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ABSTRACT

This study aimed to screen the endophytic fungal species of ethano-medicinal plant Bacopa monnier{L.) Pennell

for their ability to produce antimicrobial substances against Bacillus subtilis, Pseudomonas aeroginosa, Salrtanel
typhimurium, Escherichia coli, Klebsiella pneumgn&taphylococcus aureuand Candida albicans=Endophytes
were also screened for their ability to produce amylase, cellulase, protease and lipase to evaluate their ecological
role within the host plant. Twenty-six endophytes were isolated and seventeen were identified. All the isolated
endophytes exhibited amylolytic activity. Lipolytic, cellulolytic, proteolytic activity was shown by 98, 28 and 31%
isolates, respectively. Smilarly, all the endophytes (100%) exhibited significant antimicrobial activity against K.
pneumonia,while seventeen endophytes (89.5%) were active against S. aureus.Fourteen endophytes (78.9%)
showed significant antimicrobial activity against B. subtilisand C. albicans Eleven (57.8%), nine (50%), four
(21%) endophytes were active against S. typhimurium, E. coland P. aeruginosagspectively.

K ey words: Bacopa monnieri, Antimicrobial, ITS 5.8S rDNA, lipase, amylase, endophyte

INTRODUCTION An increasing number of compounds are currently
being isolated from unique endophytic fungi; for
In recent times, there has been increasing demaegample, fumitremorgins B has been isolated from
for the products from more sustainable sourceBhomopsis sp. and periconicins A and B have
and to avoid synthetic molecules, which isbeen isolated fromPericonia sp (Isaka et al.
essentially driven by the increasing healthi2001). The endophytic fungi associated with the
consciousness of the society. Similarly, focus isnedicinal plants not only produce antibacterial
also towards the microbes to find the bioactivamolecules but also many other pharmacologically
molecules (Strobel and Daisy 2003). Theactive substances with a potential to act as
establishment of higher plants in their respectivantitumor agents Restalotiopsis microspora,
habitats involves a capacity to interact withtaxol), antifungal agents C{yptosporiopsis
different organism. The term endophytic fungus igriptocandina, quercine). Endophytes are also
used to describe those fungi that can be detettedkaown to produce the factors of plant growth,
a particular moment within the tissues of artoxins and enzymes. Some endophytes are also
apparently healthy plant host. The fungalused as biological controllers of many diseases
colonization can be inter-cellular or intracellylar and plaques (Strobel 2002).
localized or systemic (Schulz and Boyle 2005).
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Novel enzyme systems of microbial origin alsosamples. The endophytic fungi were purified by
help in a better understanding of their host tissugansferring emerging hyphae to a new potato
colonization ability. Enzymes isolated from thedextrose agar slant. The isolates from the leales o
endophytes are also used commercially in foo®. monnieri was codified as B1-B6, B8-B11, B13-
processing, manufacturing of detergents, textile816, B18-B19, B22-B24, B9 Pink, B8 ORG.
pharmaceutical products, medical therapy, and@hey were stored at 4°C; endophyte colonized
also in the field of Molecular biology (Falch sterile barley seeds were air-dried and stored at -
1991). Hence, the search for novel, natural, and0°C. All the isolates were deposited in Microbial
efficient metabolites from the endophytesRepository of IIIM.

associated with unexplored and/or underexplored

sources of biological diversity should beldentification of endophytes

undertaken. The fungi were identified based on the

Bacopa monnieri (L) Pennell (Scrophu|ariaceae), mOl’phOlOgical characteristic (Chen et al. 2011)
commonly known as “Brahmi” or Indian water Colony features were based on the observation on
hyssop is commonly found in Asia, Australia, and®DA under ambient day light conditions.
America. Since time immemorial, Brahmi hasMicroscopic observations were made using
been used in ayurvedic formulations for treatind®lympus  Light ~Microscope model No.
gastrointestinal and neurologic disorders. PreviousH30RF200 at 400 x or 100 x magnification.
studies have proved that its active constituedendophytes were identified on the basis of
bacosides enhances the efficiency of nerveharacteristics such as the structure of hyphae,
impulse transmission leading to improvedconidia, and  conidiophores.  Conidiophore
memory related functions (Mahato et al. 2000structure and morphology were described by
Chakravarty et al. 2001; 2003; Hou et al. 20020btaining them from the edge of conidiogenous
Russo and Borrelli 2005). There are no previougustules or fascicles during maturation of conidia,
reports on the isolation and cultivation ofWhich usually occurred after 4-7 days of
endophytes fronBacopa monnieri. Therefore, the incubation.

current study was undertaken to isolate, and i )

screen endophytic fungi frorBacopa monnieri  Fhylogenetic analysis

with antibacterial activities and also to determind”Nylogenetic analysis of the fungal strains was

their ability to produce enzymes that could bé:arried out on the basis of the ITS-5.8S ribosomal
exploited industrially. DNA sequences. The fungus was grown on PDA

for seven days. DNA was extracted following the
protocol of Raeder and Broda (1985). The ITS

MATERIAL & METHODS 5.8S rDNA region of the fungus was amplified
with the universal ITS primers (1 and 2) using
| solation of endophytes PCR (White et al. 1990). PCR was done as

Isolation of endophytic fungi fromBacopa follows: 95°C for 5 min, followed by 35 CyCleS of
monnieri was carried out using the protocol94°C for 30s, 55°C for 1 min, 72°C for 1 min and
described by Strobel and Daisy (2003) with slighB0s and a final extension for 10 min at 72°C. The
modifications. Fresh plant material (branches anB04iL reaction mixture contained 1-10 ng of
leaves) was collected, washed under running tapNA, 1x PCR buffer (with 15 mm Mgg), 200
water for 10 min and disinfected in series withmm of each dNTP, 10 pmol of each primer
70% ethanol for 1 min, 1.0% sodium hypochlorite(Sigma, USA) and 1UTag DNA polymerase
(NaOCI) (v/v) for 1 min and further cleaned by(Bangalore Genei, India). The amplified product
passing through two sets of sterile distilled water(10 pL) was resolved on 1% (w/v) agarose gel at
After surface disinfection, leaves and branche300V. The amplified product (approx. 500 bp)
were cut into small pieces 1 cm long. Thewas eluted using a Gel extraction Kit (Qiagen,
disinfected samples were placed on a plateySA) and 40-60 ng was used in a 10 pL
containing water agar and potato dextrose ag&equencing reaction using Big Dye Terminator
(PDA) media containing 25Qg/mL streptomycin sequencing kit (v. 3.1, Applied Biosystems). The
to suppress bacterial contamination. The parafilferward and reserve primers (3.2 pmol) were used
wrapped Petri dishes were incubated at 25+2°@ cycle sequencing reaction. Samples were
till the fungal mycelia started growing on theloaded on an automated sequencer (Applied
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Biosystems). The amplified products wereTween 20 were added and mixed with Tris-agar
sequenced. Resultant sequences (KF683910a8nd poured over the plates. Ten-days old grown
KF683920) were submitted to a gene bank andndophytes plugs were spot inoculated on Tris-
were aligned with the sequences in the GenBantkibutyrin agar and incubated at 28°C for 72 h.
database via the BLASTn tool of NCBI Then clear halos around the colonies were
[www.ncbi.nim.nih.gov] (Altschul et al. 1997). observed on the plates.

Relevant sequences were downloaded and aligned o

using the MEGALIGN program (DNASTAR, Proteasactivity

Lasergene) and a phylogenetic tree and distanf@" Protease activity, ten-days old grown
matrix were constructed according to Guindon an§ndophytic plugs were spot inoculated on casein

Gascuel (2003). starch agar with 1% skimmed mi'Ik and incubated
at 30°C for 96 h. After incubation, clear halos
Enzyme activity around the colonies were observed on the plates.

The ability to produce the following enzymes wasThe experiments were performed using five

analyzed: amylase, protease, lipase and cellulagepetitions and the results were analyzed

The enzymatic activity was studied against the testatistically through the variance test and the

organism by agar disc diffusion method. Wellsaverages compared by the t test, the tolerance

were prepared with the help of a sterilizedevel being set at 95%.

stainless steel cork borer on the specific culture _ .

media for each enzyme to be investigated. Th@ntimicrobial activity

wells were loaded with 6 mm disc containing 1O_Lyophlllzed Six test ba(?terla' and one fungus were
urchased from Microbial Type Culture

days old endophytic cultures. The plates weré _ : o
incubated at 30°C for 24, 48, 72, and 96 fCollection (MTCC). Cultures oBchIus subtilis
according to specific methodologies for eacHMTCC 121),Pseudomqnas aeroginosa (MTCC
investigated enzyme and the clear halos forme@24), Salmonélla typhimurium (MTCC = 98),

were measured. The Enzymatic Index (EI) wassScherichia coli (MTCC 118), Klebsiella
monia (MTCC 109), Saphylococcus aureus

expressed as the relationship between the avera ) _
diameter of the clear halo and the averagfMTCC 96) were grown on Nutrient Agar media
diameter of the colony growth (Hankin ang@nd used for measuring the antibacterial activity.

Anagnostakis 1975). Candida albicans (MTCC 183) was grown on
Yeast extract Peptone Dextrose Agar (YEPD).
Amylase activity The antibacterial activity was studied against the

The amylase activity was estimated as per thést organism by agar disc diffusion method (Rios
methodology oHankin and Anagnostakis (1975). €t al. 1988; Devaraju and Sreedharmurthy 2011).
Ten-days old grown endophytes p|ugs were spdf\/e”S were prepared with the heIp of a sterilized
inoculated on potato dextrose agar with 1% starcigtainless steel cork borer and loaded with 6 mm
Then the plates were treated with Gram’s iodindlisc containing 10-days old endophytic cultures.
stain for 5 min, which allowed the visualization of Streptomycin was used as a positive reference

clear halos around the colonies. standard for both Gram-positive and Gram-
negative bacteria whereas Amphotericin B was
Cellulase activity used as a positive reference standard @r

Ten-days old grown endophytic plugs were spoélbicans (Ali et al. 2010). Each bacterial strain
inoculated on potato dextrose agar with 1%was inoculated into nutrient broth (HiMedia
carboxy methyl cellulose (CMC) and incubated aBiosciences) and incubated overnight at 37°C
28°C for 72 h. Then the plates were stained witlwvith shaking. The suspension was adjusted to 0.5
congo red (2%) for 5 min followed by destainingMcFarland standard turbidity (equivalent to 1.5 x
with 1 M NaCl, which allowed the visualization of 16° colony forming units(CFU/mL) (Mcfarland

clear halos around the colonies. 1987) and finally diluted to give approximately 6
: . x 10° CFU/mL for all the organisms. One hundred
Lipase activity microliter nutrient broth culture of each bacterial

For estimating the lipase activity, 98 mL 50 Mg qanism was used to plate on nutrient agar plates.
Tris HCI, pH 6.8, and 1.2 g agar was taken in 5165 were incubated overnight and the zones of

flask and autoclaved. In 2.0 mL autoclaved Trignpipition formed were measured. This experiment
HCI, 300 pL of tributyrin (TB) and 30 pL of
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was performed in triplicate. Antibacterial activity Pleosporales sp, Phomopsis, Trichoderma,
was expressed as the diameter of the inhibitioRutypella  sp, Aspergillus, Fomitopsis,
zone (mm) produced by the endophytes antyrothecium, and Colletotrichum (Table 1)
compared with the positive controls. Endophyte€olletotrichum sp. has been implicated in many
were considered effective when the clear zone wadant diseases and include some of the most
equal to or superior to 18 mm (Guimaraes et allestructive post-harvest pathogens of cereals,

2008). legumes, fruits and vegetables (Garcia-Pajon and
Callade 2003).
RESULTSAND DISCUSSION Phylogenetic analysis

Phylogenetic analysis of ITS 5.8S region of
A total of twenty-six endophytes were isolatedendophytes divided them into five groups (Fig. 2).
from B. monnieri. Seventeen of these wereQut of these, four groups (Gr I-Il, V) belonged to
identified on the basis of miCI’OSCOpiC Division ascomycota and one group (Gr V)
characteristic like the structure of hyphae (Fig. 1 pelonged to Division basidiomycota. Group |
Further confirmation was done by ITS 5.8Scontained the endophytes of class
ribosomal gene sequencing (Table 1). Identifie¢hothideomycetes, whereas group Il had the
endophytes included three species each from théydophytes of class Sordariomycetes and
genusPhoma, andFusarium, two species from the Ascomycetes. Groups | and V had characteristics
genusFlavodon, one each fromAlternaria sp, of Pleosporales sp. and Fusarium sp.,

respectively.

Figure 1 - Light micrographs of endophytic fungissociated with Bacopa monnieri at 400X
magnification A) B1, B) B2, C) B3 D) B4, E) B8, F) B10, G) B13, HL&, |) B16, J)
B19, K) B8 ORG, L) B15.
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Table 1 - Endophytic fungi isolated frofBacopa monnieri.

Sr. No. Endophyte Identity (%) Homology
1 Bl Pleosporales sp. 81
2 B2 Phoma sp. POO¢ 10C
3 B3 Flavodon flavus 99
4 B4 Trichoderma aureoviride 99
5 B6 Flavodon flavus 99
6 B8 Eutypella sp. E9901« 10C
7 B9 Fusarium oxysporium 97
8 B1C Phoma multirostrata 99
9 B11 Alternaria porri 99
10 B13 Phoma sp. -
11 B14 Aspergillus aculeatus 99
12 B1& Fungal endophyte sp. XSY 1« 98
13 B1é Fusarium oxysporum isolate F1TK: 10C
14 B18 - -
15 B1¢ Fomitopsis cf. meliae KYO 10C
16 B22 Myrothecium verrucaria 99
17 B23 - -
18 B24 - -
19 B9 PINK Fusarium sp. 6241 99
20 B8 ORC Colletotrichum gloeosporioidesisolate OCaC 10C
100 r Bl
L Pleosporales_sp HM751829
1001 B"";
100 [ LPhoma_sp EF423518
% l (813 )
;g!ltgrnarm_parr.'_JF422728
ﬂ“r:F’n"u:)rrm_muItirostrca'tc:l_H(14432 12
100~ B4
94| LTrichoderma_harzianum_KC569346
100 —— B8
o 82 100 — Eut;geﬂausp_DQ480354
“{BS RG L
100l Colletotrichum_gloeosporioides JF710565
100 r B9_PINK
82 100 I—&g;gnumksp_J N903922
= H{Fusarium_oxysporum_ KC304813
100 57 mjl: Etliﬁgal endophyte_sp FJ025257
TI —B22" T
100 -] {rorhecium_ verrucaria_HM043804
ol Angergi
i é?s,perglﬂus_acu!eatusjX501384
LI [F!avadon Javus F1478126
i _flavus_

100

rB19 R ’
100 lggm:tops.'sucﬁgmehaeAABS40581

—
100%Fusarium“axgsporum_HF566400
Sistotrema_brinkmannii_DQ898

] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 2 - Unrooted Phylogenetic Tree based on ITS5.8S rDNA sequences of endophytic fungi
associated with Bacopa monnieri showing the relative position of different fungal
endophytes of this studynd their close relativeblumbers on nodes indicate bootstrap
values from 1000 replicates.

Enzyme activity production of different extracellular enzymes by
Enzymatic Index (El) values in Table 2 clearlythe endophytic fungi isolated froB. monnieri
suggested that there was a variation in théFig. 3). El ranged between 2.0 to 5.33.
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sm  Fusarium oxysporum B16. Lipase activities were
present in 98% of the endophytic fungi. The
endophyte B23 (El 4.25) showed significantly
higher level of lipolytic activity when compared to
others. It was observed that 26 and 31% of all the
endophytes were able to hydrolyse cellulose and
casein, respectively.
Endophyte B19 showed an El of 5.33 and 3.33 for
cellulose and casein hydrolysis, respectively.
These results were significantly different when
compared to other&omitopsis cf. meliae showed
the highest zone of clearance on both CMC as well
Figure 3 - A) Antimicrobial activity on nutrient-agar as skimmed milk plates. These results suggested
plate againsKlebsiella pneumonia The activities were that the ability to produce amylase, cellulase,
indicated by the appearance of inhibition zones) (Bilipase and protease. This could be related to the
Lip.olytic activ_ity on Tris—tributyrin agar diffusio plgte lifestyle adopted by the endophytic fungi in the
(1%/") Atmy'ﬁ'yt'fr’hac“l‘."tyl on /pmatol ‘i'e).(troset.a?t’a”tw host. Contrary to the results of the present study,
0 Sstarcn. e lipolyuc/ amylolytuc acuvi was .
determined by incubpati)rlltg the p)llate)g at 30°C)<‘orh96 Maria et al. (2005) reported that Ce”glase was
produced by all the mangrove endophytic fungi of

loaded with 6 mm disc containing 10 day old . .
endophytic cultures. The lipolytic/ amylolytic adties ~Southwest coast of India, whereas amylase activity

were indicated by the appearance of clear halos. was present only in a few of those. All the
endophytic fungal isolates produced proteases
or/and lipases, which suggested that they might be

Table 2 - Enzyme activity of the isolated endophytesOf relevance as bio-control agents. The genetic

from Bacopa monnieri. machinery required to produce cell wall degrading
I solated Enzymaic I ndex (EI) enzymes such as cellulase, may already be present
endogilytes Arz)ggse Lép?(-:\?e Cellglase Pr;tggse in endophytic fungi prior to the establishment of
B2 38" 3.41¢ 0 oY the symbiotic relationship with the host plant.
B3 3.37 3.08: 0 3 From an evolutionary perspective, these
B4 2.8¢ 2.58¢ 0 0 endophytic fungal strains may have adapted to the
B6 3.08: 2 0 0 - i i ;
B8 416 28 o 2 88 respective metabolic machinery of the host tissues
B9 2 32 2 66 0 0. to produce biomolecules not only important for
B1C 2.33 2.3¢ 0 0 their own biology, but also for the host plant's
B11 3.8¢ 2.91¢ 0 0 requirements.
B13 2.6€ 2.7¢ 0 0
B14 2.7¢ 0 0 0 I . .
B15 3. 266 0 0 Antimicrobial activity
B16 4416  3.16¢ 3 0 Results of antimicrobial activity are presented in
E%ﬁ ?g%f gg 533:3 3-35 Table 3 and Figure 3. All the endophytes (100%)
B23 2916 495 3 0 showed significant antimicrobial activity against
B24 oL 3.6€ 3 0 K. pneumonia, while seventeen endophytes
B9 PINK  2.91¢ 2.6¢€ 0 0 (89.5%) were active again§ aureus. Fourteen
B8ORC  33:  3.08:  2.6¢ 0 endophytes  (78.9%) showed  significant

antimicrobial activity againsB. subtilis and C.
. . _ albicans. Eleven (57.8%), nine (50%), four (21%)
Amylolytic activity was observed in all the endophytes were respectively active agaiBst
endophytic fungi (100%). The amylolytic activity typhimurium, E. coli and P. aeruginosa. B4 and

of endophytes Bl, B8 and B16 (El 4.83, 4.16519 showed 1Z more than the 1Z of the positive
4.416) was significantly different when compared.qntrol antibiotics.

to others. Highest amylase producers were
Pleosporales sp. B1, Eutypella sp. B8 and

Braz. Arch. Biol. Technol. v.57 n.5: pp. 714-722p80ct 2014



720 Katoch, M. et al.

Table 3 - Antimicrobial activity of the endophytic fungi isatied fromBacopa monnieri.

Isolated S.typhi- K. pneumonia E. coli B. subtilis P.aeroginosa S. aureus C. albicans
endophytes  murium
V4 R 1Z(mm) R 1Z(mm) R 1z R 1Zmm) R 1Z(mm) R 1Z(mm) R
(mm) (mm)
B1 19+0.2 + 27+0.58 + 215+0.2 + 12+1.0 - 13+0.5 - 214029 + 235+05 +
8 9
B2 21+1.0 + 275058 + 24.5+0.5 + 14+1.04 - 14+1.15 21.5+¢1.0 + 13+0.58 -
B3 22+0.5 + 28.5+1.04 + 27+0.87 + 20+0.58 + 22+0.1# 23+0.5 + 28+0.29 +
B4 26+0.2 + 28+1.0 + 255+0.2 + 19+1.52 + 12+1.0 - 20%#0.76 + 22425 +
9 9
B6 16+0.5 - 22+0.0 + 16+1.0 - 12+0.87 - 17.5+0.29 -19+0.58 + 27.5+1.15 +
B8 18+0.5 + 32+1.15 + 16.5+05 - 15+0.76 - 12£0.37 - 20.5#0.17+ 25+1.73 +
8 8
B9 19+0.8 + 31.5+0.76 + 155+0.7 - 18+25 + 16+0.58 - 17+0.87 - 29.5+0.1%
7 6
B10 20+1.0 + 33+1.73 + 18+1.04 + 22+1.15 + 14.5+#0.76 20.5+1.15 + 285+1.0 +
B11 1940.7 + 29+1.52 + 10.5+1.1 - 23+0.17 + 174173 - 17.5+1.04- 18.5+0.87 +
6 5
B13 13+.28 - 27+0.58 + 115417 - 20+1.73 + 14+1.0 - 18.5+0.58+ 29.5+05 +
3
B14 14405 - 275+05 + 11.5+1.0 - 16+1.0 - 15.5¢0.5 - 21+0.29 + 25.0#1.15 +
4
B15 16+0.2 - 19+2.5 + 10£0.29 - 20+0.76 + 18+1.82 + 21.5+0.76 22+1.04 +
9
B16 20+0.8 + 30+0.0 + 18+1.52 + 25+0.29 + 13+0.76 - 20.5x1.7A3 25+0.17 +
7
B19 25+0.7 + 27.5+087 + 255+0.1 + 23+1.04 + 135+0.29 - 23+1.15 + 11+1.0 -
6 7
B22 16+0.5 - 155+1.0 - 16.5+1.0 - 20+0.87 + 23+0.87 + 19+0.87 + 13.5%#0.76
8 4
B23 15+0.1 - 19.5+0.76 + 14+1.0 - 23+1.15 + 155+1.15 - 19+1.0+ 18.5+0.29 +
7
B24 16+0.5 - 21+0.17 + 15+0.87 - 20+0.58 + 16+0.58  -24+0.17 + 16+0.58 -
B9 PINK  18+1.0 + 27.5+0.28 + 23.5#0.5 + 25+0.17 + 585 - 22#1.04 + 25+1.52 @+
B8 ORG 15+0.2 - 2154115 + 22+1.15 + 27.540. + 27+0.17 + 275+05 + 18+0.87 +
9 29
Streptomycin 20 + 225 + 18.7 + 18 + 25 + 18 + *
Amphotericin * * * * * * 24.6 +
B

*Not assayed R, results; + active; -inactive, IHiloition Zone

B8B8ORG showed highest activity again®. Endophytes have been reported as prolific
subtilis, P. aeroginosa andS. aureus, whereas B9 producers of antimicrobial compounds. Devraju
PINK and B16 showed highest activity agaikst and Sreedharamurthy (2011) screened agar discs
pneumonia, B. subtilis andC. albicans. B9 PINK  of four Fusarium sp. isolated fromMirabilis
showed homology witlr. oxisporum. B1, B2 and jalapa and found that Gram positive bacteria were
B11 showed greatest activity againsK. more susceptible compared to Gram negative
pneumonia, whereas B6 showed highestbacteria. Many studies have indicated that
antimicrobial activity againgt. albicans. B4 and Fusarium sp. is the most common species and a
B19 showed maximum activity againsg  potent source of bioactive compounds among the
typhimurium, K. pneumonia, and E. coli, whereas endophytes from medicinal plants. Antimicrobial
B3 showed the highest activity againgt. compounds such as the penta-ketide (CR377: 2-
pneumonia, E. coli, andC. albicans. B8, B9, B10, methylbutyraldehyde-substitutedpyrone),

B13, and Bl4showed maximum activity against beauvericin, subglutinol A and B froffusrarium

K. pneumonia, and C. albicans. B15, B22, B23 sp, which were respectively isolated from
and B24 did not produce any ZlI. Slagindla pallescens, Cinnamomum kanehirae,
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