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ABSTRACT

The action of hen egg-white lysozyme on three isomeric trisaccharides,
p-nitrophenyl tri-N-acetylchitotrioside (1), p-nitrophenyl O-(2-acetamido-2-deoxy-
f-p-glucopyranosyl)-(1 »4)- O-(2-acetamido- 2 -deoxy-f-D-glucopyranosyl)- (1 —6)-2-
acetamido-2-deoxy-f-D-glucopyranoside (2), and p-nitrophenyl O-(2-acetamido-2-
deoxy-fB-D-glucopyranosyl)-{1 — 3)- O-(2-acetamido-2-deoxy- f-D-glucopyranosyl)-
(1—>6)-2-acetamido-2-deoxy-p-D-glucopyranoside (3), was investigated. These three
compounds exhibited the same inhibitory effect on the lysozyme-catalyzed hydro-
lysis of Micrococcus lysodeikticus cell walls. In addition, 2 and 3 were siowly
hydrolyzed by the enzyme with a marked lag period. This suggests that the lysozyme
specificity, closely associated with the conformation of the enzyme active site, can
vary extensively.

INTRODUCTION

In the kinetic studies of hen egg-white lysozyme (EC 3.2.1.17), polysaccharides
(peptidoglycan of Micrococcus lysodeikticus cell walls, chitin or its derivatives) and
oligosaccharides or their glycosides, that contain f-(1-—4)-2-acetamido-2-deoxy-
D-glucopyranosyl or alternating f-(1-—4)-2-acetamido-2-deoxy-D-glucopyranosyl and
B-(1—+4)-2-acetamido-3- O-(p- 1-carboxyethyl)-2- deoxy-D-glucopyranosyl repeating
units are widely used as substrates or competitive inhibitors (for reviews, see Refs. 1
and 2). There is limited information3—> about the action of lysozyme on substrates
containing another type of glycosidic linkages between 2-acetamido-2-deoxy-D-glucose
residues. In order to obtain fuither information on the specificily requirements of
the enzyme, we investigated the action of lysozyme on three isomeric trisaccharides,
Dp-nitrophenyl tri-N-acetyl-S-chitotrioside (1), p-nitrophenyl O-(2-acetamido-2-deoxy-
B-D-glucopyranosyl)-(1—4)- O-(2-acetamido-2-deoxy-S-p-glucopyranosyl) - (1 —+6)-2-
acetamido-2-deoxy-f-D-glucopyranoside (2), and p-nitrophenyl O-(2-acetamido-2-
deoxy-f-D-glucopyranosyl)-(1-—3)- O-(2-acetamido-2-deoxy- f-D-glucopyranosyl)-
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(1—6)-2-acetamido-2-deoxy-$-D-glucopyranoside (3). Compounds 1-3 exhibited
the same affinity to the active site of lysozyme and all three were hydrolyzed slowly.
These results suggest that there is no strict specificity of lysozyme for the (1 —»4)-posi-
tion of 2-acetamido-2-deoxy-f-D-glucopyranoside bonds between monosaccharide
units in substrates.

EXPERIMENTAL

Hen egg-white lysozyme was prepared and purified as reported by Fevold and
Alderton®. Compound 1, m.p. 238-241° (dec.), [¢]3° —24° (¢ 0.4, water), was synthe-
sized after the method of Osawa and Nakazawa?. Compound 2, m.p. 239-241° (dec.),
[«]3% —47° (c 1.0, water), and compound 3, m.p. 209-210° (dec.), []3° +8° (¢ 0.2,
water), were synthesized according to Zurabyan et al.8-°. Di-N-acetylchitobiose (4)
and tetra-N-acetylchitotetraose (5) were isolated by gel chromatography®. Bacterial
cell walls of M. lysodeikticus were prepared and purified according to Litwack and
Pramer'!.

The affinity of compounds 1-3 for the active site of the enzyme was measured
by determination of their inhibitory action on the lysis of M. lysodeikticus cell walls.
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The enzymic hydrolysis was performed in 66mM phosphate buffer, pH 6.20, in the
presence of toluene. Other reaction conditions are given in the legends to the Figures.
The rate of cell-wall lysis in the absence and in the presence of compounds 1-3 was
determined by the light-scattering method'?. Enzymic hydrolysis of compounds 2
and 3 in the same buffer solution was followed by spectrophotometric determination
at 400 nm ' 3of the p-nitrophenol released in the reaction mixture. ’

No liberation of p-nitrophenol from 1-3 in buffer solution during 10 days at
37° was observed. The activity of lysozyme, as controlled by the light-scattering
method'? was constant under the incubation conditions.

RESULTS AND DISCUSSION
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Fig. 1. Inhibition of lysis of M. Iysodeikticus cell walls (161.5 ug/ml) by lysozyme (3.85 ug/ml) in
66mMm phosphate buffer, pH 6.20, at 25°. Compound 1 1, compound 2 X, compound 3 O, and
compound 4 A. ko (obs) and k, (obs) are the rate constants in the absence and in the presence
of the inhibitors, respectively.

Fig. 1 shows the dependence of lysozyme inhibition on the concentration of
compounds 1-4. The linear character of this dependence indicates that the inhibition
is competitive. The [I)5, values and K; values calculated from the ratio K;= K] x
[flso < [I}50~* are given in Table 1.

Table T shows the similar affinity of 1-3 for the active site of lysozyme. The
TABLEI

INHIBITION BY OLIGOSACCHARIDES OF LYSOZYME ACTION ON M. lysodeikticus CELL WALLS

Oligosaccharides ; [so % 103M K x 10°M
Compound 1 0.25 0.9
Compound 2 04 1.5
Compound 3 0.4 1.5
Di-N-acetylchitobiose (4) 5.0 18.0¢

aThe K; value for 4 is taken for its K, valuel4.

Carbohyd. Res., 21 (1972) 269-273



272 A. YA. KHORLIN, E. A. SHASHKOVA, S. E. ZURABYAN

inhibitory activity of the low molecular-weight substrates and inhibitors (oligosac-
charides or their glycosides) is most probably determined by formation of nonpro-
ductive complexes. In the lysozyme-tri-N-acetylchitotriose complex, the monosac-
charide units occupy the strong binding subsites A, B, and C of the active site>.
A similar structure can be assigned to the nonproductive complex lysozyme-com-
pound 1 in which 2-acetamido-2-deoxy-D-glucose residues occupy the subsites A, B
and C, and the planar nitrophenyl group is located on the subsite D. Because of the
structural and conformational differences between the trisaccharides, an identical
binding of these compounds to the active site must be excluded. To explain the strong
inhibitory activity of 2 and 3, it is necessary to assume that attachment of these
substances to the active site occurs in a somewhat unusual manner (¢f. Refs. 16 and
17). It cannot be excluded that this binding can modify the cenformation of the
active site in enzyme—inhibitor complexes.
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Fig. 2. Kinetics of p-nitrophenol liberation in the lysozyme-catalyzed hydrolysis of compounds 2
and 3. Reaction conditions: 66mM phosphate buffer, pH 6.20, 37°, {S]p 1.29mM, and [E]p 5.0 mg/ml.
Compourd 2 A, compound 3 O, and compound 2 in the presence of 23% of tetrasaccharide 5 [J.

Osawa and Nakazawa’ have reported the hydrolysis of 1 by lysozyme. The
kinetics of p-nitrophenol accumulation during the lysozyme-catalyzed hydrolysis of
the isomeric trisaccharides 2 and 3 is shown in Fig. 2. It is noteworthy that the kinetics
of p-nitrophenol liberation during the hydrolysis of 2 and 3 differs from that” of 1
by having a marked lag period. This seems to indicate that in the early stages of the
hydrolysis of 2 and 3 a direct cleavage gives shorter saccharides, followed by trans-
glycosylation. The resulting higher molecular-weight p-nitrophenyl glycosides liberate
p-nitrophenol at a faster rate than do the starting trisaccharides. This hypothesis is
confirmed by the identification of higher oligosaccharides in the incubation mixture
of 2 (¢f. Ref. 12) as well as by a marked decrease of the lag period of p-nitrophenol
liberation in the enzyme hydrolysis of 2 in the presence of tetra-N-acetylchitotetraose.

Thus, it can be concluded that lysozyme specificity, closely associated with the
conformation of the enzyme active-site, can vary extensively.
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