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pioghaz ycniwHo npuzHidyeae ii picm. BucHoeku: Lje docnidxeHHs deMoHcmpye me, ujo maki 3euyaliHi 080Yi sik Yubynsi MoxXxymes 6ymu Oxepesiom

namozeHHux Onsi noduHu 6akmepit. B yili po6omi mu eudinunu P.agglomerans — 6akmepito 3 poduHu Enterobacteriaceae. Bepy4u 0o yeazu me,

wo ys 6akmepis 6yna Heyymmueoro 0o desskux aHmubiomukie, ye MOXHa Po3yiHrO8amu sk MPUBOXHUU 3HaK. BukopucmaHHsi 6akmepioghazie

Mo)e eupiwumu npobnemu peaucmeHmHocmi 0o aHmubiomukie ma 3axucmy poc/iuH eid 6akmepianbHux iHgpekyil. I3onboeaHuli Hamu 3i cmiy-

Hux 800 6akmepioghae npuzHivyyeae picm P.agglomerans in vitro i io2zo Mo)xHa po3ansidamu sik cknadosy YyacmuHy ¢ha2oeux npenapamis.
Knroyoei cnoea: Pantoea agglomerans, yubyns, gpazomepanis, 6akmepioghazu.

H. KopHueHnko, acn., E. lyxHo, cTya,.,
A. XapuHa, kaHa. 6uon. Hayk, . ByasaHuBckas, a-p 6uon. Hayk
KneBckuit HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBuyeHko, Kues, YkpauHa

BbIAENIEHUE BAKTEPUODATA C J'IVITW-II;CKOVI AKTMBHOCTbIO
NPOTUB HEOABHO MOEHTU®ULIMPOBAHHOU PANTOEA AGGLOMERANS

B cnedcmeue cenbckoxo3silicmeeHHOU desimesibHOCMU YesioeeKka, MHOXecmeo ¢humonamoeeHHbIx 6akmepuli npuobpemarom Hoeble ceolicmea
u cnoco6Hocmb 8bi3bieamb 3abosiesaHus 8 op2aHU3Me XUBOMHbIX U Yesioeeka. bonee mozo, nomepsi 6akmepusiMu yyecmeumenbHOCMU K aHmMu6bu-
omukam cmaHoeumcs ece 6osnbuweli yepo3ol. Haubonee aghghekmueHbIM anilbmepHamueHbIM MemodoM obpabomku pacmeHuli siensiromcsi 6akmepu-
oghazu. Ljenbto amoli pabombi siensiemcs ebidesieHue u udeHmucgbukayusi pacmumesnbHol 3Hmepo6akmepuu u Nouck creyuguyeckux K Heli 6akme-
puoghazoe. Memodsi: 6uoxumuyeckasi udeHmudpukayusi 6akmepuu, aHanu3 Ha 4YyecmeumesibHOCMb K aHmMubuomukam ¢ NoMowbo AUCKo8, mumpo-
8aHue u HaKorn/leHue eupyca, 3/1eKmpPoHHasi MUKpockonusi. Peaynsmamsi: u3 o6pa3yoe Jsiyka ¢ cuMnmomamu 6aKkmepuo3a ebi0esiusiu HeCKOJIbKO 6ak-
meputi. OGHy u3 Hux uéeHmucpuyupoeanu kak Pantoea agglomerans. Uccnedoeanu peaucmeHmHOCMb K aHMubuomukaMm 0aHHO20 U30J1iMa, 8bisie-
JleHa cmolikocmb K yegbasieKkcuHy u HopgbriokcayuHy. 3 cmoyHbix 600 ebidesieH 6akmepuoghbaz, cneyugpudeckuli k daHHol 6akmepuu. Mopghonozus
6akmepuogbaza uccredogaHa ¢ MOMOWbIO /TIEKMPOHHOU MUKPOCKONUU, eupyc npuHadnexum k cemelicmay Myoviridae. ®umonamozeHHble ceolicm-
ea 6akmepuu u aHmubakmepuasibHa akmueHocme u3osiima 6akmepuogbaza uccnedoeaHa Ha kapmodperie in vitro. P. agglomerans npusoduna K pa3s-
sumuro 6akmepuo3a Ha cpe3ax kapmodgbesisi, a ebiOesieHHbIU 6akmepuogaz ycrnewHo uHaubupoeasn eé pocm. Bbigeodbl: 3mo uccrnedosaHue deMoOHc-
mpupyem, 4Ymo makue o6bI4Hble 080WU KaK JIYK Mo2ym 6bimb UCMOYHUKOM namozeHHbIX 011 Yesioeeka 6akmepull. B amoli pabome Mbi ebidenunu
P.agglomerans — 6akmeputo u3 cemeiicmea Enterobacteriaceae. lpuHumasi 0 eHuMaHue mo, Ymo 3ma 6akmepusi 6bi1a HedyecmeumesibHa K HEKO-
mopbIiM aHmubuomukam, 3Mo MOXXHO pacuyeHueampb Kak mMpeeoXHbIl 3HaK. Mcrionb3oeaHue 6akmepuoghazoe Moxem pewums npobrnems! pesucme-
HMHOCMU K aHmu6uomukaM U 3auumsl pacmeHuli om 6akmepuanbHbIX UHGekyuli. BbideneHHbIl HaMu U3 cmMoYHbIX 800 6akmepuoghaz yeHeman
pocm P.agglomerans in vitro u e20 MOXHO paccMampueamp Kak COCmasHyo Yacme ¢ha2oebix npenapamos.

Knroueenie cnoea: Pantoea agglomerans, nyk, gpacomepanusi, 6akmepuogbazu.
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THE EFFECTS OF MELATONIN ADMINISTRATION IN DIFFERENT TIMES OF DAY
ON THE BROWN ADIPOSE TISSUE IN RATS WITH HIGH-CALORIE DIET-INDUCED OBESITY

The aim of our study was to determine morpho-functional state (area of nucleus, brown adipocytes and also area and number
of lipid droplets in each cells, general optical density of tissue) of brown adipose tissue in rats with high-calorie (high fat) diet-
induced obesity after melatonin administration in different time of the day (morning and evening). Melatonin was administered
daily by gavage for 7 weeks in dose 30 mg/kg either 1 h after lights-on (ZT01) or 1 h before lights-off (ZT11) rats with high-calorie
diet (HCD). Besides morphometric parameters as well were measured related visceral fat weight and related brown adipose
tissue mass. Rats with HCD had huge changes in brown adipocytes morphology, which summarized in become resembles of
classical white adipocytes: grown lipid droplets and cells area, but goes down lipid droplets number and optical density of brown
adipose tissue. In general brown adipose tissue with above mentioned characteristic from HCD rats lose their ability to conduct
strongly thermoproduction function. After melatonin used in rats with HCD arise leveling of pathological changes, which
associated with consumption of HCD. Namely, in groups HCD ZT01 and HCD ZT11 we obtain decreased cells and lipid droplets
area, increased lipid droplets number and optical density of brown adipose tissue, in relation to group HCD. Therese received
changes has evidence about functionally active brown adipose tissue state, which can also dissipate of exceed energy (lipids —
triacylglycerols) amount into whole organism during heat production for avoid to its storage in white adipose tissue and in
outside adipose tissue. In addition, evening administration of melatonin (group HCD ZT11) demonstrate more activated state of
brown adipose tissueand also related visceral weight gain less, than morning(group HCD ZT01). In conclusions, melatonin
influence on morpho-functional state brown adipose tissue in rats with HCD, moreover evening administration can use for
obesity therapy via its strong action on activate brown adipocytes.

Key words: melatonin, obesity, chronotherapy, adipocytes, high-fat diet, brown adipose tissue.

Introduction. The overweight and obesity become
wide medical problem, since were shown its involvement in
development of 2 type diabetes [1]. The number of people
with overweight and obese are grown every year [2].
Potentially, this people fall into risk diabetes group [3]. The
search continues for effective and safe methods to prevent
obesity. One of way to treatment obesity is target activated
brown adipose tissue (BAT) [4, 5]. BAT through decrease
fat mass, increase glucose uptake ameliorate insulin
sensitivity and prevent 2 type diabetes development [6, 7].

Brown adipose tissue (BAT) — connecting tissue with
specific function of lipids deposition for the heat production
[8]. Since 2007 when activated BAT were open in adult
human, its presence induce a huge interest [9, 10]. Usually,
BAT activated after cold exposure or sympathetic influence

of adrenaline [11, 12]. But these methods of initiate BAT
have many side effect (for example, adrenaline on
cardiovascular systems). So, actual is finder agents to
trigger BAT without (or with minimize) side effect for
obesity improve [13, 14]. One of the potentiate candidate
can be melatonin.

Melatonin — pineal gland hormone, which regulate
circadian systems of organism in accordance to
environmental changes [15], which control metabolism
(blood pressure, blood glucose, body temperature,
energy production) [16], seasonal reproduction [17],
immune response [18] and aging [19, 20]. During obesity
development was shown desynchronize some functions,
while melatonin may act as orchestrating regulator
molecule [21, 22].
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In the other hand was demonstrate presence of
melatonin receptor on brown adipocytes [23, 24]. Melatonin
provoke in brown adipocytes expression of uncoupling
proteins UCP1 in mitochondria [25] and induction
thermogenesis [26, 27]. Thus effect may be beneficial for
obesity therapy [28]. Now grow intensify studying about
chronotherapy uses for cure most of illness, including
obesity [29, 30]. It is need more dedicated study of
chronopharmacological agents, including melatonin, in the
treatment of metabolic diseases [31].

Materials and methods. White nonlinear male rats
weighing 100-120 g were used in this study. The light cycle
was 12-h light and 12-h darkness, with lights-off at 19:00 h.
All experiments on animals were carried out in compliance
with the international principles of the European
Convention for the Protection of Vertebrate Animals used
for experimental and other scientific purposes (European
Convention, Strasburg, 1986), Article 26 of the Law of
Ukraine "On the Protection of Animals from Cruelty" (No.
3447-1V, February 21, 2006) as well as all norms of
bioethics and biological safety.

During the first week, all animals received standard
rodent chow. On the 8™ day, the animals were randomized
into 2 groups: control animals received standard chow
(3,81 kcal/g) for 10 weeks and experimental rats received
high-calorie diet (5,35 kcal/g) consisting of standard chow
(60 %), lard (10 %), eggs (10 %), sugar (9 %), peanut
(5 %), dry milk (5 %) and vegetable oil (1 %) [32]. Food and
water were available ad libitum. To confirm the
development of obesity the animals were weighed one
times a week until the average body gain reached a
significant difference of at least 30 % between the two
groups and the respective animals were classified as
having the normal body mass (Control) and those with
development of obesity (HCD). Rats of HCD groups were
divided into tree subgroups: one subgroup received no MT,
animals of the second and third subgroups obtained
different modes of MT administrations — single peroral by
gavage introductions, 1 h after light switching on (group
HCD ZT01) and 1 h before light switching off (group HCD
ZT11) (modes "morning" and "evening", respectively).
Thus, the experimental subgroups are indicated below as
normal body mass (control), HCD, HCD ZT01, HCD ZT11.

Melatonin (Alcon Biosciences, USA) was administered
daily by gavage for 7 wk (30 mg/kg) either 1 h after lights-
on (Zeitgeber time (ZT) 01) or 1 h before lights-off (ZT11).
Melatonin treatment was began at 6th week of study after
obesity is developed.

Food and water consumption were measured daily at
the same time (09:00 to 10:00 h) and body weights were
determined once a week. Body weight gain, relative
daily food (kcal/day/g body weight) and relative daily
water consumption (ml/day/g body weight) was
determined for each rat.

On the last day of the experiment, the animals were
decapitated, and then the brown adipose tissue was
isolated from the interscapular region and weighed for the
calculation of the relative mass. Also the visceral
(epididymal, retroperitoneal, mesenteric, perirenal) fat pads
were dissected and immediately weighed.

Histological examination was performed to characterize
the morphology and functional status of brown adipose
tissue. Fragments of brown adipose tissue in the size of
1x1 cm were fixed in 4 % of paraformaldehyde in 0.1 M
phosphate buffer for 72h, after which they were
dehydrated and embedded into paraffin according to a
standard procedure. From the paraffin blocks, 5 pum
sections were performed and stained with Bemer's
hematoxylin and eosin. Further examination of sections
was performed using a light microscope BX41 (Olympus,
Japan). Microphotographs were taken using the DP20
(Olympus, Japan) digital camera and the QuickPHOTO
MICRO software (Promicra, Czech Republic).

The cross-sectional area of the nucleus, cells and lipid
droplets, nuclear-cytoplasmic ratio (NCR), the number of
lipid inclusions per one cell and the optical density of the
tissue were used as criteria for assessing the morphology
and functional status of brown adipocytes. All parameters
were measured using the Imaged software (National
Institutes of Heath, USA).

Statistical data analysis was performed using the
Statistica 6.0 (Stat-Soft, USA) and Microsoft Excel 2010
software (Microsoft, USA). The distribution of values was
estimated using Shapiro-Wilk W-test. Since the deviation
of these values distribution of from the normality was
minor, to evaluate the differences between the values we
used Student's t-test. The differences with probability of
the null hypothesis p < 0.05 were considered significant.
The obtained results are presented as the
mean * standard error of mean.

Results and discussion. In control group (Fig. 1 A)
brown adipocytes have polygonal cell morphology with
round-shaped central-located nucleus. In cytoplasm
accommodate a few amount droplets of lipid (Fig. 1,
asterisk), which did not stain with water-soluble dyes, thats
why they look like white bubble. Another part of cytoplasm,
which contain a large number of mitochondria, show
eosinophilic properties. After consumption HCD (Fig. 1 B)
brown adipocytes become resembles morphology of white
adipocytes: round cells with peripheral-located oval
nucleus, because practically unilocular lipid droplet occupy
almost all space of cytoplasm. Described changes indicate
about decrease of brown adipocytes functional activity [33,
34]. If melatonin used at morning time of day (group HCD
ZT01, Fig.1C), adipocytes represent improvement,
although the shape of cells remain circularized, nucleus
become at the centre of cell and accordingly lipid droplets
size goes down, also their number rise. But, melatonin
administration at the evening time of day (group HCD
ZTO01, Fig. 1 D) give a more stronger effect: adipocytes in
line with control have polygonal cell morphology and
round central nucleus (characteristics, which completely
reverse manifestation of obesity-associated phenotype of
brown adipocyte), they demonstrate maintain multilocular
little lipid droplets. Thats changes have marked
pronounced functional activation of brown adipocytes
thermogenesis [35].
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Fig. 1. Microphotographs of rats’ brown adipose tissue sections:
A — control group, B — HCD group, C — group HCD ZT01, D — group HCD ZT11;
hematoxylin-eosin staining; oc. x10, ob. x100. Notes: * — lipid droplets

In HCD group the area of brown adipocytes (Fig. 2)
was increase by 30 %, but in case melatonin administration
this parameter decrease in group HCD ZT01 by 16 % and
in group HCD ZT11 by 50 % (compare to control). In turn in
rely to HCD group melatonin provoke significant reduction
in group HCD ZT01 by 35 % and in group HCD ZT11 by
60 %. Besides, was difference between HCD ZT01 and
HCD ZT11 groups by 40 %. It can be explain by changing
their function during obesity development — to deposit
exceed lipids, that why they have rise in size in HCD group
and become as white adipocytes [36]. In continuation of
this pathologic changes under diet-induced obesity (group
HCD) adipocytes undergo to magnification area of lipid
droplets by 44 %, and melatonin application decline its by
28 % in HCD ZT01 and by 61 % in HCD ZT11 both in
relation to control level; that is in compare to HCD group by
50 % and 73 % in HCD ZT01 and HCD ZT11, respectively,
(also have fixed significant difference between morning and
evening administration by 47 %). Obtained data
demonstrate starting lipolysis process after melatonin
application, moreover most effectively it manifested in HCD
ZT11 group, which can be connected with targeting REV-
ERB nuclear receptor by melatonin [37] (which involve in
regulate circadian rhythm expression of a key lipolysis
enzymes in adipocytes [38]), through its more sensing
because REV-ERB mRNA high level in brown adipocytes
is fixed at the beginning of night [39].

In the other hand, the number of lipid droplets did not
change during obesity development. Intriguing, that in
group HCD ZT11 (evening melatonin administration) lipid

droplets amount rise in relation to control by 16 % and in
compare with HCD by 22 %. Similar results were obtained
after melatonin uses in rats with standard diet [40]. This
effect connected with activation of melatonin receptor in
brown adipocytes and enhance lipolysis, as well as UCP1
producing [41, 42]. Also was shown that increase lipid
droplets number and decrease their area are testify about
strong activity of cells in heat production [43].

At standard histological tissue processing, lipids, which
are deposited in the adipocytes in the form of inclusions,
are washed out during the dehydration of the tissue.
Therefore, the places of their localization in the cytoplasm
of the cell after staining with eosin remain uncoloured. At a
smaller magnification of the lens, it is possible to estimate
the overall brightness, which depends directly on the
amount of lipids in the tissue — optical density of brown
adipose tissue. As HCD group consume high-calorie diet
and consequently has enriched of lipid adipocytes, tissue
shown less optical density by 34 % in relation on control.
After melatonin induction the optical density reverse to
level of control and, respectively, grow by 45 % in HCD
ZT01 and by 46 % in HCD ZT11 without no significant
difference  between group with  morning/evening
administration melatonin. Thats data suggest about
decrease lipid content in brown adipocytes and also
increased eosinophilic part of cytoplasm. Its can be in
relation with mitochondria amount grown, because
melatonin influence on mitochondria metabolism due to
localization on mitochondria membrane melatonin
receptors MT1 and MT2 [44, 45].
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Fig. 2. The morphometric analysis data of rats' brown adipose tissue.
Notes: * — a significant difference between the control and experimental groups, p < 0.05;
# — a significant difference between the HCD and experimental groups, p < 0.05;
&— a significant difference between the groups HCD ZT01 and HCD ZT11, p < 0.05

In general, melatonin administration influence on fat

adipocytes.The literature data is contradictory about

deposition and body weight (Table 1) [46, 47]. There no
significant difference change in related brown adipose
tissue mass, which can be explain functional rebuilding of
tissue: in HCD lipid droplets content amplify, while in HCD
ZT01 and HCD ZT11 enlarged respectively cell's number,
which connected with enhance functional activity

change brown adipose tissue mass after melatonin
intervention: some shown itsincreased activity and volume
grown [48, 49], other — decreased mass, but rise of activity
too [50]. Presented different data can be depend on
various dose, route and time of melatonin administration.

Table 1. General characteristics of changes in mass of brown adipose tissue,
visceral adipose tissue and food intake

Control HCD HCD ZT01 HCD ZT11
Related visceral adipose tissue mass (%) 1,78 £0,03 2,93 £0,31* 2,11+0,14 ** 1,79 £0,18 #&
Related brown adipose tissue mass (%) 0,68 + 0,05 0,73 +0,03 0,71 +0,04 0,77 £ 0,04
Relative daily food consumption (kcal/day/g body weight) 0,25 + 0,02 0,34 + 0,02* 0,33 + 0,02* 0,35 + 0,04*
Relative daily water consumption (ml/day) 39+0,75 32+0,43* 30 +0,59* 33 +0,69*

Notes: Data are presented as the M +SEM; * p<0.05 compared with control value; # p< 0.05 compared HCD with experimental groups;

&p< 0.05 compared HCD ZT01 with HCD ZT11.

During consumption of HCD the related visceral
adipose tissue weight significant grow in compare with
control by 65 %, that is confirm developed obesity. Morning
melatonin introduction lower related visceral adipose tissue
weight by 28 % in compare with HCD group, and by 18,5 %
in compare with control. Thus, in HCD ZT01 group related
visceral adipose tissue mass has intermediate place: its
significant differ both from control and HCD group. Evening
melatonin administration reduce related visceral adipose
tissue weight by 39 % in rely to HCD and reach control
value. Shown changes occur without any alterations in food
and water consumption.

Conclusions. High-calorie diet change morpho-
functional state brown adipocytes, closer their phenotype to

white adipocytes. Melatonin treatment improve brown
adipose tissue state (adipocyte size and lipid contain) in
rats with diet-induced obesity, moreover after evening
administration brown adipocyte activity increased in obese
rats even in comparison with non-obese. Also activated
brown adipose tissue may be one of the way to spread
excess lipids, since related visceral adipose tissue mass
decrease without reduction food and water consumption.
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0. Kanmukosa, acn., M. [13epXX1MHCbKUI, A-p Gion. Hayk
KuiBcbkuit HauioHanbHUM yHiBepcuteT iMmeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

BNNYB BBEAEHHSA MENATOHIHY B PI3HUNA YAC OBU
HA BYPY XXUPOBY TKAHUHY LLYPIB I3 BACOKOKAITOPIMHUM OXWUPIHHAM

Memoto Hawoeo docnidxeHHs1 6yno euzHa4yeHHs1 MOPgoyHKYiOHanIbLHO20 cmaHy (nnowji ssidpa, 6ypux adunoyumie, naowi i Kinbkocmi ninio-
HUX 8KJIFOYEHb Y KOXHIll KNimuHi, 3a2asibHOI onMUuUYHOI WinlbHOCMi mKkaHuUHU) 6ypoi XUpPoeoi MKaHUHU y wypie 3 iHOykoeaHO Oiemoro (8UCOKOKa-
JI0PIliHOI) OXKUPIHHAM Micrisi eeGeHHs1 MeslamoHiHy e pi3Huli Yyac dobu (epaHui i eseyepi). MenamoHiH eeodunu wW0deHHO nepopasbHO 3a dormo-
Mo20t0 30HOa npomsicoMm 7 muxHie y 003i 30 ma/k2 ab6o 3a 1 200 nicns eknroveHHs1 (ZT01), abo 3a 1 200 neped 8UMKHEHHsIM ceimna (ZT11) wypam 3
sucokokasopitinoto diemoro (BK/]). Okpim Mopghomempu4HUX napaMmempie makox eumiproeasu eiOHOCHy macy eicyepanbHoi 6inoi i 6ypor xupoeoi
mkaHuHu. Y wypie 3 BK[] 3HaliOeHi 3Ha4Hi 3MiHU 8 Mopdbosioeii 6ypux adunoyumis, siki 3a2afnomM Habnuxyrombscsi o Mmopghonoeii knacu4yHux 6inux
adunoyumie: 3pocmae nouwa niniGHUX eKMOYeHb i KNimuH, npome €idnoeiOHO 3HWXYEMbCS KinbKicmb J1iniOHUX 6K/I0OYeHb Ma onMuYHa Winb-
Hicmb 6ypoi )xupoeoi mkaHuHu. Taki MopghomMempuyHi 3miHuU 6ypoi )upoeoi mkaHuHa y wypie BK[] ceid4yamb npo 3HWxeHHs1 if 30amHocmi do me-
nnonpodykuyii. lMicns eeedeHHs1 menamoHiHy wypam 3 BK[] cnocmepicaembcsi HigenroeaHHs1 namoJsio2iyHuUX 3MiH y 6ypili Xupoeiili mKkaHuHi, siKi
noe'sizaHi 3 cnoxueanHsm BKL]. Y epynax BK[ ZT01 i BK] ZT11 noka3aHO 3MeHWeHHs1 niow,i KimuH i ninioux eknro4eHb, a Makox 36inbweHHs
Kinbkocmi niniOHUX eK/Mt0OYeHb Ma onMu4HoOI winbHocmi 6ypoi )upoeoi mkaHuHU wodo 2pynu BK[]. OmpumaHi 3miHU ceid4amb npo ¢hyHKYioHa-
JIbHO aKmueHuli cmaH 6ypof Xupoeoi MKaHUHU, siKa, y C8OI0 Yepay, MOXe npayroeamu Ha po3citoeaHHs Hadnuwkoeoi eHepeil (y auansdi ninidie —
mpuayunaniyepudie) dnsi mennonpodykyii, e0o0HoYac yHukKkaro4u ii HaOMipHo20 3anacaHHs 8 6inili xupoegili mkaHuUHi ma no3a Hero (8 iHwux opaa-
Hax). BeyipHe esedeHHs1 MennamoHiHy (epyna BKL ZT11) demoHcmpye 6inbw eupaxeHuli cmaH akmueayii 6ypoi )Xupoeoi mKaHUHU ma 3HU)XeHHs
8iGHOCHOI Macu sicyepasibHOI Xupoeoi mKaHUHU MOPi8HSIHO 3 paHKoeUMU eeedeHHsIMU (2pyna HCDZTO01). Omie, MenniamoHiH 3MiHrO€e MOPghoghyH-
KyioHanbHUl cmaH 6ypoi )xupoeoi mkaHuUHuU y wypie 3 BK[], npu4yomy, eeyipHe esedeHHs MO)xe 3acmocoeyeamucsi O5s1 mepanii OXupiHHs Yyepe3
lio2o cunbHy dito Ha akmueauyjito 6ypux adunoyumie (Ha 8iOMiHy eid paHK08020).

Knroyoei cnoea: MmenamoHiH, oXXupiHHsI, xpoHomeparnisi, adunoyumu, eucokokasiopiliHa diema, 6ypa )xupoea mKkaHuUHa.

0. KanmbikoBa, acn., H. [i3epXuHCKuUiA, A-p 6mon. Hayk
KneBckuit HaumoHanbHbIW yHUBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpauHa

BNUAHUE BBEOEHUA MENATOHUHA B PASHOE BPEMSA CYTOK
HA BYPOIO XXMPOBYIO TKAHb KPbIC C BbICOKOKANOPUNHbLIM OXXUPEHUEM

Lenb Hawezo uccnedoeaHusi — onpedesieHue MOpPghopyHKYUOHaNIbHO20 cocmosiHus (nnouwjadu sidpa, 6ypbix adunoyumos, a makxe nioujadu
U Kosudecmea SunudHbIX 8KM0YeHUl 8 Kaxkdol kremke, obujeli onmuyeckol MIomHocmu mkaHu) 6ypol )Xupoeol mKaHU y KpbIC C UHOyyupo-
8aHHbIM Auemoli (8 bICOKOKa/nopuliHOL) OXXupeHueM rnocsie eeedeHuUsl Me/lamoHUHa 8 pa3Hoe epeMsi cymok (ympom u eeyepom). MenamoHuH eeo-
ounu exed0He8HO MepopasibHO C NomMouibto0 30H0a 8 meveHue 7 Hedeslb 8 do3e 30 m2/ke unu 3a 1 4 nocne ekmoYyeHusi (ZT01) unu 3a 1 4 neped
eblK/Ir0o4YeHuUeM ceema (ZT11) kpbicam ¢ ebicokokanopuliHoii duemoii (BK/]). Kpome Mopghomempuyeckux napamMempoe makxe usMepsisziu OmHoOCuU-
menbHyto maccy 6esnol eucyepanbHol u 6ypoli xupoeoli mkaHu. Y kpbic ¢ BK[] HalideHbl 3Ha4umesnbHble u3MeHeHus1 8 Mopghosioauu 6ypbix adu-
noyumos, Komopsbie 8 yesioM npubnuxaromcsi K Mopghosio2uu Knaccudeckux 6enbix adunoyumos: pacmem naowadb NUNUOHbLIX 8KTOYEHUU U
KJ1emok, 0OHaKoO CHUXaemcsl KOJlu4ecmeo JIUNUOHbIX 8K/TII0OYeHUl U onmu4eckasi m1omHocms 6ypol xupoeoli mkaHu. Takue Mopghomempuveckue
usmMeHeHusi 6ypol xupoeoli mkaHu y kpbic BK[] ceudemenbcmeytom o cHuxxeHuu ee cnocobHocmu k mennonpodykyuu. llocne esedeHusi mena-
moHuHa Kpbicam ¢ BK/[] Habnrodaemcs HueenuposaHue namoJsio2u4ecKux UsMeHeHuli 8 6ypoli )xupoeoli mKaHu, Komopble cesi3aHbl ¢ nompebre-
Huem BK[]. B epynnax BK[] ZT01 u BK] ZT11 noka3aHo yMeHbweHue niaow,adu K/1emokK u nunudbix 8KI0YeHUl, a makKxe yeesiuyeHue ux Konudec-
mea (nunudHbix eKmoYeHull) u onmuyeckoli nnomHocmu 6ypol xupoeoli mKkaHu, kacamesnbHO 2pynnbi BK[. [Mony4yeHHble usmeHeHuUsi ceudeme-
nbcmeyrom o ¢hyHKUUOHaIbHO aKmMU8HOM COCMOsIHUU 6Gypoli xupoeoli mKaHu, Komopasi, 8 ceolo o4yepedb, Moxem pabomamb Ha pacceusaHue
u36bImoY4Hol 3Hepauu (8 eude mpuayunanuyepudos) Ans1 menaonpolyKyuuU, 8 mo xe epemsi, uzbezasi Ype3mepHoO20 3anacaHusi nunudoe e 6enol
JKupoeoli mKaHuU u eHe ee (8 dpyaux op2aHax). BedyepHee esedeHue menamoHuHa (epynna BKL ZT11) demoHcmpupyem 6osiee ebipaxeHHOe coc-
mosiHue akmusayuu 6ypol upoeoll MKaHU U CHUXeHUe omHocumesibHol Macchl 8ucyepasibHOU XXUpoeol MKaHU 0 CPa8HEHUI0 C ympPeHHUMU
npuemamu (2pynna HCD ZT01). Umak, MelamoHUH enusiem u usmeHsiem Mopgho-gyHKYUOHanbHOoe cocmosiHue 6ypoll )Xupoeoli mKaHuU Yy KpbIC C
BK[], npuyem, seyepHee ssedeHue Moxem nMpPUMeHsIMbCsi OIS mepanuu OXUPEeHUs U3-3a e20 CUNlbHO20 8o3delicmeusi Ha akmusayuro 6ypbix adu-
noyumoe (8 omnu4ue om ympeHHez20).

Knroyeenbie crnoea: menamoHuH, oxupeHue, XxpoHomepanus, adunoyumal, 8bICOKOKasnopuliHas duema, 6ypasi uposasi mKaHb.
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C. PomaHuyk, Mor. HayK. cniBpoO.
IHcTUTYT 60TaHikM imeHi M.I". XonogHoro HAH YkpaiHnu, KuiB, YkpaiHa

YNbTPACTPYKTYPA EP-THIELLb Y CTATOLIMTAX I KNITUHAX OUCTAJIbHOI 30HU PO3TArY
KOPEHEBUX ANEKCIB ARABIDOPSIS THALIANA (L.) HEYNH. NI AI€0 X-ONMPOMIHEHHSA

Ceped eudie pocnuH, ki suKopucmoeyeasnucb 8 KOCMi4HUX i HA3eMHUX eKcrepuMeHmax, Halbinbw cmilikumu Ao padiayil-
HO20 eUNPOMiHIO8aHHSsI 88a)xalombCsl NpedcmaeHUKU poOuHu Brassicaceae. lNepedbayaembcsi, wjo ER-minbus, siki € noxiOHuUmu
2paHynsipHo20 eHOAoM/Ia3MamuyHo20 pemukysiyMa i ceslekKmueHoO Hakonuyyroms ¢hepmenm B-a2nroko3udasy (PYK 10), eionosi-
daromb 3a yro cmilikicmb. Mema docnidxeHHs1 — eue4umu yibmpacmpyKkmypy cmamouyumie i KnimuH ducmasibHOl 30HU po3msi-
2y KopeHeeux anekcie npopocmkie A.thaliana e koHmposi ma nio dieto X-onpomiHeHHs1, 38axaro4u Ha monozpagiro 2paHysnsip-
Ho20 eHdoMa3MamuyHo20 pemukynyma ma EP-mineyb. [Ipopocmku supoujy8anu Ha XUeusbHOMY azapu308aHOMy cepedogu-
wji. OnpomiHeHHs1 nNpopocmkie 30ilicHIo8aNu peHMaeHieCbKUMU rpoMeHsIMuU Ha npunadi PYM-17 (Pocis) (nomyxHicmb do3u
0,43 clp/c) y do3ax 0,5 'p, 1 'p, 2 'p, 4 I'p, 6 'p, 8 I'p, 10 'p ma 12 'p. Anekcu KopeHie chikcysanu 8 cymiwi cMOJ ernoH-
apandum. YnbmpamoHki no3008xHi 3pi3u docnidxyeanu Ha mpaHcmiciliHoMy esiekmpoHHoMy mikpockoni JEM-1230 EX (Jeol,
SnoHis). [MokazaHo Nodi6Hicmb 0o KOHMPoOJto U 8iOMIHHICMb yNbMpacmpyKkmypu cmamouyumie i kKnimuH oucmasnbHOi 30HU po-
3msi2y kopeHeeux anekcie npopocmkie A.thaliana npu dii X-onpomiHeHHs1. BcmaHoeneHo 36inbuweHHs1 Kinbkocmi npogpinel epa-
HyJIsIpHO20 eHJomn1a3Mamu4Ho20 PemukKyJlyma ma 3a2asibHoi ninowi EP-mineysb Ha 3pi3 knimuHu yepe3 2 200 i Yepe3 10 9i6 nic-
151 X-onpoMiHeHHs1 6inbw HiX y 2 pa3u w000 koHmMpoJto. BusieneHo eapiabenbHicmb EP-mineys 3a ¢popmoro i po3mipamu, wo
3anexana eid do3u peHmeaeHiecbKUX NpPoMeHie. Xapakmep makux nepebydoe y KiimuHi Mo)e ceidyumu npo neeHi aMiHU Mema-
6oni3my, wo 30ilicHroombcsi 8 diana3oHi izionoziyHoi eidnoeidi knimuHu. Ynepwe eueyeHo ennue X-onpomMiHeHHs1 Ha OuHami-
Ky ymeopeHHsi EP-mineyb, noxiOHUx epaHynspHo2o eHAoMm/1asMamu4yHo20 pemukKysayma, y cmamoyumax ma kKjaimuHax oucma-
JIbHOI 30HU po3msicy KopeHeesux arnekcie npopocmkie A.thaliana. 36inbweHHsi 06¢csicy EP-mineyb, siki micmamb ¢ghepmenm f3-
amoko3udasy (PYK 10), po3ensdaembcsi sk adanmueHa peakuyisi KnimuHu Ha 0diro ioHi3yro4oi padiayii.

Knro4yoei cnoea: EP-minbys, epaHynsapHulli eHdonnasmamuyHull pemukynym, yibmpacmpyKkmypa, eJIeKmpoHHa MiKpocKornis,
X-onpowmiHeHHs1, Arabidopsis thaliana.

Bectyn. PocnuHu BUCTYNaoTb rONIOBHUM KOMMNOHEHTOM NigXeHHs1 BMAUBY Ha POCIMHW ABOX OCHOBHMX (baKTopiB
aBTOTPOhHOI NaHku BiopereHepaTMBHUX CUCTEM XUTTE3a- KOCMIYHOro MonboTy — MiKporpasiTauii Ta ioHi3yro4oi pagi-
6e3neyveHHsT KOCMOHaBTIB [22], TOMY akTyanbHUMW € [OocC- auii. bionoriyHi edekT BNAMBY KOCMIYHOI pagiauii Ha picT

© PomaHnuyk C., 2019



