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The purpose of the work was to analyze existing information systems (IS) of biological objects and
to propose the methods for development of such IS for insects on the example of Noctuidae
(Lepidoptera). A detailed analysis of technical information concerning the distributed networked
systems, access to computer systems to the common data in electronic IS and the organization of
biomedical databases in the Internet was done. The peculiarities of IS’ prototypes development for
environmental monitoring of the fauna have been discussed, in particular changes in the number of
butterflies’ populations throughout France (including western and southern departments), the
Noctuidae (Lepidoptera) in the steppe zone of Ukraine (Striltzivskyi Steppe), and the development of

such IS for all territory of Ukraine.

The results could be used to develop electronic IS for other biological organisms.

Key words: electronic information systems, bioinformatics, insects Noctuidae (Lepidoptera).

Peculiarities of biomedical objects
important for electronic information systems
construction. The works for construction
and development of new electronic
information systems (ISs) with biomedical
databases (DBs) are actual and important
in biotechnology as well as in biology and
medicine in general. During application of
modern information technologies (IT) and
computer technologies (CT) in these spheres,
it was necessary to keep in mind following
peculiarities of biomedical objects that
are important for electronic information
systems construction [1]. These peculiarities
complicated ever the computer processing
of biological data, results, and development
of technical information systems (tIS) in
general. This was, first of all, the problem
of the complexity of medical and biological
objects, which has several reasons [1].

1. The first reason was an objective one:
the complexity of biological organisms by

themselves. On the Earth there are millions
of species that are characterized by a
large variability of individual organisms,
populations, and etc. The species have complex
chemistry, physiology, developmental cycles
and behavior, which are the result of billions
years of evolution. There are hundreds, if
not thousands of ecosystems, in which many
species are associated also with large number
of complex relationships.

2. The second reason was a subjective
one. Since ecosystems are located at different
territories of different countries, they often
interfere with the interests of different groups
of people: scientific, economic, commercial,
others, which influence on the process of
biomedical objects studies. During field
studies, monitoring, the data obtained in
different ecosystems often differ in precision
and accuracy, they are made in different
meteorological or geographical conditions.
Many of such observations were made by
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amateurs, but their results are important too.
When creating electronic databases all such
field data observations and experiments should
be formalized, unified and standardized.

If to speak about genetic materials that
characterized the certain types of ecosystems,
then these obtained scientific data are really
accurate and conform to generally accepted
standards. Most often these data were the
ideal material for electronic DBs and ISs. The
ambiguity appeared when an IT professional
during his work must match these exact data,
for example, with the name of the specie. But
there are not exact standards of specie names
still; the systematic of biological species is
under the revision constantly. Besides of these,
the constant evolutionary changes of biological
organisms are continuing. Also there is a fact
that many species on the Earth have no their
names still.

The application of IT / CT in biology was
very complicated also because that most of the
existing computer methods are developed for
certain conditions, certain tasks, limited time
periods. In reality, the scientists deal with
the evolution (both molecules and species),
processes during time intervals in hundreds
and thousands of years, with organisms that
consist of billions of molecules. There were
no standard methods still for the solution of
such problems; they needed to be invented.
The simple transfer of the methods developed
already for technique or for other branches of
sciences, a lot of valuable biological information
were lost.

A particular problem was the digitization
of biological data, on which all modern
biological knowledge is based. Up to 2001,
even in the United States, where the biological
data digitizing process was initiated, it was
necessary to digitize information on more
than 750 millions of biological species [1].
Consequently, this labor-intensive task needs
to be solved all over the world.

Bioogical ISs were designed either for
academic purposes — to maximize the
accumulation of information about the groups
of living organisms, or for the needs of the
economy, in particular for biotechnology,
for monitoring of polluted areas in industrial
centers, and etc. [1-10]. Mathematic methods
as well as models that we described in our
previous articles and published by other
authors also may be used for ISs functioning
or to be simulated in result of their functioning
[10-81]. A spectrum of mathematic methods
were used for the newest biomedical ISs
elaboration [1, 11, 75, 77-80, 82—-146, 159].

6

Content for described in this article databases
was obtained usually from the results of
biological and medical observations and
experiments [10, 12-17, 24-44, 47-49, 61,
68, 71-74, 82-90, 94, 104, 106, 109, 111-
113, 125—-159]. All such technical information
systems (tIS) are electronic databases (DB)
distributed in networks today [1-11, 25-69,
90-109, 112-120, 159]. Present work was done
after the analyzis of approximately 250 current
publications in fields of biotechnology, other
linked branches of biology and technology,
including articles with original authors’
works. The newest parts of authors work were
supported by patents[12, 160-167].

Biomedical information systems for
environmental eco-monitoring. If to monitor the
changes that occurred with species populations
and their areas under different influences over
a period of time, and to record the data about
their changes in the electronic databases,
then such data can be used for computer
modeling of species’ populations (areas). If
it was registered that areas of these species’
distributions reduce, it was necessary to find
the reasons of this decrease. If the reason
of these area changes was, for example, the
damaging anthropogenic impact, then it was
necessary to give appropriate recommendations
for the neutralization of this impact. Such an
algorithm should be put in basis of modern
scientifically grounded nature conservation
[1,91].

It was difficult to achieve rather
representative geographic survey and the
survey in which fauna changes could be traced
during a certain time. Such works are quite
expensive usually, and the quality of records
varies even in the case of accurately executed
work. However, because of constant worsening
of environmental living conditions, because of
constant climate change, then the significance
of studying of various bioorganisms’
distribution changes are increasing. In our
investigations we (Prof. Zoya F. Klyuchko
and Dr. Elena M. Klyuchko) have studied
such influences on organisms-bioindicators
Noctuidae (Lepidoptera), and a part of our
works under the DBs and ISs construction we
did with this biological material [1, 9, 42, 135,
136, 139, 140, 144, 156, 157, 159].

An important condition for organization of
the local IS network for eco-monitoring was the
construction and perfect organization of local
networks of biological ISs. They could provide
an opportunity for effective organization and
cooperation of teams of scientists and other
professionals. Nowadays, all local scientific
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establishments in Ukraine have already
constructed local computer networks, which
give users the possibility of more effective
group work with the joint use of hardware
resources — printers, scanners, modems,
faxes, as well as software and information
resources, including DBs. As through own
local computer, the user can also control the
databases using a “database management
system” (DBMS) at the local computer network.
In general, program-application can be run
under the control of DBMS or its kernel, or to
be independent one. Most often, the electronic
ISs in Ukrainian scientific establishments were
based on a ready local computer network of
this research institution, and contained only
a client-server database at this local network.
Later the systems with configuration of such
types were transformed into the corporate
systems in the Intranet. Such system, unlike
the client-server version, is focused not on
the data but on information that is available
easily to biologist-scientist and combines
the benefits of centralized systems for
many users of client-server type. However,
the separate programs of such systems and
contents of some databases — simulation and
animation models, etc. — had their value
also outside of local ISs, for example, for
universities. Therefore in future, the certain
content (separate sets of data, partially — the
information) from ISs of domestic scientific
institutions would be desirable to visualize in
the Internet [1], and to make it available in
the global network. Such measures allowed
both to improve the acquaintance in the world
with Ukrainian achievements, and to establish
better international cooperation for the further
progress of our science and technology. In this
article, we will consider a number of specific
examples of electronic ISs — domestic and
foreign — which could become successfully
the prototypes in further IS development for
biotechnology.

Analysis of electronic information systems
for monitoring of organisms-bioindicators.
Analyzing the current published data on
developed electronic ISs for organisms-
bioindicators monitoring (most of all we are
interested in ISs for insect monitoring), it is
necessary to remember the following [1].

1. The possibility of usage of electronic ISs for
the registration of organisms-bioindicators in
Ukraine for our domestic scientific practice, for
nature conservation or for works in agriculture.
It would be noted that all the elements necessary
for large-scale ISs’ development and their
implementation in Ukraine we have today. The

quality standards of each constituent element of
such ISs in Ukraine are enough high today and
this allows to obtain positive results. However,
in our country there is a peculiarity that have to
be taken into account when constructing such
systems. The peculiarity is that the large-scale
system for nature protection, crops protection,
and etc. was developed during the USSR period
in Ukraine; this system was perfect for its time.
This system united numerical professionals in
biomedical sciences, it included also numerical
“biological research stations” (bio-stations) for
nature observations and studying, significant
number of nature preserves with relevant
scientific units where were accumulated the
results of living organisms’ observations for
decades, including pests of agricultures, and
etc. During long decades biological expeditions
were financed, the works of individual
professionals and amateurs in biological data
collections were supported. All this networked
and branched structure operated successfully
until the 1990s of the XX-th century, and partly
it works still. The achievements of these works
were in successful management of agriculture,
implementation of environmental measures,
and so on. For example, the catastrophic mass
migrations of locusts (Locustae) from the
Danube Delta to other territories of Ukraine
were stopped in the early 1960s due to
successful works of young Ukrainian biologists.
Doctors-epidemiologists and biologists stopped
numerical mortal epidemics here (human as well
as animal), and soon[1, 42].

2. The disadvantage of this monitoring
system in Ukraine in XX-th century, from
contemporary point of view, was the lack
of data digitization, lack of computers,
and, consequently, inability to use modern
information and computer technologies
(ICT). Even today the information about
significant part of results is stored as paper
versions and, therefore, it is difficultly
accessed. Necessary contemporary requests
are that the bio-stations or other observation
points should be better computerized, which
now is financially possible (if to use mostly
inexpensive computer models). Consequently,
even basing on the developed ready network of
domestic bio-stations, it is possible to develop
efficient electronic information systems, for
example, for tracking of migrations of locusts
(Locustae), moths (Noctuidae, Lepidoptera)
and other organisms. In domestic practice,
probably, it may be advisable to make local
systems of personal computers (PCs) of bio-
stations as basic elements for future electronic
systems for bio-organisms monitoring [1].
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3. In process of development of domestic
electronic monitoring systems, it is
important to adhere one of basic principles
of Internet systems. This is the principle of
decentralization, which in theory increases
the reliability of such ISs: when one node
fails, its function performs another similar
one. In today’s practice in Ukraine, the
decentralization principle is very natural and
appropriate. Since the individual networks’
segments are developed today spontaneously
by individual professionals and amateurs in
biology, they are actually a networked union
of more or less equal elements, and priorities
in such networks are not well defined in
comparison with similar networks in some
foreign countries in Western Europe, America,
Australia [1].

Network systems with distributed
databases. The networked systems with
distributed databases are used successfully in
world practice today[1]. Distributed database
is constructed from several fragments
located in different nodes of the network.
They can be managed by different database
managing systems (DBMS) from the point of
view of programs and users who access the
distributed database outside this system;
such system can be perceived as a single local
database (Figs. 1, 2).

Information about the location of each part
of the distributed database and other necessary
information was stored in the data dictionary.
Such a dictionary can be stored in one of the
nodes, or be distributed. In order to ensure
correct access to the distributed database, a
two-phase protocol for transaction record was
used.

System access to common data. The main
objects of access in contemporary network
electronic ISs can be: the database as a whole,

3 Server
Y e

Computer-server

I Network
I software

Data transmission from DB

2 )
SDBM 0B | | - | [ SDBM w
PC —client 1 PC —client n

Fig. 1. The simplest scheme of electronic
information system with databases’ server [1]

separate tables, records, and etc. [1]. When
accessing the common data, DB management
tools provide two main access methods:
monopoly and collective. As IS objects of access
can be the specifications of reports and on-
screen forms, requests and programs.

Concept of signal transmission in the
development of electronic information
systems in biotechnology. Lets investigate the
possibility of transferring of some approaches
and concepts in radiophysics into the practice
of development of networked computer ISs for
biotechnology [43]. In process of development
of computer systems for biology and medicine,
the information side of problem solution, the
technical IS details, mathematical justification,
and solving of IS implementation problems are
considered usually. However, there is another,
equally important approach exists also. This is
an approach from the point of view of classical
radiophysics, when the information presented
in the form of signals that pass through the
links of the classical chain:

1. Receiver-transmitter —

2. Channel of signal transmission —

3. Receiver-transmitter —

4. Channel of processing (analysis) of
observational data (measurements).

Below in present article it will be shown
that this sequence, which has already become
classical for physical processes, in fact can be
accepted in biology and medicine, where it can
be accepted for the construction of medical and
biological ISs and devices. However, during
this scheme use in these spheres, each link will
have a different physical meaning (and hence,
technical implementation).

An analysis of experience of IS prototype
construction for biotechnology and eco-
monitoring of fauna. One of interesting
examples of modern IS for environmental

DB DB
Part - Part
Transmission
of requests
T T and replies T T
e see
Requests Requests
Part

------------- DB

.0

Requests

Fig. 2. Distributed databases of electronic
information systems [1]
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46
‘ 6. Amateurs (PC) | gha et

Fig. 3. Structural scheme of IS for tracing of insects’ migrations

Y

Central element
for control (basic
laboratory)
Element 3
(with receiver,
transmitter)

A

RMI user Electronic expert Expert
Element 1 system (EES) Element 4 b
(with receiver, E_lﬁme“‘f“a (with receiver,

- with receiver, .
transmitter) ( transmitter) transmitter)

Fig. 4. Fragment of structural scheme of IS for tracing of insects’ migrations

monitoring and agricultural services was the
IS, that had been developed in Australia [1,
15, 43]. This information system consisted
on two remotely-spaced radars that were used
for insect monitoring (RMI); they both were
connected to the node computer (NC) of the
basic laboratory (Figs. 3, 4).

Each RMI was equipped [15] with
meteorological surveillance devices under
the control of portable computers (PCs)
that allow receiving and analyzing the data.
PCs were connected to node computer (NC)
host computer through a modem, and than
connected to a public telephone network. PC-
NK communications were used to transmit
observation data, to perform remote services
and to conduct diagnostics. A specially
organized automated system was developed to
analyze meteorological information and the
data about insects’ migrations, recorded by the
radar. On the base of this analysis the statistical
reports and their graphical representations
were prepared daily according to information
received by radars. The reports and graphs
provided the data on the intensity, amplitude,
velocity and movement of insect migration
directions, orientation, size and frequency of
migrant wings, as well as weather conditions
at the surface of each point of survey. Such

reports were transmitted to NCs and inserted
automatically into the Internet pages, which
users could see since 12.00 p.m. next day.
This network was used for environmental
research in regions where insects’ migrations
are possible [15], for predicting of mass
invasions of such dangerous insect pests like
locusts, which can completely destroy the
annual harvest. Network technologies applied
in this method allow remote radar control
through the network, as well as provide the
user promptly with insect tracking results in a
convenient and easily understandable manner.
The RMI’s radars were highly specialized,
they can provide high-quality and quantitative
information on high-altitude insect migrations
(above 200 m) in the selected region. Radars
worked in vertical sounding modes and detect
insects flying over them. There were two types
of conducted analysis. The primary type of
analysis, called quantitative, was a conical
scan, during which the size, shape, direction
of movement, orientation and velocity of insect
clouds were determined. During the secondary
analysis the vibrations of insect wings were
detected, their characteristics were determined
(frequency of the wings vibration, etc.); these
characteristics were the main in the set of
parameters, which subsequently determine
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the type of migratory insects. The results of
the primary and secondary analyzes of both
RMIs were recorded on PCs of radar centers.
PCs servicing the RMI were connected to the
internal network (intranet). Information from
them was transmitted to an external Internet
networks; there it was stored at server from
which the users can visualize it on their
own computers through standard browsers.
After conducting a series of studies during
several years and accumulation of results in
the databases, it is possible to determine the
frequency and seasonal patterns of migratory
insects’ movements in different directions, and
subsequently to predict the insects’ migration.
In addition, basing on datasets obtained from
radar, one can construct decision making
computer system.

Since all elements of this IS (two RMIs,
NCs, all PCs, etc.) were connected online, and
the described operations were performed by
RMI in automatic mode, RMIs can perform
the data collection functions remotely and
independently from the laboratories that
analyze and interpret these data. In the future,
the data were transmitted to the centers where
the places of control, the centers of scientific
expertise, as well as the operating system
for managing of pest number control were
located. Although certain decisions were made
by electronic system, it is also necessary to
involve in this scheme an expert-biologist to
make sometimes the adjustments. Experts-
biologists in this system also participated in
the organization of expeditions to different
regions insects’ collection purposes. Collected
information was transmitted to the basic
laboratory for scientific interpretation and for
the operation of the electronic decision making
system. This system was developed to track the
number of such insect pests like Chortoicetes
terminifera and Helicoerpa punctigera[1, 43].

Analysis of the structural scheme of
electronic information system for monitoring
of bioobjects migrations. Let’s analyze the
described above example in terms of the concept
of signaling [1, 43]. An electronic prototype
system was a new step in insects monitoring, in
controlling of environmental situation at large
territories and in agriculture transforming into
a science-intensive industry. This system was
highly specialized, efficient and technically
enough simply implemented. Developing this
idea we constructed original IS that differs in
some details and solutions from Australian
prototype. Its structure and functions are
described below, and also at (Figs. 3, 4). Such
system would be based on abovementioned set

10

of domestic bio-stations and other previously
developed system elements, and it is really
important for Ukraine, where agricultural
incomes form the significant part of national
income.

Element 1. The complex of RMI performed
the functions of remote insect detection.
These data were transmitted to the RMI
intranet where the data were collected in
computers’ databases. Than the data were
processed according to procedures of primary
and secondary analysis and transmitted
outside. As one could see, the element 1 had a
complex structure and can be subdivided into
elements by itself (set of PCs, some of their
own databases, etc.). Let’s consider element 1
as integral, without division into sub-elements
for simplification. Then it could be seen as a
receiver-transmitter (reception of control
signals from the center — from the decision-
making system and data transmission to the
center). Element 1 was equipped with computer
interface that connect it with element 2.

Element 273, It was a channel for signals
transmitting from element 2 to the central
control element 3. As one could see, this
channel was technically implemented as
Internet system based on cable networks. The
use of a wireless data transmission system was
possible too.

Element 3. The central element of control,
implemented as a basic laboratory. It also has
a complex structure. First, it contains NC,
to which the data from RMI (element 1), PC
research groups (expeditions, element 5),
individual users (item 6) flowed. Secondly,
it contained a database for all received data
recording. Element 3 was combined with
elements 4a — an electronic expert system
and 4b — an expert-biologist. Element 3 was
also provided with computer interface that
connected it with element 2. Thus, element 3
can also be considered as receiver-transmitter
(receiving data from element 1 and reversal
transmission of control signals from the center
and elements 4a, 4b — decision making systems
to element 1).

Element 4a. Electronic expert system
(EES). Based on the databases of element 3,
the system performed a number of analytical
operations, for example, to determine the
specie of migratory insects and to make
decision about the level of danger of this
specie. If information from RMI elements 1,
5, 6 was recognized as dangerous one, EES
sends corresponding message to element 1
and visualizes it in the Internet, from which
each user can find it through standard
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browser. As a result of obtaining and/or
visualizing information about the dangers
in the system, the commands were generated
about the preventive and protective measures
for environment ecology or agriculture. In
accordance with these functions, the element
4a also had an interface for its connection with
element 3. In addition, the element 4a also had
an interface for its connection (via element 3)
with element 4b (expert-biologist) and with
elements 5 and 6, from which the data are
received also.

Element 4b. In cases of ambiguity, lack
of information from element 1, in other non-
standard situations it might happen that
corresponding decision can not be done by
element 4a. Then the system switched the
work to a living expert-biologist who was at
this time on duty (element 4b). In this case, the
functions of data analysis, decision-making
and transmission of control signals to element
1 are moved to element 4b. To perform the
above functions, element 4b had interfaces
for combining it with elements 3, 4a, and
elements 1, 5, 6 (via element 3) for obtaining
of additional data.

Elements 5 and 6. The part of the data that
had to be analyzed when making a decision,
comes from the research groups (expeditions,
element 5) and individual users, like farmers
or amateurs (element 6). Individuals (elements
5, 6) who collected such data and transferred
them to element 3 do this via their own
computers (PCs) using cable networks or
wireless communications (through appropriate
interfaces).

AN,

Elements 2°7% and 2672, These elements were
the channels for signals transmitting to/from
the central control element 3 from/to elements
5 and 6. In fact, they are similar to the above-
described channel for signals’ transmission
from the RMI (element 2'73). These channels
were also implemented through the Internet
based on cable networks or needed a wireless
data transmission system. In system-prototype,
the functions of this channel were carried out
also through the Internet site that visualizes
data (for example, in form of tables, reports,
individual data, and etc.) about the current
state of environment.

Organization of biomedical databases
in the Internet. During our work under the
development of ISs with DBs for biotechnology,
we proceeded from the fact that the data in DBs
would come from many points (bio-stations,
field expeditions, amateurs, and others,
Fig. 5); and IS information had to be visualized
in the Internet [1].

Therefore, the idea immediately began
to evolve from the corporate intranet system
construction. Such system united the
advantages of centralized systems for many
users of client-server type. The following
features characterized her: 1) the server
generates information suitable for the use, but
not the data (for example, in case of DBMS there
were database records); 2) during the exchange
between client and server, the open standard
protocol was used; 3) — system-application
was at server, and therefore for user work on
client computer it is enough to have a program-
navigator (Figs. 1, 2)[1, 43].

V- ——

[ ]

| Bioststions |

A

Expeditions

Basic laboratory with DB
Element 3 (with
receiver, transmitter)

Amateurs

Fig. 5. Scheme of the part of “EcolS” system for tracing of insects’ migrations
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For DB accessing from client side, the
main mean of implementing of interaction
mechanisms between Web—client and database
server was Java. Additionally, ActiveX control
elements can be used. As auxiliary information
processing tools on client side JavaScript,
Jscript, and VBScript languages are often used
to extend the capabilities of declarative HTML
language based on the addition of procedural
means (but these tools were not used for
interaction with database). Programs — scripts
were executed on computer Web — browser in
interpretation mode. To access database servers
from Java-programs have been developed the
standard JDBC (Java DataBase Connectivity —
database compatibility for Java), based on
ODBC concept. The JDBC standard was
developed by Sun/JavaSoft companies and it
provides universal access to various DBs in
Java language.

In access model to database on the server
side, the reference to the database server is
usually executed by calling of the Web server
programs by another programs that are external
to them in accordance with conventions of one
of CGI and API interfaces. Programs developed
in accordance with CGI interface were called
CGI scripts. External programs interact with
database server using SQL language, for
example, directly to a specific server, or using
the ODBC driver [1]. External programs were
written in programming languages like C,
C++, PHP. Access to database on the side of
application program server was used during the
use of these programs’ servers. In this case, the
main language of development of distributed
applications was Java.

Publication of information in the Internet.
The visualization of information from “EcolS”
in the Internet was made using widely spread
modern technologies, so this does not require a
special description. It is necessary to emphasize
only that for such publication it is necessary to
solve a number of routine tasks, known to all
developers of global network software [1].

1) Building of IS in the Internet basing on
the multi-level architecture of the database.

2) Organization of DBMS interconnection
on different platforms.

3) Use in the Internet of information
from existing local network databases. These
tasks appeared when necessary to publish
an information from intranets in the global
network.

4) Construction of local intranet —
networks basing on publication technology.

5) Databases in the Internet. In this case,
the local networks were built on Internet
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principles with the availability to access the
global network. It is The use of the databases
to organize information and use the SQL
language to find the necessary information in
the database were recommended.

6) Use of DBMS tools for data security.

7) Standardization of the user interface
basing on the use of Web browsers and user-
friendly interface design [1].

Above mentioned could be illustrated also
at Fig. 1 and 2. The easiest scheme of electronic
information system with databases’ server is
shown on the Fig. 1. The distributed databases
of electronic information systems are given in
Fig. 2.

Algorithms for environmental monitoring
of fauna. The algorithms of eco-monitoring of
the fauna may be subdivided naturally into two
groups of steps (Fig. 6). [1]. Modern electronic
databases with spatial information distribution
in the Internet and modern mathematical
modeling based on the data from such
databases, similar interdisciplinary approaches
allow us to investigate at contemporary
level how the geographic, ecological and
environmental factors acting continuously
every day, as well as the these factors that
influenced throughout the history, so, how
they both effect on the organisms’ spread and
biodiversity. In addition, such approaches allow
us to determine how to preserve better this
biodiversity in context of intensive increase
of anthropogenic influence. Environmental
monitoring of biological organisms to prevent
their numbers reduction as a result of various
damaging factors — urbanization, man-caused
impacts, and etc., are important contemporary
tasks. The sequence of steps for such problems
solution could be described by an algorithm
(Fig. 6) in two steps[1].

Eco-monitoring of bioorganisms of
Striltsivskyi Steppe preserve (Ukraine).
Electronic databases with spatial distribution
of information in the global Internet network,
mathematical modeling based on data from such
databases, allow us to investigate at the current
level how geographic and environmental factors
influence on the distribution and number
of organisms. Such methods can be used to
preserve a healthy environment for people who
live in ecologically unfavorable conditions. The
generalizations presented in this section are
based on original data as the result of long-term
monitoring of insects’ — moths’ (Noctuidae,
Lepidoptera) fauna in Striltsivskyi Steppe
preserve (Ukraine, Luhansk region) [1].

Fauna monitoring of different biological
species have been conducted in Ukraine during
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Collection of information about the
organism (sample) in field expedition

Creation of mathematical (computer)
models using databases

conditions

Primary data processing (definition of
species, data digitizing, etc.)

Monitoring of changes in populations
during defined period of time

Completing of electronic collections
about insects with data about them

Monitoring of changes in models during
defined period of time

Elaboration of electronic databases

Conclusions about the harmful effects of
different  factors on  populations
(urbanization, technogenic influence, etc.)

Development  of networks  with
distributed electronic databases

Recommendations about neutralizing of
harmful influence on populations

Stage 1

Stage 2

Fig. 6. Two stages of ecomonitoring data processing using DB construction:
stage 1 — construction of CBO and electronic DB;
stage 2 — monitoring of populations and areas of the species using the DB based models

the last decades, but such works are irregularly
often; during these studies only a few species
were monitored sometimes. Some original
data of environmental monitoring of fauna
of Striltsivskyi Steppe preserve (Luhansk
region, Ukraine) by the authors are given in
the fragment of the Table.

This Noctuidae fauna monitoring has been
conducted during more than 40 years (from
1965 to 2007) by Prof. Zoya F. Klyuchko
(Shmalgauzen Institute of Zoology of the
National Academy of Sciences of Ukraine).
During this time there were registered
318 species from 144 genera of Noctuidae.
Taxonomic analysis reveals that the largest
number of species belongs to 17 genera: Cucullia
(21 species), Hadena (13), Mithymna (12),
Acronicta (10), Catocala (9) and Apamea (9),
Xestia (8), Lacanobia (7), Euxoa (7) and Agrotis
(7), Eublemma (6) and Caradrina (6), Lygephila
(5), Amphipyra (5), Sideridis (5), Orthosia
(5) and Noctua (5). One of the characteristic
features of the moths fauna was the large
number of genera, that are represented by 1-4
species (127 genera, or 88.2%). The second
peculiarity was that composition of moths
species’ collected in different years varies
significantly by their number — 191 specie
on 1965 and 260 ones on 2006—2007 (Table).
But international experience of such works in

other countries evidences that such a picture,
however, may be the result of the improvement
of methods of observation and registration of
insects over time [1].

During the 40 years of monitoring in
this preserve, the numbers of meadow-forest
species have increased (90 or 28%). This
increase was registered both in species number
and in frequencies of individual moth samples
collecting during the season. At the same
time, the number of forest species increased
(18 or 5.6%), including the genus Catocala
(C. fraxini L., C. pacta, C. elocata Esp., C.
hymenaea Den. & Schiff.). Also the numbers
of Amphipyra and others increased too (Table);
which was an important feature of changes in
the local fauna. This fact can be explained by
an increase of territories, occupied by forest
bushes and trees.

It is necessary to emphasize the significance
of obtained original results of long-term
monitoring of Striltsivskyi Steppe moths
fauna and the huge amount of work done. It
should be noted that the accumulation of large
arrays of such results is only the first step in
the algorithms of contemporary environmental
monitoring (but very importent step!).

As was noted above in this section when
analyzing foreign experience, such reliable
information has to be proposed further to
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The results of dynamics of changes of Noctuidae species quantities, obtained as a result of long-term fauna
monitoring by Prof. Klyuchko Z. F. in Striltsivskyi Steppe preserve (Luhansk region, Ukraine)

. Number of moths’ registered in different years | pistribution
Name of specie in biotopes
1965 1996-2002 2006 2007

Eublemma purpurina Den.& Schiff. 31 21 8 Fost
Phytometra viridaria Cl. 30 1 2 2 Fost
Lygephila lusoria L. 3 3 Fost
L. lubrica L. 33 8 3 4 Fost
L.craccaeF. 34 3 MeFo
Drasteria caucasica Kol. 28 2 1 St
Euclidia triquetra Den.& Schiff. 464 6 1 St
Catocala hymenaea Den.& Schiff. 1 56 26 Fo
Abrostola tripartita Hufn. 12 2 4 2 MeFo
A. asclepiadis Den. & Schiff. 2 26 3 FoSt
Trichoplusia ni Hbn. 2 2 13 FoSt
Macdunnoughia confusa Steph. 70 3 13 12 FoSt
Diachrysia chrysitis L. 80 2 71 11 Eur
D. stenochrysis Warr. 70 3 82 12 Eur
Autographa gamma L. 122 4 5 13 Eur
Phyllophila obliterata Rbr. 100 2 1 6 FoSt
Acontia lucida Hufn. 210 3 12 FoSt
A. titania Esp. 70 2 17 14 FoSt
A. trabealis Scop. 986 7 32 Eur
Oxycesta geographica F. 1397 5 28 86 St
Acronicta megacephala Den. & Schiff. 4 3 16 10 Eur
Mycteroplus puniceago Bsd. 104 14 FoSt
Tyta luctuosa Den. & Schiff. 210 5 88 79 Evr
Cucullia dracunculi Hbn. 14 4 6 4 FoSt
Calophasia lunula Hufn. 94 5 16 FoSt
Epimecia ustula Frr. 120 4 7 St
Schinia scutosa Den. & Schiff. 186 7 15 16 Evr
Heliothis viriplaca Hufn. 60 1 2 2 Evr
H.maritima Grasl. 143 5 5 22 Evr
Helicoverpa armigera Hbn. 2 8 9 Evr
Periphanes delphinii L. 3 29 St
Cryphia fraudatricula Hbn. 1 5 10 FoSt
Pseudeustrotia candidula Den.&Schiff. 120 4 39 31 Evr
Caradrina wullschlegeli Pueng. 53 1 FoSt
Hoplodrina octogenaria Goeze 15 9 MFo
H.blanda Den.& Schiff. 80 1 2 4 MFo
Athetis furvula Hbn. 21 1 8 MFo
Actinotia polyodon Cl. 1 52 6 FoSt
Apamea ferrago Ev. 408 4 St

Note. Designations of species depending on the biotopes of collection: FoSt — forest-steppe; MeFo — mea-
dow-forest; St — steppe; Eur — eurybionts.
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digitizing and organizing in the form of
databases distributed at IS-based networks.
The table can actually be seen as an
example of a printed table, an output of
relational database. In fact, it is only a
short fragment with dozens of records from
hundreds of observations collected by domestic
biologists over decades of professional work.
All information in it may be in future the
subject for processing in accordance with
the algorithms described above for relational
databases. When structuring the data in the
form of such databases, further environmental
studies and forecasts become possible [1].
With effective conservation practices,
it would be advisable to use such data for
the purpose of ecological forecastings,
especially because of today’s technogenic
pressure in Ukraine, when the natural
steppe areas are shortening quickly. For
the further, the details of such databases
would be nice to analyze using series
of mathematical methods discussed in
publications [1-9]. Using such analytic
methods it would be possible to find whether
the number of species were changed or not,
whether the species’ spectrum was changed
or not, and etc.). Successful prediction of
fauna changes would promote the further
use of regression methods for the design of
digital maps of species on the base of local
databases connected in ISs. Comparing
the results of analytical processing using
above described novel computer methods
and traditional ones one could discover
sometimes that output results are different
in both cases; and this is important for the
implementation of large-scale economic
projects linked with monitoring. On Fig. 7
there are some Noctuidae (Lepidoptera) from
Prof. Klyuchko private collection used for
our electronic databases construction.
Monitoring of bioorganisms’ populations
using databases. Data from electronic
collections of biological organisms (CBO)
are available for further processing [1, 14].
For example, in recent years they have been
used to make patterns of species distribution
(modeling of areas changes). The influences
harmful for population could be studied as
on one specie number monitoring during any
time period, as well as monitoring of species’
populations and their areas of distribution
throught the country. For the illustration
let’s observe an ecological problem solution
by modern computer and mathematic
methods in different departments of France
[1, 14]. The monitoring of species’ changes

in time was done and the conclusion was
made about the presence of anthropogenic
influence in studied regions. Two models
there were developed, the adequacy of which
was compared [14]: 1 — geographic model
(GM) based on directly obtained data, and 2 —
model based on the data from neighborhood
regions (NM — neighbor model). For GM
model there were used regional data: latitude,
longitude and altitude (above sea level) data;
they were called “direct GM data”. While the
data in framework of the second model (data
on the number of species and distribution of
species in surrounding regions) were based on
the data from the nearby areas according to
NM. Both models were done for significant
fluctuations of species composition that
characterized the rich fauna (68-78%).
However, during the application, the NM
demonstrated more successful results than
GM, where only geographic variables were
taken into account. A large amount of the
data about species distribution was calculated
according to logistic and auto-logistic
regression models (222 of 246 species,
90.2%). Auto logistic models were based on
information from neighboring regions. It
was impossible to perform such analysis for
the cases of rare species, when 5 or 6 of them
only were registered in one administrative
unit (2.4%), or in cases of widespread
species that were registered in more than
90% of administrative units (7,3%). It was
found that the use of auto-logistic models
dominated over the logistics in case of the
species’ distribution study (with the use
of stepwise logical regression); the use of
variables, registered in near-located regions
helped to creation of 64.5% successful models
of species distribution (22.8% models had not
such data). The simple measure of proximity
(not dependent on distance) C, dominated
for most models (89 of 246 species, 36.2%);
unlike the distance-weight dependent
measure (C;; 77 of 246 species, 31.3% ). The
models that were developed, appeared to be
valuable in detecting of faulty records and
fauna losses, in order to fill the “white spots”
during the design of fauna maps in regions.
Studies demonstrated a significant visible
reduction in species’ number in the western
and northern regions of France. In addition,
significant changes in species’ number for
some administrative units in time period after
1970 were detected, as well as differences in
the data that were forecasted and those that
were detected in reality. In some regions the
probabilities have been calculated for some
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Fig. 7. Some materials of Noctuidae (Lepidoptera) used for electronic DB construction in our works
(photos are from private collections of Prof. Klyuchko Z. F. and from her monograph [168]):
1 — Cucullia biornata Fisher von Waldheim, 1840; 2 — Cucullia umbratica (Linnaeus, 1758); 3 — Cucullia
lucifuga ([Denis & Schiffermtller], 1774); 4 — Lamprosticta culta ([Denis & SchiffermUller], 1775)

species; these values were presented and
published in the Internet [14].

For stepwise logical regression, two
measures of “closest neighbors” were used [14]:

G =(Z j=1,kWyyj)/Zj=1,kVij y (1)

where C; is the averaged number of regions
that had a weight, among the set of &,
neighboring regions; i and y; — are the
presence or absence of species in area j. The
weight given to the area j — wij = 1/hy,
where h;; — is Euclidean distance between
regions i and j. In the developed scheme k; =
8 units — the nearest neighboring regions
were selected. This number corresponds to
the maximum number of neighboring regions
for the case where the selected regions-units
conditionally had square form, and two
times higher than the number recommended
for the units of hexagonal form. For some
regions the cases of more neighborhoods
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have been studied. It was found that the
distance between neighboring regions
in this case exceeded the distances that
butterflies can fly throughout their lives,
except those species that migrate seasonally
over long distances during their lives. Then

C,= zjl,k'yj/Ki---s (2)

where C, — is simply the proportion of areas in
which the specie was registered, among the set
of k; neighboring district i [14].

So, if somebody use the methods of
forecasting of changes in the number of species
and their territorial distribution, developed
by these approaches, they can fill the “white
spots” on maps of nature. Such methods also
allow more precise identification of regions
that should be in the center of special attention.
Regression methods allow to elaborate good
models for predicting of changes in number
of species and their distribution. Most species
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have clearly defined distribution areas and
borders that can be successfully predicted
based on the main geographical variables
(region, latitude, longitude, and altitude).
Recently, in order to solve biological problems,
the regression model was supplemented
with auto-logistic functions, which allowed
predicting a decrease in the number of species.
The comparison procedure in the process of
solving the problem of species propagation
was further improved, using the possibilities
of forecasting by the logistic and auto-logistic
model (for nearby geographic points). The
result of this work was to obtain the values
of the probability of species distribution in
different regions of the country [14].

Thus, in present article using the set
of examples there were demonstrated that
electronic information systems with databases
about living objects are really necessary for
professionals and amateurs today. We have
investigated different examples of IS deeply,
some important peculiarities of medical and
biological objects that have to be taken into
account during biotechnological IS elaboration
were discussed. Analysis of electronic ISs for
monitoring of organisms (bioindicators) has
been done. Necessary technical information
was given about: network systems with
distributed databases, computer system access
to the common data; organization of biomedical
databases in the Internet; peculiarities of
information publication in the Internet. Also
an analysis of IS development for biotechnology
and eco-monitoring of fauna and analysis of IS
structural scheme for monitoring of bioobjects
migrations were done. The data about eco-
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EJIEKTPOHHI IH®OPMAIIIVHI CHCTEMH
AJIT MOHITOPUHI'Y ITOIIY JIAIIIN
TA MITPAIIIM KOMAX

O. M. KEaouko'

. @. Kaiourol?

1IHCTI/ITyT eKCIIepUMEeHTAaJIbHOI IIaToJIori],
OoHKoJIoTii Ta pamio6iosorii im. P. €. KaBernbkoro
HAH Vkpaiunu, Kuis
2IHCTI/ITy’I‘ 3ooutorii im. I. I. Illmassraysena
HAH VYxpainu, Kuis

E-mail: kelenaXX@ukr.net

MeToo poboTru Oyja0 IpoaHajJisdyBaTu Ha-
aBHi iHopmatnitini cucremu (IC) Giosoriunmx
00’€KTiB Ta 3aIIPOIIOHYBATU METOAU PO3POOIIEH-
Ha takoi IC gia komax Ha npukJigani Noctuidae
(Lepidoptera). IIpoBeneHo meTanpHUN aHAJTi3
TeXHiuHOI iH()opMaIrii om0 MepeskeBuX CUCTEM 3
posmoieHuMuy 6a3aMu JaHUX , JOCTYITY KOMII 0-
TEPHUX CUCTEM IO 3arajJbHUX JaHUX B €JIEKTPO-
uuux IC Ta opramisarii 6iomeguuuux 6a3 JaHUX
B InTepueTi. O6TOBOPEHO OCOBIUBOCTI CTBOPEHHS
npororutniB IC aja eKOJIOTiYHOTO MOHITOPUHTY
dayHHU, 30KpeMa 3MiHU YMCEJIbHOCTI IMOIyJIAIiit
MeTeJNKiB Ha Bciil Teputopii @paHmii (B T.u.
y 3axXiJHUX Ta MiBIEHHUX JelapTaMeHTax), COBOK
Noctuidae (Lepidoptera) y crenosiii 30Hi YKpai-
HU («CTpinbiiBCcBKUI cTEl» ), a TAKOXK IMOAI6HOT
IC gna Bciei Teputopii Yrpaiuu.

OpepskaHi pe3yabTaT MOKYTh OYyTH BUKO-
pucraHi nasa po3pobieHHsa eaeKTpoHHuX IC pasa
iHmux 6iosoriyHMX opraHisMis.

Knawuwosi cnosa: enexTpoHHI iH(GOpMAamifixi
cucremu, Oioimdopmarura, xKomaxu Noctuidae
(Lepidoptera).

9JIEKTPOHHBIE UHO®OPMAITMOHHBIE
CHUCTEMBI 1J1I MOHUTOPHUHT A
IOy JIAIIUN U MUTPAITUI
HACEKOMBIX

E. M. Enwouko'

.. Kanourol

'Y HeTuTyT SKCIIEPUMEHTAIBHOM IATOIOT N,
OHKOJIOTUU U PAINO0MOJIOTUH
um. P. E. KaBenikoro HAH Vkpauusl, Kues
2I/IHCTI/ITyT s3oojqoruu um. 1. U. llImansraysena
HAH Vkpaunsl, Kues

E-mail: kelenaXX@ukr.net

ITess paboThl 3aKaI0YAIACH B TOM, YTOOBI ITPO-
aHAJIM3UPOBATL UMeIoIuecss NH(GOPMAIIMOHHbBIE
cucremsl (MC) 6uosornuecKux 00'beKTOB U IPeS-
JIO}KUTH MeTOAbI pasdpaborku Takoit MC mia Ha-
cexkoMbIx Ha npumepe Noctuidae (Lepidoptera).
IIpoBenen meTasbHBIN aHAJIN3 TEXHUUYECKON WH-
dopmMamuy 0 ceTeBBIX CHCTEMAaX C PacCIIpeIesieH-
HBIMU 0asaMu JaHHBIX, JOCTYIA KOMIbIOTEPHBIX
CHUCTEM K OOIMM JaHHBIM B 3JeKTPOHHBIX VIC u
OpraHMU3aInu OMOMeAUITNHCKUX 6a3 JaHHbIX B 1H-
TepueTe. O6CYKIeHBI 0COOEHHOCTH CO3AAHUA IIPO-
TotunoB MC aja 5KOJOTUUECKOTO MOHUTOPUHTA
dayHbl, B 4aCTHOCTY U3MEHEHU S YNCJIEHHOCTH II0-
Oyaanui 6adouyek 1o Bcell Tepputopuu @paHIuu
(B T.4. B 3alaJHBIX U IOKHBIX JellapTaMeHTax),
coBOoK Noctuidae (Lepidoptera) B cTemHO# 30He
Yxpauusl («CTpeabIioBCKasd CTeIb» ), a TaKJKe I0-
nmoo6uoit IC s Bceit Teppuropuu ¥ KpauHBI.

ITonyuenHsbIe pesyIbTATBI MOT'YT OBITH MCITIOJIb-
30BaHBI AJd paspaboTKu snekTpoHubIXx MC nasa
IPYTUX OMOJOTUYECKUX OPTaHU3MOB.

Knrouesvle cnosa: 31eKTPOHHBIE MHMDOPMAIIUOH-
HBIE CHUCTeMbI, OmomHGOPMATUKA, HACEKOMBIE
Noctuidae (Lepidoptera).
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CALIX[4]JARENES METHYLENE BISPHOSPHONIC
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The aim of the work was to study plasmin inhibiting properties of calix[4]arenes functionalized
by phosphonic acid residues. The following methods were used: turbidimetry, analysis of enzyme
activity using chromogenic substrates, evaluation of caseinolytic activity by tyrosine release from
casein, Dixon’s method for determining the type and inhibition constant. It was found, that
calix[4]arenes C 296, C-425, C-427 and C-145 inhibited fibrin clot lysis by plasmin in dose-depen-
dent manner and inhibition rate is proportional to the number of phosphonic acid residues. C-145
were the most effective plasmin inhibitor (competitive mechanism, K; = 0,52 uM). However, C-145,
as well as C 296, C-425 and C-427, did not affected amidolytic and caseinolytic plasmin activity but
inhibited plasminogen activation by streptokinase. Thus, we assume that the mechanism of calyx[4]
arene selectivity to fibrinolysis and its ability to obstruct plasminogen-streptokinase interaction is
provided by complex formation between calix[4]arene negatively charged phosphonic groups and
positively charged amino acids in substrate recognition exosites of plasmin. Calix[4]arene C-145 is
effective plasmin fibrinolytic activity inhibitor and perspective for further investigation as anti-
fibrinolytic agent.

Key words: fibrinolysis, plasmin, plasminogen, plasmin inhibitor, plasminogen activation, strep-

tokinase.

Plasminogen overactivation, plasmin
hyperactivity and low level of plasmin
inhibitors in the circulation lead to wide range
of haemorrhagic disorders. Development of
effectivelow molecular weight plasmin inhibitors
opens up new prospects in hyperfibrinolysis
medication. Calixarenes belong to perspective
class of low-toxic compounds due to their
ability to form supramolecular complexes with
biological molecules.

Fibrinolytic system activation is an
appropriate response to blood clotting and the
main event that leads to fibrin clot dissolution
by proteolysis. Plasminogen and activators
from plasma bind to specific sites in fibrin
during fibrinogen conversion to fibrin, or
to specific receptors on cell surface, and
activators cleave proenzyme into plasmin [1].
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The key fibrinolytic enzyme plasmin is a
trypsin-like serine protease generated from
inert precursor plasminogen. Proenzyme
molecule consists of N terminal and five kringle
domains connected with serine protease domain
by activation loop, which is cleaved during
plasminogen activation by either tissue-type
plasminogen activator (tPA), urokinase-type
plasminogen activator (uPA) or factor XIIa
complex with callicreine [2].

Asresult of high level of the activatorsrelease
into bloodstream or acute decrease of plasmin
inhibitors formation excessive activation of
fibrinolytic system activation develops and
causes hyperfibrinolysis. Elevation of plasmin
content in blood leads to hydrolysis of fibrin,
fibrinogen, clotting factors and accumulation of
fibrinogen/fibrin degradation products, which
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detain blood clotting and platelets aggregation,
and finally to hard bleeding and hemorrhages.
Hyperfibrinolysis accompanies the range
of pathologic states like haemophilia, liver
diseases, DIC-syndrome, oncological diseases,
sepsis, ete. Overactivation of fibrinolytic system
has threatening value during extensive wound
and burn injuries, surgical operations on heart
with artificial blood circulation or on lungs
and other parenchymatous organs [3]. Plasmin
formation also involved in other physiological
and pathological processes including cell
metastasis, cell proliferation, angiogenesis, and
embryo implantation [1, 3].

Plasmin inhibition is critical in
preventing adverse consequences of plasmin
overactivation. Aprotinin was widely
used as an antifibrinolytic drug before its
discontinuation in 2008. Tranexamic acid
and s-aminocaproic acid, lysine analogs that
inhibit plasmin by binding to plasmin’s kringle
domains, are currently used in the clinic. Other
developing types of plasmin inhibitors include
reactive cyclohexanones, nitrile warheads,
peptidomimetics and polypeptides of the Kunitz
and Kazal-type, sulfated glycosaminoglycan
mimetics that bind to plasmin’s catalytic
domain [4]. One of the perspective directions
of highly specific low molecular weight plasmin
inhibitors search is calixarenes. Calixarenes
are nanoscale cyclic oligomers with a vase
shape produced synthetically by precise cyclo-
condensation of substituted phenols and
formaldehyde, which possess intramolecular
lipophilic cavities formed by aromatic rings
of the macrocyclic skeleton, and may be easily
functionalized. Calixarenes have low level
of toxicity and can form supramolecular
complexes with wide range of biopolymers.
Promising substances for calixarenes structure
modification are bisphosphonates — structural
analogues of natural pyrophosphate. These
compounds demonstrate versatile bioactivities
[5, 6]. Calixarene structure modification
by methylene bisphosphonates leads to
acquirement of specific bioactivity [7, 8].

In the present study we have estimated
the effect of calix[4]arenes derivatives of
methylene bisphosphonic acid on plasminogen/
plasmin system activity.

Materials and Methods

Materials. Pooled human blood plasma
for plasminogen and fibrinogen isolation was
purchased from local hospital bank.

Plasminogen with an amino-terminal
glutamic acid residue (Glu-plasminogen) was

prepared from fresh citrate donor plasma by
affinity chromatography using the Lysine-
sepharose 4B (Sigma Aldrich, USA) [9]. Glu-
plasminogen purity was tested by 11,5% PAGE
at pH 3.2.

Plasmin was prepared by activation of
Glu-plasminogen with urokinase (HS Medac,
Germany), immobilized to BrCN-activated
Sepharose 4B (Sigma Aldrich, USA). 1 mg
of proenzyme was incubated with 0.5 ml of
urokinase-sepharose gel (1250 IU/ml) during
1 hour at 37 °C in 50 mM sodium-phosphate
buffer solution pH 7.4 with 25% glycerol.
Plasmin was stored in 50 mM sodium-phosphate
buffer solution pH 7.4 with 50% glycerol at
20 °C. Activation efficiency was evaluated by
plasmin caseinolytic and amidolytic activity
and 10% PAGE with SDS in the presence of 2%
B-mercaptoethanol.

Fibrinogen was purified from fresh citrate
human plasma with 1000 KIU/ml aprotinine
(Merckle, Germany) and 20 mM g-aminocaproic
acid (Sigma Aldrich, USA) by fractionation
with sodium sulfate. Before fractionation
plasma was twice treated by barium sulfate
(60 mg/ml) by the method of Smith [10], heated
to 25 °C and mixed with 1 M glycine buffer
solution pH 9.0 in 1/9 volume ratio. 16%
sodium sulfate was added to 5.7% saturation
for plasma albumins fraction elimination and
the precipitate was removed by centrifugation
at 5000 g. Supernatant was slowly mixed
with 16% sodium sulfate to 8.5% saturation
and centrifuged at 5000 g, precipitate was
dissolved in 0.2 M sodium chloride (10/1
part of initial plasma volume). Fibrinogen
solution was treated by equal volume of
16% sodium sulfate after addition of 5/1
volume of 0.5 M monopotassium phosphate
and centrifuged, precipitate was diluted in
0.15 M sodium chloride (10/1 part of initial
plasma volume). After overnight incubation
in ice fibrinogen solution was centrifuged at
5000 g for cryofibrinogen elimination and
then mixed with equal volume of 16% sodium
sulfate. Fibrinogen precipitate was separate by
centrifugation at 5000 g, dissolved in 0.15 M
sodium chloride and stored at 20 °C.

desAB-fibrin was obtained by dissolving of
fibrin clot formed by thrombin (EC 3.4.21.5) —
1 NIH per 1 mg of fibrinogen (Sigma Aldrich,
USA) in the presence of 50 mM g-aminocaproic
acid and sodium parahydroxy mercury benzoate
(0.35 mg/ml) (Sigma Aldrich, USA) in 20 mM
acetic acid as described elsewhere [11].

Calix[4]arenes C145-, C296-, C425-, C427-
and 4-hydroxyphenyl methylenbisphosphonic
acid were kindly provided by Dr. V. I. Kalchenko
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and weresynthesized asdescribedin[7]. C-145isa
sodium salt of calix[4]arene 5,11,17,23-tetrakis-
methylene bisphosphonic acid, C-296 —
5,17-bis(dihydroxyphosphonylmethynol)-
11,23-dibrom-25,26,27,28-tetrapro-
poxycalix[4]arene, C-425 — 5,17-bis
(1-hydroxymethyl-1,1-bisdihydroxy-
phosphoryl)-25,26-propoxycalix[4]arene,
C-427 — 5-(1-hydroxymethyl-1,1-bis-
dihydrooxyphosphoryl)-17-(1-keto-1-
dihydroxyphosphorylmethyl)-25,27-
dipropoxycalix[4]arene (Fig. 1). C-145 and
4-hydroxymethylenbisphosphonic acid stock
solutions (1 mM) were prepared in working
buffers. Stock solutions of calix[4]arenes C-296,
C-425 and C427 with concentration 1 mM were
prepared in distilled water and then were used
for working solutions preparing in working
buffers.

All inorganic chemicals, amino acids and
acetic acid were purchased from Synbias,
Ukraine. PAGE chemicals were purchased from
Sigma Aldrich, USA.

Methods. Amidolytic activity assay. Plasmin
activity was evaluated by amidolytic activity
assay. Assessment of amidolytic activity was
performed by optical density changes as result
of chromogenic substrate S2251 (H-D-Val-

o o
HO L B _OH
HO” “oH

PP
Nao’g g‘owa

C-145

C-425

L-Leu-L-Lys-p-nitroaniline, Chromogenix,
Sweden) cleavage by plasmin or plasminogen,
activated by streptokinase (Kabikinase,
Pharmacia, Sweden). The reaction mixture
contained 0.03 uM plasmin (or 0.03 uM
plasminogen) and 0.3 mM S2251 in 50 mM tris
buffer solution, pH 7.4 with 150 mM NaCl.
The assay was performed in 96-wells plate at
37 °C. The amidolytic activity was determined
by measurement of the absorbance at 405 nm
using 96-well plate reader (Multiskan Titertek,
Finstruments, Finland).

Fibrinolytic activity assay. For the
estimation of fibrinolytic activity of plasmin
or plasminogen, activated by tissue type
plasminogen activator (Actylise, Boeringher
Ingelheim, Germany), streptokinase
(Kabikinase, Pharmacia, Sweden), the
turbidimetric method was applied as
described by Bouvier [12]. The final
concentration of desAB-fibrin was 0.6 uM,
plasmin — 0.02 uM. The rate of fibrin
clot lysis by plasmin was calculated as
V=1/t59,,. Half-time of clot lysis (tj5q¢)
was calculated as period of time from the
beginning of clot formation to the point
when the turbidity of clot was 1/2 from the
maximal.

OH

4-hydroxyphenyl
methylene
bisphosphonic acid

P
1™~0H
(o]

C-427

Fig. 1. Structure of calix[4]arenes C-145, C-296, C-427, C-425 and monomeric molecule 4-hydroxyphenyl
methylene bisphosphonic acid
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Caseinolytic activity assay. Casein (Sigma,
USA) dissolved in 70 mM PBS pH 7,4 to
the final concentration 2% was hydrolyzed
by 30 nM plasmin during 30 min at 37 °C.
The reaction was terminated by adding of
10% trichloroacetic acid in the 3:2 volume
ratio. Precipitated protein was removed by
centrifugation at 12,000 rpm and 4 °C for
10 min. The absorbance of the supernatant at
280 nm was measured using a LambdaBio+
spectrophotometer (Perkin Elmer, USA). One
unit (U) of enzyme activity was defined as the
amount of enzyme required to increase the
absorbance at 280 nm by 0.001 AU per minute
under the aforementioned assay conditions
[13]. Specific caseinolytic activity was
calculated as caseinolytic activity per 1 mg of
plasmin.

Inhibition constant calculation. For
inhibition type determination and inhibition
constant calculation Dixon method was applied
[14].

Statistical data analysis. Kinetic curves are
typical for series of experiment (n > 3). Data
was analyzed using GraphPad Prism 7 software.
Enzymes activity is expressed as mean = SEM.
ANOVA Dunnett test was used for P-value
assessment where it is applicable. P < 0.05 was
considered as a level of significance.

Results and Discussion

Calix[4]arenes with various number of
phosphonic acid residues inhibit plasmin
fibrinolytic activity with different intensity.
C-145 — sodium salt of calix[4]arene methylen
bisphosphonic acid — demonstrates most
effective inhibition of plasmin. At minimal
used concentration C-145 (1 pM) decreases clot
lysis rate by 46% , whereas maximal (10 uM)
totally inactivate plasmin and fibrin is not
hydrolyzed. C-425 and C-427 decrease plasmin
activity by respectively 1.5% and 17% at 1 uM
and by 70% and 77% at 10 pM. C-296 does not
affect fibrin clot lysis in concentration range
1 — 5 uM, but at 10 uM decreases lysis rate
by 30% (Fig. 2). The data demonstrates that
the less phosphonic groups contains calix[4]
arene, the less fibrinolytic inhibition activity
it has. However, 4-hydroxyphenyl-methylen
bisphosphonic acid, which represents 1/4 part
of C-145 does not inhibit plasmin fibrinolytic
activity at any used concentration. Obviously,
full calix[4]arene molecule is necessary
for plasmin inhibiting action, probably its
spatial “basket” structure provides optimal
orientation of negatively charged phosphonic
groups.

C-145 has most efficient inhibiting
action on fibrinolysis therefore in further we
investigated this calix[4]arene interaction with
plasminogen/plasmin system proteins.

For the explanation of C-145 action on
fibrinolytic activity we have investigated
its effect on polymeric fibrin hydrolysis by
streptokinase- and tPA-activated plasminogen.
The calix[4]arene inhibits fibrin clot lysis by
streptokinase- and tPA-activated plasminogen,
as well as plasmin, in dose-dependent manner
(Fig. 3, A—C). At minimal used concentration
(1 pnM) C-145 decrease the rate of clot lysis by
streptokinase- and tPA-activated plasminogen
on 40 and 45% respectively (Fig. 3, D). At the
presence of maximal concentration of C-145
(10 uM) the clot is not hydrolyzed. The same
pattern of fibrin clot hydrolysis inhibition for
the activated by tPA and streptokinase and
plasmin indicates that C-145 interacts with the
active enzyme and decline its interaction with
physiological substrate — fibrin, resulting in
dramatically decreased fibrinolytic activity.

Plasmin in blood circulation catalyzes
hydrolysis not only of fibrin, but also of
other proteins — fibrinogen, fibronectine,
thrombospondine, von Willebrand factor,
activates collagenases, induces the generation
of bradykinine [1]. Peptide chromogenic
substrate assay is used for assessment of non-
fibrinolytic hydrolytic activity of plasmin. We
investigated amidolytic activity of plasmin
against S2251 in the presence of C-145. The
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Fig. 2. Rate of fibrin clot hydrolysis by plasmin in
the presence of calix[4]arenes:
reaction rate was calculated as reciprocal value
of clot half-lysis time
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A—C — typical kinetic curves; D — fibrin hydrolysis reaction rate, represented as reverse value of half-lysis
time (1/t509,)
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Fig. 4. Amidolytic activity of plasmin
in the presence of calix[4]arene C-145
(concentration range 0—10 pM):

ANOVA Dunnett test confirms no significant
effect of C-145 on chromogenic substrate
hydrolysis by the enzyme measured as optical
density increase as result of H-D-Val-L-Leu-L-Lys-
p-nitroaniline formation
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calix[4]arene has no effect on chromogenic
substrate hydrolysis at any concentration used
in the study (Fig. 4).

It should be mentioned that C-296, C-425
and C-427 also do not effect amidolytic activity
of plasmin.

Casein is non-specific high molecular
weight protein substrate for plasmin and is
used for plasmin activity determination. It
has linear structure and contains high amount
of tyrosine residues. Investigation of casein
hydrolysis by plasmin in the presence of C-145
(1-10 pM) have demonstrated that the calix[4]
arene does not change plasmin caseinolytic
activity.

Due to the absence of inhibiting effect of
C-145 on amidolytic and caseinolytic activity
of plasmin, the calix[4]arene is probably
specific inhibitor of plasmin hydrolytic
activity against its physiological substrate
fibrin.

To determine the calix[4]arene
inhibition constant and inhibition type we
have evaluated rate of desAB fibrin lysis
by plasmin at different concentration of
the inhibitor (0, 1, 2.5, 5 uM) and at two
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Fig. 5. Determination of inhibition constant for C-145 delaying of desAB fibrin plasmin-mediated clot lysis
using Dixon plot:
the inhibitor was used in concentration range 0 — 5 pM, substrate — 0.625 and 1.25 nM. K| is calculated as
reverse X coordinate value of lines interception point

concentration of substrate (0.625 and 1.25
nM of fibrin). Obtained data was used for
Dixon plots fitting and K, calculation (Fig. 5).
The plot indicates competitive nature of
plasmin inhibition by C-145 with inhibition
constant K; = 0.52 nM.

Probably calixarene C-145 forms
supramolecular complex with plasmin
molecule near the active site and obstructs
high molecular weight substrates into
the enzyme catalytic pocket, resulting in
fibrinolytic, but not amidolytic, activity
inhibition.

It is well known, that streptokinase binds
to plasminogen kringles 4 and 5 and catalytic
domain [15]. Streptokinase binding results
in conformational and substrate specificity
change of the proenzyme and streptokinase-
plasminogen complex do not hydrolyzes fibrin
despite of having the proteolytic activity
towards plasminogen activation loop [16],
as well as towards chromogenic substrate
S2251. In catalytic domain of the proenzyme
streptokinase occupies positively charged
amino acids cluster near active site. We
assumed the similar pattern of interaction
of streptokinase and C-145 due to the
strong negative charge of the calix[4]arene,
provided by eight phosphonic groups. To test
this hypothesis, we have evaluated the rate
of plasminogen activation by streptokinase,
using chromogenic substrate S2251. Because
of disability of C-145 to inhibit amidolytic
activity of plasmin despite of fibrinolysis

inhibition, such way is informative for the
plasminogen activators activity. As was
demonstrated, the calix[4]arene inhibits
the proenzyme activation by streptokinase
in dose-dependent manner (Fig. 6) probably
preventing the interaction between these two
proteins. In the presence of 50 utM of C-145
plasmin formation is fully inhibited.

The results demonstrate that calix(4)arene
C-145 containing four methylene bisphosphonic
acid residues suppresses plasmin fibrinolytic
activity, but does not affect the hydrolysis of
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Fig. 6. Rate of Glu-plasminogen activation by
streptokinase in the presence of C-145:
# — P <0,0001 compared to control

31



BIOTECHNOLOGIA ACTA, V. 11, No 5, 2018

TYR713

) g YT

Fig. 7. Catalytic domain of human plasminogen:
(figure was generated using Discovery Studio 2016 software and 1DDJ.pdb).
Positively charged amino acids highlighted by red. Amino acids in black boxes are involved in plasminogen-
streptokinase interaction.
Catalytic triade (green): His 603, Asp 646, Ser 741

chromogenic peptides and denaturized protein
substrates. It indicates that C-145 blocks high
molecular weight substrates entering into the
enzyme active site. The calix(4)arene structure
implies its interaction with positively charged
groups. Catalytic domain of plasmin contains
12 arginine and 9 lysine residues clustered
near the active site [17] (Fig. 7).

Noncovalent interaction between the
calix[4]arene and side chains of these amino
acids results in obstruction of plasmin catalytic
domain interaction with substrate, which
is necessary for the substrate orientation
in catalytic pocket. Low molecular weight
substrates do not interact with the clusters
and reach the catalytic pocket directly, that is
why calix[4]arenes demonstrate no inhibition
activity towards chromogenic substrate
cleavage by plasmin.

Two positively charged amino acids near
active site of plasmin — Arg 644 and Arg 719 —
are involved in plasminogen-streptokinase
complex formation [17]. Blocking of them
attenuates streptokinase binding to the
proenzyme and plasminogen activation.
Prevention of plasminogen activation by
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streptokinase in the presence of C-145
confirms that phosphonic groups of the calix[4]
arene bind to positively charged residues in
plasminogen catalytic domain including Arg
644 and Arg 719, obstructing intermolecular
interactions.

Calix[4]arenes methylene bisphosphonic
acids demonstrate different level of inhibiting
action on plasmin fibrinolytic activity. Calix[4]
arene C-145 isamost effective plasmin inhibitor
due to its structure with four phosphonic acid
residues. C-145 delays fibrin clot hydrolysis by
plasmin and plasminogen, activated by tissue
type activator and streptokinase.

Since C-145 is an effective specific
fibrinolysis inhibitor, it is perspective as
potential novel pharmaceutical agent for
clinical intervention against fibrinolytic
system overactivation disorders.

This work is funded by State Foundation
of Fundamental Investigations of Ukraine
(Ne 64/16-H “Fundamental problems of
novel nanotechnologies and nanomaterials
development”).
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BIIJINB KAJIKC[4]APEHIB
METHJEHBIC®OCP®OHOBHUX KHUCJOT
HA ARTUBHICTD IIJTASMIHY

O. 1. Ocosa, O. B. Casuyk, T. A. Ayenkxo,
B. Ilonadwxk, JI. I'. KanycmsHeHKoO,
T. B.I'puHenko

Iacturyr 6ioximii im. O. B. Ilanmagina HAH
VYkpainu, Kuis

E-mail: tetyanaa.yatsenko@gmail.com

MeToo pobGortu OyJso mocaigumTu iHTiOy-
BaJIbHiI BJacTuUBOCTiI KaJjikc[4]apeHiB, GyHK-
MioHAJNi30BaHUX Pi3HOIO KiJIBKiCTIO 3aJIUIIKiB
¢oc(hoHOBOI KMCJIOTH, CTOCOBHO ILJIa3MiHy. Bu-
KOPHMCTOBYBAJIM Taki MeTonu: TypbianmeTpiro,
aHaJIi3 eH3UMHOI aKTUBHOCTI 38 XPOMOT€HHUM
cyOocTpaToM, OIiHIOBAHHS Ka3elHOJITUYHOI aK-
THUBHOCTI 3a BUBLJIbHEHHSAM THUPO3UHY 3 Kasei-
HY, MeTon I[ikcoHa aid BU3HAUEHHA THUIIY Ta
KOHCTAHTH iHriOyBauusA. Byjao BUABJIEHO, IO
kamikc[4]apenu C 296, C-425, C-427 ta C-145
iHTiOYIOTH JIiduc iOPUHOBOTO 3TYCTKY IIJIa3Mi-
HOM 3aJIe’KHO Bim mosu, i mMBuUAKiCTh iHriOy-
BaHHA HpoHopIiiiHa KiJbKocTi (pochoHOBUX
rpyn. C-145 e HaliepeKTUBHIIIIUM iHTiIOiTOPOM
mra3Miny (KOHKYpeHTHUH MexaHisM, K; = 0,52
MKM). IIpore KomeH 3 mocaimkeHuX Kadikc[4]
apeHiB He BILIUBAE HAa aMiIOJIiTUUHY Ta Kas3eiHo-
JITHYHY aKTHUBHICTD IIJIa3MiHy, OJHAK iHTiOye
aKTUBAIIiIO IIJIa3MiHOTEHY CTpenToOKiHa3010. Mu
OPUIYCKaeMO, IT[0 MeXaHi3M CeJIEKTUBHOCTI Ka-
Jaikc[4]apeHiB g0 pibpuHOIi3Y i fioro 3MaTHICTH
TIEePeIrKoIKaT B3a€EMO/iI IIa3sMiHOTeH-CTpeIl-
TOKiHa3u 3a6e3MeYyeThCA KOMIIJIEKCOYTBOPEH-
HAM MiK HeraTUBHO 3apdAI:KeHUMU (pochoHo-
BUMU IrpylIamMu KaJikc[4]apeHy Ta HO3UTHUBHO
3apAMIKEeHIMI aMiHOKHCJIOTAMU B eK30cauTax
aKTUBHOTO IEHTPY NIJa3MiHY, IO PO3Mi3HA-
I0Th cybcTpar. Takum umHOM, i3 JOCIiT:KeHUX
rasikc[4]apeniB C-145 e Haiib6inbIiI e)eKTUB-
HUM iHTi6iTOpOM (hiOPUMHOIITUYHOT aKTUBHOCTI
IJIa3MiHy i HepCIeKTUBHUM JJIs II0JAJBIIIOTO
BUBUYEHHSA K aHTUGIOpUHOIITUYHMIH 3aci0.

Knarmouwosi cnosa: pidpuHOIi3, MIa3MiH, ILIasMi-

HOTe€H, iHTri6iTOp IIas3Miny, aKTHBAIlid I1J1a3MiHO-
reHy, CTpeIlITOKiHasa.
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BJIUAIHUE KAJIUKC[4]APEHOB
METHJIEHBAC®OCPOHOBLIX KUCJIOT
HA AKTUBHOCTD IIJTASMHUHA

0. U. KOcosa, O. B. Casuyk, T. A. Ayenko,
B. Ilonadwk, JI. I'. KanycmsaHeHKo,
T.B.I'punernko

Nucturyr omoxumuu um. A. B. ITannagura
HAH VYxkpawnusr, Kues

E-mail: tetyanaa.yatsenko@gmail.com

ITesnbro paboThI OBLIO WCCJIEJOBAHNE UHTU-
OupymoIux cBOiicTB Kaaukc[4]apeHoB, QPyHK-
IUOHAJIU3NPOBAHHBIX PA3HBIM KOJIUYECTBOM
ocTaTKOB ()OC(PpOHOBOM KUCIJIOTHI, OTHOCUTEJILHO
maasMuHAa. Mecnoab30Baau Cieayonue MeTo bl :
TYyPOUANMETPHUSA, aHAJIN3 SH3UMHON aKTUBHO-
CTHU II0 XPOMOT'€HHBIM cybcTpaTam, OlleHKa Ka-
3€MHOJIUTUYECKOI aKTUBHOCTY 110 BLICBOOOIK Ie-
HUIO TUPO3MHA U3 KasenHa, Mero [[ukcona nia
oIpeeIeHNA TUIA U KOHCTAaHThI MHTUOMPOBa-
HuA. BeL10 060HapYyKeHo, uTo Kajaukc[4]apeHs:
C 296, C-425, C-427 u C-145 uHrubupyorT Jau-
3uc (GuGPUHOBOTO CTYCTKA IIJIa3MUHOM B 3aBU-
CUMOCTH OT J03bI, 1 CKOPOCTh MHIMOUPOBaAHUSA
IPOIOPIUMOHAJbHA KOJIUYECTBY (POCHOHOBBIX
rpymnmn. C-145 aasercsa Haubosee spPeKTUB-
HBIM MHTHOUTOPOM ILTasMuHa (KOHKYPEHTHBIN
mexanusM, K; = 0,52 mxM). OgHako HI OZVH
U3 KCCJIEeSOBAHHBLIX KajnKc[4]apeHOB He BJIN-
sdeT Ha aMUJOJUTUYECKYI0O U Ka3eMHOJIUTHYUE-
CKYIO0 aKTUBHOCTH IJIa3MUHAa, HO UHTUOUPYyeT
aKTUBAIIMIO IIJIa3MUHOTeHA CTPEeNTOKUHA30Mi.
MbI mIpeamoiaraeM, YTo MeXaHU3M CEeJIeKTHUB-
HOCTU KasnKc[4]apeHOB K ()UOPUHOJIU3Y U €ro
CIIOCOOHOCTH IIPEIATCTBOBATD B3AaUMOI€HICTBUIO
IIJIa3MUHOTE€H-CTPENTOKMHA3HI 00eCTIeYnBAETCA
KOMILIEKCOOOpa3oBaHMEM MEKAY OTPHUIlATEhb-
HO 3apAXeHHBIMU (POCPOHOBBIMU I'PYyIIIaMU
Kanukc[4]apeHa W MOJIOKUTEJIBHO 3apAKEH-
HBIMU aMUHOKUCJIOTAMHU B 9K30CaliTaX aKTUB-
HOTO IeHTPA IIJIa3MUHA, KOTOPbIe PACIIO3HAIOT
cyocrpar. Takum o6pasoM, U3 MCCJIELOBAHHBIX
kKanukc[4]apenos C-145 aBaserca HauboJiee
3G GHeKTUBHBIM UHIHOUTOPOM (QUOPUHOJIUTHUE-
CKOUM aKTHUBHOCTHU IIJIa3MHWHA U MEePCHEeKTUBEH
IS JadbHeHNIero udyueHus Kak anTuuopu-
HOJUTUUECKOE CPeICTBO.

Knwouessvle cnosa: pudpuHOIN3, IIIA3MUH, TIJIa3-
MHHOT€H, WMHIUMOWTOpP ILJIasMWHA, AKTUBAI[UA
IJIa3MUHOTeHAa, CTPEIITOKMHA3A.
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DEGRADATION OF FLAVONOIDS
BY Cryptococcus albidus o-L-RHAMNOSIDASE

N.V.Borzova
0.V.Gudzenko Zabolotny Institute of Microbiology and Virology
L.D.Varbanets of the National Academy of Sciences of Ukraine, Kyiv

E-mail: nv_borzova@bigmir.net
Received 11.04.2018
Revised 12.08.2018
Accepted 30.10.2018

The aim of the work was to investigate the practical using of a-L-rhamnosidase substrate specificity
Cryptococcus albidus. p-Nitrophenyl derivatives of monosaccharides were used to determine the activity
and the enzyme specificity. The ability to hydrolyze of natural substrates was evaluated by Davis and
high-performance liquid chromatography methods. It was shown that the enzyme exhibited narrow
specificity towards the glycon of synthetic substrates and hydrolyzes only p-nitrophenyl-o-L-
rhamnopyranoside (K,, 4.5 mM) and p-nitrophenyl-o-D-glucopyranoside (K, 10.0 mM). C. albidus o-L-
rhamnosidase the most active degrades naringin (K, 0.77 mM), releasing prunin and naringenin. K, for
neohesperidin was 3.3 mM. The efficacy of the naringin hydrolysis in grapefruit and pomelo juice was 98
and 94% in 60 min (40 °C, 2 U/ml). As the result of of green tea and orange juice treatment by o-L-
rhamnosidase, there was a decrease in the content of rutin, narirutin and hesperidin, indicating that
a-1,2- and o-1,6-linked rhamnose could be cleaved from natural flavonoids. The study shows the
possibility of citrus juices and green tea treatment by C. albidus o-L-rhamnosidase for the purpose of
their taste qualities improvment and obtaining bioavailable flavonoids glucosides.

Key words: Cryptococcus albidus, o-L-rhamnosidase, naringin, neohesperidin, rutin, flavonoids,

citrus juices, green tea.

Currently, O-glycosyl hydrolases (enzymes
able to degrade the glycoside bond) are
employed in more and more biotechnological
processes, more only to proteases. Most such
enzymes are used to treat various plant-derived
materials. Among them, an important place
belongs to a-L-rhamnosidase (a-L-rhamnoside-
rhamnohydrolase — E.C. 3.2.1.40), which
splitted off the terminal unreduced o-1,2-,
a-1,4- and o-1,6- bound L-rhamnose, present
in natural glycoconjugates and synthetic
glycosides. Splitting the O-glycoside bond
occurs with preservation of the configuration
of the anomeric carbon atom (C; in the
cyclic form of the monosaccharide). Natural
substrates for the o-L-rhamnosidases are plant
glyscosides, glycolipids, gums, pigments,
resins, specific immunopolysaccharides,
heteropolysaccharides of bacterial cell walls,
saponins, glycoalkaloids, pectins, flavonoids
of many plants: grapes, citrus crops, green
tea, buckwheat, Sophora japonica, Rosa sp.,
Sorbus sp., Prunus sp., pepper, etc. [1, 2].
Plant bioflavonoids, the most common type

of natural polyphenolic compounds, have a
special place among possible substrates for
a-L-rhamnosidases. Flavonoids incite quite
understandable interest, since many studies
show their valuable properties for supporting
and improving human health; recently, they
were used to create certain cardio-vascular
drugs and antiviral and immunotropic
agents [3]. Yet the bio-accessibility of such
flavonoids for humans is rather limited, due
to the presence of carbohydrates (rhamnose,
glucose and galactose) [4]. The rutinoside
component (rhamnose+glucose) of flavonoids
in many plant products, was found to hinder
their intake in the gut [5]. The strong interest
to a-L-rhamnosidase is caused exactly by its
ability to split off the terminal rhamnose, thus
opening a wide field of possible applications of
the enzyme for biodegradation of flavonoids.
The rhamnose binds to glucose at different
positions (a-1,2-, o-1,4-, a-1,6 -) in different
flavonoid glycosides, and glucose itself has
to bind to the aglycone at the third or the
seventh carbon. Thus, selective glycosidases
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are needed to cleave the glycoside bonds
both inside the disaccharide and between the
carbohydrate fragment and the flavonoid
aglycone. Hence, studying substrate specificity
of o-L-rhamnosidase on various substrates
is an important stage of developing efficient
preparations for the biotransformation of
plant polyphenols and their further use. For
example, in the pharmaceutical industry, o-L-
rhamnosidase is applied to rutin and hesperidin
to obtain many medical substances based on
the flavonoid glycosides and deglycosylated
flavonoids [6]. Using o-L-rhamnosidases in
food industry is aimed at improving the quality
of drinks (decreasing the bitterness of citrus
juices, enhancing the wine aromas) and making
food additives (various biopolymers and
sweeteners) [7]. As a byproduct of enzymatic
hydrolysis of plant glycosides, the rhamnose
can be accumulated in large quantities and
used afterwards to produce rhamnolipids for
cosmetics.

There are reports of a few microbial
vigorously a-L-rhamnosidases which have
specificity to certain flavonoids. These
enzymes of Aspergillus and Penicillium were
highly specific to rutin and naringin [8-11].
The ability to hydrolyze naringin, hesperidin,
rutin, narcissin was found for probiotic
bacteriae vigorously [12, 13] and bacilli [14].
A few yeast sources were also described of
a-L-rhamnosidase with high biotechnologic
potential [15].

We isolated the enzyme from yeast
Cryptococcus albidus and studied some of
its physico-chemical, kinetic and catalytic
properties [16]. Our current study was aimed
at substrate specificity of C. albidus o-L-
rhamnosidase towards some synthetic and
natural substances, and at estimating the
enzyme’s ability to degrade flavonoids in citrus
juices and green tea.

Materials and Methods

a-L-rhamnosidase preparation was obtained
from the supernatant of the C. albidus cultural
liquid by precipitation in ammonium sulfate (to
90% saturation) followed by chromatography
on charged and neutral TSK-gels (DEAE-
Toyopearl 650-s and Toyopearl HW-60 “Toya
Soda” Japan, respectively) [16]. Specific o-L-
rhamnosidase activity of the preparation was
12 units/ mg protein.

The glycosidases activities were determined
using the synthetic substrates: n-nitrophenyl-
o-L-rhamnopyranoside, n-nitrophenyl-a- and
B-D-galactopyranoside; n-nitrophenyl-a-
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and B-D-glucopyranoside; n-nitrophenyl-N-
acetyl-B-D-galactopyranoside; n-nitrophenyl-
N-acetyl-a- and p-D-glucopyranoside;
n-nitrophenyl-B-D-glucuronide; n-nitrophenyl-
B-D-xylopyranoside; n-nitrophenyl-a-D-
mannopyranoside; n-nitrophenyl-a-D-
fucopyranoside (Sigma-Aldrich, USA).

To assay the glycosidase activity, 0.1 ml of
enzyme solution was mixed with 0.2 m1 0.1 M
phosphate-citrate buffer (PCB) of pH 5.2 and
0.1 ml 0.01 M solution of the substrate in
PCB. The mixture was incubated for 10 min
at 37 °C. The reaction was stopped by adding
2 ml 1 M solution of sodium bicarbonate. To
control samples, the same components were
added, but in reverse. The amount of released
n-nitrophenol as a result of hydrolysis was
determined colorimetrically at 400 nm [17].
One unit of enzyme activity was defined as the
amount of the enzyme which hydrolyzed 1 pmol
substrate per minute.

The o-L-rhamnosidase activity was
followed Davis method[18] using natural
substrates (naringin, neohesperidin). Reaction
mixture comprised 1 ml 0.05 % naringin
or neohesperidin in 0.1 M PCB with pH 5.2
and 1 ml enzyme solution. The mixture was
incubated for 60 min at 37 °C. To each aliquot
of 0.2 ml, we added 10 ml diethylenglycole
and 0.2 ml 4M NaOH. The mixture was kept
at room temperature for 10 min, and the
intensity of yellow coloring was measured
spectrophotometrically at 420 nm. One unit of
activity was defined as the amount of enzyme
which releases 1 pmol substrate per minute.

Maximal velocity (V,,.,) and Michaelis
constant (K,) were determined by the
Lineweaver — Burk plots [19].

Grapefruit, orange and pomelo juices were
obtained from fresh fruit. Juice samples were
extracted and filtered to exclude seeds and
skins. Standard flavonoid solutions (rutin,
neohesperidin, naringenin, quercetin, prunin,
narirutin, hesperidin) were prepared in
concentration of 1 mg in 1 ml 50% ethanol.
Enzyme preparation was dissolvedin 0.1 M PCB
at 1 mg/ml (12 units). 0.1 ml enzyme solution
was added to 2 ml juice and incubated at
40 °C for 60 min. Control samples had 0.1 ml
0.1 M PCB+2 ml juice. The reaction was stopped
by adding 1 ml anhydrous ethanol to 2 ml of the
sample and vigorously mixing. Then, the samples
were centrifuged at 10000 rpm for 10 min, the
supernatant was filtered and analyzed by high
performance liquid chromatography (HPLC).

Green tea leaves were treated in the
following way. 1.5 g of tea was boiled for 5 min
in 150 ml water with 0.5 ml dimethyl sulfoxide.
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Then the samples were processed as above. The
control sample had 0.1 ml1 0.1 M PCB to 2 ml
tea solution.

Quantitative and qualitative flavonoid
analysis was done on liquid chromatographer
Agilent 1200 HPLC with a diode matrix detector
at 280 nm. Samples were injected into column
Zorbax SBC18(2.5x150 mm; 3.5 um). Thermostat
temperature was 27 °C. The calibration curves
were built by used the commercial flavonoid
preparations (Sigma-Aldrich, USA).

The quantitative and qualitative analysis
of flavonoids was carried out in the Center for
collective equipment use at the Institute for
microbiology and virology of NAS of Ukraine.

All experiments were replicated 5—8 times.
Analysis of the data was done using Student’s
t-criterion. The results, presented graphically,
were obtained using the Microsoft Exel 2003
software. Values were considered significant
at P <0.05.

Results and Discussion

Currently, the enzymatic degradation
of carbohydrate-linked flavonoids is
considered one of efficient methods to
obtain the biologically active substances for
pharmaceutics, medicine and food production
[2, 38, 6, 7]. Microbial naringinases and
o-L-rhamnosidases are able to bioconvert
flavonoids safely [8, 9]. There are reports of
highly active sources of such enzymes, and
their biotechnological potential is studied with
regards to substrate specificity [20].

According to literature, various o-L-
rhamnosidases are able to hydrolyze the a-1,2,
a-1,3-, a-1,4- and a-1,6-glycoside bonds
and show higher affinity to plant flavonoids
compared to the synthetic analogues [2, 20].
K, for n-nitrophenyl-o-L-rhamnoside is from
0.057 to 2.8 mM, for naringin it is 0.021-
1.9 mM, for hesperidin 0.02-1.3 mM, for
rutin 0.028-1.44 mM, for quercitrin 0.077—-
0.89 mM, and for poncirin 0.02-0.93 mM.

Westudied substrate specificity of C. albidus
o-L-rhamnosidase both for the synthetic
n-nitrophenyl derivatives of monosaccharides
and for the natural flavonoids such as naringin
and neohesperidin. o-L-Rhamnosidase of
C. albidus had higher affinity to naringin and
neohesperidin than to synthetic analogues,
according to the respective values for K, and
Voax/ Ky, for the hydrolysis of the substances
(Table). Such specificity is characteristic for
other yeast o-L-rhamnosidases [15, 20]. As to
the synthetic derivatives of monosaccharides,
it was narrow specific towards glycon; we

showed that the enzyme was able to cleave only
n-nitrophenyl-a-L-rhamnopyranoside and
n-nitrophenyl-f-D-glucopyranoside (Table).

To evaluate the ability of C. albidus o-L-
rhamnosidase to biotransform flavonoids we
used freshly prepared citrus juices (orange,
mandarin, grapefruit and pomelo) as well as
green tea. All these drinks have polyphenolic
substances which can negatively impact
the product taste, or have only limited
bioavailability. Thus, large quantities of
naringin are the reason why many citrus
juices are bitter. They can be removed
using naringinases, rutinosidases and o-L-
rhamnosidases, which transform naringinin
to less bitter prunin and naringenin [1, 7]. The
presence of hesperidin and neohesperidin in
orange and mandarin juices is the reason why
they become cloudy and crystallize. Using the
rhamnosidases in their production allows to
avoid this and improve the taste. Splitting off
the glycon of rutin allows to obtain biologically
active isoquercitrin and quercetin, as well as
to increase their amount in the product [4, 6,
8-10].

We tested the efficiency of commercial
preparations of naringin, neohesperidin,
citrus juices and green tea with the C. albidus
o-L-rhamnosidase. We showed that in all of
these cases, the enzyme was able to hydrolyze
the flavonoids. o-L-rhamnosidase hydrolysed
naringin to prunin and naringenin both in the
commercial preparation and in the pomelo and
grapefruit juices (Fig. 1, 2). We observed the
naringin concentration drop by 98 and 94%
of the initial quantity. Prunin production
was significantly higher than naringenin
production. The latter concentration at the end
was 5.4 and 2.5% for grapefruit and pomelo,
respectively. Cleaving off of rhamnose and
glucose happened gradually as a result of the
o-L-rhamnosidase and B-glucosidase activity
of the preparation. Also, one-stage cleaving
off of the disaccharide rutinoside did not
occur. Based on the results of the purification
of C. albidus o-L-rhamnosidase [16] and the K
Ta V,.x/ K., for the hydrolysis of n-nitrophenyl-
o-L-rhamnopyranoside and n-nitrophenyl-3-D-
glucopyranoside, we suppose that this is one of
the same enzyme — an a-L-rhamnosidase with
nonspecific B-glucosidase activity. Another
term for such enzymes is naringinase[7, 14, 20].

Glycoside removal in commercial
preparations of naringin and neohesperidin
also occurred fairly fast. Thus, after 60 min
the flavonoid amount dropped from 500 pg/
ml to 20 and 100 ng/ml, respectively. We
also noticed that the o-L-rhamnosidase of
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Substrate specificity of C. albidus o-L-rhamnosidase

Substrate Bond type | K,,mMM | V_ ...pmol/min/mg |V . /K,
n-nitrophenyl-o-L-rhamnopyranoside o-1 4.5 15 3.3
n-nitrophenyl-B-D-glucopyranoside B-1 10 5 0.5
n-nitrophenyl-a-D-galactopyranoside a-1 - 0 -
n-nitrophenyl-B-D-galactopyranoside B-1 - 0 -
n-nitrophenyl-N-acetyl-o-D-glucopyranoside o-1 - 0 -
n-nitrophenyl-N-acetyl--D-glucopyranoside B-1 - 0 -
n-nitrophenyl-N-acetyl-B-D-galactopyranoside B-1 - 0 -
n-nitrophenyl-f-D-glucuronide B-1 - 0 -
n-nitrophenyl-o-D-glucopyranoside o-1 - 0 -
n-nitrophenyl-o-D-fucopyranoside o-1 - 0 -
n-nitrophenyl-p-D-xylopyranoside B-1 - 0 -
n-nitrophenyl-o-D-mannopyranoside a-1 - 0 -
Naringin o-1.2 0.77 36.0 46.8
Neohesperidin a-1.2 3.3 10.0 3.1

— Grapefruit juice

— Grapefruit juice + ¢-L-rhamnosidase

Naringenin

vl

mAU 140 1
120 A
Naringin
1
100 -
2
80 \
60 -
/Pl"lllli.ll
40 -
20 ‘X
o
0 T -
0 2 4

6

; 7 /\ === min
8 10 12

Fig. 1. Naringin hydrolysis in grapefruit juice by the action of C. albidus o-L-rhamnosidase
(40 °C, 60 min), determined by HPLC:
naringin concentration: 1 — 255 ng/ml; 2 — <5 ng/ml; naringenin concentration 3 — 14 pg/ml
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C. albidus actively hydrolyzed narirutin,
naringin and hesperidin in orange juice
(Fig. 3), similarly to o-L- rhamnosidase of
Aspergillus aculeatus[9]. We also noted lower
amount of rutin in green tea after enzyme
treatment (Fig. 4).

400

mAU
350 -
1 Naringin
300 4
250 - 2

200 W
Prunin
150 /

100

Thus, by specificity of action and the
ability to cleave off a-bound rhamnose
of natural and synthetic substrates, o-L-
rhamnosidase of C. albidus is close to
o-L-rhamnosidases and naringinases of
Penicillium decumbens, Aspergillus niger,

— Pomelo juice

— Pomelo juice+u-L-rhamnosidase

Naringenin

2 4

s:_ ) ];{\s j\m ' j{

12 14 mmld

Fig. 2. Naringin hydrolysis in pomelo juice by the C. albidus o-L-rhamnosidase (40 °C, 60 min),
determined by HPLC:
naringin concentration: 1 — 915 ng/ml; 2 — < 60 png/ml; naringenin concentration: 3 — 24 ug/ml

350

mATU

=——Orange juice
300 4

——Orange juice+¢-L-rhamnosidase
250

Hesperidin
200 -
150
Narirutin
100 -
50 |  Naringin
Narlgn:n
2 4 6 8 10 12 14 16

min

Fig. 3. Concentration of naringin, naringenin, hesperidin and narirutin in orange juice before
and after C. albidus o-L-rhamnosidase treatment:
40 °C, 60 min
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Aspergillus aculeatus, Cryptococcus
laurentii [20], but its activity
is 1.5-2 times higher. We also
showed that o-L-rhamnosidase of
C. albidus cleaved the naringin
of citrus juices into prunin and
naringenin relatively fast. The
glycoside removal efficiency was
94 and 98%, respectively. The
enzyme showed ability to hydrolyze
naringin, neohesperidin, narirutin,
hesperidin and rutin, evidence of
the high potential of C. albidus
a-L-rhamnosidase for use in the
industries of juice production
and to obtain biologically active
flavonoids.

' min

mATU

0 =——Green tea

El
——Green tea+a-L-rhamnosidase

is
a0
25
5 Rutin
15
10

5 4

0 T : : . -

2 1,5 i s 4 4.5 5

Fig. 4. Rutin concentration in green tea before and after treatment
with C. albidus a-L-rhamnosidase: 40 °C, 60 min, HPLC
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JTETPAJIAILS ®JIABOHOIIIB
o-L-PAMHO3SHIA3O0IO Cryptococcus albidus

H.B. Bopsosa, O. B. I'ydsenko, JI. /]. Bapbaneyw

IacTuryTt MmikpobioJiorii i Bipycosorii
im. [I. K. 3abonxoraoro HAH Vkpaiuu, Kuis

E-mail: nv_borzova@bigmir.net

MeToio poboTu OyJI0 AOCTIAUTU MOIKJIUBO-
CTi MPaKTUYHOTO 3aCTOCYyBaHHA cyOcTpaTHOI
cuenudiunocti o-L-pamuosungasu Cryptococcus
albidus. [l BU3HAUEHHA aKTUBHOCTI Ta CIIEIN-
(iunocTi Aii eH3UMY BUKOPUCTOBYBAJIU N-HiTPO-
deHinpui moxigHi MoHocaxapumiB. 3maTHiCTH
rimposaisdyBaTu mpupoaHi cybcTpaTH OIiHIOBAIU
metonmamu Davis i BucokoedeKTUBHOI pifnHHOL
xpomarorpadii. BcranoByieHo, 110 €H3UM BUSIB-
Js€ BY3bKY clenu@ivHicTh MIO0A0 TJIIKOHY CHH-
TeTUYHUX cyOcTpaTiB, rigpoJsisye Tinbku n-Hi-
tpodeHin-a-L-pamuonipanosuy (K, 4,5 MM) Ta
n-girpodenin-B-D-ratoronipanosun (K, 10 mM).
HaitedpexTusuinte o-L-pamuosunasa C. albidus ne-
rpagyBasia Hapuaris (K, 0,77 mM), BuBinbHIOIOUN
npyHiH Ta HapuHTreHiH. K 114 Heorecnepuguny
mopiBuioBasa 3,3 MmM. EdexTuBHicTs rigposisy
HapUHTiIHY IpeiindpyToBOro Ta IOMEJJIOBOTO COKY
cranoBmia 94 ra 98% 3a 60 xB (40 °C, 2 og/mi). ¥
pe3yabTaTi 00pobJIeHHS 3€JIEHOTO Yalo Ta alleJIbCH-
HOBOTI'O COKY BiJ[J3HauajoCs 3MEHIIIeHHS BMIiCTY Py-
TUHY, HADUPYTUHY Ta recliepuanHy, 110 CBiI4YuTh
Ipo 3MaTHICTH O-L-paMHO3UIa3MW BiIeNIIOBaATH
a-1,2- tra a-1,6-3B’A3aHY paMHO3Y BiJ IPUPOTHUIX
¢aaBorOoifiB. Takum unHOM, ITOKa3aHO e(DEKTUB-
HicTb BuKopucransa o-L-pamuosunasu C. albidus
IJis Tigpoaisy ¢p1aBOHOILIB ITUTPYCOBUX COKiB Ta
3€JIEHOT'O Yaio 3 METOIO MOJIINIIIeHH IXHiX CMaKo-
BUX BJIACTUBOCTEH Ta OTPUMAHHA 6i0OZOCTYIHUX
TJIIOKO3UIB (DJIaBOHOIIIB.

Knwuwosi cnosa: Cryptococcus albidus, o-L-
paMHO3UIa3a, HAPUHTIH, HEOTeCIIePUIUH, DYTUH,
¢1aBOHOIAM, IUTPYCOBi COKM, 3€JIeHUI Yaii.

AETPATATIUS ®JTABOHOUIOB
o-L-PAMHO3SHUA30MU Cryptococcus albidus

H. B. Bopsosa, E. B. I'ydsenko, JI. JI. Bapbaney

NHCTUTYT MUKPOOMOJIOTHY U BUPYCOJIOTUN
um. [1. K. 3ab6oxoraoro HAH VYkpauns:, Kues

E-mail: nv_borzova@bigmir.net

ITenbio poOOTHI OBIJIO MCCIAENOBATH BO3MOMK-
HOCTH ITPAKTUUECKOT0 IPUMEHEeHUs CyOCTpaTHON
cuenupuunoctu o-L-pamuosuznassr Cryptococcus
albidus. [lyia onpeneneHus aKTUBHOCTY U CIEIM-
pUUHOCTU AeHCTBUSA OSH3UMAaA HCIOJH30BaAJU
n-HUTpOo(heHUIbHBbIe IPOU3BOJHBIE MOHOCAXAPHU-
noB. CIIoCOGHOCTH TUAPOJIM30BATh MPUPOIHEIE CYO-
CTpAaThI OIleHuBaJIx MeTogamMmu Davis 1 BBICOK03(-
(GEeKTUBHOM KUAKOCTHON XpoMaTorpaduu. Ycra-
HOBJIEHO, YTO SH3UM IPOSBJIAET Y3KYIO Crieruduy-
HOCTb OTHOCUTEJIbHO IVIMKOHA CUHTETUUYECKUX CYO0-
CTPaATOB U TUAPOJIU3YET TOIHKO N-HUTPO(PEHUI-OL-
L-pamuonupanosuz (K, 4,5 MM) u n-EuTpodeHMII-
B-D-rurokonupanosuz (K, 10 MM). HaubGosee ax-
TuBHO O-L-pamuosugasa C. albidus merpagupyer
napunruH (K, 0,77 MM), BbIcBOGOKZasA IPYHUH U
HapuHreHUH. K A 114 HeorecnepuamHa cocTaBuiIa
3,3 MM. 9 (PeKTUBHOCTS TUAPOJIN3a HAPUHTUHA
B T'PEUII(PPYTOBOM U IIOMEJIOBOM COKe COCTaBuUJa
94 u 98% 3a 60 muu (40 °C, 2 en/mi). B pesyiib-
TaTe 00paboTKu; o-L-paMHO3UIa30# 3eJIeHOT0 Uas
U ameJibCUHOBOI'O COKa OTMEYajioCh CHUYKEHUe CO-
Iep:KaHud PYyTUHA, HAPUPYTUHA U TeclepuauHa,
YTO CBUMETEJIHCTBYET O CIIOCOOHOCTU OTIIEILIATH
0-1,2- m o-1,6-cBA3aHHYI0 PAMHO3Y OT IIPUPOJI-
HBIX (p1aBoHOUAOB. TakuM 06pasoM, IMoKasama a@-
($eKTUBHOCTD UCIIOJIb30BAHUA ((-L-paMHO3UIa3EI
C. albidus nns o6paboTKU IMUTPYCOBLIX COKOB U
3€JIEHOTO Yas C I[eJIbI0 YIYUIIeHN UX BKYCOBBIX
KauecTB U MOJYUYeHU OMOJOCTYITHBIX TJIIOKO3UI0B
()JIaBOHOWIOB.

Knwueswvie cnosa: Cryptococcus albidus, o-L-
paMHO3UJia3a, HAPUHTWH, HEOTeCIePUIUH, DY-
THH, (DJIABOHOUIBI, ITUTPYCOBLIE COKU, 3€JIEHBIH
yaii.
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AMPHIBIAN SKIN SECRETIONS:
A POTENTIAL SOURCE OF PROTEOLYTIC ENZYMES
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The aim of the work was to study the protein content and proteolytic activity of the skin glands
secretions of 10 the most common types of amphibians on the territory of Ukraine such as B. bombina,
B. variegata, B. bufo, B. viridis, R. temporaria, P. ridibundus, P. esculentus, P. fuscus, S. salamandra, as
well as the hybrid of B. bombina and B. variegata species. It was shown that the skin secretions of the
studied amphibians contained a wide range of proteins with a molecular weight in the range from 8 to
150 kDa. By enzyme electrophoresis using gelatin, fibrinogen and collagen as substrates, it was found
that they contained proteinases that differ in substrate specificity. It was revealed that the skin glands
secretions of B. bombina, S. salamander species, as well as the hybrid of B. bombina and B. variegata
species were characterized by the increased protein content with gelatinase and collagen activity.

Key words: amphibians, skin gland secretions, proteolytic activity.

Amphibians are recognized as a rich
source of bioactive compounds with valuable
biotechnology potential and according to their
availability and accessibility they are supposed
to be a superior raw material. The molecules
derived from amphibian skin secretions
have various activities that determine their
profound applications in chemical and medical
industries. In this regard, one of the main
objectives of modern biotechnology is the
search for new potential biologically active
compounds of natural origin. Since their
effectiveness and safety cannot be compared
with chemically synthesized compounds,
which characterized by a great number of side
effects and unpredictable actions, they might
have beneficial application in the science and
industry.

The promising raw materials that contain
different bioactive molecules are various
plants, marine invertebrates and reptiles.
In the last two decades scientists drew their
attention to amphibians as potential objects
for biochemical studies and industrial
purposes [1]. The great number of researches
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indicate that the amphibian glandular
secretion is a rich source of various molecules
with cardiotonic[2, 3,], antidiabetic [4],
immunomodulatory [5], antimicrobial [6, 7]
and antiviral [8, 9] activities. It has also been
established that they have sedative [10] and
analgesic effects[11]. Moreover, considering
the availability and accessibility of some species
of amphibians the further study of the effects
of the compounds from their skin secretions is
very relevant.

In most of the cases the wide range of the
effects of the components of skin secretions
are associated with proteolytic activities.
Proteolytic enzymes are capable of hydrolyzing
peptide bonds in proteins and have great
medical and pharmaceutical importance due
to their key role in biological processes, such
as: in digestion of food proteins, protein
turnover, cell division, blood-clotting cascade,
signal transduction, processing of polypeptide
hormones, apoptosis and the life-cycle of
several disease-causing organisms including
the replication of retroviruses [12]. Alongside
proteases are extensively applied enzymes in
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several sectors of industry and biotechnology
and numerous research applications require
the use of them [1].

Although the territory of Ukraine is
dwelled by numerous amphibians, there
are a few studies concerning the nature
and properties of the biologically active
compounds of their skin secretion. So,
the purpose of this work is to examine
the presence of proteolytic enzymes in
the skin secretions of the most common
Ukrainian species of amphibians and to
evaluate the gelatinolytic, fibrinogenolytic
and collagenolytic activities to create a
background for further investigations of
amphibian secretions and for studying of
their pharmaceutical potency.

Materials and Methods

Collection of frog skin secretions

There are a great number of ways of
collection of the crude skin secretions that
are shown in the studies, but most of them
are inhumane. They usually include lethal
release of the venoms, when the skin of
animals that previously were subjected to
decapitation, is removed, dried and ground to
powder consistency for further use. Another
lethal variant is to place a frog in a flask
with anhydrous ether, which stimulates the
secretion of the skin poison that is washed
from the surface of the animal with deionized
water. There are also some modern non-
lethal methods, which include the usage of
an electric current that causes synchronous
release of toxic secretions from the glands or
the stimulation of poison release by chemical
injection [13]. In our research, we have used
safe methodological approach, which allows
us to use amphibians the unlimited number of
times.

Adult pubescent specimens (both sexes) of
Bombina bombina (n = 20), Bombina variegata
(n = 20), Bufo bufo (n = 15), Bufotes viridis
(n =10), Rana temporaria (n = 10), Pelophylax
ridibundus (n = 8), Pelophylax esculentus
(n = 5), Pelobates fuscus (n = 7), Salamandra
salamandra (n = 2) and hybrid of Bombina
bombina and Bombina variegata (n = 5) were
collected outdoors in Kyiv region of Ukraine.
The crude skin secretions were obtained by
washing the skin with ultrapure water beyond
mechanical stimulation of skin glands. Water
solutions of skin secretions of all species were
centrifuged at 3000 rpm for 15 min to remove
debris. The supernatants were lyophilized
(TestarLyoQuest) and kept at 4 °C till use.

Samples preparation

The samples of lyophilized skin secretions
were resuspended in Tris-buffered saline
(TBS), pH 7.4 (30 mg of dried material/ml)
and centrifuged at 7000 g for 15 min. Protein
concentration in supernatant was assayed
by Bradford method [14], using bovine
serum albumin as a standard. Samples for
sodium dodecyl sulfate polyacrylamaide
gel electrophoresis (SDS-PAGE) and for
zymography assay were mixed in equal
volumes with the standard SDS-PAGE sample
buffer (62.5 mM Tris-HCI, pH 6.8, 2% SDS,
5% sucrose, and 0.002% bromophenol blue)
without heating.

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis

SDS-PAGE of crude skin secretions was
carried out using 4% (w/v) stacking gel and
12% (w/v) separating gel [15]. SDS-PAGE
was performed using Mini-Protean Tetra
System (Bio Rad, USA) at 19 mA for stacking
and 36 mA for separating gels. The volume
of sample applied per line was 15 ul. The gels
were stained with 2.5% coomassie brilliant
blue R-250 in 10% (v/v) ethanol, 10% (v/v)
acetic acid, 15% (v/v) isopropanol and the
background of the gel was destained with
7% (v/v) acetic acid for 30 min. Apparent
molecular weights of proteins were estimated
using protein calibration mixture (Bio Rad,
USA) containing myosin, B-galactosidase,
phosphorylase b, serum albumin, ovalbumin
(Mr 97; 66; 45; 31; 21; 14 kDa).

Zymography

Zymography was done according to the
method Ostapchenko et al [16]. Separating gel
(12% w/v) was polymerized in the presence
of gelatin (1 mg/ml), fibrinogen (1 mg/ml) or
collagen (1 mg/ml). The volume of samples
applied to the gel was 15 ul per line. After
electrophoresis, the gels were incubated for
30 min at room temperature on a rotary shaker
in 2.5% Triton X-100. Then the gels were
washed with distilled water to remove Triton
X-100 and incubated in 50 mM Tris-HCI (pH 7.4)
at room temperature for 12 hours. The gels were
stained with 2.5% coomassie brilliant blue
R-250 in 10% (v/v) ethanol, 10% (v/v) acetic
acid, 15% (v/v)isopropanol for 30 min and then
destained. The digested bands were visualized
as the nonstained regions of the zymogram gel.

Calculation of the results

TotalLab 2.04 program was used to
analyze the resultant electrophorograms. The
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represented electrophorograms and zymograms
are typical for the series of the repeated
experiments (at least three in each series).

Results and Discussion

Amphibians’ glandular skin secretions
are a rich source of potent biologically active
compounds, many with high potential for
therapeutic drug development [17]. While
voluminous researches concerning the
chemical structure and properties of crude
skin secretions have been made all over the
world [18], relatively little is known about the
protein composition and biological activities
of glandular secretion of different families of
amphibians that represent the batrahofauna of
Ukraine.

Therefore, on the first stage of our work we
wanted to get information about the protein
composition of glandular skin secretions of the
most common Ukrainian species of amphibians.
To achieve this the SDS-PAGE analysis was
performed. The typical electrophorograms
of crude skin secretions are shown on the
Fig. 1. The results of electrophoretic protein
separation revealed the presence of proteins
with molecular weights ranging from 6 to
149 kDa. It indicates that the crude skin
secretions of studied amphibian species are
characterized by a wide range of proteins with
different molecular weights and alongside
confirm a diverse protein composition of all
studied secretions.

To define the exact molecular weights
of identified protein fractions the
electrophorograms were analyzed using the
TotalLab 2.04 program (Table). It was shown
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that different representatives of one type
of species had similar protein composition.
Thus, five common proteins were observed
on the electrophoretic profile of crude skin
secretion of amphibian species of Bombina
family. The differences between these two
studied secretions were only in two proteins
(31 and 102 kDa), which were present in crude
skin secretion of B.variegata. Noteworthy
is that the protein composition of the
hybrid of B.bombina and B. variegata, was
almost identical to B. variegata. The protein
composition of the representatives of the Bufo
family had more pronounced differences. Even
though all proteins that were discovered within
this family had low molecular weight, their
amount varied. Therefore, in B. bufo crude
skin secretion five proteins ranging from 29
to 72 kDa was identified and nine proteins
ranging from 8 to 68 kDa was observed in
B. viridis skin venom. The protein composition
of two representatives of Pelophylax family
was also similar, except two proteins with
molecular weights 31 kDa and 149 kDa, which
were present in P.ridibundus. The largest
number of proteins that were observed among
the studied amphibian species was identified
in R. temporaria. It was found eleven low
molecular proteins ranging from 11 to 64 kDa
in its glandular skin secretion. Only three
proteins 18, 31 and 46 kDa were observed in
P. fuscus. It was also identified six proteins
in glandular skin secretions of S. salamander
ranging from 10 to 60 kDa.

The variety of proteins with different
molecular weights that are present in the crude
skin secretions of studied amphibian species
indicates the presence of different molecules
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Fig. 1. Typical electrophoregram of crude skin secretions of studied amphibian species:
1 — B.bombina; 2 — B. variegata; 3 — hybrid of B. bombina and B. variegata; 4 — B. bufo; 5 — B. viridis;
6 — R.temporaria; 7 — P. ridibundus; 8 — P. esculentus; 9 — P. fuscus; 10 — S. salamander;
M — markers of molecular weight
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The molecular weights (MW) of proteins that are present in crude skin secretions
of studied amphibian species

Amphibian species

MW, kDa

Bombina bombina

7; 14; 20; 27; 42.

Bombina variegata

7;17; 22; 26; 31; 40; 102.

Hybrid of B. bombina and B. variegata

6; 13; 19; 27; 29; 41; 99.

Bufo bufo

29; 41; 48; 52; 72.

Bufotes viridis

8; 18; 29; 32; 35; 40; 50; 56; 68.

Rana temporaria

11; 17; 20; 22; 24; 28; 31; 35; 42; 51; 64.

Pelophylax ridibundus

14; 22; 24; 31; 54; 66; 109; 149.

Pelophylax esculentus

11; 18; 22; 54; 69; 115.

Pelobates fuscus

18; 31; 46.

Salamander salamander

10; 19; 26; 30; 38; 60.

that could have biological significance
and might be a source of different types of
enzymatic activities. The presence of proteins
with molecular weight that is lower than 100
kDa especially binds attention, since it is
known that most of the proteolytic enzymes
have molecular weight up to 100 kDa.

One of the simplest and the most
sensitive visual methods of the detection of
active proteases in the biological material
is zymography method [19]. In this
methodological approach the gels polymerize
in the presence of the corresponding substrate
proteins. And using different polymerized
substrates we can identify the presence or
absence of proteolytic enzymes.

In this research gelatin, fibrinogen and
collagen were used as substrates to evaluate the
proteolytic potential of crude skin secretions of
studied amphibian species. Our aim was to test
the substrate specificity of proteolytic enzymes
and to identify the presence of gelatinolytic,
fibrinogenolytic and collagenolytic activities.

The typical zymograms of the detection
of gelatinolytic, collagenolytic, and
fibrinogenolytic activities are shown on Fig. 2.
The appearance of the light digested zones of
hydrolysis was due to the manifestation of
enzymatic activity and indicated the presence
of active proteolytic enzymes with the substrate
specificity in the studied amphibian crude skin
secretions. The active proteins trypsin (24 kDa)
and plasmin (84 kDa) were used to identify
the approximate molecular weights of active
compounds.

Gelatin is considered as a common substrate
which helps to study the overall proteolytic
activity and usually used to pre-evaluate the
presence of active forms of enzymes. According
to the results the components of the crude

skin secretions of B. bombina, B.variegata,
the hybrid of B. Bombina and B. variegata,
B. viridis, P.esculentus and S. Salamander
had pronounced gelatinolytic activity. Most
of the light digested areas corresponds to
fractions of proteins with molecular weight
up to 70 kDa. Whereas it was not observed
expressed gelatinolytic activity in the study
of the components of crude skin secretions of
other amphibian species.

Collagen and fibrinogen are substrates with
high specificity and the small amount of enzymes
are capable to hydrolyse them. On the other hand,
using these substrates can help us to identify and
detail the proteolytic enzymes action.

While studying the zymograms of crude
skin secretions with fibrinogen as a substrate,
the total fibrinogenolytic activity was
insignificant and the hydrolysis zone was
identified only in the regions that corresponds
to the fractions of proteins with high molecular
weight. The light digested zones correspond to
the pronounced fibrinogenolytic activity and
were revealed on the zymograms of the crude
skin secretions of B. bombina, S. salamander
and the hybrid of B. bombina and B. variegate.

Generally, the true fibrinogenolytic
enzymes have a molecular weight in the range
from 20 to 60 kDa, but the enzymes with both
lower and higher molecular weights are also
known [20]. The presence of high molecular
weight proteolytic enzymes with specificity to
fibrinogen might be due to the inclusion of the
enzymes in the complexes.

According to the results of zymography of
crude skin secretions using collagen as a substrate,
it was revealed the presence active hydrolytic
enzymes that are capable to cleave collagen.
Moreover, the clearly defined zones of hydrolysis
were not detected, since the collagenolytic activity
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with different degree of severity was noted
throughout the length of the tracks.

Enzymes with collagenolithic activity are
very interesting as they have a lot of practical
application in medicine, biotechnology and
food industry. Based on collagenolithic
enzymes several medicines have already been
developed to treat wounds, burns and other skin
lesions [21]. The new types of collagenolytic

enzymes are a promising material for the
development of more specialized drugs [22].
Thus, considering the obtained results,
we can state that the crude skin secretions of
studied amphibian species have a pronounced
protease activity with specificity to different
substrates. The components of crude skin
secretions of B. bufo and R. temporaria had the
least evident gelatinolytic, fibrinogenolytic

T P 6 7 8 9 10

Fig. 2. Typical zymograms of crude skin secretions using gelatin (A), fibrinogen (B)
and collagen (C) as substrates:
1 — B.bombina; 2 — B.variegata; 3 — hybrid of B. bombina and B. variegata; 4 — B. bufo; 5 — B. viridis;
6 — R.temporaria; 7 — P. ridibundus; 8 — P. esculentus; 9 — P. fuscus; 10 — S. salamander;
T — trypsin (24 kDa) and P — plasmin (84 kDa)
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and collagenolytic activities, whereas the crude
skin secretions of B. bombina, S. Salamander
and the hybrid of B. Bombina and B. variegata
characterized by the most expressive activities
and, what is worth noting, some zones of
hydrolysis on the zymograms with gelatin,
fibrinogen and collagen used as substrates
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MeToro poboTHu 6yJI0 BUBUUTH BMiCT ITPOTEIHIB
Ta IPOTEOJITUUHY aKTUBHICTh CEKPETIiB IMIKipHUX
3ayio3 10 HalinmomupeHimux Ha TepuTopii YKpa-
iam BuaiB am@ibiit: B. bombina, B. variegata,
B. bufo, B. viridis, R. temporaria, P. ridibundus,
P. esculentus, P. fuscus, S. salamandra, a TaKox
ribpuny BuaiB B. bombina ta B. variegata. Iloka-
3aHO, I110 CEKPeTH IIKiPpHUX 3aJI103 JOCJIiIKyBAHUX
BUIIiB MiCTATH MIUPOKUN CIEKTP MPOTEIHIB 3 MO-
JeryJaApHoio Macom Bix 8 mo 150 klla. MeTomom
eH3UMeJIeKTPo(Pope3y 3 BUKOPUCTAHHAM JKeJia-
TuHy, GiOpUHOTEeHy Ta KoJiareHy K cybcTpaTiB
BUSBJIEHO, N[0 BOHU MiCTATH IpoTeiHasm, AKi
BiZipisHAIOTHCA 3a cybcTpaTHOO crenudivricTIo.
BcranoBieHo, 110 ceKpeTH MIKiPpHUX 3aJ103 BUIiB
B.bombina, S. salamander, a TaKoX TiOpUAy BU-
niB B. bombina ta B. variegata XapaKTepU3yIOTbCI
OiABUIIEHWM BMicTOM IIpOTeiHas i3 :KeylaTUHAS3-
HOIO Ta KOJIar€Ha3HOI0 aKTUBHICTIO.

Knwuosi cnoea: amdibii, cexkperm MKipHUX
3aJI103, IPOTEOJiTUUHA aKTUBHICTE.
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ITesnnio paboOTHI OBIIO MBYUUTH COMAEPIKAHUE
MPOTENHOB U MPOTEOJUTHUUYECKYI0O aKTHUBHOCTDH
CeKPeTOB KOKHBIX Kkese3 10 caMbIx pacmpocTpa-
HEHHBIX Ha TEPPUTOPUU Y KPAaWHBI BUAOB aM(u-
ouii: B. bombina, B. variegata, B. bufo, B. viridis,
R. temporaria, P. ridibundus, P. esculentus,
P. fuscus, S. salamandra, a Takxe rudpua BUI0B
B. bombina u B. variegata. IlokasaHo, 4TO ceKpe-
THI KOJKHBIX JKeJie3 UCCAeIyeMbIX BUIOB COlepsKaT
MIUPOKUHN CIEeKTP IIPOTEMHOB C MOJEKYIAPHON
maccoii ot 8 mo 150 x/la. MeTomom sH3UMAJIEKTPO-
¢opesa ¢ uCIIOJIb30BAHUEM JKeJaTUuHa, (PUOPUHO-
reHa m KoJjijareHa Kak cy0oCcTpaToB OOHapPYIKeHO,
YTO OHU COAEPIKAT IMIPOTEeNHAa3bl, KOTOPHIE OTJIM-
Yal0TCs M0 CyOCTpaTHON cruenmuGuIHOCTHA. Y CTa-
HOBJIEHO, UTO CEKPEeThl KOJKHBIX ’Keje3 BUIO0B
B.bombina, S. salamander, a Tak:Xe TUOpULA BU-
noB B. bombina u B. variegata XxapaKTepu3yHOTCI
MMOBBLIIIIEHHBIM COAEP KaHIeM IIPOTEerHA3 C JKeJia-
TUHA3HOM 1 KOJIJIareHa3HOU aKTUBHOCTBIO.

Knrmuesvre cnosa: ampudum, ceKpeThbl KOMKHBIX
sKejes, IPOTEOJUTAYECKAd AKTUBHOCTE.
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The aim of the research was the isolation from drinking water the pure cultures of iron- and
manganese-oxidizing microorganisms with further assessment of their efficacy to remove these
contaminants on rapid filters. To assess the effectiveness selected strains were grown on the solid
nutrient medium; the suspension was prepared and was treated to zeolite loading. Ten pure
cultures of iron- and manganese-oxidizing bacteria were isolated and identified as 6 genuses:
Siderocapsa, Leptothrix, Sphaerotillus, Galionella, Metallogenium, Hyphomicrobium. Comparison
the efficiency of genuses Leptothrix, Sphaerotillus, Metallogenium has shown that under conditions
of these experiments Leptothrix more effectively removed iron and manganese at low concentrations

in model solution.

Key words: iron- and manganese-oxidizing microorganisms, rapid filters, zeolite loading.

Iron compounds related to one of the
common components in natural waters in
Ukraine. Groundwater with iron is commonly
found in almost all regions, sometimes the
concentration of iron reaching more than
20-30 mg/dm?3. Iron removal from drinking
water in low concentration does not cause
difficulties, as long as it does not concern their
high concentrations.

Well known that methods (both chemical
and biological) for removal iron and manganese
compounds differ in the degree of technological
reliability, efficiency, ease of use, etc. [1—
4]. However, the progressive development
of biotechnological processes, and most
importantly empower their implementation,
does biotechnological methods as one of the
most promising areas of water purification
compounds of iron and manganese.

The basis of industrial biotechnology
processes is accountability biological
agent composition, so it is important to
get a pure (in species belonging) culture.
The manufacturability and efficiency of
microorganisms are critical parameters
for developing the technology of iron and
manganese removal.

That is why the aim of our work was the
identification of pure cultures of iron- and

manganese-oxidizing microorganisms from
drinking water with further assessment of
their efficacy to remove these contaminants
on rapid filters with zeolite filtration media.
Rapid filters are widely used in the practice
of water treatment. Usually, they are used
for clarification of turbid and colored water
after coagulation and settling, with reagent
softening, iron removal and in other cases. It
works by the principle of volumetric filtration
when impurities remain in the pores of the
filter throughout the entire volume of the
charge as a consequence of the adherence of
fine particles to the grains of the filter media.

Materials and Methods

The cultures were isolated from water
samples taken on the filters of the water
treatment plant in Fastiv (Kyiv region,
Ukraine). In raw water, the concentration of
iron was 7.27 mg/dm?.

The isolation of pure cultures was
conducted by Drygalski method. Cultures
were grown in two nutrient media No.1 and
No.2 containing (NH,),SO,, NaNO;, K, HPO,,
MgSO0,-7H,0 — 0.5 g/dm? each of the reagents,
citric acid — 10 g/dm3, sucrose — 2 g/dm3,
pancreatic hydrolysate of casein — 1 g/dm?,
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FeSO, TH,0 — 5.9 g/dm? (for iron-oxidizing
bacteria) and MnSO,-5H,0 — 4.7 g/dm? (for
manganese-oxidizing bacteria), agar-agar —
20 g/dm3, distilled water — 1 dm?, pH =
6.8 [5]. Capek medium with streptomycin
was also used. The same media without iron
and manganese were used for evaluating the
effectiveness of strains.

Pure cultures were sub-planted for
saving to the tubes on the media containing:
MnSO, — 7 mg/dm?, (NH,),S0, — 1.5 g/dm?,
KCl — 0.05 g/dm?, K32HP04 — 0.05 g/dm?3,
Ca(NO,), — 0.01 g/dm?®, glucose — 2 mg/dm?,
distilled water — 1 dm?[5].

To determine the species affiliation of
isolated organisms their morphology, Gram
staining, coloring iron and manganese oxides
in capsules and covers were studied. The cells
were observed under bright field at 1350
magnification (Leica ATC 2000); species
affiliation was established by comparison
with photos (Bergey’s Manual of Systematic
Bacteriology).

To determine the iron and manganese oxides
in cellular structures cytochemical staining
techniques were used: for Fe?" — potassium
hexacyanoferrate (II); for Mn*" — benzidine
solution. The presence of metal oxides, painted
in blue color, found under a light microscope,
as well as colonies that grew on the cups.

To assess the effectiveness selected strains
were grown on solid nutrient medium; the
suspension was prepared and was treated to
zeolite loading. The inoculating process was
taken place in non-flow mode.

After settling zeolite model solutions
prepared on drinking water were passed
through columns. Solution containing 1-2 mg/
dm?® Fe(II) and 0.2 mg/dm? Mn(II).

During flowing model solutions through
columns biomass in 1 g per load, the total
microbial count and residual concentration
of iron and manganese: Fe(II) — with
2,2-bipyridyl; total manganese content —
photo-colorimetric according to GOST 4974-72
(method B) were measured.

Columns with no processing zeolite
seeds were controlled for quality of settling
load with microorganisms (Output Fe(II)
concentration — 1.3 mg/dm?; output Mn (II)
concentration — 0.1 mg/dm?; Fe(II) removal
efficiency — 65% ; Mn(IT) removal efficiency —
55% , TMN = 180 CCU/dm?). The accuracy of
the experiments was evaluated with common
methods of processing of experimental data in
chemical technology.
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Results and Discussion

Stage 1. Bacterial Cultivation. Growing of
bacteria on Petri dishes with selective media No. 1
and No. 2 became noticeable for 4—5 day growth
at 25 °C. Specific yellow-orange colonies were
observed on a media for iron-oxidizing bacteria;
the color of media had been changing from
light green to ferruginous during cultivation.
Specific brown colonies were observed on a
media for manganese-oxidizing bacteria; the
color of media had been changing from beige to
brown during cultivation. The size and structure
of colonies varied on both media.

In the application, Capek’s medium
with streptomycin development of iron-
and manganese oxidizing bacteria was not
observed. Accumulation of iron and manganese
was identified only on the colonies’ surface on
a dish, which was insufficient for further work
to identify the bacteria.

Stage 2. Identification of Isolated
Microorganisms. The next step was the
identification of isolated microorganisms with
Gram’s Method. Iron-oxidizing bacteria are
Gram-negative, some strain have no cell wall,
Gram-positive are not presented. Based on this
principle and on morphology, were identified:
spherical, ellipsoidal cells as Siderocapsa;
cylindrical cells with a sheath as Leptothrix;
rod-shaped cells as Sphaerotillus. Those cells,
which are not stained by Gram and took the
stalk cells, were assigned to genus Galionella
(stalk cells a key feature of this genus).

The distinction between Leptothrix and
Sphaerotillus was conducted with coloring iron
oxides. It is known that Leptothrix accumulates
iron oxides in a sheath, which painted in
blue with potassium hexacyanoferrate (II);
Sphaerotillus have a thin cover and hardly
accumulate iron oxides, and thus not painted.
This principle makes it possible to distinguish
between these genuses of bacteria.

The same principle is for manganese-
oxidizing bacteria, which grew on the selective
medium No. 2. Metallogenium was identified
by coloring with benzidine. This genus also has
specific morphological features — colony in
the form of “spider”, allowing them fairly easy
to detect, among other manganese-oxidizing
bacteria. Research under the light microscope
colonies on both media was allowed to identify
Hyphomicrobium, a characteristic feature of
which is the formation of the filament.

Ten pure cultures of iron- and manganese-
oxidizing microorganisms have been isolated
during experimental research. All strains were
passaged to a liquid medium for storage.



Experimental articles

Stage 3. Evaluate the Effectiveness
of Isolates. On solid medium three
cultures — Siderocapsa, Galionella,
Hyphomicrobium — shown prevented growth:
colonies were shallow. Although, the same
cultures showed rise growth on the medium
without iron, which can cause the ability of
these bacteria to remove iron in association
with other microorganisms.

Other strains — Leptothrix, Sphaerotillus,
Metallogenium, Siderocapsa, Galionella,
Hyphomicrobium — shown appreciable growth
on solid medium: colonies were of yellow-orange
color, the nutrient medium had changed color
from light green to ferruginous, indicating
that oxidation of ferrous iron to ferric. A
key feature was that the colonies Leptothrix,
Sphaerotillus, Metallogenium larger than
others were and manifested their growth
faster (5—6 days cultivation). Therefore, these
cultures were used in further studies.

Table 1 shows the change of iron and
manganese after passing model solution
with a concentration of 2 mg/dm? Fe(II) and
0.2 mg/dm?® Mn(II) through columns with
microorganism Leptothrix, Sphaerotillus,
Metallogenium.

Change of concentration during the whole
filter period (8—48 h) was negligible: the
effectiveness of iron removal on loadings with
microorganisms lay within the 90-92%; for
manganese — 80-90% . Therefore, we can
assume that at low concentrations of elements,
physical and chemical processes dominate
biological. According to the data (Table 1) it
can be assumed that iron and manganese at
low concentrations were not removed by the
biological way.

To identify which culture is the most
effective against the removal of iron and
manganese, the number of bacteria in 1 cm3
on columns was measured and the average
efficiency of removing items each separately
was estimated. The data are shown in Table 2.

Based on the data presented in Table 1 the
diagrams of the efficiency of iron removal and
manganese (Figure) by different genuses of
microorganisms have been constructed.

According to bar charts on Figure,
Leptotrix removes manganese effectively than
Sphaerotillus and Metallogenium. Chemical
oxidation prevailed over biological — TMN was
low value (300 CCU/dm?) and almost the same
efficiency removal of iron and manganese were
observed.

Ten pure cultures of iron- and manganese-
oxidizing bacteria were isolated from water
samples taken on the filters of the water

treatment plant in Fastiv and identified
as 6 genuses: Siderocapsa, Leptothrix,
Sphaerotillus, Galionella, Metallogenium,
Hyphomicrobium.

In the experiments with a model solution
was shown that in a low concentration of these
elements they remove physic-chemical way. The
evidence is lack of lag-phase on the beginning
of filtration, low data of TMN, practically the
same efficiency of removing manganese and
iron with three cultures.

While evaluating the effectiveness of
isolates by removal of iron and manganese
was shown that three cultures — Siderocapsa,
Galionella, Hyphomicrobium were weaker
and growth slowly than other Sphaerotillus,
Leptothrix, Metallogenium.

Obtained results on the isolation of iron and
manganese-oxidizing bacteria correlate with
the work of other authors [6, 7]. In [6] authors

Table 1. Changing the concentration of iron and

manganese
Output concentra- Removal
Time, tion, mg/dm efficiency,%
hours
Fe(I) | Mn(Il) | Fe(I) | Mn(ID)
Leptothrix
8 0.20* 0.03* 90%* 85%*
16 0.16* 0.04* 92%* 80%**
24 0.16* 0.03* 92%%* 85%*
36 0.15% 0.02* 93%* 90%*
48 0.18%* 0.02* 91%* 90%*
Sphaerotillus
8 0.18%* 0.03* 91%* 85%*
16 0.17* 0.03* 92%%* 85%*
24 0.18* 0.03* 91%* 85%*
36 0.17* 0.03* 92%* 85%*
48 0.18* 0.02* 91%* 90%*
Metallogenium

8 0.18* 0.03* 91+%%* 85%*
16 0.18* 0.04* 91+%%* 80+**
24 0.18* 0.03* 91+%* 85%*
36 0.20* 0.04* 90%* 80+**
48 0.18* 0.04* 91+%* 80+**

Note: here and in Figure * — P < 0.05,
in comparison with control: output Fe(II)
concentration — 1.3 mg/dm?; output Mn (II)
concentration — 0.1 mg/dm°;

here andin Table 2 ** — P <0.05, in comparison
with control: Fe(II) removal efficiency — 65%;
Mn(II) removal efficiency — 55%.
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Table 2. Evaluation of removal of iron
and manganese with microorganisms

The effi- | The effi-

Genus TMN, ciency of | ciency of

CCU/ dm?® removing | removing

Fe(I),% | Mn(II),%
Leptothrix 300%* 91.5%* 86.0%*
Sphaerotillus 300% 91.2%% 86.0%*
Metallogenium 250%* 90.8%* 82.0%*

Note: * — P <0.05, in comparison with control:
TMN = 180 CCU/dm?;

*% — P < 0.05, in comparison with control:
Fe(II) removal efficiency — 65% ; Mn(II) removal
efficiency — 55%.

isolated iron- and manganese-oxidizing bacteria
from the bottom sediments of Lake Baikal and
carried them to six genera: Metallogenim,
Lepthotrix, Siderocapsa, Naumaniella, Bacillus
and Pseudomonas. Also it was found that
cultured ferric bacteria possess high oxidative
activity. In [7] it was established that it is
possible to inhibit the development of some
and the intensive growth of other cultures
of Galionella, Lepthotrix, Metallogenim
depending on the physicochemical composition
of water with a relatively constant effect of
treatment.
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BUAIJIEHHS YNCTUX KYJbBTYP 3AJII30-
TA MAPTAHEIIbOKUCHIOBAJIbHUX
BARTEPIN I3 MIBUJKUX PIJIBTPIB

O. B. Kpasuenko
O.C.IlaHnuenKko

llepskaBHe MiAIPUEMCTBO
«HaykoBo-gocaimumii Ta KOHCTPYKTOPCHKO-
TEeXHOJIOTIUYHUU iHCTUTYT
MiCBKOT'0 TOCIIOZApPCTBA» ,
Kuis, Yrpaina

E-mail: panchenko@nikti.org.ua

MertToro gocaigsKeHHs 0yJI0 BUAIJIeHHS 3 [IUT-
HOI BOAM YHUCTUX KYJIbTYP MiKpoopraxismis,
3IaTHUX OKMCHIOBATH 3aJ1i30 Ta MapraHeilb, 3
TOIaJbIITNM OI[IHIOBAHHAM IXHBOI e(DeKTUBHOC-
Ti 3 MeTOIO BUIAJIEHHS [TUX PEYOBUH HA IITBU/I-
Kux (inbrpax. [l ominoBaHHA e(DeKTUBHOCTI
BuOpAaHi MITAMU BUPOIITYBaJIU HA TBEPAOMY KU-
BUJIBHOMY CepPeIOBUIIli, TOTYBaJIU CyCIIeH3i0 Ta
00pO0JISAIN HEelO IIe0JIITOBE 3aBaHTaKeHHsA. Bu-
nineno 10 yncTUX KyJBTYP MiKpPOOpraHismis,
3IaTHUX OKMCHIOBATHU 3aJIi30 Ta MapraHellb, IKi
BimHeceHo o 6 poxis: Siderocapsa, Leptothrix,
Sphaerotillus, Galionella, Metallogenium,
Hyphomicrobium. IlopiBHAHHA e()eKTUBHOCTI
poxiB Leptothrix, Sphaerotillus, Metallogenium
I0OKAas3aJjo, 1[0 B YMOBaX IIUX €KCIEePUMEHTiB
O6axTepii poxy Leptothrix edeKTUBHIiIlIe BUIA-
JAIOTH 3aJ1130 i MapraHeIlb 3a HUSbKUX KOHIIEH-
TpaIil y MOAEeJIbHOMY PO3UMHi.

Knarmouwosi cnosa: MikpooprauisMu, 3gaTHI OKHC-
HIOBATHU 3aJIi30 Ta MapraHellb, INBUAKI QiabTpm,
IIe0JIiTOBE 3aBaHTAKEHHS.

BBIJEJEHUE YUCTBIX RYJIBTYP
AEJE30- U MAPTAHEITIORHUCJIAIOININX
BAKTEPUN U3 CKOPBIX ®UJLTPOB

A. B. Kpaguenko
E.C.Ilanuenko

TocymapcTBenHOe IpeIpuATHE
«HayuHo-mccienoBaTeIbCKUN 1
KOHCTPYKTOPCKO-T€XHOJOTUUECKUIT UHCTUTYT
TOPOJCKOT'0 XO3IUCTBA Y,

Kues, Ykpanua

E-mail: panchenko@nikti.org.ua

ITenbio mccaemoBaHUsS OBIJIO BBIJEJIEHUE
W3 NUTHEBOUN BOJBI UHUCTBHIX KYJIbTYP MUKPO-
OpPraHU3MOB, CIIOCOOHBIX OKMCJIATDH JKejae30 u
MapraHell, ¢ IIOCJeAYIOIIell OIMeHKON uX 3(-
(EeKTUBHOCTH IJIs yIaJeHUA 9TUX BEIeCTB Ha
CKOpBIX (QuiabTpax. s omeHKU 3PdheKTuB-
HOCTHY BBIOpaHHBIE IITAMMBI BBIpAI[UBAIN Ha
TBepAOll MUTaTeJbHOU cpejle, IMOATOTaBJIMBA-
JIW CYCIIeH3MI0 1 00pabaThIiBaIl €0 I[e0JUTO-
BYIO 3arpy3Ky. Beigesneno 10 YuCTBIX KYJIBTYP
MHUKPOOPraHU3MOB, CIIOCOOHBIX OKHUCJIATH JKe-
JIe30 U MapraHel], KOTOpble OTHECEHHI K 6 po-
nam: Siderocapsa, Leptothrix, Sphaerotillus,
Galionella, Metallogenium, Hyphomicrobium.
CpaBHeHue sa(pdexTuBHOCTH POHOB Leptothrix,
Sphaerotillus, Metallogenium moxasaJyio, 4TO
B YCJOBUSAX MTaHHBIX 9KCIIEPUMEHTOB OaKTepUu
pona Leptothrix 6osiee apHEKTUBHO YAATAIOT
JKeJjie30 W MapraHell IPpY HU3KUX KOHIEHTpPa-
IMUAX B MOJIEJIBHOM PacTBODeE.

Kntouesvle cnosa: MUKPOOPraHU3Mbl, OKUCJISIIO-

III7e KeJie30 U MapraHell, CKopble (GUIbTPHI, I1e0-
JINTOBAsI 3arpysKa.
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The work aimed to conduct complex chemical and microbiological study of the dumps of the fuel and
energy complex of Ukraine. It is established that the qualitative composition of the aboriginal
microbiota of the studied technogenic substrates does not to depended on the storage time, because it
was determined by the chemical and mineralogical compositions and is mainly represented by the
heterotrophic and acidophilic chemolithotrophic bacteria (ACB). It is noted that the number of all
groups of microorganisms in dumps increased during long term storage due to internal processes and
the impact of external climatic factors. In our experiment the ACB association demonstrated the
maximum leaching activity when the divalent iron was as an energy source. It is also noted that the
“silicate” bacteria present in the aboriginal consortium and have no leaching activity, significantly
increase bioleaching rates by ACB. The results of the study indicate on the formation of resistant
specific microbiocenoses in the dumps of the fuel and energy complex that can be used as sources of

highly active strains obtaining for use in biotechnological processes of metal extraction.

Key words: aboriginal community, dumps, bioleaching.

The fuel and energy complex (FEC) of
Ukraine produces waste products as a result of
the coal mining and processing. Accumulating
in huge quantities at the territories of industrial
complexes, the waste creates an additional
burden on the environment. At the same time,
the waste of FEC contains, in particular, rare
metalsin industrial concentrations, which makes
it a “man-made deposit”, the unconventional
raw materials of valuable components [1, 2].
A special aboriginal microbial community
is formed under the influence of industrial
and natural factors, and later affected by the
storage conditions in the studied anthropogenic
ecosystems. In long-term storage, the substrates
change affecting the structure and composition
of the microbiocenosis and the ability of the
formed equilibrium systems to destruct. The
available literature data suggests that the use
of the aboriginal consortium associations in the
leaching metals biotechnology is promising due
to the effect of syntrophic relationships between
individual groups of microorganisms in the
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community [3, 4]. The microbial biotechnologies
should be implemented based on comprehensive
studies of the biological and physicochemical
properties of the initial solid substrate, the
qualitative and quantitative assessment of the
indigenous microbial community present in
it, the possibility of isolating, selecting and
selecting the most promising highly active
strains. There is ample evidence of the microbial
role in both the formation and destruction
processes of geogenic substrates (natural
ores and minerals, native sulfur, oil, peat,
coal, etc.), accompanied by the bioextraction
of useful components [5—7]. Information is
limited about the life and biochemical activity
of microorganisms in the raw materials of
technogenic origin.

The aim of the work was to conduct a
comprehensive chemical and biological
research of technogenic raw materials
produced by the FEC enterprises of Ukraine to
establish the structure and properties of their
microbiocenosis.
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Material and Methods

The objects of research were dumps of the
Central concentrating plant (CCP) of the Lviv-
Volyn coal basin (LVCB), fly ash and ash from
the burning of LVCB coal at Ladyzhinska and
Dobrotvorska TPSs, respectively. The samples
(more than 60 in total) were taken during
2008-2014 (April to November) on the slopes
of the dumps at the 50.0 = 5.0 cm surface layer.

To identify various physiological groups of
native microbial microorganisms, enrichment
cultures and specific nutrient media were
used: 9K and 9K * for the acidophilic
chemolithotrophic bacteria (ACB); Beyerinck
for the neutrophilic chemolithotrophic
bacteria; 882 for representatives of the genus
Leptospirillum; 150a for the moderately
thermophilic representatives of the genus
Acidithiobacillus, such as A. caldus; Gorbenko
for the heterotrophic bacteria; Czapek for the
filamentous fungi; and A-27 for the “silicate”
bacteria (Table 1) [8, 9].

As the energy source, either FeSO, 7H,O
at a concentration of 44.5 g/dm?, or elemental
sulfur or thiosulfate at a concentration of

5.0 g/dm?® was added to the mineral background
of the 9K medium.

The biomass of various representatives of
the dump microbiocenosis was accumulated at
a ratio of solid (substrate) to liquid (nutrient
medium)S: L= 1:10. In the control experiments
sterile substrate was introduced to the nutrient
medium. The cultures were incubated at a
temperature of 30.0 = 0.5 °C for mesophilic
(MP) and 50.0 = 0.5 °C for moderately
thermophilic (MTP) bacteria, pH 3.0-7.0 for
5 days. The development of microorganisms
was evaluated by the presence of the surface
film, the change in pH and the appearance of
the bacterial suspension. The abundance of
representatives of different microbial groups
was established by sowing tenfold serial
dilutions of the bacterial suspension on agar
media of the same composition. The number of
spore-forming bacteria was determined after
heat treatment at 80.0 = 0.5 °C for 15 minutes.

The biogeochemical activity of the
aboriginal community was judged by the
concentration of metals transferred from the
solid phase to the culture medium. Selective
nutrient media were used as leaching solutions

Table 1. The composition of nutrient media (g/dm3) for identification of microbial groups
in waste products of the fuel and energy complex of Ukraine

Mineral components Culture media [8, 9]
A-27 Czapek 9K 9K+ 150a Beyerinck 882
KH,PO, 0.50 0.05 0.50 0.027
(NH,),SO, 3.00 0.45 3.00 0.132
MgS0, 7H,0 0.50 0.50 0.50 0.50 0.50
MgCl,-6H,0 0.10 0.053
NH,CL 0.10
KCl 0.50 0.10 0.05 0.10
NaNOg 3.00
Ky,HPO 1.00
Na,HPO, 2.00 0.20
Ca(NO3), 0.01 0.014 0.01
CaCly-2H,0 0.147
FeClg 0.001 0.01
NaHCOg4 1.00
CaCOg 1.00
Quartz 10.00
Sucrose 5.00 30.00
Yeast extract 0.02
pH 7.5-8.0| 6.6-7.2 1.0-3.5 1.8-4.0 1.5-3.5 4.5-8.5 2.0-4.0
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(Table 1). Sterile waste with a sterile leach
solution served as controls. The bioleaching
process was carried out by the vat method at
aratioS: L =1:10, pH — 2.0, 30.0 = 0.5 °C
for MP and 50.0 = 0.5 °C for MTP bacteria for
7 days. The concentration of metals in solid
substrates and solutions was determined by
atomic absorption spectroscopy on AAS-1
(Germany) and C-115PK Selmi (Ukraine)
devices [10]. The reliability of obtained results
was evaluated by the Student’s #-test with a
probability of P < 0.05.

Results and Discussion

Table 2 shows the chemical composition of
the studied substrates by the main components.

To observe the development of aboriginal
associations in substrates, depending on the
timing of their accumulation, preliminary
microbiological crops were grown on
nutrient media selective for acidophilic
chemolithotrophic and heterotrophic
microorganisms because those are typical
representatives of microbiocenosis of geogenic
and technogenic origin (Table 3).

The microorganisms were not detected at
all or their communities were very poor in
fresh substrates, especially heat-treated ash
and fly ash. In storage, the communities are
formed. In dumps with an acidic environment,
the conditions favor the active growth of
both chemolithotrophic and heterotrophic
microorganisms. In neutral or weakly alkaline
ash and fly ash, the heterotrophic component
forms an association faster than the
chemolithotrophic one, and quantitatively the

former is more pronounced, both in
comparison with the dumps and in relation
to its own chemolithotrophic component.
However, generally, stable, numerous
aboriginal equilibrium communities form
during the storage of the studied technogenic
substrates for longer than three years. Then
it is possible to isolate active strains for
biotechnological developments. For further
research, ash and fly ash (storage period
24-36 months), as well as “stale” dumps
substrates with different shelf life were
chosen: 24—-28 months (black) and more than
60 months (red).

The results of microbiological studies are
shown in Fig. 1. They indicate the quantitative
prevalence of heterotrophic and acidophilic
chemolithotrophic bacteria, both mesophilic
and moderately thermophilic, in waste products
of FEC.

In all the studied substrates, especially
with acidic pH (black and red coal preparation
waste), ACB dominate which use bivalent iron
and sulfur / thiosulfate as an energy source.
In the mesophilic association of all substrates
that develops on a standard 9K medium with
bivalent iron or thiosulfate, a lot of small
Gram-negative rod-shaped cells were noted. In
the microbial associations of iron and sulfur-
oxidizing bacteria, no significant differences
in cell morphology were seen in accordance
with the available literature data. The number
of cells oxidizing bivalent iron and thiosulfate
in ferrous dumps, fly ash and ash was
10%-10°cells/g.

In the red “stale” dumps, their number was
greater and reached 108 and 10° cells/g for iron-

Table 2. The content of main controlled metals in waste products of FEC of Ukraine (g/ton)

Minimun | Ash iy sl D o comentratie:
Metal industrial Dobrotvorska Ladyzh¥1‘ilssl(5 TPS
content TPS Black Red
Plumbum 18-22 75.0+0.05 120.0+0.1 42.20+0.05 57.92+0.05
Nickel 80-120 110.0+0.1 170.0+0.1 134.2+0.1 132.9+0.1
Cadmium 45,0-55,0 8.5=0.05 7.5+0.05 2.82+0.05 3.63+0.05
Aluminum | (2.5-5.0)-10% | (105.0+0.1)-10® | (37.5=0.05)-10% | (13.92+0.05)-10° | (8.92+0,05)-10°
Cuprum 80-100 92.5+0.1 60.0+0.05 62.18+0.05 78.90+0.05
Manganese 850—1000 1750=0.1 600.0=0.1 317.7+0.1 812.9+0.1
Zinc 65-70 110-180 315.0+0.1 112.5+0.1 130.9+0.1
Germanium 15-20 30-40 45.0+0.05 26.0+0.1 30.0+0.1
Gallium 15-20 30-40 95.0+0.1 15.1+0.1 22.4+0.1

56




Experimental articles

Table 3. Microbial characteristic of waste products of FEC of Ukraine

pH of Microbial abundance, cell/g
s%tl-l;)t-e Storage time water Heterotrophic Acidophilic chemolithotrophic
extract Bacteria Fungi Oxidizing Fe(II) Oxidizing SO
Dumps pﬁg‘ffu}ggd 1.8-2.0 100=5 50+2 (5.3+0.4)x102 15+5
Dumps | 10-14 months | 2.0-2.4 |(3.60%0.65)x10% | (1.50+0.25)x10? | (4.700.85)x10° | (1.55%0.25)x10?
Dumps | 24-28 months | 2.6-3.3 | (7.80=1.65)x10° | (8.70=0.75)x10% | (7.50+1.56)x10° | (7.70+0.55)x10*
Dumps | >36 months | 3.0-3.6 |(5.60+1.25)x10" | (6.70=1.35)x10% | (9.35=1.85)x10" | (4.80+0.95)x10°
Dumps | >60 months | 3.5-4.5 |(9.30=1.85)x10" | (1.50=0.30)x10* | (3.70=0.75)x10% | (3.95+0.75)x10°
Freshl .
Ash prgfﬁmgd 5.8-6.2 15+3 n/o% n/o n/o
Ash |10-14 months | 6.0-7.0 | (8.20+1.65)x10% | (2.70+0.55)x10? | (5.80-1.15)x10? | (3.50=0.70)x10>
Ash |20-24 months | 6.2-7.4 | (7.95+1.58)x10° | (8.75+1.75)x10? |(2.80+0.55)x10* | (4.30+0.85)x10°
Ash |24-36 months | 6.4-7.8 | (4.70+0.96)x10" | (2.10+0.45)x10% |(3.55=0.75)x10° | (4.55%+0.95)x10*
Freshl
Fly ash prgfisilcgd 6.4-8.0 9+1 n/o n/o n/o
Fly ash | 10-14 months | 7.0-9.5 | (5.20+1.1)x10% | (4.30=0.85)x102 | (9.70=1.95)x10? | (4.15+0.80)x102
Fly ash | 20-24 months | 7.8-10.2 | (8.55+1.75)x10° | (2.75+0.55)x10% | (1.25+0.25)x10% | (9.70+1.95)x102
Fly ash | 24-36 months | 9.0-10.8 | (2.55=0.55)x10% | (7.70+1.55)x103 | (8.70=1.75)x10* | (1.40=0.25)x10®

* — not observed.

and sulfur-oxidizing bacteria, respectively.
The obtained data suggest the presence of
representatives of the genus Acidithiobacillus
(A. ferrooxidans and A. thiooxidans), widely
distributed in natural sulfide ores in the
studied technogenic raw material and actively
participating in metal leaching processes [11].

In mesophilic conditions of medium 882,
morphologically different cells — spirillus,
vibrios, and small curved rods — were observed.
Their number in black waste, fly ash, and ash
was 103-10* cell/g, in the red “stale” dumps
it was 10° cell/g. This suggested the presence
of representatives of the genus Leptospirillum
in the studied microbiocenosis. The genus
includes iron chemolithotrophic bacteria [12].
These results are consistent with the available
literature data, according to which bacteria of
the genus Leptospirillum are always present in
natural and man-made mineral raw materials
and do not make a significant contribution to
the bioleaching processes themselves, but in an
aboriginous consortium with A. ferrooxidans
and A. thiooxidans they contribute to the
efficiency of extraction metals [13].

In mesophilic conditions of Beyerinck’s
medium, the development of small Gram-
negative rods was observed in the amount of
102 cell/g (black dumps, fly ash and ash) and

10% cell/g in red “stale” dumps. This suggested
the presence of neutrophilic thionic bacteria
of the genus Thiobacillus in the studied
microbiocenoses. There is no data on the
presence of this group of bacteria in technogenic
raw materials, as well as any information about
their ability to leach metals. However, it is
known that in nature, Thiobacillus thioparus in
association with Thiobacillus ferrooxidans are
active agents of corrosion of metallic and non-
metallic products. Therefore their presence
in biocenoses with quantitative advantage of
acidophilic bacteria is quite possible [14].

The microbiocenosis of FEC waste products
is formed in widely ranging temperatures during
storage. There is also the self-heating and self-
ignition phenomena. Thus it was interesting
to identify bacteria for which the optimum
temperature for growth is 45.0-50.0 °C. An
insignificant amount (103-10%cell/g) of small
gram-negative rod-like cells was noted in all
substrates in the cumulative culture based on
the medium 150a. This can be attributed to the
genus Acidithiobacillus, in particular A. caldus.
According to a number of studies, A. caldus is
always, albeit slightly, present in mineral raw
materials and, together with A. ferrooxidans
and A. thiooxidans, contributes to the efficiency
of metal extraction [15].

57




BIOTECHNOLOGIA ACTA, V. 11, No 5, 2018

MTP ACE, cxidizing Fe(II)
30,0%

Mon-sporogenous
13.0%

Sporogencus 7.0%

“Silicate” bacteria 1,0 %

MP ACE, omidizing $° 3,0%

MTPACE, oxidizing 5°
200% MP ACB, oxidizing Fe(I[) 26,0 %

a

MPACE 15,0%

MTPACE 21,0%

e

Heterotrophic 64,0%

c

MP ACB, oxidizing Fe(Il) MTP ACE, exidizing S?
350% prytvant

MP ACB, oxidizing 5° ,‘
20% ” .
“Silicate” bacteria 2,0% Sporogenous 2,0 %

Non-sporogencus 6,0% MTP ACE, oxidizing Fe(I) 6,0%

Heterotrophic95.0 % MPACB2.0%

/

MTPACE 3.0%

Fig. 1. Quantitative and qualitative content of microbial cenoses:
a — black dumps of CCP; b — red dumps of CCP; ¢ — fly ash of Ladyzhinska TPS; d — ash of Dobrotvorska TPS

Mixotrophic, moderately thermophilic
bacteria were found in all studied waste
substrates. In a cumulative culture based
on a modified 9K medium with thiosulfate
or bivalent iron, an abundant development
of Gram-positive short round or cocco-like
spore-forming cells was recorded, which can
be attributed to the genus Sulfobacillus. Their
numbers were much higher in red “old” waste
and reached almost 10° cell/g. This is the
maximum quantitative indicator among all the
iron- and sulfur-oxidizing bacteria identified
in the studied substrates, possibly associated
with the processes leading to self-heating of the
dumps.

The FEC waste products are bio-inert
systems. However, an intensive development
of heterotrophic bacteria, both spore-and non-
spore-forming (Fig. 1) was observed there,
with numerical predominance in ash and fly
ash with neutral and weakly alkaline pH (up
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to 10% cell/g), as well as in the “stale” coal
enrichment dumps, up to 107 cell/g. These
results are consistent with available reports
on the ability of certain representatives of
heterotrophic bacteria to grow in mineral
solutions in the presence of trace amounts
(ng/dm?®) of organic substrates, as well as the
activity of the representatives of the genera
Pseudomonas and Bacillus in the leaching of
gold and uranium [16].

The presence of so-called “silicate” bacteria
capable of destroying silica and silicates
was first established in the heterotrophic
component of FEC waste products. In bacterial
suspension on nutrient A-27 medium, Gram-
positive large rods capable of forming spores
were recorded, on agarized A-27 medium
they were formed in almost identical round
transparent colorless colonies. Their number
was in the range of 103-10* cell/g, reaching
a maximum in ash (10° cell/g), which may be
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due to the increased content of silicon and
aluminum in this substrate (Table 1) [17].

Thus, the qualitative composition of the
microbiocenoses of the FEC waste products
under study does not depend on the storage
time, since it is determined by the chemical and
mineralogical composition of the substrates.
As they accumulate and are stored under the
influence of external factors, quantitative
differences arise in the microbiocenoses,
which are affected by the accumulation time,
composition and pH of waste products. When
comparing substrates with the same storage
time but different pH, it is obvious that in
ash (pH 6.4-7.8) and fly ash (pH 9.0-10.8)
the conditions are more favorable for the
development of heterotrophic microorganisms
both in comparison with the black dumps
(pH 2.6-3.3), and in relation to the development
of own acidophilic chemolithotrophic
component (Fig. 1). It should be noted that
the abundance of the ACB community in fly
ash (amorphous, finely dispersed, with a large
specific surface), despite its alkaline pH, is
comparable to the coarse ash. This is another
important factor for bioleaching associated
with the presence of microorganism cells,
either free or attached to the surface of solid
particles. The presence of defects in the crystal
structure and a large specific surface of the
substrate contribute to faster growth and
development of all possible microorganisms of
the consortium [18].

The biotechnological potential of
representatives of the consortium of FEC waste
products was determined by their ability to
create favorable conditions for certain groups
of microorganisms to destroy substrates and
extract valuable metals from those.

Representatives of acidophilic chemolitho-
trophic bacteria oxidizing bivalent iron and
thiosulfate were the most numerous group of
practical interest in the aboriginal consortium
of FEC waste products. The results on leaching
of metals from FEC waste products by the most
numerous groups in the aboriginal consortium,
the mesophilic and moderately thermophilic
association of ACB, are presented in Fig. 2 and
3 respectively. In the control experiments with
sterile substrates and nutrient mediums the
leaching of Ge, Ga, Cd, Ni, Cu, Zn, Mn and Al
did not exceed 2—4% , the leaching of Pb did not
exceed 0,3-0,5%.

Hence, the association of moderately
thermophilic bacteria of the studied substrates,
regardless of their nature, was distinguished
by a higher leaching activity compared to the
mesophilic community. However, maximum

leaching rates of metals, both rare and heavy,
were achieved using bivalent iron as an energy
source similarly in mesophilic and moderately
thermophilic conditions. This confirms the
leading role of A. ferrooxidans in the processes
of bacterial leaching metals under mesophilic
conditions [9, 18, 19]. It is established that
the black coal dumps is the most “accessible”
to microorganisms; the degree of leaching of
almost all registered metals exceeds the similar
indicators for other substrates.

The change in the microbial landscape and
the number of bacteria was studied during
the entire experiment of metal bioleaching
of from the black dumps (Fig. 4). Thus,
during the first day, the number of bacteria
in the mesophilic association did not exceed
4.5x102 cell/g. Gram-negative short thin
cells prevailed in the stained microscopic
preparation, sometimes larger Gram-positive
cells with rounded ends were encountered
(Fig. 4, a). After five days, the number of
bacteria increased significantly and reached
7.8x107 cell/g. During this period of time,
bloated round cells with thickened membrane
and unstained contents were recorded in
the bacterial suspension (Fig. 4, b). Bipolar
inclusions were present on the surface of some
cells. According to available literature data,
those are globules of sulfur resulting from the
oxidation of mineral raw materials [20].

The appearance of rounded large cells was
also observed during longer-term cultivation
of the studied strains (Fig. 4, c). After 7 days
their total amount in the bacterial suspension
decreased to 5.7x10* cell/g. This was
accompanied by lysis of the cells, a shift in the
pH of the leach solution towards neutral values
and the beginning of deposition of insoluble
Fe™® compounds.

When using the moderately thermophilic
association of ACB, the number of bacteria
was slightly higher. At the beginning of the
experiment it was 5.7x10* cell/g, within five
days it reached a maximum of 7.3x10%° cell/g
and at the end of the experiment (after 7 days)
decreased to 3.9x10° cell/g. This changing
pattern of biomass amount is a reflection of
the classical phases of growth and development
of microorganisms: exponential, stationary,
dying off and cell lysis phases [9].

Despite the quantitative advantage of
the heterotrophic component in the waste
product microbiocenosis (Fig. 1), its leaching
activity was insignificant and the extraction of
metals into the solution did not exceed 15.0% .
Extraction of metals into the solution as a result
of the activity of “silicate” bacteria was also
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Fig. 2. Metal leaching by the mesophilic association of acidophilic chemolithotrophic bacteria from the FEC
waste products
Hereinafter: *P < 0.05 compared with control
In the control experiments with sterile substrates and nutrient mediums the leaching of Ge, Ga, Cd, Ni, Cu,
Zn, Mn and Al did not exceed 2—4%, the leaching of Pb did not exceed 0,3-0,5%

low (it did not exceed 12% ). However, it was
obvious that the substrates were destroyed and
their appearance changed after contacting with
the nutrient medium A-27, creating favorable
conditions for the growth and activity of
“silicate” bacterial consortium (Fig. 5).

The waste products contained a lot
of silicon-containing phases (silica,
aluminosilicates). Hence our assumption that
the association of “silicate” bacteria at the
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initial stage of processing the FEC dumps due
to the destruction of stable crystalline silicate
structures can enhance the effectiveness of
the further action of the chemolithotrophic
component of the consortium in relation to
metal recovery. This idea was confirmed
(Fig. 6), the results are patented [21].

Thus, the complex chemical and
microbiological studies of waste products
of FEC of Ukraine showed that the physico-
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Fig. 3. Metal leaching by the moderately thermophilic association of acidophilic
chemolithotrophic bacteria from the FEC waste products

c

Fig. 4. Micrographs of the association of mesophilic ACB in the metal leaching from the black dumps:
at the beginning of the process (a), after 5 (b) and 7 (¢) days; x1000
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a

Fig. 5. Appearance of black waste dumps:
before (a) and after (b) bacterial leaching with nutrient medium A-27
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Fig. 6. Extraction of germanium and gallium from the waste dumps:
by the mesophilic association of acidophilic chemolithotrophic bacteria (a), after pre-treatment with medium
A-27 (b). Leaching time 24 hours

chemical composition and the conditions of their
formation and storage determine the structure
of their microbiocenosis. The qualitative
composition of the native microbiota does not
depend on the storage time. The microbiota is
determined by the chemical and mineralogical
composition of substrate, and is represented
mainly by heterotrophic and acidophilic
chemolithotrophic bacteria. An increase in
the number of all groups of microorganisms in
long-term stored waste products is established,
which is a result of internal processes and the
influence of external climatic factors. The
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maximum leaching activity is observed in
the ACB associations, especially when using
bivalent iron as an energy source. The “silicate”
bacteria found in the structure of the aboriginal
consortium are not capable of leaching metals
on their own. However in combination with
ACB they contribute to a significant increase
in the bioleaching rates. The research results
indicate the formation of stable specific
microbiocenoses in FEC waste products. The
coenoses can be sources of obtaining highly
active strains for use in biotechnological
processes of metal extraction.
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CTPYKTYPA TA BJIACTHUBOCTI
MIKPOBIOIIEHOS3IB BITXO/IIB
IIAJIJUBHO-EHEPTETHYHOT'O
KOMILJIEKCY YKPATHHA

1. A. Baaiida
T. B. Bacuxvesa
JI. I. Crnrocapenko
C. M. lllynsakxosa
B. ®. Xumpuy

OpmecbKuit HAIliOHATBHUI YHiBEPCUTET
imeni I. I. MeunukoBa, YKpaina

E-mail: iblayda@ukr.net

MerTo10 po6oTu 6yJI0 IPOBEJEHHA KOMIIJIEKC-
HOTO XiMiKO-MiKpoOiosoriuHOTO JOCHiAKeHHA
BilBAIbHUX NPOAYKTIB MaJUBHO-eHEPreTHUY-
HOTO KOMIIJIeKCYy YKpainu. BeramoBiieHo, IO
AKicHU# ckag abopureHHoi MikpobioTu mocJri-
IKeHUX TeXHOTEeHHUX cyOCTpaTiB He 3aJIe’KUTH
Bix TepminuiB 36epiraHHs, OCKiJIbKU BU3HaYa-
€ThCA XiMiUHUM i MiHepaJoTiuHUM CKJIamOM, i
IpeCTaBJIEHUN IepeBaAKHO reTepOTPOGOHUMY i
anugoPiILHUMHU XeMoJiToTpoHUMHU GaKTepi-
amvu (AXDB). BuasieHo 3pocTaHHSA YMCEJIbHOCTI
BCiX rpyn MiKpoopraHisMmiB y BigBaJbHUX IIPO-
IYKTax TPUBAJOTO 30epiranus, 110 € pe3yJabTa-
TOM BHYTPINIHIiX IPOIlECiB i BOJIUBY 30BHIITHIX
KJimatTuuyHUX (PaxtopiB. Ilokazano, 1110 MakK-
CUMaJbHY BUJYTOBYBAJbHY aKTUBHICTH MAIOTh
acorianii AXB, 0co01BO B pa3i BUKOPUCTAHHSA
JIBOBAJIEHTHOTO 3aJ1i3a AK AKepeJsia eHeprii. Bu-
ABJIEHI B CTPYKTYPi a00pPUTEHHOTO KOHCOPIiyMY
«cmyiKkaTHi» 6aKTepii, 1110 He 3KaTHI BUJIYTOBY-
BATU MeTaJIM CAMOCTifiHO, B moeagHauHi 3 AXDB
CIPUAIOTh 3HAUHOMY IiJBUIIIEHHIO MIOKA3HUKIB
bioBusyropyBaHHsa. Pe3yabTaTu AOCIiIKeHb
cBiguaTh mpo GopMyBaHHA yV BiABaJIbHUX IIPO-
OIYKTax MaJUBHO-€HEPTEeTUUYHOTO KOMIIJIEKCY
cTifikux cmenu@iuaux MiKpobOioieHosiB, IO
MOXKYTH OyTHU AKepejaMUu OTPUMaHHA BUCOKO-
AKTUBHUX IITAMiB [IJd BUKOPUCTAHHS B OioTex-
HOJIOTiUHUX IIpoIlecax BUJYUYEHHS MeTaJaiB.

Knarwuwoei cnoea: abopureHHe yrpymoBaHHA,
BigBaJu, Oi0BUIyrOBYBaHHA.
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CTPYKTYPA U CBOVICTBA
MHUEKPOBHOIIEHO30B OTXO010B
TOIIJINBHO-OHEPTETHYECKOT'O

KOMIIJIEKCA YEPANHBI

HU.A. Baaiida
T. B. Bacuavesa
JI. U. Catocapernro
C. H. Illyaaxosa
B. ®. Xumpuy

OmeccKuil HAIIMOHAJIbHBIN YHUBEPCUTET
nmenu U. 1. MeurukoBa, YKpanHa

E-mail: iblayda@ukr.net

ITesnbio paboOThI OLIIO IPOBEAEHNE KOMIIJIEKC-
HOTO XUMHUKO-MUKPOOMOJOTUUECKOTO MCCIIEeN0-
BaHUS OTBAJbHBIX MPOAYKTOB TOIJIUBHO-dHEPTE-
TUYECKOTO KOMILJIeKca YKpauHbl. Y CTAHOBJIEHO,
YTO KAUECTBEHHBIN COCTAB a00OPUTEeHHON MUKPO-
OMOTHI MCCIAEJOBAHHBIX TEXHOTEHHBIX CyOCTpa-
TOB He 3aBHCHUT OT CPOKOB XPaHEHUA, ITIOCKOJIbKY
ompefessgeTcsd XUMUUYECKUM W MUHepaJoTHuue-
CKUM COCTaBOM, U IIpeJICTaBJIieH B OCHOBHOM Te-
TePOTPOPHBIMU WM aNUAOPUIBHBIMU XE€MOJIHU-
TorpodubiMu 6akTepuamu (AXB). BeiaBieHo
BO3pacTaHe YNCJIeHHOCTH BCeX I'PYIII MUKPOOP-
TaHU3MOB B OTBAJbHBIX MPOAYKTAX JIUTEIHHOTO
XPaHeHUd, UTO ABJIAETCS Pe3yJIbTaTOM BHYTPEH-
HUX IPOIECCOB U BO3AEHCTBUS BHEITHUX KJIMMA-
TuyecKux @axTopoB. ITokasaHo, 4To MaKcuMaJIb-
HOM BBIIIEJIaYNBAIOIEel AKTUBHOCTBIO 00JI1aaI0T
accornmanuu AXB, 0co6eHHO P UCIIOJIb30BAHUU
IBYXBAJIEHTHOTO sKejie3a B KauecTBe MCTOUHUKA
sHepruu. O0HapyKeHHBIE B CTPYKTYype a00pUTeH-
HOTO KOHCOPIIMYMAa «CHUJMKATHBIE» OaKTepuu,
He CIIOCOOHBIE BBIIEJAaYMBATH METAJJbl CaMO-
CcTOSATEeJbHO, B coueTanuu ¢ AXDB cnocoGeTByIOT
3HAUUTEJbHOMY IIOBBIIIIEHUIO ITOKasaTeeit 6mo-
BBINeJJaUYNBaHuA. Pe3yabTaThl MCCaeI0BaHUH
CBUIETEJBCTBYIOT O (DOPMUPOBAHUY B OTBAJTBHBIX
MPOAYKTAX TOIJUBHO-9HEPTETUUYECKOTO KOM-
mJIeKca YCTONYUBBIX CIEIU(PUUECKUX MHUKPO-
OMOIeHO30B, KOTOPbIE MOTYT OBITh NUCTOUYHUKAMU
MOJIyUYeHUsT BBICOKOAKTUBHBIX IIITAMMOB [IJIs HC-
MOJIb30BAaHUSA B OMOTEXHOJIOTUUYECKUX IIPoIlecax
M3BJIEeUEHUA METaJJIOB.

Knwuesvle cnosa: abopureHHoe coOOIIECTBO,
OTBAaJIbI, OMOBBIIIIeIaUBAHUE.
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The aim of the work was to find strains of lactic acid bacteria capable to synthesize extracellular
tannase enzyme — the key enzymehe hydrolyzing tannins which are plant food constituent. One of
the main product of tannins hydrolyzis is gallic acid- the compound with proven antioxidant and
onco-protective. As a result of lactobacteria screening, two biocompatible strains of lactic acid,
namely L. rhamnosus LB3 and L. delbrueckii subsp. delbrueckii with a high level of enzyme
productivity, were selected. The maximum accumulation of tannase, corresponding to 0.031 =+
0.002 U/ml for L. rhamnosus LB3 and 0.03 = 0.002 U/ml for L. delbrueckii subsp.delbrueckii, was
observed after 48 h of cultivation. Both strains showed rapid growth and performance of tannase
in MRS medium in the presence of glucose or lactose as a carbon source. It was shown that gallic
acid, which was a necessary component of the medium as a target enzyme inducer, did not affect
the accumulation of lactobacilli biomass. The selected strains are of interest as producers of a

bicomponent probiotic with antioxidant properties and require further investigation.

Key words: lactobacillus, probiotics, tannase, antioxidants, carbon sources.

Along with the science development new
properties and mechanisms for implementing
the probiotic biotherapeutic potential are
discovered. The study of anticarcinogenic
activity of probiotic strains is particularly
noteworthy.

The mechanisms of oncoprotective action of
lactic acid bacteria, which are widely present
in the composition of functional food products
and probiotic-containing medications, have not
been fully studied, however they are associated
with such properties as:

—the ability to modify fecal enzymes, which
believed to be involved in carcinogenesis of the
colon[1];

— cellular absorption and removal of
mutagenic substances or reduction of
the mutagenic effect of chemicals, by its
transformation [1-5];

— tumor suppression by stimulating the
immune response, in a way of increasing the
activity of natural killers (NK cells) [3];

— antagonistic activity in relation to
pathogenic microorganisms that may have an

indirect carcinogenic effect (e.g. H. pylori)
[6-8];

— induction of apoptosis in myeloid
leukemia cells;

— production of substances which induce
apoptosis [9];

—biodegradation of natural substances with
the formation of antioxidant compounds [10].

The implementation of the last mechanism
is well illustrated by the example of the natural
polyphenolic compounds of tannins splitting.
The main common natural source of tannins is
plants. Many types of tannins are found in a
range of food products such as tea, coffee etc.
The presence of tannins in foods gives it a bitter
taste, which makes them less appealing for
consumption. In addition, tannins at a certain
concentration have toxic, bacteriostatic and
carcinogenic properties and irreversibly form
compounds with proteins, as well as with other
molecules such as starch, cellulose and minerals
[10, 11]. Tannase is known to be the main
enzyme which is involved in the decomposition
of tannins, in particular halo-tannins. It is
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produced by a number of microorganisms
which belong to fungi and bacteria [12, 13].
However, from that point of view, lactic acid
bacteria are the most important among all
probiotic cultures.

The high interest in tannase is due to
the fact that the main product of tannins
hydrolysis is gallic acid, which is known for its
antioxidant properties[12, 14, 15].

Modern medical field pays close attention
to the substances with antioxidant properties,
since it is believed that one of the causes of
oncological diseases is oxidative tissue damage.
There are reports on the capability of gallic acid
to protect human cells from oxidative damage
and cause an anti-apoptotic effect, along with
a pronounced cytotoxic action in relation to
cancer cells [16].

Thus, the data from the literature testifies
the promising usage of the drugs based on
the tannin-positive bacteria of the genus
Lactobacillus for both food industry and
medical practice, as a source of antioxidant
complexes to protect the body from the negative
effects of free radicals. Therefore, the search
for new rational and effective natural sources
of antioxidants among probiotic strains is
relevant and feasible.

Materials and Methods

The objects of the research were bacteria
strains of the genus Lactobacillus from the
collection of the Department of Industrial
Biotechnology (Faculty of Biotechnology
and Biotechnics of the National Technical
University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”) and the strain with
proven tannase activity from the collection of
Microbial Type Culture Collection and Gene
Bank of the Institute of Microbial Technology
(Chandigarh, India). A complete list of strains
is presented in Table 1.

Incubation conditions. Lactic acid bacteria
(LAB) strains were transferred to sterile MRS
broth (Man-Rogosa Sharpe, Himedia) and
incubated at +37 °C for 24 hours. The medium
was previously sterilized at 0.5 MPa during
20 min and the medium pH after sterilization
procedure was 6.2—-6.6. The investigated
Lactobacillus cultures were stored at +4 °C in
a semi-liquid MRS medium (with 2% of agar).

Tannase activity determination.
Extracellular tannase activity of LAB strains
was estimated according to previously
described technique [17].

Estimation of biomass accumulation. The
rate of biomass accomulation was measured
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after 24 hours and 48 hours of incubation using
spectrophotometry (UNICO Spectrophotometer
1201) at wavelengths of 560 nm.

Examination of LAB strains
biocompatibility. The biocompatibility of
the strains was determined by the method
of in vitro joint cultivation [18] with minor
modifications (strokes and droplets method).
The biocompatibility of test cultures was
estimated by the sizes of growth zones.
Accounting was performed after 24 and 48
hours incubation at +37 °C.

Acid production determination. Acid
production by the strains was examined by the
titration [19]. The result was estimated by the
volume of alkali spent on neutralization of acid
in the medium and expressed in degrees Terner
(°T).

Statistical Analysis. All experiments were
performed in at least three repetitions using
appropriate control samples. The digital data
obtained during the research was processed
by statistical analysis methods with using the
Student’s t-test for small samples at 95-99%
levels of significance. Calculation and diagrams
construction were done using the computer
program Excel (Microsoft Office 2010) [20].

Results and Discussion

10 LAB strains from the microbial
collection of the Department of Industrial
Biotechnology (Faculty of Biotechnology
and Biotechnics, NTUU “Igor Sikorsky Kyiv
Polytechnic Institute”) were screened for their
ability to produce extracellular tannase. The
strain Lactobacillus plantarum MTCC 2621
from the Indian collection of MTCC IMTECH
which has proven high-grade tannase activity
was chosen as reference microorganism.

As a result of the screening, 3 tannase
active strains of the genus Lactobacillus were
selected: L. rhamnosus LB3, L. bulgaricus
LB51 and L. delbrueckii subsp. delbrueckii
with tannase activity at 48 hours of incubation
0.031 = 0.002 U/ml, 0.013 = 0.001 U/ml and
0.03 = 0.002 U/ml, respectively.

As a result of the data analysis, it was
found that the level of enzyme biosynthesis by
all selected strains was significantly higher on
the second day of incubation in comparison to
the estimated tannase activity on the first day
After 48 hours of incubation the activity of the
reference strain had reached a maximum level
of enzymatic activity (0,051 = 0,002 U/ml),
which was 2.29 times higher than the activity
on the first 24 hours of growth. Tannase
activity on the 48 hour of incubation had
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Table 1. Lactobacillus strains

Full name of strain

The sources of origin

L. murinus LE IMB B-7037

Non-commercial dairy products *

L.rhamnosus LB3IMB B-7038

Non-commercial dairy products *

L. acidophilus (C)

Non-commercial dairy products *

L.rhamnosus (C)

Institute Rossell INC, Canada

L. bulgaricus LB51

Zabolotny Institute of Microbiology and Virology of the Na-

tional Academy of Sciences of Ukraine

L. delbrueckii subsp. bulgaricus LB86
BERIIM-B-5788

Plant of microbiological synthesis preparations “Enzyme”

L. delbrueckii subsp. delbrueckii DSM20074

DSMZ, Germany

L. murinus DSM 20452

DSMZ, Germany

L. plantarum

Lactobacterin *

L. plantarum MTCC 2621

MTCC IMTECH, India

Note: * — the strains were isolated at the department of the industrial biotechnology at the faculty of
biotechnology and biotechnics of the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”; DSMZ — Deutche Summlung von Mikroorganismen und Zellkulturen; MTCC IMTECH — Microbial
Type Culture Collection and Gene Bank of Institute of Microbial Technology.

increased for L. rhamnosus LB3 by 1.63 times;
for the strain L. delbrueckii subsp. delbrueckii
by 1.76 times. The level of tannase activity of
the strains is presented in Table 2.

Thus, in a result of screening, 3 LAB
strains with tannase activity were selected
to be considered as potential producers of a
new multistrain probiotic with antioxidant
action. From the other hand, whenever a
multicomponent probiotic product is created,
the ability of the strains to exist with each
other should be considered.

The microbiota that colonises biological
systems and organs of macroorganism is
known to be multicomponent. Probiotic strains
interact in the own microflora biocenosis of
the macroorganism, as well as with other
microorganisms from different taxonomic
groups. It is known that the ability to inhibit
a growth and a reproduction of pathogenic
and opportunistic microorganisms is one of
the most important criterias for assessing
the effectiveness of probiotic strains. An
antagonistic activity of the normal microflora
is one of the mechanisms of colonization
resistance of the macroorganism.

However, it is very important that strains
action to be synergistic or at least indifferent
in relation to the host organism native
microflora. In this regard, investigated strains
that demonstrated the ability to synthesize

extracellular tannase, as well as the reference
strain, have been studied for biocompatibility
with each other. The study was conducted using
perpendicular strokes and a modified droplet
method (common cultivation method) [18].
The results of the study showed that
strains L. rhamnosus LB3 and L. delbrueckii
subsp. delbrueckii are biocompatible; while
strains L. bulgaricus LB51 and L. plantarum
2621 do not demonstrate biocompatibility
with any of the other investigated strains
(Table 3). It worth to be noticed, that both
methods of determining the biocompatibility
of lactobacillus showed correlative results.
According to the results of biocompatibility
test, 2 biocompatible strains (L. rhamnosus
LB3 and L. delbrueckii subsp. delbrueckii)
were selected for further research as potential
components of bi-component probiotic. For the
L. bulgaricus LB51 strain, it was decided not to
conduct further studies due to the relatively low
tannase activity and incompatibility with other
strains. L. plantarum 2621, which has the highest
tannase activity may possibly have the interest as
a mono-probiotic with antioxidant properties.
While creating the technology of a
biotechnological product, the focus is primarily
put on the development of the technological
parameters that provide an increase in the
output of the target product. These parameters
include optimization of nutrient components
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Table 2. Tannase activity of investigated Lactobacillus strains

Tannase activity, U/ml
LAB Strain 24 hours- % from 48 hours % from
incubation control* incubation control*
L. murinus LE 0 - 0 -
L.rhamnosus LB3 0.019+0.001 79.2 0.031 +0.002 60.8
L. acidophilus (C) 0 - 0 -
L.rhamnosus (C) 0 - 0 -
L. bulgaricus LB51 0.009 =0.001 37.5 0.013 =0.001 25.5
L. delbrueckii subsp. bulgaricus LB86 0 - 0 -
L. delbrueckii subsp. delbrueckii 0.017 =0.001 70.8 0.030 =0.002 58.8
L. murinus 0 - 0 -
L. plantarum 0 - 0 -
L. plantarum 2621 (reference strain) 0.024 = 0.001 100 0.051 =0.002 100

Note:* — the percentage of the level of ectracellular tannase synthesis by the reference strain at the seame

time of incubation.

Table 3. The biocompatibility of tannase active Lactobacillus strains

Strains L.rhamnosus LB3 | L. bulgaricus LB51 L. de(llbe’l";:;’:iiksi;lbslj' L.p lg g 5111rum
L.rhamnosus LB3 ++ -/ + +/+ + /-
L.bulgaricus LB51 + /- ++ -/ - -/ +
N
L. plantarum 2621 -/ + + /- -/ - ++

Note: “+” — growth of the culture; “—” — lack of growth of the culture;

“*/*” _

“growth characteristics of the strains located in the left vertical column of the table/ the

growth characteristic of the strains located in the horizontal column”.

composition of the medium and incubation
conditions. It is known that the ingredients
composition of the medium and the conditions
of incubation are key factors influencing the
growth rate of the microorganism-producer and
the formation of metabolites. Very often the
high cost of microbial preparation production,
particuralry biomass obtaining stage, is a major
restrictive factor of scaling it up to industrial
production. Typically, such components of the
medium as the inducer (tannic or gallic acids)
and the carbonaceous compounds that directly
affect the growth and enzymatic activity of the
microorganism-producer, are the most costly
for production [11, 21].

Despite of a growing scientific interest to
the research of the repression and induction
processes of microbial tannase, there still
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Today, there are still many controversies about
the repression and induction of tannase, and
the literature data is not full enough, therefore
it makes a clear the necessity for thorough
research of the mechanisms governing the
biosynthesis of tannase.

For a long time, it was believed that the
tannase enzyme is possible only in the presence
of tannic acid in the medium. However, it
was discovered later that the activity of
microorganisms-producers has often been
manifested also under cultivation on media with
different carbon sources — monosaccharides,
disaccharides, polysaccharides, even without
adding an inductor [22].

It worth to be noticed, that one of the crucial
growth factors is the type of the secondary
carbon sources adding to the medium, such as
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glucose, galactose, mannose, lactose, fructose,
etc. Adding these components reduces the
lag phase and promotes the growth of the
microorganisms. From this point of view,
glucose is known as the most considerable
compound among the carbon sources. There
is the literary evidence that lower glucose
concentration contributes to the induction of
tanase, whereas higher concentration causes
even catabolic repression of the enzyme’s
biosynthesis [23]. Such a phenomenon can be
explained by the emergence of an imbalance in
the ratio of carbon and nitrogen in the medium
that causes osmotic stress and as a result
inhibits the enzyme biosynthesis [24, 25].

As it was mentioned earlier, the medium
which is used to produce microbial products does
not always ensure the maximum accumulation
of biomass. That is very important to be
taken into account in the production of
probiotics because one of the most important
technological parameters of the production of
the biotechnological products is the level of
accumulation of the target product. In the case
of probiotics production, the target product is
the biomass of the culture.

Therefore, in order to determine the prospect
for the industrial application, the growth
analysis of investigated LAB strains was held
using the medium MRS (Himedia) and as well
as modified MRS medium for microorganisms
cultivation. The diagrams with results of the
experiment of the growth of strains L. plantarum
2621, L. rhamnosus LB3, L. delbrueckii subsp.
delbrueckii are shown in Fig. 1.

1.20 4

1.00 -

3

(=]

Optical density

]
(=]

* *
+ "
0.80 - : .
.
.

D_ -

0.40 -

0.20 -

000 | EEETEMTE  ENUTTESET 2 EmTUEmT

The diagram shows that LAB strains
L. rhamnosus LB3 and L. delbrueckii subsp.
delbrueckii have significantly higher growth
intensity compared to the reference strain
L. plantarum 2621. The obtained data
demonstrate that the intensity of biomass
accumulation of all investigated strains grown
on the industrially produced ready-made MRS
medium (Himedia) and on the modified medium
prepared from individual components has
no statistically significant difference. Such
results provide the basis for further research
using the modified MRS medium in terms of
economic expediency.

Taking into account the existing literature
data and the aim of our research, it was decided
to study the growth of LAB strainsin a modified
medium MRS with different carbon-containing
components as well as in the absence or adding
of an inductor in the medium (gallic acid at a
concentration of 2% ). Mono and disaccharides,
such as glucose, galactose, lactose, fructose
and sucrose, at a concentration of 20 g/I,
were used as carbon sources. The results of
the experiment are presented in the diagrams
(Fig. 2—4).

As results of experiment have shown, the
rate of biomass accumulation and tannase
activity of all investigated strains depends
on the type of carbon source contained in
nutrient medium. It is important to note that
the maximum performance of all investigated
microorganisms was demonstrated while
using glucose. Glucose has provided both the
highest level of biomass accumulation and the

m 24 hours, MRS medium (Himedia)
w48 hours, MRS medium (Himedia)
® 24 hours, modified MRS medium

w 48 hours, modified MRS medium

L. plantarum 2621 L. rhamnosus LB3 L. delbrueckiisubsp.

delbrueckii

Fig. 1. Comparative characteristic of growth intensity of the strains with tannase activity on MRS medium
(Himedia) and modified MRS medium:
values represented mean = SEM. Values for strains L. rhamnosus LB3 and L. delbrueckii subsp.delbrueckii
were compared with reference strain L. plantarum 2621. *P < 0.05 compared to the reference strain on the
same medium at the same time of experiment
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Fig. 2. The biomass accumulation (A4) and tannase activity (B) of strain L. plantarum 2621
on the medium with the different carbon sources:
Here and after: 1 — glucose; 2 — lactose; 3 — galactose; 4 — fructose; 5 — sucrose

*P < 0.05 compared to the values for the strain growth on the medium with glucose (1) at the same time of
experiment
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Fig. 3. The biomass accumulation (4) and tannase activity (B) of strain L. rhamnosus LB3 on the medium
with the different carbon sources
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Fig. 4. The biomass accumulation (A) and tannase activity (B) of strain L. delbrueckii subsp. delbrueckii
on the medium with the different carbon sources
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Table 4. Lactobacillus strain growth rate on medium with different sources of carbon
in the presence and absence of gallic acid

The biomass accumulation of L. plantarum 2621, OD
gallic glucose lactose galactose fructose sucrose
acid
(+/-) 24 h 48 h 24h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
n 0.51+ 0.72+ 0.43+ 0.65+ 0.40= 0.65+ 0.36= 0.45+ 0.40= | 0.36=*
0.04 0.02 0.08 0.02 0.01 0.03 0.03 0.03 0.02 0.02
_ 0.47+ 0.72+ 0.41+ 0.64+ 0.40= 0.65+ 0.34= 0.42+ 0.47+ 0.39+
0.02 0.03 0.04 0.03 0.02 0.03 0.02 0.02 0.03 0.05
The biomass accumulation of L. rhamnosus LB3, OD
gallic glucose lactose galactose fructose sucrose
acid
(+/-) 24 h 48 h 24h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
" 0.72+ 1.01=+ 0.62+ 0.86=+ 0.54+ 0.85+ 0.33+ 0.41+ 0.23+ 0.30+
0.01 0.02 0.02 0.05 0.03 0.04 0.03 0.03 0.01 0.02
_ 0.71= 1.01=+ 0.56=+ 0.80= 0.53= 0.78+ 0.27= 0.41=+ 0.25= 0.34+
0.03 0.03 0.07 0.02 0.04 0.04 0.02 0.03 0.04 0.03
The biomass accumulation of L. delbrueckii subsp. delbrueckii, OD
gallic glucose lactose galactose fructose sucrose
acid
(+/-) 24 h 48 h 24h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
" 0.67+ 0.97+ 0.48+ 0.62+ 0.30=+ 0.43+ 0.38+ 0.44+ 0.26+ 0.38+
0.02 0.04 0.02 0.04 0.02 0.03 0.02 0.04 0.04 0.02
_ 0.64+ 0.97+ 0.48+ 0.65+ 0.31= 0.40=+ 0.36= 0.42+ 0.24+ 0.38+
0.03 0.04 0.05 0.04 0.03 0.02 0.03 0.03 0.02 0.03

maximum level of tannase activity. Lactose may
be considered as an alternative source of carbon
for L. rhamnosus LB3 and L. plantarum 2126.
Biocompatible strains L. rhamnosus LB3 and L.
delbrueckii subsp. delbrueckii showed the lowest
tannase activity while cultivated on sucrose-
containing medium, and strain L. plantarum
2621 on the medium with fructose.

It is known that the tannase activity of
lactobacilli induces by gallic acid, which is
one of the tannin decomposition products.
However, gallic acid has antioxidant properties
and, as the result, could effect on the growth
of probiotics microorganisms. The comparative
characteristics of growth intensity of the
studied microorganisms on the medium
with different sources of carbon under the
conditions of the presence of gallic acid and in
its absence are presented in Table 4.

Ascanbeseen from the results presented in
the table, the presence of the inductor did not
affect LAB growth (there was no statistically
significant difference between values of LAB
growth ), but during the experiment, none of
the examined strains showed tannase activity
in its absence. Therefore, the obtained results

suggest that for the investigated Lactobacilli
strains, the presence of the inductor in the
cultivation medium is a prerequisite for
the implementation of the tannase activity
but, on the other hand, does not affect
the accumulation of biomass of bacterial
cultures.

Thus, as a result of screening, two
tannase-positive and biocompatible strains
L. rhamnosus LB3 and L. delbrueckii subsp.
delbrueckii were selected and considered as
promising microorganisms-producers for
creating a new bi-component probiotic with
antioxidant properties. Both strains showed
the most rapid growth in the presence of
glucose in the cultivation medium. At the
same time, according to the results of the study
lactose can be considered as a carbon source in
the composition of nutrient medium because
of a pretty high level of biomass accumulation
demonstrated by selected lactic acid bacterias.
Gallic acid which is essential for tannase
enzyme synthesis induction, did not reduce
the growth rate of any strain, therefore, it
can be used as a component of the medium for
probiotic strains cultivating.
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Lactobacillus SIK ITPOAYIIEHTH
IMO3SAKJITHUHHOI TAHA3HU

JI. Opabincora
0. I3106a*"2
0. Tyzan!

'HanionanpHuil rexHiuHMil yHIBEpCUTET
VYxpaiau «KIII imeni Irops Cikopcbkoro»,
Kuis
TrcTuryT 6ioximii
im. O. B. ITannagina HAHY, Kuis

E-mail: olanab9@gmail.com

MeToro poboTu OyB HOIIYK IITAMiB MOJIOUY-
HOKHUCIAUX OaKTepiii, 3JaTHUX CHUHTE3yBaTH
MO3aKJITUHHUNA eH3UM TaHasdy, HeoOXimHui
IJIsS POSIMEeIlJIeHHS XapuyoBuX TaHiHiB. OgHuM
3 TIPOAYKTIB eH3MMATHUUYHOI TpaHchopmalii
TaHiHIB € rajoBa KUCJI0Ta, AKa, B CBOIO UEPTY,
BUABJISAE aHTUOKCUAAHTHI Ta OHKOIIPOTEKTOPHI
BJIACTHBOCTi. ¥ pe3yJbTaTi CKpUHIHTY Bifgiopa-
HO aBa 0iocyMicHI mITaMy MOJIOYHOKMCINX OaK-
Tepiti — L. rhamnosus LB3 ta L. delbrueckii
subsp. delbrueckii 3 BUCOKUM pPiBHEM IIPOAYK-
TUBHOCTI eH3UMYy. MaKcuMyM HAKOIIMYEHHS Ta-
HAasu, 110 Bigmosigas pisuio 0,031 = 0,002 U/ml
nns L. rhamnosus LB31 0,03 = 0,002 U/ml gns
L. delbrueckii subsp. delbrueckii, criocrepiranm
yepes 48 rog KyJIbTUBYBaHHs. [[J151 060X IIITaMiB
MOKAa3aHOo IMBUAKUUA PicT Ta HNPOAYKTUBHICTH
TaHasu Ha cepemoBuili MRS y npucyrHocTi
TJII0KO03U a00 JIAKTO3U AK [IiKepesia BYTJIEIio.
BusiBieno, 1110 rajoBa KUCJI0TAa, SKa 0yjia HeoO-
XiTHUM KOMIIOHEHTOM CEePeIOBUIIa AK iIHIYKTOP
IiJILOBOTO €H3UMY, He BILJIMBaJIa HA HAKOIIUeH-
Hsa Oiomacu jJakToOaKkTepiii. Bigiopani mramn
CTAHOBJIATH iHTEepec AK MPOAVIIEHTH JBOKOM-
TMMOHEHTHOTO IIPO0iOTUKY 3 aHTUOKCUIAHTHUMHU
BJIACTHUBOCTAMU Ta MOTPEOYIOTHh IIOAAJBIIIOTO
ITOCJILIsKeHHs.

Knawuosi cnosea: nmaxtobaxTepii, mpobioTuku,
TaHasa, AaHTUOKCUIAHT, [:Kepesa BYTJIello.

Lactobacillus KAK IIPOJYITEHTDBI
BHEKJETOYHOU TAHHAS3BI

JI. Opabuncras’
0. 13106a* 2
0. Tyzan'

'HanumoHa bHBIN TEXHUYECKUIH YHIBEPCUTET
Yxpaunsl «KIIW nmenu Uropsa Cukopckoro»,
Kues
MucTuTyT 6HOXUMUAL
uM. A. B. ITannaguaza HAHY, Kues

E-mail: olanab9@gmail.com

ITennpio paGoThl OBIJ IMOUCK IIITAMMOB MO-
JIOUHOKMCJIBIX OaKTepuii, CIIOCOOHBIX CUHTE-
3UPOBATh BHEKJIETOUHYIO TAaHHA3Y — DH3UM,
HeOOXOMMMBIH [Jis PacIlenJeHus MUIEeBBIX
TaHHUHOB. OJHUM U3 IPOAYKTOB OSH3UMATU-
YyecKo# TpaHchopMaliuy TAHHUHOB ABJISAETCS
rajioBasi KMCJIOTa, KOTopas 00aaeT aHTHUOK-
CUJAHTHBIMY 1 OHKOIIPOTEKTOPHBIMHU CBOICTBA-
Mu. B pesyibraTe CKpUHMHIA OTOOPAHBI JBa
OMOCOBMECTHUMBIX IIITAMMA MOJIOUYHOKHUCJIBIX
b6axrtepuit — L. rhamnosus LB3 u L. delbrueckii
subsp. delbrueckii ¢ BBICOKUM YPOBHEM IIPO-
M3BOMUTEILHOCTHU 9H3UMa. MaKcuMyM HaKO-
MJIeHUA TaHHAa3bl, COOTBETCTBYIOIUIN YPOBHIO
0,031 = 0,002 U/ml gnsa L. rhamnosus LB3 u
0,03 = 0,002 U/ml gns L. delbrueckii subsp.
delbrueckii, Habaogaan yepes 48 U KyJIbTU-
BUpOBaHUA. {1 060UX IIITAMMOB IIOKa3aHbI
OBICTPBLIN POCT M HPOU3BOAUTEIHHOCTH TaH-
Hasbl Ha cpege MRS B mpucyTcTBUM IJIIOKO3BI
WJIV JAKTO3hI B KAaUeCcTBe MCTOUHUKA yIJIepo-
na. BelAaBIeHO, UTO TajjioBasd KUCJIOTa, KOTO-
pas O6blyia HEOOXOIMMBIM KOMIOHEHTOM CPeIbI
KaK MHAYKTOP IIeJIeBOr0 SH3UMa, He BIUAIA Ha
HaKoOILJIeHHe OmoMacchl JakToboakTepuii. OTo-
OpaHHBIE IIITAMMBI IIPEJCTABISAIOT HHTEPEC KaK
IIPOAYIIEHTHI JBYXKOMIIOHEHTHOTO IPOOHUOTHUKA
C AaHTUOKCUIAHTHBIMU CBOHMCTBAMU U TPEOYIOT
IaJbHEMIero nccaefoBaHnA.

Knarouesnvre cnosa: nakTobakTepun, IPOOMOTHUKH,
TaHHA34a, AHTHUOKCULAHTDI, NICTOUHNKN YIJIEPOa.
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