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Imitation of Phosphoenolpyruvate to Oxaloacetate Pathway Regulation of Rumen Bacteria in Enteric
Escherichia coli and Effect on C4 Metabolism. Kwon, Yeong-Deok!, Oh-Hee Kwon?, Heung-Shick Lee®,
and Pil Kim**. "?Department of Life Science and Department of Biotechnology, The Catholic University of
Korea, Bucheon 420-743, 'Department of Biotechnology, Korea University, Chungcheongnam-do 339-700,
Korea - One of the fermentative metabolism of enteric Escherichia coli was imitated after rumen bacteria,
which have high C4 metabolism. E. coli expresses phosphenolpyruvate carboxylase (PPC) for the pathway
between phosphoenolpyruvate (PEP) and oxaloacetate (OAA) during glycolytic condition while expresses
phosphoenolpyruvate carboxykinase (PCK) during gluconeogenic condition. In contrast to enteric E. coli,
rumen bacteria express the PEP-OAA pathway only by PCK. To verify the effect of the regulation imitation
on the C4 metabolism of E. coli, PPC-deficient E. coli strain with PCK expression in glycolytic condition was
constructed. The PEP-OAA regulation modified E. coli strain increased 2.5-folds higher C4 metabolite than
the wild type strain. The potential use of C4 metabolism by regulation control is discussed.
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Fig. 1. Comparison of anaerobic glucose fermentation between
enteric E. coli and typical rumen bacteria. The glucose fermen-
tation metabolisms of E. coli (A), which has higher C3 metabo-
lism (>>) and typical rumen bacteria (B), which have higher C4
metabolism (<<). Symbol I and II indicate the glycolysis and C4
metabolism, respectively. Enzyme abbreviations are ppc for PEP
carboxylase and pck for PEP carboxykinase. Metabolite abbrevia-
tions are PEP: phosphoenolpyruvate; Pyr: pyruvate; Lac: lactate;
Ace: acetate; EtOH: ethanol; OAA: oxaloacetate; Suc: succinate,
respectively.

Table 1. Strains and plasmids.
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Characteristics Source
Strain
TOP10 F- mcrA A(mrr-hsdRMS-merBC) $80lacZAM15 AlacX74 deoR recAl endAl araAl39 Tnvitrogen

Aara, leu) 7697 galU galK - rpsL(Str™) mupG

K12 Wild-type E. coli strain KCTC 2223
K12 ppec- E. coli K12 ppc-5::kan This study
JCL1242 ppc-5::kan DE(argF-lac) 169 k- CGSC 7728
Plasmid
pGEM-T PCR cloning vector Promega
pT-pck pGEM-T with PCR fragment (1.6 kb) from pck of E. coli This study
pTrc99A Expression vector AP Biotech
pTrc-pck pTrc99A with EcoRI-Pstl digested fragment (1.6 kb) from pT-pck This study
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Fig. 2. SDS polyacrylamide gel electrophoresis of cell extract.
Lane 1: molecular size marker; Lane 2: wild type K12; Lane 3:
K12 ppc knockout; Lane 4, K12 ppe knockout strain with pck gene
expression. The arrow is the size of Pck proteins.
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Fig. 3. Regulations of enzyme expression between PEP and
OAA under glucose fermentation condition in E. coli, typical
rumen bacteria, and recombinant E. coli. Line indicates the
pathway mediated by PPC, dotted line indicates the pathway medi-
ated by PCK. Vertical bar represents the blockage of the pathway.
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Table 2. Molar yield of C4 metabolite during anaerobic cultiva-
tion in E. coli strains.

C4 metabolite

. Growth
Strain (mOIe succinate produced / (OD500 )
mole glucose consumed) o

K12 0.09 4 0.01 1.40 901

K12 ppe- 0.03 +0.00 1.32 1003
K12 ppc- / pck+ 0.23 4001 1.56 1 0.02

Experiments were performed at least duplicate. Subscript represents
the standard deviation.
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