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NATURAL ISOLATE ENTEROCOCCUS FAECALIS BGPM3 PRODUCES AN INDUCIBLE
EXTRACELLULAR PROTEINASE

D. FIRA, M. KOJIC, IVANA STRAHINIC, SLAVICA ARSENIJEVIC,| ANA BANINA] and L. TOPISIROVIC

Institute of Molecular Genetics and Genetic Engineering, 11001 Belgrade, Yugoslavia.

Abstract - Enterococcus faecalis BGPM3 produces a proteinase that hydrolyses total casein as well as asi., p-, and
k—casein fractions. This protéinase was also able to hydrolyse gelatine, but not denatured bovine serum albumin and
haemoglobin. The optimal pH of casein hydrolysis was 6.5 (determined at 30° C). Maximum caseinolytic activity was
obtained at 37° C. The presence of proteolytic activity in cell-free supernatant strongly indicated that E. faecalis
BGPM3 produces strictly extracellular proteinase. Proteinase production occurred through the growth cycle reaching
a maximum at stationary phase. Pretreatment of the BGPM3 proteinase with metal jon chelators resulted in a total
loss of proteolytic activity. Restoration of activity (75%) was obtained only with Zn * suggesting that the BGPM3
proteinase is zinc-metalloenzyme. Cu”" even in the presence of Zn** inhibited proteolytic activity. It seems that
production of proteinase is induced by oligopeptides (casitone), since 10-fold higher proteolytic activity was obtained
in the cell-free supernatant prepared from the cultures containing casitone. The molecular mass determination

revealed that extracellular BGPM3 proteinase has a molecular mass of about 29 kDa.

INTRODUCTION

Production of extracellular proteases is widespre-
ad among bacterial species. They have various function-
al roles. Thus, Bacillus subtilis secretes proteinases du-
ring the early stationary phase of growth. Some of them,
such as alkaline serine protease, are involved in the
process of sporulation (P rie st 1977). The subtilisin
together with a metalloproteinase or neutral proteinase
are major proteinases (encomprise 98% of proteolytic
activity) found in the medium used for the growth of
sporulating B. subtilis (Kawamuraand D oi1984),
Extracellular metalloproteases involved in degradation
of dietary proteins in human large intestine are produ-
ced by Clostridium bifermentans. Synthesis of these pro-
teases is markedly influenced by nutritional and culture
conditions in which bacteria grew. In addition, analysis
of culture supernatant revealed that C. bifermentans
produces a mixture of proteases with molecular masses
ranging from 36to 125kDa(MacfarlaneandMa
cfarlan e 1992). Lysostaphins are zinc(dependent
proteinases produced by Staphylococcus species respo-

" nsible for hydrolysis of interpeptide bridges in the pep-
tidoglycan of the staphylococcal cell wall (Recsei
et al. 1987).
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Plant pathogenic bacterium Xanthomonas campe-
stris pv. campestris produces two extracellular protea-
ses. One of them is serine protease (PRT1) and the
other zinc-dependent protease (PRT2). Mutants of X.
campestris pv. campestris that didn’t produce proteases
showed reduced pathogenic effects suggesting a role of
proteases in black rot pathogenesis (D o w et al. 1990).

Lactic acid bacteria are components of starter
cultures for variety of fermented products. Important
feature of these bacteria is their proteolytic system
which enables them to grow in milk and other protein-
containing media. Lactococci depend on the efficient
extracellular degradation of casein by proteinases to
satisfy their requirement for essential amino acids, whi-
le growing in the milk. However, majority of lactococci
do not synthesise strictly extracellularly secreted prote-
inases. They are producing the cell envelope(associated
serine proteinases involved in the beginning of casein
utilisation by them. In addition, an efficient system of
peptidases and peptide-transport system are also in-
volved in the utilisation of casein degradation products
(Pritchardand Coolbear1993). It has been
shown in the recent report that extent of proteinase
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biosynthesis in Lactococcus lactis is regulated by the
components of culture medium. Specific dipeptides
were involved in the control of transcription initiation
of proteinase genes (M aru g get al. 1995). The cell
envelope(associated proteinases were also discovered
in various lactobacilli and Streptococcus thermophilus
(Koji¢ etal 1991;1995;Laloi etal 1991;Mart-
inrHernandez eral. 1994;Shahbal et al 1993).

Other bacterial species are sometimes incorpora-
ted into a dairy starter culture, such as Streptococcus
faecium that is used during the manufacture of modi-
ficd Cheddar cheese in the USA. The late formation of
CO2 has been ascribed very often to amino acid decar-
boxylation by enterococci (formerly Streptococcus fa-
ecalisy(ChapmanandSharpel98; Tamime
1981). On the other hand, enterococci are very often
present in artisanal cheeses (A riz cun 1997). The
occurrence of these organisms in cheese could be ex-
plained by their ability to survive pasteurisation and
relatively high salt levels in comparison with lactic acid
bacteria. Enterococci could also become prevalent mi-
croflora during long ripening period of cheese (deFe-
rnandoetal. 1991;,0rd 6 ez etal 1978).

The objective of this study was the characterisa-
tion of natural isolatc Enterococcus faecalis BGPM3
that produces extracellular proteinase. The effects of
growing conditions, pH, temperature and metal ions on
proteolytic activity are presented.

MATERIJAL AND METHODS

Bacterial strains and media. Enterococcus sp. was
isolated from traditionally prepared homemade smo-
ked ham (generic name "priuta") that contains approx.
4% of salt. A final species identification as an Enteroco-
ccus faecalis was performed by courtesy of LMG, Cul-
ture Collection Service, Gent, Belgium. E. faecalis
BGPM3 was grown in different media including MRS
broth (Difco, Detroit, Mich., U. S. A.), M17 medium
(TerzaghiandSandine 1975) supplemented with
glucose (0.5%, w/vol) (GM17 broth), LB broth (D a -
vies et al. 1980), Basal Collins medium (BCM) (de
Fernando efal 1991), and minimal medium E
(Davies etal 1980). Agar plates were prepared by
the addition of agar (1.5%, w/vol) to each broth. The
milk-citrate agar (MCA plates) containing 4.4% reco-
nsti-tuted skim milk (RSM), 0.8% Na-citrate, 0.1%
yeast extract, 0.5% glucose and 1.5% agar (w/vol) or
MRS broth containing casitone were used to test pos-
sible proteinase inducibility. Inhibitory action of PM3
bacteriocin was tested against lacococcal strains (Lac-
fococcus iaetis subsp. lactis MG1363 and NP45, Lac-
tococcus laciis subsp. cremoris NS1 and natural isolates
Lactococcus sp. BGJAV11, BGV2 and BGSIM2) and

agianst Lactobacillus plantoarum A112.

Assay of proteinase activity. Proteolytic activity of
E. faecalis BGPM3 was assayed as described previously
(Kojic etal 1991). For enzymatic assays, the BGPM3
strain was grown on MCA plates for 48 & at 30 °C prior
to cell collection. Collected cells (5 mg) were resuspe-
nded in 100 mM Na(phosphate buffer (pH 7.2) to an
approximate density of 10 % cells/mL. The cell suspen-
sion was mixed with the substrate dissolved in the same
buffer at a 1:1 volume ratio, if not indicated otherwise.
The resulting mixtures were incubated at 30 °C, for
various time intervals. As a substrates, ag;-, p-, k-casein
fractions (5 mg/mlL) and total casein (12 mg/mL) (Si-
gma Chemie GmbH, Deisenhofen, Germany) werc
used. Alternatively, to obtain the crude proteinase ex-
tract the cells were washed twice in 100 mM Na(phos-
phate buffer (pH 7.2) by centrifugation and two extracts
were pooled. Protein concentrations in crude extracts
were measured by the method of Low ry et al (1951)
with bovine serum albumin (BSA) (Sigma) as a stand-
ard. Denatured BSA, haemoglobin or gelatine were
used as alternative substrates to test the proteinase
specificity. For this purpose, 10 mg of the cells were
collected from MCA plates, resuspended in 50 uL of
100 mM Na-phosphate buffer (pH 7.2) and incubated
with 50 pL of each substrate (5 mg/mL) for 1~ at 30 °C
unless otherwise stated. Proteinase activity was also
determined by measuring the concentration of TCA-
soluble products of substrate hydrolysis using the
methodof Lowryeral. (1951). One unit (U) of activity
was defined as the amount of enzyme that hydrolyses
1mg of p-casein for 30 min.

Effect of ions and inhibitors. Crude proteinase ex-
tract was dialysed against 100 mM Na-phosphate buffer
(pH 7.2) 5t 1:500 volume ratio for 24 h at 4 °C with one
replacement of the buffer. Jons or proteinase inhibitors
were added to dialysed crude extract and the mixture
was incubated 15 min at 30 °C prior to the addition of
p-casein (5 mg/mL) dissolved in Na-phosphate buffer
(pH 7.2) in 1:1 volume ratio. Resulting mixtures were
incubated for 30 min at 30 °C. The reaction was stopped
by the addition of trichloroacetic acid (TCA) and TCA-
soluble hydrolytic products were determined by the
method of Lowry eral (1951). The effects of mono-
and divalent cations, as well as inhibitors on the prote-
inase activity were tested at concentrations indicated in
Table 1.

Determination of pH and temperature optima. To
test the influence of pH conditions on proteinase ac-
tivity, the reaction mixtures containing dialysed crude

proteinase extract and f-casein were incubated in 100
mM Na-phosphate buffer (pH 5.4 to 7.2) or in 100 mM
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Tris-HCI buffer (pH 8 and 8.7) for 30 min at 30 °C.
Similarly, to determine the temperature optimum of
proteolytic activity, the reaction mixtures described
above were incubated at the temperatures indicated in
Fig. 7B. In both cases, hydrolytic products were quan-
tified by the methodof Lowry efal (1951).

Table 1. Effect of cations and proteinase inhibitors on the
BHPMS3 protcinase activity.

Relative proteolytic

Preparation activity
(%)
Proteinase extract 100

Proteinase extract + ion

Na*t (5 mM) 101
K* (S mM) 104
Mgt (5 mM) 75
Zn*! (5 mM) 93
Mn?* (5 mM) 78
Ca®* (2mM) 100
(5 mM) 101
(10 mM) 98
(20 mM) %
Ccu*t (2 mM) 25
(5 mM) 2
(10 mM) 16
(20 mM) 11

Proteinase extract + inhibitor
EDTA  (Smg/mL) 67
(10 ng/mL) 53
(20 rmg/ml) 41
EGTA  (SmgmL) 68
(10 mg/mL) 50
(20 tng/mL) 45
PMSF (5 mg/mL) 45
(10ng/mL) 42
(20 mg/mL) 34

Allions were used as chloride salts.

The results are the means of two independent experiments.

Test of the BGPM3 proteinase inducibility. The
inducibility of the BGPM3 proteinase was tested by
inoculating MRS broth and MRS broth containing casi-
tone (0.5 %, w(vol) with the BGPM3 strain (1 % in-
oculum). Cultures were grown at 30 °C and the sam-ples
were taken at Agy, of 0.2, 0.4 and 0.8 as well as from
overnight culture (16 7). The samples were centri-fuged
and total proteins in supernatants were concentrated
40-fold by NHy-sulphate (25%, w/vol) precipitation.

Proteolytic activity of resuspended, unwashed pelleted
cells and concentrated supernatants were test-ed by
hydrolysis of B-casein (5 mg/mL) for 10 min at 30 °C.
The efficiency of B-casein hydrolysis was analysed by
Sodiumdodecyl-sulphate polyacrilamide gel electr-
ophoresis (SDS-PAGE). In each case the concentrtion
of acrylamide was 15%.

Non-denaturing SDS-PAGE. SDS-PAGE was pe-
rformed by a modified procedurc of Macfarlane
and Macfarlane (1992). Crude proteinase extract
was dissolved in sample buffer (1% SDS, 25% glycerol,
0.06% bromphenol blue and 125 mM Tris-HCI, pH
6.8). The samples were run on polyacrylamide gels
containing 0.25% (w/vol) of total casein. After running,
the gels were renatured for 2 /2 at room temperature in
buffer containing 25 mM Tris-HCl (pH 8), 0.5% Tween
80 and 0.5% Triton X-100. Molecular mass of prote-
inase was determined by using Rainbow ™ Protein
Molecular Weight Standard (Amersham, Buckinghem-
shire, UK).

Bacteriocin assay. To test bacteriocin production,
GM17 plates were overlyied by 3 mL of appropriate soft
agar (0.7%) containing 0.1 mL of 10™ diluted fresh
culture of the indicator strain. Wells were made in the
lawn of harden soft agar. Aliquots (50 pL) of super-
natant collected from overnight culture of the BGPM3
strain were poured into wells. The plates were incuba-
ted overnight at 30 °C and the appearance of inhibition
zone around wells indicated bacteriocin production.

DNA/DNA hybridisation. The proteinase gene
probes, Q1, Q6 and Q92 from L. lactis subsp. cremoris
Wg2, were kindly provided by Dr J. Kok. Labelling of
probes and hybridisation experiments have been car-
ried out essentially as described previously (Ko ji¢é
et al. 1991).

RESULTS

General characteristics of the strain Enterococcus
faecalis BGPM3. The strain BGPM3 was able to grow
in MRS broth at 30 °C, 37 °C and 45 °C. In addition, this
strain exposed very good growing characteristics on
MRS, GM17 or LA plates at 30 °C, 37 °C and 42 °C. It
was also able to grow in the presence of 4%, but not in
the presence of 6.5% NaCl. The strain BGPM3 does
not produce catalase. Milk clotting by the strain
BGPM3 was not very cfficient. A tiny curd was formed
after 48 1 of incubation at 37 °C. The pH of the obtained
curd was 4.92. In addition, less consistent curd (pH
5.94) was also obtained during incubation of the strain
BGPM3 in milk for 48 % at 45 °C. In both cases, milk
was inoculated (1% inoculum) with the culture pregro-
wn in MRS broth. ‘
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Strain BGPM3 produces bacteriocin. Bacteriocin
exposed inhibitory action on the growth of lactococcal
strains (Lactococcus lactis subsp. lactis MG1363, nisin
producer L. lactis subsp. lactis NP45, L. lactis subsp.
cremoris NS1 and natural isolates Lactococcus -sp.
BGJAV11, BGV2, and BGSIM?2), and on the Lac-
tobacillus plantarum A112 (data not shown). Plasmid
analysis revealed the presence of one plasmid of ap-
prox. 20 kb in E, faecalis BGPM3 (data not shown).

Proteolytic activity. The strain E. faecalis BGPM3
produces proteinase that gives visible halo around the
bacterial colonies on MCA plates. To evaluate whether
the BGPM3 proteinase exerts protein-substrate speci-
ficity, whole cells were collected after growing on MCA
plates and using various proteins as substrates their
proteolytic activity was tested. For this purpose, total
casein, purified casein fractions (ag; pand k) aswell as
denatured BSA, gelatine or haemoglobin were used.
Results of these tests revealed that the BGPM3 prote-
inase intensively hydrolysed caseins. Hydrolysis of o -,
p- and k-casein fractions by BGPM3 proteinase was
complete within one hour of incubation at 30 °C. How-
ever, testing of the casein hydrolysis within 10 min at
30°Crevealed that activity of BGPM3 proteinase towa-
rds different caseins varied in efficiency. Thus, the
BGPM3. proteinase showed the highest efficiency in
degradation of B-casein. Degradation of ag; - casein
and k-casein was also pretty good but not as intense as
that of B-casein (Fig. 1). One major product was ob-
served in hydrolysis of k-casein in contrast to degrada-
tion patterns of ag; - and p-caseins. It is therefore pla-
usible that BGPM3 proteinase recognised relatively
small number of cleavable sites in the k-casein. The
BGPM3 proteinase was able to hydrolyse total casein,
as well. Degradation products of casein fractions can be
recognised within the pattern of total casein hydrolysis
(Fig. 1). The BGPM3 proteinase also hydrolysed gela-
tine, but it was not possible to detect hydrolytic effect
of the BGPM3 proteinase on either denatured BSA or
haemoglobin under applied experimental conditions
even with the prolonged time of incubation or with
variations of enzyme/substrate ratio (data not shown).

Kinetics of p-casein degradation was followed by
using the crude proteinase extract of the strain BGPM3.
It appeared that this extract was much more efficient in
p-casein hydrolysis than that prepared from Lactococ-
cus lactis subsp. cremoris Wg2. Hydrolysis of p-casein by
the crude proteinase extracts prepared exactly in the
same way from the strain BGPM3 and L. lactis subsp.
cremoris Wg2 was of a similar extent despite of much
higher enzyme/substrate volume ratio used in the test
of the strain BGPM3 (1:1 for Wg2 and 1:4 for BGPM3).

Fig. 1. Casein hydrolysis by whole cells of E. faecalis BGPM3.
Hydrolysis of o ; -casein (A), p—casein (B), k—casein (C), and total
casein (D). s1, s2, s3 and s4 are non-digested substrates; (+)

denotes hydrolysis of respective substrate after incubation with
whole cells for 10 min at 30 °C.

In addition, patterns of P- casein hydrolysis differed
between the two strains (Fig. 2).

Localisation of the BGPM3 proteinase. Isolation of
cell-envelope associated proteinases from lactococci
and some lactobacﬂh was achieved by repeated washing
of the cells with Ca®*-free buffer. To test whether the
BGPM3 proteinase belongs to the class of cell-envelope
associated proteinases the strain BGPM3 was pregrown
on MCA plates. To obtain proteinase extracts, the cells
were collccted and a half of pelleted cells was washed
with Ca>¥-free and another half with Ca? -contammg
buffer. Both prepared proteinase extracts were tested
for the ability to degrade p-casein. The results revealed
that these extracts hydrolysed P-casein with almost
identical efficiency regardless of the presence or the
absence of Ca“* -jons. It is therefore plausible that the

- release of the BGPM3 proteinase from the cell, its

stab1ht¥ as well as proteolytic activity towards casein is
not Ca**-dependent.

To test whether the BGPM3 proteinase is an ex-
tracellular enzyme, the cells were collected and washed
in Na-phosphate buffer. The resulting extract, as well
as washed cells were tested for proteolytic activity.
Whole-unwashed cells were also used in the test as a
control. It appeared that hydrolysis of -casein could be
detected only by unwashed cells and crude extract, but
not by washed cells preparation (Fig. 3). Definitive
proof that the BGPM3 proteinase is strictly extracel-
lular enzyme came from the detection of proteolytic
activity in cell-free supernatant of BGPM3 culture, but
not in respective pelleted cells (see below).
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Fig. 2. Comparative kinetics of p-casein degradation by crude proteinase extract of E. faecalis BGPM3 (A) and Lactococcus lactis subsp.
cremoris Wg2 (B). The samples were taken from reaction mixture for SDS-PAGE analysis at: Lane 1, 0 min; Lane 2, 15 min; Lane 3, 30
min; Lane 4, 1 h; Lane 5, 2 h; Lane 6, 4 h. Lane s - starting substrate. The incubation of the reaction mixtures was performed at 30 °C.
The volume ratios of crude proteinase extracts and the substrate were 1:4 and 1:1 for the strain BGPM3 and the strain Wg2, respectively.
Total protein concentration of crude extracts were 2 mg/mL for the strain BGPM3 and 2.7 mg/mL. for the strain Wg2.
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Fig. 3. Localisation of the proteolytic activity in E. faecalis
BGPM3.

As asubstrate, p-casein (lane s) was digested by unwashed whole
cells for 10 min at 30 °C (A), by crude proteinase extract for 10
min at 30 °C (B) and by washed whole cells for 1 4 at 30 °C (C) in
the presence (+) or in the absence (-) of the serine proteinase
inhibitor PMSF (final concentration 10 mg/mL.).

Size determination of the BGPM3 proteinase. To
“determine the size, i.e., molecular mass of the BGPM3

proteinase, a specific, non-denaturing polyacrylamide
gel containing total casein was prepared (Material and
Methods). Extracts obtained by cells washing were run
on this gel and the hydrolysis of casein was obtained
only at one position. Zone of the casein hydrolysis
occurred at similar position in the gel consistent with
the migration behaviour expected of a 29 kDa protein
(Fig. 4). It could be therefore concluded that the
BGPM3 proteinase has a molecular mass of about 29
kDa. Exactly the same result was obtained when prote-
inase from cell-free supernatant was analysed in the
same manner (data not shown).

Inducibility of proteinase production. To test the
influence of media and growing conditions on pro-
teinase production, the strain BGPM3 was grown on
the surface of different solid media (MRS, MCA or LA
plates) or in liquid culture [MRS broth or MRS broth
containing casitone (0.5%, w/vol)]. Testing of the p-
casein hydrolysis by whole cells collected from MRS,
MCA or LA plates revealed that no significant p-casein
hydrolysis could be detected with the cells collected
from either LA or MRS plates. In contrast, the cells
collected from MCA plates degraded p-casein and hy-
drolytic products could be visualised on the SDS-PAGE
gels (Fig. 5). These results suggested that the produc-
tion of BGPM3 proteinase might be inducible.
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Fig. 4. Molecular size determination of the BGPM3 proteinase.
Molecular mass standards are ovalbumin (46 kDa), carbonic
anhydrase (30 kDa) and trypsin inhibitor (21.5 kDa).
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Fig. 5. Proteinase activity towards p-casein of E. faecalis BGPM3
grown on solid media.

Lane S, starting substrate; Lane 1, whole cells from LA plates;
Lane 2, whole cells from MRS plates; Lane 3, whole cells from

MCA plates. Hydrolysis of p-casein was performed for 10 min at
30° C in each case.

Possible inducibility of the BGPM3 proteinase
production was tested in liquid culture, as well. For this
purpose, the samples were taken during the growth of
E. faecalis BGPM3 strain in either MRS or MRS +ca-
sitone broth. Supernatants and respective pelleted cells

from each sample were assayed for the presence of
proteolytic activity. The results revealed that hydrolysis
of B-casein could be obtained in the cell-free super-
natants of both MRS culture and MRS +casitone cul-
ture, although hydrolysis was incomparably more inten-
sive in the presence of supernatant recovered from
MRS +casitone culture. Pelleted cells regardless of the
culture from which they were collected did not show any
significant proteolytic activity (Fig. 6). In addition, in-
creasing the quantity of casitone in MRS cultures
(0.1%, 0.5%, 1% and 2% w/vol) resulted in enhance-
ment of proteolytic activity in culture supernatants
towards p-casein. Maximal activity was observed in the
supernatant of culture growing in the presence of 1%
casitone. No significant increment of proteolytic ac-
tivity was observed in the presence of 2% casitone (data
not shown). It scems that the presence of casitone that
contains small peptides (about 80%) induces the prod-
uction of BGPM3 extracellular proteinase. Interesting-
ly, the strain BGPM3 was not able to grow either in
BCM medium that contains only amino acids or in the
minimal medium (E). At least, both media have in
common the absence of peptides or proteins. However,
the strain BGPM3 grew in BCM containing yeast ex-
tract (0.1%, w/vol) and NaCl (0.5%, w/vol), although
the growth was pretty slow. Comparative analysis of
proteinase production by the strain BGPM3 in MRS
and BCM (both containing casitone) revealed that in-
ducibility was much higher in the latter medium. Thus,
the strain BGPM3 grown in BCM containing casitone
has shown a 10-fold increase in proteinase activity if
compared to the detected proteinase activity when this
strain grew in BCM lacking casitone. In contrast, only
2-fold increase in proteinase activity was observed when
MRS containing casitone was used for the strain
BGPM3 propagation instead of pure MRS,

Effect of cations, pH and temperature on proteolytic
activity. The BGPM3 proteinase activity present in
crude extract towards P-casein degradation was fol-
lowed in 100 mM Na-phosphate buffer (pH 7.2) con-
taining various mono- or divalent cations. None of the
tested cations showed significant stimulatory effect on
the BGPM3 proteinase activity. On the other hand,
only Cu®* ions exerted an inhibitory effect on the
BGPM3 proteinase activity (89% of inhibition when
added at a final concentration of 20 mM). It seems also
that the BGPM3 proteinase does not belong to serine-
proteinases, since its activity was only partially inhibited
by PMSF (Table 1 and Fig. 3). In addition, the BGPM3
proteinase activity was also reduced up to 60% in the
presence of EDTA or EGTA (Table 1). Besides, pre-
treatment of the BGPM3 proteinase with2 mM EDTA
followed by dialysis for 90 min resulted in a total loss of
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Fig. 6. Testing of the inducibility of BGPM3 proteinase.
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(A) supernatant of MRS broth culture containing casitone (0.5% wfv), (B) supernatant of MRS broth culture, (C) pelleted cells from
MRS broth culture containing casitone (0.5% w/v) and (D) pelleted cells from MRS broth culture. Lanes 1, 2, 3 and 4, are samples taken
from the growing culture at Agpo = 0.2, 0.4, 0.8 and overnight culture (16 &), respectively. Lane s, non-digested p-casein. Hydrolysis of

p~casein was performed for 10 min at 30 °C in each case.

Table 2. Effect of metal ions on reactivation of EDTA-treated
BGPMS3 proteinase.

Relative
Preparation proteolyric
activity (%)
Proteinase extract 100.0
EDTA-pretreated extract 0.0
EDTA-pretreated extract +
Zn** 750
cu®* 39
Cazy 57
Mn?* 7.7
Mg 00
Nas 1.9
X* 5.8

The BGPM3 proteinase extract was treated with 2 mM EDTA for 30 min at
30° Cbefore being dialysed against 100 mM Na-phosphate buffer, pH 7.2, for
90 min at 4 ° C. Dialysed exiracts were preincubated with metal ions (5 mM)
for 15 min before addition of p-casein. The results are the means of two
independent experiments.

proteolytic activity towards p-casein. Proteolysis of -
casein by dialysed EDTA-pretreated BGPM3 protein-
ase was restored by preincubation for 15 min with Zn

(75% at 5 mM) prior to addition of the substrate. No
significant recovery of proteolytic activity was observed
with Ca?*, Mg?*, Mn?*, Na* or K* ions (Table 2).

Degree of reactivation dialysed EDTA-pretreated
BGPM3 proteinase depended on the duration of in-
cubation with Zn**. Results showed that 25 5%, 48.5%
and 75% of proteolytic activity were regained after
proteinase preincubation with S mM Zn** for 5 min, 10
min, and 15 min, respectively. The reactivation of the
BGPM3 proteinase only by Zn** ions strongly sug-
gested that this enzyme is a zinc-requiring metallopro-
tease. However, Zn** had no significant effect on the
activity of the native enzyme (Table 1).

To elucidate the relationship between stimulatory
Zn“" effect and an inhibitory Cu®" effect on proteo-
Iytic activity, the dialysed EDTA-pretreated BGPM3
proteinase was preincubated for 15 min with Zn** (5
mM). After addition of Cu®* (5§ mM) to the same
reaction mixture, the incubation was continued for ad-
ditional 15 min prior to addition of f-casein. The resu-
Its showed that only 35% of potential proteolytic acti-
vity towards B-casein was restored. Similar reactivation
of the BGPM3 proteinase (31%) was observed when
the order of ion addition was changed under the same
experimental conditions. These results suggested that
Zn"" for some reason could not reactivate the prote-
inase in the presence of Cu“* at the level as it does in
the absence of Cu”™,

The optimal pH and temperature for hydrolysis of
p-casein by the BGPM3 proteinase was 6.5 (elaborated
at 30 °C) and 37 °C (elaborated at pH 7.2), respectively

(Fig. 7).



74 D.FIRA et al.

4 8

PROTEINASE ACTIVITY (1)
B8 s&sgeg

=
=]

i
1

@
;
o
o
o
w
~
~
in
©
o
@
©

+—

¥ 8 & 8 3

PROTEINASE ACTIVITY

-
e

04—+

+ + —t + + '
20 25 30 35 40 45 S0 55 60 &
TEMPERATURE [C)

Fig. 7. Determination of the pH (A) and temperature (B) optima
for the BGPM3 proteinase.

Hybridisation experiments. Total DNA isolated
from the strain BGPM3 did not hybridise to the specific
proteinase gene probes (Q1, Q6 or Q92) originating
from Lactococcus lactis subsp. cremoris Wg2 at either
65 °C or 45 °C (data not shown). The absence of hybri-
disation suggests that the gene(s) encoding the ex-
tracellular BGPM3 proteinase have quite different pri-
mary structure than that in lactococcal strains.

'DISCUSSION

The ability to produce one or more extracellular
proteinases is a very common feature among bacterial
species (Dow etal 1990; MacfarlaneandMa-
cfarlane1992;Strydom efal 1986). The natural

.isolate Enterococcus faecalis BGPM3 also produces ex-
tracellular proteinase. Proteolytic activity was detected
in the supernatant of the culture. In addition, pelleted
cells did not retain’any proteolytic activity suggesting
that the strain BGPM3 indeed secreted proteinase in
the medium. On the other hand, the presence of only
one protein band on SDS-PAGE showing proteolytic
activity strongly indicated that the strain BGPM3 pro-
duces a single type of extracellular proteinase. The
apparent molecular mass of this proteinase seems to be
about 29 kDa (Fig. 4). Similar results have been ob-

tained with Micrococeus caseolyticus in which the ex-
tracellular proteolytic activity was also attributed to the
presence of one protease (about 38 kDa) isolated from
the culture supernatant (DesmazeaudandHe-
rmier 1968a).

Metal ions exerted different effects on bacterial
proteases. Thus, the complete inhibition of the BGPM3
proteinase activity by metal chelators such as EDTA
strongly indicated that the enzyme belongs to the metal-
loproteases. A satisfactory restoration of proteolytic
activity (75%) was obtained only when EDTA-treated
BGPM3 proteinase was incubated with 1 Zn** ions prior
to addition of the substrate suggesting that the BGPM3
proteinase is zinc-metalloenzyme. The same results we-
re obtained in analysis of the PRT2 proteinase from
Xanthomonas campestris. It was found that Zn*" ions
are required for optimal PRT?2 activity (D o w et al
1990). It was also observed that in E. facealis subsp.
liquefaciens the formation of active extracellular pro-
teinase requrres the presence of an and Ca’" ions
(Hegazi1991). Interestmgly, Cu?" ions inhibjted the
BGPM3 proteinase even in the presence of Zn?* jons.
It has been shown recently that Cu?" jons are inhibitors
of the cell envelope-associated proteinase in Strepto-
coccus thermophilus, while divalent cations Ca®* Mg
andMn®* actedas activators (Shahbal etal 1993).
Similar results were obtained in analysis of proteinase
production by Bacteroides fragilis NCDO2217. 'This
strain produced three major proteases of molecular
masses 73, 52 and 34 kDa. Testing the effect of protease
inhibitors on these proteases revealed that protease P1
and P2 belong to serine and metalloproteases classes
respectively, while protease P3 was a cysteine class of
protease. In addition, the proteolytic activity of whole
cells was strmulated by divalent cations (Ca * Mn
and Mg ) but was inhibited by about 95% by Cn?t
GigsonandMacfarlan e 1988). However, the
proteinases of both S. thermophilus and B. fragilis, in
contrast to extracellular proteinase of E. faecalis, were
inhibited by Zn** ions, too. Partial ingibition of
BGPM3 proteinase was also detected in presence of
PMSF and ingibitor of serine proteinases (Fig. 3). Al-
though it may suggest that BGPM3 proteinase belongs
to that class of proteinases, this is probably not the case,
bacause PMSF also inhibits other classes of proteinases
(Beynon ad Bond 1994).

It has been also shown that Ca®* jons play an
important role in cell wall-associated proteinase relea-
se from whole cells of lactococci and some lactobacilli.
In addition, Ca’* jons are involved in the control of
proteinases autocatalytic processing (K o k 1990; K o -

'ji€ etal 1991). In contrast, Ca®" ions are not crucial
either for proteinase release or for proteolytic activity
of the proteinase produced by E. faecalis BGPM3 con-
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firming that this proteinase does not belong to the class
of classical cell wajl-associated proteinases. However,
Ca®* as well as Sr*¥ ions induced partial reactivation
of EDTA-treated extracellular proteinase of Micrococ-
cus caseolyticus (Desmazeaud and Herm -
i er 1968a).

Production of. extracellular proteinases largely
depends on culture conditions. Great variations in the
ability to produce extracellular proteinases was
detected among bacterial species even within the same
genus, For example, extracellular protease production
by Clostridium sporogenes occurred at the end of active
growth, and was inhibited by glucose, phosphate, am-
monia or some amino acids. On the other hand,
protease production in saccharolytic species C. perfrin-
gens occurs through the growth cycle and is stimulated
by carbohydrates and high growth rates. Recent studies
have shown that C. botulinum synthesises an intracel-
lular and an extracellular proteases during active grow-
th that were repressed by arginine and ammonia but not
by glucose (Allisonand Macfarlane 1990).
Proteinase production by E. faecalis BGPM3 occurred
through the growth cycle. Proteinase activity increased
during the exponential phase reaching maximal value
at the stationary phase. In addition, it appeared that
proteinase production was induced by casitone. Induc-
tion was detected in minimal (BCM) and rich medium
(MRS) both containing casitone, although induction
was 10-fold higher in the former. Strain E. faecalis
subsp. liquefaciens failed to produce proteinase when
grown in original BCM. However, proteinase was pro-
duced in all other media containing proteins. In addi-
tion, beginning of extracellular proteinase production
occurred at the end of exponential growth (de Fer -
n and o e al 1991). Peptides were also found to be
inducers of extracellular proteinase in Micrococcus ca-
seolyticus, and proteins are not inducers in resting cells.
Amino acids are very poor inducers of proteinase pro-
ductionDesmazeaudand Hermier 1968b).
Similarly, increased proteinase production was obse-
rved in Streptococcus thermophilus CNRZ703 grown in
skim milk (containing casein) as compared with prote-
inase production when the same strain has grown in rich
medium (M17). In contrast, such medium-dependent
difference in proteinase production was not exhibited
with another S. thermophilus strain CNRZ38S5. In fact,
the culture medium expressed no effect on proteinase
production in the latter S. thermophilus strain (Shah*-
bal eral 1993).

It has been reported that the regulation of prote-
inase gene expression in Lactococcus lactis subsp. cre-
moris SK11 is medium-dependent. The results showed
that the peptide content in the growth medium has an
effect on gene expression. Increasing concentration of

casitone in growth medium (whey permeate) resulted
in a gradual repression of proteinase gene expression.
The lowest activity was observed in the presence of 2%
casitone in the growth medium (Marugg et al. 1995).
This effect of casitone on proteinase gene expression in
1L. lactis SK11 is just opposite to the effect of casitone
on proteinase production in E. faecalis BGPM3.
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IMPOV3BOAHA MHAVIIMBEUIIHE EKCTPALIEJTYVJIAPHE ITPOTEMHAS3E ITOMOhY
IMPUPOIHOT M30JIATA ENTEROCOCCUS FAECALIS BGPM3

H. ®PUPA, M. KOJU'h, UBAHA CTPAXVHWT, CJJABUUA APCEHHUIEBUR,

AHA BAHHHA u Jb. TOIIMCHPOBHUH

Hucttuitiytd 3a moaexyaapHy ienettiuky u iexeitiuuxo umoicersepcitiéo, 11000 Beorpaa, Jyrocnasuja

Enterococcus faecalis BGPM3 npousBoay IpoTerHasy
crnocobHy Jla XHIposIM3yje YKyNaH Ka3ewH Kao K ¢pakiyje
ag,-, P- ¥ x-KasemHa. OBa npoTenHasa, Takofle, Xuupo-
Iu3yje XKeJaTHH, ald He Jiellyje Ha JeHaTypucasu rosehu
cepyM aJOyMMH WITH XeMOTJIOOMH. YCTaHORBbEHO je Ja ce
omTHMalHa XMIpONM3a Ka3eMHa Yy npucyctsy BGPM3
npoTenHase nocTuXe Ha PIH 6.5, a Hjerosa MakcHMallHa
xupponnsa Ha 37 °C. TIpHcycTBO NpOTEOJUTHYKE aKTHB-
HOCTH y CyIepHaTaHTy, KOjU He caupxXd Xxwuse henwje,
ykasyje ma msonat E. faecalis BGPM3 npousgomy excTpa-
nenylapHy nporeusasy. CHHresa oOBe IpOTEHHase Ce
OJMTpaBa TOKOM IIEJIOKYITHOT IMKJNyca pacTa Oakrepwje,
IpH 9eMy ce MAaKCHMMyM TIpOM3BOIE:E NOCTHXE y CTanu-
oHapHoj ¢rasu. Tperman BGPM3 nporennase ca xenaro-
pvMa METalnHHX jOHa JIOBOAM JO MNOTHyHOT rybuTKa

TPOTEONUTHYKE aKTMBHOCTHA . MehytuMm, Moryhe je mos-
paTUTH INPOTCONMTHYKY aKTHBHOCT (o 75%) ako ce
TPETMPAaHOM €H3UMY LOAajy joHH Zn“' IUTO yKasyje Ja je
BGPM3 npoTenHa3a METaJIOCH3NM. HpOTeonHTgm'Ka AKTHB-
HOCT OBOT' CH3WM3, j_e naxuGupana jonuma Cu”’, wax u y
npUcycTBy joHaZn“ " . EXcliepuMeHTallHU PE3yJITaTH yKasyjy
Ia je mponsronara BGPM3 npotenHase MHAynWOUIHa, Tj.,
Jonmasu Jo noseharba BeHe cCHHTe3e kaja GakTepHja pacre
y IPUCYCTBY cMellle onMronentuga (xasuroHa). Tako ce
Jobuja necerocTpyko moBcharse MPOTEONUTHIKE aKTHBHOC-
TH y Oe3helnMjcKOM cyliepHATaHTY Kaja ce IIPUIpEMH M3
KyJType Koja CafpXH Ka3suToH. OnpehuBame MOJCKyJICKe
mace BGPM3 nporenHase je nokaano Ha je To NPOTEHH
oJ oko 29 kDa.




