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Effect of Electrical Current Stimulation on the Metabolic Flux Distribution of

Corynebacterium crenatum under Anaerobic Conditions

CHEN Xiaoju, ZHANG Fengqin
(College of Biology and Environmental Engineering, Chaohu University, Chaohu 238000, China)

Abstract: The effect of electrical current stimulation on the fermentation characteristics of Corynebacterium crenatum under
anaerobic conditions was investigated, and the impacting mechanism was discussed by calculating metabolic fluxes and
measuring gene expression levels. It turned out that electrical current stimulation greatly contributed to glucose metabolism
and succinic acid synthesis. Applying an electric current of —5 mA increased the glucose consumption rate, the concentration
of succinic acid in the fermentation broth, the yield of succinic acid, the metabolic flux in the pentose phosphate pathway
(HMP), and intracellular NADH/NAD" ratio by 27.4%, 109.4%, 62.5%, 150.6% and 30.8% respectively, compared with
the control group (0 mA). The results of metabolic flux and key enzyme gene expression levels indicated that glucose-6-
phosphate was the key node that could influence the production of succinic acid. Electrical current stimulation up-regulated
the expression levels of the glucose-6-phosphate dehydrogenase gene (zwf) and the phosphoenolpyruvate carboxylase
gene (pepc), and increased the metabolic fluxes in the HMP and succinic acid biosynthesis pathway, thereby increasing the
production of succinic acid. These results support the combined application of electrochemistry and fermentation.
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Fig.1  Metabolic network of C. crenatum under anaerobic conditions
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Fig.2  Schematic view of H-type electrolytic fermentor
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#1  real-time PCRA H (4% Sk 51

Table1  Specific primer sequences used for real-time PCR
EIE/ENN Bk s
zwf-F GCCGTGTTACTGAGATTGCC
zwf-R TGGAACCGAAGCGGATGAG
pepc-F CCACTTCTCGCACGCTCTGT
pepc-R TTTGGTCGCCTTTTCGGTA
mdh-F GCAACCCAGTTCCCAGACA
mdh-R TTAGCCACGCGAGGAATGA
IdhA-F GCGAACTCTACGAAGTGGCA
IdhA-R CCTTGGCGTCGATAATGTGA
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Fig.3  Schematic diagram of variables
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Table2 Equations of metabolic flux balance
Eikel AR T 5] A JiFE
1 6- T T 1 42 Ji—h—J=0
2 (RHE S S—=S+Jy =0
3 1,6- T PR G b J;—J=0
4 3T H Vi T 2,—Js+J3—Jiu+J15=0
5 1,3- W H g J5—J=0
6 i T s T = A I Jo—J—=Jn=0
7 PR R Jr—=Js—J,=0
8 A A Js—Jiy—Jis—J15=0
9 6- T T ) HE TR J1p—Jy=0
10 KR AT Jo—JIn—J=0
11 S-TR R IZ b Ji3—J=0
12 ST TR AT B Sr—J3—Ji5=0
13 TR 5K B Ji3 /=0
14 4-T TR R EENE Jis—Ji5=0
15 R Jo =570
16 ST IR Jr— =0
17 TR Jio— =0
18 il 208 I —Ji5—J=0
19 R i Sty =0
20 YR Jry— =0
21 BRI Jos s =0
22 NADH (NADPH) N A e e e )
23 ATP Jo+J,+J,—J—J,—J,=0
2 #R5Ht
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Fig.4 Fermentation characteristics under different electrical current

stimulation conditions
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HEI7RTLLE Y, A RGLE, B FEAT 3 i P FTNADH/
NAD "M &7t & . HHHEAN—2 mAE —5 mAR,
NADH/NAD {843 5] 740.7950.85, bt HR 20 &5 Hi21.5%
F130.8%. HHEALLEH, 4K FNADH/NAD /& 6-
PR B A SRR I A BREAR I A S LR
it S5 ) A e, 3 W B Y HGE S 7 AT KT el e AT
WA o A EEAPRNTER . Rk, B S
St UG R AT B R P NADH 8 535 2 5 35080005 2 4T 1R AR
R PE R A B A K IR AR e B N R H R e —. 5
AHIEFE L FARAL, LA 7R 3R B OB A M R A R
Al LAY T M A NADH A I KCSF, Bl 2 4% i 7= 4
AR i o A A

BT ARSI, L8280 HETERKAKR
B EER =Y. MmN E, LAWK
BRI &S, B1.3 g/L (0 mA) Hihn#2.3 g/L
(—=5mA) , {AHREKRES™EMHMNEK.
22 FLURINECN A 8 B 4 AT R R e

NADH (8(NADPH) FEHEMPLHHMP/" /4, 5
EMPHILL, 1 2 7% & HE 2 hHMPAR T 5 2 7 A= 5 4k
20 FHIRE 3 CED) o ABRFR, il f g fE s
TV B A7 A AR P A N ADH A S 38 0, 26 B il Y EMP
L HMP AN i 42 (14K 58 & 25 A 78 il in Fi 308 0 U &
AT Ak, B R A I A I R T R A 43 A X
BEIMR . LR Rt A EEAAERD. @ uhE g
30T, AT RABEIRON T A F IO 6- T R AT R . BEIR
A it P T R 5 D B Y AR L A A I sg e, A B T
Tk U 7 R A R S LR AR R b, S BB G AT
B R AR B IR S BRI R - AR 8 & 4 BT 45
RK3FTR

AUEH, BRERR. AR. RS RAF”
YAk, r T ORT 6 - B TR T T B B IR O I X
BRET AR WR A/ ETHERm, R A
W, 6Tl R A R T S U IR 6- T R R M R LN
92.4mmol/ (L *g-=h) , Z6-TfERH & VER IR EL,N
7.6 mmol/ (L g=h) , PFLLEINI2:1, UEHIRINEEZ
2 HEMPIEATARUT o [RIINF, 7 B8 R A e o AT R 4
AL 1) TR A P 9 B0 159.7 mmol/ (L e g+ b)), il 5E
Bt Z. W (C4E1) KIS, N37.7mmol/ (Legeh) ,
P HL B 2 9401, 1 WY R A IR 3 I 1) A B R - L
RE . iin—2 mAYS —5 mAHEREEE, J
AN E14.0, 19.7 mmol/ (L »g+h) , S5xfE4
FHEG, 2 B3 T 84.4%M150.6% . RN, J.ik & H
159.7mmol/ (L « g «h) J/bE1469, 1342mmol/ (Leg<h) .
MW Z T, Jy H137.7 mmol/ (L« g+h) hn%|48.4,

59.3 mmol/ (L +g-<h) o DA LSRG, JEhn A i
BT LB 4 INHMP 5 C4i 42 AR @ &= . R R AT
REAT: WUEVIIN SR LSBT — D ah &Pk
A, AP R AT T L P A SR R A S A 85 2R T T e
Ja s BREEMD 2T N AR AL, DA A R 2
AR, WIEHIER, IENAD HUREE, A
WM RS H A T3 AR s RS,

43 AR AT R

Table3  Calculated metabolic flux distribution
e ARHEE/ (mmol/ (Legeh) )
ik X HE 2 —2mA —5mA
J, 100 100 100
J, 92.4 86.0 80.3
Jy 97.5 95.3 93.4
J, 97.5 95.3 93.4
Js 197.5 195.3 193.4
Jo 197.5 195.3 193.4
J, 159.7 146.9 134.2
Jy 10.3 9.9 9.8
Jy 7.6 14.0 19.7
Jio 7.6 14.0 19.7
Ji 2.5 4.7 6.6
Ji 5.0 9.4 13.2
Jis 2.5 4.7 6.6
Jis 2.5 4.7 6.6
Jis 2.5 4.7 6.6
Jis 149.4 137.0 124.3
Jyy 6.6 9.0 9.4
Jis 1.9 0.5 0.2
Jio 1.9 0.5 0.2
Joy 1.9 0.5 0.2
I 1.9 0.5 0.2
I 37.7 48.4 59.3
Iy 35.9 479 59.0
Joy 37.7 48.4 59.3
Jss 37.7 48.4 59.3
Joe 359 479 59.0
Jy 166.3 156.0 143.6
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Fig. 8  Gene expression levels under different electrical current

stimulation conditions
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