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Distribution of Aerobic Ammonia-Oxidizing Microorganisms in Sediments from

Adjacent Waters of Rushan Bay

HE Hui', ZHEN Yu’’" | MI Tie-zhu’", ZHANG Yu’, FU Lu-lu', YU Zhi-gang*

(1. College of Marine Life Science, Ocean University of China, Qingdao 266003, China; 2. College of Environmental Science and
Engineering, Ocean University of China, Qingdao 266100, China; 3. Key Laboratory of Marine Environment and Ecology, Ministry of
Education, Ocean University of China, Qingdao 266100, China; 4. Key Laboratory of Marine Chemical Theory and Technology,
Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: Nitrogen cycle is a key process in material circulation of marine ecosystem, which plays an important role in maintaining
ecological balance. The ammonia oxidation process promoted by aerobic ammonia-oxidizing microorganism ( AOM) is a rate-limiting
step of nitrification. Real-time quantitative polymerase chain reaction (qPCR), along with the determination of potential nitrification
rates (PNR) was carried out in this study to understand the distribution of AOM in sediments of adjacent waters of Rushan Bay in
August, 2014. The results indicated that the abundance of total ammonia-oxidizing bacteria (AOB) was always greater than that of total
ammonia-oxidizing archaea (AOA) in the three sampling stations; the ratio of active AOB to total AOB was less than 1% , while no
active AOA was detected in this study; the PNR significantly decreased after adding ampicillin which could inhibit the activity of AOB
(P<0.05). It was speculated that AOB might play a more important role in the ammonia oxidation in sediments of adjacent waters of
Rushan Bay in August, 2014. Dissolved oxygen concentrations, temperature and ammonium concentrations played a significant role in
distribution of AOM in sediments of adjacent waters of Rushan Bay.
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Fig. 1 Sampling stations in adjacent waters of Rushan Bay
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Table 1  Physiochemical parameters of bottom water in adjacent waters of Rushan Bay

biyiva LR/ C ihEE/PSU W4 /mg- L NH, /pmol - L ~! NO, /pmol -1, 7! NO; /pmol -1, 7!
A3 22.555 30. 764 4.384 1. 089 0.278 2.548
C2 23.294 30.516 4.133 0.617 0.382 3.059
E3 21. 581 30.579 4. 455 0. 891 2.317 2.997

1.2 BRRECS PCR 9744

435 i PowerSoil® DNA Isolation kit ( MoBio,
USA) 1 RNA PowerSoil ® Total RNA Isolation kit
(MoBio, USA) & HURZULARY) i E Y & DNA Fi
BLRNA. S8 544 B8 Transeriptor First Strand ¢DNA
Synthesis kit( Roche, Germany) #AE Ui BIHE . FH
5% Arch-amoAF/Arch-amoAR #1 amoA- 1F/amoA-
2R 541 AOA Fil AOB amoA K2 (36 2). PCR

PN 1% BRNEREEEIE AL DK 0 B G A 2%
x2 5UF5
Table 2 Primers used in this study
KE B

SIARR SIPFEEI(5-3")

/bp /C
Arch-amoAF  STAATGGTCTGGCTTAGACG 635 56
Arch-amoAR  GCGGCCATCCATCTGTATGT
amoA-1F GGGGTTTCTACTGGTGGT 491 58
amoA-2R CCCCTCKGSAAAGCCTTCTTC
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H Picodrop 48 il it % 4143 St BE i ( Picodrop,
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LEAR (A IHEE R

FEAIIE B 7€ B PCR 1A 2R AL A1 5 A o T 28
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TR amoA , X 5 22 Fi A3 40 9F 5% 45 SR AR B 2
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Fig. 2 Abundance distribution of AOA and AOB in surface
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sediments in adjacent waters of Rushan Bay

2.2 BTERIILE R T

VE S — i e KTl 1) 5 4 PR ) ), 2R &
R OEUE I A =2 QR PR . BH M TR 2 K o 72 v 4
JILBE B B, AT 4 R 2 T SR T (H R
HRRASME Z S WG E. Bare Ao
el W INE R H B R e fbid A2 AOA Al
AOB AYARXF BTk . 7L LIS 408 30T VAR 3OR R 0 ) 2
EUUERYE S AL R A R IR IR 3. R
IR 7 A R a L R g b R (DL N/
1) 4 0.782 ~1. 666 pmol- (d-g) ~'; WIMAET
B RO TR LR T RE T 20 90% . ¢« Frdmah iR
T B SR ERINA T EHE RS2k
WE(P<0.05). HULATAL, ARHFIT X 3850 = E Ak
R EE R AOB #ES), X B 5 AR K I 27 1 AOA
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2.3 VEBAEREILIE RS amoA LIS DB SEM T
A3 5% PNR F1Li AOA amoA FEFFE 1%L . PNR

FLEL AOB amoA FE [ # D1 %, PNR HIi% % AOB

amoA FERI¥E DUEHEAT A OCHE 43 AT, 45 SR R W, PNR
55 AOB amoA ¥5 VI ¥ 2 i i AHL (P <0.05) ,
M5 PE AOB amoA JER¥5 UL (B AG 1 35 40 ¢
(P <0.05), W3 3.

R3 BEMULEERS anoA ERE NHAX ML

Table 3 Correlation analysis of potential nitrification rates and amoA gene copy numbers

UYE|

Jih AOA amoA

J& AOB amoA 151 AOB amoA

FE PR D15 FE R DB FEPR $E DR
HEMLERCRIMAFEER) -0.431 -1.000" 0.491
WM (RIMEA T EER) 0. 457 — —

1) Fm —FH BEMK(P<0.05)

2 D FsmEr e [ Emas ik
I_‘;‘D 20 |
f‘g 1.5 Z%
El
® oosh /

E3

3 FLLEMEEE R BN AR P HEBEREAER
Fig. 3 Potential nitrification rates in surface sediments

in adjacent waters of Rushan Bay
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3.1 amoA FEHNEE N EHEHN FHIR R

R A A A R S EE R P A S AR RS A
TR RO 5 oA 2R L. AOB 1 AOA 12N
SRR RS, W R R A R B AR R BT
Bk— BRI A, $hEE> 20 pH™> ) | %
e B 70l R R vk R Y A B R EE 0 AOA FNI
AOB FiEf=F B i T ZE R85 [N 1, e i 6 vk B LR
JERPINECNEZ S EL AOA B AOB X &b Ay
o M) SE R f1, @0 Candidatus  Nitrosopumilus
maritimus SCM1 X4, ( Z NH, + NH;) FE1a s
B0k 133 nmol - L™, 1fi AOB %14 ( > NH, + NH;)
2H A T H KU N 46 ~ 1780 wmol - L™, IR 4% £k
e B AT LIVE 20 AOA Fil AOB FhELE # i) —
SRR SRR NH, BRI
A A B — D EBES L XS AOB
i AOB 1 LU B8] 5 R85 IR 1 10 56 R AT AT 2 B, 6
5 AOB (5 AOB [ L {51 Fifi 25 44 5 e 32 Ay 384 im 1 384

KX TTHES AOB it A 7E B h 1 FE 45 v () PR 85 rh A7
WA (F 4), %5 2w i H b #1578 45 5 A5

31
ﬁt J.
0.20
n Al
e C2
a E3 .
=
g 0.15
=
2
a
< 010
i
m
=]
3
b -
Ha 0.05 .
0 he L L I L L
0.6 0.7 0.8 0.9 1.0 1.1 1.2

ek ¥ /umol-L!

B4 FLLEME SRR LRERBRY HiEE AOB
&7 AOB HyLL I FnszE IR BRI R B
Fig. 4 Relationship between ratio of active AOB to AOB and
ammonium concentrations in surface sediments

in adjacent waters of Rushan Bay
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T 7R AL % (PNR) H 1B M35 s & A ALl
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*4 WERFEUBENHEFHENEXRE
Table 4  Correlation coefficients of environmental

parameters with the first two axes of RDA

HEF 4l i B HhE VR i AR Bt e
1 0.967  -0.405 -0.989 -0.708
2 0.256 0.914 0. 142 0. 707

VIR EH 0 AR B AR, AR5 PNR 5
B amoA RN FF . HHE amod FEFFERFHE A
KHFR X5 Caffrey 251 XF 6 ASAS &) 0] F1 B BIF 5T
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