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971
972  Supplementary Figure 1. Flow cytometry B cell profiling, sorting strategy and

973 SARS-CoV-2 and MERS-CoV S-protein specific B cells in infected-vaccinated
974 donors. a. Gating strategy for analysis of IgG* B cell populations that bind MERS-CoV
975  S-protein only (CD3'CD4CD8CD14:CD19*CD20*IgM IgG*CoV2"MERS-CoV*), SARS-
976  CoV-2 S-protein only (CD3'CD4 CD8CD14'CD19*CD20*IgM IgG*CoV2**MERS-CoV"),
977  or both MERS-CoV and SARS-CoV-2 S-proteins (CD3"CD4 CD8CD14'CD19*CD20*IgM-
978 1gG*CoV2"™*MERS-CoV™). b. The frequencies of SARS-CoV-2 S-protein-specific IgG* B
979  cells (left), SARS-CoV-2 and MERS-CoV double positive S-protein-specific IgG* cross-
980 reactive B cells (middle) or MERS-CoV S-protein-specific IgG* B cells (right) in PBMCs of
981 10 infected vaccined-vaccinated donors. c. Summary of the number of SARS-CoV-2 and
982 MERS-CoV double positive S-protein specific cross-reactive B cells recovered from each
983  of the donor, number and efficiency of heavy and light chain paired recovered, number of
984  stem-helix mAb in each donor and their frequency out of the S-protein specific cross-
985 reactive IgG B cells.
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987 Supplementary Figure 2. Binding and unogenetic properties of the isolated S2
988 stem-helix mAbs. A total of 40 S2 stem-helix mAbs from 9 SARS-CoV-2 infected-
989 vaccinated donors (CC9 (n = 10), CC24 (n = 2), CC25 (n=7), CC67 (n =3), CC68 (n =
990 2),CC84 (n=2),CC92 (n=2), CC5 (n=9)and CC99 (n = 3) were isolated by single B
991 cell sorting using SARS-CoV-2 and MERS-CoV S-proteins as baits. 32 out of 40 mAb
992 were encoded by unique gene families. Heavy (V, D, J) and light (V, J) germline gene
993 usage, CDR3 lengths and somatic hypermutation (SHM) levels are shown. MAbs were
994  expressed and tested for binding to soluble (ELISA) and cell surface expressed (Cell-
995 ELISA) spikes derived from human B-(SARS-CoV-1 or 2, MERS-CoV, HCoV-HKU1 and
996 HCoV-0C43) and a-(HCoV-NL63 and HCoV-229E) coronaviruses and ECso and MFI
997 (mean fluorescent intensity) binding values are shown. S2 stem-helix bnAbs show binding
998 toB- butnot a-HCoV spikes. Binding to cell surface expressed spikes was relatively better
999 compared to soluble S-proteins. Polyreactive binding analysis of S2 stem-helix bnAbs to
1000 HEp2 cells and by ELISA for binding against polyspecific reagents (PSR) including
1001 Chinese hamster ovary cells solubilized membrane protein (CHO-SMP), insulin and
1002  single-strand DNA (ssDNA). More details are included in fig. S4. S2 stem helix bnAbs,
1003 CC40.8, S2P6 and CV3-25 were used as control for binding assays.
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Supplementary Figure 3. Immunoglobulin heavy and light chain gene usage and
enrichment in isolated mAbs compared to a reference human germline database.
Baseline germline frequencies of heavy chain genes (IGHV, IGHD and IGHJ genes) (a.,
b., c) and light chain genes (IGKV, IGLV, IGKJ and IGLJ genes) (d., e) are shown in grey,
and S2 stem helix sarbecovirus bnAbs (SARS: orange) and sarbecovirus + MERS-CoV
bnAb (SARS + MERS: green) are shown. Arrows indicate gene enrichments compared
to human baseline germline frequencies.
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Supplementary Figure 4. Evaluation of stem-helix bnAbs for polyreactivity and
autoreactivity. a-b. Antibodies were tested for binding to immobilized HEp2 cells (a) and
by ELISA for binding against polyspecific reagents (PSR) including Chinese hamster
ovary cells solubilized membrane protein (CHO-SMP), insulin and single-strand DNA
(ssDNA) (b). For HEp2 assay, immunofluorescence showed binding of antibodies to
immobilized HEp2 cells was detected by FITC-labelled secondary antibody. Fluorescent
intensity from strong to weak were labeled as "++", "+" and "+/-" accordingly. "-" indicated
little or no signal could be observed. Positive and negative controls for the HEp2 assay
are provided by the manufacturer. In PSR ELISA, Bococizumab which is a humanized
mADb targeting the LDL receptor-binding domain of PCSK9 and studied in phase I-lll
clinical studies (1), was used as a positive control. The color curves indicate antibodies
that can react with PSR, while gray curves are the antibodies with little or no binding to
PSR. DEN3 mAb was used as a negative control.
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Stem-helix peptide S-protein
a SARS-Cov-2 MERS-CoV. SARS-Cov-2 MERS-CoV

Antibody Response KD (M kon(1/Ms) koff{1/Ms) | Response KD (M; kon(1/Ms] _koff(1/Ms) | Response KD™" (M) _kon(1/Ms) _kofi{1Ms) | Response KD™® (M) _kon(1/Ms) _koff(1/Ms;
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CC25.103 5.09 6.4BE+05 551 364E-10 751E+05 273E-04 | 142 4.80E+05 115 132E-00 271E+05 357E-04
CC25.106 550 6.5TE+05 5.98 342610 7.32E+05 2.50E-04 | 096 4.01E+05 097  4.51E-10 265E+05 1.19E-04
CcC25.108 5.33 6.25E+05 5.72 94TE-10 T.J9E+05 6.99E-04 5.46E+05 204E-09 282E+05 5.95E-04
CcC25.112 6.08 6.80E+05 5.70 161E-09 926E+05 149603 | 109 | 42TE+05 091 440E-09 30SE+05 1.34E-03
CC67.105 5.88 7.05E+05 145E-09  8.26E+05 _1.20E-03 5.66E+05 111 1.96E-09  3.06E+05 _ 6.00E-04
CC68.109 472 5.60E+05 478  [AAAESON 6.53E+05 0.88 364E+05 074

CC84.102 592 7.23E405 5.09 164E-09  1.17E+06 1.926-03 | 099 441E+05 099  217E-09 293E+05 6.36E-04
CC92.133 548 9.60E+05 536 [ 1.09E-10" 1.16E+06  127E-04 | 1.1 4.62E405 1.04 6.54E-10 232E+05 1.52E-04
CC92.147 3.90 2B0E+05 4.08 6.95E-10 291E+05 2.02E-04 0.80 3ATE-10  3.49E+05 063 4.84E-10 219E+05  1.06E-04
CC95.104 563 5.73E+05 5.93 0.43E-10 B.30E+05 7.82E-04 B.02E+05 866E-10 3B0E+05 3.28E-04
CCo5.108 5.81 5.39E+05 3.08E-10 6.13E+05 244E04 | 1.06 5.28E+05 100 341E-10 345E+05 1.18E-04
CC85.110 5.18 6.28E+05 5.35 256610 7.54E+05 | 1.93E-04 | 087 281E-10 | 3.33E+05 080  5.18E-10 204E+05 1.05E-04
CC85.121 4.84 6.04E+05 4.91 167E-08 9.08E+05 151E-03 | 003 3T4E+05 0.80 3.13E-00  240E+05 6.56E-04

€C99.103 543 9.27E+05 5.39 1.01E+06 111 5.38E+05 1.10 S09E-10 280E+05 B8.66E-05

CC8.1304GL 0.76 1.08E-08 2.88E+05 ND ND ND 0.12 ND ND 013 ND ND ND
CC9.1314GL 322 1.77E08  2BBE+05 475604 | 242 561E-09 5.16E+05 216603 | 031 9.29E-10 | 1.68E+05 ND ND ND
CGC25.10346L 4.47 1.35E-09 356E+05 4.81E-04 | 1.01 3.45E-09 1.19E+06 066 5.531 230E+05 ND ND ND
cc2s.q06-cL  [IIFZENN 4.09E-10 108E+06 442604 | 484 1.12E-09 2856-03 | 092 - 2.56E+05 043  7.4E-09 30BE+05 2.20E-03
CC25.1084GL 5.45 8.75E-10 5.12E+05 4.48E-04 | 265 172E-08 4.32E+05 6.08E-04 | 1.10 4.T4E+05 0.39 220E-00 | 1B7E+05 4.18E-04
CC25.112-GL 442 3.10E-08 5.00E+05 155603 | 134 281E-09 7TA6E+05 1.64E-03 | 066 121E-09 | 2.06E+05 ND ND ND
CC67.105-GL 4.16 119E-08 | 249E+05 296E-04 | 2.24 499E-09  263E+05 121E-03 | 057 796E-10  2.92E+05 029 367E-00 224E+05 B.69E-04

3.89 2.027E-09 T7.10E+05 144E-03
2.25 220E-09 B.08E+05 1.36E-03

2.3TE+05
3.TOE+05

031 126E-09 1.15E+06 1.45E-03

327E-09 2B4E+05 B8B5E-04

CC68.109-iGL 4.89 9469E-10 5.24E+05 4.96E-04
CC84.102-iGL 565 3.11E-09 357E+05 1.11E-03

CCO2.133-iGL 4.63 1.52E-09 4.32E+05 6.56E-04 2.08 211E-09 T74S5E+05 1.57E-03 1.99E+05 ND ND ND
CCO2.147-iGL 161 1.95E-09 5.03E+05 0.82E-04 ND ND ND ND ND ND ND ND
CC95.104-iGL 255 1.78 3.05E-09 | 1.75E+05 2.03E-04 0.82 144E-09  106E+06 1.52E-03 ND ND ND
(CC95.108-iGL 620 341E-10 378E+05  1.29E-04 172E-09 463E+05 8.02E-04 0.89 4.38E+05 141E-04 0.87 1.85E-09 3.06E+05 5.66E-04
CC95.110-iGL 6.36 1.04E-08 4.3BE+05 B4BE-04 3.74 3.69E-09 1.04E+06 | 2.80E-03 0.69 4.11E+05 2.80E-03 L 260E-09 201E+05 522E-04

CC95.1214GL | 250 407609 597E+05 | 243603 227E-00 691E+05 157E-03 | 026 5.43E405 402609 [1B7E+05 7.53E-04
CC99103-GL | 462 183E09 400E40S 730E-04 | 271 351E-09 7.27E+05  2356-03 | 068 2.17E+05 ND ND ND
DENG | ND ND ND ND ND ND ND ND ND
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1030 Supplementary Figure 5. BLI Binding of S2 stem bnAbs and their iGLs with SARS-
1031 CoV-2 and MERS-CoV stem-helix peptides and S-proteins and association with
1032 SHMs and Neutralization. a. BioLayer Interferometry (BLI) binding kinetics of 16 S2
1033 stem-helix bnAbs and their inferred germline (iGL) Ab versions with SARS-CoV-2 and
1034 MERS-CoV stem-helix peptides and S-proteins. Binding kinetics were obtained using the
1035 1:1 binding kinetics fitting model on ForteBio Data Analysis software and maximum
1036  binding responses, dissociations constants (Kp) and on-rate (kon) and off-rate constants
1037 (korr) for each antibody peptide interaction are shown. Kp, kon and kot values were
1038 calculated only for antibody-antigen interactions where a maximum binding response of
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0.2nm was obtained. MAbs were also tested with SARS-CoV-2 and MERS-CoV S-
proteins and the responses, apparent binding constants (Kp”*P) and kon and koff constants
for each antibody-antigen interaction are indicated. The iGL Ab versions of stem-helix
bnAbs showed reduced binding compared their mature versions. b. Correlations of stem-
helix mAb binding (Ko (M) values) to SARS-CoV-2 and MERS-CoV peptides and virus
neutralization with heavy (VH) chain and light (VL) chain SHM levels. c. Correlations of
stem-helix mADb binding (Ko (M) values) to SARS-CoV-2 and MERS-CoV peptides with
neutralization against their corresponding viruses. Correlations were determined by
nonparametric Spearman correlation two-tailed test with 95% confidence interval. The
Spearman correlation coefficient (r) and p-value are indicated. d. ICso neutralization of S2
stem-helix bnAb iGLs with SARS-CoV-2 and MERS-CoV.
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Supplementary Figure 6. Immunogenetics analysis of heavy and light chain
sequences of 32 unigue S2 stem-helix mAbs. The phylogenetic tree represents
concatenated heavy and light chain amino acid sequences of 32 S2 stem-helix mAbs.
mADs IDs are shown on the right. Four colored columns on the right show the following
characteristics of mAbs (from left to right): (1) the germline V gene of each heavy chain
(IGHV1-46: green, IGHV3-23: plum, others: gray), (2) the presence of RG motif in the
amino acid sequence of each CDRH3 (motif is present: red, motif is missing: blue), (3)
the germline V gene of each light chain (IGKV3-20: sky, IGLV1-51: cantaloupe, others:
gray), (4) the presence of WD motif in the amino acid sequence of each CDRL3 (motif is
present: red, motif is missing: blue).
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1064 Supplementary Figure 7. Epitope mapping of S2 stem-helix bnAbs with SARS-CoV-
1065 2 stem-helix peptide alanine scan mutants. Heatmap showing ECso ELISA binding
1066 titers of S2-stem helix bnAbs to 25mer SARS-CoV-2 stem-helix peptide and its alanine
1067  scan mutants. Three hydrophobic residues, F1148, L1152 and F11%6 were commonly targeted
1068 by stem-helix bnAbs. S2 stem-helix bnAbs are grouped based on their heavy chain gene
1069 usage (IGHV1-46, IGHV3-23 and others). The light chain germline genes (IGKV3-20,
1070 IGLV1-51 and other) and CDRL3 lengths are shown. S2P6, CC40.8 and CV3-25 S2 stem-
1071  helix mAbs were used as controls.
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1072
1073 Supplementary  Figure 8. Neutralization of  replication competent

1074 betacoronaviruses by select S2-stem helix bnAbs. a. Neutralization of replication
1075 competent viruses encoding SARS-CoV-2 (SARS2-nLuc), and MERS-CoV (MERS-nLuc)
1076 by 2 select S2 stem-helix bnAbs, CC68.109, and CC99.103. MERS-GD27 antibody (2)
1077 was a positive control for the MERS-CoV neutralization assay. b-c. Comparison of ICso
1078 neutralization titers of S2 stem-helix bnAbs with replication-competent (b) and
1079  pseudoviruses (c) of SARS-CoV-2 and MERS-CoV.
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