Opto-Electronic Supplementary information
Advances September 2023, Vol. 6, No. 9

DOI: 10.29026/0€a.2023.220201
Deep-ultraviolet photonics for the disinfection

of SARS-CoV-2 and its variants (Delta and
Omicron) in the cryogenic environment

Wenyu Kange!t™, Jing Zheng?f, Jiaxin Huang!, Lina Jiang?,
Qingna Wang!3, Zhinan Guo?, Jun Yine'*, Xianming Deng*, Ye Wang!
and Junyong Kango™*

'Engineering Research Center of Micro-nano Optoelectronic Materials and Devices, Ministry of Education, Fujian Key Laboratory of
Semiconductor Materials and Applications, College of Chemistry and Chemical Engineering, Pen-Tung Sah Institute of Micro-Nano Science and
Technology, College of Physical Science and Technology, Xiamen University, Xiamen 361005, China; 2Xiamen Center for Disease Control and
Prevention, Xiamen 361021, China; ®Xiamen Intelligent Health Research Institute, Xiamen 361009, China; “School of Life Sciences, Xiamen
University, Xiamen 361005, China.

tThese authors contributed equally to this work.

*Correspondence: WY Kang, E-mail: wykang@xmu.edu.cn; J Yin, E-mail: jyin@xmu.edu.cn; JY Kang, E-mail: jykang@xmu.edu.cn

Supplementary information for this paper is available at https://doi.org/10.29026/0ea.2023.220201

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License.
BY To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
The Author(s) 2023. Published by Institute of Optics and Electronics, Chinese Academy of Sciences.

220201-51


http://orcid.org/0000-0003-1593-751X
http://orcid.org/0000-0003-4551-3515
http://orcid.org/0000-0003-0865-2954
https://doi.org/10.29026/oea.2023.220201
http://orcid.org/0000-0003-1593-751X
http://orcid.org/0000-0003-4551-3515
http://orcid.org/0000-0003-0865-2954

Kang WY et al. Opto-Electron Adv 6, 220201 (2023) https://doi.org/10.29026/0ea.2023.220201

35

O Experimental value
30 — Fitted line (R?=0.98)

25+t

20 +

15+

Optical power density (mW/cm?)

0 1 1 1 1 1
20 40 60 80 100

Driving current ratio (%)
Fig. S1 | The current ratio (the total current value was 3 Amperes) dependent power density of the DUV light source, which was meas-
ured at the center of the irradiation area and 4.5 cm away from the DUV LED arrays.
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Fig. S2 | The reduction of TCIDsq (averaged values * standard error) on SARS-CoV-2 and its variants at different temperatures. (a) -50
°C. (b) -20 °C. (c) 23 °C.
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Fig. 83 | The reduction of TCIDs¢ (averaged values * standard error) on SARS-CoV-2. (a) DUV dose*Viral strain, where data of different

temperatures were averaged. (b) Temperature*Viral strain, where data of different DUV doses were averaged.

Table S1 | Physicochemical property of S protein of SARS-CoV-2 WT and Omicron'.
Extinction Extinction

. . . RCSB Number of Isoelectric coefficient at coefficient at
Viral strain Published by State PDB DOI 2 . . i

PDB ID ? amino acids point 280 nm 280 nm

(1 mg/ml)® (1 mg/ml) 4
o Cell (2020) 181: 281 Open 6VYB 10.2210/pdb6VYB/pdb 1281 6.04 0.982 0.968
DOI: 10.1016/j.cell.2020.02.058 Close 6VXX 10.2210/pdb6VXX/pdb 1281 6.09 0.982 0.968
it Nat Commun (2022) 13: 1214-1214 Open 7TGX 10.2210/pdb7TGX/pdb 1234 6.37 1.003 0.990

micron

DOI: 10.1038/s41467-022-28882-9 Close 7TGY 10.2210/pdb7TGY/pdb 1234 6.37 1.003 0.990

' Calculated by the ExPASyY — ProtParam tool (https://web.expasy.org/protparam/).
2 https://www.rcsb.org/.

3 Assuming all pairs of cysteine residues form cystines.

4 Assuming all cysteine residues are reduced.
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Fig. S4 | (a) lllustration of the light transport on the surface of SARS-CoV-2 virion and (b) The simplified light transport model for analysis.

Note: In view of the light absorption and scattering/reflecting effect of the S protein, the light transport model can be
simplified as in Figure S4b. Assuming that the initial light intensity (irradiated on the surface of S protein) was Iy and
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the extinction coefficient of S protein was k. For normal incidence from the air, the reflected light part (R) could be ex-
pressed as®:

(41 + k]
where 7 is the real part of the complex refractive index. Thus, the transmitted part of the light (I;) can be expressed as:
(n+17°—(n—1) 4n
L=L01-R) =1 =1 , s2
1=k Ry =1 (n+17 +k "(n+ 1)+ k 52

According to the thin-film optics theory, the light passes through the S protein to reach the M protein could be calcu-
lated by: Is= Io(1-R)%*exp(—2wdk/c), where w is the angular frequency of light, d is the equivalent thickness of S protein,
and c is the speed of light in vacuum. Therefore, the k played an important modulation role in the incident of light get-
ting into the virus, and a larger k would lead to a reduction in the actual received dose of viral RNA chains.

5 Stenzel, O. Optical Coatings. (Springer Berlin, Heidelberg, 2014).
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