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ABSTRACT
Aims: Several harmful dinoflagellate species are widely found in Malaysian marine waters. These microalgae are
capable of producing a variety of toxins that can intoxicate humans through consumption of contaminated seafood.
Therefore, the present work aimed to investigate the potential of a marine bacterium sdPS-7 isolate as a biological
control agent against Alexandrium minutum KB-5.
Methodology and results: The isolate sdPS-7 was obtained from marine sediments in Malaysia and examined for its
algicidal activity toward the toxic dinoflagellate A. minutum KB-5 in laboratory culture. Based on morphological and
molecular characterization, this isolate was identified as Aeromonas hydrophila sdPS-7. Alexandrium minutum KB-5
cultures were exposed to cell free bacteria culture filtrate and the effect on dinoflagelate growth was evaluated based on
direct cell counts in the treated samples compared to non-treated control cultures. The bacterial filtrate was treated at
different temperatures, salinities and exposed to repeated freezing and thawing five times to study its algicidal activity
stability thereafter. The results showed a potent inhibition of the growth of A. minutum KB-5. The strongest effect was
observed when the bacterium culture filtrate was mixed with A. minutum KB-5 cultures that were in lag phase, resulting
in 99% or higher mortality. The cell-free filtrate proved to be heat- stable when exposed to temperatures of 2 °C to 100
°C for one hour each. There was also no substantial salinity as well as (freezing – thawing) effect on the filtrate algicidal
activity.
Conclusion, significance and impact of study: This study illustrated the potential use of the marine bacterial
Aeromonas hydrophila sdPS-7 filtrates in controlling the growth of the toxic dinoflagellate A. minutum KB-5.
Keywords: Alexandrium minutum, Aeromonas hydrophila, algicidal, marine

INTRODUCTION

et al., 1989; Orellana-Cepeda et al., 1998; Usup et al.,
1998). Alexandrium minutum is another PSP producing
toxic dinoflagellate that has been reported in Malaysian
water. In 2001, a wide spread intoxication event was
occurred following a huge marine dinoflagellate bloom.
That dinoflagellate species was identified later as A.
minutum based on wild specimens and cultures collected
from the site.
In order to reduce the effect of HABs on fisheries and
human health, several physical and ecological methods
have been applied (Jeong et al., 2000; Kim et al., 2009;
Lee et al., 2013). Although these techniques exhibited
some efficiency against HABs, pose risks to the existence
of aquatic organisms are involved which limited the use of
these strategies as alternative methods.
Several studies have investigated the algicidal activity
of numerous marine bacteria and highlighted their role in
controlling microalgae bloom in aquatic ecosystems

Harmful algal blooms (HABs) are masses of a particular
algae species that can affect life forms including humans,
fish, shellfish, birds and marine mammals which are
correspond to the capability of these algae to produce
highly potent toxins (Orellana-Cepeda et al., 1998). The
exact factors that cause HABs in a particular location vary.
What is clear though is that over the last decade HABs
have become more frequent and occur in more places
worldwide (Usup et al., 2002; Kim et al., 2007).
In Malaysia, many seafood-poisoning cases are
associated with dinoflagellate toxins. Paralytic shellfish
poisoning (PSP) is the most significant form of these
toxins. For example, Pyrodiium bahamense dinoflagellate
is known as PSP in Malaysia water and considered as the
most important PSP producing toxin in Malaysia and other
countries (Philippines and America) (Rosales-Loessener
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(Furuki and Kobayashi 1991; Imai et al., 1995; Yoshinaga
et al., 1995; Imai et al., 1998; Iwata et al., 2004).
Examples
of
reported
algicidal
bacteria
are
Psudoalteromonas,
Serratia
sp.,
Vibrio
ruber,
Alteromonas,
Flavobacterium,
Micrococcus,
Pseudomonas, Cytophaga, Bacillus, Bacteriolytica (Lewis
and Corpe 1964; Baker and Herson, 1978; Imai et al.,
1993, 1995; Lovejoy et al., 1998; Park et al., 1998;
Sawabe et al., 1998; Yoshinaga 1998; Adachi et al., 2002;
Jeong et al., 2003; Shieh et al., 2003; Kim et al., 2009).
However, these studies have not employed in Malaysia,
which has a large area of the marine environment.
Malaysia is of the most scenic states at the regional level
due to the diverse marine environment, including the
beaches. Thus, we aimed to obtain and characterize a
powerful marine bacterium from Malaysian marine as a
biological control of harmful algae.
In the current study, an indigenous isolated bacterium
from marine sediments was screened for its algicidal
activity against the toxic dinoflagellate A. minutum KB-5.
This isolate was identified based on morphological and
molecular characteristics. Bacterial filtrates of such
organism were to test algicidal activity in all A. minutum
KB-5 growth phases. The stability of algicides from the
potent isolate at different temperatures, salinities,
repeated freezing-thawing was tested.
MATERIALS AND METHODS
Cultures
The bacterial isolate used in this study was obtained from
marine sediment collected from Pantai Senok, Kota
Bharu, Kelantan, Malaysia. Bacteria were isolated on
marine agar medium which composed of peptone 5.0 g/L,
yeast extract 1.0 g/L, ferric citrate 0.1 g/L, sodium chloride
19.45 g/L, magnesium chloride 8.8 g/L, sodium sulfate
3.24 g/L, calcium chloride 1.8 g/L, potassium chloride
0.55 g/L, sodium bicarbonate 0.16 g/L, potassium bromide
0.08 g/L, strontium chloride 34.0 mg/L, boric acid 22.0
mg/L, sodium silicate 4.0 mg/L, sodium fluoride 2.4 mg/L,
ammonium citrate 1.6 mg/L, disodium phosphate 8.0 mg/L
and agar 15.0 g /L. The culture plates were incubated at
28 °C, 180 rpm for 24-48 h and stored in slant agar at 4
°C. For activation, stock cultures were grown in marine
broth medium at 28 °C, 180 rpm for 24-48 h.
Dinoflagellate cultures used in this study were collected
from the marine microalgae culture collection at Universiti
Kebangsaan Malaysia. The cultures were maintained in
sterile ES-DK medium prepared with natural sea water
taken directly from Port Dickson at around 27.91 ppt
salinity and incubated at 26 °C under a 14 h : 10 h lightdark cycle. Dinoflagellate cultures were subcultured every
two weeks.
Algicidal activity assay
The bacterium isolate sdPS-7 was screened in for its
algicidal activity against the toxic A. minutum KB-5. The
algicidal activity of sdPS-7 was studied during all growth

phases of the algae. Bacteria were grown in marine broth
medium and incubated at 28 °C/ 180 rpm agitation for 1824 h. Bacterial culture was centrifuged (5,000 rpm /10 min
at 4 °C) and the supernatant was separated from cells and
filtered through 0.22 µm pore filters. Aliquots of the
bacterial filtrates were inoculated into the A. minutum KB5 culture. As negative control, the dinoflagellate cultures
were incubated without bacterial filtrates. The assay
cultures and controls were maintained at 26 °C under a 10
h: 14 h dark-light cycle. The growth of the dinoflagellates
was examined under the microscope and samples from
both treated and control cultures were taken every twenty
minutes and counted using Sedgewick Rafter slide
chambers. The algicidal activity was calculated using the
following formula:

Nt represents the number of algal cell after treatment while
N0 represents the number of living algal cells at the initial
time.
Morphological changes in A. minutum KB-5 cells
In order to understand the probable mechanism of action
of the algicidal compound, the morphology of the treated
cells, movement, cell wall shape and cell content were
examined under an inverted microscope and compared to
the untreated cells.
Algicidal bacteria identification
The bacterium sdPS-7 isolate was cultured on marine
agar and described morphologically and physiologically.
Molecular identification of sdPS-7 was based on PCR
amplification of the 16S rRNA gene. Two oligonucleotide
primers
were
used:
forward
5’AGAGTTTGATCCTGGCTCAG-3’
and
reverse
5’GGTTACCTTGTTACGACTT-3’. The PCR reaction was
carried out using a thermal mini cycler (MJ Research,
USA) and initial PCR cycle was as follows: 95 °C for 2
min (initial denaturation), 50 °C for 30 sec (annealing),
and 72 °C for 45 sec (DNA synthesis). This was followed
by 22 cycles of 95 °C for 30 sex, 50 °C and 72 °C for 2
min, with a further 10 min at 72 °C for final extension,
using UniversAll™ tissue PCR kit. The amplified products
were purified using the QIA quick PCR purification kit
(Qiagen, Germany) based on the manufacturer’s
instructions and 20 µL of the purified DNA was sent for
nucleotide sequencing (First Base Laboratory, Kuala
Lampur). DNA sequences were first edited using Chromas
and analysed using Bio Edit Sequence Alignment Editor
program. The ribosomal gene sequence of isolate sdPS-7
was
then
compared
with 16S
rRNA
gene
sequences available in the NCBI databases. All
sequences showed the highest similarity with the 16S
rRNA gene from the genus Aeromonas hydrophila. A
phylogenetic tree was generated using the Neighbour-
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joining algorithm provided in MEGA 4 program (Tamura
et al., 2011).

of sdPS-7 filtrate on A. minutum KB-5 growth phases
suggesting that the algicidal effect is stage-specific.

Stability of algicidal activity

Morphology changes of treated algae cells

The stability of algicidal activity of bacterial supernatant
was investigated at different temperature values, salinities
and at repeated freezing-thawing as well. The supernatant
of sdPS-7 was separated from the cells and incubated at
2 °C, 4 °C, 25 °C, 30 °C, 35 °C, 40 °C, 50 °C, 100 °C (1 h
each).
In order to test the effect of salinity on the algicidal
activity, the sdPS-7 isolate was grown with different NaCl
concentrations (0.5%, 1%, and 3 %). In the freezing
treatment, the supernatant was subjected to repeated
freeze and thaw for six times and then tested for its
algicidal activity.
Aliquots of each treated supernatant were inoculated
into A. minutum KB-5 cultures in exponential growth
phase. The same volume of untreated supernatant was
inoculated in to the algae culture as control. The growth of
the algae was evaluated as described before in the
algicidal assay section.

Examination of treated A. minutum KB-5 cells under the
microscope revealed rapid reduction of mobility during the
first hour of the treatment by algicidal agents in the
bacterial filtrate. The cell shape started losing its regularity

Statistical analysis
Experiments were performed in triplicate and results were
recorded in the mean with standard deviation (SD) of
triplicate measurements. Differences between means
were evaluated mainly by one-way ANOVA (SPSS
version 21.0) and were considered significant at p<0.05.
RESULTS AND DISCUSSION
Algicidal activity
The sdPS-7 isolate exhibited strong inhibition of A.
minutum KB-5 growth phases after two hours of
treatment. Algicidal activity was obtained from culture
filtrate of sdPS- 7, indicating that this isolate can release
potential antimicrobial agents capable of inhibiting
dinoflagellate growth. More than 95% of the toxic algae
cells in exponential growth phase were lysed after two
hours of treatment with 10% (v/v) of culture- free cell
filtrate.
The inhibition effect of sdPS-7 on A. minutum KB-5
was evident during all phases of the dinoflagellate growth
cycle. Dinoflagellate cell numbers decreased by 92% after
treatment at stationary phase, 95% at exponential phase
and 99% at lag phase after two hours of treatment (Figure
1). Comparing our findings to other studies, Mayali and
Doucette (2002) discovered that the harmful algae K.
brevis was more affected by the algicidal bacterium
Cytophaga strain 41-DBG2 at its stationary growth phase
comparing to lag and log phases. In contrast Kang et al.
(2008) found that lag and log growth phases of the tested
dinoflagellate Peridinium bipes and the diatom
Stephanodiscus hantzchii were more sensitive than
stationary growth phase when treated by the algicidal
bacteria Stephanodiscus spp. The differences in effectivity

Figure 1: Algicidal activity of sdPS-7 filtrate on A.
minutum phases (A) log phase, (B) lag phase, (C)
stationary phase. Results were recorded in triplicates.
after 80 min. followed by the decomposing of the cell wall
and releasing of the cell content (Figure 2). It has been
demonstrated that the action mode of algicides is taken
place via direct attack in which the activity requires direct
contact with the algae cell or indirect attack where the
effect is through extracellular components which showed
inhibitory mechanism by decomposition of the algae cell,
or stopping their movement. A study conducted on the
algicidal activity of yellow pigmented bacteria strain Y and
P. carrageenovora against the HABs Gymnodinium
catenatum, described the morphological changes of the
treated algae cells .The cells that treated by Y- strain got
crumble and swelling at the initial phase of treatment
followed by lysis where the cell got infiltration and cell
content became destroyed. In contrast, P. carrageenovora
didn’t caused lysis to G. catenatum where the algae cells
only got encystment. (Lovejoy et al., 1998). The results
obtained in this study demonstrated that algicides
extracted from sdpS-7 isolate have completely damaged
A. minutum cell morphology, indicating the efficiency of
this bacterium to be used as a biological control agent
against toxic dinoflagellates.
A

B

Figure 2: Lysis of A. minutum cells observed under a light
microscope at 40⨯ magnification. A, untreated cell; B,
treated cell.
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Algicidal bacteria identification
On marine agar, the colonies of sdPS-7 obtained were
round, intermediate in size with smooth surface, flat
elevation and entire margins. The bacteria cell wall was
Gram negative and rod-shaped. It was oxidase and
catalase positive. Blast searches of the gene sequence
showed that isolate sdPS-7 had 97% similarity to
Aeromonas hydrophila. The phylogenetic tree is shown in
Figure 3. The molecular data supported the identification
of the isolate as A. hydrophila by conventional methods
(Schubert, 1967) and Bergey's Manual of Determinative
Bacteriology. Aeromonas hydrophila (Messi et al., 2003)
and many marine bacteria such as Bacillus (Motta and
Brandelli 2008), Lactobacillus acidophilus (Ivanova et al.,
2000) are known for their antimicrobial activities. Some
species of Aeromonas like A. hydrophia and A. media are
able to produce antimicrobial Bacteriocin like substance
(BLS) which showed lytic activity against many indicator
organisms (Messi et al., 2003). Recently, algicidal activity
of the genus Aeromonas sp. against the cyanobacterium

Microcystis aerogonosa has been reported (Liu et al.,
2012, 2013; Yang et al., 2013). However, algicidal activity
studies of this genus still limited.
To the best of our knowledge, this may be the first
report of A. hydrophila obtained from marine sediments as
an A. minutum-lysing bacterium. Our results about A.
hydrophila and dinoflagellates increase our understanding
of more rules of Aeromonas in marine environments.
Algicidal activity stability of sdPS-7 isolate
The bacterial culture filtrate was stable over a wide range
of temperatures (Figure 4), representing that the algicidal
components were thermostable. Previous studies have
shown that some algicidal substances are thermolabile
(Bujdakova et al., 1995) and some are thermostable
(Skerratt et al., 2002). Growing the isolate with different
NaCl concentrations as well as repeated freezing-thawing
of the supernatant did not affect the filtrate activity
(Figures 5 and 6).

Aeromonas caviae strain Hil-10B/NAD12 16S ribosomal RNA gene partial sequence
Aeromonas punctata strain tu4 16S ribosomal RNA gene partial sequence
58 Aeromonas enteropelogenes strain DSM 6394 16S ribosomal RNA gene complete sequence

Aeromonas enteropelogenes strain CECT 4487
53

Aeromonas caviae strain Hil-10/DHM 16S ribosomal RNA gene partial sequence
Aeromonas caviae strain ATCC 15468
Aeromonas punctata strain w4 16S ribosomal RNA gene partial sequence

65

Aeromonas hydrophila dPS-7
Aeromonas hydrophila strain FCMC13
82

Aeromonas hydrophila strain B23 16S ribosomal RNA gene partial sequence
Aeromonas hydrophila strain SGC55 16S ribosomal RNA gene partial sequence

Aeromonas culicicola strain CECT 5761
Aeromonas culicicola 16S ribosomal RNA gene partial sequence
Aeromonas culicicola strain SH 16S ribosomal RNA gene partial sequence
97

Aeromonas veronii strain A132 16S ribosomal RNA gene gene partial sequence
Aeromonas veronii strain BAB-2665 16S ribosomal RNA gene partial sequence
Ruminobacter amylophilus strain H

0.01

Figure 3: Phylogenetic position of sdPS-7 isolate based on the 16s ribosomal RNA gene sequence. The phylogenetic
tree was performed using neighbour-joining method-on the 16S rRNA.

.

Figure 4: Heat stability of bacterial culture filtrate

Figure 5: Freezing-thawing stability of bacterial culture
filtrate.
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Figure 6: Salinity stability of bacteria culture filtrate.
CONCLUSION
In conclusion, the rapid inhibition activity of the marine A.
hydrophila sdPS-7 culture filtrate indicated that the
bacteria could release potent algicides against the toxic
dinoflagellate A. minutum that may be used as potential
component against HABs aquatic environment. Further
work is needed to isolate and investigate the structural
and molecular composition of the active compounds and
to reveal the mechanism of activity.
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