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Abstract 

We isolated 33 marine bacteria from seawater samples. Of 

these, strain CU-3 exhibited the strongest cytotoxic activity on 

various human cancer cell lines. Physiological and biochemical 

tests of this strain allowed us to identify CU-3 as a strain of 

genus Bacillus. Thus, we designated this strain to be Bacillus 

sp. CU-3. Bioassay-guided fractionation by solvent partitioning 

and purification with reverse-phase high-performance liquid 

chromatography (HPLC) yielded a pure cytotoxic compound 

(PCC) from Bacillus sp. CU-3 metabolites. The anti-

proliferative mechanism of PCC was investigated in cultured 

human cancer cell lines. The exposure of cells to PCC resulted 

in growth inhibition as measured by the MTT assay and the 

compound showed direct cytotoxic effects on human cancer 

cells in a dose- and time-dependent manner. Especially, this 

compound exhibited significant cytotoxic activity against 

human leukemia and colon cancer cell lines. On the contrary, 

PCC showed relatively weak growth inhibition against other 

cancer cells. Taken together, our results suggest that the 

compound from Bacillus sp. CU-3 could be a candidate for the 

development of anti-tumor agents. This study indicated that 

marine bacteria could be an important source of cytotoxic 

metabolites. 
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INTRODUCTION 

The marine bacteria have been looked upon as a pre-eminent 

source of bioactive natural products. Thus, it is crucial that new 

groups of marine bacteria from marine environments be 

pursued as sources of novel bioactive compounds. In recent 

years, the marine environments have become a prime resource 

in search and discovery for novel natural products. Over the last 

decade, basic cancer research has achieved remarkable 

advances in the understanding of cancer biology and cancer 

genetics [1]. However, the decreasing rate of discovery of novel 

drugs from established terrestrial sources has motivated the 

evaluation of new sources of chemically diverse bioactive 

compounds [2]. Oceans represent an under-explored 

environment for microbial diversity and novel secondary 

metabolites [3]. In particular, marine microorganisms, which 

have the greatest biodiversity, have been the focus of a 

worldwide effort to find novel natural products with sustainable 

supply [4]. Although the exploitation of marine bacteria as a 

source for discovery of bioactive products is at an early stage, 

numerous metabolites have been isolated in the past few years. 

Especially, new cytotoxic compounds [5] from marine bacteria 

have been reported and these compounds showed significant 

activity against different cancer cell lines. Additionally, several 

studies on genus Bacillus have shown that various strains 

produce peptide antibiotics of various chemical structures.  

In the course of our screening program of bioactive marine 

natural products, we isolated marine bacteria on the southern 

coast of Korea. Strain CU-33 was isolated from seawater 

samples obtained from Masan Bay (southern coast of Korea). 

Biochemical tests indicated that the strain belongs to genus 

Bacillus. This strain produced natural products that exhibited 

potent cytotoxicity on human cancer carcinoma cells. 

Bioassay-guided fractionation by solvent partitioning and 

purification with reverse-phase HPLC yielded a pure cytotoxic 

compound. In the present study, we describe the taxonomy of 

Bacillus sp. CU-3 and determine the potential cytotoxic effect 

of a pure compound on human cancer cells in vitro. 

 

MATERIALS AND METHODS 

Isolation and identification of cytotoxic marine bacteria 

Seawater samples were collected from the surface of Masan 

Bay (southern coast of Korea). Sampling was performed using 

a Van Dorn sampler. Seawater samples (0.1 mL) were spread 

on the entire surface of Zobell 2216E agar (peptone 5 g, yeast 

extract 1 g, FePO4 0.1 g, and agar 15 g dissolved in 1 L 

seawater, pH 7.2). After incubation at 25°C for 14 days, all 

colonies with different pigmentation and morphology were 

chosen for isolation. Among 33 strains isolated, CU-3 strain 

that showed the strongest cytotoxic effects on human cancer 

cell lines (K562, HL-60, U937, THP-1, HT-29, SW480, 

HCT116, HCT 15, PC-3, NCI-H23, ACHN, and MDA-MB-

231) by MTT assay was selected. Standard morphological, 

physiological, and biochemical metabolic characteristics were 

determined as described previously [6]. All carbon-sources for 

carbon-utilization tests were filter-sterilized and tested at the 

concentrations recommended by Shirling and Gottlieb [7] and 

Williams et al. [8]. As a results, biological characteristics of this 

strain indicated that it was most closely related to Bacillus spp.  

 

Bacterial culture and isolation of a pure cytotoxic 

compound 

For the production of secondary metabolites, strain CU-3 was 

cultured as above in twenty 3 L Zobell 2216E medium in 5 L 

Erlenmeyer flasks. Flasks were then incubated on a shaker at 

150 rev/min for 7 days at 25°C. The culture broth was 
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centrifuged (8,000 × g for 30 min at 4°C; Sorvall, USA) to 

remove the cells, and was then filtered (0.2 µm pore-size 

membrane filter) to obtain a cell-free supernatant, followed by 

partitioning with ethyl acetate (EtOAc) (5 L × 3). The ethyl 

acetate layer was concentrated by a rotary vacuum evaporator 

(Eyela, Japan). The residue (12.4 g) was subjected to ODS 

(Octadesylsilane) open column chromatography (YMC-GEL, 

10 × 25 cm) and eluted with a solvent system from 100% water 

to 100% MeOH with a stepwise increase of MeOH 

concentration by 10%. The 100% MeOH fraction (642 mg) was 

further purified by reverse-phase HPLC (Shimadzu, Japan; 

Cosmosil 5C18-MS column, 10 × 250 mm; linear gradient of 

acetonitrile in H2O containing 0.05% trifluoroacetic acid 

(TFA), 60–100% in 70 min; flow rate, 1.5 mL/min; UV 

detection at 210 nm) to yield a pure compound. The cytotoxic 

effect of the pure cytotoxic compound (PCC) purified by 

reverse-phase HPLC on human cancer cells was measured by 

MTT assay. PCC was dissolved in methanol as a stock solution 

at 10 mg/mL concentration, and stored in aliquots at –20oC 

until used. A vehicle control of methanol was included in each 

experiment (methanol has been tested to have no cytotoxicity 

on human cancer cells, personal data). 

 

Cell culture and viability assay 

All Human cancer cell lines were purchased from the American 

Type Culture Collection (ATCC, Rockville, MD). The 

following cancer cell lines were investigated: human leukemia 

cancer (K562, HL-60, U937, and THP-1), human colon cancer 

(HT-29, SW480, HCT116, and HCT 15), human prostate 

cancer (PC-3), human lung cancer (NCI-H23), human renal 

cancer (ACHN), and human breast cancer (MDA-MB-231). 

They were cultured in RPMI1640 containing 100 units/mL of 

penicillin/streptomycin and supplemented with 10% heat-

inactivated fetal bovine serum (FBS, Gibco BRL, 

Gaithersburg, MD) at 37°C and 5% CO2. Measurement of cell 

viability was determined using the 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl-tetrazolium bromide (MTT, Sigma Chemical 

Co., St. Louis, MO) assay, which is based on the conversion of 

MTT to MTT-formazan by mitochondrial enzyme.  

 

Nuclear staining with DAPI  

The cells were washed with phosphate-buffered saline (PBS) 

and fixed with 3.7% paraformaldehyde in PBS for 10 min at 

room temperature. The fixed cells were washed with PBS, and 

stained with a 4,6-diamidino-2-phenylindole (DAPI, Sigma) 

solution for 10 min at room temperature. The cells were then 

washed twice with PBS and analyzed by fluorescence 

microscopy (Carl Zeiss, Germany). 

 

RESULTS 

Isolation and identification of cytotoxic marine bacteria 

In this study, a total of 33 strains were isolated from seawater 

samples. Cytotoxic effects of metabolites in these 33 strains 

were tested using the MTT assay, and the result showed that the 

culture extracts of three strains had strong cytotoxic effects on 

human leukemia cells (data not shown). Of these, strain CU-3 

appeared to have the strongest cytotoxic effects on human 

cancer cell lines. 

This strain was subjected to standard morphological, 

physiological, and biochemical tests. It was a gram-positive, 

motile, spore-forming, rod-like, oval-shaped bacterium. 

Morphological, physiological, and metabolic characteristics of 

strain CU-3 are summarized in Table 1.  

 

Table 1. Morphological and physiological characteristics of 

Bacillus sp. CU-3 

Characteristics Results 

Gram staining + 

Pigmentation Dark brown 

Spore shape Oval 

Motility      – 

Temperature for growth (°C ):  

Maximum   45 

Minimum   10 

Growth at NaCl concentrations  

Range 0–8.0 

Optimum 1.0 

Growth at pH  

Range 6–10.0 

Optimum 8.0 

Catalase activity     + 

Oxidase activity    + 

Acid produced from:  

Arabinose – 

Glucose + 

Lactose – 

Maltose + 

Mannitol   – 

Mannose – 

Sorbitol + 

Xylose – 

Starch hydrolysis + 

Nitrate reduced to nitrite + 

Casein decomposition + 

 

This strain grew in dark brown, rough, and wrinkled colonies 

with slightly irregular edges. Growth was observed at 10–45°C, 

but not at 4°C. The optimal temperature for growth is 20–25°C. 

This strain is tolerant of NaCl concentrations up to 8.0%, but 

does not require NaCl for the growth. Catalase and oxidase are 

produced. Nitrate is reduced to nitrite. Starch is hydrolyzed, 
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and casein is digested. Acid is produced from glucose, maltose, 

and sorbitol, but no gas is produced. Arabinose, lactose, 

mannitol, mannose, and xylose are not fermented. The above 

results support the identification of this strain as a member of 

genus Bacillus. Thus, we designated this strain to be Bacillus 

sp. CU-3. Further taxonomic study will be undertaken for the 

final identification of this strain. 

 

Isolation of a PCC from a cell-free supernatant of Bacillus 

sp. CU-3 

Bioassay-guided purification of the cytotoxic compound was 

conducted by determining the cytotoxic activity on human 

cancer cells. As above, Bacillus sp. CU-3 was cultured in 

twenty 3 L Zobell 2216E medium in 5 L Erlenmeyer flasks, 

which had been prepared with aged seawater. Flasks were then 

incubated on a shaker at 150 rev/min for 7 days at 25°C. After 

7 days, the culture broth was centrifuged and filtrated to obtain 

a cell-free supernatant. The cytotoxic compound was found in 

the culture broth, but not in the cells. The ethyl acetate layer 

was concentrated and the residual aqueous suspension (12.4 g) 

was subjected to ODS open column chromatography with 

aqueous MeOH followed by dichloromethane. The active 

100% MeOH fraction (642 mg) was further purified by reverse-

phase HPLC to yield 13.1 mg of a pure cytotoxic compound 

(PCC, as described in Materials and Methods) as a slightly 

reddish powder, soluble in non-polar solvent. The cytotoxic 

activity of PCC was examined by MTT assay. Two-

dimensional photodiode array (PDA) detection showed that 

PCC was a single compound (data not shown).  

 

Inhibition of viability by PCC on human cancer cells. 

In order to determine if PCC decreases the cell viability, the 

human cancer cells were stimulated with 100-500 ng/mL 

concentrations of PCC for 24-72 h, and the cell viability was 

measured by a MTT assay. The PCC treatment significantly 

inhibited the cell viability in concentration- and time-dependent 

manner. After a 24 h treatment, at PCC treatment of 100 ng/mL 

inhibited the cell viability by approximately 40% compared 

with the controls. However, normal cells grown under the same 

conditions did not show any toxic effect (data not shown). 

Furthermore, PCC exhibited significant cytotoxic activity 

against various human cancer cell lines with IC50 values of less 

than 20 µg/mL. Especially, PCC exhibited significant cytotoxic 

activity against human leukemia and colon cancer cell lines. On 

the contrary, PCC showed relatively weak growth inhibition 

against human prostate, lung, renal, and breast cancer cell lines 

(Table 2). 

 

 

 

 

 

 

Table 2. Cytotoxicity (IC50 =µ/mL) of PCC against human 

cancer cell linesa 

Cancer cells  PCC 

K562 7.4 

HL-60 6.8 

U937 3.1 

THP-1 3.7 

HT-29 4.4 

SW480 4.8 

HCT116 5.4 

HCT 15 7.8 

PC-3 13.9 

NCI-H23 17.5 

ACHN 14.3 

MDA-MB-231 18.6 

aAll cancer cell lines were obtained from ATCC. K562, HL-

60, U937, THP-1,  human leukemia cancer; HT-29, SW480, 

HCT116, HCT 15, human colon cancer; PC-3, human prostate 

cancer; NCI-H23, human lung cancer; ACHN, human renal 

cancer; MDA-MB-231, human breast cancer. 

 

DISCUSSION 

Over the last decade basic cancer research has achieved 

remarkable advances in the cancer biology. However, 

therapeutic use has been restricted to only a few drugs. To 

overcome these limitations, it is necessary to isolate new anti-

tumor compounds.  

Marine bacteria are being investigated for the discovery of new 

bioactive compounds, with growing and intense interest. 

Especially, marine Bacillus spp. are gaining importance not 

only for their taxonomic and ecological perspectives, but also 

for their unique metabolites. Most Bacillus spp. are widely 

distributed in elsewhere of ocean. Therefore, marine Bacillus 

species have come to play an increasingly important role in the 

field of new drug discovery. Screening of new marine Bacillus 

species, possessing useful bioactivities, from oceans could be 

advantageous in this field.  

In the present work, marine Bacillus sp. CU-3 could be 

promising sources of potential anti-tumor bioactive agents. 

This strain proved to produce a secondary metabolite that has 

significant cytotoxic effects on K562, HL-60, U937, THP-1, 

HT-29, SW480, HCT116, and HCT 15 cells. No cytotoxic 

activity was detected in the cell culture fraction, while the cell-

free supernatant showed strong activity. This result suggests 

that Bacillus sp. CU-3 produces dissolved cytotoxic 

compounds that are released into the growth medium. The PCC 

produced seems to be an interesting candidate for studying 

cytotoxic compounds. The characteristics of the active 

compound, PCC, are not yet known, and work is currently 

being conducted to elucidate its chemical structure.  
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CONCLUSIONS 

We isolated 33 marine bacteria from seawater samples. Of 

these, strain CU-3 exhibited the strongest cytotoxic activity on 

various human cancer cell lines. This study demonstrated that 

PCC treatment results in significant cell growth inhibition in 

human cancer cell lines, such as leukemia, colon, prostate, 

lung, renal, and breast cancer cell lines. And its treatment at 

similar dose did not show any toxic effect on normal cells. Our 

next aim was to identify the mechanism of PCC induced 

apoptosis. In summary, we have demonstrated that cytotoxicity 

is significantly induced in human leukemia and colon cells 

exposed to PCC isolated from marine Bacillus sp. CU-3. 

Therefore, it was thought that PCC might be promising 

molecules in cancer chemoprevention or chemotherapy. 

Further efforts to identify the structure of PCC and to explore 

the therapeutic strategy are necessary.  
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