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Abstract In previous studies, we isolated an isogenic LPS
mutant of Bradyrhizobium japonicum 61A101C, which was
completely devoid of O-polysaccharide and had altered cell
surface characteristics. Subsequently, the mutated gene was
identified, cloned, and used to complement the LPS™ mutant
strain JS314 to restore the phenotype. Since it has been
reported that in Escherichia coli LPS O-polysaccharide is
involved in resistance to an organic acid such as acetic acid
under low pH (Barua et al., Molecular Microbiology 43:
629- 640, 2002), we compared the organic acid resistance of
the three B. japonicum strains; wild-type 61A101C, the LPS
mutant JS314, and the complemented strain to determine
whether the role of O-polysaccharide in the resistance to
organic acid could be generalized. Growth of all three strains
was inhibited by the presence of 3 mM acetic acid under
acidic condition (pH 5.5). To our surprise, however, in the
presence of 2 mM acetic acid, wild-type and the complemented
strains did not grow while the LPS" mutant showed a
significant growth. Therefore, unlike in E. coli, the lack of O-
polysaccharide of LPS appears to render B. japonicum more
resistant to organic acid.
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In general, Gram-negative bacteria, such as Escherichia coli
and Salmonella spp., have various devices of acid stress
resistance mechanism combining to protect themselves [2,
5]. These terminologies for the acid survival mechanisms
are divided into three systems depending on assay methods:
acid tolerance response (ATR), the protection of cells by
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proton flux in exponential and stationary phase; acid habituation
(AH), exponential phase ATR including many stress
substances, such as glutamate, glucose, aspartate, FeCl,
KCl, and L-proline; and acid resistance (AR), identified in
Enterobacteriaceae including the effect of the ¢ and
cAMP receptor protein-dependent oxidative system [4, 8,
13, 14]. It has been suggested that surface polysaccharides
in E. coli are involved in organic acid resistance, which is a
system different from the inorganic acid resistance system
[1]. The inorganic acid stress is affected only by proton,
but organic acid stress also acidifies the pH, of the cell with
accumulation of intracellular anion. It is the protonated
form of organic acid that permeates the cytoplasmic membrane
and deprotonates in the cytoplasm [2].

Lipopolysaccharide (LPS) is a cell surface component
of Gram-negative bacteria, protecting themselves from their
environment, and is composed of three domains: lipid A,
the core which is an oligosaccharide consisting of an inner
and outer region, and a distal repeating unit known as O-
antigenic chain [3, 5, 10, 11]. In our previous study, we isolated
an isogenic LPS’ (rfaF") mutant of B. japonicum 61A101C,
which was completely devoid of O-polysaccharide and had
altered cell surface characteristics [10, 12]. Subsequently,
we identified a gene region involved in LPS biosynthesis
in B. japonicum, including rfaF (heptose transferase) and
rfaD (heptose epimerase), and the rfaF gene was cloned
and used to complement the rfaF” mutant JS314 to restore
the phenotype [15]. It has recently been reported that in E.
coli, LPS O-polysaccharide is involved in resistance to an
organic acid such as acetic acid under low pH [1]. In order
to find out whether the O-polysaccharide is also involved
in the organic acid resistance in B. japonicum, we examined
the organic acid resistance of the three B. japonicum
strains (wild-type strain 61A101C, LPS mutant JS314, and
the complemented strain JS314/pLps). First, we cultured
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Control (AMA-MES, pH 5.5)

AMA-MES + 1 mM of acetic
acid, pH 5.5

AMA-MES + 2 mM of acetic
acid, pH 5.5

Fig. 1. Growth of B. japonicum strains on AMA-MES agar
plate supplemented and non-supplemented with acetic acid under
acidic condition (pH 5.5).

1, Wild-type (61A101C); 2, LPS mutant (JS314); 3, the complemented
strain (JS314/pLps).

B. japonicum strains in AMA liquid medium (10 g of
mannitol, 1 g of bacto yeast extract, 0.2 g of magnesium
sulfate, and 0.2 g of sodium chloride per liter of deionized
water, pH 7.6) and spotted 5 ul of each cell culture broth
on AMA-MES (3-[N-Morpholino]propanesulfonic acid) agar
plate supplemented with 1 mM and 2 mM acetic acid under
acidic condition (pH 5.5) along with non-supplemented
acetic acid medium as a control. To our surprise, unexpected
results were obtained, compared with those of E. coli
O157:H7 [1]. As shown in Fig. 1, all three strains showed
similar growth in control medium and 1 mM of acetic
acid containing medium, whereas only JS314 showed a
considerable growth in the presence of 2 mM acetic acid.
To further confirm the results, growth Kkinetics of B.
Jjaponicum strains were determined in AMA-MES liquid
medium supplemented with 2 mM acetic acid and non-
supplemented medium as a control. In non-supplemented
medium, all three strains showed similar growth rates (Fig.
2A), whereas JS314 showed significantly higher growth
rate in medium supplemented with 2 mM acetic acid then
the wild-type and complemented strains (Fig. 2B). Barua
et al. [1] reported that wild-type E. coli strain showed
growth in Luria-Bertani (LB)-MES liquid medium under
acidic pH, whereas O-polysaccharide deficient strains did
not. Also, they described that the RpoS-deficient mutant of
E. coli grew at a rate similar to the parent strain in a
medium supplemented with acetic acid, and their protection
against acetic acid stress was different from mechanisms
such as AR, ATR, and AH [1].

It is likely that the difference in LPS composition
between E. coli and B. japonicum could lead to a different
organic acid resistance mechanism, although no experimental
evidence to this effect has been presented. Indeed, unlike
in E. coli, mannose is known to be present in O-
polysaccharide of B. japonicum strains [1, 7]. In summary,
we found that the lack of O-polysaccharide of LPS
rendered B. japonicum more resistant to organic acid, unlike
in E. coli, and the proposed role of O-polysacchraide in
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Fig. 2. Growth kinetics of B. japonicum strains in the liquid
AMA-MES medium.
(A) The growth rate of the cells in AMA-MES liquid medium at low pH
5.5. (B) The growth rate of the cells in AMA-MES medium supplemented
with 2 mM acetic acid (pH 5.5). (@), Wild-type; (O), LPS mutant; (¥),
the complemented strain.

protection of cells against organic acid stress should not be
generalized.

Recently, it has been reported that LPS-associated gene
expression of Helicobacter pylori is induced by acid [9].
We observed in this study that, on AMA-MES agar plate
supplemented with acetic acid, JS314 became more mucoid
than the wild-type and the complemented strains. Also, in
our previous study, we confirmed that the cell surface
polysaccharide of B. japonicum was involved in precipitation
of heavy metals such as Cd*”, Cu™, Pb™, and Zn* [11].
Hence, further studies on the expression of genes involved
in polysaccharide synthesis (such as transcription analysis,
enzyme assay, and polysaccharide analysis) are required.
We are particularly interested to find out whether organic
acid induces genes involved in the biosyntheses of
polysaccharide or oligosaccharde in B. japonicum, and the
knowledge obtained could be applied to effective removal
of heavy metals in environment.
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