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Transposon mutants of Rhizobium leguminosarum bv. trifolii 24.1 showing less
glossy or smaller colonies were screened for properties usually associated with lipo-
polysaccharide (LPS) defects in R. leguminosarum, i.e. motility, growth rate, ten-
dency to agglutination in liqguid media and symbiotic efficiency. Neither any of the
above mutants nor the carlier isolated 24.12 strain, defective in LPS, showed all
these properties changed simultaneously. According to PAGE/sodium deoxycholate
analysis the mutant 24.12 was the only one producing defective lipopolysaccharide.
(zC-MS analysis revealed in this mutant qualitative changes in composition of its LPS
in comparison with LPS isolated from the parent strain. Other Tn5 mutants pro-
duced LPSs similar in eomposition, however the proportion between LPS I and LPS

IT differed from that in the parent strain.

Lipopolysaccharide (LPS) is an integral part
of the outer membrane of Gram-negative bae-
teria. In rhizobia (Rhizobium, Bradyrhizo-
bium) LPSs are believed to be involved in the
development of nitrogen fixing nodules on
host plants roots. Rhizobia can invade roots
of legumes and form nodules which are cen-
tres of symbiotic nitrogen fixation (Mylona et
al, 1995; van Rijn & Vanderleyden, 1995).

The role of LPSs in the development of effec-
tive nodules was proved by the isolation and
characterization of single gene transposon
mutants that were simultaneously defective
in lipopolysaccharide structure and symbiotic
properties. In general, these defects were re-
stored by a single complementing fragment
from gene library of the wild type strains
(Brink et al, 1990; Priefer, 1989; Cava et al.,
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1989; 1990; Diebold & Noel 1989). The best
characterized (in genetical and chemical as-
pects) Ips transposon mutants are those from
Rhizobium leguminosarum bv. vicige strains
(Priefer, 1989:; Zhang ef al, 1992; Hollings-
worth et al., 1994: Poole et al., 1994; Allaway
et al., 1996) and R. leguminosarum bv. phase-
oli CE 3, renamed R. etli (Noel, et al., 1986;
Cava et al, 1989; Diebold & Noel 1989; Carl-
son et al, 1995). Tnd mutants, deficient in
LPS, have also been obtained from R. legumi-
nosarum bv. trifolii (Brink et al,, 1990), Bra-
dyrhizobium japonicum (Stacey et al., 1991)
and from other rhizobia (Lopez-Lara et al,
1985).

Rhizobial lipopolysaccharides are composed
of lipid A, core oligosaccharide and O-chain
polysaccharide. All of them were detected in
various wild strains of rhizobia (Carlson et al.,
1992; 1997) but the detailed structure of O-
polysaccharide is known only for a few strains
(Wang & Hollingsworth, 1994; Gil-Serrano et
al., 1995). One of them is R. leguminosarum
bv. trifolit 24.1 whose O-polysaccharide struc-
ture is almost fully defined (Russa et al.,
1996). The strain 24.1 is an effective rhizobial
strain that harbors three plasmids of molecu-
lar size 180, 300 and 500 kb (Lorkiewicz et al.,
1993). It seemed interesting to obtain Ips
transposon mutants from this strain, espe
cially that such mutants isolated from R. legu-
minosarum bv. trifolii strains have been
rather poorly characterized in comparison
with the mutants from other biovars of R. le-
guminosarum (Brink et al., 1990; Breedveld et
al., 1993).

MATERIALS AND METHODS

Isolation of Tn5 mutants. R. leguminosa-
rum bv. trifolii 24.1 was randomly mutagen-
ized by transposition of Tn5. For this pur-
pose, the parent strain was crossed with
Escherichia coli S17.1 containing Tn5 on the
plasmid pSUP202.1 (donor cells). Tn5 carry-
ing transconjugants were selected on yeast-

mannitol medium 79CA (Vincent, 1970) sup-
plemented with neomycin (30 pg/ml) and ri-
fampicin (40 zg/ml) (Simon et al., 1986).

Characteristics of Tn5 mutants. Colony
morphology mutants were identified visually
on yeast-mannitol medium T9CA. For further
studies morphologically changed colonies
(with wvisually altered slime, less glossy,
or/and smaller) were chosen. The autoagglu-
tination in 79CA medium was determined af-
ter 24 h of growth. The growth rate was meas-
ured as changes in Aggp after 24 h of growth.
The mutanis’ motility was estimated on T9CA
plates containing 0.3% agar (Priefer, 1989).
Sensitivities of parent and mutant strains to
SDS (0.005-0.02%), sodium deoxycholate
(DOC) (0.005-0.1%), Triton X-100 (0.005-
0.02%), crystal violet (0.007-0.01%) and
Congo red (0.05%) were compared by evaluat-
ing the growth of colonies on 79CA agar
plates supplemented with proper concentra-
tion of these compounds (de Maagd et al,
1989).

Plant test. Nodulation and nitrogen-fixing
ability of bacterial strains were tested on Tri-
folium pratense cv. Hruszowska. Seeds were
surface sterilized with 0.2% HgCly and 75%
ethanol and germinated in the dark. Seed-
lings were then transferred onto nitrogen-free
salt medium (Vincent, 1970), inoculated with
bacteria, and cultivated for 5 weeks at 10/14
h dark/light period. Symbiotic properties
were estimated by the nodulation rate and
mass of green part of plants.

DNA analysis. DNA preparations of the
parent strain and its mutants were isolated by
the modified Eckhardt’s method (Eckhardt,
1978) and electrophoresed in 0.7% agarose
gel. Hybridization experiments were carried
out with Southern blots using 32p Jabelled
pSUP202.1 as a probe (Sambrook et al,
1989).

LPS analysis. The bacteria grew at 26°C
for 5 days on T9CA agar plates. Lipopolysac-
charides were isolated from cells with 45% hot
phenol/water and purified by repeated ultra-
centifugation at 105000 X g (Westphal &
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Jann, 1965). Polyacrylamide gel electrophore-
sis (PAGE) was performed with deoxycholate
as a detergent (Krauss et al, 1988). The gels
were silver-stained according to Tsai &
Frasch (1982). Sugar composition of the LPS
samples was determined according to Russa
et al. (1996).

RESULTS AND DISCUSSION

Isolation and characteristics of Tn5 mutant

Selection of Rhizobium mutants with al-
tered lipopolysaccharides is difficult due to
lack of a direct selection method. Such types
of mutants were selected after Tnb mutagene-
sis from among numerous screened kanamy-
cin resistant colonies, basing on colony mor-
phology (Priefer, 1989) or due to their altered
reactions with antibodies (de Maagd et
al.,1989), and from among clones defective in
symbiotic properties (Noel et al., 1986; Cava
et al, 1989). Tn5 mutants with altered lipo-
polysaccharide structure, isolated from differ-
ent R. leguminosarum strains usually showed
various simultaneously changed properties
when compared with wild type strains. Such
mutants formed mostly rough or less glossy
colonies, showed a tendency to autoaggluti-
nate in liqguid media and lost their motility
(Noel et al.,1986; Cava et al, 1989; de Maagd
et al., 1989; Priefer, 1989; Brink et al.,,1990;
Rae et al, 1991; Poole et al., 1994). R. legumi-
nosarum bv. trifolii Tn5 mutants with reduced
LPS structure grew at slower rate in liquid
media than the wild type strain (Brink et
al.,1990).

Taking these data into consideration we
tried to find lipopolysaccharide mutants of R.
leguminosarum bv. trifolii 24.1 from among
Tnb clones showing changes in the following
properties: colony morphology, growth ratio
in liquid media, defects in motility, and sym-
biotic efficiency. Strain 24.1 was mutagenized
with Tnb in a series of matings with E. coli
S17.1 pSUP202.1 as a donor strain. Antibi-

otic resistant colonies were obtained with a
frequency of 10-%:307" per recipient. From
among the total number of several hundred
clones those showing changed colony mor-
phology (visually decreased slime production
or less glossy colonies) were chosen for fur-
ther characterization. As reference strains
the wild type 24.1 as well as the earlier iso-
lated 24.12 Tn5 mutant with reduced amount
of O-polysaccharide in its LPS (Glowacka et
al, 1996) were used. None of the mutants
formed rough colonies but all of them showed
a tendency to autoagglutinate in yeast-man-
nitol medium (Table 1). All strains were mo-
tile in 0.3% agar, but the zone diameter was
much smaller in the case of mutant 24.10.
The strain 24.12, known to be lipopolysaccha-
ride deficient, formed a lot of slime, was mo-
tile in 0.3% agar and its growth rate was much
lower in comparison with parent strain 24.1.
Lipopolysaccharide defective mutants of R.
leguminosarum showed also increased suscep-
tibility to dyes and surface active agents,
which probably result from changes in the
outer membrane organization (de Maagd et
al., 1989). Tnd mutants isolated from strain
24.1 were also tested for sensitivity to DOC,
SDS, Triton X-100, crystal violet and Congo
red. Only mutant 24.12 did not grow on T9CA
agar plates supplemented with 0.01% SDS
and 0.01% Triton X-100, while other mutants
were not more sensitive than strain 24.1.
Symbiotic properties of mutants were com-
pared with those of the parent strain 24.1 in
tube test with T. pratense as a host plant.
None of the known K. leguminosarum Tnb
mutants with defective LPS could establish
normal effective nodules. In the case of R. le-
guminosarum forming indeterminate nodules,
their Tn5 mutants with defective LPS pro-
duced mostly non-effective nodules with none
or very low nitrogenase activity (Priefer,
1989; Poole et al., 1994; de Maagd et al., 1989;
Brink et al., 1990; Peroito et al.,, 1994). Moreo-
ver, some delay in nodulation was also ob-
served (Brink et al., 1990) as well as produc-
tion of abortive nodules evidenced as small
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Table 1. Characteristics of R. leguminosarum bv. trifolii 24.1 transposon mutants.

Growth rate expressed in Asg, and intensity of precipitation determined after 24 h in yeast mannitol medium.
Agsg at 0 time was 0.02-0.04 in all cases. Motility measured in the same medium containing 0.3% agar.

Average nodule

zones in mm) % waiks (mg)

24.1 0.195 . 30 Nod'Fix' 6.2 143.2

24.12 0.070 + 28 Nod™ - 345
24.9 0.190 t4 30 Nod Fix" 2.5 111.0°
24.10 0.071 i 9.5 Nod'Fix' 3.2 72.3°
24.11 0.187 e 22.5 Nod'Fix' 2.7 66.5
24.14 0.214 4 28 Nod Fix' 3.6 101.8"°
24.16 0.145 e 25 Nod Fix~ 7.0 134.3

24.22 0.135 ++ 26.5 Nod Fix~ 6.5 136.1

24.25 0.135 ++ 20 Nod™ - 3.3
24.62 0.215 +4 27.5 Nod Fix’ 4.4 7.3
2465 0.060 +4 20 Nod™ B 23.2"
24.71 0.132 +4 27 Nod Fix~ 4.3 103.4"

*Difference from the control plants at P < 0.05 (Student’s ¢ test.

tissue proliferations (Perotto et al,, 1994). In
our studies potential nodulation was pre-
sented as the average number of nodules two
weeks after infection. Symbiotic efficiency
was measured as the yield of green mass of
plants. As can be seen from Table 1 the mu-
tants 24.12, 24.25 and 24.65 were unable to
nodulate and the average green mass of
plants infected with these strains reached
only about 30% of the average green mass of
plants infected with the parental strain 24.1.
Other mutants produced fewer nodules after
two weeks than 24.1 (except 24.16 and 24.22),
but the nodules were effective. Average green
masses of plants infected with mutants 24.9,
24,10, 24.11, 24.14, 24.62, 24.71 were signifi-
cantly different from those of plants inocu-
lated with the parent strain, which seemed to
point to decreased a symbiotic efficiency.
None of the Tn5 mutants tested showed all
the characteristics that had been observed
earlier in LPS mutants of R. leguminosarum
but neither did the mutant 24.12 defective in

LPS. The clone designated 24.10 possessed
most of the changed properties. The mutant
24.65 grew poorly in liquid medium reaching
Agsp of 0.06 after 24 h similarly as 24.12 and
24.10. Nonnodulating clones 24.12, 24.25,
24.656 and also 24.10 were chosen for further
characterization. Agarose gel electrophoresis
showed that nonnodulating strains were de-
prived of the smallest plasmid designated
pSym in 24.1 strain (Lorkiewicz et al, 1993).
Hybridization with Tn5 as a probe demon-
strated that the transposon was localized on
two nonsymbiotic plasmids (300 and 500 kb)
in mutant 24.10 and on one nonsymbiotic
plasmid (300 kb) in mutant 24.12 (Fig.1). The
mechanism of genetic control of lipopolysac-
charide synthesis is not known in detail yet,
but the genes involved are localized on non-
symbiotic plasmids in different strains. It has
been also suggested that the Ipsf region is
highly conserved in plasmids of R. legumino-
sarum and R. etli (Hynes & McGregor, 1990;
Garcia et al, 1996; Brom et al, 1992). Most
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Figure 1. A. Agarose gel electrophoresis of plasmid DNA in strains of R. leguminosarum bv. trifolii.
B. Southern blot hybridized with **Plabeled probe of pSUP202.1.

Lane 1, 24.1: lane 2, 24.25; lane 3, 24.65; lane 4, 24.10; lane 5, 24.12. Sizes of plasmids were described according to

Lorkiewicz ef al. (1993).

probably the presence of a symbiotic plasmid
is not essential for LPS biosynthesis. The Tnd
mutant defective in LPS was isolated from R.
leguminosarum biovar trifolii strain cured of
pSym (RBL5515). This mutant remained non-
nodulating even when pSym (pRLJI) was re-
introduced into it. When pSym was reintro-
duced into nonmutagenized RBL 5515 strain
formation of nitrogen fixing nodules (Breed-
veld et al., 1993) was induced.

Characterization of lipopolysaccharides

In the next step of investigations lipopoly-
saccharides of chosen mutants were charac-
terized by PAGE/DOC and chemical analysis.
LPS preparations of strain 24.1 and mutants
24.9, 24.10, 24.12, 24.14, 24.25, 24.65, 24.71
were separated by PAGE/DOC and visualized
by silver staining (Krauss et al., 1988; Tsai &
Frasch, 1982). Two forms of rhizobial lipo-
polysaccharides are visualized by this proce-
dure: LPS I, a high molecular form containing
lipid A, core and O-polysaccharide, and LPS
II, a fast migrating oligosaccharide composed

of lipid A and core only. From among LPSs
tested that of the mutant 24.12 was appar-
ently different from that of the parent strain.
This mutant was believed to be completely de-
prived of O-gide chains in LPS (Glowacka et
al., 1996) but in further experiments a poorly
visible band migrating slower than that of
LPS II was observed when an excess of the
LPS preparation was loaded on PAGE/DOC.
However, LPS Il was the main compound of
this LPS preparation visible on polyacrylam-
ide gel (Fig. 2). Additionally, it seems that the
core of LPS of 24.12 is different from that of
the parental strain, because in PAGE/DOC
analysis LPS II migrated faster than in strain
24.1 and its other derivatives (Fig. 2). Sugar
composition of LPS preparations was ana-
lysed additionally by GC-MS (Table 2). All
preparations isolated using the phenol/water
method (Westphal & Jann, 1965) contained
quite large amounts of glucose which sug-
gested contamination with exopolysaccharide
(EPS) or glucans. An extremely high content
of glucose (about 60 mol %) EPS was found in
24.12 LPS. Two, independently isolated, LPS
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Table 2. Sugar composition of LPS preparations in mol %.

All LPS preparations were carboxy-reduced with natrium borodeuteride according to Russa et al. (1996). The con-
tents of Gal and GalA as well as Glc and GlcA were calculated from the peak areas at 289 m/z and 291 m/%z, respec-
tively. The content of GleN and GleMA was calculated from the areas at 145 mz and 146 m/z, respectively.

Strain
Componenl =
24.1 24.12 2410 24,65 24.25 249 24.71
6-Decxy-L-talose 9.3 1.0 8.53 9.20 17.22 10.46 8.65
L-Rhamnose 172 1.7 19.65 20,00 18,92 21.25 18.43
2,3 Di-O-methylgalactose 1.6 0.3 1.27 1.31 3.31 1.32 1.18
Quinovosamine 14 0.4 1.28 231 1.46 1.15 1.54
-Mannose 5.2 0.4 3.70 5.4 B.49 3.09 4.27
D-Glucose 17.95 56.91 22.60 18.72 8.57 24.77 22.53
D-Glucuronic acid 0.46 16.69 3.38 0 0.58 0 1.30
D-Gralactose 6.01 5.80 11.13 T.29 10.02 13.71 4.49
nGalacturonic acid 11.49 5.80 12.06 11.90 10.02 5.87 10.49
3-Deoxy-2-heptulosaric acid 6.8 0.4 5.14 6.53 nd 7.84 5.89
D-GGlucosamine 0.76 2.65 341 2.84 3.49 248 2.52
-Glucosaminic acid 0.64 2.65 1.84 2.41 a4.79 1.26 2.06
D-Galactosamine ndd nd 0.80 0.68 nd nd nd
Heploze nd 1.0 nd nd nd nd nd
2-Keto-3-deoxyoctonate 4.3 3.4 4.0 7.25 .37 4.47 4.83
nd, not detected
preparations from this strain were analyzed
(not shown). In both preparations, a small
amount (0.48-1.7 mol %) of rhamnose was
also detected. In one preparation traces of 6-
deoxy-I-talose and 3-deoxy-2-heptulosamic
LPS1 acid were also present (1.0 and 0.4 mol %, re-
spectively). These results indicate that in the
strain 24.12 the amount of O-polysaccharide
in LPS was strongly reduced. D-Glucosamine
was accompanied by a similar amount of D-gl-
ucosaminic acid pointing to lipid A as an ori-
LPS I gin of both these compounds (Bhat et al.,
1994). The ratio of rhamnose (component of

1 2 3 45

Figure 2. Electrophoretic migration patterns of
LPS from R. leguminosarum bv. trifolii 24.1 and
its mutants obtained in PAGE/DOC and silver
staining.

Lane 1, 24.25; lane 2, 24.65; lane 3, 24.10; lane 4,
24.12; lane 5 24.1.

O-side chain) and GleN+GleNA (derived from
lipid A) in strain 24.12 was less than 1 (0.32
and 0.15 in the first and second preparation,
respectively). These results confirmed the
data from PAGE showing that, in this strain,
LPS II is the main component of LPS prepa-
ration. This LPS preparation contained 1.0
mol % of heptose, a component not found in
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other preparations. It had been earlier ob-
served that in some nonnodulating deriva-
tives of strain 24.1 the lipopolysaccharides
are rich in heptose (Lorkiewicz et al, 1993).
Strain 24,12 produced a lot of EPS unlike
most known R. leguminosarum Tnb Ips mu-
tants. However, in one of the mutants,
RBL5515 Ips336 production of a normal
amount of EPS was observed (Breedveld et
al., 1993). It should be concluded that, in R.
leguminosarum biovar trifolii, defects in lipo-
polysaccharide are not always correlated with
rough colony morphology and/or other prop-
erties discussed in this paper.

Components different from those of the wild
type strain were not detected in the analyzed
lipopolysaccharides. Their basic composition
did not show significant differences irrespec-
tively of additional characteristics suggesting
the presence of LPS defects (24.10) or pSym
absence (24.25, 24.65). However, all of the
mutant strains produced LPSs which proba-
bly contained a diminished proportion of com-
ponents in their O-polysaccharide parts. Ra-
tios of rhamnose to glucosaminetgluco-
saminic acid were 2.59 (strain 24.25) — 5.18
{strain 24.9), while the ratio in 24.1 LPS
preparations was about 12.

Experiments on a non symbiotic plasmid for
identifying a region carrying the Tn5 inser-
tion in the 24.12 strain, as well as investiga-
tion on detailed structure of its LPS will be
continued.

We would like to thank Prof. R. Russa and
Dr. T. Urbanik-Sypniewska for helpful discus-
sion. We also acknowledge technical assis-
tance of Ms M. Szlachetka.
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