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Abstract

An endophytic fungus isolated from root of tomato plantdisplayed considerable
antibacterial activity. The fungus was identified as Fusarium solani based on morphological
characterization. Fungal extraction was carried out by ethyl acetate solvent. The metabolite
showed activity against both bacterial testes. Bioactivity of fungal extract against E.
coli(ATCC25922) and S. aureus (NCTC6571)by using a disc diffusion technique was
examined. The inhibition zones exhibited by fungal extract were 28 mm diam of E. coli and 45
mm diam of S. aureus . MIC test revealed that the extract of Fusarium solani exhibited a
minimal inhibition values (12.5 and 6.25 ug/L) against E. coli and S. aureus, respectively.A
verification of non-toxicity of the fungal extract against human blood revealed a negative test.
The chemical analysis of the fungal crude extract showed that extract ofF. solani contains
Tannins group and phenol compounds, absent amino acid andflavonoide.The metabolite
produced by theendophytic fungus could be an alternative source of antimicrobial agents
against clinical pathogens.
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1.Introduction
Endophytic fungi are defiend as bacteria and fungi [3]. Endophytic fungi are

microbes capable of living in host plants extremely ubiquitous; it is thought that the
tissue without causing any symptoms [1]. vast majority of plant species in natural
To date, endophytic fungi have been ecosystems (if not all of them) harbor
separated into four classes based on host fungal endophytes[2]. Endophytic fungi are
range, type of tissue(s) colonized, estimated to be represented by at least one
colonization in planta, diversity in planta, million species residing in plants [4].
transmission and fitness benefits Research on endophytes dates back to over

[2].Endophytes belong to diverse groups of one hundred years[5]. During this period,
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several aspects of endophyte biology were
thoroughly studied, including the diversity,
taxonomy, reproduction, host ecology and
effects on the host [6].The ubiquity of
endophytes in the plant kingdom is well
investigatedspecies so far [7].The analysis
of any plant material may result in the
discovery of a range of different endophytic
fungi. Many of these fungi might appear to
be specific to a particular host. In addition
environmental and edaphic conditions are
expected to affect the nature and the
population of endophytes.They are an
important and novel source of natural
bioactive compounds with great potential
applications in agriculture, medicine and

2.Materials and methods.
2.11solation of endophytic fungi

The fungus used in this study was
obtained as an endophyte collected from

Farms intheprovinceofMaysan .The
isolation of
endophyticfungusFusariumsolani was

carried out as described by [12] with minor
modifications.Briefly, plant sample, which
included root washed under running tap
water for 10 min, and then airdried.Before
surface sterilization, roots were cut into
small fragments using sterile surgical
blades into 1 cm long segments. Sample of
fragments were successively  surface
sterilizedby immersion in 70% ethanol for 1
min,5.25% sodium hypochlorite solution

2.2Fungal culture extraction

Five discs (0.5 mm diam.) were cut from
the axenic fungal culture of each isolate by
using a cork borer which amended into PD
liqguid medium in 500 ml flasks (with
triplicates) and incubated at 25 C for 2
weeks on a rotary shaker. Fungal cultures
were filtered on Whatman No 1 filter paper
and the pH was adjusted at 3 by drops of
HCI for fungal filtrate. Filtrate was
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the food industry [8][9]. Since the "gold"
bioactive  compound  paclitaxel  was
successfully discovered in the endophytic
fungus Taxomyces andreanae in 1993,
many scientists of interested instudying
fungal endophytes as potential producers of
novel and bioactive compounds, and over
the past two decades, many valuable
bioactive compounds with antimicrobial,
insecticidal, cytotoxic and anticancer
activities have been successfully discovered
in endophytic fungi. These bioactive
compounds could be mainly classified as
alkaloids, terpenoids, steroids, quinones,
isocoumarins, lignans, phenylpropanoids,
phenols and lactones [10][11].

for 5 min, 70% ethanol for 30 s and sterile
distilled water for3 to 5 s. The cut surfaces
of the segments were placed on Petridishes
containing malt extract agar (MEA) (oxoid)
supplementedwith chloramphenicaol,
Merck) and streptomycinsulphateto
suppress bacterial growth and incubated at
28°C until the outgrowth of endophytic
fungi wasdiscerned. Pure cultures were then
transferred to malt extract agar (MEA)
plates freeof antibiotics and incubated three
weeks on PDA plates at 28°C. fungal
culture  were identified of  fungi
wasconfirmed according to the
availabletaxonomic literature [13] [14] [15].

extracted in ethyl acetate (1:1 vol:vol) by
using separating funnel. The organic layer
was collected by dehydration of water by
using Na,SO4. The filtrate was filtered
again and placed in Petri dishes then left to
dry at room temperature. 100 ug of the
dried extract was dissolved in 1 ml ethanol
as stock extract solution to be used for
further experiments.
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2.3Antimicrobial bioactivity assay.

Filter paper discs (0.6 mm) after being
sterilized by autoclave were socked in
fungal crude extract solution for 5 min.,
filter paper discs with extract were placed
on the surface of Muller-Hinton agar
medium in Petri-dishes streaked with 0.2 ml
of bacterial suspension of Escherichia coli
(ATCC 25922) and Staphylococcus aureus
(ATCC 25923). Plates were incubated at 37

2.4 Minimal inhibitory concentration test.

The minimal inhibitory concentration
(MIC) and minimal bactericidal
concentration  (MBC)  values  were

determined by the standard serial dilution
assay [17]. The MIC value in this assay was
indicated by the absence of bacterial growth

2.5 Chemical analysis of fungal crude extracts.

Fungal culture extracts of Fusarium
solani  were chemically analyzed for
alkaloids, phenols, amino acids, flavenoides
2.6 Toxicity test

(2014)

°C for 24 hr, an appearance of inhibition
zones around the filter paper disc indicated
the bioactivity of crude metabolites of the
tested fungal isolates [16]. The diameters of
the clear zones were measured and
compared with control agar plates
containing discs with solvent only (control),
triplicates were made.

at the minimal concentration of the extract.
Crude extracts fungs Fusarium solani
isolate were selected for this test. The
inhibitory test was carried out on Muller-
Hinton agar medium.

and tannins according to method described
by [18].

Cytotoxicity of the fungal crud extract was examined by using human RBC following the

method of [19].
2.7 Statistical Analysis

Data were analyzed using Analysis of Variance (ANOVA) between pair of variables.

3.Results

The strain was isolated from the root of
Lycopersicum esculentus. The isolated
endophyte typically possessed small
hyphae, as a white colony mycelium, when
young. The mycelia are thread-like,
branched, septate and slow-growing; spores
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werecylindrical to  oval  resembled
Fusarium solani.

The preliminary screening of Fusarium
solani. for their bioactivityagainst both
bacteria E. coli and Sof clearzones ranged
between 22 and 28 mm diam(Table 1)

(Figs. 1).
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Fig. 1.: Inhibition zones(mm) exhibited by fungal crude extracts against E. coli and S . aureus

Table 1. Growth inhibition zones (mm) exhibited by the fungal culture filtrate extract against two isolates
of bacteria.

Fungal species E. coli S. aureus

Fusarium solani 28 45

Numbers represent average of three replicatesP < 0.05

The MIC andMBC tests indicated that the ug/L)and MBC (25 and 12.5 ug/L) against
extract of Fusarium solani exhibited the E. coliand S. aureus, respectively (Table 2).
minimal values of MIC (12.5 and 6.5

Table2. The minimum inhibitory concentrations (MIC) and minimum Bactericidalconcentrations (MBC)
of fungal crude extracts against two isolates of bacteria.

Fungal species MIC (ug/L) MBC (ug/L)
E. coli S. aureus E. coli S. aureus
Fusarium solani 125 6.5 25 125

Numbers represent average of three replicates
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The chemical analysis of the fungal crude
extract showed that extract Fusarium solani
contains Tannins group and phenol

(2014)

compounds, but lacksamino acids and

flavonoid (Table3).

Table 3. Chemical compound groups of the fungal crude extract

Fungal species

Alkaloides Amino acids

Flavonoids Phenols Tanins

Fusarium solani +

+ present — absent

4.Discussion

The endophyte fungus from lraq was
identified as F. solani by morphological
characterization. ldentification ofFusarium
solani., at the subgenus level by
morphological traits is difficult because of
unstable myecelial pigmentation, shape and
sizeof conidia feature[20].Most
Fusariumspp.are soil-borne and widely
distributed in natureas saprophytes and
pathogens. Some species cause plant
diseases with important economic. impacts
while others cause severe human infections
[21]. Fusarium spp. have been reported as
endophytes from several plants with diverse
biological activity [22].
Fungi in general are a good source for
antimicrobial agents [23]. Many new and
interesting bioactive metabolites such as
antibiotics, antiviral, anticancer and
antioxidant compounds, which are of
pharmaceutical, industrial and agricultural
importance have been reported and
characterized from fungal endophytes. [24]
suggested studying endophytic fungi since
such plants may harbourunique andrare
endophytes capable of producing important

bioactive  metabolites with  multiple
applications.Taxus, a gymnosperm is an
important  anticancer  plant.  Several

endophytic fungi isolated from Taxus spp.,
worldwide have been reported to produce
important  bioactive  metabolites[25].the
production of metabolic substances by
fungi, in general, is often affected by
various growth conditional factors mainly
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the fermentation medium [26]. In the
present study a liquid state fermentation
medium used is efficient for a mass
production of bioactive metabolites by the
selected fungi.The crude filtrate extract of
the examined specie of Fusarium solani
exhibited an inhibitory action against both
bacterial strains E. coli and S. aureus.
However, a variation in the inhibitory
action, based on the inhibition zones
diameter , among the examined fungus was
noticed. Extract higher inhibition zones
against S. aureus while the extract exhibited
lower inhibitory action against E. colli.The
Chemical analysis of the crude extract
indicated thatFusariumsolanipossesse
tannin compounds and phenol compounds
.The antimicrobial inhibitory impact of
these extracts can be related to the
bioactivity of these compounds. It has been
reported that several phenolic compounds
including tannin are potent inhibitors of
microbial enzymes like protease [27]. Other
studies showed that tannin inhibits the
growth of both E. coli and S. aureus and
has been attributed to the mechanism of
tannin binding with the protein of the
bacterial cell walls [28].A verification of
non toxicity of the fungal extract against
human blood revealed a negative test [29].
It can be recommended here that the extract
should be kept in capsulated polymeric
substances so it may last longer and
maintains its bioactivity. A conclusion can
be derived from this preliminary screening
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of endophytic fungus Fusarium solani that
thisfungus possesses a potential
secondarychemical compounds that can be
ofsignificance and a promising
asantimicrobial  agents. However, a

References

[1] Petrini, O., T. N. Sieber, L. Toti and O.
Viret.Ecology, metabolite production, and
substrate utilization in endophytic fungi.
Nat. Toxins 1: 185-196. ( 1992).

[2] Rodriguez, R. J., J. F. White, A. E.
Arnold and R. S. Redman.(2009). Fungal
endophytes: diversity and functional roles.
New Phytol. 182: 314-330.

[3] Bandara, W. M. M. S., Scncviratnc,
G.andKulasooriya, S. A. (2006).Interaction
among endophytic bacteria and fungi:
Effects and . potentials. Journal of
Bioscience. 31(5): 645-650.

[4] Dreyfuss, M. M. &Chapela, I. H.
Potential of fungi in the discovery of novel
low-molecular weight pharmaceuticals. In:
The discovery ofnatural products with
therapeuticpotential(e.d. Gullo V. P.).
Butterworth-Heinemann, London,UK: 49-
80. (1994).

[5] Petrini O. (1986). Taxonomy of
endophytic fungi of aerial plant tissues. In:
Fokkema NJ, van denHuevel J, eds.
Microbiology  of thephyllosphere.
Cambridge, UK:Cambridge University
Press,

[6] Saikkonen, K., Faeth, S. H.,
Helander,M. and Sullivan, T. J. (1998).
Continuum of interactions with host plants.
Annual Reviews Ecologyand Systematics
29: 319-343.

[7]Arnold AE, Maynard Z,and Gilbert GS.
Fungal endophytes in
dicotyledonousneotropical trees: patterns of
abundance and  diversity. Mycological
Research 105,1502-1507 .( 2001).

99

furtherinvestigation is needed to examine
thebioactivity of these extracts against
morepathogenic bacteria and pathogenic
fungi aswell.

[8] Gunatilaka, A.A.L.(2006). Natural
products from plant-associated micro-
organisms: distribution, structural diversity,
bioactivity, and  implications of their
occurrence. J. Nat. Prod. 69,505-526.

[9] zZhou, L.; Zhao, J.; Shan, T.; Cai, X.;
Peng,Y.(2010)Spirobisnaphthalenes  from
fungi and their biological activities. Mini-
Rev. Med. Chem10, 977-989.
[10]zhang, H.W.; Song, Y.C. and Tan,
R.X. Biology and chemistry of

endophytes . Nat. Prod. Rep. 23,
753-771.(2006).

[11] Yu, H.S.; Zhang, L.; Li, L.; Zheng,
C.J.; Guo, L.; Li, W.C,; Sun, P.X.; Qin,
L.P.(2010). Recent developments and
future  prospects of antimicrobial
metabolites produced by
endophytes.Mycrobiol. Res165, 437-449.

[12] Strobel, G.A., Hess, W.M., Ford, E.,
Sidhu, R.S. and Yang, X.(1996) Taxol
from fungal endophytes and issue of
biodiversity. J. Ind. Microbiol., 17: 417 -
423.

[13] Ellis, M. B.
Dematiaceoushyphomycetes
Commonwealth. Mycol. Inst. Kew , Surrey
England,608 pp. (1971).

[14] Ellis, M.B.
demataceoushyphomycetes.
Commonwealth. Mycol. Inst. Kew , Surrey,
England, 507 pp. (1976).

More

[15] Domsch, K.H. ; Gams,
W.,andAnderson, T.H. Compendium of soil
fungi. Academic Press, London, 859pp.
(1980).



Journal of Basrah Researches ((Sciences)) Vol.(40). No.(1) A ......

[16] Casals, J.B. (1979). Tablet sensitivity
of pathogenic fungi. J.Clin. Pathol. 32:719-
722.

[17] McGinnis, M. R. (1980). Laboratory
Handbook  of  Medical  Mycology,
Academic Press, New York.

[18] Harborne, J.B. Phytochemical methods
: A guide to modern techniques of plant
analysis. NY, Chapman & Hall Publ .
(1984).

[19] Xian-guo, H. and Ursula, M.
Antifungal compound from Solanum
nigrescens.J. Enthopharm. 43: 173-177.
(1994).

[20] Tayung K, Barik BP, Jha DK and
Deka DC. Identification and
characterization of antimicrobial metabolite
from an endophytic fungus, Fusarium
solani isolated from bark of Himalayan
yewb World Journal of Agricultural
Science 2, 489-494. (2011).

[21] Guarro ,J,and Gene, J. (1995)
Opportunistic ~ fusarial  infections in
humans. European Journal of Clinical
Microbiology and InfectiousDisease 14,
741-754.

[22[ Deng, BV; Liu, KH, Chen, WQ, Ding,
XW and Xie XC.( 2009) Fusariusolani,
Tax-3, a new endophytictaxol-producing
fungufromTaxus chinensis. World Journal

of  Microbiology and Biotechnology
25,139-143.
[23] Idris.AL.M, Al-tahir.I andldris.E

Antibacterial activity of endophytic fungi
extracts from the medicinal plant Kigelia

100

(2014)

africana. Egypt. Acad. J.Biolog. Sci., 5(1):
1-9. (2013).

[24] Strobel, G. A. and Daisy, B. (2003).
Bioprospecting for Microbial Endophytes
and Their Natural Products. Microbiology
and Molecular BiologyReviews 67:491-
502.

[25] Wang, L. J., X. S. Yang and X. S. He
Screening ofantibacterial. strains from
endophytic fungi in ginkgo leaves. Sichuan
Food Ferment. 4: 34-36. (2007).

[26] Muhsin TM. and SelmanMS. In
Vitro,Optimization  of  growth  and
bioactivity of antibacterial metabolite
produced by Rihzoctonia solani
KuhnJournal ~of Basrah  Researches
((Sciences)) Vol.( 39). No.( 1) (2013).

[27] Kamba, A.S. and Hassan, L.G.

Phytochemical screening and antimicrobial
activities of Euphrobiabalasamiferaleaves,
stems and roots against pathogenic
microorganisms. AfrPharmacetical Sci and
Pharmacology15:57-64. (2010).

[28] Shihabudeen, M.S.; Priscilla, H.B. and
Thirumurugan, B.K. Antimicrobial activity
and phytochemical analysis of selected
Indian folk medicinal plants. International J
Pharmacetical Sciences and Research 10:
430-434. (2010).

[29] Muhsin, T.M. andMohammad,H.M.
Preliminary screening of bioactive
metabolites from three fungal species
ofDrechslera isolated from soil in Basrah,
Irag.Journal of Basrah  Researches
(Sciences) Volume 38. Number 2 .A175-
187 .(2012).



Hateet , Muhsin & Humadi :Antibacterial activities secondary metabolites from endophytic fungus Fusarium ...

Fusarium solani a1 cigilphd fa 53l (a4 0 sl il

3@3&;(‘;&\;#\5 Zum.\mé;ﬁ)ﬁ 1&.93;&;).3“)
e ol / o slell IS / 5Ln) o gl 2!

5 pl] dnals /46 pucall o plel] gy il LS / 3lnd) o sl ™

-

AadAll
o= Endophytic fungus sl @l o Fusarium solani yedl jasiis e duhall e
S s Adled el Ay mEl) Galiiuly PDB awy b 4y 4, ablobll cls s Jab
Giyall LS ol alad Galiiud) 0 jela) dy . gyhaill Galiiud) e Jomall cufinl J8) culal) aadiul, 4le
o=l L Lyl 4w Lassl(NCTC6571) Staphylococeus aureuss (ATCC25922) E.coliysiul al
Jlia) CadSy . Staureus o\xi ke 45 5E.COl o\x ale 28 gykadll Galiiiall Lyl ghlie ladl culs
E.cOllsSs s (Va8 86255 12.5) & hudii ad (il jaliivall (MIC) Aa¥) Lafiall 5850
Al L el d5s saaly (8) B aspn 4k die paldiid) Alad Galias) Laa g WS Mgl e Staureus s
@bl aliiudl 4Lesl il i€l Cupglal L Gl jeall adll S slad dpen (o (gylaill aliiud) el
Glphd e gl el olaluw@ay aiul galal Jdeooelgial axey c¥udllgliolill e selgal
- Al Glaleadl Suy haae S o) oS Endophytic

Ll ga ) iyl Alladl) a1, el | LSl Ay gl claliaal) s daliial) cilalsl)

101



