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Supplementary Figures.

Supplementary Figure 1. Cellular safety profiles of ISL and its derivatives in vitro.
[image: Fig S1]
Cell viability of Vero E6, ST, HRT and Vero cells treated with increasing concentrations of ISL or its derivatives was assessed using the CCK-8 assay to define non-cytotoxic concentration ranges for subsequent antiviral assays.

Supplementary Figure 2. In vivo safety evaluation of ISL and its derivative ISL-221 in mice.
[image: Fig S2]
a, d. Survival curves of mice following oral administration of increasing doses of ISL (a) or ISL-221 (d) over the 0–500 mg/kg dose range. b, e. Longitudinal body-weight monitoring after ISL (b) or ISL-221 (e) administration. c, f. Peripheral blood cell counts, including red blood cells, white blood cells and platelets, after treatment with ISL (c) or ISL-221 (f), showing no detectable haematological toxicity at doses up to 250 mg/kg.



Supplementary Figure 3. Effects of ISL on intestinal pathology and viral colonization in PEDV infection under prophylactic and therapeutic regimens
[image: Fig S3]
a. Detecting pathological changes and local colonization of the viral N protein (red) in jejunum and ileum tissues using H&E staining and indirect immunofluorescence assays (IFA), confirming that ISL pre-treatment effectively mitigates intestinal tissue damage and reduces viral antigen distribution. b. Detecting the pathological repair of intestinal tissues and the distribution of viral N protein using H&E staining and IFA, confirming that ISL treatment effectively repairs intestinal barrier damage and potently antagonizes viral infection.



Supplementary Figure 4. Predicted binding modes of ISL with representative coronavirus 3CLpro enzymes.
[image: Fig S4]
Molecular docking analysis of ISL with representative coronavirus 3CLpro enzymes, showing predicted binding poses positioned near the conserved His41 residue across different coronavirus genera.

Supplementary Figure 5. UV–visible spectroscopic analysis of ISL binding to representative coronavirus 3CLpros.
[image: Fig S5]
UV–visible absorption spectra of ISL before and after incubation with TGEV, BCoV, SARS-CoV-2, IBV and PDCoV 3CLpro enzymes were measured to assess binding-induced changes in the ISL conjugated π-system. The observed spectral changes are consistent with a conserved non-covalent π–π stacking-associated binding mode.

Supplementary Figure 6. Stability and binding patterns of three alternative favourable ISL–PEDV 3CLpro docking poses revealed by MD simulations.
[image: Fig S6]
MD simulations and interaction fingerprint profiling were performed to analyze the stability and interaction patterns of three non-optimal docking conformations of the ISL–PEDV 3CLpro complex. The results indicate that, despite being non-optimal binding modes, ISL remains stably retained within the substrate-binding pocket in all three conformations, with His41-mediated π–π stacking serving as a major stabilizing non-covalent interaction across the complexes.



Supplementary Figure 7. Synthetic routes and characterization of ISL derivatives.
[image: Fig S7]
The derivatives of isoliquiritigenin (a: ISL-221, b: ISL-222, c: ISL-223, d: ISL-224, e: ISL-225, and f: ISL-341) were obtained via chemical synthesis. The specific synthetic pathways are detailed in the following text (Supplementary Methods).



Supplementary Figure 8. Predicted binding modes of ISL derivatives with PEDV 3CLpro.
[image: Fig S8]
Molecular docking analysis of six ISL derivatives with PEDV 3CLpro, showing predicted binding poses and improved binding potential relative to the parent compound ISL.



Supplementary Figure 9. Predicted binding modes of ISL-221 with representative coronavirus 3CLpros.
[image: Fig S9]
Molecular docking analysis of ISL-221 with representative coronavirus 3CLpro enzymes, showing predicted binding poses near the conserved His41 residue across different coronavirus genera.


Supplementary Figure 10. ISL-221 attenuates intestinal lesions and reduces viral antigen signals in PEDV, TGEV, and PDCoV-infected piglets
[image: Fig S10]
Histopathological examination and detection of viral N protein in intestinal tissues by H&E staining and immunofluorescence assay, showing that ISL-221 more effectively attenuates intestinal lesions and reduces viral antigen signals in PEDV (a), TGEV (b), and PDCoV (c)-infected piglets.
[bookmark: _GoBack]


Supplementary Figure 11. Plasma concentration–time curves of ISL and ISL-221 in piglets after oral administrations
[image: Fig S11]
Comparing the pharmacokinetic profiles of ISL and ISL-221 in piglets after a single equivalent oral dose, showing that ISL-221 achieves higher systemic exposure and prolonged in vivo retention compared with parental ISL.




Supplementary Tables.
Table S1. The amino acid sequence of the tested coronavirus 3CLpro enzymes prokaryotic expression.
	CoV 3CLpros
	PDB ID
	Amino acid sequence

	PEDV
	4XFQ
	AGLRKMAQPSGVVEKCIVRVCYGNMALNGLWLGDTVMCPRHVIASSTTSTIDYDYALSVLRLHNFSISSGNVFLGVVGVTMRGALLQIKVNQNNVHTPKYTYRTVRPGESFNILACYDGAAAGVYGVNMRSNYTIRGSFINGACGSPGYNINNGTVEFCYLHQLELGSGCHVGSDLDGVMYGGYEDQPTLQVEGASSLFTENVLAFLYAALINGSTWWLSSSRIAVDRFNEWAVHNGMTTVVNTDCFSILAAKTGVDVQRLLASIQSLHKNFGGKQILGYTSLTDEFTTGEVIRQ

	TGEV
	4F49
	SGLRKMAQPSGLVEPCIVRVSYGNMVLNGLWLGDEVICPRHVIASDTTRVINYENEMSSVRLHNFSVSKNNVFLGVVSARYKGVNLVLKVNQVNPNTPEHKFKSIKAGESFNILACYEGCPGSVYGVNMRSQGTIKGSFIAGTCGSVGYVLENGILYFVYMHHLELGNGSHVGSNFEGEMYGGYEDQPSMQLEGTNVMSSDNVVAFLYAALINGERWFVTNTSMSLESYNTWAKTNSFTELSSTDAFSMLAAKTGQSVEKLLDSIVRLNKGFGGRTILSYGSLCDEFTPTEVIRQMYGVNLQ

	BCoV
	9Y8X
	SGFVKMVNPTSKVEPCIVSVTYGNMTLNGLWLDDKVYCPRHVICSASDMTNPDYTNLLCRVTSSDFTVLFDRLSLTVMSYQMQGCMLVLTVTLQNSRTPKYTFGVVKPGETFTVLAAYNGKPQGAFHVTMRSSYTIKGSFLCGSCGSVGYVLMGDCVKFVYMHQLELSTGCHTGTDFNGDFYGPYKDAQVVQLPVQDYIQSVNFVAWLYAAILNNCNWFVQSDKCSVEDFNVWALSNGFSQVKSDLVIDALASMTGVSLETLLAAIKRLKNGFQGRQIMGSCSFEDELTPSDVYQ

	SARS-CoV-2
	8UND
	SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ

	IBV
	2Q6F
	SGFKKLVSPSSAVEKCIVSVSYRGNNLNGLWLGDSIYCPRHVLGKFSGDQWGDVLNLANNHEFEVVTQNGVTLNVVSRRLKGAVLILQTAVANAETPKYKFVKANCGDSFTIACSYGGTVIGLYPVTMRSNGTIRASFLAGACGSVGFNIEKGVVNFFYMHHLELPNALHTGTDLMGEFYGGYVDEEVAQRVPPDNLVTNNIVAWLYAAIISVKESSFSQPKWLESTTVSIEDYNRWASDNGFTPFSTSTAITKLSAITGVDVCKLLRTIMVKSAQWGSDPILGQYNFEDELTPESVFNQVGGVRLQ

	PDCoV
	1LVO
	AGIKILLHPSGVVERCMVSVVYNGSALNGIWLKNVVYCPRHVIGKFRGDQWTHMVSIADCRDFIVKCPIQGIQLNVQSVKMVGALLQLTVHTNNTATPDYKFERLQPGSSMTIACAYDGIVRHVYHVVLQLNNLIYASFLNGACGSVGYTLKGKTLYLHYMHHIEFNNKTHSGTDLEGNFYGPYVDEEVIQQQTAFQYYTDNVVAQLYAHLLTVDARPKWLAQSQISIEDFNSWAANNSFANFPCEQTNMSYIMGLSQTARVPVERILNTIIQLTTNRDGACIMGSYDFECDWTPEMVYNQ

	Hu-CoV 229E
	2ZU2
	AGLRKMAQPSGFVEKCVVRVCYGNTVLNGLWLGDIVYCPRHVIASNTTSAIDYDHEYSIMRLHNFSIISGTAFLGVVGATMHGVTLKIKVSQTNMHTPRHSFRTLKSGEGFNILACYDGCAQGVFGVNMRTNWTIRGSFINGACGSPGYNLKNGEVEFVYMHQIELGSGSHVGSSFDGVMYGGFEDQPNLQVESANQMLTVNVVAFLYAAILNGCTWWLKGEKLFVEHYNEWAQANGFTAMNGEDAFSILAAKTGVCVERLLHAIQVLNNGFGGKQILGYSSLNDEFSINEVVKQMFGVNLQ

	SARS-CoV
	3IWM
	SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGHSMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCAALKELLQNGMNGRTILGSTILEDEFTPFDVVRQCSGVTFQ

	MERS
	7ENE
	SGLVKMSHPSGDVEACMVQVTCGSMTLNGLWLDNTVWCPRHVMCPADQLSDPNYDALLISMTNHSFSVQKHIGAPANLRVVGHAMQGTLLKLTVDVANPSTPAYTFTTVKPGAAFSVLACYNGRPTGTFTVVMRPNYTIKGSFLCGSCGSVGYTKEGSVINFCYMHQMELANGTHTGSAFDGTMYGAFMDKQVHQVQLTDKYCSVNVVAWLYAAILNGCAWFVKPNRTSVVSFNEWALANQFTEFVGTQSVDMLAVKTGVAIEQLLYAIQQLYTGFQGKQILGSTMLEDEFTPEDVNMQIMGVVMQ

	Hu-CoV NL63
	5GWY
	AGLKKMAQPSGCVERCVVRVCYGSTVLNGVWLGDTVTCPRHVIAPSTTVLIDYDHAYSTMRLHNFSVSHNGVFLGVVGVTMHGSVLRIKVSQSNVHTPKHVFKTLKPGDSFNILACYEGIASGVFGVNLRTNFTIKGSFINGACGSPGYNVRNDGTVEFCYLHQIELGSGAHVGSDFTGSVYGNFDDQPSLQVESANLMLSDNVVAFLYAALLNGCRWWLCSTRVNVDGFNEWAMANGYTSVSSVECYSILAAKTGVSVEQLLASIQHLHEGFGGKNILGYSSLCDEFTLAEVVKQMYGVNLQ



Table S2. The list of primers used in this study.
	Primer
	Sequence (5’-3’)

	PEDV-ORF3-F
	GCACTTATTGGCAGGCTTTGT

	PEDV-ORF3-R
	CCATTGAGAAAAGAAAGTGTCGTAG

	TGEV-N-F
	CAATTCCCGTGGTCGGAAGA

	TGEV-N-R
	TTTACGTTGCCCTTCACCA

	PDCoV-M-F
	GACCACATGGCTCCAATTCT

	PDCoV-M-R
	TGGCGGATTTCTGACTGATATG

	Monkey β-actin-F
	AGGCTCTCTTCCAACCTTCCTT

	Monkey β-actin-R
	CGTACAGGTCTTTACGGATGTCCA

	[bookmark: _Hlk167432418][bookmark: OLE_LINK220][bookmark: OLE_LINK219]Pig β-actin-F
	CACGCCATCCTGCGTCTGGA

	Pig β-actin-R
	AGCACCGTGTTGGCGTAGAG

	SARS-CoV-2 N-F
	GGGGAACTTCTCCTGCTAGAAT

	SARS-CoV-2 N-R
	CAGACATTTTGCTCTCAAGCT

	HUMAN-GAPDH-F
	CATGAGAAGTATGACAACAGCCT

	HUMAN-GAPDH-R
	AGTCCTTCCACGATACCAAAGT

	BCoV-F
	TGCTGCCACGATGGTATTTTT

	BCoV-R
	TGGTTACTAGCGACCCAGAAGAC








Table S3. Clinical symptom scoring criteria for piglet infection with PEDV/TGEV/PDCoV
	Score
	Description
	Clinical manifestations

	0
	Normal
	Alert, responsive, and active.

	1
	Mildly Abnormal
	Slightly depressed, reduced activity. Nursing interest decreased but still struggles vigorously when stimulated. May show slight trembling or huddling

	2
	Moderately Abnormal
	Clearly depressed, lethargic, and slow-moving. Often lies apart from the litter, coat is rough. Difficulty or failure in nursing. Diminished response to stimuli, weak struggle. Mild dehydration may be present.

	3
	Severely Abnormal
	Extremely depressed, comatose, or moribund. Unable to stand, lateral recumbency, may show paddling movements. Severe dehydration (skin tent >2 seconds, sunken eyes). Hypothermia, cold extremities.

	4
	Extremely Severe Symptoms or Death
	Typically completely unresponsive, severe dehydration and exhaustion, or absence of vital signs





Table S4. Fecal scoring criteria for piglet infection with PEDV/TGEV/PDCoV
	Score
	Description
	Clinical manifestations

	0
	Normal
	Formed, firm feces; healthy yellow, brown, or black pellets.

	1
	Mild Diarrhea
	Soft, pasty, or creamy feces, may be partially formed. Slight perianal soiling.

	2
	Moderate Diarrhea
	Liquid, watery feces, yellow or greenish-yellow. Constant fecal staining, severe soiling of hindquarters.

	3
	Severe Diarrhea
	Profuse, projectile watery diarrhea, often clear or egg-white-like (with undigested milk). Relaxed and reddened anus, accompanied by severe dehydration.

	4
	Extremely Severe Symptoms 
	Typically preceded by profound dehydration and watery diarrhea, or death





Supplementary Methods
Method 1, Synthetic Procedures for ISL-221
[image: 演示文稿1_01]
Under argon atmosphere, 1-(2,4-dihydroxyphenyl) ethan-1-one was dissolved in EtOH, and NaOH was added. The mixture was stirred at room temperature (rt) for 20 min, followed by the addition of 4-fluorobenzaldehyde. After stirring at rt for 16 h, the resulting yellow precipitate was collected by filtration, washed with water and cold MeOH, and dried to afford (E)-1-(2,4-dihydroxyphenyl)-3-(4-fluorophenyl) prop-2-en-1-one as a yellow solid. This intermediate was dissolved in DCM under argon. A solution of BBr₃ in DCM was added slowly at 0 °C. The mixture was allowed to warm to rt and stirred for 60 h. The reaction was diluted with water and extracted with DCM. The combined organic layers were washed with brine (30 mL), dried over Na2SO4, filtered, and concentrated. The residue was purified by preparative HPLC to yield ISL‑221 as a yellow solid.
1H NMR (400 MHz, CDCl3) δ 10.83 (s, 1H), 8.19 (d, J = 9.0 Hz, 1H), 8.02–7.90 (m, 3H), 7.78 (d, J = 15.5 Hz, 1H), 7.35–7.26 (m, 2H), 6.41 (dd, J = 8.9, 2.4 Hz, 1H), 6.28 (d, J = 2.3 Hz, 1H).
LC-MS (ESI) m/z: 259.2 [M+H]⁺

Method 2, Synthetic Procedures for ISL-222
[image: 演示文稿1_02(1)]
Under argon 1-(2,4-dihydroxyphenyl)ethan-1-one was suspended in MeOH. Aqueous NaOH was added, and the mixture was stirred at rt for 30 min. 4‑Formylbenzoic acid was then introduced, and stirring continued for 16 h. The reaction was diluted with water, adjusted to pH 5–6 with 1 N HCl, and extracted with DCM. The combined organic layers were dried over Na2SO4 and concentrated. The residue was purified by column chromatography (DCM/MeOH = 20:1) to afford (E)-4-(3-(2,4-dihydroxyphenyl)-3-oxoprop-1-en-1-yl)benzoic acid as a yellow solid. To a solution of this intermediate in 1,4‑dioxane was added HCl in 1,4‑dioxane under argon. The mixture was stirred at rt for 16 h, then concentrated. The residue was purified by preparative HPLC to give ISL‑222 as a yellow solid.
1H NMR (400 MHz, DMSO‑d₆) δ 13.21 (d, J = 60.9 Hz, 2H), 10.83 (s, 1H), 8.23 (d, J = 9.0 Hz, 1H), 8.09 (d, J = 15.5 Hz, 1H), 8.05–7.93 (m, 4H), 7.83 (d, J = 15.5 Hz, 1H), 6.44 (dd, J = 8.9, 2.3 Hz, 1H), 6.32 (d, J = 2.3 Hz, 1H).
LCMS (ESI) m/z: 284.9 [M+H]⁺.

Method 3, Synthetic Procedures for ISL-223
[image: 演示文稿1_03(2)]
Under argon atmosphere, 1-(2,4-dihydroxyphenyl)ethan-1-one was dissolved in DMF. Mel and K2CO3 were added, and the mixture was stirred at rt for 16 h. The reaction mixture was diluted with water and extracted with DCM. The combined organic phase was dried over Na2SO4, filtered, and concentrated to afford the methylated intermediate.To the above intermediate in EtOH was added NaOH under Ar. The mixture was stirred at rt for 30 min, then 2-A (4-methylbenzaldehyde, 1.2 eq) was added. The resulting mixture was stirred at rt for 16 h. The precipitate was filtered, washed with water and cold MeOH, and dried to afford the chalcone intermediate. This intermediate (1.0 eq) was dissolved in DCM, and BBr3 was slowly added at 0 °C under Ar. The reaction mixture was stirred at rt for 16 h. The mixture was diluted with water and extracted with DCM. The combined organic layers were washed with brine, dried over Na2SO4, filtered, and concentrated. The residue was dissolved in 1,4-dioxane and HCl in 1,4-dioxane was added under Ar. The reaction mixture was stirred at rt for 16 h, then concentrated in vacuum. The residue was purified by preparative HPLC to obtain ISL-223 as a yellow solid.
1H NMR (400 MHz, DMSO-d₆) δ 8.17 (d, J = 9.0 Hz, 1H), 7.92 (d, J = 15.4 Hz, 1H), 7.82–7.69 (m, 3H), 7.28 (d, J = 8.0 Hz, 2H), 6.39 (dd, J = 8.9, 2.2 Hz, 1H), 6.25 (d, J = 2.2 Hz, 1H), 2.36 (s, 3H).
LCMS (ESI) m/z: 255.2 [M+H]⁺. 

Method 4, Synthetic Procedures for ISL-224
[image: 演示文稿1_04]
Under argon atmosphere, 1-(2,4-dihydroxyphenyl)ethan-1-one was dissolved in MeOH, and KOH was added. The mixture was stirred at rt for 20 min, followed by the addition of 4-formylbenzonitrile. The reaction was continued at rt for 16 h, yielding a yellow precipitate. After filtration and washing with water and cold MeOH, (E)-4-(3-(2,4-dihydroxyphenyl)-3-oxoprop-1-en-1-yl)benzonitrile was obtained as a yellow solid. (E)-4-(3-(2,4-dihydroxyphenyl)-3-oxoprop-1-en-1-yl)benzonitrile was dissolved in DCM, and BBr3 was slowly added at 0 °C under argon. The reaction mixture was stirred at rt for 60 h. The mixture was diluted with water and extracted with DCM. The combined organic layers were washed with brine, dried over Na2SO4, filtered, and concentrated. The residue was purified by preparative HPLC to obtain ISL-224 as a yellow solid.
1H NMR (400 MHz, DMSO-d₆) δ 13.25 (s, 1H), 10.82 (s, 1H), 8.23 (d, J = 9.0 Hz, 1H), 8.13 (dd, J = 11.7, 3.5 Hz, 3H), 7.83 (dd, J = 11.9, 6.9 Hz, 3H), 6.45 (dd, J = 8.9, 2.2 Hz, 1H), 6.32 (d, J = 2.2 Hz, 1H). 
LCMS (ESI) m/z: 309.0 [M+H]⁺. 

Method 5, Synthetic Procedures for ISL-225
[image: 演示文稿1_05]
Under argon atmosphere, 1-(2,4-dihydroxyphenyl)ethan-1-one in 1,4-dioxane was added HCl in 1,4-dioxane under argon. The reaction mixture was stirred at rt for 16 h. The resulting mixture was concentrated in vacuum. The residue was purified by preparative HPLC to obtain ISL-225 as a yellow solid.
1H NMR (400 MHz, DMSO-d₆) δ 13.32 (s, 1H), 8.19–8.14 (m, 2H), 8.11–8.09 (m, 3H), 7.95–7.92 (m, 2H), 7.82–7.78 (m, 1H), 6.40–6.37 (m, 1H), 6.24 (s, 1H). 
LCMS (ESI) m/z: 266.1 [M+H]⁺.

Method 6, Synthetic Procedures for ISL-341
[image: 演示文稿1_06(1)]
Under argon atmosphere, (E)-1,3-bis(2,4-dimethoxyphenyl)prop-2-en-1-one was dissolved in DCM, and BBr3 was added dropwise. The reaction mixture was stirred at rt for 3 days. Upon completion, the solution was poured into ice water. The resulting precipitate was collected by filtration. The crude product was purified by silica gel column chromatography (PE:EA = 3:1) to afford ISL-341 as a yellow solid. 
1H NMR (400 MHz, CD₃OD) δ 8.09 (d, J = 15.2 Hz, 1H), 7.89 (d, J = 9.2 Hz, 1H), 7.70 (d, J = 15.2 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 6.46–6.31 (m, 3H), 6.28 (d, J = 2.4 Hz, 1H).
LCMS (ESI) m/z calculated for C₁₅H₁₁O₅ [M+H]⁻: 273.1.
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