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Reproduction and Growth Performance of the Medicinal Leeches (Hirudo sp.)
Mustafa Ceylan1*, Ramazan Küçükkara2, İsmail Erbatur1, Emin Karataş3, Meryem Tunç4,
Naim Sağlam5
1

Medicinal Leech Research Laboratory, Fisheries Research Institute, Eğirdir-Isparta-Turkey
Department of Medical Services and Techniques, Eflani Vocational School, Karabük University,
Karabük-Turkey
3
Department of Aquaculture, Faculty of Fisheries, Sinop University, Sinop-Turkey
4
Department of Biology, Faculty of Arts and Sciences, Süleyman Demirel University, IspartaTurkey
5
Department of Aquaculture and Fish Diseases, Fisheries Faculty, Fırat University, Elazığ-Turkey
e-mail: gm.ceylan@gmail.com
Keywords: CITES, cocoon, hatchlings, survival rate, Palaearctic region, leech aquaculture.
2

The leeches are one of the neglected organisms in the scientific studies. There are
approximately 800 leech species, however a small number of them are classified as “medicinal
leech”. They are used in veterinary, cosmetic, pharmacology and especially medicine areas.
Because of both over collection and habitat destruction, the medicinal leech populations are
gradually decreased in the wetlands. Therefore, the trade of leeches collected from nature is
carried out at certain limits under CITES (the Convention on International Trade in Endangered
Species of Wild Fauna and Flora). The leech demand is increasing day by day, however natural
leech stocks cannot respond to leech demand. Therefore, leech aquaculture should be expanded,
however, the effective aquaculture is required the knowledge of their reproduction and growth
properties. This study aims to shed light on the medicinal leeches and compare the reproduction
and growth performances of them. The earlier studies and the data of a current study being
conducted by authors were used. Accordingly, Hirudo sulukii, the endemic medicinal leech to
Turkey, has the highest cocoon performance although the survival rate and cocoon size is more
less. Hirudo medicinalis, the European medicinal leech, has the biggest hatchlings although the
number of hatchlings per cocoon is more less. Hirudo orientalis, the Transcaucasian, Iranian and
Central Asian medicinal leech, has the highest survival rate. Finally, Hirudo verbana, Southern
medicinal leech, has the highest reproduction performance with highest percentage of broodstock
that deposited cocoons and hatchlings number. Similar to the results of reproduction properties,
H. verbana has the highest growth performance having the growth pattern that increased over
time.
In conclusion, H. verbana, which has the widest distribution in Palaearctic zoogeographical
region, stands out compared to the others. It is thought that living in the different geographic
conditions provides great advantages to H. verbana in leech aquaculture. Our current study
revealed that neglected leech species, such as H. sulukii, have great potential to medicinal leech
aquaculture.
Acknowledgement: This study was supported by The Scientific and Technological Research
Council of Turkey (TÜBİTAK) (Project No: 118R027).
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The tendency of Amphibian roadkills in Lviv region for the last decade
Ostap Reshetylo
Department of Zoology, Ivan Franko National University of Lviv, Ukraine
e-mail: ostap.reshetylo@lnu.edu.ua
Анотація: Повторне обстеження місць загибелі земноводних на дорогах Львівщини
протягом 2017 р. встановило, що найчисельнішими жертвами виявилися B. bufo (72,8%) і
R. temporaria (22,6%), які сумарно становлять майже таку ж частку загиблих, як і у 2006
році (90,5%). Однак, якісний і кількісний склад жертв за останнє десятиліття зазнав
істотного збіднення (2078 особин 9 видів земноводних у 2017 р. проти 3555 особин 13
видів у 2006). Основними причинами занепаду популяцій земноводних у регіоні є
забруднення, деградація та зникнення репродуктивних водойм, а також зростання
інтенсивності автомобільного руху, що вимагає негайного їх захисту. Обгородження
тимчасовими захисними бар’єрами однієї з досліджуваних ділянок дороги в ПЗ «Розточчя»
різко знизило загибель амфібій: понад 1500 особин піймано у відра-пастки вздовж бар’єрів
і безпечно перенесено через дорогу працівниками заповідника, місцевими школярами та
волонтерами.
Kлючові слова: дороги, земноводні, міграції, загибель, охорона
Keywords: roads, Amphibians, migrations, mortality, protection
Roads are one of the widespread artificial barriers in the environment. They fragment it and
isolate some sites. This leads not only to the habitat degradation, but to the significant road
mortality of animals during their migrations. It causes also the decrease of animal population
number (e.g., Forman and Alexander 1998, Загороднюк 2006, Andrews, Gibbons and Jochimsen
2008, Carvalho and Mira 2011, Jakes et al. 2018).
The analysis of wide spectrum of literature combined with our own professional experience
point out the obvious negative influence of transportation infrastructure on amphibian populations
(e.g., Langton 1989, Ashley and Robinson 1996, Cooke and Sparks 2004, Mazerolle 2008,
Решетило та Микітчак 2008, Reshetylo and Briggs 2010, Reshetylo et al. 2019). Amphibians
are very sensitive to this kind of impact because of their biotic peculiarities and usually are 70–
88% of all the road victims among terrestrial vertebrates (Puky 2003, Glista, De Vault and De
Woody 2008). The distance of amphibian migrations between breeding, feeding and hibernating
sites usually is longer than the size of landscape patches fragmented by the roads. Such a conflict
complicates not only their life cycle, but traffic safety as well (e.g., Blaustein, Wake and Sousa
1994, Gibbs and Shriver 2005, Новицкий 2005, Внукова 2011, Литвиненко 2013, Стах та ін.
2017).
The evaluation of modern level and character of roads impact on the condition of amphibian
populations, its comparison with our previous data (Решетило та Микітчак 2008) and the
proposition of reasonable mitigation measures on the main roads of Lviv region are the goals of
this work.
The research of amphibian road mortality was realized on the main roads of Lviv region
(М06, М09, М10, М11, H02, H09, H13, Р15, Т1412, Т1413, Т1420, Т1423, Т1425) during the
activity season of amphibians (March–November) in 2017. Total length of the investigated routes
was about 1250 km. Amphibian mortality data were collected uniformly three times per season
during the periods of their high migration activity. We did it evenly on 69 research road sections
which were the same as in 2006 to compare them after. All the crushed individuals were removed
from the road surface immediately after the identification to avoid the repeated count. Common
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herpetological (Heyer et al. 1994, Berninghausen 1995, Писанець 2007) and specific methods
were used: registration of amphibians from the vehicle on the road transects (Sutherland,
Dunning and Baker 2010), localization of the breeding ponds using breeding choruses (Fahrig et
al. 1995), estimating the population number of amphibians by the regression method (Vogel and
Puky 1995) etc. The main research criteria taken into account on every surveyed road section
were: a) qualitative and quantitative composition of crushed amphibians, b) traffic intensity
within the road section, c) availability of amphibian breeding ponds and distance to the nearest of
them from the road section, d) population number.
69 road sections with amphibian mortality known from 2006 in Lviv region were repeatedly
surveyed in 2017. We recorded amphibian mortality in 58 sites and did not found any dead
amphibians in 11 sites on the investigated roads. 2078 dead individuals of nine amphibian species
were detected and identified on the road surface (Triturus cristatus, Bombina bombina, Pelobates
fuscus, Bufo bufo, Hyla arborea, Rana temporaria, Rana arvalis, Pelophylax ridibundus and
Pelophylax esculentus). The most numerous victims appeared to be B. bufo (72.8%) and
R. temporaria (22.6%) which is almost the same as in 2006 (90.5% together). However, the
qualitative and quantitative composition has decreased in a decade (compare 3555 individuals of
13 amphibian species in 2006). The mentioned species occur in almost each sample site and their
mortality rate is one of the highest compared to the rest of amphibian species.
Disappearance of breeding sites, habitat transformation, water contamination, traffic
intensity growth etc. are among the negative environmental factors which permanently impact
amphibian populations and can be concerned with their decline. By the way, the latter factor has
increased considerably for the last decade: according to our results the traffic intensity has
exceeded 10 thousand vehicles per day on average what makes 47% increase for the most busy
roads of Lviv region.
We analyzed also the correlation between pond-road distance and amphibian mortality in
support. Previously we found out that short distance between the breeding pond and the nearest
road section impacts amphibians considerably (Решетило та Микітчак 2008). As a result the
part of the most frequent road-kills (0–25 m pond-road distance category) has decreased greatly
since 2006, while 101–500 m category has increased accordingly for the same time. This is due to
severe decline of amphibian populations located close to the road as we can assume. Supporting
this assumption the considerable degradation of the breeding ponds nearest to the road compared
to their condition in 2006 was noticed frequently during 2017 survey.
Using the algorithm of road impact level estimation for the amphibian populations, the
analyzed data were distributed into three impact groups: low, middle and high. The obtained
distribution shows that the part of high influence road sections decreased significantly compare to
2006 and is only 2%; middle and low impact sections are almost equal and come to 51 and 47%,
accordingly. In 2006 we had 10% of high influence road sections, 56% of middle ones, and 34%
— low. In spite of this, such a positive tendency is not the evidence of population recover. Quite
the contrary, it confirms the habitat loss and the decrease of population number. Hence, they lead
to the reduction of amphibian road-kills due to their population expiration. Thus, on the basis of
estimation of amphibian relative mortality in the region, one of the endangered road sections
located on the southern limit of Roztochia Nature Reserve (49.913835, 23.759594) was selected
for the implementation of mitigation measures. 200 m section of this road (T1425) has been
fenced up three times already by temporary amphibian fences during amphibian seasonal
migrations in 2018-19. Amphibian mortality on the fenced road section dropped down instantly
as a result: over 1,500 individuals of B. bufo and R. temporaria were caught alive into the buckettraps and safely moved across the road by schoolchildren and other volunteers engaged to that
work.
This work was financially supported by the Rufford Foundation in the frame of RSG
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20622-1. We are grateful to the staff of Roztochia Nature Reserve and numerous volunteers for
their help and support during the realization of the project tasks.
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An experience of crowdfunding supporting herbarium collection in Ukraine
Andriy Novikov1, Mariia Sup-Novikova2
1

Department of Biosystematics and Evolution, State Museum of Natural History NAS of Ukraine,
Teatralna str. 18, Lviv 79008, Ukraine; Department of Botany, Biology Faculty, Ivan Franko
National University of Lviv, Hrushevskoho str. 4, Lviv 79004, Ukraine
2
UCUkids Program, Ukrainian Catholic University, I. Svientsitskoho str. 17, Lviv 79011, Ukraine
e-mail: novikoffav@gmail.com
Annotation: Краудфандинг – перспективна технологія залучення коштів невеликими
порціями від значного числа беккерів, яка, однак, доволі рідко використовується науці і,
тим паче, українській. Ми спробували шляхом винагородного краудфандингу вирішити
поточну кризову ситуацію в гербарії LWS, яка склалася за відсутності фінансування. В
результаті було отримано 33322,31 грн. (~ $1,333) надходжень, що відповідає 87,3% від
первинної цілі проекту і загалом свідчить про його успішність.
Keywords: scientific fundraising, reward-based crowdfunding, biological collections
conservation
Ключові слова: науковий фандрайзинг, винагородний краудфандинг, збереження
біологічних колекцій
Crowdfunding is not a new technology, arisen from bootstrapping support and successfully
applied for decades by profit and nonprofit organizations (Tomczak and Brem 2013). Idea of
gathering funds by small portions from different outsources became a vital technology first
among artists and small creative projects, later spread to other market sectors including science
(Kraus et al. 2016, Vachelard et al. 2016) and biology in particular (Li and Pryer 2014,
Gallo‐Cajiao et al. 2018). Dorfman (2017) designated crowdfounding among substantial
technologies in management of modern museums of natural history.
In 2018 we have been faced with unconventional situation at the Herbarium of the State
Museum of Natural History of the NAS of Ukraine (LWS) – we found that many of folders are
damaged, while general conditions are far from optimal for preservation of herbarium material.
AN, as a scientific curator of LWS, reported about this critical situation and asked the directorate
of museum for support. However, due to lack of financial facilities only $64 was obtained, what
was not even enough to buy cardboard for new folders. In 2019 LWS did not get any financial
support and it was decided to start a fundraising campaign to save the collection. Among different
kinds of fundraising we choose reward-based crowdfunding with targeting on social media (i.e.,
facebook) and local media (i.e., local TV, online news channels, etc.).
Reward-based crowdfunding model has been applied because we understood that some part
of backers will be out of interest in biological collections, however they can be involved by
promising reward, price of which excide their minimal donation. Meaningful incentives are the
key elements of a successful crowdfunding (Colombo et al. 2015), and we hoped that reward in
form of limited series of wow-boxes will provide as with extra donations. We also chose
facebook as main platform for our project and eliminated instagram, because we believed that
facebook is better adjusted for such activities and their audience is represented by adults with
better motivation. Moisseyev (2013) pointed that backers support projects not only by providing
funds but also by using social seals of approval (i.e., likes, shares, etc.). From other side, we
believe that backers also make a decision based on such seals and presence of long-existing and
well-filled accounts are crucial for successful fundraising. Neither AN nor MSN, we had no good
insta accounts, therefore we also could not rely on them for crowdfunding.
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The funding target was $ 1.527 and minimal donation – $ 2. While total price of 10 wowboxes was about $ 400, including extra content provided by later supporters (Sergii Glotov,
Victoriia Janis, and Marharyta Zhujkova). We expected to obtain money for new herbarium
folders, insecticides, fridge (allows to kill pests without destruction of DNA of herbarium
samples), and windows for LWS. As a result of one-month campaign we received $ 1.333, what
correspond to rate of 87.3 % of success. However, the real success of campaign was much higher,
because, as we mentioned, some people not only donated money but also proposed to donate their
own works (e.g., books) to amplify the reward. From other side, some other people helped with
sharing the information on media, provided us with better prices on cardboard (Ann
Chanchikova), free herringbone tapes (Tetiana Khmil from LW herbarium) etc.
Our project showed that facebook is a good platform for crowdfunding, given us constantly
donations for first 11 days and providing short tail of small donations for 8 days more. While
other media resulted only short-term (1–2 days) fluctuations of donations, and were handled
rather for updating of facebook campaign. We had two major backers (Nikolai Yunakov and
Nikolay Iunakov), five middle backers (Olesia Bezsmertna, Mariia Tereschenko, Pavlo
Zhukovski, Tamara Neimet, and Polina Bozhko) and 128 regular backers. Most of people
(45.9 %) preferred to donate the amount that slightly exceed the minimal donation ($ 4–8), and
21.5 % donated the amount that corresponded to this minimal adjusted pledge of $ 2. Only
27.5 % of backers provided donations that surpassed this minimal amount more than in four times
and, additionally, only 5.2 % of backers – surpassed it more than in 20 times. So, we can
conclude that most of engaged audience was targeted on this adjusted minimal amount and only
about third part of them was ready to offer much higher investment. This revealed that most of
backers in our case were engaged rather in cluster of altruism than hedonism (Gierczak et al.
2016).
Despite of general success of crowdfunding campaign, LWS still seeks funds for two other
windows and door that are almost out of order. Our project allowed to conserve the LWS
collection at least for next five years, however did not solve general problem of absence of
financial support. Moreover, directorate of museum decided not to provide such fundraising
anymore due to reputation loses their experienced, so we have to find new ways to save the
collection in future.
Colombo, Massimo G., Chiara Franzoni, and Cristina Rossi-Lamastra. 2015. “Internal Social
Capital and the Attraction of Early Contributions in Crowdfunding.” Entrepreneurship Theory
and Practice 39(1): 75–100. https://doi.org/10.1111/etap.12118
Dorfman, Eric, ed. 2017. The Future of Natural History Museums. London: Routledge.
https://doi.org/10.4324/9781315531892
Gallo‐Cajiao, Eduardo, Carla Archibald, Rachel Friedman, Rochelle Steven, Richard A. Fuller,
Edward T. Game, Tiffany H. Morrison, Euan G. Ritchie. 2018. “Crowdfunding Biodiversity
Conservation.” Conservation Biology 32(6): 1426-1435. https://doi.org/10.1111/cobi.13144
Gierczak, Michael M., Ulrich Bretschneider, Philipp Haas, Ivo Blohm, and Jan Marco Leimeister.
2016. Crowdfunding: Outlining the New Era of Fundraising. In Crowdfunding in Europe. State
of the Art in Theory and Practice, edited by Dennis Brüntje and Oliver Gajda, 7–23.
https://doi.org/10.1007/978-3-319-18017-5_2
Kraus, Sascha, Chris Richter, Alexander Brem, Cheng-Feng Cheng, and Man-Ling Chang. 2016.
“Strategies for Reward-Based Crowdfunding Campaigns.” Journal of Innovation &
Knowledge 1(1): 13–23. https://doi.org/10.1016/j.jik.2016.01.010
Li, Fay-Wei, and Kathleen M. Pryer. 2014. “Crowdfunding the Azolla Fern Genome Project: a
Grassroots Approach.” GigaScience 3: 16. https://doi.org/10.1186/2047-217X-3-16

FMUB-2019, Kharkiv, Nov 27-29

12

Moisseyev, Alexey. 2013. “Effect of Social Media on Crowdfunding Project Results.” MA thesis,
Graduate
College
at
the
University
of
Nebraska.
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1043&context=businessdiss
Tomczak, Alan, and Alexander Brem. 2013. “A Conceptualized Investment Model of
Crowdfunding.” An International Journal of Entrepreneurial Finance 15(4): 335–359.
https://doi.org/10.1080/13691066.2013.847614
Vachelard, Julien, Thaise Gambarra-Soares, Gabriela Augustini, Pablo Riul, and Vinicius
Maracaja-Coutinho. 2016. “A Guide to Scientific Crowdfunding.” PLOS Biology 14(2):
e1002373. https://doi.org/10.1371/journal.pbio.1002373

Digitization of natural collections – the way to immortality
Andriy Novikov
Department of Biosystematics and Evolution, State Museum of Natural History NAS of Ukraine,
Teatralna str. 18, Lviv 79008, Ukraine; Department of Botany, Biology Faculty, Ivan Franko
National University of Lviv, Hrushevskoho str. 4, Lviv 79004, Ukraine
e-mail: novikoffav@gmail.com
Annotation: Оцифрування – це невідворотне майбутнє усіх природничих колекцій. На
сьогодні не викликає сумніву і запитань необхідність оцифрування, особливо якщо це
стосується рідкісних чи унікальних зразків, або ж малих колекцій, які наражені на
найбільшу небезпеку зникнення. Якщо питання як і що саме оцифровувати залежить від
спеціалістів окремих груп, то питання де і які дані згодом зберігати викликає чимало
дискусій.
Keywords: biodata, virtual collections, digitization, data providers, data aggregators.
Ключові слова: біодані, віртуальні колекції, оцифрування, провайдери, агрегат ори.
It is even hard to estimate general circumscription of natural history collections.
Comprehensive database GRSciColl lists 1,095 collections from 7,522 registered institutions
across the world (Schindel et al. 2016). From 1.2 to 3 billions of specimens are suggested to be
preserved in those collections (Ariño 2010,Vollmar et al. 2010). If follow another database, Index
Herbariorum, 3,095 herbaria are registered for today in the world, and contain about 390 million
specimens (Thiers 2019). However even this quite narrow fetch limited by plants is far away
from real state of things. In 2019 Index Herbariorum listed for Ukraine only 23 herbaria with
about 4 millions of specimens, while more precise investigation from 2011 already declared 59
herbarium collections with more than 4,3 millions of specimens (Shiyan 2011).
This testifies to the fact that there are still a lot of natural history collections hidden from us
due to different reasons. Despite the fact that most important collections are well known and
mainly included in databases at different level, small collections still contains important,
sometimes even unique, vouchers. Absence of data from those collections in free access makes
them higher endangered, because they remain to persist out of focus of scientific and public
community and finally can be lost. Digitization of natural collections provides number of benefits
including increased visibility and, as a result, higher enrolment of specimens in scientific research
(Holovachov et al. 2014, Cantrill 2018). Of course, entries of virtual collections cannot replace
original specimens, but they definitely amplify them and provide new opportunity for distribution
of data (Drew 2011). In case of small collections that have a lack of financial support, imperfect
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conditions for preservation of specimens, and general dubious future, digitization, perhaps, is the
only way to survive in form digital data.
Digitization can be subdivided on two main stages, which can be either realized
simultaneously or subsequently. First – data capturing (i.e., creation of datasets representing
information about specimens) and second – imaging (obtaining of digital picture of the
specimens). Third stage, data distribution, is usually considered separately. However, both data
capturing and imaging are strictly depended from purposes and structure of final database. Major
data aggregators like GBIF work only with standard protocols, and it is quite important to
remember about this before start of digitization. In most cases data are gathered and distributed
under Darwin Core and ABCD standards (Blum et al. 2019). There are few other standards, but
all of them are based on experience of number of previous workflows, complications and
mistakes, so it is always better to follow an accepted standard than to create your own insight.
Some of standards can be partly or fully cross-changed, and in general follow the same principles,
among which data completeness, data usability/reproduction, and data quality. Data quality is
main and crucial aspect in digitization and today most of institutions prefer to obtain high-quality
images of limited number of selected specimens accompanied by high quality data rather to
simply digitize everything without control of qualified specialists (Blagoderov et al. 2012). Lowquality data are not simply useless, even worse – they can result in scientific misinterpretations
(Ferro and Flick 2015, Sikes et al. 2016) that are almost impossible to reveal after publication.
Hence, I believe that digitization of natural collections in Ukraine is necessary step that
should be realized in frames of previous experience and following accepted standards. Creation
of local or national databases with internal protocols that have no opportunity to export data to
global aggregators is rather dead end neither attempts to assert our national identity. Local
databases usually contain more precise information and have extra facilities for narrow specialist;
however without intermediation with global aggregators they stay isolated and finally doomed to
extinction. From other hand, global aggregators should improve the trust of scientific community
by change of general paradigm of data providers and developing of new integrated protocols of
data annotation (Franz and Beckett 2018).
Ariño, Arturo H. 2010. “Approaches to Estimating the Universe of Natural History Collections
Data.” Biodiversity Informatics 7(2): 81–92. https://doi.org/10.17161/bi.v7i2.3991
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Smith 2012. “No Specimen Left Behind: Industrial Scale Digitization of Natural History
Collections.” ZooKeys 209: 133–146. https://doi.org/10.3897/zookeys.209.3178
Blum, Stanley, Katharine Barker, Steven J. Baskauf, Walter G. Berendsohn, Pier Luigi Buttigieg,
Markus Döring, and Gabriele Droege. 2019. “Integrating ABCD and DarwinCore: Toward a
Better Foundation for Biodiversity Information Standards.” Biodiversity Information Science
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Research of the influence of GdVO4:Eu3+ nanocrystals on rat hepatocytes intercellular
adhesion in vitro
Rostislav Lukan, Serhii Ponomarov
Department of Biochemistry, School of Biology, V. N. Karazin Kharkiv National University,
Ukraine
email: lkn.rostyslav@outlook.com
Annotation: Метою роботи було дослiдження можливих механiзмiв впливу наночастинок
ортованадата гадолiнiю (GdVO4:Eu3+, d=2-3 нм, сферична форма) на кадгерин-залежну
мiжклiтинну адгезiю. Результати дослiдження клiтин пiсля iнкубацiї з наночастинками
протягом 24 години показали, що: вмiст загальних кадгеринiв у плазматичнiй мембранi не
змiнюється; зменшується вмiст кальретикулiну в цитоплазмi та збiльшується вмiст
поверхневого кальретикулiну на плазматичнiй мембранi; зменшується вмуст вiльного та
пов’язаного з бiлками кальцiю в цитоплазмi;суттєво збiльшується ступiнь спiвлокалiзацiї
поверхневого кальретикулiну та кадгеринiв плазматичної мембрани. Запропоновано
можливий механiзм зниження ступеню адгезiї наночастинками
Keywords: hepatocytes, nanocrystals, adhesion, calcium, calreticulins.
Ключові слова: гепатоцити, нанокристали, адгезія, кальцій, кальретикуліни.
Rare-earth elements have been of great interest to researchers over the last decades due to
unique physicochemical properties. Spherical nanocrystals of GdVO 4: Eu3+ with a diameter of
1-2 nm were synthesized in the Nanocrystalline Materials Department of the Scintillation
Materials Institute, Kharkiv, Ukraine. The ability to penetrate cells and the autofluorescence
properties make them highly promising for using in visualizing or displaying the structural and
functional state of a cell. The problem constraining the using of nanocrystals in biomedical
researches is insufficient knowledge of their effect on subcellular structure and intercellular
adhesion. The main participants in the cell adhesion processes are cadherins involved in the
calcium and calreticulin regulation.
The aim of the work was to study the possible mechanisms of the effect of gadolinium
orthovanadate nanoparticles (GdVO4:Eu3+, d = 2-3 nm, spherical) on cadherin-dependent
intercellular adhesion.
The results of the study of cells after incubation with nanoparticles for 24 hours showed
that: the content of total cadherins in the plasma membrane does not change and the content of
surface calreticulin on the plasma membrane increases; the content of free and protein-bound
calcium
in the cytoplasm decreases; the degree of colocalization of surface calreticulin and plasma
membrane cadherins significantly increases. A possible mechanism for lowering the degree of
cell-cell adhesion by nanoparticles has been proposed: the nanoparticles activate the calcium
transport system from inside the cell (probably calcium ATPase) and the calreticulin-dependent
response to stress, as a result of which the calreticulins transported to the plasma membrane,
where it is colocalized with cadherin and probably competitive inhibits calcium, which can lead
to inhibition of new cell-cell contacts and disruption of already formed.
We are heartily thankful to supervisors, Prof., Dr. Sc. Ye. Persky, Prof., Dr. Sc. Yu.
Maliukyn and Associate Professor Yu. Kot for their guidance during the experimental work.
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The metabolic state of human mesenchymal stromal cells as a part of three-dimensional
alginate microspheres
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Annotation: Метою даної роботи було дослідження метаболічного стану мезенхімальних
стромальних клітин (МСК) дерми людини у складі тривимірних альгінатних мікросфер
(АМС). Методи дослідження – культивування МСК, світлова мікроскопія, конфокальна
скануюча лазерна мікроскопія, комбіноване флуоресцентне фарбування, визначення
життєздатності клітин на підставі метаболічної активності шляхом проведення МТТ та
Alamar blue тесту, статистична обробка результатів. В результаті проведеної роботи,
розроблені та відпрацьовані умови для виготовлення АМС з твердим та рідким ядром.
Щільність клітин у АМС з твердим ядром значно менше, ніж у АМС з рідким ядром, в
яких МСК утворюють сфероїди. Життєздатність та метаболічна активність МСК у АМС з
твердим та рідким ядром нижчі, ніж ці показники в моношарі клітин, проте збільшується з
часом культивування.
Keywords: mesenchymal stromal cells, encapsulation, alginate microspheres, metabolic activity,
viability
Ключові слова: мезенхімальні стромальні клітини, інкапсуляція, альгінатні мікросфери,
метаболічна активність, життєздатність
Encapsulation of mesenchymal stromal cells (MSCs) into alginate microspheres (AMS) is a
promising area of biotechnology, tissue engineering and regenerative medicine. It is known that
MSCs in the composition of AMS over a long period of cultivation retain their unusual spherical
shape. Currently, the interest in technology of coaxial encapsulation (‘needle in needle’) allowing
to AMS with a liquid core is increasing. Herewith the study of the shape and properties of the
MSCs in the composition of these microspheres with a liquid core has remained relevant.
The aim of this work was to investigate the metabolic state of mesenchymal stromal cells of
the human dermis in the composition of three-dimensional alginate microspheres.
The experiments were performed with adult dermis MSCs following the written informed
consent of the donor in accordance with the recommendations of the World Health Association
Helsinki Declaration and in accordance with the requirements of the Ethics Committee. To
encapsulate into the AMS with a solid core the MSCs were mixed with 2% solution of sodium
alginate and afterwards with its following drop-by-drop introduction into a 2% solution of CaCl2.
AMS with liquid core were obtained by the method of coaxial encapsulation. As a solution for
forming the inner core, culture medium with a cell suspension was used. Polymerization of AMS
with a liquid core was carried out as described above for AMS with a solid core. The obtained
AMS were cultured under standard MSC conditions. The shape of AMS, as well as distribution
and localization of MSCs in them were assessed using light microscopy. The viability of MSCs
was estimated by combined staining with fluorescent dyes FDA/EB. The metabolic activity of
MSCs was determined using Alamar Blue (AB) and MTT test.
The main parameters for obtaining the AMS with a liquid core were determined. The
greatest influence on the structure of the formed AMS was provided by the speed of extruding
liquids. Part of the AMS with a solid core MSCs were uniformly distributed in the volume of the
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hydrogel and retained a spherical shape. The MSCs in the composition of AMS with liquid core
were distributed compactly and within 5 days of culturing, they formed cell spheroids.
The fluorescence intensity of FDA/EB staining on day 5 revealed that the cultivation of
most cells in the AMS composition with both solid and liquid core are viable. MSC spheroids in
the AMS also showed a green glow when stained with FDA/EB, indicating their viability. On the
first day after culturing cells in the composition of AMS with solid cores, in the presence of AB –
the accumulation level of its restored form was 23% lower than when culturing MSC in
monolayer. On the third day in the composition of the microspheres AB-accumulation level was
38% lower than when cultured MSC in monolayer. Nevertheless, the metabolic activity of the
encapsulated cells is still quite high. On the third day of cultivation of MSCs in the AMS, the
level of MTT recovery is 21% higher than the indicator obtained during cultivation on the first
day. MSCs in solid-core AMS were characterized by a stable metabolic activity throughout the
cultivation period, with a slight decrease of 5 days. While the metabolic activity of MSCs in the
AMS with the liquid core increased by about 27% by 3 days of cultivation. This indicator was
also maintained at the same high level and on the 5th day of cultivation, which indicates the
preservation of viability and metabolic activity of spheroids.
Thus, the conditions for the production of solid and liquid core AMS, as well as for
successful optimal encapsulation of MSCs, have been developed and tested. MSCs in AMS with
solid and liquid core have different localization and metabolic activity. The cell density in the
solid-core AMS is much smaller than in the liquid-core AMS, in which MSCs form spheroids.
The viability and metabolic activity of MSCs in AMS with solid and liquid core are lower than
these values in the monolayer of cells, but increases with cultivation time.
Special thanks to Yurii Kot at the V. N. Karazin Kharkiv National University and Alexander
Petrenko at the Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences.

Beneficial effect of melatonin on type 2 diabetes induced oxidative stress in rat brain
Hanna Pavlenko, Valeriya Kyrychenko
Department of Biophysics and Biochemistry, Oles Honchar Dnipro National University, Ukraine
e-mail: ganna1994pav@gmail.com
Annotation: Численні дослідження показали позитивний ефект прийому природного
антиоксиданту мелатоніну при окисному стресі, спричиненому різними захворюваннями.
В даному досліджені було оцінено нейропротекторний ефект лікарського препарату Вітамелатонін за умов довготривалої експериментальної гіперглікемії на основі результатів
дослідження показників окисного стресу, а також вмісту глюкози, лактату, пірувату,
холестеролу та тригліцеридів у тканинах мозку щурів. Отримані результати показали, що
терапія Віта-мелатоніном здатна значно послабити утворення продуктів перекисного
окислення ліпідів, сприяє відновленню активності ферментів антиоксидантного захисту,
що свідчить про можливий потенціал використання даного препарату у складі комплексної
терапії цукрового діабету.
Keywords: melatonin, oxidative stress, diabetes mellitus, brain damage
Ключові слова: мелатонін, окисний стрес, діабет, пошкодження мозку
Diabetes is a growing global problem what needs finding an effective medicine able to stop
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development disease as it`s possible. Oxidative stress arising in different tissues causes
pathological changes leading to development of diabetic complications (such as encephalopathy,
retinopathy, nephropathy et al.). Numerous studies showed beneficial effect of melatonin (Meng
et al. 2017) therapy on oxidative stress caused by different disorders. This study was performed to
assess neuroprotective effect of melatonin therapy in rats under experimental type 2 diabetes.
Adult male albino rats weighting 230-250g were randomly divided into 3 groups of 7 rats
each: control; rats with streptozotocin diabetes (STZD); STZD + Vita-melatonin (VM) 10 mg/kg
(STZD + M). The induction of diabetes was performed by a single intraperitoneal administration
of nicotinamide (Sigma-Aldrich, USA) at a dose of 230 mg/kg with next single intraperitoneal
administration of streptozotocin (Sigma-Aldrich, USA) at a dose of 65 mg/kg 15 min later.
Animals have been kept in plastic cages under standard conditions, all manipulations were carried
out in accordance with the rules of the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes” (1986). The blood glucose levels
were determined using glucose oxidase method (Trinder 1969). At the end of the experiment,
animals were anesthetized and sacrificed. 25 mM Tris of pH 7.4 was used to homogenate the
brain tissue (100 mg of tissue per 1 ml of buffer) for 10 min at 3000g rpm. Supernatant was
separated out for further study. The total protein concentrations were estimated using the
Bradford assay (1976). The thiobarbituric acid reactive substances (TBARS) content was
determined using TBARS assay (Esteraauer and Cheeseman 1990). The activity of superoxide
dismutase (SOD) was measured using superoxide depending quercetin oxidation method (Beyer
and Fridovich 1987). The catalase activity was measured using colorimetric method (Korolyuk et
al. 1988). The concentration of pyruvate and lactate was determined colorimetrically. The content
of cholesterol and triglycerides was measured using Liquick Cor® reagents. Results were
statistically analyzed using the one-factor dispersion analysis ANOVA. p < 0.05 was considered
significant.
There were no significant differences in levels cholesterol between groups. The results
showed reliable increasing of tissue glucose levels in STZD (p < 0.05) in comparison with
control. Triglyceride content was also increased in both diabetic groups, which means about
disturbance of lipid metabolism in diabetic brain.
There were no significant differences in concentrations of lactate between any of the groups.
Pyruvate content was non-significantly decreased in STZD group. Vita-melatonin therapy
markedly increased (p < 0.05) pyruvate content compared with that in diabetic rats without VMtherapy. The lactate/pyruvate ratio was significantly higher in the brain tissues of diabetic rats. It
means about increasing of pyruvate conversion in lactate dehydrogenase pathway, which may be
caused by hypoxia arising in diabetic brain.
Markedly increasing of TBARS (p < 0.05) content was detected in STZD group. It means
about increasing of lipid peroxidation (LPO) products in brain tissues, which cause impairment
cell membrane and its components. STZ-treatment caused reliable decreasing of CAT and SOD
activities (p < 0.01). Those changes may lead to significant elevation of reactive oxygen species
(ROS) productions and redox disturbance. The results means about the beginning of pathological
changes and oxidative stress development in rat brain.
Vita-melatonin treatment significantly decreased TBARS content (p < 0.05) in diabetic
brain, increased CAT (p < 0.05) and SOD (p < 0.01) activities in comparison with STZD group.
Thus, Vita-melatonin treatment is able to reduce oxidative stress development in brain after longterm hyperglycemia.
In conclusion, melatonin treatment counteracts oxidative stress development in brain under
diabetes mellitus type 2. Taking into account previous results of similar studies, it is the evident
that antioxidant therapy has huge potential as an effective anti-diabetic drug, in particular drugs
with melatonin as main component. Further research is necessary to study the influence of
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combined antioxidant treatment under hyperglycemia conditions.
The authors thank their scientific supervisor Svitlana Kyrychenko (Associate Professor,
PhD Oles Honchar Dnipro National University, Dept. Biophysics and Biochemistry) for her
guidance during the experimental work.
Meng, Xiao, Ya Li, Sha Li, Yue Zhou, Ren-You Gan, Dong-Ping Xu, and Hua-Bin Li. “Dietary
Sources and Bioactivities of Melatonin.” Nutrients 9(4):367. Accessed April 7, 2015.
doi:10.3390/nu9040367.

Impact of mechanical stress on gene expression and localization of structural proteins of
fibroblast cytoskeleton
Anna Polonska
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Annotation: В роботі досліджували рівень експресії генів та локалізацію структурних
білків цитоскелету фібробластів in vitro в умовах зовнішнього механічного напруження.
Було встановлено, що механічне напруження призводить до збільшення рівня експресії
генів, кодуючих структурні білки цитоскелету фібробластів (Acta1, Actb, Actg1, Vcl, Nexn)
та вмісту їх продуктів. Деформація фібробластів призводить до утворення стрес-фібрил αактину у клітинах та збільшення ступеню співлокалізації α-актину та вінкуліну у складі
центрів фокальної адгезії. Виявлені зміни можуть свідчити про механо-індуковану
реорганізацію цитоскелету фібробластів та трансформацію фібробластів у міофібробласти
під дією механічної напруги.
Keywords: α-, β-, γ-actin, vinculin, nexilin, stress fibers, focal adhesion
Ключові слова: α-, β-, γ-актин, вінкулін, нексилін, стрес-фібрили, фокальна адгезія
In the connective tissue mechanical stress is a constant factor that causes the rearrangement
of the matrix and changes in the structural properties of biopolymers. These modifications are
usually considered as an adaptation to changes in mechanical stress that have arisen in the tissue.
This is important for the tissues where the pulsatile tension is associated with a specific function,
such as in the lungs. At the same time, especially for lung fibroblasts mechanical strain is one of
the regulatory stimuli.
The aim of the study was to investigate the level of gene expression and localization of
structural fibroblasts in vitro in terms of external mechanical stress.
The lung fibroblasts of 2 months of age male rats were used for the study. The primary
monolayer was subcultured to generate the required amount of cells for research. Obtained pool
of the cells was frozen in the solution with 70% DMEM, 20% FBS and 10% DMSO, which is a
cryoprotectant.
A model of monoaxial deformation was used in the study, when the mechanical stretching
of the elastic substrate was transmitted to the cells cultured on it. The substrate stretching was
10% of its length.
The elastic substrate is an organic-compatible latex film with collagen adhesive coating.
Deformation was conducted at a special installation, designed at the Department of Biochemistry,
V.N. Karazin Kharkiv National University, which allows the observation of the cells cultured on
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the substrate. The installation was attached to the Olympus IMT2 inverted microscope table.
Analysis of gene expression was performed on DNA microarrays. Immunochemical
analysis was carried out using antibody-conjugated microarrays. ELISA microarrays and
Antibody Array Assay Kit kits (KAS20, Full Moon BioSystems, Inc., USA) were used for
analysis. The chips were scanned on the Affymetrix 428 confocal fluorescence scanner.
Mechanical extension of the elastic substrate with lung fibroblasts led to increase of genes
expression (Acta1, Actb, Actg1, Vcl, Nexn) encoding the structural proteins of the fibroblast
cytoskeleton. In addition, the content of corresponding structural proteins of the cytoskeleton (αactin 1, β-actin, γ-actin 1, vinculin, nexilin) was significantly enhanced.
Immunofluorescence analysis by confocal microscopy of the actin and vinculin colocalization area have shown that with mechanical deformation, the number of focal adhesion
centers increased substantially while α-actin was forming prolonged stress fibrils in fibroblasts.
The expression of extended fibroblasts α-actin isoform, atypical for non-muscle cells,
formation of stress fibrils and a substantial increase in quantity of focal adhesion centers may
indicate a mechanoinduced cytoskeletal reorganization and transformation of fibroblasts into
myofibroblasts under mechanical stress.
I am heartily thankful to supervisors, Prof., Dr. Sc. Ye. Persky and Associate Professor Yu.
Kot for their guidance during the experimental work.

Enzymes and lipid profile of the blood serum of Pelophylax ridibundus
under anthropogenic load
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Annotation: Досліджено вміст тригліцеридів, холестерину, ліпопротеїнів високої
щільності, активність ліпази та лужної фосфатази в сироватці крові Pelophylax ridibundus з
екосистем Дніпровсько-Орільського природного заповідника та з антропогенно
трансформованої екосистеми хвостосховищ промислової зони міста Кам’янське. Виявлені
значущі відмінності між показниками концентрації холестерину в сироватці крові жаб.
Особини з біотопів заповідника мали його більший вміст.
Keywords: marsh frog, lipase, alkaline phosphatase
Ключові слова: озерна жаба, ліпаза, лужна фосфатаза
Amphibians are considered reliable indicators of environmental quality, in particular due to
their biphasic life (aquatic and terrestrial) and semi-permeable skin (Falfushinska et al. 2008). In
addition, frogs are susceptible to environmental contaminants because the frog eggs are not
protected by an impermeable shell and their skin is water-permeable (Vogiatzis and Loumbourdis
1998). Pelophylax ridibundus Pallas, 1771 is an aquatic frog, which is widely distributed in the
Dnieper region (Bulakhov et al. 2007). Biochemical parameters of blood are known to be a good
indicator of an organism condition. The frog blood biochemistry under conditions of
anthropogenic pressure is still poorly studied.
The study was conducted on 10 adult P. ridibundus specimens, which were caught in
September 2019. Group I (n = 6) of frogs was collected in natural ecosystems of the Dniprovsko-
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Orilsky Nature Reserve. Group II (n = 4) – in the tailings dam of the industrial area of
Kamianske. Biochemical parameters of the blood serum were studied by standard clinical
methods. There were determined activity of lipase and alkaline phosphatase, concentrations of
triglycerides, cholesterol and high-density lipoproteins (HDL). We used nonparametric MannWhitney U test for comparative analysis of the studied groups (Statistica 12.0, Stat-Soft Inc.,
2013).
Cholesterol level in the serum increased 2.6 times in P. ridibundus of group I in comparison
with the group II (p < 0.05). The levels of lipase, alkaline phosphatase, triglycerides and HDL
were similar and did not have statistical differences.
Frogs’ food mostly consists of insects. High concentration of cholesterol in serum from
frogs of group I probably associated with a large amount of available food. Activity of lipase and
alkaline phosphatase in serum are markers of malfunction of pancreas and gallbladder
respectively. Both organs are important for digestion. Thus, we can assume two interpretations of
the results obtained: both amphibian groups may have digestive disorders or anthropogenic load
in the tailings dam of the industrial area of Kamenskoe does not significantly affect the studied
parameters.
Acknowledgement. We would like to express our gratitude to the supervisor, Dr. V. Gasso,
Faculty of Biology and Ecology, Oles Honchar Dnipro National University.
Bulakhov, V. L., Gasso, V. Y., & Pakhomov, O. Y. (2007). Biologichne riznomanittya Ukrainy.
Dnipropetrovs'ka oblast'. Zemnovodni ta plazuny (Amphibia et Reptilia) [Biological Diversity
of Ukraine. The Dnipropetrovsk region. Amphibians and Reptiles (Amphibia et Reptilia)].
Dnipropetr. Nat. Univ. Press, Dnipropetrovsk (in Ukrainian).
Falfushinska, H. I., Romanchuk, L. D., & Stolyar, O. B. (2008). Different responses of
biochemical markers in frogs (Rana ridibunda) from urban and rural wetlands to the effect of
carbamate fungicide. Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology, 148(3), 223-229.
Vogiatzis, A. K., & Loumbourdis, N. S. (1998). Cadmium accumulation in liver and kidneys and
hepatic metallothionein and glutathione levels in Rana ridibunda, after exposure to
CdCl2. Archives of environmental contamination and toxicology, 34(1), 64-68.

Effect of GdVO4:Eu3+ nanocrystals on the functional state of hepatocytes mitochondrial
translocase TIM23 in vitro
Yehor Yehemberdinov, Dmytro Andrieiev
Department of Biochemistry, School of Biology, V. N. Karazin Kharkiv National University,
Ukraine
email: egemberdinov01gmail.com
Annotation: Метою дослідження було вивчення впливу нанокристалів GdVO 4: Eu3+ на
функціональний стан мітохондріальної транслокази TIM23 гепатоцитів щурів in vitro.
Виявлено, що інкубація гепатоцитів з нанокристалами GdVO 4: Eu3+ викликає зниження
мембранного потенціалу на внутрішній мітохондріальній мембрані та зменшення
функціональної активності транслокази TIM23 цієї мембрани. При цьому кількісних змін
білку TIM23 не зафіксовано.
Keywords: hepatocytes, nanocrystals, mitochondrial translocase, TIM23, cytotoxicity
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Ключові слова: гепатоцити, нанокристали, мітохондріальна транслоказа, TIM23,
цитотоксичність
Nanocrystals have been widely used to solve the problems of biology and medicine. They
are used to detect, isolate and concentrate significant small bio-objects, create highly sensitive
biosensors, and to develop new approaches to the cancer treatment. GdVO4:Eu3+ nanocrystals
change the fluorescence spectrum as the oxidation state changes around them, and in cells are
accumulated on the surface of mitochondria. The major disadvantage of most nanocrystals is their
contradictory oxidant effect. Therefore, using as probes in vitro and in vivo it is needed to conduct
complex studies, particularly, how these nanocrystals affect the mitochondrial membrane.
The aim of the study was to investigate the effect of GdVO 4: Eu3+ nanocrystals on the
functional status of the rat liver mitochondrial translocase TIM23 in vitro.
Rat hepatocytes were isolated for the study. Firstly, using the protein-specific antibodies
and HRP-conjugated secondary antibodies, chemiluminescent detection was used to measure the
translocase proteins of the inner membrane of mitochondria TIM23 of rat hepatocytes incubated
with and without nanocrystals. Secondly, the membrane potential of these cells was measured by
using JC-1 fluorescence probes. Thirdly, localization of the transcription factor ATFS-1 was
determined by transfection of a plasmid into it. Which, in turn, expresses the chimeric сherry
protein ATFS-1, and as a result, it was suggested that TIM23 located on the inner mitochondrial
membrane. Fluorescence studies were performed by confocal microscopy (Olympus FV10iLIV).
Fluorescence intensity measurement and co-localization analysis were performed using Olympus
cellSence Dimension software.
Incubation of hepatocytes with GdVO4: Eu3+ nanocrystals was found to cause a decrease in
membrane potential at the inner mitochondrial membrane and a decrease in the functional activity
of the TIM23 translocase of this membrane. However, any quantitative changes in TIM23 protein
were revealed.
We are heartily thankful to supervisors, Prof., Dr. Sc. Ye. Persky and Associate Professor Yu. Kot
for their guidance during the experimental work.
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Neuraminidase blockade leads to alterations of neural excitability and synaptic plasticity in
the rat hippocampus
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Анотація: Ми вивчили вплив блокатора нейраміндази NADNA на синаптичну
пластичність у клітинному шарі гіпокампа. Отримані дані показують, що блокада
нейрамінідази призводить до збільшення різних типів короткочасної пластичності (STP) у
шарі пірамідальних клітин та зниження рівня та ймовірності LTP при застосуванні. Ми
припускаємо, що в оброблених NADNA фрагментах відбувається підвищення ймовірності
вивільнення нейротрансмітера після синаптичної активації.
Key words: sialic acids, STP, LTP, neuraminidase, NEU, hippocampus,
Ключові слова: сіалові кислоти, синаптична активність, синаптична пластичність,
нейрамінідаза, гіпокамп
Polysialic acids (PSA) are widely distributed in neuronal tissue. Due to their position on the
outer cell membranes and anionic nature, PSA are involved in a multiple cell signaling events.
The level of sialylation is regulated by endogenous neuraminidase (NEU). Using the specific
blocker of NEU – N-Acetyl-2, 3-dehydro-2-deoxyneuraminic acid (NADNA) we show that
downregulation of NEU activity causes a significant increase in the level of hippocampal tissue
sialylation. In the present work we investigated effect of blockage of endogenous NEU on
synaptic plasticity in CA1 pyramidal cell layer of hippocampus.
Temporal lobe slices were prepared from Wistar rats aged postnatal day 19-21. Evoked
synaptic responses were elicited through a bipolar electrode placed in the Schaffer collateralcommissural pathway. Extracellular recordings were obtained from pyramidal cell layer CA1
region.
We examined the effect of bath application of NADNA on synaptic plasticity in cellular
layer of hippocampus. Analyzing mean and peak values of fPSP (field postsynaptic potential) in
control and NADNA-treated slices, we observed significant increase of both values in stratum
pyramidale. Data obtained shows that blockade of NEU leads to increase of different types of
short-term plasticity (STP) in pyramidal cell layer (Fig.1). We observed decrease of level and
LTP-probability in NADNA-treated. Our findings indicate that origination of LTP (long-term
potentiation) lead to E-S (EPSP-spike coupling) potentiation (also called facilitation) and
depression both in control slices and in NADNA-treated slices and there is no significant
difference (p-value > 0.05), (Fig.2). In addition, we show the increase of short-term depression
level due to polysialilation. Our findings demonstrate that neuraminidase blockade primes longterm depression and suppresses long-term potentiation of synaptic transmission in the rat
hippocampus. We propose that in NADNA-treated slices originate enhancement of transmitter
release probability following synaptic activation.

28

FMUB-2019, Kharkiv, Nov 27-29

Fig. 1. Comparative characteristics of short-term paired stimulation plasticity, hippocampal
pyramid layer in control (white squares) and after addition of NADNA (gray triangles)

Fig. 2. Probability of facilitation or depression occurring in the same synaptic pathway in
response to paired stimulation of pyramidal layer neurons under control conditions and
incubation with NADNA. The upper part of the figure illustrates the manifestation of responses to
the addition of paired stimulation at intervals of 25 ms (A) and 50 ms (B). The bar chart shows
the percentages of the probability of depression occurring at an interstimulus interval of 25 and
50 ms in control (gray bars) and incubated with NADNA (pink bars) sections, where
p-values > 0.05 (determined by the Fisher's exact test).
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Insulin amyloid fibrils as a scaffold for cascade energy transfer
Mykhailo Shchuka, Uliana Tarabara, Kateryna Vus, Olga Zhytniakivska
Department of Nuclear and Medical Physics, V.N. Karazin Kharkiv National University, Ukraine
e-mail: mikhail.shchuka@gmail.com
Annotation: У даній роботі проводилася оцінка можливості використання каскадного
індуктивно-резонансного переносу енергії для детектування амілоїдних фібрил інсуліну.
Для дослідження було обрано чотири флуорофори: тіофлавін T (ThT), 4диметиламінохалкон (ДМХ), а також два сквараїнових барвника, SQ1 та SQ4. Даний метод
продемонстрував високу чутливість до фібрилярного інсуліну та понижену вірогідність
псевдо-позитивного результату, що вказує на можливість його застосування in vitro
паралельно з класичним тіофлавіновим методом.
Keywords: cascade resonance energy transfer, 4-dimethylaminochalcone, fibrillar insulin,
squaraine dyes, Thioflavin T.
Ключові слова: каскадний резонансний перенос енергії, 4-диметиламінохалкон,
фібрилярний інсулін, сквараїнові зонди, тіофлавін T.
During the past decade, the phenomenon of Fӧrster resonance energy transfer (FRET) has
emerged as an extremely useful tool for retrieving information about molecular proximity,
orientation and conformation, as well as dynamics of macromolecules and molecular assemblies.
Due to the strong dependence of the energy transfer efficiency on the donor-acceptor distance,
FRET is particularly useful while determining the intramolecular and intermolecular distances on
a nanometer scale. Although conventional FRET systems consist of one donor and one acceptor
molecule, in recent years, use of multistep FRET has attracted much attention, inspired by the
natural photosynthetic systems containing several light-harvesting complexes that efficiently
transfer the absorbed energy between several chromophores (Buckhout-White et. al. 2016). The
energy transfer within multiple chromophore systems favours a cascade route, moving from an
initial donor chromophore through an intermediate donor onto a final acceptor chromophore.
Multistep FRET offers several advantages over one-step FRET: i) higher efficiency of long-range
transfer; ii) larger Stokes shift; iii) the possibility to detect interactions between molecules beyond
1-10 nm; and iv) extended excitation wavelength range for fluorescence lifetime measurements
(Saha et al. 2016). Remarkably, multistep FRET has been successfully employed for detection of
a specific type of protein aggregates – amyloid fibrils, which formation is involved in the
pathogenesis of Alzheimer’s disease, systemic amyloidosis, etc. More specifically, it was
demonstrated that amyloid-sensing potential of the classical amyloid marker, Thioflavin T, can be
reinforced by its implication as a primary donor in the two-step energy transfer process, creating
a background for application of amyloid nanostructures as a molecular framework for controlled
positioning of a multitude of chromophores communicating via the multi-step FRET in photonic
devices (Gorbenko et. al. 2019). To the best of our knowledge, a potential of amyloid-scaffolded
multi-step FRET remains poorly investigated. In view of this, the aim of the present study was to
assess the insulin amyloid-sensing potential of the three-step Förster resonance energy transfer
using the four-chromophore system containing a benzothiazole dye Thioflavin T (principal donor
D1), 4-dimethylaminochalcone (acceptor A1 for ThT and donor D2) and two squaraine dyes,
SQ4 (acceptor A2 for DMC and donor D3) and SQ1 (acceptor A3).
DMC has been found to enhance the fluorescence intensity of the final acceptor, SQ4,
excited at 440 nm (at the absorption maximum of the principal donor, ThT), in fibrillar insulin by
1.5 times, as compared to that in the absence of DMC, providing the evidence for the improved
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efficiency of FRET (Fig 1, inset). Furthermore, the resulted Stokes shift was 240 nm, as
compared to 45 nm for the fibril-bound ThT, suggesting that higher signal-to-noise ratio is the
advantage of amyloid fibril detection by multistep FRET. Assuming the occurrence of the
sequential FRET between the fluorophores, as well as the unrestricted and isotopic rotation of the
four dyes, the efficiency of energy transfer for each cascade pair was estimated from the
quenching of the donor fluorescence in the presence of acceptor. The resulted efficiencies were
40%, 60% and 30% for the ThT-DMC, DMC-SQ4 and SQ4-SQ1 pairs at maximal acceptor
concentrations in the presence of insulin fibrils, respectively, while negligible FRET occurred in
the intact protein.

Fig. 1. Overlap of the normalized donor emission (slanting lines) and acceptor absorption
(horizontal lines) spectra for the donor-acceptor pairs ThT-DMC, DMC-SQ4 and SQ4-SQ1.
Shown in inset is increase of SQ4 fluorescence in the presence of ThT at increasing concentration
of DMC.
The most pronounced distinctions between fibrillar and intact insulin were observed in the
3D spectra. Specifically, two intensive patterns centered at the emission wavelengths ~ 650 nm
(SQ4) and ~ 685 nm (SQ1) were revealed at the excitation wavelength ~ 440 nm in the insulin
amyloid aggregates. In turn, for the intact protein, barely noticeable patterns centered at the same
wavelengths, as well as more pronounced fluorescence intensities at the excitation above 550 nm
were present, suggesting the dominant impact of the direct SQ1 and SQ4 excitation on their
fluorescence responses. Furthermore, the calculated intermolecular distances were 2.4, 4.5 and
3.2 nm for the ThT-DMC, DMC-SQ4 and SQ4-SQ1 pairs, respectively, revealing different fibril
binding sites for the dyes. Quantum-chemical calculations and simple docking studies allowed us
to suggest SQ1, SQ4 and ThT, DMC binding to the wet and dry interface of the insulin amyloid
protofilament, respectively. The dye-protein complexes are likely to be stabilized by
hydrophobic, van der Waals, aromatic and electrostatic interactions. In summary, the above
technique can be employed for the detection and characterization of amyloid fibrils in vitro along
with classical ThT assay, allowing the improvement of the amyloid sensitivity and lowering the
probability of the pseudo-positive result. The applicability of multistep FRET for amyloid
visualization in vivo can be also tested by the involvement of a near-infrared fluorescent dye to
the cascade.
Supervisor Dr. Sc., Professor, Trusova V. M.
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The influence of the products of burning apple leaves of apple (Malus domestica L.) on the
processes of respiration and oxidative phosphorylation of mouse liver mitochondria
Olena Soika, Volodymyr Hrenukh
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Annotation: Спалювання листя у садах та парках є досить поширеним явищем утилізації
біоорганіки. Отриманий внаслідок спалення дим містить низку органічних сполук та
сполук важких металів. В першу чергу їхнього впливу зазнає печінка, як основний
детоксикуючий орган організму.
Keywords: mitochondria, oxidative phosphorylation; combustion products, apple house, mice
liver
Ключові слова: мітохондрії, окисне фосфорилювання; продукти горіння, яблуня домашня,
печінка миші
The experimental mice were kept for 10 minutes in an isolated volume containing the
combustion products of 50 mg of apple leaves or similar weight of filter paper.
Mouse liver mitochondria were isolated by differential centrifugation. The rate of oxygen
uptake was recorded using a polarographic cell assembled at the base of Clark electrode. The
incubation medium, oxidation substrate (α-ketoglutarate and succinate at concentrations close to
Km) and the mitochondrial suspension were sequentially added into the polarographic cell. Rate
of oxygen uptake was determined the by polarographic lines in the three metabolic states which
suggested by Chance and Williams (Chance 1955).
The primary polarographic data were analyzed using the MitoDancer program. The
probability of difference between the compared groups was determined by Student's t-test.
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As a result, it was found that the products of combustion of filter paper statistically
significantly reduced the respiration rate of mitochondria in the 4 metabolic state (“recovery”),
and reduced the respiratory control of Lardi for the oxidation of α-ketoglutarate. At the same
time, the combustion products of apple leaves of the house apple statistically significantly
increased the respiration rate of mitochondria in the 2 metabolic states (“rest”), and decreased the
respiratory control of Lardi for the oxidation of α-ketoglutarate. At the oxidation of the succinate,
no statistically significant changes were found under experimental conditions.
Chance, Britton, and Williams Georg 1955. “Respiratory enzymes in oxidative
phosphorylation. The steady state” The Journal of Biological Chemistry 217: 409–427
GitHub “MitoDancer: Small project for polarographical study”. Accepted October 18.
https://github.com/grenuh/MitoDancer

Competitive binding of the novel trimethine cyanine dye with europium coordination
complexes
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Annotation: В даній роботі проведено порівняння результатів використання нового
триметинового барвника АК3-5 у якості конкурентного ліганду для протипухлинних
препаратів, координаційних комплексів європію (КЄ), в системах, що містять РНК та ДНК.
Аналіз спектрів флуоресценції показав високу спорідненість АК3-5 до нуклеїнових кислот,
причому ступінь взаємодії з одноланцюговою РНК був нижчий, ніж з подвійною спіраллю
ДНК.
Keywords: RNA, DNA, Europium coordination complex, antitumor drug, association constant,
trimethine cyanine dye
Ключові слова: РНК, ДНК, координаційний комплекс європію, протипухлинний препарат,
константа асоціації, триметиновий ціаніновий барвник
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Interaction with nucleic acids is one of the key mechanisms of biological action of a wide
range of drugs. DNA is the primary target of anticancer drugs and antibiotics, so a great deal of
scientific efforts is directed at researching the interaction between drugs and nucleic acids. These
days, various powerful methods are used to monitor the interaction of drugs with DNA and RNA,
including fluorescence spectroscopy. This method is based on a tremendous increase in
fluorescence emission upon the dye binding to DNA or RNA with subsequent loss of
fluorescence resulted from the dye displacement by the drug and it is particularly promising due
to its high sensitivity (Adamcik and Mezzenga 2012; Dobson 2017). Recent studies showed that
cyanine dyes can be used effectively for the screening of the interactions of drugs with DNA.
These dyes exhibit high affinity for double-strand nucleic acids and a huge increase in emission
upon binding to DNA that is a significant advantage of using this class of fluorophores. The sharp
increase in fluorescence is originated from the loss of mobility around the methine bridge
between two heterocyclic fragments due to the dye interaction with nucleic acids (Hedge and Rao
2007).
The aim of the study was to investigate the binding of a new trimethine cyanine dye referred
to here as AK3-5, to nucleic acids in the presence and absence of anticancer drugs, and to
compare the interaction of the dye with DNA and RNA. Materials used in the study included: i)
calf thymus DNA and yeast RNA; ii) the Eu (III) coordination complexes, referred to here as V7,
V9, and V10, and the trimethine cyanine dye AK3-5.
The measurements were performed by LS-55 spectrofluorimeter at 20°C using 10 mm pathlength quartz cuvettes. Cyanine dye fluorescence spectra were recorded in the range of 620 to 800
nm with excitation at 600 nm. Fluorimetric titrations were performed by maintaining a constant
concentration of the dye, while changing the concentrations of DNA and RNA. In the case of dye
displacement studies, a solution containing AK3-5 and DNA or RNA was titrated with increasing
concentration of Eu (III) complexes. The binding of AK3-5 to nucleic acids was investigated by
fluorescence spectroscopy. It appeared that AK3-5 had a slight fluorescence in the buffer with the
emission peak at 640 nm. When the dye was added to the nucleic acid solution, the fluorescence
intensity sharply increased by 42 a.u, for the dye-DNA complex, and only by 4 a.u. for the dyeRNA complex, as compared to that of the dye in buffer. Furthermore, no shifts of the AK3-5
emission maximum was observed in DNA, while the binding of the fluorophore to RNA induced
a bathochromic shift ca. 10 nm. Comparing the fluorescence enhancement in DNA and RNA
solutions, one can conclude that the affinity of the AK3-5 dye is higher for double-stranded
nucleic acids than that for single-stranded ones. Moreover, due to the shifted position of the AK35 fluorescence maximum in the presence of RNA compared to that in DNA, it can be assumed
that AK3-5 is surrounded by a more polar environment in single-stranded nucleic acids. This
observation led us to suggest the different mode of binding of AK3-5 to single- and doublestranded nucleic acids. The thermodynamic parameters of AK3-5 binding to nucleic acids were
determined using the McGee and von Hippel models. The AK3-5 association constant with RNA
was 0.34×104 М-1, which corresponds to “partial intercalation”, that is, electrostatic binding. In
turn, the value of the dye association constant with DNA was 5.0×104 М- 1 that is similar to the
values of this parameter for well-known intercalators. Upon addition of the Eu coordination
complexes to the AK3-5‒DNA system, the fluorescence intensity decreased, while the magnitude
of this effect depended on the structure of the complexes. The decrease in fluorescence of AK3-5
in the presence of V7 and V9 was most likely caused by competition between the cyanine dye
and antitumor drugs for DNA-binding sites. To quantify the drug-DNA interaction the Langmuir
adsorption model was used, revealing the binding constants 0.051μM-1 and 0.39 μM-1 for V7 and
V9, respectively. It was not possible to obtain the realistic value of the association constant for
the AK3-5‒DNA system in the presence of V5 and V10. The decrease in AK3-5 emission in the
presence of V5 and V10 was more pronounced and presumably caused both by competition for
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the DNA-binding sites of the dye and Eu (III) complexes, and by the quenching of the dye
fluorescence by anticancer drugs. The same behavior of the fluorescence spectra of the RNAbound AK3-5 was observed in the presence of Eu (III) complexes. The gradual decrease in AK35 fluorescence intensity in the presence of V7 and V9 is presumably caused by competition
between the dye and antitumor drugs for RNA-binding sites. The binding constants obtained
according to the Langmuir model were 0.051 μM-1 and (0.53-0.58) μM-1 for V7 and V9,
respectively. The magnitude of the AK3-5 fluorescence decrease was more pronounced for V5
and V10, as compared to V7 and V9, most likely due to the same reasons as observed for DNA.
In summary, this study was focused on the possible applications of a new trimethine cyanine dye
AK3-5 as a competitive ligand for drugs in systems containing DNA and RNA. As a result, the
dye tendency to intercalate into DNA and to partially intercalate into RNA was revealed.
According to the results of this study, we can conclude that AK3-5 is sufficiently effective for the
sensitive detection of nucleic acids, as well as for the analysis of competitive drug binding.
This work was supported by the Ministry of Education and Science of Ukraine (the Young
Scientist project № 0117U004966, project № 0119U002525, and the grant of the President of
Ukraine “Design of multifunctional drug nanocarriers based on the liposomes and protein
hydrogels”).
Supervisors Dr. Sc., Professor, Trusova V. M. and Dr. Sc., Professor, Gorbenko G.P.
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Selective blocking of S6K1 isoforms expression modulates migration activity of breast
cancer cells under effect of rapamycin and paracrine interaction with fibroblast in vitro
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Анотація: Кіназа 1 рибосомального білка S6 (S6K1) ‒ важливий регулятор низки
фундаментальних процесів життєдіяльності клітини. S6K1 представлена в клітині трьома
ізоформами, які експресуються за механізмом альтернативної трансляції ‒ p85-S6K1, p70S6K1 і p60-S6K1. Дана робота зосереджена на ідентифікації та оцінці значення окремих
ізоформ у регуляції міграції клітин раку молочної залози.
Keywords: S6K1 isoforms, migration activity, rapamycin, breast cancer cells, dermal fibroblasts
Ключові слова: ізоформи S6K1, міграційна активність, рапаміцин, клітини раку молочної
залози, дермальні фібробласти
The ribosomal protein S6 kinase 1 (S6K1) is a serine/threonine kinase of AGC family. Gene
S6K1 encode three protein isoforms generated by alternate ATG start site utilization: larger 85
kDa S6K1 isoform (p85-S6K1) which contains nuclear localization sequence, the most
extensively studied 70 kDa S6K1 isoform (p70-S6K1) and recent identified 60 kDa S6K1
isoform (p60-S6K1). The forth isoform p31-S6K1 has been characterized as a truncated type of
the protein due to alternative splicing and lacks most of the kinase domain. S6K1 is one of the
main effectors of mTOR (mammalian target of rapamycin) kinase, its activation absolutely
requires mTOR-mediated phosphorylation and specific mTOR-inhibitor rapamycin potently
blocks S6K1 activation by all known agonists. Through mTOR activity, S6K1 accept a diverse
array of upstream signals mediated by growth factors, mitogens, cytokines, amino acids, energy
and cell stress. These signals are converted by S6K1 in regulation of protein synthesis, ribosome
biogenesis, transcription, mRNA splicing, metabolism, survival and apoptosis, cytoskeleton
organization, cell proliferation and motility. Aberrant mTOR-S6K1 signaling associated with
various diseases, including cancer (Magnuson, Ekim, and Fingar 2012; Tavares et al. 2015; Kim
et al. 2009). However, understanding of molecular mechanisms of how S6K1 signaling
contributes to many of these pathological and physiological states and the real role of different
isoforms remains limited.
The aim of present work is to observe the effect of selectively blocked expression of
different S6K1-isoforms on migration activity, sensitivity to specific mTOR-inhibition and
chemoattractant stimulation of MCF-7 breast cancer cells.
Monolayer culture of MCF-7 cells, primary human dermal fibroblasts culture, their coculture, conditioned medium preparation, immunoblotting and classical scratch test assay were
used to perform this study. Our own original model was applied to adapt scratch test to co-culture
cancer cells and fibroblasts. Obtained data statistically analyzed using Students T-test.
Using scratch test assay it was evaluated migration activity of three genome edited by
CRISPR/Cas9 technology subtypes of MCF-7 cells with selectively blocked expression of S6K1
isoforms: p85-/p70+/p60+ (“F1”), p85-/p70-/p60+ (“F2”) and p85-/p70-/p60- (“F3”) and as
control ‒ standard MCF-7 cells expressing of all alternatively translated S6K1 isoforms ‒
p85+/p70+/p60+ (“MCF-7”). Using each of this four types of MCF-7 cells it was formed six
experimental groups: 1) intact cells (negative control – “C”); 2) cells treated by 10 nM rapamycin
(“R”); 3) cells treated by 20% fibroblasts conditioned medium (“CM”); 4) cells treated by both
CM and rapamycin (“CM+R”); 5) cells co-cultured with fibroblasts (“F”); 6) cells co-cultured
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with fibroblasts and treated by rapamycin (“F+R”). Results of tests represented on Figure 1.
Accordingly to obtained data the modification of S6K1 expression in MCF-7 cells significantly
changed the migration activity of these cells and their sensitivity to rapamycin and fibroblasts
influence. Blocked expression only of the longest p85-S6K1 isoform leads to decrease by onethird of MCF-7 migration activity and just a little inhibits the sensitivity to rapamycin and
fibroblasts CM. The most pronounced and diametrically opposite changes were detected for
MCF-7 with blocked p85-S6K1 along with p70-S6K1. Cells with limited expression of these two
isoforms demonstrate about three times elevation of migration activity and full insensitivity to
any of investigated factors. And, finally, limited expression of all alternative isoform in third
subtype of MCF-7 doesn’t significantly change migration activity but also makes cells insensitive
to rapamycin and CM. Only direct co-culture non significantly stimulates migration of such cells.
In addition, we also found that direct co-culture with fibroblasts promoted MCF-7 cell migration
more prominent than addition of fibroblasts CM (for sensitive subtypes).

Fig. 1. Migration activity of MCF-7 cells with selectively blocked expression of S6K1 isoforms
under treatment with rapamycin and fibroblast paracrine interaction (description in text). Data are
means ± SD; n = 3. *p < 0.05, **p < 0.01 (T-test vs correspondent control group for each
subtype: “MCF-7”, “F1”, “F2” or “F3”).
Presented work demonstrates that all known alternatively translated S6K1 isoforms,
including recently identified p60-S6K1 are involved in the regulation of migration activity of
breast cancer cells. While mechanisms of this involvement today require deeper investigations,
we found reasons to suppose that S6K1 isoforms may have opposite roles and functions in cell as
coordinated, highly balanced system. The observation that knockout of all three alternatively
translated isoforms in contradistinction to knockout of one or two of them do not changes
migration activity may suggests the primary importance of the ratio of S6K1 isoforms for cell
physiology. Specific insensitivity to rapamycin and fibroblasts-generated chemoattractants of
cells with p85/p70-S6K1-knockout may demonstrate mTOR-independent regulation of p60S6K1. Also, observed high activation of p85/p70-S6K1-knockouted cells motility and fully
insensitivity to extracellular treatment may be a marker of fundamental changes in cellular
homeostasis like a characteristic of epithelial-mesenchymal transition. Triggering of these
processes by p85/p70-S6K1-knockout may mean a deterrent role of one or both of these isoforms
in the mentioned cell events.
S6K1 is important regulator of MCF-7 breast cancer cell motility, its receptivity to
rapamycin and fibroblasts signaling. All known alternatively translated isoforms have impact in
motility regulation.
Acknowledgements. The authors would like to thank to our scientific supervisors Dr.
Antonina Khoruzhenko and Prof. Valeriy Filonenko.

Molecular and cell biology

39

Magnuson, Brian, Ekim, Bilgen, and Fingar, Diane. 2012. “Regulation and function of ribosomal
protein S6 kinase (S6K) within mTOR signalling networks.” Biochem J. 441:1-21.
Tavares, Mariana, Pavan, Isadora, Amaral, Camila, Meneguello, Letícia, Luchessi, Augusto,
Simabuco, Fernando. 2015. “The S6K protein family in health and disease.” Life Sci. 131:1-10.
Kim, Doyil, Akcakanat, Argun, Singh, Gopal, Sharma, Chandeshwar and Meric-Bernstam,
Funda. 2009. “Regulation and localization of ribosomal protein S6 kinase 1 isoforms.” Growth
Factors. 27:12-21.

Study of the effect of stromal cells on the locomotor properties of human breast carcinoma
cells using coculture model in vitro
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Annotation: Оцінка впливу дермальних фібробластів людини як клітин строми на опорнорухові властивості клітин карциноми молочної залози людини за використання моделі їх
співкультивування in vitro. Методи: 3-вимірова сфероїдна культура клітин MCF-7
(походить від раку молочної залози людини), моношарова культура дермальних
фібробластів людини, імунофлуоресцентний аналіз вмісту цитокератину, виявлення площі
розпластаних сфероїдів MCF-7 на адгезивний субстрат або моношар фібробластів з
використанням програмного забезпечення для аналізу зображень Fiji, виявлення
мітотичного індексу MCF-7 під впливом рапаміцину, статистичний аналіз. Виявлено
модулюючий вплив стромальних клітин на проліферацію та міграційний потенціал
пухлинних клітин за умов співкультивування in vitro.
Keywords: human fibroblasts, cocultivation, breast cancer, MCF-7 cell line, locomotor
properties
Ключові слова: людські фібробласти, співкультивування, рак молочної залози, клітинна
лінія MCF-7, локомоторні властивості
The ability to form metastases is a major problem of cancer development for host organism.
Recently, when study the growth and migration activity of malignant tumors, increased attention
is paid to the role of tumor microenvironment, namely stromal cells. Cancer-associated
fibroblasts (CAFs) are one of the most common types of stromal cells that have a significant
effect on cancer cells behavior. Earlier it was shown that CAFs were able to modulate the activity
of the mTOR signaling pathway, which is important regulators of tumor cell migration.
Aim of the study was to develop and adapt the coculture model to determine the effect of
human dermal fibroblasts on the locomotor properties of tumor cells in vitro using a method
based on the transformation of a multicellular spheroid in a monolayer colony. And also, to apply
this model for determination of the dynamics of cell migration and proliferation to evaluate the
effects of rapamycin, a specific inhibitor of the mTOR / S6K dependent signaling cascade.
We applied two of experimental conditions: outspreading of 3-dimensional spheroid culture
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of MCF-7 cells (originated from breast cancer) on growth surface and on monolayer of human
dermal fibroblasts. For both conditions, we applied immunofluorescence analysis of cytokeratin
content to differentiate fibroblasts and epithelial cells in coculture model and to detect epithelial
cells without cocultivation. Then we detected the area of outspreading MCF-7 spheroids on
adhesive substrate or fibroblast monolayer using image analysis software Fiji and detected MCF7 cell mitotic index under the influence of rapamycin for both experimental conditions. In
addition, statistical analysis was applied.
To unify the size, tumor cell spheroids were double filtered through filters with pore
diameters of 100 and 40 μm. A suspension of MCF-7 spheroids was placed onto adhesive
substrate or fibroblast monolayer to activate the locomotor properties of tumor cells. The area of
spheroids was measured in the presence/absence of rapamycin after 24, 48 and 72 h after
initiation of ourspreading. Also, the proliferation index was evaluated at the same time points of
tumor cell migration. It was shown that co-culture with fibroblasts significantly increased the
proliferative activity of human breast carcinoma cells. Also, the rate of tumor cell migration in
the presence of fibroblasts was higher in the proposed model of cocultivation. It was observed
that after 48 hours of incubation rapamycin decreased migration capacity of intact cells about
41.4%, but in case of co-culture with fibroblasts, the effect of rapamycin was abolished.
However, after 72 h of incubation MCF-7 cells cocultured with fibroblast at the presence of
rapamycin were spreading more actively then in other experimental conditions.
In presented work, we observed the modulating effect of stromal cells on the proliferation
and migration potential of tumor cells in co-culture in vitro model. It was shown a pronounced
influence of fibroblasts on the behavior of tumor cells under application of antitumor agents. It
indicates the necessity to take into account the tumor microenvironment for analysis of
effectiveness of anticancer drugs.

Morphometric analysis of ER exit sites in Reticulon mutant Saccharomyces cerevisiae
Yuliia Motrenko¹,²
1

Department of Cytology, Histology and Reproductive medicine, Taras Shevchenko National
University of Kyiv, Ukraine
2
Department of Integrated Biosciences, Graduate School of Frontier Sciences, University of
Tokyo
e-mail: motrenko.99@gmail.com
Annotation: Ця робота присвячена вивченню впливу делеції білків формуючих
ендоплазматичний ретикулум на активність аутофагії на модельному організмі
Saccharomyces cerevisiae.
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This research aims to find connections between autophagic activity and endoplasmic
reticulum (ER) at ER exit sites – ERES structure. By deletion of ER-shaping proteins Reticulons
1 and 2 (RTNs), Yop1p I changed morphological characteristics of ERES and observed them
using fluorescence microscopy before and after autophagy induction by rapamycin. Location and
distribution were detected with Sec13-GFP marker for ERES and Atg8-mCherry marker for
autophagy-related structures (ARS). Also with help of prApe1 overexpression system the length
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and shape descriptors of isolation membrane (IM) were measured to estimate the process of
autophagy. Using ImageJ software and R programming language PAS parameters were compared
between wild type and mutant yeast.
Triple deletion of ER-shaping proteins resulted in almost complete loss of tubular ER
network, which might led to abnormal ERES localization, and clustering in mutant cells. It is
worth noting that some of the ERES in mutant yeast showed very high level of fluorescence,
which may refer to, increased concentration of Sec13-GFP in these areas. This tendency was not
noticed in wild type. Significant difference occurred after rapamycin treatment in ERES shape,
size and number. Despite apparent changes in ER and ERES, autophagy induction in cells with
deletion ended with successful pre-autophagosomal structure (PAS) formation and localization,
even prolonged IM structures were detected. Statistical analysis showed that length of the IM did
not differ between wild type and mutants, meanwhile, the important feature of reticulon deficient
cells was absence of IM cup-shaped structures that were in wild type cells.
A

B

Fig. 1 ERES number in cell (A) and Isolation membrane length (Perimeter/2) (B) comparison
before and after autophagy induction
Results obtained during research imply that deletion of Reticulons and Yop1p that changed
morphometric parameters of ERES in Saccharomyces cerevisiae did not affect autophagic
activity. However, cup-shaped IM structures absence suggests that problems during later stages
of autophagosome formation might exist. To understand better ERES role during autophagosome
biogenesis this problem needs further investigation.
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Mariia Naumova1,2, Artem Tselikov1,3, Valeriia Smialkovska1,3
1

Institute of Molecular Biology and Genetics NAS of Ukraine1, Ukraine
2
ESC "Institute of Biology and Medicine", Taras Shevchenko National University of Kyiv 2,
Ukraine
3
Institute of High Technologies, Taras Shevchenko National University of Kyiv3, Ukraine
e-mail: maria27nm@gmail.com
Annotation: Робота презентує результати дослідження кандидата на звання нової ізоформи
кінази S6K1. Результати роботи показують дослідження впливу інгібітора регуляторного
комплексу mTORC1 на активність ізоформи d15в клітинах Vero.
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Ключові слова: ізоформи S6K1, mTORC1

S6K1 is a serine / threonine kinase of the AGC family that phosphorylates ribosomal protein
S6. The S6 kinase family is associated with the regulation of various cellular processes, which
include protein synthesis, homeostasis, cell growth and division. It has also been shown that
S6K1 is associated with pathologies such as cancer, obesity, aging, and diabetes. At the moment,
four isoforms of the studied kinase are known: p85 (long form), p70 (short form), poorly studied
p60, and proto-oncogenous isoform p31 truncated from the C-terminus. Therefore, the search for
other alternatively spliced isoforms was relevant. Indeed, in silico search using the UCSC
database revealed mRNA with deletion of the last 15th exon of S6K1 transcript correspondent to
protein with 74 amino acids deletion from the C-terminus. Results of PCR analysis of mRNA
from different cell lines and animal tissues, showed the presence of this form of mRNA in all
samples.
To confirm existence of this isoform at the protein level for Western blot analysis were used
following antibodies: anti-S6K1 N-term (first 120 amino acids of p70 S6K1, BD) antibodies, Cterminal polyclonal affinity purified antibodies (Savinska 2015) and phospho-Thr389 S6K1
antibodies from Cell Signaling. Using N-terminal antibodies, we detected a protein at 55 kDa
(p55). The use of antibodies to the C-terminal peptide, the sequence of which corresponds to the
15th exon S6K1, did not detect the presence of this isoform.
The level of p55 expression is very low in different cell lines, so we searched for a cell line
with the highest p15 isoform content. The Vero cell line (kidney epithelial cells from an African
green monkey) was selected as suitable for the study. In addition to increased expression of the
p55, these cells have very high resistance to various stress factors, even compared to human
malignant cells. It was found that the expression of p55 protein increased significantly under
various stressful conditions.
The regulatory complex mTORС1 mediates the phosphorylation of T389 S6K1 site, which
leads to its activation. The mTORC1 inhibitor is rapamycin, the effect of which leads to
inhibition of cell proliferation and protein synthesis. We treated Vero cells with rapamacin for 3,
24, and 48 hours. It can be seen from the results that p55, like p70, is sensitive to rapamycin when
treated for 3 hours. With prolonged exposure to rapamycin for 48 hours, the p55 form
accumulated and is strongly phosphorylated at T389, while p70 only restored the phosphorylation
status of this site compared to intact cells. We assumed that a high level of adaptive properties of
Vero cells might be related in part to the action of p55 S6K1 isoform.
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Kinase activity of the novel S6K1 isoform, p60-S6K1, and its regulation in cells
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ізоформами, через що у неї відсутній mTOR-залежний регуляторний сайтTOS-motif, який є
необхідним для регуляції активності S6K1 через PI3K/mTORC1 сигнальний шлях. У даній
роботі було досліджено кіназну активність p60 ізоформи та механізм її регуляції шляхом
фосфорилювання в клітинах HEK-293 та MCF-7.
Keywords: p60-S6 kinase 1 (p60S6K1), PI3K/mTORC1 signaling pathway, kinase activity,
regulation by protein phosphorylation
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S6 kinase 1 (S6K1) is a component of the PI3K/mTORC1 signaling pathway and takes part
in a wide variety of cellular processes, including cell growth, cell proliferation, protein and lipid
biosynthesis, cell survival and migration. S6K1 activity is induced in response to mitogens and
growth factors via multisite phosphorylation by the P13K/mTORC1 signaling pathway at three
crucial sites: activation loop (T-loop site), turn motif (TM site), and hydrophobic motif (HM site).
To date, several isoforms of S6K1 have been identified: p85-S6K1, p70-S6K1, p60-S6K1 and
protooncogenic C-terminal truncated p31- S6K1. Although both p85 and p70 isoforms are well
studied, knowledge about p60-S6K1 remains quite limited. Besides, overexpression of p60
isoform was observed in breast cancer cells (Kim 2009).
The aim of our study was to investigate kinase activity of p60-S6K1 and the mechanisms of
its regulation.
We utilized p85-/p70-/p60+ HEK-293 cells previously generated via CRISPR/Cas9
technology, which don`t express p85- and p70-S6K1 isoforms, but exclusively express the p60
isoform (Zaiets 2017). The in vitro kinase assay using immunoprecipitated p60-S6K1 and the
recombinant rpS6 revealed phosphorylation of typical S6K1 substrate rpS6 at Ser-240/244.
Then we studied p60-S6K1 regulation by phosphorylation in HEK-293 and MCF-7 cells
under different cell growth conditions. Analysis of p60-S6K1 phosphorylation in the specified
cell lines showed that p60-S6K1 does not undergo phosphorylation at PDK1- and mTORC1-
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regulated sites. In contrast, p60-S6K1 experienced the levels of phosphorylation at the PDK1and mTORC1-regulated sites comparable to that of major p85- and p70-S6K1 isoforms. Then, we
discovered that activity of p60-S6K1 does not respond to mitogenic stimulation and cell treatment
by the PI3K1/mTORC1dependent signaling pathway inhibitor rapamycin in HEK -293.
To summarize our data, the p60-S6K1 represents a kinase active isoform, and the
mechanism of its activity regulation is different from that of p70 and p85 isoforms, as well as
does not depend on the P13K/mTORC1 signaling pathway activation state in HEK-293 cells. In
addition, p60-S6K1 regulation appears to be cell type-specific, since the p60-S6K1 isoform
undergoes PDK1- and mTORC1-mediated phosphorylation in breast cancer cell line MCF-7.
Special thanks to Prof. Filonenko V. V. at the Institute of Molecular Biology and Genetics,
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Annotation: Штам Streptomyces roseochromogenes NRRL3504 з часу його першого опису в
1970 рр. відомий як продуцент єдиного антибіотика – амінокумаринової сполуки
хлоробіоцину. Аналіз генома цього штаму, однак, засвідчив присутність у ньому більше 40
кластерів генів біосинтезу вторинних метаболітів. У цій роботі, на основі структури генних
кластерів
та
даних
мас-спектрометричних
аналізу екстрактів
Streptomyces
roseochromogenes NRRL3504, ми спробували передбачити, які низькомолекулярні сполуки
крім хлоробіоцину може продукувати цей штам. Наш аналіз показав, що штам потенційно
може продукувати такі низькомолекулярні сполуки як амінобензойна кислота та гекса-одеканоїл-скілло-інозитол.
Keywords: Streptomyces roseochromogenes NRRL3504, genome, secondary metabolome, LCMS
Ключові слова: Streptomyces roseochromogenes NRRL3504, геном, вторинний метаболом,
LC-MS.
Pre-epidemic status in the treatment of multidrug-resistant infections causes a renewed
interest in discovery of novel antibacterial compounds. Around one-third of all antibiotics
currently in use are derived from the secondary metabolism of bacteria of the genus Streptomyces
(Baltz 2019). Analysis of the streptomycete genomes shows that they carry 20-40 biosynthetic
gene clusters (BGCs) for the various secondary metabolites. Only a small fraction of these BGCs
are expressed under laboratory conditions (here we refer to them as active gene clusters), while
the majority requires very specific conditions of induction (the so-called silent or cryptic BGCs).
Studies of cryptic BGCs is one way to access novel biologically active compounds (Abdelmohsen
et al. 2015).
For the last two years strain S. roseochromogenes (NRRL3504) is in the focus of our
research because it produces aminocoumarin antibiotic clorobiocin. However, sequencing of the
NRRL3504 genome revealed over 40 BGCs for diverse small molecules (Rückert et al. 2014).
None of these compounds was detected so far, pointing to the possibility that many (if not all)
BGCs within the NRRL3504 genome are cryptic. During the studies of genetic control of
clorobiocin production, we amassed in our laboratory a large set of mass spectrometry data on
NRRL3504. Here we decided to mine the LC-MS data for mass-peaks that have assigned
structure in the publicly available libraries of natural products. Then, using the knowledge of the
genetic organization of BGCs within NRRL3504 genome, we could associate the predicted
molecules with the genes for their production.
The antiSMASH search server revealed the BGCs for various isoprene-derived compounds,
ribosomally and nonribosomally produced peptides, polyketides, hybrid peptide-polyketides and
melanins. Most of the BGCs showed little or no similarity to known ones. Using the Global
Natural Product Social Molecular Networking service [https://gnps.ucsd.edu], HPLC-MS data of
NRRL3504 were inspected. The strain can potentially produce several low molecular weight
compounds, such as aminobenzoic acid and hexa-o-decanoyl-scyllo-inositol. Identification of the
other compounds is under investigation.
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Features of laboratory parameters of blood and urine in patients with various forms of
tonsillitis
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Annotation: тонзилітом називається загальне гостре інфекційне захворювання, при якому
місцеве запалення вражає лімфаденоїдну тканину різних мигдалин глотки. У результаті
експериментальних досліджень було виявлено, що гематологічні та біохімічні показники
периферичної крові у хворих на різні типи тонзилітів відрізняються. Так, аналіз показників
дав змогу визначити що гнійний тонзиліт – найбільш складний за своїм впливом на всі
органи людини та ускладненнями, а отже, має більший прояв за результатами аналізів.
Keywords: tonsillitis, purulent tonsillitis, laboratory diagnostics, biochemical parameters,
hematological parameters
Ключові слова: тонзиліт, гнійна ангіна, лабораторна діагностика, біохімічні показники,
гематологічні показники
Tonsillitis is a common acute infectious disease that young people usually suffer from. The
frequency of tonsillitis is second only to influenza, accounting for 3–7 % of all infectious diseases
(Windfuhr, Toepfner, and Steffen 2016).
Thus, tonsillitis is an urgent health problem that needs the attention of many specialists, and
in particular clinical laboratory workers, because the features of hematological and biochemical
parameters remain poorly understood (Klug, Rusan, Fuursted, and Ovesen 2016).
The purpose of the study was to investigate peripheral venous blood and urine indices in
people with follicular, purulent and lacunar tonsillitis.
The study material was obtained from 60 people aged 19 to 35 years, patients with various
forms of tonsillitis before and after treatment. The survey included 20 patients with follicular
tonsillitis (10 women and 10 men), 20 patients with purulent tonsillitis (9 women and 11 men)
and 20 patients with lacunar tonsillitis (8 women and 12 men). The control group (actually
healthy) was represented by 20 individuals (both sexes, mean age 29 ± 5 years). The studies were
conducted at the Zaporizhzhya Region Infectious Clinical Hospital.
Patients with lacunar tonsillitis before treatment, compared with the group of conditionally
healthy donors, have a statistically significant increase in ESR by 478 %, leukocytes by 142 %
and rod-nuclear neutrophils by 34 1% and a decrease in the relative content of lymphocytes by
17 %. After treatment, the normalization of most hematologic parameters compared to the control
is observed, except for the relative content of eosinophils, rod-core neutrophils and monocytes,
which are reduced by 45 %, 27 % and increased by 20 %, respectively. Thus, the ESR level
decreased by 83 %, the leukocyte count by 58 %, and the relative lymphocyte count increased by
26 %.
Patients with follicular tonsillitis before treatment, compared with the group of conditionally
healthy donors, found a statistically significant increase in ESR by 561 %, leukocytes by 211 %,
eosinophils by 32 % and rod-core neutrophils by 437 % and a decrease in the relative content of
monocytes by 35 % and segment levels 6 %. After treatment, normalization of most hematologic
parameters of peripheral blood is observed compared to the group of conditionally healthy
donors. Thus, the ESR level decreased by 84 %, the leukocyte level by 67 %, and the eosinophil
level by 24 % compared with pre-treatment rates. However, some indicators remain deviated
from those of the conditionally healthy donor group, so the relative content of lymphocytes and
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rod-derived neutrophils is increased by 17 % and 37 %, respectively, and the relative content of
monocytes and segments is reduced by 6 % and 13 %, respectively.
Patients with purulent tonsillitis before treatment compared with the group of conditionally
healthy donors found statistically significant increase in ESR by 533 %, leukocytes by 156 %,
rod-derived neutrophils by 163 % and a decrease in erythrocyte levels by 6 %, hemoglobin by
8 %, relative monocyte content by 20 After treatment, normalization of some hematologic
parameters of peripheral blood is observed compared to the group of conditionally healthy
donors. Thus, ESR has decreased by 86 % compared to pre-treatment levels and is now reduced
by 9 % compared to the group of conditionally healthy donors. The leukocyte level decreased by
60 %, the rod-derived neutrophils by 64 %, compared to pre-treatment parameters, the following
changes were observed in the leukocyte: lymphocyte level increased by almost 38 %, monocyte
level increased by 14 % eosinophils and segments decreased by 33 % and 18 %.
Patients with lacunar tonsillitis before treatment differ from virtually all biochemical
parameters of peripheral blood compared with the group of conditionally healthy donors. A
statistically significant increase in the level of thymol sample by 23 %, glucose by 34 % and a
decrease in total bilirubin level by 13 %, bilirubin direct by 15 %, ALT by 8 % and urea by 26 %
were found. In addition, C-reactive protein was detected in 15 % of patients. After treatment, the
normalization of the level of C-reactive protein is observed to 0 %, the glucose index, which
decreased by 24 %, other indicators remain deviated from the indicators of the control group.
In patients with follicular tonsillitis before treatment, there is a difference between the
biochemical parameters of peripheral blood compared with the group of conditionally healthy
donors. A statistically significant increase in glucose level by 34 %, thymol sample by 18 %,
ALT by 10 %., C-reactive protein is found in 40 % of patients. After treatment, the normalization
of most biochemical parameters of peripheral blood is observed. the level of C-reactive protein
normalized to 0 %, the level of thymol sample decreased by 15 %, ALT by 7 %, however,
although glucose levels decreased by 20 % after treatment, remains increased by 7 % compared
with the group of donors.
Patients with purulent tonsillitis before treatment differ from almost all biochemical
parameters of peripheral blood, compared with the group of conditionally healthy donors. A
statistically significant decrease in total bilirubin by 20 %, direct by 14 %, ALT by 25 %,
creatinine by 5 % and urea by 32 % and an increase in the level of thymol sample by 27 % and
glucose by 10 %, C-reactive protein available in 100 % of patients. After treatment, there is no
normalization of peripheral blood biochemical parameters, except for normalization of C-reactive
protein.
In patients with lacunar, follicular and purulent forms of tonsillitis, compared to
conditionally healthy donors, an increase in the number of peripheral blood leukocytes by 2.4, 3.1
and 2.6 times, ESR in 5.8, 6.6 and 6.3, respectively, times, in the leukocyte blood formula, the
increase of rod-nuclear neutrophils was 4.4, 5.4 and 2.6 times, respectively. After treatment of
patients with lacunar, follicular and purulent tonsillitis, most of these indicators did not differ
from those of the conditionally healthy donors, but deviations from the norm of leukocyte blood
formula were observed, namely: the content of lymphocytes, eosinophils, segments and sticks.
In the study of the biochemical parameters of blood of patients with lacunar, follicular and
purulent forms of tonsillitis, revealed the following changes of indicators, compared with
conditionally healthy donors: increase in the level of thymol sample by 23 %, 18 % and 27 %,
glucose level by 34 %, 34 % and 9 % respectively; in patients with lacunar and purulent
tonsillitis, urea levels were reduced by 26 % and 32 %, respectively. After treatment of patients
with lacunar and follicular tonsillitis, most biochemical parameters of blood did not differ from
the control, unlike patients with purulent tonsillitis, in which the level of bilirubin total, urea,
thymol sample and glucose remained elevated.
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According to the results of laboratory studies, purulent is the most dangerous among the
studied forms of tonsillitis. Therefore, it is primarily purulent tonsillitis that requires timely
diagnosis and appropriate correction.
Windfuhr, J., Toepfner, N., Steffen, G., Waldfahrer, F. and Berner, R. (2016). Clinical practice
guideline: tonsillitis II. Surgical management. European Archives of Oto–Rhino–Laryngology,
273(4), pp.989–1009.
Klug, T., Rusan, M., Fuursted, K. and Ovesen, T. (2016). Peritonsillar Abscess. Otolaryngology–
Head and Neck Surgery, 155(2):199–207.

Analysis of possible genotoxical effect of cerium salts and nanoceria on Drosophila
melanogaster embryogenesis
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Annotation: Метою даної роботи було дослідити генотоксичний вплив різнорозмірних
солей церію на ембріогенез Drosophila melanogaster. Для досліджень використано шість
дослідних зразків: два – з солями церію різного ступеня окиснення та чотири – з
різнорозмірними наночастинками (5.8 нм, 4 нм, 2.5 нм, 1.5 нм). Було показано чітку
кореляцію: що меншим є розмір частинки, тим меншим є її генотоксичний вплив на
ембріогенез.
Keywords: nanoceria, nanocrystalline ceria dioxide, embryogenesis, genotoxicity
Ключові слова: нанодисперсний діоксид церію, ембріогенез, генотоксичність, домінантні
летальні мутації
In recent years, nanotechnology has become the main focus of biomedical research. Various
nanomaterials are already in common use as components of targeted drug delivery, tissue
engineering systems, sensor and diagnostic devices, luminescent and magnetic biomarkers etc.
Nanocrystal line ceria dioxide (NCD) is a novel and very promising material in modern
biomedicine due to its unique and auspicious chemical and physical properties. It is proven that
NCD has explicit antibacterial, probiotic, antiviral, UV-shielding, antioxidant, and antitumor
effects, which provide a vast number of possible applications (Watson and Zhao 2013;
Shcherbakov et al. 2019).
The aim of our research was to analyze genotoxic effects of various-sized ceria particles on
Drosophila melanogaster embryogenesis. D. melanogaster (Oregon-R) flies were separated into
eight groups: six were fed with six different ceria solutions and two were used as control groups.
The following ceria samples were used: two solutions of cerous salts with different degrees of
oxidation: Ce(III) – 0.01M water solution of the CeCl3·7Н2О salt, and Ce(IV) – 0.01M water
solution of the (NH4)2Ce(NO3)6; and four water ceria sols: CNDs-190 – ceria sol (size ~4,0 nm),
synthesized by a modified method (Kuchibhatla et al. 2012), which contain the highest fraction of
cerous ions among others; CND-190 – cerium dioxide nanoparticles (size ~5.8 nm), synthesized
by O.S. Ivanova (Kurnakov Institute of General and Inorganic chemistry RAS) as an aqueous
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0.01M sol (Ivanov et al. 2010); CND-zan – small positively charged electrostatic-stabilized ceria
nanoparticles (size ~2,5 nm) (Shcherbakov et al. 2017), which contain ceric ions only. In addition,
CND – ultra-small negatively charged citrate-stabilized ceria nanoparticles (size ~1.5 nm) (Ivanov
et al. 2010), which contained a high fraction of cerous ions. The control groups were fed on
regular semolina and on semolina with 0.1M water citrate solution.
From the first-generation of flies ceria-influenced, males and virgin females that were
growing up on regular semolina were collected. They were left for breeding and egg-laying on
agarose culture medium, colored with activated carbon. Medium was changed four times every
36 hours and all the eggs were analyzed 48 hours after every medium change. During the analysis
we were looking for embryos with dominant lethal mutations (DLM): unfertilized eggs
(transparent, with no embryo inside), eggs with early-embryonic lethal mutation (semitransparent with white regions) and eggs with late-embryonic lethal mutations (colored darkyellow or brown), normal-looking eggs were counted into the equation as well (fully white).
The level of DLMs between eggs of Ce(IV) and Ce(III) flies was extremely high with more
than 45% of defective eggs observed. The further results have shown direct correspondence
between ceria particle size and the amount of genotoxic effect it causes. The highest level of
DLMs between ceria-influenced flies was observed for eggs from CND-190 flies, showing 3040% positive deviation from the control results. For CNDs-190 the deviation was around 6-7%,
which can be interpreted as a medium toxic effect. On the other hand, for CND-zan and CND
embryos were shown deviations for not more than 2.5% from the control groups. The most
common manifestation of DLMs (over 60%) was appearance of unfertilized eggs. Lateembryonic lethal mutations were observed only for 15 embryos.
Research work completed within the framework of the project: “Development of
biocompatible bone and skin implants and the use of electromagnetic radiation of the optical
spectrum to optimize regeneration processes”.
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The influence of electromagnetic radiation from physiotherapy apparatus of A. Korobov
"Barva-Reflex" on some adaptation components of Drosophila melanogaster
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Annotation: Метою даної роботи було дослідити вплив електромагнітного
випромінювання оптичного діапазону спектра різної довжини хвилі фізіотерапевтичних
апаратів Коробова А. «Барва-Рефлекс» на Drosophila melanogaster. Оцінювали такі
показники пристосованості,
як
життєздатність,
плодючість
та
локомоторну
активність личинок. Так, дослідні групи, які були опромінені інфрачервоним (940 нм),
червоним
(630
нм),
жовтим
(590
нм)
та
зеленим
(565
нм)
світлом, перевищували контрольні
по
всіх
показниках пристосованості,
що
досліджувались. А ось у групах які були опромінені синім (470 нм) та фіолетовим (430 нм)
показники пристосованості були нижчими навіть за контрольні групи.
Keywords: electromagnetic radiation, viability, fertility, locomotor activity
Ключові слова: електромагнітне випромінювання, життєздатність, плодючість,
локомоторна активність
All the diversity of life on our planet has arisen evolved and now exists thanks to the
continuous interaction of various environmental factors. Most of these factors are of
electromagnetic nature. The main source of natural electromagnetic radiation is sunlight. Light is
an important environmental factor that constantly affects living organisms throughout their life.
In addition, its intensity can change the adaptive abilities of living organisms (Shostal and
Moskalev 2013). Of particular interest to us is the study of the effects of electromagnetic
radiation in the visible spectrum. Especially its therapeutic wavelengths and exposure, which are
used in medicine.
The purpose of our work was to study the effect of various ranges of the visible
electromagnetic spectrum used in the apparatus of Korobov A. "Barva-Reflex" for phototherapy
for some adaptive signs.
The wild-type Canton-Special (C-S) line of Drosophila melanogaster Meig. was used as a
model object. Animals were obtained from the collection of the Department of Genetics and
Biotechnology, Ivan Franko National University of Lviv. The components of adaptation in this
study analyzed the locomotor activity of the larvae, fecundity and viability of individuals. The
locomotor activity of the larvae was assessed by the height of their rise above the level of the
medium for pupation. The fecundity of the line was defined as the average number of puparia in
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the offspring from one pair of parents. In the experiment there were 20 variants, each variant had
three replications. In each test tube for the study was deposited on one pair of individuals for
crossing. Affect electromagnetic radiation started on the second day after jigging. Two groups
were control. One all the time was in constant darkness. Another in conditions of 12 hours of
daylight. Other groups were additionally irradiated with different wavelengths of the visible
spectrum of electromagnetic radiation. A. Korobov “Barva-Reflex” monochromatic photonic
devices were used: infrared light – 940 nm, red light – 630 nm, yellow light – 590 nm, green light
– 565 nm, blue light – 470 nm and violet light – 430 nm. Irradiation with these ranges was carried
out in three variants – once a day. Irradiation time – 15 minutes; power density was 5 mW/cm2;
energy dose density of irradiation – 4,5 J/cm2. Exposed in strictly the same time: in the morning,
at lunch and in the evening. Only parental individuals were irradiated for 7 days. The total
number of descendants at the pupal stage was taken into account. Mortality at the pupal stage was
assessed by the number (in percent of the total number of puparia) that did not emerge at the time
of completion of the release period of puparia in the progeny from one pair of parental
individuals. The viability of the lines was determined by the number of adults – descendants of 1
pair of individuals (Kaydanov 1979).
The results of a study of the locomotor activity of larvae when irradiated with different
wavelengths of electromagnetic radiation in the optical spectrum showed a significant increase in
this indicator for infrared, red, yellow and green light, this indicator was higher than the control .
In addition, for blue and violet there was no significant difference. The results of a study of the
influence of various wavelengths in the optical spectrum range, regardless of the time of daily
treatments on fertility and viability, showed that treatment with infrared and red light
significantly increases the number of individuals surviving both at the pupal stage and at the
maturation stage. However, yellow light basically increased the pre-imaginal mortality of
Drosophila melanogaster. In this case, to understand such mortality, it is necessary to conduct
additional research. Infrared, red and green light – increased the level of fertility and vitality. An
interesting result was shown for the blue and purple versions of the study; here we observed a
decrease in survival both to the pupal stage and to the stage of adult flies.
Thus, the infrared and the red light has a stimulating effect on the adaptability indicators,
besides its impact significantly accelerated the life cycle of the insects under study, so the
beginning of pupation occurred 48 hours earlier, and the release of the imago 30 hours earlier in
comparison with the control and other options experiments, but the irradiation with blue and
violet light, on the contrary, led to the inhibition of the development of Drosophila melanogaster,
more than a day in comparison with the control. Our data are consistent with the results obtained
by other scientists (Navrotskaya, Salov, and Shahbazov 2004). On the other hand, the stimulating
effect of red light may reduce the lifespan in the future. Thus, according to the theory of spent
soma (Solovev, Shaposhnikov, and Moskalev 2018), the reproductive function and the rate of
aging are inversely related, which can be one of the reasons for the decrease in life expectancy
with an increase in reproductive activity. The increase in motor activity and, as a result, the speed
of metabolism and thermogenesis of the fruit fly with constant illumination reduces the body's
energy reserves and longevity. In addition, the high lethality of Drosophila melanogaster pupae
when exposed to light with wavelengths of 378 nm, 430 nm or 470 nm, which belong to the
"blue" region of the spectrum, possibly caused oxidative stress (Solovev, Shaposhnikov, and
Moskalev 2018). This fact explains the increase in pre-imaginal mortality in flies in our study.
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Annotation: використовуючи асиметричну полімеразну ланцюгову реакцію напрацьовано
одноланцюговий фрагмент ділянки злиття генів bcr/abl, що утворюється в результаті
хромосомної транслокації та експресує білок BCR/ABL. Відомо, що білок BCR/ABL є
ключовим фактором у розвитку хронічного мієлоїдного лейкозу. Було оптимізовано
асиметричну полімеразну ланцюгову реакцію для підвищення виходу цільового фрагменту
та встановлений вплив SYBR Green на ефективність асиметричної полімеразної
ланцюгової реакції.
Keywords: chronic myeloid leukemia, asymmetric PCR, single-stranded DNA
Ключові слова: хронічний мієлоїдний лейкоз, асиметрична полімеразна ланцюгова
реакція, одноланцюгові фрагменти ДНК
Nowadays, chronic myelogenous leukemia is quite common type of cancer. This is a
myeloproliferative disorder, which is characterized by a large number of defects in immature
granulocytes. It ranks third among all leukemias and accounts for about 20% of blood cancers
(Makolkin and Ovcharenko 2012). A key pathogenetic factor in the development of this disease is
the BCR/ABL protein expressed by the bcr/abl hybrid gene. The formation of such a gene occurs
as a result of chromosomal translocation between 9 and 22 chromosomes. Today, CML is treated
with protein kinase inhibitors. However, this method leads to drug resistance and necessity to
develop new generation treatments (Xin et al. 2010).
Polymerase chain reaction is a method of molecular biology widely used in scientific and
medical-diagnostic practice. Today, there are many modifications to this method, including an
asymmetric polymerase chain reaction that makes it possible to obtain single-stranded DNA
fragments. This is achieved by the unequal ratio of primer concentrations in the reaction. When
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the limiting primer is depleted, synthesis of single-stranded DNA fragments begins (Gyllensten
and Erlich 1988). Single-stranded DNA fragments are also called aptamers. Research is being
conducted on the use of aptamers in cancer diagnosis, treatment, use as biomarkers, and drug
delivery (Tan et al. 2011). Obtaining a single-stranded fragment of the bcr/abl gene fusion region
by asymmetric polymerase chain reaction is interesting for the development of new methods for
the diagnosis of CML.
The aim of the study was to optimize the asymmetric polymerase chain reaction conditions
to obtain a single-stranded fragment of the bcr/abl gene fusion site.
The optimization was performed according to the following parameters: annealing
temperature of the primers, DNA template concentration, concentration of magnesium chloride,
molar ratio of the primers and the number of reaction cycles. According to the results of
densitometric analysis of DNA electrophoresis images, the reaction becomes more effective at the
primer annealing temperature equal to 63ºC, 7 ng of DNA template and 1 mM magnesium
chloride concentration, at the concentration of the sense primer 20 pm and the antisense 1 pm, for
40 reaction cycles. During the optimization of the asymmetric reaction, it was found that singlestranded products are emerge only in the presence of SYBR Green. The effect of SYBR Green on
the producing of single stranded DNA fragments compared to DMSO and ethidium bromide was
tested. Densitometric analysis of electrophoresis photographs showed that single-stranded
fragments were formed in the reaction with DMSO, but in significantly smaller quantities than in
the reaction with the presence of SYBR Green. Reaction with ethidium bromide failed to amplify
desired region. The effect of SYBR Green on the reaction was compared to SYBR Safe. Reaction
that contained SYBR Safe produced more double-stranded DNA fragments, although singlestranded fragments were also available in small quantities. This shows that SYBR Safe has
similar although less pronounce effect on ssDNA amplification comparing to SYBR Green.
It can be concluded that SYBR Green has some influence on the formation of singlestranded DNA fragments in asymmetric reaction. There is very limited information in the
literature on how intercalating dyes can affect PCR performance. It is likely that certain
thermodynamic parameters change leads to the stabilization of single-stranded fragment
amplification, which doesn`t occur in the absence of SYBR Green. Our findings improve
understanding of key factors for optimizing asymmetric PCR and show the role of intercalating
dyes as enhancers for single-stranded DNA amplification. The obtained single-stranded DNA
fragments corresponding to the fusion region of bcr and abl genes will be used as a substrate to
the complementary DNA probe that was attached to semiconducting biosensor.
Makolkin, V. and Ovcharenko, S. 2012. Internal diseases. Textbook. Moscow: GEOTARMEDIA
Xin, A., Tiwari, A. K., Sun, Y., Ding, P. R., Ashby, C. R. and Chen, Z. C. 2010. “BCR-ABL
tyrosine kinase inhibitors in the treatment of Philadelphia chromosome positive chronic
myeloid
leukemia:
A
review”.
Leukemia
Research
34:1255–1268.
DOI:
10.1016/j.leukres.2010.04.016
Gyllensten, U. B. and Erlich, H. A. 1988. “Generation of single-stranded DNA by the polymerase
chain reaction and its application to direct sequencing of the HLA-DQA locus”. Proc Natl
Acad Sci USA 85:7652–7656. DOI: 10.1073/pnas.85.20.7652
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“Molecular aptamers for drug delivery”. Trends in biotechnology 29: 634-640. DOI:
10.1016/j.tibtech.2011.06.009
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New prognostic markers and their assessment in poor prognosis acute myeloid leukemia
patients with FLT3 mutation
Giedrė Skliutė, Aida Vitkevičienė
Department of Molecular Cell Biology, Institute of Biochemistry, Life Sciences Center, Vilnius
University, Lithuania
e-mail: giedre.skiauteryte@gmc.stud.vu.lt
Annotation: Експресія генів та некодуючих РНК, пов’язаних з проліферацією,
диференціюванням та епігенетичною регуляцією, впливають на виникнення гострого
мієлоїдного лейкозу, завдяки чому ці молекули використовуються в якості біомаркерів у
діагностиці та прогнозуванні. Наше дослідження передбачає, що гени WT1, KAT6A,
KDM6B, GATAD2A та miR-144-3p, miR-155-5p можуть бути маркерами для
спостереження діагнозу ГМЛ пацієнта, прогнозу та лікування.
Keywords: acute myeloid leukemia, prognostic markers, FLT3, microRNA
Ключові слова: гострий мієлоїдний лейкоз, прогностичні маркери, FLT3, microRNA
Acute myeloid leukemia (AML) is a heterogeneous group of neoplastic disorders with great
variability in the genetic and molecular basis of the pathology, as well as in response to therapy.
Cytogenetic abnormalities, particularly reciprocal translocations and gene mutations constitute
key events in AML pathogenesis (Grunwald and Levis 2013). Activating mutations in the FMSlike tyrosine kinase 3 (FLT3) gene result in survival and proliferation of leukemic blasts and are
associated with poor prognosis (Renneville et al. 2008). In recent decades, great efforts are being
made to predict the patient's response to existing and new drugs (Trino et al. 2018). In this
research, we aimed to assess the possible prognostic markers in AML patients with FLT3
mutation at the stages of diagnosis, treatment and remission by evaluating expression of genes
related to proliferation (P53, P21, WT1, MYC, TERT, E-CADHERIN, VEGFR3, PDGFRB,
TGFBR1, FGFR1) and epigenetic regulation (GATAD2A, KDM6B, KAT6A, DNMT1, HDAC,
EZH2). Also, we evaluated hematopoiesis-related miRNAs (miR-21-3p, miR-17-5p, miR-34a-3p,
miR-146a-3p, miR-155-5p, miR-451a, miR-144-3p) and long non-coding RNA H19 expression
changes and chromatin-modulating protein expression changes in cells of 10 AML patients with
FLT3 mutation.
In this study, the expression of certain genes related to proliferation, differentiation and
epigenetic regulation were examined by using RT-qPCR after standard treatment at the stages of
diagnosis, treatment and remission. The expression levels of selected miRNRAs related to
proliferation, differentiation and epigenetic regulation were determined by using custom TaqMan
miRNA assays and the expression of lncRNA H19 was examined by using RT-qPCR. Protein
analysis was performed using Western-Blot technique.
We demonstrated that cell cycle regulation (P53, P21) genes’ expression showed tendency
to increase in AML patients with FLT3 mutation who reached remission and the expression of
oncogene WT1 decreased, suggesting normalized cell proliferation. Moreover, in treatmentsensitive patients, we observed significant expression changes of genes involved in epigenetic
regulation (KAT6A, KDM6B, GATAD2A). There was a statistically significant increase in miR144-3p expression over the course of treatment in the recovered patients, whilst miR-155-5p
expression decreased. Examination of polycomb complex SUZ12, EZH2, histone modification
H3K27me3 and WT1 levels in cells of 4 AML patients with FLT3 mutation showed different
protein levels between treatment-sensitive and treatment-insensitive patient cells.
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Fig. 1. Gene and miRNA expression changes in AML patients with FLT3 mutation, * – p
value < 0.05
We suggest that expression analysis of cell cycle related genes (P53, P21), oncogene WT1,
epigenetic regulators’ genes (KAT6A, KDM6B, GATAD2A) and miR-144-3p, miR-155-5p might
be promising for observing AML patient disease treatment and prognosis.
Acknowledgements: we are heartily thankful to our supervisor Prof. Rūta Navakauskienė,
for guidance and Dr. Veronika Borutinskaite for consultancy during the development of this
research.
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Annotation: Метою дослідження було визначення нових неінвазивних біомаркерів на
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Average methylation level (%)

Renal cell carcinoma (RCC) is one of the most prevalent malignancies worldwide.
Lithuania is the 3rd in Europe according to RCC incidence and has one of the highest RCC
mortality rate in the world. This type of cancer can be histologically classified into several
subtypes, among which clear cell RCC (ccRCC) is the most common, accounting for 70–80% of
all kidney cancers (Mitchell et al. 2018). Each RCC subtype has different outcomes, for instance,
patients with ccRCC tend to have a worse prognosis than patients with other histologic subtypes
(Cheville et al. 2003). Therefore, we aimed to develop novel noninvasive biomarkers for early
RCC diagnosis and stratification into distinct disease subtypes.
In the present study, quantitative methylation-specific PCR was applied for the targeted
DNA methylation analysis of six potential biomarkers in 150 urine samples collected from RCC
patients and 90 samples from healthy individuals.
The results of our study revealed significant promoter methylation differences of four genes
in RCC group compared to healthy individuals (Fig.1). Also, we analyzed differences of DNA
methylation in patients‘ groups, divided according to different clinicopathological characteristics,
including histological RCC subtype. Biomarkers showed sufficient power to distinguish ccRCC
from other RCC subtypes. This is highly beneficial for improved individual risk assessment and
proper treatment selection.
1.5

RCC
Healthy

P < 0.0001

1.0
P = 0.0002

0.5

P = 0.0008

P < 0.0001

0.0
A

B

C

D

E

F

Fig. 1 Average DNA methylation levels of six genes (A-F) in urine samples from renal cell
carcinoma (RCC) patients and healthy individuals. Standard error of mean of each group is
shown on the graph.
In conclusion, our analysis revealed frequent RCC-specific promoter methylation of four
genes, which might serve as novel epigenetic biomarkers for RCC diagnostics. However, further
investigation is needed to validate the value of the proposed biomarkers.
I would like to express gratitude to my supervisor: director of the National Cancer Institute,
and head of the Human Genome Research Group of the Institute of Biosciences at Vilnius
University, Prof. Dr. (HP) Sonata Jarmalaitė.
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Peculiarities of the effect of caffeine on the variability of the heart rhythm of human
Daria Eriоmenko
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Ukraine
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Annotation: Досліджували вплив кавових напоїв на показники активності регуляторних
систем серцевої діяльності за методом варіабельності серцевого ритму, який оцінювали за
допомогою комп’ютерного комплексу CardioLab. Показано, що ефект гарячого кавового
напою обумовлений двома факторами: температурою напою та вмістом кофеїну. Під
впливом гарячої води збільшується активність нервової регуляторної системи серця та
пригнічується активність гуморальної системи. Збільшення концентрації кофеїну в
кавовому напої знижує ефект гарячої води на рівні парасимпатичної регуляції.
Пригнічення симпатичної ланки регуляції серця має зворотну залежність від концентрації
кофеїну.
Keywords: caffeine, heart regulatory systems, voltage level
Ключові слова: кофеїн, регуляторні системи серця, рівень напруги
There is a discussion about the chemical compound of caffeine and its effect on the
cardiovascular system. There is no single conclusion as to how caffeine affects the adaptability of
the regulatory mechanisms of the cardiovascular system. Some studies suggest that this chemical
compound leads to the activity of the parasympathetic division of the autonomic nervous system,
and some experiments prove the opposite: activation of the sympathetic division. In addition,
there are no quantitative characteristics of the effect of caffeine on the nervous system and
humoral.
The work is devoted to the study of the influence of coffee beverages on the activity of
regulatory systems of cardiac activity. Aim of the study: To find out quantitative characteristics
of the influence of different doses of caffeine on the activity and adaptability of the regulatory
mechanisms of the cardiovascular system.
The study was conducted on 20 students, aged 18 to 25 years. The experiment was
conducted in the laboratory of electrophysiological studies of the Department of Human and
Animal Physiology at the CardioLAB Electrocardiograph, XAI-MEDICA.
In the subjects of the experiment measured the values of HRV at rest (background test).
Then, the same measurements were performed after subjects drank 100 g of water at a
temperature of 40 - 60 °C. After rest (7-10 minutes), repeated background testing was performed.
After that, the experimenter drank either instant coffee or natural coffee (measurements were
made on different days of the experiment) at the same temperature. HRV was evaluated by an
orthostatic test.
Instant coffee is a drink containing at least 2.3% of Jacobs caffeine. 1.1 g of instant coffee
contains 0.253 g of caffeine, which was given 100 g of water. The temperature of the coffee
beverage is 40-50 °C.
Natural coffee is a drink made of natural ground coffee "Lviv Coffee". On average, Robusta
varieties contain 3% pure caffeine, in arabica 2%. Since in Lviv coffee the proportion of varieties
is 50/50, the estimated amount of pure caffeine in this mixture is 2.5%. In the preparation of this
type of drink was used 1.5 g of natural coffee contains 0.375 g of caffeine. The coffee was added
to boiling water (100 g capacity) brought to a boil and then kept at room temperature for cooling
to 40-50 °C.
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The following parameters were taken into account in the data processing, namely: voltage
index, (INSi) regulation process adequacy index (PAPR), total spectrum power (TP), high
frequency oscillations (HF), low frequency heart rate fluctuations (LF), very low frequency
oscillations (VLF). Data was processed in program "OriginPro".
The results of the processed data are shown in Figures 1-2. Based on these results,
conclusions were drawn. The influence of hot coffee beverages on the regulatory systems of the
heart is due to two factors: the temperature of the beverage and the concentration of caffeine.
Under the influence of hot water, the activity of the nervous regulatory systems of the heart
increases and the activity of the humoral system is suppressed. Suppression of the sympathetic
link of regulation of the heart has an inverse relationship with the concentration of caffeine.
Increasing the concentration of caffeine in the coffee beverage reduces the effect of hot water,
both at the level of parasympathetic regulation and at the level of the overall index of vegetative
regulation IN (Si).
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Fig.2 Influence of the use of instant and natural coffee on the overall HRV,
as a % of the influence of hot water
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Electroencephalographic correlates of divergent and convergent thinking in representatives
of various types of information perception
Anastasiya Fomichova
Department of Human and animal physiology, V.N. Karazin Kharkiv National University,
Ukraine
e-mail: anastasiafomichova1904@gmail.com
Annotation: Досліджували ЕЕГ кореляти дивергентного та конвергентного мислення у
студентів 1-4 курсів Харківського національного університету імені В.Н. Каразіна з
різними типами сприйняття інформації. Встановили, що у студентів з візуальним типом
сприйняття при виконанні творчих та логічних завдань домінує θ-ритм, тоді як β- і α-ритми
слабко виражені, а δ-ритм практично відсутній. При цьому найвища активність нейронів
спостерігалася на 3-й хвилині. У студентів з кінестетичним типом сприйняття β-ритм
переважає над рештою ритмів, індекс θ-ритм і δ-ритму становлять 20 % і 26 % відповідно,
α-ритм практично відсутній, а найвища активність нейронів відбувається на 5-й хвилині.
Keywords: EEG, visual type of information perception, kinesthetic type of information
perception, VARK
Ключові слова: ЕЕГ, візуальній тип сприйняття інформації, кінестетичний тип
сприйняття інформації, VARK
It is known that individual profile of information perception determines the speed of
information processing and quality of learning of students. Knowing of personal preferences in
the way of perceiving information allows the student to develop the most effective learning
strategies and achieve the highest level in academic success (Cуrdova 2015).
The purpose of this work is to study the change in the EEG rhythm indices in individuals
with different types of information perception when performing tasks requiring divergent and
convergent thinking.
Participants of the study 24 female students aged 17-22 were divided into four groups
according to VARK testing (Fleming 1992): Visual, Kinesthetic, Digital and Aural. Students have
also been evaluated for their tendency to divergent or convergent thinking (Sviderskaya 2011;
Sureyya 2014).
Multichannel EEG registration was performed on a NeuroCom device (KhAI MEDICA,
Ukraine) using 15 cup electrodes localized in accordance with a 10-20 system with a reference
electrode on the earlobe. When recording EEG, a monopolar method of potential removal was
used. The following functional tests were carried out: background samples lasting 1 minute with
open and closed eyes to assess resting EEG, and 2 samples lasting 12 minutes each when solving
problems requiring divergent and convergent thinking.
The background EEG of visuals and kinesthetics are significantly different: the θ rhythm
dominates in the visuals, the β- and α-rhythms are weakly expressed, the δ rhythm is practically
absent; in kinesthetics, the β-rhythm prevails over other rhythms, the θ-rhythm and δ-rhythm
index are 20% and 26%, respectively, and the α-rhythm is practically absent. The charts
presenting these correlations are given at Fig. 1. When performing a divergent task by visuals and
kinesthetics, a significant increase in β + α occurs at 3 minutes after the start of work, which
characterizes the high activity of neurons. When performing a convergent task, the maximum β +
α in kinesthetics is noticeable at 5 minutes compared to visuals in which the maximum is
observed for 1 minute. When performing a divergent task, a pronounced gradual increase in the
β-rhythm from 1 to 7 minutes is observed in visuals, whereas in kinesthetics, a pronounced
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increase is noticeable from 5 minutes. It can also be noted that the brain of visuals, when
performing divergent and convergent tasks, experiences significant metabolic stress, which is
dynamic in nature, while the brain of kinesthetics, when performing both tasks, reveals a low
level of general stress.
Background EEG

Divergent task

Convergent task

А. Visuals

B. Kinesthetics

δ - rhythm

Fig. 1. Changing the index of EEG rhythms in visuals and kinesthetics when
performing tasks of divergent and convergent type (1 min)

Scientific supervisor: Chugay T. A., Ph.D., assistant professor of Animal and Human
Physiology Department, Faculty of Biology, V.N. Karazin Kharkiv National University.
Cуrdova, Felisa M., Diaz, Hernan, Cifuentes, Fernando, Canete, Lucio and Palominos, Fredi.
2015. “Identifying problem solving strategies for learning styles in engineering students
subjected to intelligence test and EEG monitoring.” Procedia Computer Science. 55:18-27
Fleming, N and Mills, C. 1992. Not Another Inventory, Rather a Catalyst for Reflection, to
Improve the Academy. 11:137.
Yoruk, Sureyya and Runco, Mark. 2014. “The neuroscience of divergent thinking.” Activitas
Nervosa Superior.1-16
Sviderskaya, N. 2011. "The EEG Spatial Pattern and Psychophysiological Characteristics of
Divergent and Convergent Thinking in Humans” Human Physiology. 37(1): 31–38

Human and animal physiology

69

The correlations between chronotype, autonomic nervous system state, attention
concentration level and academic performance of the first-years students
Marharyta Makarova
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Ukraine
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Annotation: Досліджували вплив хронотипу, рівня уваги та стану вегетативної нервової
системи на академічну успішність студентів першого курсу біологічного факультету
Харківського національного університету імені В.Н. Каразіна у 2018/2019 навчальному
році. Між рівнем уваги, станом вегетативної нервової системи та рівнем успішності
визначено зв’язки середньої щільності, значущого впливу хронотипу на усі інші показники
за даних умов обстеження виявлено не було.
Keywords: chronotype, students, academic performance, autonomic nervous system
Ключові слова: хронотип, академічна успішність, студенти, вегетативна нервова
система
The range of different factors, including chronotype and general organism’s state, can
influence academic performance. It is commonly shown that morning type students get higher
scores, while evening type students perform worse (Enright 2017). According to Balbatun (2018),
high academic performance is associated with growing parasympathetic tone and morning
chronotype, low academic performance is associated with growing sympathetic tone and evening
chronotype, moderate academic performance is associated with balanced state of autonomic
nervous system and growing frequency of evening chronotype.
The research given was carried on during October and November 2018, 55 first-year
students of biological faculty of V.N.Karazin Kharkiv National University participated. Tests
were held on Wednesdays (as the day without laboratory classes and seminars) at 13:40 for each
group of students. The data about academic performance in the first year of study were collected
in June 2019, considering both autumn and spring semesters.
The following methods have been used: the morningness-eveningness questionnaire by
Horne and Östberg in modification by I.S.Stepanova (Степанова 1989), breath-holding test
(Черкасова 2010) and Burdon-Anfimov attention test (Андронникова та Заика 2011).
Firstly, all participants have been divided into two almost equal groups: healthy students
and students having chronical diseases. According to the chronotype, subgroups have been
defined. Only subgroups of neutral chronotype and mild evening chronotype have been
considered in this research as they were numerous enough.
The state of autonomic nervous system has been estimated as balanced for 75% of students
in each group except the students with chronical diseases and neutral chronotype (67%). Other
students have had the prevalence of the parasympathetic activity.
Among all subgroups, the attention concentration level has been estimated as high for 89%
of participants, as good for 7% of participants and as moderate for 4% of participants.
The average grade in the first semester is 3.8 for both healthy students with mild evening
and neutral chronotype, 3.6 for students with chronical diseases and mild evening chronotype and
3.8 for students with chronical diseases and neutral chronotype. The average grade in the second
semester is 3.7 for both healthy students with mild evening and neutral chronotype, 3.5 for
students with chronical diseases and mild evening chronotype and 3.4 for students with chronical
diseases and neutral chronotype.
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The correlation bonds have been estimated between students’ academic performance in both
semester of their first year, their chronotype, the state of autonomic nervous system in the
middle of the first semester and the attention concentration level. The schemes presenting
these correlations are given at Fig. 1.

1

2

3
4
Fig.1. The correlation bonds schemes: 1 – healthy students with mild evening chronotype,
2 – healthy students with neutral chronotype, 3 – students with chronical diseases with mild
evening chronotype, 4 – students with chronical diseases with neutral chronotype.
«+» – straight bond, «-» – reverse bond, «+» – low density (r < 0.4), «++» – medium
density (r from 0.4 to 0.7). «+++» – high density (r from 0.7 to 1.0)
The academic performance of the first-year students is influenced by the attention
concentration level and the autonomic nervous system state in the first semester in the majority of
groups. The statistically significant impact of chronotype on the academic performance has not
been found.
Enright, Tristan and Roberto Refinetti. 2017. “Chronotype, class times and academic
achievement of university students.” Choronobiol Int., 34,4:445-450.
Андронникова, Екатерина, и Евгений Заика. 2011. Методы исследования восприятия,
внимания и памяти: руководство для практических психологов. Харьков: ХНУ им. В.Н.
Каразина.
Балбатун, Олег. 2018. «Особенности организации цикла сон-бодрствование и успеваемости
у студентов с различным хронотипом.» Материалы научно-практической конференции,
Гродно, Январь 25-26.
Степанова, Светлана. 1989. Биоритмологические аспекты проблемы адаптации. Москва:
Наука.

Human and animal physiology

71

Черкасова, Вера. 2010. Методы исследования вегетативной нервной системы: метод.
Рекомендации. Пермь: Престайм.
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Annotation: В даній роботі досліджувалася здатність коней розрізняти вирази обличчя
людини одне від одного (радість, злість, смуток та нейтральне обличчя), що
транслювалися двома живими людьми, які проходили спеціальний тренінг за системою
FACS. Реакції коней оцінювалися за допомогою етограми та датчиків пульсу.
Ключові слова: кінь, вираз обличчя, частота серцевих скорочень, поведінка.
Keywords: pony, facial expression, heart rate, behavior.
Communication within a species is essential for group facilitation and social bonding; facial
expressions are considered to be an important factor in one’s ability to communicate with others.
Understanding how non-human animals perceive human facial expressions can improve crossspecies relationships. Evidence has shown that dogs and horses are able to distinguish positive
and negative facial expressions by observing photographs, however there is currently no research
on how facial expressions are perceived on a live human. This study investigated how ponies
(Equus caballus) distinguish facial expressions presented by live actors.
This study was approved by the University of Guelph Animal Care Committee (Animal
Utilization Protocol number: 4160) and complied with the Canadian Council on Animal Care
guidelines for the use of animals in research. Pony husbandry and care were under management
of the stable, Old Orchard Farm. The ponies used in this experiment were client-owned animals.
Twenty ponies (Equus caballus), of mixed breed and gender (10 geldings, 10 mares)
participated in the study. Their ages ranged from 6-25 years old (average 10.5 ± 5.9). Ponies were
housed and managed at the preference of the owner. All ponies had prior experience under
saddle; however, the level of experience with each pony varied from green (little experience) to
school (highly experienced). All ponies were accustomed to being handled by unfamiliar humans.
A 5x5m square enclosure inside an indoor arena familiar to the ponies was used for the
testing area. The pen was constructed in the corner of the arena using two 3.5m jumps. Two
orientations were used in this study to control for side biases. Video cameras were located on the
perimeter of the testing area. Prior to data collection, the ponies were subjected to a habituation
period of 10 minutes in the testing pen.
Two actors were selected for use in the experiment based on gender, ethnicity, and hair
color to ensure little variation between subjects: two Caucasian females with brown hair were
chosen. Prior to testing, actors underwent training in facial expression display. A research
student, in accordance with the Facial Action Coding System (FACS), instructed training sessions
to both actors. Training included an instructional manual describing facial action units in
accordance with specific muscle groups to use with each facial expression; joy, anger, sadness
and neutral.
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Each pony was exposed to each of four facial expressions in randomized order across two
actors. Both actors were unfamiliar to all ponies. Ponies were equipped with heart rate monitors
(Polar RS800, Lachine, QC) and baseline heart rate was recorded for 5 minutes prior to entering
the testing area. Video recording was initiated by the pony entering the arena.
Videos were uploaded and analysed retrospectively using BORIS (version 7.6, Torino,
Italy). To reduce subjectivity, two observers viewed all of the videos, with each focusing on
specific behaviours. Eye behaviours (left, right and binocular duration) were categorized as
duration sampling. Head height and ear orientation were categorized as interval sampling (every
second per minute). Latency to approach and first gaze were categorized as a point event. Oral
behaviours were categorized as total frequency.
Statistical analysis was carried out using SAS (version 9.4, Toronto, ON) where pvalues < 0.05 were considered significant.
Experimental results showed there was a significant difference between the first look in
comparison to the four facial expressions (F (3.129) = 3.86, p < 0.01). Anger had the highest
frequency of left eye look (68%) in comparison to sadness (48%), joy (33%) and neutral (48%).
Joy had the highest frequency of right eye look (66%) in comparison to sadness (37%), anger
(32%) and neutral (51%). There was no significant difference between first look and subject
(F (1.129) = 0.07; p < 0.79) or first look and experience (F (1.129) = 1.81; p < 0.18).
Ponies spent the most time looking with their left eye when exposed to anger (25.2 ± 44.1
sec; F (3.137) = 6.82, p < 0.0003) in comparison to joy (-21.9 ± 33.3 sec), neutral (-1.89 ± 42.62
sec) and sadness (1.51±34.4 sec) facial expressions.
Latency to approach was not significant across the four facial expressions (F (3.137) = 0.33;
p < 0.81). There was a significant difference between latency and the actor (F (1.137) = 4.83;
p < 0.03), ponies took longer to approach actor 2 in comparison to actor 1.
There was a significant difference in the occurrence of oral behavior (F (3.137) = 6.86,
p < 0.0002), ear orientation (F (3.143) = 0.25, p < 0.8610) and head height (F (3.153) = 0.15, p < 0.93)
across the four facial expressions.
There was no significant difference between heart rate and facial expressions
(F (3.137) = 0.20, p < 0.89). The average heart rate for horses exposed to the facial expressions;
anger (43.98 bpm), joy (43.95 bpm), neutral (43.663 bpm) and sad (44.48 bpm). There was a
significant difference between heart rate and experience (F (1.137) = 96.3, p < 0.0001). Ponies with
less experience (green) had a higher heart rate (56.1±2.55a bpm) in comparison to ponies with
more experience (school) who had a lower average heart rate (36.3±1.06b bpm).
In the current study, ponies presented with an angry facial expression exhibited a left gaze
bias (first look) and spent more time looking with their left eye in comparison to joy, neutral and
sadness. This provides evidence that ponies can distinguish human facial expressions and
perceive anger with the right hemisphere of the brain, indicative of processing negatively
valanced stimuli.
Supervisor – PhD, associate Professor of the Department of Animal Biosciences of the
University of Guelph, Katrina Merkies.
Rogers, L. J. 2010. Relevance of brain and behavioural lateralization to animal welfare. Appl.
Animal Behaviour Science, 127: 1–11.
Smith, A.V., Proops, L., Grounds, K., Wathan, J., & McComb, K. 2016. Functionally relevant
responses to human facial expressions of emotions in the domestic horse (Equus caballus). Bio.
Lett., 12: 1-4.
Wathan, J., Proops, L., Grounds, K., & McComb, K. 2016. Horse Discriminate Between Facial
Expressions of Conspecifics. Scientific Reports, 6:1-11.
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Features of the heart rate variability of polar explorers under the influence of general air
short-term cooling
Alona Vysokosova
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Annotation: У даній роботі представлені результати дослідження впливу короткочасних
холодових навантажень на адаптаційні процеси у полярників. Аналізувалися дані
варіабельності серцевого ритму до та після проходження процедури у кріосауні за
температурою -68 – -70° C. Отримані результати дозволяють зробити висновки про те, що
короткочасне холодове навантаження покращує процес адаптації полярників, які
готуються до зимівлі на антарктичній станції Академік Вернадський.
Keywords: cold adaptation, HRV, rehabilitation, polar explorers.
Ключові слова: адаптація до холоду, ВСР, реабілітація, полярні дослідники.
Polar expedition suggests explorers stay in extreme conditions for a long period of time. To
reduce the harmful effects of stresses to the human body explorers should undergo pre-adaptation
events. Whole body cryotherapy is the one of such events.
This paper proposes to use the whole body cryotherapy (WBC) to increase the speed and
efficiency of adaptation of Ukrainian polar explorers to wintering. Thus the main purpose of
study is determine features of the regulatory systems response of polar explorers to multiple
short-term total air cooling at a negative temperature using a method of heart rate variability
assessing during functional tests before and after exposure in a cryochamber.
WBC is the patient's stay in the closed chamber with a dry air environment at a temperature
of -68 – 70° C. The object of the study was the regulatory systems of the polar’s heart activity
that were preparing for wintering at the station Akademik Vernadsky. Patients were enrolled
before and after the procedure. The procedures from 1 to 5 were referential. Procedures were
carried out before and after wintering. The processing of the HRV results was conducted in
accordance with industry standards using an electrocartographical complex CardioLab. During
each procedure, such indicators as PAPR (parameter of adequacy of regulatory processes),
indicators of spectral analysis the power of the high frequency (HF), the low frequency (LF) and
the very low frequency components (VLF respectively), and on the basis of them – TP (Total
power – the total power of the spectrum, defined as the sum of power in the ranges HF, LF,
VLF), PARS (parameter of the activity of regulatory systems) were evaluated. As standard
functional loads that lead to activation of the regulatory mechanisms of the cardiovascular
system, a test with limited respiration and an active orthostatic test were used (figures 1, 2).
It is shown that for polar explorers comparing to apparently healthy patients, adaptation to
cold loads in a cryochamber has a number of characteristic features. This is manifested primarily
in the multistage reaction to short-term hypothermia. In the organism of polar explorers, this
mechanism seems to be re-implemented due to the long periods of wintering before the start of
the study. This effect manifests itself both at the level of general indicators of the regulatory
systems activity of the cardiac activity, and at the level of redistribution of the regulatory
mechanisms themselves. In addition, they significantly differ in ways of adapting to functional
loads. Apparently, this is due to the fact that among the investigated were divers.
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In conclusion, we have three main points. The response of regulatory systems of polar
explorers to five-time short-term total air loads at -68 – -70° C has a multistage character.
Cryogenic training leads to an increase in the adaptability of regulatory systems in polar explorers
to the cold influence. It is possible to use preliminary training in a cryosauna to change the
adaptability of polar explorers to cold in preparation for wintering.
Acknowledgments. The author is grateful to Associate Professor O. Nahlov for supervising
and supporting of the research.
А.В. Волотовская и др. 2010. «Криотерапия». учеб.-метод. пособие : 26
V. Babijchuk, V. Vasiliev,O. Nahlov. “Characteristic of the variability of the heart rate of polar
explorers under the influence of general air short-term cooling”. IX International Antarctic
Conference: Book of Abstracts. Ukraine, Kyiv, 14-16 May 2019, p. 202
Н. А. Агаджанян и др. 2012. «Физиологические и терапевтические аспекты экстремальных
общих воздушных криогенных воздействий». Экология человека: периодическое
издание, февраль 15-21
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Construction of plasmid for knockout of the adpA gene (XNR_4181)
in Streptomyces albus J1074
Oksana Borys
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv,
Hrushevskoho St. 4, Lviv 79005, Ukraine
e-mail: kcena3@gmail.com
Annotation: Ген adpA є одним з ключових регуляторів вторинного метаболізму і
морфогенезу, на його дослідження скеровано багато уваги, проте його дія у різних штамах
відрізняється. Наразі невідомо, які властивості має цей ген у Streptomyces albus J1074.
Тому ми сконструювали плазміду для нокауту гена adpA. Виявлено, що в отриманого
мутантного штаму S. albus adpA::hyg формування повітряного міцелію та спороутворення
відбувається дещо повільніше та менш інтенсивне ніж у дикого типу. В подальшому ми
плануємо краще дослідити вторинний метаболізм даного штаму.
Keywords: морфогенез, вторинний метаболізм, актинобактерії, adpA, Streptomyces albus
J1074
Ключові слова: morphogenesis, secondary metabolism, Actinobacteria, adpA, Streptomyces
albus J1074
Streptomyces albus J1074 is a model object and a convenient platform for the expression of
actinobacterial genes. It is a typical representative of the genus Streptomyces, which has optimal
growth characteristics. For J1074 there have been developed reliable genetic manipulation
methods. Interest in this strain is caused by the fact that it is able to express different heterologous
gene clusters for antibiotic biosynthesis. This research can lead to the discovery of new
antibiotics, which are now urgently needed to overcome antibiotic-resistant pathogens. Since
most Streptomyces species, including S. albus, show low production of their own secondary
metabolites under natural conditions, we need to find ways to increase the level of antibiotic
biosynthesis.
Regulation of antibiotic biosynthesis is coordinated with the life cycle of actinobacteria.
One of the key regulators of secondary metabolism and morphogenesis is adpA. The mechanisms
of regulation are well studied in S. griseus and S. coelicolor. The domain structure of the AdpA
protein has been established, the operator sequence it recognizes and the regulons have been
identified. Depending on the species, the sizes of the regulons vary, but they all include a huge
number of transcriptional units. AdpA, a central transcriptional activator, can be used as an
effective tool to activate cryptic gene clusters, as well as to manipulate the synthesis of secondary
metabolites by inducing mutations into the adpA gene. Since adpA acts differently in different
strains, it is necessary to explore its role in S. albus J1074.
In this work, we set ourselves the task of constructing a plasmid for the knockout of the
adpA (XNR_4181) gene in S. albus J1074. We managed to knockout adpA by inserting the
hygromycin resistance gene, hygR, into its coding sequence. The resulting mutant strain
S. albus adpA::hyg displays slower and less intensive formation of aerial mycelium and spores
than the wild type does. The degree of manifestation of this phenotype depends on the growth
medium. We complemented the mutant strain using plasmids pGM4181 (contains the full adpA
ortholog sequence – XNR_4181) and pGM4181d (AraC-HTH DNA binding domain of AdpA).
S. albus adpA::hyg pGM4181+ does not differ morphologically from the wild type. However,
S. albus adpA::hyg pGM4181+ shows increased level of synthesis of antibacterial and antifungal
compounds in comparison to the wild type.
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The next step of our research will be to check the genotype of S. albus adpA::hyg strain and
to study the production of secondary metabolites.
I would like to thank the supervisor, PhD Bohdan Ostash for his help and support in the
performance of this work.

Determination of restriction sites and selection of restriction enzymes of variable regions of
the ha, na, and np genes of the H1N1 and H7N9 subtypes of influenza A
Semen Buriachenko, Borys Stegniy
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Annotation: Вірус грипу А, на відміну від вірусів грипу В та С, заражає багато видів
ссавців та птахів і характеризується дуже значною мінливістю. Особливо мінливими є
поверхневі глікопротеїни віріона, гемаглютинін (НА) та нейрамінідаза (NA), а також
внутрішній нуклеопротеїн (NP). Метою даної роботи є визначення сайтів рестрикції та
вибір рестрикційних ферментів для генів гемаглютиніну, нейрамінідази та нуклеопротеїну
грипу A для подальшого розвитку методу швидкої діагностики та виявлення підтипів H1N1
та H7N9 PCR - RFLP.
Keywords: restriction sites, restriction enzymes, variable regions, H1N1, H7N9,
Ключові слова: сайти рестрикції, рестриктази, варіабельні локуси, H1N1, H7N9
Type A influenza virus is ubiquitous. Many species of mammals as well as human are
infected by this virus. Currently, influenza A viruses of subtypes H1N1 and H7N9. The influenza
A virus genome contains eight genes of negative RNA polarity. ha and na, which encode
hemagglutinin and neuraminidase, respectively, as is of high level of genetic variation.
Hemagglutinin and neuraminidase form surface piromeres of the virion and are the main targets
for antiviral antibodies (Allison, 2015). The properties of hemagglutinin attract the closest
attention of researchers. The evolution of the influenza A virus proceeds very quickly, therefore,
the paramount task of the researchers is the antigenic mapping of hemagglutinin of those
subtypes, as well as the identification of the characteristics of the antigenic structure (Bedford,
2014). To determine the subtypes of avian influenza A virus, it is necessary to analize the
variability of the hemagglutinin, neuraminidase and internal nucleoprotein genes. The aim of this
work is to identify restriction sites and select restriction enzymes for the studied genes for the
development of PCR - RFLP method for the rapid identification of influenza A subtypes H1N1
and H7N9. Materials and methods. Using the Vector NTI-11 program, the restriction sites of the
HA, NA, and NP genes of influenza A virus strains H1N1 and H7N9 were determined and the
corresponding restriction enzymes were selected (Table 1)
Table 1.
Restriction sites for ha, na and np genes of H1N1 and H7N9 strains of influenza A virus
1
2
3
4
Gene
Strain
Restriction site
Number of restriction sites of this
type
ha
H1N1
EcoR1
1
H7N9
Pstl
2
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BamHI
1
HindIII
1
EcoR1
1
ApaLI
1
na
H1N1
BamHI
1
Pstl
2
AvaI
1
H7N9
CIaI
1
EcoR1
1
np
H1N11
ApaLI
1
BamHI
1
HindIII
1
Ncol
1
H7N9
BamHI
1
AvaI
1
Pstl
3
1
restriction sites and restriction nucleotide sequence GU367320 of strain H1N1 are identical to
restriction sites and restriction enzymes of strain H7N9
Results and discussion. As a result of the study, were detected sites of restriction in ha, na
and np genes of H1N1 and H7N9 strains of influenza A virus. The ha and na genes of the H1N1
strain have only one restriction site, which makes it impossible to further use RFLP analysis for
rapid diagnosis of these strains by these genes. We obtained and used two types of Aval, Apal,
BamHl, EcoRI, Clal, Ncol, PstI, and HindIII restriction enzymes. Based on the selection of
restriction sites using VectorNTI-11, RFLP was performed – in silico analysis showed the
possibility of identification of strain H7N9 by ha, na and np genes and strain H1N1 by np gene.
An exception is the identification of strain H1N1, some samples of which are formed by RFLP
analysis using unique restriction sites in np gene with unique products’ sizes 49-50, 348-350,
592-599 bp, others – by fragments of 21, 39, 201- 203, 471- 480 bp, identical to the products of
RFLP analysis using well-restricted restrictase with strain H7N9. Visualization and identification
of RFLP products is performed by electrophoretic detection.
Allison A. B. Cyclic Avian Mass Mortality in the Northeastern United States Is Associated with a
Novel Orthomyxovirus.//A. B. Allison, J. R. Ballard, R. B. Tesh, J. D. Brown, M. G. Ruder,
M. K. Keel, B. A. Munk, R. M. Mickley, S. E. J. Gibbs, A. P. A. Travassos da Rosa,
J. C. Ellis, H. S. Ip, V. I. Shearn-Bochsler, M. B. Rogers, E. Ghedin, E. C. Holmes,
C. R. Parrish, C. Dwyerj//J Virol. – 2015. – № 89 (2). – P. 1389–1403.
Bedford T. Integrating influenza antigenic dynamics with molecular evolution/T. Bedford,
M. A. Suchard, P. Lemey, G. Dudas, V. Gregory, A. J. Hay et al. // Elife. – 2014. – Vol. 3. – P.
14-19.
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Influence of lucensomycin pathway specific lcm25 gene overexpresion on antibiotic activity
of Streptomyces strains
Maksym Deneka
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv, Ukraine
e-mail: deneka803@gmail.com
Annotation: На сьогодні цікавим є дослідження генів шлях-специфічних регуляторів
вторинного метаболізму у бактерій. Вивчення дії генів-регуляторів дасть змогу краще
зрозуміти біосинтетичні шляхи певних вторинних метаболітів, а також дізнатися, чи мають
вони вплив на активацію неактивних кластерів біосинтезу вторинних сполук. У цьому
дослідженні показано вплив гетерологічної експресії шлях-специфічного регулятора
біосинтезу люцензоміцину – гена lcm25 на вторинний метаболом деяких штамів
Streptomyces.
Keywords: Heterologous expression, lcm25 gene
Ключові слова: гетерологічна експресія, ген lcm25
Secondary metabolism of streptomycetes is dependent on various regulatory components.
Particulary, gene clusters for antibiotic production often contain a gene for pathway-specific
positive regulation. Pathway-specific regulators are subject to the control of globally operating
pleiotropic regulators. In some strains such pathway-specific regulators can impact other
biosynthetic pathways.
Previous studies have found that the lcm25 gene is a pathway-specific regulator of
lucensomycin biosynthesis in S. cyanogenus. Lucensomycin is a compound of the polyene
structure that has characteristic antifungal activity. We decided to study this gene through
expression in native and heterologous strains. As heterologous strains, we have chosen S. albus
SAM2 and S. roseochromogenes NRRL3504.
The corresponding recombinant strains were generated by the method of intergeneric E. coli
- Streptomyces conjugation. As a donor strain, we used E. coli WM 6026, which harbours lcm25
gene under a constitutive ermEp promoter within plasmid pTES25. The plasmid was transferred
into aforementioned strains.
We tested transconjugant strains for antifungal activity using the agar plug method.
Debaryomyces hansenii was used as a test culture. No significant changes in antibiotic activity of
recombinant strains of S. albus and S. roseochromogenes were observed in comparison with wild
type. It means that Lcm25 is unable to activate other clusters, such paulomycin or candicidin, or
cryptic clusters in S. albus and S. roseochromogenes. The recombinant S. cyanogenus (pTES25)
strain exhibits antifungal activity in contrast to wild type strain. This fact suggests that the lcm25
gene is indeed a pathway-specific regulator of lucensomycin biosynthesis, and its overexpression
leads to the activation of a cluster of this antifungal compound. It is interesting, that under
overexpression of lcm25 in S. cyanogenus S136 two antibiotics, landomycin and lucensomycin,
are acumulated simultaneously.
Further work with these strains will allow us a better understanding of the properties of the
lcm25 gene on the secondary metabolism of streptomycetes.
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Morphological and genetic characteristic of the “deformed eye” trait in a particular y f cho
Drosophila melanogaster substock
Hennadii Horenskyi
Genetics and Cytology Department, V. N. Karazin Kharkiv National University, Svobody sq. 4,
Kharkiv 61022, Ukraine
e-mail: horenskyih@outlook.com
Annotation: Був проведений генетичний та морфологічний аналіз ознаки «деформоване
око» у сублінії y f cho Drosophila melanogaster. Було встановлено, що експресивність
ознаки варіює від зменшення очної тканини до її надмірного розростання. Аналіз нащадків
низки насичуючих схрещувань дозволив зробити висновок, що: у використаних лініях
відсутні рецесивні Х-зчеплені летальні мутації, що виявляються в першому поколінні;
мутантний алель (алелі) рецесивний; в контролі ознаки «деформоване око» задіяні 2-3
гени, що характеризуються взаємодією типу полімерії.
Keywords:. morphological analysis, genetic analysis, non allelic genes, duplicate genes.
Ключові слова: Drosophila melanogaster, морфологічний аналіз, генетичний аналіз,
полімерія
The development of the drosophila eye is a convenient model system for research that
allows carrying out comprehensive studies of the processes of cell differentiation, cell movement,
programmed cell death (apoptosis), the interaction of evolutionary-conservative signaling
pathways, cell adhesion and regulation of cytoskeletal organization. Violations of these processes
in most cases lead to changes in the number of eye cells and/or their normal organization, which
leads to excessive growth of eye tissue.
The purpose of the study was to analyze the variability of the morphological manifestation
of the trait “deformed eye” in individuals of correspondent y f cho substock of Drosophila
melanogaster and to determine the type of the trait inheritance.
The subject of the study was Drosophila melanogaster
substock y f cho, which has a "deformed eye" (Fig. 1) and the wild
type Canton-S stock. The analysis of the "deformed eye" trait
showed that its expressivity varies from reduction of eye tissue to
its overgrowth. To analyze the inheritance of the variant studied, a
series of saturating and cross-saturating crosses was performed to
obtain individuals with "deformed eye" trait and the wild-type
Fig. 1. “Deformed
stock Canton-S genetic background.
eye”
phenotype
Analyzing the descendants from all the crosses, it was found
that the sex ratio in all cases meets the theoretical expectation,
namely 1 : 1.
From this we can conclude that there is no recessive X-linked lethal mutation, which can be
detected in the first generation. Based on the analysis of the first generation hybrids of a number
of saturating crosses, a conclusion was drawn about their uniformity that shows the recessive
nature of the mutant allele.
In the analysis of the offspring of the second generation, differences in phenotypic ratio
were found in reciprocal crosses, 15 (norm) to 1 (mutant) for cross M x CS (female is carrier of
the trait under study) and 63 (norm) to 1 (mutant) for the crossing CS x M (male is carrier of the
trait under study).
Such a result indicates the participation of several (2-3) genes in the control of the formation
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of the observed trait variant – "deformed eye". The studied genes interact. The most likely type of
interaction is duplicate genes (genes that are non-allelic, but their products perform the same
function).

Swiss cheese and potential gene interactors involved in the process of neurodegeneration in
Drosophila melanogaster
Mariia Horin
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv, Ukraine
e-mail: marja.gorn@gmail.com
Annotation: Ген swiss cheese (sws) дрозофіли є ортологом нейротоксичної естерази (NTE
або PNPLA6) ссавців, що бере участь у розвитку полінейропатії, викликаної впливом
деяких фосфорорганічних сполук. Щоб дослідити, у яких сигнальних шляхах залучений
білок SWS та клітинний механізм формування SWS/NTE-залежної нейропатії, необхідно
знайти гени-інтерактори гена sws. Наші дослідження показують, що кілька генів: Dl
(Delta), rl (rolled), ena (enabled), Lar (Leukocyteantigen-related-like), Gad1
(Glutamic acid decarboxylase 1), PlexB (Plexin B) та park певним чином взаємодіють з геном
sws.
Keywords: Drosophila melanogaster, swiss cheese (sws), neuropathy, neurodegeneration
Ключові слова: Drosophila melanogaster, swiss cheese (sws), нейропатія, нейродегенерація
Gene swiss cheese (sws) is a Drosophila melanogaster ortholog of human Neuropathy
target esterase (NTE or PLPLA6), a molecular target for the organophosphorus compoundinduced delayed neuropathy (OPIDN) (Lush et al., 1998; Johnson, 1969). SWS is a
transmembrane protein that hydrolyzes phosphatidylcholine (Muhlig-Versen et al., 2005). Loss of
its function causes age-dependent neurodegeneration, glial hyperwrapping, and neuronal
apoptosis and reduced insect life span (Kretzschmar et al, 1997). For better understanding the
cellular mechanism of SWS/NTE-dependent neuropathy formation our aim was to find genespartners of sws in order to clarify in which cell signaling SWS is involved in.
Based on in silico predictions and theoretical searching we selected 25 candidate genes that
can potentially interact with SWS. To verify their functional interactions with SWS in vivo, we
analyzed heterozygous animals with a reduction by one copy of the candidate gene in the sws
mutant background (sws1). We analyzed sws–related phenotypes: sensitivity to starvation and
brain tissue degeneration. To verify sensitivity to starvation 4-6 day-old flies were collected and
transferred to vials with control solution (10 % sucrose, 1 % yeast extract) or only water; during
next 6 days we counted dead flies. For brain tissue analysis we made paraffin sections of head
from 20 day-old flies. Histological preparations were analyzed on a fluorescence microscope
Olympus IX73 with the DP-74 camera (Japan) under green light. To quantify neuronal
degeneration we measured area of vacuoles in ImageJ (https://imagej.nih.gov/ij/) using the
threshold discrimination function. Statistics were performed using GraphPad Prism 7 (Graphpad
Software Inc., La Jolla, CA, USA). In the research of sensitivity to starvation we used log-rank
test to estimate statistically significant difference and one-way ANOVA with a Dunnett's post-test
in research of vacuole measurement.
For screen we used analysis of specific sws-phenotypes: sensitivity to starvation, and brain
tissue degeneration. We expected a significant rescue or reduce or intensified phenotype. This
gives us reason to believe that products are interact physically or functionally and are involved in
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a same signal path. Our analysis showed that several genes: Dl (Delta), rl (rolled), ena (enabled),
Lar (Leukocyteantigen-related-like), Gad1(Glutamic acid decarboxylase 1), PlexB (Plexin B) and
park show genetic interactions with sws. Research showed that heterozygous flies for rl, Lar and
ena were resistant to nutrition deprivation (starvation) and could partially rescue sws phenotype.
To compare brain degeneration we focus on a specific region – lamina and medulla, where
sws-phenotyp is more specific. Vacuoles were measured as a percentage of the total area. We
have seen insignificant reduced degeneration: heterozygous flies for Gad1, PlexB in medulla and
park in lamina (Fig. 1). Interestingly, that reduction of Dl, ena and rl in sws mutants could also
rescue severe brain neurodegeneration observed in sws mutants.
We found at least seven genes-modulators of sws-phenotype, suggesting that reduced
expression of these genes could have neuroprotective role. At this time, the screening continues.
1

sws Y ;

30

1

s w s Y ; G X IV s P L A 2
1

20

s w s Y ; P le x B

*

1

sw s Y ; gem

M I1 5 5 5 9

EY0586

1

1

/+

/+

/+

M I0 4 5 0 7

s w s Y ; P k a -C 3

10

G 16441

/+

1

s w s Y ; p a rk / +
1

sws Y; G ad1

0

A8

/+

1

20

sws Y ;
1

s w s Y ; G X IV s P L A 2
15

1

s w s Y ; P le x B
*

10

*

1

sw s Y ; gem

M I1 5 5 5 9

EY0586

1

s w s Y ; P k a -C 3
5

1

G 16441

/+

/+

/+

M I0 4 5 0 7

/+

1

s w s Y ; p a rk / +
1

sws Y; G ad1

A8

/+

0

B.
Fig. 1. Measuring combined area of vacuoles in brain tissue in lamina (A), in medulla (B).
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Association between the TP53 codon 72 (rs1042522) polymorphism and prostate cancer risk
in the Ukrainian population
Yevheniia Kharkivska, Karyna Kamenna, Svitlana Serga
Taras Shevchenko National University of Kyiv, Educational and Scientific Centre “Institute of
Biology and Medicine”, Ukraine
e-mail: yevheniia.kharkivska@gmail.com
Annotation: Поліморфізм Arg72Pro гена TP53 пов'язують з ризиком виникнення декількох
видів раку, включаючи рак простати, але результати досліджень щодо даної асоціації
залишаються неоднозначними та суперечливими. Нами вперше проаналізована можливість
асоціації цього поліморфізму з раком простати в Україні. Згідно з нашими результатами,
генотип Arg/Arg пов’язаний з підвищеним ризиком розвитку даного виду патології, тоді як
генотип Arg/Pro відіграє протекторну роль.
Keywords: codon 72 polymorphism, gene TP53, prostate cancer
Ключові слова: поліморфізм 72 кодона, ген TP53, рак простати
The polymorphisms of the TP53 gene may influence risk of several kinds of cancer,
including prostate cancer (Babaei et al., 2014). The results of studies aimed at researching the
association of the Arg72Pro polymorphism of the TP53 gene remain ambiguous and controversial
(Han et al., 2019). Thus, we have analyzed the probability of TP53 gene codon 72 variants
association with prostate cancer in Ukraine for the first time.
In this study TP53 Arg72Pro polymorphism was examined in 104 prostate cancer patients
and 148 healthy control individuals from Ukraine. Data for each person were taken from the
history of the disease and the medical records of patients with their personal agreement. TP53
genotypes in codon 72 were determined via PCR using allele-specific primers as described by
Baek et al. (2000).
The frequencies of genotypes in control group were as follows: Arg/Arg – 20.9 % (n=31),
Arg/Pro – 78.4 % (n=116), Pro/Pro – 0.7 % (n=1), whereas in group of patients the following
distribution was observed: Arg/Arg – 41.3 % (n=43), Arg/Pro – 57.7 % (n=60), Pro/Pro – 1 %
(n=1). Genotype distributions in control group and in prostate cancer patients were not in HardyWeinberg equilibrium (χ2 = 59.6, p = 0.0001; χ2 = 14.9, p = 0.0001, respectively).
We have demonstrated the association of Arg/Arg genotype with increased risk of prostate
cancer development (OR = 2.66 95 % CI = 1.53 to 4.64 p = 0.002), while the Arg/Pro genotype
had the protective effect (OR = 0.38 95 % CI = 0.22 to 0.65 p = 0.002). The association of
Pro/Pro genotype with increased prostate cancer risk was suggested before, especially among
Caucasians (Lu et al., 2014). However, other study (Zhang et al., 2010) had shown that Arg allele
may be associated with increased risk of prostate cancer development in Caucasians. Also, the
possibility of the Arg/Arg to be a risk factor for cancer has been shown for patients in SouthWest
Iran (Doosti and Dehkordi, 2011). In conclusion, we suggest that TP53 Arg72Pro polymorphism
can affect prostate cancer risk in Ukrainian population.
Acknowledgements. We want to thank I.Kozeretska from National Antarctic Scientific
Center of Ukraine and E.Stakhovsky from National Cancer Institute
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Indexes of natural selection in different social and ethnic groups
of Kharkiv population
Nataliia Kozak
V. N. Karazin Kharkiv National University, department of genetic and cytology, 4 Svobody Sq.,
Kharkiv, Ukraine
e-mail: kozaknatali93@gmail.com
Анотація: Робота присвячена оцінюванню впливів етнічної приналежності і рівня освіти
на інтенсивність відбору в урбанізованому багатонаціональному населенні міста Харкова.
Дані про кількість вагітностей зі сприятливими і несприятливими виходами були вивчені у
жінок пострепродуктивного віку, що є жительками міста Харкова. За цими даними
обчислені індекси Кроу, як показники інтенсивності відбору у різних соціальних та
етнічних групах міста.
Keywords: reproductive characteristics, Kharkiv population, Crow's index, selection,
nationality, education.
Ключові слова: репродуктивні характеристики, харківська популяція, індекси Кроу,
відбір, національність, освіта.
The directionality and intensity of selection in human populations are influenced not only
by factors of the physical environment, but also by social factors. The progress of medicine and
the improvement of living conditions are weakening the effect of selection, the intensity of which
is reflected by the Crow’s indexes. The overall selection rate (Itot) decreases with the development
of civilization, due to a reduction in differential mortality (Im). At the same time, the ratio of the
differential mortality index and the fertility index If is changed (Kurbatova 2012, 2014 and
Atramentova, 2013, 2016).
The population of Ukraine is not studied well from the points of population genetics. There
are more than a hundred nationalities among the inhabitants of Kharkiv5-7. Migrations increase
the ethnic and cultural diversity of the population, which cannot but affect the genetic structure of
the population and different processes taking place in it. The purpose of this study was to assess
the impact of ethnicity and educational level on the selection intensity in the urbanized Ukrainian
population of Kharkiv city.
In 2017, 532 women with completed reproduction (age 39-89 years) were interviewed in
Kharkiv medical institutions. The year of birth, nationality, education and obstetric history of a
female were taken into account.
Nationality. The probands were divided into groups in accordance with their nationality:
Ukrainians (n = 362), Russians (n = 156), and others (n = 14). According to the obstetric history,
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it was found that the gene pool of Ukrainians is reproduced for 97 %, the gene pool of Russians
for 92 %. In the “others” group this indicator is 100 %, however, due to the small number of
samples, it is not reliable enough. Spontaneous abortions were observed in 13 % of Ukrainians
and in 21 % of Russians (p < 0.05). The percentages of ectopic pregnancies (7 %) and stillbirths
(14 %) are the highest in the ethnically heterogeneous group. Ukrainians and Russians interrupted
more than half of their pregnancies; representatives of rare nationalities did it more rarely (45 %).
Due to natural and artificial reproductive losses, the percent of realized zygotes among
Ukrainians was 42 %, among Russians was 38 %, and among representatives of the multinational
group was 49 %.
On average, Russians have more unfavorable pregnancy outcomes than Ukrainians. Slavs in
average artificially interrupted their pregnancies more often than representatives of rare
nationalities for regulation family size.
In the group of Ukrainians the total Crow’s index has the smallest mark (Itot = 0.26). For
Russians this figure is higher (Itot = 0.32). The representatives of rare nationalities have the
biggest one (Itot = 0.75). The interethnic difference of the total selection index appeared due to
differences in differential fertility. The dispersion of the number of descendants among
Ukrainians is the smallest, while among representatives of rare nationalities is the largest one.
Education. The proportion of reproducible gene pool in women with higher education
(90 %) is slightly lower than in women with secondary education (92 %). At the same time,
unfavorable pregnancy outcomes (miscarriages, ectopic pregnancies, stillbirths) are more often
noted for women with secondary education. Women with secondary education (68 %) artificially
interrupted their pregnancies more often than women with higher education (65 %). The
proportion of realized zygotes composed less than half of the possible reproductive potential:
reproductive losses are about 60%, most of which are induced abortions.
The average number of pregnancies in females with secondary education is about four; in
females with higher education is 3.4. In general, women with secondary education gave birth
more often (1.7) than women with higher education (1.5). A smaller number of artificially
interrupted pregnancies in highly educated women seems to be associated with a more
responsible attitude towards family planning.
The general Crow’s index for women with secondary education is lower (0.26) than for
women with a higher educational level (0.35). The specific weight of the selection component
associated with differential fertility (If) is higher than the component of differential mortality (Im)
in the studied population. This trend is observed in all countries with low child mortality.
It can be stated that the ethnicity and level of education of females affects reproductive
behavior and determine the number of pregnancies and their outcomes. Selection indexes vary in
ethnic groups and in groups with different levels of education.
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Analysis of the taurine/zebuine admixture in the Southern Meat cattle based on
microsatellite markers
Oleksandr Kramarenko
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Mykolayiv National Agrarian University, Ukraine
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Annotation: Гібридизація між дикими та свійськими представниками роду Bos була
неодноразово відмічена в світі як результат або спонтанного, або спрямованого
схрещування. Худоба південної м’ясної породи демонструє суттєвий рівень таурин/зебуїнзмішення, що може бути обумовлено історією її створення.
Keywords: Bos indicus, Bos taurus, hybridization, Southern Meat cattle, microsatellite markers
Ключові слова: Bos indicus, Bos taurus, гібридизація, південна м’ясна порода,
мікросателітні маркери
Hybridization between species may occur if closely related species share an overlapping
habitat or through human intervention during captive breeding. Uncontrolled hybridization, as it
occurs in nature, may have had a significant impact on the formation of domestic breeds, but can
also affect the genetic integrity of domestic and wild species. Monitoring the species composition
of these animals may become essential for the future preservation of genetic diversity (Nijman et
al. 2003).
Within the group of the Bovini several hybrids have been described: a cross of banteng (Bos
javanicus) and zebu (Bos indicus) (Hartati et al., 2015); a cross of yak (Poephagus grunniens)
and taurine cattle (Tumennasan et al., 1997); the North-American beefalo, a cross of taurine cattle
(Bos taurus) and the American bison (Bison bison) (Halber et al., 2005). In Africa, introgression
of Indian zebu bulls (Bos indicus) in taurine herds occurs and has improved the tolerance of the
cattle (Bos taurus) to hot and dry environments (Bradley et al., 1994). Bongso et al. (1988)
described a spontaneous hybridization of wild gaur (Bos gaurus) and zebu (Bos indicus).
The main aim of this work was to study the genetic structure of the Southern Meat breed
(SM) cattle and to assess the taurine/zebuine admixture in the SM population using
microsatellites.
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The Southern Meat (SM) cattle is a composite developed by crossing Cuban zebu (Bos
indicus) with different cattle breeds (Bos taurus) – local Red Steppe, Hereford, Charolais, Santa
Gertrudis, Dairy Shorthorn.
A set of 192 heifers representing the SM cattle (the ‘Askaniiske’ State Pilot Farm, Kherson
region., Ukraine) was included in the study during 2013-2014. Based on the origin of the
individuals studied, all heifers were divided in two groups according to the different degree of
Zebu blood: the LZ group (≤ 3/8 percent Zebu blood; n = 100) and the UZ group (> 3/8 percent
Zebu blood; n = 92). Ten bovine autosomal polymorphic microsatellite loci (BM1818, BM1824,
BM2113, ETH3, ETH10, INRA023, TGLA53, TGLA122, TGLA227 and SPS115) were genotyped
to estimate various parameters of genetic diversity.
The total number of genotype estimates ranged substantially over loci from 18 (locus
BM1824) to 37 (locus INRA023), giving a mean number of 27.9 ± 1.96 genotypes per locus.
Overall, one hundred and four alleles were observed across the 10 microsatellite markers
examined, with allelic diversity (the average number of observed alleles per locus) of 10.4 ± 0.76.
At each locus some alleles were identified that were present at higher frequencies in the LZ
group and absent or present at relatively lower frequencies in the UZ group, or vice versa.
Evidence for an association between specific alleles at every locus with B. indicus/B .taurus
breed was assessed by using a Logistic Regression model. Significant relationship was discovered
only for two loci, TGLA227 (χ2 = 22.30; P < 0.001) and ETH10 (χ2 = 27.70; P < 0.001).
Locus TGLA227. Short alleles (77 and 79 bp) were found more often among B.indicus
breeds, while long alleles (89 and 91 bp) were common in the B. taurus breeds. Thus, it can be
assumed that the TGLA227 (77 bp) allele among the SM cattle examined individuals was
inherited from a B. indicus ancestor. On the other hand, the TGLA227 (89 bp) allele which
prevails among individuals in the LZ group was inherited from a B. taurus ancestor.
Locus ETH10. Short alleles (209 and 211 bp) were found more often among B. indicus
breeds, while long alleles (217 and 219 bp) were common in B.taurus breeds. This suggests that
the ETH10 (209-211 bp) alleles in the SM cattle examined individuals were inherited from a
B. indicus ancestor and the ETH10 (217-219 bp) alleles which dominate among individuals in the
LZ group were inherited from a B. taurus ancestor.
Thus, the SM cattle presented with high level of taurine/zebuine admixture, which is
consistent with the breeding history.
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Анотація: Дослідження проводилось для визначення частот алелей STR-локусів серед
жителів України з метою розширення наявної популяційної інформації для генетичних баз
даних, які використовуються в криміналістичному аналізі. У дослідженні брали участь 708
осіб. Визначення генотипів проводилося з використанням набору GlobalFiler PCR
Amplification Kit.
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Short tandem repeats (STR) microsatellite loci are highly variable in the copy number.
Forensic analysis uses population variability in the number of STRs within a locus to distinguish
one DNA sample from another (Gulcher, 2012). Because unrelated people have different
numbers of repeating units, STR can be used to identify a person with high accuracy. In order to
correctly evaluate the reliability of this analysis, it is necessary to determine the frequency of
alleles of STR loci in a particular population (National Research Council, 1996).
Currently, there are several standards in the world with specifically defined loci that are
used to identify a person in forensic science. The GlobalFiler PCR Amplification Kit is one of the
most used loci sets for human identification in the world (FBI, 2018). However, the frequencies
of alleles of not all STR loci that are part of it have been determined in Ukraine, and no
systematic analysis of DNA profiles identified by this kit has been performed. STR databases for
this kit have been created in many countries to facilitate identification of individuals. In
Ukrainian population allele frequencies were determined only by 15 STR loci AmpFLSTR
Identifiler PCR Amplification Kit (Serga et al., 2017), but not by 21 loci GlobalFiler PCR
Amplification Kit.
In this study we characterized allele frequencies of 21 autosomal STR loci, including 20
CODIS (CSF1PO, D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51,
D21S11, FGA, TH01, TPOX, vWA, D1S1656, D2S441, D2S1338, D10S1248, D12S391,
D19S433, D22S1045) and one additional loci (SE33) in 708 citizens of Ukrainian using an
GlobalFiler PCR Amplification Kit.
Buccal epithelial tissues and blood swabs from 708 unrelated Ukrainian individuals were
collected and were held in criminal or civil matters from 2016 to 2019 at the Ministry of the
Interior's State Forensic Research Center. Data processing consent was obtained from all people.
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DNA was extracted from blood and buccal epithelium tissues by using Chelex-100
(BioRad, USA) and Prep-n-Go (ThermoFisher™ Scientific, Foster City, USA) according to the
manufacturer’s protocol.
The frequencies of alleles were determined using an GlobalFiler PCR Amplification Kit and
GlobalFiler Express PCR Amplification Kit (Applied Biosystems, USA). The amount of DNA
was quantified with a Real-Time PCR System 7500 (Applied Biosystems, USA).
PCR-products were separated by capillary electrophoresis Genetic Analyzer 3500 and
3500XL (Applied Biosystems, USA) device.
Observed and expected heterozygosity (Hob and Hexp), the power of discrimination (PD),
the power of exclusion (PE), polymorphism informative content (PIC) were performed in R 3.4.
(r-project, 2016). Probability values of Hardy-Weinberg equilibrium test (HWE) were calculated
in HW-quickcheck software.
No deviations from the Hardy-Weinberg equilibrium were detected for any loci. The allele 8
of the TPOX locus (0.5882) was the most common among all allelic variants across all loci. The
highest Hob was detected for the SE33 (0.927) locus while the lowest was detected for TPOX
(0.5423). The PIC for all markers was > 0.5, indicating high diversity of alleles in each locus. The
most polymorphic loci were SE33 (PIC = 0.9472) and D1S1656 (PIC = 0.8896), the least was
TPOX (PIC = 0.5383). The most informative loci were D21S11, D18S61, FGA, D12S391 and
D2S1338 loci (PIC > 0.8). PE varied from 0.22 to 0.85.
Acknowledgements. The authors thank B.B. Teplytskyi from the National Scientific Research
Forensic Center of the Ministry of Internal Affairs of Ukraine and Iryna Kozeretska from
National Antarctic Scientific Center of Ukraine.
Gulcher J. 2012. Microsatellite markers for linkage and association studies. Cold Spring Harbor
Protocols.
National Research Council. 1996. The Evaluation of Forensic DNA Evidence. Washington, DC:
The National Academies Press.
FBI. 2018. Combined DNA Index System (CODIS). Federal Bureau of Investigation.
Serga Svitlana, Dombrovskyi Ivan, Maistrenko Oleksandr, Ostapchenko Lyudmyla, Demydov
Sergiy, Krivda Ruslan and Kozeretska Iryna. 2017. Allele frequencies for 15 STR loci in the
Ukrainian population.
R Core Team. 2016. R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing, Vienna, Austria; (ISBN 3-900051-07-0).

Modification of the effect of the parental age factor on Drosophila melanogaster embryonic
mortality rates by ATP resynthesis enhancing
Daria Loboiko
Genetics and Cytology Department, V. N. Karazin Kharkiv National University, Svobody sq. 4,
Kharkiv 61022, Ukraine
e-mail: daruska08@gmail.com
Annotation. Вік батьків є фактором ризику появи мутацій в гаметах, а відповідно і
виникнення певних змін, зокрема патологічних, у нащадків. Триває активний пошук
чинників-протекторів, здатних мінімізувати дію цього фактора. Дане дослідження мало на
меті вивчити ефект фактору «вік батьків» на показники ембріональної смертності нащадків
D. melanogaster дикого типу в умовах підсилення ресинтезу АТФ. Доведено, що вживання
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бурштинової кислоти (1 мг/мл) батьками чинить статистично значущий вплив на рівень
ембріональної смертності серед їх нащадків. Показано збільшення кількості ранніх
домінантних летальних мутацій у нащадків 10-добових імаго, які вживали бурштинову
кислоту. Доведено, що бурштинова кислота має вік-залежний ефект на кількість пізніх
домінантних летальних мутацій: характерне підвищення їх частоти серед нащадків
10-добових імаго, та суттєве зниження серед нащадків 3-добових імаго.
Keywords:, ATP resynthesis, dominant lethal mutations, succinic acid, embryogenesis.
Ключові слова: ресинтез АТФ, домінантні летальні мутації, бурштинова кислота,
ембріогенез
Throughout the life a multicellular organism experiences various endogenous and
exogenous factors. Among other things, it results in activation of intracellular formation of
reactive oxygen species, as well as in decrease in body's antioxidant protection system
components activities. Intracellular accumulation of reactive oxygen species is thought to be one
of the mechanisms of aging and premature death of both cells and the whole body being an
inductor of molecular changes and damage of proteins, lipids and DNA (Girardot et al., 2004).
Damaged proteins and DNA in parents' gametes adversely affect the reproductive function and
embryonic development of their offspring, increasing the percentage of embryo deaths. The
discovery of mechanisms of genetic disorders and/or environmentally induced defects of early
embryonic development is a question of high relevance not only for biologists but also for
medical science, especially in the field of artificial reproductive technologies. The viability of
embryos and their normal development depend on numerous factors such as gametes viabilities,
maturity and quality, embryonic genome activation, intercellular interactions, signaling, etc.
The morphogenetic processes at early embryogenesis of Drosophila are similar to the
mechanisms that control early embryonic development in vertebrates, so this insect is
successfully used as a model organism and test system. It is known that succinic acid is
constantly formed in the body, and its oxidation in the Krebs cycle promotes the synthesis and
resynthesis of ATP, increases the antioxidant and antitoxic activity of cells, activates the
antioxidant effect of radioreactivity [Лабенська, 2016 / Labenska, 2016]. Despite the fact that
succinic acid effects have been studied, the question remains how this substance affects the
embryogenesis of animals and humans. Based on reference information the aim of the given
research was formulated: to study the effect of the parental age factor on embryonic mortality
rates of wild-type D. melanogaster offspring under conditions of increased ATP resynthesis.
The D. melanogaster wild-type Canton-S stock from the collection of
V. N. Karazin KhNU Genetics and Cytology Department was used for the study. Virgin flies
(males and females) were collected randomly and divided into two groups: control one reared on
standard sugar-yeast culture medium (20 outbred families) and experimental one (20 outbred
families) reared on the medium with succinic acid supplement (1 mg/ml). After 14 days of
development F1 (first generation) virgin females and males from each group were collected. They
were kept for either up to 3 (n♀ = 300; n♂ = 300) or 10 (n♀ = 300; n♂ = 300) days separately in
vials with temporary medium. After the given period passed individuals within the age and
experimental group were subdivided into groups of 10 pairs and placed in Petri dishes with
temporary medium for mating (12 hours) and eggs production (8 hours). Just after this period
passed the eggs were counted using stereoscopic microscope and a counter. Then the egg laying
were left for 48 hours (t° = 23 °C) to allow all possible larvae hatching. After the given period
passed the total frequency of dominant lethal mutations (DLM), as well as the early and late
DLM frequencies were determined, and stages of embryonic death were analyzed. The indicator
of DLM frequency is used here as the criterion for the presence of changes in gametes and
impaired embryogenesis. The frequency of early (0-5.5 and 5.5-17 h; eDLM) and late (17-22 h;
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lDLM) DLM was defined as the ratio of light (white) or dark (yellow, brown) undeveloped eggs
to the total number of eggs, respectively (Tykhomyrova, 1990). The analysis of stages of
embryonic development at which the death of the embryos occurred was performed according to
Hill (Hill, 1945). Two-way ANOVA for qualitative characteristics was used for data analysis.
It can be said that 10-days-old females are characterized by lower index of egg production
comparatively to 3-days-old ones. The average amount of eggs produced by one 3-days-old fly
was 11.09, but for 10-days-old one the same index was 5.91. There were no significant
differences between control and experimental groups of the same age. For 3-days-old parents, the
frequency of eDLM in the control group was 12.55 ± 1.48 (%), and in the experimental one it
constituted 13.73 ± 2,49 (%). The difference obtained is insignificant, that is there is no toxic or
protective effect of succinic acid (1 mg/ml) consumed by parents at larval stage on 0-17 h embryo
survival among offspring. For 10-days-old flies, compared to 3-days-old ones, the frequency of
eDLM in the control group decreased insignificantly (up to 9.75 ± 1,82 (%)). At the same time,
the number of eDLM remained approximately the same in the experimental group compared to
3-days-old flies (11.66 ± 2,27 (%)). The frequency of late dominant lethal mutations (lDLM) for
3-days-old flies in the control group was 19.08 ± 1.79 (%), but in the experimental group it was
three times lower (6.52 ± 1.06 (%)), and this difference is significant (p < 0,05). The same index
for 10-days-old flies of the control group constituted 2.58 ± 0.52 (%) and in the experimental
group it was around 4 ± 0.85 (%), but this difference is insignificant. So, succinic acid has a
significant but age-dependent effect on D. melanogaster embryonic lethality.
Girardot F., Monnier V., Tricoire H. Genome wide analysis of common and specific stress
responses in adult Drosophila melanogaster // BMC Genomics. 2004. Vol. 5. P. 74.
Hill D.L. Chemical removal of the chorion from Drosophila eggs // Drosophila Information
Service. 1945. Vol. 19. P. 62.
Labenskaya I. Succinic acid - a potential pharmacophore when modeling new bioregulators based
on nitrogen-containing heterocycles // Pharmacology and drug toxicology. 2016. №2 (48).
Pp. 3-13.
Tikhomirova M. Genetic analysis. L .: LSU, 1990. 280 p.

Parameters of locomotor activity, life expectancy and products of lipid peroxidation in Sodmutants of Drosophila melanogaster under the action of cerebrolysin, N-acetylcysteine and
spermidine
Zoriana Novosiadla
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv
4, Hrushevskyi st., Lviv 79005, Ukraine
e-mail: zoriana76@gmail.com
Анотація: З’ясовано вплив препаратів церебролізину, спермідину та N-ацетил-L-цистеїну
на рухову активність Sod-мутантів D. melanogaster: виявлено підвищення індексу рухової
активності у Sod-мутантів за дії церебролізину та N-АЦ і зниження цього показника за дії
спермідину до рівня контролю. Встановлено, що за дії спермідину як у контрольної
(e/Oregon R) , так і дослідної (Sodx-39/Oregon R) ліній інтенсифікуються процеси
перекисного окиснення та знижуються параметри середньої тривалості життя .
Keywords: gene Sod1, Drosophila melanogaster, spermidine, cerebrolysin, N-acetylcysteine.
Ключові слова: ген Sod1, Drosophila melanogaster, спермідин, церебролізин,
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N-ацетилцистеїн.
In recent years, oxidative stress (OS) is viewed as one of the factors of the development of
cancer, diabetes, cardiovascular and neurodegenerative diseases and the process of premature
aging. The OS is one of the reasons for cell dysfunction and death (Vitushynska et al., 2013).
Under normal conditions, reactive oxygen species don’t accumulate in tissues, since there is a
special antioxidant system of protection against excessive formation of free radical molecules
(Boldyrev et al., 2001). The test-system for investigating these processes are Drosophila
melanogaster mutants with impaired Sod1 gene encoding the Zn2+-Cu2+-superoxide dismutase
(SOD).
In this work there was revealed the influence of drugs cerebrolysin (neuroprotector),
spermidine (exhibits anti-inflammatory and antioxidant properties, but at high concentrations it
can act as a prooxidant) and N-acetyl-L-cysteine (NAC, which possesses indirect antioxidant
effect associated with an increase in the synthesis of antioxidant compounds - glutathione, and
also has a direct protective effect on the cells in presence of free radicals) on motor activity, life
expectancy, and the intensity of lipid peroxidation in Sod-mutants of D. melanogaster. Controls
were descended from ebony / Oregon R crossing. Sod1 and e genes are localized in the third
chromosome in Drosophila. In order to avoid the effects of e gene products on Sod1 gene
expression, we used heterozygotes of the test and control stocks. The experiments were
performed only on males. The effects of drugs introduced into the medium at certain
concentrations were analyzed by larval feeding. To determine the index of locomotor activity, we
used a clambing test with 13-15-day-old male e / Oregon R and – Sodx-39 / Oregon R, which at the
larval stage fed with the drugs spermidine, cerebrolysin and N-AC, and without them. The
content of the major lipid peroxidation products – diene conjugates (DC) and TBA-positive
products, was determined by the Stalna method (Stalna et al., 1977). Total protein was
determined by the Lowry method (Lowry et al., 1951). We performed statistical processing of the
data in Microsoft Excel using a data analysis package, namely a two-sample t-test with different
variances. Survival curves were constructed using «GraphPad Prism 6».
Based on the determination of the locomotor activity index by the climbing test, it was
found: increase of locomotor activity index in Sod-mutants due to cerebrolysin and N-AC;
reduction of locomotor activity in Sod-mutants to the control level due to spermidine; in the
control stock at the effect of all tested drugs locomotor activity index remains unchanged.
Previous studies of Sod-mutants have also shown (Vitushynska et al., 2013) that these flies
have neurodegenerative changes in brain tissue. One of the reasons for the development of
neurodegeneration is the intensification of lipid peroxidation, the main indicator products, which
are DC and TBA-products. During the development of neurodegeneration there is a disruption of
the spreading of electrical impulses from the central nervous system to the muscles, due to the
death of neurons and loss of neuronal connections. As a result, changes in motor activity occur.
Therefore, we investigated the level of diene conjugates and TBAs in control and test fly stocks.
In the case of flies cultured on standard medium, the content of DCs in Sod-mutants (Fig. 1) was
shown to be higher than the control and was 16.54 and 14.96 μkmol/mg protein.
In the case of flies cultured on standard medium, the content of DCs in Sod-mutants (Fig. 1)
is shown to be higher than the control and is 16.54 and 14.96 μkmol/mg protein, respectively,
although there is a low content of TBA-products – 0.0000646 μkmol / mg protein, while in
control 0.000274 μkmol/mg protein. Spermidine intensifies the processes of lipid peroxidation: in
the control stock increases the level of DC (in the Sod-mutants remains unchanged), and in the
experimental stock – TBA-products.
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It is known that a significant indicator of vitality is the life expectancy of individuals. We
constructed survival curves and analyzed the S50 in the control and experimental stocks, both with
and without spermidine (Fig. 2). There was a significant (p < 0.0001) decrease in S50 under the
action of spermidine in the experimental stock by 40 % and in the control by 28 %.
a)

b)

Fig. 2. Survival curves for males e / Oregon R (a) and Sod-mutants (b) fed with and without
spermidine
Vitushinska, Matiytsiv, Chernik. 2013. «Sensitivity to the oxidative stress conditions lifespan and
neurodegenerative changes in the brain structure of Drosophila melanogaster
superoxiddismutase mutants». Visnyk of the Lviv University. Series Biology 62:108-116.
Boldyrev. 2001. «Oxidative stress and braine». Soros educational journal 4:21-25.
Stalna. 1997. «Determination of diene conjugates». Modern methods in biochemistry 63-64.
Lowry, Roserough, Farr. 1951. «Protein measurement with the folin reagent». Biological
chemistry 193(1):247-250.

The effect of spermidine on the "open field" locomotor activity of Drosophila melanogaster
Sod1 mutants
Julia Prokopchuk
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv, Ukraine
e-mail: julia2213041@ukr.net
Annotation: З’ясовано вплив спермідину на параметри поведінкових реакцій методом
«відкритого поля» у мутантів Drosophila melanogaster за геном Sod1. У разі культивування
на стандартному середовищі мутантні особини характеризувалися достовірно нижчим,
порівняно з контролем, показником загального пробігу. За дії спермідину як в
контрольних, так і в дослідних особин достовірно зменшувався час руху, більше часу
комахи перебували у часі спокою і вмивання.
Keywords: gene Sod1, Drosophila melanogaster, spermidine, locomotor activity.
Ключові слова: ген Sod1, Drosophila melanogaster, спермідин, рухова активність.
Despite of significant advances in understanding the pathogenesis of neurodegenerative
diseases, the cellular and molecular basis of the onset and development of these diseases remain
open question for today. Among the factors that significantly influence the development of
degenerative changes is oxidative stress (Vitushynskа, 2015). Recent studies indicate a close link
between the occurrence of neurodegeneration and impaired antioxidant protection of the body,
primarily in the activity of superoxide dismutase. It is important to look for new drugs that
combine both neuroprotective and antioxidant properties. A good model for antioxidant system
study is Drosophila melanogaster mutants with impaired function of genes that encode
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superoxide dismutase. It is known that Sod mutants are sensitive to oxidative stress and have
reduced life expectancy (Vitushynskа, 2015). Important indicators that characterize the vitality of
individuals are behavioral responses, first of all are locomotor and sexual activity. A number of
Drosophila genes mutations cause behavioral changes similar to hereditary neurodegenerative
disorders in humans (Zoryna, 2002).
The purpose of the study was to investigate the effect of spermidine on the parameters of
behavioral responses of Drosophila melanogaster Sod1 mutants in the "open field". Spermidine is
a polyamine compound found in all eukaryotic cells and having various metabolic functions
within organisms. Experiments on Drosophila have shown that spermidine is able to increase
cytoprotective autophagy, to slow down the aging process, reduce the development of
degenerative changes (Madeo, 2018). However, there is evidence that spermidine may act as a
prooxidant (Makletsova, 2013).
The object of the study was the mutant stock SodX-39 of D. melanogaster, obtained by
P-insertional mutagenesis (from Bloomington Drosophila Stock Center, USA), as a control the
wild type Oregon flies were used.
Locomotor activity assay was performed by the "open field" method, observations were
made on single flies in an open-field arena from glass Petri dish fitted with a clear glass lid
individually for imago. During the experiment the 10 min of video was recorded after 2 min of
adaptation of the flies. The movement was analyzed on a computer and the following parameters
were fixed: rest time (s), grooming time (s), total mileage (cm), movement time (s). Tested flies
were 13-15-days old, at least 20 males of each genotype.
The spermidine was added to medium for larvae feeding in a concentration of 500 μl per
100 ml. Statistical significance was calculated in “Excel” data analysis using t-Test: Two-Sample
Assuming Unequal Variances.
Under standard conditions the SodX-39 mutants were significantly slower compare to
Control. Control individuals spent most of their time for moving, less time spending for
grooming, and the least of all for rest (fig. 1, A). After spermidine influence the total mileage of
SodX-39 mutants decreased significantly. Under spermidine effect in both control and experimental
individuals decreased movement time significantly, more time insects spent for rest and grooming
(р ≤ 0,01 (**)) (Fig. 1, B).
Thus, spermidine inhibits flies locomotor behavior. Therefore, our results are correlate with
data that indicate a negative effect of spermidine (possibly as a pro-oxidant) (Makletsova, 2013).

Fig. 1. Comparison of behavioral response rates under standard conditions (A)
and with spermidine (B).
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Plasmid construction for the expression of the rpsl gene encoding ribosomal protein s12 in
streptomyces albus 1074
Anastasiia Shemediuk
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv, Ukraine
e-mail: nastya.shem@ukr.net
Annotation: Питання підвищення продуктивності виробництва антибіотиків не втрачає
своєї актуальності досі. Дослідження рибосомних мутацій мікроорганізмів, що здатні
індукувати надсинтез вторинних метаболітів, може слугувати підґрунтям для вирішення
цієї проблеми. У своєму дослідженні ми конструюємо плазміду, що несе додаткову копію
рибосомного білка S12 з мутацією L90K, та перевіряємо синтетичну активність
транскон’югантних штамів.
Keywords: econdary metabolism, overproducer.
Ключові слова: вторинний метаболізм, надпродуцент.
The point mutations in ribosomal protein genes have been shown to exert pleiotropic effects
on metabolism. These effects are related to the influence of rp-mutations on the mRNA
translation process. The S12 protein makes part of ribosomal A-site and plays a crucial role in the
decoding process. Thus, mutations in the rpsL gene influence antibiotic production at the
translational level. It can explain the effects of rpsL-mutation but the exact chain of events
linking the mutation to its phenotypic outcome is still poorly understood.
The object of the study is the rpsL gene, which encodes the ribosomal protein S12, which
plays a critical role in the translation process. The rpsL gene is the first gene in the operon that
also encodes the ribosomal proteins S7, EF-Tu, EF-G.
The topic of secondary metabolite overproduction has become widely publicized after the
work of Kozo Ochi, who isolated a number of rpsL alleles that stimulate antibiotic production in
various strains of streptomycetes. Now the problem of large-scale antibiotic synthesis is an urgent
one and rp-mutations is one of the possible ways to solve it.
The mutation considered in this paper is called L90K for Leu-90-Lys replacement of in S12
protein. The original plasmid is pS12_L90K, created on the basis of the vector pTOS with
rpsLL90K gene insertion. The purpose of the work is to create a new plasmid, introduce it by the
method of conjugation into strains of S. cyanogenus, S. roseochromogenes, and check their
antibiotic activity. The new plasmid was constructed on the basis of the integrative system

Genetics and selection

97

phiBT1. The resulting plasmid was labeled as pMS82. Thin-layer chromatography and
spectrophotometry have shown that the S. cyanogenus transconjugants exhibit an increased level
of landomycin synthesis.

Organophosphates effect in Drosophila melanogaster model of SWS/NTE neuropathy
Marta Tkachuk, Мaryana Tsap
Department of Genetics and Biotechnology, Ivan Franko National University, Lviv, Ukraine
e-mail: martatkachuk@ukr.net, masyatsap27@gmail.com
Annotation: У роботі досліджено чутливість до нейротоксичних фосфоорганічних сполук
(три-о-крезилового фосфату (ToCP) та діазинону (Diazinon)) імаго Drosophila melanogaster
зі зміненою експресією гена swiss cheese та генів мікроРНК, задіяних у його регуляції.
Встановлено токсичну дію діазинону та ToCP на мух з надекспресією і нокдауном гена sws
у глії, а також токсичну дію ToCP за надекспресії генів мікроРНК.
Keywords: D. melanogaster, swiss cheese, neuropathy, Neuropathy target esterase,
organophosphates
Ключові слова: дрозофіла, нейродегенерація, фосфоорганічні сполуки
Some neuropathies are developed after exposure to toxic substances. One of the examples is
organophosphate-induced delayed neuropathy (OPIDN), neurodegenerative syndrome results
from impact of some organophosphates (OPs) found in agricultural pesticides. Human
Neuropathy Target Esterase (NTE), encoded by PNPLA6 is the primary target of the toxic OP
compounds (Glynn, 2006). The exact mechanism of PNPLA6 function in OPIDN remains
unknown. The swiss cheese (sws) is Drosophila orthologue of human PNPLA6. Flies treated with
the OP compound tri-ortho-cresyl phosphate (ToCP) show behavioral deficits and
neurodegeneration (Wentzell, Cassar and Kretzschmar, 2014). The Drosophila sws mutants are
also characterized by progressive degeneration of adult nervous system, glial hyperwrapping and
neuronal apoptosis (Bettencourt da Cruz, Wentzell and Kretzschmar, 2008). We used this genetic
model to study the role of sws and its miRNAs in developing toxicity-induced neurodegeneration.
Methods. We studied effects of an OP ToCP and Diazinon on adult D. melanogaster wild
type Oregon R, sws mutant flies, flies with overexpression of the whole sequence of sws
(UAS-sws) and flies with functional knockout (UAS-sws-RNAi) of this gene in glia (repo-Gal4)
using the Gal4-UAS system. We also studied effects of ToCP on flies with overexpression of
miRNAs (UAS-miR-966 and UASmiR-281), involved in SWS regulation in glia. All fly stocks
were maintained and raised under standard conditions at 25C. Flies were collected after
eclosion, kept on standard food for 5 days and then treated with 32 mg/ml ToCP (or 0,0015
mg/ml Diazinon) solution for 24 hours. Flies were transferred to a standard food vial after
treatment and the vials exchanged every 2 days. Dead flies were counted at 2 days, 7 days and 14
days. Survival was analyzed using GraphPad Prism 6 (Graphpad Software Inc., La Jolla, CA,
USA). Log-rank test was used to estimate statistically significant difference.
Results. We revealed delayed toxic effect of 32 mg/ml ToCP on adult wild type D.
melanogaster flies (p = 0.001). The results show that sws mutants (Fig. 1, A), flies with
overexpression of the whole sequence of sws are sensitive to organophosphates as well as with
functional knockout in glia (p = 0131 and p  0.0001 respectively). Flies with overexpression of
both miRNAs (miR-966 and miR-281) in glia are also sensitive to ToCP (p=0,0325 and
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p=0,0020) which shows the similarity to sws functional knockout. We also determined sensitivity
to 0.0015 mg/ml Diazinon of adult D. melanogaster sws mutants (Fig. 1, B), flies with
overexpression of the whole sequence of sws as well as with functional knockout in glia
(p = 0.0001 and p  0.0001 respectively). Although after exposure to Diazinon, we haven`t
established delayed toxic effect (OPIDN), on the contrary, flies start to die in 2 days after
treatement. This can be explained by an effect of Diazinon on acetylcholine esterase activity
(AChE) which results in more significant sensitivity and death of treated flies during first days.
After exposure to ToCP we observed delayed toxic effect because of influence on NTE activity.
Conclusions. Our data shows perspective of Drosophila sws-depended neurodegenerative
model for organophosphates effects study.
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Fig. 1. Lifespan curves obtained for sws mutant flies at normal (straight line) conditions and with
addition of ToCP (A) or Diazinon (B), dashed lines)
Glynn, Paul. 2006. «Mechanism for organophosphate-induced delayed neuropathy». Toxicology
Letters 162:94–97.
Wentzell, Jill , Marle`ne Cassar, and Doris Kretzschmar. 2014. «Organophosphate-Induced
Changes in the PKA Regulatory Function of Swiss Cheese/NTE Lead to Behavioral Deficits
and Neurodegeneration». PLОS ONE 9(2):1-12.
Bettencourt da Cruz, Alexandre, Jill Wentzell and Doris Kretzschmar. 2008. «Swiss Cheese, a
protein involved in progressive neurodegeneration, acts as a noncanonical regulatory subunit
for PKA-C3». Journal of Neuroscience 28(43):10885-10892.

Effect of O-methylserine on cytogenetic parameters of wheat seedlings
Dana Trunova
Department of Genetics and Cytology, V.N.Karazin Kharkiv National University,
Ukraine e-mail: dana.trunova@gmail.com
Annotation: Метою роботи є визначення мутагенних властивостей О-метилсерину.
Показано, що водний розчин О-метилсерину (10 %), який був узятий у вигляді
хлористоводневої солі, не викликає змін мітотичної активності, проте разом із цим індукує
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збільшення кількості хромосомних аберацій, серед яких переважають мости, фрагменти та
хромосоми, що відстають.
Keywords: unnatural amino acids, mutagenic action, chemical mutagenesis, mitotic index,
aberrations.
Ключові слова: неприродні амінокислоти, мутагенна дія, хімічний мутагенез, мітотичний
індекс, аберації.
Studies on O-methylserine have shown that this amino acid has a pronounced
anticonvulsant activity; it has been proposed to develop a number of O-methylserine based
anticonvulsants (Andurkar, 1998). However, the mutagenic effect of this substance has not been
reported. It was also reported that while O-methyltreonine causes complete discoloration of wheat
leaves and other higher plants, O-methylserine did not induce albinism (Gray, 1962), but this
phenomenon does not exclude its mutagenic properties.
The purpose of this work is to determine the mutagenic properties of O-methylserine.
Mutagenic activity was determined by the method of anaphase chromosome aberration assay and
assessment of mitotic activity in cells of the root meristem of soft wheat seedlings (Triticum
aestivum L.) variety Fermerka breeded in the Рlant Production Institute nd. a. V. Y. Yuryev of
NAAS. The seeds were randomly selected. Germination was conducted in Petri dishes. Ambient
temperature was 23-25 ºС. Humidity was maintained throughout the germination period. Wheat
seedlings were treated with an aqueous solution of 10 % O-methylserine, which was taken in the
hydrochloric salt form, while control Petri dish was left without the testing compound addition.
Fixation was carried out in 2 and 24 hours terms of root growing. After the completion samples
of seedlings’ root meristems were prepared for the following observation. Microscopy, mitotic
index calculation, chromosomal abnormalities account were performed.
The level of mitotic activity in seedlings root meristem cells is presented in Fig. 1. There are
no significant differences in the mitotic activity between the control and O-methylserine-treated
samples (F = 0.32, p ˂ 0.001)

Fig. 1. The mitotic activity of the root meristem cells
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During the anaphase chromosome aberration assay following abnormalities were found:
bridges, fragments and lagging chromosomes. Anaphase account for chromosome aberrations has
showed that O-methylserine solution (10 % wt.) increases the percentage of chromosomal
abnormalities (F = 4.4, p ˂ 0.1) that is shown on the Fig. 2.

Fig. 2. The chromosomal aberrations in root meristem cells in control and after
O-methylserine-treatment
In conclusion, it is necessary to add that the straight O-methylserine compound influence on
the number of chromosomal aberrations is found and it consequently shows that representatives
of unnatural amino acids have special activity that is strongly needed to be observed further.
As acknowledgements, I would like to thank my scientific supervisor O. Y. German and
colleagues of the Department of Genetics and Cytology and the Рlant Production Institute nd. a.
V. Y. Yuryev of NAAS for support.
Andurkar, Shridhar V., James P. Stables, and Harold Kohn. "Synthesis and anticonvulsant
activities of (R)-(O)-methylserine derivatives." Tetrahedron: Asymmetry (1998): 3841-3854.
Gray, Reed A., and David Hendlin. "Growth Inhibition & Bleaching in Higher Plants & Euglena
by O-Methylthreonine; Reversal by Isoleucine." Plant physiology (1962): 223.

Point mutations that confer antibiotic resistance to the Streptomyces albus strains
Vasylyna-Marta Tseduliak, Borys Dolya
Department of Genetics and Biotechnology, Ivan Franko National University of Lviv, Ukraine
e-mail: marta13mermaid@gmail.com
Annotation: У ХХІ столітті питання стійкості патогенних мікроорганізмів до антибіотиків
не втрачає своєї актуальності. Вивчення механізмів стійкості мікроорганізмів може
слугувати підґрунтям для подолання цієї проблеми. У нашій роботі ми досліджуємо
генетичні механізми стійкості штамів S. albus до низки антибіотиків.
Keywords: antibiotic resistance.
Ключові слова: стійкість до антибіотиків
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S. albus is widely used as a host for the heterologous production of many types of secondary
metabolites. S. albus SAM2 was derived from S. albus J1074 (the wild type strain) by deletion of
a pseudo-attB site, called pseB4, for integration of φC31 actinophage (Bilyk and Luzhetskyy,
2013). The R94G strain was obtained from SAM2 by replacement of the rpsL wild type allele
with the mutant allele with the missense mutation. This mutation leads to substitutions of arginine
94 with glycine in the ribosomal protein S12 which results in a higher accuracy of translating and
increased production of secondary metabolites. Thereafter mutations responsible for resistance to
streptomycin, lincomycin, erythromycin and rifampicin were sequentially introduced into R94G
strain. A streptomycin-resistant strain KO1295 was obtained by selection for spontaneous
streptomycin resistance. This strain was parental for KO1304 which is resistant to streptomycin
and lincomycin. KO1305 is resistant to three antibiotics (streptomycin, lincomycin, and
erythromycin). The quadruple mutant strain KO1408 is derivative of the latter and it contains an
additional mutation responsible for rifampicin resistance (Ostash, Ostash and Fedorenko, 2016).
The genomes of the strains were sequenced and compared to the reference genome of S.
albus J1074. We have analyzed spectrum of spontaneous mutations in these strains and have
found some mutations that can confer antibiotic resistance. In the KO1295 genome we identify
two nucleotide substitutions in rsmG gene (XNR_2999) which result in amino acid substitutions
R15S and G40E. This gene encodes a 16S rRNA methyltransferase and mutations in this locus
have been described as conferring streptomycin resistance (Nishimura et al. 2007). So we
consider these mutations are cause of streptomycin-resistant phenotype of KO1295.
We identified mutation probably responsible for resistance to lincomycin in KO1304
genome. Deletion occurred in the XNR_2147 locus which product is TetR family transcriptional
regulator. This protein is presumably negative transcriptional regulator of the downstream gene
XNR_2146 which encodes transmembrane efflux protein. We have conducted bioinformatics
analysis of the latter gene product and revealed that it is probably involved in lincomycin export.
We think expression of the efflux protein in the mutant strain was increased due to removal of
TetR repression as a result of the mutation in the XNR_2147 gene. Probably the mutant gene
product is non-functional. So we have inserted the gene XNR_2146 into plasmid vector pTES
and introduced it by conjugal transmission from E. coli to S. albus SAM2. We have compared
level of lincomycin-resistance of the generated transconjugants, the wild type strain SAM2 and
the mutant strain KO1304. The latter strain and the transconjugant showed similar resistance
level to lincomycin. Thus we can assume that this gene contributes to lincomycin-resistance.
In the KO1305 genome we have found a point mutation in the intergenic region between
XNR_5430 and XNR_5431 that encode ankyrin and hypothetical protein, respectively. Maybe
this mutation alters properties of promoter of the gene for unknown protein, which possibly
confers resistance to erythromycin. We describe a construction of a new plasmid, which will be
needed for verification of the mutation presence.
The rifampicin-resistant strain KO1408 contains the mutation in rpoB gene, which leads to
the amino acid substitution A440H in the β-subunit of bacterial RNA-polymerase. Mutations in
this gene are described to cause rifampicin resistance in Streptomyces (Kim et al., 2005). So we
believe our mutant strain has the same mechanism of rifampicin resistance.
Bilyk, Bohdan, and Andriy Luzhetskyy. 2014. “Unusual site-specific DNA integration into the
highly active pseudo-attB of the Streptomyces albus J1074 genome.” Appl Microbiol
Biotechnol 98(11):5095-104. doi: 10.1007/s00253-014-5605-y.
Ostash, B., I. Ostash, and, V. Fedorenko. Ry`bosoma yak regulyatorny`j element metabolizmu:
nove rozuminnya na osnovi pidxodiv genomnoyi inzheneriyi [The ribosome as a regulatory
element of metabolism: a new understanding based on genomic engineering approaches]
(Report No.F60/52-2016). L`viv: Ivan Franko National University, 2016. (In Ukrainian)
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Bacteriol 189(10): 3876–83. doi: 10.1128/JB.01776-06.
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Indicators of stimulated LBTR in an experimental model of OHSS at the rats
Oleksandra Bekasova
Department of Physiology, Immunology and Biochemistry with a course in Civil Health and
Medicine, Zaporizhzhya National University, Ukraine
e-mail: alexbekasova@gmail.com
Annotation: метою дослідження було оцінити показники стимульованої реакції бластної
трансформації лімфоцитів (РБТЛ) щурів в експериментальній моделі синдрому
гіперстимуляції яєчників. За отриманими результатами показник РБТЛ у порівнянні з
контролем мав значний приріст бласттрансформованих лімфоцитів (позитивним вважають
приріст РБТЛ при 5.0-35.0%): при додатковому введенні 20.0 мкл/мл ФСГ – ІК-33.3%,
ІІК - 35.5%, ІІІК - 63.6% і ІVК - 13.3%, та 40.0 мкл/мл ФСГ – ІК - 50.0%, ІІК - 62.5%,
ІІІК - 66.7% і ІVК - 43.5%. В подальшій роботі планується більш детально дослідити дозу
ФСГ у 20.0 мкл/мл.
Keywords: ovarian hyperstimulation syndrome, lymphocyte blast transformation reaction.
Ключові слова: синдром гіперстимуляції яєчників, реакція бластної трансформації
Ovarian hyperstimulation syndrome (OHSS) is a complication of exogenous controlled
hormonal stimulation aimed at obtaining large numbers of ovums in IVF programs. Today, this
syndrome is seen as a systemic inflammatory response syndrome, so the first important problem
is the evaluation of the immune system of women with OHSS. A method lymphocyte blast
transformation reaction (LBTR) allows a comprehensive assessment of the cellular status of the
immune system.
The purpose of the study was to evaluate the performance of stimulated LBTR at the rats in
an experimental model of OHSS.
The samples of venous-arterial blood of 4 rats of middle-aged female (24 weeks) were
analyzed. To obtain an experimental model of CSF for 4 days the 1st control animal (IR) was
injected of 10.0 μl of saline, 2nd (IIR), 3rd (IIIR) and 4th (IVR) were injected hormone
concentrations of 10.0 μl, 15.0 μl and 130.0 μl, respectively.
In the experiment were determined indicators of leukocyte blood formula, cytomorphometry
lymphocyte and lymphocyte blast transformation reaction. LBTR was performed with additional
stimulation of blood samples at different concentrations of follicle-stimulating hormone (Gonal
F). The results of stimulated LBTR were evaluated after the first day of culturing the cell
suspension.
According to the results of the study indicators of leukocyte blood formula in experimental
models of OHSS at the rats IR, IIR and IIIR observed a decrease in the number of neutrophils,
which at the rat IVR was normal. The number of monocytes was significantly increased (≥50.0%)
compared with the norm reaction at the rats IR, IIIR and IVR. A decrease in lymphocyte counts
was observed in IVR, whereas in IVR rat lymphocyte was a slight increase.
In the analysis of cytomorphometric parameters of lymphocytes at all the experimental rats,
the ratio of size classes had a normal distribution. However, some differences were identified.
Thus, with increasing dose of FSH in all the rats, the content of lymphocytes of the middle size
increased by 30.0% or more. But, rat IIIR had a significantly reduced (7-fold) rate of small
lymphocytes with a 30.0% increase in the middle lymphocyte content, as evidence of additional
stimulation.
LBTR was studied at different concentrations of FSH, which was added to each blood
sample at a concentration of 20.0 μl/ml and 40.0 μl/ml. LBTR had a significant increase in blast-
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transformed lymphocytes with additional doses of 20.0μl/ml FSH – IR - 33.3%, IIR – 35.5%,
IIIR - 63.6% and IVR – 13.3%, and 40ю0 μl/ml FSH - IR - 50.0%, IIR – 62.5%, IIIR – 66.7%
and IVR - 43.5%, compared with control (without additional hormone stimulation). According to
the basic principles of interpretation of immunograms, changes in immunological parameters are
recorded, starting with 40.0-50.0% deviations from these norms. Positive increase of LBTR
considered at 5.0-35.0% relative to the control unstimulated samples of LBTR (Маніна та ін.
2018). Therefore, further work should investigate the dose of FSH in 20 μl/ml in more detail.
Манина И. В., В. Ю. Сергеев, Н. В. Голубцова и А. Ю. Сергеев. 2018. "Модификация
реакции бласттрансформации лимфоцитов для применения в аллергологической
практике". Российский биотерапевтический журнал № 2:88-92.
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Some properties of root exudates of soybean isogenic e lines
(Glycine max (L.) Merr., cv. Clark)
Yana Bondarieva
Department of Plant physiology, biochemistry and microorganisms, V. N. Karazin Kharkiv
National University, Ukraine
e-mail: yanabondarieva@gmail.com
Annotation: визначені морфометрічні показники, вміст вуглеводів у кореневих ексудатах
рослин сої та хемотаксична реакція Bradyrhizobium japonicum (Kirchner) до кореневих
ексудатів сої.
Keywords: root exadates, exometabolites, soybean (Glycine max (L.) Merr.), chemotaxis
Ключові слова: кореневі ексудати, екзометаболіти, Glycine max (L.) Merr., хемотаксис
Organic and inorganic substances released by the root system into the environment are
called root exudates. These exometabolites are represented by a wide range of compounds from
different classes: amino acids, carbohydrates, organic acids, proteins, enzymes, hormones,
inorganic ions, vitamins, etc. These substances are able to influence the processes occurring in the
rhizosphere, including the composition of the microbial community in the rhizoplane
(Кравченко, 2011, Титова, 2014, Dundek at al., 2011).
Soybean is one of the most valuable agriculture plants in Ukraine, so study of its root
exudates is a high-priority problem of the modern biotechnology, since they have an influence on
the rhizosphere, and affect the formation of symbiosis with nodul bacteria as well. Equally
important is the study of bacterial chemotaxis to soybean root exudates to form an effective
symbiotic system (Agnès, 1996).
The aim of the study was to determine the morphometric parameters, carbohydrate content
of soybean root exudates and to study the chemotactic response of Bradyrhizobium japonicum
(Kirchner) 634b to soybean root exudates. The soybean lines (Glycine max (L.) Merr.): shortdaily (SD) - IR 903 (E1E2E3), L 65-3366 (E1E2E3E4e5E7) and photoperiodically neutral (FPN)
- IR 907 (e1e2e3), L 64-4830 (e1e2E3E4E5E7) were studied. To determine the chemotaxic
reaction the collection strain Bradyrhizobium japonicum (Kirchner) 634b of the Department of
Plant physiology and biochemistry and microorganisms from V. N. KarazinKharkiv National
University was used. Carbohydrates content in root exudates was determined by the Shvetsov and
Lukyanenko method. The activity of the chemotaxis was determined by the diameter of the
chemotactic ring during the migration of bacterial cells to the periphery of the Petri dish with
MDA medium with the addition of exudates in a dilution of 1:1 and 1:9.
The results have shown that soybean lines differ in plants linear growth rates. The soybean
lines IR 907 (FPN) and IR 903 (SD) were characterized by more intensive development of the
aboveground part and the lines L 64-4830 (FPN) and L 65-3366 (SD) – of underground part. The
root exudates of the soybean lines IR 907 (FPN) and IR 903 (SD) had high content of
carbohydrate. Short-daily lines are characterized by a higher content of monosaccharides than
photoperiodically neutral lines. It might be explained by the genotype features of the analyzed
lines. The highest chemotaxis was observed in direction to root exudates of lines
L 64-4830 (FPN) and L 65-3366 (SD). Thus, root exudates of soybean lines L 64-4830 (FPN)
and L 65-3366 (SD), which were characterized by less carbohydrates showed bigger chemotactic
activity. We can assume that this may be related to the presence of specific oligosaccharides,
hormones and amino acids in them, which greatly increase the chemotactic reaction.
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Кравченко Л. В., Шапошников А. И., Макарова Н. М., Азарова Т. С., Львова К. А.,
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Титова Д. Г., Буланов А. Г., Филатова О. М. Роль экссудатов корневой системы огурца в
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The content of lipid peroxidation products of Rhodopseudomonas yavprovii ІМV В-7620
bacteria under the influense of ferric citrate
Iryna Bulka, Solomiia Komplikevych, Vitaliia Zinkovska, Nataliia Kulishko, Olena Ishchak,
Olha Maslovska
Department of Microbiology, Faculty of Biology, Ivan Franko National University of Lviv,
Hrushevskyi, 4, Lviv, 79005, Ukraine
e-mail: irabulka05@gmail.com
Annotation: Fe (III) цитрат зумовлює вільнорадикальне пошкодження ліпідів бактерій
Rhodopseudomonas yavorovii ІМВ В-7620. Про це свідчить утворення первинних та
вторинних продуктів ПОЛ. Утворення продуктів залежало від концентрації ферум (ІІІ)
цитрату у середовищі.
Keywords: Rhodopseudomonas yavorovii, ferric citrate, lipid peroxidation
Ключові слова: Rhodopseudomonas yavorovii, ферум (ІІІ) цитрат, перекисне окиснення
ліпідів
Wastewater from industrial plants contain significant concentrations of heavy metal
compounds, in particular ferric ions. Ferrous and ferric ions play an important role as an electron
acceptor for heterotrophs and as an electron donor for chemotrophs and phototrophs, but at high
concentrations these compounds are toxic (Moroz O. at al, 2010). Ferrous and ferric ions can
directly or indirectly damage the macromolecules of the cell due a Fenton and Haber–Weiss
reactions, causing inhibition of photosynthesis, respiration, nitrogen fixation, etc (Lushchak V. at
al, 2004).
Bacteria of Rhodopseudomonas genus are characterized by a metabolic versatility that
allows them to oxidize various electron donors, ability to grow under aerobic or anaerobic
conditions, phototrophic or chemotrophic types of metabolism. These properties provide their
survival under the influence of high concentrations of ferric ions in the environment (Mehrabi S.
at al., 2001). Ferric ions can induce lipid peroxidation by one-electron reduction of lipid
hydroperoxides to the corresponding alkoxyl (RO•) and peroxyl radicals (ROO•). In the process of
free radical lipid peroxidation significant amount of primary, secondary and advanced products
are generated in bacterial cells (Repetto M., 2012). The purpose of this work was to investigate
the influence of ferric citrate on free radical processes in membranes by determining the content
of primary and advanced products of lipid peroxidation.
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To determine the content of the indicators of the lipid peroxidation,
R. yavorovii IMV B-7620 bacteria were grown in modified growth medium ATCC № 1449.
Sodium citrate at concetration of 12 mM was added to the medium as a carbon source.
Investigation of lipid peroxidation processes carried out with the addition into the medium of
ferric citrate at concentrations 1, 3, 6, 9 and 12 mM. Metal salt was not added into control. The
content of lipid hydroperoxides in cell-free extracts was determined by reaction with ammonium
thiocyanate (Oleksiuk N. at al, 2010). The diene conjugates were extracted with a mixture of nheptane and isopropyl alcohol and dissolved in ethanol and then measured spectrometrically at
233 nm. (Oleksiuk N. at al, 2010). The concentration of advanced products in the cell-free
extracts was measured by the color reaction of malonic dialdehyde with thiobarbituric acid under
conditions of high temperature and acidic medium, resulting in the formation of complex,
containing one malonic dialdehyde molecule and two thiobarbituric acid molecules (Lushchak V.
et al, 2004).
Under the addition of ferric citrate into the growth medium, content of diene conjugates in
cell-free extracts of R. yavorovii IMV B-7620 bacteria increased compared to control. The
highest content of these lipid peroxidation products (0.49 nmol/mg of protein) was detected under
the influence of 6 mM of ferric citrate. At the enhancement of concentration of metal salt up to 20
mM the content of lipid hydroperoxides decreased compared to the content of these compounds
under the influence of 6 mM of ferric citrate, however, significantly exceeded the content of these
compounds in the control. The content of the diene conjugates in cell-free extracts of
R. yavorovii IMV B-7620 bacteria at the influence of ferric citrate depended on concentration of
ferric citrate in the medium. Addition of 1 mM of ferric citrate did not cause significant changes
in the content of these compounds. However, the addition of 3 mM of ferric citrate resulted in
increase of the content of diene conjugates by 13 times compared to control. At increasing of
concentration of the ferric citrate in the medium up to 12 mM, the content of diene conjugates
decreased compared to content of this compounds under the influence to 3 mM of ferric citrate,
however, was significantly higher than in control. Thus, accumulation in
R. yavorovii IMV B-7620 cells of diene conjugates and lipid hydroperoxides under the influence
of ferric citrate is probably due to free radical lipid damage.
The primary products of lipid peroxidation due to further interaction with the free radical
compounds are transformed into advanced products of lipid peroxidation. Advanced products of
lipid peroxidation include malonic dialdehyde, which is determined in reaction with
thiobarbituric acid. The content of thiobarbiturate-active products also increased due to the
influence of all investigated concentrations of ferric citrate. The highest content of these lipid
peroxidation products (0.055 μmol/mg of protein) was observed under the addition of 3 mM of
ferric citrate.
Lushchak V., Bagniukova T., Lushchak O. 2004 «Oxidative stress indicators. Thiobarbiturateactive products and carbonyl groups of proteins.» Ukr. biochem. T. 76. № 3. S. 136–141.
Mehrabi S. 2001. «Identification and characterization of Rhodopseudomonas spp., a purple, nonsulfur bacterium from microbial mats.» Biomolecular engineering. Vol. 18, № 2. P. 49–56.
Oleksiuk N., Yanovych V. 2010. «Activity of prooxidant and antioxidant systems.» Ukr.
biochem. T. 82, № 3. S. 41–48. science: 03.00.07. 157p.
Moroz O., Klim I., Podoprigora O., Borsukevich B. M. 2010. «Influence of important metals on
the river and oxidation of the sulfur control of photosynthetic sulfur bacteria in the reservoir of
the Yavoriv sulfur deposit career.» Nauk. Visn. Uzhhorod. un-tu. Avg. Biol. Vol. 28. P. 30-34.
Repetto M. 2010. «The involvement of transition metal ions on iron-dependent lipid
peroxidation.» Arch. Toxicol. Vol. 84, № 4. P. 255–262.
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Effects of bacterialization and salicylic acid treatment on plant resistance under
experimental conditions
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Annotation: Вивчали вплив бактеризації суспензією ціанобактерій і обробки саліциловою
кислотою на холодостійкість рослин. За результатами дослідження, ростові реакції
контрасних за холодостійкістю рослин гороху і квасолі, мали, переважно, спільний
характер. В умовах відтермінованої дії холодового стресу відбувався позитивний вплив
бактеризаціі насіння на розвинення холодостійкості рослин гороху.
Keywords: bacterisation, salicylic acid, plant resistance, Pisum sativum, Phaseolus vulgaris.
Ключові слова: бактеризація, саліцилова кислота, стійкість рослин.
One of the main tasks for the modern agriculture is the increase of plant resistance to
various damaging environmental impacts. The importance of studying the problem of plant
resistance to cold arises from the fact that plants are adversely affected by low positive
temperatures on large land areas. Climate changes have a negative influence on plants,
particularly if frequent temperature fluctuations occur over short periods of time. There are a
number of studies aimed at overcoming the negative effects of low positive temperatures on
plants. For that the methods of selection of cold-resistant breeds of agricultural plants are used
along with the treatment of seeds with chemical or biological substances, which stimulate the
development of protective reactions in plants. However, the role of phototrophic soil
microorganisms in the formation of plant resistance to various stress factors still remains poorly
understood. Considering the problem described above, the aim of the present study was to assess
the effect of bacterialisation by cyanobacteria suspension and the treatment of salicylic acid on
the plant seeds on further potential formation of cold resistance. The effect of bacterization and
salicylic acid treatment of pea and bean seeds on the morphometric parameters of plants under
cold stress wasinvestigated. The outcome of bacterialization or salicylic acid treatment of pea and
bean seeds on the permeability of cell membranes of plant leaves was evaluated by the
conductometric method, and the activity of catalase in plant roots under cold stress was also
studied.
The study was performed using pea seeds (Pisum sativum L.) of the variety "6 weeks", the
common bean seeds (Phaseolus vulgaris L.) variety "Blauhilde", and a pure culture of
cyanobacteria Nostoc linkia (Roth.) Born. et Flah. in sensu Elenk str. IBASU – B-465 obtained
from the collection of M.G. Holodny Institute of Botany of NAN of Ukraine. Plants were grown
in rolls in a vegetation chamber at +22°C under natural illumination. Cold stress was modeled by
moving the seeds in a roll to the refrigerator at +4°C for 3 hours. The cold impact was carried out
for treated seeds as well as 7-day seedlings (the latter comprised a simulation of delayed cold
action).
The study showed common growth responses in pea and bean plants, which contrasted in
their intrinsic cold resistance. Bacterization of seeds by cyanobacteria had a positive effect on the
development of the cold resistance of pea plants in the experiment with delayed exposure to cold.
Bacterialization or treatment with salicylic acid of seeds preferably reduced the permeability of
cell membranes in pea leaves and did not decrease the output of electrolytes in bean leaves.
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Under the conditions of delayed exposure to cold, an increase in the activity of catalase in pea
roots was observed in experimental series with bacterization or treatment with salicylic acid.

Sulfidogenic activity of sulfate-reducing bacteria isolated from different parts of the
gastrointestinal tract of rats diseased from ulcerative colitis
Olga Duda
Department of Microbioilogy, Faculty of Bioilogy, Ivan Franko National University of Lviv,
Hrushevskoho Street, 4, Lviv, 79005, Ukraine
e-mail: helganovak12@gmail.com
Annotation: дослідження росту сульфатвідновлювальних бактерій у середовищі Постгейта
С з різними джерелами карбону та порівняння сульфідогенної активності виділених
штамів у середовищі з різними донорами електронів.
Keywords: sulfate-reducing bacteria, sulfidogenic activity, hygrogen sulfide, ulcerative colitis.
Ключові слова: сульфатвідновлювальні бактерії, сульфідогенна активність, гідроген
сульфід, виразковий коліт.
The lumen of the large intestine is inhabited by approximately 10 11-1012 cells of
microorganisms/g. They belong to normal microbiocenosis, colonizing the surface of the
intestinal mucosa and forming biofilms. On the surface of epithelial cells, the number of
microorganisms is 108 cells/cm2 (Gudz et. al. 2014).
The normal intestinal microbiota is represented by several groups of microorganisms, most
of which are obligate anaerobes that do not usually form spores. Most in the intestine are bacteria
of the Firmicutes type (60-80%) and the Bacteroides genum (20-40%). An important component
of this microbiocenosis is also the sulfate-reducing bacteria of the genus Desulfovibrio,
Desulfobulbus, Desulfobacter, Desulfomonas and Desulfotomaculum. It is suggested that sulfatereducing bacteria can be the cause of some forms of rectal cancer due to the formation of
hydrogen sulfide, which adversely affects the metabolism of intestinal cells and contributes to the
emergence of various diseases (Gallego et. al. 2008). Hydrogen sulfide can relax the intestinal
smooth muscle, increase the secretion of the large intestine and protect the intestine from
ischemia - reperfusion injury in rats (Liu et. al. 2009). But it is believed that a high concentration
of hydrogen sulfide, which can form in the large intestine, promotes the development of
nonspecific ulcerative colitis and colorectal cancer due to oxidation disorders n-butyrate, which
causes a barrier violation.
The analysis of the sulfidogenic activity of sulfate-reducing bacteria isolated from the
different parts of the gastrointestinal tract of rats diseased from ulcerative colitis is important for
understanding the effect of hydrogen sulfide – a product of sulfate dissimilation – on intestinal
cells, and on changes in the composition of the micribiota.
Aim: to analysis the morpho-physiological properties and sulfidogenic activity of sulfatereducing bacteria isolated from different parts of the gastrointestinal tract of rats suffering from
ulcerative colitis.
Conclusions: Morpho-physiological properties of isolated strains were investigated. All
bacteria are gram-negative, have a coccyx or rod-like shape. Use sulfate as an electron acceptor.
Sulfur-reducing bacteria isolated from the proximal colon (12v) are characterized by the highest
sulfidogenic activity in the medium with stearic acid. Bacteria recovered 8.7-9.5 mM sulfate and
accumulated 10.2 mM hydrogen sulfide.
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The effect of bacterization on the carbohydrates in root exudates of isogenic lines of wheat
and mercia sort and the chemotaxic reaction of Azospirillum brasilense
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Annotation: визначені морфометрічні показники, вплив бактеризаціі на вміст вуглеводів у
кореневих ексудатах пшениці, вміст фенолів та флаваноїдів та хемотаксична реакція
Azospirillum brasilense до кореневих ексудатів пшениці.
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The excretory activity of the plant is a manifestation of the basic property of living
organisms. The roots excrete different substances into the environment (Кузнецова Ю. О). Plant
root exudates include nitrogen-containing compounds (such as amino acids) and a wide range of
secondary metabolites that act as signaling molecules. Traditionally, by chemical composition,
root exudates can be divided into low and high molecular weight ones. Low molecular weight
ones include organic acids, amino acids and sugars, in smaller quantities amides, oligopeptides,
purine and pyrimidine bases, alcohols, alkaloids, glycosides, polyphenols, lactones, etc.
(Кравченко Л. В.). The number of root exudates varies depending on the plant type, variety, age
and stress factors. Therefore, the study of root exudates of wheat is a promising area not only for
classical biology, but also for biotechnology (Bertin C.).
The aim of the study was to determine the effect of bacterization on the content of
carbohydrates in the root exudates of wheat isogenic to genes Ppd of lines 2A, 2B, 2D and Mercia
and their effect on the chemotactic reaction of Azospirillum brasilense. Morphometric parameters
of seedlings, content of carbohydrates in root exudates of wheat, content of phenols and
flavonoids in root exudates of wheat, chemotactic reaction of bacteria Azospirillum brasilense to
root exudates of wheat were determined. The objects of the study were plants of mild winter
wheat of the Mercia sort and three isogenic lines different from the original variety by substituted
chromosomes of the second homeological group 2A, 2B and 2D. Carbohydrate content was
determined by the photometric method according to Shvetsov-Lukyanenko, the content of total
phenols and flavonoids was measured photometrically with the Folin-Chekalteu reagent;
chemotactic reaction of bacteria to root secretions was determined according to the diameter of
the chemotactic ring.
The results of the study showed that plants of isogenic lines and sort of wheat on the 14th
day were characterized by intensive development of the underground part, and on the 21st day
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they were characterized by the developmental of the aboveground part. Bacterialization affected
the content of monosaccharides in root exudates. High rates of production of monosaccharides
were observed in plants of the sort and line 2A. Content of phenols and flavonoids in root
exudates increased in all variants of the experiment under the conditions of bacterization. High
levels were observed in root exudates of the sort and lines 2B and 2D. Bacterization affected the
chemotactic reaction of the associative diazotroph Azospirillum brasilense. The high chemotactic
reaction was characteristic of the root secretions of the wheat varieties. The largest diameter of
the chemotactic ring was characteristic of the root secretions of the plant sort, and the smallest
was that of line 2A.
Кузнецова Ю. О. Одержання, характеристика та біологічна активність кореневих
екзометаболітів проростків пшениці (автореферат дисертації на здобуття наукового
ступеня кандидата біол. наук; спеціальність 03.00.20 – біотехнологія). – Харків, 2009. –
22 с.
Кравченко Л. В., Шапошников А. И., Макарова Н. М., Азарова Т. С., Львова К. А.,
Костюк И. И., Ляпунова О. А., Тихонович И. А. Состав корневых экзометаболитов
мягкой пшеницы и томата, влияющих на растительно-микробные взаимодействия в
ризосфере // Физиология растений. – 2011. – 58, №5. – С.781-786.
Bertin C., Yang X., Weston L. The role of the root exudates and allelochemicals in the
rhizosphere // Plant and soil. – 2003. – Vol.256. – P. 67-83.

Influence of deletion of transcripting factors sef1 and tup1 on iron metabolism and
synthesis of riboflavin in the yeast pichia guilliermondii
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Annotation: Досліджено вплив делеції генів sef1 та tup1 на метаболізм заліза та синтез
рибофлавіну у дріжджів P. guilliermondii. Делеція гену sef1 повністю блокує надсинтез
рибофлавіну за умов недостатнього забезпечення залізом. Δsef1 штами характеризуються
нижчою фериредуктазною активністю порівняно з штамом дикого типу, проте не
відрізняються за вмістом заліза в клітинах. Делеція гену tup1 приводить до зростання
вмісту заліза в клітинах, флавіногенної та фериредуктазної активності. Отримані дані
свідчать про те, що обидва транскрипційні фактори Sef1 та Tup1p залучені в регуляцію
забезпечення клітин залізом та регуляцію біосинтезу рибофлавіну.
Ключові слова: рибофлавін, регуляція біосинтезу, залізо, дріжджі P. guilliermondii.
Keywords: riboflavin, regulation of biosynthesis, iron, yeast P. Guilliermondii
Riboflavin (RF) is one of the most famous and common vitamins. It is found in all plant and
animal cells, but only some of them are truly rich in vitamin В₂. It is quite difficult to get a
vitamin through food alone. The most well-known and cheapest way to get RF is microbial
synthesis. But, the existing producers of vitamin В have a number of disadvantages, including
poor productivity and stability. That is why the important task for today is to study the
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mechanisms of regulation of biosynthesis of the RF and to find ways to increase its synthesis at
optimal costs and with available methods. A convenient model for research in this field is the
flavinogenic yeast Pichia guilliermondii, for which methods of classical and molecular genetics
and selection have been developed. It is established that the regulation of RF biosynthesis in this
type of yeast is complex. Iron ions, factors of positive and negative regulation and a number of
transcription factors are involved in the control of flavinogenesis. In another type of flavinogenic
yeast Candida famata it is found that the deletion of the sef1 gene (encodes a potential
transcription factor) leads to a loss of ability to over-synthesize RF under conditions of
insufficient iron supply, and overexpression of this gene leads to higher production of this
vitamin. However, it is unknown how deletion of the sef1 gene affects iron metabolism.
Transcription factor Tup1p also was shown to be involved in the regulation of iron metabolism in
C. albicans and regulate a big set of other genes involved in metabolic pathways such as meiosis,
sporulation, flocculation, utilization of different carbon sources and protection against osmotic
stress. The role of this transcription factor in the regulation of RF biosynthesis has not been
established.
The aim of the study was to investigate the properties of engineered P. guilliermondii
strains with deleted genes sef1 and tup1, in particular iron metabolism and the ability to
synthesize RF. According to this goal, the main tasks of the study were to analyze the growth and
flavinogenic activity of mutants of P. guilliermondii with the deletion of sef1 and tup1 genes
under different conditions of cultivation; to determine the content of the ferum in the cells, a total
reductase and ferreductase activity of yeast cells.
Deletion of sef1 gene completely blocked over-synthesis of riboflavin under iron-deficient
conditions. Riboflavin production of Δsef1 strains in an iron-supplemented medium was low,
similarly to that of wild-type strain. This indicates the positive nature of the regulation of this
gene of biosynthesis of RF. Ferrireductase activity of Δsef1 strains was lower than that of the
wild type strain. Ferum content in P. guilliermondii mutant cells was slightly different from the
wild-type strain and ranged from 60 to 74 µg/g of dry cells.
It has been established that inactivation of tup1 gene in P. guilliermondii wild-type strain
led to increase of ferrireductases activity and riboflavin production. Ferum deficiency leads to a
decrease in biomass accumulation and an increase in flavinogenic activity of wild-type strain, and
mutants of P. guilliermondii with the deletion tup1 gene. Ferum content in cells of the Δtup27
mutant was in 3.5 times higher than that in cells of the wild-type strain in iron deficient
conditions.
Obtained results can suggest that both transcription factors Sef1 and Tup1p are involved in
regulation both of iron acquisition and riboflavin biosynthesis in the yeast P. guilliermondii.
Boretsky Y., Fedorovich D., Boretsky V. et al. Localization of a rib83 mutation that blocks
riboflavin overgrowth in yeast // Visnyk of Lviv National University. Series Biological 2013.
Issue 61. P. 91–97.
Lesuisse E., Raguzzi F., Crichton R. R. Iron uptake by the yeast Saccharomyces cerevisiae:
Involvement of a reduction step // J. Gen. Microbiol. 1987. Vol.133. P.3229-3236.
Sibirny A., Fedorovich D., Boretsky Y.., et al. Microbial synthesis of flavins // Kyiv: Naukova
Dumka, 2006. P. 191.
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The influence of potassium dichromate on usage of nitrate and nitrite ions as electron
acceptors by Desulfovibrio sp. and Desulfuromonas sp.
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Annotation: Сульфат- і сірковідновлювальні бактерії є важливою ланкою природного
циклу сульфуру. За останні десятиліття досягнуто значних успіхів у дослідженні цих
бактерій. Вони здійснюють дисиміляційне відновлення окиснених сполук сульфуру та
нітрогену і зв’язують потоки карбону, сульфуру і нітрогену в анаеробних середовищах, які
часто забруднені важкими металами. У своєму дослідженні ми показуємо негативний
вплив
калій
біхромату
на
відновлення
нітратів
та
нітритів
штамами
сульфатвідновлювальних бактерій Desulfovibrio sp. та сірковідновлювальних бактерій
Desulfuromonas sp.
Keywords: nitrates, nitrites, dichromates Desulfovibrio, Desulforomonas
Ключові слова: нітрати, нітрити, біхромати, Desulfovibrio, Desulforomonas.
Sulfate and sulfur reducing bacteria play an important role in the carbon, nitrogen and sulfur
cycle. They use sulfates, nitrates and nitrites as a terminal electron acceptors. Nitrate respiration
(denitrification) is catalyzed by two enzymes: nitrates are reduced to nitrites by nitrate reductase
A and the formed nitrites are reduced to ammonia by nitrite reductase (Hruzyna 2002). Sulfate
and sulfur reducing bacteria reduce sulfates and sulfur to H 2S. Electron donors are H2 or organic
compounds. Bacteria of Desulfovibrio genus carry out incomplete oxidation of organic
compounds to form acetate as the final product, but Desulforomonas genus carry out complete it
oxidation to CO2 (Moroz 2013; Moroz et al., 2018).
Sulfate reducing bacteria can use some metals as electron acceptors (Cr (VI), U (VI), Tc
(VIІ), Pd (II) and other), transforming them to less toxic low-soluble compounds. Toxic effect of
Cr (VI) is related to its ability to replace Mg in DNA polymerase and in other enzymes, react with
carbonyl and sulfhydryl groups of enzymes, influence replication and transcription processes.
Hexavalent chromium inhibits the growth of microorganisms, but they have effective systems of
neutralizing the negative effects of Cr (VI) (Sobol, Schiestl 2012), such as specific removal of
chromate ions from the cytoplasm or extracellular reduction of Cr (VI) to Cr (III).
In our work we investigated the influence of potassium dichromate on the reduction of
nitrates and nitrites by strains of sulfate-reducing bacteria Desulfovibrio desulfuricans IMV K-6,
Desulfovibrio sp. Yav-6, Desulfovibrio sp. Yav-8 and sulfur-reducing bacteria Desulfuromonas
acetoxidans IMV B-7384, Desulfuromonas sp. Yavor-5, Desulfuromonas sp. Yavor-7. These
strains were isolated from Yavorivske Lake and identified at the Department of Microbiology,
Ivan Franko National University of Lviv.
Bacteria of Desulfovibrio sp. and Desulfuromonas sp. were grown in Kravtsov-Sorokin
medium without Mohr salt and without sulfate ions under anaerobic conditions and 30 °C (Gudz
et al., 2014). Cells were sown (seeding density − 0.1 g/l or up to 10 8 CFU/ml) in medium without
SO42- and NH4Cl with cysteine (0.2 g/l) and sodium lactate (17.86 mM), into which sterile
NaNO3 or NaNO2 solutions were added to final concentrations: 1.74; 3.47; 5.21; 6.94 and 10.41
mM and K2Cr2O7 to a final concentration of 3.47 mM. Cells were also sown in medium with 3.47
mM NO3-, NO2- or Cr2O72- as the sole electron acceptor. On the 10th day of growth we
determined the biomass, nitrate, dichromate, chromium (III) and ammonium ions content in the
cultural liquid (Gudz et al., 2014).
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We have found that potassium dichromate (3.47 mM) inhibits biomass accumulation, nitrate
and nitrite ions reduction and ammonium ions production by Desulfovibrio
desulfuricans IMV K-6,
Desulfovibrio sp. Yav-6,
Desulfovibrio sp. Yav-8,
Desulfuromonas acetoxidans IMV В-7384,
Desulfuromonas sp. Yavor-5,
Desulfuromonas sp. Yavor-7 after simultaneous introduction into the medium of NO 3- or NO2(1.74−10.41 mM) and 3.47 mM Cr2O72-. Biomass of bacteria Desulfovibrio sp. and
Desulfuromonas sp. in the medium with potassium dichromate (3.47 mM) was in 1.1–2.5 times
lower than in the medium with 3.47 mM NaNO3 and in 1.3–2.6 times lower than in the medium
with 3.47 mM NaNO2. Biomass accumulation by bacteria in the media with Cr2O72- and NO3- or
NO2- was lower than in the media with Cr2O72-, NO3- or NO2- as sole electron acceptor. At all
concentrations in the medium with 3.47 mM K2Cr2O7 and NaNO3 or NaNO2 a decrease in the use
of nitrates or nitrites by Desulfovibrio sp. (48.7–77.5 and 45.5−76.3 % accordingly) and
Desulfuromonas sp. (43.8–65.7 and 43.8−65.8 % accordingly) was observed compared to their
reducing in the medium only with 3.47 mM NaNO3 or NaNO2 by Desulfovibrio sp. (96.2–97.4
and 95.7−97.4 % accordingly) and Desulfuromonas sp. (92.7–94.8 and 92.8−94.8% accordingly).
Isolated from Yavorivske Lake strains of sulfidogenic bacteria are perspective for
application in technologies of complex environment purification from Cr (VI) and nitrogen
compounds, since they are capable to active reductive transformation to these pollutants.
Sobol Z., Schiestl R. H. 2012. “Intracellular and extracellular factors inﬂuencing Cr (VI) and Cr
(III) genotoxicity”: Environ. Mol. Mutagen. Vol. 53. P. 94–100.
Грузина Т. Г., Чеховская Т. П., Балакина М. Н., Ульберг З. Р. 2002. “Изучение
ингибирующего влияния ионов свинца на клетки некоторых штаммов бактерий рода
Pseudomonas”: Український біохімічний журнал. Т. 74. № 2. С. 115–119.
Гудзь С. П., Гнатуш С. О., Яворська Г. В., та інш. 2014. “Практикум з мікробіології” –
Львів: ЛНУ імені Івана Франка. 436 с.
Мороз О. 2013. “Утворення гідроген сульфіду сірковідновлювальними бактеріями за
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61. С. 154–165.
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Nitrate and nitrite ions reduction by bacteria Desulfuromonas sp. Under the influence of
ferrum (iii) citrate
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Annotation: ферум (III) цитрат за концентрації 3.47 мМ у середовищі виявив токсичну дію
на нітрат і нітритредукцію, яку здійснювали бактерії Desulfuromonas sp. Виділені штами є
адаптованими до високих концентрацій ферум (III) цитрату. Вони перспективні для
застосуваннях у технологіях комплексоного очищення довкілля від сполук важких металів
та нітрогену , оскільки здатні до активної відновної трансформації цих полютантів.
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Sulphur-reducing bacteria are an important element of sulphur natural cycle. They
accomplish dissimilatory reduction of sulphur, nitrates or nitrites and bind fluxes carbon of
nitrogen and sulphur in anaerobic areas of water basins (Matseliukh, 2002). In the natural
environment, sulphur-reducing bacteria are widespread in the low redox potential areas. The
bacteria play especially important role in the areas where sulphur deposits are developed; which
are polluted with sulphur compounds such as hydrogen sulphide, in particular. H 2S is a
considerable source of environmental pollution (Rozanova, 1987). The most accessible source of
nitrogen for sulphur-reducing bacteria are ammonium ions, which are formed as a result of
nitrogen fixation or reduction of nitrates or nitrites. The sulphur-reducing bacteria oxidise organic
compounds or H2 with using not only the Sulphur, but also other electron acceptors such as
environmentally harmful oxidised forms of heavy metals, nitrates or nitrites, providing, thereby,
their detoxication (Tebo et.al., 1998).
Bacteria Desulfuromonas sp. were grown in Kravtsov-Sorokin medium without sulphates
under anaerobic conditions and in temperature of 30 С. The bacteria were grown in the media
with Na3C6H5O7 (17.86 mM) with the addition of sterile 1 M solutions of NaNO 3 or NaNO2 at
concentrations of 1.74; 3.47; 5.21; 6.94; 10.41 mM, and ferrum (III) citrate at concentrations of
3.47 mM. The cells were also grown in the media with 3.47 mM of NO3-, NO2- or ferrum (III)
citrate as the sole electron acceptor. On the 10th day, the biomass concentration was determined
as well as the content of NO3-, NO2-, Fe(ІІІ), Fe2+ or NH4- in the culture liquid (Gudz, 2014).
While introducing nitrate ions and ferrum (III) citrate into the cultivation medium of
Desulfuromonas sp., an efficiency of NO3- reduction by the bacteria decreasing was observed.
The efficiency of NO3- reduct in medium with NaNO3, FeC6H5O7 did not exceed 64.9 %, as
compared to the NO3- reduction in the medium containing nitrate ions only. The efficiency of
ferrum (III) reduction by sulphur-reducing bacteria in the medium with 3.47 mM of NaNO 3 and
3.47 mM of ferrum (III) citrate did not exceed 58.5 %.
As for nitrites, after introducing nitrite ions and ferrum (III) citrate into the cultivation
medium of Desulfuromonas sp., the efficiency of NO2- reduction decreasing was observed;
whereas the efficiency did not exceed 64.0 %, as compared to nitrite reduction in the medium
containing nitrite ions only. Ferrum (III) citrate reduction efficiency by sulphur-reducing bacteria
in the medium with NaNO2 and ferrum (III) citrate did not exceed 82.1 %.
Thus, ferrum (III) citrate at concentration 3.47mM in medium revealed toxic effect, on
nitrates and nitrites reduction by bacteria Desulfuromonas sp. The strains are adapted to high
concentrations of ferrum (III) citrate. They are highly promising for applications in technologies
of environment purification from heavy metal and nitrogen compounds, as the bacteria strains are
capable of active transformation of the above-mentioned pollutants.
Мацелюх Б. П. Велика екологічна проблема. Яворівщина. Високий замок. Львів, 11. 10.
2002. С. 1–2.
Гудзь С. П., Гнатуш С. О., Яворська Г. В., Білінська І. С., Борсукевич Б. М. Практикум з
мікробіології: підручник. Львів: ЛНУ імені Івана Франка, 2014. 436 с.
Розанова Е. П. Методы культивирования и идентификации анаэробных бактерий,
восстанавливающих серу и ее окисленные соединения: Теоретичиские и методичиские
основы изученния анаэробных микроорганизмов. Пушино, 1987. 567 с.
Tebo B. M., Obraztsova A. Y. Sulfate-reducing bacterium grows with Cr (VI), U (VI), Mn (IV),
and Fe (III) as electron acceptors // FEMS Microbiology Letters, 1998. 162 193–198.
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Candida albicans ATCC 18804 growth in the presence of N-benzimidazol sulfonamide
derivatives
Valeriia Tkach
Department of microbiology, virology and biotechnology, Odesa I. I. Mechnikov National
University, Ukraine
e-mail: rector@onu.edu.ua
Annotation: Було досліджено дію N-бензімідазол сульфонамідних похідних: N-(1Hбензоімідазол-2-іл)-4-хлоробензенсульфонамід (I), N-(1H-бензоіл-амідазол-2-іл)-4-нітробензенсульфонамід (II), N-(1H-бензоіламідазол-2-іл)–бензен-сульнамід (III), N-(1Hбензоіламідазол-2-іл)-4 метилбензенсульфонамід (IV), N-(1H-бензоіламідазол-2-іл)-4бромо-бензенсульфонамід
(V),
бензоіламідазол-сульфо-феніл-ацетамід
(VI),
Nбензімідазол, щодо дріжджоподібних грибів Candida albicans ATCC 18804 за допомогою
мікрометоду серійних розведень то порівняно їх дію з відомими антифунгальним
препаратом флуконазолом.
Key words: C. albicans, N-benzimidazоle sulfonamide derivatives, resistance, fluconazole.
Ключові слова: C. albicans, похідні N-бензімідазол сульфонаміду, резистентність,
флуконазол.
Candidiasis is a chronic anthroponosis caused by opportunistic fungal infection through
which people with immunodeficiencies suffer (Sakharuk et al., 2010).
The urgency of the candidiasis problem is beyond doubt. Candida as a pathogen can cause
both superficial mucosal infections and serious systemic illnesses (Gurjeet et al., 2013). Because
of the resistance, the number of antifungal drugs is growing, and thus clearer schemes of
treatment are needed with regard to their indications and contraindications (Veselov, 2004). The
grate amount of virulence factors has made the searching for effective drugs more difficult
(Delattin et al., 2014).
One of the most widely used antifungal drugs against Candida is fluconazole. The
mechanism of its action is based on inhibition of the enzyme lanosterol-demethylase, which is
required for ergosterol biosynthesis, an important component of fungal cell membranes. Recently,
partial or complete resistance to this drug has been observed (Beatson et al., 2017).
Sulfonamide drugs were the first systemic antimicrobial agents that were widely used to
treat bacterial infections. In fungi, sulfonamides inhibit the dihydrofolate reductase and folate
pathway, although very high concentrations are required to inhibit Candida growth (Hassan et al.,
2018).
The objective of this study was to evaluate the influence of N-benzimidazole sulfonamide
derivatives on C. albicans ATCC 18804 growth and to compare it with that of well-known
antifungal drug fluconazol.
Materials and methods. The Candida albicans strain ATCC 18804 was used as the testobject. Overnight culture of test-strain on nutrient agar plate was used for inoculum preparation:
1-2 isolated colonies were suspended in sterile phosphate buffered saline. The density of the
obtained suspension was adjusted to McFarland's standard of 0.5 OD and used to inoculate the
culture medium.
Stock
solutions
of
studied
compounds
N-(1H-benzoimidazol-2-yl)-4chlorobenzenesulfonamide (I), N-(1H-benzoyl-amidazol-2-yl)-4-nitro-benzenesulfonamide (II),
N-(1H-benzimidazol-2-yl)-benzene-sulfamide
(III),
N-(1H-benzoimidazole-2-yl)-4methylbenzenesulfonamide (IV), N- (1H-benzoimidazol-2-yl)-4-bromo-benzenesulfonamide (V),
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benzoimidazole-sulfo-phenyl-acetamide (VI), N-benzoimidazole and fluconazole were prepared
in DMSO. Working solutions were obtained by diluting stock solutions with DMSO so that final
concentrations ranged from 4 to 800 μM (4, 40, 400 and 800 μM).
160 μl of Sabouraud broth, 20 μl of the studied compounds and 20 μl of inoculum were
added to each well of 96-well plate (Sarstedt, Germany) (except for control wells). Control wells
contained 180 μl of Sabouraud broth and 20 μl of inoculum. Each concentration was evaluated in
triplicates. Plates were incubated 24 h and optical density of the culture was measured using
QuantT BioTek spectrophotometer (USA) at a wavelength of 540 nm.
Results and Discussion. Compound I demonstrated the ability to inhibit biomass
accumulation by 75.3-80.7% depending on concentration. Compounds II, III, IV, V also showed
significant activity against the test-strain. Substances III and V affected the test-culture growth
with the same intensity (76.1%-80.7% and 70.9%-76.2% respectively). The optical density of the
culture was higher compared to control wells in the presence of VI. Thus, this compound was
able to stimulate Candida growth. The biomass in the presence of benzimidazole was only
19.7%-39.1% compared to control. Fluconazole was ineffective against C. albicans, the growth
inhibition was observed only at the highest concentration (30.2%).
Conclusions: Studied compounds showed significant inhibitory effect towards
C. Albicans ATCC 18804 test-strain. All N-benzimidazole sulfonamide derivatives demonstrated
the ability to decrease biofilm accumulation of yests, except for compound VI. Fluconazole was
inactive and, on the contrary, stimulated the growth of test-strain in Sabouraud broth.
Delattin N. Structure-activity relationship study of the plant-derived decapeptide OSIP108 inhibiting
Candida albicans biofilm formation / Delattin N., Brucker K., Craik D., Coninck B., Cammue B.
// American Society for Microbiology. – 2014. – V. 58. - №8. – P.4972-4976.
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Gurjeet S., Raksha A. // Bulletin of pharmaceutical and medical sciences. – 2013. – V. 1. - №4.
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Hassan E. Seleem Reversal of azole resistance in Candida albicans by sulfa antibacterial drugs /
Hassan E. Eldesouky, Abdelrahman Mayhoub, Tony R. Hazbun, Mohamed N.// Antimicrobial
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Construction of recombinant strains of methylotrophic yeast Komagataella phaffii with
fluorescently labeled fructose-1,6-bisphosphatase
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Annotation: конструювання рекомбінантних штамів метилотрофних дріжджів K. phaffii з
флуоресцентно-міченою фруктозо-1,6-бісфосфатазою для подальшого дослідження шляхів
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деградації цього ферменту.
Ключові слова: метилотрофні дріжджі, автофагія, фруктозо-1,6-бісфосфатаза
Keywords: yeast, autophagy, fructose-1,6-bisphosphatase.
Methylotrophic yeast is considered to be one of the most effective producers of intrinsic and
recombinant proteins of industrial importance, in particular insulin, hepatitis B virus surface
antigen, interferons, alcohol oxidase enzymes, nitrilase and others. The key to creating strains,
which can overproduce proteins of industrial importance is not only the production of strains with
a high level of target protein synthesis, but also the maximum reduction in the level of
degradation of this recombinant protein in the cytosol. Some enzymes with peroxisome
localization have been found to be degraded by pexophagy (selective peroxisome degradation).
When the yeast are transferred from the methanol medium to the glucose-containing medium, the
formation of most of the enzymes involved in methanol utilization is repressed at the
transcriptional level, and the enzymes already present in the cell undergo rapid degradation and
proteolysis, and the cell's carbon metabolism switched to a glycolytic parthway. This process is
called catabolic degradation.
Two major interacting pathways of protein degradation in eukaryotic cells have been
identified: proteosomal degradation and autophagy degradation. Autophagy is a process involved
in the degradation of proteins and organelles that is inherent in all eukaryotes.
The relative constancy of the protein composition of the cell is ensured by the balance
between the processes of protein synthesis and degradation. Proteosome degradation of proteins
in the cell occurs in the proteosomes. These structures are large multicatalytic protease
complexes. By selective tagging (ubiquitination) and protein degradation, the proteosome
influences the cell cycle, apoptosis, proliferation, and other cellular processes, regulating the level
of important signaling proteins.
Fructose-1,6-bisphosphatase (FBP) was selected to study the possible degradation pathways
of cytosolic enzymes. In glucose containing medium, this enzyme is rapidly inactivated and
degraded, making it a convenient model protein for research.
Today, the mechanisms of degradation of cytosolic proteins of their own, as well as of
recombinant foreign proteins of biotechnological significance with cytosolic localization in
methylotrophic yeast, remain unclear. Autophagy dysfunction is associated with cancer,
neurodegeneration, microbial infection and aging, therefore, the study of various aspects of
autophagy on a model object (methylotrophic yeast) and extrapolation of the obtained data to
other eukaryotic organisms may be important for medicine.
Aim. The construction of the strains of methylotrophic yeast Komagataella phaffii with
fluorescently labeled fructose-1,6-bisphosphatase, which will be used for the further study of the
ways of degradation of this enzyme.
Methods: DNA electrophoresis in agarose gel, DNA hydrolysis by restriction
endonucleases, electroelution of DNA fragments from agarose gel, PCR, ligation of the DNA
insert with a DNA vector, electrotransformation of E. coli and K. phaffii cells (Gellissen, G.
(2002) Hansenula polymorpha: Biology and Applications. WILEY; Sambrook J., E. F. Fritsch,
and T. Maniatis. (1989). Molecular cloning: a laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.).
Conclusions. The plasmid pPN6-prFBP-GFP was constructed for expression of the gene
encoding the FBP of the yeast K. phaffii fused to the green fluorescent protein GFP; plasmid
pRFP-hph for fluorescence labeling of peroxisomes; a K. phaffii yeast strain with fluorescently
labeled RFP and GFP, respectively, with peroxisomes and fructose-1,6-bisphosphatase.
Fluorescence microscopy confirmed the presence of fluorescent labels in the obtained
recombinant yeast strain of K. phaffii.
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The processes of lipid peroxidation in the cells of Desulfuromonas acetoxidans IMB B-7384
under the influence of cobalt (ii) chloride
Vitaliya Zinkovska, Iryna Bulka, Natalia Kulishko, Olena Ishchak, Olga Maslovska.
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e-mail: volodymyrivna00@gmail.com
Annotation: кобальт (ІІ) хлорид зумовлює вільнорадикальне пошкодження ліпідів клітин
D. acetoxidans ІМВ В-7384. Про це свідчить зростання вмісту показників перекисного
окиснення ліпідів за внесення у середовище культивування D. acetoxidans ІМВ В-7384 солі
металу. Зростання вмісту показників вільнорадикального пошкодження ліпідів зі
збільшенням концентрації кобальт (ІІ) хлориду у середовищі інтенсифікацію
вільнорадикальних процесів у клітинах бактерій.
Keywords: Desulfuromonas acetoxidans, cobalt, lipid peroxidation processes.
Ключові слова: кобальт, перекисне окиснення ліпідів.
Cobalt is a biogenic metal because it can be found in vitamin B12, B12-dependent
methionine synthase, nitrile hydratase, ribonucleotide reductase, methylmalonyl-CoA mutase
(Komeda, 1997). However, cobalt ions are characterised by some toxic properties being at high
concentrations. It is a common knowledge that cobalt ions at high concentrations are usually
found in the sewage of metallurgical, metalworking and chemical plants (Kriklend, 2015). Cobalt
can also make its way into the environment via volcanic eruptions as well as coal and oil burning
(Kriklend, 2015). Heavy metal ions, in particular ions of cobalt, are capable of catalysing the
Fenton and Haber-Weiss reactions resulting in the formation of free radicals. The indicators of
free radical damage to cell lipids are accumulation in the cell of primary (lipid hydroperoxides
and diene conjugates) and secondary lipid peroxidation (LP) products (Maslovska, 2017). The
mechanisms of damage to lipids D. acetoxidans IMB B-7384 by cobalt ions have not been
investigated yet.
Bacteria D. acetoxidans IMV B-7384 were grown in modified Postgate C medium
(without sulphate). Sodium fumarate (6 g/l) was used as a donor and acceptor of electrons.
CoCl2 × 6H2O at concentrations of 1, 5, 10, 15, 20 mM was added to the culture medium in order
to study the effect of cobalt chloride on biomass accumulation and the intensity of lipid
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peroxidation processes (LPP) of bacteria D. acetoxidans IMB B-7383.The salt of metal was not
added into the control. The selected concentrations of cobalt chloride led up to decrease in
biomass accumulation from 19 % to 63 %, which allows to investigate the intensity of LPP
processes regarding the increase of the damaging impact of metal salt. The amount of lipid
hydroperoxides in cell-free extracts was determined by the method, which main principle is to
precipitate the protein with trichloroacetic acid with subsequent introduction into the medium of
ammonium thiocyanate (Oleksiuk, 2010). In order to determine the amount of diene
conjugates,1.8 ml of a mixture of n-heptane and isopropyl alcohol in a 1:1 ratiowas added to 0.2
ml of cell-free extract, then shaken and left in closed tubes for 15 minutes; then it was centrifuged
(2000 g, 10 min) (Oleksiuk, 2010). The supernatant was put into test tubes, which were
previously filled with 0.05 ml of redistilled water. 2.0 ml of ethanolwas addedto 0.5 ml of the
obtained heptane phase and next, the absorbance was measured at λ = 233 nm (Oleksiuk, 2010).
The concentration of thiobarbituric products (TBARS) in cell-free extracts was measured by the
colour reaction of malonic dialdehyde (MDA) with thiobarbituric acid under the conditions of
high temperature and acidic environment, which results into the formation of a trimethic complex
containing one molecule of MDA and two molecules of thiobarbituric acid (Lushchak, 2004).
It was elicited that the content of diene conjugates in cell-free extracts of
D. Acetoxidans IMB B-7384 varied depending on the concentration of cobalt (II) chloride in the
medium. The content of these LPP products augmented along with metal salt concentration
increase. The highest amount of diene conjugates (5.48–5.79 ± 0.27 mmol/mg of protein) was
detected under the exposure to cobalt (II) chloride at concentrations of 15–20 mM, which is 685–
724 times higher than in the control. Under the influence of 1 mM of cobalt chloride,the amount
of lipid hydroperoxides was reduced by 18% compared to the control. As the concentration of
cobalt (II) chloride raised to 20 mM in the medium, the content of these LPP products
dramatically increased. Under the influence of such concentration of cobalt (II) chloride, the
amount of lipid hydroperoxides was higher by 47 times compared to the control. The
accumulation of diene conjugates and lipid hydroperoxides reveal a free radical mechanism of
damaging the lipids of D. Acetoxidans IMB B-7384 under the influence of cobalt (II) chloride.
The primary lipid peroxidation products are precursors to the formation of secondary
products of LPP, among which TBARS can be listed. The content of TBARS decreased by 1.5-10
times under the influence of cobalt (II) chloride at concentrations from 1 to 5 mM, compared to
the control. The introduction of cobalt (II) chloride at concentrations of 10–15 mM caused a
significant increase in the amount of TBARS compared to the control. The content of TBARS
decreased by 4.5 times under the exposure to 20 mM of cobalt (II) chloride, compared to the
amount of these products of LPP when exposed to 15 mM; although, it was significantly higher
than in the control.
An increase of the amount of free radical lipid damage reveals the fact that the introduction
of cobalt (II) chloride into the culture medium of D. Acetoxidans IMB B-7384 results into
intensification of free radical processes in bacterial cells.
Лущак В. Показники оксидативного стресу. 1. Тіобарбітурат активні продукти і
карбонільні групи білків / В. Лущак, Т. Багнюкова, О. Лущак // Укр. біохім. журн. 2004.
Т. 76, № 3. С. 136-141.
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RNA-sensitive monomethine cyanine dyes for use in fluorescence microscopy
Daria Aristova, Viktoriia Kosach
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Annotation: Метою роботи було дослідити можливість використання функціоналізованих
бензтиазолових та бензоксазолових монометинових ціанінів як барвників для візуалізації
клітинних органел в флуоресцентній мікроскопії. Нами визначено барвники, що
специфічно візуалізують ядереця, та є ефективними зондами для живих і фіксованих
клітин.
Keywords: cyanine dyes, fluorescence microscopy, nucleoli, RNA
Ключові слова: ціанінові барвники, флуоресцентна мікроскопія, ядерця, РНК.
Target-specific molecular fluorescent probes for live cell imaging is a widely spread
technology for medical diagnosis and biomedical research. The development of fluorescent dyes
for selective targeting and staining of certain cellular organelles is an emerging field of current
research. Particularly actual is design of stains for nucleus and nucleoli which morphology of the
is a powerful indicator of physiological and pathological conditions in the cell. The specific
staining of the nucleoli recently gained much attention due to the limited and expensive
availability of the only existing stain “SYTO RNA-Select”.
We have studied the series of monomethine cyanine dyes containing benzothiazole and
benzoxazole heterocycle as target-specific probes for cellular organelles. Research methods
included fluorescence spectroscopy, fluorescence microscopy, and laser scanning confocal
microscopy. To study the usability and specificity of the dyes, we have performed staining of live
and fixed cells of the human breast cancer MCF-7 cell line.
Spectral measurements have shown dyes increase their fluorescence in the presence of
nucleic acids, this fluorescent response is by up to 5 times higher in the case of RNA versus
DNA. The highest emission increase by 400 times was observed in RNA presence for
benzothiazole dye Sl-2000. Excitation wavelengths for the dyes lie in the range 451 – 506 nm,
and the fluorescence emission maxima lie between 506 and 529 nm.
We suggested these dyes to be sensitive to RNA containing organelles. Studied dyes possess
high permeability to biological membranes and nuclear pores and are effective in quite low
concentrations. Fluorescence microscopy revealed that all analyzed dyes bind to RNA-containing
organelles - nucleoli and cytoplasm of the cells. Further live cell imaging and confocal
microscopy allowed us select the most specific dyes for nucleoli staining in live and fixed
samples.
Benzothiazole pyridine dye L-29 shows pronounced specificity to nucleoli at a
concentration of the dye 0,1μM. But its analog methylenedioxibenzothiazol pyridine dye L-33
demonstrates specificity also to mitochondria beside nucleoli during staining live cells.
Benzothiazole and benzoxazole quinoline dye Sl-2000 and Sl-2598 also show sensitivity to
nucleoli in live and fixed cells, but higher concentration should be used for these dyes. Positively
charged benzoxazole dyes with N-alkyl tail group Lu-1 and Lu-2 show bright nucleoli staining,
but live cell imaging revealed that they are cytotoxic and cause cell damage. However, these dyes
are quite efficient at staining fixed cells. All studied dyes also give negligible to moderate
staining of the cytoplasm.
In conclusion, it is shown that type of heterocycle and substituent of the dyes determines
their fluorescence properties and sensitivity to certain organelles in the cell. We could
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recommend L-29, Sl-2000 and Sl-2598 as efficient dyes for nucleoli visualization and a
prospective alternative to SYTO RNA-Select for fluorescence or laser scanning confocal
microscopy both for live and fixed cells.

Cu–induced liver fibrosis affects the content of calcium, copper and active oxygen forms in
animal bone marrow cells
Yevhenii Kostenko, Maria Chekmak, Sofia Melnichenko, Мaxim Skripkin,
Svitlana Ohiienko, Anastasiia Bondar
Department of Molecular Biology and Biotechnology, V. N. Karazin Kharkiv National
University, Ukraine
e-mail: genygk@gmail.com
Annotation: Стаття присвячена вивченню вікових відмінностей у вмісті іонів Ca2+, Cu2+ та
активних форм кисню у клітинах кісткового мозку щурів лінії Wistar за впливу
Cu-індукованого фіброзу печінки. Був виявлений вік-залежний вплив Cu-індукованого
фіброзу печінки на концентрації досліджуваних іонів.
Ключові слова: Cu–індукований фіброз печінки, клітини кісткового мозку, кальцій,
активні форми кисню.
Keywords: Cu-induced liver fibrosis, bone marrow cells, calcium content, active oxygen forms
content.
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Bone marrow can serve as a successful and promising model in the investigation of the
organism – environment system in the aspect of the formation of “adaptive memory”. Bone
marrow is a depot of stem cells and the site of lymphopoiesis and erythropoiesis (Bozhkov A. I.
et al 2019). Consequently, the bone marrow can be considered as a model of the "organismenvironment" system, on which the interactions and mutual influences of hierarchical regulatory
systems, as well as age-dependent characteristics of bone marrow functioning can be studied.
The experiments were performed on sexually mature 3-month-old (young) and 20-monthold (old) male Wistar rats. Bone marrow cells (BMC) were isolated from the two femoral bones
of rats by the method in the literature (Javazon E. H. et al 2001). The cytological preparations
were stained by the Romanovskii – Gimza and analyzed with a 100 x ZeissPrimoStariLED
microscope (Germany). The active oxygen forms (ROS) were determined by the manufacturer's
recommendations for the Cellular ROS Assay Kit - Red (ab186027) (Cellular ROS Assay Kit
2019). The calcium content was carried out using a Fluo3 dye. Cells were visualized using an
Olympus FV10i-LIV laser scanning confocal microscope (Olympus, Japan). The results
significance of differences was evaluated by the non-parametric Mann-Whitney test. The
differences between the data of the control and experimental groups were accepted significant at
p < 0.05.
BMC obtained in intact old (20 months old) rats contained 73 % more calcium ions
compared to BMC obtained in intact young (3 months old) rats. At the same time, BMC of intact
old animals contained 5 times less copper ions compared to BMC of young animals. The ROS
content in BMC of old animals was 2.5 times lower than in BMC of young animals. These results
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suggest that the balance in the “prooxidants – antioxidants” system in BMC of old animals is
shifted toward antioxidants, while in BMC of young animals it is shifted toward prooxidants.
Consequently, the same BMC morphotypes obtained from young and old animals differed in
ionic composition and ROS content, which may indicate their functional differences.
It was previously shown that three consecutive intraperitoneal administrations of
experimental animals with copper sulfate at a dose of 1 mg / 100 g body weight (33 % of the
lethal dose) was accompanied by a multiple increase in the content of exogenous copper ions in
the liver and the development of liver fibrosis (Bozhkov A. I. et al 2017). Against the background
of an increase in copper ions in BMC, a change in the calcium content was observed and this
depended on age. Thus, the calcium content in BMC of young animals decreased by 57 % from
their initial level. At that time, its content didn’t change from their initial level in BMC of old
animals.
The ROS content also had a pronounced age-dependent response in BMC against the
background of the development of Cu - induced liver fibrosis. Thus, the amount of ROS in BMC
of young animals increased from their initial level by 28 %. It should be noted, that it remained
unchanged in BMC of old animals.
Therefore, between the characteristics of the cells physicochemical parameters and the
proliferative response to organism intoxication, which was accompanied by the development of
liver fibrosis. There is a hierarchical relationship.
Bozhkov A. I., Ohiienko S. L., Bondar A. Y., Klimova E. M., & Ivanov E. G., Liver-induced
fibrosis in young and old animals is accompanied by age-dependent changes in bone marrow
cells // Advances in gerontology = Uspekhi gerontologii. – 2019. – N 32(1-2). – P. 45-54.
Javazon E. H., Colter D. C., Schwarz E. J., Prockop D. J. Rat marrow stromal cells are more
sensitive to plating density and expand more rapidly from single-cell-derived colonies than
human marrow stromal cells // Stem Cells. – 2001. – Vol. 19, Issue 3. – P. 219–225.
Cellular ROS Assay Kit - Red (ab186027), Protocol Booklet, Abcam. – 2018. – P. 2-9.
https://www.abcam.com/ps/products/186/ab186027/documents/ab186027%20Cellular%20Reacti
ve%20Oxygen%20Species%20Detection%20Assay%20Kit%20Red%20Fluorescence%20prot
ocol%20v3d%20(website).pdf
Bozhkov A. I., Klimova O. M., Nikitchenko Y. V., Kurguzova N. I., Linkevych O. S., Lebid
K. M., Protsenko O. S., Remneva N. A., Al-Bahadly A. M. M. and Al-Begai M. A. Y.
Ontogenetic Approach to the Study of Mechanisms of Copper-Induced Liver Fibrosis //
Advances in Aging Research. – 2017. – N 6. – P. 39-54.

The influence of the culture medium composition on the yeast Rhodosporidium diobovatum
adhesive features
Volodymyr Kovtun
Department of Molecular Biology and Biotechnology, V.N. Karazin Kharkiv National
University, Sq. Svobody, 4, 61022 Kharkiv, Ukraine
e-mail: vladimir.kovtin@gmail.com
Annotation: Встановлено, що натуральні живильні середовища забезпечують інтенсивний
ріст і значний вихід біомаси дріжджів Rhodosporidium diobovatum. Показано, що склад
живильних середовищ впливає на адгезивну здатність клітин досліджуваних дріжджів до
поверхні скла.
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Rhodosporidium diobovatum IMB Y-5023 is a yeast strain used for carotenoid-enriched
biomass obtaining in animal husbandry, food proccessing and medicine. Cell immobilization is
the one of the ways to increase its productivity in continuous microbiological processes. Both
inorganic and organic adsorbents are used as carriers for the immobilization of microorganisms.
Some factors (physicochemical properties of the carrier surface, the phase of cell growth, ionic
strength, composition of the medium) are known to affect the ability of cells to adhere to solid
carriers, although their direct interactions are still not fully understood.
In this regard, the aim of this work was to determine the effect of the culture medium
composition on the adhesion of the yeast Rhodosporidium diobovatum cells to the glass surface.
Rhodosporidium diobovatum was cultivated on different liquid nutrient media: synthetic Reader's medium and natural - EWB + Y medium (wheat bran extract 3%, yeast extract 1%) and
medium Y (yeast extract 1%). The extract was obtained by thermal treatment at 132 0C under the
pressure 1.5 atm. for 1.5 hours. Yeast was cultivated for 5 days at 22 ° C, on an orbital shaker at
150 rpm, in flasks with a volume of 250 ml (medium volume was 50 ml, the initial cell
concentration was 1 106/ml), slides with a size of 25 x 76mm and 1mm thick were used as a
carrier. The growth rate of yeast was evaluated by optical density on a UV-2600 double-beam
spectrophotometer (Shimadzu, Japan), at a wavelength of 650 nm and by counting cells in the
Goryaev counting chamber.
The growth rate of the yeast Rhodosporidium diobovatum on medium Y was slightly
different compared with the medium Reader and medium EWB + Y, while the number of cells
was 393, 518 and 498,5 106/ ml, respectively. The ability of yeast cells to adhere to glass on the
studied media was different. On the EWB + Y medium, 16% of the total number of cells in
suspension adhered to the glass surface, on the Reader medium - 19%, on the Y medium - 75%.
A small number of yeast cells adhered to the walls of the flasks, 1, 2 and 5%, respectively, for the
medium EWB +Y, Reader and Y.
The results obtained indicate that the culture medium composition influences the adhesive
ability of Rhodosporidium diobovatum yeast cells to the glass surface and it can be used in
biotechnology.
The author is Gratitude to candidate of Biological Sciences Professor Head of the
Department of Molecular Biology and Biotechnology named after V.N. Karazin Kharkiv
National University A. I. Bozhkov, and principal investigator candidate of Biological Sciences
Goltvyansky A. V

The technology of callus and suspension culture of high larkspur Delphinium elatum L.
Natalia Nesterova, Yuliia Ruban, Nelya Shpyrka, Volodymyr Illienko, Olena Pareniuk
Faculty of plant protection, biotechnology and ecology, NULES of Ukraine, Ukraine
e-mail: Natalia_Nesterova@i.ua
Annotation: Опрацьовано технологію мікроклонального розмноження D. elatum і
модифіковано етапи стерилізації рослинного матеріалу та отримання калюсної культури.
Одержано суспензійну культуру, що повністю придатна для подальших біохімічних
досліджень.
Keywords: callus culture, suspension culture, clonal micropropagation, Delphinium elatum L.
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Ключові слова: калюсна культура, суспензійна культура, мікроклональне розмноження,
Delphinium elatum L.
One of the main aspects of cell biotechnology of plants is the cultivation of cells, tissues and
organs on artificial nutrient media under aseptic conditions (Melnichuk, Klyachenko, 2014).
Despite the fact that plant cells are grown in vitro, they still retain the biosynthetic potential
inherent in plants and can be important sources of cellular metabolism. Therefore, the
development of effective clonal micropropagation techniques not only allows you to rapidly grow
cellular biomass and obtain virus-free planting material, but also to create plants with improved
properties, such as balanced content of amino acids, fats and carbohydrates, increased alkaloids,
etc. (Bilenko et al., 2015). The aim of our work was to obtain a higher quality culture of high
larkspur D. elatum, with subsequent future isolation of phenolic compounds − alkaloids, with the
prospect of creating certain dosage forms that can be used for medical purposes (Kovalev et al.,
2004).
Sampling for the study was carried out on the basis of forestry in Zhornivka village, Kyiv
region (Separated subdivision of NULESof Ukraine) as it is the largest natural growth zone of
D. elatum in the forest-steppe zone. Given the considerable distance from urban areas and
highways, it can act as a relatively clean control zone. The proper clonal micropropagation was
performed in the laboratory of biotechnology and plant breeding (Boyarka forest research station)
according to standard methods (Melnychuk, Klyachenko, 2014), which were modified by us in
the process of research.
Therefore, for the development of clonal micropropagation technology of D. elatum plants,
6 variants of MS nutrient medium with different amounts of 6-BAP substance were used to study
its effect on the D. elatum reproduction factor. Within the limits of the experiment, it was found
that the highest reproduction factor exceeding the control values by 14-17 times was observed in
the variant 3 with a BAP concentration of 3 μM (multiplication factor = 17±1.8) that is, this
concentration of cytokinins was most effective for this species. At the same time, the largest
number of outlets was observed in control, which can be explained by apical dominance in the
absence of cytokinin in the nutrient medium. The height of the outlets in control was 3.8 cm, and
the lowest outlets were formed in variants with middle and high concentrations of cytokinins, in
particular in samples 3, 4 and 5, the cytokinin content of which was 3 μM, 4 μM and 5 μM,
respectively.
Also, during the study we observed a parabolic dependence of leave number on cytokinin
content in the nutrient medium. Thus, with increasing concentration of 6-BAP to 3 μm, the
number of leaves on regenerants increased from 35 to 44 pieces, and with the further increase of
this growth regulator to 4-6 μm the number of leaves on regenerating plants decreased from 31 to
26 pieces per regenerant, respectively.
The next step was to obtain a suspension culture from potentially viable samples obtained in
callus culture. For rooting of D. elatum regenerants, the explants were transferred to MS 1/2
medium with the addition of different concentrations of IBA, and by the 34th day the regenerant
plants had formed a well-developed root system. It should be noted, that the weakest induction of
rhizogenesis was observed in plants that were grown on nutrient medium with a IBA of 1 μm.
Based on the results of several passages, we have obtained high quality plants regenerants,
which are suitable for further research on the selection of alkaloids (Fig. 1).
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Fig. 1 Plants regenerants D. elatum, 36th day
Thus, we have found that the optimal nutrient medium for cultivation of D. elatum culture is
MS medium with the addition of BAP at a concentration of 3 mg/l. Addition of BAP at a lower or
higher concentration leads to a decrease in cell culture volumes, and it has been found that in
media containing 0.5 mg/l of IBA, the suspension culture of D. elatum gives more developed
roots. The development of clonal micropropagation technology for D. elatum as a valuable
medicinal plant gives the prospect of obtaining a pure culture for medicinal products and
obtaining plants with altered quantitative and qualitative content of biologically active
substances.
Scientific supervisor − senior researcher PhD Kateryna Shavanova
Мельничук М. Д. Біотехнологія в агросфері: Навчальний посібник // Мельничук М. Д.,
Кляченко О. Л. – ТОВ «Нілан − ЛТД», Вінниця, 2014. – 245 с.
Біленко В. Г., Лікар Я. О., Лушпа В. І., Якубенко Б. Є. Лікарські рослини: технологія
вирощування та використання // за ред. д-ра біол. наук, професора Б. Є. Якубенка. – Ж.:
Рута, 2015. – 595 с.
Ковальов В. М., Павлій О. І., Ісакова Т. І. Фармакогнозія з основами біохімії рослин //
В. М. Ковальов, О. І. Павлій, Т. І. Ісакова. − НФаУ, МТК-книга, Харків, 2-ге вид. – 2004.
– 704 с.

Possibilities of developing cell test-systems based on microalgae cultures for assessing the
toxic effects of various compounds
Liliana Ponkratova
Department of Molecular biology and Biotechnology, V. N. Karazin Kharkov National
University
e-mail: ponkratova_liliana@ukr.net
Annotation: Дана робота присвячена можливості розробки тест-системи з метою оцінки
впливу іонів важких металів. Вона включає в себе вплив великих концентрацій сіркокислої
міді на культуру, а також короткотривалий вплив та оцінка культури клітин при
подальшому культивуванні.
Keywords: test systems, microalgae Dunaliella viridis, copper ions, toxic effects.
Ключові слова: тест-системи, мікроводорості Dunaliella viridis, йони міді,
токсичні-ефекти.
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Currently various biological objects are used to develop test systems in order to assess the
toxic effects of chemical compounds, as well as a study of their mechanisms of action. Such
cellular test systems must satisfy the following requirements: be sensitive to active agents, be
express and be able to evaluate the integrated indicators of biological objects. The microalgae
Dunaliella viridis can satisfy such requirements. Microalgae cells do to have a cell wall, are able
to take various forms from round to pear-shaped and change the speed of movement. Therefore
Dunaliella viridis may be a perspective object for biotesting. As is known, copper ions are the
most common toxicant in the aquatic environment. Thus, the aim of this work was to assess the
possible short-term effect of the influence of copper ions on Dunaliella viridis cells.
Materials and methods. The experimental model of two-stage work was microalga
Dunaliella viridis 20-21 days of culture growth. The first stage was to inject large doses of copper
sulfate of various concentrations – 20 g/l, 10 g/l.5 g/l and 1 g/l into the culture. The second stage
included the short-term exposure (5, 15 and 30 minutes) of copper sulfate with concentrations of
10 mg/L and 20 mg/L and the subsequent removal of these ions by centrifugation for 1000g/10
minutes and washing the cells. Then, Dunaliella viridis cells were cultured for 10 days and the
growth dynamics of the culture was determined. The calculation was carried out using the
Goryaev camera according to the formula: X = a × 0.01 × n, where a is the number of cells in 20
squares, n is the culture dilution coefficient. The results were processed statistically.
Results. In the first part of the work, the formation of large aggregates of cells with their
complete immobilization was observed in all experimental groups, with the exception of the
group where a small dose of 1 g/l copper sulfate was injected – the cells remained mobile.
Consequently, a relationship was found between toxicity and immobilization of cells and the
formation of cell aggregates. In the second part of the work, when comparing the growth
dynamics of cultures, it was revealed that copper sulfate with a concentration of 20 mg/l in
comparison with a concentration of 10 mg/l affects the inhibition of cell culture growth, even
after a short-term action of copper.
Conclusion. The cell culture of Dunaliella viridis has a high sensitivity and a quick response
to toxins, which can be taken into account when using it as a test system to assess the influence of
heavy metal ions.
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Simple closed ecosystem development for nanosatellite mission
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Annotation: дана робота присвячена розробці автономної культиваційної камери замкненої екосистеми. Мета даної роботи – описати взаємозв’язок між рослинами та їх
адаптації до умов замкненого середовища. Кінцева мета дослідження - встановити таку
культиваційну камеру (гермоблок) на наносупутнику PolyITAN-5 для вивчення впливу
умов космічного польоту на ріст рослин в закритих екосистемах.
Keywords: closed ecosystem, microgravity, CubeSat, nanosatellite, bioregenerative life-support
system
Кючові слова: мікрогравітація, замкнена екосистема, наносупутник, мікрокосм, системи
життєзабезпечення
It is generally accepted that plants are necessary part of Bioregenerative Life-Support
Systems (BLSS) for astronauts in the future long-term flights in deep space, visiting Mars,
building Moon bases, as the sources of oxygen, food, and recycled water. The creation of
effective BLSS for long term manned space flight missions with the current studies and
technologies, that are used on the ISS is a tough issue. Most of modern greenhouses that provide
humans with food and breathing air, require huge amount of time from the crew being spent on
the plant cultivation (Heyenga, 1997; Brykov, 2015). Moreover, all plants that were grown in
space were annuals with a short life cycle (up to 6 months), and unfortunately, the duration of
many experiments did not exceed 30 days. The results of previous experiments are not enough to
predict the behavior of plants in long space flights. So, further investigations of plant responses
and adaptation to microgravity and cosmic radiation are necessary for further human space
exploration. Considering that opportunities for maintaining the experiments with plants onboard
the ISS are very limited we propose another way of long term space environment exposure on
plants. We believe, closed man-made ecological systems (CMES) launched on nanosatellites, like
CubeSat will open huge field for biological experiments in space. Potentially, the CMES can be
used to create life-support systems for space exploration and support life outside the Earth's
biosphere (Gitelson, Lisovsky, 2003; Nelsonet al., 2003). Moreover, we already showed the
ability of an orchid Phalaenopsis pulcherrima to grow in CMES in 3 dm2 over 13 years on the
base of the M.M. Gryshko National Botanical Garden of the National Academy of Sciences of
Ukraine. In order to maintain the viability of plants in CMES, it is only necessary to provide
temperature and light conditions, any other manipulations are not required, so they are suitable to
use in manned spaceflight missions for oxygen-producing. Now we are working on the design of
a hermetic growth chamber, selection of perennials and creation of an autonomous life support
system for plants on the CubeSat platform. The primary scientific purpose of our mission is to
investigate the influence of microgravity on plant growth and development, it's respiration and
photosynthetic activity, allelopathic plant -plant and plant-microbial interactions. To simplify a
problem of plant growth support, we propose to develop the miniature CMES (30×10×10 cm)
which requires only corresponding temperature and light regimes. Our ecological chamber on the
satellite will be equipped with sensors of temperature, light, carbon dioxide and oxygen
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concentration as well as an optical system to detect the plant growth and telemetry. It is planned
to test the growth and physiological state of certain plant species selected for our CMES.
Currently, we are carrying out experiments to select plant species suitable for growth in a closed
system. There are several numbers of plants that are suitable for above-mentioned features and
which we chose to grow in small closed ecological chambers. The results of the mission will
answer one of the key questions of plant space biology, namely how plants can exist in an active
physiological state under the space flight conditions and whether a simple closed ecosystem will
be functioning under the microgravity and space radiation.
A.G. Heyenga “The utilization of passive water and nutrient support systems in space flight plant
cultivation and research” (6-th Eur. Symp. Space Environ. Contr. Syst 20-22 August 1997, p.
867–871. http://adsabs.harvard.edu/full/1997ESASP.400..867H
V.O. Brykov “Bioenergetics of plant cells in microgravity” Space Science and Technology, 21
(2015): 84-93. (in Ukrainian)
J.I. Gitelson and G.M. Lisovsky, “Man-made Closed Ecological Systems” (London-New York:
CRC Press, 2003) 416.
4. M. Nelson, J. Allen, et all. “Earth applications of closed ecological systems: Relevance to the
development of sustainability in our global biosphere”, Adv. Space Res. 31 (2003):1649-1655.
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Poisonous plants in the landscaping of Kharkiv building adjoining territories
Marina Bobu, Alona Shulenko
H. S. Skoworoda Kharkiv National Pedagogical University
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Annotation: дворові квітники мають багато функцій: санітарну, захисну, естетичну,
психологічну та інші. Але є декоративні рослини з отруйними властивостями. Їх не слід
садити на громадських територіях, щоб уникнути отруєння людей і тварин. Тому,
формуючи асортимент рослин, необхідно враховувати їх біоекологічні, морфологічні та
токсикологічні особливості.
Keywords: landscaping building adjoining territories, decorative plants, toxic plants, invasive
species, introduced plants.
Ключові слова: ландщафтний дизайн придомових ділянок, декоративні рослини, отруйні
рослини, інвазійні рослини, інтродуковані рослини.
Improvement of public areas has always required a special approach. It is important to
provide the residents of a big city with proper outdoor recreation conditions. But, unfortunately,
little attention is paid to landscaping the surrounding areas. In such cases, the residents are
individually engaged in landscape design. Often, this happens without taking into account the
biological and environmental features of decorative plants. From time to time, we come across
instances, where a misallocated assortment of plants leads to poisoning humans and pets. Thus,
we decided to investigate this issue.
Object of study: the herbaceous plants in the landscaping of Kharkiv. Subject of study:
poisonous decorative plants in landscaping buildings adjoining territories. Objective of study: to
determine the presence of herbaceous decorative plants with poisonous properties.
During the research we used the methods of excursions, plant identification, photographing,
camerawork and others.
We made excursions on the territory of Kyivskyi and Moscovskyi districts of Kharkiv
During 2018–2019. We have registered 19 species of poisonous decorative herbaceous plants in
building adjoining territories. All of these flower gardens are built by amateurs living in adjoining
apartment houses. Taxonomic analysis showed that these species belong to 14 families, the most
numerous of which were Papaveraceae (Corydalis solida (L.) Clairv., Papaver orientale L.,
Lamprocapnos spectabilis (L.) Fukuhara), Asparagaceae (Hyacinthus orientalis L., Convallaria
majalis L.), Euphorbiaceae (Ricinus communis L., Euphorbia marginata Pursh), Ranunculaceae
(Ficaria verna Huds., Consolida regalis Gray). Інші родини представлені поодинокими
видами: Amaryllidaceae (Narcissus poeticus L.), Asteraceae (Ageratum houstonianum Mill.),
Caryophyllaceaes (Saponaria officinalis L.), Crassulaceae (Sedum telephium L.), Fabaceae
(Lupinus polyphyllus Lindl.), Liliaceae (Tulipa eichleri Regel.), Phytolaccaceae (Phytolacca
americana L.), Plantaginaceae (Digitalis purpurea L.), Solanaceae (Datura stramonium L.),
Violaceae (Viola odorata L.). Thus, we see that the first place in the number of species occupies
the family Papaveraceae – 3 species.
Each plant contains a complex of metabolites. Some of them characterized by poisonous
properties. It is a protective adjustment for plants that has evolved over the course of evolution.
But not every chemical can be lethal for humans or animals. Therefore, we have distributed the
species according to their degree of toxicity. Due to the fact, that there is no common standard
classification today, we used Appendix 1 to Sanitary Regulations for preschool educational
institutions (zakon.rada.gov.ua/laws/show/z0563-16 2016), Appendix 1 to the Sanitary

144

FMUB-2019, Kharkiv, Nov 27-29

Regulation for General Secondary Education Institutions, Section II, paragraph 5
(moz.gov.ua/uploads/1/6846-pro_20180828_1_dod.pdf 2018) and Plant Toxicity Rating Scale
(illinoispoisoncenter.org/Plant-List 2019). Thus, we divided the experimental species into three
groups according to their degree of toxicity. The first group includes six species with the highest
toxicity, which is rated at three points. The group includes Datura stramonium, Convallaria
majalis, Digitalis purpurea, which are prohibited for use in landscaping, as well as Ricinus
communis, Hyacinthus orientalis and Narcissus poeticus. The second group (the point of toxicity
is 2) encompassed five species: Euphorbia marginata, Tulipa eichleri, Lamprocapnos spectabilis,
Sedum telephium, Phytolacca americana. These species are capable of causing burns for humans
even if only in contact with damaged parts of these plants. There are Saponaria officinalis,
Ageratum houstonianum, Lupinus polyphyllus, Corydalis solida, Papaver orientale,
Consolida regalis, Viola odorata and Ficaria verna included into third group (the point of
poisonous is one).
Poisonous plants contain a variety of alkaloids, glycosides, saponins and other substances
that are dangerous to the human body. These substances accumulate in different organs of plants
(Grodzinski et al. 1992). Thus, 11 species contain poisonous substances in all organs
(Convallaria majalis, Saponaria officinalis, Ficaria verna). Hyacinthus orientalis, Tulipa
eichleri, Narcissus poeticus have only poisonous bulbs. The poisonous fruits have Phytolacca
americana, Digitalis purpurea and Papaver orientale. Two species have poisonous flowers and
leaves, and also Phytolacca americana roots contain toxic substances.
It is known not only aboriginal but also invasive species are used for landscaping of
Ukraine. Some of them are even begin to displace aboriginal species. Of course, the presence of
certain metabolites contributes to this process. It is important to identify such aggressive species
and not to allow them to spread. The analysis of introducers participation in the city landscaping
showed that 6 species are native, and 13 are introductions. The largest number of plants is
introduced from Asia, Caucasus, Transcaucasia and 6 species including one of the dangerous
Datura stramonium. 4 species are from North America. The African introducent is
Ricinus communis, from Central America comes Ageratum houstonianum, and
Saponaria officinalisis derived from Mediterranean. Phytolacca americana and Lupinus
polyphyllus are aggressors displacing aboriginal flora of Ukraine (Zavyalova 2017). Therefore,
the introduction of plants must be treated with care taking into account the bioecological features
of each species.
Verkhovna Rada of Ukraine. 2016. On Approval of the Sanitary Regulation for Preschool
Educational Institutions. Order from 03/24/2016.
Verkhovna Rada of Ukraine. 2016. Annex 1 to the Health Regulations for Secondary Secondary
Education Institutions (Section II, paragraph 5). Order from 03/24/2016.
Illinoispoisoncenter. 2019. “Plant Toxicity Rating Scale.”Accessed Oktober 2019.
http://www.illinoispoisoncenter.org/Plant-List.
Grodzinski, Andrew, resp. ed. 1992. Medicinal plants. Encyclopedic reference book. Kyiv:
Ukrainian Encyclopedia M.P. Bazhana, Ukrainian Olympus Production and Commercial
Center.
Zavyalova, Larissa. 2017. "Species of invasive plants that are dangerous for the natural
phytodiversity in the objects of Ukraine Nature Reserve Fund." Biological systems. V. 9. (1):
91-95.
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Species richness of vascular plants on the ancient settlements of the Lower Dnieper
Polina Dayneko
Kherson State University, Department of Botany;
e-mail: daynekopm@gmail.com
Annotation: з плином часу та занепадом різноманітних культур багато поселень було
залишено та занедбано на багато столітьі перетворилось в городища (залишки укріплених
поселень), що сприяло відновленню квазіпріродного степового рослинного покриву.
Протягом останніх років нами була досліджена флора городищ Нижнього Дніпра з метою
встановити їх роль у збережені степового фіторізноманіття.
Keywords: vascular plants, steppe, old settlements, the Lower Dnieper, steppe phytodiversity.
Ключові слова: судинні рослини, степ, городища, Нижнє Придніпров’я, степове
фіторізноманіття.
The high potential of natural conditions and resources of the south of Ukraine is caused by
the high level of agricultural production. Especially significant changes occurred in steppe zone
in the south of Ukraine, where the area of steppe vegetation decreased forty-fold (steppe in the
past covered circa 40 % of the total territory of the country, while today steppe remnants survived
only on 1 % of this territory). Nowadays the Ukrainian steppe has survived only in several types
of refugia: nature reserves, slopes of river valleys, loess ravines and kurgans (SudnikWójcikowska and Moysiyenko, 2012). Latest decade, researchers have been paying much
attention to old settlements as a new type of refugia for the detection and conservation of steppe
species (Moysiyenko & Dayneko, 2019; Moysiyenko & Sinko, 2015; Moysiyenko at al., 2018,
2019).
We aimed at the assessment of the biodiversity of the flora of ancient settlements. We
studied 18 hillforts originating from the ancient (Skelka, Stanislavske, Zolotyi Mys, Glyboka
Prystan) or the Late Scythian (Velyke Tiagynske, Male Tiagynske, Staroshvedske,
Chervonomaiatske, Konsulivske, Lvivske, Poniativske, Hannivske, Sablukivske, Gavrylivske,
Lubumivske, Zolota Balka, Velyka Lepetykha) periods. The area of the settlements varies from 1
to 19.6 ha. All of them located on the steep bank of the Dnieper River on both sides (Kherson and
Mykolayiv Regions), mainly between two closely spaced ravines or «balkas».
A list of the flora of the hillforts includes 523 species of vascular plants, which belong to
279 genera, 73 families, 3 classes and 2 divisions. Total species richness ranged from 125 to 291
(178 species per archeological site in average).
An appreciable number of natives (389 species, 74.4 %), steppe (235 species, 44.9 %) and
non-synanthropic plants (230 species, 44 %) indicate a hight level of preservation of the objects.
The total correlation of native species in old settlements varied much from 60.9 % (Lubumivka)
to over 80.6 % (Velyke Tiagynske). The contribution of native species to the alien species is 3:1
(Fig 1.).
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Fig 1. Contributions of native and alien species to the compared floras of old settlements
Explanation: 1 – Chervonomaiatske, 2 – Gavrylivske, 3 – G lyboka Prystan, 4 – Hannivske, 5 –
Konsulivske, 6 – Lubumivske, 7 – Lvivske, 8 - Male Tiagynske, 9 - Oleksandrivka-Roksanivka,
10 – Poniativske, 11 – Sablukivske, 12 – Skelka, 13 – Stanislavske, 14 – Staroshvedske, 15 Velykolepetykhske, 16 - Velyke Tiagynske, 17 - Zolotabalkivske, 18 - Zolotyi Mys.
The studied cultural monuments have a great conservation value. In the study area, we
identified 30 species of protected vascular plants, of which 10 plant species are included in the
Red Data Book of Ukraine (Didukh, 2009): (Astragalus borysthenicus, A. dasyanthus, Elytrigia
stipifolia, Gymnospermium odessanum, Stipa capillata, S. lessingiana, S. pulcherrima, S.
ucrainica, Tulipa biebersteiniana, T. gesneriana), 20 plant species are included in the Red List of
Kherson Province (Amygdalus nana, Bellevalia sarmatica, Bromopsis heterophylla, Dianthus
andrzejowskianus, Ephedra distachya, Ferula capsica, Fraxinus excelsior, Hyacinthella
leucophaea, Jurinea salicifolia, J. stochadifolia, Limonium platyphyllum, Linaria macroura,
Linum czernjajevii, Prangos odontalgica, Quercus robur, Silene supina, Valeriana stolonifera,
Veronica capsellicarpa, Vinca herbacea, Vitis sylvestris) (Khersonska oblasna rada, 2013). Our
results emphasize an important role of old settlements in steppe phytodiversity conservation, and
their perspective for the future steppe restoration actions.
Acknowledgements. I would like to express my gratitude to professor Moysiyenko I. I. for
inestimable help and advices.This publication is the result of our joint research.
Sudnik-Wójcikowska, Barbara, and Ivan, Moysiyenko. 2012. Kurhany na «Dzikich Polach» –
dziedzictwo kultury i ostoja ukraińskiego stepu [Kurgans in the «Wild Field» – a cultural
heritage and refugium of the Ukrainian steppe]. Warszawa: Wydawnictwa Uniwersytetu
Warszawskiego.
Moysiyenko, Ivan Polina, Dayneko. 2019. «The role of the Old-Swedish hill fort in
phytodiversity conservation». Paper presented in the International Conference of Young
Scientists «Advances in Botany and Ecology». Kharkiv, September 06-09.
Moysiyenko, Ivan, Andrii, Sinko.2015. «Horodyshche Khersonskoi fortetsi yak refuhium
stepovoi flory». Paper presented in the VI Open Convention of Black Sea Phytobiologists.
Kherson-Lazurne, May 19.
Moysiyenko, Ivan, Radzikowski P., Roman E., Dembicz, Iwona. 2018. «New records of Camel
Spider Galeodes araneoides Pallas, 1772 (Solifugae, Solpugidae) in the Kherson region
(Ukraine)». Ukrainian Entomological Journal. 2 (15): 56-58.
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Epidermal traits of four Eleutherococcus species growing in the Botanical Gardens of Kiev
Victoria Kryshenyk
Department of Plant biology, Taras Shevchenko National University of Kyiv, Ukraine
e-mail: ntu_bio@karazin.ua
Annotation: методом світлової мікроскопії встановлено будову епідерми листків чотирьох
видів роду Eleutherococcus (E. trifoliatus (L.) S.Y.Hu, E. lasiogyne (Harms) S.Y.Hu,
E. senticosus (Rupr. & Maxim.) Maxim., та E. sessiliflorus (Rupr. & Maxim.). Адксіальна
епідерма складається з ізодіаметричних клітин із звивистими обрисами, що за розмірами
не відрізняються у досліджених видів. Продихи розміщуються лише на абаксіальний
поверхні листків, підняті над поверхнею епідерми, а їх тип було визначено як періцитний з
чітко вираженим моноциклічним типом оточуючого апарату. Розміри продихів достовірно
не відрізняються для досліджуваних видів та знаходяться в межах від 21,03 x 11,97 μm
(E. senticosus) до 26.81x19.44 μm (E. sessiliflorus). Щільність розміщення продихів
достовірно менша у E. trifoliatus (47,39 ± 5,80 шт/мм2) та найбільша у E. senticosus
(110,70 ± 16,36 шт/мм2). Результати підкреслюють стабільність досліджених параметрів,
що може бути пов’язано із родової специфічністю, а відміни у показниках щільності
розміщення продихів віддзеркалювати фенотипічну адаптацію до умов оточуючого
середовища.
Keywords: Eleutherococcus, epidermis, stomata, stomatal density.
Ключові слова: епідерміс, продихи, щільність розміщення продихів
Eleutherococcus species are thorny shrubs and trees exhibit a broad range of morphological
variation and occur throughout much of eastern Asia (Flora of China 2019). Due to the known
medicinal properties (Huang et al. 2011), species of the genus Eleutherococcus are widely
cultivated in the botanical gardens and parks of Ukraine (Ботанічний сад 2007). Despite the
wide use of Eleutherococcus, the anatomical traits of epidermis, stomata, and leaf lamina as well
as a range of phenotypic plasticity remain, however, poorly known (Ostroumova and Oskolski
2010).
Measurements of anatomical leaf traits were carried out using fresh fully expanded leaves
collected from plants Eleutherococcus trifoliatus (L.) S. Y. Hu, E. lasiogyne (Harms) S. Y. Hu,
E. senticosus (Rupr. & Maxim.) Maxim., and E. sessiliflorus (Rupr. & Maxim.) S. Y. Hu growing
in M. M. Gryshko National Botanical Garden of NAS of Ukraine and O.V. Fomin Botanical
Garden. Anatomical measurements were carried out on central lobe of leaves (n = 9) and
analysed by light microscopy (Zeiss Axiocam MRc 5 digital camera (Carl Zeiss) using an Image
Analysis System (Axiovision AC software). Epidermal features were determined from nail
varnish impressions (n = 9) of the adaxial and abaxial surfaces of the lamina, according to Sack et
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al. (2003). The following parameters were measured: adaxial epidermal cell length (μm), adaxial
epidermal cell width (μm), stomatal cell length and width (μm), stomatal density (number mm–
2).
One-Way ANOVA was carried out to test for differences in the measured anatomical
parameters between species. Multiple comparisons were done using Tukey's HSD post hoc test.
All statistical analyses were performed using R 3.2.3.
The leaves of all investigated species are characterised by stomata only on abaxial surface.
The stomatal type was distinguished as pericytic with distinct monocyclic subsidiary cell
according to Prabhakar classification (2004). The stomata were slightly raised above the surface
of the epidermis. Stomatal sizes were in range from 21.03 x 11.97 μm (E. senticosus) to
26.81x19.44 μm (E. sessiliflorus) with no significant differences for all investigated species
(Table).
Epidermal parameters of Eleutherococcus species (mean value ± standard deviation)
E. sessilifloru
E. trifoliatus E. lasiogyne
E. senticosus
Trait
s
ns
ns
ns
Adaxial cell length (μm)
49.06±7.60
57.67±7.53
57.03±8.90
52.88±5.65ns
Adaxial cell width (μm)
33.95±5.25ns 36.33±7.13abc 32.66±5.77ns 28.36±3.94acd
Stomatal cell length (μm) 26.20±3.65abd 23.59±3.08ns 21.03±2.08bc 26.81±3.13abd
Stomatal cell width (μm)
17.61±2.23abd 15.96±1.64ab 11.97±2.08c
19.44±1.72ad
85.78±19.31b 110.70±16.36 78.84±13.74b
Stomatal density (n mm‒2) 47.39±5.80a
d
c
d
Fig. 1. Different letters indicate significant differences between leaves of different species;
ns indicate no significant difference (One way ANOVA; p ≤ 0.05).
Stomatal density was significantly the lowest for E. trifoliatus (47.39±5.80 n mm‒2) and the
highest for E. senticosus (110.70±16.36 n mm‒2).
The results generally highlight the absence of a significant difference between the size of
the cells of the adaxial epidermis and stomata for all the studied species. This may indicate a
stable trait inherent in the genus Eleutherococcus. The difference in the stomatal density can be
caused by the phenotypic adaptation of the plants to the environmental conditions.
Acknowledgements. I would like to thank my supervisors, Asst. Prof. Olena Vasheka and
senior researcher Nadiya Dzhurenko for their guidance and suggestions in carrying out the
experiment and improving the manuscript.
Flora of China.2019. Accessed 20.04.2019. http://www.efloras.org/
Huang, L., Zhao, H., Huang, B., Zheng, C., Peng W., and Qin L. 2011. «Acanthopanax
senticosus: review of botany, chemistry and pharmacology.» Pharmazie 66(2):83-97.
Ботанічний сад ім. акад. О.В.Фоміна. 2007. Каталог рослин. Природно-заповідні території
України. Рослинний світ. Вип 7. Київ: Фітосоціоцентр.
Ostroumova, Tatiana, and Oskolski Alexei. 2010. «Survey of the leaf anatomy of Araliaceae and
some related taxa.» Plant Div. Evol. 128: 423–441. doi:10.1127/1869-6155/2010/0128-0020.
Sack, L., Cowan, P.D., Jaikumar, N., Holbrook, N.M. 2003. «The ‘hydrology’ of leaves: coordination of structure and function in temperate woody species» Plant Cell Environ. 26:
1343-1356. doi/10.1046/j.0016-8025.2003.01058.x
Prabhakar, Malvey. 2004. «Structure, Delimitation, Nomenclature and Classification of Stomata»
Acta Botanica Sinica 46(2): 242-252.
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The algae botanical reserve of «Alder Saga» (Oleshkovskydistrict, Khersonregion)
Viktoria Kyrylenko
Kherson State University, Faculty of Biology, Geography and Ecology, Ukraine.
e-mail: viktoriakirilenko99@gmail.com
Annotation: під час експедиційного дослідження 18 жовтня 2019 року на території
ботанічного заповідника «Вільхова сага» та її околицях, Олешківському районі
Херсонської області, була досліджена альгофлора. Після мікроскопічного дослідження
було визначено видовий склад штучного озера.
Keywords: algae, «Alder Saga», Oleshkovsky district.
Ключові слова: водорості, «Вільхова Cага», Олешківський район.
«Alder saga» is a botanical reserve of local importance located on the outskirts of Sagi
village near Oleshki town (Oleshkovsky district). The studied onject is a system of alder marshes
separated by meadows. The basis of the vegetation of the tract is alder marsh, in which a
significant number of species growing on the northern forest-steppe and forest zones. Except for
Alnus glutinosa, northern plants as Carex elata, Frangula alnus, Poa sylvicola, etc. grow there.
The investigated willows grow in rather wet habitats (water level fluctuates greatly throughout
the year, in summer the water drains completely), swamp dominated by sedge. This tract (with
other alder habitats located along the Lower Dnipro flood plain and Oleshkyvski sands) is in
Southern Ukraine, detached from the main alder habitat for hundreds of kilometers. The alder
marshes are surrounded mainly by meadow communities of rarely dry sandhills. When exploring
the territory of «Alder saga» (Moisienko, 2018), other authors drew attention to the flooded are so
around. This reservoir is also one of the flooded areas, which is located on one of the sandy hills
near «Alder Saga» and is of scientific interest for further study.
The material was collected during an expedition on October 18, 2019 using the classical
methods for algology (Algae, 1989). Direct microscopy was used and samples were seeded into
Petri cups for identification. The systematic position of the species was determined using
determinants and atlases (Topachevsky, 1960, 1984; Tsarenko, 1990; Guslyakov, 1992; Algae of
Ukraine, 2006).
We took 3 water samples from «Alder saga» (46° 37'01.7" N 32° 47'19.7" E): the first
sample was taken from a depth of 0.5 meters, the second sample from the lake surface, and the
third sample from the bottom of the lake.
We identified 12 species of microscopic algae belonging to 4 divisions: Cyanophyta,
Bacillariophyta, Chlorophyta, Xanthophyta (Kostikov, 2006). Among the total diversity of algae,
the dominant species of Bacillariophyta are found 6 species: Tabellaria intermedia, Fragilaria
bicapilata, Fr. oblongella, Nitzshia acicularis, Pinnularia viridis, Synedra ulna. Chlorophyta is
second largest family for research (4 species were identified): Zignema sp., Spirogira sp.,
Scenedesmus quadricauda, Ulotrix zonata. The smallest number of species has been reported by
Cyanophyta and Xanthophyta: Oscillatoria tenuis, Tribonema vulgare (respectively).
Studies of «Alder saga» on the detection of algae species in this area were first mentioned
and will be elaborated in subsequent works.
Acknowledgements. I would like to express my since regratitude to the organizers of the
expedition for the vehicle provided, of the Doctor of Biological Sciences, professor I. I
Mosiienko,to the scientific adviser. Besides I’m very grateful to S. V. Skrebovskaya for the useful
advice and remarks, taken into account the improvement of the content of this work.
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Invasive plant species in the flora of Haidary village
Anastasia Medvedeva, Kateryna Bezdrabko, Daria Shchokina
V. N. Karazin Kharkiv National University, School of Biology, Department of Botany and Plant
Ecology, Svobody sq., 4, Kharkiv, Ukraine, 61022
e-mail: katya.25.199951@gmail.com
Annotation: тези присвячені дослідженню різноманіття інвазійних видів рослин у селі
Гайдари, визначення лімітуючих факторів, що впливають на розселення та поширення
рослин, а також з’ясування приуроченості до біотопів.
Keywords: invasive plants, phytoindication analysis, biotope, anthropogenic transformation.
Ключові слова: інвазійні рослини, фітоіндикаційний аналіз, біотоп, антропогенна
трансформація
Invasive alien organisms are one of the causes of loss of biodiversity in the world. Many
international and regional conferences have highlighted the need and urgency of addressing the
threats posed by biological invasions. The study of invasive species is one of the important issues
of botany, as the impact of humans is large-scale, which cannot but affect the natural flora, which
is losing its important positions. One of the important tasks is to find the primary centers for the
introduction of new plant species into the territory and to analyze the conditions that can lead to
an excessive increase in the number of their individuals.
The purpose of the work was to identify invasive plant species and to determine the nature
of their spread within the village Haidary. The work consisted of the following tasks: to describe
test sites with invasive plant species; to carry out phytoindication analysis of invasive species of
plants and test areas in relation to conditions of moistening, soil richness, light, nitrogen
enrichment, soil acidity; timed of invasive plant species to different biotopes according to the
National Catalogue of Biotopes of Ukraine (2018); evaluate the degree of anthropogenic
transformation of the studied biotopes of Haidari. The study is based on conventional classical
methods of floristic, phytoindication, fractional analysis (Richardson et al., 2000; Didukh, 2011;
Kornas, 1968; Sudnik-Wojcíkowska, 1987 a, b; Jackowiak, 1990 ).
In the course of the work 7 test sites were described and the following types of invasive
plants were identified: Ambrosia artemisiifolia L., Robinia pseudoacacia L., Erigeron sanadensis
L., Amaranthus retroflexus L., Acer negundo L., Portulaca oleracea L., Cyclachaena xanthiifolia
(Nutt). Fresen., Oxybaphus nyctagineus (Michx.) Sweet.
Phytoindicative analysis showed that for all types of invasive plants the limiting factor is the
illumination, because they sprout only disturbed in open areas, and for Erigeron canadensis also
nitrogen, because this type of plants sprouts on disturbed soils rich in nitrogen, as a result of
grazing. According to the National Catalogue of Biotopes of Ukraine, invasive plant species are
confined to the biotope of ruderal annuals and biennials (Ambrosia artemisiifolia, Amaranthus
retroflexus), leafy crops of trees, shrubs and shrubs liane (Amaranthus retroflexus),
anthropogenic pseudophyllacia, soils (Oxybaphus nyctagineus), biotopes of perennial grasses of
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thermophilic type (Oxybaphus nyctagineus, Erigeron canadensis), floodplain willow and poplar
forests (Acer negundo), biotopes of ruderal annuals on poor soils (Portulaca oleracea). The
analysis of anthropogenic transformation index – anthropophytization index, it is established that
the percentage of adventitious plant species is half of the total number of plants in the test plots,
which indicates their anthropogenic transformation.
We express our gratitude to the research supervisor, the candidate of biological sciences
Zviahintseva Karina.
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Adventive plants of Kharkiv region in the Herbarium of CWU
Vladyslava Mounassir
Department of Botany and Plant Ecology, V. N. Karazin Kharkiv National University, Svobody
sq., 4, Kharkiv, Ukraine, 61022
e-mail: mounassirv@gmail.com
Abstract: the work is devoted to a detailed inventory of herbarium collections of species of
adventive plants of the Kharkov region in the Herbarium of CWU. The presence of herbarium
samples of adventitious plants in the amount of 251 species was verified. The total number of
species is dominated by the families Asteraceae, Brassicaceae, Poaceae.
Keywords: adventive plants, CWU Herbarium, herbarium materials, Kharkiv region
Studies of adventive plants deserve more attention. Many of them, having just recently
settled with us, have already become malicious weeds, the spread of which cannot be stopped
now and it remains only to restrain their resettlement through quarantine measures. The
emergence of new species increases every year and leads to a gradual change in weed flora.
Therefore, the purpose and objectives of the work was to conduct an inventory of herbarium
collections of species of adventive plants from the Kharkiv region in the Herbarium of the V.N.
Karazin Kharkiv National University (CWU); to check the presence of herbarium samples of
adventive plants in the flora of the Kharkiv region and make a list of them; analyze the date and
place of collection, collector of herbarium samples of the studied group of plants; conduct
structural and fractional analysis of adventive flora; to analyze the adventive flora — by the time
of drift, by the method of drift, by the degree of naturalization.
Thus, structural analysis of herbarium samples showed the total number of adventive plants

FMUB-2019, Kharkiv, Nov 27-29

152

in the Herbarium of CWU in the Kharkiv region are 251 species. The most numerous families are
dominated by the leading ones: Asteraceae (45), Brassicaceae (35), Poaceae (30), Fabaceae
(15), Rosaceae (13), Lamiaceae and Chenopodiaceae (10), Solanaceae (9), Malvaceae (8),
Amaranthaceae (7). Such a distribution of families in the spectrum of adventive flora indicates
the presence of herbarium specimens of species of the ruderal, segetal plants (Brassicaceae,
Poaceae, Chenopodiaceae, Solanaceae); plants escaping from culture and feral (Rosaceae,
Fabaceae) in the Herbarium of CWU. As for Malvaceae and Amaranthaceae, the representatives
of these families are all adventive plants.
The forms of life are dominated by annual herbaceous plants (156), perennial herbaceous
plants (60), biennial herbaceous plants (13), trees (32), shrubs (19), and shrub vines (4). As a
result of a geographical analysis of herbarium samples, it was found that most of the adventive
plants were brought into our territory from such areas as North American (55), Mediterranean Central Asian (25), Iran - Turan (18). This indicates the suitable and favorable climatic conditions
of our region.
The analysis of the fractional structure was carried out according to the drift time and the
degree of naturalization. Kenophytes prevailed among the first group - 164, among the second akolutophytes (53), ergasiophytes and epoecophytes (47 each).
As a result of the analysis of the date of collection of herbarium material of adventive plants
in the Kharkiv region, it was found that the largest herbarium was collected in the 60s-50s (161).
Most herbarium collections belong to N.N. Tsvelov, who in those years actively studied and
explored the flora of the Kharkiv region and the city of Kharkiv.
Having examined the collection sites of herbarium samples of adventive plants, it was found
that a significant amount of herbarium material was collected in Zmievsky (99), Kharkiv (68),
Volchansky (56) districts of the Kharkiv region. It was in Zmievsky (namely, Biological Station
of KhNU) and Kharkiv regions that there were studies of the flora of vascular plants (in
particular, cereals), in Volchansky - the specificity of the Cretaceous flora.
After an inventory of the adventive flora of the Kharkiv region in the Herbarium CWU can
be predicted that species of adventive plants are able to overcome natural migration barriers.

Effective DMSO extraction of carotenoids from microalgae cells
with sporopollenin in cell walls
Anna Oleksienko
Department of Botany and Plant Ecology, V.N. Karazin Kharkiv National University, Ukraine
e-mail: anjuta.alekseenko@gmail.com
Анотація: запропоновано модифікацію методу з ДМСО для екстракції каротиноїдів з
вологого осаду клітин Haematococcus pluvialis Flotow та Chlorococcum dissectum Korshikov,
клітинні оболонки яких містять надміцний полімер спорополенін. Показано, що за
ефективністю метод не відрізняється від екстракції традиційними розчинниками, але не
потребує механічної дезінтеграції клітин та має інші переваги.
Keywords: microalgae, extraction, carotenoids, sporopolenin, DMSO.
Ключові слова: мікроводорості, екстракція, каротиноїди, спорополенін, ДМСО.
Some species of microalgae produce secondary carotenoids and contain sporopollen in their
cell envelopes. This rigid polymer prevents the effective extraction of carotenoids from algal
cells. The extraction requires mechanical disintegration of cell walls, e.g. by thorough grinding in
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a mortar with a pestle. This process is durable, laborious, and cannot assure completeness of
extraction. During mechanical disruption of cells, oxidation of carotenoids may occur. To solve
this issue, we tested as an extractant DMSO which is usually used for cryoprotection and known
for its high penetration ability. The literature contains some examples of using DMSO for the
extraction of carotenoids. We took as a basis the protocol described by Wang et al. (2018).
The purpose of the experiment was to adjust the conditions of extraction with DMSO for
two algal species and compare the results of extraction with DMSO and of traditional solvent
extraction with cell disintegration.
The objects of the experiment were the cultures of Haematococcus pluvialis Flotow and
Chlorococcum dissectum Korshikov at the stationary phase. The culture of H. pluvialis was
represented entirely by red, full of carotenoids, aplanospores with thick cell walls known to
contain sporopollenin (Hagen et al. 2002). Stationary phase Ch. dissectum cells were orange that
indicated the accumulation of carotenoids. The presence of sporopollenin in Ch. dissectum cell
walls had been shown by us earlier. The aliquots of cultures were centrifuged to obtain cell
pellets. It was found out that the best results could be obtained with H. pluvialis samples
containing in total no more than 5103 cells and Ch. dissectum samples with no more than 17106
cells.
As we observed, moisture in the cell pellets prevented the extraction with DMSO.
Compared to Wang et al. (2018), who dealt with dry algal biomass, we dehydrated the cell pellets
by washing them with 2 ml of acetone at room temperature to accelerate the test procedure. No
pigment loss was seen in acetone. After centrifuging and decanting of acetone, 2 ml of DMSO
was added to the cell pellets. It was observed that more effective extraction required 10 min
heating in a water bath at 70 °C compared to 5 min at 60 °C according to Wang et al. (2018).
During heating, the samples were stirred with glass rods. After that, the samples were
centrifuged, the extracts decanted into separate test tubes, and the extraction repeated with a new
portion of DMSO. The pellets after each round of extraction were investigated under the
MICROmed XS-5520 microscope for completeness of the extraction. It was established by
absolute discoloration of the cells (Fig. 1) that complete extraction of pigments required 3
extraction rounds for H. pluvialis and 2 rounds for Ch. dissectum.
A1

A2

B1

B2

Fig. 1. Microphotographs of Haematococcus pluvialis (A) and Chlorococcum dissectum (B),
intact (1) and after the extraction with DMSO (2)
The adjusted procedure of extraction was repeated in triplicate. The extract portions for each
sample were united. For comparison, the same volumes of new culture aliquots were taken for
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traditional extraction with ethyl acetate at thorough grinding in a mortar with a pestle. The optical
densities of the extracts were measured against corresponding solvents by the photocolorimeter
КФК-3. It appeared that the optical density values and sample volumes in DMSO persisted for at
least a day, indicating that DMSO does not evaporate or promote carotenoid oxidation.
Carotenoid concentrations in the extracts were calculated as described by Wang et al. (2018) for
DMSO and in IARC Working Group (1998) for ethyl acetate and expressed in pg per cell as
determined using Goryaev’s hemocytometer.
The data obtained by DMSO extraction were checked for normality with the Shapiro-Wilk
test. The ethyl acetate data were taken as  values for the one-sample t-tests. Statistical
calculations were performed in R. The results of statistical data analysis did not allow rejecting
the null hypothesis that the mean carotenoid content value obtained with DMSO does not differ
from the value obtained with traditional ethyl acetate extraction. That means that the developed
modified protocol of DMSO extraction can replace the ethyl acetate protocol that requires cell
disintegration.
The developed DMSO protocol for carotenoid extraction and quantification in microalgae
cells with rigid cell walls containing sporopollenin has the advantages: it is simple, fast, and
allows massive parallel analyses. DMSO does not evaporate or promote carotenoid oxidation and
can be proposed for analytical purposes.
The experiments were carried out under the supervision of assistant professor
V.P.Komarysta.
Hagen, C., Siegmund, S. and Braune, W. 2002. “Ultrastructural and chemical changes in the cell
wall of Haematococcus pluvialis (Volvocales, Chlorophyta) during aplanospore formation.”
Eur J Phycol.
Wang, S., Meng, Y., Liu, J., Cao, X. and Xue, S. 2018. “Accurate quantification of astaxanthin
from Haematococcus pluvialis using DMSO extraction and lipase-catalyzed hydrolysis
pretreatment.” Algal research
IARC Working Group on the Evaluation of Cancer Preventive Agents. 1998. Carotenoids. Vol. 2
of IARC Handbook on Cancer Prevention. Lyon: IARC. 1995-2019.

The system of shoots Amorpha fruticosa L.
Nadiia Skobel
Department of Botany, Kherson State University, Ukraine
e-mail: skobel2015@gmail.com
Annotation: наведено першу дату культивування Amorpha fruticosa L. в Україні. Описано
пагонову систему A. fruticosa, типи бруньок та їх ємність.
Keywords: shoot, buds, invasive species.
Ключові слова: пагін, брунька, інвазійні види.
Amorpha genus is distributed in the temperate regions in the North America (Torrey, 1838).
A. fruticosa is a vegetative-mobile gexyl invasive shrub that has been cultivated in Ukraine since
1809 (Burda, 2012).Nowadays seed productivity of a species, ways of propagation of fruits and
seeds, features of structure of flowers and inflorescences have been studied (Szigetvari, 2008).
We used materials collected at Nizhniprovsky National Park in 2018-2019. As a result of
our studies, the following features were observed.
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In A. fruticosa, skeletal shoots grow monopodially when forming a shrub, leaf placement
alternately with occasional disturbance, some leaves arranged almost opposite. At the end of the
growing season, the apex meristem of the skeletal shoots is most often destroyed and the further
development of the shoots occurs in a sympodial type. Most of the lower and middle buds are
dormant, but in the case of upper limb shoots, these buds can form both vegetative and vegetative
shoots.When skeletal shoots are destroyed, growth restores at the expense of the upper buds from
the site of breakage, and only the skeletal buds remain on the lower parts of the shoots.
In A. Fruticosa shrubs of mature generative plants are formed by 35-50 shoots growing
from the soil, their grow this monopodial, leaf placement alternate with frequent disturbance,
some leaves arearranged almost opposite. At the end of the growing season, the apical meristem
collapses. In the spring of the following year, a crotone branching occurs on such skeletal shoots,
which is provided by axillary serial descending buds of regular restoration, 2-3 buds in a group,
of which the lower ones form a shoot. One ach skeletal race from 5 to 18 groups of renal buds.
Vegetative-generative bud capacity: 8-9 bud scales.2 The lower scales do not close together
and reach the middle of the buds. 3 and 4 bud scales wrap the entire buds. 5 and 6 bud scales are
not completely bud-wrapped. 7 bud scales cover half of the buds. 8 and 9 bud scales along the
transitional structure between the bud scales and the initial leaf. Initial leaves 7-8, they are
strongly pubescent. Photosynthetic leaves, apical inflorescences and 3-5 inflorescences located in
the axils of the upper photosynthetic leaves develop from the vegetative-generative buds. In the
axils of all photosynthetic leaves, initial inflorescences are formed.
The apical meristem of buds goes into a generative state and forms an initial inflorescence,
also the initial inflorescences are in the axils of the initial leaves. 5 to 18 lateral shoots are formed
from the regular regeneration buds with a full developmental cycle.
On skeletal shoots growing from the soil from 53 to 68 groups of axillary buds, the upper
ones are the buds of regular restoration, and the middle and lower vegetative ones.
Capacity of vegetative buds – bud scales 7-8 initial leaves 6-7 and vegetative growth cone
with leafy primordia. The 2 lower bud scales do not close together, 3-4 wrap the bud,
7-8 transitional forms between the bud scales and the initial leaf.
Thus, the shrub of mature generative A. fruticosa plants includes skeletal shoots of different
orders, lateral shoots are formed as a result of acrotonic branching and undergo a complete cycle
of development, that is, their vegetative period is completed by flowering and fruiting
Acknowledgements to Pavlova N. R. and Moysiyenko I. I
Burda Raisa, A. Ignatyuk. 2012. Reproductive effort importance in the man-made.
Szigetvari Cs., Toth T. 2008. False indigo (Amorpha fruticosa L.). The most important invasive
plants in Hungary. Institute of Ecol. and Bot. Hung. Acad. of Sci.
Torrey J., A. Gray.1838. Flora of North America.
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Florocenotic confinement of rare plant species of the Landscape Reserve «Sagy» (Kherson
Oblast, Oleshkovsky District)
Maryna Zakharova
Department of Botany, Kherson State University, Ukraine
e-mail: zaharovamarina03@gmail.com
Annotation: на території ландшафтного заказнику «Саги» виявлено 9 рідкісних видів.за
різними списками збереження: Світовий червоний список – 1 вид, Червона книга України
– 6 видів, Червоний список Херсонщини – 2 види. Встановлено фітоценотичну
приналежність созофітів до трьох класів рослинності, зокрема: Festucetea vaginatae Soo
1968 em Vicherek 1972, Alnetea glutinosae Br.-Bl. et R.Tx. 1943 ex Westhoff et al. 1946 та
Salicetea purpureae Moor 1958.
Keywords: plants, sands, phytocenotic affiliation, sozophytes, landscape reserve.
Ключові слова: рослини, піски, фітоценотична приуроченість, созофіти, ландшафтний
заказник.
State Landscape Reserve "Sagy" Tract was founded by the Resolution of the Council of
Ministers of the USSR of October 28, 1974 No. 500 "On Creation of State Reserves in the
Ukrainian SSR", declared by the Resolution of the Council of Ministers of the USSR on April 19,
1977. No. 188 "On Supplementing the List of State Reserves and the Protection Zone around the
Black Sea State Reserve and the Azov-Sivash State Conservation Hunting". The reserve, with a
total area of 500 hectares, is located in the Oleshkovsky district, Kherson region in the tract
"Sagy" of the state forest fund of the State Forestry «The steppe name of V.M. Vineyard Branch
of UkrNDILGA» in Quarters 2-9. The total area of Consumer is covered by forest – 103.2 ha,
sands – 379.8 ha, lakes – 0.4 ha, swamps – 10.5 ha, others – 6.1 ha. It is a part of the Nature
Reserve Fund of Ukraine, which is protected as a national heritage and is an integral part of the
world system of natural territories and objects under special protection.
In the territory of reserve are protected forest coenoses, psamophytes and steppes, smoothed
sand marshes, lakes, marsh coenoses. Among the forest areas, an important place is occupied by
natural vegetation – rare formations Betula borysthenica and Stipa borysthenica, as well as
thickets Alnus glutinosa. Lakes and wetlands are a breeding ground for many birds. Soils: sand
and underdeveloped sandy soils. Relief: from plain-wavy to hilly (Green Book of Ukraine, 2009
n.d.).
There are 9 rare species of vascular plants on the territory reserve, which are included in
various nature conservation lists, namely: World Red Lists – 1 species (Agropyron dasyanthum
Ledeb.), Red Book of Ukraine – 6 species (Allium savranicum Besser, Alyssum savanicum
Andrz., Betula borysthenica Klokov, Centaurea breviceps Iljin, Stipa borysthenica Klok. Ex
Prokud., Stipa cappilata L.) and the Red List of the Kherson region – 2 species (Alnus glutinosa
(L.) Gaertn. and Fraxinus excelsior L.) (Червона книга України, 2009; Червоний список
Херсонської області, 2013; Smekalova, Maslovky, Melnyk, 2011).
The groups of the studied sozophytes belong to three classes of vegetation: Festucetea
vaginatae Soo 1968 em Vicherek 1972, Alnetea glutinosae Br.-Bl. et R.Tx. 1943 ex Westhoff et
al. 1946 and Salicetea purpureae Moor 1958.
The grouping of class Festucetea vaginatae in the study area is represented by Centaureo
brevicepsis-Festucetum beckeri Vicherek 1972 association or its degraded groupings. It is
fragmented, confined to the edges and clearings and occupies small areas.
Alnetea glutinosae are represented by low altitude natural alder forest. Crop closeness
averages 85 %. The alder forest is quite synatropic, with the dominant synatropophytes:
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Anisantha sterilis (L.) Nevski, Ballota nigra L. and Sambucus nigra L. dominant. Diagnostic
species: Alnus glutinosa, Carex pseudocyperus L., Dryopteris cartusiana (Vill.) HPFuchs,
Dryopteris filix-mas (L.) Schott, Frangula alnus Mill., Lemna minor L., Lycopus europaeus L.,
Lysimachia vulgaris, Urtica kioviensis Horns. The species composition is rather poor, compared
to willows of the forest area. The number of species varies from 8 to 22. Projective coverage
averages 50-60 % (Zakharova, Moysiyenko, 2016 n.d.).
Birches are found in all arenas of the Dnieper Sands and cover an area of about 100
hectares. Betula borysthenica grows on wet sands, wet pine sands and underdeveloped sandy
soils. As birches are found in different conditions of moistening, the grassy cover is represented
by different groups of plants – steppe, meadow, forest, wetland. These are: Calamagrostis
epigeios (L.) Roth., Carex elata All., Phragmites australis (Cal.) Trin ex Steud., Solidago
virgaurea L., etc. (Zakharova, Moysiyenko, 2016 n.d.).
This grouping of natural birch forest vegetation belongs to: the class Salicetea purpureae
Moor 1958, represented by the association Poo angustifolii – Betuletum borysthenicae Umanets
et I. Solomakha 1999 (Solomakha, 2015). Diagnostic species: Agrostis giganthea Pot., Betula
borysthenica, Calamagrostis epigeos, Genista sibirica Kotov, Hieracium umbellatum L.,
Phragmites australis, Poa angustifolia L., Rumex acetosella L., Salix rosmarinifolia L.,
Scirpoides holoschoenus (L.) Sojak, Secale sylvestre Host. (Zakharova, Moysiyenko, 2016 n.d.).
Chervona knyha Ukrainy. Roslynnyi svit (Red Data Book of Ukraine. Vegetable Kingdom). Ed.
Ya.P. Didukh, Kyiv: Globalkonsaltyng, 2009, 912 pp.
Chervonui spusok Khersonskoji oblasti (2013). Rishenja XXVI sesiji Khersonskoji oblasnoji
radu VI sklukannja № 893 vid 13.11.2013. Kherson: 13 p.
Green Book of Ukraine. Rare and endangered natural vegetable communities that are subject to
protection. (2009). Didukh Ya.P. (ed). Кyiv: Alterpress, 448 p.
Smekalova, T., Maslovky, O. & Melnyk, V. 2011. Agropyron dasyanthum. The IUCN Red List of
Threatened Species 2011: e.T176502A7254702. Downloaded on 26 October 2019.
Solomakha V.A. Syntaksonomija roslynnosti Ukrainy. Kyiv: Fitocentr. 295p.
Zakharova M.Ya., Moysiyenko I.I. (2016). Florocoenotic restriction of rare species in natural
forest on Nizhnedneprovskiy sands. Chornomorsk. bot. z., 12 (2): 206–213.
doi:10.14255/2308-9628/16.122/9.

Record of Pseudococcomyxa in Ukrainian Carpathians
Daryna Zavadska
Department of Plant Biology, Taras Shevchenko National University of Kyiv, Ukraine
e-mail: zavadskadaryna@gmail.com
Annotation: вперше в Українських Карпатах знайдено та визначено за молекулярними
ознаками вид роду Pseudococcomyxa.
Keywords: ITS2, Pseudococcomyxa, Carpathian algoflora.
Ключові слова: ITS2, Pseudococcomyxa, альгофлора Карпат.
Pseudococcomyxa Korshikov(1953) is a common genus of aerophytic green algae of class
Trebouxiophyceae. Species of this genus can adapt a very broad range of ecological conditions
(Darienko et. al. 2015; Malasavi et. al. 2016) and some strains are the objects of increasing
interest for biotechnological process of lipid production (Maltsev et. al., 2019). For Ukraine,
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reports on Pseudococcomyxa genus were done mainly for steppe biotopes (Kostikov et. al. 2001;
Maltsev et. al. 2017; Mikhailyuk, 2008; Mikhailyuk et. al., 2003), forests of Polissya region,
forest-steppes (Kostikov et. al., 2001), and for Crimea region (Kostikov et. al., 2001,
Vinogradova and Darienko 2008). However, Pseudococcomyxa distribution in Western regions
of Ukraine is poorly studied and only one record of Pseudococcomyxa sp. as lichen epibiont was
found for Ukraine Carpathians (Voytsekhovich et. al. 2011), despite algoflora of this region was
investigated (Romanenko 2002; Tsarenko, 2014).
Samples of aerophyton from green spots on wall coating and spotaneously blooming water
from natural source in a bottle have been collected in Carpathians, Lvivska oblast, in the vicinity
of Morshyn. Algae were plated on agarized BBM and pure cultures were obtained. Microscopic
observation and morphological analysis revealed that strains belong to genus Pseudococcomyxa.
However, species identification on the lone basis of morphological features is problematic for the
genus, particularly because of high phenotypic plasticity (Darienko et. al. 2015, Malasavi et. al.
2016). Therefore, further molecular analysis of ITS2 rDNA was conducted. After total DNA
extraction amplified fragments of ITS2-containing region of rDNA were sequenced by Macrogen
Inc (Netherlands). From sequence data ITS2 regions were annotated via ITS2 Database toolkit
(http://its2.bioapps.biozentrum.uni-wuerzburg.de/). BLAST search in nucleotide collection
database resulted in the closest identity (99.2 %-98.5 %) with Pseodococcomyxa simplex strain
SAG216-8 (GenBankID HG972991.1) and SAG216-9a (GenBankID FN298926.1). Secondary
structures
were
predicted
via
RNAStructure
webservice
(https://rna.urmc.rochester.edu/RNAstructureWeb/) and consensus structure was built with the
help of ViennaRNA webservice(http://rna.tbi.univie.ac.at/) from alignment made in 4SALE
(http://4sale.bioapps.biozentrum.uni-wuerzburg.de/). ITS2 sequences with secondary structures
were added to the alignment dataset provided by Darienko et. al. (2015) and aligned according to
secondary structure. ML, NJ and MP phylogenies built in MEGA software package from masked
secondary structure alignment of sample ITS2 regions with dataset from Darienko et. al. (2015)
confirmed positioning of our strains within Pseudococcomyxa simplex clade, being closest either
to Pseudococcomyxa simplex (Mainx) Fott (strain SAG216-9a) or Pseudococcomyxa rayssiae
(strain SAG216-8) that is consistent with BLAST search results. bPTP(https://species.h-its.org/)
species-delimitation approach (maximum likelihood) verified that all four strains belonged to the
same species together with the others in clade.
Pseudococcomyxa simplex (Mainx) Fott was previously reported in algoflora of Ukraine by
Korschikov(1953); Kostikov(1990) and Levanets(1998)(according to Tsarenko 2000). Strain of
this species was found and isolated in culture in Khmelnytsky district in Ukraine before by
Vlasuk (Kostikov et. al. 2009). This is the first precise description of Pseudococcomyxa genus,
presumably Pseudococcomyxa simplex species for Carpathian region of Ukraine. Further research
will be focused on the verification and final assignment of isolated strains to Pseudococcomyxa
simplex species using different species-delimitation approaches.
Darienko, T. et. al., “Evaluating the Species Boundaries of Green Microalgae (Coccomyxa,
Trebouxiophyceae, Chlorophyta) Using Integrative Taxonomy and DNA Barcoding with
Further Implications for the Species Identification in Environmental Samples,” PLoS ONE
10(6)(2015): e0127838, doi:10.1371/journal.pone.0127838.
Malavasi, V. et al. “DNA-Based Taxonomy in Ecologically Versatile Microalgae: A ReEvaluation of the Species Concept within the Coccoid Green Algal Genus Coccomyxa
(Trebouxiophyceae,
Chlorophyta),”
PLoS
ONE
11(3)(2016):
e0151137,
https://doi.org/10.1371/journal.pone.0151137
Maltsev, Y. et.al., “Fatty Acid Content and Profile of the Novel Strain of Coccomyxa elongata
(Trebouxiophyceae, Chlorophyta) Cultivated at Reduced Nitrogen and Phosphorus
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Concentrations,” Journal of Phycology 55(2019): 1154-1165, doi:10.1111/jpy.12903.
Kostikov, I. et.al. “Soil Algae of Ukraine: History and Methods of Research, System, Synopsis of
Flora” (Kyiv, Phytosociocentr, 2001), 177.
Maltsev, Y., Pakhomov, A. and Maltseva, I. “Specific features of algal communities in forest
litter of forest biogeocenoses of the steppe zone,” Contemprorary Problems of Ecology
10(2017): 71, https://doi.org/10.1134/S1995425517010085.
Mikhailyuk, T., “Terrestrial lithophilic algae in a granite canyon of the Teteriv River (Ukraine),”
Biologia (2008) 63: 824, https://doi.org/10.2478/s11756-008-0104-1.
Mikhailyuk, T., Demchenko, E. and Kondratyuk, S., “Algae of granite outcrops from the left
bank of the river Pivdennyi Bug (Ukraine),” Biologia – Section Botany 58(2003): 589.
Vinogradova, O. and Darienko, T., “Terrestrial algae of hypersaline environments of the Central
Syvash
islands
(Kherson
Region,
Ukraine),”
Biologia
63(2008):
813,
https://doi.org/10.2478/s11756-008-0103-2.
Voytsekhovich, A., Dymytrova, L. and Nadyeina, O., “Photobiont composition of some taxa of
the genera Micarea and Placynthiella (Lecanoromycetes, lichenized Ascomycota) from
Ukraine,” Folia Cryptogamica Estonica, 48(2011): 135.
Romanenko, P., “Soil algae of forests of Ukrainian Carpathians” (PhD diss.,Taras Shevchenko
National University of Kyiv, 2002).
Tsarenko, P. et. al., “Algofora”, in “Ecosystems of lenthic water bodies of Chornohora massif
(Ukrainian Carpathians)”, ed. Mykitchak, T. ( Lviv: ZUKC, 2014), 47.
Tsarenko, P., “Chlorococcales”, in Diversity of Algae in Ukraine ed. Wasser, S., Tsarenko, P.,
(Algologia, 2000), 195.
Kostikov, I., Demchenko, E., Berezovskaya, M., “Algae culture collection of Taras Shevchenko
National University of Kyiv,” Chornomors’kyi botanichnyi zhurnal 5(2009): 37-79.
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The structure of the territorial sound signal of Tawny Owl males (Strix aluco L. 1758)
Valeriia Chuprakova, Andrey Istomin, Yuriy Ruzin
V. N. Karazin Kharkiv National University, Faculty of Biology,
Svobody sq., 4, Kharkiv, Ukraine, 61022
e-mail: valeriia.chuprakova@gmail.com
Annotation: Було проведено дослідження, для визначення відмінності між вокалізацією
різних особин самців Сови сірої та в межах кожного окремо взятого самця тієї ж популяції.
Записи були зроблені у районі, що прилягає до біологічної станції ХНУ імені В. Н.
Каразіна та його околицях, порівняно їх між собою і отримано відмінності у
територіальній сигналізації по декількох параметрах .
Keywords: Tawny Owl, territorial signal, vocalization, individual characteristics, sonograms
Ключові слова: Сова сіра, територіальна вокалізація, індивідуальні особливості,
сонограми
The study of the vocal signal plays a huge role in within a population and a specific
individual birds. This is especially actual for birds with twilight and nocturnal activity. The
Tawny Owl falls under this category. Strix aluco is a sedentary bird species that is widespread in
Ukraine. On the territory of the NNP "Homilshanski Lisy" the border of the Tawny Owl meets
with the borders of widespread deciduous forests (upland oak forests).
The aim of the work was to study the structure and parameters of the vocal signaling of
Strix aluco, namely, the study of the individual characteristics of the territorial type of
vocalization. The following tasks were set: to select the time-frequency parameters of songs, to
select the variability of the parameters of the territorial signaling within the vocalization of one
male and different individuals.
14 audio recordings were processed with 67 songs belonging to supposedly 5 different
males. Recordings were made using a Tascam DR05 recorder and Audio-Technica
AT875R microphone. duration from 2 to 12 minutes, recordings were performed at night from
23:00 to 2:00 from 06/19/2019 to 07/10/2019. Sonogram analysis was carried out in the Syrinx
program. The territorial signal of the male is conditionally divided into 3 vocal parts: the chorus,
the short part and the end of the song. We have been selected 14 parameters for analysing (fig.1).
The temporal measures were: D1, duration of the first note; I1 interval between the first and the
second note; D2, duration of the second note; I2, interval between the second and the third note;
FLM, duration of the modulated section of the third note; D3 duration of the third note, TAIL,
duration of the final section of the third note. The frequency measures were: U1, start frequency
of the first note; L1, ending frequency of the first note; U2, start frequency of the second note;
L2, ending frequency of the second note U3, start frequency of the third note; L3, ending
frequency of the third note; DTOT total length of the hooting (Galeotti, Pavan,2010; Peri,2017).

Fig.1. Analyzed parameters of the territorial signal Tawny Owl
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According to the analysis of the standard deviation of the average value of the records of all
birds by 14 parameters, the interval between the first part and the short second part of the song
and the duration of the first part of the song turned out to be the most variable; other parameters
varied slightly.
The song parameters of each individual male also vary slightly except for the first interval
(between the song and the second element of the song).
The discriminant analysis made it possible to combine the records of theoretically two
males into records belonging to one individual. Thus, the records of 4 males of the Tawny Owl
were analyzed and selected the most variable parameters.
Acknowledgements. Authors gratefully acknowledge supervision of Atemasova Tatiana
Andreevna and help of Egor Yatsyuk.
Galeotti, P., and G. Pavan. "Individual recognition of male Tawny Owls (Strix aluco) using
spectrograms of their territorial calls." Ethology Ecology & Evolution 3.2 (1991): 113-126.
Peri, Achille. "A comparison of three methods for planning a census of Tawny Owl (Strix aluco)
populations living at high territorial density." Bioacoustics 27.3 (2018): 245-260.

Recent finds of Lissotriton vulgaris and Triturus cristatus
in national park “Homilshanski lisy”
Mykola Drohvalenko, Kostiantyn Fomenko, Roman Trokhymchuk
Zoology and Animal Ecology Department, V. N. Karazin Kharkiv National University, Ukraine
e-mail: jaegernicholaus@gmail.com
Annotation: Наведено дані щодо нових знахідок Triturus cristatus та Lissotriton vulgaris у
НПП «Гомільшанські ліси»: наявність дорослих особин та личинок у ряді водойм парку,
їхня щільність.
Keywords: Triturus cristatus, Lissotriton vulgaris, newt, larvae, Homilshanski lisy
Ключові слова: Triturus cristatus, Lissotriton vulgaris, тритони, личинки, Гомільшанські
ліси
Great crested newt (Triturus cristatus Laurenti, 1768) and smooth newt (Lissotriton vulgaris
L., 1758) are the only Caudata species in Kharkiv region. Being the lifers of clean and shallow
stagnant reservoirs, they are well-sensitive for anthropogenic changes of environment (Ананьева
1999). Both species are listed in Bern convention (Загороднюк 1999) and T. cristatus is
mentioned in Kharkiv region Red List (Токарський 2012).
Region of our investigation involved the V. N. Karazin Kharkiv National University
biological station's vicinity. It contains highland oakery, Siverskyi Donets floodplain and some
ponds in gullies. There have been a few investigations of newts fauna in this region for the last 40
years (eg. Рудик 1975, Zinenko and Korshunov 2006). Some separate evidences of these species
presence can be also obtained from Natural Museum collection (Zinenko and Goncharenko
2009), monograph concerning Triturus genus evolution (Litvinchuk and Borkin 2009) and
various random private messages.
We were performing our monitoring from May to July 2019, as it is way hard to find and
evaluate the number of any of these species beside the very breeding season. Trawling with the
hydrobiological dipper (D = 0.4 m) was the catching method. Development stages were defined
according Dettlaff, Vasetzky (1991, vol. 2).
L. vulgaris adults were found in the oxbows at the Siverskyi Donets right coast floodplain
while spawning occurring (4 males, 2 females; 06-12.05.19). No adults were found through the

Zoology

165

whole summer period. T. cristatus adults were found in the oxbows too (males only; 07-12.05.19)
and in Koryakiv pond (1 female; 21.06.19).
Larvae were more abundant. Their observed attraction to the shady, cool, rich of duckweed
and hornwort water bodies in this region quite fits some literature data (Кузьмин 1999).
Calculated density of L. vulgaris larvae in the Koryakiv pond reached 1 individual per 1
meter of coastal line, while the actual density was up to 8 per 1 trawl. At the 01.07.19 there were
big and even premetamorphic larvae observed (average stage 53). A single T. cristatus larva was
caught in Koryakiv pond at the 20.06.19.
Larvae presence in the right coast floodplain oxbows was weak: solitary individuals per tens
of trawls and per few meters of coastal line. Flood lakes at the foot of an oakery (some connected
with river) were observed to inhabit by much more larvae: up to 2 per 1 meter of coastal line, but
at the most distant from river only, possibly because the water there was more stagnant and cool.
No larvae were found in the big water bodies of left coast floodplain, such as Bile lake,
Krugle lake, Kosach river bay, hypothetically due to absence of suitable habitats. The only habitat
appeared fitting for newts was discovered at the corner of Kosach bay – a small flood lake, where
both L. vulgaris and T. cristatus larvae were caught at once (10.07.19). Iskov pond, having
known by both species observing, contained none of them – presumably because the pond
became dry and shallow this year and suitable habitats disappeared.
This work is the starting step of modern research on newt fauna in NP “Homilshanski lisy”.
Our future work will aim on spreading the area and time of investigation for more precise
examination of these species status.
We are grateful to O. Korshunov for scientific consulting and D. Shabanov for technical
assistance.
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Structure of the vocal signal of the great reed warbler (Acrocephalus arundinaceus,
Linnaeus, 1758)
Polina Havrysh, Anastasiia Zdvizova
V. N. Karazin Kharkiv National University, Ukraine
e-mail: havrysh.polina@gmail.com anastasiya.zdvizova@gmail.com
Annotation: досліджено структуру вокального сигналу пісень Очеретянки великої
Acrocephalus arundinaceus заплавних луків р. Сіверський Дінець. Ми виокремили 24
унікальних елементи у піснях 8 особин. Порівняли особин за частотою трапляння пари
елементів. За результатом порівняння чотири особини сформували групу.
Keywords: Acrocephalus arundinaceus, bioacoustics, great reed warbler, vocal signal
Ключові слова: Acrocephalus arundinaceus, біоакустика, Очеретянка велика, вокальний
сигнал
Advertising song of great reed warbler can be heard in floodplain meadow starting from the
end of the April – beginning of May till the middle of July. Unpaired males sing day and night, at
what approximately 25% of day vocalization occurs at night (Nadtochyi, 2012).
The aim of the work was to study the elemental structure of males’ advertising vocal signal
of great reed warbler in a floodplain meadow of the river Siverskyi Donets in the vicinity of the
Haidary biological station.
As materials there were audio records of singing males made at the end of June 2019. Voice
recorder Tascam DR-05 and directional microphone ME-52W were used. Each male was
recorded once during 10 minutes in period between 4 a.m. and 7 a.m. and between 8:30 p.m. and
9:30 p.m. – time of highest birds’ vocal activity. We were trying to get continuous phonogram of
singing (Anipov, 2016).
Altogether 23 records were obtained, which 8 fit to study, containing 319 songs. For
studying we used program Cool Edit Pro (Hryshchenko et al. 2012).
In total, 24 elements of the song of the great reed warbler, identified by the letters of the
Latin alphabet from A to Z, were singled in form and sound. Elements were grouped depending
on the frequency of occurrence in the songs of different individuals. Distinguished basic elements
(appear in 100% – 87,5 % cases), common (в 75%- 65,5% cases) and rare (50% cases). There
were no unique elements.
Also we conducted analysis of frequency of occurrence of all pairs of identified elements
such as _А, АА, АВ, AC, А_ etc. (625 pairs altogether). The analysis showed that most of the
songs begin with the so-called “introductory song” (_L), and the most common pair of elements
in the songs turned out to be a pair of HH.
According to the frequency of occurrence of pairs of elements, we compared the records
with each other. For comparison, we used the program Statistica 8.0.
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As a result, according to the frequency of occurrence of pairs of elements, records 766, 769,
783 and 792 formed a group, the rest of the records differ both from this group and among
themselves. (Fig.1).
Fig. 1. The results of conducting the principal component analysis (625 parameters) of eight
records of males of Acrocephalus arundinaceus of the floodplain of the river Siverskyi Donets in
frequency of occurrence of a pair of elements in vocal signals. Males 766, 769, 783 and 792 form
a group.
Nadtochyi, A. S. «Materials on the ecology of warblers Acrocephalus schoenobaenus and
A. arundinaceus in the Kharkov region» 21, vol.751 (2012 y.): 947-948.

Antipov, V. A. «Principles of construction and population-geographical variability of songs of
the eastern nightingale (Luscinia luscinia)». Moscow State University named after M.V.
Lomonosov. 2016.
Hryshchenko, V. N., Yablonovskaia- Hryshchenko, E. D. «The use of bioacoustic methods in
faunal research» 21, no.1-2 (2012 y.): 183-200.
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Structure of bat assemblage in an oak forest on the border of a big urban area, with special
focus on Great Noctule Bat (Nyctalus lasiopterus Schreber, 1780)
Hukov Vitalii1,2, Viktor Kovalov3, Anna Suvorova4, Olena Rodenko2, Olena Holovchenko1
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Annotation: Літнє населення рукокрилих дубового лісового масиву в околицях с. Караван
Харківської області вивчали протягом 3 літніх сезонів (2016-2018 рр). Загалом спіймано
1225 особин 10 видів рукокрилих, в тому числі велетенська вечірниця (Nyctalus
lasiopterus), що вважалася зниклою з території Харківської області з 1960х. В роботі
наведено список видів та відносну чисельність рукокрилих. Попередні дослідження
рукокрилих на цій території були фрагментарні і більшість з них датується першою
половиною 20-го століття.
Keywords: bat fauna, Chiroptera, Kharkiv region, vulnerable species, Nyctalus lasiopterus,
summer assemblage, relative abundance
Forested areas that border big cities have more anthropogenic impact than woodlands,
surrounded by natural or rural landscapes. There are plenty of factors that negatively impacted
forest biodiversity from the city side, for example, the high level of recreation, illegal logging and
fire-wood collection, light-pollution, and closeness to infrastructure objects. Our study case is the
vast oak forest (called: Urochische Karavan 50.058 N, 36.108 E) on the north-eastern border of
Kharkiv city, the second biggest city in Ukraine. This forest has been being an object of field
biological research since the 19 century, but some groups of animals were still unstudied till the
begging of 21 century in this area. In August 2016 in this forest, Nyctalus lasiopterus (Schreber,
1780) was recorded (Kovalov et al., 2019). This bat species is one of the rarest and threatened
(VU A4c; C2a(i)) bat species among European forest-dwelling bats. That record was
unpredictable because it has been hypothesizing that this species had gone to extinct before
1960th (Vlaschenko et al., 2010). The first record in 2016 actualized the more detailed study of the
current bat assemblage of the Karavan forest.
The field surveys were carried out during 3 summer seasons (2016-2018). These calendar
months include two seasons of bat annual lifecycle, breeding period (from May to July) and
period of autumn migration or invasion (August and September) (Kravchenko et al., 2017). The
dates of fieldwork are following: 30-31.07.2016; 02-06.07.2017; 01-08.08.2017; 15-27.07.2018.
During breeding time, bat mist-netting was carried out following the method previously
used for bats monitoring in Eastern European forests (Vlaschenko and Gukasova, 2009;
Prylutska, 2014). Mist-netting points were selected in the main habitat types: forest ponds, forest
roads, and forest edges (three for each type). During the autumn invasion, mist-net were set up
near banks of ponds (50.057528 N, 36.108639 E) for 4 nights at the same place. Species, sex and
age of captured bats were identified and noted. The forearm length (by a caliper, accurate to 0.1
mm) and body mass (by digital scales, accurate to 0.1 gr) were measured. All measures of bat
capturing, holding, and carrying in bags were ethical, with respect for animal welfare and
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conservation of protected species, according to Sikes et al. (2016). None of bats were injured or
killed during the study. The index of bats per hour (b/h) was calculated based on mist-netting
success and bat abundance (Gukasova and Vlaschenko, 2011).
Totally 25 mist-netting nights were conducted, the total time of mist-netting was 187 hours.
We captured 1225 bats during the fieldwork, of which 15 were N. lasiopterus. In total, 10 species
were recorded (Myotis daubentonii (Kuhl, 1817), Nyctalus noctula (Schreber, 1774),
N. lasiopterus (Schreber, 1780), N. leisleri (Kuhl, 1817), Eptesicus serotinus (Schreber, 1774),
Pipistrellus nathusii (Keyserling et. Blasius, 1839), P. pygmaeus (Leach, 1825), P. kuhlii (Kuhl,
1817), Vespertilio murinus (L., 1758), and Plecotus auritus (L., 1758).
The b/h index was the highest (23,4) during the autumn invasion in 2017, and the lowest
(0,78) during the breeding period in 2017. The most common species is N. noctula with the
82,3% of all captured individuals. V. murinus was recorded only during autumn invasion and P.
auritus – in breeding period. The Shannon–Wiener index was 0.8 for the whole sample.
Acknowledgements. Authors are deeply grateful to Dr. Anton Vlaschenko for comprehensive
support of our study. The authors are thankful to Dr. Yatsiuk Y., Shaniuk N., Nazarenko V,
Tolstyak M., Parfilov O., Tovstukha I., Kisel O. for field assistance. This survey was conducted
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First data on the spider fauna (Araneae) of the National Nature Park ‘Kamianska Sich’
(South Ukraine)
Anastasiia Iosypchuk
Department of Biology, Geography and Ecology, Kherson State University, Ukraine
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Анотація: У НПП «Кам’янська Січ» було зареєстровано 85 видів павуків з 20 родин.
Видовий склад є характерним для степів півдня України; п’ять видів мають вузький ареал
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та/або фрагментарне поширення в Європі. Найкраще збереглися угруповання павуків
непорушених біотопів.
Keywords: spiders, fauna inventory, protected areas, Kherson Region
Ключові слова: павуки, інвентаризація фауни, заповідні території, Херсонська область
Right-bank part of the low Dnieper area belongs to a geobotanical province with the
prevalence of sagebrush–fesque-feather grass and fesque-feather grass steppes. Our research has
been conducted in the National Nature Park (NNP) ‘Kamianska Sich’ created in 2019 for the
conservation of typical landscapes of southern Ukraine. Fauna and flora inventory at the early
stages of areas’ protection is critically important for developing of a management plan and further
evaluating of the effectiveness of environmental measures. The NNP is located in the Berislav
District of the Kherson Region; its total area accounts for 12261.14 ha and includes the Dnieper
River terrace, steppes on the upper interfluves, a part of the Kakhovka Reservoir, and lover
reaches of flooded gullies (Moysiyenko, 2017).
We investigated the NPP’s strictly prospected area (Ternuvatska section, five biotops), a
section of economic activity (two biotops) and a section of stationary recreation (three biotops).
These biotops represented three habitat types: Т1.4.а True forb-bunchgrass and bunchgrass
steppes of the steppe zone, Ч4.3 Nitrophilous meso-xeric high steppe shrubs, and Д1.8
Anthropogenic broad-leaved forests (Kuzemko et al., 2018). Spiders were collected during
23.05–22.06.2019 by net-sweeping, pitfall trapping and, by hands. We used plastic cups of 6.5
cm D with 4% formalin as pitfalls and set them in a line of eight traps at a distance of 10 m from
each other in the ten sampled biotops (Table 1). We also took two or three samples of 50 sweeps
with a 30-cm diameter net in each biotope.
During our research, 85 spider species of 20 families were recorded from the study site: 55
species in the habitat Т1.4.а, 39 species in the Ч4.3, and 16 species in the Д1.8. The family
Gnaphosidae was the most species-rich (18 sp., 21.2% of the local fauna; the Salticidae (15 sp.,
17.6%), Thomisidae (11 sp., 12.9%) and Araneidae (10 sp., 11.8%) followed it. Five recorded
species are rare in Europe. Harpactea azowensis Charitonov, 1956 is distributed in southern
Ukraine and Russia. Micaria bosmansi Kovblyuk & Nadolny, 2008 has been found in the
Crimea, eastern Ukraine and Southern European Russia. The range of Pellenes allegrii
Caporiacco, 1935 stretches from southern Ukraine to Central Asia. Zelotes eugeni Kovblyuk,
2009 has been recorded from southern Ukraine, Rostov-on-Don Region of Russia, and Greece
while Titanoeca ukrainica Guryanova, 1992 is known exclusively from the Crimea, Kherson and
Rostov-on-Don regions (Polchaninova, Prokopenko, 2013; Nentwig et al., 2019). For these
species, the lower Dnieper area is the westernmost known border of their geographical ranges.
Eleven species of ground-dwelling spiders were dominants (> 10% of collected individuals)
at least in one out of ten studied biotops. Berlandina cinereа (Menge, 1872) and Zodarion thoni
Nosek, 1905, were the most abundant and dominatied in four and five biotops, respectively. The
former preferred the biotops I, V and VII while the latter the boitiop II (Table 1). Atypus muralis
Bertkau, 1890, Gnaphosa taurica Thorell, 1875, Trachyzelotes malckini Platnick & Murphy,
1984, and Xysticus robustus (Hahn, 1832) dominated in one of three biotops of the habitat Ч4.3.
Among the dominants of Т1.4.а, Alopecosa cursor (Hahn, 1831), A. kovblyuki Nadolny &
Ponomarev, 2012 and Drassodes lapidosus (Walckenaer, 1802) dominated in one biotop while
Thanatus arenarius L. Koch, 1872 in three out of six. Haplodrassus bohemicus Miller & Buchar,
1977 prevailed in the single studied biotope of Д1.8 and in one biotop of Т1.4.а.
In the herb layer, Runcinia grammica (C.L. Koch, 1837) was the most numerous species in
nine biotops. Becides, Larinioides sp., Oxyopes lineatus Latreille, 1806, Thomisus onustus
Walckenaer, 1805 were dominants on the edge of shrub thickets, Heliophanu sp., Mangoraac
alypha (Walckenaer, 1802) and Oxyopes lineatus in the forest plantation, and Argiope bruennichi
(Scopoli, 1772), Heriaeus oblongus Simon, 1918, Thomisus onustus, Larinioides sp. Neoscona
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adianta (Walckenaer, 1802), Thanatus oblongiusculus (Lucas, 1846), in true steppes.
Table1
Alpha diversity of ground-dwelling spiders in various biotops of the NNP ‘Kamianska Sich’
Т1.4.а: 1 – high sloping riverbank dominated by forbs, II – medium-height riverbank dominated
by forbs, III – high riverbank dominated by Galatella sp. IV – mesic forb steppe on the upper
interfluves, V – bunchgrass steppe on the upper interfluves, VI – secondary steppe in transformed
gully; Ч4.3: VII – shrub thickets on the medium-height riverbank, VIII ‒ shrubs in the gully
bottom, IX – border of shrubs and steppe pasture on the low riverbank; Д1.8: X – forest
plantation (Activity density is estimated as a number of individuals per 100 trap-days)
Biotops
Indexes
I
II
III
IV
V
VI
VII
VIII
IX
X
Number of
18
20
11
11
10
6
13
13
10
7
species
Activity
24.58 37.92 9.52 10.00 15.24 7.3 18.33 13.81 10.67 8.33
density
Shannon Ind
2.46 1.97 2.28 2.25 1.76 1.42
2.0
2.24 2.22 1.75
Simpson Ind
0.88 0.72 0.89 0.88 0.75 0.66 0.83 0.85 0.87 0.78
Margalef Ind
4.17 3.76 3.34 3.15 2.60 2.09 3.15 3.56 3.61 2.61
Alpha diversity of spider assemblages was the lowest in a transformed steppe gully (biotop
VI) and the highest in undisturbed steppe on the high river slope (biotope 1). Low indices of
spider diversity in the richest in species and individual numbers biotope II can be explained by
the extreme abundance of Zodarion thoni (50% of collected specimens). Spider diversity in the
drier part of the upper interfluves (biotope V) was lower than in the mesic one (biotope IV). In
the shrub thickets, spider activity density was significantly higher in biotope VII, but diversity
indices in the biotops VIII and IX (Table 1).
Spider beta diversity in the study site is quite high (Whittacker Ind. = 3.322). Meanwhile,
affinity of the steppe biotops (habitat Т1.4a) based on the spider assemblage structures is lower
than that of the shrub thickets (habitat Ч4.3.): Whittacker Ind. = 2.081 and 1.351, respectively.
We suppose that this is due to the larger area and higher variety of steppe biotops in the study
site.
As a result, we can conclude that the spider fauna of the NNP ‘Kamianska Sich’ is better
preserved in the biotops with low disturbance and is a good representation of the araneofauna of
South Ukraine.
Moysiyenko, Ivan. 2017. Development of scientific substantiation of creation ‘Kamianska Sich’
National Nature Park. Kherson: KSU.
Kuzemko, Anna, Yakiv Didukh, Viktor Onyshchenko, and Jan Sheffer, ed. 2018. National
Habitat Catalogue of Ukraine. Kyiv: IE Klimenko Yu. Ja.
Polchaninova, N., and E. Prokopenko. 2013. Catalogue of the spiders (Arachnida, Aranei) of
Left-Bank Ukraine. Arthropoda Selecta. Supplement No.2. Moscow: KMK Scientific Press.
Nentwig, W., T. Blick, D. Gloor, A. Hänggi, and C. Kropf 2019. Spiders of Europe. Version
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Hemiclonal population system of water frogs (Pelophylax esculentus complex)
from Koryakiv yar pond: results of annual monitoring
Anna Fedorova, Eleonora Pustovalova, Irina Leliukh, Katerina Klymenko, Anastasiia Polishchuk
Department of Zoology and Animal Ecology, V. N. Karazin Kharkiv National University,
Ukraine
e-mail: annaph94@gmail.com
Annotation: В роботі представлені результати щорічного моніторингу геміклональної
популяційної системи зелених жаб (Pelophylax esculentus complex) Корякового яру.
Проведено 2 відлови і мічення, за якими визначено, що кількість особин в популяції
складає 511±155 осіб. Частка триплоїдних P. еsculentus зменшилася порівняно з минулим
роком. Різниця у складі системи за 5 років (з 2015 по 2019) є значущою (χ2=43.784,
p<0.001).
Keywords: Pelophylax esculentus complex, hemiclonal population system, diploid, triploid,
Kharkiv region
Ключові слова: Pelophylax esculentus complex, геміклональна популяційна система,
диплоїд, триплоїд, Харківська область.
Pelophylax esculentus complex consists of hybrid frog Pelophylax esculentus (Linnaeus,
1758) and two parental species Pelophylax ridibundus (Pallas, 1771) and Pelophylax lessonae
(Camerano, 1882). Pond in the Koryakiv yar (49°36’57”; 36°18’44”) is inhabited by both male
and female P. ridibundus and hybrids (can be di- and triploid). Reproduction of P. esculentus is
possible due to the phenomenon of hemiclonal inheritance (genomes are inherited clonally,
without recombination).
First studies of Koryakiv yar system were in 1995 (Lada 1998). Since 2015 the annual monitoring
of the system has been started (Artemova et al, not published; Yermakov and Tarasenko 2016;
Fomichova and Loboyko 2017; Biliaiev et al. 2018).
The purpose of this work was to examine the current composition of Koryakiv yar
population system. 87 water frogs were captured on June 21, 2019, and 39 frogs were recaptured
on July 13, 2019 at night, using a flashlight to blind them.
We made photos of each frog with personal code, measured their length from the front end
of the body till the end of the urostyle using a caliper (accuracy up to 0.02 mm). Frogs sex and
species were determined by a set of morphological features (Shabanov 2015). Also, we checked
the marks of previous years. If they weren't found, we made new marks (VIII finger and 10 th toe)
and then made blood smears. The photos of smears were taken with a USB-camera under the lens
zoom of ×40 in the program ToupView. The length of 20-25 erythrocytes in each smear was
measured; the measurement was carried out in px then converted to μm. The ploidy was
determined by the size of erythrocytes (Bondarieva et al. 2012). Two individuals were examined
by karyoanalysis of intestine epithelium (stained with Giemsa and AgNO3 (Biriuk et al. 2016).
First captured group contained 87 individuals, including1 ♀♀ Pelophylax ridibundus, 4 ♀♀
(2 diploid and 2 triploid) and 77 ♂♂ P. esculentus (73 diploid and 4 triploid), and 5 juvenile
individuals. Second group contained 46 individuals, including 7 ♀♀ (all diploid) and 42 ♂♂
P. esculentus (39 diploid and 3 triploid) and 7 returns of the 1 st group and 1 return of 2017 year.
Difference in composition of these two groups was not significant (χ2 = 2.827, p = 0.419).
Population size was estimated using mark and recapture method and was 511±155 individuals.
Studying erythrocyte length, Bondarieva et al established margin between di- and triploids
as 26 μm, but our previous studies show that this margin differs in different systems
(Drohvalenko et al 2019). Studies of chromosome set showed that 2 individuals with erythrocyte
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size of 26.73 and 27.96 μm were diploid. Therefore, ‘triploid margin’ is about 28 μm.
The composition of the population system was changing during previous years (χ2=43.784,
p<0.001) (Fig. 1).

Fig. 1. Dynamics of the Koryakiv yar HPS composition
We can conclude that system in the Koryakiv yar pond belongs to the R-E-Et-type (contains
P. ridibundus of both sexes, as well as diploid and triploid P. esculentus of both sexes) with
majority diploid male P. esculentus and minority of triploids.
Authors are very grateful to Dmytro Shabanov, Kateryna Rykova and Mykola Drohvalenko
for the help with data collection and analysis.
Biliaiev, Ivan, Heorhii Bondarenko, Dmytro Harbuz, Mykola Drohvalenko, Yelyzaveta
Siervatovska, Uliia Sudarenko, Uliia Teplenko, Anna Fedorova, and Dmytro Shabanov. 2018.
‘Composition and Changes of Three Hemiclonal Population Systems of Water Frogs from
NNP «Gomilshanski Lisy»’. In Proceedings, 13–16. Shatsk, Ukraine.
Biriuk, Olha, Dmytro Shabanov, Alexey Korshunov, Leo Borkin, Georgy Lada, Rosa Pasynkova,
Jury Rosanov, and Spartak Litvinchuk. 2016. ‘Gamete Production Patterns and Mating
Systems in Water Frogs of the Hybridogenetic Pelophylax Esculentus Complex in
North‐eastern Ukraine – Biriuk – 2016 – Journal of Zoological Systematics and Evolutionary
Research – Wiley Online Library’ 54 (3): 215–25. https://doi.org/10.1111/jzs.12132.
Bondarieva, A, Yu Bibik, S Samilo, and D Shabanov. 2012. ‘Erythrocytes Cytogenetic
Characteristics of Green Frogs from Siversky Donets Centre of Pelophylax Esculentus
Complex Diversity’, Zoology and ecology, , 116–23.
Drohvalenko, Mykola, Anna Fedorova, and Eleonora Pustovalova. 2019. ‘Pelophylax Esculentus
Complex from Iskiv Pond: One More Step of Long-Term Monitoring’. In Proceedings of
International Zoological Conference, 8–10. Shatsk, Ukraine.
Fomichova, A, and D Loboyko. 2017. ‘Study of the composition of the hemiclonal population
system of water frogs of the Koryakov yar (Zmiiv district of Kharkiv region)’. In Abstract
book of XII International Young Scientists Conference, 149–50. Kharkiv, Ukraine: Publisher
V. N. Karazin KhNU.
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A new record of the rare Antarctic comb jelly Lyrocteis flavopallidus (Ctenophora:
Platyctenida) and its phylogenetic relationships
Anastasiia Kovalchuk, Nataliia Kovalchuk
Department of Zoology and Animal Ecology, V. N. Karazin Kharkiv National University,
maidan Svobody 4, Kharkiv 61022, Ukraine
e-mail: ya1.nastya1@gmail.com
Annotation: Lyrocteis flavopallidus – рідкісний вид антарктичних реброплавів, який з
моменту його першоопису був знайдений всього два рази. У 2019 році один екземпляр був
успішно зібраний та зафіксований А.Ю. Утєвським. На підставі отриманої нами
послідовності cox1 виявлено філогенетичні зв’язки цього виду.
Keywords: Ctenophora, Platyctenida, cytochrome c oxidase subunit I, taxonomy, phylogeny,
Antarctic.
Lyrocteis flavopallidus Robilliard & Dayton, 1972, a large (up to 110 mm in height)
platyctenean ctenophore, was found in the Ross Sea. In 1968, a few specimens of this species
were collected at a depth of 36-55 m just north of Hut Point (five specimens) and just south of
McMurdo Station off Cape Armitage (two specimens). The comb jellies had unique external
morphological features: body very soft and fragile, arms and tentacles well-developed, epidermis
relatively smooth or slightly wrinkled, body coloration from pale to yellow (Robiluard and
Dayton 1972).
After its description in 1972, the next finding was made off Potter Cove (62°14′ S, 58°38′
W) at a depth of 30 m only in 2017. DNA could not be extracted due to poor fixation (Lagger,
Nime, Torre, Servetto, Tati n and Sahade 2017).
Phylogenetic relationships of L. flavopallidus have not been known until now. Moreover,
the information on its geographical distribution, life cycle, growth rates, duration of larval life has
been also lacking. Now we have an opportunity to use a nucleotide sequence to reveal
phylogenetic relationships of this species.
In 2019, Andriy Utevsky collected, successfully fixed and preserved one specimen of
L. flavopallidus during the summer season of the Ukrainian Antarctic Expedition. The specimen
was found at a depth of 30 m in the Meek Channel near Grotto Island (Argentine Islands, Graham
Land, West Antarctica). Given the fragile nature of these animals, the individual was caught into
a plastic bottle under water to examine it on the surface. The specimen was preserved in 96%
ethanol and frozen at -20oC. After fixation, the comb jelly was about a third the original size. The
specimen was deposited in the collection of the Department of Zoology and Animal Ecology,
V.N. Karazin Kharkiv National University.
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The phylogenetic tree was built using mitochondrial cytochrome c oxidase subunit I (cox1)
sequences. Small pieces (approximately 3×2×1 mm) of tentacle muscle tissue were cut off.
Genomic DNA was isolated using the GENE ELUTE Mammalian Genomic DNA Miniprep kit
(Sigma-Aldrich, Steinheim, Germany). The mitochondrial cytochrome c oxidase subunit I (cox1)
fragment was amplified using LSO1490 and HCO2198 primers described in Folmer et al. (1994).
The purified products were sequenced in both directions with amplification primers under BIG
DYE Terminator cycling conditions, purified by ethanol precipitation, and run on an Applied
Biosystems 3730xl sequencer by Macrogen (Seoul, Korea). Sequence chromatograms were
edited and assembled with the help of ChromasPro1.32 (Technelysium Pty., Queensland,
Australia).The cox1 sequences were aligned using the online version of MAFFT v7 (Katoh et al.,
2017). The phylogeny was estimated using Bayesian inference as implemented in MrBayes ver
3.2.7a.
We also used GenBank cox1 sequences of 6 representatives of Vallicula multiformis (order
Platyctenida), which were found off the coast of South Florida, Jamaica, Brazil and in the Pacific
Ocean; 14 species of the genus Coeloplana (order Platyctenida), which is widespread in the Red
Sea and some species have been found in the Pacific Ocean; representatives of the genus
Mnemiopsis (order Lobata) and Beroe (order Beroida) were used as outgroup taxa.
Lyrocteis flavopalidus was found to be sister to the Coeloplana clade and both of them are
sister to the Vallicula clade, which included species from the Indian Ocean. This species is
phylogenetically important as almost all Platyctenida comb jellies are flat and small, while
L. flavopallidus and its congener L. imperatoris Komai, 1941 (Indo-West Pacific) are much
bigger and upright in its position on the substrate.
At the moment, we already isolated 18S rDNA, 28S rDNA and ITS genes for sequencing.
The use of four genes for phylogenetic analysis will reveal the origin and phylogenetic
relationships of the rare Antarctic ctenophore species.
Lagger, Nime, Torre, Servetto, Tati n, Sahade. 2017. Climate change, glacier retreat and a new
ice‐free island offer new insights on Antarctic benthic responses. Ecography, 41(4), 579-591.
Robilliard, Dayton. 1972. A new species of platyctenean ctenophore, Lyrocteis flavopallidus sp.
nov., from McMurdo Sound, Antarctica. Canadian Journal of Zoology, 50(1), 47-52.

Morphology, systematic position and phylogenetic position of the deep-sea fish leech
Johanssonia extrema Utevsky et al., 2019 (Hirudinea, Piscicolidae)
Nataliia Kovalchuk and Anastasiia Kovalchuk
V. N. Karazin Kharkiv National University, Department of Zoology and Animal Ecology,
Maidan Svobody 4, Kharkiv 61022, Ukraine
e-mail: nataliia.kovalchuk1652@gmail.com
Annotation: Johanssonia extrema – вид, нещодавно знайдений на найбільшій для морських
п’явок глибині (8728,8 м). Дослідження морфологічних ознак і молекулярний
філогенетичний аналіз дозволив визначити його систематичне положення, філогенетичні
стосунки і приналежність до роду Johanssonia.
Keywords: Annelida, marine leeches, cytochrome c oxidase subunit I, parasites, taxonomy,
phylogeny.
Ключові слова: Annelida, морські п’явки, цитохром с оксидаза субодиниця I, паразити,
таксономія, філогенія.
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Most of marine leeches are parasitic on fish and belong to the family Piscicolidae also
known as fish leeches. The majority of fish leeches feed on blood of their fish hosts while a few
species have switched to parasitism on crustaceans. Members of the family demonstrate diverse
life strategies including temporary parasites, which hunt their hosts to take only a blood meal and
stationary parasites, which prefer staying on fish much longer. Fish leeches are characterized by
diverse morphology. Their external characters may include various appendages, e.g. gills,
tentacles and tubercles. Classical piscicolid taxonomy is based on diverse characters of their
coelomic system and genital anatomy. A few piscicolids have been recorded from the deep sea.
Fish leeches seem to be an important component of deep-sea communities. The deepest record
known so far applies to Galatheabdella bruuni (Richardson & Meyer, 1973) that was found at a
depth of 4400 m in the Tasman Sea (Richardson and Meyer, 1973). During the Kuram Bio II
Expedition, a fish leech was collected at a much greater depth of 8728.8 m in the KurilKamchatka Trench. Its external appearance was rather unremarkable because of lacking any
uncommon organs that could be used as a special adaptation for the deep-sea lifestyle (Shinohara,
G., 2016). We carried out a detailed morphological examination and a molecular phylogenetic
analysis to determine the taxonomic status and phylogenetic relationships of the fish leech. It was
found that the specimen should be assigned to a new piscicolid species.
One specimen (holotype) of fish leech was collected by an Agassiz trawl in the KurilKamchatka Trench, 45° 28.498′ N, 153° 11.529′ E, depth 8728.8 m during the Kuram Bio II
Expedition, S/V Sonne, station54, on 6th September 2016 (Shinohara, G., 2016). The leech was
not attached to any host. The only fish found in the sample was the Pacific grenadier
Coryphaenoides acrolepis.
The leech specimen was preserved in 96% ethanol and stored in a freezer at −20 °C.
External and internal characters of the dissected holotype were examined using a stereo
microscope and a microscopic digital camera. All measurements are in millimetres. The typematerial is deposited in the collection of the Department of Zoology and Animal Ecology, V.N.
Karazin Kharkiv National University, Kharkiv, Ukraine.
The leech is elongate, up to 58 mm total length. Body is smooth, lacking papillae, tubercles,
pigmentation, eyes and ocelli. Suckers are well-developed, eccentrically attached. Lateral
pulsatile vesicles are present. Posterior crop caeca are fused. The male reproductive system is
characterised by six pairs of testisacs, elongate, tubular atrial cornua and ejaculatory ducts, and
coiled seminal reservoirs. The female reproductive system has ovisacs with oviducts looping back
anteriorly and a well-developed conductive tissue mass. A possible fish host is the Pacific
grenadier Coryphaenoides acrolepis (T. H. Bean, 1884).
The mitochondrial cytochrome c oxidase subunit I (cox1) fragment was amplified using
LCO and HCO primers described in Folmer et al, 1994. Small pieces (approximately 3 × 2 × 1
mm) of muscle tissue were cut from the ventral part of the body. The correctness of COI
sequences was verified at the aminoacid level using MEGA X. The obtained sequences were
assigned GenBank Accession Numbers. Some cox1, nad1 and tRNA Leu sequences belonging to
other leech species from previous studies were also used for inferring a phylogenetic tree.
The molecular phylogenetic analysis revealed sister relationships between the new species
and the boreal-arctic fish leech Johanssonia arctica (Johansson, 1898). Although J. extrema is
similar to two other species of the genus in many external and internal characters, the new species
can be easily distinguished from its congeners by the structure of its female reproductive system
with loop-like ovisacs. Johanssonia extrema differs from morphologically similar deep-sea
Galatheabdella species in its conductive tissue with no cords leading to the copulatory bursa and
in the organization of its oviducts. However, their phylogenetic relationships are not clear
because of the lack of molecular data for G. brunii and G. epshteini whereas it was found that J.
arctica is the sister taxon in relation to J. extrema.
Both morphological and molecular characters of the specimen examined suggest that the
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fish leech should be assigned to a new species of the genus Johanssonia.
The genetic distance between J. extrema and J. arctica does not exceed the range of
differences within recognised genera of fish leeches. This confirms the assignment of the new
species to the genus Johanssonia.
This record and previous studies indicate that fish leeches seem to play an important role in
deep-sea benthic communities. Obviously, the colonization of the deep sea has been occurred
independently in different lineages of piscicolids and facilitated by diverse morphological
novelties and lifestyle strategies.
Utevsky, S.Y., Trontelj, P., 2004. Phylogenetic relationships of fish leeches (Hirudinea,
Piscicolidae) based on mitochondrial DNA sequences and morphological data. Zool. Scr. 33,
375–385.
Shinohara, G., 2016. Deep-sea ichthyofauna of the Kuril-Kamchatka trench, obtained in S.
Utevsky, et al. Progress in Oceanography 176 (2019) 102133 KuramBio II Expedition from
AGT samples. In: Brandt, A. (Ed.) Kuril Kamchatka Biodiversity Studies II – RV Sonne SO250,
Tomakomai-Yokohama (Japan), 16.08.-26.09.2016. University of Hamburg, Centre of Natural
History, CeNak, pp. 132–133.
Folmer, O.M., Black, M., Hoeh, R., Lutz, R.and Vrijehoek, R., 1994. DNA primers for
amplification of mitochondrial cytochrome C oxidase subunit I from diverse metazoan
invertebrates. Mol. Mar. Biol. Biotech, 5, 304–313.
Richardson, L.R., Meyer, M.C., 1973. Deep-sea fish leeches (Rhynchobdellae: Piscicolidae).
Galathea Report: Sci. Results Danich Deep-Sea Expedition Round World 1950–52 (12), 113–
126.

Features of the structure of the song of the thrush nightingale (Luscinia luscinia L.,
Muscicapidae) in Kharkov region
Daria Maksymova, Kateryna Podrez
Kharkiv National University V. N. Karazin, Department of Zoology and Animal Ecology,
Department of Biology, Svobody Sq. 4, Kharkiv, 61022
e-mail: madadiro989@gmail.com
Annotation: Проаналізовано сонограми 114 пісень 12 самців соловейка звичайного.
Середня довжина запису 1.16+0.45 хв. Базовою вокальною конструкцією є окрема пісня.
Тривалість пісні варіює від 0.97 до 8.65 (у середньому 4.55+1.4) с, частотный діапазон
пісень варіює від from 4, 32 до 14.88 (у середньому 9.34+2.8) Гц. Розкриваються основні та
унікальні елементи пісні солов’я, а також частота пар елементів. Проаналізовано
подібність пісень різних особин за елементарним складом.
Key words: thrush nightingale, elementary composition of song, frequency of the pairs of
elements.
Ключові слова: соловейко східний, елементний склад пісні, частота пар елементів.
The organization of the advertising singing of 12 males of the thrush nightingale recorded in
the Zayachy Yar was studied, in the National Natural Park "Gomolshansky Forests"
(49037’37,9’’N 36019’34,8” E) of the Kharkiv Region, Ukraine. The recordings were made using
the Tascam DR-05 recorder and the ME-52W directional microphone in the period after sunset
and until 24:00 – the period of the most active singing (Simkin 1990). The analysis included
sonograms of all 12 males, which contained from 3 to 21 songs (an average of 7.88+5 for one
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male; a total of 114 songs). Signals were visualized and their duration, upper and lower bounds of
the frequency range were measured using the Syrinx and Cool Edit Pro programs.
A catalog of all the songs was compiled; for each song – a catalog of element types and the
order in which they are performed. One type of element included notes and syllables belonging to
different parts of the song (initiative – A; singing – B; broadband trill formed by two-component
components – C; low-frequency trill (“fraction”) – D; final trill – E; closing component – F;
single note – a note occurring singly between any of the parts – G) (Fig. 1). Statistical processing
was performed in the programs “Statistica v.8” and “Excel” (Ivanitsky et al 2013; Catchpole
1976).

Fig. 1. Elemental composition of the song of the thrush nightingale
Average record length 1.16+0.45 min. The basic vocal design is a separate song. The
duration of songs varies from 0.97 to 8.65 (average 4.55 +1.4) s, the frequency range of songs
varies from 4, 32 to 14.88 (average 9.34+2.8) Hz. The number of identical components performed
in a row varies widely even when performing songs of the same type. Songs were often truncated
(not complete).
The repertoire of one male contains from 8 to 36 different types of elements. Presumably,
nightingales with the most diverse songs in terms of elemental composition are the oldest (it is
known that nightingales expand their repertoire (Ivanitsky et al 2013)). According to the
frequency of occurrence, the elements can be divided into basic (in 9 or more individuals): A1,
B12, C2, C4, E3, E5, F5, F6; common (in 5-8 individuals): A4, A5, B3, B7, B8, B11, B13, B14,
B16, C1, C3, C5, D3, D4, D5, E1, E2, E6; rare (in 2-4 individuals): A2, A3, A6, B1, B4, B5, B6,
B9, B10, B15, B17, B18, C6, C8, D6, E4, E7, F2, F3, F4, F7; unique elements (in 1 individual):
B2, C7, F1. The most common elements are the notes of the final trill and the trailing component
– this part of the song is present in almost every sonogram. The rest of the song is found in a
different sequence, or not found at all. The most diverse in terms of elemental composition is
singing. Having processed the obtained data, the approximate elemental composition of the
nightingale song in the processed area can be estimated: 36 elements, which in turn belong to 6
different parts of the song. The analysis of the matrix of frequencies of pairs of elements showed
that the highest frequency is for homogeneous pairs of elements (A1A1, E3E3, C4C4 ...), since
nightingales often repeat the same notes in series. The highest frequency of inhomogeneous pairs
can be seen in _A1, C3C2, E3F5, E5F6, F1_. An interesting feature of these nightingales is the
repetition of the first element of the song (initiative) several times. This is a deviation from the
classical nightingale song model (Simkin 1990). A group of individuals of songs similar in
elemental composition was singled out, several individuals are knocked out of the general mass,
since they have either very conservative songs or very variable ones.
Elementary analysis was carried out according to a standard method (typing of elements
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was carried out based on belonging to a certain part of the song). It is interesting to compare the
results obtained with data from other areas. It is also planned to analyze the diversity of song
types of these individuals, test another method of typing elements (based on the frequency range)
and analyze the frequency matrix of larger groups of elements.
Acknowledgments. Our gratitude to the senior researcher of the Department of Biology A.A.
Atemasov for the provided voice recordings of birds, as well as to Professor D.A. Shabanov for
help in statistical data processing.
Simkin G. N. 1990. Songbirds. Reference manual. – Moscow. Lesnaya promyshlennost, – 399.
Ivanitsky V.V., Marova I.M., Antipov V.A. 2013. Principles of construction and features of song
differentiation in the Moscow population of the thrush nightingale (Luscinia luscinia,
Turdidae). Zoological journal. B. 92. №2. 206-220.
Catchpole C.K., 1976. «Temporal and sequential organization of song in the sedge warbler
Acrocephalus schoenobaenus» Behaviour. 59: 226–246.

Effect of a small-scale spring fire on micromammalia and arthropod assemblages in a
steppe gully in eastern Ukraine
Oksana Markovska
Department of Zoology and Animal Ecology, V.N. Karazin Kharkiv National University, Ukraine
e-mail: ksenia.markovskaia@gmail.com
Annotation: Окремі угрупування тварин по різному реагують на весняну пожежу. На
угрупування мікромамалій вплив не зафіксований. Встановлено суттєві відмінності у
структурі угрупувань павуків на горілих та не горілих ділянках у перший місяць після
пожежі. Динамічна щільність клопів на глиняному схилі зберігала відмінності протягом
всього періоду дослідження, а в угрупуваннях жуків – тільки на чорноземному схилі в
травні.
Keywords: steppe fire, biodiversity, spiders, rodents, Kharkiv Region
Ключові слова: степова пожежа, біорізноманіття, павуки, гризуни, Харківська обл.
Our study was conducted in a steppe gully near the Village of Rozsochuvata, in the
Kehychivka District of the Kharkiv Region. The area in question is characterized by a developed
system of ravines and gullies overgrown with patchy steppe-like meadow, meadow steppe and
forb-bunchgrass steppe vegetation. We studied a case of April fire and investigated two
neighboring burnt and unburnt plots on a clayey slope (further CSB and CSUnb, respectively)
and similar plots on an opposite black soil slope (BSB and BSUnb).
Rodents were censored by a trap-line method. We used Gero traps with standard bait (crusty
rye bread with unrefined sunflower oil). Traps were set in a line at a distance of five meters form
each other at each sampled plot. Censuses were carried out during a day in May (25 traps per
plot) and July 2019 (50 traps per plot). The total sampling period was 300 trap-days and resulted
in collecting 27 specimens of rodents. Trapping coefficient (N) was calculated as n ×100 / D,
where n is the number of trapped individuals, and D is the number traps (Numerov et al., 2010).
Arthropods were collected at the same four plots from 4 May to 6 July 2019. Plastic cups
with the 4% formalin as preservative served as pitfall traps. We set three lines of five traps per
plots; the distance between traps was 10 m, and that between lines was 3 m. Traps were checked
every 21 days. As a result, a 3780 trap-day collection was obtained. Arthropod abundance was
estimated as a number of individuals per 100 trap-days. PCA ordination was performed for spider
assemblages based on the relative number of adult individuals excluding singletons.
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The rodents censored at the study site belonged to six species in three families: Apodemus
agrarius Pallas, 1771, Sylvaemus sylvaticus Linnaeus, 1758, S. uralensis Pallas, 1811, and Mus
spicilegus Petenyi, 1882 (Muridae); Microtus levis Miller, 1908 (Arvicolidae), and Cricetulus
migratorius Pallas, 1773 (Cricetidae). We also collected two shrill species (Sorex araneus
Linnaeus, 1758 and S.minutus Linnaeus, 1766) by pitfall trapping on the black soil slope.
In May, only three rodents were caught, that does not provide material for analysis. In July,
the total trapping coefficient equaled 11.5. Four species were found on BSUnb, three species on
both BSB and CSB, and two species on CSUnb. Sylvaemu suralensis dominated all the plots.
Among the analyzed groups of arthropods, the beetles were the most abundant (4296 ind.),
the true bugs (2557 ind.) and spiders (1230 ind.) following them. The difference between their
activity densities was statistically significant (Student's t-test) for the true bug assemblages on the
clayey slope in May and June (p = 0,002 and p = 0,014) and on the black soil slope in July (p =
0,002). For the beetles, the difference was significant only on the black soil slope in May (p =
0,001 ). Spider assemblages showed no differences in activity density. Similar patterns in
arthropod abundance were observed in dry steppes in the East European Russia (Prishutova and
Arzanov, 2008).
Spiders were indentified to the species level that enables a more detailed analysis. A total of
64 species were recorded: 16 species were found on the clayey slope only, 28 on the black soil
slope, and 20 species on the both. Difference in spider species richness on the burnt and unburnt
plots was more pronounced on the black soil slope than on the clayey one (42 and 34 species, vs.
29 and 28 species, respectively). Gnaphosa licenti Schenkel, 1953 dominated both CSB (27% of
collected individuals) and CSUnb (13%), Alopecoes cursor (Hahn, 1831) was the second-rank
dominant on CSB (17%), and Gnaphosa leporina (L. Koch, 1866) the first-rank dominant on
CSUnb (21%). On the black soil slope, Alopecosa pulverulenta (Clerck, 1757) also dominated
two plots (18% on BSB and 29% on BSUnb), Trochosa terricola Thorell, 1856 was the most
abundant on BSB (24%) and Alopecosa cuneata (Clerck, 1757) possessed a second position on
BSUnb (13%). There were no common dominants on both slopes. The former two species are
typical inhabitants of dry steppes with sparse vegetation. The others are common in mesic
grasslands (Polchanionva and Prokopenko, 2013).
Three mesophilous species (Alopecosa pulverulenta, Gnaphosa leporina and Zelotes electus
(C.L. Koch, 1839)) occurred on BSB, BSUnb, and CSUnb, being abscent or found as singletons
on CSB. We recorded no species preferred only burnt or only unburnt plots of both slopes.
PCA ordination shows that spider assemblages of the black soil and clayey slopes have
significant differences (Fig. 1). On both slopes, burnt and unburnt plots are grouped together by
months, but in May, approximately half a month after the fire event, they demonstreate noticable
difference, especielly on the clayey slope. On the black soil slope, seasonal variety in the spider
asseblages are higher, than on the calyey slope.

Zoology

181
8

6
BSMunb

4

Factor 2: 17,87%

BSMb

2

CSMunb
BSJulunb
BSJulb

0

CSJulb
CSJulunb

BS - blacksoil slope
CS - clayey slope
M - May
Jun - June
Jul - July
b - burnt
unb - unburnt

CSMb

CSJununb
CSJunb

-2
BSJunb
BSJununb

-4

-6

-8
-8

-6

-4

-2

0

2

4

6

8

Factor 1: 27,46%

Fig. 1. PCA ordination of the study plots based on the relative individual numbers of spider
species. Basic abbreviations see in the text, M – May, Jun – June, Jul – July)
Our research showed that various animal groups respond differently to the fire event.
Micromammalia showed no differences. The true bugs were more sensitive, which manifested in
a decrease in numbers at the burnt plots. Beetle activity density fell only in May on the black soil
slope. Spider assemblages, being resilient in abundance, varied in species composition and
dominant complexes, especially shortly after the fire. The burnt clayey slope was dominated by
xerophilous species while mesophilous species preferred its unburnt part and the black soil slope.
Numerov, A. D., A. S. Klimov, E. I. Trufanova. 2010. Field studies of terrestrial vertebrates.
Voronezhskiy Gosudarstvennyy Universitet, Voronezh.
Prishutova, Z. G. & Arzanov, Y. G. 2008. Influence of the local steppe fire on the gerpetobionts.
In: Trudy gosudarstvennogo prirodnogo zapovednika ‘Rostovskiy’ vypusk 4. ‘Donskoi
Izdatelskiy Dom’, Rostov-on-Don.
Polchaninova N.Yu., Prokopenko E.V. 2013. Catalogue of the spiders (Arachnida, Aranei) of
Left-Bank Ukraine. Arthropoda Selecta. Supplement No 2. Moscow, KMK Scientific Press.

Comparison of fish assemblages from different parts of the Siverskyi Donets River near the
biological station of V.N. Karazin Kharkiv National University
Alina Pokus, Vladislava Hela, Dmytro Belik
School of Biology, V.N. Karazin Kharkiv National University, Ukraine
e-mail: apokuss9@gmail.com
Annotation: Вивчено склад та структуру угруповань риб на піщаних мілководдях річки
Сіверський Донець. На обстежених ділянках виявлено 16 видів кісткових риб та 1 вид
міног. Визначені чисельні та вагові частки кожного виду, розрахована щільність населення
риб, їх біомаса та індекси різноманіття угруповань на різних ділянках, на основі яких
проведено порівняння. Отримані дані можуть слугувати базою для подальшої оцінки стану
та динаміки екосистем річки.
Keywords: fish assemblage, sand shallows, Siverskyi Donets River
Ключові слова: угруповання риб, піщані мілководдя, річка Сіверський Донець
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Generally, the characteristics of fish assemblages provide a great deal of information as for
environmental quality and are often regarded as indicators of degradation of biogeocenosises,
water pollution or changes in total ecosystem productivity.
At the same time, fish distribution in water bodies, especially in rivers, is rather uneven and
dynamic (Павлов, Мочек, 2009), and, without taking into account these dynamics and
irregularities, false conclusions can be drawn regarding overall changes in hydroecosystems.
The purpose of our research is to determine the composition and the structure of fish
assemblages in different river parts and to search for patterns in the spatial distribution of these
aquatic organisms.
The Siverskyi Donets is the largest river in eastern Ukraine and the largest tributary of the
Don River. Our research was undertaken on the river section, which is located along the territory
of the university’s biological station. The riverbed in this section has a length of approximately
1350 meters and forms three large meanders, the coefficient of its tortuosity here is slightly more
than 2.3. Our scientific fishing took place on two right-bank and one left-bank sandy shallows.
The flow velocity there is up to 0.3 m/sec. Sectors of partially submerged and fully submerged
aquatic vegetation, which are located at the upper and lower edges of the shallows, with differentsized tufts of submerged aquatic vegetation within, were also included into the catch areas.
The research is based on materials obtained from the sandy shallows of the river during
June 2019. Intense fish collecting took place in the mornings by fine-mesh seine net and
hydrological scoop-net at the river sandbanks with depths from 0 to 1,5 meters. Total area
covered by the study was about 885.8 m2. The research was carried out on the base of permission
(“limits”) of Gomilshanski Lisy National Park, and the vast majority of fish was released into the
river as soon as they were weighed, counted and their species were determined. 2004 specimens
were analyzed in total. During the observation 16 species of bony fish and 1 species of lamprey
were identified. Crucian carp s.l. (Carassius auratus complex), roach (Rutilus rutilus), common
rudd (Scardinius erythrophthalmus) and perch (Perca fluviatilis) predominated in fish
assemblages, while there were single catches of Ukrainian lamprey and common carp (Table 1).
The density of the fish in the catch areas was ranged from 0.62 to 6.27 individuals per m2,
the biomass – from 3.33 to 12.57 g/m2, the average density for different shallows was from
1.86 ± 1.76 to 4±3.2 individuals/m2, the biomass from 7.67 ± 6.14 to 8.71 ± 5.45 g/m2. In general,
average density was 2.71 ± 1.14 individuals/m2 and average biomass was 8.29 ± 0.74 g/m2 at the
river section near the biological station. Shannon index in different catch areas was ranged from
1.5 (with Pielou index 0.65) to 1.85 (with Pielou index 0.7), in different shallows – from
1.68 ± 0.25 (with Pielou index 0.68 ± 0.04) to 1.75 ± 0.07 (with Pielou index 0.7 ± 0.02). On the
whole river section, the average diversity index was 1.71 ± 0.04, Pielou index 0.67 ± 0.02.
Table 1.
Quantity of species from different parts of shallows, %.
Coordinates of the centers of shallows
49,625449N,
49,623141N,
49,622743N,
36,333585E
36,331366E
36,327888E
№
Species
з/п
Locations of the catch areas as to center
Up
Down Up
Down Up
Down
stream stream stream stream stream stream
1 Eudontomyzon marie
0.00
0.49
0.00
0.00
0.00
0.00
2 Rhodeus amarus
19.86
0.49
0.88
11.85
9.26
12.50
3 Carassius auratus
complex
2.74
17.48
23.01
34.89
41.14
25.00
4 Cyprinus carpio
0.00
0.00
0.00
0.00
0.13
0.00

Total

0.05
9.73
31.54
0.05

Zoology

5
6
7
8
9
10
11
12
13
14
15
16
17

Tinca tinca
Gobio brevicirris
Alburnus alburnus
Blicca bjoerkna
Rutilus rutilus
Scardinius
erythrophthalmus
Cobitis melanoleuca
Cobitis taenia
complex
Silurus glanis
Esox lucius
Gymnocephalus
cernuus
Perca fluviatilis
Neogobius fluviatilis
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0.00
0.68
2.05
2.05
41.10

0.49
3.40
4.85
9.71
41.26

0.88
2.65
10.62
0.00
50.44

0.33
0.33
2.34
3.34
13.52

0.13
0.53
5.95
0.93
3.17

0.54
1.63
3.26
1.09
8.70

0.30
1.00
4.49
2.59
16.12

19.18
2.05

1.94
0.49

3.54
0.00

5.01
1.00

30.03
0.00

5.98
0.00

15.17
0.50

4.79
0.00
0.00

0.97
0.49
3.40

3.54
0.00
1.77

2.84
0.17
0.67

0.93
0.00
0.26

2.72
0.00
1.09

2.10
0.10
0.85

0.00
4.11
1.37

0.00
14.56
0.00

0.00
2.65
0.00

0.83
22.87
0.00

0.00
7.14
0.40

0.54
36.96
0.00

0.30
14.87
0.25

Based on the comparison of six fish assemblages, we found that shallow areas, which were
located downstream of the centers of shallows, were characterized by a more similar fish
assemblage composition and structure. These areas have, on average, smaller depths and a more
gradual, steeper slope. These areas are similar to one “upstream of the center” section of shallow,
and it also has the least abrupt inclination of the bottom compared to the other two “upper”
sections. Fish assemblages of three shallows, when combining catches from the “upper” and
“lower” sections of them, differ significantly from each other and show no signs of clustering.
According to our preliminary estimates, a key factor which determines the main features of
the fish assemblages in different shallows, are size and location (mainly depth) of the contact
zone between aquatic vegetation and open water. The dissimilarity of catches of fish in steepslope catch areas may be rather explained by better opportunities for fish to escape catching and
not be accounted, than real structure of ichthyocenosis.
Karr, James R. 1981. “Assessment of biotic integrity using fish communities”. Fisheries Vol 6:
21-27.
Ziglio, Giuliano, Maurizio Siligardi and Giovanna Flaim, ed. 2006. Biological monitoring of
rivers: applications and perspectives. Chichester: John Wiley & Sons Inc.
Павлов, Дмитрий и Андрей Мочек. 2009. “Распределение рыб в речных системах как
динамическое явление”. Успехи современной биологии Т. 129 № 6: 528–37.
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New records of Tardigrada in the Askania-Nova Biosphere Reserve
Anastasiia Polishchuk, Yevgen Kiosya
Department of Genetics and Cytology, V. N. Karazin Kharkiv National University, Ukraine
e-mail: nastasia.polishuk@gmail.com
Annotation: Ми дослідили проби мохів та лишайників, які були зібрані у біосферному
заповіднику «Асканія-Нова», що у Херсонській області. Було знайдено 65 особин
тихоходів, які належать до 4 родів 4 різних видів.
Keywords: tardigrade, Askania-Nova, biodiversity
Ключові слова: тихоходи, Асканія-Нова, біорізноманіття
The first reseach on diversity of tardigrades (phylum Tardigrada) of Southern Ukraine was
conducted by Maria Bozhko in 1930s. She collected 40 samples of various substrates inhabited
by tardigrades (Bozhko, 1936) from the Botanical park (today it is the territory of the AskaniaNova Biosphere Reserve). Only one species was found – Ramazzottius oberhaeuseri
(Doyere,1840). M. Bozhko explained this low diversity of the tardigrade fauna by the fact that the
botanical park was a young artificial planting, so the settling of this territory was slow.
In 2012 we collected 24 samples of mosses and lichens from several places of the AskaniaNova Biosphere Reserve. 15 of these were collected in the arboretum (mosses from a canal and
trees), 5 – at the zoo (mosses from stones and trees), 2 – at «Fortuna» campsite (lichens from
trees). After collection the samples were dried and stored in paper envelopes. For tardigrade
recovery the samples were soaked in water and squeezed. Tardigrades and their eggs were
extracted from water under x20-x40 magnifications of a stereomicroscope (on a dark field) and
mounted on permanent slides in Faure's medium. The slides were studied under x400-x1000
magnifications of a light microscope with the use of oil immersion and phase contrast (Kiosya,
2017).
Tardigrades were found in 7 samples out of 24. Samples from the Fortuna campsite were
empty. Altogether we found 65 specimens of tardigrades (and some eggs), which belonged to 4
species – as for now identified to the genus level:
Phylum Tardigrada
Class Apotardigrada
Family Milnesiidae
Milnesium sp. (2 specimens in one sample)
Class Eutardigrada
Family Macrobiotidae
Macrobiotus sp. gr. hufelandi (14 specimens and 4 eggs in one sample)
Paramacrobiotus sp. (27 specimens and 24 eggs in two samples)
Family Isohypsibiidae
Isohypsibius sp. (22 specimens and 3 exuvia in six samples)
We agree with M. Bozhko that tardigrade diversity in Askania-Nova seems to be low.
However, it is untimely to make conclusions about the reasons of it. Further sampling in the area
is required.
Bozhko, Maria. 1936. «Tardigrada of the European USSR». Proceedings of the Zoological &
Biological Institute of Kharkiv State University. 3:185-213. [In Russian].
Kiosya, Yevgen. 2017. «Modern methods of faunistic studies of terrestrial tardigrades». Bulletin
of Kharkiv National University, Series «Biology». 29:59-70. [In Russian].
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Hemiclonal population system of water frogs in Lower Dobrytskyi pond:
results of annual monitoring
Eleonora Pustovalova, Anna Fedorova, Ksenia Pereslavska, Polina Verchoturova
Department of Zoology and Animal Ecology, School of Biology, V. N. Karazin Kharkiv National
University, Ukraine
e-mail: minihobbit29@gmail.com
Annotation: Досліджено геміклональну популяційну систему зелених жаб Pelophylax
esculentus complex, які населяють Нижній Добрицький став (Зміївський район, Харківська
область, Україна). Різниця у частці Pelophylax ridibundus серед дорослих особин та
триплоїдних особин серед дорослих та цьогорічків відрізнялася незначуще у порівнянні із
минулим роком (χ2=4.507, p=0.479).
Keywords: water frogs, ploidy, hemiclonal population system (HPS), erythrocytes
Ключові слова: зелені жаби, плоїдність, геміклональна популяційна система,
еритроцити
Water frogs complex consists of 2 parental species: Pelophylax lessonae (Camerano, 1882)
and Pelophylax ridibundus (Pallas, 1771), and their hybrid Pelophylax esculentus. They coexist
and breed in specific systems which were called hemiclonal population systems (HPS).
Reproduction of hybrids occurs by crossing with parental species or between themselves and is
caracterized by passing clonal genomes.
We studied HPS of Lower Dobrytskiy pond (NNP "Homilshansky lisy", Zmiiv district,
Kharkiv region, Ukraine), which is inhabited by hybrid water frogs (both sexes and different
ploidy) and only one parental species P. ridibundus.. The aim of the study was to estimate the
population size and amount of individuals of each form.
We caught 77 frogs at night in June 2019. We used the complex of morphological features
to identify taxonomy and sex (Шабанов 2015). Ploidy identification was realized by measuring
length of erythrocytes (Bondarieva et al. 2012). For 1 individual we carried out karyoanalysis by
counting metaphase chromosomes from intestine epithelium. Frogs were marked by VIII finger
and 10th toe cutting.
Among studied individuals 13 were subadult (all were diploid) and 64 were adult, including
9 P. ridibundus (4 ♀ and 5 ♂), 50 diploid P. esculentus (7 ♀ and 43 ♂) and 5 triploid
P. esculentus (2 ♀ and 3 ♂).
Usually margin between erythrocytes of di- and triploid frogs is believed to be about 26 μm
(Bondarieva et al. 2012). But our prevoius studies showed that it can be different for different
population systems (Drohvalenko et al 2019). This year “triploid margin” was established at 28
μm for population system of Lower Dobrytskyi pond.
Comparing to the previous year (Сєрватовська and Тепленко 2018), the ratio of P.
ridibundus and triploid hybrids changed insignificantly (χ2= 3.601, p= 0.165). Therefore, we
consider the system to be in a stable condition now.
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Fig. 1. The dynamics of the Lower Dobrytskyi pond HPS composition
(without data of 2017 year, due to sample selectivity)
Acknowledgements. We thank Vladislav Chvikov, Anastasiia Khudich, Mykola Drohvalenko
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comprehensive assistance.
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The role of micromycetes in soil pollutioned with radionuclides
Daryna Chupryna
Faculty of Plant Protection, Biotechnology and Ecology, National University of Life and
Environmental Sciences of Ukraine, Kyiv
e-mail: darinch.emarosa17@gmail.com
Annotation: Ми провели дослідження ґрунтових мікроміцетів в лісовій підстилці, яка
забруднена радіонуклідами, задля визначення стану та видового складу мікроміцетів за
умов впливу низьких доз опромінення.
Keywords: micromycetes, radionuclides, forest litter.
Ключові слова: мікроміцети, радіонукліди, лісова підстилка, морфотипи, радіальна
швидкість росту.
It is known that fungal and microbiological activity contributes to the long-term retention of
radionuclides in organic layers of forest soil. Whereas fungi have the ability to directly bind or
precipitate radionuclides they can also indirectly affect the speciation and mobility of
radionuclides in forest soils (Gadd, 1996). Data obtained by scientists after sampling in areas
contaminated by the Chornobyl disaster have shown that the organic soil horizon is the main
location of radiocesium in forest ecosystems (Linkov, 1999).
Micromycetes are the main link of detrital chains and are involved in the processes of
decomposition of organic matter and the circulation of biogenic elements, in the processes of soil
formation, as well as the regulation of the species structure and functional activity of other soil
organisms. And since micromycetes are responsible for the spatial redistribution of radionuclides
in the soil, it is relevant for us to study the change in the quantitative composition of
micromycetes and their species structure from the action of radionuclide contaminated soil within
low doses.
We conducted a study of soil micromycetes in forest litter contaminated with radionuclides.
The experiment was conducted to determine how soil micromycetes would behave under the
influence of low irradiation doses, to determine the role of micromycetes in soil when exposed to
low irradiation doses. To do this, it was necessary to investigate changes in the species
composition and state of micromycetes under the influence of radionuclide soil contamination.
The objects of the study were contaminated with radionuclides soils of the exclusion zone
and the enhanced radioecological control zone of the Chornobyl NPP; strains of soil
micromycetes isolated from soils contaminated with radionuclides. The subject of the study was
the development of micromycetes and changes in species composition under the influence of
radioactively contaminated soil.
The experimental soil sampling point was in the village of Chistogalivka, which belongs to
the Exclusion Zone, 4 kilometers from the Chernobyl Nuclear Power Plant. The checkpoint was
located near the village of Khocheva in the forest area. Dose power in Chistogalivka is
4.086±0.12 µGy/h, dose power in Khochevа is 0.046±0.004 µGy/h. The dose rate between these
soil sampling points differs in 88 times.
In order for the soil comparison to be as accurate as possible and the difference was only in
the level of radionuclide contamination, we determined the basic agrochemical and radiological
characteristics of the soil and determined how different the soil was (Table 1.1).
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Table 1.1 Basic agrochemical characteristics of sampling points
№
1
2

Place of sampling,
рН
village
3.4±0.2
Khochevа
Chistogalivkа
3.6±0.1

Content of mobile nutrient forms, mg / kg
Humus, %
Phosphorus Potassium
Nitrogen
18±3
12±3
64.4±4
2.11±0.11
13±5
23±3
37.8±1
0.84±0.12

Determination of the quantitative composition and state of micromycetes was performed by
the method of seeding soil suspension at a dilution of 1:10000 on a selective nutrient medium
Czapek-Dox. The method we used is based on determining the structure of a complex of soil
fungi and actinomycetes by radial growth rate (Kochkina et al., 1978). The radial growth rate was
calculated as the increase in the radius of the colony in a dense nutrient medium over a period of
time. The radioactivity of soil samples was determined by gamma-ray spectrometry.
For micromycetes, seeding on Czapek-Dox medium with sucrose (2 %) was done to
suppress bacterial growth, streptomycin 0.5 % was added to the fungus medium. After 36 h of
incubation in a thermostat at 28°C, the diameter of the growths on the plates of the colonies was
measured using a microscope MBS-9. This operation was repeated three times over a period of
12-24 hours (Zvyagintsev, 1991).
To determine the radial growth rate (Kr) on the agar media of the colonies of the studied
micromycetes, their diameter was measured every 12 hours. The calculation of the radial growth
rate was performed according to the formula (Kochkina et al., 1978): Kr =
where Kr – is the radial growth rate;
r0 – is the radius of the colonies at the initial time t0;
r – is the radius of the colonies at time t.
The value of Kr is determined for each colony, and then the average value of Kr for all
colonies grown during sowing is calculated.
The results of the evaluation of the quantitative composition of the functional groups of soil
microorganisms are given in Table 1.2.
Table 1.2 Quantitative composition of micromycetes on soil contaminated with radionuclides
№
1
2

Place of sampling,
village
Khochevа
Chistogalivkа

Number of morphotypes,
pieces
9±2
6±2

The total number of
micromycetes
34±5
40±3

Therefore, comparing radioactively contaminated soil with soil that does not have
abnormal radioactive contamination, the number of micromycetes increased in radioactively
contaminated soil, which may indicate a tendency for the radiostimulating function of low
radiation exposure to soil resistance. But under these conditions, the number of morphotypes
decreases, indicating that the species composition is impoverished.
We know that it is due to the mycelium that the long-term conservation of radiocesium in
the organic horizon of forest soils is maintained, whereas if low doses increase quantity of
micromycetes, it will only contribute to the accumulation and long-term conservation of
radionuclides in the soil. But understanding the accumulation of radionuclides by micro- and
macromycetes can help develop soil restoration technologies for contaminated sites.
Kochkina G. A. The radial growth rate of fungal colonies in connected to their ecology. /
G. A. Kochkina, E. G. Mirchink, P. A. Kozhevin // Microbiology. – 1978. – T. 47,No. 5. –
P. 964-965.
Methods of soil microbiology and biochemistry: Textbook. Allowance / Ed. D. G. Zvyagintsev. –
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M.: Publishing House of Moscow State University, 1991 . – 304 p
Gadd, G. M. Influence of microorganisms on the environmental fate of radionuclides //
Endeavour. – 1996. – № 20. – Р. 150-156.
Linkov, I. Contaminated forests: Recent developments in risk identification and future
perspectives / I. Linkov, W. R. Schell. – Amsterdam: Kluewer, 1999. – 430 p.

Current distribution of Phacothecium varium (Tul.) Trevis. in Ukraine
Valeriy Darmostuk
Department of Botany, Kherson state university, Ukraine
e-mail: ntu_bio@karazin.ua
Annotation: Проаналізовано сучасне поширення ліхенофільного гриба Phacothecium
varium, що інфікує слань та апотеції епіфітного лишайника Xanthoria parietina. Вид довгий
час був відомий за знахідками 20-50-х років XX ст, проте дослідження останніх років
дозволили виявити нові місцезнаходження виду.
Keywords: lichenicolous fungi, Xanthoria parietina, new records
Ключові слова: ліхенофільні гриби, Xanthoria parietina, нові знахідки
Lichenicolous fungi are a highly specialized group of organisms and are still poorly known.
The first lichenicolous fungus recorded in Ukraine was Phacothecium varium (Tul.) Trevis
(=Celidium varium (Tul.) Körb.) (Chernov, 1895). During the next 100 years, lichenicolous fungi
were sparingly recorded, so the diversity of this group remained uncertain (Kondratyuk et
al., 1999; Darmostuk and Khodosovtsev, 2017).
Phacothecium varium (syn. Opegrapha physciaria (Nyl.) D. Hawksw. & Coppins, Celidium
varium) is characterized by black superficial ascomata with discs exposed by a breakdown of the
obtecting layer, resulting in dense clusters of 1-5 discs divided by sharp excipular margins;
hyaline hymenium and light brown hypothecium; broadly subclavate 8(-6-4) spored asci and
hyaline 3-septate, oblong or slightly tapering towards the lower end, (12-)14-16 × 5-7 μm.
Fungus can grow on thallus and apothecia of common epiphytic lichen Xanthoria parietina (L.)
Th. Fr.
According to the first checklist of Ukrainian lichenicolous fungi (Kondratyuk et al., 1999)
Celidium varium found by V. Chernov was erroneously reported as synonym of Arthonia
molendoi. Phacothecium varium was reported from a few localities (Lviv and Kherson region as
well Crimea) in Ukraine by A. Oxner`s specimens (Kondratyuk and Khodosovtsev, 1997). These
records date from 1920-1950 and almost 70 years the species was not found. It was reported on
different lichens and as was pointed by J. Hafellner (Hafellner, 2009) records of P. varium on
another hosts are in need of revision. Unfortunately, we did not find following specimens in KW
herbarium.
To date, new locations of the species in Kharkiv and Kherson region have been identified as
a result of research lichenicolous fungi in Ukraine. Although that P. varium is quite common in
Europe, systematic research of this fungi in Ukraine will also allow to find new localities.
Chernov, V. K. 1895. ‘About Lichens of the City of Kharkov and Its Environs’. Proceedings of
the Society of Naturalists at Kharkov University 28: 209–49.
Darmostuk, V. V., and A. Ye. Khodosovtsev. 2017. ‘Lichenicolous Fungi of Ukraine: An
Annotated Checklist’. Studies in Fungi 2 (1): 138–56. https://doi.org/10.5943/sif/2/1/16.
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Hafellner, Josef. 2009. ‘Phacothecium Resurrected and the New Genus Phacographa
(Arthoniales) Proposed’. Bibliotheca Lichenologica 100: 85–121.
Kondratyuk, Sergii Y., and A. Ye. Khodosovtsev. 1997. ‘New for Ukraine Species of
Lichenicolous Fungi’. Ukrainian Botanical Journal 54 (6): 564–569.
Kondratyuk, Sergii Y., T. V. Andrianova, and Yu. Yu. Tykhonenko. 1999. Study of Mycobiota
Diversity of Ukraine (Lichenicolous, Septoria and Puccinia Fungi). Kyiv: Phytosociocentre.

New founds of phytotrophic fungi from the Prypiat-Stokhid National Nature Park
Dmytro Harbuz
Department of Mycology and Plant Resistance, National University of Kharkiv, Ukraine
e-mail: garbuz.dmitriy99@gmail.com
Annotation: Національний природний парк «Прип 'ять-Стохід» створено у 2007 р. з метою
охорони унікальних природних комплексів Українського Полісся. Мікобіота парку досі
залишається майже недослідженою. В роботі надано інформацію щодо знахідок 14 видів
фітотрофних грибів, зібраних в кінці липня 2019 р.
Keywords: micromycetes, Ascomycota, Basidiomycota, Ukraine.
Ключові слова: мікроміцети, сумчасті гриби, базидієві гриби, Україна.
Prypiat-Stokhid National Nature Park is situated in Volyn district of Ukraine. It was
established in 2007 to protect a series of natural complexes of the Pripyat river and Stokhid river
valleys. Compared to other National parks, unique feature of the park are bogs and ponds that
cover about 43 % and 6 % of territory respectively. There is only one mycological publication,
which describes biodiversity of discomycetes in the park. Due to this fact mycobiota of the park`s
territory requires further studying.
Specimens used in this work were collected during an expedition in late July by Olexander
Akulov - associated professor of V. N. Karazin National University of Kharkiv. They are
represented by living and dead parts of different plants with signs of colonization by fungi. A part
of them already were identified by light microscopy and added to the CWU (Myc) collection.
Totally 12 species from natural phytocenoses were identified. Among them 8 species are
Ascomycota representatives: Blumeriella jaapii (Rehm) Arx at anamorphous stage
Cylindrosporium hiemalis (B. B. Higgins) Sacc. (on living leaves of Prunus cerasus L.);
Drepanopeziza salicis (Tul. & C. Tul.) Höhn. at anamorphous stage Monostichella salicis
(Westend.) Arx (on living leaves of Salix alba L.); Ectostroma iridis (Ehrenb.) Fr. (on recently
dead leaves of Iris pseudacorus L.); Mycosphaerella brunneola (Fr.) Johanson ex Oudem. at
anamorphous stage Septoria brunneola (Fr.) Niessl (on dead leaves of Convallaria majalis L.);
Mycosphaerella podagrariae (Roth) Petr. at anamorphous stage Septoria podagrariae Lasch. (on
leaves of Aegopodium podagraria L.); Podosphaera myrtillina Kunze (on leaves Vaccinium
myrtillus L.); Taphrina sadebeckii Johanson (on leaves of Alnus glutinosa L.); Utrechtiana
constantinescui (Melnik & Shabunin) Crous & Y. Marín (on dead leaves of Phragmites australis
(Cav.) Trin. ex Steud.). In addition, we identified three species of rust fungi (Basidiomycota,
Pucciniales): Gymnosporangium cornutum Arthur ex F. Kern (on leaves of Sorbus aucuparia L.);
Melampsora populnea (Pers.) P. Karst (on leaves of Populus sp.) and Phragmidium tuberculatum
Jul. Müll. (on leaves of Rosa sp.). Also, single Oomycota representative was identified as
Pseudoperonospora cubensis (Berk. & M. A. Curtis) Rostovzev (on leaves of Humulus lupulus
L.).
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Besides, two Ascomycota representatives were identified from agrocenoses. They were
Cladosporium herbarum (Pers.) Link and Claviceps purpurea (Fr.) Tul. (both on ears of Secale
cereale L.).
Most species are common and widely distributed in the world, but they are first registered in
the park. Ectostroma iridis and Utrechtiana constantinescui are considered as rare species in the
world, including Ukraine. Unique feature of E. iridis is absence of spores, so identification is
based on morphology and substrate features.
In conclusion, we can state that 14 species mentioned in this work do not represent
biodiversity of phytotrophic fungi of National park. Following studies are needed to complement
and expand this information.
The work was carried out under the supervision of Olexander Akulov, associated professor
of Department of Mycology and Plant Resistance, National University of Kharkiv

Development of the studies of lichen flora in Kharkiv region (Ukraine)
Alina Shpychak
Department of Botany and Plant Ecology, V. N. Karazin Kharkiv National University, Ukraine
e-mail: shpichakalina@gmail.com
Annotation: Розглянуті історичні аспекти дослідження ліхенофлори Харківської області з
другої половини XIX ст. до наших днів.
Ключові слова: ліхенофлора, нові види, Харківська область, Україна.
Keywords: lichen flora, new species, Kharkiv region, Ukraine.
There are several directions in the structure of lichen research in Kharkiv region: floristic,
which analyzes the species composition of the region; systematic, which determines the structure
of the genus, families and orders which the studied species belong to; phytocenosical, which
explores the ecological and cenotic features, patterns of lichen groups spreading in the vegetation
of the region; lichen protection, aimed at finding and preserving rare species of lichens,
developing nature conservation measures and lichen indication, aimed at identifying the main
directions of anthropogenic changes in lichen flora.
Lichen floristic studies of the Kharkiv region date back to the second half of the 19 th
century. The first references to the lichens of the former Kharkiv province can be found in the
work of the Swedish botanist and mycologist T. Fries, based on the extensive long-standing
V. M. Chernyaev`s collections, Professor of the Department of Natural History and Botany of
Kharkiv University. In article "Om Ukräns Laf-vegetation" Fries listed 64 species of lichens, a
brief description of their growing conditions without precise location, and some critical remarks.
Some species described by Fries in the article are considered extinct from the Kharkiv region in
our days, and some species are considered very rare (Fries, 1855). In the early 70's of the 19th
century. G. Shperk, a teacher of Kharkiv University, began to study the lichens of the Zmiiv and
Dergachiv districts of Kharkiv region. He created a list of 26 species of scale lichens
(Shperk, 1870). Further lichenological studies were renewed by the botanists of Kharkiv
University V.M. Chernyaev, G. Shperk, K. Pengo, B. M. Kashmensky, who mostly explored
floristic diversity. A great contribution to the lichenological researches of Kharkiv region was
made by V. M. Chernov. In publication "About Lichens of Kharkiv and Its Surroundings" author
present the descriptions of 57 species and mentioned spreading and substrate confinement of
lichens for the first time (Chernov, 1895). Some information about lichens of Kharkiv region can
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be found in multivolume publication "Lichen flora of Ukraine".
Planned lichenological studies of the forest steppe have been conducted over the last two
decades. Great attention was paid to the protection of lichen groups and rare species in the
regions, especially with big anthropogenic changes. Researchers have been studied the state of
protection of lichen flora within the already existing reservations and reserved new territories.
According to spreading analysis, categories of rare species were identified (Bayrak, Gapon, and
Levanets, 1998).
In recent years special lichen diversity studies of chalk outcrops of Kharkiv region have
been carring out. Many rare species were found in that area. Furthermore, two species
Involucropyrenium breussii A. B. Gromakova et S. Y. Kondr. and Agrestia zerovii S. Y. Kondr.,
Gromakova & Khodos. described as a new species for science (Kondratyuk et al., 2015,
Gromakova and Kondratyuk, 2017).
Fries, Theodor, 1855. Om Ukräns Laf-vegetation. Öfvers. af Kongl. Vet.-Acad. Förh. Vol.12.
Shperk Gustav, 1870. Report on excursions made in the fall of 1869 in Zmievskyi and Iziumskyi
counties. Proceedings of the Society of Naturalists at Kharkov University.Т.2.
Chernov Victor, 1895. About lichens of Kharkov and its environs. Proceedings of the Society of
Naturalists at Kharkov University.
Bayrak, Olena, Svetlana Gapon, and Anatoly Levanets. 1998. Vascular Plants of the Left Bank
Forest Steppe of Ukraine. Poltava: imposition.
Kondratyuk, Sergiy, Alla Gromakova, Alexander Khodosovtsev, Jung Kim, Anna Kondratiuk,
and Jae-Seoun Hur, 2015. "Agrestia zerovii (Megasporaceae, lichen-forming Ascomycetes), a
new species from southeastern Europe proved by alternative phylogenetic analysis". Studia
Botanica Hungarica 46(2): 69:94.
Gromakova, Alla, and Sergiy Kondratyuk, 2017. "Involucropyrenium breussii (Verrucariaceae,
lichen-forming Ascomycota), a new lichen species from chalk soil of Eastern Ukrainian
steppes." Acta Botanica Hungarica 59(3-4): 335-342.
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Ecological composition of chalk phytocoenoses in the vicinity of Vovchansk town (Ukraine,
Kharkiv Region, Vovchansk District)
Heorhii Bondarenko
Department of Botany and Plant Ecology, V. N. Karazin Kharkiv National University, Ukraine
e-mail: g.m.bond98@gmail.com
Annotation: крейдяні біогеоценози на Сході України мають ряд особливостей, які
обумовлюють унікальність флори цих місць. Однак екосистеми крейдяних відслонень
зазнають значного антропічного впливу (видобуток крейди, випас худоби, витоптування,
збір квітів тощо), що відображається на зміні екологічних режимів і як наслідок порушенні
функціонування екосистем. Ми досліджували екологічну структуру крейдяного фітоценозу
поблизу м. Вовчанськ на прикладі 6 екологічних профілів за допомогою методів
синфітоіндикації.
Keywords: chalk outcrops plant vegetation; synphytoindication; Kharkiv region; ecological
scales; ecological regimes;
Ключові слова: крейдяна рослинність; синфітоіндикація; Харківська область; екологічні
шкали, екологічні режими.
Quick changes of ecological conditions caused by anthropogenetic load may lead to
irreversible consequences, for instance, to ecosystems destroying or disrupting their functioning.
Eastern Ukrainian chalk ecosystems have much features, particularly it reflected on unique flora
compose. But they are vulnerable, because they are subject to various human influences. Most of
cretaceous species are rare and they have narrow amplitude and minimal imbalance may lead to
extinction of all unique chalk vegetation. So monitoring of such phytocoenoses is very important.
We studied 21 test plots on the chalk outcrops nearby Vovchansk town during May-August,
2019. The area of each test sites was 10 m2. All of the plots were united to 6 ecological profiles.
Profiles were located along the slopes from a bottom up to the top. The slopes had different
aspects, incline and level of soil erosion. We used the Didukh’s ecological scales (2011) to
determine ecological amplitude for each species we have fixed. We analyzed each species by
their relations to soil water regime (Hd), soil aeration (Ae), soil acidity (Rc), carbonate and
nitrogen contents in soil (Ca, Nt respectively) and thermal climate (Tm). We detected the
common amplitude of ecological factor to plot.
Most of profiles characterized by rather wet conditions. A large number of sub-mesophytes
grown on the second and fourth profiles depend on gullies located there. A bayou was near the
third ecological profile, so it reflected on preponderance of sub-meso- and mesophytes. Test plots
in the first ecological profile were distributed by relation to soil water regime in diapason from
very dry up to rather dry habitats (Ƴ ~ 7.7-9.3). The sixth ecological profile was the driest,
because all of test sites had narrow amplitude ranged in diapason from 5 to 6. The soil is more or
less neutral in studied area, because relation to soil acidity values varied between 7-11 (subacidophiles and sub-basophiles respectively). The studied phytocoenoses characterized by narrow
oscillation of nitrogen content in the soil (within 0.05 % - 0.3 %). This values match to subanitrophiles and hemi-nitrophiles species. The most stabilized ecological factor was level of soil
aeration for studied territory. Most of the test sites had Bupleurum falcatum L. in their flora. This
species has very narrow ecological amplitude (5-6), so it able to grow only on highly aerated
soils. Thermoregime of studied territory conforms to sub-mesothermic.
Most of general ecological factors’ diapason of was narrow. It means structure of studied
phytocoenoses will change, if ecological regimes oscillating. Our next steps are to make more
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releves for this territory to detect main factors affecting the changes in this ecosystem.
Yakiv, Didukh. 2011. The ecological scales for the species of Ukrainian flora and their use in
synphytoindication. Kyiv: M. G. Kholodnny Institute of Botany NAS of Ukraine.

Ecological analysis of dry meadow nearby Haidary village (Zmiiv District, Kharkiv Region)
Anastasiia Dolynska, Liudmyla Snisarenko, Heorhii Bondarenko
V. N. Karazin Kharkiv National University, Ukraine
e-mail: doanado99@gmail.com; g.m.bond98@gmail.com
Annotation: методи фітоіндикації дозволяють достатньо точно визначити екологічні
режими, які сформовані у певному фітоценозі. Луки, як окремий різновид біогеоценозу,
характеризуються широким спектром екологічних умов, що знаходить відображення у
багатстві біологічного різноманіття. Нами досліджено суходільну луку, яка у минулому
знаходилась на території дитячого табору (околиці с. Гайдари, Зміївський р-н, Харківська
обл..), який наразі не працює. Ми вивчали ступінь трансформації та екологічні режими
цього фітоценозу.
Keywords: dry meadow, phytoindication, Kharkiv Region, ecological regime;
Ключові слова: суходільні луки, фітоіндикація, Харківська область, екологічні режими.
Ecosystems are significantly affected by human influences and it reflects on biodiversity.
Phytoindicationmethod allows to accurately determine the environmental regimes formed on a
specific site of phytocenosis.
We studied a dry meadow in the vicinity of Haidary village in June, 2019. We used BraunBlanquet’s method for description of geobotanical plots. It was layed 6 square plots for 100 m2
each one. Geobotanical characteristics of plots include exposition, incline, projective cover of
vegetation in general and each species separately. Unknown and critical species we collected and
determined. We used Didukh’s ecological scales (2011) for ecologicalanalyses of plant
community. We analyzed test sites by hydrological and trophomorphicregimes, illumination and
relation to Nitrogen.
The flora includes 56 species of 22 families of vascular plants. The most species (21%)
belong to Asteraceae Bercht. & J. Presl. Other big families are Fabaceae Lindl. (12 %),
Poaceae Barnhart (12 %), Scrophulariaceae Juss. (9 %) and Lamiaceae Martinov(5 %). Plots’
pairwise comparisons using Jaccard coefficient showed heterogeneity of studied phytocoenosis.
The most similar sites were the first and the third (Jaccard coefficient is 0.48); the first and the
sixth plots were the most different (J. C. is 0,14).
Ecological analysis showed all test sites characterized by predominance of Sub-mesophytes
(Ƴ ~ 9.0 - 10.0 for all the ecological profile). Moisture is evenly distributed on the slope. Studied
slope has Sothern-Eastern exposition. The meadows are open what causes the heliophytes’
predominance (≈ 45 %). Scyo-heliophytes fraction is also significant (their part ranged from 21 %
to 44 %). It causes by location of researched phytocoenosis nearby oak forest, so some species
are adapted to partial shading. The trophomorphic analysis has showed most of plots have semieutrophic regime in relation to total salt regime (Ƴ ~ 7.4-8.1 for all the profile). We suggest soil
under studied meadow was podzolic chernozem (Didukh, 2011). The plants which grow on soils
moderately provided with mineral nitrogen (0,2 - 0,3 %) were predominance in studied
phytocoenosis (Ƴ ~ 4.7 - 5.5).
Analysis by leading factors showed studied area corresponds to dry forest-meadow.
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Yakiv, Didukh. 2011. The ecological scales for the species of Ukrainian flora and their use in
synphytoindication. Kyiv: M. G. Kholodnny Institute of Botant NAS of Ukraine.

Problems of environmental safety of Krivorizh Region
Maxym Kvitko, Anastasiia Sorochynska
Faculty of Natural Sciences, Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine
Ecological and Local History Circle of CPDZ “Harmony”, Kryvyi Rih, Ukraine
e-mail: kvitko.max@gmail.com

Annotation: Сучасний стан лісових культур фітоценозів Криворіжжя, які були створені у
30-60 роках ХХ століття та розташовані у різноманітних екологічних умовах,
обумовлюється сукупним впливом антропогенних та природних факторів. Дослідження
змін у екотопах криворізького регіону є актуальним завданням сьогодення.
Keywords: ecology of Kryvyi Rih Region, ecological safety, ecological monitoring;
Ключові слова: екологія Криворіжжя, екологічна безпека, екологічний моніторинг.
The objective of this study was to find out the ecological features of the related life state of
the cultivated forest community in contrasting ecotypes at Kryvyi Rih ore and metallurgical basin
(Kryvorizhzhya). In cultivated forest community 34 monitoring plots were installed. In these
plots vertical structure, height and diameter of the trunk at a distance of 1.3 m from the ground of
the I-III tier trees were determined by classical methods.
The studied areas have been selected in cultivated forest communities at Kryvorizhzhya,
which are located in contrasting ecological conditions and represent all major varieties of
artificial trees-shrubs planting. We studeid the park gardening territories (Dovgyntsevsky and
Veseloternivsky arboretum), sanitary zones (protective zone of Arcelor Mittal Kryviy Rih PJSC),
water protection territories (Karachunivsky reservoir and Saksagan river) and urban protection
forest (“Dubki”, “Dnipropetrovsk highway”, “Kosior's Ring”). Natural phytocenoses of the Guriv
forest in the Dolynsky district of the Kirovograd region, located in the floodplain of the Bokova
River and 30 km away from industrial enterprises, were used as conditionally control territory.
The related life state (vitality) of the forest stand in cultivated forest community was
established by V.A. Alexeyev’s method. In every plot (i) all trees of the 1st, 2nd and 3rd tiers
were numbered, (ii) evaluation of diagnostic signs for each tree by indicators of crowns,
branches, leaves was performed, (iii) evaluation of the plant's condition as a whole was carried
out. In cameral the number of trees and stocks of trunk timber was calculated. The related life
state (vitality) was established by (i) number of trees and (ii) by stocks of trunk timber.
At Kryvyi Rih ore and metallurgical basin the cultivated forest communities were created in
the 30-60 years of the last century. These plant communities are located in contrasting ecological
conditions: a) the soil fertility is ranging from a minimal up to the maximum values; b) soil
moisture is ranging from dry to wet. The cultivated forest communities at Kryvorizhzhya are
characterized by domination of aboriginal species (English oak (Quercus robur L), common ash
(Fraxinus excelsior L.), smooth skid (Ulmus laevis Pall.), Field maple (Acer campestre L.)) and
with the participation of introduced species (red oak (Quercus rubra L.), linden heart (Tilia
cordata L.)). These forest communities are characterized by impermeability of the vertical
structure: it means that there are no third tier of trees in the separate plots (uplift), as well as shrub
and grassy tier.Atmospheric pollution has such categories: periodic, small, medium, relatively
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significant and significant pollution. Combining the effect of anthropogenic and natural factors,
the zones of the forest communities’ location are distinguished: unfavorable, relatively
unfavorable, relatively favorable and favorable ecological conditions for trees and shrubs growth
and development.
At Kryvorizhzhya, the related life state (vitality) of cultivated forest communities was
diverse and estimated as much weakened, weakened and healthy. It is logical that the best vitality
was found in natural phytocenoses of the Guriv forest. In these areas it was found that related life
of the I-III tiers trees state are: (i) 79.8-81.4 conditional units (by V.A. Alekseev scale) by
number of trees calculated and (ii) 85.1-87.9 conditional units by stocks of trunk timber
calculated.
In a series of ecological conditions deterioration of the cultivated forest communities’
location the related life state (vitality) indicators were reduced. This was followed by calculations
both on the number of trees and on the indicators of the volume of wood. At the same time, trees
and tiers of the maximum numerical values of the relative state of life are naturally characterized.
While the trees of the second tier were more oppressive. Among the components of the tree stand
for the leaves are the smallest numerical indicators of the relative state of life.
Barnes B. V., Zak D.R., Denton S.R. Forest Ecology. New York: John Wiley & Sons Inc., 1997.
774 p.
Nowak D. J., Hirabayashi S., Bodine A., Greenfield М. Tree and forest effects on air quality and
human health in the United States. Environ. Pollut. 2014. N 193. P. 119–129
Perry D.A. Forest Ecosystems. Baltimore: The Johns Hopkins Press, 1994. 656 p.
Yang J., McBride J., Zhou J., Sun Z. The urban forest in Beijing and its role in air pollution
reduction. Urban Forestry & Urban Greening. 2005. N 3. P. 65–78.
Савосько В.М., Квітко М.О., Григорюк І.П., Серга О.І., Лихолат Ю.В., Андріцьо М.О.
Гетерогенність біометричних показників лісових культурфітоценозів в екологічних
умовах Криворіжжя. Біоресурси і природокористування [Онлайновий ресурс]. 2018. Том
10, Номер 1-2 Доступно за адресою: <http://journals.nubip.edu.ua/index.php
/Bio/article/view/10277>.
Савосько В.М. Видовий склад та екоморфічний спектр деревно-чагарникових насаджень
парку «Веселі Терни» (м. Кривий Ріг). Інтродукція рослин. 2013. №2. С. 78-82.

Utilization of oil distillation products as the sources of carbon by different species of yeasts
Roman Kozyra, Kordupel N.
Ivan Franko National University of Lviv, Hrushevsky str., 4, Lviv, 79005, Ukraine
e-mail: kozyra1439roman@gmail.com
Annotation: Використання дріжджами Candida pseudotropicalis, Rhodotorula pilimonea,
Debaryomyces bisporus, Ogatea polymorpha, Saccharomyces bisporus, Yarrowia lipolytica,
Candida melibiosa, Cryptococcus laurentii зневоднену нафту, сировину риформінгу,
каталізат риформінгу, гідрогенізат риформінгу як джерело карбону. Вплив дріжджів на
зміну в’язкості нафти при 30 °С
Keywords: oil, yeasts, viscosity, oil products; нафта, дріжджі, в’язкість, нафтопродукти.
Mining, transportation, keeping and distribution of oil and oil products have influence on
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the condition of the environment, leading to changes in all its components. General effusions of
oil to the environment reach 2–3 % from all amount of its mining, near 0.23 % of annual mining
reach the world ocean. General mass of oil product, which annually reach seas and oceans, is
estimated to be 6.1 millions of tons, 2.1 millions of tons of them are losses from oil
transportatrion (Shestopalov, 2015).
Pollution by oil leads to the significant changes of physical and chemical properties of soil.
Particularly, permeability to water is decreased due to the destruction of soil structures and
dispersing of its particles. The balance between carbon and nitrogen content is abruptly disturbed
in the polluted soil due to the incomings of oil compounds, which impairs the nitrogen regime
and, as consequence, root nutrition of plants (Klimova, 2006).
Aromatic hydrocarbons are the most soluble, that is why they are the most toxic. Presence
of double and triple bounds in hydrocarbons molecules also increases the solubility and, as the
consequence, toxicity of hydrocarbons. Oil and oil products have the toxic effects to
phytoplankton. Toxic effects of oil and oil products to zooplankton were observed at their
concentration 0.001 ml/l. At oil products concentration 0.1 mg/l zooplankton dies. Oil and oil
products are highly toxic for water organisms and belong to the group of nerve poisons
(Dmitriev, 2004).
Biological method of soil and water purification from oil and oil products using
microorganisms – destructors of hydrocarbons in in priority for today. Diversity and plasticity of
enzymatic systems enables the microorganisms' cells to switch fast from the utilization of one
source of carbon to another (Chugunov, 2000).
Biological method is often used after the usage of mechanical and physic and chemical
methods, when the thickness of film is 0.1 mm or higher (Kireeva, 2006).
The aim of the work was to determine the ability of yeasts Candida pseudotropicalis,
Rhodotorula pilimonea, Debaryomyces bisporus, Ogatea polymorpha, Saccharomyces bisporus,
Yarrowia lipolytica, Candida melibiosa, Cryptococcus laurentii to utilize products of oil
distillation (raw material of reforming, catalisate of reforming, hydrogenisate of reforming) as the
carbon sources.
The ability of yeasts C. pseudotropicalis, R. pilimonea, D. bisporus, O. polymorpha,
S. bisporus, Y. lipolytica, C. melibiosa, C. laurentii to utilize dried oil of Starosambir deposit, raw
material of reforming, catalisate of reforming, hydrogenisate of reforming (2 %) as the source of
carbon is prooved. It was established that the most active destructors of oil products are
C. pseudotropicalis, C. melibiosa, D. bisporus, Y. lipolytica, C. laurentii, R. pilimanae.
It was established the influence of studied yeasts on the viscosity of Starosambir deposit oil
at 30 °C during 4 days of growth. Candida pseudotropicalis, Candida melibiosa, Yarrowia
lipolytica increased the viscosity of oil, Debaryomyces bisporus – decreased. Cryptococcus
laurentii and Rhodotorula pilimanae did not cause significant changes in the viscosity after the
inoculation on the medium with oil.
Chugunov V. A., Ermolenko Z. M., Zhigletsova S.K. etc. Development and research of
biosorbent "Ecosorb" on the basis of associations of oil-oxidizing bacteria for the eyes of oil
contaminated mail // Applied biochemistry and microbiology. 2000. T. 36, No. 6. S. 661–665.
Dmitriev E.A., Kovalenko M.S., Shevchenko T.V. Migration of petroleum products in system
water - bottom sediments // Ecotechnology and resource saving. 2004. №4. pp. 60–61
Kireeva N.A., Grigoriadi A.S., Khaybulina E.F. Associations of hydrocarbon-oxidizing
microorganisms for bioremediation of oil contaminated mail // Bulletin of the Bashkir
University. 2009. - Vol. 14, No. 2. P. 391-394.
Klimova N. Some issues of estimation of soil pollution due to oil and gas production // Visnyk of
Lviv National University. Series of geogr. Lviv. 2006. Vol. 33. pp. 144-151.
Shestopalov O.V., Bahareva G.Y., Mamedova O.O. and others. Environmental protection from
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oil pollution // study. tool. NTU “KPI”, 2015. -116 p.
Specifics of retrospective assessment of radiation contamination by radioactive iodine(131I)
Polina Pavlenko
Department of Radiobiology and Radioecology, National University of Life Science, Ukraine
e-mail: polina.pavlenko97@gmail.com
Annotation: Під час аварії на Чорнобильській атомній електростанції в атмосферу було
викинуто багато радіонуклідів, серед них йод-131. Вважається, що внесок йоду-131 у
формуванні дози на щитоподібну залозу людини складає 95%. На сьогодні вже неможливо
детектувати йод-131 за допомогою приладів, а виміри зроблені під час аварії не
дозволяють зробити конкретні висновки, щодо тодішньої ситуації. Тому нами була
розроблена методологія ретроспективної оцінки забруднення йодом-131.
Keywords: radioactive iodine, iodine-131, contamination, retrospective, assessment.
During accident on Chernobyl Nuclear Power Plant (ChNPP) lots of radionuclides were
released into the atmosphere. Iodine isotopes were among them. Iodine-131 is considered to be
the most important dose generating radionuclide during Chernobyl accident. Main reasons were:
- Radioactive iodine is tend to concentrate in thyroid gland, relatively small
organ(average mass for adult – 12-25 g). Thyroid gland is critical organ of second
group.
- Emergency measures during the accident were targeted on protection of people from
external dose and radionuclides inhaling. Measures to prevent the contamination of
milk and food were considered as less critical. As it later appeared radioactive isotopes
of iodine ingested by people with milk caused 95% of dose on thyroid gland.
- Iodine deficiency in the region of radioactive fallout. It is considered that in such
regions radioactive iodine easier incorporate into tissues as there is lack of stable
isotope.
- Start of grazing period. Cattle freely consumed radionuclides from fallout with grass.
In cooperation with Ukrainian institute of agricultural radiology the methodology of
retrospective assessment of radioactive contamination of iodine were created. Period of half
decay of iodine-131 is 8,02 days, so, obviously, we cannot measure it directly now. Fortunately
there are scientific researches, which indicates strong correlation between caesium-137 and
iodine-131 fallout. This correlation were expressed with a formula. Data about caesium-137
activity in the soil were taken from the report “Dosimetry certification of settlements
contaminated by Chernobyl radionuclides”. After activity of iodine-131 in the soil were obtained
we were able to calculate the activity of grass consumed by cows and activity of cow`s milk.
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Map 1. Average activity of milk for 1st of May 1986(Bq/L)

Map 2. Average activity of milk for 1st of June 1986(Bq/L)
On the basis of these calculations maps of contamination by iodine-131 using Surfer 13
software were created. There are maps of five most contaminated regions of Polissya region:
Chernobyl region, Polesskoye region, Luhyny region, Narodychi region, Ovruch region, Korosten
region. Maps were made for 1st of May 1986 and 1st of June 1986 to observe activity decreasing
as the iodine-131 decays. Different maps for soil, grass and milk activity were created. Directly
after the Chernobyl accident more than two thousand settlements were claimed to be
contaminated and then divided into four zones according to existed criteria and dosimetry
mapping. Those settlements received financial support from the government while our research
shows that they actually didn`t demand it. Moreover, those help could be given to those
settlements, which really needed it to cope with consequences of the accident.
To sum up, we believe that, more accurate assessment of contamination by radioactive
iodine-131 were conducted on the basis of existing and recently appeared data.
Acknowledgements. I would like to thank to Nikolay Lazarev and Yuriy Khomutinin for
their support. I am also grateful to Ukrainian Institute of agricultural radiology and
Radiobiology and Radioecology department of NULESU for support in overcoming numerous
obstacles I have been facing through my research.
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Investigation of forest cover dynamics in Carpathian National Nature Park, using remote
sensing and GIS
Dmytro Poberezhnyi
Department of Environmental Studies, National University of Kyiv-Mohyla Academy, Ukraine
e-mail: dmytro.poberezhnyi@ukma.edu.ua
Annotation: Використовуючи супутникові знімки Landsat, програму QGIS та вегетаційний
індекс MSR було досліджено лісовий покрив ділянки Карпатського національного
природного парку. Отримані результати за період 1993-2017 рік вказують на задовільний
стан та позитивну динаміку лісової складової обраної території.
Keywords: remote sensing, GIS, MSR, forestry, forest cover dynamic;
Ключові слова: дистанційне зондування землі, ГІС, динаміка лісового покриву,
вегетаційний індекс MSR.
Forest management in Carpathian region is not sustainable. Massive illegal deforestation
have commenced critical situation in total exposure of all forest areas in Ukrainian Carpathian
Mountains (Борейко та Левина, 2016). Actual information about forest biotopes is needed for
effective decision making processes at local and governmental levels. In particular, it`s important
for protected areas management.
Objective of this study was to make an assessment of forest dynamic of selected parts of
Carpathian National Nature Park (CNNP) using remote sensing data and corresponding
methodology. CNNP is one of the largest reserved area with forest biotopes in Ukraine. It has
total area 51570.80 hectares, which include 38340.46 hectares of forests and 13230.33 hectares
for other types of land. Pilot area for assessment (5.3 km2) was selected near the western part of
the village Dzembronya (Verkhovyna district of Ivano-Frankivsk region). As a criterion for
choosing this territory, the presence of the characteristic signs of cutting was considered. Analysis
of parameters indicating the state of vegetation during relatively long period (1993-2017) should
answer the question whether human interventions were sufficient for the forest cover dynamics.
Geographical coordinates of the study area are following: the northern peak is
48°7'40.59" N 24°38'43.87" E, the western peak is 48°7'9.67" N 24°37'16.80" E, eastern peak –
48°6'22.52" N 24°39'26.48" E, southern peak – 48°5'50.44" N 24°38'11.06" E.Predefined area
was explored using the Google Earth program. There were searches of territories within and near
the CNNP, which have traces of cutting; were created vector masks of research areas.
During the study, satellite images of the Landsat family (4, 5, 7, 8) were used for the period
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from 1993 to 2017, and vegetation index MSR calculated using the formulain QGIS raster
calculator:
MSR =

,

where NIR is a near-infrared spectral channel, RED is a red spectral channel.Resolution of shots
at 30 m2 is sufficient for this type of research. The vegetation index MSR was chosen because of
its less sensitivity to noise (as to compare to NDVI) (Skianis et al., 2007), minimized exposure
from open soil and insolation angle, increased sensitivity to the expression of biophysical
vegetation and better contrast. Photos were processed for June, July and August of each years.
Main reasons are the same period of vegetation, as well as the availability of investigated areas in
the pictures (with an average of 1-2 photos per month, some of them unsuitable for research due
to excessive cloudiness).
As a result of the analysis of satellite images, the positive dynamics of the forest cover was
revealed (Fig. 1). A number of fluctuations in the signal and the value of the vegetation index
were observed, presumably caused by especially high temperature and precipitation peaks. There
is also a noticeable redistribution during the investigated period between diluent and dense forest
cover. We assume that this is due to the maturation of the forest, since older trees have more
powerful crowns and larger biomass per unit area, which makes a significant contribution to the
signal. Also, traces of older deforestation periodically become more visible, most likely due to the
drying of the grass cover and the lack of moisture for groupings of bushes and trees.

A

B

C

D

Е

Fig. 1. Carpathian National Nature Park, the study area. Distribution of forest cover in
time. The black is the dense forest, darker grey – rarefied, lighter grey – open ground.
A – 3 July 1993; B – 14 July 2006; C – 6 Aug 2011; D – 11 June 2014; E – 3 June 2017
As a result, the state of the forest cover of the explored territory of Carpathian National
Nature Park can be called as satisfactory. During the preliminary study, illegal felling as well as
objects such as waste landfills in the reserve area were not found within the study period, only
traces of old deforestation. If such phenomena took place, then they did not have a significant
effect and were not reflected on the smallest studied cells. The analyzed dynamics of forest cover
for the years 1993-2017, with few exceptions, has a positive tendency for development and
indicates the absence of the expressed negative influence of human activity or extreme natural
phenomena.
Борейко В.Е., Г.Н.Левина. Санитарные рубки в объектах ПЗФ. Экологический вред и
противозаконный вид деятельности;Киев, Логос. 2016. С. 9-28.
Airn Skianis G., D. Vaiopoulos, K. Nikolakopoulos. A study of the performance of the MSR
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vegetation index, using probabilistic and geostatistical methods; Bulletin of the Geological
Society of Greece. May 2007. p. 2048-2057
A projected botanical reserve “Zolota Lypa” (Ternopil region, Ukraine)
Olha Sira1, Oleh Karas2
1

Department of Botany and Plant Ecology, V. N. Karazin Kharkiv National University, Ukraine
Department of Ecology, Ivan Franko National University of Lviv, Ukraine
e-mail: olya.bevkh@gmail.com
2

Annotation: Проектований ботанічний заказник місцевого значення «Золота липа»
площею 48,2 га пропонуємо створити в околицях села Посухів, Бережанського району,
Тернопільської області з метою охорони видів, що занесені до Червоної книги України:
Orchis militaris, Anacamptis morio, Adonis vernalis. Проектований об’єкт природнозаповідного фонду «Золота липа» є важливим не тільки для охорони видів, а й для
збереження лучно-степових біотопів, які зазнають постійного антропогенного пресингу.
Keywords: conservation of nature, botanical reserve, Ternopil region;
Ключові слова: охорона природи, ботанічний заказник, Тернопільська область.
Currently, biodiversity conservation is one of the main scientific direction and it is possible
only with a comprehensive protection of habitats. One of the main goal of phytosozology is the
inventory and protection of rare species in areas that have not been studied to date. The western
part of Ternopil region is one of the less researched, as well as the Berezhany district whose
"reserve index" is only 5.91 % (Ecoternopil, 2019).
Three species included in Red Data Book of Ukraine was find on meadow-steppe slopes
near Posukhiv village (Berezhany district, Ternopil region): spring pheasant's eye, military orchid
and green-winged orchid (Сіра, 2019). Orchis militaris L. is eurasian palearctic species on the
southern border of the area and has vulnerable conservation categories sensu Red Data Book.
Anacamptis morio (L.) R. M. Bateman, Pridgeon et M. W. Chase (syn. Orchis morio L.) is also
vulnerable species on western border of the area. Adonis vernalis L. is eurosiberian forest steppe
species with Not Evaluated conservation categories (Дідух, 2009).
The Orchis population has almost tripled in the last three years, especially through the
activities of wild boars (Гапоненко 2014). The lower part of slope was plowed in 2017 and this
activity was continued in 2019 on the other part of the slope with Anacamptis morio and Orchis
militaris. That is why in order to further conserve the populations of these species, it is proposed
to create a botanical reserve "Zolota Lypa" (according to Article 25 of the Law of Ukraine on the
Nature Reserve Fund). Reserve will be located on the right bank of the Zolota Lypa River with an
area of 48.2 ha.
The main objective is conservation of rare species and support the ecological balance in the
region. The regime of protection of the reserve will be governed by Article 26 of the Law on the
Nature Reserve Fund of Ukraine (Verkhovna Rada of Ukraine, 2019). We propose environmental
knowledge and education among young people, and for scientific research in the area as well for
spreading.
Дідух, Яків, міністерство охорони навколиш. природ. середовища України, нац. акад. наук
України. 2009. Червона книга України: Рослинний світ. Київ: Глобалконсалтинг.
Гапоненко, Микола. 2014. «Спонтанне вегетативне розмноження бульбових орхідних
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(Orchidaceae Juss.) флори України» Інтродукція рослин 1:25-29.
Сіра, Ольга. 2019. Знахідки видів, що включені до Червоної книги України, в ІваноФранківській, Тернопільській і Харківській областях. Знахідки рослин і грибів Червоної
книги та Бернської конвенції (Резолюція 6), під редакцією Анни Куземко, 329. Київ –
Чернівці: Друк Арт.
Управління екології та природних ресурсів Тернопільської облдержадміністрації. 2019.
«Мережа
природно-заповідного
фонду».
Жовтень
27.
http://www.ecoternopil.gov.ua/index.php/pryrodni-resursy/pryrodno-zapovidnyifond/merezha-pzf
Verkhovna Rada of Ukraine. 2019. «Закон України про природно-заповідний фонд України».
Квітень 2018. https://zakon5.rada.gov.ua/laws/show/2456-12

Invasive species of plants in the tract of Medova Pechera in Lviv City
Viktoriia Sytnyk, V. Kyyak
Department of Ecology, Faculty of Biology, Ivan Franko National University of Lviv,
Hrushevskoho Street, 4, Lviv, 79005, Ukraine
e-mail: viktoriia.sytnyk633@gmail.com
Annotation: проведення систематичного та структурного аналізу інвазійних видів рослин
адвентивної фракції флори урочища Медової печери міста Львів з метою складання
картосхем їх поширення, розрахунку загальної та ефективної щільності.
Keywords: інвазійні види, флора, інтродукція, щільність виду, екологія
Ключові слова: invasive alien species, flora, introduction, population density, ecology.
As a result of globalization and intensive development of anthropogenic load, irreversible
changes of the natural environment occur, landscape transformation, the process of biological
invasions intensify, and ecosystems are degraded globally.
Invasive plants supplant native species, reducing ecosystem biodiversity. Having a high
invasive potential, which is ensured by their wide environmental amplitude, stress tolerance,
reproduction rate, high degree of naturalization, they become aggressive species that can affect
the ecosystem's homeostasis, transforming it powerfully.
Phyto-invasions have a negative impact on the environmental, economic and socio-political
conditions in society, which determines the relevance and priority of the problem at the
international level among the scientific community. According to the World Union for
Conservation, among the 7 major factors contributing to the loss of biodiversity on Earth, the
second place is the negative impact of invasive species. Ukraine and other countries that have
signed the Convention on Biological Diversity (Rio de Janeiro, Brazil, 1992) and the United
Nations Conference on Non-Aboriginal Species (Trondheim, Norway, 1996) have pledged to
undertake comprehensive research on adventitious species and develop regional strategies to
control their introduction and distribution.
Thus, controlling the emergence of invasive plants, their naturalization and their spread is
an important task on a global scale. To prevent the reduction of biodiversity and the negative
impact on the environment of phyto-invasions, to find out the causes and to prevent their
widespread distribution in different regions of the country, it is necessary to accumulate factual
material about their ecological and biological features, to study and control the processes of
distribution of these species and their tendencies to root in different types plant communities,
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which determines the relevance of the topic of this study.
We used following methods: field research, expedition routes, cartographic method using
ESRI – ArcGIS, invasive plant identification method based on the analysis of information
provided in the database The Global Register of Invasive Species (GRIS), The Global Invasive
Species Database (GISD) and The Centre for Agriculture and Biosciences International (CABI).
During field expeditions, 56 individuals of Acer negundo L., 190 individuals of Ambrosia
artemisiifolia L., 5 individuals of Heracleum sosnowskyi Manden., 19 individuals of Robinia
pseudoacacia L. and 3 individuals of Quercus rubra L. were identified. Taxonomic analysis
showed that the recorded species belong to 5 different families, including: Sapindaceae,
Asteraceae, Apiaceae, Fabaceae, Fagaceae. The characteristic features for them are established:
A. negundo – kenophyte of North American origin, ergasiophyte, fanerophyte, mesophyte; A.
artemisiifolia – kenofit North American, ergasiophyte, terophyte, mesoxerophyte; H. sosnowskyi
– kenofit Caucasian, ergasiophyte, terrestrial herbaceous monocarpic, mesophyte,
hemicryptophyte; R. pseudoacacia – kenofit North American, ergasiophyte, fanerophyte,
xeromesophyte; Q. rubra – North American kenophyte, ergasiophyte, fanerophyte,
xeromesophyte.
During the 4 expedition routes, the geographical coordinates of the individuals of the
species were recorded on the basis of which ecological maps of invasive plant propagation were
created using a point method using ArcGIS GIS. The total and effective density of species are
calculated by the formula: A. negundo — 0,0014 and 0.00125 individuals per 1 m2, respectively;
in A. artemisiifolia the total density is effective and is 0.00475 individuals per per 1 m2; in H.
sosnowskyi the total density is equal to the effective 0.000125 individuals per 1 m2; R.
pseudoacacia 0.000475 and 0.000325 individuals per 1 m2, respectively; in Q. rubra the total
density is equal to the effective 0.000075 per 1 m2).
Абдулоєва О.С., Карпенко Н.І. Трапляння чужинних інвазійних рослин в синтаксонах
рослинності України. Чорноморськ. бот. ж., 2009, т. 5, N2: 189-198.
Абрамова Л. М. Синантропизация растительности: закономерности и возможности
управления процессом (на примере Республики Башкортостан): дис. док. биол. наук по
ВАК РФ 03.00.05, Уфа, 2004.
Мосякін А.С. Огляд основних гіпотез інвазійності рослин // Укр. ботан. журн. - 2009. - Т.
66, № 4. - С. 466-476.
Protopopova V.V., Shevera M.V. Phytoinvasions. Analysis of the main classifications, schemes
and models. Industrial Botany, 2012; 12: 88–95.
RADOSEVICH S.R. Plant Invasions and Their Management / Invasive Plant Management:
CIPM, 2007.
Richardson D.M., Pysek P., Rejmanek M., Barbour M.G., Panetta D.D., West C.J. Naturalization
and invasion of alien plants: concepts and definitions // Diversity and distribution. – 2000. – 6.
– P. 93-107.
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