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Collagenases have found practical applications in both medicine and the food industry, but the search
for novel collagenase sources remains an active area of studies. Rapana, a predatory mollusk that primarily
feeds on bivalves rich in connective tissue, has emerged as a potential source of collagenolytic enzymes. This
study aimed to isolate collagenase-active preparation from Rapana venosa salivary glands and character-
ize its properties. The salivary gland extract was purified by acetone precipitation followed by ammonium
sulfate treatment. Electrophoresis was performed by the Laemmli protocol under both reducing and non-
reducing conditions. Proteolytic activity was determined spectrophotometrically using collagen or gelatin
as a substrate. The preparation consisted of five protein fractions and exhibited enzymatic polymorphism.
A 13.8-fold purification of collagenase activity was achieved, at least 22% of total proteins displayed colla-
genolytic activity, while 88% showed gelatinolytic activity. The optimum of preparation activity was found in
acidic (pH 4.5) and alkaline (-9.5) ranges, with thermal optimum at 46°C. At room temperature, about 90%
of activity was maintained for 8 h. Serine protease inhibitors did not affect enzyme activity, metal ion chela-
tors completely inhibited it. Reducing agents enhancing SH-groups increased enzyme activity, disulfide bond
regeneration or SH-group modification decreased it. The data obtained showed that the collagenase-active
enzyme preparation from Rapana venosa salivary glands consists mainly of metalloproteinases and cysteine

proteases, exhibiting high stability.

Keywords: proteolytic enzymes, collagenase, purification, Rapana venosa, salivary glands.

mong the diverse range of proteolytic en-
A zymes, collagenases hold a distinct position

due to their unique ability to cleave the tri-
ple-helical structure of collagen protein chains. This
capability is essential for normal animal develop-
ment [1-7], whereas dysfunction of collagenases is
associated with the onset of various pathological
conditions [8-13].

Collagenases were discovered relatively recent-
ly — in the mid-20'" century [11, 14]. Since then, they
have become widely used in contemporary scientific
research [15] and have found practical applications
in both medicine [16-18] and the food industry [19].
Despite extensive studies, the search for novel colla-
genase sources and the investigation of their specific
properties remains an active area of research.

Rapana, a predatory mollusk that primari-
ly feeds on bivalves rich in connective tissue, has
emerged as a potential source of collagenolytic

enzymes. Our previous studies demonstrated the
presence of enzymes with significant gelatinase ac-
tivity in the salivary glands of rapana [20].

However, it remains unresolved whether this is
a reflection of the presence of collagenase activity,
since it is known that not all gelatinases are capable
of degrading native collagen effectively [2, 11, 21].
Therefore, the objective of this study was to isolate
a protein with collagenase activity from rapana sali-
vary gland extracts and to characterize the enzy-
matic and physicochemical properties of the purified
enzyme.

Materials and Methods

Sample preparation and enzyme extraction.
The dissection of mollusks and the extraction of
enzymes were performed as described in [20]. Ho-
mogenates were prepared from 15-30 Rapana veno-
sa specimens using an extraction buffer containing
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Triton X-100 (Sigma, USA) at a tissue-to-buffer ratio
of 1.5 (w/v). The homogenates were centrifuged at
2500 g for 30 min at 4°C using a Laborfuge 400 R
centrifuge (Thermo Scientific, Germany). The re-
sulting supernatant was used for further purification.

Protein purification. The salivary gland extract
was purified following a multistep scheme (Fig. 1),
designed to isolate the fraction with collagenase ac-
tivity.

Determination of proteolytic activity. The
general proteolytic activity was determined using
casein (2%) from cow’s milk (Sigma) according to
the method described in [22], with certain modifica-
tions. Gelatinolytic activity was evaluated using a
0.5% solution of gelatin (Serva). Collagenolytic ac-
tivity was determined using collagen isolated from
bovine Achilles tendon (Sigma-Aldrich) at a concen-
tration of 2mg per incubation mixture, based on the
procedure described in [23], with some modifica-
tions. All proteolytic activity assays were modified
and performed under unified conditions. To a sub-
strate solution (the concentration of each substrate is
indicated above) prepared in 0.05 M Tris-HCl buffer,
pH 7.5 with 20 mmol CaCl,, 0.1 ml of the tested en-
zyme preparation in the same buffer was added. The
final volume of the reaction mixture was 2.5 ml. In-
cubation was carried out at 37°C for 1 h. The reac-
tion was terminated by the addition of trichloroacetic
acid (TCA) to a final concentration of 5%. The extent
of protein hydrolysis was determined spectrophoto-
metrically using a Cary 60 spectrophotometer (Agi-
lent Technologies) based on leucine, and the activity
was calculated in pumol leucine/mg protein/min.

Protein concentration determination. Protein
concentration was determined by the Lowry method
as modified by Hartree [24], using bovine serum
albumin (BSA) (Sigma, USA) for the calibration
curve.

Effect of pH and temperature on proteolytic ac-
tivity. The influence of pH and incubation tempera-
ture on proteolytic activity was assessed based on
gelatin hydrolysis, as described above. The desired
pH values were adjusted by adding appropriate volu-
mes of 0.1 N NaOH or HCI to the Tris-HCI buffer.
The following pH values were tested: 3.5, 4.5, 5.5,
6.5, 7.5, 8.5, 9.5, and 10.5. Temperature effects were
examined by incubating the enzyme in 0.05 M Tris-
HCI buffer (pH 7.5) containing 20 mM CaCl, at the
following temperatures: 10, 20, 30, 40, 50, 60, 70,
and 80°C.

Thermal and pH stability. Thermal and pH
stability were evaluated over an 8-hour period, with
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measurements taken at 0, 1, 2, 3, 4, 6, and 8 hours.
The enzyme preparation (1 ml) was incubated under
the specified conditions, and aliquots (0.1 ml) were
withdrawn and added to 0.5 ml of 0.5 % gelatin so-
lution in 0.05 M Tris-HCI buffer (pH 7.5) contain-
ing 20 mM CacCl, to assess proteolytic activity as
described previously. For thermostability analysis,
enzyme activity was compared between samples
incubated at room temperature (20-22°C) and at
60°C, both at pH 7.5. For pH stability evaluation, the
enzyme was incubated at 40 °C in buffers with pH
values of 4.5, 7.5, and 10.8.

Changes in enzymatic activity under different
conditions were expressed as a percentage of the
initial activity. A formal assessment of stability was
made using the coefficient obtained by linearizing
the data in the time/In residual activity coordinates
[25].

Effect of chemical agents on collagenolytic ac-
tivity. To assess the effect of various chemical agents
on collagenolytic activity, the enzyme preparation
was preincubated for 20 min in 0.05 M Tris-HCI
buffer (pH 7.5) containing 20 mM CaCl, and the test
compound at room temperature. The enzymatic ac-
tivity was then measured as described above. The
following effectors were tested at the indicated fi-
nal concentrations: phenylmethylsulfonyl fluoride
(PMSF) — 1 mM, soybean trypsin inhibitor — 20 mg/
ml, ethylenediaminetetraacetic acid (EDTA) —
1 mM, 1,10-phenanthroline — 1 mM, lectin from
Canavalia ensiformis (ConA) — 1 mg/ml, guanidine
hydrochloride (Gu) — 5 mM, dithiothreitol (DTT) —
10 mM, sodium salt of iodoacetic acid (IA-Na) —
5 mM, Acetic anhydride (Ac20) — 10 mM, Dimethyl
sulfate — 10 mM, Mercuric chloride (HgCL) — 1 mM,
p-Chloromercuribenzoate (p-CMB) — 1 mM.

Sulfhydryl group oxidation to disulfide bonds
was performed using hydrogen peroxide (1 mM), ei-
ther alone or in the presence of 0.01 mM tetrabuty-
lammonium iodide (TBAI) as a catalyst, following
the procedure described in [26].

Molecular weight determination and electro-
phoretic forms of proteins. Molecular weight de-
termination and electrophoretic forms of proteins
with proteolytic (gelatinase) activity were carried
out by electrophoresis using the Laemmli buffer sys-
tem [27] in the presence of sodium dodecyl sulfate
(SDS). The concentration and resolving gels were 5
and 10% polyacrylamide (PAA) gels, respectively.
Experimental samples were prepared under non-
reducing conditions (without the addition of mer-
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Salivary glands of rapana
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Homogenization in buffer H (50 mM Tris-HC1 + 0.01% DTT +
0.01% ascorbic acid + 0.01% EDTA-Na + 0.1% Triton X-100, pH
7.5) in a tissue-to-buffer ratio of 1:5. Incubation at 4°C overnight
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Fig. 1. Scheme for obtaining the enzyme preparation from the salivary glands of the rapana and its partial

purification
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captoethanol) or reducing conditions (with 10 mM
DTT). To detect protease activity during gel prepara-
tion, gelatin solution was added to the gel at a final
concentration of 0.125%.

Electrophoresis was conducted in a Cleaver
Scientific Ltd apparatus using 15x15 cm gels with
a thickness of 1 mm. Molecular weight markers
(CSL-PPL Prestained Protein Ladder, UK) were run
in a separate lane. After electrophoresis, to visualize
protein forms, the gels were rinsed with water and
stained using the following solution: 25 ml isopropa-
nol, 10 ml glacial acetic acid, 5 g trichloroacetic acid
(TCA), 250 mg brilliant blue R-260, and distilled
water to a final volume of 100 ml. Gels were washed
with a mixture of 7% acetic acid and 2% isopropanol
after staining.

For the gelatinase spectrum, after electro-
phoresis, gels were washed from SDS using 0.5%
Triton X-100 solution in distilled water (5 changes,
10-15 min each), then incubated in 0.01 M Tris-HCI
buffer (pH 7.5) with 2 mM CaCl, for 16-18 h at 37°C.
After incubation, the gels were rinsed with water and
stained with the solution described above. The gels
were washed until clear colorless bands appeared in
the areas of proteolytic enzyme action.

Electrophoregrams were documented using a
scanning device connected to a computer, and quan-
titative analysis of the densitograms was performed
using the AnalS software. The number of electro-
phoretic forms, their relative electrophoretic mobil-
ity, and the proportion in the total spectrum of each
sample were determined.

Statistical analysis. Statistical analysis, con-
struction of diagrams and graphs, and function
approximation were performed using Microsoft
Excel. The arithmetic mean and its standard error
(£SE) were calculated. The significance of the re-
sults was assessed using Student’s t-test and analy-
sis of variance. A critical level of significance was

accepted at P < 0.05. Proteolytic activity and protein
concentration were measured in 3-7 independent
replicates, with control samples containing addi-
tional components (for studies on the influence of
added compounds).

Results

It is well established that many collagenases ex-
hibit broad specificity and are capable of hydrolyzing
other proteins. The investigated enzymes exhibited
broad substrate specificity, and casein proved to be
a more “accessible” substrate, as it was hydrolyzed
more efficiently than gelatin and collagen. Therefore,
for the purpose of “standardizing” hydrolytic activi-
ty, the degree of hydrolysis was determined based
on a single amino acid-leucine — for all proteins, and
the activities toward gelatin and collagen (as specific
substrates) were calculated relative to the degree of
hydrolysis of casein (taken as nonspecific or general
activity), which was set at 100%. The results of the
comparison of collagenase activity in the studied
glands of the rapana digestive system are presented
in Table 1.

The highest collagenase activity — and more
importantly, its relative contribution to the total
proteolytic activity — was observed in the salivary
glands. Consequently, these glands were selected for
further investigation.

Table 2 summarizes the results of the purifica-
tion of proteins from the salivary glands of Rapana.
It is important to note that the degree of purification
varied depending on the substrate used to assess pro-
teolytic activity. The highest purification level was
achieved when collagen was used as the substrate,
which is likely due to the high proportion of colla-
genases present in the studied glands.

Electrophoretic analysis demonstrated the poly-
morphism of the enzyme preparation (Fig. 3). Under
non-reducing conditions, five protein forms were

Table 1. Comparison of proteolytic activity toward various substrates in the studied glands of the rapana

digestive system

Specific activity, pmol leucine/mg protein/min + SE (share of

Glands specific activity in total activity determined using casein, %)

Gelatinolytic activity ‘ Collagenolytic activity
Gland of Leiblein 2.46 £ 0.11 (40.9) 0.59 +0.02 (9.8)
Hepatopancreas 2.73 £0.17 (49.0) 0.52 +0.02 (9.3
Salivary gland 4.48 £ 0.19 (86.1) 113 £0.07 (21.7)

Note. SE is the standard error of the arithmetic mean
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Table 2. Purification of proteolytic enzymes from the salivary glands of Rapana

Purification level with
different substrates, (times)

casein \ gelatin \collagen

Specific activity with
different substrates, umol of
leucine/mg protein/min
casein \ gelatin \ collagen

Total activity with different
substrates, pumol of leucine

casein \ gelatin \ collagen

2103.0

Yield,

Protein, mg

Stages | Volume, cm?®

17
34

640.7 5.7 3.8
8.1

1411.3

100
31

367.5

24
41

19
4.6

14
31

13
3.0
8.7

74 5.3
17.3

537.1

849.2

1184.6

147

11.8

4175

894.4 609.7

711.4

14
4

517

30

13
Note: 1 — crude extract, 2 — after treatment with acetone, 3 — after treatment with ammonium sulfate at 30% saturation, 4 — after ammonium sulfate salting-out at 80%

saturation followed by desalting using dialysis

138

8.2

343.0 50.0 314 241

4476

14.2

identified with molecular masses of approximately
210, 110-115, 75, 62, and 48 kDa, with two major
forms at 210 and 75 kDa. To assess the enzymatic
activity among the proteins, gelatin zymography was
compared with the electrophoretic profiles obtained
after SDS-PAGE of the proteins (Fig. 2). Excluding
the possibility of overlapping molecular masses of
inactive proteins and enzymes with proteolytic ac-
tivity, it was calculated that gelatinases in the prepa-
ration account for at least 88+3% (Table 3).

To investigate the quaternary structure of the
gelatinases and the role of disulfide bonds in their
formation, electrophoresis was performed on sam-
ples with and without the addition of reducing agents
(DTT), and the relative proportions of the electro-
phoretic fractions in each spectrum were analyzed
(Fig. 2, Table 4). As shown, the presence of free SH-
groups in the experimental samples significantly
increased the proportion of molecules with a lower
molecular mass, and a 48 kDa form of the hydrolytic
enzyme, which was not detected under non-reducing
conditions, became evident.

kDa kDa kDa

_ | -] — 210 =T — 210
iso_ | - — 115 — — 115 —
§§: -l e | — 75 — — 75 —
63— | wow — 62 — e G2 mm
48 — - — 48 48 __
35— |
25— .
20— |
17 - |
1 -

|
M 1 2 3

Fig. 2. Electrophoretic spectra of the partially pu-
rified enzyme preparation from rapana salivary
glands: M — molecular weight markers, 1 — total
protein spectrum (Coomassie staining), 2 — ge-
latinase spectrum; 1,2 — non-reducing conditions,
3 — reducing conditions (10 mM DTT added to the
sample)
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Table 3. Comparative analysis of total protein
and gelatinase spectra

Relative
fraction
content in the
total protein

Presence of
the fraction in
the gelatinase

Molecular
weight of the
electrophoretic

fraction, kDa spectrum, % spectrum
2106 29.70 present
110+ 3 19.40 present
75 +2 37.72 present
62+3 1.28 present
48 £2 11.90 not detected

Note: electrophoretic spectra obtained under unreduced
conditions were compared

Table 4. Comparison of gelatinase spectra under
non-reducing and reducing conditions

Relat_lve Relative
fraction .
. fraction
Molecular content in the .
. content in the
weight of the | total spectrum
X total spectrum
electrophoretic |  of samples
fraction, kDa without of samples
' reducin after DTT
g addition, %
agent, %
210+230 53.80 10.10
111+115 33.50 5.56
7277 4.03 61.60
6264 8.67 11.70
47+49 0.00 11.00
25 A
23
21
> 19
2 17
(&)
< 15
13
1 7
9
35 45 55 65 75 85 95 105
pH

Since gelatin is a derivative of collagen, it was
used in place of insoluble collagen to assess certain
physicochemical properties of the enzyme prepara-
tion.

Fig. 3 shows the dependence of gelatinolytic ac-
tivity on pH and incubation temperature.

Two distinct pH ranges exhibited the highest
proteolytic activity (Fig. 3, A). One of these was at
pH 4.5. The alkaline range proved to be more favora-
ble for enzymatic activity: a high level of activity
was sustained over a broad pH interval from 7.5 to
10.5, with a peak around pH 9.5.

The thermal profile of the enzyme activity in-
dicated that the maximal gelatinolytic activity of the
salivary gland enzymes occurred at temperatures
between 35°C and 45°C (Fig. 3, B).

To determine the thermal optimum, Arrhenius
plots were constructed for the ascending and de-
scending branches of the enzyme activity vs. tem-
perature curve (Fig. 4). The intersection point of the
two lines corresponded to 46°C.

The results of the study on the pH and thermal
stability of the partially purified enzyme prepara-
tion are shown in Fig. 5. The stability coefficients
of the enzymes at pH 4.5 and 7.5 are nearly iden-
tical, amounting to 0.027+0.002, which is signifi-
cantly lower than the value at pH 10.8, which was
0.049+0.004. This indicates that a slightly acidic
or neutral environment is more favorable for
maintaining the optimal state of the enzyme mole-
cules in the studied preparation. The thermal stabili-
ty coefficient at high temperature is almost five times
higher than that at room temperature — 0.123+0.014
and 0.025+£0.002, respectively.

25 +

20

15 4

Activity

10 -

0 T T T T T T T T ]
0 10 20 30 40 50 60 70 80 90
Temperature, °C

Fig. 3. Enzyme activity at different pH values (A) and temperatures (B): the ordinate axis shows activity (umol
leucine/mg protein/min), and the abscissa axis indicates pH values (A) and temperature in °C (B)
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2.0
15
1.0
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0
0.0028
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0.0030 0.0032
uT

0.0034 0.0036

Fig. 4. Arrhenius plot for optimal activity tempera-
ture. InA — natural logarithm of enzyme activity is
plotted on the y-axis; reciprocal absolute tempera-
ture 1/T is shown on the x-axis

The effect of various tested substances on the
collagenolytic activity of the obtained preparation
was investigated. Enzyme activity in the presence
of effectors was expressed as a percentage relative to
the activity under standard conditions. The obtained
results are presented in Table 5.

Discussion

Despite the relatively small mass of rapana sali-
vary glands, they represent a promising source of
enzymes with collagenase activity. In these glands,
the relative content of collagenases is several times
higher than in the larger glands of rapana, such as
the gland of Leiblein and the hepatopancreas.

Activity, %

Time, h

Activity, %
oo
o

A comparison of our purification results with
those reported by other authors demonstrates that the
achieved level of purification under our experimen-
tal conditions is reasonably high, despite the use of
only acetone and ammonium sulfate precipitation.
For example, in studies [28-30], collagenase purifica-
tion using ammonium sulfate yielded values ranging
from 1.3 to 2.0, which are lower than those observed
in our work.

In the cited studies, achieving a higher purifi-
cation level (>40) required the application of more
sophisticated techniques, such as chromatographic
methods [28-30]. The relatively high purification ef-
ficiency observed in our study may be attributed to
the substantial content of collagenases (exceeding
20% of total proteases) in the enzyme preparation
obtained from rapana salivary glands.

It is well established that proteases can be acti-
vated during SDS-PAGE. As a result, even the inac-
tive proenzyme forms of gelatinases or collagenases
may become detectable in gelatin-containing gels.

Electrophoretic analysis revealed polymor-
phism of gelatinolytic enzymes in rapana salivary
glands (Fig. 3). The protease spectra under non-re-
ducing conditions differed from those of the sam-
ples treated with DTT: under reducing conditions,
the gelatinase spectrum shifted toward lower mo-
lecular weight molecules (Table 4, Fig. 3). Accord-
ing to [10, 31], high-molecular-weight forms above
200 kDa can be considered polymeric complexes of
various gelatinases. These complexes, as suggested

100

©
o

70

60

Time, h

Fig. 5. Time-dependent stability of the enzyme preparation at different temperatures (A) and pH values (B).
Relative enzyme activity (Activity, %) is plotted on the y-axis, incubation time is shown on the x-axis
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Table 5. Relative collagenolytic activity (%) of the enzyme preparation from rapana salivary glands in the

presence of various effectors

Added compound

Relative activity, % = SE

Statistical significance
compared to control, P

Control

PMSF (1 mmol)

Soybean trypsin inhibitor (20 mg/cm?3)
EDTA (1 mmol)

1,10-Phen (1 mmol)

Con A (1 mg/cm?)

DTT (10 mmol)

[A-Na (5 mmol)

H,0, (1 mmol)

H,0O, (1 mmol) + TBAI (0.01 mmol)
HgCl, (1 mmol)

p-CMB (1 mmol)

Ac,0 (10 mmol)

Dimethyl sulfate (10 mmol)

Heparin (2 mg/cm?)

Heparin (2 mg/cm?) + DTT (10 mmol)
Gu (5 mmol)

100
100.0 £ 3.0 none
935+4.0 none
0.0 significant
6.1+0.8 significant, P < 0.001
761+ 8.7 significant, P = 0.05
165.9 +10.1 significant, P < 0.001
504 £ 8.4 significant, P < 0.001
238+18 significant, P < 0.001
11.8+12 significant, P < 0.001
35.0+36 significant, P < 0.001
63.8+4.0 significant, P < 0.001
141+0.8 significant, P < 0.001
214 %172 significant, P < 0.001
167+ 13 significant, P < 0.001
600+ 14 significant, P < 0.001
70.9 £ 10.6 significant, P = 0.02

by the authors mentioned above, serve to reduce the
pool of active enzymes in native tissues.

Based on literature sources [32], proteases with
molecular weights ranging from 100-115 kDa and
lower may include different matrix metalloproteina-
ses, such as MMP-9 (gelatinase B, ~90 kDa), MMP-
8 (collagenase 2), MMP-2 (gelatinase A, 72-75 kDa),
MMP-1 (collagenase 1, 62—65 kDa), MMP-13 (col-
lagenase 3), and other members of the extensive ma-
trix metalloproteinase family.

The presence of two distinct optimal pH values
for the reaction medium (Fig. 4) indicates the pos-
sible existence of two types of proteinases — acidic
and alkaline — or the presence of two active ionic
forms of the enzyme. For most gelatinases and col-
lagenases, the optimal hydrolytic activity occurs
within the neutral to slightly alkaline pH range [33].
Enzymes capable of exhibiting collagenolytic activi-
ty under acidic conditions are relatively rare. Among
them, certain cysteine cathepsins have been shown
to degrade native collagen in acidic environments
[34, 35]. Therefore, it is reasonable to hypothe-
size that the preparation from the salivary glands
of the rapana contains enzymes similar to cysteine
proteinases.

100

The stability of the studied enzymes is pH-
dependent. At acidic and neutral pH values (4.5 and
7.5), their enzymatic activity remains well preserved
over the 8-hour incubation period at 40 °C, with no
more than a 15% decrease in activity (Fig. 5). In
contrast, under alkaline conditions (pH 10.8), the
preparation is less stable, with almost one-third of
the enzymatic activity lost after 8 h. This pH sensi-
tivity may be attributed to structural changes in the
enzymes caused by alterations in hydrogen bonding,
leading to partial destabilization of the secondary
structure and active sites. It is known that acidic di-
carboxylic acids are integral components of the ac-
tive site of collagenases [36].

The application of various effectors — chemical
compounds that either activate, inhibit, or exert no
influence on enzyme activity — can yield valuable in-
formation regarding the reaction mechanism, as well
as the structural characteristics and active site archi-
tecture of the enzyme. It is important to emphasize
that the percentage values reflecting the effects of the
tested effectors (Table 4) should not be interpreted
as precise quantitative indicators of the significance
of specific intramolecular structures involved in the
catalytic process. To accurately assess these relation-
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ships, detailed kinetic studies of enzyme inhibition
or activation are required, which fall beyond the
scope of this investigation.

The absence of any observable effect from
PMSF and soybean trypsin inhibitor, both of which
are specific inhibitors of serine proteases, suggests
that this enzyme class is not present in the studied
preparation. Conversely, the near-complete inhibi-
tion of collagenolytic activity by metal ion-chelating
agents such as EDTA and 1,10-phenanthroline
strongly supports the classification of the enzymes
in this preparation as metalloproteinases.

The application of the following reagents can
yield insights into both the overall molecular struc-
ture and the active sites of collagenolytic enzymes
from the salivary glands of rapana. It is essential to
recognize, however, that many of the compounds
listed below may influence not only the proper-
ties of the enzymes but also those of the substrate
molecules, which can in turn alter the observed
enzymatic activity.

As reported by Nishaz Shaikh and Shirley Ag-
wuocha (2023), Concanavalin A (Con A) specifically
binds to a-D-mannose residues on proteins, inducing
agglutination and consequently inhibiting their ac-
tivity [37]. As shown in Table 3, a portion of the col-
lagenases under investigation are glycosylated. For
instance, gelatinase B (MMP-9), with a molecular
weight of 92-82 kDa, is known to be a glycosylated
enzyme (64). It is also possible that Con A hinders
enzyme access to glycosylated regions of collagen,
thereby reducing the rate of hydrolysis.

An activating effect of dithiothreitol (DTT), a
reducing agent that cleaves disulfide bonds, has been
demonstrated. Conversely, reoxidation of these di-
sulfide bridges using hydrogen peroxide results in
the opposite effect. Several factors may account for
these findings. It can be assumed that the salivary
gland extracts contain thiol (cysteine) proteases,
which are activated by reducing agents. Additionally,
it is known that collagenases in tissues can exist in
inactive forms as part of complexes to prevent un-
controlled cellular degradation [31, 38]. Some of
these complexes are likely stabilized by disulfide
bonds between individual molecules. By reducing
these bonds, DTT restores free SH-groups, thereby
releasing active enzymes and increasing the overall
enzymatic activity of the preparation. Moreover,
reducing agents may trigger the cysteine switch
mechanism, leading to the activation of proenzymes
[39]. These assumptions are supported by the altered

gelatinase profile observed under reducing condi-
tions (Fig. 3).

Sulfhydryl (SH) groups are likely essential for
the hydrolysis of collagen itself [40]. Modification of
SH-groups — via alkylation with iodoacetate or the
formation of mercaptides using mercury chloride or
p-CMB - leads to inhibition of collagenase activity.
It is known that the secondary and tertiary structures
of collagen are stabilized by hydrogen bonds [41] and
electrostatic interactions [42-44]. Disulfide bonds are
involved only in the assembly of long, triple-helical
supramolecular structures [45]. Therefore, these
SH-group modifiers do not disrupt the triple-helical
structure of collagen but may interfere specifically
with the hydrolytic process mediated by the enzyme.
In addition, the normal tertiary structure of the en-
zymes themselves may also be affected.

The importance of electrostatic interactions
in the enzymatic reaction is supported by data on
the effects of heparin, dimethyl sulfate, and acetic
anhydride on collagenolytic activity. These reagents
bind to free amino groups, thereby affecting the for-
mation of electrostatic and hydrogen bonds. Dime-
thyl sulfate also alkylates amino, imino, and thiol
groups present in proteins. It is clear that the effects
of these reagents are primarily associated with their
nonspecific influence on the conformation of protein
molecules. However, the role of electrostatic and hy-
drogen bonds formed by specific amino acids cannot
be ruled out [42, 43].

This latter assumption is supported by the ef-
fect of guanidine hydrochloride, which can interact
with histidine and the carboxyl groups of dicarbo-
xylic amino acids, thereby disrupting the forma-
tion of essential interactions [46]. It is important to
emphasize that the guanidine concentration used
(5 mmol) is too low to cause protein denaturation, as
denaturing typically requires much higher concen-
trations — ranging from 3 to 6 molar.

These findings suggest that the identified ami-
no acids play a crucial role in the enzymatic activi-
ty of the preparation derived from Rapana venosa
salivary glands. The involvement of histidine, along
with either glutamic or aspartic acid, in the catalytic
core motif of the active site has been demonstrated
for several metalloproteinases [36, 43].

Thus, the salivary glands of the rapana contain
a high concentration of proteolytic enzymes. Elec-
trophoretic analysis of the obtained preparation re-
vealed that enzymes exhibiting gelatinase activity
constitute up to 88% of the total protein content. Of
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these, approximately 22% are collagenases. The pro-
teolytic enzymes isolated from the salivary glands
display polymorphism: denaturing electrophoresis
identified five distinct fractions with different mo-
lecular weights.

Complete inhibition of collagenase activity
by metal-chelating agents indicates the presence
of metalloproteinases in the preparation. Further-
more, the effects of agents that affect disulfide bonds
suggest the presence of cysteine proteases and the
formation of inactive enzyme complexes through
disulfide bridge formation between active polypep-
tides. It was demonstrated that maintaining specific
electrostatic and hydrogen bonding states within the
enzyme molecule is essential for collagenolytic ac-
tivity.

The enzyme polymorphism is further suppor-
ted by the presence of two distinct pH optima: one in
the acidic range (pH 4.5) and another in the alkaline
range (pH 7.5-9.5).

The optimal temperature for enzymatic activity
was determined to be 46°C.

The enzymatic activity of the rapana venosa
salivary gland preparation exhibits considerable
stability. Under adverse conditions — pH 10.8 and
60°C — the preparation retains 70 and 50% of its ac-
tivity, respectively, for up to eight hours.
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BUAIJIEHHSA TA XAPAKTEPUCTUKA
HPEITAPATY 3 KOJJATEHA3HOIO
AKTHUBHICTIO 31 CIUHHHUX 3AJI03
RAPANA VENOSA
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Konarenasu 3HalIuIM MpakTHYHE 3aCTOCY BaH-
HS SIK Y MEAUIIUHI, TaK 1 B Xap4OBil MPOMHCIOBOCTI,
OfHAK TMOIIYK HOBUX JDKepesJ  KoJareHas
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3aJIMIIAETHCS AKTYaIbHUM HAIPSIMOM JIOCTIIKEHb.
Rapana, XmKuH MOIIOCK, IO TMEPEeBa)XKHO KH-
BUTBCSI JIBOCTYJIKOBUMHM, OaraTMMM Ha CIIOJIY4HY
TKaHWHY, IPUBEPTAE yBary sIK HOTEHIiIHE Ke-
PEJI0 KOJIATCHOJIITHYHUX EH3MMiB. MeToro Lboro
JOCHTIKeHHsI OyJlo BHIIIUTH Tpernapar i3 Koja-
IFeHa3HOK aKTUBHICTIO 31 CIMHHUX 3ajio3 Rapana
Venosa ta oxapakTepu3yBaTH HOTro BJIACTHUBOCTI.
EKCTpaKkT CIMHHHUX 3aJ103 OYMIIYyBald METOAOM
OCaJKEHHSI alleTOHOM 13 MOJabIIOK 00pPOOKOF0
cyiabdarom amoHiro. Enextpodopes 3ailicHoBain
3a mpoTOKOJIoM JleMMITi B yMOBaxX BiJHOBJICHHS Ta
6e3 Hporo. [IpoTeoniTHUHY aKTHBHICTh BH3HAYAJIN
CHEKTPOPOTOMETPUYHO 3 BHKOPUCTAHHSIM KOJa-
reHy abo »xemaTtuHy sk cybcrpaty. IlokazaHno, 1mo
mpernapaT CKJIagaBcs 3 IT'SITH POTETHOBUX (pakiii
1 MposBIAB eH3UMAaTUYHUH nomimopdizM. byro
JIOCSITHYTO ovuileHHs y 13,8 pasza komareHa3Hoi
aKTHBHOCTI, TIpU LbOMY IIoHaiMeHIe 22% 3a-
rajbHUX MPOTEIHIB BHSBISUIM KOJAr€HOJNITUYHY
aKTHBHICTB, TOA1 K 88% — kenmaruHOMTHYHY. Ot-
TUMYM aKTHUBHOCTI Ipenapary 3HaXOAMBCS B KHUC-
aomy (pH 4,5) ta nyxuomy (pH ~ 9,5) nianazonax,
a TeMmmeparypHuil ontumym crtaHoBuB 46°C. 3a
KiMHATHOI TemnepaTypu 61au3bpko 90% axkTUBHOCTI
30epiranocs mpotaroM 8 rox. [HTiOITOPH CcepuHO-
BUX IpOTea3 HE BIUIMBAJIN HA AKTHUBHICTH CH3H-
My, TOIi SIK XEJIATOPH iOHIB MeTaJliB MOBHICTIO Ii
NpUTHiYyBadu. BiTHOBIIOBAIbHI areHTH, IO aKTH-
ByI0Th SH-rpynu, miiBHIyBaIl aKTUBHICTh CH3H-
MYy, TOJII SIK pereHepartist AUCyIbQiTHUX 3B’I3KiB 00
monudikaris SH-rpyn 3HmwkyBanu ii. OTpuMmani
JlaHl CBiI4aTh, 0 KOJAreHa3HO-aKTUBHUM €H3UM-
HUI TpenapaT 31 CIMHHUX 3aj03 Rapana venosa
NEePeBaXHO CKJIAJA€ThCsi 3 METalloNpoTeiHas i
UCTETHOBUX MpPOTEa3 Ta XapaKTePU3YEThCs BUCO-
KOO CTaOlIbHICTIO.

KnrodoBi ci0Ba: npoTeoNiTHYHI CH3UMH,
KoJIareHasa, OuuIeHHs, Rapana venosa, cianHHi 3a-
JI03H.
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