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Denitrification Study of Elodea nuttallii-Nitrogen Cycling Bacteria Restoration in

Meiliang Bay, Taihu Lake

ZHAOQO Lin, LI Zheng-kui, ZHOU Tao, WU Ning-mei, YE Zhong-xiang, LIU Dan-dan

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210023,
China)

Abstract: Undisturbed sediment cores were collected from Meiliang Bay, Taihu Lake, and the integrated Elodea nuitallii-nitrogen
cycling bacteria technology was applied as a restoration method. The effects of the Elodea nuitallii-nitrogen cycling bacteria technology
on sediment denitrification was observed by isotope pairing technique. The highest denitrification rate of 104. 64 pmol+(m?®-h) =" was
achieved in sediments with Elodea nuttallii-nitrogen cycling bacteria assemblage. The abundance of nirS, nirK and nosZ genes involved
in denitrification processes in the sediments (within 2 ¢m below the water-sediment interface) were measured by real-time quantitative
PCR (RT-qPCR). The abundance of nirS and nosZ genes in the sediments with restoration treatments was increased, which was more
than one order of magnitudes higher than that in bare sediments. The results indicated that the presence of macrophyte and nitrogen
cycling bacteria could increase benthic nitrogen removal by facilitating coupled nitrification-denitrification and uncoupled nitrification-
denitrification.

Key words: Elodea nuitallii-nitrogen cycling bacteria assemblage; denitrification; restoration; isotope pairing technique; RT-qPCR
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Fig. 1 Location of the sampling site in Meiliang Bay of Lake Taihu

1.2 [FEERAIER T

RAERIKHFE  IEJE . AHPAR XA WA
e bR IR AL b IR T R AR, A B Al
K+, Wasfe, mfe, somfbania. #o%
KR B RS S BROUR OB N R R85 & TR [ 2-
Hydroxyethyl methylacrylate (HEMA) |, N#R % &
fi [ 2-Hydroxyethyl acrylate ( HEA) |55 2818 /K ¥ e
PRRRL B 53R &, OF AN, R JHCo-y B 25
(HRSTHI R 10 KGy) , 76 — T8°C kI3 4 14F T 4 M il 45

T U AR R [ LR A R . KR R G
Ji il & i T E AL AR YT 5 mme W7 g /NER, 2%
KRR T K, F ] BARER 40 1 855 77 IR
FREEFRELHE AN AR N TR, A 283 A0 35 TRk AR
BUE R RAEF A (e, k. LAl e A
R AL AN R RS FR 45 200 mL) , FI RS £ 7E 28°C
ZRAF T 16 h BEUBES), 8 h A AR 2
Fe A A, WAk RS AR SRS Ak 2 R S A
SEIRAT KRR AT W T [ A B R, Il
TG FE IR Z2 LB N TR 22 [ i 5 I E Al
% G 5 I ( immobilized nitrogen cycling bacteria,
INCB).
1.3 s AR A E
L3.1 SRR e 75 vk

R R AL 28 E X 5 AR, & & BB 1k A
(membrance inlet mass spectrometry, MIMS) M %E |7
PR AL N, R SO A 32, R 2R %
FASZAR ] L K PRI N O, A A 5 48 s
"NO; HKTEARNO, IRG A TR, &t K
Ve, AR AR R N, L PN, L N, SR
8 5 P 1 2 R A A B A A A S
MOIEAS , HE A BT A EZ I /K RE b 20, AR
7E R RL R -5 R R BEX AR AR S
FIAERE G 0 RO AL R R B A A (D,)
AR R R T ) NO, ok A E R &b R AR
W, AR RS A S AL (D, ) A48 Sl A 7R I A Y
NO; 3k H _EB KA.
1.3.2 S ALd AR I e A5 i

RAB TR AER F7 6 D EWG #E4T, 8 3 4
FRFRAE, I R R SR 3 A Na "NO, (99. 16% ),
U BE A 100 pmol -L~" . 07:00 ~ 16:00 % £E
AT I B RS 3R 9 h. 9 h ), FHTES A%/
ORAETURRYI R Z /KRR | 72 0™ A 001 T U
AR BN KA AR AR v AUARSRAE A TR B
A 0.5 mL ZnCl I (BT 53 50,50% ), WO 9 i
TR ORAF , Sz BV v [ B2 g v 5t BR300V T 5
JIT 53 AT F ol FH 22 1 B A0 VS A SUAR™N,
N, N, 0,

WA RPN, | N, i R R A TR R A
LA,

FIHNO; RA B S AL %

Dys =1y +2ry

FHUNOS A i R AL



8 1 HERTHRAT: + PR - T S TR TR NS A ) SV /K AR e A BIE 5 3059

D14 = DIS X zr%
30
RS AL S i A e
D, =D x ﬁ
A AL Al AL 3
D, =D,
S SRR R
Dlol = Dw + Dn

g | g ZIRERDN, | N, PR AR
[NO; ], - [NO; ],
- [Noj T,

A e IRERBE IR P NO, ERE,a. b 23 5I%
FIMFEN R Z G Mz a2
1.4 SAHAGTRE it S

KIS 56 6 2 B PCR AR (RT-qPCR) X 2
B Ak BT T 8 ik PR S0 R 38 Sl ( S L mirK) 9148
LA SR (nosZ ) HEAT 78 RAFIE. 430 R HE 4
RSB E TR 4 IR LZ 2 om

TR, {1 3E DNA 42 BGR ] & ( FastDNA®

Spin Kit for Soil MP, Biomedicals, CA, USA) $& 1%
)2 2em YUY B DNA | HEEUE) DNA 7£ - 20°C
A7, nirS . nirk # nosZ 1% 3 FhIREIE N B9 51 915>
M A cd3aF-R3ed, FlaCu-R3Cu'™ I nosZ2F-
nosZ2RM(F 1), K ILH G . RT-qPCR X
MARZ A 20 pL: SYBR Premix Ex Tag 10 pL; PCR
IEmE[# 0.4 pL(10 pmol-L™" ) ; PCR X In 5|4
0.4 wL(10 pmol-L™" ); DNA fifg 8 wL; £E T
K 1.2 pL. PCR Y MG B 45 F 0k 1 o, FH#&
1 s 51 0 53 B % 3 3k B (nirS | nirk 1
nosZ) B9 H B9 Bt AT 18, Z J5 X PCR ¥ #4729
A7 FC B I 42 B BT K. ( MinBEST  Plasmid
Purification Kit Ver3. 0, KZEFEY /A ), 1 i %
AN JEERE T B DNA W EE | AR TORL Y 4 T
V4 o AR SR DR B A5 210 A o oL 38 O AR
HE 22 bR o 2R %) DNA BE S Ef T E =T bR
Tt 2 i 22 ) SR T 45 R 0 355 R 4K Rotor-
Gene 6000 Series Softwarel. 7 & /K.

®1 393K RT-qPCR ¥ 554
Table 1~ Primer pairs and PCR profiles used for the real-time PCR

H w3k A 512 FH1(5'-3") PCR ¥4 24

nirS cd3alt CTSAACGTSAAGGARACSGG 95°C./3 min, 40cycles of 95°C/20 s, 58°C/20 5,72°C /40 s
R3cd GASTTCGGRTGSGTCTTGA

nisk FlaCu ATCATGGTSCTCLCGCG 95°C./3 min, 40cycles of 95°C/20 s, 60°C/20 s,72°C /40 s
R3Cu GCCTCGATCAGRTTGTGGTT

nosZ nosz2k COCRACGGEAASAAGGTSMSSGT 95°C/3 min, 40cycles of 95°C/20 s, 60°C/20 s,72°C /40 s
nosZ2R CAKRTGCAKSGCRTGGCAGAA

1.5 KB Rl e Jr ik

AR IO SR A
JCREE BRI B A AL RN OO
pH : fE#55X pH 115 DO 450 AL
1.6 I ARS8 S B A

%% E Thermo Scientific %22 #p 43 Ot Ot B it
Nanodrop 2000 ; K F|IV. Corbett Life Science 5K}
FE & PCR Y Rotor-Gene™ 6000; H 713t UV-2450
AT WA EE T 5 fEHES YSI pH 11 pH100; {H
30 YSIHEAL550A 5 RETT.

AT BT AR A Excel 347, EEK 00
FH Origin 7. 5 AT

2 HFREIHE

2.1 SAEAk R E 2k R
K FH RIS 28 50 %o 5 A 45 A 422 10 A, 0 2

RAA RN RSN, | PN, N, 1 BN b
PRI OLT Y SR AL A (18] 2) . SRR W], &5
FEE A B9 &SR AL & (D, ) Fefik, 41,69
pmol + (m*+h) ' BANHZEDIH B AR il Ak R
47 83.76 wmol - (m*-h) ™'y FAEMHREER C H B
AR R 53,85 wmol+ (m”+h) ~'; FhAE G IR i [F]
IHAS I A 0 1 D AT 1 8 S Ak R e e

104. 64 pmol+ (m?>-h) ~'. F B Fh A DT K A 4 T 4R
B IIMAER A 5 RS TR A S R G
Fergf A et T R R R KR, RSB R
AP RS RO AL AR (D) o5 SR A AR Y
E(D,/D,, ) FB AR B C i
(64.69% ) , ¥ N [ %€ 1k & A6 Fh I A9 B A IR
(35.45% ) ; #G IAEAL (D,) BT 19 NO; 2Ttk
YERIRY =, A R A E DU A R i
DRI O DU b - 4aU 2 SR O Ay B 1



3060 AN 5%

B 34 %

WAL, AT R A RO AR A > K A A
B H TR] A G AVE FEAE a AR 0 8 S 338 im, AT i 8
DU B S AR T BE NI, Wang 2818 BF 5% % B
T UUKAEY) TR A SR R R T 20 mm,
MICAEY A K DL Y A SR MR EE R A 4 mm.
SR I R A A R T AR i A A
1. R, A 0P o 8 A K B 00 AR A 5 S b 2 3%
PR Ie i R R I A R . D, R SR Ak
L AE W 2 B A e (64.55% ), C FE AR
(35.31%). FEMEA AL (D, ) HE T # H NO,
ke H LK TR A SR IR o), BEK Y
NO, HZ 5 ik AUTRII I A2 AT AE R &
mEAET . R, ERE A A K AR A AL B AERES
SR A A K B A ¢ D 5 14% ~
17% . TR, [ 52 AL 20638 40 A9 A 1 e
PR BCER: | IR b TR 1A S A TR 1 i | DT ) k2 e
NSRS ik, BT S, [
FETTKAED) , 50 1 5 Ak 008 20 B 170 S 30 A 2 il Ak
MR . PR B AFTE R T E SR R,
OB B S02 8, TS A N o, | 4
PEHETUR P R A i AL R L. BARE R R I
BN T K MK b NOS i A SRS Ak 2 19 BE
B A T ARR A RO AL R A HEA T, (H R R
TEAEE M 22 T AR A AL HEAT. BTk
TS A G IR B 2L R R 2 i T RO Ak e A sk

2r o, w
22 Dw
100 J
§ 80
g
¥ 60 - I
# . 1 7
T wf 2 7
M -4
20 | // T
75 7 7 7
AfE B CHE DfE

(HRiE) (2 4) (FHRSE (RS

2 FEERLSEENRELER

Fig. 2 Denitrification in sediments of different treatments
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Fig. 3 Variation of DO in the experiment tubes
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