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The purpose of this study was to analyze and compare the existing international methods applied for
classifying and identifying foods characteristics in a number of modern computerized databases such as
Foodex, INFOODS/FAO, EuroFIR, and present our initial results of Regional and National Ukrainian
food composition databases creation.

In this study theoretical synthesis and deductive analysis were used, literary review of foreign
scientific peer-reviewed sources, characteristics of the software LanguaL,, DaRiS were presented.

The demand for a language-independent thesaurus (Langual) and the needs for a practical, field-
based food system (INFOODS) led to the attempts to link these tools and create a minimal set of standards
and a consistent approach for the food products identifying and analyzing around the world. The
examples of this combined approach were “systems mapping” and the “International Interface Standard
for Food Databases”.

The exploitation of different tools for compiling of the first Regional (100 local products, project) and
National food composition databases (53 products of 6 prioritised traditional foods within BaSeFood

projects) were reported.

Key words: food composition data bases (FCDB), Langual,, DaRis, INFOODS/FAO, EuroFIR.

The preparation of an international
systematized and unified database of reliable
food data requires precise nomenclature
and detailed description of goods indicating
their place of origin, energy and nutritional
value, organoleptic properties and a
number of other important hygienic and
microbiological indicators [1]. Even the
verified data structured according to the
existing quality standards, can be a source of
error, if they are derived from products, place
in the single hierarchy of which has not been
determined yet. To this date, there is a single
international agreement of scientists on the
importance of food nomenclature and food
description. Preparation of reliable food data
requires precise identification of the products
definitions, methodology harmonization,
analytical data validation, and comparison of
software used.

Thus, the aim of this paper was to analyze
and compare existing international methods
of classification and identification of the
main food characteristics in a number of most
popular modern computerized databases:
Foodex, INFOODS/FAO, EuroFIR and
to present our initial results of Regional
and National Ukrainian food composition
databases creation according to the demands
of Codex Alimentarius and the first results
of national and regional applying of different
tools namely Langual. and DaRIS for the
creation of correspondingly National and
Regional Ukrainian FCDB in order to connect
it with the international food indexation
resources — INFOODS/FAO and EuroFIR.

The data of Langual, DaRiS application,
theoretical synthesis and deductive analysis,
and literature review of available research data
were analyzed in our paper [2, 3].
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The name of the food that is included in a
particular database can be ambiguous because
of the linguistic or geographical features of
its origin. The definition, which is displayed
in the web search engine of thesauruses can’t
be precise. Moreover, the same names for food
with different scientific terms can be used
in different regions. Some countries didn’t
manage to recognize certain terms that are
used by people in other parts of the world or
even in the same country as well. The situation
is even more complicated by homonyms,
synonyms, identical (consonant) trademarks
for different products, as well as culinary or
technological conditions of their production.

Since most databases use different methods
of product identification, it is difficult to
imagine an objective exchange of data between
countries, between organizations within the
same country, or even between employees in
the same institution. That is why, this article
laconically examines the existing identification
systems used in the databases on food
composition and characteristics, as the authors
believe, that the international understanding
of standardized food identification can
enable to solve many problems arising from
misunderstandings in this area.

Food classification systems. Earlier, there
were two separate and seemingly opposite
methods of solving food identification
problems: products were classified by the
“universal” general categories, or single
descriptions of individual products were
present in the databases. At present, the first
approach has evolved and classifications have
turned into complex hierarchies. Now we have
many standardized classifications that have
certain relevant legal documentation and are
reflected in the thesaurus. Most of the national
and regional databases use country-specific
food classification systems which had been
developed on the basis of national criteria,
therefore, many specific food groups are
observed.

This issue touches upon many legal aspects,
highly depends on traditions of each country
that, along with economic and cultural
importance, actualizes this importance
dramatically. For example, there is a separate
group for coconut products in the databases
developed in the Pachi Islands, and groups
of different types of bananas, corn and corn
bread in the database of Central America
and Panama, a group of edible insects in the
database of Thai food compositions.

National or regional classification systems
are often difficult to use as an international
basis, so we will not consider them in this
article. Let us proceed to the known unified
bases that can be applied to many modern
cultures.

All these food classification systems
have been developed for general information
purposes. Their existing food codes are not
specific and cannot replace national codes
in the integrated food composition or value
databases. All of the above systems refer to
“classification” category. All of them were
created for different purposes and reflect the
peculiarities of the legislation of different
groups of countries. To systematize them
together does not appear to be real empirically.
So demonstrating the enormous difference
underlying these systems, one can see that,
for example, when classifying cheeses into
categories, the CIAA system differentiates
them, first of all, as unripened, ripened,
processed cheese. Eurocode-2 classifies
cheeses, first of all, according to their
consistency (soft, hard), and then, according to
their fatness. PROCOME classifies all cheeses
by “natural pure cheese” and “CCPR cheese”
categories (with residues and contaminants).
Classifications, even within a single system,
can be contradictory, and their existence
proves that there can be no single International
classification system that can be unanimously
approved and regulated. In other words, there
is no single classification, which would be able
to meet the needs of any food composition
database compiler.

Next, we will consider systems of product
identification in the special databases, which
function according to the internal codes and
descriptions.

The FAO/INFOODS Global Database for
Pulses on Dry Matter Basis (PulsesDM1.0)
provides nutrient values for pulses on a DRY
MATTER BASIS — it is intended mainly for
standard setting purposes [4]. Pulses are a
subgroup of legumes that includes dry edible
seeds with low fat. The data were recalculated
to dry matter basis from the average nutrient
values for 16 species published in the FAO/
INFOODS Global Food Composition Database
for Pulses (uPulses). In uPulses, data derived
mainly from chemical analysis, complemented
by data from other published sources and
compiled following standards and guidelines
outlined by FAO/INFOODS. PulsesDM cover
minerals, vitamins, phytate, amino acids
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and fatty acids fractions for foods in raw and
processed forms. The data are presented in
Excel format alongside with a comprehensive
documentation in PDF format [5].

EuroFIRAISBL, an international, member-
based, non-profit Association under Belgian
law, was set up in 2009 to ensure sustained
advocacy for food information in Europe.
Its purpose is to develop, publish and exploit
food composition information, and promote
international cooperation and harmonization
of standards to improve data quality, storage
and access. EuroFIR AISBL draws together the
best available food information globally from
26 compiler organizations in Europe, USA and
Canada (FoodEXplorer) as well as validated
information about bioactive compounds
(eBASIS).

Food composition tables were originally
produced as printed versions, and for many
years this remained the only format. However,
computerized databases have become
increasingly important because they can hold
large amounts of data and allow easy access
to and manipulation of data. In more recent
development, being facilitated and encouraged
within Europe by EuroFIR, many national
databases are now available online. A wide
range of nutritional analysis software is also
available [6].

In 2013, European compilers produced
a food composition dataset for EFSA that
aimed to provide an updated food composition
database covering approximately 1750
foods and to expand the dataset to include
harmonized information on the most common
composite recipes of European countries. The
dataset has been compiled to be compatible
with the EFSA Guidance on Standard Sample
Description for Food and Feed [ 7] and included
additional descriptors from the EFSA FoodEx2
classification system [8].

Even using the most comprehensive
and well documented food composition the
databases do not guarantee robust and reliable
results, as there are many errors that can arise
in using food composition data. These include
errors in matching foods, use of incompatible
data, inappropriate strategies for dealing
with missing values, and problems relating
to the use of nutritional analysis software.
Using food composition data to estimate
nutrient intakes or the nutrient content of a
recipe or menu can yield further errors owing
both to the limitations of dietary assessment
techniques and to errors associated with

dietary assessment (e.g. conversion of reported
portion descriptions to weight).

The EuroFIR FoodEXplorer facility is an
innovative interface, which can be accessed
online and allows its users a simultaneous search
of standardized and specialized food composition
databases (FCDB). Users have access to a wide
range of European data, foods and nutrients
through harmonized data description and
associated nutrient value information.

Food classification and food description
are completely different categories, since
they have different purposes; however,
sometimes they are “mixed” into a single
whole. Classification systems have only
one tendency — to group products with
similar characteristics (and then, not always
objectively), which means, that it is a tool of
the end user of the data. Description system is
a data source tool that gives a description of
food as accurately as possible.

The first system that carried out sequential
indexing and search of food data, carried out
by means of specially built in thesauruses
was the INFIC/ENFIC system for animal feed
identification. There, a vocabulary control
is achieved by deliberately limiting the scope
of terms and through its direct reflection of
hierarchical relationships. The structure allows
making changes by adding new “points of view”
to describe food, incorporating new information.
Thus, the thesaurus is well adapted to product
features that can change over time.

LangualL thesaurus, which is used in the
USA, Europe and is projected on numerical
food databases, is the optimal for a person
“vocabulary” existing today (Fig. 1). At first,
Langual. was called as “food factorization
dictionary” (McCann et al., 1988) and was
created at the end of 1970 by the Center for
Food Safety and Applied Nutrition, with the
help of the USA Food and Drug Administration
(Hendricks, 1992). Since 1996, the European
Technical Committee has taken charge of the
thesaurus. In total, more than 40,000 food
products have been described in different
countries using this dictionary. LanguaL is
a multi-modal, convenient and multilingual
thesaurus organized in 14 different branches,
characterizing the nutritional and/or hygienic
qualities of food products, which is essential
for biological and medical research.

The basic concepts of Langual are that:

1. Any food (or food product) can be
systematically described by a combination of
characteristic;
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How is LangualL™ used to describe food?

« Descriptors are chosen from each facet

HUMAN FOOD, NO AGE

FIELD CORN = B1379

_~ GERM REMOVED (ENDOSPERM) =
C0208

WHOLE, SHAPE ACHIEVED

BREAKFAST CEREAL = A0258
SPECIFICATION = P0024 \ | / SEED OR KERNEL, SKIN REMOVED,
!

PAPERBOARD OR PAPER -
=ND039 _
WAX=NOO1S ~————— :

—
PAPERBOARD CONTAINER =14

R %

WITH PAPER LINER = M0148 .ﬂ

.—'-"---
NO PACKING MEDIUM USED K0003

DEHYDRATED ORDRIED = / ~

do116 P
WATER REMOVED = HO' :z.s/ /

IRON ADDED = HO181
FLAKED = H0274

BY FORMING, THICKNESS
<0.3CM =EME3

T
o FULLY HEAT TREATED = F0014

COOKING METHOD NOT
APPLICABLE =G0003

SUCROSE ADDED = H0158

FLAVORING OR SPICE EXTRACT OR
CONCENTRATE ADDED =HO0100

VITAMIN ADDED = H0163

Fig. 1. Description of food by LanguaL

2. These characteristics can be categorized
into viewpoints and coded for computer
processing;

3. The resulting viewpoints/characteristic
codes can be used to retrieve data about the
food from external databases [9].

Each descriptor has a unique base code
that points to equivalent terms in different
languages, which makes the thesaurus
independent of language features and
peculiarities. For the past 2 years, the
thesaurus has been significantly modified and
now it provides open links to international
food categories and coding systems. The
official international version of the thesaurus
was published on the LanguaL website (http://
food.ethz.ch/langual), where copies of the
thesaurus are available on request. The
interface allows searching for products in
American, Danish, French, Hungarian and a
number of other databases, which maximally
facilitate the exchange of information at the
transnational level. However, some aspects
still require further clarification, as LangualL
lacks some of the food groups that are used
in the national tables. There is also a need to
optimize software for searching and indexing
relevant terms. The European LanguaL

Technical Committee is currently working on
these issues (Fig. 2).

By food description, the INFOODS
management board prepared cognominal
INFOODS system with the support of the
Committee on Food Nomenclature and
Terminology in 1987. The purpose of the
INFOODS nomenclature system is to provide
a basis for data exchange between primary
sources and compilers of systems devoted to
information on food composition. The system
is a wide, multifaceted and open mechanism.
The INFOODS management board offers
criteria for determining whether the food
is one-component or multi-component and
provides different sets of descriptive aspects
for these two large classes. However, this
thesaurus is significantly inferior to Langual
in its completeness. Also, it does not provide
an indexer/retriever with a list of possible
terms (synonyms) for any product of interest.
A draft of the increased number of terms
was repeatedly prepared, but it has not been
published yet. The INFOODS system or its
individual forms is used in New Zealand, the
South Pacific, several African countries and
10 Latin American countries. Langual. is
common in other countries.
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Langual codes
A. Type

. Source _—
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. State % s
. Heat . =
. Cooked . . .
. Treatment . *

Preservation

. Container

B.
(E:
E
F.
(c]
H
1
K. Packaging
M.
N. Contact .
P
R.
Z

. . Dietary .
i » . Regions .
R . . Adjunct .
. v
. Stage 2
* . Change 1 %
"‘ ChanggZ 3
Ingredient 1 L.?_
3 Grower

Food 1

ey Preparer
I b Dish
E Change 7
4 Stage 4 Ingredient 4

' - Change 5 g

5 Change 6

Y Ingredient 3 u%
Stage 3
Change 3 el
Change 4 -8
Ingredient 2 'E

Supply chain legend

« =« <Assign Langual codes - &

Food sales

Joanne Holden, ARS-USDA, 2010

Fig. 2. LanguaL and the food supply chain (Joanne Holden, ARS-USDA, 2010)

Earlier, several other test food thesau-
ruses were created to manage bibliographic
information: CAB thesaurus, which is
used by Nutrition Abstracts and Reviews;
IFIS thesaurus, which is used in the theses
of Food science and technology society;
AGROVOC thesaurus (FAO, 1998), Created
on FAO AGRIS and CARIS data banks.
However, they were developed primarily for
documentation purposes and do not have the
specificity of product descriptions, which
only LangualL has.

Thus, there are two main systems that
are used to describe food in food composition
and characteristics databases: Langual
thesaurus with international terms and the
INFOODS system, which application depends
on the national language. A comparison of
these two systems was carried out by the
coordinators of the regional data centers
(Burlingame, 1998). LangualL. thesaurus
language scored higher in relation to solving
problems of the language barrier and culture,
which is the reason for its unconditional
adoption in Europe. However, the INFOODS
system has shown some better results
regarding the relationship of data compilers
and local utility for ordinary users, who

want to obtain data on the composition of
consumable food quickly and easily. The
INFOODS system is easier and faster to use
and does not require searching for complex
terms and codes in lists. The demand for
a thesaurus that is language-independent
(Langual), and the need for a practical,
“field” system (such as the INFOODS system)
for food products, have led to attempts
to combine these systems and create a
minimum set of standards and an agreed
approach for food identification around the
world. Examples of this combined approach
are “System mapping” and “International
Interface Standard for Food Databases”.

For the first time the Ukrainian National
and Regional Food Composition Databases
were created by us. In the food industry, access
to food database opens up new opportunities
for selection of food components for the
analysis of available data, creating new recipes
that will have a positive effect on production of
foods. Also, it is very important for Ukrainian
consumers to have access to the information
about the quality and composition of foods.
Especiallyimportantisthecontentofallergens,
sugar, GMOs, information about shelf life
of products, etc. To ensure consumer access
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to such information scientists have to make
a huge effort on creation of database of food
in Ukraine [10]. One of the major problems in
Ukraine is lack of reliable verified information
on the composition of food products due to
non-compliance by manufacturers with the
relevant labeling rules. Also analytical stage
where the main components of food products
are analyzing have a big value in food quality
control. Nowadays we do not have an unified
analytical system, methods of food components
analyzing and also qualified employees and
compilers.

Thus, the first breakthrough in the
international food identification became
apparent after the scientific recognition of the
benefits of using a multidimensional approach
to food systematization in food databases.
The second breakthrough is the recognition
of the need for an alternative classification/
descriptive system that would combine the
advantages and exclude the disadvantages of
the program products described above.

Work in the field of transnational food
identification in databases is carried out with the
help of the IUNS/FAO international target group
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and was approved at the third International
Conference on Food Data. This target group will
continue to review and analyze the work that will
be carried out on existing food classifications
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BA3H JAHHUX XAPYOBHUX ITPOAYRTIB:
INTPOBJIEMH TPAHCHAIIIOHAJBHOI'O
3ACTOCYBAHHA

JI. M. Byziua, O. B. I1aanae,
T.B. Menewkxo, B. B. Bami,
H. B. Kosauav, H. B Boiiko

YKropoachbKuil HallioHAJILHUUN YHiIBEPCUTET,
Vkpaina

E-mail: larina.bh@gmail.com

MeTo0 IIBOTO MOCTiAsKeHHA OyJI0 ITpoaHaJi-
3yBaTH i MOPIiBHATU iCHYIOUI MijKHapOJHI MeTO-
IOoJIoTil, 110 iX 3aCTOCOBYIOTH AJIA KJaacudikairii
Ta izenTudikamii xapaKTepUCTUK XapYOBUX IIPO-
OIYKTIiB y Cy4YacHMX KOMII IOTepPM30BaHUX 0asax
mauux (Foodex, INFOOD/FAOQO, EuroFIR), a Ta-
KOXK ITOJlaTU HAIlli IepBUHHI Pe3yJIbTATH CTBOPEH-
HA PEerioHaJIbHUX 1 HAIiOHAJIBHUX YKPAIHCHKUX
0a3 JaHUX 3a CKJIAAOM IIPOAYKTiB XapuyBaHHA.

V nmocrimsKeHHI BUKOPHCTOBYBAJIU TEOPETUY-
HUU CUHTE3 i JeJYKTUBHUY aHAJIi3, OTJIAL JIiTepa-
Typu 3apy0isKHUX HAYKOBUX PEIeH30BaHUX JKe-
pea, LangualL, DaRiS.

IlonuT Ha He3aneXHUI BiJf MOBU Te3aypyc
(Langual.) i morpe6a B mpakTUUYHi#, HOJHOBiiA
cuctemi xapuyBaHHa (INFOODS) cnonykaam 1o
cnpob 3B’sA3aTU II0 CUCTEMY Ta CTBOPUTU MiHi-
MaJbHUH Habip cTaHAapTiB i mocaigoBHUI migxin
IO BU3HAUEHHS XapUOBUX IMPOAYKTIB Y BCHOMY
ceiTi. IIpukiaagamMy IBOro KOMOIHOBAHOTO Mif-
xony € «KaprorpadyBanHa cucteMu» Ta «Mixk-
HaApPOAHUU CTAaHAAPT iHTepdeiicy s 6a3 maHmx
CTOCOBHO MMPOAYKTIiB XapuyBaHHI» .

Vmepire BOpoOBaJKeHO pPisHI iHCTPpyMeHTH
1A CKJIaJaHHA nepmux perionansamx (100 mic-
IeBUX TPOAYKTIB) Ta HAIiOHAJbHUX 0a3 TaHUX
PO CKJAaJ IPOAYKTIB XapuyBaHH (53 MPOAYKTU
i3 6 mpiopuTeTHUX I'PYI TPASUIIMHUX CTPAaB 1 Ha-
moiB) y nmpoekTi BaSeFood.

Knarouwosi croea: KoMIo3uIliiini 6asu JaHux xap-
yoBux mpoxykriB (KBIXII), LangualL, DaRIS,
INFOODS/FAO, EuroFIR.

BA3bI JAHHBIX ITPOAYRTOB IIUTAHHUSI:
ITPOBJIEMbI TPAHCHAIIMOHAJIBHOTO
INTPUMEHEHUA

JI. M. Byezuna, A. B. Ilaanae,
T.B. Menewro, Bamu B. B.,
H. B. Kosaxav, H. B. Boiiko

YoxropoacKuii HaMMOHAJIbHBIN YHUBEPCUTET,
Ykpanua

E-mail: larina.bh@gmail.com

ITenpro JaHHOTO WCCIENOBAHUA OBLIN aHATIU3
U CpaBHEHUE CYIIEeCTBYIOIINX MeKIyHaPOTHBIX
METOIOJIOTH, IIPUMEHSEeMbIX IJs KJaccuura-
U U UAeHTUGUKAIUYA XapPaKTEePUCTUK IHUIIe-
BBIX IIPOAYKTOB B PAZE COBPEMEHHBIX KOMIIbIOTE-
pusupoBaHHBIX 0a3 gaHHBIX: Foodex, INFOODS/
FAO, EuroFIR, a Tax:ke mpeacTaBjeHre HAITUX
IIePBOHAYAJIBHBIX PE3YJIBTATOB CO3LAHUS PEruo-
HAJIbHBIX U HAIMOHAJBHBIX YKPAUHCKUX 0a3 JaH-
HBIX 110 COCTABY IIPOAYKTOB IUTAHUS.

B uccnegoBanum OBIIN UCIIOJIB30BAaHBI TEODE-
TUUYECKUI CUHTE3 U JeAYKTUBHBIN aHAIN3, 0030D
JUTEePaATypPhl 3apPy0EKHBIX HAYUYHBIX PEIeH3UPO-
BaHHBIX UCTOYHUKOB, Langual,, DaRiS.

Cmpoc Ha Te3aypyc, KOTOPBIA He 3aBUCUT OT
aspika (Langual), u moTpedHOCTL B IIpaKTHUe-
cKoii, moseBoii cucreme (INFOODS) nuramwusa,
IIPUBEJIU K IOMBITKAM CBSA3ATh 3TY CUCTEMY U CO3-
JaTh MUHUMAJbHBIA HAabODP CTAHAAPTOB UM IIOCJIE-
IOBATEJBHBIN MONXON [JIA OIPEeAeJIeHUs IIUIIle-
BBIX IIPOJYKTOB BO BceM mupe. [IpumepaMu aToro
KOMOMHHPOBAHHOTO IToAXxona sBjsioTca «Kapro-
rpadgupoBaHNe CHUCTEeMBI» U «MeXKIyHAPOIHBIH
craugapT uHTepdeiica qiA 6a3 JaHHBIX TPOAYK-
TOB MUTAHUI» .

Bmepsrie mpencTaBiaeHbl pa3JMYHbIe UHCTPY-
MEHTBI [IJIS COCTABJIECHUS IIEPBBHIX PErMOHATBbHBIX
(100 MecTHBIX IIPOAYKTOB) M HAIMOHAJIBHLIX 0a3
JaHHBIX O COCTaBe MPOAYKTOB muTanusd (53 mpo-
OIyKTa W3 6 ITPUOPUTETHBLIX TPYII TPaATUITHOH-
HBIX MIPOJAYKTOB MUTAHUA W HATIUTKOB) B IIPOEKTE
BaSeFood.

Knrouesvle cnosa: KOMIIO3UIIMOHHEIE 0a3bl JaH-

HBIX nuieBblx npoaykToB (KBIIIIT), Langual,
DaRiS, INFOODS / FAO, EuroFIR.
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Recent research focused on finding new strategies in cancer therapy that did not have
significant side effects and was more effective than traditional modules including the surgical
intervention, radiation and chemotherapeutics. In this regard the nanoscale structures provide
useful approaches for cancer treatment. So, the nanoparticle systems improve the efficiency of
therapeutic drugs reducing their side effects. Although many studies reported the development of
novel cancer cell therapies for future, the clinical success is lacking understand the effects of
nanoparticle type, size and dose with their usage areas. Thus, this review was aimed to illustrate
the usage of nanoparticles in cancer diagnostic, imaging and treatment.

Key words: cancer diagnostic, imaging and treatment, nanoparticles.

Cancer continues to be one of the world’s
most devastating diseases with more than
10 million new cases each year [1]. The number
of people diagnosed with malignancy is
expected to rise to 22 million annually in the
next 2 decades.

The information about various types
of nanoparticles (NPs) used in cancer
treatment, diagnosis and imaging was given
under the title of various types of NPs
used in the field of cancer treatment. After
that, this review was focused on the active
and passive targeting importance for the
cancer apoptosis. In addition, the impact
of Contemporary Advancements in active
targeting nanoformulations were explained.
In the last part, development and importance
of different types of NPs in cancer diagnosis
and imaging was discussed. Significance of
this review is presentation in the field of
cancer to date nanoparticles; a review with
a holistic approach to their use in vaccines,
drugs, diagnosis and imaging will be of great
importance. Nanoparticles are very diverse
and their efficacy and advantages vary
according to the fields of medicine, vaccine and
imaging. Which type of nanoparticles that we
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are going to choose for our future studies could
be seen in the reviews of our previous studies.
Therefore, we aimed to present a work that
we think it can be as useful as possible from
the active, passive targeting of cancer to the
varieties used in medicine and vaccines.

There is lack of understanding concerning
the effects of the nanoparticle types, working
in the future without confirming its reported
function. This review will be useful for
better comprehension of molecular basis of
nanoparticles and the advent of new diagnostic
technologies can help to improve the treatment
of various cancers.

Various types of nanoparticles used in the
field of cancer treatment

Treatment modalities, including immu-
notherapy, photo thermal, photodynamic,
gene and hormone therapy display promising
cancer eradicating potential in preclinical
studies. However, surgery, radiation and
chemotherapy continue to be the first treatment
option for cancers and the next major strategy
for cancer treatment is highly non-specific in
targeting the drugs to the cancer cells causing
undesirable side-effects to the healthy tissues
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[2—4]. Unfortunately, there are no alternative
for cancer treatments other than surgical
removal of the cancer site, radiotherapy and
chemotherapy. In addition, chemotherapy and
radiotherapy have thousands of side effects
that kill both cancer cells and healthy cells.
Therefore, we see that cellular therapies, which
we believe will be more effective for cancer
treatment, have started to be developed. In
developing cellular therapies, nanocarriers that
can be produced up to cellular dimensions have
been of great importance. There are possible
risks in these systems. For instance, NPs can
be phagocytosed as an enemy in the body by
being exposed to attacks of immune cells and
may cause failure of such cancer treatment
intervention. In addition, NPs can produce
molecular responses such as deleterious,
allergic and toxic effects in cancer cells,
thereby causing greater sensitivity to cancer
progression [5]. For this reason, choosing the
most accurate NPs for the cancer disease will
prevent patients from complications and can
provide more effective therapy. During the
last decades, an abundance of NPs have been
developed and a real hype has been created
around their potential application as diagnostic
and therapeutic agents. For example, although
iron oxide NPs have been suggested as potential
diagnostic agents, they have not been fully
preferred for clinical purposes. Therefore, pre-
clinical studies on many experimental animals
are ongoing [6]. This is primarily due to the
ability of NPs to be biologically suitable for
the body. There are some problems related to
biological degradation of NPs, expulsion from
the body and the possibility of toxic effects.
Further studies are needed to eliminate these
drawbacks of Iron oxide NPs.

Molecular imaging, when used in
conjunction with said nanosystems, may
make cancer diagnosis and treatment more
effective. Multidisciplinary studies can be
combined to provide more effective diagnosis
and treatment, and these disciplines can
often be made possible by collaborating with
researchers in different fields such as cell
biology, biochemistry, engineering, health and
medicine. Recent advances in NPs technology
have enabled the fabrication of NPs classes
with unique sizes, shapes and materials, which
in turn has facilitated major advancements
in the field of nanomedicine. The promising
proposition of multifunctional NPs for cancer
diagnostics and therapeutics has inspired the
development of the approach for improved
cancer therapy. The nature of NPs is closely
related with the various materials that used

for their synthesis, such as metals (gold and
silver), ceramics (hydroxyapatite), lipids
(cholesterol and non-toxic phospholipids) and
polymers [alginate, chitosan, poly(ethylene
glycol (PEG)][7].

The combination of anti-cancer drugs
and different types of agents with NPs in the
treatment of cancer has many advantages:

1. Enhancing the stability of hydrophobic
drugs, making them suitable for application.
In other words, it increases the water solubility
of drugs. Especially in imaging and drug
therapies developed with these nanoscales,
only cancer cells can be targeted and adverse
effects such as systemic chemotherapy, hair
loss, immunosuppression, muscle weakness,
etc. can be completely eliminated.

2. Reducing toxicity by using biocompatible
nanomaterials. In both conditions it results in
a therapeutic index increase, the limit between
doses causing therapeutic efficacy (e.g. cancer
cell apoptosis) exhibits high differential
uptake efficiency in the target cells over
normal cells.

3. Developing pharmacokinetics and bio
distribution which increase drug efficiency
on the tumor and enhance absorption of the
drugs into a selected tissue (for example, solid
tumor) [8].

4. One of the most important advantages
of the NPs is the fact that they are able to
treat cancer which is caused by cell organelle
disorder. For example, effective targeting of
mitochondria and nucleus has emerged as an
alternative strategy in cancer chemotherapy
agent which is Dual drug conjugated NP [9].

Nevertheless, before the plethora of
nanodevices currently under investigation
become proper for clinical usage, they
have to pass the rigorous tests set forth by
regulatory agencies such as Food and Drug
Administration (FDA) and European Medicines
Agency (EMEA) [10-12]. To date, at least 12
polymer—drug conjugates have entered Phase
I and II clinical trials and we need to find
more treatment model for cancer cell targeted
therapy. Various biocompatible (NPs)-based
drug-delivery systems such as liposomes,
dendrimers, micelles, silica, quantum dots,
and magnetic, gold, and carbon nanotubes
have already been reported for targeted cancer
treatment.

Silver Nanoparticles (AgNPs)

Therapeutic applications of silver
nanoparticles (AgNPs) agents in the diagnosis
and probing of many cancer diseases are
noteworthy [13]. AgNPs cause apoptosis in
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cancer cells as they produce reactive oxygen
species (ROS) that cause oxidative stress and
DNA damage that cause mitochondrial damage
within the cell. Cellular penetration of AgNPs
usually occurs through endocytosis [14]. In
another study, it was found that AgNPs for
cell morphology may affect the function of
other factors. These effects include the ability
to adsorb cytosolic proteins and regulate gene
expression and proinflammatory cytokines,
for example, microarray analysis showed that
human lung epithelial cell line A549 affects
cellular transcriptome analysis upon exposure
to AGNPs. According to the results of the
microarray study, it was found that AgNPs
affect the regulation of more than 1000 genes
[15]. AgNPs can induce autophagy by allowing
the accumulation of autophagolysis in human
ovarian cancer cells and autophagy can have
a dual cell bodies. The use of autophagy
inhibitors or autophagy protein 5 (ATG5) with
small-mix RNAs (siRNA) in combination with
AgNPs causes the death of cells in cancer cells
[16]. As a result, AgNPs can induce cell death
including ROS generation, leakage of lactate
dehydrogenase, increasing of apoptosis and
autophagy genes, cause endoplasmic reticulum
stress and mitochondrial damage, activation
of caspases pathways and DNA damage so
that AgNPs can be used as nanoparticle that
is significant to deliver drugs for cancer
treatment. In addition, AgNPs has significant
importance to modulate ABC transporter
activity for chemotherapy in multidrug
resistant cancer [17].

Gold nanoparticles

Gold nanoparticles (AuNPs) are ideal for
drug targeting and also for imaging-based
detection of cancer diseases at an early stage.
AuNPs were first produced in 1857 by Faraday
and exhibit favorable physical properties and
tailored surface functionalization, providing
a potential for developing cancer theranostics
and they are solid balls of gold and are made
by the reduction of chloroauric acid, and
their diameter varies from 5 to 100 nm.
They are biocompatible and less toxicity and
display the relatively low rate of clearance
from circulation. AuNPs was demonstrated
[18] where AuNPs were conjugated with an
antibody against the epidermal growth factor
receptor (EGFR, it is known to overexpress
on many cancers). PEGylation of AuNPs
effectively downregulate this uptake by
macrophages and monocytes [19]. AuNPs
conjugated with carbohydrates and proteins
have been utilized in novel approaches
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toward the development of vaccines such as
Glyco-conjugated AuNPs (1-5 nm) capped
with carbohydrate-based antigens that are
present in cancer cells [20, 21]. Targeting
mitochondria with conjugated Au- cationic
NPs maltotriose-modified poly(propylene
imine) (PPI) dendrimers effects on apoptosis
induction in the human breast cancer
cell line [22]. Doxorubicin (DOX) loaded
oligonucleotides attached to (AuNPs) as a
drug delivery system is useful for cancer
chemotherapy [23]. Micro RNA (miR)-375
loaded AuNP exhibits high cellular uptake
and preserves miR-375’s activities to suppress
cellular proliferation, migration/invasion, and
colony formation, and to induce apoptosis in
hepatocellular carcinoma cells [24].

Polymeric particles

Synthetic polymers are polylactic acid
(PLA), poly(lactic-co-glycolic acid (PLGA),
polycaprolactone (PCL), PEG, and poly(vinyl
alcohol (PVA) are composed of commonly
used natural polymers. Chemotherapeutic
drugs (Trastuzumab, Pentuzumab, Paclitaxel,
DOX, 5-Fluorouracil and Dexamethasone,
etc.) become more effective when they are
encapsulated with polymeric NPs.

NPs synthesized from PLGA, a synthetic
polymer, are widely studied for anticancer
drugs [26, 27]. PLGA has several advantages
over cell-targeted therapies compared to other
delivery systems:

1) It has been approved by the FDA for drug
delivery in humans [28, 29].

2) Biodegradable.

3) Has sustained release activity, ranging from
days to weeks under physiological conditions.

4) Provides long-term stability of charged
bioactive molecules.

5) Shows ability to capture hydrophobic
and hydrophilic drugs.

6) Has comprehensive functionalization
options.

PEG is a water-soluble, biocompatible
polymer commonly used for coating a wide
variety of drugs to improve encapsulation
efficiency. Especially in Human Epidermal
Receptor 2 (HER2)-related breast cancer,
mir-21 is effective in tumor immunity of
Antisense Oligonucleotides (ASO) [30]. It
has been demonstrated in the animal model
that the antitumor effect is quite high even
though MiR-21 was used previously only with
targeting ligand by PLGA-PEG encapsulation
of ASO [26, 31-33]. A biodegradable poly (D,
L-lactide-co-glycolide) -block-poly (ethylene
glycol) (PLGA-b-PEG-COOH) copolymer will be
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synthesized. The most important factor in PEG
expression is the prevention of immune system
agents [34]. The strong buffering capacity
of cationic polymers could effectively help
themselves to escape from endo/lysosome as a
result of “proton sponge” effect. For instance,
25 kDa polyethylenimine is well known of its
excellent transfection activity in vitro largely
due to its strong buffering capacity and these
NPs is very useful for cancer immunotherapy
for vaccinations [35-38].

Superparamagnetic iron oxide (SPIO)
nanoparticle

Chemotherapeutic agents have been
associated with SPIO-based nanocarriers
through different strategies (e.g., conjugation
via cleavable linker and n-n stacking with
polymer layers) for delivery to tumors. Dual
paclitaxel (PTX)/superparamagnetic iron
oxide (SPIO)-loaded PLGA-based NPs have a
potential role in tumor growth [39] in passive
targeting.

“iRGD” peptide affects the uptake of
iron oxide during labeling of pancl cells for
this reason an appropriate “iRGD” peptide
concentration enhances the uptake of
intracellular iron tumor cell proliferation
in active targeting [40]. Trastuzumab is
conjugated to SPIO NPs which labor as

®
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Particle type  Composition/Structure
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magnetic resonance imaging (MRI) contrast
agents to detect HER2-positive tumors[41, 42].

Carbon nanotubes (CNTs)

Carbon NanoTubes (CNTs) are carbon
allotropes with a cylindrical nanostructure
which have gained intensive interest during
the past 20 years because of their unique
mechanical properties in addition to very
interesting values in electrical and thermal
conductivity and also the possibility of their
surface to functionalize with a wide group
or biochemical species paving the way for
numerous therapeutic and drug delivery
applications [43, 44]. They are able to penetrate
easily through the cellular membrane and have
low immunogenicity with significant uptake
of delivered small interfering RNA (siRNA)
and a working gene silencing effect in the
tumor tissue [45]. Many of them have high
general toxicity and additional drawbacks,
like limited solubility and a poor non-selective
biodistribution [46].

Liposomes

Liposomes are broadly used as drug
delivery systems and several liposomal
nanomedicines have been approved for clinical
applications. Liposome-based combination
chemotherapy contributes a novel avenue in
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e
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(small remanence 1o manamide
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I~ 10nmi, paramagnatc
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tharapy

Drug delivery

Fig. 1. NPs types and their application areas for cancer imaging and treatment [25]
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drug delivery research and has increasingly
become a significant approach in clinical
cancer treatment. Liposomes are grouped into
two types:

1) unilamellar vesicles and

2) multilamellar vesicles.

For the treatment of multidrug resistance
(MDR)/cancer immunotherapy, mixtures of
siRNA/plasmid DNA and hydrophobic drug
can be used with Liposomes [47].

Paclitaxel and Rapamycin (with anti-
tumor and immunosuppressant properties
and an inhibitor of mTOR protein kinase) are
encapsulated with PEG-Liposome in breast
cancer — Liposomes released in slow and
sustained fashion 1 Cell line cytotoxicity 1 In
vivo therapeutic effects. The system controlled
the tumor growth [48].

Folate receptor, a membrane-associated
folate binding protein, is overexpressed in over
90% of ovarian cancer and other epithelial
types of cancer [49, 50]. Xu et al. developed
a FR targeted co-delivery formulation by
folate-DOX/Bmil siRNA liposome (FA-
DOX/siRNA-L), demonstrated a great tumor
targeting effect and prevented tumor growth
in vitro and in vivo experiments [51, 52].

Conventional liposome
A Hydrophobes drag
Genaire matenal

e, DXNAer RN,
o iRNA

Hydrephilic drug

Phosphohpid Le.
RSB of ¢almi

v
ie. antibedy, stc \ @

Multifunctional liposome Le.
theranostic liposome

A thermosensitive magnetic liposomal
delivery system is effective co-delivery of gene
silencing short hairpin RNA (shRNA) vector
and antitumor drug (DOX) into gastric cancer
[563]. Liposomal system with an antimicrobial
peptide and co-delivery of antagomir-10b could
trigger cell death in the meantime besides
hindering of T cells migration [54].

Polimeric Micelles

Polymeric micelles used due to their ability
to load therapeutics, deliver the cargo to the
site of action, improve the pharmacokinetic
of the loaded drug and reduce off-target
cytotoxicity. They are also developed with
improved drug loading capabilities by
modulating hydrophobicity and hydrophilicity
of the micelle forming block co-polymers and
also cancer targeted by surface modifying
with tumor-homing ligands. Their classroom
contains in Polymeric micelles of therapeutic
applications in cancer treatment.

1. Pluronics®

2. PEG-PLA

3. PEG-PCL

4. PEG-Lipid

5. PEG-PLGA

PEGylated liposome

.....

Ligand targeted liposome

Fig. 2. Illustration of the versatile functions of liposomes:

A — Conventional liposomes are composed of two layers of phospholipids and when administered
intravenously and remain in the circulatory system for a short time. Also they are widely used for the
maintenance of hydrophilic drugs that did not pass through the cell membrane;

B — When protected with PEG, they have the ability to be protected from immune cell attacks and stay longer
in circulation;

C — When liposomes are used for active targeting with small molecules such as aptamer, peptide, ligand and
protein, they show very high effect on cancer cells;

D — Especially in the diagnosis and treatment of solid tumors they have teranostic effects. They are also often
preferred for imaging (such as MRI) [565]
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6. PEG-poly(amino acids)

7. Stimuli-sensitive polymeric micelles

8. Endogenous stimuli-sensitive polymeric
micelles

9. pH-sensitive polymeric micelles

10. Reduction sensitive polymeric micelles

11. Thermo-sensitive polymeric micelles

12. Exogenous stimuli-sensitive polymeric
micelles

13. Light-sensitive polymeric micelles

14. Magnetic field-sensitive polymeric
micelles

15. Ultra-sound sensitive polymeric
micelles

16. Margination of micro/nanoparticles:
Requirement for optimum drug delivery.

Other hydrophilic block forming polymers
include chitosan, poly(N-vinyl pyrrolidone)
(PVP), and poly(Nisopropylacrylamide)
(pNIPAAm). There are various polymer
blocks used to form micellar core, including
the class of polyethers such as poly(propylene
oxide) (PPO), various polyesters such as PLA,
PCL, PLGA, poly(B-aminoesters), polyamino
acids such as poly(L-histidine) (pHis), poly(L-
aspartic acid) (pAsp) and lipids such as dio
leoyl(phosphatidylethanolamine) (DOPE),
distearoyl (phosphatidylethanolamine)
(DSPE). The assembly of block co-polymers, in
which PPO attached to PEG as A-B-A triblock
co-polymers (PEO-PPO-PEO) is known as
Pluronics [56].

Protein Nanoparticles

Protein NPs are also used including water-
soluble proteins (e.g., bovine and human
serum albumin) and insoluble proteins (e.g.,
zein and gliadin). So far, most of proteins NPs
of article are focused on the preparation and

I. Antibody based targeting

B) Antibody fragment based targeting ,}J

Fab bagrreerd.

engle-ghain ant [GF R snedady [uef V) q

A) Monoclonal antibody based Wgﬂhgf%— =

characterization of nanoparticles derived from
gelatin, albumin, gliadin, legumin, Methoxy-
PEG-polylactide, PEG-asparaginase and two
milk proteins that have been investigated for
drug delivery applications are Beta-lactoglobulin
(BLG) and casein [57, 58]. To promote drug
targeting ability, protein nanoparticles have
been chemically modified to incorporate
targeting ligands that recognize specific cells
and tissues. Such modification allows targeting
of albumin nanoparticles to breast cancer cells,
which overexpress HER2 [59]. Gliadin NPs used
as a bioactive delivery system for oral vaccines
administration to aid the sustained release
delivery of anticancer drugs as well as colon
cancer-targeted cyclophosphamide drug therapy
and effective for apoptosis of breast cancer cells
[60]. Cisplatin-loaded casein is a milk protein
nanoparticles demonstrated their ability to
penetrate cell membranes, target tumors, and
inhibit tumor growth in hepatic tumor [61].

Cancer Treatment with Active
and Passive Targeting

Active Targeting Strategies

NPs are used for active targeting [71] to
cancer cells including antibody and antigen,
peptide, protein, aptamer and ligand fragment
based targeting in figure 3 [64]. HER2 is
overexpressed in approximately 25-30% of
invasive breast cancer but is less expressed
by normal adult tissues. Targeted treatment
with humanized Trastuzumab (Monoclonal
Antibody) targeting the HER2 receptor has
become the mainstay of HER2 positive breast
cancer. The significant effect of Trastuzumab-
conjugated nanoparticles to specifically
target HER2 positive cancer cells has been

Il. Aptamer based targeting

AVOBNA spramer lIl. Ligand based targeting

Fig. 3. Illustration of active targeting components in cancer cells [62]
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proved in vitro using different cell lines and
in vivo [62]. The ZHER2 antibody protein
molecule consisting of 58 amino acids and 3
domains is designed as a high affinity linker
to HERZ2 receptors. ZHERZ2 binds to the HER2
receptor, a domain point different from the
point at which the therapeutic antibodies of
Trastuzumab and Pertuzumab bind [63]. For
this reason ZHER2 protein is highly used
for diagnosis (imaging) and treatment of
cancer diseases [64, 65]. Cetuximab has been
targeted specifically and efficiently AuNPs in
Epidermal Growth Factor Receptor (EGFR)-
positive pancreatic and colorectal carcinoma
cell lines [66].

Passive targeting facilitates the efficient
localization of NPs in tumor interstitium
but cannot further promote their uptake by
cancer cells [71]. Uptake can be achieved by
actively targeting NPs to receptors or other
surface membrane proteins overexpressed on
target cells. The addition of targeting ligands
allows the delivery of drug-encapsulated
NPs to uniquely identifiable cells or even
subcellular sites, thereby reducing the
unwanted systemic exposure of cytotoxic
drug. Specific interactions between the ligands
on the surface of nanocarriers and receptors
expressed on the tumor cells may facilitate
NPs internalization by triggering receptor-
mediated endocytosis. Furthermore, active
targeting of nanocarriers with small molecule
therapeutic cargo has shown the potential
to suppress multidrug resistance (MDR) via
bypassing of P-glycoprotein-mediated drug
efflux [67, 68]. As a result, although passive
targeting facilitates the effective localization
of NPs in the tumor interstitium, it cannot
over-stimulate cellular uptake by cancer cells,
such as active targeting.

NPs are functionalized with different
biological molecules, peptides, antibody, and
protein ligands for targeted drug delivery
and also contain non-coding RNA, viral [69]
and bacteria’s DNA [38] or RNA for cancer
immunization and cell death progress. Natural
plant-based drugs that can be used in the field
of pharmacology have also been found to be
more effective when used with NPs such as
Prosopis Cineraria. It is a leaf located in India,
which can be used as NP-plant-based drug
system for cancer treatment [70]. Ligands for
active targeting in drug delivery approach on
its great affinity to somatostatin receptors
(SSTRs), which is overexpressed in several
cancer cells such as core-shell type liposome co-
encapsulating VEGF-targeted siRNA (siVEGF)
is very effective drug system for VEGF based
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cancer types. SPIO NPs are accumulate in
cancer through passive targeting by the EPR
effect and with active targeting to help of
targeting by ligands.

Passive Targetting Strategies

Although NPs refer to accumulate
in the tumor cells due to the enhanced
permeation and retention (EPR) effect,
passive tumor targeting is dependent on the
tumor vascularization and angiogenesis, and
therefore lacks specificity and consistency.
Both the tumor model type and conditions
can seriously affect the passive targeting
effectiveness [72-74]. General features
of tumors include leaky blood vessels and

R,

\r(\/\/\)'\m_l
o 0. _OH
¢ glutamate lysine urea o
HO N}LN' OH
H
§NH- HBG
M

AN NH;

NH

O:,r"."‘N“
—NH
-, o MNH;
HN-
* —=NH
Ho” O d cyclo(Arg-Gly-Asp-D-Phe-Lys)

Fig. 4. An example for Aptamer modeling to tar-
get cancer cells (generally receptors, ligands, etc.)
[25]
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poor lymphatic drainage. Free drugs may be
used nonspecically as a nanocarrier and can
extravagate into the tumor tissues via the
leaky vessels by the EPR effect. Sometimes,
targeting cells within a tumor is not always
feasible because some drugs cannot be used
efficiently and the random nature of the
approach makes it difficult to control the
process which is lack of control may induce
MDR.

Nanoparticle Imaging System

Imaging techniques used mostly in
preclinical studies and clinical practice such as
MRI, computed tomography (CT), ultrasound
(US), optical imaging (OI), photoacoustic
imaging (PAI), positron emission tomography
(PET), and single-photon emission Computed
tomography (SPECT).

Targeted NPs imaging agents provide a
new technology for cancer imaging, which
goes beyond anatomical characterization.
It enables early detection of cancer as well
as treatment monitoring at the molecular
and cellular level. With the development of
nanotechnology, magnetic NPs have been used
in the MRI, adhering to target cells and drug
release system [75, 76]. Tumor diagnosis and
treatment can be obtained by the same NPs
formulation and the disease can be monitored
and fought by the synergistic effect of more
than one therapy. The preparation and
application of single multifunctional nano
radiotracers based on iron oxides and enabling
PET/MRI dual imaging can used for treatment
and diagnosis for cancer [77]. New designed
and realized a bimodal CT for SPECT and
MRI with Superparamagnetic Iron Oxide NPs
(SPION) privileged the magnetic properties to
the CNT, while 99mTc granted the radioactive
property.

Gold Nanoparticle Imaging

AuNPs are now used widely in bioimaging
and phototherapy due to their tunable
properties and highly sensitive optical and
electronic properties of the surface plasmon
resonance (SPR) [78]. AuNPs act as an
active imaging probe for cancer detection
facilitating whole-body scans. AuNPs can be
easily functionalized with additional imaging
agents by improving the AuNP-based imaging
systems. That may allow the observation
of tissues not only on its basic anatomic
configuration but also on the molecular level
for cancer diseases. For example, Au atoms
using a one-step procedure for SPECT/CT
imaging in an orthotropic mouse xenograft of

triple-negative breast cancer (TNBC) and also
PEGylation for favorable pharmacokinetics
and d-Alal-peptide T-amide (DAPTA) for
targeting C—C chemokine receptor 5 (CCR5,
a prognostic biomarker for breast cancer
progression) [79, 80]. Multifunctional gold
nanoprobe is designed for simultaneous
miRNA-21 responsive fluorescence imaging
and therapeutic monitoring of cancer. miRNAs
provides a simple but powerful protocol with
great potential in cancer imaging, therapy, and
therapeutic monitoring [81].

Superparamagnetic iron oxide (SPIO)
Imaging

Superparamagnetic iron oxide (SPIO)
NPs were studied for the development of
contrast agents in MRI for cancer diagnosis.
First-generation of SPIO NPs had diagnostic
capabilities only, whereas a new model of
SPIO NPs has multifunctional characteristics
for combined therapeutic and diagnostic
applications for cancer. The magnetite (Fe;0,)
and maghemite (Fe,03) cores of SPIO NPs can
be readily detected with MRI, thereby enabling
real-time in vivo drug tracking. To provide
colloidal stability of the magnetic core and
better biocompatibility, SPIO NPs have been
stabilized with polysaccharides (e.g., dextran
and chitosan), PEG, polypyrrole (PPy), PLA,
PLGA and their copolymers. Compared with
other coating materials such as silica, polymer
advantages with great biocompatibility and
biodegradability to facilitate MRI-guided
drug delivery, gene delivery, photo thermal
therapy (PTT), photodynamic therapy 5 (PDT)
or magnetic hyperthermia [82] growth through
the EPR effect and available real-time in vivo
drug tracking with MRI [83].

Discussion

Current cancer treatments include surgical
intervention, radiation and chemotherapeutic
agents. Side effects are an integral part of
these treatment modules. So, recent studies
focused on finding new strategies without any
major side effects and were more effective
instead of these modules. However, better
comprehension of molecular basis of tumor
and the advent of new diagnostic technologies
(such as active and passive targeting models)
and treatments can be decreased mortality rate
in cancer patients. So the researchers continue
to find strategies to improve the chances of
survival and quality of cancerous patient’s
lives. NPs are used in the search for this new
treatment method and can be preferred in
imaging methods as well [84].
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Nanoparticles and related biotechnologies
provide needed augmented presentation for
development of vaccine, treatments, diagnosis,
imaging active and passive strategies
for cancer and undoubtedly nanoparticle
engineering. For this purpose an exciting
ongoing and future studies and an increasing
focus of clinical trials cancer treatments will
remain.

Consequently, this review provides
a brief manual for anyone in the field of
nanotechnology for the diagnoses, treatment
and vaccination of the cancer disease.

This work was supported by the Uskiidar
University.
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CyuacHi gociigsKeHHA CIPAMOBAaHI Ha TO-
IMIyK HOBUX CTpaTeriii JIKyBaHHA paky, AKi
He MaTh 3HAUHUX MOOIYHUX edeKTiB i OiabIm
epeKTUBHI MOPIiBHAHO 3 TPATUIINHUMU Me-
TOJaMU, BKJIIOUAIOUU XipypriuHe BTpy4YaHHA,
IpoOMeHeBy Tepamiio i ximioTepamir.3acTocy-
BaHHA HAHOPO3MIPHUX CTPYKTYP YMOIKJIU-
BJIIOE BUKOPUCTAHHA HOBITHIX migxomiB misa
JikyBaHHA paky. CucTeMy HAHOYACTUHOK IIiji-
BUINYIOTH eDEKTUBHICTH TEPATIEeBTUYHUX TIPEIia-
pariB, sHM:KYyIOUHU iXHi T00iuHi epekTn. Xoua B
6araTboX MOCJIIAKEHHIX MOBIJOMJIAETHCA IIPO
PoO3poOKYy HOBUX METOXiB JiKyBaHHA PaKOBUX
KJiTHUH B MaiiOyTHbOMY, KJIIHIiUHNH yCIIixX mae
3MOTH 3PO3yMiTHU BILJIUB TUIY, PO3Mipy Ta 403U
HOYACTMHOK Ha 30HU IX 3acCTOCyBaHH:A. Takum
YUHOM, B I[LOMY OTJISI ITPOiJTFIOCTPOBAHO MOK-
JWBiCTHh BUKOPUCTAHHA HAHOYACTUHOK B Jiar-
HOCTMUIIi, BidyaJsisalrii Ta JikyBaHHi paky.

Knrwouosi cnosa: niarHoCTUKA pPaKy, Bisyadi-
3aliqa Ta JiKyBaHHSA, HAHOYACTUHKU.
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CoBpeMeHHBIE UCCIENOBAHUS HAIPaBJIEHBI
Ha IOWCK HOBBIX CTPATETUH JIeUeHUA paKa, He
UMEIONINX 3HAYUTEJbHBIX MTOOOUHBIX 3(D(EKTOB
u 6oJee 3(p(hpeKTUBHEIX II0 CPABHEHUIO C TPaIN-
IIMOHHBIMU METOIaMU, BKJIIOUYAA XUPYPIruuecKoe
BMeIIaTeJbCTBO, JYUeBYIO TepaIlnio U XUMUOTe-
panwuo. I[IpuMmeHeHME HAHOPA3MEPHBIX CTPYKTYP
IaeT BO3MOXKHOCTD HCIOJIB30BATD ITOJIE3HbBIE IO/ -
XOIbI IJiA JieueHuA paka.CucreMbl HAHOYACTHII
HOBBIMIAIOT 3(PPEKTUBHOCTD TepalleBTUUYECKUX
mpernaparoB, CHUKAA UX MoO6ouHbIe d3((MEKTHI.
XoTa BO MHOTHX MCCJIEJOBAHUAX COODIIIaeTcs O
paspaboTKe HOBBIX METOMIOB JIeUeHUA PAKOBBIX
KJIETOK B OyayIlleM, KJINHUYECKUN yCIIeX He II0-
3BOJIAET HOHATH BIANAHNE TUIIA, pa3dMepa u J03bL
HAHOYACTHIL HA 00JI1acTy X IpuMeHeHuA. Takum
00pasom, B HACTOAIIeM 0030pe IIPOUJIIIOCTPUPO-
BaHA BO3MOYKHOCTD NCIOJIb30BAHNA HAHOUACTUI]
B IUATrHOCTHUKe, BU3yaau3aluy 1 JieueHUU paKa.

Knwouesvle cnosa: nuariocTUKa paKa, BU3YaJIU-
3aIisd U JeueHle, HAHOYACTHUIIEI.



Reviews

UDC 582.26: 574.62: 574.55

https://doi.org/10.15407 /biotech12.06.025

BIOTECHNOLOGICAL PROSPECTS
OF MICROALGAE

N.KIRPENKO, T. LEONTIEVA

Institute of Hydrobiology of the National Academy of Sciences of Ukraine, Kyiv

E-mail: nativnativ@ukr.net

Received 25.10.2019
Revised 04.12.2019
Accepted 20.12.2019

The current state and perspectives of biotechnological use of microscopic algae were analyzed.
The main directions of algobiotechnology, due to the physiological and biochemical features of
these organisms, the volume of algae production in the world, the types of microalgae that had
already been used or had practical prospects, ways of biomass obtaining and productivity increasing
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development and prospects of microalgae cultivation in Ukraine were discussed.
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Microscopic algae are considered as a
new agricultural crop due to their valuable
biochemical composition, high rate of
reproduction and lability of metabolism.
The industrial production of microalgae
biomass — algobiotechnology — is a prospect
for obtaining the renewable raw materials of
various purposes, including replenishment of
food and feed resources [1-7]. A significant
advantage of this technology is that it does
not increase the load on natural ecosystems,
most of which are currently significantly
depleted. The United Nations Organization
[8] emphasizes the importance of enhancing
the food security for the introduction of
new technologies without sacrificing the
environment, including the adjustment of
production and use of food microalgae. At
the same time, these organisms can find
application not only as a food resource but also
in many other areas.

Areas of use and perspective species of
microalgae

In world practice, algae are used quite
widely due to their physiological and
biochemical characteristics. The most famous
and investigated are Chlorella vulgaris Beijer.,
Spirulina platensis (Gomont) Geitler (Arthrospira
platensis Gomont), Dunaliella salina Teod.
Meanwhile, many other algae species are also

suitable for practical application.

High content of proteins, carbohydrates,
lipids, pigments, vitamins, polyunsaturated
fatty acids, including essential, provides
nutritional value of these organisms. Proteins
content in the cells of algae is up to 45-65%,
however they are well balanced by the content
of essential amino acids and can be used for
the enrichment of the amino acid composition
of food.

Some of the microalgae have therapeutic
and preventative effect in violation of the
activity of the immune, endocrine, digestive,
cardiovascular and nervous systems of animals
and humans, having antitumor, antidiabetic,
radioprotective and immunomodulatory
activity. They are used in the medical and
pharmacological fields, in diet nutrition,
therapeutic cosmetology, in the production of
biologically active supplements.

In a number of microalgae, regenerative
properties were identified, so they are used
to treat wounds and burns. In particular, in
the Institute of Hydrobiology of the National
Academy of Sciences of Ukraine, a method of
chlorophyll-carotene paste obtaining from the
algae as the basics of the medicinal preparation
“Algofin”, an ointment with regenerative and
anti-inflammatory properties, was developed [9].

In general, microalgae are a promising raw
material for the production of antioxidants,
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vitamins, biomarkers, f3-carotene, phycocyanin
and others. These organisms are a rich
source of natural food dyes that are used,
in particular, in baby foods. Algae ability
to direct biosynthesis of certain biologically
active substances such as iodine-containing
compounds of hormonal nature, alkaloids,
steroids, etc. contributes to increasing an
interest of their use.

Microscopic algae have prospects in the
field of creating natural balanced feed for
livestock, poultry and fish farming, including
the cultivation of fish and invertebrates
in aquaculture. Inland aquatic ecosystems
undergo often significant anthropogenic
changes. Loss and degradation of hydrobionts
habitat, water pollution, overexploitation
and intake, the introduction of alien species
endanger the sustainability, biodiversity of
hydro-ecosystems and formation of biological
resources, which necessitates their artificial
reproduction [10]. The use of green algae
in fish farming increases the productivity
of fishponds and the forage base for other
aquatic organisms, as well as prevents their
“flowering” and improves the hydrochemical
status[11].

The advantages of microalgae use in
livestock are animals productivity increase
by improving immunity and cost reduction
of veterinary products, feed consumption
increased efficiency, the possibility of year-
round feed enrichment with vitamins and
natural biologically active compounds.
The latter is of particular importance, as
a large number of products are currently
manufactured using food substitutes and
synthetic preparations, which is a significant
danger to living organisms consuming them.

Chlorella vulgaris and Arthrospira
platensis are the most widely used for the
needs of livestock [2, 3, 6, 7, 12—-15]. More
effective is introduction into the feed of a
native suspension of algae, which contains a
significant amount of valuable extracellular
substances — the antibiotic chlorelin,
arachidonic acid, amino acids, vitamins,
enzymes, especially in the initial stages of
culture growth [16].

In livestock and poultry farming,
positive results were obtained when using
other algae — Chlorococcum, Spirogyra,
Scenedesmus, Navicula, Nitzschia and others
[17]. It should be added that the biomass of the
algae can be enriched with iodine, selenium or
other essential elements [18, 19].

Microalgae in the form of dry powder, paste
or suspension can be used in crop production to
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increase soil fertility and microbial activity,
increase crop yields and accelerate their
vegetation, reduce application standards of
fertilizers, pesticides and growth regulators
[20]. Algae have the most positive effect on
crop yield in temperate zones and non-irrigated
agriculture.

For soils recultivation, especially irrigated
soils, it is advisable to use a suspension
of cells of green algae (Chlorella vulgaris,
representatives of the genus Scenedesmus) or
nitrogen-fixing cyanobacteria (Tolypothrix
tenuis, Nostoc punctiforme, Anabaena
cylindrica). At one time, the effectiveness of
seston using as a valuable organic fertilizer
during “flowering” of the Dnieper reservoirs
was proven [21]. Seston can also become a basis
for the production of eco-friendly pure glue
“Fitton”, developed with the participation of
specialists from the Institute of Hydrobiology
of the National Academy of Sciences of Ukraine
[22, 23], which is promising for agricultural
plant seed pelleting. It should be added that
some cyanobacteria (Lyngbya majuscula
Harvey ex Gomont.) produce toxins that are
active against phytopathogenic fungi [24],
which may also find a use in plant production.

A considerable amount of research is
related to the possibility of algae biomass usage
to create alternative fuel types — biodiesel,
bioethanol, hydrogen, methane [25-27]. It
is commonly known that microalgae contain
neutral and polar lipids. Polar lipids are mainly
synthesized under favorable conditions, are
characterized by high biological activity
and are commonly used as food and dietary
supplements. Neutral lipids are accumulated
more in unfavorable conditions or under
stress, are the main reserve substances of
cells and are promising for the production
of biofuels, biopolymers, etc. [28, 29]. Such
biofuel is CO,y-neutral and its use will reduce
the amount of gaseous emissions contributing
to global climate change.

In order to improve biofuel production
technologies, the search for promising
species and strains of microalgae, ways of
optimizing their cultivation and increasing
the amount of lipid fraction, the methods of
algae mass processing, in particular, methods
for destruction of a cell membrane and
extraction of lipid substances, development of
photobioreactors structure, etc. are still under
way [80—34]. Improving the mode of thermal
treatment of algae biomass allows to reduce its
duration and to convert from 50 to 65% of the
raw material to so-called Biocrude, “artificial
0il”. This technology does not require pre-
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dehydration of biomass, whereas usually high
moisture content impedes complete phase
separation and reduces the efficiency of lipid
extraction. Additional catalytic treatment of
microalgae biomass allows including proteins
and carbohydrates in the biofuel production
process, the destruction of which increases the
yield of the product [35].

A number of microalgae species
characterized by high lipid content were
proposed as feedstock for alternative bioenergy:
Chlorella sp., Neochloris oleoabundans,
Nannochloropsis sp., Botryococcus braunii,
Dunaliella tertiolecta, Scenedesmus TR -84 [35,
36]. In addition, autotrophic cyanobacteria and
green algae are considered as promising objects
capable of producing hydrogen for hydrogen
energy [37], and many of the carbohydrate
compounds can be used as a substrate for
bioethanol production [38].

Work in the field of “green energy” is
carried out in Ukraine. At the National
Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute”, the scientific and
technological bases for the conversion of algae
biomass into biofuel are developed [39]. At the
Kremenchuk Mykhailo Ostrohradskyi National
University, it is offered to receive biogas
from seston during “flowering” of Dnieper
reservoirs. The developers are convinced that
the invention can help to clean up the Dnieper
and solve energy problems, in particular for
the heat supply of small settlements [40].

Microalgae are one of the most important
components in the system of biological
treatment of domestic and industrial
wastewater. As it is known, in Ukraine, most
wastewater treatment plants use traditional
biotechnologies that do not provide effective
removal of phosphates and nitrates. At
the same time, microalgae are able to use
for growth only biogenic compounds, in
addition, they saturate water with oxygen,
which accelerates the oxidative processes
and mineralization of organic impurities in
wastewater [41, 42]. The possibility of using
green algae for bioremediation of the aquatic
environment contaminated with petroleum
products and waste from pulp and paper
enterprises was demonstrated [43, 44].

The cultivation of green algae on the runoff
of livestock complexes enables to remove the
excess of organic matter, to normalize odor
and color, with a considerable part of Nitrogen
returned to algae biomass and again to animals
feed [45].

Algae cultivation allows the use such by-
products of technological processes as heat

and carbon dioxide excess, reducing their flow
into the atmosphere. In intensive conditions
of cultivation, algae are capable of 70% of
CO, removing within eight hours [46]. In
particular, the possibility of cultivation of
some green chlorococcal algae using CO,
concentrations in gas-air mixture from 0.2
to 16% was shown [47]. Our own research
shown that green microalgae, in particular,
representatives of the genus Chlorella and
genus Desmodesmus had significant carbon
dioxide assimilation potential, significantly
increasing the growth rate [48—49].

It is known that in the formation of 1 kg
of phytomass, microalgae absorb more than
1.8 kg of CO, from the surrounding air space,
in addition, they are able to assimilate nitrogen
oxides with partial conversion into gaseous
nitrogen, as well as other mineral compounds,
which include biogenic elements Sulfur,
Potassium, Magnesium, Calcium, etc. [50].
In this regard, it is important to look for algae
strains with increased ability to assimilate CO,
and resistant to Sulfur and Nitrogen oxides [36].

Detailed studies of the tolerance limits and
adaptive capacity of algae have considerable
practical promise. For example, it is known
that for many species the influence of
temperatures above 35-40 °C is critical
and is usually accompanied by loss of cell
physiological activity. At the same time, at the
incubation of the strain Acutodesmus obliquus
(Turpin) Hegewald & Hanagata Syko-A
Ch-055-12 IPPAS isolated from the activated
sludge of the pulp and paper enterprise
aerotanks, at 40-45 °C, some cells survived and
continued vegetation, which made it possible
to recommend a strain for sewage treatment
in the temperature range from +15 to
+41°C[51].

Nostoc muscorum Elenkin, Scenedesmus
acutus Meyer, Chlorella vulgaris Beijer.
species of Neospongiococcum genus can be
used to treat sewage of the forestry complex,
Acutodesmus obliquus — for urban wastewater
treatment. These algae reduce the biochemical
consumption of Oxygen in the effluents;
accumulate ferrum, capable of decomposing
phenolic compounds, etc. [52, 53].

Diatomic algae capable of synthesizing fats
and fat-like substances as a basis for biodiesel
production, mucopolysaccharides, and some
unusual pigments (e.g. marennin) have
considerable biotechnological potential [54].
Thus, Cylindrotheca closterium (Ehremberg)
Lewin & Reimann is characterized by high
content of polyunsaturated fatty acids and
carotenoids, in particular fucoxanthin,
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which has antioxidant, antimutagenic and
anticancerogenic properties and is used as a
feed supplement for bivalve molluscs [55].

It was shown that representatives of genus
Euglena produce protein, Chlamidomonas
genus — carbohydrates, Ankistrodesmus
genus — lipids, Dunaliella genus —
carotene and tocopherol [56]. To obtain the
ketocarotinoid astaxanthin, an extremely
valuable preparation for aquaculture, the
content of which reaches 4% in the dry matter
of cells, in Japan (Fuji Chemical Industry)
and the USA (Cyanotech), cultivation of
Haematococcus pluvialis Flotow., thoroughly
researched at one time by the specialists of the
lapsed Institute of South Sea Biology of the
National Academy of Sciences of Ukraine, has
been mastered [57, 58].

The filamentous green algae Cladophora
and Rhizoclonium are noteworthy, which
develop abundantly in low-flowing water
reservoirs. The cell envelope of these algae
contains a significant amount of fiber that can
be used in the production of various grades of
paper and building materials.

Thus, microalgae have considerable
potential for practical use. In this regard,
algobiotechnology requires increased
attention and expansion of biotechnological
work directions, which involves the search
for new strains and a detailed study of their
biochemical characteristics and physiological
properties.

Depending on the ultimate goal of
algobiotechnologies, algae must first of all,
grow and produce significant biomass in
well-defined conditions — at the required
temperature, light, pH value, medium
composition, etc. Secondly, they must differ
in some matters of metabolic features. Thus,
to obtain feed materials, species with the
optimal ratio of proteins, carbohydrates,
lipids, biologically active substances
(vitamins, carotenoids, coenzymes, etc.),
with high nutritional quality and digestibility
are required. For energy raw materials, it
is necessary to select species with a high
content of energy components, first of all,
lipids. If it is necessary to treat sewage, algae
should be tolerant of high concentrations
of organic or mineral biogenic substances
or contaminants (phenols, metal oxides,
carbon dioxide, etc.). The selected species
should also be characterized by stability
of the main used characteristics, while
having a labile metabolism and the ability
to programmatically respond to external
influences.
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Ways to obtain biomass and increase the
efficiency of industrial microalgae culture

In the southern latitudes, the cultivation
systems for microalgae cropping can be
placed in open areas, and in more moderate
conditions — indoors. For the needs of animal
husbandry, crop production, wastewater
treatment, energy production, open systems
(ponds, trays, and pools) can be used. For food
or medical and pharmaceutical needs, where
there are high requirements for algological
and microbiological purity and product
composition, closed photobioreactors can be
used. In the first case, the process of algae
growing is relatively uncomplicated and the
cost of the biomass produced is low. Yet there
is greater need for areas and high quality of
production is not guaranteed. In the second
case, product value increases significantly
due to using the special equipment and more
sophisticated technology. In such case the
size of the occupied space decreases, and the
complete control of the cultivation conditions
ensures stable predicted quality of the product.

Despite considerable advances in the
field of optimization and intensification
of algae cultivation [59-64], the work is
ongoing on improving the structures of closed
photobioreactors and finding new materials
[49, 65]. Thus, the use of polyethylene film
has become widespread, it has been proposed to
grow algae in tris-acetate-phosphate-pluronic,
which is capable of being transformed from
liquid into gel and vice versa when the
temperature changes [16]. This improves
lighting conditions, facilitates harvesting,
and reduces energy consumption and duration
of the cultivation process.

The use of genetic engineering methods to
create highly productive algae strains capable
of actively synthesizing certain compounds is
becoming widespread. Thus, with the help of point
genetic engineering, the new strains of microalgae
were obtained on the basis of the genome of the
freshwater chlorococcal Acutodesmus dimorphus,
which should combine the best features of several
planktonic species [66].

Despite the long history of biotechnology
research, the potential of this field is not yet
fully exploited. This applies both to the range
of “new crops” and to the ways in which they
are used and how to increase the content of
valuable components. For example, according
to the known patterns, the amount of lipids and
carbohydrates increases at the stationary stage
of algae growth or under stressful conditions.
In this regard, in order to enhance the yield
of these compounds, it is recommended to use
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two-stage technology: first to create optimal
conditions for high crop yields, in the second
stage algae should be stressed [29]. It was
observed that lipid accumulation was facilitated
by a decrease in the concentration of available
nitrogen compounds, enhanced carbohydrate
synthesis — by phosphate deficiency. However,
such techniques significantly complicate the
technology. At the same time, our studies shown
that some algae had not only a high content of
lipids, but also maintained it throughout the
life cycle under normal cultivation conditions
[67, 68]. Thus, active algobiotechnological
studies would help to expand the range of
promising algae species, optimize and reduce
the cost of algae technologies.

Volumes of microalgae biomass production
in the world

Analysis of scientific literature, press
and internet publications shows that the
production of microalgae biomass is gradually
becoming traditional in many countries of
the world. Symposia of the European Society
of Microalgae Biotechnologies regularly take
place in Hungary, analyzing new developments
and current industry challenges [69]. In the
United States, the first microalgae growing
plants in artificial ponds were established in
1977, and industrial production of microalgae
is gradually increasing [8, 26]. The largest
capacities are concentrated in the USA, China,
India, Japan, Thailand, Germany, Australia,
and Israel. Well-known microalgae biomass
producers are Royal, DutchShell (Hawaii),
AlgaeBioFuels and Solazyme (USA), Aquaflow
Bionomic Corporation (New Zealand),
Mitsubishi (Japan) companies. In Europe
Ingrepro B.V. (Netherlands) company offers
the technological schemes for lipid-enriched
biomass obtaining of microalgae.

In Europe and America, a variety of
chlorella products are known, “Japan
Chlorella” company produces its biomass for
food purposes; about 1.5 thousand tonnes of
dry biomass are produced annually in Taiwan;
Malaysia and Philippines consume for food
needs over 500 tonnes of algae. In Africa
and Mexico, a significant amount of protein
concentrates are produced from spirulina,
using alkaline lakes to grow them. Italy
develops spirulina cultivation technology in
seawater and in closed-type cultivators.

There are some small enterprises in Russia
(000, limited liability companies under the laws
of Russian Federation, such as “Ecofactor”,
“Legion Center”, “Solixant”) that produce
chlorella as a pure suspension or with lactic and

bifidobacteria for livestock, and spirulina, as
well as Omega-3 polyunsaturated fatty acids
and carotenoids from freshwater and marine
algae. “Energotehnoprom” company (Kazan)
produces bioreactors of different capacity for
growing chlorella [70]. It is traditional to grow
microalgae for agriculture in Central Asia — for
animal husbandry, crop production, fur farming
and silk production [566, 64]. There is growing
interest in this problem in Belarus, where a large
complex of biotechnological works and patenting
of development is being performed [63].

Prospects for microalgae cultivation in
Ukraine

In Ukraine, active cultivation of microalgae
and their use in animal husbandry began in the
1970s [71]. Significant achievements in this
area were obtained by scientists of the Institute
of Hydrobiology of the National Academy of
Sciences of Ukraine, headed by prof. L.Ya.
Sirenko. At the Institute, up to now there
is a collection of living microalgae cultures
created by Lydia Yakimivna (Fig. 1). The staff
of the Institute performed a large complex of
biotechnological works to find new directions
for algae biomass using, ways of seston
utilization of Dnieper reservoirs, development
of microalgae cultivation technology in tubular
photobioreactors (Fig. 2) and introduction of it
into the department of microalgae industrial
cultivation on the basis of Ladyzhinskaya
Thermal Power Plant for the needs of livestock
and fish farming, etc. [21, 61, 62, 72-76].

At present, unfortunately, in Ukraine the
market for this product is almost not filled, the
needs are met mainly due to foreign supplies
(partly from Europe and mostly from China)
and only a few companies supply biomass of
domestic algae. In particular, the limited
liability company under the laws of Ukraine,
“Mercury-II”, in the framework of a joint
scientific project with of the lapsed Institute
of South Sea Biology of the National Academy
of Sciences of Ukraine, started growing
Spirulina platensis (the trademarks “Living
Spirulina AlgaeLife” and “SpirulinaLive”)
since 2007 in the Kharkiv region to implement
it in Ukraine and abroad, continuing to further
develop and improve the technology. Within
this company, the scientific-production
firm “Prombiotechnika” (Odesa) offers
bioreactors for the cultivation of microalgae.
In Vinnitsa region Bar branch of the company
“Tsukorpromvodonaladka” grows Chlorella and
Scenedesmus for the treatment of sewage of
food industry enterprises. “Chlorella Ukraine”
(Bila Tserkva) private enterprise offers chlorella
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Fig. 1. Microscopic algae from the collection of the Institute of Hydrobiology of the National Academy of
Sciences of Ukraine HPDP: I — Tetradesmus dimorphus (Turpin) M.J. Wynne HPDP-108 (=Acutodesmus
dimorphus (Turpin) P. Tsarenko); 2 — Tetradesmus obliquus (Turpin) M.J. Wynne HPDP-104 (=Acutodesmus
obliquus (Turpin) E. Hegew. et Hanagata); 3 — Desmodesmus communis (E. Hegew.) E. Hegew. HPDP-109;
4 — Messastrum gracile (Reinsch) T.S. Garcia HPDP-115 (=Selenastrum gracile Reinsch); 5 — Porphyridium
purpureum (Bory) K.M. Drew et R. Ross HPDP-141 (=Porphyridium cruentum (Gray) Négeli)

for various needs in the form of suspension,
concentrate, paste or dry powder [78].

Recently, Ukrainian entrepreneurs are
focusing on the development of aqua farming.
For this purpose, they are given the opportunity
to rent parts of reservoirs for fish breeding in
seas, reservoirs, garden farms, create favorable
conditions for investment and credit. The
state is trying to promote aquaculture and
mariculture development in accordance with
world standards, with the aim of producing
organic aquaculture products, in particular,
the cultivation of a number of freshwater and
marine fish and shellfish species. In this regard,
it is also promising to grow microalgae as a
component of fish and invertebrates feed.

A significant impediment to the
implementation of algobiotechnology,
especially in Ukraine, is the unwillingness
of domestic entrepreneurs to make long-
term investments and the high cost of algae
production. Intensification of research
activities aimed at increasing the productivity
of algae and increasing the yield of target
products, improving the methods of cultivation
and integrated processing of biomass, as well
as the use of local resources — waste heat from
Thermal Power Plants, food production waste,
CO, from flue gases of industrial enterprises,
etc. can contribute to its reduction [29, 79].

30

The cultivation of microalgae is promising
for the renewable raw materials obtaining
of various purposes. The development of
algobiotechnology research will promote the
replenishment and improvement of the food
base, the creation of medical products and new
technical resources, and safety issue resolution
of the environmental as well.

Algae production volumes are subject to
UN Organization structures accounting and
expansion, in particular through aquaculture.
Meanwhile, the amount of biomass of freshwater
microalgae produced is incomparably lower
than that of marine algae. In particular, world
production of Spirulina spp., concentrated in
Australia, Israel, India, Malaysia, Myanmar,
Japan according to available statistics from the
Food and Agriculture Organization of United
Nations (FAO), does not exceed 100 thousand
tones, compared to hundreds and million
thousands of tons for marine species [80].

Analysis of the achievements of
algobiotechnology indicates the feasibility
of creating a new and complete agriculture
in Ukraine to solve various technological
problems related to wastewater treatment,
utilization of excess potential biogenic
resources (biogenic compounds, organic
substances, carbon dioxide), obtaining
natural balanced feeds for animals, fish and
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Fig. 2. Experimental tubular photobioreactor
of biotechnological complex
of the Institute of Hydrobiology
of the National Academy of Sciences of Ukraine
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MIKPOBOJOPOCTEU

Kipneuro H. I., leoumwvesa T. O.
Iacturyr rigpobiosnorii HAHY, Kuis

E-mail: nativnativ@ukr.net

IIpoananizoBaHO cydacHUil cTaH Ta Iep-
CIIEKTUBHU 0i0TEeXHOJOTiYHOT0 BUKOPUCTAHHS Mi-
KPOCKOIIiuHMX BomopocTeii. HaBemeno ocHOBHI
HaIpAMHU ajibrodbiorexHoJorii, 3ymoBJieHi ¢isi-
0JI0T0-6i0XiMiUHMMU 0COGJIMBOCTAMU ITUX OpTa-
Hi3MiB, 00cATHM OleP:KYyBaHOI B CBiTi BOZOPOCTEBOT
TMPOAYKILii, BUAM MiKPOBOJOPOCTEM, ITI0 BiKe Ha0y-
JIY 3aCTOCYBAHHS YW MAIOTh MPAKTUYHI MOKJIMBO-
CTi, IIJIIXY OJepiKaHHsa OioMacu Ta HigBUINeHHS
IPOAYKTUBHOCTI IPOMMCJIOBOTO KYJbTUBYBAaHHA
BomopocTeit. Po3rassuyTo cTaH 1iel mpobaemu, 10-
IMiJTBHICTH PO3BUTKY aJIbro0i0TEeXHOJIOTII Ta YMOBU
BUPONUTYBaHHSA MiKpPOBOZOPOCTeN B YKpaiHi.

Knarouwosi cnosa: anbrobioTexHOJIOTisI, MiKpPOBO-

JIOPOCTi, TPOMUCJIOBE KYJIbTUBYBAHHA, AaKBaAKYIb-
Typa.
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BUOTEXHOJOI'MYECKHUE )
IIEPCIIERTHBbBI MUKPOBOAOPOCJIEU

Kupnenurxo H. H., Jleonmvesa T. A.
HWucturyr rugpobuoaoruu HAHY, Kues

E-mail: nativnativ@ukr.net

IIpoaHaM3UPOBaHO COBPEMEHHOE COCTOSTHIE 1
TIePCIeKTUBBI OMOTEXHOJOTUUECKOT0 NCII0JIH30Ba-
HUS MUKPOCKOIIMUECKUX Bojgopoceii. [IpuBemeHsl
OCHOBHBbIE HANPaBJIEHUA aJbroOMOTEXHOJOTUU,
00ycCJa0BJIeHHBIE (PUBUOJIOTO-0MOXUMUUECKUMU
0COOEHHOCTAMU STUX OPTaHU3MOB, 00'HEMbI ITPOU3-
BOJIMMOII B MUP€E BOJJOPOCJIEBOM ITPOAYKIIUU, BUIBI
MUKPOBOJIOPOCJIeli, yoKe HallleAIne ITpuMeHeHre
UV UMeMIue MPaKTuYeCcKue BO3MOXKHOCTH,
IYyTHU MOJIyUeHUsA OGMOMACCHI M MOBBIMIEHUA IIPO-
IYKTUBHOCTY IIPOMBIIILJIEHHOTO KYJIbTUBUPOBAHUS
BoJopocieii. PaccMOTpeHbI COCTOSAHUE STOM IIPO-
6JIeMBI, I1eJIecO000Pa3HOCTh PA3BUTUS aJblo0MO-
TEeXHOJIOTUU U YCJIOBUSA BHIPAIITMBAHUSI MUKPOBO-
mopocJieil B YKpaunue.

Knwouesnvle cnosa: arbrodMOTEeXHOJIOTUA, MUKPO-
BOJIOPOCJIY, IPOMBIILIEHHOE KYJIbTUBUPOBAHUE,
aKBaKyJIbTypa.
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The aim of this work was to identify and to study physical and chemical properties of the enzyme
preparation which was obtained from the cultural liquid of Pleurotus ostreatus.

The protease containing fraction was obtained from the cultural liquid by sodium chloride precipitation
followed by dialysis and concentration procedures. Gelatinase and milk-clotting activity were defined by
standard methods. The content of the protein component of the fraction was analysed by HPLC, Laemmli
electrophoresis and MALDI-TOF analysis. Protease activity was proved by enzyme-electrophoresis. To iden-
tify the protease, mass-spectrometry was carried out using the MatrixScience database. To study the speci-
ficity of protease action, the series of chromogenic substrates were used: S2238; S236; S2251; S2765; Leu-
pNa; Ala-pNa and S2302. The inhibitory analysis was carried out using EDTA, benzamidine, PMSF, PCMB.

The obtained fraction possessed maximal protease activity at 45 °C. Meanwhile maximal milk-clotting
activity was observed at 35 °C. The highest milk-clotting activity was shown at pH 5.0 and less than 3.0.
The highest protease activity was shown at pH 6.0. Using HPLC method, it was found the main protein
component and some minor proteins. According to the electrophoresis results, the main protein compo-
nent of the fraction had molecular mass 45 kDa. Enzyme electrophoresis demonstrated that protease
activity of the fraction was present in the zone corresponding to 45 kDa. When identifying trypsinolysis
products, no homology was found with other known proteinases. It was shown that the protease hydro-
lyzed peptide bonds which were formed by carboxyl group of amino acids with hydrophobic side chains.
The enzyme was inhibited by EDTA (IC50 = 2.5 mM). The maximal enzyme activity towards gelatin and
Leu-pNa was shown in the presence of 5 mM calcium chloride.

The new calcium-dependent metalloprotease with molecular weight 45 kDa was found in the cultural
liquid of P. ostreatus. The enzyme had no homology with other known proteases and hydrolyzes peptide
bonds formed by carboxyl groups of amino acids with hydrophobic side chains.

Key words: basidiomycetes, proteolytic enzymes, milk-clotting activity, physical and chemical
properties.

Proteases of animal origin became common
use in dairy industry in particular in cheese
production. Nowadays, the main sources of
these proteases are pancreas and gastric mucosa
of cattle and pigs. This resource is limited, so
substitution of the expensive rennet enzyme
by mushroom proteases is cost effecting and
promising. It was shown that the level of
milk-clotting activity of basidiomycetes was

comparable to that of the traditionally used
commercial rennet enzymes [1].

The requirements for rennet substitutes
are strict. Their enzymatic properties should
be as close as possible to natural renin. This
means that, along with high milk-clotting
activity, substitute enzymes should have a
slight total proteolytic activity [1, 2]. Due
to the concomitant proteolytic activity,
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the obtained clots often have a bitter taste,
which negatively affects the quality of cheese
products[1, 3]. An analysis of literary sources
shows that the search for substitute enzymes
in the macromycete group is quite successful
[4, 5]. It is known that Pleurotus ostreatus
contains proteases with milk-clotting activity
(MCA) [3, 6]. There are data that the extract
of fruit bodies of P. ostreatus is similar to
preparations used in the dairy industry
and after purification can be used in cheese
making.

In our previous investigations we selected
nutrient media and optimal conditions for the
deep cultivation of P. ostreatus[7]. We showed
that the enzyme preparation from the cultural
liquid of P. ostreatus possessed both: milk-
clotting and proteolytic activity [8, 9].

Materials and Methods

Obtaining of the protease containing
fraction. The experiments were performed
on a “wild” strain of P. ostreatus, which
was isolated from fruiting bodies growing
on a cultivated poplar (Populus sp.). In all
experiments, a potato-sucrose medium was
used, as described in [7]. The mycelium was
planted under a laminar box to minimize the
risk of contamination. The inoculum was
introduced in the form of fragments of a carpet
of stock culture of mycelium with an area of
1 cm2. Cultivation was carried out for 14 days
in dark at a temperature of 27 °C on a shaker of
WiseShake SHO model at 70 rpm. At the end of
the incubation, the culture liquid was collected
and frozen. As the initial stage of purification
of the enzyme preparation from the culture
liquid, salting out with sodium chloride (100%
saturation) was used.

The salt was removed by dialysis. For long-
term storage of the preparation, the method
of freeze drying was used with a combination
of a temperature of —51 °C and a pressure
of 1.370 mBar. Protein concentration was
determined spectrophotometrically [10].
Gelatinase activity. Proteolytic activity (PA)
was determined according to the method de-
scribed by Leighton et al. [11]. A mixture
containing 0.15 ml of the enzyme preparation
and 0.25 ml of the substrate (1% gelatin in
0.2 M acetate buffer, pH 5.0) was incubated
for 60 min in the absence of light (gelatin final
concentration 6.85x10°% M). The reaction was
stopped by the addition of 10% trichloroacetic
acid. The mixture was centrifuged (8.000 rpm)
for 15 min at 4 °C. Then 1.4 ml of 1 M NaOH was
added to the obtained supernatant (0.8 ml). For
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one unit of PA, an enzyme amount was taken that
promotes an increase in absorbance of 0.01 in one
hour at 440 nm.

Milk-clotting activity. Milk-clotting
activity (MCA) was determined according
to the Pyatnitsky method: a test tube with a
substrate (milk 3.4% volume 10 ml) containing
a 0.0015 M solution of calcium chloride was
heated to 35 °C and 2 ml of the studied enzyme
preparation was added. The preparation
activity was evaluated by the time of formation
of a dense milk clot. The unit of MCA was the
amount of enzyme that clots 100 ml of milk in
40 min at 35 °C[12].

To identify the optimum pH of the enzyme
preparation, PA and MCA were determined at
25 °C with gelatin in various pH ranges using
the following buffer solutions: 0.2 M acetate
(pH from 3.8 to 5.8) and 1M phosphate (pH
from 5.8 to 8.0).

To determine the temperature optimum,
the enzyme preparation was incubated with
gelatin at temperature in the range from
25 to 80 °C. When studying the effect of
preincubation on MCA and PA, the enzyme
preparation was preincubated at various
temperatures in the range from 25 to 80 °C
for 1 hour. After that, the determination
of proteolytic activity was carried out as
described above.

The effect of calcium ions on the milk-
clotting activity of the enzyme preparation
was determined by adding a solution of
calcium chloride to a substrate (milk) in a
final concentration from 20 to 500 mM. The
samples were incubated at 60 °C, after that
milk clotting activity was determined.

The effect of calcium ions on the protease
activity was studied as it was explained above
for milk except the gelatin that was used as
the substrate of the reaction (see ‘Gelatinase
activity’ section).

Electrophoretic analysis was performed
in 12 and 10% PAAG by the Laemmli SDS
PAGE[13]. Protein zones were identified after
Coomassi R-250 staining.

Enzyme electrophoresis was performed
to identify protein zones with fibrinogenase
activity. Gel was polymerized in the presence
of 0.5 mg/ml fibrinogen. After electrophoresis
performed by the above method, DS-Na was
removed from gel by three times washing in
2.5% solution of Triton X-100. The gel was
then incubated in 0.1 M glycine buffer, pH 8.3
for 12 h. The gel was stained with Coomassi
R-250 and the areas of proteolytic activity
identified by the location of the unstained
spots on the gel.
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HPLC on phenyl sepharose. Chromato-
graphic system Agilent 1100 was used for
the extract analysis with column Dupont
Instrument (250 mm long and 4.7 mm over)
with ZorbaxSilicogel(20 pm) with phenyl
inoculation in pressure of 140 bar and flow
1.5 ml per minute. Two buffer gradients were
used: the decreasing one (0.15M TrisHCI pH
6.5, 0.13M NaCl) and increasing one (50%
acetonitrile contained buffer with 0.1%
trifluor acetic acid).

MALDI-TOF analysis of trypsinolysis
products of the main protein component from
the cultural liquid of P. ostreatus was perfor-
med using a Voyager-DE (Applied Biosystems,
USA). H+-matrix ionization of polypeptides
under sinapic acid (Sigma-Aldrich) was used.
The results were analyzed by Data Explorer
4.0.0.0 (Applied Biosystems)[14].

Amidase activity was determined by
cleavage of chromogenic substrates: S2238
(H-D-Phe-Pip-Arg-pNa), S236 (pyro-Glu-Pro-
L-Arg-pNa), S2251 (D-Val-Leu-Lys-pNa),
S2765 (Z-D-Arg-Gly-Arg-pNa), Leu-pNa,
Ala-pNa, S2302 (H-D-Pro-Phe-Arg-pNa). The
assay was performed in microplates, which
wells were successively introduced with 0.05 M
Tris-HCI] buffer pH 7.4 and a chromogenic
substrate in the final concentration 20 nM.
The reaction was started by adding an enzyme-
containing fraction at 37 °C. Amidase activity
was characterized by the rate of release of
paranitroaniline (pNa), which was detected at
a wavelength of 405 nm using a Multiskan EX
reader [15].

Protein concentration was determined
according to Bradford [16].

Statistical analysis was performed using
STATISTICA 6.0 software (n = 5).
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Results and Discussion

Total protease and milk-clotting activity

The influence of pH

Milk-clotting activity (MCA) of the enzyme
preparation was observed in a narrow pH
range from 3.6 to 5.6. The pH optimum of the
enzyme preparation with MCA was represented
by two peaks at pH 3.6 and pH 5.0. The
proteolytic activity of the enzyme preparation
from P.ostreatus was observed in the entire
pH range from 3.6 to 8.0. The pH optimum of
proteolytic activity was at pH 7.0 (Fig. 1).

According to the literature, the proteases
of some fungi are active in a wide pH range.
For proteases derived from P. ostreatus
fruiting bodies, the pH range, at which
proteolytic activity is maintained, was in the
range from 4 to 9 [3]. The stability interval
of milk-clotting proteases from P. ostreatus
mycelium was in the pH range from 3.5 to 7.5
[4]. These data are consistent with our results
regarding the effect of pH on the activity of
proteases from P.ostreatus culture liquid.
It was shown that with high proteolytic
activity of the enzyme preparation, not only
the formation of a clot was observed, but
also its further hydrolysis. This leads to the
appearance of bitter peptides and makes such
an enzyme preparation unsuitable for use in
the cheese production. Taking into account
these data, we recommend for making cheese
the use of the enzyme preparation with a pH
value of 3.6, since at this pH the ratio of MCA/
PA is 74: 1. For example, at pH 5 the ratio of
MCA/PA isonly 13: 1 (Table 1).

The influence of temperature
In order to investigate the physicochemical
properties of milk-clotting proteases from

0 | \
10—

pH

6,53 7 75 a8

Fig. 1. The influence of pH on the protease activity (PA) and milk-clotting activity (MCA)
of the enzyme preparation from the cultural liquid of P. ostreatus
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The milk-clotting and protease activity of enzyme preparation at different pH values

pH l;fgj‘f:l‘l‘ TOtf‘IlJ,I}’)ICA Sp(%:}i;:lcg.‘l\gf(?A Total PA (U) S?I‘;?;lﬁlg(.: . MCA/PA
protein) protein)
3.6 1.07 81.08 75.78 1.09 1.02 74:1
3.8 1.07 37.27 34.8 2.5 2.34 16:1
4.0 1.07 12.74 11.9 2.92 2.73 4:1
4.2 1.07 5.57 5.2 4.03 3.77 1.5:1
4.4 1.07 4.12 3.92 4.01 3.75 1.1:1
4.6 1.07 2.89 2.7 4.11 3.8 0.8:1
4.8 1.07 12.35 11.5 4.74 4.43 2.6:1
5.0 1.07 80 74.77 6.32 5.91 13:1
5.2 1.07 5.38 5.03 4.71 4.4 1.2:1
5.4 1.07 2.72 2.54 5.09 4.76 0.6:1

* U-milk-clotting or protease activity unit.

P. ostreatus culture liquid, we studied the
effect of temperature on the milk-clotting and
proteolytic activity of the enzyme preparation.
To study thermostability, we conducted a series
of experiments in which the preparations were
preincubatedat under various temperatures
for 1 hour. The temperature optima for PA and
MCA were different.

The maximum milk-clotting activity
was observed at 45 °C (Fig. 2). This value
coincides with that for Pleurotus eringii and
is somewhat lower than for the fungi enzymes
and Tricholoma saponaceum (55 °C) [17, 18].
The milk-clotting activity is maintained
up to 55 °C at pH 5. A further temperature
increase sharply inactivates the milk-clotting
enzymes of the studied fungus. At 4 °C, the
milk-clotting activity of the lyophilic powder
solution remains at the same level for a month.
The obtained data are consistent with the
results obtained for the enzyme preparation
from the fruit bodies of P. ostreatus[4, 5].

The proteolytic activity of the enzyme
preparation from P. ostreatus was observed
in the entire temperature range from 25 to
60 °C (Fig. 2). The temperature optimum of
proteolytic activity is at 45 °C. This value is
comparable with the temperature optimum,
which was previously determined for the
enzyme preparation from P. eringii [19].

As it can be seen from Fig. 2 and 3, during
one hour of pre-incubation of solutions
containing enzymes at 35 and 45 °C, an increase
in MCA and PA was observed, at least 2 times,
respectively. This phenomenon was discovered
earlier by other researchers for an enzyme
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preparation containing MCA from the fruit
bodies of P. ostreatus [4].

Theinfluence of calcium ions on MCA

There was no influence of calcium ions on
protease activity of the enzyme preparation.
The concentration range was from 2 till
50 mM. However, the influence of calcium ions
on the milk-clotting activity was significant.
There is evidence in the literature that calcium
stimulates the activity of milk-clotting
enzymes. Calcium taken at a sufficiently high
concentration was considered as an important
component in the formation of the milk clot
[18]. The addition of 1.8 pM calcium chloride
to milk improved its coagulation and led to an
increase in milk clot hardness by 32% [19].
The cheese hardness could be increased to 81%
due to addition of 10 mM CaCl, However, an
increase in calcium chloride concentration
caused a decrease in cheese hardness [19, 20].
The use of high concentrations of calcium
chloride could have negative effects on cheese
production.

The use of high concentrations of calcium
chloride changed the meltability of the cheese
clot that caused a number of problems in cheese
production [20]. As can be seen from Fig. 4, the
maximum milk-clotting activity in our studies
was achieved when calcium chloride was added
to the substrate (milk) at a final concentration
of 10 mM.

Our data differ from those for the enzyme
preparation of microbial origin. Thus, the
milk-clotting activity of proteases from
Bacillus amyloliquefaciens was highest at



Experimental articles

250

200
R
g 150 Pre-incubatian
= s [ncubation

B / /\\

’ "/ \\

[1] T

25 30 55

Temperature, °C

Fig. 2. The influence of temperature on milk-clotting activity (MCA) of the enzyme preparation

from the cultural liquid of P. ostreatus
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Fig. 3. The influence of temperature on protease activity (PA) of the enzyme preparation from the cultural

liquid of P. ostreatus
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Fig. 4. The influence of calcium chlorideon MCA
of the enzyme preparation from cultural liquid of P. ostreatus
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a final concentration of calcium chloride
of 25 mM. In the range of calcium chloride
concentrations from 0 to 20 mM, the milk-
clotting rate increased with an increase in
Ca?" ions concentration. Meanwhile at a
concentration above 25 mM, a decrease in milk-
clotting activity was observed [21].

Maximum MCA of the protease from
Enterococcus faecalis was obtained by
adding 50 mM calcium chloride to the
incubation medium [14]. The effect of CaCl2
on the aggregation of para-casein micelles
is explained by its effect on the average
coagulation rate. It was hypothesized that
electrostatic repulsions and ionic bonds played
an important role in the interaction between
chymosin and para-casein [22, 23].

Identification of the protease component
from the cultural liquid of P. ostreatus

According to electrophoresis results,
main protein component of the fraction
had molecular mass 45 kDa (Fig. 5). Using
HPLC method it was found the main protein
component and some minor proteins (Fig. 6).
So, HPLC data proved the electrophoresis
results and gave us possibility to concentrate
our efforts on identification of the major
component of the fraction. To prove the
enzyme activity of the protein component,
enzyme electrophoresis was applied with
fibrinogen as a standard substrate. It was
shown that protease activity of the fraction
was present in the zone corresponding 45 kDa
(Fig. 7).

To identify the enzyme, trypsinolysis
of the main protein component was carried

1 M

“ =170
- — 130
wos — 100
- — 70
= — 55

— 40

Fig. 5. SDS-PAGE of the enzyme preparation
from the cultural liquid of P. ostreatus
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out followed by the analysis of its products
using MALDI (Fig. 8). Identification of the
trypsinolysis products of the main protein
component let us to carry out the screening
of its amino acid sequence and make the
comparison of this sequence with other
sequences of known enzymes from different
origins. There was no homology with other
known proteases.

Thus, protein with molecular weight
of 45 kDa had proteolytic activity in the
composition of P. ostreatus liquid culture. This
enzyme, according to the results of the MALDI-
TOF analysis of trypsinolysis products, did
not present in publicly available databases and
requires further investigation.

The study of hydrolytic activity of a
protease from the cultural liquid of P. ostreatus

For a targeted investigation of the
substrate specificity of proteases from
P.ostreatus culture liquid, studies were
carried out at pH of 7.4, to exclude the possible
contribution of a milk-clotting enzyme.
Amidolytic activity was evaluated using
several chromogenic substrates: S2238 (H-D-
Phe-Pip-Arg-pNa); S236 (pyro-Glu-Pro-L-Arg-
pNa); S2251 (D-Val-Leu-Lys-pNa); S2765 (Z-D-
Arg-Gly-Arg-pNa); Leu-pNa; Ala-pNa; S2302
(H-D-Pro-Phe-Arg-pNa).

As shown in Fig. 9, the enzyme has the
highest specificity for Leu-pNa (among all
investigated substrates) — the hydrolysis
reaction rate was 0.22 nM/min. Previously,
the highest amidase activity with the
substrate S2586 (MeO-Suc-Arg-Pro-Tyr-pNA)
was determined in the mycelium preparation
of P. ostreatus. It is also known that chymosin
(rennet) has specificity for peptide bonds
formed by the C-group of hydrophobic amino
acids. Chymosin specifically cleaves the
Phel05-Met106 peptide bond in a casein
molecule [22, 24-26]. It is known that the
most specific substrate for chymosin is
a compound with Phe-Met peptide bond.
However we recommend Leu-pNa as more
available substrate, which also has peptide
lond formed by C-group of hydrophobic amino
acid.

The effect of wvarious inhibitors on
amidolytic activity (with Leu-pNaas a
substrate) is shown in Fig. 10. The enzyme
from the cultural liquid of P. ostreatus was
inhibited by 10 mM EDTA, a widely known
inhibitor of metalloproteases (Fig. 10).

Moreover, the effect of EDTA had a
concentration-dependent nature (Fig. 11). The
determined IC50 value for EDTA was 2.5 mM. It
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Fig. 6. HPLC profile of the enzyme preparation from the cultural liquid of P. ostreatus

1 M
170 =
130 —
100 —
L

Fig. 7. Enzyme-electrophoresis of the
enzyme preparation from the cultural
liquid of P. ostreatus using fibrinogen

as a universal protease substrate
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Fig. 8. MALDI-TOF spectra of the trypsinolysis fragments of the main protein component
from the cultural liquid of P. ostreatus
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Fig. 9. Amidase activity of the protease from the cultural liquid of P.ostreatus with the following substrates:
S2238 (H-D-Phe-Pip-Arg-pNa); S236 (pyro-Glu-Pro-L-Arg-pNa); S2251 (D-Val-Leu-Lys-pNa);
S2765 (Z-D-Arg-Gly-Arg-pNa); Leu-pNa, Ala-pNa; S2302 (H-D-Pro-Phe-Arg-pNa)
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Fig. 10. The rate of Leu-pNa degradation by protease from P. ostreatus cultural liquid in presence or absence
(control) of the following inhibitors such as serine proteases (benzamidine), metalloproteases (EDTA),
cysteine proteases (PCMB). Each inhibitor was taken at concentration 10 mM
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Fig. 11. The effect of EDTA on the protease activity of the preparation from the cultural liquid
of P. ostreatus with Leu-pNa as a substrate
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Fig. 12. The effect of calcium chloride on the protease activity of the preparation
from the cultural liquid of P. ostreatus with Leu-pNa as a substrate

should be noted that the marked inhibitory effect
of PCMB was not changed with the increasing of
the inhibitor concentration and might indicate the
presence of disulfide bonds in enzyme. Thus, the
protease from the cultural liquid of P. ostreatus
turns out to be a metalloprotease and, like many
other proteases, is calcium dependent (Fig. 12). In
particular, 5 mM calcium chloride activates the
enzyme more than in 2 times.

Partially purified preparation from the
cultural liquid of P. ostreatus contained
a milk-clotting component, which was
characterized for industrial application as
a milk-clotting enzyme. According to our
results, the recommended pH value was 3.6,
optimal temperature was 35 °C. To increase
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METAJIOITPOTETHA3A
3 KYJIbTYPAJIbHOI PITUHHA
Pleurotus ostreatus

B. B.Cakosuu®, €. M. Cmozniii?, IT. 1. H{epnoce}coel,
A. B. Peopieé?, ]]. C. Kopoawosa®, P. FO. Mapyruy?,
B. 0. Yepruweno®

Honiceruit JIlep:KaBHUN YHiBEepCUTET,
Iliacek, Bitopych
2IHc'rI/I'ryT 6ioximii im. O.B. ITamnagina
HAH VYkpaiuu, Kuis, YKpaina

E-mail: mrs.valeryia@mail.ru

MeToio po6oTU € BUSABJIEHHA i BUBUEHHA (Qisu-
KO-XiMiUHUX BJIACTMBOCTEI €H3WMHOTO Iperapary,
OJlePIKaHOT0 3 KYJAbTypasbHOi pigmum Pleurotus
ostreatus.

dpaxkiiiro, 110 MiCTUTL IIPOTeiHas3y, 0yJi0 OTpPH-
MaHoO 3 KyJbTYPaJIbHOI PiIUHN METOAOM OCaAKeHHS
XJIOPUAOM HATPiI0 3 MOAAJIBIIUM AiarisoM i KOHIIEH-
TpyBaHHAM. JKelaTuHasHy i MOJIOKOBTOPTAJIBHY aK-
TUBHICTh BUSHAUAIN CTAHAAPTHUMU METOAAMU. SMiCT
OpoTeiHOBOTO KOMIIOHEHTa (PpakIlii BU3HaAUaaM 3a
nonomoroio metroniB HPLC, enekrpodopesy 3a Jlem-
ai ra MALDI-TOF anauisy. IIpoTeinasny aKkTUBHICTD
BUBYAJN eH3UM-eJeKTpodopesom. [lid 3’sacyBaHHA
crnenudivHOoCTi Ail MpOoTeiHA3W BUKOPHUCTOBYBAJIN HUA3-
Ky XpoMoreHHuX cybcrparis: S2238, S236, S2251,
S2765, Leu-pNa, Ala-pNa i S2302. Iuri6itopuuit ana-
Ji3 mpoBoawmin i3 3acrocyBanuAM EITA, 6ensaminu-
"HoMm, PMCD, ITXMB.

OrpumaHa (pakilisg BUABIAIA MaKCUMAaJbHY
mpoTeiHasHy aKTHUBHICTB 3a 45 °C. MakcumMaibHy MO-
JIOKO3CiZaabHy aKTUBHICTE crroctepiranu mpu 35 °C.
HaiiBunry mMoJ/IoOK0O3TOpTa/NIBHY aKTHUBHICTH IOKas3a-
HO mpu pH 5,0 i menre 3,0. HaiiBuia mporeinasua
akTuBHicTB Oyia mpu pH 6,0. 3a gommomoroi mMeTomy
HPLC 6ys10 3HaliieHO OCHOBHUIT ITPOTEIHOBUM KOMIIO-
HeHT i geaKi 6iuni mporeinu. 3rifHO 3 pe3yabTaTaMu
eJIeKTPOo(ope3y OCHOBHUI ITPOTEIHOBUI KOMIIOHEHT
dpaxriii maB moaeryaAapuy macy 45 klla. Exsum-
eJeKTpo(dopes IPOBeIeHO 3 BUKOPUCTAaHHAM (Pibpu-
HOTeHY sIK CTaHJapTHOTO cybcTpary. BecraHoBI€eHO,
010 IpoTeiHa3HAa aKTUBHICTH (ppakiiii mpucyTHA B
30Hi, 110 BignmoBigana maci 45 klla. IIpu inerTudika-
il IPOAYKTIiB TPUIICUHOJII3Y HE BUABJIEHO T'OMOJIOTI1
3 immumu Bizomumu nporeinazamu. Ilokasano, 1110
mporeiHasa rifiposisye nenTuaHi 38’ 13K, SKi yTBOpE-
Hi KapOOKCUILHOIO I'PYIIOI0 aMiHOKHUCJIOT 3 Tiapod00-
HuMHU 6iuHUMHY JaHIoramu. Exsum inrioysanu EIITA
(IC50= 2,5 MM). MakcuMaJbHy aKTHBHICTb €H3UMY
3 :xesnatuHOM i Leu-pNa criocrepirasu B mpucyTHOCTI
5 MM xJ0pUAYy KaJbIlifo.

Y ryasTypanbHilt piguHi Pleurotus ostreatus Bu-
SIBJIEHO KaJTBIIi HBaJIeIKHY METAJIONPOTeIHAZY 3 MOJIEKY-
asapHoro Macomo 45 klla. EHsum He MaB romoJiorii 3 if-
IIMMU BiJOMUMM IIPOIHA3aMU i TiApoJIidyBaB IenTUIHI
3B’sI3KM, YTBOPEHI KapOOKCUJILHUMHU I'DyIIaMU aMiHO-
KHCJIOT 3 T1IpohoOHMMY O1UHUMY JIAHIFOTaMU.

Knwouwosi cnoea: Gasumiomineru, MIPOTEOJiTHUHI
€H3UMU, MOJIOKO3TOpTaJibHA aKTUBHICTb, (Pi3UKO-
XimMiuHi BJ1acTHUBOCTI.
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ITesis pabOTHI — BBIABJIEHUE U U3yUeHUE (PUBUKO-
XUMHUYECKUX CBOMCTB 9H3MMHOTO IIperapara, moJyyeH-
HOT0 U3 KYJIbTYPAILHOMI KuaKrocTu Pleurotus ostreatus.

Dpaknusd, comepsKraiasg IpoTenHasy, ObLIa IoJIy-
yeHa U3 KYJIbTYPAJIbHON JKUJKOCTA METOJOM OCAMK-
MeHUS XJIOPUIOM HATPUSA C ITOCTIEAYIOITNM AUATA30M
¥ KOHIleHTpUpoBaHUeM. JKelaTuHA3HYI0 U MOJOKO-
CBEPTHIBAOIIYIO AaKTUBHOCTD OIIPEIe/IsIN CTaHIaAPT-
HBIMU MeTofaMu. CocTaB IPOTEMHOBOTO KOMITOHEHTA
dpaKIuy OIpenesIsaan ¢ MoMoIbio MeTonoB BOKX,
sneKTpodopesa mo Jlammuan u MALDI-TOF ananusa.
IIpoTenHa3Hy0 aKTUBHOCTD U3YUAIN SH3UM-3JIEKTPO-
dopesom. [11s BEIACHEHUA CIIeNU(PUIHOCTY AeHCTBUSA
POTEeNHAa3bl UCIIOJIb30BAIN PAJN XPOMOTEHHBIX CYO-
crparoB: S2238, S236, S2251, S2765, Leu-pNa, Ala-
pNa u S2302. THrnOUTOPHBINM aHAJINS IIPOBOIILIN C UC-
nonb3oBanueM JITA, 6erzamununa, PMCD, [IXMB.

ITonyuennas gpaxmus obragaia MaKCUMAJIbHOMN
mpoTrerHasHoi akTuBHOCTBIO npu 45 °C. Ilpu sTom
MaKcUMaJIbHAsT MOJIOKOCBEPTHIBAIOIASA aKTUBHOCTD
"aboganacek npu 35 °C. Camas BBICOKAsI MOJIOKOC-
BepThIBaIOIIad aKTUBHOCTE ObL1a mpu pH 5,0 u Mmexee
3,0. Camasi BbICOKas IIPOTeMHA3HasI aKTUBHOCTD ObLIa
mpu pH 6,0. C nomortrsio merona HPLC 6bL1u HatiieHbI
OCHOBHOI1 IIPOTEMHOBBINT KOMIIOHEHT U HEKOTOPHIE I10-
6ouHble TTpoTerHbl. COrJIacHO pe3yJbTaTaM 3JIEKTPO-
dopesa OCHOBHOI ITPOTENHOBBIIT KOMIIOHEHT (hPAKITUU
uMeJs MOJIeKyJIapHyio maccy 45 k]Ila. Belt npoBeneH
SH3UM-2JIEKTPO(OPEs C UCITOIb30BaHeM (hprOpUHOreHA
B KauecTBe CTaHAapPTHOTO cyOcTpaTa. ¥ CTAaHOBJIEHO, UTO
IpoTenHAa3HaA aKTUBHOCTH (DPAKITAY IIPHCYTCTBOBAJIA B
30He, cooTBeTcTBYIONIEH 45 Klla. [Ipu nunerTndUKaIum
TIPOAYKTOB TPUIICUHOJIN3A He 00HAPYKEHO TOMOJIOTUN
C IPYTMMU M3BECTHHIMU IpoTemHa3amMu. IlokasaHO,
YTO MPOTerHAa3a TUIPOJIN30Baa e TH/HbIe CBSI3H, 00-
pasoBaHHBIE KaPOOKCUJIBHOM I'PYIITION aMUHOKUCIIOT C
ruAPO(POOHBIMI GOKOBBIMU IIEIIAMU. DH3UM MHIHOHPO-
Bajca IATA (IC5, = 2,5 mM). MakcumasbHasa aKTUB-
HOCTB 9H3MMA ¢ yKejaaTuHoM u Leu-pNa Habamomaiach
B IipucyTcTBuu 5 MM XJI0pHia KaTbIu.

B kynbrypanbHoi skunkoctu Pleurotus ostreatus
o0HapysKeHa KaJbIIUi3aBUCUMAas MeTAJJIOIPOTEeNHA-
3a ¢ MOJIEKYJIIPHOU Maccoii 45 kJla. OH3UM He uMeJ
TOMOJIOTHUY C APYTUMU U3BECTHBIMU ITPOTEMHA3AMU
U TUAPOJU30BAJ MEINTUHbIE CBA3U, 00pPa30BaHHBIE
KapOOKCUJIBHBIMU IPYIIIAMU aMUHOKUCJIOT C TUPO-
GoOHBIMU GOKOBBIMHU ITEIIAMU.

Knatouesvle cnosa: 6a31/I,ZLI/IOMI/II_IeTLI, IIPOTEOJIUTU -
YeCKUue O9SH3UMMBbI, MOJIOKOCBEPTHhIBAKIIAA aKTHUB-

HOCTbh, PUBUKO-XUMHUUECKIUE CBOICTBA.
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The aim of the work was to study the possibility of Nocardia vaccinii IMV B-7405, Acinetobacter
calcoaceticus IMV B-7241 and Rhodococcus erythropolis IMV Ac-5017 supernatants usage with various
concentrations of surfactants for post-harvest treatment of vegetables.

N. vaccinii IMV B-7405, A. calcoaceticus IMV B-7241 and R. erythropolis IMV Ac-5017 were grown on
waste sunflower oil and ethanol. For vegetables treatment, supernatants of the culture broth with surfactant
concentration of 0.01-0.5 g/1 were used. The concentration of surfactants was determined by the gravimetric
method after extraction with Folch mixture. The total number of heterotrophic bacteria and fungi on the
surface of vegetables was determined by the Koch method on meat-peptone agar and wort agar, respectively.

It was shown that treatment of broccoli, Brussels sprouts, sweet pepper and tomatoes with N. vaccinii
IMV B-7405, A. calcoaceticus IMV B-7241 and R. erythropolis IMV Ac-5017 supernatants was accompanied by
6—17 and 8-50 times decrease of bacteria and fungi number on their surface, respectively, compared with that
on the surface of vegetables washed with tap water. The possibility of double use of the same supernatant for
various batches of vegetables washing was established. Non-treated and water-washed vegetables rotted faster
than those treated with surfactant-containing supernatants.

N. vaccinii IMV B-7405, R. erythropolis IMV Ac-5017 and A. calcoaceticus IMV B-7241 exometabolites
used for treating vegetables to extend their shelf life have the following advantages in comparison with known
microbial surfactants: they exhibit high antimicrobial activity when the surfactant concentration was several
times lower and in the form of supernatant, which lets you exclude the expensive stage of isolation and
purification of the target product from the technological process. In addition, surfactant-containing
supernatants are highly effective in their repeated use.

Key words: storage of vegetables, microbial spoilage, surfactants.

Every year, the number of publications on
the prospects of the practical use of non-toxic
biodegradable surfactants (SAS) of microbial
origin in various industries, agriculture,
medicine, environmental protection is
increasing [1-6].

One of the new trends in the use of
microbial surfactants in agro-industrial
complex is the post-harvest treatment of
fruits and vegetables to extend their shelf life
[1, 7-9], which is due to the antimicrobial and
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anti-adhesive properties of these microbial
synthesis products. According to [10],
depending on the region, the loss of fruit and
vegetable yields in the world is between 15 and
50% , the main cause of such significant losses
is microbial spoilage.

Nowadays physical and chemical methods
are used for the treatment of fruits and
vegetables during transportation and
storage, but their side effects, high energy
costs and ecological incompatibility [10]
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have led scientists to find safe alternative
methods, in particular biological ones [9—
12]. Thus, the natural biopolymer chitosan
or its combinations with aromatic oils,
organic acids, and metal nanoparticles are
used to protect fruits and vegetables during
storage [10-11]. In [12] it is noted that
bacteriocins nisin, enterocin AS-48, bovicin
HC5, enterocin 416K1, pediocin and bificin
C6165 are promising for the treatment of both
fruits and fruit concentrates, juices, salads
to prevent their microbial deterioration;
moreover, nisin and pediocin are allowed as
a dietary supplements in many countries.
Among microbial surfactants, rhamnolipids
are permitted for use in the food industry [13].

Earlier [14] we showed that the treatment
of vegetables (squashes, cucumbers, tomatoes)
with N. vaccinii IMV B-7405 surfactant
solutions was more effective than washing
with water. In our studies [14], surfactant
solutions extracted from the supernatant of
the culture liquid with organic solvents were
used, which are described in the literature
[7—9] as preparations; and such surfactant
solutions were used for washing only once, and
then were poured out.

In [15-16], we found that surfactants
synthesized by Acinetobacter calcoaceticus
IMV B-7241 and Rhodococcus erythropolis
IMV Ac-5017 were characterized by high
antimicrobial and anti-adhesive activity;
and antimicrobial activity was shown not
only by surfactant solutions, but also by the
corresponding supernatants. It should be
noted that after surfactant extraction from
supernatants with the Folch mixture, the
following lost their surfactant properties, and
the aqueous phase remaining after surfactants
removal was not characterized by antimicrobial
activity. These data may indicate that the
major exometabolites with antimicrobial
properties in the supernatants of these strains
are the surfactants themselves.

In connection with the above, the
purpose of the study was to investigate
the possibility of use the N.vaccinii IMV
B-7405, A. calcoaceticus IMV B-7241 and
R. erythropolis IMV Ac-5017 surfactant-
containing supernatants with different
concentrations of surfactants for post-harvest
treatment of vegetables.

Materials and Methods

Objects of research. The strains identified
by us as Nocardia vaccinii K-8, Acinetobacter
calcoaceticus K-4 and Rhodococcus erythropolis

EC-1 [17] isolated from oil contaminated
soil samples were the main objects of study.
Strains were registered at the Depository
of microorganisms, Zabolotny Institute of
Microbiology and Virology of the National
Academy of Sciences of Ukraine as N. vaccinii
IMV B-7405, A. calcoaceticus IMV B-7241 and
R. erythropolis IMV Ac-5017.

By the chemical nature, R. erythropolis
IMV Ac-5017 surfactants are a complex of
glyco- (trehalose mono- and dimycolates),
neutral and phospholipids. Glyco- (trehalose
mono- and dimycolates, trehalose mono- and
diacelates) and aminolipids are contained in
the surfactants of A. calcoaceticus IMV B-7241.
N.vaccinii IMV B-7405 synthesizes a complex
of neutral, glyco- and aminolipids. Neutral
lipids are represented by mycolic and n-alkanoic
acids; glycolipids are represented trehalose
diacelates and trehalose mycolates [18].

Cultivation of surfactant producers.
N. vaccinii IMV B-7405 was grown in the liquid
mineral medium of the following composition
(g/1): NaNO; — 0,5; MgSO, 7TH,0 —
0,1; CaCl,,2H,0 — 0,1; KH,PO, — 0,1;
FeSO,7H,0 — 0,001; distilled water — up to
11, pH 6.8-7.0. Yeast autolysate was added
to the medium — 0.5% (v/v). Sunflower oil
after potato frying was used as a carbon source
(McDonald’s fast food restaurant, Kyiv) at a
concentration of 2% (v/v).

The cultivation of R. erythropolis IMB Ac-
5017 was carried out in the medium of the
following composition (g/1): NaNO; — 1,3;
MgS0, 7H,0 — 0,1; NaCl — 0,1; Na,HPO, —
0,16; KH,PO, 0,14; CaCl, — 0,1;
FeSO,-7TH,0 — 0,001; distilled water — up to
11, pH 6.8-7.0. Ethanol in a concentration of
2% (v/v) was used as the substrate.

For the cultivation of A. calcoaceticus
IMV B-7241 the following medium was
used (g/1): (NH,),CO — 0,35, NaCl — 1,0,
Na,HPO,12H,0 — 0,6, KH,PO, — 0,14,
MgSO,7H,0 — 0,1; CaCl, — 0,1; distilled
water — up to 11, pH 6.8-7.0.Yeast autolysate
was added to the medium — 0.5% (v/v) and
trace element solution — 0.1% (v/v) containing
(g/100 ml): ZnSO,7H,0 — 1,1; MnSO,H,0 —
0,6; FeSO,7H,0 — 0,1; CuSO,5H,0 —
0,004; CoSO,7TH,0 — 0,03; H;BO; — 0,006;
KI — 0,0001; EDTA (Trilon B) — 0.5.
Ethanol in a concentration of 2% (v/v)
was used as a carbon and energy source.

The cultures of exponential growth phase
grown on media of the above composition with
0.5% of the corresponding substrate were
used as the inoculum. The amount of inoculum
(10*-10° cells/ml) was 10% of the volume of

47



BIOTECHNOLOGIA ACTA, V.12, No 6, 2019

medium. The cultivation of the strains was
carried out in 750 ml flasks with 100 ml of
medium on a rocker (320 rpm) at 30 °C for
120 h.

Determination of surfactants concentra-
tion. The amount of surfactants synthesized
was determined by gravimetric method after
extraction from culture liquid supernatant
with Folch mixture (chloroform and methanol,
2: 1) as described in our previous work [18].

Obtaining of surfactant-containing
supernatants. Supernatants obtained by
centrifugation of the post-fermentation
culture liquid for 25 min (5 000 g) were used
as the preparations for vegetable treatment.
The supernatants were sterilized for 30 min
at 112 °C. Supernatants with a surfactants
concentration of 0.01-0.5 g/1 were used for
the processing of vegetables. To achieve the
desired concentration, the supernatants were
diluted with sterile tap water.

Selection and processing of vegetables.
Green tomatoes (Malachite casket), broccoli
(Spring), Brussels sprouts (Long Island),
and sweet peppers (Kolobok) were grown in
open soil, without pesticides (Gvozdiv, Kyiv
region, GPS 50°14'53.5""N 30°28'41.3"'E).
Ripe vegetables with no visible damage and
infections were selected.

Vegetables were divided into three groups:
the first group (control) was not undergo
any treatment, the second one was treated
with sterile tap water, and the third one —
with surfactant-containing supernatants
with different surfactant concentrations.
For treatment with water or supernatant,
the vegetables were placed in a 500 ml
graduated cylindrical beaker, 250 ml of water
(supernatant) were added, kept for 5 min, and
then water (supernatant) was poured out [19].
In one variant, the surfactant-containing
supernatant was not poured out after washing
the vegetables, but used again to process a new
batch of not yet washed vegetables, then again
it was not poured out, and used a third time
to wash the next batch of vegetables. When
presenting the material, such variants of
consecutive application of the same supernatant
three times for washing three different batches
of vegetables will be referred to as once, double
and thrice use of the preparation.

Untreated and washed with water and
supernatant, the vegetables were placed in
Petri dishes and left for observation at room
temperature. Microbiological analysis was
performed before vegetables storage.

Microbiological analysis. For microbio-
logical control, several vegetables from each
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group were collected with sterile tweezers,
homogenized for 3 min on a T 10 basic
ULTRA-TURRAX device, after which 1 g of
homogenate was introduced into a test tube
with 9 ml of sterile tap water and stirred. The
number of microorganisms (colony forming
units, CFU/ml) was determined by Koch-’
method on meat-peptone agar (MPA) for the
detection of heterotrophic bacteria, and on
wort-agar (WA) for the detection of fungi.
Petri dishes with MPA were incubated for 24 h
at 37 °C, with WA — for 48 h at 30 °C.

Vegetables quality assessment. Assessment
of the quality of vegetables was carried out
visually during the shelf life. The end of the
experiment was considered the day when all
the fruits were marked with spoilage signs:
rot, discoloration and consistency change,
cracks and wrinkles.

Statistical data processing. All experi-
ments were performed in 3 replicates, the
number of parallel determinations in the
experiments was 3-5. Statistical processing
of the experimental data was performed
as described previously [18]. Mean indices
differences were considered significant at the
significance level P < 0.05.

Results and Discussion

Broccoli is a cruciferous vegetable
characterized by high nutritional wvalue,
primarily due to high content of antioxidant
compounds, vitamins and anticarcinogenic
substances [20]. Peculiarities of broccoli
harvesting are that ripe inflorescences before
transportation and sale are cut off, so this
product is especially vulnerable to microbial
deterioration as well as phytopathogenic
microorganisms and saprophytic microbiota
that can get into plant tissues through the cut.
Nowadays, the widespread method of post-
harvest broccoli treatment is washing with
an aqueous solution of sodium hypochlorite
(50—-150 mg/ml), which, although it has an
antimicrobial effect, is dangerous to the
environment and humans [21].

In this regard, other variants for the
treatment of this vegetable are investigated:
washing with water acidified due to
electrolysis, washing with calcium chloride
solution, UV irradiation, ozone treatment, the
use of edible films [20, 22].

Table 1 shows the data about the effect of
R. erythropolis IMV Ac-5017 supernatant with
different surfactants concentration on the
total number of microorganisms on the surface
of broccoli.
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Table 1. The influence of the treatment method and surfactants concentration in R. erythropolis
IMV Ac-5017 supernatant on the total number of heterotrophic bacteria and fungi on the surface of broccoli

Cell number, 10? CFU/ml

Processing variant
Bacteria Fungi
Without treatment 350+28 1880+120
Water 260=19* 1200+80%*
Surfactants (0.01 g /1) 63+8* 108+11%*
Surfactants (0.05 g / 1) 15+4%* 22+4%%
Surfactants (0.25 g / 1) 30+6%* 43=£T**

Notes: * — P <0.05 — regarding control (number of heterotrophic bacteria cells on the surface of untreated
vegetables); ** — P <0.05 — regarding control (number of fungal cells on the surface of untreated vegetables).

These data indicate that in the case of
broccoli treatment with R. erythropolis IMV
Ac-5017 supernatant with a surfactant
concentration of 0.01-0.25 g/1, the number of
bacteria and fungi on their surface decreased
by two to three orders of magnitude compared
to those established for untreated and water-
washed vegetables. The maximal decrease in
the number of microorganisms was observed
for use of supernatant with 0.05 g/1 surfactant
concentration for broccoli washing.

Note that we could not find any publication
in the literature regarding the using microbial
surfactants for broccoli treatment to extend
their shelf life, although other treatments
are available. Thus, in the case of ultraviolet
radiation action (6 kJ/m?) on freshly cut
inflorescences, the total bacteria number on
the vegetable surface was reduced 16-fold
[21], while the treatment with R. erythropolis
IMV Ac-5017 supernatant with 0.05 g/1
surfactants concentration — 23 times, which is
more effective than the action of UV rays and
traditional disinfectant — sodium hypochlorite
solution [21].

Brussels sprouts are another vegetable
(except broccoli) with a fine tissue structure
and a developed surface that makes them
susceptible to microbial spoilage.

Subsequent experiments showed that the
treatment of Brussels sprouts with A. cal-
coaceticus IMV B-7241 supernatant with a
surfactant concentration of 0.25 and 0.5 g/1
was accompanied by a 8-fold decrease in
bacteria number, and fungi number — by
a 6—9-fold decrease compared with untreated
vegetables. It should be noted that, unlike
R. erythropolis IMV Ac-5017 supernatant,
a decrease of surfactant concentration in
A. calcoaceticus IMV B-7241 supernatant to
0.01-0.05 g/1 did not increase its efficiency.
Vegetables treated with exometabolites of

A. calcoaceticus IMV B-7241 did not show any
visible signs of deterioration for 21 days, while
the untreated ones showed the first signs of rot
after 10—12 days of storage.

The next step explored the possibility
of three consecutive use of the surfactant-
containing supernatant of A.calcoaceticus
IMV B-7241 for the treatment of three
different batches of Brussels sprouts to
reduce the bacteria number on their surface.
In these studies, the number of fungi was
not determined, since Brussels sprouts are
insensitive to post-harvest spoilage caused by
fungi [https://www.ethylenecontrol.com].
Regardless of the surfactant concentration (0.25
and 0.5 g/1), after once and double use of the
supernatant, the bacteria number on the surface
of the vegetables was found to be practically the
same (63—75 CFU/ml) and almost 8 times lower
than after washing with water (Table 2). In the
case of the supernatant being used three times,
its effectiveness as an antimicrobial agent
was slightly reduced; however, the bacteria
treatment on the surface of the vegetables was
almost 4 times lower than after washing with
water (127-130 and 500 CFU/ml, respectively).

Further experiments showed the possibility
of repeated use of the A. calcoaceticus IMV
B-7241 supernatant not only for the treatment
of Brussels sprouts, but also for sweet peppers
(Table 2 and Fig. 1).

Thus, the number of bacteria on the
surface of peppers after one and two times
of supernatant use with a surfactant
concentration of 0.5 g/l was 110-132
CFU/ml and was 5-6 times lower than
the number of bacteria on the surface of
washed with water vegetables (Table 2).
Two-fold reduction of the surfactant
concentration in the supernatant (up to
0.25 g/1) was accompanied by some decrease
in its efficiency. However, regardless

49



BIOTECHNOLOGIA ACTA, V.12, No 6, 2019

Table 2. The number of heterotrophic bacteria on Brussels sprouts and sweet pepper surface depending
on the multiplicity of A. calcoaceticus IMB B-7241 supernatant use

The number of bacterial cells (102 CFU/ml) on the
Surfactants surface of
concentration in the The multiplicity of
supernatant, supernatant use
g/1 Brussels sprouts Sweet peppers
once 63+8* 170+15%%
0.25 twice 75+9% 190+17%%*
thrice 127+12% 230+19%*
once 65=T% 110+11%*
0.5 twice 72+8% 132+12%%
thrice 130+12% 200=+17%%
Control (single wash with water) 500+35 640+40

Notes: * — P <0.05 — regarding control (number of bacterial cells on the surface washed with water brussels
sprouts); ** — P <0.05 — regarding control (number of bacterial cells on the surface washed with water pepper).

The 1* day

The 4% day

The 21* day

Without treatment

Treatment with
water

A. calcoaceticus IMV
B-7241 supernatant,
{once use)

A caleoaceticus IMV
B-7241 supernatant,
(twice usc)

A. calcoaceticus IMV
B-7241 supernatant,
(thrice use)

N

N

Fig. 1. The influence of different processing methods on the storage of sweet peppers

of the surfactant concentration in the
supernatant, even after its threefold use,
the bacteria number on the surface of
the peppers was 3 times lower than after
washing the vegetables with water (Table 2).
It should be noted that the number of
fungi on the surface of sweet pepper in all
variants of treatment was 4—5 times lower
than bacteria number (data in Table 2 are
not shown).
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Visual observation of peppers during their
storage after treatment with A. calcoaceticus
IMV B-7241 supernatant showed that even on
the 218t day no signs of their spoilage were
detected, unlike untreated and water-washed
vegetables (Fig. 1).

In [14], we found that the maximum
reduction of bacteria and fungi on the surface
of tomatoes was achieved with N. vaccinii IMV
B-7405 surfactants use at a concentration of
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Table 3. The effect of the multiplicity of the use of N. vaccinii IMV B-7405 supernatant
for the treatment of sweet peppers and tomatoes on the number of microorganisms

on the surface of vegetables

The number of bacterial cells

The number of fungi cells

The multiplicity of (10% CFU/ml) on the surface of (102 CFU/ml) on the surface of
supernatant use
pepper tomatoes pepper tomatoes
once 59+8* 13=+3%* 10+3# 21##
twice 83+9* 18=+4%* 12+3# 21##
thrice 190+17* 32=£6%* 45+T74# Sx1##
Control (single wash 520+40 160+15 809 174
with water)

Notes: * — P <0.05 — regarding control (number of bacterial cells on the surface washed with water
pepper); ** — P <0.05 —regarding control (number of bacterial cells on the surface of water-washed tomatoes);
# — P <0.05 — regarding control (the number of fungal cells on the surface washed with water pepper);
##— P <0.05 — regarding control (number of fungal cells on the surface of water-washed tomatoes); the
surfactant concentration in the supernatant is 0.5 g/I.

The 1% day

The 7" day

Without treatment

The 15" day

N. vaccinii IMV
B-7405 supernatant,
{once use)

N, vaccinii IMV
B-7405 supernatant,
(twice use)

N. vaccinii IMV
B-7405 supernatant,
(thrice use)

-
®
-

Fig. 2. The influence of different treatment methods on the storage of tomatoes

0.5 g/1. In these studies, surfactant solutions
extracted from the culture broth supernatant
with Folch mixture (chloroform and methanol,
2: 1) were used as surfactant preparations. In
the next stage, the possibility of thrice use for
the processing of sweet pepper and tomatoes
of the N. vaccinii IMV B-7405 supernatant
with a surfactant concentration of 0.5 g/l
was investigated (Table 3, Fig. 2). The results
obtained showed the high efficiency of such

surfactant preparation for the treatment
of these vegetables. Thus, after using the
supernatant twice, the number of bacteria on
the surface of pepper and tomatoes was 6.3 and
8.9, respectively, and the fungi — 6.7 and 8.5
times lower than after washing vegetables with
water. In the case of the supernatant was used
three times, the number of microorganisms
on the surface of the vegetables was slightly
higher than after one and two times of
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application, but lower than after washing with
water (Table 3).

Visual observation of the tomatoes during
their storage after treatment with N. vaccinii
IMV B-7405 supernatant showed that even
on the 15" day no signs of their rotting
were detected, unlike untreated vegetables
(Fig. 2).

Analysis of the literature showed that
publications on the use of surfactants of
microbial origin for post-harvest treatment
of fruits and vegetables can be divided into
three groups.

Articles of the first group [23-27] are
devoted to the application for the post-
harvest biocontrol of phytopathogens of
biological products number based on the
microorganisms— antagonists of certain
pathogens that affect certain fruits and
vegetables. The influence of microbial
surfactants in this case is indirect and is
considered as one of the possible mechanisms
of antagonism, in particular, for preparations
based on the biomass of bacteria of Bacillus
and Pseudomonas genus [23-27]. Thus,
in [23] it was found that the effect of pre-
infected with pathogen Penicilium digitatum
mandarin treatment with a suspension of
Bacillus subtilis ABS-S14 endospores, a
solution of lipopeptides isolated from the
supernatant (10 g/1) and solutions of purified
individual surfactants (fengicin and iturin
in a concentration of 1 g/1) was almost the
same (inhibition of infection development
by 60-70% after 5—-7 days). The authors of
[24] have shown that in the case of spraying
of phytopathogenic fungi-affected oranges,
apples, grapes and drupaceous fruits
with Bacillus amyloliquefaciens BUZ-14
supernatant, a faster inhibition of infection
compared to the treatment with vegetative
or spore cells suspension was observed.
The fact is interesting that the antifungal
activity of the supernatant against various
phytopathogenic fungi depended on the
duration of strain BUZ-14 cultivation.
The authors explain this phenomenon by
the fact that during the cultivation of
B. amyloliquefaciens BUZ-14 there is a
qualitative and quantitative change in the
ratio of components in the synthesized
antimicrobial complex.

In the publications of the second group
[7T-8, 28], the compositions containing
purified microbial surfactants (mainly
rhamno- and sophorolipids) and other
components were used as preparations
for post-harvest treatment of fruits and
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vegetables. Thus, treatment of cherry
tomatoes with rhamnolipids solution (0.5 g/1)
and a suspension of yeast Rhodotorula
glutinis (1108 cells/ml) allowed the infection
rate of these vegetables reducing with the
agent Alternaria alternata by 60% [8]. The
authors argue that a solution containing
only rhamnolipids proved to be ineffective.
In [7] it was reported that in the treatment
of tomatoes and cucumbers with germicidal
(bactericidal) composition (2.5% of Candida
bombicola ATCC 22214 sophorolipid in
combination with sodium silicate, sodium
carbonate and polyethylene glycol) there
were not visible signs of microbial spoilage
the vegetables for 7 days. It should be noted
that the first germicidal composition based
on microbial sophorolipids was patented
in 1998 [28]. In addition to surfactants
(instead of sophorolipids, it may be sodium
lauryl sulfate, or a mixture of microbial and
chemical surfactants) it contained a mixture
of organic acids (citric, glycolic, lactic,
malic, tartaric).This composition provided
100% inhibition of Escherichia coli bacteria,
as well as representatives of the genera
Salmonella and Shigella on the surface of
fruits and vegetables [28].

The third group of publications [9, 29-
30], to which our research also relates [14],
concerns the use of only surfactant solutions
for the processing of fruit and vegetable
products, without any other ancillary
components. Thus, in the patent [29] it is
proposed, to prolong the shelf life of citrus
fruits, apples, pears, apricots, to spray them
with a solution of purified sophorolipids
with a concentration of 3 g/l (producer
is Wickerhamiella domercqgiae Y2A). The
authors of [9] found that among three
studied microbial surfactants (producers
are B. subtilis 10T, B. subtilis 3285 and
Pseudomonas sp.), only Pseudomonas sp.
rhamnolipid proved to be effective against
Aspergillus oryzae MTCC 1846, Fusarium
solani MTCC 350 and Curvularia sp.,
which cause damage to lemons, potatoes
and tomatoes, respectively. In the case
of treatment of pre-infected with these
pathogens fruits and vegetables with
solutions of rhamnolipid at a concentration
of 1 g/1, no signs of microbial spoilage during
15 days of storage at room temperature were
observed, while the first signs of decay of
untreated fruits were appeared as early as in
6-7 days [9]. In [30] found that previously
infected with Botrytis cinerea grape, tomato
and strawberry fruits treatment with a
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solution of lipopeptide (8 g/1) synthesized
by Bacillus methylotrophicus XT1 CECT
8661, was accompanied by an inhibition of
infection by 70—100% in 6 days.

The data and results obtained by us
earlier show that both surfactant solutions
[14] and surfactant-containing N. vaccinii
IMV B-7405, R. erythropolis IMV Ac-
5017 and A. calcoaceticus IMV B-7241
supernatants used for treatment vegetables
to extend their shelf life have the following
advantages over microbial surfactants
described in the literature [9, 29, 30]: exhibit
high antimicrobial activity at much lower
surfactant concentrations (0.01-0.5 g/1) and
in the form of a supernatant, which lets us
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HICJIAABPOKAMHA OBPOBKA OBOYIB
EK30METABOJIITAMHA
Nocardia vaccinii IMB B-7405,
Acinetobacter calcoaceticus IMB B-7241
TA Rhodococcus erythropolis IMB AC-5017
IIJIS IOTOBSKEHHS TEPMIHY
IX 3BEPITAHHSA

T.II.IIupoe, B.C. I'eituenko, A. O. 36apuy

HamionanbHU yHiBEpCUTET XapUOBUX
TexHoJoriit, Kuis, YKpaina

E-mail: tapirog@nuft.edu.ua

Mera po60oTH — AOCTIAUTH MOKJIUBICTH BUKO-
puctanHda cynepHatauTiB Nocardia vaccinii IMB
B-7405, Acinetobacter calcoaceticus IMB B-7241
ta Rhodococcus erythropolis IMB Ac-5017 3 pis-
HOIO KOHIIEHTPAITi€I0 TOBEPXHEBO-aKTUBHUX PEYO-
BuH (ITAP) nia micasBposkaitHol 00poOKYM OBOUiB.

N.vaccinii IMB B-7405, A. calcoaceticus IMB
B-7241 Ta R. erythropolis IMB Ac-5017 Buporry-
BaJIM Ha BiAnpalbOBaHiil COHAITHUKOBIN 0ii Ta
eranoui. {1 06poOKU OBOUiB BUKOPUCTOBYBAJIN
CyIlepHATaHTU KYJbTypPaJbHOI PIINHYU 3 KOHIIEH-
rpattiero ITAP 0,01-0,5 r/a. Konnearparito ITAP
BUBHAYAJM BAaTOBUM METOJIOM ITicJid eKCTpPaKIlii
cymimmio @ojsua. 3arajabHy YHCEJNbHICTH reTe-
porpodHUX 6aKTEpiii i rprbiB Ha TOBEPXHi OBOUiB
Bu3HavaJiu 3a MetogoM Koxa Ha M’ACO-TIeITOHHO-
MYy arapi Ta cycJio-arapi BimoBigHoO.

ITokasamo, 1110 06poOKa 6POKOJIi, OPIOCEeTbChKOL
KaIlyCTH, COJIOAKOTO IIEPITIO i TOMAaTiB cylepHaTaH-
Tamu N. vaccinii IMB B-7405, A. calcoaceticus
IMB B-7241 Ta R. erythropolis IMB Ac-5017 cy-
TIPOBOI:KyBaJIACsd 3HMKEHHAM UMCeJIbHOCTI OaKTe-
pifi i rpu6iB Ha ixHiil moBepxHi y 6—17 i 8—50 pasis
BiZITIOBiAHO MOPIBHSAHO 3 KiJIBKIiCTIO HA ITOBEPXHI
MHTHX BOJOIO OBOUiB. BecTaHOB/IEHO MOMKJINBICTH
JIBOKPATHOTO BUKOPUCTAHHSA OZHOTO If TOTO camMo-
IO CyIepHATaHTY IJsd MUTTA PiBHUX HapTiit oBo-
yiB. Heobpo6seHi Ta MUTi BOOI0 OBOYi ITBUAIIIE
migmaBajgucAa THUTTIO MTOPiBHAHO 3 00pOOJIeHUMU
ITAP-BMmicHUMY cyllepHATAHTAMU.

Exsomeraboaitu N. vaccinii IMB B-7405,
R. erythropolis IMB Ac-5017 i A. calcoaceticus
IMB B-7241, BUKOpUCTOBYBaHi A 00POOKM OBO-
UiB 3 METOIO MOJNOBKEHHA TepMiHy ix 36epiranusd,
TMOPiBHAHO 3 BiloMUMU MiKpOOHUMU ITOBEpXHeE-
BO-aKTMBHUMH PEUOBMHAMU MAaIOTh TaKi mmepeBa-
T'U: BUABJISIOTh BUCOKY aHTUMiKPOOHY aKTUBHICTD
3a HIKYMX YV KiJbKa pasiB koHIeHTpariii ITAP i
Y BUTJIALL CyIIepHATAHTY, III0 Ja€ 3MOTY BUKJIIO-
YUTHU 3 TEXHOJIOTIYHOTO IIPOILECY BUCOKOBAPTICHY
cTanilo BUIIJIEHHA Ta OUYHUINEHHS I[1JIbOBOTO IPO-
nykry. Kpim Toro, ITAP-BMicHI cyniepaaTanTu xa-
PaKTEepPU3yIThCA BUCOKOIO e(peKTUBHICTIO Y pasi
iX TOBTOPHOTO BUKOPUCTAHHSA.

Knrmouosi cnoea: 36epiraHHsa OBOUiB, MiKpoOHE
IICYBaHHS, I0OBEPXHEBO-AKTUBHI PEYOBUHMU.

IIOCJIEYBOPOYHA{A OBPABOTKA
OBOIIEN 9K30METABOJIUTAMU
Nocardia vaccinii ©UMB B-7405,
Acinetobacter calcoaceticus ©UMB B-7241
U Rhodococcus erythropolis ©UMB AC-5017
AJIA ITPOAJIEHUA CPOKA UX XPAHEHUA

T.II.ITupoe, B. C. I'eituenko, A. O. 36apviu

HamnuonanbHBIN YHUBEPCUTET TUIIIEBBIX
TexHoJioruii, KueB, YKkpaunna

E-mail: tapirog@nuft.edu.ua

ITesns paboThl — HCCJIETOBATH BO3MOYKHOCTH
UCIIOJIL30BAaHUA cynepHaTauToB Nocardia vaccinii
IMB B-7405, Acinetobacter calcoaceticus UMB
B-7241 n Rhodococcus erythropolis UMB Ac-5017
C pPasJIMYHOI KOHIIEHTpAaIlell IIOBePXHOCTHO-aK-
TuBHBIX BelrecTB (ITAB) ni1a mociey60pouHOit 00-
paboTK! OBOIIIEH.

N. vaccinii IMB B-7405, A. calcoaceticus
VIMB B-7241 u R. erythropolis UMB Ac-5017 BbI-
palmBay Ha OTPabOTAHHOM IIOICOJTHEYHOM MacJie
u 9TaHoJe. [[J151 00paboTKU OBOIIEH NCTIOIh30BAII
CyIepHaTaHThI KYJIbTYPaJIbHOMN KUIKOCTHU C KOH-
menrpanueit ITAB 0,01-0,5 r/x. KoumeaTpaiuio
ITAB ompepessan BeCOBBIM METOIOM IIOCJE 9KC-
TpakIuu cMechbio @osrua. OOIIYIO YNCIEHHOCTD T'e-
TepOTPOGHBIX 6AKTEPUH U I'PUOOB HA TTOBEPXHOCTU
OBOIIEN onpeaesaan 1o Metoay Koxa Ha Msco-IIer-
TOHHOM arape U CycJio-arape COOTBETCTBEHHO.

IToxkasamo, uTo 06paboTKa GPOKKOIM, GpIOC-
CeJIbCKOM KaIlyCcThI, CJAAKOTO Iepla W ToMa-
TOoB cynepHatantamu N. vaccinii UMB B-7405,
A. calcoaceticus IMB B-7241 u R. erythropolis
WIMB Ac-5017 compoBo:kaiach CHUMKEHNEM UNC-
JIEHHOCTHU 0aKTepuil u rpub0B HAa UX IIOBEPXHOCTHU
B 6—17 u 8—50 pas cOOTBETCTBEHHO 110 CPABHEHUIO
C KOJITUECTBOM Ha MTOBEPXHOCTU MBITHIX BOJIOH OBO-
meil. YcTaHoBIeHA BO3MOMKHOCTD IBYKPATHOT'O HC-
TIOJI30BAHMSA OJHOTO U TOT'O K€ CyIllepHATAHTA AJId
00paboTKM pasJIMYHBIX mapTuii oBoireii. Heobpa-
OOTaHHBIE U MBITBIE BOJIOM OBOIIM ObICTPEE IOABEP-
rajuch THUEHUIO 10 CPAaBHEHUIO ¢ 00paboTaHHBIMU
ITAB-comepskaliiuMu cymepHaTaHTaAMU. JK30MeTa-
6oautet N. vaccinii UMB B-7405, R. erythropolis
MB Ac-5017 u A. calcoaceticus UMB B-7241,
HWCIIOJIb3yeMble IJIs 00pabOTKM OBOIIEH C IIeJIbI0
MIPOAJIEHUS CPOKA UX XPaHEHUs, [10 CPABHEHUIO C
M3BECTHBIMU MUKPOOHBIMU ITOBEPXHOCTHO-aKTUB-
HBIMU BeIECTBAMU UMEIOT CJIeAYIOINe IPenuMy-
IIIeCTBA: IPOABIAIOT BHICOKYIO aHTUMUKPOOHYIO
aKTUBHOCTH B 00Jiee HUBKUX KOHIIEHTPAIMAX U B
BUIE CYIIEPHATAHTA, YTO IO3BOJAET UCKIIUYUTD
13 TeXHOJIOTUUECKOTO IIPOIlecca JOPOrOCTOAIIYIO
CTaaUIO BBIZIEJIEHUS U OUUCTKHU I[eJIeBOTO IIPOAYK-
Ta. Kpome Toro, ITAB-comepskaliiie cymepHaTaHThI
XapaKTepU3yI0TCs BHICOKOH 9(h(heKTUBHOCTHIO IIPU
WX TIOBTOPHOM MCHOJIE30BAHUU.

Knrwouesvle cnosa: xpaHneHue oBOINei, MUKPOO-
Had mopya, MOBEPXHOCTHO-aKTHUBHBIE BEIIeCTBA.
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The research was aimed to develop genetic constructs for Agrobacterium-mediated plant transfor-
mation, containing the synthetic crylAb gene, and their testing through the transformation of tobacco,
followed by a molecular genetic analysis of the obtained plants to confirm the transformation event.
Basic methods of DNA cloning, Agrobacterium-mediated transformation of Nicotiana tabacum L. by
leaf disc method, selection of transformants in vitro, analysis of the transgene presence in plant DNA,
detection of crylAb gene expression by PCR with reverse transcription were used. In the course of the
study, the vectors pCB182 and pCB241 that contained the synthetic gene crylAb were constructed.
Agrobacterium-mediated transformation of tobacco was carried out by created vectors and regenerant
plants containing transgenes in their DNA were obtained. Expression of crylAb transgene in the
obtained transformants of tobacco by the RT-PCR method was confirmed. As a result of the
Agrobacterium-mediated transformation of plants with pCB182 and pCB241 vectors containing the
synthetic crylAb lepidopteran resistance gene it is possible to obtain transgenic plants with expression

of the transgene.

Key words: crylAb, Nicotiana tabacum L.,

PCR-analysis, transgenesis.

Human agricultural activity is constantly
faced with obstacles that lead to significant
crop losses. One of these natural factors,
and perhaps the most important of it, is
the impact of insect pests on crop yields. In
particular, current estimates of worldwide
productivity losses of wheat, rice, corn,
potatoes and soybeans associated with the
major 137 pathogens and pests are 8-41%
[1] national and global levels. Quantitative,
standardized information on crop losses
is difficult to compile and compare across
crops, agroecosystems and regions. Here, we
report on an expert-based assessment of crop
health, and provide numerical estimates of
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Agrobacterium-mediated transformation,

yield losses on an individual pathogen and
pest basis for five major crops globally and in
food security hotspots. Our results document
losses associated with 137 pathogens and pests
associated with wheat, rice, maize, potato
and soybean worldwide. Our yield loss (range.
Pest control) is an ongoing process. The use of
synthetic insecticides does considerable harm
not only to the target species but also to the
environment, including humans. The influence
of chemical poisons leads to the destruction of
ecosystems, also their ability to accumulate
in the soil calls into question the possibility
of rapid restoration of natural balance. In
addition, the development of mechanisms
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of resistance to chemical insecticides is a
significant problem in populations of insect
pests. Thus, from 1938 to 1976, the number
of insects insensitive to agricultural poisons
increased from 7 to 364, doubling since then
every 6 years [2]. This is why the question
arises about the creation of new methods of
pest control, which will be characterized by
the biological origin of the active substances
and their ability to rapidly biodegrade in the
environment, a narrow range of target species,
a harmlessness to other living organisms.

The sought-after remedy are Bt-toxins. The
natural source of the toxin is the anaerobic
chemoorganotrophic bacterium Bacillus
thuringiensis, which resides in the soil. A
feature of the bacterium is the ability to
form peculiar inclusions in the cytoplasm in
the process of sporulation which are crystals
of prototoxin with a molecular weight of
130-145 kDa with an insecticidal effect [3].
These crystals are unique to each strain of
B. thuringiensis. The differences between
them are revealed at the primary level of
organization of protein molecules, as a direct
realization of genetic information. The
features of the secondary structure directly
affect the rate of transition of prototoxin
from crystalline form to soluble, that is, the
biological activity of the toxin. Some strains
of B. thuringiensis are able to produce 5-9
varieties of prototoxin instead of one. The
peculiarities of the amino acid composition and
structural organization of the active toxins
formed from prototoxin molecules cause their
receptor affinity for the cells of the midgut
of a very limited range of insect species. This
targeted action makes Bt-toxin an ideal remedy
against crop pests [4]. At the very beginning
of the use of B. thuringiensis as an alternative
to chemical insecticides, direct spraying of
the bacterial material (in sporulated form)
was applied on the fields damaged by the
pest. In the end, due to the growing acreage,
this method was considered economically
inappropriate for mass use. In addition,
spraying over large areas of an extraneous
bacterial agent alters the composition and
balance of the soil biota, which in the long
run is capable of disrupting local ecosystems
[6]. An alternative to spraying of bacterial
material in the fields is the transfer of
bacterial Bt-toxin genes to the plant genome by
genetic transformation methods, followed by
the production of genetically modified plants
capable of synthesizing and accumulating the
toxin on their own, thereby protecting against
pests [6—7]. The data accumulated over recent

years have made it possible to characterize a
large number of new B. thuringiensis strains
and specific toxin action for a wide range of
insect species. The complex use of bacterial
material and genetically modified plants has
put Bt-products at the forefront. As of 2015,
the worldwide use of Bt-biopesticides is around
97% [8]-

Genetic constructs containing cryl1Ab gene
are the most often used for the formation of
plant resistance against Lepidoptera insects
[8]. The obtained transgenic varieties have
been industrially grown since 1996, and their
use is increasing annually. In particular,
as of 2017, the global area allocated for the
cultivation of biotechnological crops in 2017 is
estimated at 189.8 million hectares [9].

The purpose of this study was to create
genetic constructs containing the synthetic
crylAb gene adapted for expression in the
plant genome for Agrobacterium-mediated
transformation of plants. The efficiency of the
vectors was determined by transformation of
the tobacco model object (Nicotiana tabacum),
followed by molecular genetic analysis of the
plant material obtained.

Materials and Methods

Genetic constructs. When developing
constructs containing crylAb gene, binary
vectors pICBV16 and pICBV19 (Icon Genetics
GmbH, Germany) were used for Agrobacterium-
mediated plant transformation. They contained
the uidA B-glucuronidase reporter gene under
the control of the 35S promoter, also selective
neomycin phosphotransferase II (nptII) gene
in pICBV16 vector, or phosphinothricinacetyl
transferase (bar) gene in pICBV19 vector.

Cloning reactions were performed using the
InsTAclone™ PCR Cloning Kit (Thermo Fisher
Scientific). Purification of DNA fragments
for ligase reaction was performed using the
Silica Bead™ DNA Gel Extraction Kit (Thermo
Fisher Scientific).

By preparative restriction of the pICBV16
construct, uidA gene was removed using
restriction enzymes Ncol and BamHI. The
isolated and purified DNA fragment with
crylAb gene was embedded to the vector
PTZ57R. Escherichia coli XL-1 Blue strain was
transformed using the resulting structure.
Preparative restriction of the recombinant
DNA obtained was performed using Ncol
and BamHI restriction enzymes, with the
isolation of a region containing crylAb gene.
Ligation of the obtained insert fragments
(the coding sequence of crylAb gene) and the
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linearized vector pICBV16 was performed
(the final construct was named PCB241).
Preparative restriction of the recombinant
DNA obtained was performed using EcoRI
and BamHI restriction enzymes, with the
isolation of a region containing 35S promoter
and crylAb gene. By preparative restriction of
the pICBV19 construct using the EcoRI and
BamHI restriction enzymes, uidA gene and
35S promoter were removed. Ligation of the
obtained insert fragments (the coding sequence
of crylAb gene and 35S promoter) and the
linearized vector pICBV19 led to creation of
pCB182 construct. Schemes of final structures
are shown in Fig. 1.

Recombinant DNA was transferred into
Agrobacterium tumefaciens GV3101 cells,
resulting in bacterial colonies containing
genetic constructs pCB182 or pCB241.

Plant material. The leaves of aseptic
tobacco plants (Nicotiana tabacum L.) of Petit
Havana variety grown on MS nutrient medium
[10] without phytohormones, at +25 °C and
16-hour daylighting have been used in the
experiments.

Agrobacterium-mediated transformation.
Agrobacterium-mediated transformation
of N. tabacum in vitro plants was carried
out by leaf disks method [11]. After trans-
formation, leaf explants were transferred to
regenerative selective MS medium contai-
ning salts, vitamins and carbohydrates,
1 mg/l 6-benzylaminopurine (BAP), 0.1 mg/1
1-naphthylacetic acid (NAA), 500 mg/l
cefotaxime (Cx) to inhibit the growth
of bacteria, and 100 mg/l kanamycin,
or 5 mg/l phosphinothricin as selective
agents, depending on the vector used for
transformation. The frequency of regeneration
(FR) on selective media was estimated by
the percentage of the number of explants

formed shoots to the total number of explants
transferred. The regenerated plants were
grown in vitro at phytohormone-free MS
medium containing 500 mg/1 Cx and a suitable
selective agent at the indicated concentration.

Isolation of total plant DNA. Isolation of
total DNA from plant leaves was performed by
the method [12]. DNA was dissolved in 50 ul of
TE buffer pH 8.0. The presence of DNA in the
solution was confirmed by 0.8% agarose gel
electrophoresis in TBE buffer [13].

The concentration of DNA in the solution
was determined by spectrophotometric
measurement of the level of adsorption of UV-
light with a wavelength 260 nm (Ag,) [14]. The
purity of the DNA was evaluated by the ratio
Aygo/Asgy. Spectrophotometric measurements
were performed wusing a photometer
BioPhotometer v. 1.35 (Eppendorf). The DNA
content of the solution was brought to a final
concentration of 30 ug/ml by adding TE buffer.

PCR conditions. A Mastercycler® Personal
amplifier (Eppendorf) was used to conduct the
polymer chain reaction (PCR). The reaction
mixture (20 pl) contained 13.9 pl of sterile
deionized water, 2 pul of 2 mM dNTP, 2 ul of
10x Green Buffer, 0.5 ul of 10 mM forward
primer, 0.5 ul of 10 mM reverse primer, 0.1 ul
of DreamTaq™ DNA polymerase (Thermo
Fisher Scientific). The primers (Metabion,
Germany) used in the study are presented in
Table 1.

The PCR reaction for detection of vir
D1 gene sequence was performed in order to
exclude from the list of tested samples those
who contaminated with agrobacterial DNA.
Confirmation of the fact of agrobacterial
contamination allows to reject false positive
results of the study. Detection of vir D1 gene
sequence was performed according to the Lipp
Jodo protocol [16].

Pnos RE,
LB Tocs bar P35S cry1A(b) TMSJ
pCB182 B< 1< _‘, —b

[)
EcoRI

BamHI

LB Pnos o
Tnos, nptll P355 Lcrﬂhlh} Tocs Fﬁ
pCB241 de:J_ !—:|:>

Ncol BamHI

Fig. 1. Scheme of T-DNA constructs PCB182 and PCB241:

Tocs — octopinsynthase gene terminator; Tnos — nopalinsynthase gene terminator; bar — phosphinotricinacetyl
transferase gene as selective, the product which confers phosphinothricin resistance; npt/I — neomycin
phosphotransferase II gene as a selective, with product, which confers kanamycin resistance; Pnos —
nopalinsynthase gene promoter; P35S — 35S RNA gene promoter of cauliflower mosaic virus; OQ2 — omega
sequence that enhances the gene expression; cryl(A )b — the coding sequence of cryl (A )b gene
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Table 1. The primers used to detect gene sequences

) Amplicon length,
Primer name Gene Sequence bp.; reference
Npt1 5 — GAG GCT ATT CGG CTA TGA CTG — 3’ 700:
nptll 4
Npt2 5 — ATC GGG AGC GGC GAT ACC GTA — 3’ [15]
VirD1-1 5 — ATG TCG CAA GGC AGT AAG CCC A — 3' 437
vir D1 :
VirD1-2 5 — GGA GTC TTT CAG CAT GGA GCA A — 3’ [16]
barpr5 5 — GCG GTC TGC ACC ATC GTC AAC — 3' 551
bar :
rev581 5 — CAG ATC TCG GTG ACG GGC AGG AC — 3’ [17]
Cry05 5 — AGG ATT CGC TAC GCT AGC AC — 3’
cryl Ab 475
Cry06 5 — GGA GAT TCC TCT CGT CGC TG — 3’

Note: bp — base pairs.

The amplification program for the
detection of bar gene sequence was
performed according to Sakhno protocol
[17]. Amplification program for detection
of nptlIl gene sequence was performed by
the TD-PCR method (Touchdown-PCR) [18].
The amplification program for crylAb gene
consisted of: primary denaturation — 4 min at
94 °C; 35 cycles: 30 s at 94 °C, 30 s at 55 °C,
28 s at 72 °C; final elongation — 10 min at
72 °C, with following cooling of reaction
mixture to 22 °C.

The amplification products were separated
in a 1.2% agarose gel with 0.5 ng/ml ethidium
bromide in TBE buffer at an electric field
voltage of 6 V/cm during 45 min. The gel
image in ultraviolet light was documented
on the mLKB Bromma 2011 Macrovue
Transilluminator using a Canon EOS 600D
digital camera. Electrophoresis images were
processed by a GIMP bitmap editor (GNU Image
Manipulation Program, www.gimp.org) and a
Microsoft PowerPoint text-and-graphic editor.

Reverse transcription. To determine
whether transcription of crylAb gene in the
plant genome occurs, total RNA was isolated
by the method [19] from the leaf material of
rooted regenerants. The cDNA synthesis was
initiated by the Oligo dT18 primer (Thermo
Fisher Scientific) from mRNA and was
performed by Maxima Reverse Transcriptase
(Thermo Fisher Scientific) enzyme according
to the manufacturer’s instructions. The newly
synthesized cDNA first strand was analyzed
for the presence of crylAb gene by PCR using
the specific CryO5 and CryO6 primers.

Growing transformants in soil. Plants that
showed the presence of transgenic sequences in

their genome during molecular genetic analysis
were transferred to the soil mixture and grown
under greenhouse conditions to obtain seed
material. The soil mix consisted of peat, sand
and turf, in a 2:1:1 ratio. The cultivation was
carried out under the conditions of 12-hour
light day, at an air temperature of 24 °C.

Results and Discussion

As a result of molecular genetic
manipulations, binary vectors pCB241
and pCB182 were constructed. They were
containing crylAb gene under the control of
358 cauliflower mosaic virus promoter, the
selective neomycin phosphotransferase II
(nptll) gene in case of the vector pCB241, or
phosphinothricinacetyl transferase (bar) gene
for the vector pCB182, under the control of the
promoter of bacterial nopalinsynthase gene.

To evaluate the effectiveness of the vectors
obtained, the transformation of tobacco
was performed using A. tumefaciens, which
cells contained the binary vector PCB241 or
PCB182. As a result of the transformation,
the tobacco plants capable to rooting on
selective media with 100 mg/l kanamycin or
5 mg/l phosphinothricin were obtained. The
beginning of plant regeneration from explants
transformed with the pCB241 construct was
observed after 5 weeks of cultivation on a
selective bacteriostatic medium (Fig. 2),
whereas after transformation with the pCB182
vector, plant regeneration occurred after
14 weeks. The percentage of explants that
formed plants (regeneration frequency, RF)
on a selective medium after transformation
with vector pCB182 was significantly lower
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Table 2. Results of Agrobacterium-mediated transformation
of N. tabacum using vectors pCB182 and pCB241

. . PCR results (+)
Rooting Sensitive ! oot
Vector | RF,% | regener- regener- sﬁrrrialzze(iin Se 2;’1telve crylAb, Selective
ants, units ants, % P ©s, gene, samples +crylAb, samples
total samples
pCB182 22 86 14 54 51 19 19
pCB241 84 123 66 28 25 12 12

Fig. 2. Regeneration of tobacco shoots on selective media after Agrobacterium-mediated vector t
ransformation with pCB182 vector (A) or pCB241 (B)

comparing with the transformation using
vector pCB241 (Table 2).

After transformation with the pCB241
construct, as well as pCB182, a significant
number of regenerants appeared to be sensitive
to the selective agent upon further cultivation
in banks with selective medium (Table 2). This
may be due to a change in transgene expression.
Factors that can cause such a phenomenon
include: tissue culture, chimerism, transgene
integration site (positional effect), copy
number (dosing effect), transgenic mutation
and epigenetic gene inactivation [20, 21].
Gene silencing, downregulation, or loss of
expression can occur at the transcriptional or
post-transcriptional level [22]. In the analysis
of transgenic lines of rice Chareonpornwattana
with co-authors [23] observed that gene
silencing correlated more with transgene
expression level than with copy number. It has
been found that high promoter activity can lead
to hypermethylation and, as a consequence,
termination of gene transcription in both
monocotyledonous and dicotyledonous plant
species. The high percentage of plants that
showed signs of sensitivity to the selective agent
after prolonged cultivation, and the low rate of
regeneration on the selective medium observed
after transformation with the pCB182 vector,
may also be due to the toxic effect of cry1Ab gene
product on the plant cell, since Cry proteins of
GM plants are more solubilized comparing with
molecules of the wild type (which are crystalline)
and therefore acquire new properties within
these plants [24]. In general, up to 23% of plant
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objects after transformation can show signs of
gene silencing [23].

The use of alternative regulatory systems
and methods of transformation leads to more
stable results. Thus, the adding into the rice
genome of crylAb synthetic gene under the
control of corn ubiquitin promoter Pubi is
characterized by a high (up to 76%) frequency
of transformation among the total number
of regenerants, stable inheritance [25] and
transgene expression [26], a significant level
of accumulation of protein product in green
parts of plants.

A study by Jabeen [27] demonstrated
that the expression levels of crylAb gene in
chloroplasts are significantly higher than
those in a nucleus. Thus, the introduction
of this transgene into the plastid system is a
promising area of work.

DNA of regenerants resistant to selective
agents (82 plants in total: 54 plants obtained
after transformation with pCB182 construct
and 28 plants obtained after transformation
with pCB241 vector) was analyzed by PCR. The
analysis aimed to identify bar gene sequences
(for plants transformed with pCB182 construct
only), nptII (for plants transformed with
pCB241 construct only), crylAb, and vir D1
(to control the possibility of agrobacterial
contamination).

Among the studied plants, according
to the results of PCR analysis to detect the
sequence of virD1 gene, only 4 samples showed
the presence of the amplicon of the proper
size, which may indicate an agrobacterial
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contamination of the plant material. The
results obtained with these samples were
excluded from further research as potentially
false positives.

The following PCRs were performed
to identify selective genes that are part of
the transforming vectors to confirm their
transfer to the plant genome: bar gene for
plants transformed by the pCB182 construct
and nptII gene for plants transformed by the
pCB241 construct.

PCR detection of sequence of bar gene in
plant DNA obtained after transformation
by the pCB182 vector showed that 94.4% of
the samples demonstrate the presence of a
corresponding 551 bp amplicon. (Table 2, Fig. 3),
which indicates the transfer of the gene to the
plant genome.

1 2 3 4 5 6 7 & 5% 10 11 12 +C -C M
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Fig. 3. Electrophoregram of bar gene amplification
products from DNA of tobacco regenerants
obtained after transformation with pCB182 vector
Tracks No. 1-7, 9-12 — DNA of N. tabacum
lines 1-1, 1-2-1, 2-1, 2-2,1-3-1, 4-1-1, 4-1-2, 2-3,
4-2,1-4, 1-5; No. 8 — control (DNA of the non-
transformed plant N. tabacum), +C — positive
control (DNA of N. tabacum pICBV19); -C —
negative control (TE buffer); M — molecular weight
marker GeneRuler™ DNA Ladder Mix (Thermo
Fisher Scientific). Expected amplicon size is 551 bp

Previous attempts to detect the sequence
of nptII gene using PCR have resulted in a
significant number of nonspecific amplicons
on electrophoregrams. Therefore, TD-PCR
(Touchdown-PCR) was used to achieve a
positive result. TD-PCR allows achieving
the accumulation of a specific product with
a stable composition of the reaction mixture
only by optimizing the temperature cycle. The
initial primer annealing temperature increases
by 10 °C, but gradually decreases in subsequent
cycles. Thus, the specificity of the reaction
increases [28].

Touchdown-PCR performed to detect the
sequence of nptIl gene in the DNA of plants
obtained after transformation by the pCB241
vector showed the presence of the desired
700 bp amplicon in 89.3% of the samples
(Table 2, Fig. 4).

1 2 3 4 5 6 7 8 9 10 11 12 «£ € M
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Fig. 4. Electrophoregram of nptII gene
amplification products from DNA of tobacco
regenerants obtained after transformation with
pCB241 vector
Tracks No. 1-6, 8-12 — DNA of N. tabacum lines
24-1, 25-1,18-1, 12-1, 31-1, 22-1, 38-1, 37-1,
43-1,44-1,46-1; No. 7 — control (DNA of the non-
transformed plant N. tabacum), +C — positive
control (DNA of N. tabacum pICBV16); -C —
negative control (TE buffer); M — molecular
marker GeneRuler ™ DNA Ladder Mix. Expected
amplicon size — 700 bp

PCR analysis of the DNA of the analyzed
regenerants to detect the sequence of
crylAb gene (Fig. 5) revealed the presence
of a corresponding amplicon of 475 bp in
length in 35.2% of samples obtained after
transformation by vector pCB182 and 42.9%
of samples obtained after transformation by
vector pCB241. The presence of incomplete
T-DNA copies in one or more plant genome sites
in transformed plants after Agrobacterium-
mediated transformation has also been shown
by other researchers [29].

1 2 3 4 5 6 T B 9 10 11 12 +C --C M
' — . L]
! — 3000 bp
T—
E—m}oup
=
475 < - - - - — - 500 by
— |- 300 bp
—
- T LA L L T L - 100 by

Fig. 5. Electrophoregram of cryl1 Ab gene
amplification products from DNA of tobacco
regenerants obtained by transformation with

pCB182 construct
Tracks No. 1-7, 9-12 — DNA of regenerants of N.
tabacum lines 1-1, 1-2-1, 2-1, 2-2, 1-3-1, 4-1-1,
4-1- 2, 2-3, 4-2, 1-4, 1-5; No. 8 — control (DNA of
non-transformed N. tabacum plant); +C — positive
control; —C — negative control (TE buffer); M —
molecular marker GeneRuler ™ DNA Ladder Mix
(Thermo Fisher Scientific). Expected amplicon
size — 475 bp

For the reverse transcription reaction, total
RNA was isolated from the leaf material of 4
rooted plants transformed with the pCB182
construct, and 4 plants transformed with the
pCB241 vector. Lines 2-1 (182), 1-3-1 (182),
4-2 (182), 3-2-1 (182), 24-1 (241), 2-4-2 (241),
37-1(241), 43-1 (241) were used for the study.
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PCR analysis of the cDNA synthesized during
the reaction showed the presence of crylAb
gene in all samples. A typical electrophoregram
is presented in Fig. 6. At the same time, all
controls worked in a quality and expected
manner.

1.2 3 4 5 6 7 8 € M
- -~ - = 3000 bp

—1000 bp

475 =5 e— — — — == - 500 bp

——|-300bp

we =100 bp
- - — -

Fig. 6. Results of the reverse transcription
reaction using the transformants obtained
by vector pCB182
Tracks No. 1, 3, 5, 7T — cDNA of transformants
of N. tabacum plants analyzed; Tracks No. 2, 4, 6,
8 — negative controls (without revertase); -C —
negative control (without RNA); M — molecular
marker GeneRuler™ DNA Ladder Mix (Thermo
Fisher Scientific)

Thus, the expression of crylAb transgene
in the obtained N. tabacum transformants was
significantly confirmed.

Plants that showed a clear presence of
crylAb, bar and nptll genes in PCR studies
were transferred to the soil for grown and seed
production (Fig. 7). Seed generation T1 was
obtained after self-pollination, which indicates
that there is no influence of transforming
vectors on plant fertility.

Conclusions
Thus, in the course of the work, genetic
constructs pCB182 and pCB241 were
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CTBOPEHHSI BEKTOPIB
IJISI AGROBACTERIU M-OIOCEPE/TKOBAHOT
TEHETHYHOI TPAHC®OPMAIII POCJINH
I3 [IIILOBUM CHHTETHYHUM
TEHOM CRY 1 Ab, TKAI KOJIYE CTINIKICTD
IO IIKITHAKIB PSIY JIYCKOKPHJIAX

A. M. Tapanenxo!, I. 0. Himoscvka®,
JI. T'. Beauroxcon 2, I1.]]. Maiicm 061,
M. B. Kyuyx', B. B. Mopeyn'

IIHCTI/ITYT KJIiTUHHOI 6ioJiorii Ta reHeTUYHOL
inxenepii HAHY, Kuis
2IHCTI/ITYT disiosorii pocaus i reneTurku HAHY,
Kuis

E-mail: molgen@icbge.org.ua

MeTo10 mocaimsxkeHHs OYJIO CTBOPEHHS TeHe-
TUYHUX KOHCTPYKIi# nisa Agrobacterium-otmoce-
peakoBaHOi TpaHcdopMmarlili pocamH, AKi MicTHu-
au 6 cuHTeTHUHUY TreH crylAb, Ta ix TecTyBaHHA
OLIIXOM TPaHchopMaIlil TIOTIOHY 3 IOTAJIBIIIIM
IPOBEeNeHHAM MOJIEKYJIAPHO-TEeHETUYHOTO aHaJi-
3y OTPUMAHUX POCJUH AJIA MiATBEPAKEeHHS MOmil
TpaHchopmarrii.

3acrocoByBasu 06a30Bi MeTOOUKU KJOHY-
Bauua [IHK, Agrobacterium-omocepeaKoBaHy
Tpaucdopmaiiiro Nicotiana tabacum L. meTozom
JHUCTKOBUX INCKIiB, CeJeKIlilo TpaHcpopMaHTiB
in vitro, aHajyid IPUCYTHOCTI TpaHCTeHiB y poc-
aunHit JHK, nereximiro exkcmpecii reuna crylAb
meTonoMm IIJIP 3i 3BOPOTHOIO TPAaHCKPHUIIi€IO.
¥ xomi mocaimkenusa 6yJo CKOHCTPYHOBAHO BeK-
Topu pCB182 i pCB241 i3 BMicTOM CUHTETHUYHOTO
reHa crylAb. CTBOpeHIMU BeKTOpPaMU 3iICHEHO
Agrobacterium-omnocepeKoBaHy TpaHchopMaIito
TIOTIOHY Ta OTPUMAaHO POCJIUHU-PETeHepaHTH, AKi
micTuau TpaHcrenu y cBoitt JIHK. IligTBepa:xeHo
eKcrpecito TpaHcreHa crylAb B ogep:KaHUX TPAH-
copmanTax TioTIoHY Metomom 3T-IIJIP. V¥V pe-
3yJabraTti Agrobacterium-omnocepeaKoBaHOI TpaH-
copmaiiii pocauna BekTopamu pCB182 i pCB241
i3 BMicTOM cuHTeTHUHOTO reHa crylAb crifikocTi
IO JTYCKOKPUJINX KOMaX MOKHA OTPUMYBATU TPaH-
CTeHHi POCJIVHU, V AKUX BifOyBaeThCA eKCIpecia
TpaHCreHa.

Knawuwosi crosa: crylAb, Nicotiana tabacum L.,
Agrobacterium-omocepenkoBaHa TpaHchopMalisd,
I1JIP-anania, TpaHcreHes.
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YCTOMYHUBOCTD K BPETUTEJISAM
OTPSJA YENTYEKPBIJIBIX
A. H. Tapanenrxo®, . A. Humosckas®,
JI. T'. Beauroxcon™ 2, IT. ]T. Maiicmpos’,
H.B. R‘yuyrcl, B. B. Mopzyul’

'MucTuTyT KI€TOUHO GHOMOTHY U FeHeTHIeCKOi
nn:xeHepuu HAH Vkpaunnl, Kues
ZI/IHCTI/ITYT (pUBUOJIOTUY PACTEHUN U T€HETUKU
HAH Vkpaunusl, Kues
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ITenpro mcciemoBaHUA OBLIO CO3MaHUE Te-
HEeTHUUYEeCKUX KOHCTPYKIUUA aas Agrobacterium-
OIIOCPeNOBaHHOII TpaHchopManmuu pacTeHui,
COZlepIKaIllX CUHTeTUYecKuul rex crylAb, u ux
TeCTUPOBaHNe MyTeM TpaHchopMmamuu Tabaxa c
TOCJIEAYIOIIUM IIPOBEeHUEM MOJIEKYJIAPHO-TeHe-
TUYECKOTO aHAaJM3a MOJYUEeHHBIX PACTeHUU IJIsa
TOATBEPKICHUA COOBITUA TPaHChHOPMAIIUN.

HcnonbsoBanu 6a30Bble METOAUKU KJIOHUPO-
Banua [IHK, Agrobacterium-onocperoBaHHYIO
Tpauchopmarnuio Nicotiana tabacum L. meTomom
JINCTOBBIX MUCKOB, CEJIEKIINIO TPAaHC(POPMAHTOB in
vitro, aHaJIM3 TPUCYTCTBUSA TPAHCTEHOB B PACTU-
tenbuoll [IHK, nerexmuro skcupeccuu resa crylAb
metozom ITITP ¢ o6parHoii TpaHCcKpumiueii. B xome
HUCCIeJOBaHUS OBIIN CKOHCTPYUPOBAHBI BEKTOPHI
pCB182 u pCB241, comep:xaliiyie CHUHTETUUECKUH
reH crylAb. Co3gaHHBIMU BEKTOPAMU OCYIIIECTBJIIE-
Ha Agrobacterium-omocpegoBanHasa TpaHchopMa-
musa Tabaka U MOJYUYeHbI PaCTeHUSI-PereHePaHThI,
comep:karie Tpancrensl B cBoeit JHEK. ITogTBepik-
JleHa 9KcIIpeccusd TpaHcreHa crylAb B mosydeH-
HBIX TpaHchopMmaHTax Tabaka meromom OT-IIIIP.
B pesynabrate Agrobacterium-omocpenoBaHHOM
TpaHchopmManuu pacreHuil BekTopamu pCB182
u pCB241, comep:kaluMu CUHTETUYECKUI TeH
cryl Ab ycTOMUYMBOCTY K YENTyeKPBIJIBIM HACEKO-
MBIM, MOYKHO II0JIyYaTh TPAHCT€HHbIE DACTEHUS, B
KOTOPBIX ITPOUCXOIUT 9KCIIPECCHUs TPAHCTeHA.

Knrwoueswie cnosa: crylAb, Nicotiana tabacum L.,
Agrobacterium-omocpenoBanHas TpauchopMaIus,
ITIP-ananmua, TpaHcreHes.
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The aim of the work was to study the direction and intensity of mineralization and immobilization pro-
cesses in different layers of gray forest soil at fallow fields, extensively and intensively used agrosoils. The
research included laboratory analysis, microbiological studies, and statistical processing. For the fallow
plots, the layers chosen for study were Hd — turf (0—10 cm), He — humus-eluvial (11-40 cm), Hi — humus-
illuvial (41-74 cm), Ih — illuvial-humus (75—-115 cm), Ip — transitional from the illuvial layer to bedrock
(116-156 cm), Pi — bedrock with occasional insertions of illuvial soil (157-191 cm); for the agrosoils of the
stationary experiments: He — humus-eluvial (0—10 and 11-40 cm), Hi — humus-illuvial (41-74 cm), Th —
illuvial-humus (75-115 cm), Ip — transitional from the illuvial layer to bedrock (116—56 cm). We found
that humus mineralization differed in some layers of the gray forest soil under these management regimes.
At fallows, the intensity of humus mineralization tended to decrease with depth, and it was interrupted in
the Ih and Ip layers. In the intensively used agrosoil, humus mineralization was more active in Hi- and Ih-
layers. Comparatively, the activity of humus mineralization smoothly decreased in the profile of the exten-
sively used agrosoil from the uppermost layer to the lower by 97.2% . The mineralization coefficient of
Nitrogen compounds gradually decreased in the fallow ground and extensively used agrosoil, unlike the
intensively managed agrosoil, in which the intensity of mineralization-immobilization of nitrogen com-
pounds increased in the He and Hi layers. It was shown that the fallow ground had the more efficient system
to transfer substrates and mineral ions down the profile to the lower layers. The difference in biologic activ-
ity between the upper and lower layers was maximum in the fallow ground, intermediate in the intensively
used agrosoil and minimum in the extensive agrosoil.

Key words: soil horizons, index of pedotrophy, nitrogen mineralization coefficient, humus
mineralization activity, fallow ground, agrosoil.

and seasonal characteristics have much lower
influence [3, 4].

Research of the microbial distribution
along the soil profile gains weight considering
that the microbial biomass is relatively evenly
distributed across the whole cross-section of

the gray forest soil, turf podzol, chernozem, Materials and Methods

kastanozem [1] and peat [2, 3]. Vertically
layered microbial communities are viewed
as integral components of ecosystems [4].
For every layer of the ecosystem, there are
specific ranges of both quantity and taxonomic
diversity of the microorganisms. For every
type of soil, the maximum quantity and
taxonomic diversity of the bacterial complexes
are seen in the litter, minimum in the mineral
horizon. The main factor determining the
quantities and diversity of prokaryotes is type
of substrate (layer position). Biotope features

The study was done on gray forest soil at
closely situated plots: 1 — soil excluded from
agriculture use in 1987; 2-3 — agrosoils of
the stationary experiment that was started
in 1987 on the territory of the experimental
station “Chabany” in Kyiv-Svyatoshynskyi
district of Kyiv region. We studied versions
with a ground development scheme that is
traditional for Forest-Steppe: 2 — control,
crop rotation without additional mineral and
organic fertilizer (extensively used agrosoil);
3 — crop rotation with additional mineral
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fertilizer Ngg P108 K112.5 and conventional
tillage of agricultural side products (intensive
agrosoil).

Soil samples were taken from such horizons
of the fallow ground: Hd — turf (0-10), He —
humus-eluvial(11-40 cm), Hi — humus-
illuvial (41-74 cm), Ih — illuvial-humus
(75-115 cm), Ip — transitional from illuvial
to bedrock (116—-156 cm), Pi — bedrock with
insertions of soil from the illuvial horizon
(157-191cm). For agrosoils, the sampled
horizons were: He — humus-eluvial (0-
10 and 11-40 cm), Hi — humus-illuvial
(41-74 cm), Th — illuvial-humus (75—-115 cm),
Ip — transitional from the illuvial horizon to
bedrock (116-156 cm).

The mineralization intensity of nitrogen
compounds was calculated after Ye. N. Mi-
shustin and E.V. Runov [5], the index of
pedotrophy after D. I. Nikitin and V. S. Nikitina
[6], the activity of humus mineralization —
after I. S. Demkina and B. N. Zolotaryova [7].
To make a general assessment of the biologic
state of soil, we calculated the parameter
of overall biologic activity (OBA) using the
method of relative valuation [8, 9].

Results and Discussion

Having analyzed the direction of
microbiological processes in soil by the
mentioned parameters and indices, we found
that the intensity of mineralization processes
changes depending on the position of the
sample along the profile (Tables 1-3). Thus,
indices of pedotrophy are somewhat lower

for soil from the upper horizons of fallow
ground and intensive agrosoil than from the
He horizon, perhaps due to lesser humidity of
the soil. The intensity of the organic matter
mineralization decreased by 47.1% in the
upper horizon of fallow field. For the intensive
agrosoil it decreased in 4.18 times. For
extensive agrosoil the trend was reversed: the
mineralization activity was higher precisely
in the upper horizon. This provides additional
evidence about the relatively more similar soil
processes in the intensive agrosoil and the
fallow ground.

The activity of the organic matter
decomposition sharp decreased at the edge of
the Hi horizon by 4.92 times for the fallow
field and by 3.03 times for the intensive
agrosoil. In the extensive agrosoil the index
of pedotrophy conversely increased by 87.4% .
Such difference underscores the significant
consequences of different intensity of soil
management. The highest mean activity of the
organic matter utilization in the arable horizon
was seen in the intensive agrosoil (0.989), then
the fallow field (0.546) and extensive agrosoil
(0.434).

Nitrogen mineralization coefficient
gradually decreased in fallow soil from 0.254
(upper horizon) to 0.072 (lowest of the studied
horizons) (Table 1), the same tendency was
seen in extensively used agrosoil (Table 3).
However, in the intensively used agrosoil the
intensity of mineralization-immobilization of
nitrogen compounds was higher in horizons
He and Hi, perhaps due to migration of
Nitrogen mineral compounds to the layer of

Table 1. Intensity of mineralization processes and phytotoxic properties
of gray forest soil used for fallow since1987

o o < Mass of 100 plants of the
> > Se Se °© test culture, winter
<= =S - ’
:: S5 g% £% 5 2% - -2 Kr wheat, g
S8 % 2 ) @83 S» < T
N o, 5] ) - e © = .= E p— :’: - P
= =0 = EsE = e85 °3
5 £ 28 | 238 | meg | TF total
am g g3 g8 £73 S stem root mass
= g =
Hd (0-10) 0.221 0.037 0.254 21.2 2264.0 | 0.352 8.08 13.9 22.0
He(11-40) 0.325 0.039 0.242 20.1 2249.8 | 0.341 8.46 7.34 15.8
Hi (41-74) 0.066 0.005 0.109 9.26 1184.0 | 0.140 9.57 10.4 20.0
Ih (75-115) 0.029 0.007 0.139 27.2 382.6 | 0.018 7.87 9.53 17.4
Ip (116-156) 0.014 0.003 0.025 49.8 344.8 0 6.80 6.90 13.7
Pi(157-191) 0.029 0.010 0.072 6.10 100 0 8.08 8.32 16.4
HIPO5 0.11 0.12
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Table 2. Intensity of mineralization processes and phytotoxic properties of gray forest soil managed
as intensively used agrosoil since 1987

o, g g -E’ Mass of 100 plants of the
~ - =7 R = 2 test culture, winter
g= : & g3 &8.8 ERES 3] wheat, g
S 35 B2 o= .= E= 2 S
=22 =) (= e S = g_z o
é = £ g R 8 2 ) g = o f
~ Sh E °© E < 3 stem | root total
o mass

E‘
He (0-10) 0.191 0.100 0.160 25.7 1460.0 8.73 4.84 13.6
He (11-40) 0.798 0.744 0.621 23.8 962.0 6.54 | 4.77 11.3
Hi (41-74) 0.263 0.173 0.048 59.6 466.0 4.65 4.76 9.41
Th (75-115) 0.119 0.299 0.155 42.6 147.9 4.31 5.57 9.88
Ip (116-191) 0.202 0.166 0.274 24.0 100.0 4.62 5.58 10.2

HIPO5 0.13 0.10

Table 3. Intensity of mineralization processes and phytotoxic properties
of gray forest soil managed as extensively used agrosoil since 1987

2 ° Mass of 100 plants of the test
) = o - culture, winter wheat, g
- 2 B g S z
- =] ==t = S s
£ = ke &% | $58 | 88| = Kr
SB g, S£ | 8RE | BT 3
5 5 5% | 255 | £55 | 2
= " S ° £ £ 3 —_ stem root | total mass
g g g 3
=] =}
= =
He (0-10) 0.252 0.16 0.37 21.1 864.2 | 4.28 6.5 5.89 12.4
He (11-40) 0.182 0.12 0.17 18.8 611.7 1.51 8.0 5.10 13.1
Hi (41-74) 0.341 0.22 0.045 17.5 159.7 | 4.28 4.33 4.66 8.99
Th (75-115) 0.081 0.65 0.14 16.8 125.4 | 3.78 4.41 5.19 9.60
Ip (116-191) | 0.390 0.33 0.46 10.7 100.0 | 2.80 4.44 4.01 8.45
HIPO5 0.07 0.08

11-74 cm (Table 2). The nitrogen compounds
mineralization coefficient increased in
the lowest of the studied horizons in the
extensively agrosoil to 0.456. It is impossible
to explain by vertical migration of these
compounds, because this agrosoil was not
fertilized since 1987. Though, the ions may
have migrated from the regularly fertilized
plots of adjacent stationary experiments.
Humus mineralization activity gradually
decreases down the profile; the trend is all the
more clear in old fallow ground and extensively
used agrosoil. Thus, the microbiological

destruction of humus decreases between
the upper and the lowest studied horizons
by the factor of 3.5 in the fallow soil, and
by the factor of 1.97 in extensively used
agrosoil. Meanwhile, the decomposition of
humus substances increased by 24.4-65.2 %
in the layer of 41 to 115 cm compared to the
upper and lower horizons in the fallow soil
and intensive agrosoil. It could be caused by
accumulation of mobile humus compounds in
these soil layers (41-115 cm).

Agrochemical analysis showed that in
fallow soil, the percentage of humus was
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1.43% at He-horizon, 0.041% at Ih-horizon,
and 0.018% at Pi-horizon [10]. This means
that humus content between the horizons
decreases by the factor of 34.9 and 79.4,
respectively. The indigenous microflora
decreased 10.5 and 200-folds, respectively,
though the physiologic-biochemical activity
of microorganisms in different horizons
remained almost the same (11). Therefore,
humus decomposition depends on many
factors: humus content, concentration of
easily utilized substrates and of macroelements
which delay the mineralization of humus
compounds, availability of oxygen, abundance
of indigenous microorganisms and their
physiologic and biochemical activity, etc.

Long-term research showed that the
activity of humus mineralization was minimum
in the first 20 cm of fallow soil and maximum
in the extensive agrosoil [12]. In 2014, the
humus mineralization activity decreased in
the extensive agrosoil, perhaps due to overall
lesser amounts of humus in it. For 27 years, no
organic fertilizer has been added neither cover
crop plowed under; the organic matter has been
also taken out with the main crop leading to a
significant decrease in humus content [13].

The comparison of different types of soil
by microbial biomass and the comparison
of soil horizons which strongly differ in
humus do not confirm the dependence of
microbial biomass on the amount of organic
matter [1]. It can be caused by the microbial
biomass not being wholly active, a large part
staying dormant until the favorable stage of
succession [14].

In the vegetation period of 2014, the
phytotoxicity of fallow soil (horizon He)
was the lowest, while that of the intensive
agrosoil was 74.3% higher and of the
extensive agrosoil — 92.7% higher than the
in fallow soil. That agrees with long-term
data [15[. In the arable layer, the difference
was 64.7 and 61.4% (Tables 1-3). In the
lowest of studied horizons (Ih) it was 84.9
and 68.8%, respectively, which also confirms
that the fallow soil contains a system of
capillaries which is absent (or imperfect) in
agrosoils.

The total bioactivity, which is an integral
parameter, was minimum in the lowest of
studied horizons in all cases (Tables 1-3). The
difference in bioactivity between the higher
and the lower horizons is highest in the fallow
soil (22.6 times). In the intensive agrosoil it
was higher by 14.6 tomes, and in the extensive
agrosoil the difference was minimum (by
8.64 times).
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In this study, the total bioactivity of the
gray forest soil was highest in the fallow soil.
It exceeded the bioactivity of the intensive
and extensive agrosoils in the upper horizon
by 1.55 and 2.62 times, respectively. The
total bioactivity in the fallow soil gradually
decreased from the upper horizon Hd to He
by 16.7%, from He to Hi by 90.0%, from
Hi to Ih by 218.0%, from Ih to Ip by 8.44%,
from Ip to Pi by 3.44 times (Table 1). In the
extensive agrosoil, total bioactivity decreased
between horizons by 44.6, 97.8, and 99.6%,
respectively, and in the intensive agrosoil,
by 23.7% between He (0—10 cm) and He
(11-40 cm) and 3.39 times between He and
Hi layers. The three lowest horizons all have
almost identical total bioactivity (Table 3).

Same trend was observed at the arable layer
(0—40 cm): the highest activity was seen in the
fallow soil (2330.7), then the intensive agrosoil
(2139.0) and the extensive agrosoil (2061.3),
which agrees with previous data [12].

Hence, the direction and intensity of
mineralization processes change across the soil
profile. The specifics and scale of the change
depend on soil use.

Conclusions

1. The fallow soil has the highest total
bioactivity of all studied examples of
management regimes of gray forest soil. The
bioactivity in the upper horizon of fallow
soil exceeds the values for the intensive and
extensive agrosoils by the factors of 1.55
and 2.62, respectively. The difference in
bioactivity between the upper and the lower
horizons is highest in the fallow soil (22.6
times), moderate in the intensive agrosoil (14.6
times) and lowest in the extensive agrosoil
(8.64 times).

2. The mineralization coefficient of
nitrogen compounds gradually decreases in
fallow soil and extensive agrosoil, but not
in intensive agrosoil. In the last case, the
intensity of mineralization-immobilization of
nitrogen compounds increases in the He and
Hi horizons, perhaps because of migration
of mineral nitrogenous compounds to the
11-74 cm deep soil layer.

3. Humus mineralization activity is
the highest in the two uppermost horizons
of intensive agrosoil among the studied
management regimes of gray forest soil. It
does not decrease downwards along the soil
profile unlike humus mineralization activity
in the extensive agrosoil, where it gradually
decreases along the profile.
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4. In the fallow soil and intensive agrosoil,
humus substances decomposition are more
actively decomposed in the layer of 41-115 cm
compared to higher and lower horizons by
24.4-65.2% , perhaps because of accumulation
of mobile humus compounds in these specific
soil layers.
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CIIPAMOBAHICTD TA HAITPYJKEHICTD
MIKPOBIOJIOTTYHHX ITPOIIECIB
Y 'OPH3OHTAX CIPOI'O JIICOBOI'O
TPYHTY 3A OT'0 PISHOI[IJILOBOTO
BUROPUCTAHHA

I.M. Manunoscvka

HHIT «IncturyT 3emaepobectea HAAH»,
Kuis, Ykpaina

E-mail: irina.malinovskaya.1960@mail.ru

Metoro poboTH 0yJI0 HOCTiIKEeHHs CIIPSIMOBAHO-
CTi Ta HAIIPYKEHOCTI MiHepasisaifHUX IPOIIECiB ¥
I'PYHTI TOPU30OHTIB Ciporo JIicOBOTO I'PYHTY 3a HOro
BUKOPUCTAHHA AK IIE€PEJIOTY, eKCTEHCUBHOTO Ta iH-
TEHCUBHOT'O arpo3eMiB. ¥ IOCITiIKeHHI BUKOPUCTO-
BYBaJIX JIaOOPATOPHO-aHATITUYHIM, MiKpPOOiooriu-
HUM, CTATUCTUYHUIA METOAM. 3’SCOBYBaIU Iepedir
MiHepasisaiffHnX Ta iMMOOLTsaifiHX IMpOIEeCiB ¥
TOPU3OHTAX Ciporo JICOBOTO I'DYHTY Ha IIEPEIOTOBUX
mimauakax: Hd — gepauma (0-10 cv), He — rymycoso-
emoBianpHMM (11-40 cm), Hi — rymycoBo-imiosi-
anpunii (41-74), Ih — imoBiaasHO-rymycoBuii (75—
115), Ip — nepexigHuii Bif i1I0BiaILHOTO TOPUBOHTY
1o rioponu (116—156), Pi — mopopa i3 BKparieHHsA-
MU I'PYHTY LrioBiasbHOrO Topu3oHTy (157-191 cm)
iHa arposemax crarioHapHoro gociainy: He — rymy-
coBo-emoBiampHM (0—-101 11-40 cm), Hi — rymyco-
Bo-LmroBianbumii (41-74), Th — imoBianbpHO-TYMYyCO-
Buit (75—115), Ip — mepexiguwuii Big ioBiaabHOTO
ropusoHnTy mo mnopoxau (116—56). Beranoieno, 1o
BapiaHTU BUKOPHCTAHHS Ciporo JIiCOBOTO I'PYHTY Bif-
PiBHAIOTHECA 3a aKTUBHICTIO MiHEpaJsisallili rymycy B
OKpEMMX TOPUBOHTAX: Y I'DYHTi IIE€PEJIOTY IIPOCJIif-
KOBYETBCS TEHAEHIIiA [0 3HIKEHHS iHTeHCHUBHOCTI
MizepaJtisanii rymycy Briiu0 mpoiio, 1110 HopyIiry-
eThes y ropusonTax Ihilp. Binrencusaomy arposemi
CcIocTepirajau miABUINEHHS aKTUBHOCTI MiHepaJrisa-
mii rymycy B Hi- i Th-ropusonTax, y mpodisi ekcreH-
CHBHOT'O arpo3eMy — IIJIaBHE 3HUKEHHA aKTUBHOCTL
MizepaJtisarii rymycy Bif BepXHBOT'O TOPHU3OHTY 0
HmkEbOro Ha 97,2%. Koedimienr minepasrisarii
CIIOJIYK @30Ty IIOCTYIIOBO SHU)KYBaBCA B I'DYHTI IIe-
peJiory I eKCTeHCHBHOI'O arpo3eMy, Ha BiAMiHY Bif
1HTeHCHUBHOI'0 arpo3eMy, Jie iHTeHCUBHICTb MiHepaJIi-
sartii-iMmmo0biisariii crmoayk asoty B ropusonTax He
i Hi migBuyBasacek. ITokasaHo, 1110 e()eK THBHIIIIO0
CHCTEMOIO TPAHCIIOPTYBaHHA CyOCTPATIB i MiHEepaIb-
HUX iOHIB BryImO mpoQiio A0 HMKYUX TOPU3OHTIB
XapaKTepu3yeThCA I'PYHT Iepesory. PisHuria B 6io-
JIOTiuHi#l aKTUBHOCTI Mi’K BEPXHIM i1 HIKHIM ropu-
30HTAMHU OyJa MaKCHMMAJIbHOIO y I'DYHTL Iepesory,
cepeqHbOIO — B iHTEHCBHOMY arpo3eMi Ta MiHiMajIb-
HOIO — B eKCTEHCBHOMY arposeMi.

Knwouwosi cnoséa: roprsoHTH I'PYHTY, iHIEKC IIENO-

TpodHOCT, KoedilieHT MiHepais3ailii asoTy, akTHB-
HiCcTh MiHepaJIi3alrii rymycy, mepeJir, arpo3eM.
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HATIIPABJIEHHOCTH 1 HAIIPI:KEHHOCTD
MHKPOBHOJIOTHYECKHUX ITPOITECCOB B
TOPU30HTAX CEPOM JIECHOH II0YBBI
IIPU EE PA3HOIIEJIEBOM
HCIIOJIb30BAHUU

H.M. Manunosckas

HHII «AucturyT semnenenna HAAH», Kues,
Vipanua

E-mail: irina.malinovskaya.1960@mail.ru

Ienpio paboThI OBLIO HICC/IEIOBAHIE HATPABJIEH-
HOCTHM ¥ HANPSYKEHHOCTH MUHEPAIU3AIIMOHHbBIX
TIPOIIECCOB B IIOYBE T'OPMB3OHTOB CEPOI JIECHOM IIO-
YBBI IIPU €€ WCIIOJIF30BAHUM KaK IIEPETHOsA, SKCTEH-
CHMBHOTO ¥ MHTEHCHBHOTO arpo3eMoB. B mccienoa-
HIUM WCIIOJb30BaIHU JIabOpaTOPHO-aHAIUTHUECKNIH,
MUKPOOMOJIOTUYECKUH, CTATUCTAUYECKUII METOMbI.
BbIsACHAIN IIPOTEKAHE MUHEPAIU3AIOHHBIX 1 M-
MOOUMIM3AITMOHHBIX IIPOIIECCOB B TOPH30OHTAX CEPOit
JIECHOM TTOYBBI Ha ITePEeTHONHBIX yuacTKax: Hd — nepH
(0-10cm), He — rymycoBo-amtoBraabHBIX (11-40 cm),
Hi — rymycopo-wmoBransublii (41-74), Th — wro-
BUAJIBHO-TyMycoBBIi (75—115), Ip — mnepexomubrit
OT MJTIOBUAJIBHOT'O TOPUBOHTA 10 mopoabl (116—156),
Pi — mopo/a ¢ BKparieHusaMU I0YBbI MIIOBUATHLHOTO
ropusonTa (157—191 cm) u Ha arpo3eMax CTallOHAP-
Horo onbiTa: He — rymycoBo-amoBuaabHbIX (0—10 u
11-40 cm), Hi — rymycoBo-mntoBuaabHbIl (41-74),
Th — wroBnanbHO-TyMycoBbiit (75-115), Ip — me-
PEXOIHbIA OT WJIIOBUATILHOTO T'OPM30OHTA K IIOPOAe
(116—56). YcTaHOBIEHO, UTO BAPUAHTHI UCIIOJIb30Ba-
HUA CEPOH JIECHOU ITOYBBI OTJIMUAIOTCA II0 aKTHUBHO-
CTU MUHEPaJIU3aIluy TYMyCa B OTHEIbLHBIX TOPMU30H-
Tax: B IIOYBE [IEPErHOsI IPOCIIKNBAETCS TeHICHIINA K
CHI?KEHUIO MHTEHCUBHOCTY MUHEDAIU3AINN TyMyca
BIUIyOb IPOGhIIIst, KOTOPas HapyIllaeTcs B TOPU30OHTAX
Th u Ip. B uHTeHCUBHOM arposeMe HAOIIOAAIN IIOBBI-
IeHre aKTUBHOCTY MUHepaausanuu rymyca B Hi- u
Th-ropusonTax, B mpodusie SKCTEHCHBHOTO arpo3e-
Ma — IJIABHOE CHIKEHNE aKTUBHOCTYA MUHEPAJIN3a-
UK TyMyca OT BEPXHEro ropr3oHTa K HIDKHEMY Ha
97,2% . KoaduiireHT MUHEPAIU3AIUN COeTUHEHUI
a30Ta IIOCTEIIEHHO CHIKAJICA B IIOUBE IIEPETHOA U OKC-
TEHCUBHOTO arpos3eMa, B OTJIMYME OT MHTEHCHUBHOTO
arposema, Tlle MHTEHCUBHOCTH MUHEPAIN3ATINU-IM-
MOOMIM3aIIY COeIMHEHII a30Ta B ropru3oHTax He u
Hu mosbmmtanacek. ITokazano, uto 6osiee apdeKTuB-
HOIT CCTEMOI TPAHCIIOPTUPOBKY CyOCTPATOB U MUHE-
PATbHBIX MOHOB BIUIYOBb IPOMIUIA K HIMKEIeIKaIIIIM
TOPU30HTAM XapaKTePU3YeTCA IoUBa IeperHosa. Pas-
HUIIA B OMOJIOTUMYECKOM aKTUBHOCTU MEXKIY BEPXHUM
¥ HIDKHUM T'OPU3OHTaMM ObLIa MaKCUMAJIbLHOU B II0-
YBa [I€PErHOs, CPeIHell — B MHTEHCUBHOM arposeme 1
MUHUMAJIBHOI — B 9KCTEHCUBHOM arposeMe.

Knrouesvle cnosa: TOpUBOHTHI IIOUBBI, MHAEKC TEI0-
TPOPHOCTH, KOIPPUIIUEHT MUHEpaAIN3aIuu a30Ta,
aKTUBHOCTb MUHEPaJIN3alluy TyMyca, IIePerHoi,
arposeM.



