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ABSTRACT

The objective of this study is to screen the antioxidant and antibacterial activity of endophytic fungi isolated from
surface sterilized leaves, stem and root of Bauhinia racemosa lam and phyllanthus amarus Shum and Thonn. 13
fungal species of endophytic fungi were isolated including Colletotrichum gleosporioides, Drechslera halodes,
Nigrospora sphaerica, Phoma glomerata, from Bauhinia racemosa and Aspergillus nidulans, Chaetomiun spiralis,
Colletotrichum circinans, Colletotrichum crassipes, Colletotrichum falcatum, Collectotrichum truncatum,
Penicillium citrinum, Phoma chrysanthemicoli and Phyllosticta Sp from Phyllanthus amarus. The dominant fungi
were evaluated for its antioxidant and antibacterial activity. Both the entophyte and the host extracts were extracted
by water and methanol and tested for their total phenolic content and radical scavenging potentials. The fungal
extracts were also assessed for antibacterial activity against bacterial strains. Bacillus subtilis and Escherichia
coli. The results of the MIC study showed that the Chaetomium spiralis extracts exhibited higher activity against
bacteria, Escherichia coli.
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INTRODUCTION

Endophytic fungi are the microorganisms that aresent in the living tissues of various plants, l@i&hing a

mutual relationship without causing any symptontdiskases. Endophytes are rich sources of bioattgtabolites,

which have important potentials in medicine, adtime and industries [1]. Endophytes are known todpce

metabolites such as alkaloids, terpenoids, sterguisiones, isocoumarin derivatives, flavanoidgngts, phenolic
acids, and peptides. Some species produce novehiembial agents and other produce potent antcean
compounds (Taxol frorfiaxomyces andreana€e) and yet others produce compounds that can hieedtiindustrially,

such as enzymes and solvents [2]. Since, the pémoie where the endophytes exist is a eukarygsies, it would

appear that the secondary metabolites producetéogridophytes may have reduced cell toxicity; ettser, death

of the host tissue may occur. Thus, the host itsalf naturally served as a selection system foroimés having

bioactive molecules with reduced toxicity towardter organisms [3].

The plantBauhinia racemosa (L) belongs to theCaesalpiniaceae family. It occurs frequently in India, Ceylon,
China, and Timor. The stem bark of the plant isaattingent and is used in the treatment of headdefker, skin
diseases, tumours, blood diseases, dysentery,iamtiakba [4]. The fresh flower buds of the plantwhd anti-ulcer
activity [5, 6]. Flowers, buds and dried leaves ased to treat dysentery. Root bark is used iminfhation of liver
[7, 8]. Seeds are tonic and aphrodisiac. Leaves batidiabetic Action [9 & 10]. The seeds containde protein
16.8; crude lipid 4.9; crude fibre 6.5; total canpdrates 67.9 g/100g. The mineral composition &f sked is:
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sodium 24.5; potassium 1013.8 ; calcium 708.8 ;meamym 264.8 ; phosphorus 326.7 ; iron 19.9 ; copg®; zinc
8.9 ; and manganese 2.2 mg/100g. The albuminseokdied exhibited no haem agglutination activityerehs
globulins showed weak haem agglutination, trypsimibitor activity. The leaves are having antimahactivity
[11].

Phyllanthus amarus is a plant of the family Euphorbiaceae and has wabpproximately 800 species which are
found in tropical and subtropical countries of therld. The name Phyllanthus means “leaf and flower” and
named so because of its appearance where flowstrafid leaf appears fuselhyllanthus amarus is a branching
annual glabrous herb which is 30-60 cm high ancelsender, leaf-bearing branch lets, distichougdgavhich are
sub sessile elliptic-oblong, obtuse, rounded biaksvers are yellowish, whitish or greenish, auxilianale flowers

in groups of 1-3 whereas females are solitary.t&arie depressed-globose like smooth capsulesnpnasderneath
the branches and seeds are trigonous, pale brottnlavigitudinal parallel ribs on the back. The plaas been
found in Philippine, Cuba, Nigeria and among oth&rdndia, Phyllanthus amarus is widely distributed as a weed
in cultivated and waste lands [12].

EXPERIMENTAL SECTION

Collection of Plant material

Bauhinia racemosa Lam and Phyllanthus amarus Schum and Thonn were collected from the Garden ayfrari
Amman Institute of Technology, Sathyamangalam, Tawaidu (India). The disease free parts of the phmet
collected and transferred to the laboratory iresilstpolythene bag and it was processed withih@4s.

Isolation of endophytic fungi

Stems and roots of each sample were rinsed witkrveatd surface-disinfected by immersion in 75% rathfor 1

min, 5 min in 5% sodium hypochlorite solution, ahanin in sterile de-ionized water for three timéhe samples
were then surface-dried with sterile filter pap&8][ Roots and stems were cut into 0.5 cm x 0.5p&xes and
placed in petri dishes with potato dextrose ag&A(Pmedium (g/l; dextrose-20, agar-15, potato iildns200) and
cultured at 2%C under dark [14].

The purified endophytic isolates were transferregasately to PDA slants and accessioned accordagbgnding
upon the plant and plant parts from which they hbheen isolated. Finally, all the purified entoplsytwere
maintained at 4°C till further used.

Identification of endophytic fungi

Identification of fungal endophytes was carried based on the morphology of surface texture andespat the
hyphal tips with standard manual [15]. The fungallates on sterile slides were stained with Lat¢tenpl Cotton
Blue and visualized in research microscope. Sordepmytic fungi do not produce spores and it wasigeol under
a species named “Sterile form” [16].

Statistical Analysis
Colonization frequency
The percentage of colonization frequency (CF) vedsutated as [16] as follows:

Number of species isalate
CF (%) = x 100
Number segments screened

Relative Percentage Occurrence (RPO) of Differentrgups of Fungi
Relative Percentage Occurrence (RPO) of each grazp Ascomycetes, Hyphomycetes, CoelomycetesStadle
forms) of fungal species in each plant speciescaf=ulated as follows:

Density of colonization of one group
RPO = x 100
Total Density of colonization

Endophytic Infection Rate
Number of infected segments
EIR (%) = x 100
Total number of segments scrdene
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Fungal Cultivation

The endophytic fungi were cultured in 500 ml flas&kach containing 150 ml potato dextrose liquid ioned(g/l;
dextrose-20, potato infusion-200). Each fungus vieoeulated and cultured with shaking (120 rpm23iC under
dark conditions for 1 week. After that, the culwingere filtered. The mycelia was filtered and tfarred to a glass
petri plate and dried overnight in a hot air ovér4@°C. The content of the dry mycelia was powdeusihg
sterilized mortar and pestle. The contents weresfeared to pre-weighed polyethylene zip-lock cevamd stored at
4°C. 0.1 g of dry powder was extracted in 10 ml otewaand methanol separately and designated as us|aaal
methanolic extracts respectively.

Antioxidant activity

Estimation of total phenolic content

Total phenolic content of fungal mycelia was detead by Folin-Ciocalteau (FC) method by taking @&adicid as
a standard of 1mg/ml [17]. Different concentratiaisstandard as well as the water and methanoti@aets were
taken and one ml of FC reagent (1:1 dilution) wddeal. After 3- 5 min, 2.0 ml of sodium carbonaté%® w/v)
was added and the mixture was allowed to stand%omin under dark condition. After the incubaticgripd, the
absorbance was read at 765 nm using Spectrophanmet

DPPH radical scavenging assay

Different aliquots of aqueous and methanolic exsrad plant sources and fungal extract were takehthe total
volume was made up with water and methanol respegtiOne ml of DPPH (4 mg/ 100 ml) was added dred t
tubes were kept in dark for incubation at room terafure for 20 min. The absorbance was checkedsigtie
blank at 517 nm. Per cent free radical scavengiag ealculated based on the extent of reductioharcolour [18].
The per cent radical scavenging was calculated|bsnfs:

% Radical scavenging =-As(100)/ A
Where Ac = absorbance of control and As = absorbaiftest sample.

Antibacterial activity

Agar- Well Diffusion Method

The antimicrobials present in the fungal extraet alfowed to diffuse out into the medium and inteia a plate
freshly seeded with the test organisms. The furggedins used wer&haetomium spiralis, Drechslera Sp,
Nigrospora Sp andPhoma Sp. Test microorganisms used weseherichia coli andBacillus subtilis. The resulting
zones of inhibition will be uniformly circular akdre will be a confluent lawn of growth. The diaeredf zone of
inhibition can be measured in millimeters.

Petri plates containing 20ml Nutrient agar mediuarevseeded with the 24hr culture of bacterial sraivVells were
cut and 20ul of the fungal extracts were added. The platesewben incubated at 37°C for 24 hours. The
antibacterial activity was assayed by measuringithmeter of the inhibition zone formed around el [19].

Minimum Inhibitory Concentration (MIC)

The minimum concentrations of the fungal extracintabit the microorganisms were also determinedabyicro
dilution method using bacterial fractions seriadijuted in sterile nutrient broth [20]. The antilexial efficacy of
fungal extracts was studied against two bactefialrss, i.e Bacillus subtilis (MTCC 121) Escherichia coli (MTCC
443) procured from the Microbial Type Culture Cotlen and Gene Bank, Institute of Microbial Teclowp/,
Chandigarh, India

RESULTS AND DISCUSSION
Isolation of Endophytic fungi from Bauhinia racemosa and Phyllanthus amarus
Two fifty segments (approx.0.5énfrom each of the leaf, root and stem tissueSafhinia racemosa Lam and

Phyllanthus amarus Schum and Thon(Figure 1) were sterilized and screened for thegmee of endophytic fungi (
Figure 2).
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Figure 4. Habitat of Phyllanthus amarus

Figure 2. Endophytic fungal propagules emerging frm tissues of selected medicinal plants

Identified endophytic fungi from the medicinal plants:

A total of 250 endophytic fungal isolates whichdrels to 9 species were identified from two medicptants. The
endophytic fungi from the medicinal plants suctBashinia racemosa Lam andPhyllanthus amarus Schum and
Thonn which were grouped under Ascomycetes, Coeatetag, Hyphomycetes, Xylariales, and Sterile foFiab{e
1). Chaetomium Sp. (52%) belongs to Ascomycetes foundBauhinia racemosa Lam. Colletotrichum circinans
(14%), Colletotrichum crassipes (4%), Colletotrichum falcatum (26%), Colletotrichum spiralis (2%),
Colletotrichum truncatum (10%), Phoma chrysanthemicoli (58%), Phoma epicoccinia (18%) andPhyllosticta Sp
(16%) belongs to Coelomycetes (Figure 3) The péagenof colonization frequency digrospora sphaerica
(14%), Drechdlera halodes (24%), Aspergillus nidulans (4%) and Penicillium citrinum (14%) which belongs to
Hyphomycetes group. Shekhavettal., [21] found that Hyphomycetes widely occurs in pdaand protect against
pathogensPestalotiopsis Sp (20%) belongs to Xylariales Phyllanthus amarus Schum and Thonn. The overall
relative percentage occurrence of Sterile formsweaximum when compared to the Ascomycetes, Codaletrey,
Hyphomycetes and Xylariales (Figure.4). Laehpl., [22] reported that sterile mycelia were prevailsriost of the
endophytic research studies. The overall percentdgmdophytic infection rate was 86% Bauhinia racemosa
Lam and 82.66 ifPhyllanthus amarus Schum and Thonn (Figure 4 - 10).
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Chaetomium spiralis Drechslera Sp.

Phoma Sp. Colletotrichum crassipes Colletotrichum circinans

Figure 3 .List of endophytic fungi identified from Bauhinia racemosa Lam and Phyllanthus amarus Schum and Thonn

Table.1: Colonization Frequency of endophytic fungisolated from Bauhinia racemosa Lam and Phyllanthus amarus Schum and Thon.

Colonization frequency in Percentage (%)

S No Species Bauhinia racemosa Phyllanthus amarus
Leaf Stem Leaf Stem Root
ASCOMYCETES
1 Chaetomiumsp.1 10 -
2 Chaetomiumsp.2 6 10
3 Chaetomiumsp.3 20 6
COELOMYCETES
4 Colletotrichumcircinans - - 14 - -
5 Colletotrichum crassipes - - 4 - -
6 Colletotrichum falcatum - - 26 - -
7 Colletotrichum spiralis 2 - - - -
8 Colletotrichum truncatum - - 10 - -
9 Phoma epicoccinia - - - 18 -
10 Phoma chrysanthemicoli - 2 20 36 -
11 Phyllosticta sp. - - - 16 -
HYPHOMYCETES
12 Aspergillus nidulans - - - 4
13 Drechdera halodes 14 10 - - -
14 Nigrospora sphaerica 10 4 - - -
15 Penicillium citrinum - - - - 34
XYLARIALES
15 Pestalotiopsis sp. - - - - 14
STERILE FORMS
16 Sterile form 1 5 6 1 8
17 Sterile form 2 7 6 2
Total number of Species 6 5 5 7 4
Total number of isolates 74 44 74 74 48
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Bauhinia racemosa
Figure 4. Endophytic infection rate ofBauhinia racemosa

Leaf
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Figure 5. Relative Percentage Occurrence of défent groups of endophytic fungi recorded from leatissues oBauhinia racemosa

Stem

m Coelomycetes
B Hyphomycetes
m Ascomycetes

W Sterile

Figure 6. Relative Percentage Occurrence of diffent groups of endophytic fungi from stem tissues ddauhinia racemosa
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Leaf Stem Root

Phyliantiras amarus
Figure 7. Endophytic infection rate ofPhyllanthus amarus
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® Hyphomycetes
m Sterile

2.04

Figure 8. Relative Percentage Occurrence of défent groups of endophytic fungi recorded from Stentissues ofPhyllanthus amarus

Leaf

B Coelomycete
m sterile

Figure 9. Relative Percentage Occurrence of diffent groups of endophytic fungi recorded from Leaf &Phyllanthus amarus

Stem

Root

m Xylariales
m Hyphomycetes

m sterile

Figure 10. Relative Percentage Occurrence of diffent groups of endophytic fungi recorded from rootissues ofPhyllanthus amarus
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Determination of anti-oxidant activity in fungal and host extracts

The mycelial extract showed a lesser amount of plieas well as DPPH radical scavenging activitynparing to
the host plant. The phenolic compounds are resplenfir the antioxidant activity of host plant aitdl isolated
endophytic fungus. The activity of phenolic compadsidepends on their chemical structure. Methamoficacts of
Drechdera Sp. andNigrospora Sp showed higher phenolic content and scavengitenpials, whereaBhoma Sp.
and Chaetomium spiralis showed increased phenolic content in aqueous aéxfFéagure 11- 16). Host plant has
higher activity when comparing to fungal extract.
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Figure 11. Total phenolic content oBauhinia racemosa in aqueous and methanolic extract
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Figure 12. Total phenolic content oPhyllanthus amarus in agueous and methanolic extract
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Figure 13. Total phenolic content in aqueous and ntieanolic extract of Chaetomium spiralis
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Figure 14. Total phenolic content of irDrechdera Sp. aqueous and methanolic extract
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Figure 15. Total phenolic content of inNigrospora Sp. aqueous and methanolic extract
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Figure. 16 Total phenolic content of inPhoma Sp. aqueous and methanolic extract

DPPH Radical scavenging activity

The radical scavenging activity Bhuhinia racemosa is 78.9% in aqueous extract and 72.5% in methamadiact
(Fig. 4.21). InPhyllanthus amarus, the scavenging potential @ 75% in aqueous and 77.8% in methanolic extract
(Fig. 4.22). There is decrease in the scavengirignpial of endophyte with respect to host. Maximscavenging
activity is found inDrechslera Sp. which is 67.73% in methanolic extract (Fig. 17 ).22
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Figure 17. Percentage Inhibition oBauhinia racemosa
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Figure 18. Percentage Inhibition ofPhyllanthus amarus
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Figure 19. Percentage Inhibition ofChaetomium spiralis
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Figure 20. Percentage Inhibition oDrechslera Sp
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Figure 21. Percentage inhibition oNigrospora Sp
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Figure 22. Percentage Inhibition ofPhoma Sp

Antibacterial activity

Agar- Well Diffusion Method
The range of inhibition was found higher@maetomium spiralis (18 mm), againsEscherichia coli (Fig. 27). The

lowest concentration of antibacterial activity rested was found irDrecshlera Sp. andNigrospora Sp. against
Escherichia coli (Fig. 29, Fig. 31). There is no inhibition recoddagainstBacillus subtilis for Drecshlera Sp. and
Nigrospora Sp (Figure 27 -34). No inhibition was foundRhoma Sp. (bothEscherichia coli andBacillus subtilis).
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Figure 27.Chaetomium spiralis Figure 28.Chaetomium spiralis
E.coli (MTCC 443) Bacillus subtilis (MTCC 121)

Figure 30.Drechdera Sp.

Figure 29.Drechdera Sp. Racillus subtilis (MTCC 121)

E.coli (MTCC 443)

Figure 31.Nigrospora Sp Figure 32.Nigrospora Sp
E.coli (MTCC 443) Bacillus subtilis (MTCC 121)

Figurg 33.Phoma Sp Figure 34.Phoma Sp
E.coli (MTCC 443) Bacillus subtilis (MTCC 121)
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Minimum Inhibitory Concentration (MIC)

The lowest concentration of MIC recorded was foumBrecshlera Sp. againsEscherichia coli. No inhibition was
found inPhoma Sp (bothEscherichia coli andBacillus subtilis). Similar results were observed witligrospora Sp.
and Drecshlera Sp. againstEscherichia coli. The maximum inhibition for both bacterial stmiwas found in
Chaetomium spiralis. The details of MIC recorded for each species agdhmes studied bacteria are presented in
Table 2.

Table 2. Minimum Inhibitory Concentration (MIC)

S. No Fungal Sample Antibacterial activity (ug/ml)
Escherichiacoli  Bacillus subtilis
1 Chaetomium spiralis 50% 25%
2 Drechdera Sp. 25% Nil
3 Nigrospora Sp. 25% Nil
4 Phoma Sp. Nil Nil

The study provides information on the diversityeofiophytic fungi from two medicinal plants. It helso revealed
that the aqueous and methanolic extracts of baiht gind fungal mycelia showed good phenolic cordgedtradical
scavenging activity. The mycelial extract showdésser amount of phenolic as well as DPPH radicavenging
activity comparing to the host plant. The phenalianpounds are responsible for the antioxidant égtof host
plant and its isolated endophytic fungus. The &gtiof phenolic compounds depends on their chenstaicture.
Better antioxidant activity was observed higheafueous extract dthyllanthus amarus and methanolic extract of
Bauhinia racemosa. A study of antioxidant activity with endophyticteacts indicated that the acetone extraction
yielded good antioxidant activity methanol and w4238].Therefore, the biological extracts of entgfgs would be
used as alternatives to plant extracts. Out obkiss,Chaetomium spiralis could inhibit few bacteria used in this
study. Each of them displayed antimicrobial acyivagainst at least one test microorganism withbitiloin zones
that ranged from 18 to 0.5 mm. The isolates inbibistrains of gram-negative bacteria better thamgpositive
bacteria. The MIC values of crude methanolic extfemm isolates are shown in Table 2. The resutiwstd the
fungal extract inhibited gram-negative than grarsipee bacteria.

CONCLUSION

The study provides information on the diversityeofiophytic fungi from two medicinal plants. It helso revealed
that the aqueous and methanolic extracts of batht gind fungal mycelia showed good phenolic cordedtradical
scavenging activity. The mycelial extract showddsser amount of phenolic as well as radical sagingractivity

comparing to the host planthaetomium spiralis showed higher antibacterial activity wherdd®ma Sp. has no
inhibition against bacteridNigrospora Sp. andDrechslera Sp. showed an average antibacterial activity. Jtbdy

concludes the presence of bioactive compound irextiact which shows antioxidant and antibactealvity in

the screened fungal species.
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