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Abstract: Cyanobacterial bloom elimination has become an urgent concern in aquatic environment
protection. Allelopathic technology, however, is one of the potential effective approaches because of its
exclusive and ecological safety protection. The potential application of chitosan fiber in the inhibition of
Microcystis aeruginosa was explored for the first time. Results showed that the cell growth of M.
aeruginosa was inhibited effectively by chitosan fibers. After 12 days of treatment, the inhibition rate (IR)
of algal cells was above 78.9%; those of chlorophyll a and carotenoids in algal cells were 86.9% and 93.1%,
respectively; those of phycocyanin, allophycocyanin and phycoerythrin in phycobiliproteins were all
approximately 100%; those of soluble proteins and algal toxins were 88% and 100%, respectively; and
those of superoxide dismutase and catalase activities were 68% and 74%, respectively. In addition, chitosan
fiber effectively destroyed the structure of algal cells involved in the photosynthetic process, thereby
destroying the metabolic activity of algal cells. This study provides a novel method utilizing a new
allelopathic material.

1 Introduction
Cyanobacteria are the first photoautotrophic prokaryotes
on the earth that performs photosynthesis [1]. In
eutrophic lakes and freshwater bodies such as reservoirs
and rivers, cyanobacterial growth increases to a large
scale when the water temperature (> 25 °C), light,
nutrients, nitrogen and phosphorus (N, P) ratio are
suitable. Cyanobacterial growth is intensified by suitable
hydrological conditions accompanied by low pressure,
weak precipitation, and low wind speed. Algal groups
float, drift, and aggregate in the water body visible to
human, whereas green-floating foam or algal pulp can be
found on the water surface.
With the increased eutrophication of global water
bodies, cyanobacterial blooms have become a pollutant
issue for water environment and human health. After the
breakout of cyanobacterial blooms, water transparency is
substantially reduced, the dissolved oxygen in the water
is consumed, and the pH of the water body is remarkably
increased. These drastic changes in the water
environment will lead to the death of a large number of
aquatic organisms, corrupted and odorous water quality,
and destruction of the structure and diversity of the water
ecosystem [2]. Secondary toxic metabolites such as
cyanobacterial toxins may also be released by certain
cyanobacteria into the water bodies [3]. Especially in the
late stage of cyanobacterial bloom, a large number of
cyanobacterial cells ruptured, and cyanobacterial toxins
such as microcystins (MCs) are released into the water
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body, leading to further deterioration of water quality that
becomes harmful to the safety of animal and human
health. The use of algicides, including various chemical
or synthetic agents such as diuron [4], copper sulfate [5],
and endothall [6], is effective within a short period after
application but might be dangerous because of the
persistence, lack of selectivity, and minimal safety
margins.
Natural plant agents (allelochemicals) for inhibiting
cyanobacterial blooms have recently received attention
due to their specificity and biodegradability [7]. Isolation
of allelopathic compounds from aquatic plants has been
widely studied [8-9], but the algicidal properties of
marine life has received less attention.
Chitosan fiber, also known as polyglucosamine, is a
polymer obtained by linking a plurality of glucosamine
monomers through β-1,4-glycosidic bonds, which are
formed from molecular linear polysaccharide by partially
or completely removing acetyl from chitin [10]. Its
monomeric formula is (C6H11NO4)N. Chitosan fiber is
usually isolated from shrimp and crab shell and is rich in
storage, renewable, and ecologically friendly. Chitosan
fiber is the only kind of natural alkaline polysaccharide
discovered thus far and can be widely used because of its
non-toxicity to human, good biocompatibility,
biodegradability, and broad-spectrum antibacterial
properties. This material has received increased attention
and was used for related research. Studies on the
antibacterial properties of chitosan fibers have focused
on bacteria and fungus [11]. However, no report is
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available on the use of chitosan fibers to inhibit
cyanobacteria.
In this work, chitosan fiber was used as an algaecide
inhibitor. The effects on cell structure, photosynthetic
system, protein synthesis, and algal toxin were studied.
Chlorophyll a, carotenoid, phycobiliprotein, and lipid
peroxidation index were measured. The concentrations of
malondialdehyde (MDA), superoxide dismutase (SOD),
catalase (CAT) activity and algal toxin release, were
analyzed to reveal the mechanism of chitosan fiber
inhibition of cyanobacteria.

2.6 Data analysis
Three parallel samples were set up during all the
experiments, and the origin 9.0 software was used for
illustration. Inhibition rate (IR) was calculated according
to The formula as follows:
IR = (1-En ∕Cn)×100% (1),
where En and Cn represent the data from
experimental group and control group, respectively.

3 Results and discussion

2 Materials and methods

3.1 Inhibition effect on the growth of M.
aeruginosa

2.1 M. aeruginosa and chitosan fiber

Fig. 1A shows that chitosan fiber has a significant
inhibitory effect on M. aeruginosa growth. The OD value
in the control group was increased from 0.978 to 1.636,
whereas that in the treatment group was reduced from
0.978 to 0.348. Compared with the control group, the M.
aeruginosa cell concentration in the chitosan fiber
treatment group was significantly reduced on the 6th day
of the experiment, and the IR reached 55%. With the
increase in experimental time, the IR reached 79% on the
12th day.

The cultivation of algae is reported by Duan, S H
[12].The chitosan fiber used in this experiment was
provided by Tianjin Zhongsheng Biological Engineering
Co., Ltd., China.
2.2 Experimental
In brief, 10 g of chitosan fiber was added to 1 L of M.
aeruginosa culture medium. The initial density and
OD(optical density) value of the algal liquid was
recorded and measured every 3 days. Determination
methods for chlorophyll a, carotenoid, phycobiliprotein
(Phycoerythrin(PE),
Allophycocyanin,(APC)
and
Phycocyanin (PC)), and microcystins (LR) are described
in the literature [13-14]. Soluble protein was measured
according to Bradford method [15].
2.3 OD value and Scanning Electron Microscope
(SEM)
SEM was used for figure observation of the surface of
Microcystis after chitosan fiber treatment. The cells were
processed according to a previous method and observed
through SEM (SU1510) operating at a voltage of 30 kV
[16].

Fig. 1 Effect of chitosan fiber on M. aeruginosa ((A) Effect of
chitosan fiber on the growth of M. aeruginosa (B) Color
changes of M. aeruginosa (C) SEM of M. aeruginosa: (a)
Control group, (b) Treatment group)

2.4 Determination of cell membrane permeability

The concentration of algal cells in the blank group
gradually increased, and the color gradually deepened
until it turned dark green. Meanwhile, the treatment
group became transparent after 12 days, and only a small
amount of yellow precipitate remained. As shown in Figs
1B.
The microscopic morphology (SEM) of M.
aeruginosa is shown in Figs. 1C (a)-(b). Fig. 1C shows
that the normal cells of M. aeruginosa are round and full.
The appearance is smooth, the cells are close to a sphere
status, and the individual is distinct. After 12 days of
exposure to chitosan fibers, the algal cells were ruptured,
internal matter was dissolved, and flocs were distributed
on the surface and around the cells. This result may be
due to the chitosan fibers directly or indirectly destroying

In brief, 15 mL of algae solution was placed in a
centrifuge tube and centrifuged at 7000 r/min for 10 min.
The supernatant was investigated for the following
parameters. Non-electrolyte extravasation amount was
determined by the ultraviolet absorption method using
the OD264 value. The supernatant was then filtered
through a 0.2 μm microfiltration membrane, and its K+
concentration was measured by ion chromatography
(PIC-10, Qingdao Puren Instrument Co., Ltd.).
2.5 MDA, SOD and CAT
MDA content was determined by thiobarbital acid
colorimetry [17]. SOD and CAT activities were
determined with a kit purchased from China Solarbio.
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the integrity of the cell membrane, thus inducing the
internal solution of the cells to overflow.

concentration of MDA in algal cells of the treatment
group was increased significantly, indicating that
chitosan may cause severe oxidative stress on M.
aeruginosa and cause damage of cell membrane.

3.2 Inhibition effect on cell membrane
permeability within M. aeruginosa

3.3 Inhibition effect on Photosynthesis within M.
aeruginosa

The effect of chitosan fiber on non-electrolyte
extravasation within M. aeruginosa is shown in
Fig.2A.As shown in Fig. 2A, the content of
non-electrolyte extravasation OD264 in the chitosan fiber
group increased significantly with prolonged exposure
time compared with that in the control group. The
content of OD264 in the control group was relatively
stable, whereas that in the treatment group reached the
maximum at 1.61 times higher than the initial value. The
amount of extravasation of non-electrolyte extravasation
from day 6 to day 12 decreased slightly and stabilized
afterward.

The effects on the growth of M. aeruginosa can be
revealed also by reduce of chlorophyll [18]. The effects
of chitosan fibers on chlorophyll a and carotenoids are
shown in Figs. 3(A) and (B), respectively.

Fig.2 Effect of Chitosan Fiber on Cell Membrane Permeability
((A)Effect of chitosan fiber on OD264 of M. aeruginosa (B)
Effect of chitosan fiber on intracellular K+ released from M.
aeruginosa (C)Effect of chitosan fiber on MDA content within
M. aeruginosa)

Fig. 3 Effect of chitosan fiber on photosynthesis of M.
aeruginosa ((A) Chlorophyll a; (B) Carotenoids (C) PC, (D)
APC, (E) PE)

The effect of chitosan fiber on K+ within M.
aeruginosa is shown in Fig. 2B.Fig. 2B shows that the
K+ content in the treatment group increased significantly
with the exposure time compared with the control group.
The K+ content in the control group was relative stable,
whereas that in the treatment group was 2.72 times than
that of the control group at 12th day. After treatment with
chitosan fiber, the cell membrane of M. aeruginosa
became selectively permeable, and the number of ions
was exuded. When the algal cells were destroyed, the K+
within the algal cells was completely released, and the
mass concentration increased to 9.598 mg/L. Finally, the
cell membrane of M. aeruginosa was severely damaged.
The effect of MDA content within M. aeruginosa is
shown in Fig. 2C.Fig. 2C shows that the MDA content in
the chitosan fiber group increased significantly with
exposure time compared with that in the control group.
The MDA in the treatment group showed an upward
trend with the concentration and increased from 0.0478
nmol/L to 0.09 nmol/L. Algal cell membranes are
composed of unsaturated phospholipids and are sensitive
to reactive oxygen species. On the third day, the

Figs. 3 (A) and (B) show that chitosan fibers have a
significant inhibitory effect on the concentration of
chlorophyll a and carotenoids within M. aeruginosa
compared with those in the control group. After 12 days
of monitoring, the chlorophyll a of the control group
increased from 2.66 mg/L to 5.39 mg/L, whereas that of
the treatment group showed a downward trend from 2.57
mg/L to 0.55 mg/L. Carotenoids showed the same trend.
The carotenoid concentration increased from 0.592 mg/L
to 1.16 mg/L in the treatment group but decreased from
0.623 mg/L to 0.079 mg/L in the treatment group. The
IRs of chlorophyll a and carotenoids reached 89.6% and
93.1%, respectively, on the 12th day.
Fig. 3(C) shows that the chitosan fiber inhibited the
expression of PC in M. aeruginosa compared with the
control group. The PC in the control group showed an
upward trend from 0.0162 mg/L to 0.0318 mg/L, whereas
that in the treatment group showed a downward trend
from 0.0171 mg/L to 0 mg/L. The IR of PC reached 100%
on the 12th day. Fig. 3(D) shows that the expression of
APC within M. aeruginosa and the other algal protein in
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the control group showed an increasing trend from
0.0055 mg/L to 0.0177 mg/L. Meanwhile, the other algal
protein in the treatment group showed a downward trend
from 0.0059 mg/L to 0.00 mg/L. The IR of APC reached
100% on the 12th day. Fig. 3(E) shows that the
expression of PE in M. aeruginosa was inhibited by the
chitosan fiber. The PE in the control group showed an
upward trend from 0.0341 mg/L to 0.0554 mg/L, whereas
that in the treatment group decreased from 0.0343 mg/L
to 0.00 mg/L. The inhibition effects of chitosan fiber for
PC, APC, and PE are evident.

CAT activity in the control group remained relatively
stable, and the enzyme activity increased from 0.0081
U/104 cell to 0.0108 U/104 cell. Meanwhile, the activity
of CAT in the treatment group on the 12th day decreased
from 0.008 U/104cell to 0.0028 U/104cell, and the IR
reached 74%.
3.6 Inhibition effect on the microcystin
When algal cells are destroyed, algal toxins may be
released, especially toxins produced by M. aeruginosa
[19-20]. Fig. 6 shows that chitosan fibers have an
inhibitory effect on the release of algal toxins from M.
aeruginosa compared with the control group. The
concentration of algal toxins within M. aeruginosa in the
chitosan fiber group tends to decrease. The microcystin
content in the control group was increased from 0.22
mg/L to 1.28 mg/L. The initial value of microcystins in
the treatment group was approximately 0.24 mg/L. The
value was below the detection limit on the 6th day. The
IR of chitosan fiber to the microcystin reached 100%.
During the whole experiment, the content of
microcystins in the treated samples was much lower than
that of the control group.

3.4 Inhibition effect on soluble protein within M.
aeruginosa
The changes of soluble protein within M. aeruginosa are
shown in Fig. 4.

Fig. 4 Effect of chitosan fiber on soluble protein content within
M. aeruginosa

Fig. 4 shows that chitosan fibers have a significant
inhibitory effect on the synthesis of soluble proteins
within M. aeruginosa. The soluble protein was increased
from 156.8 mg/L to 274.4 mg/L in the control group and
showed a downward trend from 151.4 mg/L to 31.27
mg/L in the treated group. The protein content of cells
was reduced, and the IR reached 88% on the 12th day.

Fig. 6 Effect of chitosan fiber on microcystin within M.
aeruginosa

Microcystins are found in cyanobacterial cells,
synthesized intracellularly, and released into the water
after death [21]. The production of microcystins in the
experimental group was significantly lower than that in
the control group throughout the experiment. This result
indicates that microcystins may be decomposed or
absorbed by chitosan fibers.

3.5 Inhibition effect on SOD and CAT within M.
aeruginosa
As shown in Fig. 5(a), chitosan fiber significantly
inhibited the activity of SOD within M. aeruginosa. SOD
activity remained relatively stable in the control group,
and the enzyme activity ranged from 0.0091 U/104cell to
0.0108 U/104cell. Meanwhile, the enzyme activity in the
treatment group on the 12th day decreased from 0.009
U/104cell to 0.0035 U/104cell, and the IR reached 68%.

4 Conclusion
This study indicated that chitosan fiber could suppress
the cell proliferation of M. aeruginosa. Chitosan fiber
reduced M. aeruginosa photosynthetic abilities by
triggering the downregulation of genes involved in Chl
synthesis and phycobiliprotein synthesis, which affected
the cell growth. After treatment by chitosan fiber, the
protein content decreased, MDA content increased, and
the algal cells were destroyed. Therefore, chitosan fiber
can be used to inhibit M. aeruginosa growth.

Fig. 5 Effect of chitosan fiber on enzyme activity within M.
aeruginosa ((a) SOD; (b) CAT)
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