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YBOOHNMK

JloMuHaHTHY TpeHyTHY IpobieM Xemujckom tipeinega
Ha TIOYETKY 2016. TOIVHE je OICYCTBO MHTEPeCOBakba ayTopa
Ha myy 3a Haur qacoruc. Y Ysogruky 6poja 6 (3a 2015) Ha-
mycao caM: "YBOJHUK 3a 0Baj 6poj TNIIIeM ca 3aKalllbeheM
Off TOTOBO TPM Mecelfa. ... 3allTo ce 0BO jiemasa? V3rnena ga
je ,HOpMMpame" UCTPKUBAYKIX pesy/ITaTa caMo Kpos3 pa-
mose Ha CLIV ety moBesto je o Tora Jja ¢y 6pojHi ucrpa-
JKUBA4YM OIYCTaIM Off yO/IIKOBama y Xemujckom tipeinegy,
THOIITO MM TO He IOHOCH ToeHe. [la i je Moryhe fia HUKO Of
IbVIX HY HA TPEHYTAK He TIOMIC/IV KOjI j€ 3Ha4aj jeTHOT 4aco-
Iyica Kao 1To je Xemujcku ipeineg 3a MOMyIapu3anyjy Hay-
Ke..". JIoHaB/BaM JIeo MCTOT TeKCTa ¥ Y OBOM YBOJIHVKY Ca Ha-
moM fia he ra Behu 6poj Bac mpounTaTyt ¥ MOXK/IA TTOCTIATU
cBOj paj, y Xemujcku tipeineg. OBaj Ipob/eM caM MCTHUIA0 ¥
HOCTIEABYIX TIap TOAVHA M CBAKO]j MPYJIMIIY Ha CACTaHIIMMa
IIpcepummursa y CX]I, any Huje 6110 HUKaKBOT edekTa. Ta-
KO CMO caji JOLUIN Y CUTYallujy fia caM, jegsa (ca 3a-
KalllEberbeM Off [IBa Mecela), yCIeo Aa "cactaBuM” 6poj 1 (13
2016). CpehHo HaM cByMa 61710 Y 2016. TORMHIAL

* % %

Ha cBy cpehy y mcto Bpeme MoXeMo fIa KaxkeMo fia CMO,
YIIPKOC MaJIOM TIPVUIUBY PajioBa, 3a0BO/bHU KBATUTETOM
panoBa Koju IPUCTIDKY. "3aIITUTHO JIALE" OBOTONUIIHET
usnamwa Xemujckoi ipeinega je Byxuh M. Muhosuh, jenan o
ocHHBaua caBpeMmene xemuje y Cpbouju. Y pybpuiu ITpuue
ca Kopuya, Kojy IyOIKyjeMo y CBakoM IIpBOM Opojy y HO-
BOM TOJIMILTY, y WIAHKY "120 [oguna og poherva u 35 ioguna
og empiiiu Byxuha Muhosuha (1896 - 1981), jegrol og yiie-
Mmemusaua caspemere xemuje y Cpouju”, xoju je 3a XIT Harm-
cama CHe;xaHa Bojouh Moxxete Hahu cBe 3HavajHe MToffaTKe
0 foTpuHOCHMA Koje je mpodecop Muhosuh nao papehn e-
JIOT KMBOTa Ha beorpagckoM yHuBepsuTery.

* % %

Hux je 3a )X1BU CBeT eceHIyjanaH 61MOeeMeHT, IaKo
Ce HaJlasyl y TParoByMa. Y TejTy Ofpac/ior 9Y0BEKa JIMa OKO 10
mg HUKIa. [[HeBHe IIOTpebe 32 OBUM eIeMEHTOM ce 06e3-
6ebyjy ypaBHOTe)XeHOM McXpaHoM. HukI ce, kao kaTasm-
TUYKY IIeHTap, Hajasy y HEKOIMKO METa/IOEH3VIMIMA, KOji
Y4€CTBYjy y PasIuuUTUM OKCUIO-PEAYKIMIOHUM IIPOLIeCH-
Ma, Bpllle CUHTe3y OYOMOJIEKYIIa I LITUTe OpTaHu3aM Off He-
KIIX TOKCUYHUX jefuiberba. HajBaKaujy y/ory eHsumm Hi-
KJIa Cy paHMje MMl Y aHaepOOHOj CPEMVIHA, jep CY KaTan-
30M peaKliija y KojuMa ce Tpollle 1/WIN IPU3BOJie TaCOBU
oMoryhwm npuMUTUBHYM OpraHM3MyMa fa xuse. ITope-
mehajy y MeTabo/13My HUKIA JaHAC IOBOZE O 030M/BHIX
HEeYPOJIONIKIX, TeHETCKM ¥ PENPONYKTHUBHIX Ipobema. [le-
(bUIMT ce peTKo JiellaBa, ajlii AHTPOIIOreHo nosehamwe KOH-
TIeHTpalyje HUK/IA Y IPUPOAY JOBOAY A0 cBe Yemrhe 1ojae
TpoBama HuK/IoM. O ceemy Tome ity Marpmanena M. TA-
CHU'R n Pysxuna C. HUKOJIN'R, (JlenapTMaH 3a xemyjy,
IIM® Vuusepsutera y Humry) y wianky "buonouiku sHauaj
HUKna'".

* % %

Awna Pwnaxk v JKusapgus [I. Byrapunh (IIM® y Kpa-
TyjeBIy) CY y CBOM VCIL[PITHOM U IIpEI/IefHOM pajly IOf Ha-

CTIOBOM "AHITUITYMOPCKY KOMIUIEKCU PYiTieHUjyma" [Ty ITy-
HO HOBUX V MIHTEPECAHTHIX [IOfiaTaKa O 0BOj TeMit. Beymviku
je 6poj HayYHMKA Cy UCTPaXMBAIM KOMIUIEKCE PyTeHMjyMa
Kao TOTeHIIMja/IHe aHTUTYMOPCKe areHce. Y WIaHKy MOXKeTe
HPOYMTATH Ca KOJUM YCIIEXOM CY OHM TO YYIMHIIN I ITa 61
MOI/IO GMTH y3POK 3a CeIEKTUBHY TOKCHYHOCT IpeMa
KaHueporennm hemjama, kao 1 3a epUKaCHOCT IpemMa Xu-
HOKCHYHIM TyMOpPYMA KOji MOTY GTH OTHOPHM Ha XeMOTe-
parujy 1 pajuoTepanyjy.

%% %

HoBse TexHomnoruje Kao ¥ MHOTY IIPOU3BOAY Y CEKTOPY
MHGOPMAIVIOHNX TEXHOJIOTHja Y BENMKOj MEpH 3aBlUCe Off
MaTepyjaia Kojy Iocenyjy crenududHe xemujcke 1 pusig-
Ke KapaKTeplCTyKe (YK/bydyjyhu MarHeTHa, KaTanuTI4Ka 1
JIyMUHeCLleHTHa cBojcTBa). OBM MaTepyjamu Hajuenthe y
CBOjOj CTPYKTYPU CafIp>Ke 1 e/IEMEHATe jeIUHCTBEHIX 0CO-
OyHa Koju ce 0OjeubeHI HasNBajy peiiike semme. O 0BOj He
TaKoO IIMPOKO IIO3HATO] IPYIIN €7IeMEHATa, Koja je M3y3eTHO
Ba)KHA 3a )XMBOT KaKaB MM XXMBUMO JIaHAC, YIAHAK IIOf| Ha-
cnoBoM "Peilike 3emme - ocoduHe, 3Hauaj U iipumera’ Hamca-
mm cy Becua M. AmuBojsomith, Hatamra Bykymupuh u IlIn-
MoH A. Hapmaru (cBu ca Bricoke 1Kome CTpYKOBHUX CTY-
Iuja - beorpajcka ONMMTEXHNKa).

* % %

Bpanxo J. Ipaxymh (Lentap 3a xemujy-VIXTM, YHn-
Bep3uTeT y beorpapy) je WwiaH pefakiuje ¥ OBpeMeHM ay-
TOp WIaHaKa y Xemujckom ipeinegy. Y HEKOMMKO IPETXOI-
HJIX TeKCTOBa Koje je Haricao (X111 (2008) 14-19, XI1 4 (2008)
91-93, XII 4 (2009) 104-107) TOBOPUO je O MOLieIIMa TPO-
IOVIMEH3VIOHA/THIX CTPYKTYpPa Ma/IMX MOJIEKY/Ia, BUIIE Op-
TaHCKIX HETO HEOPraHCKUX, KO 1 O HAYMHUMA 32 BUXOBY
Busyenusanyjy. llITo je HajpaxkHMje, y TUM TEKCTOBUMA CMO
ob6jacHIIN KaKo ce U3 Mopiena 311 CTpyKTypa MaiX MOJIeKY-
J1a MOTY M3BECTH 3aK/bY UM O FbUXOBUM OCOOMHAMA. Y Hhero-
BOM TeKCTY IO HacroBoM "Kaxo usinega gajn xoju oiucyje
3/ ciupyxinypy apotiieuna?" Hahu here HacTaBak npude o
TPOAVMEH3MOHATHIM CTPYKTypaMa ITPOTENHa, IIpe CBera o
TOMe Kako 3a1uc ¢ajiosa Koju omicyjy 3]J crpykrype mote-
VHA U3I7Iefia, /v M O 6a3y IIofaTaka y KojuMa ce MOTy Ipo-
Hahu excniepuMeHTanHo ofipebeHe 3] cTpykType mpoTenHa.

* % %

Y oBoM 6pojy Hema mmpuora 3a pyopuky Beciiu u3/3a
wiKore.

Y py6puim Becitiu us CX/] MoxxeTe MO>keTe Hahut TeKCT
JYKEMC-a (ka0 npefcTaBHIKa 160,000 Xemidapa y EBporn
U LIVpe) KOjUM Ce OBa OpTraHy3alyja IpUpyxKyje CBUM Jby-
IVIMa Off pa3yMa y IOBJIauerby XeMUjCKOT OpY>Kja U I031Ba
Ha IBbEroBy NOTITYHY e}II/IMI/IHaLU/ij Y CBUM 3€M/baMa.

U, xao mro cMo Beh yobudajunm, y CBAKOM IIpBOM
6pojy ropuimTa Ha 3a/ilUM KOpUIlaMa 06jaB/byjeMo cyTe-
cTje Kojux 61 Tpebao fja ce IpuUApIKaBajy ay TOpY P JOC-
TaB/bakby CBOjIX TEKCTOBA 3a 00jaB/buBatbe Y XeMujckom
upeinegy. Axo o capia Hucte o6jaspusamn y X1, yanHuTte TO
OB€ IrOMHE. Bammn pagoBu 1 NpWIO3Y CY BUIIE HETO VKA
TOOPOROIIII.

Patko M. JaHkoB

Toguwinie 57. poj 1 (2016) 1



I[TPMT9A CA KOPUIIA

Cuexxana BOJOBITh

Byxuh M. Muhosuh, jenan on ocHuBaya caBpeMeHe
xemuje y Cpbuju, pobeH je 1. janyapa 1896. y ceny Kparbcke
bape. xon Auppujesutie y Llproj Topu.

OcHoBHy Koy 3aBp1uKo je y bapama, a rumuasujy
je yamo y Ilogropuiy u JIpyroj mymikoj rumuasuju y beo-
rpajy. 3aBpIeTaK cpefjibe NKoje NpekuHyo je [Tpsu
cBeTcKn pat. PatoBao je y hauxoj yeru Kpapckor 6araspo-
Ha JI0 1916, KaJia je 3apo0/beH 1 ofiBefieH y torop y Mabap-
CKOj, IJI€ je MoYeKao Kpaj paTa. 3a paTHe 3aC/Iyre U Uc-
HOJbeHY XPabpOCT IPMUMMO je HEKOMMKO OTNKOBaba.
IMocne para 3aBpummo je crynuje xemuje Ha Pumozodc-
KoM dakynrery y Beorpapy 1922. ronuse. Ipe saBprueTka
CTYAMja IIOCTaB/bEH je 3a aCUCTEHTa Y XeMMjCKOM MHCTH-
tyTy ®unosodckor dakynrera. Y XeMujckoM UHCTUTYTY
y Hancnjy, kao crunenpucra @pasitycke Bajie, ypaguo je
TOKTOPCKY mycepranyjy (1926-1928). 3aTiM je TOAMHY fa-
Ha paauo kof, Po6uncona y Jloupony (R. Robinson, Ho-
6ernoBa Harpaga 3a XeMujy 1947). ¥ 3eM/by ce BpaTHo
KpajeM 1930, a IOYEeTKOM 1931. U3a0paH je 3a JOLIEHTa Ha
Karenpu xemuje ®unosodckor daxynreTa, 1938. 3a BaH-
penHor mpodecopa. OITyKOM OKYIIALVIOHVX BJIACTY IIeH-
3MIOHMICaH je jaHyapa 1943. Kao ynpaBHUK Pusyryakor u Xe-
Mujckor 3aBopa Punosodcekor dakynrera. [Tocre para
6110 je ypaBHMK XeMIjCKOT MHCTUTYTA ([0 1960) u 1ied
Katenpe 3a xemujy (0 1966). 3a pefoBHor mpodecopa
n3abpaH je 1950. TopuHe. Y IepUoy 1949-52. 610 je mekaH
IIM®, a 1952. 1 1953. peKkTOp beorpazckor yHuBep3uTeTa.
Topuee 1958. n3abpaH je 3 JOMICHOT, a 1961. 32 PEOBHOT
yrana CAHY. Y nepuony 1965-1972. 610 je Ha [y>KHOCTI
renepanHor cekperapa CAHY.

Bunie op nBe fenjennje Muhosuh je yruao Ha pas-
BOj xeMMje Ha beorpajickoM yHUBEp3UTETY U IIPU TOMe
ycIeo ia ocHyje u 067miKyje beorpazcky xeMyjcKy KoY.
3ajenHo ¢ Hopbhem Credanosnhem nzabpao je metHaec-
TaK HajOO/bVIX CTy[ieHaTa U3 HEKOJIMKO IOC/IepaTHYIX re-
Hepalja, IOCTaBMO VX 3a aCYICTEHTe, oMoryhmo nm nspa-
Iy JOKTOPCKIIX JyiCepTarija 1 6aB/berbe HayIHNM PajioM
y pasmuunTuM obmacTuMa xemuje. Of para Ima 1o mbero-
BOT OfjIacKa y IeH3ujy (1966) JOKTOPCKe Te3e OfOpaHmia
CY 44 KanauzaTa. HoByu HacTaBHO-Hay4YHM Kajilap OMO-
ryhmo je MopiepHM3aI1jy HaCTaBe, OPraHN30Balbe IOCTIe-
IMIUIOMCKMX CTYAMja, pa3Byjarbe HOBUX Hay4HUX 00-
nactu. 3ax-Babyjyhm MuhosuheBoM IJTaHCKOM 1 CuCTe-

2 Xemujcku iipeineg

120 TOIVHA OJI POBEIbA U 35 TOIVMHA O] CMPTU
BYKIMEA MITTROBU'RA (1896 - 1981), JETHOT O]]
YTEME/bMUBAYA CABPEMEHE XEMUJE Y CPBUJU

MAaTCKOM pajly Ha CTBaparby MOJEPHOT XeMMjCKOT MHCTH-
TyTa, OBaj VIHCTUTYT ce KpajeM LIe3eCeTUX U II0YETKOM
ceflaMyieceTHX TOAMHA 20. BEKA, IPEMA HUBOY HACTaBE,
001MY HayYHOUCTPAXXMBAYKOT Pajjd ¥ OIPEM/bEHOCTH,
MOTao IOPeNUTY ca CIMYHUM VMHCTUTYTHMA Y CBETY.

3a BpeMe [IBOTOTOAMIIIET PyKOBODema YHIBep3uTe-
toM Muhosuh je MHOTO ypapuo Ha yHanpebhemwy HacTase,
MaTepuja/THOT MTO/I0Kaja ¥ MHTeTpuTeTa Y HuBepsurera. I'o-
IUHE 1952. OO0 je carnacHoCT 3a ofu3ame 3rpafie MHcTH-
TyTa 3a XeMyjy, QU3MUKY XeMMUjy ¥ MIHEpasIoTHjy. 3ajefiHo ¢
Bopbhem Credanosuhem obuirao je Hajpehe xemujcke nH-
CTUTYTE Y EBpOHI/I 11 Ha OCHOBY IIPUKYIUb€HNX CKHIIA 1 fO-
KyMeHTal1je uspaheHn cy feTa/bHU IPOjeKTH XeMIUjCKOT
nncruryra. Cnegehux cenam roguuaa Muthosnh je 6meo Han
rpabeBMHCKUM, MHBECTULIMOHUM ¥ aIMUHUCTPATUBHUM
nocnosyuma. Ho Xemujckn mHCTUTYT (1961) oMoryhuo je
6p3 pasBoj xemuje u xemujcke uHFycTpuje y Cpouju.

Muhoswuh ce 6aBro HaydyHuUM pagoM y obmacTtu op-
raHcKe xemyije. Benukor ofjexa mmanu cy pajosu y 06-
JIaCTU IIPUMeHe MeTATHUX XUAPU/IA 3a PeNYKLMjy OpraH-
CKuX jepumberba. OpMax mocne JIpyror cBeTcKor paTa y
CA]l je mponab)eH mTujyM-amyMIHNjyM-XUIPUL, KOjI je
Muhosuh, ¢ mmahum capagaunma, pe cera ¢ Muxau-
noM MuxawiouheM, ofMax IpUMeHNO 3a peRyKiyje He-
KOJIVMKO KJIaca OPTaHCKIX jenmberba. ['omune 1955. ca Mu-
xartoM MuxanioBuhem 06jaBuo je mpBy MoHorpadujy o
TIATUjYM-aTyMIUHIjYM-XUAPULY, 3 KOjy je IIPEATroBOp Ha-
nucao TBoparn osor pearenca Illnesnurep (H. I.
Schlesinger). Monorpadwuja je npukasaHa y HajIO3Ha-
TUjYM CBETCKIM YaCOIMCHMa V1 Ha HAyYHUM CKYTIOB/MA.

ITpoyuasajyhu cuctemaTcky peaxiuje aIKoxosna ¢
0710BO-TeTpa atleTatoM, Muthosuh je ca capapauuymMa ot-
KpJO HOBE MIHTPAMOJIEKYTICKE peaKIiyje, LITO je JOBETIO IO
orkpuha Be/KOr Opoja CIMYHMX PeaKIija 1 10 HIXOBIX
IIPMMEHA Y CMHTe3aMa BaKHIX OPTaHCKIUX jcanmbera. OT-
kpuhe oBe peakuyje 1 beHa NpUMeHa TOIPUHEN CY
admpmaryjy XeMmjcKOr MHCTUTYTA Ha CBETCKOM HUBOY.
MuhosuheBa MeTopia 3a ecTepuduKaIyjy KapOOKCHITHIX
KIICe/MHA, [0 KOje je JOIIa0 KpajeM TPUAECeTHX TONVHA,
IO IPMHOCY U jeAHOCTaBHOCTH [0 laHac Hje IpeBasube-
Ha.

O6jaBuo jc [BafieceTaK pacrpasa O XeMIUjCKOj HOMEH-
K/IaTypy, TEPMUHOJIOTUjI ¥ TYMadery U3pasa I pedn y Ha-




IIEM jesVKy. YCIIeo je [ja yjeqHaIM Halll XeMUjCKH je3NK, IIpe
CBera HasVBe elleMeHaTa I jefiumerba. [ofiHe 1965. mpemMa
npernopykama IUPAC-a caunamo je cpricky Bepsujy I1pegnor
Jylocnosencke HomenKnaillype Heopiarcke xemuje.

Y wiaHIMMa 1 pacnpaBaMa 06jaB/beHIM Y YaCOIICY
Hawi je3ux 3Hama4Ku je TyMa4d11o CMICA0 HEKMX CTPYIHIX
U3pasa ¥ pedn Vi IPENOpyYMBa0 bJIXOBY NPaBUIHY IIPU-
Meny. I11cao je v 0 3HauYerby peun u U3pasa 'y HapOJHUM
necMama 1 'y I'opckom sujenuy. IlpunaBameM sHadaja He-
TOBamby je3VKa YTUIIAO0 je Ha OpojHe reHeparyje XxeMdapa

Zia ce IpeLM3HO V1 TaYHO M3paXKaBajy U Kopucte ,Muho-
BuheBe je3nuke mpenopyke".

ITopen 6pojHux npusHamwa, Muhosuhy je 3a >kuBoT-
Ho ienio sonerbeHa Cenmojyncka Harpaga Cpouje (1965), a
omnuKoBaH je OpeHoOM pajia ca IPBEHOM 3aCTaBOM
(1964) 1 OppieHOM 3ac/TyTa 3a HAPOJ, Ca 37TATHOM 3BE3/I0M
(1979).

Ympo je y beorpany, 19. janyapa 1981.

YJIAHIIU

magdalena.tasic@gmail.com)

Huxn je ecenyujanan Suoenemenisl 3a #usu ceeiti, ua-
Ko ce Hanasu y wipaiosuma. Y ey ogpacnoi 4oéexa uma
oko 10 mgnuxna. [JHesHe tiottipede 3a 08UM erleMeHITOM
ce odesbehyjy ypasHoitiesernom ucxparom. Kao kaitianu-
MUYKY YeHIIAP HANA3U Ce Y HEKOTUKO MelanoeH3umad,
Koju y4eciligyjy y pasnuduiium oxcugo-peqyKuyuoHum
fpouecuma, epute cunitiesy Suomonexyna u wisiuitie opia-
HU3GM 0g HeKUX TOKCUUHUX jegurverva. Hajeaxcnujy ynoty
EH3UMU HUKTIA CY UMANU Y AHAePOSHO] CpequHL, jep cy Ka-
WANU30M peakyuja y Kojuma ce iwipoute u/unu upoussoge
iacosu oMoiyAunYU UPUMUTHUEHUM OPIAHUIMUMA Ga HcUBe.
Ilopemehaju y meitiadonusmy HUKIA §oeoge go 030UbHUX
HeypONOWKUX, TeHellicKU U pelipogyKTnUeHUX Upodaema.
[edpunuiti ce petiiko gewiasa, anu aHiwipoiioieHo tioseharve
KOHUeHTIpayuje HUKAA y Upupogu gosogu go cee 4euthe
ilojase WPo6arLa HUKIOM.

HAJIAJKEIBE Y ITPPOIU

Canprkaj HUKITa Ha 3eM/bu je OKO 2 %, a Behu fieo ce
Hajlasy y jesrpy (KOHIjeHTpaluja 20 mg kgD), OMOTAuy
jesrpa U 3eM/BUIITY (24. €/IEMEHT II0 3aCTYIUBEHOCTH Y
ymTocdepn). Jako Maia KONMMYMHA HYK/IA Ce Ha/la3y y XKI-
BOM cBeTy. Huki xao xankoduinu u cugepouiHm ene-
MEHT Ce JIAKO jelVHY ca rBoXKheM, CyMIIopoM, apceHOM I
aHTUMOHOM. Y 3eM/bMHOM je3rpy ¥ METEOPUTUMA Ce
jaBrba 3ajenHo ca reokbeM y ogrocy Fe/Ni 11:1. Ca xanko-
TeHVM efleMeHTIMA Ipajiyi MuHepane munepui NiS, nuko-
nutti NiAs vt ynmanuiti NiSbS, a npucyTHe cy u Befvike Ko-
MUYVHe MarHe3ujyM HUKI CUNuKaTa (lapHujepuiti) y -
tocdepu. Cappxaj y CTeHaMa ¥ 3eM/BULITY KOje HacTaje
Of IATVUX CTEHA, 3aBYICY Off, KVICETIOCTH U Bapypa Off, 0,0001
% HMK/IA y Ielr4apamMa ¥ TPaHUTHYM CTeHaMa IO IIPEeKO
0,3 % HUKJIA y jako KucenuMm creHama. KoHuenTpanmja
HMKJIA Y 3eM/BUIITY Y Ba3yXy 3aBUCY HAPOYUTO Off aH-

Marpanena M. TACUR, Pyxuna C. HUKOJIN'R, [Jlenaprman 3a xemujy, IIpu-
popHo-MaTeMaTn4kn ¢akynarer, YHusepsurer y Humy (e-mail:

bMOJIOIIKN 3HAYA] HUKITA

TPOIOTEeHMX M3BOPA HMK/IA, KAO LITO Cy CaropeBarbe yIiba
u HadTe, IPOM3BObA 1 IIpepaja HUKIIA. [1,2]

Hamupauiie y kojuMa ce Hazasu HUKII Cy: KUTapuIie
(HapouuTO OBaC), rpalllak, MacyJb, KyIIyc, Iapraperna, 1yk,
mapazajs, Kpacrasarl, KpoMImp, jabyka, HOMOpPaHIIa, /Ieli-
HIK, Opax, Kakao. [2]

XEMMUJA HUKITA

Hymor Moske MMaTy OKCHAIVIOHA CTaba Off -1 710 +4,
amu y OMOJIOIIKIM CUCTEMIMA Ce jaB/ba OOUYHO Y OKCH-
JIALMOHOM CTatby +2 ca Kondurypamujom [Ar] 3d8 y Bu-
COKO 1 HUCKOCIIMHCKOM CTamy. Jako cy BuIlla okcupa-
IVIOHA CTara HecTabuIHa 1 6p30 ce penykyjy, Ni(Ill) mo-
Ke Ce jaBUTH y HeKMM eH3VMIMA 11 IOBOAY 1o omuTehersa
reHeTckor Marepyjana. O HIDKIX OKCUJALVIOHNX CTaba,
jemmuo Ni(I) nma 6uornomky sHaYaj y KOMIUIEKCHMa ca
TeTpaasaMaKpPOLVKINYHMM ¥ TUOIATHYM JINTaHAMMA, a
IIOCTOje JOKasy ia Ce jaB/ba ¥ y OKBUPY TETPaIpONOBOT
IpCTeHa y MeTIWI-KoeH3uM M penykrasu. [1]

Huxn(II) dopmupa koMIuiexce ca KOOPOVHALMOHUM
OpojeM 4, 51 6, M CBYX CTPYKTYPHYVX TUIIOBA - OKTaefiap-
CKe, TPUTOHATHO-OUIIpaMyfiaiHe, KBaJ|paTHO-IMPaMu-
TajHe, KBalpaTHO-I/IaHApHE 1 TETpaefapcKe CTPYKType
(crmka 1). KapaktepucTika KOMIIEKCHUX jeMEbeba HI-
kna(Il) je ma mocToju paBHOTEXKa M3Medy pasmmanTrx
CTPYKTYPHMX TUIIOBA, YMj/ ITOJIOXKA]j 3aBUCH O} TEMIIEpa-
Type, KOHLIEHTpalyje 1 BpcTe IMraHpa. PepepsnOmmHum
BE3MBALEM JIMTAH/IA Y AKCUja/THOM ITOJIOXKajy KBaJpaTHO-
I/IaHAPHIX KOMIUIEKCA VIV TI0Be3VBaibeM KOMIDTEKCa ca
KOOPAMHALMOHNM OpOjeM 4 y acoLujate WIN IIONUMepe
HaCTajy KOMIUIEKCU KOJ, KOjUX je KOOpAMHALMOHY Opoj
HUK/IA 5 WK 6. [1,3]

Kako ce HMKII cMaTpa e/1eMEHTOM KOjU je Ha TPaHMI
usMeby ,meke” u ,,tBpae” JIyncose (Lewis) kucenuue Mo-
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Cmnka 1. CrpykrypHy oy komiiekca Hukaa(Il) y saBucHoctu on koopanHaumoHor 6poja ca npuMepuma (L -

JIUTaHT,)

e pearosaty ca ,rBpruM” (1ip. OH”, NH3, CT, S0,%7, NO53™
), »uaTepMenujapauM” (mmp. R3N, N37, NOy") u ,,Mexum”
nmuranguMa (np. RSH, RS’, CO, CN7). Kommnekcn Hu-
kna(Il) ca opranckum nuraHpuMa (LUTPAT, XUCTURKH,
LICTeVH) Cy PaCTBOPHU, 3a Pas3/MKy Of CKOPO HepacT-
BOpHYX Cynduya, kapboHara, pocdara 1 okcuma y mpu-
POnHMUM ycnoBuMa. [1]

HUKITY JbYJCKOM OPTAHU3MY

¥ Teny ogpacior 4oBeKa MMa OKO 10 mg Huka. Haj-
BIILIE Ta ¥IMa Y IVTyhVMa, a HajMambe y IaHKpeacy. [JHeBHa
norpeba YoBeKa 3a HUKIOM je pefia Be/I4uHe g, a IIofia-
IV BapUpajy Of, 25 - 35 10 600 Ug THEBHO Y 3aBMICHOCTH O
HOJIa ¥ CTApOCTH, IITO ce 0be36edyje nmpaBuIHOM ncxpa-
HOM. Mame off 10 % yHeTOT HVK/Ia XpaHOM ce aricopoyje y
IUTeCTVBHOM TPAKTY, a OCTaTaK Ce e/IVIMVHUIIE (eriecoM.
Y opranusMmy ce Hajasy y pasiMuuTIM €H3MMIMa 1 KOM-
IVIeKCMa ca 61IOMOIeKy/mMa (aMUHOKMCETVHE - IIVCTe-

VH, XUCTUIVIH; IPOTEVHM - AIOYMUH II/Ia3Me; CaXapuyl;
Hyknenncke kucenuue - DNK, RNK) xoju omoryhyjy
TPAHCIIOPT HUK/IA. EKCKpenja HMK/IA ce BPIIN IPeKO
YPUHAPHOT U IUTeCTYBHOT TPAKTA VI JKYUM. [2,4]

EH3MMI HUKIIA

EH3uMu HUKIIA ce [iefie Y iBe TPyIie Ha OCHOBY BPCTe
peakumje KOjy KaTanmusyjy: pefoKC eH3MMI M XUAPOTIase.
Y penokc ensume cnanajy [NiFe] xunporenasa, CO pexu-
nporenasa (CODH), anetnn-koeHsuMm A cuHTeTasa
(ACS), meTun-xoensum M penykrasa (MCR) n cynepok-
cnp suemyTasa (SOD), a ypeasa, rimokcanasa-1 u arppe-
IYKTOH JVIOKCUT€Ha3a CIafiajy y xupponase. CemaM of
OCaM HaBENEHMX €H3VMa KaTa/ln3yje peakiyje y Kojuma ce
Tpoute u/umu npoussopie racosu (CO, CO,, CH,, H,,
NH, 1 O,), 5ok ocMu eHsuM rmokcnasa-1 katamsyje
KOHBEP31jy TOKCMYHOT METM/ITIMOKCA/IA, KOjU C& MOXKe
koBaneHTHO Besatyt 3a DNK (Tabena 1). [5,6]

Tab6ena 1. EHsuMN HUK/IA U jeFHAYIHE peaKIja Koje KaTannsayjy

Enzum Peakuuja

ypeaza

ypea + H,0 —» 2 NH3 + H,CO3

[NiFe] xumporenasa

2H  +2e =H,

CO pgexugporenasa

2H" +C0,+2e =CO+H,0

alleTII-KOEH3UM A CHHTETa3a

CH3- CoCFeSP + CoASH + CO — CH3-CO-SCoA + CoCFeSP

METUII-KOEeH3UM M penykTasza

CH3-SCoM + CoBSH — CH4 + CoBS-SCoM

CYNIEPOKCHA ANCMYTa3a

20, +2H" > H,0,+0,

rianokcunasa-I

MeTHJITJIMOKCcal — jakTaTt + H,0

AlUPCAYKTOH JUOKCUI'CHA3a

1,2-AUXUAPOKCHU-3-0KCO-5-(MeTU/ITHO)-1-1enTeH + 0, -HCOOH + CO +

METUJITUOINIPOIIHMOHAT

4 Xemujcku ipeineg



Huki1 je moromaH Kao KaTa/MTUYKM LIeHTap 300T MO-
ryhHOCTM IpOMeHe CTPYKTYPHOT THIIA X KOOPHMHALIMO-
HOT OpOja KOMIUIEKCa, a TUTaHAY PeTy/IMIY IOTeHIMjaI
penokc maposa Ni**/Ni'* u Ni3*/Ni** kako 61 6um y ok-
BUPY OMOJIOLIKY IPYXBAT/BUBYX IPAHNIIA OF IPUOTIVK-
HO-0,6 V10 +0,9 V. [5,7]

Ypeasa

Csu crcapy usfydyjy ypey IyTeM ypJHa Kao IIpous-
BOJI IeTOKCHUKAIlYje, a IPOCeYaH YOBEK M3/TydM OKO 10 kg
ypee roguime. [lomyBpeme peakuyje pasiarama ypee Ha
amoHujak n nujanarny kucemuny (HO-CN) y BozeHOj
cpenyuHy, 6e3 KaTaIUTIIKOT fIejCTBA eH3MMa, Tpaje IpK-
O/IVDKHO 40 TOMHA, @ XUAPOJIN3a ypee OKO 520 TOfIMHA.
Bes mpucycTBa ypeasa JOLUIO 61 KO 030)BHIX ITpobieMa
ca sarabhermem npupoze. Ypeasa Katanusyje XugpoInTi-
KO pasjiaraie ypee, ybpsasa peakuujy 10'4 myra 1 Moxxe
ce Hahy y 61/bKaMa, ajirama, I/buBMLAaMa 1 ofpeherHnm
MuKpoopraHnsMuMma. IIporiec ce opurpasa y iBa Kopaka:
XUJPO/IM3a ypee 0 aMOHMjaka 1 Kapbamara (Iporec Koju
KaTa/mM3yje ypeasa) 1 CIIOHTaHa XMPOI3a Kapbamara 10
jol jemHOT MOJIEKYy/Ia aMOHMjaKa (CmKa 2). [1, 5-7]

0 HO N‘Hs 0 H,0 r~£H3 0
ypeasa e e
HoMN NH3 HaN o HO' 0

Cmuxka 2. Illema pasnarama ypee fo 6ukap6oHara u
aMOHMjaKa

AKTUBHM IleHTap eH3uMa cappxu aa HuK/I(II)-jona
Y BICOKOCIITHCKOM CTamy, MehycoOHO moBesanux
MOCTOBMMa KOje YMHe XUJPOKCI/IHA TPyIIa M KapOOoKCcH-
JIOBaHM NU3VH (C/VKa 3). JeaH joH HMKIIA je KBafipaTHO-
IUIaHAPHO KOOPAMHIICAH ca [iBa XUCTU/IVHA U jefHIM MO-
JIEKY/IOM BO[e, a IPYTH jOH OKTaedapCcKy KOOPAVHUCAH Ca
TiBa XUICTUVIHA, MOJIEKY/IOM BOJI€ V1 aCIIAParMHCKOM KIiCe-
JIMHOM. Ypea ce Besyje 3a joHe HUKIIA CYTICTUTYIMjOM MO-
neKyna Bojie. XUIpOKCU/IHA TPyIIa, KOja IpeCTaB/ba
MOCT, je y TAKBOM II0/I0Kajy Jla MO>Ke M3BPIINTY HyK/Ieo-
wIHY Hamag YyMe HacTaje MHTepMefujep TeTpaefapcKe
crpykrype. Pacnafamem nnrepmenujepa, NH, rpyma 6u-
Ba IPOTOHOBAHA ! Jiaje aMOHUjaK, JOK KapbaMar CIIoHTa-
HO XUZIPO/IN3Yje IO aMOHUjaKa J YI/beHe KICeHe. [5-7]

Hz ,B H20 -0OO0C-Aspasg

HISQ}E N vpea
H'SM-N“\ \\;"\'l\"/"'"“N-HiSm,
0 -0 2Hz0
N-Hi5135
il
Kai7

Cnnka 3. MexaHn3aM JiejcTBa ypease

[NiFe] xugpoienasa

XupporeHase Cy €H3MMU KOjU KaTannu3yjy peakuujy
okcupanyje H, u cynporny peakuujy penykumje H-jona.
CrpesameM peakiuje OKCUalje BOOHMKA Ca PefyK-
mijoM CO,, O,, cyndara, HuTpara, pymapaTa 1 [pyrux
aKIlenTopa eleKTPOHA, FeHepHuIle Ce eHePrija I YK/Iamba
BUILIAK NoTeHIMjana. Hacramy rpagujeHT NpoToHa ce Ko-
puctu 3a cuuTesy ATP-a. XupporeHase ce ferne y uetupu
KJIace Ha OCHOBY METa/IHUX jOHA Y aKTMBHOM IIEHTpY:
[NiFe], [NiFeSe], [FeFe] u [Fe] xunporenase. [NiFe] xu-
IporeHasa caip>ky akTvBHY LeHTap Ni-Fe ca murangymma
(Bermxa cybjemmuuna), Mg> -jona na C-trepMuHanHOM
Kpajy XUCTUAVHA Y OKBUPY Be/luKe CyOjequHILe U Haj-
mabe jenan [Fe,S,] xmacrep koju ycmepasa HpOTOK erieK-
TPOHA Ka aKTUBHOM MecTy (Mana cy6jenunnna). Huckoc-
IMHCKO rBoKbhe y akTMBHOM LIEHTPY je Be3aHO 3a TpH
IBOATOMCKA HEeIIPOTEMHCKa nuranja - jegan CO u gBa
CN’, a HUKIJI 3a 4YeTUPY LVICTENHA, Off KOjyX [iBa IIpefiCTa-
BJ/bajy MocTHe nuranpie nsmebhy Ni u Fe (cnuxa 4).
[NiFeSe] xunporeHasa ce pas/mkyje 1o TOMe ILTO je jenaH
Of], IMTaH/IA Be3aHX 32 HUKJI Ce/ICHOLMCTENH. [5,6]

BeJIHEA

cySjeqmmma (VS N
/ C
.,

Cys I [~ _.--"'F ——
\ Qs o7 1\5\/ L
S\ |.."/ \ Sy CO

Fe—S, Cys | Cys
| S—FFe Cys
5\—~—Fe\,‘_5
Fe—5S57\
/ Cys MAJIA
Cys—S cySjeqmmmma

Cnnxa 4. Crpykrypa [NiFe] xupporenase

[NiFe] xupporenasa 3axTeBa akTUBaIjy JYTOTPaj-
HVIM M3/1aralbeM BOJOHMKY, Kafia 0/Iasyl 1O XeTePO/Ii-
TUYKOT pacKupama H-H Bese 11 BesuBameM xupuia Kao
MOCTHOT /IATAH/Ia, Y3 OKCUALIjY Ni(II) mo Ni(III) (crame
Ni,-C M. Tpancoep xunpnaa y3spokyje pefyKoparbe 10
N1(I) (crame Ni, R ), 3a Koju je Moryhe Be3uBarme Bofo-
HJKA MEXaHM3MOM OKCHJIATVBHE ajiLiyje y3 PaCKUfatbe
H-H Bese (crame Ni, X). VnTepmenujep mponasyu Kpos
[iBa CyKIleCHBHA IIPOLeCa IPEHOCA eNeKTPOHA 1 OC/IO-
6abama npoToHa, unMe HacTaje oueTHo crame Niy-C'

(cnmka 5). [5]

Dy, CO0- Aaga
|14 8 | NH; H:COs3
[ 4 %G
HisgpoNH: 1 .0 o T T

U NHy — = NH:
WL

—————— = NH:-COOH

ypea
— ”gﬁ\} NH2 —60C-Aspas
a7z
Hiszes-N” \'\’\/ \\"
1S245- Ny pg e
e, 5 o \ N-Hisjas
o N-Hi5135
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Cimnka 5. Mexannsam pejcrsa [NiFe] xunporenase (Crichton, 2008.)

CO gexugpoienasa u aueiiun-kKoeH3um A cuniieilasa

CODH je onroBopas 3a peBepsuOMIHy peakiyjy pe-
nykimje CO, no CO, Koju ce KOPUCTY 32 CUHTE3Y alleTUI-
koeHsuMa A 1of; nejctBoM anetun-CoA cunrerase. OBu
€H3VMM €y OMOTyh1Ii IPUMUTHBHIM OpraHM3MIIMa
XIBe Y aHaepoOHOj cpenuty 60ratoj yrbeHuk(IV)-ok-
cnpoM 1 Moke ce Hah CByzIa rfie [OCTOju aHaepOOHM Me-
tabonm3aM (IIp. TpeceT, PyMeH Kpase, [jpeBa KOJ Jby/).
CO, ce KOpUCTU Kao U3BOP YI/b€HUKA U eHepTrHuje, a
Wood-Ljungdahl-oBa nyrarma onucyje cunresy auneTui-
Co Ans CO,. [5]

CODH cappxu et Metanuux kiaacrepa (B, Cu D
Knmactepu), off Kojux iga C-knacrepa canpxe [Fe,S,]
K/IacTep oBe3aH ca akTuBHMM LieHTpoM Ni-Fe, a Tpu (B u
D) xnacrepa cy turranu [Fe,S,] xnacrepu. Karamsosa-
Ha peakIija ce OfjBMja y 4eTUpM Kopaka (cnuka 6). Y mp-
BOM KOpaKy fonasu o Besusara CO 3a Huxi(Il), a mo-
TOM XU[JPOKCI/IHA TpyIa BezaHa 3a reokbe(II) unTpamo-
nexyncku Hanaga CO. Tpehu xopak moppasymeBa oT-
nyuramwe CO, 1 IpoTOHa, Y3 penykunjy C-kiactepa. Ka-
Ko 6u ce C-KIacTep OKCII0BA0 O MOYETHOT CTamba, ABa
€IeKTPOHA Ce TIPefIajy eeKTPOH-aAKIENITOPCKVIM BPCTaMa
(dbepomokcuH, draBogoxcus, pydpenokcus, FAD, FMN,
PenoKcC eHsumn). [5,6,10]

Auetni-koensum A cuntetasa ce cacroju op, [Fe,S,]
K/IacTepa KOju je IOBe3aH IIpeKo LJCTeNHa Ka0 MOCTHOT
JIMTaHfa ca IPOKCUMAaTHIM jJOHOM HUK/IA, 8 IPOKCUMaJI-
HI jOH je IIOBe3aH ca MCTTHIM jOHOM HYIKJIA IIPEKO JjBa
MOCTHa /IMraHya (IMCTeVH). ALeTUI-KOEH3UM A ce CMH-

6 Xemujcku tipeineg

TeTuuie u3 Tpu cyncrpara - CO, KoeHsuma A 1 METU
rpyne us metunosaHor Fe-S nporenna. IIpeioxena cy
IBa MexaHy3Ma - MoHOHyK/IeapHu (CO 1 MeTu rpyma ce
Be3yjy 3a IPOKCYMA/IHY jOH HUKIa) 1 6uHyKaeapHn (CO
ce Besyje 3a IPOKCUMAIHY, 2 METWI TPYIIa 33 AVICTaTHM
joH HMKIIa). Y OKBMPY MOHOHYK/ICapHOT MEXaHI3Ma, aK-
TUBALVjoM ce penykyje npokcumanuyu HuKa(Il) po Hu-
x1a(l), a moTom onasy o Besusara CO 1 MeTVI IpyTie 1
HAaCTaHKa alleTVI-TPpyIIe. ATleTUI-rpyIia 61Ba HamajHy Ta
of cTpaHe fenpoToHoBaHOT CoA-S™ 1 HacTaje aneTuI-
CoA (cmuxka 7). [5,6,10]

Meitiun-koensum M pegyxitiasa

MCR karanusyje HOCIefmbI KOPaK y 610I0IIKOj
CMHTe3! MeTaHa Off CTpaHe MeTaHOTeHNUX OakTepyuja y
aHaepoOHMM ycnoByMa. Katanmsosana peakipyja je peak-
I[Mija KOHBep3uje MeTuI-Koensuma M u N-7 mepKanTo-
xenTaHouTpeoHnH-docdarta (koeHsuM B) 1o metaHa n
MetoBuTor Aucyaduaa. EH3um je xereporpumep ca apa
aKTMBHA IIeHTpa - KoeHsuma F ., | ca joHom HuKIa y TeTpa-
IVIPOZIOBOM IPCTeHY. [5]

3a objalImerbe OBOT IIpoLieca IpeyIoKeHa Cy 1Ba Me-
XaHM3Ma 4Mja je [TIaBHA Pas/IKa y CTPYKTYPU IIPBOT MH-
TepMenujepa (cnuka 8). MexaHu3aM 1 Cafp>Ky METHU/I-HU-
k1(IIl), a MexaHwM3aM 2 Ipe[yIake METH/I-PATMKAI I KOEH-
3um M-S-Ni(II) xao npBu uHTEpMenujep. Y OKBUpY Mexa-
Hu3Ma 1, inwi(I) Hanmama MeTm-SCoA y Sy2 peakiuju Ha
YIBEHMKOBOM aToMy 1 HacTaje MeTwi-HuKI(III) nHTep-
Mefujep, Kojy IpYMar-eM €/IeKTPOHA ITPeiasi y MeTUI-

430
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Cnnka 7. MOHOHYK/IeapHM MeXaHI3aM CUHTe3€ alleTII-KOeH3MMa A

HukI(Il). Tpancdepom nporona Ha metvn-Huk(Il) Ha-
craje MeTaH, a HantanoM CoBS’ HacTtaje gucyndun papu-
KaJl aHjoH. Panykai aHjoH npenajoM efleKTpoHa fiaje Ipo-
U3BOfie - IIO/Ia3HO jenymbere ca HuknoM(I) u MeroButn
mucynduy. MexaHnsaM 2 Hpefyiaxe HaCTaHAK METII-pa-
IMKana HaKOH HyKIeoduiHor Hanaga Hukaa(l) Ha cym-
HOP Y METWI-KOeH3UMY M, Koju ofMax BpIIM alCTpaxo-
Barbe BOJIOHNKa U3 KoeH3uMa B u pgaje meran. Ocramn
CTYIIEEBM CY VICTU KA0 11 Y MEXaHM3MYy 1. [5,6,11]

IIOPEMERAJVI METABOJIN3MA HUKITA

YHolueme Matbe 1 Behe Koma1He HUKIIA Off Ipe-
Hopy4YeHe MOXKe IOBECTH /10 030M/bHMX Ipo6ieMa KOj
bynu. [lepuuut HUK/IA ce PeTKO fielliaBa, any y CIy4dajy
Mamber YHOCa HIKIIa 1071asu Jio mopemehaja y MeTabomms-

My vrupa. TpoBare HUKIOM je delha IIojaBa J CTeIleH I
HOC/IEMUIE TPOBaba 3aBMCE Off HAYMHA YHOIIEHa HIK/IA,
a MO>Ke JIOBOCTY [0 030//BHIX HeyPOJIOLIKILX, FeHETCKIIX,
penponykTuBHUX nopeMehaja u nopemehaja y passojy,
Kao I [0 TI0jaBe paKa 1 ajepruja. PactBopHa jenumena
HVIK/Ia CY TOKCUYHMja Of, c1abo pacTBopHux. Huki je jako
TOKCIYaH KaJja ce y/uIIIe ¥ JOBOAM 10 paka miyha. ITyrma-
YM ML Of 2 [0 12 Ug OBOT M€TaJIa 3a CBAKY KyTUjy Iiy-
rapeTa. [2,4]

Terpakapbounmanki(o) [Ni(CO) 4J> KOju ce Kopuctn
y npepanyu Ha(Te, jenHa je Off HajOTPOBHYjIX KOMIIOHEH-
1. Hakon nHxamanmje ce anicopbyje, mponasu Kpos ce
6uonouike MeMOpaHe 1 uHxMOUpa gejcrBo ATP-ase u
RNK nomnmepase. [lonasu fo ryiemwa ycnes Hemoryh-
HOCTV Be3uBarba KMCEOHMKA 32 XeMOIIOOMH U HaCTaHKa
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nesuja Ha wiyhuma, 6yOpesuma, jeTpu, CIe3sMHN 1 HaJ-
OyOpesxHOj xte3mi. [12]

HVIKIY BUJbHOM U JKIBOTUIHCKOM
CBETY

Ha goctymnnoct HuKIa 61bKaMa yTidy mapamMeTpu
TJIa, TIpe CBETa Cafip>Kaj INIMHE U OpraHcke Marepuje, pH
3€EM/bJMIITA U IIPUCYCTBO OPraHCKMX JINTraHaja KOjI/[ 10~
BehaBajy MOOVJIHOCT 11 pacTBOP/BUBOCT TpabermeM xeat-
HJIX KOMIDTeKca HuKIa. Cafipykaj HMKI JUPEKTHO 3aBUCU
Off CajipyKaja y 3eM/BULITY Ha KOMe ce Hajtasy OybKa. [2]

Huxn je ecenuyjainm eneMeHT 3a 61/bKe 1 XKMBO-
THIbE, MAKO HIfje Y IOTIYHOCTH O6jalllibeHa yIora y MeTa-
6o/m3My BuMX O1wbaka. leduuyt HuKIa ce peTKO mpy-
Mehyje, a y cry4ajy nosehanor cagpyxaja HuKIa y OmbKa-
Ma, JI071a31 10 X/IOpO3e U HeKpO3e /IMCTOBA, CMakbeHe all-
COpIILIMje XpaH/bUBIX MaTepuja, mpobrema y MeTabomms-
MY U CMatbeHOT Pa3Boja KopeHa. [2]

Kop >xuBotuiva eyt H1KIa JOBOAY HO IIpobiie-
Ma Ca XeMOITIOOMHOM ¥ ePUTPOLUTIMA, & TPOBAbE HI-
KoM jio orrehema miyha, anepruje, kaneporeHux, pe-
HPORYKTUBHIUX U TepaToreHyx nopemehaja. [2]

3AXBAJTHUIIA

Osaj pag je ypahen y oxeupy Ilpojexitia Munuciiap-
ciniéa tipoceeiiie, Hayke U WiexXHOMOWKoI paseoja Peiydnu-
ke Cpbugje I1I 45017

Abstract
BIOLOGICAL IMPORTANCE OF NICKEL

Magdalena M. TASIC, Ruzica S. NIKOLIC, Department
of chemistry, Faculty of Sciences and Mathematics,
University of Ni$ (e-mail: magdalena.tasic@gmail.com)

Nickel is essential biometal for a living world, although
it can be found only in a trace. In the adult body is around
10 mg of nickel. The daily requirement for this element is
provided by a balanced diet. As the catalytic center, nickel is
located in several metalloenzymes, participating in various
redox processes, synthesis of biomolecules and protection
of the body from some toxic compounds. The most

8 Xemujcku tipeineq

important role of nickel enzymes was in the anaerobic
environment, because they catalyze reactions with the use
and/or production of gases, which allowed primitive
organisms to live there. Disorders in the metabolism of
nickel lead to severe neurological, genetic and reproductive
problems. The deficiency is rare, but the anthropogenic
increase of nickel's concentration in nature leads to more
frequent occurrence of nickel poisoning.
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Pyrennjym cnapa y VIII rpymry npenasaux merana u
3ajenHo ca Os, Rh, Ir, Pd 1 Pt unHM I1aTMHCKY IpyITy Me-
tana. VIMe je fo610 1o TaTMHCKOM Ha3uBy 3a Pycujy
(Ruthenia). Pytenujym uma atomcku 6poj 44 (Kr 5s'4d”) n
aTOMCKy Macy 101,07. ITocToju HeKommko nsoTomna pyre-
HUjyMa (%°Ru, 28Ry, %2Ry, '°°Ru, *°'Ruy, '°*Ru 1 '*4Ru) ox
Kojux je u3oton ‘°*Ru HajsacTyiubeHnju ca 31,6%. Pyte-
HIjyM V¥IMa IIMPOK OIICeT OKCUIALMOHNUX CTatba Off -2 [0
+8 TaKo fla Cy HeroBM KOMIUVIEKCH PETYKIVIOHO aKTUBHI
U HUXO0BA IIPYIMEeHA K0 PefyKIMOHMX areHaca y pas/n-
YUTUM XEMUjCKUM PeaKIMjaMa je Off BE/IMKOT 3Havaja. Y
(U3MOTOLIKMM YCTIOBMMa MO>Ke IIOCTOjaT! Y TPU OKCUfIa-
nyoHa crama: pyrenujyM(1l), pyrenujym(III) u pyre-
HyjyM(IV). Pytennjym(III) je FOMMHAHTHO OKCUAAIIMOHO
cTame y QpU3NMOIOLIKIM YCIOBYMMA oK ¢y pyTeHnjym(Il)
u pyrernjym(IV) okcupanmoHa cTama Koja ce JIako Io-
CTIDKY Y IPUCYCTBY OMOJIOIIKYX pefyKTaHaTa (acKop-
OMHCKa KVCeVHA VUIN DIy TaTUOH) VUIM OKCUZIALIOHMX
arenaca (O, wm H,0,). Cpa Tpu okcupamnyoHa crama
rpajie KOOpAMHAIVOHA jeilNiberba OKTaefapcKe reo-
MeTpuje, nok pyTernjym(II) opraHoMeTamHy KOMILIEKCH
Tpajie jenniberba ICeyTOOKTaeTapcKe reoMeTpuje (T3B.
»piano stool” kommiekcn).

PyTtenujym(II) VIMa TIOTIYheHe CBE TPH (tyg) d opbu-
TaJIe [ITO I'a YMHY JUjaMarHe THIHUM 0K pyTterujym(IIT)
VIMa jeflaH HecTIapeH eneKTPoH Y (t,g) d opbuTamu 11 oH je
napamMarseTndaH. Pasnika y camo jeHOM eNIeKTpOHy 13-
Mehy oBa IBa OKCHfjaLMOHA CTama 3HAYajHO yTUYe Ha
BIXOBe XeMujcKe Kapakrepucrtuke. Pyrernjym(Il) ce mo-
Hallla Kao MeKa KVCe/IHA U MOYKe MMATH Ti-[JOHOPCKe
ocobuHe, a pyteHnjym(I1I) ce monara kao TBppa Kucenu-
Ha J MO>Ke MIMATH TI-aKLIEIITOPCKe OCOOMHE.

Kommexcu pyrennjyma(Ill) cy mneprauju y ogHoCy
Ha oprosapajyhe komivzexce pytenujyma(ll). Vs or pas-
7I0Ta aKTUBALMOHM MEXaHI3aM T3B. ,,aKTUBAIMja PeyK-
IujoM” MpejIoKeH je of cTpane npogecopa Clarke-a,
Koju je 610 Meby mpBUMa Koju Cy MCTPaXKUBaNIU KOM-
IJIeKCe pyTeHMjyMa Kao [OTeHIIMjalHe aHTUTYMOPCKe
areHce. OH je 3ajeHO ca CBOjUM CapaHULIMMA IIpefiyIo-
xuo fa kommiekcu pyreanjyma(Ill) mpso mopexy in
Vivo pemyKuymju 1o Mawe uHeptHor pyternjym(II) oxcu-
HALVIOHOT CTaba, a 3aTUM JIO/Ia3) O OTIYILITAHa XJIOpY-
IO JIMTaHfA U CTBaparba akBa MeTabosIuTa KOju je CIIoco-
6aH fa ce Bexxe 3a 6uonouke MmeTe. OBY KOMILIEKCH OC-
Tajy y penatuBHO HeakTuBHOM pyTeHujyM(III) okcnpa-
IIJIOHOM CTamby CBe JIOK He CTUTHY /IO TYMOPCKOT TKMBa
I7ie je IpYMCYTaH HIDKM CapKaj Knceonuka u pH, u mo-
BehaHa KOHIIeHTpalyja Iy TaT1oHa (PeyKIVIOHM areHc)
Y ORHOCY Ha HOPMa/IHa TKUBA. Y OBUM YCTIOBMMA O/aK-
1maHa je penykuuja pyrenujyma(Ill) go pyrenujyma(Il).
OBaj aKTMBAIMOHM Ty T MOYKe OMTH OATOBOPAH 3a CeJleK-

Ana PUITAK, JXusagun [I. BYTAPUUR, IIpupogHo-MaTeMaTnuku ¢akynrer,
Yunsepsurer y Kparyjesny, Pagoja [Jomanosnha 12, P.O. Box 60, 34000 Kparyje-
Barl, Cp6uja. (e-mail: anarilak@kg.ac.rs, bugarcic@kg.ac.rs)

AHTUTYMOPCKU KOMIUIEKCHU PYTEHUJYMA

TUBHY TOKCUYHOCT IIpeMa KaHIjeporeHuM henmjama, kao
U 32 e(pMKACHOCT IIpeMa XUIOKCUYHUM TyMOPMMa KOji
MOTy OMTV OTIIOPHM Ha XeMOTEPAIIN]Y U pafyoTepanyjy.

Jor jemHa BaXkHa 0COOMHA KOMILIEKCA PYTEHU]jY-
Ma(IIl) je cmocobHOCT fa 3aMenu rBoxbe npu BesuBarby
3a MHOTe 61I0MO7IeKye, YK/bydyjyhn cepym nporente
(unp. Tpacdepun n andymuH). Pyternjym ce Besyje 3a
TpaHcepyH, IpK YeMy HacTaje TpaHCepUH-PyTeHUjyM-
CKJ KOMIIIEKC KOjJI MOYKe OJT! aKTMBHO TPAHCIIOPTOBAH
Y TYMOpCKa TKVBa Ha 41jOj Ce IIOBPLIVHI Ha/Ta3U 3HATHO
Behu 6poj TpaHchepyCKIX perenTopa y OfHOCY Ha 3/jpa-
Ba TkmBa. Kapia ce jegHOM Bexe 3a TpaHCepUHCKI pe-
LIenTop, KOMIUIEKC ocnobaha pyTeHnjyM koju ce Moxe
JIaKO MHTEpHaMM30BaTH y TyMOp. Bepyije ce ma je oBo apy-
I Y3POK CeIEKTUBHOT [IeTI0Balba KOMIUIEKCA Py TeHIjyMa
npema hennjama KaHIjepa IITO TOBOAN U 10 CMarberba
CIIOpEHIIX HeXKebeHNX edpeKaTa Tepartje.

ITpBy KOMIUTEKCH pyTeHVjyMa TeCTMPaHM Ha aHTH-
TYMOPCKY aKTUBHOCT Cy xy1opo-amua-Ru(IIl) kommrexcn
jaCHO MHCIMPMCAHY LMCIUIATVHOM, 33 KOje Ce CMaTpajo
ma pearyjy npumapso ca [THK. Clarke je sajenno ca
CBOjUM CapafgHMUIIMA IIPBY 00jaBIO pesy/TaTe O aHTUTY-
MOPCKO]j akTuBHOCTH Kominekca fac-[RuCl(NH,),]
(Cnuka 1).! VicnmTuBasa Cy nokasaja a uMa Jax u ehy
AKTVBHOCT y OGHOCY Ha LIMCIVIATUHY Y CTy4ajy JIeyKeMuje
P388. Mebhytum, Hefocrarak 1 Beuku npobyeM y mpume-
HJI OBOT KOMIUIEKCa IIpeCTaB/ba Hberopa cnaba pacT-
BOPJBMBOCT Y (DM3UOJIOLIKOM PAacTBOPY; Ia 300T TOra HU-
Kajia Huje Haao (apMaKO/IOIIKY IIPUMEHY.

Mecrtponu (Mestroni) je ca cBOjuM capagHUIIMA
VICIIATUBAO aHTUTYMOPCKY aKTUBHOCT pyTeHujym(II)
xomexca, cis-[RuCl,(dmso), ] (dmso = mumernncyndo-
kcnp) (Cnuka 1). OBaj KOMIUIEKC HUje IMTOTOKCUYAH in
vitro, a in vivo je II0Ka3ao TOKCUYHOCT TPY ITyTa Mamby Y
OfIHOCY Ha IIMCIUIATUHY. VINaK, mpy MaKCHManHOj Tose-
PaHTHOj 103U OBaj KOMIIIEKC je TIOKa3a0 BE/MUKY aKTUB-
HOCT Y1 IIpeMa IIPYMapHOM TYMOpY U IIpeMa MeTacTasaMa
Ha IIpUMepy MUIIIA Ca YBPCTUM MeTacTasupajyhum Tymo-
pom. Ha MomapHOj OCHOBM, IIUTOTOKCUYHOCT £1ans U30-
Mepa (Crmka 1) je yak oko 20 myTa Beha y ogHoCy Ha cis
M30Mep U 0Baj KOMIUIEKC je epMKaCHIjU y CMaberby Opoja
U TeKMHE CIIOHTaHUX MeTacTasa Koje HOTIIY Off IIpuMap-
HJX TYMOpa. Y eKCIIEpYMEHTVIMA Ha MULIEBMMA KOj/Ma je
OIIepPaTIBHO YK/IOHEH IIPYMAPHI TYMOD,
trans-[RuCl,(dmso) ] je ebuxacuuju y ognocy na
IVICIUIATVHY I10 IUTaby HOCTONEPATHBHOT POy Kerba
JKMBOTHOT BeKa. [IpyruM peunma, oBaj trans msomep je
[I0Ka3a0 Mamy aKTYBHOCT IIpeMa IpUMapHOM TYMODY,
anu Behy CeleKTUBHOCT 1 epMKACHOCT IIpeMa MeTacTasa-
Ma. OBa YMIbEHNIIA YKa3a/Ia je Ha Pas/MKy Y MEXaHU3MY
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Cmnka 1. CTpykTypHe popMyie HEKMX KOMITIEKCA PyTeHNjyMa KOju [TOKa3yjy aHTUTYMOPCKY

AKTUMBHOCT

PpeaKiyja KOMIUIEKCA PyTEHMjyMa Y OGHOCY Ha KOMIUIEKCE
I/TaTHHE.

Ha ocnoby llleme 1. MOXeMO BUZIETU [ia IIOCTOje 1B
I/IaBHA MeTabO/MIYKa Iy Ta PyTeHIjyM KOMIUIEKCA OIILITe
¢dopmyne L, Ru-X, rae cy L nHepTHM IUraHay Kao IITO Cy
apena wu N-oHopy, a X je oraseha rpyma Kao mro je
XJIOPUJIO VIV KapOOKCIIATO:

 mpomycTpuBocT henuje macuBHOM Audysujom
WY cnenyPUYHYM TPaHCIOPTHUM MeXaHM3MOM
u3 Banhemjckor y yayTaphenujcku mpoctop u

o XUJIPO/NM3a KOMIUIEKCA M Be3UBambe 3a OfifOBa-
pajyhe 6uomornexyre.

HaxoH MHTpaBeHCKe afMUHICTpalyje, KOMIUIEKC
pyTeHmjyMa Moxxe nopyrehu Xuaponusy y KpBHOj I/1asMu
y Behoj niy Mamoj Mepy, a 3aTUM Be3UBambYy 3a CEPYM
HpOTeNHe, Kao WTo Cy anbymuH nm Tpanchepys (Ilema
1). [Tpennoxxenn Mexanusaum je ga ce pyrenujym(Il) ocio-
6aba u3 pyrenujym(IIl)-TpancdepnHCKOT KOMIIIEKCa
yHyTap hennje, mpu uemy ce peryKumja BpIIy IIy TaTHO-
HOM WV aCKOPOVHCKOM Kyice/mHOM. MebyTum, ykormiko
pyrernjym(Ill) focne y hemujy y o6/mKy crabyiHOr KOM-
IUIeKca ca TpaHcdeprHoM, cnenuhe MeTaboIM4Ky My T

L Ru—a JIGYMEH

L,Ru-X L Ru-enzum

/Renujcka

reoxxbe(III)-TpancdeprHCcKor KOMIUIEKCa, Kby4yjyhu
Be3MBaIbe 32 TPAHCPEPUHCKE PelienTope Ha MOBPIIVHY
hernuje, satum eHkancynauujy y eafosomy (Illema 1), us
Kor ce ocnobaba kao kommtekc pyternjyma(ll) kombuna-
LIMjOM €H3MMCKe peflyKLuje 1 cMarmeHe pH BpenHocTH Y
€HII030MYy.

YKOMMKO ce KOMIUIEKC PyTEeHNjyMa He BeXe 3a IIPo-
TeVHe Y KPBHOj IUIa3Mu, Mo)ke fudyHnoBaty y Banhe-
JIVJCKY MATPUKC U1 GOPMUPATH ATyKTe Ca KOJTareHOM WIH
mpoterHyMa Ha nopiunay henmje (kao wro je akTuH)
KOj¥1 MOTY OUTV OTOBOPHU 33 aHTMMETACTATCKy aKTVB-
Hoct NAMI-A u pyrennjym(Il) apera komirekca.

HenspearosaHy KOMIUIEKC MOKe la/be AUPYHITOBa-
i Kpo3 hemjcky mem6pany y nuromnasmy (Illema 1) n
BE3aTH Ce 3 AKTVBHE IIeHTPe PasHMX eH3/Ma, KOBAJIeHT-
HO WM HeKoBaleHTHO. Ha Kpajy, BpcTe Koje CTUTHY [0
henujckor Hykieyca, iyudy3ujoM W TPaHCIIOPTHUM Me-
xaHu3MoM, mory ¢popmuparu JHK agykre. CrocobHOCT
Zia ce IPaTH Iy T KOMIUIEKCA PyTeHMjyMa U3 KpBHe IUTa3Me
o henuje, kao 1 xemujcke TpaHcpopMaLje py TeHIUjyMa,
Cy Of M3y3eTHe BaKHOCTY 33 Pa3yMeBabe MEXaH3Ma aH-
TUTYMOPCKE aKTUBHOCTI KOMIDIEKCA Py TEHUjyMa.

[ i CII000AHH B% \
 MemOpara pasIKATI Geno L..R\Ltl X L,Ru .
\ 2Ru-JTHK | |
\ €HJ030M /

HUTOILTA3ZMA

BaHheJdHjcKH MaTpHKC

KPBHa ILIa3Ma

10 Xemujcku @ipeineq

4 Ilema 1. IIpegnoxenn
4 aKTUBALIMOHYU MYTeBU

4 aHTMKAHI[ePOTEHUX KOM-

T7IeKca pyTeHujyma

(L cy uHepTHM nuraHmu,

a X je opmaseha rpyma)



KOMIIUTEKCY PYTEHUJYMA(III)

NAMI-A

PaHux 9o-TMX CHHTeTNCaH je KoMIUIeKC [Na]trans-
[RuCl,(im)(dmso-S)] (NAMI) (Cnuxa 2a), koju je noce6-
HO aKTVBaH IIpeMa YBPCTUM MeTacTasyupajyhum Tymopu-
ma.? ¥V npexnunanukuM uctpaxnsamuma NAMI je sa-
MebeH CBOjUIM aHaJIOTOM, OBHOCHO VIMUA30/IHOM COJbY
ucror kxommuaekca, NAMI-A [Him]trans-
[RuCl 4(im)(dmso-S)] (Crmka 2a). OBO je IpBY KOMITIEKC
PYTeHujyMa Koju je yurao y ¢asy I kimHn4kor ucnutu-
Bamba, 1999. TOIMHE, HA XOTAHCKOM VIHCTUTYTY 32 60pOY
npotuB paka y AMmcrepaamy. NAMI-A nocenyje moBo/bHe
OMOJIOLIKe 1 XeMIjCKe KapaKTepUCTHKe: fOOpa aHTHMe-
TAaCTaTCKa aKTMBHOCT, HYCKA OIILITA TOKCUYHOCT, JTaKa 1
PEeNnpORYKTVBHA IpUIIpeMa, JOOpa CTabMIHOCT, a Te 0Co-
OVIHe MHUIMPAjy HEroB [a/bU Pa3Boj. Y CIEIIHO je 3aBp-
meHa I ¢asa ucnutuBama Ha 24 maryjeHTa, okasyjyhu
HoOpY MOZHOLUBYMBOCT LIMPOKOT OIICETa CYO-TOKCHYHE
103€e 6e3 HeOUeKMBaHe TOKCUYHOCTIL.

_| -

- +
[ ;H_l l':ll:MI HN_ ~ HN\@/
N °N N
C|//,,,,R| e @EH CI//,,,‘Rl e
u > u KP1019
| Y N | Y
SOM N Na*
®2 NAMI-A 7 “NH 2
KP1339
a) b)

Cnuka 2. CTpykrypHe popMy/ie KOMIIEKca pyTe-
Hujyma(Ill) a) [Him]tmns-[RuCl4(im)(dmso-S)] 179071
NAMI-A, 6) [Hind] tmns-[RuCl4(ind)2] nnu KP1o19

Mexanuszam genosarva

Mexanusam genosama NAMI-A je jom yBek Hefo-
BOJBHO NO3HAT. In vitro 1 in vivo uCIUTUBam-a IOKa3yjy ia
Cce CHOKHO Besyje 3a IPOTeNHe IUIasMe, a/I6yMIH U TPaHC-
¢depyr. NAMI-A nokasyje CLIOCOOHOCT MHTEpaKIyje 11 ca
JHK, anu cmatpa ce Aa To Huje npuMapHa MeTa. VHTe-
pakuuja ca akTMHIUMa YHyTap henuje wiu ca KoareHoM
Banhemjckor MaTpuKca Koji IOBOJiE IO PeyKOBaHe Mo-
OumHOCTV MHBa3MBHMX henuja KaHIepa, IpeIoXKeHa je
Kao MOTYhy MexaHM3aM aHTMMETACTAaTCKOT [ejCcTBa
NAMI-A. TTokasyje cmocoOGHOCT He caMoO Jia TPEBEHTHPA
¢dopmupame MeTacTasa Beh 1 ja MHXMOMpPa BIXOB PacT
Kajia cy Beh ycrocras/beHe.

IIpennoskenn MexaHu3aM JIEjCTBA YKIbydyje:

+ UHTepaKIujy ca perynanujoM hemujckor mukmyca

KOja pe3yiTyje y mponasHoj akymynauuju hemuja

y G,/M dasu;

o MHXMOUIV)Y MaTPUKCHMUX METaJIONpOTeMHa3a I
aKTUBaLVjy afXe3MOHMX MOJIEKYTIa;

» nosehame Jleé}'bl/IHe KaIlicyjae OKO NpuMapHOT TYy-
MOpa n BaHhe)’[I/IjCKOI‘ MaTpHuKCa OKO KpBHUX

CyZIOBa, 4nMe CIpedyasa Tymopcke hemmje ga npo-
IVPY Y OKOJTHO TKMBO ¥ KPBHE CY[IOBE U

* BesVBame 3a HYK/IEMHCKe KICeIHe, moKasyjyhu
nupexTHH edekar Ha [THK Tymopckux hennja.

KP1o019

VcToBpemeHo ca pasBojeM komiutekca NAMI-A of
crpane Anecua (Alessio) v capajiauka ca YHuBep3uTera y
Tpcry, Kemnep (Keppler) u merosu capaganm ca YHu-
BepaureTa y beuy cy cunrernsosamu pyrenujym(IIl) kom-
nnexc [Hind]trans-[RuCl,(ind),] (ind = unpason),
KPi1019 (Cnuka 26). KP1019 mokasyje BenuKy akTMBHOCT
npeMa IIPUMapHMM LYCIVIATHA Pe3UCTEHTHIM KOIope-
KT/JIHMM TYMOPMMa, a/I/ He TIOKa3yje 3Ha4ajHy aHTMe-
TAaCTaTCKy akTUBHOCT. OBaj KOMIUIEKC je ymao y I dasy
KIMHIYKVX VICIUTYBAKA 2004. TOfYHE IPY YeMy Cy JI0-
6ujern obehaBajyhu pesynratu: et of 1ecT JOCTYIHMX
THalyjeHaTa JOKMBEJIO je CTabummisanujy 6omecTu u ne-
4embe Koje je mpaheHo jenuHo yMepeHOM ToKcu4HOLIhY,
IITO MOXKe OMTY Y3pOK BICOKOT CTelleHa Be3uBama 3a
CepyM IIPOTeVHe 1 CeIeKTVMBHE aKTUBAllMje Y TKUBY TY-
mopa.* Mebyrtum, 360r penatuBHO crnabe pacTBOp/bI-
BOCTM OBaj KOMIIJIEKC j€ 3aMEHhEH CBOjUM aHa/IOTOM, Off-
HOCHO HaTpujymoBoM cosby KP1339, 3a ja/ba KImHMYKa
ucUTUBama. KoMIvTekc je mpuwmmdHo crabuias y nudy-
3MOHOM PaCTBOPY LITO je Off BAXKHOT 3Ha4aja 3a CK/Ia-
IUILITEeRe VI TPAHCIOPT KOMIUIEKCa Kao ¥ 32 KIMHIIKY

ynorpe0y.
Mexanuzam genosaroa

HaxoH MHTPaBEeHCKOT YHOLIEHa KOMIUIEKCA IIPEIO-
JKEeHU MexaHn3aM je crenehn:

* XMIpO/M3a KOMIUIEKca y KpBy npaheHa MHTepak-
IMjOM Ca CepyM IPOTeMHNMMaA Kao IITO Cy anby-
MVH ¥ TpaHChepUH;

 TpPaHCIOPT KoMIUIeKca y henujy mpeko Tpancde-
PMHCKOT LIVIKITYCa;

« ocnobabame KOMIIeKca IPOY3POKOBAHO HIDKOM
pH Bpennouthy;

o pemyKlMja y XUIIOKCUYHOj hennmju Tymopa;

* Be3UBambe 33 HYKIEMHCKe KVICeNTNHe I

e VHJYKIMja aloITO3€ IIPEKO MUTOXOHPMjaTHOT
myTa.

Opianomeiniannu pyitienujym(Il) apena xomiinexcu

ITocnenbux rofyHa MHOrOOpOjHa NCTPXKMBaEba Cy
¢dokycupana Ha opranoMeTaina ,half-sandwich”, pyre-
H1jyM(1I) apena jenumerba, Koja HOCEMMjy aHTUTYMOPCKY
AKTMBHOCT Y i Vitro, a y HEKUM CIIy4ajeBuMa, Iy in Vivo
ycnopuma. OpraHoMertanuu pyTenujym(II) kommiekcn
omuire popmye [(né-apeH)Ru(XY)Z] (Cnuka 3), rae je
apen GeHseH wm fepuBat 6eHseHa, XY HeyTpanHy WIn
MonoaHjoHCK! N,N-, N,O- i O,O-xenaTHu murasy, u Z
XaJIOTeH, MHTEH3VBHO Cy CTpaKuBaHa off cTpate Sadler-
a U BeroBuXx capajuka.’ OBI KOMIUIEKCH UMajy pseudo-
OKTaefapKy ,piano-stool” cTpyKTypy ca HeyTpaaHUM
apeHa JIMTaHAoOM KOji 3ay3MMa TPy KOOP[MHALMOHa Mec-
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Ta U YMHN ,,CEAUIITE CTOMNLIE 3a KIABUP , & XeaTHI -
raH/| 3ajeHO ca XaJIOTeHOM YVHI ,,HOTe CTOJILIE .

Crpykrypa pyrenujym(II) apena komiuiekca, 1o3-
BO/baBajyhu Bapujaiiyje Tpu I71aBHe IpajiiBHe KOMIIOHEH-
Te (MOHOJIEHTAaTHY JINTaHN, Z, OupieHTaTHN murany XY 1
ape), omoryhasa ¢uHO nofenraBarme GpapMaKOIOLIKIX
0co6uHa 0BUX KoMIIIeKca. IIpucycTBo KOOpAMHOBAHOT
APEeHCKOT /IMTaHfa npysxa xuppodobHe ocobuHe KOM-
IVIEKCY ¥ CTAOMIN3Yje PYyTeHNjYM Y +2 OKCUIALMOHOM
CTamYy, Tako jia je okcuparja no pyrernjyma(lll) Beoma
temka. Opraseha rpyma, Koja je 0614HO XJIOpMJL U OCTIO-
6aba MecTo Ha MeTalTy 3a Be3VBambe OMIOMOJIEKYIIa, MOXKe
6UTH Off BAXKHOCTY 38 KOHTPOJTY KMHETHKe aKT/BaLyje
KoMIvTekca. CyICTUTYLIMja XUTOpY/A HEKVM IPYTYM XaJIo-
reHoM (OpOMIZOM WM jOIMIOM) MMa BPJIO MaJlyl Y TULIA]
Ha IIMTOTOKCMYHOCT KOMIUIEKCa. XeTaTHY JIMTaH]I MOXe
fia Ofipeqiyt CTAOWTHOCT M KMHETUKY CYIICTUTYI{Vje JIATa-
Hajla y KoMIUtekcy. Kommnexcn koju cappske OmpeHTaTHM
Xe/IaTHY JIMNTaH[ IT0Ka3yjy Bely akTMBHOCT y OHOCY Ha
KOMIUTEKCe Ca MOHOJICHTATHIM JIVITaHIOM.

VIHTeH3MBHA UCTPa>KVBakba OTHOCA CTPYKTYPE U aK-
TUBHOCTY OfTOBapajyhix KoMIUIeKca IIoKa3aa Cy fia Cy
HajaKTMBHMjM KOMIUIEKCU Ca XeJIaTHUM jmraggoM XY =
en u omtasehom rpynom Z = Cl. 3amcra, komrurexcn [(n°-
apet)Ru(en)Cl][PF¢] (Cnuxa 3) mokasanu cy obeha-
Bajyhy aHTMKaHIlepOTeHy aKTUBHOCT, i1 Vitro IpemMa
KaHIlepoTreHUM henujckuM nuHumjama, yKmbydyjyhu
IUCIIAaTMHA pe3UCTeHTHe KaHIeporeHe hemuje
AR2780cis, u in vivo ca SHa‘Ia]HI/IM CIIpeyaBameM pacTa
A2780 n A2780cis hem/ga IInTOoTOKCMYIHOCT pacTe ca
nosehameM BeMM4MHEe KOOPAVHOBAHOT apeHa: OeH3eH
(ben) < p-tmeH (cym) < 6udennn (bip) < puxuppoan-
tpaues (DHA) < terpaxuppoanrpauen (THA), Tako ga
bip KOMIUTEKC IMa CIMYHY IMTOTOKCMYHOCT KAo U Kap-
oomnaruna (IC,, = 6 uM), a THA komIuiekc nokasyje ax-
TUBHOCT Kao 1 nyciatusa (IC,, = 0,6 uM). CrpykrypHe
bopmyie HEKMX Off IIOMEeHY TUX KOMIUIEKCa IIpYKa3aHe Cy
na Cruiin 3.

Xugponusa pymenujym(Il) apena kominexca

Xunponusa je BeoMa 6MTaH MexaH1U3aM aKTyBaLuje
AHTUTYMOPCKVX KOMIUIEKCa Kao IITO je LCIVIaTIHA, CTO-
ra MICIUTUBAHO je XeMUjCKO IIOHAIIakbe PyTeHNjyM apeHa
KOMIIIEKCA Y BOJIEHOj CPEMHIL. Y BofieHOj CPE[IHIL, KOM-
wiekcu omture Gopmyre [(n -aper)Ru(L)Cl]" nomnexy
xuppormusu rpapehu onrosapajyhe aksa kommiexce [(n°-
ape)Ru(L)H,O]*" (Cnuka 4). Xn10puao KOMIUIEKCH

. ak
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\\\““\/ \
¥
A

©eHseH (Ben)

MOJIEXXY peaKLyjaMa CyIICTUTYLIMje JOCTa CIopyje y Of-
HOCY Ha ofiroBapajyhe akBa BpcTe, I1a je BeoMa OXTHO I10-
3HaBambe KIHETHKE VM TEPMOAMHAMIKE PeaKIiuje Xumpo-
nm3e Tj. popMuparme akTUBHOT o6muka pyTenujym(Il)
apeHa koMIIeKkca. Peaknuje xugponuse [(n°-
apet)Ru(en)Cl][PF] xommekca (rre je apen bip, DHA n
THA) na 310K, y paCTBopy NaClO, xonuentpanuje 0,1 M
(k1,0 =1395-6,84x1035™),cysa ]enaH pen Ben4uHe 6p-
ey OFHOCY Ha peaKuM)e XUfIpOTu3e I_U/ICI'I}'IaTI/IHe 7

@ @

H,0
Ru 2

Cl
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Cmuxa 4. Xugponusa pyrennjym(Il) apena xomiie-
KCa y BOfIEHOM pacTBOPY 1 popMuparbe akBa afyKTa

n+1

PyTenujym(Il) apeHa KOMIUIEKCU IIPY €KCTPALIeITy-
napHOj KoHuenTpanuju xaopuaa ([Cl] = 104 mM) npu-
CYTHM Cy y OO/IIKY Marbe aKTMBHE XJIOPYJO BPCTe, JOK ce
yHyTap hernje rje je KOHLIeHTpalyja XJIOpya 3HATHO HN-
xa ([CI'] = 4-25 mM) Hanase ce y 00Ky aKTHBHe aKBa
Bpcre. pKa BpemHoCcTH akBa Kommmekca [(n°-
apen)Ru(en)(H,0)]** kpehy ce usmelyy 7 u 8, Tako ga npu
¢usnomnoikoj pH, Ru-OH, BpcTe mmpeoBnagaBajy Hap,
Mambe akTvBHMM Ru-OH Bpcrama. Ha ocHOBY pobujennx
pesynraTa HaheHO je 1a KOHCTaHTa Op3VHe peakiyje Xu-
ApoTu3e 3aBUCU Y BEIVKO]j MepY Off IIPUPOfie OueHTaT-
HOT XeJIaTHOT IMraH/a kao u o, pKa BpegHOCT akBa ajy-
KTa.

Uninepaxyuje pyimienujym(Il) apena komiinexca ca
HyKneodasama

WMsyuaBame nnrepakuuja pyreanjym(Il) apena kom-
IUIeKca ca HyK/eo6asama je Off M3y3eTHe BaXHOCTH C 00-
supoM fia je JHK npumapHa MeTa aHTUTYMOPCKIX KOM-
IUIeKCa Kao IITO je IMCILIATHH. Crora, ucnuruBaHe ¢
peaxIjyje KOMIUIEKca [(r] -apen)Ru(en)X]™, rae je n°-
apeH = bip, THA, DHA, p-cym u Ph, X = ClI' wm H,O, ca
AepUBATUMA HYKNEMHCKIX KUCEMHA KA0 MOJIENIMA
ITHK o crpane Sadler-ose rpyme.® Vicnurusarba cy moka-
3a/1a IpeTeXXHO popMupare MOHODYHKIIVIOHATHOT IIPO-
u3BOfa Ipeko N7 a30TOBOT aTOMa I'yaHVHa. Y OBUM peak-
IMjaMa IIpBO JI0Ia3y [0 XUAPO/IV3e XJIOPUIO KOMIUIEKCa
u popMupara ofroapajyher akTMBHOT aKBa ajfyKTa Koju

O OO

p-uumMmeH (Cym)

AnxugpoadTtpaueH (DHA)

oucheHun (Bip)

TeTpaxuapoaHTtpaueH (THA)

Cimixka 3. Omuta crpykypa pyrenujym(II) apena kommekca
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ce KOOpHMHYje 3a HyK/IeOTHT, ITPeKO KuceoHuKa pocdat-
He TPyIIe, @ 3aTVM JO0/1a3M [0 CIIOPOT IpeMeliTarma 1 Gpop-
Mupama N7 agyKra Kao I7TaBHOT npomBo;[a.8 PeakTus-
HOCT Pas3nMIUTUX MeCTa KOOPAMHOBaba HyKIeobasa
npema pytenujymy(Il) npu veyrpannoj pH omapa y cie-
nehem Husy: ryanosun(Ny) > tumuanu(N3) > unru-
mnH(N3) > agenosuH(N7) > agenosnH(N1). IIponsBonmn
MHTepaKIyje ca 9-eTwiryanHoM (9EtG) cy usonosauu u
OKapakTepycaHyu HoMohy peHAreHCKe CTPYKTypHe aHa-
mm3se (Cnuka 5). YoueHa je cenextuBHa Ru-Ny(ryannn)
KOOpAHAIMja Koja je JONATHO CTabuInN30BaHa CTepeo-
crennduraHOM BogoHmaHOM Be3oM nsMehy C6=0 ryanu-
Ha 1 NH rpymie en, kao 1 -1 uHTepakuujama usMeby apo-
MaTMYHOT IMTaHza U Hyk1eobase.”
a) 6)

dha tha

9-EtG
Ru 06 Ru
en en

o6 S-EtG

Cnuxka 5. Kpucranue crpykrype a) [(n®-
DHA)Ru(en)(9EtG)]*" u 6)
[(n®-THA)Ru(en)(9EtG)]**, npeacrasmajyhu
apeHa-NypyH T-T MHTEPAKLNjy ¥ BOZOHUYIHY Be3y
usmehy NH en n C60 ryanuna(G).°

Wninepaxyuje pyimenujym(Il) apena kominexca ca
onuionykneomuguma u JJHK

Untepaxmmja pyrerujym(Il) apena xomriekca ca
JIHK je on moceOHe BaxkHocTH, jep JJHK moxe 6utn
Kpajiba MeTa 3a OBY BPCTY HOTeH]_II/I_]aJIHI/IX AHTHTYMOP-
cKux areHaca. Komruiekc [(n -p-cym)Ru(en)CI][PF¢] ce
Be3yje CeNIeKTUBHO 3a I'yaHuH (G) Ha OJIUTOHYKJICOTHTU-
Ma, popmupajyhn MoHODYHKIIMOHATHE TIpou3Boae Ru-
G7u Ru-G8 Kao ¥ orbyHkmonamay pomnssong G7(Ru 6)
G8(Ru).!'" Wurepakumja kxommiekca [(n
bip)Ru(en)CI][PFg] OYTIEKCOM
d(ATACATGGTACATA)- d(TAT”GlSTACCATGTAT)
je mpoyuarana nnomohy HPLC-ESI-MS metone, kao u mo-
mohy 2D NOESY NMR crekrpockoryje. Takohe, Hahe-
HO je Jia ce KOOpJMHAIMja Py TeHHjyMa OUTpaBa MpeKo
N7 atoma G, Besyjyhu ce MOHO- 1 OM(DYHKITMOHATHO 32
onuronykiieotu. Ha jenrHom koHdopMepy youeHa je 1H-
Tepkananyja apeHa smranna (bip) mamely G18 u cycen-
Hor TimuHa (T17), nok Ha Apyrom KoH(popMepy HemMa UH-
Tepkajalyje, Beh je apeHa JIMraH HacJIoOlkEeH Ha Onaro ca-
BujeH T17 (Cruka 6).

Nurepaknujom pyrenujym(1I) apena kommiekca ca
JHK mymnexcoM momasy o KOOpAMHAIMje IPeTeXKHO 32
N7 asortos aTroM G ocratka. Ilopep Tora, mpucyTHe cy u
HEKOOPJMHATVBHE MHTEPAKIMje Kao IITO Cy e/IeKTPOCTa-
TUYKE MHTEPAKINj€, jAKa MHTPAMOJIEKY/ICKA BOLOHIYHA
Besa nsmehy NH rpyme en n C60 ryannHa un xunpodobHe
T-T MHTepaKIyje u3Mehy apomardHor MraHga u 6asa
JHK.

Caunka 6. MonekynapHu MoJeu 1Ba KOchoPMe a
14-mep d(ATACATGGTACATA)-d(TAT
TACCATGTAT 2 3a Koje je Be3aH MOHO(byHKuMOHanHM
¢parment {(n b1p)Ru(en)} npeko N7 aroma rya-
Huna (G18) a) mokasyjyhu nHTepKananujy apeHa
n3melhy G18 u T17 u 6) Hema uHTepkanamnuje, seh je
apeHa JUraH] HacllokeH Ha Oiaro caBujen T17.
(PyTenujy™ je mpencTaBibeH JbyoudacToM 60joMm, en
TaMHO IJIABOM M apeHa JIMraH 1 3€JIEHOM )

Peaxyuje ca amuno kucenunama u apoieuHuma

Peaknuje pyrennjym(II) apeHa komirekca ca aMiHO
KICe/IHaMa Koje CafipKe CyMIIOp, Kao 1ITo ¢y L-iucrenn
(L-Cys) n L-metnonnH (L-Met), cy ox Benukor nHTepeca
y TIOIJIeNy jaKOT YTHIjaja Ha MHTPALle/Ty/ITapHy XeMIjy aH-
TUTYMOPCKIX KOMIUIEKCA IUTATVHE, II0CEOHO HIXOBO aH-
raykoBame y IeTOKCU(UKALIMjU 1 MEXaHU3MY Pe3UCTeH-
umje. ITpoteyHu Mory Takobe MMaTy BaXKHy yIIoTy y Mexa-
Hu3My penosama pyreHujym(Il) apena kommnexca,
y/pydyjyhu MoryhHOCT ia pyTeH1jyM MOXe 3aMeHUTH
reoxbe y mpoTenHuMa.

Sadler je ca cBojuM capagHMIIMa MCIUTHBAO MHTe-
pakuujy pyrennjym(Il) Apeta KOMIUIEKCA Ca AMVHO KHCe-
nmaama, L-Cys n L-Met." Ha L OCHOBY EKCTIEDUMEHTATHIX
pesynrara, HabeHo je ma [(n -b1p)Ru(en)Cl]Jr KOMIIJIEKC
pearyje criopo ca TromHoM aMuHO KucemHoM L-Cys (1:2)
Y BOfIEHOM pacTBopy Ha 310 K, majyhu Ha moueTky peax-
Iyje TPV MOHOHYK/IEApHA IIPOU3BOJIA, IIPY YEMY j€ IICTe-
VIH KOOP/IIHOBAH 32 PyTEeHMjyM IPeKO CYMIIOpa WM KU~
ceoHyka. HakoH 24 cara youeHa cy 1 [iBa AVHYK/IeapHa
IPOM3BOJiA KOja HACTAjy Kao pe3yaTar rybuTKa KOOpy-
HOBaHOT eTVIeH/[IaMIHA VI CajipyKe jeflaH IV JiBa MOCT-
Ha IjVICTenHCKa muraHpa. [Tpy B1coknM KoHIleHTapIyja-
Ma L-Cys gonasu u no rpahema HeyobO14ajeHor Knactepa
{(n®-bip)Rulg. VinTepaxuuja ca THOETAPCKIM CYMIIOPOM
L-Met je Takobe craba u camo 28% [(n5-bip)Ru(en)Cl]*
KOMIUTeKca pearyje aajyhu camo jeman mpousson [(n°-
bip)Ru(en)(L-Met-S)]**. Craba peakTMBHOCT MCMTHBA-
HOT apeHa KOMIUIEKCa ca Ofrosapajyhym aMuHo Kucemm-
HaMa Koje cajpKe aTOM CyMIIOpa y G0YHOM HU3Y, ¥ BUCOKa
PeaKTUBHOCT IIpeMa yaHIHY, YKa3yje [a ce aiyKTH ca
JHK mory ¢popmupaTy 4aK 1 y IPUCYCTBY aMIHO KICe-
JIMHA, IIeNTH/A U IPOTeMHA. Y CYIIPOTHOCTH Ca TUM, CMa-
Tpa ce fa ce pyrenujym(III) kommnekcnu Besyjy jaue 3a
IPOTeVHe Kao LITO Cy a/I0YMUH 1 TpaHCcepuH Hero 3a
JHK, npu yeMy IpoTenH MoKe IIOCTYKUTY 32 IOCTaBy
KOMILIeKCa f10 KaHIeporeHux hemsja. OBo ykasyje fa ce
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Cmuxa 8. CrpykrypHe dpopmyne pyrennjym(Il) ,half-sandwich” kommnexca xoju
ce pasnuKyjy y npupopu ,face-capping” nuranpa: a) 1,4,7-TpUTHALNKIOHOHAH
([9]aneS3), 6) 1,4,7-Tpuasanuknononas ([9]aneN3) u u) Tpu dmso-S nuranga y

daumjannom nonoxajy (dmso-S),

MexaHu3aM fienosama pyreHujyM(Il) apena aHTHKaHIe-
POTeHNX KOMIIIEKCa pas/INKyje Of MeXaHN3Ma pyTe-
HujyM(I1IT) xomrexca.

ITocToju HeKONMKO MyO/IMKOBaHUX PafioBa y KOjUMa
je mcnutusana nHTepaKnyja pyrenujym(Il) apena xom-
IUIeKCa ca pasHUM MOJIeKy/Ma rpoTenHa.'> OBe nHTe-
Ppaxiuje cy BeoMa BayKHe 3a YTBphuBame MeXaHU3Ma Jie-
7I0BAF2 OPTaHOMETATHIX AHTHKAHIIEPOTEHIX KOMILTe-
kca. VMIHTepakuuje nBa 2PeHa KOMIIEKCa, [(nS-p-

cym)Ru(en)Cl][PF¢] n [(n -bip)Ru(en)Cl][PF], ca xyma-
HIUM CepyM a/I0yMIHOM, MICIIMTUBaHe Cy IIoMohy MaceHe
cuexrpoMerpuje (MS). JobujeHn pesynTatii OKasyjy aa
ce 06a KoMIIIeKca KoopauHyjy 3a xuctupus (Hisi28,
His247, Hiss10) u 3a MeTionuH (Met298) Ha mOBpUIMHI
anbymuna. [Topey Tora, [(n%-p-cym)Ru(en)Cl][PF] xom-
IJIeKC MoxXKe yhu y IIyIUbMHY IpOTEeNHA, Be3aTH ce 3a
Cys34 1 M3a3Baty OKCUIALM]Y THOMATA [0 Cy/IpuHaTA. C
063mpom n1a ce Cys34 Hamasyu yHyTap mymbiuse, [(n°-
bip)Ru(en)Cl] [PF4] xoMITekc ce He MOYke KOOPAMHOBATI
3a Cys34, 300r deHMI IpCTeHa KOji IPeICTaB/ba CTEPHY
CMeTIbY. 3aK/bYYeHO je []a apeHa JINTaH/, ¥IMa K/by4HY Y7I0-
Ty Y MHTepaKIjijaMa ca mpoTenHyMa. CTora TakBe OKCH-
JALMOHE PeaKLje THOMA M3a3BaHe KOOPAVHALMOM Py-
TeHUjyMa MOTy 0TV BeoMa 3Ha4ajHe ¥ papMaKo/IOLIKOj
axTMBHOCTY 0BUX pyTeHnjym(Il) kommekca.

RAPTA xomiuinexcu

PyTeHM]yM(II) apeHa KOMIUIeKcH omiiTte popmyse
[(q -apeH)Ru(X),(pta)] (pta = 1,3,5-Tpuasa-7-pocdarpu-
1uK10(3.3.1.1]-mexan, X = Cl wn guxapboxcunatu (Cnu-
Ka 7) HasBaHy RAPTA koMmiekcy, CMHTeTICAHU CY O
crpane Dyson-ose rpyre.’> OBe KOMIUIEKCe KAPAKTEpPHUILE
HPYICYCTBO pta IUraHfia Ha MeCTy eTWIeHAMaMIHA Y KOM-
IIEKCHMA CHHTETHCAHMM Off CTpaHe Sadler-oBe rpyme.
OpraHOMeTaHHM KOMIIIEKCH, [(r] -cym)RuCl,(pta)]
(RAPTA-C) n [(r] TonyeH)RuClz(pta)] (RAPTA-T), cy
IIpenMeT AeTA/BHYIX in Vitro W in Vivo UCIUTaBama. In vitro
UCINTYBama Mokasyjy fa je RAPTA-T npaktiyno nuieH
IUTOTOKCUYHOCTH, A/IV MHTEpAryje ca KOMIOHEHTaMa
BaHhe/jcKor MaTpuKCa, YnMe NHXMOVPajy Heke of dasa
MeTaCTaTCKOT IpOoLjeca, Kao LITO Cy ofiBajame henuja ox
IPUMApPHOT TYMOPA, MUTPal/ja M afXe3rja Ha HOBOM
Mecty. In vivo, Ha MofieNTy KapLiMHOMa JiojKe, 06a KOMIDTe-
Kca MHXMOMpajy popmuparse Metacrase mwiyha, 6e3 3Ha-
YajHujer genopama Ha npuMapHy Tymop. RAPTA-T xom-
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IJIEKC ITOKa3yje in Vitro u in vivo NOHAIarbe BEOMa C/IY-
Ho NAMI-A, mrro je usHenabyjyhe c 063upom Ha cTpyk-
TYPHE Pas/MKe.
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Cmuka 7. CrpykrypHe popmyne RAPTA kommiekca

»Half-sandwich” pyimenujym(Il) xomiinexcu

ITpe Hexonuxko roauHa Alessio j je samoeo uCTpaxa1-
Bambe y by YTBphuBarba 1a 1 je nS-apena murany Koy
opraHoMeTasHuX ,.half-sandwich” kommiekca Heormxomaxn
3a aHTUTYMOPCKY aKTUBHOCT JJIM MOXKe OMTH YCIIEITHO
3aMeHeH HeKMM IPYTUM HeYTPaIHNM 6-elIeKTPOH JI0-
HOPCKMM ,face-capping” IUraHgoM, Wiy ca TpU MOHO-
JIeHTaTHA TUraHza Koja Gopmupajy crabmnan fac-Ru(L),
(dparMeHT, TOK OCTaJIV IMTAHAY OCTajy HEIIPOMEH-EeHI
(Cruka 8). Crora, Alessio je 3ajenHo ca cBojuM capagHu-
1Ma pasBuo HoBy cepujy pyTeHnjym(II) ,half-sandwich”
koMmiytekca omiute popmyre [Ru(fel)(chel)X][Y],,, y xoju-
Ma je apeHa JIMTaHf| 3aMetbeH Hey TPaTHNM ,,face-capping”
MakpouukmmgHmM mrangoM (fcl) kao wro ¢y 1,4,7-Tpu-
TUaMKIOHOHaH ([9]aneS3), 1,4,7-TpuasanuKIOHOHAH
([9]aneN3), chel je HeyTpanHu M AHjOHCKY X€TATHM /M-
raHp, (N-N, kao mrro cy en, dach, bpy wm cyncturyncan
bpy, cyncrturyncanu rpuasony; O-O, okcanart, MajJoHaT,
acac; N-O, muxonuHar (pic)), X je Cl win dmso-S, a Y je
CF,SO;, PFg wm Cl (n 3aBycy o HaeneKTpycara Xeara
i X) 147

HepaBHo je cuHTeTM30BaHa 1 HOBA cepuja pyTe-
HyjyM(II) ,,half-sandwich” kommekca ommre dpopmyne
fac-[Ru(dmso-S)3(N-I\I)Cl] [PF¢] (N-N je en, dach v 2
NH,), Koju1 ymMecTo apeHa ¥ MaKpOUMK/INIHOT JIMTaH/A
capip>xe Tpu S-KoopauHoBaHa dmso /vranza y danmjan-
HOM IIOJIOXajy.

AnTtymnponugeparyBHa aKTUBHOCT OBUX KOMIDIEKCA
UCIUTYBAHA je IIpeMa XyMaHoj hemjckoj muHnju kapy-
HoMa Jiojke MDA-MB-231. [lobujenn pesynraru Cy moka-
3anu na jeguno [Ru([g9]aneS3)(en)Cl][PF4] n
[Ru([9]aneS3)(dach)Cl][PF¢] xomnnexcu mokasyjy in



vitro nurorokmyHocr. lobujene IC,, BpenHocTH Cy 80
UM (en) u 124 puM (dach),'4 xoje cy 3a jeman pen Bermun-
HE BUILIE Y OfHOCY HA HAjAKTUBHI)Y OPTAaHOMETA/THI KOM-
IJIEKC [Ru(q6-bip)(en)Cl] [PF¢] (ICSo =10 uM). O6a oBa
Ru-[9]aneS3 xomiiekca O/IeXy peaKiyji XUAPOn3e y
TOKY HEKOJIMKO MUHYTa 1 1Tocenyjy MoryhHoct rpahema
BOJIOHMYHE Be3e MPeKo xenarHor /mrana.® Ose iBe 0co-
OuHe cy BeoMa BayKHe 3a aHTUIIPO/I(pepaTUBHY aKTUB-
HocT. Komrurexc xao 1mto je [Ru([9]aneS3)(bpy)Cl] [PE],
MaKO XMAPONU3Yje CAUIHOM OP3MHOM Kao I
[Ru([9]aneS3)(en)Cl][PF¢] xommekc, 360r rybuTka Mo-
ryhHOCTH 12 rpajivt BOOHMYHY Be3y IIOKasyje BeoMa HIC-
Ky anTunposdeparuBHy aktuBHocT. Ca gpyre cTpaHe,
komiutekcu Kao mro ¢y [Ru([g9]aneN3)(chel)(dmso-
S)1[PF¢],"* u fac-[Ru(dmso-S),(chel)Cl] [PF(,]16 (rme je
chel = en mu dach), xoju cy MHepTHM IpeMa CYIICTUTY-
Lyju, Cy TaKobe HeaKTUBHIL.

PeaxtrBHOCT Ru-[9]aneS3 komriutekca ca Tpu nepu-
Bara ryaHuHa je ucnurtusana nomohy 'H u 3'P NMR
criekTpockonuje, kao u nomohy UV-Vis cekrpodoTo-
MeTpuje.”® VIHTepaK11joM MCIIUTUBAHNUX Py TeHUjyM-TPH-
TVa KOMIUIEKCa ca JiepMBaTyMa I'yaHVHa HacTaje caMo je-
maH MoHOdyHKIoHaTHK ipon3sof Ru-(N7)DNA, fu-
PEKTHO M IpeKo NHTepMenujepa. Pe peak TMBHOCTI
UCIVTYBAHUX KOMIUIEKCA 3a MHTepakuyje ca 5-GMP 3a-
BUICY Takobe of IIpupozie XeaTHOT turaHza. PerpreHcka
CTPYKTYpHa aHanmsa KOMIIJIEKCa
[Ru([9]aneS3)(en)(9MeG-N7)][PFq], u
[Ru([9]aneS3)(pic)(9MeG-N7)][PF] moxasyje ga kaja xe-
JIATHM JINTaHF, IHocenyje MoryhHocT opmiupara BOJOHM-
yHe Bese (chel = en), ronasn no mojarue crabunmsarnyje
CTBaparmeM MHTPaMOJIEKy/ICKe BOTOHIYHE Be3e u3Meby
C(6)=0 ryannna n NH rpyme en.”

Pyitienujym(Il) donuaupugun xomiinexcu

ITocnenmwyx HEKOMNKO fAelleHNja, Py TEHUjyM IION-
HUPYANIT KOMITIEKCH Cy OM/IM MeTa MHOTOOPOjHMX JC-
TpaXuBamwa Kao Moryha anrepHaTuBa 3a kopuitherne y
KJIACMYHOj XeMOTepanuju. 3a HeKe Off IUX je IpoHaheHo
ma mocenyjy obehasajyhy anturymMopcky aktusHocT. 1u-
TOTOKCUYHOCT Tpy Xoponoymmupyuann pyternjym(II)
komrutekca, [Ru(tpy)(bpy)Cl][Cl], cis-[Ru(bpy),CL] n

mer-[Ru(tpy)CL] (tpy = 2,2}6,2"-Teprupuams), ncomtu-
BaHa je IpeMa pasHuM henmjcknum nunaujama Tymopa.”’
Kommtexc mer—[Ru(tpy)Cla] je moxasao 3HatHO Behy 1y-
TOTOKCUYHOCT Y OHOCY Ha IpyTa Ba KoMITeKca. Briicoka
aKTVBHOCT OBOT KOMIUIEKCA IIPEIIIOCTaB/ba Ce [jd IOTIIe
op weroBe criocobHocTH Aa Besyje JHK mpeko gBa nepu-
BaTa I'yaHMHA Y frans MoJIoyKajy; Ha CyIPOTHIM JIAHIMA.

ITocnenmsux royHa je CUHTETICAH BE/IMKY 6Poj MO-
HodyHKuMoHaTHNX pyTeHnjyM(Il) Teprmpynya KoMIDTe-
kca omute popmyrne mer-[Ru(tpy)(N-N)Cl]* (N-N = 6u-
IeHTaTHY a30T-TOHOPCKM Xe/lIaTHY Nurasg). Vcmmru-
BameM Ce JOIIIO [IO 3aK/by4Ka fla ce BehiHa OBIX KOM-
IUIeKca KOBIEHTHO Be3yje 3a N7 aToM ryaHuHa, popMiu-
pajyhy MOHOMYHKIIMOHATHE IPOM3BOiE, OK HEKM Off
X CTOIMpajy permkanyjy JTHK.

Behmna pyrenujym(II) Tepnpupus KoMIUIeKca, Koja
nma takohe v N-N noymnvipupun nmvrasg, (Hip. bpy), uma
BEOMa HUCKY PacTBOP/bMBOCT y BOZIEHOM PacTBOPY, LITO
orpaH4aBa GMOJIOIIKY pe/leBaHTHA UCTpaXkuBama. OBaj
npo671eM je JoBEO 0 CMaHEeHOT MHTePecoBara y 00/1acTy
AHTHKaHIIEPOTeHe aKTUBHOCTY e KOMIUIEKCa Y OBHOCY
Ha KoMIUIeKce (arujanHe reomerpuje. Vimajyhu o y Bu-
Iy, 6110 je Off 3Havaja yCMEPUTH MCIIMTHBAbA Ka CUHTE3N
u KapakTepusayju pyrernjym(II) repnupumia KoMinte-
KCa MEpuVjaTHe TEOMETPUjE U IbIXOBOj MHTEPAKIIM)U Ca
IOHK Hykneo6aszama. CuHTeTHUCaHa je cepuja pyTe-
HujyM(II) kommiekca omuire popmyre mer—[Ru(L3)(N—
N)X][Y],, rne je L, tpy wm Cl-tpy (4-x110p0-2,2:6',2"-Tep-
mupuau), X je Cl unmn dmso-S, N-N je 6unentatHu xe-
JIATHY JINTAHJ, KOjJ MIMa CIIOCOOHOCT BOJOHIYHOT Be3M-
Bama ca Hykteo6azama (N-N = en wm dach), Y je Cl, PFg
w CF,SO,, n = 1w 2y 3aBUCHOCTY OF, IPUPOAE /K-
rana X (Crnka 9).'8

PesynTaTu peHATEHCKE CTPYKTYpPHE aHA/INM3€ CY II0-
Kasa/nu fla KOMIUIEKCH MMajy TUIIMYHY U3Ty>KeHy OKTae-
IapCKy CTPYKTYPY, Koju cappyke Tpupentarau Cl-tpy wm
tpy mMraHz y O4eKMBaHOM MepU/IMjaTHOM NOIoxXKajy, N-N
OUIeHTaTHY XeJIaTHY JINTAHT, U LIECTO MECTO OKYIUPAHO
je joHOM X710pa WM MOJIeKy7IoM dmso-S KOOpAMHOBAHOT
npexo cymmopa.’s

Osu pyrennujym(Il) TepnupuayH KOMIUTIEKCH CY J0-
6po pacTBOpPHU y BOAY, IPY Y€MY XIOPUHAO AePUBATY XI-

Cimnka 9. Illemarcky npukas pyreanjym(II) Tepnupuamy koMiiekca 1-10.
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Iponu3yjy penatuBHO 6p30, KoK ¢y dmso gepuBaTn
MHEPTHHU Y BOJIEHOM pacTBOpy. 3a ogrosapajyhe pyre-
HujyM(ID)-tpy kommiekce oppehene cy pK, BpegHoCTIH:
10,50 * 0,03 3a [Ru(Cl-tpy)(en)(H,0)]**, 10,26 + 0,02 3a
[Ru(Cl-tpy)(dach)(H,0)]** n 9,56 + 0,01 3a [Ru(Cl-
tpy)(bpy)(H,0)]** .18 lenporonanuja axsa komrmiexca
3aBucu of npupope N-N xeaTHOT IUraH/ja: IpUCYCTBO
apomariaHor bpy mosehasa kucenoct akBa mmraspa, JOK
n3MeHa en ca dach vrangoM MMa BeoMa Majy yTULR).

Hntepaxiyja pyrerujym(Il)-tpy koMIvrekca ca gepu-
BatuMa ryannHa (9MeG u 5'-GMP) ucniurusasa je mo-
mohy NMR cnekrpockonuje u UV-Vis cnekrpodoro-
MeTpuje. Pel peakTMBHOCTY MICIIUTMBaHMX KOMIUIEKCA 32
peaknujy cyncrurynuje ca 9MeG u 5'-GMP 3aBucu on
npupopie xenarnor muranga: [Ru(Cl-tpy)(dach)(Cl)]* >
[Ru(Cl-tpy)(en)(Cl)]", kao 1 o HaeneKTpuUCcama ynasHor
nuraspa (5-GMP > 9-MeG). VnTepakuujom ncntuba-
HJX PYTEHUjyM-tpy KOMIUIEKCca ca fiepuBaTiMa ryaHHa
HAaCTaje caMo jejaH MOHOYHKIIMOHATHY Tpou3Bof, Ru-
(N7)DNA.®

IMocnenmwyx roguHa BeMUKM 6pOj UCTpaXKUBamba je
yCMepeH Ka MCIIUTUBakY MHTepakija pyTerujym(I1/11I)
KOMIIJIEKCa Ca CEPyM IPOTEMHMMA U aMMHO KMCETMHAMa
Koje capp>ke cymmnop. OBe MHTepaKIjyje Cy BeoOMa BaKHe
jEp HAKOH MHTPaBEHCKOT YHOLIEHAa KOMIIIEKCA Py TEHjY-
Ma, ITIPOTENHMY IUIasMe ITOCTajy MIOTEHLIMja/THE METe 3a KO-
opayHoBame pyreHnjym(I1/11I) kommurekca. Excriepumen-
TaJIHY TTOfALM IPYKYIUBEHU [0 Cafia Ipy>Kajy MHpopMa-
I1jy O HIKOj PEaKTVBHOCTY aMMHO KVMCeMHA Y TPOTe-
uHa npema pyterujym(II) komnnekcuma. PenarvsHo crna-
6a Besa aMVHO KVICe/IVIHA Vi TPOTeJHA Ca OBUM KOMILIe-
KCMMa MO>Ke OMTV OiTOBOPHA 33 TPAHCIIOPT 1 JOIIpe-
Mambe KOMIUIeKca pyTeHujyMa o KaHueporenux hennja,
OIHOCHO HEKE aMMHO KVCENMHE, a IENTUM Vi IIPOTENHI
MOTY Jia CITy>Xe Kao pesepBoapu pyTeHnjyma. OBo Moxe
OUTU U Y3POK MabUX CIOPENHNUX HeXe/beHNX edekaTa
KOMIIIEKCA Py TEHMjyMa Y OfHOCY Ha KOMIUIEKCE IUTIaTUHE.

Vimajyhu y BuRy fia cy oBe MHTepaKiyje Of U3y3eTHe
BaXHOCTY 33 pa3yMeBarbe MeXaH/3Ma aHTUTYMOPCKE aK-
TUBHOCTY KOMIDIEKCa PyTeHMjyMa, IpOydaBaHe Cy peak-
nyje pyrernjyM(II) repnupuans komiviekca, [Ru(Cl-
tpy)(en)Cl][Cl] n [Ru(Cl-tpy)(dach)Cl][Cl], ca THoypeom
(Tu), amuHoO KkncenmHama koje cappske cymmop (L-Cys u
L-Met) u xeTepounxanma koju cagpxe azot (Pz, Tz n
Py)."? Pesynratu jacHo 10Kasyjy ga 6psuHa peakiyje 3a-
Bucu o pupope xenarnor mranpa: [Ru(Cl-tpy)(en)Cl]*
KOMIUIEKC pearyje 2 myTa 6pxe y ogHocy Ha [Ru(Cl-
tpy)(dach)Cl]" kommexc. Takobe, 6psuna peakiuje 3a-
BIICH 11 OFf IPVIPOJi€ YIa3HOT TUraHfa. PeakTMBHOCT yias-
HVIX /iraHaza onaga y cresehem uusy: Tu > L-Cys > Pz >
Tz > Py > L-Met.

3AK/bYYAK

Y norpasu 3a IeKoBMMa KOju HUCY Ha 0asyl IIaTuHe,
PYTEHVjyM 3ay3uMa BaXXHO MeCTO, HAPOYMTO 300T Marbe
TokcuyHOCTHU 1 Behe cenexruBHOCTH npema hennjama
KaHIiepa. JleTa/bHO pasyMeBarbe MeXaHM3Ma IIOHaIlaba
KOMIUTEKCA Py TeHMjyMa Y OMOTIOLIKVM YCTIOBYIMA je OCHO-
Ba Oynyhux ncnmTuBama 1 pa3Boja HOBUX aHTUTYMOP-

16 Xemujcku tipeineg

CKIIX aT€HACa, Kao M IIPOHA/IACKA a/ITEPHATUBHIX TPETMa-
Ha y TepIyjy KaHIepa.

Abstract
ANTICANCER RUTHENIUM COMPLEXES
Ana Rilak, Zivadin D. Bugarcic

Faculty of Science, University of Kragujevac, Radoja
Domanovica 12, P.O. Box 60, 34000 Kragujevac, Serbia

In the search for drugs that are not based on platinum,
ruthenium occupies an important place, especially because
of lower toxicity and higher selectivity towards cancer cells.
A detailed understanding of the mechanism of behavior of
the ruthenium complex in the biological conditions is a
basis for future investigations and the development of new
antitumor agents, as well as for the invention of alternative
treatments in cancer therapy.
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CAKETAK

Hose (uuciiie) tliexHonoiuje Kao u MHoiu ipou3eogu y
CEKILOPY UHPOPMAUUOHUX THeXHONOTUja, ¥ 8enUK0j Mepu
3asuce og mattiepujana koju iocegyjy ciieyuduune xe-
Mujcke u usuuke xapaxiiepucitiuxe (yxkmwy4uyjyhu mai-
Hellina, KATHATUMUYKA U TYMUHECUEHIIHA C60jCITi6a).
Osu maitiepujanu Hajueuthe y c60joj CHIPYKIYpU cagpaice
U enemenaitie jeguHcitieeHux 0coduHa Koju ce oSjegurberu
HA3U8ajy pettike 3emve.

Osa He liaxo WUPOKO t03HATHA Ipyila enemeHatia us-
Y3eilHO je 8axHAa 3G HUB0TL KAKAE MU HUBUMO gaHac.
Cpehom peitixe 3emme y Upupogu u HUCy THONUKO peltiKe
KAKo o wUx08 HA3U6 cyiepuuie (4 HUCY HU 3eMmbe).
Wmajyhu y eugy pasHospcHy apumery 08Ux meiana u
CIlATHU PACTll U UiUperve UPoU3sogrve, K0ja 3a OCHO8Y UmMa
ruxosy yhiotpedy, ioiipede 3a eneMeHITIUMA PETKUX 3e-
Mmama céaxako he pacitiu, tia je citiola og tipecygHe 6aiHOC-
iy Ha epeme 0de3beguitiu U JOBOTbHE KOMUULUHE 08UX He
MAaKo Wupoko HO3HAWUX, anu U0 3HAUAfY UPUSHATIUX
enemeHatia.

Husmw paga je tipyxcarve caxceitiol ipuxasa ceojcitiasa u
614064 TipuMeHe 08UX U3Y3eTUHUX Metiana.

VBO]I

3/1aTo 11 cpebpo Cy Ba>KHY IPATHOLY Pa3Boja IPYILT-
Ba Of] JABHJHA, a IITO Ce TIYe HOBUjIX JelIaBatba, INTABA
Cumnnmjymcka gommsa y Kamuopuuju (CAT) Hocu Ha-
3UB IO jefTHOM BayKHOM e/leMeHTy - cummnujymy. Ko cy,
MebyTuM, THXY Xepoju MOJepHe TeXHOIOTHje?

Petke 3eMm/be MMajy BaYKHY U jeIMHCTBEHY IIPYIMEHY Y
OKBJIPY CaBpeMeHNX TexHosoryja. OBa He TaKo II03HaTa
TPYyIIa eJleMeHaTa U3Y3€THO je Ba>KHa 33 KVMBOT KaKaB MU
XKMBMMO flaHac. Ha ocHOBY KomuyHa y Kojuma ce Kopyc-
Te, TEIIIKO je 3aK/bY UM TH KOMKY eKOHOMCKMY 3Ha4aj peTKe
3eM/be pealHo MMajy, IOWITO je, mopehemwa pasgu, ro-
VI IOTPOIIba 6akpa Beha 3a yak 1Ba pefa BemdHe
Off, YKYIIHO OTpeOHe FOfMILIbe KO/IMYIHE eleMeHaTa Lie-
ne oBe rpyme [1]. FbuxoBy BpegHOCT MOryhe je HacTyTUTH
¥ Ha OCHOBY TOTa IITO Ce eIeMEHT! PETKMX 3eMasba (€HT.
rare earth elements, REE) HasuBajy u "BuTaMuHmma’ 3a
MeTaJie, HOIITO MaJia KOJIMYMHA HeKOT Of ’bJX OUTHO
IojayaBa CBOjCTBA MeTaJIa C KOjUM YMHU JIerypy [2]. 36or
CBOjUX OCOOMHA OTPaXKiba 3a IVIMA HEIIPECTAaHO pacTe
[3]. OHu Hamase pUMeHy y HUKI-MeTan-XuopugHuM Oa-
Tepujama (Koje ce KOpKCTe 3a Halajambe XMOPUIHUX U
e/IeKTPUYHUX BO3N/Ia), ropusuM hennjama, dayo-
PEeCIIeHTHMM CHjalnijaMa, KOPUCTE ce 3 eKpaHe Te/leB-
30pa, MOOMTHYX TenlepOHa, TPEHOCUBIUX pauyHapa, KO-

Becna M. AJIUBOJBOJANT (valivojvodic@politehnika.edu.rs),
Harama BYKYMUPW'R (natasa.bukumiric@gmail.com), Illnmon A.
BHAPMATMU (simondjar@politehnika.edu.rs), Bucoka mkomna crpykos-
HUX cTyfuja - Beorpagcka monmrexHmka

PETKE 3EMJBE - OCOBVHE, 3HAYA]J U

IIPIMEHA

puCTe ce y KaTa/lu3aTOpPMMa, COJIapHMM IIaHeIMMa, Mar-
HeTUMa UTH,

EJIEMEHTU PETKIX 3EMAJDbA

Hasus oBe rpyme eneMeHara, "peTke 3em/be’, IOTHYE
ns3 BpeMeHa Kama CY OBU €JIEMEHTU HPBI/I IyT M30/I0BAaHN
U3 PeTKUX MUHepana (KOMIUIEKCHIX OKCH/A KOjI CY ce Y
TO BpeMe Ha3uBanu 'sem/ba’). VHade, ped "naHTaHuUz
KOja Ce ITOHEeKaJ KOPYICTY Kao HasyB 3a PETKe 3eMaJbe, BO-
IV TIOPEKJIO Off TPUKe peunt AavTHavery Koja MMa 3Haderbe
WJIEXKIV CKPUBEH .

Petke 3eMJbe npe/icTaBIbajy IPYIy Ol CEaMHAECT
noBe3anux Mertana 3. rpyne (IUPAC Hymepucame) me-
PHIOIHOT cHCTeMa ejleMeHarta (cimka 1), m3y3nmajyhu ax-
TuHOMIE [4]. Y OBy rpyIy enemMeHara yopajajy ce ckaH-
mjyM (Sc, atomcku 6poj 21), utpujym (Y, aToMCKH 6poj
39) u nanTanouM (rpyma o 15 XeMHjCKHX eJeMeHaTa o
JaHTaHa 70 JdyTenujyma (tadena 1) [4]. Ckanaujym u
UTPHjyM CMaTpajy ce JeJIoM OBe Ipyre 300T TeHAeHIIYje
Jia ce TI0jaBJbYjy Y MIPUPOAN Y UCTUM PYTHUM JICHKUIITH-
Ma Kao M JTAHTaHOW[IH, & TTOPE TOTa TI0Ka3yjy U CIIIYHE
XEMHjCKE OCOOHHE.

H He
Li [Be B|C|N|O|F |Ne
Na Mg Al[Si| P |S |Cl|Ar

K |(Ca|8¢|Ti |V |Cr|(Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge As |Se|Br|Kr

Rb|Sr | ¥ | Zr [Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd|In |Sn Sb(Te| | |Xe

Pb| Bi |[Po|At |Rn

Cs|Ba tetul Hf | Ta |W |[Re |Os| Ir | Pt |Au|Hg|TI

Fr |Ra [u| Rf Db|Sg|Bh|Hs|Mt ‘

Nauranomam

La |Ca|Pr |Nd|P‘m|Sm|Eu|Gd|Tb |Dy|Hn|Er Tm|\‘b|Lu|
) i ) AKTHHO WA H
Fu_Am’Cm_Bk’Cf_Es|FmIMleo| Lr|
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Cnnka 1. PeTke 3emM/be - pacopey eneMeHara y
MEepPMOJHOM CHCTEMY e/leMeHaTa

Petxe 3emspe ce Hajuerthe fiene Ha s1ake (yepujymose
3emrbe) U Tellke (Uiipujymose seme), IIpU 4eMy je TpyIIu-
cambe U3BPILIEHO ITpeMa eIeKTPOHCKOj KOHGUTYpaLuju
eneMeHara (Tabena 1).

Y nake peTke 3eM/be CIafiajy €/IEMEHTH Off AaTOMCKOT
6poja 57, TaHTaHa, 10 e7IeMEeHTa C AaTOMCKUM OpojeM 64, ra-
TONMMHMjyMa. Y TEIIKe CIaiajy e/IEMEHTH IIOYEB Of aTOM-
cKkor 6poja 65, TepbujyMa, 1O eleMeHTa C AaTOMCKUM
OpojeM 71, myTenujyma, Ipy 4eMy je UTPUjyM Takobe
HIPUK/bY4YeH 0BOj rpynu [5,6,8]. CkaHAMjyM He IOKa3yje
JI0BOJbHO CTIMYHOCTHY HM C jefTHOM Off OBe JiBe rpyte. Pas-
JIVIKe Y e7IeKTPOHCKOj KOHMUTYpaIjy e/leMeHaTa Off IIpe-

Toguwinie 57. 0poj 1 (2016) 17



CYJHOT Cy yTHIaja Ha CBOjCTBa KOja MICIIO/baBa CBaKy Off
e7leMeHaTa 13 IpyIle, ITO Aa/be, yTUde ¥ Ha BUJ, MHTEpaK-
Lyje Koje CBaKM Off, IbVIX VICIIO/baBa y KOMOMHALVH C ipy-
VM eJIEMEHTMA U jefiiiberbuMa [2].

Ta6ena 1. Enementu perke 3eMm/be (aToMCKH 6pOj,
XeMUjCKU CUM6OO0IT 1 Tofierna)

ATOMCKU XEMUJCKU XEMMJCKI
BPOJ EJIEMEHT CUMBOIJI

21 CkaHaujym Sc
E 57 JlaHTaH La
§ 58 Lepujym Ce
E 59 ITpaseonujym Pr
g 60 Heonujym Nd
g 61 ITpomeTujym Pm
§ 62 Camapujym Sm
E 63 Eyponujym Eu
= 64 Tagonuuujym Gd
5 65 Tepbujym Tb
§ 66 Jucnposujym Dy
§ 67 Xonmujym Ho
& 68 Ep6ujym Er
=
QE 69 Tymjym Tm
2 70 Vrepbujym Yb
L
S 71 Jlyreuujym Lu
g
& 39 Wrpujym Y

OBa rpyma efieMeHaTa TO/IIKO je CTI0KeHO ITOBe3aHa
Za je 6110 OTPeOHO Jja IpOTeKHe 151 rofjuHa n3Meby or-
Kpuha IpBoT Off BVIX, UTpUjyMa (OTKpPVBEH je 1794. TORu-
He) U ITOCTIETbET, 1945. TOfIVIHE OTKPMBEH je IIPOMETHjyM
[5]. Kaxo ux Huje 61710 /1aKO M30/I0BATH, TAKO, Huje 6110
jemHOCTaBHO HY IOTIIYHO Pa3yMeTH IbJIXOBa CBOjCTBa,
IIITO IPECTaB/ba jefiaH Off pas/iora pe/iaTUBHO AYTOT Bpe-
MEHCKOT pasfobt/ba usMel)y muxoBor oTkpuha 1 MOMeHTa
Kapia je nponabhena 1 npumena sa wux. Huje myHo momor-
JIO TO LITO Ce OBY €IeMEHTH VI He Ha/lase caMy, Beh ce 'y
HpYpOAN jaB/bajy y makety. Ja 6u ce JOIUIO O jeHOL He-
OIIXOJJHO je VI30/I0BATYI I'a Off OCTA/IVX.

Op rpeKo 200 NMO3HATYX MUHEPa/Ia KOjU Y Matboj WK
Behoj Mepu cazpske OBY IpyIly elleMeHaTa, €KOHOMCKH
Haj3Ha4ajHNj} MUHEpaJIM Cy 6aCTHe3NUT, MOHA3UT U Kce-
HOTUM [5,6]. Kako cy eneMeHTH peTKuX 3eMaba BeoMa
CIMYHIX 0COOMHA, BIXO0BO Mel)ycoOHO pasyBajarbe, Kao I
paspBajarbe off APYIMX METasa 13 pyfie, Huje jeTHOCTABHO
CIIpOBeCTY ¥ O1TIO je HeOIIXOIHO fia ce poHabe nmorofan
XEeMMjCKM ITPOLIEC 3a TO.

V3pmBajame peTKuX 3eMasba U3 Pyfa MOXKe Ce BPIIUTH
Ha JIBa HauMHA. [IpBU HauMH je TpeTupameM pyze Cyl-
(baTHOM KVICENMHOM TaKO Ja Ce peTKe 3eM/be IIPeBOfe Y
pactBopbuBe cyidare. [Ipyru HauuH je 3arpeBarme pyfe
ca HaTPUjyM-XUAPOKCUOM, IIpU 4eMy ce fieo HeuycToha
pacTBapa, a peTKe 3eM/be OCTajy Y TAJIOTY Kao XUIpaTuca-
HU OKCUJM KOjM Ce HaKHaJHO IpeBOfie Y pacTBOp/bUBE
xnopuge. Hu jennum o, HaBeeHNX IOCTyTIaKa Hyje MO-
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ryhe u3aBajame MojefMHUX elleMeHaTa PETKIUX 3eMalba,
IITO 300T HMOMEHYTUX CIMYHVX XeMUjCKVX OCOOMHA 3a-
XTeBa 3HATHO CI0)KeHje mpotiece [7].

Hajmpe ce nnpgycrpuja Huje HU TpyAnUIa Ja BpLIM
pasziBajame IPYNICAHNX e/leMeHaTa Ha MHAMBIUYaIIHe,
YMeCTO TOTa KOPVCTI/IA JIX TAKO ILTO VX je Be3yBaa y jie-
Typy IOf; Ha3MBOM MellaHyu MeTar (eHr. mischmetal, ox
HeMaukor - mischmetall), 1rro je mpencras/pano npBy Ko-
MepLVja/IHy IPVIMEHY.

Janac ce Moxxe peh ja eleMeHTH PeTKMX 3eMalba
HIICY peiiiku (C M3y3eTKOM PafjoaKTMBHOT IPOMETHjyMa).
3abyHa je HacTana ynpaBo 300r Ha4MHa HBUXOBOT
[0jaB/bUBamba y IpUPOAK. 300T CBOjUX T€OXeMIjCKUX
CBOjCTaBa, MVHEepa/I KOju Cajip>ke peTKe 3eM/be Cy 00Md-
HO PacyTy 1 He HajIa3e ce 4YeCTO Y KOIMYMHAMA JOBOb-
HJIM 32 eKOHOMCKI MCIUIATVBY eKCIUIOATaLVjy, i TO He
3Hauy ja vx uMa Mano [1]. lepujym, Ha npumep, 3aysuma
25. MECTO IIO PaCIpPOCTPAEHOCTH Y 3eM/BJHOj KOPH ca
60 ppm (c/maHO 6akpy, 50 ppm), yerthu je ox onosa (18
ppm) nnu 3nata (0,004 ppm), JOK Cy KOJIMYMHE JTaHTa-
HujyMa (30 ppm) y npupopu takohe Behe on komrunua
0710Ba, /i1 1 cpebpa (JTaHTaHUjyM je pyry Hajpacipoc-
TpambeHNjI eJIeMEHT PETKIX 3eMaba) [5,6,9].

EnemeHTN peTKuxX 3eMasba Hazmase CBe MIVpPY IpyMe-
HYy 4MMe 06Wjajy Ha 3Ha4ajy Ha CBETCKOM TPIKUIITY.
IMorpaxkma 3a IpoM3BOAMMA Y Koje ce oHu yrpabyjy cBa-
KOf{HEeBHO pacrte. Ycren moBeharma 3axteBa 3a cBe Behum
KO/MYMHaMa OBUX MeTasa (C/IMKa 2), CBET Ce JaHaC Cyoda-
Ba ¢ HeonxopHouhy NpoHantakelha HOBUX HaTa3NIITa
MIHepasIa Koju y ceOM cafjp>Ke e/leMeHTe PeTKUX 3eMasba.
Hajeuie Hamasuira eieMeHaTa peTKIUX 3eMajba Hasase
ce y Kunu (cnuxa 2), koja mpemMa HeKMM IpoLieHaMa KOH-
TpOJIMILE OKO 96 % CBETCKe IIPOU3BOMIEbE OBUX METaa
[10]. PacT mpousBopme OKC1a peTKUX 3eMasba je Y Iu-
PEeKTHOj KOpenalyji ¢ IOpacTOM HBUXOBe HOTPOLIIbe [11].
Pacrioper; cBeTCKIIX pesepBU efleMeHaTa PeTKVIX 3eMarba I
KOJIMYMHE KOje Cy IPOM3BefieHe Y 2011. TONMHY IIpUKa3a-
He Cy Ha C/IIL 2.

ITPMMEHA PETKNX 3EMAJbA

PeTke seM/be BaxHe Cy Ha IIO/by MarHeTU3Ma,
TOIIOTHE OTIIOPHOCTH ¥ OTIIOPHOCTY Ha KOPO3MjY, KO-
PUCTe Ce Kao KaTaau3aTOPH, aly HaMeHy Hajiase U y 1o-
crymnuyMa fobujamwa craxia [9]. Jlanronosy, MoOMIHM
TerleOHM, TENEBU30PH, XUOPUAHY ay TOMOOW/IIL, COMap-
He heyje 11 joir MHOTO IpYTVX IIPOM3BOfA 3aBVICK Y BEMN-
KOj MepU OfI PeTKMX 3eMa/ba. 3Ha4ajHO MECTO OBM ejie-
MeHTY MIMajy 11 y CEKTOPUMa KOjH CY Y PasBojy, OCeOHO 3a
IIpOM3BOJIbY HOBMX IeHepalja mpoussopa. Hasupy ce
HOBM BUJIOBY ITPYMEHE Ha IIpUMep: yIpaama y TeBUTH-
pajyhe MarHeTHe BO30Be, [jajbe, Y COpTUpaby OTIAfA, 32
HOB€ TeXHVKe CHYMarba Y MEIVIIVIHM, ¥ Y9eCTBY]Y Y pas-
BOjy MH(GOPMAIVIOHNX TEXHOJIOTHja.

EnemeHTy peTKux 3eMasba ce YITTABHOM He KOPUCTe
CaMOCTa/IHO, YMECTO TOTa, JOfiajy ce y MaalM [jo3aMa
KOMIIO3UTMMA 1 sierypama. Ha mpymep - yHomemeM joHa
PeTKIX 3eMajba y KPUCTIHY PELIETKY PasIuIuTIX MaTe-
pujana obujajy ce TyMUHECLIEHTHI MaTepuja/iy pasin-
YUTY 1O KapaKTepyCTUKaMa (IpYMeHa Y e1eKTPOTy M-
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Crnka 2. PeTKe 3eM/be - eKCIUIOATIICaHe KOTIMYMHE 3a 2011. TOAMHY U IIPOLieibeHe CBETCKe pe3epBe [10]

HeClieHTHNM ypebajuMa, KpJCTaTHIM JIacepyiMa U KaToji-
HuM 1eBuMa). Pochopu fonmpany joHMMA PETKUX 3e-
Majba IIPENCTaB/bajy jeNHY Off HajBOKHMjUX K/Iaca TyMU-
HeCLIeHTHUX MaTepujaia [12]. OBM elleMeHTHU IpUMeHY
HaJIase y MeTTyprijii - JOTaBambeM Y MaIVIM KOMMYMHA-
Ma aTyMUHIjYMY, TBOXDY, 4e/INKy ¥ APYTUM MeTaliMa,
no6osplaBajy ogabpana ¢pusndka cBojcTBa pesynryjyhux
nerypa [11].

KonkpeTHujuM pasmarpameM yHoTpebe HeKUX Off
elleMeHaTa peTKUX 3eMasba Moryhe je younTy jour Heka
BIXOBa CBojcTBa. Jlerype uepujyma u reoxda, mm Me-
IIIAHOT MeTasa U rBoXha, MMajy IMpPOKy IIPUMEHY Y IIpo-
U3BOMbM KpeMeHa 3a ymambaue. PeTke 3eMbe cy
mpodOpHe LITO IPEJICTAB/ba I OCHOBY 32 HABEJIEHY YIIO-
Tpeby, OMHOCHO, CIIOHTAHO Ce ITaJie Ha BasayXy Kaja cy y
¢uHO crpaieHoOM CTamy [7].

3a nepMaHEHTHE MarHeTe U3Y3€THO Cy BaXKHU HEO-
IUjyM, TIpa3eoanjyM 1 AUCIiposujyM. OBY MarHeTH ce KO-
puCTe y BUCOKO-e(DVKACHIM eNIeKTPYYHIM MOTOpUMA 1 Y
TeHepaTopyMa 3a XMOPUIHA BO3WIIA, /i TaKohe Ipume-
Hy Hajla3e ! y TeXHO/IOIMjaMa Ha II0/by OGHOB/BIBE eHep-
ruje (momyT TypOMHa 3a BeTap, MaluX XUIpOeTIeKTpaHa
WIM IVIVIMHIX eleKTpaHa). Meby enementima ¢ marser-
HUM CBOjCTBMMA MOXXJIa HAjUCTaKHYTHj€ MECTO IPUIIafa
Heonujymy. Ha npumep, omubeHe Menoayje HeKaj, Huje
6uno moryhe cnymaru y xony. CeaMaeceTVx TOfHa
IPOLIOT BeKa KoMIIaHuja Sony je mpencrapiia Walkman
- mpenocuBy KacetooH. OBaxas ypebaj 6110 je moryhe
IPOM3BECTH, YIIPABO YTPafilbOM eIeKTPOMOTOpa C MarHe-
TVIMa KOj¥ Cy IOBOTBHO CHXKHIA /I Y3 TO ¥ IPMXBAT/bUBE
BermruyHe. OBAaKBY MarHeTV HACTA/IM Cy 3aXBasbyjyhu mpe
cBera HeoaujyMy. [laHac OBY MarHeTH MMajy 3HaTHO IN-

Py IpYMeHY U IIPeCTaB/bajy Hen3OeXHM [ieo caBpeMe-
HUX eneKTpoHCKux ypebaja. Heogujym-raoxhe-60p
(NdFeB) marHeTH, Hajja4unu Cy IO3HATY CTATHY (IepMa-
HEHTHI) MarHeTHI MaTepIj/Ii I IIMPOKO Ce KOPICTe.

IlTTo ce Tnue H6aTepuja HOBe TeHepanuje, Behuna
OBYIX 6aTepuju CafipKi JIerypy KOjy IIPBEHCTBEHO YMHU
JIAHTAHUjYM (32j€f{HO C APYTMM JIAHTAHOMAMMA IOy Iie-
pujyMa 1 mpaseofujyma), y3 HUK/I U jOILI HeKe MeTase
(ump. xobanr) [13]. JIaHTaHUjyM Ce y IPOLIIOCTH HIje
IIpUMeBMBao Y 3Ha4ajHOj Meput. [lanac, ceaku ITpuyc xu-
6pupHM ayToMobw1 mocenyje Getepujy ca 10-15 kg manta-
HUjyMa [14], ay ¥ nopep, Tora Majo je KO Off BlIacCHMUKa
OBOT ayTOMOOWIA yITyheH a CBaKO{HEBHO KOPVICTH erle-
MEHT PeTKUX 3eMaba, [IPe cBera 300r Tora miro ce 6are-
puja KOjy OBY ayTOMOOW/IN KOPUCTE HA3UBA HUK/I-Meian
xubpugna batepuja (enr. nickel-metal-hybride: NiMH, Ni-
MH). Huxn-nanTanujym xubpunse 6atepuje npencra-
BIbajy ICKOPaK Ha II0Jby M3pajie 1 IIpuMeHe batepuja, Ipe
cBera 300T Ipon3BoAtbe Behe cHare, y3 MCTOBpeMeHO 3ay-
3UMambe Mamer IpocTopa y nopebemwy ca cTaHgapiHuM
6aTepujaMa [13]. OBakBe 6aTepuje TOTOBO Cy ABa IIyTa
edMKacHMje off CTaH[AP/THIX OJIOBHIX aKyMy/IaTopa.

Heke op mpuMeHa efieMeHaTa peTKMX 3eMajba Cy U
BpJ/IO HEOOMYHe, Ha IpuMep epOujyM ce KOpKUCTH 3a
HIjaHCHpalbe CTaK/Ia - 0e3 jofaBatba epojyMa CTaK/Iy To-
TOBO JIa Hifje Moryhe JoOUTI TOCTOjaHy U IIPUCTOJHY PY-
JKMYACTY HUjaHCy (IpYMeHy Ha/la3! Y HUjaHCUpalby CTa-
KJIEeHVX Ba3a, ai ¥ 3a CTaK/Ia Haodapa 3a cyHue). Ep-
OujyM je cjajaH mpuMep 3a TO Y KOJIMKOj MEPYL PeTKe
3eMJbe MOTY fia Haby pasHOMNKY IIPUMeEHY, TIOLITO OH I10-
MaxKe 11 fia ce MHQpOpMalyje IpeHoce MpoM cBeTa. IIpe-
HOC ITOfjaTaka 3Ha4ajHo ce yOp3aBa [ofaBambeM Majux
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KO/IM4VMHA epOMjyMa y onTudKa BiaakHa. Takohe kopyctu
Ce M Kao IojavyaBady jacepa Kojyu ce MOTy KOPUCTH Yy [ieH-
Ta/THOj XMPYPIVIjY WIN 3a TPETMAHE KOXe.

Cae HaBefieHe IPYMEHE Cy TEK M/l [Ie0 BUIOBA YIIO-
Tpebe efleMeHaTa PeTKIX 3eMasba KOje Cy Y OBOM MOMEHTY
aKTYeJIHe, C ipyre CTpaHe IpaBal) pPasBoja HOBMX TEXHO-
noruja u criengU4Ha CBOjCTBA OBUX e/leMeHaTa ToBOpe Y
IIPWJIOT TBPAIbM [ Ce TEK OYEKY]j€ IbJIXOBO 3HATHO LIMPE
IPUCYCTBO Y Pa3AMYUTUM IPOU3BONHUM IIPOLECUMA,
Kao 11 y OPOjHVIM HOBMM IIPOM3BOIVIMA.

V3a30B 3a CBETCKY IIPUBPENY JIEXXU Y IIPOHAIAKEbY
HOBVX M3JAIIHNX, VCIIIATUBYX, HATA3MILITA OBYX €7IeMe-
HATa, y UCTO BPEME Y/IaXXy Ce HallOpy Ha IUIaHY IIPOHa/Ia-
JKewa aITepHAaTMBHUX pellierba OBOT pobiema. Js-
IBajambeM OBUX BpPEJHUX MeTana u3 ypebaja u cucrema
KOjJ CY JOLIUIM Ha Kpaj CBOT YHOTPEOHOT BeKa, OHOCHO
KOjU Cy IIOCTa/IV OTIaJ, MOXKe ce IONY 10 BpeHIX CHpO-
BIHA 32 IIPVMMEHY Y HOBUM IIPOM3BOJHUM LUKTYCUMA.
EnexTpuyny u eIeKTPOHCKM OTIIAJ, Ha OBaj HAYMH I10-
CTaje HOBU pecypc, uMajyhu y Buay na yzeo enemMeHTa
PeTKMX 3eMa/ba y 0BUM ypebajima HerpectaHo pacTe. 3a
cajia pelMKIaXa ce yI/TaBHOM OTpaHIYaBa Ha barepuje,
GbypocLieHTHe 1aMIe 1 iepMaHeHTHe MarHeTe [1].

3AK/bYYAK

EneMeHTN peTKMX 3eMaba 3axBabyjyhm cBojuM je-
IVHCTBEHVIM CBOjCTBMMA Hajlase CBOjy IpMMeHy y 6aTe-
pujaMa, KOMIjy TEPCKMM YMIIOBMMA, EKOTIOMIKMM ayTO-
MobumMa, TypbuHaMa Koje mokpehe Betap u apyrum
TEXHOJIOTHjaMa Koje Cy feo caBpeMeHor xuBoTa. Cpehom
PeTKe 3eM/be Y IIPUPOIY HUCY TO/IMKO peTKe KaKo TO M-
XOB Hasus cyrepuue. [ToTpaxma 3a OBUM MeTaIuMa je
HEIIPeCTaHo y NopacTy. /13a30B 3a CBeTCKy IIpUBPeNY JIe-
XKI y IPOHAJIKe by HOBUX M3/IALIHIX, UCIUIATYBYX, Ha-
JIA3VILITA OBVIX e/IeMEHATa, a jeflaH Off AJITepHATYBHIX
IPMCTYIIA y IPOHATAKEHY JOBO/BHIX KOMIMYMHA PETKIX
3eMasba, IeXKM Y PelVIKIaXM eleKTpuIHuX ypebaja, oni-
HocHo y uckopuithaBawy Beh nocrojehux konmunna
OBJIX METaJIA.

Abstract

RARE EARTHS - PROPERTIES, IMPORTANCE AND
APPLICATION

Vesna M. ALIVOJVODIC, Nata§a BUKUMIRIC,
Simon A. PARMATI

College of Professional Studies - Belgrade Polytechnics

New (clean) technologies, as well as many products in
the sector of information technologies, largely depend on
materials with specific chemical and physical characteristics
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(including magnetic, catalytic and luminescent properties).
The materials usually contain elements of unique
characteristics, which are conjoint under the name rare
earths.

This, not so widely known group of elements, is
extremely important for the way of life that we live today.
Fortunately, in nature, rare earths are not as "rare" as their
name implies (and are not even the earths). Bearing in
mind many applications of these metals and steady growth
and the expansion of theirs production (based on their use),
it can be assumed that the need for the rare earth elements
will certainly grow - therefore it is essential to provide in
time sufficient amounts of these not so widely known, but
certainly recognized elements.

The aim of this paper is to provide a summary of the
characteristics and application forms of these exceptional
metals.
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Y nexonuxo tpeitixogrux iexcitiosa (XII 1 (2008) 14-
19; XTI 4 (2008) 91-93; XI1 4 (2009) 104-107) i080punu cmo o
Mogenuma THPpOGUMEHIUOHATIHUX CIAPYKIAYPA MATUX MO-
nexyna, (euuie Opianckux Heio HeOPIAHCKUX) KAo U HAYMU-
HuMa 3a rouxosy susyenusayujy. llito je najeaxcruje, y
UM THeKCitiosUuMa cmo 08jacHunu Kaxo ce u3 mogena 3/
CHIPY KLY PG MATIUX MOTIEKYTIA MOTY U36ECTIU 3AKbYH YU O
uxosum ocodurama. Y osom itiexcitly hemo ucipuuainiu
ApuHy 0 WPOGUMEHIUOHATTHUM CHIPYKITlypama Upoiieuna.
IIpuua he ce ogHocuiiiu tipe ceeia Ha 10 Kaxo 3atiuc dajno-
8a Koju ouucyjy 3/ ciupykitiype iioitieura usineqga, anu u o
dasu fiogaiiaxa y kojuma ce moly tipoHahu excliepumen-
wanHo ogpehere 311 ciapyximiype ipoitieuHa.

TpopyMeHsOHATHE CTPYKTYPe BEMNKIX MOJIEKYTIA,
IpOTerHa ¥ HyKIeMHCKUX KHCeInHa ce Hajuemhe
ozpebyjy kpucranorpadckoM aHaM30M - Ay paKIujoM
PenpreHckux 3paka, anu u gudpakiyjoM HeyTPOHa I
HyK/I€apHO-MarHEeTHOM Pe30HaHIOM. ExcriepuMeHTanHo
onpebeHe 3]] cTpyKType NpoTeyHa 11 HyKIeMHCKIX KICe-
JIVHA Ce [IETIOHY]Y Y IPOTeNHCKoj 6asu mopaTaxa (Protein
Data Bank, PDB, http://www.rcsb.org/pdb), koja je ocHOBa-
Ha 1971. TofmHe [1,2]. 1974. ropuae y 6asu oparaka 6mio je
TPUHAECT eKcIepuMeHTanHo oxpehennx 3]I cTpykrypa
npotenta. Y ¢pebpyapy 2016. rofuse 6asa CafipyKi 107 520
CTPYKTYpa IIPOTENHa; Ca CTPYKTYpaMa Ie30KUCPUOOHYK-
JIEMHCKYX Y pPOOHYKIEMHCKIX KVCEeTIHA YKYIIHO 115 764
excriepuMeHTanHo ofpehennx 3]I crpykrypa. Ilpucryn
6asy nojaraka 1 npeysyumarbe (ajiosa je cBMMa IIOTIIYHO
C1106OIHO TOCTYIIHO, a Ha MHTepHeT cTpaHama PDB-a no-
CTOjI MHOTO JJOLATHUX KOPMCHUX CEPBMCA KOjU UCTpa-
JKMBayMMa ¥ CBMMa KOje CTPYKType MHTEPECYjy ITOMaXy
na 6p3o 1 mako npoHahy mogaTke. Y3 To mocToje u Bp/o
KBa/IMTETHU eAyKaTuBHU cepBucu. PDB-101" (http://
pdbiorresb.org/) je enyxatnsau campyxaj PDB cepsuca, ay
OKBMPY Ibera je I0CeOHO 3aHMM/BYB [Ie0 O CTPYKTypaMa I
HauuHy onpehnBara crpykrypa (Structures and Structure
Determination). ITopen Tora, ka0 u3yseTaH efyKaTUBHU
caip>kaj Be3aH 3a CTPYKTYpY U GYHKUM]y IpoTerHa (He-
3aBucan of, PDB cepsuca), Tpe6a nomenyt TIpoTorme-
nujy (http://proteopedia.org/wiki/index.php/Main_Page).

ITporens xoju Hac nnTepecyje y PDB 6asu noparaka
MOXKeMO TPaXUTH 110 uMeHy, PDB unentnduxanyonom
Opojy Koju ce caToju Off YeTVpy Kapakrepa (koMOuHarja
6pojeBa 11 C1TOBa), IMEHY MaJIOT OPTaHCKOT WJ/IV HEOPTaHC-
KOT MOJIEKY/Ia Ca KOjUM je MPOTENH KOKPUCTAVICAH, VN
VIMEHMMa ayTopa KOjy CY Y HayYHOM papy omucanu 3]]
CTPYKTYTPY. AKO IPOTENH TPAKMMO CaMo IIpeMa VIMeHY,
0614HO f06MjaMO BelmuKy 6poj CTPYKTypa 1 n3bop Mo-
JKeMO 'Cy>KaBaTy' IO Pas/IMYUTIM KPUTEPUjyMIMa: Opra-
HM3MY I3 KOTa IIPOTENH HOTIYe, eKCIIEPMMEHTaTHOM Me-
TOZY KOjuM je cTpyKTypa oxpebena, pesonyuju — ako je

Bpanko J. JPAKYJINR, Ilentap 3a xemujy-VIXTM, Yausepsurer y beorpany (e-momra:

KAKO N3ITTEOA ®AJJI KOJU OIIMCY]JE 30 CTPYKTYPY
ITPOTENHA?

cTpykrypa ofpehena audpaxiyjom PeHareHckux spaka
WV HEYTPOHA, BPEMEHCKOM IIEPYIOAY Y KOME je CTPYKTY-
pa meroHoBaHa Ty, Ha mpuMep, ako TpaXiMOo 110 UMeHY
[pOTerHa ¥ HaBeIeMO caMo 'aloyMuH' kao oxrosop hemo
HOOUTIH OKO 115 CTPYKTYpa. [Jo61jeHn OAroBOp MOXKeMO
'Cy3suTH' IpeMa OpraHu3My 13 Kora anoyMIUH moTude
(human - xymanm), a 3aTuM MeTORY KOjUM je CTPYKTypa
oppebena (x-ray, audpaximja Penprenckux spaka). Csa-
KaKo Jla CaMyl MOXKeTe Jja II0CeTUTe MHTePHeT CTPaHy
PDB-a 1 noTpaknute NpOTENH KOjy BaC MHTEPECYjE.

OcHOBHa CBpXa OBOT TEKCTa je fla YMTAOL[A YIIO3HA Ca
u3IIenoM 3amyca dajna Koju 3/ CTpyKTypy BeIMKIX MO-
JIeKy/ia, IPOTeVHa IIpe CBera, onucyjy, Te he Behn fieo Te-
kcra ToMe u 6uty nocsehen. Y XIT 4 (2008) 91-93 cMoO o11-
ucamu ¢aji Koju Oenexxu 3]I CTPYKTypy Ma/IiX OPraHCKMX
MoOJeKy/1a Ha mpuMepy mol2 dajna. Mol2 ¢ajmosu u
(ajnosu ca excrensujoM pdb' koju Genexe 311 cTpykType
[IpoTenHa Cy y Beqmmkoj Mepu cnnasu. VI mol2 u pdb cy
ASCII dajnoBu y kojuma cy uHpOpManyje ormcaHe y Bi-
Iy TeKCTa KOjy ce JIAKO MOXKe IIPOYUTaTy Kafa ce ¢aji oT-
Bopu ymuctepoM (ump. Notepad min WordPad). ITomo-
Kajyl aTOMa y IIPOCTOPY Cy 3amucany y JJekaproBoM Ko-
OpJIMHATHOM CUCTEMY, TaKO /1 je TIOJI0Kaj CBKOT aTOM OIl-
MICaH KOOPJMHATAMa IO X, y 1 z ocut. Ha ¢y 1 Bupmo
JiBe Ta4yKe Off KOjMX JIOHa ¥IMa KOOPAMHATE 1, 2 1 3, IOK
rOpHba MIMa KOOPAMHATE 4, 511 6. CBaKa Off OBMX Ta4yKa MO-
K€ OIVICATY MOTIOXKA] IO jeHOT aTOMa y MOJIEKYTy.

Cnuxka 1. [Tonoxxaj aroma y JlekapToBoM KOOpAMHAT-
HOM CHUCTEMY.

Ja Buaymo capa mTa je crernuduyso 3a samuc pdb
dajna. Kako cy nmpoTenHy BeIMKY MOJIEKY/IN, U3 IPaK-
TUYHUX pas3jiora - Aa OpojeBu Kojy OIMCYjy KOOpAMHATe
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ATOM 1 N SER A 5 -18
ATOM 2 CA SER A 5 -17.
ATOM 3 C SER A 5 -16
ATOM 4 O SER A 5 -15
ATOM 5 CB SER A 5 -17
ATOM 6 O0G SER A 5 -17.
ATOM 7 N GLU A 6 -16.
ATOM 8 CA GLUA 6 -15
ATOM 9 C GLU A 6 -14.
ATOM 16 O GLU A 6 -13.
ATOM 11 CB GLU A 6 -15
ATOM 12 CG GLU A 6 -14.
ATOM 13 CD GLU A 6 -14.
ATOM 14 OEl1l GLU A 6 -14
ATOM 15 OE2 GLU A 6 -12
ATOM 16 N VAL A 7 -15.
ATOM 17 CA VAL A 7 -15
ATOM 18 C VAL A 7 -14.
ATOM 19 O VAL A 7 -13.
ATOM 20 CB VAL A 7 -16
ATOM 21 CG1 VAL A 7 -15
ATOM 22 CG2 VAL A 7 -17.

Crnka 2. Jleo Texcryansor samuca PDB dajna.

10 X, Y ¥ Z OCM 32 aTOMe (KOju Cy BeOMa y/ja/beHM jeiHI OF
IPYTUX) He Oy/ly MCyBMIIIe BeTMKY - IIeHTAp Mace IpoTe-
MHA Ce IIOCTaB/ba y KOOpAMHATHY noyeTak. [Iporennu ce
cacToje Off 20 MPUPORHNUX aMMHOKMCcenuHa. Ilopen 20
IPUPOHMX ITOCTOjY HEKOINKO aMIHOKIICETNHA Koje ce
Mambe 4ecTo cpehy, HITp. CeleHOLUCTENH U XUAPOKCUIIPO-
JINH, a Y3 TO HeKe aMMHOKIICeINIHe MOTy Jia Oy/ry Mofiy-
¢duxoBaHe, Ha mpuMep pochopunanujoM UM Be3u-
BambeM PasMMINTIX MOHO- WM ofnrocaxapupa. Odur-
JIEHO fia je Opoj ‘cacTaBHUX O/I0KOBA’ Off KOjUX Ce IpOTe-
VHI CacToje, CIMYHO KA0 U HyK/IeMHCKe KUCETMHE, OTpa-
HudeH. 360r Tora, 3a pasnuky of ¢ajnosa xoju Henexe
CTPYKTYpe Ma/liX MOJIEKY/Ia, e ¢ajia Koji OMICYyje Kako
Cy TIOB€3aHM aTOMI Y IPOTENHY HMjé HEONIXOfjaH — IIPo-
TpaM KOju IIpeTBapa TeKCTyalHN 3aIlMC y CIMKY Ha paj-
HOM IIPOCTOPY padyHapa '3Ha' Kako cy MehyoOHO mosesa-
HJ aTOMJ CBaKe aMIHOKVICE/VHE Y MOXKe JIa ITPUKaKe 0-
BesaHocT aToma. Y PDB cajny, moper; konoHa Koje orm-
CYjy TIOJI0>Kaj aTOMa II0 X, Y U1 Z OCU ITOCTOj€e KOJIOHE Koje
Geres>xe KOju aTOM IpUIIafa KOjoj aMUHOKMCEIVHIY, a I
CBaKM aTOM CBaKe aMIHOKICE/MHE VIMa CBOje 03HaKy. Jla
HOITIEaMO CIIHKY 2 Ha K0joj je mpukasaH feo PDB dajna
Koju onucyje 3] cTpyKTypy XyMaHOT cepyM anbyMmuHa
(PDB osnaka 1E78) [3].

Y npBoj kononn y ceakoM peny mmie ATOM'. Opa
O3HaKa 3Ha4M /I3 je Y TOM pefly OIIMCaH aTOM aMIHOKJICe-
JIMHE YWIN HyKTeoTuna (pMOOHYKIEMHCKE U Ae30KCUPH-
GoHyK/IenHCKe KuceiHe). CBY aTOMY KOjU He IIPUIIA]y
CTaHJAPIAHUM aMIHOKMCeTMHAMA VM HYKIeOTU/MA
(Hmp. BOHa, jOHU MeTala, HEOPTaHCKM jOHM, KOGaKTOPH,
MaJIit MOJIEKY/IY KOKPUCTa/IVICAH! Ca IPOTeNHIUMa, (oc-
daruu feo pochopunoBanux ocraraka wim ‘mehepHn

22 Xemujcku fipeineq

.090 -16.086 25.766 1.00 90.22
875 -14.717 25.333 1.00 90.60
.628 -14.620 24.486 1.00 91.23
.694 -15.414 24.614 1.00 91.35
.728 -13.790 26.535 1.00 89.24
557 -12.448 26.118 1.00 87.42
619 -13.633 23.611 1.00 91.62
.478 -13.425 22.750 1.00 91.77
802 -12.144 23.202 1.00 91.60
582 -12.075 23.338 1.0 91.43
.940 -13.300 21.302 1.00 92.01
819 -13.170 20.290 1.0 93.08
122 -14.483 20.015 1.00 93.29
.738 -15.546 20.245 1.00 93.51
.956 -14.445 19.568 1.00 93.69
609 -11.120 23.442 1.0 91.59
.068 -9.846 23.881 1.00 91.88
182 -10.046 25.110 1.00 92.21
189 -9.339 25.292 1.00 91.96
.194 -8.855 24.212 1.00 91.37
.606 -7.495 24.530 1.00 91.59
152 -8.754 23.039 1.00 91.42

Ieo’ IIMKO3WIOBAaHMX OCTaTaKa) oOe/exaBajy ce Kao
'HETATM'. Y npyroj KonoHM je pefHu Opoj aToMa, mode-
BILIJ Off TIPBOT aToMa Y 3anucy. CeKBeHIja IPOTeNHa Ce 110
KOHBeHIMju 3anucyje of, N-TepmyHanay Ka C-TepMmHa-
JIy, I1a je TaKO PefOoCTIeNl aMMHOKVICENHA 3amicad 1’y PDB
¢ajy, Bugmmo ga je y Tpehoj konoxu npsu atom N, 1o je
N-TepMuHanHM aTOM IIpBe aMMHOKMCENMHE Y Hu3y. OBa
KOJIOHA je ToceOHO 3aHMM/bNBA 300T TOTA IITO CY Y 1H0j
O3HaKe CBAKOT aTOMa CBaKe aMOVHOKICEeNMHe. 3HaMo Jla
CBe aMMHOKMCennHe uMajy '3ajesuuukyu’ NH,-CH-
COOH ¢parMeHT 1 fa ce pa3imKyjy IO '0CTaTKy' Koju je
Be3aH 3a -CH-. AToM a3oTa jegHe o aMUHKICe/IMHA U
KapOOHIIHA IpyIia KapOOKCIIIATa ipyre aMMHOKVCeIVHE
¢dopmupajy amupuy Besy (NH,-CH-C(O)NH-CH-
COOH), nornenajre 1Ky 3.

Tako ce a30T aMIHO IpyIe Koja GopMuUpa aMUSHY
Be3y cBake aMyHOKvceniHe y Tpehoj komonu Hauter PDB
dajma obenexasa ca N, atom yrpennka NH,-CH-COOH
¢dparmenTa ce yBek obenexana kao CA, kapOOHMTHN
YI/beHMK aMupiHe Be3e je C oK je KMCeOHNUK KapOOHUTHE
rpymne yBek O. Atomu 'octaraka’ (0OYHIX HI30BA) Besa-
Hyix 32 CA y pas/mauTyIM aMIHOKMICeTHaMa ce 00erteka-
Bajy ca B, G, D, E, unp. CB, CG, CD, OE1, OE2 y 3anucy
DTy TaMMHKCe KUCeyHe Ha cnunn 2. [Ipumetnu cre pa
ce 3a obenexxaBare aToMa y 60uHMM HusoBuMa C HuKana
He KopucTu. Jla ce Ha OBOM MeCTY TIOZICeTMMO U Jia je <98
% nenTyHUX (aMJHVIX) Be3a IIPOTENHA Y trans-KOHUry-
panuju. Y detBproj kononu PDB dajna je TpocnoBHa
ckpaheHuMIla aMMHOKICENTIHE KOjOj aTOMI IPUIAJA]y, ¥
IIeTOj KOJIOHU je O3HaKa cerMeHTa. IIpoTennnu ce 4ecto
cacToje off BUILe IOjeqVHNIIA, TAKO 1A CBAaKa MTOMjeAVHN-
I1a MOXKe fia foOuje ToceOHy 03HaKy. XeMOITIOOuH ce cac-
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Cnnka 3. AMupHa Be3a usMeby fiBe aMMHOKM-
cenune (Ala-Ala).

TOju of, iBe anda- u aBe beTa-noajennuune u y PDB
dajny je cBaka nopjenuHNIIa ObeNIeKeHa Kao OocebaH cer-
MeHT, Tor71efajte Hup. ¢ajn ca PDB o3nakom 1BUW [4].
Ha xpajy samica caxor cermerta y PDB ¢ajny ce Hanasu
NMHYja Koja 03HayaBa Kpaj CerMeHTa 11 obere’kasa ce ca
'TER, ciuka 4, ZOK ce Ha Kpajy 3amuica Iefior ¢ajna Hama-
3M JIMHMja TeKCTa y Kojoj muire END'.

Y mrecroj konmorn PDB ¢ajna je 3anmcan pensu 6poj
aMMHOKIMCenHe y mentupHoM Husy. [Tpumehyjere na
C/IUILY 2 [ia IPBa aMMHOKNCEHA Y (ajity Huje obemexe-
Ha 6pojeMm 1. Yecto cy N-tepmunanay u C-TepMUHATHA
IenoBy mpoTenHa (rekcubMIHy, na Kpyucrantorpad He
MOXKe Ca JOBOJBHOM TaYHOIINY Jja Ofpeay BIXOB II0/I0-
Kaj, TAKO fIa 4eCTO CaM TIo4YeTak' ¥ caM 'Kpaj ImpoTerHa
HyCy 3amvcany y ¢ajiy. IToper Tora, decTo ce KpycTamm-
1lIe [ieo IIPOTENHa, a He Ljeo IIPOTeVH, ¥ TuMe ofpebyje
CTPYKTYPa CaMo Jie/Ia ITPOTeNHA. Y CEIMOj, OCMOj M IEBET]
KOJIOHU (hajiia Cy 3amycaHe KOOpAMHATe MOJI0XkKaja aToMa
IO X, Yy U Z ocu. bpojeBn y fieceToj KONOHY IpefCTaB/bajy
'occupancy'. Ha Haur je3ux 61 0BO Hajipub/IvpKHje mpe-
BE/I Ka0 3aCTyIUbeHOCT. BpojeBu y 0Boj Konmonu mMory ja
uMajy BpenHocT uaMeby o 1 11 Hajuenthe 1Majy BpefHOCT
1. IITta 'occupancy’ 3aucra nokasyje? Kpncran nporenta
Ha KOMe ce CTpyKTypa onpeDyje sudpaximojom Penpren-
CKMX 3paKa Wit AyuQpaKIjoM HeyTPOHa ce CacTOjI Of
MHOTO M0/1eKy/1d IPOTeMHA KOjY CY BPJIO IIPABIIHO pac-
nopebenn y kpucranHoj peweruu. Mebytum, nerasa ce
7Ia TIOJI0XKAj je[IHOT VICTOT aTOMa Y CBAKOM MOJIEKYITY IIPO-
TeMHa HUje uieHTI4YaH. Pasmmka y nonoxkajy aroma je Haj-
mertha kaga ce aMMHOKvICenyHe ca GeKcnOMIHIM 604-
HJM HU30BUMA (apTMHVH, JIM3VH, T/Ty TAMMHCKA KICEIN-
Ha) Hajla3e Ha IOBPILIMHY IPOTeyHa. AKO 'IMdpaKIMoHa
C/MKa' TIOKaXKe fia ce y 50% MOJIeKy/Ia IIPOTeVHa Y KPIC-
TaJIy HEKY aTOM HaJIasyl Ha KOOpAMHATaMa X1, Y1 M Z1,a ¥
APYIUX 50% MOJIeKy/Ia IPOTeMHa Y KPUCTANY Taj UCTU
aToOM Ha/lasy y IOJI0XKajy X2, y2 1 z2, oHpa he 'occupancy’

ATOM 1066 CZ ARG A 141
ATOM 1067 NH1 ARG A 141
ATOM 1068 NH2 ARG A 141
ATOM 1069 OXT ARG A 141
TER 1076 ARG A 141
ATOM 1071 N VAL B 1
ATOM 1672 CA VAL B 1
ATOM 1073 C VAL B 1

Cnnka 4. 3amuc kpaja cermeHTa y PDB dajy.

67.
67.
68.
66.

25

25.

23

TOT aTOMa 6UTH 0,5. Y CKO IOBe3aHO ca oBuM, y PDB dajiy
jemaH MCTY aMMHOKMCEMMHCKY OCTaTaK (604HM HI3) MO-
>Ke OyTH 3mvicaH ABa, win pebe Buie op fBa mmyta. O6my-
HO je IpBa opujeHTanyja (koHdopMarmja) obenexeHa ca
A, npyra ca B, utn., Hnp. ARGA, ARGB. To 3Haunu fia je
6o4HM HU3 Y iBe MOTyhe OpujeHTaIyje, a Ha OHOMe KO KO-
puctu ajnje ga omryan kojy he opujenTanujy Kopucru-
1. Y IIOCTIeNHh0j KOMOHM pajria je 3amcaH ‘TeMIeparyp-
Hit pakTOp' KOjU1 [IOKa3yje KOMMKO je IooKaj opeheHor
aToMa pas3IN4uT Of Cpefiibe BpeflHOCTH. bpojeBn y 0BOj
KonoHu Takobhe ykasyjy Ha drexcubunsoct 60uyHuX
HusoBa. Hajuenthe aromn 60uHux H130BM priexcubui-
HJX OCTaTaKa Ha IIOBPIIVHM IIPOTENHA MIMajy BeIMKe
OpojuaHe BpeHOCT. VI3 IPeTXOAHUX HEKOMKO pefioBa
MO>KEMO JIa 3aK/by4MMO fIa YaK U y KPUCTaTy MOJIEKYI
IPOTeNHA Huje IOTIYHO KPYT U [ia Cy HEKY JIeJIOBY IIPO-
TeMHA U Y KPYUCTATHOM, YBPCTOM CTambY, (IeKCUOVITHIAL

Dr1excub6UIHOCT 6OUYHMX HU30BA aMUHOKICENNHA
noHekap oHeMoryhaBajy kpucranorpady a ofpeny bi-
XOB IOJIOXaj 1 360r Tora y HekuM PDB dajoBuma nomo-
Kaju OOYHMX HM30Ba TAKBMX OCTATAKa YOIIIITE HUCY 3a-
mycanu. MebhyTum, BehuHa mporpama 3a Busyenmmusanujy
3] cTpykTypa npoTtenHa '3Ha' KaKo fja IPOLIeH N II0TI0XKaj
HefocTajyhux atoMa 1 fja x '[ofa’ CTPYKTYpH KOjy BURM-
Te Ha paHOM IIPOCTODY.

ITpymeTwm cTe fia Y IPETXONHNM PEfOBUMA HICMO
YOIILITE IIOMEHY/IM aTOMe BOJOHMKA, KOjU CBAKAKO jecy
cactaBHU fleo nporenHa. Kapa je crpykrypa nporenna
oppebena nu¢pakunjom Penprenckux spaka monoxaj
aToMa BOJIOHMKA He MOXKe Jia ce Ofpeut 300T Tora IITO je
Ta/lIacHa Ay>XK1Ha PeHAreHCKux 3paka Beha of Bemudnte
aroMa BofioHuKa. Kapa TakBy cTpyKTypy OTBOpUTE Y IIPO-
rpamy 3a Busyenmusanyjy 3/ cTpykTypa aToMe BOOHMKA
He BUJITe, HICY 3a0eiexxeHn y ajy, anu mporpam ayTo-
MAaTCKM MO>Ke Jla IPOLIEHM HUXOB II0/I0XKaj U 'Hofa’ UX
CTpyKTypyu npoTerHa. MebhyTum cTpykType nporenHa

398 28.852 30.695 1.00116.47
213 27.591 31.074 1.00120.50
648 29.300 30.562 1.00122.27
076 29.631 24.618 1.00 71.75
.056 44.968 19.251 1.00 23.28
235 43.873 20.219 1.00 24.98
.931 43.087 20.333 1.00 26.54
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ATOM 172 N TYR A 29
ATOM 173 CA TYR A 29
ATOM 174 C TYR A 29
ATOM 175 O TYR A 29
ATOM 176 CB TYR A 29
ATOM 177 CG TYR A 29
ATOM 178 CD1 TYR A 29
ATOM 179 CD2 TYR A 29
ATOM 180 CE1 TYR A 29
ATOM 181 CE2 TYR A 29
ATOM 182 CZ TYR A 29
ATOM 183 OH TYR A 29
ATOM 184 H TYR A 29
ATOM 185 HA TYR A 29
ATOM 186 HB2 TYR A 29
ATOM 187 HB3 TYR A 29
ATOM 188 HD1 TYR A 29
ATOM 189 HD2 TYR A 29
ATOM 196 HE1l TYR A 29
ATOM 191 HE2 TYR A 29
ATOM 192 HH TYR A 29

27
26.
26.
25
24.
25,
26.
25
26
26.
26

27

27.
25
24.
24.

25
25

26.
26.
27

195 31.145 29.498 1.00 3.00
033 30.208 29.552 1.0 11.00
433 28.725 29.376 1.00 8.00
583 27.834 29.505 1.00 18.00
947 30.460 28.479 1.00 4.00
605 30.600 27.116 1.00 2.0
027 31.855 26.678 1.00 4.00
841 29.528 26.300 1.00 3.00
641 32.089 25.470 1.00 7.00
504 29.721 25.079 1.00 4.00
894 31.011 24.647 1.00 3.00
.475 31.309 23.459 1.00 12.00
376 31.497 28.594 1.00 4.00
544 30.249 30.530 1.00 13.00
234 29.610 28.466 1.00 12.00
409 31.397 28.681 1.00 13.00
.950 32.781 27.244 1.0 4.00
.462 28.537 26.617 1.0 4.00
910 33.126 25.200 1.0 11.00
663 28.854 24.444 1.00 11.00
672 30.483 22.960 1.00 13.00

Cimuka 5. [leo tekcryantor 3anuca PDB ¢ajna y kome je 3abere>xeH Mono>kaj aToMa BOJOHMKA.

onpebeHe mudpakIMjoM HeyTPOHA WK HYKIepaHO-Mar-
HETHOM PE30HAHIIOM CafipKe MOflaTKe O TOJI0XKajy aToMa
BojoHuKa. ITornenajre Ha npumep ¢dajn PDB o3nake
INTP [5]. To je cTpykTypa TpuicrHa ogpehena mrdpak-
nujoMm HeyTpoHa. Ako nucrepoMm (Notepad mnn
WordPad) orBopumo ¢ajn Bunehemo fa je sabenexxer u
TI0/I0Kaj aTOMa BOJIOHMKA, CMKa 5. O3HaKe aToMa BOJIO-
HuKa (y Tpehoj kononu ¢ajina) cy Hanpas/beHe 0 JIOTHLN
C/IMYHOj JIOTULIY KOjOM CY OCT/IMM aToMyMa y ajiy fare
osHake: H, HA, HB, HD, HE.... H je aroM BofjoHIKa Be-
3aH 3a N, HA aTtom Bogonmka Be3aH 3a CA...

3a oppehnBame cTpykTypa npoTenHa fudpaKuujom
PenpreHckux 3paka, v fudpakImjoM HeyTPOHa ce KO-
pucTe KpucTamy nporenHa. 3a onpehnsame crpykrypa
IPOTeVHa HYK/IeapHO-MarHeTHOM Pe30HaHI[OM Ce KO-
pucTy mpotenH y pactBopy. [Tporent je y pacTBopy MHO-
ro pnekcubunHMjK v Hopeherny ca mpoTenHOM y UBp-
CTOM, KPUCTAJTHOM CTamy, I1a ce PDB ¢ajnosnu koju onu-
Cyjy CTPYKTYpy IpoTerHa ofpeheHe HyKIeapHO-MarHer-
HOM Pe30HAHIIOM CacToje Off HeKOIMKO KOH(popMaIyja
nporenHa. Ha cniuuy 6 je mpukasaH XyMaHM MHCY/IVH,
PDB ¢ajn 2MVC [6], xoju ce cacToju of 50 koHdopMa-
nuja. Korpopmanuje ce Mehycobro Mano pasnuxyjy. Ako
oBakaB ¢ajn oTBopuTe McTepoM Busichete fa je Bpi1o
cmrgaH gpyruM PDB dajnosuma, caMo je crpykrypa mpo-
TeMHa BIIIe ITyTa 3al/CaHa, 3a CBaKy KOHPOpMAIjy 110-
CTOjJ 1O jefiaH 3amc CTpykType. Y Behuny nporpama 3a
BU3Ye/IU3aL1jy OBaKBe CTPYKTYpe MOXKETe BUIETH Kao
KpaTKy aHuManujy. [la ce oBe moTceTuma ja je Kpucrai-
Ha CTPYKTypa MHCy/IMHA 6¥1a IpBa CTPYKTYpa POTeVHa

24 Xemujcku iipeineg

onpebena mudpakiyjom Penarenckux spaka (PDB osHa-
ke 1INS u 4INS) [7].

Cmuxka 6. Ilemect koHpoOpMepa MHCYINHA, CIIVKA je
Hampas/beHa 13 ¢ajna ca PDB osnakom 2MVC.

Iopep 3ammca Koju onucyje CTPYKTypy IpOTENHA Y
PDB ¢ajny nmMa MHOTO ZOZaTHUX KOPUCHUX MH(pOPMa-
mwja. Kako cy mweHa rpyma oBor Tekcra Miabu untaony,
Ipe CBera y4eHUIM CPebIX LIKO/IA Y IbIIXOBY HAaCTaB-
HJIIY, KaO U CTYAEHTH ITO/Ia3HIX TORVHA XeMuje, papma-



Crmnka 7. Tjy6 (meBo) u KapTjyH (iecHO) pernpeseHTaIMja XxeMoro61Ha. XeM je mpukasas y ' mtammhacroj' pempe-
senrauuju. Cluke cy HanpasjbeHe 13 dajna ca PDB osnakom 1BUW.

1uje, OM00TKje, WV MefuLuHe, oBie heMo momeny T
caMo Heke, HajakHuje nHpopMaryje koje PDB dajn mo-
Ppen 3amuca caMe CTPYKType cafpxu. MHoro Bulle fie-
Ta/ba ce Moyke Hahu Ha cnenehoj nHTepHeT afpecn: http://
WWW. db.org/documentation/file-format . Op momaTHIX
unpopmanuja y PDB ¢ajny je cBakako HajBaXHMj/ IOT-
ITYHJ HaBOJ, HAY4YHOT pajia y KOME je CTPYKTYpa IIPBU ITyT
omucana. Opgie Tpeba MOMEHYTH Ja IIOCTOjU 3HAYAjaH
6poj PDB ¢ajnosa xoju oBaj mopatak He cagpsxe. Hexn
ayTopu, Hajuerthe Bp/IO IPOAYKTUBHY, ETIOHY)Y CTPYK-
Type y 6a3y HofaTaka, a/lyl CBOje pe3y/rare He OIVIIY Y
Hasy4HOM papy. Kako 61 cBe CTpYKType JiellOHOBaHe y
PDB-y More na ce HaBopie (LMTMpajy) y HAYIHUM pajo-
BJMa, Of], IIPe Tap FOfIHA je CBaKa CTPYKTYpa, IOpex, je-
nuHcTBeHOT PDB npenTndukanmonor 6poja (camdHo Ha-
1IeM jeIMHCTBEHOM MaT4YHOM 6pojy rpabana), nobuna u
DOI osHnaxy (https://www.doi.org/). TIoper Tora, y dajry
j€ yBEK HaBeJleHa IIOTITyHa CEKBEHIIA IPOTENHA KOjU j€ KO-
puurhen 3a ofpehuBame CTpyKType, HOPEKIO IpOTeNHA
(HIIp. XyMaHM), a7 ¥ IOAATAK O TOME Ha KOM OPTaHU3MY
je mpoTenH excripuMoBaH. [IpoTerHy BUIIMX OpraHu3a-
Ma Ce 4eCTO eKCIIPUMY]jy Y I/bUBUIIaMa IV GaKTepyjama.
3atuM, y ajiy cy 3aIcaHy 1 AeTa/bHY IIOfALM O CAMOM
eKCIIePYIMEHTY KOjJM je CTPYKTypa ofipeheHa kao 1 o pe-
307TyLIMj|1, YKOJIVKO je CTPYKTypa ofpehena nudpakijom
Penprenckux spaka win HeyTpoHa. Pesonynuja ce onu-
cyje y Aurctpemmma (A), Marbu 6poj 03HauaBa 607by pe-
somynujy. CBakako jia cy crpykrype oapehene ca Behom
Pe3onyLjoM 60Jber KBalUTeTa, /) 3a Hallle II0YeTHIY-
KO MHTepecoBambe 3a 3/] CTpyKType poTenHa oBaj Iofa-
TaK HUje IpeTepaHo BakaH. CaMo Jja TOMeHeMO Jia pe3o-
TyLuja y Kojoj je CTpyKTypa ofpebeHa Huje AUpeKTHO
IPOTIOPIIMOHATHA TAYHOCT TIOJIOXKAja aTOMa OIMCAHUX
KoOpfMHaTaMa y (ajiy; HIIp. y CTPYKTypaMa pelieHnM ca
PpesonyLjoM Of 2 IO 2,5 A raunocr IIOJI0XKaja aTOMa Ba-
pupa ~0,4 10 0,8 A

Tekct Koju roBopu 0 usrneny ¢ajma koju ormcyje 311
CTPYKTYpPY HPOTeVHa CBAKaKO He 611 610 IOTIIyH aKo He
IPENOpyYMMO HEKOIMKO IIPOrpaMa y KojuMa IIpeyseTe
CTPYKTYPe MOXKEMO I7IEfATA U MAJIO Ce IIOUTPATH Ca -

Mma. Ha camoj unrepner crpannnyu PDB-a cBaky crpyk-
TYPy MOKeTe BUJIET! MHTEPAKTYBHO Y MHTEePHET IIpeTpa-
xuBauy (browser-y), kopuhemeM HEKONMKO Iporpama
KOjI Cy Jieo MHTepHeT cTpaHe. CBU TaKBM IIPOIPaMI CY
Java anmikanuje (https://www.java.com/en/download/) ma
je HEOIIXO/THO /la Ha BallleM padyHapy Oyfie MHCTalIpaHa
Java. Be6 ctpana PDB-a je mpuiarohena u npucrymy 1y-
TeM MOJIEPHILX, TIAMETHIMX TeneOoHa.

Vima MHOTO Iporpama Koje MoyKeTe IIpey3eTy U UH-
CTa/IMpaTI y CBOM padyHapy 3a nperner; PDB ¢ajnosa n
Bervka BehyHa je OecryiaTHO ZOCTYIIHA, Majia je 3a HeKe
HEOIIXOJIHO Jja Ce IIpe Ipey3uMarba pencrpyjere. EBo He-
KOJIKO IIporpama Koje npenopydyjem: Jmol (http://
jmol.sourceforge.net/), VMD (http://www.ks.uiuc.edu/
Research/vmd/), Chimera (http://www.cgl.ucsf.edu/
chimera/), VegaZZ (http://nova.disfarm.unimi.it/cms/
index.php?Software_projects:VEGA 77) u PyMol (http:/
[www.lfd.uci.edu/~gohlke/pythonlibs/#pymol). Jmol sa-

XTeBa [ja y padyHapy ¥IMaTe MHCTAINPaHY Java aIlIiKa-
nujy, fok PyMol saxrteBa Python (https://
www.python.org/). HaBemenu mHK 3a mpeysuMare Ipo-
rpama PyMol Bopu Ka jieranHoj MHepHeT CTpaHu 3a Ipey-
3UMam-e KOMIIajupaHor mporpaMa 3a Windows omepa-
TuBHe crcTeMe. CBU IPeNopydeHy IporpaMy Hopex, Oc-
HOBHUX (DYHKIIMja MIMajy ¥ MHOTO HAIIPE/JHNX, TAaKO Ja je
caM paji ca BMa Jo0pa IPI/IMKa Ia HaydlTe MHOTO O BI-
syermsanyju 311 CTPYKTypa, ¥ TO He CaMO IPOTEVHA HeTO
Y Ma/IVIX OPTaHCKVIX U HEOPTaHCKVX MOJIeKyra. [la 3a cam
Kpaj OBOT TeKCTa IOMEHEMO Jja ¥ IPOTEVHE V1 MaJle OpraH-
CKe MOJIEKy/Ie MOYKeTe IIPMKA3aTI Y PasnuduTUM pelipe-
3eHTanujaMa: >kn4anoj' (wireframe), 'mranuhacroj'
(stick), xao 'monrmuue u wrammhe' (ball and stick)... amm ma
CY 3a IPMKa3MBatbe CTPYKTypa IPOTEMHA HAjIIOTOSHMjA
'Tjy6' (tube) wu ‘KapTjyH' (cartoon) penpesenTaryje. Tako
Haj/IaKIle jaCHO MO>KeTe BUJIETU KOjy fI€0 IIPOTENHA je ¥
06Ky 3aBojuutle (helix), Habpane cTpykrype (sheet)
WIM IZie ce Hajlase JIe/IOBY ITOTeVHA KOji HeMajy BICOKO
ypebeny crpykrypy (13B. metbe, loops). ITornenajre cu-

KY 7 Kao WIyCTpauujy.
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Abstract

HOW RECORD OF THE PROTEIN DATA BANK (PDB)
FILE LOOKS LIKE?

Branko J. DRAKULIC, Department of Chemistry -
Instutute of Chemistry, Technology and Metallurgy,
University of Belgrade (e-mail: bdrakuli@chem.bg.ac.rs)

Brief introduction to Protein Data Bank and the basic
data on the record of the protein structure in PDB files are
provided, including atom coordinates, atom types, residue
and segment assignations. Some freely accessible software
packages for the visualization of 3D structures are
recommended.
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BECTU N3 CX]I

CAOIIIITEILE 3A IITAMITY

XEMUNYAPHU ITPOTVIB XEMUJCKOTI OPYIKJA
JYKEMC (EUCHEMS) IIOBOJJOM 100 TOJVIHA XEMUJCKUX OPYIKJA -
CERAIBE 1 OITOBOPHA HAYKA

JaHa 22. arpwia 1915. y Vinpy (Ypres), benruja, mpsu
YT je YIOTpeO/beHO XeMICKO OpYKje Y BEVKIM pa3Me-
pama. Mako cy xemujcka opy>xja kopuiiheHa BeKOBUMa, ¥
00Ky OTPOBAHNUX CTPE/Ia, APCEHNKOBOT IVIMA VTN KIbY-
JaJIoT KaTpaHa, IIX0Ba yIOTpeba HUKaJ| Huje 13a3Baja
TO/MKO MAaTibe ¥ YHUIITaBamba Kao y [Ipsom CeeTckom
Paty, kafa cy opy>Kja OITy T racOBUTOT X/I0pa VI MIIePH-
Ta (mustard gas) Ipoy3podmIa 9o 000 IOTMHYIIVX U IIpe-
ko MunuoH nopebhennx. IIpencenunk JYKEMC-a, [lej-
Bup Kon-Xamunron (David Cole?Hamilton), xoju he
npucycrsoBaty KoMemopauuju O3XO (Organisation for
the Prohibition of Chemical Weapons, OPCW) y Vpy 21.
anpuia, 2015, Kaxe: “XeMUdIapu Cy y CTamby [a Halpase,
KOHTPOJIMIIY U [IeaKTUBMPAjy XeMUjCKa OPyXKja, 3aTO ce
JYKEMC kao mpefcTaBHUK 160,000 xeMmdapa y EBpor
U IIMpe, IPUAPYKYje CBYM JbyAVMa Off, pasyMa y IIOBJIa-
Yerby XEMMjCKOT OPY’Kja 1 ITO3MBA Ha IETOBY IOTITYHY
eMVIMIHALY]Y Y CBMM 3eM/baMa.”

26 Xemujcxu tipeineg

OsoMm npunnkom, JYKEMC, Aconujanuja sa Xe-
Mujcke u Monekyncke Hayke mmosapasjba 3abpaHny xe-
MIjCKOT Opy>Kja Kako je Beh nokasano pagom O3XO, anu
jennaxo BaxxHo, JYKEMC nosuBa Ha eTHIKO MOOWIN-
cambe CBUX XeMUYapa, Kako y 00pasoBarmy U UCTPaXKU-
Bamby, TAKO U Y MHAYCTPUjH, ia HETYjy KPUTUYKO MMUIII-
Jberbe J1a JIETYjy MOPAHO, 1 a BaJbaHO MH(OPMMUILY He-
xeMy4ape 0 HOTeHIMjaTHUM JOOpYIM CTpaHaMa, i U O
omacHocTMa xemuje. YkpaTko, JYKEMC nosusa Ha of1-
TOBOPHOCT Y HayIINL.

100 rOAMHA je IPOLITIO Off KOOHOT faHa Kaja Cy Xe-
MMjCKa OpYy>Kja IIPBY Iy T YIOTpe6/beHa Y BEIUKUM pa3-
MepaMa 1 Off Tafia ce, cpehoM, MHOTrO Tora IIpoMeHIo. Y
obmacty Mel)yHapomHOT IIpaBa, yCIeAWI Cy MHOTHU YTO-
BOPM 1 IPOTOKO/N, KynMuHupajyhu ca Konseniyjom o
XemmjckoM OpyXjy Koja je CTyIuIa Ha CHary 1997. TOfY-
He. OBOM KOHBeHIIMjoM ce pykosopu Opranusanuja sa
3abpany Xemujckux Opyskja (O3XO) koja ce ocrmarma Ha



Ppaj MHOTMX XeMu4apa fja Ou aHamusypasa M KOHTPOJIN-
cajla OTeHIja/IHe IpeTbe XeMujcKoT opyxja. O3XO je
HeaBHO fo6wra HobenoBy Harpapy 3a Mup.

Mcropuja cranHo nokasyje fia XeMuja jecTe, Kao 1
CBaKa HayKa, HeM3BeCHA aKTMBHOCT KOja ce MOKe KOpH-
CTUTY Ca TIOSUTMBHUM 1 Ca HeTaTMBHUM HaMepaMma. To je
HoOpO IO3HATA YNIbeHMIIA KOjy He CMeMO 3a00paBuTIL. Je-
IaH VICTV MOJIEKY/T MOXKe OMTI CIIac WIY YHILTeE e, 3aBIIC-
HO Off TOTa KaKo ce Kopuctu. MHora onacHa jefumera
KOja ce KOpUCTe Kao XeEMIjCKO OpYXje Cy M3ydaBaHa Jie-
Ta/bHUje a2 OU Ce pasyMeo HIXOB YTUIj Ha 607mecTy Ho-
YT paKa i AJlixajMepoBe 00MIecT.

Kao xemmyapu u kao rpabhanu, HeMojMO 3a60paBUTH
CBE IIaTHbe KOje jOLI YBEK 113a31Bajy He-XeMIjCKa OpyXKja,
Xajfie 4a Ha IIPYIMepY XeMuje HaydMMo fia HayKa Mopa Ou-
TV OTpaHMYeHa MOPaTHMM CTaBOM M Jla Ceé KOPUCTH Ha
orure 5o6po. KonextnsHo ceharbe je K/byuHu feo Harer
upeHTUTeTa (IMYHOCTI), U 22. AIPWII 1915. je HATYM KOju
CBaKM XxeMu4ap Tpeba fa 3Ha, Kao cMMOO/I OHaIIaba
Koje HMKaJla He CMe f1a ce IOHOBY, ¥ KaO CYITPOTHOCT OHO-
Me LIITa HayKa yBeK Mopa fia Oyzie ? 0giosopHa HayKa.

IBOJHOCT XEMUJE N IIPBI CBETCKU PAT

Depyuo Tpugupo (Ferruccio Trifiro)
Hayunu unan HCO (O3X0); IIpogpecop emepuitiyc
Ynueepsuinieitia y bonorou

Y 0BOj Geeriy ce FOBOPY O y/IO3U XeMUjCKe Ky/ITy-
pe ToxoMm IIpsor Ceerckor PaTa, HapounuTO y IpOus3-
BOJIIbYI €KCIVIO3MBA Y XeMUjCKIX OpYKja, Kopycrtehu cym-
CTaH1e 1 ITPOLIECE KOjU Cy Ce KaCHMj€ IIOKA3a/I Of BENIMKE
KOPMCTY 33 4OBEYaHCTBO. IIpBoM cBeTCKOM paty, Takobe
Ha3BaHOM ‘XeMMCKMM paToM~ 300T BeJIMKe yHoTpebe Xe-
MUjCKIX OpYKja, XeMHUjCke HayKe Cy Jjasie Takohe Be/mku
TOTIPMHOC U Y IPO3BOJtbY eKcIIosusa. IToper monpuno-
ca XxeMjje pa30pHIM aKTMBHOCTMMA, TO je Takobe u Tunu-
YaH [IPYIMeEP ABOjHOCTY XeMIje.

ITPON3BOAIHLA EKCIUVIO3VIBA

Hemauko 1iapcTBo je 6mio y cTamy fia IOKpeHe pat
TeK HaKOH OTKpuha cuHTe3e aMOHMjaKa KOji ce KOPYCTH
3a IPOM3BOMIbY €KCIIO3MUBA, a KOjU Cy C€ Y PYIUM
3em/bama npousBopyiy 13 Yureancke manurpe® (Ha-
TPUjyM-HUTpAT), Koja 611 6uta HemocTynHa Hemadkoj To-
KoM paTa y EBponn. CHTe3y aMOHMjaKa je OTKPMO He-
mauky xemu4apa, Opui Xabep ( Fritz Haber) (1), ot-
Kpuhe je 3aIITUTHIO ITATEHTOM 1909., 2 OHJIA je KOHCTPYH-
Cao0 MHJTYCTPUjCKO HOCTpOjerbe 1913. ca Kapnom bomom
(Carl Bosch), xemmaapem 13 BASF. 3a otkpuhe nobujama
amoHujaka Xabep je 1918. fo6mo Hobenosy Harpazy 3a xe-
Mmujy, a bour je sajenno ca ®puppuxom bepruycom
(Friedrich Bergius) mo6uo HobenoBy Harpany 1931. 3a OT-
kpuhe XeMIjCKIX CMHTe3a IOf, IPUTHUCKOM (TI04ero ce ca
CMHTe30M aMoHMjaka). CHTe3a aMOHMjaKa 13 a30Ta I
BOJJOHMKA CMAaTpa Ce jefHOM Off Haj3SHA4YajHMjUX Xe-
MIjCKMX peaKlyja 3a Jby[ACKO APYIITBO, IOWITO je OMO-
ryhwa nponsBopy asoTHux hybpusa y Behum komrau-

2 Kop Hac je 610 yoOuyajeH u3pas InIcKa ManuTpa’
ITo3Har je 1 Kao '6e3MMMHI 6apyT.

HaMa I y3 HIDKY IieHy. 3aCTa je IIOC/Ie OBOT 3Ha4YajHOT OT-
kpuha cBeTcka nomynanuja sHarao nosehana. JenHo py-
ro 3Ha4ajHO OTKpuhe je 6110 OCTBApEHO CBera HEKOJIKO
TOfVIHA PAaHMj€, jJEFHAKO BaXKHO 3a IPOV3BOAIbY €KCIUIO-
3uBa Kao u nponssopy hyodpusa. To je 6una oxcnparja
aMOHMjaKa [I0 a30THE KIICEMHE, peaKlyja Kojy je IIpOHa-
mao HeMauky xemuvap Bunxen OctBang (Wilhelm
Ostwald) (Ho6enoBa Harpajia 3a XxeM1jy 1909.) KaTalu-
TUYKIM IIPOLIECOM Ha BJMCOKOj TeMIIepaTypu, Kopycrehn
IIATMHCKY XKUITY Kao KaTalusaTop. [Ipyryu xeMujcku Ipo-
M3BOJ, KOjI je 0110 3Ha4ajaH 3a paTHa AejcTBa OuIa je CyM-
IIOPHA KVCE/IVHA, YMja je IIPOM3BOJiha HAITIO II0pac/ia He-
nocpenHo npe u TokoM IIpsor Cserckor Para HapounTo
»KOHTaKTHIM IIPOLiecOM, KopucTehn xeteporeHe Kara-
musatope (2). IIpe ITpeor Cerckor Para cymnopHa kuice-
nvHa ce BehnHoM npoussoamia KopuihermeM mporeca
»OJIOBHJIX KOMOpa“, Koju je 6110 ONTMMasIaH 3a IpOu3-
BopY hyOprBa. Anvt 3a IPOUTBOREY eKCIIO3NBa ONIO
je HEeOIXO[HO Ja ce KOPMUCTY KOHIIEHTPOBAHA CYMIIOpHA
KucerHa (oleum), Koja ce MO>ke JOOWTY TaKiue 1 jedT-
HUje KOHTaKTHMM poriecoM. To je 6mo pasyor 360r kora
je xopuiherme KOHTAKHOT IPOIleca HAaIyIo IOPACIo TO-
KoM paTa. Tunuyan npumMep 0BaKkBoOT pasBoja CTBapHu je
YMI-EHNIA Jia je Y VITanmju mpBy KOHTaKHM IIPOLIEC OCT-
Bapwia Dynamit Nobel AG (Hemauka koMmaHuja Kojy je
ocHoBao Andper Hobern) 1902., a ocrie 1908. KOHTaKTHM
npoitec je kopuiheH Ha MHOro Mecta. [Tonm3sarse moroxa
Ca KOHTAKTHY IPOIECOM 32 IPOU3BOJHY CYMIIOPHE KI-
CeTHe 3HAYMO je, Y MHOTVIM 3eM/baMa, II09eTaK MOfiepHe
XeMIjCKe MHAYCTpuje 1 pa3Boj KynaType kopuiihema xe-
TeporeHe KaTa/Ii3e y XeMIjCKuM Iporecuma. JIpyra nHo-
BaIja Koja ce IojaBuIa Ham moyeTkoM para 1914. y En-
[7IeCKOj O11/Ia je CHHTe3a arleTOHa 3a KOjy je 3aciy»KaH Opu-
taHcky xemmaap Yajm Bajiman (Chaim Weizmann), pas-
BuBLy nporec ABE (arjeTon, 6yTanorn, eranon) (3) Ha 3a-
xteB bpurancke Brnane. ABE mporiec ce cactoju off cuH-
Te3e alleTOHa, OyTaHO/Ia U eTaHONa epMeHTALNjOM
yI/beHUX xypipara kopuuthemweM 6akrepuje Chlostridium
acetobutylicum. To je moctao gpyru pepMeHTaUVOHU
IPOIeC y CBeTY HAKOH IIPOM3BOfbe eTaHoma. ITpomec je
6110 KOPMUCTaH 3a IPOU3BOAILY alleTOHA, IIOTPeOHOT 3a
nobujame xopauta (cordite), cyrncTaniie Koja ce KOpUCTI
Kao eKCIUIO3MBHM IIpax 3a Tonose. ” Vsrnena na je Baju-
MaH (13 >KIJ0BCKe IIopofuIie) K0oOMOo HalOKHAY 3a CBOj
U3yM Of cTpaHe Biafja bpuranuje u Amepuke BUXOBOM
IO/IPLIKOM CTBapamy fip>xase Vispaen, unju je npsu
HpencenHiK 61o.

ABE niporec je kopuiiheH y 11e110M cBeTy 10 1960. Y
HOBlje BpeMe je U3MeeH TaKo Ja Ce OBUM IIPOL[ECOM
IPeTEeXXHO IIPOV3BOAY Oy TaHOTI, KOju 611 MOrao OUTH ro-
puBo 6ynyhHoCTIL.

Xnop u gposien

®panycke Tpyle ¢y npBe ynorpebuna ,,cysasar
1914. ropyHe, Ha mTo ¢y Hemuke Tpyme ofrosopuie cMp-
TOHOCHMjUM racoM. Xabep Hije caMO MHAMPEKTHO 6110
YK/bY4eH Y IIPOM3BOJIbY eKCIUIO3UBa, Beh je 1 maHo 61o
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AQHTOKOBAH y IPMMEHM XEMUjCKUX OPYXKja, IPBU Iy T
npuMereHnM y Vnpy (benruja) y anputy 1915. Xabep He
caMo J1a je IpeIoKno ynoTpedy xinopa u ¢osrena, Beh
610 IPUCYTaH TOKOM BUXOBOT pacnopehuBama Ha 60j-
HOM H0JbY, Haprienajyhu cee oneparnyje (4, 5). 360r yore
Koje Xabep /IIHO MMaO0 Y YIIOTPeOy XeMIjCKIX IIPYXKja,
FbErOBa YKeHa, Koja je Takobe 6yta xeMirdap, M3BpLIIIA je
caMoy0ucTBO 1915. Mebytum, posrer Hucy ynorpebue
camo Hemauke tpyte, Beh 1 @panirycke. Jou jenas yBa-
>KeHM oTall xemuje, Buxrop Ipumap (Victor Grignard)
(Hobemnosa Harpayia 3a XeMujy 1912.) IIOMOTQO je B/Iajivl y
FHEr0BOj IIPOM3BOMbM. XJT0p 11 POSTEH CU OVIIY CHPOBYIHE
mpoko KopuiiheHe y xemujckoj nupyctpuju. Ha camom
HOYeTKy 20. cToneha 6110 je pasBujeH eeKTPOXeMUjCKI
nporiec 3a npoussoxy NaOH ns NaCl, n Bemuxke xomu-
YJHe X/I0pa Cy fobMjeHe Kao cropennu mpoussop. Ca
XJIOPOM Ka0 JOCTYITHOM CHPOBJMHOM OIO je JIAKO ITpOVI3-
BeCTy (O3reH, KOjii Ce KacHMje KOPYUCTHUO 3a IPOU3BONIbY
HOMMKapOOHAaTa U 3a CUHTe3y U30LjaHI]a, TT0TTA3HOT
MOHOMepa 3a Oy PeTaHe.

Wnepuin (Yperite)

buc(2-xnopoernn)cynduy, NO3HAT Ka0 UIEPUT UM
CMaYM4Hy Tac, HeMaukux TpyIe Cy IpBY ITyT KOPUCTUIE
Kao XeMUjCKO opy>Kje Ha Vnpy 12.jyna 1917., anu je CuHTe-
TU30BaH NpBy yT y Ppaniyckoj 1820. TokoM ropmua
HOjaBWIO ce focTa MHPOpMAIMja O PasTUIUTUM CUHTE-
3aMa, a Takohe 1 0 merosoj oTposHOCTH. Hajsanumbnu-
BUja je mHGOpManyja 13 1913. Kaga je bpuranckn xemu-
vap, Xanc Tauep Kiapk (Hans Tacher Clarke), orymao y
Bepnun ma pagu ca EMnnom ®@umtepom (Emil Fischer)
(Hob6ermoBa Harpaza 3a xeMujy 1902.) Ifie je CMHTETI30BaO0
C/IaYIYHM Fac Ha BeoMa jeHOCTaBaH HauyH, Ionasehn of
KanujyM-cynduna, 2-xnopoerasona u HCl. Tobujenn
IPOM3BOZ je 6110 BeOMa 4ICT, amy 6oLa y K0joj je AprKaH
6m1a je monombeHa 1 Kapk ce 0TpoBao 1 IIpoBeo fiBa Me-
cena y 6omumiy. Ouiirep je, 360r PeFoOCTPOXXHOCTH, 00a-
BecTro Hemauko Xemumjcko [IpymTBo 0 0IacHOCTH KO-
puihera oBor Trna cyndupa, anu je oBa napopmaruja
cruria 1 o Hemauke Brape, v oHM cy onMax nouenn me-
TOBY VIHIYCTPYjCKy IIPOU3BOJIEbY fa 6V r'a KOPUCTIIIN Kao
xeMujcko opyxje. Kacauje cy bpurancku xemirdapy npo-
y4aBasIy a30THE Cla4MyHe racoBe fia 0¥ ce KOPUCTIIN
Kao XEMMjCKa OPYKja, /i Cy OHY HalLJIV IPMMEHY U Kao
AHTUTYMOPCKY aT€HCHL.

JTyusuin (Lewisite)

2-XJIOPOBMHWIAMXIOPOAPCHH, TIO3HAT Kao JIyusur
(6,7), mpBU Iy T je cMHTeTUCaH OF, cTpane [Iymryca Apry-
pa Ibynenpa (Julius Arthur Nieuwland) Toxom merosor
Ppana Ha JOKTOPCKOj Te3u Ha yHuBepsuteTy Hotp Jam y
Cjenumenum AMepudkuM [Ip>kaBaMa, peakLyjoM Us-
Mel)y aneTireHa 1 apceHTpIxIopyza. TokoM pajja Ha Te-
3u Ibyseny ce oTpoBao CyICTaHILIOM KOjy je Ipoy4aBao 1

28 Xemujcxu uipeineg

IIPOBEO je HEeKOMMKO JjaHa y bomuuip. [Tocre oBe Hesrope
Ibynenn je omny4no ga He pagy BUILE Ca OBUM IIPOM3BO-
TIOM Y1 YCPEICPENVO Ce Ha XEMU]Y alleTV/IEHA, aJlu je IIpef-
MET FErOBE Te3€ 3ayBEK OCTA0 Kao CYHTe3a OTPOBHUX ap-
CEHOBUX jemmberba. Ibyrensn je 6110 KaTommyKy CBerTe-
HIK U, KaJia je IocTao Ipodecop opraHcke xemuje Ha
Yuusepsurery Horp Jlam, pajyo je Ha alleTUIeHy 1 OT-
KPMO CUHTE3Y JMBIHWUIALIETU/IEHA Y HeTOBY IIO/IMMEPH-
3anujy y rymy. Kacuuje cy Hayuynunu us Junona
(Dupont) mopudukoBam FbyneHioB HOCTYTIAK 11 CUHTe-
THCA/IV HEONIPEH, IIPBY CUHTETUYKY TYMy KOja Ce ITOKasa-
na 6orp0M op iprponHe. Y CAJl je 1917. popmupan 1ieH-
Tap 3a IpOy4aBarbe XeMIUjCKIX OpY>Kja, 1 mpodecop Ipu-
¢uH (Griffin), Fbynenmos MenTop, je 06aBecTro xemmya-
pa y oBoM LeHTpY, JIu Jynca (Lee Lewis), o IbynennoBoj
Te3U, ’beHOM CafIpyKajy U Jao My Komujy Tese. JIyuc je cme-
CTa PenpoyKOBao CHHTE3Y Y CBOjOj 1ab0paTopuju 1 KOH-
CTpy¥Cao MHAYCTPUjCKM NIOTOH 1918., Aajyhu mpoussonmy
cBoje ume. Jlynsurt ce Huje Kopuctuo y IIpsom Ceetckom
Paty no1nro je o6ujeH Tek Kaja je Io4esio pumMupje.

punoi: Depyuo Tpugpupo (Ferruccio Trifir0): Jleojrociu
xemuje u Ilpsu Ceeiticku Paiii

3a Bu1ie I/IHCI)OpMaI_[I/Ija MOJIVIMO [1a C€ KOHTaKTpa
Dr. Nineta H. Majcen, EuCheMS Secretary General na
BeH CTy>kOeHn TenedoH +32 2 289 2690 wm npeko mweHe
e-TIoIITe: nineta@euchems.eu - www.euchems.eu

O EuCheMS-y: EuCheMS, EBpornicka Aconujanuja
3a XeMujcke 1 MoreKy/cke HayKe, TeXXI I HeTyje I/IaT-
dopMy 3a HayuHy AUCKYCH)Y U a 00e36e/ jefMHCTBEH,
HerpucTpacad EBPOIICKM I/Iac 0 K/byYHMM NMUTAbIMa
HONMUTUKE Y XeMUjU U CPORHUM TosbuMa. Ilpeacra-
B/bajyhn BuIIe 0ff 160 000 XeMu4apa U3 BUILE Off 40
HpywTasa Ynanuna u Ipyrux XeMujy CPOJHIX OPTaHN-
3anmja, EuCheMS ce ocnarma Ha MeXy aKTMBHIX UCTpa-
KMBa4a y CBUM 00/1acTIMa XeMuje.

IMpunor EuCheMS-osom Caonmtemy 3a [ltammy
Wnp 2015
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