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Abstract
Present work is directed toward the isolation and identification of biological active (antimicrobial) compound from 

metabolite extracted from endophytic fungus Emericella qaudrilineata(RS-5) (Accession number KC662361). Crude 
extracted from endophytic fungus Emericella qaudrilineata possessing antibacterial activity was subjected to bioassay 
guided fractionation in which toluene fraction exhibited maximum antibacterial activity against Staphylococcus aureus 
(gram positive) and Aeromonas hydrophilla (gram negative) respectively. Sequentially compounds fractionated from 
ethyl acetate and hexane also shown feeble antibacterial activity. This reveals that toluene fraction contain active 
principle of antimicrobial interest. In continuation to above experiment, major active fractions were analyzed with the 
help of gas chromatography mass spectroscopy (GCMS). GCMS analysis of toluene fraction showed benzyl benzoate 
(27.3%), benzaldehyde dimethyl acetal (15.04%) and benzoic acid (17%), as the dominant compound present in fraction 
of toluene. In context to above details separation of compound was performed by silica gel column chromatography. 
Separated band showed its presence at 0.6 RF value in silica gel (TLC) plates. Separated compound also exhibited 
remarkable antibacterial activity. The optimized flow rate of column was 20 ml/min in ratio of hexane 20:80 toulene 
mobile phase. Prediction of C13NMR, H1NMR and FTIR data supported the dominating compound of GCMS profile of 
toulene fraction, and identified it as Benzyl benzoate. Medically benzyl benzoate is an active ingredient of Ascabiol that 
is generally used to treat scabies various skin diseases.

Keywords: Emericella qaudrilineata; Chromatography; 
Antimicrobial compounds; Benzyl benzoate

Introduction
“Endophytes” are the microorganism that resides symbiotically 

inside the plant without causing any negative effect to the plant. From 
the very beginning nature has proved itself a wonderful synthesizer 
of biologically active molecule. In the past, plants as a whole were 
highly explored with the expectation that they might harbor some new 
antibiotics. But from last ten year’s endophytic microbes are serving 
as natural craft man of synthesizing biological moieties, therefore they 
are gaining momentum in chemical library and in pharmaceutical 
industries [1,2].

In recent studies it has been found that few proceeding bacterial 
infection appears to play significant role in chronic disease and leads 
to fatality. Looking over the world wide incurable diseases and drug 
resistance bacteria, it’s our utmost requirement to continue our 
search for natural drugs. In order to meet the challenges antibiotic are 
chemically synthesized either partially (semi synthesis) or completely 
(total synthesis). But, natural product possesses specific superiority 
over chemical compounds as they offer unmatched chemical diversity 
and biological potency over synthetic compounds libraries [3]. Still, 
40% of natural products are not represented in synthetic compound 
libraries [4]. Therefore various advantageous and novel prospective 
of pharmacological compounds of endophytic origin over chemically 
synthesized compounds has captivated researchers toward discovery 
of microbial metabolites. Hence, isolation and characterization of 
natural drug from endophytic fungi will always be an innovative and 
promising requirement of research in field of medical, agriculture 
and pharmacy. The objective of this work is to isolate and identify 
the biological active compound extracted from endophytic fungus 
Emericella qaudrilineata. Different species of Emericella sp. has been 
a very good source natural product i.e., antimicrobial anti-cancer and 
anti-diabetic effect. The working strain Emericella qaudrilineata (RS-
5) contains antibacterial and antifungal activity. Since initial crude
extract contains complex mixture of bioactive compounds, therefore 
isolation is followed by different purification method and spectroscopic 

technique to characterize the major compound which are beneficial to 
human and plant pathogens.

Materials and Methods
Isolation of metabolites from Endophytic strain Emericella 

qaudrilineata (RS-5): Endophytic fungus coded as RS-5, that had been 
isolated from medicinal plant Pteris pellucida possesses prominent 
antibacterial activity against gram positive S. aureus (IMS/GN7), 
gram negative A hydhrophila (IMS/GN11) and antifungal Curvularia 
sp, Fusarium sp and Cornyespora sp. (Goutam et al.). Sequencing of 
RS-5 revealed 99% sequence similarity with Emericella qaudrilineata 
(Accession number KC662361) [5]. Endophytic fungus was grown for 
25 day in 10 different flasks of 1000 ml volume each containing 500 ml 
of optimized media under static condition. The optimized media for 
culture (RS-5) was potato dextrose broth supplemented with 1% starch 
[5]. After 25 days, harvested culture was filtered via muslin clothes and 
extracted with optimized organic solvent chloroform [5]. Compounds 
dissolved in organic solvent were concentrated using rota vapor.

Bioassay guided fractionation of crude metabolite

It is prerequisite to simplify the range of lead compounds 
occurrence within the natural complex crude. This method is based on 
step by step separation of extracted components based on difference 
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rate of 5°C/min for 5 min and programmed to 320°C for 12 min at the 
rate of 20 min/sec. Helium was used as the carrier gas and the column 
head pressure was maintained at 13.3 psi. Injector temperature was at 
maintained 260°C, and the injection volume was 1.21 ml/min in the 
split mode. The interface temperature was held at 280°C. Mass spectra 
were scanned from m/z 40 to 600 with a scan speed of 1250. Data were 
analysed using GCMS solution software along with concerning the 
library of WILEY and NIST.

Nuclear Magnetic Resonance spectroscopy (NMR)

Extensive spectroscopic data (1H and 13C NMR) were recorded on 
JEOL AL300 FT-NMR Spectrometer at 300 and 75 MHz, respectively. 
Chemical shifts given in ppm downfield from tetramethylsilane TMS 
(δ = 0.0 ppm) or solvent as internal reference; J values in Hz. Solvents 
were D2O and DMSO-d6.

Fourier Transform Infrared Resonance spectroscopy (FTIR)

Infrared spectra recorded as Nujol mulls in KBr plates. IR spectral 
data was recorded on FTIR-8201 PC Shimadzu spectrometer.

Statistical analysis

Antibacterial assessment during bioassay guided fractionation was 
done in triplicate. Value of data was expressed as mean ± S.D. from 
triplicate value. P values of 0.05 or less were considered statistically 
significant.

Results and Discussion
Fungal endophytes have been recognized as prolific producer of 

many chemical compounds having antibacterial, antifungal other 
biological potential [8,9]. Many endophytic fungi have been exploited 
for their active potential. Among them different species of Emericella sp. 
has been a very good source innumerable potential natural compound. 
It is well known crude extract isolated from these endophytic fungal 
metabolites contains complex chemical diversity which is difficult to 
identify and characterize. That’s why purification and characterization 
of potential compound needs a very systematic approach. In this study 
isolation and identification strategy of bioactive crude complex lead to 
isolation of benzyl benzoate from the Emericiella quadrilineata derived 
from fern Pteris pellucida from Arunachal Pradesh India. In past, this 
compound has been reported from different plant extract containing 
various physiological activities such as spasmolytic [10], calmodulin 
inhibitor [11], tyrosinase inhibitors [12]. First time it has been isolated 
from endophytic fungus Emericiella quadrilineata. It was first used 
to treat Angina pectoris [13]; Benzyl benzoate is one of the primary 
prescribed ointments to treat scabies [14,15].

Bioassay guided fractionation: Endophytic fungus Emericiella 
quadrilineata responsible for antibacterial and antifungal activity against 
Sa, Ah, Fusarium oxysporum, Curvularia sp, Altermaria alternata was 
isolated and identified [5]. Since endophytes keep high arrangement of 
bioactive molecules complexity in their secondary metabolites therefore 
it is required to pick out relevant information from the large amount 
of data from known physiological assay (bioassay guided fractionation 
[16]. Usually bioassay guided fractionation were performed in plant 
extracts as their secondary metabolites contains diverse chemical 
compounds. Benzyl benzoate and its various derivatives have isolated 
from extract of dichloromethane from Uvaria pauci-ovulata bark 
[17]. Collected crude extract was fractionated into different fractions 
using different organic solvents range from lower to higher polarity. 
On accessing biological activity, toluene solvent was found to contain 
major compound of antibacterial interest followed by ethyl acetate and 

in their physiochemical properties and assuming biological activity 
followed by next round of separation and assay [6]. In this method 
whole crude extract is dissolved in methanol in combination with silica 
(3 silica+1 crude extract). Whole mixture is completely dried (sentence 
deleted). Dried crude extract is fractionated using four solvent of 
different physiochemical properties (polarity) 100% hexane, 100% 
toluene 100% ethyl acetate and 70% methanol. After solvent extraction, 
antimicrobial activity of each fraction is accessed by specific in vitro 
disc diffusion assay.

Disc diffusion method 

The fractionated crude extract from E. qaudrilineata (RS-5) 
was accessed for antibacterial activities by performing disc diffusion 
method [7]. For this, bacterial suspensions of were made in autoclaved 
distilled water and their lawns were prepared on Mueller Hinton 
agar plates with the help of sterile cotton swab. 24 hour old bacterial 
culture of gram positive Staphylococcus aureus and gram negative 
Aeromonas hydrophila were used for making bacterial suspension. 
Sterile disc impregnated with fractionated extract of different solvent 
at the concentration of 1 mg/disc were placed on the lawn culture 
and observed for the zone of inhibition after 48 hours. The zone of 
inhibition against reported bacterial pathogens was measured by scale. 

Purification and separation of compound via column 
chromatography

Purification and separation of compounds were performed using 
methodology of Devi. Column chromatography (CC) was undertaken 
in a glass column (700 mm × 30 mm). Silica gel (100-120 mess size 
Merk) was used as stationary phase. Movable phase consisted of pure 
solvent or different solvents depending upon requirement of conditions. 
Column was loaded with crude complex extracted from endophytic 
fungus (RS-5). Mobile phase consist of toluene and hexane in 5: 95, 
10: 90, 20: 80, and 30: 70 ratio was used for separating compound and 
gradient elution was followed. Different fractions eluted from column 
chromatography (CC) were separated by thin layer chromatography 
(TLC) and checked for antibacterial activity.

Analytical Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) was performed on 60 F254 
silica gel, pre-coated on aluminum plates(Merk) and was revealed 
with either a UV lamp (λmax=254 nm) or a specific colour reagent 
(Dragendorff reagent or iodine vapors) or by spraying with methanolic-
H2SO4 solution and subsequent charring by heating at 100°C. 100 ml 
fractions of solvent fractions were collected while performing column 
chromatography. All solvents were of pure analytical grade. Eluted 
solvents were evaporated under reduced pressure on IKA Rotary 
Evaporator at temperature <50°C. From each fraction 10/µg/µl of 
compound was spotted using fine capillary tubes, and the spots were 
detected in UV Chamber. Mobile phase used in TLC were consist of 20 
toulene:80 hexane.

Elucidation of structure via spectroscopic analysis 

It is difficult to access the original compound of interest present 
in natural products which is usually a complex mixture of several 
compounds. Hence two important techniques were undertaken to 
reach the structure of antimicrobial compounds i.e., GCMS and NMR 
spectroscopy. GC-MS analysis was carried out in GCMS QP 2010 plus 
Shimadju gas chromatograph coupled with a series mass selective 
detector and pressure was kept 82.3 kPa. The column temperature was 
70°C initially with a hold of 4 min, then programmed to 250°C at a 



Volume 4 • Issue 2 • 1000205Nat Prod Chem Res
ISSN: 2329-6836 NPCR, an open access journal

Citation: Goutam J, Kharwar RN, Tiwari VK, Mishra A, Singh S (2016) Isolation and Identification of Antibacterial Compounds Isolated from Endophytic 
Fungus Emericella qaudrilineata. Nat Prod Chem Res 4: 205. doi:10.4172/2329-6836.1000205

Page 3 of 7

hexane as it showed maximum antibacterial activity with 22 ± 0.8 mm 
and 15 ± 0.8 mm against gram positive Staphylococcus aureus and gram 
negative Aeromonas hydrophila respectively. Disk loaded with only 
hexane, toluene ethyl acetate and methanol as negative control (Figure 
1; Tables 1 and 2). No activity exhibited from methanol extract, hence 
it can be concluded that fraction that was only soluble in methanol was 
not playing any role in inhibiting pathogenic bacteria S. aureus and A 
hydrophila.

Gas chromatography mass spectroscopy (GCMS)

In next part of characterization, active fraction (from toluene) 
evaluated by GCMS (gas chromatography mass spectroscopy) 
technique found Benzyl benzoate (27.3%), Benzaldehyde dimethyl 
acetal (15.04%) and Benzoic acid (17%) as major compound (Figures 
2 and 3).

Column chromatography (CC), Thin Layer Chromatography 
(TLC) and Disc diffusion assay 

Most active fraction resulted from toluene were subjected to 
column chromatography technique. Total 25 fractions eluted in the 
ratio of 20 Toluene: 80 Hexane from column. Each fraction dried 
and resolved as a single compound at 0.5 RF value in TLC under UV 
lamp (Figure 4a). TLC separated compound exhibited 18 mm zone of 
inhibition against Sa as compared to 25 mm in toluene crude (Figure 
4c) and 15 mm zone of inhibition against Ah as compared to 20 mm 
in toluene crude (Figure 4b). It can be concluded that there was little 
decrease in activity with respect to major active crude of toluene against 
gram negative A. hydrophila and gram positive S. aureus (Figure 4b and 
4c). The concentration of compound loaded in above disk was 1 mg/10 
µl. Hence separated compound was found to containing major activity 
against bacterial pathogens. 

Nuclear magnetic resonance spectroscopy (NMR) and 
Infrared spectroscopy (IR)

Single compound detected in TLC was collected and analyzed by 
one dimension 1proton and 2carbon NMR and supported the GCMS data 
of toluene fraction. NMR spectra of compound separated in TLC from 
column indicated that it could probably be a mixture of benzyl benzoate 
and benzaldehyde as per spectroscopic data predictions; A singlet at δ 
9.93 integrated to one proton was identified for an aldehydic proton. A 
multiplet appearing in the range of δ 7.87-7.20 indicated the presence 
of 15 aromatic protons. A sharp singlet integrated to two protons at 
δ 5.01 evidenced the presence of O-methylene group. Additionally, 

S No   Solvent ZOI Against Sa (mm) 
Mean ± SD

ZOI Against Ah (mm) 
Mean ± SD

1 Hexane (H) 14.5 ± 0.7 8.5 ± 1.2
2 Toluene (T) 22 ± 0.8 15 ± 0.8
3 Ethyl acetate 

(EA)
10 ± 0.8 9 ± 0.8

4 Methanol (M) Not active Not active
5 Crude extract 

(WE)
24.6 ± 1.2 17 ± 1.6

Table 1: Bioactivity guided assay of each fraction against targeted bacterial 
pathogens.

Figure 1: Antibacterial assay via disc diffusion method (Aeromonas hydrophilla 
(A) Staphylococcus aureus (B) (T-Toluene), (EA-Ethyl acetate), (W-whole 
crude extract), (M-Methanol), (Hexane-H), (Cea-Control of ethyl acetate), (Cm1-
Control of methanol at 50%), (Ch-Control of hexane), (Ct-Control of Toluene), 
(Cm2-Control of methanol at 50%)).

 

 

Figure 2: GCMS profile of Toluene fraction.
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the 13C NMR showed the presence of many peaks among which the 
aromatic carbons appeared at δ 135.8-125.5. The aldehydic carbons 
appeared at δ 192.5 and the O-methylene carbon appeared at δ 64.5. 
In the IR spectra further the presence of carbonyl group was confirmed 
by the appearance of a sharp absorption band at 1728 cm-1. (Figure 
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Figure 3: Structure of major compounds expected from  toluene fraction.
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Peak RT Area (%) Name of compounds
1 8.261 17.41 Benzoic acid, methyl ester
2 8.665 15.04 Benzaldehyde dimethyl acetal
3 10.338 5.65 Dehydromevalonic lactone
4 19.729 4.98 BENZENE, 1,1'-(1,2-ETHANEDIYL)BIS-
5 20.274 8.38 Cyclohexanol, 1,3-dimethyl-, cis-
6 21.419 6.88 ACETIC ACID 2-(3-METHYL-OXIRANYL)-6-OXO-3
7 23.678 2.42 Heptanoic acid
8 25.438 27.32 Benzyl benzoate
9 27.405 1.66 1,2 Benzenedic dicarboxylic acid
10 31.535 5.03 2,2 Oxydibenzaldehyde
11 34.505 1.08 4-(4-Methylaminobenzylideneamino) benzonitrile
12 39.217 2.59 1,2 Benzenedic dicarboxylic acid

Table 2: Major Compounds enlisted from Toluene fraction via GCMS analysis.

 

 
Figure 4: Separation of compound in TLC plates and its antibacterial assay with respect to toluene extract (TE).

5a, 5b and 5c) Mass spectrum of compound 1 has been represented in 
Figure 6. A number of compounds were recorded according to GCMS 
prediction, but major compound indicated by above evidences in most 
active fraction was recognized and identified as Benzyl benzoate. Trade 
name of Benzyl benzoate is Ascabiol, used as scabicides and other body 
lotion. Benzyl benzoates and its derivatives (benzyl benzoate, benzyl 
cinnamate and meta-methyl and 3-methylbenzyl 2-nitrobenzoate) 
also reduce hypertension [18]. Based on described work a number of 
chemical characterizations of bioactive compounds have been reported 
from different endophytic fungi as Penicillium chrysogenum [19], 
volatile organic compound from Muscodar Albus [20], and javanicin 
napthaquinone from choridium [21].

In context to our study it could be concluded that Benzyl benzoates 
and its various analogues derivatives of this compound have been 
isolated from Emericiella qaudrilineata (RS-5) has also been reported 
from plant metabolites and its effect on human being [18]. Hence 
with respect to our result still chemists are required to form synthetic 
derivative of compound (combinatorial chemistry) in order to explore 
other bioactive principles and their applications on human being 
[22]. Combinatorial chemistry emerged as a “white knight” with the 
potential to address major issues of natural product and lead molecules 
in pharmaceutical industries [23].

Conclusion
Endophytes use food material from plant and synthesize diverse 
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Figure 5a: Proton NMR of compound observed in TLC Figure 4.

 

     

 

Figure 5b: C13 NMR of compound observed in TLC Figure 4.
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Figure 5c: FTIR analysis of compound analyzed in Figure 4 in TLC plates.
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Figure 6: Mass chromatogram of compound 1Benzyl benzoate (212 Dalton).

array of molecules from simple to complex with their different 
physiological mode of action. Endophyte produces metabolites insides 
the plant which can be used for mankind after exploiting in in-vitro 
conditions. In respect of above context it could be said the might 
be fungal and plant interaction for food and defense mechanism 
respectively. Hence utilizing proper methodology we can access to 
major compound of interest.
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