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Abstract

Background: Since bactericidal properties of some lyso-
zymes are independent of their glycosidase activity, we
have investigated this phenomenon for destabilase-ly-
sozyme (DL) from medicinal leech (Hirudo medicinalis).
Methods: Glycosidase activity was determined on Mi-
crococcus luteus, non-enzymatic antibacterial activity of
heat-treated DL and of synthetic peptides a1, a2 and a3
(fragments of its primary structure) on M. luteus, Esch-
erichia coli, Bacillus brevis and Streptomyces chryso-
mallus. Results: Glycosidase activity disappeared after
the heating of native DL at 100°C for 40 min. Antibacte-
rial activity of heat-treated DL for M. luteus MDMSU 128
and MDMSU140 expressed as minimal inhibitory con-
centration was 9.8-10% and 12- 108 M, respectively, and
to E. coli MDMSUS52 11- 1078 M. Antibacterial activity of
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synthetic peptide a1 for M. luteus MDMSU128 and for
E. coli MDMSU52 was 8.3-107° and 4.9-107° M, respec-
tively. Conclusion: DL is the first invertebrate lysozyme
with combined enzymatic and non-enzymatic antibacte-
rial action.

Copyright © 2006 S. Karger AG, Basel

Introduction

Destabilase-lysozyme (DL) from medicinal leech (Hi-
rudo medicinalis) belongs to a new phylogenetic family
of invertebrate lysozymes; native and recombinant en-
zymes destroy cell walls of Micrococcus luteus [1]. Over
the last 10 years, some authors described bactericidal
properties of lysozymes that were independent of their
enzymatic activity. Non-enzymatic antibacterial func-
tion was found in chicken-, human- and T4-type lyso-
zymes and in their helical fragments; denatured lyso-
zymes lacking glycosidase activity are still able to inhibit
bacterial growth [2]. Since information on non-enzymat-
ic activity of invertebrate lysozymes is lacking, it was rel-
evant to analyze its existence in DL, a representative of
this type of lysozymes, and in some synthetic peptides,
the fragments of DL helical amphipathic regions.
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Fig. 1. Dependence of diameter (mm) of 10 ; . 10 ; .
inhibition zones of M. [uteus (a) and E. coli 1 2 3 4 5678910 1 2 3 4 5678910
(b) growth (Y-axis) on logarithm of dena- a DL concentration (log pg/ml) b DL concentration (log pug/ml)
tured DL concentration (pg/ml) (X-axis),
Chapek medium with 1.5% agar.

Materials and Methods

DL was prepared from the fine powder of dried medicinal leech
(H. medicinalis) using a previously described method [3]. Enzy-
matic lysozyme activity was determined by lysis of M. luteus cell
walls according to a previous study [1] and amounted to 18-10*
units/mg. Non-enzymatic antibacterial activity of DL was deter-
mined using an agar diffusion method [4] with respect to M. luteus
MDMSU128 and MDMSU140, and to Escherichia coli MD-
MSUS52. Antibacterial activity of DL and synthetic peptides was
determined in liquid medium [4] against the above-mentioned mi-
croorganisms and Bacillus brevis MDMSU3 and Streptomyces
chrysomallus MDMSU257. Antibacterial activity was expressed as
minimal inhibitory concentration (MIC). MIC is the minimal con-
centration suppressing the growth of tested microorganisms. All the
microorganisms used were from the Museum of Microorganisms,
Department of Microbiology, Moscow State University (MD-
MSU). Analysis of the primary DL structure [1] was performed on
the basis of [5].

Previously established methods were used for the calculation of
a-helical structure hydrophobicity. On the basis of these data, three
amphipathic peptides of 99% purity were synthesized in the Labo-
ratory of Peptide Chemistry, Institute of Bioorganic Chemistry,
Russian Academy of Sciences: a -HAYMDRYARRC (67-77 ami-
no acid residues of DL), a2-CQDYAKIH (85-92 amino acid resi-
dues of DL) and a3-YWDNVRRC (105-112 amino acid residues
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of DL). Chemicals of the highest available grade were purchased
from Sigma (Sheboygan Falls, Wisc., USA), Fluka (Buchs, Switzer-
land), Calbiochem (Nottingham, UK) and Reakhim (Moscow,
Russia).

Results and Discussion

Antimicrobial Activity of Heat-Treated DL

DL in 20 mM Tris-HCI buffer, pH 7.2 (protein con-
centration 0.08 mg/ml), was incubated at 100°C for 5-
50 min. Precipitated heat-denatured protein was removed
by centrifugation at 16,000 g for 15 min, and the re-
sidual glycosidase activity was determined. Heating for
5 min resulted in a 16% reduction in enzymatic activity,
increasing to 22% for 20 min. Total enzyme inactivation
was achieved after heating for 40 min at 100°C. Neither
10- nor 100-fold increases in the DL concentration nor
doubling of the incubation time resulted in the appear-
ance of residual enzymatic activity. Different amounts
of DL heated for 40 min at 100°C were deprived of gly-
cosidase activity, maintained homogeneity in PAGE and
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possessed antimicrobial (M. [uteus and E. coli) activity
(fig. 1). The logarithm of DL concentrations (pg/ml) is
proportional to the diameter (mm) of the zones of the
growth inhibition of the microorganisms tested, being
typical for different antibiotics [5]. MICs of heat-treated
DL were: 9.8-107% and 12108 M for M. luteus 128 and
140, respectively. The MIC for E. coli 52 was 11-1078 M.
Consequently, DL possessing enzymatic (glycosidase)
and non-enzymatic antibacterial activities may be a ‘mag-
ic bullet’ for pathogenic cells [6].

Antimicrobial Activities of Some Amphipathic

Peptides (Fragments of the DL Structure)

This activity was calculated as MIC of peptides inhib-
iting growth of some bacteria in solid and in liquid media.
DL fragment a2 was practically inactive, DL fragment o3
expressed antimicrobial activity (MIC = 0.18-107* M)
only for M. luteus 128 in liquid medium. DL fragment
al develops the effective antimicrobial activity in solid
and liquid cell media: its MICs were 8.3-107> and 3.5-
107% M for M. luteus 128, 4.9-107° and 2.0-107° M for
E. coli 52,9.1-107 and 1.1-10~> M for B. brevis 3 and
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1.40-10"* M and 2.1-107> M for S. chrysomallus 257, re-
spectively. The antimicrobial activity of DL peptide frag-
ment a1 is higher in liquid than in solid cell medium, but
it 1s much lower than the antimicrobial activity of the
whole DL molecule. Ibrahim et al. [2] have demonstrated
that the non-enzymatic antibacterial activity of verte-
brate chicken-type lysozymes is provided by a main pro-
tein fragment, a helix-loop-helix peptide repertoire acting
separately or in concert. In most cases, this repertoire
showed much more potent antibacterial activity than the
single a-helix peptides. Apparently, non-enzymatic anti-
bacterial activity of invertebrate DL lacking the helix-
loop-helix peptide is also provided, not by the single a1-
helix peptide but by peptide fragments acting in concert,
which differ from those of chicken-type lysozymes.
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