example, a mutated
RBD comprising no more than about 10, no more than about nine, no more than
about eight, no more than about seven, no more than about six, no more than
about five, no more than about four, no more than about three, no more than
about two or no more than about one mutation(s).In various embodiments the
antigen-binding protein is capable of binding to and/or neutralizing at least about
two, at least about three, at least about four, at least about five, at least about six,
at least about seven or more of the following SARS-CoV-2: a SARS-CoV-2
comprising a wild-type spike protein (e.g., a spike protein of SEQ ID NO: 353) or
a wild-type RBD (e.g., a RBD of SEQ ID NO: 354), a SARS-CoV-2 comprising a
mutated spike protein with no more than about two mutations, a SARS-CoV-2
comprising a mutated spike protein with no more than about one mutation, a
SARS-CoV-2 comprising a N439K mutation in the spike protein or RBD (e.g., a
spike protein of SEQ ID NO: 360), a SARS-CoV-2 comprising a V483A mutation
in the spike protein or RBD (e.g., a spike protein of SEQ ID NO: 355), a SARS-



10

15

20

25

30

WO 2021/206636 29 PCT/SG2021/050195

CoV-2 comprising a G476S mutation in the spike protein or RBD (e.g., a spike
protein of SEQ ID NO: 358), a SARS-CoV-2 comprising a S494P mutation in the
spike protein or RBD (e.g., a spike protein of SEQ ID NO: 359), a SARS-CoV-2
comprising a V483l mutation in the spike protein or RBD (e.g., a spike protein of
SEQ ID NO: 356), a SARS-CoV-2 comprising L4551 and F456V mutations in the
spike protein or RBD (e.g., a spike protein of SEQ ID NO: 357) and a SARS-CoV-
2 comprising a D614G mutation in the spike protein or RBD (e.g., a spike protein
of SEQ ID NO: 361). N439K, V483A, G476S, S494P, V483l, L4551/F456V and
D614G mutations are all mutations occurring in the spike protein of SARS-CoV-
2, with the first six of them (i.e., N439K, V483A, G476S, S494P, V483l and
L4551/F456V) occurring in the RBD and D614G occurring outside the RBD.

In various embodiments, the antigen-binding protein comprises an amino
acid sequence corresponding to a sequence in Tables 1-4. In various
embodiments, the antigen-binding protein comprises an amino acid sequence
sharing at least about 60%, at least about 65%, at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98% or at least about
99%, at least about 99.1%, at least about 99.2%, at least about 99.3%, at least
about 99.4%, at least about 99.5%, at least about 99.6%, at least about 99.7%,
at least about 99.8% or at least about 99.9% with a sequence in Tables 1-4. In
some embodiments, the antigen-binding protein comprises an amino acid
sequence that differs by about one, about two, about three, about four, about five,
about six, about seven, about eight, about nine, about ten or more amino acids
with a sequence in Tables 1-4.

In various embodiments, the antigen-binding protein comprises one or more
amino acid region or complementarity determining region corresponding to a
CDR identified in Tables 2 and 4. In various embodiments, the antigen-binding
protein comprises one or more amino acid region or complementarity determining
region sharing at least about 60%, at least about 65%, at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 91%, at least about 92%, at least about 93%, at least about 94%, at
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least about 95%, at least about 96%, at least about 97%, at least about 98% or
at least about 99% sequence similarity/identity with a CDR or a combination of
about two, about three, about four, about five or about six CDRs identified in
Tables 2 and 4. In some embodiments, the antigen-binding protein comprises an
amino acid region or CDR that differs by about one, about two, about three, about
four, about five, about six, about seven, about eight, about nine, about ten or
more amino acids with a CDR or a combination of about two, about three, about
four, about five or about six CDRs identified in Tables 2 and 4.

In various embodiments, the antigen-binding protein comprises an amino
acid region, a light chain variable domain sequence and/or a heavy chain variable
domain sequence corresponding to a light chain variable domain sequence
and/or a heavy chain variable domain sequence identified in Tables 1 and 3. In
various embodiments, the antigen-binding protein comprises an amino acid
region or a light chain variable domain and/or a heavy chain variable domain
sharing at least about 60%, at least about 65%, at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, at least about
99%, at least about 99.1%, at least about 99.2%, at least about 99.3%, at least
about 99.4%, at least about 99.5%, at least about 99.6%, at least about 99.7%,
at least about 99.8% or at least about 99.9% with a light chain variable domain
and/or a heavy chain variable domain identified in Tables 1 and 3. In some
embodiments, the antigen-binding protein comprises an amino acid region or a
light chain variable domain and/or a heavy chain variable domain that differs by
about one, about two, about three, about four, about five, about six, about seven,
about eight, about nine, about ten or more amino acids with a light chain variable
domain and/or a heavy chain variable domain identified in Tables 1 and 3.

In various embodiments, the antigen-binding protein comprises one of more
of the following:

a light-chain CDR1 selected from the group consisting of: SEQ ID NO: 28-

50 and conservative sequence variants thereof;
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a light-chain CDR2 selected from the group consisting of: SEQ ID NO: 51-
64 and conservative sequence variants thereof;

a light-chain CDR3 selected from the group consisting of: SEQ ID NO: 65-
90 and conservative sequence variants thereof;

a heavy-chain CDR 1 selected from the group consisting of: SEQ ID NO:
117-132 and conservative sequence variants thereof;

a heavy-chain CDR 2 selected from the group consisting of: SEQ ID NO:
133-148 and conservative sequence variants thereof; and

a heavy-chain CDR 3 selected from the group consisting of: SEQ ID NO:
149-173 and conservative sequence variants thereof.

In various embodiments, the antigen-binding protein comprises the
following CDR sequences:

1A5

light-chain CDR1: SGSIASHY (SEQ ID NO: 28)
light-chain CDR2: EDN (SEQ ID NO: 51)
light-chain CDR3: QSYGSGFVV (SEQ ID NO: 65)
heavy-chain CDR1: GFTFSSYA (SEQ ID NO: 117)
heavy-chain CDR2: ISGSGGST (SEQ ID NO: 133)
heavy-chain CDR3: AKDYFRWL (SEQ ID NO: 149);

1A8

light-chain CDR1: QSVLYSSNNKNY (SEQ ID NO: 29)
light-chain CDR2: WAS (SEQ ID NO: 52)

light-chain CDR3: QQYYGTPYT (SEQ ID NO: 66)
heavy-chain CDR1: GVSISSRSDH (SEQ ID NO: 118)
heavy-chain CDR2: ISYSGST (SEQ ID NO: 134)
heavy-chain CDR3: ARLASLYSTFDI (SEQ ID NO: 150);

1B11
light-chain CDR1: QSLLYSNGYNY (SEQ ID NO: 31)
light-chain CDR2: LGS (SEQ ID NO: 53)
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light-chain CDRS:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1B2

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1C2

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

1C3

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1D12
light-chain CDR1:
light-chain CDR2:

30 PCT/SG2021/050195

MQALQTPYT (SEQ ID NO: 68)

GGTFSSYA (SEQ ID NO: 120)

IIPIFGTA (SEQ ID NO: 136)
ARDNPGYSSSWSPNWFDP (SEQ ID NO: 152);

GGRIATNY (SEQ ID NO: 30)

EDN (SEQ ID NO: 51)
QSHDTSRQAV (SEQ ID NO: 67)
GYTFTSYY (SEQ ID NO: 119)
INPSGGST (SEQ ID NO: 135)
ATGEMAGDFDY (SEQ ID NO: 151);

QSLLHSNGFTY (SEQ ID NO: 32)
LGS (SEQ ID NO: 53)

MQGIQTPLT (SEQ ID NO: 69)
GYTFTSYY (SEQ ID NO: 119)
INPSGGST (SEQ ID NO: 135)
ASSSAGTFYFDY (SEQ ID NO: 153);

SGSIASYY (SEQ ID NO: 33)

EDD (SEQ ID NO: 54)

QSFDSSIQHVV (SEQ ID NO: 70)
GYPFSTYY (SEQ ID NO: 121)
IDPSGGST (SEQ ID NO: 137)
ARVAEQHLDYYFDY (SEQ ID NO: 154);

SGSIASNY (SEQ ID NO: 34)
EDN (SEQ ID NO: 51)
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light-chain CDRS:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1E5

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

1F4

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

1H7

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

2C10
light-chain CDR1:
light-chain CDR2:

PCT/SG2021/050195
33

QSYDGSAWYV (SEQ ID NO: 71)
GGTFSSYA (SEQ ID NO: 120)
ISAYNGNT (SEQ ID NO: 138)
ARLEWLRGAFDI (SEQ ID NO: 155);

SGRIASNY (SEQ ID NO: 35)

EDT (SEQ ID NO: 55)

QSFDSGNQRVYV (SEQ ID NO: 72)
GGTFSSYA (SEQ ID NO: 120)

IIPIFGTA (SEQ ID NO: 136)
ARALVGKWLLLRGFDY (SEQ ID NO: 156);

SSNIGRNF (SEQ ID NO: 36)

RNN (SEQ ID NO: 56)

QSYDNSLFVV (SEQ ID NO: 73)
GDSVSSNSAA (SEQ ID NO: 122)
TYYRSKWYN (SEQ ID NO: 139)
AREKGIEGPAFDP (SEQ ID NO: 157);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)

QSYDENIRV (SEQ ID NO: 74)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARGRWLRGAFDI (SEQ ID NO: 158);

SSTIGTNY (SEQ ID NO: 38)
DNY (SEQ ID NO: 58)
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light-chain CDRS:
heavy-chain CDR1

2C12

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

2C9

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

2D3

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

2G7

light-chain CDR1:
light-chain CDR2:

PCT/SG2021/050195
34

GTWDSRLSVGYV (SEQ ID NO: 76)

: GGSFSGYY (SEQ ID NO: 123)
heavy-chain CDR2:
heavy-chain CDRS3:

INYRGNT (SEQ ID NO: 142)
ARWDGGNSVDH (SEQ ID NO: 160);

QSINIY (SEQ ID NO: 39)

AAS (SEQ ID NO: 59)

QQSYITPQT (SEQ ID NO: 77)
GFTFSSYA (SEQ ID NO: 117)

ISYDGSNK (SEQ ID NO: 143)
ARGGRFHYYYYAMDV (SEQ ID NO: 161);

QTVGGSY (SEQ ID NO: 37)

GAS (SEQ ID NO: 57)

QQYASSRT (SEQ ID NO: 75)

GGTFSSYA (SEQ ID NO: 120)

IIPILGIA (SEQ ID NO: 141)
ARHGGVGATTGYYYMDV (SEQ ID NO: 159);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)
QSYDSSNWV (SEQ ID NO: 78)
GGTFSSYA (SEQ ID NO: 120)
IIPIFGTA (SEQ ID NO: 136)
ASSGWLRGAFDI (SEQ ID NO: 162);

GGTIGSNY (SEQ ID NO: 40)
EDN (SEQ ID NO: 51)
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light-chain CDRS:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

2H4

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3A11

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

3C5

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3D11
light-chain CDR1:
light-chain CDR2:

PCT/SG2021/050195
35

QSYDSSNRYV (SEQ ID NO: 79)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARGKWLRGAFDI (SEQ ID NO: 163);

EFIGDD (SEQ ID NO: 41)
EAR (SEQ ID NO: 60)

LQYDSFPLT (SEQ ID NO: 80)
GYTFSGYY (SEQ ID NO: 124)
VNPNSGGT (SEQ ID NO: 144)
ARGGRPGLPAAGYIDY (SEQ ID NO: 164);

SSDVGTYNY (SEQ ID NO: 42)

DVS (SEQ ID NO: 61)

ASFSSSSTLLV (SEQ ID NO: 81)
GYTFSTYD (SEQ ID NO: 125)
ISTYNGDT (SEQ ID NO: 145)
ARGDSSVGYEYFQH (SEQ ID NO: 165);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)

QSYDSSNWV (SEQ ID NO: 78)
GGSLSGYY (SEQ ID NO: 126)
INHSGST (SEQ ID NO: 140)
ARRWWLRGAFDI (SEQ ID NO: 166);

SGNIASNY (SEQ ID NO: 44)
EDN (SEQ ID NO: 51)
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light-chain CDRS:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3D2

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3E9

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

3F1

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3F11
light-chain CDR1:
light-chain CDR2:

PCT/SG2021/050195

36

QSYDNNIQV (SEQ ID NO: 83)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARRWWLRGAFDI (SEQ ID NO: 166);

SGSIARNY (SEQ ID NO: 43)

EDN (SEQ ID NO: 51)
QSYDRTNKRYV (SEQ ID NO: 82)
GGSFSGYY (SEQ ID NO: 123)
INHSGST (SEQ ID NO: 140)
ARRWWLRGAFDI (SEQ ID NO: 166);

SGSIASNY (SEQ ID NO: 34)

EDN (SEQ ID NO: 51)
QSYDSSNLQWYV (SEQ ID NO: 84)
GYTFTSYG (SEQ ID NO: 127)
ISAYNGNT (SEQ ID NO: 138)
ARGIITMISDY (SEQ ID NO: 167);

GGSIADNF (SEQ ID NO: 45)

DYS (SEQ ID NO: 62)

QSYDISNPV (SEQ ID NO: 85)
GFTFSSYG (SEQ ID NO: 128)
ISYDGSNK (SEQ ID NO: 143)
ARDGGGGMDV (SEQ ID NO: 168);

HSDGRNY (SEQ ID NO: 46)
DTS (SEQ ID NO: 63)
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light-chain CDRS:

heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3H11

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

3H7

light-chain CDR1:
light-chain CDR2:
light-chain CDR3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDR3:

5A6

light-chain CDR1:
light-chain CDR2:
light-chain CDRS3:
heavy-chain CDR1:
heavy-chain CDR2:
heavy-chain CDRS3:

6F8
light-chain CDR1:
light-chain CDR2:

PCT/SG2021/050195
37

HQFRRSVST (SEQ ID NO: 86)
GYTFSSSG (SEQ ID NO: 129)
ISTYNGNT (SEQ ID NO: 146)
ATSIAVAGIDY (SEQ ID NO: 169);

SGNIASYY (SEQ ID NO: 48)

EDN (SEQ ID NO: 51)

QSYDRPNHVV (SEQ ID NO: 88)

GYTFTSYY (SEQ ID NO: 119)

INPSGGST (SEQ ID NO: 135)
ASSVVPAAIYDYYYGMDV (SEQ ID NO: 171);

TDSIASNY (SEQ ID NO: 47)

EDN (SEQ ID NO: 51)

QSYDGVNRGVI (SEQ ID NO: 87)
GFTFSNYG (SEQ ID NO: 130)
IWHDGTNK (SEQ ID NO: 147)
VRDQGAGVWNGYSY (SEQ ID NO: 170);

QSISSY (SEQ ID NO: 49)

AAS (SEQ ID NO: 59)

QQSYNLPRT (SEQ ID NO: 89)
GFTFSSYE (SEQ ID NO: 131)
ISYDGSNK (SEQ ID NO: 143)
ARLITMVRGEDY (SEQ ID NO: 172);

QTINNNY (SEQ ID NO: 50)
DAS (SEQ ID NO: 64)
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light-chain CDR3: QQYGSSPRT (SEQ ID NO: 90)
heavy-chain CDR1: GFTVSSNY (SEQ ID NO: 132)
heavy-chain CDR2: IYSGGST (SEQ ID NO: 148)
heavy-chain CDR3: ARDYGDYYFDY (SEQ ID NO: 173); or

conservative sequence variants thereof (e.g., an antigen-binding protein
comprising one CDR sequence that is a conservative sequence variant of one
CDR sequence of 1A5 and five CDR sequences that are identical to the other
five CDR sequences of 1A5, an antigen-binding protein comprising two CDR
sequences that are conservative sequence variants of two CDR sequences of
1B2 and three CDR sequences that are identical to the other three CDR
sequences of 1B2 etc.).

In various embodiments, antigen-binding protein comprises a light-chain
variable region comprising any one of SEQ ID NO: 1-27 or a sequence sharing
at least about 60%, at least about 65%, at least about 70%, at least about 75%,
at least about 85%, at least about 95% or at least about 99% sequence
similarity/identity thereto; and/or a heavy-chain variable region comprising any
one of SEQ ID NO: 91-116 or a sequence sharing at least about 75%, at least
about 85%, at least about 95% or at least about 99% sequence similarity/identity
thereto.

In various embodiments, there is provided a combination of about two,
about three, about four, about five, about six, about seven, about eight, about
nine, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about
17, about 18, about 19, about 20, about 21, about 22, about 23, about 24, about
25, about 26 or about 27 antigen-binding proteins. In various embodiments, the
antigen-binding proteins in the combination comprises the CDR sequences of
one or more of the following antigen-binding proteins: 1A5, 1A8, 1B2, 1B11, 1C2,
1C3, 1D12, 1E5, 1F4, 1H7, 2C9, 2C10, 2C12, 2D3, 2G7, 2H4, 3A11, 3C5, 3D2,
3D11, 3E9, 3F1, 3F11, 3H7, 3H11, 5A6 and 6F8. In various embodiments, the
antigen-binding proteins in the combination is selected from the group consisting
of: 1A5, 1A8, 1B2, 1B11, 1C2, 1C3, 1D12, 1E5, 1F4, 1H7, 2C9, 2C10, 2C12,
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2D3, 2G7, 2H4, 3A11, 3C5, 3D2, 3D11, 3E9, 3F1, 3F11, 3H7, 3H11, 5A6, 6F8
and combinations thereof.

In various embodiments, there is provided a combination of two antigen-
binding proteins, wherein a first antigen-binding protein comprises the following
CDR sequences:

5A6

light-chain CDR1:  QSISSY (SEQ ID NO: 49)
light-chain CDR2:  AAS (SEQ ID NO: 59)

light-chain CDR3:  QQSYNLPRT (SEQ ID NO: 89)
heavy-chain CDR1: GFTFSSYE (SEQ ID NO: 131)
heavy-chain CDR2: ISYDGSNK (SEQ ID NO: 143)
heavy-chain CDR3: ARLITMVRGEDY (SEQ ID NO: 172)

and a second antigen-binding protein comprises the following CDR

sequences:

3D11

light-chain CDR1:  SGNIASNY (SEQ ID NO: 44)
light-chain CDR2:  EDN (SEQ ID NO: 51)

light-chain CDR3:  QSYDNNIQV (SEQ ID NO: 83)
heavy-chain CDR1: GGSFSGYY (SEQ ID NO: 123)
heavy-chain CDR2: INHSGST (SEQ ID NO: 140)
heavy-chain CDR3: ARRWWLRGAFDI (SEQ ID NO: 166).

In various embodiments, there is provided a composition comprising the
antigen-binding protein or the combination. In various embodiments, the
composition comprises a therapeutically effective amount of the antigen-binding
protein or the combination e.g., for use in therapy. In various embodiments, the
composition further comprises a suitable carrier, adjuvant, diluent and/or
excipient. In various embodiments, the composition comprises a therapeutic

composition.
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In various embodiments, the composition comprises a pharmaceutical
composition. The pharmaceutical composition may further comprise a
pharmaceutically acceptable carrier and/or pharmaceutically active compound.
In one embodiment, there is provided a pharmaceutical composition comprising
the antigen-binding protein or the combination, and a pharmaceutically
acceptable carrier.

In various embodiments, there is provided the antigen-binding protein or
the combination for use in therapy. In various embodiments, there is provided the
antigen-binding protein or the combination when used in therapy.

In various embodiments, there is provided the antigen-binding protein or
the combination as a detecting agent, e.g., for detecting SARS-CoV-2. In various
embodiments, there is provided the antigen-binding protein or the combination
as a diagnostic agent e.g., for SARS-CoV-2.

In various embodiments, there is provided the antigen-binding protein or
the combination for use in therapy, or as a diagnostic agent.

In various embodiments, there is provided a polynucleotide/nucleotide
sequence encoding for the antigen-binding protein. The
polynucleotide/nucleotide sequence may comprise DNA, cDNA and/or RNA. In
various embodiments, the polynucleotide/nucleotide sequence comprises one or
more sequences set forth in Tables 5-8 or a sequence sharing at least about
60%, at least about 65%, at least about 70%, at least about 75%, at least about
85%, at least about 95% or at least about 99% sequence identity thereto. In
various embodiments, the polynucleotide/nucleotide sequence comprises one of
more of SEQ ID NO: 174-351 or a sequence sharing at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least about 85%, at least
about 95% or at least about 99% sequence identity thereto.

In various embodiments, there is provided a vector comprising the
polynucleotide/nucleotide sequence. In various embodiments, the vector is
selected from the group consisting of a phage, a plasmid, a viral particle, a
baculovirus, a yeast plasmid, a lipid based vehicle, a polymer microsphere, a
liposome, and a cell based vehicle, a colloidal gold particle, lipopolysaccharide,
polypeptide, polysaccharide, a viral vehicle, an adenovirus, a retrovirus, a
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lentivirus, an adeno-associated viruses, a herpesvirus, a vaccinia virus, a foamy
virus, a cytomegalovirus, a Semliki forest virus, a poxvirus, a pseudorabies virus,
an RNA virus vector, a DNA virus vector and a vector derived from a combination
of a plasmid and a phage DNA. In various embodiments, the
polynucleotide/nucleotide sequence is operatively linked to an expression control
sequence(s) to direct peptide synthesis. In various embodiments, the vector
comprises one or more selectable marker genes to provide a phenotypic trait for
selection of transformed host cells. In various embodiments, there is provided a
host cell transfected with or comprising the vector. The host cell may comprise a
bacterial cell, a yeast cell, an animal cell e.g., a mammalian cell and/or a plant
cell.
In various embodiments, there is provided a bacteriophage, a host cell or

a non-human organism comprising the polynucleotide/nucleotide sequence. In
some embodiments, the non-human organism comprises a mammal. In some
embodiments, the non-human organism comprises a murine.

In various embodiments, there is provided a method of treating SARS-CoV-
2 infection in a subject, the method comprising administering the antigen-binding
protein, the combination or the composition (e.g., pharmaceutical composition) to
the subject. In various embodiments, where the SARS-CoV-2 comprises a V483A
mutation, the method comprises administering the subject a combination of two
antigen-binding proteins, wherein a first antigen-binding protein comprises the
following CDR sequences:

5A6

light-chain CDR1:  QSISSY (SEQ ID NO: 49)
light-chain CDR2:  AAS (SEQ ID NO: 59)

light-chain CDR3:  QQSYNLPRT (SEQ ID NO: 89)
heavy-chain CDR1: GFTFSSYE (SEQ ID NO: 131)
heavy-chain CDR2: ISYDGSNK (SEQ ID NO: 143)
heavy-chain CDR3: ARLITMVRGEDY (SEQ ID NO: 172)
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and a second antigen-binding protein comprises the following CDR

sequences:

3D11

light-chain CDR1:  SGNIASNY (SEQ ID NO: 44)
light-chain CDR2:  EDN (SEQ ID NO: 51)

light-chain CDR3:  QSYDNNIQV (SEQ ID NO: 83)
heavy-chain CDR1: GGSFSGYY (SEQ ID NO: 123)
heavy-chain CDR2: INHSGST (SEQ ID NO: 140)
heavy-chain CDR3: ARRWWLRGAFDI (SEQ ID NO: 166).

The method may be performed in vitro or ex vivo or in vivo.

In various embodiments, there is provided use of the antigen-binding
protein, the combination or the composition (e.g., pharmaceutical composition) in
the manufacture of a medicament for the treatment of SARS-CoV-2 infection in a
subject.

In various embodiments, there is provided a method of detecting the
presence of SARS-CoV-2 in a sample, the method comprising: contacting the
sample with the agent, e.g., the antigen-binding protein and detecting a binding
event involving the agent, e.g., the antigen-binding protein. In various
embodiments, the detection of a binding event is indicative of the presence of
SARS-CoV-2 in the sample. In various embodiments, no detection of any binding
events involving the agent, e.g., the antigen-binding protein is indicative of the
absence of SARS-CoV-2 in the sample. In various embodiments, the antigen-
binding protein may be labelled e.g., coupled to a label. In one embodiment, the
antigen-binding protein is labelled with horseradish peroxidase (HRP) and
tetramethylbenzidine (TMB) substrate may be added for visualization. It will be
appreciated that other suitable labels and substrates may also be used for
detecting a binding event. In various embodiments, there is provided the antigen-
binding protein when used in detecting the presence of SARS-CoV-2 in a sample.

The sample may be obtained from any source. For example, the sample

may be a biological sample, a pharmaceutical sample, an environmental sample,
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a food sample etc. In some embodiments, the sample comprises a biological
sample. Examples of biological samples include, but are not limited to blood,
serum, plasma, sputum, saliva, lavage fluid (e.g. bronchial lavage fluid, alveolar
lavage fluid and bronchoalveolar lavage fluid), sputum, nasal
fluid/swab/wash/aspirate, anterior nares fluid/swab/wash/aspirate, nasal mid-
turbinate  fluid/swab/wash/aspirate, pharyngeal fluid/swab/wash/aspirate,
nasopharyngeal fluid/swab/wash/aspirate, oropharyngeal
fluid/swab/wash/aspirate, tissue biopsy e.g. lung biopsy, cerebrospinal fluid,
urine, faeces, stool, anal swab, semen, sweat, tears, processed fractions thereof
and the like.

In various embodiments, there is provided a method of identifying an agent,
optionally an antigen-binding protein, that is capable of recognising/interacting
with/binding to SARS-CoV-2.

In some embodiments, the method comprises contacting a candidate
compound with a SARS-CoV-2/a SARS-CoV-2 spike protein (or glycoprotein)/a
SARS-CoV-2 spike protein RBD domain, wherein where the candidate
compound binds to the SARS-CoV-2/a SARS-CoV-2 spike protein (or
glycoprotein)/ SARS-CoV-2 spike protein RBD domain, the candidate agent is
identified as a potential agent. In some embodiments, the method comprises use
of phage display technology to identify the agent. In some embodiments, the
method comprises an enzyme-linked immunosorbent assay (ELISA) method. In
various embodiments, the ELISA method comprises immobilizing SARS-CoV-2
spike protein RBD domain or antigen to a surface, adding a candidate compound
to the surface under conditions suitable for binding, and determining a binding
between the SARS-CoV-2/a SARS-CoV-2 spike protein (or glycoprotein)/ SARS-
CoV-2 spike protein RBD domain or antigen and the candidate compound. In
some embodiments, the SARS-CoV-2/a SARS-CoV-2 spike protein (or
glycoprotein)/ SARS-CoV-2 spike protein RBD domain or antigen is tagged (e.g.,
with biotin).

In some embodiments, the method comprises determining whether a
candidate compound is capable of blocking a binding between SARS-CoV-2/a
SARS-CoV-2 spike protein (or glycoprotein)/ SARS-CoV-2 spike protein RBD
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domain and ACE2 protein, wherein where the candidate compound is capable of
blocking a binding between SARS-CoV-2/a SARS-CoV-2 spike protein (or
glycoprotein)/ SARS-CoV-2 spike protein RBD domain and ACE2 protein, the
candidate compound is identified as a potential agent. In some embodiments, the
method comprises providing a candidate compound that is bound to SARS-CoV-
2/a SARS-CoV-2 spike protein (or glycoprotein)/ SARS-CoV-2 spike protein RBD
domain, and contacting the bound candidate compound with ACE2 protein,
wherein where the bound candidate compound and/or the SARS-CoV-2/a SARS-
CoV-2 spike protein (or glycoprotein)/ SARS-CoV-2 spike protein RBD domain
does not bind to the ACE2 protein, the candidate compound is identified as a
potential agent.

In some embodiments, the method comprises determining whether a
candidate compound is capable of neutralising cell entry of SARS-CoV-2 or
potions thereof, wherein where the candidate compound is capable of
neutralising cell entry of SARS-CoV-2 or portions thereof, the candidate
compound is identified as a potential agent. In some embodiments, the method
comprises contacting SARS-CoV-2 (or a pseudotyped SARS-CoV-2) or potions
thereof with ACE-expressing cells in the presence of the candidate compound,
and determining an amount of entry of the SARS-CoV-2 or portions thereof into
the ACE-expressing cells, wherein where the amount of entry of the SARS-CoV-
2 or portions thereof into the ACE-expressing cells is substantially low/reduced,
the candidate compound is identified as a potential antigen-binding protein. In
various embodiments, the determining step comprises performing a luciferase
assay.

In some embodiments, the candidate compound is pre-incubated with the
SARS-CoV-2 or potions thereof before contact with the ACE-expressing cells.

In various embodiments, the method further comprises generating a library
of sequences, optionally Fab sequences, to obtain the candidate compounds. In
some embodiments, the library comprises a phase display library.

In various embodiments, there is provided a product or a method as
described herein.
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Table 1. Light chain variable domain amino acid sequences for human IgG1

. . . . SE
Light chailn variable domaln sequences 2

Name . ID
(CDR sedquences are 1n bold) NO

NEFMLTQPHSVSESPGKTVAISCTGNSGSIASHYVOQWFQQRPGSAPTTVIY
1A5 EDNQRPSGVPDRFSGSIDRSSNSASLTISGLKSEDEADYYCQSYGSGEFVV | 1
FGGGTK
EIVLTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQOPP
1A8 KLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCQQYYGT | 2
PYTFGQGTK
NEFMLTQPHSVSESPGKTVTISCTGSGGRIATNYVOQWYQQRPGSAPTTVIY
1B2 EDNKRPSGVPHRFSGSIDASSNSASLTISGLETEDEADYYCQSHDTSRQA | 3
VEFGGGTK
DVVMTQSPLSLPVTPGEPASISCRSSQSLLYSNGYNYLDWYLOKPGQSPQ
1B11 LLIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTP | 4
YTFGOGTK
DVVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGFTYLDWYLOKPGLSPQ
1C2 LLIYLGSNRAPGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQGIQTP | 5
LTFGGGTK
NEFMLTQPHSVSESPGKTVTISCTRSSGSIASYYVOQWYQQRPGSSPTTVIY
1C3 EDDQRPSGVPDRFSGSIDSASNSASLTISGLQTEDEADYYCQSFDSSIQH | 6
VVEGGGTQ
NEFMLTQPHSVSESPGKTVTISCTGSSGSIASNYVHWYQQRPGSAPTTVIY
1D12 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDGSAWV | 7
FGGGTK
NEFMLTQPHSVSESPGKTLTISCTRSSGRIASNYVOWYQQRPGSAPTTVIY
1E5 EDTQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSFDSGNQR | 8
VVEGGGTK
QSVLTQPPSVSGTPGQRVTISCSGSSSNIGRNFVSWYQQLPGAAPRLLMY
1F4 RNNQRPSGVPDRFSGSESATSASLAITGLOQPEDEADYYCQSYDNSLEVVE | 9
GGGTK
NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVOWYQQRPGSSPTTVIY
1H7 EDNQRPSGVPDRFSGSVDSSSNSASLTISGLKTEDEADYYCQSYDENIRV | 10
FGGGTK
EIVLTQSPGTLSSSPGERATLSCTASQTVGGSYLAWYQOKRGOPPRLLIY
2C9 GASTRAPGIPERFSGSGSGTDFTLTISTLEPEDFAVYFCQQYASSRTEGO | 11
GTR
QSVVTQPPSASGSPGQSVTISCSGSSSTIGTNYVAWYQQLPGTAPKLLIY
2C10 | DNYKRPSGIPDREFSGWRSGTSATLVISGLQTGDEADYYCGTWDSRLSVGV | 12
FGGGTK
DIOMTQSPSSLSASIGDRVTITCRASQSINIYLNWYQOKPGKAPKLLIYA
2C1l2 | ASSLQSGVPSRESGSGSATDFTLTISSLQPEDFATYYCQQSYITPQTEFGO | 13
GTK
NEFMLTOQPHSVSESPGKTVTISCTGSSGSIASNYVOWYQQRPGSAPTTITY
2D3 EDNQRPSGVPDRFSGSVDSSSNSASLTISGLKTEDEADYYCQSYDSSNWV | 14
FGGGTK
NEFMLTOQPHSVSESPGKTITISCTRSGGTIGSNYVOQWYQQRPGSSPTTVIY
2G7 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSSNRV | 15
FGGGTK
ETTLTQSPAFVSAAPGDKVSISCKASEFIGDDVNWYQOKPGEAPVEIIQE
2H4 ARVPVRGIPPRFSGSGYGTDFTLTIDDIQSEDSAFYFCLQYDSFPLTEGQ | 16
GTK
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QSALTQPASVSGSPGQAITMPCTGTSSDVGTYNYVSWYQHFPGKAPKLLT
3A11 YDVSHRPAGISDRFSGSKSGNTASLTISGLQAEDEADYYCASFSSSSTLL | 17
VEGGGTK
NEFMLTQPHSVSESPGKTVTISCTGSSGSIASNYVOWYQQRPGSAPTTVIY
3C5 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSSNWV | 18
FGGGTK
NEFMLTQPHSVSESPGKTVTISCTGSSGSIARNYVHWYQQRPGSAPTTVIY
3D2 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDRTNKR | 19
VEGGGTR
NEFMLTQPHSVSASPGKTVTIPCTGSSGNIASNYVOWYQQRPGSAPTTVIY
3D11 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDNNIQV | 20
FGGGTK
NEFMLTQPHSVSESPGKTVTISCTGSSGSIASNYVOWYQQRPGSAPTTVIY
3E9 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSSNLQ | 21
WVEGGGTK
NEFMLTQPHSVSESPGKTVTISCTASGGSIADNEFVOWYQQRPGSAPTTLIY
3F1 DYSRRPYGVPDREFSGSIDRSSNSASLTVSGLMTEDEADYYCQSYDISNPV | 22
FGGGTK
ETTLTQSPGTLSLSPGESATLSCRASHSDGRNYIAWYQQTPGOQAPRLLVY
3F11 | DTSNRAAGVPDRFRGSGSGTDEFTLTISRLEPEDFAVYFCHQFRRSVSTEG | 23
QGTK
NEFMLTQPHSVSESPGKTVTISCTRSTDSIASNYVOWYQQRPGSAPTTVIY
3H7 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDGVNRG | 24
VIFGGGTK
NFMLTQPHSVSESPGKTVTISCTRSSGNIASYYVOWYQQRPGSSPTTVIY
3H11 EDNQRPSGVPDRFSGSIDSSSNSASLTISGLOQTEDEADYYCQSYDRPNHV | 25
VEFGGGTR
DIQLTQSPSSLSASVGHRVTITCRASQSISSYLNWYQOKPGKAPKLLIYA
S5A6 ASSLQSGVPSRESGSGSGTDFTLTISSLQPEDFATYYCQQSYNLPRTEGG | 26
GTK
EIVLTQSPGTLSLSPGERATLSCTASQTINNNYLAWYQQOKPGOQGPSLLIY
6F8 DASSRATGVPDREFSGSGSGIDFTLTISRLEPEDFAVYYCQQYGSSPRTEG | 27
QGTK

Table 2. Light-chain CDR amino acid sequences for human IgG1

SEQ SEQ SEQ

Name CDR1 ID CDR2 ID CDR3 ID
NO NO NO

1A5 SGSIASHY 28 EDN 51 QSYGSGEVV 65
1A8 QSVLYSSNNKNY | 29 WAS 52 QQYYGTPYT 66
1B2 GGRIATNY 30 EDN 51 QSHDTSRQAV 67
1B11 QSLLYSNGYNY 31 LGS 53 MOQALQTPYT 68
1C2 QSLLHSNGETY 32 LGS 53 MQGIQTPLT 69
1C3 SGSIASYY 33 EDD 54 QSEFDSSIQHVV 70
1D12 SGSIASNY 34 EDN 51 QSYDGSAWV 71
1E5 SGRIASNY 35 EDT 55 QSEFDSGNQRVV 72
1F4 SSNIGRNF 36 RNN 56 QSYDNSLEVV 73
1H7 SGSIASNY 34 EDN 51 QSYDENIRV 74
2C9 QTVGGSY 37 GAS 57 QQYASSRT 75
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47
2C10 SSTIGTNY 38 DNY 58 GTWDSRLSVGV 76
2C12 QSINIY 39 AAS 59 QOSYITPQT 77
2D3 SGSIASNY 34 EDN 51 QSYDSSNWV 78
2G7 GGTIGSNY 40 EDN 51 QSYDSSNRV 79
2H4 EFIGDD 41 EAR 60 LOYDSFPLT 80
3A11 SSDVGTYNY 42 DVS 6l ASFSSSSTLLV 81
3C5 SGSIASNY 34 EDN 51 QSYDSSNWV 78
3D2 SGSIARNY 43 EDN 51 QSYDRTNKRV 82
3D11 SGNIASNY 44 EDN 51 QSYDNNIQV 83
3E9 SGSIASNY 34 EDN 51 QSYDSSNLQWV 84
3F1 GGSIADNE 45 DYS 62 QSYDISNPV 85
3F11 HSDGRNY 46 DTS 63 HQFRRSVST 86
3H7 TDSTIASNY 47 EDN 51 QSYDGVNRGVI 87
3H11 SGNIASYY 48 EDN 51 QSYDRPNHVV 88
5A6 QSISSY 49 AAS 59 QOSYNLPRT 89
6F8 QTINNNY 50 DAS 64 QQYGSSPRT 90
Table 3. Heavy chain variable domain amino acid sequences for human IgG1
. . . SEQ
Heavy chaln variable domaln sequences
Name . ID
(CDR sequences are 1in bold) NO
135 QVOLOESGGGLVQPGGSLRLSCAASGETESSYAMSWVROQAPGKGLEWVSAISGSG 91
GSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDYFRWLWGQGTL
QVOLOESGPGLVKPSETLSLTCTVSGVSISSRSDHWGWVRQPPGKGLEWIGSISY
1A8 SGSTYYNPSLKSRVTISVDTSKNQLSLKLSSVTAADTAVYYCARLASLYSTFDIW 92
GHGTL
QVOLVOSGAEVKKPGASVKVSCKASGY TETSYYMHWVROQAPGQGLEWMGIINPSG
1B2 GSTSYAQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCATGEMAGDEDYWGQ 93
GTL
EVQLVOSGAEVKKPGSSVKVSCKASGGTFSSYATSWVRQAPGOGLEWMGGIIPIF
1B11 | GTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARDNPGY SSSWSPN 94
WEDPWGQGTL
EVQLVQSGAEVKKPGASVKVSCKASGY TFTSYYMHWVRQAPGOGLEWMGIINPSG
1C2 GSTSYAQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCASSSAGTFYFDYWG 95
QGTL
EVOLVOSGAEVKKPGASVKVSCKASGYPFSTYYTHWVRQAPGOQGLEWMGIIDPSG
1C3 GSTSYAQKFQGRVTMTRDTSTSTVYMELRSLRSDDTAVEYCARVAEQHLDYYFDY 96
WGQGTL
EVQLVOSGAEVKKPGSSVKVSCKASGGTFSSYATSWVRQAPGOGLEWMGWISAYN
1D12 | GNTNYAQKLQGRVIMTTDTSTSTAYMELRSLRSEDTAVYYCARLEWLRGAFDIWG 97
QGTT
EVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYATISWVRQAPGOGLEWMGGIIPIF
1E5 GTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARALVGKWLLLRGFEF 98
DYWGQGTL
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1Fr4

QVOLOOSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYY
RSKWYNDYAVSVKSRITINPDTSKNQFSLOLNSVTPEDTAVYYCAREKGIEGPAF
DPWGQGTL

99

1H7

QVOLOOWGAGLLKPSETLPLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSG
STNYNPSLKSRVTISVDTSKNQEFSLKLSSVTAADTAVYYCARGRWLRGAFDIWGQ
GTM

100

2C9

QVOLVQSGAEVKKPGSSVKVSCKASGGTEFSSYATISWVROQAPGQGLEWMGRIIPIL
GIANYAQKFQGRVTITADKSTSTAYMELSSLRSEDTAVYYCARHGGVGATTGYYY
MDVWGKGTT

101

2C10

QVOLOOWGAGLLKPSETLSLTCGVYGGSEFSGYYWSWIRQSPGKGLEWIGEINYRG
NTNYNPSLKSRVTISVDTSKNQFSLNVNSVTAADTAVYYCARWDGGNSVDHWGQG
TL

102

2C12

QVOLVESGGGVVQPGRSLRLSCAASGEFTEFSSYAMHWVROQAPGKGLEWVAVISYDG
SNKYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGGRFHYYYYAMD
VWGQGTT

103

2D3

EVQLVOSGAEVKKPGSSVKVSCKASGGTFSSYATSWVRQAPGOGLEWMGGIIPIF
GTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCASSGWLRGAFDIWG
QGTM

104

2G7

QVOLOOWGAGLLKPSETLSLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSG
STNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARGKWLRGAFDIWGQ
GTM

105

2H4

QVOLVQSGAEVTKPGASVKVSCKASGYTEFSGYY THWVROQAPGQGLEWMGRVNPNS
GGTKYAQKFOQDRVTLTRDTSISTAYMELTSLRSDDTAMY FCARGGRPGLPAAGY I
DYWGQGTL

106

3Al11

EVQLVOSGAEVKKPGASVKVSCKASGYTFSTYDISWVRQAPGOGLEWMGWISTYN
GDTNYAQKFQGRVTMTTDTSTSTIYMELRSLRSDDTAVYYCARGDSSVGYEYFQH
WGQGTL

107

3C5

QVOLOOWGAGLLKPSETLSLTCGVYGGSLSGYYWSWIRQPPGKGLEWIGEINHSG
STNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARRWWLRGAFDIWGQ
GTT

108

3D2,
3D11

QVOLOOWGAGLLKPSETLSLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSG
STNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARRWWLRGAFDIWGQ
GTT

109

3E9

EVQLVQOSGAEVKKPGASVKVSCKASGYTFTSYGISWVRQAPGOGLEWMGWISAYN
GNTNYAQKLOGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARGIITMISDYWGQ
GTL

110

3F1

QVOLVQSGGGVVQPGRSLRLSCAASGEFTFSSYGMHWVRQAPGKGLEWVAVISYDG
SNKYYADSVKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDGGGGMDVWGQG
TT

111

3F11

EVQLVQSGAEVKKPGASVKVSCKASGYTFSSSGISWVRQAPGOGLEWMGWISTYN
GNTNYAQNFQGRVTMTTDTSTSTVYMELRGLT SDDTAVYYCATSIAVAGIDYWGQ
GTL

112

3H7

QVOLVQOSGGGVVQPGRSLRLSCAASGETESNYGMHWVROQAPGKGLEWVAVIWHDG
TNKYYADSVKGREFTVSRDNSKNTLYLOMDTLRAEDTAVYYCVRDQGAGVWNGYSY
WGQGTL

113
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QVOLVQOSGAEVKKPGASVKVSCKASGY TETSYYMHWVROQAPGQGLEWMGIINPSG
3H11 | GSTSYAQKFQGRVIMTRDTSTNTVYMELSSLRSEDTAVYYCASSVVPAAIYDYYY 114
GMDVWGQGTT

QVOLOESGGGLVQPGGSLRLSCAASGEFTFSSYEMNWVRQAPGKGLEWVAVISYDG
S5A6 SNKYYADSVKGREFTISRDNAKNSLYLOMNSLRAEDTAVYYCARLITMVRGEDYWG 115
QGTL

QVOLVESGGGLVQPGGSLRLSCAASGEFTVSSNYMSWVRQAPGKGLEWVSVIYSGG
6F8 STYYADSVKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDYGDYYFDYWGQG 116
TL

Table 4. Heavy-chain CDR amino acid sequences for human IgG1

SEQ SEQ SEQ
Name CDR1 ID CDR2 D CDR3 ID
NO NO NO
1A5 GFTFSSYA 117 | ISGSGGST | 133 | AKDYFRWL 149
1A8 GVSISSRSDH | 118 | ISYSGST 134 | ARLASLYSTFEFDI 150
1B2 GYTFTSYY 119 | INPSGGST | 135 | ATGEMAGDFEDY 151
1B11 ARDNPGYSSSWSPNWED
GGTFSSYA 120 | IIPIFGTA | 136 | P 152
1c2 GYTFTSYY 119 | INPSGGST | 135 | ASSSAGTFYFDY 153
1c3 GYPFSTYY 121 | IDPSGGST | 137 | ARVAEQHLDYYFDY 154
1D12 GGTFSSYA 120 | ISAYNGNT | 138 | ARLEWLRGAFDI 155
1E5 GGTFSSYA 120 | IIPIFGTA | 136 | ARALVGKWLLLRGEDY 156
1F4 TYYRSKWY
GDSVSSNSAA | 122 | N 139 | AREKGIEGPAFDP 157
1H7 GGSFSGYY 123 | INHSGST 140 | ARGRWLRGAFDI 158
2C9 GGTFSSYA 120 | IIPILGIA | 141 | ARHGGVGATTGYYYMDV | 159
2C10 GGSFSGYY 123 | INYRGNT 142 | ARWDGGNSVDH 160
2C12 GFTFSSYA 117 | ISYDGSNK | 143 | ARGGRFHYYYYAMDV 161
2D3 GGTFSSYA 120 | IIPIFGTA | 136 | ASSGWLRGAFDI 162
2G7 GGSFSGYY 123 | INHSGST 140 | ARGKWLRGAFDI 163
2H4 GYTFSGYY 124 | VNPNSGGT | 144 | ARGGRPGLPAAGYIDY 164
3Al11 GYTFSTYD 125 | ISTYNGDT | 145 | ARGDSSVGYEYFQH 165
3C5 GGSLSGYY 126 | INHSGST 140 | ARRWWLRGAFDI 166
igi’l GGSFSGYY 123 | INHSGST 140 | ARRWWLRGAFDI 166
3E9 GYTFTSYG 127 | ISAYNGNT | 138 | ARGIITMISDY 167
3F1 GFTFSSYG 128 | ISYDGSNK | 143 | ARDGGGGMDV 168
3F11 GYTFSSSG 129 | ISTYNGNT | 146 | ATSIAVAGIDY 169
3H7 GFTFSNYG 130 | IWHDGTNK | 147 | VRDQGAGVWNGY SY 170
3H11 ASSVVPAAIYDYYYGMD
GYTFTSYY 119 | INPSGGST | 135 |V 171
5A6 GFTFSSYE 131 | ISYDGSNK | 143 | ARLITMVRGEDY 172
6F8 GFTVSSNY 132 | IYSGGST 148 | ARDYGDYYFDY 173
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Table 5. Light chain variable domain nucleotide sequences for human IgG1

. . . . SE

Light chaln variable domaln sequences Q

Name . ID
(CDR sequences are 1in bold) NO

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAGCCATCTCCTGCACCGGCAACAGTGGCAGCATTGCCAGCCACTATGTG
CAGTGGTTCCAACAGCGCCCGGGCAGTGCCCCCACTACTGTGATCTATGAA
1A5 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 174
AGGTCGTCCAACTCTGCCTCCCTCACCATCTCTGGACTTAAGAGTGAGGAC
GAGGCTGACTATTACTGTCAGTCTTATGGCAGCGGCTTTGTGGTCTTCGGC
GGAGGGACCAAG

GAAATTGTGTTGACGCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAG
AGGGCCACCATCAACTGCAAGTCCAGCCAGAGTGTTTTATACAGCTCCAAC
AATAAGAACTACTTAGCTTGGTATCAACAGAAACCAGGACAGCCTCCTAAG
1A8 TTGCTCATTTACTGGGCTTCTACCCGGGAATCCGGGGTCCCTGACCGATTC 175
AGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAG
GCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATGGTACTCCGTAC
ACTTTTGGCCAGGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACC
GTAACCATCTCCTGCACCGGCAGCGGTGGCAGGATTGCCACCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
1B2 GATAATAAAAGACCCTCTGGGGTCCCTCATCGGTTCTCTGGCTCCATCGAC 176
GCCTCCTCCAATTCTGCCTCCCTCACTATCTCTGGACTGGAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTCATGATACCAGCCGTCAGGCGGTTTTC
GGCGGCGGGACCAAG

GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAG
CCGGCCTCCATCTCCTGCAGGTCTAGTCAGAGCCTCCTGTATAGTAATGGA
TACAACTATTTGGATTGGTACCTGCAGAAGCCAGGGCAGTCTCCACAGCTC
1B11 | CTGATCTATTTGGGTTCTAATCGGGCCTCCGGGGTCCCTGACAGGTTCAGT 177
GGCAGTGGATCAGGCACAGATTTTACACTGAAAATCAGCAGAGTGGAGGCT
GAGGATGTTGGGGTTTATTACTGCATGCAAGCTCTACAAACCCCGTACACT
TTTGGCCAGGGGACCAAG

GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAG
CCGGCCTCCATCTCCTGCAGGTCTAGTCAGAGCCTCCTGCATAGTAATGGA
TTCACCTATTTGGATTGGTACCTGCAGAAGCCAGGGCTGTCTCCACAGCTC
1C2 CTGATCTACTTGGGTTCTAATCGGGCCCCCGGGGTCCCTGACAGGTTCAGT 178
GGCAGTGGATCAGGCACAGATTTTACACTGAARATCAGCAGAGTGGAGGCT
GAGGATGTTGGGGTTTATTACTGCATGCAAGGTATACAAACCCCCCTCACT
TTCGGCGGGGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCCGCAGCAGCGGCAGCATTGCCAGCTACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTGTGATCTATGAA
1C3 GATGACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 179
AGTGCCTCCAACTCAGCCTCCCTCACCATCTCTGGCCTGCAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTTTGATAGCAGCATTCAACATGTGGTC
TTCGGCGGAGGGACCCAG
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AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAATTATGTG
CATTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
1D12 | GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCAGGCTCCATCGAC 180
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATGGCAGCGCTTGGGTGTTCGGC
GGAGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
TTAACCATCTCCTGCACCCGCAGCAGTGGCAGGATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
1E5 GATACCCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 181
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTTTGATAGCGGCAATCAACGGGTGGTT
TTCGGCGGAGGGACCAAA

CAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCTGGGACCCCCGGGCAGAGG
GTCACCATCTCTTGCTCTGGAAGCAGCTCCAACATCGGACGTAATTTTGTA
TCCTGGTACCAGCAGCTCCCAGGAGCGGCCCCCAGACTCCTCATGTATAGG
1r4 AATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCGAGTCT 182
GCCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGCCTGAGGATGAAGCT
GATTATTACTGCCAGTCCTATGACAACAGCCTGTTTGTGGTATTCGGCGGA
GGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCCGCAGCAGTGGCAGCATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTGTGATCTATGAG
1H7 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCGTCGAC 183
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATGAAAACATTCGGGTGTTCGGC
GGAGGGACCAAG

GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTCGTCTCCTGGGGAG
AGAGCCACCCTCTCCTGCACGGCCAGCCAGACTGTCGGCGGCAGCTACTTA
GCCTGGTACCAGCAAAAACGTGGCCAGCCTCCCAGGCTCCTCATCTATGGT
2C9 GCGTCCACTAGGGCCCCTGGCATCCCAGAGAGATTTAGTGGCAGTGGGTCT 184
GGGACAGACTTCACTCTCACCATCAGCACCCTGGAGCCTGAAGATTTTGCA
GTGTATTTCTGTCAGCAGTATGCCAGTTCACGGACGTTCGGCCAAGGGACC
AGG

CAGTCTGTCGTGACGCAGCCGCCCTCCGCGTCCGGGTCTCCTGGACAGTCA
GTCACCATCTCCTGTTCTGGAAGCAGCTCCACCATTGGAACTAATTATGTG
GCCTGGTACCAGCAGCTCCCAGGAACAGCCCCCAAACTCCTCATTTATGAC
2C10 | AATTATAAGCGACCCTCGGGAATTCCTGACCGATTCTCTGGCTGGAGGTCT 185
GGCACGTCAGCCACCCTGGTCATCAGCGGACTCCAGACCGGGGACGAGGCC
GATTATTACTGCGGAACGTGGGATAGTAGGCTGAGTGTTGGCGTGTTCGGC
GGAGGGACCAAG
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GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTATAGGAGAC
AGAGTCACCATCACTTGCCGGGCAAGTCAGAGCATTAACATCTATTTAAAT
TGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCA
2Cl2 | TCCAGTTTGCAAAGTGGGGTCCCGTCAAGGTTCAGTGGCAGTGGATCTGCG 186
ACAGATTTCACTCTCACCATCAGCAGTCTGCAGCCTGAAGATTTTGCAACT
TACTACTGTCAACAGAGTTACATTACCCCTCAGACGTTCGGCCAAGGGACC
ARG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTATTATCTATGAG
2D3 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCGTCGAC 187
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATAGCAGCAATTGGGTGTTCGGC
GGAGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
ATAACCATCTCCTGCACCCGCAGCGGTGGCACCATTGGCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTGTGATCTATGAG
2G7 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 188
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATAGCAGCAATCGGGTGTTCGGC
GGAGGGACCAAG

GAAACGACACTCACGCAGTCTCCAGCATTCGTGTCGGCGGCTCCCGGAGAC
AAAGTGTCCATCTCCTGCAAAGCCAGTGAATTCATTGGAGATGATGTGAAC
TGGTACCAACAGAAACCAGGAGAGGCTCCTGTTTTCATCATTCAAGAGGCT
2H4 CGTGTTCCCGTTCGTGGAATCCCACCCCGATTCAGTGGCAGCGGCTATGGA 189
ACAGATTTTACCCTCACAATTGATGACATACAATCTGAGGATTCTGCATTT
TACTTCTGTCTGCAATATGATTCTTTCCCTCTCACTTTTGGCCAGGGGACC
ARG

CAATCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGGCG
ATCACCATGCCCTGCACTGGAACCAGCAGTGACGTTGGTACTTATAACTAT
GTCTCCTGGTATCAACACTTCCCAGGCAAAGCCCCCAAACTCTTGATTTAT
3A11 | GATGTCAGTCATCGGCCCGCGGGGATTTCTGATCGCTTCTCTGGCTCCAAG 190
TCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTCCAGGCTGAGGACGAA
GCTGACTATTACTGCGCTTCATTTTCATCCAGCAGCACTCTCTTAGTGTTC
GGCGGAGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
3C5 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 191
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATAGCAGCAATTGGGTGTTCGGC
GGAGGGACCAAG
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AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCCGCAACTATGTG
CATTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
3D2 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 192
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATAGGACCAATAAGAGGGTTTTC
GGCGGAGGGACCAGG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGCGTCTCCGGGGAAGACG
GTAACCATCCCCTGCACCGGCAGCAGTGGCAACATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
3D11 | GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 193
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATAATAACATTCAGGTGTTCGGC
GGAGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAG
3E9 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 194
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATAGCAGCAACCTTCAGTGGGTG
TTCGGCGGAGGGACCAAG

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTCACCATCTCCTGCACCGCCAGCGGTGGCAGCATTGCCGACAACTTTGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTCTGATCTATGAC
3F1 TATAGTCGAAGACCCTATGGGGTCCCAGATCGGTTCTCTGGCTCCATCGAC 195
AGGTCCTCCAATTCTGCCTCCCTCACCGTCTCTGGACTGATGACTGAGGAC
GAGGCTGACTACTATTGTCAGTCTTATGATATCAGCAATCCGGTGTTCGGC
GGAGGGACCAAG

GAAACGACACTCACGCAGTCTCCAGGCACCCTGTCCTTGTCTCCAGGGGAA
AGCGCCACCCTCTCCTGCAGGGCCAGTCACAGTGATGGCAGGAATTACATT
GCCTGGTACCAGCAGACACCTGGCCAGGCTCCCAGGCTCCTCGTTTATGAT
3F11 | ACGTCGAACAGGGCCGCTGGCGTCCCAGACAGGTTCAGAGGCAGTGGGTCT 196
GGGACAGACTTCACTCTCACCATCAGCAGACTGGAGCCTGAGGATTTTGCA
GTTTATTTCTGTCATCAATTTCGGAGGTCCGTGTCCACTTTTGGCCAGGGG
ACCAAA

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCCGCAGCACTGACAGCATTGCCAGCAACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAA
3H7 GATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC 197
AGCTCCTCCAACTCAGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATGGCGTCAATCGCGGCGTGATA
TTCGGCGGAGGGACCAAG
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3H11

AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACG
GTAACCATCTCCTGCACCCGCAGCAGTGGCAACATTGCCAGTTACTATGTG
CAGTGGTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTGTGATCTATGAG
GATAACCAAAGACCTTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGAC
AGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGCAGACTGAGGAC
GAGGCTGACTACTACTGTCAGTCTTATGATCGTCCCAATCATGTGGTGTTC
GGCGGCGGGACCAGG

198

5A6

GACATCCAGTTGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTGGGACAC
AGAGTCACCATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTAAAT
TGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATTTATGCTGCA
TCCAGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGG
ACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCGACT
TACTACTGTCAACAGAGTTACAATCTTCCGCGCACTTTCGGCGGAGGGACC
ARG

199

6F8

GAAATTGTGCTGACTCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAA
AGAGCCACCCTCTCCTGCACGGCCAGTCAGACTATTAACAACAACTACTTA
GCCTGGTACCAGCAGAAACCTGGCCAGGGTCCCAGCCTCCTCATCTATGAT
GCATCCAGCAGGGCCACTGGCGTCCCAGACAGGTTCAGTGGCAGTGGGTCG
GGGACAGACTTCACTCTCACCATCAGCAGACTGGAGCCTGAAGATTTTGCA
GTGTATTACTGTCAGCAGTATGGAAGCTCGCCTCGGACGTTCGGCCAAGGG
ACCAAG

200

Table 6.

Light-chain CDR nucleotide sequences for human IgG1

Name

SEQ SEQ
CDR1 ID CDR2 ID CDR3
NO NO

SEQ
ID
NO

1A5

AGTGGCAGCATTGC CAGTCTTATGGCAG
CAGCCACTAT 201 | GRAGATAAC | 225 CGGCTTTGTGGTC

241

1A8

CAGAGTGTTTTATA
CAGCTCCAACAATA | 202 TGGGCTTCT | 226
AGAACTAC

CAGCAATATTATGG
TACTCCGTACACT

242

1B2

CAGTCTCATGATAC
203 | GAGGATAAT | 227 | CAGCCGTCAGGCGG
TT

GGTGGCAGGATTGC
CACCAACTAT

243

1B11

CAGAGCCTCCTGTA
TAGTAATGGATACA | 204 TTGGGTTCT | 228
ACTAT

ATGCAAGCTCTACA
AACCCCGTACACT

244

1c2

CAGAGCCTCCTGCA
TAGTAATGGATTCA | 205 TTGGGTTCT | 228
CCTAT

ATGCAAGGTATACA
AACCCCCCTCACT

245

1C3

CAGTCTTTTGATAG
206 | GAAGATGAC | 229 | CAGCATTCAACATG
TGGTC

AGCGGCAGCATTGC
CAGCTACTAT

246

1D12

AGTGGCAGCATTGC CAGTCTTATGATGG
CAGCAATTAT 207 | GRGGATAAC | 230 CAGCGCTTGGGTG

247




WO 2021/206636 PCT/SG2021/050195
55
CAGTCTTTTGATAG
1E5 AGTGGCAGGATTGC 208 | GAGGATACC | 231 | CGGCAATCAACGGG | 248
CAGCAACTAT
TGGTT
CAGTCCTATGACAA
AGCTCCAACATCGG
1r4 ACGTAATTTT 209 | AGGAATAAT | 232 | CAGCCTGTTTGTGG | 249
TA
AGTGGCAGCATTGC CAGTCTTATGATGA
1H7 CAGCAACTAT 210 | GAGGATAAC | 230 CATTCGGETG 250
CAGACTGTCGGCGG CAGCAGTATGCCAG
2C9 CAGCTAC 211 | GGTGCGTCC | 233 TTCACGGACG 251
GGAACGTGGGATAG
2C10 AGCTCCACCATTGG 212 | GACAATTAT | 234 | TAGGCTGAGTGTTG | 252
AACTAATTAT
GCGTG
CAGAGCATTAACAT CAACAGAGTTACAT
2C12 CTAT 213 | GCTGCATCC | 235 TACCCCTCAGACE 253
AGTGGCAGCATTGC CAGTCTTATGATAG
2b3 CAGCAACTAT 210 | GAGGATAAC | 230 CAGCAATTGGGTG 254
GGTGGCACCATTGG CAGTCTTATGATAG
267 CAGCAACTAT 214 | GRGGATRAC | 230 CAGCAATCGGGTG 253
GAATTCATTGGAGA CTGCAATATGATTC
2H4 TGAT 215 | GAGGCTCGT | 236 TTTCCCTCTCACT 256
GCTTCATTTTCATC
AGCAGTGACGTTGG
3A11 TACTTATAACTAT 216 | GATGTCAGT | 237 | CAGCAGCACTCTCT | 257
TAGTG
AGTGGCAGCATTGC CAGTCTTATGATAG
363 CAGCAACTAT 210 | GAGGATAAC | 230 CAGCAATTGGGTG 254
CAGTCTTATGATAG
AGTGGCAGCATTGC
3D2 CCGCARCTAT 217 | GAGGATAAC | 230 | GACCAATAAGAGGG | 258
TT
AGTGGCAACATTGC CAGTCTTATGATAA
b1l CAGCAACTAT 218 | GAGGATAAC | 230 TAACATTCAGGTG 259
CAGTCTTATGATAG
3E9 AGTGGCAGCATTGC 210 | GAGGATAAC | 230 | CAGCAACCTTCAGT | 260
CAGCAACTAT
GGGTG
GGTGGCAGCATTGC CAGTCTTATGATAT
SEl CGACAACTTT 219 | GACTATAGT | 238 CAGCAATCCGGTG 261
CACAGTGATGGCAG CATCAATTTCGGAG
3F11 GAATTAC 220 | GATACGTCG | 239 GTCCETGTCCACT 262
CAGTCTTATGATGG
3H7 ACTGACAGCATTGC 221 | GAAGATAAC | 225 | CGTCAATCGCGGCG | 263
CAGCAACTAT
TGATA
CAGTCTTATGATCG
AGTGGCAACATTGC
3H11 CAGTTACTAT 222 | GAGGATAAC | 230 | TCCCAATCATGTGG | 264
TG
CAGAGCATTAGCAG CAACAGAGTTACAA
5A6 CTAT 223 | GCTGCATCC | 235 TCTTCCGCGCACT 265
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6F8

CAGACTATTAACAA CAGCAGTATGGAAG
CAACTAC 224 | GRTGCATCC | 240 CTCGCCTCGGACG 266

Table 7.

Heavy chain variable domain nucleotide sequences for human IgG1

Name

SEQ
ID
NO.

Heavy chain variable domain sequences
(CDR sequences are in bold)

1A5

CAGGTGCAGCTGCAGGAGTCGGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCT
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGT
AGTGGTGGTAGCACATACTACGCAGACTCCGTGAAGGGCCGGTTCACCATCTC | 267
CAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCCG
AGGACACGGCCGTATATTACTGTGCGAAAGATTACTTCAGGTGGTTATGGGGC
CAGGGAACCCTG

1A8

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCT
GTCCCTCACCTGCACTGTCTCTGGTGTCTCCATCAGCAGTAGAAGTGACCACT
GGGGCTGGGTCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGAAGTATC
TCTTATAGTGGGAGCACCTACTACAACCCGTCCCTCAAGAGCCGAGTCACCAT | 268
ATCCGTAGACACCTCCAAGAACCAACTCTCCCTGAAGCTGAGCTCTGTGACCG
CCGCAGACACGGCTGTCTATTACTGTGCGAGACTCGCTTCCCTTTATTCTACT
TTTGATATCTGGGGCCACGGCACCCTG

1B2

CAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTTTCCTGCAAGGCATCTGGATACACCTTCACCAGCTACTATATGCACT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAATAATCAACCCT
AGTGGTGGTAGCACAAGCTACGCACAGAAGTTCCAGGGCAGAGTCACCATGAC | 269
CAGGGACACGTCCACGAGCACAGTCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGACTGGGGAGATGGCAGGGGATTTTGAC
TACTGGGGCCAGGGCACCCTG

1B11

GAAGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGGT
GAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCT
ATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATTAC | 270
CGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGAGACAACCCCGGGTATAGCAGCAGC
TGGTCCCCCAACTGGTTCGACCCCTGGGGCCAGGGAACCCTG

1c2

GAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCATCTGGATACACCTTCACCAGCTACTATATGCACT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAATAATCAACCCT
AGTGGTGGTAGCACAAGCTACGCACAGAAGTTCCAGGGCAGAGTCACCATGAC | 271
CAGGGACACGTCCACGAGCACAGTCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGCTCTTCGGCTGGTACGTTCTACTTT
GACTACTGGGGCCAGGGCACCCTG
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1C3

GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTTTCCTGCAAGGCATCTGGATACCCCTTCAGCACTTACTATATACACT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAATAATCGACCCT
AGTGGTGGTAGCACAAGCTACGCACAGAAGTTCCAGGGCAGAGTCACCATGAC
CAGGGACACGTCCACGAGCACAGTCTACATGGAGCTGAGGAGCCTAAGATCTG
ACGACACGGCCGTGTTTTACTGTGCGAGAGTTGCCGAGCAACACCTGGACTAC
TACTTTGACTACTGGGGCCAGGGAACCCTG

272

1D12

GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGGT
GAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCT
TACAATGGTAACACAAACTATGCACAGAAGCTCCAGGGCAGAGTCACCATGAC
CACAGACACATCCACGAGCACAGCCTACATGGAGCTGAGGAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGGCTTGAGTGGCTACGTGGTGCTTTT
GATATCTGGGGCCAAGGGACCACG

273

1ES5

GAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGGT
GAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCT
ATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATTAC
CGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGAGCGTTAGTCGGAAAGTGGTTATTA
CTACGGGGCTTTGACTACTGGGGCCAGGGAACCCTG

274

1Fr4

CAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCT
CTCACTCACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTT
GGAACTGGATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGAAGGACA
TACTACAGGTCCAAGTGGTATAATGATTATGCAGTATCTGTGAAAAGTCGAAT
AACCATCAACCCAGACACATCCAAGAACCAGTTCTCCCTGCAGCTGAACTCTG
TGACTCCCGAGGACACGGCTGTGTATTACTGTGCAAGAGAAAAGGGCATCGAA
GGGCCTGCGTTCGACCCCTGGGGCCAGGGAACCCTG

275

1H7

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCT
GCCCCTCACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCT
GGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGARATCAATCAT
AGTGGAAGCACCAACTACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGT
AGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGG
ACACGGCTGTGTATTACTGTGCGAGAGGGAGGTGGCTGCGGGGTGCTTTTGAT
ATCTGGGGCCAAGGGACAATG

276

2C9

CAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGGT
GAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAAGGATCATCCCT
ATCCTTGGTATAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATTAC
CGCGGACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGACATGGGGGGGTGGGAGCTACTACG
GGTTACTACTACATGGACGTCTGGGGCAAAGGGACCACG

277
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2C10

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCT
GTCCCTCACCTGCGGTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCT
GGATCCGCCAGTCCCCAGGGAAGGGGCTGGAGTGGATTGGGGARATCAATTAT
AGAGGAAACACCAACTACAACCCGTCTCTCAAGAGTCGAGTCACCATATCGGT
AGACACGTCCAAARAACCAGTTCTCCCTAAACGTGAACTCTGTGACCGCCGCGG
ACACGGCTGTGTATTATTGTGCGAGATGGGACGGTGGTAACTCCGTGGACCAC
TGGGGCCAGGGAACCCTG

278

2C1z2

CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGCTATGCACT
GGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATCATAT
GATGGAAGTAATAAATACTATGCAGACTCCGTGAAGGGCCGATTCACCATCTC
CAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCTG
AGGACACGGCTGTGTATTACTGTGCGAGAGGGGGACGATTCCACTACTACTAC
TATGCCATGGACGTCTGGGGCCAAGGGACCACG

279

2D3

GAGGTCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGGT
GAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCCCT
ATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGATTAC
CGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGCAGTGGCTGGTTAAGGGGTGCTTTT
GATATCTGGGGCCAAGGGACAATG

280

2G7

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCT
GTCCCTCACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCT
GGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGARAATCAATCAT
AGTGGAAGCACCAACTACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGT
AGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGG
ACACGGCTGTGTATTACTGTGCGAGAGGGAAATGGTTACGGGGTGCTTTTGAT
ATCTGGGGCCAAGGGACAATG

281

2H4

CAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGACGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCAGCGGCTACTATATACACT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGGCGGGTCAACCCT
AATAGTGGTGGCACAAAGTATGCACAGAAGTTTCAGGACAGGGTCACGTTGAC
CAGGGACACGTCCATCAGTACTGCCTACATGGAATTGACCAGTCTGAGATCTG
ACGACACGGCCATGTATTTCTGTGCGAGAGGTGGCAGGCCCGGTTTACCTGCA
GCTGGCTATATTGACTACTGGGGCCAGGGCACCCTG

282

3All

GAGGTCCAGCTGGTACAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGTTACACGTTTAGCACCTATGATATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCACT
TACAATGGTGACACAAACTATGCACAGAAGTTCCAGGGCAGAGTCACCATGAC
CACAGACACGTCCACGAGCACAATCTACATGGAGCTGAGGAGCCTGAGATCTG
ACGACACGGCCGTCTATTACTGTGCGAGGGGAGATAGCAGTGTCGGGTACGAA
TACTTCCAACACTGGGGCCAGGGAACCCTG

283




WO 2021/206636

59

PCT/SG2021/050195

3C5

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCT
GTCCCTCACCTGCGGTGTCTATGGTGGGTCCTTAAGTGGTTACTACTGGAGCT
GGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGARAATCAATCAT
AGTGGAAGCACCAACTACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGT
AGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGG
ACACGGCTGTGTATTACTGTGCGAGACGGTGGTGGCTACGAGGTGCTTTTGAT
ATCTGGGGCCAAGGGACCACG

284

3D2,
3D11

CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCT
GTCCCTCACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCT
GGATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGGGAAATCAATCAT
AGTGGAAGCACCAACTACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGT
AGACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGG
ACACGGCTGTGTATTACTGTGCGAGACGGTGGTGGCTACGAGGTGCTTTTGAT
ATCTGGGGCCAAGGGACCACG

285

3E9

GAAGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCT
TACAATGGTAACACAAACTATGCACAGAAGCTCCAGGGCAGAGTCACCATGAC
CACAGACACATCCACGAGCACAGCCTACATGGAGCTGAGGAGCCTGAGATCTG
ACGACACGGCCGTGTATTACTGTGCGAGAGGCATTATTACTATGATATCGGAC
TACTGGGGCCAGGGAACCCTG

286

3F1

CAGGTGCAGCTGGTGCAATCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGGCATGCACT
GGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATCATAT
GATGGAAGTAATAAATACTATGCAGACTCCGTGAAGGGCCGATTCACCATCTC
CAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCTG
AGGACACGGCTGTGTATTACTGTGCGAGAGACGGTGGGGGAGGTATGGACGTC
TGGGGCCAAGGGACCACG

287

3F11

GAGGTCCAGCTGGTACAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTCTCCTGCAAGGCTTCTGGTTACACCTTTAGCAGCTCTGGTATCAGCT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCACT
TACAATGGTAACACAAACTATGCACAGAATTTCCAGGGCAGAGTCACCATGAC
CACAGACACGTCCACGAGCACAGTCTACATGGAGTTGAGGGGCCTGACATCTG
ACGACACGGCCGTGTATTACTGTGCTACGAGTATAGCGGTGGCTGGTATTGAC
TACTGGGGCCAGGGCACCCTG

288

3H7

CAGGTGCAGCTGGTGCAATCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCT
GAGACTGTCCTGTGCAGCGTCTGGATTCACCTTCAGTAACTATGGCATGCACT
GGGTCCGCCAGGCTCCGGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGCAT
GATGGAACCAATAAATACTATGCAGACTCCGTGAAGGGCCGATTCACCGTCTC
CAGAGACAATTCGAAGAACACTCTGTATTTGCAAATGGACACTCTGAGAGCCG
AGGACACGGCTGTGTATTACTGTGTGAGAGATCAGGGGGCCGGTGTTTGGAAT
GGTTATTCCTACTGGGGCCAGGGAACCCTG

289
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CAGGTGCAGCTGGTGCAATCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGT
GAAGGTTTCCTGCAAGGCATCTGGATACACCTTCACCAGCTACTATATGCACT
GGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAATAATCAACCCT
3H11 | AGTGGTGGTAGCACAAGCTACGCACAGAAGTTCCAGGGCAGAGTCACCATGAC | 290
CAGGGACACGTCCACGAACACAGTCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGCTCAGTAGTACCAGCTGCTATTTAC
GACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG

CAGGTGCAGCTGCAGGAGTCGGGGGGAGGCTTGGTACAGCCTGGAGGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGTTATGAAATGAACT
GGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATCATAT
S5A6 GATGGAAGCAATAAATACTACGCAGACTCCGTGAAGGGCCGATTCACCATCTC | 291
CAGAGACAATGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCCG
AGGACACGGCTGTGTATTACTGTGCGAGACTGATTACTATGGTTCGGGGAGAG
GACTACTGGGGCCAGGGCACCCTG

CAGGTGCAGCTGGTGGAGTCCGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCT
GAGACTCTCCTGTGCAGCCTCTGGGTTCACCGTCAGTAGCAACTACATGAGCT
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCTCAGTTATTTATAGC
6F8 GGTGGTAGCACATACTACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAG | 292
AGACAATTCCAAGAACACGCTGTATCTTCAAATGAACAGCCTGAGAGCCGAGG
ACACGGCCGTGTATTACTGTGCGAGAGACTACGGTGACTATTACTTTGACTAC
TGGGGCCAGGGCACCCTG

Table 8. Heavy-chain CDR nucleotide sequences for human IgG1

SEQ SEQ SEQ
Name CDR1 ID CDR2 ID CDR3 ID
NO. NO. NO.
ATTAGTGGTAG
GGATTCACCTTTAG GCGAAAGATTAC
1AS CAGCTATGCC 293 giGTGGTAGCA 310 TTCAGGTGGTTA 327
GGTGTCTCCATCAG GCGAGACTCGCT
1A8 CAGTAGAAGTGACC | 294 ?ggggggig?G 311 TCCCTTTATTCT | 328
AC ACTTTTGATATC
ATCAACCCTAG GCGACTGGGGAG
1B2 g;ég?i?;;gTCAC 295 TGGTGGTAGCA | 312 ATGGCAGGGGAT | 329
CA TTTGACTAC
GCGAGAGACAAC
ATCATCCCTAT CCCGGGTATAGC
1B11 giégg;?gggTCAG 296 | CTTTGGTACAG | 313 AGCAGCTGGTCC | 330
CA CCCAACTGGTTC
GACCCC
ATCAACCCTAG GCGAGCTCTTCG
1C2 ggég?;?g;gTCAC 295 TGGTGGTAGCA | 312 GCTGGTACGTTC | 331
CA TACTTTGACTAC
ATCGACCCTAG
GGATACCCCTTCAG GCGAGAGTTGCC
1es CACTTACTAT 297 giGTGGTAGCA 314 GAGCAACACCTG 332
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GACTACTACTTT
GACTAC
ATCAGCGCTTA GCGAGGCTTGAG
1D12 giégg;?gggTCAG 296 CAATGGTAACA | 315 TGGCTACGTGGT | 333
CA GCTTTTGATATC
GGAGGCACCTTCAG ATCATCCCTAT gggégiiigggé
1ES CAGCTATGCT 296 EZTTGGTACAG 313 TTATTACTACGG 334
GGCTTTGACTAC
GGGGACAGTGTCTC ACATACTACAG gg@i?@iAAGGg
1r4 TAGCAACAGTGCTG | 298 GTCCAAGTGGT | 316 335
o ATAAT CCTGCGTTCGAC
CcC
GCGAGAGGGAGG
17 | GEIGGGICCITCAG | 5o | ATCAMICATAG | 515 | 1cionceaacar | 336
GCTTTTGATATC
GCGAGACATGGG
ATCATCCCTAT GGGGTGGGAGCT
2C9 giégg;?gggTCAG 296 CCTTGGTATAG | 318 ACTACGGGTTAC | 337
CA TACTACATGGAC
GTC
GCGAGATGGGAC
GGTGGGTCCTTCAG ATCAATTATAG
2C10 299 319 GGTGGTAACTCC | 338
TGGTTACTAC AGGAAACACC GTGGACCAC
GCGAGAGGGGGA
sc12 GGATTCACCTTCAG 300 ?gé;;égiigi 320 CGATTCCACTAC 339
TAGCTATGCT AR TACTACTATGCC
ATGGACGTC
ATCATCCCTAT GCGAGCAGTGGC
2D3 Siégg;?gggTCAG 296 CTTTGGTACAG | 313 TGGTTAAGGGGT | 340
CA GCTTTTGATATC
GCGAGAGGGAAA
sy |GEIGGGICCTICAG | 5q, | BICABICRIAG | 15 | nicrmacaceor | 341
GCTTTTGATATC
GCGAGAGGTGGC
GTCAACCCTAA
GGATACACCTTCAG AGGCCCGGTTTA
2H4 CGGCTACTAT 301 giGTGGTGGCA‘ 321 CCTGCAGCTGGC 342
TATATTGACTAC
GGTTACACGTTTAG ATCAGCACTTA zggigggiﬁgég
SALL CACCTATGAT 302 giATGGTGACA 322 TACGAATACTTC 343
CAACAC
GCGAGACGGTGG
sc5 |GGTGGGICCITAAG | 4o, | ATCAATCATAG | 315 | rGcomnconcor | 344
GCTTTTGATATC
GCGAGACGGTGG
3D2, GGTGGGTCCTTCAG 299 ATCAATCATAG 317 TGGCTACGAGET | 344
3D11 | TGGTTACTAC TGGAAGCACC GCTTTTGATATC
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62
ATCAGCGCTTA GCGAGAGGCATT
3E9 g;gg?g?gggTTAC 304 | CAATGGTAACA | 315 | ATTACTATGATA | 345
cA TCGGACTAC
ATATCATATGA GCGAGAGACGGT
371 iiéggg?gggTCAG 305 | TGGAAGTAATA | 320 | GGGGGAGGTATG | 346
AR GACGTC
ATCAGCACTTA GCTACGAGTATA
3F11 giggig?gggTTAG 306 | CAATGGTAACA | 323 | GCGGTGGCTGGET | 347
CcA ATTGACTAC
GGATTCACCTTCAG ATATGGCATGA gggiﬁéé@ié?i
SH7 | rancTaTcae 307 ;;GAACCAATA 324 | peeaaTcerTaT | S48
TCCTAC
GCGAGCTCAGTA
ATCAACCCTAG GTACCAGCTGCT
3611 gzégigﬁgggTCAC 295 | TGGTGGTAGCA | 312 | ATTTACGACTAC | 349
cA TACTACGGTATG
GACGTC
ATATCATATGA GCGAGACTGATT
586 ?géggg?gngCAG 308 | TGGAAGCAATA | 325 | ACTATGGTTCGG | 350
AR GGAGAGGACTAC
GCGAGAGACTAC
GGGTTCACCGTCAG ATTTATAGCGG
6F8 309 326 | GGTGACTATTAC | 351
TAGCAACTAC TGGTAGCACA sy

It will be appreciated by a person skilled in the art that other variations
and/or modifications may be made to the embodiments disclosed herein without
departing from the spirit or scope of the disclosure as broadly described. For
example, in the description herein, features of different exemplary embodiments
may be mixed, combined, interchanged, incorporated, adopted, modified,
included etc. or the like across different exemplary embodiments. The present
embodiments are, therefore, to be considered in all respects to be illustrative and

not restrictive.

DETAILED DESCRIPTION OF FIGURES

Example embodiments of the disclosure will be better understood and
readily apparent to one of ordinary skill in the art from the following discussions
and if applicable, in conjunction with the figures. It should be appreciated that

other modifications within the purview of the skilled person in the art may be made



10

15

20

25

30

WO 2021/206636 63 PCT/SG2021/050195

without deviating from the scope of the invention. Example embodiments are not
necessarily mutually exclusive as some may be combined with one or more
embodiments to form new exemplary embodiments. The example embodiments
should not be construed as limiting the scope of the disclosure.

FIG. 1 shows binding ELISA of supernatants of 27 Fab clones to the
antigen protein of biotinylated RBD-mFc. The 27 Fab clones were tested in a
binding ELISA assay to assess their antigen binding to biotinylated RBD with a
mouse Fc tag and detected by goat-anti-human Fab-HRP. In this assay, the
clones were tested with 70 ul of 0.2 pug/ml Biotinylated SARS-CoV-2 RBD_mFC,
total 14 ng per well.

FIG. 2 shows blocking of spike RBD protein binding to ACE2-His by
supernatants of 27 Fab clones. The 27 Fab clones were tested in an ELISA assay
to assess their potency in blocking spike protein binding to the recombinant ACE2
protein (ACE2 with His tag), with an irrelevant Fab clones used as a negative
control. In this assay, the clones were tested with 100 pl of 0.5 nM Biotinylated
SARS-CoV-2 RBD_mFC, total 0.05 pmol per well.

FIG. 3 shows binding ELISA of 19 IgGs to the antigen protein of
biotinylated RBD-mFc. The 19 antibody clones were tested in a binding ELISA
assay to assess their antigen binding to biotinylated RBD with a mouse Fc tag,
and detected by anti-human Fc-HRP, with an irrelevant IgG1 used as a negative
control antibody. In this assay, the clones were tested with 70 ul of 0.2 pg/ml
Biotinylated SARS-CoV-2 RBD_mFC, total 14 ng per well.

FIG. 4 shows blocking of spike RBD protein binding to ACE2-Fc by 19
IgGs. The 19 antibody clones were tested in an ELISA assay to assess their
potency in blocking spike protein binding to the recombinant ACE2 protein (ACE2
with human Fc tag), with an irrelevant IgG used as a negative control antibody.
In this assay, the clones were tested with 100 pl of 0.5 nM Biotinylated SARS-
CoV-2 RBD_mFC, total 0.05 pmol per well.

FIG. 5 shows competition of RBD-binding between ACEZ2 and six IgGs by
Bio-Layer Interferometry assay. A weak blocking 1gG clone 1C3 (black line) was
included as a negative control.
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FIG. 6 shows binding avidity of six IgGs to the RBD by Bio-Layer
Interferometry assay. A range of IgG concentration from 12.5 nM to 0.39 nM (in
2-fold dilutions) are shown for each IgG. The sensorgrams are in grey lines and
curve fittings are in black. Results shown are a representative of two independent
experiments.

FIG. 7 shows binding avidity of six IgG antibodies to SARS-CoV-2 (circle)
and SARS-CoV (triangle) spike RBD proteins tested by ELISA. The 6 antibody
lgG clones 1F4, 2H4, 3D11, 3F11, 5A6 and 6F8 were tested in a binding ELISA
assay to assess their antigen binding to biotinylated SARS-CoV-2 RBD with a
mouse Fc tag as well as biotinylated SARS-CoV RBD with a His tag and detected
by anti-human Fc-HRP. In this assay, the antibodies were tested with 70 pl of 0.2
pg/ml Biotinylated SARS-CoV-2 RBD_mFC, total 14 ng per well or 70 pl of 0.2
ug/ml Biotinylated SARS-CoV RBD_His, total 14 ng per well.

FIG. 8 shows epitope binding of 5A6 by Bio-Layer Interferometry (BLI)
analysis. Buffer alone, an irrelevant antibody (AB) and 5A6 IgG were included
as controls.

FIG. 9 shows binding affinity of five Fab clones to SARS-CoV-2 Spike RBD
protein measured by Bio-Layer Interferometry. Fab binding to immobilized Fc-
RBD was tested using a range of Fab concentrations from 100 nM to 3.125 nM
(in 2-fold dilution). A representative set of measurements is shown with
sensorgrams in grey and curve fittings in black.

FIG. 10 shows binding of the 6 IgG antibodies (solid lines) and 5A6 Fab
(dashed line,) to the purified SARS-CoV-2 pseudovirus. In this assay, the
antibodies were tested with 70 pl of 1 pug/ml of pseudoviral particles, total 70 ng
per well.

FIG. 11 shows SARS-CoV-2 pseudotyped virus neutralization assay by 19
IgGs. The 19 antibody clones were tested in a pseudotyped virus neutralization
assay to assess their potency in neutralizing pseudotyped virus entry to ACE2
expression cells.

FIG. 12 shows neutralization of the SARS-CoV-2 and SARS-CoV
pseudotyped viruses by anti-SARS-CoV-2 spike RBD IgG and Fab antibodies.
(A) Infection of CHO-ACEZ2 cells by SARS-CoV-2 pseudovirus were determined



10

15

20

25

30

WO 2021/206636 65 PCT/SG2021/050195

in the presence of 1F4, 2H4, 3D11, 3F11, 5A6 and 6F8 IgG antibodies. (B)
Infection of CHO-ACE2 cells by SARS-CoV pseudovirus were determined in the
presence of 1F4, 2H4, 3D11, 3F11, 5A6 and 6F8 IgG antibodies. (C) Infection of
CHO-ACEZ2 cells by SARS-CoV-2 pseudovirus were determined in the presence
of 1F4, 2H4, 3D11, 3F11, and 5A6 Fab antibodies. (D) Infection of CHO-ACE2
cells by SARS-CoV pseudovirus were determined in the presence of 1F4, 2H4,
3D11, 3F11, and 5A6 Fab antibodies. Luciferase activities in the CHO-ACE2 cells
were measured, and the percent neutralization was calculated. Data are
presented as means * SEM in triplicates and are representative of two
independent experiments. The ICso values shown in (A) and (C) were calculated
by a variable slope four parameter non-linear regression model without or *with
top and bottom constrains set at 100% and 0% respectively.

FIG. 13 shows binding avidity of 5A6 IgG (A) and 3D11 IgG (B) to the
wildtype RBD and RBD mutants measured by biolayer interferometry. A range of
5A6 and 3D11 IgG concentrations from 12.5 nM to 0.39 nM (in 2-fold dilutions)
are measured for each experiment. The sensorgrams are in grey lines and curve
fittings are in black.

FIG. 14 shows neutralization of the SARS-CoV-2 pseudovirus with either
wildtype (WT) or RBD mutations by 5A6 (A) and 3D11 (B) IgGs. Data are
presented as means + SEM in triplicates and are representative of two
independent experiments.

FIG. 15 shows anti-SARS-CoV-2 Spike RBD IgG antibodies affect trypsin
induced cell syncytia formation. Vero E6 cells were transfected with furin
recognition mutation of SARS-CoV-2 S-protein (R682RAR to A682AAR)-GFP.
After 48 hours, the cell culture medium was changed to DMEM (no serum) and
treated with or without antibodies and incubated for 1 hour at 37°C. The cells
were then treated with or without trypsin 15 pg/ml for 2 hours at 37°C. Cells were
fixed with 4%PFA and stained with DAPI. (A) 5A6 IgG (20 pg/ml), 5A6 Fab (20
pg/ml), 3D11 IgG (20 pg/ml) and 2H4 1gG (10 pg/ml) treated S-protein expressing
Vero E6 cell images in 10x, 20x and 40x objective view. Images were taken by
Olympus confocal microscope. (B) Dosage response of 5A6 1gG, 5A6 Fab, 3D11
IgG and 2H4 1gG. S-protein expressing Vero E6 were treated with 0, 0.1, 0.5, 2,
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10 pg/ml of each antibody. 2x105 cells/sample were used for transfection of 5A6
lgG dosage response. 1.6x10° cells/sample were used for transfection of 5A6
Fab, 2H4 IgG and 3D11 IgG. Data quantification were calculated on syncytia
numbers and nuclei number presented in each syncytium.

FIG. 16 shows the amino acid sequences of the antibodies as described
herein. CDRs are shaded and identified consecutively as CDR1 (first shaded
region), CDR2 (second shaded region), and CDR3 (third shaded region).

FIG. 17 shows the nucleotide sequences of the antibodies as described
herein. CDRs are shaded and identified consecutively as CDR1 (first shaded
region), CDR2 (second shaded region), and CDRS (third shaded region).

EXPERIMENTAL SECTION

A newly identified novel coronavirus (SARS-CoV-2) is causing
pneumonia-associated respiratory syndrome across the world. Epidemiology,
genomics, and pathogenesis of the SARS-CoV-2 show high homology with that
of SARS-CoV. Current efforts are focusing on development of therapeutic agents
for the treatment of coronavirus disease 2019 (COVID-19).

Like SARS-CoV, SARS-CoV-2 also uses the angiotensin converting
enzyme |l (ACE2) as the cell entry receptor. During infection, the spike
glycoprotein on coronavirus envelope is responsible for host cell attachment,
receptor binding, and for mediating host cell membrane and viral membrane
fusion. The spike protein contains an amino-terminal S1 unit and a carboxyl-
terminal S2 subunit. The receptor binding domain (RBD) within the S1 subunit of
SARS-CoV-2, which mediates the virus binding to ACE2, is believed to be critical
in mediating virus entry into the infected cells. Hence, there is a need to develop
therapeutic neutralizing antibodies which can potently bind to RBD of SARS-CoV-
2 spike protein and therefore, to prevent infection by blocking the live viral
particles from entering the susceptible cells expressing ACE2.

Nucleotide and amino acid sequences for 27 fully human monoclonal
antibodies, derivatives thereof, or antigen-binding portions thereof disclosed
herein, are able to specifically target/bind SARS-CoV-2 spike protein RBD and
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mediate neutralization of virus entry into cells and hence block viral infections.
Namely, the antibodies are 1A5, 1A8, 1B2, 1B11, 1C2, 1C3, 1D12, 1E5, 1F4,
1H7, 2C9, 2C10, 2C12, 2D3, 2G7, 2H4, 3A11, 3C5, 3D2, 3D11, 3E9, 3F1, 3F11,
3H7,3H11, 5A6, and 6F8. The antibodies, derivatives thereof, or antigen-binding
portions thereof disclosed herein are able to specifically target/bind SARS-CoV-

2 spike protein RBD both in solution and on the surface of the pseudotyped virus.

Materials and Methods for converting Fab sequences to IgG antibodies and
production of IgG antibodies

Fabs were reformatted into human IgG in the pTT5 vector (National
Research Council of Canada) by using In-Fusion HD Cloning kit (Takara Bio) and
the IgG antibodies were expressed using ExpiCHO expression system (Thermo
Fisher Scientific) by transient co-transfection of plasmids expressing the heavy
and light chain of each antibody clone. Eight days after transfection, ExpiCHO-S
cell suspension was centrifuged for 10 min at 2000 rpm and filtered with 0.22 pm
filter to remove the cells and debris. Antibodies were then purified from the culture
supernatant using Protein G Agarose (Merck Millipore, Cat#16-266) following the
manufacturer’s instructions. After elution, the purified antibodies were dialyzed at
4°C for 4-20 hours against 1x PBS, for 3 times and concentrated to 1-2 mg/mi
using 10MWCO Vivaspin 20 (Sartorius, Cat#VS2001).

Antibodies characterisation and tests

Recombinant SARS-CoV-2 spike protein RBD domain with a mouse Fc
tag (RBD-mFc) was used to isolate binders from a library of Fab sequences
constructed by SIgN, using phage display technology. Out of 570 clones
screened, 48 clones showing the positive Fab supernatant binding signals to
RBD-mFc¢ and potent antigen-receptor (RBD-ACEZ2) blocking were sequenced
and 27 unique sequences were identified: 1A5, 1A8, 1B2, 1B11, 1C2, 1C3, 1D12,
1E5, 1F4, 1H7, 2C9, 2C10, 2C12, 2D3, 2G7, 2H4, 3A11, 3C5, 3D2, 3D11, 3E9,
3F1, 3F11, 3H7, 3H11, 5A6, and 6F8 (FIG. 16, FIG. 17). The results of binding
ELISA and antigen-receptor blocking ELISA using Fab supernatants for the 27
unique clones were shown in FIG. 1 and FIG. 2, respectively.
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Out of 27 unique clones, 19 clones were selected and cloned into 1gG1
format for further characterisation: 1A8, 1B11, 1C2, 1C3, 1E5, 1F4, 2C12, 2H4,
3A11, 3C5, 3D2, 3D11, 3E9, 3F1, 3F11, 3H7, 3H11, 5A6, and 6F8.

The 19 antibody clones were tested in ELISA against biotinylated
recombinant SARS-CoV-2 spike protein RBD-mFc to assess binding avidity for
the target, with an irrelevant IgG1 used as a negative control antibody. In brief,
neutravidin was coated at 5ug/ml onto the 96-well ELISA plates in coating buffer
overnight at 4°C. After blocking with casein for 2 hours, biotinylated antigen of
spike protein RBD-mFc at 0.2 ug/ml was added to the plates and captured by
neutravidin during 1-hour incubation at room temperature. After washing with
0.05% PBST for 5 times, 19 antibody IgGs were added at different concentrations
with 3 times dilutions and incubated for 1 hour. The wells were then washed again
with PBST, followed by addition of HRP conjugated anti-human Fc (1:3000). The
results showed dose dependent antigen binding of all 19 IgG clones (FIG. 3).

Next, the 19 antibody clones were tested in an ELISA to assess their
abilities in blocking spike protein RBD binding to human ACE2 protein. In brief,
the recombinant human ACE2 protein with human Fc tag (ACE2-Fc) was coated
onto the 96-well ELISA plates in coating buffer overnight at 4°C and blocked in
casein. Then different concentrations of IgGs with 3 times dilutions were pre-
incubated with 0.5nM biotinylated spike protein RBD-mFc for 1 hour at room
temperature before they were added to the ELISA plates coated with ACE2-Fc.
After 1-hour incubation, the wells were washed with 0.05% PBST for 5 times and
HRP conjugated goat-anti-mouse antibody was added at a dilution of 1:3000. The
results in FIG. 4 showed dose dependent blocking of antigen-receptor binding by
most IgG1 clones except for 1C3. Out of 18 clones showing capacities of
blocking, 5A6 stands out as the most potent clones with a IC50 of 0.3 nM.

Out of the 19 IgGs, 6 antibody clones 1F4, 2H4, 3D11, 3F11, 5A6 and 6F8
also showed potent blocking (FIG. 5) and strong binding avidity (FIG. 6) as
measured by the Bio-Layer Interferometry (BLI) assay, and hence were chosen
for further detailed characterizations.

To test if any of these six antibody clones cross-react with SARS-CoV
RBD, an avidity binding ELISA was performed for both SARS-CoV-2 and SARS-
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CoV RBD proteins. Interestingly, only 3D11 was able to cross react with SARS-
CoV spike RBD, although the binding was much weaker (FIG. 7). The data
suggested that 3D11 recognized a distinct epitope that is different from the other
5 antibodies and is conserved between SARS-CoV-2 and SARS-CoV. Indeed,
stepwise binding assay by BLI confirmed that 5A6 and 3D11 had non-overlapping
footprints on the RBD while 5A6 shared overlapping epitopes with the other 4
antibodies (FIG. 8).

The present inventors also produced Fab antibodies for clone 1F4, 2H4,
3D11, 3F11 and 5A6 and measured their binding affinity to SARS-CoV-2 spike
RBD protein by BLI (FIG. 9). A comparison of Kb of Fab binding (affinity) and

apparent Ko of IgG binding (avidity) was also compared and shown in Table 9.

Table 9. Kp of Fab and apparent Ko of IgG measured by Bio-Layer
Interferometry (BLI).

Clone ID (Kb (M) of Fab Apparent Kp (M) of
IgG

1F4 8.02+1.09 x 108 <1 x10712

2H4 4.7240.91 x 108 1.3940.09 x 10710
3D11 1.64+0.06 x 10°° <1 x 1072

3F11 1.20+0.07 x 10”7 2.73+2.21 x 10710
5A6 7.61+0.07 x 10°° 1.73+0.47 x 10710
6F8 Not measured 4.76+0.89 x 10-1°

Kb of Fab based on 1:1 Langmuir fitting and apparent Kp of IgG based on
1:2 bivalent analyte fitting of BLI sensorgrams for immobilized Fc-RBD. Values
are the Mean = SD of two independent experiments

Next, the SARS-CoV-2 pseudotyped virus was purified by gradient
centrifugation and immobilized the viral particles on the ELISA plates to test if the
antibodies as disclosed herein also bind efficiently to the natural RBD displayed
on the viral surface. Concentration-dependent binding curves of the 5 IgG clones
(1F4, 2H4, 3D11, 3F11, and 5A6) revealed that 5A6 was packed on the viral
surface at a much higher density than the other 4 antibodies and 5A6 Fab
antibody, as shown by the higher optical signal (FIG. 10).
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SARS-CoV-2 pseudotyped virus neutralization assay

The present disclosure tested the function of the 19 IgG antibody clones
in neutralizing a pseudotyped virus particles expressing the spike protein of
SARS-CoV-2. Briefly, serially diluted 1gG antibodies were pre-incubated with an
equal volume of pseudotyped virus (12 ng equivalent of p24) for 1 hour before
the mixture was added to the monolayer of pre-seeded CHO-ACEZ2 cells. After 1
hour of pseudotyped virus infection, culture medium was topped up for further
incubation of cells for another 48 hours. Then the cells were washed with PBS
and lysed in Passive Lysis Buffer and the luciferase assay was performed using
the Luciferase Assay System (Promega). The luciferase reading corresponds to
the amount of entry of pseudotyped virus particles into the susceptible cells. The
results showed that clone 1F4, 5A6, 3F11, 2H4 could potently neutralize the cell
entry of pseudotyped virus (FIG. 11). Next, a neutralization assay using both
SARS-CoV-2 and SARS-CoV pseudotyped virus was performed with the 6 1gG
clones 1F4, 2H4, 3D11, 3F11, 5A6 and 6F8. All 6 antibodies showed dose-
response neutralization (FIG. 12A). 5A6 strongly neutralized the SARS-CoV-2
pseudovirus with an ICso of 75.5 ng/ml, followed by 1F4 (108 ng/ml), 2H4 (109
ng/ml), 6F8 (428.3 ng/ml), and 3F11 (930.4 ng/ml). Interestingly, while 3D11
neutralized SARS-CoV-2 pseudovirus, the neutralization did not follow the typical
sigmoidal dose response, suggesting a unique mechanism of inhibition.
Consistent with the binding results, none of these antibodies showed significant
neutralization to the SARS-CoV pseudotyped virus (FIG. 12B), suggesting high
specificity of the antibodies as disclosed herein to the SARS-CoV-2. Interestingly,
although 3D11 was able to bind weakly to the SARS-CoV RBD (FIG. 7), it was
unable to neutralize the SARS-CoV pseudotyped virus to a significant extent. In
addition, neutralization potency of both SARS-CoV-2 and SARS-CoV
pseudotyped virus was also performed in the presence of 5 Fab clones 1F4, 2H4,
3D11, 3F11 and 5A6 (FIG. 12C and 12D).

Sensitivity of 5A6 and 3D11 to RBD mutations
Of more than 40,000 SARS-CoV-2 genomes sequenced, mutations that
resulted in amino acid changes in 6 positions at or near the ACE2 interface have
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been isolated. These include N439K in 246 samples (244 Scottish, 1 England, 1
Romania), V483A in 30 samples (26 USA/WA, 2 USA/UN, 1 USA/CT, 1 England),
G476S in 18 samples (13 USA/WA, 2 USA/OR, 1 USA/ID, 1 USA/CT, 1 Belgium),
S494P in 7 samples (3 USA/MI, 1 England, 1 Spain, 1 India, 1 Sweden), V483l
in 2 English samples, and L455I together with F456V in one Brazilian sample.

To determine if any of these mutant viruses could escape neutralization by
5A6 or 3D11, the recombinant mutant RBD proteins were produced to determine
changes in binding avidity. 5A6 IgG had a 4-fold reduction in binding avidity to
the V483A mutation while insensitive to the other 5 mutations (FIG. 13A).
Consistent with the binding results, 5A6 significantly lost neutralizing capacity
against the V483A mutant pseudovirus. However, 5A6 largely retains activity
against the other variants, including the D614G mutation that has spread at an
alarming rate and become the dominant pandemic strain with a global frequency
of 70.5% (GISAID), since its first identification in Europe in March 2020 (FIG.
14A). Interestingly, 3D11 binding was not affected by any of these mutations
(FIG. 13B), but its neutralizing potency against the D614G mutant was partially
reduced (FIG. 14B). The difference between the activity profiles of 5A6 and 3D 11
could be explained by the different epitopes recognized by each antibody (FIG.
8). Hence, 3D11 could potentially rescue the loss of potency by 5A6 in
neutralizing mutant virus strain bearing V483A mutation, when these two
antibodies are used as a combination.

5A6 IgG blocks cell-cell fusion

Using a trypsin-triggered cell-cell fusion assay, the impact of the anti-
SARS-CoV-2 spike RBD antibodies on syncytia formation was assayed. The 5A6
IgG has an inhibitory effect on syncytia in a dose dependent manner (FIG. 15B),
by contrast 2H4 1gG has no significant effect. Surprisingly, 3D11 potentiates cell-
cell fusion. Furthermore, 5A6 Fabs also enhanced syncytial fusion, albeit weakly
(FIG.15A). Thus, it was concluded that 5A6 IgG directly inhibits Spike-mediated
fusion, while other receptor blocking antibodies fail to inhibit or even accelerate
this process. This observation also suggests that the 5A6 epitope and its binding
mode combine efficient receptor blockade and cooperative, avid binding with
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conformational trapping of the pre-fusion state, prohibiting the post-fusion
transition and preventing both targeted viral fusion and cell-cell fusion mediated

by spike protein.



