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Abstract: The recently reported microbial natural product N-benzoyl-tryptophane (1) along with
twenty-two diverse known bioactive compounds were isolated from the marine Aspergillus terreus
LGO13 after its re-cultivation using liquid culture fermentation. Structures of the isolated com-
pounds were established on the basis of HR-ESIMS 1D/2D NMR spectroscopy, and comparison with
literature data. The antimicrobial, cytotoxicity, and antiviral activities of the microbial extract and
the obtained compounds were investigated using a set of microorganisms, cervix carcinoma KB-3-
1, non-small cell lung cancer (NSCLC) A549, and coronavirus (SARS-CoV-2), respectively. Molec-
ular docking (MD) simulation was employed to explore the theoretical targets of the isolated me-
tabolites as anti-SARS-CoV-2 agents. Chaetominine (2) seemed to be a potential candidate against
papain-like protease (PLpro), one of the viral proteins being aimed by recent research as a possible
target of anti-covid agents. Inspired by the MD results, we accordingly assessed the antiviral efficacy
of chaetominine (2), fumitremorgin C (6), and azaspirofuran A (9) against SARS-CoV-2. Fu-
mitremorgin C (6) showed a high selectivity index (SI = 20.3), while chaetominine (2) and azaspiro-
furan A (9) showed moderate selectivity index (SI= 6.6 and 3.2, respectively). These results showed
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Microorganisms isolated from different habitats represent prolific resources of novel

and bioactive metabolites which are considered as indication for drug-discovery [1-3].
- Fungi have been recently considered a promising source of secondary metabolites that
elicited a wide range of beneficial values both on the therapeutic and commercial scales.
Recently, fungal metabolites have gained great attention as an everlasting source of pre-
cious compounds that can serve as novel entities for various therapeutic approaches [4].
Also, marine-derived fungi have gained significant attention as promising therapeu-
tic approaches for the treatment of a wide array of human ailments and as successful tools
for drug discovery [5,6]. This is mainly attributed to their richness by a diverse array of
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secondary metabolites. These promising activities are represented by antiviral, antibacte-
rial, anti-inflammatory, and anticancer activity [7].

Aspergillus represents a widely spread genus of fungi that are highly popular for
possessing a potent medicinal potential comprising mainly antimicrobial, cytotoxic, and
antioxidant activities that are highly attributed to its richness by a wide range of structur-
ally heterogeneous secondary metabolites, namely alkaloids, terpenes, steroids, and
polyketides, peptides, and lactones, that are of considerable interest to the scientific re-
search community. Fungi of this genus produce important secondary metabolites that
have industrial importance [8,9] and therapeutic significance like antibiotics [10] and
lovastatins [11], reflecting the considerable importance of Aspergillus spp. both in the sci-
entific and pharmaceutical industries levels [4,12,13].

Among the Aspergillus spp, Aspergillus terreus is well known for its potential as a
prolific and great resource of promising and unusual bioactive metabolites [14-17]. There-
fore, and during our continual search for diverse bioactive compounds [16] having anti-
SARS-CoV-2 activity, a re-cultivation of the marine Aspergillus terreus LGO13 on M2 lig-
uid medium and applying to shaker fermentation followed by working up and chroma-
tographic purification afforded twenty-three diverse bioactive compounds (1-23) (Fig. 1).
The antimicrobial, cytotoxicity and antiviral activities of the microbial extract and ob-
tained compounds were visualized using a set of microorganisms, cervix carcinoma KB-
3-1, non-small cell lung cancer (NSCLC) A549, and coronavirus (SARS-CoV-2), respec-
tively. Isolation and taxonomical characterization of the producing microorganism was
revealed as well. 3C-like protease (3CLpro), papain-like protease (PLpro), and spike pro-
tein S were the biological targets of choice for anti-covid characteristics. These targets have
been approached to halt the virus propagation inside the host cells [18].

Coronaviruses are enveloped, positive-sense, single-stranded RNA viruses that are
widely dispersed among humans, other mammals, and birds. The cause of respiratory,
gastrointestinal, hepatic, and neurological illnesses [19]. In late December 2019, the WHO
Office in China was informed of pneumonia cases of unidentified etiology in Wuhan City
which were subsequently declared to be associated with a new coronavirus, later known
as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The devastating ex-
pansion of SARS-CoV-2 was faster than any other zoonotic coronavirus [20]. This urged
the need to find medications to reduce mortality and the unaffordable hospitalization
rates, especially in the absence of effective prepandemic vaccines or antiviral therapeutics.
Several trials were performed to re-purpose drugs as a faster way to discover effective
drugs in COVID-19 treatment and other natural compounds or metabolites [21,22].
Herein we assess the efficacy of selected metabolites isolated from the marine Aspergillus
terreus LGO13 based on molecular docking (MD) simulation as antiviral agents against
SARS-CoV-2, which focuses on creating innovative antiviral and anticancer drugs while
paying close attention to their safety profile for normal cells.
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Figure 1. Chemical structures of compounds 1-23.

2. Results and discussion
2.1. Isolation and Taxonomic Identification of the Producing Fungus

Details of isolation and taxonomic characterization of the extremophilic fungus As-
pergillus terreus LGO13 were reported recently by our research team [16]. Phylogenetic
analyses of the aligned segment of 185 rRNA gene revealed close similarity (99%) of
LGO13 to Aspergillus terreus [16]. The sequence of the strain has been recorded in GenBank
database (accession no. MH470250). The strain LGO13 was cultivated on potato-dextrose
agar and kept into refrigerator at 4°C.

2.2. Isolation and structure identification of the Produced Compounds

An application of the marine fungus LGO13 crude extract to a series of diverse chro-
matographic techniques afforded twenty-three diverse bioactive compounds, namely, the
recently reported N-benzoyltryptophane (1) [23] together with chaetominine (2) [24], fu-
migaclavine C (3) [1], cyclotryprostatin B (4) [25], 20-hydroxycyclotryprostatin B (5) [26],
fumitremorgin C (6) [27], 12,13-dihydroxyfumitremorgin C (7) [28], pseurotin A (8) [29],
azaspirofuran A (9) [30], terezine D (10) [31], helvolic acid (11) [32], pyripyropene A(12)
[33], bisdethiobis-(methylthio)gliotoxin (13) [34], fumagillin (14) [35], methylemodine (15)
[36], ergosterol (16) [16], orsellinic acid (17) [37], orcinol (18) [38], indolyl-3-acetic acid (19),
indolyl-3-acetic acid methyl ester (20) [39], p-hydroxybenzoic acid (21), pyrrole-2-carbox-
ylic acid (22) and pyrrole-3-carboxylic acid (23) [40] (Fig. 1). Structures of all isolated
compounds were determined by 1D and 2D NMR, and mass spectrometric data and com-
parison with literature (see supplementary file).
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2.3. Biological Activity 119
2.3.1. Antimicrobial activity 120

The antibacterial activity of the strain extract was visualized against five pathogenic 121
bacterial strains: Escherichia coli DSMZ 1058, Bacillus subtilis DSMZ 704, Micrococcus luteus 122
DMSZ 1605, Pseudomonas agarici DSMZ 11810, Staphylococcus warneri DSMZ 20036 using 123
agar-diffusion test method on sterilized paper disk (6 mm). However, no antibacterial ac- 124
tivity was displayed from the strain extract against any of the bacterial strains tested. 125

2.3.2. Cytotoxic activity study 126

The in vitro anticancer activity of selected compounds (fumitremorgine C (6), cy- 127
clotryprostatin B (4), 20-hydroxycycloprostatin B (5), 12,13-dihydroxy fumitremorgine C = 128
(7), pseurotin A (8), azaspirofuran A (9), orselinic acid (17), orcinol (18)) based on their 129
quantities and structural classifications, against the non-small cell lung cancer (NSCLC) 130
A549 using XTT method was investigated. According to this study, no significant cytotox- 131
icity was remarked for orselinic acid (17) and orcinol (18) (due mostly to their very small 132
molecular sizes and highly charged particles) and 20-Hydroxycycloprostatin B (5). On the = 133
other hand, cyclotryprostatin B (4) showed cytotoxcity against A549 cell line with ICso of 134
~100 pM, meanwhile pseurotin A (8) and azaspirofuran A (9) showed ICso in the range of 135
51-100 uM. In contrast, fumitremorgine C (6) is neurotoxic and hence it cannot be used 136
clinically. Furthermore, the anticancer activity of benzoyltryptophane (1) and orcinol (18) 137
against cervix carcinoma cell line (KB-3-1), revealed no cytotoxicity. 138

2.3.3. Molecular docking and anti-SARS-CoV-2 activity 139

The compounds were scanned as possible agents against SARS-CoV-2 proteins; 3C- 140
like protease (3CLpro), papain-like protease (PLpro), and spike protein S using automated 141
molecular docking. The inhibitory process could be achieved by blocking the replication 142
and the transcription of the virus in the case of the two proteases or by the interference of 143
the virus-cell recognition in the case of the spike protein [41,42]. 144

The viral spike (S) glycoprotein interacts with the host cell via its RBD moiety which 145
binds to the angiotensin-converting enzyme 2 (ACE2) receptor to invade the human cell. 146
The spike protein which consists of two subunits, S1 and S interacts with the ACE2 recep- 147
tor via the S1 subunit [43-45]. This interaction may be interrupted by introducing a drug 148
candidate which could disrupt the recognition process at the interface of the Si/ACE2 het- 149
eroisomer [18, 46]. The recently available 3D structure of the S1 unit during the recogni- 150
tion phase with the ACE2 full protein was selected for the in-silico study [44]. The RBD 151
pocket that is in the region of the interfacial site between the viral and the eukaryotic pro- 152
tein was aimed by our structures and no favorable candidate was observed with exception 153
of chaetominine (2), fumitremorgin C (6) and azaspirofuran A (9). They had an energy of 154
interaction of -8.3, -9.0, and -8.1 Kcal/mol in their most stable poses (Figs. 2 and 3). These 155
poses interacted with ACE2 away from the interface between the viral and the host pro- 156
tein, suggesting their lack of efficacy in this proposed activity. Their binding poses located =~ 157
inside the RBD groove had higher binding energy besides they weren’t subsidized with 158
enough hydrogen bonds. From this simulation, no candidate of the current library could 159
be assumed as a disruptor of the viral invasion phase. 160

For 3CLpro, most of them were not susceptible to being active against this target ex- 161
cept chaetominine (2), fumitremorgin C 6) and azaspirofuran A (9). They had the energy 162
of interaction of -9.0, -8.1 and -8.1 kcal/mol respectively. However, these stable binding 163
modes hadn't sufficient hydrogen bonds implicated in the interaction that may disallow 164
them from being drug candidates. Meanwhile, the second protease (PLpro) was affected 165
by the same compounds in addition to pseurotin A (8). The binding energy was between 166
-9.4 and -8.0 kcal/mol for the poses with the lowest RMSD values. Nevertheless, chaetom- 167
inine (2) was the only compound that formed a satisfying number of hydrogen bonds with 168
Glul67, Tyr264, and Met208 and the binding energy was -8.8 kcal/mol for the selected 169
pose with RMSD of 5.809. The pose with lower binding energy (-9.4 kcal/mol) was 170
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excluded since it formed no hydrogen bond with the target. On the other hand, the low 171
values of binding energy which mean higher affinity of the previously mentioned struc- 172
tures may suggest an influence of hydrophobic interaction in the stabilization of the drug- 173
protein complex. This proposition needs to be confirmed by biological analysis. 174

175

Figure 2. Chaetominine (2) showed as sticks and ball inside a mesh inserted deeply within the 176
pocket of papain-like protease (PLpro) (left image), it formed three hydrogen bonds with the adja- 177
cent amino acids Glu167, Tyr264 and Met208 showed as green sticks (right image) 178
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Figure 3. The poses of fumitremorgin C (6, yellow stick), azaspirofuran A (9, pink stick) and 180

pseurotin A (8) inside the binding site of PLpro, hydrogen bonds were shown as black dashes. 181
2.3.4. Study of the anti-SARS-CoV-2 activity according to Molecular docking visualiza- 182
tion 183

The in vitro anti-SARS-CoV-2 analysis was explored using the most promising com- 184
pounds according to the molecular docking study. Fumitremorgin C (6) showed the high- 185
est promising antiviral activity (Fig. 4), with CCso (the concentration required to cause a 186
50% toxicity of the normal Vero E6 cells) of 193.8 pg/ml, and ICs (the concentration re- 187
quired to cause 50% viral inhibition) is 9.8 ug/ml, and selectivity index of SI=20.3. On the 188
other hand, both azaspirofuran A (9) and chaetominine (2) showed higher safety than fu- 189
mitremorgin C (6), with CCso value of 6075 and 7894 ug/ml, respectively. However, 190
azaspirofuran A (9) and chaetominine (2) showed moderate antiviral activities compared 191
to fumitremorgin C (6), and their selectivity indices were 3.2, and 6.6 respectively. The 192
SARS-CoV-2 viral inhibitory concentration ICso is 1874 ug/ml for azaspirofuran A (9) and 193
1196 pg/ml for chaetominine (2). 194
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Figure 4. Graph of cytotoxicity concentration (CCso) and inhibitory concentration (ICso)

3. Materials and Methods
3.1. General Experimental Details

Column chromatography was carried out on silica gel (0.06-0.2 mm, Merck, Darm-
stadt, Germany). Gel filtration was carried out on Sephadex LH-20 (GE Healthcare, Upp-
sala, Sweden). Preparative TLC (0.5 mm thick) and analytical TLC was performed on
Merck pre-coated silica gel 60 PFassse6 plates (Merck, Darmstadt, Germany). Revalues of
the bioactive compounds and visualization of their chromatograms was carried out under
UV light (254 and 366 nm) and further by spraying with anisaldehyde/sulfuric acid fol-
lowed by heating. High Resolution ESI-MS was done on a Micromass AC-TOF micro mass
spectrometer (Micromass, Agilent Technologies 1200 series, Waldbronn, Germany). Opti-
cal rotations were measured on a P-1020 polarimeter (JASCO, Tokyo, Japan). 1D NMR
and 2D (COSY, HMQC, HMBC, NOESY) NMR spectra were recorded on an Avance 500
MHz spectrometer (Bruker, Rheinstetten, Germany) at 500 MHz ('H) and 125 MHz (*C)
at 298 K using the residual solvent peaks as a reference.

3.2. Aspergillus Terreus LGO13: Isolation, and taxonomic characterization

Details of the experimental isolation and taxonomic characterization of the produc-
ing fungus were reported previously [2, 16]. A pure colony of the strain has been culti-
vated on potato-dextrose agar (PDA) and kept in the fridge at 4°C. A. terreus strain LGO13
is deposited in Microbial Chemistry Department, National Research Centre (NRC), Egypt.

3.3. Large-scale fermentation, working up, and isolation

Under aseptic conditions, the spore suspension of Aspergillus terreus LGO13 (106
spore/mL) has been used to inoculate two batches of sterilized 100 x 1 L-Erlenmeyer flasks
using linear shaker containing M2 medium followed by cultivation for 14 days at 28-C.
After cultivation, the culture broth was mixed with mycelia (2 kg) and filtered using a
filter press. The afforded mycelial cake was soaked in methanol, followed by filtration,
concentration, and the obtained water residue was re-extracted by ethyl acetate. The su-
pernatant was extracted with ethyl acetate. Ethyl acetate extracts of mycelia and superna-
tant were combined and applied to in vacuo concentration till dryness using a rotary evap-
orator affording 13.4 g yellowish-orange crude extract.

The crude extract (13.4 g) was subjected to a silica gel column chromatography (60x3
cm). A stepwise elution of the column with cyclohexane-DCM-MeOH gradient [0.5 L cy-
clohexane: DCM (1:1), 1L DCM, 1.5 L DCM: MeOH (99:1), 0.5L DCM: MeOH (97:3), 0.5L
DCM: MeOH (95:5), 0.5L. DCM: MeOH (90:10)] monitored by TLC resulted in five frac-
tions. Fraction 1 (2.32 g) was subjected to silica gel column (60x1.5 cm) using cyclohexane-
DCM gradient to afford colorless crystals of ergosterol (16, 220 mg).Fraction 2 (3.57 g) was
further fractionated using silica gel column to afford two sub-fractions F2a and F2b. Ap-
plying of both sub-fractions individually to silica gel columns, eluted with cyclohexane-
DCM-MeOH gradient, afforded helvolic acid (11, 5 mg), pyripyropene A (12, 7 mg),
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bisdethiobis-(methylthio)gliotoxin (13, 50 mg) and indolyl-3-acetic acid methyl ester (20, 235
1 mg) from F2a while F2b delivered fumitremorgin C (6, 300 mg), 12,13-dihydroxy- 236
fumitremorgin C (7, 4 mg), azaspirofuran A (9, 80 mg), fumagillin (14, 95 mg) and meth- 237
ylemodine (15, 1.5 mg). With similar procedure carried out for fraction 2, fraction 3 (2.68 238
g) was purified to give sub-fractions F3a and F3b and their subsequent purification gave 239
cyclotryprostatin B (4, 1.5 mg) and pseurotin A (9, 68 mg) from F3a while F3b gave chae- 240
tominine (2, 54 mg), orsellininc acid (17, 30 mg), orcinol (18, 26 mg), indolyl-3-acetic acid 241
(19, 1.6 mg), p-hydroxybenzoic acid (21, 2.6 mg), pyrrole-2-carboxylic acid (22, 1.7 mg), 242
and pyrrole-3-carboxylic acid (23, 1.3 mg). Gel-fitration of fraction 4 (1.78 g) on Sephadex 243
LH-20 (CH2Cl2/40% MeOH) yielded two sub-fractions F4a and F4b. Fumigaclavine C (3, 244
40 mg), 20-hydroxycyclotryprostatin B (5, 15 mg), and terezine D (10, 6.5 mg) were ob- 245
tained from F4a after their application to silica gel column using DCM-MeOH gradient. A 246
final purification of the last fraction 5 (0.63 g) using Sephadex LH-20 (DCM/40% MeOH) 247
afforded N-benzoyl-tryptophane (1, 13 mg) as a colorless solid. 248

3.4. Antimicrobial Activity Assay 249

Antimicrobial activity testing of the microbial extract and obtained compounds were 250
carried out against a set of microorganisms using paper-disk diffusion assay [47] with 251
some modifications according to our previous work [48]. 252

3.5. Cytotoxicity Assays 253

The XTT cell viability assay (Roche Diagnostics, Filderstadt, Germany) is a colorimet- 254
ric assay that measures cellular metabolic activity. The assay is based on the mitochondrial 255
reduction of tetrazolium salt by viable cells with active mitochondrial dehydrogenase into 256
the orange-colored water-soluble formazan salt. Different types of cancer cells were plated 257
in 96-well microtiter plates and treated with different concentrations of the respective 258
compounds for 48 h before incubating with XTT labeling mixture at 37 °C [49]. The spec- 259
trophotometric absorbance was measured using a TECAN Infinite® 200 PRO microplate = 260
reader (Méannedorf, Switzerland) at 450 nm with a 630 nm-reference filter. Paclitaxel (MP 261
Biomedicals, Santa Ana, CA) served as a positive control. 262

3.5. Anti-coronavirus activity molecular docking 263

All crystallographic structures were downloaded from the protein data bank (PDB 264
codes of 3CLpro, PLpro, and spike glycoprotein= 6LU7, 6WUU, and 6M17 respectively) 265
[44,50,51]. The compounds were designed by ChemDraw and prepared for docking by 266
VEGA which was used as well for the enzyme preparation (deleting water and the native 267
ligands, etc.) [52]. The grid boxes were placed in the binding sites of the native ligands of =~ 268
3CLpro and PLpro. On the other hand, the other grid box was positioned in the interfacial 269
region between the S1 unit and ACE2 for the spike protein during the Molecular docking 270
simulation. Docking was processed by Autodock vina, and the binding poses, and the 271

hydrogen bond formation was detected by Pymol [53,54]. 272
3.6. Anti-SARS-CoV-2 activity Assays 273
3.6.1. Cytotoxicity assay 274

To assess the half maximal cytotoxic concentration (CCso), stock solutions of the test 275
compounds were prepared in 10 % DMSO in deionized H20O and diluted further to the 276
working solutions with DMEM. The cytotoxic activity of the extracts was tested in VERO- 277
E6 cells by using the 3-(4, 5-dimethylthiazol -2-yl)-2, 5-diphenyltetrazolium bromide 278
(MTT) method with minor modifications. Briefly, the cells were seeded in 96 well-plates 279
(100 pl/well at a density of 3x10° cells/ml) and incubated for 24 h at 37 °C in 5%CO2. After 280
24 h, cells were treated with various concentrations of the tested compounds in triplicates. 281
24 h later, the supernatant was discarded, and cell monolayers were washed with sterile 282
1x phosphate buffer saline (PBS) 3 times and MTT solution (20 pl of 5 mg/ml stock solu- 283
tion) was added to each well and incubated at 37 °C for 4 h followed by medium aspira- 284
tion. In each well, the formed formazan crystals were dissolved with 200 pl of acidified 285
isopropanol (0.04 M HCl in absolute isopropanol = 0.073 ml HCL in 50 ml isopropanol). 286
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Absorbance of formazan solutions was measured at A max 540 nm with 620 nm as a ref- 287
erence wavelength using a multi-well plate reader. The percentage of cytotoxicity com- 288
pared to the untreated cells was determined with the following equation. The plot of % 289
cytotoxicity versus sample concentration was used to calculate the concentration which 290
exhibited 50% cytotoxicity (CCso) [55]. 291

(Absorbance of cells without treatment- Absorbance of cells with treatment) x 100

Cytotoxicity % = -
Absorbance of cells without treatment 290

3.6.2. Inhibitory concentration 50 (ICs0) determination 293

In 96-well tissue culture plates, 2.4x10* Vero-E6 cells were distributed in each well 294
and incubated overnight at a humidified 37°C incubator under 5%CO: condition. The cell 295
monolayers were then washed once with 1x PBS and subjected to virus adsorption (hCoV- 29
19/Egypt/NRC-03/2020 (Accession Number on GSAID: EPI_ISL_430820)) for 1 h at room 297
temperature (RT). The cell monolayers were further overlaid with 100ul of DMEM con- 298
taining varying concentrations of the test compounds. Following incubation at 37°Cin 5% 299
CO: incubator for 72 h, the cells were fixed with 100 ul of 4% paraformaldehyde for 20 300
min and stained with 0.1% crystal violet in distilled water for 15 min at RT. The crystal 301
violet dye was then dissolved using 100 pl absolute methanol per well and the optical 302
density of the color is measured at 570 nm using Anthos Zenyth 200rt plate reader (Anthos 303
Labtec Instruments, Heerhugowaard, Netherlands). The ICso of the compound is that re- 304
quired to reduce the virus-induced cytopathic effect (CPE) by 50%, relative to the virus 305
control [56]. 306

5. Conclusions 307

In this study, twenty-three diverse bioactive metabolites were investigated from the 308
marine Aspergillus terreus LGO13 after its re-cultivation using liquid culture fermentation. 309
Their structures were established based on HR-ESIMS 1D/2D NMR spectroscopy, and 310
comparison with literature data. The antimicrobial, cytotoxicity, and antiviral activities of 311
the microbial extract and the obtained compounds were investigated using a set of micro- 312
organisms, cervix carcinoma KB-3-1, non-small cell lung cancer (NSCLC) A549, and coro- 313
navirus (SARS-CoV-2), respectively. Molecular docking (MD) simulation was employed 314
exploring the promising targets of the isolated metabolites as anti-SARS-CoV-2 agents. 315
Particularly, chaetominine (2) was established as potential candidate against papain-like 316
protease (PLpro). We accordingly assessed the antiviral efficacy of chaetominine (2), fu- 317
mitremorgin C (6), and azaspirofuran A (9) against SARS-CoV-2 inspired by the MD re- 318
sults. Fumitremorgin C (6) showed a high selectivity index (SI =20.3), while chaetominine 319
(2) and azaspirofuran A (9) showed moderate selectivity index (SI = 6.6 and 3.2, respec- 320
tively). These results showed a promising antiviral activity of Fumitremorgin C against 321
SARS-CoV-2 virus, suggesting them to be further in vivo studied hopefully be served as 322

drug candidate in the overcoming of the SARS-CoV-2. 323
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