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A flavonoid isolated from Streptomyces sp. (ERINLG-4) induces apoptosis
in human lung cancer A549 cells through p53 and cytochrome c release
caspase dependant pathway
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The aim of this study was to investigate the anticancer activity of a flavonoid type of compound iso-
lated from soil derived filamentous bacterium Streptomyces sp. (ERINLG-4) and to explore the molecular
mechanisms of action. Cytotoxic properties of ethyl acetate extract was carried out against A549 lung
cancer cell line using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.
Cytotoxic properties of isolated compound were investigated in A549 lung cancer cell line, COLO320DM
cancer cell line and Vero cells. The compound showed potent cytotoxic properties against A549 lung

?:r); W;riS:Ces s cancer cell line and moderate cytotoxic properties against COLO320DM cancer cell line. Isolated com-
Casgasesy P- pound showed no toxicity up to 2000 pg/mL in Vero cells. So we have chosen the A549 lung cancer cell

Cytochrome ¢ line for further anticancer studies. Intracellular visualization was done by using a laser scanning con-
p53 focal microscope. Apoptosis was measured using DNA fragmentation technique. Treatment of the
Molecular docking A549 cancer cells with isolated compound significantly reduced cell proliferation, increased formation
of fragmented DNA and apoptotic body. Activation of caspase-9 and caspase-3 indicated that compound
may be inducing intrinsic and extrinsic apoptosis pathways. Bcl-2, p53, pro-caspases, caspase-3, cas-
pase-9 and cytochrome c release were detected by western blotting analysis after compound treatment
(123 and 164 uM). The activities of pro-caspases-3, caspase-9 cleaved to caspase-3 and caspase-9 grad-
ually increased after the addition of isolated compound. But Bcl-2 protein was down regulated after
treatment with isolated compound. Molecular docking studies showed that the compound bound stably
to the active sites of caspase-3 and caspase-9. These results strongly suggest that the isolated com-
pound induces apoptosis in A549 cancer cells via caspase activation through cytochrome c release from
mitochondria. The present results might provide helpful suggestions for the design of antitumor drugs
toward lung cancer treatment.
© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction cancers that afflict humans. Every year at least 200,000 people

die worldwide from cancer related to their workplace. According

Cancer is still a major health problem in both developing and
developed countries. Cancer, known medically as a malignant
neoplasm, is a broad group of various diseases, all involving
unregulated cell growth. There are over 200 different known
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to World Health Organization [1] 7.8 million deaths (13% of all
deaths) were recorded due to cancer around the world. Deaths
from cancer Worldwide are projected to continue to rise to over
13.1 million in 2030. Lung cancer (adenocarcinoma) occurs when
there is uncontrolled cell growth in one or both the lungs. Lung
cancer is the leading cause of cancer-related deaths in Taiwan,
the United States, and other countries. To date the induction of
cell death or the inhibition of cell growth using cisplatin, tubu-
lin-binding agents, DNA damaging agents, and UV radiation have


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cbi.2014.09.019&domain=pdf
http://dx.doi.org/10.1016/j.cbi.2014.09.019
mailto:avdpandiyan@yahoo.co.in
http://dx.doi.org/10.1016/j.cbi.2014.09.019
http://www.sciencedirect.com/science/journal/00092797
http://www.elsevier.com/locate/chembioint

C. Balachandran et al./ Chemico-Biological Interactions 224 (2014) 24-35 25

been used to treat lung cancer. Clinically, however, these anti-
cancer agents may result in serious adverse effects including
neutropenia, peripheral neuropathy, nephrotoxicity, and chemo-
therapy resistance. Thus the development of novel chemothera-
peutics for lung cancer is warranted. Several anticancer drugs
such as Daunomycin, Bleomycins A2 and B2, Dactinomycin,
Mitomycin, Rapamycins (RAD001) and Staurosporins (UCN-01,
CEP-751) have been derived from Streptomyces sp. and are
already in clinical use. Streptomyces are distributed extensively
in soil and provide many important bioactive compounds of high
commercial value [2]. Most Streptomyces sp. and some other
actinomycetes are used in the production of diverse array of
antibiotics including aminoglycosides, macrolides, pB-lactams,
peptides, polyenes, polyether, tetracyclines, etc. Streptomyces
are also widely recognized as industrially important microorgan-
isms because of their ability to produce many kinds of novel sec-
ondary metabolites including antibiotics [3]. Indeed different
Streptomyces species produce about 75% of commercially and
medically useful antibiotics [4,5].

Apoptosis or cell suicide is a highly regulated process that
occurs in almost all living cells. It involves the activation of a ser-
ies of molecular events, leading to cell death that is characterized
by cellular, morphological and biochemical changes. These
include cell shrinkage, chromatin condensation and nuclear frag-
mentation, membrane blebbing, caspase activation, and the for-
mation of membrane bound vesicles termed as apoptotic bodies
[6,7]. Apoptosis occurs through two main pathways. The first,
referred to as the extrinsic or cytoplasmic pathway, is triggered
through the Fas death receptor, a member of the tumor necrosis
factor (TNF) receptor superfamily [8]. The second pathway is
the intrinsic or mitochondrial pathway that when stimulated
leads to the release of cytochrome c from the mitochondria and
activation of the death signal [9]. Both pathways converge to a
final common pathway involving the activation of a cascade of
proteases called caspases that cleave regulatory and structural
molecules, culminating in the death of the cell. The main pathway
that leads to execution of the death signal is the activation of a
series of proteases termed caspases. Not all caspases are involved
in apoptosis. Caspases are cysteine-aspartic proteases families
which play an important role in apoptosis, necrosis and inflam-
mation. Caspases are regulated at a post-translational level ensur-
ing that they can be rapidly activated. The caspases implicated in
apoptosis can be further divided into two functional subgroups
based on their known or hypothetical roles in the process: initia-
tor caspase (caspases-2, -8, -9, and -10) and effector caspases
(caspases-3, -6, and -7). The caspases that have been well
described are caspases-3, -6, -7, -8 and -9 [10,11].

The p53 tumor suppressor gene prevents tumourigenesis in
response to physiological and environmental stress and plays a
role in cell cycle progression, apoptosis and repair of DNA damage.
P53 may be involved in transcriptional regulation of pro-apoptotic
genes associated with intrinsic and extrinsic pathways [12]. Acti-
vated p53 increases the expression of p21 in DNA damaged cells
and affects expression of p27 [13-15]. The activation of p53
induces up-regulation of pro-apoptotic Bax but not anti-apoptotic
Bcl-2. p53 mediated apoptosis involves the activation of Fas and
the intrinsic mitochondrial pathway, which results in activation
of caspases-8 and -9 [16,17]. At present there is a need in cancer
biology to identify new active chemotherapy drugs which can act
as lead compounds for effective drug development. The aim of
the present study was to investigate the cytotoxic activity of the
total extract from the Streptomyces sp. (ERINLG-4) against lung
cancer cell line A549. The active principle was also identified.
The active principle was also studied for its anticancer activity
against A549 lung, COLO320DM cancer cell lines together with
normal cell cine viz Vero cells.

2. Materials and methods

2.1. Isolation and characterization of biological activity of
Streptomyces sp.

2.1.1. Isolation of Streptomyces sp.

The soil samples were collected from the depth of 5-15 cm at
Doddabetta forest (Southern Western Ghats), Tamil Nadu, India.
Isolation of Streptomyces sp. was performed by serial dilution using
dilution plate technique. One gram of soil was suspended in 9 mL
of sterile distilled water. The dilution was carried out up to 1076
dilutions. Aliquots (0.1 mL) of 10-2,103,1074, 107> and 10~ were
spread on the isolation plates containing starch casein agar (Hime-
dia-Mumbai). To minimize the bacterial and fungal growth, actidi-
one (30 mg/L) and nalidixic acid (40 mg/L) were added. The plates
were incubated at 28 °C for 7-20 days. The pure colonies were
transferred to ISP-2 medium and incubated at 27 °C for 5 days.

2.1.2. Morphological, physiological and biochemical observations

Cultural and morphological features of ERINLG-4 were charac-
terized following the directions given by the International Strepto-
myces Project (ISP) [18] and the Bergey’s Manual of Systematic
Bacteriology. Cultural characteristics of pure isolates in various
media (ISP 1-7) were recorded after incubation at 28 °C for 7-
14 days. Morphology of spore bearing hyphae with entire spore
chain was observed with a light microscope (Model SE; Nikon)
using cover-slip method in ISP medium (ISP 3-6). The shape of cell,
Gram-stain, color determination, the presence of spores, and col-
ony morphology were assessed on solid ISP agar medium. Bio-
chemical reactions, different temperatures, NaCl concentration,
pH level, pigment production, enzyme reaction and acid or gas pro-
duction were done following the methods of Balachandran et al.
[19] and Balachandran et al. [20].

2.1.3. 16S rRNA gene amplification

Genomic DNA of ERINLG-4 was isolated by the methods of
Hipura Streptomyces DNA spin kit-MB 527-20pr from Hi-media.
The 16 S ribosomal RNA gene was amplified by PCR method
using primers 27f (5'AGTTTGATCCTGGCTCAG3') and 1492r
(5'ACGGCTACCTTG TTACGACTT3!). Each PCR mixture in a final
volume of 20 pL contained 10 mM Tris-HCI (pH.8.3), 50 mM KCl,
1.5mM MgCl,, 200 uM of each dNTP, 10 pmol of each primer,
50 ng of genomic DNA and 1U of Taq DNA Polymerase (New Eng-
land Biolabs. Inc). The conditions for thermal cycling were as fol-
lows: denaturation of the target DNA at 94 °C for four minutes
followed by 30 cycles at 94°C for 1 min, primer annealing at
52 °C for one minute and primer extension at 72 °C for 1 min. At
the end of the cycling, the reaction mixture was held at 72 °C for
10 min and then cooled to 4 °C. PCR amplification was detected
by 1% agarose gel electrophoresis and was visualized by ultraviolet
(UV) fluorescence after ethidium bromide staining. The PCR prod-
uct obtained was sequenced by an automated sequencer (Genetic
Analyser 3130, Applied Biosystem, and USA). The same primers
as above were used for this purpose. The sequence was compared
for similarity with the reference species of bacteria contained in
genomic database banks using the NCBI BLAST available at
http://www.ncbinlm-nih.gov/.

2.1.4. Nucleotide sequence accession number

The partial 16S rRNA gene sequences of isolate ERINLG-4
have been deposited in the GenBank database under accession
number HQ385920. A phylogenetic tree was constructed using
the neighbor joining DNA distance algorithm using software MEGA
(version 4.1) [21].
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2.1.5. Extraction

Culture inoculate of the isolate ERINLG-4 was taken in 500 mL
Erlenmeyer flasks containing 150 mL of fermentation medium con-
taining Glucose-10g, Starch-24 g, Peptone-3.0g, Meat extract-
3.0 g, Yeast extract-5.0 g, CaC0Os-4.0 g, pH-7 and H,0-1L. Culture
inoculates were incubated at different temperature (20, 25, 30,
35, 40, 45 and 50 °C), different pH (pH 1, 3, 5, 7, 9 and 11), different
days (2, 4, 6, 8 and 10 days) and different concentrations (300, 250,
200, 150, 100, and 50 pg/mL) in a shaker (200 rpm) for 10 days.
After 10th day the culture broth was centrifuged at 8000g for
20 min to remove the biomass. Equal volume of ethyl acetate
(1:1v/v) was added. The extract was evaporated to dryness at
40 °C under reduced pressure.

2.1.6. Cell lines

Human A549 lung adenocarcinoma cancer cell line,
COLO320DM adenocarcinoma colon cancer cell line and Vero cells
(Normal cell line) were obtained from National Institute of Cell
Sciences, Pune, India.

2.1.7. Cytotoxic properties of extracts

Cytotoxic properties of ethyl acetate extract were studied
against A549 lung adenocarcinoma cancer cell. A549 cell line was
maintained in complete tissue culture medium (Dulbecco’s
Modified Eagle’s Medium) with 10% Fetal Bovine Serum and
2 mM 1-Glutamine, along with antibiotics (about 100 International
Unit/mL of penicillin, 100 pg/mL of streptomycin) with the pH
adjusted to 7.2. The cytotoxicity was determined according to
the method of Balachandran et al. [22] with some changes. Cells
(5000 cells/well) were seeded in 96 well plates containing medium
with different concentrations of ethyl acetate extract. The cells
were cultivated at 37 °C with 5% CO, and 95% air in 100% relative
humidity. After various durations of cultivation the solution in the
medium was removed. An aliquot of 100 pL of medium containing
1 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) was loaded in the plate. The cells were cultured for
4 h and then the solution in the medium was removed. An aliquot
of 100 pL of DMSO was added to the plate which was shaken until
the crystals were dissolved. The cytotoxicity against cancer cells
was determined by measuring the absorbance of the converted
dye at 540 nm in an ELISA reader. Cytotoxicity of each sample
was expressed as ICso value. The ICsq value is the concentration
of test sample that causes 50% inhibition of cell growth averaged
from three replicate experiments.

2.1.8. Isolation of active principle

The active ethyl acetate extract was fractionated (15 g) using
silica gel column chromatography. The total ethyl acetate extract
was chromotographed over silica gel (Merck 60-120 mesh,
1750 g, 3.5 i.d. x 150 cm) packed with chloroform. The column
was successively eluted with chloroform, chloroform-ethyl acetate
mixtures with increasing polarity with ethyl acetate, ethyl acetate-
methanol and methanol. Based on thin layer chromatography (TLC)
profiles, the fractions were combined to give 21 fractions. When
the fractions were bioassayed fraction 17 showed good cytotoxic
activity. Elusion of the column with ethyl acetate: methanol (3:1)
gave compound as pale yellow gummy residue which was purified
by preparatory HPLC. The fraction 17 was subjected to preparative
HPLC analyses performed with an Isocratic elution capability
(Waters Alliance System). The column (length 250 mm, internal
diameter 6.0 mm) was filled with porous silica particles of 15 p
diameter bonded with octadecylsilane (YMC pack ODS A
(250 x 6.0 mm), 15 p). The mobile phase was composed of acetoni-
trile and aqueous acetic acid (15:85, v/v); it was isocratically eluted
at a flow-rate of 3 mL/min and injection volume was 100 pL.

Elution was monitored at 254 nm and peak fraction was collected
according to the elution profile.

2.1.9. In vitro anticancer activity of isolated compound
As given in Section 2.1.7.

2.2. Cellular and biochemical mechanisms of apoptosis

2.2.1. DNA fragmentation

For the DNA fragmentation assay A549 lung adenocarcinoma
cancer cells (1 x 10° cells) (control and treated with isolated com-
pound) were collected by centrifugation at 2000 rpm for 10 min
and washed twice with phosphate-buffered saline (PBS, Ambion
USA). The cell pellet was suspended in 100 pL of cell lysis buffer
(10 mM Tris-HCI buffer, pH 7.4 containing 10 mM EDTA and 0.5%
triton X-100), kept at 4 °C for 15 min and the cell lysate was centri-
fuged at 16,000 rpm for 20 min. The supernatants were incubated
with proteinase K (0.4 mg/mL; Sigma-Aldrich) at 60 °C for 60 min,
then incubated with RNase A (0.4 mg/mL; Sigma-Aldrich) at 37 °C
for 60 min. The supernatants were mixed with 20 pL of 5 M NaCl
and 120 pL of isopropyl alcohol overnight at —20 °C. The superna-
tants were then collected by centrifugation at 16,000 rpm for
15 min. DNA samples were dissolved in TE buffer (10 mM Tris-
HCl, pH 7.4 and 1 mM EDTA, pH 8.0), and separated by 2% agarose
gel electrophoresis [23].

2.2.2. Confocal microscopy

A549 cells were cultured in medium supplemented with or
without compound (164 uM). After 24 h of treatment, cells were
washed twice with 0.01 M PBS and suspended in binding buffer.
Cells were incubated with FITC and PI for 30 min at 4 °C in the dark
room. Cells were then centrifuged and pellets were smeared. FITC
(Fluorescein Isothiocyanate) and PI (Propidium Ilodide) fluores-
cence was immediately observed under confocal laser scanning
microscope (Olympus, FV1000, Japan) at 400x magnifications [24].

2.2.3. Reverse transcriptase polymerase chain reaction (RT-PCR)

Total RNA from A549 cancer cells was isolated using ONE STEP-
RNA Reagent (Biobasic Inc.). It is a ready to use reagent for the iso-
lation of total RNA from cells. The reagent, a mono-phasic solution
of phenol and guanidine isothiocyanate, is an improvement to the
single-step RNA isolation method developed by Chomczynski and
Sacchi [25]. The following gene specific oligonucleotide primers
were used for the generation of cDNAs. The sequences of the
primers used were: p53f-5 TCTGTGACTTGCACGTACTC 3’, p53r-5’
CACGGATCTGAAGGG TGAAA 3, Caspase-3f -5 TGGAGCGAATCAAT
GGACT 3/, Caspase-3f-5' AGGACTCAAT TCTTGCCAC 3’, Caspase-9f-
5’ GCT CTT CCT TTG TTC ATC TCC 3’ and Caspase-9r-5' CAT CTG
GCT CGG GGT TAC TGC 3’ and GAPDH f-5' TCCCATCACCATCT TCCA
3/, GAPDH r-5 CATCACGCCACAGTTTCC 3'. PCR products were
visualized on a 2% agarose gel. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) is one of the most commonly used housekeep-
ing gene for comparisons of gene expression data [26]. GAPDH was
simultaneously amplified along with the respective genes to con-
firm uniformity of RNA concentration taken for the expression
studies.

2.2.4. Western blotting

Treated or non-treated (24 h) A549 lung adenocarcinoma can-
cer cells were collected by centrifugation at 2500 rpm for 5 min
and washed twice with PBS and lysed in ice-cold radio immuno-
precipitation buffer (RIPA) after addition of protease inhibitors.
The amounts of proteins in the samples were quantified using
Bradford’s assay. The samples were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with 13%
resolving gel. After SDS-PAGE it was transferred to nitrocellulose
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membrane. Membranes were blocked with blocking buffer (Tris-
buffered saline, i.e.,, TBS, containing 5% non-fat milk) for 1 h at
room temperature. Membrane was incubated overnight at 4 °C
with the following specific primary antibodies: Bcl-2 (C 21,
SC783 - rabbit polyclonal), p53 (FL393 - rabbit polyclonal), cas-
pase-3 (SC7148 - rabbit polyclonal), caspase-9 (SC7885 - rabbit
polyclonal), cytochrome c (SC7159 - rabbit IgG) and GAPDH (FL-
335 - rabbit polyclonal antibody) (Santa Cruz Biotechnology, Santa
Cruz, USA) with dilution of 1:1000-2000. Further incubation with
appropriate horseradish peroxidise conjugated secondary antibod-
ies (Sigma), depending on the primary antibody used, was per-
formed for 1 h at room temperature. Detection of staining signals
was captured by using chem-documentation system after enhanc-
ing them with chemiluminescence kit (Pierce Biotech) [23].

2.2.5. Toxicity study

Toxicity study was tested against normal Vero cells. Vero cell
line was maintained in complete tissue culture medium (DMEM)
with 10% Fetal Bovine Serum and 2 mM tr-Glutamine, along with
antibiotics (about 100 International Unit/mL of penicillin, 100 pg/
mL of streptomycin) with the pH adjusted to 7.2. The toxicity
was determined according to the method of Balachandran et al.
[22]. The different concentrations of isolated compound were
tested against Vero cell line (10-2000 pg/mL).

2.3. Molecular docking studies

2.3.1. Protein selection

Three dimensional structures of Cellular tumor antigen caspas-
es-3 (PDB ID: 1QX3) and caspase-9 (PDB ID: 1JXQ) were retrieved
from the Protein Data Bank (PDB) http://www.pdb.org. The water
molecules were removed and the hydrogen bonds were added to
the whole structure molecules.

2.3.2. Binding active site prediction

The probable binding sites of preferred target receptors were
searched using Q-site Finder to predict the ligand binding site. It
works by binding hydrophobic (CH3) probes to the protein, and
finding clusters of probes with the most favorable binding energy.
These consist of active sites on protein surfaces and voids covered
in the interior of proteins. The individual probe sites relate most
closely to the favored high-affinity binding sites on the protein sur-
face. These favorable binding sites relate to locations where a puta-
tive ligand could bind and optimize its van der Waals interaction
energy. Q-site Finder includes a graphical user interface, flexible
interactive visualization, as well as on-the fly computation for user
uploaded structures. It is important to keep the predicted ligand
binding site as small as possible without compromising accuracy
for a range of applications such as molecular docking, de novo drug
design and structural identification and comparison of functional
sites [27].

2.3.3. Docking analysis

Molegro virtual docker was used to predict potential binding
site on caspases-3 and caspases-9. Based on the cavities detected
the isolated molecule was docked with the active site amino acids.
The docking was performed using Molegro Virtual Docker (MVD).
The MolDock scoring function used by MVD is derived from the
PLP scoring functions originally proposed by Gehlhaar et al. [28]
and later extended by Yang et al. [29]. The MolDock scoring func-
tion further improves these scoring functions with a new hydrogen
bonding term and new charge schemes. The docking search algo-
rithm (MolDock Optimizer) used in MVD is based on an evolution-
ary algorithm [30]. Evolutionary algorithms (EAs) are iterative
optimization techniques inspired by Darwinian evolution theory.
In EAs the evolutionary process is simplified and thus it has very

little in common with real world evolution. Nevertheless, during
the last fifty years EAs have proved their worth as powerful optimi-
zation techniques that can assist or replace traditional techniques
when these fail or are inadequate for the task to be solved.

2.4. Statistical analysis

Anticancer activities of quercetin-3-O-p-L.-rhamnopyranosyl-
(1 - 6)-B-p-glucopyranoside were statistically analyzed by
Duncan multiple range test at P=0.05 with the help of SPSS 11.5
version software package.

3. Results and discussion
3.1. Isolation and characterization of Streptomyces sp.

3.1.1. Morphology and biochemical studies

The Streptomyces sp. isolate ERINLG-4 was recovered from Dod-
dabetta forest soil in Nilgiris (Southern Western Ghats), Tamil
Nadu, India. The strain was Gram-positive filamentous bacterium.
The culture characteristics of the new isolate were observed after
7, 14 and 21 days of incubation on different media. The color of
the substrate mycelia was yellow. The spore chains were white.
These characteristic morphological properties strongly suggested
that ERINLG-4 isolate belonged to Streptomyces genus.
Streptomyces sp. (ERINLG-4) showed good growth on medium
amended with sodium chloride up to 8%; no growth was seen at
10%. Permissive temperature for growth ranged from 25 to 37 °C
with optimum of 30 °C and the pH range was 6-10 with normal
pH of 7. Utilization of various carbon sources by ERINLG-4 indi-
cated a wide pattern of carbon source assimilation. Lactose, galact-
ose, arabinose, rhamnose and ribose did not support the growth of
the isolate (Table 1). Gram staining, morphology and cultural
characteristics of Streptomyces sp. isolate ERINLG-4 indicated that
it was Gram positive, aerobic and grew well in all media. The
cultural characteristics and morphological characteristics of
different Streptomyces isolates have been reported by several
investigators [31].

3.1.2. 16S rRNA gene amplification

The result of the sequencing of ERINLG-4 was obtained in the
form of rough electrophoregrams. The total nucleotide sequence
was 1513 bp (bp-1513: 341A, 383C, 513G and 276T). The
sequences have been chosen as reference sequences in which
unidentified and unpublished sequences were not included. Align-
ment of this sequence through matching with reported 16S rRNA
gene sequences in the GenBank showed high similarity to Strepto-
myces 16S rRNA genes. The sequences were blasted via NCBI Blast
software for comparison with the homologous sequences con-
tained in the data bank (GenBank). The sequence results revealed
that isolate ERINLG-4 was Streptomyces sp. Clustering analysis
obtained by the MEGA4 method showed that the isolate ERINLG-
4 was taxonomically very close to Streptomyces caelestis. The phy-
logenetic tree obtained by applying the neighbor joining method is
illustrated in Fig. 1. Cultural characteristics and 16S rRNA studies
strongly suggested that this isolate belonged to the genus Strepto-
myces. Studies on the microbial diversity by 16S rRNA gene analy-
sis showed that a group of high-GC Gram-positive bacteria
(actinomycetes) are dominant in the soil [32]. The universal prim-
ers seem to be sufficient for identifying the genus but not the
species.

3.1.3. Cytotoxic properties of ethyl acetate extract

Ethyl acetate extract showed good cytotoxic activity in vitro
against A549 lung adenocarcinoma cancer cell line. Ethyl acetate
extract was taken from Streptomyces sp. (ERINLG-4) in different
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Table 1
Physiological and biochemical characteristics of Streptomyces sp. isolate ERINLG-4.
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concentrations, different days of incubations, different pH and
different temperatures. Different concentrations of ethyl acetate

Characteristics

Results extract were taken and tested for cytotoxic activity against

Gram staining
Shape and growth

Range of temperature for growth

Optimum temperature
Range of pH for growth
Normal pH

Amylase

Chitinase

Protease

Gelatinase

Indole production

Growth in the presence of NaCl

Sugar analysis
Mannose
Maltose
Lactose
Sucrose
Glucose
Galactose
Starch
Mannitol
Arabinose
Xylose
Rhamnose
Ribose

Standard antibiotics

A549 cancer cell line; it showed 88.31% activity at the dose of
300 pg/mL with ICso value of 200 pg/mL (Fig. 2A). When the
different days incubations were studied 10th day extraction showed
good cytotoxic activity compared to other days. The activity was
gradually increasing day by day (Fig. 2B). Ethyl acetate extract
was extracted from different pH conditions. Particularly pH-7
showed good cytotoxic activity at the dose of 300 pg/mL with
ICs50 value of 200 pg/mL compared to other pH conditions
(Fig. 2C). Optimum temperature of 30 °C showed good cytotoxic
activity (86.19%) at the dose of 300 pg/mL with ICso value of
200 pg/mL (Fig. 2D). The ethyl acetate extract taken from
Streptomyces sp. (ERINLG-4) in fermentation medium with an
optimum temperature of 30 °C, pH-7 and 10th of day incubation
was suitable for the isolation of the active compound.

Positive

Filamentous aerial growth
25-37 °C

30°C

6-10

7

+ o+ R
0
]

+ o+

- 3.1.4. Isolation of quercetin-3-0-p-L-rhamnopyranosyl-(1 — 6)-f-p-
glucopyranoside

The pure compound was obtained as pale yellow gummy
residue (Yield-155 mg). The purity of the isolated compound was
analyzed using High-performance liquid chromatography. The
compound gave a single spot on TLC over silica gel with ethyl
acetate: methanol (1:1) as the developing system (Rf-0.62). The

+ o+

+

Sensitivity

Ciprofloxacin
Gentamicin
Ampicillin
Cephaloridine
Streptomycin
Erythromycin
Vancomycin
Amikacin
Penicillin
Rifamycin
Norfloxacin

pale yellow spot turned dark yellow on exposure to ammonia
vapor. The compound answered positive for ferric reaction. It also
answered for anthrone sulfuric acid test for sugar by giving dark
green color. It also gave positive result for flavonoids in shinoda
test (reddish pink color with Mg/HCl). Molecular formula is
CZ7H30016. ESI-MS, m/Z 575 [M+H-2H20]+, UV: Amax MEOH nm
250, 266, 287 and 375. IR: vy KBr CM~': 3395 (hydroxyl), 2960,
1660 (flavonoid carbonyl), 1412, 1234, 1109, 756, 636. 'H NMR
(8, CD30D, 400 MHz): 1.15 (3H, d, /= 6.4 Hz, rhamnose methyl),
3.20-3.85 (9H, sugar protons), 4.54 (1H, d, J = 1.6 Hz, H-1""), 5.13

nLDunmummumumumunmonm nom

+. presence; —: absence.

(1H, d, J = 7.6 Hz, H-1"), 623 (1H, d, J=2.0 Hz, H-6), 6.42 (1H, d,
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Fig. 1. Phylogenetic tree derived from 16S rRNA gene sequences showing the relationship between isolate ERINLG-4 and species belonging to the genus Streptomyces

constructed using the neighbor-joining method. Bootstrap values were expressed as percentages of 1000 replications.



C. Balachandran et al./ Chemico-Biological Interactions 224 (2014) 24-35 29

100

=== Cytotoxicity B
ol A 100 m2day m4day m6day m3day m10da
80 90
70 80
8 70
& 60 60
g 50 B0
8
& 4 §a0
& £ 30
30 20 / 10 day
10 - 8 day
20 f
o ¥ T [ / 6day
0 T : ,
150 v 2 day
0 200 250
50 100 150 200 250 300 300
ConcentrationpgmL ConcentrationpgimL
D
C 50 m100 =150 m200 m250 m300 m50 100 150 m200 W250 w300
100 100
90 90
80 80
x* 70 " 70
? 60 3530 60
g 50 .g 50
£ 4 g
30 a 30
300
£ 300
20 250 20 - 250
10 10 - /200
0 0 - /150
, - -
PHL 3 o 0 g - /100
pH S ‘ 30 - /s
BT pmg 33 40 15 —
Ethylacetate extract Different pH FHI Ethyl acetate extract- Different Temperature 50

Fig. 2. Cytotoxic effects of ethyl acetate extract obtained from Streptomyces sp., (ERINLG-4) against A549 cancer cell line. (A) Different concentration of ethyl acetate extract
(10th day ethyl acetate extract), (B) incubation at different days, (C) incubation at different pH (10th day ethyl acetate extract) and (D) incubation at different temperature
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and 2.4 Hz, H-6), 7.69 (1H, d, ] = 2.4 Hz, H-2"). *C NMR (8, CD30D,
100 MHz): 158.52 (C-2), 135.65 (C-3), 179.49 (C-4), 162.99 (C-5),
99.96 (C-6), 166.02 (C-7), 94.88 (C-8), 159.53 (C-9), 105.65 (C-
10), 123.15 (C-1’), 116.07 (C-2’), 145.80 (C-3’), 149.81 (C-4),
117.72 (C-5'), 123.58 (C-6'), 102.43 (C-1"), 73.96 (C-2"), 75.75 (C-
3"), 69.72 (C-4"), 77.23 (C-5"), 68.57 (C-6"), 104.73 (C-1""), 72.12
(C-2"), 72.26 (C-3"), 71.12 (C-4"), 71.44 (C-5"), 17.89 (C-6"")
(Fig. 3). IR spectrum showed hydroxyl 3395 cm~! and o, § unsatu-
rated chelated carbonyl at 1660. On acid hydrolysis with 5% alco-
holic hydrochloric acid on a water bath (2 h) it gave glucose and
rhamnose as identified by paper chromatography. The 'H and '3C
NMR spectra of isolated compound clearly showed the compound
to be isomeric with rutin with the terminal sugar unit being B-1-
rhamnose instead of o-L rhamnose. This was confirmed by compar-
ison of the 'H and '3C NMR values with those of rutin. H-6 and H-8
the two meta-couple protons appeared as one proton doublets
(J=2.0Hz) at delta 6.23 and 6.42 respectively. H-2' in ring B
appeared as one proton doublets (J=2.4 Hz) at delta 7.69. H-5'
appeared as ortho-coupled doublet (J = 8.8 Hz), at delta 6.9. H-6'

Fig. 3. Structural representation of the compound quercetin-3-0-B-L-rhamnopyr-
anosyl-(1 — 6)-Bp-p-glucopyranoside.

appeared as one proton double doublets at delta 7.64 (J = 8.8 and
2.4 Hz). The anomeric hydrogen H-1" of glucose appeared as dou-
blet (J=7.6Hz) at delta 5.13. The anomeric hydrogen H-1" of
rhamnose appeared as one proton doublet (J=1.6 Hz) at delta
4.54. The value was slightly up field when compared with that of
rutin where H-1" appeared at delta 5.12 as a doublet (J = 1.9 Hz).
This is because of the inversion of configuration at C-1”" due to
change of terminal sugar moiety from o-L.-rhamnose to B-L-rham-
nose. In the '3C NMR spectrum C-1"" appears down field at delta
104.74 instead of delta 100.9 as in rutin. Similarly C-3"”" and C-5"
are also moved down field. The rhamnose methyl appeared as
three proton doublet (J = 6.4 Hz) at delta 1.15. The remaining nine
sugar protons appeared in the region delta 3.02-3.85. The HMBC
spectrum H-1” of glucose (delta 5.13) showed correlation with C-
3 (delta 135.65) of the flavones unit. Similarly H-1" (delta 4.54)
showed correlation with C-6" of glucose at delta 68.57. This
showed that the sugar unit was attached to C-3 of the aglycone
quercetin. Thus the structure of the compound was confirmed to
be quercetin-3-O-B-L.-rhamnopyranosyl-(1 — 6)-B-p-glucopyrano-
side. The compound did not correspond to authentic rutin on TLC
over silica gel and was found to be more polar as given above. Only
two reports were available in the website; these two studies have
not reported the spectroscopic and biological data [33].

3.1.5. Cytotoxic properties of isolated compound
Quercetin-3-0-B-L-rhamnopyranosyl-(1 — 6)-B-p-glucopyrano-
side isolated from Streptomyces sp. (ERINLG-4) were tested against
A549 lung cancer cell line, COLO320DM cancer cell line and Vero
cell line (Normal cell). The isolated compound showed prominent
cytotoxic activity against A549 lung cancer cell line. The compound
showed 87.41% activity at the dose of 164 uM with ICsq value of
82 uM. COLO320DM cancer cell line was maintained in complete
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Fig. 4. Cytotoxic effects the compound against cancer cell line (A549) (A +ve) and (B —ve) control cells; (C) and (D) treated cells. Data are mean + SD of three independent
experiments with each experiment conducted in triplicate. Isolated compound showed moderate activity against tested COLO320DM cancer cell line. Positive control
9.80 £ 0.43 UM (ICsp) (Cisplatin).
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Fig. 5. FITC and PI triple fluorescence staining for the detection of apoptosis in A549 cell. Cell was treated with 164 uM at 24 h. The fluorescent signals of FITC and PI were
examined under confocal laser scanning microscope. (A) Control and (B) compound treated apoptotic cancer cells. Arrows indicate apoptotic cancer cells.
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tissue culture medium (Roswell Park Memorial Institute) and the
compound showed moderate cytotoxic property (Fig. 4). All con-
centrations used in the experiment decreased the cell viability sig-
nificantly (P < 0.05) in a concentration dependent manner. Isolated
compound showed no toxicity against Vero normal cell line up to
2000 pg/mL (data not shown). The isolated compound showed
potent cytotoxic activity against A549 lung cancer cell line com-
pared to COLO320DM cancer cell line. So we have concentrated
on the anticancer activity against A549 cancer cell line only.
Previously many studies have been reported flavonoid type
of compounds with good cytotoxic activity against cancer cell
lines [34-37].

3.2. Cellular and biochemical mechanisms of apoptosis

3.2.1. Confocal microscopic studies

Confocal microscopic study showed apoptosis or morphological
changes in isolated compound treated cells (Fig. 5). We also judged
cell apoptotic status by FITC and PI triple fluorescence staining.
FITC acts as a phosphatidyl serine tracer and suggests the presence
of apoptosis. PI can only penetrate cells where the cell membrane
has been compromised.

3.2.2. Effect of flavonoid on DNA fragmentation of A549 lung cancer
cells

DNA fragmentation was demonstrated by incubating A549 cells
with different concentrations of isolated compound for 24 h. DNA
fragmentation became apparent with 123 and 164 pM compound
treatment and this DNA fragmentation response was dose depen-
dent (Fig. 6). When cells were treated with 123 and 164 pM DNA
ladders were visible from 24h after treatment. Previously

24 h-uM
A

1 2 3

==
(b — — |

Caspase-3

GAPDH

E s

flavonoid type of compounds such as apigenin, quercetin and
myricetin showed good DNA fragmentation pattern [38].

Fig. 6. Detection of DNA fragmentation by agarose gel electrophoresis. The
apoptotic DNA fragmentation was detected by agarose gel electrophoresis in
A549 cancer cells treated with compound for 24 h lane-3 123 uM and lane-4
164 uM, compared to DNA from untreated samples (lane 2). lane-1 100 bp DNA
ladder marker and lane-5 1kp DNA ladder marker.
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Fig. 7. (A) Expression of pro and anti-apoptotic genes of p53, caspase-3 and caspase-9 in A549 cells following exposure to flavonoid for 24 h. Cells were plated on T75 flasks
and after 24 h they were treated with different concentrations of flavonoid. After flavonoid treatment cells were harvested and RNA was isolated. RT-PCR was performed as
described in Section 2. PCR products were resolved on a 2% agarose gel and visualized using ethidium bromide. Column-1 control cells; Column-2 123 pM and Column-3
164 uM. GAPDH was used as an internal control. (B) Activation of p53, Bcl-2, pro-caspases, cleaved caspases and cytochrome c lung cancer cells by flavonoid. Western blotting
analysis of Bcl-2, pro-caspases, cleaved caspases, p53 and cytochrome c after flavonoid treatment at different concentrations of 123 and 164 uM for 24 h; total cell lysates
were prepared by a RIPA buffer and Western blotting was performed using suitable antibodies against Bcl-2, caspase-9, caspase-3, p53 and cytochrome c. Column-1 control
cells; Column-2 123 uM and Column-3 164 uM. GAPDH was used as an internal control. *P < 0.05 compared to flavonoid treated A549 cells.
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3.2.3. Activation of p53

The pro-apoptotic pathway associated with compound treat-
ment, namely the expression of p53 in A549 cells treated with
123 and 164 M concentration of compound for 24 h, was tested
by RT-PCR and western blotting analysis. Compared to the control,
cells treated with isolated compound were strongly up-regulated
at mRNA and protein level (Fig. 7A and B). p53 protein does not
directly participate in the apoptosis pathway; however, it regulates
a host of other genes that lead to cell arrest or apoptosis. The p53
protein has been implicated in several growth related pathways,
including promoting oxidative metabolism and down-regulating
glycolysis [39]; there are several observations that p53 directly
impacts mitochondrial function and structural integrity in the con-
text of apoptosis. Several apoptotic stimuli provoke a rapid trans-
location of p53 to the outer mitochondrial membrane [40]. p53
also participates in apoptosis induction by acting directly at mito-
chondria. Localization of p53 to the mitochondria occurs in
response to apoptotic signals and precedes cytochrome c release
and procaspase-3 activation. Caspase-9 and caspase-2 respond to
changes in mitochondrial potential; p53 boosts the activation of
the caspase cascade by both transcription dependent and indepen-
dent mechanisms. Caspase-9 has been shown to execute p53-
dependent radiation induced apoptosis.

3.2.4. Effect of isolated compound on caspase activity and cytochrome
c release of A549 cells

Caspases are a family of cysteine proteases that are activated
during the execution phase of the apoptotic process. Once acti-
vated caspases cleave and activate downstream caspases. We
focused on the activation of caspase-3 and caspase-9 which are
known to play an important role in the formation of apoptotic
bodies. Treatment of the cells with compound induced caspase-3
and caspase-9 activities in a concentration dependent manner
which was confirmed by mRNA and western blot analysis. The
mitochondria mediated apoptotic pathway related to gene expres-
sion of caspase-3 and caspase-9 in A549 cells treated with the 123
and 164 pM concentrations of isolated compound for 24 h was
tested by RT-PCR analysis (Fig. 7A). To determine the signal
pathway of A549 cell apoptosis by isolated compound, following
incubation with the 123 and 164 uM concentrations of compound
for 24 h, protein expression of Bcl-2, pro-caspases, caspase-3,
caspase-9 and cytochrome c activation were confirmed by western
blotting analysis. Compound significantly increased cleavage
of caspase-3 and caspase-9 at 24 h. The increase of cleaved
caspase-3 and caspase-9 was associated with the decrease of pro-
caspase-3 and pro-caspase-9. Caspase-3 and caspase-9 significantly
increased after treatment in a time dependent fashion. But the
Bcl-2 protein was significantly down regulated after treatment
with 123 and 164 uM concentrations of compound for 24 h
(Fig. 7B). In western blotting analysis, release of cytochrome c
was clearly more in A549 cells incubated with compound at 24 h
(Fig. 8). The release of cytochrome c induces cleavage of caspase-
9 which contributes to the activation of caspase-3. The intrinsic
apoptosis signal pathway is the release of cytochrome c in mito-
chondria and the extrinsic pathway is the activation of death
receptors such as TNF receptor, Fas or TNFa-related apoptosis
inducing ligand (TRAIL) receptors. These death receptors are

1 2 3

4 5 6

Fig. 8. Cytochrome c was detected by Western blotting analysis in A549 cells after
treatment with flavonoid for 24 h: untreated samples lane 1, lane 2 - 123 uM, lane
3 - 164 pM and lane 4,5,6 control (GAPDH).

activated by cellular stress or death signals, and lead to the recruit-
ment of Fas associated death domain (FADD) and death domain
(DD) binding, which cause the activation of caspase-8 and cas-
pase-10 [41-43]. Our results showed that cleavage of caspase-9
and caspase-3 were up-regulated by a p53 dependent pathway
(Fig. 9). Caspase-3 is considered as a key protease that is activated
during the early stages of apoptosis. Caspases are activated in a
sequential cascade of cleavages from their inactive forms and the
active caspase-3 proteolytically cleaves and activates other caspas-
es and other relevant target molecules in the cytoplasm or nucleus.
The process of cell death may involve the release of cytochrome c
from the mitochondria which subsequently causes apoptosis by
activation of the caspases. Together, these data suggest a linear
and specific activation cascade between caspase-9 and caspase-3
in response to cytochrome c released from the mitochondria. Acti-
vation of caspase-9, in turn, cleaves effector caspases such as cas-
pase-3, -6, and -7 [44]. Then the effector caspases cleave their
target proteins and culminate in the orderly demise of the cell. In
this pathway of apoptosis, caspase-3 and caspase-9 may be the
most important as their activities influence the process of apopto-
sis as well as the type of cell death [45-47]. Caspase-3 then can
cleave a series of proteins such as PARP, a DNA repair enzyme,
nuclear lamins, gelsolin, and fodrin [48]. In the mitochondria, the
tBid efficiently activates Bax, initiating the release of cytochrome
¢ and mitochondrial dysfunction. This alternative is a crosstalk
between the receptor and mitochondria mediated pathways that
can amplify caspase activation necessary for apoptosis. In fact,
more recent studies focus on multiple signal transduction cascades
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Fig. 9. A proposed model for isolated compound-induced apoptosis in A549 lung
cancer cells. Compound induces apoptosis via activation of p53 and cytochrome c
release caspase dependant pathway.
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A

Fig. 10. Docking of quercetin-3-0O-B-.-rhamnopyranosyl-(1 — 6)-B-p-glucopyranoside in caspase-3 (1QX3). (A and B) indicates the two and three dimensional interaction of

compound-Casepase-3 (Pose view and PyMol viewer).

Fig. 11. Docking of quercetin-3-0-B-L-rhamnopyranosyl-(1 — 6)-B-p-glucopyranoside in caspase-9 (1JXQ). (A and B) indicates the two and three dimensional interaction of

compound-Casepase-9 (Pose view and PyMol viewer).

that trigger cells to undergo apoptosis [49,50]. So we concluded
that compound induced apoptosis in A549 cells via the activation
of caspase dependent pathway through cytochrome c release, cas-
pase-9 triggered mitochondria pathway and caspase-3 mediated
death receptor pathway. Various natural products including flavo-
noid derivatives, indole-3-carbinol (I3C), 3, 30-diindolylmethane
(DIM), curcumin, (—)-epiglallocatechin-3-gallate, etc, have been
reported as natural agents to inhibit cancer development through
multiple cellular signaling [51]. Quercetin showed apoptosis in
many types of cancer cell lines [52-56]. Previous studies showed
that quercetin, the aglycone of the above compound, suppressed
the synthesis of the Bcl-2 protein in different malignant tumor cell
lines, including acute leukemia cell line HL-60 and chronic B-cell
leukemia lines [57,58]. Lee et al. [59] reported that quercetin inhib-
ited the expression of Cox-2 to induce apoptosis in both breast can-
cer and colon cancer cells. Quercetin could reduce the growth of
diethylnitrosamine induced hepatocarcinoma when introduced
intravenously to rats (8.98 mM/kg) once a week for 16 weeks
[60]. Rutin compound showed antiviral, antiallergic, antiplatelet,
anti-inflammatory, antitumor and antioxidant properties [61-63].
Rutin was found to have chemopreventative activity in several ani-
mal models including azoxymethane-induced colon tumorigenesis
in mice and rats [64-66], dimethylbenz(a)anthracene (DMBA)
and N-nitrosomethylurea-treated mammary glands of rats and
DMBA-treated skin cancer [67]. Rutin also showed cell cycle
arrest and induced apoptosis in many types of human cancer cell
lines [68-77].

3.3. Molecular docking properties

The crystal structures of caspase-3 (1QX3) and caspase-9 (1]JXQ)
were downloaded from PDB database. The compound showed 9
hydrogen bonds interactions with caspase-3 and the following
amino acids such as Gly122, His121, Tyr204, GIn161, Ser120,
Arg64, Thr166, Ser205 and Cys163 respectively. The lowest free

energy score after docking was —195.446. The energy before and
after docking was found to be —204.175 kcal and —204.176 kcal,
respectively (Fig. 10A and B). The crystal structure of caspase-9
(1JXQ) was downloaded from PDB database. The molecule showed
7 hydrogen bonds interactions with caspase-9 with the following
amino acids such as Met386, Pro387, Thr323, Asn263, GIn385,
Ala284 and Gly286 respectively. The lowest free energy score after
docking was —212.264. The protein structure was optimized using
Nelder-Mead Simplex method. The energy before and after dock-
ing was found to be —219.252 kcal and —219.736 kcal, respectively
(Fig. 11A and B). This study explored the use of the active form of
caspase-3 for the detection of apoptotic events. This protease has
been implicated as an “effector” caspase associated with the initi-
ation of the “death cascade” and is therefore an important marker
of the cell’s entry point into the apoptotic signaling pathway [78].
Caspase-3 is activated by the upstream caspase-8 and caspase-9,
and since it serves as a convergence point for different signaling
pathways, it is well suited as a read-out in an apoptosis assay.

4. Conclusion

Quercetin-3-0-B-L-rhamnopyranosyl-(1 — 6)-B-p-glucopyrano-
side was isolated from Streptomyces sp. (ERINLG-4) and tested
against A549 lung cancer cell line. The compound showed promi-
nent cytotoxic activity at 123 and 164 uM. After isolated com-
pound treatment DNA was fragmented and apoptotic body was
visualized using confocal microscope. Bcl-2, p53, pro-caspases,
caspase-3, caspase-9 and cytochrome c release were detected by
western blotting analysis after compound treatment. Activities of
caspase-3 and caspase-9 were gradually increased after the addi-
tion of compound. But Bcl-2 protein was down regulated after
treatment of flavonoid. The level of anticancer potential was stud-
ied by automated docking of ligands to the binding sites of cas-
pase-3 and caspase-9. The results revealed that the compound
showed minimum binding energy which indicated its strong
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affinity towards caspase-3 and caspase-9 proteins. This molecular
mechanism for apoptotic effect of compound on A549 lung carci-
noma cells is a first report and suggests that this compound may
be used as a preventive and therapeutic agent against lung cancer.
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