
YH~BEPSl1lrf:T y 6eOfP~Y 
~~MY!I~~~ 

I5(J\!QrI"A~ 

HAY'lHOM BEnY 


YHHBEP3HTETA Y IiEorpA)1;Y 

HHCTHTYTA 3A MYJITH,l1;HCI(HllJIHHAPHA HCTPAiKHBAIhA 


O)J,llYKOM HaYlJHOr Bena YHHBep3HTeTa Y neorpa)J,Y I1HCTHTYTa 3a 

MyllTH)J,HCLI.HnllHHapHa HCTpa)lCHBalha, Ha ce)J,HHLI.H o)J,p)KaHoj 20.03.2024. rO)J,HHe, HMeHOBaHH 

CMO 3a lJllaHOBe KOMHcHje 3a OLI.eHY HcnYlheHOCTH YClloBa 3a CTHLI.alhe 3Balha HaYQHU caBeTHUK 

)l.p MUJIaHa iKuiKulla, BHwer HaYlJHOr capa)J,HHKa YHHBep3HTeTa Y neorpa)J,Y - I1HcTHTYTa 3a 

MyllTH)J,HCLI.HnllHHapHa HCTpa)KHBalha. 

Ha OCHOBY YBH)J,a Y )J,OCTaBJbeHY )J,OKYMeHTaLI.Hjy, 06aBHllH CMO aHaJlH3Y )J,oca)J,awlher 

pa)J,a )J,P MHllaHa )i{H)KHna, Te HaYlJHOM Beny nO)J,HOCHMO Clle)J,enH 

II3BEIIITAJ 

1. liuorpadmja 

.D.p MHllaH )l{H)KHh je poljeH 10. anpHlla 1977. ro)J,HHe Y DO)J,roPHLI.H, r)J,e je 3aBpWHO 

OCHOBHY WKOllY H rHMHa3Hjy "Cllo6o)J,aH lllKepoBHn". DPHP0)J,Ho-MaTeMaTHlJKH tPaKYllTeT, 

O)J,ceK :m <I>H3HKY YHHBep3HTeTa IJ,pHe rope Y DO)J,roPHLI.H je 3aBpWHO 31.12.2001. rO)J,HHe ca 

cpe)J,IhOM OLI.eHOM 9,22. lllKollcKe 2004/2005. ro)l.HHe je ynHcao )l.OKTOpCKe cTY)l.Hje Ha 

YHHBep3HTeTY Y Eeorpu)J,Y, cMep DI1OIIHl:iI1Ka. J(OK'ruPCKY )lI1CepTH.1ll1jy 1I0)l HaC.lI()~OM 

''MeTa6011H3aM H MeTa6011l1lJKH eQ>eKTH BaHa)J,HjYMa KO)J, rJbl1Be Phycomyces blakesleeanus" 
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0,n6paHHO je 12.4.2013. ro,nHHe. 3anOCJIeH je o,n 1.11.2005. ro,nHHe Kao HCTpa)I(HBa1.l 

npHnpaBHHK Ha lIIHCTHTYTY 3a MYJITH,nHcUHnJIHHapHa HCTpa)I(HBal-ba YHHBep3HTem Y Beorpa,ny 

3Ballie HaY1.lHH capa,nHHK ,np )J{H)I{Hll je CTeKao 31. 1. 2014. ro,nHHe, ,nOK je 3Ballie BHlllH 

Hay1.lHH capa,nHHK CTeKao 21. 10.2019. ro,nHHe 

,lW MHJIaH )J{H)I{Hll je 3an01.leO CBOj HCTpa)I{HBa1.lKH pa,n Ha npojeKTY "MeM6paHe H 

anOnJIaCT: YJIora Y CnOJballlllieM H OKCH,naTHBHOM cTpecy H 6HoxeMHjcKoj perYJIaUHjH 

CHMnJIaCTa" (npojeKaT 6poj 1934; MHHHcTapCTBo 3a HaYKY H TeXHOJIOlllKH Pa3BOj Peny6JIHKe 

Cp6Hje). O,n 2006-2010. ro,nHHe je 6HO aHra)I{OBaH Ha npojeKTY "BHo<lm3H1.lKa HCTpa)I{HBallia 

MeM6paHcKHx npoueca: HHTepaKUHja MeM6paHcKHx peuenTopa H KaHaJIa ca CnOJballllliHM 

<paKTOpHMa H HHTpaueJIYJIapHa opraHH3aUHja" (npojeKaT 6poj ]43016]); MHHHcTapcTBa 

npocBeTe, HaYKe H TeXHOJIOlllKor pa3Boja Peny6JIHKe Cp6Hje). O,n 2011 ,no 2019 ro,nHHe je 6HO 

aHra)I{OBaH Ha npojeKTY "HHTepaKUHja MeM6paHa ca YHymplleJIHjcKHM H anonJIaCTH1.lHHM 

npocTopOM: H3Y1.laBallie 6HoeHepreTHKe H CHrHaJIH3aUHje KopHcTellH 6HO<pH3H'IKe H 6HxeMHjcKe 

MeTo,ne" (npojeKaT 6poj OM 173040; MHHHcTapcTBa 3a HaYKY H TeXHOJIOlllKH Pa3BOj 

Peny6JIHKe Cp6Hje no,n Ha3HBOM). Y1.leCHHK je Ha TIPH3MA npojeKTY no,n Ha3HBOM 

"Microalgae for biosynthesis of metal cluster compounds" (npojeKaT 6poj 7078) KOjH 

<pHHaHcHpa <POH,n 3a HayKy Peny6JIHKe Cp6Hje, n01.leBlllH o,n ,neueM6pa 2023. ro,nHHe. O,n jYJIa 

2022. ro,nHHe HaJIa3H ce Ha nocT,nOKTOPCKOM ycaBplllaBal-bY Ha CHHXPOTPOHY "Elettra", TPCT, 

HTaJIHja, Ha HCTpa)I(HBa1.lKoj CTaHHUH "TwinMic". 

,lW )J{H)I{Hn je 1.lJIaH ,lWYlllTBa 6Ho<pH3H1.lapa Cp6Hje. ,:qo ca,na je ny6JIHKOBaO yKynHo 27 

pa,noBa y Mel)yHapo,nHHM 1.laCOnHCHMa H Y1.leCTBOBao je Ha 42 HaY1.lHe KOH<pepeHUHje. 

2. bH6J1HOrpad!cKH 1I0JlaUH 

,:qoca,nallllba 6H6JIHOrpa<pHja ,np MHJIaHa )J{H)I{Hlla 06yxBaTa 69 6H6JIHOrpa<pcKHx 

je,nHHHua. KaH,nH,naT je nOCJIe H360pa y 3Ballie BHlllH Hay1.lHH capa,nHHK yKynHo ny6mlKoBao 35 

6H6J1HOrpa<pcKHx jeJlHIIHu.a o,n 1.lera 3 pa,na y Mel}YHapo,nHHM 1.laCOnHCHMa H3Y3eTHHX 

Bpe,nHOCTH (M21 a), 7 pa,noBa y BPXYHCKHM Mel)YHapo,nHHM 1.laCOnHCHMa (M21), H 4 pa,na y 

HCTaKHYTHM Mel)YHapo,nHHM 1.laCOnHCHMa (M22). ,lW )J{H)I{Hn je o,np)KaO npe,naBalbe no n03HBY 

Ha HaUHOHaJIHOM cKyny (M62), HMao je 4 caOnlllTelba Ha Mel}yuapo,nuHM (M33) H 1 Ha 
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HaQMOHaJIHOM (M63) cKyny IllTaMnaHMX y QeJIMHM, 7 caonmreI-ha Ha Me~YHapO,ll,HMM cKynoBMMa 

lllTaMnaHMX y M3BO,ll,y (M34), M 9 caonmTelba Ha HaQMOHaJIHMM cKYnoBMMa mraMnaHMX y 

M3BO,ll,y (M64). 

2.1. Pa,ll,OBH 06jaBJbelbH ope H360pa y 3Balbe HaYQHH Capa,ll,HHK': 

2.1.1. Paoo6u y epXYllCKOM MeljYllapOO1l0M lJaconucy (M21): 

I. 	 J. Zakrzewska, M. Zizic, M. Zivic, "The effects of anoxia on PolyP content of Phycomyces 

blakesleeanus micelium studied by 31p NMR". Annals of the New York Academy of Science 

2005, 1048:482-486. 

Multidisciplinary Sciencies 5/48, IF=1,971 

2. 	 M. Zizic, M. Zivic, V. Maksimovic, M. Stanic, S. Krizak, T.Cvetic Antic, J. Zakrzewska. 

Vanadate Influence on Metabolism of Sugar Phosphates in Fungus Phycomyces 

blakesleeanus. PLoS ONE 2014, 9(7):e102849-eI 02855 doi: 10.13711journal.pone.0102849. 

Multidisciplinary Sciences 7/56, IF=3.730 

3. 	 M. Zizic, T. Ducic, D. Grolimund, D. Bajuk-Bogdanovic, M. Nikolic, M. Stanic, S. Krizak, 

J.Zakrzewska. X-ray absorption near-edge structure micro-spectroscopy study of vanadium 

speciation in Phycomyces blakesleeanus mycelium. Analytical and Bioanalytical Chemistry 

2015,407(24):7487-7496 doi: 10.1007/s00216-015-8916-7. 

Chemistry, Analytical 11176, IF= 3.578 

4. 	 J. Korac, D. Stankovic, M. Stanic, D. Bajuk-Bogdanovic, M. Zizic, J. Bogdanovic Pristov, S. 

Grguric-Sipka, A. Popovic-Bijelic, 1. Spasojevic. Coordinate and redox interactions of 

epinephrine with ferric and ferrous iron at physiological pH. Scientific Reports 2018, 8:3530 

doi: 1 0.1 038/s41598-0 18-21940-7. 

Multidisciplinary Sciences 10/63, IF= 4.259 

2.1.2. Paooeuy UCmaKllymoM MeljYllapOO1l0M ttaconucy (M22): 

5. 	 M. Zizic, M. Zivic, I. Spasojevic, J. Bogdanovic Pristov, M. Stanic, T. Cvetic-Antic, J. 

Zakrzewska, "The interactions of vanadium with Phycomyces blakesleeanus mycelium: 

enzymatic reduction, transport and metabolic effects". Research in Microbiology 2013, 

164(1):61-9. 
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Microbiology 45/116, IF=2,763 

6. 	 M. Stanic, J. Zakrzewska, M. Hadzibrahimovic, M. Zific, Z. Markovic, Z. Vucinic, M. 

Zivic. Oxygen regulation of alternative respiration in fungus Phycomyces blakesleeanus: 

connection with phosphate metabolism. Research in Microbiology 2013, 164(7):770-778, 

doi: 1O.1016/j.resmic.2013.03.002. 

Microbiology 45/116, IF=2.889 

7. 	 S. Krizak, Lj. Nikolic, M. Stanic, M. Zific, J. Zakrzewska, M. Zivic, N. Todorovic. Osmotic 

swelling activates a novel anionic current with VRAC-like properties in a cytoplasmic 

droplet membrane from Phycomyces blakesleeanus sporangiophores. Research in 

Microbiology 2015, 166(3):162-173, doi: 1O.1016/j.resmic.2015.02.004. 

Microbiology 47/119, IF=2.826 

8. 	 M. Zific, Z. Miladinovic, M. Stanic, M. Hadzibrahimovic, M. Zivic, J. Zakrzewska. 51 V 

NMR investigation of cell-associated vanadate species in Phycomyces blakeslee anus 

mycelium. Research In Microbiology 2016, 167(6):521-528, doi: 

10.1016/j .resmic.20 16.04.0 12. 

Microbiology 55/119, IF= 2.705 

9. 	 M. Stanic, S. KriZak, M. Jovanovic, T. Pajic, A. Ciric, M. Zific, J. Zakrzewska, T. Cvetic 

Antic, N. Todorovic, M. Zivic. Growth inhibition of fungus Phycomyces blakesleeanus by 

anion channel inhibitors anthracene-9-carboxylic and niflumic acid attained through decrease 

in cellular respiration and energy metabolites, Microbiology 2017, 163(3):364-372, doi: 

10. 1099/mic.0.000429. 

Microbiology 731123, IF= 2.268 

10.1. Korac, 	N. Todorovic, M. Zific, 1. Zakrzewska, 1. Spasojevic. The conformation of 

epinephrine in polar solvents: An NMR study. Structural Chemistry 2018, 29(5):1533-1541, 

doi: 10.1007/s11224-018-1144-y. 

Chemistry, Multidisciplinary 911171, IF=2.019 

2.1.3. Padoeu y MeljYllapOd1l0M '-laconucy (M23): 
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II. M. Zivi6, J. Zakrzewska, M. Ziiic, G. Baci6, 1131p NMR study of polyposphate levels during 

different growth phases of Phycomyces blakesleeanus". Antonie van Leeuwenhoek, 2007, 

91(2):169-177. 

Microbiology 57/88, IF=1,964 

12. M. Stani6, M. Zivi6, M. Hadzibrahimovi6, A. Pajdi6, S. Krizak, M. Ziiic, J. Zakrzevska. 

Effect of long-term cyanide exposure on cyanide-sensitive respiration and phosphate 

metabolism in the fungus Phycomyces blakesleeanus. Archives of Biological Sciences 2014, 

66(2):847-857, doi: 1O.2298/ABSI402847S. 

Biology 60/82, IF= 0.791 

13. M. Hadzibrahimovi6, D. Suznjevie, F. Pastor, T. Cveti6 Anti6, M. Ziiic, J Zakrzewska, M. 

Zivi6. The interactions of vanadate monomer with the mycelium of fungus Phycomyces 

blakesleeanus: reduction or uptake? Antonie van Leeuwenhoek 2017, 110(3):365-373, doi: 

https:lldoi.org/l0.1007/sI0482-016-0808-0. 

Microbiology 82/123, IF= 1.944 

2.1.4. Caonutme1ha ca MeljYHapooHo2 cKYna utmaMnaHO y Z/ellUflU (M33): 

]4. M. Ziiic, M. Zivie, T. Cveti6-Antie, J. Zakrzewska "Effect of vanadate on 31p NMR spectra 

of Phycomyces blakesleeanus in vivo" Physical Chemistry 20 10, Proceedings of the 10th 

International Conference of Fundamental and Applied Aspects of Physical Chemistry

September 20 I 0., Belgrade, Serbia, Proceedings, Volume 1, pp: 379-381. 

15. M. Ziiic, 1. Spasojevi6, M. Zivi6, J. Bogdanovi6 Pristov, M. Stan ie, S. Krizak, J. 

Zakrzewska, "The mechanism of vanadate reduction in Phycomyces blakesleeanus 

mycelium", Regional Biophysics Conference 2012, Kladovo-Belgrade, Serbia, September 

03-07, Proceedings, 42-44. 

16. M. ZiZic, 1. Spasojevi6, M. Stani6, M. Zivi6, J. Zakrzewska, "EPR investigations of vanadate 

reduction in mycelium of Phycomyces blakesleeanus" Physical Chemistry 2012, 11th 

International Conference of Applied Aspects of Physical Chemistry, September 24-28, 

Belgrade, Serbia, Proceedings, 388-390. 
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17. M. Stani<.\ M. Ziiic, M. Zivic, 1. Zakrzewska, "Vanadium toxicity in Phycomyces 

blakesleeanus", Physical Chemistry 2012, 11th International Conference of Applied Aspects 

of Physical Chemistry, September 24-28, Belgrade, Serbia, Proceedings, 609-611. 

18. M. Stanic, M. Hadzibrahimovic, M. Ziiic, 1. Zakrzewska, M. Zivic: "Metabolism of 

phosphate compounds during oxygen deprivation in fungus Phycomyces blakesleeanus: 

possible connection with changes in respiration", Regional Biophysics Conference, 03-07 

September 2012, Kladovo, Serbia, Proceedings, 33-35. 

19. S. Krizak, Lj. Nikolic, N. Todorovic, M. Stanic, M. Ziiic, Z. Vucini6, M. Zivi6: "Ion 

channels in cytoplasmic droplets membrane from fungus Phycomyces blakesleeanus" 

Regional Biophysics Conference, 03-07 September 2012, Kladovo, Serbia, Proceedings. 

Saopstenje sa medunarodnog skupa .~tampano u izvodu (M34): 

20. J. Zakrzewska, M. Zivic, M. Ziiic, "Effect of growth of Phycomyces blakesleeanus on 

polyphosphate metabolism studied by 31p NMR spectroscopy" 22nd International Symposium 

on Biophysics Abs S3-p4, October 9th-14th 2004, Sv. Stefan&Belgrade, Serbia and 

Montenegro. 

21. M. Zivic, 1. Zakrzewska, M. Ziiic, " The effects of anoxia on PolyP content of Phycomyces 

blakesleeanus micelium studied by 31p NMR II 22l1d International Symposium on Biophysics 

Abs S3-p3, October 9th-14th 2004, Sv. Stefan&Belgrade, Serbia and Montenegro. 

22. M. Stanic, M. Zivic, M. Hadzibrahimovic, M. ZiZic, J. Zakrzewska, "Anoxia induces 

increased activity of alternative oxidase in fungus Phycomyces blakesleeanus" (Meeting 

Abstract) Eur. Biophys. J. Biophy., 2011, 40: 186-186. 

23. Z. Miladinovic, A. Klaus, J. Vunduk, 1. Zakrzewska, M. Ziiic. Comparative 13C MAS NMR 

analysis of biomolecules in fungi Grifolafrondosa and Phycomyces blakesleeanus. Physical 

Chemistry 2014, 12th International Conference of Fundamental and Applied Aspects of 

Physical Chemistry, Drustvo fizikohemicara Srbije, pp. 469-472, issn: 978-86-82475-31-6, 

Beograd, 22. - 26. Sep, 20 l4 

24. M. Hadzibrahimovic, D. Suznjevic, F. Pastor, J. Zakrzewska, M. Ziiic, M. Zivic. 

Polarographic investigation of vanadium monomer uptake/reduction in Phycomyces 

Blakesleeanus mycelium. Physical Chemistry 2016, 13th International conference on 
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fundamental and applied aspects of physical chemistry, Society of Phisical Chemists of 

Serbia, pp. 395-398, isbn: 978-86-82475-34-7, Beograd, 27. Sep - 1. Oct, 2016 

25. M. Zizic, K. Tesanovic, M. Karaman, 1. Zakrzewska. Vanadate uptake and influence on 

phosphate metabolism of Coprinellus Micaceus mycelium, Physical Chemistry 2016, 13th 

International conference on fundamental and applied aspects of physical chemistry, pp. 471

474, isbn: 978-86-82475-34-7,2016. 

2.1.5. Caomumefbe ca Mei;yuapoollo2 cKyna utmaMnallO y U3600U (M34): 

26. S. Krizak, Lj. Nikolic, M. Zivic, M Stanic, Z Vucinic, M. Zizic, N. Todorovic. Anionic 

currents from the cytoplasmic droplets membrane of the fungus Phycomyces blakesleeanus 

analysis of whole-cell steady state currents, 1st International Conference on Plant Biology, 

Serbian Plant Physiology Society, pp. 48-48, issn: 978-86-912591-2-9, Subotica, Srbija, 4. 

7. Jun, 2013. 

27. S. Krizak, Lj. Nikolic, N. Todorovic, Z Vucinic, M Stanic, M. Zizic, M. Zivic, 

Characterization of moderately rapidly inactivating anionic current in cytoplasmic droplets 

membrane from Phycomyces blakesleeanus, 1st International Conference on Plant Biology, 

Serbian Plant Physiology Society, pp. 49-49, issn: 978-86-912591-2-9, Subotica, Srbija, 4. 

7. Jun, 2013 

28. K. Tesanovic, M. Karaman, M. Zizic, B. Pejin, F. Sibul, M. Bokorov, J. Zakrzewska. 

Biopotential and phosphate metabolism of different fungal origins of Coprinus comatus and 

Coprinellus truncorum. 9th International Medicinal Mushrooms Conference IMMC9, 

SYMPOSIUM III Biochemistry of medicinal mushrooms, pp. 63-64, isbn: 978-88-97559-29

0, Palermo, Italy, 24. - 28. Sep, 2017. 

29. J Korac, D. Stankovic, M. Stanic, D. Bajuk-Bogdanovic, M. Zizic, 1. Bogdanovic Pristov, S. 

Grguric-Sipka, A. Popovic-Bijelic, 1. Spasojevic. Ligand and redox interaction of adrenaline 

with iron at physiological pH. Serbian Biochemical Society Seventh Conference: 

Biochemestry of control in life and technology, Belgrade, Serbia, isbn: 978-86-7220-091-1, 

10th_11th November 2017. 
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30. M. Zizic, G. Brankovic, D. Bajuk-Bogdanovic, 1. Rodic, J. Zakrzewska. Se(O)-nanoparticles 

formation by fungus Phycomyces blakesleeanus. 81h Regional Biophysics Conference, Zrece, 

Slovenia 161h_201h May 2018. 

31. M. Zivic, S. Krizak, M. Stanic, M. Zizic, N. Todorovic. ATP dependency of osmotically 

activated outwardly rectified current in the membrane of cytoplasmic droplets obtained from 

8thsporangiophore of model filamentous fungus Phycomyces blakesleeanus. Regional 

Biophysics Conference, Zrece, Slovenia 16th_20th May 2018. 

2.1.6. IJpeiJa6Gl-be no n03UU6Y ca HallUOHaJlH02 cK)'na UlmaMnaMllO y lIeJlUHU (M61): 

32. M. 	 Zizic. Vanadium speciation detection by synchrotron based X-ray absorption 

spectroscopy: applications of XANES in biological systems. Serbian Biochemical Society 

Sixth Conference: Biochemistry and Interdisciplinarity: Transcending the Limits of Field. 

Beograd, Nov 2016 

2.1.7. OiJ6PalM1W iJoKmopcKa iJucepmaliuja (M71): 

33. M. Zizic, "Metabolizam i metabolicki efekti vanadijuma kod gljive Phycomyces 

blakesleeanus". Univerzitet u Beogradu 2013. 

34. 
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2.2. PaLlOBH 06jaBJhelhH oocJle H360pa Y 3Balhe BHllH HaY"HH capallHHK: 

2.2.1. Pao y U3Y3emHOM MeljYHapooHoM ttaConucy (M21a): 

35. Z. 	 Milanovic, D. Dimic, M. Antonijevic, M. Ziiic, D. Milenkovic, E. Avdovic, Z. 

Markovic. Influence of acid-base equilibria on the rate of the chemical reaction in the 

advanced oxidation processes: Coumarin derivatives and hydroxyl radical. Chemical 

Engineering Journal, 2023, 453: 139648-139661, doi: 10.10 16/j .cej .2022.139648 

Engineering, Environmental 21143; IF (2021) = 16,744 

36. S. Vojvodic, M. Dimitrijevic, M. Ziiic, T. Ducic, G. Aquilanti, M. Stanic, B. Zechmann, J. 

Danilovic Lukovic, D. Stankovic, M. OpaCic, A. Morina, 1.K. Pittman, 1. Spasojevic. A 

three-step process of manganese acquisition and storage in the microalga Chlorella 

sorokiniana. Journal of Experimantal Botany 2023, 74(3):1107-1122, doi: 

10.1 093zixb/erac4 72. 

Plant sciences 15/240; IF (2021) = 7,378; n=13; K'=4,541 

37. M. 	 Antonijevic, E. Avdovic, D. Simijonovic, Z. Milanovic, M. Ziiic, Z. Markovic. 

Investigation of novel radical scavenging mechanisms in the alkaline environment: Green, 

sustainable and environmentally friendly antioxidative agent(s). Science of The Total 

Environment 2024,912:169307-169319, doi: 1O.1016/j.scitotenv.2023.169307. 

Environmental sciences 26/275; IF (2022) = 9,8 

2.2.2. Paooeuy epXYHCKOM MeljYHapoolioM ttaconucy (M21): 

38. M. Ziiic, M. Stanic, G. Aquilanti, D. Bajuk-Bogdanovic, G. Brankovic, 1. Rodic, M. Zivic, 

1. Zakrzewska. Biotransformation of selenium in the mycelium of the fungus Phycomyces 

blakesleeanus. Analytical and Bioanalytical Chemistry, 2022, 414(20):6213-6222, doi: 

10.l007/s00216-022-04191-4. 

Chemistry, Analytical 22/87; IF (2021) = 4,474 (22/87); n=8; K'=6,67 

1 n - 6poj aYTopa; K' - e<l>eKH1BHI1 OAHCOHO 6poj 6oAoBa HOpMl1paH Ha 6poj aYTOpa Y CKJlaAY ca npaBI1J1HI1KOM 0 

nocTYnKY, Ha411HY BpeAHOBal-ba 11 KBaHTI1TaTI1BHOM I1CKa311Bal-bY HaY4H0I1CTpa>KI1Ba4KI1X pe3YJlTaTa I1CTpa>KI1Ba4a 
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39. Z. Milanovic, D. Dimic, M. Zizic, D. Milenkovic, Z. Markovic, E. Avdovic. Mechanism of 

antiradical activity of newly synthesized 4,7 -dihydroxycoumarin derivatives-experimental 

and kinetic OFT study. International Journal of Molecular Sciences, 2022, 22(24): 13273

13288, doi: 1O.3390/ijms222413273. 

Biochemistry & Molecular Biology 66/285; IF (2022) = 5,6 

40. E. A vdovic, I. Petrovic, M. Stevanovic, L. Saso, 1. Dimitric Markovic, N. Filipovic, M. 

Zivic, T. Cvetic Antic, M. Zizic, N. Todorovic, M. Vukic, S. Trifunovic, Z. Markovic. 

Synthesis and biological screening of new 4-hydroxycoumarin derivatives and their 

palladium(II) complexes. Oxidative Medicine and Cellular Longevity, 2021, 2021: 1-18, doi: 

10.1155/202118849568. 

Cell Biology 55/195; IF (2021) 7,31; n=13; K'=3,63 

41. Z. Milanovic, D. DimiC K. Klein, M. Biela, V. Luke~, M. ZiZic, E. Avdovic, A. Beslo, R. 

Vojinovic, J. Dimitric Markovic, Z. Markovic, Z. Degradation mechanisms of 4,7

dihydroxycoumarin derivatives in advanced oxidation processes: Experimental and kinetic 

OFT study. International Journal of Environmental Research Public Health. 2023, 

20(3):2046-2064, doi: 10.3390/ijerph20032046. 

Public, Environmental & Occupational Health 811302; IF (2021) 4,614; n=l1; K'=4,44 

42. S. Vojvodic, 	M. Stanic, B. Zechmann, T. Ducic, M. Zizic, M. Dimitrijevic, J. Danilovic

Lukovic, M. Milenkovic, J. Pittman, I. Spasojevic. Mechanisms of detoxification of high 

copper concentrations by the microalga Chiorella sorokiniana. Biochemical Journal, 2020; 

477(19):3729-3741, doi: 10.1042/BCJ20200600. 

Biochemistry and Molecular Biology 73/299; IF (2018) 4,331; n=10; K'=5 

43. M. Dimitrijevic, J. Bogdanovic Pristov, M. Zizic, D. Stankovic, D. Bajuk-Bogdanovic, M. 

Stanic, S. Spasic, W. Hagen, I. Spasojevic. Biliverdin-copper complex at physiological pH. 

Dalton Transaction, 2019,48(18):6061-6070, doi: 1O.l039/c8dt04724c. 

Chemistry, inorganic and nuclear 5/45; IF (2019) 4,174; n=9; K'=5.71 

44. A. Hatner, 1,. Costa" G. Kourousiasa, V. Bonanni, M. Zizic, A. Stolfa, B. Bazi, L. Vincze, 

A. 	 Gianoncelli. An innovative in-situ AFM system for a soft X-ray spectromicroscopy 

synchrotron beamline. Analyst, 2024, 459(3):700-706, doi: O.l039/d3an01358h 

Chemistry, Analytical 22/86; IF (2022) 4,2 (22/86); n=9; K'=5.71 
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2.2.3. Pado6u y ucmG1mymoM MebYHapodHoM 1.laConucy (M22): 

45. M. Zizic, J. Zakrzewska, K. Tesanovic, E. Boskovic, M. Nesovic, M. Karaman,. Effect of 

vanadate on the mycelium of edible fungus Coprinus comalus. Journal of Trace Elements in 

Medicine and Biology. 2018, 50;320-326, doi: 1O.1016/j.jtemb.2018.07.017. 

Biochemistry, Molecuar Biology 88/292; IF (2017) =3,7552 

46. M. 	 Dimitrijevic, M. ZiZic, M. Piaccoli, J. Bogdanovic Pristov, I. Spasojevic. The 

conformation of bilivt:n.lin in dimt:thyl sulfoxide implications for the coordination with 

copper. Structural Chemistry 2019, 30:2159-2166, doi: 10. 1007/s11224-019-01354-5. 

Chemistry, Multidisciplinary 98/177; IF (2019) 2,081 

47. A. Gianoncelli, M. Zizic, V. Bonanni, DE. Bedolla, K. Mikus- Vogel, K. Soft X-rays 

radiation damage on plunge-frozen and freeze-dried maize roots evaluated by FTIR 

spectromicroscopy Journal of Electron Spectroscopy and Related Phenomena, 2023, 

267:147384, doi: 1O.1016/j.elspec.2023.l47384 

Spectroscopy 25/43; IF (2021) = 1,993 

48. M. Zizic, K. Atlagic, M. Karaman, M. Zivic, M. Stanic, V. Maksimovic, 1. Zakrzewska. 

Uptak of vanadium and its intracellular metabolism by Coprinellus truncorum mycelial 

biomass. Journal of Trace Elements in Medicine and Biology, 2024,83: 127381-127387, doi: 

10.10] 6/j .jtemb.2024.127381. 

Biochemistry, Molceuar Biology 150/285; IF (2022) 3,500 

2.2.4. Caorlmmel-ha ca 1WebY1J(JpoOHO;> CKY'W wmaM1UlHO y 'le.lIUHU (M33): 

49. M. Zizic, M. Stanic, I. Rodic, T. Cvetic Antic, M. Zivic, J. Zakrzewska. Production and 

characterisation of selenium nanoparticles by mycelium of fungus Phycomyces 

blakesleeunus. 16th International Conference on Fundamental and Applied Aspects of 

2 OBaj paA je o6jaBlbeH npe Hs60pa Y CaAaWl-be SBal-be, anlil HaKOH WTO je npOl"ec Hs60pa san04eT. OBAe je 

HaseAeH, anlil HHje yseT y o6sIiIp y Ta6enH KSaHTlilTaTHBHIiIX nOKasaTelba HaKOH IiIs60pa y 3Bal-be BHWH Hay4HH 

CapaAHI1K AaToj y OSOM AOKYMHeTY 

II 



Physical Chemistry. September 26-30, 2022 Belgrade, Serbia, Proceedings, 1 :89-92. 

https:llrimsi.imsi.bg.ac.rs/handle/123456789/2114 

50. M. Ziiic, M. Stanic, G. Aquilanti, T. Cvetic Antic, N. Todorovic, M. Zivic, 1. Zakrzewska. 

Selenite metabolism in the mycelium of the fungus Phycomyces blakesleeanus. 16th 

International Conference on Fundamental and Applied Aspects of Physical Chemistry. 

September 26-30, 2022 Belgrade, Serbia, Proceedings, vol 1. 93-96. 

https:llrin18i.irrwi.bg.uc.rs/hundlel12345678912113 

51. K. Stevanovic, T. Pajic, A. Krmpot, M. Rabasovic, M. Ziiic, M. Zivic, N. Todorovic. Patch 

clamp pipette giga seal forming success on the nanosurgery-obtained filamentous fungi 

protoplasts. 2nd International Conference on Chemo and Bioinformatics ICCBIKG 2023; 

2023 Sep 28-29; Kragujevac, Serbia, Book of Proceedings, 1221-1224. 

http://radar.ibiss.bg.ac.rs/handle/123456789/6246 

52. M. 	Ziiic, M. Zivic, K. Atlagic, M. Karaman, 1. Zakrzewska. Influence of vanadium on the 

growth and metabolism of Coprinellus Truncorum mycelium. 1 st International Conference 

on Chemo and BioInformatics, ICCBIKG 2021. 2021, October 26-27, Kragujevac, Serbia, 

Book ofProceedings, 304-307. https:llrimsLimsLbg.ac.rs/handle/123456789/2203 

2.2.5. CaOnUlmel-ba ca Me~YHapooHo2 cKyna UlmaMnaHO y U3600Y (M34): 

53.1. Lukicic, I. Rodic, M. Ziiic, J. Zakrzewska, T. Cvetic-Antic, M. Zivic, M. Stanic. Activities 

of antioxidant enzymes in mycelium of fungus Phycomyces blakesleeanus. FEMS 

Conference on Microbiology (in association with Serbian Society of Microbiology), 2022, 

Belgrade, Serbia, Abtract book, 858. hUp:llrimsi.imsi.bg.ac.rs/handleI123456789/2385 

54. 	1. Lukicic, I. Rodic, M. Ziiic, 1. Zakrzewska, T. Cvetic-Antic, M. Zivic, M. Stanic. Effects 

of vanadate on antioxidant systems in mycelium of fungus Phycomyces blakesleeanus. Febs 

Open Bio, 2021, 11 :396-397, doi: 10.1002/2211-5463.13205. 

http://rimsi.imsLbg.ac.rs/handlc/ 1234567891 1463 

55. M. Ziiic, M. Macura, 1. Zakrzewska, T. Cvetic-Antic, M. Zivic, M. Stanic. Production of 

BioSeNPs in fungus Phycomyces blakesleanus is accompanied by decrease in intracellular 

thiols as detected by in vivo EPR. Free Radical Biology and Medicine, 2021, Belgrade, 

12 

http://rimsi.imsLbg.ac.rs/handlc
https:llrimsLimsLbg.ac.rs/handle/123456789/2203
http://radar.ibiss.bg.ac.rs/handle/123456789/6246
https:llrin18i.irrwi.bg.uc.rs/hundlel12345678912113
https:llrimsi.imsi.bg.ac.rs/handle/123456789/2114


Serbia, 177: 124, doi: 10.1016/j.freeradbiomed.2021.08.204. 

http://rimsi.imsi.bg.ac.rs/handle/ 1234567891 1470 

56. M. Dimitrijevic, 1. Bogdanovic Pristov, M. Ziiic, D. Stankovic, D. Bajuk-Bogdanovic, M. 

Stanic, W. Hagen, M. Piccioli, I. Spasojevic. Structure of biliverdin and its interaction with 

copper. 4th FeSBioNet Meeting, Gdansk, 16th-19th September, 2019. Book of Abstracts, 44. 

https:llrirnsLimsi.bg.ac.rs/handle/123456789/3187 

57. C. Pucci, D. De Pusquule, A. Giannoncclli, 	V. Bonanni, M. ZiZic, G. Ciofani, G. Unveiling 

the Promise of Personalized Therapy: Harnessing Cell Membrane-Coated Nanovectors for 

Targeted Treatment of Glioblastoma Multiforme. NanoBio&Med2023 November 21-23, 

2023, Barcelona (Spain), Book of Abstracts, 38-39. 

jlttps:llwww.nanobiornedconf.com/FILES/nanoBioMed2023 Abstracts Book.pdf 

58. I. Santrac, 1. Danilovic Lukovic, M. Dimitrijevic, M. Stanic, M. Tanovic, V. Curic, S. 

Kovacevic, B. Zechmann, M. Ziiic, I. Spasojevic. Structural adaptability of Heamatococcus 

Pluvialis green phase cells exposed to manganese excess. International Conference on 

Biochemical Engineering and Biotechnology for Young Scientists, 7-8 Dec. 2023, Belgrade, 

Serbia, Book of Abstracts, 44. http://rimsLimsLbg.ac.rs/handleIl23456789/3144 

59. I. Santrac, M. Ziiic, G. Aquilanti, A. Gianoncelli, V. Bonanni, 1. DaniJovic Lukovic, M. 

Dimitrijevic, M. Stanic, M. Tanovic, V. Curie, S. Kovacevic, 1. Spasojevic. The coordination 

and storage of manganese in the microalgae Heamatococcus Pluvial is. International 

Conference on Diochemical Engineering and Biotechnology for Young Scientists, 7-8 Dec. 

2023, Belgrade, Serbia, Book of Abstracts, 45. 

bttp:/lrimsi.imsi.bg.a.£J~?/handle/123456789/3139 

2.2.6 Predavarife po pozivu na skupu od nacionalnog znacaja (M62): 

60. M. 	 Zizi6, M. St<1ni6, M. Zivic, J. Zakrzewska. Biofizicki pristup 11 rasvetljavanju 

metabolizma vanadijurna kod gljiva. Drugi kongres biologa Srbije, 26-30 Septembar, 2018, 

Kladovo, Srbija, Knjiga sazetaka, 16,l}ttp:llrimsi.imsi.bg.ac.rs/haqqlg/123456789/2210 

2.2.7. Caomumelba ca 1lallUOHaJlU02 cKyna UtmaMnauo y U3600Y (M63): 

61. M. 	 Stanic, T. Cvetic Antic, M. Hadiibrahimovi6, M. Zivic, J. Zakrzewska, M. Ziiic. 

Transport and metabolism of vanadium in filamentous fungi with emphasis on fungus 
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Phycomyces blakesleeanus. Serbian Biochemical Society Eighth Conference with 

international participation, "Coordination in Biochemistry and Life", University of No vi Sad 

Rectorate Hall, 16.11.2018. Novi Sad, Serbia, Proceedings, 81-92. 

htlps:llenauku.gQv.rs/l)andle/123456789/253180 

2.2.8. CaonUlmefba ca HaZjUOHaJlH02 cKyna UlmaMnaHO y U360iJy (M64): 

62. J. Lukicic, L Rodic, M. Zific, J. Zakrzewska, T. Cvetic Antic, M. Zivic, M. Stanic. Effects of 

vanadate on glutathione metabolism in mycelium of fungus Phycomyces blakesieeanus. The 

9th Conference of the Serbian Biochemical Society: 'Diversity in Biochemistry', 14-16 

Novem ber 2019, Belgrade, Serbia, Book of Abstracts, 118. 

htt.p~:/!rimsjjm.~i,bgAJ££gJ:mng19.n,2,J~567~2,a4J8, 

63. s. Vojvodic, M. Dimitrijevic, T. Ducic, D. Stankovic, M. Opacic, M. Stanic, M. Zific, 1. 

Spasojevic. Redox changes in microalga Chiorella sorokiniana exposed to high 

concentrations of Mn(II). Serbian Biochemical Society Tenth Conference, "Biochemical 

Insights into Molecular Mechanisms". 24.09.2021. Kragujevac, Serbia, Book of Abstracts, 

174. bttp.;l!ri,m1>.L,i,m,§L,Qg,-a~:,x§(hl:lnglel UJ4~_6.]~9aJ9J 

64. L Rodic, J. Lukicic, M. Stanic, M. Zific, J. Zakrzewska, M. Zivic, T. Cvetic-Antic. 

Usvajanje i redukcija selenita u micelijama Phycomyces biakesleeanus: uticaj na aktivnost 

enzima antioksidativne zastite. Treci kongres biologa Srbije, 2022., Zlatibor, Srbija, Knjiga 

saietaka, 233. http://rimsi.imsi.bg.ac.rs/handle/123456789/2409 

65. A. Cukic, M. Dimitrijt:vi6, S. Kovacevic, M. Opal:ic, M. Stanic, M. Zizic, l. Spasojevic. 

Uticaj povecane koncentracije jona Ni(II) na nivo antioksidativnih enzima u jednocelijskoj 

algi Chiorella sorokiniana. Treei kongres biologa Srbije, 2022., Zlatibor, Srbija, Knjiga 

saietaka, 230. IJ,ttp:llrimsi.imsLbg.ac.rs/handJe/123456789/2419 

66. I. Rodie, J. Lukicic, M. ZiZic, J. Zakrzewska, M. Zivic, M. Stanic, T. Cvetic Antic. Efekti 

selenita na metabolizam glutationa kod gljive Phycomyces biakesleeanus. Drugi kongres 

biologa Srbije, Sep. 2018, Kladovo, Srbija, Knjiga sazetaka, 30. 

http://rim.§i,jrns i.bg.ac. rs/handle/] 23456789/2')04 

67. M. ZiZic, K. Tesanovie, M. Karaman, J. Zakrzewska. Uticaj vanadata na vremensko-zavisni 

metabolicki odgovor micelije Laetiporus sulphureus. Drugi kongres biologa Srbije, 26-30 
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Septembar 2018, Kladovo, Srbija, Knjiga sazetaka, 36. 

http;llrimsi . .ll11si.bg.ac.rs/handlc/ 123456789/2207 

68. J. Korac, N. Todorovic, J. Zakrzewska, M. Zizic, 1. Spasojevic. Struktura adrenalina u 

DMSO: NMR studija. Drugi kongres biologa Srbije, 26-30 Septembar 2018, Kladovo, Srbtia, 

Knjiga saZetaka, 32. http://l'imsi.imsi.bg.ac.rs/handlc/ 12345678912206 

69.1. Lukicic, I. Rodic, M. Zizic, 1. Zakrzewska, T. Cvetic Antic, M. Zivic, M. Stanic. Efekti 

vanadata na aktivnost antioksidativnih enzima tokom razvica gljive Phycomyces 

blakesleeanus. Drugi kongres biologa Srbije, 26-30 Septembar, 2018, Kladovo, Srbija, 

Kqjiga sazetaka 33. http://rimsi,imsLbg.ac.rs/i1andleI12345678912205 

70. M. Dimitrijevic, J. Bogdanovic Pristov, M. Zizic, 0 Stankovic, D. Bajuk-Bogdanovic, M. 

Stanic, S. Spasic. W. Hagen, J. Spasojevic. Biliverdin-copper complex at the physiologicRI 

pH. Serbian Biochemical Society Eighth Conference with international participation, 

"Coordination in Biochemistry and Life", University of Novi Sad Rectorate Hall, 

16.1] .2018. Novi Sad, Serbia, Proceedings, ]25-126. 

httrs:/lenauka.gov.rs/handlcI1234567891312417 

3. AHaJIH3a pa,a,oBa 

YBH)1,OM y ny6JIHKOBaHe pa)1,OBe )1,p MHnaHa )l{Hilmna MOiKe ce jacHo BH)1,eTH 

MyJlTH)1,HClJ,HnnHHapHH npHcTyn HaYYHOM HCTpallUfBatby, KOj H ce npe csera :mcmtsa Ha 

npHMeHH lllHpoKor cneKTpa 611Oq,H3H4KHX MeTo)1,a, npBeHCTBeHO cneKTpOCKOnCKHX H 

MHKpoCKonCKHX. CBOjy eKCnepTH3Y y 6HO<PH3H4KHM MeTO)1,aMa )1,p )l{HiKHn npHMetbyje y 

HCI1HTHBatbHMa Q>H3HOJlOWIU1X 11 MC'I'aGOJ!I14KI1X HpOlJ,eCa y fJhI1BaMa 11 aJIraMa ca je)1,He CTpaHe, 

Te HHTepaKlJ,l1jaMa 6HonolllKH Ba)ImHX MoneKyna ca npenalHHM MeTaJIHMa H pa)1,HKaJICKHM 

BpcTaMa THnH4HHM 3a iKHBe CHCTeMe. TIoce6Ho je 6HTHa HMnneMeHTalJ,Hja HajcaBpeMeHHjHx 

CHHXP0TpOHCKHX MeTO)1,a y lJ,HJhY paCBeTJhaBatba palnH4HTHX MexaHH3aMa y 6HonolllKHM 

CHCTeMHMa, npBeHCTBeHo 360r, )1,0 CKopa, npl1nH4HO orpaHH4eHe ynoTpe6e OBHX MeTO)1,a 3a 

HcnHTHBatbe xeTeporeHHX H Heype~eHHX CHCTeMa. OCHM lllHpelha npHMeHe nocTOjenHx, 

YKJhY4eH je H y npojeKaT HHOBaTHBHHX npHMena CHIIXPOTPOlICI(H npOH3Be)1,eHHX peHTreHCKI1X 

3paKa. Y )1,aJLoj aHaJIH3H neMo pa)1,)1,p )l{HiKHna nO)1,enHTH npeMa CHCTeMHMa HMoneKynHMa Koje 

je HcnHTHBao npHMeHoM palnH4HTHx 6HOq,H3H4KHX MeTO)1,a. 
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3.1. KYMSPHHH 

Y pa)l,OBHMa 34, 36, 38, 39 H 40 KaH)l,H)l,aT je fiHO HOCHJIau; eKcnepHMeHTaJIHOr )l,eJIa 

O)l,pe1)HB8Iba MorynHocTH, npHMeHoM eJIeKTpOHcKe napaMarneTHe cneKTpOCKonHje (EI1P), 3a 

eJIHMHHau,Hjy Pa3JIH4HTHX KYMapHHcKHX )l,epHBaTa KOjH 3axBaJbyjynH lIlHPOKOj cpapMau,eYTCKoj 

H HH)l,YCTPHjCKOj npHMeHH, CBe 4ewne )l,OCneBajy y CHCTeMe OTna)l,HHX BO)l,a, 4HMe HMajy yTHu,aj 

Ha npHpO)l,He BO)l,eHe eKOCHCTeMe, 4HHenH nOTeHu,HjaJIHY onaCHOCT 3a MHore fiHOJIOWKe BpcTe. 

MorynHocT pa3rpa)l,fhe H HHaKTHBaU;Hje OBHX je)l,Hfhefha H3 BO)l,eHHX eKOCHCTeMa ce y pa)l,OBHMa 

OCJIaIba Ha e¢HKacHocT YHanpe1)eHHx OKCH)l,au,HOHHX npou,eca (Advanced Oxidation Processes 

(AOP)), KOjH cc OJl,RHjajy Kp03 THnH4HY peaKu,Hjy apoMaTH4HHx je)l,Hfhelba npou,ecHMa 

XeJIHpafha MeTaJIa H XBaTafha CJIOfiOJl,HHX pa)l,HKaJIa, KOjH y Pa3JIH4HTHM KOHu,eHTpau,HjaMa 4HHe 

CaCTaBHH )l,eo CRaKor BO)l,eHOr eKOCHCTeMa. AOP y OBHM CJIY4ajeBHMa HMa CHHeprH4HO Jl,ejcTBo 

jep OCHM )l,e3HHTerpau,Hje opraHCKHX nOJIYTaHaTa Kp03 HH3 HHTepaKu,Hja (cpOTOKaTaJIH3a, 

030HH3aU,Mja, <PeHTOHOBa peaKu,Hja) ca CJIOfiO)l,HHM pMHKaJIHMa (npe CBera XH)l,POKCHJIHH 

pa)l,HKaJI) npH Pa3JIH4HTHM pH YCJIOBHMa, Mory H3MeHHTH fiHOJIOWKY )l,OcTynHocT MeTaJIa. 

HcnHTHBafhe pe)l,OCK cBocjTana KYMapHHcKHX je)l,Hfhefha )l,OnpHHOce H nOTeHu,HjaJIHoj npHMeHH 

TaKBHX je)l,Hfhefha Kao aHTHOKCH)l,au,HOHHX Cpe)l,CTBaBa, Koje CBOjy e¢eKTHBHoCT HCKa3yje y 

neJIHjcKoj u,HTOnJIa3MH. ,l(ofiHjeHH pe3YJITaTH cy H)l,eHTHcpHKOBaJIH BHCOKH nOTeHu,HjaJI y 

fiHOpa3rpa)l,fhH n04eTHHX, H cTBapafhY cTafiHJIHHX je)l,HIbefha, Te pe)l,YKu,HjH XH)l,POKCHJIHOr 

pa)l,HKaJIa (H OKCH)l,au,l1jl1 cynepOKCH)l,HOr pa)l,HKaJI aHjoHa (39)). EKcnepHMeIlTaJIIIH pe3YJITam 

cy TeOpeTCKI1 )l,OnYfheHH npHMeHOM HajcaBpeMeHHjHx KBaHTHO-MexaHH4KHX MeTO)l,a, H 

CBeYKynHo HaJIa3e CBojy npHMeHy y H)l,eHTHcpHKau,HjH AOP KOjl1 ce MOry npHMeHHTH y 

pasr'pMfhH nOJIyraHaTa y OTna)l,HHM BO)l,aMa. 

Y pa.n.,v 39 je cnocofiHOCT XeJIHpafha naJIa.ll,HjYMa je,lI,H1hefheM 4-xH,rr,f)OKcHKYMapHH 

KopHwneHa y HcnHTHBafhY fiHOJIOWKHX ecpeKaTa HaCTaJIHX KOMnJIeKCa, npeu,H3HHje 

U,HTOTOKCH4HOCTH H aHTHOKCH)l,aTHBHe aKTHBHOCTH Ka XH)l,POKCHJIHOM H cynepoKcH)l,HOM 

pa)l,I1KaJIY. AHTHpa)l,I1KaJIHa aKTHBHOCT, o)l,pe1)unana EUP CneI<TpOClwnnjoM II fi:noxeMHjcKHM 

A.6TC TeCTOM, Ka XH)l,POKCHJIHOM pa)l,HKaJIY je YTBp1)eHa KO)l, ofia KOMnJIeKca. HcnHTHBaIbe 

U;HTOTOKCH4Hor )l,ejcTBa ofia CHHTeTHcaHa je)l,HIbeIba, BpweHa in vitro KO)l, TpH Pa3JIH4HTe 

KapU;HHoMcKe neJIHjcKe JIHHHje, HCT] 66, A375, H MIA PaCa-2 H je)l,He 3)l,paBe neJIHjcKe JIHHHje 

cpHfiponJIaCTa (MRC-5), je nOK33aJIa YTHu;aj ofia je)l,HIbefha Ha BHafiHJIHOCT KapU,MHOMCKHX 
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neJlHja nYTeM anOnT03e. In vivo lJ,HTOTOKCHllHH Tecr, paljeH Ha MO~eJly 3e6pHlJ,e (Zebrajish), je 

nOKa3aO Pa3JlHqHTe eq.eKTe CHHTerHcaHHX je~Hfbefba y 3aBHCHOCTH o~ KOHlJ,eHTpalJ,Hje. 

reHeparlHo, eq.eKTHBHoCT CHHTeTHcaHHX je~Hfbefba ce nOKa3aJla 60JbOM y O~HOCy Ha ~o ca~a 

HcnHTHBaHe nana~HjYMoBe KOMnJleKCe ca opraHcKHM MOJleKYJlHMa. Y pa~y 34 HcnHTHBaHa je 

eq.HKacHocT HHaKTHBalJ,Hje HH~yCTPHjCKH 6HTHHX je~Hfbefba 4,7-~HXH~poKcHKyMapHHH (4,7

DHC) H 7-XH~POKcHKYMapHH (7-HC) y npHcycTBy HO· pa~HKaJla y Pa3JlHqHTHM pH (Be3aHo 3a 

YCJlOBe y Bo~eHHM eKocHcTeMHMa), Tj. Pa3JlHQHTHM CTeneHHMa ~enpoTOHH3alJ,Hje H MOJlapHe 

q.paKlJ,Hje KHCeJlHHa-6a3a. YTBpijeHa je eq.HKacHoCT 06a je~Hfbefba y YKJlafbafbY HO· pa~HKaJla, 

a HOBocTBopeHa je~HlLeILa cy 3HUQUjHO HHUK'I'HBHpaHu H Mory HMaTH caMO MHHOPUH YUIlJ,Uj 3a 

Bo~eHe eKOCHCTeMe. EKcnepHMeHTaJIHO je YTBpljeHo ~a ce KOHIJ,eHTpaIJ,Hja HO· pa~HKana 

cMafbyje BHIlIe y npHcycTBy 7-HC je~Hfbefba npH QeMY eq.HKacHocT 06a je~Hfbefba paCTe ca 

nopaCTOM pH. KOHCTaHTa peaKIJ,Hje CBHX MorynHx nYTeBa HHTepaKqje je~Hfbefba H pa~HKana 

~06HjeHa je TeopHjcKH H3paQYHaBafbeM, KopHIlInefbeM KBaHTHO-MeXaHHQKOr TeCTa 3a 

YKJlafbafbe pMHKaJla (Quantum Mechanics-based test for Overall Free Radical Scavenging 

Activity (QM-ORSA». ,[{06HjeHo je )l;a je KOHCTaHTa peaKIJ,Hje ca pa~HKaJlOM y cJlYQajy 06a 

je~Hfbefba Bena o~ OHe ~eTeKTOBaHe npHJlHKOM pearoBafba HO·pa~HKaJIa ca TPOJlOKCOM. 

I1pHMeHoM QM-QPCA je o~peijeH H caM MexaHH3aM peaKIJ,Hje. Y 3aBHCHOCTH o~ pH, Tj. 

npoTOHH3aIJ,Hje nOQeTHHX je~Hfbefba H3paQYHaTe cy BepoBaTHone YQeIlIna Pa3JlHQHTHX 

MeXIlHwmM8 fbHXOBe pa3rpam-be H aKTHBaIJ,Hje. H ~OK je 3a HeYTpanHe BpcTe KOHCTaHTa 

peaKIJ,Hje cHMYJlTaHOr TpaHcq.epa npoTOHa H eJleKTpOHa 6HJla HajBena, KO~ aHjoHcKHx BpcTa je 

SPLET (sequential proton loss electron transfer; npOIJ,ec y KojeM YMeCTO CHMYJlTaHOr ~OJla3H ~o 

p(3)l;BojeHor TpaHc<pepa npOTOHa H eJleKTpoHa) 6HO MexaHH3aM KUjH je UHU ~UMHHaH'l'aH Y 

peaKIJ,HjaMa je~Hfbefba H pa~HKana. H3Y3eTHe aHTHOKCH~aTHBHe nepq.opMaHce je~Hfbefba 

onHcaHHX y pa~y 34 H n03HIJ,Hja npoToHa KOjH cTyna y HHTepaKIJ,Hjy ca pa~HKanoM ~aJIH cy 3a 

nOBO~ HcnHTHBafbe CneIJ,H<pHQHHX BpCTa je~Hfbefba 6a3HpaHHX Ha OCHOBHOj CTpyKTypH 4,7

DHC. TaKo je pa).J.Y 36 HCIlHTHBaH npe CBera aHHOKCH)l;aTHBHH e<i>eKaT je~Hfbefba 4HCBCH, a 

OH~a H, MorynHocT H MexaHH3aM pa3rpa~fbe OBor HOBO-CHHTeTHcaHor KYMapHHcKor je~Hfbefba, 

H TO Y aJIKaJIHUM ullcel'Y pH Koja je KapaKTepHCTHlJHa 3a Pa3BOj HajBeher 6poja Bo.n.eHHX 

opraHH3aMa (7-8.5). Y cneIlIHOCT aHTHOpa~HKaJIHOr ~ejcTBa, eKcnepHMeHTaJIHO o~peljeHa EI1P

OM, je 6HJla Bena ca nopaCTOM pH, IIITO H~eHTHq.HKyje aHjoHcKY q.OPMY KOMnJleKCa Kao 
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eIPeKTMBIIHjy y MHTepaKIJ,MjM ca XM,I(POKCMJIHMM pa,I(MKaJIOM. OBaj eIPeKaT HMje 6MTaH CaMO ca 

CTaHOBMlllTa CMaJhel-ba CTeneHa OKCM,I(aTMBHOr CTpeCa y 6MOJIOlllKMM CMCTeMMMa Ben MMa M 

lllMpM, eKOJIOlllKM, 3Ha1.Iaj, jep caMO npMCYCTBO McnMTMBaHor aHTMOKCM,I(aHTa MO:>Ke HapylllMTM 

HOpMaJIHM pe,I(OKC 6aJIaHC y BO,I(eHMM CMCTeMMMa. CTora aHTMOKCM,I(aTMBHa Y1.fMHKOBMTOCT 

je,I(Ml-bel-ha ,I(06Mja noce6HO Ha 3Ha1.fajy YKOJIMKO je HOBOCTBopeHM opraHCKM Pa,I(MKaJI CTa6MJIaH 

(nYTeM AOP), lllTO cy OBM pe3YJITaTM M nOKa3aJIM. MexaHM3aM ,I(eTOKCMKaIJ,Mje je McnMTMBaH 

Kp03 pa3MaTpal-be HeYTpaJIHe M MOHoaHjoHcKe IPopMe, Koja 360r BMCOKe Pka MMa MaJIM 

npOlJ,eHTHM y,I(eo, aJIM BeJIMKM aHTMOKCM,I(aTMBHM 3 Ha1.faj, M pe3YJITaT je ,I(a ce MHTepaKIJ,Mja 

O,I(BMja Kp03 MO,I(M,I(IPMKOBaHM 06JIMK SPLET-a, Tj. SPLET-RRC (radical-radical coupling) 

MexaHM3aM, y KOMe HOBocTBopeHa pa,I(MKaJICKa BpcTa MMa TeH,I(eHIJ,Mjy MHTepaKIJ,Mje ca 

XM,I(POKCMJIHMM pa,I(MKaJIOM cTBapajytlM cTa6MJIHO je,I(Ml-bel-be. KopaK 1I.aJbe y nOTeHIJ,MjaJIHoj 

npMMeHM KYMapMHcKMX ,I(epMBaTa Kao aHTOKCM,I(aHaTa je McnMTMBaHO y ,I(pyrMM ,I(epMBaTMMa 

4,7-HC je,I(Ml-bel-ba (40). Je,I(Ml-bel-ba cy ,I(06MjeHa ,I(O,I(aBal-beM aMMHoIPeHOJIa 1.fMja OH rpyna ce 

Mo)Ke HaJIa'3MTM Be3aHa ca 6eH3eHOB npcTeH. HHTepaKIJ,Mja OBMX je,I(Ml-bel-ba je McnMTMBaHa Ha 

IPM3MOJIOlllKOM pH 011. 7.4, M aKTMBHOCTI1 TpH je,I(11l-bel-ba cy nOKa3aJIa Beny aHTMpa,I(HKaJICKY 

aKTMBHOCT O,I( opMrMHaJIHOr je,I(Ml-bel-ba. MexaHM3aM peaKIJ,Mje je y 3aBMCHOCTM O,I( 

KOHlJ,eHTpalJ,Mje 6MO KOM6MHaIJ,Mja, HAT (hydrogen atom transfer), SPLET M RAF (radical 

adductformation) MexaHM3Ma. Y pa,I(y 38 aMMHOMeTOKcMIPeHOJIM 4,7HC (E)-3-(1-((3-XM,I(pOKCM-

4-MeToKcMC]leHOJHlM I4HO fITHnH1I.eH»-2,4-,I(HOKCMXpoMaH-7-11JI alJ,eTaT (A-3HO) 11 (E)-3-(1-((4

XM,I(POKCM-3-MeTOKcMIPeHOJI-aMMHO eTMJIM,I(eH»-2,4-,I(MOKCMXpoMaH-7-MJI alJ,eTaT (A-4HO) cy 

CTpyKTypHO onMcaHM M McnMTMBaHe cy I-bMXOBe aHTMOKCM,I(aTMBeHe aKTMBHOCTM M MexaHM3MM 

,I(eJIOBal-ba. IIpMMeHoM FTIR M NMR cllt:KrpUl:KUllMjt: U,LI.pdjt:Ha je cTpyKrypa CJ1HTe'l'J1l:aHMX 

MOJIeKYJIa M yTBpl)eHo ,LI.a ct: :iGor BMCO!(MX Pka Bpe,I(HOCTM 06a je)l,Ml-bel-ba y IPM3110JIOIllKMM pH 

HaJIa3e y HeYTpaJIHoj IPOPMM. AHTMpa,I(MKaJIHa aKTMBHOCT McnMTMBaHa EIIP cneKTpocKonMjoM je 

nOKa3aJIa CMal-bel-be MHTeH3MTeTa HO· CMrHaJIa 3a 56 (A-4HO) O,I(HOCHO 70% (A-4HO) npM 

KOHIJ,CH1'paIJ,MjM O,I( 0.75 !lm/J KO,I( 06a aHTMOKCM.n.aHTa. 

3.2. MHKpoaJlre 

IIp06JleM BMCOKMX KOHlJ,eHTpalJ,Mja 6aKpa, MaHl'aHa, HJ1KJta J1 UCTaJ1HX Upt:JIa1HHX Mt:TaJta 

M MeTaJIOM.n.a je aMnJIMIPMKoBaH y npOTeKJIOM nepMO,I(y YCJIe,I( MHeH3MBHe MH,I(ycTpaJIM3alJ,Mje M 

eKCnJIOaTalJ,Mje py.n.a, KOjM cy .n.OBeJIM ,I(O nOBenaHMX KOHIWHTpalJ,Mja 6MOJIOIllKM 
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)],ocTynHHxJaKTHBHHHX 06JlHKa MeTaJla y BO)],eHHM eKOCHCTeMHMa, 3eMJbHUITy H Ba3)l.yXy. Y 

BO)],eHHM Cpe)],HHaMa OBH TOKCHKaHTH 6HBajy )],HpeKTHO anCOp60BaHH 0)]' CTpaHe JKHBOr CBeTa 

npH 4eMY fbHXOB YTHIJ,aj Ha MHKpoanre Ge)],HoneJlHjcKe anre) HMa noce6aH eKOJlOIllKH 3Ha4aj. 

OCHOBHH pa3Jlor 3a TO je UITO cy anre npHMapHH npoH3Bolja4H KHceOHHKa H 6HOMace Ha 

3eMJbH. Ca )],pyre CTpaHe noje)],HHe BpCTe anrH cy pa3BHJle MexaHH3Me y KojHMa He UITHTe caMO 

ce6e Ben H OCTane opraHH3Me y Bo)],eHoj cpe)],HHH a npH TOM cTsapajy H nOTeHIJ,Hjan y 

peIJ,HKJlaIJ,HJKH UITeTHHX eJleMeHaTa Tj npeBoljefbY fbHXOBHX UITeTHHX oc06HHa y 6eHeqlHTe 

nyreM c1pyK'rypHHx npOMeHa Koje ce )]'eUIaBajy y npOIJ,ecy YCBajafba OBHX eJleMeHaTa, Kao H 

CMafbefbY KOHIJ,eH1l'aIJ,Hja aKTHBHHX <pOPMH MeTaSIa y aKBaTH4HHM CHCTeMHMa. OBO 

npe)],CTaBJba nOTeHIJ,HjanHY OCHOBY 3a npHMeHy MHKpoanrH KaKO y 6HOTeXHOJlOrHjH, O)],HOCHO 

3eJleHoj CHHTe:m MeTaJlHHX CTpyKTypa - KflflCTepa H H3H04eCTHI\3, TaKO H y npe4HIlInaBafbY 

Me1'anHMa-60raTHX OTna)l,HHX Bo)],a, O)],HCOHO peMe)],HjaIJ,Hj H. KOHa4HO, HeKH 0)], MeTaJla 

npe)]'CTaBJbajy H MHKpOeJleMeHTe HeonXO)],He y MeTa60JlH3MY MHKpOaJlrH, na je npOY4aBafbe 

HHTepaKIJ,Hja BaJKHO 3a pa3YMeBafbe <pH3HOJlOrHje MHKpoanrH. Y CKJla)],y ca CBHMe HaBe)],eHMM, 

MCITHTHRafhfl MHTepaKT~Mja MHKpO<'1.f1rM e<'1 MeT<'1.f1MMa 3axTeBajy MHTep)],MeIJ,Mn.f1MH<'1pHH npHcTyn M 

06YXBa:rajy 06JlaCTH 6HOHeopraHCKe xeMMje, 6MO<pM3MKe, <pH3HOJlOrHje M )],pyre. Pe3YJlTaTH 

OBaKBHX HCTproKHBafba YKJby4yjy, OCHM caMor pa3YMesafba MeTa60JlM3Ma anrM H TO.flepaHIJ,HjH 

Ha xeMMjcKa 3araljefba, M MorynHocT fbHXOBor KOpMUInefba Kao 6Moancop6eHTa, npMpO)],Hor 

npe4MUInMBa4a Bo)],eHMX eKOCMCTeMa, a Hap04HTO OTna)],HI1X Bo)],a, Kp03 CMafbefbe 

6MOpaCnOJlOJKMBHX MeTaJla. Ha4MH H MexaHH3aM YCBajafba H )]'eTOKCMKaIJ,Mje MHKpoanrH 0)], 

nOBHUIeHor npMCYCTBa MeTana, Kao M CTpYKTYpHe npOMeHe caMMX MeTana M fbHXOB YTHIJ,aj Ha 

$H3HOJlOrMjy neJlHje cy TeMa pa)],oBH 35 M 41 Kao M caonUITefbHMa 57, 58, 62 H 64. Y Pa)l,Y 41 ce 

HcnMTyje YTHu.aj UUl.U1WtlHtl KUHU,tlH'IPat~l1jtl GaKpa (Cu(TT)) Ha JKI1HU'I'HI1 Ll,I1KJlyC MHKpUaJll'tl 

Chlorella sorokiniana H o)]'peljyje ce MexaHM3aM YCBajafba Kao M 06JlHK 6aKpa HaCTao HaKOH 

HHTepaKIJ,Hje ca anrOM. naKap HMa CneIJ,M$H4aH 3Ha4aj 3a anre, jep je caCTaBHH )],eo XpaHJbMBOr 

Me).1,MjYMa y KojeM ce raje, anH ca )],pyre CTpaHe y HeKHM 06JlHIJ,HMa H KOHIJ,eHTpIJ,HjaMa MOJKe 

6HTH BeOMa UITeTaH, UITO nOKa3yje H 4HfbeHMIJ,a)],a ce HeKMM 06JlHIJ,HMa KOPHCTH Kao anrHIJ,H)],. 

YTBpljcHa jc OTnopHOCT MMKpOaJlre Ha BMCOKe KOHIJ,eHTpaIJ,Hje 6aKpa, Kp03 6p3y a)]'anTaIJ,Mjy 

M3paJKeHY y JlY4efbY MyKyca, npoMeHe y CTpyKTypM CnOJbaUIfber neSlMjcKor 3M)],a H npOMeHY 

npo$MJla $oc$aTa y neJlMjM. TpaHc$opMaIJ,Mja caMor 6aKpa je o)]'peljeHa npMMeHoM )],Be 
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CHHXPOTpOHCKe TeXHHKe, H TO: anCOpnlJ,HOHe peHTreHCKe CneKTpocKonHje y pe)KHMY eHeprHja y 

6JIH3HHH eHeprHje Be3e 1s eJIeKTpOHa (XANES) eJIeMeHTa, lJHMe je o)]'peljeHo OKCH)],alJ,HOHO 

CTalhe H cHMeTpHja eJIeMeHTa, H y oncery eHeprHja 0)], 100 )],0 1000 eV H3Ha)], anCOpnlJ,HOHe 

rpaHHlJ,e Is eJIeKTpOH (EXAFS), lJHMe cy H)]'eHTHIPHKOBaHH JIHraH)],H y npBoj H )],pyroj 

Koop)],HHalJ,HOHoj cBepH 6aKpa H o)]'peljeHe )],Y)KHHe MeTaJI-JIHraH)], Be3a. OBH pe3YJITaTH cy 

nOKa3aJIH HHTepecaHTaH HCXO)], aKlJ,Hje BepoBaTHo H3JIYlJeHOr MyKyca, a TO cy )],a je 6aKap 

nocpe)],CTBOM neJIHje )],eJIHMHlJHO pe)],YKOBaH )],0 Cu(l), aJIH y CBaKOM CJIylJajy CTpyKTypa 

je)],Hlhelha je nOTnYHO npOMelheHa H 3a pa3JIHKy 0)], )],PYrHX aJIrH ca CJIHlJHHM MexaHH3MOM 

6aKap ce y HOBOCTBopeHHM KOMnJIeKCHMa Be3yje 3a 1P0CIPOpHa YMeCTY cyMnopHa je)],Hlhelha. 

ITy6JIHKalJ,Hja 35 H caonWTelhe 62 ce 6aBH HalJHHOM YCBajalha H CKJIa)],HWTelha MaHraHa 

y aJIrH C. sorokiniana. IToKa3aHO je )],a ce a)]'anTalJ,Hja ce Kp03 TpH CTeneHa 06pa)],e eJIeMeHTa. 

ITpoMeHe y xeMHjcKoj H eJIeKTpHcKoj CTpyKTypH Mn cy npaneHe npHMeHoM CHHXPOTPOHCKHX 

anCOpnlJ,HOHHX TeXHHKa (XANES H EXAFS). AnCOpnlJ,Hja MaHraHa (Mn(lI)) ce )],ewaBa 

peJIaTHBHO 6p30 H TO no)],pa3YMeBa Be3HBalhe MaHraHa MeM6paHCKe 1P0CIPOJIHnH)]'e H 1P0CIPaTHa 

je)]'Hlhelha Koja ce HaJla3e y MyKyCy H3JlYlJeHOM HaKOH )],o)],aBalha MaHraHa y paCTBOp. ITpoMeHa 

neJIHjcKe CTpyKType je )],eTeKTOBaHe y npOMeHaMa y CnOJbaWlheM neJIHjcKoM 3H)],y )],OK ce 

pe)],OKC XOMeOCTa3a HapywaBa, WTO je BH)],JbHBO no npO-OKCH)]'aTHBHHM npOMeHeHaMa Koje ce 

)]'eTeKTyjy Kp03 nOBenaHY npO)]'YKlJ,Hjy peaKTHBHHX lJeCTHlJ,a KHceOHHKa H JIHnH)],HY 

nepOKCH)]'alJ,Hjy. .no OBHX HHlPopMalJ,Hja ce )],OWJIO npHMeHOM CKeHHpajyne eJIeKTpOHCKe 

MHKpOCKOnl1je (CEM) H TpaHcMHcHoHe eJIeKTpOHcKe MHKpocKonHje (TEM). Y )],pyroM cTeneHY 

YHoca MaHraHa, eJIeMeHT ce Be3yje 3a HHTpalJ,eJIyJIapHa 1P0cIPaTHa je)]'Hlhelha (nOJIHIPOclPaTe), 

WTO je MOPIPOJIOWKH npaneHO npOMeHaMa y CTpyKTypH yHyTpawlher neJIHjcKor 3H)],a )],OK ce 

YHYTapneJIHjcKH pe)]'OKC YCJIOBH HOPMaJIH3yjy. ITpHMeHoM EXAFS MeTo)],e, Kao je)]'HHe Koja HMa 

MorynHocT eKcnepHMeHTaJIHe H)]'eHTHIPHKalJ,Hje JIHraHa)],a, o)]'peljHBalhe )],Y)KHHe MeTaJI-JIHraH)], 

Be3a H Koop)],HHalJ,HOHe reoMeTpl1je eJIeMeHTa y HeypeljelulM xeTeporeHHM CHCTeMl1Ma, 

YTBpljeHo je )],a ce nOCJIe)],lha lPa3a YCBajalha Mn orJIe)],a y CKJIa)],HwTelhY eJIeMeHTa y 06JIHKY 

My JITHBaJleHTHOr Mn-O-Ca KJIaCTepa, ca )],OMHHaHTHO Mn(III) pe)]'oKc 06JIHKOM. CTPYKTYPHa H 

pe)],oKc CJIHlJHOCT OBor KOMJIeKCa ca OEC (oxygen evolving complex) y 1P0TocHcTeMY II HMa 

3HalJajHe HMnJIHKalJ,Hje y pa3YMeBalhY OEC KOMnJIeKCa Kao H y nOTeHlJ,~jaJIHoj ynoTpe6H 

MHKpOaJIrH y 6HocHHTe3H KaTaJIHTHlJKH aKTHBHHX KJIaCTepa. YTHlJ,aj npeJIa3HHX MeTaJIa Ha 
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)l{HBOTHH L1,HKJIyC MHKpOaJIre C. sorokiniana KaO H lhHXOB MeTa60JIH3aM yHyTap neJIHje ce 

HaCTaBJha, KaKO 3a OnHCaHe TaKO H 3a )l.pyre eJIeMeHTe. TaKo caonWTelhe 64 npeCTaBJba 

pe3yJITaTe O)l.rOBOpa aHTHKOCH)l.aTHBHHX eH3HMa Ha npHcycTBO nOBenaHe KOHLI,eHTpaLl,Hje Ni, 

)l.OK ce onwHpHHjH pe3YJITaTH 0 CTpyKTypHHM H <pH3HOJIOWKHM npoMeHaMa 04eKyjy y CKOpOj 

6Y)l.ynHocTH Kp03 ny6JIHKaLl,Hje Koje ce HaJIa3e Ha peLl,eH3HjH y eMHHeHTHHM Mel)YHapO)l.HHM 

4aconHCHMa. OCHM C. sorokiniana, )l.P )J{H)KHn je 3an04eo H HCTpa)l{HBalha )l.pymx BpCTa 

MHKpOarJIH H lhHXOBHX HHTepaKLI,Hja ca MeTaJIHMa y KojHMa je KopHcTenH Pa3JIH4HTe 

aHaJIHTH4Ke, a npe CBera HajcaBpeMeHHje CHHXPOTpoHcKe MeTO)l.e, )l.OnpHHeo y pa30TKpHBaI-bY 

CTpyKTypHHX KapaKTepHcTHKa MeTaJIa H lhHXOBOM npocTopHOM pacnope)l.y y neJIHjaMa. Pe4 je 0 

Haematococcus pluvialis, KOMepLl,HjaJIHO Haj3Ha4ajHHjoj BpCTH MHKpOaJIre (6H6JIHOrpa<pcKe 

je)l.HHHLI,e 57 H 58), Chlamydomonas acidophila H30JIOBaHe H3 PY)l.HH4KHX O)l.na)l.HHX BO)l.a, 3a 

KOjy je O)l.pel)eHa YHYTapneJIHjcKa )l.HCTPH6YLl,Hja CBHX 3Ha4ajHHx eJIeMeHaTa MeTO)l.OM XRM Ha 

HCTpa)l{HBaLJKoj CTaHHLI,H I016A CHHXpoTpoHa ESRF, ca, )l.0 ca)l.a y CBeTY HajBenoM 

nOCTHrHYTOM, npocTopHOM pe30JIYLl,HjoM y ManHpalhY OBe BpCTe opraHH3aMa O)l. CBera 25 

HaHOMC'I'apa 6C3 KopHwnclha 6~jelha H )l.pymx xeMHjcKHX. Pa)l.OBH 57 H 58 cc 6aBc 

HcnHTHBalheM a)l.anTHBHor O)l.rOBOpa 6HOTeXHOJIOWKH Ba)l{He 3eJIeHe MHKpOaJIre H pluvialis Ha 

nOBenaHY KOHLI,eHTpaLl,Hjy MaHraHa y o KpY)l{elhy . OBa aJIra je n03HaTa no ycnewHoM 

npe)l{HBJbaBaI-bY y BO)l.aMa 3aral)eHHM BHCOKHM KOHLI,eHTpaLl,HjaMa MeTaJIa, aJIH MeTa60JIH4KH 

npOLl,eCH KOjH oMorynaBajy OBY oTnopHocT y 3eJIeHoj <pa3H pacTa cy CJIa6Hje n03Ham. Iep H 

TEM aHaJIH3e cy nOKa3aJIe )l.a H pluvialis a)l.cop6yje H YCBaja Mn, WTO )l.OBO)l.H )l.0 3a)l.e6Jhalha 

neJIHjcKor 3H)l.a, CMalheI-ba ca)l.p)l{aja JIHnH)l.HHX KanH H )l.enOHOBalha Mn y BaKYOJIaMa. XANES 

H EXAFS aHaJIH3e cy nOKa3aJIe )l.a Mn He Melha OKCH)l.aLl,HOHO CTaI-be y KOHTaKTY ca H pluvialis, 

aJIH rpa)l.H CTa6HJIHHje KOMnJIeKCe ca KHceOHHKOM Hero y KpHCTaJIY, Te je Moryne)l.a H pluvialis 

KOPHCTH CYJI<p0HoBaHe nOJIHCaXapH)l.e 3a )l.enOHOBalhe Mn. 

3.3. MeTa60JIHTH 

Kao caCTaBHH )l.eo HHTepaKLI,Hje npeJIa3HHX MeTaJIa ca )l{HBHM opraHH3MHMa KaH)l.H)l.aT ce 

6aBH )l.eTeKTOBalheM H CTpyKTypHHM HcnHTHBalheM HHTepaKLI,Hja 6HOJIOWKH Ba)l{HHX MOJICKYJIa 

ca npeJIa3HHM MeTaJIHMa, noce6Ho rBO)l{l)eM H 6aKpoM, KOjH, HaKO HMajy Ba)l{HY yJIory y 

aKTHBHOCTH MHomx eH3HMa, 360r H3pa)l{eHe pe)l.OKC aKTHBHOCTH Mory npe)l.CTaBJhaTH 3Ha4ajHY 

onaCHOCT y CJI060)l.HOj <pOPMH (labile pool). I1HTepaKLI,Hja a)l.peHaJIHHa ca rBmKl)eM y 
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CPH3HOJIOWKHM YCJIOBHMaje onHCaHa Y pa)],OBHMa npe nOKpeTaI-ha npeTXO)],HOr H360pa Y 3BaI-he, 

a fhOMe ce 6aBH H caonWTefhe 67. Cnoc06HOCT 6HJIHBep)]'HHa, npo)],YKTa MeTa60JIH3Ma 

xeMorJI06HHa KO)], oWTeneHHx neJIHja epHTpoIJ,HTa, )],a HHTeparyje ca npeJIa3HHM MeTaJIHMa je 

6HJIa npe)],MeT paHHjHx HCTpa)l(l1Bafha, aJIH )],enUbH TaKBHX HHTepaKIJ,Hja y CPH3HOJIOWKHM pH 

YCJIOBHMa cy 6HJIH He)],OBOJbHO pa3jawfheHH, jep ce Tpa)],HIJ,HOHaJIHe cneKTpocKoncKe MeTo)],e 

npeTe)KHO OCJIafhajy Ha KopHwnefhe HeKHX )],pymx opraHcKHx pacTBapa1.Ja, HJIH cy ce cTY)],Hje 

cnpoBo)],HJIe y YCJIOBHMa BeOMa BHCOKHX pH Bpe)],HocTH paCTBapa1.Ja. Y HCTpa)l(l1BafhHMa 

HHTepaKIJ,Hje 6HJIHBep)],HHa ca )],ocTynHHM jOHHMa MeTaJIa, 6aKap ce HaMeTHYo Kao 

Haj3Ha1.JajHHjH KaH)],H)],aT. HaHMe, 6aKap je y MHKpOKOHIJ,eHTpaIJ,HjaMa eCeHIJ,HjaJIHH eJIeMeHT 

CBHX )KHBHX 6Hna ca 3Ha1.JajHoM YJIOrOM npe CBera y aKTHBaIJ,HjH MHomx eH3HMa. MeryYTHM, 

npOJIHcpepaIJ,Hja CJI060)],Hor 6aKpa a Hap01.JHTO npoMeHa JIHraH)],Hor oKpY)Kefha MO)Ke )],OBeCTH H 

)],0 Pa3JIH1.JHTHX BpcTa naTOJIOWKHX CTafha. CTora nOTeHIJ,HjaJIHO cTBapafhe KOMnJIeKCa 

6HJIHBep)],HHa ca 6aKpoM MO)Ke )],OBeCTH )],0 MacKHpafha CJI060)],Hor 6aKpa H nOBenaTH H 

)],ocTynHocT pe)],oKc aKTHBHor 6aKpa y opraHH3My. Pe3YJITaTH KojHMa ce 6aBH ny6JIHKaIJ,Hja 45 

cy nOKU3UJIH )],U 6Hmmcp)],HlI HC CTBUPU KOMnJICKC cu 6UI(POM y 1.JHCTOM oprancKoM PUCTDUpaqy 

(,lJ;MCO), KaKO je TO )],0 ca)],a HaBoryeHo y CTPY1.JHOj JIHTepaTypH, H )],a cy HH)],HKaIJ,Hje 0 CTBapafhY 

KOMnJIeKCa YCTBapH nOCJIe)],HIJ,a npHCYCTBa 1.JaK H BeOMa MaJIHX KOHIJ,eHTpaIJ,Hja Bo)],e Koja ce 

KOPHCTH y TOKY npHnpeMe Y30paKa. lh Tor pa3JIora, aJIH npBeHCTBeHO 360r 6HOJIOWKOr 3Ha1.Jaja 

)],eTaJbHO je HcnHTHBaHa HHTepaKIJ,Hja 6HJIHBep)],HHa H 6aKpa y CPH3HOJIOWKHM pH YCJIOBHMa. 

Pa)], 6poj 42 H caonWTefha 55 H 69 ce 6aBe cneKTpocKoncKHM HcnHTHBafhHMa MorynHocTH Te 

HHTepaKIJ,Hje KOjH nOKa3yjy )],a ce KOMnJIeKC OBor nopcpHpHHa ca 6aKpoM ycnoCTaBJba y O)],HOCY 

1: 1 y CPOCCPUTHOM nycpcpy Ha pH 7.4, aJIH WTO jc 6HTHO, )],a KOMnJICKC HHje nO)],JIo)Kan 

pa3rpa)],fhH y aep06HHM YCJIOBHMa Ben )],o)],aTHa KOHIJ,eHTpaIJ,Hja 6aKpa y KOM6HHaIJ,HjH ca 

KHceOHHKOM y3poKyje OKCH)]'aIJ,Hjy H pa3rpa)],fhY KOMnJIeKca. TIpHMeHoM PaMaHCKe 

cneKTpocKonHje nOTBpryeHa je cTa6HJIHOCT KOMnJIeKCa nopaCTOM HHTeH3HTaTa BH6paIJ,HOHHX 

TpaKa apOMaTH1.JHOr npCTeHa KOjH cy pe3YJITaT Bene )],eJIOKaJIH3aIJ,Hje "pi" eJIeKTpOHa, aJIH H 

YTBpryeHa nJIaHapHa cTpyKTypa KOMnJIeKca. ETIP H cpJIyopeCIJ,eHTHOM cneKTpocKonHjoM je 

nOTBpryeHo cnHHCKO CTafhe 6aKpa H npeTnOCTaBJbeHO OKCH)],aIJ,HOHO CTafhe 6aKpa y KOMnJIeKCY. 

npeHH::lHO o,IT,peljtfRafhe cTpyKType ollKpa y KOMnrreKCY YTRpljeno je X A NF.S cneKTpocKonHjoM 

y eKcnepHMeHTHMa H3Be)],eHHM Ha SLS CHHXPOTPOHY, H ny6JIHKaIJ,Hja ca TOM TeMaTHKOM je y 
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npHnpeMH. Y pa,lJ,Y 45 je HCnHTHBaHa CTpYKTypa 6HJIHBep,lJ,HHa H MorynHocT cTBapaI-ba 

KOMnJIeKCa ca 6aKpoM y ,Il,MCO-y. liHJIHBep,lJ,HH y ,Il,MCO, KOjH npe,lJ,CTaBJba nOJIapHH 

anpOnllJHH paCTBapalJ, je npoYlJaBaH KaKO 6H ce pa3YMeJIH 3HaIJaj H YJIora npOTOHal.l,Hje 

nHpOJIHHX npcTeHoBa H BO,lJ,OHHIJHHX Be3a KOjH HHCY HJIH jecy npHcyTHH y BO,lJ,eHOM pacTBopy Y 

¢opMHpafhY KOMnJIeKCa ca Cu(II). ,Il,enuhHa CTpYKTYpa 6MmlBep,lJ,MHa Y IJHCTOM ,Il,MCO je 

O,lJ,pel)eHa npHMeHOM 1 H 13C M HeKOJIHKO THnOBa 20 NMR cneKTpocKonMje Y eKcnepMMeHTHMa 

H3Be,lJ,eHMM Ha UeHTPY 3a MarHeTHY pe30HaHl.I,Y (CERM) Y <l>MpeHl.I,H (HTaJIMja). YCTaHOBJbeHO 

je ,lJ,a npOTOHal.l,Mja nMpOJIHHX npcTeHoBa CnpelJaBa KOOp,lJ,MHal.l,Mjy ca jOHOM 6aKpa, a ,lJ,a y 

O,lJ,CyCTBy npOTOHMIJHMX Be3a ,lJ,OJIa3M ,lJ,0 ¢opMHpafha KOH¢OpMalJ,Mje MOJIeKYJIa 6HJIHBep,lJ,HHa 

Kojaje 3aHIJajHo Pa3JIMIJMTa y O,lJ,HOCY Ha BO,lJ,y. 

3.4. rJhIlBe 

TeMaTHKoM YCBajafha, YTMl.I,aja Ha ¢oc¢aTHH M eHepreTcKM MeTa60JIH3aM, Kao H caM 

MeTa60JIM3aM BaHa,lJ,MjYMa KO,lJ, rJbMBe P. blakesleenus KaH,lJ,M,lJ,aT ce nOlJeo 6aBHTM Y BpeMe 

npMnpeMe 3a ,lJ,OKTOPCKY Te3Y. Cnel.l,M¢HIJHOCT BaHa,lJ,MjYMa Kao xeMHjcKor eJIeMeHTa ce orJIe,lJ,a Y 

BHCOKOj ceH3MTHBHOCTH pe,lJ,OKC 06JIMKa Ha pH YCJIOBe M KOHl.I,eHTpal.l,Mjy eJIeMeHTa. Ca TOM 

IJMfheHMl.I,OM je YCKO nOBe3aHa M YJIora BaHa,lJ,MjYMa Y )f(MBMM opraHM3MMMa r,lJ,e Y Pa3JIMIJMTMM 

pe,lJ,OKC H nOJIMMepHMM CTafhHMa MO)f(e MMaTM 0,lJ, BpeJIO TOKCMIJHe ,lJ,0 MHTeH3MBHO n03MTMBHe 

nOCJIe,lJ,MIJ,e Ha MeTa60JIH3aM neJIMja. TaKo ce Ha npMMep BaHa,lJ,aT (V(V)) CMaTpa BPJIO 

TOKCMIJHMM, ,lJ,OK ce V(IV) KOPHCTM Y HajcaBpeMeHMjMM MCTpa)f(MBafhMMa JIeKa npOTMB 

,lJ,Mja6eTeca. OCMM Tora Y OKBMPY HCTor OKCM,lJ,al.l,MOHOr CTafha V(V) nOKa3yje ,lJ,HjaMeTpaJIHO 

cynpoTHe e¢eKTe Ha ¢M3MOJIOrujy neJIMje, r,lJ,e ce Kao rJIaBHH Y3POIJHMK HapywaBafha 

MeTa60JIM3Ma CMaTpa MOHOMep, KOjH YCJIe,lJ" npe CBera, CTPYKTypHe M eJIeKTpOHCKe aHaJIoruje 

ca ¢oc¢anIMa npe,lJ,CTaBJba Ba}KaH ¢aKWp Y KOHTPOJIM MeTa60JIM3Ma rnYK03e, H MMa ca je,lJ,He 

CTpaHe MHCYJIMH-MMMeTMIJKO ,lJ,ejcTBo ,lJ,OK je ca ,lJ,pyre CTpaHe TOKCMKaHT. rJbHBe cy Y norJIe,lJ,Y 

YCBajafha M npOl.l,eCYMpau,a BaHa,lJ,HjYMa, a HapOllMTO V(V) BPJIO Cnel.l,M¢WIHM opraHM3MH KOjH 

KopMCTe MeTa60JIMIJKe e¢eKTe OBor 06JIMKa, npe CBera Y MeTa60JIM3MY rnYK03e. Y cBajafhe 

BaHa,lJ,MjYMa, fherOB YTMl.I,aj Ha ¢oc¢aTHH MeTa60JIM3aM M MHTpal.l,enYJIapHa Cnel.l,Mjal.l,Hja OBor 

eJIeMeHTa Y jecTHBHM rJbHBaMa Coprinus comatus M Coprinellus truncorum je 06pal)MBaHa Y 

ny6JIMKal.l,MjaMa 44, 47, H 51, ,lJ,OK je MCTH MexaHM3aM KO,lJ, Laetiporus sulphureus omfcaH Y 

caonwTeH:"Y 66. MeTa60JIHIJKe npoMeHe Y rJbMBaMa Y OBMM 6M6JIHOrpa¢cKMM je,lJ,HHMl.I,aMa Kao M 
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caM MeTa60JUl3aM BaHa)l.l1jYMa je npaneH KOM6HHaUI1joM 31p H 51VNMR H np"MeHOM EI1P 

cneKTpOCKonHje. yh60p C. comatus Kao 06jeKTa 3a I1Cnl1TI1Balbe YTl1uaja BaHa)l.aTa (44) ce 

HeMeTHYo Kao nOCJIe)l.Hua YTBpljeHI1X 6eHe!l>l1m Koje Y Ml1l1JII1MOJIapHI1M KOHueHTpaUl1jaMa HMa 

oBaj eJIeMeHT Ha nJIO)l.OHOCHO TeJIO rJbI1Be. .D.p ):I(11:flmn ce ca )l.pyre cTpaHe Y CBOjHM 

ny6JII1KaUHjaMa 6aBHo YTHuajeM BaHa)l.l1jYMa Ha pacT 11 Ha 6HoMacy MHUeJIHjYMa, Kao 06JII1Ka 

KOjH ce 6p)Ke pa3Bl1ja 11 HMa BenH npl1HOC O)l. caMor nJIO)l.OHOCHOr TeJIa, Te ce y CJIyqajy 

n03HTHBHHX e!l>eKam MO)Ke KOpHTHTH Kao peMe)l.HjaTop I1JIH reHepaJIHO y CBpXy pa3YMeBalba 

n03HTI1BHI1X Mem60JII1qKI1X e!l>eKaTa BaHa)l.HjYMa. Pe3YJITaTI1 cy nOKa3aJIH )l.a je 0)l.6paM6eHH 

MeXaHI13aM MHueJIHjYMa 3aCHOBaH Ha YCBajalby H CKJIa)l.l1lllTelbY Op"fHHaJIHe !l>0pMe BaHa)l.aTa, 

aJIH H Ha lbeHoj )l.eJIHMHqHoj pe)l.YKUHjH. H3HeHaljyjyne je lllTO 3a pa3JIHKy O)l. )l.PYfHX rJbHBa, 

OCHM pe)l.YKUHje, He )l.OJIa311 )l.0 npOMeHe HHHUHjaJIHe !l>0pMe BaHa)l.aTa KOjH oCTaje y CBOM 

MOHOMepHOM 06m1KY. NMR cneKTpocKonHjoM je YTBpljeHo )l.a Kao TaKaB, BaHa)l.aT YTHqe Ha 

npouec MeTa60JIH3Ma rnYK03e Y rJbHBH, a MOHOMep BaHa)l.aTa je )l.eTeKTOBaH Kao aKTHBHa !l>0pMa 

OBor eJIeMeHTa. CJIHqaH 0)l.6paM6eHH MeXaHI13aM MHueJIHjYMa Kao O)l.rOBOp Ha nOBHllleHY 

KOHueHTpaUHjy BaHa)l.aT Y OKOJIHHH je onHcaH KO)l. TaKCOHOMCKH CpO)l.He rJbHBe C. truncorum 

(ny6JIHKaUHja 47 H caonlllTelbe 51) 0 KOjOj ce !l>113HOJIOlllKH nO)l.aUH 6HJIH rOTOBO He)l.OCTynHH. 

OBa rJbHBa je y eKcnoHeHUHjaJIHoj !l>a3H pacTa aKYTHHM )l.O)l.aBafbeM BaHa)l.am npe)KHBJbaBaJIa 

HnaK )l.ynJIO Beny KOHueHTpaUHjy BaHa)l.aTa, )l.OK je )l.O)l.aBalbe BaHa)l.am y Me)l.HjYM Ha nOqeTKY 

npoueca pa3Boja MHueJIHjYMa HMaJIO BenH e!l>eKaT Hero KO)l. C. Comatus, KOjH je npe)KHBJbaBaO 

Bene KOHueHTpaUHje I1HHUHjaJIHO )l.O)l.aTOr BaHa)l.aTa. MeXaHH3aM 0)l.6paHe C. truncorum ce 

BHllle OCJIalba Ha pe)l.yKUHjy Hero Ha CKJIa)l.HlllTelbe BaHa)l.HjYMa y OKCH)l.aUHOHOM cTalbY +5, a 

!l>pYKT03a 6-!l>oc!l>aT je H)l.eHTH!l>HKoBaH Kao !l>o!l>aTHH lllenep qHja je KOHueHTpaUHja HarJIO 

nOBenaHa aKyTHHM )l.O)l.aBalbeM MHJIHMOJIapHHX KOHueHTpaUHja BaHa)l.am y eKcnoHeHUHjaJIHoj 

!l>a3H pacTa MHueJIHjYMa. 

YCBajalhe H HHTpaueJIyJIapHH MeTa60JIH3aM nOTeHUHjaJIHO lllTeTHHX 06JIHKa noje)l.HHHX 

eJIeMeHaTa y MHueJIHjYMY rJbHBe P. blakesleenus, Te 6eHe!l>HTH KOjH Mory npOHCTenH 

npouecyl1pafbeM YHeTHX eJIeMeHaTa O)l. CTpaHe rJbHBe, je 06JIaCT HCTpa)KHBaqKHX aKTHBHOCTH 

KOjOM ce )l.P MHJIaH ):I(H)KHn 3anoqeO 6aBHTH y nepHO)l.y npe CTHUafLa 3Balha BHlllH HayqHH 

Capa)l.HHK. TaKO ce KaH)l.H)l.aT y caonlllTelhHMa 52, 53, 61 H 68 6aBH HcnHTHBalheM O)l.rOBOpa 

HeeH311MCKHX H eH3HMCKHX KOMIIOHeHTI1 aHTI10KCH)l.aTHBHOr CHCTeMa MHueJIHjYMa rJbHBe P. 
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blakesleenus Ha H3JlO)l(eHOCT nOBenaHHM KOHueHTpaUHjaMa BaHa).1,aTa y Pa3JlH'IHTHM 

CTa).1,HjYMHMa paCTa. Da).1, y ca).1,p)l(ajy <peHOJla H rnYTaTHOHa je 3a6eJle)J(eH HaKOH 1 h H3JlaralM 

TpeTMaHY, ).1,OK je nopacT Y aKTHBHOCTHMa O).1,peljeHHx aHTHOCH).1,aTHBHHX eH3HMa 3a6eJle)J(eH 

HaKOH UITO je ).1,ejcTBo BaHa).1,aTa npO).1,Y)J(eHo Ha 5 h. HHTepecaHTHo je ).1,a HH HajBena npHMelheHa 

KOHueHTpaUHja 0).1, 10 mM BaHa).1,aTa HHje HMaJla 3Ha'IajHo TOKCH'IHO ).1,ejcTBo Ha MHueJlHjYM 

rJbHBe. 

MeTa60JlH3aM CeJleHa KOjH Y MHKpoKoHueHrpaUHjaMa npe).1,CTaBJba eceHUHjaJlHH 

eJIeMeHT 3a eYKapHoTe ).1,OK ca ).1,pyre cTpaHe Y 06JlHKY Se(IV) H Se(VI) COJlH npe).1,CTaBJba 

onaCHOCT 3a o).1,BHjalhe HOpMaJlHOr )f{HBOTHOr UHKJlyca je HcnHTHBaH y ny6JlHKaUHjH 38, 

KopHcTenH IImpoK cneKTap CHHXPOTPOHCKHX H aHaJlHTH'IKHX Jla60paTopHjcKHx MeTO).1,a. 

YTBpljeHo je ).1,a rJbHBa HMa cnoc06HoCT YCBajalha Se(IV) KOjH ce HHTpaUeJlyJIapHO 

TpaHc<popMHIlle y HeTOKCH'IHH eJleMeHTapHH CeJleH y 06JlHKy HaHO'IeCTHUa, Kao H y HCnapJbHBY 

<P0PMY MeTHJlHCaHOr cYJl<pH).1,a OBor eJIeMeHTa. Pe3YJlTaTH 0 Pa3JlH'IHTHM CTpyKTypHHM H 

OKCH).1,aUHOHHM 06JlHUHMa CeJIeHa y rJbHBH ).1,06HjeHH XANES cneKrpocKonHjoM npe).1,CTaJbajy 

KopaK Hanpe).1, y paCBeTJbaBalhY, HapO'IHTO MeTHJlHCaHHX, CeJleHOBHX je).1,Hlhelha OBOM MeTO).1,OM. 

i1MajynH y BH).1,y 3Ha'Iaj H CJlO)J(eHOCT CHHMalha MeTHJlHCaHHX CeJleHOUHX je).1,Hlhelba OBOM 

TeXHHKOM cneKTap HCnapJbHBOr je).1,Hlhelha ).1,eTeKTOBaHor y P. blakesleenus y YBpIllTeH y 6aHKY 

CneKTapa HCTpa)l(HBa'IKe CTaHHue XAFS Ha CHHXPOTPOHY "Elettra" Kao npBH TaKaB ).1,06HjeH Ha 

Ihoj. BHOJlOIllKH 3HaLJaj ).1,06HjeHHx pe3YJlTaTa y oBOj ny6JIHKaUHjH H).1,e y BHIlle cMepoBa. DPBH 

ce THLJe MorynHocTH npe)KHBJbaBalha y YCJlOBHMa BHCOKe KOHueHTpauHje Se(IV), ).1,OK cy ).1,pyra 

).1,Ba Be3aHa 3a pe3YJlTaTe MeTa60JlH3Ma CeJleHa yHyTap neJlHje H O).1,HOCe ce Ha pe).1,YKUHjy ).1,0 

HCnapJbHBOr 06JlHKa CeJIeHH).1,a H IllTO je HajBa)I(HHje Ha HeTOKCHLJHe aMop<PHe <popMe Se(IV)

HaHOLJeCTHua cpe).1,lhe BeJlHLJHHe 0).1, CBera 95 HaHOMeTapa, LJHMe ce KaH).1,H).1.yje Kao nOTeHLtiaJlHH 

6Ho-npoH3BoljaLJ HaHOLJeCTHua MaJlHX ).1,HMeH3Hja Koje ce ).1,aHaC KopHcTe Kao 6HceH30pH y 

contrast imiging-y H Kau drug-delivery al't!HT. HHTepecaHTHo je )J,a ce MeTa6oJlM<n<e 

TpaHc<popMaUHje CeJIeHa H3 npB06HTHor TOKCHLJHOr y eJleMeHTapHH 06JlHK ).1,eIllaBajy npH 

BHIllHM KOHueHTpaUHjaMa OBor eJleMeHTa Ka).1,a ce npeBa3Hlje KanaUHTeT rJbHBe ).1,a ra 

MeTa60JlHIlle npHMapHHM nYTeM. TYMaLJelheM 06JlHKa HaHOLJeCTHua ce 6aBH caonIllTelhe 48 

caMH MeTa60JlH3aM CeJleHa npe).1,CTaBJbeH je H y caonIllTelhY 49. ).1,OK ce O).1,roBOP eH3HMa 

OKCH).1,aTHBHOr CTpeca H npOMeHe y MeTa60JlH3MY I'Jty'raTHOHa 6HOXCMHjCKHM MeTO).1,aMa 
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onHcyje y caomIlTelbHMa 63 H 65. HaKoH YTBp1)HBalba o,LI.roBapajyher BpeMeHcKor oKBHpa y 

KojeM ce MeTa60JIH3aM CeJIeHa nOCpe,LI.cTBoM rJbHBe MeTa60JIHWe ,LI.O onHcaHHX CPOpMH, y 

caonwTelbY 54 MeTO,LI.OM ETIP je npaheHa HHTpa~eJIyJIapHa MO,LI.HcpHKa~Hja THOJIHHX rpyna 

nOCpe,LI.CTBoM RSSR ETIP np06e y Pa3JIHY.HTHM HHH~HjaJIHHM KOH~eHTpa~HjaMa Se4(IV) H 

YTBp1)eHo je ,LI.a ce npoMeHe y KOH~eHTpa~HjaMa THOJIHHX je,LI.Hlbelha ,LI.ewaBajy Beh npH 0.5 MM 

Se(IV), a ,LI.a MaKcHMYM ,LI.OCTH)Ke Beh HaKOH H3JIO)KeHOCTH 1 mM Se(IV). OBO YKa3yje ,LI.a cy 

THOJIH YKJbyy.eHH y MeroOJIH3aM CeJIeHa HJIH ,LI.HpeKTHO HJIH HH,LI.HpeKTHO Kp03 HeYTPaJIH3a~Hjy 

peaKTHBHHX KHCeOHHy.HHX BpCTa HaCTaJIHX YCBajalbeM TOKCHy.Hor 06JIHKa ceJIeHa. MoryhHocT 

CTBapalba mra-OMCKe OTnopHOCTH MeTO,LI.OM HaMeTHYTe BOJITa)Ke je HcnHTHBaHa y caonwTelbY 

50 KO,LI. npOTOnJIaCTa HCTe rJbHBe ,LI.06HjeHHx JIaCepCKoM a6JIa~HjoM heJIHjcKor 3H,LI.a. 

PereHepa~Hja heJIHjcKor 3H,LI.a y eKcnepHMeHTHMa je 6HJIa ycnewHa caMO y cJIyy.ajeBHMa HHCKe 

KOH~eHTpa~Hje ATTI-a (a,LI.eH03HH 3 cpoccpaT), WTO je nOCTH3aHO TpeTMaHOM a3H,LI.OM, a ecpeKaT 

je npaheH 31 P NMR. Pe3YJITaTH cy nOKa3aJIH ,LI.a, OCHM KOH~eHTpa~Hje A TTI, ycnewHocT MeTO,LI.e 

3aBHCH H O,LI. ,LI.HMeH3Hja caMor npOTOnJIaCTa. 

3.5. Pa3Boj CHXPOTPOHCKHX MeTO,LI.a MHKpocKonHje 

TIy6JIHKa~Hja 43 ,LI.OHOCH nHoHHpcKe pe3YJITaTe Ha Pa3BOjy CHCTeMa MHKpocKonHje 

KopHwheH>eM CHHXPOTPOHCKHX H3Bopa 3pay.elba, CBe wHpe 3acTynJbeHe y ManHpalbY eJIeMeHaTa 

H ,LI.06HjalbY MOpcpOJIOWKe CJIHKe 6HJIOWKHX Y30paKa (Ha HHBOY HajMalbHx heJIHja) y 

YJITpaBHcoKoj npocTOpHoj pe30JIY~HjH. Y pa,LI.y je onHcaHa ycnewHa HHCTaJIa~Hja CHCTeMa AFM 

(atomic force microscope) Ha TwinMic HCTpa)KHBay. KOj CTaHH~H CHHXpOTpOHa "Elettra" y 

Tpcry, H npBH CHHM~H KOjH je,LI.HHM CHonOM cpOTOHa y npocTOpHoj pe30JIY~HjH O,LI. CBera 

HeKOJIHKO HaHOMeTapa nOBe3yjy CKeHHpajyhy TpaHCMHCHOHY peH,LI.reHCKY MHKpocKonHjy 

(STXM), ca PeHTreHCKOM cpJIyopec~eHTHOM MHKpocKonHjoM (XRM) H AFM-OM. AFM CHCTeM 

3a ,LI.06Hjalbe CJIHKa BHCOKe pe30JIY~Hje ce npeTe)KHO KOpHTH y 06JIaCTH BH,LI.JbHBe CBeTJIOCTH, 

,LI.OK je cHTya~Hja ca peHTreHCKHM 3pa~HMa Kao H3BopHMa cpOTOHa CJIO)KeHHja 360r IbHXOBe 

,LI.pyray.Hje HHTepaK~Hje ca MaTepHjoM. Y CHHXPOTPOHCKOj KOHCTaJIa~HjH AFM nOJIyra ce 

KOPHCTH Kao MHHH ,LI.eTeKTOp 3a ,LI.06Hjalbe TonorpacpCKHX HHcpopMa~Hja He,LI.OcTynHHx y 

CHCTeMY ,LI.HpeKTHe ,LI.eTeK~Hje peHTreHCKHM 3pa~HMa. AFM CHCTeM je y CPa3H npBHX 

eKcnepHMeHTaJIHHX pe3YJITaTa HHCTaJIHpaH Ha HeKOJIHKO CHHXPOTPOHCKHX HHCTpYMeHTa~Hja, 

aJIH OHO IlJTO I13,L1.Baja HHCTaJIHpan..e AFM HIl "TwinMic" HCTpmICHBIly.Koj CTaHH~H je: 1. 
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KopHwfielhe Y 06naCTH HHCKOeHepreTCKHX peHTreHCKHX <pOTOHa, WTO ce eKCnepHMeHTH, 360r 

,n:OMHHaHTHHje HHTepaKQHje 3paqelha Y O,n:HOCY Ha OCTane H3 06naCTH peHTreHCKor 

eneKrpOMarHeTHOr cneKTpa, ca 6HonOWKHM MarepHjoM (eHepmje Be3e cy pe,n:a BenHqHHe 

TanaCHe ,n:Y)KHHe OBor 3paqelha), H3Bo,n:e no,n: BHCOKHM HanOHOM a TO 3a na6HJIHH CHcreM 

,n:eTeKQHje AFM CHCTeMa npe,n:CTaBJba BenHKH H3a30B. 2. HHCTanaQHja CHCTeMa Y npocTopy 

H3Me1)y nocne,n:lher OnTHqKOr HHCTpYMeHTa (Fresnel zone plate, HaMelheHor 3a <PoKycHpalhe 

3paKa) H y30pKa, WTO OCTaBJba npOCTOp 3a HCTOBpeMeHO KopHwfielhe CHCTeMa 3a peH,n:reHCKY 

<pnyopeCQeHTHY MHKpocKonHjy H CKeHHpajyfiy TpaHCMHCHOHY MHKpocKonHjy. OBaKaBHM 

CHCTeMOM ce, OCHM 3anHca y BHCOKOj pe30nYQHjH, 6HOJIOWKH y30PQH, ceH3HTHBHH Ha 

oWTefielha HaCTana H3naralheM peHreHCKHM 3paQHMa, WTHTe o,n: npeKOMepHe H3nO)l(eHOCTH 

OBHM 3paQHMa ,n:06HjalheM no,n:aTaKa y caMO je)1,HOM H3naralhY H cpafiHBalheM BpeMeHa 

H3naralha Y30pKa no nHKceny. 

KOM6HHaQHjoM CHHXporpOHCKHX MeTo,n:a XRM H FTlR cneKTpOMHKpocKonHje je, y 

ny6nHKaQHjH 46, HcnHTHBaH YTHQaj CHHXPOTpoHcKor 3paqelha Ha MOP<P0JIOWKe H 6HoxeMHjcKe 

KapaKTepHCTHKe y y30pKy KyKypy3a, KOjH je 3a cBpxe Mepelha npHI1peMaH 6p3HM H ,n:y60KHM 

3aMp3aBalheM y Tel-lHOM eTaHy. 0BaKaB HaqHH npHnpeMe, 6e3 ynoTpe6e xeMHjcKHx peareHaca, 

oMoryfiaBa Befiy oTnopHocT Y30paKa H3JIO)l(eHHX peHTreHcKHM 3paQHMa y O,n:HOCY Ha MeTo,n:e 

<PHKCaQHje Pa3JIHQHTHM xeMHJcKHM <pHKcaTopHMa, a HapOqHTO y norJIe,n:y OQYBalha 

QeJIOBHTOCTH yHyTpawlhHx MeM6paHa H reHepallHo MOP<P0JIOWKHX KapaKTepHcTHKa. TaKo1)e, 

nOKa3yje H MalhH e<peKaT y ,n:e3HHTerpaQHjH Ba)l(HHX 6HOJIOIllKHX MaKpOMOJIeKYJIa. CBe OBO je 

Ba)l(HO y CBpXy npaBHJIHe npHMeHe CHHXPOTPOHCKHX MeTO)1,a H npaBHnHor TYMaQelha pe3ymaTa 

KojH Hefie, Ha npHMep, 360r HapYilleHOCTH YHYTapfienHjcKHx CTpYKTYpa ,n:OBeCTH ,n:o 

HapywaBalha jOHcKor 6aJIaHCa y fieJIHjH HJIH TKHBY H3a3BaHOr caMOM MeTo,n:OM. Y ny6nHKaQHjH 

46 je, HaKOH ManHpalha Y30pKa peHreHcKoM <pJIyopeCQeHTHOM MHKpocKonHjoM, npafielhe 

npoMeHa Ba)l(HHX 6HOJIOWKHX MOJleKYJIa Kao nOCJle,n:HQa H3JIaralha 3paQHMa H3Be,n:eHO 

npocTopHO H eHepreTcKH OCeTJbHBOM FTlR HH<ppaQPBeHOM cneKTpoMHKpocKonHjoM 6a3HpaHOM 

Ha CHHXPOTPOHCKOM H3BOPY HH<ppaQPBeHOr 3paQelha. HapOQHTO je 6HTHO ,n:a cy 

HHcKoeHepreTcKH peHTreHcKH 3paQH (MeTo,n:a XRM) Bpno e<peKTHBHH y pa3apalhy 

YHYTapfieJIHjcKHx je)1,Hlhelha 360r BHCOKor aTOMCKor <paKTopa anCOpnQHje, Tj BepOBaTHofie 

a6COpnQHje OBHX 3paKa o,n: CTpaHe MoneKYJIa, QHMe ce eneKTpoHH, KOHcTHTyeHTH xeMHjcKHx 
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Be3a oCJI06aljajy M HapymaBajy CTpyKTypy CBOjHX 0PHrMHaJIHHX, M nOCTaJY nOTeHUHjaJIHa 

OnaCHOCT 3a ~pyre MOJIeKYJIe y neJIHjH. Pe3YJITaTH cy nOKa3aJIH npOMeHe y CBHM ~eJIOBHMa 

npeCeKa KOpeHa KOjH cy y eH~O~epMHcy, KOpTeKCY H BaCKYJIapHHM TKHBHMa HeWTO ~pyralJHje y 

O~HOCy Ha OHe y enH~epMHcy, H TO npBeHCTBeHO y CTeneHY pa3rpa~Fhe JIHrHHHa. 3a pa3JIHKy O~ 

xyMaHHx H )KHBOTHFhCKHX Y30paKa, HajBa)KHHje 6MoxeMHjcKe npOMeHe ce ~emaBajy y 

CTPYKTyPH yrJheHHX XH~paTa KOjH KaO KOHcTHTyeHTH neJIHjcKor 3H~a H npe~CTaBJhajy npBy 

JIHHHjy 0~6paHe O~ CTpeCOpa. HaKoH H3JIaraFha peHTreHCKHM 3paUHMa jacHa je pa3rpa~Fha 

JIHrHO-ueJIYJI03HHX KOMnJIeKCa Koja je no~p3yMeBaJIa pa3rpa~Fhy ueJIYJI03e, XeMHueJIYJI03e H 

~eJIHMHlJHO JIHrHHHa. OCHM TOra, ~eJIHMHlJHe, aJIH He TaKO H3pa)KeHe, npOMeHe ce ~ewaBajy H y 

CTpyKTypH npOTeHHa. Je~HOM HH~yKoBaHe CTpyKTypHe npOMeHe Koje HaCTajy no~ YTHuajeM 

3palJeFha ~HpeKTHO HJIH Kp03 npOH3Bo~Fhy peaKTHBHHX KHCeOHHlJHHX BpCTa He H3a3HBaJY 

JIaHlJaHH etPeKaT KOjH 6H nOTeHUHjaJIHO 6HO Y3pOKOBaH npO~YKUHjOM CJI060~HHX pa~HKaJIa, Ben 

H HaKOH ] 0 ~aHa nOKa3yjy HCTH 6HoxeMHjcKH o~rOBOp. Ynope~o je npaneHa H peaKUHja Ha 

Y30paK 060raneH Si HaHOlJeCTHuaMa, Kao MorynHM npOMOTepHMa pa3rpMFhe noje~HHHx 

CTpyKTypHHX lJHHHOua H YTBpljeHa je npOMeHa y CTeneHY pa3rpa~Fhe JIHrHMHa y O~HOCy Ha 

Y30paK KOjH HHje ca~p)Kao HaHOlJeCTMue. feHepaJIHO, MexaHH3aM peaKUHje 6HJhHOr Y30pKa je 

~pyralJMjH H no BpCTH H no CTeneHY O~ aHMMaJIHHX M XYMaHHX Y30paKa, WTO je ~OHeKJIe M 

OlJeKMBaHO C 063HPOM Ha MOPtP0JIOWKe pa3JIHKe Meljy FhHMa. CTora M caM HaqHH npHnpeMe M 

KopHwneFhe HHCTpYMeHTaUHje Mopa 6MTH npHJIaroljeH, a pe3YJITaTH TYMalJeHM y CKJIMY ca 

oc06HHaMa caMor CHCTeMa. 

CaonwTeIbe 56 6aBH ce HOBHM npMcTynoM y TpeTHpaFhY TyMopa rJIH06JIaCTOMa H 

reHepaJIHO je opMjeHTHcaH Ha MorynHocT npHMeHe HOBe BpCTe TepanHje tP0KycHpaHe Ha 

HH~HBH~yaJIHe cJIYlJajeBe, ca noce6HHM aKueHTOM Ha xeTeporeHe THnOBe TyMopa. Y TOM UHJhY 

je HcnHTHBaHa MeTo~a reHepHcaFha JIHnH~HMX MarHeTHHXHaHOBeKTopa y Koje cy 

HHKopnopHpaHe HaHOqeCHiUe rBOJKlje II OKCH~a, a Koje cy 06JIO)KeHe neJIHjcKoM MeM6paHOM 

neJIHja TyMopa M30JIOBaHHX H3 naUHjeHaTa. MeTO~OM peHTreHCKe <pJIyopecueHTHe 

MHKpocKonMje je o~peljeHa ycnemHoCT H cTa6MJIHOCT OBor npoueca ~eTeKUHjoM 11 

o~peljHBaFheM ~HCTPH6YUHje rBOJKlja H FherOBOM KOJIOKaJIH3aUHjoM ca KHceOHHKOM y3 

HCTOBpeMeHO npaneFhe MOP<P0JIOWKHX KapaKTepHCTHKa CHCTeMa ca aKueHTOM Ha npaneFhe 

HHTerpHcaHOCTH MeM6paHCKe KanCYJIe. YTBpljeHa je TaKolje cTa6HJIHOCT caMHX npOTeHHa 
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ftenHjcKe MeM6paHe y TOKY npou.eca reHepHCalba CHCTeMa, KaO je)],HOr 0)], 6HTHHX npe)],ycnoBa y 

HHTepaKu.HjH HaHOLJeCTHu.a ca peu.emOpHMa ftenHja TyMopa. 

4. KBaJIHTeT H3HaQajHocT 06jaBJheHHX pMoBa: 

CBH pa)],OBH )]'P MHnaHa )l{mKHfta u.HTHpaHH cy 109 nYTa 0)], cTpaHe )],pymx ayTopa h

HH)],eKC 8(7). 
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HaRe,neHe ny6JIHKaJ:~Hje y CBaKOM norJIe)1,y npe)1,CTaBJbajy KopaK BHmc y 

MYJITH)1,HClJ,HnJIHHapHHM 06JIaCTHMa KqjHMa npHna)1,ajy H CBaKa Ha CBOj HaLfHH HMa noce6aH 

)1,OnpHHOc y 6aBJbeHY KOHKpeTHHM np06JIeMHMa. .I(p )KH)KHn je y peaJIH3alJ,HjH CBHX pa)l,oBa 

HMao KJbyLfHy eKcnepHMeHTaJIHY yJIory H3 HajcaBpeMeHHjHx MeTO)1,a 6a3HpaHHX Ha 

CHHXPOTPOHCKOM H3BOPY 3paLfefha, )1,OK je y CBaKOM noje)1,HHaLfHOM pa,Uy ca Pa3JIHLfHTHX 

acneKaTa )1,aBaO MyJITH,UHClJ,HnJIHHapHH npHcTyn np06JIeMY. TaKo je y ny6JIHKalJ,HjH 6poj 1. 

npBH ayTop H BO)1,enH eKcnepHMeHTaTOp y BHme eKcnepHMeHTa;lHHX TeXHHKa, a yje,UHo H 

opraHH3aTOp H eKcnepHMeHTaTop y )1,eJIY Y3rajafha H npHupCMC OHOJlOlllKOl' y:mpKa Koje je 

no,Upa3YMeBaJIO Pa3JIHLfHTC npHcTync Y CKJLa)J,Y ca 3aXTCBHMa KopHmneHc 6HO<pH3HLfKC 

MCTO)1,C. OBO jc jC)1,aH 0,U BPJIO PCTKHX npHcryna np06JIeMaTHlJ,H CJIO)KCHHX 06JIHKa CCJICHa y 

6HOJIOmKHM cHcTeMHMa jep 3aXTCBa KOM6HHalJ,Hjy aJIaTa y npHMCHH pCHTreHcKe 

ancopnlJ,HoHC cneKTpocKonHjc, KOjH jc ca )1,pyre cTpaHC HajnpClJ,H3HHjH npHcTyn 3a aHaJIH3Y 
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CTPYKTYpHHX OCOfiHHa MeTafiOJIHCaHOr CeJIeHa. 0 3Ha4ajy pe3y JITaTa roBOPH H 4HlbeHHl.(a ,lI,a 

cy ,lI,OfiHjeHH XANES CneKTpH MeTHJIHCaHOr OfiJIHKa CeJIHHH,lI,a YBpIIITeHH y fiaHKY CneKTapa 

XAFS HCTpIDKHBa4Ke CTaHHl.(e Ha CHHXPOTPOHY "Elettra". Y nyfiJIHKal.(HjH fipoj 2. je no npBH 

nyT CTpyKTypHO onHcaH MyJITHBaneHTHH OfiJIHK MaHraHa y XeTepOreHOM Y30PKY r,ll,e je 

npHMeHOM ,lI,Ba OfiJIHKa peHTreHCKe anCOpnl.(HOHe cneKTpocKonHje (XANES H EXAFS) 

,lI,OfiHjeHa npel.(H3Ha CTpyKTypHa Q>opMa je,ll,Hlbefha y fiHOJIOlliKOM y30pKy Koja nO,ll,pa3YMeBa 

O,ll,pe1)HBafhe pe,ll,OKC CTafha, KOOp,ll,HHal.(HOHe reOMeTpHje, H,lI,eHTHQ>HKal.(Hjy JIHraHa,lI,a H 

O,ll,pe1)HBaIhe ,lI,y)l(HHe Be3a ancopfiep-JIHraH,lI,. CaM 3Ha4aj reHepHcafha OBor je,ll,Hlbefha y anm 

npe,ll,CTaBJba H,lI,eHTHQ>HKal.(Hjy Ha1.fHHa ,lI,eTOKCHKal.(Hje nYTeM fiHOJIOlliKOr opraHH3Ma, a ,lI,aje 

MorynHocT 11 .ll.aJbC npHMeHe Kp03 nOTCHl.(HjaJIIlY H3MeHY Kanl.(HjYMO y je.ll.HfhelbY co 

KaTjoHHMa eJIeMenaTa ptmmx ::seMOJLO, IIITO HMO orpOMOH 3Ha4oj y fiHoanCOpnl.(HjH OBI'IX 

eJIeMeHaTa. Y pa,ll,y fipoj 3. je HanpaBJbeH nHOHHpCKH KopaK y HHCTanal.(HjH je,ll,HHCTBeHor 

AFM CHCTeMa Ha HCTpa)l(HBa1.fKoj CTaHHl.(H "TwinMic" npBor TaKBor y CBeTy, KOjH HMa 

yJIory y ,lI,OfiHjafhY BHCOKe npOCTOpHe pe30JIYl.(Hje CJIHKa y fiHOJIOlIlKHM Y30pl.(HMa, cerMeHTY 

KOjH je no npHpO,ll,H npOfiJIeMaTH1.faH 3a HHCKoeHepreTCKe peHTreHCKe 3paKe. Ba)l(HO je ,lI,a ce 

y oBaKBoj KOHCTanal.(HjH, pacnope,ll, xeMHjcKHX eJIeMeHaTa y y30pKy H MOPQ>OJIOlIlKa CJIHKa 

Y30pKa ,lI,OfiHjajy HCTOBpeMeHO. EKcnepnl3a ,lI,p )J{H)I(Hna H3 OfiJIaCTH peHTreHCKe 

anCOpnl.(HOHe MHKpocKonHje H CKeHHpajyne anCOpnl.(HOHe MHKpocKonHje je fiHO je,ll,aH O,ll, 

HeH3fie)l(HHjHx KopaKa y OBOM npoll,ecy. nyfi.nHK(lJ\Hja fipoj 4 je H3afipaHa H3 pa3JIOra 

3aXTeBHOCTH Ha1.fHHa npHnpeMe fiHOJIOlIlKHX Y30paKa 3a CHHXPOTpoHcKa Mepefha, nocefiHo 

Ka,ll,a je pe4 0 fiHJbHHM CHCTeMHMa. KOMfiHHal.(HjoM ,lI,Be Pa3JIH4HTe MeTO,ll,e H ,lI,eTaJbHHM 

TeopeTcKHM ofijalIllhelbHMa npHpO.ll.e 6HoxeMHjcKHx npol.(eca Y y30PKY ,lI,p }J{H)I(Hn Y1.feCTByje 

y ,lI,eQ>HHHcaHY HHBoa oTnopHoCTH Y30pKa Ha 3pa4efhe HeOnXO,ll,HO 3a ,lI,OfiHjafhe 

KBanHTaTHBHO 6HTHHX HHQ>0PMal.(Hja, Kp03 noje,ll,HHa4HO onHCHBafhe MOJIeKYJIa KOjH 

Y1.fecTByjy y MexaHH3MY H ca ,lI,O,ll,aTHHM aKl.(eHTOM Ha npHcTyn y Ha1.fHHY npHnpeMe Y30pKa 

3a OBaKBe BpCTe eKcnepHMeHaTa. Y npHJIOr MYJITH,lI,HCl.(HnJIHHapHOM npHcTyny y 

npoY4aBafhY 6HOJIOlIlKHX, O,ll,HOCHO eKOJlOlIlKHX H3a30Ba KOjH npe,ll,CTaBJbajy HapacTajynH 

np06JleM caBpeMeHor ,lI,pYlllTBa H,lI,eHTHQ>HKoBoHa je l.IHTaBa rpyna je,ll,Hlhefha 3aCHOBaHHX Ha 

,lI,epHBaTHMa KyMapHHa y KojHMa je ,lI,p )J{H)I(Hn 6HO HOCHJlal.( H H3Bo1)a1.f eKcnepHMeHTanHor 

,lI,eJla. Kao Haj3Ha1.fajHHje nOCTHrHyne ce H3,l1,Baja pa,ll, 6poj 5. y KojeM cy ,lI,eTeKTOBaHa 
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opHfHHarIHa je}lHFhelha Koja nOKa3yjy 6HOnOllIKe 6eHe$HTe H y KojeM cy }laTe CMepHHu,e 3a 

CHHTeTI1CaFhe, Ha FhHMa 6a3l1paHHX, HOBHX je}lI1FheH>a ca jOllI 113paJKeHHjoM 

aHTHpa}lHKaJICKOM aKTHBHollIny. Y THM npou,eCHMa je H3Y3eTHO 3Ha4ajHo }la HOBOCTBopeHa 

je}lHFheFha nOKa3yjy Beny CTa611nHOCT O}l I1HHU,HjaJIHHX KYMapHHCKHX }lepHBaTa, llITO je 

HI111ITa MaFhe 3Ha4ajaH 6eHe$I1T, C 06311POM Ha np06neMe Koja OBa je}lHFheFha Mory 113a3BaTH 

y BO}leHHM eKOCI1CTeMHMa. 

5. KBaJlUTaTUBHu nOKa3aTCJhU U OUCHa HaY-IROr lI,onpUHoca: 

5.1 KBaJlUTCT U YTuuajHocT HaY-IHUX pC3YJlTaTa 

O}l n04eTKa cBoje Hay4He }lenaTHOCTH, }lP MHnaH )J{HJKHn je 6HO ayTop 11 KoaYTOp 71 

6H6mlOrpa$cKe je}lHHHu,e, O}l KOjl1X 27 je}lI1HI1u,a npe}lCTaBJba HaY4He pa}lOBe 06jaBJbeHe y 

4aCOnHCI1Ma (3xM2Ia, ) IxM2I, 10xM22; 3xM23). O}l1136opay 3BaFhe BI111I11 Hay4HH Capa}lHI1K 

ny6nl1KoBao jc 14 pa}lOBa y MeljYHapO}lHHM 4aCOnl1CHMa (3xM21 a, 7xM2I, 4xM22), 11 ) 8 

caonllITeFha (4xM33, 6xM34, 8xM64). 3611p HMnaKT $aKTopa 4aconHca y Kojl1Ma cy 

ny6nl1KoBaHH pa}lOBH HaKOH cTHu,aFha 3BaFha BI111IH Hay4HI1 Capa}lHI1K je 79,95, }lOK je yKynaH 

I1MnaKT $aKTop y }lOCa}lallIFheM pa}lY yKynHo 113. Pa}lOBI1 Ha Kojl1Ma je KaH}lH}laT 6110 ayTop 

HnH KoaYTop }l0 ca}la cy u,HTHpaHH 109 nym, a h-HH}lex HMa Bpe}lHOCT 8(7) (113BOp SCOPUS 

6a3a). 

5.2. CaMOCTaJlHOCT v pall,v 

,[(p Ml1naH )J{11)1{Hn je OCTaBpHO BHCOK HHBO CaMOCTaJIHOCTI1 y pa}lY H }lOCTHrao nyHy Hay4Hy 

'3peJIOCT. JJ.p )J{1'Dlmn je KJbyTIHH TIJ1aH MynTH}lHcu,ImmmapIII1X UfMona y KojlfMa yqeCTByje r}le 

CBOjOM eKcnepTI130M y 06naCTH pUJnH4HTHX $H3H4IUlX H 6HO$H3H4IOIX MeTO}lU }lOnplIlIOCH 

a}leKBaTHOM nplfcTynaFhy IfCnl1THBaFhI1Ma 6HonOllIKI1x CIfCTeMa, a CBOjlfM n03HaBaFheM 

61f0nOllIKI1x CHCTeMa }lOnpIfHCI1 Pa3BOjy HOBHX annHKau,l1ja coqmcTI1u,HpaHIfX $1f3H4KI1X 

MeTO}la. ,[(p )J{I1JKl1n Y4ecTByje y OCMI111IJbaBaFhY eKcenpl1MeHaTa, aHaJII1311 pe3ynamT 11 nl1caFhY 

pa}lOB3. 0 BI1COKOM HIfBOY CaMOCTaJIHOCTIf KaH}lI1}lam rOBopH H 4I1TaB HI13 npojeKaTa KOjI1 cy 
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My 0,lJ,06peHI1 y Ha:3HalIajHl1jI1M eBpOnCKI1M CI1HXpOTpOHCKI1M l.{eHTapl1Ma KaO 11 nOCJIe,lJ,OKTOpCKI1 

aHra:JKMaH Ha CI1HXpO'lpOHy Elettra y MnuII1jl1. 

5.3 PYKoBoljefbe npojeKTHMa, nOTnpojeKTHMa H npojeKTHHM 3aJ!auHMa; yqewl'ie y 

peaJlH3aUHjH HayqHHX npojeKaTa H aHraiKOBafbe Y PYKoBol)efbY HayqHHM paJ!oM 

.up MI1JlaH )l(11:JKl1n je ,lJ,0 ca,n:a YlIeCTBOBao y peaJIl13al.{l1jl1 HeKOJII1KO Hal.{110HaJIHI1X npojeKaTa 113 

06JIaCTI1 OCHOBHI1X I1CTpa:JKI1BaI-ha, Koja cy <PI1HaHCl1paHa O,n: CTpaHe MI1HI1CTapCTBa npOCBeTe, 

HaYKe 11 TeXHOJIOlllKOr pa3Boja Peny6JII1Ke Cp6l1je: 

• 	 2003-2006, "MeM6paHe 11 anOnJIaCT: YJIora y CnOJhallll-heM 11 OKCI1,lJ,aTI1BHOM cTpecy 11 

6110xeMI1jcKoj perYJIal.{l1jl1 CI1MnJIaCTa"npojeKaT 1934 

• 	 2006-2010. "6I10<p113111IKa I1CTpa:JKI1Bal-ha MeM6paHCKI1X npol.{eca: I1HTepaKu,l1ja 

MeM6paHCKI1X peu,enTopa 11 KaHaJIa ca CnOJhallll-hI1M <PaKTOpl1Ma 11 I1HTpal.{eJIyJIapHa 

opraHI13au,l1ja"- npojeKaT 1430166 

2011-2019 ro,n:I1He je aHra:JKOBaH Ha npoJeKry MI1HI1CTapCTBa 3a HayKy 11 

TeXHOJIOlllKI1 Pa3BOj Peny6JII1Ke Cp611je 6poj OM 173040 no,n: Ha3I1BOM "MHTepaKu,l1ja 

MeM6paHa ca YHYTapneJIl1jcKI1M 11 anOnJIaCTl1lIHI1M npocTopOM: 113YlIaBal-he 6110eHepreTI1Ke 11 

Cl1rHaJII13al.{l1je KOpl1CTenl1 6110<p113111IKe 11 6110xeMI1jcKe MCTo,n:e ". Y OKBI1PY OBor npojeKTa 

,n:p )l(l1iKl1n je PYKOBO,n:110 npojeKTHI1M 3a,n:au,I1Ma I1CnI1TI1BaJ-ha 6110JIOIIIKI1X <PYHKu,l1ja, pe,n:oKc 

CTaI-ha 11 cTpyKTypa BaHa,n:l1jYMa y Pa3JIl1lII1TI1M BpcTaMa rJhI1Ba npl1MeHOM cneKTpocKoncKHx 

MeTo,n:a (npHJlOr 1) . 

.up )l(H)Kl1n je YlIeCHI1K npoJeKTa "Microalgae for biosynthesis of metal cluster 

compounds" KOjH ce 06aBJba y CKJIOny nporpaMa TIPM3MA, 11 lla IwjeM je 3a,n:YJI(en 3a 

npOJeKTHe 3a,n:aTKe: 

SA2.2. Determine the oxidation states, ligands and coordination geometries of 

biosynthesized Mn and Cu clusters using XAFS methods XANES and EXAFS, and/or 

XRD,11 
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SA2.3. Determine the oxidation states, ligands and coordination geometries of 

biosynthesized Fe clusters using XAFS methods XANES and EXAFS, and/or XRD (npHJIOr 

1) 

KOjH ce 6aBH CTPYKTypHOM aHanH30M Mn, Cu H Fe KnaCTepa y MHKpOaJIraMa npHMeHoM 

HajcaBpeMeHHjHx cneKTpocKoncKHx MeTO,11.a. 

,IJ.p MHnaH )l(H)KHn je Y4ecHHK HeKOJIHKO npojeKaTa Ha CHHXPOTpoHHMa "Elettra" (HranHja), 

"Swiss Light Source" (SLS) (IilBaju,apcKa), "European Synchrotron Radiation Facility" ( ESRF) 

(<DpaHIJ,yCKa) i ALBA (IllnaHHja) Ha KojHMaje 6HO npe,11.JIara4 HJIH rJIaBHH HCTpa)KHBa4: 

• 	 Structural determination of Se in the fungus Phycamyces blakesleeanus" 

HCTpa)KHBa4Ka cTaHHu,a XRF, CHHXpoTpoHa "Elettra" , TpCT, HTaJIHja, OKTo6ap 

2020. (npojeKaT 20200229) 

• 	 Mechanisms of detoxification of high manganese concentrations by ChIarella. 

Hcrpa)KHBa4Ka cTaHHu,a XAFS, cHHxporpoHa"Elettra", TpcT, HTanHja, OKTo6ap 

2021. (npojeKaT 20210133) 

• 	 Compartmentalization ofSe in the mycelium of the fungus Phycamyces 

blakesleeanus. HCTpa)KHBa4Ka cTaHHu,a TwinMic, CHHXpoTpoHa "Elettra", TpcT, 

HTaJIHja, JYH 2022. ( npojeI{aT 20225122) 

• 	 Coordinate and redox aspect of nickel metabolism in ChIarella. HCTpa)KHBa4Ka 

cTaHHu,a XRF, cHHxpoTpoHa"Elettra", TpcT, HTaJIHja, MapT 2022 (npojeKaT 

20215092) 

• 	 Mechanisms of cytotoxic effects of biliverdin(BV)-copper complex in human cancer 

cells (malignant glioblastoma cell line). HCTpa)KHBa4Ka cTaHHu,a microXAS, 

CHHXPOTPOH "Swiss Light Source (SLS), Paul Scherrer Institute", BHJIHreH, 

lllBaju,apcKa, <De6pyap 2022. npojeKaT 20211995) 

• 	 The map of detoxification of manganese and nickel in microalgae. IstraZivacka 

stanica ID I 6a, CHHXpOTpOHa ESRF, rpeHo6n, <DpaHIJ,yCKa, ,IJ.eu,eM6ap 2023. 

(npojeKaT ev-529) 

• 	 X-ray spectro-microscopy studies of vanadium reduction processes in Phycomyces 

blakesleeanus" HCTpa)KHBa4Ka cTaHHu,a "microXAS" CHHPOTPOH Swiss Light Source 
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(SLS), Paul Scherrer Institute", BHJ1HreH, lllBajl(apcKa, AnpHJ1 2014 (npojeKaT 

20132180) 

• 	 Metabolic response of different cell types in the green phase of microalga 

Haematococcus pluvialis to high Ni(II) concentrations. HCTpa)KHBaqKa CTaHHl(a 

MIRAS, CHHXpoTpoHa ALBA liapCeJ10Ha, lllnaHHja, 2022 (npojeKaT 2022025640) 

YqeCHHKje HrnaBHH eKcnepHMeHTaTop npojeKTa: 

• 	 Quantitative mapping of metals in KI mouse model of Alzheimer's disease treated 

with synthetic neuroactive steroid, HOBeM6ap 2023 (npojeKaT 20230235) 

y KojeM je cY)J,eJ10BaO YnOKpeTalbY npBor HCTpa)KHBal.JKOr npojeKTa HayqHHKa ca HHCTHTYTa 

3a 6H0J10llJKa HCTpa)KHBalba CHHHllla CTaHKOBHh Ha CHHXPOTPOHY "Elettra", KOjH je, OCHM 

Tora, H HcnelliHO npolliao eBaJ1yal(Hjy HH3Be)J,eH je nOqeTKOM HOBeM6pa 2023. ro)J,HHe, Kao H 

yqeCHHK npojeKTa: 

• 	 Tracing labelled microplastics in a human placental model by a combination of X-Ray 

and ion Spectroscopies, HCTpa)KHBal.JKa CTaHHl(a "TwinMic" CHHXpoTpoHa "Elettra" H 

HHCTHTYT "Pyljep liOlliKOBHh" , 3arpe6, XpBaTcKa (npojeKaT 20227115) 

Y OKBHPY n03HBa CERIC-ERIC 6HO je npe)J,J1araq npojeKaTa M3Be)J,eHHX 2023. ro)J,HHe HTO: 

• 	 The conformation of tetracyclines in polar solvents and interactions with Fe(III). 

second half of the yearNMR centar Slovenija, Hemijski institut, Ljubljana, Slovenia, 

Novenbar 2023 (npojeKaT 6poj 20222049) 

• 	 Metal induced effect on (poly)phosphate contents in microalgae, second half of the 

year. NMR centar Slovenije, LjUbljana, Slovenija, Novembar 2023. (npojeKaT 

202220449) 

Ko-npe)J,JIaraq je npojeKTa 

• 	 "Metabolic response of extremophilic microalga Chlamydomonas acidophila to high 

Mn(II) concentrations, HCTpa)KHBaqKa CTaHHl(a "SISSI", CHHXpOTpOHa "Elettra", 

Maj 2024. (npojeKaT 20237234) 

KOjH je Ol(elbeH Kao npBOnJ1aCHpaHH y CERIC-ERIC n03HBY 2024-1. 
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5.4. Mel)YHapollHa HayqHa capalllLa 

Me1)YHapO)l,Ha MpelKa capallHHKa llP )l(HlKHna Koja 06yxBaTa K0J1a60paLJ,Hjy Ha BHwe 

HHBoa HTO: 

a. eKCnepHMeHTaJ1HH PaJ], aHaJ1H3Y pe3YJ1TaTa )l,06HjeHHx Ha HCTpaiKHBaqKoj CTaHHLJ,H 

"TwinMic" Ha npojeKTHMa H3a6paHHM y peryJ1apHHM rOllHWlliHM KOHKypCHMa, npellJ1arallie Kao 

HnpHnpeMy ny6J1HKau,Hja, 

6. npHnpeMy TeMa, eKcnepHMeHTaJ1HH H TeopHjcKfI pa)l" aHaJ1H3Y, nHcallie pa)l,OBa 

3aCHOBaHHM Ha pe3YJ1TaTHMa )l,06HjeHHx Ha )l,pyrHM CHHXPOTPOHHMa, r)l,e je llP )l(HlKHn 

napTHLJ,HnHpaO Kao npe)l,J1ara4 H/HJ1H rJ1aBHH HC11'alKHBa4 

B. eKcnepflMaHTeJ1HH H TeopHjcKH pa)l" aHaJ1H3Y pe3yJ1TaTa H npHnpeMy ny6J1HKau,Hja 

npOH3HWJ1HX H3 pe3yJITaTa )l,06HjeHHx npHMeHoM OCTaJ1f1X aHaJIHTH4KHX 6f10<pH3H4KHX MeTO)l,a 

Capa)l,llia ce O)l,BHja ca HaY4HHHMa H3 CJ1e)l,enHX HaY4HHX HHcTHTyu,flja (npuJlor 3): 

• 	 Elettra - Sincrotrone Trieste S.C.p.A.TpcT, 11TaJ1f1ja (7) 

• 	 lRCCS - Istituto di Ricovero e Cura a Carattere Scientifico materno infantile Burlo 

Garofolo - Dipartimento di Medicina Molecolare, Tpcr, I1Tamlja (1) 

• 	 Eotvos Lorand University - Institute of Biology - Department of Biochemistry, 

BY)l,HMneWTa, Ma1)apcKa (2) 

• 	 Centre for Energy Research - Hungarian Academy of Sciences, BY)l,HMneWTa, 

Ma1)apcKa (1) 

• 	 Universita degli Studi di Parma, 11apMa I1TaJ1Hja (2) 

• 	 Universita degli Studi di Genova - Dipartimento di Scienze della Terra, dell'Ambiente 

e della Vita, neHoBa, I1TaJ1Hja (2) 

• 	 CERIC-ERIC - Central European Research Infrastructure Consortium, TPCT, UraJIHja 

• 	 CNRS - CBS Centre de Biochimie Structurale, MOHneJbe (<1>paHu,ycKa) (1) 

• 	 University of Ghent, reHT, BeJ1rHja (2) 

• 	 Politecnico di Milano, MHJ1aHO, I1TaJ1Hja (3) 

• 	 Universita degli Studi di Siena, CHeHa, I1TaJ1Hja (2) 

• 	 III' - Fondazione Istituto Italiano di Tecnologia, 11H3a, I1TaJ1Hja (2) 
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• 	 UniversiUt degli Studi di Cagliari - Dipartimento di Scienze della Terra, KaJbapM, 

HTaJ1Mja (4) 

• 	 RISE Research Institutes of Sweden Division Material and Production, nYH)]" 

lllBe)],cKa (4) 

• 	 Universita degli Studi di Ferrara - Polo Scientifico Tecnologico - Dipartimento di 

Fisica e Scienze della Terra, <l>epapa, HTaJUlja (2) 

• 	 OGS - lstituto Nazionale di Oceanografia e di Geofisica Sperimentale - Dipartimento 

di Biologia e Oceanografia, TPCT, Hnumja (2) 

• 	 ALBA Synchrotron Light Source, BapCeJIOHa, lllnaHMja (1 ) 

• 	 Swiss Light Source (SLS), Paul Scherrer Institute, BMJIHreH, lllBajuapcKa 

• 	 European Synchrotron Radiation Facility" ( ESRF), fpeH06JI, <l>paHuycKa 

• 	 Centro di Risonanze Magnetiche ,Firenca, Italija 

• 	 BiotehniUka fakulteta Uniberze v Ljubljani, Jby6JbaHa, CJIOBeHMja 

• 	 Kemijski institut- NMR center, Jby6JbaHa, CJIOBeHMja (2) 

• 	 Instiut "Ruder Boskovic", 3arpe6, XpBaTcKa (2) 

• 	 University ofManchester, MaHqeCTep, EHrJIeCKa 

• 	 Baylor University, Waco, TX, Cje)],MfheHe AMepMqKe }1,pJKaBe 

)J,p MMJIaH )KMJKMn ce 0)], jYJIa 2022. rO)],HHe HaJIa:m Ha nocT)],oKTOPCKHM 

MCTpaJKHBafhHMa Ha MCTpaJKHBaqKoj CTaHUH "TwinMic" CMHXpoTpoHa "Elettra" y TpCTY r)],e ce 

6aBH pa3BojeM H npMMeHoM MeTo)],a 3aCHOBaHHM Ha MHTepaKUMjM peHTreHcKor 3paqefha 

CHHXPOTPOHCKMX H3Bopa ca 6HOJIOUlKMM CHCTeMHMa MTO, ancopnUMjM XRM, XANES, STXM), 

pacejafhY (MMKpocKonMja 3aCHOBaHa Ha npoMeHH <pa3e TaJIaCa npH MHTepaKUHjH ca Y30PKOM) M 

)],H<ppaKUMjM (nTMxHorpa<pHja). }1,HcTPH6YUHja JIaKMX eJIeMeHam Kao M eJIeMeHaTa npeJIa3HHX 

MeTa.na y 6HOJIOUlKMM Y30pUMMa Ha HHBOY neJIMje MTKMBa y npocTopHoj pe30J1YUMjM )],0 100 

HaHoMeTapa yin operando YCJloBMMa (6e3 60jefha MJIM 06eJIeJKaBafha eJIeMeHam MJIM MOJIeKYJIa) 

ce )],06Mja )],eTeKTOBaI-beM <pJIyopecueHTHMx <poToHa M3paqeHHX HaKOH ancopnUMje peHTreHcKor 

3paqefha HMCKMX eHeprMja ()],o 2 keV) 0)], HajqBpUlne Be3aHMX ] s MJIM 1 P eJIeKTpOHa 

noje)],MHaqHMX aTOMa KOHcTMryeHaTa Y30pKa y3 nOMon 8 PMHjaJIHO pacnope1jemix 

CHJIMUMjYMCKHX )J.PM<PT )],eTeKTopa (SDD). Je)],MHcTBeHocT OBor CHCTeMa je MorynHocT 
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HCTOBpeMeHor ,LJ,06l-Hha anCOpnlJ,HOHe H tPa:mo KOHTPaCTHa CJIHKe CKeHHpaHOr Y30pKa 

KOpHWfiefbeM 2D CCD (charge coupled device) ,LJ,eTKTOpa, WTO ,LJ,aje cHMYJITaHO xeMHjcKY H 

MOPtP0JIOWKY Many Y30pKa Y je,LJ,HOM H3JIarafbY 3paqefbY. IIope,LJ, KOM6HHOBafha STXM H XRM, 

,LJ,P )J{H)lmfi yqeCTByje H Ha,LJ,rpa,LJ,fbH ,LJ,eTeKTOpCKor CHCTeMa y OKBHPY KOJIa60palJ,Hje ca 

HCTpa)KHBaqHMa ca "Centre de Biochemie Structural", MOHneJhe «(f>paHlJ,ycKa) H YHHBep3HTeTa 

Y feHTY, EeJIfHja Y lJ,HJhY HHCTaJIHpafba HOBor AFM CHCTeMa Ha TwinMic CTaHHlJ,H 

(ny6JIHKalJ,Hja 43) Y lJ,HJhY HCToBpeMeHor ,LJ,06Hjafba ,LJ,HCTPH6YlJ,Hje 6HOJIOWKH Ba)KHHX 

eJIeMeHaTa H fbHXOBe MOPtPOJIOfHje Ha YJITpaBHcKoj npocTopHoj pe30JIYlJ,HjH O,LJ, HeKOJIHKO 

HaHOMeTapa, Kao npBOf TaKBOf CHCTeMa Ha CBeTY 

Y npOTeKJIOM nepHO,LJ,y je 6HO npe,LJ,JIafaq H fJIaBHH HCTpa)KHBaq II Mel)YHap0,LJ,HHX 

npojeKaTa Koje 06yxBaTajy CHHXPOTPOH Kao H3BOP 3paqefha Y HcnHTHBfbY 6HOJIOWKHX Y30paKa, 

Kao H npojeKTe Y OKBHPY CERIC-ERIC n03HBa (y KojHMa JIOPHCTH CHHXPOTpOHCKe, NMR H 

PIXE MeTO,LJ,e) KOjH cY HaBe,LJ,eHH Y nOfJIaBJhY 5.2. 

AP MHJIaH )J{mlmfi je yqeCHHK COST aKlJ,Hje CA15133-The Biogenesis of Iron-cYJItPYP 

Proteins: from Cellular Biology to Molecular Apects (FesBioNet). JIb TOf npojeKTa je 

npoHcTeKao je,LJ,HOMeCeqHH aHfa)KMaH Ha IJ,eHTpy 3a MafHeTHY pe30HaHlJ,Y (CERM) 

YHHBep3HTeTa Y (f>HpeHlJ,H Y I1TaJIHjH Y anpHJIY 2018. fO,LJ,HHe (npuJIor 3). Y OKBHPY HCTe 

COST aKlJ,Hje je o,LJ,p)Kao YCMeHY npe3eHTalJ,Hjy Ha TeMY "Structure of biliverdin and its 

interaction with copper" Y OKBHPY COST KOHtPepeHlJ,Hje H,LJ,p)KaHe Y f,LJ,afbcKY (IIoJhcKa) Y 

cemeM6py 2019. fO,LJ,HHe. AP )J{mlmfije O,LJ, 2022 yqeCHHK COST aKlJ,Hje CA21115 Iron-sulfur 

(FeS) cluster: from chemistry TO immunology (FeSImmChemNet). Y OKBHPY conCTBeHOf 

ycaBpwaBafba noxal)ao je npaKTHqHH TpeHHHf H3 06JIaCTH NMR cneKTpocKonHje 

"Summerschool HH NMR spectroscopy Niederoblarn 2018" (CenTeM6ep, 8-15, 2018, 

HH,LJ,ep06JIapH, AycTpHja). TaKol)e je noxal)ao KypC H3 06JIacTH peHTreHcKe ,LJ,HtPpaKlJ,Hje ca 

CHHXPOTPOHCKHM H3BOPOM 3paqefba "Powder Diffraction School" O,LJ,p)KaHe y jyJIy 2014 fO,LJ,HHe 

CHHXPOTPOHY "Swiss Light Source (SLS), Paul Scherrer Institute", BHJIHreH, illBajlJ,apcKa y 

KOjOj je CTeKao pYTHHe Koje ,LJ,aHaC npHMefbyje y YBol)efby MeTO,LJ,e nTHxHorpatPHja Ha 

HCTpa)KHBaqKoj CTamllJ,H "TwinMic" sinhrotrona "Elettra". To je MeTO,LJ,a Koja ce 3aCHHBa Ha 

KoxepeHTHoj ,LJ,HtPpaKlJ,HOHoj MHKpocKonHjH 6e3 KopHwfieHa OmHqKHX eJIeMeHaTa y CBOjCTBY 

MafHMtPHKalJ,Hje CBaKOf nHKCeJIa (Coherent Diffraction Imaging) H Koja KOM6HHoBafbeM 
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AH<ppaKlJ,Hje (HHTeH3HTeT) H KOMlIjYTepCKOr aJlropHTMa (<pa3a) IIpOAYKyje CJ1HKe 6H0J10IllKHX 

CHCTeMa Y npH6J1H)KHO HaHOMeTapcKoj pe30J1YlJ,HjH, HHAHpeKTHHM nYTeM. Y CKJ10ny 

aKTHBHOCTH Ha HCTpIDKHBaT..JKoj CTaHHlJ,H "TwinMic", TaKol)e pa3BHja MorynHocT npHMeHe 

CneKTpocKonHje Ha XCTepOreHe CHCTeMe, Y KojHMa ce cHMymaHo H AHpeKTHO MCTOAaMa XRM, 

STXM H XANES nOKYIllaBa OCHM AHCTPH6YlJ,Hje eJ1eMeHaTa H fhHXOBe anCOpnlJ,HOHe H 

MOp<p0J10IllKe CJ1HKe A06HTH H CTpYKTYpHa KapaKTepH3alJ,Hja eJ1eMeHaTa npeJ1a3HHX MCTaJla KaO 

H eJ1eMeHaTa nOnYT CeJ1eHa, T..JHje L-anCOpnlJ,HOHe eHepmje J1e)Ke Y 06J1aCTH AO 2 keY. llPBH 

TaKBH eKcnepHMeHTH ycneIllHo cy 06aBJbeHH y CKJ10ny 2 KpaTKa npojeKTa ca HaYT..JHHlJ,HMa ca 

YHHBep3HTeTa "Politecnico" H3 MHJ1aHa, HTaJlHja. 

5.5. AHra:m:oBaHocT y o6pa30BalhY H tbopMHpalhy Hay'lHHx Ka,1lpOBa 

.rw MHJ1aH )l{H)KHn je y CBOjCTBY MeHTopa YT..JeCTBOBao Y peaJ1H3alJ,HjH AOKTOpCKe 

AHCepTalJ,Hje MHp3CTe XaI,IH6paXHMoBHn IIOA Ha3HBOM "PeAYKlJ,Hja BaHaAaTa Y MHlJ,eJ1HjYMY 

rJbHBe Phycomyces blakesleeanus Burgeff: oApel)HBafhe OKCH,1lalJ,HOHHX CTafha y neJ1HjH", 

EH0J10IllKH <PaKYmeT, YHHBep3HTeT y Eeorpa,n,y, 2016. rOAHHe (npHJlOr 2). TaKol)e je MeHTop y 

Y3paAH AOKTopcKe AHCepTalJ,Hje HBaHKe POAHn npHjaBJbeHe Ha ceAHHIJ,H Bena 3a cTYAHje IIpH 

YHHBep3HTCTY, OAP)KaHoj 19.2.2024, Ha YHHBep3HTery Y Eeorpa,1lY, MO)l,YJ1 EHo<pH3HKa, nOA 

Ha3HBOM "A)l,aIITHBHH O)l,rOBOp rJbHBe Phycomyces blakesleeanus Ha OKCH)l,aTHBHH cTpec 

HHAYKoBaH CeJ1eHHTOM" (npHJlOr 2). 3aTHM, MHJ1aH )l{H)KHn je YT..JeCTBOBao Y H3pa)l,H H 6HO 

T..JJ1aH KOMHcHje 3a 0)l,6paHY )l,OKTopcKe AHCepTalJ,Hje KpHcTHHe TeIllaHoBHn 110A Ha3HBOM 

"EH0J10IllKa aKTHBHOCT H xeMHjcKH caCTaB aYToxToHHX BpCTa rJbHBa Coprinus comatus (O.F. 

MUll.) Pers. Gray, 1797 i Coprinellus truncorum (Scop.) Redhead, Vilgalys & Monc1avo, 2001", 

0)l,6pafheHe Ha ,lJ,enapTMaHY 3a 6H0J10rHjy H eK0J10mjy YHHBep3HTeTa y HOBOM Ca)l,y, 

20.09.2017. rO)l,HHe (npHJlOr 3). YT..JeIllne y AOKTOPCKHM paAoBHMa AP JeJ1eHe JaT..JHn,)l,p MHJ1eHe 

,lJ,HMHpHjeBHn H )l,P CHe)KaHe KOBaT..JeBHn je OIIHcaHO H HCTaKHYTO Y 3aXBaJ1HHlJ,aMa OBHX 

)l,HCepTall,Hja (npHJlOr 3). ,lJ,p MHJ1aH )l{H)KHn je OHO MeHTOp MaCTep paAa "MOJ1eKYJ1apHO

6HO<j>H3HT..JKa aHaJlH3a TepMHHalJ,HOHo/aHTHTepMHHalJ,HOHOr <paKTopa HycA 6aKTCpHje 

Mycoplasma pneumoniaena H KaH)l,H)l,aTa TaMape EOIllfhaKoBHn y OKBHPY Macrep cTYAHja Ha 

EH0J10IllKOM <PaKYJ1TeTY YHHBep3HTeTa y EeorpaAY, a 6HO je T..JJ1aH KOMHcHje KaHAH)l,aTKHfhH 

MeJ1aHHjH MalJ,ypH Ha 0)l,6PaHH MacTep pa)l,a "llPO)l,YKlJ,Hja CeJ1eHOBHX HaHOT..JeCTHlJ,a Y 

MHlJ,CJ1HjYMY rJbHBe Phycomyces blakesleeanus Burgeff NRRL1555 (-)", Ha EH0J10IllKOM 
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<paKYJITeTY (npHJ10r 3). Kao CaCTaBHI1 )J,eo )J,OKTOPCKI1X )J,l1cepTau.l1ja Koje cy 0)J,6paI-beHe I1JII1 

Koje cy y npl1npeMI1, )J,P )l(I1JKl1n je 06Y'-IaBaO 11 OpraHI130BaO nOCeTe 11 eKCnepl1MeHTaJIHI1 pa)J, Ha 

CI1HXPOTpOHI1Ma "Elettra" y Tpcry, Swiss Light Source (SLS), Paul Scherrer Institute y 

BI1JIl1reH, NMR u.eHTpy y Jby6JbaHI1 KaH)J,I1)J,aTe )J,P MI1JIeHY ,IJ;I1MI1Tpl1jeBl1n, )J,P CHeJKaHY 

KOBaqeBl1n 11 Mapl1jy TaHoBl1n. ,IJ;p )l(I1JKl1n yqeCTByje y yn03HaBaIhY MJIa)J,I1X Ka)J.pOBa ca 

Teopl1jcKI1M 11 npaKTl1qHI1M MorynHOCTI1Ma peHTreHCKe CneKTpOCKoIII1je HI1CKI1X eHeprl1ja. 

Y TOKY WKOJICKI1X ro)J,I1Ha 2015/2016, 201612017, 2917/2018, 2018/2019, 2019/2020, 

2020/2021, 202112022 rO)J,I1He je aHraJKOBaH Ha o)J,pJKaBaI-bY npe)J,aBaI-ba 11 nOKa3HI1X Be)K611 Ha 

npe)J,MeTY Ii110<p11311QKa I1HcTpYMeHTau.l1ja, KOjl1 je peaJII130BaH y OKBI1PY Macrep cTY)J,l1ja 

YHI1Bep311TeTa y Iieorpa)J,y-Iil1oJIOWKOr <paKyJITeTa, MO)J.yJI IiI10<p113I1Ka, y OjBI1PY CTY)J.l1jCKI1X 

nporpaMa Iil1oJIorl1ja (IiO-Ii<l>-03) 11 MOJIeKYJIapHa 6110JIorl1ja (MIiH-Ii<l>- 02). TaKolje y TOKY 

WKOJICKI1X rO)J,I1Ha 201512016 11 2016/2017 )J,pJKao )J,eo npaKTI1QHe 11 Teopl1jcKe HaCTaBe Ha 

npe)J,MeTY MeTo)J,e y Heyp06110JIOrl1jl1, KOjl1 je peaJII130BaH y OKBI1PY ,IJ;OKTOPCKI1X aKa)J,eMCKI1X 

cTY)J.l1ja ,YHI1Bep3I1TeTa y Iieorpa)J.y-Iil1oJIOWKOr <paKYJITeTa (npHJ10r 3). 

,IJ;p MI1JIaH )l(I1JKl1n je 6110 YQeCHI1K HaYQHOr <peCTI1BaJIa "NEXT2023", o)J,pJKaHOr Ha 

Tpry Yje)J,l1I-beI-ba HTaJIl1je y TpCTY (HTaJIl1ja), npe3eHTyjynl1 npojeKaT "Batteri: possiamo 

sfruttare de loro proprieta?1 Bacteria: can we exploit them?', KOjl1 ce 6aBI1 npOHaJIacu.I1Ma 

)J,0611jeHI1M Ha I1CTpaJKI1BaQKoj CTaHI1u.11 "TwinMic", Be3aHI1M 3a Ka6JI (cable) 6aKTepl1ja Kao 

6110JIOWKI1X npOBO)J,HI1Ka eJIeKTpl1QHe cTpyje (npHJ10r 3). 

5.6. llpeJJaBalba no n03HBY; ypeliHBalbe MOHOrpad!Hja H HayqHHX qaCOnHCa; 

qJ1aHCTBO y HayqHHM, nporpaMCKHM H opraHH3aUHOHHM 0'!]60pHMa KombepeHuHja 

,IJ;p )l(I1JKl1n je o)J,pJKao npe)J,aBaI-be no n0311BY Ha 6. KOH<pepeHu.l1jl1 Iil1oxeMjcKor 

)J,pywTBa Cp611je no)J, Ha3I1BOM "Vanadium speciation detection by synchrotron based X-ray 

absorption spectroscopy: applications of XANES in biological systems" y HOBeM6py 2016. 

rO)J,I1He (npl1J1or 3), Kao 11 npe)J,aBaI-be no n0311BY no)J, Ha3I1BOM "IiI10<p113I1QKI1 npl1cTyn y 

paCBeTJbaBaI-bY MeTa60JII13Ma BaHa)J,l1jYMa KO)J, fJbI1Ba." Ha ,IJ;pyroM KOHrpecy 6110JIora Cp611je 

o)J,pJKaHOM y KJIa)J,oBY (npHJ10r 3). ,IJ;p )l(I1JKl1n je o)J,pJKao Tpl1 npe)J,aBaI-ba YQeCHI1u.I1Ma 

KOHrpeca ,,14th International Particle Accelerator Conference- IPAC2023", Ha TeMY "Current 
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status and future perspective of TwinMic beam line" , Ha CRHXPOTPOHY "Elettra" y TpCTY 

(npuJIor 3). 

5.7. PcucH3uje pa)lOBa eBaJIyupaHHx 3a ny6JIHKOBalbe y Hay'lHHM 'IaCOnHCUMa H 

npojcKaTa Ha MeliYHapollHoM HHBOY 

,[(p MRnaH )[{H)KHn je CBOjHM Hay'IHHM pa.D,OM H nyonHKaUHjaMa CTeKao Mel)YHap0.D,HY 

npen03HaTJhHBOCT y oOnaCTH OHOq,H3H'-lKHX HCTpa)KHBaa.a. O.D, 11300pa y 3Baa.e BHlliH Hay'IHH 

Capa.D,HHK yKynHo je ypa)lHO 5 peueH3Hja pa,n,oBa y Mel)YHap0.D,HRM lJaCOnRCRMa. 

Microbial Biotechnology (2019) 

MICROBIO-2019-331 "Enhancement of antroquinonol production by the In situ 

extractive fermentation of Antrodia camphorata S-29" for Microbial Biotechnology. 

New Journal of Chemistry (2019) 

NJ-ART -06-2019-003071 "Intramolecular Hydrogen Bond Directed Distribution of 

Conformational Populations in Derivatives of N'-benzylidenebenzohydrazide: An Extensive 

NMRStudy" 

Applied Microbiology and Biotechnology (2019) 

AMAB-D-19-00902Rl "Enhancement ofantroquinonol and antrodin C productions via in 

situ extractive fermentation ofAntrodia camphorata S-29" 

Current Vascular Pharmacology (2022) 

BMS-CVP-2022-145 "Selenium, selenoproteins and 10-year cardiovascular risk: 

Results from the A TnCA Study" 

Folia Microbiologica (2023) 

FOLM-D-23-00252 "Biosynthesis of Selenium nanoparticles by endophytic fungi 

Penicillium citrinum and Rhizopus arrhizus; Characterization and maximization 

,[(p )[{R)KRn je ORO peueH3eHT 3 Mel)YHap0.D,Ha npojeKTa OHnaTepaJIHe capaJI.a.e l(pHe 

rope R CnoBeHRje 3a nepROJI. 2018-2020 roJI.HHe (npHJIOr 3): 

.. "HOBl1npJiQ;rYllY HnpQq~aaltiy 6HojJQOJje, 'l'ap-ry<paH IbHxon3 npUMjena na 

npupoJI.lluf';r CTagUIJlTI1MaI133Ca.L1UMa" 
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•• "reOrpacpCKO .OOpHjeKJIO Me,na npHMje}lOM~yJlTH,l{HCUHnJlHHap}l(;). HH3QTPOIlCKe 

aHaJIH3e 3CMlbHWTa,Me,na 11 OHJbaKa" 
."ApOMaTcKH~pO<l>M1l BH.HaupHOropcKHxayroXroHHX COpT«: xeMHjcKa.HCeH30pHa 

KapaKTepH3al.l,uja" 
, 	 ,. . 

BHoje HpeueH3eHT 2··OHJlaTepapHorrrpojeKTa I1~MebylJ,pHeTQPeu AYI:;TpHje 

• 	 "Application of stable isotope techniques for the investigation of geographic origin of 

water: Investigation of the Mareza Spring near Podgorica"~ za period 2019-2020 

(opuno£' 3) 

• 	 "Synthesis, physico-chemical characteriyation of novel synthesized complex 

compounds, their biological activity and potential application"- za period 2021-2022. 

(opuno£' 3). 

5.8. Ha£'palle u opU3Halba: 

Qaconl1c Analyst je 113a6pao ,nocTHfHyna 113 pa,na" Hafoer, A, Costa, L, Kourousiasa, G, 

Bonanni, V, Zizic, M, StolJa, A, Bazi, B, Vincze, L, Gianoncelli, A. An innovative in-situ AFM 

system for a soft X-ray spectromicroscopy synchrotron beamline. Analyst. 2024, 149(3):700-706 

doi: 0.J039/d3an01358h ; Kao HaCJlOBHY cTpaHY H3,naIba (opuno£' 3). 

)1.p )KH:llmn je ,n06HTHHK CT«rreH,nHje 3a je,nHoMeCeQHI1 aHrIDKMaH Ha lJ,eHTpy 3a 

MarHeTHY pe30HaHUY (CERM) Ymmep3HTeTa y <Pl1peHLl,M y HTaJll1jl1 y anpHJly 2018. ro,nHHe, y 

OKBI1PY COST aKUHje" CA15133-The Biogenesis ofIron-sulfur Proteins: from Cellular Biology 

to Molecular Aspects (FeSBioNet)" (opuno£' 3). 

tInaH je J(pYUlTBa 6Hocpl13HQapa Cp6l1je. 

6. KBAHTHTATHBHA OUEHA HAYlIHO HCTPAlKHBAQKHX PE3YJITATA 

KBaHTI1TaTI1BHI1 rrOKa3aTeJbH ycnewHocTH HaYQHO-HCTpailmBaQKOr pa,na ,np MHJlaHa )KHilmna 


np"Ka3aHI cy y Ta6eJll1 1. 


Ta6ena 1. llpuKa3 HaY..Hux pe3ynTaTa** 


HaKoH u360pa y 3Balbe HaY..Hu capa,nHuK 
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03HaKa Iipoj 
YKynHo HOpMUpaH 

pa~OBa Bpe~HOCT 
IIoeHa 6poj 

rpyne 

24,54 

6,83 

, 2 

9 9 

M33 13 13 

M34 0,5 8 8 

M62 2 2 2 

M63 

M64 1,8 

6 

03HaKa Iipoj 

rpyne pa~OBa Bpe~HOCT 

M22 

M23 

M71 

YKynHo 

IIoeHa 

15 

4 

3,5 

YKYnHO noeHa Y KYnHo noeHa 

HopMHpaH 

6poj noeHa 

15 

4 

,5 


*HopMl1paHI1 pa.u.OBI1 

36HP I1MnaKT <}>aKTopa CBI1X pa)),OBa Ha Kojl1Ma je ))'P MI1JIaH )l{l1ilmn ayTOp 113HOCI1 113,79, )),OK 

je 3611p I1MnaKT <}>aKTopa pa)),oBa o6jaBJbeHI1X HaKOH 11360pa y 3Balhe BI1IllI1 HaYQHI1 capa)),HI1K 

79,95.npI1KaJ OCTBapeHI1X pe3YJITaTa)),p MI1JIaHa )l{11)Kl1na HaKOH CTI1L\aJba 3Balha BI1IllI1 HaYlJHI1 

capa)),HI1K 11 KBaHTI1TaTI1BHI1 3aXTeBI1 3a YTBpljl1Balhe 3Balha HaY...Hu caBeTHHK je )),aT y Ta6eJII1 

2. 

Ta6eJIa 2. 

03HaKa rpyDe 
BpCTa 6poj BpeAnOCT 

paAoBa Doena 

HopMHpau 

6poj 

Doena 

3 Ca pa.u.OM no.u. 6pojeM 44, HeHOpMl1paHI1 6poj noeHa 611 6110117,3. 

4 Ca pa.u.OM nOA 6pojeM 44, HeHOpMl1paHI1 6poj noeHa 6" 6110 95,0. 
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3 30 24,54 

7 56 39,16 
M20 

3 IS IS 

/ / / / 

4 4 
M30 

7 0,5 3,5 

M62 

M60 3 

0,2 

Ih npMJIOJKeHe TafieJle MOJKe ce BM,ll,eTM ,ll,a je ,ll,p MMJIaH }l(HJKHn HaKOH M360pa Y 3Bafhe BMIllM 

Hay4HM Capa,ll,HHK oCTBapMJIO pe3YJITaTe y Bpe,ll,HOCTM O,ll, 112,33 noeHa, 904 noeHa HaKOH 

HopMHpafha Ha 6poj aYTOpa IllTO npeMaIllyje 6poj O,ll, 70 noeHa KOjM ce 3aXTeBa OpaBMnHMKoM 3a 

TpaJKeHO HayLiHo 3Bafhe BMIllH Hay4HH Capa,ll,HMK. Y KaTeropMjaMa 

MIO+M20+M31+M32+M33+M41+M42 ,ll,p MMnaH }l(MJKMn je oCTBapMo 1073 O,ll,HOCHO 84,704 

noeHa HaKOH HopMMpafha noeHa, a y KaTeropMjaMa Ml1+MI2+M21+M22+M23 oCTBapMO 1023 

O,ll,HOCHO 79,704 noeHa HaKOH HopMMpafha MTaKO McnYfhaBa CBe YCJIOBe nponHcaHe 3a TPaJKeHO 

5 Ca pa)],OM no)], 6pojeM 44, HeHopMHpaHH 6pojeBH noeHa 6H 6HJIH: 

111,0 3a MIO + M20 + M3] + M32 + M33 + M41 + M42 

]07,0 3a MIl + Ml2 + M21 + M22 + M23 

117,3 3a YKynHo 3a cae KaTeropHje. 


6 Ca pa,TI,OM no)], 6pojeM 44, HopMHpaHii 6pojeBI1 IIoeHa 611 611JIH: 
88.7 3a MIO + M20 + M31 + M32 + M33 + Mt1I + Mt12 
84.7 3a MIl + M12 + M2I + M22 + M23 
95.0 	 3a YKynHo 3a cae KaTeropHje. 
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7. 3aKJbYQaK 

1-13 npMJIO)KeHOr M3BeliITaja KOMMcHja KOHcTaTyje )l,a )l,P MMJIaH )KM)KMn noce,ll,yje 

Hay4HY CaMOCTaJIHOCT M KOMneTeHTHOCT HeOnxO)l,HY 3a CTMIJ,alhe 3Balha HaY4HM caBeTHMK. 

KaH)l,M)l,aT je CBOjMM yKynHMM M KOHTMHYMpaHMM HaY4Ho-MCTpa)KMBa4KMM pa)l,OM 3Ha4ajHo 

)l,OnpMHeo pa3Bojy HaY4He 06JIaCTM <pM3MOJIOrMje M MeTa60JIM3Ma rJbMBa M aJIrM, paCBeTJbaBalhY 

npMpO)l,e MHTepaKIJ,Mja npeJIa3HMX MeTaJIa ca 6MTHMM 6MOJIOIIIKMM MaKpOMOJIeKYJIMMa, Te 

npMMeHM M Pa3BOjy HajcaBpeMeHMjMx 6M0<pM3M4KMX, CMHXPOTPOHCKMX MeTO)l,a Koje 

npe)l,CTaBJbajy HajBenM CTeneH )l,OCTMrHyna y npMMeHM OBMX TeXHMKa 3a McnMTMBalhe 

6MOJIOIIIKMX CMCTeMa. KBaJIMTeT KaH)l,M)l,aTa y 06JIaCTM MeTO)l,a 3aCHOBaHMM Ha MHTepaKIJ,MjaMa 

peHTreHcKMx <pOToHa ca 6MOJIOlliKOM MaTepMjoM pe3yJITMpaO je y )l,06Mja1hY nOCT)l,OKTOpCKe 

n03MIJ,Mje Ha MCTpall{l1Ba4Koj CTaHMIJ,M "TwinMic", npBoM MO)l,YJIapHOM cMcTeMY y cBeTY 3a 

MCToBpeMeHY KOM6MHaIJ,Mjy HeKOJIMKO CMHXPOTPOHCKMX TeXHMKa. Kao noce6aH )l,OKa3 

KBaJIMTeTa MCTW.Je ce )l,OnpMHOc Y pa3BMjalhY CMCTeMa 3a AFM Ha "TwinMic" MCTpIDKMBa4Koj 

CTaHMIJ,M Kao npBor CMCTeMa KOjM )l,OnpMHOcM nOBenaBalhY npocTopHe pe30JIYIJ,Mje )l,0 caMO 1 

HaHOMeTpa, npM TOMe He )KpTByjynM )l,0 ca)l,a KopMIllneHe KapaKTepMCTMKe CMCTeMa 3a 

peHTreHCK)' <pJIyopeCIJ,eHTHY MMKpocKonMjy M CKeHMpajyny TpaHCMMCMOHY peHTreHCKY 

MMKpocKonMjy. OBaj CMCTeM MMa 3a IJ,MJb )l,a YHanpe)l,M CMCTeM npOY4aBalha 6MOJIOIIIKMX 

Y30paKa peHTreHCKMM 3pa4elheM HMCKMX <ppeKBeHIJ,Mja Koje y nOrO)l,He 3a npOY4aBalhe ca)l,p)Kaja 

JIaKMX eJIeMeHaTa y y30pIJ,MMa, aJIM KOjM 3601' onTM4KMX KapaKTepMcTMKa MMajy orpaHM4eHY 

npocTopHy pe30JIYIJ,Mjy. )J,OCa)l,aIllIhM pa)l, je pe3yJITMpaO y 06jaBJbMBalhY 13 ny6JIMKaIJ,Mja M3 

KaTeropMja M21 a, M21 M M22 y nOCJIe)l,IhMX 5 rO)l,MHa ca yynHMM MMnaKT <paKToPOM O)l, 79,95, 

IIITO )l,aje npoce4aH MMnaKT <paKTop O)l, 6,15 no 06jaBJbeHoj ny6JIMKaIJ,MjM. TIoTpe6Ho je 

HanoMeHYTM )l,a je cBoja 3Halha ycnelliHo npMMelhMBao Kp03 capa)l,lhe ca 24 MHcTMTYTa M3 12 

)l,p)KaBa CBeTa Kp03 Pa3JIM4MTe BpcTe capa)l,lhe. Y OKBMPY MHTepHaIJ,MOHaJIHOr pa)l,a HanpaBMo je 

MOCT capa)l,lhe M3Meijy HaY4HMKa M3 Cp6Mje M I1TaJIMje, M oMorynMo yn03HaBalhe MJIa)l,MX 

HaY4HMKa ca CMHXPOTPOHCKMM MeTO)l,aMa Kp03 IhMXOBe noceTe M MCTpa)KMBa4KM pa)l, Ha IhMMa. 

TaKoije je aKTMBHO Y4eCTBOBao y 06pa30Ba1hY MJIa)l,MX HaY4HMX Ka)l,pOBa Kp03 MeHTOpCTBa M 

O)l,p)KaBalha nOKa3HMX Be)K6M M npe)l,aBalha 3a cTY)l,eHTe nOCT)l,MnJIOMCKMX cTY)l,Mja. 

Eeorpa)l, 04.04.2024 
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TIPC).I,CC).I,HHK KOMHCHjC: 

.rw MBaH CnacojcBHn 

HayqHH CaBeTHHK, YHHBCP3HTeT y Bcorpa).l,y - MHCTMTYT 3a MYJlTM).I,HCIJ,MnJlHHapHa 

HayqHM CaBCTHMK, MHCTMTYT 3a 6HOJlOlUKa MCTproKMBaaa "CMHHlUa CraHKOBMn", YHHBCP3MTeT 

y BcorpaAY, MHCTMTYT 0).1, HalJ,HOHaJIHOr 3Haqaja 3a Pcny6JlHKY Cp6Mjy 

.D:p AJlCKCaH).I,pa MMTpOBMn 

HaYQHM CaBCTHMK, YHMBCp3MTCT y Beorpa).l,y - MHCTMTYT 3a MYJlTM).I,MCIJ,MnJlMHapHa 

MCTp~)KHBaaa 

c/;{I .. cA / 
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I 

MMHMMa.J1HM KBaTMTaTHBHH YCJlOBH 3a CTHQaae noje).1,HHaLfHMX 3Baaa 

3a npHpo,a:HO MaTeMaTHqKe CTPYKe: 

,D.M<pepeHQMja.J1HH YCJlOB nOTpe6HO je ).1,a KaH).1,M).1,aT MMa HajMaae XX 


0).1, npBor M360pa Y noeHa, KOjH npHna).J,ajy CJle).1,enMM 


3Balbe ).1,0 H360pa y 
 KaTeropMjaMa: 


3Baae 


HeOnXO).1,HO 
 OCTBapeHO 

XX= 

HayqHH capa,a:HHK YKynHo 
16 

06aBe~mM (1) M 1 0+M20+M31 +M32+M33 +M41 +M42 
10 

06aBe3HM (2) 
Mll+M12+M21+M22+M23 6 

BHum HayqHH YKynHo 

capa,a:HHK 50 

06aBe3HM (1) M 1 0+M20+M31 +M32+M33+M41 +M42+M90 
40 

06aBe3HH (2) MIl+M12+M21+M22+M23 
30 

HayqHH caBeTHHK YKynHo 
9070 

M 1 0+M20+M31 +M32+M33+M41 +M42+M90 I06aBe'HH (I) 
83,7050 

06aBe3HM (2) MIl +M12+M21 +M22+M23 
79,7035 
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