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Abstract

In a study designed to determine the antibacterial potential of endophytic
fungi inhabiting plants of Cyperaceae family, 72 morphologically distinct
endophytic fungi were isolated from six plants and their antibacterial
activities against two Gram positive and three Gram negative pathogenic
bacterial species were examined. Two antibacterial metabolites from two
endophytes were also isolated and their chemical structures and minimum
inhibitory concentrations were determined. Sixty six fungal extracts (92%)
were active against at least one bacterium tested. Butyrolactone I isolated
from the Aspergillus terreus and 9-epi viridol isolated from Trichoderma virens
exhibited MIC values in the range 128-256 pg/mL against Gram positive
Bacillus subtilits, Staphylococcus aureus, methicillin resistant S. aureus (MRSA)
and Escherichia coli. Both compounds were inactive against other micro-
organisms tested. This study confirmed that Cyperaceae plants harbor
numerous endophytes that produce antibacterial metabolites active against
both Gram positive and, to a lesser extent, Gram negative bacteria.

Introduction

Notwithstanding extensive efforts towards their
suppression resistant bacterial infections have persisted
causing morbidity and mortality and continue to be a
serious threat to the human health (Ventola, 2015a).
According to the Surveillance and Control of Pathogens
of Epidemiologic Importance (SCOPE) project, the
number of nosocomial infections due to Gram positive
bacteria have increased steadily while those due to
Gram negative bacteria have remained steady (Edmond
et al., 1999; Rice, 2006). Among the Gram positive
pathogens, methicillin resistant Staphylococcus aureus
(MRSA), drug resistant Streptococcus pneumonia (DRSP),
mono to multiple drug resistant Mycobacterium tubercu-
losis and vancomycin resistant enterococci species play
leading roles in causing infections (Sader et al., 2009;

Woodford and Livermore, 2009). Gram negative bac-
teria are also becoming resistant to nearly all the
antibiotics available. Klebsiella penumoniae, Pseudomonas
aeruginosa,  Acinetobacter, Beta-lactamase-producing
Escherichia coli and Neisseria gonorrhoeae are among the
Gram negative bacteria which are becoming prevalent
in the community causing serious infections in the
bloodstream, urinary tract, surgical sites, and reproduc-
tive tract (Ventola, 2015a). If allowed to progress
unimpeded consequences of resistant microbial
infections are likely to be dire especially in developing
countries where there are financial constraints, for the
cost of therapy and availability of effective antibiotics in
public-health settings (Rapp and Pharm, 1999; Okeke et
al., 2005).

Averting this impending human health crisis calls for
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the speedy development of antibiotics with diverse and
novel modes of action (Ventola, 2015b; Ling et al., 2015).
A recent report stipulates that the antibiotics evolved
from natural products can penetrate the barriers of
target bacteria more successfully than the antibacterial
developed from synthetic approaches (Ling et al., 2015).

Endophytic fungi inhabit the internal tissues of host
plants asymptomatically. A considerable number of
recent research have shown that these microorganisms,
under laboratory culture conditions, produce numerous
structurally diverse biologically active secondary meta-
bolites that include antimicrobial substances
(Dissanayake et al., 2016; Ratnaweera et al., 2017).
Endophytic fungi are widespread and occupy virtually
all plant species on Earth with their estimated number
reaching a million species (Radic and Strukelj, 2012).
With only a small percentage, thus, far systematically
investigated these cryptic organisms represent a
formidable resource that can be effectively utilized in
the search for new antibiotics.

Plants of the family Cyperaceae, commonly known as
sedges, show vigorous and aggressive growth regard-
less of environmental or ecological conditions (Hers-
henhorn et al., 2014). They successfully grow in harsh
and disturbed environments and have the ability to
flourish despite insect, microbial or pathogenic attacks
(NRMMC, 2006). These considerations suggest that the
endophytic fungal populations, via the production of
certain specific biologically active secondary metabo-
lites, may contribute towards the hosts’ ability to
overcome biotic and abiotic stresses. This hypothesis is
supported by our recent isolation of the novel antibiotic
solanioic acid which possesses a highly functionalized
and rearranged steroidal carbon skeleton from Rhizoc-
tonia solani which inhabits the medicinal weed Cyperus
rotundus common sedge in Sri Lanka (Ratnaweera et al.,
2015).

Sedges are widespread in Sri Lanka and thus become
an attractive source to be investigated for their antibac-
terial producing potential. This paper describes the
antibacterial activities of the laboratory cultures of 72
morphologically distinct endophytic fungi isolated
from six Cyperaceae family plants, Cyperus brevifolius,
C. melanospermus, C. alternifolius, C. bulbosus, C. rotun-
dus, and Fimbristylis miliaceae collected from two
different locations in Sri Lanka. The isolation and
structure elucidation of two known antibacterial
secondary metabolites, 9-epi-viridiol and butyrolactone
I from two endophytic fungal cultures are also describ-
ed.

Materials and Methods

Plant collection and authentication

Healthy plants of Cyperus brevifolius, C. melanosperrmus,

C. alternifolius and C. bulbosus were collected from sub-
urban areas and paddy fields in Colombo District while
C. rotundus and F. miliacea plants were collected from
home gardens and paddy fields in Badulla, Sri Lanka.
Colombo and Badulla are two geographically distinct
areas about 210 km apart. Locations, where plants were
collected in Colombo, were 40-50 feet above sea level
with average daytime temperatures of 28-29°C while
Badulla locations were at 2,200 feet with temperatures
of 23-25°C. One plant from each location was preserved
and authenticated by the National Herbarium, Royal
Botanical Gardens, Peradeniya, Sri Lanka.

Isolation of endophytic fungi

Healthy disease-free plants were brought to the labora-
tory within 10-24 hours of collection and were pro-
cessed as follows: First, the soil, dust and dirt were
removed by washing well with tap water and the plant
parts were separated into aerial sections and roots.
These were surface sterilized by sequentially immersing
and agitating in 70% ethanol for 1 min, 5.3% sodium
hypochlorite solution for 3 min and again in 70%
ethanol for 30 sec (Ratnaweera et al., 2016). To remove
any remaining solvents, the plant parts were washed
thoroughly with sterilized distilled water and air-dried
inside a biosafety cabinet (BIOBASE) under aseptic
conditions. Using a sterilized scalpel blade, small pieces
(1.0 x 0.3 cm) were cut from these surface sterilized
sections and were placed on antibiotic enriched
(ciprofloxacin 10 mg/mL) potato dextrose agar, malt
agar extract, malt peptone dextrose agar, starch yeast
peptone agar and yeast peptone dextrose agar media
dishes. To be sure that no fungi originate from the plant
surface, a few drops of water from the final washing
were also spread on the growth media to act as a
negative control experiment. After incubation at room
temperature for several days the fungi emerging from
the specimen edges were transferred into new potato
dextrose agar dishes (antibiotic free) and sequential sub
-culturing was done until pure cultures were obtained.
The colony and morphological features were used to
categorize the fungi into distinct groups.

Extraction of metabolites

Each pure fungus was sub-cultured in five potato
dextrose agar dishes and when the first sign of
sporulation appeared, the medium with the fungus was
cut into small pieces and immersed in 200 mL of ethyl
acetate. This was left for two days and the individual
extracts were filtered and evaporated to dryness under
reduced pressure using a rotary evaporator (BUCHI-R-
200) at 40°C and weighed.

Antibacterial bioassay of the crude fungal extracts

All extracts were tested for antibacterial activity using a
standard agar disc diffusion assay at 400 pg/disc
against two Gram positive bacteria, Staphylococcus
aureus (ATCC 25923), Bacillus cereus (ATCC 11778), and
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two Gram negative bacteria, Pseudomonas aeruginosa
(ATCC 9027), Escherichia coli (ATCC 35218) according to
NCCLS standards (NCCLS, 2003). Extracts of endo-
phytic fungi from C. brevifolius, C. melanosperrmus, C.
bulbosus and C. alternifolius were also tested against
Salmonella enterica (ATCC 14028). After overnight incu-
bation, the diameter of the inhibition zone of the active
extract was measured. Methanol was used as the
negative control and gentamycin was used as the
positive control. Each assay was run in triplicate and
the mean inhibition was determined. Active extracts
with more than 10 mm inhibition zone were tested at
the two lower concentrations of 200 and 100 pg/disc.

Identification of the fungi

The fungi that exhibited the highest bioactivities from
each plant were identified using molecular techniques.
The genomic DNA was extracted in the laboratory
using a published protocol (Kariyawasam et al., 2012)
while PCR amplification using universal primers ITS1
and ITS4, and DNA sequencing was carried out com-
mercially. The gene sequences obtained were BLAST
analyzed against the NCBI Genbank to determine the
identities of the fungi.

Large scale culturing and extraction of the selected
bioactive fungi

The bioactive fungal strains CW-CM-R6 and KU-BU-A9
were cultured in large scale on 60 and 100 potato dex-
trose agar petri dishes (size: 100 x 20 mm) and incuba-
ted at room temperature for 14 and 18 days respec-
tively. After the incubation period the fungus along
with the medium were cut and immersed in 750 mL of
ethyl acetate and extracted for two days, filtered and
the filtrate evaporated to dryness using a rotary evapo-
rator at 40°C and the crude extracts obtained were
weighed.

Isolation of bioactive compounds
CW-CM-R6 extract

The organic extract was fractionated according to a
modified Kupchan method (Dissanayaka et al., 2016)
detailed next. The extract (1.5 g) was first partitioned
between hexane and a water/methanol (9:1) mixture.
Then the aqueous layer was separated from the hexane
layer, concentrated and was partitioned between
chloroform and a water/methanol (6:4) mixture. Next,
the chloroform layer was separated and the concen-
trated aqueous layer was partitioned between ethyl
acetate and water. The concentration of each solvent
fraction resulted in four fractions: Hexane soluble,
chloroform soluble, ethyl acetate soluble, and a water
soluble fraction. Since the bioactivity was prominent in
the chloroform fraction (600 mg) this fraction was
subjected to sephadex LH-20 size exclusion column
chromatography (2.5 x 50 cm column) with methanol as
eluent. The fractions were combined, according to the

thin layer chromatography (TLC) profiles, and the
bioactivity was assessed through disc diffusion assay.
The most active fraction (17 mg) was further purified
using normal phase silica chromato-graphy (1 x 20 cm
column) with a step gradient elution from 50% ethyl
acetate/hexane to ethyl acetate. The bioactive fraction,
eluting with 50% ethyl acetate/hexane, was determined
to be compound 1.

KU-BU-A9 extract

The crude extract of KU-BU-A9 was also first fractiona-
ted by solvent-solvent partitioning using the same
procedure described above for extract CW-CM-R6. The
bioassay results for the four fractions, hexane,
chloroform, ethyl acetate and water, revealed that the
chloroform was active. The active chloroform fraction
was then subjected to a normal phase silica chromato-
graphy (column size: 40 x 3.5 cm), using gradient
elution from 27% ethyl acetate:hexane to methanol. The
resulting fractions collected were combined according
to their TLC profiles and bioactivity was monitored
using a TLC bioautography. A second normal phase
silica chromatography (column size: 30 x 3 cm) using
gradient elution (25% hexane: ethyl acetate to metha-
nol) was followed by high performance liquid chroma-
tography (HPLC) using a Cis Inert Sustain, 5 pm, 25 x 1
cm column with 45:55 HxO/MeCN as eluent to give
compound 2 with a retention time of 55 min.

Structure elucidation of the isolated active compounds

The chemical structures of the purified active com-
pounds were elucidated using ESIMS and 1D and 2D
NMR spectral analysis. 'H, 13C and 2D NMR data sets
in DMSO-ds were obtained using a Bruker AVANCE
600-MHz spectrometer with a 5 mm cryoprobe, while
the electrospray ionization mass spectral (ESIMS) data
were obtained using a Bruker Esquire-LC electrospray
spectrometer.

Antimicrobial activity of the isolated pure compounds

A minimum inhibitory concentration (MIC) assay was
performed against four Gram positive bacteria, B.
subtilis (UBC 344), S. aureus (ATCC 43300), Enterococcus
faecalis (ATCC 51575) and MRSA (ATCC 33591), four
Gram negative bacteria E. coli (UBC 1861), P. aeruginosa
(ATCC 27853), Acinetobacter johnsonii (ATCC 17909) and
Klebsiella pneumonia (ATCC 13883) and the pathogenic
fungus Candida albicans (ATCC 90028) using a broth
micro dilution method according to the NCCLS
standards with modification using Mueller Hinton
broth as the medium (NCCLS, 2002). Assay was
conducted in triplicate and the mean values were used
to calculate the MIC. The MIC endpoint was taken as
the lowest concentration with more than 90% bacterial
growth inhibition. DTX 880 (Beckman Coulter Inc.)
plate reader was used to determine the optical density
of the bacterial growth. The commercial antimicrobial
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Plant species

Table I

Number of isolated endophytic fungi from C. brevifolius, C. melanosperrmus, C. alternifolius, C.bulbosus,

C. rotundus and F. miliaceae
Number of isolated endophytic fungi from each plant

C. brevifolius 10
C. melanosperrmus 18
C. alternifolius 10
C. bulbosus 11
C. rotundus 13
F. miliaceae 10

Total number of distinct isolates

Isolates from aerial parts Isolates from roots

03 07
12 06
01 09
06 05
05 08
06 04

agents polymyxin B for B. subtilis, E. coli, P. aeruginosa,
E. faecalis, A. johnsonii and K. pneumonia, rifamycin for S.
aureus, and MRSA, and nystatin for C. albicans were
used as positive controls with a concentration series of
2.0-0.004 pg/mL.

Results

Endophytic fungal richness in the Cyperaceae plants
species

The total numbers of fungi isolated from each of the
selected Cyperaceae plants, together with the numbers
isolated from the aerial and root sections are mentioned
in Table I. In total, 72 morphologically distinct fungi
were isolated from the six Cyperaceae family plants. In
comparing the numbers of endophytes isolated from
aerial parts and the roots, 39 endophytes were isolated
from roots while 33 have originated from the aerial
parts.

Antimicrobial activities of the isolated endophytic
fungi

Table II and III show the antibacterial activities
exhibited by the 72 endophytic fungal crude extracts
against the tested bacteria at 400 pg/disc concentration.
Among them, 91.6% of extracts were active against at
least one bacterium tested. Further, 28 endophytic
fungal extracts showed activity only against Gram
positive bacteria, while nine were active solely against
Gram negative bacteria. Six extracts showed no activity
against the bacteria tested and none of the extracts
showed activity against all the bacteria tested. Out of
the endophytic fungal crude extracts 75% showed
activity against S. aureus, 61% against B. cereus, 40%
against P. aeruginosa, 33% against E. coli and 14%
against S. enterica.

According to Table II all the endophytic fungi isolated
from C. brevifolius were active against Gram positive
bacteria, while 89% of endophytic fungi from C.
melanosperrmus have exhibited activity against S. aureus
and 100% against B. cereus. No activity was observed

against P. aeruginosa by any of the fungi from C.
brevifolius and C. meanospermus. Additionally, none of
the endophytic fungal extracts from C. brevifolius were
active against S. enterica while three, one and three
endophytic fungi from C. melanosperrmus, C. bulbosus
and C. alternifolius, respectively show modest activity
against S. enterica.

In contrast to the activity of endophytic fungi from
Cyperaceae plants from Colombo, endophytic fungi
collected from Badulla plants exhibit more activity
towards Gram negative bacteria. According to Table III,
87% endophytic fungal extracts show activity against P.
aeruginosa while 56% have activity against E. coli, while
65% show activity against the Gram positive S. aureus
as well.

The extracts with zones of inhibition of more than 10
mm at 400 pg/disc were screened at lower concentra-
tions. At 100 pg/disc, four extracts each from C.
brevifolius (CW-CB-R2, CW-CB-R5, CW-CB-R7, CW-CB-
R10), C. melanosperrmus (CW-CM-R6, CW-CM-A6, CW-
CM-R10, CW-CM-A12) and C. rotundus (SH-CR-R1, SH-
CR-R3, SH-CR-R8, SH-CR-RY), three extracts each from
C. bulbosus (KU-BU-R1, KU-BU-R6, KU-BU-9L) and C.
alternifolius (KU-ALT-R3, KU-ALT-R5, KU-ALT-10R),
and two extracts from F. miliaceae (SA-FM-R4, SA-FM-
R6) exhibited activity.

Identification of endophytic fungi

The two bioactive endophytic fungi selected for further
studies were identified using molecular techniques.
When the sequences obtained were BLAST analyzed
against the NCBI Genbank database CW-CM-R6 and
KU-BU-A9, identities were received as Trichoderma
virens and Aspergillus terreus, respectively.

Isolation and structure elucidation of the antibacterial
metabolites

Solvent-solvent partitioning of the CW-CM-R6 crude
extract (1.5 g) followed by size exclusion and normal
phase silica chromatography led to the isolation of the
active compound 1 which gave a [M + Na]* ion at m/z
377 in the low-resolution electrospray ionization mass
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Table II
Antibacterial activities of the crudes extracts of endophytic fungi from C. brevifolius, C. melanosperrmus,
C. alternifolius, C. bulbosus at 400 pg/disc concentration
Fungal identification code Mean diameter of the inhibition zone in mm
S. aureus B. cereus S. enterica E. coli P. aeruginosa
CW-CB-A2 12 14 - - -
CW-CB-A5 11 12 - 09 -
CW-CB-A6 11 22 - - -
CW-CB-R2 25 26 - - -
CW-CB-R3 08 10 - - -
CW-CB-R4 13 14 - - -
CW-CB-R5 21 18 - - -
CW-CB-R7 14 24 - 09 -
CW-CB-R8 10 08 - - -
CW-CB-R10 18 15 - - -
CW-CM-A2 15 08 - 09 -
CW-CM-A3 08 10 - - -
CW-CM-A4 09 15 - - -
CW-CM-A5 08 08 - - -
CW-CM-A6 18 22 11 15 -
CW-CM-A7 10 12 - - -
CW-CM-A8 10 09 - - -
CW-CM-A9 08 18 - 10 -
CW-CM-A10 - 09 - - -
CW-CM-Al1 - 16 - - -
CW-CM-A12 11 22 11 10 -
CW-CM-A15 09 30 - - -
CW-CM-R1 08 08 - - -
CW-CM-R3 14 15 - - -
CW-CM-R5 10 20 - - -
CW-CM-R6 22 15 21 - -
CW-CM-R8 11 08 - - -
CW-CM-R10 25 28 - - -
KU-BU-R1 21.5 35 - 11 13
KU-BU-A2 - - - - 8
KU-BU-A4 - - - - -
KU-BU-A5 - - - -
KU-BU-R6 13.5 14 - - 7
KU-BU-A7 - - - - -
KU-BU-R8 10 11 - - -
KU-BU-A9 15 15 - 9 -
KU-BU-R11 10 11 - - -
KU-BU-R12 - 9 -
KU-BU-A14 - - 10 9 7
KU-ALT-R1 - - - - -
KU-ALT-R2 10 - Ol5 13 12
KU-ALT-R3 - - 12 15.5 9
KU-ALT-R4 9 - 8 - 10
KU-ALT-R5 20 25 = = =
KU-ALT-R6 - - - - -
KU-ALT-R7 9 15 - - -
KU-ALT-A8 - - - - 12
KU-ALT-R9 7B 13 - - -
KU-ALT-R10 9B 20 - - 7
+Ve 21 25 20 20 25
+Ve - - - - -
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Table III
Antibacterial activities of the crudes extracts of endophytic fungi from C. rotundus, and F.miliaceae collected
from Badulla at 400 pg/disc concentration
Fungal identification code Mean diameter of the inhibition zone in mm
S. aureus B. cereus E. Coli P. aeruginosa

SH-CR-R1 11.5 - - 15.5
SH-CR-R2 95 - 10.5 12.5
SH-CR-R3 95 - 11.5 15
SH-CR-R4 8 - -

SH-CR-R5 - - - 10.5
SH-CR-A6 - - -

SH-CR-R7 - - -

SH-CR-A8 - - 11.5 18
SH-CR-R9 15 14.5 10.5 -
SH-CR-R10 9 - - 8
SH-CR-A11 - - - -
SH-CR-A12 8 10 - -
SH-CR-A13 - - 7.5 9.5
SA-FM-R1 11 - 10 17
SA-FM-A2 9 - 11 13
SA-FM-A3 8.5 - 12 15
SA-FM-R4 8.5 16 8.5 9
SA-FM-A5 9 6 9 10
SA-FM-R6 8 13 8 12
SA-FM-R7 8.5 - 8.5 9
SA-FM-A8 8.5 - 10 10
SA-FM-A9 10 - - 10
SA-FM-A10 8 73 - 8
+Ve 28 28 18 24
Ve - - - -

spectrum (LRESIMS) which is consistent with a
molecular weight of 354 daltons and a molecular
formula of CaHisOs. Analysis of 1H, 13C and 2D (COSY,
HSQC, HMBC, TROESY) NMR spectral data run in
DMSO-ds revealed that the structure of the active
compound 1 (Figure 1) matches the known furano-
steroid, 9-epi-viridol (Phuwapraisirisan et al., 2006).

Bioassay-guided isolation of the ethyl acetate crude
extract (650 mg) of KU-BU-9L led to the active
compound 2 (Figure 1) which gave a [M + Na]* ion in
the LRESIMS at m/z 447 appropriate for a molecular
weight of 424 daltons and a molecular formula of
C24H24O7. Analysis of TH and *C NMR data as well as
2D NMR (COSY, HSQC, HMBC, tROESY) spectral data
in DMSO-dsrevealed that the structure of the active
compound (2) matches that of butyrolactone I (Rao et
al., 2000).

Antimicrobial activity of butyrolactone 1 and 9-epi-
viridol

In the present study, 9-epi viridol (1) gave MIC values
of 256 pg/mL against B. subtilis, S. aureus, MRSA and E.
coli. Butyrolactone I (2) exhibited activities against
Gram positive B. subtilits with a MIC of 128 ng/mL, and
S. aureus, MRSA and E. coli with MIC’s of 256 pg/mL.

Figure 1: Chemical structures of 9-epi-viridol (1) and Butyro-
lactone I (2)



270 Bangladesh ] Pharmacol 2018; 13: 264-272

At 256 pg/mL both compounds were inactive against
the other bacteria and C. albicans tested.

Discussion

According to the results of the current study,
endophytic fungi show a high species richness in each
Cyperaceae plant species indicating that Cyperaceae
family plants are good reservoirs for endophytic fungi.
In three plants the majorities of endophytes have come
from the roots while in the other three majority were
from aerial parts and this suggests that there is no
obvious preference of endophytes for either location.
Plant tissues are reservoirs not only for fungi but
bacteria as well. Thus, in the initial isolation of the
endophytic fungi, an antibiotic was incorporated into
the culture media to inhibit the growth of endophytic
bacteria. This was a preventive measure to thwart the
potentially rapid growth of endophytic bacteria that
might restrict fungal growth and so make the isolation
of the endophytic fungi difficult. The numbers of
endophytic fungi inhabiting a specific host plant may
vary from a few species to a large number, for example
nearly 100 species (Tanvir et al., 2017). Some such
species may be quite fastidious in their nutrient
requirements making their isolation challenging or even
impossible. Since different fungi prefer different
nutrient conditions for growth, to maximize the number
of fungal species isolated in this study in addition to
potato dextrose agar, four different nutrient media,
starch yeast peptone agar, malt agar extract, malt
peptone dextrose agar and yeast peptone dextrose agar
were used. In addition, the use of a number of different
growth media may provide favorable conditions for
slow-growing fungi by inhibiting fast growing competi-
tive fungi (Ratnaweera et al., 2015).

Display of antibacterial activity by more than 90 % out
of the isolated endophytic fungi suggests that most
endophytic fungi of Cyperacae plants are potential
synthesizers of antibacterial secondary metabolites.
Further according to the results, more extracts were
active against the Gram positive bacteria than the Gram
negative. The contrasting activity against Gram
negative bacteria shown by the endophytic fungi of
Cyperaceae plants from Badulla area, is likely due to
the difference of metabolites produced by the fungi.
However, at this point, we cannot predict whether the
difference in the metabolites is due to a difference in the
host plants or due to the different environmental and
climatic conditions at the two locations.

Previously furanosteroid (1) was reported to have been
isolated from a soil inhabiting T. wvirens
(Phuwapraisirisan et al., 2006). In the current study,
compound 1 was isolated from the endophytic form of
T. virens. Likewise, butyrolactone I (2) has been isolated

previously from the same fungus, A. terreus, as in this
study as well as from A. versicolor (Nuclear et al., 2010;
Shen et al., 2012; Chen et al., 2015a; Zhou et al., 2015;
Guo et al., 2016). A. terreus has been isolated from a
variety of substrates that embrace soils, marine orga-
nisms (such as a Gorgonian sp.), mangrove associated
sediments, and in its endophytic form from various
plants other than sedges (Nuclear et al., 2010; Awaad et
al., 2012; Shen et al., 2012; Nong et al., 2014; Chen et al.,
2015a; Chen et al., 2015b; Zhou et al., 2015; Guo et al.,
2016;). A. terreus is a prolific producer of secondary
metabolites. Among the metabolites isolated from A.
terreus are lovastatin, citrinin, aspulvinone, asterric acid,
rollini, emodin, questrin, asterriquinone, itaconate and
terrecyclic acid (Awaad et al., 2012).

Compound 1 has previously been reported as cytotoxic
against KB (human epidermoidcarconoma, ICsp 19 pg/
mL) and HeLa (human cervical carcinoma ICsp 50 png/
mL) cell lines and as both a fungistatic (viridin) and
herbicidal (viridol) agent (Brian and McGowan, 1945;
Jones and Hancock, 1987; Jones et al., 1988, Phuwa-
praisirisan et al., 2006). To the best of our knowledge,
this is the first time that the antimicrobial activities of 9-
epi-viridol have been reported. In previous studies
compound 2 has exhibited moderate anti-inflammatory
activity, mild cytotoxic activity against a number of cell
lines, antifungal activity and weak to moderate
antibacterial activity against Gram positive bacteria
(Muhammad et al., 2004; Nong et al., 2014; Chen et al.,
2015a; Zhou et al., 2015).

As far as we are aware, this is the first broad study of
the antimicrobial activities of the endophytic fungi of
Cyperaceae family plants. The results reveal that
Cyperaceae family plants are hosts to numerous endo-
phytic fungi with a broad spectrum of antimicrobial
activities against Gram negative and Gram positive
bacteria.

Overall the majority of the fungal extracts examined
exhibited antimicrobial activities against Gram positive
bacteria with a smaller number active against Gram
negative organisms. These findings suggest that the
endophytic fungi of Cyperaceae plants are a potential
source that can be utilized in the search for new
antibiotics against both Gram positive and Gram nega-
tive bacteria. In the current study, the two antimicrobial
compounds isolated turned out to be known fungal
metabolites. Therefore, to realize the full potential of
these endophytes, additional investigation of the
remaining active extracts is needed.
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