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Unusual specific interaction of RBD with zeolite induces rapid neutralization of SARS-CoV-2
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[bookmark: _GoBack]Table S1. Copper content of Cu-zeolite (detected by inductively coupled plasma-mass spectrometry)
	Samples
	Ion-exchanging processa
	Copper concentration 
(wt%)
	Average
(wt%)

	Z0
	Na-zeolite
	0
	0
	0
	0

	Z1
	200 ppm Cu
	1.22
	1.45
	1.13
	1.270.17

	Z2
	600 ppm Cu
	3.19
	3.63
	3.72
	3.510.28

	Z3
	1200 ppm Cu
	4.91
	5.73
	4.93
	5.190.47

	Z4
	1200 ppm Cu *2(4h+5h)
	6.11
	6.72
	6.00
	6.280.39

	Z5
	1200 ppm Cu *2(24h+24h)
	6.73
	7.12
	5.99
	6.610.57

	Z6
	1200 ppm Cu *3 (24h+24h+24h)
	7.49
	7.64
	7.17
	7.430.24



a ion-exchanging concentration and processing time of each procedure.
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Figure S1. Initial conformation of Cu-zeolite -RBD system. (a) side view, (b) top view.
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Figure S2. Electrostatic interaction energies in Cu-zeolite-RBD system. (a) between RBD and zeolite frameworks, ions and the whole, (b) between five key binding residues and zeolite frameworks, (c) between five key binding residues and Cu2+, (d) between E340 and the two Cu2+.
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Figure S3. (a) Distances of E340, K356 and Cu2+ in Cu-zeolite-RBD system, (b) Radial distribution function of oxygen atom in water molecule around Cu2+ in Cu2+ aqueous solution. 
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[bookmark: _Hlk128333845]Figure S4. Key contact residues obtained from (a) Zn-zeolite-RBD, and (b) Ca-zeolite-RBD systems in MD simulations.


Table S2. Dimethyl labeling efficiency of lysine (Lys) on free S1, S1 interacted with Na-zeolite and Cu-zeolite.
	K site
	Control
	Na-zeolite
	Cu-zeolite

	K356
K386
K417
K424
K444
K458&K462
K528&K529
K535&K537
K77
	14±7%
7±12%
16±14%
38±1%
29±4%
40±3%
35±8%
28±2%
51±3%
	13±11%
12±13%
23±12%
25±0%*
18±2%*
24±3%*
68±29%
8±7%*
	0±0%*
0±0%
32±3%
44±2%*
31±1%
39±5%
42±4%
31±7%


Data values corresponded to mean ± standard deviation (SD), n = 3. All data are tested for significance with the control group. *P < 0.05, one-way analysis of variance (ANOVA).
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Figure S5. Chemical characterizations of the nanosized zeolite. TEM images of nanosized (a) Na-zeolite and (b) Cu-zeolite; (c) powder X-ray diffraction (XRD) and (d) dynamic light scattering (DLS) patterns of nano Na-zeolite and Cu-zeolite (ca. 300 nm). 
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[bookmark: _Hlk131362162]Figure S6. Characterization of Cu-ZG. (a, b) SEM images of Cu-ZG and (c,d) Cu-zeolite.
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Figure S7. Inhibition rates of Cu-ZG as the function of (a) incubation time and (b) Cu contents. Data values corresponded to mean ± standard deviation (SD), n = 3. Error bars represent SD.
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[bookmark: _Hlk95834677]Figure S8. Fluorescence quantification analysis of hACE2-293T cells infected by pseudovirus with Na-ZG and Cu-ZG. Data values corresponded to mean ± standard deviation (SD), n = 5. Error bars represent SD. ***P<0.001, ns: not significant, one-way analysis of variance (ANOVA).
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Figure S9. (a) Photograph of manufactured Cu-ZG-Mask and (b) the Cu-ZG-Mask sample (4×4 cm) for antiviral test.
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