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Fig. 1. Effect of exposure time to osmotic stress on the growth of E. coli in hyper-salinity
medium,

Aftter the cells suspended with 1% yeast extract containig 0.5M NaCl were incubated for
the time indicated, a small portion of each suspension were inoculated into the hyper-salinity
medium containing 1.2M NaCl, and the cell growth during each culture was followed
photometrically at 660nm.
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Fig, 2. Effect of osmolyte concentration used for osmotic stress on the induction of salt-
tolerance expression in E. coli,

Cells were stressed with 1% yeast extract containing various concentration of NaCl or
sorbitol for 30 min. After the stress treatment, the appropriate dilutions were spread on the
agar plate of hyper-salinity medium containing 1.2M NaCl, incubated for 2 days, and the number

- of colonies per plate was determined. Colony forming units are expressed as a percentage of

the number of colonies formed on the agar medium without NaCl,
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Fig. 3. Effect of NaCl concentration used for osmotic stress on the accumulation of K*,
glutamate, glycine betaine, and trehalose in E. colf cells.
Cells were stressed with 1% yeast extract containing various concentration of NaCl for 30

min. The stressed cells were used for the determination of the solute contents as described in
the text.
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Fig. 4, Effect of NaCl concentration used for osmotic stress on the accumulation of total Na*
and intracellular free Na* in E. coli cells.
Cells were stressed with 1% yeast extract containing various concentration of NaCl for 30

min. The stressed cells were used for the determination of total Na* and intracellular free Na*
content as described in the text.
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Fig.5. Effect of compatible solutes and KCl during osmotic stress treatment on the induction of
salt-tolerance expression in E. coli.

After the cells suspended with 10mM compatible solute indicated in the figure and 30mM
KCl containing 0.8M sorbitol were incubated for 30 min, a small portion of each suspension was
inoculated into the hyper-salinity medium with 1.2M NaCl, and the cell growth was followed
photometrically at 660nm for 12 hr.
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Fig. 6. Effect of compatible solutes and KCl during osmotic stress on the induction of salt-
tolerance expression in B. subtilis.

After the cells suépended with 10mM compatible solute indicated in the figure and 30mM
KCI containing 0.8M sorbitol were incubated for 30 min, a small portion of each suspension was
inoculated into the hyper-salinity medium with 1.2M NaCl, and the cell growth was followed
photometrically at 660nm for 12 hr.
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Non-stressed cells

Fig. 7. Electron micrographs of B. subtilis cells showing non-stressed cells and osmotic
stressed cells.
Cells were incubated with 5mM glutamate and 2.5mM KCl containing 0.5M NaCl for 60

min. Bar indicates 1 1 m
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Expression of salt-tolerance induced by osmotic stress in non-halophilic bacteria,
Escherichia coli and Bacillus subtilis

Akio Ishida and Tadao Matsusaka*

Dept. Biol., Fac. Gen. Ed., Kumamoto Univ.
*Dept. Biol. Sci., Fac. Sci., Kumamoto Univ.

Summary

Most bacteria are known to accumulate K* and/or organic solutes such as glycine betaine,
glutamate, and trehalose in their cells when cells are grown in the medium with hyper-
salinity. The accumulation of these compatible solutes in their cells is suggested to be very
important for the salt-tolerance against hyper-salinity. However, little is known of the
mechanism for the expression of salt-tolerance in non-halophilic bacteria. In the course of
our study, we found that the salt-tolerance of E. coli and B. subtilis against hyper-salinity
could be induced easily by prior exposure to moderate osmotic stress using NaCl or sorbitol
containing 1% yeast extract for a short time (30-60 min). Therefore, we attempted to clarify
the accumulation mode of compatible solutes in related to the salt-tolerance expression
induced by the stress treatment. NMR and ion meter analysis revealed the accumulation of
glycine betaine, glutamate, trehalose and K* in E. coli cells during the stress treatment,
although the content of intracellular free Na* was not significantly changed by such stress
treatment. The experiments using the defined stress medium suggested that not all of
these solutes accumulated was required for inducing the expression of the salt-tolerance
expression, and that among the solutes the combination of glutamate and K* was found to be
very effective for the induction. Similar results were obtained from the experiments in B.
subtilss. Ultrastructural observation revealed pronounced condensation of the nuclear area
after treatment with osmotic stress. From these results, we discussed the role of
compatible solutes on the induction of salt-tolerance expression in non-halophilic bacteria,
E. coli and B. subtilis.
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