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Phylogenetic diversity of dissimilatory Fe(III)-reducing bacteria in paddy soil. LI Hui-juan'’,
PENG Jing-jing'*> (' Key Laboratory of Urban Environment and Health, Institute of Urban Environ-
ment , Chinese Academy of Sciences, Xiamen 361021, Fujian, China; *Graduate University of Chinese
Academy of Sciences, Beijing 100039, China). -Chin. J. Appl. Ecol. ,2011,22(10) : 2705-2710.

Abstract: Microorganism-mediated dissimilatory Fe (III) reduction is recognized as the dominant
mechanism for Fe(1Il) reduction to Fe(II) in non-sulfidogenic anaerobic environments, but the mi-
croorganisms involved, especially in paddy soil, are still poorly understood. In this paper, an en-
richment culture was conducted to study the phylogenetic diversity of Fe(IIl)-reducing bacteria in
paddy soil, with acetate or hydrogen as the electron donor and with ferrihydrite or goethite as the
electron acceptor, and by the methods of terminal-restriction fragment length polymorphism ( T-
RFLP) technology and 16S rRNA genes cloning and sequencing. No matter what the electron donor
and electron acceptor were supplemented, the most abundant microorganisms were Geobacter and
Clostridiales, and Rhodocyclaceae were also abundant, when acetate was supplemented as electron
donor, which suggested that besides Geobacter, Clostridiales and Rhodocyclaceae could be also the
important Fe (III) -reducing bacteria in paddy soil.

Key words: paddy soil; dissimilatory Fe(III) -reducing bacteria; enrichment culture; terminal-re-
striction fragment length polymorphism ( T-RFLP) technology.
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LR VAR KFE A DL 0 fire A i E 2 1.3 ik
] P O TRTE e ] s Bk A R ) L T Fe (1) 9 & 2 IR & 3 ™) J2 Lovley H1 Phil-

P BREMIAE AR P AR RIE S Jer b BBk
W R—MRRE N BRANIIE S B R G )iz
FEAE ST T S A LT i T BRI B
P RERAT R L S K A - 2 B A YT
AL DR A S PR R AN EUAE S S A Bk
i S R T KB AR 1 L sz AR
TRk IR 1 P A 2 BEFE DR R ARGE , BOAS I 5K
PR B85 3% B9 7 R R I 52K R - rp kol T Y 22
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1 #RFnTE

1.1 fil I

TR FH KRS Lok F BT E AKTTT B X V5 e
KA. SRR KR AF T PVC I Iz A1 55
EAEN N OTESE (gL A=
P R HEM AL MR, pH 6.7, A ML 29.2
gk, BAK22.3 ¢ kg
1.2 EEEFIARE

B K T PIPES-2Z v (10 mmol + L',
pH 6.8) WK B 7R 5. B3R 40 % .25 mmol - L7
AREREAY), 0.11 mmol - L' MgCl, 0.6l
mmol - L' CaCl,, 2 mmol - L™ NaHCO,, 0.5
mmol + L' NH,CI, 0.05 mmol - L™' KH,PO,, 4E/
EDSE TG IS SN W DER R
(99.999% ) TV X 2 2RI/ B 8 mL( L2
R FAEA) 309 mL (AN LA ) T K
BRA BSR4 i3 IR Schwertmann 1 Cornell ' |
FEH XS4 007 5 50 40E. 2k S0 Ak 4 2 1w AR S IR
Bosch 257 JREKT FET KB 2% 18 L4 31 279 A
49 m’ - g

RIS TR 58 R U G R
FHK R VR A L 5244 4302k T SR Fn & SAE
LB A 5 AR SR RS R4 SR K e Rtk
WAE R T2, LA TR, Bk
FEQT FREL 10 g B KRS LA & A B 2R 1Y
90 mLJC W JC A K H, R W B AL TR Al AR
(99.999% ) f£ 3 T, B 1 mL i) ISR A S |
WO BEUF R FRIE . LR N o TR AL B
A 1 mL 100 mmol - L™ E’JZﬂz‘i%P‘], IS N T
AR R A EE 3 AR A SUR(N, : CO, t Hy=90 ¢ 5 ¢
5).30 CHENIEF, B3 IKER.

ipps . ELAERVE QNN . G B VR S AR B 100 L
C& A FRB W, LBV A 1.5 mL
0.5 mmol « L™"HCl #2001 25048 . 3242 15 min,
12000 xg B> 5 min, B 100 WL F 3 BOINA & 4B3E
Bk HEPES 25 v 1,30 min J5adid 406
L2 5
1.4 DNA #2H

TEIR Y025 o BB B AR 35 2 W T $2 X DNA.
& e A R £ (200 mmol - L™ )X iR
(120 mmol - L™ ) {RG W, HUE FHREAL. FRER AL
SERVRIRIT B0, T DNA HEEBUZE mhil BRI ULTE , LA
F I H% BE B0 B R - B R X DNA 42 HUAY 52 1. DNA
PRECS IR Su 25 SR N e 2 = 3R LAk
(CTAB) .
1.5 RumBRi MR B B2 84 (T-RFLP) 04

DIBRICR) B DNA #5540, FH 40 B3 H 51 9
271 F1 1492r ¥4 K25 1500 bp ) 16S rRNA FE[H H
Bt By 271 SR 6-FR 7L I 2K (6-carboxyfluores-
cein) #E 17 2% 6 FRiC. PCR W AK R (50 pL) M.
5pL10xZE il (RKM), 3.6 uL 25 mmol « L™
MgCl,, 1 pL 10 mmol - L™ dNTP ( K#), 2 pL
150 pmol - L™ BSA, 1.6 pL 10 wmol - L™ I Fii#5]
YI(KHR), 2.5 U Tag DNA 45§ ( TakaRa) ,1 ulL
DNARR A, Jz v 25 4% H touchdown 27, HAK K.
94 CFEYE4 min,94 CAEM: 60 s(60 C ~0.5 C,
30 s),72 CIEAH 60 s, 4T 10 MEIR, 15 94 CAE
60 5,55 CiB K 60 s,72 CIEM 60 s, HEAT 22 ME
R, e 72 °C HEAH 10 min. PCR 79 % R 7 £ 4
ft.(TakaRa) , Fl Msp 1( TakaRa)37 °C [, b=
YIS0 pL 100% £ F% 2.5 uL 3 mol - L™ Z ER4H
(pH 5.2) #£ -20 C & ULTE, B0 (18000 xg, 30
min) . 75 2| Y DNA JL3EH 70% & B3, 15 550
(18000 xg, 30 min). 4lifb=¥ X+ J5 , K FH 3130xl
Genetic Analyzer JllJ¥ ( Applied Biosystems) .
1.6 wafE WP R KT 5T M Wik iE

K L3R W RE B 5 97 1 16S rRNA FE [ ;5
B AHS1 270 AR 6- R B9 R hnic. 15581
PCR ¥ i # & ( TakaRa) VI e 4l ik, S 5% T
25 pLA BT K. sakEpT ARy pMD19-T, B2 25
YUMIA Escherichia coli JM109 ( Bioteka) . FEHLHE 1% 7e
BEF UEAT R 75 PCR S0 E. {5 FH FR il P 4% 2 4 D) il
Hha 1 (TaKaRa) X 3R 4% BHP e B 1-47 44 H 19 3[4
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F BT IS4k (37 °C L4 h) , H 3% MBS it
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Hi— D EHIT(0TU).

S MY B e AR ME Y s B I X
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PR 1) 5 B SR BB 7 T ORI i 4 TR a5 1)
P4 I T-RFLP 438 (2R kR 1.5) , #647
Wit IE.

FIT RIS B4 51 78 RDP-11 0405 122 P b 4T R 42 4%
ZHT, IR AE NCBI sk o b [R) A, F 34 18
ST RG KT . 13RI ¥ 51| 918 ¢
5N :FR774779 ~ FR774833. |} MEGA 4. 0 /%,
i FHAB 327 (neighbor-joining method) 1T R A A H
57 , FHl Bootstrap {E.(1000 Bootstrap ) ¥ 56 & 4 i1k
B 14547 ) B A KT
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2.1 Fe(II) B3R5
ME 1 AL S — A R 3R DL R
VRIS, Fe (1) iR J55E #4018 , 251 pmol - L™ - d ™",

141

a <o I-F
12 o II-F
10t +1-G

Fe(Il) #PF Fe(Il) concentration (mmol * L™)

8 12 16 20 24
fit [&] Time (d)

Bl1 EERFEIESD Fe(1l) WahEL

Fig. 1
(mean+SD, n=3).

a) ZIRJHL T Acetate was used as the electron donor; b) &SN
HL {4 Hydrogen was used as the electron donor. I-F. 55— & 44
5%, KA N B F 324 The first-generation enrichment cultures with fer-
rihydrite as the electron acceptor; I-F, 58 AR E 535, KT i
F3Z{K The second-generation enrichment cultures with ferrihydrite as the
electron acceptor; 11-G; % "X EERT R, £HR0 A H T 321K The sec-
ond-generation enrichment cultures with goethite as the electron acceptor.

T[] The same below.

Dynamics of Fe (1) during the enrichment culture

23 dJi, Fe (1) i JE iR 26% ; M LA &SN HL 43t
PRET, Fe (111) 38 J5 3 %4 1632 wmol + L7+ d7',
6 dJ5,Fe(II) il JR ik 45% . 55 —ACE E R 5L
IR AT Z AR, TG AR LR RR,
Fe (1) iR JF 3R R K T4 — U GRS R
DAL PR Fe (TI1) i Ji 3% 256 3 855 4 KAET,
Fe(TIT) i J5 34 35 2 B2 52 5 DL & R 0 A T LA B
Fe(II1) i 53 % K 1443 wmol - L™ - 47, i JF &Ry
26% 5 L4 &R LT HE R B, 8 DR R R 4313
pmol « L™+ d™" IRJF ik 59% . 5 AR E IR LU
R b T 2 K, 2R AVE RO T R
Fe (II1) 3 J5L 343 1]y 483 H1937 umol « L« d™',
Fe (111) i 52535114 18% 1 26%

2.2 FRETRWIKIE  BESOEMME R RE LT
Gy

FLRET R BRI 45 R L 1. RV A 56 v
PLBEIE R PEF] 60 F11 515 bp XF i 1 sE ke 1, (H 258
Iz minEe 4 ) (R 3K ) £ W ,60 F1 515 bp 41
XS R AT B ( Geobacter ) FIFZ [ ( Clostridiales ) .

Sy PkIE 89 Fl 65 A v B H T Tk SCE
H-A-GOE AR EER IR, SN FIbA, &gk
KL TS AK) B I-H-F (55 AR R, S
TR KGR T2 AK) . P S R SR g L
AR KT ( Proteobacteria ) A1/ BE B ( Firmicutes ) A
PP RE, BRI 8- T AF B FIAR 1 o 3 (A 2,
x2).

2.3 CEWREIER) T-RFLP 204

HL P b AT T-RFLP &3S B a2 m (1 3) , AN
IR LA R A A HLF A 159 bp #2 E
BRI AT R N11% ~47% . BAKSEDL, DL 2R

F1 REIEFEEINEE Fe(1IN)iERHE T-RFs FETHY
REREDH

Table 1 Assignment of dominant T-RFs to defined bacteri-
al taxa

ST T-RF (bp)  RZiKE Phylogenetic affiliation

76 LA H Rhodocyclaceae

123 BRER AN B Desulfuromonas

128 HIAT TR Geobacter

159 HFFEE Geobacter

213 BEFT B Acetobacterium

224 BEFTF A Acetobacterium

489 IR/ B Rhodocyclaceae/ Zoogloea
509 W3 Clostridium

518 W1 Clostridium
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sef I1-H-F74, 509 bp 7
88(" I-H-F70, 518 bp
100 86 Clostridium magnum X77835
Clostridium nitrophenolicum AM261414
100 Clostridium drakei Y18813
Clostridium cavendishii DQ196621
80 _i75 E 1-A-G52, 518 bp Clostridia
[ ] 100L— Clostridium sp. AM933664
Acetobacterium sp. FN397995
100 Acetobacterium sp. AF479584
7 T-H-F3, 224 bp
] 53| 1-H-F15,213 bp
64 Acetobacterium wieringae NR026324 |
100 EH-H-F21, 159 bp 7]
Geobacter bremensis NR026076
100 —— Geobacter sp. DQ086800 Deltaproteobacteria
95 I[-A-G4, 159 bp
Em, 1301
Geobacter sp. Y19191 ]
1I-A-G19, 489 bp ]
4100|:|j I-A-G70,76 bp Betaproteobacteria
o0z 100 Dechloromonas sp. AF170357 ]
2 JEF 168 rRNA B[R T 41 1 R 50 % B R
Fig.2 Phylogenetic tree of representative bacterial 16S rRNA gene sequences.
%2 KEBLEEERLMT 165 RNA REREF R%S 6 .
B HERBESESH s u[F
Table 2 Phylogenetic affiliations, numbers and percentage s I-G
of 16S rRNA gene clones retrieved from paddy soil enrich- 40

ment culture

RERBRR SEREAN (A3 EE)

Phylogenetic affiliation Clone number (Percentage )
1I-A-G II-H-F

ARJEAT T Proteobacteria

a-“BFEFTFH a-Proteobacteria 1 (1.1%) 0 (0%)

B-AJEFFEE B-Proteobacteria 8(9.0%) 1 (1.5%)

10 (11.2% ) 0 (0% )
53 (60.0% ) 36 (55.4% )

v-ZEFATFEE y-Proteobacteria
S-AEJFTH 8-Proteobacteria
KHFNALTEFFHE Unclasssified

Proteobacteria 0 (0% ) 1(1.5%)
JEEBETE] Firmicutes

ZEAUAF I Bacillales 1(1.1%) 0 (0%)
BRH Clostridiales 8 (9.0%) 12 (18.5%)
FHNEEER Unclassified Firmicutes 1(1.1%) 0 (0%)
Al Others 7(7.9%) 22 (33.8%)

H-A-G: 28 TAUE ISR, WA L T bR, S 8™ S f 7 24K The
second-generation enrichment cultures with acetate as the electron donor
and goethite as the electron acceptor; II-H-F'; FHoREERT AN
AP bR, K8k B F 52 14 The second-generation enrichment cul-
tures with hydrogen as the electron donor and ferrihydrite as the electron

acceptor.
h o TR 60 .76 159 489 F1 509 bp & T8
Wr; LS B IR, 128 1159 213 224 I
515 bpf EZH W 2 L) LN H T AR E e
L, T2 KT 123 bp 302 328 H kT

w
(=]
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(=]

HIXtFE Relative abundance (%)
u
=) o

S
=)
T

30

20 N I
\ N
\ \
\ iy
101 \ \
\ (R
o L R \ Nl
EBRJRITERS2IFTIRI TSI LR
oA e A A= AN ANANANTITFTFTFT NN

K45 Wit B Terminal fragment length (bp)

B3 EAESIRA AU U WIREVE 16S rRNA K[ T-RFLP
o
Fig.3 T-RFLP analysis of the 16S rRNA gene of the microbial

community after the enrichment culture (mean+SD,n=3).
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L LA R L 2 1A, AT TR7 RITAR D #1024 21 1Y)
FEHAWRE ; LR TR 2R R
LR F BBV, AT 2 AR T &R R
EIEEH, R Z DU R R BGR JR R A
PB4 R TS Y KR 8 3 S TR B H A
AP, 38 H BE AT oA A i e 4 AR
JE A AT M RE TS Y 80% 0 B WF SR M, LU
LR R T UK B HE 7 32 R B, i P 2
KFE R R EEYGA R AT )2 A
TS FIRAHRR AT RE S5 BN H MRy B+
U E L BR SR AL, KB4y (63% ) M AT Bt BE
FIHESAEN BT

PR TR /K e L WK 3G 5 T i E R R
BRI R IR B, X T e 5 T AT A8 43 i 1T B A BT
DI RERE 5C 2. 42 B 3 1 A Ry A % T AR A
WL BEATE Fe (100 /B4 M7 M AN 2 HL 752 14
R T AL AL B O D 5 i R Y (Y
5% ) A% % 4 Fe (1I1) 12, 7E % T8 & &k 18 J5
Fe(IIl) 5 & Bt 2 rf = A2 (% NAD (P) H #1741k
IR A, A RS AT A AR SRR, A2
R A K BT 1, BRI, 2 B A kA S B AN
fEiE i I R Fe (TI1) RAFRER I TAEK . Bl
285 B A5 B BObE AT kI AL A TR RE T I AR
BT RS P, s R R LR R AN
L bR M AR B AR B B E R X S
Wang 255 AUBF o845 50— 80 AL, 18 LUK %l
B ol LT 2 R A B v R A K R R
Wang %5 A0 % PR, 42 01 B T LR FE A i ik S ]
DUR IR, 3 1t WA T 70 1) T - (R 5 T A
RAHYRTEMEY . Wang S5 U0, R
FRAIA HUTAR 0T RE7E R B A PR 41t T i T3k 3h
Fe(1ID) iR Jit, ABORR B K 2 & 48 SR ARWE 5T, 1R
PAES —AE R IG TR R S B0 EZRUEY)
B X R IIAIR B AE 1A HLIBTIE o & I oy FLER It
THLF R S 0 LR RN A AR L TR T R
J6 P MOKAE £ 43 B B AR B ( Clostridium butyri-
cum) B 1 RT AR FHAG 2 WA R R, 38 Re A AR &
T R JEE M) IR ik SR Fe (TID) . R, BR T 2 I 4 42
W BRI W2 AR P BE A AT AT I B4 Dt B LA
Fe (1) A ML FZ A E A DY)

A[ARKEE W) R S RE R B A
AR AR IR R A S R g A
I BRI 200 ) Ak AL, i e JR . AR
P SIHAE (WAL FROE F A AR L. LR 2H 2

WFFE R, R BA R SRR, b a6 BAy
FALE I S AR P | 1 PR 22 i P 7 e oy
FRFIVBR 6 5 T v & A7 [ e, F 9t SR T
(C. pasteurianum ) [F] Bf E A5 W U & K B (uptake
hydrogenase ) Fl1 XX [i] & ft. /i ( bidirectional hydroge-
nase) X SETEYEFR I, M2 AR T AR LL AR R
L T HE A SR AR 5L Fe (110) .

JAE W AR A 1B R WIS FT T (Acetobacterium ) J2&
Pl JEA B FSAT I AT LA LLE SO A A =
SRR ORI R ZE KRS v L S
TS B L - 32 AR 2T R TR AR T LU A
BRI ST . BRI, B T M AT B, KRS T g
AR VE 2 HAM B B8 S5 T, B A7 I s 2R 8 vh
X BRIA I ) TR I A R Tk 2D ST
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