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Abstract

Thirteen endophytic fungal isolates, inhabiting Citrus macroptera growing in Assam, India, were studied for their ability
to produce bioactive metabolites. Ethyl acetate extracted secondary metabolites of endophytic Talaromyces assiutensis,
exhibited the highest antimicrobial activity against Staphylococcus epidermidis followed by Acremonium falciformae which
inhibited Sclerotinia sclerotiorum. Taxonomic identity of T. assiutensis was confirmed by internal transcribed spacer r-DNA
sequence analysis. Quantitative estimation of phytochemicals of the ethyl acetate extracted secondary metabolites produced
by T. assiutensis, revealed that flavonoid content was the highest followed by alkaloids, saponin and terpenoids. FT-IR
spectrophotometry of the extract showed the presence of alcohol, alkane, acid anhydride, alkene, aromatic, alkyl halide and
amine as functional groups. Nine major cmpounds, viz., 3-undecene-5-methyl-; 2,5-dihydroxy-3-methyl-2,5-cyclohexadiene-
1,4-dione; 3-n-hexylthiolane, S,S-dioxide; Methyl 8-Methylnonanoate; (4H)4a,5,6,7,8,8a-Hexahydrobenzopyran-5-one-
3-carboxamide,2; Cyclopentane undecanoic acid, methyl ester; Trans-2,4-Dimethylthiane, S,S-dioxide; 5-Hydroxy-4-hy-
droxymethyl-1-(1-hydroxy-1-isopropyl)-Cyclohex-3-ene and 3-Nonyn-1-ol were identified from the bioactive metabolites
of T. assiutensis using GC-MS. The results indicate that the antimicrobial compounds produced by 7. assiutensis may be
used in pharmaceutical as well as agricultural industries.

Keywords Bioactive secondary metabolite - Antimicrobial activity - Phytochemical analysis - FT-IR analysis - GC-MS
analysis

Introduction

During recent years, the synthetic chemical compounds used
in different sectors are being replaced by a wide range of
natural metabolites extracted from plants as well as micro-
organisms. Use of plants in large numbers for industrial
purposes, however, has decreased plant population con-
sequently, making them rare, threatened, endangered and

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s42360-019-00179-w) contains
supplementary material, which is available to authorized users.

P< Dhruva Kumar Jha
dkjhabot07 @ gmail.com

Deepanwita Deka
deepanwita87 @gmail.com

Microbial Ecology Laboratory, Department of Botany,
Gauhati University, Guwahati, Assam 781014, India

finally extinct. Microorganisms may play an important role
as an alternative source of different metabolites and can help
in replacing plants and consequently conserving them (Tei-
ten et al. 2013). The microorganisms inhabiting a special
niche like the healthy plant tissues (e.g. endophytes) might
produce novel metabolites as their survival strategy inside
host tissues. Endophytic fungi have been observed to pro-
duce metabolites having applications in therapeutics, indus-
try and agriculture (Teiten et al. 2013). Many endophytes
have been isolated from medicinal plants, which are able
to produce bioactive compounds or metabolites identical to
the one produced by the host plants. Taxol, an anticancer
compound, extracted from endophytic fungi, Taxomyces
andreanae, inhabiting Pacific yew, which produces taxol
as the endophyte does (Stierle et al. 1993). Application of
endophytes for these purposes will reduce the pressure on
plants thereby helping in their conservation (Strobel and
Daisy 2003).
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Endophytic fungi produce extensive therapeutic sub-
stances like antimicrobial, antioxidant, anticancerous,
herbicidal, insecticidal, immunomodulatory compounds
(Kaaniche et al. 2019). Endophytic fungi can produce anti-
microbial secondary metabolites containing aliphatic com-
pounds, alkaloids, flavonoids, saponins, peptides, phenols,
quinones, tannins, terpinoids, lactones etc. that may be
effective against different bacteria, fungi and actinomycetes
(Kaaniche et al. 2019). Compounds such as antineoplastic
paclitaxel, anticancerous podophyllotoxin, deoxypodophyl-
lotoxin, camptothecin, antidepressant hypericin, insecticidal
azadirachtin A and B etc. have been extracted from different
endophytic fungi (Kusari et al. 2012). Findings of this nature
have led researchers to work more belligerently on endo-
phytic fungi. However, it is necessary to select host plants
pragmatically if one wishes to isolate the endophytic fungi
capable of producing novel secondary metabolites. Strobel
and Daisy (2003) have advocated that plants for isolation of
endophytes be selected from those growing in great biodi-
versity areas and having ethnobotanical history. Therefore,
much emphasis is given to less explored, endemic, rare,
endangered or threatened plants for isolation of endophytes
and biological activity of their metabolites for future appli-
cations in different fields.

Citrus macroptera, commonly known as “Satkara” in
Assam and “Wild orange” in English, is an endangered
medicinal plant growing in the biodiversity hot spot region
of North East India (Malik et al. 2006). The indigenous peo-
ple of N.E. India traditionally use different parts like fruits,
leaves, stems etc. of this plant for treatment of various dis-
eases. The metabolites produced by this plant show antioxi-
dant, cytotoxic, antimicrobial, thrombolytic, hypoglycemic,
anxiolytic, antidepressant, cardioprotective, antihyperten-
sive, antipyretic, appetite stimulant potentials and hepato-
protective activities (Aktar 2017). Not much work has been
done on isolation of endophytic fungi from C. macroptera
and biological activities of metabolites produced by these
fungi. The present study, therefore, was carried out to iso-
late endophytic fungi for production of biologically active
secondary metabolites.

Materials and methods
Isolation and culture conditions

Leaf, bark and root samples from three healthy C. marop-
tera plants were collected aseptically for the isolation of
the endophytic fungi, from three different localities, viz.,
(1) Medicinal Plant Garden of Diphu (Recreation Park),
Karbi Anglong, Assam; (2) Doldoli Reserved Forest, Karbi
Anglong, Assam and (3) Dr. H.K. Baruah Regional Botani-
cal Resource Centre, Gauhati University, Assam, India.
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Freshly collected and washed samples were cut into a total
of 1008 segments of about 2 cm long and 0.5 cm broad with
sterile knife, comprising 336 each from leaves, barks and
roots. Segments were sequentially immersed in 70% etha-
nol for 3 min, 4% aqueous solution of sodium hypochlorite
(NaClO) for 5 min and 70% ethanol for 1 min and finally
in 0.1% mercuric chloride (HgCl,) for 3 min (Strobel et al.
2002). The segments, thereafter, were rinsed with sterile
distilled water and then surface sterilization efficiency
was determined for every fragment following the imprint
method of Schulz et al. (1993). The segments were then
inoculated in petriplates (90X 15 mm) containing differ-
ent media viz., Czapeck-Dox-Agar, Potato-Dextrose-Agar,
Malt Extract Agar, Sabourad Dextrose Agar, V8 juice agar,
Nutrient Agar, water agar media and media amended with
plant extracts separately and incubated at 25 + 1 °C until the
mycelium or the colony appeared surrounding the segments.
All the media were procured from HiMedia Laboratories
Pvt. Ltd., India. Plant extraction was done by boiling 500 g
of the bark and leaf separately in 250 ml of distilled water
for 10-15 min (Tayung 2008). The preparation was cooled
and filtered through sterile Whatman No.1 filter paper to
obtain the crude extract. Streptomycin sulphate (50 ug mL ™!
concentration) was used in all the media to prevent bacterial
contamination.

The colonization frequency (CF%) of endophytic fungi
was calculated by using the following formula given by Hata
and Futai (1995):

CF = (NcoL/N,) % 100

where, N =number of leaf/bark/root segments colonized
by specific fungus, N, =total number of leaf/bark/root seg-
ments plated

Frequency of dominant endophytes was calculated as per-
centage of colony frequency divided by sum of percentage
of colony frequency of all endophytes x 100 (Carroll and
Carroll 1978).

Similarity co-efficient (SC=2w/a + b+c) was calculated
by using the formula given by Carroll and Carroll (1978) and
was expressed as percentage, where, a=the sum of coloni-
zation frequency for all fungal species in a tissue; b, c =the
similar sum for another tissue and w =the sum of lower
colonization frequencies for fungal endophytes in common
between the tissues.

Identification of isolates

Morphological identification The isolates were identified on
the basis of their vegetative and reproductive characters as
observed by Labomed (ATC2000) microscope. They were
identified using manuals of Nagamani et al. (2006).
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Molecular identification The taxonomical identity of the
potent isolate T. assiutensis was confirmed using molecular
tools. The genomic DNA of the fungal isolate was extracted
from 7 days old mycelium growing in Potato dextrose broth,
following the protocol of Keith et al. (2006). For amplifica-
tion of ITS-rDNA, the whole genomic DNA was amplified in
thermo-cycler (Bio-Rad C-1000) using universal primer pair
of ITS1 (5"TCCGTAGGTGAACCTGCGG-3") and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3") (White et al. 1990a, b)
which amplified the ITS region of the isolate. The conditions
for polymerase chain reaction for ITS-rDNA amplification
was 94 °C for 5 min for initial denaturation, amplification at
30 cycles of 94 °C for 30 s, 53 °C for 30 s, 72 °C for 2 min,
final elongation at 72 °C for 5 min and after completion the
reaction was kept at 4 °C. The final product was 630 bp,
which was run in 1% agarose gels by electrophoresis and
observed in gel documentation system. Then the product was
purified using PCR purification kit (Fermentas, Lithuania)
as per the manufacturer’s protocol and PCR product was
sequenced by Sanger’s Dideoxy method on applied Biosys-
tem 3730XL (HKP Scientific, Bhubaneswar). To search the
similar sequences from the GenBank sequence database for
the 5.8S-ITS sequence of fungi the BLAST search (http://
www.ncbinlmgov/BLAST) with NCBI database program
was used. The sequences were aligned with representative
sequences in the NCBI database using MEGA7 software, the
phylogenetic analysis of the alignment was performed with
Maximum Likelihood method.

Mass multiplication and crude secondary
metabolites production

For secondary metabolites extraction, all the isolates were
grown in 1000 mL Erlenmeyer flask containing 500 mL
potato dextrose broth media and incubated at 25+ 1 °C
for 3—-4 weeks under a stationary condition (Phongpaichit
et al. 2007). To separate the mycelia, the broth culture was
filtered, blended thoroughly and centrifuged at 3600 rpm
for 10 min. The supernatant was then extracted three times
with ethyl acetate and concentrated to dryness by using
rotary vacuum evaporator (Model: EYELA/NVC-2100)
at 40 °C. The resulting extracts from each isolate was dis-
solved in dimethyl sulfoxide (DMSO) at a concentration
of 10 mg mL~!. The solution was sterilized by filtration
through 0.4 um cellulose acetate (hydrophilic) filter and was
examined for antimicrobial activity against some microbes
as given below.

Microbial test organisms
The antimicrobial activity was tested against two Gram-

negative bacteria, viz., Escherichia coli (MTCC 443) and
Klebsiella pneumoniae (MTCC 109), two Gram-positive

bacteria, viz., Bacillus subtilis (MTCC 441) and Staphy-
lococcus epidermidis (MTCC 435) and two fungi, Sclero-
tinia sclerotiorum (MTCC 8785) and Fusarium oxysporum
(MTCC 284). The test organisms except S. epidermidis
and the fungi, were obtained from the Institute of Micro-
bial Technology IMTECH), Chandigarh, India. S. epider-
midis was obtained from Regional Institute of Medical Sci-
ences (RIMS), Imphal, India and fungi were collected from
Defence Research Laboratory (DRL), Tezpur, India.

Antimicrobial activity assay

Kirby-Bauer disc diffusion method was followed for determi-
nation of antimicrobial activity (Bauer et al. 1966) of crude
secondary metabolite. In the experiment, 0.2 ml of each test
bacteria (1 x 103 CFU mL™!) was spread evenly over the
nutrient agar media by sterile cotton swab. Similarly, plates
with PDA medium were swabbed with 0.2 ml of cultured
test fungi (1 x 103 CFU mL™"). Sterile paper discs (6 mm in
diameter) soaked in 0.5 ml of each crude metabolite solution
(10 mg mL~! DMSO) was used to determine the antimicro-
bial activity. Sterilized discs immersed in DMSO (100%)
were used as negative control while tetracycline (10 pg/disc)
and fluconazole (10 pg/disc), the standard antibacterial and
antifungal agents respectively were used as positive control.
Zone of inhibition was measured after 24 h of incubation at
30 °C for bacteria and after 48—72 h at 25 +2 °C for fungi.
For each test three replicates were maintained.

Determination of minimum inhibitory concentration
(MIC) of the of the extracted metabolite

The lowest concentration of an antimicrobial agent that
inhibits the visible growth of a microorganism is known
as the MIC. The minimum inhibitory concentration (MIC)
of the ethyl acetate extracted metabolite of the most potent
isolate was tested against the test microorganisms. The
MIC value was determined by micro broth dilution assay as
described by Santos and Filho (2003). The assay was carried
out in sterile 96-well plates and total volume per well was
100 pl. The inoculum was prepared to give approximately
10~ to 107> CFU per well and the compound was tested at
concentration from 1000 ug to 35 ug mL~! in twofold step
dilution. Three wells were inoculated for a given concentra-
tion. The plates were incubated at 26 + 1° C for 5 days.

Phytochemical analysis of ethyl acetate extracted
secondary metabolite

Preliminary qualitative phytochemical analysis The ethyl
acetate (EA) extract of Talaromyces assiutensis, was con-
centrated to dryness by using rotary vacuum evaporator
(Model: EYELA/NVC-2100) at 40 °C. Dried crude extract
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were checked for the presence of some of the secondary
metabolites such as alkaloid, flavonoids, phenols, sapo-
nins, steriods, cardiac glycosides, tannins, terpinoids by
standard procedures (Bhardwaj and Agrawal 2015).

Alkaloids The fungal crude extracts were dissolved in
2 N HCI. The mixture was filtered using 0.4 pm cellulose
acetate (hydrophilic) filter and the filtrate was treated with
a few drops of Mayer’s reagent (3 ml of potassium iodide
solution mixed with 2 mL mercuric chloride solution). The
creamish precipitate indicated the presence of alkaloids
(Bhardwaj and Agrawal 2015).

Flavonoids 0.5 mg of crude extract was added to 5 ml
of DMSO (dimethyl sulphoxide) in a test tube. To this
solution, 5—10 drops of dilute HCI and small pieces of
magnesium were added. The solution was boiled for few
minutes. In the presence of flavonoids, dirty brown colour
was produced (Bhardwaj and Agrawal 2015).

Phenols Ferric chloride test was done to determine the
phenolic content of the crude extracts. Fifty milligram
crude dry extract was dissolved in 5 mL of distilled water.
To this solution, a few drops of neutral 5% ferric chloride
solution were added. Formation of a blackish green colour
indicated the presence of phenolic compounds (Handun-
netti et al. 2009).

Tannins A bluish black colour was formed on addition
of alcoholic FeCl; reagent to the fungal dry crude extract.
This colour disappeared on addition of a little dilute
H,SO, was followed by the formation of yellowish brown
precipitate (Handunnetti et al. 2009).

Cardiac glycosides Keller-Kiliani’s test was performed
to assess the presence of cardiac glycosides (Handunnetti
et al. 2009). The fungal dry crude extract was treated with
1 ml of FeCl; reagent (mixture of 1 ml of 5% FeCl; solu-
tion and 99 ml of glacial acetic acid). To this solution a
few drops of concentrated H,SO, was added. Appearance
of greenish blue colour within a few minutes indicated the
presence of cardiac glycosides (Handunnetti et al. 2009).

Saponins The presence of saponins was determined by
Frothing test. The crude dry extract of fungi was vigor-
ously shaken with distilled water and was allowed to stand
for 10 min. Absence of froth indicated absence of saponins
and stable froth of more than 1.5 cm indicated their pres-
ence (Handunnetti et al. 2009).

Terpenoids Salkowski’s test was done to evaluate the
terpenoid presence. In 2 ml of chloroform, 1 ml of fungal
crude extract was added. To this solution, 3 ml of concen-
trated H,SO, was added to form a layer. Formation of a
reddish-brown coloured precipitate at the interface indi-
cated the presence of terpenoids (Bhardwaj and Agrawal
2015).

Quantitative phytochemicals analysis After prelimi-
nary qualitative screening, the phytochemicals found in
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the EA extracted metabolites of T. assiutensis were tested
for quantitative estimation.

Total alkaloids content The total alkaloid content was
determined using spectrophotometer at 470 nm by follow-
ing the method of Shamsa et al. (2008). The standard atro-
pine solution was prepared by dissolving 1 mg pure atro-
pine (Sigma Chemical) in 10 mL distilled water (Shamsa
et al. 2008). The test was performed in triplicate.

Total flavonoid content Total flavonoid content was
determined by a colorimetric method reported by Shamsa
et al. (2008). Absorbance of the final solution was meas-
ured at 510 nm. Catechin (Sigma-Aldrich Chemical) was
used to prepare the standard curve (5-100 ug mL™!) to cal-
culate the total flavonoid content. The test was performed
in triplicate.

Total saponin content Total saponin content was deter-
mined spectrophotometrically at 544 nm, by following
the method described by Shamsa et al. (2008). Diosgenin
equivalents (DE) was used as standard to calculate the
saponin concentrations.

Total terpenoid content About 1 g of the crude extract
was weighed and dripped in 50 mL of 95% ethanol for
24 h. The extract was filtered and the filtrate was extracted
with petroleum ether (60—80 °C) and concentrated to dry-
ness. The dried extract was estimated as total terpenoids
(Ferguson 1956).

weight of terpenoid extract (gm)

Terpenoid content (%) = weight if sample (gm) x 100

Characterization of ethyl acetate extracted
bioactive metabolite

FT-IR analysis Several drops of the extracted metabolite
were taken onto an KBr aperture plate and it was sand-
wiched under another aperture plate, such that no gas bub-
bles are trapped. The KBr plates are translucent to the
infrared light and therefore, no lines onto the spectra are
introduced. Then the plates were inserted into the photo
acoustic cell which is then sealed for the measurement.
The spectra obtained through those samples were com-
pared and interpreted for the shifting of functional peaks
(Pervez et al. 2015).

GC-MS analysis For GC-MS analysis of the crude
metabolite the sample solution was prepared in HPLC
grade methanol and then used for GC—MS analysis as per
the protocol proposed by Huang et al. (2007).

The temperature program for GC-MS analysis of the
extract was as follows:

Initial temperature 50 °C for 5 min, ramp 5 °C/min
to 150 °C, hold 5 min, ramp 10 °C/min to 280 °C, hold
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10 min, InjAuto=260 °C, Volume =0 pul, split=1:1,
Carrier Gas =He, Solvent delay =8.00 min, Transfer
Temp =180 °C, Source Temp =160 °C, Scan =50 to
600 Da, Column 60.0 m X 250 um

The identification of components present in the metabo-
lite was accomplished using computer searches on National
Institute of Standard and Technology (NIST) Ver.2.1 MS
data library and comparing the spectrum of the unknown
compounds obtained through GC-MS. Structures of the
major compounds obtained through GC-MS analysis have
been collected from National Institute of Standards and
Technology Chemistry WebBook, US (https://webbook.nist.
gov/chemistry/).

Statistical analysis

The results were expressed in terms of mean =+ standard
deviation. All data presented are mean values of triplicate
measurements (n=3), obtained from three separate readings.
Statistical analyses were performed by One-way analysis of
variance (ANOVA) followed by least significant difference
(LSD) test using Microsoft office excel 2016 to analyse the
differences among mean values of different assays. Sig-
nificance of the differences were measured statistically at
p<0.05.

Results
Endophytic fungal isolates

A total of 890 isolates (311 from leaf, 302 from bark, 277
from root) were obtained from 1008 segments (336 seg-
ments each from healthy leaf, bark and root samples) of
C. macroptera. The isolates were identified based on their
vegetative and reproductive characters, 12 different spe-
cies and one sterile mycelia which could not be identified
because of its sterile nature (Table 1) were isolated. The
isolates belonged to Ascomycota, Oomycota and mycelia
sterilia. Out of total isolates 75.28% belonged to Ascomy-
cota (26.40% from leaf, 25.28% from bark and 23.60% root),
14.27% to Oomycota (5.39% from leaf and 4.94% from bark
and 3.93% from root) and 10.45% were unidentified mycelia
sterilia (3.15% from leaf, 3.71% from bark and 3.60% from
root). Talaromyces assiutensis showed the highest coloniza-
tion frequency (15.18% in leaf, 13.10% in bark, 10.42% in
root) and frequency of dominance (16.57% in leaf 14.57%
in bark, 12.64% in root) (Table 1). T. assiutensis exhibited
maximum bioactivity. The taxonomic identity of this fungus
was confirmed on the basis of the phylogenetic tree (Fig. 1)
drawn based on 18S rDNA sequence of ITS region. The
sequence was deposited to the GeneBank vide accession
number MH843734.

The isolates sporulated profusely on Potato Dextrose
Agar as compared to the other media used. Difference
in isolation rate of the endophytic fungi was observed
between amended (with bark and leaf extracts) and un-
amended media. Out of 890 isolates 593 were isolated

Table 1 Number of isolates,

L Endophytic fungi Total number of Colonization frequency  Frequency of Domi-

colonization frequ'ency and isolates (%) nance (%)

frequency of dominance of

endophytes isolated from Leaf Bark Root Leaf Bark Root Leaf  Bark  Root

different parts of C. macroptera
Achlya debaryana 48 44 35 15.18  13.10 1042 1657 1457 12.64
Aspergillus niger 21 19 19 6.25 5.66 5.66 6.83 6.29 6.87
Chaetomium reflexum 26 26 28 7.74 7.74 8.33 8.45 8.63 10.10
Talaromyces assiutensis 40 33 29 1090 9.82 8.63 1191 1092 1045
Trichurus spiralis 51 40 32 1429 1191 952 15.61 1325 11.55
Penicillium duclauxii 16 12 23 4.76 3.57 6.85 5.20 3.97 8.31
Chochliobolus geniculatus 21 27 30 6.25 8.04 8.93 6.82 8.94 10.83
Alternaria sp. 9 19 0 2.68 5.66 0 293 6.29 0
Ceratocystis sp. 16 19 0 4.76 5.66 0 5.20 6.29 0
Aspergillus candidus 19 16 0 5.66 4.76 0 6.18 5.29 0
Acremonium falciformae 16 14 18 4.76 4.17 5.36 5.20 4.64 6.50
Mycelia sterilia 28 33 32 8.33 9.82 9.52 9.10 1092 11.55
Fusarium sp. 0 0 31 0 0 9.23 0 0 11.20
Total 311 302 277

*The Colonization frequency was calculated on the basis of 336 segments of root plated
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Fig. 1 Phylogenetic tree show-
ing the most active isolate
Talaromyces assiutensis, using

MEGA7 software. The phyloge-
netic analysis of the alignment
was performed with Maximum
Likelihood method

KF147920.1 Talaromyces trachyspermus strain ph721
EU076917.1 Talaromyces trachyspermus
JN899320.1 Talaromyces assiutensis strain CBS 118440

KM458833.1 Talaromyces assiutensis strain NFML CH56 421

KF673666.1 Fungal endophyte voucher ARIZ:DM0132

MH843734.1Talaromyces assiutensis strainDDB1CM
KP055603.1 Talaromyces trachyspermus strain KNU14-24-1
MG865812.1 Fungal sp. strain

KJ207416.1 Talaromyces assiutensis isolate 1774WS

KR909179.1 Talaromyces assiutensis isolate KK
4‘; KJ207415.1 Talaromyces assiutensis isolate 35WS
KX826481.1 Talaromyces assiutensis strain BA38R2-2 1

—: MF681570.1 Talaromyces trachyspermus strain E389
JF714646.1 Talaromyces trachyspermus strain TT-IA-N05

"
0.00050

using media amended with plant extracts. Alternaria sp.,
Ceratocystis sp. and Aspergillus candidus were isolated
only from leaf and bark samples and not from root sam-
ples, while Fusarium sp. was isolated only from root. Sim-
ilarity co-efficient between Leaf-Bark-Root of C. macrop-
tera was 48.72%.

Table 2 Antimicrobial activity of ethyl acetate extracted metabolites
fungal test organisms

—: GQ365160.1 Talaromyces trachyspermus isolate C234
KY022801.1 Fungal endophyte isolate GHXR23

Screening for antimicrobial activity

Crude secondary metabolites of all the isolates were tested
for antimicrobial activity against two Gram-negative viz.,
E. coli and K. pneumoniae; two Gram-positive bacteria
viz., B. subtilis, S. epidermidis and two fungi S. sclerotio-
rum and F. oxysporum. Crude metabolites of Talaromyces
assiutensis, Aspergillus candidus, Acremonium falciformae

obtained from endophytic fungal isolates against different bacterial and

Zone of inhibition (mm)

Endophytic fungi Gram-positive Gram-negative Fungi

Se Bs Kp Ec Sc Fo
Achlya debaryana - 12 + 0.50* - 5.32 +0.48" 7+0.18 -
Aspergillus niger - 10.50 + 0.50° 7.58 +0.23* 9.39 +0.19° 11.49 +0.32° 8.33 +£0.11°
Chaetomium reflexum 9.42 + 0.29* 11.83 +0.29* - 11.90 + 0.17¢ - 9.89 +0.27°
Talaromyces assiutensis 18.17 + 0.76° 10.33 +0.29° 12.93 +0.12° 8.21 +0.32¢ 11.93 +0.12° 921 +0.31°
Trichurus spiralis 12.50 + 0.50¢ 9.37 £ 0.55° 6.07 +0.12° 8.10 +£0.17¢ - 7.13 £ 0.28°
Penicillium duclauxii 13.83 + 0.29° 15.57 + 0.40¢ - 4.87 + 0.29° 10.47 £ 0.18° -
Chochliobolus geniculatus - 12.40 + 0.53° 11.17 + 0.29¢ 9.50 + 0.50° 12.07 + 0.41¢ 8.53 + 0.26
Alternaria sp. - 7.67 +0.58° 6.79 + 0.58° - 6.91 +0.33* -
Ceratocystis sp. 7.57 £ 0.40¢ 8.3 +0.29° - 6.33 +0.29° - 8.31 +0.17°
Aspergillus candidus 9.19 +£0.217 11.10 £ 0.17* 10.57 + 0.40¢ 11 +0.35¢ 12.51 +0.63¢ 9.11 + 0.29°
Acremonium falciformae 13.2 + 0.49¢ 15.07 +0.12¢ 8.17 + 0.76° 11.23 +0.22° 17.69 + 0.63¢ 12.20 + 0.39¢
Fusarium sp. 10.3 + 0.29° 11.37 £ 0.31° - 12.05 + 0.35° 13.09 + 0.37° -
Mycelia sterilia 9+0.41° 11.07 +0.12 9.70 + 0.2 8.5 +0.2¢ 10.13 + 0.22° 8.5+0.25"
Antibiotic disc 19.67 + 0.58° 37.27 £0.25° 13.23 + 0.09° 5.83 +0.29% 1791 + 041° 2537+ 0.17¢
Negative control 0 0 0 0 0 0

Positive control: Co-assayed antibiotics (Tetracycline 10 mcg/disc, Fluconazole 10 mcg/disc)

Negative control: Sterile disc (6 mm diameter) immersed in Dimethyl sulphoxide (DMSO)

Se S. epidermidis, Bs B. subtilis, Kp K. pneumoniae, Ec E. coli, Sc S. sclerotiorum, Fo F. oxysporum. Data mean of three replicates + SD. Means
with different letters within a column were significantly different (p <0.05)

The zone of inhibition (ZI) was expressed in millimetres, as low activity (1-6 mm), moderate activity (7-10 mm), high activity (11-15 mm),
very high activity (16-20 mm), no activity (-)
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and mycelia sterilia showed antagonistic activity against all
the six test organisms tested (Table 2). The crude metab-
olite of T. assiutensis showed highest zone of inhibition
(18.17+0.76 mm) against Staphylococcus epidermidis
(Table 2, Fig. 2a). Growth of B. subtilis was inhibited by all
isolates (Table 2). Acremonium falciformae showed high-
est antifungal activity (16.19+0.73 mm zone of inhibition)
against S. sclerotiorum (Table 2, Fig. 2b).

MIC of the ethyl acetate extracted crude metabolite

The minimum inhibitory concentration of the ethyl acetate
extracted crude metabolite of Talaromyces assiutensis
against different test microbes are shown in Table 3. The
lowest MIC value of T. assiutensis extract was 113 +1.5 ug
mL~! against S. epidermidis followed by 230.55 + 0.9 ug
mL~! against K. pneumoniae (Table 3). The highest MIC
480+2.19 ug mL~" was recorded against E. coli (Table 3).

Fig.2 a Antibacterial activity
of bioactive crude second-

ary metabolite produced by
Talaromyces assiutensis (Ta)
against Staphylococcus epider-
midis and b antifungal activity
of bioactive crude second-

ary metabolite produced by
Acremonium falceformae (Af)
against Sclerotinia sclerotiorum.
Positive Control-(a) Tetracy-
cline (Tc-30 pg/disc) and (b),
Fluconazole (Fn-10 pg/disc),
Negative Control-Dimethyl
sulfoxide (DMSO)

Phytochemical analysis of ethyl acetate extracted
secondary metabolite

Qualitative phytochemicals analysis: The ethyl acetate (EA)
extracted metabolite of Talaromyces assiutensis was evalu-
ated for the presence of phytochemicals as it showed highest
antimicrobial activity. The results of phytochemical analysis
of the extracts revealed the presence of flavonoids, terpe-
noids, alkaloids and saponin in the EA extracted metabolite
of T. assiutensis. Phenol, tannin and cardiac glycosides were
absent in the extracts.

Quantitative phytochemicals analysis

The EA extracted metabolite of 7. assiutensis showed dif-

ferent amount of phytochemicals. The extract contained the
highest content of flavonoids (6.53+0.17 pg mg™') was
highest in the extract followed by alkaloids (5.19+0.12 pg
mg~'), saponins (3.26 +0.07 pug mg~") and terpenoids
(3.35+£0.1%) (Fig. 3). The flavonoid content was signifi-
cantly different from that of the alkaloid and saponin con-
tents (p <0.05).

Table 3 MIC of the ethyl
acetate extracted crude
metabolite of potent isolates

Endophytic fungi

Test organism

Zone of inhibition (mm) Minimum inhibitory

concentration (ug

oo : mL™")
against different test organisms

Talaromyces assiutensis S. epidermidis 17.11+0.26 113+1.5
B. subtilis 8.53+£0.18 35045+1.2
K. pneumoniae 9.81+0.22 230.55+0.9
E. coli 7.16+0.41 480+2.19
F. oxysporum 8.09+0.18 425+1.8
S. sclerotiorum 9.85+0.23 320.49+1.5

Data mean of three replicates + SD
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Fig.3 Total content of flavo- 8 4
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Characterization of ethyl acetate extracted 1080 cm™', 1039.63 cm™!, 962 cm™!, 721 cm™!, 650 cm™!
bioactive metabolite (Fig. 4). Bands at 3437 cm™! that corresponded to the

stretching vibrations of alcohol; 2956.87 cm™!, 2924 cm™!

FT-IR analysis The FT-IR spectrum of EA extracted bio-  and 2852.72 cm™! corresponded to the stretching vibra-
active metabolite Talaromyces assiutensis showed bands  tions of alkanes; 1836 cm™' to that of acid anhydride;
at 3437 cm™!, 2956.87 cm™!, 2924 cm™!, 2852.72 cm™!,  1637.56 cm™! to alkene; 1552.70 cm™!, 1462 cm™!,
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Fig.4 FT-IR chromatogram of ethyl acetate extract of bioactive metabolite produced by T. assiutensis
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1039.63 cm™! to ether; 962 cm™! and 721 cm™! to alkene
and 650 cm™! to alkyl halide.

GC-MS analysis of ethyl acetate extracted metabo-
lite: GC-MS analysis of secondary metabolites produced
by T. assiutensis revealed the presence of nine probable
major volatile compounds, viz., 3-undecene-5-methyl-;
2,5-dihydroxy-3-methyl-2,5-cyclohexadiene-1,4-dione;
3-n-hexylthiolane, S,S-dioxide; Methyl 8-Methylnonanoate;
(4H)4a,5,6,7,8,8a- Hexahydrobenzopyran-5-one-3-car-
boxamide,2; Cyclopentane undecanoic acid, methyl ester;
Trans-2,4-Dimethylthiane, S,S-dioxide; 5-Hydroxy-4-hy-
droxymethyl-1-(1-hydroxy-1-isopropyl)-Cyclohex-3-ene;
and 3-Nonyn-1-ol with peak-area respectively 128,601.2;
474,942.6; 320,973.8; 454,450.2; 1,437,319,040; 172,088.6;
277,639.3; 1,473,169 and 1,451,447.6. The chemical for-
mula, structure etc. of these probable major compounds of
EA extracted bioactive metabolites have been presented in
Table 4. GC-MS chromatogram is presented in Fig. 5. In
the chromatogram the first major peak corresponded to the
compound 3-undecene-5-methyl with retention time (RT)
34.879 min, second major peak corresponded to the com-
pound 2,5-dihydroxy-3-methyl-2,5-cyclohexadiene-1,4-di-
one with RT 37.91 min, third major peak corresponded
to the compound 3-n-hexylthiolane, S,S-dioxide with RT
38.35 min, fourth major peak corresponded to the compound
Methyl 8-Methylnonanoate with RT 40.08 min, fifth major
peak corresponded to the compound (4H)4a,5,6,7,8,8a-
Hexahydrobenzopyran-5-one-3-carboxamide,2 with RT
40.87 min, sixth major peak corresponded to the com-
pound Cyclopentane undecanoic acid, methyl ester with
RT 42.22 min, seventh major peak corresponded to the
compound Trans-2,4-Dimethylthiane, S,S-dioxide with RT
42.83 min, eight major peak corresponded to the compound
5-Hydroxy-4-hydroxymethyl-1-(1-hydroxy-1-isopropyl)-
Cyclohex-3-ene with RT 43.99 min and ninth major peak
corresponded to the compound 3-Nonyn-1-ol with RT
44.99 min (Fig. 5).

Discussion

Medicinal plants have long been traditionally used in dif-
ferent parts of the world. Their indiscriminate use has
resulted into destruction of species in their natural habitats.
To reduce this, researchers have now focussed on bioac-
tive metabolites produced by endophytic fungi. In the pre-
sent study also endophytic fungi were isolated from Citrus
macroptera, hoping that they will be capable of producing
bioactive secondary metabolite similar to that of the host. A
total of 13 morphologically distinct endophytic fungi were
isolated from C. macroptera, most of which belonged to the
phylum Ascomycetes. Except Alternaria sp., Ceratocystis
sp., Aspergillus candidus and Fusarium sp., all endophytes

colonized leaf, bark and root of the plants supporting the
view of Dix and Webster (1995). Dix and Webster (1995)
believed endophytes were generally not considered as
organ-/site-specific microbes and it is likely that many of the
species isolated from bark may also occur in leaves. In our
study, Alternaria sp., Ceratocystis sp. and Aspergillus can-
didus colonized only leaf and bark samples, while Fusarium
sp. colonized only the root. This indicated organ specificity
of the isolates. Endophytic colonization was higher in leaves
compared to barks or roots, which supports the findings of
Maheswari and Rajagopal (2013) who also observed high
percentage of frequency of colonization of the endophytic
fungi. Difference in colonization rate of endophytic fungi in
leaf, bark and root samples may be attributed to variation in
phytochemical constituents and anatomical differences of
these tissues (Maheswari and Rajagopal 2013).

Endophytic fungi are recognized as a potential source of
antimicrobial secondary metabolites that could be used for
various medicinal purposes (Tayung 2008). Results of the
present work suggested that C. macroptera harboured endo-
phytic fungi capable of producing antimicrobial secondary
metabolites active against both bacteria as well as fungi.
Among 13 isolates, 8 inhibited Staphylococcus epidermidis,
12 inhibited Escherichia coli, 10 inhibited Sclerotinia scle-
rotiorum and 8 inhibited Fusarium oxysporum. Deka and
Jha (2018) isolated Acremonium falciformae from Litsea
cubeba, which showed antagonistic activity against Staphy-
lococcus epidermidis. Endophytic Talaromyces assiutensis
isolated from Zingiber officinale in Indonesia, showed 26.3%
inhibition against Fusarium oxysporum (Ginting et al. 2013).
In our present study also, amongst all, 7. assiutensis showed
highest bacterial inhibition against S. epidermidis while A.

falciformae showed highest antifungal activity against Scle-

rotinia sclerotiorum.

The phytochemical analysis of EA extracted metabolites
of endophytic fungi were also carried out. Endophytic Pen-
icillium sp. produced different phytochemicals (Dhankhar
et al. 2012). Huang et al. (2007) reported that phenol and
flavonoid compounds extracted from fungi possessed dif-
ferent bioactivities. Escherichia coli, Salmonella typhimu-
rium, Bacillus subtilis and Staphylococcus aureus inhibiting
active metabolites of the endophytic fungus Pestalotiopsis
neglecta BAB-5510 isolated from leaves of Cupressus toru-
losa, contained chemical groups such as phenols, flavonoids,
terpenoids, alkaloids, tannins, carbohydrates and saponins
(Sharma et al. 2016). Flavonoid content was highest in both
of the crude extracts, followed by alkaloid and terpenoid.
This active endophytic fungus has the ability to produce
bioactive secondary metabolites containing various phy-
tochemicals which will be useful for numerous plant and
human ailments.

The antimicrobial metabolite of T. assiutensis showed
bands corresponding to the stretching vibrations of alcohol,
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Table 4 Probable major compounds present in ethyl acetate extracted metabolite of 7. assiutensis

Name of the compound MW MF Synonym RT (min)  Structure
(kg/mol)
3-undecene-5-methyl- 168 Ci2Hay (3E)-5-Methyl-3-undecen;  3- 34.88 e CH, N
Undecene, 5-methyl-, (3E)-
2,5-dihydroxy-3-methyl-2,5- 196 C1oH 1204 - 37.91 -
cyclohexadiene-1,4-dione
3-n-hexylthiolane, S.,S- 204 CioH200,S  1,1-Dioxyde de 3- 38.35 i \J/\\// e
dioxide hexyltetrahydrothiophene;  3- oj \ =
Hexyltetrahydrothiophen-1,1-
dioxid; 3-
Hexyltetrahydrothiophene 1,1-
dioxide
Methyl 8-Methylnonanoate 186 C1iH20> 8-methylnonanoic acid methyl 40.08 E
L o W W
ester; Nonanoic acid, 8-methyl-, T -
methyl ester
(4H)4a,5,6,7,8,8a- 307 Ci7H2sO4N - 40.87 5 . \J/ e
Hexahydrobenzopyran-5- L/A\/ / \][/ f
one-3-carboxamide,2 ! - “
Cyclopentane  undecanoic 268 C17H3,02 Methyl  dihydrohydnocarpate; 42.22 [:/\_\_
acid, methyl ester Methyl 11- \_\
cyclopentylundecanoate; \\_{_
Cyclopentaneundecanoic  acid,
methyl ester
Trans-2,4-Dimethylthiane, 162 C7H,40,S 2,4-dimethylthiane 1,1-dioxide; 42.83 T N\
\/ N, &
S.S-dioxide cis-2,4-Dimethylthiane, S.S- _& / Rg
=
dioxide %
5-Hydroxy-4- 186 CioH150;3 2-(Hydroxymethyl)-5-(1- 43.99 = z \ f
hydroxymethyl-1-(1- hydroxy-1-methylethyl)-2- < A \( =
hydroxy-1-isopropyl)- cyclohexen-1-ol; 2- I\'c
Cyclohex-3-ene (hydroxymethyl)-5-(1-hydroxy-
1-methyl-ethyl)cyclohex-2-en-
1-ol
3-Nonyn-1-ol 140 CoH160 Non-3-yn-1-ol; (2- 4499 S
Pea ¥ o

Hydroxyethyl)pentylacetylene;

1-hydroxy-3-nonin

MW=Molecular weight, MF=Molecular formula, RT=Retention time
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Fig.5 GC-MS chromatogram of ethyl acetate extract of bioactive metabolite produced by T. assiutensis

alkane, acid anhydride, alkene, aromatic, alkyl halide and
amine. Different researchers have characterized the com-
pounds present in the EA extracted bioactive metabolites
produced by endophytic microbes, using Fourier-transform
infrared (FT-IR) and gas chromatography-mass spectrometry
(GC-MS) instrumental analysis. Using FT-IR, Miao et al.
(2012) characterised the compounds present in the ethyl
acetate extract of the antimicrobial secondary metabolite
of Talaromyces verruculosus. They observed that the IR
spectrum revealed the presence of OH groups, C=0 group,
benzene ring etc.

GC-MS analysis revealed the presence of 9 major com-
pounds in the antimicrobial metabolite produced by Talaro-
myces assiutensis isolated from C. macroptera. 3-n-hexylthi-
olane, S,S-dioxide was identified in the bioactive metabolite
produced by the potent fungi (7. assiutensis). Using GC-MS
analysis, Nithyadevi and Sivakumar (2015) also identified
3-n-hexylthiolane, S,S-dioxide having antimicrobial activity
in the methanolic leaf extract of Solanum torvum. Cyclo-
pentane undecanoic acid, methyl ester was identified as a
major compound in the antimicrobial secondary metabo-
lite of T. assiutensis. Prasad et al. (2016) also identified
cyclopentane undecanoic acid, methyl ester in the leaf and
rind extract of Citrus maxima, which showed antimicrobial
activity. Trans-2,4-dimethylthiane, S,S-dioxide which was
present in the bioactive metabolite of Talaromyces assiuten-
sis, was also identified from crude extract of Streptomyces
werraensis isolated from soil of Tamil Nadu, India, show-
ing antimicrobial activity against Pseudomonas aeruginosa,

Staphylococcus aureus, Escherichia coli, Salmonella typhi,
Bacillus cereus by Devi and Prabakaran (2014). A com-
pound, (4H)4a,5,6,7,8,8a- hexahydrobenzopyran-5-one-
3-carboxamide,2 was identified during the present study
from antimicrobial secondary metabolite of 7. assiutensis
using GC-MS analysis. This compound was also identi-
fied by Hameed et al. (2016) using GC-MS analysis from
antifungal and antibacterial methanolic bark extract of Cin-
namomum zeylanicum. However, there is no report avail-
able related to the antimicrobial activity of T. assiutensis
and bioactivity of the compounds 3-undecene-5-methyl-;
2,5-dihydroxy-3-methyl-2,5-cyclohexadiene-1,4-dione;
methyl 8-methylnonanoate; 5-hydroxy-4-hydroxymethyl-
1-(1-hydroxy-1-isopropyl)-Cyclohex-3-ene and 3-nonyn-
1-ol which were identified in the EA extracted metabolite of
T. assiutensis isolated during the present investigation from
C. macroptera. Salvatore et al. (2018) characterized talaro-
diolide, a new 12-membered macrodiolide, using GC-MS
analysis, isolated from the culture filtrate of Talaromyces sp.
However, no such compound was observed in the metabolite
of T. assiutensis during the present study.

Conclusion

Endophytic fungi are one of the very important microor-
ganisms with high therapeutic value for pharmaceutical and
agricultural applications. The results of this study represent
that endophytic fungi may serve as a potential natural source
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of enzymes and other compounds having antimicrobial prop-
erties. This study provides a background for more compre-
hensive work on bioactive compounds produced by different
endophytic fungi residing within C. macroptera and suggests
that the isolates are potential source of enzymes and anti-
microbial compounds, which might be used for controlling
plant and human pathogens. Talaromyces assiutensis is one
of the most active endophyte isolated from C. macroptera.
The minimum inhibitory concentration of the bioactive
metabolite of T, assiutensis was 113 +1.5 ug mL™" against
Staphylococcus epidermidis and the zone of inhibition was
17.11+0.26 mm. On the other hand, the control (tetracy-
cline) inhibited Staphylococcus epidermidis at 10 mcg con-
centration and the zone of inhibition was 19.67 +0.58 mm.
The endophytic isolate T. assiutensis, can produce different
compounds having antimicrobial as well as antioxidant prop-
erties. The bioactive metabolites of T. assiutensis should be
studied in depth to find out the bioactive major and minor
compounds.
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