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Abstract

The goal of this work was to contribute to the fed-batch process optimisation
task by deriving parameters that have considerable impact on productivity as
well as product quality The chosen parameters were I) the design of the glucose
feed profile, II) the choice of induction strategy, with respect to the method of
addition, and III) the time of the induction, with respect to the specific glucose
consumption rate.

The present fed-batch experiments using the lacUV5-promoter, for
production of b-galactosidase, have shown that a high glucose feed rate
gives a specific production rate, qp, that is twice as high, after induction,
compared to a feed rate that is 2.5 times lower. The constant accumulation of
lacZ-mRNA indicates that the translational capacity is initially limiting the
synthesis machinery, but after four hours of maximum specific production and
a corresponding drop in lacZ-mRNA production, the cultivation is likely to be
transcription limited. The high feed-rate system resulted in high accumulation
of β-galactosidase, corresponding to 40% of total cellular proteins.

By design of feed profiles in a fed-batch process the detrimental effects of
overflow metabolism, giving acetic acid formation, can be avoided. However,
the results show that a one-dose addition of isopropyl-β-D-galactopyranoside
(IPTG), provokes a non-growth associated production of acetic acid. This
response can be alleviated by; lowering the inducer concentration (in this
case to below 165 μM), by further reducing the feed rate of glucose or by using
alternative induction methods. The use of a stepwise addition or a feed of
IPTG thus delayed and reduced the level of acetic acid accumulation. It was
also shown that a small change in the time-point of induction lead to large
variability, regarding both productivity and acetic acid accumulation, in a fed-
batch cultivation,

In order to further investigate the protein quality two additional proteins
were studied in fed-batch cultivations using high and low glucose feed. The
aim was to prove the hypothesis that the feed related change in the rate of
synthesis of the nascent polypeptide controls the product quality. For the two
proteins: Zb-MalE (wt) and Zb-MalE31 (mutant), the transcription rate, in
terms of amount of IPTG, and translation rate, in terms of changes in feed
rate, influences the percentage of inclusion body formation and degradation of
nascent polypeptide. The data show a higher rate of inclusion body formation
for the model protein Zb-MalE31 during high feed rate cultivations, as well as
at high levels of inducer. Furthermore, the rate of proteolysis was significantly
higher for a high feed rate. The high feed rate thus results in a higher rate of
synthesis but a lower corresponding quality, for the model proteins studied.

In the present investigation of fed-batch cultivations using several
different expression vectors, it was found that the central alarmone guanosine
tetraphosphate (ppGpp) was formed at both high and low feed rates upon
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induction. It could be shown, however, that by secretion of Zb-MalE to the
periplasm, the stringent response could be avoided. This might be due to the
decreased burden on the host where the secretion of product further seems to
make the cell able to redirect the carbon flux from overflow metabolism, since
no acetic acid was produced. The secretion also demonstrates that the growth
arrest could be aborted, which is otherwise gained in the PmalK production
system.

A novel fed-batch process based on the promoters for the universal stress
proteins A and B (PuspA, PuspB) was designed to make use of these powerful
promoters in an industrial production context. It was concluded that the
process had to start from a high specific growth rate and induction was
performed once a limiting feed started. This was done to purposely induce the
stringent response and/or acetic acid accumulation since this was required
for induction. In the suggested system, induction has to be performed and
maintained at continuous substrate feeding, whilst avoiding exceeding the
cellular capacity, since the stationary phase starvation alone did not lead to
production. In conclusion, a new stress induction based production system
was achieved resulting in high accumulations of product protein without any
detected metabolic side effects.
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