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Abstract: Paddy soil was collected from Southern China and used as an inoculum in an anoxic experiment to investigate
the effect of Fe(Il) oxidation on denitrification and associated microbial communities. The results showed that the
presence of Fe(Il) slowed down the NO; reduction, but facilitated the NO, reduction and N,O formation; meanwhile
Fe(ll) oxidation was observed only in the Soil+Fe(I)+NO; treatment. The real-time quantitative PCR analysis
demonstrated that the presence of Fe(Il) increased the copy numbers of nitrite reduction gene (nirS) and nitrous oxide
(N,0) reduction gene (nosZ), but inhibited the activity of membrane nitrate reduction gene (narG). The results of
high-throughput sequencing and clone library exhibited that the presence of Fe(Il) significantly influences the microbial
communities affiliated with periplasmic nitrate reduction gene (napA). The most abundant napA-based nitrate reducer was
Dechloromonas in the Soil+NO; treatment, while those were Azonexus, Dechloromonas and Azospira in the
Soil+Fe(II)+NO; treatment. In summary, Fe(Il) significantly influences the denitrification process and the associated
microbial communities in anoxic paddy soil. This can provide better understanding of the relationship between the
nitrogen cycling and the iron transformation in the red paddy soil from South China.
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PRAARE A ET T NOs 5 WAk (Fe(ID) M 51 FE 1)
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1 0 J N 4, 15 77 3 A 45 :30mmol/L NaHCO5 %
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(ImL/L)FH 4 A= 25 %5 9 (1mL/L) K o 28 4 3 it
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B, T 25 B LR I A OR AR 2 -40°C T T
DNA 42 Hx.
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TS NHERE CTEA T 52 2R FH 1) 2 ECD
2% FEFIREE 50°C;ECD Al 33 fE 250°C;3k
FE TR 200°C 97 28 R HS 02K 10 o fof
A 3E % bk b £ 3k PO 3 A 4R B2 T 4k
40mmol/L ZIEAEFR(H HCL K pH HIH 4 1.8)1F
A PREE P,
1.4 THAEVITETE AR 2 REE 24T
IR GRAE 0.25g) 5 DNA IHECR
MO BIO A4/ PowerSoil™ DNA Isolation

fie 5k PRI R 2 6 B4 B SYBR Green, H
MyiQTM 20ptics Module % Yt 5& & 1 (BIO-
RAD,USA)X} R 41 B (16S rRNA). AR £hid J5idk
Kl (narG~ napA)~ YWAHER Ehik J5 2 H (nirS)~ N,O
I JRIE PR (nos Z) JEAT 7 5 DN 3 . 6 40 A 1) S
HT 514 Eub338F/Eub518R #EATH 14, K itk 1)
A 2 D5 1R 8 &= 2 K 519 NarG1960m2F
/NarG2050m2R . NapAV17m/NapA4r. NirSCd3aF
/NirSR3cd. NosZ2F/NosZ2R #4791 PCR 4~
WFRER G CL Y &SRR 1.
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Table 1 Primers and programs for the PCR amplification of the real-time qPCR
H 2 A 519 SIFEHI(5°-3) IR YK EDbp)  SHIC
Eub338F ACTCCTACGGGAGGCAGCAG 95°C , 5min; (95°C,30s; 55°C, 1min)
16S rRNA . ~180 [22]
Eub518R ATTACCGCGGCTGCTGG X28,72°C, 10min
1960m2F TAYGTSGGGCAGGARAAACTG 94°C,5min; (94°C,30s; 63°C, 1min) X
narG 7; (94°C, 30s; 57°C, 30s) X 34, 72°C , ~110 [23]
2050m2R CGTAGAAGAAGCTGGTGCTGTT 10min
napA V17m TGGACVATGGGYTTYAAYC 94°C , 2min; (94°C,30s; 63°C, 30s) 152 [24]
4r ACYTCRCGHGCVGTRCCRCA X 40, 72°C, 10min
s Cd3aF GTSAACGTSAAGGARACSGG 95°C, 5min; (95°C, 15s; 53°C, 155) X ass [25]
R3cd GASTTCGGRTGSGTCTTGA 40, 72°C, 10min
o7 2F CGCRACGGCAASAAGGTSMSSGT  94°C , Smin; (94°C,30s; 53°C, 30s) X s 261
2R CAKRTGCAKSGCRTGGCAGAA 35,72°C, 10min

1.4.2 (el O SCEES AT R e P
SCEE S R AR T E 514 515F/806R X 16S
rRNA K1) V4 548 XT38V AH R #5340 JR
5 AR AR A S 004 J 5 DR () 9 388 23 33l SR L 5 1 4
NirSCd3aF/NirSR3d FiI NosZF/NosZ1622R. /% [r]
51 806R. NirSR3d. NosZ1622R #i A iR
ANAFE A AR 2 471 (barcode). 3 14 ) PCR 724
FH 44 IR 7 &2 (QIAquick Gel Extraction Kit)#E4T
ai 1k, 4 fb J5 B PCR 7 ) 1 Qubit®
3.0Fluorometer Ml 7 ¥ B i LA &5 BE 7R VAT FF
E ¥ JEAE Tllumina MiSeq V-G #E47 . PCR §~
B HARSA ISR 2 P,

56 1% e 8 B I S A SR T 4 2
S, 3 U 2 BRI 1R 1 o o o ) 4

TR 1Y barcode A% 53 i 2R 5,168
rRNA K nirS FEK . nosZ FER 43942 8 97%-
80%- 82%IMFFIAHALEIEAT OUT 14 i Phik.
{4 F QIIME F1 RDP 45N i 14 e A3 17 411K
I BIAFRN 3 RERAT. M H B &S
Ty, G vhAE AN i (0 FF V2 425 46 2L SR T AR 3 52
MR T 54248 4 NCBI $0¥E 145, 2 53515 168
rRNA . nirSnosZ 5K 75118 it 5 4 SRP109611
SRP108801. SRP108746.

H AR 83 JR L Kl (nar G napA)FI3ER F
BURA, Joid K a8 s I 543 B, T LASR FH e S
JE K53 BT R TR 83 Jir D) RE T2 P P 28 s i
SIPAT PCR 3G Bk 2 fos o
Soil HI Soil+Fe(IT) S 4 &b B 3% A7 B D) 47 44
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Table 2 Primers and programs for the PCR amplification of the High—throughput sequencing and clone libraries

9B HERN 5 SIHIFHI(S-3) ¥ YK (bp) B0
168 515F GTGCCAGCMGCCGCGGTAA  95°C , 3min; (94°C,30s; 55°C, 1min) X 35, 200 7]
rRNA  806R GGACTACVSGGGTATCTAAT 72°C , 10min
e Cd3aF  GTSAACGTSAAGGARACS GG 95°C, 5min; (95°C,15s; 53°C, 155)X 40,
EAE nirS i ~426 [25]
R3cd GASTTCGGRTGSGTCTTGA 72°C, 10min
F CGYTGTTCMTCGACAGCCAG  94°C , Smin; (94°C,30s; 55°C, 30s) X 28,
nosZ i ~453 [28]
1622R  CGSACCTTSTTGCCSTYGCG 72°C, 10min
1960F TAYGTSGGSCARGARAA 95°C, 5min; (94°C,30s; 55°C, 1min) X 35,
) narG . ~650 [29]
vk 2050R TTYTCRTACCABGTBGC 72°C , 10min
SCPE V67m  AAYATGGCVGARATGCACCC  94°C, 2min; (94°C,30s; 63°C, 1min) X 40,
napA . ~1100 [26]
V17m GRTTRAARCCCATSGTCCA 72°C, 10min
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o . A A Al i.k Fig.1 Changes of NO; ', NO, and N,O concentrations
0 2 4 6 8 with time dependence in different treatments
ot
IR —O— Sterilized soil+Fe(IN)+NOs~ —#— Soil —O— Soil+NO5"
6 —A—Soil+Fe(Il) —@— Soil+Fe(I)+NOs”
B.NOy
5,1 MNO; BB 1TA)FT W75 Soil+ NO5
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z
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N>O HIAFAE.
2.2 WAL

K] 2 R, 75 Soil+Fe(IDALH 1 iR A Fe(1)
AR E I Fe(ID) W B35 B AT K A= W]
A LR RS AT N B3 ) Fe(IDAR S
RAEANP AL Soil+Fe(I1)+NO; 4bHE v B2
Fe(IN) FI 8 M PR IR IS Fe(IDMIRIEAEL 4d J5
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R VA LU S NOs % Fe(ID 446
7 T A I P,

(=)
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T
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Fig.2 Changes of dissolved Fe(II) and sulfamic acid—ext Fe(I) concentrations with time dependence in different

treatments
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16S rRNA F1Ij eI DA 1) 4= B AR AL,
M 3A T 4,7E Soil Al Soil+Fe(IN)AbF A,
S PE 16S rRNA FE PRI#% DUEGE IN [A) A2 46 I F %A
IIH R KA Soil+NO; AP A 4 TE 16S
rRNA JER$E DUEONES 1d 5 TR H I S ) 3
K 7E Soil+Fe(IN+NO5 A BE 1, 4H B4 16S rRNA 2
PRI DU IS KB iy 2128 4d J5 4 FHAAAE Soil+
NO; Fl Soil+Fe(IN+NOs 4L FE A 41 16S rRNA

2.3

—@— Soil+Fe(II)+NOy

FEDRHE DUECAE 2 8d MK T4 — B 2,
10'°copies/g soil 34K %1 10" copies/g soil.

K 3B Fizn,{E Soil. Soil+Fe(IN! Soil+
Fe(ID+NO; Ab B A, 4 Jifg JBE fif§ 1R &6 34 Jid 5%
narG ¥ UUECBE I 1) 38 A Y W 8 i 224k
1E. Soil+NO; &b H 1 narG e K (1 #5 DU/ 5 —
PR RN T R AR T SN U -0
10°copies/g soil K 345 8d (¥) 10’copies/g soil.
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© ¥ 08 |
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2 e
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~32F E. nosZ
£
20
8 24r
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i 0.8
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3 ANFAHF 16S rRNA. narG. napA- nirS F(nosZ R4 UUEE [ 5 517 (1 424K, (copies/g soil)
Fig.3 Copy numbers of (A)16S rRNA, (B) narG, (C) napA, (D) nirS and (E) nosZ genes with time dependence in

different treatments

—@— Soil+Fe(I)+NO; —3%—Soil —O— Soil+NO;’

XF T nirS Fl nosZ 1[5 ¥ DUAL(K 3D ATA 3E),

—A—Soil+Fe(Il)

7 Soil H1 Soil+Fe(IT)Ab 3 v, P 5 Bl 25 I a] it A%
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A0 I DR 4 DR A tH I S (R B9 K A8 Soil+
NO; KPR nirS Fl nosZ FERIFE NHIIMNEE 1d
Jii T U B RH S () 384K 7E Soil+Fe(IN)+NO; AbFE
W, nirS M nosZ FEKHE VIEBI N 4d Ja A4 TH iR
ML B K .S Soil+NOs 4b PR AH E,Soil+
Fe(ID)+NO; AL nirS H nosZ H K5 JIEUHE K
BB AR 8d IIIAE] 10°copies/g soil, ]
i Soil+NO; &b HE 1 ) #% DL 1A 107 copies/g
soil. 2 B Fe(ID) R I N $i& /5y T ME A IR $h 14 )R
e DRI AR A I R0 i 366 DR 1) = B kT A2 3 T
NO, #l N,O [tk i, iX 5K 1B 1 Soil+
Fe(I)+NO; &b HE 1) NO, W JE 2K T Soil+NO;
Ab PR 45 R — 3.
2.4 Y PETER S AL R AR T B AR AL

NI DA AR T T (B 1A%,
PR MW ) R a1 B AR 1T K P 2L
Betaproteobacteria(20%) A = . bifi 5 I 7] 45 A4 Ho 4
CSI7/ B | T -G SO S R A
Gammaproteobacteria {4 Soil A& B KL P
FE LAY 4d 1K B 1(52%), 18 X F 4 2
1) Ji BRI AT BEAE AR B AR N T SR ERAE A B,
SEUR T B TRV 2 A 2L . T N AR TE A R AR 4%
£ F , I # hexahydro-1,3,5trinitro-1,3,5-
triazine V5 4% KR 7K I BIIE LR 6, 2538 1k
B V& 4 ) oA, {2 Al ak 90% Lk [
Betaproteobacteria 15 #°*.7F Soil+Fe(IT) 4k #
eH Ak AR AR T A B N (] ) 73 AE S A RS UK
U] Fe(I) KI5 W A S i A 7
[0 K S 9 BE ¥ &5 # 4 UL #E Soil+NO; Al
Soil+Fe(IN)+NO; 4 # H1, Betaproteobacteria 7F 1
T T RAE N = R B A I ) AR £k S 30 B I8 3K
fa # I fE Soil+NOs 4k B b, fE 5 2d
Betaproteobacteria 1 #H %) 3= & it 8 2] 82%; 7E
Soil+Fe(I1)+NO; 4t H Betaproteobacteria [1J4f]
XFEREAES 4d FFAR3EC IFAESS 8d I 75 Bl b5 iy
) 93%. FiR 455 511 A7 —3LET NOs -N
A7 A2 (AN Fe(D) 47 72 5 ) 2 {2 it
Betaproteobacteria (15 4" LA 57 2 W, K40
[ S A A=Y # J& - Proteobacteria [ alpha
A beta M, i ASCHTHIFSY A A 28 v 00 3 B4R

T Betaproteobacteria J Ak B Y & 4E.

Soil HI Soil+Fe(Il) &b FIL 11 Ji& /K~ 1 LA
Belliinea ~ Thermodefovibrio « Geobacter F
vogesella TIAHX=F B2y, H A IS 18] R A2 40 e
ATTHIARRS = B DR FR A B8 7K1 (<T%)(&] 4B).
JX A ] Fe(ID) AN J5tin 3 (1l e i 41
JRBAT B R (52 AE Soil+NO; AbH v, - T2
L34 J& A Pseudogulbenkiania(1.7%~34%)
Vogesella(2.8%~25%) A Dechloromonas(1.3%~
12%)(K 4B).3xX 3 FPp )@ 3 B AR £R I8 I )
BEPTLAE Soil+Fe(IN+NO5 AbHE v, 3= 2 (1) 4 44
B JE A Rhodocyclus(0.1%~52%)F1 Dechloromonas
(1.3%~39%)(&l 4B). 45438, Rhodocyclus 154
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