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Abstract
       Marine actinomycetes is a robust source of secondary metabolites including anticancer compounds . The
objective of this research was to select marine actinomycetes producing potential compounds as anticancer used
combination methods that consist of amplification PKS I (polyketide synthases type I) and NRPS (non ribosomal
peptide synthetases) genes, analysis the diversity of secondary metabolites and genetic. Selected isolates were
used for cytotoxicity assay.  PKS I and NRPS genes were amplified using sets of degenerate primers. K1F and M6R
were used for amplify ketosynthase and methyl-malonyl-CoA transferase modules of PKS I gene which targeted
sequences 1200-1400 bp. A3F and A7R were used for amplify adenilation domains of NRPS gene which targeted
sequences 700-800 bp. The diversity of secondary metabolites was analized by TLC and densitometry of ethyl
acetate extracts. Genetic diversity was analized by repetitive DNA fingerprinting using BOXA1R primers. The
cytotoxicity of secondary metabolites on T47D and MCF7 breast cell lines cancer was measured by MTT assay
method.
Fifty two marine actinomycetes isolates were screened using combination methods. Ten isolates were detected
encoding both PKS I and NRPS genes, whereas 11 isolates were detected encoding the NRPS gene. The screening
by analysis of secondary metabolites and genetic diversity methods were obtained 6 selected isolates for cytotox-
icity assay, which consist of 3 isolates encoding both PKS I and NRPS genes and 3 isolates encoding NRPS gene.
Isolate 1 had high cytotoxicity with the IC50 on T47D cell was 19 µg/ml and the IC50 on MCF7 cell was 7 µg/ml. This
findings suggests that combination methods were effective and efficient way to select marine actinomycetes
producing potential compounds as anticancer.

Keywords : marine actinomycetes, PKS I, NRPS, secondary metabolites, rep-PCR, anticancer, cytotoxicity, T47D,
      MCF7.

Introduction
The actinomycetes or Actinobacteria are

a large group of filamentous, gram positif
bacteria, that produce many bioactive sec-
ondary metabolites and have a significant
role in the recycling of organic matter (At-
las,  1997). More than 45% important
bioactive compounds were produced by this
bacterial group (Berdy, 2005). Mincer et al.
(2002) revealed that select groups of marine

actinomycetes from genus Salinispora have
proven to be particularly rich source of new
bioactive compounds including anticancer.
More than 80% Salinispora strain were able
to inhibit human tumor proliferative.

The oceans cover 70% of the earth’s sur-
face and harbor most of the planet’s
biodiversity. The microbiological component
of this diversity remains relatively unex-
plored. Marine actinomycetes which have
high potential anticancer compounds could
be explored from this environment (Bull et
al., 2000).

Screening methods of new drug discov-
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ery were needed for developing resource of
important bioactive compounds. The explo-
ration of new anticancer compounds are
relatively expensive.  The objectives of this
research was to obtain  efficient and effec-
tive screening methods on the discovery of
marine actinomycetes producing potential
compounds as anticancer.

 A broad range of potential bioactive
compounds polyketide and peptida com-
pounds produced by microorganisms,
among others by actinomycetes are synthe-
sized by type I polyketida synthases (PKS I)
and nonribosomal peptida synthetases
(NRPS) (Dewick, 2002). All of the isolates
were screened for genes encoding PKS I and
NRPS. The detection of gene sequences in-
volved in the synthesis of secondary metabo-
lites would allow to focus on screening on
the most metabolically talented groups.
Ayuso-Sacido and Genilloud (2004) de-
signed  primers targeted to specifically am-
plify PKS I and NRPS genes. All actino-
mycetes isolates encoded PKS I and NRPS
genes on this screening might be have sec-
ondary metabolites and genetics diversity.
The isolates which have similarity profiles
in secondary metabolites and genetics were
chosen as representative isolates.

This research was to select marine acti-
nomycetes producing potential compounds
as anticancer used combination methods.
The amplification PKS I  and NRPS genes
were continued by analysis the diversity of
secondary metabolites (Cannel, 1998) and
genetics (Sadowsky, 1996). Selected
isolalates were used for citotoxycity assay
on breast cancer cell lines T47D and MCF7.

Materials  and Methods
Isolation of marine actinomycetes

Isolation of marine actinomycetes used
solid starch nitrate medium (Waksman,
1961) following Ghanem (2000). Composi-
tion is given in g/L :  starch, 20; KNO3, 1;
K2HPO4, 0.5; MgSO4.7H2O, 0.5; NaCl, 0.5;

FeSO4.7H2O, 0.01; bacteriological agar, 20.
All media were prepared by using seawa-
ter and contained 75 µg ml-1 of filter-
sterililized cycloheximide as antifungal
agent. Samples (seaweed, sponge, seawa-
ter) were collected from Krakal Beach,
Gunung Kidul Yogyakarta. One gram
samples (seaweed and sponges) diluting in
9 ml NaCl 0.85% and  treated by heating in
a water bath at 70oC  for 60 minutes to re-
duce the number of unicellular bacteria in
favor of actinomycetes.

Actinomycetes were recognized by
their characteristic tough leathery colonies,
branched vegetative mycelia, and, when
present, aerial mycelia and spore formation.
Actinomycetes colonies were incubated at
room temperature (25-30oC).

Genomic DNA extraction
Genomic DNA extraction following the

methods of Pospiech and Neumann (1995)
was modified by Song et al. (2004). Mycelia
(5 ml) grown in a starch nitrate broth shake
culture were centrifuged, rinsed with TE
and resuspended in 0.4 ml SET buffer (75
mM NaCl, 25 mM EDTA, 20 mM Tris, pH
7.5). Lysozyme was added about of 50 ìl (10
mg/ml) and incubated at 37oC for    1 hour
(h). Then 50 ìl  10% SDS was added and
incubated at 65oC with occasional inversion
for 1 h. About of 50 ìl 5 M NaCl was added
and incubated at 65oC for 1 h. Chloroform
400 ìl was added and incubated at room
temperature for 30 min with frequent in-
version. The mixture was centrifuged at
13.000 rpm for 10 min and the aquoeus
phase was trasnferred to a new tube. Chro-
mosomal DNA was precipitated by the ad-
dition of 1 vol 2-propanol with gentle in-
version. The DNA was transferred to a new
tube, rinsed with 70% ethanol, dried and
dissolved in a suitable volume of TE buffer.
Samples were extracted in the same volume
of phenol/chloroform/isoamyl alcohol
(25:24:1) and precipited with 0.1 vol 3 M
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sodium acetate. The pellets were washed
with 70% ethanol, dried and dissolved in
TE buffer.

Profile of secondary metabolites
Secondary metabolites profile was per-

formed on selected isolates which encoding
PKS I and NRPS genes by PCR. Loopful se-
lected actinomycetes on slant agar were in-
oculated into 5 ml soluble starch nitrate
broth. Then it was incubated in a rotary
shaker at 200-250 rpm for 5 days at room
temperature. Then the culture was inocu-
lated into 100 ml starch nitrate broth in 500
ml Erlenmeyer flask. The flask was incu-
bated on shaker at room temperature until
11 days. The culture was transferred into
50 ml sterile conical tubes and centrifuged
at 3000 rpm for 15 minutes. Futhermore, the
supernatant was used as a source of  sec-
ondary metabolites.

 Extraction of secondary metabolites
was performed by using ethyl acetate. The
supernatant was transferred to a separat-
ing flask. Ethyl acetate was added with a
ratio of 1:1(v/v) and shaked vigorously for
10 minutes. The top layer is transferred by
Pasteur pipette to a clean glass tube. Ethyl
acetate extraction was done twice. The su-
pernatant was collected and passed
throughout a column containing sodium
sulfate and then filtrate was evaporated
until dry.

TLC was performed by using the
Silica gel GF254   (E-Merck) with solvent sys-
tem Butanol – Acetic Acid – Water  (BAW,
4:5:1, v/v)  dan Chloroform – Methanol –
Water (CMW, 90:10:1, v/v).  Spots were
visulized by densitometry of UV light 366
nm and 254 nm to determine quantitatively
the different substances. Data were sub-
jected from Rf values of densiometry were
analyzed by using Unweight Pair Group
with Mathematical Average (UPGMA)
method.

Repetitive DNA fingerprinting (rep-PCR)
The analysis of repetitive DNA finger-

printing was performed on selected isolates
encoding PKS I and NRPS genes following
the method of Sadowsky (Sadowsky et al.,
1996). The PCR primer derived from the
repetitive                                                       sequences
(5’CTACGGCAAGGCGACGCTGACGCTGACG-
3’) was used to amplify the DNA samples.
The PCR mixture contained 4 µl H2O, 1 µl
DNA genome of actinomycetes as template
(50 ng/µl), 1 µl BOX A1R primer (16,5
pmol), and 6 µl Mega Mix Royal (MMR).
The following PCR temperature profile was
performed: hot start of 5 min at 95oC, 30
cycles of 1 min at 94ºC, 1.5 min at 53ºC, 1
min at  68°C, and a final extension step at
68ºC for 10 min. The PCR product was vi-
sualized by 8% PAGE. Data were subjected
from electrophoresis of PAGE were analyzed
by using Unweight Pair Group with Math-
ematical Average (UPGMA) method.

Cytotoxicity assay (MTT assay)
Ethyl acetate extracts secondary me-

tabolites from selected isolates by combina-
tion methods  were used for cytotoxicity
assay on T47D and MCF7 breast cell lines
cancer. The cytotoxicity was measured by
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) cell viability test
(Mosmann, 1983).  The IC50  was determined
by probit analysis using SPSS 11.5.

Results and Discussion
Fifty two marine actinomycetes isolates

were screened using combination methods.
Twenty one isolates detected using this
methods, consist of ten isolates were de-
tected encoding both PKS I and NRPS genes,
whereas 11 isolates were detected encod-
ing the NRPS gene. PKS I and NRPS genes
were amplified using sets of degenerate
primers. K1F and M6R were used for am-
plify ketosynthase and methyl-malonyl-
CoA transferase modules of PKS I gene
which targeted sequences 1200-1400 bp.
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A3F and A7R were used for amplify
adenilation domains of NRPS gene which
targeted sequences 700-800 bp. The visual-
ization of  PKS I and NRPS genes of the 21
detected isolates in this methods is repre-
sented in Figure 1.

Figure  1. Visualization of PKS I and NRPS genes of 21
detected isolates by electrophoresis in 1% (w/v) aga-
rose gels stained with ethydium bromide. 1, 22, 23,
34, 43, 47, 55, 56, 57, and 58 are isolates encoding PKS
I and NRPS genes, meanwhile 2, 4, 6, 9, 12, 15, 16, 41,
29, 50, and 52 are isolates encoding NRPS gene. The
size range of amplified fragments of PKS I  (1200 –
1400 bp), and NRPS (700 – 800 bp). (A) used marker
100 bp DNA Ladder (B) & (C) used marker 1 kb DNA
Ladder

PKS I and NRPS are biosynthetic sys-
tems involved in the synthesis of a large
number of important biologically active
compounds produced by microorganisms,
among others by actinomycetes. The detec-
tion of gene sequences involved in the syn-
thesis of secondary metabolites to evaluate
the biosynthetic potential. KS I sequences
detected in 10 of 52 isolates (19%) and al-
ways associated with NRPS sequences.
NRPS sequences detected in 21 of 52 iso-
lates (40%), 21% (11 isolates) were detected
without associated with PKS I sequences.
Twenty one detected isolated used this
method would be selected using the next
screening specifically the analysis of second-
ary metabolites and repetitive DNA finger-
printing.

Profiles data of ethyl acetate extract sec-
ondary metabolites by densitometry of UV
light 366 and 254 nm using CMW and BAW
(unpublished) as solvent system were sub-
jected from Rf values and analyzed by
UPGMA method using NTSYS program.
Dendrogram of analysis secondary metabo-
lites using CMW as solvent   of marine acti-
nomycetes encoding both PKS I and NRPS
genes of UV light 366 nm is represented in
Figure 2.

Figure 2 . Dendrogram  of densitometry analysis of
ethyl acetat extract secondary metabolites of marine
actinomycetes encoding both PKS I and NRPS genes
with CMW solvent on TLC, UV light 366 nm. Data
was analized by UPGMA method using NTSYS pro-
gram. This result divided into 3 groups. Group 1 con-
sist of isolates 1, 55, 58, 56, 57, and 23. Group 2 consist
of isolates 22, 34, and 43. Group 3 consist of isolate 47.

Figure 2 showed grouping result accord-
ing to similarity coefficient in dendrogram,
divided into 3 groups. This result would
perform next on the Table 2.   According to
this data, isolate 55 and 58 have the highest
similarity coefficient value (0.94). It was
showed that they have most similarity of
secondary metabolites, meanwhile isolate
47 has the lowest similarity coefficient value
(0.80), it was showed that isolate 47 most
different among others.

Dendrogram of analysis secondary me-
tabolites using CMW as solvent   of marine
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actinomycetes encoding both PKS I and
NRPS genes of UV light 254 nm is repre-
sented in Figure 3.

Figure 3 . Dendrogram  of densitometry analysis of
ethyl acetat extract secondary metabolites of marine
actinomycetes encoding both PKS I and NRPS genes
with CMW solvent on TLC, UV light 254 nm. Data
was analized by UPGMA method using NTSYS pro-
gram.  This result divided into 4 groups. Group 1 con-
sist of isolates  1, 55, 56, 34, 57, and 58. Group 2 consist
of  isolate 22. Group consist of isolates 43 and 23. Group
4 consist of isolate 47.

Figure 3 showed grouping result accord-
ing to similarity coefficient in dendrogram,
divided into 4 groups. This result would
perform next on the Table 2.   According to
this data, isolate 1 and 55 have the highest
similarity coefficient value (0.90). It was
showed that they have most similarity of
secondary metabolites, meanwhile isolate
47 has the lowest similarity coefficient value
(0.77), it was showed that isolate 47 most
different among others.

Dendrogram of analysis secondary me-
tabolites using CMW as solvent of marine
actinomycetes encoding NRPS gene of UV
light 366 nm is represented in  Figure 4.

Figure 4 . Dendrogram  of densitometry analysis of
ethyl acetat extract secondary metabolites of marine
actinomycetes encoding NRPS gene with CMW sol-
vent on TLC, UV light 366 nm. Data was analized by
UPGMA method using NTSYS program.  This result
divided into 3 groups. Group 1 consist of isolates 2,
12, 4, 29, 6, 9, 15, 41, and 52. Group 2 consist of isolate
50. Group 3 consist of isolates 3 and 16.

Figure 4 showed grouping result accord-
ing to similarity coefficient in dendrogram,
divided into 3 groups. This result would
perform next on the Table 2.   According to
this data, isolate 6 and 9 have the highest
similarity coefficient value (0.96). It was
showed that they have most similarity of
secondary metabolites, meanwhile isolate
16 has the lowest similarity coefficient value
(0.88), it was showed that isolate 16 most
different among others.

Dendrogram of analysis secondary me-
tabolites using CMW as solvent of marine
actinomycetes encoding NRPS gene of UV
light 254 nm is represented in  Figure 5.

Farida et al.                                                                                                                                                              I.J. Biotech.



993

Figure 5 . Dendrogram  of densitometry analysis of
ethyl acetat extract secondary metabolites of marine
actinomycetes encoding NRPS gene with CMW sol-
vent on TLC, UV light 254 nm. Data was analized by
UPGMA method using NTSYS program.  This result
divided into 4 groups. Group 1 consist of isolates  2, 4,
9, 6, 12, and 15. Group 2 consist of isolates 50, 41, and
52. Group 3 consist of isolate 29. Group 4 consist of
isolate 16.

Figure 5 showed grouping result accord-
ing to similarity coefficient in dendrogram,
divided into 4 groups. This result would
perform next on the Table 2.   According to
this data, isolate 4 and 9 have the highest
similarity coefficient value (0.97). It was
showed that they have most similarity of
secondary metabolites, meanwhile isolate
16 has the lowest similarity coefficient value
(0.80), it was showed that isolate 16 most
different among others.

Repetitive DNA fingerprinting or rep-
PCR was used to determine the diversity of
marine actinomycetes. Dendrogram of
analysis repetitive DNA fingerprinting 21
isolates used BOXA1R primer, visualized by
PAGE 8% with silver staining (unpublished)
is represented in  Figure 6. The analysis data
according to repetitive DNA fragments,
analyzed by UPGMA method using NTSYS
program.

Figure 6 . Dendrogram  of repetitive DNA finger-
printing used BOXA1R primer of 21 selected marine
actinomycetes isolates using PCR PKS I and NRPS
genes method, visualized by PAGE 8% with silver
staining. Data was analized by UPGMA method us-
ing NTSYS program.  This result divided into 6 groups.
Group 1 consist of isolates  1, 5, 2, and 52. Group 2
consist of isolates 4 and 9. Group 3 consist of isolate
43, 58, 50, 55, 56, and 57. Group 4 consist of isolate 22,
23, 29, and 41. Group 5 consist of isolates 34, 12, 15,
and 16. Group 6 consist of isolate 47.

Dendrogram on the Figure 6 showed the
dividing into 6 groups of repetitive DNA fin-
gerprinting 21 isolates according to similar-
ity coefficient. This grouping was used as a
base for selected 6 isolates for cytotoxicity
assay.

Dendrogram of repetitive DNA finger-
printing of marine actinomycetes encoding
both PKS I and NRPS genes is represented
in Figure 7.
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Figure 7 . Dendrogram  of repetitive DNA finger-
printing used BOXA1R primer of  marine actino-
mycetes encoding both PKS I and NRPS visualized by
PAGE 8% with silver staining. Data was analized by
UPGMA method using NTSYS program.  Symbol (*)
showed grouping result according to similarity coef-
ficient. This result divided into 3 groups. Group 1 con-
sist of isolates  1, 43, 58, 55, 56, and 57. Group 2 consist
of isolates 22, 34, and 23. Group 3 consist of isolate 47.

Figure 7 showed a grouping result ac-
cording to similarity coefficient in dendro-
gram, it  is divided into 3 groups. This re-
sult would perform next on the Table 2.
According to this data, isolate 55 and 56
have the highest similarity coefficient value
(0.82). It was showed that they have most
similarity of secondary metabolites, mean-
while isolate 47 has the lowest similarity
coefficient value (0.57), it was showed that
isolate 16 most different among others.

Dendrogram of repetitive DNA finger-
printing of marine actinomycetes encoding
NRPS gene is represented in Figure 8.

Figure 8 . Dendrogram  of repetitive DNA finger-
printing used BOXA1R primer of  marine actino-
mycetes encoding NRPS visualized by PAGE 8% with
silver staining. Data was analized by UPGMA method
using NTSYS program.  This result divided into 3
groups. Group 1 consist of isolates  2, 6, 52, 4, 9, 29, and
41. Group 2 consist of isolates 12, 15, and 16. Group 3
consist of isolate 50.

Figure 8 showed a grouping result ac-
cording to similarity coefficient in dendro-
gram, it  is divided into 3 groups. This re-

sult would perform next on the Table 2.
According to this data, isolate 12 and 15
have the highest similarity coefficient value
(0.97). It was showed that they have most
similarity of secondary metabolites, mean-
while isolate 50 has the lowest similarity
coefficient value (0.53), it was showed that
isolate 16 most different among others.

All of the result of data analysis that are
performed in dendrogram Figure 2, 3, 4, 5,
6, 7, and 8, are represented in Table 1. This
data was made in order to ease the selec-
tion of 6 isolates for cytotoxicity assay.

Tabel 1. The Result of Data Analysis of Secondary
Metabolites and Genetics Diversity Based on Dendro-
gram

The colourful code of isolates showed that those iso-
lates always perform in all dendrograms grouping in
the same line to each dendrograms.

The candidates of selected isolates encoding  both
PKS I and NRPS genes

The candidates of selected isolates encoding
NRPS gene
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The candidates of selected isolates en-
coding both PKS I and NRPS genes are iso-
lates 1, 55, 56, 57, 58, in line 1. Line 2 is
isolate 22. Line 3 is isolate 47. The candi-
dates of selected isolates encoding NRPS
gene are isolates 2, 4, 9, in line 1.  Line 2 is
isolate 16. line 3 is isolate 50. The isolates in
line 1 need to be chosen to get one isolate
represented line 1. It deliberated the result
of rep-PCR 21 isolates and the amount of Rf
value in densitometry using solvent system
BAW (unpublished). Isolate 1 is selected as
the isolate represented actinomycetes encod-
ing both PKS I and NRPS genes and isolate
9 represented actinomycetes encoding
NRPS gene. So, the result of the combina-
tion methods for screening  marine actino-
mycetes obtained 6 isolates for cytotoxicity
assay method. Isolates 1,  22, and 47 repre-
sented the actinomycetes encoding both PKS
I and NRPS genes. Isolates 9, 16, and 50 rep-
resented the actinomycetes encoding NRPS
gene.

Cytotoxicity assay measured by MTT
cell viability test on T47D and MCF7 breast
cancer cell lines. T47D cell was treated with
ethyl acetate extract secondary metabolites
of marine actinomycetes. The serial concen-
tration of the treatment were 6,25; 12,5; 25;
50; 100 µg/ml with total amount of cell was
5.103 cells/ml and incubated 24 hours. The
result of probit analysis of this treatment are
represented in Figure 9. All of the treatment
showed the reducing of cell viability signifi-
cantly based on ANOVA (p<0.05).

Figure 9. The effect of ethyl acetate extract secondary
metabolites of marine actinomycetes on T47D cell‘s
viability. Every point represented the averages of trip-
licate. The IC50 (in µg/ml): isolate 9 (224), isolate 16
(83), isolate 50 (102), isolate 1 (19), Isolate 47 (90), Iso-
late 22 (71).

Isolate 1 had the lowest IC50 (19 µg/ml),
and the highest  IC50 was isolate 9 (224 µg/
ml). Cytotoxicity assay of 6 isolates on T47D
cell obtained 4 isolates had IC50 less than
100 µg/ml (isolates 1, 22, 16 and 47). Mean-
while 2 isolat  (isolates 9 and 50) had IC50
more than 100 µg/ml, both isolates repre-
sented actinomycetes encoding NRPS gene.
All of the isolates represented actinomycetes
encoding both PKS I and NRPS had low IC50.
MCF7 cell was treated with ethyl acetate
extract of secondary metabolites marine
actinomycetes. The serial concentration of
the treatment were 12,5; 25; 50; 100; 200µg/
ml with total amount of cell was 5.103 cells/
ml and incubated 48 hours. This treatment
particularly for isolates 9, 16, 22, 47, and
50. Special for isolate 1 used serial concen-
tration 1,75; 2,5; 5; 10; 20; 40 µg/ml.  The
result of probit analysis of this treatment is
represented in Figure 10 and 11. All of the
treatment showed the reducing of cell vi-
ability significantly based on ANOVA
(p<0.05). Probit analysis of cytotoxic-
ity secondary metabolites isolate 9, 16, 22,
50, 47 are represented in Figure 10.

Figure 10. The effect of ethyl acetate extract secondary
metabolites of marine actinomycetes on MCF7 cell‘s
viability. Every point represented the averages of trip-
licate. IC50 (in µg/ml): isolate 9 (62), isolate 16 (42),
isolate 22 (46), isolate 50 (47), Isolate  47 (34).

Probit analysis of cytotoxicity second-
ary metabolites isolate 1 is represented in
Figure 11.
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Figure 11. The effect of ethyl acetate extract of second-
ary metabolites of marine actinomycetes on MCF7
cell‘s viability. Every point represented the averages
of triplicate. IC50 (in µg/ml): isolat 1

Isolate 1 had the lowest IC50 (7 µg/ml),
and the highest  IC50 was isolate 9 (62 µg/
ml). Cytotoxicity assay of 6 isolates on MCF7
cell obtained that all of isolates had IC50 less
than 100 µg/ml.

All of the result of cytotoxicity is repre-
sented in Figure 12.

Figure 12. IC50 of cytotoxicity assay on T47D and MCF7.
Isolates 1, 22, and 47 are marine actinomycetes encod-
ing both  PKS I dan NRPS genes, meanwhile isolates
9, 16, and 50 are marine actinomycetes encoding NRPS
gene. The number upon the bar on the graphic showed
the IC50 each isolates on each cancer cells.

The combination methods for screening
marine actinomycetes producing potential
compounds as anticancer in this study ob-
tained the selected isolates of marine acti-
nomycetes which had high cytotoxocity on
T47D and MCF7. Isolate 1 had highest cy-
totoxicity with the IC50 on T47D cell was 19
µg/ml and the IC50 on MCF7 cell was 7 µg/
ml. This findings suggests that combination
methods were effective and efficient way to
select marine actinomycetes producing po-
tential compounds as anticancer.
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