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Abstract: Escherichia coli NZN111 is a double mutant with lactate dehydrogenase (/dhA) and pyruvate formate-lyase (pfIB)
inactivated. Under anaerobic conditions, disequilibrium of coenzyme NADH and NAD" causes Escherichia coli NZN111
losing the glucose utilizing capability. In this study, we constructed a recombinant strain E. coli NZN111/pTrc99a-mdh and
overexpressed the mdh gene with 0.3 mmol/L of IPTG under anaerobic fermentation condition in sealed bottles. The specific
malate dehydrogenase (MDH) activity in the recombinant strain was 14.8-fold higher than that in £. coli NZN111. The NADH/
NAD'" ratio decreased from 0.64 to 0.26 and the concentration of NAD" and NADH increased 1.5-fold and 0.2-fold
respectively. Under anaerobic conditions, the recombinant strain possessed the capability of growth and glucose absorption.
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We took dual-phase fermentation for succinate production. After the dry cell weight (DCW) reached 6.4 g/L under aerobic

conditions, the cell culture was changed to anaerobic conditions. After 15 h, 14.75 g/L glucose was consumed and succinic

acid reached 15.18 g/L. The yield of succinic acid was 1.03 g/g Glu and the productivity of succinic acid was 1.012 g/(L-h).
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Fig. 2 Identification of pTrc99a and mdh by restriction
endonuclease digestion. M: DNA marker; 1: pTrc99a digested
with EcoR 1 and Hind 111 (4 125 bp); 2: mdh digested with EcoR 1
and Hind 111 (939 bp).
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Fig. 3 Identification of pTrc99a-mdh by enzyme digestion. M:
DNA marker; 1,2: pTrc99a-mdh digested with Hind I11; 3,4:
pTrc99a-mdh digested with EcoR 1 and Hind I1I.
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T ERE,
23 REEMAE

A AR SRR 10% 56 B2 DA, 48 b J5 il
JEZIMETE . MDH RYRBEE S4B NAD'/NADH (1)
L I SRR KA HLIRR I S5 R IR 2 R

HIZE 2 I, b RSP AR R S TR
AR E coli NZN111 RZERK, EA RN T &
XTI 3.8 %, 7E— e B TR TE
HRACI I 28RO RE 1, 48 h AT LIWSAE 10 g/L A3
M, 77 2.5 /L BT R, iR JLERA T
M=, MDH &R T 14.8 £, %l NAD”
5 NADH 8425 T 2 5, NADH/NAD A L)
H1 0.64 K&K 0.30,

Concentration of protein, enzyme activity and specific enzyme activity of MDH in the control strain and in the

Concentration of protein (mg/mL)

Specific enzyme activity (U/mg)

Strains Enzyme activity (U/mL)
E. coli NZN111 1.474+0.081
E. coli NZN111/pTrc99a 1.414+0.006

E. coli NZN111/pTrc99a-mdh 26.542+0.028

0.473+0.012 3.11240.048
0.460+0.024 3.074+0.084
0.666+0.004 39.840+0.124
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Table 2 Results of these parameters on anaerobic fermentation in sealed bottles

Strains £ (h) DCW MDH NAD" NADH Glucose consumed
(g/L) (U/mg) (pmol/g) (nmol/g) (g/L)
E. coli NZN111 48 0.444+0.012 4.841+0.122 3.004+0.162 1.924+0.012 0+0.000
E. coli NZN111/pTrc99a-mdh 48 1.700+0.028 71.737+0.081 7.517+0.042 2.312+0.124 10+0.486
DCW: dry cell weight.
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Fig. 4 Comparision of DCW (A), consumed glucose (B) and NADH/NAD" (C) between E. coli NZN111/pTrc99a-mdh and E. coli

NZNI111 at different time. DCW: dry cell weight.
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acids in E. coli NZNI111/pTrc99a-mdh after transition to

anaerobic-phase fermentation in a 7 L fermentor. DCW: dry cell
weight.
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