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1. Introduction1

Increases in human population and economic development have
brought heavy nitrogen/phosphorus loads into waterways, conse-
quently causing many freshwater bodies become eutrophic.
Cyanobacterial blooms can be one 
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Lake Taihu, the third largest lake in China and a typical shallow
freshwater body (surface area: 2338 km2; mean depth: 1.9 m
(Wu et al., 2007)), has gradually become hypereutrophic during
the last two decades and consequently undergone annual
cyanobacterial blooms since 1987 (Ma et al., 2008), in which
Microcystis and Synechococcus are the dominant genera (Chen
et al., 2003; Ye et al., 2011). These cyanobacterial blooms cause
huge economic losses. For example, a cyanobacterial bloom in
Lake Taihu from May 29 to June 4, 2007 caused an estimated US$
400 million loss in the reduction of drinking water sources and
tourism income (Liu et al., 2011). In this study, as part of efforts to
enhance the strategies explored to eliminate the adverse impacts
of cyanobacterial blooms, a bacterial strain J4 with strong
algicidal activity against Microcystis aeruginosa was isolated from
Lake Taihu. Surprisingly, during comparison of the algicidal effect
of J4 against M. aeruginosa 9110 and Synechococcus species BN60,
we had also observed a cyanobacterial defensive response from
Synechococcus sp. BN60 against the algicidal bacterium J4,
resulting in a cell density reduction of J4 in co-cultures of J4
and BN60.

Van Donk et al. (2011) found that some cyanobacteria and algae
have defense responses such as migration, morphological change,
cyst formation, and production of bioactive compounds against
adverse conditions such as nutrient limitation, competition, or
herbivorous zooplanktons. Certain algae could potentially produce
cysts as defense responses to algicidal bacteria (Mayali et al., 2007;
Nagasaki et al., 2000). These defensive responses enhance their
survival and partially shape the structure of their populations in
nature (Anderson et al., 2012; Van Donk et al., 2011). Unquestion-
ably, algicidal bacteria also represent a source of mortality for
cyanobacteria. In the present study, we focused on the cyano-
bacterial defensive responses against algicidal bacteria.

2. Materials and methods

2.1. Cyanobacterial cultures

Microcystis aeruginosa 9110 and Synechococcus sp. BN60 were
isolated from Lake Taihu. Both cyanobacterial strains were axenic.
All cyanobacterial cultures used in this study were incubated in
250 mL Erlenmeyer flasks with 100 mL BG11 medium (Stanier
et al., 1971) at 25 8C, under 40 mmol photons m�2 s�1, a 12-h
light:12-h-dark cycle and amended with fresh medium every
month.

2.2. Isolation and identification of algicidal bacteria

Algicidal bacteria were isolated during a cyanobacterial bloom
in Meiliang Bay of Lake Taihu. Water samples were collected at the
Taihu Ecosystem Research Station (318240N, 1208130E) of Meiliang
Bay from 0.5 m below the water surface during October 2009. They
were collected with a sterile sampler and transported to the
laboratory on ice within 4 h.

An aliquot (10 mL) of water samples was inoculated into
100 mL log-phase Microcystis aeruginosa 9110 cultures. When the
cyanobacterial cell density was below 20% of the control (10 mL
sterile water instead of water sample added) during the cultiva-
tion, 10 mL co-cultures (M. aeruginosa 9110 cultures inoculated
with water samples from Lake Taihu) were inoculated into another
fresh log-phase M. aeruginosa 9110 culture. To promote the
possibility of isolating algicidal bacteria, this process was repeated
until the consistent reduction of M. aeruginosa 9110 density to
below 20% of the control within 6 days after inoculation.

An aliquot of co-cultures on day 6 in the last incubation cycle
(fifth cycle) was tenfold serially diluted with sterile water and
0.1 mL aliquots of each dilution were spread onto beef extract-
peptone agar plates (10 g L�1 peptone, 3 g L�1 beef extract,
5 g L�1 sodium chloride, 1.5% (w/v) agar). The plates were
incubated at 30 8C until colonies appeared. Individual colonies of
distinct morphology were selected, purified using the method
described by Yamamoto and Suzuki (1990) and then cryopre-
served at �70 8C in 30% (v/v) glycerol. For screening of algicidal
bacteria, bacterial isolates were grown in beef extract-peptone
medium (30 8C, 200 rpm) for 24 h and then an aliquot (10 mL) of
each bacterial culture was inoculated into 100 mL log-phase
Microcystis aeruginosa 9110 cultures respectively. Log-phase M.

aeruginosa 9110 culture (100 mL) inoculated with 10 mL
bacterial medium served as a control. The growth of M.

aeruginosa 9110 was monitored daily by measuring the biomass.
Algicidal activity was calculated using the equation described in
Section 2.6. The bacterial strains with strong algicidal activity
(algicidal rate A > 80%, t = 6 days, see Section 2.6) were further
analyzed.

Identification of algicidal bacterial strains was accomplished by
analysis of their 16S rDNA sequences as previously described (Tian
et al., 2012).

2.3. Determination of algicidal mode

Bacterium J4 was incubated in beef extract-peptone medium at
30 8C, 200 rpm for 24 h. Bacterial cultures were centrifuged at 12,
000 � g for 20 min and the supernatants were passed through
0.22-mm polycarbonate filters to obtain cell-free filtrates. Heat-
treated cell-free filtrates were obtained by autoclaving at 121 8C
for 20 min. Bacterial cells were collected by centrifugation
(5000 � g, 20 min), washed twice with sterile water and re-
suspended in an equal amount of water. An aliquot (10 mL) of
bacterial cultures, cell-free filtrates, heat-treated cell-free filtrates
and re-suspended bacterial cells in water was inoculated into
100 mL log-phase Microcystis aeruginosa 9110 cultures respective-
ly and cultivated at 25 8C, under 40 mmol photons m�2 s�1 and a
12-h light:12-h dark cycle. M. aeruginosa 9110 culture (100 mL)
inoculated with 10 mL bacterial medium acted as a control. The
algicidal rates (t = 6 days) of differently treated J4 cultures were
calculated according to the change of cell density of M. aeruginosa

9110 on day 6 after inoculation of J4. Significant differences in
algicidal rate were determined using one-way ANOVA with SPSS
version 19.0 (IBM, USA).

2.4. Interactions between bacterium J4 and each of two

cyanobacterial species (M. aeruginosa 9110 and Synechococcus sp.

BN60)

To compare the interactions between bacterium J4 and each of
the two cyanobacterial species, an aliquot (10 mL) of stationary-
phase J4 cultures (cell density 1.3–1.5 � 1010 CFU mL�1) was
inoculated into 100 mL log-phase cultures of Microcystis aerugi-

nosa 9110 and 100 mL log-phase cultures of Synechococcus

sp. BN60 respectively. The controls were 100 mL log-phase
cyanobacterial cultures inoculated with an equal volume of beef
extract-peptone medium instead of J4 cultures. The additional
control was 100 mL BG11 medium inoculated with 10 mL J4
cultures. All tests and controls were incubated at 25 8C, under
40 mmol photons m�2 s�1 and a 12-h light:12-h dark cycle. Cell
density of M. aeruginosa 9110 and chlorophyll-a concentration of
Synechococcus sp. BN60 were evaluated daily and then algicidal
rate was calculated according to Section 2.6. In the meantime, cell
density of algicidal bacterium J4 was also monitored daily by the
CFU method performed on beef extract-peptone agar plates
(Su et al., 2007).





Fig. 2. Algicidal effects of HPLC fractions on cyanobacterial-lawns. A/C: algicidal effect of the fraction (retention time: 5–6 min) against M. aeruginosa 9110 and Synechococcus

sp. BN60; B/D: algicidal effects of all the other fractions (no algicidal effects) against M. aeruginosa 9110 and Synechococcus sp. BN60.
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3.4. Reduction of J4 density during co-culturing with Synechococcus
sp. BN60

Synechococcus sp. BN60 and Microcystis aeruginosa 9110
cultures were inoculated with equal volume of J4 cultures
respectively, and then chlorophyll-a concentrations of BN60 and
cell densities of 9110 in co-cultures and controls were monitored
(Fig. 3A). In controls, chlorophyll-a concentrations in Synechococ-

cus sp. BN60 cultures increased from 67.3 mg L�1 on day 0 to
444 mg L�1 on day 6 while cell densities of M. aeruginosa 9110
increased from 5.2 � 106 cells mL�1 on day 0 to
3.0 � 107 cells mL�1 on day 6. In experiments that J4 cultures
were inoculated, chlorophyll-a concentrations of Synechococcus sp.
BN60 continued to increase from 67.3 mg L�1 on day 0 to
228 mg L�1 on day 6. However, cell densities of M. aeruginosa

9110 decreased gradually from 5.2 � 106 cells mL�1 on day 0 to
2.5 � 106 cells mL�1 on day 6. These results showed that bacterium
J4 exhibited stronger algicidal activity against M. aeruginosa 9110
(A = 91.8%, t = 6 days) than against Synechococcus sp. BN60
(A = 48.6%, t = 6 days).

In the meantime, the cell density of J4 in co-cultures (BN60 and
J4) decreased from 1.7 � 109 CFU mL�1 on day 2 to
7.0 � 105 CFU mL�1 on day 6 (Fig. 3B). However, the cell density
of J4 in co-cultures (9110 and J4) or cultivated alone in BG11
medium did not change from 1.0 to 1.4 � 109 CFU mL�1 after 6
days. These results suggested that the reduction in cell density of J4
in co-cultures (BN60 and J4) might result from inhibitory factors
presented in the co-cultures.

3.5. Inhibition of J4 by cell-free filtrates of co-cultures (BN60 and J4)

After 24 h cultivation, the cell density of J4 in cell-free filtrates
of co-cultures (BN60 and J4) with and without heat-treatment
decreased to 6.0–7.0 � 106 CFU mL�1 (Fig. 4A and B), which was
much lower than that in the other cell-free filtrates and controls
(4.0–6.0 � 108 CFU mL�1) (Fig. 4C–F). These results indicated that
there existed antimicrobial-like compounds with heat stability in
co-cultures (BN60 and J4), which were produced by Synechococcus

sp. BN60 during co-culturing. Lack of inhibition on J4 by cell-free
filtrates of log-phase Synechococcus sp. BN60 cultures (Fig. 4E)
suggested that the production of antimicrobial compounds by
BN60 was triggered by the presence of J4 during the algicidal
process. Furthermore, lack of inhibition on J4 by cell-free filtrates
of co-cultures (9110 and J4) (Fig. 4F) implied that only specific
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cyanobacteria could be triggered by the presence of specific
algicidal bacteria to produce antimicrobial-like compound.

4. Discussion

The algicidal activity of isolated strains of bacteria in this study
was determined by evaluating changes in the biomass of
cyanobacteria (or algae), as described by other researchers (Kang
et al., 2005; Kim et al., 2007, 2008; Pokrzywinski et al., 2012; Tian
et al., 2012). As cyanobacteria are autotrophic, whereas algicidal
bacteria are heterotrophic, it suggests that there is no carbon
source competition between them. The competition of algicidal
bacteria with cyanobacteria for other inorganic nutrients (e.g.,
nitrogen/phosphorus) could be also negligible because these
inorganic nutrients are sufficient in their co-cultivation process.
Besides, the biomass of each axenic cyanobacterial species
incubated alone in BG11 medium could continuously increase
for more than 10 days and then maintain at maximum-level for
more than 2 weeks. Thus, the significant differences in cyano-
bacterial biomass between themaximum-level
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Manage et al. (2000) found that the algicidal bacterium
Alcaligenes denitrificans increased to certain density before it
exhibited strong algicidal activity against three axenic Microcystis

species. A report by Mayali and Doucette (2002) also showed that
the cell density of the algicidal bacterium 41-DBG2 increased
before it had strong algicidal effects on xenic Karenia brevis C2.
Consequently, the cell density of algicidal bacteria has been widely
recognized as an important factor of influencing the algicidal
activity. In this study, we observed the reduction in cell density of
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exhibited lower algicidal activity against Synechococcus sp. BN60
(A = 48.6%, day 6) than against Microcystis aeruginosa 9110
(A = 91.8%, day 6) (Fig. 3CFig.0 0 -.5669 123.1239 511.8235 Tm
( )Tj
/F 1
 02 Tm
(lower)Tj
/F2 1 Tf
.5669 0 0 8u5 To5814 0 TD
(CFig.0 8er)wer

http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0005
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0005
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0005
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0010
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0010
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0010
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0015
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0015
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0015
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0020
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0020
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0020
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0025
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0025
http://refhub.elsevier.com/S1568-9883(14)00077-8/sbref0025


viron.61byW u , 1 6 S W u , W u , a n d a l g a l - l y s i n g 
 . 5 6 5 3 3 8 8 3 9 g 
 - 1 5 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
.f
6. 6 279.39g
 - 1 5 . 2 4 4 8 r e a l - t i 5 . 4 8 351.4393 Tm
(with ) T j 
 / F 2 1 Tf
.0428 8 3 9 g 
 - 1 5 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
.f3 1 T148839g 
 - 1 5 . 2 4 4 8 P C R t 2 2 311.5842 Tm
(comp o s i t i o n ) T j 
 6 7 7 6 1 9 8 539g
-15 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
.F1 1  1 Tf39g
-15 . 2 4 4 8 385.5684 343.4456 Tm
(Alga e ) T j 
 / F 2 1Tf
. 555 f39g
-15 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
. Tf
5448 539g
-15 . 2 4 4 8 0 4 . 6 1 7 2 343.4456 Tm
(13,) T j 
 / F 2 1 Tf9 0 0138839g 
 - 1 5 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
.f971 Tf
6.39g 
 - 1 5 . 2 4 4 8 1 0 6 9 271.7291 Tm
(acti v i t y ) T j 
 / F 2  1 1 Tf839g
-1 5 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
.527. j 5 8 2 8 8 3 9 g 
 - 1 5 . 2 4 4 8 ( 5 5 3 8 5 295.6535 Tm
(85…9 6 . ) T j 
 0 0 0517.743 8 8 3 9 g 
 - 1 5 . 2 4 4 8 TD
.0001 Tc
(Wu,) T j 
 / F 2 1 Tf
.51 1.3069 39g
-15. 2 4 4 8 4 7 2 … f 
 . 5 
 ( )Tj
/F1 1 Tj
/4296 
 6 . 6 3 0 8 0 0 6Zh4.147 9 335.5086 Tm
(X.,) T j 
 / F 2 1 Tf
.566f 
 6 5 
 . 5 6 7 1 1 Tf
6.630 8 0 0 6.376 558.1983 359.3216 1 5 4 2 8 8 3 . 5 6 7 1 1 Tf.9574 287.6598 Tm
(2008 . ) T j 
 / F 2 1 4F218438 8 3 . 5 6 7 1 1 Tf
6.630 8 0 0 6.376 558.1983 359.3.56 7 0 -.53.567 1 1 TfZh4i89 7 271.7291 Tm
(Suzu k i , ) T j 
 / F 2 1 Tf469 03.5671 1 Tf
6.630 8 0 0 6.376 558.1983 359.3586 f 
 6 . 6 0 3 . 5 6 7 1 1 Tf.4597 335.5086 Tm
(Li,) T j 
 / F 2 1 TWu, X . , 1 9 9 0 . W u , X . ,Wu, L i , Z h o u , 2 0 0 5 . W u , S . , Z h o u , c o m p o s i t i o n ress,Xi,.376 3cystis57 279.7228 Tm
(Press,)Tj
/F2 1 Tf5308f23j
/F3 TD
(.)Tj
/F2 1 Tf
.5669 0 0 -.5669  1 T22988f23j
/F3 TD
( )Tj
/F1 1 Tf
6..5905 Tm
(revealed)Tj
/F2 1 1/248f23j
/F3 TD
(.)Tj
/F 367.37 Tm
( )Tj
/F1 1 Tj4566308 f23j
/F3 TD
( 0 38 271.7291 Tm
(andalgal-lysing)0.308 f23j
/F3 TD
(.2964 335.5086 Tm
( )Tj
/F1 1 Tf
6.8669 f23j
/F3 TD
(i4408 327.5149 Tm
(produced)Tj
/F26 039 023j
/F3 TD
(.2964 335.5086 Tm
( )Tj
/F1 1 Tf71 T.259023j
/F3 TD
(rela4.904hip69 271.7291 Tm
(activity)Tj
/F2 566 18 023j
/F3 TD
(.2964 335.5086 Tm
( )Tj
/F1 1 T5rg
-9048f23j
/F3 TD
(3.5117 287.6598 Tm
(Bloom)Tj
/F2 1
6.6548 023j
/F3 TD
(.2964 335.5086 Tm
( )Tj
/F1 1 T530566908f23j
/F3 TD
(biot2723 303.5905 Tm
(freshwater)Tj
03 -5096 023j
/F3 TD
(.2964 335.5086 Tm
( )Tj
/F1 1 T551.3083.523j
/F3 TD
( 0 38 2-349 0650 0 0 6.376 3abiot2723 303.5905 Tm
(freshwater)Tj
3 1 T9f
656.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.3.65669 376.69Tf
 1 Tf6 41ors97 335.5086 Tm
(Li,)Tj
/F2 1 T)T7.0961656.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.369.2
6.636.69Tf
 1 Tf 54 Tm
(in)Tj
/F2 1 Tf
.5669 0 0 -6.639 0 6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.379.52
656.69Tf
 1 Tf1 1 Tf
6.6308 0 0 62 1 Tf
.560 -.5391
-9048f6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.3
.561f
656.69Tf
 1 Tf42.87.5 295.6535 Tm
(85…96.)Tj
0 0 0 rg
-9168f6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.-.566Tf
6f6.69Tf
 1 Tf444.1.48 351.4393 Tm
(with)Tj
/F2 1 Tf
.64658f6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.-3 18558f6.69Tf
 1 Tf92.0881 295.6535 Tm
(61)Tj
/F2 1 TfF1 107228f6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.-52.296
f6.69Tf
 1 Tf97291 Tm27.5149 Tm
(produced)Tj
/F265660028f6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359.-T7.4j
/Ff6.69Tf
 1 Tf47,84 343.4456 Tm
(Algae)Tj
/F2 1Tf
.08348f6.69Tf
 1 Tf
6.6308 0 0 6.376 558.1983 359. Tf
8f
0886.69Tf
 1 Tf274…270 0 6.372 1 Tf
Tj
/F1 1 Tj52 1 4 84.052.376 3S91 Tm27.5149 Tm
(produced)Tj
/F24560658 7)Tj
6-1.2448 TD
.002 1 Tf
.5669 0 0 -.5669 541 5779 7)Tj
6-1.2448L 54 Tm
(in)Tj
/F2 1 Tf
.5669 0 021 Tf10697)Tj
6-1.2448 TD
.002 1 Tf
.5669 0 0 -.5669 5586573437)Tj
6-1.2448e401 287.6598 Tm
(of)Tj
/F2 1 Tf261 T97)Tj
6-1.2448 TD
.002 1 Tf
.5669 0 0 -.5669 56Wu34j
97)Tj
6-1.2448a0881 295.6535 Tm
(61)Tj
/F2 1 Tf2756693397)Tj
6-1.2448 TD
.002 1 Tf
.5669 0 0 -.5669 57
621 1 7)Tj
6-1.2448/81 295.6535 Tm
(61)Tj
/F2 1 Tf27Wu349T97)Tj
6-1.2448 TD
.002 1 Tf
.5669 0 0 -.5669 577.j5597)Tj
6-1.2448 385.5684 343.4456 Tm
(Algae)Tj
/F2 13 1 T729713,W.,Chinese).W.,
Conley, D.J., Paerl, H.W., Howarth, R.W., Boesch, D.F., Seitzinger, S.P., Havens, K.E.,
Lancelot, C., Likens, G.E., 2009. Ecology. Controlling eutrophication: nitrogen
and phosphorus. Science 323 (5917), 1014–1015.

Dakhama, A., Noie, J.d.l., Lavoie, M.C., 1993. Isolation and identification of antialgal
substances produced by Pseudomonas aeruginosa. J. Appl. Phycol. 5, 297–306.

Doucette, G.J., Powell, C.L., 1998. Algal-bacterial interactions: can they determine
the PSP-related toxicity of dinoflagellates? In: Reguera, B., Blanco, J, Fernandez,
M.L., Wyatt, T. (Eds.), Harmful Algae. Xunta de Galicia and Intergovernmental
Oceanographic Commission of UNESCO, pp. 406–409.

Feng, Y., Chang, X., Zhao, L., Li, X., Li, W., Jiang, Y., 2013. Nanaomycin A methyl ester,
an actinomycete metabolite: algicidal activity and the physiological response of
Microcystis aeruginosa. Ecol. Eng. 53, 306–312.

Guo, L., 2007. Doing battle with the green monster of Taihu Lake. Science 317, 31.
Hee-jin, C., Baik-ho, K., Jeong-dong, K., Myung-soo, H., 2005. Streptomyces neya-

gawaensis as a control for the hazardous biomass of Microcystis aeruginosa
(Cyanobacteria) in eutrophic freshwaters. Biol. Control 33 (3), 335–343.

Huang, T.L., Cong, H.B., 2007. A new method for determination of chlorophylls in
freshwater algae. Environ. Monit. Assess. 129 (1-3), 1–7.

Huisman, J.M., Matthijs, H.C.P., Visser, P.M., 2005. Harmful Cyanobacteria. Springer,
Ordrecht, Netherlands.

Imamura, N., Motoike, I., Noda, M., Adachi, K., Konno, A., Fukami, H., 2000. Argimicin
A, a novel anti-cyanobacterial compound produced by an algae-lysing bacteri-
um. J. Antibiot. 53 (11), 1317–1319.

Jang, M.H., Ha, K., Joo, G.J., Takamura, N., 2003. Toxin production of cyanobacteria is
increased by exposure to zooplankton. Freshwater Biol. 48 (9), 1540–1550.

Kang, Y.H., Kim, J.D., Kim, B.H., Kong, D.S., Han, M.S., 2005. Isolation and characteri-
zation of a bio-agent antagonistic to diatom, Stephanodiscus hantzschii. J. Appl.
Microbiol. 98 (5), 1030–1038.

Kim, J.-D., Kim, B., Lee, C.-G., 2007. Alga-lytic activity of Pseudomonas fluorescens
against the red tide causing marine alga Heterosigma akashiwo (Raphidophy-
ceae). Biol. Control 41 (3), 296–303.

Kim, M.-J., Jeong, S.-Y., Lee, S.-J., 2008. Isolation, identification, and algicidal activity
of marine bacteria against Cochlodinium polykrikoides. J. Appl. Phycol. 20 (6),
1069–1078.

Kodama, M., Doucette, G.J., Green, D.H., 2006. Relationships Between Bacteria and
Harmful Algae. Ecology of Harmful Algae. Springer, Berlin, Heidelberg, pp. 243–
255 189.

Lee, S.O., Kato, J., Takiguchi, N., Kuroda, A., Ikeda, T., Mitsutani, A., Ohtake, H., 2000.
Involvement of an extracellular protease in algicidal activity of the marine
bacterium Pseudoalteromonas sp. strain A28. Appl. Environ. Microbiol. 66 (10),
4334–4339.

Liu, J., Yang, Y., Gao, J., Jiang, J., 2011. Comprehensive evaluation method of
cyanobacteria bloom hazard in Lake Taihu (in Chinese, with English abstract).
J. Lake Sci. 23 (3), 334–338.

Ma, R., Kong, F., Duan, H., Zhang, S., Kong, W., Hao, J., 2008. Spatio-temporal
distribution of cyanobacteria blooms based on satellite imageries in Lake Taihu,
China (in Chinese, with English abstract). J. Lake Sci. 20, 687–694.

Manage, P.M., Kawabata, Z., Nakano, S., 2000. Algicidal effect of the bacterium
Alcaligenes denitrificans on Microcystis spp. Aquat. Microb. Ecol. 22 (2), 111–117.

Manage, P.M., Kawabata, Z.i., Nakano, S.-i., 2001. Dynamics of cyanophage-like
particles and algicidal bacteria causing Microcystis aeruginosa mortality. Lim-
nology 2 (2), 73–78.

Mayali, X., Azam, F., 2004. Algicidal bacteria in the sea and their impact on algal
blooms. J. Eukaryot. Microbiol. 51, 139–144.

Mayali, X., Doucette, G.J., 2002. Microbial community interactions and population
dynamics of an algicidal bacterium active against Karenia brevis (Dinophyceae).
Harmful Algae 1, 277–293.

Mayali, X., Franks, P.J., Azam, F., 2008. Cultivation and ecosystem role of a marine
roseobacter clade-affiliated cluster bacterium. Appl. Environ. Microbiol. 74 (9),
2595–2603.

Mayali, X., Franks, P.J.S., Azam, F., 2007. Bacterial induction of temporary cyst
formation by the dinoflagellate Lingulodinium polyedrum. Aquat. Microb. Ecol.
50 (1), 51–62.

Nagasaki, K., Yamaguchi, M., Imai, I., 2000. Algicidal activity of a killer bacterium
against the harmful red tide dinoflagellate Heterocapsa circularisquama isolated
from Ago Bay, Japan (in Japanese, with English abstract). Nippon Suisan
Gakkaishi 66 (4), 666–673.
Nakashima, T., Miyazaki, Y., Matsuyama, Y., Muraoka, W., Yamaguchi, K., Oda, T.,
2006. Producing mechanism of an algicidal compound against red tide phyto-
plankton in a marine bacterium gamma-proteobacterium. Appl. Microbiol. Biot.
73 (3), 684–690.
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