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Abstract

African swine fever virus (ASFV) is a highly lethal DNA virus that suppresses the host’s
immune response by establishing infection. B175L, one of its key immune evasion proteins,
directly inhibits STING-mediated type I interferon (IFN-I) signaling, preventing antiviral
defense activation. Thus, targeting B175L could be a promising strategy for antiviral drug
development as effective ASFV inhibitors remain unidentified. In this study, we investigated
the potential of the Tinospora cordifolia plant’s bioactive compounds to disrupt B175L°s
function, restoring immune signaling. Gas chromatography-mass spectrometry (GC-MS)
analysis of 7. cordifolia stem’s methanol extract identified 124 compounds, of which 52 met
SwissADME and DataWarrior criteria for drug-likeness and safety. We generated a highly
accurate 3D B175L model with strong confidence scores for the structure accuracy, utilizing
AlphaFold3. Virtual screening was performed using PyRx 0.8, and the top 4 ligands with
binding affinities exceeding -6 kcal/mol advanced to CB-Dock2 and UCSF Chimera. Among
them, Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2pyridyl)hydrazone exhibited
the highest binding affinity (-8.2 kcal/mol), confirming its strong interactions at the active site
of B175L. Molecular dynamics (MD) simulations demonstrated the compound’s stability, with
root mean square deviation and fluctuation (RMSD, RMSF) indicating minimal
conformational changes (<2 A). The compound maintained stable hydrogen bonds and
hydrophobic interactions, reinforcing structural robustness. Taken together, these results
clearly emphasize 7. cordifolia-derived Benzaldehyde, 5-bromo-2-hydroxy-, (5-
trifluoromethyl-2-pyridyl)hydrazone as a promising B175L inhibitor, advancing exploration

towards effective antiviral solutions for ASFV.
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Introduction

African swine fever (ASF) is a highly lethal and contagious viral disease that affects both
domestic and wild pigs. Acute infections are often fatal, with a mortality rate approaching
100%. ASF is classified as a notifiable disease by the World Organization for Animal Health
(WOAH) due to its severe economic and animal health impact (1). The disease was first
documented in Kenya in 1921 and has since become a global concern. The current
transboundary epidemic began with the introduction of the highly virulent ASF virus (ASFV)
genotype Il into Georgia in 2007 (2). As of November 2024, ASF has been reported in 63
countries and territories spanning five major regions. Between January 2022 and November
2024, the disease affected over 781,000 domestic pigs and 27,400 wild boars, leading to the
loss of more than 1.87 million animals (3). ASFV belongs to the genus Asfivirus within the
family Asfarviridae. 1t is a large, complex, double-stranded DNA virus with genome sizes
ranging from 170 to 194 kilobases (kb) among different isolates. The viral genome encodes
approximately 150 to 200 proteins involved in diverse functions, including viral structure

formation, replication, and immune evasion (4).

The lack of commercially approved vaccines or effective therapeutics for African swine fever
(ASF) has escalated into a major crisis for the global pork industry (5). Although live-
attenuated vaccines (LAVs) have shown potential, their use is limited by safety concerns,
including the risk of reversion to virulence and the possibility of persistent infections. Subunit
vaccines, while generally safer, still require further investigation to identify effective antigens
and suitable adjuvants capable of eliciting strong and durable immune responses (6). In
addition to these scientific hurdles, vaccine development faces practical challenges such as
adverse side effects, limited diagnostic capabilities, data insufficiency for risk assessments,

biological complexity, and high research costs (7). As a result, there is an urgent need to explore
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80 alternative strategies for ASF control, particularly through the discovery of safe and effective
81 antiviral agents (8). Natural plant-derived compounds offer a promising alternative for antiviral
82 drug discovery due to their vast chemical diversity and established antiviral potential.
83  Numerous medicinal plants have demonstrated efficacy in inhibiting viral infections, and
84  extensive research supports the antiviral activity of plant-derived bioactive compounds in both
85 in vitro and in vivo models (2). In this context, computer-aided drug design (CADD), also
86  known as in silico drug discovery, has emerged as a powerful tool in modern pharmacological
87  research. These computational approaches are not only cost-effective and time-efficient but

88  also minimize the reliance on animal testing in early-stage drug development (9).

89  Tinospora cordifolia is a traditional medicinal plant with a long-standing history in Ayurvedic
90 medicine and is renowned for its wide spectrum of pharmacological activities. It is widely
91  distributed across tropical regions, particularly in India and Southeast Asia, and is also endemic
92 to Sri Lanka. The plant is known for its immunomodulatory, anti-inflammatory, antiviral,
93 antioxidant, and antimicrobial properties, which are primarily attributed to its rich array of
94  bioactive compounds, including alkaloids, glycosides, diterpenoid lactones, and
95 polysaccharides. A substantial body of literature supports its immunomodulatory effects and
96 its demonstrated efficacy against viral infections, including COVID-19 (10). Among the many
97  proteins encoded by ASFV, B175L has recently been identified as a key immunomodulatory
98 factor. (11)) reported that B175L plays a critical role in suppressing the type I interferon (IFN)
99  response, a central antiviral defense mechanism. Specifically, B175L inhibits IFN-3 production
100 and downstream signaling by directly targeting STING (Stimulator of Interferon Genes) and
101 its ligand 2'3'-cyclic GMP-AMP (2'3'-cGAMP), both essential components of the cyclic GMP-
102  AMP synthase-STING (cGAS-STING) pathway. This interaction disrupts the activation of

103  transcription factors IRF3 and NF-«B, ultimately suppressing IFN-stimulated gene expression.
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104  Due to its strong immune-suppressive function, B175L represents a promising therapeutic

105  target for antiviral intervention.

106  Given that the ASFV B175L protein functions as a key negative regulator of the host’s antiviral
107  interferon response through its interaction with STING, this in silico study aims to identify
108 ligands derived from T. cordifolia that can effectively bind to B175L. By disrupting the
109 BI175L-STING interaction, the study seeks to restore STING-mediated innate immune
110  signaling. This approach presents a novel and promising strategy for developing antiviral

111 therapeutics against ASF.

112

113

114 Materials and methods

115 Collection, authentication, and preparation of plant material

116  In this study, the stems of Tinospora cordifolia were systematically collected in December
117 2024 from a privately owned herb garden placed in the Ratnapura district, Sri Lanka, and
118 identified and authenticated by a Botanist (12) (13). Upon arrival at the laboratory, we
119  thoroughly cleaned the herb stems to remove dirt or debris. The stems were cut into small
120  pieces, sun-dried, and powdered using a mixer grinder. The powder obtained was sieved (0.2
121  mm) using a stainless-steel sieve and stored in an airtight polythene bag at -20 °C for further

122 investigation (14).
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123 Plant Extraction Preparation

124  We weighed 7.5 g of the sample for extraction using an analytical balance. The sample was
125  mixed with 100 mL of >99.9% methanol (VWR CHEMICALS; 85681.320) using a magnetic
126  stirrer for 30 minutes at 40 °C. The mixture was filtered with Whatman No. 1 paper. Then the
127  methanol was evaporated using a 30 °C water bath (Thermo Scientific, Precision Water Bath).
128  The resulting pulp-like residual was used for further analysis. 15 mg of the residual was

129  weighed into a 2 mL Eppendorf tube and dissolved with 1 mL of methanol for GC-MS analysis.

130  Gas chromatography-mass spectrometry (GC-MS) analysis

131 GC-MS analysis of T. cordifolia stem methanolic extract was performed using an Agilent
132 Technologies 7890B GC system with a 5977A mass selective detector and a 7890B
133  autosampler. An Agilent DB FATWAX UI column (30 m % 0.250 mm x 0.25 pm) separated
134  samples with helium carrier gas at 1.5 mL/min constant flow. Sample analysis occurred through
135 1 uL split mode injections (2:1) into an inlet set at 250 °C. The temperature protocol was started
136  at 40 °C before incrementing to 115 °C at 5 °C/minute for 5 minutes, then to 140 °C at 5
137  °C/minute (5-minute hold), followed by a 2 °C/min increase to 210 °C that lasted 11 minutes
138  and culminated with a 5 °C/minute increase to 240 °C maintained for 9 minutes. The complete
139  assessment was run for 91 minutes. After sample preparation involving PTFE filtration, the
140  direct injection was performed. The identification process was employed with the NIST14 and

141 WONI1 libraries (15).

142 Drug-likeness prediction

143  To evaluate the in silico ADME/T (absorption, distribution, metabolism, excretion, and

144  toxicity) properties of the plant compounds, we used SwissADME (http:// www.swissadme.ch/)
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145 and DataWarrior. SwissADME is an online tool that predicts drug-likeness and
146  pharmacokinetic properties (16). The SMILES of the compounds were obtained from the
147  PubChem database and inserted into the SwissADME interface (17). ADME properties were
148  evaluated based on Lipinski's rule of five, which suggests that compounds with more than 5 H-
149  bond donors, 10 H-bond acceptors, a molecular weight over 500 Da, and a calculated Log P
150 (MLogP) greater than 5 likely have poor absorption or permeation (18) (19). Mutagenicity,
151  1irritant, tumorigenicity, and reproductive toxicity-like parameters were listed as expected

152  toxicities and evaluated using DataWarrior software (20) (21).

153  Retrieval and characterization of protein sequences

154  The protein sequence for the uncharacterized protein B175L from the ASFV Georgia strain
155 was obtained from the UniProt database (UniProt ID: AO0A2XORVGQG)

156  (https://www.uniprot.org/uniprotkb?query=A0A2X0RVG) (22) (23). Chemical and physical

157  attributes such as molecular weight, amino acid composition, theoretical pl, instability index,
158  extinction coefficient, atomic composition, estimated half-life, the total number of positively
159  charged residues (Arg + Lys), the total number of negatively charged residues (Asp + Glu),
160 aliphatic index, and grand average of hydropathic were analyzed using ExPASy's ProtParam

161  tool (https://www.expasy.org/) (24).

162  Three-dimensional (3D) structure prediction, refinement, and

163 validation

164  The 3D structure of the protein was predicted using AlphaFold3 (https://alphafoldserver.com/),

165 an advanced deep-learning-based protein structure prediction tool (25). The prediction was

166  performed by feeding the primary amino acid sequence into the AlphaFold server. The quality
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167  of the predicted homology model was assessed using structural confidence metrics, including
168  the predicted local distance difference test (pLDDT), predicted aligned error (PAE), predicted
169  template modelling (PTM) score, and interchain predicted TM-score (ipTM) (26). The modeled

170  protein 3D structure was refined using GalaxyWeb (https://galaxy.seoklab.org/). In homology

171 modeling, structure validation is a vital step. The basic conformation of the suggested protein
172 model was obtained by submitting it to ProSA-web

173 (https://prosa.services.came.sbg.ac.at/prosa.php) (27).

174  Assessment of model quality

175  The predicted 3D structure was evaluated using the SAVES 6.0 (https://saves.mbi.ucla.edu/)

176  structure evaluation server, utilizing three assessments: PROCHECK, Verify3D, and ERRAT.
177  PROCHECK visualized the backbone dihedral angles y against ¢ of amino acids in the protein
178  structure (28) (29). Verify3D assessed the compatibility of a 3D atomic model with its
179  corresponding 1D amino acid sequence (27). To further validate the protein model, MolProbity

180  (https://molprobity.biochem.duke.edu/) was used, which provides a log-weighted score

181  combining the clash score, percentage of Ramachandran outliers, and percentage of

182  unfavorable side-chain rotamers (30).

183  Molecular docking and visualization

184  For molecular docking, the 3D SDF conformation of all ADME/T-approved plant compounds
185  was downloaded from PubChem (31) (32). The 3D SDF structures of compounds not available
186  in PubChem were generated using ChemSketch software (Advanced Chemistry Development,
187  Inc.) (33). Virtual screening docking was performed using the Vina Wizard function of PyRx
188  software version 0.8, and Biovia Discovery Studio version 4.5 was used for docking pose

189  visualization. The preparation of the protein involved converting pdb files into pdbqt format.
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190  The docking procedure used a predefined grid box matching the predicted active site location.
191  The CB-Dock2 server was employed for further docking evaluation (34), enabling the
192  identification of interacting amino acids of respective CurPockets. Binding affinities were
193  further confirmed using UCSF Chimera with the coordinates given by the CB-Dock server for
194  grid center and box dimensions (35) (36). Biovia Discovery Studio was used for complex
195  visualization (37) (38). The zinc finger binding area of B175L was identified using the

196  Conserved Domain Database of NCBI (39).

197  Molecular dynamics (MD) simulations

198 The MD simulations regarding the highest-ranked protein-ligand complex were performed
199  using the Desmond module of the Schrodinger suite (40). The system was prepared through
200 the System Builder tool, taking advantage of the simple point charge (SPC) water model as a
201  solvent inside an orthorhombic box with periodic boundary conditions (PBC). To neutralize
202  the system, the counter ions, Na+ and Cl-, were added. The OPLS4 force field was utilized to
203  realize energy minimization and then MD simulations. The trajectory of the simulation spans
204  100.102 ns to record at 100 ps intervals under NPT ensemble conditions at a fixed pressure of
205  1.01 bar and temperature of 310 K. The total charge of the protein during the simulation was -
206 5. Post-simulation analyses included analysis of root mean square deviation (RMSD)
207  concerning protein and ligand, root mean square fluctuation (RMSF) to characterize local
208  changes in protein and ligand, detailed protein-ligand contact analysis (including hydrogen
209 bonds, hydrophobic, ionic, and water bridge interactions), second structure element (SSE)
210  analysis and prediction of ligand properties such as radius of gyration (rGyr), intramolecular
211 hydrogen bonds, molecular surface area (MolSA), solvent accessible surface area (SASA) and

212 polar surface area (PSA) (41).

213
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214

215 Results

216  Disease background

217  ASFV exhibits complex transmission dynamics involving both mechanical and biological
218  routes, complicating prevention efforts. As shown in Fig 1 A, mechanical transmission includes
219  contaminated feed, vehicles, meat, flies, and personal contact, while biological transmission
220 involves infected pigs and soft ticks. Understanding these different transmission routes is
221 crucial for implementing effective biosecurity measures. Upon infection, pigs manifest a
222 variety of clinical signs that include vomiting, diarrhea (sometimes with blood), internal
223  bleeding, weakness, high fever, skin reddening, loss of appetite, abortion, and inability to stand
224  (Fig 1B), resulting in a high mortality rate during acute cases. Rapidly detecting the clinical
225  signs leads to a quick identification and diagnosis of ASF outbreaks. The spread of the disease
226  has been observed across various continents, with new outbreaks reported in numerous
227  countries at an increasingly rapid rate (Fig 1C). The large double-stranded DNA genome of
228  ASFV further exemplifies its complex nature, encoding a multitude of viral proteins that
229  contribute to immune evasion and pathogenesis, impairing the development of effective
230 treatments (Fig 1D).

231

232  Fig 1. Overview of African swine fever (ASF)

233  (A) Transmission pathways of ASF virus (ASFV) (42). (B) Key symptoms of ASF. (C) ASF
234  situation in Asia for the last ten weeks up to 20! February 2025. New outbreaks reported appear
235 in orange, and new detections in free wild boar appear in dark blue from 6/02/2025 to

236 20/02/2025. Detection in the farm or free wild boar during 12/12/2024- 6/02/2025 appears in
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237  light blue. Source: FAO, 2025. Map of the ASF situation in Asia. (Cited March 2025). (D)
238  Circular representation of the ASFV genome. The ASFV Georgia 2007/1 isolate genome is
239  shown. This visualization clearly emphasizes the location of various coding sequences (CDS).
240  Among the 195 proteins encoded by the genome, this visualization clearly emphasizes MGF
241 505-7R, MGF 505-11L, L83L, D117L, MGF 505-6R, DP71L, and B175L proteins, which have
242  been identified as STING-mediated inhibitors. The B175L protein specifically highlighted in
243  the figure exhibits a length of 528 bp CDS located on the reverse strand between positions 108,

244 527 bp, and 109,054 bp.

245 Plant description and research workflow

246  The in silico methodology presents a promising approach for identifying novel inhibitors
247  against ASFV, derived from plants. Understanding the taxonomic lineage (Fig 2A) of T.
248  cordifolia (Kingdom- Plantae, Phylum-Tracheophyta, Class-Magnoliopsida, Order-
249  Ranunculales, Family- Menispermaceae, Genus-Tinospora, Species-Tinospora cordifolia)
250  within the plant kingdom is essential for recognizing its potential inhibiting compounds for the
251  virus. As shown in Fig 2B, T. cordifolia exhibits diverse pharmacological properties such as
252  anti-diabetic, anti-oxidant, antitoxic, immunomodulatory, anti-microbial, anti-inflammatory,
253 anti-HIV, and anti-cancer, showcasing its medicinal significance, making it a possible
254  candidate for inhibiting ASFV. The in silico workflow followed in this study, including plant
255  selection, extraction preparation, GC-MS analysis, ADME/T analysis, and in parallel to that,
256  homology modeling, binding site identification, molecular docking, and MD simulations (Fig
257  2C), uncovers novel inhibitors against ASFV, facilitating more effective and efficient
258 methodology and results.

259

260 Fig 2. Comprehensive illustration of Tinospora cordifolia and study workflow
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261 (A) Taxonomy of 7. cordifolia. (B) Pharmacological properties of 7. cordifolia (43). (C)

262  Computational screening workflow for identifying B175L inhibitors in 7. cordifolia.

263 Plant stem extract profiling via GC-MS

264  GC-MS analysis of the methanolic extract of 7. cordifolia stems recorded a total of 92 peaks
265 (S1A Fig) corresponding to bioactive compounds. These compounds were identified by
266  relating their peak retention time, peak area (%), height (%), and mass spectral fragmentation
267  patterns to known compounds. The results revealed that 124 compounds were identified in the
268  methanol extract. The phytoconstituents in the methanol stem extract of 7. cordifolia included
269  butanoic acid derivatives, aromatic aldehydes (e.g., benzaldehyde), and fatty acid esters (e.g.,
270  hexadecanoic acid methyl ester) etc. Key compounds identified were butanoic acid, 4,4,4-
271 trichloro-2-methyl-, methyl ester, 1,1,2-trichloro-2-[(2-chloroethyl)thio]ethene, benzaldehyde,
272 5-bromo-2-hydroxy-,(5-trifluoromethyl-2-pyridyl)hydrazone, —methanamine, N-methoxy,
273  methanamine, N-hydroxy-N-methyl-, 1,6-heptadiyne, 4-benzyloxy-3-
274  methoxyphenylacetonitrile, carbamic acid, N-(3-oxo0-4-isoxazolidinyl)-, benzyl ester, butanal,
275  3-methyl-, pentanal, hydrazine, 1,2-dimethyl-, acetic acid, hydrazine, 1,1-dimethyl-, 2.4-
276  dihydroxy-2,5-dimethyl-3(2H)-furan-3-one, hydrazine, 1,2-dibutyl, butanoic acid, 4-hydroxy-
277 , butyrolactone, 4-ethylbenzoic acid, 2-butyl ester, oxime-, methoxy-phenyl- , phthalic acid,
278  ethyl tetradecyl ester, 2-furanmethanol, 4-ethylbenzoyl chloride, 1,2,4-benzenetricarboxylic
279  acid, cyclic 1,2-anhydride, nonyl ester, 1H-indol-5-ol, oxalic acid, cyclohexylmethyl tridecyl
280  ester, 3-cyclohexen-1-o0l, 3-methyl-, succinic acid, dodec-2-en-1-yl cis-4-methylcyclohexyl
281  ester, heptane, 1,7-dibromo-, 1,2-cyclopentanedione, 2-cyclopenten-1-one, 2-hydroxy-, 3H-
282  pyrazol-3-one, 1,2-dihydro-5-methyl-, mequinol, phenol, 2-methoxy-, benzyl nitrile,
283  cyclododecane, cyclopropane, nonyl-, 1-tetradecanol, docosane, eicosyl isobutyl ether,

284  hexadecanoic acid, methyl ester, pentadecanoic acid, 14-methyl-, methyl ester, 4H-pyran-4-
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285 one, 2,3-dihydro-3,5-dihydroxy-6-methyl-, 4H-pyran-4-one, 3,5-dihydroxy-2-methyl-,
286  sarcosine anhydride, glycerin, 3-methoxy-2,2-dimethyloxirane, butanedioic acid, monomethyl
287  ester, benzofuran, 2,3-dihydro-, benzene, 1-ethynyl-4-fluoro-, cumidine, tetracosane, cis-13-
288  octadecenoic acid, methyl ester, 9-octadecenoic acid, methyl ester, (E)-, 9,12-octadecadienoic
289 acid (Z,2)-, linoelaidic acid, tricyclo[6.3.0.0(2,6)Jundecan-10-one, 3-[(2-
290  methoxyethoxy)methoxy]-2-methyl-, 3,3'-isopropylidenebis(1,5,8,11-tetraoxacyclotridecane),
291 2-[2-[2-[2-[2-[2-[2-[2-(2-

292  hydroxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol, = methyl  3-
293  hydroxybutyrate, TMS derivative, 2-[2-[2-[2-[2-[2-[2-[2-[2-(2-
294  hydroxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol, 9,12,15-
295  octadecatrienoic acid, (Z,Z,Z)-, methyl 8,11,14-heptadecatrienoate, decaethylene glycol, TMS
296  derivative,  undecaethylene  glycol, TMS  derivative, 18,18'-bi-1,4,7,10,13,16-
297  hexaoxacyclononadecane, 2-[2-[2-[2-[2-[2-[2-(2-
298  hydroxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol, 15-crown-5,
299  1,4,7,10,13,16-hexaoxacyclooctadecane, heptaethylene  glycol, 2-[2-[2-[2-[2-[2-[2-(2-
300 methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol, 2-[2-[2-[2-[2-[2-[2-[2-
301  (2-methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol, 2-[2-[2-[2-
302  [2-[2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol,
303  hexaethylene glycol, 2-[2-[2-[2-[2-[2-[2-[2-(2-
304 methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol, (18S,19S)-
305  18,19-dihydroxy-1,4,7,10,13,16-hexaoxocycloencosane, 3-(1,3-dihydroxyisopropyl)-

306 1,5,8,11,14,17-hexaoxacyclononadecane, 3,6,9,12,15-pentaoxanonadecan-1-ol.
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In silico ADME and toxicity prediction

Initial GC-MS analysis identified 124 phytochemical compounds as potential therapeutic
candidates. These underwent ADME evaluation using SwissADME, strictly adhering to
Lipinski’s Rule of Five. 119 compounds (95.97%) satisfied all criteria, demonstrating
favorable pharmacokinetic properties for oral bioavailability. Five compounds were excluded

due to violations of more than one rule. ADME-compliant compounds were further analyzed

for toxicity endpoints using DataWarrior software. As shown in Table 1, 52 compounds
(43.70%) exhibited no predicted toxicity flags across all categories, focusing on four critical
parameters: mutagenicity, tumorigenicity, reproductive toxicity, and irritant potential.
Table 1. ADME properties of non-toxic compounds from Tinospora cordifolia

Compound Name PubChem Total cLogP H- H-

ID Molecular (=5) Acceptors | Donors
Weight (<10) (=5)
(<500 Da)

Benzaldehyde, 5-bromo-2-| 13665125 360.132 5.4192 4 2

hydroxy-,(5- 0

trifluoromethyl-2-

pyridyl)hydrazone

Methanamine, N-methoxy- 14232 61.083 -0.6669 2 1
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Methanamine, N-hydroxy- 27970 61.083 -0.8332 2 1
N-methyl-

1,6-Heptadiyne 337121 92.140 1.5822 0 0
Carbamic acid, N-(3-oxo-4- | 561323 236.226 -0.0539 6 2

isoxazolidinyl)-, benzyl

ester

2,4-Dihydroxy-2,5- 538757 144.126 -0.3468 4 2

dimethyl-3(2H)-furan-3-

one

HYDRAZINE, 1,2-| 74454 144.261 1.2468 2 2
DIBUTYL

1H-Indol-5-ol 16054 133.15 1.3533 2 2
3-Cyclohexen-1-ol, 3-| 566300 112.171 1.3647 1 1
methyl-

Mequinol 9015 124.139 1.2439 2 1

Cyclododecane 9268 168.323 5.4528 0 0
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Cyclopropane, nonyl- 522556 168.323 4.9305 0 0
Docosane 12405 310.607 10.065 0 0
Hexadecanoic acid, methyl 8181 270.455 6.490 2 0
ester

Pentadecanoic acid, 14- 21205 270.455 6.254 2 0

methyl-, methyl ester

4H-Pyran-4-one, 2,3- 119838 144.126 -0.770 4 2
dihydro-3,5-dihydroxy-6-

methyl-

4H-Pyran-4-one, 3,5- 70627 142.11 -0.685 4 2

dihydroxy-2-methyl-

Sarcosine anhydride 78761 142.157 -1.189 4 0

Butanedioic acid, 77487 132.115 -0.238 4 1

monomethyl ester

Benzofuran, 2,3-dihydro- 10329 120.151 1.885 1 0
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Benzene, 1-ethynyl-4- | 522627 120.126 1.861 0 0
fluoro-

Cumidine 7464 135.209 2.169 1 1
Tetracosane 12592 338.661 10.974 0 0
cis-13-Octadecenoic acid, | 12541027 296.493 7.147 2 0

methyl ester

9-Octadecenoic acid, | 5280590 296.493 7.147 2 0
methyl ester,(E)-
11-Octadecenoic acid, | 5364432 296.493 7.147 2 0

methyl ester

Sulfurous acid, pentyl | 6421052 334.563 6.946 3 0

tridecyl ester

2-Furanmethanamine, 253298 101.148 -0.453 2 1
tetrahydro-
9,12,15-Octadecatrienoic 5319706 292.461 6.642 2 0

acid, methyl ester, (Z,2,2)-
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1,3-Cyclooctadiene 299882 108.183 3.130 0 0
DL-Proline, 5-oxo-, methyl | 500249 143.141 -0.687 4 1
ester

2-[p- 412870 209.719 3.117 1 1

Chlorobenzyl]piperidine

Piperidine, 2-(tetrahydro-2- | 5012113 155.24 0.962 2 1
furanyl)-

Phytol 5280435 296.537 7.421 1 1
2-Amino-4-methyl-5- 243165 153.141 -0.244 4 1
nitropyridine

Pentadecanoic acid 13849 242.401 5.608 2 1
Palmitoleic acid 445638 254.412 5.810 2 1
Hexadecenoic acid, Z-11- 5312414 254.412 5.810 2 1
9-Octadecenoic acid (Z)-,| 5364509 296.493 7.147 2 0

methyl ester
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Cyclopentadecane 67525 210.403 6.816 0 0
Heptadecanoic acid 10465 270.455 6.516 2 1
9-Hexadecenoic acid, | 643801 268.439 6.238 2 0
methyl ester,(Z)-

9-Octadecene, 1-(2,3- | 5368143 370.615 7.264 3 0

dimethoxypropoxy)-, (Z)-

(+-.)-

3-Methylmannoside 247323 194.182 -2.192 6 4

1H-Tetrazole,  1-ethyl-5- | 100270 174.206 1.350 4 0

phenyl-

cis-10-Heptadecenoic acid | 5312435 268.439 6.264 2 1
Squalene 638072 410.727 13.099 0 0

9-Octadecenoic acid, (E)- 637517 282.466 6.719 2 1

Linoelaidic acid 5282457 280.45 6.466 2 1
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Tricyclo[6.3.0.0(2,6)Jundec | 560622 282.378 1.918 4 0
an-10-one, 3-[(2-

methoxyethoxy)methoxy]-

2-methyl-

9,12,15-Octadecatrienoic 5280934 278.434 6.214 2 1
acid, (Z,2,2)-

Methyl 8,11,14- | 85978449 278.434 6.188 2 0
heptadecatrienoate

Physicochemical analysis of the B175L

As shown in Fig 3A the protein consists of 175 amino acids, among the most abundant was
Glu (E) 19 followed by Ser (S) 17, Thr (T) 16, Leu (L) 13, Lys (K) 13, Ile (I) 10, Phe (F) 10,
Tyr (Y) 9, Val (V) 9, Ala (A) 7, Asn (N) 7, Pro (P) 7, Arg (R) 6, Cys (C) 6, Gly (G) 6, His (H)
5, Met (M) 5, Asp (D) 4, Trp (W) 4, Gln (Q) 2, Pyl (O) 0, and Sec (U) 0. The compound
molecular weight was 20348.20 Da, with a theoretical isoelectric point of 5.77, indicating a
positively charged protein. The total number of negatively charged (Asp + Glu) residues and
positively charged (Arg + Lys) residues was discovered to be 23 and 19, respectively. The
protein was classified as unstable by the computed instability index (II) of 52.85. The aliphatic
index was 70.17. The Grand Average of Hydropathy (GRAVY) value was -0.355. Mammalian

reticulocytes (in vitro) were found to have a half-life of 30 hours, > 20 hours for yeast, and >10
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329  hours for Escherichia coli (Fig 3B). The molecular formula of protein was identified as

330 C917H1395N2290273S“ with a total of 2825 atoms (Flg 3C)

331  Confidence metrics and refinement outcomes of B175L

332  We generated a structural model of the ASF B175L protein using AlphaFold3 (S1B Fig). The
333  model provides insights into the protein’s overall fold and predicted structural characteristics.
334  AlphaFold3 confidence metrics were used to assess the reliability of the generated structure.
335 The selected AlphaFold3 model exhibited a pTM of 0.72, indicating a generally high
336 confidence level in the overall structural prediction. The ranking score, which reflects
337  AlphaFold3’s internal assessment of model quality, is more than >0.80, suggesting that this
338  model is among the higher-quality predictions for B175L. Analysis of the model revealed that
339 a fraction of the protein (0.26) is predicted to be disordered. This suggests the presence of
340 flexible regions within the B175L structure. The model exhibited a ‘has clash’ value of 0.0,
341  indicating that no significant steric clashes were detected in the predicted conformation. As our
342  analysis focused on the B175L protein in isolation, the model was generated without multiple
343  chains. As a result, ipTM was null. The chain pair ipTM score was 0.72, and the chain pair pae
344  min was 0.76. The projected protein’s tertiary structure was refined using the Galaxy web
345  server, generating five refined models and increasing the number of amino acids in favored
346  locations. Compared to the initial model, the best-refined model was selected based on
347  MolProbity, Global Distance Test - High Accuracy (GDT/HA), Root Mean Square Deviation
348 (RMSD), clash score values, and poor rotamers in the structures (For model 4 - MolProbity
349  value=1.256, GDT-HA=0.9571, RMSD=0.416, clash score=4.9, poor rotamers=0.6). The
350 AlphaFold3 model and refined model 4 were chosen and visualized in Discovery Studio (Fig.

351 3DandE).
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352 Quality assessment of the predicted model

353 The Ramachandran plot was obtained from two web servers, PROCHECK and MolProbity,
354  and the results are summarized in Table 2 PROCHECK evaluated the scalability of the galaxy
355  server refined model through a Ramachandran plot analysis. The VERIFY3D score of the
356 modeled protein indicated that 67.43% of the protein residues have an average 3D-1D score
357 >0.1. The ERRAT quality factor was found to be 87.6623. The Ramachandran plot analysis
358 revealed no residue within disallowed regions (Figs 3F and G). In addition, ProSA web server
359 analysis resulted in a Z score of -5.26, indicating the model validation (Fig 3H).

360

361  Fig 3. Physicochemical characterization and modelling of ASFV B175L

362 (A) Amino acid sequence of B175L. (B) Predicted half-life of B175L in mammalian
363 reticulocytes (MR), yeast (Y), and Escherichia coli (EC) (a, b, and ¢ figures were generated
364 based on details obtained from the ProtParam tool on the ExPASy server). (C) Atomic
365 composition of B175L. (D) AlphaFold3 modeled structure of B175L visualized using
366  Discovery Studio. (E) GalaxyWeb refined the structure of B175L, visualized using Discovery
367  Studio. Ramachandran plot of the homology modeled and refined of B175L obtained from (F)
368 PROCHECK and (G) MolProbity. (H) ProSA z-core diagram.

369 Table 2. Ramachandran quality parameter for homology model using PROCHECK and

370  MolProbity servers

Servers Residues in Residues in

allowed region (%) outlier region (%)

PROCHECK 100% 0
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MolProbity 100% 0

371

372 Computational docking and structural visualization

373  The 52 ADME/T-compliant ligands underwent virtual screening against the refined B175L
374  protein model of AFSV using PyRx 0.8 (AutoDock Vina). A binding affinity cutoff of more
375  than -6 kcal/mol identified compounds, with affinities distributed as follows: 1 ligand at -8.5
376  kcal/mol, 3 ligands between —6.1 and —7.0 kcal/mol. The top candidate exhibited a binding
377  affinity of —8.5 kcal/mol (Fig 4A). The top 4 candidates advanced to CB-Dock?2 validation (Fig
378  4B), confirming robust target engagement. Subsequent binding mode verification of the highest
379  binding affinity having ligand was performed in UCSF Chimera (grid center: x =10,y =1, z
380 =38;box dimensions: 22 x 22 x 22 A3) and revealed stable interactions within the B175L active
381  site by having a binding affinity of -8.2 kcal/mol. This multi-tiered computational strategy
382  prioritized 1 lead compound, Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-
383  pyridyl)hydrazone (L1), with superior binding characteristics for further investigation (Fig 4C).
384

385  Fig 4. Graphical illustration of docking scores from PyRx virtual screening and CB-
386  Dock2

387 (A) PyRx virtual screening results. This graph clearly illustrates docking scores for 52
388 ADME/T adhered ligands. Ligands with a binding affinity greater than -6 kcal/mol are
389  represented by orange color bars. (B) CB-Dock2 molecular docking results for the top 4
390 ligands. The ligand with the highest binding affinity is indicated by a brown color bar. L1-
391  Benzaldehyde, 5-bromo-2-hydroxy-,(5-trifluoromethyl-2-pyridyl)hydrazone, L2-

392  Methanamine, N-methoxy-, L3-1H-Indol-5-o0l, L4-Methanamine, N-hydroxy-N-methyl-, L5-
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393  1,6-Heptadiyne, L6-2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one, L7-Carbamic acid, N-(3-
394  oxo-4-isoxazolidinyl)-, benzyl ester, L8-3-Cyclohexen-1-o0l, 3-methyl-, L9-HYDRAZINE,
395 1,2-DIBUTYL, L10-Mequinol, LI11-Cyclododecane, L12-Cyclopropane, nonyl-, LI13-
396  Docosane, L14-Hexadecanoic acid, methyl ester, L15-Pentadecanoic acid, 14-methyl-, methyl
397  ester, L16-4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-, L17-4H-Pyran-4-one, 3,5-
398  dihydroxy-2-methyl, L18-Sarcosine anhydride, L19-Butanedioic acid, monomethyl ester, .20-
399 Benzofuran, 2,3-dihydro-, L21-Benzene, 1-ethynyl-4-fluoro-, L22-Cumidine, L23-
400 Tetracosane, L24-cis-13-Octadecenoic acid, methyl ester, L25-9-Octadecenoic acid, methyl
401  ester,(E)-, L26-11-Octadecenoic acid, methyl ester, L27-11-Octadecenoic acid, methyl ester,
402  L28-2-Furanmethanamine, tetrahydro-, L29-9,12,15-Octadecatrienoic acid, methyl ester,
403 (Z,2,Z)-, L30-1,3-Cyclooctadiene, L31-DL-Proline, 5-oxo-, methyl ester, L32-2-[p-
404  Chlorobenzyl]piperidine, L33-Piperidine, 2-(tetrahydro-2-furanyl)-, L34-Phytol, L35-2-
405  Amino-4-methyl-5-nitropyridine, L36-Pentadecanoic acid, L37-Palmitoleic acid, L38-
406  Hexadecenoic acid, Z-11-, L39-9-Octadecenoic acid (Z)-, methyl ester, L40-
407  Cyclopentadecane, L41-Heptadecanoic acid, L42-9-Hexadecenoic acid, methyl ester,(Z)-,
408  L43-9-Octadecene, 1-(2,3-dimethoxypropoxy)-, (Z)-(.+-.)-, L44-3-Methylmannoside, L45-
409  1H-Tetrazole, 1-ethyl-5-phenyl-, L46-cis-10-Heptadecenoic acid, L47-Squalene, L148-
410  Octadecenoic acid, (E), L49-Linoelaidic acid, L50-Tricyclo[6.3.0.0(2,6)Jundecan-10-one, 3-
411  [(2-methoxyethoxy)methoxy]-2-methyl-, L51-9,12,15-Octadecatrienoic acid, (Z,Z,2)-, L52-
412  Methyl 8,11,14-heptadecatrienoate. (C) Two-dimensional (2D) and three-dimensional (3D)

413  structures of L1 ligand from the PubChem database.

414  Docked pose interactions

415  To elucidate complex stability, an in-depth analysis of molecular interactions was performed

416  for the best-docked complex (Figs 5A, 5B). The docked complex of Benzaldehyde, 5-bromo-
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417  2-hydroxy-, (5-trifluoromethyl-2-pyridyl)hydrazone-B175L exhibited the formation of 2
418  conventional hydrogen bonds with THR A:48, VAL A:46, as depicted in Fig 5C. It is
419  responsible for increasing the strength and stability of ligand-protein binding. Studies indicate
420 that the higher the number of hydrogen bonds, the higher the interaction strength between the
421  ligand and the target. In addition to hydrogen bonding, the complex exhibited ten hydrophobic
422  interactions at residues LEU43, LYS52, VAL46, VALS54, VAL91, PHE47, PHE74, PRO44,
423 and PRO72. These hydrophobic interactions enhance binding affinity by creating buried non-
424  polar contacts and anchoring the ligand in hydrophobic regions of the protein. Furthermore,
425  secondary interactions were observed, including Pi-Pi T-shaped interactions at PHE47 and Pi-
426  Alkyl interactions at residues PHE74, PRO44, LYS52, PRO44, VALS54, and VAL91. These
427  supplementary interactions play a crucial role in fine-tuning ligand orientation and
428  complementing primary bonds, thereby contributing to the overall stability of the complex.
429  Two halogen bonds were identified in this interaction (Table 3).

430  The highest-affinity ligand localized to a cavity containing residues LEU43, PRO44, VAL46,
431  PHE47, THR48, THR49, LYS52, TRP53, VALS54, PRO72, LYS73, PHE74, VAL91, GLY93,
432 PHEI28. Among them, 5 of the residues PRO72, LYS73, PHE74, VAL91, and GLY93 are
433  within the zinc finger motif (60-104) of B175L (S1C Fig).

434

435  Fig 5. Protein-Ligand Complex Illustrations and Zinc Finger Binding Area of B175L
436  (A) Three-dimensional (3D) illustration of the binding pocket. This figure provides a 3D
437  representation of B175L Cavity 4, the binding pocket binds with the top ligand, generated using
438  the CD-Dock?2 server. (B) 3D illustration of the ligand Benzaldehyde, 5-bromo-2-hydroxy-, (5-
439 trifluoromethyl-2-pyridyl)hydrazone- B175L complex at Docking Pose. This figure provides a
440 3D representation of the Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-

441  pyridyl)hydrazone ligand and B175L complex at the docking pose, generated using UCSF
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Chimera. (C) Two-dimensional (2D) interaction diagram of top ligand-protein complex, the
interaction in green color represents conventional hydrogen bonding, while the blue line depicts
halogen interaction between ligand and protein residues, the interaction in dark pink color

represents Pi-Pi T-shaped bonds, and light pink lines depict alkali and Pi-alkali interactions.

Table 3. Noncovalent interactions of the selected ligand with protein B175L
Name Distance Category Types
THR48 2.56965 Hydrogen Bond Conventional Hydrogen Bond
VAL46 2.45481 Hydrogen Bond Conventional Hydrogen Bond
PRO72 3.5427 Halogen Halogen (Fluorine)
PRO72 2.82304 Halogen Halogen (Fluorine)
PHE47 5.32418 Hydrophobic Pi-Pi T-shaped
VALA46 4.74154 Hydrophobic Alkyl
LEU43 4.13605 Hydrophobic Alkyl
PRO72 4.58338 Hydrophobic Alkyl
PHE74 4.86552 Hydrophobic Pi-Alkyl
PROA44 4.9547 Hydrophobic Pi-Alkyl
LYS52 5.35585 Hydrophobic Pi-Alkyl
PRO44 430411 Hydrophobic Pi-Alkyl
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VAL54 5.24165 Hydrophobic Pi-Alkyl

VAL91 5.24664 Hydrophobic Pi-Alkyl

447

448 MD simulations

449  To investigate the real-time dynamics and conformational stability of a protein upon binding
450 to a specific ligand, 100.102 ns of MD simulations were performed on the best-docked
451  compound (Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-pyridyl)hydrazone) at
452  the protein binding site. Our analysis of simulation interaction diagrams (SIDs) for the 100.102
453 ns SPC water model-based simulations provided a better understanding of Protein RMSD,
454 Ligand RMSD, Protein RMSF, Ligand RMSF, Protein-Ligand contacts, and ligand

455  characteristics were analyzed.

456 RMSD of top ligand at B175L binding site

457  The RMSD of the B175L protein-ligand complex was determined over a 100.102 ns molecular
458  dynamics simulation. Analysis of the protein backbone (Ca) and ligand RMSD was performed
459  to evaluate the system's stability. During the initial 20 ns of the simulation, the protein RMSD
460 rapidly increased from approximately 2 A to 14 A. Subsequently, the protein RMSD fluctuated
461  around an average of 13-14 A for the remainder of the simulation period. Similarly, the ligand
462 RMSD (fitted to the protein) also experienced a rapid increase in the first 20 ns, rising from
463  approximately 1 A to 12 A. Following this initial phase, the ligand RMSD fluctuated and
464  stabilized, averaging around 10-12 A for the remaining 80 ns. The observed initial increase and

465  subsequent stabilization in both protein and ligand RMSD suggest that while the complex
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466  undergoes conformational adjustments early in the simulation, it reaches a relatively stable
467  state for the majority of the 100.102 ns trajectory (Fig 6).

468

469  Fig 6. Protein-ligand root mean square deviation (RMSD)

470 RMSD plot of B175L in complex with Benzaldehyde, 5-bromo-2-hydroxy-, (5-
471  trifluoromethyl-2-pyridyl)hydrazone during the period of Molecular Dynamics simulations
472  (MD Simulations). The blue line in the graph shows protein RMSD in the form of a C alpha
473  chain of protein, and pink lines represent Lig fit Prot RMSD. Protein RMSD values are on the
474  left y-axis, while lig fit prot RMSD values are on the right Y-axis. The X-axis shows the period

475  of MD simulations in nanoseconds (nsec).

476  Protein and ligand RMSF

477  As shown in Fig 7A, the protein's RMSF values ranged from approximately 0.5 A to 8.5 A,
478  indicating varying degrees of flexibility across different residues. Residues with higher RMSF
479  values are primarily located in loop regions, while those with lower values are found in more
480  rigid secondary structure elements. The ligand RMSF values ranged from approximately 2.5 A
481 to0 6.0 A (Fig 7B). Fluctuations observed at ligand atoms 1 to 21 suggest dynamics within the
482  binding pocket; however, no significant deviations were observed that would compromise the
483  ligand's overall stability or binding pose.

484

485  Fig. 7 Protein and ligand root mean square fluctuations (RMSF)

486  (A) RMSF plot of B175L where the active site residues are on the X-axis, RMSF values on the
487  Y-axis, and the green bar indicates the point of contact of respective amino acid residues at the

488  binding site with Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-pyridyl)hydrazone
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489 ligand. (B) Ligand RMSF. The pink line in the plot shows the RMSF of the ligand, the X-axis

490 indicates residues of the ligand, and the Y-axis shows the value of RMSF.

491  Protein-ligand contacts

492  The ligand was in contact with 28 amino acid residues within the nucleotide-binding domain
493  throughout the simulations. These residues formed critical interactions such as hydrogen
494  bonds, hydrophobic contacts, and water bridges. Hydrogen bonds were observed consistently
495  during the simulation, contributing significantly to the ligand's stable binding. Several
496  hydrophobic interactions were maintained, involving residues in the binding pocket that
497  stabilize the ligand's position. Water-mediated hydrogen bonds were detected between specific
498  residues and the ligand, further enhancing interaction stability (Fig 8). The ligand interacted
499  with PRO72, PHE74 residues in the zinc finger binding area of B175L with strong hydrophobic
500 interactions.

501

502  Fig 8. Protein-ligand contacts

503  This histogram shows ligand interaction with amino acids at the binding site, purple for
504  hydrophobic interaction, green for hydrogen bond, pink for ionic interaction, and blue for water
505  bridge. The X-axis indicates amino acid residues, while the Y-axis shows the Interaction

506 fraction.

507 Changes in the ligand (Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-
508  pyridyl)hydrazone) properties

509  To assess the stability of the lead molecule in the binding sites of the B175L, the five molecular
510  characteristics of the ligand (ligand RMSD, rGyr, MolSA, SASA, and PSAwere also

511  investigated (S2 Fig).
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512  Ligand RMSD

513  The ligand exhibited RMSD values that typically ranged from 0.2 A to 1.6 A, indicating a

514  stable binding mode within the pocket (S2A Fig).

515  Radius of gyration

516  The rGyr of the ligand was found to be relatively constant, generally fluctuating between 4.2
517 A and 4.8 A, suggesting consistent compactness and shape throughout the simulation (S2B

518  Fig).

519  Molecular surface area

520  The ligand's MolSA was observed to be 260 A2 to 275 A2, indicating its overall size and surface

521  characteristics (S2C Fig).

522 Solvent accessible surface area

523  The SASA of the ligand varied from approximately 40 A2 to 150 A2, demonstrating the extent

524  to which the ligand was exposed to the solvent environment during the simulation (S2D Fig).

525 Polar surface area

526  The PSA of the ligand was found to range from 70 A2 to 95 A2, reflecting the contribution of
527  polar atoms (oxygen and nitrogen) to the ligand's overall surface area and its potential for polar
528 interactions within the binding site (S2E Fig).

529

530

531  Discussion

532  In this study, we described a new plant compound from 7. cordifolia that aids in the inhibition

533  of ASFV BI175L by in silico pharmacological analysis. Our findings expand upon previous
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534  research on ASFV B175L immune evasion strategies (Ranathunga et al., 2023) and provide
535 new insights into targets for vaccine development. The GC-MS analysis of 7. cordifolia stem
536  methanol extract revealed a diverse array of phytochemical compounds, with 124 identified.
537  This aligns with previous studies highlighting the pharmacological potential of 7. cordifolia
538  (44). Our rigorous ADME/T screening process, adhering to Lipinski’s Rule of Five, identified
539 52 compounds with favorable drug-like properties and no predicted toxicity flags. This
540  approach mirrors successful strategies used in other natural product-based drug discovery
541  efforts. Our structural analysis and modeling of the ASFV B175L protein provided several
542  important insights. The protein’s amino acid composition, with a high proportion of glutamic
543  acid, serine, and threonine, suggests potential for post-translational modifications and
544  regulatory functions (45). The predicted instability index and aliphatic index values provide

545  clues about the protein’s stability and potential interaction in the cellular environment.

546  The AlphaFold3-generated model of B175L, refined using the GalaxyWeb server,
547  demonstrated high confidence metrics and good stereochemical properties. The AlphaFold3
548  predicted structure was strictly validated using the confidence metrics outlined by the
549  AlphaFold3 framework. According to the server’s guidelines, pTM evaluates the global
550  structural accuracy of the entire complex, with values >0.5 indicating a plausible overall fold,
551  while ipTM assesses the accuracy of subunit interfaces in multi-chain complexes, where scores
552  >0.8 denote high confidence predictions and 0.6-0.8 in average confidence prediction (46) and
553  raking score, which is internal confidence metrics >0.80 indicating high-quality prediction.
554  This model allowed us to identify sites and structural characteristics that might be indicative
555  of B175L function. A striking feature of B175L is a predicted disordered region, which
556  constitutes 26% of the protein; intrinsically disordered regions play major roles in protein-
557  protein interactions and regulation. The refined model was selected based on the optimization

558  of several parameters. As detailed by (47), GalaxyWeb aims to balance various factors to
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559  achieve an optimal structure. A lower MolProbity score indicates better stereochemical quality,
560 reflecting fewer steric clashes and improved geometry. A higher GDT-HA score signifies
561  greater structural similarity to the native state, while a lower RMSD suggests a reduced
562  deviation from the initial model. A lower clash score reflects fewer atomic clashes, and a lower
563  number of poor rotamers improves side-chain conformations.

564  The structural validation of the refined B175L model was conducted using ProSA-web,
565 PROCHECK, and MolProbity. The ProSA-web Z-score of -5.26 indicates that the overall fold
566 is consistent with known protein structures (48). Ramachandran plot analysis revealed no
567  residues in the disallowed region, confirming excellent stereochemical quality. The

568  VERIFY3D score and ERRAT quality factor further supported the model’s reliability.

569  From our molecular docking studies, we identified Benzaldehyde, 5-bromo-2-hydroxy-, (5-
570 trifluoromethyl-2-pyridyl)hydrazone as a promising lead compound, with high binding affinity
571 to B175L. The formation of conventional hydrogen bonds and multiple hydrophobic
572  interactions suggests a stable and specific binding mode. The MD simulations provided
573  valuable insights into the stability and dynamics of the B175L-Benzaldehyde, 5-bromo-2-
574  hydroxy-, (5-trifluoromethyl-2-pyridyl)hydrazone complex, revealing a stable interaction after
575 initial conformational adjustments. The protein and ligand RMSD indicate a stable complex
576  where initial fluctuations often reflect system equilibration before reaching stability. RMSF
577  analysis showed varying flexibility across protein residues with higher values in loop regions,
578  while the ligand’s RMSF suggested localized flexibility without compromising stability. The
579 ligand formed consistent hydrogen bonds and hydrophobic interactions with 28 amino acid
580  residues, underscoring its strong binding affinity. Notably, the presence of interacting residues
581 islocated within the zinc finger motif of B175L during MD simulations, which may be critical
582  for its function. Additionally, ligand properties such as rGyr remained constant between 4.2

583 and 4.8, reflecting consistent compactness of Benzaldehyde, 5-bromo-2-hydroxy-, (5-
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584  trifluoromethyl-2-pyridyl)hydrazone within the binding pocket. MolISA and values indicated
585  favorable surface characteristics for polar interactions and solvent accessibility, while SASA
586  values demonstrated that Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-
587  pyridyl)hydrazone was appropriately exposed to its environment while maintaining strong

588  binding interactions.

589  These findings have important implications for our understanding of ASFV pathogenesis and
590 the development of potential therapeutic strategies. By inhibiting B175L, our identification of
591  small molecules effectively prevents B175L-mediated suppression of the IFN signaling
592  pathway, restoring the host’s antiviral immune response. This restoration of the host’s antiviral
593 immune response demonstrates B175L’s critical role in immune evasion and establishes a
594  foundation for the development of effective ASFV drugs.

595  Future studies should focus on in vitro and in vivo studies, which are necessary to validate the
596 efficacy of Benzaldehyde, 5-bromo-2-hydroxy-, (5-trifluoromethyl-2-pyridyl)hydrazone as an

597  inhibitor of B175L function and its potential as an antiviral agent against AFSV.

598
599

600 Conclusion

601  Based on the findings of this study, the 7. cordifolia-derived Benzaldehyde, 5-bromo-2-
602  hydroxy-, (5-trifluoromethyl-2-pyridyl)hydrazone possesses strong anti-ASFV  BI175L
603 activity. Molecular Dynamics simulations studies were performed for 100.102 ns on a selected
604  ligand, which provides clues regarding the structural stability of the protein-ligand complex.
605  Our study combines computational approaches with natural product screening to identify a
606  novel target and potential inhibitor of ASFV. This work not only advances our understanding
607  of ASFV biology but also demonstrates the power of integrating traditional medicinal plant

608  knowledge with modern computational drug discovery techniques.
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785  Supporting information

786  S1 Fig. Graphical illustration of gas chromatography-mass spectrometry (GC-MS)

787  chromatogram, modelled B175L, and zinc finger binding area of B175L

788  (A) GC-MS chromatogram of Tinospora cordifolia stem methanol extraction. (B) Modeled
789  BI175L structure using the Alphafold3 server. The model is colored according to the predicted
790 local distance difference test (pLDDT) score, a measure of the model’s confidence in the
791 predicted structure. Regions colored blue indicate very high confidence (pLDDT > 90), cyan
792  indicates confident regions (90 > pLDDT >70), yellow indicates low confidence (70 > pLDDT
793 > 50), and orange indicates very low confidence (pLDDT < 50). (C) Zinc finger binding area
794  of B175L, referring to NCBI Conserved Domain. The binding region of B175L is located
795  between amino acid residues 60 and 104 within its 175-amino-acid sequence. Amino acids
796  located in the docking cavity of the L1 ligand are shown in red.

797  S2 Fig. Changes in the ligand properties during simulation

798  (A) Ligand root mean square deviation (RMSD) plot. The Y-axis indicates the RMSD value of
799  the ligand in Angstrom (A). (B) Radius of gyration (rGyr) graph. The Y-axis shows rGyr in A.
800 (C) Molecular Surface Area (MolSA) graph. The Y-axis indicates MolSA values of ligands in
801 2 A. (D) Solvent-accessible surface area (SASA) plot. The Y-axis shows SASA values of the
802 ligand in 2 A. (E) Polar surface area (PSA) graph. The Y-axis indicates the PSA values of the

803 ligand in 2 A. The X-axis of all these 4 graphs indicates the time in nanoseconds (nsec).
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