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[bookmark: OLE_LINK119]Extended Data Fig. 1 | Characterization of antibody response induced by SARS-CoV-2 infection. a, The ELSIA binding curves for four COVID-19 convalescent patients (24, 25, 26 and 28) and two healthy people. Antibody titers was assessed against S-ECD (extracellular domain of S protein) proteins and RBD region of SARS-CoV-2. b, The effect of convalescent plasma on the binding of RBD to ACE2. c, The neutralization curves for four COVID-19 convalescent patients (24,25,26 and 28) and two healthy people against SARS-CoVD-2 pseudovirus. The data represent one representative experiment of two independent experiments.
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Extended Data Fig. 2 | Crossing binding and neutralizing activities of 28-26K, 25-F7 and 25-D9. a, The binding curves of 28-26K, 25-F7 and 25-D9 to SARS-CoV-2 RBD (left) and SARS-CoV RBD (right) are shown. The data was shown as mean±SD. b, The neutralization curves for 28-26K, 25-F7 and 25-D9 against SARS-CoV-2 pseudo-virus (left) and SARS-CoV pseudo-virus (right). c, ACE2 receptor blocking activity of 28-26K, 25-F7 and 25-D9. Left, SARS-CoV-2 RBD; right, SARS-CoV RBD. d, The neutralizing activity of 28-26K, 25-F7 and 25-D9 against SARS-CoV-2 authentic virus. Three previously described S309, CR3022, and 28-8L were used as control. For a-d, values shown are the means of triplicate. The curves were fit by nonlinear regression in Graphpad Prism.
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Extended Data Fig. 3 | Common features of VH3-53/3-56 NAbs. a, Alignment of the VH amino acid sequences of 3-53/3-56 with its germline configuration. The CDR regions are highlighted in grey. Dots indicate identical residues; Somatic mutations are shown. b, Structural alignment of CB6 and B38 binding with RBD. CB6-RBD complex (PDB ID: 7C01) is superimposed on B38- RBD (PDB ID: 7BZ5). CB6-RBD complex: magenta, CB6 VH; violet, CB6 VL; Light pink, RBD. B38-RBD complex: cyan, B38 VH; pale cyan; RBD, grey. Key residues on RBD highlighted in orange sticks. Polar interactions are indicated by yellow dashed lines.
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Extended data Fig. 4 | Conservation of RBD residues. 
SARS-CoV-2 genome sequences (n=364,409) retrieved from GISAID and Genbank on January 19th 2021 (n=11,839) were used to annotate variants of the spike glycoprotein. 3272 mutations had been identified in the S gene of SARS-CoV-2 isolated from humans (CNCB-NGDC, 2021; GISAID, 2021). These mutations lead to 1961 amino acid changes, including 259 substitutions in the RBD region. a, Variants are plotted by amino acid position. Each dot is a distinct variant. Color encodes four antigenic sites. Variants are labeled if their prevalence is greater than 1%. b, Variability at neutralizing antibody binding residues. “+++++” means > 1%; “++++” means 0.1-1%; “+++” 0.01-0.1%; “++” 0.001-0.01; “+” means 0.0001-0.001; “-” means no varation. “>”, more; “/”, comparable.




[bookmark: OLE_LINK46]Extended data Table 1 | Antibody gene usage for selected NAbs.

















mAbs are grouped based on competitive binding experiments. The lineage analysis and the percent identity for each predicted gene usage based on IMGT/VQUEST predictions. VH, heavy chain variable region gene; JH, heavy chain joining region gene; VL, light chain variable region gene; JL, light chain joining region gene.
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Extended Data Table 2 | The alanine mutations resulted in less than 50% binding to the panel of conformation-dependent RBD-specific antibodies and ACE2 when analyzed by ELISA.
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Coloring corresponds to the reactivity to each RBD mutant with < 30% dark orange, 30±70% light salmonand > 70% white. Residues located in the core region are highlighted in green; in the RBM region are highlighted in cyan. Anti- His tag was used to verify the expression level. 








Extended Data Table 3 | Plasma samples from 9 individuals were screened by S-ECD and RBD binding titer and neutralizing titer against SARS-CoV-2 pseudovirus. 
















	Plasma
	Ab titer 
	BT50 
	NT50 

	
	S-ECD
	RBD
	
	

	2
	3645 
	1215 
	5854 
	7118 

	6
	1215 
	405 
	874 
	1758 

	23
	3645 
	1215 
	1010 
	2521 

	24
	3645 
	1215 
	3661 
	6128 

	25
	3645 
	1215 
	2138 
	4326 

	26
	3645 
	1215 
	1335 
	4723 

	27
	1215 
	405 
	373 
	1957 

	28
	3645 
	3645 
	2812 
	4455 

	32
	405 
	135 
	45 
	540 



BT50, the highest plasma dilution giving a ≥ 50% inhibition of receptor blocking activity.
NT50, the highest plasma dilution giving a ≥ 50% inhibition of pseudovirus virus infection.
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C336A 13 2 1 6 16 7 0 8 18 1 10 0 11 2 1 0 22 0 87

S349A 13 3 14 3 27 3 1 16 23 7 9 8 23 23 4 26 24 3 91

Y351A 39 8 28 12 53 4 6 19 55 11 23 4 25 48 4 45 53 6 99

R355A 1 5 4 0 3 3 2 2 9 9 0 3 2 5 4 5 6 4 98

C361A 17 2 4 19 18 3 0 17 20 5 8 0 4 2 0 5 21 0 105

C379A 1 0 0 0 7 2 0 2 5 0 0 0 5 2 0 0 2 0 89

D398A 2 0 0 1 9 0 0 2 4 3 1 1 0 1 0 2 9 1 92

F400A 3 0 6 4 8 12 9 2 11 8 28 7 13 0 8 35 21 1 104

V401A 34 11 32 16 57 3 26 35 55 18 57 41 52 53 8 54 55 25 105

E406A 12 14 15 2 32 8 4 32 7 24 27 21 19 36 8 33 34 0 121

V407A 18 2 1 1 9 9 1 3 7 4 0 5 0 24 1 8 9 0 91

P412A 25 4 28 10 47 3 13 30 50 14 58 30 33 44 5 41 43 9 109

I418A 9 4 22 32 29 9 8 13 24 36 36 22 41 13 16 68 87 19 82

D420A 15 1 30 3 9 0 1 2 17 5 47 8 82 6 0 18 63 0 106

Y421A  57 4 3 4 25 3 9 41 46 38 49 47 62 55 6 52 79 2 94

N422A 58 7 32 16 55 2 12 37 53 34 46 59 44 51 10 49 77 1 98

Y423A 0 0 7 0 8 6 8 0 10 19 15 11 0 0 11 32 15 2 111

L425A 8 0 8 6 21 4 7 2 21 9 25 8 4 20 7 38 21 1 91

F429A 59 3 44 4 19 4 3 68 8 7 32 5 15 13 2 45 35 0 96

G431A 3 0 2 2 8 9 0 7 9 3 14 6 0 20 9 5 8 2 108

C432A 0 0 0 0 7 0 0 0 4 0 0 0 0 6 0 0 0 0 82

N437A 9 3 10 11 33 5 4 14 36 18 33 4 6 29 11 30 33 6 100

R509A 2 4 1 1 2 15 1 3 1 2 1 2 0 1 2 1 5 0 92

V510A 6 11 10 9 10 24 10 0 6 7 7 5 7 4 7 9 14 2 110

V511A 3 6 5 5 5 18 3 15 3 4 4 3 23 4 3 5 10 1 92

V512A 11 5 5 4 3 7 2 38 3 39 6 7 3 10 25 9 6 0 108

F515A 19 12 21 20 32 14 12 17 21 1 1 2 17 3 10 1 11 4 103

D442A 6 0 0 3 3 0 0 0 0 0 2 0 0 0 0 0 2 0 102

R454A 3 0 1 2 14 3 0 0 14 6 12 1 1 12 0 10 13 2 102

R457A 37 1 36 12 63 6 7 39 64 22 64 34 37 56 9 58 61 4 108

L461A 59 12 23 14 50 4 33 16 40 21 57 14 45 16 24 49 63 30 113

R466A 41 7 43 19 66 3 8 41 62 21 62 15 37 54 6 58 62 3 95

D467A 9 0 4 4 24 0 3 7 16 7 17 2 2 15 4 20 20 3 103

C480A 0 0 0 0 6 0 0 6 1 0 1 0 6 10 8 0 15 2 92

C488A 7 0 0 0 5 0 0 4 1 0 3 0 7 13 11 3 26 0 97

P491A 32 0 47 5 68 6 13 59 68 12 55 46 46 69 19 65 69 2 81

L492A 8 0 7 3 16 9 1 0 55 6 21 1 0 19 6 26 17 2 89

F497A 1 0 0 0 15 9 1 4 14 7 20 9 0 39 15 41 43 4 97
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				mAb		 Heavy chain 										Light chain 

						VH gene		DH gene		JH gene		CDRH3		Identify		VL gene		JL		CDRL3		Identify

														%				gene				%

				24-1L		3-20*01		3-22*01		3*02		AREGYYDSSEAFDI		98.6		L2-11*01		3*02		CSYAGGYNWV		98.6

				CB6 (Ctr)		3-66*01		3-10*02		4*02		ARVLPMYGDYLDY				K1-39*01				QQSYSTPPEYT

				29-40K		3-66*01		3-16*01		4*01		ARDWGEYYFDY		98.3		K3-20*01		1*01		QQYGSSPRT		97.2

				24-11K		3-53*04		1-26*01		4*01		ARDLSELGIDY		96.9		K1-9*01		2*01		QQLNSYLYT		99.6

				25-C4		3-53*01		N/A		6*04		ARESYGMDV		97.3		K3-20*01		2*01		QQYGSLYT		98.9

				25-C5		3-53*01		4-17*01		4*01		ARTYGDYYFDY		98.3		K1-27*01		3*01		QKDYSAPPGFT		97.9

				25-C8		3-53*01		2-15*01		4*01,		ARDRGGYCDY		98.3		K1D-12*01		2*01		QQTNSFPGYT		98.6

				26-45K		3-53*01		2-2*01 F		6*04		ARDLGPYGMDV		99.0		K1-9*01		2*01		QQLNSYPT		99.3

				24-2K		3-66*01		3-10*01		4*01		ARTFGELYIDY		99.3		K1-9*01		3*01		QHLRG		98.2

				28-8L		1-18*01		1-26*01		4*03		ARDWELLGRFDY		95.9		L2-23*01		3*02		CSYAGSSTWV		98.3

				26-34L		4-31*03		3-10*01		6*04		ARDRVTMVRGVDHYYYYGMDV		96.0		L2-8*01		2*01		SSFAGSNVV		98.3

				25-B5		4-61*01		2-2*01,		6*04		AREPLVVPAALPPYGMDV		98.3		K3-11*01		4*01		QQRSNWPPVT		100.0

				25-G7		4-39*01		3-22*01		1*01		ARMLGMIDV		97.3		K1-NL1*01		4*01		QQYYSTPPLT		99.0

				25-F8		1-46*01		3-16*01		6*04		ASWGGNIPLYYYYGMDV		98.6		L2-8*01		3*02		TSYAGSNIWV		99.0

				24-12K		4-59*01		3-22*01		3*02		ARDLGYDSSGPDAFDI		98.3		K3-11*01		1*01		QQRSGWPGT		99.3

				28-15L		3-9*01		3-3*01		6*03		AKFPRSNYDFWSGEDNYYYYMDV		97.6		L2-11*01		2*01		FSYAGSWGAV		97.9

				25-C9		5-10*01		6-19*01		5*02		ASSEVGYSSLREFDP		98.0		L2-23*03		1*01		CSYAGTSTFESYV		97.3

				25-D9		4-59*13		3-3*01		5*02		AGTYDSNLLDP		98.3		K1-NL1*01		2*01		QQYYSTPYT		97.9

				28-26K		3-21*01		3-3*01		3*01		ARVLSPVDYDFWSGPDAFDF		96.9		K1-5*03		2*01		HQYNSNSPYT		98.3

				25-F7		1-18*04		3-22*01		5*02		ARDGDSAYFDRSGYYGSSRDNWFDP		95.3		L1-40*01		3*02		QSYDSSLSGWV		99.3






