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Plant receptors for bacterial lectins and the role of
these lectins in the early stages of bacterial cell attach-
ment to plant cells have thus far been investigated
insufficiently. Our recent studies showed that the pro-
tein and carbohydrate components of wheat roots may
serve as receptors for the lectins of soil nitrogen-fixing
bacilli [1, 2] and that the protein components of pea
roots may serve as receptors for rhizobial agglutinins
[3]. At the same time, very little information is available
as to the role of the carbohydrate components of plant
roots in their interaction with bacterial lectins possess-
ing enzymatic activity and the formation of nitrogen-
fixing associations.

The aim of this work was to study the interaction of
the surface agglutinins of 

 

Rhizobium leguminosarum

 

 bv.

 

viciae

 

 252 with the carbohydrate components of pea roots
and the effect of this interaction on the enzymatic (

 

β

 

-glu-
cosidase and proteolytic) activity of the agglutinins.

MATERIALS AND METHODS

Experiments were carried out with the parent strain

 

Rhizobium leguminosarum

 

 bv. 

 

viciae

 

 252, obtained
from the collection of rhizobia at the All-Russia
Research Institute of Agricultural Microbiology in
St. Petersburg–Pushkin, and its nitrosoguanidine-
derived mutant strain 

 

Rh. leguminosarum

 

 bv. 

 

viciae

 

252/7, deficient in hemagglutinating activity [5].
The strains were grown in a liquid synthetic medium

at 

 

28

 

°

 

C

 

 for three days [4].
Surface agglutinating and nonagglutinating proteins

were prepared as described previously [3].
Exopolysaccharide (EPS) and lipopolysaccharide

(LPS) were prepared from the cells of strain 252 [6].

Root exocomponents were prepared from the roots
of 4-day-old seedlings of the pea cultivar Uladovskii
yubileinyi. Pea beans were germinated aseptically in
sterile distilled water. The carbohydrate fraction of the
exocomponents was prepared by removing proteins
with 40% trichloroacetic acid. The carbohydrate con-
tent of this fraction was determined with the phenol–
sulfuric acid reagent [7].

The preparation of rhizobial agglutinins (20 

 

µ

 

g/ml)
was incubated with the preparations of root carbohy-
drates, EPS, and LPS (1%) at 

 

28

 

°

 

C

 

 for 30 min. The
preparations were mixed at a volume ratio of 1 : 1.

The hemagglutinating activity of proteins was deter-
mined by using a 2% suspension of trypsinized rabbit
erythrocytes.

 

β

 

-Glucosidase activity was assayed as described by
Kwon 

 

et al.

 

 [8]. One unit of this activity was defined as
the amount of 

 

p

 

-nitrophenol (mmol) produced in 1 min
per milligram protein.

Proteolytic activity was assayed as described by
Preston 

 

et al.

 

 [9]. One unit of this activity was defined
as the amount of alanine (mg) produced in 1 min per
1 mg protein.

The experimental data were statistically processed
as described by Oivin [10].

RESULTS AND DISCUSSION

Our recent studies showed that two agglutinins (

 

R

 

1

 

and R

 

2

 

) of 

 

Rh. leguminosarum

 

 bv. 

 

viciae

 

 252 are non-
fibrillar glycoproteins that are distributed uniformly
over the surface of bacterial cells [3] and have an affin-
ity for autogenous exopolysaccharide and lipopolysac-
charide [11]. Some microbial lectins possess not only
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hemagglutinating but also enzymatic activity. These are
the toxins of enteropathogenic bacteria [12–14], as well
as the nontoxic lectins of bacilli [15, 16].

The surface agglutinins 

 

R

 

1

 

 and 

 

R

 

2

 

 of 

 

Rh. legumi-
nosarum

 

 bv. 

 

viciae

 

 252 were also found to possess both
hemagglutinating and enzymatic activities (

 

β

 

-glucosi-
dase and proteolytic) (Table 1). The 

 

β

 

-glucosidase

activity of the nonagglutinating proteins  and  of
the mutant strain 252/7 was, respectively, 1.9 and 4.4
times higher than that of R

 

1

 

 and R

 

2

 

, whereas the pro-

teolytic activity of was the same and that of  was
2.7 times lower than in the case of R

 

1

 

 and R

 

2

 

.

These data suggest that there might be a relationship
between the hemagglutinating and enzymatic activities
of the R

 

1

 

 and R

 

2

 

 lectins. In a recent work [16], such a
relationship was studied by inhibiting the hemaggluti-
nating activity of bacillar lectins with specific carbohy-
drates. Similar experiments performed in this study
showed that the incubation of the R

 

1

 

 agglutinin with
EPS diminished its 

 

β

 

-glucosidase activity from 0.15 to
0.12 mmol/(min mg protein), whereas the 

 

β

 

-glucosi-
dase activity of the R

 

2

 

 agglutinin increased in this case
from 0.05 to 0.08 mmol/(min mg protein) (Tables 1, 2).
The incubation of the R

 

1

 

 and R

 

2

 

 agglutinins with LPS
augmented their 

 

β

 

-glucosidase activity from 0.15 to
0.21 and from 0.05 to 0.11 mmol/(min mg protein), i.e.,

R1' R2'

R1' R2'

 

by 1.4 and 2.2 times, respectively. Unlike the 

 

β

 

-glucosi-
dase activity, the proteolytic activity of R

 

1

 

 and R

 

2

 

 incu-
bated with EPS and LPS decreased in all cases, the
decrease varying from 1.3 to 2.6 times (Tables 1, 2).

These data suggest that the rhizobial lectins may
have two active centers, one being responsible for
hemagglutinating activity and the other being responsi-
ble for enzymatic activity. The blocking of the hemag-
glutinating centers of the lectins by the polysaccharides
obviously leads to conformational alterations in their
enzymatic centers, which may either increase or
decrease the enzymatic activity of the lectins. Previ-
ously, similar suggestions have been made with respect
to bacillar lectins [16], the 

 

α

 

-galactosidase of 

 

Cepha-
losporium acremonium

 

 [17], and the 

 

α

 

-mannanase of

 

Rhodococcus erythropolis

 

 [18].

The agglutinins of 

 

Rh. leguminosarum

 

 bv. 

 

viciae

 

252 may act as adhesins during the formation of
legume–rhizobial symbiosis [5]. The specific contacts
between the carbohydrate components of roots and
microbial receptors occur in the carbohydrate-contain-
ing mucigel that covers root hairs [19, 20]. It can be
suggested that the interaction of rhizobial agglutinins
with some carbohydrates in the mucigel may change
the enzymatic activity of the agglutinins.

To prove this suggestion, we studied the effect of the
exocomponents of pea seedling roots on the enzymatic
activity of the rhizobial agglutinins. In [11], we showed
that these exocomponents contain glucosamine (52%),
uronic acids (8%), and neutral sugars (9% glucose, 4%
galactose, 2% mannose, and approximately 0.5% each
arabinose, fucose, rhamnose, and ribose).

The incubation of the R

 

1

 

 and R

 

2

 

 agglutinins of

 

Rh. leguminosarum

 

 bv. 

 

viciae

 

 252 (agglutination titer
1 : 4) with the exocomponents of pea roots subjected to
hydrolysis did not affect the hemagglutinating activity
of the agglutinins, which is in agreement with our ear-
lier finding that the specific carbohydrate receptors for
microbial agglutinins are complex rather than simple
sugars [11]. At the same time, the incubation of R

 

1

 

 and
R

 

2

 

 with the unhydrolyzed root exocomponents aug-
mented the 

 

β

 

-glucosidase activity of R

 

1

 

 and R

 

2

 

 by 1.3
and 1.4 times, respectively (Tables 1, 2). In contrast, the
proteolytic activity of the R

 

1

 

 and R

 

2

 

 agglutinins
decreased in the presence of the root exocomponents by
1.4 and 1.9 times, respectively. Consequently, the car-

 

Table 1. 

 

 The enzymatic activity of agglutinins from the parent strain 

 

Rh. leguminosarum

 

 bv. 

 

viciae

 

 252 and its agglutination
mutant 252/7

 

Enzymatic activity

 

R. leguminosarum 

 

252

 

M

 

 

 

±

 

 

 

m
R. leguminosarum

 

 252/7

 

M

 

 

 

±

 

 

 

m P

 

Proteolytic activity, mg
alanine/(min mg protein)

R

 

1

 

0.038 

 

±

 

 0.004 0.038 

 

±

 

 0.008 <0.1

R

 

2

 

0.062 

 

±

 

 0.008 0.023 

 

±

 

 0.0001 <0.001

 

β

 

-Glucosidase,
mmol/(min mg protein)

R

 

1

 

0.150 

 

±

 

 0.0005 0.280 

 

±

 

 0.002 <0.01

R

 

2

 

0.050 

 

±

 

 0.003 0.220 

 

±

 

 0.020 <0.01

R1'

R2'

R1'

R2'

 

Table 2. 

 

 The effect of EPS, LPS, and root exocomponents
(RECs) on the enzymatic activity of agglutinins from Rh. le-
guminosarum bv. viciae 252

Agglutinins
and carbohydrate 

receptors

Proteolytic activity, 
mg alanine/(min mg 

protein)

β-Glucosidase, 
mmol/(min mg

protein)

R1 + EPS 0.023 ± 0.003 0.120 ± 0.001

R2 + EPS 0.048 ± 0.010 0.080 ± 0.002

R1 + LPS 0.025 ± 0.003 0.210 ± 0.002

R2 + LPS 0.024 ± 0.002 0.110 ± 0.002

R1 + RECs 0.027 ± 0.003 0.200 ± 0.0001

R2 + RECs 0.032 ± 0.005 0.070 ± 0.0010

Note: EPS and LPS are autoglycoreceptors. RECs are exogenous
glycoreceptors. P < 0.05 relative to the control (R1 and R2
without carbohydrates).
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bohydrate fraction of the exocomponents probably con-
tains haptens specific for R1 and R2. Similar results
were obtained earlier during the study of the interaction
of lectins from nitrogen-fixing bacilli with the carbohy-
drate fraction of wheat root exocomponents [2].

The β-glucosidase and proteolytic activities of
rhizobial agglutinins, together with their adhesive prop-
erties [5], allow the suggestion to be made that these
agglutinins are essential in establishing the symbiosis
between nitrogen-fixing bacteria and higher plants.
Due to their affinity for carbohydrates, rhizobial agglu-
tinins can recognize respective receptors in the mucigel
of root hairs. The interaction of the agglutinins with the
receptors blocks the agglutinating center, which alters
the conformation of the agglutinins and changes their
enzymatic activities (in particular, increases β-glucosi-
dase activity). It would be tempting to suggest that the
increased β-glucosidase activity of rhizobial aggluti-
nins enhances the degradation of the polysaccharide
complexes of plant cell walls, thus promoting the pen-
etration of rhizobial cells into plant roots and the forma-
tion of plant–rhizobial symbiosis.
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