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Abstract—Bifidobacterium adolescentis 94-BIM was found to produce cell-wall-bound proteolytic enzymes
active at acidic, neutral, and alkaline pH values. The solubilization of proteinases with 0.5% Triton X-100 sub-
stantially improved the yield of the enzymes. The most active accumulation of cell-bound proteinases was
observed in the third hour of cultivation at rates of 156.7, 179.5, and 111.1 U/(mg h), measured at pH 2.5, 7.0,
and 9.0, respectively. It is suggested that the cell-wall-bound proteinases of B. adolescentis 94-BIM arethe pre-

cursors of the enzymes secreted into the medium.
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The literature on the production of proteolytic
enzymes by bifidobacteriais very scarce. The available
information concerns primarily the proteolytic activity
of some representatives of the genus Bifidobacterium
[1-3]. This problem is not only of scientific interest, but
aso of applied interest, since starter cultures for milk fer-
mentation must possess high proteolytic activity [4-5].

During growth in complex media, Bifidobacterium
adolescentis 94-BIM secretes extracellular proteolytic
enzymes active at acidic, neutral, and alkaline pH val-
ues [6]. Further studies showed that washed bifidobac-
terial cells also possess proteolytic activity, suggesting
that proteolytic enzymes are bound to the cell surface.

The present work was undertaken to study the pro-
duction of cell-wall-bound proteinases by bifidobacte-
riaand the effect of surfactants on their solubilization.

MATERIALS AND METHODS

Experiments were performed with Bifidobacterium
adolescentis 94-BIM deposited as Bifidobacterium
adolescentis BIM B87 from the Collection of Non-
pathogenic Microorganisms of the Institute of Microbi-
ology, Belorussian Academy of Sciences. The bifido-
bacterium was cultivated in a modified corn-actose
medium [7] supplemented with casein hydrolysate.

Proteolytic activity was measured using the modi-
fied Anson’s method [8] with a 2% casein solution in
0.1 M universal buffer with pH 2.5, 7.0, and 9.0. The
reaction of casein proteolysis was alowed to proceed
for 20 min, after which the residual casein was precip-
itated with trichloroacetic acid, and then the optical
density of the supernatant containing casein peptides
that do not precipitate with trichloroacetic acid was
measured. One unit of proteolytic activity (U) was
defined as the amount of enzyme necessary to produce

anincreasein the optical density of 0.0005 OD units of
the supernatant. Enzyme activity was expressed in
U/ml-medium or in U/mg-biomass (to characterize the
productivity of enzyme synthesis by bifidobacte-
ria).The proteolytic activity of washed bifidobacterial
cellswas assessed asfollows. First, bifidobacterial cells
were precipitated by centrifugation from a specific vol-
ume of culture and then washed with 0.01 M phosphate
buffer (pH 6.9) until the proteolytic activity after wash-
ing reached zero. The cells were then resuspended in
0.1 M universal buffer one-tenth the volume of the cul-
ture sample that was taken for centrifugation. The pro-
teolytic activity of the cellswas measure and expressed
in U/ml-culture.

To study the dynamics of growth and proteolytic
activity of bifidobacteria, the growth medium wasinoc-
ulated at 5 vol % with an18-h B. adolescentis culture
that was preliminarily subcultured in the same medium
three times. The culture thus obtained was then incu-
bated for three days at 37°C with a regular (3-h inter-
val) sampling of cells for anaysis. To solubilize
cell-wall-bound proteinases (hereafter called, CW pro-
teinases), the washed cells were incubated and regu-
larly stirred, for 24-and 48-h at 4°C in a0.01 M phos-
phate buffer (pH 6.9) containing different concentra-

Table 1. Proteolytic activity of washed B adolescentis
94-BIM cells

Proteolytic activity, U/ml culture
Cultivation time, h
pH 2.5 pH 7.0 pH 9.0
24 78 45 42
48 56 32 28
72 40 26 15
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Table 2. Solubilization of the cell-wall-bound proteinases
of B. adolescentis 94-BIM with various detergents*

. Proteolytic activity, U/ml culture
Detergent concentration, %
pH25 | pH7.0 | pH9.0
Tween 20, 0.1% 112 188 200
0.5% 149 132 215
1.0% 166 194 249
Tween 40, 0.1% 157 227 195
0.5% 194 276 218
1.0% 245 259 246
Tween 60, 0.1% 148 188 194
0.5% 162 205 216
1.0% 177 185 182
Tween 80, 0.1% 163 234 154
0.5% 198 249 186
1.0% 175 196 180
Triton X-45, 0.1% 124 131 142
0.5% 108 158 118
1.0% 142 210 189
Triton X-100, 0.1% 158 200 287
0.5% 234 266 318
1.0% 218 244 290
Triton X-305, 0.1% 142 178 226
0.5% 186 242 244
1.0% 179 147 215
0.1 M universal buffer
pH 2.5 72 80 80
pH 7.0 114 146 132
pH 9.5 122 176 164

* Cellsfrom a 24-h bifidobacterial culture were treated with deter-
gent solutions for 48 h.

Table 3. Effect of surfactants (1 vol %) on the activity of the
extracellular proteinases of B. adolescentis 94-BIM

Proteolytic activity, U/ml culture
Detergent

pH 2.5 pH 7.0 pH 9.0
Control (without 460 408 346
detergent)
+ Tween 20 437 412 374
+ Tween 40 206 219 135
+ Tween 60 423 389 354
+ Tween 80 450 418 312
+ Triton X-45 438 374 327
+ Triton X-100 470 395 368
+ Triton X-305 404 380 338
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tions (0.1, 0.5, and 1.0%) of various surfactants (Tween
20, 40, 60, and 80; and Triton X-45, X-100, and X-35).
After 24- and 48-h time periods, the cellswere removed
by centrifugation, and the proteolytic activity of the
supernatant was measured.

In the control experiments, the direct effect of sur-
factants on the proteinases was assessed. In these
experiments, 1 vol % of each of the detergents studied
was added to the supernatant, which was obtained by
removing cells from a 24-h bifidobacterial culture.
These mixtures were kept at 4°C for 24 h and then
assayed for proteolytic activity. For comparison, the
proteolytic activity of the culture was determined by
adding 1 vol % of 0.01 M phosphate buffer instead of
detergents.

The specific growth rate of bifidobacteria, |, has
been estimated and described elsewhere [6].

Intensity of accumulation of the proteinases was
determined by measuring the specific rate of enzyme
synthesis (g), calculated by the formula € = dE/dtx,
where x is the biomass expressed in mg/ml, and dE is
the increase in enzyme activity (U/ml) over the time
period dt [9].

All experiments and measurements were performed
three more times.

RESULTS AND DISCUSSION

The experiments showed that B. adolescentis
94-BIM cells washed with 0.01 M phosphate buffer
showed proteolytic activity that decreased with the
amount of cultivation time (Table 1).

Since this protealytic activity might be due to CW-
bound proteinases, we studied the efficiency of solubi-
lization of these enzymes by various surfactants (for
their relevant properties, see the handbook [10]). The
data obtained in experiments with 48-h incubation with
surfactants are summarized in Table 2. It is shown that
0.5% Triton X-100 solubilized the maximum amount
of cell-bound enzymes to the medium. Solubilization
was most efficient at high pH values. Similar results
were obtained for bifidobacteria incubated with deter-
gents for 24-h (data not shown), but the degree of solu-
bilization of proteinases in this case was, as a rule,
much lower than after the 48-h incubation period.

Control experiments checking the probability of
inactivation of proteolytic enzymes by detergents
showed that they did not affect proteolytic activity at
1vol % concentration except for Tween 40, which
inhibited proteolytic activity by approximately two
times (Table 3). These results allowed us to use deter-
gents for the isolation and further study of the CW-
bound proteinases of B. adolescentis 94-BIM.

Figure 1 shows the dynamics of production of CW-
bound proteinasesin B. adolescentis 94-BIM culture. It
can be seen that proteolytic activity rose throughout the
exponential phase, somewhat decreased in the station-
ary phase, and fell in the phase of culture death. The
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Fig. 1. Dynamics of (1) acidic, (2) neutral, and (3) alkaline
cell-wall-bound proteinases during the course of the growth
of B. adolescentis 94-BIM.

specific rate of synthesis of CW proteinases in the
B. adolescentis 94-BIM culture reached a maximum by
the third hour of growth, when € comprised 179.48,
156.75, and 111.1 U/(mg h) at pH 2.5, 7.0, and 9.0,
respectively (Fig. 2). As shown previoudy, the maxi-
mum activity of extracellular proteinases is observed
by the sixth hour of growth [6]. It can be suggested that
the CW-bound proteinases synthesized by B. adoles-
centis 94-BIM are the precursors of extracellular pro-
teolytic enzymes.

According to data available in the literature, these
characteristics of the production of proteolytic
enzymes an typical of related groups of microorgan-
isms (lactobacilli and lactococci), which, like bifido-
bacteria, are components of natural intestinal micro-
flora [11, 12]. The maximum activity of CW-bound
proteinases was observed in the exponential and early
stationary phases of growth of these microorganisms.
For instance, the maximum activity of cell-bound pro-
teinases in the Lactococcus lactis Wg2 culture was
observed at p =0.23 h1[13], whileat p = 0.12 hinthe
B. adolescentis 94-BIM culture.

It should be noted that the intracellular, cell-bound,
and extracellular proteinases of lactic acid bacteria are
well-studied. Unlike the proteinases of bifidobacteria,
the proteinases of lactobacilli and lactococci are mainly
associated with the cell surface [14].

In conclusion, the strain B. adolescentis 94-BIM
was found to produce CW-bound proteolytic enzymes
active at acidic, neutral, and alkaline pH valuesin addi-
tion to the proteolytic enzymes secreted into the culti-
vation medium. The solubilization of cell-bound pro-
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g, U/(mg h) u, h!
200 70.20
180 10.18
160 10.16
140 10.14
120 10.12
100 -10.10
80 710.08
60 -10.06
40 10.04
20 =10.02

12 18 24 30 36 42 48
Cultivation time, h

0 6

Fig. 2. Specific rates of (1) B. adolescentis 94-BIM growth
(n) and synthesisof cell-wall-bound proteinases () active at
pH (2) 2.5, (3) 7.0, and (4) 9.0.

teinases with surfactants substantially increases the
yield of extracellular enzymes. The results obtained in
this present study contribute to our knowledge of the
proteolytic systems of microorganisms, particularly the
cell-wall-bound proteinases of bifidobacteria.
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