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ABSTRACT

Objectives: A  potent Streptomyces strain isolated from garden soil samples of Sathyabama University, Chennai, and the characterization and its 
antimicrobial activity was reported previously. This report deals with partial purification and characterization of the partially purified antimicrobial 
compound by liquid chromatography-mass spectrum (LC-MS) method.

Method: The crude extract was characterized by ultra violet-visible spectrum (UV) and Fourier transform infrared spectroscopy (FTIR) subsequently 
partial purification was done by thin-layer chromatography, and the bands were used for LC-MS analysis. The obtained mass spectrum was searched 
in NIST for species data by molecular weight. The compound was identified by comparing the mass spectrum with the known compounds mass 
spectrum having 98-100% identical. The biological activity of the identified compound was searched in PubChem.

Results: The UV and FTIR spectrum indicate the presence of hydroxyl group, aliphatic chain, aromatic, aliphatic amines, and ethers in the crude 
extract. The LC-MS spectrum revealed the presence of 12 compounds in high intensity resembling antimicrobial compounds such as imidazole, 
N-trifluoroacetyl, cyclohexane, 2-nitro, and stigmasterol.

Conclusion: The instrumental analysis shows the presence of 14 different compounds, and PubChem compound search shows these compounds 
having various biological activities including antibacterial, antifungal, anticancer, antitumor, and antidepressant. This report insists us further to 
evaluate the anticancer, antitumor, and antitrypanosomal activities of the partially purified compound.

Keywords: Terrestrial Streptomyces, Antimicrobial compound, Characterization, Liquid chromatography-mass spectrrum, Fourier-transform infrared 
spectroscopy.

INTRODUCTION

The rapid emergence of drug resistance among pathogenic bacteria, 
especially multidrug-resistant bacteria, underlines the need to look for 
new antibiotics [1,2]. Filamentous actinomycetes are known to have 
the ability to produce a wide variety of secondary metabolites [3,4], 
many of which have useful applications in human and veterinary 
medicine and agriculture [5], such as enzyme immuno-modulators, 
antibiotics, insecticides, herbicides, and anticancer agents [6]. Among 
Actinomycetes, Streptomyces which has long been recognized as a 
major source of bioactive molecules covers around 70% of the total 
antibiotic products [7,8]. This genus was confirmed to be promising 
bacteria against several pathogens and is well known for their potential 
to produce a large number of inhibitory metabolites used in industry 
and pharmacy [9].

Actinomycetes are widely distributed and are next to bacteria in the 
order of abundance in soil [10]. In the past two decades, there has been 
a decline in the discovery of new lead compounds from common soil-
derived actinomycetes [11]. The diverse climatic and soil conditions 
support the existence of diverse species of actinomycetes which may 
prove to be a potential source for effective metabolites active against 
major pathogens. Such molecules, if found and identified, would be 
utilized to formulate new antibiotics. Hence, the present study made 
an attempt to estimate the actinomycetes populations in soil (the 
rhizosphere of plants) of Sathyabama University, so as to screen for 
their antimicrobial properties.

MATERIALS AND METHODS

Isolation, screening, and crude extract production from potent 
actinomycetes
The materials and methods followed for isolation, antimicrobial 
screening, and crude extract production were reported previously by 
Sudha et al., 2015 [12].

Characterization of active compound in the crude extract
Ultra violet (UV)-visible spectrum analysis
An evaluation of the UV-spectrum of the microbial extracts was carried 
out to determine the chromophores present in the metabolites. Optical 
measurements were performed on UV-visible spectrophotometer 
SHIMADZU model UV-160A. The spectrum was scanned over the 
desired wavelength range of 200–400 nm.

Fourier-transform infrared spectroscopy (FT-IR) spectrum analysis
The Fourier-transform infrared spectrum of column active fraction 
was analyzed to identify the functional groups present in the active 
compounds [13]. Electromagnetic radiation ranging between 2500 nm 
and 20,000  nm is passed through a sample and is absorbed by the 
bands of the molecules in the sample causing them to stretching or 
bending. The wavelength of the radiation absorbed is characteristic 
of the bond absorbing it. IR spectrum was recorded on a Bruker FT-IR 
instrument equipped with AT-XT Golden gate accessories. The spectrum 
was scanned in the 400–4000/cm range. The spectrum was plotted as 
percentage transmittance versus wave number. The spectra obtained 
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through those samples were compared and interpreted for the shifting 
of functional peaks.

Thin-layer chromatography (TLC)
Ethyl acetate crude extract was subjected to TLC using ethyl 
acetate:hexane (7:3) ratio and benzene: hexane:ethyl acetate:methanol 
(1:1:1:1). The developed plate was visualized under UV at 
366  nm. The distinct bands were visualized, and the resolving 
factor (Rf) value was determined by the following equation:

Rf=
Distance traveled by the solute

Distance traveled by the  solvent

The TLC was performed repeatedly, and the bands were collected along 
with the silica and centrifuged to separate the active compounds from 
the supernatant. The collected supernatant was allowed for dryness 
and used for liquid chromatography-mass spectrrum (LC-MS) analysis.

LC-MS
Determination of the bioactive compound by LC/MS analyses was 
performed on Shimadzu LCMS-2020 system (ESI-Single Quad) 
equipped with an positive ionization source (ESI). The LC Pump system 
was performed at 27 °C using a Zorbas column (250 x 4.6 mm; C18, 
5 mm particle size). Samples were injected using High Performance 
autosampler with a 10 µL injection volume. Separations were carried 
out by using Acetonitrile0.01% 0.01% formic acid and water with the 
flow rate 300microlitre per minute throughout the run. Full mass scan 
spectra were recorded over a range of 50–1000 m/z.

RESULTS

The earlier report of Sudha et al., 2015 [12], described the antimicrobial 
potential of the selected isolate BN8 and its crude extract. The crude 
extract inhibited the growth of both bacterial and fungal strains with 
an MIC = 50 μg/ml against Pseudomonas aeruginosa, 25 μg/ml against 
Staphylococcus aureus, Klebsiella pneumonia, and Bacillus cereus. 
The MIC value of the crude extract against the bacterium E. coli was 
12.5 μg/ml. The MIC of 12.5 μg/ml was observed in the crude extract 
against A. flavus, 25 μg/ml against Aspergillus niger, and 50 μg/ml 
against Aspergillus fumigatus, respectively.

Characterization of crude extract
UV-visible spectrum analysis
Many microbial metabolites have characteristic absorption spectra 
in the ultraviolet visible region; such spectra can be used for initial 
identification by comparison with spectral libraries to determine if 
the compound belongs to a particular chemical class, for identifying 
components related to a known structure and for monitoring the 
production of secondary metabolites [14,15]. UV spectra of the crude 
extract of the isolate BN 8 showed the absorbance maximum peaks at 
270 and 300 nm (Fig. 1).

Infrared spectroscopy
FT-IR spectrum of the crude extract showed that a high absorption 
bands at 1020.31/cm represent the C-H in plane bending1 and 
3196.05/cm indicate hydroxyl group. The absorption bands at 
2328.08/cm and 2918.30/cmcorresponding to C-H stretch correspond 
to aliphatic chain. While the double bond of polygenic compound seen 
at 1622.13/cm, the bands observed at 1408 was assigned to the C-N 
stretching vibrations of aromatic and aliphatic amines, respectively. 
The band at 1072.42/cm corresponds to ethers (C-O-C) (Fig. 2).

TLC
TLC analysis of the ethyl acetate extract of isolate BN 8 revealed the 
presence of active compounds that were visualized in UV and iodine 
spray. On the combination of benzene: hexane:ethyl acetate:methanol 

in 1:1:1:1 ratio to separate the active principle present in the crude 
extract, three separated bands with the Rf=4.5, 4.4, and 2.4 were 
obtained under UV and also iodine spray. When the sample is separated 
by the solvent system of ethyl acetate:hexane in 7:3 ratio, also three 
separated bands with the Rf=4.8 cm, 3.7 cm, and 3.2 cm were obtained 
under UV (Fig. 3a and b).

LC-MS
LC-MS analysis of the partially purified compound shows the presence 
of 14 dominant compounds. The mass spectrum was used to determine 
the chemical structure by NIST for species data by molecular weight. 
The compound was identified by comparing the mass spectrum with 
the known compounds mass spectrum having 98–100% identical. The 
biological activity of each compound was determined using PubChem 

Fig. 1: Ultraviolet absorption spectrum of the ethyl acetate extract 
of selected isolate BN 8

Fig. 2: Fourier-transform infrared spectroscopy spectrum of 
crude extract produced by isolate BN 8

Fig. 3: (a) Separated bands on thin-layer chromatography (TLC) 
(benzene:hexane:ethyl acetate:methanol [1:1:1:1]). (b) Separated 

bands on TLC (ethyl acetate:hexane [7:3])

a b
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Fig. 4: Liquid chromatography-mass spectrum and chemical structure of antimicrobial compound cyclohexanol, 2-bromo-, cis- (C6H11BrO)

Fig. 5: Liquid chromatography-mass spectrum and chemical structure of antimicrobial compound imidazole, N-trifluoroacetyl (C5H3F3N2O)

search. All the individual mass spectrum resembling compounds were 
identified, and their biological activities were summarized in Table 1.

DISCUSSION

In the present study, screening of terrestrial actinobacteria against 
bacterial and fungal pathogens resulted for the isolation of potential 
Streptomyces sp. Similarly, the actinobacteria isolated from marine 
sediments exhibited antibacterial activity against selected drug-
resistant pathogens [16]. Slavica et al. [17] reported that the UV 
spectral data for the ethyl acetate extract of selected fermented broth 
showed the maximum absorbance peaks ranging between 200 and 
295 nm and the characteristics of absorption peaks indicated a highly 
polyene nature.

The FTIR spectrum of Streptomyces hygroscopicus BDUS 49 compound 
showed two absorption peaks in the region of 3500 and 1730/cm. The 
spectrum indicates that the compound had OH and possibly lactone 
carbonyl group. Another two absorption peaks showed in the region of 
1700 (carbonyl) and between 1610 and 1630/cm. This peak indicates 
that the compound had carbonyl and alkenes (C=C) group [18].

Antifungal activity of TLC fraction with the Rf=0.39 [19] and similarly the 
Rf value of the compound produced by Streptomyces sp. VPTSA18 was 
0.48 by TLC chromatogram. The color of the separated antimicrobial 
compound was reddish brown [20].

The LC-MS analysis shows that the partially purified antimicrobial 
compound contains 12 components in high density. The PubChem 
chemical search shows that the compound 3-nitrobenzenesulfonamid 
is an anticancer compound. The 5-nitrofuran-2-carboxylic acid 
exhibited cytotoxicity toward human MRC-5  cells. The compound 
2-methylthiazole was active against acute lymphoblastic leukemia.

Cyclohexane, 2-nitro an antibacterial active [21] compound presence 
also observed (Fig.  4). Imidazole, N-trifluoroacetyl an antibacterial 
and antifungal [22] compound also found by comparing the mass 

spectrum of compounds from NIST (Figs.  5 and 6). The presence of 
compounds such as thiazolidine, butanamide, N-(4-chlorophenyl)-3-
oxo-, 4,4’-oxydiphthalic dianhydride, cyclohexanol, 2-bromo-, cis- with 
anticancer, antitumor, and cytotoxic activity were detected.

The partially purified compound shows the presence of stigmasterol 
with antitrypanosomal activity against Trypanosoma brucei an 
antibacterial compound. Rokade and Sayyed [23] reported that 
1-naphthalene carboxamide is an effective antimicrobial agent. The 
mass spectral data show the presence of 1-naphthalene carboxamide 
in the partially purified compound. It also contains the antidepressant 
agent nefazodone.

CONCLUSION

The current study was aimed to characterize the antibacterial 
compound produced by anantagonistic Streptomyces species derived 
from a garden rhizosphere soil. The potential strain was recognized as 
Streptomyces species at genus level based on its cultural and molecular 
characteristics. The crude extract of this potent isolate was active 
against both Gram-positive, Gram-negative bacteria and fungi. It was 
successfully cultivated by submerged fermentation and characterization 
of antimicrobial compound was carried out using several modern 
spectroscopic techniques such as UV, IR spectrophotometery, and LC-MS 
spectrometry. The LC-MS compound search shows that the partially 
purified compound contains many compounds with various biological 
activities including antibacterial, antifungal, anticancer, antitumor, and 
antidepressant. The antimicrobial activity of the isolate must be due 
to the presence of imidazole, N-trifluoroacetyl, cyclohexane, 2-nitro, 
stigmasterol.
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Fig. 6: Liquid chromatography-mass spectrum spectrum and chemical structure of L-antimicrobial compound stigmasterol (C29H48O)

Table 1: Activity of identified chemical constituents in the partially purified compound by LC‑MS analysis

S. No. R.T Name of the compounds Activity
1 8.767 3‑Nitrobenzenesulfonamide Anti‑cancer activity
2 12.467 5‑Nitrofuran‑2‑carboxylic acid Cytotoxicity toward human MRC‑5 cells 
3 19.600 2‑Methylthiazole anti‑lymphoblastic leukemia.
4 20.933 4,4’‑oxydiphthalic dianhydride Cytotoxicity against human HepG2 cells 
5 23.300 Butanamide, N‑(4‑chlorophenyl)‑3‑oxo‑ Anticancer 
6 25.433 Thiazolidine Anticancer 
7 27.533 Stigmasterol Antitrypanosomal activity against Trypanosoma brucei 
8 35.967 Imidazole, N‑trifluoroacetyl Antibacterial and antifungal (Delia Hernández 2014)
9 39.867 1‑naphthalene carboxamide antimicrobials (Rokade and Sayyed, 2009)
10 40.767 Cyclohexanol, 2‑bromo‑, cis‑ Cytotoxic
11 48.733 Nefazodone antidepressant
12 54.767 cyclohexane, 2‑nitro Antibacterial activity
LC‑MS: Liquid chromatography‑mass spectrum


