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Effects of Aquaculture on Ammoma -oxidizing Prokaryotes in Sedlments of
Eastern Lake Taihu “ [ 4 - " .

|
CHU Yu'?, HE Xiao-wei'?, ZENG Jin’, ZHAO Da-yong' ", SUN Qiang’, CAO'Ping”, WU Qing- 1ong"‘5
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Abstract: The abundance and diversity of ammeénia- 0X1dlzmg microorganisms in sedi;lents of an-aquacultural area of Fastern Lake
Taihuswere 1nveqt1gateﬂ' Real-time quantltatlve PCR was used to analyze the abundance of jarchaeal'and bacterial amoA genes. Gloned
libraries wete constrieted to investigate the structure and diversity/of the microbial community. By comparing community characteristics
of anrmom‘a oxidizing archaea( AOA) and ammonia’ oxidizing. bactg,na (AOB) in different zones, we found that; (DCopy numbers of
the ba( teriallamoA gene outnumbered those of ‘archaeal amod “genes in the aquacultural zone; @Dlvel%lty of AOA and AOB was higher
in the aquiaculture zone and control zone, respectively; @ The dominant cluster of AOA and AOB in both sediments of aquiculture zone
and confol zone was Nitrosopumilus and Nitrosospira respectively. It was therefore the community structure of AOA (rather than AOB)
in lake sediments that was affected by aquacultural activity.

Key words: Eastern Lake Taihu; aquaculture; sediment; ammonia-oxidizing bacteria; ammonia-oxidizing archaea
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ARAA It T MR IR TR IR X, PR IX K
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Fig. 1 Sampling sites in Eastern Lake Taihu
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J A DRI R 2R R TR L (ALPHAL-2, 1
[E] CHRIST) ¥4 J BIF 5 I (5 A7 7E - 20°C /1, pH i
H pH 3t (pHB-4, &) #EATIE , VIRYE 2
mol-L.™" KCI % Wiz #& J5, A H & 22 i 3h 7 Hr 1%

5 purification kit, Hangzhou, China) ,

(San + +, SKALER, awii)wMﬁimﬁﬁ§§<N0;-N)\
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B (TP) ZETTAR WAL i Qz{ﬁﬁ’%}:ﬁLﬁUﬂU%, AL
J5T (OM) 75 f W bR 1 J5 125 AT
1.3 DNA $2Ht

DU SE R 4 DNA $2ICF 0. 25 ¢ DLRRY, 1f
HiE S DNA #2HUK 57 £ ( MoBio Laboratory, Solana
Beach, CA)#EATHEI, FARHRAEAR BiCR) & o # A
YL 5 FRICH A DNA T 0. 8% BrEWEBE 2E4T
5 f5, R AR 9 43 06 Ot B2 it ( Eppendort,
Hamburg, German ) Il i& Hfk i
1.4 SERfERE PCR 73

SCH AT WY B AL %% 4 1Q5  Thermocycler
(RG65HD, Corbett, Australia). AOA F1 AOB [ amoA
BEDH PCR 47 M 09 51 W) %) 43 301l 52 Arch-amoAF/ Arch-
amoAR""™ 1 amoA-1F/amoA-2R"" | T/j?/ﬁfFFH?iE?'FIJFHﬁ
SRR 10 5 B R IE 19 TR R 2 3L AQAT FIAOB
Y amoA JEIFIfRER {8 IR RN 20 WL AL
10 pL SYBR Premix Ex TaqTMéji{FF {{Sz(Takara,;fapan)
74MA&H)L?ﬁ%%%OSMﬂHMLMM
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95°C?ﬁ/7’r|‘$3 mit; 9509 30%, 53C 1 mm 72°C 20 S
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L5 sl Rk p Y

¥ PCR r=#) 4 ik )5 ( Axygen PCR cleanup
#4% pGEM-T %,
& (Promega, Madison, WI, USA) ## & KIn AT
JRZ YN ( DHS, Takara, Japan) #E47 g, ¥
i 40 R B 100 pgemL ™ & E T AR, 40
pg-mL ™" X-Gal Fl1 24 wg-mL~" IPTG Y LB 1535 5
B IR, R BV v RE B R Ak, (24|
Py (T7 F SP6 ) %5 B v [ O 4 ik 2 b i 56 3 4R
PR A BRA A HEAT DNA ), Bt T 12 4
SC%E, AOA By 6 A3 P A% 2 FHAE e T 180 4,
FHEIFFS1 180 2%, AOB 1 6 A>3C1E AP AT R B 5o
5300 4>, 7511299 A

D25 42 5% ) DNAStar 12462 1 Bk 24475 51
FHI ClustalX2*! 8 47 2 5 Jy 81 % H, i
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MR Z RS E H ) FISCPEE 5%, F BLAST 7E
GenBank 15 &L H1 7 418547 ELXF, {4 H MEGA 7.0
B R G R F W
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A,
=

P amoA A48 DU ] SPSS 22.0 #£ 4T One-
Way ANOVA Z3Hr LUK 46 b Pk 25 5.
1.7 JFH b
ARG T ARAFBIPTA amoA FEH FFHE I

&3] GenBank FEHEH | FRAFH T amoAd FH 7

HI| () %% 55 MF154410-MF154469 F1 MG700694-
MG700783 ; 3AFHILNEE amoA KK 731 ()8 %5 N
MF154470-MF154569 #1 MG700784-MG701012.

1 FERXEGHR

2 ZERE5HHR

2.1 HfEMER

HRHEFE 1 AT, 3758 XORDG B IX (Y pH B AH T
S ; SR IR ZETURY T NO, -N| NH, -N|
TN, TP F1A HL BT & & ¥ 8 % & T X ]I,
NO; -NAY & 5 76 A X B A TR b O b 3 Pk 2
S5 BRI, AR AW A TR o R A Y LR
R ISR

Table 1  Characteristics of sediments in different zones
o ol NO; -N NO; -N NH, -N TN | TP | OMi1
/mg-kg ! /mg-kg ! /mg-kg ! /gkg /gkg /g-kg
FEHH X 8.13 £0.05a 0. 064 £0. 008a 0.78 +0.29a 61.33 £14. 84a 4.46 +0.55a 0.79 0. 20a 119.45 +13. 50a
X IR IX 7.97 £0.06a  0.018 £0. 007b 0.59 £0. 16a 17.95 £1.91b 2.40 0. 66b 0.39 +0.05b 25.34 £3.40b
)TN EA, TP S, OM. AL R — B bn 80 5 WA IR 7R R 7R 1 25 (P <0.05, n=3)
1, KPR FRBHE Bh 2 B I UR) )8 3R B A i, FEFEIX H AOA Fil AOB ﬂﬁ%ﬁérﬁﬁ o T XF
2.2 DB R AR E IR R HEDCH AOA ZHEMEAR T AOB. o~
A DX Il ) S A ot T LA TR 1) amoA. B[R P8 107 b5 et amon
NHER B (P <0.01), FAEX T AOA HYFE AT =3 4 amod T
TXIHARKTT AOB Y2 S50y TR AR IX 5 AT, ?%/EE ( -
1 AOB E’Hir“m? AOA TXTHEI:EP AOB Eﬁﬂﬁ&‘ il 2
T A0A(K 2). | ,, & b
2.3 UiH %rﬁ%@tfﬁ%mgﬁ@ ,f g0
gk 2 FJ‘T‘/T AR E 9 AOA mrwu b 180 fr
, AOB 7SI FE A 299 %, /FSCJEEHE@ ”
amo{{ %@E/JJ? WH 30 %, 40 amoA %lﬂﬁ’]f?‘ 'J “
950 4 j 4905 FHEIX f AOA f¥,0TU B S &
13 2 ) AOB fH-OTU $ctsfE 5 ~13 2[5 AOA A 10* proer= pree

U, WX H AOA 9 OTU i 3 ~6, AOB fi OTU
BOH 9 ~15 ZEE KT AOA. BEZR H A ZreEde g
(Smm1 AR ZAEPEAE S HY ) FISCEE 35 R 0T E

SERIAT M AT LU, — 5T, AOA FEFRFEIX (1)
Z BEPE TR = AOBTE X IR X ) AL & o —

PE] PP AR [o) S B3R R AN [ DXt ) — 2 S AR T 2 ) amod

FEFFREZE W E (P <0.01, n=3)

AERE A HEELGHEMSELAE
amoA EFFEE

Fig. 2 Abundance of archaeal and bacteria amoA

&2

genes in sediments of different zones

x2 FARREARYPEEXETEMNEEUARER amod EESHE

Table 2 Diversity of archaeal and bacterial amoA sequences in different zones

it H SCPE 52 Ik OTU %k SRR % S Chaot H'
HY1 30 5 90. 00 6.5 0.673
HY3 30 8 90. 00 7.5 1. 609
HYS8 30 13 80. 00 28 2.407

AOA
DZ1 30 3 100. 00 3 0. 730
Dz2 30 5 93.33 5.5 1.122
DZ3 30 6 96. 67 6 1.428
HY1 49 9 93.88 12 1. 766
HY3 50 5 100. 00 5 1.354
HYS8 50 13 90. 00 18 2.228

AOB DZ1 50 15 86. 00 25.5 2.245
DZ2 50 11 90. 00 21 1. 794
DZ3 50 9 96. 00 9.5 1. 897
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2.4 DU A AU ) BT 2

AW TR AOA 5 AOB 1 amoA FEH
P4 Al 2R e B R niEl 3 AL 4 R, IR
Ol T B amoA 7 AN R 4y B2 W S e, B
Nitrososphaera [t — b - 45 B Nitrosopumilus KB
[EI5(a)], 758 DX ORI X i i) f #2835
Nitrosopumilus , It o5 L A5 53 51 A 64. 4% 1 94. 4%
FEHH X H Nitrososphaera ZEHFAHXT 3= B 0155 H. 73 X
HHRZFEE.

DU TR Y amoA TR AN 43 4 3 N ZEHERD
Nitrosospira, N. communis Fl N. oligotropha [ &l 5
(b) ], SChRET ke iy AOB KHEHJE T B W49 (B-
Proteobacteria) , Y& % UL B i AE & RGE 1
AOB 8 HE. 7 B DX R X BRI o R 34 6 B 2 oh
Nitrosospira , FLAEFR5H XX & X BT (& L A5 53 501
57.06% 1 58% , 3 I IHEAEPIA X I 354 K 2
HAX} R RN N, oligotropha < N. communis <
Nitrosospira [ K15 (b) ]. I, AOB 7EFFEX A%
ALK P ML E TR 28, 7K 7= R B8 AOBY 1Y
TS5 F A B A R
3o )
s Artptiig e 20

SRR RA B, R R A
TP 2 B2 a2 SR I SR B R

RO e e e, A AR R noN

5 AOB SN M EEHE. IR AOAES
TS BRI A K, B AR P AE K 22 5
Mk, W OAOB £ 5 A Ho 67, [, Wu
SRR T RO T & A T amoA 1FE
NHSHAASTEAEREEN IR, FEX
AT 8 A DL TE R S TR I ) o i i 2
THAE RS, 1 AOA TR E B, DLW
AOA M) & R Y X AR F M H 8 2.01
wmol - L™ 120271 3§ AOB R K UL AW & £ B i &
P, YA E R 0.2 ~0.8 mg-L7' I, AOB By K%
FPIBEE DO WREERRAT AL K R RS | 2E G+ 1)
FEFRAY, AOA F1 AOB %UE 1 L {1 i 2 T4 i
PGS T 388 i S0 DR O A AR A T R R R R
43 AOA F1 AOB AN M EL R K. SR A K IIAY
SERKIEAE] 1.2 m'"7) | U5 K A 28 S 52 XK
IR Y RSB %, F, AR KT A 2
WAV RE ISR, IR A ST 2 A b E Y n 4R
A3 R E RS2, AN, B TR SE DR

AOA KT G2 M BUK P AW EA
BERRASOCR™, ik, RARTEY hE A
AT A i AN ) DI 22 5 E 2R th A
A 22 S T Y.
3.2 AZAALMUEYIZ R

—J7 AN [R] DI 56 T [R) R S A A M i e
BRW], FRAEIXT AOA BUZHEVERE iy, I IR X
AOB IZFEPE R &, SR TS DLTEA R E IR RS
(R R R WA R R 2 el A R B R
TR RI DR AOA M ZREMEEL I T o8 57
R FR0, I H AOA W) ZREME A B 22 A4
AR, P, FREAEICHT AOA (2 FEE = m]
A2 Fh T ¥l 77 5 1 S EUR IH1YH 5 IR TR R BE .
AN, AOB 7E WA Xl 2 8] (19 2 AR M 22 e U
AOA FE4 AR, 3% ] BE th AN [R] i) 2 S A s A= W ox
AN RERAEZE S, 55—, E TR —
D AR ) AR A T 2 B ?%“EIJXH?{AOA ]
AOB FIZREVEARAE , | T R DX i AOX Z FEPETR T
AOB. E-{L i HUBUR ) A A R 7 1
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Fig. 3 Phylogenetic analysis of archaeal amoA gene sequences in sediments of different zones
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Fig. 4 Phylogenetic analysis of bacterial amoA gene sequences in sediments of different zones
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