[bookmark: _Hlk230272188]Virologica Sinica
Supplementary materials
VS-7406 Research Article

A Modular APEX Biosensor Enables Sensitive and Visualized Monitoring of Viral Protease Activity

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Biao Li a, b, 1, Bao Dong a, b, 1, Yuehong Chen b, Jing Li b, Xiaoping Kang b, Yuchang Li b, Sen Zhang b, Jiaqi Xiong c, Zhengwei Zhang a, Jun Hu a, Shuimeng Song c, Shenghai Huang a, *, Ye Feng b, *, Tao Jiang a, b, c *

aSchool of Basic Medical Sciences, Anhui Medical University, Hefei 230032, China
bState Key Laboratory of Pathogen and Biosecurity, Academy of Military Medical Sciences, Beijing 100071, China
cSchool of Public Health, Mudanjiang Medical University, Mudanjiang 157011, China

1Biao Li and Bao Dong contributed equally to this work.
*Corresponding Authors.
E-mail address: jiang_tao@126.com (T. Jiang), fengye621@126.com (Y. Feng), shhuang@ahmu.edu.cn (S. Sheng)
ORCID ID: 0000-0002-5699-8928； 0000-0002-3849-2309；0000-0003-1908-2926；


Supplementary materials
[image: ]
Fig S1. Evaluation of the Impact of the DD Destabilization Sequence on the Signal-to-Noise Ratio (SNR) of the Reporter System. A Fluorescence microscopy images of HEK-293T cells acquired 24 hours post-co-transfection, where the TS3AR reporter plasmid harboring the DD sequence and the control reporter plasmid lacking this sequence were separately co-transfected with the Mpro expression plasmid. B Quantitative analysis of the fluorescence signals corresponding to the aforementioned images (mean Fluorescence intensity, MFI). C Fluorescence imaging is performed on HEK293T cells with co-expressed TS3AR and designated proteases. The results show fluorescent signals detected only under conditions with catalytically active Mpro. D Fluorescence imaging is performed on HEK293T cells with C3SIR expression. Merged bright-field and fluorescence signals are presented in the upper panel, and single fluorescence images are arranged in the lower panel. The results show fluorescent signals detected only in the presence of catalytically active Mpro. Data are processed by Two-way analysis of variance. Error bars represent mean ± standard error (n=3; ****, P <0.0001). All images show the same magnification, scale bar: 1000 μm (A, C, D).
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Fig S2. Dose-response detection of rutin, apigenin and kaempferol via FRET assay. Dose-response curves of Rutin, Apigenin and Kaempferol were determined using a FRET assay kit. The half-maximal inhibitory concentration (IC50) and coefficient of determination (R2) for each inhibitor were calculated via nonlinear regression curve fitting based on data from a single experiment.
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Fig S3. Tolerance Analysis of Dimethyl Sulfoxide (DMSO).

Table. S1
Amino acid sequences of viral proteases including EBV-BERF2, HAV 3c protease and EV-71 3c protease.
	Virus
	GenBank
	Amino acid sequence

	EBV
	NC_007605
	MVQAPSVYVCGFVERPDAPPKDACLHLDPLTVKSQLPLKKPLPLTVEHLPDAPVGSVFGLYQSRAGLFSAASITSGVFLSLLDSIYHDCDIAQSQRLPLPREPKLEALHAWLPSLSLASLHPDIPQTTADGGKLSFFDHVSICALGRRRGTTAVYGTDLAWVLKHFSDLEPSIAAQIENDANAAKRESGCPEDHPLPLTKLIAKAIDAGFLRNRVETLRQDRGVANIPAESYLKASDAPDLQKPDKALQSPPPASTDPDTMLSGNAGEGATACGGSAAAGQDLISVPRNTFMTLLQTNLDNKPPRQTPLPYAAPLPPFSHQAIATAPSYGPGAGAVAPAGGYFTSPGGYYAGPAGGDPGAFLAMDAHTYHPHPHPPPAYFGLPGLFGPPPPVPPYYGSHLRADYVPAPSRSNKRKRDPEEDEEGGGLFPGEDATLYRKDIAGLSKSVNELQHTLQALRRETLSYGHTGVGYCPQQGPCYTHPGPYGFQPHQSYEVPRYVPHPPPPPTSHQAAQAQPPPPGTQAPEAHCVAESTIPEAGAAGNSGPREDTNPQQPTTEGHHRGKKLVQASASGVAQSKEPTTPKAKSVSAHLKSIFCEELLNKRVAYPYDVPDYA


	HAV
	AB204853
	MSTLEIAGLVRKNLVQFGVGEKNGCVRWVMNALGVKDDWLLVPSHAYKFEKDYEMMEFYFNRGGTYYSISAGNVVIQSLDVGFQDVVLMKVPTIPKFRDITEHFIKKGDVPRALNRLATLVTTVNGTPMLISEGPLKMEEKATYVHKKNDGTTVDLTVDQAWRGKGEGLPGMCGGALVSSNQSIQNAILGIHVAGGNSILVAKLVTQEMFQNIDKKIESQYPYDVPDYA


	EV-71
	NC_001489
	MGPSLDFALSLLRRNIRQAQTDQGHFTMLGVRDRLAILPRHSQPGKTIWVEHKLINVLDAVELVDEQGVNLELTLVTLDTNEKFRDITKFIPEVITGASDATLVINTEHMPSMFVPVGDVVQYGFLNLSGKPTHRTMMYNFPTKAGQCGGVVTSVGKIIGIHIGGNGRQGFCAGLKRSYFASEQYPYDVPDYA


Note: All sequences were retrieved from the corresponding GenBank entries. The red sequence at the C-terminus denotes the HA epitope tag (sequence: YPYDVPDYA).


Table. S2
Amino acid sequences of main protease (Mpro) from different human coronaviruses.
	Coronavirus Mpro
	GenBank
	Amino acid sequence

	HCoV-229E
	NC002645
	MAGLRKMAQPSGFVEKCVVRVCYGNTVLNGLWLGDIVYCPRHVIASNTTSAIDYDHEYSIMRLHNFSIISGTAFLGVVGATMHGVTLKIKVSQTNMHTPRHSFRTLKSGEGFNILACYDGCAQGVFGVNMRTNWTIRGSFINGACGSPGYNLKNGEVEFVYMHQIELGSGSHVGSSFDGVMYGGFEDQPNLQVESANQMLTVNVVAFLYAAILNGCTWWLKGEKLFVEHYNEWAQANGFTAMNGEDAFSILAAKTGVCVERLLHAIQVLNNGFGGKQILGYSSLNDEFSINEVVKQMFGVNLQYPYDVPDYA


	HCoV-NL63
	NC005831
	MSGLKKMAQPSGCVERCVVRVCYGSTVLNGVWLGDTVTCPRHVIAPSTTVLIDYDHAYSTMRLHNFSVSHNGVFLGVVGVTMHGSVLRIKVSQSNVHTPKHVFKTLKPGDSFNILACYEGIASGVFGVNLRTNFTIKGSFINGACGSPGYNVRNDGTVEFCYLHQIELGSGAHVGSDFTGSVYGNFDDQPSLQVESANLMLSDNVVAFLYAALLNGCRWWLCSTRVNVDGFNEWAMANGYTSVSSVECYSILAAKTGVSVEQLLASIQHLHEGFGGKNILGYSSLCDEFTLAEVVKQMYGVNLQYPYDVPDYA


	HCoV-HKU1
	NC006577
	MSGIVKMVSPTSKIEPCIVSVTYGSMTLNGLWLDDKVYCPRHVICSSSNMNEPDYSALLCRVTLGDFTIMSGRMSLTVVSYQMQGCQLVLTVSLQNPYTPKYTFGNVKPGETFTVLAAYNGRPQGAFHVTMRSSYTIKGSFLCGSCGSVGYVLTGDSVKFVYMHQLELSTGCHTGTDFTGNFYGPYRDAQVVQLPVKDYVQTVNVIAWLYAAILNNCAWFVQNDVCSTEDFNVWAMANGFSQVKADLVLDALASMTGVSIETLLAAIKRLYMGFQGRQILGSCTFEDELAPSDVYQQLAGVKLQYPYDVPDYA


	HCoV-OC43
	NC006213
	MSGIVKMVNPTSKVEPCVVSVTYGNMTLNGLWLDDKVYCPRHVICSASDMTNPDYTNLLCRVTSSDFTVLFDRLSLTVMSYQMRGCMLVLTVTLQNSRTPKYTFGVVKPGETFTVLAAYNGKPQGAFHVTMRSSYTIKGSFLCGSCGSVGYVIMGDCVKFVYMHQLELSTGCHTGTDFNGDFYGPYKDAQVVQLLIQDYIQSVNFVAWLYAAILNNCNWFVQSDKCSVEDFNVWALSNGFSQVKSDLVIDALASMTGVSLETLLAAIKRLKNGFQGRQIMGSCSFEDELTPSDVYQQLAGIKLQDIYPYDVPDYA


	MERS-CoV
	NC019843
	MSGLVKMSHPSGDVEACMVQVTCGSMTLNGLWLDNTVWCPRHVMCPADQLSDPNYDALLISMTNHSFSVQKHIGAPANLRVVGHAMQGTLLKLTVDVANPSTPAYTFTTVKPGAAFSVLACYNGRPTGTFTVVMRPNYTIKGSFLCGSCGSVGYTKEGSVINFCYMHQMELANGTHTGSAFDGTMYGAFMDKQVHQVQLTDKYCSVNVVAWLYAAILNGCAWFVKPNRTSVVSFNEWALANQFTEFVGTQSVDMLAVKTGVAIEQLLYAIQQLYTGFQGKQILGSTMLEDEFTPEDVNMQIMGVVMQYPYDVPDYA


	SARS-CoV
	NC004718
	MSGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGHSMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQDIYPYDVPDYA


	SARS-CoV-2
	NC045512
	MSGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQYPYDVPDYA


Note: All sequences were retrieved from the corresponding GenBank entries. The red sequence at the C-terminus indicates the HA epitope tag (sequence: YPYDVPDYA).
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