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The COVID-19 pandemic is a major threat to global health for which there are only
limited medical countermeasures, and we lack a thorough understanding of mechanisms of
humoral immunity'2. From a panel of monoclonal antibodies (mAbs) targeting the spike
(S) glycoprotein isolated from the B cells of infected subjects, we identified several mAbs
that exhibited potent neutralizing activity with ICso values as low as 0.9 or 15 ng/mL in
pseudovirus or wild-type (wf) SARS-CoV-2 neutralization tests, respectively. The most
potent mAbs fully block the receptor-binding domain of S (Srep) from interacting with
human ACE2. Competition-binding, structural, and functional studies allowed clustering
of the mAbs into defined classes recognizing distinct epitopes within major antigenic sites
on the Sgpp. Electron microscopy studies revealed that these mAbs recognize distinct
conformational states of trimeric S protein. Potent neutralizing mAbs recognizing unique
sites, COV2-2196 and COV2-2130, bound simultaneously to S and synergistically
neutralized authentic SARS-CoV-2 virus. In two murine models of SARS-CoV-2 infection,
passive transfer of either COV2-2916 or COV2-2130 alone or a combination of both mAbs
protected mice from severe weight loss and reduced viral burden and inflammation in the
lung. These results identify protective epitopes on the Srep and provide a structure-based
framework for rational vaccine design and the selection of robust immunotherapeutic

cocktails.

The S protein of SARS-CoV-2 is the molecular determinant of viral attachment, fusion, and
entry into host cells®. The cryo-EM structure of a prefusion-stabilized trimeric S protein
ectodomain (S2Pecto) for SARS-CoV-2 reveals similar features to that of the SARS-CoV S

protein®. This type I integral membrane protein and class I fusion protein possesses an N-
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terminal subunit (S1) that mediates binding to receptor and a C-terminal subunit (S2) that
mediates virus—cell membrane fusion. The S1 subunit contains an N-terminal domain (Sxtp) and
a receptor-binding domain (Sgep). SARS-CoV-2 and SARS-CoV, which share approximately
78% sequence identity in their genomes' both use human angiotensin-converting enzyme 2
(hACE2) as an entry receptor’”’. Previous studies of human immunity to other high-
pathogenicity zoonotic betacoronaviruses including SARS-CoV# 12 and Middle East respiratory
syndrome (MERS)!3-22 showed that Abs to the viral surface spike (S) glycoprotein mediate
protective immunity. The most potent S protein-specific mAbs appear to neutralize
betacoronaviruses by blocking attachment of virus to host cells by binding to the region on Srep
that directly mediates engagement of the receptor. It is likely that human Abs have promise for
use in modifying disease during SARS-CoV-2 infection, when used for prophylaxis, post-
exposure prophylaxis, or treatment of SARS-CoV-2 infection?’. Many studies including
randomized controlled trials evaluating convalescent plasma and one trial evaluating
hyperimmune immunoglobulin are ongoing, but it is not yet clear whether such treatments can

reduce morbidity or mortality*.

We isolated a large panel of SARS-CoV-2 S protein-reactive mAbs from the B cells of two
individuals who were previously infected with SARS-CoV-2 in Wuhan China®’. A subset of
those antibodies bound to the receptor-binding domain of S (Srep) and exhibited neutralizing
activity in a rapid screening assay with authentic SARS-CoV-2%°. Here, we defined the antigenic
landscape of SARS-CoV-2 and determined which sites of Srep are the target of protective mAbs.
We tested a panel of 40 anti-S human mAbs we previously pre-selected by a rapid neutralization

screening assay in a quantitative focus reduction neutralization test (FRNT) with SARS-CoV-2
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strain WA1/2020. These assays revealed the panel exhibited a range of half-maximal inhibitory
concentration (ICso) values, from 15 to over 4,000 ng/mL (visualized as a heatmap in Fig. 1a,
values shown in Extended Data Table 1, and full curves shown in Extended Data Fig. 1). We
hypothesized that many of these Srep-reactive mAbs neutralize virus infection by blocking Srep
binding to hACE2. Indeed, most neutralizing mAbs we tested inhibited the interaction of hACE2
with trimeric S protein directly (Fig. 1a, Extended Data Fig. 2). Consistent with these results,
these mAbs also bound strongly to a trimeric S ectodomain (S2Pect0) protein or monomeric Srep
(Fig. 1a, Extended Data Fig. 3). We evaluated whether S2Pcct or Sgep binding or hACE2-
blocking potency predicted binding neutralization potency independently, but none of these
measurements correlated with neutralization potency (Fig. 1b-d). However, each of the mAbs in
the highest neutralizing potency tier (ICs50<150 ng/mL) also revealed strongest blocking activity
against hACE2 (ICso< 150 ng/mL) and exceptional binding activity (ECso< 2 ng/mL) to S2Pecto
trimer and Srep (Fig. 1e). Representative neutralization curves for two potently neutralizing
mAbs designated COV2-2196 and COV2-2130 are shown in (Fig. 1f). Potent neutralization was
confirmed using pseudovirus neutralization assays, which revealed far more sensitive
neutralization phenotypes than wt virus and demonstrated a requirement for the use of live virus
assays for assessment of mAb potency (Fig. 1g). Both of these mAbs bound strongly to S2Pecto

trimer and fully blocked hACE2 binding (Fig. 1h-i).

We next defined the major antigenic sites on Sgpp for neutralizing mAbs by competition-binding
analysis. We first used a biolayer interferometry-based competition assay with a minimal Srep
domain to screen for mAbs that competed for binding with the potently neutralizing mAb COV2-

2196 or a recombinant version of the previously described SARS-CoV mAb CR3022, which


https://doi.org/10.1101/2020.05.22.111005

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.22.111005; this version posted May 22, 2020. The copyright holder for this preprint (which

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

recognizes a conserved cryptic epitope'®?. We identified three major groups of competing mAbs
(Fig. 2a). The largest group of mAbs blocked COV2-2196 but not rCR3022, while some mAbs
were blocked by rCR3022 but not COV2-2196. Two mAbs, including COV2-2130, were not
blocked by either reference mAb. Most mAbs competed with hACE2 for binding, suggesting
that they bound near the hACE2 binding site of the Srep. We used COV2-2196, COV2-2130,
and rCR3022 in an ELISA-based competition-binding assay with trimeric S2Pcct protein and
also found that Srsp contained three major antigenic sites, with some mAbs likely making
contacts in more than one site (Fig. 2b). Most of the potently neutralizing mAbs directly

competed for binding with COV2-2196.

Since COV2-2196 and COV2-2130 did not compete for binding to Srep, we assessed if these
mADbs synergize for virus neutralization, a phenomenon previously observed for SARS-CoV
mAbs!?. We tested combination responses (see dose-response neutralization matrix, Fig. 2¢) in
the FRNT using SARS-CoV-2 and compared these experimental values with the expected
responses calculated by synergy scoring models?’. The comparison revealed that the combination
of COV2-2196 + COV2-2130 was synergistic (with a synergy score of 17.4, where any score of
>10 indicates synergy). The data in Fig. 2c shows the dose-response synergy matrix and
demonstrates that a combined mAb dose of 79 ng/mL in the cocktail (16 ng/mL of COV2-2196
and 63 ng/mL of COV2-2130) had the same activity as 250 ng/mL of each individual mAb (see
Fig. 2¢). This finding shows that using a cocktail the dose of each mAb can be reduced by more

than three-fold to achieve the same potency of virus neutralization in vitro.
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We next defined the epitopes recognized by representative mAbs in the two major competition-
binding groups that synergize for neutralization. We performed mutagenesis studies of the Srep
using alanine or arginine substitution to determine critical residues for binding of neutralizing
mAbs (Extended Data Fig. 4). Loss of binding studies revealed F486A or N487A as critical
residues for COV2-2196 and N487A as a critical residue for COV2-2165, which compete with
one another for binding, and likewise mutagenesis studies for COV2-2130 using K444A and
G447R mutants defined these residues as critical for recognition (Fig. 3a). Previous structural
studies have defined the interaction between the Srsp and hACE2 (Fig. 3b)?. Most of the
interacting residues in the Srpp are contained within a 60-amino-acid linear peptide that defines
the hACE2 recognition motif (Fig. 3c). We next tested binding of human mAbs to this minimal
peptide and found that potent neutralizing members of the largest competition-binding group
including COV2-2196, COV2-2165, and COV2-2832 recognized this peptide (Fig. 3c),

suggesting these mAbs make critical contacts within the hACE2 recognition motif.

We used negative-stain electron microscopy of S2Pect, trimer/Fab complexes to structurally
determine the epitopes for these mAbs. The potently neutralizing antibodies COV2-2196 and
COV2-2165 bound to the hACE2 recognition motif of Skgp and recognized the ‘open’
conformational state of the S2Pec trimer (Fig. 3d). The mode of engagement of these two
antibodies differed, however, as the binding pose and the angle relative to the spike ‘body’ for
one was different compared to the other. COV2-2130, which represents the second competition-
binding group, bound to the RBD in the S2Pe, trimer in the ‘closed’ position (Fig. 3d). Since
COV2-2196 and COV2-2130 did not compete for binding, we attempted to make complexes of

both Fabs bound at the same time to the S2P¢cto trimer. We found that both Fabs bound
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164  simultaneously when the S2Pcc trimer was in the open position, indicating that COV2-2130 can
165  recognize the Srpp in both conformations (Fig. 3e). Overlaying the two-Fab complex with the
166  structure of the RBD:CR3022 complex?$, we observed that these antibodies bind to three distinct
167  sites on Sgrap, as predicted based on our competition-binding studies (Fig. 3f).

168

169  Next, we tested the prophylactic efficacy of COV2-2196 or COV2-2130 monotherapy or a

170  combination of COV2-2196 + COV2-2130 in a newly developed SARS-CoV-2 infection model
171  in BALB/c mice in which hACE2 is expressed in the lung after intranasal adenovirus (AdV-

172 hACE2) transduction. In this relatively stringent disease model, we also administered a single
173 dose of anti-Ifnar1 antibody to augment virus infection and pathogenesis, which results in a

174  disseminated interstitial pneumonia (A. Hassan and M. Diamond, submitted for publication). We
175  passively transferred a single dose of mAb COV2-2196 (10 mg/kg), COV2-2130 (10 mg/kg), a
176  combination of COV2-2196 + COV2-2130 (5 mg/kg each), or an isotype control mAb (10

177  mg/kg) to AdV-hACE2-transduced mice one day before intranasal challenge with 4 x 10° PFU of
178  SARS-CoV-2. Prophylaxis with COV2-2196 or COV2-2130 or their combination prevented

179  severe SARS-CoV-2-induced weight loss through the first week of infection (Fig. 4a).

180  Viral RNA levels were reduced significantly at 7 dpi in the lung and distant sites including the
181  heart and spleen (Fig. 4b). The expression of interferon gamma (INF-g), IL-6, CXCL10 and

182  CCL2 cytokine and chemokine genes, which are indicators of inflammation, also was reduced in
183  the lung of treated mice at 7 dpi —the peak of the disease (Fig. 4c¢).

184

185  We also tested COV2-2196 or COV2-2130 or their combination for prophylactic efficacy in an

186  immunocompetent model using a mouse-adapted (MA) SARS-CoV-2 virus® (Fig. 4d). In vitro
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tests showed that the ICso values for neutralization were comparable for the wt and MA SARS-

CoV-2 viruses for these mAbs (data not shown). Each of the mAb treatments delivered at a dose
of 200 pg/mouse (~ 8 mg/kg) reduced viral RNA levels up to 10°-fold at 2 dpi in the lung when

compared to the isotype control group (Fig. 4e, left). Concordantly, all animals from COV2-2196
and COV2-2196 + COV2-2130 treatment group and 8 of 10 animals from COV2-2130 treatment
no longer had infectious virus at 2 dpi in the lung as measured by plaque titer of lung tissue (Fig.
4e, right). Collectively, these results in mice suggested that COV2-2196 or COV2-2130 alone or

in combination are promising candidates for treatment or prevention of COVID-19.

Here, we defined the antigenic landscape for a large panel of highly potent mAbs against SARS-
CoV-2. These detailed studies and the screening studies that identified this panel of mAbs from a
larger panel of hundreds®> demonstrate that although diverse human neutralizing antibodies are
elicited by natural infection with SARS-CoV-2, only a small subset of those mAbs are of high
potency (ICs50<50 ng/mL against live SARS-CoV-2 virus), and therefore, suitable for therapeutic
development. Biochemical and structural analysis of these potent mAbs defined three principal
antigenic sites of vulnerability to neutralization by human mAbs elicited by natural infection
with SARS-CoV on the Srep. Representative mAbs from the two most potent antigenic sites
were shown to synergize in vitro and protect as an in vivo cocktail. This finding reveals critical
features of effective humoral immunity to SARS-CoV-2 and suggests that the role of synergistic
neutralization activity in polyclonal responses should be explored further. Moreover, as SARS-
CoV-2 continues to circulate, population immunity elicited by natural infection may start to
select for antigenic variants that escape from the selective pressure of neutralizing antibodies,

reinforcing the need to target multiple epitopes of S protein in vaccines or immunotherapeutics.
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The common S gene variants across the globe reported to date are located at positions D614G,
V483A, L5F, Q675H, H655Y and S939F3°, far away from the amino acid variants at residues
486 or 487 identified in our mutation studies for the lead mAbs studied here. Rationally-selected
therapeutic cocktails like the one described here might offer even greater resistance to SARS-
CoV-2 escape. These studies set the stage for preclinical evaluation and development of the

identified mAbs as candidates for use as COVID-19 immunotherapeutics in humans.
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217  Data availability. The EM maps have been deposited at the Electron Microscopy Data Bank

218  with accession codes EMBD 21965 (S2Pecto apo), EMD-21974 (S2P¢cto + Fab COVs-2165),

219  EMD-21975 (S2Pecto + Fab COVs-2196), EMD-21976 (S2Pecto + Fab COVs-2130) and EMD-

220 21977 (S2Pecto + Fab COV2-2196 + Fab COV2-2130). Materials reported in this study will be

221  made available but may require execution of a Materials Transfer Agreement.
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Figure Legends:

Figure 1. Functional characteristics of neutralizing SARS-CoV-2 mAbs.

a. Heatmap of mAb neutralization activity, hACE2 blocking activity, and binding to either
trimeric S2Pecto protein or monomeric SRBD. MAbs are ordered by neutralization potency
(highest at the top, lowest at the bottom). Dashed lines indicate the 13 antibodies with a
neutralization IC50 value lower than 150 ng/mL for wt virus. IC50 values are visualized for viral
neutralization and hACE2 blocking, while EC50 values are visualized for binding. A
recombinant form of the cross-reactive SARS-CoV SRBD mAb CR3022 is shown as a positive
control, while the anti-dengue mAb 2D22 is shown as a negative control. Data are representative
of at least 2 independent experiments, each performed in technical duplicate. No inhibition
indicates an IC50 value of >10,000 ng/mL, while no binding indicates an EC50 value of >10,000

ng/mL.
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b-d. Correlation of hACE2 blocking, S2Pecto trimer binding, or SRBD binding of mAbs with
their neutralization activity. R2 values are shown for linear regression analysis of log-
transformed values. Purple circles indicate mAbs with a neutralization IC50 value lower than
150 ng/mL.

e. Correlation of hACE2 blocking and S2Pecto trimer binding. R2 values are shown for linear
regression analysis of log-transformed values.

f. Neutralization curves for COV2-2196 and COV2-2130 in a neutralization assay against
authentic SARS-CoV-2 virus. Calculated IC50 values are denoted on the graph. Error bars
denote the standard deviation of each point. Data are representative of at least 2 independent
experiments, each performed in technical duplicate.

g. Neutralization curves for COV2-2196 and COV2-2130 in a pseudovirus neutralization assay.
Error bars denote the standard deviation of each point. Values shown are technical duplicates
from a single experiment. Calculated IC50 values from a minimum of 6 experiments are denoted
on the graph.

h. hACE2 blocking curves for COV2-2196, COV2-2130, and the non-blocking SARS-CoV mAb
rCR3022 in the hACE2 blocking ELISA. Calculated IC50 values are denoted on the graph. Error
bars denote the standard deviation of each point. Values shown are technical triplicates from a
representative experiment repeated twice.

i. ELISA binding of COV2-2196, COV2-2130, and rCR3022 to trimeric S2Pecto. Calculated
EC50 values are denoted on the graph. Error bars denote the standard deviation of each point.

Values shown are technical triplicates from a representative experiment repeated twice.
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Figure 2. Epitope mapping of mAbs by competition-binding analysis and synergistic
neutralization by a pair of mAbs.

a. Left: biolayer interferometry-based competition binding assay measuring the ability of mAbs
to prevent binding of reference mAbs COV2-2196 and rCR3022 to RBD fused to mouse Fc
(RBD-mFc) loaded onto anti-mouse Fc biosensors. Values in squares are % of binding of the
reference mAb in the presence of the competing mAb relative to a mock-competition control.
Black squares denote full competition (<33% of binding relative to no-competition control),
while white squares denote no competition (>67% of binding relative to no-competition control).
Right: biolayer interferometry-based competition binding assay measuring the ability of mAbs to
prevent binding of hACE2. Values denote % binding of hACE2, normalized to hACE2 binding
in the absence of competition. Red color denotes competition of mAb with hACE2.

b. Competition of neutralizing mAb panel with reference mAbs COV2-2130, COV2-2196, or
rCR3022. Reference mAbs were biotinylated and binding of reference mAbs to trimeric S2Pecto
was measured in the presence of saturating amounts of each mAb in a competition ELISA.
ELISA signal for each reference mAb was normalized to the signal in the presence of the non-
binding anti-dengue mAb 2D22. Black denotes full competition (<25% binding of reference
mAb), grey denotes partial competition (25-60% binding of reference mAb), and white denotes
no competition (>60% binding of reference mAb).

¢. Neutralization dose-response matrix of wild-type SARS-CoV-2 by COV2-2196 and COV2-
2130. Axes denote the concentration of each mAb. Experiment was performed in technical
triplicate. Shown is a representative experiment that was performed in technical triplicate. %

neutralization for each combination of mAbs is shown in each square. A white-to-red heatmap
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425  denotes 0% neutralization to 100% neutralization, respectively. d. Synergy map calculated based
426  on the SARS-CoV-2 neutralization in the above panel. Red color denotes areas where synergistic
427  neutralization was observed, and a black box denotes the area of maximal synergy between the
428  two mAbs.

429

430  Figure 3. Epitope identification and structural characterization of mAbs.

431  a. Identification of critical contact residues by alanine and arginine mutagenesis. Top: binding of
432  COV2-2130 (gold), COV2-2165 (maroon) or COV2-2196 (dark purple) to wild-type (wt) or

433  mutant SRBD constructs measured by biolayer interferometry. Shown on y-axis is the response
434  normalized to the signal observed for binding to wt SRBD. Bottom: representative binding

435  curves for COV2-2196 to wt or SRBD constructs with critical contact residues mutated.

436  b. Crystal structure of SARS-CoV-2 (blue) and hACE2 (green) (PDB (6M0J). The hACE2

437  recognition motif is colored orange. Critical contact residues for COV2-2130 are shown as gold
438  spheres, while critical contact residues for COV2-2196 are shown as purple spheres.

439  c¢. ELISA binding of mAbs to the 60-amino-acid hACE2 recognition motif. 12D22, an anti-

440  dengue mAb, is shown as a negative control. Bottom: structure of hACE2 recognition motif in
441  orange with COV2-2196 critical contact residues shown in purple.

442  d. Single-Fab:S2Pecto trimer complexes visualized by negative-stain electron microscopy for
443  COV2-2130 (gold), COV2-2165 (maroon), or COV2-2196 (dark purple). The RBD is shown in
444 blue and the S N-terminal domain (NTD) is shown in red. Electron density is shown in grey.

445  Trimer state (open or closed) is denoted for each complex. Representative 2D class averages for

446  each complex are shown at the bottom (box size 128 pixel).
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e. COV2-2130 and COV2-2196 Fabs in complex with S2Pecto trimer. Simultaneous binding of
COV2-2130 (gold) and COV2-2196 (purple) Fabs to S2Pecto trimer. Electron density is shown
in grey. Trimer state (open or closed) is denoted. Representative 2D class averages for the
complexes are shown at the bottom (box size 128 pixels). All images were made with Chimera.
f. Competition-binding analysis visualized on S2Pecto trimer. The CR3022 crystal structure was
docked into the double-Fab:S2Pecto trimer structure. CR3022 is shown in cyan. Bottom: a
quantitative Venn diagram notes the number of mAbs in each competition group and the overlap

between groups.

Figure 4. Protective efficacy of neutralizing human mAbs against SARS-CoV-2 infection.
a. SARS-CoV-2 challenge model. Ten to eleven-week-old BALB/c mice (two experiments of 4-
5 mice per group) were treated with anti-Ifnarl mAb and transduced with AdV-hACE?2 via the
1.n. route one day later. After four days, mice were treated via the i.p. route with 200 pg of mAbs
CoV2-2196, -2130, or combination (1:1 ratio) or isotype control mAb. One day later, SARS-
CoV-2 was inoculated via the i.n. route. Tissues were harvested at 7 dpi for analysis (c, d).

b. Body weight change of mice in panel a. (two-way ordinary ANOV A with Tukey’s post-test:
*kx%k P <0.0001).

¢. Viral burden in the lung, spleen and heart was measured by RT-qPCR: Kruskal-Wallis
ANOVA with Dunn’s post-test (*, P <0.05, ** P <0.01, *** P <0.001, **** P <0.0001). The
dashed line indicates the assay limit of detection.

d. Cytokine and chemokine gene expression was measured by qPCR analysis. Kruskal-Wallis

ANOVA with Dunn’s post-test (*, P <0.05, ** P <0.01, *** P <0.001).
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469 e. MA-SARS-CoV-2 challenge model. Twelve-week-old BALB/c mice (n=10) were inoculated
470  with 105 PFU of MA-SARS-CoV-2 via the i.n. route. Body weight change of mice is shown.
471  f. Viral burden in the lung was measured at 2 dpi by RT-qPCR (left) or plaque assay (right) from
472  (e): Kruskal-Wallis ANOVA with Dunn’s post-test (*** P <0.001, **** P <0.0001).

473

474  Supplementary Information

475
476  Extended Data Figure. 1. SARS-CoV-2 neutralization curves for mAb panel. Neutralization

477  of authentic SARS-CoV-2 by human mAbs. Mean + SD of technical duplicates is shown. Data
478  represent one of two or more independent experiments

479

480 Extended Data Figure 2. Inhibition curves for mAb inhibition of S2P., binding to hACE2.
481  Blocking of hACE2 binding to S2Pec by anti-SARS-CoV-2 neutralizing human mAbs. Mean +
482  SD of triplicates of one experiment is shown. Antibodies CR3022 and 2D22 served as controls.
483

484  Extended Data Figure. 3. ELISA binding of anti-SARS-CoV-2 neutralizing human mAbs to
485  trimeric Srep, S2Pecto, Or SARS-CoV S2P.co antigen. Mean + SD of triplicates and

486  representative of two experiments are shown. Antibodies CR3022 and 2D22 served as controls.
487

488 Extended Data Figure. 4. Mapping of mAb critical contact residues by alanine and arginine
489 mutagenesis and biolayer interferometry.

490  a. Left: Response values for mAb binding to wz or mutant Sgep constructs normalized to wr.

491  Asterisks denote residues where increased dissociation of mAb was observed, likely indicating
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492  the residue is proximal to mAb epitope. Right: full response curves for mAb association and
493  dissociation with wt or mutant Sggp constructs.

494 b. Structure of the RBD highlighting the critical contact residues for several mAbs and their
495  location on the structure.

496
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Figure 3
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Extended Data Figure 1
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Extended Data Figure 2
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Extended Data Figure 3
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Extended Data Figure 4

1.4

‘T 1.0
0.8
0.6:
0.4
0.2:
0.

14
1.2
1.0
0.8
0.6
0.4
0.2:
0.0

Response (Normalized)

e

¢ &
¢ SR SRS

&

&
&

T ST ¥ (R T T AT P GT R T

&

COV2-2094

Response (Normalized
s 5
*
24 §‘

T T TS,

COV2-2096

FEEFFE PR IS LS
COV2-2130

Response (Normalized)
© 9 9 90 O = =2 =
ON &b O ® O N &

1.4
1.24
1.0
S 0.84

0.6
§ 0.4
2 024

0.0-

rmalized)

LK ¥
e Aok

&

&

T q"&;?féy: F v

EE

RIS

COV2-2165

T T L L R
SEPEF ST RIS

COV2-2196

s
AR RO

COV2-2196 COV2-2165

COV2-2094

25
2.0

15

Response (nM)

0.5

T T T
100 200 300
Time (seconds)

COV2-2096

©

Response (nM)
~

T T T 1
100 200 300 400

Time (seconds)

o

COV2-2130

Response (nM)

T T
[} 100 200 300
Time (seconds)

COV2-2165

Response (nM)
o

T T T
100 200 300

400

Time (seconds)

COV2-2196
s
=3
2
g
&

T T T 1
0 100 200 300 400
Time (seconds)

COV2-2096 COV2-2130

Internal Trimel" Face

External ;I'rimer Face

K378A

K386A

D389A

N439A

K444A

G447R

V483A

F486A

N487A

Q493A

S494A

P499R

T500R

N501A

Y505A


https://doi.org/10.1101/2020.05.22.111005

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.22.111005; this version posted May 22, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Extended Data Table 1. Neutralization ICso, hACE2 blocking ICs0, and ECso
values for binding to S2P.ctc or Srep antigens for mAb panel

o hACE2 | S2Pecto Srep Sg?’;g? Y

MAb Nle(;JtraIlzatlon blocking binding binding binding
50, Ng/mL ICeo. na/mL ECso, ECso, EC
50, N9 ng/mL ng/mL >0,
ng/mL

COV2-2015 892 68 2.2 5.1 2.7
COV2-2050 80 63 1.7 1.6 —
COV2-2068 478 166 7.4 1.2 —
COV2-2072 26 29 0.8 1.0 —
COV2-2082 204 43 1.1 0.6 19.9
COV2-2094 154 53 1.8 1.4 11.7
COV2-2096 59 67 1.0 1.0 —
COV2-2098 1,029 48 1.3 0.7 —
COV2-2103 1,969 79 2.9 1.1 —
COV2-2113 1,041 60 1.8 0.6 —
COV2-2130 107 61 1.5 0.7 —
COV2-2165 332 62 1.4 0.6 —
COV2-2196 15 48 1.2 1.1 —
COV2-2258 989 76 2.5 1.6 11.2
COV2-2268 371 2,198 91.2 5.3
COV2-2308 394 75 2.7 1.9 —
COV2-2353 2,891 1,750 48.0 10.9 —
COV2-2354 1,105 67 2.6 3.5 —
COV2-2381 42 27 0.8 1.0 —
COV2-2489 4,378 — 13.0 — —
COV2-2479 48 50 0.4 0.3 —
COV2-2499 27 57 1.4 1.1 —
COV2-2539 274 98 1.1 0.7 —
COV2-2562 348 154 1.0 0.6 —
COV2-2676 3,247 — 12.0 — —
COV2-2677 1,618 107 2.4 0.7 —
COV2-2733 356 71 2.4 0.6 —
COV2-2752 349 53 1.9 0.7 —
COV2-2780 478 10,000 86.0 3.1 —
COV2-2807 907 1,753 13.0 55.1 —
COVv2-2812 1,020 1,387 454 2.1 —
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COV2-2813 555 206 5.3 1.0 —
COV2-2819 114 60 0.9 0.8 —
COV2-2828 100 100 3.2 1.4 338
COV2-2832 70 47 1.3 1.1 —
COV2-2835 190 91 3.4 1.2 —
COV2-2841 1,065 91 3.3 1.5 —
COV2-2919 1,091 1,000 153.0 90.3 —
COV2-2955 127 54 0.8 0.5 —
COV2-3025 37 41 1.1 1.1 —
rCR3022 — — 10.2 1.1 5.2
r2D22 — — — — —

— :indicates no detectable binding or neutralization at the highest tested
concentration
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