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Abstract: Recently, much attention has been given to discovering natural compounds as 

potent anti-cancer candidates. In the present study, the anti-cancer effects of  

fumigaclavine C, isolated from a marine-derived fungus, Aspergillus fumigatus, was 

evaluated in vitro. In order to investigate the impact of fumigaclavine C on inhibition of 

proliferation and induction of apoptosis in breast cancer, MCF-7 cells were treated with 

various concentrations of fumigaclavine C, and fumigaclavine C showed significant 

cytotoxicity towards MCF-7 cells. Anti-proliferation was analyzed via cell mobility and 

mitogen-activated protein kinase (MAPK) signaling pathway. In addition, fumigaclavine C 

showed potent inhibition on the protein and gene level expressions of MMP-2, -9 in  

MCF-7 cells which were manifested in Western blot and reverse transcription polymerase 

chain reaction (RT-PCR) results. The apoptosis induction abilities of the fumigaclvine C 

was studied by analyzing the expression of apoptosis related proteins, cell cycle analysis, 

DNA fragmentation and molecular docking studies. It was found that fumigaclavine C 

fragmented the MCF-7 cell DNA and arrested the cell cycle by modulating the apoptotic 

protein expressions. Moreover, fumigaclavine C significantly down-regulated the  

NF-kappa-B cell survival pathway. Collectively, data suggest that fumigaclavine C has a 

potential to be developed as a therapeutic candidate for breast cancer. 
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1. Introduction  

Breast cancer is one of the most common causes of cancer-related death in women. According to 

the World Health Organization, more than 1.2 million women are diagnosed with breast cancer each 

year worldwide [1,2]. Most of the present breast cancer chemopreventive and chemotherapeutic agents 

lead to undesirable side effects [3]. Therefore, the search for new agents derived from natural products 

with a fewer side effects should continue. 

Marine fungi are a rich source of bioactive secondary metabolites including novel compounds that 

have unique structural features. Marine fungi have been widely studied for their bioactive metabolites, 

and these organisms have proved to be a rich, promising source of novel anticancer, antibacterial, 

antiplasmodial, anti-inþammatory and antitumor agents [4ï7]. Therefore, bioactive compounds 

produced by marine fungi are of interest as new lead compounds in medicine. 

Aspergillus fumigatus is a common environmental fungus and a significant cause of disease in 

immune-compromised patients and is responsible for up to 4% of deaths in tertiary hospitals in  

Europe [8]. Nevertheless, a number of bioactive compounds such as dioxopiperazine, alkaloids, 

dibenzofurans, and indole diketopiperazine have been isolated from Aspergillus fumigatus [9,10].  

In this study, subsequent culturing and fractionation of the ethyl acetate (EtOAc) extract of Aspergillus 

fumigatus culture led to the isolation of fumigaclavine C as a major secondary metabolite. 

Fumigaclavine C is an indole alkaloid which was first isolated from the culture of Cephalosporium sp. 

IFB-018, an endophytic fungus from the rhizoma of a salinity-tolerant medicinal plant Imperata 

cylindrica by a column chromatography fraction of chloroform-methanol (1:1) extract [11,12]. 

Although this compound was discovered as early as 1977, its biological activity is seldom  

reported [13]. Its immunosuppressive activity against concanavalin A-induced hepatitis in mice by the 

mechanisms of inhibiting T cell proliferation, adhesion and TNF-Ŭ production has been reported 

previously, suggesting that fumigaclavine C may have a characteristic to inhibit the T-cell mediated 

immune response [14]. 

It is a well-known fact that alkaloids often possess significant physiological activities including 

anticancer and antitumor activity, and some of them are currently being used in clinical treatments. 

Moreover, in the broad range of alkaloids, indole-containing alkaloids have been reported as an 

interesting group of bioactive alkaloids and have frequently been isolated form marine organisms [15]. 

Ge and his research team [10] reported that two new alkaloids, which have a close similarity to 

fumigaclavine C in structure, showed selectively potent cytotoxicity against human leukemia cells 

(K562) with an IC50 value of 3.1 µM; however, detailed studies have not been reported yet. Therefore, 

in this study, we aimed to investigate the anti-cancer potential of fumigaclavine C while revealing the 

underlying molecular signaling pathways using a MCF-7 breast cancer cell model. 
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2. Results 

2.1. Structural Elucidation of Fumigaclavine C 

The chemical structure of the isolated compound from broth extract of the marine-derived fungus 

was determined according to 1D, 2D nuclear magnetic resonance (NMR), and low-resolution electron 

ionization mass spectrometry (LREIMS) data, together with comparison with the data published 

previously [10]. The compound was identified as fumigaclavine C (15.8 mg), illustrated in Figure 1A. 

Figure 1. (A) Chemical structure of fumigaclavine C isolated from the marine-derived 

fungus Aspergillus fumigatus; (B) cytotoxic and anti-proliferation effect of fumigaclavine 

C on MCF-7 breast cancer cells. Briefly, MCF-7 cells were cultured in 96-well plates at a 

density of 5 × 10
3
 cells per well and treated with different concentrations (20 ɛM, 40 ɛM, 

and 60 ɛM) of fumigaclavine C for 24 h and 36 h; (C) and (D) effect of fumigaclavine C 

on MCF-7 cells migration and invasion. The results were observed with a microscope at  

200× and the relatively blocked percentage (%) of migrated and invaded cells per field was 

assessed. Each value was expressed as the mean ± SD of triplicate experiments. * p < 0.05 

as compared with blank groups. 

A B 

  

C D 

  

Fumigaclavine C (15.8 mg): white powder; 
1
H-NMR (CD3OD, 400 MHz) ŭ 7.06 (1H, d, J = 8.0 Hz, 

H-12), 6.93 (1H, dt, H-13), 6.57 (1H, d, J = 7.1 Hz, H-14), 6.12 (1H, dd, J = 10.6 Hz, J = 6.5 Hz,  
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H-22), 5.61 (1H, t, H-9), 5.03 (1H, dd, H-23), 5.06 (1H, t, H-23), 3.55 (1H, dd, H-10), 3.19 (1H, m,  

H-5), 2.71 (2H, m, H-7), 2.55 (2H, m, H-4), 2.41 (3H, brs, H-17), 2.07 (1H, m, H-8), 1.83 (3H, brs,  

H-25), 1.51 (6H, d, H-20, 21), 1.31 (3H, d, J =7.5 Hz, H-18); 
13

C-NMR (CD3OD, 100 MHz) ŭ 172.6 

(C-24), 147.6 (C-22), 138.5 (C-2), 134.5 (C-15), 129.3 (C-11), 129.0 (C-16), 122.5 (C-14), 112.8  

(C-12), 111.4 (C-23), 109.1 (C-13), 106.1 (C-3), 72.8 (C-9), 63.3 (C-5), 58.9 (C-7), 43.9 (C-17), 40.5 

(C-10), 40.3 (C-19), 34.5 (C-8), 28.9 (C-4), 28.1 (C-20), 28.0 (C-21), 20.9 (C-25), 16.9 (C-18). 

LREIMS m/z: 366.20 [M]
+
 (C23H30N2O2). 

2.2. Anti-Proliferative Effect of Fumigaclavine C on MCF-7 Cells 

The anti-proliferative effect of fumigaclavine C was tested on a cultured MCF-7 breast cancer cell 

line. Comparisons of the cell growth for 24 and 36 h with various concentrations of fumigaclavine C 

(20 ɛM, 40 ɛM, and 60 ɛM) are shown in Figure 1B. In a comparative analysis, fumigaclavine C 

showed signiýcant high growth inhibitory effects on the MCF-7 cell line in a dose-dependent and  

time-dependent manner (p < 0.05). Fumigaclavine C inhibited the proliferation of MCF-7 cells with 

the viability percentages of 93%, and 89% (20 ɛM), 79%, and 57% (40 ɛM), and 65% and 35%  

(60 ɛM) at 24 h and 36 h, respectively, compared to the vehicle treated blank. Therefore, it was clear 

that fumigaclavine C had anti-proliferative effects on MCF-7 cells. Fumigaclavine C treatment  

(60 ɛM for 36 h) reduced the viable cell population up to 35% and thus fumigaclavine C treatment for 

24 h was selected for further analysis. 

2.3. Effects of Fumigaclavine C on Migration and Invasion of MCF-7 Cells 

MCF-7 cells were treated with different concentrations (20 ɛM, 40 ɛM, and 60 ɛM) of 

fumigaclavine C for 24 h. It was observed that fumigaclavine C treatment reduced the cancer cell 

migration and invasion in a dose-dependent manner (Figure 1C,D). Interestingly, it was also observed 

that at the highest concentration (60 ɛM), fumigaclavine C almost completely blocked MCF-7 cell 

migration and invasion. Fumigaclavine C blocked the migration and invasion of MCF-7 cells with the 

blocking percentages of 38%, 29% (60 ɛM), and 25%, 19% (60 ɛM) at 24 h, respectively. The results 

indicate that fumigaclavine C has the ability to suppress MCF-7 cell migration and invasion. 

2.4. Effect of Fumigaclavine C on MMP-2 and -9 Expressions in MCF-7 Breast Cancer Cells 

Western blot results revealed that fumigaclavine C treatment of the MCF-7 cells resulted in an 

inhibition of protein expression of both MMP-2 and MMP-9. At the highest concentration (60 µM) of 

the compound there was a significant inhibition in both MMP-2 and MMP-9 and the inhibitory activity 

was significant (p < 0.05) from the concentrations of 20 to 60 ɛM (Figure 2A). These results suggest 

that fumigaclavine C effectively inhibits the MMP-2 and -9 activities and that this probably contributes 

to the anti-proliferative effects of fumigaclavine C. 

To find out whether this inhibition of MMP-2 and -9 by fumigaclavine C are apparent at their gene 

levels, a reverse transcription polymerase chain reaction (RT-PCR) experiment was carried out using 

RNA isolated from MCF-7 cells treated with fumigaclavine C at different concentrations (20 ɛM,  

40 ɛM, and 60 ɛM). Fumigaclavine C showed a clear inhibitory activity on the expression of both 
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MMP-2 and -9 mRNAs in MCF-7 cells. The inhibition of MMP-2 and -9 gene expressions were 

observed in a concentration-dependent manner, where the inhibition was even lower than the blank 

group in MCF-7 cells at the highest concentration (60 ɛM) of the compound (Figure 2B). These results 

of the inhibition of MMP-2 and -9 mRNA expressions coincide with protein expression results 

suggesting that the MMP-2 and -9 were inhibited by the fumigaclavine C at both the protein and gene 

level. This clear inhibition of MMP-2 and -9 may be involved in the suppression of cell proliferation 

and migration. 

Figure 2. Inhibitory effect of fumigaclavine C on MMP-2 and -9 protein and mRNA 

expressions in MCF-7. (A) Protein expression level of MMP-2 and -9 in treated MCF-7 

cells. Cell lysates were collected and subjected to sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) Western blot analysis using antibodies specific for  

MMP-2 and -9. Beta-actin was used as an internal control. (B) mRNA expression levels of 

MMP-2 and -9 in treated MCF-7 cells were analyzed by RT-PCR. Each value was 

expressed as the mean ± SD of triplicate experiments. * p < 0.05 as compared with  

blank groups. 

A B 

  

2.5. Effect of Fumigaclavine C on ERK, JNK, and p38 MAPK Signaling Pathway 

To find out through which pathway fumigaclavine C blocked the expression of MMP, the effect of 

fumigaclavine C on the ERK 1/2, JNK, and p38 MAPK signaling pathways was analyzed. Treatment 

with fumigaclavine C at various concentrations (20 ɛM, 40 ɛM, and 60 ɛM) showed a dose-dependent 

inhibitory effect on the phosphorylation of ERK 1/2, JNK, p38 in MCF-7 cell line (Figure 3AïC). 

These results demonstrated that the anti-proliferative effect of fumigaclavine C was mediated by 

blocking the signal transduction of MAPK pathway molecules, i.e., ERK, JNK, and p38 MAPK 

signaling pathways in activated MCF-7 cells. Therefore it was clear that the possible molecular 

mechanism for the fumigaclavine C mediated inhibition of proteinases is probably the inhibition of the 

activation of these signaling cascades. 
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Figure 3. Effect of fumigaclavine C on expression of (A) p-ERK 1/2, ERK 1/2, (B) p-JNK, 

JNK, (C) p-p38, and p38 MAPK signaling pathways. Expression levels were assayed using 

Western blot following treatment with fumigaclavine C at different concentrations (20 ɛM, 

40 ɛM, and 60 ɛM) for 24 h. Each value is expressed as the mean ± SD of triplicate 

experiments. *p < 0.05 as compared with blank groups. 

A B 

  

C 

 

2.6. The Effects of Fumigaclavine C on the Cell Cycle of MCF-7 Cells 

To further study the mechanism responsible for fumigaclavine C induced growth inhibition, the 

effect of fumigaclavine C on the cell cycle distributions was analyzed by flow cytometry. As shown in 

Figure 4A, treatment of the MCF-7 breast cancer cells with various concentrations of fumigaclavine C 

for 24 h resulted in a significant dose-dependent induction of sub-G1 cell population. It indicated that 

fumigaclavine C induced apoptosis in MCF-7 cells where the sub-G1 cell percentages were 15.6%  

(20 ɛM), 21.5% (40 ɛM), and 46.6%, (60 ɛM) at 24 h, respectively. 
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Figure 4. Effect of fumigaclavine C on cell cycle progression and cell cycle apparatus.  

(A) Cell cycle distribution pattern of fumigaclavine C treated (24 h) MCF-7 cells analyzed 

by fluorescence-activated cell sorting (FACS). Cells were fixed in 70% ethanol,  

re-suspended in PBS and stained with PI. After 24 h, a prominent sub-G1 peak could be 

seen in the histogram. (B) and (C) protein and gene expressions of p53, and p21 in MCF-7 

cells treated with fumigaclavine C. MCF-7 cells were treated with various concentrations 

of fumigaclavine C for 24 h under serum-free conditions. (D) Protein expressions of 

CDK2, CDK4, cyclin B1, and cyclin E in fumigaclavine C treated MCF-7 cells. The 

antibody bindings were detected by enhanced chemiluminescence reagent using 

luminoimager. Each value was expressed as the mean ± SD of triplicate experiments.  

* p < 0.05 as compared with blank groups. 

A B 

 

 

C D 
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2.7. Effect of Fumigaclavine C on p53 Family Gene Expression in MCF-7 Breast Cancer Cells 

The tumor suppressor gene p53 plays an essential role in various types of anti-proliferation and 

apoptosis. And the induction of p21 is mostly mediated through a p53-dependent pathway. Therefore, 

we determined whether the tumor suppressor factors, p53 and p21, were involved in the  

anti-proliferative effect of fumigaclavine C. Treatment with different concentrations of fumigaclavine C 

activated p53 and p21 proteins and gene levels in a dose-dependent manner (Figure 4B,C). These 

results imply that a part of the anti-proliferative activity of fumigaclavine C is related to apoptosis 

through up-regulation of p53 and p21 levels. 

2.8. Effect of Fumigaclavine C on Cyclin B1, Cyclin E, CDK2, and CDK4 Expression in MCF-7 

Breast Cancer Cells 

To further explore the underlying mechanism by which fumigaclavine C mediates cell cycle arrest, 

we examined the regulatory effects of fumigaclavine C on the expression of CDK2, CDK4, cyclin B1 

and cyclin E, which control the cell cycle progression. As shown in Figure 4D, CDK2, CDK4,  

cyclin B1, and cyclin E were down-regulated to varying degrees by fumigaclavine C treatment. These 

results demonstrated that fumigaclavine C induced cell cycle arrest by changing the CDK2, CDK4, 

cyclin B1 and cyclin E protein expression levels. 

2.9. The Morphological Changes and DNA Damages of MCF-7 Cells Observed with Hoechst  

33258 Staining 

To observe the morphological changes and DNA damage induced by the fumigaclavine C in  

MCF-7 cells, Hoechst 33258 staining was used as described earlier. The results are depicted in  

Figure 5A. MCF-7 cells were cultured in 24-well plate and treated with different concentrations  

(20 ɛM, 40 ɛM, and 60 ɛM) of fumigaclavine C for 24 h. The results were observed under 

fluorescence inverted microscope at 100× magnification. Clear morphological changes and DNA 

damage were observed with the treatment of the compound. Moreover, the DNA damage was dose 

dependently increased. The results indicate that fumigaclavine C potently damages DNA and thereby 

induces apoptosis in MCF-7 cells. 

2.10. Fumigaclavine C Induced DNA Fragmentation in MCF-7 Cells 

For further confirmation of the effect of fumigaclavine C on nuclear damage, DNA fragmentation 

of MCF-7 breast cancer cells was analyzed by an agarose gel electrophoresis. There was a dose 

dependant DNA fragmentation or laddering pattern in the cells treated with various concentrations of 

fumigaclavine C compared to the blank (Figure 5B). Hence, the results could imply that  

fumigaclavine C may have induced apoptosis and subsequent DNA damage. 
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Figure 5. Effect of fumigaclavine C treatment on nuclear damage of MCF-7 cells.  

(A) Hoechst staining of MCF-7 cells treated with fumigaclavine C. For Hoechst staining, 

MCF-7 cells were cultured in 24-well plate and treated with fumigaclavine C for 24 h.  

(B) The effects of fumigaclavine C on the DNA fragmentation. (C) Western blot analysis 

of the expressions of PI3K, p-Akt, and Akt in MCF-7 cells treated with fumigaclavine C. 

MCF-7 cells were grown at 5 × 10
5
 cells/dish and treated with different concentrations of 

fumigaclavine C. Each value was expressed as the mean ± SD of triplicate experiments.  

* p < 0.05 as compared with blank groups. 

A 

 

B C 
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2.11. Effect of Fumigaclavine C on PI3K/Akt Pathway in MCF-7 Breast Cancer Cells 

In order to elucidate the specific intracellular signaling pathways involved in the growth inhibitory 

effects of fumigaclavine C in MCF-7 cells, the effect of fumigaclavine C on the expression of PI3K,  

p-Akt, and Akt, which can control cell apoptosis progression was investigated. As shown in Figure 5C, 

PI3K and Akt were down-regulated by the treatment of fumigaclavine C. These results demonstrate 

that fumigaclavine C induces cell apoptosis most probably via regulating the PI3Kand p-Akt  

protein levels. 

2.12. Effect of Fumigaclavine C on Bcl-2 Family Protein Expression in MCF-7 Breast Cancer Cells 

Apoptotic genes regulate apoptosis by the activation of their pro- and anti-apoptotic products. 

Among them, Bcl-2 proteins are very important in apoptosis regulation. In order to confirm the 

expression levels of proteins and genes related to the induction of apoptosis, expression of Bcl-2,  

Bcl-xl, Bax and Bad in fumigaclavine C treated MCF-7 cells were analyzed using Western blot and 

RT-PCR analysis. As per the results fumigaclavine C exhibited the induction of apoptosis in MCF-7 

cells by down-regulating the anti-apoptotic Bcl-2 and Bcl-xl levels as well as up-regulating the  

pro-apoptotic Bax and Bad levels at protein and gene levels (Figure 6A,B). 

2.13. Effect of Fumigaclavine C on Caspase-3, -8, and -9 Expression in MCF-7 Breast Cancer Cells 

To find out whether apoptosis is induced as an underlying mechanism of anti-proliferation of 

fumigaclavine C treatment, Western blot analysis was carried out to investigate the activation of 

caspase-3, -8 and -9. The results showed that the active caspase levels were increased by treatment 

with fumigaclavine C in a dose-dependent manner (Figure 6C). Furthermore, fumigaclavine C 

treatment more potently induced the expression of caspase-9 protein in MCF-7 cells compared to 

caspase-3 protein. 

In order to analyze whether this activation of caspase-3, -8 and -9 and by fumigaclavine C occurs at 

their gene levels, a RT-PCR experiment was carried out using RNA collected from MCF-7 cells 

treated with fumigaclavine C at different concentrations (20 ɛM, 40 ɛM, and 60 ɛM). Fumigaclavine C 

showed a clear elevation in expression of caspase-9 and -3 mRNAs in MCF-7 cells. The activities of 

caspase-3, -8 and -9 gene expressions were observed in a concentration-dependent manner 

(Figure 6D). These expression levels of caspase-3, -8 and -9 mRNA coincide with protein expressions 

results, suggesting that the caspase-3, -8 and -9 were activated by the fumigaclavine C at both protein 

and gene levels. This clear activation of caspase-3, -8 and -9 may be involved in the induction 

of apoptosis. 
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Figure 6. Effect of fumigaclavine C treatment on protein and gene expression in the 

apoptotic signaling cascade. (A) and (B) Protein and gene expressions of Bcl-2 family 

proteins in MCF-7 cells treated with fumigaclavine C. (C) and (D) effect of  

fumigaclavine C on the protein and gene expressions of caspase-3, -8, and -9 in MCF-7. 

Each value is expressed as the mean ± SD of triplicate experiments. *p < 0.05 as compared 

with blank groups. 

A B 

  

C D 

  

2.14. Effect of Fumigaclavine C on Cytochrome C and Apaf-1 Protein Expression in MCF-7 Breast 

Cancer Cells 

In order to examine whether the activities of casapase-3 and caspase-9 were initiated due to 

mitochondrial release of cytochrome C and Apaf-1, the MCF-7 cells were exposed to fumigaclavine C 

in different concentrations (20 ɛM, 40 ɛM, and 60 ɛM). As shown in Figure 7A, we observed an 

increase of cytochrome C and Apaf-1 in the cytosolic fraction of fumigaclavine C treated  

MCF-7 cells. Mitochondrial release of cytochrome C and Apaf-1 resulted in the activation of  

caspase-9-mediated apoptosis. 
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Figure 7. Protein expression levels of cell survival signaling molecules of MCF-7 cells. 

(A) Western blot analysis of the expression of cytochrome C and Apaf-1 in MCF-7 cells by 

fumigaclavine C. After incubation for 24 h, cell lysates were collected from tread and the 

same amount of proteins were subjected to Western blot using antibodies specific for 

cytochrome C and Apaf-1. ɓ-actin was used as an internal standard. (B) Protein 

expressions of p50, p65, and IKK in MCF-7 cells by fumigaclavine C. Western blot 

analysis confirmed that the p50, p65, and IKK protein levels were down-regulated.  

MCF-7 cells were grown at 5 × 10
5
 cells/dish and treated with different concentrations of 

fumigaclavine C. The antibody bindings were detected by enhanced chemiluminescence 

reagent using luminoimager. Each value was expressed as the mean ± SD of triplicate 

experiments. * p < 0.05 as compared with blank groups. 

A B 

  

2.15. Effect of Fumigaclavine C on p50, p65 and IKK Expression in MCF-7 Breast Cancer Cells 

Transcription factor NF-əB (p50 and p65) is generally localized in the cytoplasm with its inhibitor 

IəB kinase (IKK). We investigated whether fumigaclavine C is associated with the inhibition of the 

activation of NF-əB and the NF-əB-dependent genes. The treatment with different concentrations  

(20 ɛM, 40 ɛM, and 60 ɛM) of fumigaclavine C inhibited the expression levels of p50 and p65 in a 

dose-dependent manner at transcriptional levels (Figure 7B). Down-regulation of IKK and up-stream 

activating kinases of NF-əB was also observed. Fumigaclavine C strongly suppressed NF-əB and IKK 

activation and this might have also been involved in the initiation of apoptosis. 

2.16. Computational Modeling of the Fumigaclavine C Apoptosis Activity 

The compound of fumigaclavine C was docked at the active site of the crystal structure of apoptosis 

regulator Bcl-2 (2w3L-Apoptosis). The computational docking study results are presented in  

Figure 8A,B. The schematic 2D plot shows intermolecular interactions of the representative 

fumigaclavine C with 2w3L-Apoptosis (Figure 8B). The nitrogen atoms of fumigaclavine C show an 

ionic interaction with GLU95 (2w3L-Apoptosis). The data show that fumigaclavine C has the lowest 
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estimated (est.) energy of binding (ī6.97) and est. inhibition constant (Ki = 7.75 µM) (Table 1), which 

is necessary for a strong interaction. In the binding mode (fumigaclavine C to 2w3L-Apoptosis), 

GLU95 residues in Bcl-2 were responsible for the hydrogen bonding and GLU95 alone was expected 

to make a polar interaction with fumigaclavine C. A hydrophobic interaction was the major interacting 

force brought up by MET74, LEU78, VAL92, LEU96, and PHE112 amino acid residues. The 

experimental results suggest that the fumigaclavine C can bind to the cleft of 2w3l-Apoptosis and 

interact with the key active-site residues GLU95, which can result in induced apoptosis activity. 

Figure 8. (A) The binding mode between Fumigaclavine C and 2w3l-Apoptosis. The 

interacting side chains of 2w3l-Apoptosis are displayed in surface mode. Fumigaclavine C 

is represented using balls and stick. The atoms of fumigalavine C are color-coded as 

follows: O, red; N, blue; C, green; H, white. (B) Schematic 2D plot showing  

intermolecular interactions.  

A B 

 

 

Table 1. Docking results (fumigaclavine C was docked at the crystal structure of apoptosis 

regulator (2w3L-Apoptosis)). 

Rank 
Est. Free Energy 

of Binding 

Est. Ingibition 

Constant, Ki 

vdW + Hbond + 

desolv Energy 

Electrostatic 

Energy 

Total Internoiec. 

Energy 
Frequency 

Int eract 

Surface 

1 ī6.97 kcal/mol 7.75 ɛM ī6.74 kcal/mol ī0.92 kcal/mol ī7.66 kcal/mol 40% 690.553 

2 ī6.60 kcal/mol 14.57 ɛM ī7.24 kcal/mol ī0.11 kcal/mol ī7.35 kcal/mol 10% 671.602 

3 ī6.56 kcal/mol 15.59 ɛM ī7.06 kcal/mol ī0.23 kcal/mol ī7.29 kcal/mol 10% 671.075 

4 ī6.34 kcal/mol 22.62 ɛM ī6.78 kcal/mol ī0.29 kcal/mol ī7.07 kcal/mol 30% 650.265 

5 ī5.85 kcal/mol 51.78 ɛM ī6.26 kcal/mol ī0.30 kcal/mol ī6.55 kcal/mol 10% 639.255 

3. Discussions 

Apoptosis is a programmed cell death mechanism recognized as a vital process in the regulation of 

tissue development and homeostasis, and a highly conserved mechanism throughout evolution [16,17]. 


