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Variation of Bacterial Community Composition in the Outbreak and Decline of

Microcystis spp. Bloom in Lake Xuanwu

ZHENG Xiao-hong, XIAO Lin, REN Jing, YANG Liu-yan
(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210093, China)

Abstract: Water samples were collected in the outbreak and decline of Microcystis spp. bloom in three different lake areas of Lake Xuanwu for
studying the bacterial community composition during the bloom to provide clew for understanding the dynamics of water bloom. Traditional
microbiological methods were used for culturable bacterial analysis, while the amplified products of variable V3 region of bacterial 16S rDNA
were used for bacterial community DNA finger print by using denaturing gradient gel electrophoresis (DGGE), and the 16S rDNA sequences of
predominant bacteria in the community were used for phylogenetic analysis. Results showed three groups of bacteria were detected during
Microcystis spp. bloom, including Proteobacteria Firmicutes and Bacteroides. In the outbreak of the boom, the propotion of Firmicutes,
Bacteroides and o-» -5 7-Proteobacteria in total bacteria account for 31.25% > 25% > 18.75% > 12.5% and 12.5% respectively, and sixteen
genera of bacteria are predominant in the bacterial community. While in the decline of the bloom, the proportion of ¥-Proteobacteria increases
up to 50% > followed by Firmicutes and o-Proteobacteria, with the proportion of 33.3% and 16.7% respectively. Some species including
Hydrogenophagas Vogesella, Sphingomonas, and Exiguobacterium disappear when the bloom declining, but the abundance of total bacterial
goes up. Pseudomonas and Bacillus are always the leading genera but with changing in species. During the same stage of the bloom, bacterial
diversity in the lake area with more Microcystis spp. aggregates is lower. The variation in bacterial community composition may be correlated
with changes of organic matters and other environmental factors that affected directly by wax and wane of Microcystis spp. aggregates, and the
density of the aggregates may have effect on bacterial diversity.

Key words: Microcystis spp.; water bloom; bacterial community; traditional microbiological analysis; PCR-DGGE
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JKHL YK ( denaturing gradient gel electrophoresis, DGGE)
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Ry s, LA B ali G IR bk . 2 OCuRC 18 1 i
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V-P-M-R P56, I AR 4 0l e 45 28 A () a2 4
W% T AT S e
1.3 ZHW B 2246 1) PCR-DGGE 34T
1.3.1 ZpEIERI41E DNA [F4E s 4iifh

400 mL ZKFEZ 0.3 pum P UE, A IE R BY
T4, 1 TEC10 mmol/L Tris 1 mmol/L EDTA: pH 8.0)JiE
T AR JBUTTR B 0 14 4 R FH Mayali 2507 1) 7 12530k
A7 B 3 P 21 DNA $2 5. BT 43 DNA ) 4 3k H]
Takara 2 7] (1 i [AIWCIR 1) S 2047 4li4k
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rDNA;: FFLLIZA 39 7240 A BRI, K FH R 22 $ 4 v
AT AP 1) 16S rDNA FEH v3 X BAGRE 5 1)
Xt GC-341F F 534RIREATH 48

PCR X V. AE MyCycler ( Bio-Rad) L HEAT, S W 4%
AU AFE: 50 ng FIALHR 20 pmol 1F X 1754200
pmol/L ANTP.5 plL ] 10 x PCR buffer (A7 MgCl, )+
1.5 mmol/L] MgCl,~1 U ] Ex Tag DNA & i Fl &
RS KA L 50 pl. [NV P A5 94°C 4 mins
94°C 45 $,55°C 1 min> 72°C 45 s, 30 XA 72°C 10
min; 4°C PR AT .

KH Bio-Rad 2 7] Deode™ i K 58 45 A5l 22 48 X6}
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mol/LIR 2 H1 409% 2 3 W BEIE 9 1009% AL 1D 7E 1
x TAE F1,60°C, 130 V 45F N HLIK 5 by, B EB 4%
WG 5, Bio-Rad HENR AE 73 T R 48 . 7 G (0 )5 1)
BRI
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X UK 43 5 0 4ty B H A AR BEREAT AR
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V3 X5 GC IR AH R FE 7 AT PCR 97
W5 IEAE B AR TAREOR 2 5107 4 e &5
FERE NCBI H 45 i 95 1 3k 43 6 bl %5, Blast #8 R 1
ARABLPE @ 1 7 81 FIR Clustal 3R AR HEAT 2 77 51 LG
XF, 383 Mega 3.1 M RGKE .

]

RE5H

2.1 WIDRIKAEAE B B K 43 B

3 AN KA AG BLAS [ : 2006 4F 8 H K5 K
W, b s fe i 2 HAEA R, vH il LIk, R
B/ 2006 4 9 H /KA ZEIR I, BR VG R oh ik
A/ EEEAN, AR5 G JC IR o) WL . R 1 T
F s 3 AN K AT B 22, VG R I S 4R L
.8 HPE M (BDSALMICCO MR E MK B 2
mg/L, AL R =714 0.605 mg/L, I H. COD ik
131.04 mg/L. B T~ 7K HE B I, 38 Ak R 14 0 Aol 45
KA GG AR RN, SO T IKAR ) pH {E, BT ]
R P R T R 18 00, 3¢ s 3ek o S A
IKAE I R & AR K KR N P & & BT, coD
EIG R .9 3 AN I S A s Bk B & coD ¥
FIT R B 2R R I CA2) o B 1 e R, 1f 69T Cc2) s
5 AR AG, 1 0.057 mg/L. 31X 3 ZE e B T HE R 14 5
THFE, KA 75 77 359 P58 30 7 B8R A A 8 A K o
WK BEARTT U L T2k o i, 38 oy A DT B 2R 0T
R vt T 51 R K A PR A R DL K
COD fH ) 5 .

F1 NEIKFESER/mg 1!

Table 1  Character of different water samples/mg®L ™"

2

B Al A2 Bl B2 Cl 2
FE¥ 1.595 1.528 2.059 1.558  2.388 1.635

SR 0.150  0.126  0.131  0.074  0.605 0.057
COD 22.23 16.58 46.85 40.23 131.04 56.25

2.2 ARRERA
2.2.1  WHEIFRANNERE LA

KHMEGETTE I BREIR T 6 )& 11 Tl i, B A
AT W C Bacillus sp. )~ & 5 M 1% C Pseudomonas
sp. )~ BT AT ( Flavobacterium sp.)~ i % ¥k
( Staphylococcus sp. )~ /N BN FF1# C Acinetobacter sp.)
& VK 1R C Chryseobacterium sp.) . Bl 1 FE 2 73 5] %
I 53] DX P R R A R T SR 2 R AE K AR
] AL L

8 J /KA J ], 3 AN W X KA o 2F AT 1
(Bacillus sp. ) WHCE 5 W WARH, I dv Lol 2 45%
~ 90%: i iz ( Pseudomona sp.)~ ¥& fF

55
50
45 |-
4.0 |-
35
3.0

21 = X 10%cells-mL ™!

A2 Bl B2
KA
E1 FERAHEFETL

Fig.1 Change of culturable bacterial abundance

O Acinefobacter sp, BB Chryseobacterium sp,
O Mavobacterium sp. B Staphyiococcus sp.
[0 —— Pseudomonas sp. B 771 T 1 Bacillus sp.

s

ey
A

AR B A B T S ke

Al A2 B1 B2 Cl c2

2 FIEFFMEETRARTL

Fig.2 Change of culturable bacterial community composition

( Flavobacterium sp. )~ i % 3K B ( Staphylococcus sp.)
E 3 W DX KR g AT A 0 380, 6 3 R0 DY e ) 3 A
BT 42 3K W C Chryseobacterium sp.)> A &) AT
( Acinetobacter sp.).9 H7KHEZER], 3 NI K AL
AR AN T B N, 28 AR C Bacillus sp. ) 130
A e, Jin v S B ECEE 90 1 & T 70% 5 B A3
Tofrs 2 AP EORINT 8 T AT R B, B G B W 5 2R R
A BT TG H A1, 3 AN X A 28 A R
AL T, T R R B B AN AT R A R
t S I HL o5 DU AL (10 24 A AT 1T -5 8P M vl Aol 2R A
T AR,
2.2.2  PCR-DGGE 7 Hral Wi i A2 4t

F i AN F U1 ACRE A BE 16S 1DNA (1)
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PCR & NP~ DGGE Kl 1% an &l 3 7, BEASFE
20k HVK oy B A5 B H NG, BN 4% I
JERITH 225 AAHTE R A Quantity One R A% HLTK
JIT A5 B R AT 4% 41 LR 55 AR ABLRE 23 #r, BT 1 4 S
2R,

Al A2 Bl B2 €1 €2
)

2 @l
-' '....,»1”"‘%_.32

3 TFEIZREEYNE R & LA AT 1A B BRI B ik (DGGE) 4 B Bl i
Fig.3 DGGE profiles of bacterial community composition

in different water sample

%2 FEKH DGGE EEHEME
Table 2 Similarity of DGGE profiles of different water samples

Al A2 B1 B2 Cl Cc2
Al 100.0
A2 13.6 100.0
Bl 56.8 9.6 100.0
B2 20.5 54.9 7.6 100.0
Cl1 39.0 31.3 36.6 18.0 15.0 100.0
C2 10.6 14.5 11.3 18.4 15.0 100.0

RGP 3 fe3& 2 AT LAt IRl AN [R] I
WP REAH L, 8 7K 6 kSR ST ZKORE 11 30 o 2% i 2
19 A/KAEIER I, o B b sty 10 K 2 4%
P JAE B T C 800 1 2%l (Rt 2%l 3, %71 6),
AN [ g 393 P 3 v Ak T [R] o7 1 2%l Kb, O HLIE
TEABLEE AL 109 22 A7, 2 W10 T 1V AL /K AR 3 )
AT RARA, A B B A ) 22 R AR R B
I HA ) SO0 5 i A b SR AN TR L 9 T el v A o
BIEIR A AR e 9 Ot iR B, 3% W 4 v i 4 K
@A) ST 3 AN DX KR B 9 3 6 2 A [ ot
B W8 HKFEH Y40 1, 454 7 M4 12,
PAK 9 HKBER )61 4 FI4&AT 6, W) 3 AN X AE
[ — IS 33 P A 5 LS [ 1) 40 TR R 8 T UK B R R

1,3 /NMHIX 1) DGGE 1% AHAL B i 359%,9 H K
e 1R I, VU R R Al R VR A 54.9% 11
EARABLRE . FR T 2 3 AN DX [R) Pl I A 3 8
A ZE LR IR R KR 38, 7K 7 1 ok e Ak e~
ZR 18] VY, 117 PG R T, DR G < 2R R T K A
BT ) VU RIS, 3 R R L 3 AN X A B R T
FEK AR B AT 88w AR BLBE, 7 B 9 H A< gl
LA O 6 R HR ] L , 17 7Y R T A 2 R A
5, X AT g5 00 Y R RI KSR ) A7 AE — 5 R HK . B
B3 AR 3 I 4 s BOR B, AR r i e %2
VG R, A6 g5, RIVR]— ] 35T A R A AR ) 25 4
(8 DX AR 3 B R R /D, AR 2 FE A, H kel
IR KT AN VR A2 22 M IR 5 3 ] R
PR ETE A K
2.2.3 HEARZKE T

X DGGE 3 1 482 52 1) 20 45 A0 34 4% iy AT (1]
WCI 5 $RAF 1 F FI - AE GenBank 14 M 51 3k 15 6 il
5 (EU026406 ~ EU026425), 1 | GenBank ' Blast 2
P43 2B P 5% 20 4577 5UAHALE & (1) 41, Jl
AT Z P FI LR I B R B R B W, 4 A
x 3.8 4 PR .

HRAE 7 LR R L, BR4cA1T 16 A1, Rl 4
W T H DNA J¥ 515 GenBank " O 1T 41 417 ¢
S TRAR AL C > 97 % ), FELe 4547 (455 154571 15+ 4%
i 17450 18) 5 AP AR BLEE X 100% . B &R 4t
KA AT CEL 4D mT %0, 2 s ik 2 35 7K A By 3 7K A4
Pl E E R T 3 KIS, 5 Proteobacteria T «»
-5 7- Proteobacteria~ Firmicutes PL X Bacteroides . X 4%
BEAE PR K G PE K e rp 38 A7 A, KRR
SRRCR 2 | ESIBE v By i € 2%l W - D o
TIXSCRBERTAN R, FU 55 Pseudomonas ~ Bacillus VA X

Flavobacterium"™>*? .

A JER N Proteobacteria T 4541 5 M &, A o
Proteobacteria "' IR AT B J& Porphyrobacter F1HH 24 B¥
LW J8 Sphingomonas » B-Proteobacteria H [ Wi 2
J& Hydrogenophaga M Vogesella, LA} y-Proteobacteria
PR FR N 1R & C Pseudomonas sp. ) Firmicutes H'
PR ZF AT BB C Bacillus sp.) T34 /N FF B &
( Exiguobacterium sp.); Bacteroides ' 3 % 4 B 14 J&8
( Flavobacterium sp.) .

PR 2 27K R FF 20 TR SR 2 Il A L, K A B
W Firmicutes &% 2, F & W 31.25%, H kA
Bacteroides, '7 5 £4 [] 25% » a-Proteobacteria ' & £ 1]
18.75% » 3-5 v-Proteobacteria s S 12.5% .
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Table 3 Results of BLAST of 20 sequences
G5 kedliine) GenBank 135 4% 56 R R0 /7 B 40 1 ik ) AL %
1 EU026406 Pseudomonas aeruginosa( DQ459316.1) 100
2 EU026407 Pseudomonas sp. 145(DQ831969.1) 98
3 EU026408 Pseudomonas sp. Oy-Go5S(DQ357702.1) 100
4 EU026409 Bacillus sp. ge05CEF503614.1) 08
5 EU026410 Bacillus sp. ge06(EF503615.1) 99
6 EU026411 Bacillus thuringiensis( AM269452.1) 99
7 EU026413 Bacillus cereus (EF582416.1) 99
8 EU026412 Porphyrobacter sp.SNRW6-5( AB299761.1) 97
9 EU026414 Exiguobacterium sp. RD3(EF541141.1) 99
10 EU026415 Exiguobacterium sp. 1ZXC10(DQ659057.1) 99
11 EU026416 Uncultured bacterium( AY537859.1) 97
12 EU026417 Flavobacterium sp.CC-UTSB42218(DQ072106.1) 99
13 EU026418 Flavobacterium sp. PAA-2(DQ267938.1) 99
14 EU026419 Vogesella sp. SK-2( AM689950.1) 97
15 EU026420 Uncultured bacterium( EF429584.1) 100
16 EU026421 Uncultured bacterium( AM232770.1) 89
17 EU026422 Uncultured bacterium( EF429584.1) 100
18 EU026423 Sphingomonas sp. 4_ 4K(EF540475.1) 100
19 EU026424 Hydrogenophaga sp.D11_24h2( AM403226.1) 98
20 EU026425 Vogesella sp. SK-2C AM689950.1) 97
100 Hydrogenophaga sp. D11-24b2
19
96, Vogesella sp. SK-2
89 Voglei‘ella indigofera B-Proteobacteria
Chromobacterium suttsuga
91 ' Chromobacterium sp. 66
Porphyobacter sp. SNRW6-5
97 47 18. o-Proteobacteria
99! Sphingomonas sp. 4_4K
13
71 11
Pseudomonas sp. HPC 1197
100 Pieudomonas sp. Oy-Go5 .
2 Y-Proteobacteria

100 ,— 10
Exiguobacterium sp. LZXC 10

53 I: —9
100 ' Exiguobacterium sp. RD3

Pseudomonas sp. PJ921
1

37 51" Pseudomonas aeruginosa

6 156 Bacillus cereus
6 Firmicutes
100
7
76 Bacillus thuringiensis

100 Bacillus megaterium

100

99"-5

Bacillus sp. ge05
100 —4
20

17
|15

0.05

12 Bacteroides

Flavobacterium sp. CC-UTSB42218
Flavobacterium sp. PAA-2

100

El4 £T DGGE %7 16S rDNA FHIM AR HAE REL B
Fig.4  Phylogenetic tree of bacteria in different water samples based on the 16S rDNA sequences of DGGE bands
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KA 53R W, y-Proteobacteria 28 i 41 B LU 4 b7+ 2
50% » Firmicutes 17 & 2 ) 33.3% , a-Proteobacteria 17
ST 16.7% KA [R] I 30140 v A v 4 G2 AN [R]
240 ] 2 PR AT I A 1) S I, A TR RE Vi R AR A A
B 1 A2 A 1 45 B . Bacteroides 5 Firmicutes 28 #f
Tz A T R R R O B R —
RV ATHLE 2 T I BE ), WA KA &8 Kok
TR AIEFCR I T T B A LR A4 L e
a-EL X B-Proteobacteria 41 P B A=, JF 3 3o 34 5 (1) HF %
B MBI R BOR S W P s SR, Mbah, KAk
RIS FE R I a-Proteobacteria HY 1) J 48 B Fifr it
T RORL Y L, JF AR w1 A R
PEMY y-Proteobacteria i U 15 9% H A 85, IF H 5
TS T 5 (s R AT B AR T rhoK
5 KW Firmicutes 5 Bacteroides 3% (7 &t 2 1)
56.25% s o-» B-Proteobacteria 3£ 7 S £ 1 31.25%, X
A e 5 B IE RO R A S5t HLA AR I T 1k
DR AR5 SR AR AR L R B 237 BT L DA KoK A
BURL PE A7 HL W0 0 A7 45 A7 %, K 2 32 3R 0 -
Proteobacteria A 41 17 L 51 T+ 4% 50%, IX v BE 5
AR KA T, AR MR AT AL 5 B ETHATK

KA R IE KL I B 16 FlAl L rh B
Pseudomonas sp.~ Bacillus sp.~ Flavobacterium sp. i
Z, XS RFITTEIARE R B0 WA IE B
Hydrogenophaga sp.~ Sphingomonas sp.~ Exiguobac-
terium sp.~ Porphyrobacter sp.~ Chromobacterium sp. X
Vogesella sp. . 7K HZERIHSLAG W 2 6 Fh 41 76, 53 791
J& ¥ Pseudomonas sp., Bacillus sp., Porphyrobacter
sp. AEGUITEY DGGE 2 Ff 7532 73 734G I 1) ) 48 =i
T SRAN AR [ 5 (5L S5 1 10 20 ol A 9 2 AR AL i 4
— B AR B R, AR T LS R R S
AWy 2 B R KRR I OU T R A i b, Sy
() S8 1R J& W T2, 41 Hydrogenophaga~ Vogesella
Sphingomonas VA M Exiguobacterium » 3 H. Pseudomonas
Y5 Bacillus BARAE/K TR IR — H AL TI0
EILAR AT A 2K A T A4k 5 3R, Biovin
At % BB S TR rh A TR T 1 A A % A B
S KL L R (0 o e B AT %, T I B
) AT A7 LEARS A2 1K Bl 8 DI, Bell 52 F 70 R ILAE
JE BEARE B A U SO0 s 4w AR e Ah, WEST
FW] Pseudomonas 5 Bacillus F AT %5 il T € 5 (1) 'y
prtesd, Sphingomonas %} T~ 1 %€ ¥ B % (microcystin,
MO AT R 58 (1 6 A £ 317, 3% ] il 3 W) L 2 1 )
A7 AR 5 A SR I e B S A o SRR

3 it

COARWEFUEE &% 4085 77 J15 5 PCR-DGGE 1%
AT 7K T IE T 1) 40 A v S R B AT T 2 s AR B
SRt AL, I B s 7K AR I K AR P A R
J&T 3 KEHE, I Proteobacterias Firmicutes LA &
Bacteroides. 7K & & & W] 3= 22 4 Firmicutes, 2L X 4
Bacteroides LA X a-, -, Y-Proteobacteria, 7K 4 H AL 35
REFD B 2, AW 2 MR s KRR -
Proteobacteria B HE T 7 EE 49 LT, LUK Firmicutes
5 a-Proteobacteria, 7 V& I A7 1) 3 L8 3 g 3 12, AR
ST TRk D, R 40 TR B K Pseudomonas 5
Bacillus TE/K 28 5 S IR W — B AL T- 0%, HILAL
PR AR AL T A4 O BRI A, AT )
T PR DX LA T R DG A R o SO R B 2
AW 2 FEVEAR LI

(27K AK T 41 TR e % AR AL AT g L5 7K e ad e
AL IR L LR 25 T 8 1) SR AR 59 3 WP 3 1
(1016 I 4 LA K% DA 4 o T 2 46 1) B 2 37 P S5 34
ST 5, R4, A SR A T R A v AV
R — R
SE -
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