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Abstract Lichens are used in folklore medicines across the

globe for wound healing and to treat skin disorders and

respiratory diseases. They are an intricate symbiosis

between fungi and algae with the domination of fungal

counterparts. Recent research studies pointed out that yeast

is a third major partner in lichens. Endolichenic fungi

(ELF) are also a part of this complex miniature ecosystem.

The highly competitive environment of lichens compels

ELF to produce toxic metabolites which are comparatively

less explored for their chemical diversity and use. Here, we

investigated 31 ELF isolated from 32 lichens found on

mangrove plants at Puttalam Lagoon of Sri Lanka to find

cytotoxic molecules by applying LC-UV-HRMS analysis

and in vitro bioassays. The studies resulted in the

identification of three potent cytotoxic molecules from

endolichenic fungi Talaromyces pinophilus isolated from

host lichen Porina tetracerae. The ethyl acetate extract of

this fungus showed moderate cytotoxicity against the

breast cancer cell line. Chemical characterization of ethyl

acetate extract of T. pinophilus produced peniazaphilin B,

152G256a-1, and ES-242-3. The structures of these

molecules were confirmed by NMR and MS data. We are

reporting ES-242-3 for the first time from the genus

Talaromyces and peniazaphilin B and 152G256a-1 from T.

pinophilus. The isolated compounds were evaluated for

their anticancer potential against breast, oral and cervical

cancer cell lines. Compound 152G256a-1 showed potent

cytotoxicity against oral cancer (CAL-27 cell line) with an

IC50 value of 2.96 ± 0.17 lM while ES-242-3 showed the

best activity against breast cancer (MCF-7 cell line) and

cervical cancer (HeLa cell line) with IC50 value

14.08 ± 0.2 lM and 4.46 ± 0.05 lM respectively. An in-

silico analysis was carried out to predict the mechanism of

in-vitro activity, drug likeliness, and pharmacokinetic

profile of the isolated compounds. The study confirms the

potential of ELF T. pinophilus to produce diverse bioactive

scaffolds and encourages the researchers to further explore

the fungus and its metabolites with newer technologies to

produce potent anticancer leads.
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Introduction

Drug resistance in cancer therapy is a multifaceted chal-

lenge due to numerous factors like tumor microenviron-

ment, tumor heterogeneity, immune system, tumor burden,

growth kinetics, etc. that contribute to its complexity.

Scientists have proposed multiple solutions to tackle this

issue, major being the discovery of novel drugs [1, 2].

Natural Products is a well-established source of unique

scaffolds having potent pharmacological activities. In

cancer therapy, above 60% of drugs are based on Natural

Products such as podophyllotoxin, camptothecin, pacli-

taxel, and vinblastine [3, 4]. The landscape of bioactive

compounds from nature indicate that one of the major

contributor is fungi underlining its significant role in the

process of drug discovery [5]. Lichen is one of the unique

biodiverse ecosystems consisting of fungi, algae and other

microorganisms. It holds an important place in folk med-

icine and is a source of thousands of secondary metabolites

[6]. However, the origin of these bioactive metabolites is

still not well defined, it could either be lichen-forming

fungi or other associated microbes. Lichens are slow-

growing and difficult to harvest in larger quantities and

therefore, researchers are trying to find culturable

microorganisms that are obtained from lichen and are able

to produce bioactive secondary metabolites. Endolichenic

fungi (ELF) are one of such organisms residing within the

lichen thalli and only 2% of the total diversity of ELF has

been explored in terms of its chemical potential [7]. ELF

residing within mangrove based lichens can produce

unique secondary metabolites as they are exposed to the

harsh environment due to high humidity and salinity.

Considering this rationale, the current study was planned to

explore the chemical diversity of endolichenic fungi iso-

lated from lichens residing on mangrove plants of Puttalam

lagoons from Sri Lanka.

A study of 32 lichens from Puttalam Lagoon, Sri Lanka

resulted in 171 ELF belonging to various genera like

Aspergillus, Byssochlamys, Talaromyces, Daldinia, Dia-

porthe, Phomopsis, Cerrena, Xylaria, Endomelanconiop-

sis, Schizophyllum, Trichoderma, Hypoxylon, Preussia,

Sordaria, Lasiodiplodia, and Neurospora [8]. Here, we

have screened ethyl acetate extracts of 31 ELF from the

above-mentioned fungus species using LC-HRMS based

cluster analysis [9] and investigated Talaromyces pino-

philus for its bioactive secondary metabolites. The note-

worthy potential of fungi from genus Talaromyces to

produce diverse chemical scaffolds has been evident from

the published reports [10]. Three bioactive compounds

were isolated from T. pinophilus and evaluated their

cytotoxicity against breast cancer (MCF-7), cervical cancer

(HeLa), and oral cancer (CAL-27) cell lines. In addition,

drug likeliness, pharmacokinetic properties, and its inter-

action with various receptors associated with the respective

cell lines were predicted through in-silico studies.
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Materials and Methods

General Methods

Jasco binary HPLC system with ChromPass software was

used for the analysis of extracts, fractions, and pure com-

pounds. Phenomenex C18, 250 9 4.60 mm (L 9 I.D.),

5 lm particle size column was used. The mobile phase was

acetonitrile and 0.1% formic acid in DI water with gradient

elution. Agilent 1290 Infinity UHPLC system connected to

QTOF 6545 instrument was used for LC-HRMS analysis of

the samples. Poroshell 120 SB C18, 2.7 lm particle size,

L 9 I.D. 4.6 9 100 mm column was used. Gradient elu-

tion at 0.4 mL/min flow rate with initial hold up to 3 min at

10% methanol in 0.1% v/v of formic acid in DI water,

which was increased to 95% from 3 to 9 min and held at

95% till 11 min. From 11 to 15 min the solvent composi-

tion adjusted to starting condition for the equilibration and

next injection readiness. PDA (254 nm) and Q-TOF

(100–1000 Da) detectors were used for the analysis. The

data was analysed using Masshunter software. Agilent

1260 infinity semi-preparative HPLC system, Zorbax RX

C18, 250 9 9.4 mm, 5 lm particle size column were used

for purification of compounds. Mobile phase initial hold of

5 min was kept at 5% acetonitrile and 95% of DI water

having 0.1% formic acid, the gradient increase of solvent

was given from 5 to 95% in next 10 min followed by a hold

at 95% from 15 to 25 min. Bruker 8150 FTIR instrument

was used to acquire FTIR spectrum in the range of

400–4000 cm-1 and analyzed using OPUS 7.5 software

(Bruker, Germany). Thermo Scientific Evolution 300

instrument was used for UV specific absorptivity analysis.

Jasco J815 model was used for CD analysis which was

performed at central instrument facility, Indian Institute of

Technology (IIT), Gandhinagar. The NMR spectra 1D, and

2D were acquired on Bruker’s 500 MHz instrument (Bru-

ker, Avance NEO, MA, USA) using solvents like CDCl3
and MeOD.

Culturing and Extraction of T. pinophilus

Isolation of ELF from lichens belonging to mangrove

plants of Puttalam Lagoon, Sri Lanka has been discussed in

the earlier article [8]. T. pinophilus isolated from the host

lichen Porina tetracerae was cultured on potatoes dextrose

agar (100 plates; plate size 10 9 20 mm) incubated for

14 days. The agar media was prepared by using 210 g of

potatoes, 168 g of glucose, and 161 g of Agar for 7 L of

media. The mycelia along with the media were cut into

small pieces and extracted with ethyl acetate

(6 9 500 mL) followed by evaporation of the solvent

under reduced pressure. The extract was transferred to

glass vials and purged with N2 to remove the residual

solvent and stored at 0 �C [8].

Isolation and Characterization of Compounds

Ethyl acetate extract of T. pinophilus culture (820 mg) was

subjected to normal phase (neutral silica #230-400) chro-

matography with a step gradient of hexanes: ethyl acetate

combinations (100% hexanes to 100% ethyl acetate; step of

10%). The fractions eluting from the column were col-

lected and monitored using TLC and HPLC and similar

profile fractions were mixed leading to 21 fractions. The

semi-preparative HPLC method was utilised for the

purification of enriched fractions 11 and 12. Zorbax SB-

C18, 9.4 9 250 mm, 5 lm particle size column was used.

Gradient elution method was used with acetonitrile and

0.1% v/v formic acid in DI water. Fraction 11 led to the

isolation of peniazaphilin A (4.5 mg), and 152G256a-1
(3.1 mg), while compound ES-242-3 (2.4 mg) was isolated

from fraction 12.

Characterisation of the Isolated Compounds

Peniazaphilin B

HRMS m/z: 209.0827 [M ? H]?; Molecular formula:

C11H12O4; FTIR mmax cm-1: 3550(OH), 1740 (C = O); UV

(MeOH) (kmax) e: 214 (4.3), 263.5 (4.1) and 298 (3.7) nm;

CD (MeOH) D e (nm): - 7.37 (231), ? 1.38

(250), - 6.69 (269); 1H NMR (500 MHz, CDCl3) (d) 4.54
(H-2,m), 2.82 (H-3, m), 6.33 (H-4, s), 6.43 (H-6, s), 3.82

(H-10, s), 1.46 (H-11,d, J = 5 Hz); 13C NMR (125 MHz,

CDCl3) (d) 163.82 (C-1), 73.88 (C-2), 36.20 (C-3), 106.5

(C-4), 162.8 (C-5), 98.69 (C-6), 165.53(C-7), 105.75 (C-8),

144.0 (C-9), 55.95 (C-10), 220.6 (C-11).

152G256a-1

HRMS m/z: 663.2298 [M ? H]?; Molecular formula::

C32H38O15; FTIR mmax cm-1: 3500 (OH), 2935 (C-H),

1736 (C = O), 1052 (C-O); UV (MeOH) (kmax) e: 4.6

(217), 4.2 (265) and 3.9 (303) nm; CD (MeOH) D e
(nm): - 18.79 (212), ? 5.92 (231), ? 10.23 (268) 1H

NMR (500 MHz, CDCl3) (d) 6.32 (H-8, d, J = 2.4 Hz),

6.29 (H-24, d, J = 2.4 Hz), 6.24 (H-22, d, J = 2.4 Hz),

6.14 (H-10, d, J = 2.1 Hz), 1.49 (H-18, d, J = 6.3 Hz),

1.44 (H-4, d, J = 6.3 Hz), 1.29 (H-28, d, J = 6.2 Hz), 1.18

(H-14, d, J = 6.2 Hz), 5.66 (H-17,m), 5.52 (H-3, m), 5.22

(H-27, m), 5.15 (H-13, m), 4.32 (H-31), 4.07 (H-32,m),

3.51 (H-12a,m),2.89 (H-12b, m), 3.17 (H-26a, d,

J = 6.8 Hz) 2.86 (H-26b, m), 2.84 (H-16a, m), 2.81 (H-

16b, m), 2.76 (H-2a, m), 2.70 (H-2b, m), 2.52 (H-30a, m),

2.46 (H-30b, m); 13C NMR (125 MHz, CDCl3) (d) 171.37
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(C-1), 40.48 (C-2), 69.22 (C-3), 20.11 (C-4), 171.34 (C-5),

105.66 (C-6), 165.03 (C-7), 102.39 (C-8), 160.86 (C-9),

111.60 (C-10), 142.33 (C-11), 40.74 (C-12), 71.74 (C-13),

19.78 (C-14), 170.24 (C-15), 41.07 (C-16), 69.03 (C-17),

19.80 (C-18), 170.10 (C-19), 105.15 (C-20), 165.36 (C-21),

102.40 (C-22), 160.97 (C-23), 110.84 (C-24), 142.08 (C-

25), 40.66 (C-26), 72.20 (C-27), 19.42 (C-28), 170.40 (C-

29), 38.37 (C-30), 66.30 (C-31), 67.32 (C-32).

ES-242-3

HRMS m/z: 621.2331 [M ? H]?; Molecular formula:

C34H36O11; FTIR mmax cm-1: 3392(OH),2937 (C-H), 1733

(C = O), 1097 (C-O); UV (MeOH) (kmax) e: 4.9 (239), 4.1

(296), 4.1 (308), 4.0 (339) and 4.1 (354) nm; CD (MeOH)

D e (nm): ? 1.84 (239), - 4.16 (252), - 0.24 (339) 1H

NMR (500 MHz, MeOD) (d) 6.58 (7-H, d, J = 2.3 Hz),

6.55 (H-7’, d, J = 2.2 Hz), 6.10 (H-5, d, J = 2.3 Hz), 5.85

(H-5’d, J = 2.2 Hz), 5.31 (H-4, d, J = 1.6 Hz, 1H), 5.17

(H-1a, d, J = 15 Hz), 5.20 (H-1’a, d, J = 15 Hz), 4.78 (H-

1b, d, J = 15 Hz), 4.80 (H-1b’, d, J = 15 Hz),3.88 (H-4’, d,

J = 1.7 Hz), 3.86 (H-3’, m), 3.76 (H-3, m), 1.18 (H-11, d,

J = 6.4 Hz), 1.01 (H-11’, d, J = 6.4 Hz), 3.41 (H-6-OCH3,

s), 4.07 (H-8-OCH3, s), 1.06 (H-4-O(C = O)CH3, s), 3.42

(H-6’-OCH3, s), 4.06 (H-8’-OCH3, s) 13C NMR

(125 MHz, MeOD) (d) 64.62 (C-1), 73.93 (C-3), 66.07 (C-

4), 130.01 (C-4a), 98.12 (C-5), 157.49 (C-6), 98.13 (C-7),

157.17 (C-8), 110.28 (C-8a), 149.53 (C-9), 114.34 (C-9a),

125.89 (C-10), 135.49 (C-10a), 15.90 (C-11), 54.14 (6-

OCH3), 54.09 (8-OCH3), 169.81 (4-O(C = O), 17.93 (4-O-

(C = 0)CH3)64.50 (C-1’), 73.31 (C-3’), 67.09 (C-4’), 135

(C-4’a), 99.14 (C-5’), 157.10 (C-6’), 97.35 (C-7’), 157.42

(C-8’), 110.04 (C-8’a), 149.39 (C-9’), 114.18 (C-9’a),

123.92 (C-10’), 136.10 (C-10’a), 15.80 (C-11’), 55.66 (6’-

OCH3), 55.68 (8’-OCH3).

In-Vitro Anticancer Activity

Anticancer activity of extracts were tested against MCF-7

cell line using Alamar Blue assay [11] in the concentration

range of 5, 50, 100, and 150 lg/mL. The pure compounds

were evaluated for their anticancer activity against MCF-7

(Breast cancer) cell line at the concentration of 1, 10, 50,

and 100 lM and, HeLa (cervical cancer) and CAL-27

(Oral cancer) cell lines at the concentration of 1, 5, 10 and

20 lM. The compounds were evaluated for cytotoxicity on

normal human breast cell line MCF-10A at concentrations

5, 10, 50, and 100 lM. The fluorescence was measured

using the Varioscan Go instrument with Scanit software.

The data were analysed using Graphpad prism software.

In-Silico Studies

Protein Structure Selection and Retrieval

Human estrogen receptor (ESR1) and WNT-7B receptors

were selected as target proteins for MCF-7 cell lines to

represent Breast cancer. The structural and functional

details of ESR1 and WNT-7B were obtained from

Universal Protein Resource (UniProtKB) database with

UniProt ID P03372 and P56706 respectively. The experi-

mental structure of ESR1 was retrieved from RCSB (Re-

search Collaboratory for Structural Bioinformatics), PDB

(Protein Data Bank) with ID 3ERT, having resolution

1.90 Å. As the experimental structure of protein WNT, -

7B was not available in PDB, the structure was predicted

through homology modelling using modeller 9.21. The

amino acid sequence of the protein was retrieved from

UniProt ID P56706 which was further analysed using

BLAST for getting templates (4F0A-B chain and 6AHY-B

chain). Subsequently, programmed cell death 6-interacting

protein (ALIX) and tumor susceptibility gene 101 protein

Table 1 Clusters of ELF

species according to LC–UV–

MS analysis

Priority 1 Priority 2 Priority 3

Talaromyces pinophilus Diaporthe arengae Nigrospora sp.

Lasiodiplodia crassispora Xylariaceae sp. Phomopsis sp.

Byssochlamys spectabilis Nigrospora sphaerica Hypoxylon anthochroum

Endomelanconiopsis sp. Lasiodiplodia theobromae Neurospora sp.

Aspergillus hiratsukae Xylaria psidii

Xylariaceae sp. Xylaria feejeensis

Neosartorya hiratsukae Daldinia eschscholtzii

Chaetomium fuscum Lasiodiplodia pseudotheobromae

Preussia tenerife Hypoxylon anthochroum

Xylaria castorea Nodulisporium sp.

Neurospora crassa Rigidoporus vinctus

Aspergillus aculeatus Aspergillus fumigatus

Endomelanconiopsis sp. Schizophyllum commune
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(TSG101) were selected for oral cancer while their struc-

tural and functional details were obtained from the Uni-

ProtKB database with UniProt ID Q8WUM4 and Q99816

respectively. The experimental 3D structures of ALIX and

TSG101 were obtained from RCSB, PDB with PDB ID

3C3R (Resolution: 2.02 Å) and 3OBQ (Resolution:

1.40 Å). In the case of cervical cancer, transferrin receptor

protein (TFRC) was selected with UniProt ID P02786 and

structure was obtained from RCSB, PDB with ID 1DE4

having resolution 2.80 Å [12, 13].

Prediction of Binding Pockets

The binding site for ESR1 was predicted through PDBsum

online database whereas for WNT7B, ALIX, TSG101 and

TFRC was predicted through CASTp, DEPTH and Ghe-

com online tools [14].

Molecular Docking

The structures of pure compounds were docked against the

selected abovementioned proteins using AutoDock 4.2. To

efficiently dock with ligands/compounds the grids were

generated for each of the proteins. The space dimension

parameters for them were a) ESR1: x-centering 72,

y-centering 58 and z-centering 66; b) WNT7B: x-centering

126, y-centering 126 and z-centering 126; c) ALIX:

x-centering 120, y-centering 90 and z-centering 126; d)

TSG101: x-centering 62, y-centering 74 and z- centering

80; e)TFRC: x-centering 124, y-centering 104 and z-cen-

tering 94. Consequent docking complexes were evaluated

for binding energy scores, ligand efficiency, intermolecular

H-bonds and other interactions. The interactions are visu-

alised in Discovery Studio Visualizer [15].

Drug Likeliness and Pharmacokinetics

Molinspiration, Molsoft, ADMET SAR, and Swiss ADME

were used to assess the drug likeliness of molecules

according to the number of hydrogen bond acceptors

(HBA) and hydrogen bond donors (HBD), molecular mass,

and Log P-value. Furthermore, their predicted absorption,

distribution, metabolism, and excretion (ADME) properties

were evaluated by Pre ADMET and the Swiss ADME

online tool [16].

Table 2 In-vitro cytotoxicity

assay data of priority 1 extracts
Sr. no. Name of Fungi (Ethyl acetate extract) IC50 against MCF-7

1 Talaromyces pinophilus 37.03 ± 0.7 lg/mL

2 Lasiodiplodia crassispora 75.97 ± 0.3 lg/mL

3 Byssochlamys spectabilis 96.23 ± 0.4 lg/mL

4 Endomelanconiopsis sp. 88.45 ± 0.6 lg/mL

5 Doxorubicin (Positive control) 1.31 ± 0.06 lM

Fig. 1 Culture of endolichenic fungi Talaromyces pinophilus

Fig. 2 Structures of isolated

compounds from endolichenic

fungi Talaromyces pinophilus
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Results and Discussion

Cluster analysis is a technique of grouping similar sets in

one cluster. This helps in analyzing the patterns, similari-

ties, and differences in the data set [9]. In this study, the

LC-UV-HRMS data of ethyl acetate extracts of 31 endo-

lichenic fungal strains were analysed thoroughly for the

prominent peaks and their patterns for segregation into

three clusters Priority 1, Priority 2, and Priority 3. The

prioritising of extracts was based on UPLC-UV (254 nm)

as well as Mass profile. Here, the extracts with a single

major peak or 2–3 major peaks were placed in the priority 1

group. The extracts showing the presence of 5–7 moderate

height peaks were placed in the priority 2 group and lastly,

the extracts with less intense peaks were placed in priority

3. Ethyl acetate extracts of Talaromyces pinophilus,

Lasiodiplodia crassispora, Byssochlamys spectabilis, and

Endomelanconiopsis sp. have qualified for priority 1

(Table 1). Anti-cancer activity of these priority 1 extracts

was evaluated in vitro against human breast cancer cell line

MCF-7. The observed IC50 value of all the screened

extracts after treatment of 24 h have been depicted in

Table 2. Ethyl acetate extract of T. pinophilus showed the

best IC50 value 37.03 lg/mL among all tested extracts and

hence, the fermentation of this culture at higher volume

and further investigated to isolate bioactive compounds

(Fig. 1).

Normal phase (Si) column chromatographic separation

followed by reversed-phase semi-preparative HPLC resul-

ted in three pure compounds. Characterisation of the iso-

lated compounds was done using UV, FTIR, HRMS, CD,

and NMR (refer to supplementary information). Compound

Table 3 In-vitro anti-cancer

assay of compounds on MCF-7,

Cal-27 and HeLa cell line (IC50

in lM)

Sr. no. Compound MCF-7 Cal-27 HeLa

1 Peniazaphilin B 51.98 ± 0.05 12.21 ± 0.3 10.38 ± 0.09

2 152G256a-1 24.01 ± 0.1 2.96 ± 0.17 5.09 ± 0.13

3 ES-242-3 14.08 ± 0.2 9.05 ± 0.04 4.46 ± 0.05

4 Doxorubicin 1.24 ± 0.01 1.45 ± 0.01 1.16 ± 0.01

Table 4 Molecular docking scores of isolated compounds against breast cancer-associated proteins

Protein Compound Binding

energy

(kcal/mol)

Inhibition

constant

Ligand

efficiency

No. of

conventional

H-bonds

Hydrophobic

interaction forming

residues

The average distance

of H Bonds (Å)

ESR1 (PDB

ID: 3ERT)

Peniazaphilin

B

- 6.5 17.29 - 0.43 2(Lys449,

Glu353)

Pro324 2.5

15G256a-1 - 2.64 11.71 - 0.66 3(Cys530,

Glu419,

Met522

Met528

Cys530

Val533

Trp350

Leu525

Met343

2.4

ES-242-3 - 8.36 744.44 - 0.19 3(Cys530,

Met528,

Asp351)

Leu525, Trp383,

Cys530

2.5

WNT7B Peniazaphilin

B

- 5.81 55.12 - 0.39 2(Trp82,

Lys229)

Phe79

Arg81

Ala301

2.7

15G256a-1 - 6.74 11.39 - 0.14 1(Ser124) His117

Ala121

Leu218

Lys220

Trp215

2.1

ES-242-3 - 6.07 35.63 - 0.13 3(Asn325,

Gln323,

Glu341)

Trp215, Cys324,

Cys339

2.1
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1 was obtained as a pale yellow powder. The empirical

formula was deduced as C11H12O4 with 6 degrees of

unsaturation according to the observed [M ? H]?

209.0805 m/z, [M ? Na]? 231.0618 m/z. It was further

confirmed by 1H, 13C and DEPT-135 NMR data. A liter-

ature search of molecular formula, accurate mass and NMR

data in Dictionary of Natural Products (DNP) have

revealed that the compound could be peniazaphilin B,

which is reported from Penicillium sp. CPCC 400,786 [17]

and Talaromyces thailandiasis [18], although no reports

were available from species T. pinophilus. The careful

comparison of 1H, 13C, DEPT, COSY, HSQC and HMBC

data of compound 1 with the reported data of peniazaphilin

B confirmed its 2D structure (Fig. 2a). Circular dichroism

data confirmed its 3R configuration evident by negative

cotton effect at 231 and 269 nm and positive cotton effect

at 250 nm [17].

The compound 2 was isolated from fraction 11 as a

white powder with [M ? H]? at 663.2298 m/z, empirical

formula C32H38O15 (14 degrees of unsaturation). 1H and
13C and DEPT-135 data of 2 indicated the presence of 4

methyl, 6 methylene, 5 methine, and 13 quaternary car-

bons. The 13C NMR signals at d 171.37, 171.34, 170.24,

170.10, and 170.40 indicated 5 carbonyls and 1H chemical

shifts at d 5.52, 5.13, 5.66, 5.22, and 4.30 with corre-

sponding carbon chemical shifts at d 69.22, 71.13, 69.03,

72.20, and 66.30 revealing macrocyclic pentalactone

scaffold. This partial structure was searched in DNP and

Scifinder with filters of molecular formula and biological

source (genus) showed the probability of 152G256a,
152G256a-1 and 152G256o [19]. Further, long-range

Table 5 Molecular docking scores of compounds against oral cancer-associated proteins

Protein Compound Binding

energy

(kcal/mol)

Inhibition

constant

Ligand

efficiency

No. of conventional

H-bonds

Hydrophobic

interaction forming

residues

The average

distance of H-Bonds

(Å)

ALIX (PDB

ID: 3C3R)

Peniazaphilin B - 6.19 28.99 - 0.41 4(Arg276, Leu326) Pro331 2.6

15G256a-1 - 7.81 1.9 - 0.17 4(Asp141, Asn255,

Lys303, Asp299)

Leu140

Leu201

Phe4

Phe200

2.5

ES-242-3 - 7.19 5.39 - 0.16 4(Tyr294, Asn255,

Lys303, Asp299)

Leu140, Leu201,

Phe4, Phe200

2.2

15G256a-1

TSG101

(PDB ID:

3OBQ)

Peniazaphilin B - 6.65 13.3 - 0.44 1(Ser143) Phe142 Ile170

Pro139

Val161

Tyr68

2.0

15G256a-1 - 6.94 8.2 - 0.15 3(Thr58, Ser94) Pro71, Met95, Lys36 2.9

ES-242-3 - 6.35 22.01 - 0.14 - Thr92 -

Table 6 Molecular docking scores of isolated compounds against cervical cancer-associated proteins

Protein Compound Binding

energy

(kcal/mol)

Inhibition

constant

Ligand

efficiency

No. of conventional

H-bonds

Hydrophobic

interaction forming

residues

The average

distance of

H-Bonds (Å)

TFRC

(PDB ID:

1DE4)

Peniazaphilin

B

- 7.04 7.06 - 0.47 4(Phe494, Lys531,

Gln524, Asp525)

Met510 2.9

15G256a-1

(ID:)

- 8.39 709.16 - 0.18 5(Gln721, Asn273,

Lys717)

Lys240

Leu718

Gln721

Lys240

Leu274

Ala725

2.0

ES-242-3 - 8.27 865.14 - 0.18 6(Lys240, Leu537,

Gly703, Lys534, Trp702,

Asn270)
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HMBC correlation showcasing the c-hydroxy ester linkage

narrowed the hits to 152G256a-1. This compound was

earlier reported from Talaromyces flavus [19] and for the

first time, we are reporting from T. pinophilus. The CD

spectra comparison confirmed its 3D structure (Fig. 2b).

LC-HRMS analysis of compound 3, isolated as a pale

yellow powder, showed [M ? H]? 621.2331 m/z,

[M ? Na]? 643.2149 m/z, and [M ? K]? 659.1891 m/z

consistent with molecular formula C34H36O11 (DU = 17).

The FTIR spectrum showed presence of OH

(3508 cm-1), = CH (3373 cm-1), methyl group

(2937 cm-1), carbonyl (1734 cm-1), acetate (1097 cm-1).

The 1H, 13C and DEPT-135 showed the presence of 7

methyl, 2 methylene, 8 methine and 17 quaternary carbons.

There are 4 protons signals at d 6.58, 6.55, 6.10, 5.85, and 4
methoxy protons at d 4.07, 4.07, 3.41, 3.37 along with 3

methyl protons at d 1.18, 1.01, 1.06 indicated the presence

of bioxanthracene scaffold. The literature search with this

information suggested the structure of ES-242-3. The

structure was further confirmed by comparing COSY,

HSQC and HMBC correlations (Fig. 2c). ES-242-3 was

earlier reported from soil fungus Penicillium sp., insect

pathogenic fungus Cordyceps pseudomilitaris BCC 1620,

and Verticillium sp. [20–22]. This compound is observed

for the first time in the Talaromyces genus.

The anticancer activity of the isolated compounds was

evaluated against three cancer cell lines MCF-7, HeLa, and

CAL-27. 152G256a-1 showed the highest activity against

oral cancer (CAL-27 cell line) with an IC50 value of

2.96 ± 0.17 lM than the remaining two compounds. ES-

242-3 was the most active of all three molecules against

cervical cancer (HeLa cell line) with IC50 4.46 ± 0.05 lM.

Fig. 3 2D interaction diagram of 152G256a-1 with Programmed cell

death 6-interacting protein (ALIX)

Fig. 4 2D interaction diagram of ES-242-3 with (ESR1) estrogen

receptor

Fig. 5 2D interaction diagram of Es-242-3 with Transferrin receptor

protein (TFRC)

Indian J Microbiol

123



The compounds were tested on normal human breast cell

line MCF-10A and observed no toxicity up to 100 lM. The

anti-cancer activities of isolated compounds are tabulated

in Table 3.

Molecular docking studies were carried out to unravel

the interaction of the compounds with the selected cancer-

associated protein targets. The prominently expressed

receptors in breast, oral and cervical cancers were selected

for docking studies namely ESR-1, WNT-7B, ALIX, TSG-

101 and TFRC [23–26]. The binding energy for the

molecule-ligand interaction, number of conventional

H-bonds and hydrophobic interaction forming residues

have been compiled in Tables 4, 5 and 6. 152G256a-1
showed interactions with ALIX and TSG-101 through 4

conventional H-bonds with amino acids Asp141, Asn 255,

Lys 303, and Asp 299 (Fig. 3). The highest binding

towards ESR1 protein was observed with ES-242-3 with

the binding score of - 8.36 kcal/mol and forms 3 con-

ventional H-bonds with amino acids Lys 530, Met 528, and

Asp299 (Fig. 4). ES-242-3 binds with TFRC protein with a

binding energy score of - 8.27 kcal/mol and forms 6

convention H-bonds with amino acids Lys240, Leu537,

Gly703, Lys534, Trp702, and Asn270 (Fig. 5).

Further, drug likeliness and pharmacokinetic properties

were estimated using numerous computational methods

(Table 7). Although well-known marketed Natural Prod-

ucts drugs violate Lipinski’s rule of 5 in several aspects

like molecular weight and hydrogen bond acceptor, this in-

silico data can help to optimize the synthetic modification

strategies and formulation aspects for these molecules.

Peniazaphilin B follows Lipinski’s rule whereas,

152G256a-1 and ES-242-3 defy in terms of molecular

weight, number of hydrogen bond acceptors, and topo-

logical surface area. Low to moderate blood–brain and

Caco-2 permeability were observed for the isolated mole-

cules. These compounds are CYP inhibitors namely CYP-

2C19, CYP-2C9, and CYP-3A4 and hence should be cau-

tiously used in combination therapy to avoid adverse

reactions. It is important to note that these natural products

showed weak plasma protein binding indicating a low

toxicity index. Skin permeability of all compounds is well

in the range making them suitable to be used in transdermal

patches and other topical formulations as it will further

avoid the first-pass metabolism like fentanyl transdermal

patches for oral cancer [27].

Conclusion

The report unveils three different types of molecules iso-

lated from the ELF T. pinophilus cultured from the lichen

Porina tetracerae. A hyphenated technique LC-UV-HRMS

along with bioassay was applied for the selection of T.

pinophilus out of all the screened 31 ELF species. These

bioactive molecules are from azaphilone, macrocyclic

polyester and bioxanthracene class of secondary metabo-

lites. It was observed that molecule 15G256a-1 has shown

potent oral cancer activity against CAL-27 cell-line with

IC50 value 2.96 lM. The available drug for this treatment

is cisplatin which showed an IC50 value of 5.3 lM against

the same cell line. The macrocyclic ester along with aza-

philones are produced by the polyketide synthase pathway.

However, the precursor for the bioxanthracene molecule is

not well established and hence warrants further

Table 7 The predicted pharmacokinetic and drug likeliness properties of the isolated compounds by computational tools

Peniazaphilin B 15G256a-1 ES242-3

BBB permeability (2.0–0.1: moderate absorption;\ 0.1: low absorption) 0.650509

Cbrain/Cblood

0.0522583

Cbrain/Cblood

0.0160411

Cbrain/Cblood

Caco2 permeability (4–70 moderate permeability) 20.2 nm/s 15.4 nm/s 22.8 nm/s

Skin permeability (log Kp; with Kp in cm/s; -9.7\ log Kp\-3.5) - 6.25 cm/s - 7.59 cm/s - 7.38 cm/s

Subcellular localization Mitochondria Mitochondria Mitochondria

CYP-Inhibition

CYP-2C19 Inhibitor Inhibitor Inhibitor

CYP-2C9 Inhibitor Inhibitor Inhibitor

CYP-2D6 Non-inhibitor Non-inhibitor Non-inhibitor

CYP-2D6 Non-inhibitor Non-inhibitor Non-inhibitor

CYP-3A4 Inhibitor Inhibitor Inhibitor

Water solubility 5160.46 mg/L 409.16 mg/L 0.01 mg/L

Plasma Protein Binding 68.5% 86.1% 87.6%

Log P (B 5) 1.63 2.54 4.69

Hydrogen bond Donor (B 5) 1 5 4

Hydrogen Bond Acceptor (B 10) 4 15 11
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investigation. Here, we report ES-242-3 from the bioxan-

thracene class for the first time from genus Talaromyces

indicating the concealed potential of this genus to generate

diverse chemical scaffolds. This study emboldens the sci-

entists to explore the bioactive molecules associated with

ELF.
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