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Dynamic Changes of Nitrogen-Transforming and Phosphorus-Accumulating

Bacteria Along with the Formation of Cyanobacterial Blooms Nl

PENG Yu-ke, LU Jun-ling, CHEN Hui-ping, XIAO Lin~ ;
(State Key Laboratory of Pollution Control and Resource Reuse, School of the Envu‘ontnent Nanjing University, Nanpng 210023
China) ' ] P < 4

Abstract: In order to’ “reveal the dynamicchanges of mtmgen -transforming and phoaphofub aceumulating bacteria in the process of

_,'

cyangbacterial bloom formation, bacterial community’ struefure‘ and functional genes assomated with nitregen cycling were analyzed using.

high-throtghput-s sequencmg and real-time quar‘i“tltatlve"'ﬁCR' (qPCR). The high- throughput sequertl('*mg results showed that-the (hveruty o
of bacterial commumtles decreased durlng LdeObaLteHdl blooms, and the la¢usttine|, free-living' and bloom- dttdLhed bacterldl

communities varied w1th increased bloom density! /With in¢reasing density of cyanobalgjt,erla the rélative abundance of Actlnobac_t,ena

and-Bacteroidetes dec reased whereas that of| Flrrmcutes increased. | Moreover, the growth of phosphate-accumulating organisms was

1nLre§bed ih the phy('osphere of cydnobdcterldl blooms, while that of mitrifiers was ‘inhibited. Denitrifiers increased significantly under

moderate blooms. 9The qPCR data also revealed that .the abunaan_cé' of nitrification and denitrification genes decreased or disappeared

with the dévélopment of cyanobacterial blooms, indicating-that the nitrogen transformation process might be inhibited, which showed a

positive feedback of bacterial community to the development of Microcystis blooms by satisfying the needs of the nutrients budget.

Key words : cyanobacterial blooms; bacterial community structure; phosphate accumulating organism; nitrifiers; denitrifiers
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&) o ZREVEFEEL, £045 Chao-1 | ACE: A.S_ha.‘“ﬁno‘il %
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{H TN F1 TP A9 it & R FE AE B R i s B Yy
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Table 1 Chemical parameters and cyanobacterial density in the water
iH April May June-6 June-26
NO3_-N/mg'L_1 1.76 £0.29 1.72 £0. 33 0.91 +0. 19 0.55+0.07
NOZ_-N/mg-L_] 0.18 £0.05 0.18 £0.04 0.05 +£0.02 0.11 £0.02
NH, -N/mg-L~" 0.56 £0. 10 0.83 +0.15 0.36 +0. 08 0.18 £0.03
TN/mg-L ! 3.19 +£0.43 3.11 0. 31 2.76 £0.22 4.01 £0.42
PO?‘_-P/mg-L_1 0.11 £0.03 0.13 +£0.02 0.03 £0. 01 0.05 £0.01
TP/mg-1L~! 0. 14 £0. 04 0.17 £0. 04 0.15 +0.02 0.25 £0. 06
COD/mg-L~! 32.00 +6. 40 25.30 +4. 80 80. 00 +12. 00 144.00 £22.40

W/ cells-L!

(5.44 £1.02) x10°

(2.56 £0.53) x 107

(6.35+1.78) x10%

(2.02+0.49) x10°

2.1 KAEIE Bl A v i TR R 2 REPE AR AL
16S rRNA &[] 5y 38 &0 )7 45 1 s,

2) 5

By faife

R e e

BEE

Rt — B

V7 Ui 4N
PR FIBRE G A PR 19 OTUs it . ACE R AR 5 41 (%
AR (P <0.05), KW
BOKAEN R A RS - 2RI, X
5 UME KR T 4G
T HRE AN S () B ) 2R R AT B B AR 2544
PR S AN T 2 R R R

KA T IR K]

’ffﬁ[w].

ACUIIEZ: Dl
Ak R R AR

REfIE. P,

“ i MR

TR A VLA B ) C/N Al ¢/

®2 WHEEY GBI (197 %RIEL S OTU) Y
Table 2 The « diversity indices at the 97%_OTU level based on the MiSeq bactﬁ}{al seque[lcu; data of each samp/

TR, AN KA B T
BEAL, BB R B
HEBCEPIEIAE W AR, AT
ﬂﬁ%%%%i&ﬂﬁﬁ,ﬁﬁﬁ&%%%ﬁﬁ%
TEHKAERE Y C . N P AL
%mr%@mu&@ﬂﬁMﬁwﬁmgy%ﬁ
rﬁ%@ﬁ%zﬁ@m&m

(IS

s E?IJ%I OTUIIIr IA(l-SE b @I Chaol 5% l_-" %ﬁé_ 1Shann0n T Sln_lj)s

April e,a-“3731'4 TE I| % 1358 0. 9'62‘?101\ V533 0. 01'?‘1. |
l'Ma / 37503 1135 ‘L"{fa,{;/ / 1449 4 0.997027 9 / 5.14 0.0164 4 _~ :
,LunemF / /3 {9’7 72;‘ A 3;8“;1 1020 S 0. 9§I2 995 .". 4.68 /00242 ,.;;’J#'
J11ne '6A 411 |ia / f.;-"*’ 3 ‘/" 744 ‘;—" df'.99 036 ﬂ?"\ | 2,91 0. 1163 3
Jupe-26F |':" 36254 615 |‘,="ﬂ.-' o 767 | &-‘0‘.3:6387 L 442 0. '(‘3‘32‘J

#Tane- 26A 1\ ',.ﬁ,l289 o W) | 445 ' 1 0.997433 L 2.32 0.2969

fii I i g %

ZZJ%ﬁ%% bl

%ﬁﬁ@% TR I, 07 A7 o
Proteobacterla (1) = B2 34 Ry e
7O oA W ':F‘ Actinobacteria

Firmicutes,

= others

w Nitrospirae

® Armatimonadetes

= WCHBI-60

® Hydrogenedentes

® Euryarchaeota

® Gracilibacteria

= TM6
Spirochaetae

= Deinococcus-Thermus

= Bacteria_Unclassified
= Saccharibacteria

= Planctomycetes

® Parcubacteria

® Fusobacteria

= Acidobacteria

® Chlorobi

= Chloroflexi

= Gemmatimonadetes
® Verrucomicrobia

* Firmicutes

= Actinobacteria

® Bacteroidetes

= Protecbacteria

MR HE %

Ap

S

ril

- HAR, B A

Gl

May  June-6F June-26F June-6A June-26A

/& a-Proteobacteria,

April

Bacteriodetes (F{EF (& 1). 7E Proteobacteria I‘] ':F‘
TR A £ 7% T B-Proteobacteria 5 EZALH, Hy
M W & 4 W

FF'a—

Proteobacteria f§ FEALH, HIKJE y-Proteobacteria.

-------..----_...._---

= others

» £-Proteobacteria
« &-Proteobacteria
= Proteobacteria
® fFProteobacteria
= a-Proteobacteria

May  June-6F June-26F June-6A June-26A

LT 2K X P 7R 152 Proteobacteria A, HerpAT MRS 4352 2200 Proteobacteria FAFXT 2 B2 76 447K - I BTN L g
1 EHREBRBEEETKFENENEERE(FSEER) URTEERMENR

Fig. 1

Relative abundance of phyla ( without cyanobacteria) and proteobacterial classes



11 4] TR KA R TR X R A BE AR B A R 4941

SR AT B R 2R A R RIS S, B
ANFEAS PR R ERCT B W A0 R AR T 3 R Y 10 4
OTU #HATHFSE. X2 OTUs 7E& RS 5 A %K

FoRE S RIS HERT 10RO TU April May

Sporichthyaceae_Unclassified 6360% 6.426%

12up 2.386% 1.401%

Polynucleobacter 2.822% 2.163%
LD12 freshwater group_norank 2.966% 4973%
Comamonadaceae_Unclassified 2.924% 1.588%

CL500-29 marine group
LD28 freshwater group
Synechococcus
Cyanobacteria_norank

OPB56_norank 2.183%

Methylotenera 2.498% 0.500%
Malikia 0972%
Arcobacter 0.530% - 0326%
Mycobacterium 0.594% 0.933%
Limnohahitans 4.988% 3.131%
MNGT_norank 0.434% 0.494%
Sandarakinorhabdus
Roseomonas
Rhodobacter
Flavobacterium
Porphyrobacter

Rickettsiaceae_uncultured
Cloacibacterium
Gemmatimonas
Lactococcus

Halomonas

Bacillus

total 56.74%

61.20%

Coauw

FES Y F R 56. 74% ~79.60% (18 2), Hidr, Bt
FANFETR 3B T 10 /9 OTUs 5 B FEFEH) 70%
VI E.

0.5% 2.5%

June-6F

June-26F

June-6A June-26A

3.455%
3.458%
4.335%
2345%
2.735% 2.076%
3.455% 1.149%

0.751% 0335%

At

0.450% 1.941% 1.676%

2.006%

R

61.47% 67.10% 79.60% 71.32%

2 JFEmPEXFEER 10 B OTU LA
Fig. 2 Relative abundances of the top 10 OTU from each sample

& A B 5% & W, Cytophaga-Flavobacterium-
Bacteroides( CFB) | B-Proteobacteria FlI y-Proteobacteria
FERFE T B 0 A0 A (SRR, FEk AR
3 B-Proteobacteria B2 i G 2. FEABISE
th, FEKAEHRE S TR &K BT K48 Y a-Proteobacteria
( Porphyrobacter . Rhodobacter ) , Firmicutes ( Bacillus |
Lactococcus ) Fl y-Proteobacteria ( Halomonas ) , TiAE3F
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