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Figure 1. The nitrogen cycle and involved key
functional genes!'®.
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Table 1.
rates and anammox contribution to N,

ARIEHEMREKENETEE . RESE N T IEE R KX T KB TTRK
Spatiotemporal variations of anaerobic ammonium oxidation (anammox) bacterial abundance, anammox

. . Al S
Study sites Season Abundance /(copies/g) rart]:/?:lnrr(:;l N/(g-h)] Contribution /%  References
Th Yangt Est d March
© Yangize - Estuary - and MR g 675105_8.22x107 0.08-6.46 5-77 [59]
adjacent coastal areas &July
. Summer  2.87 + 0.80x10’ 0.29+0.06 45-5.8
The coastal wetlands of China . . [58]
Winter 2.05 + 0.60x10 0.13+0.03 3.8-10.7
Summer  4.54x10°-1.56x10’ 3.92-6.61 6.6-12.9
The Yangtze Estuary . 6 6 [57]
Winter 2.63%10°-9.48x10 0.94-2.33 ~6.6-11
_ Summer  1.3x10°%-1.2x10’ 0.04-0.08 0.5-0.9
The Pearl River Delta . 8 9 [56]
Winter 1.4x10°-1.0x10 0.53-1.38 3.8-7.0

Assume dry sediment bulk density is 1.88 g/cm®.
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FEIN AT B4 R Al A 25161050 ] 16S rRNA 14y
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#)id F2(NO; - NO, - NO - N,0 > N, ). HH
NoO JRIEARMNRE L . X RAAZWIRE KW
T AR, HRAARTR A IR R CO, 1Y 300
Z A5 UB S A R B Ak R DR AR e AR Ak o
(denitrifying anaerobic methane oxidation, DAMO)
IR T 2235 ) Iz 0, R R DU e A F
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HRRG, KRESRIGYYEATEY P, 7
i A2 e oV Vi M A S R e v Y AL S BR R
SAER, A0 TE R A S R G b
5006 Y ¥ i P Jo AL & 2 i i SO Ak o R 2 B
(0 HA AT B 0 B 4 22 Sk e R ARk
RESH TR, L4 27 fAF R (Bacillus) . {51 I
J& (Pseudomonas) . f# ¥k (Micrococcus) . j= S H
Jid 7% J& (Aeromonas) . IK I J& (Vibrio) . AT &
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PEATIIRE A0 %2 . Huang UL TR W 1 oh Rk
PR 53 BT BRAT Y S AF AL 2 & B nirS 5 nirk 2
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4.1 R RICHEIRERER

nirS F1 nirk 2 R AiF Akt 7 b i P> S S ) R
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B AN 22 5B — LT nirS BT
AL B AE T BB T i =E By, T nirK Y SO A
b T A ] 7 855 v A B B0 S Y
nirk B4 SR AL AE ) cR & T nirS B, 2Dt
FE &I nirK YN nirS H S AE AR 4 04 H A ok
F pH. NO, . NO; #1 Cd, 4 pH fiF1 NO, -N 1ik
IF nirK/nirS ol BN, 72 e | Fitzroy 11,
nirS 19 BEFIZFEPE L nirk 252085 75 Fitzroy i
1 nirS/nirk 2y 9.9-22.1, i HL nirS =55 g fh
REIEAHSC, FEE R pIFSE & BRI AR Y vh B
SRAEELT nirS Al nirk, {EJE HAg nirS @35 %505,

X FEIAET T X nirS BY S A Ak AR Eb nirk 75 5
FE, Gao HPULTFIHHERLA nirS dE—E 05T+
Pl e VA R i A S R e R B nirS TR SORM AL TR Y 24
PEAENZER, HEFETES.
4.2 IREEACER IR M T

P pH . W EIETCHLE(DIN)  FE A HL
B Il EE R A A R R S A R R R

A5 & BLER BE X N, B9 W SR FH A R
L 17 52 1 B A A A A Ak 2, Neuse il %5 &
JERRE IR R 22 5 R, L0 F) 275 mmol
N/(m®-h), F54 75.8 mmol N/(m?-h), {H5ELREE
XZABELY Magalhaes Z:PUHI Laverman 2%
IR A5 10 5 — 3 SR A0 R R A 1 TC AL AR
(DIN)YA R = AR, DIN MR fRRE i S R fe o)
BEJLIR 1943 | nirS RIS AL TR RV 4549, Gao
25 8 v ] e ViV % BRAS [R] 26 5 nirS AU T Y 2
A M2, X ULHIR 22 nirS AU 53
A AL FEE R

ZE X A A I R S e DL 2% 2, TR R AR
&R GE A S MR A HLERFD NOZ 1Y 23 it 5
B, AR . AR, Ok
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TS Ak A B B s A i 22 5, R0 T A Ak
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SEEN, S-SR B G, fHfd R E
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x2. FEFVHEMRALIRESR

Table 2.

Spatiotemporal variations of denitrification in different seasons

Study sites Season Denitrification rate/(nmol N/(g-h)) Refs
The Yangtze Estuary and adjacent coastal areas March &July 0.02-14.78 [59]
) Summer 3.66-7.59

The coastal wetlands of China [58]
Winter 0.87-3.29
Summer 41.82-67.13

The Yangtze Estuary [57]
Winter 12.04-20.03
Summer 16.17-37.04

The Pearl River Delta [56]
Winter 41.74-65.8

Assume dry sediment bulk density is 1.88 g/cm®.
K%L, WRTIRESEN nrfA TR5TZS el

5 NO;# E k4 (DNRA)

TR AE S RGP IR & T NO; Rikid
J B NH; (DNRA) 89 #F 5% - R B
(dissimilatory nitrate reduction to ammonium ,
DNRA) 2 NO; it J5Uh NH i e, FIRchigfh . IR
AR AT E—FE, DNRA & NO;Z ik J5 iy T 25
e S AL AR S 2 SE AR i R AL N2 2 N2O,
MR H RS R G 2 BR A, T DNRA KA
Wtk Al MR A R AR RS, By
A, B NOy o Z AR AT R
FAESRGEWIHETT1, NO; IR AT s Xt 4
MR FAE M . Zad RS IR, EERAETEDL
B 15 cm LI Pt DNRA i R E 47
LIA B i AR 3R AL H,S | Fe(lD)
ol HoAt JCHL Al T A AL A A RS g
TR A 25 RGP REIAT DNRA I FERGAE D)
HFE LR B 7% B A 40 1/ 40 DL FLFE # & (Beggiatoa)
¥ W B 8 (Thioploca)®™ | 7 5t #F &
Staphylococcus carnosus ., Bacillus , Clostridia , Vibrio ,

Pscudomonas. Azospirillum. Aeromonas®®*4

DNRA 3 #43 } NO; i Jit i NO, i 72 Al
NO; i J5L i NH, i 4 o 4T DNRA s FE A il 25 4
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Table 3. Spatiotemporal variations of nrfA abundance, DNRA rates and DNRA contribution to total NO;

reduction

Study sites Season DNRA rate/(nmol N/(g-h))  Abundance/(copies/g)  Contribution/% Refs
Summer 0.71-5.57 2.76x10%-12.01x10°

The Yangtze Estuary 10-30 [106]
Winter 0.14-2.98 1.70x10°-9.30x10°

The Yellow River Estuary May 0.10-3.29 ~3.00x10°-2.27x10%°  8.68-42.07 [102]
Summer 0.48-0.81

The coastal wetlands of China - - [58]
Winter 0.15-0.42

Little Lagoon 2/4/5/8/10/11 2.88 - 30-40 [21]

Assume dry sediment bulk density is 1.88 g/cm®.

DNRA Jy, DNRA Xt %& Bk 0 5Tk + /0 (E 15
. DL Little Lagoon A, H DNRA BHH-
1% 54.1 pumol N/(m?-h), i@ T 5 ms 4k %
(7.7 umol N/(m?-h)). DNRA Xt NO; i J5 Y 5Tk %
k1 30%-40%, 7£ 5 J1 & 8 J] STk FH F ik 5] 84%,
FH{LY DNRA 333 7E Florida F1 Texas 0] [T Hb [X 11
A5 WL ) P1103104 gt ke DNRA 78 L it
B . AR NO; YR BRI =i p FRE =2l
P00 ZERFIAZETT T DNRA BURA 22480k, Little
Lagoon 7E4-KF-1 DNRA 3# %4 1 umol N/(m%-h),
11 76 5 K f s B Al aA %] 168 pmol N/(mP-h)PH,
DNRA B 5AHY . IH A NH, 5 8 2 0 EAH
X210 Eh Y DNRA 3 2 5% 0 U 2 o I
(), — 5 TR BT 22 W RS U8 14 2k B 34 Jon T g S 3
NH R A 1A LB A B B R 5, 38 T MRS Ul 38
KR NHG it i, 325 NOj i s 4 F1 NO; 7™
AR 55— TR YT T DNRA T I AR
JEE Bt 255 e Ao R A Ak TG R 3407
5.2 $4i DNRA FI AL EER K

[ A LRI L, DNRA FIRCRS L BlicrE
—iE . W R DNRA fEH FHHAF & . Al

FII I NOjg ¥ B2 A FR i B2 w5 ) PR 58 o 32 24
AN A S R IR B AR A PR B P i DNRA AL
S Ak R I A 5 R A BLik . NO3 mI Al
FATE. CIN [, BAePik s . B3R, pH. i
JE R PR E] L NOZ INO; | £k 7105107108
TERZBRAYTE LT , DNRA 3 g 441 van den
Berg 251 (57 F DNRA #1853 A5 L T,
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MDA AR, HS™E by i e T LT an fh it
FEAIBR I S fiti fk 3 72 NO fBER; , f#75 DNRA i
FEAE NO; i Jr b 5 #4, #E Little Lagoon #ff
FEPAFEN TIUE, B R DNRA 1 f %
K i A 22— R g, Decleyre 2510
Y [ 5 0 o T AR 5 36 2R B /N R ) -3 5
itk 25 DNRA SRR, — )7 HSHRE 5
pH . JELEE IEAH GRS 50 HS Mk 5% DNRA

IR AR, — iR R . SOD M
Jy AR TR R EREE P04 yoon £ M2 o A

% H A I fiM b DI RE A1 DNRA I fig
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PV-4 X R EBRESAE I £,

1 kB
20 Shewanella loihica strain

24 NO, /NO; HE F
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Microbially-driven nitrogen cycling in coastal ecosystems

Xueqin Yang, Yingli Lian, Qingyun Yan’, Zhili He”

Environmental Microbiomics Research Center and School of Environmental Science and Engineering, Sun Yat-sen University,
Guangzhou 510006, Guangdong Province, China

Abstract: Coastal wetlands are ecosystems between terrestrial and marine ecosystems, which are highly diverse
and also result in highly diverse microbial communities. In the last several decades, an increasing nitrogen load into
coastal wetland ecosystems causes serious environmental problems such as eutrophication, and harmful algal
blooms. Here we review the microbial communities involved in nitrogen cycling processes, such as nitrogen
fixation, nitrification, denitrification, anaerobic ammonium oxidation, dissimilatory nitrate reduction to ammonium
processes, and their key functional genes including nifH, amoA, hzo, nirK, nirS and nrfA as well as related
environmental factors to further understand the microbially-driven nitrogen cycling processes for potentially
removing nitrogen to mitigate eutrophication and harmful algal blooms.

Keywords: coastal ecosystems, nitrogen cycling, nitrogen fixation, nitrification, denitrification, anaerobic
ammonium oxidation, dissimilatory nitrate reduction to ammonium (DNRA)
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