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Supplementary Figure 1: Characterization and analysis of anti-SARS-CoV-2 antibodies A) Biolayer
interferometry traces for Ab 12 Fab (left) and 2-7 scFv (right). Abs were tested at 100, 50, and 25 nM
against biotinylated RBD. The red trace shows the classical 1:1 binding model for the collected data (blue
trace). B) Kinetic constants and R? values derived from the traces in (A) using a global fit of the indicated
concentrations. C) Germline and allele assignments for Ab 12 and Ab 2-7. Sequences for the V region of
(D) Ab 12 and (E) Ab 2-7 were aligned with their germline sequences with differences highlighted in red.
Ab 12 HC is heavily mutated from the original IGHV4-59 sequences, whereas the LC shows minimal
mutations outside of the FW1 region. Ab 2-7 has very few mutations compared to the germline sequences.
Germline assignments and alignments were performed by IMGT V-QUEST?!2,
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Supplementary Figure 2: Cryo-EM Processing Pipeline for SARS-CoV-2 S-D614G complexed with
Ab 2-7 scFv
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Supplementary Figure 3: Local Refinement of Ab 2-7 scFv bound to the spike RBD
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Supplementary Figure 4: Cryo-EM Processing Flowchart for SARS-CoV-2 S complexed with Ab 12
Fab
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Supplementary Figure 5: Cryo-EM Processing for SARS-CoV-2 S-D614G complexed with Ab 12
Fab



Supplementary Figure 6: Pathological analysis from lungs of Syrian golden hamsters treated
prophylactically with Ab 12 or Ab 2-7 A) Representative image of stained control lung. Extensive
consolidation with multiple foci of inflammatory infiltration. Magnified images (locations on low
magnification images marked with numbers): (1) Airways are obstructed by inflammatory cells
(combination of MNC and PMNSs). (2) Airway epithelial hyperplasia notable. Perivascular cuffing and
congestion prominent. B) Representative image of stained Ab 2-7 lung. Extensive consolidation with
multiple foci of inflammatory infiltration. (1) Pleuritis noted, but less severe. (2) Fewer inflammatory
cells in airways, but hyperplasia of airway epithelia is still prominent. C) Representative image of stained
Ab 12 lung. Consolidation markedly reduced, with fewer and smaller foci of inflammatory infiltration.
Infiltrating inflammatory cells present in some airways. (1) Pleuritis is moderate relative to control. (2)
Airway epithelial hypertrophy still present. Scale bars are 1 mm in the main (left) panels and 0.5 mm in
the zoomed images (right). One slide was prepared for each animal (n=5) and a representative slide was
chosen for each group.
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Supplementary Figure 7: Biochemical characterization of bispecific antibodies. A) SDS-PAGE gel
of 1gG fusions and tandem scFv-Fcs. The first four lanes are non-reduced samples and the last 4 lanes are
reduced with 10% BME B) Size exclusion chromatography of the bispecific antibodies showing peaks at
the expected elution volume and minimal aggregation C) Thermal stability of our mono and bispecific
constructs measured by SYPRO Orange thermal shift assay. Graph on the left is the raw fluorescence vs
temperature, graph on the right is the change of fluorescence vs temp. Melting peaks of composite
antibodies is similar to that of the individual components, suggesting that the fusions do not significantly
affect the stability of the parental 1gG or scFv D) BLI curves for bispecific and monospecific Abs show
strong binding the RBD. Ab 12 is the dominant binding moiety in these bispecifics and that is also shown
in the binding curves here. E) Engineered BsAbs display similar kinetics to FCRn as parental antibodies,
binding at pH 6 and disassociating at pH 7.4. Samples were tested with n=1 with the exception of (C)
which was performed as 3 biologically independent samples with the mean values presented.
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Supplementary Figure 8: In vitro neutralization of a mouse adapted strain of SARS-CoV-2 A)
Ribbon model showing Ab 12 (orange) bound to the RBD (teal), with the mutations in the mouse adapted
virus labeled. B) Mutations in the mouse adapted strain do not affect Ab 12 scFv-Fc neutralization,
however the 1gG format exhibits a decrease in effectiveness. Mean values are presented with n=2
biologically independent samples. Source data are provided as a Source Data file.
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Supplementary Figure 9. Prophylactic efficacy against SARS-CoV-2 virus in mouse models A)
Prophylactic efficacy of Ab 12 and Ab 2-7 mono- and bi- specific antibodies were tested in aged Balb/c
mice. Mean PFU after infection is tabulated in the table to the right of the chart, with fold improvement
relative the aPD1 negative control. B) BsAb-HC fusion and scFv-Fc mixture were selected for
prophylactic testing in transgenic hACE2 mice with WT SARS-CoV-2 virus. Both treatments lead to
reduction of viral titers below the limit of detection in all samples except for one animal treated with 10

mg kg'1 of BsAb-HC that showed residual virus. Data from individual mice with mean values are
presented on both plots. Source data are provided as a Source Data file.
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Supplementary Figure 10. Combination Index (CI) values were calculated for the IC50 and 1C95
values using in vitro neutralization curves and CompuSyn. Cl values are used to identify synergy by
determining if the effect seen by a combination of two therapies is greater than the expected sum of their
therapies. Cl < 1 indicates synergy, C = 1 indicates an additive effect, and Cl > 1 indicates an antagonistic
effect where the result of the combination therapy is less than what would be expected when the two
components are simply added together. Against the majority of variants tested, the BsAb therapies display
potent synergy, though a few instances of additive and antagonistic effects are seen. Source data are

provided as a Source Data file.



EM data collection for Ab 2-7
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Local resolution range at 0.5 FSC (A):

minimum 25 2.8 2.6
25" percentile 4.1 35 4.0
Median 6.0 4.8 6.1
75" percentile 6.9 6.0 7.2
Maximum 46.9 51.7 43.7
Model refinement & validation statistics

PDB IDs 7T3M 7T67
Refinement package Phenix Phenix

Refinement tool(s)

Refinement strategies

Composition
Amino acids
RMSD bonds (A)
RMSD angles (9
Average B-factors
Amino acids
Ramachandran
Favored (%)
Allowed (%)
Outliers (%)
Rotamer outliers (%)
C-beta outliers (%)
CaBLAM outliers (%)
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Real-space refinement
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Ramachandran
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3,075
0.003
0.73

134.76

97.19
2.81

2.69
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MolProbity score 1.32 1.44
Clash score 3.62 5.49
EMRinger score 3.1 2.3

Supplementary Table 1: Cryo-EM of S-D614G complexed with Ab 2-7 scFv: Data collection,
refinement statistics and model validation.
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*Adapted from Matute-Bello et al. (2011).

Supplementary Table 2: Criteria for lung histopathology scoring
HPF — high power field (>10x); PMN — polymorphonuclear cells/heterophils; MNC — mononuclear cells
including lymphocytes and macrophages); PVC — Peri-vascular cuff.



R . - E +Ab2- X
1C50 (M) Ab121gG | Ab12scFv-Fc | Ab2-7scFv-Fc | HC Fusion LG Fusion Tanﬁ';;zs’g;_':c Tan‘;g; STLLZV_FC Ab 152;5;3;2"2 7 +:g122_75:"_fv"::c ControlIgG
D614G 14.11 15.72 NIA 2221 5.082 3516 3212 9.327 4392 NIA
BAA7 4325 165 1497 185 0.7511 06292 06337 3.472 1.073 N/A
B.1.351 178.4 3809 130.4 12.58 1267 518 5.837 675 9157 NIA
PA 18.24 62.88 5.702 2.896 2781 8.069 02712 1,903 1.023 NIA
B.A.617.2 NIA NIA 102.1 132.2 439.1 1586 9.587 1336 115.1 NIA

Supplementary Table 3: IC50 for mono and BsAb neutralization of VOC. IC50 values from in vitro
variant neutralization in Fig. 7 were calculated using a sigmoidal 4PL interpolation in GraphPad Prism.

Abs that did not achieve at least 10% neutralization at the highest concentration or with IC50 values >10
fold greater than the highest tested concentration were changed to N/A.
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