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Abstract
Chemical investigation of the ethyl acetate extract of Aspergillus sp. isolated from the soft coral Sinularia
species resulted in the isolation of one new meroterpenoid austalide X (1), one known austalide W (2), six
known prenylated indole diketopiperazine alkaloids (3-8) and phthalic acid and its ethyl derivative (9-10).
The structures were established using 1D and 2D NMR  experiments supported by UV analysis and ESI-MS
(Electrospray ionization mass spectrometry). The effect of changing the fermentation media was also
investigated using LC-PDA-MS (Liquid chromatography-photodiode-array-mass spectrometry) employing
rice and beans media. It showed signi�cant quantitative and qualitative variations particularly in the
diketopiperazine content. In vitro cytotoxic evaluation was performed using MTT assay. Results showed
that the examined compounds revealed weak to moderate activities where the new meroterpenoid,
austalide X (1) displayed IC50 value of 51.6 µg/mL. In silico molecular docking was done to evaluate
COVID-19 inhibitory potential of isolated compounds on 2019-nCoV main protease, spike glycoprotein and
Angiotensin-Converting Enzyme 2 (ACE2). Compound (10) followed by compound (9) exerted a potent
inhibition on all the examined proteins with high �tting scores. ADME/TOPKAT (absorption, distribution,
metabolism, excretion, and toxicity) predication performed in silico showed that most of the isolated
compounds revealed reasonable pharmacokinetic, pharmacodynamic and toxicity properties. 

1. Introduction
Kingdom Fungi constitutes a proli�c source of bioactive compounds where plethora of drug products has
been developed from fungal metabolites since the discovery of penicillin from Penicillium notatum by Sir
Alexander Fleming in 1928. These drugs comprises the antihyperlipidemic agents atorvastatin and
simvastatin, the antifungal drug griseofulvin, the anti-migraine drug ergotamine as well as the
immunosuppressant drug cyclosporine [1].

Basically, endosymbiotic fungi colonize in the inner tissues of a host, either plant or animal [2], exhibiting
 mutual bene�ts, where the host organism provides a proper medium for the growth of the fungus and in
turn the growing fungal species provides the host with bioactive compounds enabling it to survive
unfavorable conditions [3] and mediating the different ecological interactions [4]. Endosymbiotic fungi
derived from marine ecosystems had received much attention in the last two decades with the isolation of
more than one thousand fungal species  from marine habitats [5]. Cephalosporin C was the �rst bioactive
molecule isolated from marine derived fungus Cephalosporium sp. [6] and since then endosymbiotic fungi
had proven to be a fabulous source of  bioactive secondary metabolites belonging to different classes
 such as terpenoids [7, 8], diketopiperazines [9], polyketides [10, 11], benzophenones [12], peptides [13] and
butyrolactones [14].

Meroterpenoids represent a major class of fungal terpenoids [7, 15-17] meanwhile austalides represent a
unique class of polycyclic (tetra-, penta- hexa- or heptacyclic) meroterpenoids with isobenzofuranone
moiety. Thirty-four members of austalides were mainly isolated from different Penicillium and Aspergillus
species demonstrating potential activities including anti-osteoporosis, antibacterial, antiviral, cytotoxic and
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α-glucosidase inhibitory activity [18-23]. Moreover, many synthetic approaches had been reported for
different members of the austalide family [24-26].

Noteworthy to highlight that cancer and infectious diseases triggered by viruses, bacteria and fungi still
represent a major impendence in the progress of therapeutic approaches to improve public health. The
recent development of COVID-19 infection badly affects people all over the globe causing severe
respiratory disorder accompanied by pneumonia, hyperin�ammation, hyperferritinemia, hemophagocytic
and lymphohistiocytosis. Thus, it was urgent to search for effective naturally occurring drug entities to
combat these challenges that are less expensive possessing less adverse effect compared to synthetic
agents [27].  

In continuation of our ongoing search of new secondary metabolites from marine derived fungi, we herein
reported the chemical investigation of the ethyl acetate extract of the fungus Aspergillus sp. isolated from
the inner tissues of the soft coral Sinularia sp. collected from the coast of Sharm El-Sheikh, Egypt. We
herein reported the isolation and characterization of one new meroterpenoid austalide X (1), one known
austalide W (2) in addition to six known prenylated indole diketopiperazine alkaloids (3-8) along with
phthalic acid and its ethyl derivative (9-10) (Figure 1). All isolated compounds were assessed for their
cytotoxic effect against Caco-2 cells using MTT assay. In addition, in silico evaluation of their COVID-19
inhibitory potential was done using molecular docking within the active center of on 2019-nCoV main
protease, 2019-nCoV spike glycoprotein and Angiotensin-Converting Enzyme 2 (ACE2) downloaded from
protein data bank. Besides, prediction of the pharmacokinetic and pharmacodynamic potential as well as
the toxicity properties of the isolated compounds was performed using ADME/TOPKAT protocol in
Discovery Studio 4.5 (Accelrys Inc., San Diego, CA, USA). 

2. Results And Discussion
2.1. Chemical investigation of the ethyl acetate extract of the fungus Aspergillus sp.

In depth chemical investigation of the ethyl acetate extract of the fungus Aspergillus sp. isolated from the
inner tissues of the soft coral Sinularia sp. collected from the coast of Sharm El-Sheikh, Egypt resulted in
the isolation and characterization of one new meroterpenoid austalide X (1),   one known austalide W
(2) [18] in addition to six known prenylated indole diketopiperazine alkaloids (3-8) [28, 29]  along with
phthalic acid and its ethyl derivative (9-10).

Compound (1) was isolated as a pale-yellow amorphous powder. LC-ESI-MS revealed a pseudomolecular
ion peak at m/z 505 and 503representing [M+H]+ and [M-H]- respectively, (supplementary S1) and
corresponds to the molecular formula C26H32O10. UV spectrum of compound (1) showed a characteristic
pattern of austalides with λ max at 270 nm. Its chemical structure was elucidated through 1D and 2D NMR
spectroscopic analysis (supplementary S2-S7), alongside with the reported data for the related analogues
austalides V and W [18]. Analysis of 1H and APT-NMR spectra displayed a close similarity between
compound (1) and austalide W (2), where, APT spectrum (Table 1) revealed the presence of 26 carbons,
including one carbonyl group, six ole�nic or aromatic carbons and thirteen aliphatic carbons, one tri-
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oxygenated quaternary carbon, one di-oxygenated quaternary carbon , three oxygenated quaternary
carbons, one quaternary aliphatic carbon, one oxygenated methine carbon, one aliphatic methine carbon,
two oxygenated methylene carbons, three aliphatic methylenes, two methoxyl carbons and four methyls.

Meanwhile, 1H NMR spectrum of compound (1)  (Table 1) displayed two methine protons at δH (ppm) 3.80
(1H, dd, J = 5.5, 0.9 Hz , H-18) and 3.05 (1H, dd, J = 7.5, 1.8 Hz, H-21) in which the former is oxygenated, in
addition to �ve methylene protons at δH (ppm) 5.14 (2H, s, H-1), 4.16, 3.95 (2H, d, J = 9.7Hz, H-25), 2.95
(2H, m, H-22), 2.64, 2.39 (2H, d, J = 14.5 Hz, H-12)  and 2.15, 1.85 (2H, dd, J = 15.9, 0.9 Hz; 15.9, 5.5 Hz,
H19) in which the former two methylenes are oxygenated in addition to the presence of two methoxyl
protons at δH (ppm) 4.16 (3H, s, OMe-29) and 3.53 (3H, s, OMe-28). Besides, four methyl protons at δH

(ppm) 2.06 (3H, s, Me-23), 1.69 (3H, s, Me-26), 1.35 (3H, s, Me-24) and 0.87 (3H, s, Me-27) were observed.

The above-mentioned data were found to be in complete accordance with the reported data for austalides
class [30-32] in which one known analogues of this group of compounds was also isolated here in our
study from the same crude extract, namely austalide W (2) [30]. Compound (2) was found to be in close
similarity to the structure of compound (1), moreover, it is worthy to highlight that compound (2) was
previously reported to be the �rst austalide derivative having a 5/6/6/6/6/5/5 heptacyclic ring system
including a tetrahydrofuranyl ring [30]. In addition, this ring system arrangement was con�rmed also in
compound (1) to be in alignment with all previously reported austalides, as well as the a�rmation of
presence of ring G through the existence of the down-�elded CH2 group (C-25) at  δH (ppm) 4.16, 3.95 (2H,
d, J = 9.7 Hz) and δC (ppm) 78.2, alongside with the existence of a characteristic down-�eld carbon shift of
C-13 at δC (ppm) 102.0, in which all those characteristic shifts found to be are similar to compound (2)
 [30] a�rming the presence of the unusual tetrahydrofuranyl ring (ring G) in the structure of compound (1).

By inspection of the NMR data mentioned above for compound (1), it was clear that it differs from
austalide W (2) only by the presence of a newly added hydroxyl group at C-18, this hydroxylation is
unambiguously deduced through the difference molecular weight of both compound by only 16 units to
the molecular weight of compound (1) than compound (2). Moreover, in COSY spectrum, there is a distinct
correlation between H-18 and H2-19 con�rming the adjacent positioning of both groups. This suggestion
was further con�rmed through inspection of the reported data for compound (2), in comparison to the
data of the newly isolated compound (1), in which instead of the methylene group at C-18 in compound
(2), a clearly observed oxygenated methine proton was detected at δH (ppm) 3.8 on C-18. Hence, there is a
low �eld chemical shift from δH  (ppm) 1.81-1.94 in compound (2) [30] to δH (ppm) 3.8 in compound
(1) as well as a low �eld shift of carbon from δC (ppm) 30.92 in compound (2) [30] to δC (ppm) 69.2
in compound (1), in addition a low �eld shift is also detected in APT NMR for C-19 from δC (ppm)
30.83 in compound (2) [30] to δC (ppm) 37.7 in compound (2), side by side with con�rmatory HMBC
correlations from the newly observed methine proton H-18 to δC 39.2 (C-20) and δC 118.5 (C-17) alongside
with correlations from δH (ppm) 0.87 (H3-27) and δH (ppm) 2.15, 1.85 (H2-19) towards δC (ppm) 69.2 (C-
18). It is noteworthy to mention that Antipova et al. had isolated an acetylated derivative, austalide V,
where the oxygenated methine was placed at C-19, in our case HMBC correlations had a�rmed the
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presence of the oxygenated methine at C-18 instead, as revealed by the absence of strong correlations
between the methyl protons of C-27 and the oxygenated methine carbon C-18. Thus, compound (1) must
possess a heptacyclic skeleton as other austalide analogues. Hence, the planar structure of (1) was
elucidated as shown, for which the trivial name austalide X is proposed.

The relative con�guration of those stereocenters included within compound (1) was determined based on
NOESY NMR data (Figure 2). A key NOESY correlation between methyl protons at C-26 and C-27 suggested
that ring G to be in an exo-position as well as the endo-con�guration of the OH group located at C-13,
similarly to other previously reported austalide analogues [30]. Meanwhile, the NOE correlations of methyl
protons on C-24 with methine proton at C-21 indicate that both rings C & D are being on the same plane in
a cis-connection. In addition, the observed cross-peak correlations between the oxygenated methine proton
on C-18 with the methine proton at C-21 alongside with an obvious absence of any cross-peaks or
correlations with the former proton with either C-26 or C-27, supposed the endo-position of the OH group
on C-18.

Moreover, according to the previously reported possible biosynthetic pathway which suggested that they
were all originated from the parent 6-[(2E,6E-(farnesyl]-5,7-dihydroxy-4-methylphthalide followed by
cyclization and oxidative modi�cation, and thus all austalide members were originated the same way [30].
Additional proposed pathway was reported as another trial performed by Paquette for austalide
derivatives in which he reported a full synthesis of austalide B, one of the austalide group of
compounds, [33, 34]. Thus, those two reported proposed pathways declared that there is a constancy of
carbon atom’s con�guration among all austalide group members and suggested having the same
stereochemistry at the speci�ed stereocenters. Hence, the absolute con�guration of the stereocenters of
compound (1) in our study here is coincidence with all other reported austalide derivatives to be 11S*,
13S*, 14S*, 15S*, 17S*, 18R*, 20S*, 21R*.

2.2. Effect of OSMAC approach on secondary metabolites obtained from the ethyl acetate extracts of the
fungal strain

Applying OSMAC approach through changing the fermentation culture medium from the conventional
solid rice culture medium to solid beans culture medium was investigated. The ethyl acetate extract of
Aspergillus sp. obtained from both media was analyzed using LC-PDA-MS. and revealed apparent changes
in their UV and MS pro�les. From PDA (photodiode array) data it was clearly obvious that major
differences both in qualitative and quantitative manner of the secondary metabolites were observed
among the two extracts. Figures 3 and 4 illustrate the HPLC/PDA chromatograms recorded at 254 nm and
at maximum absorbance 200-400 nm of both extracts. Major peaks existing in both extracts were
compared in (table 2) and different peaks were written in italics  where λ max., retention times, area % and
peak number of the relevant peaks were displayed. For simpli�cation, the comparison included in table 2
had been performed for detection in channel one at 254 nm. Both positive and negative ESI-MS modes of
relevant peaks were merged with the PDA data and included in table 3. From merged PDA and MS data, it
was concluded that the major effect of changing the culture media was the complete disappearance of
the major compounds produced in the original fermentation medium (i.e., Rice medium) at retention time
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32.8 min. (18%) and 35.7 min. (21%) when using beans alternatively as a culture media. These two
compounds with molecular weights 511 and 479 respectively, corresponding to compounds (3) and (4)
(diketopiperazine derivatives), had been isolated and identi�ed. Moreover, the new meroterpenoid,
austalide X (1), with molecular weight 504 and λ max 270 nm, was found in both extracts, indicating no
signi�cant effect of the culture media on its production by the fungal isolate. Additionally, peak at
retention time 22.7 min produced in rice medium with λ max 251, 290 nm, had been disappeared in the
beans medium. This peak corresponds to the spiro-diketopiperazine (8) with molecular weight 427.

2.3. In vitro cytotoxic evaluation of the isolated compounds using MTT assay

Cytotoxic evaluation of compounds (3), (4), (6), (8) (diketopiperazine derivatives) as well as compounds
(1) and (2) (meroterpenoid derivatives) against Caco-2 (human colorectal carcinoma cell lines) revealed
weak to moderate activities displaying IC50 values ranging between 32.5 and 126 µg/mL where the new
meroterpenoid, austalide X (1) displayed substantial cytotoxic effect with IC50 of 51.6 µg/mL as illustrated
in table 4.

2.4. In silico molecular docking to evaluate COVID-19 inhibitory potential of isolated compounds

In silico molecular docking was performed on three critical proteins involved in the growth, replication, and
invasive character of SARSCoV-2 virus namely 2019-nCoV main protease 2019-nCoV spike glycoprotein
and Angiotensin-Converting Enzyme 2(ACE2) (Table 5).  Noteworthy to highlight that protease enzyme
plays an important role in the process of protein maturation in many viruses via cleansing proproteins
after being translated into host cell cytosol. Thus inhibition of viral proteases could serve as therapeutic
targets for antiviral agents via reduction of mature viral particles assembly [35]. Meanwhile, S glycoprotein
is crucially important in the process of virus attachment, fusion and entrance within the host cell acting as
the main target for host immune system via neutralizing the antibodies. Thus, S glycoprotein serves as the
main target vaccine preparation and in many therapeutic approaches [36]. Besides, the effectiveness of
binding of SARS viral spike (S) protein with ACE2 was elucidated and turned to play the main role in SARS-
CoV transmissibility. Hence, the inhibition of ACE2 catalytic pocket using bioactive drug leads could
change ACE2 conformation so that it effectively prevents the entrance of SARS-CoV into the host
cells [27]. 

Results displayed in Table 5 revealed that compound (10) followed by compound (9) highly inhibited all
the examined proteins with high �tting scores. Compound (10) showed binding energy (∆G) equals =
-25.20 kcal/mole with 2019-nCoV main protease active site owing to the formation of four conventional H-
bonds with Asp187, Arg188, Gln189 in addition to the formation of two π-alkyl bonds with Met165 and
Met49, one C-H bond with Asp187 and many Van der Waals interactions with the amino acid residues
present at the active center (Figure 5A). However, Compound (10) greatly inhibited 2019-nCoV spike
glycoprotein displaying high �tting score (∆G = -12.17 kcal/mole) exceeding that of 2019-nCoV spike
glycoprotein co-crystalized ligand that showed ∆G of -2.61 kcal/mole. This mainly attributed to the
formation of �rm three H-bonds with Thr236 and Asn234 in addition to the formation of C-H bond with
Thr236 and Van der Waals interaction with Thr108 (Figure 5B).  Regarding ACE2, compound (10)
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displayed the highest �tting within its active site with (∆G = -15.86 kcal/mole) showing superior �tting
when compared to ACE2 co-crystalized ligand (∆G = -6.65 kcal/mole). This �rm �tting can be interpreted
by the virtue of formation of three conventional H-bonds with Ala193, His195, Asn194 in addition to the
formation of C-H bond with His195 and Van der Waals interaction with Val107 and Asn103 (Figure 5C).

2.5 ADME / TOPKAT prediction

Prediction of the pharmacokinetic and pharmacodynamic potential as well as the toxicity properties of the
isolated compounds was performed using ADME/TOPKAT protocol in Discovery Studio 4.5 (Accelrys Inc.,
San Diego, CA, USA). Regarding human intestinal descriptor,
compounds (1), (2), (4), (7), (8) (9) and (10), showed good human intestinal absorption level and thus they
lie within the 99% absorption ellipse as displayed in ADMET plot (Figure 6). Concerning the solubility level,
compound (10) showed optimal solubility while the rest of compounds revealed possible or good
solubility levels. Compounds (4), (9) and (10) revealed medium to low BBB penetration level and thus lie
inside the 99% BBB con�dence eclipse in ADMET plot (Figure 6). On the contrary, the rest of compounds
have unde�ned BBB penetration level taking level 4 and lies outside the 99% BBB con�dence eclipse.
Regarding the binding of compounds with plasma protein, compounds (3-8) and (10) displayed less than
90% PPB while the rest of compounds showed more than 90% PPB. Additionally, all of the isolated
compounds showed no inhibition to CYP2D6 but some of the compounds showed certain hepatotoxic
effect as compounds (3-8) and (10) (Table 6).

Regarding TOPKAT prediction, all the examined isolated compounds displayed no mutagenicity as
predicted by chemical Ames mutagenicity protocol done in silico. Furthermore, most of the compounds
showed no carcinogenic effect to both male and female rat (NTP) except for compounds (9-10) for female
rat and compounds (1-2) and (6-8) for male rats. They displayed rat oral LD50 values between 0.16-9.68
g/kg-body-weight with compounds (9-10) showed the highest LD50 of 9.68 and 4.05 g/kg-body-weight,
respectively. Similarly for the rat chronic LOAEL level, all the isolated compounds displayed values
between 0.0017-1.6549 g/kg-body-weight with compounds (9-10) showed the highest LOAEL of 0.9889
and 1.6549 g/kg-body-weight, respectively. Regarding skin irritancy, most of the isolated compounds
showed no to mild skin irritation. For ocular irritation, most of the isolated compounds showed no to mild
skin irritation except compound (6-8) and (10) that showed moderate eye irritation.  Thus, it can be
concluded that most of the isolated compounds showed reasonable pharmacokinetic, pharmacodynamic
and toxicity properties so could be incorporated in pharmaceutical dosage forms to prevent cancer and
combat COVID-19 infection. Additionally, compounds (9) and (10) that showed the highest �tting scores
revealed the best pharmacokinetic and pharmacodynamic properties with slight toxicity that can be
controlled by the given doses when formulated in pharmaceutical preparations (Table 7).

3. Experimental Section
3.1. General experimental procedures
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NMR spectra (chemical shifts in ppm) were recorded on a Bruker AVANCE HD III 400 MHz spectrometer
(Switzerland). NMR samples were dissolved in methanol-d4 or chloroform-d3, (Sigma Aldrich, Germany)
and transferred to 3 mm NMR tubes (Bruker). LC-PDA-MS analyses were performed using Shimadzu LCMS
8045 system coupled with photodiode array detector (LC-2030/2040) with detection wavelengths of 235,
254 and 280 nm with λ max absorption at 220-400 nm. LC-PDA-MS was equipped with RP-C18 UPLC
column (shimpack 2 mm × 150 mm) possessing 2.7 µm particle size using the following gradient elution
(Acetonitrile (ACN), 0. 1% HCOOH in H2O) 0-2 min (10% MeOH); 2-35 min (10% ACN-100% ACN) and 35-40
(100% ACN) with 0.2 mL/min �ow rate. Final puri�cation steps were performed using preparative HPLC
(Shimadzu, Japan) using Kromasil C-18RP semi-preparative column (10 mm × 250 mm) at a �ow rate of 5
mL/min and UV detection at wavelength of 254 nm with λ max absorption at 220-400 nm. Medium
pressure liquid chromatography was performed on Puri�ash 4125 system equipped with PDA detector.
 Normal phase column chromatography was performed using silica gel 60 (0.04-0.063, Merck, Germany).
TLC analyses were performed using normal phase silica gel pre-coated plates F254 (Merck, Germany). All
the consumed solvents were of analytical grade meanwhile those used for HPLC analyses are of HPLC
grade.

3.2. Fungal material

The fungus Aspergillus sp. was isolated from the inner tissues of the marine soft coral Sinularia. The soft
coral was collected from the Red Sea close to Sharm El-Sheikh, Egypt, in September 2018 at 5-7 meters
depth. For isolation of the fungal strain the soft coral was rinsed with distilled water and then surface
sterilization was performed using 70% ethanol for 2 min. Small samples from the inner tissues of the soft
coral were aseptically cut using sterilized blade and pressed onto malt agar plate (15 g/L malt extract, 15
g/L agar, 0.2 g/L chloramphenicol to suppress bacterial growth, pH adjusted to 7.4-7.8 using 10% NaOH).
After incubation at 25°C the fungal strain under investigation was found to grow out of the sponge tissue.
Pure fungal strains were grown by repeated re-inoculation on fresh culture media.

3.3. Identi�cation of the fungal strain

The isolated fungal strain was identi�ed as Aspergillus sp. using a molecular biological protocol by DNA
ampli�cation and sequencing of the ITS region as previously reported [37]. The obtained data of
sequencing were submitted to GenBank with the accession number OK035701.

3.4. Cultivation, extraction, and isolation

Small scale fermentation of the fungal strain was performed on solid rice culture media (100 g Rice in 110
mL distilled water, autoclaved for 20 min at 121°C) in 1L Erlenmeyer �ask (2 �asks were used).
Simultaneously, small scale fermentation was performed on solid beans medium (100 g beans in 110 mL
distilled water, autoclaved for 20 min at 121°C) in 1L Erlenmeyer �ask (2 �asks were used), both cultures
were incubated for 30 days at 25 °C under static conditions. Large scale fermentation was performed on
solid rice medium using 12 Erlenmeyer �asks (1L each). Fungal cultures were extracted using ethyl acetate
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(EtOAc), the combined extracts were then evaporated in vacuum and the residue was partitioned between
n-hexane and 90% aqueous methanol yielding about 3 grams of reddish-brown solid residue. 

The defatted extract was then applied to vacuum liquid chromatography (VLC) packed with normal phase
silica gel as stationary phase applying stepwise gradient as follows 80% n-hexane in ethyl acetate to 100%
ethyl acetate, followed by dichloromethane in methanol from 95% to 50%. Eluted fractions were analyzed
using TLC and similar fractions were pooled together yielding 7 major fractions (FR1-7). Fraction FR3 (500
mg) was fractionated using normal phase medium pressure liquid chromatography eluted with linear
gradient elution from 80% n-Hex:EtOAc to 30% n-Hex:EtOAc. Final puri�cation was performed using RP-
semi-preparative HPLC, eluted with linear gradient elution from 70% ACN: H2O to 95% ACN: H2O with �nal
puri�cation of two compounds (3) (25 mg) and (4) (30 mg). Fraction FR4 (350 mg) was directly applied to
semi-preparative HPLC and subsequently eluted with linear gradient elution from 50% ACN:H2O to 90%
ACN:H2O yielding compounds (1) (9mg), (5) (15 mg) and (10) (? 30 mg). Fraction FR5 (700 mg) was
fractionated using normal phase medium pressure liquid chromatography (puri�ash®) eluted with linear
gradient elution from dichloromethane: Methanol gradient (from 100% to 80%) yielding three major sub-
fractions FR5-V1- FR5-V3. Fraction FR5-V1- was puri�ed using RP-semi-prep-HPLC-PDA eluted with linear
gradient elution from 20% ACN:H2O to 60% ACN:H2O yielding compounds (2) (12 mg) and (9) (20 mg).
Similarly fraction FR5-V3 was puri�ed using semi-prep HPLC and eluted using 30% ACN:H2O to 60%
ACN:H2O yielding compounds (6) (11 mg), (7) (7 mg) and (8) (4 mg).

3.5. Compound characterization
Austalide X (1):  Pale-yellow amorphous powder. 1H (400 MHz) and 13C (100 MHz) data in CDCl3 is

illustrated in Table 1. LC-ESI-MS revealed a pseudomolecular ion peak at m/z 505 and 503 [M+H]+ 
 and [M-

H]- , respectively, corresponding to the molecular formula C26H32O10.  Different spectra are available in the
supplementary data (Figure S1).

3.6. Cytotoxicity assay

MTT assay was carried out as previously described by Saliba et al., 2002 with some modi�cations.
Basically, 100 µL of the tested compound (dissolved in 5% DMSO and RPMI (Roswell Park Memorial
Institute) tissue culture medium) were added to each well to reach a �nal concentration of X ug/mL.
Control wells contained two aliquots of 100 µL of tissue culture medium (MEM  + fetal bovine serum in a
ratio 9:1), 100 µL sterile DMSO (5%) and RPMI tissue culture medium. Following the speci�ed incubation
period (24 h) at 37 °C, the wells were washed with PBS (Phosphate Buffered Saline) and the cells were
incubated with MTT solution (2 mg/mL) at 100 µL per each well for 1 h at 37 °C. Supernatants were then
removed by decantation and the cells were treated with 100 µL of DMSO per each well to dissolve the
formazan crystals formed in the viable metabolically active cells. Elutes of the 8 wells of each test isolate
were collected and the absorbance was measured at 540 nm. Control wells were similarly treated and the
percentage cytotoxicity was calculated employing the following formula [38, 39]
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Cytotoxicity % = 1- {A540 of test culture/ A540 of control culture} × 100

3.7. In silico studies to evaluate COVID-19 inhibitory potential of the isolated compounds

In silico studies were done for the isolated compounds on 2019-nCoV main protease (PDB ID: 7BRP; 1.80
A°), 2019-nCoV spike glycoprotein (PDB ID: 6VSB; 3.46 A°) and ACE2 (PDB ID: 6VW1; 2.68 A°) downloaded
from protein data bank (www.pdb.org). This was performed using Discovery Studio 4.5 (Accelrys Inc., San
Diego, CA, USA) employing C-Docker protocol as previously described [40]

Binding energy (ΔG) was determined in Kcal/mole using the following equation [41]:

ΔGbinding = Ecomplex – (Eprotein + E ligand) Where;

ΔGbinding: The ligand–protein interaction binding energy,

Ecomplex: The potential energy for the complex of protein bound with the ligand,

Eprotein: The protein potential energy alone

Eligand: The ligand potential energy alone

3.8. ADME / TOPKAT prediction

ADME/TOPKAT (absorption, distribution, metabolism, excretion, and toxicity) prediction was performed for
the isolated using Discovery Studio 4.5 (Accelrys Inc., San Diego, CA, USA). Aqueous solubility, plasma
protein binding prediction (PPB), human intestinal absorption, blood brain barrier penetration (BBB),
cytochrome P450 (2D6) and hepatotoxicity level were chosen as ADME descriptors. Meanwhile,
carcinogenic effect on male and female rat FDA, ocular and skin irritation, rat oral LD50, Ames
mutagenicity and rat chronic LOAEL were selected as toxicity parameters [42].

4. Conclusion
In depth chemical investigation of the ethyl acetate extract of marine fungus Aspergillus sp. isolated from
the inner tissues of the soft coral Sinularia species resulted in the isolation of one new meroterpenoid
austalide X in addition to nine known compounds belonging to austalide class, prenylated indole
diketopiperazine alkaloids and phthalic acid derivatives.  In vitro cytotoxic evaluation using MTT
assay revealed that most of the examined compounds showed weak to moderate activities with austalide
X displaying substantial cytotoxic activity. In silico studies on COVID-19 crucial enzymes showed
that phthalic acid and its ethyl derivative exerted potent COVID-19 inhibitory potential evidenced by their
�tting scores within the active centers of the examined proteins. ADME/TOPKAT showed that most of the
isolated compounds displayed reasonable pharmacokinetic, pharmacodynamic and toxicity properties.
Thus, it can be concluded that Aspergillus sp. could act as a source of drug leads that could prevent
cancer and combat COVID-19 infection with promising pharmacokinetic and pharmacodynamic properties

http://www.pdb.org/
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and thus could be incorporated in pharmaceutical dosage forms. However additional in vivo studies
followed by clinical trials are highly recommended to be conducted on the isolated compounds to con�rm
the results of in vitro and in silico studies.
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Tables
Table 1 1H (400 MHz) and 13C (100 MHz) data of 1 and 2 in CDCl3 (δ in ppm, J in Hz)
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Position                                 Compound (1)

δC, type δH (J in Hz)

1 68.2, CH2 5.14, s

2    

3 169.7, C  

4 108.3, C  

5 155.3, C  

6 115.9, C  

7 157.1, C  

8 114.3, C  

9 145.5, C  

10    

11 79.2, C  

12 44.5, CH2 2.64, d (14.5)

2.39, d (14.5)

13 102.0, C  

14 92.2, C  

15 86.7, C  

16    

17 118.5, C  

18 69.2, CH 3.80, dd (5.5, 0.9)

19 37.7, CH2 2.15, dd (15.9, 0.9)

1.85, dd (15.9, 5.5)

20 39.2, C  

21 38.2, CH 3.05, dd (7.5, 1.8)

22 17.8, CH2 2.95, m

23 10.9, CH3 2.06, s

24 27.3, CH3 1.35, s

25 4.16, d (9.7)
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78.2, CH2 3.95, d (9.7)

26 23.0, CH3 1.69, s

27 19.6, CH3 0.87, s

28 49.1, CH3 3.53, s

29 62.2, CH3 4.16, s

Table 2 Comparative LC/PDA results of Aspergillus sp. extracts fermented on rice and beans media

The differences between the secondary metabolites major peaks obtained from both media were written in
bold 

LC/PDA results (Rice medium) at 254 nm LC/PDA results (Beans medium) at 254 nm

Peak no. R.T. UV (nm) Area % Peak no. R.T. UV (nm) Area %

7 4.2 281 12.58%        

        11 5.9 262 1.58%

        14 11.4 255 8.32%

        17 12.4 220, 268 1.24%

13 12.7 228, 260 6.57% 18 12.7 222, 262 2.69%

        19 13.2 227, 260 3.13%

17 16.24 227, 262, 293 1.48% 25 16.7 222, 261, 291 1.95%

18 17.8 294 1.19% 27 17.9 242, 260, 298 1.62%

20 18.7 250 1.93%        

        31 22.4 221, 275 6.23%

26 22.7 251, 290 2.13%        

27 24.06 270 2.05% 32 24.03 230, 270 4.75%

28 25.5 233, 267, 296 2.05%        

31 27.4 228, 267, 300 5.84% 33 27.4 225, 267, 300 3.36%

35 29.7 256 4.60% 35 29.7 259 19.65%

38 32.8 281 18.01%        

40 35.7 281 21.2%        

 
Table 3 Comparative LC/PDA/MS results of Aspergillus sp. extracts fermented on Rice and Beans media.
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PDA
RT

(min)

RICE medium BEANS medium

  PDA
Peak
no.

UV
(nm)

Area % +ESI
m/z 

-ESI
m/z

PDA
Peak
no.

UV
(nm)

Area % +ESI
m/z 

-ESI
m/z

4.2 7 281 12.58% 155            

5.9           11 262 1.58%   287

11.4           14 255 8.32% 199  

12.4           17 220,
268

1.24%   329

12.7 13 228,
260

6.57% 232 230 18 222,
262

2.69% 232 230

13.2           19 227,
260

3.13%    

16.3 17 227,
262,
293

1.48% 412            

16.7           25 222,
261,
291

1.95% 232,
247

230,
245

17.9 18 294 1.19% 169 167 27 242,
260,
298

1.62% 169  

18.7 20 250 1.93% 427 425,
851 

         

22.4           31 221,
275

6.23% - -

22.7 26 251,
290

2.13%   426       - -

24.05 27 270 2.05% 505 503 32 230,
270

4.75% 505 503

25.5 28 233,
267,
296

2.05% 394 374          

27.4 31 228,
267,
300

5.84% 209   33 225,
267,
300

3.36% 209 -

29.7 35 256 4.60%   499 35 259 19.65%   499

32.8 38 281 18.01%   510       - -
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35.7 40 281 21.2%   478       - -

 
Table 4 Cytotoxic activity (IC 50 µg/mL) of compounds isolated from Aspergillus sp. against Caco-2 cancer
cell lines

Compound IC50 µg/mL

1 51.6

2 57.0

3 126.0

4 32.5

6 105.0

8 51.9

Doxorubicin* 1.25

* Positive control                  

Table 5 Binding energies (∆G) of the docked compounds expressed in kcal/mole
using in silico studies within the active centers of 2019-nCoV main protease, 2019-
nCoV spike glycoprotein and ACE2
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Compounds 2019-nCoV main
protease

2019-nCoV spike
glycoprotein

ACE2

1 49.34 73.92 61.54

2 59.45 80.08 68.09

3 10.82 35.33 27.48

4 22.15 47.00 40.62

5 22.28 44.72 38.34

6 -4.14 15.62 5.99

7 -9.44 10.56 4.80

8 43.58 65.20 58.61

9 -21.13 -7.61 -15.40

10 -25.20 -12.17 -15.86

2019-nCoV main protease
(ligand)

-64.72 ND ND

2019-nCoV spike
glycoprotein (Ligand)

ND -2.61 ND

ACE2 (Ligand) ND ND -6.65

 Positive values indicate unfavorable interaction

ND: Not done

Table 6 Absorption, distribution, metabolism, excretion, and toxicity (ADMET) predictions of isolated
compounds from Aspergillus sp.
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Compounds Absorption
Level

Solubility
Level

BBB
Level

PPB
Level

CPY2D6 Hepatotoxic PSA-
2D

Alog
p98

1 0 2 4 True NI NT 2.30 121.44

2 0 1 3 True NI NT 3.20 100.63

3 1 2 4 False NI Tox 3.49 115.08

4 0 2 2 False NI Tox 3.84 85.33

5 1 3 4 False NI Tox 1.94 135.33

6 1 3 4 False NI Tox 0.40 127.74

7 0 3 4 False NI Tox 0.81 115.85

8 0 3 4 False NI Tox 0.75 121.98

9 0 3 2 True NI NT 2.24 52.46

10 0 4 3 False NI Tox 1.09 76.23

0, 1, 2, and 3 indicates good, moderate, low and very low absorption, respectively;

0, 1, 2, 3, 4, and 5 indicates extremely low, very low but possible, low, good, optimal, and too soluble,
respectively; 

0, 1, 2, 3, and 4 denote very high, high, medium, low, and unde�ned, penetration via BBB respectively.

PBB, plasma protein binding, FALSE means less than 90%, TRUE means more than 90%

NI: Non-inhibitor

NT: Non-toxic; Tox., Toxic

PSA 2D: 2D polar surface area

AlogP98 (the logarithm of the partition coe�cient between n-octanol and water

Table 7 TOPKAT (Toxicity prediction) analysis of the compounds isolated from Aspergillus sp. Both Rat
oral LD5 and Rat Chronic LOAEL are expressed in g/kg_body_weight
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Compounds Ames
prediction

Rat
oral
LD50

Rat
Chronic
LOAEL

Skin
irritancy

Ocular
irritancy

Rat female
NTP

Rat Male
NTP

1 Non-
Mutagen

0.16 0.0038 Mild None Non-
Carcinogen

Carcinogen

2 Non-
Mutagen

0.29 0.0033 Mild None Non-
Carcinogen

Carcinogen

3 Non-
Mutagen

1.14 0.0043 Mild Mild Non-
Carcinogen

Non-
Carcinogen

4 Non-
Mutagen

1.43 0.0026 Mild Mild Non-
Carcinogen

Non-
Carcinogen

5 Non-
Mutagen

1.34 0.0036 Mild Mild Non-
Carcinogen

Non-
Carcinogen

6 Non-
Mutagen

0.82 0.0145 None Moderate Non-
Carcinogen

Carcinogen

7 Non-
Mutagen

0.89 0.0076 Mild Moderate Non-
Carcinogen

Carcinogen

8 Non-
Mutagen

0.56 0.0218 None Moderate Non-
Carcinogen

Carcinogen

9 Non-
Mutagen

9.68 0.9891 Mild None Carcinogen Non-
Carcinogen

10 Non-
Mutagen

4.05 1.6549 None Moderate Carcinogen Non-
Carcinogen

Figures
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Figure 1

Chemical structures of compounds 1-10 isolated from the ethyl acetate extract of Aspergillus sp.

Figure 2

Key COSY, HMBC and NOESY correlations of compound (1)
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Figure 3

PDA chromatogram of Aspergillus sp. extract grown on Rice (A) and Beans (B) media
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Figure 4

Comparative PDA chromatograms of Aspergillus sp. extracts grown on Rice (red) and Beans (black) media
(A), expanded chromatograms between retention time 7-22 min. (B) and expanded chromatograms
between retention time 22 -36 min. (C)
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Figure 5

2D, 3D binding mode & active pocket of compound (10) within the active site of 2019-nCoV main protease
(A), 2019-nCoV spike glycoprotein (B) and ACE2 (C)
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Figure 6

ADMET plot for compound identi�ed from Aspergillus sp. displaying the 95% and 99% con�dence limit
ellipses corresponding to the blood-brain barrier (BBB) and the human intestinal absorption; austalide X
(1) (star); compound (9) (triangle); compound (10); (�lled square)
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