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ABSTRACT

The lac operon of Escherichia coli is repressed >600-fold in the presence of glucose. This
repression is usually attributed to two molecular mechanisms, namely activation by 3°,5’-cyclic
adenosine monophosphate (CAMP) and inducer exclusion. cAMP-mediated transcriptional
inhibition has been shown to have a modest effect on the regulation of the lac operon. This has
led some to postulate that inducer exclusion is solely responsible for the catabolite repression.
However, the effect of inducer exclusion is only 2-fold in lac constitutive strains, while the
proposition that inducer exclusion may have a dramatic effect on cells induced to lower levels
of lac expression, has not been sufficiently tested. Therefore, the first goal of this work was to
quantify the magnitude of inducer exclusion in wild-type cells with lower lac expression. We
found that inducer exclusion exerted a maximum 5-fold effect in the partially induced cells—
still a quantitative mismatch on account of the several hundred fold repression. It is
concluded that the the current models cannot explain the magnitude of catabolite
repression. Since the design of industrial bioprocesses is largely dependent on
knowledge of regulatory mechanisms, it becomes absolutely essential to address basic
sciences problems such as this. Moreover, the textbooks available globally have already

begun to acknowledge the problem of repression deficit.

We hypothesize that lac regulation is subject to positive feedback, which amplifies the small
effects of inducer exclusion or cAMP activation to account for the almost complete
repression. Positive feedback occurs during induction of the lac operon because allolactose
stimulates the synthesis of lac enzymes, namely Lac permease and B-galactosidase, which in
turn, promote synthesis of allolactose. While the first process was established more than 50
years ago, there is no experimental evidence for the latter. Indeed, based on mathematical

model, it has been argued that during growth on lactose, intracellular allolactose is



ABSTRACT

independent of enzyme levels, i.e., no positive feedback. Therefore, the second goal was to
test the existence of positive feedback during growth on lactose by measuring the intracellular
allolactose concentration as a function of Lac permease activity in various culturing
conditions. However, rapid efflux results in massive accumulation of allolactose in the
medium, thus severely limiting the application of standard metabolomics approaches to
measure intracellular allolactose concentrations using direct or differential methods. To
resolve this, we developed an indirect method to measure intracellular allolactose from
specific allolactose efflux rate during growth in the presence of lactose. With this method, we
found that during growth on lactose (induction) the specific 3-galactosidase and intracellular
allolactose concentrations are coupled, i.e., they increased simultaneously in both batch and
continuous cultures. It follows that positive feedback exists. Further, during catabolite
repression in the presence of glucose, the positive feedback loop reversed direction leading to
a progressive decline in the levels of enzyme and intracellular allolactose, consistent with the

positive feedback loop reversing the direction.

It seemed desirable to supplement the indirect allolactose concentration measurements with
more direct measurements. However, the difference method mentioned above is error prone
due to massive accumulation of allolactose in the medium. We reasoned that the error in this
method could be reduced significantly if extracellular accumulation of allolactose is
somehow minimized. Therefore, the third goal of this work was to develop a suitable
perfusion bioreactor to facilitate removal of extracellular allolactose, while cells are retained in
the reactor. To this end, we employed a membrane bioreactor that allowed for fast
medium dilution rate, and estimated the errors sustained in the measurements. We
established the proof of concept that at high dilution rates, rapidly expelled intracellular
metabolites can be quantified reproducibly. However, for allolactose quantification the

desirable dilution rates must be increased another two-fold before acceptable data is obtained.
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