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Abstract

Sixteen fungal strains isolated from the Erigeron canadensis, one of traditional
Chinese medicines used to treat the pathogenic infection and dysentery, were
evaluated for their antifungal activities against one human pathogen Candida
albicans, and two phytopathogens, Colletotrichum fructicola and Rhizoctonia
cerealis. The bioassay results indicated that the ethyl acetate extract of the
fermentation broth of these fungal endophytes had stronger antimicrobial
activities. Among these endophytic strains, the ethyl acetate extracts of strains
NPR0O03 and NPRO005 showed the strongest inhibitory effects and has
potential application in the discovery of new antifungal agents. This was the
first report on the isolation of endophytic fungi from E. canadensis and
evaluation of their antifungal activities.

Introduction

Fungal infection is an important life-threatening dis-
ease, which annually causes the death of millions of
people (Xie et al., 2014) and the great loss of crop
production (Bennett et al., 2012). Effective and efficient
control of fungal pathogens can be achieved by the use
of chemically synthetic fungicides. However, a limited
repertoire of eco-friendly and low toxic antifungals are
used all over the world. Thus, there is an urgent need to
search for alternative approaches to accelerate the dis-
covery of more biocontrol agents to treat fungal infec-
tions and their drug resistance. A growing evidence
indicates that endophyte, a special microbial commu-
nity colonized in healthy plants, is one of the rich
sources of bioactive natural products with great
potential application in the fields of medicine and
agriculture (Zhang et al., 2006; 2014). Isolation and
antifungal evaluation of endophytic microbe would
provide a better alternative way to identify novel
antifungal agents.

Erigeron canadensis Linn., called horseweed widely dis-
tributed in China, is one of the herbaceous Chinese
medicines used to treat intestinal diseases (Park et al.,
2013; Wu et al., 2015). Modern pharmacological study
showed that E. canadensis has strong bioactivties, inclu-
ding anti-inflammation (Sohn et al., 2009; Sung et al,,
2014), anticoagulant and antiplatelet activity (Pawlacyk
et al., 2011), inhibition of melanogenesis (Hong et al,,
2008), cytotoxicity (Choi et al., 2008) and antifungal
activity (Curini et al., 2003). Up to now, however, there
is no report on biology and chemistry of endophytic
microbes from this medicinal plant. In our continuous
investigation of antimicrobial fungi derived from the
plants (Zhang et al.,, 2012; 2014; 2015), 16 endophytic
strains (numbered as NPR001-NPR016) were isolated
from E. canadesis and evaluation of their antifungal
effects was carried out in this work.

Materials and Methods

The healthy plant of E. canadensis was obtained from the
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Xiasha campus of Hangzhou Normal University, Hang-
zhou, China and used for the endophyte isolation
within 48 hours after harvest. Three testing fungal
pathogens, including one human pathogen, Candida
albicans, and two plant pathogens, Colletotrichum
fructicola and Rhizoctonia cerealis, were from China
Center for Type Culture Collection (CCTCC). All
chemicals used in this project were of analytical grade.

Isolation of endophytic strain

Endophytic fungal strains from E. canadensis were isola-
ted according to our reported procedure (Zhang et al,,
2012; 2014; 2015). All these fungal strains were trans-
ferred into potato dextrose agar (PDA) slants followed
by storing at 4°C.

Fermentation and preparation of ethyl acetate extract
of fungal endophyte

Each fungal strain was cultured on PDA at 28°C for 7
days. Then a balanced amount of fungal colony was
transferred to culture broth in a 500 mL erlenmeyer
flask, which contained 200 mL sterilized potato dex-
trose broth (PDB) followed by shaking at 150 rpm for 15
days at 28°C. By the end of fermentation, the mycelium
and the culture broth were separated by centrifugation
at 4,500 rpm for 15 min at 4°C. The fermentation broth
was extracted twice with 400 mL ethyl acetate (Merck).
Then the upper solvent was evaporated at 20°C in
vacuum to yield the ethyl acetate extract, which
possibly had antimicrobial substances metabolized by
fungal endophyte. Each afforded extract was kept in a
vacuum drier for 3 days and dissolved in dimethyl
sulfoxide (DMSO, Merck) before bioassay. The final
concentration of each ethyl acetate extract had three
levels, including 0.1, 1, 10 mg/mL.

Antifungal test

The antifungal assay was carried out using disc
diffusion method (Zhang et al., 2012; 2014; 2015). Three
fungal blocks of C. albicans, C. fructicola and R. cerealis
were respectively transferred into three 500 mL
erlenmeyer flasks, each flask had 200 mL sterilized
PDB. The seed liquid was prepared after incubation at
28°C on a rotary shaker at 150 rpm for 3 days. Firstly, 5
mL melt water agar (WA) medium was evenly poured
into petri dishes (@ = 90 mm). Secondary, 200 pL seed
liquid was added to fresh NA medium and mixed well.
Thirdly, the same amount of fresh NA medium was
poured on the solidified WA medium and the testing
plate with double medium for antifungal bioassay was
prepared. After 5 holes (@ = 6 mm) were equidistantly
drilled on inoculated media, a piece of standard sterile
filter paper (@ = 6 mm) was put in one hole followed by
adding 100 pL ethyl acetate extract of endophytic
fungal strain. Amphotericin B (30 pg/disk, Sigma-
Aldrich) was used as the positive control and the pure
DMSO or sterilized water was the negative control. The

diameter of inhibition zone (in mm) was measured to
assess antifungal activity. All tests were carried out in
triplicate.

Results

Biological investigation of endophytic fungi from
healthy E. canadensis lead to isolation of sixteen fungal
strains (NPR001-NPRO16), which seven stains NPR001-
NPR007 were from roots, two strains NPR0O08-NPR009
from flowers, five strains NPR010-NPR014 from stems,
and two strains NPR015-NPR016 from leaves. The
antifungal bioassay results were shown in Table I.

The ethyl acetate extracts of endophytic fungi had
different inhibitory effect on fungal pathogens,
including C. albicans, C. fructicola and R. cerealis.
Generally, their antifungal activities were in a
concentration-dependent manner. Among these fungal
endophytes, two strains NPR003 and NPR005 had a
broad spectrum of antifungal activities against all
testing pathogens. As far as the human fungal pathogen
C. albicans concerned, 7 strains NPRO003-NPRO0O05,
NPR007, NPR009, NPR012 and NPRO013 exhibited
stronger inhibitory effect than others at the same
concentration. Five endophytic strains (NPRO0O3,
NPRO005, NPR006, NPR0O10 and NPR015) and 2 strains
(NPRO01 and NPR005) showed potent activity against
C. fructicola and R. cerealis, respectively.

Discussion

According to symbiosis theory, endophytic microbe has
the ability to biosynthesize some ‘phytochemicals’
originally from their host plants (Zhang et al., 2014). A
growing evidence suggests that fungal endophytes are
widely distributed in healthy plant organs and have
abundant biodiversity and chemodiversity. Bioactive
extracts and natural products derived from endophytic
fungi would effectively accelerate new drug discovery
and contribute to the development of green agriculture.

In the present work, sixteen fungal strains (coded as
NPRO01-NPR016) were characterized from E. canadensis
Linn. Bioassay results showed that the ethyl acetate
extracts of strains NPR0O0O3 and NPRO005 exhibited
potent inhibitory effects on all test pathogens, which
were in a concentration-dependent manner. It also
indicated that strains NPR0O03 and NPR005 were the
best biocontrol candidates and had potential applica-
tion in medicine and pesticide industry.

Up to now, strains NPR0O03 and NPR0O05 were
respectively identified as Alternaria spp., Aspergillus
spp. by 185 rDNA sequence analysis and morphological
properties. Bioassay-guided fractionation of the ethyl
acetate extracts of the scale-up fermentation broth of
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Table I
Antifungal activities of ethyl acetate extracts of endophytic fungi from Erigeron canadensis
Strain No. Concentration mg/mL Antifungal effects
Candida albicans Colletotrichum fructicola Rhizoctonia cerealis
NPROO1 0.1 - - -
1 - - +
10 + + ++
NPR002 0.1 - - -
1 + . -
10 + + +
NPRO003 0.1 + =
1 ++ ++ +
10 +++ ++ ++
NPR004 0.1 - - -
1 + - +
10 ++ - +
NPRO005 0.1 + + +
1 ++ ++ ++
10 4+ o+ o+
NPRO06 0.1 - . -
1 - + =
10 = ++ +
NPRO07 0.1 + - -
1 ++ = -
10 ++ + =
NPRO008 0.1 - - -
1 - - -
10 + - +
NPRO009 0.1 + - -
1 ++ = =
10 ++ + +
NPRO10 0.1 - - -
1 = + +
10 = ++ +
NPRO11 0.1 - - -
1 o o
10 + + -
NPRO012 0.1 - - -
1 ++ + -
10 ++ + +
NPRO13 0.1 + - -
1 + - +
10 ++ + +
NPR014 0.1 - - -
1 - -
10 . . :
NPRO15 0.1 + - -
1 + + =
10 + ++ +
NPRO16 0.1 - - -
1 - - -
10 + - +
Amphotericin B 30 pg/disk ettt ettt ettt
DMSO - - -

aExpressed by the diameter of inhibition zones: -, no inhibition; +, <10 mm; ++,10-15 mm; +++, 16-20 mm; ++++, >20 mm
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strain NPR0O03 led to the isolation of five
tricycloalternarene (TCA) analogs, which had anti-
microbial and cytotoxic effects (Wang et al., 2013). Our
findings would supply an important reference to
discover a new source of TCA compounds as
antimicrobial agents.

Conclusion

This was the first report on isolation and evaluation of
antimicrobial effect of endophytic fungi from E.
canadensis.
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