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Characterization of iron reduction using different carbon sources
and phylogenetic analysis of Fe(ll )-reducing microorganism P4
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Abstract:[ Objective] Fe (Il )-reducing microorganism was separated from paddy soil, the effect of
strain on Fe(OH); reduction using different carbon sources was analyzed and physiological characterization
of strain was also obtained. [Method]) The soil solution collected from Sichuan paddy soil was incubated
under anoxic atmosphere. Through separation and purification from PTYG selective medium and multipli-
cation from LB medium,and then identification of the function of Fe([ll ) reduction in Fe(OH); medium,
the Fe(]ll )-reducting organism was isolated. Through comparison of effects on carbon utilization with six
carbon sources in pure culture, the characteristic of strain on Fe ([l ) reduction using different carbon
sources was investigated. With the PCR and 16S rDNA sequence analysis,the phylogenetic tree was estab-
lished. [Result] An anaerobic,G* ,rod-shaped organism P4 with function of Fe([l[) reduction was isola-

ted. It attained a logarithms growth period within 10~30 h. With different carbon sources,the maximal re-
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action rate (V) of iron reduction was in proper order for:glucose™>pyruvate>>lactate™>succinate>propi-

onat>acetate. With glucose and pyruvate as carbon source,iron reduction rate were 63.79% and 22.19%,

the others were all below 10% .displaying glucose and pyruvate be the optimal carbon source of strain P4.
The adoption of the PCR acquired parts of 16S rDNA sequences of Fe([[[ )-reducting strain P4 with 1 325
bp. [Conclusion] A G' ,rod-shaped Fe([ll )-reducting organism P4 was isolated from Sichuan paddy soil. It

attained a logarithms growth period within 10 ~ 30 h. Glucose and pyruvate were the optimal carbon

sources of strain P4. Homology analysis and phylogenetic comparison of strain P4 and relative strains based

on 16S rDNA showed that strain P4 belonged to Clostridium butyricum, most to several uncultured bacteri-

um and Clostridium butyricum with 98% similarity.
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AR ER b H5 A R X 22— e A A itk
Dy AR v 3K — 35 A% % BN AE — 0 PR A — s R AR
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1.1 #ift5E

MK AT AR SR BT 48 TRk T 0] e B A
Fro HHEREE TR B AL &R 48,9
g/kg, pHIHN 7. 34, &4k & &0 34. 2 g/kg, LEM
Bl 3.08 g/kg W Gt 11,7 g/kg, R
£0~20 em R4, AR TG, B4, L7 R 1
mm ) £
1.2 BEFEEARK
1.2.1 PTYG B4z HRAE B RAKE DK
100 PTYG [& A 85 55 56, 3L AR 4 Bk - 28 1 B
0.05 g/L. 8 1k 0. 05 g/L,[#REE 0.1 g/L, i
0.1 g/L,MgSO, « 7TH,0 0.6 g/L,CaCl, » 2H,0
0.07 g/L.Bifigkn 8 ¢/ L. i 32 5 pH R 7. 0,
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BARY 2, i TR YR 288 N T 308 758
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2.5 g/L, R FR3M pH A 7.2,
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KRS B AR AL 10,00 g T 30 mL v H . mA 1
mL N T & M Fe(OH), B (& Fe 14 616. 1
mg/L) & 20 mL k& & F K, 78 30 CF & WL
1. K Ra M R T 700 r/min &0 10
min, B BAE R A YR .
1.3.2 KB RMAEWA B WL BERA
PR R T PTYG J¢ 2 3% £ 1 [ 1R 8% 35 3%
e B FR LA B OB L DL b s S O, 152
M, B 30 CHE Al EhE g 4~5 d. B
BEGF 1) d5e R R EROR) 2P B A BRA TR T g 1 R
ANTR I 4R TR LB WA R SR 5 Y 15 mL Ay
TR, 3 BB 30 CIRAR IR 1 d, KR
JE BB FAE T 3 000 r/min B0 15 min, FF % LW
W FHJC TR K VR 2 G T 1 mL JE i /K B IF T UE
A% TR
1.3.3 T RFaeeg s 78 10 mL I i m
A1l mL ATEK Fe(OH), WM 1 mL 5 g/L 1
FAAbs s T 121 "CKE 30 min, ¥ H 5
AL 0,22 pm JERERY 25 mmol/L #5222 o
W 1 mL,300 mmol/L #Z AWK 1 mL, 2R ik
B 1 mL,al N, BRI O, g i 35 J5 48 35
. 30 CTHROLREF MR REF T Fe(OHD; Y
AR S8 A R TR R 0 Bk O IR T RE . A B R I RO
PN 5 VPR A AT R S A, SR R R B R R
FeClll) W I EE .
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mL B0, —18 CHR IR .
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PR B0 T s 8 LB R AR B 55 S AR
s E B RRG  EAIR A, LU — 3 LB
AR E5 37 B 42 R B B R A Sy it BB (CKD L 7E 30 °C
TR, 9T 1% 0,2,4,6,8,10,12,16,20,26,
32,40 h BCHY, A UKAR R AE L TN . IBORE 45 R
Jei s AARFEFD B B Al A R 25 F 0 B 3% 600 nm i
45 ORE 58 J5 2047 06 25 B 00 DA TR 2 W 1 O %% B
1B CODgoo ) A GAARBR L 55 55 B [1] Ay 8 A s 25 ) B A4 A=
N

1.5 $iE R B RREF A e illE

43 59 38 8 A A B (Glw) (TR R R 4M (Pyr) L L RN
(Ace) . TN R &1 (Pro) | FL iR #h (Lac) K 3% 31 2 4H
(Sue) 1y e — r - HE fA Bk U8 Mk B 3 & Bk 60
mmol/L, &5 [F] B 3% & A I Ak IR (CK ) Je
FIEE W AR R (CK1) 2 A XF R, BC 10 mL i V4
AT 3 B ACK B BN LA L FeCOHD s B
1 mL.5 g/L &4k 1 mL.25 mmol/L #5822 vh ik
I mL f&JE 1 mL FHEFE 1 mL, 8 N, B EiH T
0., 3% P35 5 & 35 % 5,30 C T RO 9%,
BRSNS mL, &8k 616.1 pg, 7051 T
KM 1,2,4,6,9,12,17,22,27,32,42 K 52 K
KRR E Fe D HRE™,
1.6 SRiEJRFFMED

FIHT Logistic J5 F XA 6] g I K] FH R 1 8638 5t
W IEATINE . Logistic TR RN .Y =a/
[1+0b6 ¢ exp(—ca)], h:a FToR Felll) R ) £
KIGEHCH R R Fe(ll) B0 ABIRIZH ;0 R
IR BB R RE IR ) S8 e KRV
=0. 25ac, FlH K FeCll) B E5M AW Fe
(OH); /Y LLAE . 7T A4S FeCllD B3 26
1.7 #iFEHE 16S rDNA PCR #1553 E

B EART 1.5 mL B0 8 b ¥ WA A7 10 T A
H 567 pL TE 2% #f i (10 mmol/L Tris-HCI, 1
mmol/L EDTA.pH 8. O)fifi &% . A 30 uL 0.1
g/mL SDS & 3 uL 20 mg/mL & A K, F 37 ‘Cii
A1 h, #HinA 100 L 5 mol/L NaCl fil 80 L
CTAB/NaCl % . T 65 CIRE 10 min, B — &1
3RS 0 S N EETLTE DNA, IR % 0% &
BRI TLTE . .05 K O BE. K UTTE R DNA % T
50 pL BTEW LB K, —20 CLRAFE . &
A 16S rDNA G 5149, 2 PCR ¥4 H i v B,
2l FE 5 R 631 5-CAG GCC TAA CAC ATG
CAA GTC-3'; 1387r: 5'-GGG CGG WGT GTA
CAA GGC-3", 20 pL PCR JZ Ji 1K & g : DNA #i 4
1 pL,10XPCR Z i 2 pL. b FUWESI445 1 pL,
Taq DNA 840 1 pL K 10X dNTP 2 L, #hK &
20 uL, PCR ¥ #4252 :94 °C FAS P 5 min; 94
C 40 s,42 C 1 min, 72 C 1 min,30 MEH; &5
T 72 ‘CHEAR 10 min, 4 CLRAF, 8= P k1T 10
g/ LB W B JIE H Uk 43 BT » 24k 0 [ e PCR 7= 49y,
KR AE YA IR "l AT R A o 3R AS 1Y 7 81
#2538 NCBI i# 17 Megablast, JfK fir B8 H 14 [7) 95 14
BT MRS F N-G & e .
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Fig.1 Growth curve of strain P4
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Fig. 2 Effect of strain P4 on Fe(OH); reduction using

different carbon sources
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B2 X IR Fe D ik 5t 5z W JL-F- R 47 32 9
BB T BRI B0 B R R R R Bk D R TE R
Wi, TR P4 A ] g IR A Bk Od it B el Lo-
gistic JF R G TR EESHILE 1.

F1 H Logistic ARMEME P4 FIATRKRFENKIERSH

Table 1 Logistic model of dissimilatory Fe([ll ) reduction of different carbon sources by strain P4
T Logistic ¥ ## 5% parameter of Logistic model Fe( )ik JE 2%/ % B B
Carbon source a c ,2 Reaction rate Vinas/(mg + L70 = d70)
Glu 393.0 0. 100 0. 929 63.79 9. 846
Pyr 136. 7 0.112 0. 859 22.19 3. 819
Lac 57.30 0.136 0.978 9.302 1. 950
Suc 30. 08 0.215 0. 891 4. 883 1.619
Pro 27.99 0. 157 0.939 4,544 1.101
Ace 27.70 0.138 0.970 4. 496 0. 956

I 1 AT, R U O R A O 1 A B 2R L
(r*)7E 0. 859~0. 978, & ik P4 X} 6 Bl IR i 72
() Fe Il i J5tfie K1 3 (S8 @) itz R N 8 3
(V) 28 50 VR T BR A DS N 3 B (S 4 o)
AW s Fe D i i RIEH S V.. 2R
A—EE. Rk PA AR AR FedD IRV,
R T A SRR 89 Vi /N 5 B HTAS [8) Bk U5 B9

Vo K/NGT Sy« 60 2 Wl = T T 7R 46 = ZL 2 6 > 3%
HBREE >N > MR Eh . Bk P4 78I 1 #4508
B 4 Fe D i J5U 5 fe i - 35 8 63. 7900, IN TR £h K
2 22,19 %0, HoAly JL A s 5 1 k540 TR E AR AT
TE 1000 LT o 32 W] 2 48 0 74 T 2 4 J2: T bk P4 1Y
DL BRI
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2.4 TH# P4 16S rDNA FHHMERBESH
PLBRIE TR Bk P4 A9 41 DNA R 4R, 18
YN 16S rDNA 3 JH 8|4 63f/1387r, 2 PCR ¥ 1
AR R 1325 bp M EH I A B (B 3) . 44 i i gk ik
JR e Bk P4 () 16S rDNA J¥ %1 £ NCBI I i#f 17
Megablast, 25 %1 T3 2, F|H Clustal #1 Phylip
B 1 R A DL TR AR P4 5 R G TR AR 16S rDNA
MRS EBFHAR LK 4, &2 TUFEH. KK
Ff b o B G SR A5 B ORI TR R P4 5 ZROR
OB 9RO R A OHE Mk (DQ441334, DQO83720,
DQ083732, AM176850, AY953222) fJ 16S rDNA
(14 [) 5 P 35 3K 98 0, I FLRN Z2 b T R M AR 2F J AT 1
( AY604563, AMI176850, DQS831126, X77834,
AF005092) 1 16S rDNA [a] J5 4t i5 5] 98 %, WA
4 RBEEERL AT AEHAL R FEGR IR H bk P4 5
AR TR R AT R A AR ZF FLAT TR (AY442812) A ¢
R S PE. P E IR A TR AT KT 3R IR RO bR
(DQ441334) )~ FAT i 5332 b DA b = F FE kb b
B ESOPAT T T BRI IR 2 14T 1 HAW-HC1 B £k
(AY604563), iR 4 DHRTE RS ™ E S
ARG R T HACR T H 2 Bl R 5 TR AR IR 2 4

AB075768 Clostridium butyricum

31

39

12

100

FFE TR TR B F4 G 1) E Ab 4R A Ak T OFAT 6 R L IE B AT
T 53— T RRARIR ZF AT 16 16 bk (ABO75768) . &5 |
JIT 3R 0T LA A5 4 W, AT 5T 40 18 K5 3R A k08 D B
B P4 R — IR T BRIk 25 AT .

2000 bp 1395b
p

1000 bp
750 bp
500 bp

250 bp
100 bp

B3 Bk P4 16S rDNA J K3 7 4y i) g vk 4%
1. DNA marker(DL2000) ; 2. B3 i O 3 BEAT Yy
TR G WO 3. PR AR A9 H A B
Fig. 3 Agarose electrophoresis of the fragments of
16S rDNA from Fe([l[ )-reducing microorganism P4
1. DNA marker(DL2000) ;2. Negative control (PCR mixture

without template) ;3. Amplification fragment

AF005092 Clostridium
48 ——— AJ289704 Clostridium butyricum strain IBUN 22A

53 AJ458421 Clostridium butvrioum strain DSM 523
AJ458420 Clostridium butyricum strain VPI3266

AJ289706 Clostridium butyricum strain IBUN 64A

DQO083732 Uncultured bacterium clone PrebhufecB2.3
DQO083720 Uncultured bacterium clone Prebhufeco26

AB022592 Clostridium butyricum

29

73

79

100

DQ462577 Clostridium butyricum

X68176 C.butyricum (ATCC43755)

AJ287905 Clostridium butyricum strain IBUN 125C

AY 604563 Clostridium butyricum strain HAW-HC1

DQ441334 Uncultured bacterium clone CD83

Ay442812 Clostridium butyricum

P4

P4 BERk P4 SHICE R 16S rDNA (19 R Gt AL

Fig. 4 Phylogenetic tree of strain P4 and relative strains based on 16S rDNA
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F2 SKEFEEK P4 ABAXREKRE 16S rDNA R4

Table 2 Homology of Ferric reducing microorganism and relative strains
SRR P4 Y SRR R T B P4 Y
LS Hids 16S rDNA [a] J /% LS Hics 16S rDNA [ Wi/ %
Strain Accession No. The homology Strain Accession No. The homology
of strain P4 of strain P4

Uncultured bacterium » Clostridium butyricum
CD83 DQ441334 98 W5 DQ831124 98
Uncultured bacterium ] Clostridium butyricum
PrebhufecO26 DQO83720 98 DSM532 X77834 98
Uncultured bacterium e N P N
PrebhufecB?. 3 DQ083732 98 Clostridium sp. SP3 AF005092 98
Uncultured bacterium . L. i

AMI176850 98 Clostridium butyricum AY442812 98
SZB10
Uncultured anacrobic AY953222 98 Clostridium butyric X68178 98
bacterium A-2D 5 “lostridium butyricum ¢
Unculturgd Clostridiace- Ul6122 96 Cln.\‘zridiuml saccharoper- AB218317 97
ae bacterium but ylacetonicum N1-4
Uneultured bacterium DQ296468 96 Clostridium beijerinckii X68180 96
AR-23
Clostridium butyricum - Clostridium acetobutyli-
HAW-HC1 AY604563 98 cum X78073 96
Clostridium butyricum . . . -
Wi DQ831126 98 Clostridium puniceum X71857 96

s B LT AR Fedlll) ik J5 244 F . B AR fE 2 A
> )

B3 T A A W = T A W i DR AL N o e P IR
AAEY) . TE5r B s AR b XS KRS AT IR AR
PRI KRG F7 , AT AR HF 008 SR AE W i BB . A
AN AN IR G 5 T AR T B i - 1 rp 5 38 R 4R Ak
R, DT B0 Ak A DA A W i S R, 8
I BTN RE IR T 05 W B L R 4 B A TR AE W i G
SRIRYT . 0T DREUCAE P 1) 43 B E AT R e 2T A
Bk Rhm M TR A R R B R S k. b MR
BRI G T IR A A (AT A A AN 5 3k
1550 AT 4 5T 00 TRV 4 PR DA T Pk S AN (. AS B
FER I B s FR i FE N2 G R A i A &
AN T A B Fe(OH) s B AUA R T 4800 R 1Y
A K1 BT 3 Fe COHD, 265 R o X6 4258 T £
AW BEAT I o AESEPREE SR AR Ll T Fe(OHD,
B Fe D PORLAS RE AR 4f b 73 0. (515 F 2 n 4k
WREAER RS REPEEHRIEA TR, T
T o i Bk 28 1) BT V% L OE B AT R 0A I D RE L A0 0[] I
FH FeCOHD 5 WK 35 95 340 I i 90 #E 47 50 F . 3 2o
J AR DR A R 35 i g, T LA 3 EL A R
Ty BE 1 TR AR 5 I L AT 0 DT 0 T e g R

SeAb FeClll) i J5 i3 A= W 78 B U5 R T I A7 7E 35
K 2E5 . DAAE R4l B 2098 & B, Fe CIID 38 JR
A= Wy AT R 0 L A R UL R A LR L L R
A HLRY . BAT.BEE 20 FedllD @ AE
WA PR AN BRI T — 28 54k Fe (D) iF J5 i3
AP AEFeClID 38 B B AT 4046 F TR T 3Rk BE . 2801

H, Je LR H, RO 3 Fe (I 1Y &
J5L, AR A E R UL T RAUR BN F L R D
FERSG YN T IR LR H, . CO, MD RN,
TR Y e 2 B A MOIR ZF FRAT R L AT R AR AR
ZEIKT T (C. butyricum) FI T B2 AR AR 2 1 FF 78
(C. tyrobutyricum) BIAE T #4710 Al 5013
FIA P4 TRk AT LU 3 ) P A8 4 W £ S 400 30
FeC Il ) SR 1, 2k i 3 4 B 2 7 1
HA A HLRR L R W B bR P4 7] R BE R A . T
] R 6 2 W TR AR IR AR B 277 W) o B W R O ) T
fip AR R AR T AE RN MR L2
— o ARIRE LI E R P4 AE Fe DB FFMFT B
A LAAE — 5 B E M) PR R L 3 T TR R £ X
bR P4 it AU TR e B AT S AR .

A 5T 0 8 B 7 ) kAL JRU Ak P4 FIZ Fh T
PR MR ZF F0FF T T R Y 16S rDNA A ¢ e 1 [A] I
P, HAEEAL G R EoR GO R4, N, il 1 Xf
16S rDNA J7 31 (9 8870 Hr » Al LLA) 25 8 2 oK 1
5 [a] Ja& BAN [R] Ja ) Ao 22 ] 9 2 % G 2R+ 30K X 7 2R
G5Ok F B W M ]S4 T KA AR B P B 2R
WA EERE L,

4zt B

(DR & B IR 07 WU KA £ b 2y B 45
FIPE T PALH R ERFAE Y W BN AL B
AU AR, RO, RO REN L H
B P4y G AR B R S, A Kl 2 I S 5 R R
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