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The glucose metabolism variation of clostridium butyricum during
domestication with different anode potentials
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Abstract: Clostridium butyricum was used for studying its glucose metabolism and bioelectrical activity
with different anode potentials (+0.6, +0.2 and —0.2 V, vs Ag/AgCl). The cell performance test
showed a good bioelectrical activity of the strain. During the domestication of the strain with three dif-
ferent anode potentials, the performances were quite different. At the end of domestication, the maxi-
mum output current of group 0.6 V and 0.2 V were ca. 1.8 mA and 1. 2 mA, while the group —0.2 V
was only ca. 0.02 mA. The content of lactate,succinate and ethanol of different groups were decreased
with the increasing of acetate and butyrate. Lots of butyrate(345 mg/l.) and biomass were generated in
group —0. 2 V, while the content of CO, (4 %)was much less . The glucose metabolism analysis showed
a transformation of metabolism from fermentation to anode-respiration with the bioelectrical activity.

Keywords: Bioelectrochemical system, Clostridium butyricum , Anode potential, Glucose metabolism

WF B 2016-01-11

E€WH: BFEARR#EETH(31270166)

EE R ARRA989—), L, FMMIEA . B WF5T 4, §F58 7 1 i E 912, E-mail.: daisyfen@outlook. com
BRAEE: HF. Email:gaop@scu. edu. cn; 22 KFE. E-mail; lidp@cib. ac. cn



400 Wl K FROERAFF IR

%54 %

1 5 &

A= W A 2 R AR R — R Y EOR E AHTE
A LG PE B RO W E AT AL S e S L RE 2 1A Y L
Wb e R2Eeh, s EMCEY TS
55 AR AE A G 2 R BH R e S A BH A O W B
AR T AR G O P R L W B (LR
PR T T2 FIA 49 05 46 K e s s 1 1K
CRLARO ™ B > BN 2 v A B A1 18 1) Fl -
128 45 3 A HL 0 P A A R Al T A 3 e Do E
A7 B3 5L R

TEAE WAL 7 R G WT S o g il B AR X
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A HL I PR DA AR A BE R L ] R
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2.1 #% #
2.1.1 HEM AWM E R (Clostridium

butyricum , Klebsiella pneumoniae BF8-1, Kleb-
stella oxytoca) K B [ B} 27 Bt AR A= W) AF 58
T 2008 A LR T v G A 0 R R R A 2 DL
T W R

2.1.2 R LBIFREMAS L) 10 g B
HEEAMRS g BERFIRIRY . 5 g NaCl, 9. 12 g Na,
HPO, - 12H,0, 1.75 g KH,PO, « 2H, 0.

PHAR = B (1 L):1.8 g CsH\, Of
5.45 g Na, HPO, « 12H, O, 1. 5 g NaH, PO, -
2H,0, 5 g NaCl, 0.1 g KCI,0. 25 g NH,CI, 10
mL 4E/E R IR .10 mL 57 FC R B IR

AeE RGP AN (1 L) :2 mg EWER,2
mg MR.10 mg M. 5 mg Bl R.5 mg MR .
5 mg ¥ .5 mg ZMR.0.1 mg Ak E .5 mg X}
AR 5 mg BiF IR,

W R F WA A (1 L): 1.5 g N(CH,
COOH);,3 g MgSO, « 7TH,0,0.5 g MnSO, ,1 g
NaCl,0. 1 g FeSO, « 7H,0,0. 18 g CoSO, * 7H,
0,0.1 g CaCl,,0.18 g ZnSO, * 7TH,0,0. 01 g Cu-
SO, « 5H,0,0.02 g KAI(SO,), « 12H,0,0.01 g
H,BO,,0.01 g Na,MoO, « 2H,0,0. 03 g NiCl,
6H,0,0. 003 g Na,SeO; « 5H,0.

o 2 e, fie 1 T K [Fe CCND ¢ 18R A BH A H i
W Cs Hi, Os s Ho4x 21 0 fR £ — B0 K, [Fe
(CND &k By 30 /L.
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Pl BN B % 5 BB 28 WA R AR 125 mL,
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A MBI A 3 em X3 em>x 200 H A%k B4 4 B
e+ FH Bk 22 FBR B 22 [ 7 Bk B AR O 3 2 A A
AACR AR 2 LA (0. 197 V,vs SHE). 2
IO s B L BHBR 7 28 22 i) 4 F) CMIT 7000 [FH 8 1~ 5 46t
B8 (Membranes International Inc. ) #E47E .

2.2 [ &

2.2.1 EAREE WM E LB HiIRET,
B TR (30 “C,120 r/min) ik 48 h J5, B 0. 25
mL R AB ) LB 853758 . 51k 24 h. 25 1k
3 K.
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2.2.2 wRFREENIEF RNMATELEIR
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TRORE 8 15 D 7 [ 22 AR 8 80 A 35 ) 1260, 36 [
GHEAR A F] L FAT s 2K 0 45 1 Hi-plex H(300 X
6.5 mm) A HLER A |, 5 B A DAk 8 A b &
B TR R VAR VAR . TR . T A O R Y
Fr . MR Ay KN 50°C , JH 0.5 mmol/L H,
SONER MW, A # 0. 6 mL/min. k£ 54 10000
rpm .0 5 min, B ETF W, A 0. 22 pm AL 8 4
TEUE ARG HERE. BN W T I B TR AR B 2R AE 40
JEHE B OD600 (At 5% 3% B 720 B 43 S % B
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3.1 C.butyricum & ¥ 8 iR RIE

Bt 3 PRI AR (C. butyricum, K. pneumon-
iae BF8-1, K. oxytoca) Bz A WAL 5 X M 2% 7 » 1%
Fz 121000 Q fY H BHL » 38 2o B0 90 R 4R 5 SR 2 i He
Je. 1 WoR il 3 A B Z S . B2 e i EL
AfE ol DLl w B AR N R RN LR, C
butyricum fe K%t R IT 0,09 VL HAR 2 D E
PR AR ) F T — B 4E R AE B AR B9 2K F- (0. 007 V).
C.butyricum FET HAb 2 R bR T2
P HLAL 2= 06 PR B CV K, AR C. buryri-
cum B AL AME B 8 2 R T C. butyri-

cum HLTE PEAE YIRS X B B CV IS5 2R % #R
ML C. butyricum [ MEC 1Y 8.0 BR B 0L
W DL B B TAE R R R AT CV . C. buryri-
cum WU PEA PR I CV 85 2R i 43 I 7E 0.1V Hl—
0.2 VAT 1 4> B I % 48 Al W R G L 0 322 % 461k
W 5 T B Y Aeromonas hydrophila™™ F1 She-
wanella putrefaciens it BAT I E AL I8 [ 06 (14 7 5 AR
A AEXT IR AL JF R R B X 1 R LR
W, [ E CV i e o7 F i B B ) B ARG . 45 3 1 S e
ZE A IHEI C. butyricum 218 15 240 i B8 - A9 40 iy
R oo 5 RIEFT B L 715 3.
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Fig. 1 The output voltage of C. butyricum, K. pneu-
moniae BF8-1, K. oxytoca. after 3 weeks do-
mestication
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i T B

KT C. butyricum XA [a] B 3500 A
Mg 1, 20 T 3 AN F At . 38 L fE A AR E T A
MW PH AR B a5 8 —0.2 V., £0.2 VH
+0.6 VOBt C.butyricum H AP #1794 5%
72 h W 1 R BHAR S R, /3 ek T 5 AN
PALAN [) 26 01 B K i 1 H U R TR OD600 Y 45
R Coburyricum FERF 0V B FHR B3N, A5
3 YAk 3 B e K I T R R A BE S A ik B T
BET 1.8 mA(+0.6 VOFAIL. 2 mA(+0.2 V). ¥£
—0.2 VIR E T . C. butyricum W) 5 K
M AR AR BT A S A 2 A H S A T A
25 T 2 DR I Bl R 25 2H B R S R it 0 1
L, HR: SR OD600 1(H S IR N E
2 4 R I PR B AR b 5 F AR A W T T R A DG 1.
B4 4o s T 565 3 Bk T R W] BH AR B #5F CV
MR A5 R AE+0. 2 V Y9I 508 T o BA AR A= 4 i
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Fig. 2 The cyclic voltammetry curve of C. butyri-
cum and control
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H: ATP. X 3 NI a7 C. butyricum
FJHFLIR FN £ Tt 1) T m ke 981 74 1 A 60 | - A2 A4 1Y
Bl 2% L [R5 ) £ R I B, R M B 2 ) RE B BEE
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P N N T SZARRY TTAETE . SR TE R
JE A1) ATP HO8R J& BA B3 M C. butyricum
AR R ORI AE M TR YE AR A — 0. 2V
HIL W E Z 8T . T R8I LA ] By AR
ATP [ElBH 7T UL A g W T, M C. butyricum W,
T P 0 48 i, AR DA i TR 2 i) 1 A A I I 28

C. butyricum B = P& 46 H, F1 CO,.
2R TRRIHTESS 1 AW 555 5 J 1 45 s imf
T2 AR ZH B 78 R TE 1 H 35 1 2 ) BB L 3 A 2H
= A T K& B Hy (302 A2 47) 1 & (1) CO,
(3%). C. butyricum % WEACH i 72 v, YR 2 i T
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Fig. 3 Maximum output current and ODg of groups within domestication cycles



% 28 KRR, % RE MRS E DLt T Clostridium butyricum #) 2 484X, % v #F 22 403
- 02V +0.6V
+0.2V

Current(mA)

T T T T T T T T 1
08 06 -04 02 00 02 04 06 08 10
Voltage(V)

Current (mA)
o
1

T 1) T T T T T T 1
08 06 -04 -02 00 02 04 06 08 10
Voltage (V)

B4 5 3 BIACJR I ah I8 IR 5 A2 4 W

Fig. 4 The cyclic voltammetry curve of groups in the 3rd domestication cycle
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Tab.1 The content(mg/L) of organic acid and ethanol at

the end of the 1st and 5th domestication cycle

The First Cycle The Fifth Cycle
+0.6 V +0.2V —0.2V 4+0.6V +0.2V —0.2V

Succinate 137 101 231 0 12 31
Lactate 603 541 381 66 42 21
Formate 13 22 5 0 0 0
Acetate 327 437 349 362 251 438
Ethanol 210 254 308 29 83 34
Butyrate 103 92 112 131 121 345

F2 FIMESYRHANSTA H, 71 CO, 28 (%)
Tab.2 The content of H; and CO, in groups in the lst

and 5th cycle

Thelst Cycle Thebth Cycle

+0.6 V. +0.2V —-0.2V +0.6V +0.2V —0.2V

H, 31 35 28 0.1 0.4 5
CO, 0.9 2 0.7 31 29 4

TR, R R AE A D 1 TR [ s B B
AETE o e BE 1) H LA R e B A8 1Y BH A FRL 35 09 1 0
s BN 0 L AR SR AR 10 TE AR I 1
NARZRS » H, 78 A A 422 A1 7™ A6 1 r AR AR Tk
S0 AN S IR EE R A TR AT A IS AR
S H B 2 1 2R Bk 2 21 126 22 A L T COL 1 75
HHLTHE 260044 IWARA L A C.
butyricum MK FEACHT L n] 1 FL B PRI

4 7 8

ACH Y C. butyricum 5 AR [6] 1 1% 33
7 X Oh B AR AR BE AR 2 T B A 4 B A P

K 52 W) e 22 i Y HRL B ) DA/ DN T e B A F A A A%
PETR 08 P 0 8 2 0 oo DRk i /0> (] i £ v O
SEM . 3 R g A TR AR R T PR A T R
{1 2R . {68 A 0 B A DA JE 0 e e T R L AR
I [] iy A 2 oz 1k 2 OB AN ] L 35 F CL bu-
tyricam AU 9 5 H AL 5 PE AT IR & L AT LU B
A TILR. T M. B IR M OBk 2 5 ) L B
TR gy Rk AR LG T A 2 b L 5 ) S e 7Y
YKL, I ME C. butyricum Yo H AR fRARSR IR
& KB R JE QR FNT R A R A AL X
SRR ATP X Fh g & I & 19 £ 77 20 5C.
1o Fof i 2o B A R 45 0 L PN ) 38 T g DT AR ik
A=A M B R 5 S T A B B 09 BT 5 A 26
WL e 2w B A5 C. butyricum A 9 58 L
TE B PRI S P 3 R AR ) RO AT R G R A
N K2 T R[] L ARG I W PR e 3% . P T G T 42 i R 4 AT
SR A PR Ll Y SCHK T A v A v xR Tt
JA Bl TR R KW R R RN AR W A Y S
LR S Ol N NG R e R ]
22 5 LU . HLAE I Se P50 A F s R Bl AL 3 g
1 2 A ) A AR EL S W R X T S AT B — Y
WG BT I — A>T 1 A1 38 T B A e
XF TR B B R A S 0 T B0 R R  TR) R  E AR
W R S R R R T = AR R e R
WA B T 2 — 20 3 T % 0] T A= W 05k L Ttk
HoAR.
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