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Abstract
Marine bacterial strain Bacillus sp. CS30 exhibited high anticancer activity against Huh7.5
human liver cancer. We puriﬁed the corresponding anticancer agent by sequential acidic precipitation,
methanol extraction, Sephadex LH-20 chromatography, and reversed phase high-performance liquid
chromatography (RP-HPLC), then analyzed it in mass spectrometry. Based on the results of puriﬁcation and
mass spectrometry, we deduced that the anticancer agent was the same component as our previously puriﬁed
antifungal agent surfactin CS30-2. However, to the best of our knowledge, this is the ﬁrst report on the
surfactin possessing both antifungal and anticancer activities. Surfactin CS30-2 was demonstrated to exhibit
high anticancer activity in a dose-dependent manner against Huh7.5 liver cancer cells. Further investigation
showed that surfactin CS30-2 induced the increased generation of reactive oxygen species (ROS) and severe
disruption of cell membrane, thus leading to cell death. However, unlike previously reported surfactins,
surfactin CS30-2 caused cancer cell death via necrosis instead of apoptosis.
Keyword: Bacillus; surfactin; anticancer activity; reactive oxygen species (ROS)

1 INTRODUCTION
Cancer is characterized by uncontrolled cell growth
and proliferation, and causes more deaths than all
coronary heart disease or all stroke according to WHO
estimates for 2011 (Ferlay et al., 2015; Torre et al.,
2017). The deaths caused by cancer are approximately
8.2 million in 2012 and could potentially rise to
17 million by 2020 (Obtel et al., 2015). Among the
most commonly diagnosed cancers, liver cancer
(hepatocellular carcinoma, HCC) is one of the
seriously deadliest diseases, being the second highest
cause of cancer mortality in the world (Sia et al., 2017;
Liu et al., 2018). Because HCC is often diagnosed at
an advanced stage, many patients with HCC are not
eligible for liver transplantation or surgical resection,
and the 5-year survival rate is around only 30%–40%
(Zhong et al., 2017; Fei et al., 2019). Therefore,
searching for more eﬀective anticancer drugs,
especially for liver cancer drugs, is urgently needed.

Natural products have long been an important
source of anticancer drugs. About 60% anticancer
drugs are isolated from natural origins, such as plants,
microorganisms, vertebrates and invertebrates
(Demain and Sanchez, 2009; Hermawan and Putri,
2018). Among various sources for anticancer drugs,
microorganisms are of high interest for their ease in
production manipulation (Wu et al., 2017; Liu et al.,
2018), and microbial lipopeptides have attracted
much attention due to its multiple bioactivities, such
as anti-bacterial, antifungal, antiviral and anticancer
activities (Iwasaki et al., 2015; Zhao et al., 2017).
Surfactin is an important lipopeptide produced by
various strains of Bacillus genus, which contains a
cyclic lactone ring of a C13–C16 β-hydroxy fatty acid
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and a heptapeptide (Yang et al., 2015). It has been
reported that surfactin can induce cytotoxic eﬀect
against many types of cancer, such as Ehrlich ascites,
breast cancer, colon cancers, cervical cancer and
leukemia (Park et al., 2013; Gudiña et al., 2016).
The marine environment is greatly diﬀerent from
that of land, thus conferring marine microorganisms
unique metabolic and physiological abilities. Hence,
marine microorganisms hold great promise to explore
novel bioactive agents for drug development (Schinke
et al., 2017; Barzkar et al., 2019). In our present study,
we found the supernatant of marine bacterial strain
Bacillus sp. CS30 exhibited high anticancer activity,
and then we puriﬁed and characterized the
corresponding anticancer agent, and tried to disclose
the underlying anticancer mechanism.

2 MATERIAL AND METHOD
2.1 Strain, medium and growth condition
The marine bacterial strain Bacillus sp. CS30 was
cultured in Luria Bertani (LB) medium (10 g/L
peptone, 5 g/L yeast extract, 10 g/L NaCl, pH adjusted
to 7.0) and incubated at 28°C. The Huh7.5 liver
cancer cells were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS)
and incubated at 37°C in a humidiﬁed atmosphere of
5% CO2 and 95% air.
2.2 Isolation and puriﬁcation of the anticancer agent
In order to get the bioactive anticancer agent, the
procedure was carried out as our previously described
methods with little modiﬁcation (Wu et al., 2019).
Brieﬂy, the strain Bacillus sp. CS30 was cultured at
28°C in a 250-mL glass ﬂask ﬁlled with 100 mL LB
medium on a shaker incubator at 160 r/min. After
being incubated for 2 d, the supernatant was collected
by centrifugation at 8 000×g for 10 min, and then
adjusted to pH about 2.5 using HCl solution. The
corresponding precipitate from the supernatant was
collected by centrifugation and washed with
phosphate-buﬀered saline (PBS). The bioactive
anticancer agent was extracted with methanol, then
loaded onto a Sephadex LH-20 column and eluted
with methanol as the mobile phase. Each eluted
fraction was detected for their anticancer activity by
the MTT method as described in the following part of
activity assay of the anticancer agent. Further
puriﬁcation of the anticancer agent was achieved via
reversed
phase
high-performance
liquid
chromatography (RP-HPLC) (Agilent 1260 Inﬁnity,

827

USA) on an Eclipse XDB-C18 column (5 μm, 9.4 by
250 mm) (Agilent, USA). The column was eluted
with a linear gradient of 80% to 100% methanol over
45 min at a ﬂow rate of 2.0 mL/min, then eluted with
100% methanol until 60 min. The elution was
monitored using a UV detector set at 230 nm.
Fractions of each eluted peak were tested for their
anticancer activity against Huh7.5 liver cancer cells.
2.3 Activity assay of the anticancer agent
To evaluate the anticancer activity of the bioactive
agent produced by Bacillus sp. CS30, Huh7.5 human
liver cancer cells were treated with diﬀerent
concentrations of bioactive agent and detected by
MTT method as described by Liu et al. (2018) with
little modiﬁcation. Brieﬂy, logarithmically growing
Huh7.5 cells were pre-seeded on a 96-well plate at
37°C for 24 h, and then treated with diﬀerent
concentrations of bioactive agent for 24 h. MTT
solution (5 mg/mL, 20 μL/well) was added and
incubated for another 4 h. To dissolve purple crystals
of formazan, DMSO was added to each well with
gentle shaking for 10 min. The death of cancer cells
was determined spectrophotometrically at OD490 by a
multi-detection microplate reader (Inﬁnite M1000
Pro, TECAN). Relative cell viability of Huh7.5
human liver cancer cells that were treated with the
puriﬁed bioactive agent was normalized to that of the
cells in the control group treated with equal amounts
of methanol. All experiments were performed in
triplicate.
2.4 ESI-MS analysis of the anticancer agent
To obtain the molecular weight of the puriﬁed
anticancer agent, the experiment was conducted with
a Bruker maXis mass spectrometer (Bruker, Berlin,
Germany) and analyzed by an electrospray ionization
and quadrupole time-of-ﬂight mass spectrometry
(ESI-QTOF-MS) according to previously described
method (Xiu et al., 2017). Data from ESI-QTOF-MS
were acquired in positive ion mode under the
following conditions: 3200-V capillary voltage,
4.0 L/min dry gas, and 200°C dry gas temperature.
2.5 Electron microscopy assay
To observe the ultrastructural changes of Huh7.5
human liver cancer cells caused by the puriﬁed
anticancer agent, logarithmically growing Huh7.5
cells were pre-seeded on a 6-well plate at 37°C for
24 h, then treated with 150 μg/mL or 300 μg/mL
puriﬁed anticancer agent for 24 h. The following
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Fig.1 Puriﬁcation and characterization of the anticancer agent produced by Bacillus sp. CS30
a. HPLC chromatogram of the anticancer agent; b. ESI-MS analysis of anticancer agent; c. growth inhibition of Huh7.5 human liver cancer cells caused by
surfactin CS30-2 in a dose-dependent manner.

experiments were carried out according to previously
described method with minor modiﬁcation (Liu et al.,
2019). Brieﬂy, the cells were collected and preﬁxed
with 2.5% glutaraldehyde. For the control group, the
cells were treated with equal amounts of methanol for
24 h, then collected and preﬁxed with 2.5%
glutaraldehyde. For scanning electron microscopy
(SEM) observation, the samples were observed at
5 kV with SEM (S-3400N; Hitachi, Tokyo, Japan).
For the transmission electron microscopy (TEM)
observations, samples were embedded in Epon 812,
and ultrathin sections were collected and observed at
120 kV with TEM (HT7700; Hitachi).

with diﬀerent concentrations of puriﬁed anticancer
agent and incubated for another 24 h. The cells were
collected and stained with Annexin V-FITC/propidium
iodide double staining kit, then analyzed by ﬂow
cytometry. For the control group, cells were treated
with an equal volume of methanol, and stained as the
same way as described for the puriﬁed anticancer
agent.

2.6 Reactive oxygen species (ROS) detection

To elucidate the bioactive agent inhibiting growth
of Huh7.5 liver cancer cells, the supernatant of
Bacillus sp. CS30 was precipitated by HCl, extracted
with methanol, and then sequentially puriﬁed in
Sephadex LH-20 chromatography and RP-HPLC. To
further purify the anticancer agent, the anticancer
fraction from RP-HPLC was concentrated and
reinjected onto the column of RP-HPLC, then eluted
with the same condition. As shown in Fig.1a, a sharp
single peak with high anticancer activity was
observed. Actually, the eluted time of the anticancer
agent at 42 min was very similar to that of our
previously puriﬁed antifungal agent surfactin CS30-2
(Wu et al., 2019), indicating that perhaps the
anticancer agent is surfactin CS30-2.

To detect the ROS generation in Huh7.5 human
liver cancer cells after cells were treated with the
puriﬁed anticancer agent, logarithmically growing
Huh7.5 cells were pre-seeded on a 6-well plate at
37°C for 24 h, then treated with 50 μg/mL of puriﬁed
anticancer agent and incubated for another 3 h. The
cells were collected and washed in 10 mmol/L PBS
buﬀer, then stained with DCFH2-DA at 37°C in the
dark as described previously (Kuang et al., 2017).
After stained for 20 min, the cells were analyzed by
ﬂow cytometry (FACS Aria II, BD, San Jose,
California, USA).
2.7 Cell status detection
In order to investigate the cancer cell status after
treated with the puriﬁed anticancer agent,
logarithmically growing Huh7.5 cells were preseeded on a 6-well plate at 37°C for 24 h, then treated

3 RESULT
3.1 Isolation and puriﬁcation of the anticancer
agent

3.2 ESI-MS analysis of the anticancer agent
To investigate whether the puriﬁed anticancer
agent was surfactin CS30-2 or not, the puriﬁed
fraction was analyzed by electrospray ionization mass

No.3

ZHOU et al.: Surfactin CS30-2 possessing high anticancer activities

spectrometry (ESI-MS). As shown in Fig.1b, two
peaks appeared at m/z values of 1 036.685 9 and
1 058.667 5 corresponding to the single protonated
agent [M+H]+ and its sodium-cationized ion [M+Na]+,
which is very close to those of surfactin CS30-2 (Wu
et al., 2019). Along with the similar elution time of
surfactin CS30-2 as shown in the RP-HPLC analysis,
we deduced that the anticancer agent in Bacillus sp.
CS30 is surfactin CS30-2.
3.3 Anticancer activity assay of surfactin CS30-2
To measure the growth-inhibitory activity of
surfactin CS30-2 against the Huh7.5 liver cancer
cells, cell viability was measured by the MTT assay.
As shown in Fig.1c, surfactin CS30-2 could gradually
reduce the viability of Huh7.5 human liver cancer
cells as the concentration of surfactin CS30-2
increased. The viability remained more than 80%
when surfactin CS30-2 was used less than 100 μg/mL.
However, the cell viability was greatly reduced to
lower than 20% when the concentration of surfactin
CS30-2 increased to 200 μg/mL, indicating that the
anticancer activity of surfactin CS30-2 was in a dosedependent manner.
3.4 Ultrastructural changes of Huh7.5 liver cancer
cells caused by surfactin CS30-2
Since surfactin CS30-2 exhibited strong anticancer
activity, the eﬀects of surfactin CS30-2 on ultrastructure
of Huh7.5 human liver cancer cells were investigated
in SEM and TEM. The results of SEM show that cancer
cells in the control group were multangular with long
and multiple ﬁliform structures (Fig.2A, panels a and
d), while the numbers of the ﬁliform structures were
signiﬁcantly dropped when cells were treated with
150 μg/mL surfactin CS30-2 (Fig.2A, panels b and e),
and the cancer cells lost almost the ﬁliform structures
and changed to a round shape when 300 μg/mL
surfactin CS30-2 was present (Fig.2A, panels c and f).
To investigate what happened in cancer cells after the
surfactin CS30-2 treatment, cells were observed under
TEM. As shown in Fig.2B (panels a and d), in absence
of surfactin CS30-2, the cell membrane were intact and
the cytoplasm distributed evenly, while the cell
membrane was disrupted and cytoplasm leaked out
when cells were treated with 150 μg/mL surfactin
CS30-2 (Fig.2B, panels b and e). The Huh7.5 liver
cancer cells were completely fragmented with invisible
cell membrane when cells were treated with 300 μg/mL
surfactin CS30-2, indicating that the cell membrane of
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cancer cell was completely damaged by surfactin
CS30-2 (Fig.2B, panels c and f).
3.5 ROS detection in Huh7.5 cells induced by
surfactin CS30-2
To detect whether there is ROS generation in
Huh7.5 human liver cancer cells after the treatment of
the puriﬁed surfactin CS30-2, the cells were treated
with diﬀerent concentrations of surfactin CS30-2 for
3 h, then detected by a ﬂuorescent probe DCFH2-DA
and analyzed by ﬂow cytometry. As shown in Fig.3,
the intracellular ROS was detected after cells were
treated with surfactin CS30-2 for only 3 h, and the
intensity of ROS was gradually increased as the
concentration of surfactin CS30-2 increased. The
ROS intensity in cells that were treated with up to
200 μg/mL surfactin CS30-2 is more than two times
of that in the control group.
3.6 Cell status detection
Reactive oxygen species (ROS) has been reported
to induce various biological processes in human
cancer cells, including apoptosis (Valko et al., 2007).
In order to investigate whether the increased
generation of ROS is accompanied by apoptosis upon
the treatment of surfactin CS30-2, Annexin V-FITC/
propidium iodide (PI) double staining kit was used to
detect the cell status. As shown in Fig.4, after treated
with surfactin CS30-2, the necrosis cells were
increased from 7.4% to 87.5% as the concentration of
surfactin CS30-2 was increased from 50 μg/mL to
300 μg/mL. However, the cancer cells in early
apoptotic or late apoptotic status hardly observed no
matter what concentration of surfactin CS30-2 was
used, indicating that the cell death caused by surfactin
CS30-2 is mainly by inducing necrosis.

4 DISCUSSION
Apoptosis is an important process in regulation of
tissue development and homeostasis, and
inappropriate apoptosis is a leading cause in many
types of cancer (Elmore, 2007; Ouyang et al., 2012).
Surfactin was reported to cause cell death mainly by
inducing apoptosis (Cao et al., 2010; Wang et al.,
2013). However, in our present study, we found that
the cell death caused by surfactin CS30-2 was mainly
by inducing necrosis other than apoptosis. In order to
further conﬁrm our results, we checked previous
reports about the phenomenon of necrosis, and
noticed that cells swelled rapidly and lost the integrity
of plasma membrane when cell death was caused by
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Fig.2 Eﬀects of surfactin CS30-2 on the ultrastructure of Huh7.5 human liver cancer cells observed by SEM (A) and
TEM (B)
In the control groups, Huh7.5 cells were treated with the same amount of methanol (panels a and d in both Fig.2A and Fig.2B), while in the tested
groups, Huh7.5 cells cells were treated with 150 μg/mL (panels b and e in both Fig.2A and Fig.2B) and 300 μg/mL (panels c and f in both Fig.2A and
Fig.2B) surfactin CS30-2 dissolved in methanol, respectively.

inducing necrosis (Zong et al., 2004; Ouyang et al.,
2012), which were consistent with our observation in
our TEM experiments. In our study, the cancer cell
membrane was disrupted in a dose-dependent style,
and the cell membrane was completely damaged
when cells were treated with high concentration of
surfactin CS30-2. Taken together, we proposed that

surfactin CS30-2 caused cell death by inducing
necrosis through destroying the function of membrane.
Our results are diﬀerent from other reports about
surfactins causing cell death via inducing apoptosis
(Wang et al., 2013). In order to solidify our results,
further experiments still need to be carried out in the
future to elucidate the detailed pathway of surfactin
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CS30-2 killing cancer cells.
High concentrations of ROS are harmful to cells
and ﬁnally lead to cell death of cancer cells (Cadenas
and Davies, 2000). Lipopeptides have been reported
to induce death of cancer cells by increasing ROS
generation (Hajare et al., 2013). In our study, increased
generation of ROS was also observed when Huh7.5
human liver cancer cells were treated with surfactin
CS30-2. Furthermore, the ratio of cancer cells in
necrosis increased as the concentration of surfactin
CS30-2 increased. Therefore, the excessive ROS
caused by surfactin CS30-2 is an important factor to
induce necrosis of cancer cells, which is in coincidence
with previous reports (Ni et al., 2014; Zhang et al.,
2017). However, the exact mechanisms of surfactin
CS30-2 causing cancer cell death are still needed to
be further investigated.

5 CONCLUSION
Surfactin CS30-2 produced by marine bacterium
strain Bacillus sp. CS30, can not only greatly inhibit
the cell growth of plant pathogen M. grisea as our
previous report, but also can dramatically cause cell
death of live cancer cells by necrosis through
increasing ROS generation, indicating that surfactin
CS30-2 has great potentials in the future. Furthermore,
to the best of our knowledge, this is the ﬁrst report
about a lipopeptide surfactin that possesses both
antifungal and anticancer activities.

6 DATA AVAILABILITY STATEMENT
The data that support the ﬁndings of this study are
available from the corresponding author upon
reasonable request.
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