PELHEH3USA

oT
akaja. npo¢. Usan I'eoprues UBanoB, 10H
(Yen va HXX B m3mpanenne Ha 3amosen Ne PJ1 09-150/24.06.2019 r.)
Ha JECEpTAIlMOHEH TPY/ 3a MPHUCHKIaHEe HAa HaydHa CTEIeH ,,JIOKTOp Ha HayKuTe” B

oOnact Ha Buciue odpazoBanue: 4. ,,[Ipupoaau Hayku, MaremaTuka U HHpOpMaTuKa“,
npodecruoHanHo HanpasieHue: 4.2. , XUMUYECKH HAyKU‘, Hay4Ha CHEeIHaIHOCT ,,buooprannyna
XUMHS, XUMUS Ha IPUPOAHUTE U (PU3NOJIOTUYHO AKTUBHUTE BelllecTBa

ABTOp: ipod. 1-p un:k. [laBaunka Anexkcanapona Joaamka - MOXI®, BAH
Tema: ,,Cmpykmypa u pynkyua na meOHu 21UKORPOMeEUHU C8BP3BAULU KUCIOPOOHU

dopmu“

1. Ilpenmer Ha peuneH3UpaHe

[IpencraBeHUAT MU 3a pelLiEH3UpaHEe KOMIUIEKT JTOKYMEHTHU Ha XapTHEH U €JIEKTPOHEH HOCUTEN
ChIbpKa: aBTroOnorpadus Ha ITOKTOpaHTa (EBPONEHCKU CTaHIAPT), MPOTOKOJI OT pa3lIMpPEHHUs
KOJOKBUYM ,,DyHKIMOHAIHM MaTepuaid, KOMIIIOTBPHO MOJEIUpPAHE M TEXHOJOTMH~ OT
28.05.2019 r. 3a npeaBapUTENIHO OOCHKIAHE HA JUCEPTALMOHHUS TPYA, JUCEPTALUOHEH TPYI,
aBTOpedepar Ha TucepTallMOHHMS TPY/[, CIPaBKa 3a KPUTEPUUTE 3a HAy4HA CTEIEH ,,JOKTOP Ha
HayKUTe, KOIKE OT JOKYMEHT 3a Ipu00H1Ta 00pa3oBaTeIHa U Hay4yHa CTeIEeH ,,JOKTOP”, CIUCHK
u 1 xomme Ha nyOnIMKaUMWTE W MATEHTUTE, BKIOYEHU B JHUCEpPTaLUATa, CIHUCBK Ha
KOH(EepeHIMUTe, HAa KOUTO ca MpPEJICTaBEHU pe3yATaTh OT JAUCepTalUsiTa, NPUAPYXKEH OT
JIOKa3aTEeJICTBEH MaTepuaj, CIHMChK Ha LUTAaTUTE, KOUTO HE IOBTApsT IPEACTaBEHUTE IO
KOHKypca 3a MpuaoOMBaHEe Ha 0oOpa3oBaTellHA W Hay4dHa CTENEH ,,JOKTOp”, mHpopmamms 3a
ydyacTue B HU3CJEN0BATEICKU MPOEKTH, IPaMOTH M Harpaad. MarepuanuTe ca HU3rOTBEHH B
cboTBeTcTBUE chC 3PACPD, I[IpaBuiHuka 3a HEroBoTO MpUIIOKEHUE U BhTpelHus [IpaBumHuk
Ha MOXI{®-BAH 3a npunobuBane Ha HayyHaTa CTeleH ,,JJoKkTop Ha HaykuTe™.

Ot nyOnmuKanuuTe CBHp3aHHM C AucepTranusaTra ca mpexacraBeHu S0 HayyHu cratuu, 89
pe3oMeTa OT KOH(pEpeHIMH 1 6 maTeHTa.

2. KpaTtku 6umorpaguyHu JaHHH

[Ipod. I1. lonamka e Bwp3nutanuk Ha BXTU ,,Acen 3narapes“, rp. byprac (mnec
VYuusepcurer ,,IIpod. 1-p Acen 3narapos” — byprac), koifro 3aBbpuiBa npe3 1980 r. cbe
cneraiHoct ,,OprannyHa xumus® . Brocnencrsue npoabinkaBa ooydenuero cu B MOXI D
npu BAH, xpaero mpe3 1993 r. 3ammraBa kaHaugatrcka (cera JDOKTOpCKa) AMCEPTAIHs IO
HayyHaTa CIEUUANHOCT ,, buoopeanuuna xumus u xumus Ha RPUpoOHume u Qu3uUOI02UYHO
axmusnu eewecmea*“ (mgsbp 01.05.10). Iloutn ngI0TO NPOPECHOHATHO pa3BUTHE HA MHXK.
Honamka npornya B MOXII®D, kbaeTo mocienoBaTeHO 3aeMa UIBKHOCTH OT XUMHK 10
npodecop. Crex 3amuraTa Ha JOKTOpPCKaTa CU JUCEpTAlMsl TS PbKOBOJAM HAY4YeH EKHII 110
Hay4YHO-TIPWIIOKHHU DPa3pabOTKH B oOyiacTTa Ha OWOXMMHATA, XPAHUTEITHO-BKycoBaTa M
bapmarieTuyHa TPOMHIILIEHOCTH.

IMpod. [Honmamka e aBTtop Ha 137 Hayunu cratuu, oT kouto 105 ca B peHOMUpaHH
MEXIyHapOAHHU criucanus cbe cymapen D 178,042. Tpynosere i ca nurupanu jnocera 750
nbTH. TS € chaBTOpP M Ha 3 YHHUBEPCUTETCKH Y4eOHU MOocoOus, OT KOMTO 1 € M3/1aaeHo B
yy:xOuHa. CphaBTOp € M Ha 6 mareHTa U MoJIe3HW Mojesa B o0jacTTa Ha ¢apMalleBTUYHATA
OWoTexHOJOTHA. YuacTBajla B pa3paboTBaHeTo Ha 21 HAyYHM TPOEKTH C HAIMOHAIHO
¢uHaHCcHpaHe U 23 HaAyYHU MTPOEKTH C MEXTyHAPOAHO (PMHAHCHPaHEe, KAKTO U Ha 3 JIOTOBOPHU
TEeMH ¢ OMOTEXHOIOTUYHU GUpMU. PBKOBOIMTEN € Ha 6 yCIIenHO 3au T JoKkTopaHTy 1 10
nuriomanTh. Unen e Ha CYD u Ha EBporelickoTo NenTuaHo JIpy>KeCTBO.



3. AKTYaJIHOCT HA TEMATHKATA U 1eJ1eChb0OPA3HOCT HA NMOCTABEHUTE eI U 3a1a4H

HucepramonHusT Tpya Ha mpod. II. Jlonmamka € mMOCBEeTeH Ha M3CIEABAHETO Ha
CTpyKTypaTa, (QYHKUMUTE M OHMOJOTMYHOTO JeHCTBHE Ha JBa Kiaca MeI-ChIbpiKallH
MIMKONPOTEenHU — cynepokcuaaucmytasu (COJl) oT mieceHn M XeMOLMaHUHU OT MOJIFOCKH U
aprporniogd. TeXHMTE MOJIEKYJIM ca M3rPaZJeHH OT BHUCOKOMOJEKYJIHU INIMKO3WINPaHU
MOJIMMIENTUAHU CYOCIMHUIIM M H3Y4YaBaHETO Ha CTPYKTypaTa UM CTaHa BB3MOXKHO Ipe3
nocinegHuTe 1-2 neceTusieTHsi, KOraTo Mac-CleKTpalHaTa TeXHUKa Oelle yChBbPIICHCTBaHA U
ajantTupaHa KbM aHallM3 Ha CJIOXKHU Ouononumepu. KbM TO3u mepuon ce OTHAcCAT H
n3cinensanusaTa Ha [1. Jlonamika, KOMTO JONpUHECOXa MHOTO 3a M3ACHSIBAaHE HA MOJIEKYJIHATa
cTpykTypa Ha Mea-chabpxkamute COJl u xemonnanuau. OcBeH ve ca QyHIaMEHTaTHO 3HAYNMH,
u3cienBaHusATa Ha npod. Jlonamka ca akTyadHH W 3apaid TSAXHATa MPUIIOKHA 3HAYUMOCT.
[TosiBuxa ce cBeAeHUS Mpe3 NOCAEIHUTE TOAUHH, Y€ MEHUTE MITMKONPOTEUHU MOTaT J]a HaMePsIT
MPWIOXKEHNE 3a JIEYEHHE Ha HSIKOM COLMAJHO 3HauuMu 3abonsiBaHus. Taka Hampumep
Cu/Zn-CO/I-a3ute uMaT mojioxuTesieH eheKT BbPXY MOA00psIBaHE Ha aHTHOKCUIAHTHHS CTATYC
Ha nanueHtd OomHu oT CIIMH, kakTo W mpu BBH3CTAHOBSBAHETO HA MAIMEHTH MPETHPIIEIH
MO3bYHHM WHIUACHTH, & XEMOLMAaHUHUTE ca ¢ N00bp edeKT Mmpu jeueHue Ha OaKTepHallHu U
BupycHu uHbpekuuu. Kakro COJl, Taka U XeMOIIMaHMHUTE UMAT OyaronpusiteH edexT mpu
TepanusTa Ha TYMOPH Ha MMUKOYHMS MEXYp, I'bpJlaTa, XpaHoIpoBoJa U JIp. Moxe Ja ce Kaxe, 4ye
n3cnensanusaTa Ha [1. JJonamka BepXy MenuuuHCKOTO npuiiokenne Ha COJl u xeMolMaHuHUTE
ca cpejl Te3U ¢ IMOHEPEH XapaKTep.

B cBosita auceprauus a-p /Jlorawka cu nocmaés KOHKpemHa yenr — 0a U3C1e08d
CMpYKmypama Ha 2IuKanume U 6IUAHUENO UM 6bpXy OUONOSUYHUME CB0UCMBA HA HOBU
MeO-CbOBPIUCAWU 2TUKONPOMEUHY C8BbP38AUU PASTUYHU KUCTOPOOHU Gopmu. AJIGKBaTHO Ha
mocrtaBeHara 1en T GopMylnupa 5 KOHKPETHHM 3aJaud OOXBallallld W3y4yaBaHETO KaKTO Ha
CTpyKTypaTa U (PU3UKOXMMHUYHUTE CBOMCTBA HA HOBHUTE TJIMKONPOTEUHHU, TaKa M HA TEXHUSA
TEepaNeBTUYHHS TOTEHIHAIL.

4. Ilo3HaBaHe Ha MpobIeMa

Cpaeiiku 1O KOMIIETEHTHO HalHMCaHMsI JUTEpaTypeH o0030p, aBTOpKaTa € OTIUYHO
3aro3HaTa ¢ Hay4JHaTa JuTepaTypa B cBosita oosact. O630pbT 00xBaia 45 cTpaHUIM U BKITIOUBA
noBede oT 400 nurepaTypHH U3TOUYHULM. BBIpeku cioxkHaTa TEPMUHOJOTHUS, TOM € JIeK 3a
yereHe. CbCTOM c€ OT TPU OCHOBHU Pa3Zeiiv U 3aKitoueHue. [IbpBuAT npeacTaBisiBa BbBEICHUE B
KJacu(uKanusaTa U CTpyKTypHaTa OpraHu3alus Ha MEI-ChIbp)KALIUTE KHUCIOPOA-CBbpP3BAlU
[JMKONpOTenHn oT KiacoBere Arthropoda u Mollusca, BropusiT e mocBeTeH Ha CTPYKTypa Ha
BBIVIEXHpaTHa KomroHeHTa Ha Cu/Zn-cymepokcua IUCMyTa3uTe W XEMOLMAHWHHUTE OT
apTPOIIOAH U MOJIIOCKH, & TPETUSIT aKLIEHTUPA BbPXY BIMSIHUETO Ha BBIJIEXUAPATHUTE CTPYKTYpHU
BbpXY OuonornuHuTe QyHKUMU Ha rIuKonporenHuTe. Bbhopeku ue kakto COJl-a3ute, Taka u
XEMOLIMaHUHUTE ca MEA-ChAbpKAIld CBhC CIHOCOOHOCT Ja CBBP3BAT KHUCIOPOJA, TEXHUTE
6uonornunu GyHkuuu ca pasnuynu. COJl-a3ute npeacTaBisBar MbPHUS €MIAJIOH 32 3allliTa Ha
KJIETKHATE OT BPEJHOTO JIEHCTBUE HA CYIIEPOKCUIHUTE paJUKaJIN, a XEMOLIMAHUHUTE Ca aHaJIor Ha
KENA30-ChABPKAIIUTE XEMOIJIOOMHM TIpU MOJIIOCKMTE W anTpomoiurte. Bwopeku, ue
MIPEHACSIHETO Ha KUCJIOPO/ € TAXHA OCHOBHA (DYHKITHSI, MOJIEKYIHUAT CTPOEK Ha XEMOLIMAaHUHHUTE
OT apTPONOJU U MOJIFOCKH € pa3yinueH. Te3u pa3inku, KakTo U BIUSHUETO Ha BbIJIEXUIpATHATA
KOMITOHEHTa BbpPXY TEXHHSI apUHHUTET KbM KHUCIOpOAA W JAPYrd OHOJOTHYHM (GYHKIMH ca
OIMCAaHU C TOJIIMA BEUIMHA.



3aKITII0UYEHUETO KbM JIMTEPATYITHHUS 0030p MPEACTaBIIsIBa 0000ICHNE U TBOPUYECKH aHAIH3
Ha 06CMI/ICTaTa JaTeparypa. Ot Hero cTaBa SICHO, Y€ MHOT'O BBIIPOCH CBBpP3aHU C BIIMAHUCTO HA
BBITIEXUApPATHATA CTPYKTypa BBPXY (GU3MKOXMMHUYHUTE W OMOJIOTUMHM CBOMCTBA Ha
MEI-ChIBPKALIUTE KUCIOPOJICBBP3BAIY TJIMKOMPOTEHHHN ca Bce ome 0e3 otroBop. B cmyuas
TOBAa YIECHSBAa JOKTOpAaHTKaTa B HAMHUPAHETO HA IOAXOJAINA H3CJIEIOBATEICKa HHIIA |
aJiekBaTHO (hopMyIMpaHe Ha IeJIUTE U 3aJa4iTe Ha HelHaTa JrcepTaiusl.

5. MeToauka Ha M3CJIeIBAHETO

AMOUITMO3HATA M3CIIeIOBAaTEIICKa IMporpama Ha npod. Jloaiika e peaM3upaHa ¢ IOMOIIITa
Ha pa3’HOOOpa3HW M BHCOKO YYBCTBHTEIHH METOAM W MOJICpPHA CKCICPHMMCHTAJIHA TCXHHKA.
N3non3BanuTe Meronu ca: Xxpomatorpadcku (3a H30JupaHe U MPEUNCTBAHE HA TIMKOIPOTECHHH
OT O KMBOTMHCKA W3TOYHUIM), (UIMKOXUMHYHHU, CIEKTPATHH, MACCIEKTPOMETPUYHH,
OMOXMMHYHU,  MOJICKYJISPHO-OMONIOTHYHY,  KIETHUYHO-OMOJIIOTUYHH,  MUKPOOHOJIOTUYIHH,
CTaTHCTUYECKH U JIp.

Kato ocHoBHum ©Oux otbenszan wmaccnekTpanaure wmetoaun (MALDI-TOF-TOF,
LC/ESI-MS, LC-Q-trap-MS/MS, HnaHo-ESI-MS wu np.) npunoxenu 3a ompeieisHe Ha
aMUHOKHCEIIMHHATa TIOCJEIOBAaTeIHOCT M CTPYKTypaTa Ha HOBH NPOTEMHHM, €H3UMHU U
TIIMKONpoTenHU. [IpedricTeHnTe IMKaHW U TIIMKOMENTUAM ca u3cieaBaHu ¢ Q-trap cucrema
Absciex 4000 na Q-trap MaccreKTpOMeThp CHAOCH ¢ HAHOCTIPEH HWOHEH M3TOYHUK, KaKTO U C
tannemeH Maccnekrometpsp (Q-TOF) chabmen ¢ Hano-ESI m xubpuaeH kBagparolieH
aHaJIn3aTop.

[TepBuuHara cTpyktypa Ha HoBUTe CU/ZN-COJ/l-a3u M XEMOLIAaHMHHU € HM3y4aBaHa 4pe3
XUJPOJIM3a ¢ XUMOTPUIICHH M TPUIICHH, U aHAJIM3 Ha NojlydeHuTe ¢pparMeHTu upe3 EnmaHoBO
pasrpaxxaane 1 MALDI-MS/MS, a yeTBbpTHYHATA CTPYKTYpa Ha XononpotenHure - upe3 [TATE,
TEMA c¢ wmukpockon Philips CM10, TangeMeH MacCHeKTpOMETpajeH aHalu3 Hu JAp. 3a
ONpeZesHE Ha IIbpBUYHATA CTPYKTypa Ha HSIKOM BHCOKOMOJIEKYJIHH XEMOLMAHUHOBH
cyoenuauim e npuioxeHo JIHK-cekBeHupane Ha TexHHTE TeHM H30JUpPAaHH  OT
kJIHK-6ubnuorexu.

CTpyKkTypaTa Ha IJIMKaHUTE € N3y4aBaHa Ype3 OPUTHHAIICH HOB TIO/IXO0J 32 ONpe/eisiHe Ha
LEHTPOBETE HA LIMKO3WIMpaHe ciief Gems3ane ¢ O M TeHHO (parMEeHTHpaHe, KaKTO M u4pe3
tutpyBaHe Ha N,N'-Ouc-(0eH3min-2-60poHoBa kucenuHa)-[4,4'lounupuaun auopomun (o-BBV)
KOMITJIEKC (HOB METO/ pa3pabOTeH OT JOKTOPAaHTKATA).

BnusHuero Ha CTpykTypaTa Ha TJIMKaHa BBPXY KOH(OpMalMoHHATa CTaOMIHOCT Ha
MPOTEUHUTE € U3CIEABAHO UYpe3 KPBIOB JUXPOU3BM IpocieasBaiiku pH-3aBucuMara TomiMHHA
JeHaTypalus OlIEHsSBaHA IO W3MEHEHHETO Ha enunTuyHocTTa [O]222 karo ¢yHKIUS Ha
TeMIiepaTypara pH pa3IndyHu CToOMHOCTH Ha pH n/mim 1o m3MeHneHnueTo i kato GpyHkmus Ha pH,
MIPU PA3JIUYHHA TEMIIEPATyPH.

buonornunure edpextn Ha Cu/Zn-CO/I-a3uTe M XeMOIIMAHUHUTE Ca OIICHSIBAHU 110 TEXHUS
AHTUBHUPYCHHS €EKT BbPXY PEIUTUKAIMATA Ha pa3indHu BUpycH (mommo Bupyc Tum 1, CV-B1,
RSV u HSV-tun 1), anTHOakTepHanmHusAT UM e(eKT € U3CIeABaH Cpelly pa3indHd
I'pam-nionoxkutenHu u I'paM-oTpuLiaTeHU OaKTEpUAIHU IIAMOME, 3 aHTUTYMOPHUSAT UM e(eKT -
cpemy Tymop Ha Graffi B xamcTepu u acuuteH Tymop Ha Guerin B IUTbXOBE, KAKTO M IIPU TYMOPH
Ha IIMKOYHUS MEXYD.

6. XapakTepucTUKa U OllEHKA HA JUCEPTALMOHHUS TPY/
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Huceprammonnust tpya Ha II. Jlomamka oOxBama 319 crpanunu u cbabpxa 156
YepHO-0enn 1 nBeTHU Gurypu, 28 Tadimnm u moseue ot 450 murepaTypHU U3TOYHUITU. TOi €
HaIMCaH Ha SICEH U TOYEH Hay4YeH e3UK 1 € 0(OPMEH B KJIaCHYECKH CTHII - YBoJ, JIuTeparypen
0030p, llenu u 3amaun, Matepuasm U Meroau, Pesynratu u muckycus, M3Boau, [lpunocu,
bubmmorpadus na nydnukyBanute TpyaoBe 1 CIMCHK HA TEXHUTE UTHPAHUS.

Haii-cpiecTBeHuar pasnen Ha gucepranusata € Pesyntatu m muckycus (PJl), xoito
obxBama 145 crpanunu. Toit e 1oOpe oHarneneH ¢ rpaguKy, TAOIUIU U CXEMHU TOCTPOSHH Bb3
OCHOBa Ha COOCTBEHU E€KCIIEpUMEHTAIIHU JaHHU. Pa3nensT chabpxka 6 TeMaTHUYHU TJaBH, OT
KOSTO II'bpBaTa € IIOCBETEHA Ha MW30JMPAHETO, IIPEUUCTBAHETO M  MOJIEKYJIHOTO
oxapakrepusupane Ha Cu/Zn-cymepokcu 1ucMyTasu oT rbouunuTe mamose Humicola lutea
110, Humicola lutea 103, Aspergillus niger 26 u apoxnesu mam Kluyveromyces marxianus
NBIMCC 1984. Cnen xaro ce y0exaaBa B YHCTOTaTa U XOMOT'E€HHOCTTa Ha W30JUPAHUTE
CO/I-a3u nmo nanHu Ha npoBeneHUs N-KpaeH aHanu3, JOKTOpaHTKaTa OINpEAEss TEXHUTE
I'BPBUYHU CTPYKTYpPH Taka, KakTo Oe cromeHaTo mno-rope. lloigydeHute cekBeHIMH ca
CpaBHEHH C JIPYT'H HAJMYHU B 0a3uTe NAaHHH C IIeT Ja C€ ONpeAeisaT GYyHKIHOHATHUTE UM
JIOMEHH, a CHILIO TaKa Jia Ce XBbPJIM CBETIMHA BbpPXY TsaxHaTa ¢uioreHesa. M3cienanero Ha
IIPOCTPAHCTBEHATA CTPYKTYypa Ha INIMKOIIPOTEMHUTE [T0Ka3Ba, Y€ BbIVIEXUAPATHUTE BEPUTH HA
CO/I-a3ute ca pa3moyioKEHU Ha MOBBPXHOCTTA HA MOJIEKYyJaTa M HE BIUSAT CHIIECTBEHO
BBPXY TSAXHATa €H3MMHAa aKTUBHOCT. TpsOBa na orOenexa, ye myOiumkanuute Ha mpod.
Jlonaiika mpecTaBsT 3a MbPBU BT BHIVIEXUAPATHU CTPYKTYPU HA IPUPOIHO MIUKO3WIMPAHH
CO/l-a3m.

B rnmaBu 2 u 3 or Pasmen PJ] ca mpencraBeHu pe3yaTaTuTre OT HM3OJUPAHETO U
MOJIEKYJIHOTO ~XapaKTepU3UpaHe Ha XEMOLMaHWHU OT pa3JIMYHU NPEJCTaBUTEIU Ha
Arthropoda u Mollusca. Twit KaTo XeMOIIMaHMHUTE UMAT 3HAYUTEITHO MO-TOJIIMa MOJICKYJTHA
Maca U Mo-ClI0’KHO ycTpoeHa mojekyna oT CO/l-a3ute, 3a TAXHOTO U3y4yaBaHE € MPUIIOKEHA
Ipyra MeToJoJIorusa. BMecTo ¢ Mac-CrieKTpaiHi METOI, TAXHATa MbPBUYHA CTPYKTYpa MOXKe
Jla U3CJIeIBa MHOTO MO-0bP30 U €BTUHO YPE3 CEKBEHUPAHE Ha ChOTBETHUTE I'€HU. 3a Ta3H LIEJ
Jlonamika mpunara reHoOMeH moaxoAd. Ts mpoBexnaa yactuuyHo N-KpaiflHO ceKkBeHHpaHe Ha
MPEYNCTCHN XEMOITMAaHUHOBHU CYOCIMHUITA C 11e Aa ch3nane nereHepupanu JJHK-mpaitmepu
KOMIUIEMEHTAapHH Ha 5°-kpast Ha reHuTe. CaMute reHu ca u3onupanu 4pe3 PCR oT ThkaHHO
cnenupruna k/[HK-O6ubnmorexka. Ilo TO3M HauMH ca ONpEACTICHH HYKJICOTHIHHUTE
MOCJIEZIOBATEIHOCTH Ha TEHWTE Ha TPH cyOemuHMIM Ha xemormanura ot H. lucorum. Te
MOKa3BaT BHUCOKA CTENEH Ha XOMOJIOKHOCT C TE€3M Ha APYTH XEMOLMAHUHU OT MOJKJIAc
Mollusca. Jlanaute kakto ot N-kpaitHo, Taka u ot JJHK cekBeHHpaHeTO ca M3IMOJI3BAHU 3a
MPOBEXKIaHe Ha (PMIIOT€HETUYHH MPOYUBAHUS, KOUTO BHACAT JOMBIHUTEIHA ICHOTa OTHOCHO
€BOJIFOLIMATA HA XEMOLIMaHVUHUTE IIPA MOJIFOCKU M apTPOIOIH.

B otnenna rmaBa (IV.4.) ca npencraBenu pe3yaTaTuTe OT U3CJIEIBAHETO HA CTYKTypaTa
Ha BbIyexuapaTHuTe KoMnoHeHTH Ha CO/[-a3ute u xemMonuaHuHuTe. Te BKIIOYBAT KAKTO
onpejeNsiHe Ha TUINA U MSCTOTO Ha TJIMKO3WJIMpaHe, Taka M HauWHAa Ha CBbpP3BaHE Ha
MOHOMEPHHUTE BBIVIEXUJPATHH OCTAThLIM B MOJEKynara Ha rinkaHa. OCBEH H3BECTHHUTE
METOJIMYHU TMOAXOJAU, TYK € TPUJIOKEH KM HOB OpHUTMHAJIEH MeToJl pa3paboTeH OT
JIOKTOpaHTKata (B T. 5 OT peneHsusara). Jlomamka ycTaHOBsiBa, 4e IIEHTPOBETE 3a
N-rMKo3uIMpaHe NMpu XEMOIMaHWHHUTE ca PA3MOJIOKEHU MPEIUMHO Ha MOBBPXHOCTTA Ha
MoJIeKynaTa, Karo 3a xemonuanuHa ot H. lucorum te ca cvorBetHo 13 3a Pc-HIH, 14 3a
aD-HIH u 7 3a aN-HIH uzodopmure. Ts ycnsiBa na onpenenu 25 BbIIICXUIPATHA CTPYKTYPH
3a RvH1 u 28 3a RvH2, xouro ca or mMaHO3€H M KoMmIuiekceH Tul. OTKpHBa M HOB TUI
BBIVIEXUIPATHU CTPYKTYpPHU, CbCTaBEHU OT XeKcypoHoBa kucennHa U GIcNAc cBbp3aHu KbM
BBTpeIIeH (yKO3eH OCTaThK, KOUTO HE Ca HAMEPEHH JI0Cera Mpu APYrd XeMOIUaHUHU.

[locnegnute nBe rnmaBu ot pasnen PJ] ca mocBereHu Ha ¢Qu3nonornyHUTE (PYHKUIUU
(I'maBa 1V.5.) u 6uonornunute edextu (I'maBa IV.6.) Ha BpIIIeXuApaTHUTE KOMIIOHEHTH Ha
MeA-ChAbPKAIIUTE TTIMKOIPOTEHHH.



C men 51a OLEHU BIMSHUETO HAa BBIVIEXUAPATHUTE OCTATHIM BBPXY CTAOMIHOCTTA Ha
BucnTe cTpykTypu Ha CO/l-a3ute 1 XeMOIMaHUHUTE, TOKTOpPAaHTKaTa n3cieaBa JUHAMUKaTa
Ha TAXHOTO TIOBEJCHHME B pa3TBOpu C pasnuuHo pH wu Temmeparypa, mnpuiaraiiku
BucokouyBcTBUTeNeH ESI-MS u CD anamms. Ts Hamwupa, de BBIVIEXUIPATHUTE CTPYKTYpPH
ydacTBaT B M3rPa)JIaHETO HAa TPETUYHATa CTPYKTypa Ha XEMOIMaHWHA, KaTO W3Ka3Ba U
XHUIOTEe3a 32 Bb3MOKHUTE UHTPAMOJICKYJTHU B3aUMOJAEUCTBUA. Bbriaexunparuure CTpyKTypH
UMaT OTHOLICHHE U KbM YETBBbPTUYHATA CTPYKTYpa Ha TIUKONPOTEHHHUTE. Y CTAHOBEHO €, 4e
rkanute ot @OE-h Bwp3npensTcTBAT 00pasyBaHETO HA JBJITH MYJITHIEKaMEpPH OT
cyoequnuimre RvH2, B-HIH, KLH1 n HtH1 (otkputu npu RvH1, KLH2 u HtH2), xakTo 1 ue
JeHaTypaluaTa Ha XeMOIIMaHUHUTE MTPOTHUYA B JIBA €Tana: JUCOLUAIMs Ha XOJIONPOTeHHA 10
U3TpaXIaIIUTEe TO CyOeIMHUIIM, CJell KOeTO HAaCThIIBA JACHATYpalLlUs HA CAMHUTE CyOeMHUIIH.
Twit kato pH-T unTepBanurte Ha odpatumocT (ompezeiaeHu upe3 CD) Bapupar B MHOTO TECHH
rpanuny 3a msmara RvH monekyna u chCTaBsmuTe s CyOeIMHULM, JOKTOPAaHTKaTa NpaBU
U3BOJI, Y€ BBITIEXUIPATHUTE CTPYKTYPH BIUAAT HBPXY CTAOMIHOCTTa HA UYETBbPTUYHATA
CTPYKTypa Ha MPOTEHHA Ype3 CWJIHU 3apsA-JUIOIHU B3aMMOACUCTBUS, a MO-IIMPOKHAT
untepBal Ha oOpatumoct npu DE RvH2-e e ykazanme 3a numncata Ha BIMSHUE Ha
BBIUIEXUApaTHATA CTPYKTYpa, KOSITO CE€ HAMHpPA Ha MIOBBPXHOCTTA HA MOJIEKYJIaTa.

[Tocnennara rmaBa (IV.6.) or Pasmen PJl mmrocTpupa NpHIIOKHHUTE acleKTH Ha
mucepranusata. Tyk n-p Jonamka uscnensa uzonupanara ot vest Cu/Zn-CO/J] ot H. lutea 103
3a aHTUBHPYCEH M aHTUTYMOpEH e(eKT U HaMupa, 4e TS MOTHCKA Pa3BUTHUETO HAa TPUITHUS
Bupyc A/Aichi (H3N2) u na muenounaaust Tymop Ha Graffi B xamcrepu, KoeTo ce 00sICHsBa ¢
HeyTpalu3alys Ha CYNEPOKCHUIAHHUTE paJuKald. 3a aHTUBUPYCEH, aHTHOAKTepHalleH U
AQHTUTYMOPHU €(EKTH ca M3CIECIBAHM M XEMOIIMaHUHH OT MOJIIOCKM. Taka 3a IbPBH IBT €
nokasaH uaxudupai epext Ha RvH2-e Bbpxy permnukanusra Ha Bupyca HSV tum 1, koeto ce
o0sicHsIBa ¢ 00pasyBaHe Ha Ban-iep-BaancoBu u BOJOpOAHM BPB3KH MEXITY BBITIEXUpaTHATA
Bepura Ha RvH2-e u Bupyca. 3a mbpBH BT € MOKa3aHa U MHXUOUpaia akTuBHOCT Ha HaH u
RVH cnpsimo pasButHeTo Ha HAKOM HaroreHHU [ 'pam-monoxkutennu (S. aureus u S.
epidermidis) u I'pam-otpumarennu Oaxtepuannu mamose (E. coli). HabmomaBan e u
AHTUTYMOpEH e(PEeKT Ha XEMOIIMaHUHHU OT MOJIFOCKH CIPsAMO acuuTHHS TymMop Ha Guerin (HO
HE M Tpu coiauaeH wMuenougeH tymop Ha Graffi), xoero ce o00sdcHsABa C TAXHOTO
HMyHOCTHUMYNUpaio aevicteue. Jlokasan e u uaxudupan epext vHa HIH, fc-HH-h u RvH2-cC
CHPSMO YOBEIIKU KJIETHhYHU JIMHUU OT PaK Ha MUKOYHUS MEXYD.

7. IlpuHOCH M 3HAYMMOCT HA pa3padoTKaTa 3a HayKaTa U MPaKTHKATA

KakTo Gemie orGensi3ano B HAYaIOTO Ha pelieH3usITa, u3cineasanusita Ha npod. I1. Jlonamka
ca HAyYHO-TIPUJIOKHHU. Te ca MOTHBHUpAHU OT CTpeMeka il Ja oOoraTd HAIIUTE MO3HAHUS 3a
CTPYKTypaTa, €BOJIONMATa U (YHKIHMATA HAa MEI-ChABPXKAIIUTE KHUCIOPOI-CBbP3BAIIH
rmMKonpoTenHu, kakButo ca COJ[-azute W XEMOUMAaHWHHWTE, W B YAaCTHOCT HAa TEXHUTE
BBIVIEXUJIPATHU KOMIOHEHTH. Ho THI KaTto TA MMa MparMaTU4HO MHUCIEHE U aUHUTET KbM
pa3paboTBaHETO HA HOBH OMO(apMaleBTUIIM, HE € MPOMyCHaTa BH3MOXKHOCTTA Jia MMOTHPCH U
MIPUJIOKEHUE HA CBOUTE PE3YITATH B MIPAKTHUKATA.

Bwnpeku ue HaydHHUTE MOCTHXKEHUS 0s1Xa pas3riellaHu B T. 7 OT peLeH3usATa, Bce MaK KaTo
MO-CHIIECTBEHN OMX OTOens3an MpeacTaBsHeTo Ha OoraTa MH(OpMaLUs 32 KOMIUIEKCHHUTE
BBIVIEXUIPATHU CTPYKTYPH U BIHUSHUETO HM BBPXY (PUIUKO-XUMUYHUTE CBOMCTBa Ha
XEMOIIMaHUHUTE. BHUCOKO OLEHsBaM M ONpENEICHUTE HYKICOTHUJIHM W aMHHOKHCEIMHHHU
ITOCJIEIOBATETHOCTH HA XEMOLMAHUHHA OT MOJIFOCKH, KAKTO M OIPEAEIITHETO Ha LIEHTPOBETE HA
IVIMKO3WJIMPAaHe Ha TPU OT TsIX, KOETO 3HauuTesnHo oboratsiBa cBeroBHaTa /JIHK u mporennoBa
6a3u JaHHU. 32 TBPBU BT c€ CHOOIIABA 3a POJIATA HA IIMKAHUTE MTPU GOPMUpPaHE U O IbpKaHe
Ha BUCIINTE CTPYKTYpU HA XEMOLIMAaHUHH.



Kato meTomuuen npuHoc 1ie oToeneka pa3padboTBaHETO HAa BUCOKO €(DEKTHBHA METOINKA
3a ompenenssHe W HACHTH(QHUUIUpAHE Ha BBIVIEXUIPATHU CTPYKTYpH HA XEMOLMAHUHU C
HEU3BECTHA WM YaCTMYHO U3BECTHA IIbPBUYHA CTPYKTYypa (BHXK T. 6 OT pELICH3UATA).

OT mpuHOCHTE C MOTEHIMAIHO 3HAYEHHE 3a MpakTukata (MexunuHa U (apmanus) Oux
MOCOYMJI Pa3KPHBAHETO Ha AHTUBUPYCHA, AaHTUOAKTEPHATIHA U MPOTUBOJAYMOPHA aKTUBHOCT Ha
COM-a3u oT reOM M XEMOLMAHMHU OT MOJIIOCKHM, KaKTO W MOJIYJIMPAIlOTO 3HAYCHHE Ha
BBXJIEXUJAPATHUTE UM KOMIIOHEHTU BbPXY TEXHUTE OMOJOTUYHU aKTUBHOCTH.

8. IIpenenka Ha mMyOJUKAIMHUTE MO IMCEPTALUOHHHS TPYA

B®B Bpb3Ka ¢ Hero ca nmyOnukyBaHu 50 HaydyHU CTaTUM — BCUYKM HA aHIVIMHCKU €3UK U
nyOynKyBaHH B pedepupanu u uHaekcupanu no Thomson Reuters nepuonnynu uzganus ¢ o011
umMnakT dakrop 98,359, kakto u 4 KpaTKu ChOOIICHUS B TEMATUYHU COOPHUIM HA MPECTHXKHU
Hay4yHH criucanust ¢ Bucok U®. B 33 ot mybnukanuure u B 4 oT nateHTuTe Jonamka e Boaent
(repBU MM NocieneH) aBTop. T uMa 1 camoctositenna myonukanus, | ¢ enqud ceaBTop 1 1 ¢ 12
ChaBTOpHU. bposAT Ha aBTOpUTE B OCTaHAINTE CTaTUU Bapupa oT 3 1o 12. Tpynosere cBbp3aHHu ¢
auceprauusaTa ca UUTHpaHu gocera 527 mpru. Ilo Temara Ha auceprauusaTa € u3ganeH 1
OBJrapcku mareHTa 3a uzoopereHue. Pesynrarure ca qokinaaBaHu U Ha 83 HaydyHU QOpyMH, OT
KouTo 23 B uyxxOuHa. M3cnensanusra ca ¢punancupanu ot 30 HAMOHAIHU U YYXKIECTPAaHHU
HAy4YHU MPOEKTH.

9. JInyHO yyacTue Ha aBTOpa

Brprpeku ye MHOrO OT Tpyaosere Ha npod. Jlonamka ca nyOiaMKyBaHH B ChbaBTOPCTBO C
qy)KIECTPAaHHU KOJIETH, HEeIfHaTa BOJEIIa POJI € OYEBUAHA — HE3aBUCUMO OT J1a0OPaTOPUUTE B
KOUTO € paboTuia, TS € OTUBaJIa ChC CBOS TEMATUKA U CBOU OOEKTH 32 U3CIIE/BAHE.

10. ABTOpedepar

ABTopedepaTsT oTpa3saBa TOUHO CHABPKAHUETO U TIOCTHKEHHATA Ha TucepTanusaTa. Toit e
HamucaH TMEJAaHTHYHO U € MIIOCTPHpPAH C JOCTaThYHO HHQPOpPMATHUBHU (GUTypH, TaOMUIHU U
dbopmynu. 3a pa3nuka OT MHOTO Jpyru aBTopedepatu, TOU ChIbpKa pe3toMe U Ha JTUTepaTypHUS
0030p.

11. Kputu4nu 320e/1€:KKH U NPEeNOpPbKU

B nucepranusra Ha npod. Jlonamka oTkpuBaM (PUBOIHO H3IOJI3BAHM TaKCOHOMHYHU
tepMuHu. Taka HanpuMep HABCSKBJIE B Hesl M aBTopedepaTa ce roBopu 3a ,,Bua“ Arthropoda, u
»BHA* Mollusca, a te Bchmmoct ca Tum Arthropoda (Unmenectonorn) u Tum Mollusca
(Mexotenu). Crustacea (PakooOpasum) m Chelicerata (masiim, akapu, CKOpIIMOHM) TBK ca
MPEJCTaBeHU KaTo ,KJacoBe®, a Te ca MOATHIOBe. BuaoBe ca caMoO WHIAMBHIYaTHUTE
MPEJCTABUTENIM HAa apTPOINOAUTE W MOJIOCKUTe. HO ThH KaTo c¢hbM yOeJICH, Y€ OpraHU3MHUTE
M3M0JI3BaHU B U3CIIeIBaHuUsTa Ha Jlonanika ca uASHTH(GUIIPAHHA OT KOMIIETCHTHH CIICIIUAITICTH,
CbM CKIIOHEH Ja IMpHeMa JOMYCHATUTE TPEHIKH KaTo TEPMHUHOJIOTHYHH, KOMTO HE 3acsrar
CBIIIHOCTTA Ha JIMCEPTAIIHATA.

12. JInuHu BreyaTJieHUus

MHOFOKpaTHO CbM pPCUCH3UPA IPOCKTHU U CTATUU HA HpO(I). I[onamKa, KaKTO U JUIIJIOMHHA
U JOKTOPCKHU TE3U Ha HEHHU IUIIJIOMaHTU U HAOKTOPAHTH. ToBa Mu mage BB3MOXKHOCT Ja C€



3amo3Has OTONM30 C HelHaTa Hay4yHa MpoOJieMaThKa M Ja Cce Bb3XHMIaBaM Ha €HTycuasMa C
KOMTO TS M pbKOBOJICHUS OT HEsI €KUIT paOOTHT.

13. Hpenopmm 3a 6']:[[6[[10 U3IMO0J3BAaHE HA TUCEPTALIMOHHUTE IIPUHOCHU U pE3yJITaTH

[IpenopbuBam Ha mpod. Jlomamika mga pa3Bue MPUIOKHUTE ACTICKTH HA CBOWTE HAYyYHU
W3CIIeIBAHMS CBBP3aHU C AHTUTYMOPHHUTE €(DEeKTH Ha MEA-ChIbPKAIINUTE TTTUKOIPOTSHHH.

3AKVIIOYEHUE

Hucepramsta npod. II. Jlomamka e mnpumep 3a MOJAEPEH HHTEPAUCLMILTUHAPEH
U3CIIeI0BATENICKU TPYA B o0iacTTa Ha OMOOpraHUYHATa XUMHUS, OMOXUMUSATA U MOJIEKYJIsipHATa
ouonorus. M3cnenBanusra ca MpoBeleHU C MOJAEPHA METOAOJIOTHS U BHCOKO PE3OJIOTHBHU
TEXHUYECKU CPE/ICTBA, B PE3YNITAT HA KOETO Ca MOJIYYSHHU OTPOMEH 00eM Pe3yNITaTH ¢ MoaYepTaH
NPUHOCEH XapakTep 3a (QyHAaMEHTalHAaTa Hayka M NpakTukara. V3ommpaHu ca HOBU
CYNEPOKCHI-IUCMYTa31 OT IUIECEHH U XEMOLMaHUHU OT MOJIOCKHM M apTponoau. Ha Hiakou or
TAX Ca ONPENENICHU IIbPBUYHUTE CTPYKTYPH, KAKTO M CTPYKTYypaTa Ha BBIVIEXUAPATHUTE UM
KOMITOHEHTU. M3ciieBana e poyiAta Ha TIUKAaHUTE BHPXY (POpMHUpaHETO U MOAIBPKAHETO HA
BUCIIUTE CTPYKTYPH HA TJIMKONPOTEUHUTEY KAKTO U BBPXY TEXHUTE OHUOIOTHYHU €(EeKTH.
[Tonyuenure pe3ynraTu ca MyOJMKYBaHU B €IHU OT HAl-aBTOPUTETHUTE HAYYHH CIHCAHHS B
o0racTTa Ha XUMUATA, OMOXUMHUATA U MOJIEKYJIIpHaTa OMOJIOTHUS U Ca IIUTUPAHU CTOTHUIIM IBTH B
CBETOBHATA JIUTEpaTypa. BbB Bpb3Ka ¢ U3ciieIBaHUATA 110 JUCEpTaLUATa ca U3/1aJIcH! 6 IaTeHTAa.
Cbc cBosiTa epyaulyisi U HaydHH MOCTHXKeHUs mpod. Jlomamka ce mpenctaBs Karo BOJACHI
OBATapCKH M3CJIEI0BATEN, BUCOKO IICHEH M YBa)KaBaH OT CBETOBHATAa Hay4Ha OOIIHOCT, KOWTO
HaI'bJIHO y/oBieTBOpsiBa usnckBanusara Ha 3PACPD, IlpaBunHuka 3a HErOBOTO NPUIIOKEHUE U
BpTpemHuTe npaBwiHumu Ha MOXI® 3a npunoOuBaHe Ha HaydHara cTemneH ,,JIokTop Ha
HayKuTe”.

[Topanun roOpeusnokeHoTo, yOeneHO [aBaM CBOSITA HOJIOMCUMETIHA OUeHKA 3a
MPOBEJICHUTE M3CIEABAHUS, JUCEPTAIMOHHUS TPy, aBTopedepara, MOCTUTHATUTE PE3yNTaTh U
IIPUHOCUTE, U npedrazam Ha nouumaemomo Hayuno scypu oa npucvou nayunama cmeneu
w/lokmop na naykume* va npog. a-p unx. IaBaunka Anexcanapona Jonamxka B o6nacr 4.
I IpUpOoIHN Hayku, MaTemMaTuka M uHQPOpMaTuKa™, NpoPeCcHOHATHO HampaBieHue: 4.2.
»XHUMUYECKH HAYKH, Hay4YHa CIIEIMaJIHOCT ,,buooprannyHa XuMus, XUMUsI Ha TIPUPOJTHUTE U
(hU3MOIOrMYHO AKTUBHUTE BELleCTBA .

08.07.2019 1.
rp. Codus Peuensenrt:

(Axan. mpod. UBan I'. iBaHOB, 10H)
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1. Subject of review

The pack of documents presented for review in paper and electronic form contains:
CV (European standard), protocol from the Colloquium "Functional materials, computer
modeling and technologies" (28.05.2019), DSc thesis, thesis abstract, reference for
compliance with the criteria for the scientific degree "Doctor of Sciences”, copies of diplomas
for PhD and Professor degrees, a copy of 50 publications and 6 patents related with the
presented thesis, a list of 89 conferences where the results have been reported, a list of
citations, information about participation in research projects, awards, etc. The materials have
been prepared in accordance with the Law for Scientific Development in Bulgaria, the Rules
of its Application as well as of the Internal Rules and Regulations of the Institute Organic
Chemistry with Center for Phytochemistry (IOCCP) for acquiring the scientific degree
"Doctor of Sciences".

2. Brief biographical data

Prof. P. Dolashka graduated from the Bourgas University "Asen Zlatarev" in 1980
with MS in "Organic chemistry”. She continued her education at the IOCCP, Bulgarian
Academy of Sciences, where she acquired a PhD degree (1993) in the scientific specialty
"Bioorganic chemistry and chemistry of natural and physiologically active substances”. In the
same institute she consecutively occupies all academic positions from chemist to professor.
After acquiring her PhD degree, she heads a scientific team on applied research in the field of
biochemistry, food and pharmacy.

Prof. Dolashka has 137 scientific papers, of which 105 are in peer reviewed scientific
journals with a total IF 178,042. Her papers have been quoted so far 750 times. She is a co-
author of 3 university books, 1 of which is published abroad. She also co-authors 6 patents
and useful models in the field of pharmaceutical biotechnology. She participated in the
development of 21 scientific projects with national funding and 23 projects with international
financing as well as in 3 contractual projects funded by biotechnology companies. Dr.
Dolashka has supervised 6 PhD and 10 MS students. She is a member of the Union of
Bulgarian Scientists and the European Peptide Society.

3. Actuality of the thesis topic

Prof. P. Dolashka's thesis is dedicated to the study of the structure, functions and
biological activity of two classes of copper-containing glycoproteins - superoxide dismutases
(SODs) from molds and hemocyanins from mollusks and arthropods. Their molecules are
composed of high molecular weight glycosylated polypeptide subunits, and the study of their
structure has become possible over the last 1-2 decades when the mass spectral techniques
have been refined and adapted to the analysis of complex biopolymers. Dr Dolashka's
research contributed a lot to clarifying the molecular structure of SODs and hemocyanins.
Besides being fundamentally important, her research is also relevant because of its applicative
significance. It has been reported in recent years that copper glycoproteins can be used for
treatment of some socially significant diseases. Cu/Zn-SODs, for example, have a positive



effect on improving the antioxidant status of AIDS patients as well as on the recovery of
patients after brain injuries. Hemocyanins have a good effect in the treatment of bacterial and
viral infections. Both SODs and hemocyanins have a beneficial effect in the treatment of
bladder, breast, and other tumors. It can be said that Dr Dolashka's research on the medical
application of SOD and hemocyanins has a pioneering character.

The goal of Dr Dolashka’s thesis is to study the structure of glycans and their
influence on the structure and biological properties of new copper-containing glycoproteins
binding different oxygen species. The goal includes also the study of both structure and
physicochemical properties of the new glycoproteins as well as of their therapeutic potential.

4. Familiarity with the scientific problem

Judging by the very competently written literature review, the author is well
acquainted with the scientific literature in the field coper glycoproteins. The review covers 45
pages and includes more than 400 references. Despite the specific terminology, it is easy to
read. It consists of three main sections and a conclusion section. The first section introduces
the reader to the classification and structural organization of the copper-containing oxygen-
binding glycoproteins of Arthropoda and Mollusca. The second one is dedicated to the
structure of the carbohydrate moieties of Cu/Zn-SODs and hemocyanins, and the third focuses
on the influence of the carbohydrate structures on their biological activities. Although both
SODs and hemocyanins contain copper and bind oxygen species, their biological functions
are different. SODs are the first to protect cells from the harmful effects of superoxide
radicals and hemocyanins are analogous to the iron-containing hemoglobins in binding and
transferring O,. Although the oxygen-conferring is their basic function, the molecular
structure of hemocyanins from arthropods and molluscs is different. This difference, as well
as the influence of the carbohydrate component on their affinity to oxygen and other
biological functions, are described in the literature review with great skill and knowledge.

The conclusion section in the review represents a summary and a creative analysis of
the voluminous literature. It is clear from this section that many points related to the influence
of carbohydrate structure on the physicochemical and biological properties of copper-
containing oxygen-binding glycoproteins are still unanswered, which facilitates the author in
finding her fruitful research niche.

5. Methodology of the study

Prof. Dolashka's ambitious research program is realized through a variety of high-
resolution methods and modern experimental techniques. The basic methods used in her
studies are: chromatography (for isolation and purification of glycoproteins from animal
sources), UV- and CD spectroscopy, mass-spectroscopy (MS) as well as biochemical,
molecular biological, cell-biological, microbiological, statistical methods, etc. The basic
methods applied to determine the amino acid sequence and structure of the new proteins are
the MS-methods MALDI-TOF-TOF, LC/ESI-MS, LC-Q-trap-MS/MS, nano-ESI-MS, etc.
The glycan and glycopeptide structures have been examined by Q-trap Q-trap mass
spectrometer (Q-trap system equipped with a nanoparticle ion source) and by a tandem mass
spectrometer (Q-TOF) equipped with nano-ESI and a hybrid quad-column analyzer.

The structures of the new Cu/Zn-SODs and haemosanins are studied by hydrolysis
with chymotrypsin and trypsin followed by Edman degradation and MALDI-MS/MS of the
obtained fragments, whereas the quaternary structures of the holoproteins are studied by
PGEE, THEMA (Philips microscope CM10), tandem mass-spectrometry, etc. To determine
the primary structure of some high-molecular hemocyanin subunits, Dr. Dolashka has applied
DNA sequencing of the corresponding genes isolated from a cDNA library.



The glycan structure is studied by an original novel method for determination of
glycosylation sites following ‘0-labeling and gene fragmentation, as well as by titration of N,
N'-bis- (benzyl-2-boronic acid) - [4,4 ' bipyridine dibromide (0-BBV) complexes.

The influence of glycan structures on the conformational stability of glycoproteins is
investigated by circular dichroism (CD) following the pH-dependent thermal denaturation
assessed by the change in ellipticity [©]222 as a function of the temperature at different pH
values and /or its change as a function of pH at different temperatures.

The Cu/Zn-SODs and hemocyanins are evaluated for their antiviral effect on the
replication of various viruses (Polio Virus Type 1, CV-B1, RSV and HSV Type 1). Their
antibacterial effects are studied against various Gram-positive and Gram-negative bacterial
strains, and their antitumor activity - against Graffi tumor in hamsters and Guerin ascites
tumor in rats.

6. Characterization and evaluation of the thesis

P. Dolashka's thesis covers 319 pages and contains 156 figures, 28 tables and more
than 450 references. It is written in clear and accurate scientific language and is structured in a
classic style - Introduction, Literary Review, Objectives and Tasks, Materials and Methods,
Results and Discussion, Conclusions, Contributions, Bibliography and List of citations.

The most important part of the thesis is the Results and Discussion (RD) section,
which covers 145 pages. It is well illustrated with graphs, tables, and schemes built on own
experimental data. This section contains 6 thematic chapters, the first of which is dedicated to
the isolation, purification and molecular characterization of Cu/Zn-superoxide dismutases
from the fungal strains Humicola lutea 110, Humicola lutea 103, Aspergillus niger 26 and the
yeast Kluyveromyces marxianus NBIMCC 1984.

After proving the purity and molecular homogeneity by the N-terminal analysis of the
isolated SODs, the author has determined their primary structures as mentioned above. The
obtained sequences have been compared to other sequences available in the databases in order
to determine their functional domains, and also to shed light on their phylogeny.
Investigations on the spatial structures indicate that the carbohydrate chains are located on the
SODs surface, so they do not significantly affect their enzymatic activity. It must be pointed
out that Prof. Dolashka reports for the first time carbohydrate structures of naturally
glycosylated SODs.

Chapters 2 and 3 present the results of the isolation and molecular characterization of
hemocyanins from different species of Arthropoda and Mollusca. Because of their high
molecular mass and a complex structure, Dr. Dolashka has used another approach for their
investigation. Instead of MS, their primary structure is studies by direct sequencing of their
genes. To this end the purified hemocyanin subunits have been N-terminally sequenced in
order to obtain data for designing degenerated DNA primers complementary to the 5'-ends of
the corresponding genes. The genes themselves are isolated by PCR from a tissue specific
cDNA library. In this way three H. lucorum hemocyanin subunits were determined. They all
show a high degree of homology with other Mollusca subclasses. The DNA sequencing have
been also used for phylogenetic studies that give additional information about the evolution of
the hemocyanins in mollusks and arthropods.

A separate chapter (IVV.4) presents the results of the study of the structure of the
carbohydrate components of SODs and hemocyanins. These include both determination of the
type and sites of glycosylation and the type of linking of the monomeric carbohydrate
monomers in the glycan molecule. In addition to the routine methodological approaches, a
new original method is developed to study the glycans structures (see above). Dr. Dolashka
found that the N-glycosylation sites in hemocyanins are located predominantly at the surface
of the molecule. In the H. lucorum hemocyanin they are 13 for s-H1H, 14 for aD-H1H and 7



for the aN-H1H isoforms. She has also managed to identify 25 carbohydrate structures for
RvH1 and 28 for RvH2 of mannose and complex type. She also revealed a new type of
carbohydrate structure composed of hexuronic acid and GIcNAc linked to an internal fucose
residue (not found yet in other hemocyanins).

The last two chapters of the Results section are devoted to the physiological functions
(Chapter 1V.5) and biological effects (Chapter IV.6) of the carbohydrate components of
copper-containing glycoproteins.

In order to evaluate the effect of carbohydrate residues on the stability of SOD and
hemocyanin structures, the author has examined the dynamics of their behavior in solutions at
different pH and temperature using high-sensitivity ESI-MS and CD. She found that the
carbohydrate moieties were involved in the formation and maintenance of the tertiary
structures of the hemocyanins. They are also related to the quaternary structure of the
glycoproteins. It was found that the FE-h glycans prevented the formation of long
multidecamers of the RvH2, B-H1H, KLH1 and HtH1 subunits and that the denaturation of
hemocyanins takes place in two stages: dissociation of the holoprotein to subunits, followed
by denaturation of the subunits themselves. Since the pH-T intervals of reversibility (defined
by CD) vary within very narrow limits for the whole RvH molecule and its subunits, it is
concluded that the carbohydrate structures influence the stability of the quaternary structure
through strong charge-dipolar interactions. The wider reversibility interval at FE RvH2-e is an
indication for the lack of influence of the carbohydrate structure (located on the surface of that
molecule).

The last chapter (1V.6) illustrates the applied aspects of Dr. Dolashka’s thesis. She has
investigated the Cu/Zn-SOD from H. lutea 103 for anti-viral and anti-tumor activity and
found a suppressive effect on the propagation of influenza A/Aichi (H3N2) virus. This SOD
also suppresses the progression of Graffi myelogenous tumor in hamsters. Both effects are
explained by the neutralization of superoxide radicals. The molluscan hemocyanins are also
examined for antiviral, antibacterial and anti-tumor activity. Thus the author reports for the
first time an inhibitory effect of RvH2-e on HSV type 1 virus replication, which is explained
by the formation of Van-der-Vaals and hydrogen bonds between the RvH2 carbohydrate
chain and the virus surface. Inhibitory effect of HaH and RvH against the replication of some
pathogenic Gram-positive (S. aureus and S. epidermidis) and Gram-negative (E. coli) bacteria
is also shown for the first time. Antitumor effect of molluscan hemocyanins on Guerin ascites
tumor (but not Graffi's solid myeloid tumor) and on human bladder cancer cell lines has been
observed as well and this is explained by their immunostimulatory activity.

7. Contributions and importance of the results to science and practice

Prof. P. Dolashka's research is motivated by its quest to enrich the knowledge on the
structure, evolution and function of copper-containing oxygen-binding glycoproteins, such as
SODs and hemocyanins. However, because of her pragmatic mindset and affinity for the
development of new biopharmaceuticals, she has not missed the opportunity to apply her
results in the practice.

Although the scientific achievements of Dr. Dolashka’s thesis were dealt within
paragraph 7 of the review, here | would note again the rich information obtained on the
complex carbohydrate structures and their influence on the physicochemical and biological
properties of SODs and hemocyanins. | am highly evaluating the newly determined nucleotide
and amino acid sequences of molluscan hemocyanins as well as the determined sites of
glycosylation, which significantly enriches the world's DNA and protein databases. For the
first time, the role of glycans in formation and maintenance of the hemocyanin higher
structures is reported.



As one of the most significant methodical contribution | would note the development
of the new highly efficient method for studding carbohydrate structures of hemocyanins with
unknown or partially known primary structure (see section 5 of this review).

Among the contributions of potential importance to practice (medicine and pharmacy),
| would point out the disclosure of antiviral, antibacterial and antitumor activity of SODs from
fungi and molluscan hemocyanins, as well as the modulating role of their carbohydrate
components on the biological activity.

8. Assessment of the papers related with the thesis

The 50 scientific papers related to the reviewed theses are published in peer reviewed
journals indexed by Thomson Reuters (total IF 98,359). In 33 of them and in 4 of the patents
Dr. Dolashka is the leading (first or last) author. She is a single author in one of the papers
only. The number of co-authors in the rest of the papers vary between 2 and 12. Her papers
are cited so far 527 times. The results are also reported on 83 scientific fora, of which 23 were
held abroad. The research of Dr. Dolashka has been funded by 30 national and international
research projects.

9. Personal participation of the author

Although most of Prof. Dolashka's papers are published in co-authorship with foreign
scientists, her leading role is obvious. Despite of the laboratories she worked in, she has
always worked on her research subject and on her research objects.

10. Thesis abstract

The abstract of the reviewed thesis reflects exactly the content and achievements of the
dissertation. It is written in a meticulous way and is illustrated with high quality figures, tables
and formulas. The abstract contains also a summary of the literary review.

11. Critical remarks and recommendations

I found in Prof. Dolashka's thesis many frivolously used taxonomic terms. For
example, the big taxa Arthropoda and Mollusca are named “species”, whereas they are
“types”. The Crustacea and Chelicerata (spiders, mites, scorpions) are denoted "classes”,
whereas they are “subtypes”. Bearing in mind that the organisms used in her investigations
are identified by competent specialists, | consider the above mentioned mistakes as
terminological disparity that do not affect the essence of the dissertation.

12. Personal impressions

I have repeatedly reviewed Prof. Dolashka’s projects and papers as well as MS and
PhD theses of her students. This gave me the opportunity to get acquainted with her scientific
ideas and achievements long time ago.

13. Recommendations for future use of dissertation results and achievements

I am highly recommending Prof. Dolashka to continue her studies on the biological
effects of her copper glycoproteins and particularly on the antitumor effects of SODs and
hemocyanins.

CONCLUSION

Professor P. Dolashka's thesis is a good example of modern interdisciplinary research
project in the field of bio-organic chemistry, biochemistry and molecular biology. The
research has been carried out using a modern methodology and instrumentation. The obtained
voluminous results contribute a lot to basic science and practice. New species of SODs from



molds and hemocyanins from mollusks and arthropods have been isolated and the molecular
structure of some of them is determined. The role of glycans in the formation and
maintenance of the higher structures of the copper glycoproteins as well as on their biological
activity is clarified. The obtained results are published in high ranked peer reviewed journals
in the fields of chemistry, biochemistry and molecular biology. The papers related with the
thesis are cited hundreds of times in the world literature. Six patents are also issued. Due to
her high quality research Prof. Dolashka is highly valued and respected by the national and
world scientific community. She fully satisfies the requirements of the Law for Scientific
Development in the Republic of Bulgaria, the Rules of its Application as well as of the
Internal Rules and Regulations of the Institute Organic Chemistry with Center for
Phytochemistry for acquiring the scientific degree "Doctor of Sciences". Because of that | am
giving my positive assessment of her research, thesis, thesis abstract, obtained results and
scientific contributions and | propose to the Honorable Scientific Jury to award the scientific
degree "Doctor of Science" of Prof. Pavlinka Aleksandrova Dolashka in the field of higher
education: 4. "Natural Sciences, Mathematics and Informatics"; professional field: 4.2.
"Chemical Sciences"; scientific specialty "Organic Chemistry, Chemistry of Natural and
Physiologically Active Products”.

10 July 2019
Sofia Reviewer:

(Prof. Ivan G. Ivanov, DSc)
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