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Endophytic fungi from healthy leaf tissues of Houttuynia cordata Thunb., a widely used ethnomedicinal plant of
Northeast India, were investigated, and an attempt has been made to characterize the antimicrobial metabolites from
some potent endophytic strains. Altogether, 56 endophytic fungal isolates were obtained from surface-sterilized leaf
fragments of H. cordata. The endophytes consisted of fungi belonging to genera Colletotrichum, Curvularia, Bipolaris,
Corynespora, and Pseudozyma and non-sporulating fungi categorized as mycelia sterilia. Assay for antimicrobial
activity revealed that 73.07% of the isolates showed activity against the test pathogens in varying degrees, whereas
92.32% of the isolates showed anticandida activity against Candida albicans. Among the isolates, two endophytic
fungi identified as Colletotrichum coccodes and Phyllosticta capitalensis showed a significant antimicrobial activity
against all the test pathogens. The metabolites obtained from C. coccodes revealed the presence of different functional
groups and bioactive compounds such as geranylgeraniol, farnesol, hexacosanol, oleic acid, and squalene. Metabolites
obtained from P. capitalensis also showed various functional groups and the presence of bioactive compound,
1-Octacosanol among several others. The study indicated that the ethnomedicinal plants are colonized by the rich
diversity of endophytic fungi with antimicrobial activity. A further detailed investigation could practically lead to the
development of pharmaceutical agents in the future.

INTRODUCTION

of these endophytic fungi have been reported to produce many

In recent times, there has been increasing use of
herbal products for curing various ailments as a result of which
active compounds obtained from medicinal plants have become
very popular. In fact, several drugs for the treatment of various
infectious diseases and anticancer agents are of plant origin.
However, as a result of overexploitation, many of these plant
resources are gradually declining, and some are in the verge of
extinction. However, now, it is well established that these plants
harbor some distinct microbes known as endophytes, which
are defined as microbes colonizing healthy inner plant tissues
asymptomatically and exert beneficial effect to its host. A number
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new and interesting bioactive metabolites with wide therapeutic
applications. During the recent years, endophytic fungi colonizing
medicinal plants have gained special attention because of the fact
that these microbes were found to produce similar molecules and
sometime with more bioactivity as their respective hosts. Zhang
et al. (2006) thought that fungal endophytes harboring medicinal
plants could be good sources for the production of pharmaceutical
products. At present, several endophytic fungi obtained from
medicinal plants received significant attention because many new
and interesting bioactive metabolites have been reported from
them. Strobel and Daisy (2003) suggested that plants belonging
to biodiversity-rich regions and home to numerous endemic
species may be inhabited by potent endophytes that might produce
interesting chemical compounds with significant bioactivity.
The northeast region of India, which occupies a major part of
Indo-Burma Belt, is rich in medicinal plants and is also home
to a large number of ethnic tribes. These communities, through
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generations, possess ethnopharmacological experience and have
vast knowledge on the effective treatment of various diseases
using medicinal plants. This knowledge is kept secret and usually
passed on to the next generations mostly through oral traditions
as a secret within families. However, there is meager information
on endophytic fungi associated with these plant resources, and
metabolites that they produce have not been investigated so far
for bioactivity. Houttuynia cordata Thunb., belonging to family
Saururaceae, commonly known as “Fish mint” is an important
folk medicinal plant for the ethnic communities of Northeast
India. Yang and Jiang (2009) reported that H. cordata showed
an extensive array of pharmaceutical properties that include anti-
inflammatory, antibacterial, antiviral, anticancer, antioxidative as
well as antimutagenic effects (Yang and Jiang, 2009). Recently,
injectable H. cordata is being used clinically for the treatment of
various infectious diseases, inflammation, and anaphylaxis. Pan
et al. (2016) investigated the endophytic fungi from H. cordata
of China and reported to have a wide-spectrum antifungal activity
against plant pathogens (Pan er al., 2016). Here, we isolated
endophytic fungi from the healthy leaf tissues of H. cordata,
of Northeast India with an aim to determine the antimicrobial
potential of the fungal strains against some human pathogenic
test microorganisms and characterize the secondary metabolites
produced by some of the potent isolates.

MATERIALS AND METHODS

Sample collection and isolation of endophytic fungi

Healthy leaves of H. cordata were collected from four
different sites of Assam, Northeast India. The plant species was
thoroughly identified, and a herbarium specimen was deposited at
the herbaria of the Department of Botany, Gauhati University, with
accession no. 18538. From the site, five individual healthy plants
were selected randomly, and the leaves were collected in sterile
polybags. The collected samples were immediately brought to the
laboratory and processed for the isolation of endophytic fungi.
The healthy leaf samples were washed thoroughly under running
tap water, followed by washing with 10% mild biodetergent and
finally with double distilled water to remove the surface debris. For
the isolation of endophytic fungi, the leaves were surface sterilized
following Tayung and Jena (2013) with slight modifications (Tayung
and Jena, 2013). Surface sterilization was performed by sequentially
dipping the leaf samples in 70% ethanol (3 minutes) followed by
0.5% sodium hypochlorite (2 minutese), then rinsed thoroughly
with sterile distilled water (1 minute), and finally, kept for drying
over sterile blotting paper under the laminar air flow chamber. The
surface sterilized leaves were then punched into circular fragments
of about 0.5 mm diameter using a sterile puncture. The surface-
sterilized fragments were then inoculated into Potato Dextrose Agar
(PDA) medium supplemented with streptomycin sulfate (50 pg/ml)
and then incubated at 25°C + 2°C for 2 weeks. The plated fragments
were observed once a day for the growth of any endophytic fungal
mycelium. Hyphal tips of endophytic fungi growing out of the
surfaced sterilized leaf fragments were transferred to PDA slants
and stored at 4°C for the further study.

Identification of endophytic fungi

The endophytic fungal isolates were identified based
on their morphological and microscopic characters by growing

them on PDA medium referring to standard identification manuals
(Barnett and Hunter, 1996; Damm et al., 2012; Gilman, 1971).
Species confirmation of the endophytic isolates that showed
prominent bioactivity was determined by internal transcribed
spacer (ITS) rDNA sequence analysis.

Fungal cultivation and metabolite extraction

Pure and actively growing endophytic fungi were
cultivated separately in Erlenmeyer flasks containing 100 ml of
potato dextrose broth medium. These were then incubated at 28°C
for 2-3 weeks in a BOD shaking incubator with periodic shaking
at 120 rpm. After a specified incubation period, the fungal cultures
were filtered through sterile Whatman filter paper to remove
mycelia. The liquid broth was collected and extracted using an
equal volume of ethyl acetate by vigorously shaking for 10-15
minute in a separating funnel. In the process, the medium and cell
debris got separated, and the solvent thus obtained was collected.
The solvent was then evaporated in a rotary evaporator, and the
crude ethyl acetate extracts were obtained. The extracts were
further concentrated and dried with MgSO,. The concentrated
crude extracts were then dissolved in dimethyl sulfoxide (DMSO)
and stored at 4°C for the determination of antimicrobial activity
assay.

Determination of antimicrobial activity

The antimicrobial activities of the extracted crude
metabolites were determined through agar cup diffusion method
against some clinically significant human test pathogens.
The test organisms included three bacterial pathogens,
namely, Staphylococcus aureus (MTCC 737), Pseudomonas
aeruginosa (MTCC 424), and Escherichia coli (MTCC 443)
and one pathogenic fungus, Candida albicans (MTCC 227).
The pathogenic test organisms were procured from the Institute
of Microbial Technology, Chandigarh, India. The bacterial and
fungal test pathogens were activated by cultivating them on freshly
prepared nutrient agar (NA) and sabouraud dextrose agar (SDA)
media, respectively. Meanwhile, sterile NA and SDA plates were
prepared, and the plates were inoculated with 0.2 ml of overnight
grown bacterial and fungal cultures containing 1.0 x 10°cells. A
lawn culture was made over each plate by evenly spreading the
inoculum with the help of a sterile cotton swab. Agar cups were
made in the plates with a sterile cork borer (7 mm in diameter). The
cups were then filled in 100 pl of the crude metabolites obtained
from the endophytic fungi. Plates were then incubated at 37°C +
1°C for 24 hours for bacterial and at 28°C + 1°C for 48 hours for
fungal pathogens. Antimicrobial activity was determined by the
appearance of clear zones of inhibition against the test organism
around the agar cups. DMSO was used as the negative control for
the assay.

Characterization of fungal metabolites

The metabolites that showed significant antimicrobial
activity were characterized by both fourier- transform infrared
(FTIR) and gas chromatography- mass spectrometry (GCMS)
analyses. FTIR analysis was performed using Thermo Nicolet
iS10 FTIR Spectrometer (Thermo scientific) instrument. About
1 mg of dried ethyl acetate extract of endophytic mixed with 10
mg of anhydrous potassium bromide was used to prepare the KBr
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pellet. For 32 scans, the spectra were recorded from 400 cm™ to
4,000 cm™. The resolution used was 4 cm™', and the spectra thus
obtained were recorded and analyzed. The compounds were further
identified using a Perkin Elmer TurboMass Spectrophotometer
(USA) of model Claurus 680 Gas chromatography/Claurus 600
Mass spectrometer (GC with liquid autosampler). Perkin Elmer
Elite-5MS capillary column was used, which had a length of 60 m
and an internal diameter of 0.25 mm and composed of 5% diphenyl
95% dimethyl polysiloxane (low bleed). Helium at a flow rate of 1
ml/minute was used as the carrier gas. About 1 ul of the prepared
1% of extract diluted with methanol was injected in a splitless
mode. The inlet temperature was maintained at 250°C. The oven
temperature was set initially at 60°C for 5 minutes, then increased
to 180°C at a rate of 10°C and holding time of about 5 minutes,
and then again set at 280°C at a rate of 20°C for 5 minutes. The
temperature of the MS transfer line was maintained at 200°C,
and the source temperature was maintained at 180°C. Total run
time was 37 minutes. GC-MS analysis was done using electron
impact ionization at 70 eV. Data were evaluated using total ion
chromatogram for compound identification and quantification.
The identification of chemical compounds present in the extract
was performed by comparing their respective retention time (RT)
and mass spectra fragmentation patterns with data from those

stored in the library of the National Institute of Standard and
Technology (NIST) and also with available published literature.
All the identified components were summarized in terms of
relative peak area percentage.

RESULTS AND DISCUSSION

Isolation and identification of endophytic fungi

Endophytic fungi are ubiquitous and known to be
distributed naturally in both temperate regions and tropical
rainforests. Medicinal plants are known to harbor many endophytic
fungi which have been reported to be involved in the co-production
of active metabolites (Alvin et al., 2014). In this study, endophytic
fungi associated with H. cordata, an ethnomedicinal plant of
Northeast India, were investigated for antimicrobial metabolites.
Altogether, 56 endophytic fungal strains were obtained from
surface-sterilized leaf fragments of H. cordata in PDA medium.
Previous workers from China have also isolated endophytic fungi
from H. cordata on PDA medium (Pan ef al., 2016). Furthermore,
in many instances, PDA medium has been primarily used for the
isolation of endophytic fungi. The isolated endophytes consisted
of fungi belonging to genera Colletotrichum, Curvularia,
Bipolaris, Corynespora, and Pseudozyma and non-sporulating

Table 1. Composition of endophytic fungi in healthy leaf tissues of H. cordata isolated from four different sites of Assam.

Locations

Endophytic fungi — — — —— TmBeMeNN gy P ofdominne
Colletotrichum siamense 1 - - - 1 0.83 1.77
Colletotrichum fructicola 1 - - - 1 0.83 1.77
Colletotrichum capsici 3 - - - 3 2.50 5.36
Colletotrichum sp.1 - - 1 - 1 0.83 1.77
Colletotrichum acutatum - - 2 - 2 1.67 3.58
Colletotrichum dematium - - - 6 6 5.00 10.71
Colletotrichum sp.2 - - 4 - 4 3.34 7.15
Colletotrichum sp.3 - 2 - - 2 1.67 3.58
Colletotrichum sp.4 - 1 - - 1 0.83 1.77
Curvularia sp. - - - 2 2 1.67 3.58
Bipolaris sp. - - - 1 1 0.83 1.77
Corynespora sp.1 - - - 1 1 0.83 1.77
Corynespora sp.2 - - - 1 1 0.83 1.77
Pseudozyma sp. - - 1 - 1 0.83 1.77
Morphotype sp.1 2 - - - 2 1.67 3.58
Morphotype sp.2 2 - - - 2 1.67 3.58
Morphotype sp.3 3 - - - 3 2.50 5.36
Morphotype sp.4 - 3 - - 3 2.50 5.36
Morphotype sp.5 - 2 - - 2 1.67 3.58
Morphotype sp.6 - 1 - - 1 0.83 1.77
Morphotype sp.7 - 4 - - 4 3.34 7.15
Morphotype sp.8 - 2 - - 2 1.67 3.58
Morphotype sp.9 - 4 - - 4 3.34 7.15
Morphotype sp.10 - - 1 - 1 0.83 1.77
Morphotype sp.11 - - - 2 2 1.67 3.58
Morphotype sp.12 - - - 3 3 2.50 5.36
Total no. of isolates 12 19 9 16 56 46.68%

CF = Colonizing frequency, HW = Hawly, JL = Jalukbari, SN = Sonapur, TZ = Tezpur.
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fungi categorized as mycelia sterilia (Table 1). The dominant
endophytic fungi comprised of fungal class Deuteromycetes. Such
results were also obtained by many workers from several medicinal
plants such as Withania somnifera and Achyranthes aspera (John
and Mathew, 2017; Khan et al., 2010). The overall colonization
frequency of endophytes was found to be 46.68%, of which the
highest colonization frequency was shown by fungi belonging to
mycelia sterilia (23.36%) followed by the genus Colletotrichum
(19.19%), Curvularia (1.67%), Bipolaris (0.84%), Corynespora
(1.67%), and Pseudozyma (0.84%) (Table 1).

In various instances, the genus Colletotrichum has been
reported as dominant endophytic fungi from several medicinal
plant species (John and Mathew, 2017; Siqueira et al., 2011,
Thalavaipandian, 2011). However, this is the first report from
H. Cordata leaf tissue. Pan et al. (2016) reported Chaetomium
globosum as an endophyte from H. Cordata tissues collected
from Yaan City, Southwest China (Pan et al., 2016). It was very
interesting to note that unicellular ustilaginomycetous anamorphic
yeast, Pseudozyma sp., was isolated from H. cordata leaves as
an endophyte. Although the occurrence of Pseudozyma sp. as
endophyte is rare, the association of this species as endophytic
fungi has been reported from Hyoscyanus muticans, a medicinal
plant collected from Yamaguchi, Japan (Abdel-Motaal e al.,
2009). In this study, a variation in the colonization frequency of

endophytic fungi was observed among the sites which might be
due to various environmental factors. Many workers thought that
endophytic fungal communities vary along with time and space
and are also governed by climatic and environmental conditions
(Coince et al., 2013; Fisher et al., 1994; Gao et al., 2005;
Jumpponen and Jones, 2010; PerSoh, 2015).

Antimicrobial activity of endophytic fungi

There are substantial evidences that endophytic fungi
isolated from medicinal plants produce bioactive metabolites with
antimicrobial and anticancer properties (Deng, 2009; Xiaoli et
al., 2008). Therefore, in this study, the endophytic fungal isolates
were evaluated for antimicrobial activity against some human test
pathogenic organisms of clinical importance. The study revealed
that 73.07% of the isolates showed an antimicrobial activity
inhibiting at least one of the test pathogens in varying degrees,
whereas 92.32% of them showed anticandida activity against
C. albicans (Table 2). Pan et al. (2016) also isolated several
endophytic fungi from fresh, symptomless H. cordata tissues of
Southwest China (Pan et al., 2016). However, those endophytes
were evaluated for antifungal activity against plant pathogens. The
antimicrobial activity of the endophytic fungi may be attributed
to the medicinal properties of H. cordata. There are numerous
reports of endophytic fungi isolated from medicinal plants to

Table 2. Antimicrobial activity of endophytic fungal isolates of H. cordata against some human test pathogens.

Isolate code Endophytic fungi C. albicans S. aureus E. coli P. aeruginosa
HC3 Colletotrichum siamense ++ + - T+
HC6 C. fructicola + + ++ _
HC7 C. capsici + Tt N N
HCS4 C. acutatum + + ++ +

HCTI13 C. dermatium ++ + —+ n
HCS3 Colletotrichum sp.1 +++ +++ -+ .
HCSS8 Colletotrichum sp.2 ++ ++ + +
HCJ7 Colletotrichum sp.3 + ++ + ++
HCI19 Colletotrichum sp.4 + + - ++
HCTI1 Curvularia sp. ++ + 4+ +
HCT10 Bipolaris sp. + - + +
HCTS Corynespora sp.1 ++ - + -
HCT9 Corynespora sp.2 + + ++ -
HCS2 Pseudozyma sp. + + - +
HC1 Morphotype sp.1 - ++ ++ +
HCS Morphotype sp.2 ++ ++ - _
HC10 Morphotype sp.3 - - - —
HCJ2 Morphotype sp.4 ++ ++ ++ T+
HCJ6 Morphotype sp.5 ++ ++ ++ .
HCJ5 Morphotype sp.6 ++ ++ ++ T+
HCJ11 Morphotype sp.7 ++ ++ ++ ++
HCJ14 Morphotype sp.8 ++ + S+ _
HCI18 Morphotype sp.9 ++ ++ ++ ++
HCS6 Morphotype sp.10 -+ ++++ -+ e
HCTS Morphotype sp.11 + 4 ++ T+
HCTI11 Morphotype sp.12 ++ ++ ++ +t

“~no inhibition; “+” < 10 mm; “++” > 10-14 mm; “+++” > 15-20 mm; “++++"> 20 mm.
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display the antimicrobial activity inhibiting human pathogenic
microorganisms (Li ez al., 2005; Tong et al., 2011). Among the
endophytes, two isolates showed a significant antimicrobial
activity by inhibiting all of the test pathogens (Table 2 and Figs. 1
and 2). The isolates were designated as Colletotrichum sp.1 strain
“HCS3” and a non-sporulating fungus designated as Morphotype
sp.10 strain “HCS6.” These isolates were later identified to be
Colletotrichum coccodes and Phyllosticta capitalensis through
ITS rDNA sequence analysis.

Inmany instances, endophytic Colletotrichum sp. isolated
from medicinal plants has been reported to show the antimicrobial
activity against a broad range of pathogenic microbes, and thus,

the results collaborate with the findings of many previous workers
(Gond et al., 2005; Siqueira et al., 2011; Zou et al., 2000). Ethyl
acetate extracts of both the endophytic fungi under optimized
conditions showed a significant antimicrobial activity against the
pathogenic test organisms (Table 3).

Characterization of secondary metabolites

Endophytes are considered as chemical synthesizers
inside their respective host (Owen and Hundley, 2004). Currently,
several endophytic fungi inhabiting medicinal plants have been
reported to possess unique chemical diversity and bioactivities
for exploitation as therapeutic agents. We, therefore, investigated

MTee 443

Figure 1. Antimicrobial activity of the crude extract of C. coccodes HCS3 against all the test pathogens. CC = C. coccodes, SS = Streptomycin sulfate, DMSO =

Dimethyl sulfoxide.

MTee 221

Figure 2. Antimicrobial activity of the crude extract of P. capitalensis HCS6 against all four test pathogens. PC = P. capitalensis, DMSO = Dimethyl sulfoxide.
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the metabolites obtained from the two potent endophytic fungi
by FTIR and GCMS analyses. FTIR spectroscopic analysis of
the ethyl acetate extract obtained from the endophytic fungus, C.
coccodes (HCS3), showed presence of different functional groups
as revealed from the spectra at different wavelengths. Among
different compound classes, wavenumber obtained at 1,746 cm™
showed the presence of the ester functional group, which is known
to be d-lactones. This compound class is reported to have antitumor
property (Yixi, 2015). Similarly, FTIR analysis of the ethyl acetate
extract of P. capitalensis (HCS6) also showed the presence of
various function groups at different wavelengths. Some of them
were alkenes, amines, aromatic esters, and nitro compounds.

The metabolites were further characterized by GCMS
analyses. The chromatogram of the metabolite obtained from

Table 3. Antimicrobial activities of ethyl acetate extracts obtained from C.
coccodes (HCS3) and P. capitalensis (HCS6) against selected test pathogens.

Zone of inhibition (in mm)

Talukdar et al. / Journal of Applied Pharmaceutical Science 10 (09); 2020: 099-106

C. coccodes indicated the presence of several peaks at different
RTs. The compounds were identified based on their peak area,
RT, molecular weight, and molecular formula. For interpretation
of the mass spectrum, the database of NIST was used along with
available published literature. The major compounds present
in the extract were identified as geranylgeraniol, farnesol, and
squalene at a peak value of 53.121 (Fig. 3). Available works of
literature revealed that these compounds have bioactive properties.
Geranylgeraniol has been reported to possess antibacterial activity
against S. aureus (Kobayashi et al., 2005). Another compound,
namely, farnesol is reported to be an antiquorum sensing molecule,
reducing the virulence factor of C. albicans (Derengowski et al.,
2009). It should be noted that the extract showed a considerable
antimicrobial activity against S. aureus and C. albicans in the
in vitro antimicrobial assay. Thus, the antimicrobial activity of
the crude extract might be attributed to the presence of these
compounds. The extract also contains squalene, which is known
to be a phytosterol, and this compound is reported to have

Endophytic fungi antioxidant and cytotoxic activities against human cancer cells
s. E. coli P i C. albi .
e o fdorgmon g (De Los Reyes, 2015). However, no studies have been undertaken
€. coccodes 19£0.57 - 19+£057 18+1.00 21100 so far to evaluate the anticancer potential of endophytes isolated
P capitalensis_ 23+1.00  14+1.00 14+1.00 224057 from H. cordata although the extract of this plant is reported to
“+» = Standard Deviation with a number of trials, n = 3. have anticancer activity (Lai et al., 2010). Further, the GCMS
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Figure 3. GCMS chromatogram of ethyl acetate extract of C. coccodes (HCS3) showing the mass spectrum of peak 53.121 with three major identified compounds.
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Figure 4. GCMS chromatogram of ethyl acetate extract of P. capitalensis (HCS6) showing the mass spectrum of peak 45.769 with one major identified compound.

analysis of the ethyl acetate extract of P. capitalensis revealed the
presence of one major compound identified as 1-Octacosanol in
the chromatogram (Fig. 4). This compound has been reported to
exhibit good antioxidant and antibacterial activity (Sengupta et
al., 2018).

Endophytic fungi inhabiting medicinal plants have been
reported to produce the same or analogous bioactive secondary
metabolites as their hosts. This has been exemplified by the first
report of endophyte, Taxomyces andreanae, which produces
identical bioactive secondary metabolite “taxol” (paclitaxel)
similar to its host, Taxus brevifolia (Stierle et al., 1993). Thereafter,
numerous studies have revealed that plant-derived secondary
metabolites are produced by endophytes (Zhao et al., 2011). In
this study, the extracts derived from endophytic fungi isolated
from H. cordata showed similar biological properties with the host
plant. Liang et al. (2005) reported that the antimicrobial activity
of H. cordata has been attributed to its volatile oil components
(Liang et al., 2005). This has generated speculation in the research
so as to whether bioactive compounds originating from plant
sources are actually produced by plants only or their endophytic
microorganisms or both of the partners facilitate the production of
active metabolites. However, if the microbial origin of the bioactive
metabolites is obtained, it would be ecasier to derive the active
molecules without exploiting the plant. This study thus indicates
that ethnomedicinal plants are colonized by distinct endophytic

microbes, which could be explored for bioactive metabolites for
use as therapeutic agents in future research programmes.

CONCLUSION

The result of this study indicated the presence of diverse
endophytic fungal communities in the healthy leaf tissues of H.
cordata and their capability to produce antimicrobial metabolites
for future drug discovery. Among the endophytic fungi, two isolates
identified as C. coccodes (HCS3) and P. capitalensis (HCS6)
displayed a significant antimicrobial activity. The characterization
of the potent isolates revealed the presence of various bioactive
compounds. Such findings provide a promising opportunity for
the development of antimicrobial drugs from medicinal plant-
associated endophytic fungi.
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