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Abstract The bioactivity spectrum of fungal endophytes
isolated from Zingiber officinale was analyzed against
clinical pathogens and against the phytopathogen Pythium
myriotylum, which causes Pythium rot in ginger. One of the
isolates GFM13 showed broad bioactivity against various
pathogens tested including P. myriotylum. The spore suspen-
sion as well as the culture filtrate of the endophytic fungal
isolate was found to effectively protect ginger rhizomes from
Pythium rot. By molecular identification, the fungal endo-
phyte was identified as Paraconiothyrium sp. The bioactive
compound produced by the isolate was separated by bioac-
tivity-guided fractionation and was identified by GC-MS as
danthron, an anthraquinone derivative. PCR amplification
showed the presence of non-reducing polyketide synthase
gene (NR-PKS) in the endophyte GFM 13, which is reported
to be responsible for the synthesis of anthraquinones in
fungi. This is the first report of danthron being produced
as the biologically active component of Paraconiothyrium
sp. Danthron is reported to have wide pharmaceutical and
agronomic applications which include its use as a fungicide
in agriculture. The broad-spectrum antimicrobial activity of
danthron and the endophytic origin of Paraconiothyrium sp.
offer immense applications of the study.
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Introduction

Fungal endophytes are rich source of bioactive metabolites.
Though all plants are considered to harbor endophytes, host
plants try to strictly limit their growth [29]. This selection
is likely to favor the establishment of endophytic associa-
tion by those microorganisms which secrete secondary
metabolites to protect the plant from phytopathogens and
also promote plant growth. Interactions between the endo-
phyte, host, and pathogen are suggested to be essential for
the endophytic production of bioactive metabolites which
may be an antibiotic, inducer or a regulator [18]. Most of
the bioactive metabolites isolated from fungal endophytes
have demonstrated an array of activity including antibacte-
rial [4], antifungal [34], cytotoxic [36], anticancerous [4],
immunosuppressive, anti-inflammatory [5], and antioxidant
activities [38]. Interestingly, antifungal chemical scaffolds
of endophytic origin may be expected to have anticancerous
activity, like in the case of anticancerous molecules such as
taxol and leucinostatin A. These are primarily antifungal
compounds produced by endophytic fungi to protect their
host plants from oomyceteous phytopathogenic fungi like
Pythium [30, 31].

Zingiber officinale Rosc. (Ginger) is one of the most
important members of the family Zingiberaceae and has
been grown over thousands of years for culinary and medici-
nal needs. India is the largest producer of ginger in the world
with its state Kerala being one of the major producers in
the country. Asians have for long used ginger as a remedy
from diarrhea, indigestion, motion sickness, fever, chills, flu,
cough, sore throat, infectious diseases, arthritis, and muscu-
lar aches [21]. More than a hundred compounds have been
reported from rhizome of ginger which includes gingerols
and diarylheptanoids [12]. The crude extract and metabolites
of ginger are known for their antibacterial [13], antifungal
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[1], anti-inflammatory [12], antitumorigenic, antiapoptotic
[23], and antiangiogenic effects [15]. Thus an endophyte
surviving in the complex chemical environment of ginger
rhizome may be considered to exhibit various chemical
adaptations to survive in its host. Also as Pythium rot is a
major disease of ginger, these endophytes may be expected
to produce antifungal compounds against Pythium which
may possess broad range of bioactivity. Among the various
bioactive secondary metabolites produced by fungi, polyke-
tides are highly remarkable due to their structural and bioac-
tive diversity. Polyketide biosynthesis is mediated by large
multifunctional enzymes known as polyketide synthases
(PKS) and the structural variations in polyketides, which
are responsible for their diverse bioactivity, are implemented
during synthesis by these enzymes. Fungal iterative type I
PKS can be of non-reducing, partially reducing, or highly
reducing types which depends on reduction that occur dur-
ing polyketide chain formation [7]. The biosynthetic com-
plexities of these enzymes could be expected to result in the
production of polyketides with a broad range of bioactivity.
However, there are only limited reports on the characteriza-
tion of PKS-mediated bioactive compounds from endophytic
fungi. In the current study, fungal endophytes of ginger with
inhibitory effect towards Pythium myriotylum were investi-
gated for the presence of compounds with broad-spectrum
activity, and also for the presence PKS gene with promising
applications in agricultural and pharmaceutical fields.

Materials and Methods
Fungal Endophyte Isolation

Zingiber officinale Rosc. (var. Mahima) rhizomes were pro-
cured from Kerala Agricultural University, Kerala, around
May 2015. The rhizome samples were surface-sterilized as
per previous report [25]. The last wash of surface sterili-
zation was plated onto PDA (Potato dextrose agar) plates
for confirming the accuracy of the sterilization procedure.
Rhizome was then cut into small pieces (0.5 0.5 cm)
and placed on PDA plates containing streptomycin sulfate
(250 pug L™1). The plates were kept at room temperature for
30 days. The mycelia emerging from the rhizome pieces
were subcultured on to PDA plates and stored for further
studies.

Screening for Activity Against Pythium myriotylum

Dual culture technique was done to screen endophytic fungi
with activity against Pythium myriotylum [16]. The endo-
phytic fungi were inoculated on a PDA plate following which
it was incubated for seven days at room temperature for the
fungus to grow. P. myriotylum was then inoculated on the
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edge of the culture plate. These plates were then incubated
at room temperature for three to five days. P. myriotylum
cultured on PDA plate served as control. Percentage inhibi-
tion of fungal growth was calculated using the formulae:

PI = ((R1 — R2) + R1) x 100,

where R1 and R2 are the radial diameters of the phytopatho-
genic fungal colony in the control plate and dual culture
plate, respectively [22].

Screening Activity Against Clinical Pathogens

The endophytic fungi isolated were cultured on PDA plates
for 7 days at room temperature. Agar blocks (0.5% 0.5 cm)
containing the endophyte was cut from PDA plates and was
added into 250 mL potato dextrose broth (PDB) which was
further kept at room temperature for 21 days with shaking.
Culture broth was subsequently filtered and extracted with
ethyl acetate to obtain crude fungal extract which was finally
dissolved in 1 mL methanol. The antibacterial activity of the
fungal extracts (40 puL) was checked against Bacillus subtilis
(MTCC 121), Escherichia coli MTCC 723), Staphylococ-
cus aureus (MTCC 96), Salmonella enterica typhimurium
(MTCC 1251), and Klebsiella pneumoniae (MTCC 109)
by well diffusion assay. The fungal isolate showing broad
antagonism towards P. myriotylum and the pathogenic bac-
teria was selected for further studies.

Bioactivity of the Crude Extract Against Various
Phytopathogens

The antifungal activity of the fungal extract of the selected
endophyte was also analyzed against various fungal phy-
topathogens by well diffusion method. Bioactivity of
GFM13 crude extract was screened against Pythium myrio-
tylum, Sclerotium rolfsii, Colletotrichum acutatum, Corynes-
pora cassiicola, Rhizoctonia solani, Fusarium oxysporum,
and Phytophthora infestans. To PDA plates inoculated with
phytopathogen, 40 pL of the crude extract was added while
methanol was added in the control plate. The plates were
kept at room temperature and observed for any growth inhi-
bition of phytopathogens.

Rhizome Protective Effect of GFM13 from P.
myriotylum Infection

The protective effect of the endophytic fungi GFM13, from
P. myriotylum infection on ginger rhizomes, was studied by
treating it with both endophytic fungal spore suspension
as well as fungal culture filtrate. Endophytic fungal spore
suspension was prepared by adding 20 mL of sterile dis-
tilled water to a fully grown fungal culture plate. The spores
were then scrapped out carefully using a sterile spatula.
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Meanwhile endophyte grown in PDB for 21 days was fil-
tered to obtain the culture broth. For the treatment, ginger
rhizome pieces were surface-sterilized according to Shultz
et al. [25]. Surface-sterilized rhizome pieces were divided
into three sets. The first set was soaked in spore suspen-
sion, second in fungal culture filtrate, and the set kept as
control was soaked in sterile distilled water for 30 min. The
treated rhizomes pieces were separately placed in sterile
petri plates, three pieces each, and were inoculated with a
growing culture of P. myriotylum on agar disc, with uniform
size. The sealed plates were incubated at room temperature
and were observed for any infection. The experiment was
done in triplicate.

Morphological and Molecular Identification
of the Selected Endophytic Fungi

For morphological identification of the fungus, microscopic
study was done by slide culture technique. Trypan blue was
used to stain the slide culture. The culture was then observed
using a bright field microscope. QImaging software was
used to process the images. ITS (Internal transcribed spacer)
region of the fungal genome was amplified by Polymerase
Chain Reaction (PCR) and was sequenced for the molecular
identification of the fungus. For this, genomic DNA was
isolated from the selected fungus by CTAB method [33].
ITS1 (5'-TCC gTAggTgAA CCT gCg g-3') and ITS4 (5'-
TCC TCC gCT TAT TgA TAT gC-3') were used as prim-
ers to PCR amplify the ITS regions [35]. Sure cycler 8800
(Agilent technologies) was used for the PCR with conditions
as follows: an initial denaturation for 5 min at 95 °C, 35
cycles of denaturation for 1 min at 94 °C, annealing for 30 s
at 55.5 °C, followed by extension for 2 min at 72 °C. Finally
an extension for 10 min at 72 °C was done. Agarose gel elec-
trophoresis was done to confirm the PCR product formation.
The PCR product was used as the template for sequencing
PCR using BigDye Terminator Sequence Reaction Ready
Mix (Applied Biosystem). BLAST (Basic Local Alignment
Search Tool) analysis of the sequence was done to identify
similarity to reported sequences.

Large-Scale Culture and Isolation of Bioactive
Metabolite Produced by the Selected Fungus

The endophytic fungus, GFM13, was cultured in 100 mL
of different media like Wickerham medium, Czapek Dox
medium, potato dextrose medium, and solid rice medium
for the optimization of culture media for large-scale cul-
ture. As extracts prepared from solid rice media showed
maximum bioactivity, GFM13 was grown on large scale
in solid rice media for isolation of the bioactive metabo-
lite. Fermentation was done in ten 500 mL Erlenmeyer
flasks. Each flask contained 100 g rice soaked overnight in

100 mL distilled water prior to autoclaving. To the steri-
lized media, an agar piece (0.5 % 0.5 cm) of GFM13 fungus
grown on PDA was added. This was incubated at room
temperature for 15 days. The culture was then extracted
using ethyl acetate. Dried extract was obtained by evapora-
tion of the culture extract on a vacuum rotary flash evapo-
rator at 40 °C. TLC of the extract was performed using
TLC plates precoated with Silica gel 60 F254. TLC was
done using various solvents to standardize the solvent sys-
tem for column chromatography. For isolation of the active
compound, column-based chromatography was done using
a hexane—ethyl acetate gradient on a 60-120 mesh silica
gel column. Various fractions collected from the column
were further pooled on the basis of TLC profile and its
bioactivity was subsequently checked.

Bioactive Metabolite Identification

Both the extract and bioactive fraction were subjected
to GC-MS (Gas Chromatography—Mass Spectrometry)
analysis. GC-MS analysis was done with Agilent Tech-
nologies-7890 GC System. One microliter of the sample
solution was introduced into the GC system provided with
a 30 m X 0.25 mm inner diameter, 0.25-pm film thickness
Agilent 190913-433 column. Carrier gas used was Helium.
For GC-MS the temperature of the GC oven was raised
from 100 to 250 °C at 5 °C min~'. The chromatogram and
mass spectra were recorded and analyzed. The MS of each
peak was analyzed by comparing with the NIST (National
Institute of Standards and Technology) library to identify
the compounds.

Screening for NR-PKS Gene

Degenerate primers LC1/LC2c were used to amplify NR-
PKS gene from GFM13 [3]. The thermal cycling program
used was an initial denaturation for 5 min at 94 °C, 35
cycles of denaturation for 1 min at 94 °C, annealing for
1 min at 55 °C, extension for 1 min at 72 °C. A final exten-
sion was done for 10 min at 72 °C. Following agarose gel
electrophoresis, the purified PCR product was sequenced.
BLAST analysis of the sequence obtained was done to
identify similarity to reported PKS sequences. Phylo-
genetic analysis of sequence obtained and sequences
retrieved from NCBI was done using MEGA 6 with neigh-
bor joining method using 1000 bootstrap replicates.
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Results

Fungal Endophyte Isolation and Screening for its
Bioactivity

Eight fungal endophytes were isolated from rhizome pieces
of ginger. Absence of any growth on control plate con-
firmed the fungi isolated as endophytes. An isolate desig-
nated as GFM 13 showed highest antifungal activity against
the P. myriotylum showing a percentage inhibition of 85%
(Fig. 1). The isolate also showed significant antibacterial
activity against clinical pathogens like B. subtilis (IMTCC
121), S. aureus (MTCC 96), and S. typhimurium (MTCC
1251) (Fig. 2a). Due to its considerable bioactivity against
P. myriotylum and clinical pathogens, GFM13 was selected
for further studies. Crude extract of the selected endophyte
showed activity against P. myriotylum, and also against other
phytopathogens like Sclerotium rolfsii, Colletotrichum acu-
tatum, Corynespora cassiicola, and Rhizoctonia solani, in
well diffusion assay (Fig. 2b).

Rhizome Protective Effect of GFM13 from P.
myriotylum Infection

After 24 h of incubation it was observed that, on all con-
trol rhizome pieces inoculated with P. myriotylum agar
plugs, the pathogen rapidly spread across the rhizome,
infecting the ginger pieces. But on rhizomes treated with
spore suspension and culture extracts of endophytic fungi
GFM13 there was no P. myriotylum infection observed
after 24 h of incubation. After 96 h, the P. myriotylum was
found to be grown profusely on all the control rhizome
pieces, while on endophytic fungal culture broth-treated
and spore suspension-treated rhizome pieces, still there

Fig. 1 Inhibition of Pythium myriotylum growth by GFMI13, ana-
lyzed by dual culture technique. a Control plate with P. myriotylum
only. b Dual culture plate with P. myriotylum and the isolate GFM13.
Here the growth of P. myriotylum has been restricted to the agar
plug (marked) used for inoculation due to the antagonistic activity of
GFM13. Scale bar represents 9.7 mm
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was complete absence of P. myriotylum infection (Fig. 3).
In rhizome pieces treated with GFM13 spore suspension,
the endophyte was found to grow on the rhizome surfaces
after 96 h of incubation. The spore suspension as well as
the culture filtrate was able to effectively protect rhizomes
from P. myriotylum infection which indicated the presence
of potent antimicrobial metabolite in the culture filtrate.

Identification of the Selected Isolate

On PDA plate, isolate GFM13 appeared peach colored
with reverse yellow, exuding crystalline yellow substance
to the medium which also formed root-like structures as
culture aged. Under microscope, hyphae appeared septate
with walls of older mycelia turning dark brown (Fig. 4).
BLAST analysis of the ITS sequence obtained showed
99% identity to Paraconiothyrium sp. The sequence was
deposited in GenBank with accession number KX247121.

Isolation and Identification of the Bioactive Compound

The extraction of solid rice media with ethyl acetate
yielded 4 g of crude extract. For isolation of the bioac-
tive compound, 2 g of crude extract was separated by col-
umn chromatography using hexane—ethyl acetate gradient.
Fractions collected were pooled into 19 fractions on basis
of their TLC profile. The bioactivity of these fractions
were analyzed (Fig. 5) and the bioactive fraction was iden-
tified. GC-MS analysis of this fraction identified the most
abundant peak in the total ion chromatogram (TIC) to be
at RT 27.445 min (Fig. 6). The mass spectrum of this peak
showed a mass of m/z 240 with fragments 212, 184, 155,
138, 120, and 92 (Fig. 7) which exhibited 94% identity to
danthron in NIST library search. The mass and its frag-
ments obtained were also in agreement with the GC—mass
spectra of standard danthron in previous reports [17]. The
crude extract also showed the presence of the same com-
pound in GC-MS analysis.

Screening for PKS Gene

While screening for NR-PKS gene, the primer pair LC1/
LC2c gave a product with nearly 700 bp size (Fig. 8) cor-
responding to partial gene sequence of NR-PKS [3]. The
PCR product was sequenced and the BLAST result of
the sequence showed maximum similarity of 86% to the
ketoacyl synthase gene of NR-PKS obtained from a fungus
Trypethelium eluteriae. The partial sequence obtained was
deposited at GenBank with accession number KX247126.
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control

Fig. 2 Broad-spectrum antimicrobial activity analysis of the crude
extract prepared from GFM13 by well diffusion method. a Activity
of GFM13 extracts prepared from (1) solid rice and (2) PDB culture
against bacterial pathogens. al, a2, and a3 represent the test organ-
isms S. aureus, B. subtilis, and S. enterica typhimurium, respectively.

b Activity of GFM13 against phytopathogens. (a) and (b) are the
methanol control and GFM13 extract in methanol. b1, b2, b3, b4,
and b5 represent the phytopathogens P. myriotylum, S. rolfsii, C. acu-
tatum, C. cassiicola, and R. solani respectively. Scale bars represent
8 mm
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Fig. 3 Rhizome infection
study: Rhizome protective effect
of GFM13 from Pythium infec-
tion: a treatment with spore
suspension after one day, b
after four days, ¢ treatment with
culture broth after one day, d
after four days

Fig. 4 Microscopic image of GFM13 slide culture stained with
Trypan blue

Fig. 5 Broad antimicrobial
activity of column purified
fraction (32 mg/mL) obtained
from crude extract of GFM13,
by well diffusion analysis. The
fraction is shown to maintain
the activity shown by the crude
extract against a P. myriotylum,
b S.enterica typhimurium, and ¢
S. aureus. Scale bars represents
12.5 mm
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Discussion

Current study reports the isolation of Paraconiothyrium sp.
as endophytic fungi from Zingiber officinale for the first
time. Endophytic Paraconiothyrium sp. producing isopima-
rane diterpene glycosides has been previously reported from
beech tree stem [26]. P. brasiliense isolated from branches
of Acer truncatum was reported to produce bergamotane
sesquiterpenoids [10], and the same fungi isolated from Cin-
namomum camphora was found to produce potential antifun-
gal metabolites against various phytopathogens [11]. Endo-
phytic Paraconiothyrium sp. isolated by Khan et al. [14]
showed broad bioactivity due to the production of ascotoxin.
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Fig. 8 a Gel image of PCR
amplification product of NR-
PKS gene. Lane 1—marker,
Lane 2—GFM13, Lane 3—
control, b phylogenetic analysis
of non-reductive PKS gene of
GFM13 and sequences from
NCBI using MEGA 6 with
neighbor joining method using
1000 bootstrap replicates
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Paraconiothyrium sp. isolated from various Taxus sp. have
been found to possess the ability to produce the host metabo-
lite, taxol [19, 28]. Host-specific Paraconiothyrium variable
isolated from Cephalotaxus harringtonia produced 13-oxo-
9,11-octadecadienoic acid during co-culture with phytopath-
ogen, which reduced the production of mycotoxin by the
pathogen during competition with the endophyte [6]. This
endophyte was later found to alter the metabolome of its
host plant for producing metabolites, which favored its own
growth and survival [32]. A recent study by Soliman et al.
[27] found taxol-producing endophytic Paraconiothyrium sp.
of Yew trees, to migrate to pathogen entry sites of the plant
for creating extracellular barriers laced with taxol to prevent
the entry of phytopathogens. These findings suggest that the
presence of Paraconiothyrium sp. as endophytes in many
host plants is not a momentary occurrence and they may
have a long history of co-evolution with their hosts, protect-
ing them from phytopathogens. Paraconiothyrium minitans
is a commercially produced biocontrol agent and is highly
efficient in controlling Sclerotinia diseases [39]. Thus, isola-
tion of Paraconiothyrium sp. as endophyte from ginger with
activity against various phytopathogens was found to seem
significant. In the rhizome protection study, the isolate was
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polyketide synthase gene [Cochliobolus sp.}(JQ407020.1)

found to effectively protect ginger rhizomes from P. myrio-
tylum infection. Both the spore suspension and the culture
filtrate resisted the growth of phytopathogen which indicated
the antimicrobial constituents produced by the isolate to be
responsible for the biocontrol property shown by the endo-
phyte, and hence the isolate was further investigated for the
identification of its bioactive metabolites.

The GC-MS analysis of both the crude extract and the
bioactive fraction identified danthron as the bioactive con-
stituent of GFM13. Danthron (1,8-dihydroxyanthraquinone),
also called as chrysazin, is used as a stimulant laxative in
some countries. It is reported to have antibacterial, anti-
fungal [2], and anticancerous activity [20]. Danthron is
an anthraquinone derivative and its synthesis is mediated
by the enzymes polyketide synthases. Anthraquinones are
produced by many fungal genera [8]. Danthron was found
as an antifungal constituent produced by a marine-derived
fungus, Beauveria bassiana [37]. Chaetomium globosum
isolated from rhizosphere soil of cucumber showed a wide
range of bioactivity, where one of the bioactive constituents
produced was danthron [2]. Though danthron is reported
in certain plants, fungus, and insects, this is the first report
of danthron being produced as the bioactive constituent of
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Paraconiothyrium sp. Bioactive anthraquinones are sug-
gested to undergo auto-oxidation to release hydrogen per-
oxide which can degrade fungal cell wall and also mediate
oxidation of other anthraquinones to produce more efficient
antimicrobials. In Trichoderma harzianum, anthraqui-
nones with higher oxidation number was found to show
better antifungal activity [19]. Similar mechanisms may
be considered to be the basis of broad antimicrobial effect
of danthron which can have wide applicability. In addition,
anthraquinones can enhance plant’s systemic resistance by
inducing hypersensitive responses, increasing the total per-
oxidase activity, and by the induction of synthesis of stil-
benes. Defence mechanism in grape wine leaves was found
to be induced by anthraquinone-rich plant extracts and also
by pure emodin, an anthraquinone, thus conferring them
resistance against downy mildew [9]. As danthron is used
as a fungicide against powdery mildew, production of this
compound by an endophyte can have tremendous agronomic
applications. Presence of NR-PKS gene provides the pos-
sible indication for the biosynthetic basis for danthron pro-
duction, as anthraquinones in fungi are produced specifically
by NR-PKS [8]. Some biosynthetic pathways involving PKS
genes are silent when fungi are cultured in the laboratory
and would be only expressed in their natural habitat [24].
So there is the chance of production of more diverse and
bioactive anthraquinones by the isolated fungi during their
endophytic lifestyle.

Paraconiothyrium sp. isolated in the current study may be
considered as the natural biocontrol agent harbored by the
ginger rhizomes for its protection against phytopathogens
including Pythium sp. Danthron biosynthesis by the endo-
phytic Paraconiothyrium sp. observed in the study offers its
agricultural applications to limit plant diseases.
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