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Abstract

Background: To address public health challenges, there is increasing interest in
bioactive metabolites from unconventional sources for targeted cancer and viral
treatments with minimal side effects. Endophytic fungi are promising for these therapies.
This study focused on maximizing bioactive agent yields from these fungi using a low-
cost medium and optimized fermentation system.

Results: Forty-three endophytic fungi isolated from Sinularia polydactyla were cultivated
on wheat bran medium and evaluated for bioactive metabolites under solid-state
fermentation. Strain FAKSA 10, identified as Arthrinium sp. FAKSA 10, exhibited the
highest levels of pharmaceutical metabolites, including L-glutaminase, L-methioninase,
L-arginase, L-asparaginase, L-tyrosinase, L-lysine a-oxidase, and ribonuclease, with a
79.12% hepatitis C virus knockdown rate. This strain produced 46 metabolites with
anticancer, antioxidant, antiviral, and cytotoxic properties, including major compounds
like hexadecanoic acid methyl ester; hexadecanoic acid ethyl ester; 9, 12-
octadecadienoic acid (Z, Z), methyl ester; 9-octadecenoic acid (Z)-, methyl ester, and 11,
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14-eicosadienoic acid, methyl ester. A cost effective strategy using 11 agro-industrial
residues was applied, following by optimization of the solid-state fermentation system.
This optimization increased enzyme yields and enhanced antiviral and antioxidant
activities. The optimal conditions for solid-state fermentation were a 10 d incubation, 1
mm particle size, 60% initial moisture, 28°C temperature, and 2 x 10” CFU/mL inoculum
size.

Conclusions: This study exploited Arthrinium sp. FAKSA 10 metabolites as natural
pharmaceuticals against cancer and viral diseases, highlighting their significant
antioxidant properties. Among various residues, oil cakes emerged as an effective and
cost-efficient medium, capable of significantly enhancing the production of valuable
bioactive metabolites.

* Audio abstract available in Supplementary material.

Graphical abstract
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Morphological characterization, molecular identification and phylogenetic tree analysis of
marine endophytic fungus Arthrinium sp. FAKSA 10 strains as well as GC/MS chromatogram
of the extract of Arthrinium sp. FAKSA 10 and its anticancer activity against two known
cancer cell lines, HepG-2 (liver cancer) and HCT-116 (colon cancer).
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1. Introduction

Cancer is indeed a significant global health concern, leading to millions of deaths annually
and prompting extensive research efforts. Overall, Asia, Africa, and America account for
70% of all cancer fatalities and 60% of all cancer cases recorded worldwide. [1,2]. Chronic
hepatitis C virus (HCV) infection also presents a major public health challenge, with
approximately 71 million people infected universal and about 1.0 million new infections
arising every year [3]. In Saudi Arabia the incidence of HCV is approximately 0.7%, and



about 70% of these infected individuals having active infection individuals having active
infection [4]. Uncontrolled reactive oxygen species (ROS) or free radicals can actually
lead to systemic oxidative stresses, which are implicated in damaging biological
macromolecules and managing their levels and maintaining antioxidant defenses are
crucial in supporting overall health and longevity [5]. This oxidative damage contributes
to a range of debilitating conditions including cancer, neurodegenerative disorders,
diabetes, and accelerates the aging process. Additionally, ROS can promote lipid
peroxidation, impair innate antioxidant enzymes, and disrupt normal metabolic functions,
further exacerbating cellular damage and metabolic disorders [6].

In addressing these public health challenges, there is a growing demand for
unconventional sources of bioactive metabolites sought for their potential to offer high
specificity in targeting cancer and viral diseases with minimizing side effects [7]. In this
regard, the exploration of endophytic fungi for bioactive metabolites represents a
promising avenue for developing new therapies [8]. Furthermore, their ability to produce
compounds with specific activity against cancer cells and viruses provides opportunities
for developing new therapies with potentially fewer side effects compared to conventional
treatments to address current healthcare gaps [9]. RNases, enzymes that degrade viral
genomes, are considered promising candidates for broad-spectrum antiviral therapeutics
because of their unique ability to hydrolyze nucleic acids [10]. Fungal RNases have
demonstrated efficacy against RNA viral pathogens through a multifaceted approach
includes enzymatically targeting the viral genome [11].

Among endophytes, marine coral-endophytic fungi are recognized as a significant
component of the endophytic microbiota, offering a wealth of therapeutic agents with
anticancer, antioxidant, and antiviral activities [9,12]. Recently, endophytic fungi have
emerged as a promising source for enzymatic amino acid deprivation therapies in cancer
treatment; these therapies aim to deprive auxotrophic cancer cells of essential nutrients
[13]. These enzymes including asparaginases, arginine deiminases, arginases,
methioninases, lysine oxidases, phenylalanine ammonia lyases, and glutaminases have
recently been developed for their anticancer, antioxidant, antimicrobial, and anti-HCV
properties [9,14,15,16]. Globally Arthrinium species have been commonly isolated as
endophytes with promising broad-spectrum bioactive agents including enzymatic,
antimicrobial, antioxidant, anticancer and antiviral agents [17].

The great cost of conventional antioxidant, anti-HCV, anticancer and antimicrobial drugs
is a burden for nations, there is an urgent necessity to develop an environmentally safe
technology along with cost-effective strategies such as solid-state fermentation system
for production of pharmaceutical bioactive agents, some of them may exhibit pronounced
antioxidant, anticancer, and antiviral activities while some others can exert antibiotic as
well as pharmaceutical enzymatic activities [18,19]. After processing of fruits, vegetables



and oils, various agroindustrial residues (seeds, peels, whole pomace or oil cakes)
contain soluble sugars, fibers, and other hydrolysable materials and can be metabolized
in solid state fermentation (SSF) by a wide range of fungi via fermentation into several
value-added bioactive products [20,21]. Almost every marine-derived Arthrinium species
demonstrated high antioxidant activity in radical-scavenging assays. Notably, the crude
extract of Arthrinium sp. 3 KUC21327 displayed higher radical-scavenging activity than
ascorbic acid [22].

Therefore, the current study aimed to obtain endophytic fungi that produce maximum
yields of appreciated pharmaceutical products, comprising enzymes such as L-lysine a-
oxidase, L-tyrosinase, L-methioninase, L-arginase, L-asparaginase, L-glutaminase, and
RNase. Additionally, the study focused on evaluating the antioxidant, antiproliferative, and
antiviral activity targeting hepatitis C virus, using low-cost production medium under
optimized solid-state fermentation system.

2. Materials and methods

2.1.Isolation of coral-endophytic fungi

Samples of the coral Sinularia polydactyla were obtained from Sharm Abhur (between
latitudes 21°42'11" and 21°45'24" and longitudes 39°05'12" and 39°08'48"E), Jeddah
coast, Mecca Region, eastern side of the Red Sea, Saudi Arabia (Fig. 1) in March
2022. Coral samples were washed with seawater, preserved in polythene bags with
seawater, and transported to the laboratory in a container filled with ice for isolation of
endophytic mycobiome by the surface sterilization method [23]. The coral specimens
underwent a 5-min wash in running water followed by being cut into small fragments
(1.0 x 0.5 cm). These pieces were then sterilized by immersing them in 70% ethanol for
3 min, followed by 2.0% sodium hypochlorite for 2 min, and another round of 70%
ethanol for 2 min. After sterilization, the pieces were rinsed in sterile water for 2 min
before being inoculated (10 pieces/plate) onto MYPGA medium plates. The plates were
then incubated at 28°C for 2 weeks, with regular monitoring till colonies appeared from
the inner tissues of coral. Pure fungal colonies were maintained on MYPGA.

2.2.Fungal growth



Two discs, each 2-cm in diameters from an established culture of the tested fungi were
inoculated into 500 mL Erlenmeyer flasks (5 flasks/isolate) contain 5 g of wheat bran sized
to 2 mm with initial moisture content adjusted to 60% at pH 6.0 and incubated at 28°C for
10 d.

2.3.Enzymes extraction

To extract enzymes from SSF cultures, a known amount of wheat bran culture for each
isolate was mixed well and extracted with distilled water (1:3 w/v) containing 0.1% Tween-
80 for 2 h at 30°C and 180 rpm. Suspensions were then filtrated through Whatman filter
paper No. 1 followed by centrifugation at 8,000 rpm for 10 min at 4°C and the
supernatants were used for enzyme assays. The yield of each enzyme was expressed
as the total units of enzyme achieved per gram of dry substrate (U/gds).

2.4. Assays of pharmaceutical enzymes

L-Methioninase, L-glutaminase, and L-asparaginase activity were measured using L-
methionine, L-glutamin, and L- asparagine as substrates, respectively following the
nesslerization method. Liberated ammonia was estimated at 425, 450, and 450 nm
using a UV-Visible spectrophotometer (Shimadzu, Kyoto, Japan) for L-methioninase, L-
glutaminase, and L-asparaginase activity, respectively [12,20]. One unit of each enzyme
was defined as the amount of enzyme catalyzed the release of 1 pmol of ammonia/min
under standard assay conditions.

Tyrosinase activity was assayed using L-tyrosine as substrate and the absorbance was
monitored at 475 nm. One unit of tyrosinase was defined as the amount of enzyme
catalyzed the formation of 1 umol of L-dopachrome/min [24]. L-Arginase activity was
quantified using L-arginine as substrate and the liberated urea was measured at 540 nm
as described by Nadaf et al. [14]. Enzyme activity (U/mL) was calculated as umoles of
urea released/min/mL [14]. L-Lysine a-oxidase activity was calculated by the forming rate
of H,O, in a 20 mM Tris-phosphate buffer (pH 7.8) containing 0.2 mM o-dianisidine, 5
pMg/mL peroxidase, and 2.0 mM L-lysine at 25°C. One unit of the enzyme was calculated
as the amount of enzyme catalyzes the oxidation of 1 umoL L-lysine/min [15]. RNase
activity was determined using tRNA as the substrate as described by Wu et al. [25]. One
unit of RNase is defined as the amount of enzyme that increase ODygy of one/min/mL of
reaction mixture under standard assay conditions [25].



2.5.Extraction of bioactive metabolites for anti-HCV, antioxidant and anticancer
activities

To determining antiviral, antioxidant and antimicrobial activities, a known number of whole
cultures were extracted twice with methanol (1:3 w/v), dried under vacuum, weighted and
tested for antiviral, antioxidant, anticancer and antibacterial activity.

2.6. Anti-hepatitis C virus

Murine MH1 cells were utilized to assess the effectiveness of substances extracted from
43 fungal isolates cultured on wheat bran medium, as well as the efficiency of the
extracted metabolites from the selected strain FAKSA 10 grown on eleven agro-industrial
residues in inhibiting the hepatitis C virus (HCV). Cells were maintained and cultured in
Dulbecco’s modified Eagle medium (DMEM) containing 100 IU/mL penicillin G sodium
and streptomycin sulfates, 1% of L-glutamine and 10% fetal bovine serum at 37°C in
incubator at 5% CO, and then assessments were done in the logarithmic growth phase.
Each extract was dissolved in DMSO and cell were seeded at density 4 x 10%/well were
treated with 80 ug/mL of tested extracts, individually at 37°C for 48 h. Likewise, the extract
of the selected strain FAKSA 10 on different agroindustrial residue- based media at
different concentrations were evaluated for their anti- HCV and then the half inhibition
concentrations (ICsp) were determined [26].

2.7.Gas chromatography-mass spectrometry (GC-MS) analyses of FAKSA 10
extract of wheat bran culture

Wheat bran medium was inoculating the wheat bran with the FAKSA 10 fungal strain. The
inoculated wheat bran was incubated under controlled conditions for a specified period
mentioned above to allow the fungi to grow and produce metabolites. The fungal biomass
was extracted using methanol to extract the fungal metabolites, followed by filtration,
centrifugation and concentrate the extract using a rotary evaporator. The concentrated
extract was dissolve in dichloromethane and filter to remove any particulate matter. Two
ML of extract was injected, individually into the GC-MS instrument. The sample is
vaporized and carried by an inert gas (helium) through a chromatographic column (TG-
5MS fused silica capillary column); at a flow rate of one mL/min and temperature set at
280°C. Compounds where it gets separated based on its volatility and interaction with the
column's stationary phase. As the separated compounds elute from the GC column, they
are ionized at ionization energy of 70 eV and fragmented in the mass spectrometer. The
mass spectrometer detects the ions and generates a mass spectrum for each compound.
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The mass spectra and retention times of the detected compounds were compared with
those in a NIST and WILLY reference library to identify the metabolites.

2.8.Morphological, molecular and phylogeny characterization of the selected
endophytic isolate FAKSA 10

The morphological characteristics of isolate FAKSA 10 were observed following two
weeks of growth on malt extract agar (MEA), oatmeal agar (OA), and potato dextrose
agar (PDA) in the darkness at a temperature of 28°C. Culture characteristics including
structure, colony color, mycelium, and diffusible pigments were recorded [27].
Micromorphological properties were examined and pictured by a compound microscope
(Nikon Eclipse 80i) equipped with a digital camera (Canon 450D). All measurements of
microscopic details including conidiophore length, conidiogenous cell dimensions, and
conidial characteristics were performed using Tarosoft Image Framework (v. 0.9.0.7). The
morphological characteristics of the selected isolate FAKSA 10 was performed as
previously described [17,28,29,30,31].

For molecular analysis, DNA was extracted from the strain FAKSA 10 by the QlAamp
DNA Mini Kit (Qiagen, Inc., Valencia CA), following the manufacturer’s instructions. The
extracted DNA was examined using a spectrophotometer. The ITS1 (5-
TCCGTAGGTGAACCTGCGG-3") and 1ITS4 (5-TCCTCCGCTTATTGATATGC-3')
universal primer pairs were utilized to amplify the 1TS1-5.8S-ITS2 region [32]. The PCR
amplification product was purified using the PCR Cleanup Kit (Qiagen Inc., Valencia, CA)
and sequenced on an ABI 3730xI DNA sequencer using the Big Dye Terminator cycle
sequencing kit (Applied Biosystems, Inc., Foster City, CA) [33]. The resultant sequences
were matched to the GenBank database via the Basic Local Alignment Search Tool
(BLAST) accessible at the National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nim.nih.gov/BLAST/). Accordingly, the nucleotide sequence of the
FAKSA 10 isolate was submitted to GenBank and gave an accession number.
Phylogenetic analysis involved assembling, proofreading, and editing the ITS sequences
using MEGA 11. The phylogenetic tree was built using the neighbor-joining method and
evaluated through bootstrap analysis with MEGA 11 [34,35,36].

2.9.Optimization of SSF parameters

Proper fermentation optimization was examined using one factor at a time to test the
factors for maximum vyield and then the optimized factor was applied in the next
experiment for each activity. Optimization of process parameters has been initiated using
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agro-industrial by-products as cheap substrates for producing a wide-ranging bioactive
metabolites like pharmaceutical enzymes, antioxidants, antiviral and anti-tumor activities.
A total of eleven natural agroindustrial residues including oil cakes of olive (OOC), palm
(POC), wheat germ (WGC), sesame (SOC), almond (AOC), mustard (MOC), coconut
(COC); peels of pomegranate (POP) and banana (BP); and brans of rice (RB) and wheat
bran (WB) were obtained from local suppliers and screened for the production of these
bioactive metabolites. WB culture was considered as control. They were washed, sliced
into small species, desiccated using in an oven at 50°C to reach constant weight and then
they were powdered and sized to 2.0 mm and then each one evaluated as a production
medium compared to WB. Five grams of each substrate were placed individually in a 250
mL Erlenmeyer flask, moistened with 60% deionized water, autoclaved, and allowed to
cool. The cooled substrates were then inoculated with strain FAKSA 10 (2 x 108 CFU/gds),
carefully mixed, and incubated at 28°C for 10 d. For anti-HCV, antioxidant, and anticancer
activities, the effect of fermentation media consisting of the best inducers OOC, SOC,
AOC, and MOC was evaluated at ratios of (1:1:1:1), (2:1:1:1), (1:2:1:1), (1:1:2:1), and
(1:1:1:2), respectively. Following incubation, bioactive metabolites were extracted twice
in methanol (1:5 w/v). Various parameters in the SSF system were optimized to maximize
the yields of bioactive metabolites at the lowest production cost. These parameters were
incubation period (5, 7, 10, 14, and 20 d), particle size (0.5, 1.0, 2.0, 4.0, and 6.0 mm),
initial moisture content (50, 60, 70, 80, and 90% v/w), incubation temperature (25 - 45°C),
and inoculum size (2 x 106, 2 x 107 and 2 x 108 CFU/gds).

2.10. Cytotoxicity assessment and determination of the half inhibitory
concentration (IC5y) values

Hepatocellular carcinoma (HepG-2), normal lung WI-38 and colon cancer HCT-116 cell
lines were maintained in RPMI 1640 medium (Gibco) accompanied with 10% heat-
inactivated fetal bovine serum, streptomycin and penicillin at 100 U/mL and incubated at
37°C in a humidified 5% CO, atmosphere. The cytotoxic properties and ICsy values of
extracts obtained from fungi grown on various waste-based culture media mentioned
earlier were evaluated against HepG-2, HCT-116, and WI-38 cells using the MTT [(3, 4,
5, dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide] cytotoxic assay [37] at the
National Research Centre. Cells were plated in 96-well plates at a density of 1 x 104
cells/well and incubated for 48 h before being exposed to each extract or the reference
drug doxorubicin at a concentration that ranged from 0 to 150 pg/mL for cancerous cells
and ranged from 100 to 1000 pg/mL for normal cell line. Next, cells were incubated with
1 mg/mL MTT reagent at 37°C for 3 h, followed by removal of the reagent. The
mitochondrial succinate dehydrogenase and reductase enzymes in live cells changed
MTT to a quantifiable purple formazan product, which relates with the number of viable
cells and inversely correlates with cytotoxicity. Formazan crystals were dissolved with 100
mL of DMSO and estimated colorimetrically at absorbance As4o nm by the microplate
reader. Cell viability (%) was quantified according to Equation 1:



Arest — A
Cells viability (%) = ——>— Pk 100

Acontrol - Ablank

Equation 1

where Aiest, Alank and Acontrol are the ODsso Nm of treated cells, culture medium, and control
cells, respectively. 1Csy of each treatment was determined from the concentration-
response curve where the extract decreased cell viability by 50% compared to untreated
cells. All experiments were conducted in triplicate.

2.11. Antioxidant activities

2.11.1. DPPH radical scavenging assay

The capability of the extracts for scavenging free radicals was evaluated using the DPPH
radical scavenging assay as seen in Equation 2 [38]. In this assay, DPPH altered from
violet to yellow in the existence of antioxidants. Each test extract (100 uL) at
concentrations ranging from 0 to 150 ug/mL was carefully mixed with 100 uL of DPPH
reagent (0.2 mg/mL in MeOH), incubated at 28°C in the dark for 30 min. Absorbance
measured at A = 515 nm.

Ao —Aq

DPPH radical scavenging activity (%) = X 100

Equation 2
where Ay and A, are the absorbance of control and tested extract, respectively. The
inhibition percentages were plotted against concentrations to determine the amount of

extract or standard needed for scavenging 50% of DPPH free radicals. Experiments were
conducted in triplicate. Ascorbic acid (10—100 pg/mL) was served as standard.
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2.11.2. Reducing power assay

The study involved adding 0.05 mL extract at various concentrations, 0 to 150 ug/mL, to
a mixture containing 0.2 mL of 0.2 M phosphate buffer (pH 6.6) and 0.2 mL of 1%
potassium ferricyanide, incubated at 50°C for 20 min, adding 0.25 mL of trichloroacetic
acid and then centrifuged at 1000 rpm for 15 min. 0.1 mL of 0.1% FeCl; was mixed with
5 mL of supernatant and deionized water and absorbance was estimated at 700 nm to
assess the reductive potential of the fungal extracts [39]. Ascorbic acid was used as a
reference.

2.12. Statistical analysis

The results were statistically processed by analyzes of variance (ANOVA), followed by
Tukey’s tests when significant effects were detected (p < 0.05). Data were expressed as
means + standard error.

3. Results and discussion

3.1.Screening of pharmaceutical enzymes activities of marine coral endophyte
fungi using wheat bran medium

As shown in Table 1 all fungal isolates were potent producers for the enzymes L-lysine
a-oxidase, L- methioninase, L-asparaginase and RNase while only 83.72% (n = 36),
69.77% (n = 30) and 81.39% (n = 35) of all fungal isolates (n = 43 isolates) were able to
produce L- tyrosinase, L- glutaminase, and L- arginase, respectively. Appreciate amounts
of L-lysine a-oxidase were detected in all strains but the highest yields were detected in
FAKSA 10, FAKSA 5, FAKSA 25, FAKSA 6, FAKSA 19 and FAKSA 12 (132.53 + 3.21,
129.00 £ 3.15, 120.70 + 2.85, 118.46 + 3.08, 117.54 + 2.80 and 115.57 + 3.09 U/gds),
respectively (Table 1). L-lysine a-oxidase from fungi exhibits anticancer, antimicrobial,
and antiviruses in vivo through exhaustion the necessary amino acid L-lysine and
achievement of reactive oxidative species formed in reaction [40]. Moreover, the fungal
L-lysine a-oxidase produced by Trichoderma harzianum in cancer therapy targeting and
hydrolyzed L-lysine and then prompts apoptosis to and prevents cancer cell proliferation
[7]. Maximum L-tyrosinase yield was obtained from isolate FAKSA 10 (97.12 £ 1.19
U/gds) followed by FAKSA 25, FAKSA 42, FAKSA 13, FAKSA 6 and FAKSA 23 (90.34 +
1.25, 90.00 + 1.32, 89.29 + 1.18, 87.18 + 1.10 and 82.99 + 1.09 U/gds), respectively
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(Table 1). The production of tyrosinase is broadly distributed between microbial
communities, and it is used to treat primary immune responses, skin-pigmentation, wound
curing, Parkinson’s, sarcomas and viral diseases beside its uses as cosmetics, drug
carrier, and antioxidant compound [13]. On the other hand, Lopez-Tejedor et al [41],
reported that fungal tyrosinases not only showed high anti-HCV in Huh 5-2 hepatic cancer
cells transfected with a replicon system and prevent the reproduction of the virus without
prompting injuriousness in hepatic cells but also it demonstrated 10 times superior activity
over the marketable drug ribavirin, so tyrosinases can be an innovative antiviral
mechanism, through a conceivable catalytic mechanism of tyrosine residues in viral
proteases.

Moreover, certain cancer cells are auxotrophic for methionine then deprivation of this
amino acid by all fungal isolates in the current study could be a promising approach and
source for targeting different kinds of cancer (Table 1). Isolates FAKSA 10, FAKSA 25,
FAKSA 43, FAKSA 2 and FAKSA 34 gave the maximum methioninase yields, which was
estimated at 242.70 + 2.63, 226.10 + 2.13, 226.10 + 2.00, 213.36 £ 2.18 and 199.35 +
1.88 U/gds, respectively (Table 1). In line with our results, Awad et al. [2] revealed that
fungal L-methioninase selectively targeted and inhibited the proliferation of cancerous cell
without damaging healthy cells because the deficiency of methionine synthase in
malignant cells while healthy cells use it to make its needs of L-methionine. Among L-
methionine sources, molds provide promising L-methioninase sources in various health
concerns such as anti-oxidant, anti-cancer, anti-diabetes, anti-cardiovascular and against
neurodegenerative diseases [42].

L-glutamine is deaminating to L-glutamic acid and ammonia by the action of the hydrolytic
enzyme L-glutaminase. The capability of these isolates to produce the anticancerous L-
glutaminase in TABLE 1 indicates FAKSA 10 as the best producer of L-glutaminase
(235.30 £ 2.11 U/gds) followed by FAKSA 2, FAKSA 25, FAKSA 41, FAKSA 16, FAKSA-
35 and FAKSA 1 (227.00 + 2.18, 214.65 + 1.95, 210.90 + 2.12, 205.43 + 2.09, 200.00 +
2.05 and 190.34 + 1.73 U/gds), respectively (Table 1). In the last decade, glutaminases
had appealed considerable attention due to its widespread requests in medications as
effective anti-leukemia and anti-retroviruses drug along with using as a flavor and aroma
enhancing agent in food industry [43].

Because L-asparaginase has powerful suppression activity against an extensive range of
tumors, the current work investigates the productivity of this therapeutic enzyme from 43
marine endophytic fungi of soft coral (Table 1). The peak L-asparaginase secretion in
descending order was achieved from endophytic fungi FAKSA 10 (180.20 = 1.85 U/gds),
FAKSA 25(171.68+ 1.77 U/gds), FAKSA 38 (163.58 + 1.71 U/gds), FAKSA 24
(160.27+1.64 U/gds), FAKSA 2 (159.80 + 1.83 U/gds), and FAKSA 6(156.30 + 1.65 U/gds)
(Table 1). EI-Gendy et al. [9], obtained high amounts of L-asparaginases from Fusarium
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equiseti with hydrolyses and deprive properties toward the important nutrient for
auxotrophic cancer cells, asparagine, and then it caused starvation, apoptosis and
proliferation inhibition for leukemic, cervix, liver, colon and breast carcinomas with 1Csq
ranged from 2.0 to 22.8 ug/mL.

Moreover, in ascending order the overproducers for L-arginase were FAKSA 3 (105.13 £
1.85 U/gds), FAKSA 15 (112.17 £ 1.95 U/gds), FAKSA 35 (119.65 + 1.97 U/gds), FAKSA
25 (127.65 + 1.97 U/gds), FAKSA 16 (133.20 + 2.30 U/gds), FAKSA 43 (138.00 + 1.92
U/gds), and FAKSA 10 (146.93 + 2.00 U/gds) strains (Table 1). Li et al. [44], suggested
that L-arginase (EC 3.5.3.1) which hydrolyzed L-arginine into L-ornithine and urea widely
reported as important anti-cancer mediator against auxotrophic cancers, particularly
hepatocellular carcinoma and malignant melanoma in addition it works as antifungal,
strengthening and protecting agents for the heart from endotoxin-induced shock.

As shown in Table 1; all endophytic isolates were able to produce noticeable amounts of
ribonuclease (RNase). In particular, the highest RNase yields in descending order were
recorded in the isolates FAKSA 10 (325.16 + 1.90 U/gds), FAKSA 25 (319.20 + 1.85
U/gds), FAKSA 1 (317.32 + 1.59 U/gds), FAKSA 13 (307.50 £ 1.57 U/gds), FAKSA 43
(305.79 £ 1.77U/gds), FAKSA 14 (296.32 + 1.35 U/gds), FAKSA 6 (290.34 £ 1.25 U/gds),
FAKSA 39 (284.20 + 1.40 U/gds), FAKSA 16 (273.38 + 1.65U/gds), FAKSA 30 (265.35 +
1.69 U/gds) and FAKSA 18 (245.22 + 1.55 U/gds), respectively (Table 1). These data
indicated that the endophytic fungi under study have ribonucleolytic action toward viral
genomes through catalyzing and degrading of viral RNA, which play roles in IFN
stimulation, virus reproduction inhibition, and apoptosis induction as previously reported
[10]. Moreover, the use of RNases in healing remains an attractive approach against
several quiet irredeemable tumors, as mesothelioma or pancreatic malignance and
against infectious diseases as well as against enveloped single stranded RNA viruses
was previously reported [11,45].

3.2.Screening of marine coral endophytic fungi for anti- HCV

Hepatitis C virus (HCV) currently infects more than 180 million people globally with
annually 3 million newly infected people [3]. Data in Table 1 revealed that endophytic
fungal microbiota of coral can be considered as a valuable source for antivirals targeting
HCV with viral knockdown rate (VKR) ranging from -32.16% to -79.12%, (Table 1).
Extract of endophytic fungi FAKSA 10 gave the maximum repression activity against HCV
with VKR of -79.12% followed by FAKSA 43, FAKSA 16, FAKSA 25, FAKSA 35, FAKSA
3, FAKSA 6, FAKSA 15, FAKSA 14, FAKSA 23, FAKSA 40, FAKSA 2, and FAKSA 21
(VKR=-77.93,-75.92, -72.52, -71.00, 70.15, -69.20, -68.17, -66.85, -66.00, -65.96, -65.77,
and -65.50 %, respectively) (Table 1). A variety of fungal endophytes of corals and

13



sponges including Acremonium, Chaetomium, Asperqillus, Dothiorella, Lophiostoma,
Fusarium, Penicillium and Trichoderma species were reported as powerful HCV
repressors [12]. From these findings in Table 1 we noticed that the hyper producers of
anti-HCV were the hyperactive producers of arginase, and thus there is a correlation
between the antiviral metabolites targeting HCV and the activity of arginase in fungi under
study. These findings could be supported by Burrack and Morrison [46] as they suggested
that arginine-hydrolyzing enzymes could limit the severity of viral pathogens comprising
HIV, SARS, LCMV, HCV, RSV, and others due to myeloid cells impact the clearance of
the viruses from host and the severity or resolution of tissue harm. Then among a total of
43 fungal isolates, the strain FAKSA10 that exhibited the maximum vyields of
pharmaceutical enzymes and anti-HCV activity using wheat bran as substrate in SSF was
selected for further studies.

3.3. GC-MS analysis of the methanol extract of FAKSA 10 cultured on wheat bran
medium

GC-MS analysis of crude extracts of strain FAKSA 10 demonstrated the existence of an
extensive variety of bioactive products. Nine major compounds were detected in chemical
structure profile of the fungus FAKSA 10 with numerous bioactivities (Table 2, Figure 2,
and Figure 3). For instant, 5a-Cholestane-3a, 25-diol (No. 13, RT 14.06, peak 0.68% has
vital role in the therapy of metabolic disorders, hyperlipidemia and antioxidant activity);
hexadecanoic acid, methyl ester (CAS) (No. 21, RT 32.0, 32.50% has anticancer,
cytotoxic and antibacterial); hexadecanoic acid, ethyl ester (CAS) (No. 23, RT 33.20,
5.21% has antioxidant, hypocholesterolemic, anti-tumour, antibacterial and anti-
androgenic activity); 9,12 octadecadienoic acid (Z, Z), methyl ester (CAS) (No. 25, RT
35.14, 25.52% has antiinfectious, antitumor, hepatoprotecting, anti-painful, anti-asthama
and diuretic activity); 9-Octadecenoic acid (Z)-, methyl ester (CAS) (No. 26, RT 35.23,
11.37% with antimicrobial activity) (Table 2, Figure 2, and Figure 3). Moreover,
heptacosanoic acid, methyl ester (CAS) (No. 27, RT 35.59, 1.53% with anticancer,
cytotoxic and antibacterial); 11, 14-Eicosadienoic acid, methyl ester (No. 28, RT 36.24,
4.14% with antimicrobial and antioxidat activity); 2,3 epoxypropylcycloheptane (No.29,
RT 36.32, 1.33% with cytotoxic activity) and 2-bis (ethoxycarbonyl) methyl-9 (2,3,5-tri-O-
(2-methylprop-2-yl) dimethyl silyloxy-a-D-ribofuranosyl) purine (No. 36, RT 47.91, 0.52%
with antiviral activity) were also detected in the extract of FAKSA 10. Many of these
compounds have been previously reported as bioactive agents with several bioactivities
containing antifungal, antibacterial, antidiabetic, antiviruses, antitumor, antioxidant, and
anti-inflammation properties. For instance, tetraphenylporphyrinato dichlorotitanium (IV)
acts as antibiotics, biosensors, tumor cell-killing and antimicrobial agents owing to its
ability to form strong bonds with various biological molecules [47]. Furthermore,
hexadecanoic acid, methyl ester (CAS) has antibacterial activity, Hexadecanoic acid,
methyl ester and 9, 12-octadecadienoic acid methyl ester, (E, E)-(CAS) have been
previously identified in the extract of Aspergillus sydowii with new antimalignance,
cytotoxic, and antibacterial properties [48]. Furthermore, porphyrin/chlorin derivatives as
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cadmium chloride porphine derivative complex is a promising molecule for colorectal
cancer therapy [49], 5-cholesten, 3B-25-diol, disulfate used for healing metabolic
syndromes, hyperlipidemia, diabetes and fatty liver [50].

However, lower peak areas < 0.70% for several antiviral compounds including dichloro
(5, 10, 15, 20 tetraphenylporphyrinato) vanadium (No. 35, RT 47.50, 0.44% with antiviral,
antioxidant antibacterial, anti-biofilm, cytotoxicity, anticancer and DNA protection activity);
[(cyclopentadienyl) tris (diethylphosphito P) cobalt O,0',O"]trichlorozirconium (No. 38, RT
48.47, 0.35% with antiviral activity and cytotoxic activity); and N, N'Bi [3 —methoxy 4-
hydroxyl 5- bromobenzylidene (cyano) acetyl] 1,4-butanediamine with antiviral and
anticancer activity (No. 46, RT 54.19, 36% with antiviral activity and cytotoxic activity), N-
Acetyl aspartyl glutamic acid (No. 7, RT= 8.02 min) as neuromodulator of glutamatergic
synapses; methoxychromene precocene tetramer (No. 1, RT 5.47) as anti-juvenile; 2-
decanol (No. 16, RT 22.60) as nematicide and neurotoxic and 13,14 dichlorobehenamide
(No. 30, RT 36.77) as carbonic anhydrase inhibitor, an antiglaucoma and ophthalmology
drug were detected in the extract of isolate FAKSA 10 (Table 2, Figure 2, Figure 3). Not
only these compounds detected in the extract of FAKSA 10 but also other compounds
such as 5 (dibromomethyl) 1,3 bis (tribromomethyl) benzene (No. 4, RT 7.14 with
antimicrobial and antioxidant); tetraphenylporphyrinatodichlorotitanium (IV) (No. 11, RT
12.6 with antimicrobial and anticancer); 2, 6, 7-TRIS-(2-methoxycarbonylethyl)-1, 3, 5, 8-
tetramethylporphin (No. 15, RT 20.23 with photodynamic therapy of tumor); [2-(o-
Methoxyphenyl)-5,10,15,20-tetraphenylporphyrinato]copper (I1) (No. 43, RT 50.52 with
antifungal, antibacterial, and photo dynamic therapy) and (2 Nitro 5,10,15,20 tetraphenyl
[2(2) H1] prophyrinato) nickel (Il) (No. 45, RT 53.77 with antifungal, and antibacterial)
were also detected in the extract of isolate FAKSA 10 on wheat bran medium (Table 2,
Figure 2, Figure 3). The biological activities of these minor compounds have been
previously reported by several authors [6,22,48,50,51].

3.4.Morphological, molecular and phylogeny study of the marine endophytic
fungus FAKSA 10

Morphotypic description of the selected endophytic strain FAKSA 10 drived from the soft
coral Sinularia polydactyla in Table 3 and Figure 4a,b,c was achieved on the basis of its
micro- and macro-morphological features expressed. Strain FAKSA 10 showed a
cylindrical, smooth, erect or flexuous, 36-88 um long x 2.5-6.0 ym width conidiophore
consisting of a smooth, dark brown, 2.5-6.0 ym in diam and septate hyphae with dark
brown septa. Basauxic conidiogenous cell arised from conidiophore mother cell, 4.5-9 x
2-5 um, erect, sub-globose, smooth and hyaline to brown. Conidiophore mother cells
were short, thick, formed by superficial mycelium, emerging in clusters on hyphae or
solitary, 4-9 x 4-8 ym, colorless except for brown or dark brown transverse septa. Conidia
borned in grape like bunch, dark brownish, smooth-walled and aseptate, globose to
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lenticular in shape with dark germ slit measuring 8-10 uym long in face view and 4.5-6.5
Mm in side view. The sterile cells were terminal or subterminal, had solitary or more cubic
bodies, globose to ellipsoid, very pale brown, smaller and lighter than conidia. Pintos et
al. [17], stated that Arthrinium has varies morphological characters than other anamorphic
types of xylariaceous such as the existence of basauxic conidiogenous cell arised from
conidiophore mother cell and dark, aseptate conidia with a hyaline edge. Moreover,
cultures of strain FAKSA 10 on PDA were 65 mm, thick, compact, round, concentrical
dispersal with aerial mycelia, entire margin, wooly, white turned to whitish grey, reverse
yellowish, dark olive-brown diffused were produced (Table 3). Malt extract agar cultures
showed creamy white, reverse pale yellow, circular, flat colonies, 70 mm diam,
concentrical dispersal, rounded margin. OA cultures showed white to pink, colonies of 60
mm, thick, concentrical dispersal with aerial mycelia, spherical edge; pinkish diffused
pigment (Table 3). Therefore, based on morphological criteria, the selected endophytic
fungal isolate FAKSA 10 obtained from marine soft coral Sinularia polydactyla blonged to
Arthrinium sp. (Table 3 and Figure 4a,b,c). Arthrinium species have traditionally been
classified based on morphological characteristics such as conidial shape, conidiophores,
the presence or absence of sterile cells and the other taxonomical properties as
previously described [17,28,29,30,31].

The classification according to the ITS region of strain FAKSA 10 was conducted to
confirm the phenotypic characterization and to define the phylogeny relations between
the taxa, and to resolute closely correlated species. The amplification of the 1TS1-5.8S-
ITS2 region of rDNA for the selected marine endophyte strain FAKSA 10 by means of the
widespread primers ITS1 and ITS4 originated a fragment of approximately 566 bp. The
sequence of the ITS region of the selected strain FAKSA 10 was amplified, sequenced
and submitted to GenBank under accession number (PP891624). A BLAST analysis done
through blastn search through GenBank exhibited that FAKSA 10 fungus belongs to
Ascomycota and genus Arthrinium. As shown in Figure 5, isolate FAKSA 10 fitted well
with the genus Arthrinium and it clustered with Arthrinium sp. MUT 1745, Po15, and
CUZF35HIK (99.61, 98.59, and 98.50%), respectively as well as the selected isolate
showed a similarity of 98.93, and 98.39% with Arthrinium arundinis, and Arthrinium
phaeospermum Po17, respectively. Consequently, depending on phenotypic and
sequences data, the selected endophytic fungal isolate FAKSA 10 attained from coral
Sinularia polydactyla identified and designated as Arthrinium sp. FAKSA 10 (Table 3,
Figure 4a,b,c, Figure 5). Phylogeny study is the key procedure in the actuality of the
taxonomy of fungi [33]. Currently, 80 species of Arthrinium have been described in catalog
Fungorum; however, maximum of the Arthrinium taxa have no sufficient sequences
results and absence of a complete characterization of their phenotypic characters [31,52].
Furthermore, Heo et al. [22] reported that 28 marine endophytic Arthrinium strains were
identified using phylogenetic analysis followed by built a phylogenetic tree by pooled data
from ITS and then classified into fifteen species, comprising eleven new species.

3.5. Optimization of SSF systems for the selected endophytic fungus Arthrinium sp.
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FAKSA 10

Choice the substrate and optimizing the growth conditions are critical to constructing an
efficient SSF system to accelerate the production of bioactive metabolites. Then 11 agro-
industrial wastes including brans of wheat and rice; oil cakes of palm, olive, wheat,
sesame, almond, mustard and coconut; and peels of pomegranate and banana sized to
2 mm with initial moisture content 60% were evaluated, individually as production media
for varied bioactive metabolites by endophytic Arthrinium sp. FAKSA 10 under SSF at
28°C for 14 d (Table 4, Table 5). After that the other parameters of SSF including
incubation period, particle size, initial moisture content, incubation temperature, and
inoculum size were also optimized.

3.5.1. Screening of solid substrates as production medium for different
biologically active agents

3.5.1.1. Pharmaceutical enzymes

To determine the appropriate components in the medium for enzymes production, the
impact of 11 solid wastes as low cost production media was evaluated. The data in Table
4 revealed that the oil cakes of palm (174.38 + 2.30 U/gds, respectively) followed by
mustard (160.71 £ 2.05 U/gds), olive (145.53 + 2.19 U/gds) and coconut (126.95 + 1.40
U/gds) were the best inducer for the highest biosynthesis of L-lysine a-oxidase compared
to 132.53 + 2.01 U/gds produced on wheat bran culture. Our results are in agreement
with Costa et al. [7], as they reported that among 11 agro-industrial by-products as
substrates under SSF rice bran followed by wheat bran and cotton seed cake were the
optimum solid substrate for the induction of enzyme from Trichoderma harzianum.

Appreciate amounts of L-glutaminase, and L-arginase were detected in all agro-industrial
residues used as cultivation media but maximum yields were noticed in medium
composed of palm (398.52 + 2.95 and 190.37 £+ 2.86 U/gds), mustard (357.01 + 2.69 and
175.43 £ 2.70 U/gds), olive (340.51 £2.74 and 163.02 £ 2.42 U/gds), coconut (306.62 +
2.00 and 160.25 + 2.34 U/gds), and almond (290.74 + 2.14 and 150.12 + 2.27 U/gds) oll
cakes, separately (Table 4).

As shown in Table 4 mustard oil cake medium was the most proper for producing L-
tyrosinase, L-methioninase, and L-asparaginase by giving maximum yields (140.34 *

17



1.45, 295.30 £ 2.42 and 230.44 + 2.57 U/gds) of enzymes followed by palm oil cake
(120.15 + 1.41, 280.40 + 2.58 and 214.25 + 2.21 U/gds), olive oil cake (119.62 + 1.37,
254.92 + 2.51 and 196.90 + 1.68 U/gds), wheat bran (97.12 + 1.19, 242.70 + 2.63 and
180.20 + 1.85 U/gds), and coconut oil cake (95.40 + 0.82, 220.50 £ 2.10 and 173.00 %
1.05 U/gds), respectively (Table 4). In accordance with the current work, Swathi and
Dhanalakshmi [18], screened various by-products for producing methioninase from
Aspergillus flavipes 8, such as oil cakes of sesame, coconut, soyabean, palm, neem and
groundnut as well as orange peel, tea waste, and among them sesame oil cake gave the
highest yield (208 U/gds). Among various agro-industrial materials, peel of pomegranate,
potato and orange were reported to be the fit carbon sources for maximal formation of L-
glutaminase (160.3, 59.2 and 35.6 U/gds) from Fusarium solani while pomegranate peel
was selected as the best carbon source among others to gave the maximum yields of L-
asparaginase from Fusarium oxysporum F-S3 under solid state fermentation [20,43].

Data presented in Table 4 shown that oil cakes of palm (POC), mustard (MOC) and olive
(OOC) share positive stimulatory effects on the strain to produce all the pharmaceutical
enzymes under study and subsequently, these substrates were combined in different
ratios (1:1:1, 2:1:1, 1:2:1, and 1:1:2) to formulate the best production medium for these
bioactive metabolites. Interestingly, the medium composed of POC + MOC + OOC at a
ratio of 2:1:1 increased L-lysine a-oxidase, L-arginase, and L-glutaminase by 1.58-, 1.60-
and 1.22-fold, respectively compared to the best inducer POC alone (Table 4). On the
other hand, fermentation medium composed of POC + MOC + OOC at a concentration
of 1:2:1 improved the productivity of L-tyrosinase, L-methioninase, and L-asparaginase
by the selected fungus strain Arthrinium sp. FAKSA 10 by 61.41, 41.74, and 57.39%,
respectively compared to the MOC medium (Table 4). Then in the current work, a mixture
of POC + MOC + OOC at a concentration of 2:1:1 was used and recommended as the
production medium for the pharmaceutical enzymes L-lysine a-oxidase, L-arginase and
L-glutaminase while these solid substrates at concentration of 1:2:1 recommended for the
best production of L-tyrosinase, L-methioninase, and L-asparaginase without any
supplementations.

RNase activity varied with changing solid substrates used. In escalating order, they were
pomegranate peel, almond oil cake, coconut oil cake, rice bran, banana peel, wheat germ
oil cake, wheat bran, sesame oil cake, mustard oil cake, palm oil cake, and olive oil cake
(200.83 £ 1.60, 252.50 + 1.89, 256.00 + 1.72, 300.62 £+ 1.89, 309.40 + 1.94, 312.26 +
1.90, 325.16 + 2.07, 340.21 +2.08, 350.12 £+ 2.40, 351.74 + 2.20, and 368.06 + 2.33
U/gds) (Table 4). Then compared to the wheat bran medium (WB), the production
medium composed of olive, palm and mustard oil cakes, individually have a tendency to
increase RNase production from strain FAKSA 10 by 1.13-, 1.08-, and 1.08-fold as a
control. These best inducers were combined at different ratios to identify suitable
fermentative substrates for RNase activity. Data in Table 4 proved that using medium
composed of POC + MOC + OOC mixture at ratio of 1:1:2 maintained the maximum
RNase production, which increased by 28.84, 34.81 and 35.44% compared to oil cake of

18



olive, palm or mustard, respectively as fermentative substrate alone by strain FAKSA 10
(Table 4).

3.5.1.2. Anti-Hepatitus C Virus (anti-HCV)

Anti-HCV activity expressed as ICs values was detected in all fermented substrates with
peaks in the oil cakes of olive (14.90 £ 0.98 ug/mL), mustard (15.67 £ 1.29 ug/mL),
sesame (16.34 + 1.13 pg/mL), almond (20.18 £+ 1.40 pg/mL), palm (22.61 + 1.48 pg/mL),
coconut (26.58 + 1.65 ug/mL) and wheat germ (37.29 + 1.76 ug/mL); pomegranate peel
(40.26 £ 1.88 pg/mL); brans of rice (67.2 £ 2.15 ug/mL) and wheat (59.00 + 2.23 pg/mL);
and banana peel (60.15 + 2.28 ug/mL), respectively (Table 5). The highest inhibition of
HCV replication with the lowest IC5sq on these substrates can be attributed to these
substrates are inducers for the production of tyrosinase, arginase, RNase and L-lysine a-
oxidase which are involved in anti-HCV activity in fungi and actinomycetes. Therefore,
medium composed of olive, sesame, almond and mustard oil cakes at different ratios was
tested to identify suitable fermentative medium for antiviral metabolites production. As
shown in Table 5, the fermentation medium composed of OOC, SOC, AOC, and MOC
(2:1:1:1) increased the viral inhibition at lower IC5y 11.22 + 1.03 ug/mL than each
individual substrate. The formulated medium not only increased the anti-HCV activity but
also increased all pharmaceutical enzymes that could be targeting HCV. In similar Lopez-
Tejedor et al. [41], stated that tyrosinases from Agaricus bisporus extract showed high
cell toxicity and antiviral activity against hepatitis C virus replication with no prompting
toxicity in hepatic cells with ten times higher than marketable medication ribavirin. Then
the current work represents antiviral inhibition approaches depends on the amino acid
depleting enzymes, which produced under low-cost procedures. The powerful action of
these enzymes in the current work to viral pathogens could be attributed to their catalytic
activity toward certain amino acid residues in proteases of varied ranges of viruses [3].

3.5.1.3. Antioxidant properties

High DPPH radical-scavenging activity and reducing power antioxidant associated with
lower IC5¢ and higher values at OD7¢o nm, respectively, were obtained in ascending order
from the fermented substrates of pomegranate peel (ICs,= 50.28 £+ 0.37 ug/mL, OD7qg =
0.692), palm cake (ICs9 = 33.23 + 0.09 pg/mL, ODzq = 0.866), coconut cake (IC5y = 30.36
+ 0.46 ug/mL, OD7qo = 0.879), olive cake (ICso = 28.19 + 1.09 ug/mL, OD7o9 = 0.884),
mustard cake (IC5p = 24.12 £ 0.25 ug/mL, OD7q = 0.895), sesame cake (IC50 = 19.59 +
0.98 pg/mL, OD7qo = 0.951), and almond cake (ICsq = 16.71 £ 0.33 ug/mL, OD7oo = 0.974)
by Arthrinium sp. FAKSA 10 (Table 5). However, the lowest antioxidant activity was
achieved from the fermented substrates of wheat bran (IC5o = 80.11 £ 0.99 pg/mL, ODzq
= 0.514), wheat germ oil cake (ICso = 76.84 + 1.92 ug/mL, OD7q = 0.540), rice bran (ICsq
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=75.90 £ 0.50 pg/mL, OD7oo = 0.539), and banana peel (IC5o = 71.04 £ 0.49 pg/mL, OD7qg
= 0.560), respectively (Table 5). Reactive oxygen species (ROS) were accountable for
various types of healthy problems and aging through damaging diverse biological
molecules like DNA, protein and lipids by oxidating cellular reactions [6]. Marine
algicolous Arthrinium species are sources of varied array of potent natural products with
radical-scavenging capabilities that could scavenge free radicals produced from ROS
[22]. As shown in Table 5 when the fermentation medium composed of a mixture of OOC,
SOC, AOC, and MOC at a concentration of 1:1:2:1, the highest DPPH radical-scavenging
ability through decreasing IC5, to 11.80 + 1.19 ug/mL was achieved as well as reducing
power activity increased at ODzqg to 0.998. In agreement with our results Heo et al. [22],
recommended marine Arthrinium species such as A. sacchari KUC21340, A. saccharicola
KUC21221, A. saccharicola KUC21343, and Arthrinium sp. KUC21332 as a huge source
of natural antioxidants against the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. This
proposed that the endophytism correlation between Arthrinium species and their hosts of
coral or sponge in marine might stand on regulating of ROS-defense system owing to
their abundant antioxidant capability as previously reported [53].

3.5.1.4. Anticancer activity

In this study, the anti-proliferative activity of the fungus Arthrinium sp. FAKSA 10 extracts
after growing on different agroindustrial residues was evaluated against liver (HepG-2)
and colon (HCT-116) carcinoma cells along with normal lung fibroblasts (WI-38) cells.
The IC5q values of FAKSA 10 extracts against cancer cells were considerably lower than
those of normal cells. In descending order, the best oil cake-based medium with the
lowest IC5, toward HepG-2 cells were mustard oil cakes (12.62 + 1.13), sesame oil cake
(15.12 £ 1.19) and olive oil cake (16.80 £ 1.23) (Table 5). Oil cake cultures of sesame
and mustard gave the lowest IC5o of 13.47 + 1.14 and 15.60 + 1.28 ug/mL, respectively
against HCT-116 cells (Table 5). Likewise, endophytic Arthrinium arundinis in solid
medium gave twelve cytochalasans and arundisins compound, out of them arundisins A
and B displayed cytotoxicity against breast carcinoma cells with 1Csq = 18.82 and 15.20
MM [54]. In contrast, the fungus FAKSA 10 failed to induce cytotoxicity in normal cells WI-
38 at a concentration that was cytotoxic to cancer cells. The ICsy values of all extracts
derived from FAKSA 10 fungus cultured on all agroindustrial residues-based media were
significantly higher = 276.55 + 8.95 to < 425.00 + 11.18 ug/mL (Table 5). Then FAKSA
10 extracts derived from low-cost production media have a highly desirable selectivity trait
toward cancer cells for a potential therapeutic anti-cancer agent (Table 5). Compared to
control cells, FAKSA 10 extract showed cytotoxic effects and alterations in the
morphology of cell lines in a dose dependent manner (Figure 6a-h). These changes in
both carcinoma cells included monolayer disruption; accumulation in polygonal cells as
they shrink, took sphere-shaped and / or lysed after 2 d’ treatment (Figure 6a - h).
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Moreover, compared to the individual substrates the medium composed of OOC, SOC,
AOC, and MOC mixture at 1:1:1:2 reduced the I1C5y, of FAKSA 10 extract to 10.30 + 1.04
pug/mL against HepG-2 and 11.00 £ 1.15 pg/mL toward HCT-116 cells (Table 5).
Consistent with our findings Arthrinium species of marine sponge gave biologically active
products with antiproliferative (arthrinins A-D), antiangiogenic
(decarboxyhydroxycitrinone, myrocin A, libertellenone C, and cytochalasin E) and
cytotoxic (cytochalasin K and 10-phenyl-[12]-cytochalasin Z16) activities [31,55].
Furthermore, different bioactive cytochalasans were isolated from the fungus Arthrinium
arundinis DJ-13 with different antioxidant and anticancer activity [54].

3.5.2. Optimization of the SSF factors for the production of bioactive metabolites
by Arthrinium sp. FAKSA 10

Among the different incubation periods ranging from 5 to 20 d, 10 d supported the highest
production of L-methioninase, L-lysine a-oxidase, L-tyrosinase, L-asparaginase, L-
arginase, L-glutaminase and RNase (417.90 + 3.30, 275.29 + 2.43, 226.52 + 1.95, 360.88
+2.94, 305.00 + 3.60, 486.38 + 3.40, and 474.28 + 3.25 U/gds) were achieved (Table 6).
At lower or higher incubation periods, the productivity of these enzymes decreased. The
particle size of any substrate used in SSF a prominent impact on microbial growth and
enzyme production [43]. By reducing the particle size of the substrates used in SSF from
2 mm to 1.0 mm there was increases in L-lysinea-oxidase from 276.29 + 2.47 to 328.40
+ 2.80 U/gds, L-tyrosinase from 226.52 + 1.94 to 294.18 + 2.15 U/gds, L-methioninase
from 417.23 £ 3.31 to 500.46 £ 3.73 U/gds, L-asparaginase from 360.88 + 2.94 to 458.65
+ 2.86 U/gds, L- arginase from 305.00 + 3.60 to 422.03 + 3.85 U/gds, L-glutaminase from
487.16 + 3.50 to 511.20 + 3.90 U/gds and RNase from 475.12 + 3.31 to 545.23 + 3.55
U/gds (Table 6). The L- methioninase, L-lysine a-oxidase, L-tyrosinase, L-asparaginase,
L- arginase, L-glutaminase, and RNase productivity reached a peak (587.95 + 4.15,
377.90 £ 2.92, 358.61 + 2.83,484.95 + 4.61, 498.51 £ 4.17, 569.75 £ 3.96, and 587.00 +
3.66 U/gds) under the optimized SSF culture conditions of the optimal incubation period;
10 d, particle size; 1 mm, initial moisture content; (60%, v/w); incubation temperature;
28°C, and optimal inoculum size; (2 x 107 CFU/gds) (Table 6). Likewise, the highest anti-
HCV, DPPH scavenging, and anticancer activities were obtained with the lowest 1Cs
(Mg/mL) with optimizing the incubation period to 10 d, substrate particle size to 1 mm,
initial moisture content to 60%, incubation temperature to 28°C, and inoculum size to 2 x
107 CFU/gds (Table 7). The biosynthesis of products and enzymes with imperative
pharmacological and medicinal properties or significant industrial application were
reported in certain Arthrinium species [56]. The antiviral metabolites targeting HCV which
increasing with decreasing ICso values in Table 7 indicated that IC5y of anti-HCV
metabolites was 11.22 + 1.03 to 40.52 + 1.87 ug/mL at incubation period ranged from 5
to 20 d with a peak after incubation for 10 d and ranged from 9.87 £ 0.92 to 28.29 + 1.46
Mg/mL with particle sized to 1 mm to 6 mm while it was ranged between 9.84 + 0.95 and
39.80 £ 1.80 pg/mL with initial moisture content; 50-90% (Table 7). Furthermore, the IC5
of anti-HCV metabolites decreased from 17.12 + 1.30, 19.26 + 1.40, 33.00 + 1.94, 52.00
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+ 2.15, and 89.53 + 2.70 yg/mL at 25, 32, 35, 40, and 45°C, respectively to 9.84 + 0.95
pg/mL at 28°C as well as from 9.86 £ 0.96, and 18.40 + 1.37 ug/mL with an inoculum size
of 2 x 106 and 2 x 108 to 8.00 + 0.85 pg/mL with 2 x 107 CFU/gds (Table 7). Antioxidant
determined as potential reducing power of antioxidant activity at OD7oq was increased
from 0.523 after 5 d of fermentation to 0.998 on the 10" d of fermentation and then
decreased to 0.562 after 20 d of fermentation and it was increased to 1.002 after reducing
the particle size of the substrates from 2 mm to 1 mm while by increasing the inoculum
size from 2 x 108to 2 x 107 CFU/gds was increased to 1.110 (Table 7). Moreover, anti-
DPPH radical scavenging capacity was exploited with the lowest IC5, (11.80 £1.19 pg/mL)
with 10 d as incubation period, 10.00 £ 1.59 pg/mL when substrate was sized to 1 mm
and 9.23 + 1.30 yg/mL with using inoculum size of 2 x 107 CFU/gds (Table 7). In agree
with our results Bao et al. [57], proposed that marine Arthrinium sp. had pronounced
prospective to yield several components that could be the constituents of a wide range of
antioxidants, several of which have not been explored until now.

The highest anticancer activity of Arthrinium sp. FAKSA 10 metabolites associated with
the lowest IC5q against the human liver (HepG-2) and colon HCT-116 cancer cells were
estimated to be 10.30 + 1.04 and 10.22 + 1.00 ug/mL at the 10t d of fermentation, 8.75
+1.13; 9.14 + 0.93 pg/mL with a substrate particle size 1 mm and 8.77 + 1.15 pg/mL at
initial moisture content 60% (Table 7). Furthermore, as shown in Table 7 the IC5y of
FAKSA 10 extract was decreased after using incubation temperature 28°C (8.90 + 1.20
and 9.18 + 0.96 pyg/mL) and inoculum size 2 x 107 CFU/gds (7.59 + 1.21 and 8.12 + 0.86
Mg/mL) against HepG-2 and HCT-116, respectively. Hence, the current investigation
suggested using of low-cost abundant resources to produce pharmaceutical enzymes
known for their multiple bioactivities including antitumor, antiviral and antioxidant activities.
Consistent with our findings, secondary metabolites of endophytic Arthrinium species
have been recognized as a rich source of anticancer agents such as novel diterpenoids,
Arthrinins A-D, via cell cycle arrest, modulation of ROS-scavenging enzyme activities,
stimulation of apoptosis, as well as suppression of cancer cell proliferation, anti-
angiogenic, and anti-metastasis [55].

4. Conclusions

Forty-three endophytic fungal isolates of the marine soft coral Sinularia polydactyla grown
on wheat bran medium showed high yields of pharmaceutical enzymes including L-
glutaminase, L- methioninase, L- arginase, L-asparaginase, L- tyrosinase, L-lysine a-
oxidase and ribonuclease. They also showed anti-HCV, antitumor, and antioxidant
properties using wheat bran as low-cost medium. Among them the hyperproducer strain
Arthrinium sp. FAKSA 10 was selected. Overall, 46 compounds were detected in the
extract of Arthrinium sp. FAKSA 10 culture on wheat bran medium with a large number
pharmaceutical activities, then it is a fit strain for approaching biotechnology. Arthrinium

22



sp. FAKSA 10 was able to utilize different agroindustrial residues as fermentation media
to produce wide-ranging biologically active metabolites against HCV, and carcinomas of
colon and liver along with effective antioxidant activity on DPPH radical scavenging and
reducing power assays. Hence, the current work exploited Arthrinium sp. FAKSA 10
metabolites as natural pharmaceuticals against cancer and viral diseases along with its
notable antioxidant properties revealed in this study. On the other hand, among different
residues, oil cakes provide alternative and reliable low-cost media that can improve to
produce a high amount of valued bioactive metabolites.
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Fig. 1. Sampling site of the Soft coral Sinularia polydactyla at Sharm Abhur, Jeddah coast, Mecca Region,
eastern side of the Red Sea, Saudi Arabia.
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Fig. 2. GC-MS chromatograms of endophytic fungus strain FAKSA 10 derived extract from wheat bran
culture.
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Fig. 3. Chemical structures of the identified metabolites that showed a possible correlation with the
observed biological activity of endophytic fungus strain FAKSA 10 derived extract from wheat bran culture
(the numbers mentioned are the numbers of these compounds in a Table 2).
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Fig. 4. Morphological characteristics of the selected fungal strain FAKSA 10. Conidia, conidiogenous cells,
and hyaline conidiophores with brown septa (a, b) and conidia (c). Scale bars: (a, b) = 200 ym, (c) =5 um.
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Fig. 5. Phylogenetic tree of selected marine endophytic fungus Arthrinium sp. FAKSA 10 of soft coral
constructed by neighbor-joining method based on rDNA-ITS sequences.
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Fig. 6. Morphological changes of HepG-2 and HCT-116 monolayers. Control HepG-2 (a) and HCT-116 (b)
cells (treated with 0.5% DMSO). Treated cells HepG-2 (c, e and g) and HCT-116 (d, f and h) treated with
5.0, 10 and 25 pg/mL of extract. Total magnification = x 100.
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Table 1 Screening of the soft coral - endophytic fungi for the production of anticancer and antiviral agents using wheat bran medium.

Pharmaceutical enzymes productivity (U/gds)

Anti-HCV*
Isolate
L-Lysine a-oxidase .IF . L- Methioninase | L- Glutaminase | L-Arginase L-Asparaginase | RNase VKD %
yrosinase

FAKSA 1 107.87 £ 2.89 ND 115.40 £ 1.16 190.34 £ 1.73 68.70 + 1.08 115.26 + 1.19 317.32 £1.59 | -57.52
FAKSA 2 112.14 £ 3.01 21.19+0.33 213.36 +2.18 227.00+2.18 92.50 + 1.46 159.80 + 1.83 201.40+0.91 | -65.77
FAKSA3 | 87.89+2.34 50.42 + 0.61 94.15+ 1.00 110.11 £ 1.54 105.13+£1.85 | 131.46 + 1.38 186.97 £ 1.16 | -70.15
FAKSA 4 95.97 + 2.52 74.13 £ 0.92 122.43 £1.25 ND 73.40+1.12 89.44 £ 0.92 174.23 £ 1.35 | -38.50
FAKSA 5 129.00 £ 3.15 69.27 £ 0.75 130.47 £1.36 117.43 £ 1.60 57.91+£0.97 95.56 + 1.00 188.00 £ 1.52 | -44.61
FAKSA 6 118.46 + 3.08 87.18 £1.10 94.75 + 1.03 80.40 + 1.00 101.18 £ 1.80 | 156.30 + 1.65 290.34 +£1.25 | -69.20
FAKSA 7 102.19 £ 2.82 ND 35.21+£0.24 70.38 £ 0.95 78.43 £1.19 88.50 £ 0.89 128.90 + 1.40 | -32.16
FAKSA 8 100.52 + 2.84 75.40 £1.00 150.60 + 1.50 ND 56.90 + 0.98 117.92 £ 1.17 107.50 £ 1.73 | -34.96
FAKSA 9 89.15+2.40 25.68 £ 0.36 23.50+0.19 105.76 £ 1.50 ND 135.21 + 1.64 139.14 £ 0.60 | -50.50
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I;QKSA 132.53 £ 3.21 97.12+1.19 242.70 £ 2.63 235.30 + 2.11 146.93 £ 2.00 | 180.20 + 1.85 325.16 +1.90 | -79.12
I:?KSA 75.92 £2.27 43.50 £ 0.57 68.13 £ 0.56 ND 82.53+1.36 | 40.30+0.48 171.44 £1.29 | -44.45
|1:2AKSA 1156.57 £3.09 69.43 £ 0.80 103.46 £ 1.05 ND 97.14 £ 1.60 130.30 £1.33 206.26 £ 1.65 | -60.10
I:BAKSA 90.60 +2.40 89.29+1.18 129.70 £ 1.40 182.19 £2.08 65.28 +1.02 144.80 £ 1.40 307.50 + 1.57 | -59.30
I‘]:ﬁxKSA 88.34 £ 2.42 81.22 +£1.02 120.39 £ 1.06 120.55 £ 1.69 ND 138.50 + 1.31 296.32 + 1.35 | -66.85
I:QKSA 101.80 £ 2.69 28.40 +0.32 91.44 £ 1.12 50.25 + 0.82 112.17 £1.95 | 60.28 + 0.65 215.37 £0.97 | -68.17
I:g\KSA 83.27 £2.35 43.98 +0.55 150.08 £ 1.51 205.43 +2.09 133.20 £2.30 | 81.32+0.80 273.38 £1.65 | -75.92
I:?KSA 61.38 £2.00 65.11 £ 0.91 73.99+0.74 113.80 £ 1.42 53.90 £ 0.80 139.40 £ 1.36 116.13 £1.13 | -48.60
I:QKSA 80.16 £ 2.27 ND 125.00 £ 1.36 27.33£0.50 97.26 £1.90 101.60 £ 1.01 245.22 + 1.55 | -55.33
I:QKSA 117.54 £2.80 70.50 £1.07 102.29 £ 1.03 ND 49.81+0.72 65.30+0.70 131.90 £ 0.49 | -39.80
FAKSA 51.10 £ 1.69 52.18 £ 0.68 190.55 + 1.87 100.76 £ 1.29 ND 50.80 £ 0.54 169.14 £1.20 | -41.41
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21AKSA 76.94 +2.40 68.30 £ 1.02 88.31+0.80 65.96 + 0.82 100.25+1.81 | 106.45+1.13 200.27 £1.26 | -65.50
EZAKSA 80.49+2.33 ND 193.68 £ 1.90 ND ND 142.15 £ 1.55 218.00 £ 0.95 | -58.27
EQKSA 64.18 £ 2.11 82.99 +£1.09 65.31+0.73 116.24 £ 1.50 105.00 £1.72 | 137.24 £+ 1.43 17410 £1.29 | -66.00
gﬁ\KSA 87.26 £ 2.41 28.60 £ 0.32 60.92 + 0.68 31.60 £ 0.56 88.37 £ 1.54 160.27 £ 1.64 221.56 £ 0.47 | -64.80
EQKSA 120.70 £ 2.85 90.34 £1.25 226.10+2.13 214.65 +1.95 127.65+1.97 | 171.68 £1.77 319.20 +1.85 | -72.52
EQKSA 114.00 £2.70 59.13+0.75 109.75 £ 1.10 160.50 £ 2.11 90.02 +1.03 63.90 + 0.61 192.65+1.52 | -61.40
g?KSA 75.25 +2.40 60.28 £ 0.76 42.69 +0.40 41.55+0.53 ND 104.63 £ 1.01 118.74 £ 1.47 | -39.18
EQKSA 110.36 £2.93 38.46 £ 0.43 125.35 £ 1.39 ND 48.31+0.75 102.30 £ 1.06 146.31 £ 0.84 | -38.90
ES\KSA 45.28 +1.57 ND 99.40 £ 0.91 100.18 £ 1.32 40.27 £ 0.64 120.38 £1.23 191.28 £1.50 | -41.34
gg\KSA 90.22 +2.86 76.85+1.24 134.71 £ 1.45 23.21+£0.45 93.50 £ 1.50 59.70 £ 0.52 265.35+1.69 | -60.16
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g?KSA 65.22 £2.19 48.90 + 0.61 62.88 + 0.60 95.80 £ 1.12 ND 83.69 £ 0.85 200.05 £ 1.63 | -36.21
gS\KSA 79.08 £2.25 26.05+0.38 115.00 £ 1.33 ND 62.15 £ 1.06 101.81 £1.08 150.79 £1.00 | -49.15
gg\KSA 102.19 £2.72 54.10 £ 0.63 89.42 +0.82 ND 43.62 +0.69 85.17 £ 0.90 170.25+1.30 | -45.10
gﬁKSA 69.53 + 1.68 ND 199.35 + 1.88 149.11 £1.77 7432 +1.11 68.36 + 0.69 169.82 £1.19 | -66.29
EQKSA 75.92+2.21 70.33 £0.98 174.85 £ 1.60 200.00 + 2.05 119.65+1.97 | 130.26 + 1.35 237.59 £ 1.54 | -71.00
EQKSA 104.98 £ 2.80 41.18 £ 0.55 160.63 £ 1.54 ND 80.15 £ 1.42 77.40 £0.80 139.70 £ 0.55 | -64.97
g7AKSA 79.21+£2.29 70.95 +1.06 62.80 £ 0.61 96.32 £ 1.16 32.79 £ 0.55 119.60 £ 1.22 183.25+1.68 | -38.52
EQKSA 81.28 +2.41 68.90 £ 1.01 117.83 £ 1.48 117.61 £1.52 ND 163.58 £ 1.71 196.18 £ 1.46 | -47.15
ES\KSA 102.90 £+ 2.69 50.63 + 0.67 50.75 + 0.49 ND 71.30 £1.04 129.34 £ 1.33 284.20 £ 1.40 | -38.17
ZS\KSA 100.02 £ 2.66 72.28 £1.09 183.08 £ 1.74 135.04 £1.78 103.27 £1.83 | 135.4 + 1.46 185.72 £ 1.48 | -65.96
FAKSA 50.35 + 1.87 73.42+1.15 98.51 +£0.88 210.90 +2.12 69.18 £ 1.09 78.50 £ 0.93 213.09 £1.07 | -59.22
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FAKSA 96.01 +£2.92 90.00 +£1.32 40.03 + 0.41 ND ND 64.18 + 0.81 235.18 £1.33 | -37.45
42
FAKSA 39.27 £ 0.50 ND 226.10 £ 2.00 ND 138.00 £1.92 | 120.50 + 1.36 305.79 £ 1.77 | -77.93
43

*Antiviral activity of each extract expressed as normalized HCV copy numbers inhibition % after treating with each extract at 100 ug/mL, individually compared to control. Control cells =
100.

Table 2 GC-MS analysis of FAKSA 10 metabolites extracted from the wheat bran culture that showed a possible correlation with the observed
biological activity.

RT o Molecular . . -
No. | Compound name (min) Peak % | MW formula Biological activity
1 Methoxychromene precocene tetramer 5.47 0.70 760 CagHs605 Anti-juvenile
Methyl5amino6(7amino5,8 dihydro6methoxy5,8dioxo2quinolinyl) )
2 4(3,4dimethoxy2(phenylmethoxy)phenyl3methyl2pyridinecarboxylate 6.24 0.48 610 | CaaHaoNaOs
3 Cadmium chloride porphine derivative complex 6.99 0.43 607 Co9H4oCdCINs Therapy of colorectal cancer
4 5(Dibromomethyl)1,3bis(tribromomethyl)benzene 714 0.31 744 CgH4Brg Antimicrobial, antioxidant
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5 [(Cyclopentadienyl)tris(diethylphosphitoP)cobaltO, O',0"]trichlorozirconium] 7.52 0.48 730 C17H35C13C00gP3Zr | -
(7S,13E,16S,17R,18R, 19E,21R)7tertButyldimethylsilyloxy21hydr
6 oxy17,18isopyopylide nedioxy16,18dimethy 110phenyl20phenylse | 7.81 0.40 621 Cs7HssNOsSi -
leno[11]cytochalasa6(12),13,19trien1one
7 | N-Acetylaspartylglutamicacid 8.02 | 052 304 | CyHi N0 Neuromodulator of glutamatergic
. . 11M16N2Usg synapses
2,7Bis[(2R,5R)2,5dih ydro2isopropyl3,6dim ethoxypyrazin5spiro)
8 1,2,3,6,7,8hexahydroasindacene 9.32 R 494 | CasHseNiOs B
21H,23HPorphine2,18dipropanoicacid,3,7,12,17tetramethyl8
9 9.69 0.29 770 Ca2HssN4O6Si, -
,13bis[2[(trimethylsilyl)oxy]ethyl], dimethyl ester (CAS)
Methyl1-{4-Methoxy-3-chloro6-[2-[3(2'methoxy3'chloro5'(1,3-dioxan-2-yl)  phenyl)-4- )
10 methoxyphenyllethyllphenyl}-2-methoxybenzene-4-carboxylate 1229 | 046 666 | CaoteCrOs
11 Tetraphenylporphyrinatodichlorotitanium(IV) 12.60 | 0.29 730 Cu4Ho5CioN,4Ti Anticancer, antimicrobial
12 | YGRKKRRQRRRGP VKRRLDL/5 12.78 | 0.35 2598 | N/A -
Treatment of metabolic
} _ s syndromes, hyperlipidemia,
13 5 a -Cholestane-3 a, 25-diol 14.06 | 0.68 404 Co7H4502 diabetes,  fatty  liver  and
atherosclerosis
14 Dimethyl2anti-4anti-9,12anti-14-pentabromodecacyclo [9.9.0.0(1,8).0(2,12). 1904 | 028 770 CoaHa3BrsOs )

0(6,10).0(11,18)0(13,17).0(16,20)]icosane-syn-4,syn-9-dicarboxylate
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15 2,6,7-Tris-(2-methoxycarbonylethyl)-1,3,5,8-tetramethylporphin 20.23 | 044 624 C36H40N4Og Photodynamic therapy of tumor

16 2-Decanol 2260 | 0.35 158 C1oH2,0 Nematicide, neurotoxic

17 2,2'(Buta1,4-diyn-1,4-diyl) bis[(5,10,15,20-tetraphenylporphyrinato)zinc(ll)] 23.53 | 0.35 1400 | CgoHseNgZny -

18 Sulfurous acid,2-ethylhexyl hexyl ester 27.41 0.64 278 C14H3005S -

19 YGRKKRRQRRRGP VKRRLFG/4 31.34 | 0.29 128 N/A -

20 Hexane, 3-ethyl-3-methyl 31.73 | 0.56 128 CoHao -

21 | Hexadecanoic acid, methyl ester (CAS) 3200 | 3250 | 270 | CiHyO» Anticancer, cytotoxic,
antibacterial

22 1,2-Benzenedicarboxylic acid, butyl octyl ester (CAS) 32.69 | 0.31 334 CooH3004 -
Antioxidant, hypocholesterolemic,

23 Hexadecanoic acid, ethyl ester (CAS) 33.20 | 5.21 284 C1gH3602 antifungal, anti-tumour,
antibacterial, anti-androgenic.

24 [(Phenyl)decasiloxane] 34.74 | 0.54 606 CsH14015Si10 -
Antimicrobial, anticancer,

25 9,120ctadecadienoic acid (Z,Z), methyl ester (CAS) 35.14 | 25.52 294 C19H340, hepatoprotective, anti-arthritic,
anti-asthama, diuretic

26 9-Octadecenoic acid(Z)-, methyl ester(CAS) 35.23 | 11.37 296 C1oH360, Antimicrobial
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. . Anticancer, cytotoxic,
27 Heptacosanoic acid, methyl ester (CAS) 35.59 | 1.53 424 CoHs60, antibacterial
28 11,14-Eicosadienoic acid, methyl ester 36.24 | 414 322 C,1H350, Antimicrobial, antioxidat activity
29 2,3Epoxypropylcycloheptane 36.32 | 1.33 154 C1oH1s0 Cytotoxic
30 | 13,14Dichlorobehenamide 36.77 | 0.89 | 407 | CyHeCuNO Carbonic anhydrase inhibitors,
antiglaucoma
31 2(4)-(1-hydroxyethyl)-4(2)-(1-isopropoxyethyl) deuteroporphyrin dimethyl ether 38.02 | 0.42 668 CagH4sN4O6 Catalysts, light sensitizers
32 9-Octadecenamide, (Z)-(CAS) 39.66 | 0.50 281 C1gH3sNO -
33 2,5-Dibromo-1,4-di-n-hexadecylbenzene 44.04 | 0.48 682 CagHegsBr» Cytotoxic
34 3-Bromo-N-(2'iodophenyl)2,5dimethoxybenzamide 4429 | 0.33 460 C45H12BrINO3 -
Antibacterial, anti-biofilm,
. . . cytotoxicity anticancer, antiviral,
35 Dichloro(5,10,15,20tetraphenylporphyrinato)vanadium 4750 | 0.44 733 Cu4H25C N4V antioxidant and DNA protection
activity
36 2-b|s(ethoxycarb9nyl)methyI-Q(2,3,5-tr|-O-(2-methylprop-Z-yI)dlmethyl silyloxy- a -D- 4791 | 056 759 CasHeaN:OsSis Antiviral
ribofuranosyl)purine
37 YGRKKRRQRRRGP VKRRLDL/5 48.17 | 0.31 2598 | N/A -
38 [(Cyclopentadienyl)tris(diethylphosphitoP)cobalt O, O',0"]trichlorozirconium 48.47 | 0.35 730 C17H35C13C00¢P3Zr | Antiviral, cytotoxic
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Dimethyl2anti-4, anti-9,12, anti-14-pentabromodecacyclo [9.9.0.0(1,8).0(2,12).

39 | 0(6,10).0(11,18)0(13,17).0(16,20)Jicosanesyn-4, syn-9-dicarboxylate 4886 | 034 | 770 | CaHzBrsO, -

40 2,2'7,7'Tetrabromo9, 9'spirobifluorenone 49.76 | 0.47 628 CysH12Bry Strong oxidizing agents

41 Dodecachloroperylene 50.08 | 0.76 660 CyCly, -

42 | CGNLSTCMLGTYTQ DLNKFHTFPQTSIGV GAP/2 50.38 | 0.35 3399 | N/A -

43 [2-(o-Methoxyphenyl)-5,10,15,20-tetraphenylporphyrinato]copper(ll) 50.52 | 0.36 781 Cs1H3,CuN,O -

44 | 4-Decyloxyphenyl3-ferrocenylbenzoate 5282 | 029 | 538 | CyHesFeOs g‘;;i;‘;:i%athergggbade”a" Photo
45 (2Nitro5,10,15,20tet raphenyl[2(2)H1]prophyrinato)nickel(Il) 53.77 | 0.30 715 CasH27NsNIO, Antifungal, antibacterial

46 N,N'Bis[3methoxy4hydroxy5bromobenzylidene(cyano)acetyl]1, 4-butanediamine 54.19 | 0.36 646 Ca6H24BraN4Og Anticancer, antiviral

RT; Retention time, MW; Molecular weight

41




Table 3 Morphological characteristics of the selected fungal strain FAKSA 10.

Morphological
character

Description

Conidiophores

Cylindrical, basauxic, smooth, erect or flexuous, thick and multieseptate, 36-88 um long x 2.5-
6.0 um width containing flat branched hyphae, 2.5-6.0 um in diam and septate with dark brown
septa.

Conidiogenous
cells

Basauxic, 4.5-9x 2-5 um, arise from conidiophore mother cell, erect, ampulliform or doliiform,
pale brown.

Conidiophore Short, thick, formed by superficial mycelium, emerging in clusters or solitary, 4-9 x 4-8 ym,
mother cells colorless except for brown or dark brown transverse septa, ampulliform to lageniform.
Conidia Borne in grape like bunch, dark brownish, smooth-walled and aseptate, globose to lenticular
in shape with dark germ slit, measuring 8-10 pm long in face view, 4.5-6.5 ym in side view.
. Terminal or subterminal, having solitary or more cubic bodies, globose to ellipsoid, very pale
Sterile cells . 5
brown, smaller and lighter than conidia.
Colonies 65 mm, thick, compact, round, entire margin, wooly, concentrically spreading with
PDA* aerial mycelium, surface view of culture is white turned to whiteish gray and reverse yellowish;
dark olive-brown diffused pigment.
MEA* Colonies creamy white, reverse pale yellow, circular, 70 mm diam, smooth, sparse aerial
mycelium, circular edge; neither sporulation nor pigment produced.
OA* Colonies 60 mm, abundant, concentrical spreading with aerial mycelium, spherical border;

mycelia whitish to pinkish; sporulation was not detected; pink diffused pigment noticed.

*Culture characteristics after 14 d.

Table 4 Effect of different agro-industrial residues as substrates on the production of pharmaceutical
enzymes by Arthrinium sp. FAKSA 10 under solid state fermentation.
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Solid substrate

Pharmaceutical enzymes (U/gds)

L-Lysine a- | L- L- L- . L- L- . RNase

Oxidase Tyrosinase | Methioninase | Asparaginase | Arginase Glutaminase
‘(’:V:rifél)bra” (WB, ;?’021'53 *|97.12+1.19 | 24270+263 | 180.20 + 1.85 ;.4060'93 * | 23530 £ 2.11 3_2057'16 *
f;('j”c‘;) oil cake ;?;(538 * 1i(’1'15 * | 28040258 | 214.25+2.21 ;?80637 * | 30852295 3?21674 *
%i(‘gec) oil cake ;ﬁ5§53 * 1_1397'62 * | 254.92+251 | 196904168 | 10507 * | 340,51 +2.74 2538?;06 *
‘C’\;'I‘(Za(twg‘%r)m o 1.1896‘;45 * | 8525+1.06 | 195.90+2.18 | 143.90 + 1.53 ]_288516 * | 230,57 +2.20 ?_192626 *
(S;S%Te oilcake 1.1860'90 * 19080117 | 131.28+1.91 | 137.94 £ 1.60 19677'49 * | 21465+ 1.95 gf‘ooém *
(A/‘l”(;%r;d o cake 1710900 | 6284 1.17 | 200442213 | 16350179 | 19012 * | 290745214 | 20250
?,’\'A“Sg‘;d ol cake ;?00571 * }_”;%34 * | 29530242 | 230.44 +2.57 ;_7750'43 * | 357.01+269 gf540612 *
%’8%’;“ ol cake | 12095 * | 95404082 | 22050210 | 173.001.05 ;_63(11'25 * | 30662200 | 25000
E:gl“(eggg‘;te 95.30+£2.13 | 67.23+1.11 | 201.90+1.50 | 91.18+1.30 1?’93;;40 * | 239.92+1.25 f_0600'83 *
Banana peel (BP) | 84.79+ 154 | 80.65+1.00 | 117.86+2.33 | 6824099 | \op 0 * | 14850193 | 3940 *
Rice bran (RB) ;_1091'28 * | 9250+1.16 | 22018253 | 137.90 + 1.64 ]_3900'57 * | 265.70 £ 2.29 ?_08%62 *
gg%h " 1';"OC+ 2037 | 10520 %1 339134200 | 27203269 | S0 | 42803315 | a0 *
gg?;(z ] :1';’100" 2167'29 * 39895'03 * | 37520315 | 318.42+285 2994492 * | 486.50 + 3.43 ‘31?00627 *
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POC+ MOC+ | 249.55 = | 226.52 + 280.55 + 434.00
00C (1:2:1) 232 105 418.55 £ 3.28 362.71+2.98 3.76 450.55 + 3.36 398
POC+ MOC+ | 23148 + | 188.36 + 250.55 + 474.19 £
00C (1:1:2) 295 175 342.55 + 2.96 296.42 + 2.60 350 439.55 +3.28 3.28

Table 5 Optimization of solid-state fermentation process parameter on the anti-HCV, antioxidant and
anticancer activities by Arthrinium sp. FAKSA 10.

Antioxidant potential

Anti-proliferative activity (ICso;

ug/mL)
Solid substrates A_ntl-hepat.ltls ¢ Cancerous cells Normal
virus (ICsp; pg/mL) cells
DPPH scavenging | Reducing
activity (ICs, pg/mL) power assay
HCT-
HepG-2 116 WI-38
3943 + | 3440 + | 400.28 +
Wheat bran (Control) | 59.00 + 2.23 80.11 £ 0.99 0.514 218 213 10.47
. 2069 + | 2047 + | 350.19 +
Palm oil cake (POC) 22.61+1.48 33.23+0.09 0.866 142 152 088
. . 16.80 + | 18.00 + | 310.34 +
Olive oil cake (OOC) 14.90 £ 0.98 28.19+1.09 0.884 123 136 9.70
Wheat germ oil cake 30.16 + | 33.62 £+ | 425.00 +
(WGC) 37.29+1.76 76.84 £1.92 0.540 205 219 1118
Sesame oil cake 1512 = | 1347 = | 390.27 %
(SOC) 16.34 £ 1.13 19.59 £ 0.98 0.951 119 114 10.58
Almond  oil cake 18.38 + | 1947 + | 367.91 +
(AOC) 20.18 £ 1.40 16.71 £ 0.33 0.974 135 150 976
Coconut  oil cake 2439 + | 20.56 + | 395.84 +
(COC) 26.58 +1.65 30.36 £ 0.46 0.879 171 159 1047
) 15.67 + 1.29 2412 £ 0.25 0.895
Mustard oil cake 1262 = | 1560 + | 380.56 +
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(MOC) 113 1.28 9.91
(F;’é“;)gra”ate peel | 4026+ 1.88 50.28 + 0.37 0.692 ?%38 * f%? * 5_7965'55 *
Banana peel (BP) 60.15 + 2.28 71.04 + 0.49 0.560 3_71'35 * 3.11,?5 * ?895';3 *
Rice bran (RB) 57.20 + 2.15 75.90 + 0.50 0.539 3?1"710 * 3_72'39 * ‘1‘1?2'85 *
ﬁgg’hﬁﬂ% AOC+ | 1824 +0.98 15.30 + 1.38 0.980 1987 x| 1000 x| 32100 =
38222:813?1; ACCH | 1122+ 1.03 15.01 +1.37 0.984 bl A 320565 *
38271:82(:)1?) AOCH | 1518+ 1.16 12.50 + 1.24 0.990 ]_21'26 * ].10'32 * 3%9673 *
ﬁgg"mﬁgﬂ’; AOC+ | 1856+ 1.02 11.80 £ 1.19 0.998 17,20 x| 1990 &) 30745
ﬁgg’hﬁﬂ% AOC+ | 1320+ 0.81 14.25 £ 1.45 0.990 1030 x| 1100 = | 39080 =
Telaprevir 41.53+2.00 ND ND ND ND ND

Ascorbic acid ND 34.26+1.28 0.988 ND ND ND

Doxorubicin (Doxo) | ND ND ND o g:;g DT

Table 6 Optimization of SSF process parameters for the productivity of pharmaceutical enzymes by
Arthrinium sp. FAKSA 10.
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Process

Amino acid degrading enzyme production (U/gds)

parameter
L-Lysine a- | L- L- L- L- L- RNase
Oxidase Tyrosinase | Methioninase | Asparaginase | Arginase Glutaminase

Incubation

period (d)

5 128.54 + | 108.88 + | 196.30 £ 2.71 218.50 + 2.28 162.14 + | 304.91+245 | 202.85 +
219 1.32 2.75 1.92

7 194.38 + | 127.13 + | 320.55+3.14 280.36 + 2.50 23520 + | 390.45+2.96 | 30042 +
2.25 1.50 3.28 2.38

10 (control) 275.29 + | 226.52 + | 417.90 + 3.30 360.88 + 2.94 305.00 + | 486.38+3.40 | 474.28 +
243 1.95 3.60 3.25

14 225.20 + | 170.55 + | 289.85+3.19 296.42 + 2.67 190.37 £ 467.50 £ 3.28 | 368.15 +
2.32 1.68 2.86 2.61

20 119.52 + | 125.55 + | 251.51+2.86 192.95 + 2.29 160.50 + | 438.16+3.17 | 240.33 +
2.00 1.54 2.69 2.25

Particle size

(mm)

0.5 280.20 + | 200.13 + | 320.70 £ 3.02 296.30 + 2.43 294.64 + | 398.45+297 | 313.54 +
2.65 1.80 2.93 2.84

1.0 328.40 + | 294.18 + | 500.46 £ 3.73 458.65 + 2.86 422.03 + | 511.20+3.90 | 545.23 +
2.80 2.15 3.85 3.55

2.0 (control) 276.29 + | 226.52 + | 417.23 £ 3.31 360.88 +2.94 305.00 + | 487.16 £+3.50 | 475.12 +
2.47 1.94 3.60 3.31

4.0 204.38 + | 170.61 + | 329.73+£3.00 312.91+2.64 23520 + | 326.49+2.68 | 368.00
2.81 1.58 3.40 3.16

6.0 129.53 + | 112.16 + | 231.44+2.21 183.55 +2.17 173.00 + | 239.72+241 | 32528 +
1.82 1.33 2.65 3.00

Initial moisture

content (%)
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50 279.38 + | 136.45 + | 290.00 +3.19 219.71 £ 245 21247 + | 353.18+2.69 | 280.41 +
3.40 1.57 3.00 1.75

60 (control) 328.40 + | 294.18 + | 500.46 +3.73 458.65 + 2.86 422.03 + | 511.20+3.90 | 545.23 +
2.80 2.15 3.85 3.55

70 198.40 + | 195.36 + | 389.73 +3.56 289.59 + 3.16 242.03 + | 467.32+3.29 | 375.23
2.77 1.70 3.46 2.55

80 179.34 + | 156.86 t+ | 250.12 £2.42 24049 £ 2.73 238.65 + | 398.45+2.97 | 33552 +
2.34 1.71 3.41 2.34

90 162.18 + | 140.92 + | 217.55+2.18 226.32 + 2.51 183.62 + | 382.70+3.10 | 290.50 +
2.50 1.62 2.85 2.22

Temperature

(°C)

25 159.13 + | 149.69 + | 243.95+2.37 218.23 +2.49 21247 + | 398.75+2.90 | 334.12
2.30 1.69 3.00 2.34

28 (control) 328.40 + | 294.18 + | 500.46 £ 3.73 422.03 £ 3.85 422.03 + | 511.20+3.90 | 545.23 +
2.80 2.15 3.85 3.55

32 280.25 + | 195.90 + | 390.18 + 3.56 289.59 + 3.16 24318 + | 467.96+3.29 | 37523 +
3.40 1.91 343 2.60

35 198.40 + | 158.00 + | 337.63+3.14 260.41 +2.97 222.03 + | 440.67 +£3.15 | 284.00 +
2.77 1.64 3.31 2.29

40 122.56 + | 130.46 + | 165.01+1.85 213.20 £ 2.40 185.90 + | 330.89+255 | 17213 +
1.76 1.56 2.71 1.21

45 110.23 + | 82.70+0.90 | 98.77 £ 1.06 100.46 £ 1.52 12418 + | 250.41+2.21 | 17213 ¢
1.52 2.11 1.21

Inoculum  size

(CFU/gds)

2 x 108 328.40 + | 294.18 + | 500.46 +3.73 422.03 + 3.85 422.03 + | 511.20+3.90 | 545.23 +
2.80 2.15 3.85 3.54

2 x 107 377.90 + | 358.61 + | 587.95+4.15 484.95 + 4.61 498.51 + | 569.75+3.96 | 587.00 +
2.92 2.83 417 3.66
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2 x108 29840 £ | 295.70 + | 469.15+£3.58 390.04 +3.17 44250 + | 465.20£3.45 | 398.00 *
2.47 2.46 3.40 2.87

Table 7 Optimization of SSF process parameters for the productivity of anti-HCV, antioxidant and
anticancer by Arthrinium sp. FAKSA 10.

The antioxidant potential ;rgsj (;L r;t/l;al-n)cer activity
Anti-hepatitis Cc
SSF Parameter virus (ICso; pg/mL)
DPPH scavenging Reducing Power
- X antioxidant assay (RPAA, | HepG-2 HCT-116
activity (ICso; pg/mL)
O-D700)
Incubation period
(d)
40.88 + | 60.11
5 24.45+1.40 50.00 £2.13 0.523 154 250
28.75 +| 3715
7 15.29+1.25 2492 +1.81 0.802 189 1.91
10 (control) 1122 +1.03 11.80  1.19 0.998 ]00'20 * ]odgz *
30.17 + | 4050 =
14 28.61+1.49 25.50 + 1.65 0.798 183 214
50.49 + | 5492
20 40.52 +1.87 46.22 +1.40 0.562 196 298
Particle size (mm)
29.25 +| 1768 =
0.5 16.85 + 1.34 35.00 £ 1.90 0.737 217 151
1.0 9.87 +0.92 10.00 + 1.59 1.002 875113 | oo3  *
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10.30 +| 1022 +
2.0 (control) 11.22 +1.03 11.80 + 1.40 0.998 108 103

2117 +| 1540 +
4.0 19.30 £ 1.37 39.45 £ 1.96 0.690 179 139

35.17 + | 3091 =
6.0 28.29 + 1.46 50.25+2.18 0.517 2.00 184
Initial moisture
content (%)

12.00 +| 1755 ¢
50 13.60 +1.12 25.58 + 1.62 0.794 121 150

9.20 +

60 (control) 9.84 +0.95 10.04 £ 1.60 1.001 8.77£1.15 0.95

17.43 + | 1463 =
70 15.33+1.23 19.00 + 1.37 0.924 1.62 145

25.19 + | 3055 =
80 21.41+£1.34 26.52 + 1.34 0.786 184 220

30.26 + | 4570
90 39.80 + 1.80 40.86 + 153 0.685 197 234
Temperature (°C)

19.50 + | 69.00 =+
25 17.12 +£1.30 13.20+ 1.85 0.945 0.10 0.15

9.18 +

28 (control) 9.84 +0.95 10.00 £+ 1.67 1.000 8.90+1.20 0.96

20.16 + | 2475 =
32 19.26 + 1.40 29.36 £ 1.37 0.765 163 125

50.41 + | 48.16 =+
35 33.00 + 1.94 46.35 + 1.55 0.560 233 240

90.11 + | 5514 ¢
40 52.00 £ 2.15 7254 £2.78 0.500 280 269
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10072 +|7835

45 89.53 +2.70 95.70 £ 2.78 0.478 s LA

Inoculum size

(CFU/gds)

2 % 106 9.86 +0.96 10.00 + 1.67 1.080 8.81+1.15 g'gg *

2% 107 8.00 + 0.85 9.23+1.30 1.110 759+ 1.21 g'gg *
1480 +|1513

8
2% 10 18.40 £1.37 16.25 + 1.43 0.916 Jpa 2
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