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transferase and pyruvate carboxylase on succinic acid
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Abstract:  Escherichia coli BA002, in which the IdhA and pfIB genes are deleted, cannot utilize glucose anaerobically due
to the inability to regenerate NAD'. To restore glucose utilization, overexpression of nicotinic acid
phosphoribosyltransferase (NAPRTase) encoded by the pncB gene, a rate-limiting enzyme of NAD(H) synthesis pathway,
resulted in a significant increase in cell mass and succinate production under anaerobic conditions. However, a high
concentration of pyruvate was accumulated. Thus, co-expression of NAPRTase and the heterologous pyruvate carboxylase
(PYC) of Lactococcus lactis subsp. cremoris NZ9000 in recombinant E. coli BA0O16 was investigated. Results in 3 L
fermentor showed that ODygy is 4.64 and BA016 consumed 35.00 g/L glucose and produced 25.09 g/L succinate after 112 h
under anaerobic conditions. Overexpression of pncB and pyc in BAO16, the accumulation of pyruvic acid was further
decreased, and the formation of succinic acid was further increased.
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Table 1 Results of exclusively anaerobic fermentations of the strains after 72 h in LB media

Fermentation products (g/L)

. DCW Glucose consumed
Strains L L
(&/L) (&/L) Succinic acid Pyruvic acid Acetic acid
BA002 0.52+0.51 3.3+0.4 1.57+0.12 1.90+0.11 ND
BAO14 1.73£0.53 9.2+0.5 5.45+0.23 4.71+0.18 ND
BAO15 0.93+0.46 4.5+£0.4 3.61£0.16 0.29+0.12 ND
BAO16 1.68+0.52 19.5+0.6 15.68+0.45 0.15+0.23 1.34+0.34

* Each value is the mean of three parallel replicates + standard deviation.

° ND: not detected.
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Table 2 Enzyme assays and determination of the amount of NAD(H) in anaerobic fermentations of the strains after 72 h

— NAPRTase Determination of the amount of NAD(H)
Strains PYC activity activity
(U/mg) - NADH NAD" NAD(H) NADH/
(U/me) (umol/g) (umol/g) (umol/g) NAD"
BA002 ND 0.82+0.02 1.45+0.02 2.43£0.01 3.88+0.05 0.60+0.06
BAO14 ND 10.51+0.23 2.12+0.03 13.25+0.22 15.37+0.23 0.16+0.02
BAO16 1.87+0.12 17.99+0.35 1.97+0.04 39.01+0.34 40.98+0.32 0.05£0.01
* Each value is the mean of three parallel replicates + standard deviation.
° ND: not detected.
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Fig. 1 Anaerobic fermentation in 3 L fermentor by BA016.
ODyg (open circle), glucose (filled square), succinic acid
(open diamond), acetic acid (filled diamond), pyruvic acid
(filled triangle), malic acid (open square).

£3 3L ABHEPTEREE PYC #ESEF NADH/NAD" &Y tL i
Table 3 Determination of specific enzyme activity of PYC and NAD(H) at different time in 3 L fermentor

Time () PYC activity NADH NAD® NAD(H) NADIE/
(U/mg) (umol/g) (pmol/g) (pmol/g) NAD

0 0.14+0.01 2.82+0.03 20.82+0.12 23.64+0.14 0.06+0.02
41 0.88+0.02 1.80+0.05 31.03+0.10 32.83+0.20 0.05+0.01

64 0.57+0.03 0.57+0.04 43.98+0.22 44.54+0.31 0.01£0.00

112 0.41+0.03 1.51£0.03 27.05+0.13 28.56+0.15 0.05+0.02
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