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Recombinant protein over-expression in Escherichia coli often elicits a stress response that leads to the
up-regulation of stress genes and their products. The localization of the recombinant protein within the
cell plays a crucial role in the response of the cell to stress. Studies on the mechanisms employed by
Escherichia coli to sense and respond to stress have led to a greater understanding of protein processing
within the cell. Separate cellular stress response systems serve each compartment in Escherichia coli, the
cytoplasm and the envelope (which includes the inner membrane, periplasm and the outer membrane).
The cytoplasmic heat shock response is controlled by the regulated proteolysis and chaperone-mediated
inactivation of alternative sigma factor Sigma32 [1-3]. Escherichia coli senses and responds to
extracytoplasmic stress via at least two overlapping, but distinct, transduction pathways, the Cpx two-
component system and the heat shock sigmaE pathway. The Cpx pathway is induced by elevated pH,
altered inner membrane composition and overproduction of envelope proteins or pili subunits. The
sigmaFE envelope stress response is induced by heat shock, ethanol shock or by perturbations to outer
membrane protein folding [4].

A two plasmid system was used for the temperature induced secretory expression of recombinant
streptokinase in Escherichia coli [6, 7]. T7 RNA polymerase was induced from a plasmid with a shift in
temperature which in turn induces the production of the recombinant protein from the other plasmid
(which carries the gene of interest under T7 promoter). Recombinant streptokinase was produced as an
intracellular product (from the plasmid pRSETB-STK)/secretory product (from the plasmid pSSY4) and
the expression levels were compared. The overall activity of recombinant streptokinase was 50 fold
lower when produced as a secretory product (the size, copy number and antibiotic marker for the two
plasmids being similar). It was also observed that the secretory production leads to enhanced proteolysis
(as shown by the degradation bands). This regulated proteolysis of the pre-protein (protein with the
signal peptide) could be the reasons for the lower overall productivity. From our experimental results we
could conclude that degradation could be due to a membrane bound protease.

A detailed mathematical model was developed to explain the control architecture governing the stress
response network in Escherichia coli. The stress response network basically involves the regulation of
the alternative sigma factors sigma32 and sigmaE. The major cytoplasmic and periplasmic chaperones
and proteases are a part of these regulon. The regulon function is essential during normal as well as
stressful conditions. The disturbance to the stress response network due to strong over-expression of
recombinant streptokinase by a temperature shift was analyzed using the model simulations. The
simulations were compared with the experimental data on temperature induced recombinant
streptokinase production. Some strategies to enhance productivities are explored with the model
simulations.
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