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A new physiological role for CcpA in adaptation of
Bacillus Subtilis to sugar-induced osmotic stress

Abstract

The model Gram-positive bacterium Bacillus subtilis is liable to be exposed to high-
salinity environments in its natural habitats and is often used in fermentation with high
concentrations of glucose or other sugars. High salinity or high concentrations of sugars
can cause osmotic stress to B. subtilis. Past researches regarding osmoadaptation of B.
subtilis were mainly focused on responses to salt-induced osmotic stress. There was little
or no mention about how B. subtilis cells responded to sugar-induced osmotic stress. The
catabolite control protein (CcpA) is known to be a global transcriptional regulator that
mediates glucose repression of many catabolic genes and activation of genes involved
in excretion of excess carbon in various Bacillus species. However, the physiological
significance for CcpA-mediated sugar activation of degU, gltAB, opuA, opuE, proHJ and
the ilvB operon remained poorly defined. Here based on the results from the literature search,
it is now proposed that CcpA-mediated sugar activation of these osmoadaptive genes may
facilitate the adaptation of B. subtilis to sugar-induced osmotic stress. This finding could
add a new physiological role to CcpA in B. subtilis and probably its close relatives. As
to biotechnological application, construction of B. subtilis strains that could over-express
CcpA might potentially enhance their abilities to withstand higher concentrations of sugars
for producing higher yields of various economically effective fermentation products.
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Introduction

The model Gram-positive bacterium Bacillus subtilis is liable to
be exposed to high-salinity environments in its natural habitats and
is often used in fermentation with high concentrations of glucose
or other sugars. High salinity or high concentrations of sugars can
cause osmotic stress to B. subtilis." The salt-induced osmotic stress
can activate signalling pathways to induce expression of genes for
biosynthesis or uptake of osmotically compatible solutes, thus
protecting B. subtilis cells against the salt stress. Glycine betaine
and proline are two important compatible solutes that can be utilized
by B. subtilis to cope with salt stress.”> The salt-inducible opuA
operon encodes an ABC transporter that is involved in the uptake of
glycine betaine for defense of B. subtilis against salt stress.* OpuE
is a proline uptake transporter that can be induced by high salinity
for osmotolerance.* The salt-inducible proHJ operon encodes
enzymes involved in biosynthesis of proline for osmotic adaptation. 1
The two-component signal transduction system DegSU can sense
high salinity and be induced by salt stress. The response regulator
DegU is a positive regulator of the osmotic response. Mutation of
degU confers an osmosensitive phenotype to B. subtilis.>® Past
researches regarding osmoprotection of B. subtilis were mainly
focused on responses to salt-induced osmotic stress. There was little
or no mention about how B. subtilis cells responded to sugar-induced
osmotic stress. The catabolite control protein (CcpA) is known to be
a global transcriptional regulator that mediates glucose repression of
many catabolic genes and activation of genes involved in excretion
of excess carbon in various Bacillus species.” A literature search has
revealed that glucose can also CcpA-dependently activate expression
of the degU gene, the gltAB operon, the ilvB operon, the opuA operon

and the opuE gene.* ! The ilvB operon of B. subtilis encodes enzymes
involved in biosynthesis of the branched-chain amino acid isoleucine.
Salt-induced accumulation of isoleucine is known to play an
important role in tolerance of plants to salt stress.'? The gltAB operon
of B. subtilis encodes glutamate synthase. Glutamate is a precursor
of proline biosynthesis and it per se can function as an osmotically
compatible solute.’> A previous report has shown that sucrose and
lactose can induce proHJ expression.! Glucose can also activate
proHJ expression via CcpA (CJ Lin and GC Shaw, unpublished
observations). The biological significance for CcpA-mediated glucose
activation of the gltAB operon or the ilvB operon was previously
suggested to be a link between carbon and nitrogen metabolism.%!
The physiological significance for CcpA-mediated glucose activation
of degU was postulated to be relevant with consumption of acetyl-
coenzyme A during polyketide synthesi.!". However, the biological
significance for CcpA-mediated sugar activation of degU, gltAB,
opuA, opuE, proHJ and the ilvB operon remained poorly defined.
In Escherichia coli, ProP is a member transporter for uptake of
proline and other osmoprotectants. ProP is also involved in sensing
the osmotic stress caused by high salinity.'> In B. subtilis, the sensor
for perception of the osmotic stress caused by high salinity or high
concentrations of sugars has not yet been identified. Nevertheless,
it is known that glucose is transported into B. subtilis cells by the
glucose-specific phosphoenolpyruvate: sugar phosphotransferase
system (PTS) encoded by the ptsGHI operon.16 EIICBA is the gene
product of ptsG and is a membrane transporter responsible for glucose
transport and phosphorylation. Expression of the ptsGHI operon is
known to be glucose-inducible.'®

Conclusion

Here based on the results from the literature search, it is now
proposed that sugar (including glucose and probably fructose, sucrose
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or lactose) activation of these osmoadaptive genes via CcpA may
facilitate the adaptation of B. subtilis to sugar-induced osmotic stress.
EIICBA may possibly be involved in sensing the osmotic stress
caused by glucose and transducing the signal to CcpA via HPr and/or
Crh' to activate osmoadaptive genes for adaptation of B. subtilis to
glucose-induced osmotic stress (Figure 1). This finding could add
a new physiological role to CcpA in B. subtilis and probably its
close relatives. As to biotechnological application, construction
of B. subtilis strains that could over-express CcpA might potentially
enhance their abilities to withstand higher concentrations of sugars
for producing higher yields of various economically effective

fermentation products.
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Figure 1 A model for the regulatory network of CcpA-mediated glucose
activation of osmoadaptive genes for adaptation of B. subtilis to glucose-
induced osmotic stress. Osmoadaptive genes encode proteins responsible for
biosynthesis or uptake of osmoprotectants such as glutamate, glycine betaine,
isoleucine and proline. CcpA-mediated glucose activation of degU expression
can confer protection of B. subtilis against glucose-induced osmotic stress.The
glucose-inducible membrane transporter EIICBA may play a role in sensing
the osmotic stress caused by high concentrations of glucose and transducing
the signal to CcpA via HPr and/or Crh for activation of osmoadaptive genes.

Abbreviations: Glc-P, phosphorylated glucose; Glc-PTS, glucose-specific
phosphoenolpyruvate: sugar phosphotransferase system
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