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Short Communication

Properties of a Bacteriolytic Activity from an Oral
Gram-Positive Clinical Isolate
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The aim of this study was to characterise an oral bacterial isolate possessing extracellular bacteriolytic activity and
to determine the basic properties of this activity. The lytic strain L1 was a gram-positive pleomorphic rod that grew
only under anaerobic conditions. Glucose and raffinose were fermented whereas catalase and urease were not
produced. The activity spectrum of a crude lytic fraction was restricted to strains of Actinomyces naeslundii and
Actinomyces viscosus. On the basis of its molecular weight (>30 kDa) as well as sensitivity to heat and trypsin, the
factor(s) has a proteinaceous component. The activity was highly sensitive to EDTA suggesting that cations may be
essential for optimal activity. Sulfhydryl groups are also of major importance in the lytic process as activity was
highly stimulated by dithiothreitol and inhibited by p-chloromercuriphenylsuifonic acid. Strain L1 was found to
grow on a solid basal medium containing heat-killed A. naeslundii cells, and suggests a physiological role for the
bacteriolytic activity. The bacteriolytic activity demonstrated in the present study may constitute a selective

advantage for establishment of the bacteria in a complex ecosystem like the oral cavity.
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INTRODUCTION

The oral cavity is a complex ecosystem populated
by more than 250 different bacterial species.* Be-
cause of the high competition for essential nutri-
ents and space in this microenvironment, some
bacterial species have evolved different strategies
to persist or become predominant in the oral
f:cosystem.|2 Indeed, the ability of bacteria to
secrete growth inhibitory substances such as
hydrogen peroxide and bacteriocins, or to produce
enzymes effective in lysing bacterial cells can con-
fer selective advantages. The theory of bacterial
interference is based on such mechanisms and has
been considered to prevent or cure oral bacterial
disease caused by bacteria.’

Very few studies have reported on the production
of bacteriolytic activities by oral bacteria. The
isolation of a number of bacteria possessing extra-
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cellular lytic activity against Streptococcus sanguis
has been previously reported.'” These isolates,
identified as Streptococcus mutans, were not active
on all strains of S. sanguis or on other species of
Streptococcus.> More recently, Pompei et al.'®
showed that among human viridans group strepto-
cocci only the nutritionally variant streptococci,
which are thiol-dependent bacteria, secrete enzymes
with bacteriolytic activity on cells of Micrococcus
luteus. Finally, a recent report by Grenier® brought
evidence suggesting that lysis of oral bacteria may
also occur via the action of various types of proteo-
lytic enzymes. While studying bacteriocinogenicity
of oral microorganisms, a bacterial isolate (L1)
obtained from a subgingival plaque sample demon-
strated a capacity to lyse cells of Actinomyces naes-
lundii grown on solid plates. The aim of this study
was to characterise this isolate and to determine the
basic properties of the lytic activity.
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MATERIALS AND METHODS

Bacteria and growth conditions

The lytic strain L1 was originally isolated from a
subgingival plaque sample of a patient with no
clinical signs of periodontal disease. It represented
approximately 5 per cent of the total cultivable
bacteria (data not shown). This bacterial isolate
was routinely cultivated in Trypticase Soy (TS)
(BBL Microbiology Systems, Cockeysville, MD)
broth or on TS agar plates at 37°C in an anaerobic
chamber (N,:H,:CO,/80:10:10). Test bacteria
used to determine bacteriolytic activity were: A.
naeslundii 85-1, 87-2, 13A3, AT3, ACHI, ADO3,
ATI1, AT4, ADI, AJL3, AJL4, ABI, ASi, ATHOLI
and ATHO?2, Actinomyces viscosus 542, AFI,
AF2, AFRAI, ADO1, ACH2 and AJL1, Actino-
myces odontolyticus AFRACO1, AS2 and XX.110,
Staphylococcus aureus INA, S. mutans ATCC
10449 and INB, Streptococcus mitis StB1, Lacto-
bacillus spp. LaBl and LaCl, Veillonella spp.
VeA2, Micrococcus luteus ATCC 4698, Eubacter-
ium saburreum 162-4, Treponema denticola ATCC
35405, Porphyromonas gingivalis ATCC 33277,
Capnocytophaga ochracea 1956c, Prevotella
loescheii ATCC 15930 and Prevotella intermedia
BMH. T. denticola were grown in the spirochete
medium described by Leschine and Canale-
Parola,'' whereas the other bacteria were culti-
vated in Brain Heart Infusion broth (BBL
Microbiology Systems) supplemented with hemin
(10 pg/ml) and vitamin K; (1 pg/ml). All cultures
were incubated under anaerobiosis (except for
M. luteus in aerobiosis) at 37°C until the stationary
growth phase was reached.

Characterisation of strain L1

The lytic strain L1 was first tested for Gram
stain reaction and examined by phase contrast
microscopy. Strain L1 was then evaluated for (i)
growth in the absence and presence of oxygen; (ii)
production of catalase, oxidase and urease; and
(iii) fermentation of glucose, raffinose, mannitol
and xylose, as outlined in the VPI Anaerobe
Laboratory Manual.® Finally, the strain L1 was
characterised using the An-IDENT system (API
Laboratory Products Ltd, St-Laurent, QC).

Determination of bacteriolytic activity

The lytic strain L1 was grown on TS agar plates
for 3d in the anaerobic chamber. Bacteria were
removed from the surface of the agar using a glass
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rod, and the plates were stored at —80°C for
3h. The plates were allowed to defrost at room
temperature and the supernatant was collected.
Remaining bacterial cells in the supernatant were
removed by centrifugation (8000 g for 20 min).
The cell-free culture fluid was concentrated 7-5
fold by freeze drying. This crude lytic fraction was
kept at — 20°C until used. The test bacteria were
grown for 3 d in appropriate liquid culture media,
the cells were harvested by centrifugation and
suspended in 50 mM phosphate-buffered saline
pH 7-2 (PBS) to obtain an OD,=0-25 after a 1:10
dilution. The assay mixture consisted of 250 pl of
bacterial cells, 250 pl of PBS supplemented with
dithiothreitol (0, 6, 24 and 45 mM), 150 ul of
distilled water and 100 pul of the crude lytic frac-
tion. The initial ODgq, was recorded and the assay
mixture was then incubated aerobically at 37°C for
2 h. A second reading of the ODgq, was obtained
and the decrease was used to calculate the percent-
age of lysis. In one experiment, the time course of
lysis of cells of A. naeslundii 85-1 by the crude lytic
fraction was determined by measuring decrease in
ODyg, after 5, 10, 15, 30, 60 and 120 min of
incubation.

Characterisation of the Iytic activity

Characterisation of the lytic activity was done
using A. naeslundii 85-1 cells as the test bactena.
The effect of pH on activity of the lytic fraction
was determined by performing the assay using the
following buffers supplemented with 0-15 M NaCl
and 45 mM dithiothreitol: 50 mM citrate buffer
(pH 3, 4 and 5), 50 mM phosphate buffer (pH 6
and 7), SO mM Tris hydrochloride buffer (pH 8
and 9) and 50 mM carbonate buffer (pH 10, 11 and
12). The effect of heating on bacteriolytic activity
was measured by treatment of the lytic fraction for
30 min at the following temperatures: 50, 60 and
75°C. The susceptibility of the lytic activity to
proteolytic degradation was also tested by adding
bovine pancreatic trypsin to the fraction at a final
concentration of 1 mg/ml. After an incubation of
1 h at 37°C, the bacteriolytic activity of the treated
fraction was measured. Effect of putative inhibi-
tors (NaCl [0-5M], EDTA [10 mM], iodoaceta-
mide [20 mM] and p-chloromercuriphenylsulfonic
acid [20 mM)]) on bacteriolytic activity was deter-
mined by adding the compounds in the reaction
mixture. Finally, the lytic fraction was submitted
to ultrafiltration using Ultrafree-MC filter units
(Millipore Ltd, ON; nominal molecular weight
limit [NMWL}=30 and 100kDa), and the
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bacteriolytic activity of both the ultrafiltrate and
the retentate was determined. All the above assays
were run in duplicate to ensure reproducibility.

Effect of A. naeslundii cells on growth of strain L1

The growth of the lytic strain L1 was evaluated
on a solid basal salt medium containing (i) 0-25 per
cent K,;HPO,, 0-5 per cent NaCl and 1-7 per cent
agar, and (i) the above ingredients as well as 5 per
cent (v/v) washed A. naeslundii 851 whole cells
(heat-killed cell suspension at ODgg=1 after a
1:10 dilution). The strain L1 was spot-inoculated
(5 pl of a 24-h preculture) and growth was evalu-
ated after a 5-d incubation period at 37°C in the
anaerobic chamber. This experiment was per-
formed three times using different preparations of
cells of A. naeslundii 85-1.

RESULTS AND DISCUSSION

The lytic strain L1 was a gram-positive non-motile
bacterium. By phase contrast microscopy, the bac-
teria appeared as pleomorphic rods which tend to
form large aggregates. The bacteria could not grow
in the presence of air and did not produce catalase,
oxidase and urease. Glucose and raffinose were
fermented whereas mannitol and xylose were
not. Using the commercial identification strip
An-IDENT, the bacterium was found to possess
a and B-glucosidase, a-galactosidase, as well as
leucine-, proline-, tyrosine-, arginine-, alanine-,
phenylalanine- and glycine-aminopeptidase. Tak-
ing into consideration the above gprope:rties as well
as previously published studies,”!° the strain L1
may represent a member of the genus Actinomyces.
However, additional characterisation studies in-
volving serological and DNA analyses are required
to reliably assign this isolate in the Actinomyces
genus.

As our preliminary experiments indicated that
the bacteriolytic activity of strain L1 was released
extracellularly and produced in a lesser amount in
liquid broth, an active fraction was prepared from
solid culture plates. The crude fraction was then
used to characterise the lytic activity on cells of
strain 4. naeslundii 85-1. The lysis curve corre-
sponding to the decrease in ODgg, as a function of
incubation time is presented in Figure 1. In the
presence of dithiothreitol at a final concentration
of 15 mM, almost complete lysis of A. naeslundii
cells occurred within 60 min of incubation under
the assay performed. A control assay indicated
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Figure 1. Time course of lysis of A. naeslundii 85-1 cells by the
crude fraction prepared from strain L1. @, assay carried out in
absence of dithiothreitol; BJ. assay carried out in presence of
15 mM dithiothreitol; (], assay carried with boiled crude lytic
fraction, in presence of 15 mM dithiothreitol

that dithiothreitol had no lytic effect on the test
bacteria. No significant bacteriolytic activity could
be detected in the absence of dithiothreitol or using
a boiled fraction. A 50 per cent lysis of 4. naeslun-
dii cells was still obtained when the final concen-
tration of dithiothreitol was lowered to 2 mM,
whereas B-mercaptoethanol (15 mM), another re-
ducing agent, demonstrated a stimulatory effect
similar to dithiothreitol (data not shown). The lytic
activity was not affected within the pH range of 6
to 10. Fifty per cent activity was still obtained at
pH 5 and pH 11, whereas no activity was detected
at pH<4 and >12.

Basic properties of the bacteriolytic activity of
the crude fraction on cells of A. naeslundii are
summarised in Table 1. The activity was not
affected by sodium chloride whereas a significant
inhibition was obtained in the presence of either
EDTA or sulfhydryl-reacting compounds (iodo-
acetamide and p-chloromercuriphenylsulfonic
acid). The activity of the crude lytic fraction was
found to be heat-sensitive, being completely de-
stroyed following a treatment at 75°C for 30 min.
Treatment of the fraction with trypsin was also
associated to a significant loss (70 per cent) of
activity. The lytic fraction was submitted to ultra-
filtration to approximate the molecular weight of
the active factor(s). The activity could not pass
through a filter with NMWL of 30 kDa. However,
almost complete activity could be recovered in the
ultrafiltrate obtained using a filter with NMWL of
100 kDa.



338

Table 1. Effect of various putative inhibitors and treat-
ments on bacteriolytic activity of the crude fraction
prepared from strain LI

Relative
lytic activity*
Inhibitor or treatment )
Control 100
Inhibitor
Sodium chloride (0-5 M) 98
EDTA (10 mM) 6
Iodoacetamide (20 mM) 12
p-chloromercuriphenylsulfonic acid
(20 mM) 18
Treatment
Trypsin (1 mg/ml; 1 h at 37°C) 10
50°C/min 95
60°C/min 50
75°C/min 0
Ultrafiltrate (NMWL =30 kDa) 0
Ultrafiltrate (NMWL =100 kDa) 90

*Lytic activity in cells of A. naeslundii 85-1.

Twenty-seven bacterial strains were tested in
the liquid assay for their susceptibility to the
action of the lytic fraction (Table 2). All seven
strains of A. viscosus as well as five out of 15
strains of A. naeslundii were lysed to various
extents. The three strains of 4. odontolyticus were
not affected. All the other bacteria under investi-
gation including gram-positive and gram-negative
species were not susceptible to the bacteriolytic
activity of the crude fraction. As the lytic activity
is restricted to some strains of the Actinomyces
genus, it would be interesting to verify whether
there is any relationship between susceptibility
and serological type or cell wall composition of
bacteria.

The physiological importance of the bacterio-
lytic activity of strain L1 was preliminarily inves-
tigated. The lytic strain L1 could grow (confluent
growth at the site of inoculation) on a solid basal
salt medium containing heat-killed A. naeslundii
85-1 cells as sole carbon and nitrogen sources. No
growth occurred on this medium in the absence
of A. naeslundii 85-1 cells. Similar results were
obtained in three separate experiments.

The ability of bacteria to produce bacteriolytic
enzymes, also called peptidoglycan hydrolases, is
well known.”'*!> More particularly, these en-
zymes are thought to play key roles in cellular
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Table 2. Lysis of bacteria by the crude fraction prepared
from strain LI

Relative
lytic activity*

Bacteria (%)
A. naeslundii 85-1 100
A. naeslundii 87-2 82
A. naeslundii AT3 74
A. naeslundii ACHI 43
A. naeslundii ADQ3 32
A. naeslundii 13A3, ATI1, AT4, ADI,

AJL3, AJL4, ABI, AS1, ATHOI

and ATHO2 0
A. viscosus AF1 94
A. viscosus 54-2 92
A. viscosus AF2 73
A. viscosus AFRAI 66
A. viscosus ADOI1 63
A. viscosus ACH2 37
A. viscosus AJLI 29
A. odontolyticus AFRACOI1, AS2 and

XX.110 0
S. aureus INA 0
S. mutans 10449 and INB 0
S. mitis StB1 0
Lactobacillus spp. LaB1 and LaCl 0
V. spp. VeA2 0
M. luteus ATCC 4698 0
E. saburreum 162-4 . 0
7. denticola ATCC 35405 0
P. gingivalis ATCC 33277 0
C. ochracea 1956¢ 0
P. loescheit ATCC 15930 0
P. intermedia BMH 0

*Activity against cells of A. naeslundii 85-1 set at 100.

physiology, and recent evidence suggest their
importance as determinants of the course of infec-
tions.” The fact that several biological activities,
including a pyrogenic effect, have been demon-
strated in cell wall fragments generated by bac-
teriolytic enzymes implies that they may also
be important in immunologically-mediated dis-
eases.®' To our knowledge, bacteriolytic activities
demonstrated and characterised in oral bacteria
have been restricted to streptococci.!*!?

In the present study, we have demonstrated that
a gram-positive oral isolate (L1), which may be
closely related to the genus Actinomyces, produces
an extracellular bacteriolytic activity. The activity
spectrum of strain L1 was very limited since only
some strains of 4. naeslundii and A. viscosus were
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susceptible. On the basis of its molecular weight
(>30kDa) as well as sensitivity to heat and
trypsin, the factor(s) has a proteinaceous compo-
nent. The activity was highly sensitive to EDTA
suggesting that cations may be essential for opti-
mal activity. Sulfhydryl groups are also likely to be
of major importance in the lytic process as activity
was highly stimulated by dithiothreito] and inhib-
ited by p-chloromercuriphenylsulfonic acid and
iodoacetamide. The bacteriolytic activity of strain
L1 may give a selective advantage for establish-
ment of the bacteria in the oral cavity and thus be
a factor contributing to the ecology of dental
plaque. Firstly, lysis of oral bacteria may provide
space in a heavily populated environment. This
would allow the producing-bacteria to colonise
oral surfaces. Secondly, results from this study
demonstrate that lysis of bacteria by strain LI is
associated with a growth stimulation, suggesting
that it is able to utilise the bacterial cellular
components as sources of carbon and nitrogen for
its multiplication. This is particularly important
in the oral ecosystem where bacteria, because of
their high numbers, have to compete for essential
nutrients. '
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