Cell Reports, Volume 37

Supplemental information

Structural mechanism of SARS-CoV-2 neutralization

by two murine antibodies targeting the RBD

John M. Errico, Haiyan Zhao, Rita E. Chen, Zhuoming Liu, James Brett Case, Meisheng
Ma, Aaron J. Schmitz, Michael J. Rau, James A.J. Fitzpatrick, Pei-Yong Shi, Michael S.
Diamond, Sean P.J. Whelan, Ali H. Ellebedy, and Daved H. Fremont



Lacey
Lacey

5T =
C c
e e
[ =
10? 102
n a
§ g § g
-] £ ® £
3 5 ] 5
w 10" % v 10! %
—=/2 - 0 . 0
-7 3m/4 -=/2 -=/4 0 n/4 /2 3x/4 L 10 -T 3x/d -=/2 -—=/4 0 /4 /2 3m/4 e 10
E Azimuth F Azimuth
10 GSFSC Resolution: 3.204 10 GSFSC Resolution: 3.004
. T T T . I . T T T .
’ © | — NoMask (4.14) : No Mask (3.84)
—— Spherical (3.84) Spherical (3.54)
0.8 - — Loose (3.44) 0.8 - Loose (3.34)
—— Tight (3.24) Tight (34)
—— Corrected (3.24) Corrected (34)
0.6 - - 0.6 - -
0.4} 1 P v
0.2} R - - e 0.2 [ -ceeeeeeefernnnnnnnnds e - - e
0o N L 0o L NSNS
DC 174 834 554 414 334 284 2.44 DC 174 834 554 414 334 284 2.44

Figure S1: Cryo-EM validation for 2B04 and 2H04 maps. Related to figure 1. (A) Example micrographs and CTF
estimates for 2B04-spike datasets imaged on holey lacey carbon grids or lacey carbon grids with ultra-thin carbon film. (B)
Example micrographs and CTF estimates for 2H04-spike datasets imaged with holey lacey carbon grids or lacey carbon
grids with ultra-thin carbon film. (C) Particle orientation distribution for 2B04-spike up/down/down reconstruction. (D)
Particle orientation distribution for 2H04-spike down/down/down reconstruction. (E) GSFSC curve for 2B04-spike
up/down/down refinement. (F) GSFSC curve for 2H04-spike down/down/down refinement. (G) Local resolution map for
2B04-spike up/down/down map. (H) Local resolution map for 2H04-spike down/down/down map.
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Figure S2: Cryo-EM processing strategy. Related to figures 1 and 2. (A) Flowchart depicting cryo-EM data processing
steps for the 2B04-spike up/down/down and 2B04/RBD locally refined maps. (B) Flowchart depicting cryo-EM data
processing steps for the 2H04-spike down/down/down and 2H04/RBD locally refined maps.
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Figure S3: Model fits into maps and validation for locally refined maps. Related to figures 1 and 2. (A) Density map
for 2B04 U/D/D spike reconstruction shown as an outline, with the model shown internally as a cartoon. S1/S2 is depicted
in green, with the RBD portion shown in yellow. 2B04 is shown in cyan. (B) Density map for 2B04 U/U/D spike
reconstruction shown as an outline, with the model shown internally as a cartoon and colored as in A. (C) Density map for
2H04 D/D/D spike reconstruction shown as an outline, with the model shown internally as a cartoon. S1/S2 is depicted in
green, with the RBD portion shown in yellow. 2H04 is shown in magenta. (D) Density map for 2H04 U/D/D spike
reconstruction shown as an outline, with the model shown internally as a cartoon and colored as in C. (E) GSFSC curve for
the locally refined 2B04/RBD map. (F) GSFSC curve for the locally refined 2H04/RBD map. (G) Example density and
model fits for an RBD beta-strand (left) and at the 2B04/RBD interface (right). RBD is colored in yellow, 2B04 heavy chain
is colored in cyan. (H) Example density and model fits for an RBD beta-strand (left) and at the 2H04/RBD interface (right).
RBD is shown in yellow. 2H04 heavy chain is shown in magenta, while the light chain is shown in violet.



Figure S4: 2H04 contacts the core fucose of the N343 glycan on SARS-CoV-2 RBD. Related to figure 2. 2H04 is
depicted as a surface, with the heavy chain colored magenta and the light chain colored violet. The N343 glycan is depicted
as atoms in blue, with the remainder of the N-terminal strand of the RBD depicted in silver as a cartoon ribbon. Residues at
the interface between the core fucose and 2H04 are labelled in black text.
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Figure S5: Binding affinity of 2B04 and 2H04 to mammalian cell-derived SARS-CoV-2 RBD. Related to figure 6. (A)
Binding of 2B04 to mammalian cell-derived SARS-CoV-2 RBD. (B) Binding of 2H04 to mammalian cell-derived SARS-
CoV-2 RBD. (C) Binding of 2H04 to bacterially derived SARS-CoV RBD. (D) Binding of 2B04 to bacterially derived
SARS-CoV RBD. Kinetic values were fitted to a 1:1 Langmuir binding model (Kp, kinetic). Steady-state analysis is shown
below kinetic plots (Kp, equilibrium) with inset Scatchard plots. Data were analyzed using Biaevaluation 3.1 (GE
Healthcare). One representative trace of two or three independent experiments is shown.
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Figure S6: Neutralization profiles of 2B04 and 2H04 IgG versus Fab. Related to figure 6. Serial dilutions of 2B04 or
2H04 mAbs or Fabs were pre-mixed with GFP expressing VSV-SARS-CoV-2 for 1 hour, followed by addition of the
mixture to Vero E6-TMPRSS?2 cells. GFP' infected cells were quantified by flow cytometry 8 hours post of infection. Data
are pooled from three independent experiments performed in duplicate. Error bars indicate SEM.
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Figure S7: Comparison of 2B04 and 2H04 to germline Ig sequences. Related to figure 3. (A) Sequence alignment of
2B04 Vy to IgH2-9-1 (2B04 V4 parent germline sequence) and I[gHV3-53*02 (germline sequence of human antibodies
targeting an overlapping RBM epitope). Residues are colored from black to white according to degree of conservation.
2B04 contact residues on the SARS-CoV-2 RBD are shown as cyan triangles. (B) Sequence alignment of 2B04 V. to
IgVL1*01 (2B04 V. parent germline sequence), colored as in A. (C) Sequence alignment of 2H04 Vy; to IgHV1-55%01
(2H04 Vy parent germline sequence). Residues are colored from black to white according to degree of conservation. 2H04
contact residues on the SARS-CoV-2 RBD are shown as pink triangles. (D) Sequence alignment of 2H04 V, to IgKV5-
48*01, colored as in C.



Table S1: Cryo-EM data collection, processing, refinement, and validation statistics. Related to Figures 1 and 2.

SARS-CoV-2 spike U/D/D SARS-CoV-2 spike U/D/D SARS-CoV-2 spike U/U/D SARS-CoV-2 spike D/D/D SARS-CoV-2 spike D/D/D SARS-CoV-2 spike U/D/D

with Fab 2B04 (full)

with Fab 2B04 (local)

with Fab 2B04 (full)

with Fab 2H04 (full)

with Fab 2H04 (local) with Fab 2H04 (full)

PDB 7K9H PDB 7K9I PDB 7K9) PDB 7K9K
EMD-22748 EMD-22749 EMD-22752 EMD-22750 EMD-22751 EMD-22753

Data collection
Magnification 105,000x 105,000x 105,000x 105,000x 105,000x 105,000x
Voltage (kV) 300 300 300 300 300 300
Electron exposure (e /A%) 67 67 67 67 67 67
Defocus range (um) 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5 0.5-2.5
Pixel size (A/pixel) 1.1 1.1 1.1 1.1 1.1 1.1
Data processing
Symmetry imposed C1 Cl C1 C3 Cl Cl
Initial partile images (no.) 1,842,978 1,842,978 1,842,978 877,481 877,481 877,481
Final particle images (no.) 162,281 263,342 (C3 exp) 165,840 155,896 304,667 (C3 exp) 109,868
Map resolution (&) 3.2 3.3 3.35 3.0 3.14 3.55
FSC threshold 0.143 0.143 0.143 0.143 0.143 0.143
Map sharpening factor -78.4 -61 -75 -94.3 -84.7 -64.1
Model refinement
Initial PDB model used 6VYB, 6W41, 1GIG 6W41, 1GIG 6VXX, 6DG2, 1K4C 6VXX, 6DG2, 1K4C
Model resolution (A) 3.4 3.7 3.3 3.6

FSC threshold 0.5 0.5 0.5 0.5
Model composition

Non-hydrogen atoms 27,022 3,295 29,766 3202

Protein residues 3,391 423 3627 402

Ligand residues 105 1 111 4
B-factors (A2)

protein residues 115 93 100 82

ligands (glycans) 118 99 140 76
RMS deviations

Bond lengths (A) 0.006 0.005 0.004 0.006

Bond angles (°) 0.724 0.710 0.737 0.927
Validation

Molprobity score 1.82 1.83 1.73 1.82

Clashscore 10.02 11.92 8.76 11.03

Poor rotamers (%) 0.18 0.00 0.57 0.00
Ramachandran

Favored (%) 95.70 96.40 96.18 96.19

Allowed (%) 4.30 3.60 3.82 3.81

Outliers (%) 0.00 0.00 0.00 0.00




Table S2. GISAID citations. Related to Figure 4.
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