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[bookmark: OLE_LINK13][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK54]Fig. S1. Structure-based sequence alignment of RBDs and statistics of mutated residues on RBDs of SARS-CoV-2 VOCs. A Structure-based sequence alignment of RBDs from SARS-CoV-2 prototype (PT), GD/1/2019, BANAL236, RaTG13, GX/P2V/2017, RshSTT182 and SARS-CoV strains. Coils indicate α helices, black arrows indicate β strands and TT indicates β-turn. Conserved residues are highlighted in red. Sequence alignment is generated with Clustal X and ESPript 3.0.cc. The RBD residues are being named in the SARS-CoV-2 numbering schem. B Residues mutated in RBD of thirteen SARS-CoV-2 VOCs were summarized. Residues that differ from the PT RBD are highlighted in different colors to indicate their variations. 
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Fig. S2. Sequence alignment of red fox (Vulpes vulpes) ACE2 and arctic fox (Vulpes lagopus) ACE2. Conserved residues are highlighted in red. Sequence alignment is generated with Clustal X and ESPript 3.0.cc.
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[bookmark: OLE_LINK53][bookmark: _Hlk164100878]Fig. S3. The binding affinities of hACE2 to RBDs from prototype (PT), SARS-CoV, Omicron BF.7 strains. Actual and fitted curves are colored in black and red, respectively. The KD of each binding test is calculated from three independent repeats and are presented as mean ± SD. 
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[bookmark: OLE_LINK15][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Fig. S4. Cryo-EM analysis of the fox ACE2/PT RBD complex. A A representative micrograph of the fox ACE2/PT RBD complex. The scale bar represents 50 nm. B Gallery of 2D class average images of the complex. C A brief workflow of cryo-EM image processing and reconstruction. D Fourier shell correlation (FSC) curves for the reconstruction. E Local resolution distribution for the final density map. 
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Fig. S5. Cryo-EM analysis of the fox ACE2/Omicron BF.7 RBD complex. A A representative micrograph of the fox ACE2/Omicron BF.7 RBD complex. The scale bar represents 50 nm. B Gallery of 2D class average images of the complex. C A brief workflow of cryo-EM image processing and reconstruction. D Fourier shell correlation (FSC) curves for the reconstruction. E Local resolution distribution for the final density map. 
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[bookmark: OLE_LINK1]Fig. S6. Cryo-EM analysis of the fox ACE2/SARS-CoV RBD complex. A A representative micrograph of the fox ACE2/SARS-CoV RBD complex. The scale bar represents 50 nm. B Gallery of 2D class average images of the complex. C A brief workflow of cryo-EM image processing and reconstruction. D Fourier shell correlation (FSC) curves for the reconstruction. E Local resolution distribution for the final density map. 
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Fig. S7. Structural analysis of key residues in the molecular interaction of fox ACE2/PT RBD, fox ACE2/Omicron BF.7 RBD and fox ACE2/SARS-CoV RBD. A Structural comparison between prototype (PT) RBD and Omicron BF.7 RBD binding to the fox ACE2. B Structural comparison between PT RBD and SARS-CoV RBD binding to the fox ACE2.
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[bookmark: _GoBack]Fig. S8. SPR analysis of the binding affinities of PT RBD and two substitutions. The KD of each binding test is calculated from three independent repeats and are presented as mean ± SD.
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Table S1 Cryo-EM data collection and refinement statistics.
	
	Fox ACE2/PT RBD 
	Fox ACE2/Omicron BF.7 RBD  
	Fox ACE2/SARS-CoV RBD  

	Data collection and processing
	
	
	

	Magnification   
	105k
	105k
	105k

	Voltage (kV)
	300
	300
	300

	Electron exposure (e–/Å2)
	60
	60
	60

	Defocus range (μm)
	-1.0 ~ -2.0
	-1.0 ~ -2.0
	-1.0 ~ -2.0

	Pixel size (Å)
	0.69
	0.69
	0.69

	Symmetry imposed
	C1
	C1
	C1

	Initial particle images (no.)
	1,298, 954
	908,083
	2,592,700

	Final particle images (no.)
	217,439
	69,826
	345,875

	Map resolution (Å)
    FSC threshold                                
	2.96
0.143
	3.47
0.143
	3.08
0.143

	Refinement
	
	
	

	Initial model used (PDB code)
	7WBL
	7WBL
	7WBL

	Model resolution range (Å)
	Up to 2.96
	Up to 3.47
	Up to 3.08

	Map sharpening B factor (Å2)
	DeepEMhancer (no B factor value)
	DeepEMhancer (no B factor value)
	DeepEMhancer (no B factor value)

	Model composition
    Non-hydrogen atoms
    Protein residues
    Ligands
	
6485
791
-
	
6436
791
-
	
6412
787
-

	B factors (Å2)
    Protein
    Ligand
	
21.63
46.08
	
16.01
46.08
	
21.63
46.08

	R.m.s. deviations
    Bond lengths (Å)
    Bond angles (°)
	
0.009
1.142
	
0.017
1.843
	
0.006
1.684

	 Validation
    MolProbity score
    Clashscore
    Poor rotamers (%)
	
1.87
14.00
0.00
	
2.31
16.33
0.00
	
2.19
21.50
3.01

	 Ramachandran plot
    Favored (%)
    Allowed (%)
    Disallowed (%)
	
97.71
2.29
0.00
	
97.59
2.41
0.00
	
98.47
1.28
0.26







Table S2 Amino acid residues of prototype (PT) RBD, Omicron BF.7 RBD and SARS-COV RBD interacting with fox ACE2.
	PT/ Omicron BF.7/ SARS-CoV RBD
	Fox ACE2 
(PT)
	Fox ACE2
(Omicron BF.7)
	Fox ACE2 
[bookmark: OLE_LINK11](SARS-CoV)

	R403
	
	Y34 (2)
	

	K417/N417/V417
	E30 (7, 1)
	
	

	G446/G446/T446
	Q42 (1)
	
	

	Y449
	E38 (7, 1), Q42 (3)
	Q42 (1)
	E38 (1), N42 (3, 1)

	Y453
	Y34 (2)
	Y34 (4)
	Y34 (4)

	L455/L455/Y455
	E30 (1), Y34 (4)
	Y34 (8), E30 (3)
	E30 (12), K310 (2)

	F456/F456/L456
	T27 (1), E30 (4)
	K31 (1)
	K31 (1)

	A475/A475/P475
	Q19 (1), L24 (1)
	L24 (3), T27 (3)
	Q19 (10, 1), L24 (1)

	G476/G476/D476
	
	L24 (2)
	Q19 (15)

	S477/N477/G477
	Q19 (4)
	Q19 (22)
	

	F486/F486/L486
	L79 (4)
	
	

	N487
	L24 (2)
	L24 (10), T27 (1, 1), Y83 (5, 1)
	L24 (11), Y83 (6, 2)

	Y489
	T27 (7), F28 (8), Y83 (1)
	T27 (10, 1), F28 (3), K31 (3), 
	T27 (1), F28 (8), Y83 (1), 

	Q493/Q493/N493
	Y34 (8, 1), E35 (9, 1)
	K31 (3), Y34 (6), E35 (5)
	Y34 (5)

	Y495
	E38 (2), K353 (1)
	
	E38 (4), K353 (2, 1)

	G496
	E38 (2), K353 (3, 1)
	
	E38 (2), K353 (4, 1)

	Q498/R498/Y498
	E38 (1), Y41 (3), Q42 (5)
	Y41 (1), Q42 (6), L45 (1)
	Y41 (8), Q42 (4, 1), L45 (2)

	T500
	Y41 (10, 1), L45 (1), N330 (2), D355 (7, 1), R357 (2) 
	Y41 (7, 1), N330 (1), D355 (8), R357 (2)
	Y41 (7, 1), L45 (4), N330 (1), D355 (8), R357 (4)

	N501/Y501/T501
	Y41 (8, 1), K353 (7)
	Y41 (7), K353 (11)
	Y41 (6), K353 (4)

	G502
	K353 (3, 1), G354 (6)
	K353 (2, 1), G354 (6)
	K353 (2, 1), G354 (4)

	Y505/H505/Y505
	K353 (26), E37 (4, 1), G354 (2)
	K353 (9), G354 (1)
	K353 (17), G354 (1)

	Total
	182, 10
	156, 5
	165, 9


[bookmark: OLE_LINK31]The numbers in parentheses of PT RBD, Omicron BF.7 RBD and SARS-CoV RBD residues represent the number of vdw contacts between the indicated residues with fox ACE2. The bold numbers with underline suggest numbers of potential H-bonds between the pairs of residues. vdw contact was analyzed at a cutoff of 4.5 Å and H-bonds at a cutoff of 3.5 Å.
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