BbJII'APCKA AKAJEMHUA HA HAYKHTE
HHCTUTYT II0O OPTAHUYHA XUMHUA C HEHTHP 110 ®PUTOXHMHUA

CTAHOBHUIIE
om npogh. 0-p unsnc. Becena /leneea Kvnuega
om Unucmumym no opzanuuna xumus c Ilenmuvp no pumoxumus - BAH

Ha oucepmayuorer mpyo 3a RPUCHICOAHE HA HAYUHA cmener “00Kmop Ha HayKume”

6 obracm Ha sucute obpazosanue npogecuonarno nanpasienue 4.2. Xumuuecku Hayku

HAYYHa cneyuannocm ,, Buoopeanuyuna xumust, Xumus Ha npupooOHume u (Pu3UOI0SUYHO AKMUSHUME
sewecmea

Aemop: npogh. 0-p unsnc. Ilagrunxka Anexcandposa /lonawka — Hncmumym no opzanuuna xumus ¢
Lenmvp no pumoxumusn - bAH.
Tema: Cmpykmypa u pynkuyua Ha MmeOHU 2AUKONPOMEUHU, CEBP3BAUU KUCTIOPOOHU (hopmu

1. O6u0 npeocmasane na npoyedypama u oucepmanma
Cwce 3anoseo No P/[-09-150/24.06.2019e. na /lupexmopa na HOXI]D-BAH eév30cHo6a Ha Pewenue Ha
HC (npomoxon 17/20.06.20192.) com uzbparna 3a 4ieH Ha HAYYHOMO HCYPU U 3d U320MEHE HA
cmanoguue no KOHKypca.

IIpeocmasenusm om npogh. 0-p unodic. Ilasnunka Anexcanoposa J{onauika KoMniekm mamepuai Ha
eJIeKMPOHEeH U XapmueH Hocumen e 8 cbomgemcemeue ¢ Ilpasuinuxa 3a pazeumue Ha aKadeMuyHs.
cvemas na MOXL D - BAH u omeosaps na kpumepuume na MOXL{D-BAH 3a npudodusane na nayunama
cmenen ,,00kmop Ha Haykume ‘. JJucepmayuonuusam mpyo npedcmags 000ouerue Ha 50 HayuHu
nyonuKayul, Kamo pe3yimamume om HaAy4Hume u3cie08anus ca Oukiadsanu na 71 nayunu ¢opyma y nac
u 6 uyacouna. llonyuenume pezyaimamu ca Om cb6MeCHU HAYYHU U3CAEO8AHUSL NO JTUHUSL HA 002080PU C
xoneeu om I'epmanus, beneus,, Hmanus, Yxkpaina u Kumaii.

Hpog. Hasnunxa [onawxa e pooena ua 21.09.19542. ¢ c. AHAxumoso, Muxaiinosepadcka obracm.
3aevpwsa eucwe odpazosanue 6ve BXTU , Ilpogh. Acen 3namapos® ¢ bypeac npes 19802. B
HOXI]D-BAH pabomu om 19902. 3awumasa oucepmayus 3a npucvbicoane Ha HayyHa u 0opazoeamena
cmenen ,,00kmop " npe3z 19922. ¢ Hayuen pwkogooumen npog. Oxu Hukonaii ['enos na mema:
., Cmpyxmypuu uscneoganus 6vpxy npomeunasa K u cpoOHu eusumu cvC CHeKmpainu U KUHemuuHu
memoou . Cned mosa nocinedosamenno pabomu kamo 2naeen acucmenm (1994-2004), ooyenm
(2004-2014) u npoghecop om 20142 0o momenma. Ipedcmasumen e ¢ IUPAC (medxcoynapooen cvios 3a
yycma u NPUIONCHA Xumus) u e wien Ha Eeponetickomo opysicecmeo no nenmuou. He e npedcmasena
CIpasKa 3a NpoedeHU CNeyuanu3ayul y Hac u 6 Yyicound.

2. Akmyaanocm na memamuxama

Onueosaxapuoume ca HCUSHEHO BANCHU 8eUeCMBA 3a OP2AHUBMA, MbU KAMO YYacmeam 8 peduya
buonoeuunu npoyecu. Haii-easicnama um ¢yynxyus e Kamo u3moyHuK Ha eHepeust 3a Kiemkume, yuacmeam
6 U32PANCOAHemOo Ha KIeMbYHUme CMeHU U ca OM2080PHU 3d CMAbUIUupane cmpyKkmypama Ha
npomeunume. 3ae0HO ¢ NOIUNENMUOHUME GepucU OYOpMAmM m.uap. ‘‘2nukonpomeunu’ — eoHu om
Hal-paznocmpanenume npomeunu 8 npupooama. B oucepmayuonnus mpyo ca uscieosanu 08a 6udd
MEeOHU 2UKONPOMeUHU, XeMOUWUanunu u cynepokcuo oucmymasu (CO/[), koumo npumedxcagam cioxicHu
8b2AEXUOPAMHU CMPYKMYPU U YYACMBAN 8 PA3IUYHU NPOYecu ¢ KUCAOPOOd U NPOUIBOOHUME M.
Meonume enuxkonpomeunu HAMUPAm 6ce NO-20JAMO NPULONCEHUe 3d JledeHue Ha peduya 3a001968aHUs.
npe3 nocieonume 200unu. Ensumom Cu/Zn-COJ] ce npunaea 3a nodobpseane Ha aHMUOKCUOAHMHAMA
sawuma Ha nayuenmu cve CIIUH u ycropssane Ha 6b3¢mMano8umenHus npoyec cied Mo3v4Hu mpagmu.
Xemoyuanunume, Kamo OUACHOCMUYHU U AHMUMUKPOOHU pedazeHmu ce npuideam u npu jiedeHue Hd
unpexyuu uru npodyyenmu Ha anmumena. Jloxazan e epexkmovm na peouya CO/[-3u u xemoyuanunu u npu
mepanus Ha mMymMop HA NUKOYHUS MeXyp, MyMop Hd 2bpoamd, XpaHonpoeooa u op. Hesasucumo om
paspabomenume memoou 3a oonvinumento eauxosunupare va CO/[-3u, npedumcmeama Ha NPUPOOHO
enukosunuparnume CO/-eH3umu ca HeoCnopuMu, 3aWomo He ce Halded OONBIHUMENHO 2IUKOIUSUPAHE U
ce uzbseeam Hedcenranume cmpanuuHu npooykmu. Tosa 0okazea npeouMCmeomo 3a U3NON36aHE HA
npupoono enuxosuruparu CO/-3u npu paziuunu mepanuu.



3. Ilo3naeane na npoodnema

Hucepmanmrama e usnonzeana 441 iumepamypnu usmounuxa, 3a 0a 060CH08e aKmyaiHoCmma Ha
npobaema. Oghopmsanemo Ha numepamyprusi 0630p U aHAIU3A HA NYOIUKYEAHUME OAHHU NOKA36AM
OMAUYHO no3Hasane Ha npobrema. Pasnoobpazuemo na enukonpomeunume 6 npupooama ce cébp3ea ¢
PaziuyHume OUONO2UYHU QYHKYUU, KOUMO UBNBIHAGAM KAMO  MPAHCNOPMHU, UMYHOLO2UYUHU,
Kamanumuuny, 3awumuy u Op. DYHKyuoHaiHume CE0UCMEA HA 2IUKONPOMeuHume Onpeoenim
OCHOGHUMe HanpasieHus U obnacmume HA NpUIOdCeHUemo um. Buvnpexu mHo200poliHume
dokasamencmea 3a mepaneemuunus egpexm na CO/[-3ume u xemoyuanunume, NPULOICEHUETNO UM €
02panuyerHo nopaou HedoCMamv4yHo NPOU3B00CMB0O HA NOOX00AWU npenapamu. Aemopkama npasuiHo
3akn04asa, ve npedocmageHama UH@OpMayus 3a 3HAYeHUemo u obdiacmume HA NpuldeaHe Ha
xemoyuanunume u Cu/Zn-CO/-3u éce ouje e neyoosnemeopumenna no OMmHouleHue Ha UUCKBAHUAMA HA
nasapa 3a no-wupoKomo UM GKII0UEAHE 8 eKCHePUMEHMAIHAMA U NPUNONCHA Meduyund. Bcuuko mosa
Hanaea omxpusane u npeuucmeane na nosu CulZn-CO/J-3u u xemoyuanunu, Kakmo u 3a0vb10O0UeH aHATU3
HA 3A8UCUMOCIMMA MedXCOy CMPYKmypama u OuoI02uyHOmMO Oelicmeue HA HO8Ume 2IUKONPOMeuHu.
Hucepmanmrkama oopvwa eHumanue, ye U3ACHABAHEMO HA POJAMA HA ONU03AXAPUOHUME CIMPYKMYPU
we oOade 6b3MONCHOCH Od ce OONbiHU UHDOpMAyUAMAa 3a CMPYKMYPHAMA Op2aHu3ayus Ha
2NUKONpOmMeurume u 0a ce YyCmanosu eIUAHUEmMO UM 6bpxy @yuxkyuama. Ilocreonomo uma 3navenue 3a
paswupseare Ha obaacmume Ha npuiodxcerue Ha meoHume eauxonpomeurnu Cu/Zn-COH-3u u
XeMOYUAHUHU, CEbP36AYU PASTUYHU KUCTIOPOOHU (POPMU.

Mnozo 0obpe ca obocnosanu na masu Oaza yerume u 3aoauume, KOUMO CU NOCMABL NPogh.
Honawxa npu paspabomeanemo Ha HACMOAWU OUCEPMAYUOHEH MP)O.

4. Memoouka na uzcaeoganemo
IIpeonosicenu ca opeunaniu Memoou 3a npevyucmeane Ha C8bP38auU KUCIOPOOHU POPMU 2IUKONPOMEUHU
C eOUH U 08a MeOHU UOHU 6 aKmusHus yeHmvp. Paspabomena e nosa memoouka 3a uOeHmu@uyupare
CIIOJCHAMA  Bb2NeXUOPAMHA CIMPYKMYPA HA XeMOYUAHUHUME C HeU38eCmHd U YACMUYHO U3BeCmHA
CMpYKmypa. 3a MHO2O XeMOYUAHUHU OM 8UO MOTIOCKA €A OOKA3AHU CLOMCHU YeMBbPMUYHU U MPEmUHU
cmpykmypu. Ilopadu oepomuume u Cl0OdCHU CMPYKMYPU HA Me3U 2IUKONPOMeUHU, NPUTIONCEHUMmE
YMEbpOeHU Memoou He 0a8am mouHa UHGOpMayus 3a cmpykmypama Ha xemoyuanunume. Ilpunoscenu
ca: MHO2OBbEHIHO pascelieaHe HA CEeMIUHA 6 KOMOUHAYUs ¢ eleKmpocnpeil UOHU3AYUOHHA
maccnekmpomempus, a epewikama npu mesu usmepeanus e no-vaixka om 1%, koemo 2u npasu nooxoosauu
3a aHanu3 Ha OPOMHUME XeMOYUAHUHOBU KomnieKcu. IIpunazanemo na nooxoosuu mepmoouHamudHy
no0X00U 0a8a BbLIMONCHOCH Oa4 Ce YCMAHOBU GIUAHUEO HA Bb2leXUOPAMHAMA CMPYKMYpPd 6bpXy
CMaOUIHOCMHUMeE XAPAKMEPUCIUKYU HA UHMAKMHAMA MOAEKYAd U CMPYKMypHume Cy6eouruyu.
Cpasnumennuam ananu3 Ha QUIOCEHeMUYHOMO ObPEO HA XeMOYUAHUHU OM MOTIOCKU ONPeoeiss ocem
OMOENHU PA3KIOHEHUS HA CXOOHU (DYHKYUOHATHU eOUHUYU, KOemo NOKA36d KAKMO PAHHAMA UM NOs6d,
maxka u npou3xo0 om edun npapooumel. llpunacamemo Ha KOMOUHUPAH HOOX00 upe3 KANUIAPHA
enekmpogopesa U MACCNeKMpoOMempuder aHalu3 20 Ymewbpiucoasam Kamo Hat-nooxooau 3a
uHmepnpemupane Ha CMPYKMypume HA MHO20 HUCKU KOHYEHMpayuu Ha 2IuKauu 6 cmecma. B
nomewpaicoerue na enukosunupanus xapakmep na CulZn-CO/J ca npedocmasgenume oannu 3a 3D modenu
na enuxonpomeuna ¢ npoepama MODELLER u nybauxysanama kpucmanoepagpcrxa cmpykmypa. Kamo
yano npog. /lonawika npunaza paznuinu KOMOUHAYUU OM HAL-CbBPEMEHHU AHATUMUYHU MEMOOU, KOemo
U no36o0ns6a 04 NOCMUCHe NOCMABEeHAmMa yel u 0a OvbOam HNOAYYeHU KOPEeKMHU Ome08OpU Ha
nocmasenume 3a0a4u 8 OUCEPMAYUOHHUSL MPYO.

5. Xapakmepucmuka u oyenxka Ha OucepmayuoOHHUA mpyo U npUHOCcUme

Ilpes nocnednume 200uHU KIUHUYHUME U3CTEO08AHUA OO0KA38AM CEPUO3HO HapyuleHue 6
oxcuoanm/anmuoxcudanmuus 6aranc @ npoyeca Ha onxkozenesama. Toea ce cévp36a ¢ NOHUNCEHO HUBO
HA GHMUOKCUOAHMHAMA 3AWUMAa NPU Xopa U JHCUGOMHU C PA3IUYHU 6U006C MYMOPHU 00PA3068aHUsL.
Anmuokcuoanmnama 3awuma 060CH06a6a eOHA HOB8A KOHYENyus 68 NpeseHyusama u JedyeHuemo Ha
MYMOPHU 3A00NA8AHUSL, 6 KOUTNO BAICHO YUACTUe UMAam anmuoxcuoanmume. B maszu epv3ka memama na
oucepmayuaoHHu mpyo e ¢ 20AAMAa 3HAYUMOCH 30 OUOXUMUYHAMA U MEOUYUHCKA HAYKA U NPAKMUKA.

Hucepmayuonnusm mpyo npedcmaes ungopmayus 3a CIMpPYKmMypama u Ce0UCmeama Ha Ho8U
C8vP38aAUIU KUCTIOPOOHU (hopMU 2UKONpOmeunu, koumo exkarougam eoun meoen (N-CO/[-3u) u 06a meonu
toHa (xemoyuanuru) 6 axmusHus yeHmwvp. lIpedcmasen e 3a0v100UeH AHAIU3 HA 6beAeXUOPAMHUME



CmpyKnitypu u 3Ha4eHuemo um 3a gbyHKL;uﬂma Uu nomenyuaiHusg mepanesmuier eqbekm Ha npevyucmenume
cluUKonponmeuru om pasiuiHu npupodyu U3IMO4YHUYU.

Jucepmayuonnusim mpyo e cmpyKmypupan MHo2o 0obpe 6 4 pazoena, Kamo 6 pazoei pe3yimamu u
ouckycusi ca 060coberu cieOHume enasu:

- Uszonupane u cmpykmypro xapakmepuszupare na CulZn-CO/] enzum

- Xemoyuanunu om 6ud amponooa — u30aupaue U Xapakmepusupate

Xemoyuanunu om 6u0 MOIIOCKA — U30AUPAHE U XAPAKMepUu3upaue
Bwenecuopamuu cmpykmypu Ha enukonpomeutu
DyHKYUA HA 0AUL03AXAPUOHUME CIMPYKMYPU 8 KUCTIOPOO-C8bP38AUU MEOHU 2IUKONPOMEUHU

Yuacmue mna eauxanume 6 mepanesmu4dHus eqbekm HA cynepozccudduczwumcwume u

xXemoyuanunume

Hayunume npunocu na oucepmayuounus mpyo ca ¢ obnacmma Ha OUOOP2AHUYHAMA XUMUSL U
no-KOHKpemHo 6 obnacmma na xumusi Ha npomeunu. Ilonyuenu ca noéu Oannu 3a cmpykmypama u
Ouono2UUHAMAa AKMUEHOC HA BACHA 2PYNA MEOHU, peasupawju ¢ KUCI0p0Oad IUKONPOMeEeUuHU.

OcHoGHUmME NPUHOCU, CHOBPIHCAUU HOBA U OPUSUHANIHA 304 HAYKAMA UHGOpMAYUsL ca CleOHume:

1.

Ilonyyenu ca HOBU NPUPOOHO-2IUKOIUSUPAHU NPOMEUHU, KOUMO 83aumooeticmeam ¢
KUCTIOPOOA — OM eOHA CIMPAHa Om 2bOUYHU WAMO8e U O OPOACOU KATO €A NOTYHEHU eH3UMU C
e0UH MeOeH UoH Kamo aKkmueH YeHmvp Ha CynepoKCUOOUCMymasu u om opyaa — XeMOYUaHUHU
¢ 08a MeOHU UoHa 6 akmugnus yeumuvp. [Ipedcmasena e ungopamyus 3a CrodCHAMA UM
8beNEXUOPAMHA CMPYKMYPA U 3d (PUBUKO-XUMULHUIME UM COUCTNEA.

3a udenmugpuyupane ma CROHCHAMA BbEAEXUOPAMHA CMPYKMYPA HA XEMOYUAHUHUME C
Heu3eecmHa UaU YACMUYHO U3BECMHA CMPYKMypa e pa3pabomena GUCOKOepeKmusHa
Memoouxa. 3a nepeu nem e onpedeneHa NLAHAMA Gb2AeXUOPAMHA CMPYKMypa Ha
XeMOYUAHUHU OM MOLYCKA, Koemo npedcmasianga Hog kiac N-eniukanu 3a xemoyuanunume.

3a nvpsu nvm ca npedcmaseHu HYyKIeOMUOHUME AMUHOKUCEIUHHU NOCAe008AMETHOCU U
NOMEHYUATIHU YEeHMPOBe HA 2NUKOIUZUPAHE HA U30MOPPU HA XeMOYUAHUHUME OMm Mun
Moaycka. 3a nvpeu nvm ce cvobwasa 3a ywacmue Ha IuUKaHume npu c@hopmupane Ha
mpemu4na cmpykmypa Ha XeMOYuaHutda.

Ypes npunazare Ha MepMOOUHAMUYHY NOOXOOU 30 OYEHKA HA CIADUTHOCIMA HA NPOMEUHA e
VCMAHOBEHO  GIUAHUEMO HA  6b2IeXUOpamHama Ccmpykmypa 6wpxy cmaduiumemuume
XapakmepucmuKky Ha UHMAaKkmHama MoaeKyia u CmpyKmypHume eOuHuyu.

3a nvpsu nvm e npedcmaseno yuacmuemo Ha xemoyuarnunu om 6ud Mollusca ¢ sauumnama
QynKyus Ha opeanuzma, Kamo OCuU2ypsaéam NbPEOHAHANIHA 3AUUMA CPewsy UHGeKYUo3HU
namoeenu. Cybeounuya fc-HaH e doxazana, kamo MHO20 Nepcnekmueha 3a 6KIOYEAHE 6b8
(papmayesmuunu npenapamu cpewsy no-ycmouvusu ungexyuu Staphylococcus. 80

Ilonyuenu ca mnoéu Ookazameicmea 3da NO-CUTHO U3pA3€H UHXUOUpawj egekm Ha
@dyHkyuonarHume eOUHUYU Cpewyy peniuKayuama Ha UpPYCcu, MyMOpHU KIeMbYHU JUHUU U
baxmepuu, Koemo GeposmMHO € C8bP3AHO C He2o8ume CHeYUpUUHU OaUS03AXAPUOHU

CMPYKMypu.

3a nwvpsu nem e npedocmasena NPOMeoOMHA Kapma 34 YUMOCMAMuyHoOmo Oelcmeue Ha
xemoyuanuna om H. lucorum ewvpxy uosewxama wnemwvuna aunusi CAL-29. Hsxasano e
npeononodceHue 3a cneyuduyHama pois Ha ONUS03axXapuoHume CMpyKmypu Ha npomeuHume
3a MAXHOMO OUOOSUYHO OelCmEUe Cpeusy paxK Ha NUKOYHUS MEXYP.

THonyuenu ca u peduya npuHocu ¢ nomevbpOUmMenNeH XapaKmep.

Ilpunocume ¢ npunodcen xapakmep ca creonume:

Ilpeonooicenu ca nabopamopnu mexnonocuu, kaxkmo u npeuucmenu Cu/Zn-CO/-3u u

XeMOYUAHUHY OM DA3IUYHU USMOYHUYU, KOUMO MO2am 0d ce U3NOA36Am 6 JIe4eHUuemo Ha GUpPYCHU,
baxmepuannu u mymopHu 3a00156aHUsL.



Cw30adena e eenna doanxa ([{HK u PHK) u 6aza om cmpykmypu na 2iuKkanu, Koumo modice 0d
nocayaicam 3a 6voewu U3C1e08anUsL NO Me3u MeMamuKiu.

Ipunocume ¢ memoduuen xapaxmep 6KIOUEAN pPA3PAOOMEAHEMO HA HOBU Memoou U nNooxoou,
cnomenamu npu U3NOA36aAHAMA MEMOOUKA.
6. Ilpeyenka na nyénuxkayuume u JTUYHUA RPUHOC HA OUCEPMAHMA

B xouxypca npogh. Jlonawxa yuacmea oowo ¢ 50 pabomu, 20 om xoumo ca ¢ pane QL, 18 - ¢ pane
Q2 , 8 ¢ pane Q3 u 2 ¢ pane Q4. I'onemuam oOpoii pabomu (38 0bwo), nyoOAUKYEAHU 8 PEHOMUPAHU
cnucanus ¢ sucox pare QL U Q2 noxazeam gucoko kavecmeo Ha netinama nayuna paboma. Tl kamo
HayuHume paspabomKu ca pe3yimam Om MeNCOVHAPOOHO CbmpYOHUuecmeo, nogeuemo pabomu ca c
noseue om 2ma asmopu (36), kamo npod. 11. Jlonawka e nvpsu aemop 6 22 om msx.

OcnosHume HayyHU U HAYYHO-NPULONCHU PE3YTMamu om OUCEpmayuaouHus mpyo ca 6 pe3yaimam
Ha pvkogoocmeomo Ha npo@. Honawxa Ha 6vreapckua ekun 8 0ouo 21 mexicoyHapooHu npoekma, om
xoumo — 6 ¢ HATO, 3 cvc C30 (beneus), 3 ¢ DFG u 1 ¢ JJAAJ (Tepmanus),u 2 ¢ CNR ( Umanus), kakmo
u na 21 6wvreapcku npoexma. Toea sa xapaxmepuzupa Kamo YueH, KOUumo pabomu 6 pasiuyHu
UHMEPOUCYUNTUHADHU MENCOVHAPOOHU NPOEKMU C 20IIM YCNeXx.

3abenazanu ca obwo 527 yumama, Koemo Cvujo e GUCOK Amecmanm 3a Kauecmsomo Ha HayyHume
pe3ynmamu Ha OUCepMAHMKama, Hamupawy ompaicenue 8 mpyoogseme na opyeu asmopu. C nati-eonsim
opoi yumamu ca pabomume ¢ Homepa 24 (37 yumama), 8 (32 yumama), 17 u3l (c no 26 yumama,).

Pezynmamume om wnayunume uscnedsanusi na npo¢h. [onawka ycnewino ca 6Heopenu 6
npaxmuxama. I[lpedcmasen e cnucvk ¢ nameHmu u NOAE3HU MOOeIU, KOUMo e nevamiasauy U cb0vpiica
00wo 4 namenma u 2 noaesHu Mooena Kamo b6 ecuuxu npo. fonawixa e sooeuy yueH.

Ilpeocmasen e cnucvk ¢ MHOXCECMB0 HA2PAOU U OMIUYUS HA KOJIEKIMUBA NOO PbKOBOOCBONO HA
npog. Honawka, koemo e MHO20 6UCOK amMeCmam 3d HEUHAMA HAYYHA U HAYYHO-NPUTLONCHA OCUHOC.
Konexmusvm noo Hetino ppkosoOCmeo uma MHONCECMEO 3/1AMHU U CPeObPHU OMIAUYUSL U 08¢ HAU-8UCOKU
omauyuus- Haepoamama ,, I[lumaeop *.

7. Aemopegepam

Asmopeghepcmvm e npedcmager OMAUYHO KAmo ompassiéd OCHOSHUME Pe3yamamu, NOCMUSHAMuU 8
oucepmayusima. Mnozo 0obpe ca banancupanu mekcm ¢ umocmpamusen mamepuual. Ilpeocmaesen e
yeemer UNOCMPAMUBECH MAMEPUAl, KOEmo 3HAYUMENHO YlecHsaga uumamend. Aemopegepamvm e
npeocmasen Ha Ovba2apcKu U Ha AHSIUUCKU e3UYU.

8. Ilpenopvku 3a 6v0ewi0 u3noON36aHe HA OUCEPMAUUOHHUME RPUHOCU U Pe3yImamu

Ilosnasam npodh. lonawxa om nocmvneanemo i ¢ HOXLD-BAn u umam omauunu 6neuamieHusl
om Hes Kamo yueH u koreza. Heiinama ynopumocm u éceomoatinocm @ pabomama ce 00KA36Am ¢
omauunume pesynimamu. B bvieapus ne e necno 0a ce 6HeOpu none3eH npoOyKm U a3 UCKPEeHO ce
BbLIXUWABAM HA eHmycuasma, ynopumocmma u padomocnocoonocmma ua npog. [onawka 6
0CHUECMEABAHEMO U Pearu3upanemo Ha neliHume pesyaimamu. 15 e epyoupan yuem ¢ 201am Onum u cama
e Hamepu HAYuM 3a peanu3ayus u Ha OvOewu pe3yimamu Om HayyHume uscreosanus. B moesa
omuowenue npog. Jonawa ciyicu 3a npumep na Koje2ume KaK om eoun Hayier pe3yamam medxice 0a ce
cmuene 00 Mmvp2o6cKU NPOOYKM U MO He CamMo eOUuH.

3AK/TIOYEHHE

Hucepmayuonnusm mpyo cvovpoca 2oaam Opoll HAYUHU, HAYYHO-NPULONCHU U APUTONCHU
pe3yamamu, KOumo npedcmasisiam OpUSUHAIeH NPUHOC 8 HAYKAMA U OmMe08apsim Ha 6CUYKU USUCKEAHUSL
Ha 3akona 3a passumue Ha axademuunus cvemae 8 Penyonuxa bviaeapus (3PACPB), [lpasunnuka 3a
npunazare na 3PACPD u [lpasunnuuxa 3a npunazane na 3PACPH na BAH. Ilpedcmasenume mamepuanu u
OuUcepmayuoOHHU pe3yImamu HanvIHO CbOMBENMCmMeam Ha cneyuuunume usuckeanus Ha llpasuinuka Ha
HOXI]D-FAH 3a npunoxcenue na 3PACPP.

Ipogh. 0-p unoic. Ilasnunxa Anexcanoposa /lonawka upes3 npedcmaseHus OUCePmMayuoHer mpyo
deMoHCmpUpa 3a0bl00YEHU MeOpemuyHU NO3HAHUSL U NPOECUOHATHU YMEHUs 3d NPOo8edcOaHe Ha
HayuyHume U3C1e08aHUsl C NOIYHUABAHE HA OPUSUHATHU U 3HAYUMU HAVYHU NPUHOCU 6 NPOPDECUOHATHO
Hanpasnenue  4.2. Xumuuecku HayKu, HayyHa cneyuaiHocm , buoopeanuuna xumus, xumus Ha
NpUpoOHUmMe U PUIUOLOUYHO AKMUBHUME Geuecmed .
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Bw3ocrnosa na uznosicenomo no-eope, Kakmo u HA OMAUYHUME MU JUHHU GNEYAMJICHUS OM
oucepmanmrama, ybeodenHo 0agam cosma NOJOHCUMETIHA OUEHKA 34 NPOoBeOeHOmo u3ciedsane,
npeocmaseHo Om peyeH3upanume no-cope OucepmayuoHen mpyo, aemopeghepam, noCmMueHamu
Pe3VImamu u NPUHOCU, U RPEOIAzam HA ROYUMAEMOMO HAYUHO HCYPU 0 HPUCHOU HAYUHAMA CHICHEH
‘0Ookmop Ha Haykume Ha npogh. 0-p umowc. Illasrumnka Anexcanoposa Jlonawika 6 npoghecuoHanrHo
nanpaenenue 4.2. Xumuwecku HayKu, HAYYHA CchReyuamHocm ,, buoopeanuuna xumus, Xumus Ha
npupoOHUme U PU3UOI0SUYHO AKMUBHUME 8eljecmEa .

01.08. 2019 =. H3z2o0meun cmanosumuiemo. ......................c..........

Cogpus [Ipogh. 0-p unosic. Becena Kvnuesal
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by Prof. Vessela Deneva Kancheva, PhD
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of the dissertation for awarding the degree of Doctor of Science in higher education area 4.2.
Chemical Sciences, professional field "Bioorganic chemistry, chemistry of natural and
physiologically active substances™

Author: Prof. Dr. Pavlinka Alexandrova Dolashka - Institute of Organic Chemistry with
the Center for Phytochemistry - BAS.

Topic: Structure and function of copper glycoproteins, binding oxygen forms

1. General presentation of the procedure and dissertation

By Order No. RD-09-150/24.06.2019 of the Director of IOCCP-BAS on the basis of a
Decision of the National Assembly (Protocol 17 / 20.06.2019) | was elected a member of the
scientific jury and for preparing an opinion on the competition.

The set of electronic and paper materials presented by Prof. Pavlinka Alexandrova Dolashka
is in accordance with the Rules of development of the academic staff of IOCCP - BAS and
meets the criteria of IOCCP - BAS for obtaining the degree of Doctor of Science. The
dissertation presents a summary of 50 scientific publications, and the results were reported at
71 scientific forums in Bulgaria and abroad. The results are from joint research contracts
with colleagues from Germany, Belgium, Italy, Ukraine and China.

Prof. Pavlinka Dolashka was born on 21.09.1954. in Yakimovo village, Mikhailovgrad
district. Graduated from the High Institute of Chemical Technology "Prof. Assen Zlatarov” in
Bourgas in 1980. She has been working at IOCCP-BAS since 1990. She defended his
dissertation for the PhD degree in 1992 with supervisor Prof. DSc Nikolay Genov on the
topic: "Structural studies on proteinase K and related enzymes by spectral and kinetic
methods"”. Prof. Dolashka has subsequently worked at IOCCP-BAS as Assistant Professor
(1994-2004), Associated Professor (2004-2014) and Full Professor from 2014 until now. She
is a representative at IUPAC (International Union for Pure and Applied Chemistry) and a
member of the European Society for Peptides. There is no information about the
specializations conducted in Bulgaria and abroad.

2. Relevance of the topic

Oligosaccharides are vital substances for the body as they participate in a number of
biological processes. Their most important function is as a source of energy for the cells, they
are involved in the construction of the cell walls and are responsible for stabilizing the
structure of proteins. Together with the polypeptide chains, they form the so-called.
"glycoproteins” - some of the most abundant proteins in nature. Two types of copper



glycoproteins, hemocyanins and superoxide dismutases (SOD), which have complex
carbohydrate structures and are involved in different processes with oxygen and its
derivatives, have been investigated in the dissertation. Copper glycoproteins have been
increasingly used to treat a number of diseases in recent years. The Cu/Zn-SOD enzyme is
used to improve the antioxidant protection of AIDS patients and accelerate the recovery
process after brain injury. Hemocyanins, such as diagnostic and antimicrobial reagents, are
also used in the treatment of infections or antibody producers. The effect of a number of
SODs and hemocyanins on the treatment of bladder tumor, breast tumor, esophagus and
others has been proven. Regardless of the methods for additional glycosylation of SODs
developed, the advantages of naturally occurring glycosylated SOD-enzymes are
indisputable, since no additional glycosylation is required and side by-products are avoided.
This proves the advantage of using naturally glycosylated SODs in various therapies.

3. Knowledge of the problem

Prof. Dolashka used 441 literature sources to justify the relevance of the problem. The design
of the literature review and the analysis of published data show excellent knowledge of the
problem. The diversity of glycoproteins in nature is associated with the various biological
functions that they perform as transport, immunological, catalytic, protective, etc. The
functional properties of glycoproteins determine the main directions and areas of their
application. Despite the abundant evidence for the therapeutic effect of SODs and
hemocyanins, their use is limited due to insufficient production of appropriate preparations.
The author correctly concludes that the information provided on the importance and fields of
application of hemocyanins and Cu/Zn-SOD is still unsatisfactory with respect to market
requirements for their broader inclusion in experimental and applied medicine. All this
requires the discovery and purification of new Cu/Zn-SODs and hemocyanins, as well as a
thorough analysis of the relationship between the structure and biological action of the new
glycoproteins. The dissertation notes that clarifying the role of oligosaccharide structures will
allow to supplement information on the structural organization of glycoproteins and to
determine their influence on function. The latter is important for expanding the areas of
application of copper glycoproteins Cu/Zn-SOD and hemocyanins linking different oxygen
forms.

On this basis, the goals and tasks set by Professor Dolashka in developing this dissertation
are very well grounded.

4. Research methodology

Original methods for purifying oxygen-binding glycoproteins with one and two copper ions in
the active center are proposed. A new methodology has been developed to identify the
complex carbohydrate structure of hemocyanins with an unknown and partially known
structure. Many Mollusca hemocyanins have proven complex with quaternary and tertiary
structures. Due to the enormous and complex structures of these glycoproteins, the
established methods employed do not provide accurate information on the structure of
hemocyanins. Polygonal light scattering in combination with electrospray ionization mass
spectrometry were applied, and the error in these measurements was less than 1%, making
them suitable for the analysis of huge hemocyanins complexes. Applying appropriate
thermodynamic approaches makes it possible to determine the influence of the carbohydrate
structure on the stability characteristics of the intact molecule and structural subunits. The
comparative analysis of the phylogenetic tree of Mollusca hemocyanins identifies eight
distinct branches of similar functional units, showing both their early appearance and origin
from one ancestor. The use of a combined approach by capillary electrophoresis and mass



spectrometric analysis confirmed it as the most suitable for interpreting the structures of very
low concentrations of glycans in the mixture. In support of the glycosylated nature of Cu/Zn-
SOD, data on 3D models of the glycoprotein with MODELLER program and the published
crystallographic structure are presented. In general, Professor Dolashka applied different
combinations of the most modern analytical methods, which allows her to achieve the set goal
and to receive correct answers to the set tasks in the dissertation.

5. Characterization and evaluation of dissertation work and contributions

In recent years, clinical studies have demonstrated a serious disturbance in the oxidant /
antioxidant balance in the process of oncogenesis. This is associated with reduced levels of
antioxidant protection in humans and animals with various types of tumor formation.
Antioxidant protection justifies a new concept in the prevention and treatment of tumor
diseases, in which antioxidants play an important role. In this regard, the topic of dissertation
work is of great importance for biochemical and medical science and practice.

The dissertation presents information on the structure and properties of novel oxygen-binding
glycoproteins, which include one copper (n-SODs) and two copper ions (hemocyanins) in the
active center. An in-depth analysis of carbohydrate structures and their significance for the
function and potential therapeutic effect of purified glycoproteins from various natural
sources is presented.

The dissertation is structured very well in 4 sections, with the following chapters in the results
and discussion section:

- Isolation and structural characterization of the Cu / Zn-SOD enzyme

- Athropod-type hemocyanins - isolation and characterization

- Shellfish hemocyanins - isolation and characterization

- Carbohydrate structures of glycoproteins

- Function of oligosaccharide structures in oxygen-binding copper glycoproteins

- Participation of glycans in the therapeutic effect of superoxide dismutase and hemocyanins

The scientific contributions of the dissertation are in the field of bioorganic chemistry and in
particular in the field of protein chemistry. New data on the structure and biological activity
of an important group of oxygen-reacting glycoproteins have been obtained.

The main contributions containing new and original information for science are the
following:

1. New naturally-glycosylated proteins are produced that interact with oxygen - on the one
hand, by fungal strains and yeast, producing enzymes with one copper ion as the active center
of superoxide dismutase and on the other - hemocyanins with two copper ions in the active
center. Information is given about their complex carbohydrate structure and their
physicochemical properties.

2. A highly efficient technique has been developed to identify the complex carbohydrate
structure of hemocyanins with unknown or partially known structure. For the first time, the
complete carbohydrate structure of Mollusca hemocyanins has been determined, representing
a new class of N-glycans for hemocyanins.



3. The nucleotide amino acid sequences and potential centers of glycosylation of isomorphs of
Mollusca type hemocyanins are presented for the first time. New data about the involvement
of glycans in the formation of the tertiary structure of hemocyanins has been reported.

4. The influence of the carbohydrate structure on the stability characteristics of the intact
molecule and the structural units has been established by applying thermodynamic
approaches for evaluating the stability of the protein.

5. New results about the involvement of Mollusca hemocyanins in the protective function of
the body are presented, providing initial protection against infectious pathogens. The [fc-HaH
subunit has been proven to be very promising for incorporation into pharmaceuticals against
more resistant Staphylococcus infections.

6. New evidence has been obtained of a more pronounced inhibitory effect of functional units
against the replication of viruses, tumor cell lines and bacteria, possibly related to its specific
oligosaccharide structures.

7. A proteomic map for the cytostatic action of H. lucorum hemocyanins on human CAL-29
cell line was first provided. The specific role of oligosaccharide structures of proteins for
their biological action against bladder cancer has been suggested.

A number of confirmatory contributions were also received.
Contributions for the practice are as follows:

Laboratory technologies are proposed as well as purified Cu/Zn-SODs and hemocyanins
from various sources that can be used in the treatment of viral, bacterial and tumor diseases.

A gene bank (DNA and RNA) and a base of glycan structures have been created that can
serve as future research on these topics.

Methodological contributions include the development of new methods and approaches
mentioned in the methodology used.

6. Evaluation of publications and personal contribution of the dissertation

Prof. Dolashka competes in total with 50 scientific papers, 20 of which are ranked Q1, 18 -
ranked Q2, 8 ranked Q3 and 2 ranked Q4. The large number of papers (38 in total) published
in high-ranking scientific journals Q1 and Q2 show the high quality of her scientific work.
Since they are the results of international cooperation, most of the works are with more than
2 authors (36), with prof. P. Dolashka being the first author in 22 of them.

The main scientific and applied results of the dissertation work are the result of the
leadership of Prof. Dolashka of the Bulgarian team in a total of 21 international projects, of
which 6 with NATO, 3 with WHO (Belgium), 3 with DFG and 1 with DAAD ( Germany), and
2 with CNR (ltaly), as well as 21 Bulgarian projects. This characterizes her as a scientist who
has worked in various interdisciplinary international projects with great success.

A total of 527 citations were noted, which is also a high certificate for the quality of the
dissertation's scientific results, which are reflected in the works of other authors. The largest
number of quotes are scientific papers with numbers 24 (37 quotes), 8 (32 quotes), 17 and 31
(with 26 quotes each).



The results of Prof. Dolashka's research have been successfully applied to the practice. A list
of patents and utility models is presented, which is impressive and contains a total of 4
patents and 2 utility models, as in all Prof. Dolashka is a leading scientist.

A list of numerous awards and distinctions of the team under the leadership of Prof. Dolashka
is presented, which is a very high certificate for her scientific and applied scientific activity.
The team under her leadership has many gold and silver honors and two highest honors - the
Pythagor Awards.

7. Abstract

The abstract is well presented, reflecting the main results achieved in the dissertation with
very well balanced text with illustrative material. Color illustrative material is presented,
which greatly facilitates the reader. The abstract is presented in Bulgarian and English.

8. Recommendations for future use of dissertation contributions and results

| have known Prof. Dolashka since her admission to IOCCP-BAS, and | have excellent
impressions of her as a scientist and colleague. Her perseverance and dedication to work is
proven by her excellent results. It is not easy to implement a useful product in Bulgaria and |
sincerely admire the enthusiasm, persistence and efficiency of Prof. Dolashka in the
implementation and realization of the scientific results. She is an erudite scientist with
extensive experience and will find her own way of realizing future research results as well. In
this regard, Professor Dolashka serves as an example to colleagues of how a scientific
product can lead to a commercial product, and not just one.

CONCLUSION

The dissertation contains a large number of scientific and applied results, which make an
original contribution to science and meet all the requirements of the Law for the Development
of the Academic Staff in the Republic of Bulgaria of BAS. The submitted materials and the
dissertation results fully comply with the specific requirements of the IOCCP-BAS
Regulations.

Prof. Pavlinka Alexandrova Dolashka, PhD, through her dissertation presented,
demonstrates in-depth theoretical knowledge and professional skills for conducting scientific
research with obtaining original and significant scientific contributions in a professional field
4.2. Chemical Sciences, scientific specialty "Bioorganic chemistry, chemistry of natural and
physiologically active substances™.

Based on the above, as well as my excellent personal impressions of Prof. Dolashka, | am
convinced of my positive assessment of the research presented by the dissertation reviewed
above, abstract, results achieved and contributions, and propose to the venerable scientific
Jjury scientific degree “Doctor of Sciences” in Prof. Dr. Pavlinka Alexandrova Dolashka in a
professional field 4.2. Chemical Sciences, scientific specialty "Bioorganic chemistry,
chemistry of natural and physiologically active substances™.

01.08. 2019

Sofia Drafted the opinion:
/ Prof. Vessela Kancheva, PhD /



