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					ABSTRACT  

					ARTICLE INFO  

					Article history:  

					Cleistocalyx operculatus is ubiquitous and known by folk experiences for its antimicrobial  

					properties, thus promising as a low-cost green pesticide. In this work, the plant ethanol extract  

					was investigated against Cercospora nicotianae, a pathogenic fungus implicated in the leaf spot  

					in Pennywort. Characterisation of the plant extract showed 21 identifiable constituents (1-21),  

					with the major components: 4’,5'-dimethoxy-2'-hydroxy-4-methylchalcone (21; 41.71 %), phytol  

					(15; 8.46 %), and 5.7-dimethoxyflavanone (20; 5.20 %). The in vitro antifungal screening of the  

					extract revealed potent inhibitory capacity up to 7 days after inoculation (concentration = 9.54  
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					mg.mL ). The inhibitory potential was predicted by docking simulation, i.e., 19-Q6DQW3 (DS -  
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					10.7 kcal.mol-1; DSmax -12.7 kcal.mol ) > 21-Q6DQW3 (DS -10.3 kcal.mol ; DSmax -11.9  
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					kcal.mol ) > 20-Q6DQW3 (DS -10.3 kcal.mol DSmax -11.7 kcal.mol-1). The chemical  
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					1000 a.u.) > 20 (-ca. -950 a.u.) for chemical stability, and 3 (3.40 Debye), 15 (2.47 Debye), and 5  

					(2.03 Debye) for physical compatibility. The suitability for biological and pesticidal applications  

					was justified by physicochemical analyses. The results revealed a firm correlation between the  

					extracted major constituents (20 and 21) and the total antifungal activity against C. nicotianae,  

					thus encouraging its local usage.  
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					Introduction  

					Shazia Parveen et al. (2014) reported broad screening research which  

					Recently, organic agriculture has gained a notable surge in  

					popularity worldwide, especially in horticulture. This requires safe and  

					clean attributes to the consumers’ health and environmental impacts,  

					primarily regarding cultivar selection, soil fertilising, and pest  

					controlling 1. Pest control is often considered a process of high interest  

					because it directly inoculates the pesticides into plants. Conventional  

					practice pest control has long used synthetic chemicals in pest  

					management as an inevitable routine, raising public concerns about  

					their adverse effects. The contemporary approach utilises natural  

					products known for high antimicrobial activities, killing and repelling  

					pests, such as the essential oils of neem, lavender, garlic, chilli,  

					wormwood, basil, etc.2  

					revealed that five plant extracts: Artemisia absinthium L., Rumex  

					obtusifolius L., Taraxacum officinale Weber ex Wiggers, Plantago  

					lanceolata L., and Malva sylvestris L. exhibited significant inhibition  

					against the mycelial growth of three fungi Alternaria alternata (Fr.)  

					Keissler, Penicillium expansum Link ex Thom, and Mucor piriformis  

					Fisher.3 However, these sources are often not as bioavailable as required  

					for the scale of industrial production, thus putting an almost prohibitive  

					obstacle for practicable applications. Cleistocalyx operculatus  

					(Syzygium nervosum) is known for its bioavailability and  

					chemodiversity. The tree species are native to tropical regions of Asia  

					and Australia, habiting widely from Guangdong and Guangxi (China)  

					to the Northern Territory (Australia).4 It is recognized as a medium-  

					sized arborescent plant (ca. 10-m height) featured with pale brown bark  

					and hue-green leaves. In particular, the leaves are elliptical, obovate,  

					and glabrous (7-9 cm in length); the flowers are clustered and paniculate  

					(4 petals); the fruits are concave-tip and wrinkle-texture ovolo, turning  

					purplish upon ripening. The species contains various phytochemicals,  

					e.g., oleanane-type triterpenes, sterols, flavanones, chalcon, triterpenic  

					acid, β-sitosterol, ursolic acid, and essential oils.5 However, this array  

					of phytochemicals significantly challenges the attempts to specify the  

					relationship between phytochemical characteristics and biological  

					activities. The plant has also been evidenced for its antimicrobial  

					properties. Evidence from folkloric usage revealed that C. operculatus  

					leaves and buds are often brewed as an in-house herbal tea, known for  

					stomachic benefits, while they also serve as effective remedies for  
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					oxidative stress, skin inflammation, and wound infections.  

					Pharmacological screening shows that the plant has been observed to  

					exhibit antioxidant, antimicrobial, anti-mutagenic, anti-carcinogenic,  

					anti-ageing, and neuroprotective properties.6 Nevertheless, there is a  

					lack of in-depth knowledge of the bioactivity of this plant in the  

					literature. C. operculatus extracts were theoretically predicted to exhibit  

					inhibitory activity against Candida albicans7 and experimentally  

					proven to enhance the fungicidal capacity of silver nanoparticles against  

					Colletotrichum camelliae.8 Therefore, the plant is of special interest as  

					the source for bio-protectant applications because of its large  

					morphology, ubiquitous distribution, and promising pesticidal  

					activities. In horticultural cropping, leaf spots are one of the most  

					common diseases with discoloured leaf lesions. The condition can lead  

					to reduced plant vigour, leaf defoliation, and photosynthetic deficiency,  

					thus resulting in yield loss if left untreated.9 The causes are mainly  

					related to the infection of fungi, bacteria, and viruses, especially fungi,  

					which are often considered more challenging to treat than the latter.  

					This is because eukaryotic cells generally have a more complex and  

					rigid cellular structure compared to prokaryotic cells and viral capsids.  

					Among the fungi commonly responsible for the diseases, the  

					Cercospora species are known as the causative agents. These include  

					837 species (by July 2023) validated by the Global Biodiversity  

					Information Facility (GBIF), with numerous undescribed species. In  

					particular, Cercospora nicotianae is commonly recognised by in situ  

					observations and widely subjected to in vitro settings.10–13 Hence, this  

					fungus is implicated as the potential representative of its genus in  

					research studies.  

					with the resulting data being assessed for their potential inhibition and  

					the pesticidal applicability of the total extract.  

					Materials and Methods  

					Plant collection and extraction  

					Cleistocalyx operculatus Roxb leaves were harvested from Thua Thien  

					Hue province in June 2022. The samples were botanically identified by  

					Dr. Nguyen Thanh Triet (Department of Traditional Pharmacy,  

					University of Medicine and Pharmacy at Ho Chi Minh City) and  

					deposited at the Department of Traditional Pharmacy, Faculty of  

					Traditional Medicine (voucher no.: CLO-06-22). The collected leaves  

					were washed, dried under the shade, ground to fine powders, and kept  

					in a closed container until further use.  

					The powdered material (3 kg) was extracted by refluxing it with  

					ethanol. A typical procedure for test samples proceeded on the raw-  

					material powders (3 kg) with ethanol (150 mL; 70%) under the support  

					of an ultrasonic bath (70 ℃; 90 min); the remaining residues were  

					filtered out and resent for the secondary extraction. Afterwards, the  

					extracted products were combined and evaporated (60-70 ℃); the final  

					extract was stored for further studies while the condensed solvent was  

					reclaimed for recycling processes.  

					Microorganisms  

					The pathogenic strain C. nicotianae was supplied by the Laboratory of  

					Enzyme and Protein Technology at the Institute of Biotechnology, Hue  

					University. The source of C. nicotianae was obtained by in situ  

					extraction and lab-based culturing. First, Pennywort plants infected  

					with the leaf-spot disease were collected from agricultural fields at  

					Quang Tho Village, Quang Dien District, Thua Thien Hue Province  

					(Vietnam). The fungal spore was isolated with PDA medium (Potato  

					Dextrose Agar); in a typical procedure, a diseased plant tissue (approx.  

					10×10 mm) was disinfected using sodium hypochlorite (3% v/v; 2 min),  

					rinsed using sterile distilled water (triplication), and dried using sterile  

					paper napkins (room temperature; 20 min). The fungus was cultured in  

					a laminar flow cabinet; in a typical procedure, the as-prepared tissues  

					(5 samples) were transferred into a Petri dish containing PDA medium  

					and incubated (28℃; 4-7 days) until the fungal growth was observable.  

					The fungal isolates were purified using the hyphal tip technique; in a  

					typical procedure, the colonies were transferred to a water-agar culture  

					medium for growth (28℃; 3 days) before the hyphal tips were removed  

					and transferred to PDA medium and left in refrigeration (5℃) for  

					further use.  

					Regarding mycology, C. nicotianae has recently been of special interest  

					due to its genetic characterisation. Mainly, cercosporin,  

					a

					perylenequinone, is responsible for light absorption and reaction with  

					oxygen molecules to generate reactive oxygen species, and it is vital in  

					the fungal virulence of infected plants.14 Reactive oxygen species  

					induce cell membrane peroxidation and cause damage to cellular  

					components (i.e., lipids, proteins, and nucleic acids), leading to  

					electrolyte leakage in host plants. This understanding led to significant  

					efforts to investigate the cercosporin biosynthetic pathway and its  

					regulation of C. nicotianae.15,16 Results of a study revealed that the  

					initial stage of cercosporin biosynthesis is catalysed by polyketide  

					synthase CTB1 for the formation of nor-torlactone, a precursor for  

					cercosporin production.17,18 The findings suggest that this synthase is a  

					promising target for inhibiting cercosporin activities, thus inhibiting the  

					spreads and impacts of the fungi. The crystalline structure of C.  

					nicotianae non-reducing polyketide synthase CTB1 has also been  

					characterised and deposited onto the UniProtKB database under the  

					entry Q6DQW3 (CTB1_CERNC). By leveraging computational power,  

					in silico research offers notable advantages over traditional  

					experimental methods, particularly in cost reduction and time  

					efficiency. For instance, computer-aided drug design (CADD)  

					facilitates the swift and reliable identification of potential drug  

					candidates when various computational platforms are appropriately  

					employed. Molecular docking simulations an integral part of CADD,  

					represent a cost-effective technique for predicting binding mechanisms  

					of ligand-protein inhibitory potentiality. Data derived from the  

					physicochemical properties of potential inhibitors can complement the  

					oversimplifications inherent in docking methods.19,20 Besides, assessing  

					the physical properties regarding solubility can provide a preliminary  

					view of the biological persistence of the pesticidal candidates.  

					Furthermore, quantum chemical computations can provide additional  

					insights into properties such as chemo-physical suitability and  

					intermolecular tendencies, thus conducive to evaluating ligand-protein  

					inhibitory interaction. This combinatory and complementary model can  

					result in well-rounded findings21,22, hence offering a reliable assessment  

					of biochemical compatibility. In this work, C. operculatus ethanol  

					extract was subjected to an in silico investigation of its antifungal  

					potential against C. nicotianae, mainly used in large-scale pesticide  

					applications. Firstly, agricultural tests were deployed to confirm  

					information on pathogenicity; experimental methods were used to  

					prepare precursor materials, collect antifungal evidence, and determine  

					compositional characteristics. Afterwards, different computer-based  

					platforms were utilised to gather the chemical, biological,  

					physiological, and pharmacological properties of the phytochemicals,  

					Microbial assay  

					In this assay, one-month-old Pennywort plants were inoculated with the  

					pathogenic strain of C. nicotianae (four years old). The plants were  

					transplanted into plastic pots (8 L) filled with a substrate mixture  

					consisting of soil (80 %) and manure vermicompost-based material (20  

					%). Each pot was sprayed with a fungal solution (20 mL; 105  

					spores/mL) daily until the onset of leaf-spot symptoms; in addition, pure  

					water was used in control samples. The treatments were carried out in  

					five repetitions.  

					Antifungal activity assay  

					C. operculatus extract was used for the in vitro assay against C.  

					nicotianae following the procedure proposed by Sánchez-Pérez et al.23  

					Different concentrations of C. operculatus extract were mixed with  

					PDA medium before transfer into sterile Petri plates and allowed  

					solidify. Afterwards, the Petri plates were inoculated by placing a  

					mycelial disc of C. nicotianae (5 mm) in the centre of each plate and  

					incubated at 28℃. The control (PDA and the fungus) was set up without  

					the addition of C. operculatus extract. All bioassays were in triplicates.  

					The inhibitory effects of the extracts were evaluated by measuring  

					colony diameter and recording the mycelial growth over a 7-day post-  

					inoculation period. The results were expressed by percentage inhibition  

					of mycelial growth compared to the negative control proposed by  

					Pandey et al.24  

					Mycelial growth inhibition (%) = [(dc – dt)/dc] x 100 (%)  
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					Where dc = control-based average diameter of fungal colony  

					and dt = test-based average diameter of fungal colony.  

					with gradual activity attenuation. On day 3 post-inoculation, all the  

					concentrations of C. operculatus extract were found to exhibit potent  

					disinfecting capacity (100% inhibition). On day 5 post-inoculation, the  

					inhibitory potential was in the following order: C6 (88.89%) > C5  

					(76.19%) > C4-C1 (ca. 60%). On day 7 post-inoculation, all the test  

					samples, except for C7 (100%), exhibited inhibition < 80%.  

					GC-MS analysis of C. operculatus extract revealed 22 components, of  

					which 21 (1-21) were identifiable from the NIST-17 database. The  

					results are summarised in Table 1, and the corresponding formulae are  

					shown in Figure 3. From the results, 4’,5'-dimethoxy-2'-hydroxy-4-  

					methylchalcone was the most predominant compound (21; 41.71 %) of  

					the extract, followed by phytol (15; 8.46 %), and 5.7-  

					dimethoxyflavanone (20; 5.20 %). These constitute the major part of  

					the extract. Therefore, further evaluation of their activity is of  

					exceptional importance. Besides, 2,3-dihydro-5-hydroxy-6,8.8-  

					trimethyl-2-phenyl-4H-1-benzopyran-4.7-(8H)-dione (19; 3.67 %),  

					caryophyllene oxide (9; 3.04%), 2,4-dihydroxy-3,6-dimethyl benzoic  

					Spectroscopic characterization  

					C. operculatus total extract was subjected to gas chromatography-mass  

					spectrometry (GC-MS). Instrument: Agilent GC 7890B-MS 5975C;  

					HP-5MS column (30 m × 0.25 mm × 0.25 µm); the carrier gas Helium  

					(1.5 mL.min-1). The GC temperature program: (i) commencing at 80℃  

					(1 min); (ii) linearly increasing to 300℃ (20℃.min-1; 15 min); heat inlet  

					at 250℃. The MS scanning configuration: line temperature at 280℃;  

					ion-source temperature at 230℃; electron ionisation (EI) mode at 70  

					eV; batch scanning ranged 29-650 amu. The sample (1 µL) was split in  

					a ratio of 20:1 before injection. The NIST-17 database was used as a  

					reference for the phytoconstituents identified. All reagents, solvents,  

					and chemicals were of analytical grade (Sigma-Aldrich, USA).  

					Computational input preparation  

					The data from the existing literature and experimental findings were  

					used as the input for the computational screening. In particular, the  

					chemical formulae of potential compounds (1-21) were obtained from  

					GC-MS analysis and drawn using MOE 2022.10, while the protein  

					assembly of C. nicotianea representative was referenced from a public  

					protein bank, i.e., Non-reducing polyketide synthase CTB1  

					(UniProtKB: Q6DQW3 (CTB1_CERNC).  

					120  

					100  

					80  

					60  

					40  

					20  

					0

					Docking simulation  

					A typical procedure of molecular docking simulation (MOE 2022.1025)  

					follows three steps, i.e.: (i) Input preparation (configuration: protein  

					active range 4.5 Å, ligand charge-assigning using Gasteiger-Huckel  

					method); (ii) Docking simulation (configuration: retaining poses 10;  

					solutions per iteration 1000; solutions per fragmentation 200); (iii) Re-  

					docking iteration (threshold: root-mean-square deviation (RMSD)  

					values < 2 Å; recommended by MOE).  

					3 dai  

					5 dai  

					7 dai  

					Quantum calculation  

					Treatment  

					The molecular chemical properties of the investigated structures were  

					given by density functional theory (DFT) calculation using Gaussian 09  

					without symmetry constraints.26 Level of theory M052X/6–  

					311++G(d,p) and basis set def2-TZVPP27 were selected. The converged  

					geometries were checked for the structural global minimum on the  

					potential energy surface (PES) by vibrational frequencies. The frozen-  

					core approximation for non-valence-shell electrons was applied. The  

					resolution-of-identity (RI) approximation was set. The frontier orbital  

					analysis was carried out by NBO 5.1 at the level of theory M052X/def2-  

					TZVPP.28  

					C1 C2 C3 C4 C5 C6 C7  

					Figure 1: Antifungal effect of C. operculatus extracts on the  

					mycelial growth of C. nicotianea; C1: 2.24, C2: 3.39, C3: 4.57,  

					C4: 5.77, C5: 7.00; C6: 8.26; C7: 9.54 (unit: mg.mL-1, p ≤ 0.05,  

					dai: days after inoculation)  

					The bio-inhibitory activities of the putative compounds as potential  

					inhibitors (1-21) were assessed by their static complexes formed with a  

					representative protein structure (Q6DQW3) through docking studies. In  

					general, this can serve as their preliminary interaction with specific  

					protein targets rather than a rigid conclusion. The effectiveness can be  

					ranked according to the total docking score (DS) values (representing  

					Gibbs free energy of a ligand-protein structure formation) and the  

					number of hydrogen-like bonds (responsible for ligand-protein  

					intermolecular interaction). Screening over the protein crystal (MOE  

					algorithms), the four most susceptible sites to the ligands were  

					determined; their parameters corresponding to each ligand-protein duo  

					are summarised in Table 2. On average, the most inhibitory structures  

					Physicochemical analysis  

					Drug-likeness properties of the phytochemicals were predicted by a  

					combinational model. The parameters were the physical properties  

					retrieved from QSARIS29 (based on Gasteiger–Marsili method 30). The  

					references were from Lipinski’s rule of five 31, which provides the  

					theoretical criteria for a well membrane-permeable candidate, i.e.,  

					molecular mass < 500 Da; hydrogen-bond donors ≤ 5; hydrogen-bond  

					acceptors ≤ 10; logP < +5.32,33  

					-1  

					̅̅̅̅  

					were in the following order: 19-Q6DQW3 (DS -10.7 kcal.mol ; DSmax  

					-

					Results and Discussion  

					-1  

					-1  

					̅̅̅̅  

					12.7 kcal.mol ) > 21-Q6DQW3 (DS -10.3 kcal.mol ; DSmax -11.9  

					kcal.mol ) > 20-Q6DQW3 (DS -10.3 kcal.mol ; DSmax -11.7 kcal.mol-  

					-1  

					-1  

					The pathogenic analysis followed Koch’s postulates for pathogenicity  

					identification.34 The leaf-spot disease infection was assessed by the  

					presence of limited and discoloured lesions on the selected Pennywort  

					leaves. The infected parts were separated and sent for microbial  

					identification. The causative agent was confirmed as Cercospora  

					nicotianea. Similarly, the in vitro inhibitory observables of C.  

					operculatus extracts (at different concentrations) against the mycelial  

					growth of C. nicotianea are shown in Figure 1 and summarized in  

					Figure 2. Overall, all the test experiments exhibited inhibitory effects to  

					varying degrees, while the control validated the experimental settings  

					with no fungal inhibition. Notably, concentration C7 (9.54 mg.mL-1)  

					showed the highest inhibition effectiveness after 7 days of fungal  

					inoculation; otherwise, those with lower concentrations were recorded  

					̅̅̅̅  

					1); the maximum number of hydrogen-like bonds are all 3. The values  

					-1  

					̅̅̅̅  

					are of elevated significance, cf. that of D (DS -10.7 kcal.mol ; DSmax  

					-

					11.1 kcal.mol-1). Mancozeb is a well-known multi-site fungicide against  

					a broad range of fungal enzymes (especially those with sulfhydryl  

					groups).35 In general, these were evaluated as considerably competent  

					compared to the results retrieved in our previous works on theoretical  

					compounds consisting of robust antimicrobial activity against other  

					agricultural fungi (Rhizoctonia solani and Magnaporthe oryzae), i.e.,  

					silver36 and copper37 tetrylenes. Coupled with the findings from the  

					compositional analysis, also constituting C. operculatus-extract major  
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					portion means that they are more likely to be primarily responsible for  

					the antifungal properties  

					Figure 3: Chemical structures of compounds (1-22) in C.  

					operculatus ethanol extract  

					observed; thus, the unknown agent is less likely to serve a pronounced  

					role. In contrast, although 15 contributes a moderate quantitative  

					percentage, it does not seem to contribute a corresponding biological  

					activity. The ligand-protein inhibitory configurations for the most stable  

					inhibitory systems are rendered for visual presentation in Figure 4.  

					Apparently, all the ligands, in general, have good bio-conformational  

					fitness with the in-site morphological features of the protein given by  

					the continuous contours in the 2D interaction maps. Also, all the  

					inhibited sites seem to be rather tight cf. the inhibitor sizes. This might  

					advance the steric hindrance, promoting the ligand confinement yet  

					discouraging further size-elevating functionalisation. In-detail bonding  

					parameters corresponding to these duo complexes are summarised in  

					Table S2. The bio-medium compatibility and intermolecular  

					interactability of the potential inhibitors can be perceptually interpreted  

					based on their ab initio insights in the scope of quantum calculation.  

					Unlike docking-based models, these properties are regarded as the  

					intrinsic properties of the candidates (1-21) without the reliance on  

					external structures. The structures optimised for geometry are presented  

					in Figure 5. The input structures can be readily self-consistently  

					converged during computational iterations without encountering any  

					geometrical constraints or unusual bonding parameters (i.e., angles and  

					lengths). This process somewhat confirms the origin of the compounds,  

					which are typically acknowledged to exist in a stable state in nature.  

					The typical ground state energy and dipole moment are summarised in  

					Table 3. In theory, the former indicates the overall chemical reactivity  

					of a molecular structure, while the latter offers insights into its potential  

					for dipole-dipole interactions. On the one hand, a more stable molecule  

					is preferred for inhibitory applications because it is expected to maintain  

					its chemical structure and properties during the physio-medium  

					transport before approaching the biological targets, thereby likely  

					preserving its biological activities. Hence, the constituents in order of  

					most favorableness are 22 (-1172.77 a.u.) > 21 ≈ 19 (approx. -1000  

					a.u.) > 20 (-ca. -950 a.u.). On the other hand, a greater dipole moment  

					indicates that the host molecule would exhibit greater compatibility  

					with a dipole-solvent environment, such as physiological or chemical  

					media. This argumentation is followed by the order for the uppermost  

					interest, i.e., 19 (7.14 Debye) > 21 (6.48 Debye). The results reveal that  

					C. operculatus-extract major components (especially 19 and 21) also  

					possess supportive chemical properties for a promising bio-inhibitor.  

					Figure 2: In vitro assays of C. operculatus extracts on the  

					mycelial growth of C. nicotianea (dai: days after inoculation)  

					acid ethyl ester (1; 2.59 %), palmitic acid (13; 2.18%), and  

					cetene (8; 2.01%) accounting for ca. 15% of the extract are also  

					considerable to certain extent.  
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					Figure 4: Visual arrangement and interaction map of L-  

					Q6DQW3 (L: 1-22 and D) inhibitory structures; dashed arrow:  

					hydrogen-like bonding, blurry purple: van der Waals  

					interaction, dashed contour: conformational fitness  

					Table 1: Bioactive compounds identified in C. operculatus ethanol extract  

					Substance Formula  

					Notation  

					Retention time  

					(min)  

					5.73  

					5.97  

					6.24  

					6.30  

					6.54  

					6.62  

					6.65  

					Percentage (%)  

					1

					2

					3

					4

					5

					6

					7

					Benzoic acid, 2,4-dihydroxy-3,6-dimethyl-,ethyl acetate  

					5-octadecene  

					C11H14O4  

					C18H36  

					2.59  

					1.38  

					1.18  

					1.22  

					0.59  

					0.51  

					0.50  

					2.01  

					3.04  

					0.92  

					1.51  

					1.47  

					2.18  

					1.05  

					8.46  

					0.93  

					0.48  

					0.49  

					3.67  

					Trans-cinnamic acid  

					Caryophyllene  

					C9H8O2  

					C15H24  

					Humelene  

					C15H24  

					1-isopropyl-4,7-dimethyl-1,2,4a,5,6,8a-hexahydronaphthalene  

					C15H24  

					C15H24  

					-Muurolene  

					8

					9

					7.27  

					7.33  

					7.59  

					8.42  

					8.66  

					9.30  

					9.47  

					10.06  

					10.18  

					10.31  

					10.42  

					11.39  

					Cetene  

					C16H32  

					Caryophyllene oxide  

					Globulol  

					1-nonadecene  

					C15H24O  

					C15H26O  

					C19H39  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					19  

					Neophyltadiene  

					C20H38  

					Palmitic acid  

					Palmitic acid, ethyl ester  

					Phytol  

					9,12-octadecadienoic acid  

					Ethyl oleate  

					1-docosene  

					C16H32O2  

					C18H36O2  

					C20H40O  

					C18H32O2  

					C20H38O2  

					C22H44  

					2,3-dihydro-5-hydroxy-6,8,8-trimethyl-2-phenyl-4H-1-benzopyran-  

					C18H18O4  

					4,7(8H)-dione  

					20  

					-

					21  

					22  

					12.16  

					12.41  

					12.76  

					13.11  

					Flavanone, 5,7-dimethoxy-  

					Unknown  

					4’,6’-dimethoxy-2’-hydroxy-4-methylchalcone  

					Squalene  

					C17H16O4  

					-

					C18H18O4  

					C30H50  

					5.20  

					17.23  

					41.71  

					1.66  

					Table 2. Screening results on inhibitability of complexes L-Q6DQW3 (L: 1-22 and D)  

					L

					Site 1  

					E

					Site 2  

					Site 3  

					Site 4  

					̅̅̅̅  

					퐃퐒  

					N

					E

					N

					E

					N

					E

					N

					1

					2

					3

					4

					5

					6

					7

					8

					-9.3  

					-6.5  

					-7.8  

					-6.7  

					-6.0  

					-7.2  

					-7.3  

					-6.1  

					-9.9  

					-10.3  

					-6.7  

					-7.0  

					-6.2  

					-7.0  

					-7.3  

					-7.7  

					-6.2  

					-6.8  

					-11.2  

					-8.9  

					-9.8  

					-6.7  

					-10.8  

					1

					0

					1

					0

					0

					0

					0

					0

					2

					2

					0

					0

					1

					0

					1

					1

					0

					0

					2

					1

					1

					0

					4

					-11.0  

					-7.0  

					-9.5  

					-6.9  

					-7.0  

					-7.2  

					-6.0  

					-7.1  

					-8.2  

					-6.9  

					-7.3  

					-7.2  

					-7.0  

					-8.0  

					-10.5  

					-6.1  

					-9.6  

					-7.0  

					-9.9  

					-11.7  

					-10.0  

					-6.0  

					-9.2  

					2

					0

					2

					0

					0

					0

					0

					0

					1

					0

					0

					0

					1

					1

					2

					0

					1

					0

					1

					3

					1

					0

					2

					-7.1  

					-7.1  

					-12.7  

					-7.0  

					-7.8  

					-6.3  

					-6.3  

					7.2  

					0

					0

					4

					0

					0

					0

					0

					0

					1

					0

					0

					0

					1

					0

					1

					2

					0

					0

					1

					1

					1

					0

					3

					-8.4  

					-7.8  

					-9.0  

					-7.2  

					-7.1  

					-7.4  

					-6.8  

					-8.6  

					-7.6  

					-6.5  

					-7.7  

					-8.2  

					-11.6  

					-8.3  

					-7.9  

					-7.0  

					-7.6  

					-7.1  

					-12.7  

					-10.9  

					-11.9  

					-7.0  

					-11.1  

					1

					0

					2

					0

					0

					0

					0

					1

					0

					1

					0

					0

					2

					1

					0

					0

					0

					1

					3

					2

					3

					0

					6

					-9.0  

					-7.1  

					-9.8  

					-7.0  

					-7.0  

					-7.0  

					-6.6  

					-3.7  

					-8.4  

					-7.7  

					-7.2  

					-7.6  

					-8.0  

					-7.5  

					-8.4  

					-7.8  

					-7.6  

					-6.9  

					-10.7  

					-10.1  

					-10.2  

					-6.7  

					-10.3  

					9

					-8.0  

					-7.1  

					-6.9  

					-7.9  

					-7.3  

					-6.7  

					-8.0  

					-10.4  

					-7.0  

					-6.7  

					-8.8  

					-9.0  

					-8.9  

					-7.2  

					-10.2  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					19  

					20  

					21  

					22  

					D

					-1  

					-1  

					̅̅̅̅  

					DS: DS value (kcal.mol ); 퐃퐒: Average DS values of different sites (kcal.mol ); N: Number of hydrophilic interactions  

					density distributed at various regions of the molecular plane. This  

					visualisation can be a basis for assessing molecular flexibility when  

					interacting with external structures, particularly those with irregular or  

					The molecular electrostatic potential (MEP) distributions are shown in  

					Figure 6. Essentially, these configurations are based on the electronic  
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					arbitrary surface features. The analysis results showed that all  

					17  

					18  

					19  

					20  

					21  

					22  

					-935.59  

					-864.94  

					-997.82  

					-958.47  

					-997.76  

					-1172.77  

					2.34  

					0.50  

					7.14  

					2.53  

					6.48  

					0.39  

					molecules appear to localise their electron distribution around their  

					electrophilic groups (i.e., oxygen-based functionality). Noticeably, the  

					negative-positive difference of 21 is most significant at ca. ± 8×10-2 a.u.,  

					marking the highest capacity to create hydrogen-like bonds via its  

					oxygen atoms. Similar justifications can be applied for 19 and 20, other  

					major components, with marginally lower dipole moment values (ca. ±  

					6×10-2 a.u.).  

					The physical parameters are given in Table 4. In particular, molecular  

					mass (amu), polarizability (Å3), size (Å), and dispersion coefficients  

					(logP and logS) were retrieved from the QSARIS system, while the  

					maximum number of hydrogen bonds were referenced from docking  

					results. Overall, all compounds were considered to appropriately meet  

					the criteria for drug-like properties according to Lipinski’s guidelines;  

					particularly, 22 (55.7 Å3) showed the best parameters with respect to  

					polarizability38 (the sensitivity to polarised induction); 3 (logP 1.94)  

					showed the most conducive value with regard to octanol-water partition  

					39  

					(the compatibility to aqueous environments). Those of C.  

					operculatus-extract major components 19 (polarizability 32.0 Å3; logP  

					2.30), 20 (polarizability 30.9 Å3; logP 3.01), and 21 (polarizability 34.6  

					Å3; logP 4.40) were also considered suitable for bio-medium  

					applications. In another respect, all C. operculatus-extract constituents  

					possess negative-inclined logS values, especially 18 (logS -7.53) and  

					21 (logS -7.55), showing they are sparingly dissolved in water. As a  

					result, the compounds are less likely to leach out after being absorbed  

					by the plant leaves, thus more likely prolonging the protective effects.  

					In other words, they are expected to be more suitable with direct  

					applications (e.g., sprayed over crops) than indirect ways (e.g., water-  

					or soil-borne fertilisation). In general, compounds are predicted to  

					exhibit promising physio-compatible and bio-persistent pesticides.  

					Figure 5: Geometrically optimised structures of 1-22; length  

					(Å), angle (°)  

					Table 3: Ground state electronic energy and dipole moment  

					values of 1-22  

					Compound  

					Ground state electronic  

					energy (a.u.)  

					-728.63  

					Dipole moment  

					(Debye)  

					2.46  

					1

					2

					-707.67  

					0.02  

					3

					-498.30  

					3.26  

					4

					-584.83  

					0.79  

					5

					-546.74  

					0.73  

					6

					-586.11  

					0.39  

					Figure 6: Molecular electrostatic potential (MEP) map of 1-22;  

					reddish region: negative electrostatic potential, bluish region: positive  

					electrostatic potential, greenish region: null electrostatic potential  

					7

					-586.10  

					0.69  

					8

					-629.03  

					0.50  

					9

					-661.30  

					2.47  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					-662.55  

					1.84  

					Conclusion  

					-746.99  

					0.48  

					The study reports the component-activity correlation between C.  

					operculatus-extract composition and its antifungal properties,  

					especially against C. nicotianae. The pathogenic test proved the  

					infection of C. nicotianae leading to the leaf-spot disease in Pennywort.  

					The antifungal assays revealed that C. operculatus extract spray (9.54  

					mg.mL-1) can retain the full inhibition effects (100 %) against the fungi  

					for up to 7 days after inoculation. GC-MS revealed 21 constituents, with  

					21, 15 and 20 as the major components. Docking simulation predicts  

					the inhibitory effectiveness of the extract’s major components, 19, 21,  

					-785.08  

					0.51  

					-779.57  

					1.57  

					-858.19  

					2.33  

					-861.55  

					2.25  

					-855.74  

					2.16  
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					and 20, with docking scores of -10.7 kcal.mol-1; DSmax -12.7 kcal.mol-  

					pesticides. The results indicate that C. operculatus extract is a  

					promising source of inhibitory agent against C. nicotianea-induced  

					leaf-spot disease in Pennywort. There is a need for further evaluation of  

					C. operculatus to identify and isolate potential biopesticide agents.  

					1), -10.3 kcal.mol-1; DSmax -11.9 kcal.mol-1, and -10.3 kcal.mol-1  

					;

					DSmax -11.7 kcal.mol-1, respectively. Quantum calculation also shows  

					that the components (22, 21, 19, 20) possess physical compatibility,  

					while physicochemical properties evaluation confirms the suitability of  

					the compounds as promising physio-compatible and bio-persistent  

					Table 4: Physicochemical properties of studied compounds 1-22  

					Polarizability Size Dispersion coefficients  

					(Å3)  

					(Å)  

					Compound  

					Mass  

					Hydrogen-bond count  

					(amu)  

					logP  

					3.13  

					4.72  

					1.94  

					4.01  

					4.23  

					4.25  

					4.21  

					4.68  

					4.57  

					4.32  

					4.18  

					4.63  

					4.57  

					4.27  

					4.81  

					4.24  

					4.20  

					5.01  

					2.30  

					3.01  

					4.40  

					4.01  

					logS  

					(Q6DQW3)  

					1

					210.23  

					252.49  

					148.16  

					204.36  

					204.36  

					204.36  

					204.36  

					224.40  

					220.36  

					222.37  

					266.60  

					278.50  

					256.40  

					284.50  

					296.54  

					280.40  

					310.50  

					308.59  

					298.30  

					284.30  

					298.30  

					310.70  

					27.8  

					33.9  

					17.3  

					26.4  

					27.1  

					26.4  

					26.4  

					30.1  

					26.4  

					26.6  

					35.6  

					37.2  

					30.8  

					34.6  

					38.1  

					34.5  

					38.3  

					41.1  

					32.0  

					30.9  

					34.6  

					55.7  

					490.6  

					-3.12  

					-6.10  

					-1.89  

					-4.15  

					-4.18  

					-4.04  

					-4.03  

					-5.50  

					-4.14  

					-4.18  

					-6.44  

					-6.40  

					-4.32  

					-5.02  

					-5.13  

					-4.63  

					-5.45  

					-7.53  

					-3.32  

					-3.81  

					-7.55  

					-7.10  

					2

					0

					3

					0

					0

					0

					0

					1

					2

					2

					0

					0

					2

					1

					2

					2

					1

					1

					3

					3

					3

					0

					2

					530.13  

					207.54  

					379.38  

					414.08  

					387.02  

					380.71  

					477.67  

					371.41  

					53.63  

					3

					4

					5

					6

					7

					8

					9

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					19  

					20  

					21  

					22  

					560.77  

					580.77  

					477.00  

					546.41  

					582.27  

					510.54  

					590.74  

					47.98  

					388.18  

					391.83  

					419.23  

					803.92  
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