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Abstract Bioremediation using isolated anti-cyanobacterial
microorganism has been widely applied in harmful algal
blooms (HABs) control. In order to improve the secretion of
activated anti-cyanobacterial substances, and lower the cost, a
sequential optimization of the culture medium based on sta-
tistical design was employed for enhancing the anti-
cyanobacterial substances production and chlorophyll a (Chl
a) removal by Streptomyces sp. HJC-D1 in the paper. Sucrose
and KNO3 were selected as the most suitable carbon and
nitrogen sources based on the one-at-a-time strategy method,
and sucrose, KNO3 and initial pH were found as major factors
that affected the anti-cyanobacterial ability of the isolated
stain via the Plackett–Burman design. Based on the response
surface and canonical analysis, the optimum condition of
culture medium was obtained at 22.73 g l-1 of sucrose,
0.96 g l-1 of KNO3, and initial pH 8.82, and the Chl a removal
efficiency by strain HJC-D1 increased from 63±2 % to 78±
2 % on the optimum conditions.
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Introduction

Harmful algal blooms (HABs) occur frequently in lakes and
reservoirs all over the world, which cause damage to the
biodiversity and equilibrium of aquatic ecosystems via toxins
release (Pitois et al. 2001; Qin et al. 2006; Rapala et al. 2002)
and increase the risk in drinking water sources (Hitzfeld et al.
2000; Rapala et al. 2002; Chen et al. 2009). Chemical agents
such as copper sulfate and aluminum sulfate, are often used as
the emergency reagents for modifying contaminated aquatic
ecosystem (Chow et al. 1999; Garcia-Villada et al. 2004).
However, these methods induce potential secondary pollution.
In recent years, researchers have paid much attention to eu-
trophication issues by applying biological and ecological
technologies, which are economical and environmental
friendly, especially in field of microbial algal inhibition such
as bacteria (Lovejoy et al. 1998; Choi et al. 2005; Shi et al.
2006; Hua et al. 2009; Wang et al. 2010; Kong et al. 2013d)
and fungi (Redhead and Wright 1978; Jia et al. 2011).

Numerous studies showed that the growth and activity of
microorganisms were influenced by the composition of the
substrate (C and N sources, inorganic salts) and growth con-
ditions such as temperature, pH, and oxygen (Rao et al. 2007;
Song et al. 2007; Purama and Goyal 2008; Sansonetti et al.
2010). As several parameters are involved, it is difficult to
identify the critical factors and to optimize them for biotech-
nological processes. Compared with conventional methods
such as one-at-a-time strategy, response surface methodology
(RSM) is taken as an useful mathematical and statistical
technique for searching optimum condition, as it could pro-
vide statistical model and design experiment for revealing the
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interaction among the relative factors (He et al. 2009; Gao
et al. 2009; Bankar and Singhal 2010). It has been successfully
applied in many aspects such as medium and fermentation
conditions optimization for improving the biomass production
(Song et al. 2007; Manikandan et al. 2009; Purama and Goyal
2008) and antimicrobial activity production (Tabbene et al.
2009), identifying the influential priority of factors governing
anaerobic H2 production (Fang et al. 2010), as well as palm oil
mill effluent treatment in an upflow anaerobic sludge fixed
film bioreactor (Zinatizadeh et al. 2006). Therefore, RSM is
preferred to enhance biological anti-cyanobacterial technolo-
gy by optimizing the medium components of anti-
cyanobacterial microorganism.

A bacterial strain identified as Streptomyces sp. HJC-D1,
with remarkable anti-cyanobacterial activity against bloom-
forming cyanobacteriumMicrocystis aeruginosa, was isolated
from an eutrophic pond in Hangzhou, China (Kong et al.
2013a, b, c). In our previous study, the variations of cell
integrity, physiological characteristics, and antioxidant en-
zymes activities of M. aeruginosa cells by Streptomyces sp.
HJC-D1 were investigated (Kong et al. 2013a, b), and the
biodegradation products of M. aeruginosa were illustrated
(Kong et al. 2013c). In order to improve the secretion of
activated anti-cyanobacterial substances and lower the cost,
one-at-a-time strategy design, two stages of Plackett–Burman
(PB) design and central composite design (CCD) were applied
to study the effect of different medium composition and pH on
the inhibition of M. aeruginosa by Streptomyces sp. HJC-D1,
and it is expected to establish the optimizing cultivation strat-
egy of strain HJC-D1 for efficient cyanobacterial inhibition.

Materials and methods

Target algae, microorganism, and culture condition

M. aeruginosa FACHB-905 was purchased from the
Freshwater Algae Culture Collection of Institute of
Hydrobiology (FACHB), Chinese Academy of Sciences
(Wuhan, China). Before used as inoculants, it was cultured
for 7 days to reach the log phase, and the culture condition was
as follow: sterilized BG11medium (Rippka et al. 1979); 2,000
lux white light, light:dark=14 h:10 h; 25 °C.

The strain HJC-D1 used in this study was isolated from an
eutrophication pond in Hangzhou, China, which had excellent
anti-cyanobacterial activity (Kong et al. 2013a, b, c). Based on
the 16S rRNA gene sequence analysis, it was identified as
Streptomyces sp. The seed was maintained at 4 °C in a Gause's
synthetic agar medium. The inoculum was prepared by incu-
bating the seed culture at 28 °C with a shaking speed of
150 rpm for 72 h. For anti-cyanobacterial substances produc-
tion, the prepared inoculum was transferred to a fermentation
medium at a ratio of 1:20 and incubated at 28 °C with a

shaking speed of 150 rpm for 4 days. The fermentation culture
medium (g l-1) contained: 20 of soluble starch, 1.0 of KNO3,
0.5 of NaCl, 0.5 of K2HPO4·3H2O, 0.5 of MgSO4·7H2O and
0.002 of FeSO4·7H2O. The initial pH of the medium was
adjusted to 7.0 by 1 M HCl or 1 M NaOH. In the experiment
of medium optimization, the concentration of each component
including pH value was changed according to what is required
(see Tables 1 and 2). Each Erlenmeyer flask (250 ml) contain-
ing 100 ml medium was used for both seed culture and anti-
cyanobacterial substances production.

Anti-cyanobacterial activity test

The anti-cyanobacterial effects were studied by adding 5 ml
Streptomyces sp. HJC-D1 fermentation broth to a 250 ml
sterilized conical beaker with 95 ml BG11 medium containing
M. aeruginosa cells at a chlorophyll a (Chl a) concentration of
62.7±7.4 μg l-1 for the control group, 5 ml Streptomyces sp.
HJC-D1 fermentation broth was replaced by 5 ml Gause's
synthetic medium. Before addition, the fermentation broth of
Streptomyces sp. HJC-D1 was treated as the following proce-
dure: centrifuged at 10,000×g for 10 min; filtered through a
0.22 μm cellulose acetate membrane for cell-free filtrate ac-
quisition. Finally, the cell-free filtrate was added into
M. aeruginosa culture for cyanobactericidal activity test
(Kong et al. 2013b, c, d). The whole experiments were per-
formed in aseptic workbench, and all the samples and controls
were incubated under the pre-set conditions described in
“Target algae, microorganism, and culture condition” section.
As Chl a is used as an index for Microcystis biomass and the
changes in Microcystis biomass are used to demonstrate ef-
fects of inhibitory substances, the Chl a concentration was
determined after 4 days' incubation. Each treatment was rep-
licated three times, and the arithmetical means (±SD) were
obtained.

The concentration of Chl awas determined by spectropho-
tometric method using 90% acetone extraction (APHA 1998).
The removal efficiency of Chl a was calculated according to
the following equation:

Table 1 Range of variables in Plackett–Burman design

Factor codes Factors Levels

-1 +1

X1 (g l-1) Sucrose 20 25

X2 (g l-1) KNO3 1.0 1.5

X3 (g l-1) NaCl 0.5 0.75

X4 (g l-1) K2HPO4·3H2O 0.5 0.75

X5 (g l-1) MgSO4·7H2O 0.5 0.75

X6 (g l-1) FeSO4·7H2O 0.02 0.05

X7 pH 6.0 9.0
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Removal efficiency ¼ 1−Ct=C0ð Þ � 100% ð1Þ
where C0 and Ct are the Chl a concentrations ofM. aeruginosa
in the control and test groups at initial and time t, respectively
(Kong et al. 2013a, c).

Experimental design and data analysis

Based on the advantages of one-at-a-time strategy design, PB
design and CCD (Mao et al. 2005; Badhan et al. 2007; Fu et al.
2009), the present study combined all methods to optimize
bioprocess. Three steps consisted: (1) The one-at-a-time strat-
egy design was applied to select the best carbon and nitrogen
sources for the growth of anti-cyanobacterial microorganism;
(2) The preliminary analysis was applied to identify the proper
range of the culture medium composition; and (3) the CCD
aimed at determining the culture condition.

One-at-a-time strategy

Effects of carbon and nitrogen sources and culture tempera-
ture on the removal efficiency of Chl aby strain HJC-D1 were
estimated using one-at-a-time strategy design. Various kinds
of carbon sources (soluble starch, glucose, sucrose, sodium
acetate, and glycerol) and nitrogen sources (potassium nitrate,
ammonium sulfate, peptone, beef extract, yeast extract, and
carbamide) were investigated for the inhibition effect of
M. aeruginosa individually at 25 °C. The removal efficiency
of Chl awas determined after cultivation for 4 days. Triplicate
experiments were carried out for each treatment.

PB design

PB design was employed for screening the most significant
medium compositions. Each independent variable was tested

at two levels of high and low, which are denoted by (+) and (-),
respectively. The levels of each factor are listed in Table 1. A
12-run experiment was generated by the software package of
Design Expert 7.0 (Stat-Ease, Minneapolis, MN, USA;
Table 2). All experiments were conducted in triplicate. Data
were pooled and analyzed by Design Expert 7.0. The factors
which were significant at 5 % level (P<0.05) were considered
to have significant effect on the removal efficiency of Chl a
(Table 3).

Central composite design

PB design is usually used as the first step to screen significant
factors from a number of variables, which is generally follow-
ed by CCD (Lakshmikanth et al. 2006; Fu et al. 2009; Gao
et al. 2009; Liu et al. 2012). After the critical medium com-
ponents were selected by PB design, RSM was employed to
optimize the component concentrations for maximizing the
anti-cyanobacterial effect of strain HJC-D1. Three compo-
nents of sucrose, KNO3, and initial pH, were optimized by
RSM with a three-factor, five-level CCD. The factors and
respective codes and actual levels were given in Table 4. A
20-run experiment generated by Design Expert 7.0 was car-
ried out with eight factorial points, six axial points, and six
trials at the center point (shown in Table 5). All experiments
were conducted in triplicate. The mean removal efficiency of
Chl a was taken as the response. In order to correlate the
response variable to the independent variables, the Chl a
removal efficiency was fitted according to the following
second-order polynomial model:

Y ¼ b0 þ
X

i¼1

k

bixiþ
X

i¼1

k

biix2i

þ
X

i¼1

k X

i¼1

k

bijxixj; i≠ j ð2Þ

Table 2 Experimental design and results of Plackett–Burman design

Run X1 X2 X3 X4 X5 X6 X7 Removal
efficiency (%)

1 - + + + - - - 78.8±2.4

2 - - - + - + + 79.6±1.9

3 + + + - - - + 88.5±2.6

4 + - - - + - + 80.3±1.5

5 - + + - + + + 82.6±1.3

6 + + - - - + - 83.6±2.1

7 + + - + + + - 85.5±1.9

8 + - + + - + + 84.5±1.7

9 + - + + + - - 75.9±1.3

10 - - + - + + - 73.8±1.9

11 - - - - - - - 63.3±1.5

12 - + - + + - + 83.0±2.3

Table 3 The regression analysis of Plackett–Burman design

Factor code Coefficient estimate Standard error F value P value

Intercept 79.95 0.78

X1 3.11 0.78 16.01 0.0161

X2 3.72 0.78 22.95 0.0087

X3 0.74 0.78 0.90 0.3959

X4 1.26 0.78 2.62 0.1808

X5 0.23 0.78 0.090 0.7790

X6 1.67 0.78 4.61 0.0984

X7 3.13 0.78 16.24 0.0157
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where Y represents the response variable (removal efficiency, %),
Xi and Xj are the coded independent factors, b0 is the interception
coefficient, bi is the coefficient of linear effect, bii is the coefficient
of quadratic effect, and bij is the coefficient of interaction effect
when i<j and k, the numbers of involved variables. Statistical
analysis of the model, each independent variable and interactions
between the variables was performed to evaluate the analysis of
variance (ANOVA) by Design Expert 7.0.

Results and discussion

Optimization of carbon and nitrogen sources

The effects of carbon and nitrogen sources on the growth of
Streptomyces sp. HJC-D1 and the inhibition effect of

Streptomyces sp. HJC-D1 onM. aeruginosawere determined
for screening appropriate nutrient substrates. As shown in
Fig. 1, the highest growth rate of M. aeruginosa (Chl a=
929.4±25.6 μg l-1) and the lowest removal efficiency of 7±
2 % were achieved using glucose as the carbon source, while
the lowest growth rate (Chl a=430.2±12.8 μg l-1) and the
highest removal efficiency of 57±3 % were obtained in the
media containing sucrose. To assess the effect of nitrogen
source on the inhibition effect of M. aeruginosa, various
nitrogen sources including inorganic and organic compounds
were tested at a final concentration of 0.1 % (w/v; Fig. 2).
Results showed that there was no remarkable difference be-
tween various nitrogen sources. The effectiveness of these
nitrogen sources may be due to their ability to serve as direct
sources of amino acids for the synthesis of the antimicrobial
metabolites and/or might be implicated as antibiotic precur-
sors (Tabbene et al. 2009). In consideration of the application
feasibility and cost, KNO3 was used in further studies.

Screening of the significant factors by PB design

Based on the above results, sucrose and KNO3 were selected
to be the optimal carbon and nitrogen sources for the deter-
mining variables. Therefore, PB design was used to screen the
significant factors responsible for algicidal activity of
M. aeruginosa by strain HJC-D1. A seven-factor, 12-run PB
design was conducted, and the response for each run was
presented in Table 2. Regression analysis was performed to
evaluate the significance of each factor. The results of PB
experiments showed both positive and negative dispersion of
values (Table 3). On the basis of the calculated F values and P
values (Table 3), sucrose, KNO3, and initial pH were found to
be the most significant variables affecting the inhibition of
M. aeruginosa.

Table 4 Range of variables in the central composite design

Factor codes Factors Levels

-α -1 0 +1 +α

X1 Sucrose 3.2 10 20 30 36.8

X2 Potassium nitrate 0.16 0.5 1.0 1.5 1.84

X3 pH 4.98 6.0 7.5 9.0 10.02

Table 5 Experimental design and results of the central composite design

Run Coded level Removal efficiency (%)

X1 X2 X3 Actual value Predicted
value

1 -1 -1 -1 56.5±2.2 55.0

2 +1 -1 -1 68.5±1.4 65.8

3 -1 +1 -1 66.8±0.9 65.2

4 +1 +1 -1 71.6±1.6 72.4

5 -1 -1 +1 70.7±2.2 68.9

6 +1 -1 +1 77.1±1.9 77.8

7 -1 +1 +1 68.5±1.4 70.2

8 +1 +1 +1 75.1±1.6 75.6

9 -α 0 0 62.3±1.1 63.7

10 +α 0 0 77.1±1.7 77.2

11 0 -α 0 77.2±1.8 70.0

12 0 +α 0 77.9±2.1 76.6

13 0 0 -α 54.9±1.3 57.4

14 0 0 +α 72.9±1.7 71.8

15 0 0 0 79.6±2.1 79.5

16 0 0 0 79.5±1.9 79.5

17 0 0 0 78.6±1.3 79.5

18 0 0 0 80.2±1.8 79.5

19 0 0 0 79.8±1.4 79.5

20 0 0 0 79.3±1.3 79.5
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Fig. 1 Effect of different carbon sources on the removal efficiency of Chl
a. (1) Soluble starch, (2) glucose, (3) sucrose, (4) sodium acetate, (5)
glycerol
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Optimization of significant factors by CCD

To examine the combined effects of sucrose, KNO3 and initial
pH, 20 treatments with these independent variables were
established using computer simulation with Eq. 3. The CCD
of the experiment and respective experimental concentrations
were presented in Table 4.

The following quadratic regression equation was obtained
to describe the removal efficiency of Chl a:

Removal efficiency %ð Þ ¼ 89:45þ 4:01X 1 þ 1:98X 2 þ 4:27X 3

−0:88X 1X 2−0:47X 1X 3−2:20X 2X 3

−3:18X 1
2−2:18X 2

2−5:25X 3
2 ð3Þ

where X1, X2, and X3 are the coded values of sucrose, KNO3,
and initial pH, respectively.

The actual and predicted values of Chl a removal efficiency
based on CCD experimental design were shown in Table 5,
and the ANOVA test for response surface quadratic model was
summarized in Table 6. The ANOVA of the quadratic regres-
sion model demonstrated that the model was highly signifi-
cant, which was indicated by the F value of 30.22 and a low
probability value of [(P>F)<0.0001]. The fit goodness (R2) of
the model was 0.9654, which indicated 96.54 % of the vari-
ability in response, could be explained by this model. The
adjusted R2 value was also good at 93.26 %. At the same time,
the coefficient of variation (CV=2.44 %) indicated a better
precision of the experiments. Nevertheless, the predicted R2

value of 72.92 % was not as close to the adjusted R2 value of
93.26 %. It was probably due to a large block effect.

The significance of each coefficient was determined by F
value and Pvalue. The larger the magnitude of the Fvalue and
smaller the P value, the more significant was the correspond-
ing coefficient. As shown in Table 7, X1, X3, X1

2, and X3
2 were

significant at the 99 % probability level (P<0.0001), while X2,
X2×X3, and X2

2 were significant at the 95 % probability level

(P<0.05). In contrast, X1×X2 and X1×X3 had no significant
influence on the removal efficiency of Chl a (P>0.05).

To further assess the effect of independent variables on the
removal efficiency of Chl a, three-dimensional response sur-
face was used to demonstrate relationships between the re-
sponse and experimental levels of each variable. Fig. 3
showed the response surface plots and their respective contour
plots of Chl a removal. Each contour curve represented the
effect of two test factors, while the other factor was held at
zero level.

It could be seen in Fig. 3a that the removal efficiency of Chl
a increased with the increase of sucrose concentration, while it
was not obviously improved with the increase of KNO3

concentration. In Fig. 3b, the removal efficiency of Chl a
depended on both sucrose and initial pH, which increased
from 69 % to 86 % when the initial pH was from 6.0 to 9.0.
Fig. 3c showed the removal efficiency as a function of KNO3

concentration and initial pH, and the maximum removal effi-
ciency achieved in the middle range of the corresponding
variables. As shown in the surface plots, only the interaction
between KNO3 (X2) and pH (X3) was significant (P=0.0113).
Surprisingly, lower or higher concentration of sucrose (X1) and
KNO3 (X2) had negative effect on Chl a removal efficiency,
and the interaction between sucrose (X1) and KNO3 (X2) was
not significant (P=0.2431), indicating that the C/N ratio did
not play a key role in the growth inhibitory effect of
M. aeruginosa.

Determination of inhibitory effect in the optimized medium

According to the canonical analysis, the optimal levels of
three variables determined by Design Expert 7.0 were
21.73 g l-1 of sucrose, 0.96 g l-1 of KNO3, and 8.82 of initial
pH, corresponding to the maximum Chl a removal efficiency
of 80 %. To evaluate the model applicability in the anti-
cyanobacterial effect of strain HJC-D1, the experiment that
using the calculated level of the variables was carried out in a
cultured system. The growth inhibitory effect of
M. aeruginosa by strain HJC-D1 in the optimized medium
was compared to that in Gause's synthetic agar media (Fig. 4).
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Fig. 2 Effect of different nitrogen sources on the removal efficiency of
Chl a. (1) Potassium nitrate, (2) ammonium sulfate, (3) peptone, (4) beef
extract, (5) yeast extract, (6) carbamide

Table 6 ANOVA of the fitted quadratic polynomial model

Source D.F. SS MS F value P>F

Model 9 1,098.07 122.01 30.22 <0.0001

Residual (error) 10 40.37 4.04

Lack of fit 5 38.88 7.78 26.11 0.0014

Pure error 5 1.49 0.30

Total 19 1,138.44

DF degrees of freedom, SS sum of squares, MSmean square

Std. Dev.=2.01; R2 =0.9645; C.V.=2.44 %; Adj. R2 =0.9326. Mean=
82.21; Adeq Precision=17.188
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In the Gause's synthetic agar media the removal efficiency of
Chl awas 63±2 % at the 4th day, while it reached 78±2 % in
the optimized media (15 % higher than the former). Results
revealed that strain HJC-D1 had excellent anti-cyanobacterial
activity by producing anti-cyanobacterial substances during
short fermentation period in the optimized culture medium.

Biotic interactions are considered to be one of the poten-
tially biological control in the dramatics termination of
cyanobacterial bloom (Lovejoy et al. 1998; Qin et al. 2006;
Tang et al. 2012), prompting the isolation and characterization
of algicidal bacteria capable of controlling the bloom-forming
cyanobacterium M. aeruginosa (Choi et al. 2005; Hua et al.
2009; Kong et al. 2013b, d). Several anti-cyanobacterial bac-
teria have been reported and the studies focused on the effects
of anti-cyanobacterial bacteria on M. aeruginosa, and the
factors which are essential for controlling the outbreak and
disappearance of HABs (Lovejoy et al. 1998; Shi et al. 2006;
Wang et al. 2010). However, there is not any work related to
the optimization of anti-cyanobacterial substances production
of anti-cyanobacterial microorganisms.

It is showed that statistical designs, one-factor-at-a-time
design followed by statistical designs of the PB design and
CCD have been effectively for screening the significant fac-
tors and obtaining the optimal medium in shaker flask culti-
vation (Lakshmikanth et al. 2006; Fu et al. 2009; Gao et al.
2009; Liu et al. 2012). It was found that yeast extract was the
optimal nitrogen source for agarase production by
Agarivorans albus YKW-34 (Fu et al. 2009), while NaNO3

was the optimal nitrogen source for agarase production by
Acinetobacter sp. AG LSL-1 (Lakshmikanth et al. 2006),
which was consisted with the conclusion that KNO3 was
selected as the nitrogen source in our present study (Fig. 2).

Based on the PB design, sucrose, KNO3 and initial pH
were selected as the most significant variables that influence
the anti-cyanobacterial substances production. It was also
reported that agar, yeast extract, and initial pH had a signifi-
cant effect on agarase production by A. albus YKW-34 (Fu

Table 7 Regression analysis of the second-order polynomial model for
optimization of Chl a removal

Parameter Estimate Standard error F value P value

Intercept 89.45 0.82 30.22 <0.0001

X1 4.01 0.54 54.28 <0.0001

X2 1.98 0.54 13.28 0.0045

X3 4.27 0.54 61.66 <0.0001

X1×X2 -0.88 0.71 1.54 0.2431

X1×X3 -0.47 0.71 0.44 0.5221

X2×X3 -2.20 0.71 9.60 0.0113

X1
2 -3.18 0.53 36.20 0.0001

X2
2 -2.18 0.53 16.89 0.0021

X3
2 -5.25 0.53 98.37 <0.0001
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Fig. 3 Response surface plots of Chl a removal by strain HJC-D1. The
interaction effect are (a) sucrose and KNO, (b) sucrose and pH, and (c)
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3
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et al. 2009), and sucrose, ammonium nitrate, and NaH2PO4

had significant effects on C15-surfactin production from
Bacillus amyloliquefaciens (Liu et al. 2012). However, PB
design could only screen significant factors, it was not ade-
quate to determine the optimum levels of these factors (Fu
et al. 2009; Gao et al. 2009). Thus, further optimization was
carried out by CCD in this study, and it was noteworthy that
Streptomyces sp. HJC-D1 produced anti-cyanobacterial sub-
stances efficiently with a 15 % higher anti-cyanobacterial
activity in the optimized fermentation medium.

Our present study focused on anti-cyanobacterial sub-
stances production not only due to its effective biological
activities on bloom-forming cyanobacterium M. aeruginosa,
but also because the anti-cyanobacterial strain Streptomyces
sp. HJC-D1 was isolated from an eutrophic pond which could
be a good potential for natural eutrophication control. It takes
the first step in enhancing anti-cyanobacterial effect and im-
proving anti-cyanobacterial substances production secreted by
Streptomyces sp. HJC-D1. Nevertheless, regardless of medi-
um and culture condition optimization, the ecological safety
and anti-cyanobacterial ability of Streptomyces sp. HJC-D1 in
natural environment should be fully considered. In this re-
spect, the present study is useful for the further investigation
of the industrial production of anti-cyanobacterial substances
and purification of the anti-cyanobacterial compounds. With a
long-term goal of developing an effective method for control-
ling HABs, further studies will focus on identifying the active
anti-cyanobacterial compounds and revealing the inhibition
mechanism by Streptomyces sp. HJC-D1.

Conclusions

Application to optimize the major components of culture
medium for improving the secretion of activated anti-
cyanobacterial substances of strain Streptomyces sp. HJC-

D1, the one-at-a-time strategy design, PB design and CCD
design were used. The optimized composition of the medium
for Streptomyces sp. HJC-D1 fermentation was as follows (g l-
1): sucrose 22.73, KNO3 0.96, NaCl 0.5, K2HPO4 0.5,MgSO4

0.5, FeSO4 0.002, and initial pH of 8.82. Under this optimi-
zation strategy, the removal efficiency of Chl a obtained by
Streptomyces sp. HJC-D1 reached 78±2 %. Results showed
that the use of optimized medium improve the anti-
cyanobacterial substances production by Streptomyces sp.
HJC-D1 obviously, and the anti-cyanobacterial ability of
strain HJC-D1 on M. aeruginosa is enhanced.
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