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The relevance of comprehensive studies of the Rapana vital functions is determined by its considerab-
le negative impact on the ecosystem of the Black Sea. The aim of the work was to find out the polymorphism
and activity of the main hydrolases in the different parts of the digestive system of Rapana. Hydrolases (pro-
teases, amylases, esterases, lipases and phosphatases) in glandular structures of the Rapana digestive system
were studied by electrophoresis. It was found that different sets of hydrolytic enzymes are functioning in cer-
tain parts of the Rapana digestive tract. The gland of Leiblein and hepatopancreas played the most important
role in the digestion of food components. The salivary glands had the significant influence on proteolysis.
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expressivity of enzymes.

dequate monitoring of the environment re-
A quires comprehensive studies of lifestyles

of all its inhabitants. Currently Rapana
venosa (Valenciennes, 1846) (Gastropoda: Neogas-
tropoda: Muricidae) makes a great contribution to
the ecology of the Black Sea. This East Asian preda-
tory mollusk appeared in the Black Sea in 1947 [1].
Due to the high adaptability of this species and the
absence of enemies (like starfish), constraining its
population at home [2-6], as well as good food base
[3, 7-10], rapa whelk has successfully taken root in a
new habitat. This mollusk took only a decade before
the end of the 60’s of the twentieth century to reset-
tle across the Black Sea [3, 11]. Extreme adaptability
and plasticity of Rapana are proved by its resettle-
ment in different regions of the World Ocean [12].
Rapa whelk has almost completely destroyed natural
populations of oysters and substantially reduced the
number of mussels settlements in many regions of
the Black Sea.

It is known that the meat of Rapana’s main prey
sources (oysters and mussels) in the Black Sea con-
tains all the essential food components — proteins,
fats and carbohydrates [13]. Therefore, for the effec-

tive and proper digestion in Rapa whelk there must
be an adequate set of hydrolytic enzymes. Rapana’s
morphology, anatomy and especially ontogeny have
been studied extensively [12], but the number of
works on physiology, biochemistry and genetics of
this mollusk is extremely small. Mainly these works
are devoted to the determination of chemical com-
position of the mollusk body and calculation of dry
matter, glycogen and energy accumulation. A few
studies are focused on aspects of Rapana’s phylo-
genetics [14-16]. At present, the localization of basic
chemicals in the tissues of shellfish has been well de-
tailed in literature and some common morphological
and physiological features of various organs and sys-
tems of rapa whelk functioning have been identified
[5, 17-19]. However, most of genetic and biochemical
aspects of these systems, including digestive system,
have practically not been studied. In this regard and
taking into account the importance of the role of
rapa whelk in modern Black Sea ecology, the goal
of the present work is to study polymorphism and
expression patterns of major hydrolases in different
parts of Rapana’s digestive system.
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Materials and Methods

Collection and treatment of molluscs. Samples
of Rapana were collected manually by divers near
Small Fontain in the Odessa Bay 50 meters away
from the shore at a depth of 5-7 m. Rapa whelks
were collected in August, September and early Oc-
tober 2012, in five independent instances. Collected
mollusks were immediately frozen at -28 °C and
kept in this state until analysis. Mature specimens
of shell height from 65 to 85 were selected for the
study. Soft body of rapa whelk was dissected after
thawing slightly. The following parts of the diges-
tive system were collected for analysis (Fig. 1): sali-
vary (pharyngeal) glands, accessory salivary glands,
Leiblein body (pear-shaped organ) together with the
adjacent portion of esophagus, crimson gland to-
gether with the adjacent portion of esophagus, gland
of Leiblein, hepatopancreas (digestive gland, liver).
The cumulated material of the same organ from 6-10
male and female individuals, taken in equal propor-
tions was used for analyses.

Sample preparation, electrophoresis. Tis-
sues were homogenized in extraction buffer of the
following composition: 0.05 M Tris-HCI (pH 6.8),
0.01% dithiothreitol, 0.01% ascorbic acid, 0.01% so-
dium EDTA, 1% Triton X-100, with the ratio of tis-

\

sue : buffer (weight, mg : volume, pl) being 1 : 1.
Samples triturated directly in centrifuge tubes were
subjected to freeze-thawing 3-5 times and then cen-
trifuged in the cold (4 °C) for 20 min at 10,000 g.
Three volumes of chilled (-28 °C) acetone were
added to the supernatant. The protein precipitate
was obtained by centrifugation under the aforemen-
tioned conditions and treated overnight with butanol
cooled at 2-4 °C. After centrifugation, the material
was dried for several days at -28 °C and then at room
temperature for 2-4 h. The precipitate was dissolved
in 1: 1 (original tissue mg : solution pl) extraction
buffer supplemented with 15% sucrose and a small
amount of bromophenol blue. The resulting tissue
preparations were used for electrophoresis. Verti-
cal native electrophoresis was performed at room
temperature in gel plates measuring 130x110x1 mm
in apparatus VE-4M (Helicon, Russia). The distri-
bution of proteins was carried out in the system of
Davis [20] with or without the use of stacking gel in
10% PAGE (in the study of proteolytic activity) and
7.5% of the gel (the study of other enzymes). Elec-
trophoresis was performed at 15 mA and 110 V until
dye front moved from the start to distance of about
one third of gel, after which the power and the volta-
ge were increased to 30 mA and 260 V. Electropho-

Fig. 1. Portions of the Rapana digestive system, which were used for analysis: 1 —salivary glands, 2 — acces-
sory salivary glands, 3 — Leiblein’s body with esophagus, 4 — crimson gland with esophagus, 5 — gland of
Leiblein, 5 — hepatopancreas; A — mantle cavity disclosed, mantle diverted to the side, B — gland of Leiblein

removed
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resis took 4-5 h. Since different tissues had dissimi-
lar enzymatic activity, experimentally determined
amounts of starting material were added, which
gave the opportunity to detect enzymes in the elec-
trophoregrams even in samples not active enough.

To standardize the data of various biological
repetitions, it was decided to use the same condi-
tions of electrophoretic separation, constant values
of reagent concentrations, temperature, and gels pro-
cessing time for the detection of enzymes.

Detection of enzymatic activity. Proteolytic
(EC 3.4.21.- — 3.4.24.-) activity was determined by
the cleavage of gelatin which was introduced into
PAG [21]. Two buffer systems were used: one for
the acidic proteinases, 0.1 M sodium acetate buffer
pH 4.6, the other for alkaline proteinases, 0.01 M
potassium phosphate buffer pH 7.8. Since calcium
ions are activators for most of the known proteina-
ses, CaCl, was added to the medium to the final con-
centration of 1 mM. After incubation the gels were
kept overnight in the solution of 0.1% Coomassie
R 250 prepared in the mixture of isopropanol and
9% acetic acid (1 : 1). In the locations of proteinases
we observed fading or absence of color: it gives the
so-called gelatinase profiles.

To identify the activity of a-amylase
(EC 3.2.1) the electrophoresis of samples was done
in polyacrylamide gel by adding soluble starch to
0.15% [22]. Detection of activity was carried out in
two buffer systems - 0.1 M sodium acetate buffer,
pH 5.4 or 0.15 M sodium-potassium phosphate buft-
er pH 7.5. Enzyme activity was determined using
solution with acetic acid containing 0.01 M of iodine
and 0.014 M KJ. Undyed areas on blue background
indicated the presence of amylase activity.

Esterases (EC 3.1.1.-) were manifested in the
appropriate buffer solution, which contained the dye
Fast blue RR, 1-naphthyl propionate and 2-naphthyl
acetate. For esterase activity detection potassium
phosphate buffer pH 7.0 or 0.1 M sodium acetate
buffer pH 4.6 were used. Esterase zone with speci-
ficity for B-isomers of the substrate were dyed red,
for a-isomers — brownish-black [22].

It is generally accepted that for the manifesta-
tion of amylase activity weak acid medium is opti-
mal, while for esterase activity the medium should
be close to neutral. To determine the characteristics
of these enzymes in the rapa whelk digestive tract
we also used different pH for the activity of en-
zymes: alkaline — namely slightly alkaline (pH 7.4)
medium for the amylase and acidic (pH 4.6) — for
esterases.

Lipases (EC 3.1.1.3) were detected on the
scheme of Burstone [23] with modifiations. After
electrophoresis, the gels were kept at room tempera-
ture for 1 h in a potassium phosphate buffer, pH 7.0,
which contained 100 ml of Tween-85 (200 ul), so-
dium desoxycholate (200 mg) and calcium chloride
(200 mg). Then the solution was drained and the
gel was thoroughly washed with distilled water (3
changes 15 min each). To identify areas of the en-
zyme, a solution of Nile blue was used. To obtain
this solution 20 mg of dye was dissolved in 10 ml
of ethanol and topped up with distilled water to a
volume of 100 ml. Gels were incubated in a solution
of Nile blue overnight and then washed with water
until colorless background.

Alkaline phosphatase (EC 3.1.3.1) was detected
at pH 8.9 (0.05 M Tris-HCI buffer), acid phosphatase
(EC 3.1.3.2) —at pH 4.6 (0.1 M sodium acetate buffer)
by the Manchenko [22] with using Fast blue RR and
1-naphthyl phosphate.

Electrophoregrams analysis and mathematical
treatment of the data. Electropherograms were docu-
mented by scanning. Quantitative analysis of densi-
tograms was obtained through software Anals. The
number of enzymes multiple forms, their relative
electrophoretic mobility and their ratio in percentage
in the overall spectrum were determined. Enzyme
activity was assessed by the peak area at the densi-
tograms of the corresponding multiple forms, and
calculated in conventional units per 1 mg wet tissue.
This method does not show the true level of enzyme
activity, but it is informative enough for compara-
tive studies. Research results were processed using
Microsoft Excel software.

The arithmetic mean of the spectra obtained in
each repetition of the experiment and standard error
of the arithmetic mean were calculated. The typical
spectra that well reflect the obtained average results
are shown in this paper. The significance of differen-
ces proved in accordance with the Student’s t-test
was calculated for the cosets.

Informational complexity of electrophoretic
spectra of the enzymes was evaluated by our pro-
posed factor [24].

Results and Discussion

Analysis of enzymatic activity was performed
by means of polyacrylamide gel electrophoresis,
which allowed identifying not only the presence of
certain enzymes, but also their isozyme composition
and activity of some multiple forms.
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Typical electrophoregram of proteolytic activi-
ty is shown in Fig. 2 (A, B).

Proteinases were found in all investigated
structures of the Rapana digestive system. Quanti-
tative treatment showed that the highest proteinase
activity for both pH values was observed in the sali-
vary glands. The major part of the proteolytic activi-
ty of the Rapana digestive system was concentrated
in these glands (Fig. 2, C, D). The presence of pro-
teinases in the salivary glands of Rapana had been
previously shown by histochemical methods [2], but
a comparative analysis of the hydrolytic activity in
various glandular structures of the Rapana digestive
tract was attempted in this study for the first time.

The presence of maximum proteinase activity
in the anterior parts of Rapana digestive system is
a basic difference between these mollusks and ver-
tebrates, in which the process of proteins digestion
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mainly occurs in the middle part of the digestive
system. These features of the proteolytic enzymes
distribution in predatory gastropods bring them to-
gether with predatory Arthropods, particularly spi-
ders. Besides the poison, they inject into the victim’s
body a set of hydrolases which help soften the food
substrate [25].

The salivary glands are characterized by not
only the high level of proteinase activity, but also
the largest number of molecular forms of this en-
zyme group: about 4 molecular forms of proteinase
for pH 4.6 were determined and about 10 forms —
for pH 7.8. The lowest proteolytic activity and mini-
mum number of isoforms were observed in Lei-
blein’s body and hepatopancreas (3 molecular forms
at pH 4.6 and 4 forms at pH 7.8). Various glandular
structures of the rapa whelk digestive system also
differed in medium pH, in which enzymatic activi-
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Fig. 2. Gelatinase profiles (A, B) of extracts and proteinase activity (in conventional units per 1 mg wet weight
of tissue) (C, D) in the studied parts in digestive system of Rapana: A, C —at pH 4.6, B, D —at pH 7.8, 1 —
salivary glands, 2 — accessory salivary glands, 3 — Leiblein’s body with esophagus, 4 — crimson gland with
esophagus, 5 — gland of Leiblein, 6 — hepatopancreas; the amount of introduced material: 1, 2 — 10 ul of the

extract, 3, 4 — 15 ul of extract, 5, 6 — 25 ul of the extract
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ty was greater. For example, proteinases of salivary
glands showed approximately the same activity in
both acidic and alkaline solutions. Proteolytic en-
zymes of accessory salivary glands, crimson gland
and Leiblein gland were active in alkaline medium,
and contrary to this, enzymes of Leiblein body and
hepatopancreas were active in acidic medium. This
is probably motivated by both proteinase form and
type of digestion (cisternal for alkaline or acidic for
intracellular enzymes).

Based on these data we can assume that in
complex and differentiated Rapana digestive system
hydrolysis of proteins starts outside and in anterior
part of the digestive tract in the process of extra-in-
testinal and cisternal digestion. Processing of pro-
teins in the following segments is likely to occur as
a result of cisternal digestion and by intracellular di-
gestion. The fact that acidic proteinases are most ac-
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tive in the salivary glands confirms a general for all
living beings pattern, i.e. the initial digestion occur-
ring in acidic medium, whilst subsequent hydrolysis
and absorption in neutral [26].

In contrast to proteolytic enzymes amylases
were distributed in the parts of the rapa whelk diges-
tive system in a different way (Fig. 3, A, B).

Activity of a-amylase was detected only in
Leiblein gland and hepatopancreas whereas it was
practically not observed in other structures. Leiblein
gland had maximum amylase activity (Fig. 3, C, D).
Despite differences in activity, the number of iso-
forms of the enzyme was similar in both glands. As
expected, the amylases of Rapana digestive system
were more active under mildly acidic conditions.

Esterases are a large group of diverse enzymes
that break down various esters. Besides digestive
functions, esterases perform regulatory (e.g., ace-
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Fig. 3. Electrophoretic profiles of proteins with amylase activity (A, B) and amylase activity (in conventional
units per 1 mg wet weight of tissue) (C, D) in the studied parts in digestive system of Rapana: A, C — at pH 5.4,
B, D—atpH 7.5; 1 — salivary glands, 2 — accessory salivary glands, 3 — Leiblein’s body with esophagus, 4 —
crimson gland with esophagus, 5 — gland of Leiblein, 6 — hepatopancreas; the amount of introduced material:

7.5 ul of the extract
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Fig. 4. Electrophoretic profiles of proteins with esterase activity (A, B) and esterase activity (in conventional
units per 1 mg wet weight of tissue) (C, D) in the studied parts in digestive system of Rapana: A, C — at pH 4.6,
B, D —at pH 7.0; 1 —salivary glands, 2 — accessory salivary glands, 3 — Leiblein’s body with esophagus, 4 —
crimson gland with esophagus, 5 — gland of Leiblein, 6 — hepatopancreas, the amount of introduced material
atpH 4.6: 1 -20ul, 2—15ul, 3—5ul, 4—10 ul, 5, 6 — 7 ul of the extract, at pH 7.0: 1 — 10 ul, 2, 3, 4—5 ul,

5, 6-3ul

tylcholine-acetylhydrolase, or acetylcholinesterase),
protective (e.g., acetylcholine-acylhydrolase, or cho-
linesterase) and various metabolic functions. The
important role of this class of enzymes is consistent
with the fact that esterases present in all parts of the
studied digestive system (Fig. 4, A, B). For the two
values of the medium acidity studied, the highest ac-
tivity of enzymes with esterase activity was shown
in the gland of Leiblein, the lowest — in the salivary
glands. In case of esterase activity per 1 mg wet
weight of tissue the glandular structure of Rapana
digestive system under consideration was located in
the following order: gland of Leiblein > hepatopan-
creas > Leiblein’s body > crimson gland > acces-
sory salivary glands > salivary gland (Fig. 4, C, D).
Gland of Leiblein, hepatopancreas, Leiblein’s body
and crimson gland contained the maximum number
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of esterases isoforms (from 6 to 8). Glands differed
by the most favorable for the esterase reaction values
of pH: in the salivary glands esterases were active in
an acidic environment (pH 4.6), in all other glandu-
lar structures the optimal pH was neutral.

There were significant differences in the speci-
ficity of esterase isoforms to various substrates be-
tween the glandular structures of the rapa whelk
digestive system. Salivary glands and accessory sali-
vary glands contained mainly o-targeted enzymes.
In gland of Leiblein and hepatopancreas B-specific
esterases were largely represented (Fig. 4, B). These
include multiple forms with electrophoretic mobili-
ty Rf'0.16, 0.25 and 0.30. Both Leiblein’s body and
crimson gland isoform with Rf 0.20 were charac-
terized by the mixed stereospecificity, while in the
gland of Leiblein, salivary glands and hepatopancre-
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Fig. 5. Electrophoretic profiles of proteins with lipase activity (A, B) and lipase activity (in conventional units
per 1 mg wet weight of tissue) (C) in the studied parts in digestive system of Rapana: A — the incubation
medium without supplements, B — supplemented with 1 M NaCl before; 1 — salivary glands, 2 — accessory
salivary glands, 3 — Leiblein’s body with esophagus, 4 — crimson gland with esophagus, 5 — gland of Leiblein,
6 — hepatopancreas, the amount of introduced material: 1 — 10 ul, 2-6 — 5 ul

as this isoform had a higher affinity for substrates
with substitution at a-position.

The group of esterases required to digest such
important components of food as fats and fatty ac-
ids was studied separately. Electrophoretic spectra
of lipases are shown in Fig. 5 (A, B). As in the case
of esterase, lipase activity was high in the gland of
Leiblein, followed by hepatopancreas and accessory
salivary glands (Fig. 5, C). The lowest activity of
lipases was observed in the crimson gland.

To distinguish triglyceride lipase from the lipo-
protein lipases parallel samples were stained with a
solution of 1 M NaCl, which is known to selective-
ly inhibit lipoprotein lipases in mammals [27, 28].
Based on the comparison of these two variants of
lipase activity manifestations (Fig. 5, A, B), we can
assume that mainly triglyceride lipases were present
in the analysed parts of the Rapana digestive sys-
tem. This conclusion is based on the obvious fact

that NaCl did not inhibit lipase activity in experi-
mental conditions.

Phosphatases, like esterases, represent a large
group of heterogeneous enzymes — both highly spe-
cialized and with a very broad substrate specificity.
They play a significant role in the overall metabolism
of the cells and have important regulatory and en-
ergy functions. Cleaving phosphate residues from a
variety of organic phosphate esters, phosphatase pro-
motes assimilation of relevant substances entering
the digestive system with food. In the studied tissues
of Rapana digestive system the ratio of acid and al-
kaline phosphatases is very different (Fig. 6, A, B).
While acid phosphatases were present in all glan-
dular structures in comparable amounts, alkaline
enzymes were mainly observed in the gland of Lei-
blein and hepatopancreas. In other parts of mollusk
digestive system only traces of alkaline phosphatase
activity were observed (Fig. 6, C, D).

1
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Fig. 6. Electrophoretic profiles of proteins with phosphatase activity (4, B) and phosphatase activity (in
conventional units per 1 mg wet weight of tissue) (C, D) in the studied parts in digestive system of Rapana:
A, C—at pH 4.6, B, D — at pH 8.9, 1 — salivary glands, 2 — accessory salivary glands, 3 — Leiblein’s body
with esophagus, 4 — crimson gland with esophagus, 5 — gland of Leiblein, 6 — hepatopancreas; the amount of
introduced material at pH 4.6: 1, 2, 4 — 15 ul, 3— 7.5 ul, 5, 6 — 10 ul of the extract; at pH 8.9: 1, 2, 4 — 15 ul,

3=75ul,5—1ul 6—2 ulofthe extract

As it is known, high alkaline phosphatase acti-
vity is inherent in organs with significant processes
of transport nutrients and secretory activity. This is
consistent with the analysis of the gland of Leiblein
and hepatopancreas, made on the basis of morpho-
logical, functional and histochemical studies, where
these organs are treated by providing the mollusk
body with products of digestion, as well as carrying
out the secretion and excretion of various compounds
[2].

Knowing the average weight of the investigated
structures, we can estimate their relative contribution
to the overall activity of the corresponding hydrola-
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ses in all digestive system of Rapana. Based on data
from the literature [2], Rapana’s enzymatic activity
of the stomach and hindgut can be ignored because
of their small values. As resulted from our investiga-
tion of 30 rapa whelk specimens the average weight
of the studied parts of the digestive system distribu-
ted as follows: salivary glands — 301 + 23 mg, ac-
cessory salivary glands— 90 + 6 mg, Leiblein body
with adjoining portion of esophagus — 43 + 2 mg,
crimson gland with adjoining portion of esopha-
gus — 62 + 4 mg, gland of Leiblein— 2077 + 148 mg,
hepatopancreas — 3695 + 238 mg.
The calculated results are shown in Table 1.
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Table 1. Contribution (%) of different test bodies in general hydrolytic activity of the Rapana digestive

system
The investigated glandular organs of the Rapana digestive system
Hydrolases salivary accessory: 1) ibleins | crimson gland of hepato-
glands salivary body gland Leiblein pancreas
glands
Acidic proteinases 40 1 1 1 20 36
Alkaline proteinases 36 3 3 1 24 33
Amylases, pH 5.4 0 0 0 0 68 32
Amylases, pH 7.4 0 0 0 0 98 2
Esterases, pH 7.0 <1 1 1 1 48 49
Esterases, pH 4.6 <1 <1 <1 <1 48 51
Lipases 1 1 <1 <1 48 50
Acidic phosphatases 4 1 <1 <1 54 41
Alkaline phosphatases <1 <1 <1 <1 59 41

Based on data in Table 1 it can be concluded
that all of food components relative to proteolysis
gland of Leiblein, hepatopancreas as well as sali-
vary glands play the most important role in the rapa
whelk digestion.

As shown in our studies, specific proteolytic
activity of the gland of Leiblein and hepatopancreas
per unit mass is negligible. However, due to their
large mass, the contribution of these glands to the
process of proteins assimilation by Rapana becomes
essential.

As seen from the electrophoregrams, presented
in this work, each part of Rapana digestive system
differs from each other not only in their hydrolases
activity, but also in the number of multiple forms
of enzymes, their location and the specific gravity
of the spectrum. The data are shown in Table 2. On
the basis of the obtained data it can be supposed
that all the genetic determinants controlling expres-
sion of certain isoforms of enzymes do not actively
operate in various organs of the Rapana digestive
system. That is supported by the different number of
enzymes multiple forms in the spectra, which were
observed in the electrophoretic analysis of hydro-
lases in the most parts of digestive system (Table 2).
However, given the equal number of isoforms, it is
difficult to make substantiated conclusions about the
features of the genetic control of enzymes expres-
sion in individual organs. In these cases, important
information can be obtained using the coefficient

of internal diversity (informational complexity) of
spectra KD [24].

This indicator reflects the complexity of genetic
system which determines the formation of the trait.
It is considered that complexity of genetic system
could be understood as follows: 1) the humber and
expressivity of structural genes, 2) the number and
expression of regulatory genes that control the ex-
pression of the structural genes, and 3) the type and
degree of interaction of certain genetic system genes.
Table 2 shows that in some cases, despite the same
number of multiple forms of the enzymes and the
similarity of their location in the spectra, which in-
dicates the same structural genes functioning, there
is a difference between the values of the coefficient
KD. The aforesaid may indicate the differences in
the regulation of relevant genetic systems in various
organs. Such differences between tissues were ob-
served for the spectra of acidic proteinases, amylases
and alkaline phosphatases.

The research indicates that the Rapana diges-
tive system is complex and diverse not only mor-
phologically, but also in the biochemical sense. Its
different parts synthesize a set of hydrolases, pro-
vides efficient digestion of food through various
pathways. Intense proteolytic activity of the salivary
glands may provide extra-intestinal digestion as well
as cisternal proteopepsis together with proteinases of
other glands. Amylases from the gland of Leiblein
and hepatopancreas contribute to the absorption of

13
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Table 2. Number of isoforms and information complexity of hydrolases spectra of investigated organs in
the Rapana digestive system

The investigated glandular organs
Hydrolases salivary accessory Leiblein’s crimson gland of
glands salivary body gland Leiblein hepatopancreas
glands

Acidic 4 4 4 4 3 3
proteinases (4.20+£0.55)"  (3.14+0.35)" (4.34+0.41) (6.46+0.67)" (2.03+0.29) (2.25%0.36)
Alkaline 10 9 7 7 4 4
proteinases (13.37+£3.28)  (10.10+2.51) (9.28+2.02)  (9.39+1.81)  (5.63+0.85) (5.38+0.95)
Amylases, 0 0 0 0 8 8
pH 5.4 - - - - (12.284£1.60)*  (6.72+£1.10)*
Amylases, 0 0 0 0 7 7
pH 7.4 - - - - (8.44+0.83) (9.66+0.69)
Esterases, 3 4 6 6 7 7
pH 7.0 (2.60+£0.42)  (2.45+0.20) (3.92+0.31) (3.91+0.29)  (11.15+2.00) (9.57£1.61)
Esterases, 3 4 6 7 8 8
pH 4.6 (1.26+£0.29)  (3.28+0.39)  (5.19+0.68) (6.70+0.48)  (14.07£1.08)  (13.05%1.84)
Lipases 2 4 5 2 8 7

(1.68+0.12)  (5.44+0.21) (7.16+0.62) (1.83+0.11) (14.81+1.61)  (13.99+0.64)
Acidic 1 3 3 5 7 7
phosphatases (0.00) (2.50+0,39)  (2.79+0.37) (6.10+0.73)  (9.78+0.57) (9.58+0.80)
Alkaline 3 5 4 4 4 5
phosphatases  (1.01£0.28) (2.21+0.37)** (2.17£0.3)" (2.82+0.47) (5.05+0.65)" (4.00+0.52)**

Note: The top line of each cell of the table shows the number of isoforms in this variant; the bottom line in parentheses
are values of the coefficient of internal diversity spectrum KD; ', * ~, ** — the difference between the corresponding
values of KD is reliable.

carbohydrates. Various forms of lipases, esterases
and phosphatases from all glandular structures per-
form the digestion of triglycerides and compounds
with ester bonds. Acidic esterases, acidic phos-
phatases and acidic proteinases may also participate
in intracellular digestion. Thus, Rapana fully reveals
the conveyor principle digestion type (according to
I. P. Pavlov), which is understood as a chain of suc-
cessive stages of grinding (physical breakdown) and
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food softening, degradation of nutrients, their ab-
sorption and transport to other tissues of the body.
The obtained enzyme electropherograms and
their analysis make it possible to suggest that the di-
gestive system of Rapana is differentiated in genetic
terms. During ontogenesis of molluscs individu-
als the specific systems of hydrolytic enzymes are
formed in the different parts of the digestive system.
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IIpobaema mpUPOIHOTO Ta ITYYHOIO BCEJICH-
HSI BUJIIB y HOBI apeaJid 3aBX/IH aKTyalbHa 1 SBIISE
c000r0 BENTMKWI HAYKOBUH 1 MPaKTHYHWUH iHTEepec.
UyxopigHi BUIU MOXYTh OyTH CEpiHO3HOIO 3a-
rpO30t0 JuIsi OiIOpPI3HOMAHITTS, CTAJOTO PO3BUTKY
Ta OXOPOHHU NOBKULIA. Rapana venosa CTaHOBUTH
3arpo3y He TUIbKM st YopHOro Mopsi, BOHa Ha-
Oyna cTaryc BHJy CBITOBOTO DPO3MOBCIOIKCHHSL.
Ile Bumarae BCeOIYHOrO MOCIIIKCHHS OCOOJIMBO-
CTEH KUTTEAIAIBHOCT] [HOI'0 MOJIFOCKA. BIIBIIICTE
IeHETUKO-010XIMIYHUX aCHeKTiB AiSUIBHOCTI CH-
CTEeM parlaHu, B TOMY YHUCJIi TPABHOI, IPAaKTUIHO HE
JociKyBaiguck. Metoto pobotu Oyno 3’acyBaTH
noJiiMop(izM Ta 0COOIMBOCTI eKCIpecii OCHOBHUX
rigponas B pi3HUX BiAJiNIaX TPAaBHOI CUCTEMHU pa-
naHu. JlocmiKyBanu enekTpohopeTHdHi CeKTPH
npoTeiHas, amisiia3, ectepas, Jinas, gocdaras y 3a-
JIO3UCTUX CTPYKTYypax TPaBHOI CHCTEMH palaHu.
BceraHoBieHO, 10 B OKpeMHUX BiJJiiax TPaBHOIO
TPaKTy pamaHu (PyHKI[IOHYIOTH pi3HI KOMOiHAIii
TipOMITHYHUX eH3uMiB. HalBakmusimy ponb y
MepeTpaBIICHHI BCIX KOMIIOHEHTIB 1XKi BiJIrparOTh
neiiONeHiBChKa 3aji03a 1 remaromaHkpeac, a s
PO3LICTNICHHS! TPOTEiHIB — CIMHHI 3aJI03M.

KnouoBi cmoBa: Rapana venosa, TpaBHa
CHCTeMa, TIPOTeiHA3H, aMija3u, ecTepasu, JIMasH,
(hocdaraszu, eKCIPECUBHICTH CH3UMIB.

SKCIIPECCUBHOCTb
Ir'mAPOJIMTUYECKHUX

SH3UMOB B PABHBIX OTHAEJIAX
HMUANIEBAPUTEJBHOM CUCTEMBI
PAITAHBI
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[Ipobnema ecTeCTBEHHOI'O M HCKYCCTBEHHOTO
BCEJICHHUS BHJIOB B HOBBIE apeajibl BCEIrZla aKTyaslb-
Ha ¥ MPEICTaBiseT OONBIION HAyUHBIH M MPaKTH-
yeckuil uHTepec. YyskepoaHble BUIBI MOTYT OBIThH
CephEe3HON yrpo30i JuIst OMopazHOOOpasus, yCTOM-
YUBOI'O PAa3BUTHUS M OXPAaHbl OKPY’KaIOIIEH Cpenbl.
Rapana venosa npencTaBiseT yrpo3y HE TOJIBKO
st YepHoro Mopsi, oHa mpuoOpena craTyc BUAA
MHPOBOT'O PacIpOCTPAHEHHUs, YTO TPeOyeT BCeCcTo-
POHHETO HCCIIEAOBAHMSI OCOOCHHOCTEH >KM3HEAEs -
TEIBHOCTH 3TOr'0 MOJUIIOCKA. bBoibIIMHCTBO re-
HETUKO-OMOXMMUYECKMX AacleKTOB IEATECIbHOCTH
CHCTEM palaHbl, B TOM YHUCJIC MUIIEBAPUTEIBHOM,
MIPAKTUYECKU HE HCCIIEAOBAINCH. Llenbio paboThl
OBIJIO BBIICHUTH TOTUMOPOU3M H OCOOCHHOCTH
9KCIPECCUH OCHOBHBIX THIPOJIa3 B pa3HbIX OTAENIAX
MULIEBAPUTEIBHON cUcTeMbl pamanbl. Mccienosa-
U BICKTPOPOPETHUECKUE CIIEKTPbl IPOTEHHA3,
ammias, acTepas, aumnas, gocgaras B KeIE3UCTHIX
CTPYKTypax IHLICBAPUTEIBHON CHCTEMBI paraHbl.
YcTaHOBIJIEHO, YTO B OTAENBHBIX OTAENaX IHILEBa-
PHUTEIBHOIO TPaKTa panaHbl (yHKIUOHUPYIOT pas-
JMYHbIC KOMOMHALUN THAPOIUTHYECKUX YH3UMOB.
HauBaxuelyro posb B nepeBapuBaHUH BCEX KOM-
IIOHEHTOB IHUIIN UTPAIOT JICHONEHOBCKAs JKeye3a u
rernaTonaHkpeac, a B pacIICIVICHUH MTPOTEHHOB —
CIIFOHHBIE JKEJIE3bI.

KnioueBbie cnoBa: Rapana venosa, nu-
IICBApUTEIIbHASL CHCTEMa, MPOTCUHA3bI, aMUJIA3bI,
acTepassl, Jaumnasel, (hocdaraspl, SKCIPECCUBHOCTD
JH3UMOB.
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