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Effects of cyanobacterial growth and decline on the phoD-harboring bacterial community
structure in sediments of Lake Chaohu”

Sun Tingting, Huang Tao ™ , Liu Yuxin & Sun Qingye
(Anhui Province Key Laboratory of Wetland Ecosystem Protection and Restoration, School of Resources and Environment Engi-

neering , Anhui University, Hefei 230601, P.R.China)

Abstract: The alkaline phosphatase encoded by phoD gene drives the mineralization of organic phosphorus in sediments and thus
the release of bioavailable phosphorus, and promotes the growth and blooms of cyanobacteria in eutrophic lakes. The dynamic varia-
tions of phoD-harboring bacterial community during the annual cyanobacterial growth and decline in eutrophic lakes, however, re-
main unclear. In this study, we analyzed the alkaline phosphatase activity (APA) , phoD-harboring bacterial community diversity
and structure and their associations with the physicochemical factors in a typical eutrophic lake ( Lake Chaohu) in China during the
entire cyanobacterial growth and decline. The results showed that the APA in sediments increased significantly during the initial
growth and outbreaks of cyanobacteria. Pseudonocardia and Friedmanniella are the predominant phoD-harboring genera in sediments
during the entire cyanobacterial growth and decline. In contrast to the abundance of Pseudonocardia and Friedmanniella in the incu-
bation and decline stages of cyanobacteria, Pseudonocardia decreased significantly while Friedmanniella increased significantly in
the early growth and outbreak stages. The abundance of phoD gene bacteria varies spatiotemporally, especially for its high spatial
heterogeneity. The Ace and Shannon diversity index of phoD-harboring bacterial community during the early and outbreak stages of
cyanobacteria were much higher than those in the incubation and decline stages. The changes of phoD-harboring bacterial communi-

ty were mainly driven by APA, dissolved oxygen, chlorophyll-a, water temperature, total phosphorus and inorganic phosphorus.
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The rapid decline of dissolved inorganic phosphorus in overlying waters due to the increasing cyanobacterial photosynthesis in the
early growth of cyanobacteria induces the APA, promotes the growth of Friedmanniella and alleviates the phosphorus restriction.
Keywords: Lake Chaohu; sediment; mineralization of organic phosphorus; physicochemical factors; cyanobacterial blooms;

phoD; alkaline phosphatase
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Fig.2 Variations of physicochemical indexes in overlying water and sediment during the
growth and decline of cyanobacteria in Lake Chaohu
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Fig.4 Variations of Ace and Shannon diversity index of phoD-harboring bacterial community in sediment
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S4~89 A KT HAATE B IR B ITRE R R T RGBS, HAUBES (LW 2, i) 2542 5 17Kk
o 9 TR PR 1, 1% 5 Bao 252 BFST 45 SR — B0, BEUR A LT A I 2 S0P 05 e T — 25 2R % PO ER K B 7.
T S1~S3 007 35 B LB BRI JFAE SRR AL BT A e 14 1 2 Ak i R Ak W R T 6 315 G 3 0 X 7k
A Chl.a ¥ B, 2 RIS BEUTRE 30 S1~S4 JSAZM LOT 5 T S5~89. Bl M/ E R ST R FRET
AR pH {E5 DO MR (18] 2) , EHOCEERIRIUK AR gt CO, , B0l pH (B 1 2% [T M
W IFIRAE IR TOGE VR By CO, LKA HILRR R W s T pH ARy EZRA. FADK DO Ve i bE i
BERERK SRR MR, FZ i T8 TE UK & A L) R SE T4 i E FE K AR iy O,

T [V B85 PG B T O 5% 2 B e R A 22 S FRAT TR g e, W A B Mk T A
YK S AL A PR S5 A, 5 I TR) B AR A Bl v ol e i 0 P AR A . b A K S R R TR
APA S (P 3) 3 S AL PR A PSR A 5 — 0. pH R0 B2 A6 VR VB R A PR AR
APA £ T I E AN AE R BT A 0 T B g iEA, Siuda ST F WA Bl vk 0 R Al 4y — i 18 5
Mg, FLO WA B2 B PRBE P S RO S BB IR EE APA $ s ARBTFSE h APA 5 WT pH & i 3 1F
ARG 5 DIP 1P 5 25 AR I (& 6) , SRR T =5 , S0 9 T 0 s i 602 4 A 98 2 it 1) R s 2 G
TEPE. R, 9 A K80 pH (B 1T LR S (AT AR R B W8 7 77 R B /K AT Ui BR ), 2 177175 = 0 AR
s R BTG AR TR NS E] A, APA 5 1P 2 B EFAHSCH 1P & RAE S1~S3 i dim , & U] APA
IR T B A B R 2 0 BB BT 4~ S9 s A ULARY APA = F S1~S3 4. (HARER M, T
FERWVIEY b APA 1 [T RE 2 OB A 4 0] A B 5 K A PO W BE 1 TH85 LA BTLRL ) R OP 5
AR EARBIZE IR A MR A BLA , T APA 15 OP & it IEAH G5 1P DIP & & 52 fM ¢,
AT BB H T R R AR TR S TURR A v (% A8 A R R Il 5 0 ) g 26 3l 400 6 74 9 g e A5 U AR
OP i FJt, PR RA E E IR LS W i APA 431 OP 52400 £ Wy I R I BEM 155 b .

3.2 BHTE R A I X ITLAR Y phoD £ R 4 H 8% B0

JUETA KT LI ZFIRBLA AR T phoD &K 41 B REVE HO7E A B A0 TR vh LB 38
AR ST S S ANTERE . & K AR 82 LA B IR 0 T =, SRR W A W v 1 22 Rk
B ARBRTOD I A K SRR BRI T phoD SEINANARIIE N o ZREME X — L5 R AT RE S T
(YL B PRI 147 G, Zhang 26" B % IR MR TR AR 74T o ZREPE B8 T 2 5. ABs0h i
BAER SRR TR, KK PEBE S B G 20 T 0 S0k BORL ) DL AE TR Y |, S Bt U E o) 2
B [, RS I 40 R SR P M B N L £ b e K S R RN o AT
Rl TR RO R B R R .

WERE K SR ITURY) phoD FEI AN R 5 4540 KA BB (] 5) . #&KINT 5, Actinobacteria &[]
K b A AN SR X5 B B OB T A R — 3 RS R I Actinobacteria [7]
BT E AN B2 (K 5) BXHZ 1 3L JE U Pseudonocardia | Friedmanniella , Actinoplanes L}z Amycola-
totopsis HREIXE A B EFE M. Bao 45 Xk SLIMITURYY b R A DY B A4 A Wy BE VS IR 9 R W, 1 B 4R A AN )
BB NS Fe P FHCHAEY 4040 2 W E A8k, 2 A KR . DO NP SESR R F TG 1E . A0F5R
RDA 43138 APA DO Chl.a JKi TP DL K 1P 88X UTFR Y phoD 3 PR 4 V&1 ¥4 1) 28 A6 AT 1E 1] BTk ( /&
Ta) . W5 WK 2500 TR e W B0 BB A | FLKIR T8 2 B0 Wi v s > . Ak
o, SRR 4 W5 B T W AR L, A R 5 B2 R phoD 255 DR 40 T4 45 11 i R X = B8 k2 WL 2578
k. DO S0 B o HOR 5 4 A A K T B PR IR T 22—, R A A 2 B S o A0 A R T AR S
RDA 25 5201, 357585 A 4 B 69 Chla [ BE S50 phoDd JEIR 21 BEFA 55 M0 0 B2 1K 22 047 B9 2]
Chl.a J2 345 A1 A0 B AR 4 24 > L SR JORE ) phoD) S [H 41 1 1E v 45401 1) B IR BE N 7. ARBIFSE 10T
W) TP 555 1P St phoD IR 4 BT ¥4 45 H0 52 At 35, 228 2 IR D /K A= 40 TR LA 2 1 U s A8 0 53 006 B
VA R 2532 B PRBE P A BRI (AR O  APA ST phoD) i [R 4 B VA S AR AR B K
HYFREEIN T (B TA) . AT BTFE R A (9 APA T RESE F phoD L DR AN VA BLEEIRTEA0 . 25 b ik
i #E APA DO Chl.a KR TP LUK TP (A AR200 1 phoD K 240 T R 74 0 4544

Pseudonocardia N8 H & , %3] DO ¥ JE 10 5. & 5% M ARBFFE R Pseudonocardia #1%t =F FEAE A K 49)
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W5 R R ERAR (K SB) 4578 W AR K S PE T Bl AR KA 5 B B DO ¥ 3 1 25 B IR AT R ) T
Pseudonocardia (A . REFOE AL TEAE KW S B & W Friedmanniella DA M. Actinoplanes A8 % =F B 5. 28 T
MRS E T, X EEZF Chla WEMEMW (K 7B), IR BN AERKR S BRMEMT
Friedmanniella ) }% Actinoplanes FFE 155, LEfSe 43 #1200 , i we A= KW W] B INRE & Ny Friedmanniella (&
7C). Hrr Friedmanniella TEWE B4 KIS 5 2 1 F AR H A5 Chla WE 82 W35 IEAH KXW 5 EADK DIP
e UM OC (B TB) |, BIAE AR B AR R VR R T Friedmanniella (135 1 2% 1N R8O 04 12 g
K LB W RR ).

4 Zig

S B T R TR APA B E SR AR K S BUT KR DIP e i 2R LA pH Y
TR I R A R R IS 1 R MR S T R AR K AR T phoD BERI AR AR o Z2FEPE R E T
B T SRR phoD FENEEH JE N Pseudonocardia , 1= KWW 5 7 & Pseudonocardia 3=
JE I FEAK ] Friedmanniella \Actinoplane F1 Bradyrhizobium 3 i T} i3 HAR B J& i Pseudonocardia F1 Fried-
manniella ¥4 18, WEHEAE T R] & phoD JE PRI AT 14 8 4= AR AL 10 38, S I T 4w 9 B 25 57 M. RDA &5 2R3
W phoD H: IR 4 R V& 4544 1 A2 Ak 832 APA DO Chl.a JKR TP LUK TP (Y8R Sl , B 5 e A 3 W 52 m T
PG TR T (e BE IR SN T phoD FE PR 4 G R P4 4544 151k, ASBITFENTR T X & 8 FR AL W0 5 e A T o
WHLH 15 APA FIEA H At 5L D i A0 o R E V& 09 I TEIR R AR,
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