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B, B, BHRABYF AEEORSKERR, — 7 @RET AOB 9 KFEH, FHERG
REWGREADAR, F—F @At LA 3 A ALIEAR A B H], X425 NO, Adbik S
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Distribution and role of nitrifying bacteria in the
sediments of Xihu Lake in Quanzhou

CHEN Guo-Yuan" HUANG Xiao-Ming
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Abstract: The distribution of ammonia oxidizing bacteria (AOB) and nitrite oxidizing bacteria (NOB)
and the potentials of ammonia and nitrite (NO, ) oxidation were studied in the sediments of Xihu Lake
in Quanzhou. The high concentrations of organic matter (OM), total nitrogen (TN) and ammonia existed
in the sediments of Xihu Lake. The number of AOB were 1.1x10°-6.4x10° cells per g of dry sediment
which were higher than 4.2x10°~7.4x10° cells per g of dry sediment of NOB (Paired t-test, P<0.05).
With regard to NOB, the two genera of Nitrobacter and Nitrospira coexisted in the sediments of Xihu
Lake, and Nitrobacter were the dominant NOB. The difference of AOB and NOB number resulted to
some extent in that ammonia oxidation potentials were significantly higher than NO, oxidation poten-
tials (Paired #-test, P<0.05), indicating that NO, oxidation was the rate-limiting step in nitrification. In
addition, the high ammonia concentrations in sediment of Xihu Lake which accelerated ammonia oxi-
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dation but selectively inhibited NO, oxidation, also lead to low NO, oxidation potentials.

Keywords: Xihu Lake in Quanzhou, Sediment, Nitrifying bacteria, Nitrification, Ammonia

DU -K BLm B RS R A S R g
ERAE RN BT AY SR, EHIEE B RN A
ffar FASE HEAEH . A A VLA Tk
FR A A aoh B 3 R R, 2 OB AR T A W IS -
NO; Hy—Fh B, (5] i S MR IR Y ok
RAMNFEAEYBRR, RAKEESREHRIEAN
— AR BRI VR AL 2 IR A
RIER A H (AOB)/EH F o &AL NO, 5 4R
J& NO, TE M AiF B %R %8 fb 41 T (NOB) B /E I 9l Sk
B NOs . WIALES RS T, RZVIEY LA
G52y R R 10 1 = A = 1 S ' R B
T w5 A A0 B o A SR A AR T 00 BF 9% 34 3R 3 1
55, WTRAERR 2 A B —a AL RS IR R
AL RGP, R, ZAJE AOB MKW,
L 2 R (BT = 2R A U s | - O R 1173
A b A E Y, mH AR EIF 2w E R
WA, HEE R X, FAMRE T, (B,
5T AR BE XA TORR A b s Ak 40 B A R Ak
YR IS iR AR B =, R AN BER A B it 7
FAL AR R G0 R AE P R TE 2 A R

ARG FEIS LT 16S rRNA LK 15 A HEbE
3 2 I (PCR) £ AR 5 4% L6 # % 75 (MPN) 46 45 & 1
MPN-PCR EMF58 S M P4 3R Z TR AOB Al
NOB )57 S s SEAC R RS R R A AL 11, B st
BB FRAIHINA TORR A T Ak 2 TR A B ) B A
H, MR E ST ES RE RN A Y R 2
TEA AR AL 4R S 5.

1 X5 i

1.1 FRAEAER

P4 i1 (24°55'29.34"-24°56'1.42"N, 118°34'51.55"—
118°35'31.56"E) i T 5% MM i X PG b &8 ¥ U5 111 e 728,
JE SR T X R AN, 5 MBS 100 hm®, o
KB AR 82.28 hm?, ¥ 2-3 m, AWK Z 1 100 m,
MALYEZ) 970 m, &I LG Tl IX | A6 e F
REAEX ., EEkK, BEEEL Tl EK A FETEK

AOHERL, PO KA SR ARG I, K k2
PR B SR AL o, KR R (TN) MR EE R
2.135-6.987 mg/L, “F-¥ &K 3.929 mg/L; A
N 1.072-3.399 mg/L, E¥ &N 2.182 mg/L;
NO; ¥ B & 0.631-2.429 mg/L, V3 & & K
1.236 mg/L; NO, ¥R JEZ 4 0.018-0.160 mg/L, ¥ &
5 0.059 mg/L",
12 REMVAMFEERSEINE

T 2009 4F 10 ATV A RCR AR R R)Z
DU (0-3 cm), [FIATRAE KM, RS E
1 s e A I R A A I e I B (T AN
pH. FEMEEIKG)G, T 3—4 h Wig L= (s
SEANBR S 530, DIARPIZ .0 (4 000 r/min, 20 min)
PAGMEBEAK, 1+ 0.45 pm FLEAOENRE, BOIE W E
NO; . NO, fl NH, WY, NH; ¥ EH4HE Barnabe
AR, BORNIBZRT . B AL
£ 0.15 mm i J5, FHBER i A HL(OM) % i,
FA B LR R 5 (TN B 2
1.3 AOB # NOB £ 2 B9 E
1.3.1 DNA H9RERFALE{L: FREL S0 g UIREERE,
A 100 mL /) DNA $2HUZE R S mg FE K, 37 °C,
180 r/min #%¥% 30 min, JIA 10 mL & 20% SDS;
65 °C K% 90 min, 6 000 x g &[> 10 min, B ¥, &

by A
E1 FHRERSHE
Fig. 1 Map of Lake Xihu, showing the location of sampling
sites
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O JE 0 DO TE BRI EL, B 65 °C Kk
10 min 4, MR L, HHKS LEEEE
TH 0.5 AR 30%K & ZFE/FALEI (1.6 mol/L)
B, SIRACE 2 h, 10 000 x g B.0> 20 min,
DU B £ T 20 mL TE (pH 8.00), A 7.5 mol/L &
FREP 22O 0.5 mol/L, VKifF 5 min, 4 °C. 16 000 x g
B0 30 min, BV, MBI vy, A0S
FEQ24:1, VTR, A 0.6 fEARFUSSNEL, FEiR
PUTE 2 h, 16 000 x g B5.0> 30 min, YUIEEET 1 mLTE,
1.3.2 AOB A2 E: XHHEHUY DNA F
TR HEAT R BE (1:10)F5 BE, 43 AR R Al ik 47 2 B n
ARG (amoA)) PCR ¥734 . 51¥M amod-1F Hi
amoA-2R"", Y3 R BERK E R 491 bp, AR A:
10xTaq buffer 5 pL, 25 mol/L MgCl, 3 uL,
2 mmol/L dNTP 5 uL, 4 g/L BSA 1.2 uL, DNA it

1 pL, 20 pmol/L amoA-1F 0.7 uL, 20 pmol/L
amoA-2R 0.7 pL, 5 U/uL Tag DNA B4 0.5 pL,

H,0 32.9 uL, ¥ H#FEFH: 95 °C 5 min; 80 °C 15 1k,
JmA Tag DNA polymerase; 94 °C 60 s, 60 °C 90 s,
72 °C 90 s, 48 ME¥F; 72 °C 10 min, HL PCR ¥ 1
Y10 uL T 2% B BE R Ik, AL S B g ()5
i 4 [ 3 UK EERE AR O3 T R GBS R T
AT WG AN o Ul e W B AR R B AR 1 Sy 6 T
(LI BERAGNEE, M4k, L2040k
Y, AR —AHRE, HEARY L EMEAN . id
T RRBREAY A EZ R, MR Taylor 11
RV amod FE I S48 DAL, 54~ AOB 4 it
H amod F H (1 #5 DU — M8 R 2-3 4, P35 2.5 412,
i AR AOB (A4
1.3.3 NOB M EBNE: IRAKESRETH
NOB =% 2 itk & J& (Nitrobacter) Fll il 14 12 1 J&
(Nitrospira)t™!, i 43 3P 45 16S rRNA I [H X}
Nitrobacter F Nitrospira #E47/E )& 09 &, #4314
1 16S rRNA A1) S48 DUERIh Nitrobacter
Nitrospira WA Y . RS540

(1) Nitrobacter 4= M E: XTHEHUY DNA
FHICH K AT RS BE (1 10) W0 B, 23 A AR A7
16S rRNA ) PCR ¥4, 51475 FGPS 1269°F
FGPS 872" P { BE K 397 bp, P AR
A: 10xTag buffer 5 uL, 25 mmol/L MgCl, 3 uL,
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2 mmol/L dNTP 5 uL, DNA 4 1 pL, 20 pmol/L
FGPS1269° i 1000 f5/5MA 1.25 uL, F—F K
7 58 U FI AR M 1.25 pL, 20 umol/L FGPS 872
JnkEJ IR B, 5 U/uL Tag DNA 247 0.5 pL, H,O
33 uL, § L A 95 °C 3 min; 95 °C 45 s, 50 °C
30's, 72 °C 1 min, 72 °C 3 min, 10 MEH; HhnA
20 umol/L 5[# 1.25 pL, EE ERALE, B 95 °C
455,50 °C 30s, 72 °C 1 min, 72 °C 5 min, 60 MEFF;
12 °C fEi. JFW MG LR

(2) Nitrospira =4 N E: XTHEEY DNA F TG
PR K HEA T BE (1:10) B, 4r /R MR 1T 168
rRNA EEH PCR 73, 51%°5 NSR 1113f Fil NSR
1264t J 18 B EE N 151 bp, T HAR A 10x

Tag buffer 5 pl, 25 mmol/L MgCl, 3 pL, 2 mmol/L
dNTP 5 pL, DNA #i4z 1 pL, 20 pmol/L NSR 1113f

0.5 puL, 20 pmol/L NSR 1264r 0.5 pL, 5 U/uL Taq
DNA B4 0.5 uL, H,0 34.5 uL, § HEFEF J9: 95 °C
10 min; 94 °C 30 s, 65 °C 30 s, 72 °C 30 s, 60 ME;
72 °C 15 min; 12 °C fHi& ., JEATHEGTRE QN 1 .
1.4 YR ST HERLSEEEDNE

B 12,5 g BRI T 250 mL HEFE B,
JIA 100 mL 28 0.2 pm 37 58 2F 4k 8 J ik 845 F 3K
B A3 BN A R R S A A 157 NaClo; (R
W 1.06 g/L) Ft 2 Ak S 3R DY 9 B R TR
(ATU) (AW EE R 10 mg/L)Me Fr A HE T i I
ERE AR O, AR, EPRTTRYIRET
TREE SR 24 h, MRIEREFRATE NO, & iy 25 (H
4y BT B A AT T R S R R A A 1)
1.5 HIEAE 5SSt

iz Ffl SPSS10.0 #f4 & Sigmaplot10.0 R4 %t 4k
PTG AT AR

2 i

2.1 PR ELRSE

mZk 1 PR, WY pH o 7.2-7.7; [H]
Bk d NH, R NH; &, 405 15.883—
26.847 mg/L #10.119-0.635 mg/L; [H]BH /K NO; Fi
NO, ¥ B &K, 43l 4 0.396-0.507 mg/L Al
0.018-0.036 mg/L; & A& Al A ML & & 53 5l A
4.01-6.73 il 55.16-80.12 g/kg.
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Table 1 Basic parameters in the sampling sites of Xihu Lake

[i] B2 7K i NH,™-N ] B2 7K v NH; ] g7k i NO, -N ] g7k i NO; -N S HHLR
»’/ﬁéljj + .. .. .. .. _ .. . _ .. . SN2 UL
AR H NH, -N in interstitial NHj in interstitial NO, -N in interstitial NO; -N in interstitial N oM
Sampling sites water water water water (e/kg) (e/kg)
(mg/L) (mg/L) (mg/L) (mg/L) ke ke
X1 7.5 16.964+1.115 0.250£0.013 0.024+0.005 0.432+0.028 4.27+0.192 65.38+2.104
X2 7.4 12.528+0.912 0.149+0.009 0.018+0.002 0.481+0.021 4.01+£0.174 55.16£2.173
X3 7.2 15.883+0.847 0.119+0.009 0.027+0.001 0.507+0.036 4.58+0.152 61.49+1.185
X4 7.7 26.847+1.038 0.635+0.011 0.036+0.004 0.396+0.019 6.73+£0.193 80.12+1.938
X5 7.5 24.583+0.098 0.358+0.010 0.032+0.003 0.422+0.026 6.52+0.182 74.41+1.714
X6 7.3 18.982+0.073 0.177+0.008 0.029+0.001 0.458+0.031 4.76+£0.121 58.83+0.962
2.2 FESHRIAY RS L E A9 MPN-PCR 48 3 Wie

mzk 2 P, FWHUIERY T AOB AW ath
1.1x10°-6.4x10° 4~ /g F + ; Nitrobacter Fl
Nitrospira £ ¥ & 43 5 5 2.9x10°-6.1x10° FI
8.0x10%-2.7x10° /~/g T+, Nitrobacter WitEWHE L
Nitrospira % 2-8 1%, [FA}, AOB 4A4¥& Ik NOB
(Nitrobacter +Nitrospira) =& 2% 2-9 £,
23 FHRBRYPEEMMTHEEESLEN

mak 3 Fiw, TR b E SRS (B N
K 12.85-20.73 mg/(kg-d), B35 T I A4HR Eh 4R
fE¥ S (LA N 1) 8.15-14.17 mg/(kg-d) (X} -5,
P<0.05), HIU{E A 1.53+0.093,

PEIIURR Y AE e R A i 1) AOB, AOB A9
i NOB A9 2-9 f%. NOB HY, Nitrospira Fl
Nitrobacter [ B /£ 76 T W i Wi L 4 h, H
Nitrobacter JEARHFIRE . TEMI TR i 16 4 TR
MM S ZHINESRE TR T2
FAS [ e i A A P B 9 2E R 3 Y

ALV E FTEVF 2 B R G0 h — sz 3 m] A1 M
AW MR E T RN A S S AOB
KEIGK . PEDTRRY) i A e 35 e Tk B s AR 2B
YRR AOB JIESE T X — pi o AHX M Hr R, val

R2 BXREFRARYPHLCARMNENE

Table 2 Nitrifying bacteria biomass in sediment of all sampling sites

AOB

S hY IE
KA (/g TE, x10%)

Sampling sites

Nitrobacter
(Mg T, x10%)
(cells/g dry sediment, x10°)  (cells/g dry sediment, x10°) (cells/g dry sediment, x10°)

Nitrospira

Mg T+, x10%)

NOB (Nitrobacter +Nitrospira)
(Mg T4, x10%)
(cells/g dry sediment, x10°)

X1 3.7£1.03 4.7£1.08
X2 1.1£0.37 2.9+0.96
X3 2.7+0.74 3.241.22
X4 6.4+1.61 6.1+1.94
X5 5.2+1.48 5.4+1.72
X6 2.4+0.73 3.8+0.98

2.7£1.52 7.4
1.3+0.97 4.2
2.5+1.39 5.7
0.8+0.74 6.9
1.1£1.06 6.5
1.7+1.31 5.5

*3 AHTRYTRELMTHEERREALED

Table 3 Ammonia and nitrite oxidation potentials in sediment of Xihu Lake

iz

Potentials

X1 X2

X3 X4 X5 X6

AT
Ammonia oxidation potentials
[mg/(kg-d)]

WA AR R AL Ty
Nitrite oxidation potentials
[mg/(kg-d)]

16.81+1.37

10.97+1.22

12.85+1.08

8.15+0.98

14.36+1.04 20.73+1.69 18.82+1.84 14.29+1.28

8.92+0.83 14.17+1.13 13.53+1.06 8.73+0.86

http://journals.im.ac.cn/wswxtbcn
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DU BIE] B /K NH, R NH; # B 5 AOB 4E ¥ i
FIEAHREE 4). [FEF, U OM. TN 5 AOB 4
P i IEM DG, XFRERE N 5k, AILA
TLs OM & i F IEA S!S, ks & OM ]
PSSR BRI RNk, PR ReEE A, S,
OM B InfH TR RE A R3S I, S BT SR
RASRTE R, 178 B AN Aizaki®OhE i B 5T IR

PR AR 2% A 0 H A (52 3 1 190 AR - 7K 5 T R S 4 Y
R, REZIT, TURY R AR R 2

AR Y 2-8 £, I, ORI OM B2 ik
e BURIBRK A ik B A A IR

T35 = VR B S A BN &% NOB J= 4 — e R 1
il . NH; XF Nitrobacter 1 Nitrospira W4 5 {8
4394 0.1-1.0 mg/LP'FI 0.04-0.08 mg/LP?, F %
JETE L T AR NOB 4 B - 4 48 1k LA
(NOR ) P4 117 X 7 At 2 £ S A ik B A 5 12 g
TR R B /K A NH; ¥ B2 A 0.119-0.635 mg/L,
CLiBBIXT Nitrospira WITIHIHEE, S2009 #ITTE
W1 Nitrospira BR8P MR, POHIDL
AW a]) B /K Fp NH,F NH; 3 B 5 Nitrobacter =4
i P A, W5 Nitrospira M4 JC i 25 A%
KRR 4), ULV DR Y 1] Bk A e vk
NH; 3£ KX} Nitrobacter FhFHEF= 4= B W 901, 2038 i
{E3F AOB TG PR M 4242 3 T Nitrobacter FPHEH)
K BAMBULIA, Nitrospira B 9% 3% B 5 5 NH;

FEAHR, H [ i 32 3 e — S PR BE A5 A Y 52
W -NO, W4 . X T NOB 2K iit, Nitrospira J&
T K-, AR EE, BB SRy R
J1, FTDATE SR B NO, AR | A h K
TAAE AR, Nitrobacter J& T r-iEF- W Fh, K
P, AB YRR, HRETE IS W A Sk B 4
IR BE oK B AR R, Nitrospira W)ICY)ZE R
kb Nitrobacter 5 1 5224, (HE, 1F NO, W EF#H
B VG, Nitrobacter ZARHEFIEE . A
rprds R W, P TR A B K NO, WK E S
Nitrobacter =¥ & B FH FAHL(E 4). SABWRMR
i35, Nitrobacter 1 NOy ¥ i B AIK 1 FE 4070 4l
KB, X e RN Nitrobacter =5 ZEF5ME
FE [ A RORE R UL B W 3 AR R Y, RIE T
Nitrobacter REFEJRY) ik = IR AEAE . LAk, 4
PR B SEIE R Nitrobacter RERS 57 37/E 4K, T
Nitrospira Hfg A FRAE R P Hit, 7EAILRE &
B VIR Y, Nitrobacter HA 5E 4 #,
PO IR R AL 55 Nitrobacter W) i
FIEMRER HUEL T X —S. AR B
FRKZE Nitrobacter AT EFRB R IELE K,
B2 AN TR) B ik =2 1) 1) DA LB A Sy BE i AR
B EZFRY HIWAFEE Nitrobacter WEEA R
&) 9 A A ML R BE 7, BB T RETE 45 A 3R 58
A S

x4 TRYDHUAELEYVESHRESHZEMBEXXR

Table 4 Correlations among nitrifying bacteria biomass and parameters in sediment

28

AOB Nitrobacter Nitrospira NOB (Nitrobacter +Nitrospira)

Parameters
B iy
Hl@;kq.j NH4 N 0.940 ** 0.925 ** —0.588 0.626
NH, " -N in interstitial water
IET”%?K'_:P NH? X 0.911 ** 0.919 ** —0.635 0.588
NH; in interstitial water
IEUIZ&,]J(EE NOB _I\_I‘ —0.849* —0.951 ** 0.513 —0.704
NO; -N in interstitialwater
lEﬂlﬁjkq.j NOZ -I\.I. 0.869* 0.802* —0.431 0.595
NO, -N in interstitialwater
=E
e 0.905 ** 0.862* —0.689 0.488
TN
OﬁMﬁLEﬁ‘ 0.994 ** 0.958 ** —0.478 0.736*

Note: * P<0.05; ** P<0.01.
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T A0 20 A ) A ) i RBP4 2 S )™ E 5 ) T
EACVE AT . PRI, NOB myAL SFh i
J& Nitrobacter . 31 112418563, Nitrobacter
E Y NO, E4LiEERY, Nitrobacter B NO, B ALTH
P22 Nitrospira 1) 9 f5B%, (B2, AOB /LYt
=T NOB AW, —a i P A g
v T A R AR A A T ) (FC X 4656, P<0.05). ]I,
PUMIDCR Y T & KA LT, X S L5 Y R
fir ST FE AR, FEUITEY T RERS, M
M5 NO, A Akt 72 o 3 Ab, 2 00 il Ak 4 127 1% 1%
P LA AR 58 A 8 VR AP SE QT DR TR s dn
36 mg/L NH,", fiffbsfi e i 4 mt, v i By
HIAS N 360 mg/L NH,', fisfb R i N 35%, {H2E%
Ji 3 600 mg/L NH, B, A AL A Fl 52 31 9 & 4 il )
AOB ML Z % 0.3 mg/L NH;B4, Fa 15T
Py e VR B 1) NH AU AOB TR, (] 2%
X NOB (3 P 7= A= i, DA T 3 30 2 S A v 7
(IR E DR AT DA

HEARVG DR b, S A AW T W 3 T A
FRER AR T, (02 NO, WRIEHIFA G, UiBH VG )
TURRW) Hh [R] AR B TH AR NO, AR AL, AR
A A RIS . Priar 255 i 4y Ao
HORTEVLTRF U I R DAt i v & BR 1 IR A E Ak
P PRBAEROSE L R M H AR IR, K
TG GV DN B T AN T I X K = A 1) S A Ak i R
e FEWN R AR, MR IR A E A
Fo A 7 R R G R 12%—14%, 15 S8 T s D<)
1%, LA FZE R, fEIRKAESRETIRY 1z
FETE IR S A E AL T R A . PR, PRSI TOAR
A REWAETER U R, 3 NO, MR,
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