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Abstract

Abstract

This study was conducted to assess the susceptibility of Aspergillus oryzae isolated from saline
soils (Sebkha El Bayda, Setif) to the production of secondary metabolites that have
biotechnological importance, as among three fungal isolates (S1, S2 and S3), which were
subjected to an anti-bacterial activity test with following disc diffusion method, after
extracting its secondary metabolites using ethyl acetate, the isolate (S1) whose genotype was
determined was A. oryzae 18HGS80, was the most active either against positive gram bacteria
or negative gram bacteria, or tested resistance bacteria) .MIC 1is between 7.28 and
21.81pg/ml. Antifungal activity, of A. oryzae 18HG80 was low to moderate (9.3% for
Alternaria solani, 46% for Aspergillus flavusand 37% for Fusarium oxysporuni). On the other
hand, this strain was tested in terms of its ability to produce the extracellular enzymes, lipase,
amylase and protease. The comparative study of enzyme production through two
termentation processes (SSF) and (SmF) showed that enzyme production was more in SSF
compared with Smf. Metabolite profiles of the fungus revealed by gas chromatography mass
spectrometry GC/MS, allowed to identify bioactive compounds, where butanedioic
(succinic) acid and kojic acid were the major compounds with total percentage of 42,284%
and 24,845% respectively in SmF, while for SSF, the percentage of acid production was
somewhat greater (48% and 25.097%, respectively). Antiviral activity of the fungal extract
showed that the latter had no eftect on the Herpes simplex-2 (HSV-2) virus. As for cellular
toxicity testing, the fungal extract did not show any toxicity to the tested cells.

Optimization of cultural conditions for the production of biomolecules with antimicrobial
activity showed that the highest inhibition was obtained at 30 ° C, pH 4, 6, and incubation
period of 28 days. As for the production of enzymes using SSF, the highest production of the
three enzymes was obtained at a temperature of 30 © C and 100% humidity. The best nitrogen
source for the amylase and lipase activity was sodium nitrate, while the glycerol was the best
carbon source for the production of amylase, and the size of the inoculum was 2 ml for

amylase. As for protease and lipase , it was 1 ml.

Keywords: Aspergillus oryzae, biomolecules, microbial enzymes, antibacterial and

antifungal activity, extraction of secondary metabolites.



Résumé

Résumé

Le but de cette étude est pour évaluer la capacité de champignon Aspergillus oryzae isolé a
partir des sols salins (Sebkha el-Baida, Sétif) a la production de métabolites secondaires
d'importance biotechnologique. Parmi les trois isolats fongiques obtenus (S1, S2 et S3), qui
ont été soumis a un test d'activité antimicrobien, en suivant la méthode du disque de diftusion
des extrait d'acétate d'éthyle, I'isolat (S1) dont le génotype a été déterminé était A. oryzae
18HGSO, était le plus actif (CMI entre 7,28 et 21,81 pg / ml). L'activité antifongique, de
l'extrait de la souche A. oryzae 18HGS80 était faible 3 modérée (9,3% pour Alternaria solan,
46% pour Aspergillus Hlavus et 37% pour Fusarium oxysporum). D'autre part, cette souche a
été testée en termes de sa capacité a produire des enzymes extracellulaires, lipase, amylase et
protéase. L’¢tude comparative de la production d'enzyme a travers deux processus de
termentation solide utilisant du son de blé (SSF) et liquide (SmF) a montré que la production
était supérieure pour SSF par rapport au Smf. Cette étude a également inclus la définition
des biomolécules sécrétées par la souche A. oryzae 18HGS80 en utilisant la chromatographie
en phase gazeuse avec spectre de masse (GC / MS), ou les résultats ont montré que le
champignon produit principalement de l'acide succinique et du kojic de 42,284% et
24,845%, respectivement lorsque 'extrait de fermentation était a I'état liquide, alors que pour
la fermentation a I'état solide, le rapport de production était légérement supérieur (48% et
25,097%, respectivement). L'activité antivirale de 'extrait fongique a montré que ce dernier
n'avait aucun effet sur le virus Herpes simplex-2 (HSV-2). Quant aux tests de toxicité
cellulaire, l'extrait fongique n'a montré aucune toxicité pour les cellules testées.

Certaines conditions optimales ont été déterminés pour la production de biomolécules a
activité antimicrobienne. L'inhibition la plus élevée a été obtenue a 30 ° C, pH 4, 6, et durée
d’incubation de 28 jours. Quant 3 la production d'enzymes par fermentation solide, la
production la plus élevée des trois enzymes a été obtenue a une température de 30 ° C et
100% d'humidité. La meilleure source d’azote et de carbone pour l'activité enzymatique de
'amylase et de la lipase est le nitrate de sodium et le glycérol, respectivement avec le volume
d’inoculum est de 2 ml pour 'amylase. Quant aux enzymes protéase et lipase, le volume

d’inoculum optimale était de 1 ml.

Mots—clés:  Aspergillus oryzae, biomolécules, enzymes microbiennes, activité

antibactérienne et antifongique, extraction des métabolites secondaires.
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ANOVA: Analyse of Variance

ATCC: American Type Collection Culture
CaCo-2: Human colon adenocarcinoma
DMSO:  Diméthyl sulfoxide

DNSA: 3,5-dinitrosalicylic acid

ECRB: E. coli Resistant to bactericide

FAO: Food and Agriculture Organization
FBS/MEM.: Fetal Bovine Serum/ Minimum Essential Media
FDA : Food and Drug Administration

GC/MS:  Gas chromatography/ Mass Spectrometery
GRAS: Generally Recognized As Safe

GYP: Glucose Yeast extract Peptone agar
HEP-2 cells: Human Epithelial type 2

IKI: lodine-Potassium lodide

LPS: Lipopolysaccharid

M +SD: Mean + Standard deviation

MEP: Methyl D-erythritol 4-phosphate pathway or non mevalonat pathway

MGM: Miniral Growth medium

MIC.: Minimal inhibitory concentration

MRSA: Methicillin - Resistant Staphyloccocus aureus

MTT: 3,-4,5 dimethylthiazol-2,5 diphenyl Tetrazolium bromide

NRPS: Non Ribosomal Peptids Synthetase
PDA. Potato Dextrose Agar

PDB: Potato Dextrose Broth

RAW264: murine macrophage Cell line

Rf: Retention Factor

RPMI: Roswell Park Memorial Institute
RT: Retention Time

SmF:  Submerged Fermentation

SSF : Solid state Fermentation

TCA: TriChloro acetic Acid

TLC:  Thin Layer Chromatography
UV: Ultra-Violet

WHO:  World Health Organization YES: Yeast extract saccharose
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(8> (KP256849.1) kol o5 A . oryzae SVPO Tzl L) & Leasles dndg

o 94 Aspergillus oryzae SVP01dyaer b &) & &) s

(S 3 fdanid!

GCGTAGGTGACCTGCGGAGGATCATTACCGAGTGTAGGGTTCCCTCGTGGAGCCCAACCTCCCACCCGTGT
ATACTGTACCTTCGTTGCTTCGGCGGGCCCGCCGTCATGGCCGCCGGGGGGCTTCTGCCCCCGGGLCLLGLG
CCCGCCGGAGACACATGAACTCTGTCTGATCTAGTGAAGTCTGAGTTGATTGTCACACAATCAGTTAAAACT
TTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGTGAATTGC
AGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCG
AGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCCTCGTCCCCCCCGGGGGACGTGCCCGAAA
GGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGCAGGCCCGGLLGE
CGCTGGCCGACGCGAAAGCAACCATTTTTTCTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAAC
TTAAGCATATCAAAAGCCGGAGGAAA

53liall dygd| Sl sl e A gl fulgall jamy p50.4 10T
A. oryzae 1I8HG80 I3 B b o Oy Siall
3yl G ys Wb 1.4 101
W bl sl cllidl pls) Jo AU3S sadl e 55 o) degl) ) Jalsall a5 e
oo S G dedl Sl 2] 3 (p<0.0001) 1S Wl A (e i lays (3 kel G

Slliad) #) 6035 1125 (e padl 8l Slays B35 @jpe b Seall s3lall abladl J3s
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Bols apel) 48301 ad) Sl W 5230 die Lo Aibote a8l s & G Unmslsy 2kl

(11 S ) 2028 Byl i Lo 5T (3 (i A B3 Ma oSG L 31y <€ albicans J aidl

40- I =uw I .
I 1 E3 E cal
EE3 S aureus

Ea C. albicans

g, Seall 3Ll st laih) 2] e 34 s 16 11 IS
Sorn dr B2 3529 ™
@eraykd! pY 50 2 4100
6 i gng pH S adkiz o5 jlas) el gy chgd) Olophl 2 Y ) sy dl WY1 3 1
Jyadl & o (p<0.0001) (Ssims dor 33 Sin OF g . by, Seoll 33Lal) abladl) iy (11,8
58 pH (555 ksl 2l LT €6 9 4 pH (593 cpbaw gl dis g Sl slias blis sl Lo

(120K ) gpesd) Y ST Loty bl (o Lo 5 11
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I "En I
I 1
20- "
mae &3 E. col

3 S. aureus

E3 C. albicans
(99) oot Alais 3

g Sl 3Ll st Slaih) 2] e aomapeb) WY1 56 12 IS

Syme A 3 2529 ™

Lwgl dxgle drys b 34100

gl Jo 1S ot 50 U gl OF Y50 2 (1) Y5 0.5 0 papsseall gl 58T5 805 gl
0.5 Ls E. coli ¢ S. aureus } 3:3Las & blis cloxy) Eom cgjjﬁy Lo bladl ol 45 olyd

Le GMAS 9 «C albicans Lo J\SE gST S uﬁ; (\ Leiy ¢ Voo 1 e S aureus Lo Ladby « Voo

(13 JKadl) Nse 2 5 1.5 5T7

o> e 56 44111
b Seall Bsball ablad) i U3y chlyll 43 & ladl) A o B god) Sl ) s ok
dn elar SLg Sl Baliall abladl Of (15) JKadl (3 dovosl) el iy W3y Ly 28 8l
¢ orially @3B el (3 slsp @ g 1527 G Bt bLad) s g ¢ pedl o J9¥1 g e
e e pptally A sl (3 oLl ] o
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E3a E. coli
B8 S.aureus
&3 C. albicans

[
]
]
]
]
]
]
L]
]
]
]
]
L]
]
L]
]
]
]
]
L
]

(J/dp) NaCl sy

g ol aliall sd) wlah 2l e NaCl 585 66 13 S

Syme A 3 2529 ™

']
"
—_— EE&A E. coli

I—I B S.aureus
E3 C. albicans

TR

() Lol dilane Jab

P

(ps) orias Baa

g, ool B3l s bt laih) 2| et s 1 14 IS

Soime B2 S99 " § (Soime dr P ey T
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L @ wsedl Jlomwl g Ol oMl u &)yle. 511
iaddl WU G jesudly i)
Dol LMy el I dims by o ISy sadl A oryzac 18HG80 AN Sk
Shls el Q) BLAYL Vb a5 Sy JSb 0l> o] Ok lamindl gl 5.3
S o (YES Loy (3 bl 6w B)lis .aiﬁ;\rw‘vufugg;@ij;w
(1558 Yoo 5 38 sz A5 (S bl
3 ) dadal) L) 8 gileg S dlawl gy dygadt LS, Jo¥) LaaSY 1.5 T
(TLC)
ikl Ll e gley ST alauls ¢ (Clally Bl ) oudl o ade Lol (ol alsalll jamd
9254 Lngl) Lsb die UV Gmid) G5 203V o 5 SM cpdll (3 milial) odagd 5 ¢ 223
o Rt b Al Al P e L Bl 1S ALeSUl Al A ¢ sagil 365
VI (e ) ol ozl b ) el wid) ks gl Lot ¢ (YES) Pl Jawgl) el
(6)Jsd) nn o (16K8) suptor awslos dndy (U] BLo] (o3l Olizngy sz ST Osly gl T

dady SR Clas) Joles o3

i) W gy (SMP) Ll Jawwgll & Sasedl) dny A oryzac 18HG80 ks 44 . 15 JSCs
(SSF) L2l
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T

(UV) agb365 of aad)) aidall Lol 555lag S Jlanzuly SLSM foas 16 JSC

lally BLl e gl (3 wid) Calisd (RE) Ol folas o3 . 6 Jgir

(Rf) Sl Jolas
dasl of aidl 0 o) L o) L Al
(fsil 365 ) UV (SSF) k2! (SmF) L)
2! Olzeg 0.04 0.04 1
STs ity 0.54 0.54 2
&b & 0.61 0.61 3
Gl 0.68 / 4
Siapd &) Olzasy 0.76 0.76 5
L
0.87 0.87 6
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S b ae W jglall WIS gileg S Aauly Bgd) Sl s 25100
(GC/MS)

ooer I ol Yl clabadd A8 b e G skl Ll S mils o peb
Lgl Sl Begly RS o o Wl ¢ (85 7) st (3 ddly (SSF p Smf ) wolesd)
DA 3 S T3 Ly € 3 SIF abiies (3 0S50 104 L Gyl @ L halsall
SSF Lalsitan 3 b ey xS cils Lugrens OF V) el sSlg Sl s~ Laj ol OISy (SSF
(SSF (3 %48 o Smf (3 %42.284 i) o di S o= SMF jalsizos o Byl
tLEslegS meos & LSSF (3 %25.097 5 SmE (3 % 24.845 aid SOlSS lomsSUl aa U

(18 917 ) Sl 3 cpalsznd) IS GC/MS

Abundance E‘JJJ"

Shompal

3

l‘-—a‘-—-—'\r"‘-‘“_—-._.ﬁ-\._-. J-
i L L T ol | L | M B T T T A |
40D GO0 800 1000 1200 14 00 W00 18 .00 230 00 232 OO0 26 00 235 OO 298 00 30 OO

(1) 3 =
SmF

L Lol o Jlemzals A.oryzae 18HGS0 b alsank GCIMS plé5ley S7.17 Ko
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Abundance 334!

1000000

100000

- e -3 (]
(3ds) S3 = 0600 800 1000 1200 14 00 16,00 1800 20 00 22 00 24 0026 00 28 00 30 00

SSF

el Lol o Jlaazal A.oryzae 1I8HGS0 kb jalsunl GCIMS ol igly s . 18 |5

& o) Jleaal Al oryzae 18BHGBO0 alscies 3 Wiy & &) &) Olyph) 7 g0

‘,3 ) 1 3
M‘ ‘bu::r:}“ J J.L\ (...cl dead!
(RT) (Vo)
(da3.1)
1 3.63 dl-3,4-Dehydroproline methyl ester 0.021
2 3.713 (+)-3,4-Dehydroproline amide 0.128
3 3.823 2-Propyn-1-amine, N-methyl 0.021
4 3.965 (+)-3,4-Dehydroproline amide 2,5-Dihydro-1H- 0.012
pyrrole-2-carboxamide
5 4.458 1,7-Heptanediol 0.035
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10

11

12

13

14

15

16*

17

18*

19

20

21

22

23

24

25

26

27

4.59

4.637

4.76

4.898

5.358

5.405

5.621

6.121

6.426

9.580

10.202

10.655

11.159

11.352

11.422

11.502

11.62

11.691

11.903

11.94

12.006
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Dehydromevalonic lactone
Tetrahydrocyclopenta[1,3]dioxin-4 one
1H-Imidazole, 1-acetyl-
1-Methoxy-2-methyl-3-butene
2-Pentyne
2-Coumaranone

4-Ethyl hydrogen itaconate-Ethoxy-2-
oxoethyl)acrylic acid
Butanoic acid, 2-methyl-, 3-methyl
-3-butenyl ester
Cyclohexanone, 2-methyl

|
i

3(2H)-Furanone, 2-(1-hydroxy-1-methyl
oxopropyl)-2,5-dimethyl
Kojic acid
7-Oxabicyclo[2.2.1]hept-5-en-2-one

Butanedioic acid (succinic acid)

beta.-D-Glucopyranose, 1,6-anhydro

Benzene acetic acid, 4-hydroxy-4-
Hydroxybenzeneacetic acid

2-Furoic acid, oct-3-en-2-yl ester

3H-Pyrazol-3-one, 2,4-dihydro-2,4-
Dimethyl

Boronic acid, ethyl-, bis(2-mercap toethyl ester
2,10-Dodecadien-1-o0l, 3,7,11-trime thyl-, (Z)
Coumarin-6-ol, 3,4-dihydro-4,4,7-trimethyl
2-Pentenoic acid, 3-ethyl-, methyl ester

1-1sopropyl-5-methylbicyclo[3.2.2]

non-3-en-2-one

0.107

0.012

0.0141

0.112

0.038

0.306

0.412

0.010

1.622

0.392

24 .845

0.028

42.284

0.678

0.353

0.200

0.542

0.678

0.865

0.190

0.122

0.144
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28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

12.115

12.221

12.326

12.454

12.553

12.666

12.807

12.906

13.273

13.339

13.414

13.504

13.586

13.893

14.172

14.46

14.61

14.671

14.756

14.808

15.109
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4(1H)-Pteridinone2-amino-6,7-dimethyl
Methylthiouracil
Cyclohexene, 1-methyl-4-(1-methyle thenyl)
1-(Ethylthio)-2-methoxybenzene

4-Methyl-6,7,8,9-tetrahydronaphtho
[2,1b]thiophene

beta.-Ionon3-Buten-2-one, 4- (2,6,6-trimethyl-1-

cyclohexen-1-yl

6-Acetamido-2-methylbenzothiazole N-(2-Methyl-

1,3-benzothiazol-6-yl)acetamide

3-Amino-4-cyanoisoquinoline
5-Nitroso-2,4,6-triaminopyrimidine
Pentaborane(9), bromo

2-Naphthalenol, 5,6,7,8-tetrahydro 6-
Hydroxytetralin
1,2-Cyclopentanedione,3,3,5,5-tetramethyl

5-Methyl-4-oxa-5-azadispiro [2.2.4. 1]Jundecane

Naphthalene, 1,8-dimethyl-1,8-
Dimethylnaphthalene
L-Leucine, N-cyclopropylcarbonyl-, methyl ester

(+-)Boschnialactone

Benzidine,3,3'-dimethoxy-[1,1'-Biphenyl|-4,4'-
diamine, 3,3'-dimethoxy
5-Hydroxy-2-methylthiopyrimidine

Bicyclo[3.3.1]non-2-en-4-0l-9-one, 1,4,8,8-
tetramethyl
Pyrimidine-2,4,6(1H,3H,5H)-trione,5-[1-(2-
aminophenylamino)propylidene]

6(5H)-Pteridinone, 4-methyl

0.126

0.322

0.214

0.159

0.215

0.227

0.759

0.121

0.309

0.08

0.052

0.234

0.088

0.0342

0.536

0.615

0.085

0.038

0.054

0.0133

0.047
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49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

15.199

15.331

15.397

15.511

15.698

15.783

16.013

16.089

16.229

16.371

16.39

16.607

16.724

16.814

17.002

17.073

17.143

17.473

17.553

17.671
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(2)-2-[1-(2,5-Dimethyl-3-furyl)propyldene]-3-
isopropylidenesuccinic anhydride
1,3-BUTADIENE, 1,1-DIPHENYL

6-(2-Chloroethoxy)-N-cyano-N' N'-dimethyl-
1,3,5-triazine-2,4-diamine

Benzenamine, 2,4,6-trimethyl
7,8-DIHYDR OXY-.ALPHA .-DUNNIONE

5H-Indeno|2,1-E]1,2,4triazin-5-one , 3-hydrazino-
, hydrazine
1-Cyclohexene-1-carboxaldehyde,4- (1-
methylethenyl)
4-Methylformanilide

Cyclopentane, pentyl
3-Hydroxy-N'-(3-nitrobenzylidene) Benzhydrazide

4-[5-Methyl-2-(1-methylethylidene)cyclohexyl]-3-
cyclohexen-1-one
1,3,5,7,9-Pentaazatricyclo[5.3.1.0 (4.11)Jundecane-
2,6-dione,9-(2-hydroxyethyl)-3,5-dimethyl
4,5,9,10-Tetrahydropyrene

Isobutyramide, N-(4,6-dimethoxypyrimidin-2-yl)

4-[3-Methyl-1-(2-methyl-1-propenyl)-2-butenyl|-
3-cyclohexen-1-one

Retinal Retinene E-Retinal Retinenel Axerophthal

Bicyclo[4.1.0]heptane,-3-cycloprop yl,-7-
carbethoxy, cis
1-(p-hydroxyphenyl)-2,3-dimethyl-4-(prop-2-yl)-
2,5-dihydropyrazole-5-one
Propenamide,2-cyano-N-isopropyl-3-(3,4
dimethoxyphenyl)

5-Methyl-4-oxa-5-azadispiro[2.2.4.1] undecane

0.077

0.094

0.063

0.457

0.04

0.06

0.025

0.123

0.11

0.018

0.06

0.097

0.172

0.045

0.014

0.005

0.018

0.057

0.025

0.019
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69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

17.892

17.996

18.085

18.104

18.203

18.349

18.448

18.449

18.759

19.146

19.173

19.291

20.255

20.345

20.515

20.883

21.056

21.193

21.254

—\—d

1-(1'-Hydroxy-2',2',6'-trimethyl-4'oxocyclohexyl)
butan-2-one
Tricyclo[6.3.3.0]tetradec-4-ene,10,13-dioxo

Methoxamine Benzenemethanol, Ipha.-(1-
aminoethyl)-2,5-dimethoxy
Cyclopentane, 2-n-octyl

5,8-Methano-4H-3,1-benzoxazine-2-thione, 1,2 4a-
rel,5-trans,6,7,8-cis,8a-cis-octahydro
7-Amino-1,4-dimethylpyrimido[4,5-c|pyridazine-

3,5-(1H,2H)-dione
Decanoic Acid, 2,2,2- trifluoroethwxyl ester
5-Hydroxymethyl uracil
PALLADIUM BIS[(1,2,3- ETA.)-2 PENTENYL]
Germacrene A

Propanedinitrile, 1-(1-cycloocten-1-yl)-1-(1
cyclopenten-3-on-1-yl)
5-Acetyl-2-methylpyridine4-propyl-3
thiosemicarbazone
5-Benzofuranacetic acid,6-ethenyl-2,4,5,6,7,7a-
hexahydro-3,6-dimethyl-.alpha.-methylene-2-oxo-,
methyl ester
1R,3Z,9s-4,11,11-Trimethyl-8-
methylenebicyclo[7.2.0]Jundec-3-ene
Cyclopenta[c]pyran-1(4aH)-one,5,6,7,7a-
tetrahydro-4,7-dimethyl
Triethylenemelaminel,3,5-Triazine,2,4,6-tris(1-
aziridinyl)

(+)-Grandisol
1-(2-Nitrobenzyl)isoquinoline

Aristolone

0.034

0.009

0.01

0.005

0.034

0.027

0.081

0.07

0.021

0.02

0.031

0.022

0.022

0.011

0.02

0.033

0.007

0.012

0.012
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88 2141 1,1-Di-D3-Methyl-4A-Methyl1,2,3,4,4A,10,10A-  0.004
Octahydro-2 Oxyphenantherene
89 21.716 phenanthro[9,10-c]furan-Oxa-2H 0.005
cyclopenta[l]phenanthrene
90 21.815 Phosphine oxide, triphenyl-Triphenylphosphine 0.0018
oxide
91 21.951 1,4-Naphthalenedione,5,8-dimethoxy-1,4- 0.0013
Naphthoquinone, 5,8-dimethoxy
92 22.055 Bis(2-ethylhexyl) phthalate 0.042
93 22.149 1-Methyl-3-phenyl-4-formyl-1,3(2H- 0.017
dihydroimidazole-2-thione
94 22.714 5-Benzofuranacetic acid,6-ethenyl-2,4,5,6,7,7a- 0.004

hexahydro-3,6-dimethyl-.alpha.-methylene-2-oxo-

)

methyl ester

95 23.147 1,2-Benzisothiazole, 3-methoxy 0.013
96 23.698 3,7,11,15-Tetramethylhexadeca-1,6,10,14-tetraen- 0.002
3-ol
97 1-Propene,2-nitro-3-(1-cyclooctenyl)1-(2-Nitro-2-  0.011
23.802
propenyl)-1-cyclooctene
98 24.324 1H-Purin-2-amine,6-methoxy-2-Amino-6- 0.168
methoxypurine
99 24.484 TRANS-. GAMMA.-BISABOLENE 0.001
100 24.569 p-(Methylthio)benzyl alcohol 0.007
101 25.32 Dodemorph 0.008
102 30.74  4-Allyl-5-furan-2-yl-2,4-dihydro-[1,2,4]triazole-3-  0.009
thione
103 30.775 Cheilanth-13(14)-enic Methyl Ester 0.006
104 31.439 Benzenemethanol,alpha.-ethynyl-.alpha.-phenyl 0.002

oS kg by i el s sl LU
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A sl Jlazal A, oryzac 18HGS0 jalsis (3 Leiss & &) st olysd) 8 Jour

SSF al2Jl
o) bl el CSH el (%) o
Skl (42341) (RT)
1 4.225 2,5-Difluorophenylhydrazine 0.421
2 5.167 4-Ethyl hydrogen itaconate2-(2-Ethoxy-2- 0.758
oxoethyl)acrylic acid
3 5.240 Benzeneacetic acid 0.785
6.303 Kojic acid 25.097
5 6.656 Benzaldehyde, 3-hydroxym-Formylphenol 0.218
-Benzaldehyde, m-hydroxy
7.501 -Benzenemethanol, 4-methoxyAnise alcohol 0.268
7.586 Naphthalene, 2-ethylbeta.-Ethylnaphthalene2- 0.110
Ethylnaphthalene
7.619 Glutaric acid, di(4-methoxy-2-methylbutyl) ester 0.094
7.981 Butanedioic acid (Succinic acid) 48
10 8.395 5-Oxohexanethioic acid, S-t-butyl-ester 2.326
11 9.250 4,11-Dioxa-3,5-dimethyltetracycloundecane 0.430
12 9.474 5,5 Dimethyl-3-vinyl cyclohex-2-en -1-one 0.354
13 9.529 Naphthalene, 1-(1-cyclopenten-1-yl) 0.688
14 9.608 Diethyl Phthalate1,2-Benzenedicarboxylic acid, 0.357
diethyl ester
15 9.902 3-Ethoxyacrylonitrile 0.103
16 9.960 Benzo[b]thiophene-2-ol-1-Benzothiophen-2(3H)- 0.347
one
17 10.065 Cyclopentane, pentyl 0.248
18 10.165 3,4-Dihydroxypropiophenone 0.206
19 10.287 Acetaldehyde, methyl(2-propenyl)hydrazine 0.155
20 10.652 Naphazoline 0.349
21 10.793 4-Acetoxycinnamic acid p-Acetoxycinnamic acid 0.286
22 10.845 Phenol, 2,5-dichloro-4-methoxy 0.059
23 10.890 3,3'-Bis(1,2,4-oxadiazolyl)-5,5'-diamine 0.094
24 10.961 4-Methoxy-2-methyl-1-(methylthio)benzene 0.171
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25

26
27
28
29
30
31

32
33
34

35
36
37
38

39
40
41
42
43

44
45
46

47
48

49
50

73

10.994

11.588
11.735
11.801
11.847
11.959
12.149

12.426
13.289
13.493

13.669
14.678
15.000
15.185

15.382
15.883
16.056
16.686
16.788

16.901
17.010
17.150

17.284
17.422

17.467
18.310
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9-Amino-6-[methylthio]-9H-purine6-
(Methylsulfanyl)-9H-purin-9-amine
Carbonic acid, pentadecyl propyl ester
Bicyclo[2.2.2]octane, 1-fluoro-4-methyl
6-Acetamido-2-methylbenzothiazole
3-Acridinol
Flopropione
6-Oxabicyclo[3.1.0]hexan-3-one, 2, 2 4,4~
tetramethyl
6-Methoxycoumaran-3-one
Propanedinitrile, 2,4,6-cyclohepta trien-1-ylidene
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-
methylpropyl)
Cyclohex-2-enone, 3-(N',N'-dimethylhydrazino)
8-Methyl-6-nonenoic acid
Methoxsalen
5-(t-Butyl)-3,3-dimethyl-4-(benzyl )thiophen-
2(3H)-one
Ethyl undecyl carbonate
1H-Pyrrole, 1-[2-(adamantan-1-ylox y)ethyl]
2-Propenoic acid, 3-(2-thienyl)
6-Methyl-3-nitro-2(4H)-pyridone
Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-4a,8
dimethyl-2-(1-methylethenyl)-, [2R
(2.alpha.,4a.alpha.,8 a.beta.)]

Benzene, 2-(2-1sothiocyanatopropyl )-1,4-dimethoxy
Methyl 2-octylcyclopropene-1-hepta noate
Cyclopropanecarboxylic acid, 2-(2- methyl-1-
propenyl)-, methyl ester
1,2,3,4-Tetramethylanthracene
1H-Benzocyclohepten-7-ol, 2,3,4,4a |5,6,7 8-
octahydro-1,1,4a,7-tetramethyl
Tetracyclo[4.4.1.1(7,10).0(2,5)]do dec-3-en-11-ol
2-(2-Hydroxypropionyl)phenylglyoxy lic acid, methyl

ester

0.267

0.085
0.063
0.182
0.251
0.589
0.148

0.075
0.309
1.259

0.276
0.228
0.109
0.210

0.095
0.136
0.034
0.116
0.122

0.341
0.125
0.266

0.126
0.167

0.148
0.158
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52

53

54

55

56

57

58

59
60

61
62
63
64

65

66

67

68
69

70

71
72

74

18.438

18.854

19.005

19.162
19.295
19.808
19.876

19.943

20.073
21.574

22.042
22.151
22.245
22.469

22.679

22.808

23.443

23.541
23.897

24.080
24.826
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Aspergillus oryzae SVPO1 a1} 2l PCR 4ilsd RV CCU RS WA T . oy SN (N
A. oryzac 18HGS0 s gyl L) xr Lells? sy (KP256849.1) kool o3,

% 94 A. oryzae 18HG80 I as o) dws

S5l ke

TGGCCCAGGAAGGGTTGGCAACGACCCCCCAGGGGCCGGAAAAGTTGGTCAAACCCGGTCATTTAGAAGG
AAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGTAGGGTTCCTA
GCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCGTCATGGCCGCCG
GGGGCGTCAGCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAGTCTGAGT
TGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAG
CGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCC
CCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGT
CGTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAAGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTAT
GGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAAACAACCATTTTTTCCAGGT
TGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGGAGGAAAAGAAACCAAC
CGGGATTGCCTCAGTAACGGCGAGTGAAGCGGCAAGAGCTCAAATTTGAAAGCTGGCTCCTTCGGGGTCC
GCATTGTAATTTGCAGAGGATGCTTCGGGTGCGGCCCCTGTCTAAGTGCCCTGGAACGGGCCGTCAGAGA
GGGTGAGAATCCCGTCTGGGATGGGGTGTCCGCGCCCGTGTGAAGCTCTTCGACGAGTCGAGTTGTTTGG
GAATGCAGCTCTAAATGGGTGGTAAATTTCATCTAAAGCTAAATACTGGCCGGAGACCGATAGCGCACAA
GTAGAGTGATCGAAAGATGAAAAGCACTTTGAAAAGAGAGTTAAAAAGCACGTGAAATTGTTGAAAGGGA
AGCGCTTGCGACCAGACTCGCCTCCAGGGTTCAGCCGGCATTCGTGCCGGTGTACTTCCCTGGGGGCGGG
CCAGCGTCGGTTTGGGCGGCCGGTCAAAGGCTCCCGGAATGTAGTGCCCTCCGGGGCACCTTATAGCCGG
GAGTGCAATGCGGCCAGCCTGGACCGAGGAACGCGCTTCGGCACGGACGCTGGCATAATGGTCGTAAACG
ACCCGTCTTGAAACACGGACCAAGGAGTCTAACATCTACGCGAGTGTTCGGGTGTCAAACCCGTACGCGC
AGTGAAAGCGAACGGAGGTGGGAGCCCCCTCGTGGGGCGCACCATCGACCGATCCTGAAGTCTTCGGATG
GATTTGAGTAAGAGCGTAAATGTGGGGACCCGAAAGATGGTGAACTATGCCTGAATAGGGCGAAGCCAGA
GGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTCAAATTTGGGTATAGGGGCGA
AAGACTAATCGAACCATCTAGTAGCTGGTTCCTGCCGAAGTTTCCCTCAGGATAGCAGTAACGCGAATTC
AGTTTTATGAGGTAAAGCGAATGATTAGAGGCATTGGGGTTGAAACAACCTTAACCTATTCTCAAACTTT

AAATATGTAAGAAGCCCTTGTTGCTTAGTTGAACGTGGGCATTAGAATGGAGC

132



https://www.ncbi.nlm.nih.gov/nucleotide/KP256849.1?report=genbank&log$=nuclalign&blast_rank=60&RID=CA0P2XFR01R

ua_...?'t_._.\&\

it oV S o o Al ySSad) 28U 03 Rl Sl 2] e (G 2Y sl Bn) B & e el Aspergillus oryzac jab il i Q) aehall sds Sa
o el) 3331 5SH) Wles s (AL oryzae 1BHGB0 il Lkt aad ¢ &y (ST) alall ol el 53l abledl jlast ) conasf gl (S35 52 (ST1) lede framdl
Alternaria 3 iy %9.3 ) daw g ) aaises A, oryzae 18HG80 ahlll jalsad) ale oS us dzpel) ol 55l abloal andl (Jofol$s S 21.81 ,7.28
el 03 5 5lly e Gl el 28] e )i o n el ods sl ¢ 5T aer oo ( Fusarium oxysporum I %37 4 Aspergillus favus/a. . %46 csolani
Sl Gy e Ll sds A LS. Smf; ,tae SSE ¢ T 08 2wyt o (SmEF) astdi 5 (SSF) ol 88 Jleszols adall osid) glas I35 0 gl 25Y 20 2
Sl g2 LV Bl e bl OF il bl e ((GCIMS) sl Gk or W) sl Lilestey S Jlemzl A, oryzae 18HGB0 aldi b n 33,800 2,04
%25.097 5 %48) L e ST iniaed 5] deed IS kil U 3 osial] Bl W Bl AU 3 josdl Jalsand il (i) e %024.845, %42.284 ay el Sy
Sy aedl W (HSV-2) Herpes simplex-2 g6 e 56 ol J ad 55 Y110 0 (il jabsaal) @l g il 53Lall abladl anh,ul dpsll ) e sl LS. (i) e
el W e (o (g ladl Salsernl) dy b5 asld aad)
ety U iy 28 i by ¢ 6 b gmpion i 2930 G1m s 3 s sl s pind ¢ 5] b Sl Baline S5 o sk g £y B S me i
blad 3055 aorgis sbas (il W0 %0 100 ty aigbyy 2930 5 amps 3 oM g 2l el e Jsad) & 4 (ol el I Lawy Jo osdl Jlorzol ol £y
2o gn LT Al e USG5 5L (g5 Y el WY g5 il e 2 Ul ey ¢ L1l e i) 5 psiageall Ol a Lllly YY) g
sl ol oMl (ol ladlly LS salal) abladl g Sl ol bt oyl cAspergillus oryzae it cwlsd)
Abstract
This study was conducted to assess the susceptibility of Aspergillus oryzae isolated from saline soils (Sebkha El Bayda, Setif) to the production of secondary metabolites that
have biotechnological importance, as among three fungal isolates (S1, S2 and S3), which were subjected to an anti-bacterial activity test with following disc diffusion method,
after extracting its secondary metabolites using ethyl acetate, the isolate (S1) whose genotype was determined was A. oryzae 18HGS80, was the most active either against
positive gram bacteria or negative gram bacteria, or tested resistance bacteria) .MIC is between 7.28 and 21.81pg/ml . Antifungal activity, of A. oryzae 18HGS80 was low to
moderate (9.3% for Alternaria solani, 46% for Aspergillus flavusand 37% for Fusarium oxysporum). On the other hand, this strain was tested in terms of its ability to produce
the extracellular enzymes, lipase, amylase and protease. The comparative study of enzyme production through two fermentation processes (SSF) and (SmF) showed that
enzyme production was more in SSF compared with Smf. Metabolite profiles of the fungus revealed by gas chromatography mass spectrometry GC/MS, allowed to identify
bioactive compounds, where butanedioic (succinic) acid and kojic acid were the major compounds with total percentage of 42,284% and 24,845% respectively in SmF, while
for SSF, the percentage of acid production was somewhat greater (48% and 25.097%), respectively. Antiviral activity of the fungal extract showed that the latter had no effect
on the Herpes simplex-2 (HSV-2) virus. As for cellular toxicity testing, the fungal extract did not show any toxicity to the tested cells.
Optimization of cultural conditions for the production of biomolecules with antimicrobial activity showed that the highest inhibition was obtained at 30 © C, pH 4, 6 and
incubation period of 28 days. As for the production of enzymes using SSF, the highest production of the three enzymes was obtained at a temperature of 30 © C and 100%
humidity. The best nitrogen source for the amylase and lipase activity was sodium nitrate, while glycerol was the best one for the production of amylase, and the size of the
inoculum was 2 ml for Amylase. As for protease and lipase enzymes, the size of the inoculum waslml.
Keywords: Aspergillus oryzae, biomolecules, microbial enzymes, antibacterial and antifungal activity, extraction of secondary metabolites
Résumé
Le but de cette étude est pour évaluer la capacité de champignon Aspergillus oryzae isolé i partir des sols salins (Sebkha el-Baida, Sétif) 4 la production de métabolites
secondaires d'importance biotechnologique. Parmi les trois isolats fongiques obtenus (S1, S2 et S3), qui ont été soumis a un test d'activité antimicrobien, en suivant la méthode
du disque de diffusion des extrait d'acétate d'éthyle, 1'isolat (S1) dont le génotype a été déterminé était A. oryzae 18HGS80), était le plus actif (CMI entre 7,28 et 21,81 pg /
ml). L'activité antifongique, de l'extrait de la souche A. oryzae 18HGS80 était faible a modérée (9,3% pour Alternaria solani, 46% pour Aspergillus flavus et 37% pour Fusarium
oxysporumi). D'autre part, cette souche a été testée en termes de sa capacité a produire des enzymes extracellulaires, lipase, amylase et protéase.
L’étude comparative de la production d'enzyme i travers deux processus de fermentation solide utilisant du son de blé (SSF) et liquide (SmF) a montré que la production était
supérieure pour SSF par rapport au Smf. Cette étude a également inclus la définition des biomolécules sécrétées par la souche A. oryzae 18HG80 en utilisant la
chromatographie en phase gazeuse avec spectre de masse (GC / MS), ot les résultats ont montré que le champignon produit principalement de l'acide succinique et du kojic
de 42,284% et 24,845%, respectivement lorsque l'extrait de fermentation était a 1'état liquide, alors que pour la fermentation a I'état solide, le rapport de production était
légérement supérieur (48% et 25,097%), respectivement. L'activité antivirale de l'extrait fongique a montré que ce dernier n'avait aucun eftet sur le virus Herpes simplex-2
(HSV-2). Quant aux tests de toxicité cellulaire, I'extrait fongique n'a montré aucune toxicité pour les cellules testées.
Certaines conditions optimales ont été déterminés pour la production de biomolécules 3 activité antimicrobienne. L'inhibition la plus élevée a été obtenue 2 30 © C, pH 6, 4,
et durée de 28 jours. Quant i la production d'enzymes par fermentation solide, la production la plus élevée des trois enzymes a été obtenue a une température de 30 © C et
100% d'humidité. La meilleure source d’azote et de carbone pour I'activité enzymatique de I'amylase et de la lipase est le nitrate de sodium et le glycérol, respectivement avec
le volume d’inoculum est de 2 ml pour Amylase. Quant aux enzymes protéase et lipase, le volume d’inoculum optimale était de 1 ml.

Mots—clés: Aspergillus oryzae, biomolécules, enzymes microbiennes, activité antibactérienne et antifongique, extraction des métabolites secondaires.
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ABSTRACT

This work covers the study of antimicrobial and antiviral activities of the Aspergillus oryzae strain isolated from saline soil (El-Baida marsh in
Algeria). The crude extract obtained with ethyl acetate displayed antimicrobial activity against Gram-positive and Gram-negative bacteria and
the yeast Candida albicans with a mean of 16.69 mm of inhibition zone and a minimal inhibitory concentrations MICs between 7.28 and 21.85
ugmL-1. We also assessed the antiviral activity against Herpes simplex-2 Virus (HSV-2), in which no inhibitory effect was exhibited. In addition,
cytotoxicity activity was tested in Caco-2 and RAW 264, a human epithelial and a murine macrophage cell line, respectively, revealing a no-toxic
effect of the extract. The studied isolate extract possesses an antimicrobial property and its non-toxicity to the host cells becomes very
important, and can be exploited for the production of new pharmacological and biotechnological agents.
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1. INTRODUCTION compounds for therapeutic applications including
antibacterial, antifungal and antiviral agents .2 Aspergillus
oryzae is an important filamentous fungi in Japanese
fermentation industry, as well as its capacity of the
production of various enzymes makes it an perfect model

for the research of protein secretion and gene expression .

Filamentous fungi are extensive in the environment, and
since a number of antibiotics have been isolated from
different fungi such as Penicillium janczewskii, P. Canescens
12 the interest of the researchers towards bioactive
compounds having different biological activities had

increased. The discovery of penicillin was a real invention in
medicine, and the research's interest for searching new
antimicrobial ~metabolites from microorganisms is
continued. Many intensive studies, mainly on terrestrial-
derived and marine-derived fungi, displayed that fungi are a
rich source of unique bioactive substances.3

Fungi are important source of secondary metabolites with
novel biological activities.# Many fungal extracts substances
have been found for their antimicrobial activity mainly from
the fungus Penicillium,5 that they supply a rich source of

ISSN: 2250-1177 [191]

A. oryzae has a great medicinal and pharmaceutical
importance due to its ability to produce substances with
antifungal activity such as Asperfuran and Oryzachlorin, in
addition to antibiotics such as Penicillin. These
countenances support the idea that A. oryzae is a suitable
microorganism for fermentation and use in biotechnology.6

Because of the increased interest of researchers in
microorganisms and their applications in food as nutritional
supplements, in health as therapeutic pharmaceuticals, and
in industry as cosmetics, detergents. In addition, the interest
of researchers is also attributed to the problem of salinity,
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due to the transformation of vast agricultural areas annually
into areas not suitable for agriculture. The question that
arises is: If this soil is not suitable for agriculture, can it be
exploited in other indirect ways in various fields? The aim of
this study was to evaluate the antimicrobial and antiviral
activities of the crude ethyl acetate extract of A. oryzae,
isolated from saline soil, against some common pathogenic
microorganisms, in addition to the study of its cytotoxicity.

2. MATERIALS AND METHODS
2.1. Study area

El-Baida marsh is one of the natural saline soils. It is located
between latitudes 5° 53" 20" E - 5° 53" 30" E and latitudes
35°57'80" N - 35° 54' 20" N near Hammam EIl-Sukhna area
(Setif region), an area of approximately 12.223 hectares. Soil
surrounding the site is characterized by being less salty to
salty, alkaline clay with a gradient composition.”

2.2. Culture media

The synthetic (Yeast Extract Saccharose) YES medium
consisting of sucrose 15% (w/v), yeast extract 2%, MgSO4
0.05%, metal traces 0.1% (ZnS04,7H20 1%, CuS04,7H20
0.5%)) was used for secondary metabolites production.
Muller Hinton agar MHA and broth MHB were used for
bacterial isolates culture and sensitivity tests.

2.3. Fermentation and Antimicrobial assay

Seven days (potato dextrose agar) PDA plate fungal pure
cultures were used to prepare discs. They were cut (6mm
diameter) and placed into 250 mL Erlenmeyer flask
containing 100mL of YES medium. The flasks were then
incubated at 30 °C for 7 days. After fermentation, the
mycelium with the medium was frozen at -10 °C for 2-3
hours, then crushed and centrifuged at 15000 rpm / 15
min.8 Finally; samples were extracted twice with equal
volumes (1:1 v/v) of ethyl acetate. The organic layers were
evaporated to dryness in a rotary evaporator at 40 * 1°C, the
dry crude extracts were then dissolved in DMSO 50% and
stored at 4 °C until used.%10

2.3.1. Screening assay for antimicrobial activity using
disc diffusion method

Ethyl acetate extract of A. oryzae was tested against a panel
of human pathogenic microorganisms including, five Gram
positive bacteria, (Bcillus aureus ATCC10876, Staphylococcus
aureus ATCC25923, Staphylococcus aureus resistant to
methicillin (SARM) ATCC43300, Listeria sp. and Enterococcus

sp.), seven Gram negative bacteria (Salmonella typhi
ATCC14028, Escherichia coli ATCC25922, Salmonella
typhimirium ATCC13311, Pseudomonas aeruginosa

ATCC27853, Klebsiella pneumonia ATCC700603, Escherichia
coli resistant to a bactericide ATCC35218, and Salmonella
entarica), and the yeast Candida albicans. Plates were
prepared by spreading MHA and Sabouraud culture media
by bacteria suspension 108 (Colony forming unit) CFU/mL
and C.albicans 106 CFU/mL respectively, afterwards filter
paper discs of 6 mm diameter were soaked with 20 pl of the
fungal extracts and placed on the inoculated agar. The plates
were then incubated at 37 °C, 24 h for bacterial isolates and
48-72 h for the yeast.8

Negative controls were prepared using the same solvents
employed to dissolve the extracts. Antimicrobial activity was
evaluated by measuring the zone of inhibition developed
round the discs. Each assay in this experiment was
performed in triplicate.
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2.3.2. Determination of the minimum inhibitory
concentration (MIC)

MIC is the lowest concentration that inhibits visible growth
after time incubation period of 18-24 hours; here, its
determination was made from the measurement of the
turbidity induced by the growth of the studied germs.11 The
MIC (ug/mL) of the crude extract of the fungus was
determined using dilution method ELISA plate, where a
series of two-fold dilutions (dissolved in DMSO up to 5%
final DMSO concentration), were prepared in a 96 well-
sterile microplate. 100 pl of corresponding media (Muller
Hinton Broth) MHB for the bacteria and PDB (Potato
Dextrose Broth) for the yeast were added, then 100 pl of the
diluted extract was introduced in each well. These dilutions
were inoculated with 25 pl of a solution containing 6 x 107
Colony Formatting Unit colony- forming unite per mL
(CFU/mL) of bacterial suspension (Bcillus aureus
ATCC10876, S. aureus ATCC25923, SARM ATCC43300, E. coli
ATCC25922, P. aeruginosa ATCC27853, K. pneumoniaq,
ATCC700603) and 7 x 107 CFU/mL of yeast suspension
Candida albicans.128 The well-which used as a negative
control was prepared using the inoculum alone. The
microplate was incubated at 37 °C for 24 hour. The data was
the mean of triplicates.13

2.4. Antiviral activity essay

Antiviral activity of A. oryzae extract was examined against
Herpes simplex-2 (HSV-2), according to Anand et al.10
method. Briefly, 60ul of HEp-2 monolayer cells (a type of
human epithelial cell) were grown in a plate of 96 wells and
40ul of viral suspension, obtained by seven successive ten-
fold dilution in 2% FBS MEM (cow's serum / medium
Minimum Basic), was added into five wells of microtiter
plates (Four for antiviral, one as positive control and one
without virus as negative control). The 96 well microplates
were incubated at 37°C in 5% CO: atmosphere for 60
minutes to facilitate adsorption of virus to the cell line. The
following concentrations of non-toxic fungal extracts of 40
ug, 30 pg, 20 pg and 10 pg were diluted with 2% FBS, MEM
and 100 pl of each concentration with the medium were
transferred into the virus inoculated monolayer cell lines
and reincubated at 37 °C temperature for 3-4 days to allow
multiplication of virus and subsequent development of
cytopathic effect (CPE). Each well was observed under
Inverted microscope every day for presence or absence of
cytopathic effect. The experiment was conducted under
sterile conditions in duplicates.

2.5. Invitro cytotoxicity test of A. oryzae extract in Caco-
2 cells and Raw 264 cells

Cytotoxic activity of A. oryzae extract in murine macrophage
RAW 264 and human epithelial Caco-2 cells was performed
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay. This test is indicative for
mitochondrial NADH-dependent dehydrogenase activity,
which is proportional to both cell viability and proliferation
rates of treated cultures.14 Both cell lines used, RAW 264 and
Caco-2, were provided by the Cell Culture Unit of the
University of Granada (Granada, Spain) and cultured in RPMI
Medium, supplemented with 10% heat-inactivated fetal
bovine serum, L-glutamine (2 mmol/L), penicillin (100
units/mL) and streptomycin (1 mg/mL) in a humidified 5%
CO2z atmosphere at 37 °C. Cells were seeded into 96 well
plates at a density of 5 x 105 cells/well, grown until the
formation of a monolayer, and thus incubated with different
concentrations of the extract (50 and 100 pg/mL), not
exceeding 1 % DMSO in content, for 24 h. Untreated and
DMSO-treated cells were used as controls. The effect of the
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extract on cell viability was checked with the CellTiter 96®
AQueous One Solution Cell Proliferation Assay (Promega,
Madison, WI, USA) following the manufacturer’s protocol [3-
(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium] solution was added to each
well and incubated for 1-4 h. The absorbance of the media
was measured at 490 nm on a MRX Dynex microplate reader
(Dynex Technologies, Chantilly, VA, USA). The -cellular
viability was calculated from the absorbance value and
compared with that of the untreated control cells.

3. RESULTS
3.1. Antimicrobial assay

A. oryzae isolate was tested for its antimicrobial activity, by
disc diffusion method, it showed strong effects against the
species tested with an inhibition zone diameters ranging
from 17.66 mm to 26 mm, the largest of which was against P.
aeroginosa, followed by ERBC with 25 mm, then B. aureus by
24 mm, and SARM by 23 mm. Meanwhile, there was no
effect on the bacteria Listeria sp., Enterococcus sp and
Salmonella entarica. As for the yeast, C.allbicans the isolate
had a clear effect with 18 mm (Figure 1).

- The results showed that the MIC was 7.28 pg / ml for B.
aureus and P. aeruginosa and 21.85 pg / ml for C. albicans
and other tested bacteria (Table).

3.2. Invitro cytotoxicity assay

Incubation of Caco-2 and RAW 264 cells with different
concentrations of A. oryzae extract (50 and 100 pg/ml) for
24 h, did not exhibit cytotoxicity as determined by MTT
assay. In fact, the viability in treated cells reached similar
values of those in untreated and DMSO-treated controls
(Figure 2 and 3).

Journal of Drug Delivery & Therapeutics. 2020; 10(4):191-195

3.3. Invitro antiviral assay

The non-toxic concentrations of secondary metabolites of 40
ug, 30 pug, 20 pg and 10 pg were used for anti HSV-2 study.
The secondary metabolites of A. oryzae did not show any
inhibitory effect on HSV-2 and the complete cytopathic effect
were observed (data not shown).
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Figurel: Antimicrobial activity of A. oryzae ethyl acetate
extract expressed as diameter inhibition zone (mm) in disc
diffusion method

Table 1: Minimal inhibitory concentrations of A. oryzae ethyl acetate extract developed against a panel of bacteria and yeast

Microorganisms E. coli K. pneumoniae S. aureus SARM C. albicans  B. aureus P. aeruginosae
MIC (pg/mlL) 21.85+0.35 07.28+0.13
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Figure 2: Effects of A. oryzae extract on nitric oxide production in RAW 264 cells. The experiments were performed three

times.
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Figure 3: Cytotoxicity test of A. oryzae extract in CaCo-2 cells. The experiments were performed three times

4. DISCUSSION

The marsh (very salty lakes) constitutes rare regions in the
world that seem to be promoter environments to isolate
fungi source of new antimicrobial molecules.’> Fungal
derived natural products have foremost served as lead
structures for the development of antibacterial and antiviral
agents.16

In the present study, the fungal extract achieved the most
activity against P. aeruginosa, B. aureus, E. coli-resistant and
S. aureus-resistant bacteria. These findings are consistent
with Bhattacharyya and Jhal? in their study of the
antimicrobial activity of A. niger against Bacillus subtilis and
C. albicans yeast. Same results obtained by Al-fakih and
Almagqtri3 when testing the antibacterial activity of A. oryzae
extract on seven bacterial species. However, the inhibition
diameter ranged between 10-17.3 mm and the minimal
inhibitory concentration (MIC) was between 176-285 pg /
ml. Comparing with our results, this suggests that the
isolated strain is better and more effective.

These results obtained are important since these bacteria are
known to be pathogenic and resistant to many antibiotics, as
they are responsible for hospital infections8, such as S.
aureus which is considered to cause skin infections?9, and B.
aureus responsible of infections in many diseases, and causes
food poisoning.20

Both Penicilium and Aspergillus are known for their extensive
production of the same metabolites with various biological
activities, including antibacterial and antifungal activities.3
However initially, the antibiotics produced by Aspergilli were
called aspirgillin, but recent studies have found that A. oryzae
is able to produce several secondary metabolites with
antibiotic effect such as aspergillormarasmine, cyclopiazonic
acid (CPA), kojic acid, 3-nitropropionic acid, maltorizine,
violacetin, whose production has been investigated only on
barley extract as an antibiotic?!, in addition to Asperfuran as
an antifungal agent?2, as well as C]-17.665A isolated from A.
ochraceus.3

A. oryzae fungus belongs to the family of A. flavus, but it
doesn’t produce aflatoxin?3, however, some mycotoxins have
been isolated from A. oryzae, including kojic acid, and -
nitropropionic acid (BNP). ), and cyclopiazonic acid (CPA),
and some researchers have reported that kojic acid has
strong inhibiting activity against tyrosinase and anti-
bacterial activity, while recent studies have shown that kojic
acid may be a possible carcinogen.24 Unlike Seshime25, it is
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believed that the fungus contains the gene responsible for
producing aflatoxin toxins but is inactive due to mutations in
some regulatory genes. Regarding toxicity, our results
demonstrate that the isolate A. oryzae has non-toxic effect. In
fact, incubation of both murine macrophage RAW 264 and
human epithelial Caco-2 cell lines with different
concentrations of the extract for 24 hours did not affect cell
viability. These results are consistent with the study of Sosa
et al.26, who found that the fungus did not produce aflatoxin
B1, B2, G1, G2 as well as ochratoxin. As a result, A. oryzae is
a safe fungus and was listed as “Generally Recognized as
Safe” by the Food and Drug Administration (FDA), and its
safety was supported by the World Health Organization
(WHO).24 Fungal strains used in industrial biotechnology
have a long and documented history of a safe use of food and
feed applications. Strains of A. niger and A. oryzae species
have been used to ferment food for more than two thousand
years and to manufacture food enzymes for more than 50
years. Regulatory authorities consider hundreds of enzymes
produced in these species safe.2”

The fact that the studied isolate extract possesses an
antimicrobial property and its non-toxicity to the host cells
becomes very necessary especially when it is used to prepare
sterile or antiseptic substances or integrate it as one of the
chemical components.28

CONCLUSION

From the above study, it is concluded that A. oryzae extract
showed an antimicrobial activity against sensitive and
resistant pathogenic microorganisms. Thus, it is of great
importance in the treatment of pathologies associated with
them because these strains exhibit high resistance to the
antibiotics used in current therapeutic applications.
However, to value this work it is necessary to follow it with
purification and application in vivo of these bioactive
substances, especially for its non-toxicity, so this isolate can
be exploited for production of new pharmacological and
biotechnological agents.

Acknowledgement

The authors want to thank the Biomedical Research Centre
of Granada University for their help with the cytotoxicity
assay and the Algerian ministry of higher education and
scientific research.

Conflict of Interest

The authors declare no conflict of interest.

CODEN (USA): J]DDTAO



Nacef et al

REFERENCES

1.

10.

11.

12.

13.

14.

15.

ISSN: 2250-1177

Takahashi JA, Castro MCM de, Souza GG, et al. Isolation and
screening of fungal species isolated from Brazilian cerrado soil
for antibacterial activity against Escherichia coli, Staphylococcus
aureus, Salmonella typhimurium, Streptococcus pyogenesand
Listeria monocytogenes. JMM. 2008; 18:198-204.
https://doi.org/10.1016 /j.mycmed.2008.08.001

Kaur H, Onsare ]G, Sharma V, Arora DS. Isolation, purification
and characterization of novel antimicrobial compound 7-
methoxy-2, 2-dimethyl-4-octa-4’, 6'-dienyl-2 H-napthalene-1-
one from Penicillium sp. and its cytotoxicity studies. AMB
Express. 2015; 5:40. DOI: 10.1186/s13568-015-0120-9.
Al-Fakih A A, and Almaqtri W Q A. Overview on antibacterial
metabolites  from  terrestrial  Aspergillus  spp. Mycol.
2019; 10:191-209. DOI: 10.1080/21501203.2019.1604576.
Baker DD and Alvi KA. Small-molecule natural products: new
structures, new activities. Curr Opin Biotech. 2004; 15:576-583.
https://doi.org/10.1016/j.copbio.2004.09.003.

Petit P, Lucas EM, Abreu LM, et al. Novel antimicrobial
secondary metabolites from a Penicillium sp. isolated from
Brazilian cerrado soil. EJBiotechnology. 2009; 12:8-9 DOI:
10.2225.

Junichiro M, Sumiko O-K, Tomohiro A, Nishimura M, Koike H,
Masayuki M. Penicillin biosynthesis in Aspergillus oryzae and its
overproduction by genetic engineering. J. Biosc. Bioeng. 2010;
110: 8-11. doi: 10.1016/j.jbiosc.2010.01.001.

Aliat T and Kaabeche M. Phytoecological characterization of the
wetland Chott El Beida (Setif, Algeria). Bulletin de I'Institut
Scientifique Rabat. 2013; 35:35-41.

Chaudhary R and Tripathy A. Isolation and Identification of
Bioactive Compounds from IrpexLacteus Wild Fleshy Fungi. ]
Pharm Sci. 2015; 7:11

Sadrati N, Daoud H, Zerroug A, et al. Screening of Antimicrobial
and Antioxidant Secondary Metabolites from Endophytic Fungi
Isolated from Wheat (Triticum Durum).] Plant Prot Res. 2013;
53:129-136. https://doi.org/10.2478/jppr-2013-0019.

Anand D, Marimuthu S, Saravanan P, Rajarajan S. In Vitro
Antiviral Activity of Fungal Secondary Metabolites against
Herpes Simplex Virus-2. Int. J. Pharm. Sci.2016; 38:73-77.
Moroh ] L A, Bahi C, Dje K, Loukou Y, Guede-Guina F. Study of the
antibacterial activity of Morindamorindoides (Baker) milne-
redheat (rubiaceae) acetatique extract (ACE) in-vitro growth of
Escherichia coli strains. Bulletin de la sociétéroyale des sciences
de Liege. 2008; 77:44-61.

Qadri M, Johri S, Shah BA, et al. Identification and bioactive
potential of endophytic fungi isolated from selected plants of the

Western Himalayas. Springerplus. 2013; 2:8.
https://doi.org/10.1186/2193-1801-2-8.
Rahmoun NM, Boucherit-Otmani Z, Boucherit K, et al.

Antibacterial and antifungal activity of lawsone and novel
naphthoquinone derivatives. Med Mal Infect. 2012; 42:270-275.
https://doi.org/10.1016 /j.medmal.2012.05.002.

Mosmann T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. ]
Immunol Methods. 1983; 65(1-2):55-63. doi: 10.1016/0022-
1759(83)90303-4.

Boughachiche F, Reghioua S, Oulmi L, et al. Isolement
d’actinomycétales productrices de substances antimicrobiennes

[195]

Journal of Drug Delivery & Therapeutics. 2020; 10(4):191-195

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

a partir de la sebkha de AinMLila. Sciences & Technologie C,
Biotechnologies. 2005 ; 23:5-10.

Hussain H, Kliche-Spory C, Al-Harrasi A, et al. Antimicrobial
constituents from three endophytic fungi. Asian Pac ] Trop Med.
2014; 7:5224-5227. https://doi.org/10.1016/S1995-
7645(14)60236-4.

Bhattacharyya P, Jha DK. Optimization of cultural conditions
affecting growth and improved bioactive metabolite production
by a subsurface Aspergillus strain. Int. j. appl. biol. pharm. 2011;
2:133-143.

Sahu M C, Debata N K, Padhy R N. Antibacterial activity of
Argemone mexicana L. against multidrug resistant Pseudomonas
aeruginosa, isolated from clinical samples. Asian Pac.]. Trop.
Biomed. 2012; S800-S807. https://doi.org/10.1016/52221-
1691(12)60316-5.

Camporese A, Balick M], Arvigo R, Esposito RG, Morsellino N, De
Simone F, Tubaro A. Screening of anti-bacterial activity of
medicinal plants from Belize (Central America). J.
Ethnopharmacol. 2003; 87:103-107. DOI: 10.1016/s0378-
8741(03)00115-6.

Kumar VP, Chauhan N S, Padh H, Rajani M. Search for
antibacterial and antifungal agents from selected Indian
medicinal plants. J. Ethnopharmacol. 2006; 107:182- 188. DOI:
10.1016/j.jep.2006.03.013.

Blumenthal CZ. Production of toxic metabolites in Aspergillus
niger, Aspergillus oryzae, and Trichodermareesei: justification of
mycotoxin testing in food grade enzyme preparations derived
from the three fungi. Regul Toxicol Pharmacol. 2004; 39:214-
228.DOI: 10.1016/j.yrtph.2003.09.002

Farid M A F, Hoda M, and Abdel Halim S. Amylase production
from Aspergillus oryzae LS1 by solid-state fermentation and its
use for the hydrolysis of wheat flour. Iran ] Biotechnol. 2011; 9:
267-274.

Barbesgaard P, Heldt-Hansen HP, Diderichsen B. Mini-review On
the safety of Asperyillus oryzae: a review. Appl Microbiol
Biotechnol. 1992; 36: 569-572. DOI: 10.1007/BF00183230.

He B, TuY, Jiang C, Zhang Z, Li Y, Zeng B. Functional Genomics
of Aspergillus oryzae. Strategies and Progress. Microorganisms.
2019; 7(4):103. DOI: 10.3390/microorganisms7040103.
Seshime Y, Juvvadi PR, Fujii ], Kitamoto K. Discovery of a novel
superfamily of type III polyketide synthases in Aspergillus
oryzae. BiochemBiophys Res Commun. 2005; 331:253-260.
DOI: 10.1016/j.bbrc.2005.03.160.

Sosa A, Kobashigawa E, Galindo ], et al. Mycotoxicological
studies of an Aspergillus oryzae strain. J. Yeast Fungal Res. 2013;
4:26-32.DOI: 10.5897/JYFR13.0111.

Frisvad ] C, Mgller L L, Larsen T O, Kumar R, Arnau J. Safety of
the fungalworkhorses of industrial biotechnology: update on the
mycotoxin and secondary metabolite potential of Aspergillus
niger, Aspergillus oryzae, and Trichoderma reesei. Appl.
Microbiol.  Biotechnol. 2018; 102(22):9481-9515. doi:
10.1007/s00253-018-9354-1.

Muhammad Jamal Ali Abu Majdad, N. In vitro Antibacterial
activity of bitter melon and turmeric extracts. Thi-Qar
University Journal. 2009; 04:04.

CODEN (USA): J]DDTAO


https://doi.org/10.1016/j.mycmed.2008.08.001
https://doi.org/10.1016/j.copbio.2004.09.003
https://doi.org/10.2478/jppr-2013-0019
https://doi.org/10.1186/2193-1801-2-8
https://doi.org/10.1016/j.medmal.2012.05.002
https://doi.org/10.1016/S1995-7645(14)60236-4
https://doi.org/10.1016/S1995-7645(14)60236-4
https://doi.org/10.1016/S2221-1691(12)60316-5
https://doi.org/10.1016/S2221-1691(12)60316-5
https://doi.org/10.1016/j.bbrc.2005.03.160

