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ABSTRACT

GMY01 bacteria was known to have good activity as cytotoxic agents in some cancer cells. Methanol extract
from Streptomyces sp. GMY01 has potential cytotoxic activity against breast cancer cells lines MCF-7 and
T47D with IC50 values of 0.8 and 127 g/ml, respectively. Methanol extract of Streptomyces sp. GMY01 also
proved to be non-toxic in normal NIH-3T3 cells line with IC50 values of 3707 g/ml (Farida et al., 2007). As
part of the effort to isolate the active compound, the appropriate screening methods for appropriate guidance
bioassay are needed, so an in silico approach is needed using molecular docking methods. The aim of this
study was to analyze the best docking score of some possibilities active compounds which maybe containing
in the GMY01 bacteria by Autodock Vina method and the cytotoxic activity of GMY01 methanol extract in
MCF-7 breast cancer cells line. In silico study was carried out using molecular docking method by Autodock
Vina software. Some amina peptide of the active compounds contained in Streptomyces sp. which are
mitomycin C, mutalomycin and scabichelin compounds were docked in several target proteins (cyclin D1,
cyclin E, COX-2, BCl-2 and VEGF) with the doxorubicin as comparative compound. In vitro study was done
by cytotoxic MTT Assay in MCF-7 cells line and LC-MS analysis to know the active compounds profile
containing in GMY01 methanol extract. The results of the in silico study obtained the target proteins with
PDB ID codes, namely Cyclin D1 (5VZU), cyclin E (1W98), COX-2 (5IKQ), BCl-2 (4IEH) and VEGF (5XV7).
All active and native ligand compounds have RMSD values that meet the requirements of less than 2.0 A.
Molecular docking results showed that the mutalomycin compound had the lowest docking score compared
to other active compounds in some of the target proteins except for cyclin D1 protein (-8.9 in cyclin E; -8.0
in p53; -7.5 in BCl-2; -8.6 in COX-2 and -8.8 in VEGF proteins). Based on in vitro study showed that GMY01
extract has IC50 value was 4 ug/ml in MCF-7 cells line. From LC-MS result showed that the extract containing
the different compounds with the predicted compounds because the differentiation of the molecular weight
(MW) values profile. From the study it can be concluded that the mutalomycin has the best potential in
inhibiting some target proteins and GMY01 may has different active compounds compared with the predicted
compounds.
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Introduction

Cancer is one of the deadliest diseases in the world.
Cancer death rate remains high, reaching about 8.2
million people worldwide in 2012 and 347,792
people in 2013 in Indonesia. Breast cancer is one of
the cancers with the highest prevalence in Indonesia
in 2013, amounted to 0.5%. Yogyakarta has the high-
est prevalence of cancer in general and breast cancer
in particular among all provinces in Indonesia,
which is about 4.1% for all cancers and 2.4% for
breast cancer (Balitbangkes Kemenkes, 2013). The
persistently high rate of cancer incidence has en-
couraged researchers to discover anticancer com-
pounds, especially for breast cancer.

Wide range of bioactive compounds metabolites
were isolated and identified from soil actino-
mycetes. Recently, the rate of new metabolites dis-
covery from terrestrial actinomycetes decreased,
whereas the rate of re-isolation of known com-
pounds increased (Dharmaraj, 2010). Thus, it is cru-
cial that new group of actinomycetes from unex-
plored habitats to be pursued for new sources of
bioactive compounds, one of which is marine actino-
mycetes (Magarvey et al., 2004). Mitomycin C is one
of the drugs used in the chemotherapy of various
types of cancers (Bradner, 2001). At first, the com-
pound was isolated from the extract of secondary
metabolites of gram-positive bacterium Streptomyces
lavendulae growing on land (Mao et al., 1999).

Previous study had isolated several marine acti-
nomycetes from Krakal Beach, Gunung Kidul,
Yogyakarta, Indonesia and proved the cytotoxic ef-
fects of the marine actinomycetes extracts (Farida et
al., 2007). That research results also showed that the
cytotoxic compounds from marine actinomycetes
suggested maybe belong to the polyketide or non-
ribosomal peptides based on the presence of NRPS
or PKS gene. Farida et al. (2007) then isolated marine
actinomycetes named Streptomyces sp. GMY01. The
sequence analysis of this isolate’s NRPS apparently
showed a similarity index by 79% relative to Strep-
tomyces lavendulae (Widowati, 2010). This high simi-
larity index value leads to an idea that Streptomyces
sp. GMY01 can also produce anticancer compounds.
Furthermore, the ethyl acetate extract from second-
ary metabolites of Streptomyces sp. GMY01 shows
cytotoxic effects on MCF-7 cells line. The cytotoxic-
ity effect of this extract is indicated by the IC50 value
of 118 ng/ml in T47D cells line and 60 ng/ml in
MCF-7 (Widowati, 2010). The NRPS and PKS gene

analysis of GMY01 bacteria showed that the bacteria
had 10 unique NRPS genes and different with other
cluster gene, with the nearest similarity percentage
(90%) with scabichelin gene cluster (Herdini et al.,
2015). Analysis of 16S rRNA sequences of Streptomy-
ces sp. GMY01 showed a similarity of 97% with S.
mutabilis that contain mutalomycin as active com-
pound (Hartanto, 2012).

Computational bioinformatics has the potential
not only accelerated the drug discovery progress
thus reducing the costs, but also of changing the
way drugs are designed. One such method is the
docking of the drug molecule with the receptor tar-
get. Autodock Vina is the example of docking
method that could be use easily and free to down-
load in their website. This research aimed to analyze
the ligand-protein interaction between predicted
active compounds containing in GMY01 bacteria
(Mitomycin C, Mutalomycin and Scabichelin) in
several target proteins (Cyclin D1, Cyclin E, COX-2,
BCL-2 and VEGF) compared with the result of cyto-
toxic activity using MTT assay and compound
analysis by LC-MS method.

Materials and Methods

Materials

In the present study, used different biological data-
bases like PubChem and PDB (Protein Data Bank)
and software’s like Autodock Vina and Chem Draw.
The PDB (Protein Data Bank) contains structural
evidence of the macromolecules determined by X-
ray crystallographic, NMR methods and others.
MTT reagents, SDS, methanol for cytotoxic assay.
H2O and formic acid for LC-MS analysis.

Methods

Preparation of Protein Structure: Protein objective
were downloaded from Protein Data Bank (PDB)
database. Cyclin D1 (5VZU), cyclin E (1W98), COX-
2 (5IKQ), BCl-2 (4IEH) and VEGF (5XV7) were PDB
ID of each target proteins. All water molecules were
detached and on final stage hydrogen atoms were
added to receptor molecule.
Preparation of Ligand Structure: Three predicted
active compounds (Mytomycin C, Mutalomycin and
Scabichelin) were selected as ligand considering
their closest characteristic, and doxorubicin as stan-
dard anticancer drug. The 3D structures of these
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active compounds were found by using “Chem
Draw”. The docking analysis of predicted active
compound and oncogene proteins were conceded
by Autodock Vina software. Docking permits virtu-
ally screening a database compounds and predicting
the solidest binders based on their scoring functions.
It explores ways in which two molecules, such as
drugs and an oncogene protein receptor fit together
and dock each other well. The molecules binding to
a receptor, hinder its function and thus act as a drug.
Anticancer drugs and oncogene protein receptor
were identified by docking and their relative
strengths were evaluated using molecular dynamics
and their binding affinities using free energy simu-
lations. Predicted active compounds were docked
with the oncogene protein receptor using param-
eters by default in Autodock Vina software.

Protein Ligand Interaction using Autodock Vina:
Autodock is the electronic structure program that is
based on the quantum mechanics, it foretells the
potential energies, molecular structures; geometry
optimization of structure, vibration frequencies of
coordinates of atoms, bond length, bond angle and
reactions pathway (Jimmy et al., 2005). Oncogene
proteins receptor were docked against the obtained
ligand using Autodock Vina to find the reasonable
binding geometries and discover the protein ligand
connections. Docking of the protein ligand complex
was mainly targeted only on to the predicted active
site. The selected residues of the receptor were de-
fined to be a part of the binding site.

Interaction Studies: The goal of ligand-protein
docking is to predict the principal binding model(s)
of a ligand with a protein of known three dimen-
sional structures. To study the binding modes of
bioactive compounds in the binding site of target
proteins, intermolecular flexible orders were as-
signed to residues of proteins, hydrogen docking
simulations were performed and energy values
were considered from the docked conformations of
the target protein-inhibitor complexes. Docking
studies yielded crucial information regarding the
orientation of the inhibitors in the binding pocket of
the objective protein (Umamabeswari et al., 2011).
Docking results of the ligands and its derivatives via
Autodock software reveals that the binding energy
of these drugs can be compared with the receptor.

Cytotoxic Activity by MTT Assay

Prepared the solution of GMY01 extract with con-

centration 1x105 g/ml and several series concentra-
tions were made. Cells with a density of 1x104 cells/
well are distributed into 96 wells plate and incu-
bated for 24 hours to adapt and stick to the bottom
of the well. Then, medium was taken, washed with
PBS and then added 100 l culture medium contain-
ing only 0.2% DMSO (control) or single test sample
(extract and doxorubicin) incubated for 24 hours. At
the end of the incubation, culture medium contain-
ing the sample was removed, washed with 100 l
PBS. Then added 100 l culture medium containing
5 mg/ml of MTT reagen into each well, incubating
again for 4 hours at 37 °C. The living cells react with
MTT to form a purple formazan crystals. After 4
hours, the medium containing MTT was removed,
washed with PBS then added 200 l SDS stopper so-
lution in 0.1% HCl to dissolve the formazan crystals.
Rocked over a shaker for 10 minutes then read with
an ELISA reader at a 595 nm wavelength. The ab-
sorption value is converted into live cell percentage
then calculated IC50 value with linear regression
equation.

Compound analysis using LC-MS Method

The chemical constituents of the GMY01 methanol
extracts were determined using LC-MS method. The
HPLC was interfaced with a Q-TOF mass spectrom-
eter fitted with an ESI source. Full-scan mode from
m/z 50 to 1350 was performed with a source tem-
perature of 65 °C. HPLC column ACQUITY UPLC
1.7 ìm C8 (100 × 2.1 mm) was used for the analysis.
The solvent was methanol with 0.1% formic acid.
Solvents were delivered at a total flow rate of 0.4
ml/min. The solvent was run by gradient elution.
The MS spectra were acquired in the positive ion
mode.

Results

Docking Score Result

Molecular docking was performed by autodock vina
method. This is free software for docking and could
be operated in windows operating system. The pre-
dicted ligand that used for docking were mitomycin
C, mutalomycin and scabichelin. Based on the previ-
ous study showed that 3 ligands maybe containing
in the bacteria because of the similarity of the gene
and gene cluster. Doxorubicin was used as standard
drug for comparing the docking score result. The
result showed that mutalomycin has the strongest
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interaction in the most of the protein targets (COX-
2, BCl-2, cyclin E and VEGF) except with Cyclin D1
which is the mitomycin as the strongest interaction
with the ligand.

Cytotoxic Activity of GMY01 Methanol Extract

The cytotoxic activity was performed by MTT assay.
The MCF-7 breast cancer cells line was treated by
GMY01 methanol extract with the concentration
range from 6.25 – 200 ug/ml. Cells were incubated
in CO2 incubator for 24 h. The treatment result of the
IC50 value was 4 ug/ml.

LC-MS Compound Analysis Result

The GMY01 methanolic extract was injected to the
UPLC column and run with the mobile phase by
gradient elution. The result showed that the extract
contains 8 dominant compounds with the MW
range from 166 – 200,22 g/mol with the time reten-
tion (tR) from 0.46 – 21.16 minutes. The MW value of
the result showed that the extract had different ac-
tive compounds compared with the predicted com-
pounds because of the different of the MW values.

Table 1. RMSD value and docking score of the ligands to several target proteins

Protein PDB ID Ligan RMSD Value Docking Score

COX-2 5IKQ Doxorubicin 1.817 -7.7
Mitomycin 1.630 -7.0
Mutalomycin 1.794 -8.6
Scabichelin 1.918 -6.2
Native Ligand 1.578 -7.4

Cyclin D1 5VZU Doxorubicin 1.590 -7.3
Mitomycin 1.898 -6.7
Mutalomycin 1.463 -4.1
Scabichelin 1.645 -5.2
Native Ligand - -

BCL-2 4IEH Doxorubicin 1.566 -6.5
Mitomycin 1.985 -5.7
Mutalomycin 1.111 -7.5
Scabichelin 1.389 -5.5
Native Ligand 1.862 -7.2

Cyclin E 1W98 Doxorubicin 1.112 -8.9
Mitomycin 1.514 -6.2
Mutalomycin 1.334 -8.9
Scabichelin 1.674 -5.5
Native Ligand - -

VEGF 5XV7 Doxorubicin 1.538 -4.5
Mitomycin 1.594 -7.2
Mutalomycin 1.546 -8.8
Scabichelin 1.774 -6.2
Native Ligand 1.950 -10.5

Table 2. The result of time retention and MW value of
the GMY01 methanol extract

Peak Retention MW Compound
Number Time (tR)

1 0.46 166
2 2.30 211
3 3.52 397.03
4 8.87 200.33
5 15.81 359.55
6 17.89 225.51
7 19.19 500.21
8 21.16 200.22

Fig. 1. Graphic of cytotoxic activity of GMY01 methanol
extract in MCF-7 cells line
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Discussion

Streptomyces Sp. GMY01 bacteria is believed to be a
new type of bacteria that is different from the spe-
cies of bacteria that have been previously identified.
Sequence analysis of NRPS gene Streptomyces sp.
GMY01 showed that the isolate had a high similar-
ity to S. lavendulae at 79% which was known to con-
tain mitomycin C compound which is a amine pep-
tide group compound, and an analysis of 16S rRNA
sequence of Streptomyces sp. GMY01 shows a simi-
larity of 97% with S. mutabilis that contain
mutalomycin as active compound (Hartanto, 2012).
The NRPS and PKS gene analysis of GMY01 bacte-
ria showed that the bacteria had 10 unique NRPS
genes and different with other cluster gene, with the
nearest similarity percentage (90%) with scabichelin
gene cluster (Herdini et al., 2015). Molecular docking
result showed that mutalomycin has the strongest
affinity in almost target proteins (COX-2, BCl-2,
cyclin E and VEGF) compared with the other com-
pounds. Mutalomycin is a new metal-complexing
polyether antibiotic produced by a strain of Strepto-
myces mutabilis. Mutalomycin contains six heterocy-
clic rings and is structurally related to nigericin. The
metabolite is active against gram-positive bacteria

Fig. 2. The LC-MS spectra of the GMY01 methanol extract

and Eimeria tenella (chicken coccidiosis) (Fehr et al.,
1977).

Cytotoxicity test of the methanol extract of
GMY01 bacteria was done in MCF-7 cells line. The
result showed that the IC50 value of the extract was
4 ug/ml. Based on previous study, extract with the
IC50 value < 10 ug/ml were categorized to have
strong activity (Jabit et al., 2009). This strong activity
maybe caused by several active compounds that
contain in the extract with different mechanism in
prohibited the cell cycle progression.

The analysis of the active compound that contain-
ing in the extract was done by LC-MS method. The
result showed that the extract contains 8 dominant
compounds with time retention (tR) from 0.46 – 21.16
minutes and the MW range from 166 – 200,22 g/
mol. The result showed different compounds com-
pared with the predicted compounds from the MW
value result. Previous study showed that
scabichelin, mitomycin and mutalomycin have MW
value of 519; 334,33 and 775 g/mol, respectively
(pubchem data, 2020). It is means that GMY01
methanol extract may be contain new active com-
pound that has strong activity as cytotoxic in MCF-
7 breast cancer cells line.

Conclusion

Based on autodock Vina result, mutalomycin has the
strongest interaction with the almost of protein tar-
gets (COX-2, BCl-2, cyclin E and VEGF) than others
compound candidates. From the MTT assay, the
GMY01 methanolic extract showed high cytotoxic
effect with the IC50 value was 4 ug/ml in MCF-7
breast cancer cells line. Based on LC-MS result
showed that the extract contain different com-
pounds with the predicted compounds because of
the different of MW value and LC-MS spectra pro-
file.
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