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CHUTCHAWAN PHOSRIRAN: RE-ENGINEERING OF KLEBSIELLA OXYTOCA KMS006
TO PRODUCE SUCCINIC ACID IN MINERAL SALTS MEDIUM. THESIS ADVISOR:
ASSOC. PROF. KAEMWICH JANTAMA, Ph.D., 127 PP.
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Succinic acid

Klebsiella oxytoca KMS006 (AadhEApta-ackAAldhA) was re-engineered to
enhance the carbon flux through the succinate-producing pathway. The resulting
strain, KC004 (AadhEApta-ackAAldhAAbUdABAPSIB), exhibited a poor growth and
low-glucose consumption rate in the mineral salts (AM1) medium without the
succinate production due to its deficiencies in ATP production and NADH reoxidation
under anaerobic conditions. To overcome these circumstances, evolutionary
adaptation was conducted, resulting in spontaneous mutation in the developed strain
named KCO004-TF160. In the 100 g/L AM1 medium, KC004-TF160 produced succinate
at a concentration of 84 ¢/L with a yield and productivity of 0.84 ¢/¢ and 0.87 ¢/L/h,
respectively. Acetate was detected at 14 ¢/L, but no other byproducts were found.
Additionally, KC004-TF160 was able to produce succinate at a yield of 0.41-0.87 ¢/g
using a variety of sugars and sugarcane molasse for a potential low cost and alternative
carbon sources. KCO04-TF160 was further improved to the reduce acetate formation
which resulted in enhancing the succinate yield up to 0.88 g¢/g by K oxytoca
KP0O1-TF60 (AadhEApta-ackAAldhAAbUJABARfIBAtdcDAPpmd). An acetate level of
less than 1 g¢/L was detected. Unfortunately, this strain could consume 60 g¢/L of
glucose and requires yeast extract for cell growth. Even though KC004-TF160 and
KPOO1-TF60 can produce succinate as efficiently as previous native producers and
developed Escherichia coli strains. Further analysis of internal metabolic revealed that
the increased enzymatic activity of the pck gene was responsible for the increased
succinate yield and ATP production, whereas the activities of pdh, tdcE and tdcD genes
were responsible for acetyl-CoA and acetate formation which is the primary
mechanism for energy sources and redox balance. An increased pck activity may cause

nucleotide variations in genes cyaA, ptsG, agaC, and csrB. All results demonstrate that



the newly developed KC004-TF160 may be useful as one of the potential microbial

platforms for the commercial production of succinate.
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