Genetic Improvement of Product Formation

Microorganism usually produces commercially important metabolites in very low concentration. Thus, to improve the potential productivity, the organism's genome must be modified and this may be achieved in two ways, by mutation or by recombination.

Mutation 
Each time a microbial cell divides, there is a small probability of an inheritable change occurring. A strain exhibiting such changed characteristics is termed a mutant and the process giving rise to it is mutation. The probability of a mutation occurring may be increased by exposing the culture to a mutagenic agent such as UV light, ionizing radiation and various chemicals, for example nitrosoguanidine and nitrous acid. Such an exposure results in the death of the vast majority of the cells. The survivors of the mutagen exposure may then contain some mutants, a very small proportion of which may be improved producers.

The synthesis of a primary microbial metabolite (such as an amino acid) is controlled such that it is only produced at a level required by the organism. The control mechanisms involved are the inhibition of enzyme activity and the repression of enzyme synthesis by the end product, when it is present in the cell at a sufficient concentration. Thus, these mechanisms are referred to as feedback control. It is obvious that a good "commercial" mutant should lack the control system, so that 'overproduction' of the end product will result. 
The isolation of mutants of Corynebacterium glutamicum capable of producing lysine will be used to illustrate this approach. The first enzyme in the lysine synthesis pathway is aspartokinase, which is inhibited only when both lysine and threonine are synthesized above a threshold level referred to as concerted feedback control. A mutant which could not catalyse the conversion of aspartic semi-aldehyde into homoserine would be capable of growth only in homoserine​ supplemented medium. If such organisms are grown in the presence of very low concentration of homoserine, the endogenous level of threonine would not reach the inhibitory level for aspartokinase control, and thus aspartate would be converted into lysine which could accumulate in the medium.
Recombination
Recombination is a process which helps to generate new combination of genes that were originally present in different individuals. Techniques are now widely available which allow the use of recombination as a system improvement. In vivo recombination may be achieved in asexual fungi (for example Penicillium chrysogenum, used for the commercial production of penicillin) using the parasexual cycle. The technique of protoplast fusion has increased greatly the prospects of combining together characteristics found in different production strains. Protoplast fusion has been achieved with the filamentous fungi, yeast, streptomyces and bacteria and is an increasingly used technique.

Tosaka et al(1982) improved the rate of glucose consumption (and therefore lysine production) of a high lysine-producing strain of B. flavum by fusing it with another B. flavum strain which was a non-lysine producer, but consumed glucose at a high rate. Among the fusants, one strain exhibited high lysine production with rapid glucose utilization.
Threonine production by E. coli has been improved by incorporating the entire threonine operon of a threonine-analogue-resistant mutant into a plasmid which was then introduced back into the bacterium. The plasmid copy number in the cell was approximately 20 and the activity of the threonine operon enzymes was increased 40-50 times. The organism produced 30 gdm-3  threonine compared with the 2-3 gdm-3 of the non-manipulated strain. Backman et al.(1990) described the construction of an E. coli strain capable of synthesizing commercial level of phenylalanine (an important fermentation product as it is a precursor in the manufacture of the sweetener, aspartame). Several of the phenylalanine genes are subject to control by the repressor protein of the tyrR gene. In vitro techniques were used to generate tyrR mutations and introduce them into the production strain. The promoter of the pheA gene was replaced to remove repression and attenuation control.

