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Fe(I1). Mn(I1)&%; ARGk, Z30RA0 G L B R F D4 AR Z (T, TE. CO,Hn
H,) & B B 18] 6 TAUAE 0L; e AR B A2 e b T ok . (4 R YR &9, 34+ C. pasteurianum
89 4 A KA LT DS B A A, RRWIAEE A 0.93 mAIMY; A K BERT ) 694645, RS
RZF Fe(ll)F= Mn(I1)#)KRE & #7138 5, Fe,04/MnO, ¢4 RInfE X Bk 2 FH A EHERS T
9.4%/7.7%, R, TEF23 5T 37.5%/25.0%, TE 2R ET 22.7%/6.8%, 2 "EFH#ST
21.6%/9.8%, M %t FHrd R MR 5T 24.27%/10.82%; AAntkss By 53040 pH 18 5 2 FE 2048
AR E E 7. [448])] S48 8L 69/ AT A3- 5 C. pasteurianum 69 & -F4#rd &, 2R E T A28
T R AR A pH AE. AL R AT LN LB B T rn KR A B R H BT h
HERAE T IEE, TR —FIBR T AT T4 B R 5 K B A FALA 8 R 1 Z 18 48 ZAE B AL 69
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MENG De-Long®

Abstract: [Background] Fermentative dissimilatory metal-reducing bacteria, which are capable of reducing
metallic oxides, get energy from fermentation. Little is known about how metallic oxides affect electron
output efficiency of fermentative dissimilatory metal-reducing microorganisms. [Objective] This study was
conducted to explore the influence of iron and manganese oxides (Fe,Oz/MnO,) on electron output
efficiency. [Methods] Different concentrations of Fe,Os/MnO, were added into fermented system containing
glucose and inoculated 5% C. pasteurianum. Electrochemical activity of C. pasteurianum was detected. The
concentrations of Fe(II) and Mn(II) were measured by ferrozine spectrophotometry and formaldoxime
method. Fermentation substrate and metabolites of C. pasteurianum were detected by gas chromatography
and high performance liquid chromatography. Lastly, we calculated the electron output efficiency. [Results]
The current density peaked with the value of about 0.93 mA/m?. The concentrations of Fe(11) and Mn(1I)
gradually accumulated. The consumption of glucose was increased by 9.4%/7.7%, Meanwhile, acetate
production was increased by 37.5%/25.0%, and butyrate production was increased by 22.7%/6.8%.
Additionally, hydrogen production was increased by 21.6%/9.8%, and the total electron output efficiency
was increased by 24.27%/10.82%, respectively. The pH values between experimental group and control are
no significant difference. [Conclusion] This study shows that iron and manganese oxides can improve the
electron output efficiency of C. pasteurianum by increasing glucose consumption and buffering pH value.
The results provide evidence for revealing the effects of multivalent metal oxides on the electron output of
fermentative dissimilatory metal-reducing bacteria, and further expand our understanding of the interaction
mechanism between multivalent metal oxides and fermentative dissimilatory metal-reducing bacteria.

Keywords: Clostridium pasteurianum, Electron output efficiency, Electrochemical activity, Iron and
manganese oxides, Dissimilatory metal reduction, Fermentation
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ST RE R T BRI T LIS | B A RS2
AT REACE M. e i A LY
PR, TR T2 AR R R AR
REREAO AR, MTSEEUZREAIHT. 5 0,0 NOs
SO SN EVER T2 KA, RIETERA 4
J& E AR TV A W T2 iR, LA R
4 4 @ AL T AR A 4 i Bl R o AR 2
FE T, TE XX s 4 8 oo R TG R IEA
W] bt 3k Ak O 57 4k 43 & i JE (dissimilatory metal
FH R S ) A A A T i SR X
PRI SR R A EAE IR SE A AR R, 3 i

reduction)®
54*[4]

TS EIR R, MEMREZR R K
FAPETE , 40 % B0 B J& (Shewanella) 1 b 4T 17 &
(Geobacter), K HRAE UFSL A 24 FC R MR T LAAI
[P 5 R B R E A a2 A, [ 2
H A B kA A TR s e o 2 EG B M T A H
R Kato ZEPWgE T PR MUCE PR L It
(microbial fuel cell, MFC), &g [ A as ik &k
Yy, RIBREADIEE T 3 MRHFF 1A (G. bremensis,
G. pelophilus, G. metallireducens) At ii% i, 2RiM
FEAR T o rp—RRHBAT T (G. sulfurreducens) f i, i 2
. Kato Z5CF5E T MFC o (1 BHAR B 8 AT 1
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PR L UL BE 52, R BIAE T 12 1 A AR R S5
M, G. metallireducens Fil G. sulfurreducens ¥J7] ;=
AL BB, T G. daltonii A1 G. bemidjensis XY
TERAE 1) PEAR FEL A PR PR ™ A ARG R R PR L 2 B
AEFRAILART AT, il 443 G. metallireducens Fi1
G. sulfurreducens FLA: 1A R , & B ) FA A g K 4
R 151 e e 11| {0 L R o 3 0 AL 1 E 7 (WG4
B2/ 11w oy £ v w4 RS 1 B R R 7 R =
THEER A, XK BT T
Geobacter 5 H %5¢/\Z Bk J& (Methanosarcina) 2 [i1]
f R AL (B, A EAR e S A e
Jrfe] 52 w24 G PH R TR A R RICR A B SR A L
B

¥ 13 J& (Clostridium) J& T 5% 22 FC FHM: SR 9
SEEEN KBNS, TEHAC R, AL
oA, EURBS R A A 22 P U v B A
FEYIR, DURYIKERERR L= 6ER . R, Bk
ZHIMR B PR UEA SRR 4R i ae A R
DAV Z 1R e & e Y S Ak 42 i i st 1 (fermentative
dissimilatory metal-reducing microorganisms), 44}
W AEE S Mn(IV)/Fe(I) AL IR, AU LT
5% HL 1538 28 ik Be B AR 4 R A Ak, (E AT
HL - B2 AR R R 2 T AN 52 ) T 78 S Ak 4 T8 0 Dt TR
TR TS AR BT = A L 8 T — k[
BF A S 4 a8 JRR 7 AR T MR T
Clostridium bifermentans EZ-1 ] EZ-1 fif N5
i B KR, IR TSR PR R T
53.5%, Jf HIKEW Ui Zs 7 EZ-1 =& Qi
AR, ORI, X T4k R R o R kA Ak
a5 M) e T 7R S Ak 4 Ja 0 D TR H - 1 SRR T 2
b

AT LA T AL 54k 4 R A8 L - Clostridium
pasteurianum SMBFFERTS, SrHlIAEE AR R IIA
R B2 4K Fe,O5 A1 MnO,, T8 A6 4 1A 25
pH {E. Clostridium {CHHEH AP 22 IE DL,
R R B R R TR R, DAl X kR
AAIRESIn, RIS 4 T A I R L - R

a3 (LTI

1 eSS
1.1 EHE. EERFTFLE
It F W) 3 W i Ak & C. pasteurianum DSM
525, Il [{ DSMZ FiF4 . DSM 525 J i % [ FH: T
PR RAR, Al 2l s e e ot
CeH1,06+2H,0—2C,H40,+2C0,+4H, (1)
CeH1206—C4H50,+2C0O,+2H, )
P URAET-80 °C Ikl vkAR H1 DSM 525 T
PR 2 MSG B Ak IffL 2 3 A, MSG gk
MR H SCHR[18]. MSG JEARE S (g/L): KEHEH
i 0.50, JREEE M4 0.50, %4 10.00, NaCl 5.00,
KH,PO, 0.54, K,HPO,3H,0 2.10., JBRAW A:
Mineral: Trace element:Vitamin #% 48:1:1 ({AFH [1)4H
. Mineral #¥#i(g/L): NH,CI 6.00, NaCl 6.00,
CaCl,2H,0 0.20, MgCl,6H,0 2.00; Trace element
RWi(g/L): FeCl,2H,0 2.00, ZnCl, 0.05, MnCl,4H,0
0.05, CuCl,2H,0 0.03, (NH,)sMnO,44H,0 0.05,
AICI; 0.05, CoCl;2H,0 0.20, H3BOs 1l Fl ¥4 W
1 mL, ¥EHER 1 mL; Vitamin E(0/L): & E
0.002, iz 0.002, 4425 B6 0.010, ¥ #5 % 0.005,
4% B10.005, /R 0.005, 442 B12 0.005,
X EFERH R 0.005, 2R 0.005, {RAW B: L}
R EFRERFRER A . Na,S IFWHE 49:1 (IARFLH)4
Mo L-EEEPRERRRER AW (9/L): NaHCO; 80.00,
L->PptaaiRhikth 1.00; Na,S ikl 242.00 g/l &
ARSI GIRA WA B A ELFIA 100:1:1 (IKFLEL) .
SLER T a-FeO5 W HBTHL T 2wl ok
E4% 30 nm, 4ifFH 99.5%; MnO, iy [t iR}
40w, BRI R 50 nm, 4k 99.9%, FREX
T HE a-Fe,03 Fl1 MO, 45 H i B B
MO, deatEdrE AR A R THE
Ol BARSE TR ZiEE TE LAY, iR RAE
IERAE BRA R, SAHGTE A SO G5, LHEe
BHEABRAF
1.2 DSM 525 $k$E S L HE R K A B2 4G K6
fitthil MSG A B3 4L, 49025 20 mL £ 50 mL
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PEMIHR A, B 30 min (IR RITCA, T AR I3

RERASERR G , 7 5lEsin 0.2 mLIB&W A Fi1 B
EIRZP, RIGBIAINAHRE 2.5, 10 mmol/L
Fe,03. MnO, ZIRZAH, BB AL AL, 50
HFERE 5% EUE K (ODggo=0.72) ) DSM 525,

SEMFBOREI 2 P iy Fe(1DA Mn(11)HeEE, UK
Hp. CO,. #iEIMEFAANY S a. KLU, W
FE R TR ZR A pH (H.

1.3 BAFEFEHRIESERKBZENE

Fa 5% A W K kL HRL Jitb (single-chamber
microbial fuel cell, SCMFC)ZEAE DSM 525 (1) HihE
F1o HGBUFEEFIEE AP S, TR AT R
TEFVER 223 HE 1) A0 A HIA (20 20 0.2 mm), i it
AEEEW M E S E AR, RJakmEX
o IHRHEMIENS hH, mE A 5%
DSM 525, i 55—/ AR B A E X B
223 3R L7 4SO A R Tt P 7 L IR O A I
W E RTINS 0.4V, fUs%EE R 1.0x107, 4
W 2 s, TEMMR R T R B bk
MFC () = HL iR E 2 B LAk i, BB A L
EIHHEEN-1V, e HRAHEER 1.2V, Hif
B 50 mV/s, 34 N4 R B, %5 0.001 s ik
¥l BURERE N 0.001 AV,

] ek R R B PR 5% BV, 7 30 °C H
MIREE REETE, e, RAMHEET 600 nm
PRI OB
1.4 Fe(IDF Mn(I1)iRE N E

JEMP I (ferrozine) i (a5 Fe(11) 71, B
FEah 0.1 mLiEABLLE Y, BERIEL 0.5 mmol/L fyER
fi% 0.9 mL A, #E 24 h J5, 5000 r/min &.0>
3 min, B 0.1 mL FiHRBHE.LEF, A
1.9 mL 0.1% M FE IR B (i, 7EZ IR T/ 5 min
&, SAMMEEEETT 562 nm A T INE OB
FERR I 5 BOARE I LT SARE T Y Fe(11) & .

FA R 30 5 MIn(TT) 2 i 2028 S VA -
4% (T AT ) Eh e, 0.74% (AR L) H

TEEVES R, o LA I 5 20K (25%-28%) 4% 1:0.4 1A
FRHIR A AR50 . B 0.5 mL FE ARG E, B
0.1 mL A 1.9 mL kAR S, E=WE TR
% 5 min J&, 243 6EEET 450 nm iR TR E
JGIE, FFARE S E PR AT TSR R Mn(1T)
TR,

1.5 SEREHERKENE

B s SRR i 0.2 mL, i FHBC &3V AG I 2%
(thermal conductivity detector, TCD)F)< A %Y
it Hy Fl COp BE/RHEJE HEA 20 M2, TCD R i 8
i 250 °C, FFFE LB 80 °C, HEAH A 80 °C.
DL Ny R3S, N 5 mL/ming Hy B s ) &
0.88 min, CO, FJ IS [E]2: 2.3 min,

o SRR T ASOR T U A0 i 2 W N 7 40
BRFN T RRHEAT AT R 2% S 7 25 Fr G Il 2
(refractive index detector, RID), ¥ 55 °C; fai
4 Hi-Plex H (300x 7.7 mm), #:7& 60 °C;5 mmol/L
Wb BRI A ET S AH, ek 0.6 mL/min, 1R
IR R R 10.4 min, Z R HIERTE2h 16.3 min,
TR U] 24.5 min,

16 BFMHESBEFHEETERE

AP Y L AR R RS B a Wi AR i
b Py 5T (i ) AR b Wy S Ak
THE R IE e, A A
TR A iz S i . H R R
e AU e IR 2 R E T R ¢ s L TR
24 100%, SCE0ZH L iR X REZEAY n A
DU SEBGZH A HL T K 100n9%, X JE—FP E LR
TN S R O R

HEAZ (L) AT, 1 mol CgH06 A T2 1 2 mol
2%, e 8 mol By 72, 8 mol i THERLLA IR T,
TEMR R A B VEF T AR 4 mol &, ATz
A ASUER T, AR 1 mol AT
R 2 mol, A30(2)H, 1 mol CsH 1,06 LA
& CO, B3k 8 mol H1LF-, HA 4 mol Jiz+-42%1i 4 mol
HL 2R 2 mol &R, AWRE TA A 1 mol T iR
T 4 mol HLF, MRZAXHRAEE A CiH0,
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YR R R B R, SRERdl e, I ARES
A, BRIV
Fe,03+2e +6H"—3H,0+2Fe”" (3)
MnO,+2e +4H*—Mn?*"+2H,0 @)
AT LB, Fe? FI Mn?* a2 la 5 7247,
WHEAX(B) . @F bt e R, R
Wi
1.7 HuES R

I3 JF 1IBM SPSS statistics 25 X4 i ik 4T
t ARSI AT R 2 - BURR R U A BT o

2 KRS58
2.1 DSM 525 8 iE I RAE

# 5% DSM 525 $F)1%] SCMFC PHM =, 5
B Rl SCMFC HLUREFE . Z5 R UNEl 1A Fios, A
X FAEE A BT AL, B0 DSM 525 A4S 20 Btk
FROEFIRIAGSE N, R R ETIGR, HLAE 32 h 5%
B RAH 0.93 mA/M?, 32 h JGIZEWIEAR, WA 2
KF (1 1B), DSM 525 7E 30 h J5 A A 4550
K, BUEAEIE R R R AR, TR A
R R, AR, AR T
b B, RIS BRI R, b EE
F I FERCI = ) 28, DSM 525 M e 1
PEAZET ), HAHEBT 0 mAm . fEFMAZH
g R (E 10) B, XF a4 Al H oAk
WEE, S22, LA BERH B, 7
0.8 V AbFH A%, Uil DSM 525 a] RE /™A= ik ik
P, (BB E Ak, W] DSM 525 AT fEA
BB (11 pU NN A= ]I B 3 U0 M N e O Dl w2
#W], DSM 525 J&— Rk HA IS L3 RE T B
TR, 78 MFC Hal LUK A AL A=
A= L A5 B AR R R TR, NI AR FL I o
2.2 DSM 525 REUFREKIEE L

4 Fe,03 F1 MnO, 73 il s & 428 DSM 525 5%
FeARZrh, KA 2 b Fe® I Mn? ik B Fifi 5 33 ) 1]
FIARALIE . SERUNE 2 frs, TERRSCI A,
W [ g3, 4 2 rf B MIn® il Fe® Ry it
T, TANBETE X BRZH Mn 1 Fe? Wy B i 1 Sl A

%, FeH] DSM 525 A LUK S8 kSR B AL . 24
VIR EER R 2.5 mmoliL B, 1R Z Friik Mn®* %)
J 4 (0.040 mmol) % = T Fe?* (0.026 mmol),

MnO, H3R 554 h 82.9% , Fe,04 IR 2K 27.2%;
WA EER R 10 mmol/L i, K& Fe?* ¥
1#(0.071 mmol)% & T Mn* (0.061 mmol), MnO,

A

——DSM 525
— Control

=
<
T

0.5+¢

o
o
T

Current density (mA/m?)

|
=
W

Ol)wm
[=]
x®

0.4

A—&

0.0

0 15 30 45 60
t (h)
0.004
—— DSM 525
0.002 — Control

0.000

-0.002

Current (A)

—-0.004

-0.006

-0.008

-1.0 =05 0.0 0.5 1.0 1.5
Potential (V)

B 1 DSM 525 BIF=EEENIRIE(A). EKELZNE(B)
S5TRIMAR#Z(C)

Figure 1 The characterization of DSM 525’s capacity for
electricity generation (A), growth curve (B) and cyclic
voltammogram (C)
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A 0.08  —=—CK for 2.5 mmol/L Fe,O,
—— CK for 10.0 mmol/L Fe,0,1
+— 2.5 mmol/L Fe,0,
0.06 F =+ 10.0 mmol/L Fe,O,

3
£
E 004}
‘5’ -
= 1
0.02 ///‘””’H‘
0.00 + v—Z ] ] —m
0 10 20 30 40 50

t(h)

0.08
—=— CK for 2.5 mmol/L MnO,

—e— CK for 10.0 mmol/L. MnO,

0.06 F 2.5 mmol/LL. MnO,

= —v— 10.0 mmol/L. MnO,
g
= 0.04
z
=

0.02

0.00 -

0 10 20 30 40 50

t(h)

2 DSM 525 fE & BTS2 P A Fe(1T) (A)F1 Mn(T1) (B)¥I A E Tk sk
Figure 2 Dynamics of Fe(Il') (A) and Mn(1I') (B) concentrations

IR 3R 33.3%, Fe O MR 5, 18.6%. L I
ZEREH, M T Fe,05, DSM 525 155 Tk i
MnO,, XA FEREEN MnOJ/MN* S LIR I L 5
T Fe,05/Fe”, [Nz TR iR
2.3 Fe,03F1 MnO, {£i# DSM 525 JEYiE 5E
WK 3 fios, TESH FeOs MR LI
SRS EAY T IRALA L, 1 18 h 4
PEH ARG AN AE R IO B 22 5% 5 18-36 h, ¥
2.5, 10.0 mmo/L Fe,O3 HYSEIRZHH, HiZGHHHAER
(0.38 mmol, 0.39 mmol)3 = X} B 24 (0.32 mmol),
H S5 4 v i A A AR A, X IR A
0.06 mmol #j A IHFE. ML Fe,03, 1L 60 JF,

VAT MO, SE AL AT IS RE Bt 100 AL 45
A
12+ —=— CK for 2.5 mmol/L Fe,O,
—s— CK for 10.0 mmol/L Fe,O,
—a— C. pasteurianum
0.9} —— 2.5 mmol/L Fe,0,
=) = +— 10.0 mmol/L Fe,O,
E - g S S
= 06} R
é
E .
C 03f \
0.0F , ‘ i —
0 10 20 30 40 50

{(h)

FZESt, 624 h IHFERRCN 0.61 mmol, KT
Xt BEZF.(0.47 mmol)Fll Fe,05 525640 (0.53 mmol); ifij
1E 24-36 h, Fe,O3 SN 5 Wi #E54E(0.24 mmol)
BT MnO, %4H(0.15 mmol)., A b 45 5FH
Fe,03 Fil MnO, FYUS I i & 14 iy DSM 525 i 25 4
THFERANHFERR . Ji4h, SIRAYREREA
[](2.5. 10.0 mmo/L)X} 4 B FEH A FE &
ARG S 35 25 57
2.4  Fe,O3F1 MnO, {&i# DSM 525 X i§f F=4 RFR
A Q) ()R %1, DSM 525 i EZimin
PP EESE Hyo LR, TR COp DSM 525 AR
AT AR LS DL ] 4 FT7R . TEAN SR 4

WX IR AP, AR AR 0.75 mmol,
126 —=— CK for 2.5 mmol/L. MnQ,
' —s— CK for 10.0 mmol/LL. MnQ,
—a— C. pasteurianum
09 —v— 2.5 mmol/L MnO,
= i —— 10.0 mmol/L. MnQ,
=] e
€ o6t . TT——s
?ﬁ 1l
\
303+ \L\
-
= ~——
001, ‘ ‘ \\’—" =l
0 10 20 30 40 50
t (h)

3 Fe,0; (A)FA MnO, (B)BIRINXT DSM 525 41X i51 &1 % #8 AY 520D
Figure 3 Effects of Fe,03 (A) and MnO, (B) on the glucose consumption of DSM 525
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—=—CK for 2.5 mmol/L. Fe,0; —— 2.5 mmol/L Fe,0, —=—CK for 2.5 mmol/LL MnO, —v—2.5 mmol/L. MnO,
——CK for 10.0 mmol/LL Fe,0; —— 10.0 mmol/L. Fe,0, —+—CK for 10.0 mmol/L. MnO, —— 10.0 mmol/LL. MnO,
— (. pasteurianum (. pasteurianum
B
1.5 1.5¢
1.2+ 1.2+ - R
2 09} 2 09
g E
= 0.6} = 061
03} 03F
0.0+ - - - - - - 0.0+
0 10 20 30 40 50
£ (h)
C o04r D o4r
_ 03¢ 03¢ ,
= =
g 1=
E02¢ Eo02f
3] 8
= 3
301} 201t
0.0} 0.0F
0 10 20 30 40 50
£ (h)
. 0.6 F 0.6
0.5F 0.5
04t g 04r
g £
2 03f 503
E £
-
202t 202
m a]
0.1F 0.1
0.0+ 0.0+ «
0 10 20 30 40 Sb 0 10 20 30 40 50
t(h) t(h)
G H
0.6} - . 0.6
*— . /7'_‘—._'
05| / — 05| P~
E 0.4} / % 0.4}
=03t =03t
S o)
“o02f o2t
0.1 0.1+
0.0F # 0.0F ¢
0 10 20 30 40 50 0 10 20 30 40 50
{(h) £ (h)

4 Fe,0; %1 MnO, HIFRANFT DSM 525 §5(A 1 B). ZER(C #A D). TER(E #A F). CO, (G #1 H)EF &M
Figure 4 Effects of Fe,O; and MnO, on the H, (A and B), acetate (C and D), butyrate (E and F), CO, (G and H)
accumulation of DSM 525
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S FERRE N 3.0 mmol, TSZRRA 1.02 mmol,
FRARCEN 34%; FeO5 MSINMSEIRAH, Az b
THAEE A 0.81 mmol, g ~& &=k 3.24 mmol, 3£
P&l 1.24 mmol (Bl 4A), 7 ERERN 38.2%:;

TSI MO, (YSEER 2, #iZaHRHAER "y 0.80 mmol,
ST A 3.20 mmol, SZBRrr=4 &N 1.12 mmol
(F 4B), FRERCR N 35%, Lt t s nl A, BT
10 mmol/L MnO, AN JC i & 50 (P>0.05), Hop sz
o2 A S S0 R A RCR AR X B

XTRELH A, ZFRA T TRE =435 oA 0.24 mmol
F1 0.44 mmol; Fe,O5 SEIGAH ) LR AT R B K= &
415324 0.33 mmol (&1 4C)#10.54 mmol (& 4E) ; MnO;
SEH ) LR T PRI R i 43 0.30 mmol
(& AD)F1 0.47 mmol (& 4F). t 4K Hra %0, BR
710 mmol/L MnO, &S finJo i 2 520 (P>0.05), HE
SCEGAH TR . T R R AR L IR B, X
2% B 2 R AU AR W 9 T T 2 [ BRI 2 R A = &
Rifhizz .

Fe,03 Fl MnO, BIAHAZR CO, B FZ I 4N
4G H s, XTHEZLH CO, B Kk 0.53 mmol,
I MnO, 325841 H CO, i Kt 0.56 mmol, ¥%
Jin Fe O3 SR CO, fr Kk 0.59 mmol., [A)#:
Mo, G t KR AT & BERR T 10 mmol/L MnO, B8
T E RN (P>0.05), HESLIRLLM CO,  EAHLL
X REAT BB A A B4 — RS A AL S
A1 CO,, At CO, 7E—E R EE b AT LAS A TR %L

Fz 1 Fe,0; %0 MnO, RYRANIT DSM 525 L F 4 H 2R AY §2 i
Table1 Effect of Fe,03 and MnO, on DSM 525°s electron output efficiency

L EEEEEMUEYE RS DL RgEREY, )X
W Bkt S0 (2.5 mmol/L) AT LIS DSM 525 &
MEAC, B A FIHA K T e R R e
(10.0 mmol/L) & AEAE E DSM 525 724 & A Cilt
HiFRESELE TR, nIREXT DSM 525 5 —E
B BUMERMUEYIrAR KT R, M
LR PR Y B 7% DSM 525 S

I A e = R ) e I R P
FIHL T4 RS I 1 B, 24K |, Fe,05 I
MnO, AN 547 DSM 525 i T %
24.27%7F1 10.82%, Fe,O3 fEHHCRAHLL MnO, B,
SR Mn(IV) i HE 41 £(0.079 mmol , 0.12 mmol)
FiE T Fe(TID) (0.026 mmol, 0.071 mmol), {H Fe,05
S AH S HL i )5 ) B (4.55 mmol, 4.71 mmol)
HET MnO, U NEE562H (4.20 mmol, 4.17 mmol),
L85 5% B2 %) F i 1 0 5 7 £ (3. 79 mmol).
S Fe,O3 UNINSLIGZHIA R Fe(TID) ) H -y Hi 2R
AR AR A 2.6 £5; RWKE MnO, I
TNSZEGLH IR Mn(IV) B B T4 H R e AR R
WINSEEGAH 1.5 f%. 74h, a4 8 i R
o7 L LU 3T, B 2.88%, IRT 5%, iX
LIRS
2.5 Fe,03 %1 MnO, iRINE H &K Z pH &

R TR Fe 04 Fll MO, X A& 1A 22 pH (Y 52
M, EEELEHE, MK pH EE5R I 5 Fis, X
ISR A AL YT AN 2R DSM 525 X e b &

I 5 i HR Fe;O3 (mmol/L) MnO_ (mmol/L)

Item Control 2.5 10 2.5 10

H (mmol) 2.04+0.14 2.48+0.03 2.48+0.04 2.24+0.11 2.18+0.18
Ti& Butyrate (mmol) 1.75£0.12 2.04+0.04 2.16+0.08 1.88+0.07 1.87+0.03
Fe(1I')/Mn(1I') (mmol) 0 0.026+0.002 1 0.071+0.005 3 0.079+0.03  0.12+0.03
LTy Electron output (mmol) 3.79 4.55 4.71 4.20 417

T T R 100.00 120.05 124.27 110.82 110.03
The total electron output efficiency (%)

4 @ BT R R 0 0.57 1.51 1.88 2.88

Electron output ratio of metal reduction (%)
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[ Clostridium-free
Clostridium
675+ — L — .
6.50 H
= = =
o
4.00 H 7 7 7 7
300 ob O QO 0
\AS oo I s A
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5 Fe,0, #1 MnO, BN X 1535 2 BL R B B9 721
Figure 5 Effects of Fe,0; and MnO, on the pH values of
culture media

BTG pH (ECR #E 25, pH YN 6.70 1217,
28 -HEEE U B A N2 LR EES,
2 WA [R) v R B AR A P D S I AS 5 el A i 5 0
0 pH E, HEBR 7046 pH (E 25 5% DSM 525 k%
TR . AERT 5% DSM 525 f%t BRZE A
BRERAE ALY HL 3R 5% DSM 525 fSEdid, T
K BT LB T iR R CO, MR
fif, pH EXIRIEREL; Sit#atrdiiie s, =
BY pH HICE 2R, HAH RIS I A e
BT, EREG ALY U IS 2t T DSM 525
RTF=—— 8. TERA CO, By~ E(K 4). H
HCRRH, BRAER AL N o] LIS 3% v & e
ol TR I R SRR S8 pH (E AP . pH
(BRI R e B BRI A R, 2R pH (a0
il & Pt B RS EA T, TR S AR A i T LA
BRI RBHRR S pH (EPGE TR, el LR
HFRGRELIHA T, BREICIRI R,
3 WwE4®
KRR BAA 2 KSR, MORER
B TR RTEANR G TR AR o R IR AE id o
RIEARIRE Al 8l , [ & R A=
Bz AT T R EE,  MIARAS & e =4
P 1 R AR R — L DR AT BT G i A s ]

W, UTERAE, YKREARSIE ) e & e T HAE
AW AR T T S TEN N E . H T KRS T
il B FIRER A BAL RV, B AR IORLAS I B &
P R ERCE A B TR 5

AHFFEMIRA T Fe,05 Al MnO, X} C. pasteurianum
DSM 525 KRt , 45 .%W] DSM 525 HA ™
HIRE T, HRBDR AR S e ) Fe(LID/Mn(1V).
UTHAE, fF5E LB AR EE AN C. butyricum™ | C.
sporogenest™ . C. bifermentans™ 4 ELA5 Hi Ak 22 15 M
AHEL T 22 [ P, 5 2% ECBH M 17 D5 2 e I
B L A% 18 58 7 1 40 B €8 2% 2 AR X A /0 46 i
. BAMFAEEHLTIE fa . RIS R B,
PR T 8 R AR R I IR e 25 A AE S AL id
Jug 12 e g 7 A A SR AR SR A
R HL 2R AR A AT BE AR TR A1 L 1 28 Tl AL
Z—, MARFSE) DSM 525 (VA iR J5ks , 15 B B
HA] B AR B A R TR AL

BRER AR USSR = T DSM 525 HHE A
W, HIBAERIHLHI T Ia90h 3 4. (1) BReAEey
ARSI T &4 R R AR, {45 DSM 525
HFEE Z R8N, WA ZH 1 (2) 8%
FALYIR IR AT DL b R R pH ., BEIL™ 4
(CFRANT BRYPIHIZSN , DA 5 A7 F] T DSM 525 &
RORWE; (3) WREIGFAMT , BRE ALY 3]
AR BE RN, BN A3 A AN f#i£5 DSM 525
HL A TE 2 5, AR Rl sk AR g2z, A
FI TN A5

TR, USRS ) S B 20 v 4
PSRRI 2 = TXTHRLL, MnO, 4252 HiL T
B, T SCIEHTIE MnO, S0 21 ) A B AR B
T Fe O3 S04, DI RZEIR, B A ey
ABIE T DSM 525 HlFh & 8id i, 38 m TR &
vh o ORI A A BT AR, LA
A Z R TR . FERNTEH s, U
10.0 g/L #ZJHH A I 4R DSM 525 1A ZR B,
XTHEZH DSM 525 HUIHFE T 68% & 45HE, 24 n
TR A5, AT FEsE 2P, Zhao %P7

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http:/journals.im.ac.cn/wswxtbcn



XUBERSE: SR AL s AR T v 1

33

RS A ZE (C. butyricum 3 B4 ) R INRGE2es ™,
BT T AR AR Popovic PR B, IF
HIEHU R C. beijerinckii FCI ARG AE 14555, 241
TR Z FP I INGS ST Fe(OH)s FIFI AT ) By 128
MR (ER-2,6- —BERANFIZ R G, B TFRIK
T T C. beijerinckii 55 Fe(OH)s L T-%58 , AW
Y ) [T A T

pH XA ARSI AN AT 240, RITAE &
Pt AR pH FEd b B, BRER ALY s
AILAA P RIBAR R pH H, AR T kB Ry
AT o FRATHLETAAF 5T 25 R R IR
HAZMWAR pH EAMERP. Beckers ZFIH]
C. butyricum £ A 4% pH {1 IR 8Pt 2 s v # i
B a, sty 15 A, AN, &k
WK ZR pH M 7.6 B2 5.2, Z R HHilE 5.2 47,
SRR — N JEIA = AUk 1.7 L, T T8 R A Y
PR 3.0-3.3 L, ILAMNYIF 205 dAR R 1 pH
Xt 2 B R AR S T EA T R 1 R RS,
AR A B R B Ak I 4 T A Ak ) 5 92 o pH
{8 B BRI HHLE, Orenia metallireducens Z6 &
—RERE AR AR R BERLGUAE Y, RIS AT
AT AR SR, LRI IR AR B SR
THFE, ZZ0hT pH (EMTFRE, It 7 A2
A T

T B4R AR W R R B R 1% 38 (direct
interspecies electron transfer, DIET)— B 2HF5% H#A
M, ANFER AR Y T DIET i3 Ret, SCE
BAK . RN — AR R T R Y T
FEAAAR, MELUR B A XA M A EE S
A, EHRTR N AR AR RN DA I B R R
Z, FERFERIRAET, 9oRISR R AR
FHAARY, AHEY) S L AR B A 2
5, NI FRMAE )= A A2z, Al THT
DSM 525 Fift A B 15388 (1 255 A1F

AR, R A st 7
DSM 525 & A sz b , M ™ A5 5 22 HL - 2
HL R I FER 2 I PR B N IR A G

Yy, S RL= Y RBE L, HAh, e
I FIAR pH (HA —EZER, X
BRER AR it DSM 525 & BB BRI 2z — 1k
ST A SRR, R E A TS i
T C. pasteurianum HL B g Mg H 3 o ARSCHFIE 4G
Rt — ¥ TR A S R R R A4 8
i B Z ) AH B AL R
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