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Distribution Characteristics of Nitrifiers and Denitrifiers in the River Sediments
of Tongling City

CHENG Jian-hua, DOU Zhi-yong, SUN Qing-ye "

(School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China)

Abstract: Rivers in mining areas were influenced by contaminants such as nitrogen, phosphorus and organic matter due to domestic
and agricultural wastewater discharge in addition to pollutants caused by mining activities. In this study, surface sediment samples of
rivers in Tongling city were collected to address the effect of season and pollution type on the abundance of nitrifiers and denitrifiers
using quantitative polymerase chain reaction (QPCR) technique targeting at the ammonia monooxygenase (amoA) and nitrite reductase
(nir) genes. The results showed that the average abundance of ammonia oxidizing archaea (AOA) (ranging from 1. 74 x 10° to 1. 45 x
10® copies-g™") was 4. 39 times that of ammonia oxidizing bacteria (AOB) (ranging from 1. 39 x 10° to 3. 39 x 107 copies-g~') ; and
the average abundance of nirK gene ( ranging from 4.45 x 10° to 1. 51 x 10® copies-g~') was almost a thirtieth part of nirS gene
(ranging from 1. 69 x 107 to 8. 55 x 10° copies+g ' ). The abundance of AOA was higher in spring and autumn, and lower in summer
and winter. And sediment AOB abundance was higher in spring and winter than in summer and autumn. Meanwhile, the abundance of
nir genes was in the order of spring ( nirS)/autumn (nirK) > summer > winter > autumn ( nirS)/spring (nirK). Moreover, the
abundance of bacterial and archaeal amoA and nirS genes in sediments influenced by mine pollution was generally higher than that in
sediments influenced by agricultural non-point pollution, whereas the abundance of nirK gene showed an opposite trend.

Key words : sediment ; nitrification; denitrification; fluorescent quantitative; heavy metal
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Fig. 1 Distribution of the sampling sites in Tongling City
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0. 58"V Ht B il A7 HLBR ( TOC) k5 A (TN)
SR HICE M ( Elementar Vario MACRO) & ;
WA (C/N) ] TOC 5 TN By A %, EA
(NH, -N) I A (NO; -N) &2 NaCl 425U 53 )
FH 2 -k R AN b €2 3 058 A1 43 6 6 B 3 0 5
MEFE4EEICE As, Cu, Fe, Pb il Zn S EZ =R
(HNO, . HF 1 HCIO, ) ¥ fi# )5 H 1ICP-AES & .
1 2 " AREMREREEMEETLIE
Table 1

Sample collection sites and main pollution

sources of the two studied regions

HIFFE X 3 KRS F IR
b5 YL H (MP) 1,2,3 AT
AV IR TG YL 2H ( AP) 456 A FIRIGYE | AT K

1.3 PURRWIFEINZL DNA $2HK

FREL 0.25 g UL FR ) 6 A 422 B PowerSoil DNA
Isolation Kit (MoBio Laborataries Inc. CA, USA) x5
SIEAE L PR IR LN 2 DNA. DNA H b ]
1% BB REMERE RS FL VKA 5 T - 20°C ¥R VRIRAE.

1.4 VUL AR S AL T BE S PR = B T

TR A . R AL DI RESE R I PO
&1 PCR 1 ( ABI step-one system ) Jll %€ , 5|9 UL 3
2. PCR J Wi &A% 1. 95°C #4553 min, K J5 40 4
&I, FL45 95°C 3 5,60C 30 s.

SE I PCR AR HEIN 2R & A 4 A~ H 5L
() s BESEA T 45 B B A H R R B e BEAE LB KR
TP e, B EasyPure Plasmid MiniPrep
Kit (4304 ) ok 52 O ) 4 196 BH 5 $2 BTk 461k
FED 5 R MR A B R H HO T 5 R SRR Y 4
DUEL, I b SRR B 22 10° ~ 107,

QPCR #" ¥ x Wi /& & . 10 nL KAPA SYBR
FAST gqPCR Kit Master Mix ( KAPA Biosysems,
USA), b, FU5I9 (10 wmol-L™") 45 0.4 ulL, 6
pL UTFRY) DNA #ibe, 2.8 wL LK LA 0.4 pL
ROX High , W& Z SR F R 20 wL. FAPEXT R
TR KA DNA 1R SRR, 7= M s S Pk FH i
fifg il 2 LA S 358 I F UK B 2. QPCR Y 97 B 2% h
80% ~90% ,FRAEHIZE R* >0.99.

£2 PCRE|#¥
Table 2 Primers used in this study
SRR EIE B AL P51 (57-3") S BRIV bp SCik

Arch-amoA") Arch-amoAF STAATGGTCTGGCTTAGACG 635 [4]
Arch-amoAR GCGGCCATCCATCTGTATGT

Beta-amoA? amoA-1F GGGGTTTCTACTGGTGGT 491 [4]
amoA-2R CCCCTCKGSAAAGCCTTCTTC

nirS cd3al GTSAACGTSAAGGA4ACSGG 425 [9]

R3cd GASTTCGGRTGSGTCTTGA

nirk FlaCu ATCATGGTSCTGCCGCG 472 [9]

R3Cu GCCTCGATCAGRTTGTGGTT

1) Arch-amoA . 5B amoA FE[H ; 2) Beta-amoA : 40 amoA LK | F[F]

qPCR P 3875 21 19 JE K45 D1 %X ( copy number ) Fll
IR/ HURTA WS R & =9 I e 2 8 X VA T8 o ER )
BURY B A3 R AYEE (copies-g ')
L5 ZGitortr

FIJI SPSS 20. 0 A AFHEAT Hdii 73 M, Fe b one-
way ANOVA ( Fisher’s least significant difference test)
B T AS [R5 DT B A o RN Dy i 3 R =
IME LI (P <0.05) , AP 411 MP 41 [ 1) 22 57 %
FHIMSTEAEAS ¢ K50 JEAT 20 #r , AHOCHEFI H] Pearson AH

2 HBRESH

2.1 A KRUTR Y E AL
A 4 AZ=F MP A F0 AP 4H b7 KR BE

BT AR I T, DL ZEfe e, & k. pH, 3
AL R 5. 95 ~7. 95, AR - 15 pH 5 3 [
H6.81 ~7.90, A KFUTEY pH SR RN
Pk ol 55 A, YUY TN, NH, -N, NO, -NAll LOI
S M C/N BEE 258 1.20 ~5.40 g-kg ™',
5.68 ~ 39.24 mg-kg ', 2.14 ~ 21.48 mg-kg ',
18.37 ~91. 41 g-kg ' M1 8.79 ~14.20. H4JE As,
Cu, Fe, Pb il Zn “F-3 5 550 5 Ry 58.75 ~ 162. 86 ,
61.51 ~1290. 02 33377.53 ~79 637.51 , 44. 10 ~
440. 64 F1150. 83 ~996. 66 mg-kg .

AN) 2575 A ) b A K AT AR A Bk P o L3
3. ANOVA 4372 BT BELAR A T 1) 245 AR 1k 3
ANEA S H 4 ASZE45 TN, NH, -NAT LOT F-2 5 f 4y
DABKZE e AIK, Horh TN A ML 5 i 7 2 2 s B
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FZ, NH, -N&EUE E 5. JURYINO, -NF-H
TR DR, AR RIL, C/N LA F iR m, B E
A% GO 5 FhEE &)@ X & B RN F
FMEAFEG THEME 2.

t K9 R I AS 6] 75 Ye B RUUT AL NH, -N | LOI,
TN, Cu, Fe, Pb Fll Zn A9 22 5B . MP ZHTTF
YINH, -N | LOI #1 TN -3 & &L T AP 41, AP
ZHNH, -N | LOI Fl TN & & 437> MP 4111 3. 84
2.19 12,23 5. Wi4l 5 FlvEE 4@ 09734 & w3
LI A MP > AP, MP 4 As, Cu, Fe, Pb fil Zn &
5k AP A 1,67, 6.13, 1.79, 3.62 Fl13.62
£, BRG] UL, B X BB B 4 i TS Y e o,
ERFNAT LT B AR T Wbt 2P A FH Ay T 3 RS AL
FRI5 G oA ™ o
2.2 UURWIHALYE S ek R 32

JITAE ORI R i #0 RE ARSI 21 oty B A0 B amoA
PR DU AOA F1 AOB 32 3 Al 738 Ak 38 B 43 30

1.74 x10° ~1.45 x 10* copies-g ™' F11.39 x 10° ~3.39
x 10" copies+g . FRFEME T 6 5 &£F2 SHl6 5
RSN DU AOA I FBEX T AOB Y-

AR 2= A TR amoA HE PR = B2 I
Fl2(a) f12(b). KRG KRB AOA 1 AOB
FREM 25 AR B3 (0 2 2= 0 W v e A
amoA FEF- 34 F FE AR T H = ME T, AOB F
BEERRM . &% > K > KT > EEHIES,
VIR B2 I AS R S ma LR rh i Ak D) B R = B Y
FERZER. 5F A, 75 Y A% AOA Al
AOB FREERsZ A B3E (H 4 DHFF5TIRY AOB
FREEXFRBN . MP > AP. H 88 MP 411 AP 41 AOA
SEHIERE SR 7. 46 x 10° copies-g ™' A1 1. 69 x 107
copies+g ', AP 41JE MP M5 £, (A 2 i TRk
7 AP ZH M w0 2 A A TR R (T 4 TR Y 10
£5) . T BREKZE SN, DU AOA FREX RN .
MP > AP.

®3 AREETEE TR LEKMTRDELER

Table 3 Physic-chemical properties of overlying water and sediment in different seasons in Tongling City

. HF HF W 5%
MP AP MP MP AP MP AP
r/cC 16.17 £0.76 16.67 +2.31 30.50 £0.87  32.33+0.76  16.00+0.87  16.00 +2.00 9.17 £0.29 7.00 £2.65
pH, 6.37+3.14 7.43 +0.41 5.95+2.70 7.35+0.23 6.19+2.86 7.48 +0.18 6.47 +3.12 7.95+0.67
pH, 6.81+2.10 7.38+0.42 7.13+1.14 7.78 £0.22 7.72 £0.35 7.76 +£0.31 7.90 0. 18 7.49 +0.28
NH, -N/mg kg = 6.63+1.86  35.20+15.12 13.89£9.64  39.24+40.04  9.07+5.00  26.52£10.76  5.68 +2.26 34.33 +£34.57
NO; -N/mg-kg ™ 7.22+£3.50 12.20+8.77  21.48£14.70  2.60 £4.01 10.78 £17.31  17.87£27.40  2.14 £3.70 2.67 +2.81
LO/g-kg ™! 35.34+20.61  91.41£59.69 24.34 £2.71 62.02+£29.41  18.37£5.13 36.14 £8.89  33.14+22.40  54.29 £22.87
TN/g+kg ™! 1.53+0.46 5.40+3.93 1.33+0.21 2.57+1.33 1.20 +£0.10 1.80 +0.50 1.33+0.40 2.30+0.70
C/N 12.60 +4.80 9.93+2.24 10.72 £1.95 14.20 +0. 56 8.79+1.74 11.97 £2.93  13.55+5.92 13.27 £2.16
As/mg-kg ! 86.94 £35.65 66.90+5.82  97.04£29.69 58.75+13.03 67.69+24.27 59.81+7.95 162.86 +173.63 63.39 £3.50
Cu/mg-kg ™! 1290.02 £744.41 152.32 £148.05 520.58 +253.76 61.51 +9.48  764.39 £204.74 72.94 +23.97 809.70 +£542.31 264.98 +227.21
Fe x 10°/mg-kg ™' 72.74£51.09 38.43+£4.38  57.58+15.01 33.38+11.38 69.63 £21.29  39.20+6.78  79.64 £54.99  45.25+5.36
Ph/mg-kg ™! 195.48 £192.73 125.44 £116.88 179.85+143.28 44.10«11.79 170.61 £103.33 54.09+7.29 440.64 £456.17 49.16 +7.74
Zn/mg-kg ™! 996.66 +478.46 296.92 +127.44 668.21 +297.35 150.83 £18.51 819.94 +340.32 204.95 +39.30 962.59 +352.12 299.18 +154.53

2.3 DI RAHAAE D ek R - i

JIAT UCRR IR (b AR RE A 21 nirS F1 nirk JE A
BRI nirS 1 nirK J PR AR 40 L 4359104 1. 69
x 107 ~8.55 x 10° copies+g ™' F14.45 x10° ~1. 51 x
10° copies-g . BRHEF 6 5 HFE4 55 TR,
DU nirS FER RO ERE X8 T nirk JE1H.

AFEZEF AN TR nirS N nirk F K+
FEWLE 2(c) 1 2(d). SiHLIaeRE R AR H], 22 555
B2 B[] 2245 R[] 15 e 8 R BT R v nirS A
nirK R = BN AEAE 10 2 22 5, (0 PR A B il b 2k
R 0 215 AR AL R BN B 2= (nirS) /B ZE (nirK)
SHZT > X > KZE (nirS)/HZE (nirk) |, nirS
nirK 5 K] 1) 5 v R AV = B2 0 0 1B B A s 1) 2

. R A DIR nirS A1 nirk 3 K735 3
JES3 5] A MP 41, 1. 46 x 10° copies-g~' Hl 3.08 x
107 copies-g~'; AP 4,9. 05 x 10° copies-g~' il 5. 25
x 107 copies-g ™", HoH nirS FEHFELR A . MP >
AP, T nirK FER 5 2 FH 2.

3 g

3.1 ARG G RIGURY R AP i 22 S

K HEIEA IR RA MR A7 HER K
Tl S A KRN, RE S A & E
JCERHYRRYER LK (AMD ) | BN 7 DX 30T 3 5 <5
R RS BT AR A e R I 4
B O S AR BRI AR Y T A 1 B 5T
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Fig. 2 Quantification of Arch-amoA, Bact-amoA, nirS and nirK genes in sediments in different seasons
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L PF RIS 3 2 5 W R P PR AT S ) EE A 3R 2
FERRAE I R TR R S1 , AR nl RE = AR R TEHEK.
117 5 1 FORIRE 7 He i (A RUER LR 1 A1 - CaO
SR W BERE b AR AL ) 0 M 7 A B R A IR
K BT LARVER L 587 B 1A 35 /0 sl AN 7 A R P
KT

A LLUE K — FBRS A 1L LA 90 B 52 T 5
K, BRI S XA (] DX I 7o) 3t 2 4 S ¥ e Pk oA
HE . B L BRI ORR e A R A
GJBICER , Z 5 BEAE 58T L I 1 A T i A L
DU pH (E2 i 4 L v 5 (1 P R S
YRR B K MPUR Y AL e T (% 4) W LR
B LA L MP AR pH AR T 8™ LAt i
AP 41, T MP 21 5 b Ei <5 Jm DL 2 191 24 75 B 2 0 e
T AP 21 B SRS RIBRFT AR B e 4
AL HFFE X AR LY As, Cu, Pb Fl Zn
V-2 R A B L XK R TR T R R

7 (F4), Hh MP 4 As, Cu, Pb, Zn FHy & &
SN BHERY 5,76, 14.39 . 4.35 F17.29 1%, AP
HESET R MP AC W R, (HH As, Cu,
Pb, Zn VP& AT AR 3,46, 2.35, 1.2 Al
2,01 A%, Ua B gl Bsg v DX ] Bl ] 9 2 32 381 )™ A
SJ@i5Ys. AP AU 3 i TR 2 Ak L HE K Fn A=
TG K, HUTRY E A PG & =5 T MP 41,
HAPNH, -N, LOI fil TN ¥ & & 50 5] & MP 4 1)
3.84,2.19 F12.23 1. 1 H AP HZE DU TN
Tl 2.00 g-kg ' AERTEMEAON CLA R EE R
S ALY TR T Y KA 1 5 K HETRE A L
IR A SEE.
3.2 U5 Y IAURIZET G AL T BE 3 R = B Y R
CA R RV TERZEAE T AOA 1
F AOB, 7R AL A2 ke = AR 100 A
A AT TR v b S S AR ) o R R e R
H:AOA > AOB, iX 5 X} 52 31| 75 43 J& 15 G 1 R 1 Ik 7
R ORI A 2 SR AR, 15 B A B T
W IR th s A R AR AR S IR SR IR S
RAMMER M E MY, i H AOA X H 4 & Mrid
5 PR TE 32 M T RE L AOB = 1 s AU W A Ak
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Table 4  Physic-chemical properties of surface water and sediment under different pollution type
JLZE/mg-kg ™! NH, -N NO; -N LOI TN

5 TR /mg kg . pH, T L L N

As Cu Pb Zn Fe x 10° /mg-kg™! /mg-kg™!  /g-kg /g kg
MP 103.63  846.17 246.64 861.85  69.90 6.25 7.39 8.81 10. 40 27. 80 1.35 11.42
AP 62.21 137.94  68.20  237.97 39.07 7.55 7. 60 33.82 8.83 60. 97 3.02 12.34
L=3Iht 18 58.8 56.7 118. 15

1) 35 5L 0H AR B X TR T 2 5 s 7]

A RE R SRR, o X AOA A1 AOB £JEAH
HERZM. T AOA X827 1) R WL hE ) Lt AOB
5, PRI 7 IR 22 R B v — g DL S TR
F 22 AT S W v A R A AOA TRk
CO, AYRESI M 07 B 2B K Y. Verhamme %5
(IR SE 25 SR 25 B AOB 7 200 mg-kg 'R AT
AR EE. Wik, FFEA S LIS AOB F 5 —
T AOAT™ 2 pH S5 m & At i A F
FEMFENZE. CAMREY,AOB & HAEKM pH
JEEH 7.0 ~ 8.5, % pH {H & &Ml AOB A
K120 9 AOA 7 pH 4 3.7 ~ 8.7 B3t [l N 34 fig 4k
KPR, ERR B T — B L) AOA S i
TP R v W b 2 S AR A = B RN E i i TS
. A WESE R AOA FETS I 70 3E 1 (pH 8.34 ~
8.65) TR T AOB'®) |t A5 TF 5% 2 BH 76 1 1tk
R A+ (pH =8.20) i AOB 1y 28 B 3 1% 258 b
WEEMEE 6 SHWREMWERSTE (DN
82.51 mg-kg_] F173.70 mg-kg_] ) M2 2 S A
BER pH 2544 (8. 10) 1T fE 2 T 80X Le i fL )
AOB FEE T AOA I FE A,

JUER IR MP AR 4R & B i
=T AP (3 3) B amoA B 2 5 I+ A
B 35 T R AE X K AR OB B g 4

TIN . MP > AP, 548 & i i Tl i U A
(0 2 B BT B8 5, X Pl e AP 4LUCRUI AR L T MP
2 W S R A ML B B A k. AR5 Hp el G AR
AOA 1 AOB #f5 LOI % 5 — & i f A 6 &
(F5), AL & & T ] je S BTy h & A
TRt ) =F BE A FRARE , A WL e s S o it e
Yy EE B LS RS A SR 3 4 (0,) A
(185 4 DT Y T BT A9 AR o A R 5 R W A AL
AT AOA A3 1 A9am /R 0. Rk, R A
BT 2 A A A K B I FH AT R e i 4m
BRI B amoA FERITE AP LHITTERY P i FREX T
MP 419 5 H. Erguder 2 A AOA A EJE 57
B, AN AR AL ME— BB R IR, T UF A AL 5
Fik K I B ZE AP 20 AOA £ T MP 41
(R IR AT BE 2 Bk T AP 41 U FR B 5 AR B9 NH, -N
LOI FIHE 43 @ % .

T 5 AR W R K B B T Sims
20020 OIS B ZR IR L TR (Y amoA JE K =F
TR T A (HARIE I b Z VIR FE & amoA
R FERERZMTHATA (K 2). XN N
IR T IAAR S 18T O, 1% 1 e J3E A Tt 2 0 T AR A
WAL E B i A K A, Kemp 25025 (1 HF 5%
TR rh I AT O, L K% Bt 7K 3R T s T R A

AL, FBH AT RESE AOA I AOB Xt 5 4 Ja 1y it
AR I, DU A AR R R
£5 PRERFESTEETFOMLRS

Table 5 Correlation coefficient of abundance of functional genes and environmental factors

(4 0, " Hce ] BE 2 B 2= il 1k i A 1 32 23 A 1Y

S E| T, pH, pH, NH;/-N NO;-N LOI TN /N As Cu Fe Pb 7n

Arch-amoA ~ —0.036 0.167 0.177 -0.016 —-0.053 —0.039 —-0.043  0.099 -0.105 —0.136 -0.072 —0.049 —-0.114
Beta-amod ~ -0.217 0.209 0.176 -0.197 -0.094 -0.106 —-0.064 -0.180 =-0.019 0.091 0.121 0.063  0.184
nirS 0.187 0.310 —-0.010  0.000 —0.044 0.360 0.517* -0.139  0.066 0.213 -0.055 0.164  0.192
nirk -0.039 -0.322  0.119  0.523* 0.212 0.027 -0.005  0.053 -0.265 —0.368 -0.282 -0.165 -0.326

1) = FRP<0.05, = F/R P<0.01

3.3 IS YLRRURIZEAN S A AL DI REFE N = HE A R

nirS 1 nirK PR = 9 BCR BB R4 107 ~ 10°

AL RERE B AR, BF 52 0 L5 e
ST 5 M T 75 S R AL D T A 0
AESEDR = B (1 2% 5% R 583 , I ELUURU) HE ol

F10° ~10°, 5K 32 8 4 @ 15 Y (010 b 5L 5 4% o
ROBCE LT, R TR R DT Y P S i B
G I8 B AR X X AN T BEFE DR 19 = B = A B i 5
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X5 Jung %57 BT 4E FARDL.

X EEAIF 5 DX PN R 35 G 2R B AR Y nirS F1 nirk
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nirS B FERER/NEAR R IR . MP > AP, 1M nirK 2
KITE MP ZHAE S b R RS ST AP, PIRN A AL T 2R
Y0 oA B A Sz . 3R 22 1) P e -5 PR A SR R A
AW A ST AT DR IX R 2 BT
YIRESh B nirS FER FEE & T ik FEH, X 518
oA AR NS E T B g A R —
AR BFSE 2 W nirK 56 DR 7E A5 %) Fingng
00 R GO R T narS SRR AL,
KEB A2 S SR e, AL R T REAE R
Bl W A K BRI R TR T S A A AR Y
W REIE L AR TR AT R Y O, it [l 422 02 2k 2 A
PR AR X S ARHE G PR nir JER R
UMW) LOL & f IEAHE (3R 5) IS5 R —B0 AH nirS
F nirK FEH 3 B 50T LOT 75 & (1 AH 56 R B
BEREAY R nirS (0. 360, 0.084) Fl nirK (0. 027,
0.902) , nirS J£H 5 LOI 26 R kb nirk 35 R
&, AT A LT & i AR AR X nirS JE P B2 095
M AT GETE K, 3X 5 Guo %6 AURFIE S5 SRAH L. Ak,
DU HE AR SRS nirS A nirk DK F B B9 AH &
PEWAE (R 5). nirS FERFEFE 5 HEL)E As, Cu,
Pb Fl Zn SR IEAHSC, W 4HB 5 AP 4 )8 3% 7 M
KT U nirk FeH. Mosier 25 ARIFSE K PR nirS
FEPR = B 0 S5 IE AR OC F U P E . Rk, Bk
2 MP TR nirS B F AL T AP 210 I R AT
fERKEDIFRY R 10T FIE 4 E & 8. 28 LAr
R, EARE nirS 1 nirk 3 PR g 55 0 2 5 ) RE A
], (HELA AN [R] niv 38 PR A S5 il A0 B0 A 4 o) 5 o
PRINEE ) I U AR AR [R) 2% Cole 451 IUAFF 9T 2
BRSS9 O, AR AT BT & &%) nirK RS AR T34
A A KA R, Yan 2504 DUTA Ay 6 6 26 700 12 it £k
WEP S S AT RAETE 2 5. L, F B
UL LOI RN 43 @ & i BARAINO, -N i I Fk
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P ] e SR T BUTT R A B DU AR i nirS SEH R
FEF R . KRR nirK 56 R 32 B Rk 2 45 0
B ERARM AL
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4 it

(1) B T i POAR WAL i B A b 52 s
ALF A X JE FEITTE Cu | Fe, Pb Al Zn 75 5B
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(2) MHTTRY P s A=Y L AOA S 3 H
SEEIFE RN AOB 1 4.39 %5 Sl Ak Dy e L A LA
nirS HE PO, HE B E R nirk B
28.35 fif.

(3) W X JE B R TR amoA Rl nirS 3 K )
R TSR AR B TR T 5 5 1 narK PR 5 B
Wiy BEMEETRY) AOA F AT 2= FIEK
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