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Enrichment and Molecular Characterization of a Bacterial
Culture Involved in Lysis of Microcystis aeruginosa
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Abstract: An enrichment culture showing specific algae-lysing activity was isolated from the mixtures of
different samples and Microcystis aeruginosa. The process of algal lysis was monitored by chlorophyll
measurement, PCR, and denaturing gradient gel electrophoresis (DGGE). The result showed that the en-
richment culture had still high algicidal activity against M. aeruginosa after 1/100000 dilution. Rubritepida
sp. C1, Pseudomonas sp. C2 and Sphingomonas sp. C3, as accompanying bacteria, existed in M.aeruginosa.
The bacterial community in M. aeruginosa showed significant change after adding the enrichment culture,
where uncultured Flavorbacterium sp. A2, Sphingomonas sp. C3 and Hydrogenophaga sp. A3 were ob-
served, and A2 became a dominant species. The obvious correlation can be seen between change of bacterial
population and extinction of M. aeruginosa. Compared identification of pure bacterium with sequencing of
DGGE band, it was inferred that uncultured bacteria were probably play an important role in controlling the
growth and abundance of M. aeruginosa.
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, , tion + Co 0.1 mL, Distilled water 99.9 mL A5
, Solution + Co : H;BO3 2.86 g, MnCl,-H,0 1.81 g,

ZnS0O47H,0  0.222 g, CuSO45H,0 0.079 g,
Na,Mo0,4-2H,0 0.390 g, Co(NO3),-6H,0 0.049 g,
Distilled water 1000 mL

1.1.3 HEYHmTE:

[1’2] 1.2 7‘?5%
4 121 HRAENESR )
’ 1mL 100 mL
[579] 1 1
’ ' ' a (Chlorophyll
’ a, chla)
[10-15]
1%
[16,17]
' 1 L 3
, 0.1%,
' ' 0.1 mL 100 mL ,
10 : ,
: : 1.2.2 BEEFMH:
, PCR-DGGE '
: 1) : 3d , 1%
: ' (107~107%),
y 3 2
1 MRS
DNA, DGGE
1.1 Mﬂ
111 EMRHEEFREMG 2) : 3d , 1%
(Microcystls aeruginosa, FACHB 905), 2
, 25°C, 2000 Ix, 3) , (3 d
12 h:12 h 5d 7d 9d 11 d) 1%
3d~7d,
Elrjo 1:;(;% gK:HPO 4 M 3(2671:1 Omt;d;um): ’ ONA, DGCE
a mg, mg, : .0 Mg, e s
; g, P2 a & MG, MIGSLarf 72 O 123 mEZHASE L) PCR

CaCl,-2H,0 3.6 mg, Citric acid 0.6 mg, Ferricammo-
nium 0.6 mg, EDTA 0.1 mg, Na,CO3;2 mg, A5 Solu- DNA
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(DDP302-02, Tiangen) DGGE 16S rDNA
V3 338FGC(5'-C_GCC CGC CGC GCG

CGG CGG GCG GGG CGG GGG CAC GGG GGG
CCT ACG GGA GGC AGC AG-3, GC

) 519RC(5-ATT ACC GCG GCT GCT GG-3)!"

PCR 1 94°C 2 min; 94°C 45 s,
65°C 35 s, 72°C 45 s, 33 ; ,
72°C 5 min PCR (1%
, IxTAE ) 2) DGGE
PCR DGGE (DGGE
Bio-rad ) 8% (1.5 mm
, 16 cmx16 cm), (100% 7 mol/L
40% ) 30%~60%
60°C, 80V, 6h
, 15 min,
, Quantity One 3)
DNA :
) DNA ,
V3 PCR , PCR PCR
1.0% ,

RDPII (http://rdp.cme.msu.edu/)

ClustalX , MEGA 4
(Neighbor-Joining , Bootstrap
1000 )
2 #R

21 ERNBEREEFLHARYR

0.1%
\ 10 \
22 BBREMNBTRMROIZMN
la , (1.2x10% CFU/mL)
8d ,1% 1072 ( o 1.2x
10° CFU/mL~1.2x10° CFU/mL)
. 107°~107°
17 d , 10°%~107°
( 1b)
2.3 AR EMAEM RN
2 , ,
, 4 , 6 d~8 d

http://journals.im.ac.cn/wswxtbcn

a g5 Oo4d

1 HREMBREHRIZME
Fig. 1 Algae lysis monitored by chla measurement (a) and
observation (b) with serial bacterial dilution

Tal b
(1071~107%).
Note: 1: Control; 2: Original culture; 3~7: Dilution from 107" to
10°°.

(17 d); 1: 028 0 3~T:

051

—— Control

0.4 —=— Bacterial addition

0.3

0.2

Chla (mg/L)

!
0.1

0.0

0 2 4 6 8 10 12 14
1 (d)

B2 AEdihmHEREe

Fig. 2 The time course of algal lysis measured by chla

24 BERH RN EEZROFM
3d 5d 7d 9d 11d :
1% ,
4d 4d 5d 6d 7d

25 DGGE ##f
251 ARHBREREREY
( 3a), ,

JiEEEF T DGGE
Cl C2 C3
,Cl C2
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69%,
, C3 , (33%) 107'~107° ,
, A2 A3 , A2 , )
60% : (905)
, 107'~107° ,
a | 2 3 4 5 6 b
=
i,
C]— . : &
C2— i & 0.33 0.60 0.80 1.00
Lane 1
Lane 6
3 .— A2 [033 0.83
C3— Lane 5
0.69
Lane 2
. 3
L S —— 0.76 ——— Lane 4
0.90
= - Lane 3
E 3 HiLHAY DGGE Bik(a)REBE S (b)
Fig. 3 DGGE gel (a) and cluster analysis (b) of the bacterial community
5 ; 2~6:1071~10°
Note: 1: Control; 2~ 6: Bacterial addition at serial dilution from 10~ to 10°°.
( 4), C1 DGGE 3a 5
Rubritepida flocculans [T] ( : AF465832) ( )
, 95.7%; C2 1 s
(Pseudomonas sp. strain 1131; AY230195) 2 3 Wk
(EF508975 EF511845) ,
(92.4%~93%); C3 3 (AF131296 , ,
DQ337548 EF494192) , 98.3%;
A2 3 (EF520552 AY752092 , ,
DQ501341) , 95.7%~97.3%; A3
(AB166889 AY168755 DQ984633) , (18]
(98.5%~99.3%) (PDA),
252 A REAEMNEEFLTI: DGGE , ( ), ( ),
) ) BG11
C1,C2 , C3
A2 , g
3a , A3 5 , )
, A3
) DGGE

Rubritepida(C1),
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Cl
70
Rubritepida flocculans (AF465832)
100 Uncultured bacterium B13 (AF407715)
7 Uncultured bacterium BF0002A034 (AM696849)
Pseudomonas sp. strain 1131 (AY230195)
‘ Uncultured bacterium P3D5-499 (EF508975)
99 2
] 391 Uncultured bacterium PSD23-464 (EF511845)
Sphingomonas koreensis 1S8-26 (AF131296)
Sphingomonas sp. DS14 (EF494192)
100} C3
Sphingomonas sp. BBCT20 (DQ337548)
A2
Uncultured Bacteroidetes bacterium STI1-7 (DQ501341)
100 Uncultured bacterium P38.17 (AY 752092)
—— Uncultured Flavobacteria bacterium ADK-MOe02-29 (EF520552)
97 Hydrogenophaga sp. YED6-4 (AY 168755)
A3
98

Hydrogenophaga sp. TRS-05 (AB166889)

89)
l l Uncultured bacterium YK_ 110 (DQY84633)

0.05
4 B
Fig. 4 Phylogenetic tree constructed with sequences from excised DGGE bands
Note: The numbers in bracket were GenBank accession numbers; The numbers in the tree were the percentages of bootstrap replicates in
which the cluster was found; Bar (0.05) represented substitution per site.

1 2 3 4 5 6 7 8 (C2) (C3),

(A2) (C3)
(A3) yA2 3 )
DGGE )
A2 )
8 A21
[20]
Fukamif?!
Gymnodinium mikimotoi
5 AR REE M E R L (DGGE) (Flavobacterium sp. strain 5N-3) Sohn
Fig. 5 Changes of the bacterial community structure [22]
monitored by DGGE at different time )
185 T 2d 4d 6d 8d2 4 6 & . (Kordia algicida gen. nov., sp. nov.) An
Note: 1, 3, 5, 7: 2, 4, 6, 8 days after bacterial addition; 2, 4, 6, 8: [23]
Controls. QD
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(Flavobacterium sp. strain LXA.) [24]

4 )
(Flavobacterium branchiophila)

Eilers [

l%, 1
- (Cytophaga-Flavobacteria)

, DGGE ,
, 3 (Rubritepida
), 3
, Rubritepida
: Hare [
DGGE 180 bp ,
16S rRNA ,
: (FISH)
4 Sk
1) il il
(Microcystis aeruginosa,
FACHB 905)
2) , 1% ,
4 , 6 d~8 d
; 1x10°°
3) DGGE Rubritepida
3 L

%
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(1]

[2]
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