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The purpose of the study was to review mordern information systems elaborated for medicine
and biotechnology. Classifications of modern medical information systems and detailed description
of their different versions based on numerous publications are given. Electronic information
system for the biochemical laboratory with individual patients’ data protection was developed for
the hospitals in Polissia region of Ukraine polluted due to Chornobyl accident is suggested.

Key words: bioinformatics, electronic medical information systems.

Information computer technologies are
widely used in contemporary biotechnology,
which needs more specialized electronic
information systems. The importance of
information technologies (IT) and computer
technologies (CT)usein modernbiotechnology
is indisputable fact nowadays. Primary there
were no elaborated electronic information
systems (IS) with databases (DB) developed
specifically for biotechnology — it was
economically unjustified [1, 2]. Constructing
technical information systems (tIS) with DB,
IT professionals could use wide spectrum
of mathematical methods [1-9]; they could
take prototypes from physics and techniques,
because tIS were elaborated primary for
these spheres. Later such tISs were accepted
from medicine, biology, chemistry and etc.;
they had to be modernized and adapted for
biotechnological tasks solution. Because
biological sciences and technologies have their
peculiarities, professionals need their own
electronic IS with DB. So, for the construction
of tIS for biotechnology we suggested to study
the experience of medical tIS elaboration
because of the following reasons. 1 —
medicine is one of the nearest spheres for
biotechnology that demonstrates the great
variety and quality of IS because of good

finding (people take care about their health
ever); 2 — for biotechnologists (as well as
other professionals) there were not important
from what IS to get the data for their work, if
only this data were. Indeed, for the research
work the real scientific data are necessary,
independently on the source of their origin (in
medical tIS there are lots of necessary data);
3 — therefore, for the construction of similar
tISs for biotechnology, one needs to know the
prototypes from medical tISs to develop the
better ones, similar and even more suitable
systems; 4 — in our originally constructed
tIS, described at the end of this article, a
biochemical electronic laboratory is added.
According to this example, one can add to tIS
all necessary segments: for biotechnology,
and other ones; 5 — biotechnological
applications in medicine are very important;
6 — finally, it is very useful for engineers
in biotechnology to know the different types
of medical tISs as prototypes for the success
of their work. To give to professionals in
biotechnology the possibilities to invent new
IS versions more effectively, we decided to
observe some medical tIS prototypes.
Diversity and variability of medical
information systems. According to
abovementioned, the types of medical
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information systems were numerical and
diverse in their construction. They were the
most numeric in medicine in comparison with
biology due to a good funding in medicine and
health protection through over the world.
Mathematic models that we described in our
previous articles as well as published by other
authors also may be used for ISs functioning or
to be simulated in result of their functioning
[9-T79]. A spectrum of mathematic methods is
used for the newest biomedical ISs elaboration
[1, 11, 74, 76-140]. Databases content
described in this article was obtained from the
results of biological and medical observations
and experiments [10, 12-17, 22—44, 47-49,
61, 68, 71-74, 79-85, 90, 93, 94, 104, 107,
109, 110, 113, 120, 126-148]. Indeed, all
such tISs are network-based and linked with
databases today [1-11, 25-71, 90-109, 112—
119]. In our numerical previous publications
[1-6, 18-37, 61, 62, 64-66, 75, 126-148]
we have investigated repeatedly the various
aspects of below described phenomena and
processes.

Medical tIS described below demonstrated
a great variety; we elaborated and offer
their classification. Information for this
classification we found in different scientific
and technical sources published since 2000.
In our list there are contemporary electronic
databases with access to the Internet with
information in biology and medicine, designed
during the last 25 years.

Despite the diversity of such systems (and,
accordingly, publications), it was possible to
distinguish certain well-defined types of ISs

among them. It is necessary to emphasize that
such classification in finished form did not
exist in scientific and technical literature until
2008; so, it is original.

Thus, in medical IS with DB one could
distinguish: medical ISs of general purpose,
expert systems, electronic systems for working
with images, electronic systems for working
with medical documents, systems for scientific
purposes, library medical systems, electronic
educational systems in medicine, electronic
medical databases

Placing these ISs types in hierarchy, we
followed the principle: the more publications
contain modern scientific and technical sources
about this type of systems — respectively, the
higher its name is in our list. It means that the
developers payed the most attention to them;
consequently, they were the most popular in
practice (in modern hospitals, laboratories and
etc.) Apparently, the most often published
works fall into the section “Medical IS of
general purpose”. This could be explained by
the practical needs of clinical medicine, which
requires the most such versions. When viewed
this list from the top to the end, the number
of publications corresponding to one specified
type of the system decreases, and in the section
“Electronic medical databases” falls to the lowest
number of publications. This does not mean
that electronic medical DB were not important
in medical practice. Such a pattern can also
be explained by the fact that the procedure for
creating of such databases is standard, described
in university textbooks, and perhaps the
developers of such databases do not see them as

Fig. 1. Use of informatics in medicine: two-dimensional hierarchical clustering of drugs based on similarity
of anti-proliferation effect profiles on breast cancer cell lines [73]
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novelty, required for scientific publications. Our
proposed examples of classification of the main
IS types for biology and neurophysiology (as a
branch at the junction of biology and medicine)
were described in our previous publications
[1]. Result of the use of medical “systems for
scientific purposes” is illustrated on Fig.1. In
result of contemporary informatics’ methods
use, two-dimensional hierarchical clustering of
drugs based on similarity of anti-proliferation
effect profiles on breast cancer cell lines was
done as well as, in result, the conclusion about
midostaurin action. Midostaurin suppressed
the proliferation of TNBC cells among the
breast cancer cell lines presumably through
the inhibition of the Aurora kinase family. The
precise study of midostaurin on cell growth
would contribute to the development of the
drug for the treatment of TNBC using computer
technologies.

Some theoretical approaches for the
construction of the largest groups of medical
electronic tISs. As as it was noted, the most
recent publications in the world according to
our classification show that the most numerical
ones are: “Medical IS of general purpose” and
“Medical expert systems”. Let’s observe the
information of these sections, which explains
this fact.

Some theoretical data about the general-
purpose medical information systems.
Today the Internet is used widely in clinical
practice, medical research and education.
Examples of its applications were, for
instance, telemedicine, the collection and
accumulation of clinical and experimental
data, the making of electronic collections of
professional literature, analysis of DNA and
protein sequences of patients and distant
learning for some medical courses, and
etc. All of these applications required the
development of electronic databases. The
first medical ISs appeared in the 1970-th,
and their main features, according to their
performed functions, became established
until the mid-1990-th. The “traditional” core
of medical ISs was: clinical decision-making
system, clinical record system (including
patient records) and clinical databases [112].
During the first years of the XXI century,
medical ISs demonstrated a real upswing in
their development due to the numerous new
technologies that have emerged in those years.
In [78, 112] it was shown that the modern
Internet provides opportunities for patients,
their families, physicians to communicate with
each other, to study new medical information
and to exchange it. For these purposes there

were established the centers for patients;
these centers were equipped with electronic
ISs, for example, the “eHealth system”. It was
calculated that the services of such electronic
ISs in the USA during 2002 used, according
to various estimates, from 73 to 110 million
users (estimates were made for Medline
(1966-2002), CINAHL (1982-2002), Cochrane
Controlled Trials Register (till 2002),
PsychInfo (1967-2002), and some others).
The virtual capabilities of such systems were
needed, in the first order, for people with
disabilities and for lying patients.

Medical expert systems. The Internet
provides good opportunities for the
construction of powerful expert medical
systems. In such systems, opportunities
for the obtaining of information (OI) can be
done rather cheaply, it is the best way for
exchanging by large information volumes,
to obtain variable information and even
controversial one, from medical experts from
different fields of medicine and from remote
geographic regions. Clinical decision support
systems (CDSS) have become used in medical
practice more in recent years. The first such
system, which has been widely used since 1970,
has become the medical expert system MYCIN.
After it, a number of systems were created for
provision of access to medical information,
interpretation of diagnoses, and so on. During
these systems development two important
problems were solved: choosing of methods for
efficient system construction and data usage
from the DB. For this 2 groups of methods
were used — automatic OI and OI receiving in
manual mode (manual OI).

The method of automatic OI (also called
“Knowledge Discovering” and “Data Mining” —
“knowledge acquisition”) was relatively new
method. His most important step was to extract
abstract rules from a large number of cases. The
most used automated OI methods were neural
networks, discriminant and cluster analyzes,
linear programming, evolutionary algorithms,
and others [1-37, 41-148]. However, these
methods were not considered as perfect due to
the extremely complex algorithms that were not
well developed. For example, during the data
searching from the large DB, some data may be
incorrect or not enough correct, and this would
influence on the output rules. As a result, the
huge efforts and expert time could be spent in
awrong way.

Consequently, most of the modern medical
bases of knowledge refer to the manual OI,
although knowledge bases designed for this
method were usually small, referring to
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very specific and relatively narrow areas of
medicine. Manual OIs were elaborated usually
in close collaboration with medical experts and
engineers, sometimes it took a lot of time; it
was important that the medical diagnosis is a
complex cognitive process that medical experts
are sometimes unable to formalize. Manual OI
were not available everywhere, therefore, not
all users outside of the health center could use
these systems.

The Internet can solve these problems
better than traditional platforms, since 1 —
the Internet is widely available; 2 — Web
browsers provide a common multimedia
interface; 3 — for expert systems developed
software can be obtained from the Internet;
4 — there are protocols for the interaction
support between such expert systems. Experts
can communicate online in real time; they can
eliminate duplication of information, and etc.

“Medical ISs of general purpose”. Let’s
observe some samples of electronic medical
ISs. Some authors considered that ISs occurred
spontaneously in hospitals and these systems
need to be modernized in accordance with
present day requirements. It is necessary to
develop the general concepts of such systems
and their modernization [1].

In [122] the principles of Web-system
He@l1thCo-op functioning have been described.
It was noted that the healthcare industry is
characterized by the need of close cooperation
and information exchange between many
professionals working to improve the health
of patients at different times and often remote
from each other in space. Modern IT and CT
allowed us to make the systems through which
such tasks can be solved. The He@lthCo-op
modular Internet system has been constructed
and implemented into practice, which
makes possible the joint work of medical
staff and transmission of confidential,
protected information about the patient
to remote sites. The He@lthCo-op system
permitted to collect, maintain, and easily
access patient information, at any time and
from anywhere where access to the Internet
was available. This function was not easy
for implementation, since such information
is completely heterogeneous, has different
formats, it included not only medical data, but
also personal and administrative information.

One of the main requirements for
working with such data was to protect
patient information in accordance with the
current Health Insurance Portability and
Accountability Act (HIPAA) that suppose
friendly attitude of the nursing staff to

patient’s and their data. Based on this
viewpoint, various medical institutions
have tried to establish procedures for
conducting of their own standardized patient
records, and subsequently to elaborate a
complete electronic records’ databases for
patients. For such service it was necessary
to construct united IS, which would be
easy to use in different geographically
distant medical institutions, to enter it
outside of medical facilities if the patient
moved to another country. He@lthCo-op
system [122] solved the same problems.
Internet had provided the ability to develop
such systems with different scenarios, on
different software and hardware platforms.
At the same time till 2010, only a few clinical
establishments had well-adapted Web-based
ISs for electronic patient records, which makes
it difficult for doctors to work with them if
they are outside of this center. IS designed
for the purpose of health care, should operate
in environment with many different types
of users, for example, a medical institution,
technical staff, nurses, doctors and patients
by themselves. All these persons should
exchange heterogeneous multimodal medical
data, documents, other information, operate
through the system simultaneously or at
different moments of time, within a single
medical center or at different geographical
locations, and there must be a system of
feedback between patients, doctors and
administrators. For such functions realization
the Web-based systems and database-based
systems were suitable; they are highly flexible,
can easily transfer information to final
user, can provide a friendly interface, have
developed set of services and navigation tools.
The system He@lthCo-op had exactly these
characteristics (Fig. 2).

In other publication [124] an electronic IS
called “eMAGS” (Medical Agent System) was
described. According to performing functions
it was similar to the previous He@lthCo-op
system, but differs because it not only made
medical records databases for patients, but also
it was focused on the data streams exchange
between different medical organs. The authors
wrote that one of the main characteristics
of modern medical ISs is the high level
of cooperation between different medical
institutions. The eMAGS system was an
ontologically-based, multi-agent system that
is designed to interact in a distributed medical
environment without a certain boundary and
traditional client server. The eMAGS was
based on the messaging standard adopted today
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Fig. 2. Communication scheme of medical system He@IthCo-op, which combined distributed database
repositories and various points of medical care provision [122]

in medicine and named HL7 (Health Level
Seven) and facilitates the patient information
transmission to healthcare organizations.
Constructing this system, the authors took
into account the fact that with the growth
of even one medical center, the electronic
service network and information transmission
between its various components become more
diversified and complicated with time. The
health control was knowledge-intensive,
divided into professional sub-domains, each of
which may have its own dictionary, database
and software; it could be multyplatformal,
which significantly increases the complexity
of this area. The authors paid attention to the
fact that with such complexity increases also
the fragmentation of information on patient
detected by electronic system. The degree of
fragmentation increased if the patient turns
to the medical center periodically for a certain
time. Recently, the peculiarity of medical ISs
was that the user can contact with such system
through mobile communication devices or
through home monitors in the case of patients

at home. All this required the consolidation
of information from heterogeneous data
resources and has been called interoperability
between these resources.

The situation of interoperability of
medical ISs associated with the extraction of
information from heterogeneous resources
and work with them in real time. This
situation was quite unique for ISs and it has
no analogs in the industry, banking, insurance
or other areas. With the quick growth of the
Internet, the researchers and IT professionals
have faced the problem of consolidating
and managing of information in order to
maximize the interaction and relevance of
received information. Consequently, the
key focus must be on integrating of the data
from existing systems and making of user-
accessible mechanisms for information sharing
and distribution. The problem was that data
from the disparate resources have different
formats and they are incompatible often. The
authors saw this problem solution in the use
of federalized approach to databases, XML-

9
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based integration, semantic meta-data-based
integration of the data, in the creation and
the use of a certain software samples, in the
use of a single conceptual model or ontology,
and in eGATE-type toolkits for transmission.
For many problems solution, the popularity of
ontologies had increased significantly — from
the projects of academic data presentation to
the commerce. Yes, commercial systems like
CycSecure and EcoCyc have expanded the
scope of ontologies. In their system eMAGS the
authors could get flexible solutions through
the use of multi-skilled mobile agents that
provide active access, decryption, study and
use of information presented in different
medical ISs. eMAGS component HL7-RIM
was the basic intermediary for data exchange
between programs. eMAGS agents could
be communicatively interconnected, since
ontology establishes a single terminology for
the domain (Fig. 3, a, b).

Medical expert systems. Using the above
theoretical approaches, a medical expert
system was developed [97]. The authors
described their system which is based on three
databases, client-server architecture and

invented by developers type of information
processing management. To facilitate the
knowledge presentation, data in DB and
to obtain knowledge from the Internet an
8-bit encoding scheme and a weighting
system were proposed. The system has been
tested already in clinic. The authors set the
following purposes: 1 — to create a medical IS
for information processing and management
system for it to facilitate the elaboration and
maintenance of medical knowledge bases; 2 —
to maximize the information distribution and
its following use by medical institutions and
doctors; and 3 — to facilitate the process of
decision making by medical expert systems.
The authors described the method of control
of Internet information processing, which
they used to construct large databases of
medical knowledge. The testing system was
developed using Delphi 5.0 and Microsoft SQL
Server 2000, it was available online for the
testing during one year. The authors argued
that their method and system made easier
the operation by large volumes of medical
knowledge.

Another Internet-based system was

DB for { ™
a Mgmt. surgeons Frogram-
Patients JrOgTaTE- # application DB of
Mamt. applications far for recipes ff recipes for
DB palienils patients
#
r L F
Applications . ~
X for surgeons h A
Server-agent [ Server-apent &' I
( Ontologi )
tokogi
al
server
Omtological
8]
b Ontological server

OorMa

OSQA

Omtelogical
h

Fig. 3. eMAGS medical system [124]:

a — Architecture of eMAGS medical system. The essences of “agent” and “ontological” types were compo-
nents of eMAGS system. Indications: # the greater number of such entities were supposed to be in medical
institution; ¢ the essence of this type had a database and an interface for the user; b — Ontological server and
its components

10
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developed to select patients for clinical trials
in oncology [103]. Large-scale clinical trials
in the modern world are often multicentral,
which means that they are based on different
geographical points of the Earth, often in
different countries. They are conducted to
study effects of important potential medical
preparations which could be recommended
then for people treatment. For such a work
it is necessary to provide the highest level
of standardization, to record in databases
numerous test results, and to fulfill a
number of other specific requirements.
Modern Internet technologies provided the
opportunities for such work, although until
the last days the patients’ selections for tests
carried out manually sometimes. Developers of
expert system from the Moffitt Cancer Center,
USA, described their expert system for patient
selection [103]. The data about each patient
were recorded to it, and if there are not enough
data, the system offers additional tests. The
system permitted the automating of selection
process, the increasing the number of patient
that can be selected (previously up to 60% of
eligible patients were lost) with a significant
reduction in cost of testing procedures. A
user-friendly interface had been developed,
which allows a healthcare professional to add
test data and to make new selection criteria
without the help of programmer. This system
has been tested in oncological hospitals. This
is extremely important because, according to
statistics, only in the United States 550.000
people dies of cancer every year. For this sphere
of medicine a large number of new medicals
are developing and testing constantly. In case
of successful results they come to patients
immediately — thus for the newly developed
medicals the shortest path from the laboratory
to the patient was invented.

Electronic systems for the work with
images. The following several ISs were
designed for the work with images. There
were some well-known methods for the
work with images in medicine, for example,
diagnosis of X-rays, ultrasound diagnostics,
and etc. For techniques of images processing
it was necessary to have few, sometimes few
hundreds images even for one patient. So, a
problem appeared concerning images recording
and their ordering in DB with subsequent use.

An electronic medical system NORMA was
elaborated in Genoa, Italy, for radiological
center for the needs of radiotherapy [101]. It
was designed jointly by the teams of physicists
and radiologists in order to develop the most
optimal schemes for the planning of treatment

by radiotherapy methods. The system was
based on databases that contained, together
with standard patients data, numerous images
of tumors and areas of patients’ bodies where
is a risk of their occurrence. NORMA provided
new for its time interesting opportunities for
patients to record in DB and to visualize a large
number of images made for tumor diagnosis
and related body areas of risk. There was a
possibility to study, to analyze, and to discuss
such images by physicians and radiology
physicists simultaneously in different loci of
the system. NORMA had a client-to-server
architecture and it is platform-independent.
Internet technologies that make it easy to
use it for people without special computer
knowledge were used, due the commentaries
at each step that help to user to perform the
next actions. The system was subdivided into
server based and client sides on Java software
applications. For implementation optimization
the project also included, in addition to TCP/
IP, another relevant protocol that organizes
the data exchange and message control.
Images for diagnoses were stored and removed
from the appropriate DB or standard DB of
DICOM (Digital Images and Communications
in Medicine) through the connection DICOM-
WWW, which allows to connect the normal
Internet browsers used by NORMA system
and DICOM software via the HTTP protocol.
Browser requests were sent to the Web
server connection via CGI (Common Gateway
Interface). The DICOM software converted
queries to DICOM messages and organizes the
connection to the remote site of the DICOM
Application system.

In [53] the authors described their
developed web-based medical education
system that simulates images. The system
was elaborated for training students and
doctors who work in design and processing
of medical images. Using this system it was
possible to train them for the work with X-ray,
tomography, ultrasound and other images and
documents. Internet technologies allowed ones
to work with them online, in an interactive
web — site environment. Some techniques
for working with images, image processing
algorithms and exercises for training in an
interactive virtual laboratory were described
in [53]. Each illustration has extended
comments, including profound explanations of
physics and math. For the work in the Internet
a user-friendly interface was developed,
trainings are held in MATLAB Web Server
environment. Macromedia Director MX was
used to develop an interactive animation
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theory with graphical-oriented simulation.
HTML and JavaScript were used to enable the
user to apply these modules online in a web
browser. The teaching quality grew due to the
use of multiple choice questions, ability to
analyze image data, and material submission
according to module principles.

Another system for the work with
images was elaborated for medical hospital
in Shanghai, China [79]. The authors have
developed a web — based system for interactive
demonstration of electronic patient records,
such as DICOM images, graphic images,
report structure and therapeutic records
for the hospital’s internal network software
and for the Internet. This system consisted
on three main components, client-server
architecture for patient data obtaining and
authorization, and Internet-based system for
data transmission. The system that visualized
the data in the Internet includes multimedia
display modules and remote control module
for managing of software functions and
for interacting with patient data. This
system has been successfully tested twice
during teleconsultations of patients with
acute respiratory syndrome in the Shanghai
Infectious Disease Hospital and Xinhua
Hospital. During the consultations, doctors in
area of infection control, and remote experts
could interactively used this system to work
with electronic images and patient records,
which facilitated the correct diagnostics.
The techniques developed by the authors
provide new opportunities for making of
images of patients’ documents using Internet
technologies and DICOM standards. This
system could be used both in the intranet
and in the Internet for tasks’ solutions in
telemedicine, teleconferencing and distance
education.

Electronic systems for the work with
medical documents. In publication from
Brazil [51] it was upraised the problem
of medical documents’ processing. The
availability of a huge number of medical
documents in the modern Internet today is
inconvenient for users, since it is difficult
to find the right documents. Moreover,
among them there are many documents
with inaccurate and incorrect information,
and documents without critical inspection
of professionals. The authors suggested
the MedISeek metadata model, which
allows providing ones with medical visual
information, including information on the
properties, components, connections and
image authorship. The model used web-
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architecture and support of International
Classification of Diseases and Related
Health Problems (so-called ICD-10). The
derivative metadata model was integrated
into each medical image and specifies the
semantics. Thus, the relevant information
can be obtained directly from each image;
the data integrity is stored in the Internet.
Previous experimental results indicated that
authorized users of the system can describe,
store and transmit medical images and
related diagnostic information (Fig. 4).

Some principles of medical documents
processing are given in [119]. Concepts
of automatic recognition of professional
notions in medical informatics, the search
for corresponding notions in the text are
important tasks, as well as the task of medical
documents obtaining from the Internet.
In this work, the authors presented the
software called the “keyphrase identification
program” (KIP) to identify the main concepts
from medical documents. KIP combined
two functions: the extraction of nouns from
phrases and identification of key phrase.
Then, for nouns from the selected phrases
from medical documents the weight were
given, which depends on how important
they are to medical documents and on
the specificity of their medical domain.
Experimental results demonstrated that the
proposed extractor of nouns from phrases
is effective in identifying of noun phrases
of medical documents that is why it is
suitable for identifying of important medical
conceptual terms.

v

Descriptor

Control block

Image:

Search module Visual®ation

(WEB browser)

Server Client

Fig. 4. The scheme of MedISeek subsystems [51]
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The exchange of information streams in
medical networks reveals the serious problem
of medical vocabulary and related dictionaries
standardization. The following electronic
dictionary systems were elaborated for this
problem solution [100]. During the past
twenty years the WoRDNET system has been
elaborated for the English-speaking countries;
it is believed there is the most modern lexicon
of modern English for its time. With the start
of electronic medical information systems
development, the MEDICALWORDNET electronic
lexical system, which virtually overlapped
the sets of WORDNET vocabulary and medical
terminology, began to be developed. The
new MEDICALWORDNET repository contains
3 large collections: 1 — forms of words used
in medicine and structured according to the
Princeton WORDNET; 2 — medical-important
suggestions called medical facts that were
united into MEDICALFACTNET; 3 — records
formed on the basis of nonprofessional
questions, which refer to this system,
combined in MedicaLFactNet. In such a
way the developers have formed a new type
of medical resources, which is based on the
database related to the medical domain. The
sentences were generated from WordNet.
There are 2 “sub-body” sentences referring
to MedicalBeliefNet or MedicalFactNet. The
first type had to be evaluated by users —
nonprofessionals, the second one — by medical
experts, and the possibility of this type of
double assessment of the system the authors
saw as their great achievement. The results
of the developed system implementation were
examined during a small pilot experiment; the
widespread use of this system was expected.

Electronic teaching systems in medicine.
The following system related to electronic
teaching systems in medicine [104]. Japanese
developers have designed a multimedia
educational Internet system for medical
lectures that has friendly characteristics
and relatively low price. The system has been
elaborated using the RealSystem package
with TCP/IP network. Lecturers could
demonstrate their lectures and presentations
during conferences with video and audio over
the Internet. Each slide from video or audio
resources was projected onto a high quality
screen. The system use demonstrated good
results in process of distant teaching (Fig. 5).

The system was developed for Japan,
where in 2003 all universities, institutes and
main hospitals were connected by gigabit
Ethernet network with high speed (up to
1024 Mb/s) and wide data band. After the

systems have been upgraded from the point
of view of compressing the data files to
increase the streams’ speed in the network,
the transmission of high-quality video and
images become possible via the Internet. It
was noted that commercial “video-on-demand”
system, which was elaborated earlier, could not
broadcast only a variety of medical lectures
and performances, but also to record images
and synchronously with them to record audio
files in user’s library. If somebody needed to
review the materials again, students or doctors
could do it easily, as well as to study lectures
from remote universities in a convenient
place and time. However, the previously done
“video-on-demand” system for 2003 was still
quite expensive in order to install it in many
universities in Japan. The newly elaborated
system, based on the RealSystem and TCP/IP
packages was less costable than previous ones;
it was more convenient and easier in use, which
makes it more suitable for wide spread use in
universities and hospitals.

Electronic information system for
monitoring of the population health in
Ukraine. In our previous publications [1-6]
we have already described how we developed
some theoretical principles for the creation
of technical electronic information systems
(tIS) for biology and medicine, as well as the
experience of practical developments of such
systems. The next step was the development
by Klyuchko O. M. the electronic technical
system for environment monitoring [1], in
particular the system called “EcoIS”. Being
a complex network system that permitted
the improvement and relatively independent
development of its segments, Klyuchko O.M.
and Tsal-Tsalko V.I. at the next stage decided
to expand the “EcolS” system capabilities by
adding a medical sector which is described
below. This is especially important for the
conditions of Ukrainian Polissia region, whose

A

Uﬁ =

Producer Real Server Real Player Real

Fig. 5. The scheme of multimedia system for infor-
mation spreading RealSystem [104]
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environmental conditions have been worsened
in many areas in result of Chornobyl accident
pollution (1986) [1, 29]. Therefore, we have
expanded the EcolS functionality so, that it
became possible now to monitor not only the
presence of pollutants in the environment and
the response to them invertebrate organisms,
but also the monitoring of number of human
health characteristics, including biochemical
characteristics of organism functioning.
Practice has shown that for health
monitoring of the population living in adverse
environmental conditions, it is necessary to
organize and implement local IS diagnostic
centers, electronic working places for
individual doctors, formation of standard and
at the same time flexible formats for diagnostic
data recordings. At the next step it is necessary
to unite subsequently such electronic working
places in a network; initially — at the level
of the clinical institution, and then at the
higher level, up to the national one. The
effectiveness of medical ISs depends in great
degree on the maximal possible formalization
of diagnostic information, which requires
the active collaboration of engineers and
doctors [1]. One application of IS functions
was screening-filtering for a certain set of
patients’ diagnostic parameters during the
mass screening and in the allocation of risk
groups for a more complete survey. It did not
require the high reliability of the primary
diagnosis, since the selection threshold can be
given with sufficient margin. For screening
the fairly simple algorithms such as the
type of tree of features or the calculation of
some weighting metrics of input parameters
could be used. More complex diagnostic
programs — expert systems — were based on
a certain knowledge base, which is formed by
accumulation of experience in the application
of other diagnostic methods. They used
complex algorithms based on the analysis
of links between features or based on neural
networks models that can self-tune on some
training sample, which makes them virtually
universal. To obtain objective diagnostic
information the texture analysis of tomograms
or ultrasound images, automatic allocation
of objects, definition of characteristics with
subsequent identification and classification by
images recognition systems could be used.
Such computer diagnostic systems could
be used both together with IS with electronic
disease history, as well as autonomously, for
example, directly in diagnostic centers or in
the reception rooms of medical specialists.
Together with diagnostic equipment, the
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special applications that were optimized
for narrow use may also be used — optimal
visualization settings, making of slices or
projections, 3D simulation, image matching,
formatting of image groups for printing [1].
All this made free diagnostic physicians and
auxiliary staff from the routine operations,
it is greatly simplified, facilitated and
accelerated their work. In recent years, such
software products had been actively developed
and implemented somewhere in Ukraine [1].
The task of fulfilled work was to develop the
system segment for monitoring of number of
medical characteristics of population health
state, organism biochemical parameters,
patient electronic medical card, and etc. for the
regions of Ukrainian Polissia and to suggest an
adequate technique for information protection
in such system.

Development of the software complex
“General medical database” in the “EcolS”.
A medical IS with patients database (as well
as healthy residents) we developed for the use
in ecologically polluted areas of the Ukrainian
Polissia (in particular, town Novohrad-
Volynskyi and its surroundings) [145]. This IS
we called “General Medical Database”. During
this IS development two important features of
Polissya region were taken into account. The
first one — is radioactive contamination as a
result of Chornobyl accident, and in such areas
it is extremely important to conduct long-term
monitoring of both the ecological situation
and the population health in order to reduce
indicators of morbidity and mortality [29].
The second one — the region is characterized
by the large forest areas, small density of
population living in remote, hard-to-reach
small settlements. In such conditions, it is
problematic not only quick medical care,
but also medical care by itself, because even
simple communications between settlements
are difficult. Modern IT technologies help to
achieve significant success in such problems
solution.

Our developed networked IS with databases
for population medical care and monitoring of
their health status was called “General medical
database” within the greater our IS — “EcolS”
[145]. The following elements of this IS have
been developed:

1 — medical databases;

2 — electronic medical card of examined
person (or patient);

3 — electronic key for the protection
of private individual health information
(person or patient being examined), since such
information is confidential.
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Below the information on each element of
this IS development is suggested.

Development of electronic medical
databasein the “EcolS”. An electronic medical
database is an electronic analogue of patient’s
traditional medical card. This was a repository
of records, each of which contains medical
information: complaints, diagnosis, prescribed
medicals, results of laboratory tests, medical
indicators, and etc. [145]. Each entry can
contain text information and tabular data,
graphic images, as well as attached files of any
type (spreadsheets, documents in.PDF format
other). In addition, records may contain
medical images in DICOM format (CT, MRI,
ultrasound, etc.). Developed electronic medical
database may be available in any hospital of
Ukraine with available Internet; the data loss
is prevented.

Design of algorithm and code for electronic
medical database. At the beginning the
program interface was developed; it includes
about 20 forms. The structure of interaction
between the forms is shown on Fig. 6.

“Forml” is a “Greeting” interface; it also
has a function of entry to the main program
with reading the data of electronic key and
patient’s identification number, if it is already
recorded into the database. A code for reading
of “doctor ID” from the electronic key was
written also.

In Form2 there are several tabs according to
the physician’s access point to the information.
For example, the doctor-radiologist can not
see the history of the patient from infectious
department. The first tab shows patient data.
If the electronic key with the access level of
“Registration”, then the user can add or edit
the personal data of the patient. Other doctors
can see only the information without editing.

On the other tabs there are automated
workplaces (AWPs) of defined physicians
(other name is “electronic work places” —
EWP). The doctor can open the history of
disease in any moment from his AWP and
review it. The search is possible according to
the date of database entry.

The tab “Laboratory” is the entry to
biochemical laboratory and to results of patient
biochemical analysis. On this tab there are
several buttons that cause appropriate forms
to save or to view the results of patients’ tests
(Figs. 6-9).

Tables MySQL and interaction of C# with
databases. Sometimes it is necessary to connect
these different technologies. For example, to
write an offline client for CMS [1], who works
using MySQL, development of local database /

program that uses it without any productivity
limitations due to a free version of Microsoft
SQL. Let’s describe how the works on MySQL
and.NET connection were done [145].
Navicat8.1 for MySQL was used to simplify the
work with MySQL — there are free versions of
Freeware. Of course, it could be completely
replaced with MySQL Command Line Client.

It is necessary to install correctly the
software on personal computer (PC). This is
described in details on the MySQL site — put
the studio, MySQL, and then put MySQL.
NETConnector. After that, one need to create
a project that can use MySQL Connector for
the work with databases. We have to launch
the studio, to create a new project — Windows.
Forms, the language C #. After that we add
Reference to the Mysql.Data component (right-
click -> Add reference). Now the namespace
Mysql.Data is available for us. From it we will
use MySql.Data.MySqlClient — we have to add
the corresponding directive “using”.

Listing of program “Connection”. The
process how to write the code correctly
for the connection with database has been
demonstrated in listing “Connection”. In it
the words marked by “italic” were written in
Ukrainian (fragment of code).

Listing of program “Connection”:

// connection data

string MySQL_host = “localhost”;

string MySQL_port = “3306”;

string MySQL_uid = “root”;

string MySQL_pw = “nopassword”;

MySqlConnection Connection = new
MySqlConnection(“Data Source=" + MySQL_
host + “;Port=" + MySQL_port + “;User Id="
+ MySQL_uid + “;Password=" + MySQL_pw +

TR
s )

MySqlCommand Query = new
MySqlCommand();

Query.Connection = Connection;

try

{

Console.WriteLine (“Connection with the
database server”);
Connection.Open();

catch (MySqlException SSDB _Exception)
{

Console.WriteLine (“Check server
settings!/\n: “ + SSDB_Exception.Message);
return;

}
Console. WriteLine(“OK”);

To save information and for its subsequent
search, it is necessary usually to design a
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Form1

Form2

Fig. 7. Form 2, the tab “Registration” [145].
ace was designed in Ukrainian

The original interf

Fig. 8. Form 2, the tab “Laboratory” (for biochemical laboratory) [145].
The original interface was designed in Ukrainian
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Fig. 9. Form 6, the tab “Biochemical analysis of the blood” [145]
The original interface was designed in Ukrainian

database in tables[1]. For this purpose MySQL
was used. In the process of programming,
the following tables were done: “Patient”,
“Doctor”, “Hospital”, “AccessLevel” and
others (for each tab — program and form was
done). The table “Patient” have been recorded
the general information about patient (name,
home address, telephone, other contact
information, hospitalization time, referral
department), as well as his ID, which permits
to make a search in corresponding database
according to the history of disease. In tab
“Hospital” there are the data about hospital
where works the doctor, who input patient data
records into the database (contact information
of admission and related physicians, etc.).

Construction of electronic key for the
protection of medical data in “EcolS”. To
protect the patient personal data in our IS,
the method of program protection with the
help of a hardware key was applied. Using this
method, the confidential information about the
health of examined person (the patient) was
protected. The need to protect such confidential
information arises particularly in the case of
long-term monitoring of health indicators for
the large numbers of people in regions with
polluted environment (Figs. 10, 11).

Many specialized software packages
use this method of hardware key. After the
purchasing of the program, the author or
distributor sends to user a physical device,

N
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Fig. 10. ATmega8 used for the hardware key construction [145]
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Fig. 11. The principle scheme of hardware key [145]

which is connected directly to the USB
port — this is the hardware key. This is direct
protection of programs from copying. The
hardware key is a chip with some information
that can not be reached (except as software),
because it is impossible to look into this
“black box”. Most often, the hardware key
does not have installed physical memory, but
microcontroller that functions according to
its inside program. So, a hardware key is a
“black box” with unknown algorithm. This
allows protecting software effectively against
hacking.

To make the original electronic key we
need a microcontroller and a circuit that
implements the USB interface. We used
Atmega microcontrollers. For them free
software is available, and they have a low price
in comparison with analogs. For the key the
ATmega8 microcontroller was used because it
does not include the internal USB function —
we implement the USB function independently.
We picked up the TQFP case.

Principal scheme of hardware key and code.
Let’s describe how to work with USB port, since
operations with this port are not an easy task.
We used the existing V-USB development, it
was necessary only to make the circuit. This
scheme is quite simple [145] and includes USB
stick, microcontroller ATMEGAS8, 2 diodes
to reduce the voltage to the microcontroller
since USB gives a voltage 5V. For proper

18

microcontroller operation at 16 MHz on legs,
the microcontroller should be fed 3.3 V. For key
operation we needed 4 resistors and 3 capacitors
(the cost is enough low). Also microprocessor
has to be programmed using appropriate
program. The listing below demonstrates how
to transfer the data that are into the operative
memory of the microcontroller (fragment of
program code) [145].

Listing of data transfer program

uchar usbFunctionRead(uchar *data, uchar
len)

if(len > bytesRemaining)

len = bytesRemaining;

eeprom_read block(data, (uchar *)0 +
currentAddress, len);

currentAddress += len;

bytesRemaining -= len;

return len;

}

In the main PC program the following code
for information reading from microcontroller
should be written:

MyUsbDevice =
OpenUsbDevice(MyUsbFinder);
if (MyUsbDevice == null) throw new
Exception(“Device Not Found.”);
IUsbDevice wholeUsbDevice =
MyUsbDevice as IUsbDevice;
if (IReferenceEquals(wholeUsbDevice,
null))

UsbDevice.
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wholeUsbDevice.SetConfiguration(1);
wholeUsbDevice.ClaimInterface(0);

UsbEndpointReader reader =
MyUsbDevice.OpenEndpointReader(ReadEnd
pointID.Ep01);

byte[] readBuffer = new byte[1024];

while (ec == ErrorCode.None)

{

int bytesRead;

ec = reader.Read(readBuffer, 5000, out
bytesRead);

if (bytesRead == 0) throw new
Exception(string.Format(“{0}:No more bytes!”,
ec));

Console.WriteLine(“{0} bytes read”,
bytesRead);

Console.Write(Encoding.Default.
GetString(readBuffer, 0, bytesRead));

Console.WriteLine(“\r\nDone!l\r\n”).

If there were no information from
microcontroller within 5 second we considered
that all information was accepted.

Thus, in present publication the examples
of highly developed technical information
systems with databases elaborated for medicine
were observed. The data from their databases
and other their abilities it is possible to use in
biotechnology as well as to use this experience for
the construction of new information systems in
this branch. For the solution of this problem the
methods of modern informatics and computer
sciences were used. The use of such information
computer systems can be applied for the exploring
of complex unexplored objects (databases of
biological cell receptors, and etc.) in situations
where the use of traditional methodologies is
either complicated or too expensive.

At the beginning of article the scheme with
classification of modern medical information
systems is presented as well as detailed description
of medical information systems’ different
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The aim of the review was to analyze the literature data related to the application of a variety of
diphtheria toxin derivatives. Although the studies interaction with sensitive and resistant mammalian
cells have been held for a relatively long time, there are still some unresolved issues concerning the
molecular mechanisms of diphtheria toxin functioning. Native diphtheria toxin and parts of its molecule
which preserve toxicity are used as instruments in the newest biotechnological methods for specific cell
subtype ablation in multicellular organisms. New recombinant derivatives of diphtheria toxin are
periodically obtained in the laboratories throughout the world. Most of these analogs of DT are used in
biological studies as the convenient tools for analysis of the functions of natural toxin. A non-toxic analog
of diphtheria toxin, protein CRM197, is used in clinical practice as a component of vaccines and as an
anticancer agent. Diphtheria toxin — based targeted toxin therapy is another perspective trend for
cancer treatment. Therefore, studying of diphtheria toxin derivatives is of a great relevance for
biotechnology and medicine.

Key words: cell ablation, CRM197, diphtheria toxin, immunogenicity, targeted toxin therapy, toxoid.

Over the past few decades, a lot of the
new information related to diphtheria toxin
(DT) have appeared. However, in the most
cases, not the DT itself was in the spotlight,
but rather its derivatives. There are many
different derivatives of DT obtained in cells of
a natural producent, such as Corynebacterium
diphtheriae. However, for several reasons,
considerable attention is paid to recombinant
analogs of DT. For the first, natural DT
possesses one of the lowest values of semi-
lethal dose (LDjo,) for sensitive cells among
the other bacterial exotoxins [1]. The non-
toxic DT mutants allow carrying out the
research work in a much more safe and
convenient way, as they do not pose a threat
to laboratory personnel and do not require
the implementation of multiple biosafety
means. On the other hand, recombinant
derivatives of DT are much easier to obtain
in the laboratory than native toxin and its
fragments. Moreover, nowadays the methods
of genetic engineering allow altering the

molecules of studied proteins in a desired
way. The most commonly used recombinant
DNA approaches include introduction of
desired mutations and additional amino acid
sequences like a fused fluorescent label or a
specific affinity tag, deletion of undesired
amino acids, construction of the chimeric
molecules which combine the necessary
functions, etc. Sometimes, in order to study
the function of individual structural parts
of the whole protein, it is necessary to obtain
some certain separate parts of its molecule.
The wide possibilities and convenience of the
modern recombinant DNA technology led to
the almost complete replacement of DT natural
mutants and fragments obtained by proteolytic
cleavage by corresponding recombinant
products. Most of these derivatives are used in
the biological studies of native toxin functions
and interaction with cells.

Derivatives of DT are important tools for
biomedical research, as well as for the most
advanced biotechnological methods. For
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example, a combination of the catalytic and
translocation domain of DT is used for the
creation of the targeted toxins, which are mainly
used in cancer therapy. DT and its subunit A
(SbA) are used for the specific ablation of the
desired cell subtypes in multicellular organisms.
In medicine, the most common application
of the nontoxic derivatives of DT — is
production of wvaccines. For example,
formalinized diphtheria toxoid (anatoxin) is
a standard component of acellular vaccines
against diphtheria infection. Besides this
straightforward application of diphtheria
toxoid, the non-toxic point mutant of DT,
protein CRM197 is used as a carrier in
conjugate vaccines, as this derivative like the
native DT is highly immunogenic. But an even
more surprising application of CRM197 is the
therapy of oncological diseases — recently,
such a medication as BK-UM [2—-4] has been
successfully introduced in cancer therapy.
There are many other peculiar applications
of DT derivatives, as well as outstanding
questions relating to the biological functions
of respective DT structural parts. The purpose
of the present review was to summarize
the current literary data on the variety of
derivatives of DT molecule produced by
the C. diphtheriae or either in heterologous

systems, to analyze the main features,
advantages and problems related to practical
application of DT derivatives and provide a
description of their current use in the fields of
biology and medicine.

Structure and functions of the native
DT molecule. DT is produced by the gram-
positive cells of C. diphtheriae and some other
Corynebacterium species [5]. It is known that
the tox™ gene which encodes DT [6] is not
a native part of Corynebacterium genome.
The tox locus is present in the genomes of
several bacteriophages [1]. Most often, this
gene is introduced in C. diphtheriae with a
corynephage 3 during lysogenic transformation
[7, 8]. It is interesting that the synthesis of
this foreign to bacteria gene is regulated by
the system of bacterial host cells in response to
environmental iron concentrations[9, 10].

The precursor of DT [11], is synthesized
on polyribosomes in the form of a single-
chain polypeptide with the approximate M,
of 68 kDa. This precursor has a signal peptide
on its N-terminus, that guides the toxin for
cotranslational secretion in the extracellular
environment by a bacterial Sec translocation
system [12]. After the cleavage of the signal
peptide during the process of translocon
transfer, a mature DT is already formed (Fig. 1).
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Fig. 1. The elements of the secondary structure of secreted form of DT superimposed on the amino acid
sequence in a single-letter code:
PDB code — 1GSK, according to [15] by UCSF Chimera software: o-helices are highlighted by yellow,
B-strands — by green, non-structured regions are not highlighted , the area of the hinge loop which was not
visible on the electronic density maps is marked by a red frame
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Mature DT is a single-chain protein
of 535 amino acid residues with the SDS-
PAGE-estimated M, of 62 kDa (58.342 kDa
according to the theoretical calculations based
on the gene sequence). This toxin contains
no unusual amino acids and no non-protein
moieties [13]. DT belongs to the A-B group of
bacterial exotoxins, because the molecule of
DT is traditionally divided into two subunits:
A and B (SbB). Among the toxins of this group,
DT was a first characterized member [1].
Division of DT molecule on subunits emerged
historically, because during the proteolysis
under mild conditions and in the presence of a
reducing agent, the original molecule of toxin
breaks up into these two parts. According to
SDS-PAGE, SbA possesses the M, of 24 kDa
and SbB — 38 kDa. It should be mentioned
that unlike SbB, SbA is characterized by an
increased thermostability [14].

At the level of the tertiary structure, DT
consists of a C-terminal receptor-binding
or R-domain (residues 385—-535), a central
translocation or T-domain (residues 201-—
384), and an N-terminal catalytic or C-domain
(residues 1-191) [15]. SbA is represented
only by the C-domain while SbB includes
two domains: T- and R-. The fine structure
of particular domains of DT molecule was
investigated by X-ray diffraction in protein
crystals (Fig. 1): the C-domain contains
a-helices and B-strands, T-domain is entirely
a-helical and R-domain is a flattened B-barrel
with a jelly-roll-like topology, similar to that
of the immunoglobulin variable domain [16].

DT contains four cysteine residues, which
form two disulfide bonds: Cys186 — Cys201,
and Cys461 — Cys471 [17]. The hinge loop
that is formed by the disulfide bridge between
Cys186 and Cys201 combines the C- and
T-domains together. The second disulfide bond
is located inside the R-domain.

DT binding to its receptor on a plasma
membrane triggers internalization of
DT::receptor complex through the clathrin-
dependent endocytosis [18].

After DT binding to its receptor,
transmembrane furin proteases at the surface
of sensitive cells, cleave the peptide bonds
that follows after residues Tyr190, Ala192 or
GIn193 inside the hinge loop after DT binding.
However, after such cleavage, C-domain
is still remaining covalently tethered to
B-subunit by a respective disulfide bond (the
“nicked” or proteolytically cleaved toxin). For
cytotoxicity, the mentioned disulfide bridge
should be reduced to release the C-domain
in the cell cytosol where it can implement

its cytotoxic action. It is believed that this
reduction occurs due to the glutathione GSH
of cytosol [13].

When C-domain is released from the
rest of the DT molecule, it is able to catalyze
ADP-ribosylation of eukaryotic translation
elongation factor 2 (eEF-2). The ADP-ribosyl
group from NADT is transferred to the
diphthamide residue (post-translationally
modified histidine which is found in eEF2).
This leads to an almost complete arrest of
protein synthesis and cell death. It should be
mentioned here, that entire DT which was not
cleaved and treated with a reduction agent,
is incapable of ribosyltransferase activity in
cell lysates [14]. SbA is toxic for cells only in
the presence of SbB, which is required for the
binding to DT receptor, consequent uptake into
endosomes, and translocation of fragment A
into the cytosol [19].

Molecular mechanism of SbA translocation
through the lipid bilayer is still unknown but
it is obvious that T-domain which forms pores
in lipid bilayers [20,21] is crucial at this step.

Characterization of the DT receptor. DT
receptor is the precursor of heparin-binding
epidermal growth factor-like growth factor,
proHB-EGF [22]. ProHB-EGF is a single-chain
transmembrane glycoprotein of 208 amino
acid residues [22, 23]. Significant amounts
of this protein can be found on the surface of
epithelial, endothelial, smooth muscle cells,
fibroblasts, macrophages, etc [24]. ProHB-
EGF contains heparin-binding, EGF-like,
transmembrane and cytoplasmic domains [25].

R-domain of the DT binds to the EGF-
like domain of proHB-EGF. Binding of DT
to proHB-EGF is highly specific — the K,
of DT::HB-EGF interaction was estimated
to be 108-10"° M [26, 27]. The presence of
proHB-EGF on the cell surface causes cellular
sensitivity to DT. Cells that do not express
the proHB-EGF on plasma membrane are not
sensitive to DT.

It is known that proHB-EGF forms
complexes with some other membrane proteins,
such as integrin a3p1, heparan sulfate-
containing proteoglycans and CD9 [28,29].
Tetraspanin CD9 is known to sufficiently
enhance the DT binding activity of proHB-EGF
[30-32].

It was found that mice and rats can tolerate
relatively high doses of DT that are enough to
kill susceptible animals (dogs) which are much
larger in size and weight and with no necrosis
occurred at the seat of inoculation [33, 34]. In
cell culture experiments it was demonstrated
that DT dose which reduces the rate of protein
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synthesis by 50% is 10°-10° times bigger for
murine L929 cells than for human HeLa and
KB-S cells [35].

Not all the rodents possess resistance
to DT. Chinese hamsters and especially
guinea pigs are sensitive to DT. Information
on the resistance of other members of the
mammalian class, as well as on the proHB-EGF
polymorphism in various taxonomical groups
of mammals is limited.

The DT receptor from resistant and
sensitive organisms possess a different
primary structure due to the amino acid
substitutions. It is obvious that differences in
the amino acid sequence of proHB-EGF are the
main reason for DT resistance in mammals, as
murine cells which express human proHB-EGF
also become highly sensitive [26]. However,
there is no a definite opinion regarding how
these differences in receptor structure alter
the processes of DT binding and internalization
by resistant cells compared to sensitive.

According to one point of view, the
receptors of insensitive cells are unable to
bind DT [26, 35—39] which is the only reason
for DT resistance. As to another opinion, DT
binds proHB-EGF from insensitive cells and
internalized by endocytosis [40—42]. According
to the authors who found the endocytosis
of DT by cells of resistant organisms,
unsusceptibility to DT is due to the lack of the
SbA translocation in the cytosol of resistant
cells that may be caused by several factors:
a low binding constant of DT to the HB-EGF
receptor under low pH of endosomes [43, 44],
high activity of endosomal proteases [40], etc.

On the cell surface, proHB-EGF can
undergo splitting by metalloproteases to form
a soluble growth factor HB-EGF [45], which
carries only heparin-binding and EGF-like
domains (residues 106—147 of the proHB-
EGF primary translation product with signal
and pro-peptides [24]). HB-EGF is a natural
ligand for the EGF receptor and HER4 [46].
Soluble HB-EGF is a potential mitogen and
chemoattractant for wvarious cell types,
including smooth muscle cells, fibroblasts and
keratinocytes [47, 48]. This factor is involved
in many physiological and pathological
processes, which include the eyelid closure
[49], wound healing [50—-52], retinoid skin
hyperplasia [53], cardiac hypertrophy [54],
hyperplasia of the smooth muscle cells [55],
collecting duct morphogenesis [56], blastocyst
implantation [57], pulmonary hypertension
[568] and oncogenic transformation [59].

Since the binding of DT to its receptor is
very effective and highly specific (with the
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affinity that is close to that of an antigen-
antibody interaction), labeled DT derivatives
are very perspective for detecting of this
receptor in different biological samples and
studies of internalization and intracellular
transport of proBH-EGF [60].

Classification of DT derivatives. Now,
when we have considered the structure of
DT and its receptor, it’s time to get closer to
a variety of its derivatives, which have some
differences compared to the original toxin.
Derivatives may be ranked according to their
structural similarity to the natural toxin and
in order of decreasing of their M,. Compounds
with practically the same M, may differ in
the number of amino acid substitutions.
Derivatives may be classified by the presence
of additional amino acid sequences and tags
that are absent in the native toxin.

Besides, all the derivatives can be divided
according to some kind of their function:
the presence or absence of toxicity, receptor
binding, internalization, etc.

I suppose that it is also necessary to
distinguish between the DT derivatives that
were obtained in the cells of the natural
producer C. diphtheria and those derivatives
that were synthesized in the foreign host cells.
Such a division can be useful for systematizing
the historical information on the obtaining of
certain recombinant derivatives of DT, as at
first DT derivatives were produced exclusively
in C. diphtheria strains and lately — in
heterologous systems based on Escherichia coli
and other producents.

Structure and functions of DT derivatives
produced in C. diphtheria. According to [14],
the lytic cycle of corynephage  — was induced
in C. diphtheriae C7(p) strain by UV-light
exposure and then nitrosoguanidine was
added. The surviving phage particles produced
in presence of the mutagen were plated on
C.diphtheriae C7(— ) cells, that does not contain
prophage B. Lysogenised corynebacteria from
turbid plaques were spotted on agar and their
toxinogeny was firstly estimated by the rabbit
intradermal test.

By this method, a number of non-toxigenic
C. diphtheriae clones were found [14]. Obtained
mutants produced the non-toxic proteins
serologically related to DT. These toxoids were
called “crossreacting materials” that contained
single or multiple mutations in the tox™ gene
that resulted in deletions or substitutions of
individual amino acids in the polypeptide chain
of DT.

Among the obtained mutants, protein
CRM197 [61] become the best-studied non-
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toxic DT analog of same M,. Substitution of
Gly 52 to Glu in this toxoid leads to an almost
complete loss of SbA activity, however,
there are also some data that mild activity of
mutated SbA in CRM197 is preserved [62—64].
Despite the presence of a single mutation,
there is a strong evidence that CRM197 has
significant functional differences compared to
the native DT [65—69].

Another DT mutants — CRM176 and
CRM228 with same M, as that of the native
toxin, as well as truncated CRM45 (M, of
45 kDa) and CRM30 (30 kDa) were created
together with CRM197.

CRM45 includes residues 1-386 [70] that
appeared as a result of the “TAA” termination
signal introduced by the (C to T) point
mutation in the “CAA” codon for GIn387
which causes early termination at Thr386 and
therefore — the C-terminal lost of 149 amino
acid residues (M, is 16.530 kDa). CRM30
appeared similarly — by a transition of a sense
codon to a stop codon. The C-terminal residue
of this CRM is probably Ala280 [71], however
unknown exactly.

SbA of CRM228 has no transferase activity
while the respective activity of CRM176 was
approximately 2.6 times less than that of SbA
from DT. Besides, CRM228 was also much
less effective (10—15% of that of CRM197) in
binding to the cell receptor, which indicates
multiple mutations. The gene of CRM228 was
sequenced [72] and 8 mutations in the mature
form of CRM228 were revealed.

Among all the mutants described in work
[14], CRMs 197 and 176 turned out to be the
closest structural analogs of native DT, as they
contain the single point substitutions — Gly to
Gln at position 52 [70] for CRM197 and Gly
to Asp at position 128 for CRM176. Mutation
in CRM197 almost completely reduces its
toxicity [14], thus, it became the most widely
used and well studied non-toxic derivative of
DT. However, a lot of another non-toxic CRMs
were described in further works (Table 1)
which contain substitutions in their C-domains
and can be potentially used for the creation
of another non-toxic single-point mutant by
means of site-directed mutagenesis.

Another set of 11 CRMs was obtained
by nitrosoguanidine mutagenesis of
B-corynephage [73], among which CRM107
was shown to selectively kill cerebellar
Purkinje neurons [74]. Besides, CRMs 102
and 103 were characterized, as they were used
in the development of immunotoxins [75].
The sequences of the rest of the mentioned
above proteins are unknown as the particular

features of these mutants did not attract the
attention of researchers.

Some other CRMs produced in C. diphtheria
possess the unique and potentially valuable
properties. For instance, CRM26 is even
smaller than CRM30 and represents SbA with
a little bit more truncated T-domain [76, 77].
CRM1001 which possess the transition of
Cys471 to Tyr in R-domain was also produced
in C. diphtheria [ 78, 79]. CRM1001 was shown
to bind the proHB-EGF of the target cells
as well as DT but is deficient in cell entry
resulting in a reduced toxic effect [ 78].

Recombinant DT derivatives produced
in the foreign host cells. Only DT derivatives
from the C. diphtheriae cells were listed
above. However, production of proteins
in their natural producers can be rather
inconvenient. Recombinant analogs produced
in heterologous systems are much more easy to
obtain in the laboratory. Therefore, a variety
of recombinant forms of DT were created.

Native tox* gene of DT and some of its
truncated forms were expressed in E. coli
[80—82]. Perhaps, the creation of strains of
E. coli with the native DT gene can be rather
dangerous for humans and the environment.
Moreover, it is noteworthy that due to the
probability of a reverse mutation, production
of the single-point full-length DT mutants can
potentially provide the same threat.

The gene of CRM228 was inserted in
pKTHI637 vector and cloned in Bacillus
subtilis cells for secretion in bacterial culturing
media [83]. Two truncated forms of CRM228
which contain no R-domain were also described
in [83], from which one form contained the
C-terminal cysteine residue for conjugation
of chemical linkage of targeting molecules.
Thus, it was demonstrated that this expression
system with B. subtilis host cells is completely
suitable for the production of the full-length
and truncated toxoids and possibly, the entire
DT molecules. According to the opinion of
the author of this review, production of DT
derivatives in the culturing media is the most
reasonable biotechnological solution, because
folding of the proteins, in this case, can occur
in the most correct way. However, there is a
report that production of proteolytically split
CRM197 by B. subtilis may occur [84].

Some studies are devoted to the production
of recombinant CRM197 in the T7 RNA
polymerase-based expression system and E. coli
as a host cell [85]. In this case, recombinant
CRM197 is accumulated in the cytoplasm and
most frequently — in the inclusion bodies [86,
87]. In some cases, it was possible to obtain
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Table 1. The most important DT derivatives which were produced in C. diphtheria cells

DT derivative Structure alterations Function alterations References
CRM45 Deletion of the C-terminal portion Loss of the receptor-binding activity, [61, 70]
GIn387 — Ser560 however weak cytotoxicity is pre-
served
CRM30 Deletion of the unknown C-terminal | Loss of the receptor-binding activity, [61]
portion, possibly Ala280 — Ser560 however weak cytotoxicity is pre-
served
CRM26 Deletion of the unknown C-terminal | Loss of the receptor-binding activity, [76,77]
portion larger than in CRM30 however weak cytotoxicity is pre-
served
CRM228 Substitutions Gly79 to Asp, Glul62 | Loss of the SbA catalytic activity and [61, 72]
to Lys, Ser197 to Gly, Lys200 to Ser, receptor-binding activity
Asn389 to Phe, Gly431 to Ser,
Asnb507 to Asp and Lys528 to Ser in
C- and R-domains
CRM197 Substitution of Gly52 to Gln in the Loss of SbA catalytic activity [61, 70]
C-domain
CRM176 Substitution of Gly128 to Asp in the | Partially reduced catalytic activity of [61]
C-domain native SbA
CRM107 Substitutions Leu390 to Phe and Deficient binding to DT receptor, [73 75]
Ser525 to Phe in R-domain however selectively kills the Purkinje
neurons, about 10 times less toxic to
Vero and Jurkat cells than CRMs 102
and 103
CRM103 Substitution of Ser508 to Phe in Retained full enzymatic activity but [75]
R-domain had defective receptor binding, weak
toxicity
CRM102 Substitutions Pro308 to Ser and Retained full enzymatic activity but [75]
Ser508 to Phe in T- and R-domains had defective receptor binding, weak
toxicity
CRM1001 Substitution of Cys471 to Tyr in the Preserving the ability to bind DT [78, 79]
R-domain resulter in the absence of a | receptor, but deficient in the internal-
disulphide bond between Cys461 and ization step of intoxication
Cys 461

CRM197 protein in the soluble fraction of
E. coli cell lysate [88, 89].

Recombinant SbB and SbA of DT —
another well-studied DT derivatives. There
are several studies in which for some reasons
production of SbA [90, 91] or SbB [90, 92, 93]
was established in E. coli.

R-domain is the part of DT molecule of
the smallest M, which preserves the ability to
bind the DT receptor. An attempt was made
to obtain a mutated R-domain, the binding
of which to the DT receptor would have an
enhanced affinity [94]. Besides, R-domain
was cloned in E. coli for the purposes of
enhancement of bioavailability of curcumin to
cells [95]. Curcumin, a perspective for cancer
treatment secondary metabolite of plant
cells is poorly soluble in water, however, it’s
solubility can be effectively increased when
it is adsorbed to protein and also R-domain.
Cloning of R-domain was also described in [96]
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for characterization of its interaction with the
DT receptor.

Of the particular interest are fluorescent
derivatives of DT fused to some fluorescent
proteins (EGFP, mCherry, etc.), which were
described in works [60, 97]. Such labeled
fragments of the toxin molecule can be
successfully used to study binding of living cell
receptors, the expression levels of DT receptor,
as well as its internalization by endocytosis in
cells [43, 44, 98].

The information about the most important
DT derivatives produced in foreign host cells is
summarized in Table 2.

Application of DT derivatives for studying
the biological functions of native toxin. The
most of DT recombinant derivatives with
specific mutations and functional tags have
been developed specifically to study the
biological properties of the native toxin and
the interaction of the eukaryotic cells with its



Reviews

Table 2. Fragments and analogs of DT molecule which were produced by cells of a foreign producents

DT derivative Host cells Specific features References
E. coli Non-toxic DT analog [86—89]
CRM197
B. subtilis Extracellular secretion, non-toxic [84]
CRM228 B. subtilis Extracellular secretion, non-toxic [83]

Truncated forms of CRM228
with no R-domain (with and B
without C-terminal Cys resi-

Extracellular secretion of the C- and T-do-
. subtilis mains combination for development of target- [83]
ed toxins, non-toxic

due)
Preserves catalytic activity, non-toxic (as it

SbA E. coli unable to translocate across lipid bilayer by [90, 91]
itself)

SbB E. coli Prgse_ryes receptor.-blndlng and pore-forming [90, 92, 93]
activities, non-toxic

T-domain E. coli Preserves pore-forming activity, non-toxic [111,116-121]

R-domain E. coli Preserves receptor-binding activity, non-toxic [94-96]

molecules. For today all possible derivatives
that have a certain defective function of the
native toxin have been identified. For instance,
a variety of mutations were introduced by site-
directed mutagenesis into the recombinant
derivatives of DT in order to study the
biological functions of various amino acid
residues. Among them, there should be noted
mutations in the active site of C-domain [99—
105] and T-domain [75, 106-115].

However, until now, the question regarding
the mechanism of translocation of the
subunit A DT to the cytosol through the lipid
membrane remains unresolved. It is supposed
that translocation of the polypeptide chain of
the SbA moves through a protein-conducting
channel, which is formed by a T-domain of DT.
Recombinant T-domain and its pore-forming
activity in lipid bilayers have been extensively
studied in black lipid membranes [111, 116—
121]. In classical works on DT conductivity,
it was suggested that at least two T-domains
participate in the formation of a single pore
[20, 21]. However, recently appeared a message
that just a single T-domain is completely
sufficient for the formation of a typical DT
channel in black lipid membranes [122].

Nonetheless, the most unclear thing about
the SbA transport is not how the translocation
channel is arranged itself, but what is the
force that pulls the polypeptide chain through
this channel. There are some findings that
lethal and edema factors of anthrax toxin
could be translocated by a proton—protein
symport through the channel which is formed
by protective antigen, the third component

of this toxin [123]. It is natural to assume
that the polypeptide chain of subunit A can
also be transported by a similar mechanism.
Similar ideas were already presented in [20,
124] and [125]. There are some findings that
certain factors from the host cell can directly
participate in the transport of SbA and possibly
facilitate this process [126].

Specific cell ablation with DT and its
catalytic domain. As it was already mentioned
above, mice are resistant to the cytotoxic action
of DT. Toxin-resistant animals survive when
they are administered DT doses that lead to the
death of cells in their organism that contain
on their surface a receptor that is normally
expressed only in sensitive species. This fact
allowed the development a technique for specific
ablation of cells in the body of transgenic mice
using native DT — the toxin receptor-mediated
cell knockout (TRECK)[127].

The first step of TRECK is generation of
transgenic mice expressing human DT receptor
under the control of a cell type-specific
promoter. DT is injected into the transgenic
mice at the desired time points to ablate those
cells in which the promoter is active. One
disadvantage of this method was that due
to the high immunogenicity of DT, repeated
injections which are necessary for complete
cell ablation were ineffective. To solve this
complication, the authors created a murine line
with the immune tolerance against DT [127].
The receptor of DT deficient in epidermal
growth factor-like biological activity but
which preserves its ability of binding DT [128]
was also created for this purpose to avoid
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potential problems with DT receptor acting as
a growth factor in mice.

Specific cell ablation in multicellular
organisms serves mainly to study the functions
of certain cell populations which express a
specific marker that is non-expressed in other
cell types in the body of laboratory animals.
TRACK was used for generation of a murine
model of type 1 diabetes [129], a similar
conditional cell ablation was used by another
collective of authors for depletion of dendritic
cells [130, 131]. A large amount of work was
done by this approach to study the in vivo
functions of murine myeloid cells [132].

Expression of active SbA directly in the
cytoplasm — is another strategy for specific
cell ablation [133—137] which does not require
application of native DT. The gene of the
SbA in cells of the transgenic organisms can
be inserted under the controllable promoter,
so that gene expression can be induced by
a certain factor [134, 137] (conditional cell
ablation), or the promoter can be activated
by itself during ontogenesis only in certain
specific types of cells [133, 136, 138] (non-
conditional, promotor-dependent ablation).
The last approach is frequently used not only
in animals but also in plant organisms to study
the expression of certain genes in different
plant cells [138].

Derivatives of DT as vaccine components

Formalin-treated DT is a component
in combined pertussis-diphtheria-tetanus
vaccines (DTaP and Tdap) [139]. DTaP is a
vaccine that helps children younger than
age 7 develop immunity. Tdap is a booster
immunization given at age 11 that offers
continued protection from those diseases for
adolescents and adults.

The mechanism of formaldehyde
detoxification is based on the reactivity of
the carbonyl group regarding the primary
amine groups on the protein (i.e. side chain
of lysine and an N-terminal amino group of
the polypeptide chain). During a reaction,
a metilol intermediate is formed, which
condenses with water to form a Schiff base.
Then the Schiff base interacts mainly with a
5-position of the tyrosine ring to form stable
covalent methylene bridges. In detoxification
protocols for vaccine production, the resulting
Schiff-base is stabilized by glycine or lysine
[140]. Manufacturing of the anatoxin for
vaccination, which for the first glance has a
very simple principle, is a highly standardized
multi-week and multi-stage process that is
carefully regulated. Resulted anatoxin is
tested in numerous assays to ensure that the
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toxicity has been completely neutralized. For
more than 100 years, since the production of
anatoxins for vaccination was incepted, the
standard protocol for DT, tetanus and pertussis
toxins inactivation did not change much [140].
Recombinant genetically inactivated DT,
tetanus and pertussis toxins were proposed for
development of the next-generation of DTaP
and Tdap vaccines [141, 142].

Conjugate vaccines are created by covalently
attaching a poor antigen to a strong antigen
thereby eliciting a stronger immunological
response to the poor antigen. The strong
antigen to which the target poor antigens are
conjugated is called the carrier [143]. Diphtheria
anatoxin, tetanus toxoid, and CRM197 are also
used as carriers in several widely used, routine
childhood and adult conjugate vaccines against
encapsulated bacteria such as Haemophilus
influenzae type b, Streptococcus pneumoniae,
and Neisseria meningitidis [144, 145].

Derivatives of DT as anticancer agents

The ability of native DT to inhibit the
growth of malignant cells in resistant to toxin
mice has been already known for a relatively
long time [146]. The non-toxic to DT-sensitive
species CRM197 turned out to be promising in
applying to humans. It has been demonstrated
that this toxoid effectively inhibits the growth
of human malignant cells in vivo in nude mice
model [147-149] and increases the survival
of patients with progressive cancer [4, 150,
151]. There is a lot of evidence that CRM197
is effective in suppressing the cancer of breast
[149, 152, 153], oral cavity [154], stomach
[155], immune cells [156] and ovaries [147,
148].

CRM197 was introduced into a medical
practice for the treatment of human cancer
as the main component of BK-UM medication
[2—4]. Recombinant CRM197 was produced in
E. coli which greatly facilitates obtaining
of this protein for the manufacturing of
diphtheria toxoid-based HB-EGF-targeted
medications [86, 88, 89].

The effect of CRM197 on tumors is
implemented by the interaction of this protein
with soluble HB-EGF. It was demonstrated
that proHB-EGF is often overexpressed in
transformed cells and that HB-EGF promotes
the development of a malignant phenotype. The
gene of HB-EGF is considered to be strongly
responsible for chemotherapy resistance
[157] and oncogenic transformation [59].
Cell treatment with CRM197 leads to reduced
malignant potential since when CRM197 is
bound to HB-EGF is unable to interact with its
cell receptor EGFR [155,157,158]. Nowadays,
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it is generally accepted that the mechanism of
the CRM197 antitumor action is blocking of
the soluble HB-EGF.

However, as a medicine for intraperitoneal
administration, CRM197 possess an essential
disadvantage, as, like the native DT, it is
also highly immunogenic to humans. The
anticancer potential of less immunogenic than
CRM197 toxin derivatives was not studied
properly.

DT-based targeted toxin therapy

Monoclonal antibodies specific for tumor
cell surface antigens or their Fv-fragments
have been linked to toxins or toxin subunits
to generate a new class of therapeutic drugs
called immunotoxins. Most often antibodies
and their Fv to clusters of differentiation
proteins 3 (mostly to CD3¢) [159, 160], 19
[161, 162], and 22 [163, 164] are used as
immunotoxin targets. The most known
immunotoxin which is based on DT is
Resimmune [165]. More information on DT-
based immunotoxins could be found in works
[161, 162, 166, 167]. Another noteworthy
immunotoxin, Moxetumomab pasudotox, was
developed based on Pseudomonas aeruginosa
exotoxin A (PE) [164].

Not only antibodies can be used for targeted
toxin therapy — different ligands of the
overexpressed receptors in cancer cells, like
growth factors, hormones, cytokines and some
other specific molecules can be employed as well.

Sometimes, a complete DT molecule was
combined with a targeting molecule [168,169].
Since only C- and T-domains are necessary for
translocation of SbA, a variety of truncated
fragments with no R-domain were obtained.
At this point it should be noted that despite
R-domain is absent in some DT derivatives,
such fragments can still exhibit toxicity in
certain cell cultures [170].

For substitution of R-domain instead of
antibodies most commonly were used such
factors as vascular endothelial growth factor
[171, 172], a-melanocyte-stimulating hormone
[173], interleukin-2 [174], interleukin-3 [175—
177] and interleukine-13 [178], granulocyte-
macrophage colony-stimulating factor [179—
182], urokinase [183] and even transferrin
[184]. In introduction to the medical practice,
only interleukin-2 fused to the first 388 amino
acids of DT (Denileukin diftitox or Ontak) was
successful [185—188]. Interleukin-3 fused to
the same DT fragment also demonstrated good
results in clinical trials [189, 190], however, it
was not introduced in cancer therapy.

DT derivatives, used to construct the
targeted toxins are also should possess a high

immunogenicity, as they contain the sufficient
part of DT molecule.

Immunogenicity of DT derivatives. It
remains unclear why DT possesses such strong
immunogenic properties compared to other
proteins. There is no detailed comparison of
the immunogenicity of individual functional
domains of the DT molecule, but attempts
of such studies have been already done
[191]. There are some not systematic data on
immunogenicity of different fragments of
DT [91, 192, 193] or on the immunodominant
areas of DT surface [194], however, it is
unknown exactly, which of functional domains
is the most immunogenic.

Investigation of the immunogenicity of
individual fragments of the DT is valuable for
medicine since CRM197 and DT fragments
without R-domain for targeted toxins are
repeatedly administered in cancer therapy.

When immunogenic DT-based means
administered repeatedly, they are fast
eliminated from the bloodstream. Directed
modification of DT [161] and PE [195—
198] is carried out in order to reduce such
immunogenicity.

Therefore, the search for DT derivatives
that retain the most pronounced anti-tumor
effects and possess the least immunogenicity is
very perspective. Besides, it is also important
to compare the immunogenicity between the
variety of derivatives of other toxins (ricin,
PE, etc.) used for targeted toxin therapy
in order to find those that are the least
immunogenic.

In a biological study, DT derivatives are
used to investigate the function of respective
components of the entire toxin molecule. The
least understood question concerning DT
functions is the translocation of SbA through
the lipid bilayers. The phenomenon of the
resistance of some mammalian species to DT
has found a peculiar application for a specific
ablation of certain cell types in multicellular
organisms.

DT is excellent for use in vaccines, both
anti-diphtheria and as a carrier protein for
antigens of other pathogenic microorganisms.
However, the use of DT in medicine is much
broader.

Catalytically active SbA of DT complexed
to the T-domain is used for the construction of
recombinant means for targeted intoxication
of cancer cells, like immunotoxins. The
peculiarity of the anticancer effect of DT
compared to other toxins of different origin is
that its non-toxic derivatives, like CRM197,
also exert the antitumor effect. Anticancer
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properties of the non-toxic DT derivatives are
explained by the involvement of DT receptor,
which is inactivated by binding to a DT
R-domain, in cancerogenesis and versatile range
of other cell physiological functions. Therefore,
in the anticancer therapy, it is necessary to use
simultaneously both distinct functions of DT:
toxic for directional cell elimination by targeted
toxins and blocking of the soluble HB-EGF for
reducing para- and autocrine activation of
EGFR in malignant cells.

Thus, DT is suitable for developing on
its basis the newest biomedical products and
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Mertoro orsiany 6yB aHaJIi3 JaHUX JIiTepaTypH,
OB’ A3aHUX i3 IPaKTUYHUM 3aCTOCYBaHHAM Pis-
HOMAaHITHUX NOXiAHUX Au(TEepiiHOTO TOKCUHY.
HocnimgxeHnHa B3aeMoail gudrepifiHoro TokCUHy
3 UYTJIWBUMU i PEBUCTEHTHUMU KJIITUHAMU CCaB-
IiB IIPOBOIMJIN BiKe IIPOTSATOM BiJHOCHO TPHUBAJIO-
To yacy, OJHaK I JoTelep iCHYIOTh JesdKi HeBupi-
mIeHi mpo6JieMu, IO CTOCYIOTHCA MOJEKYIAPHUX
MexaHisMiB fioro yHkiionyBanHa. HatuBHuit
IndTepitiHUY TOKCUH i YacTUHU HOT0 MOJIEKYJINU,
AKi 30epiraroTh TOKCUYHICTh, BUKOPUCTOBYIOTH
AK 1HCTPYMEHTH Yy HOBiTHiX 6ioTeXHOJOTiuHUX
MeTomaxX cHenu@iuHOro 3HUINEHHS IIiATHUIIIB
KJITHUH y O6araToKJITUHHuUX opramiamax. Hosi
pexoM6iHaHTHI moxigHI qUGTEPiiHOTO TOKCUHY
IepioguUHO OTPUMYIOTH Y JIabopaTopiAX y BChO-
My cBiTi. ¥V 6iosoriuHux mOoCIiAyKeHHAX aHAJOTHU
Iu(TEepiiHOTO TOKCUHY € 3PYUHHUMHU 3acodamMu
IJIsi BUBUEHHS (PYHKI[iHI IPUPOJTHOTO TOKCUHY.
HeTokcuunuii anasor gu@TepiiiHOrO TOKCUHY,
npotein CRM197, B:Ke BBeZleHO B KJIIHIUHY TpaK-
TUKY AK KOMIOHEHT BaKIIWH i IPOTUNIYXJIUHHUN
areHT. Tepamia cupaMoBaHMMMN TOKCHHAMU Ha
OCHOBIi U TEePiiiHOrO TOKCUHY € IIOTEHI[INHO IIep-
CIIEKTUBHOIO AJIA JIIKYBaHHSA PaKy, TOMY BUBUEH-
HA OT0 MOXiTHMX Ma€ BeJHKe 3HaUeHHA IJ1d 0io-
TEeXHOJIOTI Ta MeUITUHA.

Knwuosi cnoea: KiaituaHa adiaanis, CRM197,

nudTepiiHUN TOKCHH, IMyHOTe€HHICTh, Tepalisd
CIPAMOBAHUMU TOKCUHAMU, TOKCOI/I.
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Nucrturyr ouoxumun um. A. B. ITamraguna
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ITenbio 0630pa OBLT aHAJMM3 HAHHBIX JUTEpPAa-
TYPBI, CBIBAHHBIX C MPAKTUYECKUM ITPUMEHEHIEeM
Pa3IUYHBIX ITPOUBBOAHBIX NU(PTEPUIAHOIO TOKCHU-
Ha. UccrenoBanusa B3auMogeicTBUA AUPTEPUIi-
HOTO TOKCHHA C UyBCTBUTEJHLHBIMU U PE3UCTEHT-
HBIMU KJIETKAMU MJIEKONUTAIONMX ITPOBOJUIIN
B Te€UeHUEe OTHOCUTEJbHO JINTEJIbHOTO BPEMEHMN,
OHAKO J0 CUX IIOP CYIIECTBYIOT HEKOTOPhIE HEpe-
IIeHHbIe TPO0JIeMbI, KACAIOIINeCs MOJIEKYIAPHBIX
MeXaHM3MOB ero QyHKIIMOHUPOBaHUs. HaTUBHBIH
INMPTepuiHBIA TOKCUH U YacTU €TI0 MOJEKYJIbI,
KOTOPBIE€ COXPAHAIT TOKCUYHOCTH, UCIOJIb3YIOT
B KaueCTBe WHCTPYMEHTOB B HOBEHIINX OUOTEX-
HOJIOTUYECKUX MEeTOJaX CIenu(MuUIecKoro yHuU-
TOXKEHUSA MOATUIIOB KJIETOK B MHOTOKJIETOUHBIX
opranuaMax. HoBble peKOMOMHAHTHBIE ITPOU3-
BOJHBIE TUMTEPUNHOTO TOKCHUHA MEPUOIUUECKHU
IMOJIy4JaroT B JiabopaTopusax o BceMy Mupy. B
OMOJIOTUUYECKUX MCCIEeLOBAHUAX aHAJIOTHU JudTe-
PUIHOTO TOKCHHA IPEACTABISAIOT CO00M ya00HbIE
cpeAcTBa AJIA U3ydyeHUA QYHKIUN IIPUPOTHOTO
ToOKCcuHA. HeTOKCMYHBINA aHAJNOT JuMTEePpUNHOTO
ToKCcHHA, npoTerna CRM197, y:xe BBeleH B KJIH-
HUYECKYI0 IPAKTUKY KaK KOMIIOHEHT BaKI[UH U
IPOTUBOONYXOJEBbIN areHT. Tepanua Hampas-
JEeHHBIMU TOKCMHAMU Ha OCHOBe TU(PTEPUIHOTO
TOKCUHA SABJIAETCSA IIOTEHIINATbHO IEPCIeKTUBHOM
ILJIs JIeUeHUsA paKa, II03TOMY U3yUeHue eTo IPOou3-
BOJHBIX UMeeT 00JIbIIIOe 3HAUEHNE VI OMOTeXHO-
JIOMU U MEIUITVHBIL.

Knroueevie cnoea: KierouHad abasamnud,
CRM197, nu@TepuiiHBIA TOKCUH, NUMMYHOTE€H-
HOCTh, Tepanus HaIpaBJIeHHLBIMU TOKCHUHAMU,
TOKCOU/I.
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The aim of the research was to apply biofilms as a model in ecotoxicology to remove selected heavy
metals (Cd, Cu, Cr, Zn and Pb) from the wastewater under a static conditions. Biofilms were grown in
three graded concentrations of the metal leachates (0.625, 0.417 and 0.250% ), harvested after 1, 2 and
3 weeks and analyzed for heavy metals. Mean accumulations peaked on Day 21, and of Cd ranged from
0.000 to 0.040 (mean = 0.00837 = 0.002), Cu from 0.000 to 0.212 (meam = 0.03929 += 0.012), Cr from
0.000 to 0.500 (mean = 0.05821 = 0.021), Zn from 0.000 to 1.456 (mean = 0.31833 = 0.109) and Pb from
0.000 to 0.099 (mean = 0.02129 = 0.006) mg/g in resultant biofilm formations. Accumulation of the
metals increased significantly with time [F(205.59) > Fcrit(3.95)] at the 95% confidence interval. Those
of Pb was significantly higher in the 0.625% leachate mixture than control (Sig F = 0.034) at P < 0.05,
even as those of Cd and Cu were slightly higher in the concentrations than control. Biofilm model removed

small amounts of metals from waste water stream in static condition.

Key words: heavy metals, biofilms, bioaccumulation, waste water, static condition.

Heavy metals such as Cu, Fe, Mn, Mo,
Zn and Ni can play a role as micronutrients,
even though others such as Hg, Pb, Cd, Cu,
Ni and Co can be toxic to humans [1]. Due
to the discharge of large amounts of metal-
contaminated waste waters in recent times,
heavy metal pollution of aquatic systems has
become one of the most serious environmental
problems of concern. Industries bearing such
heavy metals as Cd, Cr, Cu, Ni, Pb and Zn
are the most hazardous among the chemical-
intensive industries because these metals have
high toxicity and solubility in the aquatic
environment [2]. Heavy metals can be absorbed
by living organisms once they enter the food
chain, and large concentrations of them may
accumulate in aquatic biotopes, as well as
human body due to their recalcitrance in the
environment [3]. When their concentrations
are beyond tolerable levels, they can cause
serious health disorders like gastro-intestinal
effects, chronic renal disease [4] and central
nervous system disorders [5]. Morphological

and behavioural abnormalities in fish such as
alteration in their sensory reception, reduced
responses to normal olfactory function (such
as feeding, mating, selection or homing),
reduction in swimming performance, gills
purge, and ventilation could also result.
Other higher organisms may suffer learning
impairment, loss of equilibrium that can lapse
into paralysis, loss of reproductive efficiency,
and irregular metamorphosis as symptoms of
toxic exposure to metals [6].
Decontamination of heavy metals from
waste water has been a challenge for a while
in that, most of the heavy metal salts are
soluble in water and form aqueous solution
and so, cannot easily be separated using
ordinary physical means. However, several
different conventional treatment processes
are commonly employed to remove heavy
metals from industrial waste water before
their discharge into the environment [7].
These methods include chemical precipitation,
ion exchange, electrochemical treatment,

47



BIOTECHNOLOGIA ACTA, V.11, No 3, 2018

membrane technologies, and adsorption
on activated carbon among others. Each of
these methods has significant disadvantages.
For instance, chemical precipitation and
electrochemical treatments are ineffective,
especially when metal ion concentration in
aqueous solution is lower than 50mg/1 [8].
Moreover, such treatments produce large
amounts of sludge that are not environmentally
friendly and need to be treated with great
difficulties. Ion exchange membrane
technologies and activated carbon adsorption
processes are extremely expensive [9].

Therefore, there is a need for new, novel,
efficient, eco-friendly and cost effective
approaches in the treatment, minimization
or even elimination of heavy metals in
the environment. In this sense, biological
alternatives such as the utilization of biofilms
have shown promising results even when the
metals are present in very low concentrations.
Accordingly, the application of these
microorganisms in the removal of heavy metals
from waste water has been effective and widely
recommended [10].

Biofilms are consortia of microbial
cell that are attached on solid surfaces or
wet environment [11]. In most natural
environments, microbes are commonly found in
close association with surfaces and interfaces
in the form of multicellular aggregates glued
together with the slime they secrete [12].
They occur nearly in every moist environment
where sufficient nutrient flow is available and
surface attachment can be achieved. Biofilms
can be formed by a single bacteria cell species,
although they can also consist of many species
of bacteria, fungi, algae and protozoa [13].
Approximately 97% of the biofilm matrix is
either water, which is bound to the capsules
of microbial cells or solvent, the physical
properties of which (such as viscosity) are
determined by the solutes dissolved in it [14].
The formation of Extracellular Polymeric
Substances (EPS) enhances the ability of cell
to adhere to surfaces with the presence of
flagella, pili, fimbriae, or glycocalyx [15].
The diffusion processes that occur within the
biofilm matrix are dependent on the water
binding capacity and mobility of the biofilm.

Heavy metals uptake by these microbial
biomass is a new eco-compatible and
economically feasible application that has
been develop to remove heavy metals from
waste water [16], and studies have shown that
interaction of microbial substance with heavy
metals reduced heavy metal ion concentrations
in solution [17, 3]. This bioremediation option
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is based on the high metal binding capacity of
biological agents, which remove heavy metals
from waste water or contaminated sites with
high efficiency. Research has revealed that
they act as metal biosorbent as they have metal-
sequestering properties [18]. Biofilms can
decompose or transform hazardous substances
into less toxic metabolites or degrade them to
nontoxic end products. They can also survive
in contaminated habitats because they are
metabolically able to exploit contaminants as
potential energy sources [19, 20]. In biological
treatment or removal of heavy metals,
microorganisms with biological activity such
as algae, bacteria, fungi and yeast can be used
in their naturally occurring forms.

The efficient removal of heavy metals
from waste water is dependent on several
factors, including sludge concentration, the
solubility of metal ions, pH, the metallic
concentration and waste water pollution
load [21]. However this study was focused on
effective removal of heavy metals from static
waste water using biofilms; a bioremediation
technology that is very important especially
in developing countries such as Nigeria where
waste water discharge regulations are flouted
and treatment does not have top priority due to
high cost of treatment facilities.

Meylan et al. [17] and Ogbuagu et al.
[8] have conducted experiments on metal
accumulation in algal biofilm in lotic streams
and observed that biofilms are efficient model
for the removal of metals in solution. However,
reports on the application of this biological
technique in static environments which mimic
industrial effluent reservoirs are lacking. It
is in this regard that the current study was
conducted to investigate possible biosorption
of metal contaminants in static set-up.

Materials and Methods

Preparation of metals leachates

Ten grams of soil sample collected from
a waste dumpsite that had been in use for
over 15 years, situated along Owerri-Aba
Road in Owerri was mixed with 1000 ml of
surface water sourced from Otamiri River and
thoroughly stirred to attain homogeneity. The
resulting solution was decanted into 1 litre
plastic container as stock solution.

Establishment of leachate concentrations.

Serial concentrations of 75, 50 and 30 m] of
the stock solution were made up to 12,000 ml
with water sourced from the Otamiri River
in 3 different 30 litres aquaria. The aquaria
were labeled as Bexp A, Bexp B and Bexp C,
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representing the 75ml (0.625%), 50 ml
(0.417%) and 30 ml (0.250% ) stock leachate-
water mixtures respectively. There was also
a 4th aquarium designated as Bexp control
which served as a control and contained 100%
diluent water only. The mixtures were stirred
properly.

Shortly after preparations, samples were
collected from each of the aquarium in 30 ml
sterile plastic bottles, fixed with two drops of
concentrated HNOs, and sent to the laboratory
as soon as possible for analysis of heavy metals.

Growth of Biofilms. The biofilms were
formed from waste water leachates and
were made up of same consortia of bacteria,
fungi, etc that have already been established
by earlier researchers, as stated in the
Introduction of this article.

Biofilms were allowed to grow and
investigated under relatively natural
conditions in microcosms. The microcosms
consisted of sterile plastic containers housing
serially arranged sterile glass slides according
to the method of Meylan et al. [17] and
Ogbuagu et al. [3]. Three replicate microcosms
were installed in each aquarium.

Harvest of Biofilms

Serial harvests were made after 1, 2 and
3 weeks from the date of installation. At
each time, temperatures and pH of water in
the aquaria were taken in situ. Biofilms were
scraped off the surfaces of glass slides and
introduced into sterile sample bottles that
had been pre-rinsed with distilled water. The
samples were then fixed with 2 drops of conc.
HNOs for laboratory analysis.

Laboratory Analysis

The metals (Pb, Cd, Cu, Cr and Zn) in
the stock solution and biofilm samples
were determined using Atomic Absorption
Spectrophotometer (AAS) (Varian 600 Spectra
AA) after digestion and in keeping with the
method of Karvelas et al. [22]. Centrifugation
of the biofilm samples was completed during a
30 minutes period at 400 rpm and at 4 °C. A
nitrate cellulose filter (0.451um diameter) was
used to filter the content prior to completion of
adigestion procedure. Heated mixture of conc.
HNO; was used for digestion, and the digestion
mixture was prepared with 6 ml of 65% HNO,
and 2 ml of 30% H,0,. After centrifugation,
distilled water was added to make sample up to
20 ml. The mixture was used for quantification
of the metals. Analytical blanks were run in the
same way as the samples and concentrations
were determined using standards prepared in
the acid matrix. The concentration represented
the dissolved metals in solution while those

collected on the filter paper were digested with
aqua regia before AAS analysis. The heavy
metals concentrations in solution and filter
paper were considered to be the total heavy
metal concentrations in biofilm samples, and
expressed in mg/g.

Statistical Analysis

The SPSS© V.22.0 and MS Excel©
statistical softwares were used to analyze data.
The student’s t-test of significant variation
was used to compare heavy metal biosorptions
in biofilm formations, while the one way
ANOVA and Duncan Multiple Range tests
were used to establish homogeneity in mean
variance and mean separations of biosorptions
respectively at P < 0.05. Variation plots were
used to represent accumulations of the metals
in graded biofilm formations.

Results and Discussion

Water temperature and pH

Water temperature ranged between 27.4
and 35.5 °C in the four aquaria. In Bexp A,
Bexp B and Bexp C experimental setups,
it ranged from 27.5-35.5 (31.0+4.03),
27.4-35.4 (31.1+4.03) and 27.8-35.3
(31.3+3.78) °C respectively. However, in the
Bexp Control setup, it ranged from 27.9-35.4
(31.4+3.77) °C. pH ranged from 4.30-6.45
(5.42+0.06) in the aquaria; with mean values
of 6.40=0.01 (Bexp A), 5.21+0.02 (Bexp B),
5.10+0.01 (Bexp C), and 4.33+0.01 (Bexp
Control).

Biosorption of heavy metals in biofilms

In the replicates of the 0.625% (Bexp
A) biofilm formations, mean accumu-
lations of Cd were 0.0183+0.011 and
0.01+0.008 mg/g, of Cu were 0.098+0.058
and 0.08933+0.051 mg/g, and of Cr were
0.044+0.024 and 0.18533+0.111 mg/g.
Mean accumulations of Zn and Pb in the same
biofilms were 0.420+0.390 & 0.521+0.386
and 0.0587+0.025 & 0.0400+0.025 mg/g
respectively. In Bexp B (0.417%) biofilm
formations, mean accumulations of Cd,
Cu, Cr, Zn and Pb were 0.0097=0.005
& 0.0103+0.004, 0.0297+0.028 &
0.0277+0.026, 0.0563+0.045 &
0.0477+0.035, 0.463+0.044 & 0.4503=+0.042
and Pb 0.020+0.013 & 0.021+0.015 mg/g in
the replicates.

In the 0.250% (Bexp C) biofilm formations,
mean accumulations of Cd were 0.006+0.004
and 0.012+0.008, Cu 0.050+0.038
and 0.0183+0.007, Cr 0.064=+0.026
and 0.067+=0.025, Zn 0.340+0.033 and
0.350+0.033, and Pb 0.015%+0.008 and 0.015
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+0.008 mg/g in the replicates. However, in
the control aquarium, mean accumulations of
Cd were 0.00067+0.0003 and 0.000=0.000,
Cu 0.00067+=0.0003 and 0.00033 +=0.0002,
Pb 0.00067+0.0003 and 0.00033+0.0002,
Cr 0.00033+0.0002 and 0.00033+0.0002, Zn
0.00067+0.0003 and 0.00033+0.0002 mg/g.

Comparison of metal accumulations in
biofilms

The one way ANOVA test revealed that
the accumulation of Pb was significantly
different in the graded biofilm formations
(Sig. F = 0.034; P < 0.05). A post-hoc
Duncan Multiple Range Test revealed
that accumulations of Cd and Cu differed
significantly between the Bexp A and control
biofilm formations at the 95% confidence limit
(Table). The accumulation of Pb in the Bexp A
biofilms also differed significantly from those
of the Bexp C and Bexp Control setups.

Values with same superscript along same
rows are not significantly different at P<0.05,
Bexp A=0.625% leachate mixture, Bexp
B=0.417% leachate mixture, Bexp C=0.250%
leachate mixture and Bexp Control= 0.000%
concentration.

Effect of time on accumulations of heavy
metals in biofilms

Bexp A leachate mixture

On Day 7, mean accumulations of Cd,
Cu, Cr, Zn and Pb were 0.0045=0.0005,
0.0200+0.001, 0.0005+0.0003, 0.022+0.001
and 0.0081+0.001 mg/g respectively in the
biofilm formations (Fig. 1). On Day 14, mean
accumulations of the respective metals were
0.008+0.002, 0.056=+0.009, 0.0695+0.015,
0.0625+0.026 and 0.048+0.034 mg/g in the
biofilm formations (Fig. 2).

On Day 21 mean accumulations of the metals
were 0.030+0.001, 0.206+0.006, 0.274+0.226,
1.328+0.128 and 0.092+0.007 mg/g
respectively in the biofilm formations (Fig. 3).

Bexp B leachate mixture

On Day 7, mean accumulations of the metals
(Cd, Cu, Cr, Zn and Pb) were 0.005+0.001,
0.0005+0.0002, 0.000+0.000, 0.016=+0.004
and 0.0005+0.0003 mg/g respectively (Fig.
1). On Day 14, mean accumulations of the
metals were 0.006+=0.001, 0.0025=0.0005,
0.0255+0.0025, 0.030+0.001 and
0.013+0.001 mg/g respectively in the
biofilm formations (Fig. 2). On Day 21, mean
accumulations of the respective metals were
0.019=+0.001, 0.083+0.003, 0.1305+0.0155,
1.8324+0.024 and 0.048+0.003 mg/g (Fig. 3).

Bexp C leachate mixture

Accumulations also varied in the
0.250% leachate mixture. On Day 7, mean
accumulations of Cd, Cu, Cr, Zn and Pb were
0.002+0.001, 0.055+0.002, 0.0325=0.004,
0.0085+0.005 and 0.0005+0.0002 mg/g
respectively (Fig. 1). Mean accumulations of
the metals were 0.003+0.001, 0.0195=+0.003,
0.0495+0.0005, 0.0235+0.004 and
0.017+0.003 mg/g respectively on Day 14 in
the biofilm formations (Fig. 2). However, on
Day 21, mean accumulations of the metals were
0.022+0.007, 0.0775+0.048, 0.1155+0.001,
1.004+0.004 and 0.028+0.003 mg/g (Fig. 3).

Bexp Control leachate mixture

On Day 7, mean accumulations of Cd,
Cu, Cr, Zn and Pb were 0.0005%=0.0003,
0.001=+0.000, 0.000+=0.000, 0.0005+0.004 and
0.0001+0.000 mg/g respectively (Fig. 1). On
Day 14, mean accumulations of the respective

Table. Mean separation of accumulation of heavy metals in biofilms formed in graded leachate mixtures
using Duncan Multiple Range Test (P < 0.05)

Graded concentrations
Heavy metals Bexp A Bexp B Bexp C Bexp Control
cd 0.014167% 0.010000%° 0.009000%° 0.000400°
Cu 0.093833? 0.028667%° 0.034167% 0.000600°
Cr 0.114667° 0.052000° 0.065833" 0.000400°
Zn 0.470833" 0.456667° 0.345333" 0.000600°
Pb 0.049333% 0.020333%° 0.015000° 0.000600"

Values with same superscript along same rows are not significantly different at P < 0.05, Bexp A=0.625%
leachate mixture, Bexp B=0.417% leachate mixture, Bexp C=0.250% leachate mixture and Bexp Control=

0.000% concentration.
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Fig. 1. Mean accumulation of metals in biofilms formed in graded
leachate mixture after 7 days
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Fig. 2. Mean accumulation of heavy metals in biofilms formed in graded
leachate mixture after 14 days
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Fig. 3. Mean accumulation of heavy metals in biofilms formed in graded
leachate mixture after 21 days

metals were 0.000+0.000, 0.005+0.001,
0.000+0.000, and 0.001+=0.000 and
0.0005+0.0003 mg/g in the biofilm formations
(Fig. 2). On Day 21, mean accumulations
of the metals were 0.0005*=0.0002,
0.000=+0.000, 0.000+0.000, 0.000=0.000 and
0.000+0.000 mg/g (Fig. 3).

The ANOVA test of homogeneity revealed
that accumulations of the metals differed
significantly over the 21 days experimental
period [F(205.59)>Fcrit (3.95); P <0.05].

The mere observation of accumulation of
some trace metals in this work confirmed that
biofilm models can offer some solution in the
removal of heavy metals from waste water
streams even in static conditions. However,
the rate and amount of accumulations were
less than those observed in lotic aquatic
environments by Doering and Uehlinger [23]
in the Tagliamento River in Europe, Ogbuagu
et al. [3] in Otamiri River in Nigeria and
Meylan et al. [17] in the Furtback, Canton
of Zurich. This technique therefore holds
promises for effective, inexpensive and eco-
friendly metal bioremediation technology for
the removal of recalcitrant contaminants such
as the persistent organic pollutants (including
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heavy metals) from complex industrial
effluents, and hence can offer pollution
free environment if optimized. Less biofilm
formations were observed in this work and it
could be attributed to absence of renewal and
replenishment of biomass which are usually
associated with lotic, but lacking in static
conditions.

The observed significantly higher
accumulations of Cd, Cu and Pb in the
Bexp A than Control biofilms reflect
bioavailability of the trace element in the
treatment mixture. However, Cd, Cu and
Pb were more readily removed from the
leachate mixtures than Zn and Cr. This is
similar to the observation of Azizi et al.
[24], that Cu, among other metals was more
readily removed from waste water stream.
This research [24] presents the results of an
evaluation of the removal of selective heavy
metals (Cd, Cu, Ni and Zn) from waste water
through a Modified Packed Bed Biofilms
Reactor (PBBR).

The graded leachate mixtures were also
associated with different pH levels, but
their resultant biosorption trend did not
support the observation of UNEP GEMS
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[25] that heavy metals are usually more
bioavailable in acidic media, and so would
get more biosorbed. Rather, it appeared to be
in consonance with the observation of Huang
et al. [26] that pH had no significant effects
on heavy metals (Cr, Ni, Cu, Zn, Cd, Pb)
release in Huangpu River sediments, East
China. The reason for this non-release could
be attributed to metal speciation. In that
work, Huang et al. [26] observed that even
when available, the exchangeable fraction
of the metals was only about 0.06 to 2.63%
of all the metals in the sediment, while the
residual fraction, which is the most stable
one, accounted for about 51.50 to 86.45% of
all the metals in the sediment. These reasons
may have contributed to the low release flux
of the metals studied.

Time played a vital role in the uptake of
the metals in that development of biofilms
took some time and at early stages, there were
little or no accumulations of the metals. This
was because biofilm communities require
time to establish themselves hence, microbial
dose or concentration also determined rate of
metal uptake in the aquaria. However, data
on the accumulation of Cr and Cu especially
on Days 7 and 14 days does not seem to
indicate the existence of a dose-dependent
effect. This could reflect the early presence
of little or no biofilm formations on those
days to cause accumulation.

Heavy metal removal efficiency in this
study was dependent on the presence of
microorganisms as well as concentration of
metal ions in solution. Deibel and Schoeni
[13] had documented that biofilms can
consist of many species of bacteria, fungi,
algae and protozoa, though their composition
in the current study was not determined.
Accordingly, Chipasa [21] observed that
biosorption became apparent as higher
metal concentrations stimulated increased
microbial activity, and so, increased removals
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from leachate mixture. This again is related
to bioavailability of the trace elements.
However, this was partially in consonance
with the observations of Piccirillo and Pereira
[27] and Karvelas et al. [22] wherein heavy
metal removal efficiency was also dictated by
the influence of microorganism but became
apparent at lower metal concentrations. They
rather observed that higher concentrations
of metals reduced their removal from waste
water stream, and so explained that this could
be due to reduced activity of microorganisms
in the system due to higher concentration of
metals inducing stress on the microorganisms
by reducing their action towards the metals.
This in turn would negatively affect the
functioning of biological treatment process.

The following observations were made in
the study:

1. Biofilm model removed some heavy metals,
especially Pb, Cd and Cu in static condition.

2. Less biofilm formations and bioaccumu-
lation of metals were observed in static than
reference lotic conditions.

3. Removal of metals was dose dependent in
the biofilms; and

4. Removal of metals was also time depen-
dent.

This study revealed that the application
of biofilms can offer some solutions in the
removal of heavy metals from waste waters in
static condition.

Recommendations

Based on these findings, it is recommended
that biosorptive method of metal removal
from effluent streams in static condition
should be encouraged and optimized as a
more attractive and economic alternative
in environmental solutions. Further kinetic
studies on the relationship between metals
accumulation in biofilms and time should be
carried out.
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MeTo mociigkeHHS OyJI0O BUKOPHCTAHHS
0iOMJIiBOK K €KOTOKCHUKOJIOTiuHOI MoOmesi s
BUAaJieHHs Bimiopammx Bakkux meraiais (Cd,
Cu, Cr, Zn i Pb) 3i criuHuX BOJ 3a CTAaTUUYHUX
yMoB. DBionmniBkum BupomiyBaJu B TpPbhOX
BiArpanyiioBaHUX KOHIEHTpAaIiAX (iabTpaTiB
meraais (0,625, 0,417 i 0,250%), sOupaau
yepes 1, 2 i 3 TuikHi I aHaMisyBajiu HA BMicCT
BaskKux MeraJtiB. CepenHi 3HaueHHSA MiKiB B
yTBOpeHUX OiomIiBKax AOCATIN MaKCUMyMy Ha
21-#1 geun: Cd — Big 0,000 mo 0,040 (cepenue
suauenHa = 0,00837 = 0,002), Cu — sixg 0,000
10 0,122 (cepenue suauenus = 0,03929 = 0,012),
Cr — Big 0,000 mo 0,500 (cepenHe 3HAUEHHSA =
0,05821 = 0,021), Zn — Big 0,000 mo 1,456
(cepenue snauenua = 0,31833 = 0,109) i Pb —
Big 0,000 g0 0,099 (cepenne suauenusa = 0,02129
+ 0,006) mr/m. HakonuueHHSA MeTaJIiB iCTOTHO
36ispmmuiock i3 vacom [F (205,59) > Ferit (3,95)]
3a 95% -ro moBipuoro iHTepBasy. SHAUEHHS IJIs
Pb 6ysu suauno Bumii B 0,625% -ii BusyroByBaHiii
cywminri ginsTpaTy, Hisk KoHTpOJb (Sig F = 0,034)
3a P < 0,05, trumuacom ak ajaa Cd i Cu — tpoxu
BUIIi, Hi’K KOHTPOJbHi. 3acToCcyBaHHA 6i0MIiBKU
IIPU3BEJIO [0 HEBEeJINKOTO0 BUIAJECHHS BAKKUX
MeTaJIiB 3i CTIYUHMX BOJ 32 CTATUYHUX YMOB.
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OioaKyMmyJaAIisa, cTiuHi BOgM, CTaTUYHI YMOBH.
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ITenbro uccaenqoBaHUA OBIJIO MCIIOJH30BAHUE
OMOIIJIEHOK B KauecTBe dKOTOKCHUKOJOTUUYEKON
MOJeJUN OJIS yAaJeHUsS OTOOPAHHBIX TSMKeJbIX
meranaoB (Cd, Cu, Cr, Zn u Pb) u3 cTOUHBIX
BOJ B CTATUYECKUX YCJHOBUAX. DUOMIEHKU
BHIPAIIUBAJIU B TpPeX TPagyUPOBAHHBIX
KOHIeHTpanuax GuiabrpatoB metaanaoB (0,625,
0,417 u 0,250%), cobupanau uepes 1, 2 u 3
HeJelW ¥ AaHAJIU3WUPOBAIM HA COLepIKaHUe
TSAMKeJbIX MeTalaoB. CpeqHue 3HAUYEHUSA ITUKOB
B 00pasoBaBIIUXCA OWOMIEHKAX MJOCTUTJIU
maxcumyma Ha 21-it nens: Cd — ot 0,000 zo 0,040
(cpenuee suauenue = 0,00837 = 0,002), Cu —or
0,000 gmo 0,122 (cpenuee suauenue = 0,03929 =
0,012), Cr — ot 0,000 xo 0,500 (cpenuee sHaueHUE
0,05821 = 0,021), Zn — ot 0,000 mo 1,456
(cpenuee 3Hauenmue = 0,31833 = 0,109) u Pb — or
0,000 mo 0,099 (cpenuee sunauenue = 0,02129 =
0,006) mr/r. HakomnyieHre METAJJIOB CYIIIeCTBEHHO
yBesauuuiiock co BpemeneM [F (205,59) > Ferit
(3,95)] mpu 95% -M moBepUTESIHLHOM HMHTEPBAJE.
3HauyeHusa s Pb ObLiIn 3HAUUTEJLHO BBIIIE B
0,625% -i1 BeITIleIaunBaroIeil cmecu puabTpara,
yeM KOHTpoub (Sig F = 0,034) mpu P < 0,05, B TO
BpeMs Kak 18 Cd u Cu HeCKOJIBbKO IPEBBIIIAJIN
KOHTpoJIbHBIE. [IpuMeHeH1e OMOIIJIEHKY IIPUBEJIO
K He0OJIbIIIOMY YAAJEeHNIO TAMKEeJIbIX MeTAJJIOB 13
CTOYHBIX BOJ| B CTATUUECKUX YCIOBUAX.
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The purpose of the study was to analyze the ways and intensity of synthesis of volatile flavor
compounds by Pleurotus ostreatus (Jacq.:Fr.) Kumm. mushrooms in the process of intensive
cultivation on sunflower husk and barley straw with the addition of vegetable oils (sunflower and
corn) as a potential source of unsaturated fatty acids. Methods of sensory profile analysis and
ultraviolet spectroscopy were used. Sensory profile analysis of dried samples of fruit bodies showed
an increase in the intensity of mushroom, meat and grassy notes of flavor on substrates with the
addition of vegetable oils in a concentration of 1% and 5% of the weight of the substrate. For the
strain IBK-551 marked increase in the intensity of sweet and floral attributes of the aroma on both
substrates with the addition of corn oil. UV spectroscopy of hexane extracts of dried samples of fruit
bodies revealed maxima of light absorption in the range of 200—-210 nm and 260—-300 nm. There was
a difference in intensity of light absorption of samples of different strains cultivated on substrates
with the addition of vegetable oils.

Key words: Pleurotus ostreatus, volatile aroma compounds, sunflower oil, corn oil, sensory pro-

file analysis, UV spectroscopy.

In many countries, mushrooms and dishes
from them are considered to be delicacies due
to their specific aroma, which is provided by
hundreds of volatiles such as octane derivatives
and octens, lower terpenes, benzaldehyde,
sulfur compounds, and others. Fatty C8-
compounds such as 1l-octanol, 3-octanol,
3-octanone, 1-octen-3-o0l, 2-octen-1-0l, 1-octen-
3-one are formed in lipoxygenase pathway from
polyunsaturated fatty acids.

Mushrooms have long been used as food
or food flavoring materials because of their
unique and flavor. Fresh and preserved
mushrooms are consumed in a lot of countries
as a delicacy, particularly for their specific
aroma and texture [1].

Consumers highly appreciate the characteristic
flavor of mushrooms, which consists of hundreds
of odourous compounds such as derivatives of
octane and octenes, lower terpenes, derivatives of
benzaldehyde, sulphur compounds and others [1].
Volatile aroma substances of edible mushrooms
may be divided into three groups: carbon-eight (C8)
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derivatives impart the “characteristic mushroom
flavor”, terpenoid volatiles and sulfur-containing
odour compounds [2].

Eight-carbon volatile compounds are a
key contributor to mushroom flavor and have
been described by many authors in fungi [3].
1-Octanol, 3-octanol, 3-octanone, 1-octen-3-ol,
2-octen-1-o0l, and 1-octen-3-one are the main
of them. They account for 44,3-97,6% of the
total volatile fraction. [4].

The aliphatic alcohol 1-octen-3-ol (first
called “matsutake alcohol”) is the principal
compound contributing to the unique
mushroom aroma and flavor [3].

Isoprenoids (also known as terpenoids)
belong to a group of secondary metabolites
that are synthesized in mushrooms. Twenty-
four isoprenoids have recently been reported in
fruiting bodies of the white Tuber magnatum.
Limonene and cedrol were the most abundant
of them [5]. Aromadendrene, alpha-farnesene
and other terpenoid compounds were detected
in T. borchii fruit body [6].
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Sulfur volatile organic compounds
(S-VOCs) are key contributors to truffle
aroma. The diversity of sulfur volatiles in
truffles is large, ranging from relatively
small compounds, such as dimethyl mono-
(DMS), di- (DMDS) and tri- (DMTS) sulfides,
which are produced by most truffle species,
to complex S-volatiles such as 2-methyl-
4,5-dihydrothiophene, characteristic of the
white truffle T. borchii, and bis(methylthio)
methane, characteristic of the white truffle
T. magnatum. The latter species contain
further 27 sulfur volatiles [5].

The characteristic “sulfurous” note of
Shiitake mushroom is composed from S-com-
pounds. They include the straight chain com-
pounds dimethyl disulfide, dimethyl trisul-
fide, 1-(methylthio)dimethyl disulfide and
cyclic compounds lenthionine (1,2,3,5,6-pen-
tathiepane, C,H,S;), 1,2,4-trithiolane
(C,H,S3), 1,2,4,5-tetrathiane (C3HgS,) and
1,2,3,4,5,6-hexathiepane (CH,Sg) [7].

Eight-carbon volatiles are enzymatically
formed by oxygenation of polyunsaturated
fatty acids (PUFASs). This reaction is catalyzed
by lipoxygenases (LOXs), thus starting the
so-called lipoxygenase (LOX) pathway [8].
Metabolites originating from these pathways
are collectively named oxylipins [9].

The purpose of the study was to analyze
possible ways of synthesis of volatile flavor
compounds in mushrooms and to determine the
intensity of this synthesis by PI. ostreatus (the
oyster mushroom) in the process of intensive
cultivation on substrates with the addition of
vegetable oils as a potential source of unsaturated
fatty acids, which are the main substrates for the
synthesis of aliphatic aroma compounds.

Sunflower (Helianthus annuus L.) and corn
(Zea mays L.) oils as vegetable oils were used
in this work. Sunflower oil contains up to 90%
unsaturated fatty acids (linoleic and oleic) and
up to 10% saturated fatty acids (palmitic and
stearic) [10]. Quantitatively the predominant
components of the fatty acid composition of corn
oil are palmitic, oleinic and linoleic acids [11].

The composition of fatty acids of sunflower
[12] and corn [13] oils is given in Table 1.

Materials and Methods

Mushroom strains. Three strains of
the edible mushroom Pleurotus ostreatus
(Jacq.:Fr.) Kumm.: IBK-549, IBK-551 and
IBK-1535 from the mushroom collection of the
Kholodny Institute of Botany of the National
Academy of Sciences of Ukraine were objects
of the study [14]. This mushroom belongs to
the Pleurotaceae family of Agaricales of the
Agaricomycetes class of the Basidiomycota,
regnum Fungi.

Solid-phase cultivation. The substrate
for the production of fruiting bodies was the
agricultural waste: sunflower husk and barley
straw. As additives to substrates, sunflower
and corn oils were used at a concentration of
1% and 5% of the weight of the wet substrate.
The sunflower oil for unrefined cold pressing
of the first spin of the first grade [12] and the
corn oil refined deodorized grade P [13] were
used in the research.

Preparation and sterilization of substrates
were carried out according to commonly
accepted methods [15]. The substrate was
evaporated for 2 hours, CaCO; was added in
an amount of 1% to the mass of the substrate
and sterilized twice autoclaving at 121 °C for
30 minutes with an interval of 24 hours. Straw
was pre-minced to a size of 2—3 cm. The cooled
substrate was inoculated with Pl. ostreatus
mycelium in an amount of 5% by weight of the
substrate. Seeding mycelium was obtained on
barley grain. Cultivation was carried out in
glass jars at 26—28 °C and 70-80% humidity to
the full mycelial overgrowth of the substrate.
The weight of the wet substrate on the basis of
sunflower husk in one jar was 150 g, and on
the basis of barley straw — 110 g. Containers
with the substrate were transferred to a
growth room with a temperature of 15-16 °C,
humidity of 80-90% and 8-hour photoperiod
after full growth of the substrate by mycelium.
The 1st and 2nd flushes were harvested.
Mushrooms were dried at 40—45 °C in a dry
oven for 24—48 hours.

Growing strains of Pl. ostreatus on the
substrates without the addition of oils was
used as a control experiment.

Table 1. Fatty acid composition of vegetable oils

Mass fraction of fatty acid,% to the sum of fatty acids

Kind of oil
Palmitic Cy4.9 Stearic Cyg.9 Oleic C;5.1 Linoleic Cyg.9 Linolenic Cyg.3
Sunflower oil 3.0-10.0 1.0-10.0 14.0-35.0 50.0-75.0 <1.0
Corn oil 9.0-14.0 0.5-4.0 24.0-42.0 34.0-62.0 <2.0
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During the cultivation process, the
following growth parameters of the
Pl. ostreatus mycelium were determined:
the time of the mycelial development on the
substrate, the time of primordia formation,
the number of formed bunches per 100 g of wet
substrate, and the yield of the first and second
flushes of fruitage per 100 g of wet substrate.
Cultural and morphological mushroom
features were studied in order to establish a
relationship between them and the synthesis
of aroma-forming substances.

Sensory profile analysis. The sensory
profile of the aroma of dried mushroom
samples was studied according to [16].

The panel consisted of 5 experts trained for
organoleptic analysis. First, the characteristic
attributes of the aroma were determined, and
then the intensity of each of them on a 5-point
scale: 0 — not present; 1 — just recognizable
or threshold; 2 — weak; 3 — moderate; 4 —
strong; 5 — very strong. The studied samples
were evaluated three times.

The organoleptic evaluation of different
strains of dried mushrooms, collected at the
same stages of maturation, was carried out in
specially prepared, well-ventilated rooms at the
Department of Biotechnology of the Ukrainian
State University of Chemical Technology.

Microsoft Office Excel 2007 software was
used to construct the aroma profiles of dried
mushroom samples.

Spectrophotometric analysis. For a
spectrophotometric study, the dried fruiting
bodies of the first flush were crushed on an

Lipoxygenase (LOX)

o
/\/\/=\>_\\/\/\/\/"
C\.

OH

Hydroperoxide lyase (HPL)

OH
/\/\/V

1-octen-3-ol

electric mill to a powder. 1 g of the obtained
material was placed in the extractor,
then 100 cm?® of solvent were added (the
hydromodule was 1:100). Hexane was
used as a solvent. Extraction was carried
out at boiling point (69 °C) of the solvent
for 30 minutes. The extracts were cooled
in a fume hood, filtered through a paper
filter on a Buchner funnel and transferred
quantitatively into a volumetric flask of
250 cm®. Then the solvent volume was
adjusted to the mark. Absorption spectra were
recorded using a spectrophotometer SF-2000
in the 200-350 nm wavelength range. Pure
hexane was used as a comparative solution.

Statistical analysis. The obtained data were
processed statistically using one-way analysis
of variance [17]. All samples were carried out
in triplicate. Values are presented as means
+ standard error of the mean. Differences at
P <0,05 were considered to be significant.

Results and Discussion

Possible ways of synthesis of volatile flavor
compounds in mushrooms.

Taking into account the data of other
authors and our analysis, the most probable
way of synthesis of 1-octen-3-o0l is presented in
Figure 1.

Fatty acids are precursors in the reaction
of eight-carbon volatile synthesis and are key
components in a variety of lipids [3].

Lipoxygenases (linoleate: oxygen
oxidoreductase, EC 1.13.11.12; LOXs) are

(9Z,127)-octadeca-9,12-dienoic acid
Linoleic acid

(8E,12Z)-10-hydroperoxyoctadeca-8,12-
dienoic acid
10-HPOD

OH
A AVAV A VA4

1l
O

10-oxodecenoic acid
10-ODA

Fig. 1. Lipoxygenase pathway of biosynthesis of 1-octen-3-ol:
(based on [3, 19, 21-23] with our modifications)
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a family of enzymes found ubiquitously in
plants and mammals, but have also been
detected in coral, algae, fungi, yeast and a
number of bacteria. In general LOXs are non-
heme iron-containing dioxygenases [9]. This
group of enzymes catalyzes the insertion of
molecular oxygen into polyunsaturated fatty
acids containing a (1Z,4Z)-pentadiene system,
such as linoleic acid, linolenic acid, and
arachidonic acid, yielding the corresponding
hydroperoxides [18].

Although free fatty acids is the preferred
substrate of LOX, it was recently reported that
fatty acids acylated to phospholipids are slowly
oxygenated by lipoxygenases [19].

A lot of researches conducted to study the
structure and properties of plant and animal
lipoxygenases.

Oxygen insertion into PUFAs by LOX is
regio- and stereo-specific, and this specificity
is used as the decisive criterion for LOX
classification. In plants, linoleic acid and
linolenic acid are the primary substrates of
LOX, because they are the most abundant
fatty acids. Plant LOXs are classified as 9-
or 13-LOXs with respect to their positional
specificity of linoleic acid oxygenation. Animal
LOXs are classified as 5-, 8-, 9-, 11-, 12-,
or 15-LLOXs with respect to their positional
specificity of the oxygenation of arachidonic
acid, the predominant substrate of animal
LOXs. Furthermore, LOXs are classified as
S-or R-LOXs on the basis of the chirality of
their hydroperoxide products [18].

Fungal LOXs, similar to plant LOXs,
act mainly on C,g fatty acids. Linoleic acid
(18:2, A%!2) is the most abundant in widely
appreciated cultivated mushrooms, followed
by palmitic and stearic acids. Most fungi
convert C;g fatty acids into 9-hydroperoxy
or 13-hydroperoxy fatty acids (i.e. they
contain 9-LOX and 13-LOX, respectively).
Interestingly, 10-hydroperoxy and
12-hydroperoxy fatty acids can also be formed
as possible products of fungal polyunsaturated
fatty acid metabolism [20].

Products formed by LOXs can be converted
by a hydroperoxide lyase (HPL), an allene oxide
synthase (AOS), a peroxygenase or a reductase.

Hydroperoxide lyases are said to perform
either homolytic or heterolytic cleavage of
hydroperoxides, yielding different short-chain
volatiles, depending on their cleavage mode.
The first cleavage mechanism, homolytic,
involves the cleavage of the hydroperoxide
between the carbon bearing the hydroperoxide
group and the saturated carbon. This
mechanism has been observed in algae and

mushrooms. The second mechanism is called
heterolytic. It is found in most plants: the
enzyme cleaves the hydroperoxide between the
carbon bearing the hydroperoxide group and
the unsaturated carbon [3].

Wurzenberger and Grosch showed that
after incubation of the 9-, 10-, 12- and
13-hydroperoxide isomers of linoleic with a
protein fraction of mushroom Psalliota bispora
only 10-hydroperoxide isomer was cleaved to
1-octen-3-ol and 10-oxo-trans-8-decenoic acid
[21].

Results of Akakabe et al. indicated a
stereochemical correlation between (R)-1-
octen-3-ol and (S)-10-hydroperoxy-(8E,12Z)-
8,12-octadecadienoic acid [(S)-10-HPODE]
with homogenates of Lentinula edodes and
Tricholoma matsutake [22].

Assaf et al. showed that 13-hydroperoxy-
cis-9,trans-11-octadecadienoic acid (13-HPOD)
and 10-oxo-trans-8-decenoic acid (10-oxo-
acid) were found to be the major nonvolatile
metabolites of Pl. pulmonarius submerged
culture, associated with the enzymatic
cleavage of linoleic acid to 1-octen-3-ol. But
despite its accumulation, 13-HPOD was
found not to be the precursor of 1-octen-3-ol.
These results suggest the involvement of two
different lipoxygenases in 1-octen-3-ol and 13-
HPOD formation [23].

But besides 1-octen-3-ol, other aliphatic
saturated and unsaturated C4-C;, compounds,
which are likely to be formed with the
participation of other lipoxygenases and
hydroperoxidilases, are responsible for
the formation of the characteristic aroma
of mushrooms. Probably there are several
metabolic pathways of the synthesis of volatile
aroma compounds in fungal cells.

Terpenoids constitute the most abundant
and structurally diverse group of plant
secondary metabolites [24] that is why the
metabolic pathways for the formation of
volatile aroma compounds of terpenoid nature
are sufficiently studied and highlighted in the
literature on the example of plant organisms.
The scheme of biosynthesis of terpenoid
compounds is shown in Fig. 2.

Terpenoids are derived from the universal
C; precursor isopentyl diphosphate (IPP) and
its allylic isomer dimethylallyldiphosphate
(DMAPP), which in higher plants are generated
from two independent pathways located in
separate intracellular compartments. In
cytosol, IPP is derived from the mevalonic
acid (MVA) pathway that starts with the
condensation of acetyl-CoA. In plastids, IPP is
formed from pyruvate and glyceraldehydes-3-
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Fig. 2. Mevalonate pathway of biosynthesis of terpenoids:
based on [24—26] with our modifications

phosphate. This MVA-independent pathway,
also called MEP pathway after the key
intermediate methylerythritol phosphate
(MEP), was discovered [24—26].

Two main S-VOC biosynthetic pathways
(Fig. 3), both relying on L-methionine (Met)
catabolism, have been investigated on bacteria
and ascomycetes: the one-step conversion
of L-methionine to metanethiol (MTL) by
methionine lyase (a typical bacterial rather
than yeast enzyme) or by cystathionine
lyase; and a two-step pathway, initiated by
L-methionine transamination to 4-methylthio-
2-oxobutyric acid, which is then converted
to 3-(methylthio)propanal (also known as
methional) via decarboxylation, with the
ultimate formation of MTL [5].

Lenthionine (1,2,3,5,6-pentathiepane), a
cyclic sulfur compound found in L. edodes,
is derived from a y-L-glutamyl-cysteine
sulfoxide precursor (lentinic acid) in a
two-step enzymatic reaction. Lentinic
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acid is first activated by the removal
of its y-glutamyl moiety catalyzed by
y-glutamyl transpeptidase (GGT) producing
a L-cysteine sulfoxide derivative, which
then undergoes o, B-elimination catalyzed
by cysteine sulfoxide lyase, resulting in a
highly reactive sulfenic acid intermediate.
The sulfenic acid is then rapidly condensed
to form thiosulfinate, and the thiosulfinate
is often further transformed into other
sulfur compounds including lenthionine
(Fig. 4) [28].

The analysis of possible ways of synthesis
of volatile flavor compounds in mushrooms
showed that the precursors of this synthesis
are organic acids, including those that are part
of vegetable oils.

Culture and morphological characteristics
of fungal growth depending on the type of
investigated substrate

The term of overgrowing of the substrate
by mycelium was on the studied substrates
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from 6 to 7 days, that is, there was no
significant difference between this growth
rate in different experimental variants
compared with the control. According to the
morphological features, Pl. ostreatus mycelia
of all examined strains were white, fluffy,
and denser in sunflower husk.

Pl. ostreatus fruit bodies cultivated on
substrates with the addition of sunflower oil
(A) and corn oil (B) are shown in Fig. 5.

Fruit bodies, obtained on different
substrate variants within the mushroom
strain, did not differ morphologically.

The growth parameters of Pl. ostreatus
IBK-549, IBK-551 and IBK-1535 on different
substrates are given in Table 2.

The period of primordial emergence varied
depending on the mushroom strain from 18
to 30 days and did not differ significantly in
various variants of substrates within the strain
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Fig. 5. Fruiting bodies of various strains of Pleurotus ostreatus (Jacq.:Fr.) Kumm.
cultivated on substrates with: the addition of sunflower oil (A) and corn oil (B) (the upper line — the sub-
strate is sunflower husk; the lower line — the substrate is barley straw)

Table 2. The growth parameters of Pleurotus ostreatus strains on various substrates
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Sunflower husk Barley straw
Pl. ostreatus. strain IBK—-549
SO 1% 18 25 11.6=1.4 |10.8+0.4%| 3.8+0.3 |17-18| 25 12.7+1.1 | 13.0+0.4 | 5.6=*1.0
SO 5% | 18-20 25 10.4=0.7 [10.9+0.4%| 4.2+0.5 18 |25-27| 15.5+2.3 | 14.9+0.9 | 5.5+0.5
CO1% |19-20 25 17.1+1.0 |12.7+0.5*%| 3.4+0.4 |16—-17|24-25| 18.5+1.0 | 13.9+0.7 | 5.6=0.8
CO 5% 20 25 15.1+2.0 |10.5+0.3*%| 3.9+0.4 |18-19|24-28| 15.2+0.4 | 12.4=0.5 [9.1+1.1%*
Control | 18-20 | 25—-27 | 12.2+0.7 | 9.2+0.4 | 3.4*0.2 17 [25-27| 14.8+1.6 | 13.0+0.6 | 4.5+0.2
Pl. ostreatus. strain IBK-551
SO 1% | 18-20 28 13.8+1.8 |[10.2+0.2*| 3.7+0.3 |18-20|28-29 | 13.0+2.1 [13.1+0.4*%| 4.7+0.2
SO 5% | 20-22| 28-32 | 11.6*=2.0 |11.9+0.6%| 3.4+0.1 |20-22|27-29| 15.8+2.6 |13.2*0.4%| 5.9*+1.2
CO1% | 19-21 25 14.2+1.0%|10.8+0.4*%| 3.5+0.1 |19-20| 28 14.8+0.4 |15.4+1.2%| 4.8+0.4
CO5% | 21-23 | 25—29 | 8.9+0.7 [11.4+0.5%| 4.0=0.4 23 30 19.7+1.0 |16.8+1.8%|6.1+0.4%
Control | 20-22 | 27-28 | 10.4+0.5 | 9.0+0.4 | 3.1+0.3 |22-23| 29 19.7+2.6 | 11.6+0.3 | 4.4+0.3
Pl. ostreatus. strain IBK-1535
SO 1% 22 29 11.1+0.3*%| 9.7+0.3% | 3.3=0.1 22 |32-36|16.7+1.0%| 14.9+1.6 | 4.9+0.4
SO 5% | 25—-26 | 32-36 | 14.9+1.5*% | 10.6+0.5*% | 3.5+0.4 22 |29-36|14.5+1.3*%| 14.2+0.5 | 5.4=1.1
CO 1% 30 39 11.8+0.3%|11.3+0.4% | 4.1+0.4 25 [30-34|18.5+0.4%| 12.8+0.5 | 5.3=0.3
CO5% | 25—-29 | 30-36 | 8.4*0.7 |10.8+0.1%| 4.0=0.4 |25-26|33-36|20.6+2.7* [17.1+0.8%| 4.9%+0.3
Control | 24-28 | 30-36 | 8.4*0.3 7.8+x0.5 | 3.5+0.4 [22—-24|30-34| 8.8+0.7 | 11.4*=1.5 | 5.4+0.4

Note: * — P < 0.05 with compared to control ; SO — sunflower oil; CO — corn oil.
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of control. The primordia were formed first by
the strain IBK-549, 2—-3 days later by IBK-551,
and 4-5 days later by IBK-1535.

The examined strains had significant
differences by fruitage time. Fruit bodies
were most rapidly formed by strain IBK-549,
2—-3 days later by the strain IBK-551 and 4-8
days later by IBK-1535. Also, there was no
significant effect of additives to the substrate
on the terms of fruiting.

There was an increase in the formation of
bunches on sunflower husk with the addition
of corn oil at a concentration of 1% for all
strains. The strain IBK-1535 produced 1.3—
2.3 times more bunches on both substrates
with additives of vegetable oils in both
concentrations as compared to control.

Yield of the first flush was higher for all
strains grown on sunflower husk with both
vegetable oils. On barley straw the increase of
yield in the first flush was observed only for
the strain IBK-551.

Analysis of literary data on the application
of oils in the cultivation of mushrooms has
shown that the addition of soybean oil at a
concentration of 3 g/l in submerged cultivation
of Pl. mutilis contributed to an increase of
mushroom biomass yield and an increase in the
synthesis of fatty acids [27—-30].

The stimulating effect on the growth of
mycelium A. bisporus was also revealed in
agar medium with sesame oil additives at 1%
concentration [31].

Profile analysis of the fungal aroma

During the sensory analysis by the panel,
the following attributes of the aroma of
dried mushroom samples were determined:
mushroom, sweet, woody, herbaceous, sour,
fish, meat, earthy, floral, and putrescent.

The results of sensory analysis of dried
samples of different strains of Pl. ostreatus are
presented in circle plots at Fig. 6.

From the provided data it is evident that
the aroma profile of mushroom samples varied
depending on the substrate, the strain of
mushroom and additives. For all strains with
both additives there was an increase in the
intensity of mushroom notes in 1.2—1.5 times.

Samples of all strains grown on sunflower
husk had a 1.4-2.4 times higher intensity of
herbaceous notes and in samples obtained on
barley straw, the intensity of the herbaceous
attribute was higher in 1.5-2.4 times when
only corn oil was added to the substrate.

As for meat notes, their higher intensity (in
1.4-1.8 times) was noted in comparison with
the control in samples of dried mushrooms
of all strains cultivated on barley straw with

additives of both oils. The higher intensity of
meat notes was recorded for the strain IBK-551
(in 1.3-1.5 times) on sunflower husk with the
addition of both oils, and for strain IBK-549 (in
1.5 times) with the additive of sunflower oil.

There was an increase in the intensity
of sweet (in 1.4 times) and floral (in 1.8-2.6
times) notes for the strain IBK-551 and earthy
(in 1.3-1.8 times) for strains IBK-549 and
IBK-1535 on both substrates with the addition
of corn oil.

For some samples there was a slight increase
in the sour and putrescent characteristics of
the aroma on the substrates with additives of
vegetable oils. And the nature and strength of
woody and fish notes were almost unchanged
compared to control for any of the samples.

Statistical processing of the sensory
analysis data showed that the standard error
does not exceed =1 point, indicating the
statistical homogeneity of the set of expert
assessments [32].

Ultraviolet spectroscopy

The registered UV absorption spectra of
hexane mushroom extracts are presented in
Figures 7 and 8.

Hexane extracts of dried samples of
Pl. ostreatus fruit bodies had light absorption
maxima in ranges of 204-210 nm and
250-290 nm. Such spectral properties are
characteristic of solutions of unsaturated
compounds with unbound double bonds,
saturated and unsaturated aldehydes and
ketones, as well as derivatives of benzene
[33]. As it was found in previous studies,
the solution of 1-octen-3-ol in hexane has a
maximum absorption at A = 207 nm [34].

A 1.2-1.4 times higher light absorption
intensity was observed throughout the studied
range of wavelengths for samples of strain
IBK-549 obtained on sunflower husk, with the
addition of both oils at a concentration of 1%,
and in the range of 250—290 nm only for the
strain IBK-551.

Mushroom extracts of the strain IBK-1535
cultivated on husk with sunflower and corn oil
additives in both concentrations also showed
an increase in light absorption compared to
control. In addition, it is higher in 1.4-1.6
times as at 207 nm (the maximum is typical for
1-octen-3-o0l), and 1.5-2.5 times higher in the
range of 250—300 nm (the maxima inherent in
aldehydes and ketones).

A similar dependence was observed for
the strain IBK-1535, cultivated on barley
straw with additives of oils. And also for the
strain IBK-549, whose extracts revealed more
intense (in 1.2 times) light-absorption maxima
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Fig. 6. Sensory profile of aroma of dried samples of Pleurotus ostreatus strains
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Fig. 7. UV spectra of hexane extracts of Pleurotus ostreatus strains:
the substrate is sunflower husk

for strains grown on straw with both oils at a
concentration of 1%.

The intensity of light absorption was
1.1-1.2 times higher only in the range of
260-290 nm for samples of the strain IBK-
551, collected from substrates with additives
of both oils at a concentration of 1%.

Comparison of the intensity of light
absorption of various strains of Pl. ostreatus
showed the highest level for the strain IBK-
549 on both substrates compared to control.

It should also be noted that the ratio of the
intensity of the light-absorption maxima at
A = 207 nm (typical for 1-octen-3-ol) and at
A = 260-280 nm (typical for aldehydes,
ketones and benzene derivatives) for different
substrates and strains was dissimilar.
Investigated extracts of the strain IBK-549
cultivated on sunflower husk had in 2,3 times

higher optical density at 260—280 nm than at
near ultraviolet light. And for samples of this
strain grown on barley straw, the intensity of
the maxima in these ranges is almost the same.
Both other strains showed almost the same
ratio of intensity of light absorption on both
ranges.

Thus, as a result of the study, it was found
that the addition of vegetable oils to the
substrate, as precursors of the synthesis of
flavor compounds by the Pl. ostreatus strains,
promotes the formation of aroma compounds
by mushrooms during solid phase cultivation.

The sensory profile analysis of dried
samples of the fruit bodies obtained on
substrates with the addition of sunflower
and corn oils at concentrations of 1% and
5% showed an increase in the intensity of
mushroom, meat and herbaceous notes of
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Fig. 8. UV spectra of hexane extracts of Pleurotus ostreatus strains:
the substrate is barley straw

aroma. Spectrophotometric study of hexane
extracts of dried fruit bodies of studied strains
showed an increase in the intensity of light
absorption of samples cultivated on substrates
with the addition of vegetable oils compared to
control.
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BIOCUHTES JIETKHUX CIIOJIYK TPUBAMHA
Pleurotus ostreatus (Jacq.:Fr.) Kumm.
HA CYBCTPATAX, SBATAUYEHUX
POCJIMHHUMMU OJIAMHU

K. M. Baacenko, O. B. Kysneuosa

OBHS3 «YKpaiHCbKUil Aep:KaBHUMN
XiMiKO-TexXHOJIOTiUHUI YHiBEpCUTET» ,
Huinpo, Ykpaina

E-mail: ekaterina.udhtu@gmail.com

Mertozo mocrigKeHHs 0yJI0 IPoBeIeHH A aHATi-
3y MOKJIMBUX ILIAXiB CUHTE3Y 3allalllTHUX CIIOJIYK
rpubamu Pleurotus ostreatus (Jacq.: Fr.) Kumm.
3a KyJIbTUBYBAHHA HA COHAITHUKOBOMY JIYIITIINH-
Hi Ta cojloMi AUYMEHIO 3 JOJaBaHHAM POCAMHHUX
0JIi#1 (COHANTHMKOBOI Ta KYKYPYA3SdHOI) AK IKe-
pejia HeHACUUYEeHUX JKUPHUX Kucaor. CeHcopHuUii
npodinpHU aHaNi3 BUCYHIEHUX 3pas3KiB ILJIO-
IOBUX TiJ IIOKAa3aB IMiABUMIEHHA iHTEHCUBHOCTI
TpubHUX, M’ ACHUX Ta TPaB AHUCTUX HOT 3amaxy
Ha cyOcTpaTax 3 JOJaBaHHAM POCIMHHUX OJil
y Kourneunrpaiii 1% i 5% . Ias mramy IBK-551
BiJJ3HAUYE€HO 3POCTaHHA IHTEHCUBHOCTI COJIOTKUX
i KBITKOBUX CKJIQJIOBUX 3allaxy Ha 000X cyOcTpa-
Tax i3 JomaBaHHAM KYKYPYASAHOI 0Jril. ¥ D-criek-
TPOCKOIIisA TeKCAaHOBUX €KCTPaKTiB BUCYIIIEHUX
3PasKiB MJIOLOBUX TiJ BUSBUJIA MAaKCUMYMU CBiT-
JomoranHaHHA y giamasoHi 200—210 am ta 260—
300 um. CrmocTepiranu HeoqHAKOBe 30iMbITEHHS
iHTEeHCUBHOCTI CBITJIONOTJINHAHHSA 3pasKiB PiBHUX
mITamMiB, KyJbTHBOBAHUX Ha cybcTparax i3 mozma-
BaHHAM POCJIUHHUX OJIiHA.

Knwuosei cnoea: Pleurotus ostreatus, JgeTkKi
3alalHti CIIoJYKH, COHAIIHUKOBA OJIifd, KYKYPY/I-
3dHa OJIiA, CeHCOpPHUU npodiIbHUA aHaAJi3,
Y®D-cneKTpoCcKoIia.
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BUOCHUHTES JIETYUYHUX COETHHEHHUM
I'PUBAMM Pleurotus ostreatus (Jacq.:Fr.)
Kumm. HA CYBCTPATAX,
OBOTAIIMEHHBIX PACTUTEJbHBIMHA
MACJIAMU

E. H. Baacernko, O. B. Kysneyosa

T'VYB3 «YKpauHCKUIi ToCyAapCTBEHHBIH
XUMUKO-TEXHOJOTUYECKUN YHUBEPCUTET» ,
Huenp, Ykpanna

E-mail: ekaterina.udhtu@gmail.com

ITenpro uccaemoBaHUA OBLIO MPOAHAJIUZUPO-
BaThb BO3MOJKHBIE IIYTU CUHTE3a JIETYUYUX MYIIIH-
cThIX coenuuennii Pleurotus ostreatus (Jacq.: Fr.)
Kumm. npu KyJIbTHBUPOBAHUN Ha IOACOJIHEUHO
JIy3Te U COJIOME STUMEeHs ¢ 00aBJIeHNEeM PACTUTEb-
HBIX MaceJ (II0ACOJTHEUHOI0 U KyKYPYy3HOT0) B Ka-
YeCcTBe NCTOUHNKA HeHACBIIIEHHBIX KUPHBIX KUC-
Jaot. CeHCOPHBIN TPOGUIbHBIN aHATIN3 BHICYIIIEH-
HBIX 00PasIToB ILJIOAOBBIX TeJI IIOKA3aJ MOBBIIIEHIEe
VHTEHCUBHOCTY I'PUOHBIX , MACHBIX 1 TPABSIHUCTHIX
HOT 3amaxa Ha cybcTpaTax ¢ Jo0aBJIeHeM PacTH-
TeJbHBIX Maces B KoHmeHTpanuu 1% u 5% . Has
mramma IBK-551 oTMeueH pocT MHTEHCUBHOCTH
CJIaJKUX U IIBETOUHBIX COCTABJIAIONINX 3alaxa Ha
obomux cybcTpaTax ¢ mJobaBiIeHUEM KYKYPY3HOTO
macJa. Y @-CIeKTPOCKOINS IeKCaHOBBIX DKCTPaK-
TOB BBLICYIIEHHBLIX 00Pas3IloB IJIOAOBBIX TeJ oOHa-
py:KuJa MAaKCUMYyMBbI CBETOIIOTJIOIIEHUSA B AUAa-
nasore 200—210 am u 260—300 um. Haburrogasiocs
HeOMMHaKOBOEe yBeJIMUeHe MHTeHCUBHOCTU CBe-
TOTIOTJIONTeHUA 00PAa3I[OB PA3JIUUYHBIX IIITAMMOB,
KYJIbTUBUPYEMBIX Ha cyOcTpaTax ¢ mo0aBIeHUEeM
PaCTUTEJIbLHBIX Maces.

Knrmuesnvte cnosa: Pleurotus ostreatus, geryune
IYIIUCTbIE COENWHEHUs, ITOJCOJHEUHOe MacJo,
KYKYpPYy3HOE MAacCJ0, CEeHCOPHBIA IPOMUIbHBIN
aHam3, ¥ P-CIeKTPOCKONnA.



Experimental articles

UDC 582.284:543.061 https://doi.org/10.15407 /biotech11.03.069

Ganoderma SPECIES EXTRACTS:
ANTIOXIDANT ACTIVITY AND CHROMATOGRAPHY
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Research aimed to isolate biologically active compounds from mushrooms fruiting bodies of
Ganoderma lucidum, Ganoderma adspersum and Ganoderma applanatum and to estimate their
antioxidant activities. Various techniques were used to isolate biologically active compounds.
Antioxidant properties were estimated with spectrophotometricaly measuring free radical
scavenging activity. High performance liquid chromatography was applied to analyze the isolated
extracts. Half maximal inhibitory concentration (IC5,) was 8.25+0.88 ng/ml and 1.70+1.13 ng/ml
for G. applanatum and G. adspersum, respectively. However, petroleum ether and chloroform
extracts of G. lucidum demonstrated highler antioxidant activity with an IC;, about 33.66 = 3.69 ng/ml.
Chromatograms of components of acetone and methanol extracts of G. lucidum were recorded. The
main outcome of such chromatograms is the possibility to detect the presence of active components
in various mushroom species without the usage of expensive standards.

Key words: Ganoderma species mushrooms, antioxidant activity, high performance liquid chro-

matography.

Various mushrooms species are the
focus of researchers’ interest. Hitherto,
lectins, polysaccharides, polysaccharide-
peptides, polysaccharide-protein complexes,
lanostane-type triterpenoids, phenolics
and flavonoids were isolated from some
mushroom species [1]. Furthermore, various
biological activities such as antioxidant,
antibacterial, antifungal [2, 3], antitumor
[4], anti-inflammatory [5], cytotoxic [6]
and anti-cholinesterase [7] activities of the
isolated compounds and/or complexes were
investigated. In recent years, more variety
of mushrooms were isolated and identified,
and the number of mushrooms being
cultivated for food or medicinal purposes
were increasing rapidly.

Chemicals isolated from mushrooms
have significant biological activity that
may cause noticeable curative effects on
human health and therefore could be used
in medicine [8]. Hence, the comparison of
mushroom components is highly desirable
for the creation of drugs. Chromatography
techniques are widely applied to separate

biologically active components in extracts of
mushrooms at first [1]. Then, chromatograms
of such extracts could be compared to each
other and peaks with identical retention times
could be identified. Such approach would help
to identify the extracts that possess biological
activity and ease of their future purification
on the way of drug formulation.

The aim of present research is developing
of effective methods for preparation of
samples containing biologically active
compounds. Preliminary sample preparation
was performed using solid-liquid, ultrasonic
and Soxhlet extractions [9, 10]. Then,
antioxidant activity and chromatograms were
estimated for all extracts.

Materials and Methods

G. lucidum, G. adspersum, and G. appla-
natum fruiting bodies were obtained from
Mula, Turkey (Table 1). Petroleum ether,
methanol, chloroform and acetone of
analytical and gradient grade were supplied
by Merck.
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G. lucidum (120 g ), G. adspersum (385 g),
and G. applanatum (1200 g) material were
collected from Koycegiz, Mula, dried in the air
and crushed into small particle (2—6 mm).

Solid-liquid extraction. Bioactive
compounds of G. lucidum (50 g), G. adspersum
(175 g) and G. applanatum (400 g) were
extracted with a mixture of petroleum
ether and chloroform (4:1, v/v, 400 ml,
11, 2 1 respectively). For the extraction, all
biological materials should be covered with
these solvents. Then bioactive compounds
were sequentially extracted with acetone (1 1),
methanol (1 1), and water (1 1) at 25 °C. Each
extraction experiment was performed until the
solvent became colorless.

Ultrasonic extraction. Bioactive compounds
of G. lucidum (10 g ), G. adspersum (10 g) and
G. applanatum (10 g) were extracted with a
mixture of petroleum ether and chloroform
(4:1, v/v, 100 ml) at 25 °C for 20 min in
triplicates. Then, they were sequentially
extracted with acetone (100 ml), methanol
(100 ml) and water (100 ml).

Soxhlet extraction. Bioactive compounds
of G. lucidum (50 g), G. adspersum (50 g),
and G. applanatum (50 g) were extracted in a
Soxhlet apparatus with a mixture of petroleum
ether and chloroform (4:1, v/v, 11) for 4 h.
Then, mushroom materials were sequentially
extracted with acetone (1 1), methanol (11), and
water (11).

Each extraction experiment was performed
until the solvent became colorless. Sediments
were filtered by means of filter paper. Filtrates
were concentrated under vacuum (V = 0.5 ml)

using a rotary evaporator and dried in the
air. The extracts collected under different
techniques started above were subjected to
in vitro tests to confirm their antioxidant
activities.

1. Extraction of polysaccharides. Solid-
liquid extraction. After methanol extraction,
mushroom materials were collected and
extracted with distilled hot water. The
polysaccharide extracts were obtained by
hot water extraction and precipitation with
ethanol.

Mushrooms material was extracted with
500-1000 ml of distilled hot water at +80 °C
(until samples became cold). The crude hot
water extracts were filtered and finally
concentrated under vacuum (V = 50—-100 ml)
using a rotary evaporator. Then 200-400
ml of ethanol was added to concentrated
hot water extracts. Polysaccharides were
precipitated overnight at +4 °C. The
precipitated polysaccharides were collected
after centrifugation (N ve NF800) at 3100 x g
for 2 min, and extraction yield was calculated.

Ultrasonic extraction. After methanol
extraction, 10 g of material were extracted
tree times with 100 ml of distilled water at
80 °C (until samples became cold) for 20 min
with ultrasonication. Hot water extracts were
filtered and combined (V = 300 ml). Finally,
concentrated under vacuum (V = 30 ml) using
a rotary evaporator. 120 ml of ethanol was
added to concentrated hot water extracts and
polysaccharides were precipitated overnight at
+4 °C. The precipitated polysaccharides were
collected after centrifugation (N ve NF800) at

Table 1. Characteristics of mushroom species collecting through 2014

Number Mushroom species Tree type Region of collection Time of collection
1 G. lucidum Sweetgum Mula, Fethiye September
2 G. adspersum Sweetgum Mula, Fethiye September
3 G. applanatum Mulberry Mula, Koycheiz September
4 G. lucidum Sweetgum Mula, Koycheiz September
5 G. adspersum Walnut Izmir, Balchova October
6 G. adspersum Peach Mula, Ula October
7 G. adspersum Plum Mula, Fethiye September
8 G. lucidum Sweetgum Mula, Marmaris November
9 G. adspersum Sweetgum Mula, Marmaris November
10 G. lucidum Sweetgum Mula, Ula November
11 G. adspersum Mulberry Mula, Koycheiz November
12 G. lucidum Mulberry Mula, Koycheiz November
13 G. adspersum Mulberry Karabalar, Mula November
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3100 x g for 2 min, and extraction yield was
calculated.

Soxhlet extraction. After methanol
extraction, 50 g of material were extracted
in a Soxhlet apparatus with 1 1 water for 4 h.
Finally, concentrated under vacuum to V=100
ml using a rotary evaporator. 400 ml of ethanol
was added to concentrated hot water extracts.
Polysaccharides were precipitated overnight at
+4 °C. The precipitated polysaccharides were
collected after centrifugation (Nive NF800) at
3100 x g for 2 min, and extraction yield was
calculated.

Determination of antioxidant activity.
B-Carotene-linoleic acid assay

The procedure was done according to
Ferreira et al. (2006) [7]. A stock solution of
B-carotene and linoleic acid was prepared by
dissolving 0.5 mg of B-carotene in 1 ml of
chloroform and adding 25 ul of linoleic acid
with 200 mg of Tween-40. The chloroform
was evaporated at 40 °C under vacuum using a
rotary evaporator. Aerated water (100 ml) was
added to the residue.

4 ml of this mixture were transferred
into different test tubes containing different
concentrations of the sample in ethanol.
The zero time-absorbance was measured at
470 nm. The samples were incubated for 2 h at
50 °C together with a blank solution, and four
others containing the antioxidants Butylated
hydroxyanisole (BHA), a-tocopherol. The
absorbance was measured at 470 nm. The
bleaching rate (R) of B-carotene was calculated
according to the following equation:

R =(Ona/b)/t,

where In — natural log, a — absorbance at
time zero and b — absorbance at time t (2 h).
Antioxidant activity (AA) was calculated in
terms of percent inhibition relative to the
control, using following equation:

AA = [(Rcontrol - Rsample)/Rcontrol] x 100.

DPPH free radical scavenging activity

The free radical scavenging activity of
extracts was determined by the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) assay described by
Blois [11] with slight modifications. In its
radical form, DPPH absorbs at 517 nm, but
on reduction by an antioxidant or a radical
species its absorption decreases. 0.1 mmol-L !
Solution of DPPH in methanol was prepared
and 4 ml of this solution was added to 1 ml
of sample solution in methanol at different
concentrations. Thirty minutes in the dark
later, the absorbance was measured at 517 nm.
Lower absorbance of the reaction mixture

indicates higher free radical scavenging
activity. The capability to scavenge the DPPH
radical of an antioxidant was calculated using
the following equation:

DPPH scavenging effect (%) =
= [(Acontrol - Asample)/Acontrol] x 100,

where A,,,;ro; is the absorbance of the DPPH
solution and A is the absorbance of the
sample.

ABTS cation radical decolorization assay

The spectrophotometric analysis of
2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) scavenging activity
was determined according to the method
of Re et al. [12] with slight modifications.
The ABTS was produced by the reaction
between 7 mM ABTS in water and 2.45 mM
potassium persulfate, stored in the dark at
room temperature for 12 h. Oxidation of ABTS
commenced immediately, but the absorbance
was not maximal and stable until more than 6
h had elapsed. The radical cation was stable in
this form for more than 2 days in storage in the
dark at room temperature. Before usage, the
ABTS solution was diluted to get an absorbance
of 0.708 = 0.025 at 734 nm with ethanol.
Then, 160 pl of ABTS solution was added to
40 pl of sample solution in ethanol at different
concentrations. After 10 min the absorbance
was measured at 734 nm by using a 96-well
microplate reader. The percentage inhibitions
were calculated for each concentration
relative to a blank absorbance (ethanol). The
scavenging capability of ABTS was calculated
using the following equation:

sample

ABTS scavenging effect =
= [(Acontrol - Asample)/Acontrol] %100,

where A, is the initial concentration of
the ABTS and A,,,,,. is the absorbance of
the remaining concentration of ABTS in the
presence of sample. The extract concentration
providing 50% radical scavenging activity
(EC;,) was calculated from the graph of ABTS
scavenging effect percentage against extract
concentration. BHT, a-tocopherol were used
as antioxidant standards for comparison of the
activity.

Cupric reducing antioxidant capacity
(CUPRAC). The cupric reducing antioxidant
capacity of the extracts was determined
according to the CUPRAC method [13] with
slight modifications. To each well, in a 96 well
plate, 50 ul of 10 mM Cu (11), 50 ul of 7.5 mmol
neocuproine, and 60 pl of NH,Ac buffer (1 M,
pH 7.0) solutions were added. 40 ul of extract
at different concentrations was added to the
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initial mixture so as to make the final volume
200 pl. After 1 h, the absorbance at 450 nm
was recorded against a reagent blank by using
a 96-well microplate reader. Results were
given as absorbance and compared with BHA,
a-tocopherol used as antioxidant standards.

HPLC analysis. A high performance
liquid chromatographic system with
multiwavelength spectrophotometer was
used for measuring. Analytical RP-column
Separon shim-pack VP-ODS (5 ym, 4.6 mm
x 150 mm) was used for chromatographic
separations. Chromatographic conditions used
for methanol extracts were as follows. The
mobile phase was a mixture of acetonitrile (A)
and 0.1% CH3;COOH in water (B). 0 min —
2.0% A; 10 min — 2.0% A, 20 min — 5.0% A,
30 min — 20% A, 60 min — 100% A, 62 min —
100% A, 65 min — 2% A, 68 min — 2.0% A.
The mobile phase was degassed in a sonicator,
and pumped in gradient mode at a flow rate
of 1.5 ml/min at 35 °C. The UV detection was
accomplished at 245 nm. Samples of 20 nl
were injected into column. The qualitative
identification of the compounds present in the
samples was based on comparison of retention
time and UV spectrum with standards.

Chromatographic conditions used for
acetone extracts were as follows.

The mobile phase was a mixture of methanol
(A) and water (B). 0 min — 50.0% A; 10 min —
50.0% A, 65 min — 100.0% A, 67 min — 100%
A, 70 min — 50% A, 75 min — 50% A. The
mobile phase was degassed in a sonicator. The
mobile phase was pumped in gradient mode at a
flow rate of 1.5 ml/min at 35 °C. The UV detection
was accomplished at 245 nm and samples of 20
ul were injected into column. The qualitative
identification of the compounds present in the
samples was based on comparison of retention
time and UV spectrum with standards.

Statistical analysis. All the data on
antioxidant activity tests were the average
of triplicate analyses. The data were recorded
as mean * standard deviation. Significant
differences between means were determined by
Student’s t-test, P values < 0.05 were regarded
as significant.

Results and Discussion

The results for antioxidant activities of
extracts collected under different sample
preparation techniques are represented in the
Tables 2—4. All extracts were tested in the
range of their concentrations from 6.25 to
800 mg-1 1. Absorbance for those ones varies in
the interval of 10+90 absorbance units with the
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standard deviation 0.34+4.

The antioxidant activity of mushroom
extracts was compared with those of BHA and
a-tocopherol that are used as standards in food
and pharmaceutical industry. In B-carotene-
linoleic acid assay, petroleum ether and
choroform extracts of G lucidum demonstrated
the best antioxidant activity with an ICy,:
33.66 = 3.69 ng/ml, followed by acetone 36.97
+ 2.64 pg/ml, aqueous supernatant (IC;,:
76.03 = 7.96 ng/ml), methanol (IC,,: 130.68
+ 28.05 pg/ml), and water extract (IC;,:
2966.67 = 793.85). In DPPH assay, acetone
extract of G. lucidum demonstrated the best
antioxidant activity with an IC;,: 135.24 =
8.94, followed by methanol 409.94 = 10.091ug/
ml, aqueous supernatant (ICs,: 586.51 =
20.05 pg/ml), petroleum ether and choroform
extracts (IC5y: 1195.25 = 88.64). In general,
the antioxidant activity of acetone extracts of
all mushroom species was found as the highest.
The DPPH free radical scavenging activity
of the G. lucidum was better for solid-liquid
extraction in acetone extracts (ICyy: 83.79 =
1.37). The best activity was found to be in
acetone extract of G. lucidum using Soxhlet
extraction with pB-carotene-linoleic acid assay
(ICsp: 18.54 = 2.38 pg/ml). The best ABTS
scavenging activity was found in acetone
extract of G. lucidum Soxhlet extraction
with an ICy, of 25.07 = 2.83 pg/ml. The best
CUPRAC activity was found in acetone extract
of G. lucidum using solid-liquid extraction
(IC50: 25.28 = 0.14 ng/ml).

In B-carotene-linoleic acid assay, methanol
extract of G. adspersum demonstrated the
best antioxidant activity with an IC;y: 1.70
+ 1.13 png/ml (Table 4), followed by acetone
9.79 = 5.73 ng/ml, aqueous supernatant
(IC50: 69.19 = 0.30 ng/ml), petroleum ether
and choroform (ICj5,: 157.17 = 14.80 pg/ml),
and water extracts (IC;y: 426.90 = 24.27). In
DPPH assay, acetone extract of G. adspersum
demonstrated the best antioxidant activity
with an IC,: 10.36 + 0.69 (Table 4), followed
by methanol 36.54 = 1.15 pg/ml, aqueous
supernatant (IC;y: 282.85 = 41.17 pg/ml),
petroleum ether and choroform extracts (IC;,:
9950.60 = 100.69). The DPPH free radical
scavenging activity of the G. adspersum was
better for ultrasonic extraction in acetone
extract (IC5,: 10.36 = 0.69). The best ABTS
scavenging activity was found in acetone
extract of G. adspersum in Soxhlet extraction
with an IC;, of 3.18 = 0.17 png/ml. The best
CUPRAC activity was found in acetone extract
of G. adspersum using ultrasonic extraction
(IC50: 7.58 =1.33 ng/ml).



Experimental articles

Table 2. Antioxidant activity of the extracts of G. lucidum, G. adspersum, G. applanatum
by the B-carotene-linoleic acid, DPPH, ABTS, and CUPRAC, obtained by solid-liquid extraction

-carotene-
Mushrooms/ Extracts linoleic acid DPPH assay ABTS assay CUPRAC
standards assay IC5o (ng/ml) IC5y (ng/ml) IC5y (ng/ml)
IC50, (ng/ml)
Petroleum
ether and | 120.70+8.52% #+ | 1448.76=42.06% #+ | 590-02=199.93% | yqq 50. 14 g5% wx
choroform
Acetone 22.84+1.78% ** 83.79+1.37% ** 27.14+2.24% ** 25.28+0.14% **
G. lucidum Methanol 24.94+0.07 249.09=+7.23% ** 35.78+20.56 199.25+48.44% **
Water 260.18+10.00 * ** N.A. 150.70+17.62% *%* 26.15+0.68
Aqueous
superna- |124.79+5.82*% **| 498.54+119.83 94.61+2.99% ** 86.40+2.26% **
tant
Petroleum
ether and | 367.35+0.41% ** | 6402.63+74.95% ** N.A. 436.33+12.90% **
choroform
G. adspersum
Methanol 41.20=+2.42%* 95.09+4.22%% 23.23+1.05 31.89+0.77
Water 24.97+3.34% 702.30+32.06% ** | 133.93+26.41% ** 40.10+1.14%*
Petroleum
ether and | 265.87+8.47% ** | 3653.56+242.66% ** N.A. 422.22+5,17% *%
choroform
G. applanatum
Acetone 20.19+9.50%* 3.50+1.68%* 4.27+0.97%%* 1.16+0.17%%*
Methanol 8.25+0.88 42.17+1.57% ** 3.35+0.94 11.56+0.60*
Water 41.79+1.28* ** | 231.62+0.25%* ** 79.36+10.54% %% | 47.50+2.12% **
Control
o-Tocopherol b | Ethanol 0.81+0.01 28.99=+0.87 15.37+0.50 64.50+3.94
(standard)
Control
BHA b Ethanol 0.54=+0.04 16.82+0.11
(standard)

Hereinafter: a — ICyq values represent the means + standard deviation of three parallel measurements (P <
0.05); b — reference compounds; N.A. — not bioactive; * — level of confident probability between average value,
statistical significance of the differences comparing to the first control (a.-tocopherol), P < 0.05; ** — level of
confident probability between average value, statistical significance of the differences comparing to the second

control (BHA), P <0.05.

In B-carotene-linoleic acid assay (Table
2), methanol extract of G. applanatum
demonstrated the best antioxidant activity
with an IC;,: 8.25 = 0.88 pg/ml (Table 4),
followed by acetone 20.19 += 9.50 pg/ml,
water (ICy,: 41.79 = 1.28 ng/ml), petroleum
ether and chloroform extracts (ICjq:
265.87+8.47 ng/ml). In DPPH assay, acetone
extract of G. applanatum demonstrated the
best antioxidant activity with an IC;,: 3.50 +
1.68 (Table 2), followed by methanol 42.17 =

1.57 ng/ml, water (IC5,: 231.62 + 0.25 ng/ml),
petroleum ether and choroform extracts (IC;,:
3653.56 = 242.66). The best ABTS scavenging
activity was found in methanol extract of
G. applanatum in solid-liquid extraction
with an IC;; of 3.35 = 0.94 pg/ml. The best
CUPRAC activity was found in acetone extract
of G. applanatum using solid-liquid extraction
(ICs50: 1.16 = 0.17 ng/ml).

The acetone fraction of G. adspersum
showed similar antioxidant activity in the
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Table 3. Antioxidant activity of the extracts of G. lucidum, G. adspersum, G. applanatum
by the B-carotene-linoleic acid, DPPH, ABTS, and CUPRAC, obtained by Soxhlet extraction

,P-carotene- DPPH : assay ABTS - + assay CUPRAC
Mushrooms Extracts | linoleic acid assay ICs, (ng/ml) IC., (ng/ml) IC., (ng/ml)
ICs, (ng/ml) 50 (18] 50 (N8 50 (18]
Petroleum
ether and 88.57=0.67% ** | 1566.24+79.64* ** | 1045.57+342.46% ** | 356.00=5.57v
. choroform
G. lucidum
Acetone 18.54+2.38* 94.72+1.18%%* 25.07+2.83%* 27.68+1.11% **
Methanol 29.08+1.94+% 267.45+16.74%%* 191.22+5.38%* 246.17+61.33% **
Petroleum
ether and 59.27+4.06* ** | 4808.94+296.19% ** N.A. 399.50=+0.71% **
G. adspersum | . horoform
Acetone 17.50+2.41%* 28.94+5.05%* 3.18+0.17%%* 11.23+0.33%
Methanol 31.35+4.71% 61.76+2.65%* 15.53+1.86%* 20.78+0.36*
Petroleum
G. applana- ether and | 162.59+27.95% ** | 5108.02+376.58%* ** N.A. 404.50+21.92% **
tum choroform
Acetone 30.72+8.39% 11.94+0.60* 11.94+0.60* 9.40=+0.25%*
Methanol | 70.64+13.73%* ** 11.33+0.53%% 15.09+0.14%%* 6.30=+0.69*

Table 4. Antioxidant activity of the extracts of G. lucidum, G. adspersum, G. applanatum
by the B-carotene-linoleic acid, DPPH, ABTS, and CUPRAC, obtained by ultrasonic extraction

B-carot.ene-linoleic DPPH . assay ABTS - + assay CUPRAC
Mushrooms | Extracts acid assay ICs, (ng/ml) ICs, (ng/ml) ICs, (ng/ml)
ICs, (ng/ml) 50 (1 50 (1 50 (RE
Petroleum
ether and 33.66*=3.69%* 1195.25+88.64* N.A. 316.00+17.35%*
choroform
. Acetone 36.97+2.64%* 135.24+8.94%%* 39.66+1.89* 35.72+0.63*
G. lucidum
Methanol 130.68+28.05%* 409.94+10.09% ** | 40.49%23.20%* 370.00+12.53*
Water 2966.67=793.85% ** N.A. 672.02+54.18%* ** | 566.00+50.09* **
Aqueous 76.03+7.96% ** | 586.51=:20.05% ** | 119.58+1.34% ** | 101.88+11.68%
supernatant
Petroleum
ether and 157.17+14.80% ** | 9950.60+100.69%* ** N.A. 379.67+3.79%%*
choroform
G. adsper- Acetone 9.79+5.73*% 10.36+0.69% ** 17.72+1.60% #* 7.58+1.33% **
sum Methanol 1.70+1.13%% 36.54+1.15% ** 7.67x1.36% *%* 13.20+0.33*
Water 426.90+24.27* N.A. 66.38+4.93%%* 201.50+17.68%* **
Aqueous 69.19+0.30% 282.85+41.17 52.09+2.61% 26.15+0.68% **
supernatant
Petroleum
ether and 724.75+32.58 N.A. N.A. 458.67+7.51%%*
choroform
Acetone N.A. 7.68%+0.51% ** 13.08+1.17%%* 6.08+1.31% **
G. applana-
tum Methanol 67.84+0.25% ** 5.42+0.83% ** 11.15+2.48% 2.69+0.97% **
Water 338.58+0.92* ** | 1566.68+615.75%*%| 116.66+20.34%* 52.00+0.45%
Aqueous | og7 g5i09 91wk | 247.89+14.94% 42.67+3.32% 25.07+0.66%%
supernatant
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B-carotene-linoleic acid assay in our (IC5, =
9.79 = 5.73, Table 4) and other scientists
research (IC;, = 7.89 = 0.91 pg/ml, [10]).
Authors of work [10] stated that among
the extracts, the ethyl acetate fraction of
G. adspersum demonstrated the highest
activity in the B-carotene-linoleic acid assay
(IC50=5.63 = 0.66 ng/ml). In our research the
highest antioxidant activity for G. adspersum
was observed in methanol fraction (IC;,=1.7 =
1.13 png/ml).

As an example, chromatograms of dry
components of acetone extracts of G. lucidum
ilustrated in the Fig. 1. Chromatogram in red
color shows fingerprint for it. Chromatogram
in black color shows the result of treatment
of G. lucidum sample dissolved in methanol
(40 000 ppm) with ABTS solution in ethanol.

(x100,000). mAU

Solutions were mixed in ratio of 1 to 1.
Concentration of G. lucidum in solution for
both samples were the same (20 000 ppm).

Chromatogram of dry components of
methanol extracts of G. lucidum ilustrated in
the Fig. 2. Chromatogram shows fingerprint
forit.

Thus, three-sample preparation techniques
were used for obtaining mushrooms extracts.
Antioxidant activity was estimated for all
extracts. Antioxidant activities depend on
investigated extract and method used for their
measuring. Using solid-liquid extraction of
G. applanatum and CUPRAC assay, optimal
IC;, value is up to 1.16 = 0.17 ng/ml. Soxhlet
extraction of G. adspersum and ABTS assay
gives the best IC;, value for this mushroom
equal to 3.18 = 0.17 ng/ml. Using ultrasonic
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Fig. 1. Chromatograms of dry components of acetone extracts of G. lucidum
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Fig. 2. Chromatogram of dry components of methanol extracts of G. lucidum
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extraction of G. adspersum and B-carotene-
linoleic acid assay, methanol extract with
the highest activity was found (IC;, 1.70 =
1.13ug/ml).

HPLC conditions were developed for
getting the chromatograms of extracts. Such
chromatograms might be used to detect the
presence of presence active components in
various mushrooms species without usage of
expensive standards.
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XAPAKTEPUCTUKA EKCTPAKTIB
I'PUBIB PISHUX BU/IIB
POAY Ganoderma:
AHTUOKCUIJAHTHA AKTUBHICTH
TA XPOMATOTPAMHA
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MeTroio poGoTu OyJyio BUAiJeHHA Oiosoriu-
HO aKTUBHUX CIOJYK i3 IJIOZOBUX TiJ rpubiB
Ganoderma lucidum, Ganoderma adspersum i
Ganoderma applanatum Tta omiHIOBAaHHA IXHBOI
AHTUOKCUJAHTHOI aKTUBHOCTi. s BumiseHHA
0i0JIOTiYHO aKTUBHUX CIHOJYK BUKOPHUCTOBYBAa-
Ju pisHi MeToaAM. AHTHOKCUAAHTHI BJIaCTUBOCTI
BU3HAUAJIU CIEKTPO(POTOMETPUUYHO, BUMipIO-
I0YM aKTUBHICTHL 3aXOIJIEHHA BiJIbHUX paau-
KauaiB. [ma aHanisy xpomarorpaM BUIiJeHUX
€KCTPaKTiB 3aCTOCOBYBaJX BUCOKOEDEKTUBHY
pinmHHy xpomartorpadgiio. B pesyiabrari ana-
Jidy 3 BUKOPHUCTAHHAM [-KapOTHH-JIiHOJIEBOI
KHUCJI0TH OyJI0 BU3HAUEHO BUCOKY AHTHUOKCH-
IAaHTHY AaKTUBHICTH METAHOJBHUX EKCTPaK-
riB. HanmiBmakcumansre inridyBamna 1Cs, nua
G. applanatum i G. adspersum cranoBuJyo 8,25
+ 0,88 mxr/ma ta 1,70 = 1,13 MKr/mJu Bigmo-
BigHO. BoagHOuac, eKCTpakTH IETPOJEHHOTO
epipy i xmopodopmy G. lucidum manu BUITY
aHTHOKCHUAAHTHY akTuBHicTh: IC5y — 6GIMBBKO
33,66 = 3,69 mkxr/ma. OrpuMaHo XpomMaTorpa-
MU KOMIIOHEHTIiB alleTOHOBUX i METAHOJbHUX
ekcrpakTiB G. lucidum. OCHOBHOIO IIepeBaroio
TaKUX XPOMaTOTrpaM € MOYKJINBIiCTh BUABJIEHHS
AKTUBHUX KOMIIOHEHTIB pPi3HUX BUJIB rpubdiB
0e3 BUKOPUCTAHHA BUCOKOBAPTiCHUX CTaHZAD-
TiB.

Knwmouosi cnosa: rpubu suniB Ganoderma, aHTHU-
OKCHUJAaHTHA AaKTHUBHICTH, BHCOKOe(EKTUBHA
pizmaHA XpoMmaTorpadisa.

XAPAKTEPUCTUKA SKCTPAKTOB
TPUBOB PASHBIX BU/10B
POJA Ganoderma:
AHTHOKCUIJAHTHAA AKTUBHOCTDH
U XPOMATOI'PAMMBI
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ITenpio paboThI OBLIO BhIAEJIEHUE OUOJIOTHYUE-
CKU aKTUBHBIX COEIUHEHUH 13 IJIOJOBLIX TEJ I'PHU-
60oB Ganoderma lucidum, Ganoderma adspersum
u Ganoderma applanatum u oIeHKa UX aHTUOK-
CUIAHTHON aKTUBHOCTHU. [[J1s BbIAEIEHUS OMOJIO-
TUYeCKU aKTUBHBIX COEIMHEHUIN WCIO0Jb30BaU
pasiInYHBbIE METOABI. AHTHOKCHUJaHTHEIE CBOMICTBA
OIIPEIEeNIANN CIEKTPO(POTOMETPUUECKY, M3MEPA
aKTUBHOCTH 3aXBaTa CBOOOMHBIX pasmKaioB. [ia
aHaJim3a XPOMATOrPAMM BBIJEJIEHHBIX SKCTPAK-
TOB IIPUMEHAJNU BBICOKOI((PEKTUBHYIO KUIKOCT-
HyI0 Xpomarorpadgui. B pesyibraTe amanmsa c
HCIIOJIB30BaHMEM [-KapOTUH-JIMHOJIEBOH KUCJO-
THI OBLIA OIIpefiesieHa BBICOKAsA AHTHUOKCUIAHT-
Had AaKTHUBHOCTb METAHOJBHBIX SKCTPAKTOB.
ITorymakcumanbaOe mHTHMOMpoBanuMe ICy, mua
G. applanatum un G. adspersum cocraBuyio 8,25
+0,88u 1,70 = 1,13 MKIr/MJI COOTBETCTBEHHO. B
TO JKe BpeMs 9KCTPaKThI IeTpoJeiiHoTOo 3dupa u
xjopodopma G. lucidum mmenn GOJBITYIO aHTHU-
OKCHJAaHTHYI aKTUBHOCTD: IC5, — ox010 33,66 =
3,69 MKr/Mi. By mosydyeHbl XpOMaTOTPaAMMBI
KOMIIOHEHTOB alleTOHOBBIX U METaHOJIbHBIX 9KC-
TpakToB G. lucidum. OCHOBHBIM IIPEUMYIIIECTBOM
TaKUX XPOMATOTPAMM SABJISIETCA BO3MOYKHOCTH
BBIABJIEHUA aKTUBHBIX KOMIOHEHTOB PAa3JIMUHBIX
BUIOB T'pubOB 0e3 MCIIOJIb30BAHUA JOPOTOCTOSI-
X CTAHLAPTOB.

Knrouesvie cnoea: rpubsl BumoB Ganoderma,
AQHTHUOKCUJAHTHAA aKTUBHOCTb, BBICOKO3((eK-
TUBHAA KUJKOCTHAA XpoMaTorpadus.
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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 from 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?®. 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 Dbiotechnological 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
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manganese-oxidizing microorganisms from
drinking water with further assessment of
their efficacy to remove these contaminants on
zeolite filter loading.

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,,
MgS0, - TH,0 — 0.5 g/dm? each of the reagents,
citric acid — 10 g/dm?, sucrose — 2 g/dm?,
pancreatic hydrolysate of casein — 1 g/dm?,
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/dm?, 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:
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MnSO, — 7 mg/dm?, (NH,),S0, — 1.5 g/dm?,
KCl — 0.05 g/dm?, K,HPO, — 0.05 g/dm?,
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 Fe3" —
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?3 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
(IT) concentration — 0.1 mg/dm?3; Fe(II)
removal efficiency — 65% ; Mn(II) 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.

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.

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.
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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.

Table 1. Changing the concentration of iron
and manganese

Output concentra- | Removal efficien-
E(l)l:::s, tion, mg/dm?® cy,%
Fe(Il) | Mn(II) | Fe(Il) | Mn(II)
Leptothrix
8 0.20" 0.03* | 90%* 85"
16 0.16" 0.04% | 927 80**
24 0.16" 0.03% | 927 85"*
36 0.15% 0.02% | 93"* 90**
48 0.18% 0.02* | 91%¥ 90**
Sphaerotillus
8 0.18% 0.03% | 917 85"
16 0.17% 0.03% | 927 85"*
24 0.18% 0.03" | 917¥ 85**
36 0.17" 0.03* | 92%¥ 85%*
48 0.18% 0.02% | 917¥ 90"
Metallogenium
8 0.18% 0.03% | 917¥ 85**
16 0.18% 0.04% | 917¥ 80"
24 0.18" 0.0 | 91%¥ 85"
36 0.20% 0.04* | 90" 80"
48 0.18% 0.04% | 917¥ 80"

Notice: here and in Figure * — P < 0.05,
in comparison with control: output Fe(II)
concentration — 1.3 mg/dm3; output Mn (II)
concentration — 0.1 mg/dm3; here and in Table
2 *% — P < 0.05, in comparison with control:
Fe(II) removal efficiency — 65% ; Mn(II) removal
efficiency — 55%.
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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 cm?
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 (Fig.) by different genuses of
microorganisms have been constructed.

According to bar charts on Fig., Leptotrix
removes manganese effectively than Sphae-
rotillus 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 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
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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(II),% | Mn(II),%
Leptothrix 300 91.5** | 86.0%"
Sphaerotillus | 300" 91.2** | 86.0°%
Metalloge- % oxs P
nium 250 90.8 82.0
Notice: * — 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%.

Efficiency. %
3

Leprothrix

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.

So, comparison the efficiency of genuses
Leptothrix, Sphaerotillus, Metallogenium
has shown that under conditions of these
experiments Leptothrix effectively removed
iron and manganese at low concentrations
in solution. In further research is planned
to evaluate the effectiveness of iron and
manganese removal by mixed cultures and
the ability to use biotechnology techniques to
improve isolated strains.

Sphaerotillus

Merallogeniunt

Fe(Il) oMn(II)

Average efficiency of iron and manganese removing
Notice: * — P <0.05, in comparison with control: Fe(I) removal efficiency — 65% ; Mn(II) removal efficien-

cy — 55%.
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BUJIIJIEHHA YUCTUX KYJIBTYP
3AJII30- TA MAPTAHEIIb-
OKVUCHIOBAJBHUX BAKTEPIN
I3 MIBUAKUX DLIHTPIB

O. B. Kpasuenko
O.C. Ilanuerko

Hep:raBHe TigIPUEMCTBO
“HaykoBo-I0CJifHUH Ta KOHCTPYKTOPCHKO-
TeXHOJOT1UYHUY iHCTUTYT
MicbKoOro rocmogapcTsa’,

Kuis, Ykpaina

E-mail: panchenko@nikti.org.ua

Meroto mocaimsxkeHHs OyJI0 BULIJIEHHS 3 TUT-
HOI BOJIM YMCTUX KYJbTYP MiKpOOpraHismis, 3aaT-
HUX OKKCJIIOBATHU 3aJ1i30 Ta MapraHellb, 3 MoAab-
M OI[iHIOBAHHAM IXHBOI e(peKTUBHOCTI 3 METOIO
BUJIAJEHHA [[UX PEUYOBUH i3 I[€0JIiTOBOTO 3aBaH-
TayKeHHd MBUAKUX QinbTpiB. 14 omiHloBaHHA
eeKTUBHOCTI BUOpaHi mMTaMu BUPOIITyBaJIu Ha
TBEPAOMY KUBUJIHLHOMY CEPEIOBUIIi, TOTYBaJIU
CyCIIeHB3il0 Ta 00po0IAaN Helo I[e0JIiTOBe 3aBaH-
TaskeHHs. Buginerno 10 uncTux KyJIbTYP MiKpO-
OpraHiamiB, 3JaTHUX OKHCJIIOBATH 3aJi30 Ta Map-
raHenb, AKi BimHeceHo no 6 poxis: Siderocapsa,
Leptothrix, Sphaerotillus, Galionella, Metallo-
genium, Hyphomicrobium. IlopiBHAHHA edeK-
TuBHOCTI poxiB Leptothrix, Sphaerotillus,
Metallogenium mokasaJio, I110 B yMOBaX IIUX eKC-
nepuMeHTiB 6aKTepii poxy Leptothrix edpeKTus-
Hillle BUJAJSAIOTH 3aJ1i30 i MapraHellb 3a HUSbKUX
KOHIIEHTPAI[i# y MOJeJIbHOMY PO3UMHIi.

Knarmouwosi cnosa: MmikpooprauismMu, 3JaTHI OKHC-
JIIOBATHU 3aJIi30 Ta MapraHellb, IIBUAKI GiabTpH.
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A. B. Kpasuenko
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T'ocymapcTBeHHOE IIPEAIPUATIE
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1 KOHCTPYKTOPCKO-T€XHOJOTMUECKUH NHCTUTYT
TOPOZICKOTO X03saiicTBa”,
Kues, Ykpauna

E-mail: panchenko@nikti.org.ua

Ilenbio ucciaenoBanuss ObLIO BBIJEJIEHUE U3
MATHEBOM BOABI YUCTHIX KYJIBTYDP MUKPOOPTaHU3-
MOB, CIIOCOOHBIX OKHUCJATH JKeJIe30 U MapraHell, ¢
ToCJIeYIONIeN OIeHKON nX 3(p(heKTUBHOCTHU AJIA
yIaJIeHUS 9TUX BEIleCTB U3 I[e0JIUTOBON 3aTrPy3KHU
OBICTPBIX PUABTPOB. 151 o1teHK U 9PHEKTUBHOCTH
BBIOpDaHHBIE IIITAMMBI BBIDAII[MBAIN Ha TBEPAOI
MIUTaTeJIbHOU cpefie, TOATOTABINBAJIY CYCIEHIUIO
u 06pabaThIBaJIN €10 IIEOIUTOBYIO 3arpy3Ky. Brize-
JseHo 10 YMCTHIX KYJIbTYP MUKPOOPTaHU3MOB, CIIO-
COOHBIX OKMCJIATH JKeJJe30 U MapraHel], KOTOPhIe
otHeceHBI K 6 pomam: Siderocapsa, Leptothrix,
Sphaerotillus, Galionella, Metallogenium,
Hyphomicrobium. CpaBHeHnue 3¢hGeKTUBHOCTHU
ponoB Leptothrix, Sphaerotillus, Metallogenium
TIOKAa3aJj0, UYTO B YCIOBUAX HAHHBIX dKCIIEPUMEH-
TOoB 6aKkTepuu pona Leptothrix 6omee ahHeKTUBHO
YIaJNAI0T jKese30 U MapraHell IPU HU3KUX KOH-
IEeHTPAaIUAX B MOJIEJILHOM PacTBODE.

Knrwouesvle cnosa: MUKPOOPTAHUBMBI, OKHUCJIIAIO-
1ye JKejae30 U MapraHelr, 6bICTPbIe (PUIBTPHI.
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“REGOPLANT” AND “STIMPO” INFLUENCE
ON THE CONTENT OF FREE AMINO ACIDS, PROLINE
AND ON THE LIPID PEROXIDATION REACTION
INTENSITY IN HELTANTHUS ANNUUS L. GROWN
ON TECHNOSOL
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The aim of study was to investigate the effect of new growth regulators “Stimpo” and “Regoplant”,
producedbyState Enterprise Interdepartmental Science and Technology Center —ISTC "Agrobiotech™,
on the proline and free amino acids content, and lipid peroxidation reactions intensity in comperison
to the action of gibberellic acid and “Treptolem” (a second-generation growth regulator) in 14 day
sunflower sprouts. The plants were cultured on soil substrates made from the coal mine rock waste
of the Central Concentrating Factory in the Chervonohrad mining region.

It was shown that the free amino acids and proline content increased, and the intensively of lipid
peroxidation reactions (evaluated by the content of malonic dialdehyde) decreased. This indicated to
the increase of plants resistance to unfavorable conditions of the coal mine rock under the action of
the growth regulators studied.

One could assump that “Stimpo” and “Regoplant” are promising agents in phytochemical
treatment of coal mine rock dumps.

”

Key words: Helianthus annuus L., “Stimpo”, “Regoplant”, “Treptolem”, substrates of coal dumps,

free amino acids, proline, lipid peroxidation reactions.

Plant growth regulators belong to the third
generation of biotechnological breakthroughs.
“Regoplant” (TU U 24.2-31168762-006) and
“Stimpo” (TU U 24.2-31168762-005) have a
wide spectrum of action and a bioprotective
effect. Previously, “Stimpo” and “Regoplant”
were not used as growth stimulators for
the phytochemical treatment of rock dump
technoland. Therefore, in this research
their influence on the content of free amino
acids and proline, and the intensity of lipid
peroxidation reactions was investigated
to evaluate resulting plant resistance to
unfavorable edaphic conditions of rock dumps.

Effectively cleansing soils of pollution
and technogenic changes caused by heavy
metals is an important issue everywhere,
including Chervonohrad mining region

(ChMR). The recultivation of such soils is
problematic, the process is multi-stage and
has several disadvantages [1, 2]. Biologically,
recultivation aims to improve soil productivity
with plants [3]. Phytorecultivation is one
of approaches used to improve soils of the
Central enriching plant (CEP) using plants
which accumulate heavy metals [1, 4]. These
plants tolerate the effects of heavy metal in
concentrations, toxic for most plant species
[5]. Scientists have found how to identify such
tolerant plants [6, 7]. Particularly, plants of
the genera Calamagrostis, Phragmites, and
Brassica napus L. were used to recultivate
substrates of coal mine wastes at the CEP [8—
10]. There are also studies of compounds which
can potentially enhance plant tolerance during
phytorecultivation [11-14].
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Two growth regulator (GR) preparations,
“Regoplant” (TU U 24.2-31168762-006)
and “Stimpo” (TU U 24.2-31168762-005),
were produced in ISTC “Agrobiotech” (Kyiv,
Ukraine). The preparations have a wide range
of action and bioprotection effect. The main
components of “Stimpo” and “Regoplant”
are metabolites of microscopic fungi and the
bacterium Streptomyces avermetilis. These
preparations were produced in vitro in fungal
culture, isolated from root systems of ginseng
plants. The preparations contain a complex
of amino acids, fat acids, polysaccharides,
phytohormones, microelements and
metabolites of Streptomyces avermitilis, which
include avermectins (complex anthelmintic
macrolide antibiotics). Thus they enhance
the physiological indices of plants grown on
normal soils [12, 15—18]. Improvement of soils
under heavy metal pollution is a long-term
process and requires effective biotechnologies
to reverse those disturbed habitats to their
previous natural state. Hence, plant growth
regulators are needed there to create optimal
growth conditions and increase plant tolerance
to unfavorable edaphic and microclimatic
conditions.

Sunflower plants are relatively tolerant to
heavy metals and can accumulate several of
them[11, 19, 20]. However, their metabolism is
not studied in conditions of growing the plants
on substrates of rock dumps and treatment with
the mentioned GR. Our work aimed to evaluate
the effect of “Stimpo” (S) and “Regoplant”
(R) compared to gibberellic acid (GA) and
another GR of previous (second) generation,
“Treptolem” (T), on free amino acid content
(particularly, proline) and intensity of lipid
peroxidation (LPO) reactions in sunflower
plants grown on substrates of ChMR dumps.

Materials and Methods

Previously, we have determined the
optimal concentrations of GR for sunflower
plants, namely 0.5 ml/I of “Stimpo” and 0.1
ml/1l of “Regoplant” . Optimal concentrations
of GA (10 mg/1) and “Treptolem” (1 ml/1)
were taken from other publications [11, 19,
21, 22]. Seeds were soaed in 1 hr in solutions
of the mentioned concentrations and then
washed in distilled water. Seed germination
was performed in Petri dishes in darkened
thermostat at 22 °C for 3 days, and then seeds
were planted into black (not burnt-out) and
red (burnt-out) substrates of rock dumps for
14 days. Sprouts soaked in distilled water and
planted into garden soil were used as control.
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Substrates were collected at CEP dumps, in
Silets village, Sokalsky district of Lviv region
at the depth of 20 cm.

Biochemical indices were analyzed at
the 14% day. Free amino acid content was
determined spectrophotometrically according
to [23] on KFK-3 at 580 nm. Recalculated
for mg/100 g of studied compound. Proline
content was estimated by changes in optical
density of reaction mixture at 520 nm
according to [24], calculating for mg/100 g of
raw mass. Lipid peroxidation reaction intensity
was determined spectrophotometrically by
malondialdehyde content at 530 and 600 nm
following [25]. Data was statistically processed
in programs MS Excel and Statistics.

Results and Discussion

Helianthus annuus L. plants are suitable
for dump recultivation, due to their tolerance
to heavy metals (HM) [8, 11], that is metallic
elements with density more than 6 g/cm?,
atomic weight no less that 50 carbon units.
Soils easily accumulate heavy metals and
conversely are slowly and laboriously purged.
The elements can induce diseases in plants,
animals and humans.

The resistance of plants can increase due to
changes in the synthesis of amino acids, which,
under various stresses, perform regulatory
and protector functions. Free amino acids are
involved in the formation of various forms
of nitrogen, and in maintaining the cellular
osmotic potential. They also can respond to the
environmental stress factors [26, 27]. They
act as buffers, binding anions and cations,
reducing their concentration in the cell [8].
This is definitely a positive phenomenon for
plants that grow in environments with high
contents of toxic substances [28]. Hence, we
started with studying the effect of GR on the
content of free amino acids in sunflower plants
grown on the coal dump substrates (Fig. 1).

The content of free amino acids increased
in sunflower seeds treated with GR and grown
on the garden soil. This is a possible indication
of increased protein synthesis. Plants treated
with “Stimpo” and Regaplanet, had higher
content of free amino acids than those treated
with “Treptolem” and GA, grown in the garden
soil or on the substrates of ChMR.

Free amino acid content was higher in
plants grown on black substrate compared to
those grown on red substrate. A possible reason
for that is more acidic pH of the black substrate,
where plants accumulate heavy metals faster
and neutralize them with amino acids.
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Fig. 1. Influence of growth regulators on the content of free amino acids in Helianthus annuus L. grown
on soil substrates (mg/100 g of raw mass)
Hear and after: *1. Control — Garden soil; 2. Garden soil + GA; 3. Garden soil + Treptolem (T); 4. Garden
soil + Stimpo (S); 5. Garden soil + Regoplant (R); 6. Red substrate; 7. Red substrate + GA; 8. Red substrate + T;
9. Red substrate + S; 10. Red substrate + R; 11. Black substrate; 12. Black substrate + GA; 13. Black substrate

+ T; 14. Black substrate + S; 15. Black substrate + R.

* — P < 0.05 compared with control.

The effect of “Regoplant” was stronger
compared to “Stimpo”. The difference between
the increases in the content of free amino acids on
the garden soil was 26% , 6% at the red substrate
and 7% at the black substrate. Indices of plants
grown on the garden soil and not treated with GR
were used as control. Obviously, that increase in
the content of free amino acids may be explained
by adaptation to adverse edaphic conditions of
substrates[9, 10, 29].

Stressed plant organisms, particularly
influenced by HM, continuously adapt to
preserve and restore the dynamic constancy
of their internal environment [30]. One of
the mechanisms by which plants adapt to
adverse conditions is the accumulation of
osmoactive substances, among which proline
plays an important role. This compound is
involved in protective reactions, in particular
in stabilizing the cytoplasm [27]. Therefore,
further work was to determine the content of
proline (Fig. 2).

In plants treated with GR the proline content
was higher compared to control. This may
indicate increased photosynthesis and nitrogen
accumulation on garden soil in experimental
plants [31] and plants reaction to stress (heavy
metals and the moisture deficit) on ChMR
substrates [14, 24, 32]. In plants grown on
garden soil, the effect of “Regoplant” was higher
compared to “Stimpo”: proline content increased
by 491% in experiment with “Regoplant”
compared to 352% under treatment with
“Stimpo”. The difference between indices was
139% . In plants grown on artificial substrates
and treated with GR, the content of proline
increased exceedingly: by 1011% and 1023%
on the red substrate, and by 1112% and 1119%

on the black substrate, for “Stimpo” and
“Regoplant” respectively. That corresponded
to the 12% difference in the effectiveness of
“Regoplant” over “Stimpo” on red substrate,
and the 7% difference on black substrate. The
proline content in plants grown on garden soil
without GR treatment was used as control in
calculations.

The earliest stress reactions occur at the
membrane level [33], therefore the next step in
our work was to determine the activity of the
lipid peroxidation, one of the main indicators
of membrane integrity (Fig. 3).

Lipid peroxidation decreased in treated with
GR sunflower plants grown on the garden soil or
on the substrates of ChMR. Malonic dialdehyde
content was lower after treatment with
newer GR compared to GA and “Treptolem” .
Moreover, on the dump substrates, “Regoplant”
caused the highest reduction of the MDA
content, while the smallest reduction was
caused by gibberelic acid.

MDA content was more reduced under
treatment with “Regoplant” compared to
“Stimpo”. Interestingly, reduction percentage
was almost the same in treated plants grown on
garden soil, whereas there was an 8% difference
of MDA content decrease in plants cultured on
the red substrate, and an 11% difference on
the black substrate respectively. Indicators of
plants that grew on the garden soil without GR
treatment were used as control.

In our opinion, the effects of Ukrainian
growth regulators of different generations on
plants are unequal because of the difference in
their composition. Their basic component are
growth substances of natural origin. The additives
are different, for example in “Treptolem” those
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Fig. 2. Proline content in Helianthus annuus L. grown on substrates of coal mines and treated with growth
regulators (mg/100 g of raw mass)
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Fig. 3. Influence of growth regulators on the content of malonic dialdehyde in Helianthus annuus L. grown
on substrates of ChMR dump (mM/g of raw mass)

are 2,6-dimethylpyridine-1 oxide and amber acid,
without trace elements. There are no boron and
molybdenum in “Stimpo” but they are present
in “Regoplant” , which may explain the latter’s
greater effect on the plants, compared to “Stimpo”
and “Treptolem” .

The obtained results indicate a decreased
oxidative stress, as evidenced by an increase in
the content of free amino acids and proline, and
decreased content of malonic dialdehyde, which
confirms lessened damage of membrane structures
in the plants treated with GR and grown on
substrates of the coal dumps waste mine.

Thus, the free amino acids and proline
content increased, and lipid peroxidation
decreased in sunflower plants treated with

REFERENCES

1. Glukhov A. Z., Kharkhota A. I., Prokhorov S. I.,
Agurova 1. V. Theoretical prefixes of population
monitoring of phytoreculation of technogenic
lands. Ecol. Noosphereol. 2010, 21, 3—4. (In
Russian).

2. Baker A. J. M., McGrath S. P., C. Sidoli MD,
Reeves B. D.. The possibility of in situ heavy

86

optimal concentrations of “Stimpo” and
“Regoplant” and grown on substrates of coal
mine rock dumps. Increased free amino acid
and proline content, which are compounds
with bioprotection functions, indicate lower
oxidative stress in plants grown in unfavorable
edaphic conditions of rock dump substrates,
and preservation of cellular membrane
integrity, which follows from decreased malonic
dialdehyde content.

Thus, the optimal concentrations of “Stimpo”
and “Regoplant” identified in the study can be
recommended for use as stimulators of growth
and metabolism in sunflower plants used for
phytochemical treatment of coal mines in the
Chervonograd mining region.

metal decontamination of polluted soils using
crops of metal accumulating plants. Resources,
Conservation and Recycling. 1994, 11, 41-49.
(In English).

3. Novitsky M. L. Granulometric composition
of fine-grained sulfide rock and man-made
substrates of mine dumps. Bulletin Nikitsky



Experimental articles

Botan. Garden. Agroecology. 2011, 103, 85—89.
(In Russian).

.David E. Salt, Roger C. Prince, lngrid J.

Pickering, llya Raskin. Mechanisms of cadmium
mobility and accumulation in Indian mustard.
Plant Physiol. 1995, 109, P. 1427-1433. (In
English).

. Smetanin V. I. Land recultivation: a review of

technologies. Moscow: Ecol. Industrial. Rus.,
2004, 45 p. (In Russian).

. Lukina N. V., Chibrik T. S., Glazyrina M. A.,

Filimonova E. I. Biological Recultivation
and monitoring of disturbed land industry.
Biological Systems. 6 (2), Yekaterinburg, 2014,
256 p. (In Russian).

. Ratushniy V. M., Bondarenko A. M., Mala-

khovsky M. I. Determination of biological suit-
ability of plants for biological reclamation of
dumps of overburden. Zaporizhzhya: Bioindicat.
Ecol. questions. 2011, 16(1), 29-36. (In Ukrai-
nian).

. Baranov V. I., Gavrilyak M. Ya., Telegus Ya.V.

Synthesis of amino acids, protein and nitrogen-
containing compounds in rapeseed plants
under conditions of growth on the substrate of
the waste heap. Visnyk LNUVMB named after
S. Z. Gzhytskyj. 2010, 12, No. 2 (4), 154-159.
(In Ukrainian).

. Baranov V., Beshley S., Telegus Ya. Some

biochemical indices of adaptation of
groundwater (Calamagrostis epigeios (L.)
Roth) to the conditions of edaphotop of coal
mines dumps. Visnyk Lviv University. 2012,
58, 292-299. (In Ukrainian).

10. Baranov V. I., Knysh I. M, Blida I. A., Vas-

11.

12.

13.

14.

chuk S. P., Gavrylyak S. M. The usual ocheret
is a phytoreemedient of heavy metals in
drainage ditches of waste heaps of coal mines.
Studia biologica. 2012, 6(1), 93—-100. (In
Ukrainian).

Gashchyshyn V. R., Patsula O. I., Terek O. I.
Accumulation of heavy metals in Brassica
napus L. and Helianthus annuus L. under the
influence of zinc salts and growth regulator
of “Treptolem” . Physiol. Plants and Genetics.
2014, 46 (4), 343—-350. (In Ukrainian).
Gritsenko Z. M., Ponomarenko S. P., Karpen-
koV.P., Leontyuk I. B. Biologically active sub-
stances in crop production. Kyiv: “Nichlawa”,
2008, P. 179-191. (In Ukrainian).

Oliynyk O. O., Furman V. M., Solodka T. M.,
Vakulenchuk S. I. Study of the effectiveness
of pre-seed treatment of seeds by stimulators
of plant growth. Bulletin Natl. Univer. Water
Management and Nature Management.
2013, 4(64), 112-118. (In Ukrainian).
Sergeeva L. E., Bronnikova L.I., Tishchenko E. N.
The content of free proline as an indicator of
the vitality of the Nicotiana tabacum L. cell
culture under stress. Biotechnology. 2011,
4 (4), 87-94. (In Russian).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Babayants A. V., Gritsenko Z. M., Ponomaren-
ko S. P. Biostimulators (growth regulators)
of plants. Kyiv: ISTC Agrobiotech. 2014,
P. 3-15. (In Ukrainian).

Ponomarenko S. P. Plant growth regulators.
Bulletin Institute Bioorg. Chem. 1976, 319 p.
(In Ukrainian).

Ponomarenko S. P., Terek O. 1., Hrytsaenko Z. M.
Bioregulation of plant growth and develop-
ment. Bioregul. Microb. plant systems. Kyiv:
Nichlava, 2010, P. 251-291. (In Ukrainian)
Pida S. V., Triguba O. V., Grigoruk I. P. Effect
of bacterial preparations and plant growth
regulators on the photosynthetic apparatus of
white lupine (Lupinus albus L.). Bioresources and
nature use. 2014, 6, (1, 2), 12—-18. (In Ukrainian).
GOST 12038-84. Methods of determining the
germination and energy of germination. Seeds
of agricultural crops. Moskva: Publishing of
Standards. 1984, 57 p. (In Russian).

Pollard A. J. Metal hyperaccumulation: a
model system for coevolutionary studies.
New Phytol. 2000, 146, 179-181.
Makogonenko S. Yu., Baranov V. I., Karpi-
nets L. I., Ponomarenko S. P., Terek O. I. Influence
of gibberellin, Stippo and Regaplant on growth
and content of pigment photosynthesis and pro-
tein of Hellianthus annuus L. on man-made sub-
strates Botany (researches ): Collection of scientif-
ic works. Institute Experiment. Botan. Kuprevich
of the National Academy of Sciences of Belarus.
Issue 46. 2017, 295-303 (In Russian).

Pirog O. V. Increase virus resistance of plants of
lupine yellow under the action of microbial drugs
and physiologically active substances. Agricultur-
al Microbiology. 2016, 24, 59—63. (In Ukrainian).
Pochinok H. N. Methods of Biochemical
Analysis of Plants. Kyiv: Sciences. opinion,
1976, 85 p. (In Russian).

Beatles L.S., Waldren P., Teare D. Rapid
determination of free proline for water-stress
studies. Plant Soil. 1973, 39, 205—-207.
Heath R. L., Packer L. Photoperoxidation
in isolated chloroplasts. Kinetics and
stoichiometry of fatty acid peroxidation.
Arch. Biochem. Biophys. 1968, 125, 189-198.
do0i:10.1016/0003-9861(68)90654-1.
Baranov V., Beshley S., Telegus Ya. Changes
in the content of sulfur, free amino acids and
protein in rapeseed plants, fertilized with
encapsulated fertilizers on the substrates of
the waste dump of coal mines. Studia biol.
2010, 4(1), 53-62. (In Ukrainian).

Malenka U., Kobyletska M., Terek O. Effect
of salicylic acid on the content of free amino
acids and proline on wheat and maize plants
under drought conditions. Studia biol. 2014,
8(2), 123-132. (In Ukrainian).

Grebinsky S. Biochemistry of plants. Lviv:
Higher school. Publishing house at Lviv. Un-
te, 1967, 272 p. (In Russian).

87



BIOTECHNOLOGIA ACTA, V. 11, No 3, 2018

29. Shakirova F. M. Non-specific plant resistance
to stress factors and its regulation. Ufa:
Gilem, 2001, 160 p. (In Russian).

30. Likholat Yu. V. Summary of lectures on the
course “Physiology of Plant Adaptation”. D:
RVV DNU, 2013, 32 p. (In Ukrainian).

31. Ivanov A. A. Photosynthesis and nitrogen
metabolism in wheat leaves at low concen-
trations of CO, in the atmosphere. Uchenye
zapiski Peterozavodskogo state university.

Phys. Chem. Biol. 2017, 4 (165), 110-117. (In
Russian).

32. ParpanV.I., Mulenka M. M.. Contents of free
proline of arboreal plants as indication sign
of ecological state urbanized territories. Proc.
State Nat. Hist. Museum. 2009, 25, 155-156.
(In Ukrainian).

33. Kolupayev Yu. E. Stress reactions of plants
(molecular-cellular level). Visnyk Kharkiv
Nat.Ahr.Un-tu. 2001, 173 p. (In Ukrainian).

BIIJIUB « REGOPLANT» I « STIMPO»
HA BMICT BIJIbHUX AMIHOKHUCJIOT,
IIPOJIIHY TA IHTEHCUBHICTH PEAKIIIN
IMEPOKCUAHOI'O OKUCHEHHA JIIIIAIB
Y Helianthus annuus L. 3A POCTY
HA TEXHO3EMAX

C. IO. Marcozouemcol, B. 1. Bapaﬂosl,
C.II. IToHomaperKo

LIbBiBCHK M HaIiOHAJILHUI YHiBEPCUTET
imeni Isana ®@panka, YKpaina
2,I[ep>icaBHe nignpuemcTBo « MiskBigoMumii
HaYKOBO-TeXHOJOTiUHUN IeHTP «ArpobioTex»
HAH Vkpainu i MOH Vkpaiau», Kuis

E-mail: mesofia@ukr.net

MeToro po6oTu 6yJI0 JOCTiAUTH BIJIUB HOBUX
peryiaTopis pocty «Stimp» » Ta «Regoplant» (Bu-
pobHuK [ep:kaBHe mignpuemctBo MiskBimomunii
HayKOBO-TexHoJoriunuii mentp — II MHTI]
«ArpobioTex») IOPiBHAHO 3 ribepeIiHOBOIO KHUC-
JIOTOIO i PeryJATopoOM POCTY APYroro MOKOJIiIHHSI
«Treptolem» ma BMicT BiIBHMX aMiHOKMCJIOT,
OPOJIiHY Ta peakilii IepOKCUIHOTO OKUCHEHHS JIi-
migiB y 14-no6oBux nmapoctkis Helianthus annuus
L. 3a pocTy Ha I'pyHTOBUX cyGcTpaTax mOPOSHOTO
BigBasy ByrinbHux maxt IlenTpansHoi 36arauy-
BaJIbHOI (pabpuku y YepBOHOrPaACbKOMY T'ipHIUO-
IPOMUCJIOBOMY paiioHi.

BcecranoBieHo 306iabIlIeHHS BMICTYy BiJIbHUX
aMiHOKWUCJIOT, IIPOJIiHY Ta 3HUKEHHS iHTEHCUBHOC-
Ti peaKIiii MepOKCUAHOTO OKUCHEHHA JIminiB (3a
BMiCTOM MAaJIOHOBOT'O iaJIbAETiTy), 10 CBIAUUTE ITPO
301JIBIITIEeHHA CTIIKOCT1 POCJNH 0 HeCIIPUSITINBUX
YMOB IIOPOHOTO BiiBaJIy 3a il peryasaTopiB pocTy.

Opnep:xaHi pesyJibTaTH BKA3yIOTh HA IIEPCIIEK-
TUBHICTH ITOAJBIIIOTO 3aCTOCYBaHHA «Stimpo»
Ta «Regoplant» 3a dpiTopexyabpTuBaiii mopogamux
BimBaJIiB.

Knrmouwosi cnosa: Helianthus annuus L., «Stim-
po», «Regoplant», «Treptolem», cy6cTpaTu
HNOPONHUX BiABaJNiB BYriJIbHUX IIIaxT, BiJbHI
aMiHOKMCJIOTH, TPOJIiH, peakIii IMepoOKCUIHOTO
OKMCHEHHS JIiTimiB.
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BJIUAHUNE «REGOPLANT» 1 « STIMPO»
HA COAEP:KAHUE CBOBOJIHBIX
AMHMHORKHUCJIOT, ITIPOJIUHA
U UHTEHCUBHOCTH PEAKITU
ITEPOKCUIHOTO OKUCJIEHUA JUIIUTO0OB
Y Helianthus annuus L. ITPA POCTE
HA TEXHO3EMAX

C. 0. Marcozonemcol, B. 1. Bapauoel,
C. IT. ITonomapenxo®

1JInBoBCK Mt HAMOHATBHBLI YHUBEDPCUTET
nmeHu Bana @paHKo, YKpauHa
I'ocymapCcTBEeHHOE IPeAIPUATIE
«Me:KBeIOMCTBEHHBIN HAYUYHO-TeXHOJOTUYECKU A
meHTp «Arpoouorex» HAH VKpanHbI»
u MOH VYxkpaunsl, Kues

E-mail: mesofia@ukr.net

ITenrio paboThl OGBIJIO HCCIETOBATH Heii-
CTBUE HOBBIX PEryJsITOPOB pocTta «Stimpo» u
«Regoplant» (upousBogurens 'ocygapcTBernHOE
npennpusaTue Me:XBeJOMCTBEHHBIII HAYUHO-TEX-
"Hosornueckuii meHTp — I'Il MHTII «Arpo6uo-
TeX») II0 CPAaBHEHUIO C TUO00ePeIJIMHOBOM KUCJIO-
TOIl M PEryJsTOPOM POCTa BTOPOTO IOKOJEHUSA
«Treptolem» Ha comep:raHme CBOOOIHBIX aMUHO-
KUCJIOT, IPOJINHA M aKTUBHOCTH IIEPOKCUIHOTO
OKMCJIEHUS JUMIUI0B y 14-CyTOUHBIX IIPOPOCTKOB
Helianthus annuus L. ipu pocTe Ha I'PYHTOBBIX
cybcTpaTax IMOPOAHOTO OTBaJa YrOJbHBIX IIAXT
ITenTpasbHO oboraTuTenbHOM (pabpuru B Yep-
BOHOT'DAZICKOM I'OPHOIIPOMBINIIJIEHHOM patioHe.

YcraHOBJIEHO YBeJIMUEHNE CONEPIKAHUA CBO-
0OIHBIX AMUHOKUCJIOT, IIPOJIMHA 1 CHUYKEHNEe aK-
TUBHOCTHU ME€POKCUIHOTO OKUCJIEHUS JUIUAOB (IO
CcoIep:KaHUI0 MaJIOHOBOTO AUAJILIETH/A), YTO CBU-
JIeTeJIbCTBYET 00 YBeJIUUYEHUN YCTOMYUBOCTH pac-
TeHUH K HeOJaTOIPUATHBIM YCJIOBUAM IIOPOTHOTO
OTBaJIa IPU IeHCTBUY PETYIATOPOB POCTA.

IlonyueHHBIE pE3yJAbTATHI YKa3bIBAIOT Ha
MePCIeKTUBHOCTD MaJIbHEHIero mpuMeHeHUs
«Stimpo» u «Regoplant» mpu ¢puTopeKyabTHBA-
1Y ITOPOJHBIX OTBAJIOB.

Knrwueswvie cnoea: Helianthus annuus L.,
«Stimpo», «Regoplant», «Treptolem», cydcTpa-
THI TOPOJHBIX OTBAJOB YIOJBHBIX IIIAXT, CBOOOI-
Hble AMUHOKMCJIOTBI, IIPOJIMH, PEAKIMN IIEePOK-
CUJHOI'O OKMCJIEHUS JIUIINI0B.



