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Abstract—The activities of a-glucosidase, 3-glucosidase, and (3-galactosidase were studied during the isola-
tion and purification of lectins from Azospirillum brasilense Sp7 and Azospirillum lipoferum 59b cells. These
enzymatic activities were revealed in crude extracts of surface proteins, protein fraction precipitated with
ammonium sulfate or ethanol—acetone mixture, and protein fraction obtained by gel filtration on Sephadex
G-75. Thedistribution of the enzymes between different protein fractions varied for the azospirillastudied. The
cofunction of the A. brasilense Sp7 lectin and -gal actosidase on the cell surfaceis assumed. A strong interac-
tion between the A. lipoferum 59b lectin and glucosidases was revealed. The lectin from A. lipoferum 59b may

possess saccharolytic activity.
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Azospirilla, widespread soil rhizosphere bacteria,
are known to occur in the cortex of grass roots [1-3].
The inoculation of various cereals with these bacteria
wasfound toincreasethe crop yield [4, 5]. The capacity
of azospirilla for nitrogen fixation and production of
plant hormones[6, 7] appeared to be responsiblefor the
increase in the grassyield [8].

The hypothesis that the penetration of Azospirillum
cellsinto theroot cortex initiated the studies of bacteria—
root associations. The penetration of bacteria into the
root cortex occurs through mechanically injured zones.
This process can be facilitated by bacteria polysaccha
ride-modifying enzymes. The binding of various
enzymes to immobilized or free lectins were described
[9, 10]. At the sametime, the so-called hemaggl utinating
enzymes, which possess both enzymatic and hemagglu-
tinating activities, are known [11, 12].

In view of the foregoing, we suggested that the lec-
tins of azospirilla either possess hydrolytic activity or
may be associated with some hydrolytic enzymes.

MATERIALS AND METHODS

The type strain Azospirillum brasilense Sp7 was
obtained from the Institute of Microbiology, Russian
Academy of Sciences (Moscow); the strain A. lipof-
erum 59b (B-1519) was obtained from the All-Russia
Collection of Microorganisms, and the strain
A. brasilense Sp7.2.3 with eliminated lectin activity
was derived from the strain A. brasilense Sp7 by trans-
poson mutagenesis [13]. Azospirillawere grown in the

synthetic medium described by Sadasivan and Neyra
[14] at 37°C for 18 h.

The agglutinating activity of cellswas assayed using
a 2% suspension of trypsin- treated rabbit erythrocytes
[15].

Lectins were isolated from the cell surface by the
Echdat method [16].

Proteins were purified by gel filtration on a column
(30 x 2.2 cm) with Sephadex G-75 (40-120 um) using
0.1 M CH3COOH (pH 4.8) and or a buffer containing
0.15 M NaCl (pH 7.0) as eluents. The elution was car-
ried out at arate of 1.5 ml/min. The absorbance of the
eluate was recorded at 278 nm using a Uvicord Sl|
monitor (LKB).

o-Glucosidase, B-glucosidase, and (-galactosidase
were assayed by measuring the amount of nitrophenol
formed from 4-nitrophenyl-a-D-glucopyranoside,
4-nitrophenyl-B-D-glucopyranoside, and 4-nitrophe-
nyl-B3-D-galactopyranoside, respectively [17]. The
amount of the nitrophenol produced was determined
spectrophotometrically at 425 nm. One unit of enzy-
matic activity was defined as the amount of enzyme
required for the hydrolysis of 1 umol of substrate per
1min a pH 4.6 a 37°C. The specific activity of
enzymes was expressed as units/mg protein.

The results were statistically processed in terms of
Studentist-test statistics [18].
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Fig. 1. (8 Lectin (A) and hydrolytic (B) moieties of the
same molecule and (b) functionally related lectin (A) and
hydrolytic enzyme (B) on the cell surface.

RESULTS AND DISCUSSION

According to Gilboa-Garber and Garber [19], the
main function of lectinsin microorganisms, plants, and
animals is their cofunction with hydrolytic enzymes.
Lectins recognize carbohydrate-containing receptors,
attach to them, and induce hydrolytic activities. In this
case, there are two possibilities: either the lectin mole-
cule contains a moiety with an enzymatic activity (see
Fig. 1a) or the lectin and enzymatic activities belong to
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different molecules, which, because of their close spa-
tial arrangement on the membrane, may cofunction (see
Fig. 1b).

To clear up the lectin interrelations with a-glucosi-
dase, B-glucosidase, and B-galactosidase, it was neces-
sary to determine whether or not hemaggl utinating and
enzymatic activities are linked during the isolation of
lectins from the cell surface, how do these activities
change as the lectins are purified, and whether or not
the lectins possess enzymatic activity.

The isolation and purification of lectins were per-
formed in severa steps. At the first stage, the crude
extract of cell-surface proteins was obtained. At the
second stage, proteins were precipitated by two meth-
ods: (1) with ammonium sulfate at 55% saturation; and
(2) with a mixture of ethanol and acetone in aratio of
1: 1. Atthefinal stage, proteinswere purified by gel fil-
tration.

The crude extracts of the cell-surface proteins of
A. brasilense Sp7 and A. lipoferum 59b possessed all
three enzymatic activities. 3-Gal actosidase activity pre-
vailed in the extracts of both species, being an order of
magnitude lower in the extract of A. lipoferum 59b cells
(see table). Changes in 3-galactosidase activity during
lectin purification were different for the two species
studied. In the case of A. brasilense Sp7, the specific
B-galactosidase activity increased as lectins were puri-
fied, to be aimost 2.5-fold higher in the preparation
obtained by gel filtration on Sephadex G-75 than in the
crude extract. By contrast, the activity of the A. lipof-
erum 59b -gal actosidase decreased by 1.6 times at the

a-Glucosidase, B-glucosidase, and 3-galactosidase activities of protein fractions during the isolation and purification of lec-

tins from azospirilla

i . : . i . : : [-Galactosidase,
a-Glucosidase, units/mg protein | 3-Glucosidase, units/mg protein units'mg protein
Purification step ; A. lipo- : A. lipo- ; A. lipo-
A. brasilense ferum A. brasilense ferum A. brasilense ferum
Sp7 Sp7.2.3 59b Sp7 Sp7.2.3 59b Sp7 Sp7.23 | 59
Crude extract of cell- 6.1+04 |8.0+04 |200+£0.01| 70+03 |{42+04|28+0.1(321+23(30.2+1.1149+0.1
surface proteins
Precipitation with:
Ammonium sulfate  |1.50+ 0.07|8.3+ 0.4 |8.10+0.02| 26+0.1 |1.4+0.1{14.2+0.2/35.0+ 1.2/46.0+ 2.0/4.7 + 0.8
Ethanol—acetone 22+0.1 |54+06 |3.30£0.05/3.70£0.02/| 35+ 0.1| 6.3+0.1/42.1+2.1|31.3+3.03.5+ 0.1
mixture
Gel filtration on
Sephadex G-75:
Fraction precipitated | 23+0.1 [20+0.1 |11.7+ 2.0 |1.24+0.10, 1.0+ 0.1|15.7 + 0.1/66.3 + 3.3]45.2+ 4.4(48+ 1.0
with ammonium
sulfate
Fraction precipitated | 1.0+ 0.1 |0.5+0.01|13.1+ 2.5 |0.44+0.02| 1.5+ 0.2|14.0+£ 0.1{76.0+ 6.2|57.0+ 2.5(3.0+ 0.1
with ethanol—acetone
mixture

Note: Data are the means of five replicated measurements followed by the standard deviations from the means.
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INVESTIGATION OF THE RELATIONSHIP BETWEEN

final stage of lectin purification. The activities of a- and
B-glucosidasesin the crude extracts of cell-surface pro-
teinsfrom A. brasilense Sp7 cellswere almost the same
and considerably higher than in the case of A. lipoferum
59b (see table). As lectins were purified, glucosidase
activities either decreased (A. bradlense Sp7) or
increased (A. lipoferum 59b).

Earlier, we described the A. brasilense Sp7.2.3
mutant lacking lectin activity [13]. In spite of the
absence of thisactivity, mutant cells werefound to con-
tain lectin molecules on their surface, which had the
same molecular mass and carbohydrate specificity asin
the case of the parent cells but lacked the ability to
interact with lectin-specific antibodies.

As can be seen from the table, the tendenciesin the
enzymatic activities during the isolation and purifica-
tion of lectins from the cell surface of the parent and
mutant cells were similar: the activity of B-galactosi-
daseincreased and that of both glucosidases decreased.
No enzymatic activities were revedled in the lectin
preparation of A. brasilese Sp7 subjected to additional
purification by electrophoresis (data hot presented). At
the same time, the electrophoresis of the protein frac-
tions obtained by precipitation with ammonium sulfate
or solvent mixture showed the presence of proteinswith
different molecular masses, which exhibited a-, 3-glu-
cosidase and 3-galactosidase activities.

Thus, the lectin isolated from A. brasilese Sp7 cells
exhibited no activities of a-glucosidase, 3-glucosidase,
and [3-galactosidase. However, the results presented
indicate that this lectin may cofunction, to a greater or
lesser degree, with these enzymes. The A. brasilense
Sp7 lectin is most closely associated with B-galactosi-
dase, probably because of the close arrangement of
these proteins on the cell surface or due to the lectin
specificity for D-galactose[20]. Thelectin activity of A.
lipoferum 59b isrelated to a- and 3-glucosidases more
closely than to B-galactosidase. This may be indicative
of the functioning of lectin—enzyme complexes or of
the glucosidase activity of the A. lipoferum 59b lectin.
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