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ABSTRACT

Background: Rapid deployment of technologies capable of high-throughput and high-resolution screening is
imperative for timely response to viral outbreaks. Risk mitigation in the form of leveraging multiple advanced
technologies further increases the likelihood of identifying efficacious treatments in aggressive timelines.
Methods: In this study, we describe two parallel, yet distinct, in vivo approaches for accelerated discovery of
antibodies targeting the severe acute respiratory syndrome coronavirus-2 spike protein. Working with human
transgenic Alloy-GK mice, we detail a single B-cell discovery workflow to directly interrogate antibodies
secreted from plasma cells for binding specificity and ACE2 receptor blocking activity. Additionally, we
describe a concurrent accelerated hybridoma-based workflow utilizing a DiversimAb™ mouse model for
increased diversity.
Results: The panel of antibodies isolated from both workflows revealed binding to distinct epitopes with both
blocking and non-blocking profiles. Sequence analysis of the resulting lead candidates uncovered additional
diversity with the opportunity for straightforward engineering and affinity maturation.
Conclusions: By combining in vivo models with advanced integration of screening and selection platforms,
lead antibody candidates can be sequenced and fully characterized within one to three months.

Statement of Significance Rapid antibody discovery methods for functional lead candidates using in
vivo techniques and high-throughput single cell platforms.

KEYWORDS: beacon; single B cell; carterra; epitope binning; neutralizing antibodies; therapeutic; human
antibody; COVID

INTRODUCTION

The pandemic caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), or coronavirus disease 2019
(COVID-19), has received unprecedented attention from
the scientific community in an effort to rapidly develop effi-
cacious treatments and vaccines. Within weeks of the emer-
gence of viral pneumonia outbreaks in Wuhan, China, deep
sequencing had identified the cause [1], and the resulting
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mobilization of widespread therapeutic and prophylactic
discovery efforts ensued. The response to the COVID-19
pandemic mirrored that of other recent viral outbreaks,
including, but not limited to, H1N1 influenza in 2009 [2],
Ebola Virus in 2014 [3, 4] and Zika Virus in 2015 [5].
Lessons learned from these public health threats helped
guide the strategy for the accelerated response to COVID-
19. In particular, the understanding that neutralizing
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Figure 1. Outline of the workflow for both single B cell and hybridoma discovery platforms. The time frame required for each stage of the workflow is
indicated.

antibody function is fundamental to combating disease
progression [6] helped streamline early antibody-based
drug therapy discovery strategies.

Beyond direct therapeutic use, antibodies can help
inform vaccine design to enable next-generation vaccine
development with a focus on relevant viral epitopes [7]. In
general, the most valuable and broadly applicable antiviral
antibodies are those that exhibit cross-reactivity to related
viruses and are unaffected by escape mutant evolutionary
pressures [8]. These antibodies, which can function either
alone or in combination with oligoclonal mixtures of non-
competing antibodies [9], harbor basic properties like
receptor blocking activity and high affinity. When taken
in aggregate, these criteria are quite stringent and therefore
necessitate efficient, high-resolution screening strategies to
identify valuable lead candidates.

Development of viable therapeutic antibody candidates
typically follows one of two principal methodologies: in
vitro or in vivo discovery [10]. Both have served the industry
well for decades; however, in recent years the traditionally
lengthy timeline required to move from target identification
through lead candidate discovery has been challenged [11].
The ability to rapidly perform the discovery tasks within
this scope requires novel technologies, strategies and effi-
ciencies to maintain the required throughput and depth
of screening [12]. For example, traditional in vitro naïve
library panning or in vivo hybridoma generation can take
6 months or longer to move from target ID to lead can-
didate selection. The present study focuses on optimizing
the in vivo discovery timeline by introducing compressed
workflows for immunization, primary cell screening and
antibody characterization while maintaining or improving
screening depth to elucidate desired properties faster.

This report highlights several different techniques and
antibody discovery workflows leveraged in the discovery
and characterization of antibody panels targeting the
spike protein (S) of SARS-CoV-2 and showcases screening
results for a subset of representative candidates. Across the
different workflows (Fig. 1), two separate mouse strains
were immunized with the S1 subunit (which contains

the receptor binding domain): a humanized strain to
facilitate the discovery of fully human antibodies (Alloy-
GK mice), and an engineered mouse strain designed to elicit
greater epitopic diversity and overall immune response
(Abveris DiversimAb™ mice). Furthermore, two distinct
upstream discovery methods were applied: a hybridoma
discovery platform optimized for high-content screening
and efficiency (Abveris Hybridoma Workflow) and a high-
throughput state-of-the-art single B cell screening platform
(Abveris Single B Cell Workflow enabled by the Berkeley
Lights Beacon®). Final characterization and candidate
analyses were performed on the Carterra LSA™.

METHODS AND RESULTS

Immunization of DiversimAb and Alloy-GK mice was
completed in 16 and 35 days, respectively; both pro-
tocols resulted in an appreciable immune response as
indicated by detectible serum titer to the S1 protein at
serum dilution factors of at least 1:70,000 or higher
(Supplementary Fig. 1). Following a high-efficiency elec-
trofusion to generate hybridoma lines [27], resulting
colonies were initially screened by enzyme-linked
immunosorbent assay (ELISA) to identify S-protein-
reactive clones. Preliminary clones of interest were subse-
quently screened via high-throughput biolayer interferom-
etry (BLI) kinetic screening on the ForteBio Octet® system
to select candidates for scale up and antibody purification
from hybridoma cultures. Simultaneously, the sequencing
of immunoglobulin genes was performed following a
high-throughput hybridoma sequencing procedure and
sequence analysis was performed using Geneious Biologics.
Screening results from a subset of representative candidates
are shown in Table 1.

Concurrently, a single B cell discovery approach was
employed whereby plasma cells were enriched from primary
tissues prior to loading onto OptoSelect™ chips on the
Berkeley Lights Beacon. Following single cell deposition
into NanoPens, assay mixtures containing capture beads



Antibody Therapeutics, 2021 187

T
ab

le
1.

B
in

di
ng

ch
ar

ac
te

ri
st

ic
s

of
an

ti
-S

pr
ot

ei
n

ca
nd

id
at

es
,i

nc
lu

di
ng

E
L

IS
A

bi
nd

in
g,

si
ng

le
po

in
t

ki
ne

ti
c

m
ea

su
re

m
en

ts
to

th
e

tr
im

er
ic

S
pr

ot
ei

n,
af

fi
ni

ty
ch

ar
ac

te
ri

za
ti

on
to

th
e

m
on

om
er

ic
S1

pr
ot

ei
n

an
d

ef
fe

ct
on

A
C

E
2

bi
nd

in
g

to
S1

pr
ot

ei
n

(S
1:

A
C

E
2

in
te

ra
ct

io
n

bl
oc

ki
ng

ac
ti

vi
ty

)

In
di

re
ct

E
L

IS
A

(O
D

45
0

nm
)

B
L

I
K

in
et

ic
s

(F
or

te
B

io
);

T
ri

m
er

ic
S

P
ro

te
in

(1
00

nM
)

SP
R

K
in

et
ic

s
(C

ar
te

rr
a)

;M
on

om
er

ic
S1

P
ro

te
in

(5
00

nM
,1

25
nM

,3
1.

25
nM

,7
.8

1
nM

,1
.9

5
nM

,
0.

49
nM

)

S1
:A

C
E

2
In

te
ra

ct
io

n
(C

ar
te

rr
a)

ID
M

ou
se

st
ra

in
S

P
ro

te
in

(+
)

Ir
re

le
va

nt
A

V
I-

H
is

T
ag

ge
d

P
ro

te
in

(−
)

k a
(M

-1
s-

1)
k d

(s
-1

)∗
K

D
(n

M
)∗∗

R
2

k a
(M

-1
s-

1)
k d

(s
-1

)
K

D
(n

M
)

R
m

ax
R

es
SD

%
C

ha
ng

e
A

C
E

2
bi

nd
in

g∗∗
∗

15
G

11
D

iv
er

gi
m

A
b

0.
87

9
0.

04
1

1.
05

E
+0

5
2.

23
E

-0
3

21
.3

0.
95

82
3.

23
E

+0
4

1.
12

E
-0

3
38

.5
0

15
4

7.
72

5
51

.9
5

16
F

2
D

iv
er

gi
m

A
b

1
0.

04
8.

85
E

+0
4

<
1E

-0
5

<
1

0.
99

24
7.

13
E

+0
4

8.
50

E
-0

4
12

.5
8

32
6

8
-7

.7
3

18
F

4
D

iv
er

gi
m

A
b

1.
05

0.
04

2
7.

03
E

+0
4

<
1E

-0
5

<
1

0.
94

67
6.

95
E

+0
4

4.
65

E
-0

4
7.

48
29

9
7.

02
5

-3
.4

4
1E

5
D

iv
er

si
m

A
b

1.
21

6
0.

04
1

1.
10

E
+0

5
<

1E
-0

5
<

1
0.

95
22

1.
30

E
+0

5
5.

78
E

-0
4

5.
73

24
6

11
.7

25
16

.5
5

1G
3

D
iv

er
si

m
A

b
0.

81
8

0.
04

1
6.

32
E

+0
4

<
1E

-0
5

<
1

0.
95

8
3.

85
E

+0
4

6.
55

E
-0

4
18

.0
0

25
0

10
.4

5
3.

77
21

C
3

D
iv

er
gi

m
A

b
0.

81
0.

04
3

7.
18

E
+0

4
<

1E
-0

5
<

1
0.

98
72

3.
68

E
+0

4
6.

63
E

-0
4

19
.5

0
26

9
8.

42
5

-1
.2

7
22

D
9

D
iv

er
gi

m
A

b
0.

8
0.

04
2

7.
63

E
+0

4
<

1E
-0

5
<

1
0.

98
66

6.
30

E
+0

4
6.

08
E

-0
4

11
.8

3
29

5
11

.6
-0

.4
3

23
D

11
D

iv
er

gi
m

A
b

1.
24

1
0.

04
2

9.
03

E
+0

4
1.

13
E

-0
4

1.
25

0.
99

03
1.

20
E

+0
5

1.
09

E
-0

3
9.

73
23

4
8.

32
5

3.
34

26
E

2
D

iv
er

gi
m

A
b

1.
11

3
0.

04
4

8.
23

E
+0

4
1.

66
E

-0
3

20
.2

0.
98

71
8.

08
E

+0
4

1.
11

E
-0

3
14

.2
5

29
0

13
.2

5
44

.6
6

29
F

7
D

iv
er

gi
m

A
b

0.
71

4
0.

04
1

1.
12

E
+0

5
1.

63
E

-0
4

1.
46

0.
92

67
5.

13
E

+0
4

3.
55

E
-0

4
7.

88
33

5
9.

72
5

52
.7

1
3B

3
D

iv
er

si
m

A
b

1.
10

0
0.

04
1

8.
39

E
+0

4
1.

19
E

-0
3

14
.2

0.
98

52
6.

10
E

+0
4

5.
40

E
-0

4
10

.1
0

25
0

11
.7

5
35

.9
1

3F
2

D
iv

er
si

m
A

b
1.

26
1

0.
04

5
9.

26
E

+0
4

<
1E

-0
5

<
1

0.
95

39
1.

60
E

+0
5

7.
60

E
-0

4
4.

95
18

1
6.

85
48

.4
7

D
59

04
7-

11
95

5
D

iv
er

gi
m

A
b

0.
87

9
0.

04
2

7.
40

E
+0

4
<

1E
-0

5
<

1
0.

99
62

4.
13

E
+0

4
7.

03
E

-0
4

18
.0

0
17

6
5.

8
-7

.9
8

D
70

67
8-

12
63

7-
S1

A
llo

y
1.

05
9

0.
04

3
7.

94
E
+0

3
<

1E
-0

5
<

1
0.

92
89

3.
48

E
+0

4
3.

83
E

-0
4

11
.1

3
19

6
3.

87
5

67
.8

0
D

70
67

8-
12

79
9-

S1
A

llo
y

1.
48

9
0.

04
3

6.
83

E
+0

4
2.

81
E

-0
4

4.
12

0.
87

43
1.

56
E

+0
4

2.
43

E
-0

3
33

1.
75

16
6

4.
57

5
89

.1
5

D
70

67
8-

13
53

1-
S1

A
llo

y
1.

62
7

0.
04

3
3.

52
E
+0

4
<

1E
-0

5
<

1
0.

99
54

5.
93

E
+0

4
1.

32
E

-0
4

2.
38

14
9

3.
37

5
55

.4
7

D
70

67
8-

13
57

6-
S1

A
llo

y
1.

13
4

0.
04

3
3.

04
E
+0

4
2.

85
E

-0
4

9.
38

0.
97

05
5.

73
E

+0
4

1.
60

E
-0

4
2.

88
80

3.
07

5
71

.7
3

D
70

67
8-

14
00

4-
S2

A
llo

y
1.

40
8

0.
04

3
1.

21
E
+0

4
<

1E
-0

5
<

1
0.

94
56

1.
98

E
+0

4
9.

13
E

-0
4

47
.7

5
95

2.
9

40
.6

0
D

70
67

8-
14

02
7-

S2
A

llo
y

1.
51

0
0.

04
3

2.
63

E
+0

4
2.

85
E

-0
4

10
.8

0.
99

84
5.

15
E

+0
4

3.
85

E
-0

4
7.

60
23

8
5.

35
34

.0
2

D
70

67
8-

21
55

-S
1

A
llo

y
1.

65
0.

05
1

1.
15

E
+0

4
<

1E
-0

5
<

1
0.

99
66

4.
55

E
+0

4
2.

05
E

-0
4

4.
63

22
5

4.
97

5
35

.9
4

D
70

67
8-

27
43

-S
1

A
llo

y
1.

49
6

0.
04

4
5.

33
E
+0

4
<

1E
-0

5
<

1
0.

97
85

1.
57

E
+0

4
2.

00
E

-0
4

15
.3

5
47

2.
25

38
.1

6
D

70
67

8-
55

21
-S

2
A

llo
y

1.
65

8
0.

04
4

2.
90

E
+0

4
<

1E
-0

5
<

1
0.

99
1

5.
45

E
+0

4
1.

60
E

-0
4

2.
98

19
3

4.
35

44
.9

3

∗ V
al

ue
s
<

1E
-0

5
(s

-1
)

ar
e

be
yo

nd
th

e
lim

it
of

de
te

ct
io

n
in

th
is

ex
pe

ri
m

en
t

an
d

ar
e

es
ti

m
at

ed
.

∗∗
V

al
ue

s
<

1
nM

ar
e

be
yo

nd
th

e
lim

it
of

de
te

ct
io

n
in

th
is

ex
pe

ri
m

en
t

an
d

ar
e

es
ti

m
at

ed
.

∗∗
∗ C

al
cu

la
te

d
as

%
in

cr
ea

se
or

de
cr

ea
se

in
si

gn
al

up
on

ex
po

su
re

of
A

nt
ib

od
y:

S1
co

m
pl

ex
to

10
0

nM
A

C
E

2
(a

s
co

m
pa

re
d

to
A

nt
ib

od
y:

S1
si

gn
al

).



188 Antibody Therapeutics, 2021

Figure 2. Example Beacon screening data for candidate D59047-11955. Anti-mouse IgG capture beads (brightfield image) were imported into channels
above the pens. Antibody secretion from a single B cell contained within a pen bound to capture beads at the mouth of the pen. In assay 1, antibody
secretion was assessed by detection of total IgG in the FITC detection channel via binding of an anti-mouse IgG AF488 conjugated secondary and
simultaneously the specificity for S1 protein was determined in the CY5 detection channel with AF647 conjugated S1 protein at 200 nM. In assay 2,
binding competition between secreted antibody from the B cell and ACE2 receptor was assessed by precomplexing AF647 conjugated S1 protein with a
molar excess of recombinant ACE2. A lack of antibody binding to S1 protein under these conditions demonstrated binding to a similar epitope as ACE2,
thus indicative of a potential blocking candidate.

and fluorescently labeled target proteins were imported
into the channels above the NanoPens. Throughout the
course of the assay, antibody secreted from the plasma B
cells diffused from the NanoPen chambers into the chan-
nel above. Upon bead binding, fluorescence from either
directly labeled protein(s) or secondary detection antibod-
ies was concentrated on the surface of the bead, resulting
in the time-dependent development of fluorescent halos
in the channels above the pens containing antigen-specific
plasma cells (Fig. 2). Plasma cells exhibiting on-Beacon
binding profiles of interest were exported for immunoglob-
ulin sequence capture and analysis with Geneious Biolog-
ics. The resulting naturally paired heavy and light chains
were cloned into expression plasmids and recombinantly
expressed. Purified antibodies were screened similarly to
the strategy used for hybridoma candidates via ELISA and
BLI with a subset of representative candidates displayed in
Table 1.

High-throughput and high-content screening on lead
candidates was performed on the Carterra LSA to eluci-
date kinetic profiles to the monovalent S1 protein (Table 1,
Fig. 3). Full kinetic profiles were assessed in triplicate under
regenerative and non-regenerative conditions with both
purified antibodies and crude supernatant samples. Tar-
get S1 protein was used as an analyte in an ascending
concentration series ranging from 0.49 to 500 nM with
4-fold dilutions (Fig. 3). All conditions (regeneration vs.
non-regeneration and purified vs. crude antibody samples)
yielded similar affinity values. The average resulting values
from all assays is reported in Table 1.

Additionally, candidates were assayed on the Carterra
LSA for the ability to block the S1:ACE2 binding

interaction (Table 1, Fig. 4). ACE2 receptor blocking
activity was interrogated by forming an antibody-S1
protein complex on the chip surface in a sequential format.
Following complex formation, ACE2 was introduced as
an analyte at 100 nM (Fig. 4) and the percent increase
in RU value as a result of ACE2 binding was quantified
using the RU signal from antibody-S1 complex formation
as the baseline. The average of triplicate measurements
is reported in Table 1. Non-blocking candidates resulted
in a 50.8% ± 15.3% increase in signal from ACE2
binding, while blocking candidates completely prevented
ACE2 binding (−1.96% ± 4.40% change in signal).
One candidate, 1E5, demonstrated intermediate blocking
characteristics with a 16.6% increase in signal upon ACE2
binding, perhaps indicating a weak or partial blocking
profile.

Lastly, candidate antibodies were assayed in a classical
binning competition format (Fig. 5) to identify the relative
binding epitopes on the S1 protein. Epitope binning was
performed in a sequential format and binding of each
antibody combination was assessed simultaneously. Non-
competitive binding pairs and competitive binding pairs are
highlighted by green or red squares, respectively, in Fig. 5a.
The data are also presented as a community network plot
in Fig. 5b to better visualize the relative binding epitopes
among the candidates assessed.

Sequence information for each candidate is presented in
Table 2, including full-paired heavy and light chain variable
regions along with V-region and amino acid mutation rate
analysis. Table 3 highlights common in silico liability assess-
ments for each candidate based on published motifs [13, 14]
for antibodies.
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Figure 3. Carterra affinity analysis and example sensogram. With antibody captured on the chip surface, various concentrations of the target S1 protein
were assessed for association and dissociation rates to calculate (a) final KD values. (b) Array view of sensograms for each clone in the background with
an example sensogram highlighted in the foreground. Each colored line indicates a distinct analyte concentration with red lines representing the curve fit
analysis for rate constant calculations.

Figure 4. Example Carterra sensogram for antibody blocking of the
S1:ACE2 interaction. Antibody:S1 protein complex was captured on the
chip surface and ACE2 protein binding was assessed. A non-blocking
candidate, D70678-12637-S1, complexed with S1 protein does not inhibit
interaction with ACE2 (green). Conversely, a blocking candidate, D59047-
11955, prevents ACE2 binding when S1 is complexed with the antibody
(yellow).

DISCUSSION

The COVID-19 pandemic highlighted the importance of
rapid discovery of antiviral drugs, both prophylactic and
therapeutic, as critical to containing the spread of the virus
[15]. In response to the COVID-19 outbreak, the scientific
community collectively answered the public health call to
action with extraordinary momentum, leveraging both new
and traditional technologies with a strong emphasis on
speed [16]. Continuing to build on COVID-19 research
critical to public health while highlighting various methods

that can be deployed for antibody discovery, this report out-
lines the use of a number of distinct workflows that enabled
the accelerated identification of antiviral antibodies, some
with promising therapeutic potential. The sequence infor-
mation and corresponding characterization data for a panel
of 21 antibody candidates are reported for unrestricted
use.

We highlight the use of both DiversimAb and Alloy-
GK mice in accelerated hybridoma-based and single B cell
screening platforms, respectively. To enable rapid gener-
ation of monoclonal antibodies out of the DiversimAb
platform, mice were immunized on a 18-day accelerated
schedule followed by hybridoma generation. Concurrently,
Alloy mice were immunized on a 5-week schedule and
subsequently screened on the Beacon in a single day
followed by a sequence recovery and analysis process
spanning less than 1 week. Despite the divergent immu-
nization and screening workflows, both campaigns yielded
sequences in similar timeframes to enable simultaneous
downstream characterization requiring 3 total days. In
sum, both campaigns required fewer than 3 months to go
from immunization start to fully characterized, purified
antibody. Of course, alternative workflows are possible
to further tighten the timeline for future campaigns. For
example, characterization data were acquired using both
purified or crude antibody samples to validate either
source on the Carterra LSA™ for kinetic, neutralization
and binning data. With equivalent results, the time and
resources required for purification can be incorporated
further downstream to expedite the early discovery
timeline. In addition, Alloy mice can be immunized on a
more accelerated timeline.

The resulting data set presented here is comprised of
a representative subset of a diverse panel of candidate
antibodies spanning multiple epitopes with high affinity
and both receptor blocking and non-blocking activity.
Interestingly, all candidate antibodies identified from
the Alloy mice fell within a similar non-blocking bin,
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Figure 5. Select antibodies were characterized for competitive binding to the S1 protein to elucidate epitopic coverage. (a) All antibodies capable of
binding S1 protein and preventing the S1:ACE2 interaction (ID highlighted in yellow) focused on a similar epitope (competitive binding indicated by red
squares in grid). Antibodies that did not function as ACE2 blocking candidates (ID highlighted in light green) were distributed across two distinct core
epitopes, with some antibodies binding at the interface of these epitopes, and an additional two clones appeared to bind distinct epitopes. Interestingly,
an intermediate S1:ACE2 blocking candidate (1E5; ID highlighted in beige) bound at the interface between the ACE2 blocking epitope and a separate
non-blocking epitope, thus supporting the partial blocking characteristic. No direct correlation was observed between affinity and binding epitope when
assessed in either the monovalent binding format to the monomeric S1 protein or avid binding to the trimeric S protein. (b) A community network plot
illustrates the bin clustering and distinct binding regions for each group of candidates.

likely indicative of epitope immunodominance [17], which
has been reported as a common result from COVID-19
infection [18, 19]. However, the extended immunization
strategy employed for the Alloy mice resulted in high-
affinity antibodies, including the top four highest affinity
candidates presented here. The balance between diversity
and affinity is a challenge for in vivo immunization
models: with continued boosting, clonal expansion of
the highest affinity germline B cells can often result
in a limited overall diversity [20]. Alternative immu-
nization workflows involving rapid schedules and/or
immunogen manipulation are effective risk mitigation
strategies to circumvent these challenges [21]. In this
study, the DiversimAb mice were immunized following an
accelerated strategy to maximize epitopic diversity, and
although the overall average affinity of these candidates
was lower as a result, a subset of high affinity blocking
clones was discovered. Recent studies on SARS-CoV-2
variants underscore the importance of diverse epitopic
coverage, highlighting a major benefit in working with a
hyperimmune mouse strain for antibody discovery [22]. It
is also important to note that recent studies have identified
non-blocking neutralizing epiotpes [23], indicating further
testing of non-blocking Alloy candidates identified here
could reveal efficacious potential in viral neutralizing
experiments.

A review of the lead candidate sequences further
underscores the importance of risk mitigation in antibody
discovery through the use of multiple strains of mice
for added diversity. It is well documented that genetic
backgrounds heavily influence the B cell repertoire diversity
[24, 25]. Therefore, in cases where rapid discovery is

imperative, starting with multiple strains can improve the
diversity in gene usage for V(D)J recombination. In the case
of the Abveris DiversimAb mice, two separate background
strains were leveraged (DiversimAb vs. DivergimAb) to
further increase the output sequence diversity. Interestingly,
many of the candidates from these mice contained near
germline V-regions—likely a result of the accelerated
immunization approach employed for rapid discovery.
Regardless, binding affinity is still maintained at the
nanomolar level, which could be due to the unique and
diverse CDR3 regions. The presence of germline sequences
from DiversimAb mice using this immunization approach
provides an opportunity for streamlined lead optimiza-
tion via humanization and affinity maturation without
the need to assess numerous V region backmutation
permutations.

Traditional methods of in vivo antibody drug discovery
suffer from timeline disadvantages associated with immu-
nization, humanization and downstream lead optimization
(if required) [26]. However, with the recent development
of innovative new technologies to accelerate the upstream
drug discovery process highlighted in this report, in vivo
antibody discovery is now a viable option for acceler-
ated response to novel viral threats. Humanized mouse
strains can be leveraged synergistically with genetically
engineered mice designed to increase epitopic diversity
(DiversimAb) to provide lead and backup antibody
drug candidates of desired therapeutic efficacy. When
combined with efficient high-throughput downstream
antibody capture and characterization tools, it becomes
possible to go from immunization to sequence in as few as
29 days.
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Table 3. In silico sequence analysis of candidate antibodies for common liability motifs

ID Mouse strain Liability (High) Liability (Medium) Liability (Low)

15G11 DivergimAb DS (Isomerization, Heavy
FR3); M (Oxidation, Heavy
CDR3)

TS (Cleavage, Heavy FR3,
Heavy FR4); TS (Cleavage,
Light CDR1, Light FR1); NH
(Deamidation, Light CDR3)

SN (Deamidation, Light CDR1, Light
CDR3); TN (Deamidation, Light CDR2)

18F4 DivergimAb DP (Cleavage, IGHG2B); NA
(Deamidation, Heavy CDR3);
NS (Deamidation, 3 ∗ Heavy
FR3); M (Oxidation, Heavy
CDR3)

TS (Cleavage, Heavy CDR1,
Heavy FR4); TS (Cleavage,
Light CDR1, Light FR1); NH
(Deamidation, Light CDR3)

TN (Deamidation, IGHV2-9-1); SN
(Deamidation, Light CDR1, Light
CDR3); TN (Deamidation, Light CDR2)

1E5 DiversimAb DS (Isomerization, Heavy
FR3); M (Oxidation, Heavy
CDR3); NG (Deamidation,
Light CDR1); M (Oxidation,
Light CDR2)

TS (Cleavage, Heavy CDR1, 2
∗ Heavy FR3, Heavy FR4); TS
(Cleavage, Light FR1); NP
(Hydrolysis, Light FR1)

TN (Deamidation, IGHV1-55); SN
(Deamidation, IGKV2-109, Light CDR1,
Light FR1)

1G3 DiversimAb NS (Deamidation, 3 ∗ Heavy
FR3, IGHG1)

TS (Cleavage, Heavy CDR1);
TS (Cleavage, Light CDR1,
Light FR1); NH
(Deamidation, Light CDR3)

TN (Deamidation, IGHG1, IGHV2-9-1);
SN (Deamidation, Light CDR1, Light
CDR3); TN (Deamidation, Light CDR2)

21C3 DivergimAb NS (Deamidation, 3 ∗ Heavy
FR3)

TS (Cleavage, Heavy CDR1);
TS (Cleavage, Light CDR1,
Light FR1)

TN (Deamidation, IGHV2-9-1); SN
(Deamidation, Light CDR1, Light
CDR3); TN (Deamidation, Light CDR2)

22D9 DivergimAb DS (Isomerization, Heavy
FR3); NS (Deamidation, Light
CDR1); DG (Isomerization,
Light FR3)

TS (Cleavage, Heavy FR1,
Heavy FR3); NH
(Deamidation, IGHG1); NP
(Hydrolysis, Heavy CDR2)

TN (Deamidation, Heavy CDR1,
IGHV1-54)

23D11 DivergimAb NG (Deamidation, Heavy
CDR2); DG (Isomerization,
Heavy CDR3); DS
(Isomerization, Heavy FR3);
M (Oxidation, Heavy CDR3);
NS (Deamidation, Light
CDR3)

TS (Cleavage, Heavy FR1,
Heavy FR3, Heavy FR4,
IGHV1S113); NP (Hydrolysis,
Heavy CDR2); TS (Cleavage,
Light FR1)

SN (Deamidation, Light FR3); TN
(Deamidation, Light CDR1)

26E2 DivergimAb DP (Cleavage, Heavy CDR2);
NG (Deamidation, Heavy
CDR2); DS (Isomerization,
IGHG2A;IGHG2C)

TS (Cleavage, 2 ∗ Heavy FR3,
IGHG2A;IGHG2C)

SN (Deamidation, Heavy FR3); SN
(Deamidation, Light FR3)

29F7 DivergimAb NG (Deamidation, Heavy
FR3); DG (Isomerization,
Heavy CDR2); DS
(Isomerization, Heavy FR3,
IGHG2C); NS (Deamidation,
Light CDR3)

TS (Cleavage, Heavy FR3); TS
(Cleavage, Light FR1)

TN (Deamidation, IGHV1-82); SN
(Deamidation, Light FR3); TN
(Deamidation, Light CDR1)

3B3 DiversimAb NA (Deamidation, Heavy
FR3); DG (Isomerization,
Heavy CDR3); DP (Cleavage,
Light CDR3, Light FR3); NS
(Deamidation, Light CDR1);
DS (Isomerization, Light
CDR1)

SN (Deamidation, IGKV3-10)

3F2 DiversimAb DP (Cleavage, Heavy CDR2);
NG (Deamidation, Heavy
CDR2); NS (Deamidation,
Heavy FR3);

TS (Cleavage, Heavy FR3); TS
(Cleavage, Light CDR1, Light
FR1); NH (Deamidation,
Light CDR3)

SN (Deamidation, Heavy CDR3, Heavy
FR3); SN (Deamidation, Light CDR1,
Light CDR3); TN (Deamidation, Light
CDR2)

(Continued)
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Table 3. Continued

ID Mouse strain Liability (High) Liability (Medium) Liability (Low)

D59047-
11955

DivergimAb NS (Deamidation, 3 ∗ Heavy
FR3)

TS (Cleavage, Heavy CDR1);
TS (Cleavage, Light CDR1,
Light FR1)

TN (Deamidation, IGHV2-9-1); SN
(Deamidation, Light CDR1, Light
CDR3); TN (Deamidation, Light CDR2)

D70678-
12637-
S1

Alloy NA (Deamidation, Heavy
FR3); NS (Deamidation, 2 ∗

Heavy FR3); DS
(Isomerization, Heavy FR3)

TS (Cleavage, Heavy FR1) KN (Deamidation, Heavy FR3); SN
(Deamidation, Heavy CDR2)

D70678-
12799-
S1

Alloy NS (Deamidation, Heavy
CDR2); DG (Isomerization,
Light CDR1); M (Oxidation,
Light CDR3)

TS (Cleavage, Heavy FR3); NP
(Hydrolysis, Heavy CDR2)

TN (Deamidation, IGHV1-2); SN
(Deamidation, IGKV2-24)

D70678-
13531-
S1

Alloy NS (Deamidation, Heavy
FR3); M (Oxidation, Heavy
CDR3); 2 C (Extra Cysteine,
Light FR1); DG
(Isomerization, Light CDR1);
DS (Isomerization, Light
FR3); M (Oxidation, Light
CDR3)

TS (Cleavage, Heavy FR3); NP
(Hydrolysis, Heavy FR3)

TN (Deamidation, Heavy FR3)

D70678-
13576-
S1

Alloy NS (Deamidation, Heavy
FR3); M (Oxidation, Heavy
CDR3); 2 C (Extra Cysteine,
Light FR1); DG
(Isomerization, Light CDR1);
DS (Isomerization, Light
FR3); M (Oxidation, Light
CDR3); DS (Isomerization,
Light FR1)

TS (Cleavage, Heavy FR3); NP
(Hydrolysis, Heavy FR3)

SN (Deamidation, Heavy CDR1); TN
(Deamidation, Heavy FR3); KN
(Deamidation, Light CDR1); SN
(Deamidation, Light CDR1)

D70678-
14004-
S2

Alloy DP (Cleavage, Heavy CDR3);
NG (Deamidation, Heavy
CDR2);

TS (Cleavage, 2 ∗ Heavy FR3) TN (Deamidation, IGHV1-18)

D70678-
14027-
S2

Alloy NS (Deamidation, Heavy
FR3); DG (Isomerization,
Heavy CDR2); DS
(Isomerization, Heavy FR3);

KN (Deamidation, Heavy FR3); SN
(Deamidation, IGKV1-33;IGKV1D-33)

D70678-
2155-S1

Alloy NA (Deamidation, Heavy
CDR1); NS (Deamidation,
Heavy FR3); DG
(Isomerization, Heavy CDR2);
DS (Isomerization, Heavy
FR3);

KN (Deamidation, Heavy FR3); SN
(Deamidation, Heavy CDR1)

D70678-
2743-S1

Alloy NS (Deamidation, Heavy
FR3); M (Oxidation, Heavy
CDR3); DG (Isomerization,
Light CDR1); DS
(Isomerization, Light FR3); M
(Oxidation, Light CDR3)

TS (Cleavage, Heavy FR3); NP
(Hydrolysis, Heavy FR3)

TN (Deamidation, Heavy FR3); SN
(Deamidation, IGKV2-30)

D70678-
5521-S2

Alloy DS (Isomerization, Heavy
CDR2, Heavy FR3)

NH (Deamidation, Light
CDR1)

KN (Deamidation, Heavy FR3); SN
(Deamidation, IGKV1-33;IGKV1D-33)
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