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cnemianbHicTIO 091 — Bionoris. — YepHiBeupkuil HallIOHATbHUI YHIBEPCUTET IMEHI1
Opisa ®enpkoBrnua MOH VYkpainu, Yepnisii, 2024 pix

Jucepraliiss mpUCBAYEHA AOCIIKEHHIO BIUIMBY HIATOAIBIL Ta TeMIlEpaTypu
yTpUMaHHs Ha METa0OJIIYH1 MOKa3HUKHU CTPECy y OJIKOJIM MEJOHOCHOI.

Y Bcmyni BUCBITIIEHI 3arajbHl XapaKTepUCTUKH POOOTH, MeTa, MOCTaBIIEHI
3aBllaHHS, AKTyallbHICTh BHUKOHAHOTO JOCIIUKCHHS, HOro 00’€KT Ta MpeaMer.
Bkazano ocoOuctuii BHECOK 3100yBava y poOOTy Ta Marepianu, Kl 3aCBIAYYIOThH
ampoOaIlito OTpUMaHUX PE3yJIbTaTiB. 3aKIHUYEThCS 1IEW PO3LT BIIOMOCTSAMH TIPO
KUTBKICTh OITyOJIIKOBAaHHWX HAyKOBUX TMpallb 32 TEMATHUKOIO JOCIIIKEHb Ta 3B S30K
TEMH JIMCepTallii 3 HAYKOBOIO TEMATUKOIO Kadenpu.

Ilepwuii po30in TMPUCBAYEHUN OIJISIAY HAYKOBOI JIITEpaTypu 3a TEMATHUKOIO
poboru. Tyt ommcaHo cTpecoBi (akTopu pi3HOI NPHUPOSH, SIKI BIUIMBAIOTH Ha
MEJOHOCHUX OJUKUI, BHJIUIEHO OCHOBHI CTPECOpH, SKI MOXYTh HETaTUBHO
NO3HAYATHCh HAa BWXKMBAHOCTI IMX KoMax. OMNUCaHO TaKoXX TeMIepaTypHUM Ta
OKCHJIATUBHUHN CTpec Ta iX BIUIMB Ha 010XIMIYHI MPOIIECH B OpraHi3Mi MEIOHOCHOI]
O0mxomu. 3i0paHo iHGOpMAIiI0 MPO MEXaHI3MHU BIAMOBIAlI HAa TEMIEPAaTypHHUHM Ta
OKCHJIATUBHUH CTpeC, 30KpeMa Ipo pepMeHTH, 3aisH1 Y CTPECOBIM BiAMOBIII. Takox
e po3aur MICTUTh iHQoOpMaIito 3 JTEpaTypHUX JDKEpesl PO KOMIIOHEHTH
MPUPOAHOTO XapuyBaHHS OJKLT Ta PI3SHOMAHITHI IITYYHI JII€TH, SIKI 3aCTOCOBYIOTHCS
JUIS TATPUMAHHS JKUATTA OJDKOJMHMX KOJIOHIM 3a Jii HECHPHUATIUBHX (PakTopiB
TOBKULISL. 3 aHami3y 310paHoi JitepaTypu 3po0JieHO BHCHOBOK, IO BIUTMB JIET Ha
BIDKMBAHICTH Ta 010XiMiuHI Mapkepu (i310JIOTTYHOTO CTaHy MEIOHOCHOI OJKOIH 3a
PI3HUX TEMIEPATYPHUX PEKUMIB YTPUMAHHS BCE M€ 3aJUIIAIOTHCS HEJOCTATHHO

BHUBYCHHNMM.



3 orisAy Ha BWINE CKa3aHe, Memolo JAHOTO TUCEPTAIIHHOTO MOCHiIKEHHS
OyJ0 OLIIHUTU BUKMBAHICTH/CMEPTHICTh POOOYUX OJKUI, 3MIHM OlOMapKepiB
CTpecy Ta MexaHi3mu 3axucHoi Bignosini y Apis mellifera npu cnoxuBanHi pi3HEX
TET.

Jlist nocsirHeHHsT MeTH OyJM MOCTaBJIEH1 HACTYIHI 3A80aHHSL.

1. BusHauuTH BIUIMB JIITHBOI MIATOAIBII PI3HUMHU BapiaHTaMU BYTJIEBOIHOT
JIETM Ha AaKTUBHICTh AHTHUOKCUAAHTHUX (EPMEHTIB B YMOBAaxX IOJIbOBOTO
EKCIICPUMEHTY.

2. OUiHUTH BILUIMB MiATOIBII MUJIKOM, MIEPror0 Ta CYMIIIIITI0 aMIHOKHCIIOT Ha
BIDKHMBAHICTE/CMEPTHICTh poOOYMX OK1T Ta OloMapkepu CTpecy B yMOBax
71a060paTOPHOTO EKCTICPUMEHTY.

3. Po3poOutu opuriHadbHUN AHM3alH EKCIIEPUMEHTY, AKUN 3a0e3neuye B
naboparopii 6JU3bKi 10 MPUPOAHIX YMOBH ICHYBaHHS OJI>)KOJIM MEJIOHOCHOI Ta Ja€e
MOJKJIUBICTh KOHTPOJIIOBATH CKJIaJ] Ta KUIBKICTh CIIOXHTOI 1Ki Ta TeMIEepaTypy
yTPUMaHHS.

4. TlpoanaiizyBaTu BIUIMB BYTJIEBOJHUX JI€T HA 010XIMIUYHI MapKepu CTpecy
3a PI3HUX TEMIIepaTyp YTPUMaHHsS OJKOJIM MEJOHOCHOI B yMOBax J1ab0paTopHOTro
EKCIIEPUMEHTY.

06’exkm OocnioxceHHss — MEXaHI3MH TPUCTOCOBAHOCTI OKLT 70 yMOB
JTOBKJLJIA.

Ilpeomem Oocniosxcenns — mMeTaboIi3M OKOJIM MEAOHOCHOI 3a i Pi3HHX
TEMIIEPATYPHUX PEKHUMIB Ta XapUOBHUX JII€T.

Memoou Oocniddicennss — Tl 9ac BUKOHAHHS JUCEpTAIiiHOiI poboTH Oynu
BUKOPHUCTaHI JIaOOpaTOpHI METOJIU NOCTIIKEHb, 10 omucaHl B Pozoini 2. llei
pPO3AIT TPHUCBIYCHO OMHCY JAW3alHY EKCIIEPUMEHTY, a TaKOXX MaTepialliB Ta
METOMIB  JOCHIDKEHHS. 30KpeMa, TPEJICTAaBICHO METOJAWKHA BU3HAYCHHS
aKTUBHOCTI  (hepMeHTIB  (CyNMepOKCHIAMUCMYTa3W, Karajasud, TIIYyTaTIOH-S-
Tpancepasu) Ta OIOXIMIYHMX  TIOKa3HHKIB, SKi  BiIOOpakarTh CTaH

He(hepMEHTATUBHOI JIaHKU 3axXUCTy opraHizmy (BmicT TBK-akTHBHHUX TpPOAYKTIB,



TIOJIOBUX TpyH Ta KapOOHUIbHMX MOX1IHUX OUIKiB). HaBeaeHo indopmanito mpo
CTaTUCTUYHY OOpPOOKY OTPUMAHMX PE3YJIbTATIB.

Po30in 3 MICTUTh pe3ylbTaTH JUCEPTALIINHOrO JOCHIKEHHS, HAyKOBY
HOBH3HY SKHX PO3KPUBAIOTh HACTYIHI MTOJTOXKEHHS:

1. Bnepiie BCTaHOBIEHO, IO B YMOBax MOJIbOBOT'O EKCHEPUMEHTY JIITHS
MIJATOIIBIS MEIOHOCHUX OJDKUT caxapo30l0 BUKIMKAIa 3pOCTAaHHS, a MIATOIBIIS
(GpPYKTO3010 Ta TIIIOKO3010 - 3HIKEHHST aKTUBHOCTI KaTajasu.

2. Y MeAOHOCHUX OJKUI IHTEHCUBHICTh MEPEKUCHOTO OKHUCICHHS JIMiJIIB Y
BCIX YaCTHMHAX TUIa € HUXYOK MPOTArOM 3UMIBII 3a Temneparypu 5 °C, Hixk 3a
14 °C. Ilpu upomy 3a temmepatypu 5 °C BinOyBaeTbCs 3pOCTaHHS AKTUBHOCTI
KaTala3¥ y TKaHMHaX TpyeH.

3. Po3pobnieHo opuriHaIBHUNA AW3aiiH EKCIEPUMEHTY, SKHi 3a0e3redye
OJIM3bK1 0 TPUPOTHUX YMOBU ICHYBAaHHS OJ[KOJIM MEIOHOCHOI 3a JaOOpaTOpHUX
YMOB Ta Ja€ MOJIMBICTh KOHTPOJIOBATH TEMIIEpAaTypy YTPHUMAaHHS Ta CKIaj i
KUTBKICTh CIIOKUTOT 1XKI.

4. Tloka3aHo, IO CMOKWBAHHS THJIKY BepOH, ab0 mepru BepOW Ta pimaxky
3MEHIIYBaJO CMEPTHICTh POOOYMX OJKUT Ta CYNPOBOIKYBAJIOCH 3POCTAHHSM
aKTUBHOCTI KaTajnaszu, BMICTy TBK-akTMBHMX MpoOAyKTiB Ta KapOOHUIBHUX TPy
OUIKIB B yMOBax JJaOOPaTOPHOT'O €KCIIEPUMEHTY.

5. TlpogeMOHCTpOBaHO, IO JOCTIIKEHI BYIJEBOJHI JIETH IO-PI3HOMY
BIUTMBAIOTh HA CMEPTHICTh OJ[K1I 32 PI3HUX Temmeparyp yrpumanHsi. CroKuBaHHS
bpykTo3n abo caxapo3u IMiABHINYBalIO, a TJIOKO3U - 3HWKYBAJO BIXKMBAHICTh
pobounx Omxkin 3a 28 °C; mpu Temmeparypi yrpumanus 14 °C HaliMeHma
CMEPTHICTH CTIOCTEpIragach MpHu CIOKUBAHHI PPYKTO3H.

6. OxapakTepu30BaHO BIUIUB BYIJICBOJAHHMX JIET Ha O10XIMIUYHI MapKepH
CTpecy 3a pI3HUX TemIepaTyp YTpUMaHHS OJKOIM MEIOHOCHOI B yMOBax
7a00paTOPHOTO EKCIEPUMEHTY. 30KpeMa IOKa3aHO, IO CIOKMBAaHHS TIIIOKO3U
BUKJIMKAJIO 3MEHIIEHHS, a (PpyKTo3u abo caxapo3u - 30UIBLICHHS NEPEKHCHOIO

OKHCJIEHHS JIITI/IIB.



7. BctanoBneHo, 110 30UIBIIEHHS BH)XMBAHOCTI poOouyux OJKIT 3a
CMOKMBAHHS TIEBHUX JIET MOXXE OYTH MOB’S3aHO 31 3POCTaHHSIM MEPEKHUCHOTO
OKHCJICHHS JIIMI1IB Ta KapOOHMIIOBaHHS OUIKIB .

B X071 mpakTUYHOTO OMNpalioBaHHS METOJIB Ta MIAXOAIB 37100yBaueM Oyiio
OTPUMAaHO  TMAaTeHTH  HAa  KOPUCHY  MOJEIb  HHU3BKOTEMIEPAaTypHOTO
MpenapyBajbHOrO CTOJUKA Ta KIITKHU JUJIS TPUBAJIUX JOCIIIKEHb KiacTepy OJK1I
B JJa0OpaTOPHUX YMOBAX.

OTpumaHi pe3yJbTaTH JIabOpaTOPHUX JOCTIIKEHb MOXKYTh OYTH BUKOPUCTAHI
AK MPaKTUYHI PeKOMEHJAlli /Il BeIeHHS O/KUTbHUITBA PU HECHPUSITIUBIN Jii
NPUPOJTHUX YMHHHKIB Ha OJKOJYy MEIOHOCHY. YaCTHHY OTpHMMaHHMX PE3yJbTaTiB
BIIPOBA/PKEHO y cenekiiiiny pobory 'O «Acouiaiiss BHUPOOHHKIB MPOIYKTIB
OKUTBHUIITBA «BYKOBUHCHKUN OJIXKOIISIP»».

Temaruka aucepTalliiHoi poOOTH MOBHICTIO BIANOBITA€ HAYKOBIM TEMAaTHII
kadenpu  MOJIEKYJISIpHOI  TIeHEeTMKH Ta  OlorexHosorii  YepHiBenpKoro
HAI[IOHAJILHOTO YHIBEPCUTETY B pamkax KadeapanbHoi Temu: «CTpyKTypHO-
¢dbyHKITIOHAIPHA OpraHi3allis FTeHOMY Ta MEXaHi3MHM ajanTarlii y eykapior» (2021-
2025; nomep nepxkaBHOi peectparii 0121U111109) ta nepxOr0aKeTHOI TeMHU
«'enetnunuii  momiMop(i3M, PO3MOBCIODKEHICTh Ta ajamnTalliifHi 3JaTHOCTI
yKpaiHCBKUX TMOpPiA MemoHocHOi Omkomm» (2020-2022; HOMEp Jep)kaBHOI
peectpanii 0120U102119).

Hucepraniiiny po0OoTy BHKIaJeHO Ha 132 cTOpiHKaX MAIIMHOIKMCHOTO
TeKCTy. Jlucepraliisi ckiiamaeTbes 31 BCTYIy, OTJISAy HayKOBOI JIITEPATypH, OMHUCY
BUKOPUCTAaHUX MaTepiajiB Ta METOJIB JOCHTIKEHb, OTPUMAHUX PE3yJbTaTIB Ta 1X
0OrOBOpEHHSI, BUCHOBKIB, CIIUCKY BUKOPUCTAaHUX JHKEpPEN JiTepaTypH Ta AOJATKIB
Ta Mictuth 3 Tabmuii, 20 pucyHkiB. bibmiorpadiunuii cimcok ckiaagaeTbes 3 202
TTEpaTypHUX JKEPET.

Kawuoi caoBa: Omkona memonocHa (Apis mellifera), OmpkimeHUIITBO,
BTpaTa KOJIOHIH, CTpec, MI€ETH, CMEPTHICTh, WIiATOMIBISA, IIYKPOBHH CHpOII,

MEPEKUCH JIIMJIIB, OKUCHIOBAIIbHA MOJU(IKAIlisA TMPOTEiHIB, KapOOHUIbHI TOXITHI,



SH-rpynu, cynepokcuaucmyraza (SOD), «karamaza (CAT), rayraTioH-S-
tpaHcepaza (GST).
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Thesis for the degree of Doctor of Philosophy (PhD) in speciality 091 —
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The dissertation is focused on the study of the influence of feeding and
housing temperature on metabolic indicators of stress in honey bees.

The Introduction highlights the general characteristics of the work, the
purpose, the tasks, and the relevance of the research, its object and subject. It
contains information on the author's personal contribution to the work and on the
publication of results in scientific papers and on the approval of the dissertation at
scientific forums. This section ends with information on the number of scientific
publications and the connection between the topic of the dissertation and the
scientific research of the department.

The first chapter is a review of scientific literature on the topic of the
dissertation. Stress factors of various nature that affect honey bees are described
here, the main stressors that have negative effect on the survival of these insects
are highlighted. Temperature and oxidative stress and their influence on
biochemical processes in the body of the honey bee are also described. Information
was collected on the mechanisms of temperature and oxidative stress resistance,
particularly on the enzymes involved in the stress response. Also, this section
contains information from literature about the components of the natural diet of
bees and various artificial diets that are used to support the survival of bee colonies
under the influence of adverse environmental factors. From the analysis of the

literature, it was concluded that the influence of diets on survival and biochemical



markers of the physiological state of the honey bee under different maintenance
temperature still remain obscure.

In view of this, the aim of the dissertation research was to evaluate the
survival/mortality of worker bees, changes in stress biomarkers and defense
response mechanisms in Apis mellifera when consuming different diets.

To achieve the goal, the following tasks were set:

1. To determine the influence of summer top-feeding with different variants
of a carbohydrate diet on the antioxidant enzymes activity in field experiment.

2. To evaluate the effect of feeding with pollen, beebread and a mixture of
amino acids on the survival/mortality of worker bees and stress biomarkers in
laboratory condition.

3. To develop an original experimental design that simulates the natural
conditions for the honey bee in the laboratory and makes it possible to control the
composition and amount of food consumed and the temperature of keeping.

4. To analyze the effect of carbohydrate diets on biochemical markers of
stress at different temperatures of keeping honey bees in the conditions of a
laboratory experiment.

The object of research is the mechanisms of adaptation of bees to
environmental conditions.

The subject of the study is the metabolism of the honey bee under the
influence of different temperature and food diets.

Research methods: The laboratory methods used in the dissertation research
are presented in Chapter 2. The experimental design, as well as research materials
and methods are described in this chapter: the methods of measurements of
enzymes activities (superoxide dismutase, catalase, glutathione-S-transferase) and
biochemical indicators reflecting the state of the non-enzymatic cell defense (the
content of TBARS, thiol groups and carbonyl derivatives in proteins). Information
on the statistical analyze of the obtained results is given.

Chapter 3 contains the results of the dissertation research, the scientific

novelty of which is revealed by the following provisions:



1. It was found for the first time that under the conditions of a field
experiment, summer feeding of honey bees with sucrose caused increase, whereas
feeding with fructose and glucose led to a decrease in catalase activity.

2. In honey bees, the intensity of lipid peroxidation in all parts of the body is
lower during wintering at a temperature of 5 °C than at 14 °C. At the same time, at
a temperature of 5 °C, there is an increase in the activity of catalase in the tissues
of thorax.

3. An original design of the experiment was developed, which provides close
to natural conditions for the keeping of the honey bees under laboratory conditions
and provides an opportunity to control the temperature of keeping and the
composition and amount of food consumed.

4. It was shown that the consumption of willow pollen or willow and rapeseed
beebread reduced the mortality of worker bees, which was accompanied by an
increase in the activity of catalase, the content of TBARS and carbonyl groups of
proteins in the conditions of a laboratory experiment.

5. It has been demonstrated that the studied carbohydrate diets have different
effects on the mortality of bees at different keeping temperatures. Consumption of
fructose or sucrose increased, while consumption of glucose decreased survival of
worker bees at 28 °C; at a keeping temperature of 14 °C, the lowest mortality was
observed when consuming fructose.

6. The influence of carbohydrate diets on biochemical markers of stress at
different temperatures of honey bees keeping in the conditions of a laboratory
experiment is characterized.

In the course of practical development of methods and approaches, patents
were obtained for a useful model of a low-temperature dissection table and a cage
for long-term studies of a cluster of bees in laboratory conditions.

The obtained results of laboratory studies can be used as practical
recommendations for beekeeping in case of negative effects of environmental on

the honey bee. The obtained results were partially implemented in the breeding



process of the NGO «Beekeepers' Union of Ukraine» and «Association of
beekeeping products producers «Bukovynsky beekeeper»».

The topic of the dissertation fully corresponds to the research area of the
Department of Molecular Genetics and Biotechnology of Chernivtsi National
University within the framework of the project: «Structural-functional organization
of the genome and mechanisms of adaptation in eukaryotes» (2021-2025; state
registration number 0121U111109) and the state budget grant «Genetic
polymorphism, distribution and adaptive abilities of Ukrainian honey bee breeds»
(2020-2022; state registration number 0120U102119).

The thesis is presented on 132 pages of typewritten text. It consists of the
introduction, the literature review, the description of research materials and
methods, the results of own research and their discussion, the conclusions, the list
of references. The work contains 3 tables and 20 figures. The references consist of
202 literature sources.

Key words: honey bee (Apis mellifera), beekeeping, colony loss, stress, diets,
mortality, feeding, sugar syrup, lipid peroxides, oxidative modification of proteins,
carbonyl derivatives, SH-groups, superoxide dismutase (SOD), catalase (CAT),

glutathione-S-transferase (GST).
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25.09.2018, Broxn. Nel8.

https://base.uipv.orag/searchINV/search.php?action=viewdetails&ldClaim=251150

2. Knitka ans TpuBanmux AOCHIIKEHb KiacTepy OKUT B JabOpaTOPHUX
ymoBax: mar. 142698 Vxkpaina: MIIK AOIK 47/00. Ne u 201911643; 3asBu.
04.12.2019; omy6:1. 25.06.2020, bromn. Ne 12.

https://base.uipv.org/searchINV/search.php?action=viewdetails& 1dClaim=269198

3. HuspkoTemriepatypHuii npenapyBajabHHN cTONUK: Tat. 152482 Vkpaina:
MIIK BOIL 9/02, A47B 37/00. Ne u 202201458; 3asBn. 03.05.22; omyOm.
08.02.2023, Bromn. Ne 6.

https://base.uipv.org/searchINV/search.php?action=viewdetails&ldClaim=284185
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