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ABSTRACT

An investigation to find new anticancer substances from marine microorganisms was conducted at the Marine
Biotechnology Institute, Kamaishi Campus, Iwate, Japan. The samples were from MBI microorganism collection.
They were bacteria, actinomycetes and fungus. Mammalian cancer cells, A549, were used as screening medium.
The method for screening of the targeted microorganism was micro plate method. HK294 was found as microorganism
which has the most interesting phenomenon in inhibiting A549 cancer cells. HK294 was identified to be Streptomyces
viridocyaneus (homology 99%) by its 16S rDNA sequence. The HK294 was cultured in Marine Broth medium and
incubated at 30° C for seven days in 100 rpm orbital shaker incubator, to produce active substance. Silica Gel
Column Chromatography and High Pressure Liquid Chromatography were used for separation of the
active substances. NMR and Mass Spectrum were used for determination of the active substances. Butenolide,
Teleocidin A1 and New Butenolide were isolated from this experiment. The New Butenolide is promising to be used
for anticancer drug but it need further research.
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Paclitaxel is the good example to illustrate how
INTRODUCTION expensive is the drug for cancer.Paclitaxel is a
drug for breast, ovarium and lung cancer. It was
produced from a plant called Taxus baccata,
through its wood skin extraction since 1970, in
America (Zhang et al., 2007). By the semi
synthesis process, whole wood of one Taxus tree
can only produced 1.3 mg paclitaxel, one dose of
one cancer patient in one time so it is very
expensive. Since 1989, Samyang, Korean chemical
company could produced Taxus chinensis by
massive cells culture, and since 1995, it could be
used for paclitaxel material sources. The cost then
decreased for which Samyang Co., got ISO 9002
certificate in 1999. This techniques produces the
source for Paclitaxel which is cheaper,
environmentally friendly, and much more pure.
Terrestrial material for producing anticancer
substance have been well explored. On the other
hand, only less then 1 % of marine species have
been screened for organisms that contain or
excrete novel compounds. It is hoped that the

Cancer cells are cells that grow out of control.
Unlike normal cells, cancer cells ignore signals to
stop dividing, to specialize, or to die and be shed.
Growing in an uncontrollable manner and unable
to recognize their own natural boundary, the cancer
cells may spread to areas of the body where they
donot belong. Itis difficult to find out sooner that
a person got cancer, because the pain is not felt
until the cancer become serious and difficult to
treat. Cancer can be treated by medicinal drugs,
but the problem is that the medicine is
very expensive. This is because the material for
drug production is limited. Presently, the drug for
treating cancer that goes directly to the cancer
cells have not been found yet. The drug that are
used in cancer treatment are only for reducing the
pain.
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marine species could become the source for new
anticancer drug. Due to that reason, this research
was carried out to find new active substances out
of marine bacteria, fungi and actinomycetes. This
research was done in the Marine Biotechnology
Institute, Kamaishi, Iwate, Japan.

MATERIALS AND METHODS

Screening, Microplate Method

The 96 wells microplates were used as method
for screening the anticancer producing
microorganisms. The A549 cells were subcultured
in new bottle then about 4 x 10* cells/ml was
prepared in the 96 wells microplates. The
subcultured cells were incubated for 24 hours in
CO, incubator. The 5 ml of samples were added
to each well, then incubated for 48 hours in CO,
incubator. About 10 ml of alamar blue was added
to each well and the plate was incubated for 4
hours in CO, incubator. Microplates were then read
on the microplate reader and the cells were
observed under the microscope.

Culture of HK294

HK?294 was stored on Marine Agar, consisting
of Marine Broth 2216 Difco 37.4 gram, Bacto Agar
15 gram, distilled water 500 ml and seawater 500
ml at 30°C. The HK294 was cultured to produce
active substances by Marine Broth medium and
incubated at 30° C for seven days in 100 rpm orbital
shaker incubator. Then it was centrifuged at 5,000
rpm, 4° C for 30 minutes. Pellet was extracted for
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Cancer cells growth was inhibited
by HK294

Cancer cells growth well

Figure 1. The comparison between the growth of A549
mammalian cancer cells in normal condition
and under inhibition of HK294.

overnight using acetone, and the supernatant was
extracted using ethyl acetate.

Purification and Structure Determination

High Pressure Liquid Chromathography was
used for purification of the active substances. The
NMR “Varian Inova 750” and Mass Spectrum
“JEOL” was used for structure determination of
the active substance.

RESULTS AND DISCUSSION

Screening (Microplate Method)

Over 1401 samples had been screened,
including bacteria, fungus, and actinomycetes,
about 4 % had inhibiting activity to A549 cells.
The result of screening was shown in Table 1.
The activity of inhibition to A549 cells was shown
as “least growth” of A549 cancer cells compared
to the blanc. The activity of active substance was

Table 1. The screening result of marine microorganisms tested to A549 mammalian cancer cells.

Sample Variety Number of Samples Number of active

samples

YM6 Samples Marine Bacteria, Fungi and 160 25
Actinomycetes

Kasai Marine Bacteria, Fungi and 228 7
Samples Actinomycetes

Hirose Samples | Marine Bacteria, Fungi and 127 10
Actinomycetes

Adachi Samples | Marine Bacteria, Fungi and 800 12
Actinomycetes

AR Samples Marine Bacteria cultured on Marine 86 8
Broth medium

Total Sample 1401 62
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also shown under microscope as “abrnormal
growth” of A549 cells compare to the control. The
shape of cancer cells which was inhibited by active
substance could be seen as “round shape” cells
or “needle fit” shape cells. It could also be
“necrosis, strong necrosis, cytotoxic and mitotic
inhibition”. Figure 1 shows the comparison
between normal growth of A549 cancer cells and
inhibited growth of A549 cancer cells caused by
active substance from marine microorganisms.
Cancer cells growth was observed under the
microscope. The inhibited growth of A549 cancer
cells showed various forms. If the growth was
inhibited as usual, it would not be chosen as the
target. The targeted samples were chosen if cells
were all dead and the shapes were strong necrosis,
or “interested (beyond usual)”. These criteria
were used to minimize the number of samples
which can be selected as the candidate to produce
anticancer substance. Figure 2 shows the form of
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Figure 2. The form of inhibited growth of A549 cancer
cells which were picked up as the target to
produce active substance.

inhibited growth of A549 cancer cells which were
picked up as the target to produce active
substance.

Culture of HK294 (Streptomyces
viridocyaneus)

HK294 which was isolated by Dr. Shu
Ishikawa from Kamaishi Bay, was identified to be
Streptomyces viridocyaneus (homology 99%) by
its 16s rDNA sequence. The S. viridocyaneus
was stored on Marine Agar (Marine Broth 2216
Difco 37.4 gram, Difco Bacto Agar 15 gram and
Distilled Water 500 ml and seawater 500 ml) at
30°C. Figure 3 shows the growth of §.
viridocyaneus on the Marine Agar plate and
Marine Broth medium. The S. viridocyaneus was
cultured to produce the active substance in 10 liters
of Marine Broth which was kept at 30° C and
shook 100 rpm in shaker incubator for 7 days. Then
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it was centrifuged at 5,000 rpm, 4° C for 30
minutes. Pellet was extracted for overnight
by acetone, and the supernatant was extracted by
ethyl acetate. Targeted substance was found in
both pellet and supernatant extract.

Purification and Structure Determination

Positive activity was found in ethyl acetate
layer of supernatant (97.9 mg) and acetone layer
of cells mass pellet (104.7 mg). The A549 cancer
cells was fully inhibited and showed as
“interested” shape by both of ethyl acetate layer
and acetone layer. The layers were then fractioned
using silica gel column chromatography.

Ethyl acetate Layer of Supernatant

The active sample as ethyl acetate extract
(97.9 mg) was loaded on silica gel column Wako
gel C-300, 10 g, then eluted by step manner with
CHCI,, CHCl,/Methanol (100:1), CHCl,/Methanol
(10:1), and finally with Methanol. The active
substances was found in Chloroform (CHCl,) and
CHCI, : Methanol (100:1) part. Each of parts was
then first purified by High Pressure Liquid
Chromatography (HPLC) on 210nm spectrum.

The active substances in Chloroform part (46.6
mg) were found in three fractions, fraction 20™,
fraction 18" and fraction 6™. The active substance
in fraction 18" was more powerful than that in
fraction 6, but the shape of A549 cells were the
same namely as round shape cells. The structure
of active substance in the fractions were then
determined by NMR “Varian Inova 750 and Mass
Spectrum “JEOL”. The active substance in
fraction 6" was determined as Butenolide with the
molecular formula as C,H,,0, This Butenolide
is known for having antifungal activity. The active
substance in fraction 20" was determined as
Teleocidin-A1 with the molecular formula as
C,,H,)N.O,. Teleocidin-Al is known as a cancer
promoter besides as a cancer cells inhibitor. The
active substance in fraction 18" was determined
as New Butenolide with the molecular formula
C,,H,,0, and was known for having anticancer
activity. The New Butenolide is promising for being
an anticancer drug in the near future, though need
further research works.

The active substance in CHCI, : Methanol
(100:1) parts (83.8 mg) was found in fraction 20™.
The shape of the cancer cells was round shape
cells. The structure of active substance in frac-
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tion 20" was then determined by NMR “Varian
Inova 750” and Mass Spectrum “JEOL”. It was
determined as Teleocidin-A1 with the molecular
formula as C, H, N O, It is the same as the

277739 73 .
active substance in fraction 20" of Chloroform part

7 days culture
in Marine Broth
(30°C) (30° C, 100 rpm)

7 days culture
on Marine Agar

Figure 3. Performance of HK294 or Streptomyces
viridocyaneus in Marine Agar and Marine
Broth Media.

cancer promoter and a cancer cells inhibitor, de-
pending on its amount.

Acetone Layer of Cells Mass Pellet

The active substances in cells mass pellet
(104.7 mg) was loaded in Silica Gel Column
Chromatography (Wako gel C-300, 10 g), then
eluted by step manner with CHCI,, CHCL/
Methanol (100:1), CHCL,/Methanol (10:1), and
finally with Methanol. The active substances were
found in Chloroform (CHCI,) and CHCl,:
Methanol (100:1) fraction. Each of fractions then
was purified using High Pressure Liquid
Chromatography (HPLC) on 210nm spectrum.

The substance in Chloroform part (64.3 mg)
was loaded in HPLC and the active substance was
not found. The cell shapes were not so interesting,
and there were no round shape cells on it.

The active substance in CHCI, : Methanol
(100:1) parts (20.9 mg) was found in fraction 19™
The shape of the cancer cells observed under the
microscope was round shape cells. The structure
of active substance in fraction 19" was then
determined by NMR “Varian Inova 750” and Mass
Spectrum “JEOL”. It was determined as
Teleocidin-A1 with the molecular formula as
C,,H,)N,O,. It is similar with active substance in
fraction 19" of Chloroform part of HK294
Supernatant.
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Figure 4. The molecular formula of Butenolide,
Teleocidin-A 1, and New Butenolide.

The molecular formula of Butenolide, New
Butenolide and Teleocidin-A1 are shown in Figure
4,5 and 6.

CONCLUSION

Three anticancer substances have been suc-
cessfully isolated during the experiment. They are
Butenolide, teleocidin A-1 and New Butenolide.
The latest is potentially promising as an antican-
cer substance.
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