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B OE: (FF)] EEAKRERANEETCEARL, 7 REFLE, REKRINAZERIEH
KRR, BEMA LA FRELERERAEM TR, TOMEA B ERKEFRIGH K
TE, (B8] 55 F L2 mb T 094R 4545 E 3% (Microcystis aeruginosa) & s, ik
B AE A TARGAR R 09RO #ATHR R, M T L isdas i 5 gmsl. [57%]1 XA LB
TR, BESARNNE S, BribmE, M 16S rRNA LB F 7 L 52 mEfrk; £
REmEN BT Ry BAZEMER, FFMEL cpecBAERFIIAE TR EFE, RARKT
BR ARt 4k F a, At AEd AR, AT Atk A8 (CAT). &R A 5 PEH Ik (GSH) A= &
ZEBMDARA @ E SRR R THRANL A . [£R] 0 B35RF 1 rmEd
Fo 17 MRATATAR A R R 0 U B . IR F — A Kk B R ke 4R M £ 3 DCM4 Fo—
Hhos B AR AT 3k ) Sp37 (Bacillus siamensis) #4756 4 AR . Sp37 xF DCM4 #) 4d ik %
H 2| 92.4%+1.5%, FAFik 5k E ey KA A 3 (M. flos-aquae)fe & K 4k # 3 (M. wesenbergii)#)
H gk ROR, M SRR EOR AR, Sp3T7 9 R B RALE IR A DCM4 89 4 d 53 F 55
# 86.8%+4.3%F= 81.1%+2.2%, WH XA LF £ 57+(P>0.05). Sp37 Hik* DCM4 t9imzE 4
25.4%+7.3%. Sp37 L H JE R Z RFRE A pH AL X G 0A R FE 5 RZ A B RR G EE
R PR EF. Sp37 L H ek AL Lk m Je A% 3k a6 CAT. GSH A= MDA 4 & X A T k. [ 4
# 1 Btk Sp37 xH4R G E % DCMA B &3kt s E A, w Bt i B L — R e s ik 4%
Sk, Sp37 At ks R A MR, AIREMR AR AT AR RS, Sp3T &
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| dentification of algicidal bacterium Sp37

WANG Qi PAULINA Simon LIU Jin-Yu CHI Yu-Xin DAI Xian-Zhu DU Hong-Xia
ZHANG Xiao-Hui YASUO Igarashi YANG Cai-Yun' LUO Feng’

(College of Resources and Environment, Southwest University, Chongging 400715, China)

Abstract: [Background] Phytoplankton blooms are a worldwide problem that brings a serious threat
to environment and human health. It is urgent to control bloom through effective methods. Algicidal
bacteria have been considered as an effective strategy to control bloom because they can kill algae.
[Objective] To isolate and identify Microcystis aeruginosa and its algicidal bacteria from Dianchi
Lake, and further analyze the algicidal effect and inhibition mechanism of algicidal bacteria against
M. aeruginosa. [M ethods] Bacteria were isolated by dilution separation method and identified based
on 16S rRNA genes. Algae were isolated by dilution separation and capillary separation methods,
and identified based on cpcBA and 18S rRNA genes. Algicidal efficiency was cal culated based on the
chlorophyll-a concentration of algal culture, which was measured with heat-ethanol extraction
method. Determination of CAT (catalase), GSH (glutathione) and MDA (malondialdehyde) were
used to investigate the algal response of antioxidant system to the algicidal bacteria. [Results] In
total 11 Microcystis and 17 algicidal bacteria strains were isolated, M. aeruginosa DCM4 and
Bacillus siamensis Sp37 were selected for the further research. Sp37 showed a strong agicidal
activity against M. aeruginosa DCM4 (A.=92.4%+1.5%, t=4 d), and it also can kill M. flos-aquae
and M. wesenbergii of Cyanophyta, but not Monoraphidium and Scenedesmus of Chlorophyta; there
is no significant difference of algicidal ratio (P>0.05) between the culture and cell-free filtrate of
Sp37 (86.8%+4.3% and 81.1%+2.2% (t=4 d), respectively), while that of washed cells were much
lower (25.4%+7.3%); Sp37 cell-free filtrates that treated at different temperature and pH conditions
displayed no obvious difference of agicidal effects; Cell-free filtrate of Sp37 caused great changes of
CAT, GSH and MDA content of DCM4. [Conclusion] Sp37 had strong algicidal effect on M.
aeruginosa DCM4, and it is likely can kill Microcystis selectively. Sp37 kills M. aeruginosa DCM4
by releasing agicidal substance(s) which has (have) good thermal and acid-base stability. Cell-free
filtrate of Sp37 can activate antioxidant systems and destroy cell membrane of DCM4, and ultimately
cause algal cell death.

Keywords: Algicidal bacteria, Microcystis aeruginosa, Chlorophyll-a, Algicidal substance,
Antioxidant system

(1 [3-5]
( ) (Microcystis aeruginosa)
2 4-11
R 7-9

(7

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2616 A 2 A

Microbiol. China

(Bacillus pumilus) DC-L5®
(Lysinibacillus fusiformis)
(B. cereus) YA1-1
(B. mycoides) YA2-3

DC-L14")

6 2

(Pseudomona sp.) DC10*

1 ME5TE
1.1 EERFIFLEE
NaCl
FastDNA Spin Kit MP biomedical
DNA
PCR TaKaRa
pH
Tomy
Beckman PCR
Bio-Tek

12 BERNIBEESHES

LB (LB (g/L)
NaCl 10.0 5.0 10.0
1.5 pH 7.0-72) 30°C 2-3d
120
-80°C
16S rRNA F& [X]
PCR 27F (5-AGAGTTTGATCCTGGCTCA

G-3) 1492R (5-TACGGYTACCTTGTTACGACT
T-3) PCR (25 L) 2.5 pL 10xPCR buffer
(Mg* free) 2.5 uL MgCl, (25 mmol/L) 0.5 pL
dDTP 10 pmol/L 05 pL  0.25 L
Tag (5U/uL) 2uL DNA 25l
PCR 94°C5min 94°C1min 55°C
Imin 72°C2min 30 72°C5min
2 uL PCR

PCR

1/6LB 30°C 180 r/min
LB LB
1/6 LB

16LB
200 puL
30 °C 180 r/min
600 nm

20 mL 1/6 LB
3 2 h
(ODéno) ODe¢oo

13 EEMNSBES5ER
131 EENDES
BG11 (12]

pH 8.8-8.9
pH 8.8

BG11

132 EENEE

( )
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CpcBA

433 pNA CTAB

8 pcr PCBF (5-GGCTGCTTGTTT

ACGCGACA-3) PCuR (5-CCAGTACCACCAG

CAACTAA-3)™  pCR (25 uL) 2.5 uL
10xPCR buffer (Mg®* free) 2.5 uL MgCl, (25 mmol/L)
0.5uL dDTP 10pmol/L 05 pL

025puL Tag 5U/uL 2puL DNA
25uL PCR 94°C5min 94°C1min
55°C1min 72°C2min 30 72°C 8 min
3 uL PCR
PCR
133 HRMER
BG11 28°C 3000 Ix
14:10
1.34 IEEEKEZHNE
5mL 100 mL BG11
3 3d a
680 nm (ODggo) ODeggo
a
14 REEMTHE
1mL
5% ( ) 20 mL
1/6 LB
15 MEsHEMAmm AR
151 ZHEXEMMEARIER
1 mL ODgyo
0.67 (Sp37 1/6 LB oD
) 5% ( ) 20 mL
a 3.6 mg/L (
ODegoo
0.67 a 3.6 mg/L
) 16 LB

3 12h
a a [17-18]
A=(Co~C)ICox100% Ac
C G
a

152 HMERRER LAY R

3 1/6 LB 0.22 um

1 mL 5% ( )
20 mL 1/6
LB 3 4

pH 1 mol/L HCI
1 mol/L NaOH 30 50 7.0 90
11.0 3h pH 1mL
5% ( ) 20 mL
-20 40 60 80 100 °C
3h 1mL
5% ( ) 20 mL

3 4d
a

1.6 SRS TEERCIER LIRS LI

1 mL
20 mL 3
3 12 18h
3 -80°C
(CAT)

(GSH) (MDA)

2 HGR5hH
21 WERSAEHENIBEBEE
11 3
DCM4
DCM11

DCM1
(Monoraphidium sp.)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2618 (DG ESTE Microbiol. China

DCA4 (Scenedesmus sp.) DCAS 92.4%+1.5% ( 3) Sp37
NIES-843 DCM4
17
[19-20] (B. pumilus)
Sp37 Sp37  16S rRNA (8] Bacillus
EzBioCloud 16S rRNA siamensis Sp37
Sp37
(Bacillus) 99% a (0.5-1.0 mg/L )22
Bacillus siamensis ( 80%
99.93% Sp37 Bacillus siamensis Sp37 >7 d)i>*2 a
1 (3.6 mg/L) a
22 itk Sp37 Kk KLk (0.04-0.39 mg/L){#**] Sp37
Sp37 1/6 LB 2 h Sp37
600 nm (ODeg0o)
2 2 Sp37 2.4 Ttk Sp37 B ETEE
0-6h 6-14h 14h Sp37
3 2
Sp37
2.3 H#k Sp37 MG M EE DCMARIBTEME  DCM1 DCM11 NIES843
Sp37 DCM4 ( 3) DCA4 DCA5 1
a 3.6 mg/L Sp37 Sp37 DCM1 DCM11  NIES843
12 h DCM4 NIES843
a 1d 8d 99.8%:+0.0%
42.7%:+3.6% DCM4 DCM1 DCM11
4d DCM4 8

Baciltus halotolerans ATCC25096 (LPVFO000003)
4|——|;78(mfﬁw tequilensis KCTC 13622 (AYT001000043)
Bacilfus vallismortis DV 1-F-3 (J11600280)
Buciffus nekamurai NRRL B-41091 ([.SAZ01000028)
Bacillus atrophasus JCM9070 (ABO21181)
Bacilius subtifis subsp. subtilis NCIB3610 (ABQLO1000001)

Bacilfus velezensis CR-502 (AY603658)
Bacilfus amyioliguefaciens DSM7 (FN397644)

Sp37 (MG788345)

Bacillus siamensis KCTC13613 (AJVEFO1000043)
Bacillus vanitlea XY 18 (KF986320)

—
0.000 5

1 ETFE#k Bacillussiamensis Sp37 Y 16SrRNA EEFFIEIRMWEN ARG L B
Figurel Phylogenetictreebased on 16SrRNA gene sequence homolog of Bacillus siamensis Sp37
GenBank .
Note: Numbers in parenthesis represented GenBank accession number; The scale bar represents the evolutionary distance.
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10 12 14 16 18 20 22
t(h)

2 4B Bacillus siamensis Sp37 Y4 K Hh%Zk
Figure2 Thegrowth curve of Bacillus siamensis Sp37

79.4%+2.5%  69.8%:+1.8%
DCA4 DCA5
Sp37

[2,24]

[25]

25 Bk Sp37 ARG M EE DCMAMIER
WY USHSELY gk e

Sp37 DCM4
Sp37
4d
DCM4 ( 4
Sp37 4d
86.8%+4.3% 81.1%+2.2%
(t-test P>0.05)
DCM4
25.4%:+7.3% Sp37
DCM4
DCM4

(28] skerratt
[3]

[5]

Control

Chl a{mg/l.)

100
90 F
80F
70k
60
50F
40
30F
20F
10 F

0 1 1 L L L L J
0 12 24 36 48 60 72 96

t{h)

Algicidal ratio (%o)

3 Wk Sp37 MEALRMEE DCMAEA THIM %R a
SRR EENEE)
Figure 3 Content of Chlorophyll-a (A) and algicidal effect
(B) of Sp37 on M. aeruginosa DCM4
Test Sp37
Control 1/6LB .
Note Test isindicated that the culture of Sp37 was inoculated in

M. aeruginosa DCM4 and co-cultivated; Control is indicated that
the 1/6 LB was inoculated in M. aeruginosa DCM4 and
co-cultivated.
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R 1 EH Sp37 W HM M IR EKEENTERR
EEi

Tablel The algicidal activities of Sp37 against the tested
Microcystis and eukaryotic algae

Algicidal

Phylum Algae strain ratio
(t=8d, %)
Cyanobacteria DCM1 (Microcystis flos-aquae) 79.4+2.5
Cyanobacteria DCM11 (Microcystis wesenbergii)  69.8+1.8
Cyanobacteria NIESB843 (Microcystisaeruginosa)  99.8+0.0

Chlorophyta  DCA4 (Monoraphidium sp.) =

Chlorophyta  DCADS (Scenedesmus) =

Note: —: No algicida effect.

100 ¢
90
R0
70 F
60
50
40
30r
21
10

Algicidal ratio (%)

Culture Washed cells  Cell-free filtrate

4 YHE Sp37 EIRAELE X EFMFESE DCM4 1Y

T s
R

Figure 4 The algicidal effect of different culture
ingredients of Sp37 on M. aeruginosa DCM4

Sp37
DCM4
DCM4
Sp37 DCM4
5 pH (3.0
50 7.0 9.0 11.0) (-20 40 60 80 100 °C)

(P>0.05) Sp37

Sp37

A
100

Algicidal ratio (%)

Control 3.0 5.0 7.0 9.0 11.0
pH

100

Algicidal ratio (%)

Contral 20 40 60 &0 100
Temperature (°C)

5 Sp37 EEIRRENRFILEEX DCM4 AR
Figure 5 Algicidal effect of cell-free filtrate of Sp37
treated at different acidity-alkalinity (A) and temperature
(B) on DCM4

A pH B

Note: A: The algicidal efficiency of cell-free filtrate treated at
different pH; B: The agicidal efficiency of cell-free filtrate treated
at different temperature.

26 EBREEATEMEAEIREWIgRN
261 TERFEERATEMEAMEN RGN
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(CAT)
CAT
H20, H,0,
6A DCM4 CAT
Sp37
18 h CAT
(P<0.05)
SP37
CAT
CAT
[27]
A
7.4 DCM4+1/6LEB
- O DCM4+cell-free filtrate of Sp37 *
T s}
E
=
]
12 I 18
()
B
5, = DCM4+1/61.B
O DCM4+cell-free filtrate of Sp37
?‘3 EE3 ok
E
=
°
=
28]
)
12 18

t(h)
6 Sp37 TEEAXT DCM4 B4R CAT (A)F1 GSH
(B)RERIFM
Figure 6 Influence of Sp37 cell-free filtrate on the CAT

(A) and GSH (B) of DCM4
Note: *: P<0.05; **: P<0.01.

(GSH)
ROS GSH
ROS 3h GSH
12h GSH
12h 18h
GSH (P<0.01) ( 6B) GSH
Sp37
GSH ROS
(GSSG) GSH
Tan
GSH
[28]
Sp37
DCM4
262 HEIERAXEMARTE MR
Sp37
(MDA)
3h 12h
18 h
MDA (P<0.01) ( 7)
MDA Sp37
7. ®DCM4+1/6LB
0 DCM4+cell-free filtrate of Sp37
=6 *
= 3}
b L
0 ' 12 ' THE

t{h)

7 Sp37 ZTEEEXT DCM 4 E4HAE MDA & 8895200
Figure7 Influence of Sp37 cell-freefiltrate on the MDA of

DCM4
Note: *: P<0.05; **: P<0.01.
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ROS

ROS 29

MDA

MDA
[30]

3 WL
Sp37

16S rRNA Bacillus siamensis

DCM4
Sp37

DCM4 Sp37

(31]

Sp37 DCM4
CAT
GSH Sp37
DCM4
18 h MDA
Sp37
Sp37

Sp37
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