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

SARS-CoV-2 and MERS-CoV S-protein specific B cells in infected-vaccinated 973 

donors. a. Gating strategy for analysis of IgG+ B cell populations that bind MERS-CoV 974 

S-protein only (CD3-CD4-CD8-CD14-CD19+CD20+IgM-IgG+CoV2--MERS-CoV+), SARS-975 

CoV-2 S-protein only (CD3-CD4-CD8-CD14-CD19+CD20+IgM-IgG+CoV2++MERS-CoV-), 976 

or both MERS-CoV and SARS-CoV-2 S-proteins (CD3-CD4-CD8-CD14-CD19+CD20+IgM-977 

IgG+CoV2++MERS-CoV+). b. The frequencies of SARS-CoV-2 S-protein-specific IgG+ B 978 

cells (left), SARS-CoV-2 and MERS-CoV double positive S-protein-specific IgG+ cross-979 

reactive B cells (middle) or MERS-CoV S-protein-specific IgG+ B cells (right) in PBMCs of 980 

10 infected vaccined-vaccinated donors. c. Summary of the number of SARS-CoV-2 and 981 

MERS-CoV double positive S-protein specific cross-reactive B cells recovered from each 982 

of the donor, number and efficiency of heavy and light chain paired recovered, number of 983 

stem-helix mAb in each donor and their frequency out of the S-protein specific cross-984 

reactive IgG B cells. 985 
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 986 
Supplementary Figure 2. Binding and immunogenetic properties of the isolated S2 987 

stem-helix mAbs. A total of 40 S2 stem-helix mAbs from 9 SARS-CoV-2 infected-988 

vaccinated donors (CC9 (n = 10), CC24 (n = 2), CC25 (n = 7), CC67 (n = 3), CC68 (n = 989 

2), CC84 (n = 2), CC92 (n = 2), CC95 (n = 9) and CC99 (n = 3) were isolated by single B 990 

cell sorting using SARS-CoV-2 and MERS-CoV S-proteins as baits. 32 out of 40 mAb 991 

were encoded by unique gene families. Heavy (V, D, J) and light (V, J) germline gene 992 

usage, CDR3 lengths and somatic hypermutation (SHM) levels are shown. MAbs were 993 

expressed and tested for binding to soluble (ELISA) and cell surface expressed (Cell-994 

ELISA) spikes derived from human β-(SARS-CoV-1 or 2, MERS-CoV, HCoV-HKU1 and 995 

HCoV-OC43) and α-(HCoV-NL63 and HCoV-229E) coronaviruses and EC50 and MFI 996 

(mean fluorescent intensity) binding values are shown. S2 stem-helix bnAbs show binding 997 

to β- but not α-HCoV spikes. Binding to cell surface expressed spikes was relatively better 998 

compared to soluble S-proteins. Polyreactive binding analysis of S2 stem-helix bnAbs to 999 

HEp2 cells and by ELISA for binding against polyspecific reagents (PSR) including 1000 

Chinese hamster ovary cells solubilized membrane protein (CHO-SMP), insulin and 1001 

single-strand DNA (ssDNA). More details are included in fig. S4. S2 stem helix bnAbs, 1002 

CC40.8, S2P6 and CV3-25 were used as control for binding assays. 1003 
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CC9.104 IGHV1-46*01 IGHD6-19*01 IGHJ4*02 95 9 CARGSSGWYFW IGKV3-20*01 IGKJ3*01 96 11 CQQYDSSPPIFTF CC9.104 0.01 0.01 0.02 8.33 0.06 >10 >10 2358 1E+05 1E+05 2E+05 75627 45414 3751 3360 CC9.104 N N N +

CC9.106 IGHV1-46*01 IGHD6-19*01 IGHJ4*02 95 9 CARGSSGWYFW IGKV3-20*01 IGKJ3*01 97 11 CQQYDSSPPIFTF CC9.106 0.01 0.02 0.03 2.96 0.18 >10 >10 2159 2E+05 88706 1E+05 77010 43564 2475 2163 CC9.106 N N N +

CC9.111 IGHV1-46*01 IGHD3-3*01 IGHJ4*02 91 11 CASGFRGPLFDYW IGKV3-20*01 IGKJ4*01 95 11 CQQYSSSPPRLTF CC9.111 0.01 0.04 0.01 >10 0.30 >10 >10 1807 1E+05 49143 1E+05 77178 27915 2266 2150 CC9.111 Y N Y +

CC9.113 IGHV1-46*01 IGHD3-3*01 IGHJ4*02 94 11 CASGFRGPLFDYW IGKV3-20*01 IGKJ4*01 95 11 CQQYDSSPPRLTF CC9.113 0.01 0.02 0.01 0.56 0.19 >10 >10 1978 1E+05 57032 2E+05 1E+05 43670 2516 2481 CC9.113 N N N ++

CC9.131 IGHV1-46*01 IGHD3-9*01 IGHJ4*02 92 11 CASGFTGPLFDYW IGKV3-20*01 IGKJ3*01 95 11 CQHYASSPPRLTF CC9.131 0.02 0.03 0.02 0.28 0.87 >10 >10 1996 1E+05 44215 98203 81890 24468 2401 2418 CC9.131 N N N +/-

CC9.116 IGHV1-46*01 IGHD6-19*01 IGHJ4*02 93 8 CSRGSSPWDW IGLV7-43*01 IGLJ2*01 95 10 CLLYFGAAQLLF CC9.116 0.02 0.10 2.06 >10 >10 >10 >10 2003 1E+05 36830 19219 6452 3101 2173 2021 CC9.116 N N N +

CC9.130 IGHV3-23*01 IGHD2-2*02 IGHJ4*02 95 13 CAKFLQPQHLVFDYW IGKV3-20*01 IGKJ3*01 96 9 CQQYGRSPFTF CC9.130 0.02 0.02 0.17 >10 >10 >10 >10 23094 1E+05 92602 94209 14406 22644 20725 15004 CC9.130 Y Y Y ++

CC9.107 IGHV3-49*05 IGHD4-23*01 IGHJ5*01 89 8 CATTHAGVSW IGKV4-1*01 IGKJ5*01 92 9 CQQYYSLPITF CC9.107 0.01 0.03 0.02 >10 0.56 >10 >10 2468 1E+05 43048 62998 47687 17914 2481 2259 CC9.107 N N Y +/-

CC9.114 IGHV3-49*05 IGHD4-23*01 IGHJ5*01 89 8 CATTHAGVSW IGKV4-1*01 IGKJ5*01 91 9 CQQYYSLPITF CC9.114 0.02 0.05 0.02 >10 0.98 >10 >10 1901 1E+05 39713 64625 42932 20442 2121 2027 CC9.114 Y Y Y ++

CC9.124 IGHV3-7*03 IGHD3-22*01 IGHJ4*02 95 7 CATWFGIHW IGKV4-1*01 IGKJ3*01 97 9 CQQHYSPPHTF CC9.124 0.02 0.05 1.43 >10 3.14 >10 >10 1947 1E+05 41976 18331 7908 9780 2295 2026 CC9.124 N N N -

CC24.105 IGHV1-46*01 IGHD3-3*01 IGHJ4*02 91 10 CAMTLYGVFDYW IGKV3-20*01 IGKJ3*01 95 11 CQQYDSSPPSFTF CC24.105 0.02 0.05 0.14 >10 0.66 >10 >10 16287 2E+05 41296 36379 45955 16067 11801 8381 CC24.105 Y Y Y ++

CC24.107 IGHV1-46*01 IGHD3-3*01 IGHJ4*02 94 10 CAMTLYGVFDYW IGKV3-20*01 IGKJ3*01 96 11 CQQYDSSPPSFTF CC24.107 0.01 0.03 0.08 >10 0.36 >10 >10 2842 2E+05 53719 97491 33479 33262 3037 2787 CC24.107 N N N +/-

CC25.104 IGHV1-46*01 IGHD3-10*01 IGHJ4*02 92 10 CARLRFGVNDHW IGKV3-20*01 IGKJ3*01 97 11 CQQYDSSPPIFTF CC25.104 0.01 0.02 0.01 1.95 0.60 >10 >10 2377 2E+05 75360 2E+05 86063 35959 2677 2475 CC25.104 N N N -

CC25.108 IGHV1-46*01 IGHD3-10*01 IGHJ4*02 95 10 CARLRFGVNDYW IGKV3-20*01 IGKJ3*01 97 11 CEQYGSSPPIFTF CC25.108 0.01 0.01 0.03 >10 >10 >10 >10 2620 2E+05 61861 80938 41155 3615 2938 2294 CC25.108 N N N -

CC25.103 IGHV1-46*01 IGHD3-22*01 IGHJ4*02 97 13 CASGDSSDSSSYHYW IGKV1-12*01 IGKJ3*01 96 11 CQQANSSPPSFTF CC25.103 0.01 0.02 0.01 8.02 0.11 >10 >10 3630 2E+05 1E+05 2E+05 99995 41763 2889 2623 CC25.103 N N N +/-

CC25.106 IGHV1-46*01 IGHD3-10*01 IGHJ4*02 93 10 CARGGVHGLDYW IGLV1-51*02 IGLJ1*01 97 11 CGTWDTNLGAFVF CC25.106 0.02 0.03 0.02 6.67 0.47 >10 >10 2856 2E+05 83680 2E+05 88189 39950 2985 2661 CC25.106 N N N +/-

CC25.112 IGHV3-23*01 IGHD5-18*01 IGHJ4*02 96 12 CAKVGTTMVYFDYW IGKV3-20*01 IGKJ2*01 98 9 CQQYGDSPPTF CC25.112 0.01 0.02 1.36 >10 >10 >10 >10 2189 2E+05 1E+05 31709 7237 2668 3584 2531 CC25.112 N N N +

CC25.101 IGHV3-23*04 IGHD4-17*01 IGHJ2*01 95 13 CAKWTHYGDFGVDLW IGKV3-20*01 IGKJ2*01 96 9 CQQYGSPPYTF CC25.101 0.04 0.04 0.05 >10 >10 >10 >10 2367 2E+05 80112 1E+05 9978 2581 2846 2382 CC25.101 N N N +/-

CC25.105 IGHV4-31*03 IGHD3-22*01 IGHJ3*01 93 15 CAGTSAGGMGSHAMDVW IGLV1-51*01 IGLJ3*02 95 10 CGAWDSSLGWVF CC25.105 0.01 0.05 0.03 >10 >10 >10 >10 3204 2E+05 59737 79865 7757 3507 3469 2951 CC25.105 N N N +/-

CC67.108 IGHV1-46*01 IGHD3-10*01 IGHJ3*02 94 10 CVRVARGGFDIW IGKV1-39*01 IGKJ2*01 94 11 CQQSYSSPPMFIF CC67.108 0.02 0.03 0.04 >10 >10 >10 >10 2992 2E+05 64880 90504 60317 4565 3783 2843 CC67.108 N N N -

CC67.105 IGHV3-23*01 IGHD6-13*01 IGHJ4*02 92 11 CAKVKQVLYFDYW IGKV3-20*01 IGKJ1*01 97 9 CQQYGSSPPTF CC67.105 0.01 0.02 0.43 >10 >10 >10 >10 4458 2E+05 1E+05 61105 5465 2615 4737 3821 CC67.105 N Y N +

CC67.130 IGHV3-23*04 IGHD6-13*01 IGHJ4*02 92 12 CAKVAGGTVFFDYW IGKV3-20*01 IGKJ4*01 94 9 CQQYGGSPPTF CC67.130 0.01 0.02 2.37 >10 >10 >10 >10 2651 2E+05 1E+05 19681 5655 2391 3761 3051 CC67.130 N N N -

CC68.104 IGHV1-46*01 IGHD7-27*01 IGHJ4*02 94 11 CARGSNWGPWDYW IGKV3-20*01 IGKJ3*01 96 11 CQQYDSSPPIFTF CC68.104 0.01 0.01 0.01 4.06 0.59 >10 >10 1719 1E+05 45796 2E+05 68499 28817 2438 2047 CC68.104 N N N -

CC68.109 IGHV1-46*01 IGHD7-27*01 IGHJ4*02 95 11 CARGSNWGPWDYW IGKV3-20*01 IGKJ3*01 98 11 CQQYDSSPPIFTF CC68.109 0.01 0.04 0.01 >10 0.45 >10 >10 1763 1E+05 46681 1E+05 67951 32005 2161 2117 CC68.109 N N N -

CC84.102 IGHV1-46*01 IGHD3-10*01 IGHJ1*01 95 12 CANTMIRGIIITHW IGLV1-44*01 IGLJ2*01 97 12 CAAWDDSLNGSVVF CC84.102 0.01 0.02 0.10 0.79 0.13 >10 >10 2491 1E+05 75399 1E+05 72840 39364 2788 2428 CC84.102 N N N +/-

CC84.115 IGHV1-46*01 IGHD6-6*01 IGHJ4*02 95 13 CASPPRGSSSALGVW IGKV1-12*01 IGKJ3*01 99 11 CQQANSFPPIFTF CC84.115 0.01 0.01 3.06 >10 >10 >10 >10 2159 1E+05 53075 20590 26997 3533 2512 2279 CC84.115 N Y N +/-

CC92.133 IGHV1-46*01 IGHD1-26*01 IGHJ2*01 86 11 CARGEDNGSFFLW IGKV3-20*01 IGKJ2*01 93 11 CQQYAASPPMYTF CC92.133 0.04 0.03 0.04 >10 0.43 >10 >10 1851 1E+05 50235 2E+05 48635 35646 2316 2148 CC92.133 Y Y Y ++

CC92.147 IGHV1-46*01 IGHD4-23*01 IGHJ5*02 91 11 CARMEDNGSYFLW IGKV3-20*01 IGKJ2*01 92 11 CQQYAASPPMYTF CC92.147 0.01 0.02 0.01 0.47 0.38 >10 >10 4920 2E+05 71807 2E+05 98703 42879 8069 5248 CC92.147 Y Y N ++

CC95.108 IGHV1-46*01 IGHD6-19*01 IGHJ4*02 93 10 CARDSRGPGIFW IGLV1-51*02 IGLJ3*02 96 11 CGAWDSTPGTWVF CC95.108 0.01 0.02 0.01 0.68 0.09 >10 >10 3831 1E+05 80862 2E+05 80845 46996 4152 3558 CC95.108 N N N +

CC95.109 IGHV1-46*01 IGHD2-15*01 IGHJ4*02 95 10 CAGDLRGVGGSW IGLV1-51*02 IGLJ3*02 95 11 CGTWDTSVGAWVF CC95.109 0.01 0.03 0.02 >10 1.17 >10 >10 1959 1E+05 52596 1E+05 20142 34304 2381 2210 CC95.109 N N N +/-

CC95.118 IGHV1-46*01 IGHD3-10*01 IGHJ1*01 93 10 CARVVRGASSLW IGKV1-12*01 IGKJ3*01 95 11 CQQASGFPPLFTF CC95.118 0.01 0.01 0.01 >10 >10 >10 >10 1897 2E+05 64219 1E+05 29671 7644 2783 2890 CC95.118 N N N -

CC95.122 IGHV1-46*01 IGHD3-10*01 IGHJ4*02 91 12 CARDLYGSRNFHYW IGLV1-51*02 IGLJ3*02 93 11 CGSWDSSLSVWVF CC95.122 0.01 0.01 0.01 0.08 0.65 >10 >10 2778 2E+05 84401 2E+05 2E+05 34491 3415 2942 CC95.122 N N N +/-

CC95.110 IGHV1-46*04 IGHD2-2*01 IGHJ3*02 89 10 CARGGRHAHDIW IGLV1-51*02 IGLJ3*02 91 11 CGTWDTSLGEWVF CC95.110 0.01 0.02 0.01 3.27 1.08 >10 >10 3324 1E+05 52194 1E+05 71022 23157 3473 2922 CC95.110 N N N +

CC95.116 IGHV3-15*01 IGHD1-1*01 IGHJ4*02 92 6 CNWNLDYW IGKV4-1*01 IGKJ2*02 96 8 CHQYYSSRTF CC95.116 0.01 0.02 0.01 >10 3.92 >10 >10 1959 2E+05 45696 1E+05 2769 9468 2485 2385 CC95.116 N Y N -

CC95.102 IGHV3-23*01 IGHD3-22*01 IGHJ4*02 91 11 CAKLLMVMVFDHW IGKV3-20*01 IGKJ1*01 94 9 CQQYGSSPPTF CC95.102 0.00 0.01 0.15 >10 >10 >10 >10 1968 1E+05 97248 37605 2421 2387 2339 2164 CC95.102 N N N +/-

CC95.104 IGHV4-31*03 IGHD2-2*01 IGHJ4*02 90 25 CASLWRESCTTAGCYPKDTSLYYFDYW IGKV3-15*01 IGKJ2*02 92 4 CGAVTF CC95.104 0.01 0.02 0.02 >10 >10 >10 >10 2719 1E+05 49752 1E+05 6403 7500 2798 2499 CC95.104 N N N +

CC95.121 IGHV4-31*03 IGHD3-22*01 IGHJ4*02 85 20 CARGFRENYDNSGYSSYYFDYW IGKV1-9*01 IGKJ1*01 96 5 CQQLVAF CC95.121 0.02 0.02 2.50 >10 >10 >10 >10 2348 2E+05 49746 51453 4894 3172 2792 2867 CC95.121 N N N +/-

CC99.103 IGHV1-46*01 IGHD3-9*01 IGHJ4*02 89 11 CASGILTGLFDYW IGKV3-20*01 IGKJ3*01 92 11 CLQYGSSPPIFTF CC99.103 0.02 0.03 0.02 >10 0.42 >10 >10 2470 1E+05 55902 2E+05 54248 41657 4133 2718 CC99.103 N N N +/-

CC99.104 IGHV1-46*01 IGHD3-9*01 IGHJ4*02 92 11 CASGILTGLFDYW IGKV3-20*01 IGKJ3*01 95 11 CLQYGSSPPIFTF CC99.104 0.01 0.02 0.02 >10 0.59 >10 >10 2222 1E+05 46798 1E+05 29469 22600 2626 3077 CC99.104 N N N -

CC99.105 IGHV1-46*01 IGHD3-9*01 IGHJ4*02 90 11 CASGILTGLFDYW IGKV3-20*01 IGKJ3*01 95 11 CLQYGSSPPIFTF CC99.105 0.02 0.03 0.03 >10 0.88 >10 >10 1962 1E+05 39634 93330 16114 18344 2435 2194 CC99.105 N N N -

CC40.8 IGHV3-23*01 IGHD6-19*01 IGHJ3*01 94 8 CAITMAPVVW IGLV3-10*01 IGLJ7*01 96 11 CYSTDSSGNHAVF CC40.8 0.00 0.01 >10 0.06 >10 >10 >10 2706 2E+05 74910 4233 2E+05 4743 4126 2667 CC40.8 N N N -

S2P6 IGHV1-46*01 IGHD4-23*01 IGHJ4*03 95 11 CARGSPKGAFDYW IGKV3-20*01 IGKJ3*01 98 11 CQQYGSSPPRFTF S2P6 0.00 0.01 0.01 >10 0.15 >10 >10 2211 2E+05 68653 2E+05 35812 37985 3825 3086 S2P6 N N Y -

CV3-25 IGHV5-51*03 IGHD2-8*01 IGHJ5*02 98 18 CARLPQYCSNGVCQRWFDPW IGKV1D-12*01 IGKJ2*01 97 9 CQQGNSFPYTF CV3-25 0.01 0.02 >10 >10 >10 >10 >10 5186 2E+05 2E+05 8225 5828 2964 4876 4560 CV3-25 N N N ++

Polyreactivity
S-Proteins Spikes

EC50 (Binding) MFI (Binding)
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 1005 
Supplementary Figure 3. Immunoglobulin heavy and light chain gene usage and 1006 

enrichment in isolated mAbs compared to a reference human germline database. 1007 

Baseline germline frequencies of heavy chain genes (IGHV, IGHD and IGHJ genes) (a., 1008 

b., c) and light chain genes (IGKV, IGLV, IGKJ and IGLJ genes) (d., e) are shown in grey, 1009 

and S2 stem helix sarbecovirus bnAbs (SARS: orange) and sarbecovirus + MERS-CoV 1010 

bnAb (SARS + MERS: green) are shown. Arrows indicate gene enrichments compared 1011 

to human baseline germline frequencies. 1012 
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 1014 
Supplementary Figure 4. Evaluation of stem-helix bnAbs for polyreactivity and 1015 

autoreactivity. a-b. Antibodies were tested for binding to immobilized HEp2 cells (a) and 1016 

by ELISA for binding against polyspecific reagents (PSR) including Chinese hamster 1017 

ovary cells solubilized membrane protein (CHO-SMP), insulin and single-strand DNA 1018 

(ssDNA) (b). For HEp2 assay, immunofluorescence showed binding of antibodies to 1019 

immobilized HEp2 cells was detected by FITC-labelled secondary antibody. Fluorescent 1020 

intensity from strong to weak were labeled as "++", "+" and "+/-" accordingly. "-" indicated 1021 

little or no signal could be observed. Positive and negative controls for the HEp2 assay 1022 

are provided by the manufacturer. In PSR ELISA, Bococizumab which is a humanized 1023 

mAb targeting the LDL receptor-binding domain of PCSK9 and studied in phase I–III 1024 

clinical studies (1), was used as a positive control. The color curves indicate antibodies 1025 

that can react with PSR, while gray curves are the antibodies with little or no binding to 1026 

PSR. DEN3 mAb was used as a negative control. 1027 
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 1029 
Supplementary Figure 5. BLI Binding of S2 stem bnAbs and their iGLs with SARS-1030 

CoV-2 and MERS-CoV stem-helix peptides and S-proteins and association with 1031 

SHMs and Neutralization. a. BioLayer Interferometry (BLI) binding kinetics of 16 S2 1032 

stem-helix bnAbs and their inferred germline (iGL) Ab versions with SARS-CoV-2 and 1033 

MERS-CoV stem-helix peptides and S-proteins. Binding kinetics were obtained using the 1034 

1:1 binding kinetics fitting model on ForteBio Data Analysis software and maximum 1035 

binding responses, dissociations constants (KD) and on-rate (kon) and off-rate constants 1036 

(koff) for each antibody peptide interaction are shown. KD, kon and koff values were 1037 

calculated only for antibody-antigen interactions where a maximum binding response of 1038 
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0.2nm was obtained. MAbs were also tested with SARS-CoV-2 and MERS-CoV S-1039 

proteins and the responses, apparent binding constants (KD
App) and kon and koff constants 1040 

for each antibody-antigen interaction are indicated. The iGL Ab versions of stem-helix 1041 

bnAbs showed reduced binding compared their mature versions. b. Correlations of stem-1042 

helix mAb binding (KD (M) values) to SARS-CoV-2 and MERS-CoV peptides and virus 1043 

neutralization with heavy (VH) chain and light (VL) chain SHM levels. c. Correlations of 1044 

stem-helix mAb binding (KD (M) values) to SARS-CoV-2 and MERS-CoV peptides with 1045 

neutralization against their corresponding viruses. Correlations were determined by 1046 

nonparametric Spearman correlation two-tailed test with 95% confidence interval. The 1047 

Spearman correlation coefficient (r) and p-value are indicated. d. IC50 neutralization of S2 1048 

stem-helix bnAb iGLs with SARS-CoV-2 and MERS-CoV.  1049 
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 1050 
Supplementary Figure 6. Immunogenetics analysis of heavy and light chain 1051 

sequences of 32 unique S2 stem-helix mAbs. The phylogenetic tree represents 1052 

concatenated heavy and light chain amino acid sequences of 32 S2 stem-helix mAbs. 1053 

mAbs IDs are shown on the right. Four colored columns on the right show the following 1054 

characteristics of mAbs (from left to right): (1) the germline V gene of each heavy chain 1055 

(IGHV1-46: green, IGHV3-23: plum, others: gray), (2) the presence of RG motif in the 1056 

amino acid sequence of each CDRH3 (motif is present: red, motif is missing: blue), (3) 1057 

the germline V gene of each light chain (IGKV3-20: sky, IGLV1-51: cantaloupe, others: 1058 

gray), (4) the presence of WD motif in the amino acid sequence of each CDRL3 (motif is 1059 

present: red, motif is missing: blue).  1060 
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 1062 

 1063 
Supplementary Figure 7. Epitope mapping of S2 stem-helix bnAbs with SARS-CoV-1064 

2 stem-helix peptide alanine scan mutants. Heatmap showing EC50 ELISA binding 1065 

titers of S2-stem helix bnAbs to 25mer SARS-CoV-2 stem-helix peptide and its alanine 1066 

scan mutants. Three hydrophobic residues, F1148, L1152 and F1156 were commonly targeted 1067 

by stem-helix bnAbs. S2 stem-helix bnAbs are grouped based on their heavy chain gene 1068 

usage (IGHV1-46, IGHV3-23 and others). The light chain germline genes (IGKV3-20, 1069 

IGLV1-51 and other) and CDRL3 lengths are shown. S2P6, CC40.8 and CV3-25 S2 stem-1070 

helix mAbs were used as controls.  1071 
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 1072 
Supplementary Figure 8. Neutralization of replication competent 1073 

betacoronaviruses by select S2-stem helix bnAbs. a. Neutralization of replication 1074 

competent viruses encoding SARS-CoV-2 (SARS2-nLuc), and MERS-CoV (MERS-nLuc) 1075 

by 2 select S2 stem-helix bnAbs, CC68.109, and CC99.103. MERS-GD27 antibody (2) 1076 

was a positive control for the MERS-CoV neutralization assay. b-c. Comparison of IC50 1077 

neutralization titers of S2 stem-helix bnAbs with replication-competent (b) and 1078 

pseudoviruses (c) of SARS-CoV-2 and MERS-CoV. 1079 
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