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NOTE

~ Increased Cell Surface Hydrophobicity of A
Lipopolysaccharide-defective Mutant of
Bradyrhizobium japonicum

PAE, KYEONG-HOON AND JAE-SEONG SO*

Department of Biotechnology, Inha University, Incheon 402-751, Korea

A lipopolysaccharide (LPS) defective mutant of Bradyrhizobium japonicum was characterized in terms of
its cell surface hydrophobicity (CSH). By monitoring the kinetics of adhesion to hexadecane the LPS mutant
was found to be far more hydrophobic than the wild type strain; the removal coefficients were 4.65 min” for
the mutant, as compared with only 2.40 min' for the wild type. The possible role of cell surface hy-
drophabicity of B. japonicum in nodulation process is discussed.

Bradyrhizobium japonicum is a Gram-negative soil
bacterium infecting soybean. Interaction between soy-
bean and B. japonicum results in the formation of no-
dules, in which differentiated B. japonicum can fix at-
mospheric nitrogen into ammonia. Since the nodula-
tion process requires intimate cell-to-cell interaction,
it is evident that the physicochemical properties of
the cell surface, such as hydrophobicity or hy-
drophilicity, play a major role (1, 3, 6, 8). In previous
studies we have isolated and characterized a lipo-
polysaccharide (LPS) defective mutant of B. japoni-
cum which shows a defective nodulation phenotype
(5, 6). Subsequent chemical analysis of the mutant re-
vealed that it was devoid of the high molecular
weight portion of LPS (i.e. the O-antigenic part), sup-
porting the notion that intact LPS is essential for no-
dulation. However, there have been reports in-
dicating that the correct cell surface chemistry is less
stringent, and that the overall physicochemical pro-
perties of the bacterial surface might be more im-
portant during the intimate interactions taking place
during nodulation (3, 9). Microbial cell surface pro-
perties are determined by extracellular and cell-wall-
associated compounds. In this study, we have in-
vestigated the effects of LPS alteration on cell surface
characteristics including hydrophobicity, and have
found that the mutant is far more hydrophobic than
the wild type.

Bacterial strains, growth conditions and assay for
cell surface hydrophobicity (CSH).
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B. japonicum wild type strain 61A101C (6) and the
LPS mutant strain JS314 (5, 6) were cultivated in AMA
broth (per liter of deionized water; 10 g mannitol, 1 g
yeast extract, 0.2 g MgSO,-7H,0, 0.2 g NaCl, 0.5 g K,
HPO,, 0.005 g FeCl,, pH 7.5) at 30 C. To measure the
CSH, cells were harvested by centrifugation at
5,000x g, and resuspended in phosphate buffer (per
liter of deionized water; 22.2 g K;HPO,-3H,0, 7.26 g
KH,PO,, pH 7.0) to give O.D.¢=1.0. Cell surface hy-
drophobicity was determined by measuring the kinet-
ics of adhesion to hexadecane as described by Rosen-
berg et al. (4). Briefly, bacterial suspensions were mix-
ed with hexadecane as indicated and vortexed at
room temperature for 5-s intervals. After each mixing
period, the absorbance of the lower, aqueous phase
was measured spectrophotometrically.

Increased CSH of LPS mutant.

We have previously reported the isolation and
characterization of a LPS-defective mutant of B.
japonicum (6). The mutant completely lacks the O-an-
tigenic part of the LPS and, upon infection, induces
pseudonodules on soybean which are completely de-
void of bacteria, supporting the notion that the intact
LPS is essential for normal nodulation. One in-
teresting observation made on the mutant was that
the mutant cells tend to aggregate (data not shown),
which prompted the present study on the phy-
sicochemical properties of the mutant cells including
the hydrophobicity test. The relationship between the
lack of the O-antigenic part of the LPS and the
overall cell surface hydrophobicity was investigated
by measuring the cell adhesion to hydrocarbon as
described above. Fig. 1 illustrates the partitioning pat-
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Fig. 1. Partitioning of cells of wild type and LPS mutant
strains to hexadecans.

Equal volumes (2.5 ml) of cell suspensions and hexadecane were
mixed and allowed to separate for 2 min.

terns of two strains. Upon mixing with hexadecane
the mutant cells were immediately, and nearly com-
pletely, removed from the aqueous phase layer while
the wild type cells remained. To compare the hy-
drophobic surface properties of the strains more pre-
cisely, we studied the kinetics of adhesion (i.e. re-
moval rate) of cells to hexadecane. Wild type cells
were far less hydrophobic than the mutant cells were
{Fig. 2). For example, whereas 90% of the mutant
cells were removed by 250 pl of hexadecane after 25
s of mixing, only 20% of the wild type cells were re-
moved under the same conditions. Removal rates of
wild type and LPS mutant strains were obtained from
the slopes of the adhesion plots (Fig. 2A,B). When
the removal rates were plotted as a function of the
hexadecane-to-water volume ratio, the slopes gave
the removal coefficient values for the two strains. The
removal coefficient was 4.65 min™ for the mutant, as
compared with only 2.40 min” for the wild type. This
result clearly indicates that the lack of the O-an-
tigenic part of the LPS makes the surface of the cells
more hydrophobic.

There have been a number of reports on the no-
dulation defective mutants of rhizobia which are con-
comittantly defective in their LPS structure (1, 6, 9).
However, it still is not clear how the LPS defect af-
fects the nodulation process. This study demonstrats
that the change in surface hydrophobicity is cor-
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Fig. 2 Kinetics of adhesion of strain 61A101C (a) and JS
314 (b) to hexadecane, and removal rate (c) as a function
of hexadecane-to-water volume ratio (vi/Vi).

Washed bacterial suspensions (2 ml) were mixed with varying
volumes of hexadecane, and at 5-s intervals the adhesion degrees
were measured as described in the text (a, b). Results were presented
as Log(A - 100/Aq) as a function of mixing time. Removal rates (c) of
wild type and LPS mutant strains were obtained from the slopes of
the adhesion plots (a, b).

related with the loss of the O-antigenic part of the
LPS. Similar changes in cell surface properties of the
LPS mutant of Salmonella typhimurium (7), R. legumi-
nosarum (2), and R. etli (1) have also been observed.
During interaction between plant and infecting rhizo-
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bia it appears likely that the exact chemical structure
of the cell surface would be less important than the
overall physicochemical properties, such as cell sur-
face charge and/or hydrophobicity. Therefore, it
seems likely that the defects in the cell surface com-
ponents (e.g. LPS) exert their effect rather indirectly
by changing CSH and, thereby the subsequent in-
terplay. This indirect or non-specific effect of cell sur-
face components of rhizobia in the nodulation pro-
cess was supported by the finding that defects in no-
dulation caused by exopolysaccharide (EPS) de-
ficiency was complemented by gene regions respon-
sible for LPS synthesis (3, 8).
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