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A B S T R A C T A R T I C L E  H I S T O R Y

K E Y W O R D S

Endophytic fungi are a wealth of new bioactive metabolites with vast applications 
in drug discovery. The methyl alcohol extract obtained from the culture of 
the Phialophora verrucosa Medlar., the endophytic fungus of Senecio flavus 
(Asteraceae), was found to be cytotoxic to HepG2 and MCF-7 cell lines (IC50 
of 20.01 and 28.44 μg/mL), respectively, compared to 5-flurouracil (IC50, 11.05 
and 12.46). A chromatographic study led to the isolation of five polyketides; 
3,6,7-trihydroxy-α-tetralone 1, 6-hydroxyisosclerone 2, 2,3-dihydro-8-hydroxy-
2-methyl-benzopyran-1-one 3, altechromone A 4 and aloesol 5. Compounds 2, 
4 and 5, are isolated for the first time from the genus Phialophora. Molecular 
docking analysis simulation was applied to evaluate the inhibitory activities of 
the isolated compounds against vascular endothelial growth factor receptor 
(VEGFR2), and cyclin-dependent kinases (CDKs), to illuminate the compounds 
responsible for the extract cytotoxic activity. Compounds 1 and 5 showed 
promising results and binding affinities to the examined enzymes.
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1. Introduction

The inspiring isolation of taxol from Pestlotiopsis 
microspora and its introduction to the drug 
market, has recognized fungal endophytes as a 

valuable and attractive approach for new anticancer 
molecules (El-khayat et al., 2012) as cytochalasins, 
camptothecin, hypericin, vincristine, and 
anhydrofusarubin (Zhao et al., 2013; Sharma et al., 
2019). Plant endophytes are a source of interesting 
compounds with an array of biological activities 
(Strobel and Daisy 2003; Chowdhury et al., 2017), 
including antioxidant, anticancer, antidiabetic, anti-
leishmaniasis, antimicrobial, and antiviral behaviours 
(Sharma et al., 2019). The current study planned to 
investigate the cytotoxic fraction of Phialophora 

verrucosa. Several secondary metabolites including 
azaphilone (Nalli et al., 2015), benzopyrans (Gray et 
al., 1999), and tetracyclic altenusin (Ye et al., 2013) 
were isolated from the genus Phialophora in addition 
to polyketides (He et al., 2016). The polyketides are a 
structurally diverse class of natural products produced 
by fungi (Weissman and Leadlay, 2005), they have 
varied biological characteristics as antibiotic, anticancer, 
antifungal, anti-parasitic, immunosuppressive, and 
neurotoxic activities (Rocha-Santo and Duarte, 2014).

Molecular docking simulation is a valuable tool for 
assessing the biological activities of natural products, 
especially when it comes to solve the issue of amount 
limitation. It restores the importance of drug discovery 
and development from natural products as it depends 
on the prediction of the possible binding modes of 
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compounds to receptors involved in the biological 
processes (Meng et al., 2011). Docking used to study 
various properties associated with protein-ligand 
interactions such as binding energy, hydrogen bonding, 
hydrophobicity and polarizability of donor and acceptor 
interaction (Shafiq et al., 2012). 

Here, we describe the in vitro cytotoxic activity of 
the MeOH (90%) fraction of the methyl alcohol extract 
of the endophyte Phialophora verrucosa isolated 
from Senecio flavus (Asteraceae) leaves, as well as the 
isolation and identification of the metabolites and 
investigation of the potential molecular mechanism by 
docking simulation.

2. Experimental

2.1. General experimental procedures

ESI-MS spectral analysis performed on LC-MS 
HP1100 Agilent Finnigan LCQ Deca XP Thermoquest 
mass spectrometer. A Bruker DRX-400 spectrometer 
was used for measuring 1D and 2D NMR spectra 
(Bruker, USA). Chromatographic separations performed 
on silica gel 60 (0.04-0.063 mm, Merck, Germany). 
HPLC analysis performed on a Shimadzu LC-10ATVP 
apparatus equipped with a Shimadzu SPD-10A VP UV 
detector and Purospher® STAR RP-18e column (250 x 
10 mm, 5 µm). TLC analysis achieved on pre-coated TLC 
plates with silica gel 60 F254 (0.2 mm, Merck, Germany).

2.2. Plant material

Senecio flavus Decne. Sch.Bip. (Asteraceae) collected 
in April 2015 from the plant wildly growing at the campus 
of Al-Azhar University, Assiut and authenticated by Prof. 
Dr. A.A. Fayed, Professor of Plant Taxonomy, Faculty of 
Science, Assiut University, Assiut, Egypt. A specimen has 
been deposited at the Department of Pharmacognosy 
herbarium, Al-Azhar University (SF.4.15).

2.3. Fungal material isolation and identification 

The endophytic fungus Phialophora verrucosa 
Medlar. was isolated from the sterilized surface of a 
healthy leaf Senecio flavus. The leaf was first washed 
with distilled water, then immersed in 70% aqueous 
ethanol for 1 min, and rinsed in sterile distilled water. 
Finally, it was sliced into 2 × 2 cm pieces, with 3-4 pieces 
deposited on a petri dish containing potato dextrose 
agar plates (PDA, Difco), having gentamicin sulfate 
(200 mg/L) as an antibacterial agent, and plates were 
incubated at room temperature. Several fungi were 
found to grow exclusively out of the leaf tissue. From 
the growing fungi, a pure Phialophora verrucosa fungus 
was isolated by repeated re-inoculation on PDA plates 
(Elkhayat and Goda, 2017). 

2.4. Identification of fungal strain

The fungus identified by Ph.D. Mohamad Taha, 
Department of Microbiology, Al-Azhar University, 

Assiut, Egypt, according to the characteristics of culture 
morphology and spore features (Campel et al., 2011). 
The fungus identified and a specimen has deposited at 
the Department of Pharmacognosy fungal herbarium, 
Al-Azhar University with the culture code (Phia.4.2015). 

2.5. Cultivation of fungal strain 

Mass cultivation of P. verrucosa was carried out in 8 
Erlenmeyer flasks (1 L) for isolation and identification 
of the fungal metabolites. The fungus was grown 
on autoclaved rice solid medium (100 mL of distilled 
water added to 100 g commercially available rice) at 
room temperature under static conditions for 4 weeks 
(Elkhayat and Goda, 2017). 

2.6. Isolation of secondary metabolites

The culture of P. verrucosa extracted with ethyl 
acetate (2 × 500 mL), and concentrated under vacuum 
to give 1.24 g of extract, which was partitioned between 
petroleum ether and 90% methanol in water. The 
hydromethanol fraction (0.93 g) subjected to vacuum 
liquid chromatography on silica gel eluted with 
gradient CH2Cl2: MeOH to give eight fractions (FI-FVIII). 
F-III (19 mg, CH2Cl2: MeOH 7:3) was chromatographed 
over silica gel eluted with petroleum ether: EtOAc (8:2, 
v/v) to afford compound 3 (2.8 mg). Purification of F-IV 
(16mg, CH2Cl2: MeOH 6:4) on semi-preparative HPLC 
using MeOH/H2O (7:3, v/v) afforded compounds 1 
(3.2 mg) and 2 (3.7 mg) and F-V (21mg, CH2Cl2: MeOH 
1:1) purified by semi-preparative HPLC using MeOH/
H2O (75:25, v/v) afforded compounds 4 (4.2 mg) and 
5 (2.9 mg). Other fractions were retained for further 
investigation.

2.7. Cytotoxic activity

The cytotoxic activity of the hydromethanolic 
fraction was tested against hepatic (HepG2) and 
breast (MCF-7) cancer cell lines by MTT assay as being 
previously reported  by Barakat et al. (2019). Cell lines 
were obtained from VACSERA, Cairo, Egypt. Five serial 
dilutions of the tested sample and 5- fluorouracil were 
investigated, each experiment was done in triplicate, 
results were expressed as mean ± standard deviation 
and IC50 was calculated by Sigmaplot 12 software 
program.

2.8. Molecular simulation study

Molecular Operating Environment MOE program 
2008.10 used for the molecular simulation (docking) 
study. Crystal structures of the vascular endothelial 
growth factor receptor (VGEFR-2) complexed with 
sorafenib (PDB ID: 4ASD), and of CDK-2 (PDB ID: 
2DUV), CDK-4 (PDB ID: 1GIH) and of CDK-6 (PDB ID: 
1XO2), were downloaded from the protein data bank. 
The downloaded crystal structures were prepared 
for docking by adding the missing protons, deleting 
water molecules and all unnecessary co-crystallized 
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ligands and metals using MOE software. Docking study 
performed using the software default parameters, 
and results of binding affinity to the active site were 
expressed as an energy score of binding (kcal/mol) 
(AbdElhameid et al., 2018).

3. Results and Discussion

3.1. Cytotoxic activity

The MTT assay was conducted to evaluate the anti-
proliferative activity of the hydromethanolic fraction 
of the ethyl acetate extract of P. verrucosa against the 
breast cancer (MCF-7) and liver carcinoma (HepG-2) 
cell lines. Investigation of serial dilution of the fraction 
(100, 25, 6.25, 1.56 and 0.39 μg) revealed cell growth 
inhibition in a dose dependent manner for both cell lines 
(Table 1 and Fig. 1). According to the American National 
Cancer Institute guidelines, the extract having cytotoxic 
activity with an IC50 value < 30 μg/mL was considered 
as a promising platform for developing anticancer 
drugs (Mrid et al., 2019). The hydromethanolic fraction 
showed activity with an IC50 of 20.01 and 28.44 μg/
mL, respectively, in comparison to 5-fluorouracil IC50 
(11.05 and 12.46 μg/mL, respectively) (Fig. 2). Therefore, 
we applied the molecular docking to investigate the 

isolated polyketides to explore the active compound/
compounds and the underlying mechanism.

Fig. 1. Cytotoxic activity dose response curve of the 
MeOH (90%) fraction of P. verrucosa. extract.

Fig. 2. IC50 of MeOH (90%) fraction of P. verrucosa 
alcoholic extract against HepG2 and MCF7 cell lines.

3.2. Compounds identification 

The EI-MS spectrum of compound 1 (Fig. 3), 
obtained as a reddish-white needles, showed molecular 
ion peak at m/z 195 [M+H]+. The 1H and 13C NMR (Table 
2 and Table 3), spectra identified a tetralone structure, 
as the signals of two singlet aromatic methines at δH 
6.13 (H-5) and 6.02 (H-8), an oxymethine at δH 4.17 
(1H, m, H-3), two methylenes at δH 2.74 (2a) and 2.49 
(2b), and at δH 2.71 (4a) and 2.98 (4b), in addition to 
a carbonyl signal at δC 202.3 (C-1). The COSY and 
HMBC experiments identified 1 as 3,6,7-trihydroxy-α-
tetralone, previously isolated from Phoma sp. (Wang et 
al., 2012), and Phialophora lagerbergii (Alderidge et al., 
1974), it is the first isolation of the compound from the 
verrucosa species.
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Fig. 3. Structures of isolated compounds 1-5 from P. verrucosa.

Compound 2 (Fig. 3), isolated as white needle 
crystals, with molecular ion peak at m/z 195 [M+H]+, in 
the EI-MS spectrum. The 1H and 13C NMR (Table 2 and 
3), were comparable to compound 1. The substitution 
pattern of the aromatic ring displayed two meta-
coupled protons at δH 6.52 and 6.1 (J = 2.0 Hz), H-5 
and H-7. The oxymethine at δH 4.65, two oxygenated 
aromatic methines at δC 162.3 and 166.3 (C-6 and C-8), 
identified compound 2 as 6-hydroxyisosclerone which 
was isolated from Alternaria sp. (Wang et al., 2017), and 
the deep sea fungus Diaporthe phaseolorum (Guo et al., 
2019). This is the first isolation of 6-hydroxyisosclerone 
from the genus Phialophora.

Compound 3 (Fig. 3), isolated as a brownish 
residue, the EI-MS spectrum showed molecular ion 

peak at m/z 179 [M+H]+. The 1H and 13C NMR spectra 
(Table 2 and 3), identified a benzopyrone nucleus 
as the set of proton signals owed to three aromatic 
methines at δH 6.41, 7.33 and 6.48 suggesting 
trisubstituted phenyl ring. The oxygenated methine 
at δC 73.8 (δH 4.56), aliphatic methylene 2.66 and 
2.73, and a carbonyl at δC 198.5, in addition to the 
doublet methyl (1.51, 3H, d, J = 6.3 Hz) and the 
oxygenated aromatic carbon (δC 162.1) suggested 
a 5-hydroxy-2-methyl benzopyranone structure. 
Reviewing literatures confirmed 3 to be 2,3-dihydro-
8-hydroxy-2-methyl-benzopyran-1-one isolated from 
Phialophora gregata (Gray et al., 1999) and Hypoxylon 
haweianum (Anderson et al., 1983), it is isolated from 
the verrucosa species for the first time.

Table 2
1H (400 MHz), CDCl3 of compounds 1-5.

No.
Compounds δH (ppm, J in Hz)

1 2 3 4 5

2a 2.49 (1H, dd, J =17, 7.6 Hz ) 2.48 (1H,m) 2.66 (1H, dd, J =17.2, 3.7 Hz ) 6.02 (1H,s) 5.96 (1H, s)

2b 2.74 (1H, dd, J = 17, 4.0 Hz) 2.62 (1H,m) 2.73 (1H, dd, J = 17.2, 12.0 
Hz)

3 4.17 (1H, m)
1.9 (1H,m)

2.13 (1H,m)
4.56 (1H, m) - -

4a
4b

2.71 (1H,dd, J =16, 3.6 Hz )

2.98 (1H, dd, J =16, 3.2 Hz )
4.65 (1H,dd, 9.0, 4.0 

Hz) - - -

5
6

6.13 (1H, m)

-

6.52 (1H,d, J = 2.0 Hz)

-

6.41 (1H, dd, J = 8.3, 1.8 Hz)

7.33 (1H, dd, J = 8.3, 8.1 Hz)

6.65 (1H,d, J = 2.1 Hz)

-

6.62 (1H, d, J = 1.8 Hz)

-

7 - 6.10 (1H,d, J = 2.0 Hz) 6.48 (1H, J = 8.3, 1.8 Hz) 6.63 (1H, br.s) 6.58 (1H, d, J = 1.8 Hz)

8 6.02 (1H, s ) - - - -

1’ - - - -
2.56 (1H, m)

2.61 (1H, m)

2’ - - - - 4.12 (1H, m)

3’ - - - - 1.21 (3H, d, J = 6.1 Hz)

3-Me - - 1.51 (3H, d, J = 6.3 Hz) 2.33 (3H, s) -

8-Me - - 2.64 (3H, s) 2.63 (3H, s)
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Compound 4 (Fig. 3), obtained as a yellow viscous 
oil, EI-MS analysis showed pseudo-molecular ions at 
m/z 191.3 [M+H]+ indicating a molecular weight of 
190. The 1H-NMR spectrum (Table 1) showed meta-
coupled protons at δH 6.65 [d, J = 2.1 Hz] and 6.63 
[brs], corresponding to H-7 and H-5, respectively. 
The vinylic singlet hydrogen H-2 at δH 6.02 and two 
singlet methyls at δH 2.33 and 2.64 ppm (CH3-3 and 
CH3-8, respectively). The COSY and HMBC experiments 
identified 3,8-dimethyl-7-hydroxychromone (Ayer and 
Racok, 1990; Orfali et al., 2017), known as altechromone 
A and previously isolated from Alternaria sp. (Orfali et 
al., 2017). This is the first isolation of altechromone A 
from the genus Phialophora. 

Compound 5 (Fig. 3) isolated as a white amorphous 
powder. The NMR spectra were comparable to 
compound 4, with increment of 44 mass unit as the EI-
MS exhibited a molecular ion at m/z 235.1 [M + H]+. The 
1H and 13C NMR spectral data (Table 2 and 3) revealed 
the presence of a terminal 2-hydroxy propyl residue as 
the doublet methyl at δH 1.21, oxymethine δH 4.12 and 
the methylene at δH 2.61. The H-H COSY and HMBC 
experiments assembled the 2′-hydroxy propyl residue at 
C-3 of 8-methyl-6-hydroxychromone nucleus, proofing 
compound 5 as 6-hydroxy-2-(2-hydroxypropyl)-8-
methyl-4H-chromone, known as aloesol (Xu et al., 2009), 
previously isolated from the deep sea fungus Diaporthe 
phaseolorum (Guo et al., 2019), and from Pestalotiopsis 
sp. known as aloesol (Xu et al., 2009). It is isolated here 
for the first time from the genus Phialophora.

Table 3
13C (100 MHz), CDCl3 of compounds 1-5.

No.
Compounds δC (ppm)

1 2 3 4 5

1 202.3 203 198.5 170.3 177.8

2 47.4 36.1 43.8 110.7 110.2

3 66.9 33.1 73.8 163.2 167.8

4 39.2 68.1 - - -

4a 146 148.3 161.7 118.1 159.4

5 109 107.2 101.8 101.8 98.6

6 166.5 162.3 160.9 160.9 159.9

7 166.7 102.1 109.1 116.8 113.1

8 101.7 166.3 162.1 141.3 142.3

8a 117.1 109.7 108.3 159.2 114.7

1’ - - - - 43.4

2’ - - - - 65.8

3’ - - - - 23.1

3-Me - - 20.8 19.7 -

8-Me - - - 22.5 22.3

3.3. Molecular docking study of isolated compounds 

Hepatocellular carcinoma (HCC) development 
involves different pathways and enzymes that promote 
cell division in unorganized ways. HCC is a highly 
vascularized tumor characterized by defects in the 
angiogenesis signalling pathway. Reduction of the pro-
angiogenic enzymes as vascular endothelial growth 
factor receptor-2 (VEGFR-2), can reduce the angiogenesis 
and thus block the tumor growth. VEGF-2 is a growth 
factor that can be used as a target for HCC treatment 
(Meng, 2013; AbdElhameid et al., 2018). The cyclin-
dependent kinases (CDKs) are also well-established 
targets for cancer treatment. They are key factors in 
cell cycle regulation and control of cell proliferation, 
especially CDK2, CDK4 and CDK6 (Hanse et al., 2009; Shi 
et al., 2015; Sherr et al., 2016). Thus, VEGFR-2 and CDKs 
inhibition is a promising and effective approach for 
new therapeutics of cancer treatment. Here, we utilized 
VEGFR-2 and CDKs as representative for angiogenesis 
and cell cycle regulation, respectively. The binding 
affinity score for the compounds are listed in Table 4. 
The docking score showed that compound 5 had the 
most stable binding energy to allosteric site of CDK-2 
and 4. Meanwhile, compound 1 had the highest binding 
score to VEGFR-2 and CDK-6. In addition, compounds 2 
and 3 displayed moderate affinity to examined proteins, 
while compound 4 was the least active.

Table 4
Docking score of the isolated compounds against 
different receptors.

Compound VEGFR-2 CDK 2 CDK 4 CDK 6
1 -12.988 -11.872 -9.9778 -11.069

2 -9.8349 -8.9467 -8.0039 -9.1497

3 -9.8242 -8.859 -8.234 -8.7249

4 -9.2765 -7.1552 -7.9127 -8.3996

5 -12.668 -13.387 -12.269 -10.676

Fig. 4A shows that compound 5 interacts with CDK-

2 receptor by forming weak hydrogen bond with the 
hydroxyl group of the side chain of Leu83 residues 
(bond lengths are 2.90 and 2.86 Å), while the Phe80 
residue forms arene-arene interaction with the 
aromatic ring of 5. In fact, the hydrophobicity plays 
an important role in the interaction of 5 with CDK-
2 (Fig. 4A). In addition, compound 5 showed good 
affinity to CDK-4 (Fig.-4B) through hydrogen bonds 
between leu83 residues with the hydroxyl group of 
the side chain (bond distances are 2.46 and 2.53 Å). 
The involved hydrophobic interactions are Ile10, Val18, 
Ala31, Lys33, Phe80, Glu81, Phe82, Leu83, Leu134 and 
Asp145. Compound 1 showed high binding affinity to 
VEGFR-2 and CDK-6. It interacts with VEGFR-2 through 
formation of three hydrogen bonds with Glu885 (1.41 
Å), Ile1025 (1.56 Å) and Asp1046 (1.33 Å) (Fig. 5A). It 
also interacts with CDK-6 through formation of three 
hydrogen bonds with Glu31 (1.58), Val150 (1.61) 
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and Leu 193 (1.42) (Fig. 5B). The hydrophobic interactions involved in receptor binding (see Fig. 5).

Fig. 4. 2D and 3D Ligand interactions of compound 5 with CDK-2 (A) and CDK-4 (B).

 Fig. 5. 2D and 3D ligand interactions of compound 1 with VEGFR-2 (A) and CDK-6 (B).
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4. Concluding remarks

P. verrucosa extract has shown cytotoxic activity against 
HepG2 and MCF-7 cell lines. Chromatographic isolation 
afforded five polyketides (1-5); of which compounds 2, 
4 and 5 have been isolated for the first time from the 
genus Phialophora. Molecular docking study showed 
that compound 5 has the most stable binding energy 
to allosteric sites of CDK-2 and 4 with docking score 
-13.3865 and -12.269 kcal/mole respectively. While 
the highest binding score to VEGFR-2 and CDK-6 has 
associated with compound 1. Both compounds 1 and 
5 are therefore promising candidates for anticancer 
molecules.
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