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SUMMARY AND KEY FINDINGS

The research work described in this thesis has two studies on processes that may
lead to adipic acid production through hexanoic acid synthesis pathway by the
anaerobic bacterium Megasphaera elsdenii and its subsequent utilisation by
Pseudomonas strains. The first part of the research described was concerned with
the ability of Pseudomonas putida (syn P. oleovorans) to convert hexanoic acid to
adipic acid. However, despite a sustained effort the research was unable to confirm
the formation of adipic acid in these strains and this line of research was not pursued
further. The research however, did show for the first time that these Pseudomonas
strains could produce octanoic acid from n-octanol vapours in the presence and
absence of n-hexanoic acid and has thus led to important new information.

The second line of research pursued and which constituted the major research effort
was concerned with an investigation on regulation and production of the metabolic
intermediates and end-products during glucose and lactate metabolism in M.
elsdenii. A number of wild type strains were studied as well as mutants isolated as
resistant to 3-fluoropyruvate were used to investigate end-product inhibition and the
biochemical pathways used for fermentation. Small volume cultures and controlled
fermenters were used to investigate the fatty acid end-products during glucose,
lactate and mixed substrates and to optimise the effect of pH on growth and
metabolism. An important finding was that the mutant ME5 produced relatively more
valeric and hexanoic acid compared to its parental strain ATCC 25940 in mixed
substrates. While in the presence of glucose, the proportion of valeric acid produced
by strain ME5 was higher than seen for its parental strain ATCC 25940 and mutant
ME7. Another important finding was that pH control improved the yield of acids
compared with uncontrolled fermentation.

The work described in this thesis was also concerned with the recovery of
fermentation products to obtain higher productivity and more efficient recovery of the
products by adsorption to anion exchange resins. Initially, Amberlite IRA-93 (weak
base anion-exchange resin) and Amberlite IRA-400 (strong base anion-exchange
resin) resins were tested for their ability to adsorb and desorb butyric and hexanoic
acids from water and peptone-yeast-glucose media. It was observed that both resins
adsorbed more n-hexanoic acid than n-butyric acid, which suggested that the VFA
chain length might affect the degree of adsorption. Both acids were desorbed more
effectively by esterification from Amberlite IRA-93 resin. This indicated that Amberlite
IRA-93 might have some attractive features above Amberlite IRA-400 in terms of
product recovery in the form of esters. Further studies were carried out on the
adsorption and desorption of both acids on the fermentation level in peptone-yeast-
glucose media under pH controlled and uncontrolled pH conditions. Results indicated
that using the Amberlite IRA-93 had an advantage in that it did not release a counter
ion on binding of anions so that it exerts a buffering effect on the fermentation broth,
thus reducing the degree of pH control needed and the amount of alkali used to
maintain the optimum pH. The outcome of this finding is that better yields and better
recovery of products can be achieved.




Another line of research was concerned with the key enzymes involved in the
fermentation and the genes coding for them. The research detected pyruvate
dehydrogenase (PDH) in strain ATCC 25940 for the first time and showed that the
activity of this enzyme was significantly lower in the mutant ME5. However, lactate
dehydrogenase (LDH) activity in ME5 was significantly higher compared with ME7
and the parent ATCC 25940. It was also shown that enzyme expression was highest
in exponential growth. It was concluded that the relative changes in PDH and LDH in
MES5 were responsible for the changes in carbon flow to acid end-products.

The final component of the research was concerned with a preliminary investigation
of the molecular biology of the enzymes leading to the formation of hexanoic acid.
The sequence of the short-chain acyl-CoA dehydrogenase (SCAD) in ATCC 25940
and mutants ME5 and ME7 were obtained and compared. However, no changes
were seen which could explain the altered end-products. Likewise a minor change in
the sequence of the electron-transferring flavoprotein was unlikely to affect the
metabolic activity. An attempt to design PCR primers from related sequences of
lactate dehydrogenase to investigate the LDH genes was unsuccessful.
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