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Distribution Characteristics of Anaerobic Ammonia Oxidation Bacteria in

Sediments from the Adjacent Seas of Yangtze Estuary

FU Lu-lu'*?, ZHEN Yu*?**, HE Hui'*?, ZHANG Yu*?*, MI Tie-zhu*****

(1. College of Marine Life Science, Ocean University of China, Qingdao 266003, China; 2. Key Laboratory of Marine Environment
and Ecology, Ministry of Education, Qingdao 266100, China; 3. Laboratory for Marine Ecology and Environmental Science, Qingdao
National Laboratory for Marine Science and Technology, Qingdao 266071, China; 4. College of Environmental Science and
Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: Marine nitrogen cycle is of great significance to maintain the marine ecological balance. Anaerobic ammonia oxidation
(ANAMMOX) process driven by anaerobic ammonia-oxidizing bacteria is an important way of promoting the marine nitrogen removal.
In this study, quantitative PCR (qPCR), combining with environmental factors analysis, were used to study the distribution of
ANAMMOX bacteria in the sediments from Yangtze River Estuary and its adjacent waters in summer, 2011. The results showed that
the spatial abundance distribution of ANAMMOX bacteria was closely related to environmental factors. Total organic carbon, salinity,
and concentration of ammonium played vital roles in regulating ANAMMOX bacteria abundances in this area. The abundance
distribution of ANAMMOX bacteria was significantly positively correlated with total organic carbon content (P <0.01,r =0.69),
reducing along with the increasing concentration of nitrite and DO, while the influence from salinity was complicated.

Key words :sediments; ANAMMOX bacteria; amx-16S rDNA; environmental factors; abundance distribution
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Fig. 1 Sampling sites in adjacent waters of Yangtze Estuary
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Table 1 ~ Real-time fluorescence quantitative PCR primers and amplification procedures

5192 Fk FE3(5-3") Ei D= PCR T
341 F[25:260] CCT ACG GGA GGC AGC AG bac-16S rDNA 50°C UNG BEHIE 2 miny 95°C, 10 min; 95°C, 45 s,
58°C, 1 min, 40 MEH
518R[23:20] ATT ACC GCG GCT GCT GG bac-16S tDNA
Amx368F[?7] TTC GCA ATG CCC GAA AGG amx-16S rDNA 50°C UNG B 2 ming 95°C, 10 min; 95°C, 45 s,
58°C, 1 min, 40 PMEH
Amx820R 27 AAA ACC CCT CTA CTT AGT GCC C amx-16S rDNA

1)16S rDNA | amx-16S rDNA iX 2 NEERBR B A, 40 Bl AT PCR SL486

1.4 FORibRfE S il 5

Hraifb iy DNA 5 pMD 18-T # A& )5 , ik
| Escherichia coli Trans So J&Z M, 1811 5 A
T REAS 2 S H L Y P SR, Ok B B 4l 1k
R & CFE S, b m) i & kL, 518 MI3F
(-47F)/MI13R(-48R) # 47 PCR J hif, 46 5 BH 4 5e
B Je I e (A R PR 9 s, b))

H Picodrop #8 & £ 415366 FE 11 ( Picodrop,
UK) i 45 5 20 Jo Ry () ¥ BE , 1155 bac- 16S rDNA |
amx-16S rDNA 41 JFR (945 DUk . 45 210 14 5t
K10 580 FERR B, 1T 257 28 i PCR A £ 1Y BTkL
Frife 2.
1.5 ARifE 2 i il A SR Sl

N4 I A5 TR bR o S IR T AR EE AR RE , LA SRR
{#i ] FastStart Universal SYBR Green Master ( ROX)
57 & ( Roche, Germany) #f 17 % )t & & PCR
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A0.2 pgpl " MVEE . 549 341F/518R F
Amx368F/Amx820R 435l 5E & bac-16S rDNA # amx-
16S rDNA (1% #5 DUEL, I AR & . TR DNA 1
L, 51#14% 0.5 pwL,ROX 12.5 wL,BSA 0.5 pL, %
RPN 1. RN RIS Sk BE AN 3 A FATAE,
[ AR I BAE X BR . qPCR 16 5¢ B8 2 J R A7 1 it
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4.04 mg-L™", %k 09 ¥k B YL LA 0.92 ~ 6.20
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Table 2 Physiochemical parameters of bottom water and sediments in adjacent waters of Yangtze Estuary
S fir K TR HhEE jray ke NH/ NO; NOy AT B
/m /C /PSU /mg-L~! /pmol - 1,71 /umol -1~ /pmol - L /%

1 10 — — — 1.00 0.88 7.03 0.51
2 11 — — — 0.99 1.18 17.15 0.57
3 33 22.2 32.67 3.39 2.22 0.34 9.19 0.48
4 11 27.2 25.83 4.04 4.52 0.18 24. 43 0.51
9 11 — 15.65 3.49 1.53 0.37 187.00 0.21
11 11 25.8 21.91 3.50 2.92 0.26 49. 89 0.44
12 27 19.6 32.24 1.11 2.96 0.49 14. 87 0. 66
13 16 22.0 29.76 2.37 0.92 0.16 9.01 0.62
20 57 19.0 34.48 3.04 1.12 0.17 11.42 0.32
21 49 18.9 34. 49 2.40 — — — 0.61
22 27 21.7 32.05 2.90 — — — 0. 60
23 16 23.6 29.21 3.24 1.56 0.41 22.60 0.45
24 27 21.4 32.78 2.76 1.38 0.64 13.75 0.53
25 33 20.2 33.80 2.69 — — — 0.61
30 57 18.1 34.47 2.97 1.61 0.28 4. 65 0.51
31 33 17. 9 34.43 2.01 1.55 0.35 13.07 0.77
32 41 18.4 27.96 1.93 1.05 0.19 4.69 0.68
33 72 18.0 34. 47 3.44 2.71 0.03 3.31 0.78
34 51 18.2 34. 46 3.41 6.20 0. 00 0. 00 0.85
44 22 20.5 34.34 2.52 1.28 1.48 7.76 0.64

1) =" FRARM A S K s

2.2 MPEER T
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amx-16S DNA J¥41], H i Bt K R 477 bp.
2.3 AR Z 2 K DR R SR A A A
1) 7€ HiE

223 qPCR SEER AT T AL I it 2 [ &1 2 (a) ]
A AFFR R A A — A B 2B A, A 5 R
W HABARRR Sy 8. XS H B9 FER A BE (bac-
16S rDNA F1 amx- 16S rDNA) 4 kL #E 1T qPCR 2
N, ARASE AR 2R B 2 (b) FI 3],

%3 bac-16S rDNA F1 amx-16S rDNA £ [FEt7 2k 552"

Table 3 Standard curve equations of bac-16S rDNA
and amx-16S rDNA genes

HH B Frafe il 2 7 R?
bac-16S rDNA y=-2.83x+38.55 0.992
amx-16S rDNA y=-3.31x+37.42 0.997

D) A FREE D R B i SR #5 DUV BE A9 5 DGR, y b Bk AR
HERLPE DL U E 1Y Co fH

T qPCR & f R Al v 3R 2 TUR A T Y bac-
16S rDNA | amx- 16S rDNA £ 1 ¥, bac- 16S rDNA
UL M 9.25 x 10° ~ 1.96 x 10" copies-g ™" ( fif
), amx-16S rDNA 5 DL %°h 6.73 x 10° ~3.81 x
107 copies-g ™' (#ETE ). KA A AL 16S (DNA
PE DL BOm e /N T 4014 16S rDNA $£ 018 AV 5 0. 26
x10 7 ~5.2 x 107", HIZ el nl 1, 5 B A
FHEL , DA A LA A= AR /N 3 () ]

2.4 JRAZEAYNTE 5 90T B Z H] 1 R

#4455 bac-16S tDNA 5 amx-16S rDNA 1545
SLXPEOb B FHBAREAS K-S R I I IE T S 41 1 AR
AR ECH A E R ST, 25 R RS E
(P=0.588>0.05) fPRAZAILANEH (P =0.958 >
0. 05 ) TEA W 52 1 3 = 32 19 43 A B AT 25 0] 5 o
FHRUAZ B A S A B B6E T B B 5 IR R A Ak 4
PR A B AH DG, 45 R R B amx- 16S rDNA &5
bac-16S rDNA # DB X B B A AH O E R (P <
0.05,r=0.51) , JRAEZ A EEWT T XY 70 A1
PG B EY R A FE. H One-Way
ANOVA i 56 S5 41 1 5 DR A 22 A 2 T A 25 i o A
S5 R S B R R SR S SR A A P E A 5 Y
FEMR BB (P =0.104 >0.05). 1EFT
I, IR A A A A A TR Y o A R B KT
1AM AT f DX sl A5 0K ot g S v g i [ 11 3 (b) ],
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Fig. 4 RDA ordination plot for the relationship between

environmental parameters and ANAMMOX bacteria abundance

PRAE A A AN TR = BEAEA IR ST IX I A HAT
ZE Sk, AR B R R A . B A PLeKR b T i T
i, BER R R WARPRER W T R BT R
e Hoh 33 34 Sl g AR L B IR AR AL
AT A R B A

3 it

FEAR SR IRBE v by IR A ST A0 8 K 0 11 TR
SUEAT BN AR A R WGP A R . A
WFFEiE 1 amx- 16S tDNA XYL O 48 i R 21T
T R AR S SRR AN T AT B 5%, 45 A R WA SR R
T ) R JZ DO T A IR A AL . 168
rDNA JERFFE AR P 50 2 1 H 3L, il FIR A
AT A B RAK, AR MEE 2 16S vDNA 38 FH 51
Yo R R A AL AN A, DR kot R SR Rk 4
16S tDNA FYBF5E 5 A0 b e, Schmid 277 4

BT T — RN @ AL TE 16S tDNA Y47 5+
PE51 9, K Bl i 51 ) Amx368F/Amx820R # 17
PCR SE50 A5 7 91 35 0 R AR 2 E AL A B 16S rDNA.
2013 47 FER YL F1 B S0 3 e DL AR B AF T b A
amx- 16S rDNA Xf K48 & A AL 4w 4T 1 21
FRESEITH RS 5 53T, 45 R R W IR A s A A A
BRI OFHE M A S R G 2, HE
AR R

3 amx-16S rDNA 5 = AW 5% 1 81 IR | &
FAL AR 45 R 5RO (4.22 x 10° ~2.55 x
10° copies-g ") | WIHIE/RIT 1T (1.3 x10° ~8. 4
x 10° copies-g ™' )™ | K VT I (2. 63 x 10° ~
1.56 x 10 copies-g ") " Y SZER 25 R ARl RA R
S 20 TR A A A A i R BT o Y E ARG A
3(a) ], AHEFE 15 IR A A AL A TR 5 S AR R
Y 2 e T Fu P FEERIT I (0.02 x 1074) |
Dang 25" 7 B 75 (0.047 x 107 ~0.21 x107*)
IRIESE. HEM R o] G 5 IR A A A L A A 1 | %
FE TR B DA IR BT B A B AR KA OC. IR
SR AN 1) A 1 BRI B R 5 R By 41, HOH AR
S BERU, S 0, 1Y EGA ] 0.5% (29 5.13
mg- L") B XA KA MEIE A, HIR & & Ak
B A A 25 14 AP0 ABF9E X a0 i 4
WRETE 1. 11 ~4.04 mg-L™" R A MR AR, #Hig
VAN S0 R AR A A AN TR 1 A 7 A AR .
REA A METER OB RGP 24478, Hy
LIRS E N N E Il EZS B R A S R ATk o R
ORI WA WS AL AR
SRR ST AT T K 3, AR S R G
IACIHIL I 52 A%, DR A 22 AL A0 20 T ) A R B0 S L
FEH &GN TR UG B i
S DR AR AL TR A R R S5 . ZREPEL R, M
PROFATSERRAE (A A A [R] XA A 22 5

BTN R R B ] AR S RS IR AR
FALAN R AR S R . AR s IR EE A
ARG TR R B A TN 52 1 A () i B 1 IR 4 2 4R Ak At
PRIE B DX 3k 2 5 4 A, 21717 52 i 2% DX 3 PR 4 2 48 Ak
YRR E . TEACHIF 5% Vi R, DR AR G A Ak 4N v 1) =
ERCEENi L e ATE o (I INE =K = =R e I Y S
A7 5 2 iR L A 2R YT 11200 R R YT S v
DURA O FE 45 AR, 55 Hu 25 X6 2RI LT
A S 25 AR TR, AEBILA FE IR 11200 | Ry 1 f
UTTEE > TR rh OO 3] PR AR A SR TR 4N T A AR B
KRR L B i T M Candidaius Brocadia 138
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