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The community structure and abundance of microcystin-producing cyanobacteria

in surface sediment of Lake Taihu in winter

LI Daming"*, KONG Fanxiang"* ,YU Yang', YANG Zhen',SHI Xiaoli'

1 Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008 , China
2 Graduate university of Chinese Academy of Sciences, Beijing 100049 , China

Abstract: Lake Taihu is a large, shallow, eutrophic freshwater lake, which has frequently experienced cyanobacterial
bloom in summer in the past decades. In winter, a large quantity of cyanobacterial cells sink on the sediment surface to
overwinter. Therefore, it is important to quantify the biomass of cyanobacteria on the sediment to predict the location and
the extent of water bloom in summer. However it is difficult to identify and to count cyanobacterial cells in sediment using
microscopy method, and microscopic identification cannot differentiate between the toxigenic and non-toxigenic genotypes.
In recent years, this problem has been resolved by using molecular techniques such as PCR and quantitative real-time PCR
(gPCR) with primers targeting toxin-producing genes. The microcystin gene cluster which contains 10 genes, namely from
mcyA to mcy] has been widely used to reveal microcystin-producing species in genera Anabaena, Microcystis and
Planktothrix. Detection of cyanobacteria and their toxin-producing ability using molecular methods has been successfully
applied to a diverse range of water and sediment environments. In this study, we use quantitative real time PCR to quantify
the abundance of microcystin-producing cyanobacteria and Microcystis, and PCR-denaturing gradient gel electrophoresis
technique to investigate the community structure of microcystin-producing cyanobacteria in surface sediment of Lake Taihu

in winter. qPCR data showed that Microcystis and microcystin-producing cyanobacteria were present in all of sediment
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samples and their abundance varied significantly in different lake areas, ranging from 1. 23 x 10* copies/g dry weight to
3.75x10%copies/g dry weight and from 2. 56 x10* to 1. 07 x 107 copies/g dry weight, respectively. The proportion of
microcystin-producing cyanobacteria to Microcystis ranged from 4. 8% to 35. 2% . DGGE patterns indicated that the
composition of microcystin-producing cyanobacteria were very similar in surface sediments collected from different lake
areas, and the similarity values were between 70.2% and 96.0% . Although the composition of genotypes of microcystin-
producing cyanobacteria slightly varied among samples, the dominant band is same. The number of dominant band was
negatively correlated with Shannon index. Taking into consideration of gPCR analysis and the concentration of Chlorophyll-a
and Phycocyanin, we concluded that in the winter of 2010 cyanobacteria of Lake Taihu mainly overwinter in four lake areas,
Mei liang bay, Zhu shan bay,Gong hu bay and center part of Lake Taihu. Our results showed that quantitative real time

PCR is a feasible method to investigate the dynamics of toxic cyanobacteria in lake sediment.

Key Words:; quantitative real time PCR; microcystin-producing cyanobacteria; community structure; denaturing gradient

gel electrophoresis( DGGE) ; Lake Taihu

T BEA IR AT VAR T A A R ELA I 8 A SR AR AR AR, — B R R R K R AR K A
T YRR R R4S, 3 8 A BRI £ Bt 25 2R B8 2% AR AN R i A8 Ak, 6 45 e 8 e b R A AR 7Y AL
FHATAR A AT 7 45 SR DA 4 HE A TR T TR K 5 8 /K AR BT 40 4 A B SR L DX i R . R O
M B YRR LIRREFESUKE, RSB F A SR FARRFD ) A 5% il
F RSV FE T PbE AN R RS, (R4 b B 2L 17 (0 — b S 8] IR T L R SR AT 1 B K AR B AL AR IR > FEAS [) 18
TR JEC TR HP 8 A X KR R S 4 BT R A TS IR — BT T, K AT e A O T A KRR P B
P E T KT X K AR B TR AR L TR JEC TR PP R SR AR A B 2 o A B L Bh A AR AR Y
93 R A2 B 3

— PR 3 OO SR A 9 e A M B SR A e 2 A W i (T IR AE R R R AR i v A0 A S A
TR ST R, xR e P A (e o AT LA RS 3 R R AR S R (B R R
IRBEZRAE Y RENS R IZ O S TR P i AR S AR A TR AT AR DO AE i PCR HAR & R
H, HE S EKETI R 2R A7 Har2 Moy kA b, 7Ot ik B A I 2 %05 R EUE
i VELE  RRE A R R ER | B iz v T T B AR A 5T [RII) 32007 B e Sk o AR i S 1, 1T
DASHRE i H R A2 AR S S AR (LA TR T 0 BT LA, 9062 i PCR B 4Bk i e /K AR 58 b e o A T L
Z—,

KRIWRFR S = KWNA , 2 — A BB A A IIA S RK IR R 1. 89m S22 b DX H 2 A4 /K 5 1l [ s
HANGE Skl B2 FIhbE, KB 20 Hh4D 80 4E0—LLil] X 240 T 5 B R ALIRAS , s KB TT 1R
B, HEA 2000 LK, LT RHAE B 2 A0 2 R AR B K AL RRLE T RO S & AR KSR 2R ) i e A
ALRJG KR P R IR IR R a8 AC KA 3 A M AR 8 TP 3 5 Ik A KA, Stk fA i 3 i
IKAEAT —E TR, PRI, 408 A 3O )G 90 v A s A 4 A X v 8 T /K 8 000 ) o e 1 A T
S, F B FTA IR X R I A A T AR VR P B 25 A A BIE ST B 2D, AU 2 ft S5 ) 6 3R i T R R I & 2
WA () oA R T T I A0AT 0 AR SR M 08 25 R A5 I SR I R PR BB meyA TN/ N 3L 16S rDNA
R B PCR %4, X AR 44 35 A IS e v 1) 23 B) 40 A A T 5, TR B By PCR-DGGE 43 Mr i R WF 5%
JEE U A R SRR 5 A, DA Ry A i K A T PR (R 2 I A
1 M#FFEE
1.1 SRFE ST AR Al R AR

ABFFEBEE T 8 IRAE AL, 20 AL TS (N2) ZZ 1V (NS) |, AR KA DTS (N4 ) |, PE ORI (W2 Fil
Wa) MR (S5 ) 0 (S4) , B KM (S2) , il 1 Frn, A GPS 5E 7 7 Ge X SR FE s 2k 17K 1 /2 0oL,
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2010 4F2 H RAERES  HERCRIEERRAEIRVE, VI T RIZIRVE (0—3 em) , LA VKE N IRLE , B RAE SR 6
AFER IRA AT, T 4h WA BISEEG A — 20 000, [FI20 SRR KA KRE TR AT Sy ] S 36 28 ) HL o 57
EhHe s . AR YSI(YSI6600-V2) ( Yellow Spring Instruments, USA) T 5% /K B4, 035 14 i & TR
FE pH A  HL 3R,
1.2 EFREHNE

GF/F Y55 JE SOmL 17K, JE W Skalar [ 8143 Hr R G0 AR (NHS-N) AR (NOS-N) T AY
A (NO;-N) HUEBRRER (PO -P) . SA (AL E/KIK RIS ) S (3 KR 328 ) e SR B
WEARE T I E
1.3 JEPRPHEEZE a( Chl-a) FIFWE Z (PC) Wk

T HESCHR T P AR ARE AT AbEE FRIBCRIIN 2 4 2 a( Chl-a) FIEEHE 2 (PC) AR EE )
1.4 JekEFEH 4 DNA $EHL 31°37'38.75" ; !

JeFE DNA 25U BESCHk b A7 E B LB .
FREE 0. 8g % TIRFEILA 10mL B0 b A 2.0 mL
24 (0. 1 mol/L PBS ZZthik (pH = 8.0), 0.1 mol/L 3122'6.60" |- »
EDTA (pH = 8.0), 0. 1 mol/L Tris (pH = 8.0),
mol/L NaCl, 1.0% CTAB, 5 mg/mL VA B) , 785052 1%
IRAIEF 37 C/KB 1 h, B0 15 min [ FEif Sk, o707
BUEE.O, I 0.5 mL 10% SDS .20 ulL 10 mg/mL
protein K, Hiff1£5],65 C/Kify 2—3h, RHIZZE N, N

30°51'15.25" . L
A 2.5 mL B/ &5/ RIEE(25:24:1) , BIZIZE 10 s, 119°452.04" 120°03'42.75"  120725'47.92" 120°44'5.92"
13000 r/min B:L> 10 min Kb 35 B R B8 55048 M1 REAME
j][] /\ 2 mL %’ﬁj : jD‘Jr )jz@?ﬁ ( 24 :1 ) o 12000 r/min _’% I8 Fig.1 The location of sampling sites

min, FH FIEW, AR SE R G005 « 7 % (24
1) AR 1R BRI RS B 2 B0 A 2 AR FRICOK SR 0. 1 A5 AR 10mol/L B FR 2, 4 4% Wi {54
5], -20°CHCE I . 13000 r/min .0 15 min, 3% EIHE,2mL 70% S EEGER 2 7K, 13000 1/min 2.0 10 min,
INCBFE F ISR, 2SI A TE S8 MB0A R, -20 CARAE. FH 1. 0% BB SR v TR I | B 1% 2R 52
K ( Bio-Rad ) #1118
1.5 JRFHEH4] DNA Zifk

FIJH Mobio 23 A 4liAk 177 & ( Mobio- 12877 ) X et HE A4 DNA #4744k, 4l Al 5 B K 2H ] 73538 PCR 9
HERIE = PCR 43HT
1.6 &% PCR

P PCR RBLFT RSN 1 s, Horh Gl e 55 3R 5 R IR meyA $878 JIGTR AR i P AT B2l 4
B =B, NZHEAR 16S rDNA F7R TR SR IE F2 B2 28 N 4l 1% 3% 7 85 0008E BERR Microcystis aeruginosa
(FACHBO1S) MR DNA Wk EEF EBRIEIZE . B0 U R AL T X808 A 0 B At i, g BESCHR 1 4R B
K20 DNA, H Bio Photometer Plus( Eppendorf, German )& DNA ¥ FE ( ABS,, ) FI4EJE ( ABS,q, /ABS,, ) , 1%
FRIERNL KN A 5.2 MB, BAASBRIEAYEE SR 73 T2 660 g/mol , BrifE DNA ¥R BE rh & H B HE P 13 U1 #mT L
R A RITE D 385 M. aeruginosa7806 JEF 41 DNA ¥ B (45 D140/ mL) = 6. 02x 107 (5 D1 %/ mol ) x
DNA W& (g/mL) /HE K 73 F 5 (g/mol) . W HE 6 NIRUEMREERE B, BB E 3 AT, qPCR IRNIAR 25

pl, HH112.5 pL 2x SYBR premix Ex Taq™#A T (TaKaRa, DRRO41A) , IEJ 519145 1 pmol ,2 pl. Bkl , #E 4l

7J(%|‘;@ 25 wL, PCR I 7E Mastercycler ep realplex PCR X 5¢ i ( Eppendorf, German) , W EEFFUIT :95°C il
P 2 min,95 CAEME 20 5,58 CiE 2k 30 5,72 °C 4EfH 30 s,40 MG, e )m PEATIR i 28 ( Melting curve) 43

http ; //www. ecologica. cn



6554 A E = 31 &

Br, UeFEIERIZH DNA &5 PCR RN i E 3 P47, & PCR AR R K 25 pL, 5% 2 pmol,5 wlL Zifk )55
PIZA AR . FE a2 it PCR RO S5 F FIAS 2 2 it PCR A 2k —FF . SCE0 45 R FH 2 it PCR A F 7 1Y Replex
AT AR TR AR I S A5 AR S A S I B R BRI R B, DO i PCR RN HEROR E=107""-1,
S ARFARE & RPR
1.7 PCR ¥ #4H1 DGGE 4r-#r

PEH G meyA-Cd 1R Fll meyA-Cd 1F 3738 meyA FE B (3R 1) 3% 51 90 mT LAY 38 AT 4 35 85 3% meyA
SEPR R B 34K BE Sy 291 bp (CEERER ) 5% 297bp (fA RSB MR 22 )8 ) O L ARS8 PCR ¥R R N
25 pL, Hi &4 2xPCR AW 12. 5 pL( BIER) , L FIES14945 0. 25 wL(10 pmol/L) ,5 wL DNA it , fil
ABAK AN E 25 wL, SOV R K FH touch down 53X ;94 C FiAEYE 5 min, 94 CZEME 40 s, 3B 'k 40 s, A 62 °C [&AIK
F| 58°C , B IIFEAL 1°C 72 CHEMI 30 s, 4T 6 MBI, SRI5 94 CAEE 40 5,58 CiR K 40 5,72 CHEAH 30
s,30 MEH, feJm 72 CHEM S min, 4 CIRAE,

DGGE 43>k H C. B. S DGGE-2001 3 1 HE i UK R 40, BENCIREE N 10% , A8 PRI BR R 25% —45%
(100% ZEVEE A Tmol/L FREZEH 40% 2851 WG ) , 22 il 1xTAE iR 60 °C L 75 V, JEZEHLUK 16
h, LUk SE 5 )5 H SYBR green [ 442 30 min, Bio-Rad % BIR R G40 M4, DGGE K1 FI A quantity one

4.62 J3HT P TALE, PR 2R A Shannon ZFEVESR BT, ZAEMESE S H=- 2 PlogP, =

= Y (/N log(n/N) P,= /N ., BAHFMOEE L, N WK W A S 00 % (.
i=1

£ 1 mcyA F116S rDNA ERE K 5|4
Table 1 Primers of mcyA and 16S rDNA gene fragments

H#R DNA Target DNA 519 Primers JFH1(5'-3") Sequence(5'-3")
e 16S rDNA 184F GCCGCRAGGTGAAAMCTAA
431R AATCCAAARACCTTCCTCCC
T R A R meyd meyA-Cd1R AAAAGTGTTTTATTAGCGGCTCAT
meyA-Cd1F ) AAAATTAAAAGCCGTATCAAA

(1) # ¥ PCR /=¥ # 17 DGGE 7t i 75 %, LU 51 ) meyA-CAIF 47 A 40 6k /9 GC .
CGCCCGLCGLGLCLCCGCGLCCGGLLCGLCGLCCCCGeet,
1.8 DGGE 54T Xt d R 5k B

KB TFARIIYIT DGGE [Ei &5 A 1.5 mL B0%, A 30 pL B4k, 4 CHt'E 24 h, It
PLAE S DNA B AT GC i) meyA-Cd1R/Cd1F #E47 PCR 9734, PCR W) 4lifl 5 ik SR I . I 45
RTE GenBank (4l i FH BLAST #EATRz R A7 R E bedse . A CLUSTALX B2 %%t B 43 15 51 ik 17 Le X,
BAE MEGA3. 1 AP R R RGE R B,
2 #R
2.1 JKIRRURIEE IR LA e b

FKFETE 8:00—10:00 Z [A] #E47, K I FH4{E N 8.5 °C, pH (EHIGHE Jy 7. 50—8. 24, JF Jy 21. 0—90. 3
NTU, 5% 4 0. 66—1. 68 ms/cm, TEH4E N 10. 86—11.87 mg/L. FFFREhM B M15% 2 s, SRkE A5 18] 19 5 55
AR 22 5 LA U SR A W2 N2 T NS 5 SRR vk B A, SR AN S4..S5 R N4 B FRERVR R, IR
SRR BV 43 51 1. 13—2. 04 mg/g F10.23—0.40 mg/g.
2.2 JRPEHMEEE a MR (PC) WE

JEVR 4R a FIEEER (PC)MREE AT WA 2 o, MR a RARRHE P AR AEY &, BER
TR AR, ATLUE D RTe h sl R A4 R a WS AR (b S B —B0hE , U0 18 2 IS U8 rh
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KBEIRSER I BB A . AR X U b i 28 A W) & o0 A B 25 18] 22 S v P 2T (N2) | s s
(N4) LIS (NS ) FIAFEETE 11 (S5) M2 3K a FIEE T 2 W B2 & T 00 K (W2 1 W4 ) Flea K (S2) .,
x2 EEKEMERERLKE

Table 2 Nutrient concentration of water body and surface sediment in winter

FREAT Sampling sites TN TP PO}~-P NH}-N NO;3-N NO3-N TN TP
/(mg/L) /(mg/L) /(pg/L) /(pg/L) /(ng/L) /(pg/L) /(ng/g) /(ng/g)
w2 5.26 0.04 53.91 1.83 3.30 0.03 1.67 0.36
W4 2.70 0.10 6.04 0.22 1.67 0.02 1.23 0.23
s2 4.91 0.14 6.10 0.56 3.43 0.04 1.13 0.32
sS4 2.68 0.08 4.41 0.18 2.24 0.03 1.37 0.26
S5 1.96 0.06 5.81 0.07 1.77 0.01 1.38 0.27
N2 2.94 0.05 3.12 0.04 2.89 0.01 1.93 0.39
N4 1.91 0.06 3.08 0.06 1.58 0.01 1.38 0.30
N5 6.60 0.17 85.98 1.09 4.42 0.07 2.04 0.40

2.3 YA Ik R AR

8 AN R DX P YR A it 6 PR ZH B B 6 s L KRS DU AN 1 3 o, ] LA H AR SIEB6 R FH 1) 5 TR BEAS A 3K
PEIUR TSR 4 DNA S5l 355 WA FE R LS . (HUEMER Y h 20 it b & G A LT AR 3 4 )
45, BefE ™ E T4 PCR RN, JUHXS FoE & PCR 4307, BRI, A SCR 2146 1300 & ( Mobiol -2877 ) X 3 [ 41
AT T 24k RBAE A AR 54 Fh e BT, FH T /5 22 PCR 4 S FlsE 1 PCR 34T,

c 450 o Chl-a 140

S 400 o pc 2 120 5
3 8 350 o 100 23
= 8 300 g 80 =%

(]

§250f s 9 o © 60 £
© @ 200 @ 5 0 3

5 150p  © B0 0

100 L L (0] L L L L L 0
W2 W4 S2 S4 S5 N2 N4 N5
Sampling sites
3 RiRHEEREELE DNA BRAS HEEE AL B ik BlE
B2 KEFHEE a MEERRETENH Fig.3 Agarose electrophoresis of genomic DNA of surface
Fig. 2 The spatial distribution of chlorophyll a and PC sediment samples
concentrations

2.4 POEE L PCR AR Sk Mo 5 W i RN ol e ok PR R 5=

WK 4 Fi7s , meyA F116S rDNA JEF 56 E & PCR
PR 2, nT LISt IR B E Ct (Threshold cycle ) Fl
DNA ¥ BEXT AU (log, R 415 DUEL) Z ] R 2k PE K &R
(R*=0.99) . & PCR ¥ WHCR K 0. 92,1 2 T 3L 5K
PR, E R PCR W i th £k 23 B WoR (CBloHi oK 45 10
) B i PCR &3 W35 H 0774, BFAMRE il 0 ‘
PCR P ¥A R 2 N MR M. aeruginosa P BERURILAR DNA  DNA concentration
—3, WS BN S TRAE S A BE A R A
FREAAR, T, R4 R e h A SR A
B2 S O PE I (W2 R W4 ) FlEE A (S2) Fk

® McyA
m 16S rDNA

Threshold value

P DNN W

[$) e Né) Ne]
R

4 mcyA F116S rDNA EFEEE PCR fRE £
Fig.4 Standard curve of qPCR for mcyA and 16S rDNA gene
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REEIEREIR, AL AW (N2) U5 (NS) A g )

R RSB0, O ELVE 4 DA MO R E 0 e A P

R H BIE A R 525 ), JEUE S 4. 8% — & _10f ST O I

35.2% g?;ilos o ° 108 é%

2.5 DGGE H58CE bt O SR PR o
AP 6 F5 LT meyd JEIR HEEROR A T8 4~ & W2 W 2 st ose N2 N NS

Sampling sites
JEEVRRE SN Y DGGE 3%, vl LA RS e = i fl e i
El5 McyA #116S rDNA EE B EEHZ B

%ﬁé‘riﬁz:lﬁl{ﬁﬁ[zﬁﬁﬁ/ho Xd‘:'F DGGE lgi%ﬁ*ﬁ’{j( Fig.5 The spatial distribution of mcyA and 16S rDNA
R R RR — MRERIT, RO EER  enotypes abundance
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Table 3 The Shannon diversity index and Band richness in the DGGE analysis of eight sediment samples

w2 w4 S2 4 S5 N2 N4 N5
T
TRIH ﬁh?& L 2.849 2.83 3.13 2.959 3.441 2.886 2.986 3.195
The Shannon diversity index
CAEL PR R 5 1 L
ﬁ:%‘uﬂ,. IEm el 0.358 0.364 0.232 0.272 0.216 0.303 0.21 0.207
The ratio of dominant band
DGGE #5741 Band richness 11 11 11 11 11 11 11 12
3 1tig

IEAER , POt E it PCR TEWEB/KABNITE b 2 N 207 ¥R RE WS XIAE b i) B AR E DA il i i, & — M
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