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The formation of nitrogen-fixing plant–bacterial
associations is known to be mediated by plant aggluti-
nins (lectins). There is increasing evidence that bacte-
rial lectins may also play a role in this process, provid-
ing, like the agglutinins of pathogenic bacteria, for the
attachment of bacterial cells to the host plant roots [1–4].
The findings that the lectins of pseudomonads, azospi-
rilla, and rhizobia can influence the activity of lytic
enzymes, including their own [5, 6], suggest that the
lectins of soil bacteria may also perform some other
functions.

The aim of the present work was to study the effect
of the 

 

Rhizobium

 

 

 

leguminosarum

 

 252

 

 agglutinins on the
activity of some hydrolytic and respiratory enzymes of
plant cells.

MATERIALS AND METHODS

 

Rhizobium

 

 

 

leguminosarum

 

 bv. 

 

viciae

 

 strain 252 was
obtained from the collection of rhizobia at the All-Rus-
sia Research Institute of Agricultural Microbiology in
Pushkin, St. Petersburg.

Agglutinins were stripped from the surface of

 

R. leguminosarum

 

 252 cells as described earlier [7].
For enzyme assay, the cut roots (0.5 g) of four-day-

old seedlings of the pea cultivar Uladovskii yubileinyi
were placed in a 5 mM solution of 

 

CaCl

 

2

 

 and incubated
at 

 

18–20°C

 

 for 1 h to repair root damage. After being
washed with distilled water, the roots were incubated in
a solution of rhizobial agglutinins for 1 h (the optimum
values of agglutinin concentration and incubation time
were chosen experimentally). Then the roots were
again washed with distilled water and used for the prep-
aration of root extracts to assay enzymatic activities.

Root extract for the determination of proteolytic and

 

β

 

-glucosidase activities was prepared as follows:

washed roots were ground in cold 0.2 M acetate buffer
(pH 5.0) and centrifuged at 1400 

 

g

 

 for 10 min.

Proteolytic activity was measured by the method of
Preston and Kruger [8]. Root extract (0.1 ml) was
mixed with the equal volume of acetate buffer and 0.05 ml
of a freshly prepared solution of hemoglobin (10 mg/ml)
and incubated at 

 

30°C

 

 for 2 h. The reaction was stopped
by the addition of 0.25 ml 20% trichloroacetic acid
(TCA). The same amount of TCA was added to the
control reaction mixture before its incubation. The con-
centration of amino acids and peptides nonprecipitated
with 20% TCA was determined with the ninhydrin
reagent. A calibration curve was constructed using ala-
nine as the standard. Specific proteolytic activity was
defined as the amount of amino acids and nonprecipita-
ble peptides (expressed in mg of alanine) formed in min
per mg protein.

 

β

 

-Glucosidase (EC 3.2.1.21) was assayed by the
method of Ki-Sun Kwon 

 

et al.

 

 [9]. Root extract (0.1 ml)
was mixed with 0.4 ml of a substrate solution (2 mM

 

p

 

-nitrophenyl-

 

β

 

-

 

D-glucopyranoside in 50 mM acetate
buffer with pH 5.0) and incubated at 

 

55°C

 

 for 30 min.
The reaction was stopped by adding 1 ml of 1 M

 

Na

 

2

 

CO

 

3

 

. One unit of enzymatic activity was defined as
the amount of enzyme producing 1 mmol of 

 

p

 

-nitrophe-
nol in min per mg protein. The absorbance of 

 

p

 

-nitro-
phenol was measured at 420 nm with an SF-26 spectro-
photometer (LOMO, Russia).

Root extract for the assay of malate dehydrogenase
(MDH, EC 1.1.1.37) and NADH dehydrogenase (EC
1.6.1.1) was prepared as follows. Cut and washed pea
seedling roots (0.5 g) were homogenized in 1 ml of a
mixture containing equal volumes of 2% 

 

K

 

2

 

CO

 

3

 

 and
0.2% 

 

Na

 

2

 

S

 

2

 

O

 

5

 

. The homogenate was centrifuged at
5000 

 

g

 

 for 10 min and the resultant supernatant was
concentrated by adding an amount of dry Sephadex
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G-250 (fine). After 10-min incubation, the swollen
Sephadex was removed by centrifugation.

MDH was assayed by a modified method of
Sal’kova [10]. The measuring cuvette contained 1 ml of
0.1 M Tris–HCl buffer (pH 7.2), 0.2 ml of 0.27%

 

MnSO

 

4

 

, 0.6 ml 0.2% malate, 0.2 ml of root extract,
0.2 ml of 0.089% NADP

 

+

 

, and 0.3 ml of 

 

H

 

2

 

O

 

. The ref-
erence cuvette contained an additional 0.2 ml of water
instead of the root extract. The concentration of
NADPH was determined by measuring the absorbance
of the reaction mixture at 340 nm 1, 2, and 3 min after
the initiation of the reaction. Enzymatic activity was
calculated by the formula:

 

 

 

where 

 

A

 

 is the activity of MDH; 

 

D

 

1

 

 is the initial absor-
bance; 

 

D

 

2

 

 is the final absorbance; 

 

∆

 

t

 

 is the time interval
between the absorbance measurements; 

 

V

 

 is the volume
of the root extract in the reaction mixture measured in
ml; and 

 

H

 

 is the amount of the added protein measured
in mg. The specific activity of MDH was expressed in
OD units/(min mg protein).

The activity of NADH dehydrogenase was deter-
mined from the reduction rate of the artificial electron
acceptor 2,6-dichlorophenolindophenol (DPIP) [11].
The measuring cuvette contained 2 ml of 50 mM phos-
phate buffer (pH 7.5), 0.5 ml of 0.04 mM DPIP, 0.2 ml
of root extract, and 0.1 ml of 0.1 M NADH. The refer-
ence cuvette contained 0.2 ml of distilled water instead
of the root extract. The absorbance of DPIP was mea-
sured at 600 nm. Enzymatic activity was calculated by
the formula:

 

 

 

where 

 

∆

 

E

 

600

 

 is the absorbance of DPIP measured at
600 nm; 21 is the coefficient of the molar extinction of
DPIP measured in 

 

µ

 

M

 

–1

 

; 

 

∆

 

t

 

 is the time interval mea-
sured in min; 3 is the total volume of the reaction mix-
ture in ml; and 

 

H

 

 is the amount of the added protein
measured in mg. The specific activity of NADH dehy-
drogenase was expressed in OD units/(min mg protein).

The activities of succinate dehydrogenase (SDH,
EC 1.3.99.1) and lactate dehydrogenase (LDH, EC
1.1.1.27) were determined from the reduction of almost
colorless 2,3,5-triphenyltetrazolium chloride (TPT) to
red-colored triphenylformazan [12]. Cut and washed
pea seedling roots (0.5 g) were thoroughly ground in
2.5 ml of cold 0.1 M phosphate buffer (pH 7.8), and the
root homogenate was placed in experimental and con-
trol test tubes in 1-ml amounts. Enzymatic substrate
(either succinate or lactate) was added to the experi-
mental tube in the form of a mixture (0.2 ml) of equal
volumes of 0.2 M substrate and 1% TPT. The equiva-
lent volume (0.2 ml) of phosphate buffer (pH 7.8) was
added to the control tube. The tubes were evacuated
with a vacuum pump and incubated at 

 

20–22°C 

 

in the

A
D2 D1–( )V

∆tH
----------------------------= ,

A 3
∆E600

∆tH21
----------------,=

 

dark for 1.5 h. Then the triphenylformazan formed was
dissolved by adding an ethanol–acetic acid mixture
(19 : 1, v/v). The absorbance of triphenylformazan was
measured at 496 nm. The specific activities of SDH and
LDH were expressed as mmol formazan/(min mg protein).

Protein was quantified by the Bradford method [13].
The results obtained were statistically processed using
Student’s 

 

t

 

-test [14].

RESULTS AND DISCUSSION

 

R

 

. 

 

leguminosarum

 

 252

 

 cells contain two surface
agglutinins, 

 

R

 

1

 

 and 

 

R

 

2

 

 [7]. The involvement of these
agglutinins in the attachment of rhizobial cells to pea
roots and the existence of agglutinin-specific receptors
on the root surface [3, 7] allowed us to assume that
rhizobial agglutinins play a role in the formation of
legume–rhizobial associations.

The close symbiosis of rhizobia with plant roots
suggests that rhizobial cells may penetrate into plant
cells. This process is associated with the partial lysis of
the cell wall of the legume root hairs due to the action
of the hydrolytic enzymes of the plant [15] and, proba-
bly, of the rhizobia. Electron microscopic studies
showed that the infected root hairs have zones of the
cell wall hydrolysis with attached rhizobial cells [16].
Many rhizobial strains were shown to exhibit activities
of a number of hydrolytic enzymes [17, 18]. As was
shown earlier [6], 

 

R

 

. 

 

leguminosarum

 

 252

 

 cells possess
proteolytic and pectinolytic activities, as well as the
activities of acid and alkaline phosphatases and 

 

β

 

-glu-
cosidase. Of interest is the fact that the rhizobial agglu-
tinins 

 

R

 

1

 

 and 

 

R

 

2

 

 partially inhibit the activity of rhizobial

 

β

 

-glucosidase, pectinase, and acid and alkaline phos-
phatases and completely suppress the proteolytic activ-
ity of rhizobia.

We assumed that rhizobial agglutinins may also
affect the hydrolytic enzymes of host plants and
attempted to verify this assumption by investigating the
effect of these agglutinins on the 

 

β

 

-glucosidase and
proteolytic activities of pea seedling roots.

Experiments showed that the incubation of the
rhizobial agglutinins 

 

R

 

1

 

 and 

 

R

 

2

 

 (2.5 

 

µ

 

g/ml) with the pea
seedling roots for 1 h led to an increase in the 

 

β

 

-glucosi-
dase activity of the roots by 1.7–2 times (Table 1). The
incubation of the pea seedling roots with the higher
concentration of these agglutinins (5 

 

µ

 

g/ml) increased
the proteolytic activity of the roots by 1.7–1.8 times
(Table 1).

At present, there is no generally accepted mecha-
nism of the action of lectins on enzymes. Taking into
account the hypothesis that bacterial lectins cofunction
with lytic enzymes [5], we may assume that, due to
their carbohydrate-binding capacity, the 

 

R. legumi-
nosarum

 

 252 agglutinins bind to the active center of
such enzymes, thus causing conformational changes
leading to an increase in the affinity of these enzymes
for their substrates and, hence, in the catalytic activity.
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Alternatively, bacterial agglutinins may influence the
synthesis of hydrolytic enzymes.

Increasing the activity of the hydrolytic enzymes of
root cells, rhizobial agglutinins may enhance the degra-
dation of the main structural components of the cell
wall of the root cells and thus promote the penetration
of rhizobial cells to the root tissues and, hence, the for-
mation of nitrogen-fixing bacterial–plant associations.

The legume–rhizobial symbiosis suggests the func-
tional interaction of symbionts. Earlier, we found that
rhizobial agglutinins interact with the membrane pro-
teins of the pea seedling roots [7] and assumed that the
agglutinins may affect the functional state of the cyto-
plasmic membrane of the host plants. This state can be
characterized by the activity of some primary mem-
brane-bound respiratory enzymes, such as the dehydro-
genases of malate, lactate, succinate, and NADH [19].

The measurement of these activities in the pea seed-
ling root extracts showed that both rhizobial aggluti-
nins, 

 

R

 

1

 

 and 

 

R

 

2

 

, influenced little the activity of malate,
lactate, and NADH dehydrogenases but increased the
activity of the succinate dehydrogenase of the roots by
3.3 times (agglutinin 

 

R

 

1

 

) and 1.7 times (agglutinin 

 

R

 

2

 

)
(Table 2). These data suggest that the functional activ-
ity of plant mitochondria may also be enhanced, since
succinate dehydrogenase is the only enzyme of the tri-
carboxylic acid cycle that is built in the internal mito-
chondrial membrane [20].

The data presented imply that the surface aggluti-
nins of 

 

R

 

. 

 

leguminosarum 252 may function not only as

adhesins, but also as modifiers of various enzymes in
bacterial and plant cells.
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