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Abstract

Seven morphologically distinct marine fungi were isolated from sediment and Seawater samples
at different sites along Alexandria seashore. Antagonism effect against Aeromonas hydrophila on
purpose and other pathogen was estimated. The most promising isolate giving the highest antibacterial
activity (14 mm) against A. hydrophila was morphologically and genetically identified as Aspergillus
terreus SHEO5 and the corresponding sequence was recorded in the GenBank database with accession
no. MW772239. Time course production of the antibacterial agents by A. terreus SHEO5 against A.
hydrophila was studied showing the highest productivity after 5 days incubation. Multi-factorial design
in terms of Placket Burman design was implemented to predict the critical factors influencing the
production of the antibacterial agents by A. terreus SHEQ5 against A. hydrophila. The obtained results
showed that malt extract, pH and temperature were the key factors affecting the antimicrobial activity.
Consequently, Box-Behnken design was applied to estimate the optimized levels of each independent
variable showing that the optimized conditions were malt extract, 3 (g/l); peptone, 0.75 (g/); salinity,
50%; pH, 4; culture age, 4 days; inoculum size, 0.5 ml; temperature 30°C and incubation time 5 days,
which caused an increase in the antimicrobial activity to 25 mm, which denotes an approximately 1.8
fold increase comparing with the pre-optimized conditions. The potentiality of chloroform, hexane,
petroleum ether and ethyl acetate for extraction of the active compounds was tested showing that
ethyl acetate was the best. The extracted bioactive metabolites using ethyl acetate were tested as
antimicrobial, anticancer, antiviral and antioxidant agents. Results showed reasonable activities. GC-
MS was used to recognize the active components in the ethyl acetate extract, showing that the major
compound was the Dodecanamine, N,N-Dimethyl with RT 11.95, molecular weight 213, area % (55.46)

and molecular formula C H, N.
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INTRODUCTION

The management of diseases caused
by bacteria is increasingly difficult due to the
capability of bacteria to make resistance to
antibacterial compounds.! Therefore, a critical
need to achieve new groups of antagonistic
agents exhibiting innovative mechanisms of action
is essential.? New developments in discovery
of drugs from natural sources highlight on
exploration of the marine environment to discover
various novel and complex secondary metabolites
for management of several diseases such as
inflammatory condition, AIDS, cancer, malaria,
fungal and viral diseases.?

Fungi produce a diversity of molecules
with unique structures and display innumerable
biological activities*® including anticancer, anti-
inflammatory, antiviral and antimicrobial. Since
the past era, the number of antifungal and
antibacterial metabolites from marine fungi have
a rapid growing, making marine fungi a considered
potential sources for natural metabolites.’

Aspergillus denotes a large various genus,
comprise different filamentous fungal species
of significant commercial and pharmaceutical
values.® Aspergillus is considered as the major
source of fungal secondary metabolites and
currently expanding its applications in different
fields of pharmaceuticals and medicine.>*3

El-Shatby

Fig. 1. Map of sampling area®.

Secondary bioactive metabolites
production by microorganisms is influenced by
the species and strains in addition to their cultural
and nutritional conditions.'* Minor alterations in
medium conformation can significantly influence
the quantitative and qualitative behavior of the
secondary components together with the overall
metabolic profiles of the microorganism. The
optimization process considers to be convoluted
due to the possible use of component that
supports the growth as a substrate.’® Consequently,
designing a suitable medium for cultivation is
the most important for enhancing the yield
of antimicrobial agents.’® Response surface
methodology (RSM) is a statistical tool, which
is a valuable to enhance the factors affecting
the processes of fermentation and was used in
different optimization studies.'”°

Although numerous studies have been
directed to study the diversity of marine fungi,
almost not enough information is accessible on their
biotechnological activity. So, the purposefulness
of the current research was assessment the
potentiality of isolated marine fungus from
the Mediterranean Sea as antimicrobial agents
producer against the fish pathogen Aeromonas
hydrophila. Afterwards, statistical optimization of
culture condition targeting over-production and
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evaluation of different applications of the bioactive
metabolites were inspected.

MATERIALS AND METHODS
Samples collection

Ten sediment samples were gathered
from diverse sites along Alexandria seashore,
Egypt, including Abu-Qir, EI- Mex and El -Shatby
(Fig. 1) at water depth ranging from 0.5 to 1
m. The collected samples were retained in the
polyethylene bags, kept in freezing box at 4-8°C
and conveyed to the lab for microbial analysis.
Isolation and purification of marine fungi

Sediments were air dried for 2 days before
fungal isolation. Subsequent dilution of sediment
samples was carried out (1:10) using sterilized
seawater. 1 m| of each sample was spread onto
the prepared potato dextrose agar medium.?!
Regarding the collected water samples, 1 ml of
each sample was used to inoculate the isolation
medium. Isolation medium was prepared with
seawater and chloramphenicol (250 mg/L) was
added as antiseptic agent. The inoculated plates
were incubated at 30°C for one week. The plates
were regularly observed. Dissimilar colonies
were then removed to new plates for subsequent
purification. Each purified colony was selected and
subculture was carried out on the prepared slants
using the same isolation media and kept for more
studies.? The isolates were kept in glycerol stock
(40%) seawater medium at -80°C.
Target pathogenic microorganisms

The reference pathogenic bacteria
including Gram positive bacteria (Bacillus subtilis
ATCC 6633 and Staphylococcus aureus ATCC
25923), Gram-negative bacteria (Escherichia
coli ATCC 19404, Enterococcus faecalis ATCC
29212, Klebsiella pneumoniae ATCC 13883,
Pseudomonas aeruginosa ATCC 15442 and
Aeromonas hydrophila) were kindly provided by
Microbiology Lab, Marine invironmental Division,
NIOF, Alexandria, Egypt. The obtained pathogens
were preserved at - 20°C using glycerol (15 %, v/v)
for consequent using.
Screening for fungal antagonistic effect

The antimicrobial activity of the isolated
marine fungi was assessed against the previously
mentioned target pathogenic microorganisms
using well cut diffusion technique.?

Molecular identification of fungal candidate

The fungal isolate was grown in sterile
Petri plates containing autoclaved potato dextrose
agar (PDA) medium and incubated for 7 days
at 28°C. The culture was sent to the Molecular
Biology Research Unit, Assiut University for
molecular identification. First, PCR was performed
using ITS4 (reverse) and ITS1 (forward) primers
with the following composition: ITS4 (5'- TCC TCC
GCT TAT TGA TAT GC -3' and ITS1 (5' - TCC GTA
GGT GAA CCT GCG G - 3'). The same two primers
were used for sequencing of the purified PCR
product?. Analysis of the gained sequences were
done by (BLAST) program from the National Center
of Biotechnology Information (NCBI) website.
Phylogenetic analysis was done using MegAlign
(DNA Star) software version 5.05.
Optimization of fermentation conditions for
antimicrobial agents production
Effect of incubation period

Antimicrobial activity of fungal filtrate
was monitored at different time intervals during
7 days using well cut diffusion technique.?
The Plackett-Burman design

The Plackett-Burman experimental
design?>? was applied to establish the significance
of different cultural and environmental factors for
higher production of antimicrobial agents in liquid
cultures. Screening of seven independent variables
was carried out. For every variable, low (-) and
high (+) levels were examined. Eight trials were
designed in triplicate and the average of inhibition
zone diameters was taken as the responses
(Table 3).

E.=(EM+-ZM.-) /N

Where E  is the variable main effect,
M.- and M, are the inhibition zone diameter
(mm) at the low and high levels, respectively; N
represents the number of experiments. p-values
and Statistical t-values were considered for
significance determination using Microsoft Excel
2010.
Box-Behnken design

The Box-Behnken design was applied after
assessing the significance of independent factors?”
for further estimation of the optimal levels
with regard to production of the antimicrobial
compounds. The optimization practice involved
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performance of the statistically designed
experiments to determine the coefficients,
detecting the response and testing the mode
adequacy. The low, basal and high levels of
every factor were recorded as (-1), (0) and (+1),
respectively (Table 4). The proposed matrix
contained 15 combinations designed in duplicate
and mean results of bioactive compounds
production were recorded. To expect the optimal
values, fitting of the second order polynomial
function was done to determine the association
between the response and independent variables
as follows:

Y =B+ BX +BX +BX +BXX +

B13X1X3 + B23X2X3 + Bllxl2 + B22)(22 + B33)(3 ?

Where Y is the predicted response, B, is
the Regression coefficient, X,, X, and X , are the
independent variables, ., B,, and B, are linear
coefficients, B,,, B,,, and B, are second order
interaction coefficients, and the B_,, B,,,and B, are
quadratic coefficients. Analysis of the experimental
data was carried out using Statistica 10.0.2"%
Other applications of the active metabolites
Antimicrobial activity against other pathogenic
microorganisms

Antimicrobial action of crude extract was
tested against other reference pathogenic bacteria
including E. coli ATCC 8739 and S. aureus ATCC
6538 in addition to instead of the highlighted part
pathogenic fungiincluding A. niger and C. albicans
ATCC 10221 using agar well diffusion technique as
was previously described.

Antitumor activity

The bioactive compounds produced
by A. terreus SHEO5 were examined for their
cytotoxic activity toward three tumor cell lines,
coded MCF-7 (Breast cancer cell-line), HepG2
(liver hepatocellular carcinoma) and HCT 116
(human colon carcinoma) according to a previous
method.?® The cell viability percentage was
calculated as follow:

% Cell viability = Mean Abs (control) -
Mean Abs (test) X 100

Antiviral activity
HEp-2 cells monolayers were used to
test the cytotoxicity of the extracted bioactive

compounds.®** The antiviral activity was detected
as follows:

Absorbance of the compound - Absorbance

of the viral control
X 100

Absorbance of the cell control - Absorbance
of the viral control

Antioxidant activity

Antioxidant activity was tested using the
DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate)
stable free radical scavenging assay as was
previously described.?
Extraction of the bioactive metabolites

Extraction procedure was owing to the
method of Calado et al.? Briefly, Different solvents
representing different polarities including hexane,
chloroform, ethyl acetate and petroleum ether
were used for extraction of the desired bioactive
metabolites aiming to find one of the tested
solvents match that of the desired compounds,
making the dissolving and separation more easily.
Gas chromatography / Mass spectrometry (GC/
MS) analysis

The chemical composition of the extract
was determined using GC— MS (Hewlett Packard,
HB 5890 gas—liquid chromatography (GLC) paired
with 5989 B series mass spectrometer (MS).
Reading analysis of mass spectra data were created
by a computerized library-searching program
(Database/Wiley 275.1) and by considering the
fragmentation pattern of released compound
resulting from mass spectrometry evaluation. Each
compound was qualitatively calculated following
this formula: Compound Concentration % =P1/P2
*100 where: P1 = the peak area of the compound,
and P2 = whole peak areas in the fractionated
extract. Descriptions of the peaks were done using
Wiley mass spectral data base library.?®

RESULTS AND DISCUSSION
Isolation of marine fungi and screening for
antibacterial potentiality

Seven morphologically distinct fungal
isolates namely (F1-F7) were isolated from the
collected water and sediment samples coded (S1-
$10) from Abu Qir, Alexandria, Egypt and screened
for production of antibacterial agents against
different pathogenic bacterial indicators using well
cut diffusion technique. Results in Table 1 indicated
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variation in the antagonistic effect against the
used pathogenic strains. The highest antibacterial
activity was against A. hydrophila with inhibition
zone diameter (14 mm) followed by B. subtilis ATCC
6633 and E.coli ATCC 19404 recording inhibition
zone diameters of 13 mm and 12 mm, respectively.

Accordingly, the fungal isolate F3 was
selected to complete the current investigation as it
exhibited broad spectrum of antibacterial activity
against the tested pathogenic bacteria and A.
hydrophila was selected as the most susceptible
bacterial pathogen to the bioactive metabolites
produced by F3. In contrast, isolates F2, F4 and
F5 did not exhibit any antibacterial activity.

This variation is based on the capability
of fungus to produce inhibitory metabolites and
the type of pathogenic bacterial structure and
susceptibility of Gram positive and Gram- negative
bacteria to the bioactive metabolites due to cell
wall structure.?! The antagonistic activity of the
fungal isolates in the current study was more
noticeable toward Gram negative bacteria, which
is a promising for control of the more resistant
Gram negative bacteria. In a parallel study, twenty
fungalisolates were tested for antibacterial activity
regarding human pathogens. Isolate MF-1 showed
promising activity against Bacillus subtilis (19 mm);
Streptococcus pyrogenes (10 mm); S.aureus (17
mm); Sphingomonas pacucimobilis (16 mm); B.
coagulans (17mm); Corynibacterium glutamicum
(25 mm); Klebsiella pneumonia (20mm) and

E. coli (15 mm).*2 A recent study examined the
antimicrobial activity of six fungal isolates against
9 bacterial pathogens and the results concluded
that more susceptibility to the active compounds
was observed for Gram-positive bacteria.*
Identification of the potent fungal isolate (F3)

F3 was exposed to molecular
characterization and had a multiple alignment with
the highest homology using blast search computer
based program on NCBI platform. The identified
sequence was deposited in NCBI as Aspergillus
terreus SHEO5 with accession no. MW772239,
where Fig. 2 representing the phylogenetic tree
according to sequences of 18S rDNA region (ITS).
Fig. 3 A showed the morphology of A. Aspergillus
terreus SHEQS on potato dextrose agar medium,
the electron microscopic examination of A.
Aspergillus terreus SHEO5 was shown in Fig. 3 B,
C, D and E using different magnifications.
Optimization of antibacterial agent(s) production
Influence of incubation period on antibacterial
potential of A. terreus SHEQ5

Proper determination of specific
incubation requirement is of great significance
for maximum gathering of the metabolite.** As
revealed in Table 2, the antibacterial activity
against A. hydrophila improved with increasing
the incubation period reaching the highest
antibacterial activity after five days with inhibition
zone diameter of 14 mm followed by decrease
in the activity reaching 10 mm after 6 days, and

Table 1. Antibacterial potential of the isolated marine fungi against different reference pathogenic indicators

Antibacterial activity (expressed as inhibition zone diameter (mm) against

Isolate A. hydrophila S. aureus E.coli Paeruginosa B. subtilis E. faecalis K. pneumoniae
Code ATCC 25923 ATCC 19404 ATCC 15442 ATCC 6633 ATCC 29212 ATCC 13883
F1 11 0 0 0 11 0 0

F2 0 0 0 0 0 0 0

F3 14 0 12 12 13 0 0

Fa 0 0 0 0 0 0 0

F5 0 0 0 0 0 0 0

F6 23 0 0 0 0 0 0

F7 0 12 13 0 0 0 0

Table 2. Influence of incubation period on antibacterial
activity against A. hydrophila

Incubation time (day) 3 4 5 6 7

Diameter of inhibition 12 13 14 10 O
zone (mm)

no antibacterial activity was observed at 7th day.
In line with the current study, it was reported
that the maximum antibacterial activity of
Aspergillus terreus was on 5% day of incubation
and remained less or more stable until 9" day
and then declined®. It was mentioned that the
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Fig. 2. Phylogenetic tree depending on ITS region sequence of 18S rDNA of the fungal isolate in the current

investigation (Aspergillus terreus SHEQS).

(A)

(D) (E)

Fig. 3. Colony morphology of Aspergillus terreus SHEQ5
on potato dextrose agar medium (A) and electron
microscopic photographs of Aspergillus terreus SHEQ5
using magnification of 370x (B), 500 x (C), 700 x (D),
20000x (E).

time for bioactive compounds production varies
according to the cultivation conditions and the
strain.® More or less incubation period could be
detected in other studies.?37.3%

Optimization of fermentation conditions
Selection of the significant factors by applying
Plackett— Burman experimental design

The Plackett-Burman experimental
design was adopted to determine the qualified
significance of different parameters affecting the
antimicrobial agents production by A. terreus
SHEOS in liquid cultures using 7 independent
variables in a high (+) and low (-) levels setted in
8 trials as was previously described and shown in
Table 3.

The main effect of each factor on the
antagonistic action of A. terreus SHEO5 against
A. hydrophila was estimated and revealed in
Table 3 and presented in Fig. 4. Results revealed
that the increase of peptone and malt extract
concentrations had positive main effects on
antibacterial activity, while the other parameters
had negative main effects. The most significant
variables (malt extract, pH and temperature)
were predicted using t-test (P<0.05). Owing to
Plackett-Burman design results, the subsequent
fermentation settings were predictable to be close
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to optimal levels: malt extract, 2.25; peptone,
0.75 (g/1); salinity, 50%; pH, 5; culture age, 4
days, inoculum size, 0.5 ml; temperature, 25 and
incubation time 5 days. In a comparable study, the
optimum conditions for the antagonistic activity of
Aspergillus flavipes strain HN4-13 against aquatic
Vibrio. Cholera, V. anguillarum, V. parahemolyticus
and V. harveyi were 0.25% glucose, 0.3% peptone,
0.1% NaH2P0O4, 3% NaCl, 3% KCl, 4.5% inoculum
size, pH7.0, 160 rpm/min and 32°C for eight days.
Such conditions of this study exhibited a 62.3%
increase in the activity.*

Recognizing the optimal production conditions
using Box—Behnken design

Box-Behnken design was used to define
the optimal value of each independent parameter
including malt extract (X,), pH (X,) and incubation
temperature (X,). As represented in Table 4,
the design embraced 15 trials, each variable
was studied at 3 dissimilar levels (1, 0 and -1),
and the detected antibacterial activities (mm)
were recorded. According to the value of R2
(0.8), the experimental records were relatively
fitting. In this study, results of optimization were

Table 3. Levels of independent factors and results of Plackett-Burman experimental design

Trials ME (g/l) P(g/)) pH S (%) CA (day) IS (ml) T (oC) 1Z (mm)
1 -1[0.75] -1[0.25] -1[5] 1[150] 1[6] -1[0.5] -1[25] 22
2 1[2.25] -1[0.25] -1[5] -1[50] 1[6] 1[1.5] 1[35] 25
3 -1[0.75] 1[0.75] -1[5] -1[50] -1[4] 1[1.5] 1[35] 19
4 1[2.25] 1[0.75] -1[5] 1[150] -1[4] -1[0.5] -1[25] 31
5 -1[0.75] -1[0.25] 1[7] 1[150] -1[4] 1[1.5] 1[35] 15
6 1[2.25] -1[0.25] 1[7] -1[50] -1[4] -1[0.5] -1[25] 24
7 -1[0.75] 1[0.75] 1[7] -1[50] 1[6] -1[0.5] -1[25] 21
8 1[2.25] 1[0.75] 1[7] 1[150] 1[6] 1[1.5] 1[35] 18
9 0[1.5] 0[0.5] 0[6] 0[100] 0[5] 0[1] 0[30] 18
Main 5.25 0.75 -4.75 -0.75 -0.75 -0.75 -5.25

effect

ME: malt extract, P: peptone, S: salinity, CA: culture age, IS: inoculum size, T: temperature, IZ: inhibition zone.
-1and +1 represent the coded levels (low and high) of the independent variable. Values of inhibition zone diameters are the average of duplicate

cultivation experiments +SD.
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Fig. 4. Main effect of independent factors affecting antimicrobial agents production by Aspergillus terreus SHEQS.
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examined both graphically and mathematically.
The mathematical solution was obtained using
N9 Statistica software. Verifying the accuracy of
- = . .
a = S model prediction revealed that the observed and
- = predicted antibacterial activities (1Z) were closely
< | P08 correlated to each other (Fig. 5).
S| 22 Y = 13.67+3.75 X,-0.12 X, -0.87 X, -4.74
XX, +7.97 X X, +3.00 X X,+1.91X? +0.66 X2, +1.17
Qo O X2
aa} N = o0N 3 . . .
— = e As, Y is the response, the antibacterial
- activity (AU) and X, X, and X, are the coded levels
~ £ n 9 of the independent parameter; Malt extract, pH
Tl zg2aT and incubation temperature, respectively. Overall
- results suggested that the predicted optimized
o | =28 o conditions were: malt extract, 3 (g/l); peptone,
bl o, J— ..
| 2Llg 0.75 (g/l); salinity, 50%; pH, 4; culture age, 4;
inoculum size, 0.5 ml; temperature, 30°C and
o| ®un &4 incubation time 5 days
i i . . .
27 Verifying the accuracy of model displayed
" an increase in the antibacterial activity to 25 mm
- I « in representing 1.8 fold increase with comparing to
= =3 the basal settings before applying the Box design as
" shown in Table 5. The overall results confirmed the
N < O L .
n| o aT2® accuracy of the assumed optimization approachin
—_— e . .
%’ o—= addition to less time consuming.
o N o Our results achieved higher percentage
~N . . - .
8| ~| =28y (89.29%) of antibacterial activity against
3y 9= A. hydrophila compared to a previous study?*
3 " who reached to 62.3% rise in the activity of
QE: © | = 2 % N the active metabolites produced by Aspergillus
2 - = flavipes against Vibrio harveyi by employing
fof v, Plackett—Burman and Box—Behnken designs and
N . .
Z|vw| dg % 3 the optimum settings were as follow: 3% glucose,
= e = 0.3% peptone, 3% NaCl, 0.1% NaH,PO,, 0.25% KCl,
T“; N o 0 5% inoculum size, pH7.0, 160 rpm/min, 32°C, for
LR = = % N eight days. In accordance with our results 1.9 fold
! = increase of antimicrobial agents production was
2 ; ; | dy.30
= N h g . predicted in a comparable study.
o | V| meo -
< - = Table 5. Verification experiment showing
:§ L) antimicrobial activity of A. terreus SHEOS
&~ o g % 4 against A. hydrophila grown under the
s o = g optimized conditions in comparison with the
2 - & basal conditions
2 S38q ¢
< A= s Inhibition zone
@ = ;
2 B diameter (mm)
@ o| %
| ol =~ 2| = Optimized conditions 25 mm
] < X xX'— 8 g .
s | B | 52 E Basal conditions 14 mm
= U9 i
| E| Sarx| =
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The effect of pairwise factors and their
interactions were studied and the corresponding
Response surface plots were presented in
Fig. 6. Overall results concerning the antagonistic
effect of the produced bioactive compounds
from A. Aspergillus terreus SHEO5 against aquatic
pathogen A. hydrophila in vitro would provide the
promising prospect in vivo aquatic application.
Extraction of the bioactive compounds

Extraction is the decisive first stage and
necessary to extract the desired components
for subsequent separation and characterization.
Different solvents exhibiting diverse polarities like
hexane, chloroform, ethyl acetate and petroleum

zone (25 mm), followed by chloroform and
hexane with 20 mm, while the lowest inhibition
zone diameter (16 mm) was recorded upon using
petroleum ether (Table 6). In accordance, ethyl
acetate had the highest effeciency for taking out
the desired bioactive metabolites.?**° It was stated
that the antagonistic activity of the metabolites
produced are diverse dependent on the used
solvent and the nature of the pathogenic indicators
tested.*142

Table 6. Effect of different solvent extracts on A.
hydrophila growth

ether were used to extract the antimicrobial Solvent Chloroform  Ethyl  Petroleum Hexane
compounds acetate ether
It was observegl that.extract of ethyl 1Z (mm) 20 25 16 20
acetate was the most active against A. hydrophila
and exhibited the maximum diameter of inhibition
35 y=x
R2=0.74613
30 *
25
*
20
T * .
E 15 ¢ response
N
3 * » 9 ¢ ——Linear (response)
2 4
o 10
a2
&
5
0 v
0 5 10 15 20 25 30

Predicted 1Z (mm)

Fig. 5. Residual diagnostics of quadratic model surface: The predicted response versus observed antimicrobial

activity of Aspergillus terreus SHEQS.

Response = -44 625+16"x+14 125"y+1 3333"x"x-3 6667"x"y-0 5*y"y

asuodssy

Response = -22695 8093-1076 8718"x+468 2968"y+1 6752"x"x+10.5455"x"y-2 4087"y"y Response = -25104.6168+102 0385"x+486 9417y-0 40387x"x-0 9545"x"y-2 36067y"y
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Fig. 6. Response surface plots displaying effect and interaction of variables on diameter of inhibition zones

constructed on the results of Box-Behnken design.
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Other applications of the extracted active
metabolites
Antimicrobial activity

The antimicrobial activity was further
tested against other reference pathogenic bacteria
and fungi. Results shown in Table 7 revealed that
the maximum antibacterial activity was recorded
against E. coli ATCC 8739 with inhibition zone
diameter (17 mm), followed by S. aureus (ATCC
6538) recording 15 mm. Reasonable antifungal
activity was also observed against C. albicans
ATCC 10221 and A. niger recording inhibition
zone diameter as 21 mm and 15 mm. The
ethyl acetate crude extract was the favorable
solvent exhibiting the highest bioactivity against
Staphylococcus aureus (MTCC96), Micrococcus
luteus (MTCC106), Pseudomonas aeruginosa
(MTCC326), Enterococcus faecalis (MTCC439) and
Proteus mirabilis (MTCC1429) as was previously
reported.**** Bioactivity of marine Penicillium.
citrinum strain Cas03 and Aspergillus. unguis
strain Cas02 isolated from sponge Callyspongia
sp. displayed prospective antimicrobial activities
against E.coli and S. aureus.*®
Anticancer activity

A main challenge is the fruitful treatment
of cancer due to occurrence of drug inactivation by
cancer cells.* In the current investigation, the ethyl
acetate crude extract showed reliable anticancer
effect against three different cell lines: Breast

cancer cell line (Mcf 7), Human colonic carcinoma
cellline (HCT 116) and human liver cancer cell line
(HepG2) showing moderate effect (71.6%) against
HCT 116 with IC50 of 1163816.76 and HepG2
(68%) with IC50 4104.842 using the concentration
5000 pg/ml as presented in Fig. 7. Low anticancer
activity was detected against Mcf 7 (37%) with
IC50 of 6491.51 pg/ml. Moreover, effect of the
active metabolites on the cell morphology was
also detected as shown in Fig. 8. Austocystin D
derived from Aspregillus recommended to have
anticancer potential. Also, Asp.t derived (TC-A)
Terrecyclic acid A displayed cytotoxicity toward
human breast cancer MCF-7, human CNS cancer
SF-268 and human lung cancer NCI-H460.% The
anticancer activity of Aspergillus metabolites was
proven in in a previous study.*
Antiviral activity

Active metabolites in the ethyl acetate
extract were tested as antiviral agents against
Hepatitis A virus (HAV), HSV1 and CoxB4 showing
a concentration dependent manner (Table 8) and
the highest antiviral activity (87.82%) was detected
against HAV at 1250ug/ml without cytotoxicity
on vero cells followed by CoxB4 with inhibition
of 84.63%, while very low antiviral activity was
detected against HSV1 (9.64%) using the same
tested concentration (1250 pg/ml) of the active
metabolites. In a previous study, Aspergillipeptide
D gained from Aspergillus sp. SCSIO 41501 has
shown antiviral action against HSV-1.3°

Table 7. Antimicrobial activity against other pathogenic microorganisms

Pathogenic E.coli S. aureus C. albicans A. niger
microorganisms ATCC 8739 ATCC 6538  ATCC 10221
Inhibition zone 17 15 21 15
diameter (mm)

Toxicity Touey
80 Toxicity 40
70 35
60 70 30
50 50 25
40 50 20
30 10 15
20 30 10
10 20 5

0 10 0

156.25 312.5 625 1250 2500 5000 0 156.25 312.5 625 1250 2500 5000
156.25 312.5 625 1250 2500 5000 ug/m|

pg/ml

lines (C).

ug/ml
Fig. 7. Effect of different concentrations of ethyl acetate crude extract on HepG2 (A); HCT116 (B) and Mcf7 cell
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Antioxidant activity

Antioxidant activity of ethyl acetate
extract was tested using different concentrations
(0.5-2 pug/ml), using 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) free radical scavenging technique.
Results (Fig. 9) revealed that the maximum DPPH
activity was 83.68% with an IC50 of 50.65 ug/ml.

Mecf7 He2

Control

5000ug/ml

. ZSdOUg/mI

1250ug/ml

T

Fig. 8. Anticancer potentiality of active metabolites produ
and HCT 116 using 1250, 2500 and 5000 pl/ml of the extract.

In harmony with our results, investigating
the antioxidant potential of different fungal
crude extracts isolated from Eugenia jambolana
was studied showing that Chaetomium sp. and
Aspergillus sp. had the maximum antioxidant
activity (80%), followed by Aspergillus niger
and A. peyronelii, which had 72% and 71% of

HCT 116 _

Table 8. Antiviral activity of metabolites in the ethyl acetate extract

Test ug/ml 0.D. Mean SDE viability  toxicity Viral Antiviral
CA 0.D activity % effect %
Control 0.305 0.326 0.323 0.318 0.005679 100 0
vero 0.105 0.113 0.124 0.114 0.004 35.84 64.154 100 0
HSV1 1250 0.14 0.129 0.132 0.133 0.002 42.03 57.96 90.35 9.64
625 0.117 0.126 0.115 0.119 0.002 37.52 62.47 97.38 2.61
312.5 0.113 0.126 0.119 0.119 0.003 37.52 62.47 97.38 2.61
0.305 0.326 0.323 0.318 0.005 100 0
Control 0.126 0.118 0.135 0.126 0.004 39.72 60.27 100 0
vero 1250 0.301 0.295 0.288 0.294  0.003 92.66 7.33 12.17 87.82
HAV 625 0.158 0.183 0.174 0.171 0.006 53.98 46.01 76.34 23.65
3125 0.138 0.124 0.125 0.129 0.003 40.56 59.43 98.60 1.39
0.305 0.326 0.323 0.318 0.005 100 0
Control 0.169 0.142 0.155 0.155 0.006 48.84 51.15 100 0
1250 0.295 0.278 0.306 0.293 0.007 92.13 7.86 15.36 84.63
CoxB 625 0.205 0.194 0.203 0.200 0.002 63.10 36.89 72.13 27.86
3125 0.148 0.165 0.157 0.156 0.004 49.26 50.73 99.18 0.81
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Fig. 9. Antioxidant activity of ethyl acetate crude extract.

.

reducing potential, respectively.*” Antioxidant
activity of Aspergillus species was also recognized
in previous study.*® Marine fungi accompanying
with Halopteris scoparia (Linnaeus) Sauvageau
has been proven as antioxidant producers.?
Chemical characterization of ethyl acetate crude
extract

Five peaks were distinguished in ethyl
acetate crude extract of A. terreus SHEO5 as shown
in GC—MS chromatogram (Fig. 10). The peaks
matching to the compounds that were recognized
according to their height (%), peak area (%), peak
retention time, and mass spectral fragmentation
patterns to those of the identified compounds in
Wiley spectral library collection. Spectral analysis
(Fig. 11) revealed that the major components are
Dodecanamine, N,N-Dimethyl with RT (11.95),

Fig. 10. Chromatogram showing ethyl acetate crude extract GC/MS
A
N
B

Fig. 11. Mass spectra of Tetradecanamine, N, N-Dimethyl (A) and Methylenebrexane (B).

molecular weight (213), area % (55.46) and

molecular formulaC H, N; 1- Tetradecanamine,

N,N-Dimethyl with RT (15,74), molecular weight
(241), area % (23.02) and molecular formula
C,H,.N and Methylenebrexane with RT (22.55),
peak area (11.22) and molecular formula C, H ,.
Tetradecanamine, N,N-Dimethyl was
reported as one of the major compounds produced

by Citrullus colocynthis, furthermore, exhibited

antimicrobial activity against K. pneumoniae, S.
aureus, P. aeruginosa, Proteus mirabilis and E.
coli with the highest inhibition zone against P.
aeruginosa (4.91+0.260 to 1.03+0.200). %

CONCLUSION

Aspergillus terreus SHEO5 isolated from
Abu-Qir Bay, Egypt, has a notable antimicrobial,
anticancer, antiviral and antioxidant activities,
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