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Optimization of alginolytic conditions of Microcystis aeruginosa by
bacteria EHBO01 using response surface methodology

XIYu-Qin~ ZHANG Ming-Xu CHENG Hong-Bin KONG Wei-Bao JIA Ling-Yun
College of Life Sciences, Northwest Normal University, Lanzhou, Gansu 730070, China

Abstract: [Background] Cyanobacterial bloom caused by eutrophication has caused serious pollution to
freshwater resources. The use of environmentally friendly alginolytic bacteria can effectively control the
growth of cyanobacteria, which is one of the effective ways to prevent and control the formation of
cyanobacteria bloom. [Objective] To optimize the alginolytic conditions of Microcystis aeruginosa by
bacteria EHBO1, so as to produce alginolytic agents for controlling the pollution of cyanobacterial bloom.
[Methods] The concentration, temperature, light, C:N and N:P of alginolytic fermentation broth were
analyzed by single factor test, and the carbon source, nitrogen source and pH of alginolytic bacteria
EHBO1 fermentation broth were optimized. Based on single factor test, the optimal quantity levels of key
factors were determined by central composite design (CCD), and regression analysis was conducted by
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Desig-Expert 8.0.5. The parameters with the best alginolytic effect were obtained by response surface
methodology (RSM). [Results] The effect of fermentation liquid concentration on the algicidal ratio was
increasing continuously. The effect of temperature on the algicidal ratio was first increased and then
decreased. However, the effects of light, C:N and N:P on the algicidal ratio of bacteria EHBO1
fermentation broth showed a tendency of decreasing first and then increasing. The best carbon source for
EHBO1 fermentation liquid was sucrose, nitrogen source was potassium nitrate and pH was 7.5. Under the
optimized conditions, the algicidal ratio was up to 86.97%, which was 21.72% higher than before
optimization. [Conclusion] RSM was used to optimize the optimal culture conditions of alginolytic
bacteria EHBO1 fermentation broth, and the model fitting effect was good, which could provide an
effective basis for industrial preparation of alginolytic agent.

Keywords: Alginolytic bacteria, Microcystis aeruginosa, Alginolytic conditions, Response surface

methodology
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Table 1 Factors and coding level of response surface
analysis

HZE g It 7K Coding level
Factors Code -1 0 1

pH A 7.0 7.5 8.0
HERE B 0.5 L0 L5
Sucrose (mg/L)

TR C 10.0 15.0 20.0

Potassium nitrate (mg/L)
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Figure 1 Effects of fermentation concentration on the

algicidal ratio
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Figure 2 Effects of different temperature on the algicidal
ratio
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Figure 3 Effects of different light on the algicidal ratio
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on algicidal ratio
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Figure 6 Effect of different pH on the algicidal ratio in
algae-lysing bacteria
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Figure 7 Effect of different carbon sources on the
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Figure 8 Effect of different nitrogen sources on the
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2.2 MR EGERICER
221 HLEERIE R IT(central composite design,
CCD)IRIELER

3 CCD ¥4 pH (5.5-8.0). EIH(10-20 mg/L)
FHRHI(0.5-1.5 mg/L)iY 3 &K 3 KFiks, 15
2 17 AR AR, Hrhin R KME R 86.97%,
I/ IME N 39.56% (3 2).
222 ZREVAMERAENSTE

DL ¥ K (algicidal ratio) >4 Wi 1 8, F]
Design-Expert 8.0.5 XI5 2 ¥g it 17 [BIH 47, 15
B R EIIEE TR A . Algicidal ratio (%)=86.21—
3.41A+0.62B—0.5C—4.73AB+2.88AC+1.38BC—21.6A>~
16.59B>-21.27C>.

T 3 ] ARSI Ao 1 T 24K, FR AR 3 AT,
R i 2 (P<0.000 1), RAEIIF) P=0.002 8, i
KA EP>0.05, F); Heph A* B C X
BRI, R3] T B (P<0.000 1), £ 4

#z2 MmMEymEmRERITER
Table 2 Result of CCD test
J?"% A pH B: ﬁﬁ% C: Eﬁ@ﬁ%ﬁa (ﬁ?ﬁ$

No. Sucrose (mg/L) Potassium nitrate Algicidal

(mg/L) ratio (%)
1 7.5 20 0.5 48.09
2 7.0 15 1.5 46.36
3 8.0 10 1.0 41.36
4 7.5 10 1.5 57.41
5 8.0 15 0.5 47.59
6 7.0 20 1.0 39.56
7 7.5 15 1.0 86.33
8 7.5 20 1.5 40.23
9 7.5 15 1.0 86.97
10 8.0 15 1.5 51.22
11 7.5 15 1.0 85.91
12 7.5 15 1.0 86.00
13 7.5 10 0.5 46.35
14 7.5 15 1.0 85.85
15 7.0 15 0.5 48.26
16 7.0 10 1.0 51.23
17 8.0 20 1.0 41.22
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Table 3 Analysis of variance for the regression model

=g I AME B Fig PiE

Source Sum of squares df Mean square F value P value

Model 5 836.60 9 648.51 206.41 <0.0001 Significant
A 92.82 1 92.82 29.54 0.001 0

B 3.04 1 3.04 0.97 0.358 2

C 2.02 1 2.02 0.64 0.449 0

AB 89.49 1 89.49 28.48 0.001 1

AC 33.24 1 33.24 10.58 0.014 0

BC 7.65 1 7.65 2.43 0.162 7

A’ 1 965.10 1 1965.10 625.46 <0.000 1

B’ 1 158.65 1 1 158.65 368.78 <0.000 1

c? 1 904.18 1 1904.18 606.07 <0.000 1

%24 Residual 21.99 7 314

S AUME Lack of fit 21.14 3 7.05 32.94 0.002 8 Significant
4li{% 7% Pure error 0.86 4 0.21

HLB§2% Cor total 5 858.60 16

R4 BB REEHH
Table 4 Analysis of model R’

i H Item A Value
FrifEZ Std. Dev 1.77
SF-34{H Mean 132.07
BRFH CV.Y% 3.04
THISEJr A1 PRESS 339.53
ZH R’ 0.996 2

¥ IE R* Adj R 0.991 4
Tl R* Pred R 0.942 0
{5 Adeq precisic 35.790

R*=0.996 2, Ui W AR BE AR 99.62% W {EAZ 1L ,
KIEZRECN 0.991 4, Wi RECHK 0.942 0, FifE
SREEAREER, BRI ARG, AT LA
ST AN EE AN 7 EHBO1 fcfE v i 251
223 FERZREREER

P L O AT 2RI, AS [ 47 i) . T AR 45 o 4R Tl R AN
[vi] 14 7 4 D1 2% 0 P A EC AR R o iz g T 11 ) R 3R
ZIN W] of (A7 AE AR T B R 5 55 R 4R S i IR U 3R
AR [R] 2% =2 1) A8 A P St o 7 52 i (. 2521 &1 9A
B BT pH FIASERHXT EHBO1 ¥ B R A0 52,

e 17 i e P R ACRE, SF R EMETE, B pH
FIRBRAN KA MR A S H AU % . K 9C. D X
W T RS PR AR A RERE R EHBO1 IS 3R A5 m , o
o T P 2R B, S R R A IR, R R B A
HEMEXHA BRI HAN B, B 9E. F BT
pH FIREWEXT EHBO1 75 #2238 5% M , Homi) 1o il 7 ]
Rkl SR EMETE, B pH AR 7 e
RIAEHN B3
2.3 MaR EGER AL IE IR I 45 R

TE1Z CCD 3 T 25 51, pris #ig et
KM R pH 7.5, M 15 mg/L, fiHRET
1.0 mg/L, MCBIRITIN AR R R 86.97%;
R T ARG AR T A R L 25 B RS B AE R
AR Tl B RNE BUK R & B SR AT
T, e B R . pH 7.5, M 15 mg/L .
TEIRE 1.0 mg/L, TEIRAEM BRI &0F T sl
EHBO1 SZPRis#E RN 85.33%, 5 Wi{HiR%E
H£1.64%, TohEMEZES, W] LA R A AT b i
TSR EE R
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Figure 9 Response surface plot and contour plot showing effects of algicidal ratio
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