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YBOOJHNMK

Taman xapma je 6poj 1 Xemujckoi iipeinega 3a 2020.
TOAMHY M3UIIA0 U3 1mtamIie (a To je 610 y gpebpyapy 2020.
rOfiMHe), TIOoYesie Cy a Ce HellaBajy [paMaTudHe CTBapy y
ceery. OBaj 6poj Xemujckoi ipeinega, Koju Ap>KUTe y pyka-
Ma, Tpebaio je aa usube u3 mTamire jour y arpuiy 2020. ro-
nuHe. Bpoj xacHu Tpu Mmecena. He Tpe6a MHOro objamtma-
Bama ILTA Ce JIeCU/I0 CBMMA KOjI Cy MapT, allpMJI U ITOYETAK
Maja mpoBenyu y kapaHtuny y Cp6uju. ITouerkoM mapra
2020, TI0C/Ie U3BeCHOT Hehkama, IporalleHa je naHxeMuja
Kopona Bupycom.

Op ror tTpenyTKa ce Cpbuja 3aycTaBuia: bysu Cy mpec-
TanM fa MAY Ha pajjHa MecTa, MeH3MOHepyMa je TIOTIYHO
3abpameHo HaIylITambe JOMOBA, 3aBENE€HN je IOMMLIMjCKI
vac. [lIkorne un dakynretn cy sarBopenu. HacraBy y yumo-
HUIIY 3aMEHIJIA je HacTaBa Ha [Ja/bJHY, U CBE CBEJIO Ha eJIeK-
TPOHCKY KOMYHUKaMjy haka 1 cryfeHaTa ca HacTaBUIMMa.
Y TakBOj cuTyanuju IpecTaay Cy jja CTVDKY ¥ IPUIO3Y ay-
Topa 3a Xemujcku fipeineg.

IMrammapuja je 6ura 3arBopeHa. Ca BEIMKOM TYroM
MOTY [la HaIuIIeM Ja je TMX JlaHa TIPEeMMHYO U TOCTIONUH
3opan Jumnh, Moj mparoreHy capagHUK KoOju je C/Iarao
TEKCT U Ipenamao Xemujcku fipeineg, a ca KojuM caM (Kao
I7IaBHU YpagHUK) capabuBao BiuIle Off 20 TOfMHA.

Ob6ecMucmia ce 1 pekIaMa KOjoM CMO, Ha KopyijaMa
6poja 1(2020) Xemujckoi iipeinega KojoM CMO IIO3MBAJIN Ha-
CTaBHUKe fia foby 1 yyecTByjy Ha ApMIICKUM IaHMMa 2020,
CeMIHApY 3a IpocBeTHe pafHKe. [Ipecnminajte ce Kpos mTa
CMO CBU TIPOZIAsWIM OBMX HAaKONMMKo Mecemn. ITocrme Tora
1o6po je na je osaj 6poj Xemujckom tipeinega cTorao mpen
Bac, MaKap 1 ca 3aKallkheheM.

Kako he 6utn Ha fjabe - He 3HaMO. AJIN, HACTAB/HAMO
fla XMBMMO U pafuMo y Haau fia he 6uru 6oswe. VI 3aT0 Bam
fajeMo mpuwnKy fa untajyhu Hosu 6poj XII mpounTare He-
KOJIMKO BeOMa MHTePeCaHTHMX YlIaHaKa Koje CMO BaM IIpH-
penun, ympKoc CBUM IIpenpeKama.

* 0k %

Csaxka henuja Haler opraHusMa TOKOM >KVBOTHOT LI~
KiTyca ce 60pi 1a OFIP>KI XOMEOCTa3y Y OKBUPY CBOje OKOJIN-
He. Bp3 Temmo xmnBoTa 1 cTpec, pakTopu cpeguHe U ypohe-
He reHeTHYKe KapaKTepPUCTUKe MOTY fid IOBEAY JO HaCTaHKa
omrehemwa y monexyny JHK. CakopgHeBHO ce cBe henmje
Halller OpraHu3Ma TPyJe fja MolpaBe HacTana omrehermba u
HacTaBe CBOj UMKIyC Oe3 HeraTuBHMX nocnenuna. OHe 1o-
Cceyjy HU3 MeXaHM3aMa KOjuMa yCIIeBajy Aa [OoIpaBe Beyn-
Ky 6poj rperaka. MeXaHU3MY IIONIpaBKe Ce y 3aBUCHOCTU
op Tuna ourreherma MOTy IOfEUTH HA MeXaHM3Me 3a I10-
NIPaBKY je[JHOTAHYaHUX IIPEKN/IA ¥l MEXaHM3Me 3a TIOTIPABKY
[IBOJIAaHYAHMX IIpeKuza y okBupy mosexyna JTHK. Y perknum
cnydajeBruma orntehera Mory 6uTu TakBa a He IOCTOj1 MO-
ryhHocT momnpaske miu fa fobe 1o HeagekBaTHe HMOIPABKe.
Kapa ce To iecu mo>xe nohu 10 HaromuIaBama ourreherma y
oxBupy henuje, mwene Tpanchopmalje u pasBoja KapIuHo-
Ma. O 0BOj BeoMa MHTEPECaHTHO] TeMU 3a Xemujcku tipeineg
cy Hamucane uiaHak Amekcanapa CTEOAHOBUT (Ka-

Tefpa 3a 6uoxemujy, Xemmjcku Qakynarer, YHUBEP3UTET y
Beorpany) 1 Muwiena YABUR (VIHCTUTYT 32 OHKOIOTH)Y
u pagmonorujy Cpbuje) mop HacnosoM "Yroia u 3nauaj he-
nujckoi cucitiema 3a ioupasxy IJHK y paseojy kapyuroma'.

* ok %

Ca [lemapTMaHa 3a XeMUjy, OMOXeMUjy M 3allTUTY
)KknBoTHe cpenune, [IM®, Yrusepsurera y Hosom Capy,
op, ayropke Mumnue VIJINR, gobunu cmo wnanaxk "Bpa-
cunocitiepougu’. BpacuHOCTEpOUYM HPEACTaB/bajy KIacy
OVWBHMX CTEPOVMIHUX XOPMOHA KOjUi VMMajy KIbYYHY YIOTY
y perymanuju 61bHOT pacTa, pasBoja U OfroBopa Ha abno-
Ky cTpec. IlojaBa 6pacuHOCTepousia U3asBaja je Beu-
KO MHTEPeCOBambe 3a BIX. 300T CBOT Ie/I0Baba y N3y3eTHO
MajIMM KOHI[eHTpallijaMa CBOjy IpPMMeHy Hajase KaKo y
TIO/bONIPUBPEAY TaKO U Y IO/bY TeHEeTUKe, eH3MMOJIOTHje U
¢dusuonoruje. Vimajyhu y Buny na cy cTpyKTypHe KapakTe-
PUCTHKE OfTOBOPHE 32 OMOJIOIIKO /IejCTBO, KA0 1 YNIEHUILY
Ja je BUXOBO M30/I0Bame ¥ XeMMjCKa CUHTe3a KOMIIJIEKCaH
10CA0, L1/b MHOTMM HAayYHUIIMMA je oOujarbe MOTeHIja-
HIIX aHaJIoTa IPUPOFHNUX 6pacuHOCTepousia ofropapajyhum
CTPYKTYPHUM MofyduKaljama.

* o %

Benmuku u Harmmu pasBoj MHAYCTpUje M TEXHOJIOIHUje
omoryhno je 6pxu u epUKaCHUjU HAYMH CBAKOHEBHOT
GbYHKIMOHNMCa®ka amy, C Ipyre CTpaHe, M MIPOMeHe HEeKUX
HaBIKa, Off KOj/X Cy HajBa)kKHIje OHe Koje ce TUIy 6J0JIONI-
KUX 1 XeMUjckux ¢akropa. Takohe, Hanperkom 61omenn-
IIMHCKMX ¥ XeMMjCKMX HayKa, JJAHaC ce Jiede OOIeCTH Koje Cy
Ipe caMo 50 W/IM 100 TOfVHA OffHOCUIe >KuBoTe. MehyTum,
y6p3aHu caBpeMeHY HayMH KMBOTA Ma 11 HeraTyBHe CTpa-
He — HeIpaBWIHA JMCXPaHa, MambaK (M3NUKe aKTUBHOCTIH,
IITO MOXe JJOIPMHMETY Pa3Bojy pasHuX 60ecTu. JefHa of
TEIIKO M3/1eYMBUX OotecTn je n KaHuep. Y wianky "Huiioc-
mamuyy - monekynu koju neue" ayropu Mmban BUTO-
BUR (IlpuponHo-MaTematnuky QakynTeT YHUBep3uUTeTa
Lipue Tope) n Braguvmp I'PYJU'R (Cpenma Mjemosurta
mkona "Bykcan Dykuh", Mojkosaly) muiry o MeXaHM3MMUMa
HacTajamba MaIMTHUX 60JIECTH, O CAMOj MOJIEKY/ICKOj CTPYK-
typu reHa (crpykrypu JHK) u npoyyaBamy CTpyKTypHMX
0COCOEHOCTI HEKMX MOJIEKY/Ia — IIUTOCTATHKA - KOjU Ce KO-
PJMCTe y TAKBMM C/Iy4ajeBJIMa 32 JIeUerbe.

* % %

Y py6punnm Xemuja us/3a mxone je Apamja Y. BEJCE-
JIM, npodecop xemuje y EKOHOMCKO-TYPUCTUYKO] LIKOJI,
Jparaur, 3a XeMujcku mperef mociao "Ilucaue tpuiipeme
3a gea uaca xemuje". IIpBa mpumpema ce OfHOCHK Ha IEKIUjy
PacTBOpU enekTponuTa, 3a yueHuKe MpBOT paspesia TMMHa-
31je MPUPOTHO-MAaTEeMaTHIKOT CMepa, a [Ipyra Ha JeKIujy
bakap u jepumema 6akpa, 3a y4eHUKe APYTor paspefa.

Cpehno Ham 6mto cBuMa.

Parko M. JankoB
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YJIAHIIN

Ceaxa henuja nawel opianusma WOKOM HUBOTHOT
uukayca ce S0pu ga ogpicu Xomeocilidsy y OKeupy ceoje
oxonune. Bp3 temiio susomia u cilpec, Paximopu cpequre
u ypohene ieneiliuuke kapaxitiepuciiuke moiy ga gosegy go
Haciianxa owitieherwa y monexyny JJHK. CeaxogHesHo ce
cee henuje nawei opianusma wpyge ga tioipase HACIANA
owiniehewa u Haciiase c60j Uukayc Oe3 HelAUBHUX
wocneguua. One fioceqyjy HU3 MeXaHu3ama Kojuma ycileeajy
ga toupase senuku 6poj ipewiaka. Mexanusmu houpaske
ce y 3asucHociliu og wuia owiitieherwa moly Hogenuiiiu
HA Mexanu3me 3a UOUPABKY jegHONAHUAHUX Upexuga u
MexaHu3me 3a UOUPABKY gBONAHUAHUX Upexuga y oKeupy
monexyna JJHK. Y petlikum cnyuajesuma owsitieheroa moiy
duitiu Waxea ga He Hoctioju moiyhnocil dotipaske unu ga
gohe go neagexeaitine uoupasxe. Kaga ce o gecu moice
gohu go naiomunasawa owiitiehera y oxeupy henuje, rwere
wpancopmayuje u pazeoja KApyUHOMa.

YBO/[

Csaka henmyja Hauer opraHnsMa CBaKOJZHEBHO J1071a3y
Y KOHTAKT Ca BE/IMKUM OpOjeM CIOJbAIIbUX M YHY TPALIBbUX
areHaca Kojyu JOBOJe [0 HacTaHKa omrTehema Monmekyna
JHK, nacnegHe ocHOBe >KMBOTA. Y HEKMM Off C/ly4ajeBa
omreherwa Mory 6mTM TakBa fa He IOCTOju MoryhHoct
HOIIpaBKe WM YC/Iell HeafleKBaTHe IOIIpaBKe Moxke mohu
1o passoja kapuuHoma (1). Ourrehema monexyna [THK ce
Mory mopmemmTy Ha omTehema HacTama ycrep fenoBama
CIIO/BbAlIBYX WM YHYTPAIUmuX (aKTOpa, OFHOCHO Ha
ersoreHa 1 eHgoreHa omrehema. IIpumepu arenaca koju
mosofie o ersoreHor omrehema cy YB n jonnsyjyhe spaueme
Kao I areHCu KOju Y3POKYjy alKUIOBabe M yMpeXaBarbe
monexyna JHK. Ykonuko monexyn [JHK mocmarpamo xao
XeMUJCKYy CTPYKTYPYy KOja Y4Y€CTBYje Y XUAPOIUTUYKUM
U PENOKC peaklMjaMa, jacHO je fla OKPYXKeHme y KOM ce
henuja Hamasyu Moxke NOUPMHETU Pa3BOjy KapIMOHOMa U
TaJja TOBOPMMO O eHfioreHoM omtehemy. (2) OHo mTO jour
pasyuKyje oBe ABe rpyme omrehema jecy 1 MEXaHU3MU KOjU
mosofie o nonpaske Monekyna JTHK xapa o mux gobe. (1)

Kako 6u ce name hennje ogbpanmie of CBaKOZHEBHOT
HEraTUBHOT YTHUIIAja CIO/bAllllbe M YHYTpalllbe CPefMHe,
eBOJlyTMBHO je HAcTao CUCTeM Koju 3ppaBuM hemmjama
maje mMoryhHocT mompaske HacTanme rpeuike. CTaGMIHOCT
TeHOMa IIPEBACXOMHO 3aBUCH Off IPOTEMHA KOjU YYECTBYjy
y nonpasuu Monekyna JHK. Oy mporennu nmajy ynory
y nerexumju omrehemwa, MHnnMjaumju hemjckux npormeca

26 Xemujcku iipeineg

Anexcangpa CTE@AHOBUH, Katenpa 3a 6noxemujy, Xemujcku daxynrer,
Yuusepsurer y Beorpagy (aleksandrastefbho32o15@gmail.com) u

Munena Yasuh, ViHcTUTYT 32 OHKONOINMjy M papmonorujy Cpouje
(milena.cavic@ncrc.ac.rs)

YJIOTA 1 3HAYA] REJINJCKOTI CUCTEMA 3A IIOIIPABKY
JHK'Y PA3BOJY KAPIIMHOMA

3a IIPOBepy IpellKe, MCHPABLY HACTajge Tpelike WIA Y
ciTy4dajy HeMoryhHOCTY HOIIpaBKe MMajy y/IOry Y MHAYKLMjU
mporpaMupane hemujcke cmpTtu - amomrose. (3) Kommxo
he hemmja ycmetn fa ce nsbopu ca Hacrammum omrehemem
3aBICH Off epVKACHOCTI IEHOT CYCTeMa 3a IompasKy. Kako
6u pgouwto o nonpaske ourehema HeonxonHo je aa hemmja
uMa mHpOpManujy Aa je Ao rpeike pouuto. IIpo6mem
MO)Ke HacraTtu Kaja hemmja maje Heoprosapajyhm curnan
CuCTeMy 3a IIONPAaBKy WIM Kafjd caM CUCTEM HaIlpaBy
IpeIIKy IPWINKOM IIOIpaBKe, Tafa AO/Ma3y [0 TeHeTHYKe
HecTabM/ITHOCTY Koja IIOHEKaJ BOAY Ka pa3sBojy KapLuHOMa
(Cnuka 1). (4) V hemmjama xapumHOMa, MeXaHUSMM KOjU
cy ykpydern y nonpasky JJHK decto cy usmemenn, ycnen
dera [0/asyM [0 HArOMMIaBama MyTallja, HeCTabMIHO-
CTH TeHOMa U BMCOKE CTOIle TeHeTHYKe [IPOMEH/BUBOCTH
LITO IIPEfCTaB/ba jefHY Off IJIABHUX KapPAaKTEPUCTUKA OBUX
hennja. (3)

ITOITPABKA MOJIEKYJIA JTHK

[TonpaBka monekyna JJHK ce moxe nedunncaru kao
ckyn hemmjckmx oproBopa Koju OBpKaBajy MHTEIPUTET
cexsennie THK sppase hemmje. Yxomuko y hemmju ycnen
omrehema fobe [0 HeaekBaTHe MOIpaBKe MOJIEKyIa
JOHK To 3a mocnemuily Mo)Ke MMaTy KapIMHOTEHe3y,
OJHOCHO HacTaHak opnpebenor Ttuma kapuunoma. o
rpellike IPWIMKOM IIompaBke Moxe fohu ycmen mpomene
Yy TeHMMa KOju YYECTBYjy Yy CUCTEMMMA 3a IIOIPABKY, IUTO
3a TOCNENMIy MOXE MMATH HPOMEIEeHY EKCIPECHjy TOT
reHa wm QyHKUMjy IpoTenHa Koju kopupa. (6) IIpomene
y cexBenim JJHK mory 6uty y BUy Maaux HYKI€OTUIHMUX
nonmumopdusama (eng. single nucleotide polymorphism-
SNP) mro sHaum fa je mMpoMeHa 3acTyIUbeHA Y BUIIE Of
1% momynanuje n Taga ce OHa AedUHUIIEe KA0 MPUPOFHO
3aCTyIUb€HA BapUjaHTa IeHa y Iomynanuju. (7) 3amakeHo
je ma momumopdusmu camm 3a cebe He MOIY YTHULATH
Ha Pa3Boj KapLMHOMa Kao HM Ha OATOBOP Ha Tepamujy.
[TomiMopduUsMu  PasIMYMTMX TeHa y  PasIMuUTUM
MyTeBUMa Jie/yjy CUHEPTUCTUYKM U 33 HOCTeNUIly MMajy
nosehaH pyUsKK 3a pa3Boj pasMMINTHX TUIIOBA U IIOATUIIOBA
kapuuHoMa. Edexar mommmop¢usma ce Moxe OITefaTi
1 Ka0 IPOMEHA y OfICOBOPY Ha Tepalujy TOKOM TPETMaHa
nedema. (8) Murepuperauuja Bese usmeby monpaske JTHK
1 pa3Boja 60/IeCTH je yCIeqyuIa HAKOH Hi3a eKCIIepIMeHaTa
Ha henmmjckuM NMMHMjaMa M KMBOTUMHAMa Koje Cy MMane
ozpehene mpoMeHe Ha HMBOY TeHa, IITO je JIOBENO JO
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Cmuka 1. Moryhn ncxopu Hakon omrehema renomcke JHK (5)

Mamuparma XpoMO30Ma, KIOHMpaKa U CeKBeHI[Mparba reHa
3a mompasky JHK. HakoH reHeTMYKMX eKCIepMMeHaTa
yClIemuwan Cy M OMOXeMMjCKM eKCIIEPUMEHTH KOju Cy ce
0asypany Ha OJNTOHETaly CIeLUPUUIHUX OMOXEMMjCKUX
IyTeBa JM OJTOBOpPa KOjy Cy OBAaKBMM IIpOMeHaMa OMIn
morohenn. (6)

Kaxko 6u ce msbopiuna ca CBMM IpoMeHaMa ca KOjuMa
ce cyodasa, henuja KOpUCTY HU3 IIPOTENHA KOjU Y4ECTBYjY
y nonpasiu monexyna JHK. [To naHac je upeHT¢p1UKOBaHO
IIPEKO 160 NMPOTENHA KOji y4ecTBYjy y oBoM npouecy. Opu
HPOTeNHN Cy Ie0 Pas3ININTUX, anu MehycoOHO TmoBesaHmx
nyTeBa 3a mompasky omrehewa [JHK. Iloctoje MHOrm
PasIMUMTH HA4YMHYM TOfiefie MeXaHM3aMa 3a IIONPABKY
omrehenor monexyna THK 1 y okBupy oBor paga he 6urn
ONNMCaHM HajBOXHMjU off mux. Ilpema ommToj mopenn

]

IIOCTOjM TIeT IMIaBHMX HaumHa 3a nonpasky JHK u To:
nonpaska JJTHK ncenamem 6ase (eng. base excision repair-
BER), mompaBka IIOTpeLIHO CIapeHOr HykaeoTupa (eng.
nucleotide excision repair - NER), mompaska morpemrso
crapenrx 6asa (eng. mismatch repair - MMR), xomosora
pexom6buHanmja (eng. homology-directed repair - HDR) u
HexoMosora pekombuHanuja (eng. nonhomologous end-
joining - NHE]) (Cnmka 2). (3) ITopen rope HaBemeHUX
MeXaHN3aMa II0CTOju U IyT AMPEKTHe IIOoNpaBKe MOJIeKy/Ia
IHK. (2) Tpe6a mumary y Buay fa oBa IOfie/Ia Hitje CTPUKTHA
U Jla Cy BeHe rpanuiie ¢pruyngHe. Y CBaKoj off IpyIa ocToju
U CKYII T€Ha 4Mje MyTaluje MOIy [OBeCTM [I0 pasBoja
KapILIMHOMa 11 y 0BOM pajy he us cBaxe rpyme 6utH nprkasas
jemaH mpefCcTaBHMK Kao M TUIIOBM KapIMHOMA Ca KojuMa je
IIpeMa MHOTVIM MCTPaKMBabIMa OBE3aH.
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Cnuka 2. Mexanusmu nonpaske Morekyna JTHK (3)
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C1 MESTO TA WEDVANGEE DNE
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Cnuka 3. I[Tpukas gomena MIMT mporenna koju pomupajy
xnacrep oMebyjyhn akTnBHO MecTo (10)

HupexrHa nonpaska [JHK (eng. Direct DNA repair)

HajjepHocTaBHMjU  mpollec  HOIpaBKe  MOJIEKY/Ia
IHK je yxmamame UIM peBepsuja jesuje y peakluju Koja
ce ofmrpasa y jemHOM Kopaky, mosojehm no mosparka
mena cexseHlle JHK y opurmnamHo crame. OBaj cucreMm
IIOTIPABKE je YIJIABHOM 3aCTYIUbEH KOJ| IpellaKa HaCTaaux
ycrnen crnopamimyux daxkropa momyt YB 3padema mim
OKCUJJATMBHOI CTpeca. YB 3paueme IpefcTaB/ba jefaH
Ofl TIABHMX Y3POKa HAacTaHKa KapuuHoMa Koxe. Edexar
YB spauema ce MCIo/baBa Ha [iBa HAYMHA, YKOJMKO je
arncop6oBaHO FOBOAY 1O GOTOXEMMjCKIX IIPOMEHA MOJIEKy/Ia
WM YKOJIMKO CaM MOJIEKY/I HeMa MOTyhHOCT arcopriyje Ha
Ibera MHMPEKTHO MOTY YTUIIATH MOJIEKY/IM KOjU Ce Hajase
y 61M3MHY 11 Ty CIIOCOOHOCT nMajy. Y oba cry4daja fomasu o
omrehema HaCTAHKOM [IYIMepa HYKIEOTHIA KOjYI IIPMPOJHO
Hucy npucytHu y monekyny JHK. Ensum koju je kbyyan
y mupekTHoj nonpasiy Monekyna JHK je goronasa. Ona
IIpeNCTaB/ba €H3MM KOjU je IPUCYTaH y CBUM TUKMBJMMAa
YK/bY4yjyhu M TKMBa Koja HMCY JMPEKTHO M3jIOXKeHa YB
3pauemy. [Topen nnpykuuje YB spauemeM, cmaTpa ce fia ce
OBaj €H3MM MHJIYKyje ¥ OKCUJJATUBHUM CTpecoM. BesuBame
¢doromase 3a JJHK cmyxm kao peryaTopHu Cursanz 3a
YK/by4MBambe CUCTeMA 33 IUPEKTHY HONpaBKy. [IpyTy eHsum
KOjU MMa y/IOTy y IMpeKTHOj nonpasuy monekyna [JTHK on
omrehemwa HacTamux ycnen ankunanyje je O6-MeTUITyaHUH
IOHK wmermnrpanchepasa (MIMT). Ankun rpyma Koja
Ce Halas) y OKBHUPY /esuje ce mpebalyje Ha LMUCTEMHCKN
ocrarak y aktuBHOM Mecty MI'MT y upeBep3nbuiHoj
peakuuju. Y mpucyctsy O6-metunryanuna, MI'MT nma
moryhHocT mompaBke Behux —aIKWIALMOHMX —JIe3nja,
a HOBOHacTalmyM nocTpemapatyBHu ankmwi-MIMT  ce
merpajupa yOMKBUTUHALMOHUM IIPOTEONUTUYKUM ITyTEM.
OBaj IpMHIMII IOIIPaBKe a/IKIIOBaHX 6a3a 360T eHepreTcKe
3aXTE€BHOCTU HIjeé OCHOBHM BUJ| UCIIPaB/bakha TPEIIKe, aln
MI0Ka3aHo je la OKO 20% XyMaHUX TYMOPCKMX NMHMja MMa
cMambeHy akTuBHOCT MI'MT. (9) ITopen nsMeHa y CeKBeHI[U
IOHK, aucka MITMT axkTMBHOCT yKasaja je M Ha Ba)KHOCT
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eNUIeHeTHYKe perylanuje eKCIpecuje OBOI IPOTEMHA.
ITokasaHo je fa MeTmmanuja ucTenmHckux ocrataka CpG
OCTpBalla y OKBMPY HPOMOTOPa OBOI T€Ha HOBOAU [0
cMamema HuBoa ekciipecuje MIMT nporenna. MeTtumnanuja
LUCTEMHCKNUX OCTaTaKa y OKBMPY IIPOMOTOpAa MMa 3a
IOCTIeANIy HeMOTyhHOCT BesVBama TPAHCKPUIIIVIOHUX
¢axropa koju 61 omoryhnnn Henpomemeny cuxresy MITMT
mporenta.(6) ITocroju Benmuku 6poj nommopdusama Koju
cy otkpusenn y reny MIMT u oBe BapujaHTe MOTry 6UTH
Off KOPMCTH Kao MHAMKATOpy NoBehaHor pmsnmka 3a passoj
HEKOT TUIIA KapLMHOMA, Ka0 AMjarHOCTUYKY HapaMeTpU U
Kao TapaMeTpu KojuMa ce MO)Ke IPefIBUJETH OATOBOP Ha
oppebenn o Tepanmje. JIBe Haj3acTyIUbeHUje BapujaHTe
rena MI'MT cy Ile143Val u Lys178Arg u o6e oBe nsmene cy
MHTEPeCaHTHEe jep ce Hajase 61M3y LMCTEMHA Y aKTMBHOM
MEeCTY ¥ MOTY Jia yTu4y Ha akTuBHOCT MI'MT.(9)

ITompaBka jefHOTAaHYAHMX NPEKNTA Y OKBUPY MOJIEKy/Ia
JHK

Jennomanyany npexupu y monekyny JJTHK najuenrhe Ha-
CTajy ycrier, Ae/ioBarba OKCUATYBHIUX areHaca, HealeKBaTHe
aKTMBHOCTM €H3MMa TOIIOM30Mepase 1, MM yC/Iell HaCTaH-
Ka [IPasHOT MeCTa Y CUHTE3! Koje He Cafp>Ki HU ITYPUHCKY
HY NMPUMUANHCKY 6a3y (eng. abasic site — AP site). IIpema
MeXaHNU3My II0IpaBKe oBa olurreherba ce MOTy MOfeINTH Ha:
1. TlompaBka JJHK wucenamem 6asa (eng. Base excision

repair - BER)

2. IlompaBka HOrpemIHO CIapeHOr HykiteoTuza (eng.

Nucleotide excision repair - NER)

3. IlompaBka morpemHo crapeHux 6asa (eng. Mismatch
repair - MMR)

Ykommko henmmja He ycme ja ToOmpaBM HACTalo
omrehewe Tafa [omasuM [0 3aycrapbama peIUIMKalje
IHK, Tpanckpuniuje u cunrese npotenta u henuja ocmo-
6aba ¢axrope xoju Bofe Ka mporpamupanoj henmjckoj cmp-
TI - alIONTO3M.(2)

Ioupasxa JHK uceyarvem dasa (eng. Base excision repair -
BER)

OBaj cucreM IM/bAHO MCIIPaB/ba HeCTAHAAPAHe OasHe
aJilyKTe TONYT OHMX HACTAIMX YyC/Iell MeTuIalyje, OKCU-
mauuje, pegykumje min ¢parmeHranyje 6asa meoBameM
jonmsyjyher spadema mwm okcupaTuBHOr omrehema. Vce-
name 6asa je KaTanu3oBaHO fesoBameM eHsnma [JHK rm-
KO31/la3e 1 OBaj €H3UM je IVIaBHM IIPOTEMH Yy IOINpaBLU
morekyna JTHK oBum mexanusmom. ITocroju mer po6po
mepuuucanux noprunoBa xymanumx JHK rimkosmpasa,
KOje Cy Majy, MOHOMEPHU IIPOTEMHM KOj/I HE 3aXTeBajy
KodakTope 3a ITperno3HaBame yesuje Ha Monekyny JHK
WIM 33 CBOjy €H3MMCKY aKTMBHOCT. HakoH BesuBamwa I/M-
ko3upase, y3 momoh JJHK murase u JHK xupponase, 6asa
OuBa YK/IOIEHAa a IPA3HO MECTO IIONYIEHO [e/I0BAKEM
ensuma JJHK mommmepase xoja cunTesom ceksenne JHK
KOMIUIEMEHTapHe HeollTeleHOM /TaHIly mompas/ba HACTAITY
rpemky. ¥ nocnenameM kopaky JHK nurasa crmaja xpajese
mnykoTuHe 1 pesynrar je THK koja y cebu Hema morpemrso
CrlapeHe WM HeafieKBaTHe 6ase. JejHa off IUrasa Koja je Haj-
3acTyI/beHMja y myTy nonpaske monekyna JJHK je ensum
XRCC1 (enr. X-ray repair cross-complementing protein 1)
KOjI je Hopep monpaBKe 6ase BaKAH 1 Y jeFHOHYK/IEOTH-



pHoj nonpasuy Monekyna JHK. xao u y anrepHaTMBHOM
HEXOMOJIOTOM CIIajamy KpajeBa. (6) XRCC1 ce moHara kKao
nparehy mpoTeMH Koju MHTEPAKLMjOM Ca [APYTUM IIpOTe-
VMHUMa KOjU YYeCTBYjy y IpOLleCMMa IIOIPaBKe OCTBapyje
cBOjy yHKIMjy. [eH KOju KOAMpPa OBaj MPOTENH Ce Halasu
Ha XpomosoMy 19q13.2. Ilocroje MHOrm monmumopdusmu
KOjU Cy OTKpPUBEHM Y OKBMPY OBOT I'€Ha 1 3a KOje Ceé CMaTpa
fla HOCe PUBMK 3a Pa3BOj MATONOIIKMX CTamba. Hajsacryrbe-
HMjY HOMMMOP(U3MHU KOjU Ce TIOMUIbY ¥ OBOM KOHTEKCTY
cy: Argio4Trp, Arg28oHis n Arg3goGln. (11) IToxasaHo je
fa 0By nomuMopdusMm y KOMOMHAIMjU ca IIpOMeHaMa y
APYTUM TeHMMa HOCE PU3MK 33 Pa3BOj HEKMX TUIIOBA Kap-
LMHOMA W/IM YTUYY Ha OIFOBOP HAa HEKE BPCTE OHKOIOMIKMX
TepareyTukKa, jep JOBOJe 10 IIPOMeHe eKCIpecuje U aKTUB-
HOCTM K/by4HUX eH3uMa nomnpaske JTHK.
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Iosipaska tioipeuwiro ciapenoi Hykneoiiuga (eng. Nucleo-
tide excision repair - NER)

[TommpaBka mosnekyna JJHK oBuM MeXaHU3MOM YK/bYUyje
[OIPaBKy afjyKara IIONyT alleTIaMUHQIyop-IyaHuH,
LUCIIATUHA-TYaHWH, ICOpaneH-TUMUH, JyMepa TUMMIHA
U IPYTUX IIPOM3BOZiA KOjU MOTY HacTaTu ycnen omrehema.
VisMeHa TOTPENIHO HACTA/NIOT afiyKTa ce MOXKe HOJEeNUTH y
geTupu (ase: IpernosHaBame, Uceliambe, IONybhaBabe Ipas-
HIHA U nuranuja.(6)

Y 3aBUCHOCTM Off MeCTa I7ie HacTajy /1esuje, KOPUCTHU ce
jeriHa o7 HEKO/IMKO CTpaTeryja 3a IIpenosHaBarme omTeherma.
Kapa je y nuramy npemnosHaBame II0BE3AHO Ca TPAHCKPMU-
IIMjoM, Taja [onasu Jo ycnopaBama PHK mommmepase
TOKOM IPENVCUBamba, IITO Jie/yje Ka0 CEH30p 3a IPUCYCTBO
omrehema. Vako oBaj HauMH Ipeno3HaBama oMoryhasa or-
KPMBarbe YaK I CYITU/IHIX IIPOMEHA Y XeMIjCKOj CTPYKTYpu
TIOKa3aHo je Jla TO HUje HauMH OIIITEr MeXaH!3Ma KOHTPO-
ne. Y OIIITEM MEXaHM3MY IIOIPaBKe HYK/IEOTH/A KOjU UMa
edeKaT Ha LIeJIOKYTIaH IeHOM, /I071a3} [0 IHTepaKiyje BuIle
MIPOTENHA KOjJI 3ajeHO NPOBEPaBajy MHTEIPUTET FEHOMA I
IIPEIIO3Hajy CYMIbJBA MeCTa KOja MOTY OUTH MeCTO Jajbe I10-
mpaske. Y henujama cucapa nocroje HajMarbe 4eTUPYU TaKBa
IpoTenHa Koju ce HasuBajy Xeroderma pigmentosum (XP)-
related factors: XPC, UV- DDB, TFIIH n XPA.

Ha cmmm 5 ce moxxe Bugern ja XPC nporenH mpe-
tpaxxyje monekyn JHK kako 6u mpoHaiao Mecta ca jec-
TabMIN30BaHYM IapoBMMa HyKineotupa. Kapma pobe mo
Ipeno3HaBama GopMupa ce cTabuiaH KOMIUIEKS, a ja ou
ce 06e36enmno ucename ca obe crpaHe omrehewa XPC
MOpa fa CTYIH Y MHTepakKuujy ca 6asama us HeorureheHor
nmanna. HakoH gopmypama KOMIUIEKCA [I07Nasy JO perpy-
toBawa TFIIH, a satum u XPD xemixase koja ce Besyje 3a
omrehen Hus. XPA ocnobaba CAK mopyn ca TFIIH, unme
ce crumynuule 5 -3° TpaHcnokauuja XPD vus JHK nanam,.
Y okBupy Apyror MexaHmsma Kaja je omreheme YB uH-
nykoBaHa ¢otonesuja, UV-DDB nupekrHo mHTeparyje ca
omrehenom 6asom, ma rafa XPC pobuja mpucryn nes3uju ca
crpane Heomrehenor nanIa y3 ocnobahame RAD23 ca XPC.
Y nocnegmwem cnydajy u UV-DDB n XPC umajy moryhsoct
Jla IIpero3Hajy MOTPelIHO crapeHe 6ase, ¥ Tafa ce cacTap/ba
XPC-TFIIH-XPA koMIUIeKCc Koju oMmoryhaBa TpaHCIOKa-
yjy nyx JHK nannay 5°-3° cmepy kopucrehu XPD xemn-
kas3y. OBaj Mexanusam omoryhasa oTkpuBama Beher 6poja
ourrehema. (13)
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Cinka 5. MexaHusaM IOIIpaBKe 3aCHOBaH Ha PONO3HaBamy oureheHnx HykaeoTnaa(13)
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IIpouemyje ce ga MOCTOj1 OKO 40 IPOTENHA KOjU YIeCT-
Byjy y nmonpasiu JJHK rpe je gouuro o dopMupama mreT-
HUX agykara. Off yKynHor 6poja IIpoTeNHa JeceTak biX je y
Be3J Ca PAa3BOjeM pasIMUMTUX MATOMOMKNUX cTama. Kapim-
HOMM 4ecTO HacTajy Kopi ocoba ca mpomeHama y XP rexn-
Ma. OpcycTBo mompaBke fenoBatbeM XP mporenHa Takobe
JIOBOJM /10 HACTAHKA KapIHOMa ycrie nosehanor cremnena
VB nnnykosate myrareHese.(14) Kako 6u ce manudecrosa-
JI0 TTATOJIOMIKO CTalbe, IIOTPEOHO je 1a Cy 00a ajeya TOT reHa
MYTHUPaHa, IITO je KapaKTePUCTUYHO 32 Me/IaHOM, I/IMoMe
MoO3ra U KIMuMeHe MOXKANHe, KapunHoM mwiyha, gojke, maH-
Kpeaca, Xeny1ia, 6ybpera u tectuca.(15)

Iotipaska #oipewino ciapenux Saza (eng. Mismatch
re-pair MMR)

ITorpeurto crrapere 6ase Hajuenthe HacTajy Kao rpelke
npunkoM pemmkanyje. Jomasu mgo opmmparma xeTepo-
IYIUIEKCA M CEKYHIAaPHMX CTPYKTypa Kao IUTO Cy HEOJro-
Bapajyhe manumHApoMcke cekBeHIe. IloremHo cmapuBame
MO>Ke OMTY ¥ HOC/IeNIa JeaMIHaIje 5-MeTU/IIUTO3MHA Y
ypauui, Kaga oBa IIpoMeHa Ipobhe Heola)keHO CUCTeMY 3a
TIOIPaBKy ¥ BOAY Ka HacTaHKy mymmekca G:T. Hu gupext-
Ha ITOTIpaBKa HY IOIpaBKa McellalbeM HeMajy MoryhHocT ma
IoIIpaBe OBy IIPOMEHY, OJJHOCHO HEMajy MeXaHM3MeE KOju
he omoryhnti pasmukoBarbe 0OpPO ClIapeHMX 1 HOTPEIIHO
crapeHux 6asa. OBaj MexaHM3aM IOIIPABKe je CIMYaH IpeT-
XOJJHO OTIMCAaHMM MEXAaHU3MUMA, [JOTIA31 [I0 IIPEIIO3HABAbA,
IIOTIpaBKe U Ha Kpajy nurauuje. Ilocroje aBa Tmma norpem-
HOT crapuBama. Koj morpemHor crnapupama Ayror HK3a
[omasu 7o 3aMmeHe Beher Opoja HYKIEOTNHAA, KOMITIEMEH-
TapHOCT n3Meby cekBeHIIM JBa JIaHIa MOXKe OMTY Maa MIn
IOTIYHO M30CTaB/beHa. Koi m3MeHa KpaTKOr HM3A [[OTasK
JIO0 3aMeHe je[[HOT VMM HeKOIMKO HyK/IeoTnaa. (6)

Ipemke koje ce mcmpas/bajy OBUM MEXaHM3MOM Haj-
vemrhe HacTajy Tokom aktusHocTu JHK nmonmmepase mpu-
mkoM cuHTe3e Monekyna JJHK. Kopg wyau y oBom nporecy
IIOTIpaBKe Y4eCTBYje HajMambe IeCT pasIMIUTUX IPOTeMHa.
[IpBu mpoTenH y HU3Y KOjU y4ecTByje y IPENO3HABAmbY je
MSH2 u Taj nmporenn gopmupa XeTepogyuMep ca fBa Jio-
matHa nporerHa MSH6 win MSH3 y 3aBucHocTH fa 1 je
TOIIIO CaMo Jia IIOTPENIoT CIIapyBakba MM je HOIIO /10 MH-
cepuuje/menenyje gena ceKBeHlle. Y04YEHO je fia MPUWINKOM
IOIIpaBKe IIOTPEIIHO ClIapeHnx 6asa fomasu jo TpaHcdop-
Mmanyje ADP y ATP, mro foBofgu 1o akTuBanmje KOMIUIEKca
MSH2/MSH6 1 meroBor npesobhema y km3ajyhu kommnekc
koju mudyHayje nyx monekyna JHK HesaBucHo of xuapo-
muse. Xerepopumep MLH1 n PMS2 (i MLH1 u MLH3,
win 9ak MLH1 u PMS1) nma ynory xoopanzanuje usmeby
KOMIIJZIEKCA 32 IIPEMO3HaBabe 1 IIPOTEMHA KOjI Jla/be y4ecT-
Byjy y nomnpaBuu. PakTopy Koju fa/be y4ecTBYjy Y OBOM
mporiecy cy nponudepaTuBHU henmjckm HyKIeapHM aHTH-
rer (PCNA), ersonyxiease (amp. EXO1), JHK monnmepase
(8 u ¢), permukaron daxropu (Hmp. jegHomandann JHK
nporennu RPA) u y HeknM cry4ajeBuMa xenmkase. Tepmu-
HaTMBHe IpoMeHe y renuma MSH2, MLHi, MSH6, PMS2
n PMS1 HOoce pusuk 3a pasBoj HacIe[HOr HEMOIMUIIO3HOT
KaplMHOMa KOJIOHA, KapIIMHOMA €HJOMeTpUjyMa 1 IpYTUX
TUIIOBA OBOT IIATOJIOLIKOT CTama. MyTaluje y OBUM IeHI-
Ma JIOBOZl€ [0 M30CTaHKa IIOIpaBKe IITO Jja/be MHJYKYyje
HacTaHak noHae/bajyhnx cexsenuu JHK. Croma myranuje
y TymopcknM henmjama koje HeMajy MOTyhHOCT mompaBke
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IIOTPEIIHO CIapeHnx 6asa je 100 [0 1000 myTa Beha y mo-
pebemwy ca Hopmanuum hemjama. VicTpaxknamwuma je mo-
KasaHo fia henuje koje 1Majy MyTanuje y reHMMa KOjU KO-
Ppajy IpoTenHe KOjy Y4eCTBYjy Y OBOM Iy Ty IIOIIPaBKe MMajy
u Behy crony myranyje y reunma APC, KRAS u p53 miro je
3HAYajHO 3a Pa3BOj KOJIOPEKTATHOT KapIHOMa.(16)

ITonpaska BO/TaHYaHKX TIpeKKfa y Mosekyna JJHK

JIBo/aHYaHM TpPEKUy Cy HajApaMaTUYHMja IIPOMEHA
KOja MO)Xe HaCTaT! Y OKBUDY r'eHOMa. YKO/MuKo He fobe 1o
IIOIIpaBKe OBAKBUX IIpeKuia hemmja upe y amomrosy mim
crapeme, WM 0/a3M O HAaCTaHKa XPOMO3OMCKUX abepa-
1[1ja, Koje BOfe Ka TeHeTMYKOj HeCTabMIHOCTH, a Koja je
TIPeAyC/IoB 3a KapIHOTeHe3y. Y3POK HaCTaHKa /IBOaHYa-
HMX IIpeKU/a MOTy OUTHU pasIM4nTU areHCH IOIyT pajiuja-
1Mje, MHXMOMTOPY TOIIOM30Mepasa Kao M IpelIKe MPUIN-
KOM HOPMa/IHUX IIPOLeca MOIYT PeIlIMKaLuje.

ITyreBn Koju MMajy ynory y IoIpaBLy ABOTaHYaHMX
IIpeKnfia Cy XOMOJIOTa PeKOOMHAIIMja, HEXOMOJIOTa PeKOM-
OMHAIMja 1 aITepHATVBHY IIyT XOMOJIOTe peKOMOMHaIje.
Xomorora pekoMbuHanuja Bpiun nonpasky JHK Ha ocHo-
By xomonore JJHK cexsenne. [IpumapHo je akTMBHa TOKOM
S ¢dase mnm mouetHe G2 dase hemrjckor nuknryca. Hexomo-
7ora peKOMOMHaIMja UPEKTHO IIOBe3yje fBa IPEeKMHyTa
nmanna JHK nmomohy TeMmaT-HesaBMCHOr MeXaHM3Ma. Y
CK/Iajly ca TUM He 3axTeBa ofipebeny dasy henujckor nuxry-
ca. AJITepHATUBHM IIyT Ce YK/bydyje Kao IOMONHa BapujaH-
Ta 3a HEKM Of] rope IIOMEHYTUX MeXaHM3aMa.(17) JemHa of
MIPEFHOCTY HEXOMOJIOTe peKoMOMHaluje je eHa Op3uHa 1
cysbujame HaCTaHKa TPAHC/IOKAIMja Y OKBYPY XPOMO3OMa.
Y cutyanujaMa Kazia je oBaj MexaHM3aM IIOIIpaBKe MHAKTU-
BMpPaH I7I00alHO WM JIOKAIHO, [BOTAHYAHU HPEKUAM 61-
Bajy MOIPAB/beHN a/ITEPHATUBHUM MEXaHU3MOM, ajH je Op-
31Ha KOjOM JI0JIa3y JI0 IIOTIpaBKe Mama ¥ 4eCcTo MoXe fohu
[0 TpaHCIOKauuje y OoKBupy xpomosoma. Cmarpa ce Ja
aNTepHATMBHM MeXaHU3aM MMa IJIaBHY Y/IOTY OHJA Kaja Cy
ApyTra JBa MeXaHM3Ma MHAKTUBMPAHA, OH NOIIPAB/ba IPell-
Ky anu 1o IieHy nosehane Tpancmokanje.(18)

Xomonoia pekomdunayuja (eng. homology-directed repair -
HDR)

Xomorora peKOMOMHAIjA je jefaH Of Ha4MHA IO-
IIpaBKe JBOJIAHYAHMX Npekna. RADs1 npefcrasba mpore-
uH xoMoror RecA mporenHa xop 6akrepuje E. coli 1 nma
IJIaBHY YZIOTYy Y OBOM TMITy IOIpaBKe. XyMaHU IIPOTEMH
RADs1 ce cacToju of 339 aMMHOKICe/IMHA U eKCIIPUMIpa ce
y henmmjama Tokom mpomudepanuje ca MMKOM y S OHOCHO
S/Gz2 ¢asu hennjckor nuxiryca. Huso excripecuje RADs1 je
perynmcaH Ha IOCTTPAHCTALMOHOM HUBOY KOjU YK/bydyje
¢dbopmupare aKTUBHE MOHOMEPHE CTPYKType, pochopua-
1)y, YOMKBUTHHALIV]Y, pacKujarbe u gerpaganujy. (8) ITo-
IIpaBKa y KOjOj y4eCTBYje 0Baj HPOTEMH 00yXBaTa HEroBo
BesVBambe 3a 3’ Kpaj omrehenor monexyna JHK, murpanujy
KoMIUIeKca 1o HeomrreheHor xomosoror mosnekyna JHK Ha
CeCTPMHCKOj XpPOMATHAN, fabe popMupame JI-merbe, CUH-
Te3y KOMIUIeMeHTapHOr omrteheHor naHIa M paspeliere
panuje popmupane Xonnaejese CTpykType. (19)

ITpucycrBo nomumop¢usama y reny RADs1 nma 6urt-
HY YJIOTY y Pa3BoOjy pasIM4MTUX TUIIOBA KapI[MHOMA, a Ha-
CTaHaK MyTalllja MMa 3aIa)KeHy YOIy Yy IbMXOBOj IaTOre-
Hesn. len RADs1 onjupas je Ha xpomosoMmy 15 (15q15.1), a



IErOBa /iBa HajydecTaanja moauMopdusMa ce Hajase ca 5°
crpaHe HerpaHcnupajyher pernona: 5 UTRG135C (135G>C)
15 UTRG135T (172G>T). (8) RADs51 5’"UTRG135C mmonmumop-
¢dusam ooy o noBehaHe excrpecuje poTeNHa Kao 1 10
Behe crome mompaske mosnekyna [JHK mTo moxe moBectu
o pa3Boja KapryHoMa. (20) IToTeHI[ujamHM KapLMHOTEHN
edexar oBOT MOMMMOpP13Ma IPOUCTINIE U3 HETOBOT eeK-
Ta Ha CJIeIbUBalbe, TPAHCKPUIILNjY, TPAHCTALNjY U CTabWII-
Hoct nPHK y koMOMHa1Luju ca peryaTOpHUM e/leMeHTIMa
Ha 5’UTR Kpajy, u3 dera ciefie IIpOMeHe Y HUBOY CHHTe3e
HOJIMIIETU/THOT JIaHIIa ¥ QYHKIMjU IIpoTenHa. (21)

Hexomonoia pexomdunayuja (eng. nonhomologous end-
joining - NHE])

Hexomonora pexoMOMHanMja IpefcTaB/ba jOII jefaH
MEXaHN3aM IIOIPaBKe [BOJAHYAHUX IIPEKUJa MOJIEKY-
nma JTHK. Hakon HacTaHKa omreherma npBy KOpak y 0BOM
YTy je Mpero3HaBambe IPEIIKe Off CTpaHe XeTepofiuMepa
Kuyo/8o. On ce Besyje 3a omreheno mMecro n omoryhasa
crabunum3sanujy komiexca NHE] u nma perynaTopHy ynory
Koja ce oryiefia y moBehamy TauHOCTM monpaBKe. Y crnefehem
KOpaKy fonasu Jjo Besubama JJHK saBucHe mpoTenH KuHase
(JHK-IIK) 1 akTMBupata beHe KaTaIUTIIKe CyOjefHuIe
KOja MMa KMHA3Hy aKTUBHOCT. [la/be omasy [0 mpolecy-
npama omreheHnx kpajesa u uranuje feoBambaM KOMILIe-
kca JHK nurase IV u X-ray cross complementing nporenna
(XRCC4). Ha xpajy momasu 1o paspiBajama KOMIUIEKca U 3a-
BpIIETKa Ipolieca HoIpaBke. (22)
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Ciuka 6. MexaHN3aM HeXOMOJIOTe peKoMOMHanuje (22)

MHOro6pojHIM UCTpaXUBABNUMA je IOKa3aHo fia jef-
HOHYKJICOTU/JHY TTIOTMMOP(M3MH Y TeHUMa KOjI CY KIbYIHU
3a HEXOMOJIOTY PeKOMOMHAIN)Y BOfle Ka KapIMHOTeHe3! U
HACTaHKy pas/IMYNTUX TUIIOBA TyMopa. MehyTum, nako cy
mofjany JoOujeHu, UCTPAXKIUBamka Cy M3BefjeHa Ha MaloOM
6pojy maiujeHara, a fa/be HMUCY BepudukoBaHa y Behum
CTyAMjaMa U 13 TOT pasjiora ce ybpajajy y gpakrope Koju Be-
POBaTHO HOCe PU3NK 3a Pa3Boj 60IeCTN. JelaH Off HajII03Ha-
TUjUX monuMopdusama ce Halmasu y OKBUPY IIPOMOTOPCKOT
pernona rera Ku8o (Gi401T). IIpeTmocTaBiba ce fa je mpu-

CYCTBO OBOT ITOJIMMOPd13Ma [TOBE3AHO Ca IPOMEHOM Y HI-
BOy eKcrpecuje 1 crabunnoctu nporenta Ku8o. Yrepheno
je ma oBa BapujaHTa reéHa HOCK PU3MK 32 Pa3Boj KaplMHOMa
Tojke, Oemnke, KOTOPEKTyMa, >KeTylla U yCHe LIYIUBMHE.
ITopen oBor monuMopdu3mMa OMUCAHN Cy CINYHU U Y TeHNU-
Ma 3a npotense Kuyo, XRCC6, XRCC4 u LIG4 n ytBphe-
HO fa BehHa 0BMX mo/mMMopdn3amMa HOCU PUSHK 33 PasBoj
PasMMYMTUX TUIIOBA KapI[MHOMA. (17)

NCTPAKVBAIbA YTUIAJA REJINJCKOT
CHUCTEMA 3A IIOIIPABKY THK HA PA3BO]J
KAPIIMHOMA 'Y CPbEUJN

Y Cpbuju je 1o caja MCuTaHa MOBE3aHOCT IIOTUMOP-
¢usama RADs51 u XRCC1 ca nojaBom KapiuHoMa Iviyha,
nojke u jajuuka. IIpuamkom mcnuTyBama IOBE3aHOCTHU
nonmumopdusma 135G>C y reny 3a RADs51 u aeHOKapim-
HOMa ITyha M KOJMOpeKTaTHOr KapIlMHOMa HMje yodeHa
3HAYajHA CTACTUCTMYKA Kopemanuja. (23)(24) Pesynraru
nobujenn oppehrBameM MOBE3aHOCTM OBOT MOMMMOPQM-
3Ma Ca KapIMHOMOM OBapMjyMa, mokasyjy ga 135C anen
rera RADs51 0BoAM [0 CTaTHCTMYKY 3Ha4ajHO moBehaHor
pusuKa 3a oboeBame Kaja ce IPUMEHN JOMUHAHTHM MO-
men HacnehuBama (CC Hacnpam GC/GG)(11) VcnutuBameM
yTHIIaja BUIlle HoMMMopdu3aMa Ha pa3Boj KapLHOMa Ji0jKe
3aIla)XeHO je 1a KoMOuHauuja HeMyTupanux (wild type) re-
norunosa RADs1 (135G>C) GG, TPs53 (Argy2Pro) ArgArg
u XRCC1 (Arg399GIn) ArgArg ¥Ma CHa)KHY NMPOTEKTVBHY
y/ory Ha pasBoj 6omectu. (25) Y ncrpaxxusamy Koje ce 6a-
BUJIO yTHUIIajeM monuMopdusama y reny TPs53 u XRCC1 Ha
PM3UK 3a Pa3Boj ajleHOKapIMHOMa ITyha 1mokasaHo je u ma
xomosurotHa BapujanTta TPs3 72 Pro u XRCC1 399 Arg Hoce
PM3UK 32 Pa3Boj OBOT TUIIAa KapLIMHOMA, Takobhe Koy marje-
HaTa KOjyu MMajy BUIIe Off 50 TOAMHA MOKa3aHo je fja TP53
72Pro amen u XRCC1 399ArgArg renotum Hoce mosehan
pM3UK 3a pasBoj 6omecTu. VicTpaxkuBare Koje je Takohe mo-
Ka3aJIo 3Ha4ajHe pesy/ITaTe 3a HAIIY HOMY/IALjy 6aBuUIO ce
UCINTHBAbEM [TOBE3aHOCTY KOMOMHanuje nonumopdunsa-
ma reHa XRCC1 Arg399Gln 1 RADs51 135G>C ca KapruHo-
MOM oBapujyMa. VIcTpakmBame je I0Kasamo Jja MpUCYCTBO
RADs1 135C n XRCC1 399Arg anena mosehaBa pusmk 3a
pa3Boj oBor kapunHoMa. IToBesaHocT ofpelheHor mommmop-
¢bu3Ma ca HeKMM OJ TMIIOBA KapLIMHOMA HIUje jefHO3Ha4Ha
u 3aBucu of, MHOro (axropa. [Tpumepa pajy, IPUINKOM
UCIIUTHBAKbA 0BE3aHOCTH onMuMopdHe Bapujante 135G>C
reHa RADs1 y Iorbckoj moxasaHo je fa je redorun CC y
jakoj Kopenmanuju ca pasBojeM KOJIOPEKTAJTHOI KapIMHO-
Ma JI0K je y CpOuju mokas3aHo fa Taj reH He HOCK PUBUK 3a
pasBoj 6omectin.(26)(24) Ionynannono-crennduann ¢ax-
TOpY, Kao ¥ CpefyuHCKu (akTopu u Apyru HakTopu pusnka
3ajelHO HOIIPMHOCE YKYITHOM PUSUKY 3a pa3Boj oppehenor
tuma KapuyHoMa. Takobe, Moxe ce 3aK/bydnTi [ja yTHIj
HEKOT HomuMop¢usMa Ha PU3MK 3a 00O0JIeBame 3aBUCK U
Of} TUIIA KapLIHOMa, jep Cy Omomomky GakTopu Koju Hoce
mpeBary 60/IecTy PasHOIUKY U Herfie MMajy 3HaYaHIjy yI0-
ry. Ha kpajy Tpe6a nmaTu y BUAY ja KapLHOM Huje 6orect
Be3aHa JMCK/bY4MBO 32 jellaH I'eH, TaKo ja oxpebenu momm-
Mopdusam MoXKe MMaTH YTHUIIAj Ha Pa3Boj 60/IeCTV YKOMMKO
je y Kopemauuju ca HEKOM [PYTOM IPYIIOM I€Ha y OJHOCY
Ha MCIOUTUBAHY U J]a y TOM CIy4ajy ycei CMHEpTUCTUYKOT
edexTa 0OMjEMO HOTIIYHO APYTadMju Pe3yITaT.
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ABSTRACT

Every cell in the human organism is trying to maintain
homeostasis throughout its cell cycle. Fast lifestyles and
stress, environmental factors and genetic characteristics can
lead to damage in the DNA molecule. Every day, all the cells
in our body are trying to repair the damage and continue
their cycle without negative effects. They have a number
of mechanisms that serve to repair any lesions. Depending
on the type of damage, repair mechanisms can be divided
into single-strand and double-strand repair mechanisms. In
some cases, the damage is so extensive that standard repair
mechanism fail and errors in the DNA molecule occur. This
can lead to an accumulation of errors within the cell, its
transformation and the development of cancer.
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Bpacunociliepougu TpefcTaB/bajy Klacy OWBHUX CTe-
POMJIHMX XOPMOHA KOjU UMajy K/by4HY Y/IOTY y perynanuju
OW/BHOT pacTa, pa3Boja 1 OfTOBOpa Ha aOMOTHYKM CTpeC.
360r CBOT [ie0Bamka y U3Y3eTHO Ma/IIM KOHILIEHTpaljaMa
CBOjy IPMMEHY Ha/lase KaKo Y I0/bOIPUBPENM TaKO U Y ITOJbY
TeHeTIKe, eHsuMororuje u pusnonoruje. Ilojaa 6pacuHoC-
Tepoujia N3a3Bajla je BEIMKO MHTEPECOBabe 32 UX I OHO je
y HerrpecTaHoM nopacty. Vimajyhm y Buny na cy cTpykTyp-
He KapaKTepMCTUKe OATOBOPHE 3a OMOJIOIIKO JIejCTBO, Kao
U YUIHEHNUITY 1A j€ IbMXOBO M30/I0BAIbE U XEMUjCKA CUHTE3A
KOMIIJIEKCAH II0CA0, Y BPEMEHCKOM U CUHTETCKOM JIOMEHY,
Wb MHOTMM HaydHMIMMa je HoOMjarbe MOTEHI[MjaTHUX
aHajora INpUPORHMX OpacmHOCTepomza opnrobapajyhum
CTPYKTYpHUM MopuduKaljama.

YBO[I

bupHM pacT U pasBoj cy CIOXKeHM Ipolecu Koju Cy
BeoMa J0Opo opraHn3oBaHu u yckiaheHn genoBamem 61b-
HIX XOPMOHa, ITO3HATUjUX Kao GUTOXOpMOHM. Perymatopu
pacTa, KaKo UX jOIl Ha3uBajy, IPefCTaB/bajy CUTHATHE MOJIe-
KyJle yHyTap Onbaka Koji fefyjy y U3y3eTHO Ma/luM KOHIje-
Tpanujama. Vako nmajy Beoma cindHe GUSMOIONIKe edek-
Te, Y 3aBUCHOCTH Off XeMMUjCKe CTPYKYpe MOTY Ce HOAe/IUTH
Y HEKOJIMKO KIaca: ayKCuHe, rubepenHe, INTOKMHIHE, all-
COVICMHCKY KMCETMHY U €TUJIEH. HOCHe,I[H)I/[X ToaMHa OTKpU-
BEHO je jOII YeTVpy IpefCTaBHUKA OBe TPyIle XOPMOHA I
Ty ClIafajy 6pacuHOCTepON/Y, jaCMIOHATH, CATINIVIATH, 1
nonuaMuHm [1,2].

360r cBOje cTepoMiHe CTPYKTYpe, Kao M CTUMY/IATHU-
BHOT JiejcTBa Ha 61/bKe oTKpuhe 6pacuHOCTepoONa yTuIa-
JI0 je Ha Pa3BOj HAYYHMX MCTPAKMBAmbaA YIIPABO y OBOj 00-
nmacty. Y 6m/bKaMa Cy eHJOTeHO IPUCYTHU Y BP/IO MaluM
KOMMYMHAMA, CTOTA JIeTyjy P CKOPO XM/bafly ITyTa HVDKIM
KOHIIEHTpal/jaMa y OFHOCY Ha Apyre GpUTOXOpMOHe. 3ax-
B/bayjyhy ToMe muxoBa yrnorpeba faHac y IO/bOIPUBPENN
je cBe Beha [3-6]. IbuxoBa nojaBa gaTypa joIr n3 1970. Kajja
Cy IpBM IyT M30JI0BAaHM M3 €TAPCKOT eKCTPAKTa IIO/eHa
Brassica napus, 13 KOT Cy M3[iBOjeHe aKTMBHE KOMIIOHEHe-
Te Ha3BaHe 6pacuHu. [lapym npeuninhaBamweM OGpacHHCKOT
KOMIIIEKCA JIOBEJIO je 1O M30/I0Baba KPUCTaTHe CYIICTaHIIE,
a 3axBa/byjyhy CIIEKTPOCKOIICKMM MOfjALIIMA ¥ PEH/TE€HCKO]
CTPYKTYPHOj aHA/IM3Y [OJIa3M Ce IO CasHamba O IIPBOM Ipefi-
CTaBHUKY OBe KJIace jefMibera, OpacuHonuay (cmmka 1).
Vima yrory ctumynaropa pacta 61ubKe u 6M/BHOT XOPMOHa,
a 6JOJIOLIKMM TeCTOBMMA je IIOTBpHeHO f1a je meroBa akTHB-
HOCT 611a M3y3€THO BUCOKA [1,7].

Op camor otkuha mma /10 JaHaC MHTEpecoBarbe 3a Opacu-
HOCTepOM/ie He IPecTaje, M OHM Cy U [jajbe IIaBHA TeMa MHO-
TMX MCTpaXKMBama. YTBpheHe cy CTPyKTypHe KapaKTepuc-
TIIKe KOje Cy OfITOBOPHE 3a HIXOBO U3PAKEHO (M3UOIONIKO
JiefioBabe Ha OM/bKe, a/lil je HUXOBa M30/alja 13 OM/bHOT
MaTepujaa TellKa, Kao U MOCTYIIAK IbJIXOBE XeMIjCKe CUH-
Tese.

Mwma Vmnh, [JenaprmaH 3a xeMujy, 6110XeMujy U 3aIITUTY )KUBOTHe cpefuHe, IIpupogHo-
MaTeMaTnuku ¢akynret, YHusepsurer y Hosom Cany, Tpr Jocureja O6pagosuha 3, 21000
Hosu Cap, (e-momra: ilicmilica@rocketmail.com)

BPACVTHOCTEPOUIN

Cmuxka 1. Crpykrypa 6pacuHonuja

CTPYKTYPHE KAPAKTEPIICTUKE

Ommra mogjena 6pacuMHOCTepoMAa je Ha CI0OOmHE M
KOIbYTOBaHe. 3ajeHIMYKO 3a CBE jé OCHOBHU CKEJIET 50-XO-
JIeCTaHa, a HBJXOBE CTPYKyTHe MoamuUKanuje MOTUYY Of
BPCTa ¥ OpjeHTaluja CyncTuryeHara y A/B mpcreHoBuMma,
Kao 1 604HOM JaHIy (cmmka 2). [lo mpoMeHa y CTPYKTypu
JOMasy MPWIMKOM OMOCHHTe3e IIpoljecrMa OKCHpaluje
WIN pefyKiuje. Y 3aBUCHOCTM Of CYIICTUTyeHaTa y 604-
HOM JIaHILy, OPacCMHOCTEPOUAY C€ MOTY KIacCU(pUKOBATH Kao
C27, C28 n C29, a IXOBe CTPYKTYpe KapaKTepUCTUYHE CY 3a
6wpHe cTepore [8].

Y 3aBucHOCTM of cynctuTyeHata Ha C23, C24 u C25y
60YHOM HI3Y XOJIECTAHA, MOXKEMO VX ITOAEINTH Y 11 TPyIIa.
Tako MMaMo: 23-0KCO, 24S-MeTu1, 24R-MeTn, 24-MeTuieH,
24S-eTUJT, 24-€TUIUMEH, 24-MeTUIeH-25-MEeTUN, 24-Me-
TUI-25-MeTIWI, 6e3 cymcTuryeHata Ha C23, 6e3 cymcTurye-
Hara Ha C24 u 6e3 cyncrurenara Ha C23 u C24. Moxe ce
npuMeTUTH Ha BehuHa IpupogHUX 6pacMHOCTEpOUa UMa
S-xoHurypanuje ankun rpyie Ha C24, 1 ja IPUCYCTBO 3a-
cuheHe aJIKWI TPyIe Ha IaTOM YI/bEHVKY Kao M MPUCYCTBO
MeTWI Ipylle Ha cycefHOM yrbeHMKy (C25) 3Ha4ajHO IO-
BehaBa 6moakTuBHOCT [9].

Vimajyhu y Buny moryhe crpykrypHe Bapujanuje A/B

IIPCTEHa, CIeM Jpyra HoJena:

o JIAKTOHCKA QYHKIMja y B ceMOWIaHOM IIPCTEHY Kao 1
BULMHATHUM 20,30-XUPOKCUTHUM IpyIaMa

e 6-0KcOo QYHKIUja y IIECTOWIAHOM B mpcreHy koju nMa
nBe xuppokcuine dpynkuuje y C2 u C3

e 6-OKCO jenumbema ca 2[,3[3-enoKCugHOM QYHKII]OM

e 6-OKCO jenMmera ca XUAPOKCHIHOM ¢yHKumjoM y C1
Koja MOXKe OuTH o 1 (3 opjeHTanuje

e 6-OKCO jellibera ca 3-0KCO QYHKINjOM

o Kuceonnyna ¢pykHuuja y B npcreny

o XuppokcwuiHa rpyna y 1nonoxajy Cé

o JIBocTpyka Besa y A mpcTeny (A2,3 mnnu A4,5).

BpacuHOCTepouau ca Xuppokcu GYHKIMjOM WM KeTO
¢dyukumjom y mosunumju C3 cy mpekypcopu 3a gobujarse
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OpacuHoCTEepOUsia KOjii Y A IIPCTeHy Majy BULIMHAIHY XM-
mpokcunny rpyny y C-2a unu C-3a monoxajy. Illto ce Tae
B mpcrena mopena je Ha 7-OKCa/JlaKTOH, 6-OKCO, 6-[1€OK-
CO M 6-XMZIPOKCU. buomomkmum TecToBMMa JI0Ka3aHo je fa
7-OKCa/IaKTOHU MMajy Behy akTHBHOCT Off 6-0KCO jegumarma,
JIOK HEOKCHJIOBaHM OpPAacMHOCTEPOMAY HUCY IIOKa3aIu
HMKaKBy akTuBHOCT. VImajyhm y Bupy moryhe xom6uHa-
Ijuje opjeHTauMja XugpokcunHe rpyne Ha C2 n C3, pefo-
cref, cMamberba aKTUMBHOCTY MMIUIMIMPA Jja jeé IOCTOjarbe
a OpjeHTyCaHe XUAPOKCUIHE Tpyme y monoxajy Cz2 pasnor
Behe 6uosomke aktuBHOCTH Yy 6ubKama. HeaBHe cTynuje
yka3yjy Ha moehaime aKTMBHOCTH OpacMHOCTepoMja ca
30,40-IMXUAPOKCH (BYHKIMOM y OFHOCY Ha 2a,3a. Moxke
ce IPUMETUTH J]a Ce OBa YMIbEHMIIA He TTOK/Iama ca IpIuIoM
0 aKTMBHOCTM NpUpPORHUX O6pacuHocTeponsa. Objalimeme
noBehaHe aKTMBHOCTY OBUX CMHTeTCKUX OpaciHOCTepoMza
ce JOHeKJIe MO>Ke 00jaCHUTI yBPTatbeM 1 IOfATHUM Jedop-
MalijaMa MOJIEKy/la Y CEIMOYTIaHOM OJHOCHO OCMOY/IAaHOM
IPCTEHY, Kao 1 TI0/I0Xajy KapOOHMIIHE TPyIle Y OfIHOCY Ha
muon A mpcreHa [10].
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Hako je oTKMpBeH MMIIO3aHTaH Opoj GpacMHOCTEPOU-
Z1a, 10 cajia je npeHTU(PUKOBAHO y OM/bKaMa CaMo TP KObY-
rata mehepa un gBa MacHux kucenuHa [10,11]. Tlopen Hu3a
(bYHKIMOHATHUX IPYIIA HA CTEPOUTHOM CKeJleTy yTBpheHo
je la ce Komyranyja Kako ca aljyTHUM I'PyIlaMa, TaKo U ca
[TlyKO3HVM jeMHMUI}aMa OCTBapyje MCK/bYYMBO MPEKO XM-
npokcunHe rpyma C3, C23 n C25 (cnmka 3).

Jlo cazia je M30/10BaHO BulIlle Off 70 PAa3IMYUTUX BPCTa
OBNX CTePOMIHUX (PUTOXOPMOHA ¥ yTBpheHe mbuxoBe O1o-
yotke yrore. Fbuxos MexaHmu3aM Ae/I0Barba je Kao KOf, Apy-
IMX CTEPOUHIX XOPMOHA, 1A 3aTO CIAfIajy Y K/Iacy CTepo-
una. Besyjy ce 3a ofrosapajyhe penenitope y membpanama
u okpehy kackagy perynaropHux edekara yuyrap henuje,
IITO MMa 33 Pe3y/ITaT YTULIaj Ha pasnudnte reqe [12,13].

Bpacunonup ((22R,23R,245)-2a,3a,22,23-tetrahidroksi-
24-metil-B-homo-7-oksa-sa-holestan-6-on, cmmka 1) je
jemaH Of Haj3acTYIUbEHMjUX M HajaKTMBHUjUX OpacuHOC-
TEPONJIa, ¥ HEroBa CTPYKTYpa je OCHOBHU CKeJIeT OCTAINX
NpefcTaBHMKa. Iberos HemocpefHM NMPeKypcop je Kacrac-
tepoH  ((22R,23R,24S)-20a,30,22,23-tetrahidroksi-24-metil-
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sa-holestan-6-on, cimmka 4), Koju Takobe moKasyje BUCOKY
aKTMBHOCT, a I307I0BaH je 1982. rofuHe u3 Castanea crenata.
IbuxoBa HyMepalja IIpaTi pefociel BUXBOT oTKpuha u
o3Ha4aBajy ce kao BR1 o BRn, ma tako je 6pacunonuy 03-
HadeH kao BR1, a kacracTepon xao BRa.

Kaxo cy Bapujanuje y 60uHoM maniy mMoryhe, iBa 6ut-
Ha IIpeJCTaBHMKA OpacMHOCTEPOU/A Ca PENIaTUBHO jaKOM
6uoaxrusnoithy cy 28-xomobpacunomny ((22R,23R,24S)-
20,30,22,23-tetrahidroksi-24-etilo-B-homo-7-oksa-sa
-holestan-6-on) u 24-emmbpacunomuy  ((22R,23R,24R)-
20,30,22,23-tetrahidroksi-24-metil-B-homo-7-oksa-sa-
holestan-6-on). Pa3mmkyjy ce y CTPYKTYpM OFHOCHO IIO
KoHOurypauuju Ha C24 aToMy y 604YHOM /1aHILy, I1a ¥IM je aK-
TUBHOCT HIDKa Off OpacuHommpa. Vinak myxoBa CuHTe3a je
eKOHOMCKU MCIUIaTVBHUja 300T dera cy Hauym sehy npume-
Hy y npakcu [14]. VicocTaBmio ce fja 28-X0MOOPacHHOMNT
Hajbo/be flenyje y ybnmaxaBamwy edexTa abMOTUYKOT CTpe-
ca, a 24-eNMOPACHHONN ¥IMa 3HAYajHY Y/IOTY Y CMambery
TOKCUMYHOCTM Kao M IOJICTULIAY 3[IpaBOT pacTa O1/bKe IO
cTpecoM [15,16].

HO™

KacTacTepoH TuchacTepon

24-enmbpacuHonua

28-xomoBpacuHonua

Cmuka 4. CTyKType IpUpOHOX 6pacrHOCTEpONza

BMOJIOIIKA AKTUBHOCT

BpacunocTepouay Cy HEOIXOXHM 3a MHOTe IIpoliece
pacTa u pasBoja 6bupaka. [Topes Tora, oHu fenyjy u Ha he-
nmjckoM HKUBOY perymminyhu hemmjcky enoHranujy, femerbe
n mmnbepenuyjaunjy hemmja. Opa rpyma ¢uToxopMoHa
HOpel BKHMX pasBOjHUX (YHKIMja KAo LITO Cy Cy PacT,
K/IMjare CeMeHa, PU3oreHe3a, CeHeclieHIuja, poromopgo-
reHesa, yCIOpaBame alclecuje, MpoMolja OMOCHHTe3e
€TUJIEHA, MIMAjy Ba)KHy YOIy y IPy>Kakby OTIIOPHOCTU Ha
criopalibe pakTope Koju HeMOBO/BHO YTUYY Ha OW/BKY, IPU
4yeMy ce HajBUIIeE MIC/IM Ha abuMoTH4Ky crpec [17]. Mory ce
npoHahi y cBMM 61/bHMM OpraHMMa, a JOKa3aHo je Aa Mya-
ma pacryha tkusa umajy Behu cappyxaj 6pacunocreponsa y
OJIHOCY Ha 3pefia TKuBa [3,8].

Vruijaj Ha mpese u feberse hennja

PacT 6wpKe 3aBuCK Of IIVpera 1 Ae/bersa hemnje, a
[JIABHY YJIOTY y OBMM IIPOLIECHMA VIMajy YIIpaBo GpacuHOC-
tepouzu. OHU MHAYKYjy IPOAYKetbe flena crabina usHaj u

ucnopn xnnHux muctuha. Ipumeheno je ga 6pacuuocTe-
pompiHa MHyKoBaHa ekcransuja henuja 6uBa npahena exc-
TPY311jOM IPOTOHA I XUIIEPIIOIAPU3ALIOM MeMOpaHe, LITO
CTMMY/IATHBHO yTude Ha 61/bKy. CBOjUM edekTiMa Ha eKc-
IIpecujy TeHa, alu 1 Ha aKTUBHOCT eH3MMa GpaciHOCTepo-
UM Cy YK/bydeHH y mpoliece yBehamwa henuja. ITosehamem
TPaHCKPUIITA I'e€Ha KOjU KOfupajy umkmmu-J13 (perymarop-
HuM nIpoTenH y henujckom nuxiycy), ume nosehasajy neo6y
hennja. 3axsamyjyhu Tome, 6pacuHocTeponan Mory edu-
KaCHO 3aMEHUTH LMTOKMHMHE y PacTy KyaTypa [3,13,18].
ITpumeHoM 24-emmbpacuHonmpa Ha nporomvacte (hemuje
6es hemmjckor 3upa) youeHo je moseharme 6psune geobe he-
nuje u moBehan 6poj cTBapama Kractepa 1 KOlIoHuja [19].

Yrumaj a crpec

Bpacunocreponan ytudy Ha mosehame ormopHOCTM
OmsbpKe Ha pasHe OMOTCKe U abUTOCKe CTpecoBe, YK/bydyjyhu
Cylly, TOIUIOTY, XJIaHONY, XUIIOKCH)Y, TeCTUI/E, TeIIKe
Mmetasie n 6omect. MepemeM (POTOCHMHTETCKMX MapaMeTapa
mobap je mokasaresb yTHIIAja CTPecoBa Ha OM/bKe, I MOXe
ce IPUMETHUTY YNIbEHNUIIA [a er30TeHO IIpUMeeHN Opacu-
HOCTEPOMY TIOPeJ, TOTa MITO yMalbyjy IpoMeHe Y pOTOCHH-
Te3M 1M3a3BaHe CTPECOBMMA, OHY 3AIPABO MMajy U3pake-
HIfje [ienoBae Ha (OTOCHHTETCKe Ipoliece Oybaka IOf
CTPecoM, Y OBHOCY Ha Ou/bKe KOje HUCY U3/I0KEHE CTPECOM.
Crynuje cy nokasase fa OupKe TpeTUpaHe 24-ebpacHo-
JIMJIOM II0Ka3yjy Behy TojepaHIMjy MOBUIIEHNX TeMIlepa-
Typa. YpabeH je excreprument Ha capgHunama Arabidopsis
thaliana, xoje cy usnoxxeHe temneparypu 43 °C Tokom 1h,
2h, 3h u 4h, HakoH dera cnemu onmopasak cagHuIe Ha 22 °C
u Tako 7 maHa (cmmka 5). Muoro Behu yzeo cagnuile xoja je
Ouma TpeTupaHa 24-eMnMOPacHHOMUIOM je MpeXnBeo (0KO
90%), JOK HeTpeTMpaHa CafHII[A NMa/Ia je HU3AK Y/eO OIIC-
TaHKa (22%). VIcTo Tako TpeTmpanu xavjanuy Arabidopsis
thaliana u3/Io)XeHy HUCKMM TeMIlepaTypaMa MMajy 3Ha4aj-
HO jady NUTMEHTALV)jy Of KOHTPOJIHMUX, U IIOKa3yjy IOBHU-
IIIeHy eKCIIPecyjy reHa II0Be3aHIX C XTafHONOM y OfIHOCY Ha
KOHTPOJIHE K/IujaHIie [19,20].

Cmuka 5. Kimujanun Arabidopsis thaliana nerpetnpann n
TPeTUPAHU 24-eIMOPACHOIMAOM I1a U3JIOXKEHN TeMIlepa-
Typu off 43 °C HaKOH 1, 2, 3 1 4 h [19]

YrTnuaj Ha nBeTame

®onujapua npumena (hybpemwe npeko nmcra) Opacu-
HocTeponzia Mandecryje ce nosehamem 6poja 1BeTa KOJ
jarope. Bpoj uBertoBa u nuBactu nosehaun cy 3a 30% u 45%,
a JoKasaHo je fa mosehame 6poja KpyHa KOf jarofe je mose-
3aHo ca nosehamwem nBactu. IIpumenom 6pacnHocTeponsia
Ha rpoxbe y jecen goBopu mo nosehama 6poja 1BeTa, a uc-
TOM IIPUMEHOM Y KacHY 3MIMY MIMa KOHTpa eeKaT Ha OM/bKY
[21,22].
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Yuuaj Ha crapeme (CeHecLieHLuja)

Kao u gmpyru ¢uroxopmony, OGpacHMHOCTEOPUAM Ta-
kobe nMajy yrory y perynucamy npoleca cTapema Onpaka.
IIpuMeHOM GpacHHONIN/IA IOBETIO je YOp3aBama eKCIIaH3je
ceHecueHnyuje TpHoBuTe aukune (Xanthium) u gusmber
mraseba (Rumex). OHO IITO je joII yO4eHO jecTe fja HEKU
OpacHOCTEpOUY MOTY Y OfIBOjeHMM KOTWIELOHMMA Jia
IIPOMOBMIIY CTapese, a IOjeNHI MyTaHTH KOjuMa HeJoc-
Tajy aKTMBHUM OpacMHOCTEpOMAM IIOKa3yjy Ofjarame ce-
HecleHuuje [23-25].

Yruiaj Ha /pyncke hennje

Vrnore 6pacuHocreponsa y 6uwpHuM hennjama mHTeH-
3MBHO Cy IIpOy4YaBaHe, JJOK ce 0 eeKTrMa Ha Jbyjicke he-
nuje Mame 3Ha. Jlo caja, pasHe CTyAuje Cy IoOKasaje Mo-
ryhy MegMLIMHCKY IPYMEHY IPUPOJHMX OpacHHOCTEpOUsa,
obyxBarajyhn aHTUBUPYCHe, IMYHOMOJY/IAaTOPHE, AHTMOK-
CUIATVBHE, HEYPOIIPOTEeKTUBHE aKTUBHOCTY U aHTUIIPOJIN-
¢deparushe edexre y henmjama skxusotusba in vitro. ITojemyau
HIPUPOSHM OPACUHOCTEPOUSY TIOIYT 28-XOMOOPACHHONINA
U 28-eMMKaCcTaCTepOHA II0Ka3yjy 0OPY aKTMBHOCT IIPOTHUB
apeHaBMpyca, Xeprieca u Manux 6orumma. Takobe, raBHU
IIPefCTABHUK OBUX (PUTOXOPMOHa, OpacuHo/mmy (cnmka 1),
IIOKasyje MUpPOKe aHTUBMUPYCHe akTUBHOCTH. Kao n 28-emm-
KacractepoH, 6pacuHonuy nMa akntsaoct Ha JJHK n PHK
Bupyce, HSV-1 1 HSV-2 (Herpes simplex virus), Bupyc ma-
nmux OOrmma, a OMeTameM YTUYy Ha CHHTe3y BUPYCHUX
IIpOTeMHa Kao U caspeBambe BUPYCHMX denuja. Mebytum,
MCIOCTABUIIO Ce fla OPaCHHOCTEPOMIN MOTY MMATH Pasyn-
4uTe MEIMIVHCKe eeKTe Ia ce IPEeTIOCTAB/baIo Ia MOTY
uMaty 1 aHTunpomudeparuBHa cBojctBa. YTBpheHo je ma
24-enOpacMHONMNA, ¥ 28-XOMOKACTaCTepOH MHXUOMpajy
pacT u ofp>KUBOCT henmja pasmManTIX MMHMjA KapLIMHOMA.
ITpumeheH je nuToTOKCHYHM edeKaT OpacMHOCTepOUa Ha
henmje paka, oK KoJ HelpoMereHnx hennja taj ytuiaj Huje
3abenexen. To uMIMIupa ja 6pacHOCTEPOUMN U3a3UBaAjy
pasnmunTe peakiyje Kox HopManHux hemmja n xon hemmja
kapiuHoMa. Takobe, 3abenexeH je omerajyhnm yruiaj Ha he-
JIMjCKM LMKITYC U nHXnbnmja pacta henmja mro ykasyje Ha

OH

HO, HO..

HO" HO

o}
28-xomobpacrHonng

28-XOMOKACTACTEPOH

MOTEHLMja/IHy NPUMeHy OpacuHOCTepOousia y edery paka
0jKe MM TIpocTaTe. AIIONTO3a M OKCUJATMBHM CTPEC Cy
jemHu op yspounmka omrehema HeypoHckux hemmja, mro
[IOBOAIM Of PAa3NUUYMTUX HEYpOJiereHepaTUBHUX 000/bemba.
Beh je momenyTo fa OpacMHOCTEPOMAY CMAYjy YTHUI]
cTpeca Kofi 6wbKa, amu npumeheHa Cy ¥ aHTMOKCUIATUB-
Ha CBOjCTBA IIOje;IUHUX BPCTa Ha MHXMOMIMjY aIoNTO3e
henuja msasBanux Heyporokcuuuma (Hmp. MIIII+). IIpBu
CHOXHU aHTMOKCUIATUBHU U HEYPOIPOTEKTMBHU edeKaT
npumeheH je kop 24-enmbpacunonuia y henujckoj mHuju
cucapa (cnmka 6) [26-28].

CUHTE3A AHAJIOTA BPACMHOCTEPOUIA

CBaxkofjHeBHIM HaIIpefioBameM HayKe nobmja ce cBe
Behyt 6poj CMHTETCKVX aHa/IOTa, @ HEKM Off BIUX Cy IIOKa3a/In
BeOMa BaXXHY OMOJIONIKY akTUBHOCT. Kao momasue xommo-
HEHTe y CUHTe3aMa MOTY Ce KOPUCTUTY CTEPONIHI Carlore-
HUHM, AMOCTeHUH, XeKOTeHIH, 3aTUM CTEPOUIAHNU aIKaION-
I V1 Ky4He KUcenmHe [14].

JKyune KucenuHe npencTaB/bajy jelaH Of HajBasKHUjUX
HadlMHa eKCKpelije XonecTepona us opranusma. Kog mwymn,
I7IaBHE )KY4YHe KUCE/IMHe Cy XeHOJ,eOKCUXOIIHA, IeOKCHUXO-
Ha U XO/Ha KucenmHa (cmmka 7). IloropHa ¢y cupoBuHa 3a
mobujame 5B-XOMaHCKMX aHAjora ca pPasIMuUTUM CTPYK-
TypHUM MopuduKanujamMma 60YHOT HU3a, KA0 U CTEPOUFHOT
menma [29]. Xo/mHa U XeHOJEOKCUXO/IHA KICEIMHA MIPefCTa-
B/bajy JiBe I/IABHE )Ky4He KUCeTNHe MPOU3BefeHe Y jeTpH,
IOK je IeOKCUXO/THA KICeIMHA IIPUMIAHNK CeKYH/IapHe Tpy-
I1e KVCe/TMHA.

CunTesa aHajora nmonasehu oy XeHOIEOKCUXOMHE KICe-
JIuHe

Ce/eKTBHUM KaTWIALMjOM MeTUIXEHOLEOKCUXO/IaTa
ca eTUI-X710pohOPMATOM Y AMOKCAHY ¥ IMUPUAVHY YBOLM
ce KaTWU/IaTHa 3allTUTa XUPOKCIUIHE TpyIle y Honoxajy C3
(1). HakoH Tora crepy oKcupalmja 7a-XuapoKCuiHe Tpyma
ca IToncoBum (Jones-oBum) pearexcom mpu hemy ce po-
6uja xeto ¢dynkimja y monoxajy Cy (2). bajep-Bunurepo
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24-enubpacuHonug

Cmuka 6. CTpyKType pelpeseHTaTMBHIX IPUPOJHIX OpaccuHOCTepouia
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Cmmxka 7. CTpyKType Xy4YHUX KUCE/TMHA
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BoM (Baeyer-Villiger-oBom) oxcuparujomM aepuBaTa XeHO-
JIEOKCHXOJIHE KICe/IHe YBOAM Ce TAKTOHCKa QyHKuuja y B
mpcTeny (3), WTo je n K/by4dHa (asa oBe CHHTe3e (cxeMa 1)
[15, 29].

CunHTesa aHanora nomasehu oy JeoKCUXomHe KIcenmHe

3a pasnauKy Off XeHOJEOKCUXOIHE KICeNNHe, JeOKCH-
XOJIHA KUCENMHA MMa jefHY OUTHY CTPYKTYPHY pasiuKy.
IIpucycrso xupgpokucnue rpyme y nonoxajy Ci2, nojenuse
je HaBeJIO Ha CMHTe3e aHATora OPACHHOCTEPONA Ca KICeOo-
HuyHOM ¢yHKImjoM y C mpcreny. IIpBo je usBpiueHa ok-
cupanuja XugpoKcuiHe rpyme y monoxajy Ci2 n yBobeme
KaTWIaTHe 3alTuTe y mojaokajy C3 MeTHIfeoKcuxomara
(1). bpomoBame mob6ujeHOT KeToHa IpaheHO je anKamHOM
XUIPO/IM30OM MHTEepMenujepa Opoma U [obujameM XUAPO-
KCM KeTOHA 3 ¥ 4. 3aTUM CJIefy epjOffHO Liematbe paheno
PENYKIjOM Ca HaTPUjyM-OOPXUAPULOM, a [A/bOM JIAKTO-
HM3ALMjOM Y KICeNOj CPEAVHY 1 KaCHUje IIOHOBHOM ecTe-
pudukanmjom fomasu o Gopmuparma >Ke/beHOT IAKTOHA 5
(cxema 2) [29-30].

-,

CunTesa aHanora nonasehu Ol XOJTHE KMCEJIMHE

XonHa K1cenuHa Takobhe MMa 12-XUAPOKCY QYHKLU]Y.
CenekTMBHOM alleTM/IALMjOM METUI €CTpa Ca aHXUAPUIOM
cupheTHe kucenuue y 6eH3eHy ¥ IUPUANHY TOBOAM 1o (op-
Mmupama 3a,7a-guanerata (1). Caepu meropa oxcupauja
XUZpOKCUIHe rpyme ca [loHcoBuM peareHcoM u pobujarbe
KeToHa 2. Bajep-BuwimrepoBoM okcmpaunmjom pobujeHor
mepusara ca MCPBA noserno je go ¢popMupama IaKTOHCKe
¢byukuyje y 1T npcreny (4), a ykiamamweM 3allTUTe U3 HO-
noxaja C3 u C7 ucToM TOM fiepuBaty Kobuja ce jouI jenan
anasor (3) (cxema 3) [29].

3AK/bYYAK

Op orxpuha HOBe kmace gpuToXOpMOHa Ia [0 AaHAC,
UHTepecoBambe 3a bpacuHocTeponse je ce Behe. 360r coje
n3pasuTe aKTUBHOCTM Yy MaIMM KOHIlEHTpaumjama Opa-
CUHOCTEPOUAY CY IMOCTaIM CBe BuIlle YIOTpeOG/BMBaHM Y
MIOJ/OIPUBPENN. 3aroueTa Cy faba MCTpaXKUBama 3HaUYaja
OBIUX (PUTOXOPMOHA Y HOJ/bY TeHETHKe, eH3UMosIoruje u ¢u-
3MO/IOTHi€. YCTAHOB/bEHE CY CTDYKTYDHE KapaKTepPUCTUKE
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COOH

1.MeOH/H,80,
2.A¢;0/Benzen/Py

HO' “OH

b AcO"

XonHa KncenuHa

COOCH;

Jones-os

pearenc o

AcO™

MCPBA

AenpoTekunja

Cxema 3. CuHTe3a 13 XO/THE KUCeTHe

KOje Cy OATOBOPHE 32 IJXOBO [Ie/IOBAlbE, LITO MOXKE [JATH
HOBe 1peje 3a cuuresy. Cama usonmarja u3 OM/bHOT Mate-
pujana je Tellka, a HBMXOBA CHHTE3a CIOKEH IPOLeC, 11a ce
[AHAC HACTOjM Yy NPOHANACKY jefiMberba CIMYHE CTPYKTY-
pe, anu jegHOCTaBHMje cuHTe3e. JJobpa 3aMeHa jecy KydHe
KIUCE/MNHE KOje MMajy CTePOMIHIM CHUCTeM IIPCTEHOBA, Kao
U BeNMKYU OpOj XMAPOKCMIHMX (YHKIMjA M KapOOKCUIHY
byukuujy y 6o4noM Husy. 3axBabyjyhu ToMe morogHe cy 3a
ajbe XeMujcke MoauduKalje y Luby o01jama CTpyKType
CmYHe 6pacuHOCTePONANMA.

ABSTRACT

BRASSINOSTEROIDS

Milica Z. Ili¢

Department of Chemistry, Biochemistry and
Environmental Protection, Faculty of Sciences, University of
Novi Sad, Trg Dositeja Obradovica 3, 21000 Novi Sad, Serbia

Brassinosteroids are a class of plant steroid hormo-
nes which play a key role in regulating the growth,
development and response to abiotic stress. Their
application has been found not only in agriculture, but
also in genetics, enzymology and physiology because of
their action in extremely low concentrations. The advent of
brassinosteroids has aroused great interest in them, which is
on the rise. Keeping in mind the structural features which
are responsible for biological action, as well as the known
fact that their isolation and chemical synthesis are a complex
process in the time and synthetic domain, scientists aim to
obtain potential analogues of natural brasinosteroids by
appropriate structural modifications.
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Caspemenu Ha4uH Kueoilia iogpasymujesa iipunaioha-
8are HA HOBE YC/I06e PYKUUOHUCAIA HOBjeKd KAKEU Hujecy
Sunu 3aciilyiipenu ipuje camo tona eujexa. Benuku u nainu
pa3eoj ungycitipuje u texronoiuje omoiyhuo je Spicu u edu-
KACHUjU HAYUH C6AKOGHEE6HOT PYHKUUOHUCAA anu ca gpyie
ciipare u ipomjere HeKUX HABUKA, 0 KOjux Cy HajéaxcHuje
oHe Koje ce iiuy Suonowkux u xemujckux gaxitiopa. Taxohe,
HAUPEITIKOM SUOMEGUUUHCKUX U XeMUJCKUX HAYKA, JAHAC Cce
nujeue dorneciiiy Koje cy Gipuje camo 50 Unu 100 I0GUHA 0GHO-
cune Husoilie. Benuxu 3navaj wakeom ciiarby goupurujena
je u cama xemuja u gocimiuinyha xoja cy odumenuna oy Ha-
yky. Mehytaum, ySp3an sueoiti uma u HeiailiueHe ciipane —

HeUpasUIHA UCXPAHA, MAAK Pu3uUKe AKTHUBHOCITIU, CeCU-
JIGH HAYUM HUBOTIA, HABUKE A C8e W0 MOe goupuHujetiu
paseojy pasHux odomerva, a 4axk U WeWKO Ubedusux 6o-
secitiu. Jegra og iiaxkeux je u kaxuep. ¥ osom pagy ce iogopu
0 MeXaHusMuma Haciiajara Manuinux odormwervd, 0 Camoj
Mmonexynckoj cilpyximypu iena (cipyximypu JHK) u dapoy-
4asary CEUPYKILyPHUX 0COOEHOCIIU HEKUX MOTIEKYIA KOju ce
Kopucitie 3a nujeuerve 06UX 6eomMa OUACHUX Soneciliu — Yu-
wocimainiuka. JJoSpum pasymujesarvem UaimioPu3uonOUKUX
ipomjena na sgpasum henujama, Hayunuyu cy y moiyhnociiu
ga ux ipesegy HA MONEKYACKU HUBO U ga KPeupajy monexyne
Koju du moinu ga nujeue.

YBO[I

Jesoxcupubonyknenncka kucenuna (JJHK) je monumep
cacTaB/beH Off [jBa JIaHIa CaBMjeHa Yy OOMNKY JBOCTPYKe
cripaie (XemMKca), yuje ce MOHOMEPHE jeMHIILIE HA3UBAjy
HykneoTuau. HykmeoTuaym cy cacTaB/beHM Off MOJEKya
mehepa, pocdarHe rpyme u azotHe 6ase. lllehep koju ynasu
y cactaB Hykneoruzaa [JTHK je nenrosuu mehep gesoxcnpn-
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603a. Y cacraB Hykneotnza [JHK ymasu 1 jenHa ox 4 a3oTHe
6ase. [Tpema 061Ky MOJIeKy/Ia a30THe Oase ce [jujesie Ha ITy-
puHCKe 1 nupuMuAnHcKe. [lyprHcke 6ase cy afeHnH (A) u
ryanuH (G), a nupumupmcke cy uurosut (C) u tumuH (T),
(Cnuka 1).

NH, o
N N
=3
N A
N Y HN SN N
AnennH I'yanun
o NH,
H
PN N
N
H H
Tumun Intosun

Crnka 1. XeMujcke CTPyKType a30THMX 6asa

[Momunykneoruan cy Mehycob6Ho nosesanu docdopnu-
€CTapCKMM BesaMa Koje ce 0CcTBapyjy Tako mTo ce C3-aToM
IIeHTO3e jefHOT HyKIeoTuja Bexke 3a C5-aToM IIeHTO3e Ha-
pepHor HykaeoTupa y naniy. Ha oBaj naumH ¢opmupana
IBa MOMMHYKIEOTUHA TaHLa 06pasyjy cnupany (Cnuka 2,
Iosbe) Tj. Xenmukc. [IBocTpyKM Xenuke popmupa ce 13 jBa aH-
tunapanenta JJHK manna mehyco6Ho moBesana BogoHMY-
HVIM BesaMma Koje ce cTBapajy usMmebhy 6asa koje npumazajy
HACIpaMHMM JIaHIIMMA. YBUjeK ce BeXY aJjeHUH U TUMIH ca
ZIBUje BOTOHUYHE Be3e, a IyaHVH I LIMTO3MH ca Tpu (C/IuKa 2,
rope).[1] Borcon (James Watson) u Kpuk (Fransis Crick) cy
1953. TIPEJIOKIIN IPBY UCIIPaBaH MOJieI IBOCTPYKOT Xe/lN-
kca JHK crpyxrype.[2]
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https://www.albert.io/blog/what-are-the-three-parts-of-a-nucleotide/
Cnuka 2. BogonnuHe Bese nsmeby HykneoTuna n
dopmumpame nBocTpyke crimpane JHK

Kapa 6u ce THK camo u3 jenne henmnje usBagua u uc-
IIpaBWIA, BeHa yXIMHA OU USHOCUIA CKOPO ABa MeTpa.[3]
Monexyn JHK nma criocobHOCT KOjy HeMa HM jeilaH JpYTH,
HaMa [0 cafia II03HATU MOJIEKYJI, @ TO je CIIOCOOHOCT COll-
CTBEHOT y/Bajama, Tj perukanuje (cnmuka 3).[4] JHK je ma-
TpULA 3a COIICTBEHY penpopykuujy. Kao Beoma npenusan
U COYKEH MOJIEKYJapHU TIPOIeC, perimKaluja saxTujeBa
KOMIIZIEKCHe eH3MMCKe cTpykrype. Op jemnor nmanua JHK
HacTajy [Ba HOBa, Off KOjMX j€ jefaH HOBOCMHTETVCAHM, a
IPYTU CTapy, POAUTEHCKUL.

Cmmxa 3. Pennukanuja monexyna JTHK

HACTAHAK KAHIIEPA

Ipunukom permukanuje JHK moryhe cy n rpemixe,
MM Cy 3aTO YK/bY4eHM PpasIUYUTU TUIIOBM TAaKO3BaHUX
pemapanyoHnx MexaHm3ama (MeXaHM3aMa IIOIPABKe),
KOjU Te TpelllKe UCIpaB/bajy (Hajuemnhy TUIOBM Tpelraka
Cy HOTpeLIHO crapeHe 6ase, MyTanuje, 3aMjeHa jegHe 6ase
[PYTOM, HEe[IOCTATAK jefiHe VN Buliie 6a3a, AyIInpate cer-
menTta JHK. bpsuna penapaunje JHK 3aBucu on MHOTMX
¢daxTopa, ykmyuyjyhu tun hemmje, crapocT M excrpare-
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JIyTapHO OKpyXemwe. Themrja Koja je akyMy/nupana Benke
kommunse JTHK-omrehema win hennja xoja Hema Buiue
CIIocob6HOCT edekTuBHe nomnpaske omTehema Moxe fa Ho-
[IpUMH jeHo of cnefehnx Moryhux crama:

e HEMOBPATHO CTae MMPOBama, O3HATO Ka0 CTapeme;

o henmjcko camoy6uctBo, Takobe M03HATO Kao anonTo3a

i nporpamupana henumjcka cmpr;

o HeKOHTposcaHa hemmjcka m1106a, Koja MOXKe fa JoBefie

1o ¢popMupama TyMopa.

Cmarpa ce [ia je TyMOp pe3ynTaT HapyllaBamba HOpMaJ-
HMX MeXaHu3aMa Koju perymiiry hemmjckn nuxyc. Kapa ce
LMKITyC ofiB1ja Oe3 KOHTposte, hennje ce HEKOHTPOIMCAHO
Aujerne M aKyMyIMPajy TeHeTHdKe fedeKTe KOju MOTY J0-
BECTH JIO CTBAPaba Ma/IUTHOT TYMOpa.

Tymop (103HAT jour 1 Kao HeoIla3Ma MM HOBOTBO-
p1Ha) 0O3HAUaBa CKYII HpoMujemeHnx hennja Koje mokasyjy
HerpaBUIaH M MPOTPecHBaH pacT. TymMopy TpencTaBbajy
OrpaHNYeHy M3pACIUHy HacTany OyjarmbeM TKUBA MM OTOKA
(emema) TKMBa 300T 3aAprKaBaba TEYHOCTI WIN KpBapema
yHyTap TkuBa. [5] [la 6u moiwrto o mojaBe Tymopa, Mopa
pohu po rpemaxa y perukanyju JHK. Y Behunn cnyuaje-
Ba opranusam he caBafjaTi TYMOp TOKOM HEKOJIMKO JjaHa/
HeJlje/ba/Mjeceliy Off IbeTOBOT HacTajarba. AJIi, TYMOp IIOHe-
Kaj n3bjertne OTKpUBarbe U pacTe JOK He IMOCTAHEe TOMMKO
BEJIUKY [ja Cafp>Xy Ha cToTMHe MmmmoHa hemmja. Tapma je
MMYHOM CUCTEMY TEILIKO Ja opranusyje edukacuy ogbpany
IIPOTUB OBaKBOT Hamaaya. HoBoHacrase Tymopcke henuje
ce off mojnasHyx henuja pasiukyjy u CTPyKTypHO 1 (yHK-
I[MOHATIHO.

Tymopu (cnuka 4) mory 6ury Manurau (3mohygan) u
6enurnn (gob6pohynun).[6] Pasmmuka usmehy mux je y ar-
PECUBHOCTHM PACTa, Te y TOMe IITO MA/IUTHY JIajy MeTacTase
(mmpeme KaHLiepa U3 je[JHOT TKMBA MIU OPTaHa Y OKOJIVHY,
Y3 MHOUATPALUjy Y OKOTHO TKUBO), 0K GEHUTHYU TyMOpU
He Jlajy MeTacTase Ha Jpyre OpraHe.

PAMCREAS

https://www.stetoskop.info/savremena-medicina/tumori-
mozga
https://www.kancer.rs/wilms-ov-tumor/
https://zdravlje.eu/2009/11/06/benigni-tumori-pankreasa/
https://www.kancer.rs/rak-koze/
Crnuka 4. Vsrnen Tymopa mosra, 6yOpera, maHKpeaca 1
KoXe (Me/TaHOM)

Pak (kaH1ep, KapLMHOM) IpeAcTaB/ba 310hyaHM 061K
TyMOpa, KOju pasapa CTPYKTypy M HapyliaBa HOpPMAIHO
¢dyHKuMOHNUCame TKMBa. MaHudecTtyje ce 6p3UM U HEKOH-



TPOJIMCAHUM yMHOXaBamweM TyMopckux henmja. Remuje
Ppaka ce IIpeMjellTajy ca MjecTa Ha KoMe Cy HacTajie Ha HeKO
CyCjefHO WM Y[A/beHO MjeCTO y OpPTaHM3MY — MeTacrasa.
CrBapajy ce uspacimHe (TyMOpHM) 1 OHU Ce IIMpe KPBOTO-
KoM. MeTacTasa je mocieba asa HalpeoBamba KaHIepa 1
Hajuernhe je ¢paranna. Pax je apyru y3spouHuk 6omectn y ca-
BPeMEHOM CBUjeTY, IOC/je Kap/ioBacKy/TapHuX 0060/berba.
Yspouu HacTaHKa KaHIjepa e MOTY IIOfIUje/INTI Ha TeHeTCKe
(cxnmoHocTM cTBapamwa ofpehennx Bpcra Tymopa) u Ha dax-
TOpe CpefiliHe MM OKO/MHe (IOfpasyMujeBajy cBe y3poke
KOju IIpoM3mIase U3 CpefuHe y Kojoj 4oBjek xuBnu). CBe
CYIICTaHIIe KOje Ce MOTY IMPEKTHO II0Be3aTy ca KaHIlepyMa
ce Has3MBajy KaHIlePOTeHMM CYIICTaHIaMa.

Arencnu cy kmacu@uKOBaHY IpeMa KaHLEPOTEHOCTH Y
HEKOJIMKO rpyma:[7]

o IlpBarpyma (areHcy KaHIIEpPOTeHN 3a Jbyie);

o Jlpyra A-rpyna (BjepoBaTHO KaHIiEPOI€HMU areHCH);

o JIpyra b-rpyna (moryhe KaHIleporeHy areHcn);

o Tpeha rpymna (arencu koju ce He Mory KnacudukoBaru

IpeMa KaHLIePOTeHOM JIejCTBY);

o YerspTa rpyna (areHcu Koju BjepoBaTHO HeMajy KaHIle-

POTEHNX JlejcTaBa).

KaH1ueporeny areHcy Mory OUTH XeM1jcKu, pUanyuKy u
6uonomkyu. Heku o HajpacnpocTpameHIjUX U HajKaHIje-
poreHmjux areHaca cy: araToKCuHu, azbect, OeH3eH, Xema-
tutuc Bupycu (b n 1), HIV, HUkoTus, fyBaH, BUHWMI-X/IO-
pup, X-paanjanuja, yarpamybudacto spadere (UV).

HAJ3HAYAJHUJN KAHOEPOT'EHN ATEHCHU

Vnrpamybudacto (UV) 3pademe obyxsara enreKTpo-
MAarHeTHO 3payere Ca TATaCHMUM Jy>KMHaMa 10-400 nm.[8]
I Ba tTuna UV-3pavema, o3HaueHa kao UVA u UVB npopnu-
py kpos henmje koxe 1 Mory u3asBatu QU3MYKa ¥ TeHET-
cka omrrehema.[9] Tako yarpamybuuacto 3paderme UVB,
Koje He Ipoaupe y Ayb/be clojeBe KOXe, 13a31Ba aKyTHO
omreheme Koxxe y 061Ky OIeK/IMHa, KOje JOBOAM [0 Jere-
Hepaljyje KOe, CTaperba, a MOKe M3a3BaTH 1 PaK Koke 360T
omrrehersa rena 3a 06HOBY henmja xoxe.[10] Yiarpamyo6u-
4acTo 3pavere Tuna UVA cTBapa CIIOHTaHy ¥ HETOCPeSHy
IUIMEHTalUjy Koxke nmoBehaHoM Npon3BoimBbOM Me/laHMHa.
Ynrpamybuuactu poronn omrehyjy JHK Monekyne xop
JKMBUX OpraHM3aMa, Ha pasHe HaumHe. Hajuemhu o6mmk
omrehema je Kajja ce MOMeKym 6ase TMMIHA BeXy Meby-
COOHO, YMjeCTO Ha pas3nnMymMTe CTpaHe jaHua. TakaB “Tu-
MMH-IMMep” CTBapa MCIymYema, Koja uckpusibyjy JHK
MOJIEKYJI, T1a OH He MOKe (DYHKLMOHMCATU HOPMAIHO (Cm-
Ka5). [11]

VYmorpeba gyBaHa y OOMNMKY Ljurapera je aKTMBHOCT
KOjy JiaHac IPaKTUKyje BuIIe Off jefHe Tpehmue oppacror
craHoBHumTBa. [Ipema nomaumma CsjeTcke 3ipaBCTBEHE
opraHmsalje, fyBaH je yOjemp1Bo Hajuewrhu y3pox cMpTut
Y CBUjETY Off YMjUX IOC/IEAUIA YMPE OKO 8 MIINOHA /bY[N.
[12] ITymreme je rmaBHY HaKTOp PU3MKA 32 CPUAHM U MOXK/IA-
HM yfiap, XxpoHudHe 6osecty rwiyha u pak. ITpema nmogaum-
Ma AMepnuke aconmjanuje 3a wyhae 6omectu (American
Lung Association), y jefHoj LyrapeTu ce Hamasu OKO 600
cacrojaka. IIpunmkom caropujeBama, y LurapeTy HacTaje
i ce ocnobabha oko 7000 jeaumersa, O KOjUX je OKO 70
Bp/1o KaHieporeHo.[13] IToctoju jako Bemuky 6poj HaumHa
Ha KOju XeMUKa/Mje U3 NyBaHa NITE€Te HallleM OPTaHU3MYy.

UV-foton

http://www.cancerindex.org/geneweb/UV_Gene_Effects
Cnuka 5. Hapymasame ctpykype JHK nmejctBom
UV-3paka

JenHa o wux, 6eH30omMpeH (CMMKa 6) IPUWINIHO HAPY-
masa crpykTypy JHK. OBaj nommuuknnyay apoMaTuyHm
YI/bOBOJOHMK IpoHabeH je ¥ y CyIIeHOM M POLITH/BCKOM
Mecy, a HacTaje U IPUINKOM IIYMCKIX MOXKapa.

&y

Cnuka 6. Xemmjcka CTpyKTypa GeH3ompeHa

bensonmpen moxke omreruty JHK Ha fgBa Haumza:
jemaH je mHTepkamauuja (yMeTame) usMehy 6asHux maposa
IHK (xoju mMajy ItaHapHy CTPYKTYpy Kao ¥ caM OeHso-
mpeH).[14] Ha Taj HaunH, 11071a31 [0 yHa/baBamba CyCjefHIX
0asHMX apoBa, U3BMjama mehepHo-pocdaTHe KMuMe, MITO
IOBOAY J10 HapylaBama came cTpykrype JHK (cmka 7).

https://commons.wikimedia.org/wiki/File:Benzopyrene_DNA_
adduct_1JDG.png
Ciuka 7. Vlnrepkanauuja 6ensonupena y crpykrypy JHK

Ipyru MeXaHM3aM [iejcTBa OBOT IIONMIMKINIHOT
yrpoBofionnka Ha [IHK je meroBo oxkcujanyoHo Iipe-
Bobeme y BeoMa peaKTHBHM IOKCH/ KOjI MOJXe Jia Harpajiu
TpaHC-IMONMHN UHTepMenyjep. [lejcTBoM okcmpasa, Moryhe
je dopMuparme eOKCHMAHOT IPCTEHA, KOjI MMa M3PaKEeHO
KaHI[ePOTEeHO ejCTBO — MO)XKe OUTM HyK/Ieo(UIHO Hamaj-
HYT Of cTpaHe Hekor Hykneodwna ns JHK (penumo, amn-
HO-TPyIle U3 T'yaHMHa), IPU YeMy HacTaje MOAUQUKOBaHA
IOHK (cnuka 8):[15]
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Cmuka 8. MexaH13aM KaHIIEpPOTeHOT AejcTBa bensonupena Ha JTHK

Tepanujckn IpuCTynu y nmjederhy MaaIUrHUX 60IecTu
Cy: XeMUOTepaINja, 3padetbe, XUPYPIIKA 3aXBaT, EHJOKPU-
HOJIOLIKA Tepamyja, MMYHOTepanuja, TepMOTepannja, TeH-
CKa Tepanuja.

XEMMOTEPAIINJA

XeMuotepannja ce IpuMjemyje O6MI0 Kao jeAnHY Ha-
YMH JIMjederba WM Kao MO KOMOMHOBAHOT TEpPAIyjCKOT
IIOCTYIIKA KOjii Ca4MIbaBajy IpUMjeHa pagnoTepanuje (3pa-
4erba) ¥ XMPYPIIKMX mpouenypa (omepanyje). Jbekosu koju
ce KOPUCTEe y XeMMOTEPANMjy U XeMUOIPEBEHIMU pacTa
U pasBoja TyMOpckux hemyja u TKMBa Ha3UBajy ce IUTOC-
TaTuiy. PasBoj oBe moce6He rpyIe /beKOBA Kao ¥ HIXOBA
npuMjena 1o oppehexnm npasuimmMa (koja cy geduHucana
Y XeMOTepaInujcKuM IIPOTOKO/IMMA) 3aCHOBAH je Ha Kapak-
TepucTMKaMa Maurayx henmja mo kojuma ce pasnmkyjy ox
3apaBux TkuBa. Hanme, manurue hemnje ce Hajuemrhe 6pxe
pasMHOXaBajy of hemyja 3gpaBor TKuBa, alu UCTOBpeMe-
HO CY ¥ OCjeT/bUBHje Ha JIejCTBO ofjpeheHuX Tepammjckmx
nocrynaka. Hajsehn 6poj nurocraTndHmx /bekoBa [OBOAM
n o omrehema 3gpaBor TkmBa. Vmak, 360r dnibeHuIle ga
Mmanurte henuje He mocenyjy cBe OMOJOIIKe 3aIITUTHE Me-
XaHM3Me, HOpMajIHa TKMBA Ce OTIOPaB/bajy, IOK Ce MaluTHe
henuje TpajHo yHumrasajy. OBaj HeffocTaTaK Teparje, Ofi-
HOCHO [I€jCTBO Ha HOpMa/IHa U 3[lpaBa TKKBA je pasjor 3a
II0jaBy BEJMKOT Opoja HeXXe/beHNUX JiejCTaBa OBMX /bEKOBA.
Bucoka TOKCMYHOCT M Majla CIelMpUYIHOCT JijelIoBama Cy
YIIPaBO U IJIABHM HEJIOCTALIM XeMIOTepanuje.

Hexxemena fiejcTBa XeMoTepanuje MoC/beuLa Cy Ijeno-
Bamba Ha OHa 37IpaBa TKMBa unje ce henuje 6p3o pujerne. To cy
henmje xomrane cpxu (fonasu 1o cMamemba 6poja 6ujennx
KpBHUX hernja 1 Hactanka aHemuje), henuje kopujeHa -
Ke (mpmBpemeHM ryburak Koce), n henuje cmysokoxe mpo-
6aBHMX OpraHa (3ala/berba CIy30KOXe yCHe AyIUbe, [I0jaBa
nposuBa u nospahama). [InToTOKCMYHA Tepanuja MoXKe 1a
[IOBelie 1 0 HacTaHaKa HOBMX MaJUTHUX 00/IeCTH, LITO ce
objalmaBa Jije/loBalbeM Ha TeHeTCKM MaTepujal 3IpaBuX
henuja.
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IIUTOCTATULIN

IurocTaTnim (aHTUTYMOPCKY JbeKOBM, aHTMHEOTITac-
TULY, LIUTOTOKCUYHM JbEKOBM) IO CBOM IIOPMjEKITy MOTY
OUTH IPUPOJHE, CUHTETUYKE WIM HONTYCHHTETIYKE CYIIC-
TaHlle.

VcropujaT nurocrtaTnka

IIpBe KOpaKe y MCTpaKMBalby JbEKOBUTUX CYICTaHIN
Koje O More fa n3ahy Ha Kpaj ca KaHIjepuMa HaIpaBMoO
je Epnux (Paul Erlich). OH je oTkpyo aTpokcus, nujex mpo-
TUB 6OJIECTY CIIaBalba U CaB/IAPUCAH, UjeK IPOTUB CUPM-
muca. OTkpuheM oBOT NMjeKa MOUNIbY ¥ IIPBa pa3MaTparba
Mmoryher pasBoja M IPyruX /beKOBa, KOju 61 MOIIM OUTH
IPVIMjeIEeHN 3a JIMjederbe CCTEeMATCKM 3apasHUX 00/mecTn
U TyMOpa.

MebyTum mpsa MeguIMHCKa yIOTpe6a XeMUjCKIX CyII-
cTaHIM (/beKOBa) 3a JIMjederbe paka, MOYMbe MPBUX Jelie-
HUja 20. Bujeka. [IpBu ,Moryhu“ nujex 3a mmjederse TymMmopa,
KOjU je OTKPMBEH 1919. OMO je CyMIIOPHU MIIEPUT (CIMKa 9).
OH je kopuurheH kao 60juu 0TpoB y [IpBOM CBjeTCKOM pary.
ToxoM BOjHUX omepanuja, KOf, IpyIle JbyAu, Koju ¢y 6umm
U3NIOKEHU UIIEPUTY, YTBpHEHO je Ja MMajy BeoMa HM3aK
6poj neykouuta.[16] OBa mojaBa Bp/Io 6p30 Ha/a3M NpyUMje-
HYy y MeMIMHY, Y3 06pas/oxKeme a UIEePUT MOXKe UMATH
CIM4YaH yTHLaj U Ha hemmje paka. 1931. TOAMHE Cy S-UIIepUTH
kopumheHn 3a TpeTMaH manyjeHata (yOpusraBameM M-
PEKTHO y TYMOp), alli1 Cy IIOKa3MBaIM IIPEBUCOKY TOKCUY-
HOCT. 360T TOTra Cy 1941. TOflHE IPVMjeHY oYM fla Ha/la3e
a30TOBU MIEPUTHU-jelaH Of IPBUX je 6110 MeX/IOpeTaHaMUH
(cnuka 9).[17]
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Cnuka 9. CrpykrypHe GopMyIie unepura u
MeX/IopeTaHaMIHa

®apmaneyrcka kyha Emm JIwm y cBoM mpousso-
Iy, eKCTPaKTy JOOMjeHOM }3 MaJjaracKapckor IiBujeTa
Catharanthus roseus, a HIpBOOMTHO NpMMjeHMBAHOM Yy
nujedersy mehepHe 60ecTy, OTKpUBa a OH GJIOKVpa pas-
MHOXaBame hennja Tymopa. AHTUTYMOYPCKH edeKaT eKc-
TpaKTa 13 OBe OM/bKe KacHMje je II0Ka3a0 JUPEKTHU yTHUI[aj
Ha 6rokmpambe hennjcke guobe.



Kachuje, nujedeme Tymopa IOYMIbe MPUMjEHOM JIM-
tijyma y Tepanuju.[18] ITpumjeHa koMOuHOBaHe XeMMOTe-
panuje OUTOCTAaTULIMMA Ca PasIMIUTUM MEXaHU3MOM Jije-
JI0Bama ¥ TOKCUYHOCTHU JIOBENA je [0 yCIjexa y Iujederny
neykemuje ¥ XOIIKMHOBE 6onectn y HepUOAy Off 1960. 10
1970., @ HEIITO KacHUje U Y /IKjederby TyMOPa TeCTUCA, PaKa
IOjKe U IPyTUX YBPCTUX TYMOPa.

MexaHusam fiejcTBa

Luroctatnun onemoryhasajy hemmje paka ja ce muje-
e, pacTy u 1mmpe 1o opranusmy. CaM MeXaHU3aM yMHO-
roMe 3aBUCK Ofi HauMHa NPUMjeHe ¥ BPCTe LUTOCTaTUKA.
Hopwmainse henuje pacty u fujene ce caMo 50 OrpaHNYEHOT
6poja, HaKoH 4era ymupy. Tymopcke hennje umajy cioco6-
HOCT IIpOfiopa 1 MHMITpalUje y OKONIMHY U CTBapaibe Me-
TacTasa y yfa/beHUM Jije/lOBMMa THjena.

I'maBHa yrmora IUTOCTaTUKA y JIMjederby TyMOpa jecte
pemeheme nuobe henuje u nporneca yk/by4eHNX y peruinKa-
L)y M TPAHCKPUIILIM)Y, LITO MMa 32 IIOC/bENUILY USyMUpatbe
henmja paka u 3aycTaB/bambe Ja/ber IMPeHa TYMOPCKOT TKM-
Ba.

IIto ce mexoBa Koju pearyjy ca JTHK tuue, Tpu cy oc-
HOBHE TPYIIe OBUX jeIMIberba:

- oHu Koju ce Be3yjy 3a JHK HekoBaneHTHIM MHTepPaK-
1ujama (MHTepKamaTopn);

- onn xoju ankunyjy JHK (Bexxy ce KoBaleHTHNM JHTe-
pakiujama);

- OHM KOjM pacKujajy nonuuykiaeotunse nanne JHK ct-

BapameM CI000JHIX pafuKaIa.

Kao mocmennija oBUX JiejcTaBa [O/asy O U3yMMUpama
snohynuux henuja (hemmja rymopa). Vgeanan nujex 3a uH-
tepakiujy ca JHK 61 Mopao 6uTy HeNeNTUAHYU MOJIEKY/
Koju ce Besyje 3a cmenuduyan guo monekyra JHK.[19]
Io capa Huje yTBpheH reH koju 6u 6110 MeTa TaKBOT jeTHOT
nujeka. IIpoTenHn jacHo mperosHajy oppeheHy cekBeHiy
mornexyna JHK (3axBamyjyhm koMmmeMeHTapHOCTM BOJIO-
HMYHUX Be3a usMely aMIHOKMCEMHCKIX OCTaTakKa IpoTe-
uHa 1 HyKTeoTuaHux 6asa u3 JHK). [20]

ITopjena nurocraTuka

LuTocTaTuuy IpeMa HauMHY JIejCTBa ¥ MeTaMa Ha Koje
mjenyjy Mory OuTu: ankmiyjyhm areHcm, MHTepKamaTtopw,
aHTMMeTabOINTH, XOPMOHH, IMTOTOKCUYHY aHTUOMOTULIN,
OWBbHM A/IKAMOVAN ¥ TTIMKO3VUAMN, PAAMOAKTHBHY U30TOIIIL.
OCHOBHM HeJlOCTallM HUTOCTATUKA CY HECETIEKTUBHOCT, Pe3-
UCTeHIMja TYMOPCKUX henuja n BUCOKA TOKCUYHOCT. [21]

Anxunyjyhm arencn

Anxwiayjyhn /pekoBM y XeMMjCKOj CTPYKTypU UMajy
jemHy MM IBUje ANKWI-TPYIe Koje pearyjy ca OMOIOLIKM
BaXHMM pjenoBumMa henuje. [71aBHO fiejcTBO OBMX JbeKOBa
je onemoryhaBame TpaHckpunuuje u permmkanuje JHK,
oMeTame MeTabonM3Ma HMPOTEeMHA ¥ AKTMBHOCTY €H3MMa.
Caa anxmyjyha cpefcTBa cynpuMmpajy pyHKIVjy KOLITaHe
CPXXM U Y3POKYjy TacTpOMHTeCTHMHanHe mopemehaje (myd-
HuHy 1 noBpahame). JJy)xom ymorpe6oM, (moce6HO KOA
MyLIKapala), JOBOfie o cTepuanTeTa U mosehaHor pusnka
OJ aKyTHe JIeyKeMMje U [PYTUX MaTUTHUTeTa.

JemHa rpyma oBuX peareHaca Cy a3OTOBM MIIEpUTHU. 3a
CBe MIIepUTe je KapaKTepPUCUTUYHO TIPUCYCTBO Ouc(2-X/m0-

peTII) aMMHO-TpyIie. MeXaHM3aM JiejCTBa a30TOBUX UIIEPH-
Ta je aNKuIoBambe Nonoxkaja N-7 ryanuna. [lomro y nnepu-
THMMa IIOCTOje /iBa e/leKTpoduIHa MjecTa, pearoBahe ca iBa
TyaHJHa I Ha Taj HAYMH IOBECTH IO YHAKPCHOT II0BE3MBatba
neuje cnupane JTHK. IIpBu Kopak je MHTpaMOIEKy/ICKM Ha-
maji HyKIeoQMIHOT a30Ta Ha €NeKTPOMWIHU YITbeHUKOB
aTOM MIIEPUTA, IIPU YEMY HACTaje CTEPHO HAIleT U BUCOKO
PEaKTHBHU a3VPUAMjyM-joH (CuKa 10). AJIKM/IOBaHY Tya-
HUH HOJIMjeXe XUIAPOAU3Y, WITO JOBOAM [O PAaCIUIMTamba
crmparna.[22]
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Cnuka 10. MexaHn3aM OUTOCTAaTUYKOT JiejcTBa
MeXJIopeTaHaMIHa

Habeno je ma cymcrurynmja merwi-rpyme y Beoma
PEeaKTUMBHOM, HECENeKTUBHOM U JIaKO XUPONN3aOMTHOM
MeXJIOpeTaMIHY HEKUM eJIeKTPOH IIPUBIAYHUM TpyIaMa
(pasmMumMTO CYICTUTYMCAHM apUI-CYNICTUTYEHTU) CMambyje
IETOBY HYK/IE€O(DUIHOCT II1a CAMUM THM ¥ PEaKTUBHOCT a3-
oTHMX mrepurta. [23] Ha Taj HauMH, 1 pacTBOP/BUBOCT UM je
nosehana.

Kap6oxBoH (c/mKa 11) je XMHOH KOju Cafip>Kul ABa a3u-
puaMHCKa IpcTeHa. IIpuMjeHa areHaca OBOT TUIIA Ce TeMeTbl
Ha MeXaHNU3MYy JejcTBa a30THUX MIIEPUTA, KOjU Ce OfBMja
MIPEKO ASMPUAMHCKIX IIPCTEHOBA. 3a JOOPO IUTOCTATIIKO
7IejCTBO I0BOJbHA CY JIBA MPCTEHA. [24]
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Cinka 11. CtpykrypHa ¢popmya KapOOKBOHA

NH,

nknodocdamuy (cnmka 12) mpumaga MopuduKosa-
HJM a30THVM MIIepUTUMA 1 Hajuelrhe je kopuinheHo anku-
nyjyhe cpencrBo. PactBopan je y Bopu. Heakrusan je mox
ce He MeTtabonuiie y jerpu. [ljenyje cHaXHO Ha TMMGOIUTe
U MO)XKe ce KOPMCTUTHU U Kao MMYHOCYIPECUBHI NHjeK —
IpuMjemyje ce Y IpeBeHIuju ofbdanuBama OpraHa HaKOH
tpancmiaranuje. Hajuemmha HexxebeHa fiejcTBa oBe rpyie
aIKWIyjyhux /bekoBa cy My4HuHa U moBpahare, cMambeme
aKTMBHOCTM KOIITaHE CPXXM ¥ XeMOpParvMdyHM IMCTUTIC
(KOMIIMKOBaHM OO/IMK 3ama/berba Oelnke).

l
Cl
Cnuka 12. CrpykrypHa ¢popmyina nuknopochamuaa
Bycyndan (cmmxa 13) ankuiyje TyaHUMHCKO je3Tpo y
nonoxajy N-7 (aMmmHo-rpymna ryannansa) [25], 3axsampyjyhn
YMIbEHUIN [ja je MeTaHCYA(OHATHA IPyla OINYHA OfIa-

seha rpyma. OH IOKasyje CeleKTMBHO JIejCTBO Ha KOIITa-
HY CpJK, CMambyje CTBapame IPaHy/IolUTa U TPOMOOIMUTA Y
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MamIM J03aMa, a eputponura y sehum gosama. Crmabo mje-

nyje Ha MuMONUIHA TKMBA U IACTPOMHTECTUHAIHNA TPAKT.

Ynorpe6/paBaBa ce y nMjedery XpOHUYHE TPAHYIOLMTHE
TeyKemuje.
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Cmuxka 13. CTpykTypHa dpopmyna 6ycyndana

KapmyctuH (cnuka 14) je mepuBaT HuTpo3oypee. Jbe-
KOBM M3 OBe IpyIle Koju, 360r CBOje NTUIIOCOTYOMIHOCTH,
MOTy NIPOJIA3UTU KPBHO-MOX/[aHy 6apujepy, KOpucTe ce y
Tepamnyju TyMOpa MO3Ta I MOX/JaHIX OBOjHHUIA.[26] Melby-
TUM, T/IABHU HeJOCTAIlU OBe IPyIIe /beKOBa Cy HUXOBO 3a-
OCTajame y OpraHM3My U KyMYIaTUBHO TOKCUYHO JiejCTBO,

moce6HO Ha KOIITaHy CpXK.

o
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Cinka 14. CrpykrypHa GopMy/ia KapMycTHa

MexanusaM IMTOTOKCUYHOT JI€jCTBa HUTPO3Oypea
ce MaHMQeCTyje y HBUXOBOM pasjaramy 0 METHUI-J1a30-
HIjyM-joHa (CH3-N=N)* ca Bp/1o uspaxeHuM ankunyjyhum
cojctBuMa. OBaj joH MeTuayje N-7 a30T ryaHnnHa.[27]

Jlakap6asuH (civka 15) Ipumaja TPYIM TpMaseHa.
OH ce aKTMBMpa Y jeTpy, IIpU 4eMy HacTaje METU/I-AMA30-
HujyM-joH. Ilokasao je mMpOK creKTap aHTUTYMOPCKOT
ZejcTBa, off mMMQoMa, o MelaHOMa 1 capkoMa. HexxebeHa
JI€jCTBa YK/bY4Yjy MUjeTOTOKCUYHOCT U U3PA3UTY MYYHUHY
u nospaharse.
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Cmuka 15. CTpyKkTypHa dpopMyna fakapbasuHa

Iucnnatus (camka 16)[28] je XUAPOCOMYOMIHM KOM-
IJIEKC KOj/i Kao LIeHTPaJHJM METalHU aTOM Cafp>KU aToM
IUTaTMHe, OKPY>KeH ca [iBa aToMa X/Iopa M [iBa MOJIEKy/a
amoHMjaka. JlejcTBO My je CIMYHO AjenoBamy ankmiyjyhux
arenaca. Kopuctu ce kao edukacaH HMUTOCTATUK 3a JIuje-
yere TYMOpa jajHuKa 1 OellnKe, YaK 1 yC/Iel IpUCY THUX Me-
tacraza. OBU /beKOBHU MOTY 036M/BHO [ja OlITeTe QYHKINUjY
6ybpera ako ce He 06e36mjenn oxrosapajyha HagokHama
TEYHOCTH U M3MOKpaBambe. [eoMeTpujcku nsoMep Luc-1via-
TIHe, TPaHC-IUIATMHA, BeoMa je HedporokcmyaH. Camo
KOMIUIEKCH Ca +2 11 +4 OKCHAALVIOHNM CTambJMa IUTaTHHEe
[I0Ka3yjy aHTUTYMOPCKY akTuBHOCT. Kapbomnartun (cnmka
16) je mepMBaT LMCIUIATMHA, Maibe je HeppOTOKCHYaH, He-
YPOTOKCHYAH M OTOTOKCUYAH U [IpaTe ra Makba y4eCTaoCcT
My4HMHe 1 oBpaharba, amn u Beha MujeTOTOKCHYHOCT.

44 Xemujcku ipeineg
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Cnuka 16. CTpykrypHe Gopmyrie IMUCIUIATIHA 1
Kap6oImTaTiHa

ucnnaTus ce mpuMmjemwyje MHTpaBeHcKkn. Kapa nobe
Io TyMopcke henmje, Xupponusyje ce Ha XIOpUHe jOHE U
IUTATMHCKYM KaTjOH. JOHM IUIaTMHE Ce KOBAJIEHTHO BE3Yjy 3a
a30ToBe aToMe IypuHcKux 6asa [JHK, mpu yemy ce popmu-
Pa KOMIUIEKC, YiMe je OMeTeHa ibeHa TPaHCKpuInyja (camka
17).[29] Ilnatuna ce Mo>ke BeamBaTi 3a 6ase ca UCTe CTpa-
He JIaHI[A J/IM 3@ HacIpaMHe JaHIle.[30] YKyIHa rogmimba
IIpofaja jbeKoBa Ha 06asu IIaTuHe je mpeko Munujapay USD.

P‘/NH‘_
SNH;

https://www.researchgate.net/figure/Chemical-struc-
tures-of-cis-and-carboplatin-A-Action-of-platinium-
Cisplatin_figl 333342821
Cnuka 17. Haunnu Be3uBama mucriatuia 3a JJHK

MuTepkanatopu

Vntepxanaropu ce 3a JHK Be3yjy HeKoBaleHTHUM UH-
TepakiujaMa, a ankwiyjyhu arencum koBaeHTHMM. BaxkHa
Tpyla MHTepKajaTopa Cy AepuBaTH aKpujuHa. JefaH of
Haj60JBVX 13 Te TPYyIIe je aMcakpuH (c/muKa 18), Koju Cafpsxn
cyndoHaMUAHY U MeTOKcU-Tpymy.[31] OH ce ymehe y cTpyk-
typy JHK, nHxnOupa eHsuM nsomepasy u Lujera XeamKc.
I'maBHa My je HaMjeHa ujeyerbe IeyKeMMje, a/li MY je Be/n-

Ka MaHa HICKa paCTBOpH)I/IBOCT Y BOON.
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Cmuka 18. CrpykTypHa opMyTa aMcaKpuHa

AxryHoMmuiyH [1 je aHTMOMOTUK CTIOXKeHMje CTPYKTYpe
Koju ce Besyje 3a gBocTpyku xenukc JTHK u ciipjedaBa mweny
CMHTe3Yy. [32]

AHTuMeTab0MIMTU

AHTUMeTabOMUTN Cy CMHTeTUYKM J/beKOBM Koju, 360T
CBOje XeMMjCKe CIMIHOCTY ca PUSMOMTOUIKY aKTVBHUM ITIPU-
POIHMM MOJIEKY/INMA, UMUTUPa]y ucTe u yrpabyjy ce y THK,



IIpY YeMy HacTajy IIPOM3BOIM KOj/ He MOTY GYHKIMOHCATH
Ha HOpMaJIaH HaulMH. AHTMMeTa00IUTY YHUIITaBajy KaHIje-
porene henuje 6110 TakMMUeHEM ca IPUPOJHUM CYIICTaH-
IJaMa 3a Be3MBame Y aKTUBHU LIeHTAp €H3JIMa, HEOIIXOJHIX
3a 6uocuuresy [JHK (Ha Taj HaumH ux MHXMOUpajy) 6mno
YTPajilboM y HYK/IeMHCKe KICe/MIHe, Y/Me 13a31Bajy O1oxe-
MMjCKU IpOTpaMupaHy cMpT TyMopcke hennje.

MeToTpekcar (cnmKa 19) je aHTaroHUCT QoaHe Kuce-
nuHe. PojHA KUCENMHA je HEONXO[HA 3a IPOLieC IpeHoca
YI/beHUYHUX pparMeHara 1 de novo CMHTe3y TMMMUAAIN/A-
Ta U NyPUHCKMX HYK/IeoTuaa. MeToTpekcar 360r CTpyKTYp-
He CITYHOCTY ca (POTHOM KVICENMHOM Jijenyje Kao peBep3n-
OVUTHM MHXMOUTOP eH3VMa AMXUAPOdOIaT-pefyKTase, Koju
je K/bydaH 3a cuHTesy TMMupamuzara. OH ce KOPUCTH 32
TpeTMaH jleyKeMuja, mMMdoMa 1 CapKoMa, a y KOMOUHOBa-
HOj TepaIlnju 3a iujederbe TyMopa fojKe, Oelnke, gebeor
1pujesa u wiyha.
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Cnuxa 19. CtpyKTypHa popMyIa MeTOTpeKcaTa

-

5-®yopoypaunn (cnimka 20) je aHaIOT MUPUMUUHA.
To je cHa)xaH MHXMOUTOP eH3MMaA TUMULUIAT-CUHTETAse,
KOjU je OfTOBOpaH 3a npeBobeme ypuanHa y TUMUAKH. [33]
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Ciuxka 20. CtpykrypHa dpopmyia 5-payopoyparia

OBaj murocTaTuk je edukacaH y nujedery TyMmMopa
JI0jKe, TIaHKpeaca, JKeNylla, febeor upujesa. Y o0/IMKy Kpe-
Me KOPUCTH Ce 3a TpeTupame paka Koxe.[34]

AHanosy mypuHa (MepKalTOIypMH, TMOI'YaHUH, IIeH-
TOCTAaTHH, KIaApuONH) MHXMOMpajy OMOCHMHTe3y IIypuHa,
omerajy cunresy JHK u PHK, pemmukanujy JHK kao un
CUHTE3Y ITIMKONIpOTenHa. I'7TaBHa HaMjeHa UM je y ujedery
pasmMYNTUX 06/IMKA JIeyKeMuje, KapLiMHOMa J0jKe, TeCTuca
wy 6poHXIMja.

ITpoTUBTYMOPCKI aHTUOMOTULIN

OBy aHTUOMOTHUIIN CY IIPEBUIIIE TOKCUYHH, jep OMeTajy
CTBapame NeNTUIHUX Be3a, IIa CAaMUM TUM 1 IpoTenHa. Ha
henmje paxa gjenyjy Tako ITO OHECIIOCO6/baBajy TPAHCKPH-
nuujy JTHK. Ipwmkom ymorpebe ocnobabajy crnobonne
pajiuKane, KOju Cy, yces, BeMKe PeaKTMBHOCTHU M HeCTa-
6MTHOCT, jako omacHu. Hexxe/beHa fejcTBa cy menpecuja
KOIIITaHe CPXKU U KapAMOTOKCUYIHOCT. OBU JbEKOBM CY MH-
xuburopu henmjckor pacra.

AHTpanuKIMHU (CIMKa 21) Cy U30/I0BaHNU U3 bakTepuje
Streptomyces peucetius var. caesius. MexaHusam JiejcTsa UM

ce 3acHMBA Ha MHTepKananuju y monekyn JJHK, Ha pauyn
yera cy oMeTeHe TpaHckpumnuyja un permkanyuja JJHK. Pe-
OYKLMjOM XMHOHA HACTajy PajiKaau, KOju JOBOLE [O /M-
myHe mepokcupjanyje u omrtehewa henmujcke mem6pane.
Onu cy edukacHuju npotus Beher 6poja TiOBa KaHIepa
oy 61I0 Koje Apyre KIace XeMOTepaleyTCKUX areHaca: Jie-
ykemuje, muM¢poMa, paka KojKe, MaTepulle, jajHMKA U paKa
mnyha. FbuxoBa rnaBHa HycrojaBa je KapMOTOKCUYHOCT,
IITO y 3HATHO] MEPU OTpaHMYaBa BUXOBY ymnorpeby. O6-
MYHO Ce KOPNCTe y IIMKO3MIOBaHO] GOpMH, y Iy 607be
PacTBOP/BUBOCTIA[35]

Taynopy6umm: Ry =-OCH3, Ry =-H
Hokcopybmmn: Ry =-OCHj3, R, = - OH
H Upapy6umys: R,=-H,R,=-OH
R O OH (|) Emmpy6ummym: Rll =-OH, 2R2 -H
H;C 9
NH,
OH

Cnuka 21. CrpykTypHe GopMy/ie aHTpaLMKINHA

Brneomuimau ce yOpajajy y rpymny IIMKOIENTUIHUX
aHTUOMOTHKA Ca U3PAXKEHUM IIPOTUBTYMOPCKUM [I€jCTBOM.
Ha crmmim 22 je npukasan 6neomunus A2. CyndornHa rpy-
na 6reoMunIHa Besyje ce 3a ¢pocdatre rpyne us JHK, mox
IPUCYTHU TUA3OJICKM IPCTEHOBU JOINPUHOCE TOM BE3U-
Bamy. A30TOBM XeTEPOLMK/IM U aMVHO-TpYyIIe oMoryhasajy
KOOpAMHOBame joHa metana. CaxapuaHe jeguaniie noseha-
Bajy pacTBOP/bUBOCT y Boau. IIpumMjena um je y TpeTrMany
BEJIMKOT Opoja pasnMunTuX KapruHoma (I1aBe, Bpara, jaj-
HUKa, muMdoma).
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https://en.wikipedia.org/wiki/Bleomycin
Cinuka 22. CrpykrypHa popmyra 6meomunnHa A2

LIMTOTOKCMYHO [iejCTBO ONEOMUIIMHA Ce TeMe/bM Ha
omrehemwy 1mehepa gesokcupnbose xop Tymopcke hemnnje,
Ha pavyH Yera JoJasy 10 pacKuama jeHor 1 06a TaHLa
JHK. BreoMuIiuz ce Besyje 3a joH rBokD)a 11 KCeOHMK, IpU
yeMy HacTaje peaKTVMBaH PafjuKan KMCEOHMKa, KOju Jla/be
XOMOJIMTIYKY pacKujia Besy usMmely aroma BogoHuka n C-4
aroma pe3okcupubose. THK ce omrrehyje u ¢pparmentuiie,
[Py 4eMy Ha Kpajy HacTajy cnmoboiHe HyKIenHCKe Oase U
mporneHann. [36]

3aHNM/BUB je U NIpuUMjep AUHeMMIVHA A (cmuka 23)
AQHTUOMOTMKA KOjU CA[[PXKV AHTPAUMKINHCKA U eH-[UNH-
ckn ¢parMeHT. 3axBabyjyhn mpBoM, edukacHO ce MHTep-
ka/mpa y many 6pasny JHK, a momohy mpyror penykrus-
HO-HYKIeOUIHNM MeXaHM3MOM (Tako3BaHO BeprmaHoBo
npemjemrrame)([37] rpagu papmkan, xoju yamimrasa JHK.
(38]
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https://en.wikipedia.org/wiki/Dynemicin_A
Cnuka 23. CTpykrypHa Gpopmya fuHeMnnuHa A

bumaN ankanoumn

BubHY a/IKaZIONIN Cy JbeKOBY KOjH Ce Be3yjy 3a IMO0OHO
BPeTeHO U 3aycTaB/bajy Anoby hemmja y meradasu murose,
49MMe IIPOY3POKYjy HeHy CMPT. 3aTO Ceé OHM 4eCTO HasuBajy
u MeTadazHI OTPOBYU WM OTPOBH OOHOT BpeTeHa. [Topen
Tora, MHXMOUpajy cBe octane QyHkiyje hemmnje Besane 3a
MMKpPOTYOyIIe, Kao LITO Cy (aroruTosa geyKoLuTa u CIpo-
BoDerbe HepBHMX UMITY/ICA.

BuHka ankaouam cy u3onoBanu n3 6mneke Vinca rosea.
HajBaykHuju cy BUHKPMCTUH, BUHOACTUH, BUH/IECVH, BU-
HopenbuH (crmmka 24). Fbuxoso pjenosame je moryhe mc-
K/bYYMBO y TOKY MUTO3€ TyMOpcKe henmje. OHnu cripjedaBajy
HacTajame MUKpOTyOy/ia Ha padyH BesuBamba 3a TyOyIuH,
IIPOTENH KOjIf je OCHOBHA jeAMHNIIa MUKPOTYOYy/Ia.[39] Mu-
KpoTy6ysie cy BaKHe 3a yHyTaphe/ujcke TpaHCIIOpTHE IPO-
1jece, a y/Ia3e 1 y cacTaB AUOOHOT BpPeTeHa, Koje je OATroBOp-
HO 3a OfiBajambe XpoMo30oMa y TOKy hermjcke nnobe. Bunka

aJIKajIonan ¢y pelaTuBHO HETOKCUYHMN.

Ro= LHy X o= 0CH = Busbsagmm n= | = Bisiopeusian
B CHO, X = <00 H; = Bumspmern ™ 2 - A possiibuasrim
BowadllHy X = NHs = Dmitaecsin

Cnuka 24. CrpykrypHe GpopMysie BOXXHUjUX BUHKA
anKamonpa

Takcorn (maknmTaKkces, CIMKa 25) je MpBYU MyT U30/I0BAH
u3 Kope Tuce.[40] Takcon peMeTy paBHOTEXY y CTBapamy
MMKpOTYOyIa, 4nja je jerHa off GYHKIMja 1 CTPYKTypHparbe
henmje y pasu gnobe.

https://en.wikipedia.org/wiki/Paclitaxel
Ciuka 25. CrpykrypHa popmyra Takcona
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3a pasnMKy Off BUHKA a/IKaJlouAia, KOju CIIpjeyaBajy Ha-
cTajarbe MUKPOTYOy/Ia, TaKCON MX CTabunusyje y o6ImKy
KOjU je CTYKTYPHO M3MIjelbeH Y OBHOCY Ha yoOudajeHy dop-
my. OBo ce fiemasa y ocje/puBoj ¢asu guobe hennje koja
OuBa 3ayCcTaB/beHa, jep ce MUKPOTYOYy/Ie He MOTY pas3iBoju-
T 1 pesynrar je cmpr hemmje.[41] Takcon je Hajeduxac-
HUjU areHC 3a JMjederbe paKa jajHMKa 1 paka iojke. Iberosa
Mpa IpMMjeHa 6uIa je orpaHMyeHa mpobreMoM fobujarba
Behux kommumHa; Tepamuja jeHOr HalMjaHTa 3axTjeBana
je Tpy cTabma manyduyKe THUCE, @ OBO [PBO je PeTaTUBHO
PUjeTKO, a pacTe BeoMa CIIOPO. 3a U30JI0Babe CBera I0jIa
rpaMa Takcosa oTpebHo je 12 kg kope tuce. 360r crnoxese
CTPYKTYp€, TOTa/JIHa CMHTE3a TAKCOJ/A je BeOMa IyTOTpajaH
¥ CKyII IIpoliec. Pjelerse CBMX HaBeleHNX IIpobyeMa je mo-
Hyzmo ¢pannyckn HayuHuk ITotuje (Pierre Potier), xoju je
ca CBOjUM CapaJHMIMMa YTBPAMO Jia ce 13 uurha eBporncke
TIICEe MO>Ke J130JI0BATH 10-/jealleTII-6aKaTiH, KOji ce MOXe
MPEBECTM Y TAaKCON CUMHTETUYKUM IyTeM, y CBera TpM KO-
paka. 3a 1307I0Bakbe 1 IpaMa OBOI IIPeKypcopa HOTpe6HO je
oko 3 kg nrmnia Tuce. YKynHa rogyimsa Ipoyaja Takcoa je
oxo 4 munujappe USD.

XOpMOHCKI/I Jb€EKOBIU

JbexoBuMa Koju MHXMOMpajy cuHTe3y oproapajyher
XOpMOHA MOXKe Ce YTUIIATU JM MHXUOMTOPHO Ha IIOjefuHa
TKIBA KOja 3aBlice Off TMX XOPMOHa, IITO ce KOPUCTH Y JiMje-
Jerby TYMOpa IOPHjeK/IOM U3 TUX TKMBa.

EcTporenn He IOfCTUYY CaMO HacTajame TyMopa, Beh
IBJIXOB PACT, MIMpPehe Y OKOMHA TKMBA ¥ CTBAapaibe eH3M-
Ma TIpoTeasa, Koje pasapajy Banhemujcky oxommuy. Meby
HajepuKacHMje LUTOCTATUKe OBe Tpyme ybpajajy ce nu-
eTwictmibectpon u docdoectpon - oba 6e3 crepoupHe
CTpyKType 1 06a Tpanc-nzoMepu (cnmka 26). OHi ce opnd-
HO Be3yjy 3a eCTpOTreHCKe perjenitope. [lneTmnictunbectporn
ce KOPUCTH 3a JIMjederbe TyMopa HojKe, a pocdoecTpor ce
KOPUCTH 32 NMjeder-e TYMOpa IIpocTare.

NaO., E;ﬁ*’
Na(y \0

Cmuka 26. CTpyKTypHe GpopMyIie AUeTIWICTIIOeCTPOIa U
docdoectpona

AHTaroHUCTH XOpMOHA MOTy OUTU epUKACHU NPOTHUB
MHOI'MX XOPMOH-3aBICHMX TyMODa, a [IejCTBO MM Ce 3aCHM-
Ba Ha NOTIIYHOM WM [jeIMMUYHOM CIIpeYaBarby IejCTBa
CTepMOUIHMX XOPMOHA.

AnTn-ecrporen Tamoxcuden (camka 27) ce KOpUCTH
3a NMjevyerbe paka [IOjKe Yy paHOj anu M y y3HAIPENoBasoj
¢basu jep nnxubupa nponudepanujy hennja paxa gojke.[42]
Moske OMTH KOPUCTAH M y IPEBEHIMjU OBe 60/1ecT. Y TKM-



By J0jKe, TaMOKCU(EH CIIpjedaBa JijjelloBambe eCTpOoreHa Ha
crierpuduuHe perenTope ¥ MHXMOMpPA TPAHCKPUIILUjY ec-
TpOreH-3aBMICHUX I'€HA.

Ciuka 27. CTpykrypHa Gpopmya TaMoKcudeHa

AHTMAaH[IPOT€HN Ce KOPUCTe y JMjedery KapIyHOMa
npocrare. [ToBehana cekpennja recroctepona Koja ce cpehe
KOJI ITaljyjeHaTa ca KapILiTHOMOM IIPOCTaTe, MOXKe Ce CIpije-
YUTY AHTUAHJPOTEHOM Kao IITO je LMIPOTEPOH-AIeTaT
(cnmuka 28).

COCH,

mOCOCH,

1

Cnuka 28. CrpykrypHa popMy/a IUIPOTepOH-ajeTaTa

PanuoakTuBHM M30TOINM MMajy NPUMjEHY 3a Mjederbe
Heknx obnuka Tymopa. Ha nmpumjep paguoaxktusau joxn 1
ce KOPUCTH 32 Tp€TMaH TYMOPa IITUTHE XXIKje3fie, a Jojaje
ce y 06muky pagnoaktuBHor Nal. OH emutyje B- u y-3pake
- IOK Y-3paly Ipojase Kpo3 TKUBO, B-3paiu ce (kao 3pa-
LY KPaTKOT JIOMETa) 3afp)KaBajy y HbeMy U Jjenyjy LUTo-
TOKCUYHO.[43]

3AK/bYYAK

IIpoujemyje ce ma cBake rofyHe Off TYMOpa LIMPOM
CBMjeTa yMpe OKO 9 MIIMOHA JbYAY, a Ja je CBaka IIecTa
CMpPT IIpOy3poKoBaHa KaHIjepoM. HajpacmpocTpameHnjn
KaHIlepy Cy KaHIepy Ityha, >kemylia, neberor mnpujesa, je-
Tpe 1 fojke. bpoj 060/penux je y mopacry.

Mepuuuna join HeMa KOHKPETaH OfFOBOP Ha OBy 60-
nect. Hajsehn mpobremu ca xojuma ce MCTpakmBadm Cy-
cpehy mpm nujedery KaHIepa jecy BMCOKA TOKCMYHOCT IIM-
TOCTATMKA ¥ jaKO MajIa CIelpUUHOCT BIXOBOT JIjeoBamba.
Renuje xanuepa ce HajOpxKe Amjese y OpraHusMy, jako cy
uHAndepeHTHe, a Ipy TOMe Cy jaKO MHBA3MBHE U IIpeCTa-
B/bajy BEIMKY OMACHOCT 3a CBe OCTaje hemuje opraHmsMa.
IpeBasunaxxeme mpobaeMa Be3aHNUX 3a HeXe/beHa JIejCTBa
LUTOTOKCHYHNX JbeKOBa JOHEKJIe je IIOCTUTHYTO PasBojeM
TAaKO3BaHEe IJWbaHe Tepamnuje, OJHOCHO pas3BOjeM JbeKOBa
KOjJ IIMTOTOCKIYHA JIejCTBA MCIIO/baBajy CaMO Ha MATUTHUM
henujama. 3a cazia je pasBujeH Many 6poj OBaKBMX /bEKOBA.

Y IpeTXONHNX 150 TOLVHA, Y CBUjeTy Cy UCKOpUjermheHe
6orecTn 4mje u3Iedee HeKala Huje OMI0 HU 3aMUCIIMBO.
ITocroje narneau fa he ygpyxeHnM cHaraMa MeSVLIMHCKIX
xemmyapa, ¢usnosora, ¢apmaneyra, MOTEKyIapHUX Ou-

0JI0Ta U T€HETUYapa Y HAPESHOM IIEPUOJY MOXJIa HEKA Off
XeMMjCKUX CYIICTaHLIM KOja ce foOuje y mabopatopuju min
je cama mpupopa Beh mpasu 6ty gobap KaHguaar 3a epu-
KacaH TPeTMaH TyMOPCKMX he/mja, ca MMHMMaTHUM HOCTIe-
Aunama o zpase henuje y opranusmy.

Bynyhnoct y 0Boj o6nactn Mepguine 611a 61 paj Ha
UCIIATUBAabY MalMpara TeHa KOjU Cy YK/bydeHHU Yy PasBoj
KapLMHOMHOT fjorabaja, MCIUTUBambe eH3VMCKIX NHXIOU-
TOpa, /1M ¥ UMYHOTepalnuja 1 IpuMjeHa JOoCTUrHyha y Ha-
HOTEXHOJIOTMj/. MHOTO je CIO)XeHUX MeXaHu3aMa Koju Cy
YK/by4eHM y OB€ IIPOIIeCe U 3aTO C€ JJAHAC Y CBUjETY yIaxy
OTPOMHM HaIlOPY U CPEJICTBA 3a 3yYaBabe CBUX TUX MeXa-
HU3aMa.
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The modern way of life involves adapting to the new
conditions of life of the modern man as they were not
present just half a century ago. The large and rapid changing
of industry and technology has enabled a faster and more
efficient way of day-to-day functioning, but on the other
hand, changesin some habits, the mostimportant of which are
the ones that concern biological and chemical factors. Also,
with the advancement of biomedical sciences and chemistry,
today's diseases are treated unlike 50 or 100 years ago. The
great significance of such a state was also contributed by the
very chemistry and achievements that marked this science.
However, fast life also has negative side - irregular nutrition,
lack of physical activity, succulent lifestyle, habits and all
this can contribute to the development of rare diseases and
even severe curable diseases. Cancer is one of these diseases.
This paper deals with the mechanisms of malignant disease
formation, the molecular structure of the gene (DNA
structure) and the study of the structural integrity of some
molecules used to treat these very dangerous diseases -
cytostatics. By a good understanding of pathophysiological
changes in healthy cells, scientists are able to translate them
to the molecular level and to create molecules that can cure.

JINTEPATYPA:

[1]. J. M. Gulland, The structure of nucleic acids, Cold
Spring Harbor Symp. Quant. Biol, 1947, 12, 95-101.

[2]. J. D. Watson, F. H. Crick, A Structure for Deoxyribose
Nucleic AcidNature, 1953, 171, 173-180.

[3]. https://hypertextbook.com/facts/1998/StevenChen.
shtml

[4]. A. Martinovi¢, M. Ojdani¢, Molekularna biologija i
genetika, udzbenik za tredi ili Cetvrti razred gimnazije,
Zavod za udzbenike i nastavna sredstva, Podgorica,
2011.

[5]. M. Mintas, Medicinska kemija protutumorskih lijekova,
Medicinska naklada, Zagreb, 2013.

[6]. ,Defining Cancer®. National Cancer Institute. 17

Toguwinie 61. §poj 2 (2020) 47



September 2007. Retrieved 28 March 2018.

[7]. https://www.cancer.org/cancer/cancer-causes/general-
info/known-and-probable-human-carcinogens.html

[8]. https://www.cancer.org/cancer/cancer-causes/
radiation-exposure/uv-radiation.html

[9]. https://www.skincancer.org/risk-factors/uv-radiation/

[10].T. Herzinger, J.O. Funk, K. Hillmer,D. Eick, D.A.
Wolf, P. Kind, ,,Ultraviolet B irradiation-induced G2
cell cycle arrest in human keratinocytes by inhibitory
phosphorylation of the cdc2 cell cycle kinase®,
Oncogene, 1995, 11 (10): 2151-2156.

[11]. C. Bernstein, H. Bernstein, C.M. Payne, H. Garewal,
»DNA repair/pro-apoptotic dual-role proteins in five
major DNA repair pathways: fail-safe protection against
carcinogenesis“. Mutat. Res. 2002, 511 (2): 145-178.

[12].https://www.who.int/news-room/fact-sheets/detail/
tobacco

[13]. https://www.lung.org/quit-smoking/smoking-facts/
whats-in-a-cigarette

[14].L.S. Lerman, Structural considerations in the interaction

of DNA and acridines., J. Mol. Biol., 1961, 3, 18-30.
C. C. Tsai, S. C. Jain, H. M. Sobell, Visualization of
drug-nucleic acid interactions at atomic resolution: II.
Structure of an ethidium/dinucleoside monophosphate
crystalline complex, ethidium:s-iodocytidylyl (3'-5")
guanosine, J. Mol. Biol, 1977, 114, 317-331.

[15].K. P. C. Vollhardt, N. E. Schore, Organska hemija-
struktura i funkcija, Data Status, Beograd, 2004. (str.
706).

[16].E. B. Krumbhaar, H. D. Krumbhaar, The Blood and
Bone Marrow in Yelloe Cross Gas (Mustard Gas)
Poisoning, J. Med. Res., 1919, 40, 497-508.

[17].A. Gilman, F. S. Philips, The Biological Actions and
Therapeutic Applications of the B-Chloroethyl Amines
and Sulfides, Science, 1946, 103, 409-436.

[18].C.M. Richman, M. M. Makii, P. A. Weiser, A. L. Herbst,
The effect of lithium carbonate on chemotherapy-
induced neutropenia and thrombocytopenia, Am. J.
Hematol., 1984, 16, 313-323.

[19].P. B. Dervan, Design of sequence-specific DNA-binding
molecules, Science, 1986, 232, 464-471.

[20].C. L. Kielkopf, S. White, J. Szewczyk, J. Turner, E.
Baird, P. B. Dervan, D. C. Rees, A structural basis for
recognition of A.T and T.A base pairs in the minor
groove of B-DNA,, Science, 1998, 282, 111-115.

[21].D. Zavrénik, M. Medi¢-Sari¢, Farmaceutska kemija 1,
Farmaceutski fakultet, Sarajevo, 2015.

[22].T.Oida, W. G. Humphreys, F. P. Guengrich, Interactions
of Ny-guanyl methyl- and thioether-substituted
d(CATGCCT) derivatives with d(AGGNATG),
Biochemistry, 1991, 30, 10513

[23].]. L. Everett, J. J. Roberts, W. C. Ross, Aryl-2-
halogenoalkylamines. Part XII. Some carboxylic
derivatives of NN-di-2-chloroethylaniline, J. Chem.
Soc. 1953, 2386.

[24].A. H. Khan, J. S. Driscoll, Potential central nervous
system antitumor agents. Aziridinylbenzoquinones, J.
Med . Chem., 1976, 19, 313-317.

[25].P. Brookes, P. D. Lawley, The alkylation of guanosine
and guanylic acid, J. Chem. Soc., 1961, 3923-3928.

[26].F. M. Schabel, T. P. Johnston, G. S. McCaleb, J. A.

48 Xemujcku ipeineg

Montgomery, W. R. Laster, H. E. Skipper, Experimental
evaluation of potential anticancer agents VIII. Effects
of certain nitrosoureas on intracerebral L1210 leukemia,
Cancer Res., 1963, 23, 725-733.

[27].T. P. Johnston, J. A. Montgomery, Relationship of
structure to anticancer activity and toxicity of the
nitrosoureas in animal systems., Cancer Treat. Rep.,
1986, 70, 13-30.

[28].B. Rosenberg, L. Van Camp, J. E. Trosko, V. H. Mansour,
Platinum compounds: a new class of potent antitumour
agents, Nature, 1969, 222, 385-386.

[29].]. Reedijk, The mechanism of action of platinum
antitumor drugs, Pure Appl. Chem., 1987, 59, 181-192.

[30].R. C. Todd, S. J. Lippard, Structure of duplex DNA
containing the cisplatin 1,2-{Pt(NH)3)2}2+-d(GpG)
cross-link at 1.77 A resolution, J. Inorg. Biochem. 2010,
104, 902-908.

[31].R. Zittoun, Mitoxantrone and high-dose cytosine
arabinoside for the treatment of refractory acute
lymphocytic leukemia, Cancer Treat. Rep., 1985, 69,
1447-1448.

[32].W. Muller, D. M. Crothers, Studies of the binding of
actinomycin and related compounds to DNA, J. Mol.
Biol., 1968, 35, 251-290.

[33].D. B. Longley, D. P. Harkin, P. G. Johnston,
s-fluorouracil: mechanisms of action and clinical
strategies Nat. Rev. Cancer, 2003, 3, 330-338.

[34].A. A. Adjei, A review of the pharmacology and clinical
activity of new chemotherapy agents for the treatment
of colorectal cancer, Br. J. Clin. Pharmacol, 1999, 48,
265-277.

[35]. A. Dautant, B. L. Estraintot, B. Gallois, T. Brown, W. N.
Hunter, A trigonal form of the idarubicin:d(CGATCG)
complex; crystal and molecular structure at 2.0 A
resolution, Nucleic Acid Res., 1995, 23, 1710-1716.

[36].D. L. Boger, H. Cai, Bleomycin: Synthetic and
Mechanistic Studies, Angew. Chem. Int. Ed., 1999, 38,
448-476.

[37].R. R. Jones, J. P. R. Bergman, o-Benzyne. Generation as
an intermediate in a thermal isomerisation reaction and
trapping evidence for the 1,4-benzenediyl structure, J.
Am. Chem. Soc., 1972, 94, 660-661.

[38].Y. Sugiura, T. Arawaka, M. Uesugi, T. Siraki, H.
Ohkuma, M. Konishi, Reductive and nucleophilic
activation products of dynemicin A with methyl
thioglycolate. A rational mechanism for DNA cleavage
of the thiol-activated dynemicin A, Biochemistry, 1991,
30, 2989-2992.

[39].M. A. Jordan, L. Wilson, Microtubules as a target for
anticancer drugs, Natural Rec. Cancer, 2004, 4, 253-265.

[40].R. N. Saic¢i¢, Z. Ferjanci¢ , Taksol: od prirodnog
proizvoda dokomercijalnog leka protiv raka, Molekuli
u tajnama zivota oko nas, Hemijski fakultet, Beograd,
2009. (str. 139-149).

[41].]. Lowe, H. Li, K. H. Downing, E. Nogales, Refined
structure of ap-tubulin at 3.5 A resolution, J. Mol. Biol.,
2001, 313, 1045-1057.

[42].V. C. Jordan, Tamoxifen: a most unlikely pioneering
medicine, Nat. Rev. Drug Discov., 2003, 2, 205-213.
[43].H. P. Rang, M. M. Dale, ]J. M. Ritter, P. K. Moore,

Farmakologija, Data Status, Beograd, 200s.



BECTW us HIKOJIE
BECTM 3a HIKOJIE

Asnnja Y. BEJCEJIN, npodecop xemnje y EKoHOMCKO-TyprCcTHYKOj mIKomw, [Iparam,
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YBO[I

HacraBa xemuje oppebeHa je HacTaBHUM IUIAHOM U
IporpaMoM Koje npomnucyje Munucrapcrtso npocsere Pe-
ny6ke Cpbuje. Y oZHOCY Ha paHuje HacTaBHe IIPOrpaMe,
HOBY HAaCTaBHM IIPOrpaMy Cy yCMEpeHM Ha MCXOfie KOjI OIl-
UCYjy pe3ynTaTe yuera rpeamera y ofpeherom paspeny. 3a-
JATaK HaCTaBHMKA XeMMje jecTe Ja IJIaHupPa aKTUBHOCTA Ha
Jacy Tako /ja yIeHnIM Mory a popMupajy 3Hamba 1 BeITn-
He ONMCaHe MCXOAMMa. 3a CBaky 4ac 6u Tpebaso, mpema
MCXOZIMMA, fla Ce ITAHMPAjy aKTUBHOCTYU KPO3 KOje y4eHM-
1y GopMMpajy HOBa 3HaIba WIM BELITHHE, II0Be3yjy ImpeT-
XOJJHO CT€YEHO U HOBO 3HAmbe, U CUCTEMATU3Y)y 3HAME, U
Kpo3 pOpMaTUBHO IIpOBepaBabe f001jajy OaMax HOBPATHY
nHdOpMaLjy O COICTBEHOM HAIIPEOBabY Y yUeHY, Kao U
IIPUIMKY Jla OMaX MCIpaBe rpellke y pe3ony. IIpema mcxo-
[uMa IUIaHMpajy ce n foMahm 3ajjaiy, KOHTPOIHY 3afally,
TeCT NUTamba Y [PYTY Ha4MHYU IpOBepaBarba yYeHNYKMX I10-
cruriyha. YcrenHocT yueHnKa y yuemwy 3aBUCH Off YC/IOBa
y KOjuMa ce HacTaBa Of[BUja, Of OIPeM/bEHOCTI KabuHerTa,
PacIONOXXMBYUX HACTaBHMX cpeficTaBa (Ykbydyjyhm yibe-
HIKe, IPUPYIHUKe 3a TabopaTopujcKe BexOe, ITaKaTe, MO-
fiene, 36upke MuHepasa, Tabay U Kpeay), alu 1 Of KoMIIe-
TeHIjJja KOje jeé HACTaBHUK Pas3BUo.

ITpenmer oBor pajia je mpuipeMare HacTaBHMKA Xe-
MIje 3a yacoBe oOpajie HOBOT rpaansa. IIpepiexxeHe Cy 1Be
npunpenme. IIpsa ce ogHOCK Ha ekunjy PactBopu enexTpo-
JINTa, 33 Y4eHMKe IPBOT pa3pefia I'MMHasMje IPUPOJHO-Ma-
TEMaTUYKOT CMepa, a pyra Ha JeKuujy bakap u jennmema
6akpa, 3a ydeHMKe pyror paspena. Pasjor 3a TakaB usbop
JIeKLIMja je IITO YBOJ, Y JIEKLje MOXe fia 6y,11e ornen. Y mp-
BOj JIEKIM)I TO je OIJIe[, KOjUM Ceé MCIUTYje /Ia I BOJEHN
PacTBOpU CYIICTaHLM IIPOBOJIE W/IY He IPOBOJIe €NIEKTPUYHY
cTpyjy. Y Apyroj nexuuju to je fobujame b6akpa Xxugpomera-
JIypIIKMM ITOCTYIKOM. JIMUHO MMC/IMM /la CY 4aCOBU XeMuje
KOjJ IIOYMIbY OIJIEIOM 33 YYEHMKE HajMHTEPECAHTHII U Jla
TaKO OHU Haj/IaKlle Hayde rpajyuBo.

ITPBU ITPMMEP IINCAHE ITPUIIPEME 3A
YAC XEMUJE - PACTBOPU EJIEKTPOJIMTA

Hacrasnu npegmer: Xemuja

Paspen: IIpsu paspep ruMHasuje IpUpPOSHO-MaTeMaTUYKOT
cMmepa

Hasus teme: J[lucniepsun cucremMn

Hasus HacrtaBne jenunnue: Pactsopn enexrponnra

IINCAHE ITPUIIPEME 3A IBA YACA XEMUJE

Tun gaca: Obpajia HOBOT rpafnBa
Lwp vaca: TlogcTuiame u pasBujambe MHTENTEKTyalHe pa-
TO3HAJIOCTY YYEHMKA, pasyMeBama IIpefMeTa M3ydaBarba
XeMuje ¥ y OKBMPY TOTa ITOjMOBA Y Be3U C eNeKTPONUTHMA,
Kao M HAay4HOT METO/Ia KOjUM Ce y XeMUju JIO/Iasy JO Cas-
Hama.
O6/m1k HacTaBHOT paja: PpoHTaTHN
HacraBHe MeTofje: MOHOJIONIKA, [Uja/IONIKa, JEMOHCTpa-
IIOHa
HacraBHa cpeficTBa: cyIcTaHIe, 1ab6opatopujckyt mpubop u
mocybe, Tabma, xpena
CrpyKTypa yaca u cafip>kaj paja:
1. YBOJIHHU Jleo Yaca (Tpajame 13 MUHYTa)
- yHI/ICI/IBaH)e qacan eBI/I}IeHTI/[paH)e Y‘{eHI/IKa;
- u3Bobeme ornena;
- O3HaYaBal-€ HaCTAaBHE jeHUIIE.
2. IJIaBHM Jieo 4Yaca (Tpajame 25 MUHYTa)
- nepuHMCaIbe HEeNeKTPOIUTA 1 eIeKTPOINTA;
- objalmbaBarbe IIPOBOherba eIeKTPIUIHE CTPYje;
- neuHMCabe CTEIIeHA AUCOLMjaLIyje;
- TIOfiefIa e7IeKTPONIUTA;
- KOHCTAHTa JIUcolujanyje eIeKTPOINTA U
OcTBaIOB 3aKOH pa3bakemna.
3. 3aBPILHY Jleo Yaca (Tpajambe 7 MUHYTa)
- pe3ume
- IITamba 3a IIPOBEPY CTeIleHa YCBOjeHOCT 3Hamba
0 pacTBOpUMa eJIEKTPOTINTA.

Yeognu geo uaca

Yac hemo samouern ornmegoM kojum hemo mcmmratn
KOjUI PacTBOPY IIPOBOJiE eIEKTPUUHY CTPYjy. 3a To hemo
KOPUCTUTH U3BOP jefHOCMEPHE eIEKTPUIHE CTpyje, IOBe-
3aH noMohy IIPOBOJHNMKA Ca CUjaTUIIOM, TIPEKIAYeM U IBe
enextpope. Y damry hemo cuIaTu 0 IIOTIOBUHE IbeHe 3aIpe-
MIHE [JeCTIIOBAHY BOAY, a 3aTuMM heMo y BOAY CIyCTUTH
€/IeKTPOJie ¥ YK/bYUUTH CTPYjHO KOJIO. 3ama>kaMo Jia CHjain-
Ia He CBET/IN, IITO 3HAa4M [ AeCTIIOBAHA BOJA IPAKTUYHO
HE ITPOBOIV €IEKTPUIHY CTijy.

[TonoBuhemo oryen, amu yMecTo [eCTUIOBaHE BOJe
y 4amry hemo ynutu 10 %-nocrorHn pactsop uehepa (ca-
xapo3e). 3amaxaMo fja ce M 'y OBOM C/Iy4ajy CHjaIniia Huje
yIamWia, WTo 3HAa4M Aa HU pacTBop Iuehepa He mpoBoOAM
eIeKTPUYHY CTPY]y.

ITonosuhemo oryep, a ymecto pactsopa mehepa y gamury
hemo ynntit 5 %-HOCTOTHY PACTBOP CYMIOpPHE KUCETIVHE.
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3ama>kaMo Jja ce Cujalnia yrnaauia, ITo 3Ha4M Jja pac-
TBOP CYMIIOpPHE KJICe/IVIHE IIPOBOJIM €NIeKTPUYHY CTPY]y.

ITonoBuheMo orzmem, a ymMecTo pacTBOpa CyMIIOpHE
KMCeMUHe Y Jaury hemMo ymuTu 5 %-IOCTOTHU PacTBOP Ha-
TPUjyM-XUIPOKCUA. 3alakaMo Ja Cce CHMja/iuLa yIIalnia,
IITO 3HAYM J]a PAcTBOP HATPUjYM-XUAPOKCHIA TIPOBOAM
€NIEKTPUYIHY CTPY]y.

Jour jegrom heMo OHOBUTI OIJIE], @ YMECTO PacTBOpa
HaTPUjyM-XUAPOKCU/a y vairy hemo ynmutu 5 %-IOCTOTHU
pactBop HaTpujyMm-xnopupa. Cujanuua ce ymanmia, LITO
3HAUM J]a U PACcTBOP HATPUjyM-XTIOPKUJIA IIPOBOAM €/IEK-
TPUYHY CTPYjy.

PactBop mehepa He IpOBOAM eNEKTPUYHY CTPY]y.
CyncraHile uujyu BOleHM PAcTBOPU He IPOBOJie €1eKTpUd-
HY CTpPYjy Ha3uBajy ce HeemeKTponuTu. Behnua opranckmx
jemumbermba paCTBOP/BUBUX Y BOJM CY HEENeKTPOIUTH, HIIP.
wehep, IIMIEPUH U aTKOXOIL.

PacTBOpu cymMIoOpHe KMCe/IMHe, HaTPUjyM-XUIPOKCIA
U HaTPUjyM-XTIOPUJA TIPOBOJE €NeKTpudHy cTpyjy. Cyrc-
TaHlle YMji BOJEHY PAcCTBOPU IIPOBOJi€ €/IEKTPUYHY CTPYjy
HA3WBajy Ce eIeKTPOIUTH, Koje heMo Ha OBOM 4acy mpoy-
YJaBaTI.

I'nasnu geo uaca: Pacitieopu enexiponuiia

a) Enexitiponuitivuka gucoyujayuja

ITojaBa ma BOfEHM pacTBOPU IIPOBOJE €NEeKTPUUYHY
cTpyjy 6una je mosnara nmodyerkom XIX Beka. Taga ce Bepo-
Ba/Io fla €IeKTPUYHO I10J/be M3a3MBa fle/beibe HeyTpamTHUX
YeCTMa Ha NMMO3UTVBHE M HETAaTMBHE HOCKOLE €IEKTPULN-
TeTa, Koje je Papapej 1834. roguue Hassao JOHI. Kachuje je
yTBpheHO a eNeKTpUYHY CTPYjy IPOBOJE U HEKM PacTONN
6asa ¥ comu, HeKe UBPCTe CyICTaHIe (HIp. cpebpo-joans,
Agl) n Heke uycTe TeYHOCTH (HIIP. 6€3BOJ{HA CYMIIOpHA KM-
Ce/uHa), aJlu Cy UITaK HajBaKHUjJ BOJCHN PACTBOPIL.

ITojaBy je mpBU 06jaCHMO MIBEACKYU HAYYHUK ApeHU]jyC
1887. TolMHE CBOjOM TEOPMjOM €/1eKTPOIUTHUYKE JYCOLIMja-
nuje. IIpema 0Boj Teopuju, Kucenute, 6ase 1 comm ce Ipu
pacTBapamy y BOIM CIIOHTAHO Pa3iaxy (IMCOCYjy) Ha MO3M-
TUBHO ¥ HETaTUBHO HaelleKTpUCaHe fiefiose, HasBane JOHI:

H2SO04(aq) » 2H'(aq) + SO4*(aq)
NaOH(aq) > Na‘(aq) + OH (aq)
NaCl(aq) > Na*(aq) + Cl(aq)

JoHU ce y eeKTpUYHOM 10JbY Kpehy mpema cynpoTHO
HaeleKTPMCaHUM efleKTpofaMa. I1o3uTBHM joHU MpUMajy
€/IEKTPOHE Of HETATUBHE €/IEKTPOJie U TUME Ce HeyTpajIMIIYy,
a HeTaTUBHMY jOHY IIPeJiajy eleKTPOHe MO3UTUBHOj e/1eKTPO-
oy u TuMe ce HeyTpamuury. OIMcaHuM IPOLecOM pacTBO-
POM ce ITpeHOCe e/IeKTPOHM I1a Ce OH IIOHAlIa Kao IPOBOJ-
HUK €JIEKTPUYHE CTPyje. Y TaKBUM CIydYajeBUMaA CUjalIuIa
CBET/IM 3aTO LITO je CTPYjHO KOJIO 3aTBOPEHO.

Y pacTBOpMMa HeeNeKTpoNUTa HeMa AMcolujanuje,
HeMa joHa, HeMa IIpeHoca eJIeKTPOHA, CUjaIilia He CBET/IN U
CTPYjHO KOJIO HIj€ 3aTBOPEHO.

&) Cinetien gucoyujayuje, o

CreneH fuconmjanyje CIy>kKM 3a M3paskaBarbe jaunHe
enexTpomuta. 1o feduHnIMju cTEleH fuUcoLjalje Ipef-
cTaBsba offHOC M3Mehy 6poja MoeKya Koju Cy AMcoCcoBaHu
Ha joHe, N(dis) u ykymHOr 6poja MOJIeKyia Koji Cy YHETH Y
pactBop, N(uk):
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CremneH pucouujanuje je 6e3fMMeH3NOHA Be/IMYMHA, A
u3paxkaBa ce OpOjHIM BpefHOCTUMA Koje ce Kpehy y nnTep-
Bajly Off O [0 1. AKO Ce TOPIbM M3Pa3 IOMHOXMU Ca 100, Tajja
ce BpefHocTy Kpehy o o 1o 100 M m3pakasajy y mpo-
nenTe. Taxo, Ha IpuMep, aKO ce Off 1000 MOJIEKy/a YHETUX Y
PacTBOP, 350 AMCOCOBANIO Ha jOHE, CTENEH AMUCOLMjalyje TOT
€JIEKTPOJINTA je:

a = Ndis / Nuk =350 /1000 = 0,35;

a = 0,35100 % =35 %

Crermen amconujanuje enekrponmra oppehyje ce Me-
pemEM €IEKTPpUIHE IPOBOA/BMBOCTI MIN OCMOTCKOI IIpM-
THCKa PacTBOpa.

CreneH fucouujanyje e1eKTPOIUTA 3aBUCK Off IPUPO-
Jie eNeKTPOINTA, IPUPOJie PacTBapaya, TeMIIEpaType U KOH-
LIEHTpaLyje pacTBopa.

nm

8) Ilogena enexiniponuinia

EnexTponuTy ce npeMa BpeHOCTHU CTeNeHa JUCOIMja-
1juje fiefie Ha jake, yMepeHe 1 crabe eeKTPoInTe.

Jaku eneKTpONUTU Cy OHM eNeKTPIUTU YMjH je CTeTIeH
puconyjauuje Behn ox 30 %, y pacTBOpy KOHILEHTpaluje
0,1 mol-dm™. ¥ jake efekTponuTe criajiajy jefiumernba ca joH-
ckoM Be3oM. C IpoMeHOM KOHIIeHTpalllije jaKMX e/1eKTpPo-
TIUTa, CTETIEH VCOLjallMje Ce Malo Mekha ¥ BPETHOCT MYy je
6/11CKa jeRMHIIN.

Cnabu e1eKTpONNTI Cy OHU €/IEKTPOINTHU YMjH je CTe-
TIeH JyconMjanyje Mamu of 3 %, y pacTBOpy KOHIIEHTpaLuje
0,1 mol-dm?. ¥V crabe enexrponute crmagajy jenumera ca
MIOZIAPHOM KOBajleHTHOM Bes3oM. IITo je momapHuja Kosa-
JIeHTHA Be3a, TO /IaKIlle 0a3u 10 AMcolujanuje. Y KOMMKO
je crereH puconyjanyje Behn, yTONMMKO je eeKTPOINT jadn.
C npoMeHOM KOHIIeHTpalje, pa3bnaKiBameM pacTBoOpa
ClMabyX eNeKTPONINTA, CTEHeH AMCOLMjalyje ce M3PasUTo
Mema 1 nocraje sehn. Cynporso ToMe ipy Behnm KoHIeH-
TpauujamMa Ipub/IKaBa ce Hylu.

Vsmel)y jakmx u cmabux eneKTponmTa Hajase ce yMepe-
HO jaKI €JIeKTPOIUTH.

Tpeba HamoOMeHYTHU Ja jauMHa eeKTPONNUTA 3aBUCK U
oy mpupoze pacrsapayda. Tako je cupheTHa K1cenuHa 3Hart-
HO jayy eleKTPONUT Y T€YHOM aMOHUjaKy HETrO Yy BOJIEHOM

pacTBopy.

i) Kouciianitia gucoyujayuje

Jucoumjanyja jakux e1eKTpoNINTa cMaTpa ce fia je He-
ITOBPATAH IIPOILIEC, A/ Ce AMCOLMjaIja CTabuX eIeKTPOIn-
Ta cMaTpa MOBPATHUM IIpolecoM. Tako ce mpu Jguconnuja-
1j 1 C1aboT eIEKTPOINTA jaB/ba U CYIIPOTAH IIPOLEC, {OTIA3N
IO acolmjaiuje, HACTajy MOJEKYIM CIabOT eIKTPOJIMTA.
OBu npoluiecu ce ofiBMjajy CBE NOK Ce HE U3jefHAUE HUXOBE
OpsuHe, KaJja HACTaje CTambe JUHAMIYKe paBHOTeXe nusMehy
MOJIEKY/ICKOT ¥ JOHCKOT 00/IMKa C/1abor eeKTpOonTa:

AB= A"+ B

ITpumeHOM 3aKOHA O JIejCTBY Maca MOXKEMO HalucaTu
u3pa3 3a KOHCTAHTY paBHOTeXe, KOja ce Y OBOM C/Ty4ajy Ha-
31Ba KOHCTAHTA Jjucoujanmje n o3Hayasa Kc:



[A*] u [B'] cy paBHOTEXHE KOHIIEHTpALlMje TUX jOHA U3-
paxene y mol-dm?, a [AB] je paBHOTe>XHa KOHIIEHTpaIja
HeJ[1ICOCOBaHNMX MOJIEKY/Ia M3pakeHa y mol-dm?.

YKOMMKO je KOHCTaHTa #ucouyjanuje seha, emexTpo-
nut je jaun. Taxo je, Ha npumep: Kc(HCI) = 10> mol-dm?, a
Kc(CH3COOH) = 10° mol-dm?. BpegHocTu KOHCTaHTe -
connjanuje ce rakohe nspaxkasajy y mol-dm?.

VI3 n3pasa 3a KOHCTAHTYy AUCOLMjallMje MOXe ce W3-
Bectu OCTBa/NOB 3aKOH pasOiaxkerma. PaBHOTE)XXHe KOH-
LieHTpalllje MOJIEKY/Ia 1 joHa efleKTposuta onpebyjy ce us
M3pasa 3a CTEeIeH Jucouyjanmje:

oo N
uk

Hexka je KoHIeHTpalja crabor eIeKTponTa C, Taja je

N, =c¢ PaBHOTeXHe KOHILIEHTpallMje jOHa eIeKTPOINTA CY
jenHake [4']=[B ]=N,, ,IIa 3aMEHOM Y FOpIbI 13pa3 Kobuja-
MO:

o [4]
Ny ¢

13 OBOTA CTIENN JIa je
[A*:I =a-c

PaBHOTEXHa KOHLEHTpaLyja MOJIEKYIa €IeKTPOINUTA
jemHaka je pasmuuyu usMehy KOHIEHTpaluje eeKTPONInTa
NPOM3BOJA CTENEHA AUCOLMjalije M KOHIEHTpalje eleK-
Tponuta, Tj. [4B]=c—a-c.3ameHoM T06MjeHUX BPETHOCT y

u3pa3 3a KOHCTAHTY AMCcoLMjanuje fobujamo:

_acrac o’

K. c(l-a)

c—ac

U3 OBOTA CIIeM Jia je
aZ
K, =——
l-a
JemHauyMHa 1OBE3yje KOHCTAHTY JUCOLMjalyje, CTENeH
Aucouujanuje M KOHUEeHTpauujy, a unycrpyje OcrBangos
3aKOH pasbnakera: Ipy pa3blaKyBamy pacTBOpa pacTe
CTeIleH IXCoLMjanyje, a CMarbyje cé KOHLIEHTPalja pacTBO-
Pa, jep je muxoB mpoussoy koncranta Ke. Octsanjos 3akoH
BaKM CaMO 33 PacTBOpe CIa0yX eeKTPOINTA.
IToxa)kxuMo Ha jeHOM IpUMepy:
ITpumep 1. MspauyHajre KOHCTaHTy [ucOLMjaLiuje
cuphetne xucemnue, CH3COOH y pacTtBopy KOHIIeHTpa-
1uje ¢ = 0,01 mol-dm™ u crenena guconujanyje A=0,042

-C

o’ 0,042’
= -c

) mol _0,001764 mol
1-0,042

e 0.958 ~0,01d }21,84~1075mol»dm3
m’ X m’
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3aspunu geo uaca

- Pesume HacTaBHe jegyHMIIE
- IInTama 3a mpoBepy CTelleHa YCBOjeHOCT 3Hama O PacT-
BOpUMa eJIeKTPO/INTA

JPYTU ITPUMEP IIMCAHE ITPUITPEME 3A
YAC XEMUJE - BAKAP U JEOIUIBEIbA BAKPA

Hacrasau npegmert: Xemuja

Paspen: mpyru paspen riuMHasuje IpUpOFHO-MaTEMaTUIKOT
cMepa

Hasus Teme: [Ipenasuu Metanu

Hasus HacTaBHe jenmHu1ie: Bakap u jenumerma 6akpa

Tun waca: Obpaga HOBOT rpauBa

Lwmp gaca: IlogcTuname n pasBujarbe MHTENEKTyalHe pa-
TO3HATIOCTH Y4€HMKA 1 pa3yMeBarbha (PU3MIKIX U XeMUjCKUX
cBojcTaBa 0Oakpa, mobujarma 1 mpyuMeHe Gakpa M HErOBUX
HajBOXHUMX jefUIbErbA.

O6uk HacTaBHOT paga: PpoHTATHI

HacraBHe MeTofe: MOHOJIOUIKA, AVja/IOLIKA M T€MOHCTpa-
LMIOHA

HacraBHa cpeficTBa: CyIcTaHIe, 1ab0paTopujcKu mpubop u
nocybe, Tabna, kpena

CTpykTypa yaca ¥ cajip>kaj pajia :

1. YBOZIHU [leo 4aca (Tpajame 8 MUHYTA)
- yIuCHBambe 4aca 1 eBUAEHTIPatbe YUeHIKa;
- IIMTarba 32 IPOBEPY IIPETXOLHOT IPA/IBa;
- usBobeme orneya;
- O3HaYaBarbe HACTABHE jefMHMIIIE
2. [JIaBHU J1e0 4yaca (Tpajarbe 30 MUHYTa)
- PacIpoOCTpameHOCT U HalaXKekbe 6aKpa y mpupopm;
- nobujame 6axpa;
- ¢usMUKa U XeMIjCKa CBOjCTBa OaKpa;
- mpuMeHa 6akpa;
- jobujame, pusnyKa U XeMUjCKa CBOjCTBA M IIPUMeEHa
HajBOKHUjVX jefjiiberba OaKpa.
3. 3aBPIIHN JIe0 Yaca (Tpajame 7 MUHYTA)
- pe3ume;
- IUTama 3a IPOBEPY CTEIeHA YCBOj€HOCTH 3Hatba 0 Oa-
KPY U 1be€TOBIM je1IbebIMa.

YsogHu geo waca

Hacrasnuk (y gamem rexcty H): Koje cy pyne Hukiia HajsHa-

JajHuje 3@ HeroBo Jobujame?

Yuenuk (y gabeM TeKCTy Y): [IeHT/TaHAUT U HUKETINH.

H : Kaxo ce Hukan fo6uja us pyna?

Y : Huxa ce jo6uja mpoMeTarypLIKIM WIN eIeKTPOMeTa-
Iy PIIKUM TTOCTYIIKOM.

H : HaBemure ¢pusnyka cBojcTBa HUKIA.

Y : Huxarn je cpe6bpHacTo 6€0 MeTal, TEMIKO TOI/bUB, KI/IaB
MeTaJl, MOYKe Ce IOIMPATH IO BUCOKOT Cjaja.

H : la 11 HMKan pearyje ca KUCEOHUKOM?

Y : la. Hukan pearyje ca KUCEOHUKOM, a/Ii CaMO IIpU €Hep-
TMYHOM 3arpeBamy.

H : HaBepure HajBa>kHMje 06/1acTU NpYMeHe HUK/IA.

Y : Hukan ce npumemyje 3a uspagy Hephajyhux genmxa,
3aTUM JIerypa (ca XpoMOM, alTyMUHIjYMOM, CUIMLI]Y-
MOM, IIMHKOM, 6aKpOM), TOHMK/IOBakbe, Kao KaTajusa-
TOP Y XEMWjCKOj MHYCTPUjI.
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H : Koja cy HajsHavyajHuja jequmbermba HUKIa?

V¥ : Huxan(II)-oxcup, NiO u nuxan(II)-xuppokcup,
Ni(OH)2.

H : Y xojy rpymy enemeHnara crajia Hukasn?

Y : Hukan criafa y rpyny mpejasHux MeTasa.

H : Jour jenan wiaH mpenasHux MeTasa je 6akap kojer hemo
Ha OBOM dYacy mpoyuasatu. Y ciefehem ormeny mo-
6uhemo oBaj MeTal XMPOMETATyPUIKUM MOCTYIIKOM.
Y mamy enpysery hy cumatu oko 5 cmj3 pas6maxeHor
pactBopa 6akap(Il)-cyndara, a 3aTum y oBaj pacTBop
YPOHUTH 4KCT TBO3fleHn ekcep. Ilocne 3-4 MuHyTa Ha
HOBPILIMHY eKCepa U3JBOJIO Ce I{PBEHKACTY 6aKap.

Inasnu geo waca: Baxap u jeguiverva daxpa

a) PacripocTpameHoCT 1 Hasmaxemwe 6akpa y Ipuposu

Macenu ypeo 6akpa y 3eM/bUHOj KOPU M3HOCH 1-107 %,
a7y Cy My HajlasWITa KOHI[EHTPUCAHA, A je TAKO JOCTY-
maH. Y mpupopu ce 6akap Hamasy y eIeMEHTAPHOM CTamby
(camopopHu 6akap) win y 006/MKy jenumbersa. HajpaxHuje
pyne 6akpa cy: xankomyput, CuFeS2, xankosun, Cu2S n
KosenuH, CuS.

6) Jobujame 6akpa
Bakap ce 13 pysa MoXXe fOOKTI Ha [jBa HAYMHA:
- IMPOMETATY PIIKUM IIOCTYIIKOM:
2 Cu2S(l) + Cu20(l) » 6 Cu(l) + 2 SO2(g)
- XUPOMETTY PIIK/M IOCTYIIKOM:
Cu**(aq) + Fe(s) > Cu(s) + Fe*(aq)

B) Pusnuka cBojcTsa bakpa

Bakap je MeTan cBeT/IOLpBeHKacTe 00je, MEKaH, BP/IO
JKWJIAB ¥ PACTEI/bMB MeTall, 00ap je IPOBOJHMK e/1eKTpud-
He CTpPYjé U TOIIOTE.

r) XeMujcka cBojcTBa 6akpa

JyruM crajameM 6akap ce IIpeB/Iadn 3e/IeHOM IIaTHHOM
oy 6asHe comu 6akpa. bakap pearyje ca KucenMHaMa Koje ra
Mory okcuposati. Tako pearyje ca pa36/a)KeHOM a30THOM
KUCETMHOM:
3Cu + 8 HNO3 > 3 Cu (NO3)2 + 2NO + 4 H20

Y IpUCYCTBY KUCEOHMKA 13 Basfyxa, 6akap pearyje ¢
pa361a’KeHOM CyMIIOPHOM KVCETMHOM:
2Cu + 2H2S04 + O2 > 2Cu(SO4)2 + 2H20

1) [Ipumena 6akpa

Bakap nma Benuky npumeny. Hajsuiue ce ynorpe6/paBa
Y €leKTPOTeXHNUILIM 3a M3PAAY IPOBOJHVKA, 'PEJHNUX Tea,
€IeKTPOMOTOpa, TeHepaTopa 1 TpaHchopmaropa. Bemn-
Ke Komn4yHe 6akpa ce ymorpeb/paBajy 3a M3pajy Jerypa:
6poHsa (ca KamajeM), MeCHHT (Ca LIMHKOM) ¥ HOBO Cpebpo.

h) Jenumema 6akpa

Hajueurhn oxcupannonu 6poj 6akpa y cTabumHuM je-
[UEEHIIMA je +2, AU Cy T03HATA U KOMIUIEKCHA jefiiberba
ca OKCMAAIMOHUM OpojeBuMa +1 u +3. Of CBUX jeAuberba
ca oKcupaoHnM 6pojem +2 mMu hemo ymosHarn camo: 6a-
kap(Il)-oxcug, CuO; 6akap(Il)-xuapokcng, Cu(OH)2 n 6a-
kap(Il)-cyndar nenraxuapar, CuSO4-5H20.

52 Xemujcku fipeineq

Baxap(II)-okcup, CuO, y 061muKy 1jpHOT Ipaxa, fobuja
ce 3arpeBameM OaKkpa Ha BasgyXxy:
2Cu + O2 »2CuO

Mosxe ce jo6utu 1 3arpeBamem 6akap(Il)-anrpara wim
6akap(II)-xuapoxcuga. To je 6asHM OKCUJ, KOjU Ca KUCEN-
HaMa rpajy comu 6akpa. OBaj OKCHUJ ce KOPUCTH Y TeXHUIN
Kao MCIpaB/bay HAM3MEHNYHE CTPYje, 3a JOKa3MBalbe yIibe-
HIKa U BOJIOHVKA y OPTaHCKUM jefumbemyMa (pegykyje ce
no upsenor 6akap(I)-oxcupa,Cu20) u 3a 60jeme cTakia u
eMajna y IJIaBy Wi 3ejeHy 60jy.

Baxap(II)-xunpokcnn, Cu(OH)2, orBopenomase 60je,
TAIOXKM Ce AejCTBOM 6asa Ha pactBope 6akap(Il)-comu:
Cu*(aq) + 2 OH(aq) > Cu (OH)2(s)

OH nMa mpeTeXXHO 06asHa CBOjCTBA, pearyje ca KUCeu-
HaMa, JJOK ca BUIIKOM 6a3a crabo pearyje. Ca aMOHMjaKOM
rpajy KoMIUieKcHu TerTpaamuu6Oakap(Il)-jon, MHTeH3UBHO
mwrase 6oje. OBaj pacTBOp ce KOPUCTH Kao pacTBapad 3a Lie-
JIy7103y Y IIPOM3BO/ Y BELITAYKMX BIAKHA Off Lie/Ty/I03e.

bakap(Il)-cyndar nenraxmppar, Cu(SO4)2:5H20, je
Hajio3Hatuja 1 Hajuenthe kopuinhena co 6akpa. [To3Hara je
1 TI0J; HA3MBOM IUTaBM KaMeH WM IIaBa ranuia. J[lobuja ce
peaxiujom 6aKpa ca CyMIIOPHOM KUCEIVHOM y IIPUCYCTBY
KICeOHNUKA 13 Basayxa. Kpucramuire y 061Ky KPYIHUX,
w1aBux Kpucrana. [Ipu 3arpeBary ry6y KpUCTaaHy BORY U
mperBapa ce y 6e3BonHy (aHxumposany) co bene 6oje. OBa
CO jako TpMB/IAYM BOAY U IIOHOBO HocCTaje Ivrasa. IlmaBu
KaMeH ce yIoTpe0/pbaBa y II0/bONPUBPENM KA0 CPEACTBO 3a
cysbujame OM/pHUX 60JTecT (3 IIPCKatbe BIHOBE 103€), Ka0
MOUMIO y 60japcTBY, Y ra/IBAaHOIUIACTUILIM, KA0O ¥ 33 aHaJIN-
TUYKO JJOKasyBambe Bofe (y eTI-alKOXOIy).

Bogenn pactBopu jennmberma 6aKkpa ca OKCUAALVOHNM
Opojem +2 cy waBu4acte 60je 300r HacTajarmba XeKCaaKBa-
6akap(Il)-jona:

Cu**(aq) + 6 H20 - [Cu (H20 )6 ]**(aq)

3aspwnu geo uaca

- pe3uMe U3NI0KEeHe HaCTaBHe jelVHUIe
- IMTamba 3a NPOBEPY CTEIEeHa yCBOjEHMCTM 3Harba O
0aKpy 1 BErOBIM jefUbehIMa

ABSTRACT
Lesson plans for two chemistry classes

Avnija U. Vejseli, chemistry teacher at the School of
Economics and Tourism, Draga$

Two chemistry lesson plans for secondary school are
presented in the article. The first lesson plan is dedicated to
electrolytes, while the second lesson plan is related to copper
and its compounds. Common to these two lesson plans
is that the introduction to the lesson is made through the
demonstration of experiments.



