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111 HACJIOB JOKTOPCKE JUCEPTAIIMJE:

,Intrinsically disordered proteins of the European corn borer Ostrinia nubilalis (Hbn, 1796)*
,,CTpYKTypHO-HeypeheHn nporenHu Kykypy3Hor miamenna Ostrinia nubilalis (Hbn, 1796)

IV MNPEIVIEJ JOKTOPCKE JUCEPTAILIMJE:
HaBectn kpartak caapkaj ca Ha3HaKOM Opoja cTpaHwMIIa, TOTTIaBJba, CIIUKA, CXeMa,
rpadMKOHA H CIL.

Hokropcka amcepranuja Kanaupata ABpamoB Musoma ,,CTpyKTypHO-HeypeheHH MTpoTenHu
Kykypy3Hor miameniia Ostrinia nubilalis (Hbn, 1796) npunana xay4unoj obiactu Ouosoruja,
yK0j Hay4dHO] obmacti Onoxemuja. HammcaHa je Ha €HIJIECKOM je3WKY, a CaKeTak je JaT Ha
CHIJIECKOM U CPIICKOM jE€3HKY Y KJbYYHO] IOKYMEHTAIMjH U HAKOH ca/ipiKaja.

Hcnpen ocHOBHOT TEKCTa Hajla3e Cce HACJIOBHA CTpaHa, KJbyuHa JOKYMEHTAIlMjcka HHpopMaImja,
3axXBaJHMIIA, CIIUCaK cKpaheHWIa, CIHMCAK CIIMKa, CHCak Tabema M caapxkaj. Cpx mgucepranmje
ynHe 166 crpanuna A4 ¢opmata, a gucepranuja je mojesbeHa Ha 9 mornasika: 1. YBog, 2.
Xumorte3a W NIWbEBU aucepranuje, 3. Marepujan u merone, 4. Pesynratu, 5. Jluckycwuja,
6. 3axspyuny, 7. JIuteparypa, 8. [Ipunosu u 9. [Ipogyxenn arncTpakT Ha CpIICKOM je3uKy. Ha kpajy
CpPKH JHIcCepTaIfje Hajla3u ce KpaTka Ouorpaduja ayropa, ok ce [Iman TpeTMana mogaraka Haasu
Ha Kpajy gokymeHTa. Cpx qucepraiyje caapku 28 ciiuka, oj dera cy 6 cxeMme, WIyCTpaluje u
tdotorpaduje, a 22 rpadukonu, kao u 28 tadena. YKymHo je mutapaHo 240 myOnvkaryja.

The doctoral dissertation ,,Intrinsically disordered proteins of the European corn borer Ostrinia
nubilalis (Hbn, 1796)“ written by candidate Milo§ Avramov belongs to the scientific field of
Biology, specific scientific field of Biochemistry. It is written in the English language, with
abstracts in both English and Serbian given in the key documentation and after the Table of
Contents.

Before the main text body there are the front page, key documentation, acknowledgements, list of
abbreviations, table of figures, list of tables and table of contents. The main text body is written on
166 A4 pages and separated into 9 Chapters: 1. Introduction. 2. Thesis hypothesis and aims,
3. Materials and methods, 4. Results, 5. Discussion, 6. Conclusions, 7. Literature, 8. Supplementary
materials and 9. Extended abstract in Serbian. The main text body ends with Author biography,
while the whole document ends with the Data Treatment Plan. In total, there are 28 figures, of
which 6 are illustrations and 22 are graphs, as well as 28 tables. The literature review contains 240
cited publications.

V_ BPEJHOBAIE HOJEJUHUX JEJIOBA TOKTOPCKE JUCEPTALMUJE:

VY nornarspy YBOJ KaHIUAAT KPaTKAM TIPETIIEIOM MpEACTaBiba IIaBHE KOHIIENITE Ha KOjuMa je
3acHoBaHa jaucepranuja. OBO MOTNIaB/be KaHAWAAT j€ MO0 Ha JBa Jena. Y TPBOM JIeNy ce
yIO3Haje TeMaTHKa CTPYKTYpHO-Heypel)eHUX MpoTenHa U NPOTEHHA ca CTPYKTYpHO-HeypeheHum
pEerMoHnMa Y3 JlaBamhe HCTOPH]jCKOT KOHTEKCTa KaKo Cy UCTPaXKUBakha Ha OBOj CIIeM(PHIHO] TPYITH
nporerHa 3adera. HarnamaBajy ce TJIlaBHE KapaKTEPHCTHKE MPOTeHHA ca CTPYKTYPHOM
HeypeheHomhy koje ce THYy HUXOBOT CIEHU(PUIHOT aMHHOKHCEIMHCKOI cacTaBa, OOJHKa
CTPYKTYpHE HeypeheHoCTH Koje MOTy moceoBaTH, (PU3MIKOXEMHUjCKUX 3HAMEHUTOCTH W 3Hadaja
3a (hyHKIIMOHHUCAme OMOIONIKUX CHcTeMa. Y PYroM Jey OBOT MOIJIABJba KaHIUJIAT MIPEICTaBIha
MO/IENI-CHCTEM KOjH je KOpHUIIheH y 0BOj AMCepTanju, KyKypy3Hor miamenia Ostrinia nubilalis,
HETOB 3HAuaj y UCTpaXMBamkbMMa BE3aHUM 3a JUjanay3y, kKao ¢a3zy MUpOBamba OpPraHHW3Ma, U
aJlanTanyje Koje JOBOJE JIO CTHIamkha OTIIOPHOCTH Ha HUCKE TeMIeparype, Kao W Mperien
J0CaIAllbUX UCTPAYKUBaha U Ca3Hambha Y OBOj 00JIaCTH.




Ha ocHoBy mpernena nurepatype W3 IPBOT IOIVIaBJba, KAaHIUIAT MOCTaBjba XUMoTedy na he
U3JIarame TYCeHHUIIA TEeTOT CTYIHa KyKypy3HOT TUIaMEHI[a HUCKHM TeMIlepaTypaMa 1 MOCTEHEeHO
CTHLIAE-¢ OTIIOPHOCTH Ha OBE YCIIOBE JOBECTHU JI0 NoBehaHOT caapikaja CTPYKTYpHO-HeypeheHunx
mporenHa. McrakHyTo je 7 IHJbEBa HCTpakKWBama y CKIAAy ca moctojehuM ca3HamhMa o
CTPYKTypHO-HeypeheHruM mpoTenHMMa, Kao M ca HEJZOCTaTKoM HH(pOpMaIyja O HHUXOBO]
3aCTYIJBEHOCTU M 3HAuajy KOJ OpraHu3ama KOju pa3BHjajy OTIOPHOCT HA HUCKE TeMIIepaType
KHUBOTHE CpE/INHE.

V nornasspy Marepujai U METo/ie TEKCTYaTHO U rpaUiKH Cy MPHUKa3aHe JIBE IIOCTaBKE y OKBUPY
KOjuX cy o(opMIbeHE eKCIEpUMEHTAIHE Tpyle 3a MOTpede HCTpaKMBamba y OBOj JOKTOPCKO]
nucepraiju. Takole cy metasbHO omucane cBe in Vitro u in silico Texuuke koje cy xopwuiihierne
Kako OW ce OJIlaKIaia FHhHXOBa PEMpOMyKIHja, OWII0 3a TIOHABJbAKE OTJiela KOjU Cy TPBH YT
n3BOleHN y 0BOj mucepTalyju, Omio 3a Oymyha ncrpaxuBama. OnrcaHu Cy MOCTYIIH 32 TEPMATTHY
oOpany y3opaka panu oborahuBama caapikaja MpOTEHHA ca CTPYKTypHOM HeypeheHomrhy, 3a
n3BOheme CIIeUjalIn30BaHe ABOJUMEH3NOHAIHE eJIeKTpoQope3e Ha MOTHAKPHUIAMHTHOM TelTy 3a
JETeKIHjy CTPYKTypHO-HeypeheHnx mpoTemHa, 3a NpPOTEONN3y H CTBapame MNEeNTHIHHX
¢parmenara koju he ce KOPUCTUTH 3a WAECHTH(UKAIM]y MPOTEMHA TEYHOM XpomarorpadujoM
KyIUIOBaHOM Ca TaHAEMCKOM MAaceHOM CIIEKTPOMETpHjoM, 3a OuomH(pOpMaTHUKE aHaIU3e
nIeHTH(PUKOBaHNX TMPOTEMHA, Ka0 M 3a aHAIM3y peJaTHBHE eKcIpecHje onabpaHumX TeHa 3a
MIPOTENHE ca CTPYKTYpHOM HeypeheHomhy.

JoOujenu Pesyaratu nucepranuje Cy M3JI0KECHH y MOTJIAaB/by KOj€ j€ MOAS/bEHO Ha TPU Jeia U
CBEYKYITHO Cy TpuKkazaHu momohy 23 crnuke u 16 TabGema. Y mpBOM JIey OBOT IOTJIaBJba CY
MPUKa3aHU pPe3yITaTH MPOTEOMCKHX aHaIHN3a KOje Cy YKJbYUHBaJle HCIIUTHBAE e(eKaTa TepMaHe
obOpazge y3opaka paam oOorahuBama cajpXkaja CTPYKTypHO-HeypeheHHX  IpoTeuHa,
WACHTU(HKALIN]Y POTEHHA y TI0jeINHAYHUM €KCIIEPUMEHTAIHAM Tpyliama Kao U eekTe Koje je
TepMaiHa o0paaa y3opaka MMajla Ha MOCTYIaK MICHTH(UKAIMje MPOTEHHA Y MOTJIeTy HBHXOBOT
YKyIHOT Opoja 1 Opoja jeANHCTBEHUX MPOTEHHA KOjU Cy IETEKTOBAHH. Y IPYroM Jeny MoTiIaBiba
NpUKa3aHu Cy pe3yiraTh OuoumH(opMaTHUKe aHaIM3e KBAJMTATHMBHHX W KBAaHTHTATUBHUX
nmapaMmeTapa CTpyKTypHe Heypel)eHOcTH naeHTH(HKOBAaHMX NPOTEHHA, HUXOBE (YHKIMOHAIHE
KapakTepu3alnuje, Kao ¥ OCBpTa Ha YTHIIA] KOjU je TepMalHa o0paja y3opaka uMmala Ha capikaj
MpoTerHa ca CTPYKTypHOM Heypeheromhy. ¥V mocienmeM ey OBOT MOTJIaBJba Cy MPeICTaB/beH!
pe3yNITaTH aHalM3e pejaTHBHE €KCIpecHje reHa 3a MPOTEHHE ca YTBPHEHOM 3HAYajHOM CTOIIOM
CTPYKTypHEe HeEypeheHOCTH y pa3MuUTUM EKCIICPUMEHTAIHUM TIpylama, a CTaTUTHCTHYKH
3HauajHe pa3iuke u3Mmely rpyma cy jacHo oOesexeHe.

Kanaupar je pesynrare McTpaxuBama aHaIM3HPao y MOriaBiby JHCKycHja Ha CUCTEMaTHYaH U
aprymeHToBaH HaunH. OBO TOIJIaBjbe KaHAMAAT je Takohe monenwo Ha Tpu uenuHe. [IpBe nBe
LEJIMHE Ce TUYy TEXHHUUYKUX aclekaTa eKCIiepUMeHaTa, ¢ 003UpOM Ha TO Jia OBaKaB MPOTEOMCKHU
OPUCTYIl paHHje HHUje OMO TPHMEHHMBAaH Kaga Cy y IMUTamby HUCTPaXKHUBamkba Ha KyKYpy3HOM
IUIAMEHITy. Y OKBHpPY TNpBOT JeJia Cy AWCKYTOBAaHM DPAa3IMYUTH TNPHCTYNH 3a oborahuBame
cagp)kaja MPOTEHHA ca CTPYKTYpHOM HeypeleHomrhy M 3amrTo je o/UTydeHO Ja ce y Ty CBPXY
NMpUMEHH HaBeJeHa TepManHa oOpaja y3opaka. [lopen Tora carienaHu Cy pe3yiTaTH HpoBepe
YCIIEITHOCTH JiaTe TepMalHe o0paje y3opaka Ha CIIe[Hjaln30BaHOj IBOAMMEH3HOHAIHO]
eNeKTpoope3n Ha NOIMAKPUIIAMUIHOM Ty, UICHTU(HKALM]e TPOTeHHA MoMohy MeTOo/Ie TeUHe
XpoMatorpaduje KyIuioBaHe ca TaHJIEMCKOM MAaceHOM CIIEKTPOMETPHjOM, Ka0 M Ha TO Kako je
TepMajiHa oOpajxa JoBejla 10 HacHTH(UKalMje Beher Opoja mpoTewHa Koju He OW Owin
JETEKTOBaHU Ja HUje KOPUIITEH OBaj MpUCTyN oborahnBama y3opaka. J[pyru neo muckycwuje je
noceehen in silico OmomHpopMaTHYKMM aHanmM3aMa Koje Cy 3a b HMalle Ja yTBPIC
KBAJINTATUBHE W KBAHTHTATHBHE IOKAa3aTesbe CTPYKTypHE HEypeheHOCTH HAeHTH(HUKOBAHHX
npoterHa. [lokaszaHo je na je npeaBuleHn caapxaj MpoTerHa ca CTPYKTypHOM HeypeheHomhy Ha
CIIMYHOM HHMBOY Kao u y in silico cryaujama paljeHum Ha ApyruM eyKapuOTCKMM OpraHU3MHMa.
Takohe, morBphenu cy OnaroTBopHH edeKkTH TepMmaiiHe oOpaae Ha oOorahuBame HUXOBOT
caJip)kaja y y3opuuma. Y OBOM JIeJly je JaT M KPUTHYKH OCBPT Ha YTBpHEHH aMUHOKHCEITUHCKH




cacTaB CBHX MJICHTH()MKOBAHHMX TPy IMPOTEHHA y MOTJIey OHUX aMUHOKHCEINHA Koje cy Omie
Haj3acTyIUbEHUje, a Takohe Cy JaTe W MpBe MPETIOCTaBKE O IIOCTOjamby MPEIUCIIO3HIIN]e
CTPYKTypHO-HEeypeheHHX mpoTenHa 3a oJpeleHNM aMHUHOKHCETMHCKHM CacTaBOM Koja je
MOTEHIIMjaTHO CIei(uIHa 32 CBaKy BpcCTy. Takohe, y OBOM [eiy KaHAWIAT je MPEeICTaBHO
pesynrate (QYHKIHOHAIHE KapaKTepH3alfje MpOTenHa ca CTPYKTYpHOM HeypeheHomhy u
HarJlaCHO HEJOCTaTKe KOjU M JlaJbe TOCTOj€ Y OBOj 00JAcTH, Kaja Cy y NHTalky WHCEKTH. Y
nocjemkeM Jelny IUCKYCHje CBH pe3ylTaTh Cy carjiefaHd ca eKO(QU3HOJOMIKOT acleKTa
NPeXNBJbABaha TYTHX 3MMCKHX MECEIH yJIacKOM y CTame XHIOMEeTaboNIM3Ma M Pa3BHjameM
OTIIOPHOCTH Ha HHUCKE TEeMIeparype, MO YeMy je HCIUTHBaHA BpPCTa KYKYyp3HOT IUIaMEHIa
3HameHuTa. KaHauaart je oBze pesynraTte NpoJUCcKyTOBao Kpo3 MPOMEHE Koje ce JelaBajy Kako Ha
HUBOY TpOTeOMa M cajpaja MpOTEeWHa ca CTPYKTYpHOM HeypeheHomihy, Tako m Ha HHUBOY
IpoMeHa Koje ce THYy EeKCIpechje TeHa 3a ojabpaHe mporenHe. OBe pasimduTe acmeKkTe
eKO(M3HONOMKNX MPOMEHa KOje ce OJBHjajy TOKOM AMjanay3e M MPeKHBJbaBakha HAa HUCKUM
TeMIiepaTypamMa KoJ KyKypy3HOT IUTaMEHIIa KaHAWAAT je aAeKBaTHO M JETAaJbHO carjenao Kpos3
mocrojeha cazHama O CTPYKTYpHO-HEypeheHHM IpoTermHHMa KOJ OpraHM3aMa KOju HaCTamyjy
CTaHUIINITA Ca U3PA3UTO HETIOBOJLHUM YCIOBHMA )KHBOTA, KA0 M JOCAAAIIbUM HCTPAKUBAbIMa Ha
WHCEKTHMA U IPYT'HM OpraHU3MKMa KOjU TOKOM CBOT JKHBOTHOT IIMKJTyca Mpojia3e Kpo3 Mepruoje
3ayCTaBJFCHOT Pa3Boja M aJanTHpama Ha HEMIOBOJBHE YCIIOBE )KUBOTHE CPEIHHE.

Ha ocHOBY n00MjeHHX pe3ynTara i ’BHUXOBE AUCKYCHje KPO3 Ca3Harha U3 MMyOIUKaIfja MPEeTXOJHIX
HCTpaKUBarbha, U3BEJCHU Cy 3aKJ/bYYIM KOJU jaCHO, CAXETO M MPErVICAHO MCTUYY 3HAdaj OBHX
pesynrtara y moriexy OOJber pa3yMeBama EKO(QH3HOJOIIKHX OCHOBAa CTakba MHUPOBamba KO
WHCEKaTa, Kao W aJiarTaiyja Koje ce OJ(BHjajy Ha pa3nuIuTuM (HYHKIIMNOHATHUM HUBOWMA Y IHIJBY
MPeXHMBJbaBaha HUCKUX TeMIIepaTypa TOKOM AyTOT BPEMEHCKOT Mepro/a.

Cge nyOJsiMKainuje Koje Cy IHUTUPaHe Y JTUCEPTAIlUju Cy M3JIHMCTaHEe y MOrIaBiby JluTeparypa u
nopehane cy mo abemeaqHoM peny. 3a nuThpame je kopuithen AITA cTun HaBohema, a yKymHO je
m3nuctano 240 nyoOnukanuja. Komucuja cmarpa nma cy omabpaHe myOnMKaimje HPErJIeIHO
HaBol)eHe y TeKCTy U Jia Cy PeJIeBaHTHE 3a MPEAMET UCTPaKUBaba JrcepTamje.

VY llpuno3uma ce Hamase jaBe Tadene. Y mpBOj Tabenwm Cy JaTe CEKBEHIIE MOYETHHIA KOje Cy
KopuIIheHe y aHaIu3u peJlaTHBHE TeHCKe eKCIIPECcHje, 3ajeTHO ca IPUCTYITHUM OpojeBUMa reHa Ha
OCHOBY KOjUX Cy TIOYETHHIIE AW3ajHUpaHe. Y Apyroj Tabelu ce Haja3e CpeAme BPEIHOCTH
pesynTara IOOWjeHMX aHAM30M pEJaTHBHE TI'€HCKE EKCIIPecHje ca HUXOBUM CTaHIApAHUM
rpemkama.

[Nocnenme mornasibe npeacTaBiba [IpomyskeHH ancTpakT Ha CPICKOM je3UKy Kao HEOIXOHH JE0
JUcepTallje, ¢ 003MpOM Ha TO JIa j& JUcepTallija MUCaHa Ha SHIJISCKOM jEe3UKY M Ha HCTOM JE€3HKY
he OutH OpameHa. [IpoaykeHu ancTpakT je HanucaH Ha 23 CTpaHHIE U y BeMy Cy CyMHpaHa CBa
ca3Hama JI00MjeHa Y OBOj JOKTOPCKO] IUCEPTaIUju.

Kowmrcuja je mO3UTUBHO OlIEHMIIA CBE M0jeJTHAYHE JICTIOBE JOKTOPCKE JTUCEepTalIIHje.

In the Introduction chapter the candidate presents a brief overview of the main concepts that
comprise this dissertation. The candidate divided this chapter into two parts. The first part
establishes the subject of intrinsically disordered proteins and proteins with intrinsically disordered
regions while also giving the historical context behind the origin of studies on this particular group
of proteins. The main properties of proteins with intrinsic disorder are highlighted, such as their
unique amino acid composition, forms of intrinsic disorder that can occur in their structure,
physicochemical peculiarities and their significance for the functionality of biological systems. In
the second part of this chapter the candidate introduced the model system that was used in this
dissertation, the European corn borer Ostrinia nubilalis, its significance for research on diapause
as a resting state in insects, adaptations that lead to the acquisition of cold resistance, as well as an
overview of previous research and findings in this field of study.

After the literature overview in the first chapter, the candidate proposed the Thesis hypothesis
stating that exposing 5" instar larvae of the European corn borer to low temperatures and acquiring




cold hardiness will lead to an increase in the content of intrinsically disordered proteins. The
candidate highlighted 7 aims in accordance with available findings on intrinsically disordered
proteins, as well as a lack of information on their abundance and significance in organisms that
develop resistance to low temperature conditions in the environment.

The Materials and methods chapter presents, in-text and illustrated, the two experimental designs
that were used to form the experimental groups in this dissertation. The in vitro and in silico
techniques that were used for the first time as part of this dissertation are also described in detail,
so that they can be reproduced for replication of experiments, as well as for future studies. This
chapter also includes detailed descriptions of sample heat treatment protocols for enrichment of
intrinsically disordered proteins, as well as protocols for the detection of intrinsically disordered
proteins using a specialized 2D polyacrylamide gel electrophoresis, protein digestion and
generation of peptides for protein identification by liquid chromatography coupled with tandem
mass spectrometry, bioinformatic analyses of identified proteins and analyses of relative gene
expression of selected proteins with intrinsic disorder.

The obtained Results of the dissertation are shown in the chapter that is divided into three parts and
are presented in 23 figures and 16 tables. In the first part of this chapter the results of proteomic
analyses are presented. These include the effects of sample heat treatment for enriching the content
of intrinsically disordered proteins, identification of proteins in individual experimental groups, as
well as the effects of heat treatment on the number of total and unique proteins that were identified.
The second part presents the results of bioinformatic analyses performed for the qualitative and
guantitative properties of intrinsic disorder in the identified proteins, their functional
characterization, with a look on the effects of heat treatment on the content of proteins with intrinsic
disorder. The final part of this chapter shows the results of the relative gene expression analyses in
different experimental groups for proteins that have been determined to possess significant amounts
of intrinsic disorder, with clearly marked statistically significant differences in expression.

The candidate has given a critical and reasoned analysis of the results in the Discussion chapter,
also separated into three parts. The first two segments are concerned with the technical aspects of
the experiments, considering that such a proteomic approach has not been applied before when it
comes to research on the European corn borer. In the first segment the candidate discusses the
different approaches to enriching the sample content of proteins with intrinsic disorder and why
heat treatment was chosen for this purpose. The results of the specialized two-dimensional
polyacrylamide gel electrophoresis were also looked over, to ascertain how successful the sample
heat treatment was, as well as the results of protein identification by liquid chromatography coupled
with tandem mass spectrometry and how heat treatment led to the identification of a significant
number of proteins which would have otherwise remained undetected. The second segment is
dedicated to the in silico analyses used to determine the quantitative and qualitative parameters of
intrinsic disorder in the identified proteins. It is shown here that the content of proteins with intrinsic
disorder is in line with previous studies on the prevalence of these proteins in eukaryotic organisms,
and the effects of heat treatment on their enrichment is also confirmed. A critical assessment of the
amino acid composition of all identified proteins is given in this segment, in regards to the most
abundant amino acids. An initial assumption is also made about the seeming existence of a species-
specific bias in the amino acid composition of intrinsically disordered proteins. Additionally, in
this segment the candidate has presented the results of the functional characterization of proteins
with intrinsic disorder and has highlighted the gaps that are still present in this field when it comes
to insects. In the final segment of the discussion chapter all results are examined from the
ecophysiological aspect of surviving the long winter months by entering a state of hypometabolism
and attaining cold hardiness, which are all hallmarks of the European corn borer. The candidate has
assessed these findings not only in relation to changes that occur on the proteomic level and content
of proteins with intrinsic disorder, but also changes on the level of gene expression for selected
proteins. These different aspects of ecophysiological alterations that take place during diapause and
survival at low temperatures in the European corn borer the candidate examined appropriately and




comprehensively, taking into consideration the available information on intrinsically disordered
proteins in organisms that inhabit extremely unfavorable habitats and also studies on insect and
other species that experience periods of arrested development and adaptation to suboptimal
environmental conditions during their life cycle.

The obtained results and their interpretation according to previous research are used to form the
Conclusions which clearly and succinctly highlight the significance of the findings for the better
understanding of the ecophysiological basis of insect diapause, as well as adaptations that occur on
different functional levels that enable survival of long-term exposure to low temperatures.

All publications cited in the dissertation are ordered alphabetically and listed in the References
chapter. The publications are cited using the APA format and there are 240 entries in total. The
Board finds that the literature is clearly referenced in the text and that it is relevant to the research
subject.

In the Supplementary materials two tables are given. The first table contains the sequences of
primer pairs that were used for the analysis of relative gene expression, along with the accession
numbers for genes that were used to design the primer pairs. The second table contains the means
of results from the relative gene expression analyses, with their standard errors of means.

The final chapter is the mandatory Extended abstract in Serbian, considering that the dissertation
was written and will be defended in English. The extended abstract spans 23 pages and summarizes
all the findings of this dissertation.

The Board gives a positive evaluation of all dissertation chapters.

VI CIHHUCAK HAYYHUX U CTPYUYHHUX PAJTOBA KOJU CY OBJAB/bEHHU NJIN
ITPUXBAREHMU 3A OBJAB/BUBAIBE HA OCHOBY PE3YJITATA
HNCTPA’KUBAIBA Y OKBUPY PAJIA HA IOKTOPCKOJ IMCEPTALIUJIUA:

TakcaTMBHO HaBECTU HA3UBE PajioBa, IJie U Kajaa cy oOjaBibeHH. [IpBO HaBeCTH HajMame jenaH
pax oOjaBibeH uiu mpuxBaheH 3a 00jaBJbUBame y CKIany ca llpasunuma 0OKMOPCKUx cmyouja
Yuueepsumema y Hoeom Cady xoju je TIOBE3aH ca caaprxajeM JOKTOPCKe qucepTanmje. Y ciaydajy
panoBa npuxBalieHux 3a 00jaBJbUBakE, TAKCATUBHO HABECTH HA3MBE PaJIoBa, rie U Kaja he Outu
00jaBJbEHN ¥ NIPUJIOKHUTH NOTBP/Y YPEJHHUKA YACOIHNCA O TOME.

Avramov, M., Schad, E., Révész, A., Turiak, L., Uzelac, I., Tantos, A., Drahos, L., Popovi¢, Z.D.
(2022). Identification of Intrinsically Disordered Proteins and Regions in a Non-Model
Insect Species Ostrinia nubilalis (Hbn.). Biomolecules, 12(4), 592.

Vil SAK/BYYIIN OTHOCHO PE3YJITATU HCTPAJKUBAIbA:

Kanmuaar je y JOKTOPCKOj qUcCepTaiiju KOMOUHOBAO IN Vivo, in vitro u in silico mpucryme kako
OU yCTaHOBHO MPHUCYCTBO, HASHTU(HUKOBAO M YTBPHO YIIOTY IPOTEHHA Ca Pa3InUUTHM CTETICHUMA
CTPYKTypHE HeypeljeHOCTH y mpollecuMa CTHIamha OTIOPHOCTH Ha HHCKE TeMIlepaType TOKOM
JMjarayse MoJblia KyKypysHor riameniia Ostrinia nubilalis.

Jenan neo ucTpakMBama Ce THIA0 YCIIOCTaBJbamkha M ONTUMHU3AIM]jE METOIOIOTH]E 3a ICTEKIH]Y,
WACHTH(QHKALN]Y 1 oOorahnBame cajipikaja MPOTEHHA ca CTPYKTYpHOM HeypeheHocTn y y3opumuma
T'yCEeHHIIa OBOT MHCEKTa, ¢ 003MPOM Ha TO Jla OBAKaB MPOTEOMCKH HPHCTYN TOj TEMAaTHIHU HUje
paHHuje TpUMEmHUBAH KOJ KyKypy3HOTr IuiameHna. OBaj HWJb MCTPAKUBAmka j€ BeOMa YCIHENIHO
3aJJ0BOJbCH W3 HEKOJIMKO pasiora. YTBpHEHO je MpHCYycTBO NPOTEMHA ca CTPYKTYPHOM
Heypehenomhy Koa KyKypy3HOTr IUIaMEHIa, a bHUXOB Calpikaj je 3HadajHo oOoraheH HaKOH
TepManHe oOpazae y3opaka. Takolje, mokasaH je W 3Hauyaj TepMaiHe oOOpajae y3opaka Ipe
WCHTHU(HKALIMje TIPOTENHA, ¢ 003UPOM Ha TO Jia je BEIMK OpOj MPOTEHHA y OBOj JUCEPTaIUjH
uIeHTU()HUKOBAH TEK HAKOH MOCTYIKa oOoralinBama caapikaja CTpyKTypHO-Heypel)eHux nporenHa
TEPMaIHOM 00pagoM y30paka.

Hpyru J1eo wucTpaxuBama ce THHAO0 onapehuBama CTENeHa CTPYKTYpHE HeypeheHoCTH
WJCHTU(QHUKOBAHUX TIPOTEHHA, YTBphHBama caJpiaja MPOTEHHA ca pPa3IMYUTHM HUBOWMA
CTPYKTypHE Heypel)eHOCTH y y30purMa H3JIaraHuX pasinuuTHM €KCIIEpUMEHTATHUM yCIOBUMA U
IbUXO0BE KapakTepu3allyje y morjiey MoJieKyJapHuX (GyHKIHMja Koje MOTy 00aBJbaTh y pa3iIndUuTUM




OHMONOMKUM TIporiecnMa. bronH(bopMaTHYKHM aHaNW3aMa je MOKa3aHOo Ja je YKyIaH Caapxkaj
MIPOTENHA ca CTPYKTypHOM Heypehenomhy naeHTHQUKOBAaHUX KO KYKYPY3HOT IIJIaMEHIIa ¥ OBOj
JHcepTaljH y CKIIay ca NPOLEHCHUM callpKajeM OBHX MPOTEeHHA KOJ] €yKapHOTCKUX OpraHn3aMa
yorre. OyHKIIMOHAIHA KapaKTepHU3allnja je moKasaja /1a TOCToje BEIUKe Mpa3HuHE y MOCTOojehnM
0azama mojaraka O MOJEKylIapHUM (¢yHKIHMjamMa BehwHe MACHTH(UKOBAHUX MPOTEHHA W3 OBE
mucepraije. Mehy nporennuma ca cTpykTypHOM HeypeheHomhy 3a koje mocToje TakBU MOJallH,
yrBpheHo je nma HajBehim Opoj BWUX ydecTByje Yy MpoLEecHMMa Yy BE3H Ca OpraHu3alujoM M
(GYHKIIMOHUCAEM IIUTOCKENICTa, PETYNalMjoM CHTHAJIHUX IIyTeBa W MehyMOJIEeKyJICKUM
WHTEpaKIHjama.

[ocnenmwu Ae0 UCTpaKUBama je 3a Wb UMao Aa YTBPAM Aa JIM U Y KOJIWKO] MEpH MPOTEHHH ca
CTPYKTYpHOM HeypeheHomhy ydecTByjy y mpoMeHama Koje omoryhaBajy opraHu3My Oa ce
ajanTupa Ha IYT MEpHOJ >KUBOTHOT IHKIyca KOjU NPOBOAM Yy CTamby CMambeHe OIITE CTOIe
MeTaboNM3Ma U TOKOM KOjer CTHUYe OTIIOPHOCT Ha HHUCKE TeMIiepaType. Pesynratu oBor aena
UCTPaXHBaba Cy JETMMIYHO OTBPAMIIN IIOYETHY XHUIIOTE3Y Ja N3JIaramke HUICKUM TeMIeparypaMa
TOKOM JHjariay3e yTHde Ha caJpikaj MpoTeHHa ca CTPyKTypHoM Heypehenomhy y rycennmama
KyKypy3HOT 1iamenIfa. Mako je mokas3aHo Jia ce caipikaj CTPyKTYpHO-HeypeleHUX nmpoTenHa He
Memha y Pa3NUYUTHM CKCIIEPUMEHTATHUM TpylaMa, y AWjanay3upajyiuMm rpymnama Koje cy
W3JIaraHe HUCKUM TeMIIepaTypama 3HAdajHO pacTe yleo NMPOTEHHA KOjU Caapike CTPYKTYypHO-
Heypehene peruone. [loBumieH canmpikaj TakBUX TMPOTEWHA, KOjU Cy (GIEKCHOWIHH U
(hYHKIIMOHAIHA HAa KUHETHYKU HEMOBOJAHMM HHUCKUM TeMIleparypama, o0e30elyje oapikaBame
XOMEOCTa3e OpraHm3Ma KaJla je M3JI0KEH CTPECHUM a0MOTCKAM (haKTOpuMa Kao IITO Cy YIPaBo
HUCKe Temmeparype. JlogaTHO, MCIUTHBAaHA je pelaTHBHA EKCIpecHja TeHa KOjH KOAHPajy
MPOTEUHE 3a KOj€ je y OBOj AMCEpPTalUju YTBph)EHO &a mocemyjy 3HadajaH CTEIEH CTPYKTypHE
HeypeheHocTH Kako Ou ce YTBPAMIIO /1a JIW Cy JeTEKTOBaHE MPOMEHE Ha MPOTEOMCKOM HHUBOY Y
CarJlaCHOCTH M ca NpOMEHaMa Ha HUBOY T€HA Yy Pa3IMYATHM EKCIICPUMEHTATHHUM TIpylama.
[Ipahena je ekcrpecuja TeT reHa 3a MPOTEUHE TOIUIOTHOT CTpeca, JBa 3a MPOTEWHE Y BE3H ca
(YHKIIMOHUCAEM IUTOCKENIETA, jeTHOT 3a IPOTEHH XyMOPAITHOT MIMYHCKOT OATOBOpa HHCEKATa 1
jeTHOT 3a IMTOCKENIETHU MPOTEHWH KOjU PETYINHINEe BETUK Opoj CHTHANHUX IyTeBa. PeraTtnBHa
ekcripecuja BehmHe wcnWTHBaHWMX TeHa je Owia TMOBWIIEHA y Iujamnay3upajyhmM rpynama
M3JlaTaHUM HHUCKUM TeMmIieparypama, mpartehin 3a0eliexkeH MopacT cajapikaja IpOoTeHHA ca
CTPYKTYpHO-HEype)eHHM perHoHHMa Y THM eKCIIEPUMEHTAIHUM TpyIama.

CinnyHa MCTpakKMBama, KOja Cy MCIUTHBAJA YTHIQ] HETIOBOJFHHUX YCJOBA JKMBOTHE CpPEIMHE Ha
caJpkaj TPOTEMHA ca CTPYKTYpHOM HeypeleHomrhy, yriaBHOM cy Owuia wu3BohjeHa Ha
MPOKAPUOTUCKUM OpraHM3MHMa, JIOK Ce BeoMa Maiu Opoj BmHUX 0aBHO OBOM TEMAaTUKOM KOJ
eyKapuoTa M TO YIJaBHOM Koja OWJBHMX Bpcra. M3 Tor pasmora, pesynTaté J0OHjeHH OBOM
JIOKTOPCKOM JTMCEPTAIMjOM MMajy JOJAaTHY TSKHMHY M 3Haya] Kako Ha I0JbY €KO(HU3HOJIOIIKIX
ylora CTPYKTypHO-HEypeheHHX NpoTenHa, Tako W y pa3jallbaBakby MOJICKYJIapHUX OCHOBA
JMjarnayse ¥ MpoMeHa Koje BOo/Ie Ka CTHIalky OTHOPHOCTH Ha XJIaaHohy.

In this doctoral dissertation the candidate has combined in vivo, in vitro and in silico approaches to
detect the presence of, identify and determine the roles of proteins with different degrees of intrinsic
disorder in processes that lead to the acquisition of cold hardiness during diapause in the European
corn borer Ostrinia nubilalis.

One part of the research was dedicated to establishing and optimizing a methodology for the
detection, identification and enrichment of proteins with intrinsic disorder in sampled larvae of the
European corn borer, considering that such a proteomic approach has not been applied before in
this species. This research goal is considered to be achieved due to several reasons. The presence
of proteins containing intrinsic disorder has been detected in the European corn borer, while the
content of these proteins has been enriched following sample heat treatment. Additionally, the
significance of heat treating the samples before protein identification has been highlighted, as many
proteins have been identified only following the heat treatment.




The second part of the research was concerned with determining the degree of intrinsic disorder in
the identified proteins, assessing the content of proteins with different levels of intrinsic disorder
in samples that were exposed to varying experimental conditions, as well as characterizing them in
terms of their molecular functions and biological processes they can be involved in. Bioinformatical
analyses established that the total content of proteins with intrinsic disorder identified in the corn
borer in this dissertation is in accordance with their predicted content in eukaryotes in general.
Functional characterization has shown that there are large gaps in existing databases when it comes
to information on the molecular functions of the majority of proteins identified in this dissertation.
Among proteins with intrinsic disorder that had available data points, most of them have been
determined to be involved in processes concerning the organization and functionality of the
cytoskeleton, regulation of signaling pathways and biomolecular interactions.

The aim of the final part of the research was to determine whether, and to what extent, proteins
with intrinsic disorder are involved in changes that allow an organism to adapt to a long period of
generally suppressed metabolism within its life cycle, during which it becomes cold hardy, as well.
The hypothesis formulated for this dissertation is partially confirmed by the results acquired in this
final stage of research. While it has been shown that the content of intrinsically disordered proteins
does not differ between the experimental groups, larvae of diapausing groups exposed to low
temperatures contain a significantly higher ratio of proteins with intrinsically disordered regions.
Higher amounts of these proteins, which are flexible and retain their functionality at kinetically
unfavorable cold temperatures, ensure that homeostasis is maintained when an organism is exposed
to abiotic stressors such as these adverse temperatures. The relative expression of genes encoding
proteins that were determined to contain a significant degree of intrinsic disorder has also been
assessed, in order to ascertain whether the detected changes on the proteomic level are synchronized
on the transcriptional level in different experimental groups, as well. The relative expression of five
genes for heat shock proteins, two for cytoskeletal proteins, one for an insect humoral response
protein and one for a cytoskeletal protein that regulates a multitude of signaling pathways has been
analyzed. Most of the analyzed genes have been shown to be upregulated in diapausing groups
exposed to low temperatures, mimicking the detected increase in the content of proteins with
intrinsically disordered regions in these experimental groups.

Similar studies, which explored the effects of negative environmental conditions on the content of
proteins with intrinsic disorder, were mostly done on prokaryaotic organisms. Only a small number
of them were conducted on eukaryotes, and mostly on plants at that. Because of that, the findings
in this doctoral dissertation bear additional weight and significance not only in the field of the
ecophysiological roles of intrinsically disordered proteins, but also in elucidating the molecular
basis of insect diapause and changes that lead to the acquisition of insect cold hardiness.

VIl OLEHA HAYMHA IIPUKA3A U TYMAUYEIBA PE3YJITATA UCTPA’KUBAIDA:
ExcrmMnuTHO HaBECTH MO3WTHUBHY WM HETaTHBHY OILIEHY HayMHAa IpHKa3a U TyMadema
pe3ynTaTa HCTPaKUBAbA.

Kanmunar je agekBaTHO ¥ JeTalbHO 00paino U NMPHKa3ao pe3yJTaTe Ha HA4MH KOjH jaCHO yKasyje
Ha FUXOB EKO(PHU3WOJIOIIKMA 3HA4ya] y TOreay OHOJIOIIKOT KOHTEKCTa KOjU je HMCIUTHBaH.
Pesynratu cy TymMaueHr Ha cMCTeMaTH4YaH HA4YWH, TOYEBIIH O/ TEXHUYKUX acliekaTa MeTojia Koje
cy KopumheHe W UCTHLAmba MPEeIHOCTH KopHuihema UCTUX y UCTPaXHBalky M3BEICHOM Y OBO]
JHcepTalyjy, 10 carjiefaBama JOOMjeHUX pe3yliTara y CBETIIy HUCTpaKUBama JPYTHX ayTopa H
yCIocTaBlbarba JOTHYHE ¥ apTYMEHTOBAHE Be3€ ca HCITUTHBAHOM TEMaTHKOM.

Tectupamem Ha mnarujapusam nomohy iThenticate codrepa (https://www.ithenticate.com)
yTBpleH je mpoleHat npekiaanama o 25%, on gera je 16% ca pagom Ha KojeM je KaHIUAAT NPBH
aytop, 3% ca J1Ba pajia Ha KOjUMa je KoayTop, a 3a CBE OCTaJie M3BOPE MpeKaname je Mame o1 1%
[IOHA0C00.

The candidate has processed the results adequately and in detail, and presented them in a way that
clearly points to their ecophysiological significance in regards the biological context that was being




studied. The results were interpreted systematically, starting with the technical aspects of the
applied methods and highlighting their advantages for the studies carried out in this dissertation, to
examining the results in light of findings from previous researchers and establishing a logical and
reasoned connection with the studied subject.

Plagiarism testing was performed using the iThenticate software (https://www.ithenticate.com) and
a literary overlap of 25% was determined. There was a 16% overlap with a publication where the
candidate was the first author, a 3% overlap with two publications where he was a coauthor, and
the overlap with the remaining sources was less than 1% each.

IX KOHAYHA OLIEHA JOKTOPCKE JUCEPTAILIMJE:

ExcrnunuTHO HAaBECTH Nia JIM JAWCEpTallja jecTe WU HUje HANMCAaHa y CKIIAJy ca HaBEICHUM
o0pa3noxemeM, Kao U Ja JIU OHA CaJpXXH WM HE CaApXu cBe OuTHe ememeHTte. [laTu jacue,
MIpeI3He W KOHITM3HE OATOBOpE Ha 3. 1 4. UTame:

1. Jla nu je nucepTanyja HampcaHa y CKany ca oOpasiosKemheM HaBeJeHUM Y IpHjaBH Teme?
Ja, Komucuja 3akspyuyje 1a je oBa qucepTallija HallucaHa y CKIIaay ca 00pa3iokKemeM
HaBEJICHUM Y TIPHjaBH TEME.

The Board concludes that the dissertation was written in accordance with the proposal
submitted in the dissertation application.

2. Jla mu qucepTanmja cap K CBE OUTHE eneMeHTe?
Ja, Komucuja 3akspydyje 1a oBa AUcepTalldja CaapKu CBe OUTHE EIEMEHTE.

Yes, the Board concludes that the dissertation contains all the mandatory elements.

3.11o wemy je nmucepraiyja OpurHHAIAH JOTPUHOC HAYIIN?

UctpaxkuBame palleHO y OKBUpY OBE JAMCEpTalMje je MPBO TE€ BPCTE y KOjeM je MCIUTHBaHA
MOBE3aHOCT Ca/ipKaja CTPYKTypHO-HEypel)eHHX mpoTenHa ¥ TPOTEHMHA ca CTPYKTYpHO-
HeypeheHnM permoHMMa y TpollecMMa CTHIAma OTHOPHOCTH HAa HHCKE TEMIlepaType |
aJanTupama OpraHM3Ma Kako OM ce oJpkajda BHjaOWJIIHOCT TOKOM JYyror Iepuoja
XHrnomeTabonu3mMa KoJi BpCTe WHCEKTa KOja CITY>KH Kao MOJIEN-CUCTEM 33 UCTPaKMBarba y BE3H ca
THM TpoliecHMa. Y OBOj AMCEPTALHjH je YCIIOCTaBIbeHA U ONTHMH30BaHa METO/Ia 33 UCTIUTHBAHE
NPOTEHHA Cca Pa3IMYUTHM CTEIIEHHMMa CTPYKTypHE HeypeheHocTH y naToM Mojen CHCTeMy Koja
KoMOmHyje in Vivo, in vitro u in silico npucrymne, 1ok pe3ynTatd M 3aKJbydlM JIOTPHHOCE
(GyHIAaMEHTAJIHO] Haylmy y TOIJexy pa3yMmMeBamba OHOXEMHjCKMX M MOJIEKYJapHHX OCHOBA
XHMOMETA0OJIMYKOT CTama JMjanay3e M ajanTalyja Koje IOBOJE 1O CTHIamba OTIHOPHOCTH Ha
HHUCKE TeMIIepaType.

The research carried out in this dissertation is the first of its kind where the relationship between
the content of intrinsically disordered proteins and proteins with intrinsically disordered regions
and processes behind cold hardiness and adaptations to maintaining viability during a long period
of hypometabolism was explored in an insect species that is used as a model system for studies
related to these processes. This dissertation established and optimized a method for examining
proteins with different degrees of intrinsic disorder in the given model system that combines in
vivo, in vitro and in silico approaches, while the results and conclusions contribute to fundamental
science in terms of understanding the biochemical and molecular basis of the hypometabolic state
of diapause and adaptations that lead to the acquisition of resistance to low temperatures.

4. Koju cy HetocTaly AucepTalyje U KakaB je ’bHX0B YTHII] Ha Pe3yNITaT HCTPaKUBamba?

Komucuja cmartpa z1a aucepraiyja HeMa HeJ[ocTaTaka, jep Cy 3aI0BOJbEHHU [IUIbEBH HCTPAKHUBAbA
KOjU cy Omnm 3amatu W A00WjeHH Cy pe3yiTaTH KOju IpeAcTaBibajy OPUTMHAIaH M 3HaudajaH
nonpruHoc (yHJAMEHTATHOj HaylM Koja ce Thdye EeKO(H3HOJONIKMX OCHOBA IMPEKHBIHABAHA
opraHu3ama y ycJOBHMa XHWIIOMETaOONMYKOT CTama Jaujamnay3e W JYroTpajHe H3JI0KEHOCTH
HETNOBOJHHUM YCJIOBHMA JKUBOTHE CPEIHHE.




The Board finds that the dissertation has no flaws because the set research goals were met and the
obtained results represent an original and significant contribution to fundamental science
concerning the ecophysiological basis of survival in a hypometabolic state of diapause and during
long-term exposure to adverse environmental conditions.

X HHPEJJIOT:

Ha ocHOBY HaBeeHOT, KOMHCH]ja IpeUIaxKe:

Jla ce JIOKTOpCKa Jucepranuja Kanauaata Muioma ABpaMoBa I0J] Ha3HMBOM ,,CTPYKTYpHO-
Heypel)enu nporennu Kykypy3Hor miamenna Ostrinia nubilalis (Hbn, 1796) npuxsatu u na ce
KaHIUAATY 0100pu o0paHa HCTe.

Taking into consideration the findings of this evaluation report, the Board recommends
that the dissertation entitled ,,Intrinsically disordered proteins of the European corn
borer Ostrinia nubilalis (Hbn, 1796)“ written by candidate Milo§ Avramov is to be
accepted and the candidate allowed to proceed with its defense.
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