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Isolation of Fe(IlI)-reducing bacterium Clostridium sp. LQ25 and
characteristics of Fe(IlI) reduction and hydrogen production
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Abstract: [Background] Some dissimilatory Fe(Ill)-reducing bacteria have the ability of dissimilatory
iron reduction and fermentative hydrogen production, which can provide an important way to study the
mechanism of fermentative Fe(Ill)-reducing bacteria. [Objective] This study aimed to screen a
fermentative Fe(Ill)-reducing bacterium with the characteristics of microbial Fe(Ill) reduction and
hydrogen production. [Methods] The strain was screened by three-layer plate method and identified by
sequencing the 16S rRNA gene. Fe(Il) concentration and hydrogen production were investigated to
analyze the characteristics of microbial Fe(Ill)-reducing and hydrogen-producing by this strain. [Results]
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Compared to Clostridium butyricum, the similarity was 100% by strain LQ25 based on 16S rRNA gene
sequence. The results show that cell growth by strain LQ25 under Fe(Ill)-reducing conditions using
Fe(OH); as electron acceptor were significantly enhanced compared with the control (no adding Fe(III)).
Strain LQ25 was able to grow, reduce Fe(Ill) and produce hydrogen when using pyruvate, glucose and
lactate as electron donor respectively. The highest Fe(II) concentration and cell growth by strain LQ25 was
achieved when pyruvate was used as electron donor, with protein content (78.88+3.40) mg/L and Fe(Il)
concentration (8.27+0.23) mg/L. When glucose was used as electron donor, hydrogen production was
(475.2+14.4) mL/L under Fe(Ill)-reducing conditions with the adding Fe(Ill), which was 87.7% higher
compared to the control (no adding Fe(Ill)). [Conclusion] A fermentative Fe(Ill)-reducing bacterium
Clostridium sp. LQ25 which is capable of microbial Fe(IIl) reduction and hydrogen production was
successfully screened in this study. The result will provide new experimental evidence for the mechanism
of extracellular electron transfer by fermentative Fe(Ill)-reducing bacteria.
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Figure 1 The scanning electronic microscopy of
Clostridium sp. LQ25
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Figure 2 Neighbor-joining phylogenetic tree based on 16S rRNA gene fragments of strain LQ25
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SEE A

Note: The serial number in brackets indicates the GenBank number of the corresponding strains; Numbers on the branching points

indicate the evolutionary relationships of different branches; The distance scale represents the unit length of the difference between
sequences
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B4 BFEHAENEELQ2S FLFkITERF G
Figure 4 The effect of electron donors on Fe(Ill)
reduction by strain LQ25
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ARk Sy L - 52 AR DS A TR 0 Oy v - (AR S Ak
FARZR N, Witk LQ25 By A S & 73.7%. Pk
LQ25 7E S AUk S 1 TR 2 v iy 7 S A W 3
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2.5 HEHREETY

TE ] 25 W5 RN DS 1 2 4k e R AR, TR
LQ25 HAT bR I Ay S BE 1 o 63X 2 Al
FHHAEE R AT, WA WA IR 1 F
7 Wl Ry HL - R 1 S A R 1 R AR R v TR 1)
YRR TRMOIR, T TR E & 420.7 uL/mL,

600

500

Heo

Ho

400 [

300
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Hydrogen production (mL/L)

100 b

: %

Glucose Lactate Pyruvate Acetate Formate
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5 BETHAXERK LQ2S A~ ERFM
Figure 5 The effect of electron donors on hydrogen
production by strain LQ25

Fz 1 BTFEEMNEK LQ25 AB =YY
Table 1 The effect of electron donors on fermentation
products by strain LQ25

Butyrate (uL/mL)

Electron donor Acetate (uL/mL)

Glucose 420.7 13.8
Pyruvate = 64.3
e — Rk

Note: —: Not detected
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CPRARREE 13.8 pL/mL, RIHIR TR K
1 N R R B A L AR, KRR R R 2
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3 Wikh54in

IR LQ25 75 & S AL BN & AU S AL Bk 2 b
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SE W ® ODgoo 7 1.519 5+0.01, 25 40 L
(73.18+3.11) mg/L. A HXT BRZH CGRUS I A E L8R,
Wtk LQ25 TES ALk IR 540 T i A K B 5 4R
o Beckers SEHFITARIL, BRIA J5tid R HE T Ak
BS2 AMILE R, BN Fe(II) A] fie oF 2 it 2 2
1.8x10°~/mL $275 % 2.6x10° A~/mL!"™) i b AT W,
SALBRRE TR R T IR Fe(I1)id J ) B REAZ A2
YL AE K SR Zhou SEF 5% & BRIV Klebsiella sp.
FD-3 Zi o A= ¥y M 0.10 g/L 3273 0.15 g/L (4
M), 5ZARBAYE Fe(IIDA 10 mmol/L [%
K31 9.2 mmol/L; 4K RFF| 0.27 g/L
(AT EWE, WAEEEH Fe(IID¥ i B RFEILE
476 mmol/L, XM Fe(IIl)if il ik 2 5 i oA Ak
Klebsiella sp. FD-3 4 g A= 4121,
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REFE R RE AR T RN LR AE Hh R) ) , FRB A Y
(T R AL, i DA PRI R 0 A W AR, BT
PERASIN Y R - TR AN T R 5 B BB AE —E T |
J W T ik i A S 28 DA R S A R D 4 T i A1
HL RS d T I, PR Q25 R—HR &
PPN S AL RO I AN T o A L P I TR S A k3 s 4
T, F I A A 56T K B S A Bk e D 4 e
SRR TR, 3 7T B 1 T R I B S A ka4 1
Ml A o C A R I R S AL R I A R A
Rhizomicrobium palustre. Comamonas koreensis .
Klebsiella pneumonia . Caloranaerobacter ferrireducens .
Calculibacillus koreensis F Bacillus sp.55, 7 &
PRAR IR AL HE A KRS £ BR3Pk
M RIEEAR DX B IR LA KR MR

SRS BRR LQ2S Y IR, Wk RE
et 24K Clostridium sp. LQ25 DI YRk
DA BE A A T S AL D AN TR, kS22 0
TE 2 T R S AR BRI I 20 B AN B T S Ak gkl i
2N TR AT BRI, R R R TR AL A S AN TR A
JE AL Y E R A

RIS (Clostridium) & A ] P24,
) A RE AR i A, R U — i
A T T, C. butyricum {EAEYIH A5
S LT ) R AR & B P S AN, BN C. butyricum
CWBI1009%” | C. butyricum NRRL B-41122097]
C. butyriumm] , R A OBE A R A B
1.43 mol Hy/mol 754 , 17.44 Hy/L . 2.02 mol Hy/mol
M A XS A TR, TR LQ2S Al
AEXF AR, — 5 TH AT RE 2 H T AW 5% B e H 15 9%
BB AT B, AR U IR oC 3 M A 34
T — I RS B BB TURY), REaR ik
BEE, K% 30,

TS E AR AN A SRR IR A T TR bR
LQ25 R A & H(475.2+14.4) mL/L, XA
H ORI AL ) )7 & i (253.3+14.3) mL/L
P T 87.7%. WPk LQ25 HA R ALEkiL 5 &
Wer= A e 1, 16 SALBRES J5 410 T WAk & B = A
HA R R (P<0.01), XEMH Fe(ID T AL
HE T AR AL AR S R . sk T AR
R, WIMEKE ALY T LU & B AR
C. pasteurianum 77248 1.8 5%, WA &k
W, B C. saccarobutylicum BS2 J% [ & MY
7R H R RS I A B A3 85 3 502
ININERSEALY, TRk C. butyricum R A2 % 1
f14 7 T AT H T B2 CR IS ik B e ) 4R
38%"%. Han ZEF M, SALBGR L AR
Fe(IT), 3 $2 5 77 S 4N B SR 6 2 DA T 2 1 7
=P Seelert ZEMFFT AN FHEMY A T
P, AT DT 2 2R AR R AR AR, A
i e AR HRTCTF IR Fe(TI) S ot 40 74
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R A LA T B — B4R R SR X A e A
PR SRR IR ) 22 D REAR T N ISR R AL 4
P LA AR i AL PR T 4% | Rl /T LU
R TR A BRI S A0 TR I i A A T
A SE TR TR vh 7 675 31— pk 55 22 IR
FHYEANES Clostridium sp. LQ25, Bk LQ25 HA 7
TRBRIR S AN A e A BE T, & T R T S R d st
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