HacTaBHO-Hay4yHOM Behy
MaTtemaTuukor ¢akysiTeTa
YuuBep3utera y beorpany

OpnykoM HacraBHo-HayyHor Beha MaTemaTtuukor ¢akysnteta y beorpagy noHeToM Ha
383. cegnuuu ofpxkaHoj 18.6.2021. rogqrHe UMEHOBAaHMU CMO 3a 4JaHOBe KOMUCHje 3a
olieHy JoKTopcke nuceptanuje ,Prediction of alphabets of local protein structures
using data mining methods” (cpn. ,IlpeaBubame andabera J0Ka/IHe CTPYKType
NpOTEerHAa IPUMEHOM MeTOo/,a UCTPaKMBamwha NojaTaKa”) KaHAuaTKube MupjaHe
MasbkoBuh, Mactep wuHpopmaTtuuapa. [locse mnpersiesa mNoAHETOr pyKomuca
noJHOCUMO ciesehu

H3BeluTaj

Bbuorpadcku noganu

Mupjana MasmkoBuh je pohena 13. HoBeMbOpa 1986. roaune y Kanbepu, Ayctpasuja.
OcHOBHY HIKOJIY ¥ THMHa3ujy 3aBpuiuia je y beorpaay. lllkoscke 2005/2006. roauHe
ynucaja je OCHOBHE aKaJieMCKe CTyauje Ha MaTeMaTuykoM dakyatety y beorpagy
(cmep UHdopmaTuka), a mikoscke 2008/2009. roauHe ynucasa je MacTep akaJeMCKe
cTyauvje Ha MarteMmatuukoM ¢akyartety, cMep UHbopmaTtuka. Ha ucrom dakyarety
ynucazaa je JOKTOpCKe akaZieMcKe cTyzauje, cMep MHbopMaTuKa, y OKBUPY KOjUX je
IIOJIOXKUJIA CBe UCIUTe NpeJBUbeHe NJAHOM U NMPOrpaMoOM JOKTOPCKUX CTyJHja ca
npoceyHoM oneHom 10,00.

Op 2009. roguHe 3amocseHa je Ha MaTeMaTHykoM (akyaTeTy YHHUBep3uTeTa y
Beorpaay kao capafHUK y HacTaBu Ha KaTe/Jipu 3a payyHapCcTBO U UHPOPMATHKY, a O/,
2011. roguHe Kao acUCTeHT y HacTaBU Ha uctoj Katexapu. Jlo caja je yyectBoBaja y
u3Bohemwy BexOU U3 ciaeAehux npeaMeTa Ha OCHOBHUMM UM MacTep CTyAujama:



Penannone 6a3e mnojgaTtaka, [lporpamupame 6asa mnogaraka, PasBoj codTsepa,
HcTpakuBamwe nojartaka u UctpaxkuBamwe nogaraka 1.

OcHOBHe 006J1aCTU UHTepecoBaka Cy joj 6a3e MmoJaTaka, UCTpaXKUMBakbe MoJlaTaka M
6uovHbopMaTHKa. YuecTBOBajia je Kao HCTpaXWBad Ha MpojeKTy ,Pa3Boj HOBHUX
MHPOPMaALMOHO-KOMYHUKALIMOHUX TEXHOJIOTHja, KopuinheweM HanpeHUX
MaTeMaTUYKUX MeToJa, Ca INpUMeHaMa Yy MeAUIMHHM, TeJeKOMyHUKaldjaMa,
eHepreTUl Y, 3alITUTUTH HallMOHa/JHe OalITUHEe M o6pa3oBaky’  MuHHUCTapcTBa
npocBeTe U Hayke Peny6sinke Cpouije.

MupjaHa MasbkoBuh je OuJia 4YJaH OpraHuU3alMOHOr oJdbopa MehyHapoAHUX
koHQepeHuuja Belgrade Bioinformatics Conference 2016 (BelBi2016) u Belgrade
Bioinformatics Conference 2018 (BelBi2018). UnaH je TeXHUYKOT ypeAHUIITBA Yacomuca
“llpeened HayuoHanHoz yeHmpa 3a duzumaauszayujy”, Koju usjaje MaTeMaTUYKH
dakysnTeT YHUBep3uTeTa y beorpagy.
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MupjaHa je y cesam pazoBa IpBU ayTop.
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IIpeagmeT aucepranuje

[lpeaMeT [OKTOpCKe JucepTalyje 4YWHe TIpaB/be€lbe MoJesa 3a IpejBubhame
IPOTOTUIIOBA CTPYKTypHOr andabeTa 3a 3ahaTy aMHUHOKHCEJIUHCKY CEKBEHILY
KopuiihemeM MeToJa UCTpakMBaka MoJaTaka, aHa/u3a KOPUCHOCTH pa3Boja HOBOT
CTPYKTYpHOT a/idpabeTa, Kao U NpaB/bekbe MoJies1a 3a peiBUhambe NPpOTOTUIIOBA HOBOT
CTPYKTypHOr ajdabeTa NpPUMEHOM MeTOJa WCTPaXMBamwa MojaTaka. I[Ipeamer
JIOKTOpPCKe AucepTaldje MpUIaAa Hay4yHoj obsacTu PauyHapcTBo v MHOpMATHKA U
Y)KUM Hay4HUM odJiacTuMa buonHpopmatuka u UcTpaxkuBambe nogaTaka.

CTpyKTypa NMpoTeHHa ce OMUCYyje HA TpU HUBoaA: (1) mMpUMapHOM CTPYKTYpOM Koja ce
HasMBa M aMHUHOKHCEJMHCKA CeKBeHIa, (2) ceKyHJapHOM CTpyKTypoM u (3)
TpoAUMeH3HOoHa/MHOM CcTpykTypoM (3D). IlowTo je ekcnepumeHTasHO ofpehuBame
TPOJAVMMEH3MOHANHE CTPYKType NMPOTEHMHA CKYNO U BPEMEHCKH 3aXTEBHO, MOCTOjabe
nporpaMa KOjU Ha OCHOBY aMHHOKHCEJHUHCKe CeKBeHIle mnpejBubajy ocobune 3D



CTPYKTYpe je U3y3eTHO 3Ha4ajHO 3a UCTPaKMBamba 3aCHOBAaHA Ha CTPYKTYPH NPOTENHA,
Kao WTO je QyHKIMja NpPOTEMHA WU Pa3Boj JiekoBa. 3D cTpykTypa rJiaBHOT JiaHLia
npoterHa (eHr. backbone) Moxke Jla ce TMPUOMIKHO oOnulle W KopullhewmeM
NpOTOTUIIOBA JIOKaJHE CTPYKType TmpoTeuHa. [lpoToTunoBu ce KopucTte 3a
anpoKCUMaLlHjy JIOKaJIHUX CaBHjama Koja Ce jaBJ/bajy y CTPYKTYPH MO3HATHUX NPOTEUNHA,
a ozapebyjy ce Ha OCHOBY M3/|BOjeHUX ¢parMeHaTa y3aCTONMHHUX aMHUHOKHUCEJNHUHA Y
NOJIMIIENTUAHUM JlaHIMMa 4uja je 3D cTpykTypa mno3sHaTta. Ckyn JepuHUCAHUX
NpPOTOTUIIOBA JIOKAJIHE CTPYKTYpe YNHU OUOIMOTEKY JIOKAJHUX CTPYKTypa NPOTENHa,
KOja ce joul Ha3uBa U CTpyKTypHU andadet (CA) (eHr. structural alphabet).

JenaH on HajIO3HATUjUX CTPYKTYPHUX asidabeTa, UUjUu je OpUTHMHAJIHU Paj, LUTHUPAH
Bulie of 350 nyta, ce HasuBa [IporeuHcku 6JiokoBu (IIB). CTpykTypHu andabet
[IpoTeMHCKH 6JI0KOBHU ce cacToju oJ 16 MpOTOTUIIOBA KOjU Cy U3/BOjeHH NPUMEHOM
aJropMTaMa KJjacTepoBamwa Ha ¢parMeHTHMa OJi 5 y3aCTONHUX aMHUHOKHCEJNHWHA U3
IIPOTEHHA Ca NI03HATOM CTPYKTYPOM.

Y pucepTanujyu Cy npejjioKeHd MoOJiesd 3a npefiBUbhame MpPOTOTHUNOBA CTPYKTYPHOT
andabeTa 3a 3aJaTy aMHUHOKHCEJMHCKY CEKBEHIly 3aCHOBAaHM Ha CTPYKTYpPHOM
andabeTty [IpoTenHCKH 6JI0KOBU M Pa3JUYUTUM NPUCTYNIMMA UCTPaKMBamwa NojaTaka
npema ¢opmMaTy nojaTaka U aJrOpUTMHUMa 3a Kjaacupukanujy (ApBeTa oJylydyrBamba U
HeypOHCKe Mpexe) Koju Mory Ja mnoBehajy npeunusHocT y ofHocy Ha noctojehe
npeJUKTOpe KOjUu ce KopucTe y Te cBpxe. [lopeJ; aMUHOKHUCENIMHCKe CeKBeHLe, yJa3 y
MoJiesie 3a npejaBubame nporoTunosa [IpoTenHckux 6J0KoBa je o6oraheH A0AaTHUM
MHpopMalnujaMa 0 NIPOTEMHCKOM JIaHLy KOje ce MOTy OApeJUTH WJIW NpeJBUJIeTH Ha
OCHOBY aMHHOKMCEJIMHCKe CeKBeHle (mpeaBHbheHe CTPYKTypHe 0COOMHE NMpPOTEHHa,
no3ulyje JUPEKTHUX U MHBEP3HUX IIOHOBAaKa y aMUHOKHCEJHWHCKOj CEeKBEHIM U
pe3yJITaTH ocaM NpeJUKTOpa 3a ofpehrBame nosunuja Moryhux HeypeheHux peruoHa
y NpoTeuHy). Y paay je Takohe aHa/M3MpaHa KOPUCHOCT pa3Boja HOBOT CTPYKTYPHOT
asdabeTa NpUMEHOM aJIropuTMa 3a KjacTepoBamwe TwoStep U Mozesa 3a npeJiBuhame
NpOTOTUNOBA [O0OUjeHUX CTPYKTYpHUX asdabeTa y UW/bY Kopullhewa HOBOT
CTPYKTypHOT ajipabeTa Kao OCHOBE 3a pa3BOj HOBUX NPEJAUKTOPA JIOKAJIHE CTPYKType
IpoTerHa.

lpukas gucepranuje

Pykonuc uma 165 (149 + XVI) cTpaHa, MUCaH je HAa €HIJIECKOM je3UKy W UMa ciefehy
CTPYKTYpY:

Introduction (cpmn. YBon)

Data mining methods (cpn. MeTozie ucTpakuBama nojaTaka)

Structural alphabets (cpn. CTpyKTypHHU anidpabeTH)

New Protein Blocks predictors (cpn. HoBu npeaukTopu 3a [[poTenHCcKe 6J10KOBE)
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5. Development of new structural alphabets (cpn. Pa3Boj HOBUX CTPYKTYpPHHX
asndabeTa)
6. Conclusion (cpn. 3ak/by4ak)

y3 Abstract (cpn. Pe3ruMe) Ha eHrJiecCKOM M CpIcKoM je3uky, Contents (cpn. Cagpikaj),
List of Figures (cpn. Cnucak cauka), List of Tables (cpn. Cnucak Tabesa), Appendix (cpm.
Jonatke), Bibliography (cpn. Cnucak suTepaTtype) o 88 6ubnorpadckux jeJuHULA U
Buorpadujy kanguzaara.

Y yBOAHOM IIOr/IaB/by ONMCaH je IUMPH KOHTEKCT IpobJieMa KU HeroB 3HaAYaj.
[IprkasaHa je ¥ opraHu3anyja Tese o HapeLHUM MOrJIaB/bUMA.

Jlpyro mnorJsiaB/be caZp>kM IMpUKa3 MeToJla HCTpakuBawa MoJaTaka MU ¢opmara
nojaTaka Koju Cy KopullheHM y JAucepTalMju 3a pa3Boj MpejJioKEHUX MoJesa 3a
npe/Bubhame NPOTOTUNIOBA CTYKTYPHUX alidpabeTa U kbUX0BO ofpehuBame. OnucaHa cy
JiBa ¢opMaTa 3a HNpUIpeMy NojaTaka y OKBUPY AucepTauuje: dopmart kiausajyher
npo3opa ¢ukcHe gyxuHe (eHr. fixed-length sliding window) u cekBeHUuUjasHU popMar.
JlaT je mpukas IlecT ajaroputaMma jApBeTa ogiyuuBamwa (C5.0, CART, XGBoost Tree,
CHAID, SPRINT, Random Forests) u JiBa aJropuTMa BelITAaYKHUX HEYPOHCKHUX Mpeka
(Multilayer Perceptron, LSTM-Bidirectional recurrent neural networks), kao U JABa
aJIropyMTMa 3a KjactepoBamwe: KoxoHeHOBe camoopranusyjyhe mane (eHr. Kohonen Self-
Organizing Feature Map) u TwoStep. Anroputam KoxoHeHOBe camoopraHusyjyhe mane
je kopuiheH 3a pa3Boj nocrtojeher cTpykTypHor asidabeta [I[poTeMHCcKH 6JIOKOBH, a
TwoStep je kopuuiheH y aHa/vM3U pa3Boja HOBUX CTPYKTYpHUX asidabeTa y OKBUPY
Jvcepranuje.

Tpehe mnorsaB/be cajfpXW ONUC CTPYKType NPOTEUMHa, MOTHUB 3a JAedUHUCAHE
CTPYKTYpHUX asidpabeTa M ONUC HEKOJHUKO CTPYKTYpHUX asdabeTa. CTPyKTYpHHU
asipabeTu NpeAcTaB/bajy jelaH HauuH onuca 3D CTpyKType rJaBHOT JiaHIIA TPOTEHHA.
Pa3BujeHH cy ca uu/beM Ja ce npeBasube npobseM HeNocTojalkba CTPUKTHUX NpaBUJIaA
3a ogpebuBame ceKyHJapHe CTPYKType NPOTEHWHa, IITO JOBOAMU [0 NOCTOjama Beher
Opoja npucTyIma 3a oApehuBame ceKyH/lapHe CTPYKType YHjU ce pe3ysITaTHh Pas3JIuKyjy.
CTpykTypHHU asidabeT mNpeacTaB/ba OUOJUOTEKY NPOTOTHUIIOBA JIOKAJHE CTPYKType
npoTeMHa Koju ce ojpeDhyjy Ha OCHOBYy u3/BOjeHHX ¢parMeHaTra y3aCTOMHUX
aMMHOKHCeJMHA y TNOJMIEeNTUAHUM JaHOuMMa 4dja je 3D cTpykTypa mnosHara.
CtpykTypHu andaber je peduHucaH kKao ckyn o N npoTroTunoBa AyxkuHe [
aMMHOKHCeJMHA. Y 0BOM NOIJIaBJ/by je JaT Mperyef ocaM CTPYKTYPHUX andabeTa Koju
Ce pasJ/MKyjy MO CBOjCTBMUMa KOpUIIheHMM 3a OMMC IJIaBHOT JaHLa npoTenHa (Ca
koopauHaTte, Ca pacTojama, TOP3UOHM YIJIOBU), MeToJaMa KopuluheHUM 3a
JeprHMCame MNPOTOTUNOBA (aIrOPUTMHU KJjacTepoBawa K-cpeiuHa, XHjepapxHjcKo
KJ1acTepoBamwe, KoxoHeHOBe Mane, BellTayKe HEYpPOHCKe Mpexe WJIM MeToJ, 3a
KJIaCTepOBame 3aCHOBAH Ha JJOMEHCKOM 3Halby Y pa3BHjeH 3a NOTpebe UCTPaKUBamba),
6pojy aMHUHOKMUCeJHHa y dparMeHTHUMa M 6pojy mpoToTunoBa. CBaKOM NpPOTOTUNY



CTPYKTypHOT ajndabeTa ce Aoje/byje NoceOHA O3HAKa, Te Ce MIPUMEHOM CTPYKTYPHUX
andabeTa rIJaBHMU JiaHal, NpPOTeWHA IpeJCcTaB/ba Kao HWU3 O3HaKa NPOTOTUIIOBA
CTPYKTYpHUX andabeTa. /leTa/bHUje je onMcaH HAjIO3HATHjU CTPYKTYpHU ajidabeT
[IpoTeMHCKH 6JIOKOBU KOjU je KopullheH Kao OCHOBA 3a HOBe MoJeJse, ONMCaHe y
OKBHDY JHWcepTaluje, 3a MpeABUbhame NpPOTOTUIIOBA CTPYKTypHOr andabeTa.
CtpykTypHHU andabet [IpoTeMHCKH 6JI0KOBU Ce cacTOjyu 0J 16 MpOTOTHUIOBA KOjU CY
O3HAa4yeHM CJOBUMaA O a [0 p U ojpeheHU Ha OCHOBY ¢pparmeHarta of, 5 y3aCTONMHHUX
aMMHOKHCesJMHa npuMeHOM KoxoHeHoBe camoopraHusyjyhe marme. /laT je mnperJepn
HEKOJIMKO TNocTojehux ajarta 3a npeaBubame NPOTOTUNOBA CTPYKTYpHOr asndabeTta
[IpoTeMHCKH OGJIOKOBM Ha OCHOBY aMMHOKHCEJMHCKE CEKBeHLle KOjU Cy pa3BHjeHHU
NPUMEHOM Pa3JIMYUTHUX NPUCTYIA. AJIaTH Cce MOTY IOJeJIUTH Y TPU rpy1e:

(1) anatu 3acHoBaHM Ha bajecoBoM mnpuCTyny Koju Mopes, aMUHOKHUCEJTHMHCKE
CEeKBeHlle KopucTe U JleprHUcaHe GaMuJIvje CEKBEHIH,

(2) anat PBk-PRED kojy KOPUCTU NPUCTYI 3aCHOBAH Ha JJOMEHCKOM 3Haky U 6aszy
nojaTaka ca ¢parMeHTHMa [JyXKMHe 5 M3 MpOTeHHa ca eKCIIepUMEHTAJHO
oapeheHoM 3D CTPyKTypoM MU NpPUAPYKEHHUM MNPOTOTUNOBUMA [IpOTEHCKHX
0JIOKOBA, U

(3) anaTy 3acHOBaHM HA AJIrOPUTMMMA MAIIMHCKOI ydyewa U MHPopMalujaMa U3
XOMOJIOTHX IIPOTEHHA Koje ce 06Hjajy Ha OCHOBY aMUHOKHCEJIMHCKe CEKBEHIIe
npuMeHoM anata PSI-BLAST.

[IpeMa 06jaB/beHUM NOJallMMa y Hay4YHUM pajJioBUMa, HAjO0/by MpPEeLU3HOCT Mebhy
ajJlaThMa 3a npejBubhame NPOTOTUIIOBA CTPYKTYpHOT asndabeTa [IpoTeMHCKH 6JIOKOBU
noctuxe anat SVMprat u oHa usHocu 68,9% (HOBUje mpolieHe NOKa3yjy Ja je oBa
BpeZHOCT 0KO 55%).

Y 4etrBpTOM mnorsaBmy New Protein Blocks predictors (cpn. HoBu npenuktopu 3a
[IpoTenHcKe 6JI0KOBe), KOje NMpeACTaB/ba LIEHTPAJHU J1e0 pasa, JleTa/bHO CYy ONHCAHHU
HOBOpa3BUjeHHW MoOJleJid 3a TnpeZBubame MNPOTOTHUIOBA CTPYKTypHOr asidabdeTra
[IpoTeMHCKM  OGJIOKOBM Ha OCHOBY aMHHOKHCEJHMHCKe cekBeHlle. [lopen
AMHHOKHCEJIMHCKEe CeKBeHlle, Kao yja3 y MoJeJsie 3a mnpeaBubawe [IpoTerMHCKUX
6J10KOBa, KOpUCTe ce U UHpopMalLUje 0 MPOTEUHCKOM JIaHIy KOje ce MOTy OJApeJuTH
WJIM TIpeIBUJIETH HAa OCHOBY aMUHKHUCEJNMHCKe ceKkBeHle. MeTopn Spider3 je kopuiuheH
3a npejBubhame HEKUX CTPYKTYypHUX OCOOMHA MNpoTerHa (TOP3MOHUX VYIJIOBA,
CEeKYHJapHe CTPYKType M IMpUCTyNayHe MOBPIIMHE aMHHOKHCEJMHA); Nporpam
StatRepeat 3a mnpoHaNaXewe IMO3UIMja JAUPEKTHUX W HMHBEP3HUX IOHOBAKa
(moHaB/bajyhux HUCKM) Y aMHHOKHCEJMHCKOj CEKBEHId W ocaM IpeJuKTopa 3a
oApebhuBame nosunuja Mmoryhux HeypeheHux pervosna y npoteuny. Kopuuthena cy fBa
dopMaTa 3a npunpeMy noJjilaTaka 3a npaB/bere Mojesa: popmat Kausajyher nmposopa
bUKCHe AyKHMHe U CeKBeHIUjasiHU dopmaT. Y Te3u je mpenyiokeHo 11 mozena 3a
npeasubame nporotunosa [IpoTenHckux 6;0ko0Ba; 10 Mojena 3a nojatke y popmarty



K/au3ajyher nposopa GUKCHe AYKHWHE U jelaH MoJeJ 3a MoJaTKe Y CeKBEeHLHjaJHOM
dopmarty. 3a u3rpazmby Mo/jiesia 3aCHOBAaHUX Ha CKyIy noJilaTaka y ¢opmaty kiusajyher
npo3opa QUKCHe AY>KUHE KOpUIINEeHU Cy aJrOpUTMHU JApBeTa ofiyunBamwa (C5.0, CART,
XGBoost Tree, CHAID, SPRINT, Random Forests) u aJropuTaM HEYPOHCKHX Mpexa
Multilayer Perceptron, a 3a uW3rpajlby MoOJeJa 3aCHOBAaHOI Ha MojauuMa y
cekBeHIMjaJHOM ¢opmaty anroputaMm LSTM-Bidirectional recurrent neural networks.
[lapameTpu MoJesna Cy ONTUMH30BaHU NPUMEHOM yHaKpcHe mnpoBepe. [IpenusHoct
CBAKOT ONTUMaJIHOT MO/JieJia je IpOBepeHa Ha CKyIy KOjU HUje Y4eCTBOBAaO Y U3TPa/ibU
MoJiesa. [leTasbHUje Cy aHa/lU3WMpaHU pe3yJaTaTH 3a 4 Hajbo/ba Mojesa Ipema
npeuusHocTu. Haj6oosbu n06UjeHU MoJesd mpeMa NPenU3HOCTH UMajy NPenU3HOCT Y
oncery o2 74% no 80%, a Haj60/bU MO/Ies1 MpeMa MPEelM3HOCTH je u3rpaheH npuMeHoOM
asroputMa C5.0. U3BpuieHo je nopebewe HOBUX MoOJiesla, aHa/lWM3a 3HA4YajHOCTH
kopulihewa mno3unMja HeypeheHHX pervoHa y TMpPOTEMHY MW IIOHOBaka y
aMMHOKHCEJMHCKOj CeKBEHI[U Kao Jieo yJia3a, Kao U aHasu3a neppopMaHCH Haj6oJber
MoJies1a. YouyeHo je a ce 60J/ba NPELU3HOCT 32 HEKE MPOTOTUIIOBE MOCTHKE IPUMEHOM
Mo/ieJia KOjy HUCY Haj60oJ/bu peMa I106a/1Hoj npenusHocty. Hajoosbu fo6ujeHn mojen
npeMa NpeLyu3HOCTH je yrnopeheH ca my6MKoBaHUM pe3yJTaTuMa nocrojehux anara 3a
npensubamwe nporotrunosBa [IpoTeMHCKux 0JI0KOBa. YoueHO je Jla HOBU MoJes MMa
60/b1 0/13UB 3a CBE MPOTOTUIIOBE OCUM 3a NPOTOTHUI g.

Y neroMm mnorJsiaB/by je ONMCaHa aHa/M3a KOPHUCHOCTH pa3BOja HOBUX CTPYKTYPHHUX
andpabeTa NpUMEHOM aJropuTMa 3a KJjacTepoBawe TwoStep. OmnucaHo je Bulle
CTPYKTYpPHHUX andabeTa KOjuU Cy pa3BUjeHU 3a NMoTpebe aHaiu3e. HoBU CTPYKTYpHHU
andabeTH ce pas/MKyjy nmpema 6pojy mpoToTUIOBa Koje cagpxe (ox 10 mo 100) u
Jy’>KUHU PparMeHara y 6pojy amuHokuceaunHa (of 4 po 10) koju cy kopuiheHu 3a
NpoHaJaXkeke NPOTOTUIIOBA. TOP3UOHHU YIJIOBU Cy KopullheHHU 3a onuc pparMmeHara.
3a CBakM H3/IBOjeH CTPYKTYpHU asdabeT HalpaB/beH je MoJes 3a INpejBubame
IPOTOTHIIOBA NPUMEHOM BelITAYKUX HEYPOHCKUX Mpexa. /loOMjeHH CTpPYyKTYpHHU
andabeTu cy nopeheHu npeMa CioCO6GHOCTH Jja allpOKCUMUPA]jy CTPYKTYpPy NPOTEUHA U
NpPEeLU3HOCTU HalpaB/beHOT MoJiesa 3a ImpeJBHbDame NPOTOTUIIOBA HAa OCHOBY
aMMHOKHCeJMHCKe CeKBeHIle. 3aK/by4yaK aHa/u3e J0O0UjeHUX CTPYKTypHUX asidpabeTa je
Jla 60U MpeLU3HU MOJeJU 3a mpejABubame CTPYKTypHOTr andabera ca 16 wiu Bulle
NpPOTOTHUIIOBA AYyXXHHe 4 O6HUO KOpUCTaH 3a npejBubamwe yraa 1. Mogenu 3a
npejBubamwe NPOTOTUINOBA HOBUX CTPYKTYPHUX ajidpabeTa UMajy NpeLiU3HOCT U3Mehy
49% u 77%. CTpyKTypHHU andadeT pa3BHjeH Yy OKBUPY UCTpaKUBama KoOju uMMa 16
npoToTumnoBa aAyxuHe 5 amuHokucennHa (CA 5_16) je ymopebeH ca CTpyKTypHUM
andaderom [IpoTenHCKH dJI0KOBU. YOoueHoO je Aa 3a 6 npotoTtunoBa y CA 5_16 noctoju
10 jeJlaH BeoMa CJMYaH npoTtotun y [I[poTernHckuM diokoBUMa ca rmsda g0 6,8°,a3a 10
nporotumnosa y CA 5_16 no jesan nporotun y [IpoTeMHcKkUM d10KOBUMaA ca rmsda 1o
16,8°. rmsda (root mean square deviation on angular values) je Mepa pa3JIUYUTOCTH
3aCHOBaHa Ha yrJoBMMa. Takobhe, AMCTpuUOyLHja NPOTOTUIOBA 00a CTPYKTYpHA
andadera je c1MYHA IpeMa KJacudUKalMju IPOTOTUIIOBA 3aCHOBAHO] HA CEKYHAPHUM



CTPYKTypaMa ca KojuMa Cy NpoTOTUNOBU noBe3aHU. CinyHocT CA 5_16 u [I[poTenHCKUX
OJIOKOBA MOKa3yje Jja ce NpUMEeEHHU NOCTYIAK 3a NpaB/bebe CTPYKTYPHUX asndadeTa
MOe KOPUCTUTH Kao OCHOBAa 3a pa3BOj HOBUX CTPYKTypHUX asndadera ca
NpOTOTUIIOBMMA IOTOJHUM 3a Mpe/iCTaB/bakbe JIOKAJHE CTPYKType NPOTerHa.

Y wecToM morsaB/by je AaT CyMapHM NpHUKas cajpkaja JucepTalyje U IJaHOBA 3a
6yayhu pag,

Y opemky Appendix (cpn. [logaTak) cy y rpaduMyKoM OOJIMKY NMPUKa3aHU pe3y/TaTu
KJacTepoBawka NPHMEHOM ajroputMma TwoStep koju cy kKopuuiheHU 3a H3/Bajambe
NPOTOTUIIOBA CTPYKTYypHUX ajipabeTa y MeTOM MOrJIaB/by M MOJAALU O IPOTOTUIIOBHUMA
M3/IBOjeHUX CTPYKTYypHUX andabera. JaT je npukas (a) BesMYHMHe KJacTepa Ipema
6pojy npuapyxeHux ¢pparmMeHaTa 3a CBaKO KJacTepOBaHe Ha OCHOBY KOra je U3/]BojeH
CTPYKTypHU andabet, (6) yraoBa TIJIaBHOr JiaHI[a 32 MNPOTOTUIIOBE [A00HjeHUX
CTPYKTYpHUX aJsidabeTa, U (1) 3aCTyN/b€HOCTH CBAaKOr OJ CTama CeKyHJapHe
CTPYKType IO [MO3WIMjaMa aMHHOKHUCEeJMHA Yy ¢parMeHTHMa MOKPUBEHUM
IPOTOTHUIIOBMMA HOBUX CTPYKTYPHHUX asipadeTa ca 20 mpoTOTUIIOBA.

Hay4yHu aonpuHoOC aucepTanmje

Y pany je pasmaTpaH npobJsieM npejBubama NpoTOoTUNOBa ajdabeTa JOKaJHE
CTPYKType NpoTeuHa. Y TOKy paja cy AepHHUCAHUM HOBU MOJieJIM 3a NpejBubame
NpPOTOTUIIOBA Haj3HaYajHUjer CTPYKTypHOr asdabeta IlpoTenHCKH O6JIOKOBHU.
JebuHucanu mMoJesiM cy 3aCHOBAaHM Ha aJropuTMuMa kKijacudukauuje. IlpenusHoct
JlobMjeHrX MoJesa je Beha oJ NMpeLM3HOCTH NocTojehux MoJesa 3a pellaBambe OBOT
npo6seMa. Haj6o/en Moges npeMa MNpPeLU3HOCTH, KOjU je pa3BUjeH INPUMEHOM
asroputMa C5.0, uma npesHusHocT 80% (Hajdo/bu MO3HATU NOCTOjehr Mozen uMma
npeny3HocT 68,9%).

Y paay je mpuKasaHa U aHaJM3a KOPHUCHOCTHU pa3Boja HOBUX CTPYKTYpHUX asndabeTa
IPUMEHOM aJIfOpUTMa 3a kJjacTepoBawe TwoStep Haj ¢dparMeHTHMMa ONHMCAaHUM
nomohy yryioBa IJIaBHOT JlaHLIA NMPOTEWHA, Kao U MoJiesia 3a NpeJBubhame HUXOBUX
NpOTOTUINOBA. 3aK/byyaK je Ja OU HOBU CTPYKTypHU andabeT ca 16 uau Bulie
IpPOTOTHINIOBA AyXHMHe 4 OMO KOpPHUCTAaH Kao OCHOBa 3a IpaB/bele MoJesa 3a
npeJBubame yrja i rjaBHOT JaHIA.

3aK/by4ak

Pesyntatu g0 kojux je MupjaHa Ma/bkoBuh fAolizia TOKOM HUCTpaXUBaka U KOjU Cy
npejacTaB/beHU y pykonucy “Prediction of alphabets of local protein structures using
data mining methods” (cpn. ,llpeagBubamwe andabeTta 10KajHe CTPYKType NPOTEUHA
NpUMEeHOM MeTO/ia UCTPAKUBaka NoJaTaka”) npe/cTaB/bajy BpeJaH HayuHHU JJOIPUHOC
y obJsactuMa OuouHPopMaTHKe U NpPUMeEHe HCTpakKMBaka IoJaTaka
6uorMHbOpMaTULIH.



Tema u npeaMeT UCTpakuBawa Cy M3 YyKe HaydyHe odsactu buomHpopmarThka, a
MeTOJM MCTPaKUBawa Cy U3 YKe HaydHe odsiactu McTpakuBame mNoJaTaka.
Kanguaatkrmwa Mupjana MasbkoBuh je nokasajia oJIMYHO NO3HABAKkE 00€ 0OJIACTU U
0CII0COO/bEHOCT 32 00aBJ/bakbe CAMOCTAIHOT HAay4YyHOT pajia. /lodujeHu pe3yaTaTu UMajy
3HayajaH NOTeHLHjas 32 Jla/by NIPUMEHY U HACTaBaK UCTPaXKHBakba.

Mmajyhu y BuAy cBe NpeTXOJHO HaBeJeHO MpexasaxeMo HactaBHo-HaydHOM Behy
Martematuukor ¢akynartetra ga pykonuc ,Prediction of alphabets of local protein
structures using data mining methods” (cpn. ,lIpedsubare anagabema s0ka/sHE
cmpykmype npomeuHa NpuUMeHOM Memoda ucmpaicuearsa nodamaka”) KaHAUJaTKUbe
Mupjane Ma/bkoBuh mpuUXBaTH Kao AOKTOPCKY AucCepTalyjy U OJpeJd KOMHCHUjY 3a
HEeHy 0/10paHy.

Y Beorpapy, 28.7.2021.

Yy1aHOBHM KOMHUCHj€e 32 OLEHY

(ap Cama ManikoB, BaHpeHU nTpodecop)

(ap JoBana KoBaueBuh, f011€HT)

(ap Alexandre G. de Brevern, BULlIM HAy4YHU CapaJHUK)
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