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issue dedicated to novel findings in the fieldsvaflecular geneticsstructural and functional
genomics, biotechnology, molecular and cell biologytant growth and development
regulation, as well as to the development of teldgies for usage of plant resources for
biofuel and functional plant-derived food products.
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CURRENT SCIENTIFIC ACHIEVEMENTS AND PROSPECTS IN TH E INSTITUTE
OF FOOD BIOTECHNOLOGY AND GENOMICS

Blume Ya.B.

Institute of Food Biotechnology and Genomics, Nadad. Sci. of Ukraine,
Osipovskogo str., 2a, Kyiv, 04123, Ukraine

E-mailcellbio@cellbio.freenet.viaduk.net

The Institute is the leading research center irale in the fields of plant cell and molecular
biology, genomics and bioinformatics, moleculamplaiotechnology and biosafety. Main areas
of Research and Development activity of the Instifare:

* investigation of the molecular and cellular meckars of plant cell functioning basing on
the development of plant structural and functiagetiomics and bioinformatics, structural
biology and molecular genetics;

» development of novel molecular biotechnologies e as nanobiotechnologies for plants
and prokaryotes;

» development of scientific grounding of the resotsaging technologies for the processing
of raw agricultural materials and the productiomefv food and biofuel from biomass;

» development of food biotechnologies including th@doction of food additives and
biologically active compounds;

» development of the molecular genetic and biockammethods of phytosanitary and
health safety control of raw food materials, foaldlitives and fodder quality, elaboration of the
scientific principles of biosafety.

The research activity in the field of cell biologymostly focused on the study of cellular
and molecular signalling mechanisms underlyingréglation of plant development under the
influence of (a)biotic environmental factors anddstigation of the role of different cytoskeletal
structures in these processes. In particular, ¢lemssts of the Institute analyzes the role arel th
place of cytoskeleton in plant cell response to Bl\fradiation, cold, high temperatures, heavy
metals, herbicides with antimitotic activity as Wweak in the autophagy mechanisms. Such
posttranslational modifications of plajt and<-tubulin as phosphorylation, polyglutamylation,
acetylation and tyrosine nitration were identifi€diwthermore, structural biological approaches
for 3D-modelling of plant tubulin and other cytokital proteins have been developed.

In the last decade, new tools of bioinformaticsenbeen intensely introduced in research
programs of the Institute: bioinformatic search #malidentification of key cytoskeletal proteins
involved in the regulation of plant cell cycle; 3bedelling and the study of the potential
functions of cytoskeleton-related proteins; creataf the databases and the search of low-
molecular weight compounds with increased affindytargeted cytoskeletal proteins, plant and
bacterial FtsZ-proteins, protein kinases and phaigses; the molecular design of biologically
active compounds with their high throughpusilico screening.

Important efforts in the Institute are concentratmd the development of molecular
genetics, genomics, molecular biotechnology andtpignetic engineering in particular. Prof.
A.A. Sozinov supervises research directed to theeldpment of the molecular markers for
genes related to specific agronomic traits, inelgdguantitative traits loci (QTL-loci); the
development and implementation of the moleculareges approaches for identification of
genes responsible for wheat and barley resistanciferent pathogens (for example leaf and
stem rust resistance genes); the screening ofxieeng wheat and barley varieties and breeding
line collections for presence of pathogens restgagenes; the study of the genetic diversity of
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wild relatives of cultivated cereals (e.éegilopssp) as a potential source of genes conferring
resistance to numerous (a)biotic environmentabfact

The indirect methods ohgrobacteruimmediated and biolistic transformation are widely
using in the Institute. The improvement of the @ffincy of the existing genetic transformation
approaches and development of the new ones faathgeted gene transfer using nanoparticles,
carbon nanotubes and other nanopolymers for prmofucf transgenic plants are under way.
Respective techniques of genetic transformationréorsgenic plant production with the desired
traits such as herbicides or insect pest resistaage been developed. The transgenic plants of
barley, finger millet, sugar beet, potato, flaxpdoco, false flax and soybean have been recently
created. The sequential study of the mutationsytufs&eletal proteins in the formation of plant
resistance to herbicides with antimitotic activéaljowed to obtain mutant plants, isolate the
microtubule protein genes responsible for herbgidad fungicide resistance and, finally, to
obtain different plant lines with resistance tostaeehemicals. New safe and environmentally
friendly marker system for the selection of thensfarmed plant lines based on mutant tubulin
gene was developed. Transgenic plants were uskptesen factories” for the production of such
pharmacalogically valuable products as lactofeand riboflavin. The transformation protocols
for production of the Ukrainian sugar beet and fmtaultivars with insect-resistance genes as
well as false flax transformation for biodiesel lwithe improved oil composition have been
completed already.

In the Institute new nanobiotechnological methodshave been developed recently,
namely the production of nanopatrticles (gold, silaed bimetallic) and quantum dots (CdS) by
biological systems for cell biological and biomediapplications.

The research dedicated to usage of RNA interferéachnologies aimed to produce
transgenic plants resistant to various phytopath®dgakes place in the Institute under the
guidance of Prof. A.P. Galkin, one of the pioneefshe creation of transgenic plants in the
former Soviet Union. In the collaboration with sdists from M.M. Grishko National Botanical
Garden (Natl. Acad. of Sci. of Ukraine) new vaestpf false flax, finger millet, sweet sorghum,
miscanthus and switchgrass were obtained emplayiagnodern genomics and cell selection
approaches.

The Institute develops intensively the scientifidnpiples of safe use of genetically
engineered products and methodology of the enviemah risk assessment of the transgenic
plants in Ukraine basing on the results of the bdgges of vertical gene transfer from the
transgenic plants to their wild relatives. Expdrtam the Institute are actively involved in the
development and improvement of the legal and régulaframeworks of national biosafety
system. The Institute developed and put into practhe molecular genetics methods of
qualitative and quantitative analysis of the geradty modified components in plant material?
Feed and food. In October 2012 the Government ofaldk approved the Institute as an
academic institution empowered to perform the fiomst of scientific and methodological center
for genetically modified organisms testing (referehaboratory). In January 2013 the Institute
became officially involved into the European Netlwoof GMO Laboratories (ENGL)
coordinated by the Joint Research Centre of thefgaan Commission (Ispra, Italy).

The Institute develops scientific background forcrobiological synthesis of essential
amino acids (lysine, isoleucine, leucine, threoniaed tryptophan) production through
development of new efficient bacterial strains, bbianol and antibiotics of "4 generation
(teichoplanines) production using genetic engimgetools; study of the putative utilization of
bacterial lipids as raw material for biofuels.

Among the food technologies developed in the latgitre original processes of soybean
processing, construction of technological equipmient producing of novel functional food
products. The technologies for producing of theeeal phospholipids and their use of during
complex processing of sunflower phosphatide comaentas well as producing of inulin-
containing syrup were eleborated. The importantd fis the establishment of the scientific
background for the derivation of stable refinedaxaize emulsion/suspension systems from the
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components of cereal, leguminous and carbohyd@t&gaming plant raw material without the
excessive use of thermal and high energy consupriogessing. Recently, the introduction of
up-to-date technologies for secondary metabolitevitro production in plant cell cultures

towards the use of those bioactive compounds astifural foodstuff has been started in the
Institute. Moreover, the approach based on biocemwe of food industry and crop breeding
wastes by higher fungi to produce valuable bioactiompounds has been advancing.

The researchers from the Institute studied the ar@sims of enzymatic conversion of plant
biopolymers into simple sugars used as the substrédr microorganisms that produce
monoatomic alcohols, cellulose and hemicellulodeest obtained results are directed on the
development of ethanol production technology fromeet sorghum and finger millet that
combine the raw materials of first (mono- and ddigocharides) and second (lignocelluloses)
generations respectively. The technologies of Withstic fuel components based on the
renewable plant materials derived ethanol have le¢a@morated, allowing produce industrially
liquid and integrated fuel components containingaebl and its derivatives as well as 40 %
ethanol-based biofuels for the electric ignitiongieres. Biotechnology research group also
developed approaches to vegetable oils ethandlifestBon and to the use of fatty acids ethyl
esters to obtain fuel compound for bioethanol aamtb@hydrates diesel engines. In addition, the
method of liquid biofuels compounds production lobsa the ethanol and vegetable oils (eg.,
false flax oil) for engines has been developedthrgilot equipment has been constructed in the
Institute.

The Collection of Bacterial Strains and Plant Lifes the needs of food industry and
agricultural biotechnology is recognized as theidwatl Scientific Heritage and is maintained
and developed in the Institute. Up to date, thdeCbbn includes more than 220 bacterial and
yeast strains as well as 50 plant cell lines. @Gnhiasis of the Collection researchers screen and
improve producers of biologically active substanaed develop new biotechnologies for food
and biofuel production. The powerful "Gentest" @erfor the collective usage of the unique
equipment to perform the sophisticated investigetion the field of cell biology, molecular
genetics and genomics for scientists from diffenestitutes of Natl. Academy of Sciences of
Ukraine, and also the advanced computer clusteggiated into the network of the Ukrainian
National Grid located at the Institute.

The Institute is responsible for graduation of pdeg M.Sci. in "Cell Biology and
Bioengineering" at Taras Shevchenko Kyiv Nationalvérsity as well as for coordinating of
educational and training programs for PhD and Dr.8Segrees for the specialization in
"Cytology, Cell Biology, Histology"; (03.00.11), iBtechnology” (03.00.20) and "Molecular
Genetics" (03.00.22). Specialized Scientific Coufai public defenses of theses to gain Dr.
Biol. Sci. or PhD degrees is functioning at theitnge.

Scientific achievements and publications of theitute are widely recognized in Ukraine
and abroad. The research teams of the Institute begn awarded the State Prize of Ukraine in
Science and Technology (2011, Prof. Dr. Ya.B. BluRf. Dr. A.l. Yemets and Dr. Sci. S.P.
Cygankov), The Prize of the President of Ukraine Young Scientists (2005, Prof. Dr. A.l.
Yemets; 2012, Ph.D. N.M. Pirko) and the Award opfme Council of Ukraine for Young
Scientists (2010, Ph.D. Y.A. Krasylenko, Ph.D. ytvyn and Ph.D. Y.A. Sheremet; 2012,
Ph.D. G.Y. Bayer, Ph.D. I.V. Tanasienko and PhRdisht O.M. Burlaka).
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IN VITRO COLLECTIONS AS A TOOL FOR PLANT BIODIVERSITY
CONSERVATION: POSSIBILITIES AND RESTRICTIONS

Belokurova V.B.
Institute of Cell Biology and Genetic Engineeribgtional Academy of Sciences of Ukraine
E-mail: vbelokurova@icbge.org.ua

Both in situ andex situapproaches are considered as the complementanyoc@mnts of
the global strategy of plant biodiversity conseimat(Plucknett & Horne, 1992; Sarasan et al.,
2006). Plant biotechnology provides two main methogies for biodiversity conservation: use
of in vitro culture methods and cryoconservation. The aimthefwork held at ICBGE in the
field of wild flora biodiversity conservation areuttipurpose. They include seed bank storage;
induction of aseptic cultures of different plankdaomic groups;in vitro cultivation and
propagation of aseptic plants; induction of celeb (callus cultures) and plant regeneration; use
of in vitro cultures as initial material in biotechnologicalidies; informational support of the
work.

Methods ofin vitro microclonal propagation are the basis for biotetbgies of plant
preservation and utilization. Potentially all plapecies can be propagated tissue culture but
effective protocols ofn vitro cultivation are used now for relatively limited mber of plants
mainly commercially used ones. Nevertheless thgeari propagateth vitro wild plant species
constantly increases. Modifications of salt composs and plant growth regulators in culture
media have been created for representatives dardiff taxonomic groups. Optimal physical
culture conditions are not equal for different plapecies too. At the same time cultivation
regimes should be standardized as much as possiblesure high reproducibility of the results.
So-called "slow-growth" cultivation with the usegrbwth retardants or modification of physical
factors (light, temperature) can ensure efficiesniservation of plant material without frequent
subcultivations to fresh culture media. It is esp@cimportant to take into consideration the
impact of different factors and cultivation needs large-scale collections where plants of
different species are storeth vitro banks have a number of benefits over living plant
collections. They include independence on climatid weather conditions, absence of the risk
of exposure to attacks by pests and diseases dgtotage under aseptic conditions, high
multiplication coefficients, reduced space requieets, possibility to use any suitable explant to
start aseptic culture and regenerate plantsleteitro conservation is of special importance for
plants forming seeds with low longevity or vegetaly propagated plants (Westwood, 1989;
Belokurova, 2010).

An important prerequisite ofn vitro approach success is availability of reliable
propagation methods but by now reproducible prdso¢@mve not been elaborated yet for a
number of recalcitrant plant species. Genetic cearfgomaclonal variation) are also possible in
the course of prolonged cultivation so appropriagthods ofin vitro manipulations should be
chosen to minimize such risks (Engelmann, 1997pBebva, 2010).

Belokurova V.B. (2010). Methods of biotechnology apstem of efforts in preserving plant biodiversiGytol.
Genet. 44: 174-185.

Engelmann F. 199 vitro conservation research activities at the Intermafid’lant Genetic Resources Institute
(IPGRI). Plant Tiss Cult Biotech. 3:46-51.

Plucknett D.L.,Horne M.E. (1992). Conservation ehgtic resources. Agricult, Ecosystems & Envirdh78-92.
Sarasan W., Cripps R., Ramsay M.M., Atherton C..Midben M., Prandergast G., Rowntree J.K. (2006).
Conservationn vitro of threatened plants — progress in the past detadétro Cell. Dev. Biol. Plant. 42: 206—-214.
Westwood M.N. (1989). Maintenance and storage: alagermplasm. // Plant Breeding Reviews (Ed. Jckani
Timber press, Portland, OR. 7: 111-128.
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GENE PYRAMIDING IN WHEAT

Fedak G, Zhang B2, Chi D.}, Cao W, Hiebert C?, Fetch T2

'Eastern Cereal and Oilseeds Research centre, Agiieuand Agri-Food Canada, Ottawa, On K1A 0C6, Gda
“Cereal Research centre, Agriculture and Agri-Foath&da, Winnipeg, MB R3T 2M9, Canada

E-mail: George.fedak@agr.gc.ca

Stem rust of wheat can be a very serious diseasecéim cause yield reductions of 70%
in epidemic years. A new race of stem rust, desaghas Ug99 was detected in Uganda in 1999.
It has been spreading as predicted, to Iran, wiher@an be a threat to the wheat fields in India
and China and to South Africa, where it preserntseat to the Americas and Australia. It is well
known that that single genes for resistance mag fitaspans as short as 5 years. Our approach
is to produce lines of germplasm containing sevgealkes which should have a longer life span.

A number of rust resistance genes and their SSRarsare available. For example, leaf
rust resistance genea34 (derived from Frontana), stem rust resistance g§&md3 (from T.
tauschi), Sr39from Ae. speltoidesand Sr42 (from Norin40). The hybrid combination used to
combine the genes was: AC CadillacSr42, Lr34/CarberryFhbl, Lr34//RL5405
(Sr33/Carberry.Haploids were produced by the wheataize method (Fedak et al., 2007) and
SSR markers were used to identify the pyramids.

A total of 68 doubled haploids were produced. Sahthe pyramids identified among
the doubled haploids includéa34, Sr33, Sr42, and Fhblt is known thatSr42is very tightly
linked toBt10 (Menzies et al., 2006), thus this line essentiadigtains 5 resistance genkes34
not only provides leaf rust resistance but is knawenhance the effectiveness of Srgenes
(Kolmer et al., 2011). Other pyramids recently ctetgd includeLr34, Sr33, Sr39,and Sr42
This germplasm will be employed in breeding progsamproduce elite cultivars with stable and
long term disease resistance.

Fedak G.,Burvill M., Voldeng H. (2007). A companis@f anther culture and maize pollination for haglo
production in wheat. J.Appl.Genet. 38: 407- 414.

Kolmer J. A., Garvin DF., Jin Y. (2011). Expressimfra Thatcher wheat adult plant resistance QTklmomosome
arm 2BL is enhanced by Lr34. Crop Sci. 52: 5263.53

Menzies J. G., Knox R. E., Popovic Z., Procuniér. 2006). Common bunt resistance g&&0 located on wheat
chromosome 6D. Can. J. Plt. Sci. 86: 1409 - 1412.
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FastPCR SOFTWARE FOR PCR,IN SILICO PCR,
OLIGONUCLEOTIDE ASSEMBLY AND ANALYSIS

Kalendar R.N.

MTT/BI Plant Genomics Laboratory, Institute of Biclhnology, University of Helsinki, P.O. Box 65, FdB014
Helsinki, Finland; PrimerDigital Ltd, FIN-00790 Heihki, Finland

E-mail: ruslan.kalendar@helsinki.fi

The software FastPCR as an integrated tools emean for PCR primer and probe
design, provides comprehensive facilities for deisig primers for most PCR applications and
their combinations, including stdard, multiplexndpdistance, inverse, real-time, group-specific,
unique, and overlap extension PCR for multi-fragtre&msembly in cloning, as well as bisulphite
modification assays (Kalendar et al.,, 2011; 2014).includes a programme to design
oligonucleotide sets for long sequence assemblihéyigase chain reaction. Thesilico PCR
primer or probe search includes comprehensive aeslgf individual primers and primer pairs.
It calculates the melting temperature for standamd degenerate oligonucleotides including
LNA and other modifications, provides analyses #orset of primers with prediction of
oligonucleotide properties, dimer and G/C-quadmptketection, linguistic complexity, and
provides a dilution and resuspension calculatore Pplogram includes various bioinformatics
tools for analysis of sequences with GC or AT skefaCG content and purine-pyrimidine skew,
and of linguistic sequence complexity. It also piésrgeneration of random DNA sequence and
analysis of restriction enzymes of all types. ttd or creates restriction enzyme recognition
sites for coding sequences and supports the dlugtef sequences. It generates consensus
sequences and analyses sequence conservatiomfoltnpe efficient and complete detection of
various repeat types and displays them. FastPGRvalfor sequence file batch processing,
which is essential for automation.

The FastPCR software is available for downloadthd://primerdigital.com/fastpcr.html
and online version dtttp://primerdigital.com/tools/pcr.html

Schulman A.H. (2011). Java web tools for P@RRsilico PCR, and oligonucleotide assembly and analysis.
Genomics. 98 (2):137-144.

Kalendar R., Lee D., Schulman A.H. (2014). FASTPGRftware for PCR,in silico PCR, and
oligonucleotide assembly and analysis // DNA Claniand Assembly Methods, Methods in Molecular
Biology, Springer protocols, Methods in MoleculairoB®gy series: Svein Valla and Rahmi Lale (ed.), V.
1116. DOI 10.1007/978-1-62703-764-8_18.
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APPLICATION OF GENOMICS AND BIOTECHNOLOGY
TO COMMERCIAL FRUIT PRODUCTION

Song G.-S., Baird W.V.

Plant Biotechnology Resource and Outreach Centé&higan State University
E-mail: *bairdw@msu.edu

Perennial horticultural crops (e.g., apple, peatterry, blueberry, etc.) are important to
agriculture worldwide, yet they are some of the megalcitrant species, when it comes to
applying advances in biotechnology for improvementscrop production and food quality.
These crops are challenged by both environmeni@lbaotic stresses. For example, northern
high bush blueberryMaccinium corymbosuni.) requires a minimum age (1 year) and
vernalization (800 chilling hours) to flower andoduce fruit, but overall little is known about
the molecular mechanisms of flowering in woody darWe identifyed and cloned a 525-bp
FLOWERING LOCUS T (FT)-like gene (VcFT) from cDNA a tetraploid blueberry cultivar.
Ectopic expression of 35S:VcFT in tobacco indudesvéring 28 days earlier than wild-type
plants. Similarly, constitutive expression of 358ET in the blueberry resulted in an extremely
early flowering phenotype at growth stages (e.gring in vitro culture and in 6 to 10-week old,
soil-grown transgenic plants) when non-transgehigoss/plants had not yet flowered. These
results demonstrate that VCFT is a functional flaetivator, and its overexpression overrides
photoperiodic and chilling requirements, and drigagly and continuous flowering (Song et al.,
2013a).

Blueberry cultivars are subjected to low temperaiamd freezing damage in early winter
and spring. C-repeat binding factor (CBF) genesoéectranscription factors that induce
expression of genes conferring cold acclimation iedzing tolerance. CBF gene (BB-CBF)
was isolated from the northern high bush bluebgarycold-tolerant cultivar, '‘Bluecrop’) and
introduced into the southern high bush bluebergid(csensitive 'Legacy’) to determine the
effects on cold tolerance. Non-acclimated matuevds, dormant flower buds, and flowers at
various developmental stages from transformed amdtransgenic plants were subjected to
electrolyte leakage assays over the course of Bydaansgenic lines revealed the increased
freezing tolerance of leaves and dormant buds (\Mahwet al., 2012). Expression of BB-CBF
was increased in non-acclimated, transgenic linad, to a level similar to that of acclimated,
non-trangenic control plants. Prunus necrotic mogsvirus (PNRSV) adversely affects many
Prunus species. pART27-PNRSV, an RNA interference vectortaining an inverted repeat
region of PNRSV, was transformed into two triplaiderry rootstocks, ‘Gisela 7’ (PNRSV-
infection sensitive) and ‘Gisela 6° (PNRSV-tolenranOne year after inoculation, the non-
transgenic ‘Gisela 7’ trees have died, while tlamsgenic ‘Gisela 7’ trees have survived. These
results demonstrate that the RNAI strategy is ddefuthe development of viral resistance in
rootstocks (Song et al., 2013b). Additional expemts are underway with the transgenic
rootstocks grafted to commercial scions to expldre potential to create non-genetically
modified varieties producing commercial fruits, hi avoiding concerns about
transgene/exogenous protein production that aerémit for thetransformed genotypes.

Song G-qg., Walworth A., Zhao D., Jiang N., Hancdck2013a)The Vaccinium corymbosufiLOWERING LOCUS -like gene
(VcFT): a flowering activator reverses photoperiodic ahiling requirements in blueberrPlant Cell Rep. 32:1759 69.

Song G-q., Sink K., Walworth A., Cook M., Allison R.ang G. (2013b). Engineering cherry rootstockshwigsistance to
Prunus necrotic ring spot virus through RNAi-mediagéencing. Plant Biotechnal. 11:702 8

Walworth A., Rowland L., Polashock J., Hancock &ng G-q. (2012). Overexpression of a blueberrywéeriCBF gene

enhances cold tolerance in a southern highbustbétoecultivar. Mol. Breeding 30:1313 23.
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FAO. FAO Land and Plant Nutrition Management SexVicAvailable online: http://www.fao.org/ag/aglféspush.
- 2008.

Isayenkov S, Isner JC, Maathuis FJ. (2011) Rice-pai® K+ channels are expressed in different tyfesmcuoles.
Plant Celk-23. — P. 756 — 768.

Isayenkov S., Isner J.C., Maathuis F.J.M. (2011)nMeane localisation diversity of TPK channels ahdirt
physiological role. Plant Signal Behav. 6(8), PO12 1204.

$/ % 3.2.(2012)5! $# $*% $3$ $ .7 C
46 (5),3. 50-71.

Mian A., Oomen R.J., Isayenkov S., Sentenac H.,tMas F.J., Véry A.A. (2011). Over-expression ofNa+-and
K+-permeable HKT transporter in barley improves gaerance. Plant J. 68(3):468 — 479.

Ali W., Isner J.C., Isayenkov S.VLiu W., Zhao F.J., Maathuis F.J. (2012). Heterolag expression of the yeast
arsenite efflux system ACR3 improvésabidopsis thaliangolerance to arsenic stress. New Phytol. 194(8)#1
723.
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IDENTIFICATION OF PROTEIN KINASE SUPERFAMILY MEMBER S
BY BIOINFORMATICS TOOLS
THE IMPORTANT CONSTITUENT OF CELL BIOLOGY STUDIES

Karpov P.A., Blume Ya.B.

Institute of Food Biotechnology and Genomics NASkoéine,
Osipovskogo str., 2a, Kiev-123, 04123, UKRAINE

E-mail: karpov.p.a@gmail.com

Sequence-based comparison is one of the most ef@etasks biologists ever faced. In
fact, the issue has not been completely solvecydtever more than one solution exist. On the
example of the plant protein kinase superfamily se developed the protocol for the
identification of new protein kinases up to thddal-up experimental confirmation. Our current
protocol is based on methods of sequence and wtalichioinformatics and includes the
following checkpoints: 1) primary selection of thmoteins of interest - animal or fungal
homologues with known function; 2) determinationcatalytic domains sequences as the most
conservative and distinctive feature of all prot&inases; 3) UniProt, GenBank, etc. blast-
database screening vs reference sequence; 4) gaiahgnments and analysis of the catalytic
domains; 5) pairwise alignments and analysis ofcthraplete sequences; 6) HMM and pattern-
based profile analysis (SMART, HMMER, Pfam and PRIE; 7) virtual search for the
putative protein-protein interactions using STRIM&abase request for known and predicted
interactions (by homology); 8) comparison of thegioes of ATP-binding pocket and
functionally important loops: catalytic, activati@nd substrate binding; 9) joint clustering of
plant homologues and annotated (control) sequerdd)sselection of template PDB-structures
and reconstruction of 3D-structure of control protend selected homologs; 11) optimization of
3D-models by molecular dynamics and structure amgurcontrol (PROCHECK, MolProbity,
etc.); 12) molecular fitting of the constructed &iddels (RMS evaluation). 13) prediction of
ligand-protein complexes with known specific inlbdss. Comparison of the active centers in
control and homolog structures; 14) molecular dyicamof the constructed complexes:
identification of residues involved in ligand bindi and calculation of binding energiesQ);.

15) chemogenomic clustering of the ligand bindiragtgrns. This approach is based on the
libraries we developed using profiles of ATP-birglipocket and used for the identification of

the alternative molecular targets. Therefore, frrinvestigations is aimed to involve inhibitors

typically designed for animal protein kinases. 16)case the research is related to the
participation of current protein kinases in the gblworylation of specific substrates, it can also
present the stage of substrate binding motifs tietedn particular, this has been used by us to
explore some multigene kinase families (&g.1).

Currently, this protocol was successfully applied the identification of plant homologs
of animal Aurora (A, B, C), Ste20, MAST2, DyrK1A, K&, Bubl, etc. (Karpov et al.,
2010a,b,c).

Karpov P.A., Nadezhdina E.S., Yemets A.l., MatudaG., Nyporko A.Yu., Shashina N.Yu., Blume Ya.
B. (2010a). Bioinformatic Search of plant microtlduand cell cycle related serine-threonine protein
kinases. BMC Genomics. 11 (1). — S.14.

Karpov P.A., Nadezhdina E.S., Yemets A.l., Blume.®.a(2010b). Results of the clusterization of human
microtubule and cell cycle related serine/threorpnetein kinases and their plant homologues. MosivU
Biol. Sci. Bull. 65: 213-216.

Karpov P.A., Raevsky A.V., Blume Ya.B. (2010b).Bifdrmatic search for plant homologs of protein
kinase BUB1-the keypoint of mitotic spindle assemiytol. Genet. 44; 57-69.
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Maroufi A., Karimi M., Mehdikhanlou K., Van Bockste E. De Loose M. (2012). Regeneration ability gadetic
transformation of root type chicorZichorium intybusvar. sativum). African J. Biotechnol. 11:11874-868
Velayutham P., Ranjitha Kumari B.D., Baskaran FO0{@. An efficientin vitro plant regeneration system for
Cichorium intybud.. an important medicinal plant. J. Agric. Techrial287-298.
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DEFENSIN-ENCODING GENES IN PINUS SYLVESTRISL. GENOME

Yusypovych Y. ., ovalevaV. ., GoutR. .

Ukrainian National Forestry University, General Qtmynka Str., 103, 79000, Lviv, Ukraine

E-mail; j-jusse @mail.ru,vakovaleva@mail.ru, rgoutmollab @uoét

Defensins are antimicrobial peptides with a widegeaof biological activities grouped in
plant genomes to multigene families. In conifer cspe from genusPinacea Picea glauca
genome five (PgD1-5) an®icea abiestwo (SPI1 and SPI1B) defensin genes have been
identified. We have cloned defensiRsDefl (GenBank Acc. No. EF 455616.1) aR$Def2
(GenBank Acc. No. EF 455617.1) from cDNA library phe seedlings as well as defensin
PsDef3(GenBank Acc. No. JN980401) from cDNA Bf sylvestrisseeds (Kovaleva et al., 2009;
Yusypovych, 2012).

It is known that angiosperm defensin genes cow$ist’o exons and one intron (Lay FT
et al., 2005). In our study we aimed to elucidag@amic organization of known Scots pine
defensins. DNA from three-year Scots pine seedlmgs used as PCR matrix with the specific
primers to full-length cDNAPsDefl (Kovaleva et al., 2009). PCR conditions: 95°Cni;
95°C, 1 min; 62°C, 1 min; 72°C, 1 min and 30 cya&32°C, 5 min. As an amplification result
we obtained products 336 bp and 384 bp in lengdh irere subsequently cloned into pET23d
(+) vector with Ncol and EcoR1 endonuclease sites. Plasmids with cloned fragmeets
sequenced using automatic DNA sequena&i 73TM («Applied Biosystems», UK).

As a result of sequencing, we found that the 33&&gment contains a sequence of 252
bp that is 100% identical to the cDNA PsDefl andodntron. The intron oPsDefllocalized
in sequence encoding the N-signal peptide. Ampli884 bp product contained 132 bp intron
and new defensin coding sequeRsDef4(Pinus sylvestriefensin 4) 90% identical ®sDefl
88% to PsDef2 and 89% toPsDef3 Full-lengthPsDef4orm as well as other Scots pine
defensins consists of 83 amino acid residues (@rantains a 33 aa N-terminal signal peptide.
The mature PsDef4 form has 50 aa and conservedoaatiad residues common to all plant
defensins. The relative molecular mass of PsDef85i67.5 Da, isoelectric point — 8.95 and
charge atpH 7.0 6.73.

Thus, the genomic structure of Scots pine defenBisBefl and PsDef4 has been
identified for the first time. These genes are ahwrized by high homology of coding
sequences and different length of introns thatiomsfthe presence of multigene defensin family
in Scots pine genome like angiosperms defensins.

Kovaleva V., Kiyamova R., Cramer R., Krynytskyy I&out I. et al. (2009). Purification and molecuténing of
antimicrobial peptides from Scots pine seedlingptiles. 30 (12): 2136 — 2143.

Lay F.T., Anderson M.A. (2005). Defensins — compuseof the innate immune system in plants. Curtddno
Peptide Sci. 6 (1) : 85 — 101.

Yusypovych Y. . Scots pine seed defensins // Shevchenkivska \@3h2: Life Sciences: Abstract book X Int.
Interdisciplinary Sci. Conf. Stud. Young Sci. Mart®-23, 2012. — Kyiv, 2012. — P. 341 — 342.
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. $ 4 +  %l# . #3$% % 4 $ #' ! /3
! He# *, # ! #$ % $ 4 # ., %
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Kroemer, K., Reski, R., Frank, W. (2004). Abioticess response in the moBfiyscomitrella patensevidence for an
evolutionary alteration in signaling pathways indgplantsPlant Cell Rep22 : 864 870.
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Brueggeman R., Druka A., Nirmala @008). The stem rust resistance g&mg5encodes a protein with nucleotide-binding-siteciee-rich,
and protein kinase domains. PNAS 105 (39): 149708975.

Brueggeman R., Rostoks N. (2002). The barley stgstiresistance geriepglis a novel disease-resistance gene with homologgdeptor
kinases. PNAS99 (4): 9328 — 9333.

Eckstein P, Rossnagel B. (2004). Allele-specifarkers within the barley stem rust resistance ¢RpgJ). Barley Genet News. 33: 7-12.
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Faris J.D., Zhang Z., Lub H., Lua S., Reddy L., @iler S., Fellerse J.P., Meinhardt S.W., Rasmud<n Xu S.S.,
Oliver R.P., Simons K.J., Friesen T.L. (2010). Aique wheat disease resistance-like gene govermrsteft
triggered susceptibility to necrotrophic pathogdtr®c. Natl. Acad. Sci. USA. 107 (30) :13544 13549
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Box M.S., Coustham V., Dean C., Mylne J. S. ( 20Ptdtocol: A simple phenol-based method for 96-weetraction of high
quality RNA fromArabidopsis Plant Methods7 (7).

Kroemer K., Reski R., Frank W. (2004). Abiotic stressponse in the mo§$yscomitrella paten®vidence for an evolutionary
alteration in signaling pathways in land plafti&ant Cell Reports22: 864 870.
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Rogowsky P.M.K., Shepherd W., Langridge P. (19%)lymerase chain reaction based mapping of ryehindo
repeated DNA sequences. Genome. 35: 621-626.

Saal B., Wricke G. (1999). Development of simplgusce repeat markers in r$ecale cereale. 42: 964-972.
Yediay F. E., Baloch F. S., Kilian B., Ozkan H. Tfieg of rye-specific markers located on 1RS chroomes and
distribution of 1AL.RS and 1BL.RS translocationsTiarkish wheat Triticum aestivum L., T. durum Désbarieties
and landraces (2010). Genet Resour Crop Evol.153+129.
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Fourmann M. et al. (1998). The two genes homologousrabidopsisFAE1 cosegregate with the two loci
governing erucic acid content Brassica napusheor Appl Genet96: 852 858.

Co 2., ., 1'% )2, &+ -7, %$ , 2. "3H S
% FAE1L.1, +6 $ 9 %4 $ 8 %% $ #$ , $# 6%+
dCAPS- % 7, 2012.& 5 C 2486254.
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BIOINFORMATICS SEARCH OF CELLULOSE SYNTHASE GENES
IN FLAX GENOME

Pydiura N.A., Bayer G.Ya?, Pirko Ya.V.}, Galinovskiy D.V2 Povitskiy T.A.%, Anisimova
Kh.V.? Khotyleva L.V.? Kilchevskiy A.V.%, Yemets A.1%, Blume Ya.B!

Ynstitute of Food Biotechnology and Genomics NASkséine, 2A" sipovskogo str., 04123Kyiv, Ukraine
?|nstitute of Genetics and Cytology of NAS of Badaru
Akademicheskaya st., 2, 220072 Minsk, RepubBelafrus

E-mail: nikkey@bigmir.net

Cellulose is synthesized by large multimeric celdd synthaseCesA) complexes in the
plasmatic membrane. The main components of thesgpleses are the cellulose synthase
proteins. InArabidopsisgenome 10Ce#A genes CesAl1-10) are characterized in Uniprot
database. UsingrabidopsisCesA genes we have performed the similarity searcBes\ genes
via TBLASTN against the 43,384 predicted proteifdimum genome available at Phytozome
v9.1. The default settings of BLAST package 2.2.@&fe used. Sequence matches were filtered
for e-value§1-10, and then assessed using the Pfam-A familgbdae, for genes encoding
CedA proteins. A total of 2ZedA gene candidates were foundLlimum (flax) genome. These
genes have an average length of about 4600 nutdsoand contain up to 11 exones. The
corresponding CDS sequences contain about 330Ceotid#s and an average amino acid
sequence length of the proteins encoded by thesesge 990-1100 residues.

Using ClustalW software we have made a multipleranaicid sequence alignment of the
CedAl type specific regions of these genes with thpueaces ofArabidopsis Ces1-10 genes
andCedA-like (CSL) genes and obtained a phylogenetic fozehese sequences. This analysis
showed that 11 of the 22 genes most likely code G&tes and other 11 sequences encode 8
different CeA genes. These genes are encoded in loci Lus1060388s10006161,
Lus10007296, Lus10007538, Lus10018902, Lus10022448,0039607 and Lus10041063.

This suggests the same high variabilityG#sAsin Linum as inArabidopsis Moreover,
several flaxCedA candidates showed a pronounced similarity wittiate types ofArabidopsis
CesAs. Therefore, flax genetic loci Lus10039607 &n$10007538 reveal 82% and 80%
identity toArabidopsisCesA3, Lus10018902 86% and 80% identity &vabidopsisCesAl and
CesALO respectively, and Lus10007296 83% identityAi@abidopsis CeA8.

The work was supported by The State Fund for Fued#ah Researches of Ukraine, graht 2 54.4/025
(2013-2014).
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Abeyweera T.P., Chen X., Rotenberg S.A. (2009).sPhorylation of; 6-tubulin by protein kinase ;Cactivates
motility of human breast cells. J. Biol. Chem. 228): 17648—-17656.

Gfeller D., Michielin O., Zoete V. (2013). Swiss8ahain: a molecular and structural database of nadural
sidechains. Nucl. Acids Res. 41: D327-D332.

Pronk S., Pall S., Schulz R., Larsson P., BjelkRarApostolov R., Shirts M.R., Smith J.C., Kassol Pvan der
Spoel D., Hess B., Lindahl E. (2013). GROMACS 4 %igh-throughput and highly parallel open sourcdecular
simulation toolkit. Bioinform. 29 (7): 845-854.
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D-TUBULIN HYPERACETYLATION
IS RELATED TO AUTOPHAGY DEVELOPMENT IN TOBACCO BY-2 CELLS

Fedyna V.D}, Lytvyn D.I.% Yemets A.I?

Taras Shevchenko National University of K§$EC "Institute of Biology”, 64, Volodymyrska stB1061, Kyiv,
?|nstitute of Food Biotechnology and Genomics NASkséine, 2 Osipovskogo str., 04123, Kyiv-123, Ukraine

E-mailVira.olenieva@agmail.com

Autophagy is a conserved adaptive process of eakarycells realizing under
physiological as well as under stress conditiors.date, the mechanisms of autophagosomes
formation and their fusion with lysosomes have bstedied insufficiently. It is known that these
processes are partially mediated by cytoskeletuminktance, the acetylation pftubulin leads
to changes in motor proteins attraction and engpgfnautophagosome formation factors. It is
assumed that this post-translational modificatioayrhave a regulatory function durung the
autophagy development. The aim of this work wasd&iermine a possible functional
relationship between hyperacetylation ;otubulin and the development of autophagy under
metabolic stress in plant cell.

The Nicotiana tabacunmBright Yellow-2 (BY-2) cells were used as an obj&t this
study. Metabolic stress conditions were simulatgdhe increase of cultivation cycle duration
without changes of cultivation medium (up to 11 slagstead of 7 as generally accepted).
Functional relationship between hyperacetylation -tdibulin and autophagy development was
established by Western-blot analysis using mon@tlantibody against-tubulin and acetylated
; -tubulin. The re-probing of the same nitrocellulmsembrane with antibodies against modified
and total tubulins was used for the precise quativé comparison of tubulin acetylation level.
Autophagy development in living cells was deterrdinging monodansilkadaverine as a specific
fluorescent marker of autophagosomes.

The lysates of BY-2 cells at different cultivatistages were analyzed. During the first 7
days any significant changes in the amount of #aely tubulin were observed. However,
further cultivation revealed a significant increa$acetylation level: 3,5- and 11,5-fold at tHe 8
and 11" days respectively. Moreover, the significant imas® of this modification had a clear
correlation with the maximal autophagy level aslvesl with glucose depletion in cultivation
medium to a critical level (1 mg/ml on th8 8ay).

Thus, the relationship betweentubulin hyperacetylation and the development of
autophagy suggests a regulatory role of this pasistational modification in the mediation of
autophagy by microtubular cytoskeleton in plant.cel
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PHYSIOLOGICAL AND BIOCHEMICAL MECHANISMS
OF GENETIC REGULATION OF WHEAT GROWTH AND DEVELOPME NT

Zhmurko V.V., Avksentyeva O.A.

Kharkov Karazine National University, DepartmentRiént Physiology and Biochemistry,
sq. Svoboda 4, 61022 Kharkov, Ukraine
E-mail: zhmurko@univer.kharkov.ua

Identification of genes controlling plants develagrh type and pace - photoperiodic
sensitivity (PPD) genes in wheat , barley, ricena$l as genes required for the vernalization
(VRN in wheat, barley and\rabidopsishas led to the intensification of the study ofithe
expression mechanism8dckram et al., 2007). Various expression pattemdeu different
photoperiods and vernalization exist in photopedosknsitive species and winter forms of
plants (Scherban, 2013). The influence of phenotypipression of these wheat genes on
agronomically important traits was also studiedy{F&2009). However, the data about the
possible role oppd andvrn wheat genes in the determination of physiological Biochemical
mechanisms of genetic control of plant growth amdetbpment is still scarce. The aim of our
study was to investigate the possible involvemérpal andvrn genes in the determination of
carbohydrate and nitrogen metabolism, oxidoredestaactivity, phenolic metabolism and
phytohormonal status of wheat isogenic lines. Thalys of daily dynamic of carbohydrate
different forms content and outflow in leaves afgenicppd genes wheat lines revealed that
under the influence of a short day their accumoitatiecreased in all investigated lines. Though,
in ppd line Bla slowly developing under these conditions, theuaudation of carbohydrates
was reduced as compared to the rapidly growipd lines D1a and Ala In the same time, in
leaves of slowly developing wheat lines with thengdmantvrn locusB1la the accumulation of
carbohydrates different forms was increased as aczdpto the rapidly developing lines with
dominantvrn loci AlaandD1la It is assumed that the increased accumulatiacaddfohydrates
in this line may occur due to lesser intensity tdit outflow. Furthermore, more common, but
less amino nitrogen has been accumulated in leaveslowly developing wheat lines as
compared to rapidly developing ones. Study of pieiase activity of polyphenol oxidase|AA
oxidase and total phenol content in leaV&dN lines showed that the slow-paced line with the
dominant vrn locus Bla revealed lower enzyme activity and reduced phemoistent as
compared to the rapidly developingn linesAlaandDla The study of phytohormonal status
showed that the content of IAA, GA and cytokinimsslowly developingvrn lines Bla was
lower, while ABA content was higher than in linesttwdominantvrn loci Ala and Dl1a
Phytohormonal balance in wheat leaves - the ratigrowth-stimulating to growth-inhibiting
hormones content (IAA+CK+GA/ABA) - was the highastrapidly developingvrn lines Ala
andD1la. In conclusion, our findings suggest that the vestat lines carrying specific gene loci
ppd (photoperiod sensitivity) andn (vernalization) in dominant and/or recessive stdiféer in
nature of growth and development, carbohydratespgen, phenolic contents, as well as
oxidoreductases activity and phytohormonal balaibe. effects of these genes on plant growth
and development are realized through their padteyp in the regulation of physiological and
biochemical processes.

Cockram J., Jones H. et al. (2007) Control of flomgrtime in temperate cereals: genes, domesticadod sustainable
productivity. J. Exp. Bot. 58:1241-1244.

H"* 3.3 .. (2013)%#  $ IOBH S % %! 7 . 55 (4): 234-237.
54 2. .5 % 2..(2007)2 4 % Ppd $ # 1 14 # 8 .7
) .6:26-33.
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SOME ASPECTS OF NITRIC OXIDE SIGNALLING
IN PLANT CELLS VIA CYTOSKELETON

Krasylenko Yu.A., Lytvyn D.l.,, Demchuk O.M., Yemets A.l., Blume YaB.

Institute of Food Biotechnology and Genomics, Nadad. Sci. of Ukraine,
Osipovskogo str., 2a, Kyiv, 04123, Ukraine

E-mail: | krasylenko@ukr.net

During last years, selective tyrosine nitrationptent proteins gains importance as well-
recognized pathway of direct nitric oxide (NO) @agtransduction (Corpas et al., 2013). Plant
microtubules (MTs) are one of the intracellulamsiting targets for NO, however, the molecular
mechanisms of NO signal transduction with the imgalent of cytoskeletal proteins remain to
be elucidated (Yemets et al., 2011). The preseheetobulin tyrosine nitration in the untreated
Nicotiana tabacunBright Yellow-2 Y-2) suspension culture cells was demonstratedher
first time by Western-blot analysis. It was alseveaed that 3-N@Tyr intensively decorates
such highly dynamic microtubular arrays as prepasgh bands, mitotic spindles and
phragmoplasts of BY-2 cells under physiological ditons. This proves the presence of
tyrosine nitrateda-tubulin in the polymerized MTs. It was assumed tie functional role of
this posttranslational modification can be the tagon of MTs dynamic properties, since
exogenous NO donor caused dose-dependent decffegegeoal number of mitotic MTs without
any changes of their organization. Moreover, 3D et®df the mitotic kinesin-8 complexes with
the tail of detyrosinated, tyrosinated and tyrosmigated ; -tubulin (on C-terminal Tyr 450
residue) fromArabidopsiswere reconstructenh silico to investigate the potential in uence of
tubulin nitrotyrosination on the molecular dynamios ; -tubulin and kinesin-8 interaction
(Blume et al., 2014). Generally, presented datgesigthat plant-tubulin tyrosine nitration can
be considered as its common posttranslational neation, the direct mechanism of NO signal
transduction with the participation of microtubulesder physiological conditions and one of the
hallmarks of the increased microtubule dynamics.

Furthermore, the functional link between MTs orgation and fluctuations of
intracellular NO content under such non-physiolagiconditions as intense UV-B irradiation
can exist. The elevation of solar ultraviolet-B ({By 280-315 nm) levels due to ozone layer
depletion and/or other climate-induced changeslteesa various plant photomorphogenic
responses. As cytoskeleton orchestrates growthdamelopment of plants, microtubules (MTs)
can be cellular targets for UV-B. Indeed, the matment ofArabidopsis thalianaeedlings with
further UV-B exposure reestablished the root groweittivity and initial primary roots
morphology as well as MTs organization in root £€lKrasylenko et al., 2011). It can be
supposed that one of the mechanisms of MTs reargton is tubuline tyrosine nitration.

Blume Y.B., Krasylenko Y.A., Demchuk O.M., Yemets..A(2013). Tubulin tyrosine nitration regulates
microtubule organization in plant cells. Front RI&ai. 26: 4:530.

Corpas F.J., Palma J.M., del Rio L.A., Barroso {2B13). Protein tyrosine nitration in higher pkigrown under
natural and stress conditions. Front Plant Scb4: 2

Krasylenko Y., Yemets A., Sheremet Y., Blume Y.X2D Nitric oxide as a critical factor for perceptiof UV-B
irradiation by microtubules iArabidopsis Physiol Plant.145 (4): 505 -515.

Yemets A.l., Krasylenko Y.A., Lytvyn D.l., Sherem&tA., Blume Y.B. (2011). Nitric oxide signallingias
cytoskeleton in plants. Plant Sci. 181 (5): 545554
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EFFECT OF SILVER NANOPARTICLES OBTAINED BY
PHYTOEXTRACTS ON THE STRAIN OF E. COLI (DHS )

Pirko Ya.V.!, Botvynko A.V.%, Danylenko I.A}, Bayer G.Ya!, Smertenko P.S, Yemets A.I!
tnstitute of Food Biotechnology and Genomics, iHeaKyiv
?|nstitute of Semiconductor Physics named V.E. Larsiok,Ukraine, Kyiv
3ESC “Institute of Biology”, Ukraine, Kyiv

E-mail: botvynko alina@bigmir.net

In recent times resistance of bacteria to aniisohas increased, some antimicrobial
agents are extremely toxic and it causes consitieraterest in finding new ways to develop
safe and inexpensive antibiotics (Hamouda et 8B9) It is known that silver ions are highly
toxic to microorganisms (Zhao and Stevens, 1998gr@ are many ways to synthesize silver
nanoparticles. The physical and chemical methodseapensive or use toxic substances. An
alternate, feasible method to synthesize silveoparticles is to employ biological methods of
using phytoextracts.

Phytoextracts were obtained from the following npga Orthosiphon stamineus . L
Hyp ricum perfortum L, Thea sinensisar.sinensis+Thea sinensigar.assamica These
extracts were used as the reducing agent to latamothe ‘greener’ silver nanoparticles- Gr-Ag-
NPs. We have also synthesized Ag-NPs by citratéodefCh-Ag-NPs). Both types of NPs (Gr-
and Ch-Ag-NPs) were characterized for their morpbigls and physical properties. Thus, to
evaluate their antibacterial properties, NPs weagleno interact with a gram-negative bacteria,
E.coliDH5".

The antibacterial properties were analyzed thrahghdisk diffusion method (Bauer et al.,
1959). The effect of Gr-Ag-NPs and Ch-Ag-NPsEonoli cells was investigated by culturing the
organism on LB agar plates (Bertani, 1952) suppteateof nanoparticles. The intensity of the
antibacterial activity was determined by measutimg diameter of zone of inhibited growth of
bacteria around the disk. The best antibacteri@iacdemonstrated Gr-Ag-NPs obtained from
Orthosiphon stamineus IGr-Ag-NPs obtained fronThea sinensigar. SinensisThea sinensis
var.assamicaby centrifugation at 10000 rpm didn’t show theilaatterial activity againgt.coli
(DH5").The present study emphasizes the use of planticmal for the synthesis of silver
nanoparticles with potent antibacterial effect.

Hamouda T., Hayes M., Cao Z., Tonda R., JohnsorCkaig W., Brisker J., Baker J. (1999).A novelfaatant
nanoemulsion with broad-spectrum sporicidal agtisgainsBacillus species. J. Infect. Dis.180 (6): 1939-1949.

Zhao G.J., Stevens S.E. (1998). Multiple parametersthe comprehensive evaluation of the suscdpyibof

Escherichia coli to the silver ion. Biometals. 1): 27.

Bauer, A. W., Perry D. M. Kirby W. M. M. (1959). iBjle disc antibiotic sensitivity testing 8faphylococci.
A.M.A. Arch. Intern. Med..104: 208 — 216.

Bertani, G. Studies on Lysogenesis. |. The modepludige liberation by lysogeniEscherichia coli(1952). J.
Bacteriol. 62 8): 293 — 300.
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& $4 23, & )1, & & 0 $ 4 " $ ! -0 %
.—2010. - 328.
= * 3. % 1.1, ,.5., 4 cea, ).3,&4 % 3). $
"$ ! ' Brevibacterium flavum -7 // .—2011.- 4.,C 5.-3.97-102.
Yetti M.1., Pudjiraharti S(2004). Strain improvement &revibacterium spATCC 21866 for L-lysine production
using ultra violet irradiation. Technol. Indonez4.: 9-16.
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$%( #" % " ! . % " 1% 4 + + .
$ "4 % ( '$/ 16 % 1000- % ,!-# % +/ *$
=% (Quercus roburL.), 4 1 % + " ( I'$ 6
@ $( "$ .7 I 4% % , ! %%’ "o 20 #
$ %' # 85 % [/ % 4 $ $% ,9$ * I % $% $
=% . 2010 =% $  #! 2% (% $
“ * % ( “COHS% 2 8 % ( ¢ * %
(
1% + , 6 " =% ! *$ # #3% 4 , % |/
$ #' , $# +* /1 $ % . % + 4
$* $ -t #o( & w0
" # "% % % .
2 , 6 6# * ! % * in vitro /
% % ! % $ 2 4 " " % $
"% # .H# % $ 1% $#' # 3
! ! $" %S # : % 6# ! 1'$ $%
! #4 % , 1% % 3$ 4 * 3 +% 1'% 4
( * in vitr . %% % * % $ %% # P
# * "o : #' # " $ !
$# % . . % $ %% $ I+ % % 4
$#  (70%), 5%4 | # + , 20%4 ! # $ % +
s . $ 4 1 6% ro* % * $ %6
3 (Murashige and Skoog, +1962) # % % $ $4,2%% ! !
% ! 4 "4 % $ (6-" ! # ,
! , , 3-% ( $ ), pH-5.6-5.8. ( Lo
# 1% % ' 2% *%% $ %6 WPM (Lloyd &
McCown, 1980) # % %$ $ 4 I+ /+ $ % ( -3-
$ ( 3- %( % ).

Murashige T., Skoog F. (1962). A revised medium rigpid growth and bioassays with tobacco tissutuces.
Physiol Plantaruml5: 473 — 497.

Lloyd G., McCown B.H. (1980). Commercially feasibt@cropropagation of mountain laurédglmia latifolia) by
use of shoot tip culture. Int. Plant Prop. Soc.mBoProc. 30: 421 — 427.

56



% &'+ "%? [ Biotechnology

« » 4 4
ESCHERICHIA COLI PLEUROTUS OSTREATUS
! L e+ 4.2 4% . L9l -
$29 .4 % ot
too ! ! ! ot # ,2 04123%
s # X # ! I , %!) % # ,03022%

E-mail: marie0589@gmail.com

4 $ | % I # $# % # " (
$ , % '* $ %6 I % ' + ,
6 $"% % % # (# * % $ .44 !
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4 # % P " $$ I ( Io$* $ % !
$ $% % ,! %S %S 4 % , ! !
# , pH $ (Lietal, 2011)) " | # $# % oo “
$ Cds,$ * % ! +% %
#1 1961 % " % # % (Guptaetal, 20122 # $ % 4
" P "% ! % % CdS! % $ "
Escherichia oli, + " Pleurotus ostreatus(Jacq:Fr) Kumm 3
% ! ,6 %#$ $# " I 4% $ $"*$
$ CdS ! $# # + $ ( . E. coli
* % % $ %6 LB# "# # 373.1 *

% 10 %# 5000" ./% % " ( $ % ( % 0,25
CdsQ 0,25 NaS.2 ! * # ! 1% ™ # | , 6 #
# I %$ % % 433 , $ + $ ( - %

% 420 .& * % % % ,6 $ 1% 4 $#HS$" $
Cds I $"r$* ! 6 4 ' # $ #$ # %
( .2 $%+ # 3% + ( ( $ #( & )"
%$ % , 6 % % Cds +* $ ! 2-6 . 4
P. ostreatus * % % % + ! -## - % $ %6 #
# 283.2 # * "o / % # 2 0,025 !
CdsQ * %% # 10 " . & R ( % 100
05 NaS * %% # 7 ".&$ % # 10 % #
8000 "/% % " 4 $# % $ %% # o ! 1% .
& $ $# % # + $ ( " # ! , 6 $
# $ I %$ % % Iy ~ 453 .
$# + $ ( $#$ $ * $ % , $ 431, 462,
486, 524 (" %H# +% | =340 ), 6 %% # % $*
Il $ ! ! : # o+ & " %$ % , 6
% % + * ! % 5-8 .1 , I* ! !
# % +* , 6 % ! $$ "+ % $
Cds, # % $ %% $ %"

$

Gupta S., Sharma K., Sharma R. (2012). Myconanat#doljy and application of nanoparticles in biologecent
Res. Sci. Technol. 4 (8):36 — 38.

Li X., Xu H., Chen Zh-Sh., Chen G. (2011). Biosyagls of nanoparticles by microorganisms and thmtieations.
J. Nanomater. 1 — 16.
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2 3 # ! $% # # -, (N,N-
) # 0% % $ -4 -
1% 4 # % % 4 # ( ( $ , $ 0 # $
-$4 | # $ "% % %
6 #' +* $ 4 . &# $ % $ %% 4
#! % # 1 % 196 ! % # $/ # ) -2
# % $ %S #1 % ( $/ ., 2011). ,
# $ % $ + $(% # # 9% N. tabacunlL. (Yemets et.al, 2000),
$$# 14 +$ * BY-2 (Szech¥ska-Hebda et. al., 20058). 4
$ %# % ! 4 # % #! % +$
* +  (H. vulgareL.) ++ (N. tabacumL.). % ! $ $
#1 % % $ $( #%:) -2, & -1 85/3% % 0,01%
1%.2 I * # % $ * % I+ ++ # (
05%- 1% ! % $(% ) -2 & -1# # * 04 % , %
4 $ 0,5%-4 ! $+ 853% % ' # $ "I
$# *( L (. 0,1%%$ % $ % " $ (% # 1%
' # $ + + L& ! %# % #! % +$
+ " % Y# $% $ $ +$ #
0,1%, 05% 1%, # % ! &% $ $ ( (
#! % # % $ + +$ * + + +
% + $ I+ pGH217,6  $ #$S % $*  # <
+ ! # 35S # nos , $ % 4
4 hpt $ 4 $ : $  ( +$ " %
( #1 % ) -2, & -1 85/3:0,01% 0,1% 6 # 1%
P . $# $ % #% $ ' #!1 ( 1
0 [ )! # " 30 ,6 1% H% $+ "
#% + +$ . &% 3" *%% # % $ 4 I (Jefferson,
1987)  %$ % # $ % ( $ $# %
L $# $( gus +$ ++ + , $#$
1 # $ # $"*4 $ +$% ++ +
% + *

$/ .5+ y . Lo # ! $ $ % %

$ : 3 4 $ ( 19619 * % $ %$ 4 // Session 3: Sellular,
genetic and metabolic engineering / , ! & 1, .-3.76.
Jefferson R., Bevan M., Kavanagh T. (1987). Theafséhe Escherichia coli beta-glucuronidase asrsedasion
marker for studies of gene expression in highemtptaBiochem. Soc. Trans. 15: 17 —-18.
Szech¥ska-Hebda M, Wdzony M, Dubas E, Kieft H, Lammeren A. M. (2005)sialization of microtubules and
actin filaments in fixed BY-2 cells using an opte®d whole mount labeling protocol. Plant Cell R&p. 758 —766.
Yemets A., Kundel'chuk O., Smertenko A., Blume Yet, al. (2000). Transfer of amiprophosmethyl tasise
from aNicotiana plumbaginifoliamutant by somatic hybridisation. Theor Appl Ged€0: 847-857.
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$# *1 % % $4 $ 4 8 ! +
$"8 $% 43 % 8 $ % : - % ”
$ , #6* #% $ JPHE" B % %' 4%3% % * $
"8 # S % $ *8 , #H % #
9 %8% 4 $ $ (Serag etal., 20112.$%! $! * 4 "SR+
#% $ ! $ # + # %8'
" SHS $ $ % .28 " ! %0 4 $ # "
P # 4 9 $ "I#S$ 4 " $ $% $ 4
! (Karousis et al., 2010). "8 ! $HP" $*
% 4$%% * $ - $48 |
! $4 ! .2 1 F "8 # 8 $"*8 % 8
# $# $8 8 $$ 8 , % 8 $# 6%+
% # 4 : % - 1$ " $ % . "8 *
$8% w : %4 % I $ 4 $8 ,9%
$ % : . 1% 8 $# $ L,
$$$ 4 9 4 $ %4 S # , %$ 4
$# S # $% *$%+ "9 % # %! 4%3%4 $
" # ! % *8 " : )
" % $* # 8 % % * + " " $ %6%$%,
$# 1% % $ # ! . $ # 8 $ % $*
$"*8 # *8 % % (36 $). ,
$6%% % , % , % +6 $ I *
* 1% %4 " .2 $%+ o, 8 $ +93 !
$# 8 # % + % $" 8 $ 8 .2 *4
! $ ' % 8 "8 $# *1% 8 %
#$ #1 4 .2 $% #! 4 $# *1 %
$ + pGreen 002% # 8 $ " YFP #
35S# nos- , $6+ $ %84 84 nptll
$4%S$ ! . 8 # | $ ! $4
% $ %4 #$ " 1% # $% $ L3S B # 8
# $% # $* #1 + % $ *8 !
"B : # # %8 ! $*% $# $4 * 8 " (Nicotiana
tabacun, $ ,# 84 ' $*% " : $ %8 $ " :
o+ O $# $$+ yvip % $ % 8 $$ % $
# 6+ + $ $# Axioskop 40 (Carl Zeiss, ), $"r+
$ 4+ $# 6+  $ # *8 $ $ " .@%
# % # $% -pGreen 0029% # # $38 %$% * $*
#% +6 4% % + I $* %8’ # #%$ % , , % ,
"$ % $$% $$% "k (4% ).

Serag M.F., Kaji N., Gaillard C. et al. Traffickirand subcellular localization of multiwalled carboanotubes in plant cells / ACS Nano —
2011. -5, N 1. — P. 493-499.

Karousis N., Tagmatarchis N., Tasis D. Current pFeg on the chemical modification of carbon nanegubh Chem Rev. — 2010. — 110, N 9. — P.
5366-5397.
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# % # @, "B +6 % $" #$ ,
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$" e # .2 # % #% $ $$ % % $ %
" 8 % (Shiv Shankar et al., 20p4 "8 # 8
$ 4 %8 "18 $ % @ ($ -3 )% " I $% AgNO; %
8 $ $ # 9% % $ 4 (Danylenko et al.,, 2012).
$ ! -$ " 8 @# $ %+ $ % $ :
%# % # , # %$ I 4% % % % #% $
# 1 I $ @ (&& ). # ! $ @ $ %+$
% # . 9#84 3 ! U S B% % " %  (Shiv Shankar et
al.,, 2004 % 9 #84 $ 6% # 8 $ %
( 8% ., 2009).2 '4 " "8 ! %! $* "B
$ ! @ $ % 1% 9% % $ $ $ ! $ 4
(3 ) # ! $ 3 3 . 8 3 $!'% # E
g8 - % %% % 4% % %
#$3$% " 7, )% $
$" ! r, " ( 8% ., 2009).? 3 # %
#3$ +6 % $% ! % $ % $ ! ! $ 3
%8 ! 4 $ 8 % % % % 8
$ $ "% %#3$ +6 98 % Magnolia denudata Magnolia
stellata2 $% # % $ 6 % $ " I 8 3
$# 6*+ 3 " %4 $8 ("% ., 2009).2% # 8 8
I "18 # 8 I % $* # # 6 $$% 4 9 4
$# ( ) 5-%# $4# .2 $H# # % $ !
# 8 ! $ " # % && . ? # %
$% *$% $$ $ ¢ 8 ,%$"8 , %! ,
" $ ), +6 I+ ® $+ , 3 ) '8 : 20
( $ 3 ) 100 ( 3 ) 2 % #% $ $$ %
# 8 # % I $ # % % %
$$% @, % $ ! $ % #

Shiv Shanka6.,Rai A., Ahmad A., Sastry M. (2004) Rapid synthesig\of Ag, and bimetallic Au core—Ag shell nanopdesc
using neemAzadirachta indicaA.Juss.) leaf broth. J. Colloid Interface Sci. 2496—-502.

Danylenko I., Kolomys O., Smertenko P., Lytvin Strelchuk V., Blume Ya.B. Phytochemical mediatedlisgsis of silver and
gold nanopatrticles / 1-st Biotechnology World Cosgré=ebruary 14 -15, 2012, Dubai, UAE. — 2012.81P.

8% 2,.8 T a>"% ). 8 $ ! $ $# 1 8 I'$ -3 % ,2009.-35
S
> " % LL,> % 2,., 8% 2,.,8 L >"% ). (2009)3 I ,$" ! # %
$% 4$ %! 8 $ 4 $$ " 4 ) . % . 4:91-101.
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#SH % $ ( % $ " $ 1 . 4"y $
% 4+ 3 ,6 $*% %6! $ - $% " (
( , 1 % , $ # $ $ ,6 % +*
# % % $ %% 4 % $ : % 4
%4 # %S : "% ( $CC$C , ' o, ( )
$% I $ %% + " + % $+ . %
+*  # '$ $% i % , $ % -
$ 1 % +% * |, % " " % , * B 6
(Downey et al., 2013). 4 $ 1+ # $ $ (Peiretti
& Meineri, 2007), $ # % , ! % %,! : %
(Venskutonis & Kraujalis, 2013)1 ' 4% %' # %
* ¥ % % "% | # % ( +$ !
1$ * I$* +$ % % 4 roo* % # (
% $  WH % $ %6 , + " I $ $" %$ 4
+$ ! # % $ %6 ! $ %$ % # o
( $# %% % $ ( * # $  in vitro.
$ $ % $ $ % %6!! $ :
, = I *$ $ % ,6 %# %+* # %
"% %" $ " & /7S $ ! $ ! 3
(# *( (

Downey P. J., Levine L. H., Musgrave M. E. et aDX3). Effect of hypergravity and phytohormonessmilavonoid
accumulation in soybeafslycine max..) callus. Microgravity Sci. Technol. 25: 9-15.

Peiretti P.G., Meineri G. (2007). Fatty acids, cleicomposition and organic matter digestibilitfy seeds and
vegetative parts of false fla€amelina sativd..) after different lengths of growth. Anim. Fe8di. Technol. 133: 341—
350.

Venskutonis P.R., Kraujalis P. (2013). Nutritior@mponents of amaranth seeds and vegetables: @wrewn
composition, properties, and uses. Comprehensiveled Sci. Food Safety. 12: 381-412.
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& % % % $ ! : $ -/
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2 Ix* # % $ 6 " *(
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vulgaris > C. albicans # " * % %$* % $ %N $ %
$ - I % " *% $ 152! # # " $ /1%( $ %
$% * $% % 6 $ V.opulus $* /%+ $ % + 6
%# % ", I % $# # $ . %
% $ 1% 4 ( $ / 4 I $ : P. aeruginosa> S.
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% %/ # % % $ ! * % $* ,6 $% * # ((
+ .
2 Ix $ ! *( % $ $ % 4 (
%$ % ,6 4 $ +* " % " * % $*
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4 # $%$
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).- % 4 $ 4 % $ %% "% $ 4 +
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* % % $ % $# % ! " [+ @ ! 34" * % %
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% + % + ( 5 |/ # % $ (
# $ . %$ % ,6 12311% -13(4 57%% % $ $ 4
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$ $ .2 'l , 6 # % +* I *
' # % - $ L1 $% & (*
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Beckie H.J., Warwick S.1., Nair H., Seguin-Swartz(&003). Gene flow in commercial fields of herdieiresistant
canola Brassica napus Ecol. Appl. 13 (5): 1276-1294.

Warwick S.l., Simard M.-J., Legere A., Beckie HBraun L., Zhu B., Mason P., Seguin-Swartz G., SreW.N..
(2003). Hybridization between transgemcassica napud.. and its wild relativesBrassica rapal., Raphanus
raphanistrumL., Sinapis arvensit, andErucastrum gallicum(Willd.) O.E. Schulz. Theor. Appl Genet. 107: 528—
539.

& L& -2,1 /% 3.&., ' ,.2.,= 4 0.-.,1%# % 1...,. * y ot
-, - 4 ! % $ # $ % % % #
% ! Brassicaceae // 8 # %4 8 8 « $ 4
», . 7 %* ,5-7 " 2011,3.81.
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David P., Livingston, D.P., Dirk K. (2009). Fructand its relationship to abiotic stress toleramcplants. Cell Mol
Life Sci. 66 (13): 2007-2023.

Chung S.K., Osawa T. (1998). Hydroxyl radical scey@s from white mustardS{napis alba Food Sci.
Biotechnol. 7 (3): 209-213.
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THE INTERPLAY BETWEEN BRASSINOSTEROID AND LIPID SIG NALING
IN CONTROL OF PLANT OIL PRODUCTIVITY

Pokotylo I.V.%, Kretinin S.V.%, Khripach V.A.?, Kravets V.S!

Ynstitute of Bioorganic Chemistry and Petrochenyistiational Academy of Sciences of
Ukraine, Murmanskaya 1, Kyiv, 02660, Ukraine
?Institute of Bioorganic Chemistry NAS of Belarusndk, Belarus

E-mail: kravets@bpci.kiev.ua

Plant oil is now considered as one of the main ceif biorenewable fuels. In the
majority of plants, oil is stored in seeds as triglycerols that serves as an energy reserve
required for the initial seedlings growth in thesabce of the established photosynthesis. Due to
the increasing demand for the development of tiecttfe methods of biofuel production, a
productivity boosting and improvement of yield qtyabf oilseed plants is a topical problem of
applied biochemistry. It is believed that studytb& mechanisms of cell signaling in plant
organisms carried out by phytohormones is needeatder to provide implementation of the
effective means of metabolism regulation. Lipidnsiing may be equally important contributor
to plant stress resistance. In our study we haatyaed morphological parameters Brfassica
napus cv. Magnagplants a major oil crop under the influence shlt stress. Quantitative and
qualitative measurements of the seed oil contene vwperformed by analysis of fatty acid
conjugates by HPR. We have found that stress influence significamtlyibits plant growth,
seed productivity and seed oil content of canadaisl. The changes in fatty acid composition of
oil were also detected with the decrease of polgtumated fatty acid318:2,318:3 content.

We have also found that the pre-treatment of caplalats with 10M solution of 24-
epibrassinolide (24-EBR) hormone invoked improvenmerthe quantity and quality of oil seeds
under normal culturing. More importantly, the effeaf 24-EBR application was highly
pronounced in stress conditions. From the othed hasxe have observed rapid accumulation of
fluorescently labelled diacylglycerol and phospthiatiacid inB. napusroots following 24-EBR
application. Treatment withn-butanol or N-ethylmaleimide allowed demonstratirige
implication of non-specific phospholipases C andgpiolipases D in these increases (Pokotylo
et al.,, 2013). Two explanations for the role of ghlwlipases in plant stress reactions are
possible. First, they are known to participateannhonal and stress signaling and, secondly, they
contribute to lipid turnover in cell membranes averall lipid metabolism.

It has been also revealed that seed oil contehNH@-deficientArabidopsis mutantss
reduced. Impc3mutant the detected seed oil level was as low386 2uggesting an important
role of NPC phospholipases in plant physiological atress reactions.

Further studies are needed to disclose the rgdadpholipases in regulation of essential
reactions of plant metabolism in stress conditiohBe molecular mechanisms behind the
alleviating effect of brassinosteroids are alsbéaevealed.

This study was supported by grants from NAS of idkréNo. 14-13 and 9.1-07).

Pokotylo 1.V., Kretynin S.V., Khripach V.A., Ruelid E., Blume Ya.B., Kravets V.S. (2013). Influernzfe24-
epibrassinolide on lipid signalling and metabolisnBrassica nhapusPlant Growth Regul doi: 10.1007/s10725-013-
9863-y
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PROCESSING OF SWEET SORGHUM INTO BIOETHANOL

Volodko A.l., Tsygankov S.P.

Institute of Food Biotechnology and Genomics ofMlagional Academy of Sciences of Ukraine, Osipaysiaa.

E-mail: lyshniki@rambler.ru

Sweet sorghum has been cultivated in arid regiena geed culture for a long time in
Ukraine. Purified sugar-containing syrups from sweerghum juice can be used in food
industry for sweet drinks production, in confecgonindustry, etc. (Grygorenko, 2010). During
last decades one of the goals of the Ukrainiane spatlicy became the reduction of the
dependance from the imported energy sources. $naspect, processing of sweet sorghum can
be considered as an important part of solving ttablpm of country’s reliance on imported
petroleum. The advantages of sorghum as the Ulkraiahergy crop in comparison to other
traditional agricultural crops are incontestablelpdko et al., 2012).

During last five years the development of biotedbgp of sweet sorghum biomass
complex use for the industrial production of bi@etbl was performed in Institute of Food
Biotechnology and Genomics NAS of Ukraine. In thverk the composition of sorghum
biomass grown in different regions of Ukraine haserb studied, and the technological
parameters of sweet sorghum juice and syrup primgeas well as juice and molasses mixture to
bioethanol have been investigated. Experimentafiea&tion of the technology was performed
on the enterprise, and the samples of bioethaooi forghum were analyzed.

In autumn 2013 about 140 thousand tons of sweghsar juice mixture with molasses
was received and processed on LLC “Company “Ecoegfidby the method of double flow
fermentation of concentrated sugar-containing wdre established the features of sorghum
juice with molasses processing which is the obpépatenting.

After squeezing of sugar residual sorghum stalks lma used as a solid biofuel for the
production of technological steam for bioethanchnpl needs. Apart from 4-4.5 tons of
bioethanol, hectare of sweet sorghum provides 15h8 of squeezed stalks (bagasse). When
burning a ton of sorghum bagasse about 8 GJ of dreagy can be obtained, this is equal to
120-144 GJ from hectare. These amounts are corhypetficient for bioethanol production (32
GJ), and even 88-112 GJ remain for other needs, asithickening of sweet sorghum juice for
the further processing and for energy productioxcelSs of sorghum bagasse can be
implemented as fuel pellets or as cattle feeddsjla

According to preliminary results the prime cost fmer of product (bioethanol) is 0.5-0.6
USD per kilogram. The fact that retail prices obgiine are substantially higher (1.3 USD per
liter) should encourage investors.

In the production of bioethanol from plant sources energy output depends on the
climatic conditions of the region, productivity tie lands, agrotechnics, logistics in stalk or
juice transportation, expediency of technologicatigion making and so on. If bagasse is used
for the energy production and juice evaporatiorgntienergy balance can be considerably
improved (estimated energy output in relation tav@oinputs can amount 1-1.4). However, the
main advantage of bioethanol production from bicraghe possibility of solid fuel conversion
to liquid environmentally friendly fuel for motoewhicle.

Volodko O. I., Novak A. G., Tsygankov S. P. (2012)veet sorghum as an energy crop for bioethanalyatmn in
Ukraine.Renewable Energp9 (2): 87-92.

Grygorenko N. A. Improvement of technology of prodon of food syrup from sweet sorghum. PhD Thesis.
Kiyv: National University of Food Technologies, D1 149 p.
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Nei M., Li W.H. (1979). Mathematical model for stod genetic variation in terms of restriction endoleases.

Proc. Nat. Acad. Sci. USA. 76: 5269 — 5273.
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Imbrea F., Jurcoane S., Halmajan H.V., Duda M. 0Bdt. Camelina sativaa new source of vegetal oils (2011).
Rom. Biotechnol. Letts. 16 (3): 6263 — 6270.

Moser B.A., Vaughn S.F. (2010). Evaluation of allegters fromCamelina sativaoil as biodiesel and as blend
components in ultra low-sulfur diesel fuel. Biorégchnol. 101: 646—653.

Jefferson R.A., Kavanagh T.A., Bevan M.W. (1987YS5fusions: beta-glucuronidase as a sensitive anshtile
gene fusion marker in higher plants. EMBO J. 6(33801-3907.

Kuvshinov V., Kanerva A., Koivu K., Pehu E., Kuvsbiva S. (2002, 2004). Transformation systenCamelina
sativa// US Patent Application: US 2009/0151023 Al.
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Deacon J.W. Fungal biology // Blackwell Publishittd, 2006. — P. 122-142.
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Kim H. S., Zhang G., Juvic J.A.,Widholm J.M. (201®iscanthus giganteuplant regeneration: effect of callus
types, ages and culture methods on regeneratiopetemce. GCB Bioenergy. 2:192 — 200.

Murashige T., Skoog F. (1962). A revised medium ripid growth and bioassays with tobacco tissutus.
Physiol Planta. 15: 473 — 497.

Nielsen J.M., Brandt K., Hansen J. (1993). Longrteffects of thidiazuronare intermediate betweearzpkdenine,
kinetin or isopentenyladenine Miscanthus sinensi$lant Cell Tiss Org Cult. 35: 473 — 497.
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MUSHROOMS AS A COMPONENT OF FUNCTIONAL FOODS
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Nowadays the concepts of food are shifting fromvisal, hunger satisfaction and
absence of adverse effects on health toward an @&sigpbn the beneficial use of foods in order
to promote better health and well-being as welloaieduce the risk of chronic illnesses. In this
aspect increasing interest of consumers and ssierdeserve “functional” food, the food that
contains a food component which affects one or rtemgeted functions in the body in a positive
way or in which a potentially harmful component hssen removed by technological means
(Bellisle et al., 1998). Mushroonege high prized for dietary and medicinal propsttihich
makes them a promising raw material for the creatod functional foods. Particularly,
mushrooms have high amounts of protein with a cieffit content of the essential amino acids,
low fat which consists predominantly of unsaturdegty acids, polysaccharides with wide range
of medicinal activities, and other biologically ixet substances.

A number of functional foods were created with ntosim component. Thus, mycelia of
Antrodia camphoratdM. Zang & C.H. Su)Agaricus blazeMurrill, Hericium erinaceugBull.)
Pers. andPhellinus linteus(Berk. & M.A. Curtis) Teng were used (Ulziijargat al., 2013) to
substitute 5 % of wheat flour for the enrichmenbodad. It was shown (Heo et al., 2014) tat
glucan-rich fractions ofentinus edode¢Berk.) Singerimprove the functional properties of
gluten-free rice noodlesTrametes versicoloiL.) Lloyd, Grifola frondosa(Dicks.) Gray
Pleurotus ostreatuglacq.) P. Kumm.and Panellus serotinugPers.) Kiihnewere applied for
creation of Worcestershire sauce (JP Patent ApmitaC 2012044932), and the medium
residue after harvesting fruiting bodies @brdyceps militarigL.) Fr. with biologically active
substances of aforementioned mushroom was usetthdoproduction of vinegar (Zeng et al.,
2009). In addition, a number of functional drinkere created on the basis of mushrooms, e.qg.,
wine, beer, sake (Okamura-Matsui et al., 2003)igal-enriched soybean milk (Kang et al.,
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but it is obvious that different mushroom specias e involved in functional food development
as well as mycelia, fruiting bodies, cultured mediacertain fractions.
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