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The current study was concentrated to detection of anti-cancer compound from marine Streptomyces
akiyoshiensis GRG 6 (KY457710) against MCF-7 breast cancer cells. The partial purification of TLC was
moved three different active spots. Among the spots, the third spot of the extract was shown excellent
anti-cancer properties against MCF-7 human breast cancer cells. The available anti-cancer compounds
present in the partially purified extract was confirmed by GC–MS data interpretation. Three fractions
of the compounds were purified by preparative HPLC and their respective spectrum was confirmed by
analytical HPLC. Active anti-cancer fraction was separately purified by preparative HPLC and the cytotox-
icity result was shown with 100 mg/mL concentration. The anti-cancer compound of pyrrolo [1,2-a]
pyrazine-1,4-dione, hexahydro-3 was detected by LC-MS analysis after interpretation with GC–MS data.
Further, the morphological damages and increased proliferation with more death cells of pyrrolo[1,2-a]
pyrazine-1,4-dione, hexahydro-3 treated MCF-7 were observed by phase contrast and fluorescence
microscope techniques. Finally, the nuclear condensation and increased necrotic cells of the pyrrolo[1,
2-a]pyrazine-1,4-dione, hexahydro-3 treated MCF-7 cells was clearly identified by fluorescence micro-
scope techniques using Hoechst 33,342 stain. Therefore, our result was prove, the pyrrolo[1,2-a]pyra
zine-1,4-dione, hexahydro-3 rich Streptomyces akiyoshiensis GRG 6 (KY457710) as a potential anti-
cancer agent against MCF-7 breast cancer cells.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Marine has underexplored environments, which has more
chance to harboring microorganisms with potential antibiotic pro-
ducing ability (Parama Cita et al., 2017). It has unpredictable
sources of organic nutrients, which helped to growth of microor-
ganisms for produce new structural and chemical molecules. It
has larger biodiversity, mutual relationship and more beneficial
microbes with their unique chemical structure. Most advantages
are, it exhibited high temperature, high pH, high salt and high
nutrients to microbes to produce enormous new compounds pro-
duction (Yara et al., 2020). Among the microbes, actinomycetes
are gram positive, spore forming, GC rich mycelium like filamen-
tous bacteria, and widely distribution in different environmental
conditions (Priyanka et al., 2019). They are most documented
classes of bacteria from various habitats including terrestrial, man-
grove, marine, cave and desert due to the excellent bioactive
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metabolites production with broad spectrum biological activities
(Rajivgandhi et al., 2018a). Approximately, 15, 000 bioactive com-
pounds and 2,000 enzymes against various industrial, biomedical
and pharmaceutical applications (Valan Arasu, et al., 2013).

Generally, actinomycetes populations are higher in soli environ-
ment compared with any other microorganisms. In particular, it
has the ability to produce new secondary metabolites in all kinds
of environment with greater geographical diversity. Among the
actinomycetes, genus Streptomyces remains unchallenged group
without effective competitor, known to synthesize more bioactive
compound. Previously, it covered 65% of total identified actino-
mycetes compound having more anti-microbial, anti-cancer, anti-
viral, anti-larvicidal and immunosuppressive properties
(Odumosu et al., 2017). In addition, it showed more biological
activity frequently from beginning onwards. Notably, the Strepto-
myces sp. synthesized antibiotics of penicillin, erythromycin, strep-
tomycin and some other antibiotics, which have excellent broad
spectrum activity (Govindarajan et al., 2014). Previously, the inhi-
bition of cancer cells by chemical compounds is ineffective due to
the resistant development. So, researchers are interested to dis-
cover novel antibiotics from new routes that effectively inhibit
the cancer cells without causing any side effects. The human breast
cancer cell of MCF-7 is most important, which cause severe infec-
tion worldwide. Based on these advantages, the current study was
concentrated on isolation and identification of marine actino-
mycetes Streptomyces akiyoshiensis GRG 6 (KY457710) frommarine
soli and it anti-cancer property was evaluated against MCF-7
breast cancer cells.

2. Materials and methods

2.1. Extraction and identification of actinomycetes extract

After isolation of actinomycete strains form Gulf of Mannar
region, Rameshwaram, Tamilnadu, India, the well grown actino-
mycetes strains were used to extract with various solvents ethyl
acetate, alcohol, ethanol, petroleum ether and acetic acid by
liquid-liquid extraction experiment (Kandula and Terli, 2013). Then,
the extracted crude extract was partially purified by TLC method
using DMSO as a solvent. Also, the active mobile phases of
chloroform-methanol (10:1,v/v), chloroform-ethyl acetate (10:25.5,
v/v), benzene-acetic acid-water (5:1:10, v/v), toluene-chloroform-
methanol (10:16:25 v/v), and methanol-dichloromethane-water
(2:2:2 v/v) were used to detect the active compounds based on
the movement of the compounds by scrapping method. Then the
scrapped material was mixed in methanol and analyzed by
GC–MS after silica gel removal (Suresh et al., 2020).

2.2. Cytotoxicity assay of crude extract

The 96-well plate was filled by required volumes of medium,
MCF-7 breast cancer cells and different concentration of crude
extracts at 37 �C. The crude extract plus DMSO were performed
for control. Then, MTT solution (50 mL) was added into all the 96-
well wiht 4 h at 37 �C. Next, the production of formazan crystals
in the treated wells were filled by DMSO and read at 600 nm O.D
using micotitre plate after color intensity formation. Then, the
cytotoxicity percentages were calculated based on the bellowed
formula using control and test culture (Rajivgandhi et al., 2019).
The 50% percentage of cell death (IC50) was noted for further
experiments,

IC50 ¼ Mean O:D:1st well �Mean O:DAll other wells=Mean O:D:1st well

� 100:
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2.3. Molecular identification of actinomycetes

Actinomyecte pellet was mixed in universal primers of Forward
5-GCCTAAGACAATCGAAGTCCAG-3 and reverse 5-CAAGCCGTG
TGCCAAGAAACCGGC-3 and amplified by thermal cycler PCR
machine (Al-Ansari et al., 2019). The purified PCR product was
used for sequences by automated sequencer in Rajivgandhi Centre
for Biotechnology, Tiruvanandapuram, India. The received
sequences were compared to with parallel NCBI sequence (www.
ncbi.nlm.nih.gov/blast), and then submitted into GeneBank, and
accession number was obtained. Then, the multiple sequences
were arranged using CLUSTAL W program. The above 1000 repli-
cates of bootstrap resembling was used with confidential metrics
and drawn a phylogenetic tree by Niebuhr joining method using
MEGA 7.0 software.

2.4. Purification of active cytotoxicity fraction

Based on the cytotoxicity effect, the active strain extract was fur-
ther purified by preparative HPLC for separate the anti-cancer com-
pounds (Ramachandran et al., 2019). The crude extract was diluted
with methanol and purified by preparative HPLC method using
acetonitrile:methanol:ammonium acetate:water (35:5:5:20) as a
mobile phase. Then, purified extract was analyzed by analytical
HPLC, and all the analytical HPLC was performed against MCF-7
breast cancer cells by MTT assay. Based on the highest cytotoxicity,
the respective fractions were further purified by preparative HPLC
to detect the pure compound identification. Then, the purified
extract was analyzed by LC-MS to detect the active compound
identification.

2.5. Morphological damage by phase contrast microscope

The morphological differentiation treated and untreated A549
cells morphology was identified by phase contrast microscope
(Rajivgandhi et al., 2018b). Six well plate of cover slip containing
staled MCF-7 breast cancer cells was treated with IC50 concentra-
tion of purified HPLC fraction, and maintained at room tempera-
ture one day. Next, the cells were fixed by 4% formaldehyde and
allowed to incubate at 10 min. After incubation, the changed mor-
phology of MCF-7 breast cancer cells was compared with untreated
control cells by phase contrast microscope examination at 40�
magnification.

2.6. Dual fluorescence staining assay

The cover slip of 6-well plate was used to grown the MCF-7 cul-
ture and treated with IC50 concentration of purified HPLC fraction
at 37 �C for 24. The separated cover slip was washed with 1�
PBS and followed by 10 mg/mL AO/EB staining treatment after
10 min. Then, the stained cover slip was maintained at 15 min in
dark room condition. Finally, the excess stain was removed by
what man No. 1 filter paper and apoptotic differentiation of treated
and untreated cells were viewed by fluorescence microscope (Carl
Zeiss, Germany) with 40x magnification (Kanipandian et al., 2019).

2.7. Intracellular nuclear damage by Hoechst 33342 staining assay

The IC50 concentration treated MCF-7 culture was grown on
cover slip of 6-well plate at room temperature one day. Then, cells
were used to centrifuge for receive pellet, and followed by PBS
wash. Then, the attached cells of the pellet was stained by Hoechst
33,342 dye and allowed 15 min to bind into the intracellular
nucleus. After 15 min, the cells were viewed by fluorescence
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microscope and result was compared with untreated control
images at 40� magnifications (Fluoro MaxTM-4 Spectrometer, Hor-
iba Scientific, Germany) (Naveen Kumar et al., 2018).

3. Result

3.1. Isolation and identification of actinomycetes

The pure, powdery growth with pale white color, mild powdery
colonies was emerged 100 numbers on the starch casein agar sur-
face. In addition, the exhibited colonies were shown with aerial
mycelium, separate hyphae growth and spore producing ability.
Based on the previous reports, the interpretation was indicated
that the emerged colonies were actinomycetes and available in
Fig. 1a, b. Marine is a rich nutrient harboring source for survive
the actinomycetes effectively. The under explored environmental
conditions such as undefined heat, undefined salt, excess nutrient,
greater biodiversity nature is additional sources for improving the
secondary metabolites in actinomyectes (Ozcengiz et al., 2010).
Recently, Valan Arasu et al. (2013) reported that the marine envi-
ronment has the capacity to activate the genes in actinomycetes,
and it synthesized greater bioactive secondary metabolites. The
statement was agreed by Ramachandran et al., 2019, marine is
an excellent reservoir for produce antibiotics for some infections.

3.2. Extraction and crude extract preparation

Among the various solvent, our resulted crude extract was
given better yield and movement in methanol solution by TLC
method. Among the 5 spot of the TLC movement, the spot 2, spot
3 and spot 5 has 0. 40, 0. 22 and 0. 30 mm (Fig. 2a). They were indi-
cated that the active metabolites were present in these moved
spots. Based on the previous report, all the moved spots were
scrapped and merged together in one tube. Next, the sample was
mixed into DMSO and stored at 4 �C for further use. Previously,
TLC method of purification was important method to separate
the active metabolites initially. It is used to purify the active
metabolites partially to perform against various infections.

3.3. GC–MS analysis

After careful interpretation with Sun Yat-Sen University Wiley
library, we have received 15 bioactive compounds with various
biological activities. Based on the interpretation, 5 major anti-
cancer compounds were present in the partially purified GRG 6
crude extract. They are 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-
diene-2,8-dione, Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3,
Phenol, 2,4-bis(1,1-dimethylethyl), BIS(2-Ethylhexyl) Phthalate,
5-Pyrrolidino-2-pyrrolidone. The retention time of 32.45, 30.60,
28.50, 24.20 and 25. 40, occupied area of 646098, 8123456,
723452, 7834251, 7056781 and 65876981, percentages of area
10.04, 16.65, 14.76, 9.08, 12.05 and 10.68 and height percentages
Fig. 1. Isolation and identification of actinomycetes from marine soil samples by
serial dilution method on starch casein agar.

3465
of 1.63, 1.90, 09.02, 08.32 and 09.72 were observed respectively.
All the results were suggested that the GRG 6 extract has anti-
cancer compounds (Fig. 2b). It may influence the stimulation of
apoptosis cells highly. Previously, the actinomycetes extract were
alter the nucleus of cancer cells due to the necrotic cells (Chen
et al., 2018). The result was most accordance with earlier report
of Nong et al. (2020), and the anti-cancer properties of actino-
mycetes were isolated from marine environment. Finally, our
result was indicated that the isolated actinomycete strain GRG 6
has anti-cancer properties.

3.4. Cytotoxicity assay

The increased formazan production of partially purified TLC of
GRG 6 strain was observed excellent cytotoxicity against MCF-7
breast cancer cells. The excellent proliferation ability was observed
against MCF-7 breast cancer cells were viewed in 96-well plate. At
the concentration of 200 mg/mL, the partially purified GRG 6 crude
extract was shown 52% inhibition when compared with untreated
control (Fig. 3). The concentration was very low compared with
previous report of actinomycetes crude extract against cancer cells
(Davies-Bolorunduro et al., 2019). At 250 mg/mL, the more for-
mazan was produced and culture was shown with confluence colo-
nies. This result was agreed by English et al. (2017), actinomycetes
extract has increased cytotoxicity effect against cancer cells. There-
fore, our result was suggested that the partially purified GRG 6
extract has anti-cancer properties.

3.5. Molecular characterization of GRG 6 strain

In our result, the similarity of identified sequences was closely
associated with Streptomyces genus. The 80% GC content of the
GRG 6 has yield of 569 bp with 97.33% similarity to Streptomyces
akiyoshiensis GRG 6 by NBlast report. After submission with NCBI,
we have received the accession number of KY457710. Finally, the
identified GRG 6 strain was confirmed as Streptomyces akiyoshiensis
GRG 6 (KY457710). The closely related species and their respective
sequences were obtained from NCBI and make a phylogenetic tree
by Neighbour-joining method using MEGA 7.0 software (Fig. 4).

3.6. Purification of active anti-cancer compound by preparative HPLC

Based on the analytical HPLC, the result was shown with three
different fractions (Fig. 5a). All the three fractions were performed
againstMCF-7 breast cancer cells byMTT assay, and result was con-
firmed that the 2nd and 3rd fractions were shown with anti-cancer
activity (Fig. 5c). Among the two, fraction 3 has excellent cytotoxic-
ity effect against tested MCF-7 cells compared with 3rd fraction.
Whereas, the fraction 1 was shown no any activity against MCF-
was observed. The cytotoxicity result exhibited with 35% and 52%
inhibition range at 200 mg/mL and 100 mg/mL of 2nd and 3rd frac-
tions were shown respectively. The result was indicated that the
3rd fraction was very effective against MCF-7 breast cancer cells at
very lowest concentration of 150 mg/mL (Fig. 5b). Based on the
result, the 3rd fraction was purified separately by preparative HPLC
using samemobile phase and analyzed by preparativeHPLC for con-
firmation (Fig. 5b). In result, the single sharp anti-cancer peak was
shown in thefig (Fig. 5b), and this fraction concentrationwas chosen
as an IC50 concentration for all other experiments.

3.7. LC-MS analysis

Based on the observation of HPLC peak, the compound pyrrolo
[1,2-a]pyrazine-1,4-dione, hexahydro-3 was present in the LC-MS
peak. The same compound was available in the GC–MS peak, and
this compound has excellent anti-cancer properties (English



Fig. 2. Partial purification of active compounds of actinomycetes strain GRG 6 (a) and GC–MS analysis of available chemical compounds from the partially purified extract (b).

Fig. 3. Cytotoxicity effect of thin layer chromatography purified GRG 6 extract
against MCF-7 breast cancer cells.

Fig. 4. Molecular identification and Phylogenetic tree construction of marine
Streptomyces akiyoshiensis GRG 6 (KY457710).
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et al., 2017). In the LC-MS peak, the compound pyrrolo[1,2-a]pyra
zine-1,4-dione, hexahydro-3 was exhibited the molecular ion atm/
z = 211 and molecular formula is C11H18N2 and the molecular mass
is 210.27. Therefore, the result was suggest, the purified fraction 3
of Streptomyces akiyoshiensis GRG 6 (KY457710) has compound of
pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3 (Fig. 6). The similar
result was reported by Lalitha et al. (2016), and the compound
pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3 has anti-cancer
3466
activity against A549 lung cancer cells. Therefore, after the inter-
pretation of previous published articles, our result was confirmed
after the identified compound was pyrrolo[1,2-a]pyrazine-1,4-dio
ne, hexahydro-3 and it has more anti-cancer property against
MCF-7 breast cancer cells.
3.8. Damaged cancer cell morphology by phase contrast microscope

The IC50 concentration of pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-3 treated MCF-7 breast cancer cell morphology was
damaged when compared with control cells (Fig. 7a, b). The dam-
aged cell membrane was showed with shrink and loosely attached
morphology. Whereas, the tightly arranged bundle morphology of
untreated cells was observed. In addition, the loosely associated
morphology of the cells was indicated that the MCF-7 cells lost
their antigenicity and pathogenicity in inside of the life cycle.
The supportive evidence of Singh et al. (2019) reported that the
actinomycetes mediated pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-3 has excellent anti-cancer properties against cancer
cells and proved by phase contrast microscope images.
3.9. Confirmation of morphological damage by AO/EB staining assay

After addition of IC50 concentration, the entire cells were dam-
aged and confirmed by observation of AO/EB staining. The arrange-
ment of the cells was showed with rough colonies in the treated
result, whereas the smooth colonies were observed in untreated
control cells (Fig. 8b). Here, the fluorescent dyes of AO/EB were
played a major role in differentiation of damaged and undamaged
membrane morphology. The dye AO has the ability to bind in live
cells and emitted green color production, whereas the dye EB has
the ability to bind damaged cells due to the intracellular leakages
of cytosolic materials and it emitted red color. In our result, the
treated cells were exhibited with condensed morphology and the
condensation of the cells was showed with yellow to orange color
(Fig. 8a). In mechanism, the intracellular damages of pyrrolo[1,2-a]
pyrazine-1,4-dione, hexahydro-3 will not allow the cell growth
from initial G0 stage to G1 stage. The more number of apoptotic
cells were formed due to the intracellular damages of cells
(Fig. 8a, b). Recent report of Law et al. (2017) also supported to this



Fig. 5. Analytical HPLC fractions of purified Streptomyces akiyoshiensis GRG 6 (KY457710) extract (a), separation of specific anti-cancer compound fraction using preparative
HPLC (b) and evaluation of purified anti-cancer compound fractions against MCF-7 cancer cells (c).

Fig. 6. LC-MS detection of anti-cancer compounds pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3 from purified Streptomyces akiyoshiensis GRG 6 (KY457710) extract by
purified HPLC.
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Fig. 7. Morphological damages of pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3
treated MCF-7 breast cancer cells (a, b).

Fig. 8. Live/dead cells variation of pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3
treated MCF-7 breast cancer cells (a, b).
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evidence, and marine actinomycetes mediated pyrrolo[1,2-a]pyra
zine-1,4-dione, hexahydro-3 has excellent anti-cancer properties
at increasing concentration. Therefore, the AO/EB staining assay
result was proved that the pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-3 has the ability to stimulate the functional genes
against MCF-7 lung cancer cells.
3.10. Nuclear damage by Hoechst 33342 stain assay

After 24 h treatment of IC50 treated cells were showed drastic
morphology after addition of 10 mg/mL of Hoechst 33342 stain.
The structural arrangement of MCF-7 cells were collapsed due to
the interfere of IC50 dose as confirmed by Hoechst 33,342 staining
assay. After adding Hoechst 33342 stain in the treated cells, the
white color appearance of condensed nucleus was exhibited in
the treated cells (Fig. 8c). Whereas, the dark tightly closed nuclear
molecules was observed in the untreated control cells (Fig. 8d). The
specific role of Hoechst 33342 stain was enter and bind into the A:
T rich region of DNA and exhibited decreased blue color to white
color morphology was observed. After complete attachment, the
cells were exhibited with bright white color morphology in con-
densed nucleus places. It revealed that the cells were changed to
severe apoptosis and late apoptosis colonies. On the contrary, mild
blue color of the untreated cells suggested that the cells continu-
ously viable. The result clearly confirms that the pyrrolo[1,2-a]pyr
3468
azine-1,4-dione, hexahydro-3 possess enhanced cell membrane
disruption ability in MCF-7 cancer cells.

4. Conclusion

The molecular identification of Streptomyces akiyoshiensis GRG 6
(KY457710) was isolated from marine soil sample and confirmed
NCBI submission. The partial purification of Streptomyces
akiyoshiensis GRG 6 (KY457710) crude extract was shownwith bet-
ter cytotoxicity assay. Based on the GC–MS and LC-MS result, the
anti-cancer compound of pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-3 was identified. Interestingly, the anti-cancer com-
pound has excellent anti-cancer activity against MCF-7 human
breast cancer cells at the concentration of 250 mg/mL. The morpho-
logical damages and intracellular damages of ROS and Hoechst
33,342 stain results were confirmed the anti-cancer potential of
pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3. Finally, we have
concluded that the marine Streptomyces akiyoshiensis GRG 6
(KY457710) compound pyrrolo[1,2-a]pyrazine-1,4-dione,
hexahydro-3 has more anti-cancer property against MCF-7 human
breast cancer cells.
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