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Introduction  

Globally, cancer ranks as the second most common cause of 

death, responsible for about one out of every six deaths. The World 

Health Organization, through the Global Cancer Observatory 

(GLOBOCAN), reported that cancer led to nearly 9 million fatalities 

in 2022.¹ Breast cancer is the most prevalent among newly diagnosed 

cancers. GLOBOCAN data show that in 2020, breast cancer ranked 

first in incidence and fifth in cancer-related mortality, contributing to 

11.5% of all new cancer cases diagnosed in 2022. From the total 

cancer-related deaths reported in 2022, 6.8% were attributable to 

breast cancer.¹ 
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A variety of therapeutic options are currently available for cancer 

patients, including radiotherapy, mastectomy, and chemotherapy. In 

metastatic cancer, chemotherapy is more effective than radiotherapy 

or mastectomy.2 Despite the strong therapeutic impact, chemotherapy 

is associated with significant adverse effects because the drugs attack 

both cancer and normal cells. Normal somatic cells adversely affected 

are generally those with high proliferative activity, including 

hematopoietic cells in the bone marrow, hair follicle cells, and 

gastrointestinal epithelial cells.3 Considering the severity of the side 

effects, it is necessary to develop another option for cancer treatment 

that can provide minimal side effects with high therapeutic efficacy. 

Several studies have shown that endophytes are a promising source of 

anticancer drugs. The discovery of the billion-dollar chemotherapeutic 

drug paclitaxel, derived from Taxus longifolia, has significantly 

increased studies on endophytic anticancer activity.4 More than 800 

genera of endophytic fungi have been reported, with the most 

frequently isolated being Phomopsis, Gibberella, Alternaria, 

Nigrospora, Guignardia, Fusarium, Glomerella, Leptosphaerulina, 

Phoma, Colletotrichum, and Xylaria.5 Phomopsis spp. and the 

teleomorph Diaporthe are most commonly found in tropical plants.6,7 

Although Phomopsis sp. can be found in many plants, including 

soursop, cocoa, coffee, mango, and red frangipani,8,9 there are no 

detailed reports on the anticancer and apoptotic activity of samples 

collected from soursop leaves. 
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Breast cancer is a major global health concern, increasing the demand for alternative therapeutic 

sources. Therefore, this study aims to evaluate the anticancer potential of the endophytic fungus 

Phomopsis sp. from soursop leaves against MCF-7 breast cancer cells. The metabolite profile of 

Phomopsis sp. was analyzed, and the anticancer as well as apoptotic activity were assessed in 

both MCF-7 and normal Vero cell lines. The samples were cultivated in yeast malt broth, 

extracted with ethyl acetate, and separated using column chromatography. The result showed 

that Brine shrimp lethality test yielded ten fractions (F1–F10), with F1 demonstrating the 

strongest cytotoxicity (LC50 = 2.33 µg/mL). Antiproliferative assays produced IC50 values of 

5.65 µg/mL for MCF-7 and 5.21 µg/mL for Vero cells, with apoptosis confirmed by acridine 

orange-ethidium bromide staining. Furthermore, Liquid Chromatography-tandem Mass 

Spectrometry (LC-MS/MS) identified 38 active compounds in the F1 sample, including known 

anticancer agents such as cytosporone C, kynurenic acid, maraniol, (-)-caryophyllene oxide, and 

chalcone. Computational in silico analyses using PASS online, molecular docking, 

ADMET/pharmacokinetic studies, density functional theory (DFT) analysis, and molecular 

dynamics (MD) simulations further validated chalcone as a promising anticancer candidate. 

Chalcone showed favorable ADMET/pharmacokinetic properties and achieved the highest 

docking score of-8.392 kcal/mol among the compounds tested. MD simulations over 300 ns 

indicated that chalcone outperformed tamoxifen, with binding energy calculations showing a 

value of -227.069 kJ/mol compared to -45.598 kJ/mol for tamoxifen. In conclusion, these results 

underscore the therapeutic potential of endophytic fungi as sources of novel agents for breast 

cancer treatment. 
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In a previous study, Minarni et al.,10 found that an endophytic fungus 

from the leaves of the soursop plant (Annona muricata L.) identified 

as Phomopsis sp. showed good anticancer potential against the breast 

cancer cell line MCF-7 with an IC50 value of 19.20 ± 7.71 μg/mL. 

Other studies 11,12 also reported that soursop leaves inhibited the 

growth of colon (WiDr) and cervix (HeLa) cancer cell lines, with IC50 

= 20.80 μg/mL and 11.71 μg/mL, respectively. 

The main advantage of endophytic fungi is the easy extraction and 

stability of secondary metabolites. Endophytic fungi are easy to 

culture in different fermentation media, and consistently secrete 

metabolites which produce bioactive compounds, including paclitaxel, 

podophyllotoxin, vinca alkaloids, camptothecin, hypericin, emodin, 

azadirachtin, and deoxypodophyllotoxin, used therapeutically to target 

cancer and other diseases.13–16 Phomopsis sp. secretes several 

bioactive compounds capable of increasing the antiproliferative 

activity against cancer cells, with the most common being polyketides, 

terpenoids, steroids, macrolides, alkaloids, and flavonoids.17 

Aside from in vitro studies, computational in silico methods, such as 

molecular docking, molecular dynamics (MD) simulations, density 

functional theory (DFT), and Prediction of Activity Spectra for 

Substances (PASS) analysis, offer valuable insights into the 

interaction of bioactive compounds with specific molecular targets. 

These methods have been widely used to predict the binding affinity, 

stability, and potential activity of natural products, including 

endophytic fungal metabolites, against cancer targets. Molecular 

docking enables the prediction of ligand-receptor interactions at the 

atomic level, while MD simulations further analyze the stability of 

these interactions over time. DFT studies provide a deeper 

understanding of the electronic structure of molecules and offer 

insights into the reactivity and interaction potential. PASS analysis 

predicts the biological activity spectra of compounds, allowing for the 

identification of promising drug candidates.18–20 Despite the potential, 

in silico studies on secondary metabolites from Phomopsis sp. derived 

from soursop leaves remain underexplored. Previous studies used in 

vitro assays but did not provide comprehensive in silico computational 

data. Therefore, this study aims to analyze the metabolite content of 

Phomopsis sp. along with the anticancer and apoptotic activity against 

human breast cancer (MCF-7) and normal (Vero) cell lines by 

integrating in vitro and computational in silico methods to 

complement experimental data. 

 

Materials and Methods 

The materials used in this study include isolates of Phomopsis derived 

from soursop leaves collected in Garut, Indonesia, located 

geographically at latitude –7.227906 and longitude 107.908699, yeast 

malt broth (YMB) (HiMedia, India), ethyl acetate, dimethyl sulfoxide 

(DMSO) (Merck, US), and silica gel 60 70-230 mesh (Merck, US). 

Other materials include methanol (BrataChem, Indonesia), hexane 

(BrataChem, Indonesia), 70% ethanol (BrataChem, Indonesia), fetal 

bovine serum (FBS) (Merck, US), fetal calf serum (FCS) (Merck, US), 

Dulbecco's Modified Eagle Medium (DMEM) (Sigma Aldrich, US), 

phosphate-buffered saline (PBS) (Sigma Aldrich, US), MCF-7 cells, 

Vero cells, thin-layer chromatography (TLC) plates 60 F254 (Merck, 

US), ethidium bromide (EB) (Sigma Aldrich, US), acridine orange 

(AO) (Sigma Aldrich, US), and tamoxifen (TAM) (Merck, US). 

Meanwhile, the instruments used were a rotary evaporator (LabTech, 

Italy), Olympus CX-23 light microscope (Olympus, Japan), ZEISS 

LSM 980 Confocal Laser Scanning Microscope (Zeiss, Germany), and 

LC-MS/MS UHPLC Vanquish Tandem Q Exactive Plus Orbitrap 

HRMS ThermoScientific (ThermoScientific, US). In silico 

computational analysis was conducted using estrogen receptor alpha 

(ERα) with PDB ID: 2IOG (rcsb.org/structure/2IOG). The molecular 

structures of the candidate compounds and tamoxifen were obtained 

from PubChem (pubchem.ncbi.nlm.nih.gov/). The software used 

include YASARA (version 19.9.17), Gaussian 09W and GaussView 

(version 5.0), Discovery Studio (version 2024), GraphPad Prism 

(version 8, San Diego, CA, USA), R-Studio (R 3.6.0+, from Posit), 

and Visual Molecular Dynamics (VMD) (Theoretical and 

Computational Biophysics Group, University of Illinois at Urbana-

Champaign). 

In vitro assays 

Extraction of Phomopsis sp. 

Phomopsis sp. was inoculated into industrial-scale production, and 

500 L of YMB was used in a bioreactor to obtain bioactive 

compounds. The extract was concentrated using a rotary vacuum 

evaporator. 

 

Optimization of eluent with TLC  

Chromatography was performed on an activated 3 × 6 cm TLC plate 

sterilized using methanol, followed by incubation in an oven at 105 °C 

for 1 min. Lines were drawn 1 cm from the top and bottom edges of 

the plate. The endophytic fungal extract was dissolved in methanol 

and spotted onto a TLC plate using thin capillary pipettes. After the 

spot was dried, the plate was eluted in a chromatographic chamber 

filled with 10 mL of saturated eluent (mobile phase) for 10 min. 

The samples were eluted with 100% hexane, 100% ethyl acetate, 100% 

methanol, or a combination of both, and the plate was removed after 

the eluent reached the top edge. The plates were air-dried, and the 

elution stains were observed under UV light at wavelengths of 254 

and 366 nm. The eluent that showed the highest staining and good 

separation was selected.  

 

Separation with column chromatography  

The ethyl acetate extract of Phomopsis sp. was purified using silica gel 

60 (0.063–0.200 mm) for column chromatography (70–230 mesh 

ASTM; Merck, New Jersey, USA) as the stationary phase with a dry 

packing column. A solvent gradient system with ethyl acetate, 

methanol, and hexane was used as the mobile phase eluent, with 

increasing polarity in the following combinations: hexane:ethyl 

acetate (9:1 v/v), hexane:ethyl acetate (7:3 v/v), hexane:ethyl acetate 

(5:5 v/v), methanol:ethyl acetate (5:5 v/v), and methanol:ethyl acetate 

(10:0 v/v). 

 

Brine shrimp lethality assay  

Fractions were prepared through column chromatography for the 

Brine Shrimp Lethality Test (BSLT) by dissolving 15 mg of each 

sample in 20 mL of seawater supplemented with 1% DMSO to form 

stock solutions. Subsequent dilutions were made to achieve a final 

concentration of 1500 μg/mL, which was further diluted to 1000, 100, 

and 10 μg/mL. Brine shrimp were hatched in a controlled chamber 

filled with seawater at room temperature, using a light source provided 

for a duration of 48 h. Following the hatching period, ten brine shrimp 

were transferred to each well of a 12-well microplate, and the total 

volume in each well was adjusted with seawater to attain the desired 

final concentrations. Each concentration was tested in triplicate, and 

after a 24 h exposure period, probit analysis was used to determine the 

LC50 value, which represents the lethal concentration of a substance 

that induces 50% mortality in the sample population.21 

 

Antiproliferation activity with trypan blue assay  

The sample with the lowest LC50 value for the antiproliferation assay 

using tamoxifen (TAM) was selected as a positive control. 

Subsequently, the trypan blue exclusion assay was conducted on both 

MCF-7 and Vero cell lines following the methodology established by 

Alanuqaydan et al.22 Phomopsis sp. samples were prepared by 

dissolving 32, 16, 8, 4, 2, and 1 μg/mL in DMEM supplemented with 

1% DMSO. The cell suspensions were seeded into 24-well culture 

plates, treated accordingly, and incubated for 72 h. Live cell counts 

were determined using a hemocytometer (Marienfeld, Germany). The 

percentage of viable cells at each concentration was then calculated as 

the ratio of the number of live cells in the sample to that in the control 

group. Linear regression analysis was further performed on the data 

collected over the 72-h period, enabling the calculation of the 

IC50 values for each concentration according to equations (Eq.) 1 and 

2: 

Percentage viability = (
Number of treated live cells counted

Number of control live cells counted
)  × 100%  Eq. (1) 

 

Percentage inhibition = 100% - percentage viability Eq. (2) 
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Apoptosis assay  

The apoptotic mechanism of the endophytic fungus extracted from 

soursop leaves was investigated following a protocol adapted from 

Setiawati 23 with slight modifications. MCF-7 cells were seeded onto a 

coverslip in a Petri dish and incubated for 24 h at 37 °C in a 5% 

CO2 incubator. Subsequently, the culture medium was rinsed with 

PBS. The well plate was filled with 5 μg/mL of the sample in DMEM 

(Sigma-Aldrich, St. Louis, MO, USA) and incubated for 72 h. After 

incubation, the MCF-7 cells were washed with PBS to eliminate the 

residual medium. The coverslips were carefully removed and 

transferred onto glass slides. Subsequently, the slides were immersed 

in a mixture of acridine orange and ethidium bromide (AO–EB) and 

examined using a ZEISS LSM 980 confocal laser-scanning 

fluorescence microscope. 

 

Compounds identification with LC–MS/MS  

Liquid chromatography–tandem mass spectrometry (LC–MS/MS) 

analyses were conducted using a UHPLC Vanquish Tandem Q 

Exactive Plus Orbitrap High-Resolution Mass Spectrometer (Thermo 

Fisher Scientific, Massachusetts, USA) equipped with an Accucore 

C18 column (100 × 2.1 mm, 1.5 µm). An injection volume of 2.0 µL 

was used, and the mass range was set from 200 to 1500 m/z. Solvent 

A consisted of 0.1% formic acid (FA) in deionized water, and solvent 

B comprised 0.1% FA in acetonitrile. The total flow rate was 

maintained at 0.200 mL/min. The isocratic elution program comprised 

the following steps: 0–1.0 min (5% B), 1–25 min (5–95% B), 25–28 

min (95% B), and 28–35 min (5% B). Chromatograms were 

constructed using the Compound Discoverer software. 

 

Computational studies  

Protein preparation 

The ERα protein with PDB ID: 2IOG (rcsb.org/structure/2IOG) was 

used in the computational studies. After being downloaded, the protein 

was prepared using the YASARA Structure software for molecular 

docking. The preparation comprised the removal of water molecules 

and the co-crystallized ligand N-[(1R)-3-(4-hydroxyphenyl)-1-

methylpropyl]-2-[2-phenyl-6-(2-piperidin-1-ylethoxy)-1H-indol-3-

yl]acetamide. Hydrogen atoms were also added during this process, 

and the Erα protein was then stored in (*.pdb) format. 24  

 

Ligand structural preparation 

The structures of the test compounds (ligands) from the LC-MS/MS 

F1 analysis of the soursop leaf endophytic fungus, along with the 

control drug tamoxifen, were retrieved from PubChem 

(pubchem.ncbi.nlm.nih.gov). The ligands were prepared for molecular 

docking using the YASARA Structure by adding hydrogen atoms, 

adjusting pH to optimize bond configurations and hydrogen 

interactions, as well as applying the NOVA force field and then 

energy minimization. Each ligand structure was saved in (*.pdb) 

format, and all the structures were subsequently combined and saved 

in (*.ligands.sdf, respectively). 25 

 

PASS analysis 

Prediction of the activity spectra for substances (PASS) for each 

ligand was performed using the PASS online tool 

(way2drug.com/passonline/index.php). This process started with the 

retrieval of Canonical SMILES data for each ligand from the 

PubChem database. Subsequently, these SMILES were uploaded to 

the PASS online server, which facilitated the prediction of the 

biological activity spectra for each ligand based on the provided data. 

The systematic approach enabled a comprehensive assessment of the 

potential biological activity of the ligands. 25 

 

Molecular Docking 

The test compounds were docked as potential drug candidates against 

the ERα protein (PDB ID: 2IOG) using YASARA software. The 

docking simulations used the VINA algorithm in conjunction with 

AMBER14, resulting in 100 runs managed through a macro file 

named `dock_runscreening.’ The bounding box for these simulations 

was set with dimensions of X-size (65.81 Å), Y-size (65.81 Å), and Z-

size (65.81 Å), forming a cube with a measurement of 5 Å. In this 

setup, Erα was maintained in a rigid conformation, while the test 

compounds were treated as flexible entities. This approach enabled a 

detailed analysis of the interactions between the test compounds and 

Erα protein, providing insights into the potential as drug candidates.26 

 

ADMET/Pharmacokinetics studies 

The compounds identified as potential drug candidates for breast 

cancer were analyzed for absorption, distribution, metabolism, 

excretion, toxicity (ADMET), and pharmacokinetic properties. This 

assessment used two widely recognized web servers, namely 

SwissADME (swissadme.ch) and pkCSM 

(biosig.lab.uq.edu.au/deeppk/). By extracting and analyzing the data 

obtained from the platforms, this study intends to identify drug 

candidates safe for humans. 27,28 

 

DFT analysis 

The selected compounds were subjected to geometric optimization 

using DFT with the B3YLP functional and 6-31G (D,P) basis set. The 

calculations were performed using Gaussian 09 W and analyzed using 

the GaussView software (version 5.0). The energies of the lowest 

unoccupied molecular orbital (LUMO), highest occupied molecular 

orbital (HOMO), and energy gap were compiled. Based on these 

energy values, the global chemical reactivity descriptors were 

calculated and evaluated, including the ionization potential (I), 

electron affinity (A), chemical potential (μ), electronegativity (χ), 

hardness (η), softness (S), and electrophilicity index (ω) 29. The energy 

gap was calculated using Eq. (3): 

 

EHOMO – ELUMO (Eq. 3) 

 

The ionization potential (I) and electron affinity (A) were calculated 

using Equations (4) and (5), respectively. 

 

I = -EHOMO (Eq. 4) 

A = -ELUMO (Eq. 5) 

 

The global chemical reactivity descriptors were calculated as follows:  

Chemical potentials (μ) = - 
(I + A)

2
 (Eq. 6) 

Electronegativity (χ) = 
(I + A)

2
 (Eq. 7) 

Softness (S) = 
1

2η
 (Eq. 8) 

Hardness (η) = 
(I - A)

2
 (Eq. 9) 

Electrophilicity index (ω) = 
μ

2η

2
 (Eq. 10) 

 

MD simulation 

This study implemented several parameters during the pre-simulation 

phase for the selected protein-ligand complex and the control drug-

protein complex. In the macro file `md_run.mcr`, the following 

algorithm settings were established: pH 7.4, 0.9% NaCl (physiological 

solution), 310 K, water density of 0.997 g/ml, MD simulation 

trajectory of 300 ns, and the AMBER14 force field. The MD 

simulation data were saved in the “sim” format. For post-MD analysis, 

the algorithm in the macro file `md_analyze` was used to obtain 

quantitative data for the root mean square deviation (RMSD), radius 

of gyration (Rg), solvent-accessible surface area (SASA), and 

hydrogen bonds. Additionally, the macro file `md_analyzeres,’ which 

contains the algorithm for calculating the root mean square fluctuation 

(RMSF), was also used26 

 

Calculation of binding energy using MM-PBSA 

Binding energy calculations for the selected protein-ligand complex 

and the control drug-protein complex were performed using the 

Molecular Mechanics Poisson–Boltzmann Surface Area (MM-PBSA) 

method. YASARA provided an algorithm to obtain quantitative 

binding energy data, located in the macro file `md_bindenergy.mcr`.30 

The MM-PBSA calculations used the following equation: 
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Binding Energy = EpotRecept+ EsolvRecept+EpotLigand+EsolvLigand-

EpotComplex-EsolvComplex (Eq. 11) 

 

PCA and Dynamic Cross-Correlation Matrix (DCCM) 

Initially, the format of the protein-ligand complex obtained from the 

MD simulation trajectory was converted. YASARA provided the 

trajectory in “sim” format, which was transformed into “xtc” format 

using the macro file `md_convert.’ Subsequently, this file was 

processed using the VMD software to generate a “dcd” file. The “pdb” 

and “dcd” formats for the selected complex were combined into a 

single working folder corresponding to each protein-ligand complex. 

Principal Component Analysis (PCA) was used to analyze the post-

MD data for the selected protein-ligand complex through R Studio. To 

conduct this analysis, the function “mktrj.pca” from the Bio3D 

package was used to analyze the 300 ns trajectory data of the selected 

protein-ligand complex. The atomic movements within the protein and 

the relationship with stability was analayzed by performing PCA on 

the fluctuations in the Cα atoms. This process started with the removal 

of solvents and ions, followed by the calculation of eigenvalues and 

eigenvectors from the top three principal components (PCs). The 

values reflect the vectors in the matrix, which can predict and describe 

the primary directions of atomic movement. For the DCCM analysis, 

R Studio and the “dccm()” function were used from the Bio3D 

package. This function facilitated the calculation and analysis of the 

DCCM for the selected protein-ligand complex over the 300 ns MD 

trajectory 31.  

 

Results and Discussion 

In vitro analysis 

Measuring cytotoxicity activity with the BSLT 

A BSLT evaluates the cytotoxicity of a solution by using probit 

analysis to calculate the lethal concentration (LC50). 32 Based on the 

metabolic similarity of Artemia salina to mammalian systems, which 

results in a similar toxicity response, BSLT appear to be the most 

reliable cytotoxicity activity assay for this study.33. Brine shrimp 

(Artemia salina) larvae used in this assay were 48 hours old and at the 

instar I–III developmental stages, characterized by fully developed 

limbs and high sensitivity to test substances 34. Specifically, the BSLT 

estimates a sample lethal concentration as the LC50. According to 

Meyer et al., 35 natural compounds with LC50 < 1000 μg/mL are highly 

toxic, and cytotoxic compounds have been identified as highly potent 

anticancer agents.36 

BSLT was used to examine the cytotoxicity of the extracts and 

fractions. Based on the probit analysis results, the Phomopsis sp. 

extract and fractions showed high cytotoxicity overall, as presented in 

Table 1. For eight of the ten samples, the LC50 was less than 1000 

µg/mL. Natural compounds with LC50 < 1000 μg/mL are toxic and 

have potential anticancer activity.35 The most toxic compound was 

fraction 1 (F1), with an LC50 of 2.33 μg/mL, followed by the extract 

(E) (LC50 = 6.88 μg/mL), and fraction 6 (F6) (LC50 = 40.10 μg/mL). 

Extracts and Fractions 1 (F1) to 8 (F8) had LC50 < 1000 µg/mL, 

showing significant potential as anticancer agents. This result was also 

lower than Handayani et al. 37 BSLT report of LC50 at 23.3 µg/mL for 

an ethyl acetate extract of Phomopsis sp. derived from marine sponges. 

The toxicity observed in the Phomopsis sp. fraction is possibly derived 

from the bioactive metabolites. According to Xu et al., 38 the cytotoxic 

activity of Phomopsis-derived extracts is commonly associated with 

metabolites belonging to the xanthone, chromone, chromanone, 

benzofuran, pyrone, quinone, phenolic, and oblongolide classes. Aside 

from the cytotoxic properties, these compounds are also known to 

possess diverse biological activity, including antifungal, anti-

inflammatory, antibacterial, and other pharmacologically relevant 

effects.  

 

Table 1: Cytotoxicity activity of extract and fraction isolated from Phomopsis sp. 

Sample 
Mortality (%) 

LC50 (µg/mL) 
10 µg/mL 100 µg/mL 1000 µg/mL 

E 36.67±20.82 100.00±0.00 100±0 6.88 

F1 76.67±11.54 96.67±5.77 100±0 2.33 

F2 16.67±5.77 30.00±26.46 100±0 48.28 

F3 13.33±5.77 30.00±17.32 100±0 50.56 

F4 10±0.00 26.67±15.28 100±0 55.78 

F5 6.67±5.77 30.00±10.00 100±0 80.84 

F6 23.33±5.77 33.33±5.77 100±0 40.10 

F7 6.67±11.54 46.67±15.27 100±0 95.05 

F8 0.00±0.00 13.33±5.77   37±6 843.50 

F9 6.67±5.77 10.00±0.00   70±20 482.79 

F10 3.33±5.77 10.00±10.00   40±10 1644.31 

E= ethyl acetate extract; Fn=fraction n, for example F1 = fraction I 

 

F1 anticancer activity in MCF-7 cells  

Trypan blue was used as the exclusion dye in the anti-proliferation cell 

assay. This method is based on the principle that live cells possess 

intact cell membranes capable of excluding certain dyes, such as 

trypan blue. A viable cell will have a clear cytoplasm, while non-

viable cells tend to have a blue cytoplasm.39 Data from Table 2 were 

constructed using the regression line equation model y = ax + b. 

Figure 1 shows the relationship between concentration and % 

inhibition for MCF-7 cells, and Figure 2 presents the same for Vero 

cells. The equation model for MCF-7 was y = −13.811x + 128.05, and 

that for Vero was y = −10.961x + 107.1. These equations were then 

used to determine the IC50 values. 

Aside from the LC50, another cytotoxicity measure is the IC50. The 

NCI states that an IC50 < 20 μg/mL shows a very high potential as an 

anticancer drug 40. F1 had an IC50 of 5.65 μg/mL, suggesting high 

cytotoxicity. Compared to TAM at the same concentration (4 μg/mL), 

F1 showed greater inhibition (92.97 %) than TAM (77.64 %). The 

concentration of F1 also showed more antiproliferation activity in 

MCF-7 than Phomopsis sp. extract in the previous study at 19.20 

μg/mL.10 In comparison, Santos et al. 41 found that Phomopsis sp. 

from Casearia arborea Rich leaves had IC50 of 49.2 μg/mL in MCF-7. 

The results showed the potent cytotoxic effects of Phomopsis sp. 

extract on MCF-7 cells. Fractionation improves the purity of a 

compound, which can in turn increase the activity of a sample.41 
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Table 2: Inhibition activity of F1 purified from Phomopsis sp. extract against human breast cancer (MCF-7) and normal Vero cell lines 

Sample 
Concentration 

(µg/mL) 

Inhibition activity (%) IC50 (µg/mL) 

MCF-7 Vero MCF-7 Vero 

F1 

32 99.36±0.55 91.41±1.25 

5.65 5.21 

16 98.40±0.55 87.44±1.51 

8 96.49±0.55 81.82±2.06 

4 92.97±3.99 61.32±15.96 

2 71.57±20.34 47.93±3.93 

1 19.49±10.14 42.48±7.79 

Tamoxifen 4 77.64±7.26 63.14±10.59   

 

 
Figure 1: The curve correlations between sample 

concentration and MCF-7 cell inhibition 
 

 
Figure 2: The curve correlations between sample 

concentration and Vero cell inhibition 
 

This study evaluated the antiproliferative activity of F1 in normal 

Vero cells. At the same concentration (4 μg/mL), F1 showed slightly 

lower inhibition (61.32%) than TAM (63.14%), indicating reduced 

cytotoxicity toward normal cells. Although F1 showed significant 

activity against Vero cells (IC50 = 5.21 μg/mL), which is markedly 

lower than the value reported by Ahamed and Murugan for a related 

fraction (66 μg/mL),42 the inhibitory effect remained lower than TAM 

under the same conditions. The difference in cytotoxic values may be 

influenced by the distinct sources of the endophytic fungi, as the 

Phomopsis sp. examined by Ahamed and Murugan 42 was isolated 

from marine algae. According to Alam et al., 43, endophytic fungi are 

capable of producing different secondary metabolites depending on 

the host organism. Chemical variations in the host, particularly those 

induced by environmental stress, can further modulate secondary 

metabolite biosynthesis in the associated endophytes.   

TAM also inhibits cell-cycle progression by modulating key 

regulatory proteins, including cyclins, thereby preventing the 

transition from the G1 to the S phase 44. However, a major limitation 

of this drug is the development of resistance, which is partly driven by 

estrogen-mediated increases in the Bcl-2:Bax ratio, known to promote 

cell survival. HER-2 overexpression also enhances the levels of anti-

apoptotic proteins Bcl-2 and Bcl-xL, resulting in reduced tamoxifen-

induced apoptosis and further contributing to tamoxifen resistance45. 

These results suggest that F1 is still comparatively safer for normal 

cells than the commercial drug TAM.  

 

Inducing apoptosis  

The morphology of MCF-7 cells was examined using a fluorescence 

microscope following acridine orange–ethidium bromide (AO/EB) 

staining to assess the apoptotic activity induced by Phomopsis sp. F1 

fraction. AO permeates intact cell membranes and intercalates with 

nuclear DNA, producing green fluorescence in viable cells. In contrast, 

EB enters cells only after the loss of cytoplasmic membrane integrity 

and stains the nucleus red, serving as an indicator of apoptotic or 

necrotic processes. Based on these fluorescence characteristics, 

normal viable cells show uniformly green nuclei, early apoptotic cells 

are characterized by green nuclei with condensed or fragmented 

chromatin, late apoptotic cells present orange nuclei with highly 

condensed and fragmented chromatin, and necrotic cells have orange-

red nuclei with morphologically normal chromatin 46. 

The negative control with untreated MCF-7 cells showed normal cell 

morphology with a bright green fluorescent color (Figure 3A). TAM, 

as a positive control, produced necrotic cells with normally shaped, 

orange-red, and unfragmented nuclei (Figure 3B). Treatment with F1 

changed the morphology of MCF-7 cells, inducing apoptosis, as 

shown by the rupture and disintegration of the nucleus and shrinking 

of the cytoplasm (Figure 3C). 

TAM (positive control) is a cancer drug that acts as a selective 

estrogen receptor modulator (SERM).47 It competitively binds to 17β-

estradiol (E2) at the estrogen receptor site in tumors and other target 

tissues to produce a nuclear complex that reduces DNA synthesis, 

inhibiting the development of breast cancer.48 Long-term TAM use 

can lead to resistance caused by estrogen, thereby increasing the Bcl-

2:Bax ratio. Additionally, HER-2 overexpression increases the 

expression of the anti-apoptotic proteins Bcl-2 and BclxL, which 

decreases TAM-triggered apoptosis and increases TAM resistance.49 

To assess the impact of F1 on apoptosis in MCF-7 cells, their 

morphology was examined using AO–EB staining under a microscope. 

The findings indicated that F1 induced cell death in MCF-7 cells at a 

concentration of 5 μg/mL. This is consistent with Hadisaputri et al.50, 

who found that nuclear fragmentation, disruption of the cytoplasm, 

and formation of apoptotic bodies are hallmarks of apoptotic cells. 

According to Wang et al.,51, compounds in the extract of 
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Phomopsis sp. can induce apoptosis by repairing mitochondrial 

function and inducing both ER stress and the mitochondrial apoptotic 

pathway. 

 

 
Figure 3: Fluorescence microscopy analysis of cell death profiles following treatment. (A) Negative control showing predominantly 

viable (normal) cells with green fluorescence. (B) Tamoxifen-treated cells exhibiting necrotic characteristics, indicated by red 

fluorescence. (C) Cells treated with F1 fraction of Phomopsis sp., showing apoptotic features characterized by condensed and 

fragmented fluorescence signals. Representative normal, necrotic, and apoptotic cells are indicated by dashed circles 

 
Compound identification with LC−MS/MS  

This study identified both known and unknown compounds (not listed 

in the database used) in the F1 soursop leaf endophytic fungus sample, 

with more unknown than known compounds. Among the 38 total 

compounds, there were only 9 known, as shown in Table 3 and Figure 

4. Two novel compounds discovered in Phomopsis sp., cytosporone C 

and phomochromone B, have been previously discovered by other 

studies and share similarities with known compounds.52,53 The 

identified compounds considered to have potential anticancer activity 

include kynurenic acid 54, maraniol 55, (-)-caryophyllene oxide 56, and 

chalcone.57,58 However, it is possible that unknown compounds may 

also have anticancer activity. 

 

Table 3: Identified compounds of F1 with Liquid Chromatography-tandem with Mass Spectrometry (LC-MS/MS) 

No 
Retention 

time 

Molecular 

weight (m/z) 
Estimation compound (internal database) 

Molecular 

formula 

Percent 

composition 

(%) 

Estimated compound 

(references) 

1 21.54 278.1518 Diisobutylphthalate C16H22O4 21.35 Cytosporone C 53 

2 29.47 390.2770 Bis(2-ethylhexyl) phthalate C24H38O4 17.66  

4 21.54 189.0426 Kynurenic acid C10H7NO3 1.65  

5 21.59 204.0786 Maraniol C12H12O3 1.39  

6 22.22 220.1827 (-)-Caryophyllene oxide C15H24O 0.30  

7 21.53 222.0889 Monobutyl phthalate C12H14O4 0.22 Phomochromone B 52 

8 28.59 376.2614 3beta,17beta-Diacetoxy-5alpha-androstane C23H36O4 0.21  

9 18.22 208.0888 Chalcone C15H12O 0.18  
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Figure 4: Chromatogram of the F1 soursop leaf Phomopsis sp. fractions 

 

The analysis of F1 showed the presence of both known and unknown 

compounds. Cytosporone C, a previously identified Phomopsis sp. 

compound, shares similarities with diisobutylphthalate (m/z = 

278.1518). Monobutyl phthalate (m/z = 222.0892) and 

phomochromone B (m/z = 222.0892) were discovered by Ahmed et 

al.52. Cytosporone C, kynurenic acid, maraniol, (-)-caryophyllene 

oxide, and chalcone have shown potential as anticancer drugs through 

apoptotic cell-killing mechanism.17,54–56,58–61  

Cytosporone C is a relatively novel compound in Phomopsis sp., but 

the mechanism of cytotoxicity has not been identified. In the study by 

Kongprapan et al.,61, the compound showed good cytotoxicity against 

MCF-7 and KB cells (IC50 = 19.11 and 12.68 μg/mL, respectively). 

Additionally, it showed antibacterial activity against two fungi, 

Fusarium oxysporum and Candida albicans (MIC = 115.1–198.8 

μM).59 

Kynurenic acid, a key metabolite derived from tryptophan, is 

synthesized via the kynurenine pathway, influencing the immune 

system, inflammation, and cancer.62 While the comprehensive 

mechanism remains unclear, earlier research has suggested its 

potential role as an endogenous agonist of AhR, which is involved in 

various processes such as cell proliferation, apoptosis, adipose 

differentiation, tumor suppression, and immune cell differentiation.63 

The heightened production of apoptotic markers like FasL, Fas, 

caspase-3, and 8 also indicates apoptosis. Furthermore, anti-apoptotic 

factors such as PI3K, AKT, and Bcl-xL modulate apoptosis-inducing 

elements like BAD, Bak, Bax, cytochrome C, and caspase 9.54  

Maraniol (7-Ethoxy-4-methylcoumarin) is a coumarin derivative that 

shows anticancer activity in molecular docking experiments.55 

Coumarin has several mechanisms, including the reduction of carbon 

anhydrate, inhibition of tumor angiogenesis, activation of the 

PI3K/Akt/mTOR pathway, and apoptotic proteins.64  

One sesquiterpenoid oxide, (-)-caryophyllene oxide, is often known as 

beta-caryophyllene oxide (BCPO). Lei et al., 56 reported the ability to 

reduce oxidative stress while increasing apoptosis and antioxidant 

activity. BCPO also induces the PI3K/AKT/mTOR/S6K1 signaling 

pathway, which is important in cell survival, proliferation, and tumor 

angiogenesis.56,60  

Chalcone, as secondary metabolites within the flavonoid family (C6-

C3-C6 system), are widely found in both edible and medicinal plants, 

serving as key precursors for the biosynthesis of plant flavonoids. The 

unique and simple chemical structure enables it to replace abundant 

hydrogen atoms, resulting in high biological activity.65 The flexible 

structure of chalcone also contributes to the ability to bind many 

enzymes and receptors. For instance, 1,2,4-triazole chalcone has been 

reported to induce apoptosis by increasing Bax and activating caspases 

3, 8, and 9.58  

After successfully conducting in vitro tests to show the anti-breast 

cancer potential of soursop leaf extract infected with endophytic 

fungus F1, computational in silico studies were conducted to explore 

and understand the mechanisms of action for bioactive compounds 

within the extract. This method provides a solid scientific foundation 

for laboratory results. 

 

Computational in silico analysis 

PASS analysis 

During the initial stage of the in silico study, researchers examined the 

biological activity of these compounds by analyzing their structural 

formulas. The primary focus was on their potential to combat breast 

cancer, determined by a Probability to be Active (Pa) value that 

needed to surpass the Probability to be Inactive (Pi) value. As 

indicated in Table 4, TAM, a widely recognized treatment for breast 

cancer, exhibited a Pa value of 0.817 and a Pi value of 0.004. 

Therefore, compounds with Pa values approaching those of TAM 

were predicted to show similar anti-breast cancer properties. Several 

drug candidates, including chalcone, benzophenone A, and 

3beta,17beta-Diacetoxy-5alpha-androstane, showed Pa values close to 

that of TAM. 

 

Table 4: Predicted biological activity data from PASS regarding its anti-breast cancer activity 

Compounds  Pa value Pi value 

Chalcone  0.544 0.015 

(-)-Caryophyllene oxide 0.494 0.019 

Benzophomopsin A 0.641 0.008 

Diisobutylphthalate 0.273 0.063 

Phomochromone B 0.226 0.082 

3beta,17beta-Diacetoxy-5alpha-androstane 0.551 0.014 

Bis(2-ethylhexyl) phthalate None  None 

Kynurenic acid 0.171 0.115 

Tamoxifen (Positive Control) 0.817 0.004 
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Initially, this study validated the biological activity of compounds 

identified by LC-MS/MS as anti-breast cancer agents based on 

laboratory tests using the PASS online tool. This open-access server 

has been widely used to analyze the chemical structures of compounds 

intended as drug candidates and predict the potential biological 

activity. PASS prediction tools were developed using 20.000 PCs and 

approximately 4.000 types of biological activity, relying on structural 

formulas and achieving an average accuracy of approximately 90% 
66,67. The results showed that the compounds derived from the soursop 

leaf extract infected with endophytic fungus F1 had pharmacological 

potential against breast cancer, as indicated by a Pa value greater than 

Pi. A previous study using the PASS online approach for anti-breast 

cancer screening was conducted by Sehrawat et al., 68, who 

successfully formulated potent inhibitors for breast cancer treatment 

using a range of methodologies, including PASS online. 

 

Molecular docking 

To analyze the interactions between proteins and ligands and evaluate 

the binding energies of drug candidates to the Erα protein, in silico 

molecular docking methods were used. As presented in Table 5, the 

results showed that the drug candidates possessed binding energies 

ranging from 6.958 to 8.392 kcal/mol. TAM, a standard treatment for 

breast cancer, had a binding energy of 6.794 kcal/mol. The binding 

energy values of the drug candidates were found to be superior to 

those of TAM, according to predictions made using in silico molecular 

docking methods. This result provides compelling evidence that drug 

candidates derived from F1 soursop leaf endophytic fungal samples 

possess significant potential as anti-breast cancer agents. 

 

Table 5: Molecular docking data of compounds from the F1 soursop leaf endophytic fungus as inhibitors of the Erα protein 

Rank  CID Compounds Binding energy (kcal/mol) 

1 637760 Chalcone 8.392 

2 1742210 (-)-Caryophyllene oxide 8.252 

3 44513691 Maraniol 7.756 

4 10778975 Diisobutylphthalate 7.697 

5 52953426 Phomochromone B 7.244 

6 224008 3beta,17beta-Diacetoxy-5alpha-androstane 7.212 

7 6441416  Ergosta-4,6,8(14),22-tetraen-3-one 7.075 

8 8343 Bis(2-ethylhexyl) phthalate 7.047 

9 3845 Kynurenic acid 6.958 

10 2733526 Tamoxifen (positive control) 6.794 

 

ADMET/Pharmacokinetics Studies 

The properties and profiles of absorption, distribution, metabolism, 

elimination, and toxicity (ADMET/pharmacokinetics) of each 

compound derived from the F1 soursop leaf endophytic fungus sample 

were predicted using the SwissADME server. The extracted data from 

this server, presented in Table 6, show that the molecular weights of 

the compounds were relatively low, ranging from 120 to 392.62 g/mol. 

Compounds with lower molecular weights were predicted to have 

favorable absorption and distribution properties. This correlates with 

the gastrointestinal absorption of the drug candidates, suggesting that 

all molecules may be easily absorbed through the digestive tract. 

Furthermore, all drug candidates showed good oral bioavailability 

according to Lipinski's rule of five. SwissADME predictions also 

showed that none of the compounds were probable to cause liver 

injury.  

 

 

 

In terms of pharmacokinetics, the number of hydrogen bond acceptors 

and donors provides insights into the potential interactions of a 

compound within biological systems. Based on the results, all 

compounds possessed at least one hydrogen bond acceptor, although 

some compounds, including chalcone, (-)-caryophyllene oxide, 

3beta,17beta-diacetoxy-5alpha-androstane, and bis(2-ethylhexyl) 

phthalate, did not contain any hydrogen bond donors. Finally, the 

quantitative predictive data showed that only a few compounds 

showed ease of synthesis, with a lower numerical value showing 

greater synthetic feasibility. Overall, the predictions suggest that all 

drug candidates are relatively safe and viable as potential therapeutic 

agents based on the analyses conducted by SwissADME. 

Following the ADMET/pharmacokinetic predictions, the chalcone 

candidate was further investigated due to the favorable synthetic 

accessibility. The protein-chalcone complex was examined using the 

protein-tamoxifen complex as a comparative reference for analyzing 

the output data. 

 

Table 6: Predicted ADMET/pharmacokinetics data generated by SwissADME for the F1 soursop leaf endophytic fungus 

Compounds  Molecular 

Weight (g/mol) 

Num. H-

bond 

acceptors 

Num. H-

bond donors 

TPSA 

(Å²) 

GI 

Absorption 

Bioavaila

bility 

Score  

Lipinski Liver 

Injury I 

Synthetic 

accessibility 

Chalcone 208.26  1 0 17.07 High  0.55 Yes  Safe  2.41 

(-)-

Caryophyllen

e oxide 

220.35  1 0 12.53  High 0.55 Yes  Safe  4.35 

Benzophomo

psin A 

204.22 3 1 41.99 High  0.55 Yes  Safe  4.37 

Diisobutylpht 278.34  4 2 66.76 High  0.55 Yes  Safe  3.47 
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halate 

Phomochrom

one B 

222.24  4 2 66.76 High  0.55 Yes  Safe  3.55 

3beta,17beta-

Diacetoxy-

5alpha-

androstane 

376.53  4 0 52.60 High  0.55 Yes; 1 

violation: 

MLOGP

>4.15 

Safe  4.52 

Bis(2-

ethylhexyl) 

phthalate 

390.56 4 0 52.60 High  0.55 Yes; 1 

violation: 

MLOGP

>4.15 

Safe  4.12 

Kynurenic 

acid 

189.17 3 2 70.16 High 0.85 Yes Toxic  1.59 

 

Post-docking analysis 

The interactions within the selected protein-ligand complexes were 

analyzed by visualizing the complexes, as shown in Figure 5. The Erα 

protein possesses an active pocket composed of the amino acid 

residues Trp383, Ala350, Asp351, Phe404, and Leu387. TAM 

interacts with the Erα protein through several hydrogen and 

hydrophobic bonds. Hydrogen bonds are formed between TAM and 

the amino acid residues Ile326, Gly390, and Ile386 in Erα. These 

hydrogen bonds arise from the hydroxyl (–OH) groups on the TAM 

molecule interacting with the corresponding atoms in the Erα protein, 

with bond distances ranging from 2.04 to 3.05 Å. Additionally, 

attractive charge interactions with Glu353 were observed, and 

hydrophobic interactions occurred between TAM and the amino acid 

residues Trp393 and Pro324. 

The Erα-chalcone complex is particularly significant, as the 

visualization shows hydrophobic interactions between chalcone and 

two amino acid residues within the active pocket, specifically Ala350 

and Leu387, with bond distances of 4.65 Å and 4.63 Å, respectively. 

This complex showed the highest binding energy compared to the 

control drug, TAM, and other drug candidates, which was attributed to 

hydrophobic interactions. However, hydrogen bonds were absent in 

this complex. Despite the lack of hydrogen bonds in the Erα-chalcone 

complex compared to the Erα-tamoxifen complex, chalcone can still 

interact with the Erα protein stably and strongly, resulting in effective 

inhibition. The analysis data for both protein-ligand complexes are 

presented in Table 7. 

 
Figure 5: 2D and 3D visualizations of compound interactions with Erα, showing various types of bonds formed with the amino acid 

residues of the Erα protein. A) Erα-tamoxifen complex. B) Erα-chalcone complex 
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Table 7: Interactions of Erα-tamoxifen and Erα-chalcone complexes 

Complex 

Enzyme-Ligand 

Name Distance (Å) Category Types From From 

chemistry 

To To 

Chemistry 

Erα - Tamoxifen A:UNK5:N - 

A:GLU353:O

E1 

4.52 Electrostati

c 

Attractive 

Charge 

A:UNK5:N Positive A:GLU353:OE1 Negative 

 A:UNK5:H - 

A:ILE386:O 

2.04 Hydrogen 

Bond 

Conventional 

Hydrogen 

Bond 

A:UNK5:H H-Donor A:ILE386:O H-

Acceptor 

 A:GLY390:H

A1 - 

A:UNK5:O 

3.05 Hydrogen 

Bond 

Carbon 

Hydrogen 

Bond 

A:GLY390:

HA1 

H-Donor A:UNK5:O H-

Acceptor 

 A:UNK5:H1 

- A:ILE386:O 

3.03 Hydrogen 

Bond 

Carbon 

Hydrogen 

Bond 

A:UNK5:H

1 

H-Donor A:ILE386:O H-

Acceptor 

 A:UNK5:H2 

- 

A:GLU353:O

E1 

2.44 Hydrogen 

Bond 

Carbon 

Hydrogen 

Bond 

A:UNK5:H

2 

H-Donor A:GLU353:OE1 H-

Acceptor 

 A:ILE326:H - 

A:UNK5 

3.05 Hydrogen 

Bond 

Pi-Donor 

Hydrogen 

Bond 

A:ILE326:H H-Donor A:UNK5 Pi-Orbitals 

 A:TRP393 - 

A:UNK5 

5.10 Hydrophob

ic 

Pi-Pi T-

shaped 

A:TRP393 Pi-Orbitals A:UNK5 Pi-Orbitals 

 A:UNK5 - 

A:PRO324 

5.48 Hydrophob

ic 

Pi-Alkyl A:UNK5 Pi-Orbitals A:PRO324 Alkyl 

 A:UNK5 - 

A:ILE326 

4.81 Hydrophob

ic 

Pi-Alkyl A:UNK5 Pi-Orbitals A:ILE326 Alkyl 

 A:UNK5 - 

A:ILE326 

5.00 Hydrophob

ic 

Pi-Alkyl A:UNK5 Pi-Orbitals A:ILE326 Alkyl 

Enzyme-

Chalcone 

A:PHE404 - 

A:UNK10 

5.27 Hydrophob

ic 

Pi-Pi T-

shaped 

A:PHE404 Pi-Orbitals A:UNK10 Pi-Orbitals 

 A:UNK10 - 

A:LEU349 

5.27 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:LEU349 Alkyl 

 A:UNK10 - 

A:ALA350 

4.65 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:ALA350 Alkyl 

 A:UNK10 - 

A:LEU387 

4.63 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:LEU387 Alkyl 

 A:UNK10 - 

A:LEU391 

5.14 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:LEU391 Alkyl 

 A:UNK10 - 

A:MET421 

5.25 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:MET421 Alkyl 

 A:UNK10 - 

A:ILE424 

4,65801 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:ILE424 Alkyl 

 A:UNK10 - 

A:LEU525 

5,38651 Hydrophob

ic 

Pi-Alkyl A:UNK10 Pi-Orbitals A:LEU525 Alkyl 
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Following the identification of the anti-breast cancer pharmacological 

effects through PASS online, the results were validated using in silico 

docking studies. Previous studies have shown that docking is effective 

in the early stages of drug discovery. In silico docking serves as a 

crucial method in drug design to predict how a ligand (a potential drug) 

interacts with its target protein receptor.69 This study provides 

evidence that all ligands show potential as candidate inhibitors, as 

indicated by the more positive binding energy values compared to 

TAM, which is the reference for binding energy and other 

characteristics. Post-docking analysis showed that hydrogen bonds 

were absent in the Erα-chalcone complex, while hydrogen bonds were 

present in the Erα-tamoxifen complex. Through docking studies, 

Hussein et al.,70, showed that hydrogen bonding and hydrophobic 

interactions contribute to the stability of the protein-ligand complex. 

In addition, indications of improved binding energies were observed.  

 

 

 

 

DFT analysis 

The HOMO and LUMO energies can be used to obtain data on the 

ability of the molecules to donate or accept electrons. Figure 6 shows 

the HOMO, LUMO, and energy gap values. Based on these 

calculations, TAM showed a LUMO energy of -0.02689 eV, HOMO 

energy of -0.19207 eV, and energy gap of -0.16518 eV, while 

chalcone had values of -0.07774 eV, -0.23272 eV, and -0.15498 eV, 

respectively. The difference between these two energies, or the energy 

gap, shows the stability and reactivity of a molecule. Despite the 

slightly higher energy gap than TAM (positive control), chalcone is 

considered a promising candidate due to the energy gap difference of 

0.0102 eV. 

The ionization potential (I), electron affinity (A), chemical potential 

(μ), electronegativity (χ), hardness (η), softness (S), and 

electrophilicity index (ω) were calculated based on the LUMO and 

HOMO orbital energies, as presented in Table 8. The results showed 

that chalcone showed favorable reactivity similar to the control drug 

TAM. 

 
Figure 6: Visualization and predicted data of HOMO energy, LUMO energy, and energy gap for the control drug and selected 

candidate drugs (A) Tamoxifen (B) Chalcone 

 

Table 8: DFT-calculated HOMO–LUMO energies, energy gap, and molecular properties 

Compounds  Homo 

(eV) 

Lumo 

(eV) 

Energy 

gap 

(eV) 

Ionization 

potential 

(I) (eV) 

Electron 

affinity 

(A) (eV) 

Chemical 

potentials 

(μ) (eV) 

Electronegativity 

(χ) (eV) 

Hardness 

(η) (eV) 

Softness 

(S) (eV) 

Electrophilicity 

index (ω) (eV) 

Tamoxifen -

0.19207 

-

0.02689 

-

0.16518 

0.19207 0.02689 -0.10948 0.10948 0.08259 6.05400 0.07256 

Chalcone -

0.23272 

-

0.07774 

-

0.15498 

0.23272 0.07774 -0.15523 0.15523 0.07749 6.45245 0.15548 
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This study also incorporated DFT analysis, a computational method 

used to understand the molecular structures by examining the energies 

of the orbitals. DFT quantitatively explains how structural changes in 

molecules influence biological activity and aids in analyzing 

compounds predicted to have specific effects in biological systems. 

This method is grounded in the Hohenberg-Kohn theorem, broadly 

stating that electron density can determine the properties of a 

molecule.71 

 

Post-MD analysis 

After conducting several analyses based on previous methods, in silico 

docking tests were performed on the selected complexes, Erα-

chalcone and the control Erα-tamoxifen. MD simulations were then 

executed over a trajectory of 300 ns to examine the conformational 

stability and analyze the dynamic properties of the protein-ligand 

complexes. Various calculations were used to analyze the post-MD 

data, including the RMSD of C-alpha, radius of gyration (Rg), 

hydrogen bonds, SASA, RSMF, and binding energy. 

The stability of both protein-ligand complexes was evaluated using the 

RMSD of C-alpha (Figure 7A). The results showed that the Erα-

chalcone complex had a lower average RMSD C-alpha value (3.121 Å) 

than the Erα-tamoxifen complex (3.175 Å), suggesting reduced 

structural fluctuations in the Erα-chalcone complex. The 300 ns MD 

simulation trajectory was divided into three segments, namely 0-100 

ns, 100.25-200 ns, and 200.25-300 ns. The average RMSD C-alpha 

values were calculated for each segment to assess the equilibrium 

attainment. A decrease or stability in the average RMSD C-alpha 

values from one segment to the next showed an improvement in 

system stability. 

 
Figure 7: Data from the 300 ns molecular dynamics (MD) simulation presented in graphs showing various analyses throughout the 

simulation (A) C-alpha RMSD (B) Radius of gyration (C) Hydrogen bonds (D) SASA (E) RMSF (F) Binding energy 

 
In the Erα-tamoxifen complex, an increase in the average RMSD of C-

alpha was observed from segment 1 to segment 2, suggesting that the 

system may not have reached equilibrium in the early stages. However, 

a decrease in the average RMSD C-alpha from segments 2 to 3 

showed that the system might approach equilibrium, although with 

continuous fluctuations. The Erα-chalcone complex, on the other hand, 

showed a significant increase in average RMSD across all segments 

(segment 1:2.84 Å, segment 2:3.06 Å, and segment 3:3.46 Å). This 

suggests the presence of more significant fluctuations or 

conformational changes in this complex during the simulation than in 

Erα-tamoxifen, which may affect stability. Overall, the chalcone 

complex showed similarities to the commercial ligand tamoxifen. To 

achieve a more comprehensive analysis of the stability of both 

complexes, further evaluation using parameters other than RMSD C-

alpha is necessary. 

Figure 7B shows the Rg plot for both complexes during the 300 ns 

simulation. The stability of Rg, indicated by minimal fluctuations and 

low average values, correlates with the stability of the protein 

throughout the 300 ns simulation. Evaluating Rg enables better 

understanding and measurement of the compactness of the protein 

structure during MD simulation. Based on this analysis, the Erα-

tamoxifen complex showed slightly better compactness, with an 

average Rg value of 18.723 Å, compared to Erα-chalcone, with an 

average Rg of 18.843 Å. 

Further analysis of the Rg data showed that the Erα-chalcone complex 

reached a peak value of 20.216 Å at 35.75 ns, while Erα-tamoxifen 

recorded an Rg value of 18.988 Å at the same time point. This 

observation suggests that the interaction of chalcone with Erα may 

slightly influence the protein-folding mechanism at the onset of the 

simulation. The Rg plot for the Erα-tamoxifen complex (blue line in 

Figure 7B) also showed greater fluctuations at several points during 

MD simulation. In contrast, the Rg plot for the Erα-chalcone complex 

(orange line in Figure 7B) showed relatively smaller fluctuations than 

those for the Erα-tamoxifen complex. Based on this Rg plot, the Erα-

chalcone complex is less prone to fluctuations than the commercial 

ligand Erα-tamoxifen. However, TAM tends to have a more stable 

average Rg throughout the simulation period than chalcone. 

The interactions of chalcone and tamoxifen with Erα were further 

evaluated by calculating the hydrogen bond profile during the 300 ns 

MD simulation. Figure 7C shows that both chalcone and TAM formed 

hydrogen bonds with Erα. The average number of hydrogen bonds 

formed was 192.57 for TAM and 190.25 for chalcone. These results 

are consistent with previous in silico molecular docking results, 

showing that the Erα-tamoxifen complex had more hydrogen bonds 

than Erα-chalcone. The increased internal hydrogen bonding within 

the complexes suggests enhanced structural stability, which implies a 

reduction in solute-solvent hydrogen interactions. 

To further explore the interactions between the complexes and solvent 

during the 300 ns MD simulation, SASA analysis was conducted. A 

plot of the SASA production data is presented in Figure 7D. The Erα-

tamoxifen complex produced SASA data with an average of 12.649.6 

Å², while Erα-chalcone had an average of 12.458.6 Å². Although 

chalcone showed a slightly higher SASA, neither compound 

demonstrated statistically significant differences in SASA values. 
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SASA is a parameter used to predict protein folding because it reflects 

the potential exposure of the protein surface to the surrounding solvent. 

A greater surface area exposed to the solvent shows a reduced folding 

capacity of the protein, which may lead to destabilization of the 

hydrophobic regions. 

To assess the flexibility of the amino acid residues within the protein-

ligand complexes, particularly in the active pocket of protein Erα 

(Trp383, Ala350, Asp351, Phe404, and Leu387), RMSF analysis was 

used. The RMSF analysis results (Figure 7E) showed that TAM 

induced greater flexibility in most active pocket residues, with RMSF 

values of 2.713 Å for Ala350 and 2.417 Å for Asp351, compared to 

chalcone, which had RMSF values of 1.328 Å and 1.662 Å, 

respectively. However, chalcone induced slightly higher flexibility in 

Leu387, with an RMSF value of 1.534 Å, compared to TAM RMSF of 

1.469 Å. The results showed that although chalcone induced lower 

flexibility in the active pocket residues than tamoxifen, it specifically 

enhanced the flexibility at Leu387. 

In the post-MD analysis, the binding energy was calculated using the 

MM-PBSA method to evaluate the interaction strength between each 

ligand (tamoxifen and chalcone) and the target protein Erα, throughout 

the 300 ns MD simulation. In the binding energy calculations 

conducted using the YASARA software, a more positive binding 

energy value shows a stronger binding affinity. Calculations showed 

that the Erα-tamoxifen complex had an average binding energy of 

45.598 kJ/mol, while Erα-chalcone had an average binding energy of 

227.069 kJ/mol (Figure 7F). Consequently, chalcone with more 

positive binding energies showed stronger binding affinities for Erα 

protein. The positive binding energy resulting from the long-term MD 

simulation (300 ns) suggests favorable stability of the Erα-chalcone 

complex, showing a greater potential for inhibition. 

Post-MD analysis showed that chalcone had significant inhibitory 

effects on Erα protein during the 300 ns MD simulation. This is 

further supported by the analyzed parameters, particularly higher 

binding energy values. MD simulations provide comprehensive 

insights by exploring various changes and behaviors of protein-ligand 

complexes, while docking studies typically focus on binding 

interactions and conformational variations. The combination of 

docking and MD simulations is an effective strategy for identifying 

drug candidates with potential pharmacological effects.72 

 

 

PCA and DCCM 

The PCA analysis results for the Erα-tamoxifen and Erα-chalcone 

complexes, conducted over a 300 ns MD simulation, showed that the 

values for PC1 and PC2 of the Erα-tamoxifen complex were 23.88% 

and 12.43%, respectively, while PC2 and PC3 were 12.43% and 

10.94%, respectively. The values for PC1 and PC3 were 23.88% and 

10.94%, respectively. Based on the results, the values of PC1, PC2, 

and PC3 for the Erα-tamoxifen complex were lower than those for 

Erα-chalcone, as shown in Figure 8. The low cumulative values of the 

PCs show stability with minimal variability in the simulation 

complexes. Therefore, the distribution of the Erα-tamoxifen complex 

was superior to that of Erα-chalcone.  

The DCCM analysis results in Figure 9 showed that the Erα-chalcone 

complex had a more pronounced red coloration than Erα-tamoxifen. 

This intense red hue served as a visual representation of the data 

obtained for each complex. Deeper red shading shows greater 

conformational stability, reflecting minimal perturbations in structural 

integrity. More importantly, this intense red coloration was observed 

for residues 50-150.  

PCA was used to analyze the movement direction of the Erα protein 

structure within the system through the Cα fluctuation levels of the 

complex. Additionally, DCCM analysis was used to determine the 

correlation of the Cα atom positions with the presence of other atoms 

in the Erα structure and to assess potential Cα atom dislocations.73,74 

The results present chalcone as a potential anti-breast cancer drug 

candidate for further testing. 

In line with previous studies, chalcone, an important subclass of 

flavonoids, has been increasingly recognized for the wide-ranging 

pharmacological activity, particularly the anticancer potential. 

Although chalcone occur naturally, the limited abundance and 

inherent structural variability necessitate synthetic modification to 

achieve reliable and reproducible bioactivity. A previous study by Xu 

et al., 75 showed that strategic monosubstitution on ring A substantially 

enhanced cytotoxicity, particularly against K562 cells, underscoring 

the critical role of structural optimization in improving anticancer 

efficacy. Accordingly, this study identified two chalcone derivatives 

that showed statistically significant, concentration-dependent 

cytotoxic effects, in line with earlier in vitro reports. Complementary 

computational analyses further strengthened these results. Molecular 

docking and dynamics simulations showed strong and stable 

interactions with CDK2 and VEGFR2, consistent with previous 

evidence that thiophene substitution improves ligand–target binding. 

Collectively, the convergence of statistical cytotoxicity data and in 

silico binding profiles reinforces the therapeutic potential of 

thiophene-based chalcone and underscores the prospect for further 

optimization and development 76,77. 

 
Figure 8: Principal component analysis (PCA) of conformational dynamics of the ERα–ligand complexes: (A) ERα–tamoxifen and (B) 

ERα–chalcone 
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Figure 9: DCCM analysis of conformational changes. A) Erα-tamoxifen complex. B) Erα-chalcone complex 

 

Conclusions 

In conclusion, the F1 fraction of Phomopsis sp. showed a significant 

antiproliferative effect on MCF-7 breast cancer cells, with an 

IC50 value of 5.65 µg/mL, indicating the potential as an effective anti-

breast cancer agent through the apoptotic pathway. Additionally, the 

F1 fraction showed significant inhibitory activity in Vero cells, as 

evidenced by an IC50 of 5.21 µg/mL. The identified anticancer 

compounds, including cytosporone C, kynurenic acid, maraniol, (−)-

caryophyllene oxide, and chalcone, were further validated by 

computational in silico studies, suggesting the viability as candidates 

for breast cancer therapy. However, ADME/pharmacokinetic analyses 

showed that only a few of these candidates had favorable profiles, 

with chalcone indicating promising synthetic accessibility. DFT 

studies and MD simulations further confirmed that chalcone possesses 

superior properties compared to TAM, enhancing the potential as a 

therapeutic agent against breast cancer. The results underscore the 

significance of the soursop leaf endophytic fungi fraction (F1) and the 

constituents as potential candidates for further exploration in the 

advancement of effective therapies for breast cancer. This study 

provides a comprehensive evaluation integrating both in vitro 

laboratory assays and in silico computational analyses. The results are 

expected to contribute significantly to the discovery and development 

of potential breast cancer therapeutic agents while opening avenues 

for subsequent investigations. Future investigation prospects include 

optimizing efficacy and safety profiles, exploring oral bioavailability 

and toxicity parameters, and advancing the work toward in vivo 

studies using appropriate animal models.  
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