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CAJKETAK

Kymann cepymcknr aabymun (HSA) nva kaoydany yAory y TpaHCIOpPTY B AUCTPHOYIIN]H ACKOBA,
OpU YeMY HHXOBO BE3HBAHSC MOKE OHTH MOAH(HKOBAHO PASAHYUTHM EHAOICHHM U €r30ICHHM
anrananva. Xasonepuaoa (HPD), TurmrdHn aHTHIICHXOTHK IIHPOKE TEpAIlHjCKe IIPHMEHE, ce ¥
BHCOKOM CTelleHy Beayje 3a HSA, npm wemy nmpomene y crelieHy Be3HBama MOIY DHTH OA 3Ha4aja, C
0031pOM Aa je rapMaKOAOIIKH aKTHBHA caMo cA0DoAHA (DpaKImja AeKa.

s oBOr meTpakuBama OHO je HCIHTHBAE MEXAHH3AMA BE3HBAIA H KAPAKTEPU3ALH]A
nnrtepaknuje HPD ca HSA, kao 1 nponena yrumaja oaadpannx hAaBOHOHMAL H JOHA METAAA HA OBY
HHTEPAKIH]y, HIPHMEHOM CIEKTPOCKOIICKHX H /i silice meropa. Pesyararn  dayopecuentae
criekTpockornuje ¢y nokasasn aa ce HPD crabuano i cnemmdprano sesyje sa HSA, npepacxosno Ha
CyanoBoM  MecTy I, y3  AOMHHAHTAH MeXaHH3AM CTATHYKOI Taliema  (pAyopecLeHimje.
TepMOAHHAMHYKH TAPAMETPH VKA3Yjy HA CHOHTAHY UPHPOAY HHIEPAKLHjE H CTAOHAHOCT
hopMHpAHOr KOMITAEKCA, TIPH YeMY V¥ CTADHMAH3ALI]H YYECTBY]Y PASAHYHTE HHTEPMOACKYACKE CHAE,

ITpucycreo jona merasa yrudge Ha HSA-HPD mmrepaxnujy, npm wemy je moxkazaHo Aa joHH
semrOaAKaAHNX MeTaAa (Ca?', Mg?") cmamsyjy adpianTeT BE3HBaa, AOK JOHH ITpeAasHix MeTasa (Cu?t,
Fe®*) me yruuy adpunnrer BesmBama y3 mcIosmaBambe Oaaror crabmamsyjyher edpexra xommaexca.
P aaBoHOBAN (KBEPLIETHH, KATEXHH H AHOCMIH) Ce Be3yjy 3a HCTo BeauBHO Mecro Ha HSA kao u HPD.
VrBpheHo je Aa AeAYjY KA0 KOMIIETHTHBHH AMIAHAH, IIITO AOBOAH AQ CMabeiha aDHHHTETA BE3NBatba
HPD 3a HSA, npu uemy je kKBepLETHH HCIIO/0HO HAJH3PAKE HUH YTHIA] HA KOHCTAHTY BE3HBAIHA.

MOAEKYACKH AOKHHI' H MOAEKYACKA AMHAMHKA ITOTBPAHAH CY €KCIIEPHMEHTAAHE Pe3yATare H
oMOryhHAH AeTASHHUJH YBHA § MEXaHH3ME HHTEpaKUHje M cTabMAHOCT KomIiaekca. Perpecnonom
AHAAMBZOM MOAEKYACKHX ACCKPHIITOPA PA3BHjEH j€ M BAAMAMPAH IIPEAHKTUBHI MOAEA KOJH yKA3yje Aa
annoduanoct (AlogP) n pK.nipeacraBasajy kKoyune dpakrope Besuama HPD 3a HSA.

Ha ocnopy aobujennx pesyarara Moxe ce 3aksyanta Aa je uarepaxunja HSA-HPD npouec
HOAAOKAH  yTUUA)Y  pasamuurax  (Dakropa, I[ITO €€ NOTEHIHJAAHO MOKE OADPASHTH  HA
chapyakoknHeTHYKE ITapaMeTpe U Tepalujcki oAroBop. Murterpanuja criekrpockornckux u i silico
METOAA IIPHMEHEHHX ¥ 0BOM HCTPAKHBAILY IIOTOAHA j€ 34 IIPOYyYaBahe HHTEPAKIHA ACK-IIPOTEHH H
MOZKE C€ IPUMEHHTH H HA APYTe (DAPMAKOAOLIKH AKITHBHE CYIICTAHIIE.

Kioygne peum: XaAoOIepHAOA; XYMAHH CEPYMCKH aADYMHH; HHTEPAKIHja ACK-IIPOTEHH;
cpraBoHOHAN; jOHH MeTaAd; (DAYOPECHEHTHA CHEKTPOCKOIHjA; MOAEKYACKH AOKHHI; MOAEKYACKA
AMHAMHKA; MOACKYACKH ACCKPHITTOPH.




ABSTRACT

Human serum albumin (HSA), the most abundant plasma protein, plays a crucial role in the
transport and distribution of drugs, while its binding capacity can be modulated by various endogenous
and exogenous ligands. Haloperidol (HPD), a ty plcal antipsychotic with broad therapamc use, exhibits
a high degree of binding to HSA, and variations in binding may be of importance, given that only the
free fraction of the drug is pharmacologically active.

The aim of this study was to investigate the binding mechanisms and characterize the interaction
between HPD and HSA, as well as to evaluate the influence of selected flavonoids and metal ions on
this interaction using spectroscopic and i si/ico methods. Fluorescence spectroscopy revealed that
HPD binds stably and specifically to HSA, predominantly at Sudlow site I, with a dominant static
quenching mechanism. Thermodynamic parameters indicated that the interaction is spontaneous and
that the formed complex is stable, with various intermolecular forces contributing to its stabilization.

The presence of metal ions was found to influence the HSA-HPD interaction, with alkaline earth
metal ions (Ca*', Mg*") decreasing binding affinity, while transition metal ions (Cu*", Fe**) showed no
effect on binding affinity, but exhibited a mild stabilizing effect on the complex. Flavonoids (quercetin,
catechin, and diosmin) were shown to bind to the same binding site on HSA as HPD. They act as
competitive ligands, leading to a decrease in the binding affinity of HPD, with quercetin exhibiting the
most pronounced effect on the binding constant.

Molecular docking and molecular dynamics simulations confirmed the experimental findings and
provided further insight into the interaction mechanisms and stability of the complexes. Regression
analysis of molecular descriptors enabled the development and validation of a predictive model
indicating that lipophilicity (AlogP) and pKa represent key determinants of HPD binding to HSA.

The results of this study indicate that the HSA-HPD interaction is a process influenced by
multiple factors, which may affect pharmacokinetic behavior and therapeutic response. The integration
of spectroscopic and #n siico methods applied in this study represents a suitable approach for
investigating drug-protein interactions and may be extended to other pharmacologically active
compounds.

Keywords: haloperidol; human serum albumin; drug-protein interactions; flavonoids; metal
ions; fluorescence spectroscopy; molecular docking; molecular dynamics; molecular descriptors.
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1. YBOA

1.1. Besuame sexkoBa 3a HIPOTEMHE IAA3ZME M YyTHLA] HAa (PAPMAKOKHHETHUKY H
TEPAIU]CKH OArOBOP

Murepakimja n BesHBarbe AEKOBA €A IIPOTEHMHHMA § KPBH IIPEACTABAA KAVIHH aCHEeKT y
pasymeBarsy (DAPMAKOKHHETHKE ACKOBA, jEp AMPEKTHO yIHYe HA AHUCTPHOYLHjY, ehHKACHOCT U
HOTEHLN]AAHA HEKEbEHA ACJCTBA AeKOBA. TPAHCIIOPT AEKOBA Y OPraHH3MY je aKTHBAH IIPOLEC KOjH
yramyayje cnenndpriana u HecriennduYHA BE3HBaba ACKOBA 34 IIPOTEHHE, HpH Yemy Hajehn 3nauvaj
uMajy cepyMckn asOymuH H o-kucean ramkonpotenn (1,2). TMopea smauaja y Tpancnopry, opn
IIPOTEHHH UMA]Y KPYLHJAAHY YAOIY ¥ PEryAHCAE:Y AOCTYIIHOCTH cAODOAHE (hpakiHje Aeka, Koja ce
MOKE AHCTPHOYHPATH y LEAOM OPraHH3MY, CTYIHTH Y HHTEPAKIH]Y €3 HHAHHM MOAEKYAHMA H
ucrosuTa apmakosomrkn ecekar. Besusame Aekosa 3a npoTtenne je Hajuenrhe pepepsndUAHO, IITO
IIOAPA3YMEBA AQd A€K MOe HaryctuTu Besyjyhe mecro m mocratn caoboana dppakunja. Ilpounec
peBEP3NONAHOI BE3HBALA ACKOBA 33 NPOTEHHE 3ABHCH 0A PASAHYHTHX (DAKTOPA KOJH YKAYUYjY
IPHCYCTBO U KOHIIEHTPALN]Y APYIHX MOAEKYAA Y HHPKYAALM]H, KAO IITO Cy MACHE KHCEANHE, ADYIH
AEKOBH, EHAOIEHH M €r30IeHH AHIAHAH, KOJH MOIY 34y3€TH HCTO MECTO BesuBama. Takobe, Ha yaeo
caroboAHE ppaKIHje ACKA ¥ OPraHH3MY, YHME Ce Mera (DAPMAKOAOLIKH OATOBOP, MOIY YTHLIATH
pasAHYHTH (DH3HOAOIIKH YCAOBH KA0 IITO CY crapocT, boaecrn Oyopera u jetpe (3).

PazamunTi chusnosomkn pakropu 1 DOACCTH MOIY AOBECTH AO IIPOMEHA y KOHLIEHTPALIHjI
IIPOTENHA 32 KOJE CE BE3Yjy AEKOBH, LITO MOKE YTHLIATH HA OAHOC CAODOAHE H Be3aHe (ppakilije Aeka
Y OPIAHH3MY 4 MOCACAHYHO Ha FHXOB TePAIeyTCKH eheKaT U IOTEHIHJAAHA HelKe veHa AcjctBa. Ha
IIPHMED, KOA IalujeHaTa ca OydpexuiM 000 semuMa HoIyT XpoHmdHe byDpesxHe HHCyhuHjeHIje,
HePOTCKOT CHHAPOMA U YPEMH|e IIOCTO U CMAEHO BE3UBAKLE AeKOBa 3a aAbymun. Koa medpporcekor
CHHAPOM2, KOHLIEHTpALITja aAGYMUHA je CHuKeHa 1t uanocu 7-25 g/, AOK HOpMAAHE KOHLEHTPALH]e
koA oapacamx usHoce 42,0 + 3.5 g/L) (4). AkymMyAaLmja eHAOIEHHX HHXHOUTOPA HAH KAPOAMHANCARbE
aADyMHHA MOMKE YTHLIATH HA Besuparbe AckoBa. CMaTpa ce Ad €HAOTEHH MHXHOHTOPH, KA0 IOTO CY
YPEMHYHH TOKCHHH HAH MACHE KHCEAHHE, YTAABHOM AOIPHHOCE CMAH:CHOM BE3UBALY ACKOBA 32
aADyMHH (5). V AYACKOM cepyMy HACHTH(PHKOBAHO j€ HEKOAMKO AHHOHCKUX YPEMHYHHX TOKCHHA
KOJH PEAYKY]Y KAIALITET BE3HBAMbA ACKOBA 32 AADYMHH: HHAOKCHA-CYADAT, XHIYPHHCKA KHCEAHHZ,
HHAOA-ALeTaT H  3-kapbokcn-4-metua-5-nponna-2-pypannpomnmoncka  kuceanna (6). CmameHO
BE3HBALE ACKOBA KOA DOAeCTH jeTpe MOxe OHTH ITOCAEAHIA CMAMEHE KOHLEHTpanuje aabyMuHa,
HAKYIL A aEba €HAOTEHHX HHXUOHTOpA (HOp. OHAHPYOHH) HAM IPOMEHE § CTPYKTYPH caMor aAOyMHHA

(7)-

[MTosnaBame HAYMHA M MEXAHM3AMA BE3HBAH-A ACKOBA 32 IPOTEHHE AOIPHHOCH PA3YMEBALY
PASAMYUTHX TEPAaNmjcKux aciekara. Ha nmpumep, koA AKOBa ca YCKUM TEPAIIHJCKHM HHAEKCOM, KAO
IITO CY AHTHKOHBYA3AHTH II0TPeOHO je naxsuBo npaheme nuBoa acka y kpsi (8). Taxkohe, mocrojame
ACK-AEK MHTEPAKIHJA HAU AeK-DOAECT MHTEPAKIUJA MOKE AOBECTH AO HOBehamOr MAM CMabeHmOr
repaneyrckor edexta. ¥V TakBum cramuma, peaoBHO npahermse Tepanmje u npuaiarohaBame A03e Cy
HEOIIXOAHH 32 H3DeraBarme HeKe seHIX edDekaTa U IMOCTH3AE OITHMAAHOT TEPAIIHJCKOT OATOBOPA.
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1.1.1. Moaeau rpabema IIPOTEHH-AUTAHA KOMIIAEKCA

Hurepakimje IpoTeHHa B AUIAHAA CY BEOMA BAKHI OHOAOILIKH IPOLIECH KOJHMA Ce PEryAHIIy
pasamanTe (PyHKOHMje Yy opraHusmy. AHraHAH MOry OHTH MAAM OPraHCKH MOAEKYAH, AEKOBH,
CYIICTPATH MAH KO-(DaKTOPH KOJH ce Be3y]y 3a crenudpuaHy AoKauujy Ha nporenny dopmupajyhn
KoMITAeKC HpoTenHa 1 AnraHaa (Canka 1)

o -

IIporenn Anrana Iporenn-anrans
KOMITACKC

Cauka 1. (I)np.\ulpalbe HNPOTEHH-AUTIAHA KOMITACKCA

Aa Bu AOIIAO A0 HpOIleca Be3HBAFba MOPA IOCTOJATH KOMIIAEMEHTAPHOCT Y ODAMKY H
XeMHjCKHM oOcobuHama Auranaa u Besyjyher nporemnckor mecra (9). Ilouerma wumrepakimja
oMoryhasa IIO3HLHOHUPALE AUTAHAA ¥ AACKBATAH ITOA0KA] Koju omoryhasa chopmupamse pasanyauTix
Be3a M MHTEPAKIH]a, KOJUMA € CTADMAHN3Y])e IIPOTEHH-AHTAHA KOMIIAEKC.

Tpu raaBHa MoAeAa KOjHMa ce ODjallEbaBajy MEXaHH3MH HHTepaxkuuje mamehy nporenna u
AHTAHAA CY MOAEA Kaoy4-DpaBa, MOAGA HMHAYKOBaHOT IpuaarobaBama u MOAeA KOH(DOPMALIHOHE
ceaexije (Canka 2). OBU MOAGAN IIPEACTABAA]Y PASAHYUTE TEOPH|CKE IPHCTYIIE KOJH Ce MOIy
HIPHMELHBATH 3aBHCHO 0A 0COOHHA KOHKPETHOT IIPOTEHHA H AHTAHAA M HY/KHO HE HCK/AYIY]y jeAaH
y oaHocy Ha Apyru (10).

Moaea wayu-Ghasa je ipsn 1yT npeasoken 1894, roaune oA crpane Hemadkor xemuyapa Eamaa
®urmrepa 3a onmc cnenndmaHOcTH eH3IMa pema cyrcrpary (11). OcHoBrn mpHHLIKIT 0BOT MOAEAA
jecte LKPYTOCT MOAEKYAA™, OAHOCHO AQ ¥ IIPOTEHH M AWIAHA HMAjy VHAIIPeA CTPYKTYPHCAHE N
HAEAAHO KOMIIAGMEHTApHE HoBpInHe 32 BesuBame (Canmka 2a). Aurana mopa dmrn oarosapajyher
00AHKa 1 BeandnHe (/b)) Aa OM ce CMEeCTHO Y Be3HBHH AOMEH IpoTenHa (Gpas)). OBIM MOAEAOM ce
objanmmaBa Bucoka crrenudpiaHocT OpojHHX eH3uMckux peakuuja. Mebyrum, oBaj mosea mma
OIPAHHYEHHA jep HE MOKE A2 ODJACHH eKCIIEPHMEHTAAHE HAAA3E AA IIPOTEHH MOMKE AQ BEKE AHIAHA H
Y CAyYA]y KaAd IbHXOBH ITOYETHH 00AHLIM HICY A0DPO yekAahe HH, OAHOCHO A2 MHOTH IIPOTEHHH MOT'Y
Be3MBATH AMIAHAE MAKO H-HXOBH IIOYETHH ODAHMIM HHCY V HOTIYHOCTH KOMIIAGMEHTAPHH, IITO
YKA3yje AQ MOAEKYAH HOCEAY]Y oapebenn crenen dpaekcubuanocru, Amepuaxn bnoxemmyaap Aanmea
Kominany je mpeasoxuo 1958. roanHe mMoses HHAYKOBAaHOT INpHAarobaBama kako DH 0DjacHHO
baexkcnbuanocr y nuarepakumu, [To oBom Moaeay, MecTo BesuBama IpoTeHHA je (PACKCHOMAHO 1
IPHAHKOM KOHTAKTA CA AHTAHAOM AOA23H AO KOH(OPMALHOHHX IIPOMEHA, YHME CE CTPYKTYpa
akruBHOr Mecra npuaarobaea amranay (Camxa 20). Ha oaj maumn, nmporenn ,mema obank™ n
omoryhapa crabuano u cnenunduano Besupame (12). BpojHu excriepuMeHTAAHN TOAALH TIOKA3Y]y AA
HAKOH BE3MBAMA AHTAHAA MOKE AONH AO IIPOMEHA y CTPYKTYPH IIPOTEHE, 1A j€ OBaj MOAEA IOCeOHO
HOTOAAH 32 objarnmaBame TakBux chenomena (13). HMako je peasnmjn oo Moaera Kioyu-OpaBa, rAaBHO
OIpaHHYEH:e OBOI MOAEAA je IIPETHOCTABKA A4 IPOTEHH Y OACYCTBY AHIAHAA IIOCTOJH V jEAHOM
AOMHHAHTHOM, cTabHAHOM KoHOpMAoHoM 00AnKy. CaBpemeHa HCTPAKUBAMA IOKA3Y])Y Ad CY
OPOTEMHH AHMHAMHYKE MOACKYACKE CTPYKIYPe KOje Ce HAAase Yy AHHAMHYKOM  CIIEKTPY
KOH(DOPMALIHOHUX CTAA/ HIOACTALA KOjA KOET3UCTHPA]Y ¥ PABHOTEKH, CA PASAHYHTHM PACIIOAEAAMA
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nonysanuja. Moaea KoH(MOPMALHOHE CEAEKIIHjEe ITOAAZH OA TOra AQ HATHBHO CTAHE IIPOTEHHA HE
HOCTOJU Ka0 jeaHa KpyTa kordopmaruja, Beh kao orponman ancamba koHOPMANMOHUX cTamba (ffee
energy landscape) (14). Awmrana ce MoiKe CEAEKTHBHO BE3aTH 33 HAJIIOTOAHHjE KOH(POPMALIHOHO
CTarbe /IIOACTARE YHME CE PABHOTEKA ITOMEPA Ka ToM cTadman3oBaHoM cramy (Cauka 2B). Apyrum
pednMa, IPOTEMH H § OACYCTBY AHIaHAA MOxke, ca ospehenom BepoparnohoM, ycsojurm 0DAHK
HAEHTHYAH OHOM KOJH HMa § KOMIIAeKCY ca AuraHaoM. OBaj MOAeA IIpyka HajCBeOOYXBATHH]E
objainmerse, jep y 003up yauma ypoheHy AMHAMIKY IIPOTE HHCKUX CTPYKTYpa.

AMTAHA,

MNPOTEHH-AATAHA KOMITACKC

Camxa 2. [[lemaTckn npukasyu TP MOAEAQ Be3HBAbA IPOTeHHA 0 AuraHAa: (a) Kawoyu-Opasa; (0)
Muaykosano npusarohapame (yraamame) 1 (8) Kondopmanmona ceaeknmja.

Ilpearoikena TPH MOAEAQ BE3HBAMA IPEACTABAA]Y €BOAVIIH)Y Y PA3yMEBary HHTEPAKIH|A
OPOTEHHA M AUTAHAZ Y [IPAKCH C€ CBA TPH MEXAHH3MA MOI'Y IIPEKAAIIATH, 2 H30OP MOAEAA 3aBHCH OA
KOHKPETHOI' CHCTeMa KOjH ce npoyuaBa, CaBpenmena OHO(H3MYKA HCTPAKUBAKGA IIOKA3Y]Y Ad je
KOH(DOPMALIHOHA CEACKIM]A HAJAOMHHAHTHH]M MEXAHH3AM HHTEPaKIHje, IIpHAArohasame Moie
HIPATH 3HAYAJHY YAOIY Y CTADHAMBALM]H KOHAYHOI KOMIIAEKCA.

1.1.2. PeBep3ubusHo M HPpeBEP3NOHAHO BE3HBAILE AEKOBA 32 IIPOTEHHE

Muorn AexoBH C1yIajy v HHTEPAKIMjy €a IPOTEHHHMA IIAA3Me, TKHBA HAH €4 APYIHM
Makpomoaekyauma, oyt meaanmna u DNK,  dopmupajyhn  KOMIAGKC  AeK-MAKPOMOAEKYA.
Qopmupame KOMIIAEKCA AEK-IIPOTEHH YeCTO Ce HA3HBA BE3UBAE ACK-IIpoTenH. Aek-nportenH
BE3UBAKE MOzKE OUTH peBep3ubHAAH HAH upeBepsuduAan mpouec (15).
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Ao npeBep3snbHAHOr Be3HBama POTENHA H AeKA Hajuelhe AOAA3H YCAEA XEMHJCKE aKTHBAIIH]E
A€KA, KOJH CE 3aTHM CHAKHO Be3yje 3a IIPOTEHH HAH MAKPOMOAEKYA KOBAACHTHOM XEMHJCKOM BE3OM.
Hpesepsnbnano (HEIOBPaTHO) BE3UBAKE ACKA (HIIP. HHTEPAKIH]A HEKHX HTOTOKCHYHIX AEKOBA €A
DNK) ce moixe cMaTpaTi eKBUBAACHTOM EAMMHHALIMH, jep je oHemoryheno ocaobabame aeka 1
yaasak y aupkyaanujy (16). Oapehena koparenTHA BesuBame MOTy OHTH CHIOPO peBepP3UDHAHA, KAO
IITO je pacTBapame AHCYADHAHHX MOCTOBA Koje (bopMHpPa KAUTOIPHA €A  AHIHOTEH3HH-
kouBepryjyhiv ensmiom (ACE) u ca nporemnnva maasme (17). Koa koBasenTHOr BesuBama He
AOAQ3H AO Dp3e AHCOLHJAIIH]E KAO OATOBOP HA CMAMhEFbe KOHLEHTPALHjE CAODOAHOI A€KA, H TAKBO
BE3HMBAIE IIPEACTABAbA CHOPO ypaBHOTexy)vhi pesepsoap aeka. Mpepepanbuano pesnpame Aeka
objammaBa oapehene BpCTe TOKCHYHOCTH AEKOBA KOJE CE MOIY JABUTH TOKOM AYZKEI BPEMEHCKOI
HEPHOAR, KAO ¥ CAYYA]y XEMH|CKE KAHLIEPOTEHE3E, HAH § PEAATHBHO KPATKOM BPEMEHCKOM IIEPHOAY,
KAO0 y cAy4a]y AeKkoBa Koju hopMHpajy peakrHBHe XemHjcke wuHTepMmeanjepe. Ha npmwmep,
XEIATOTOKCHYHOCT BHCOKHX A032 aneramuHodeHa je mocaeauna (popMHparsa pPeakrHBHHX
MeTaDOAHTHHX HHTEPMEAH]APA KO HHTEPAry]y ca nportennuma jerpe (18).

Hajpehun ©Opoj AexoBa ca IpOTEHMHHMA IPAAH KOMIIACKCE PEBEP3MDHAHHM  IIPOLIECOM.
PeBep3anDIAHO BE3NBAIE ACKA 34 IPOTEHHE ITOAPA3YMEBA AA CE AEK BE3yje 3a IPOTEHH CAADHJHM
XEMH]CKHM BE3aMa, Ka0 IITO CY BOAOHHYHE Be3e HAH BaH aep Baacose cumae (19). Avmnoxnceanne
KOje YHHe AAHAIl IIPOTEMHA HMajy XHAPOKCHA, KApDOKCHA HAH APyra MecTa AOCTYIIHA 32
peBep3udbHAHE HHTEPAKIHje ACKOBA. PepepandNAHO BesHBambe A€Ka 3a IIPOTEHHE je (DEHOMEH KOjH
MOZKE YTHUATH HA AHCTPHOYLH]Y, GHOPACIIOAOKHBOCT U (PaPMAKOAOIIKY AKTHBHOCT Aeka. €K BesaH
32 IIPOTEHH IIPEACTABAA KOMITACKC BEAHKE MOAEKYACKe MACE OrpaHHYeHe MOhH TpaHCIIOpTa KOjH,
300r CBOJUX AMMEH3H]a ¥ CTADHAHOCTH HUje ¥ MOIYhHOCTH A2 ITpoAasyu Kpo3 heanjcke MAN KalIHAApHE
memOpane. (Canka 3).

HHTEPCTIIAANI TPOCTOp
- ; . . .

umm-m ppaxumja aeka

Canxa 3. Besupame ACKOB2 34 IIPOTEHHE IIAA3ME U PACIIOAeAd caoDOAHE dipakiuje

V BesaroM ODAMKY, AHCTPHOYIIHjA ACKA je OrPAHHYEHA HA BACKYAAPHH KOMIAPTMAH YHME Ce
oHemoryhapa IpHCTYII pelelrTopHMa AOLIIPAHIM Y TKHBIMA H HCIIOAsaBatbe Agjerea. Ca Apyre crpaHe,
HepesaHa (caAoDoaH2) ppaknuja Aeka MOxe CAODOAHO AMYHAOBATH Y EKCTPALIEAYAAPHH IIPOCTOP,
CTYHATH y HHTEPAKIH]Y €4 PEUENTOPHMA I IIOAAETATH IPOLECHMA METADOAH3MA H CAMMHHALIH]E, 112
je crora jeAmHo TakBa ppakinja aeka papmakosomikn akruena (20,21). Papnorexa namehy caoboane
u Besane (ppaxunje oapehyje Tepanmjcke edpexre aeka, aan u besdeanocHn npodua, ma je peHoren




Aeokmopexa ducepmaija Jeaena beput

BE3UBAHAd ACKA 34 IIPOTEHHE OA Kp}’l.lll]ﬂ;\l—l("]l' 31—121‘121]21 y K,-\lll—lll‘l[—(ﬂ] OPpHUMEHH H 01[’[11.\[1132].111]11
AO3Hparha ACKOBA.

1.1.3. Kunetuka pespep3uOHAHOLI BE3UBAIbA ACKA 32 IIPOTEHUH

Kunernka peBepanbHAHOr BE3HBAKbA ACKA 34 IPOTEHH €A jeAHHM Besyjyhum mecToM Moxe ce
OITHCATH MOAEAOM PABHOTEKE BE3NBALA, IIPH YEMY C€ V CTak:y PABHOTEXE DP3MHA ACOIjaluje AeKa
(L) n nporenna (P) nsjeaHayapa ca OP3MHOM AHCOLMALIN|E KOMIIAEKCA Aek-TipoTenH (PL).

(L] + [P] & [LP]

Ha ocHoBy 3aKk0Ha 0 A€jCTBY Maca 13 AQTe PABHOTEKE CE MOI'Y H3PA3HTH KOHCTAHTE ACOLIT]allije
(K.) n amconmjaumje (K;) (22). KoncranTa aconmjanmje osHadapa Mepy adpHMHHTETA A€Ka IIpeMa
uporenny. Mowxe ce aedpuHECATH Ka0 OAHOC KOHIEHTpanuje (DOPMHPAHOI KOMIIAEKCA ACK-IIPOTEHH
1 [IPOU3BOAA KOHLIEHTPALIHM]a:
Ko = [LP1/ILI[P]

Bucoke Bpeanoctn K, ykazyjy Ha cHaxkaH aDHHHTET BE3HBALA ACKA 32 IIPOTEHH, OAHOCHO A4 Ce
Hajbeha KOAHYMHA AEKA Y LHPKYAALHjH HAAAZM Y ODAMKY KOMITAEKCA ACK-TIPOTEMH H CA MArbHM
yaerom croboane paxumje aeka (23). Ca Apyre crpaHe, KOHCTAHTA AHMCOLHjAIlHje OITHCYje
HeCTADUAHOCT KOMIIAEKCA, MepPy A(PHHHTETA KOMIIAEKCA AA Ce PACIAAHE HA CAODOAAH ACK H IIPOTEHH!

Kq = [L][P]/ILP]

Bucoke K; BpeaHocrn ykasyjy Ha caad adpMHHTET BE3MBAMbA AGKA H IIPOTEHHA, AOK HHKE
BPEAHOCTH YKa3yjy HA (POPMUPAEE CTAGHAHOL ACK-TIPOTEHH KOMIIACKCA H MHHUMAAHY AUCOLLM]ALH]Y.

AexoBn ca Bucokum Kz yraaBHOM 110cTOje ¥ ODAHKY KOMIIAGKCA W HMAJy MAH YACO
chapmaxoAomky akTHBHE cAoDoAHE dpakimje. Oanoc uamehy koncTaHTH:

K, =1/K,

HoBe3yje CTadHMAHOCT KOMIIAGKCA M JauHHY acormjanuje ynme u oapehyje caapika) caoboane
(hpakmja Aeka KOja CTyIIA y HHTEPAKIH]y €A PeLlelTOPHMA, HCIomasa (papMakoAomke edexre u
HoAAEKE Hponechva MeTabDoamsma u eanmvuHanwje. AexoBu ca Bucokum K, u mHuckum Ky
BPEAHOCTHMA (BHCOK aDHHUTET) Ce AVKE 3AAPKABA]Y § LHPKYAALUJH H MOTY OHTH IOAAOKHHI
HHTEPAKIII]AMA CA ACKOBHMA KOJH ce Be3y]y 3a ucre nporenne. Ca Apyre crpaHe, KOA AEKOBA €A HUCKHM
K, n Bucokmm K, Bpeanocruma (Hmsak acuumTeT) 3aCTyIISeHHjA je caoDoaHa ppakumja v
nupKyAamuju, Opxu kaupenc u kpahe rpajame papmakosomkor aejcrea (23). Opaj MOAEA TIPEACTAB A
OCHOBY AMHAMHKE BE3HBAIbA AEKA 34 [TAA3MA IIPOTEHHE M PA3YMEBAbA OCHOBHOT (paKTOPa KOJH yTHYE
Ha AHCTPUOYLIH]Y, DHOPACHOAOKHBOCT B (PAPMAKOAOIIKE eDEKTE AEKA.

1.1.4. UuTepakiija AekoBa ca nporenHuMa u heanjckum KOMIIOHEHTAMA KPBHE
raasme

KpB je aBodpaszan cucrem koju umMHe KpBHA IAasMa B heaujckn eaement. TeuHa KOMIIOHEHTA
KPBH je ITA23MA ¥ KOjOj ¢y pacropeheHn 1 CyCIIeHAOBAHH ePHTPOLIMTH, ACYKOILIHTH H TPOMOOLIITH.
IMaasma gian ~55% yKyIHe 3alIpeMHHE KPBH H IPEACTAB A PACTBOP HEOPIAHCKHX (EAEKTPOAHTH) 1
OPraHCKUX (IPOTEHHH, AHIIHAH, YI/€HH XHAPATH) jeantberba ca oko 90-92% soae. [porennn maasme
(mpudamkuo 7-8%) ¢y y CTAAHO] AMHAMHYKO] PABHOTEXKH €4 IIPOTEHHHMA KOJU CE HAAA3E ¥
HHTEPCTHIIH]AAHO] TEYHOCTH, IIPH YEMY j€ IhHX0BA KOHLEHTPALM]A ¥ HHTEPCTHIH]YMY 3HATHO HIIKA
(24). TMocroju umie oa 100 pazAmuuTHX BpCTa IPOTEHHA IIAA3ME OA KOJHX CY HAj3HAYAJHH]H aADYMIH,
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raodyannn (o, B u y-raobyannn), pubpunoren u ocrasn. Mcnosasajy pasamanre puznosonike
yAore, ykamyayjyhu oapraBame OHKOTCKOr HPHTHCKA, TPAHCHOPT AEKOBA CHAOIEHHX MOAEKYAQ,
PEeryAaija MMyHOAOLIKAX IIPOLECA H KOATYAALH]e.

Aabymun je nporenn Moaexyacke mace 65000-69000 Da koju ce cumTeTHIIE Y jeTPH H
IPEACTABAA TAABHY KOMIIOHEHTY ITAA3MA TIPOTEHHA OATOBOPHUX 32 PEBEP3HOHAHO BE3UBALE ACKOBA
(25). V oprannamy ce aabymus pacropehyije y maasmu iy BanheAnjckiuy TedHocTuma Koxe, mumha
H PasAHYNTHX APYIHX TKHBA, KoHnenTpanuja aAbyMHHA y HHTEPCTHLIHJAAHO] TEYHOCTH H3HOCH OKO
60% y oamocy Ha maasmy. Iloaymmeor eammvunanmje asbymumna je 17-18 sama. V' mopmasamg
(PH3HOAOIIKIM YCAOBHMA, KOHIIEHTPALI]A AADYMIHA Ce OAP/KABA HA PEAATHBHO KOHCTAHTHOM HHBOY
oA 3,5-5,5% (maca/sanpemuna) nan 4-5 mg/dL. AAOYMHH je OAIOBOPaH 32 OAP/KABAIGE OCMOTCKOT
LPUTHCKA KPBH H 32 TPAHCIIOPT €HAOTEHHX H €I30reHuX cyrcraniu (26). Kao rpasncnopran nporens
32 EHAOreHe CyICTaHIe, aAbyMHH (DOPMHPA KOMIIAEKCE €4 CAODOAHHM MACHHM KHCEAHHAMA,
DHAHPYOHHOM, PA3AHYHTHM XOPMOHHMA (KAO IITO CY KOPTH3OH, AAAOCTEPOH H THPOKCHH),
TpurrrohasoM u ApyruM jeanmersiaMa (27). Caabo KHceAM AEKOBH, K0 IITO CY CAAMIHAATH,
chennADyTA30H U NEeHHIHANHY, ¥ BEAHKO] Mepu ce Besyjy 3a aabymun. MebhyruMm, jaunna Be3anBarma
A€KA PA3AHKY]E CE OA ACKA AO ACKA.

oi-kuceAr raukornpotent (oposomykons, AGP) je raobyann Mosexyacke mace oko 44000 Da
(25). Jeaan je oA raaBHHX npoTenHa akyTHE HH(PAAMATOPHE (hase ¥ OPraHu3My H HMa KAoy9HY YAOTY
Y OAFOBOPY OpraHH3MA HA PAaSAMYHTE BpCTe Ccrpeca, yksyayjyhu wmadexuwmje, Tpayme u
undramaTopue nponece. Kouuentpanuja AGP-a koA 3apapux ocoba y maasmu je mucka (0,4-1%),
AOK KOA VHAAHHX M HH(EKTHBHHX OO0AGCTH AOAA3H AO IOPACTA FHErOBE KOHIIEHTPALH]E.
Tpancnopraa yAora oi-KHCEAOT TAMKOIPOTEHHA ce oraeaa y moryhaocTn Besmparba OasHHX
(Ao uAHNX) AeKOBa Kao IITO cy: B-DAOKATOPH (IPONPAHOAOA), AHTHAEIPECHBH (HMHITPAMHH,
A€SHIPAMUH, AMUTPHITHAIH), AHTHAPHTMHLNA/ AOKAAHH AHECTETHIH (AMAOKAUH, nporadeHoH),
ormonan (Mopdun, metaaoH, denTanns) u apyra (25, 28, 29). AGP je BHCOKO rAHKO3ZHAOBAH
IPOTENH, Ca BHILE OAHTOCAXAPHAHHX AaHANA. Pazamunry maroAoinkn rponecn (madekiuje, yaae,
MaAHTHE DOAECTH) MOIY AOBECTH AO IIPOMEHE § CTPYKTYPH OAHIOCAXAPAAHUX AAHAIA, IITO MOKE
MoauduKoBaTH apHHNTET BesnBaba AckoBa. OBa IT0jaBa je OA IT0CeDHOT 3HAYAja KOA ACKOBA €A YCKOM
TEPAIIH]CKOM IIHPHHOM (AHAOKAHH, NPONAadeHOH, LHKAOCIIOPHH) H BHCOKHM a(DHHHTETOM 32
sesuBarbe ca AGP, rae npomMeHe y rAMKOAH3AIH]HA MOIY AOBECTH AO 3HAYAJHHX BAPH]ALH]A ¥ IIOTAEAY
HICIIOoABAMA TEPAITHCKHX edpeKaTa HAH TOKCHYHOCTH, IITO j€ jeAAH OA PasAora IPEropyvYHBaba
Therapeutic Drug Monitoring-a (TDM) xoa xpurmano oboseanx manmjenata (30).

ANIONPOTENHA €y MAKPOMOAEKYAAPHH KOMIIAEKCH €A YHYTPAIIBUM  XHAPOOOHHM
(AMIMAHEM) A€AOM KOjH je OKpyeH amdpumaTckum omoradeM uarpabenma oa xuapododHHX B
XHAPOMUAHHX KOMIIOHEHTH (aroAurionporensn). Ha ocHOBy BeamdmHe, cacraBa AHIIHAA H
AITOAHIIONPOTENHA, TIAA3MA AHIIOIPOTEHHH CE€ MOTY IOACAMTH HA XHAOMHKPOHE, AHIIOIIPOTEHHE
BpAO Mane, nHTEpMeanjapae n Mase rycrure (VLDL, IDL, LDL) i aunonporense BeAnke rycruHe
(HDL) (31). FbuxoBa 0CHOBHA yAOIra Ce OIA€AQ Y TPAHCIOPTY AMIIHAA M OCTAAMX XHAPOODHHX
Moaekyaa y mupkyaanuji. [Topea criocobrocTn Be3nBama MACHHX KHCACHHA H AHITHAA, XHApOocdhobHA
MATPHLA AHIIONPOTENHA HMA CIIOCODHOCT BE3HMBAMbA ACKOBA HEPACTBOPHHX Y BOAH, ILITO MOKE
YTHLATH HA AHCTPHOVLIH]Y A€KA, KOAHUHHY CAODOAHE (DPaKLMje 4 CAMHM THM H HAa TepaleyTcKe
ecpexre. Ha npmvep, nukaocnopun A (MMyHOCYHIpecHs) ce y BeAnkoj mepu esyje 3a LDL u HDL
AMIIOIIPOTEHHE, IITO YTHYE HA HeroBy AHCTpHOynmjy y opranmmy (31). Amdorepummn b moxe
IPAAUTH KOMIIACKCE €A AHIIONPOTEHHHMA, YHME Ce CMambyje CAODOAHA (TOKCHYHA) KOAHYHHA AeKA
(33). LlnrrocraTuinm, Kao 1ITo je NAKAHTAKCEA HCIIOAABA]Y apHHUTHTE IIPeMa AHIIOIPOTEHHUMA, IITO
MOKE yTHOATH Ha 1uxoBy OwnopocrynHocT (34). ITlozHaBame wnHTepakmmja AekoBa ca
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AHIIONPOTEHHHMA ]E KAMHHYKH 31—151‘121]1—10, ]Ep Yy CrambuMa, ITOHIyT Xlll[Ep;\lllIlmE.\-ﬂle H Aujaﬁereca,
MOWKE ,A,Ohll AO H3MCHE cacTaBa M KOAHYMHHE AHIIONPOTCHHA, HITO AHPECKTHO MOMKE YTHLATH HA
AllC’I'pllF)}-'].lllj}-' H 1[0’['81—1].111]3;‘\.]—1}-' TOKCHYHOCT ACKOBA.

Epurpounrn man npsena kpeHa 3paia, nopea Ttpancriopra O: u CO:; mory BesupaTi
PASAMYUTE EHAOIEHE M ersoreHe AMraHae. Beanmka memOparcka nospumba (~163 pum?) n
DHKOHKABHY ODAMK epHTponHTa 00e30ehyjy BeAHKH IIPOCTOp 32 MHTEPAKIH]Y ca AHraHamva (35).
CaoDoAHH AMIIODHAHH AHTAHAHM, IIPOLIECOM IIACHBHE AMDY3Hje, JEAHOCTABHO IPOAA3E AUIHAHY
MeMDpaHy u HeHeTpHpajy v muTorsasmy epurponuta. Ca Apyre crpase, IPHCYCTBO PASAHYHTHX
TpaHCMEMOPAHCKUX TpaHcIopTepa, kao 1mro cy akBanopuny, GLLUTT (raykosHu TpaHcroprep) u
ENTT (equilibrative nucleoside transporter T) omoryhasa npoaasak XuAPO(OHAHHX MOACKYAQ ¥ EPHTPOLIHTE
(36). VuyTap epHTPOLITA AUTAHAH MOIY CTYIIATH Y HHTEPAKIH]Y €A XeMOrAODHHOM, HAJ3HAYA]HH)HM
Be3HBHHM IIPOTEHHOM €PHTPOLUTA, KAO M Ca EH3MMHMA, [ONYT KapDOHCKe aHXHApase u
nmyaoduanaa, Ha mpmvep, IMyHOCYIIPECHE HUKAOCIIOPHH C€ CHEN I IYHO Be3yje 33 ePHTPOLHTHY
HENTHAHA IIPOAHA cis-frans nzomepasy (muxoadpuann A, FKBP12). s ror passora, npuamkom
crpoohema TDM-a oBor mMyHOCYIIpecHBa, KOHLEHTPALINja Ce MOPA MEPUTH Y IIVHO] KPBH 2 HE ¥
cepymy uan raasmu (37). Aexosn nonyr HapOuTYpaTa, CAAMIHAHE KHCEAMHE, AUTOKCHHA H HETOBHX
AEPHBATA CE€ BE3YJy 32 XEMOTAODHH LPH Y4eMy MOIY AOBECTH AO AAOCTEPHUYHHIX IPOMEHA M H3MEHE
acpirHITETA 33 BesHBarbe KceoHuka (38).

1.2. Xymanu cepymcku asbymun (HSA)

Kymann cepymckn anbymun (HSA) je MoHOMEPHH MYATHAOMEHCKH MAKPOMOAEKYA H
HAa]3aCTYILACHUJH IIPOTEHH KpBHE IAaszMe., OA BEAUKOT j€ 3HAYAja § OAPKABAY KOAOHAHO-OCMOTCKOT
IPHTHCKA IIAA3ME M 33 PEryAanHjy AHCTpuOyLHje TeaecHHX TedHocTH. Takohe, HSA mma Bmcok
ahHHHTET 33 BE3HBAFbE CHAOTCHHX H €I30I€HHX AHIAHAAQA, TAABHH € HOCAY MACHHX KHCEAMHA Y
OpraHusMy, yrude Ha (PapMAKOKHHETHKY DPOJHUX ACKOBA, JEAAH j€ OA HAJBAKHH]HX AaHTHOKCHAAHACA
KpBHE IAazMe 1 uma eHsuMcka csojerba (40, 41). HSA je buran Guomapkep 3a MHOre HoAECTH Kao
IITO CY KAPIIMHOMH, PEYMATOHAHH APTPHTHC, HCXEMH]|A, I'OJA3HOCT ¥ IIOCTMEHOIAY3H Uy DoAecTHMA
KOje 3aXTeBajy CTAAHY KOHTPOAY ramkemuje (3). Mowxe ce KOpHCTHTH M 32 AeYeHe HEKHX OOAECTH
HOIYT XHIIOBOAEMH]E, [II0KA, OIEKOTHHA, KPBAPEHha, XEMOAH]AAN3e, AKYTHE HHCY(DHLIHjeHIIH]e jeTPE,
AKYTHOTI PECITHPATOPHOI AUCTPEC CHHAPOMA 1 xurnoasbymunemuje (42, 43). V kpeuoj maasmu, HSA
ce HAAA3M y KoHUeHTpaunji oA 35-50 mg/ml, meroBo Bpeme mosyeanMunanmje je op 15-20 aana.
[prcyran je m y eKCTPaBACKYAAPHOM M HHTPaBACKyAapHOM npoctopy. Beankn Opoj AekoBa HakoH
IpHMEHE IOAAEKE OP30] PasrpasrbH, YHME CE MOMKE CMABHTH HAM H30CTATH HHXOB edyexar.
Mebyriv, HSA kao raasam Tpancnoprep, saxpasyjyhu criocoDHOCTH Aa Beke MOAEKYAE AEKOBA,
Moze Aa ToBeha HHXOB IMOAYKHBOT H Ad clIpedd Aa Aohe A0 muxoBe aerpasanmje. Ha raj maunn
peryAniie OHOAOCTYITHOCT AEKOBA M DHOAKTHBHIX MOAEKYAA, H KOPHCTH CE KA0 MOAEA 32 IIPOYYABAIHE
HHTEPAKIH]A 2 DHOAKTHBHHM MOAEKyAnMa (44).

1.2.1. Cunresa XxyMaHOI CEPYMCKOT aAOyMHHA

HSA ce cumrernmie y XermaToumuTuma, Ipe CBera Kao Hpenpoasbymun koju caspxu 609
amunoknceansa. [Ipeux 18 ammHokMceAmHa ca aMHHO Kpaja IPENpPOAADYMHHA YHHE CHIHAAHY
CeKBeHIly, KOjy npenosuaje u sesyje SRP niporeun (signal recogrition particle), Ipu 4emMy AOAA3H AO
cbopampama 138. xuapododuor remna. Tako Bezann SRP npoTenn 1 curnasna cekBeHIA BE3yjy ce 32
PELENTOP KOJH CE HAAA3H HA EHAOIAAZMATCKOM peTHKyAyMy. Ha Taj) HaumH ce IOAMIIEIITHAHN AaHALI,
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pubozomu u Moaexya IRNK Besyjy 3a enponaasmartckn perusyaym (45). Kaaa ce cunreruime oa 50-
75 aMHHOKHCEAMHCKHX OCTaTaka y noAnnerntuanom aanny, SRP nporenn ce ykaama, a pubosomu ce
Be3yjy 34 MOBPILIMHY MeMOpaHe €HAOIAAZMATKOI PETHKYAYMA IIPEKO PELenTopa 3a pubosonme Ipu
9eMy AOAA3H AO TPAHCAOKALMjE MOAHIEOTHAHOI AAHLA KPO3 MeMOPaHY eHAOIAA3MATCKOT
perukyayma. Ha yHyTpammoj crpann MemMOpaHe eHAOINAA3MATCKOT PETHKYAYMA HAAA3H CE CUTHAAHA
HEITHAA34 KOJA IPEITIO3HAje CHIHAAHY CEKBEHILY €A IOAUIICIITAMHOL AGHIA U OACEILA je, IPH YeMy
Hacraje Moaekya npoasbymmua (3). Ha ammno kpajy Mosekyaa mpoasbymmna Haazu ce 6
amuHOKkHceAHHa (3 Dasne m 3 xuapodobue aMHHOKHCeANHE). 32 TOAHIEITHAHH AQHALL MOACKYAA
IpoaADYMHHA Be3yjy ce INAIlepOHH, KOjH oMoryhaeajy meroBo yeujame B (DOpPMHpArbe HATHBHE
KOH(OPMALIH]E, Y3 HCTOBPEMEHO CTBAPAbE AHCYA(PHAHHX MOCTOBA Koje (hOopMHpPajy AMHHOKHCE AHHE
ca aMHHO Kpaja oBor AaHua. Hakon Tora, Mosekya npoarbymuna ce y3 nomoh Beaukyaa TpaHCcIIopTyje
y T'oanmjes amapar, rae ce mactaBmsa npouec cunrtese. Y ['oanmjeBom amapary aoaasu takohe Ao
YKAAHAFA AMHHOKHCEAHHCKIX OCTATAKA CA IOAHTIEIITHAHOL AAHIA TIPH YEMY KAO KPAJE:H IIPOU3BOA
HacTaje 3pean xymann cepymcku asbymmn. 3pean HSA cacroju ce oa 585 ammHokmcesmHcknux
OCTATAKA U IIPEACTABAA HETAMKOAHSUPAHH NPOoTeHH MoaekyAcke mMace 66400 Da. Tokom aana, KOA
oapacae 3apase ocode, cunTernie ce oko 15 rpava HSA, a oapehena koamdmna ce ckaaaumnrTa y
xermarounTimva. Ha niponec cuarese HSA yrirge nprcycrso oapeheHnx aMuHOKHCEANHA ¥ OPraHH3MY,
1o0ceDHO IPHCYCTBO TPHIITOgAaHA, TAKO AA CE HEroBa CHHTe3a Mowke roeeharn Hakon obpoka (46).

1.2.2. Crpykrypa XyMaHOI' CEpYMCKOI aAbDyMuHAa

[pumapua crpysrypa HSA caapan 585 amuHoKHCceAnHa, H TO YIAQBHOM AMHHOKHCEAHHE €2
HAEACKTPHCAHHIM DOYHIM HH30M, KAO IITO CY PAYTAMHHCKA U ACITAPATHHCKA KHCEANHA, APIHHHH U
amnsun (47). 3bor oBakse crpykrype npu Heyrpasnoj pH epeanocti AoAa3u A0 jonm3anmje DOYHMX
OCTATAKA AMHHOKHCEAHHA, IITO MOACKYA aADYMUHA YHHI AAKO pacTBOpsuBHM Y Boar. HSA y cBojo]
npuMapHoO] crpykTypu caspxu 35 mmcremna (Cys), oa kojux uvak 34 yuecrsyje v dpopmupamy
AHCYADHAHNX Be3a AOK jeaan nucrens ocraje Hecrrapen (Cys34). Hecmapenn Cys34 numcrennckn
OCTATAK CAAPIKH CAODOAHY THOAHY I'PYITY KOja AGAYJE KAO TAABHH AHTHOKCHAAHC Y KPBHO] IIAa3MH (48).
Oxcnaanmja Cys34 ocrarka 03Ha4YaBa aADYMUH KA0 OCeTAHB OHOMAPKEpP 32 OKCHAATHBHH CTPEC, A
FbETOBO PEAOKC CTarbe (MEPKAITTaADYMIH, HEMEPKAIITAADYMIH HAH HEMEPKAITTAAOYMHIH 2) OApaKapa
HIBOE PEAKTHBHIX BPCTA KHCEOHHKA § TEAY.

Cexynaapny crpykrypy HSA  xapakrepuiie Brcok caspa) o-xeamkca (65-70%), xoju
AOIIPHHOCH EbErOBO] €AACTHYHOCTH U CTAOHMAHOCTH. 32 PasAMKY OA MHOIUX APYIHX IIPOTEHHA,
AADYMHH He IPaAH crabHAHE B-IIAouacTe CIPYKType, 114 je NPHCYCTBO B-AucToBa (sheed) npakTmyaHO
saHeMapoueo (<1%). B-oxperajnm m HacymuanHH (c07) cermentn (~30-35%) robesyjy o-xeAmkce n
omoryhasajy hopmupamse Tpu Beanka aomena HSA rpaachu koMmmakTay, acHMETPHYHY H CPLHOAHKY
CTpyKTypy Anmensuja ~ 80 X 80 X 30 A 49). Tpu raaBua cermenta HSA ce osnauasajy kao somen [
(N-repmunasnn aco, 1-195 AK), aomen I1 (196-383 AK) u aomen 11T (C-repmunasnn aco, 384-585
AK). Ceakn pcomen uma 1o apa cydbasomena (1A, 1B, ITA, IIB, 1A u I1IB), somumanto narpahennx
oA a-xeankea (Canka 4). Cybromenn cy (pAEKCHONMAHE MOAYAH 1 Caapike XHAPO(hODHE LIeroBe KOjH
IIPEACTABbA]Y BE3MBHA MECTA 33 PAIAHYHTE €HAOIEHE M ersoreHe auraHae. VMcmomaeajy ocobuny
npuAarohasama koudopMarije y 3aBHCHOCTH OA Be3aHOI AHraHaa. Tepomjapha crpykrypa HSA
cTADUMAHZ0BAHA je KOBAACHTHHUM AHCYA(PUAHHM Be3aMa, BOAOHHYHHM Be3aMma, XHAPOdOOHHM H
EAEKTPOCTATHYHHM HHTepakuujamMa kao u Ban aep Baacosum cmaama (50). Amcyadpmane Bese
(ancyadomarm MocToBH, -5-5-), kojux uma 17, rpase ce mamehy a-XeAnKca y CBHM AOMEHHMA U KAoYIHE
cy 3a crabuanocT B ortnopHoct HSA mna aenarypaumjy. V oApiKaBamy IrAOOYAApHOT, CPLOAHKOL
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0DAMKA OA KAoy4YHOI 3HAYA)A CY BOAOHHYHE Be3e Koje ce rpaae u uameby aomena u cybDaomena
nosesyjyhu  ammHOKHCeAnmHe yHyTap o-xeamkca. Vlamehy mHaeaexkrpucammx DouHHX  rpyna
amunoknceansa (Hup. Lys-Asp, Arg-Glu) Aoaasm A0 eAeKTPOCTATHYKNX (JOHCKHX) HHTEPAKIIH]A, KOje
HOBPIIHHCKH CTAOMAM3Y]Y IPOTEHH H OA 3HAYA]A CY 33 MHTepakuujy ca okpyxemenm (51). Mamehy
Danckux atoma y crpykrypu HSA aoaasn a0 Ban aep Bascorux murepaknmja. Maxo nojeannauno
caabe, OBe MHTEpAKIHje 30MPHO 3HAYA]HO CTADHAH3Y]Y cTpykTypy HSA.

V crpykrypn HSA masasu ce Beankn Opoj KuceAnx n DasHHX AMHHOKHCEAHHA, TAKO AA IIPH
upomenn pH BpeanocTn A0Aa3H A0 TIPOMEHE HeroBe OcHOBHE cTpykType. [Tpn pH BpeanocTia oa
4,5-8 o 3aysuma 138, HeyTpasny uan H kondopmanmjy, a npu peanoctima pH ucrroa 4,5 crpykrypa
ce IOCTEINEHO Pa3sMOTaBa IIPpH YeMmy 3aysuma 138, F kondpopmannjy (Fasd) 3a kojy je kapakTepucTHIHO
AQ HM2 MY PACTBOPASUBOCT H Behi BHCKO3UTET OA OCHOBHE CTPYKTYPE V3 HAPYIUABAESE CTPYKTYPA
a-xeAankca. OBakBa CTPYKTYpa oApaara ce y oncery pH Bpeanocrn op 3,5-4,5. Camasamenm pH
BPEAHOCTH HCIIOA 3,5 AOAQ3H AO AAvEr PAMOTABAFLA IIPH 9eMY OHA 3ay3numa T3B. E xondopmanmjy
(Extended). V Beoma xmceno] cpeannn, Ha pH Bpeanoctn oxko 2.5 m HIKO] AOAA3H AO HOTIYHOT
pasmoTaBama MoAekyaa HSA (52). Ca apyre crpane y 6asHoj cpeannn, npu pH BpeanocTina oa 7-9
Aoaasn A0 nobehama daekcnbuanocTu crpykrype u Hacraje B xondopnyanuja (Basid). Ilosehamem
pH epeanocrn npexo 9 Hacraje A kondopmanmja (Aged), koja je AocTa cTaOHAHA M TIOCTOJaHA H OB4]
IIpOLEeC je upeBep3nbUAaH, OAHOCHO 0Ba KoH(oOpMarmja ocraje crabuana u npu npomenn pH
BpeAHOCTH, V DAZHO] CPEAHHH AOAA3H AO IIPOLeca H3oMepH3aluje, npu yemy caoboana -SH rpyma
AHCOCYje M HACTAje HeH AHCOCOBAHH ODAMK -S KOJH KaTaAH3yje peakuH]y H3MeHe AHCYA(DHAHHX
MocroBa (53).

Cauxa 4. Kpucraana crpysrypa HSA ca moaoxajem Cys34 mucrennckor ocrarxa.

1.2.3. BeauBHa MeCTa XyMaHOI' CEPYMCKOr aAbyMHuHA

3axsanyjyhu cBojoj Bucoko daekcubOHAHO] CTPYKTYpH B 1pucycTBy Tpu aomena, HSA mma
CIIOCODHOCT AQ BE3yje pasAHYHTE EHAOTEHE M er3oreHe Auranae. Mako cea rpu AooMeHa HMajy cAHYHE
CTPYKType, EbHXOBA CIIOCODHOCT BE3HBASA DASAMYMTHX AMIaHAAA ce pasamkyje. Kopumrhemem
KPHCTAAOIPADCKIX METOAR, II0KA3aHO je Aa ¥ MoAekyay HSA mocroje Tpu raaBHa Be3nBHA MecTa ca
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BEAMKHM ADHHHTETOM 32 BE3UBAE BEAUKOT Opoja aAnranaa. OA HHX ABa BE3UBHA MECTa CE HaAa3e y
cyopomennma ITA m IITA n mosmara cy moa mHasusom Cyasoso mecto I m Cyasoso mecro 11 (54).
Taxohe, mocroju BesuBHO MecTO Koje je criennHIHO 33 BE3HBALE XEMA H OHO Ce HAAA3ZH § CYOAOMEHY
IB. I'Topea oBux MecTa, HOCTOJE JOII YETHPH MECTA 33 KOJa CE MOI'Y BE3ATH JOHH METAAA, KAO U AEBET
MeCTa 32 Be3UBame HeeCTepHHUKOBAHNX MACHHUX KuceanHa (55).

1.2.3.1. Cyaroso mecto I

Cyanoso mecto | (Bapdhapun-asanpomason sesyjyhe mecro) je BeAHKO MeCTO KOje Ce HAAA3H HA
noppiuH aADymuna, Cactoju ce oA 6 XeAHKca KOjH ce HaAaze y okBupy cyDaomena IIA, kora umne
AMHHOKHCEAMHCKH octanu oA 195-383, u cydaomena IB caummenor oa ocraraka 148-154. V cacras
OBOI' BE3HBHOI MECTA YTAABHOM yAa3e HeroAapHe avuuokuceanne, asn HSA takobe caapau n apa
IOAAPHA  KAACTEpa (VHYTPAIIESH M CHOMALIELH).  YHYTPALIERH  KAACTEP UYHHE  ITOAAPHH
amuHOknceanHckn ocranu Tyrl150, His242 um Arg257 m masasum ce HA AHY BE3MBHOI MeCTa, 2
CHOMAIIBA KaacTep Vv umju cactas yaase Lys195, Lys199, Arg218 u Arg222 masasm ce ma yaasy
BE3HBHOT MecTa (50).

3a Cyanoo mecro 1 y najsehoj mepu Besyjy ce morapun n anjorckn Moaexkyan. Takobe, 3a oo
MeCTO BeAHKH A(PUHITET IOKA3Y]Y AHJOHCKA XeTePOHUKANYHA JEAHILEHHA, 4 OA ACKOBA HECTEPOUAHHI
arTmnagaavaropan (NSAIL) n antukoaryaantan aekosn (57, 58). Hexkn aexopn, nomyT Bapdapuna
AOKAAH3Y]Yy C€ ¥ HEHTPAAHOM AEAY OBOT BE3MBHOI MECTA H TO TAKO LITO ITOAAPHA IPYIA § MOAEKYAY
papdpapuHa MHTEpAryje ca HeMOAAPHHM aMHHOKHCceAanHama kao 1o cy Leu238 m Ala291. Oso
BE3HBHO MECTO je BEAHKE 3allPEMHHE, TAKO AA MOAEKYAH KAAd CE BEAY 3a Fbera MOIY Ad 3ay3My
PASAHYHT IIPOCTOP, AAM Cy CBH pacropeheHn Tako Aa rpase BoaoHHuHY Be3y ca Tyr 150, koju je
HAJ3HAYAJHU]H § IIPOLIECY HHTEpaKIHje ca AeKoBHMA Koju ce Besyjy 3a HSA. Mehyruwm, y cayaajy aa
Aohe Ao BesmBama Heke MacHe KuceanHe 3a asbymun, Tyr 150 mrTeparyje ca TOM KHCEAHHOM, TAKO AQ
Ce FbEroBa YAOIa Y HHTEPAKIH]AMA CA ACKOBHMA CMambyje. Y TOM CAyYajy, YMECTO THPO3HHA, 34
HHTEPAKIH]e CA AeKOBHMA ¢y 0A 3Hauaja Lys199 um Arg222 ca jeane c1pane BesuBHor mecra n His242
ca Apyre crpane (59).

1.2.3.2. CyasoBo mecro I

Cyasoso mecro 11 man nnaoa-DeHsoAnazeIHCKO MecTO HaAaszu ce y cybasomeny 1ITA. 3a oo
MECTO YTAABHOM Ce Be3yjy HEeraTHBHO HAEACKTPHCaHe aAH(PATHUHE H apOMATHUYHE KapDOKCHAHE
KHCeANHe. 3a mera ce, Takobe, BeANMKHM a)HHUTETOM BE3yjy MACHE KHCEAHMHE AYIMX AaHana, L-
TpuIrohaH B OKIAHOAT, 2 OA AEKOBA AMA3EIAM M HEKH OA HECTEPOHAHHX AHTHHH(DAAMATOpPHHX
aekoBa (NSAIL) (3, 60). ITo cBojum kapakrepucTukama aocta je camgno Cyasosom mecry 1. Oso
MECTO CAAP/KH O XeAMKca, Y IbEroBOM LIEHTPAAHOM AEAY HAAA3H ce XHAPodOoOHA MIVIAHHA KOJY
usrpahyjy mosapun amunoknceAnnckn ocraud (Argdl0, Tyr411, Lys414 u Ser489). HMako cy oBa mecra
CTPYKTYPHO CAHYHA, AOCTA C€ PA3AHKY]Y 110 IOAAPHOCTH, BeAnYHHH 1 0DAnKy. Cyasoro mecro 11 je
Mabe 3aIIPeMIHe, 1 y 0BoM MecTy ce Tyrdl1 Hanasn y yHYTPAIIEmeM A€AY BE3HBHOI MECTA, IIITO MOKE
AQ OMETA Be3HMBAKbE HEKHX AuraHaaa. OBo MecrTo mMa Marbsy (DACKCHOHAHOCT y OAHOCY Ha MecTo I
3410 IITO Be3UBALE YTAABHOM 3aBHCH OA CTEPEOCEAEKTHBHUX yTHLAjA. [ IpHANKOM Be3nBama AeKoBa
zamecTo Il yraaBHOM He AOAQ3M AO HCTHCKHBama Auranaa n3 Moaekyaa HSA. Mako mva ciocobnocT
A BEKE BEAHKH OPOj PASAHYHTHX jEAHESEHA, MOCTOJH AOCTA Orpanmnyerba. Hip. ykoanko ce usspriu
CYIICTHTYLIH]A METHA IpyIie Ha o BOAOHUKY v L-rpurnrrodany aoaasu Ao Daokase BesuBamsa. Takobe,
L-tpumrrodpan nma oko cro nyra Behn acppauTeT 3a 0BO MeCTO ¥ 0AHOCY Ha eros D-msomep (61).
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1.2.3.3. Beausna mecra 32 joHe MeTaAa

V crpyxrypu HSA maenTndmkopano je Buime Mecra 3a Besubarbe joHa Merasa. Ha obmwm
MECTHMA Be3y]y Ce HEKH OA ECeHLIHJAAHHX METAAA KAO 1IITO CY KAALIM]YM, HHHK, KODAAT 1 rBoxbe, asn
Ce MOLY BE3ATH 1 HEKH TOKCHYHH METAAH ITOIYT HHKAQ, KaaMHjyMa 1 sxuBe. Takobe, 3a oBa MecTa Mory
Al ce BeKY U He(hH3HOAOIIKH, TOKCHYHH METAAH KOJH CE KOPHCTE ¥ MEAHIIHHHI KAO IITO Cy IAATHHA,
3AaTO U BaHAaAMjyM. BeanBHa MecTa 32 meTase obyxBarajy Doune aanne ocrarka Cys34 m Hisl05 y
cyoaomeny 1A, ocratke His67 1 His247 (mosnaru kao Mecto A, THIIHYHO 32 Be3suBame Zn*" joHa), Kao
n His128 u His146 y cydbaomeny 1B, V cybaomeny IIA nasase ce Lys199, His242 u His288, aok cy y
cybaomeny [IB npucyran Met298, Met329 u His338. Cybaomen IIIA caspwxu Lys436 u His440, a
cyoaomen 1IB yroyayje Met548 u His535. HekoBasenTHo BesnBame joHa MeTaAa 3a HSA yraasnom
ce OABMja V IIPETERHO XHAPO(OOHHM IenoBHMa (DOPMHPAHHM OA AMHHOKHCEAHHCKHX OCTATAKA
cybaomena IB. Pt(I)-Oasmpann aexoBm nokasyjy eehy ckaoHOCT ka Beanmpamy 3a DouHe AaHIE
xucruauna u Mernonnaa, Ru(Il)/ (1) jeanmerma npedrepenunjarno unreparyjy ca His (mam ca Hisu
Lys) ocrammma, A0k AL[(III)/AL[(I)—AepuBaTu yraasaoM tusajy Cys34, npn yemy jeamnmersa Au(I1l)
MOTY AOAATHO aa ce Bexxy u 3a His146 (62, 63).

1.2.3.4. Besusua MecTa 3a MACHE KHCEAUHE

MacHe KiCeANHE HMajy CAADY PACTBOP/ASHBOCT Y BOAML, 114 CE U3 TOT PA3A0OIA BE3Y]Y 34 MOACKYA
HSA xojn omoryhaea iHXOB TPAHCIIOPT Y OPraHU3MY H OAP/KABA:E IbHXOBHX KOHIICHTPALIHA Y KPBH.
3a HSA ce mory BeauBarn sacuhene, Mmononesacuhene u roannesacuhene MacHe KHCEANHE AYIHX
aanana. Kpucrasorpadekum aeroaama mokasaHo je aa ce crpykrypa HSA 3a koju je Bezana nexa
MACHA KHCEAHHA pasAuKyje oA crpykrype Harusaor HSA (64). Ha moaekyay aabymuna rocroju Buiire
ACHMETPHYHHX MecTa 32 Besuparbe MacHux xuceanHa (FA1-FA9), koja mory 6mrn npumvapnaa (FA1-
FAT) u cekyaaapua (FA8-FA9). Mecra koja nokasyjy najsehn achunnrer 3a MmacHe kuceanne cy FAZ,
FA4 1 FAS. Mache KiceAnne, Kaaa ce Beky 3a aA0yMHH 3ay3HMajy AHHEAPHY KOH(MOPMALII]Y H AOAA3H
A0 rpabema corux MocToBa nsmehy MacHuX KuceAnHa u HOYHOr OCTATKA HEKe AMHHOKHCEAHHE. 32
FAT mecTo cBe MacHe KHCEAHHE Ce Be3yjy TAKO IITO HUXOBE KapOOKCHAHE IPYIIE IPase BOAOHHUYHE
Bese ca aprunuaoM (Argll7). FA2 mecto Hasasu ce y myronan musmehy cydaomena 1A, IB u IIA n
rpaje BOAOHHYHE Bese ca THposuHOM u apruaumHOoM (Tyr150, Arg257). FA3 u FA4 pesnsna mecta
naaaze ce y cydbaromeny IIA. V FA3 mecty kapOokcnaHa rpylia MaCHe KHCEAHHE TPAAH BOAOHHYHY
BE3y ca ABa MoAekyaa aprunmHa (Arg348, Arg485), a y FA4 mecty Boaonnana Besa ce rpaau usmehy
KapDOKCHAHE IPyIle H MOAEKYAQ apruHnHa, cepuHa 1 TuposnHa (Argd10, Ser489, Tyr411). Macne
KHCEANHE KOje Cy Be3aHe 32 OBa ABA MecTa HHTeparyjy MehycoOHO, B TO TAaKO IITO NOAAPHA IAABA
MacHe KHCEAHHE KOja je Be3aHa 3a FA3 MecTo mHTeparyje ca HEIIOAAPHHM PEIIOM MACHE KHCEAHHE ¥
FA4 mecry. FA5 mecro ce masasn y cybaonmeny 11IB 1 y okBupy mera MacHe KCeAHHE HHTEPAryjy ca
MoaekyAoM Tuposusa 1 ansuHa (Tyr401, Lys525). FAG Beausro MecTo Hasasu ce uanmehy cybromena
ITA u IIB 1 ono mpeacraBasa CEKYHAAPHO MeCTO 3a Besubame nOynpodpena, Besusno mecro FAT
HaAa3u ce y mymsnan 1TA cybaomena, a MacHe kuceanHe ¢y craDHAN3OBAHE ITOAAPHHM Be3aMa Ca
apruanHoM (Arg257). FA8 u FA9 BesusHa MecTa HaAaze ce y IyILsuHE KOJy hopmMHIpajy cybAOMeHN
IA, IB u IIA ca jeane u 1IB, IITA u I1IB ca apyre crpane, 138, pacuen. V oksupy FAS mecra macue
KHCEAMHE HHTEPEATY]y 4 AH3HHOM, apIHHIHOM, acrraparaaoM i cepunonm (Lys195 Lys199, Arg218,
Asp451, Serd54), aok ce FA9 mecto hopmupa HakoH koH(OpPMALIHOHHX H3MeHA ¥ MoAekyay HSA
KOje HACTa)y [P BE3HBakLy MACHHX KuceanHa (05, 60).
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1.2.4. ®dusnosolike yaore XyMaHOI CEPYMCKOT aAOyMUHA

HSA, kao HajpamHNjI IIPOTEHH KPBHE IIAA3ME HMa DPOjHE, BeOMa DMTHE YAOIE § OPraHH3MY.
JeaHa OA E:EroBHX HAjBAKHHIHX VAOIA je OAPMKABAGE KOAOHMAHO OCMOTCKOI IIPHTHCKA IIAA3ME.
KOoAOHAHO OCMOTCKH IIPHTHCAK IIAA3ME HMA IPHDAHKHY BpeaHOCT 0A 28 mmHg, oa uera ce cmarpa
a2 19 mmHg Boan nopekao oa asbymmna, a ocrasnx 9 mmHg normae oa karjoHa (Tpe cBera oA
HATPH]YMA, KOJH OAPMKABA EACKTPHYHY DPABHOTEKY). 300T H:EIOBOI HErATHBHOI HACACKIPHCAHA
oMoryheHo je Be3auBarbe ca KaTjOHHMA, IIPe CBEra €A HATPHjYMOM, IIITO AOBOAH AO 33AD/KABAKGA BOAE ¥
opranusmy. [lpoceuno, 1 g asbymuna moixke aa Besxe 18 ml Boae 1ma ce MOKe KOPHCTHTH y TEPAIIHjH
PABAMYHTHX CTAA Y KOJHMA je AOIIAC AO IYOHTKA KPBH HAM y TperMaHy eaema. Takobe, 3bor
IIPHCYCTBA BE AHKOT OPOja AMHHOKHCEANHA ¥ CBOM MOAEKYAY, AADYMHH MOKE A2 C€ KOPHCTH H ¥ HEKHM
CTAMBHMA HOIYT XHITONPOTEHHEMH|E, YHME OMOIyhaBa HAAOKHAAY AMHHOKHCEAHHA KOj& HEAOCTA]Y ¥
opraausmy (67).

3axBaryjyhu Beankom OpOjy AMHHOKHCEAHHA KOJe CE HAAA3E ¥ MOAEKYAY aADYMHHA 3HAYA|AH je
Y OAP/KABAILY KHCEAHHCKO DA3HE PABHOTEXKE ¥ OPraHH3MY, OAHOCHO IIOHAIIA Ce KA0 KpBHH Iydep.
Ha pH Bpeanoctn kpsu mHajsehm yruma) mmajy mapomjassan npurucak yraseH anokcnaa (COy),
koHuenTpannja jona jaknx (Na', K', Ca®, Mg u CI) u caabux eaexrpornra (docdarn,
XHAPOTEHKApOOHATH) KA0 M APYra cAabO KHceAa MAH cAaDo DasHa jeanmbema. AaOymuH 300T cBOTr
HETATHBHOI HACACKTPHCAMA YTHYE HA KOHLIEHTPALMjE KAT|OHA M aHjOHA Ia camuM Tim 1 Ha pH
BpeAHOCT KpBH (68).

JeaHa oA HajOMTHHJHX YAOTA XYMAHOT CEPYMCKOT aAD YMHHA § OPraHI3MY je TPAHCIIOPTHA YAOTA.
AADYMHH HMa CHIOCOOHOCT BE3UBAGA CHAOICHHX H €r30I€HHX MOAEKYAQ MAAE MOAEKYACKE Mace H
BPILH FGHXOB TPAHCIIOPT HA PASAMMHTA MeCTa y opranusmy. TpaHcriopryje BeAHkn Dpoj jeAuserba,
yKAYayjyhi XOpMOHE (THPOKCHH, CTEPOMAHH XOPMOHH), HeecTepH(DHKOBAHE MAaCHE KHCEAHHE,
hrapoHOMAE, BHTAMHHE, OHAHPYOHH, XeM, a30T MOHOKCHA, Pa3AHYHTE METaDOAHTE, TOKCHHE H
aexose. Takohe, y Mar0] MepH MOKe A2 IIPEHOCH M IIOAHMIIEIITHAE H IIPOTEHHE MABHX MOACKYACKHX
maca (69). Ilomrro je ehmuna oBux MoAsexkyaa xuapodpoOHA, IPH BE3UBAKLY 32 AADYMUH AOAA3H AO
noschama HUXOBE PACTBOP/ALHBOCTH Y IIAA3MHL ‘Ta OCODHHA je OA BEAHKOI 3HAYaja y TPAHCIOPTY
A€KOBa, jep ce noBehameM BUXOBE PACTBO PAHBOCTH IIPOAY/KABA BPEME 3AAP/KABALA Y OPIaHH3MY 113
CAMHM THM UM je Ayxa Tepanmjcka epUKACHOCT. YIIPaBO U3 TOI pa3iora, OMTHO je I03HABAbE
uHTEpaKIHia namehy asbymuna n AekoBa, Kako Ou ce Aobnae nuhopmanuje 0 hapMaKOKHHETHIIN 1
(hapMaKOAHHAMHIIN THX A€KOBA. AADYMHH MOKE Be3HBATH U PA3AHYHTE TOKCHHE, CMamsyjyhy mHxoBy
TOKCHYHOCT y opraauamy (70).

Moaekya HSA mowxe aa Besyje M joHe Pa3AHHYHTHX METAAQ, IITO je€ IMOCPEAHO ITOBE3AHO €A
HeroBOM aHTHOKCHAATHBHOM (bynkumjom. [Ipn peakumjn jona Gakpa (Cu’) n rsomba (Fe®') ca
BoAOHHK-TIepokcuAoM  (H20s), v PenroHOBO] peakimjm, AOAASH A0 CTBAPAA BEOMA IITETHOT
peaKTHBHOI CAODOAHOT pasukasa (xuapokcua pasukas, OHY). Mebyrtum, kapa asbymun Bewxe ose
KATJOHE, V BEAHMKO] MEPH C€ CMaEbyje HUXO0BA CHOCODHOCT Ad yuecTBy]y v (PeHTOHOBO] peakimjm.
Vkoanko unax aobe A0 OBe peakiiuje i CTBapaba MAAE KOAMYHHE XHAPOKCHAHOI PAAHKAA], AADYMUH
pearyje ca THM CTBOPEHHM PAAHKAAOM H yMAH:Yje HeroBe mrretHe edexre Ha Apyre Moasekyae (3).
Taxohe, aAOyMHH IIPEACTABAA TAABHH H3BOP CYADXHAPHAHNX (THOAHNX - SH) rpyma. V cayuajy cerice
momxe ce npuvennTH HSA koju smauajno nmosehapa HuBOE ImAasMa aADyMHHA KOJH OCTaje AOCTA
nosehan yak 1 HaKOH 4 caTa OA HErOBE IPHMEHE, AOK HHBOH THOAA OCTajy 3HauajHo mosehanm u
nakoH 18 catu oA npumene aabymmua, OBH pesyATaTH 1okasyjy aa ce nosehane koHnenTpanuje
THOAQ HAKOH IPHMeHe aADYMHHA AYTO OAP/AABajy ¥ KPBH ¥ OAHOCY HAa HHBO caMOr aADyMHHA, IIITO
yKasyje Ha TO A4 HOCTOJH PasMeHA THOAA IOCPEAOBAHA AADYMHHOM Y IAasMu Tux manumjeHarta, C
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003HpOM A2 aADYMHH YHHH BEAMKH IIPOLIEHAT THOAA KPBHE IIAA3ME KOA 3APABHX OAPACAMX 0C0Da,
HMA BEAHKH 3HAYA] ¥ PEIVAALIH]H PEAOKC PABHOTEKE KPBHE IAazme (20).

AAbymuH  1mocesyje  aHTHTPOMOOTCKY M AHTHKOATYAAHTHY AKTHBHOCT KOje IIOTHYY OA
crrocoOHOCTH BesuBama asoT-MoHoKcHAa (NO), npn yemy ce dopMupajy S-HHTPO3ZOTHOAH, LITO
y3pokyje ycropapame Opse muakrusammje NO, u crsapa moryhHOCT A2 ¥€roB aHTHArpPEranioHI
ecbexar Ha TpomOoumTe Tpaje Ayxe (71). PeHomeH kalmIAapHE HPONYCT/ASHBOCTH CE OAHOCH HA
CIIOCODHOCT €HAOTEAHHX heAlja Aa PeryAnIny IpoAa3 CYICTAHIH KPO3 CBOje 3MAOBE, KA0 H KPO3
mehyheanjcke mpocrope. AAGYMITHI MOT'Y AHPEKTHO AOIPHHETH OYYBAKGY BACKYAAPHOI HHTEIPHTETA
BE3MBAILEM 32 HHTEPCTHIH]JAAHH MATPHKC H CYOEHAOTEA, IPH YEMY MEHAjy IPOIYCTAHBOCT OBHX
CTPYKTypa 32 pacTBope M MakpoMmoAaekyae. [lopea Tora, mIXOBH HHAMPEKTHH eheKTH MOry OHTH
[OCAEAUIA BE3UBAKA APAXHAOHCKE KHCEAMHE, KOjd CAMA 10 CeDH HMA CIIOCODHOCT AA yTHYE HA
nosehame KalmAapHe IPONyCTAHBOCTH (72).

1.3. Ucrospemeno Besusame (cobinding) aa auranpa sa HSA

HSA 1ua cnocobrocT BesnBama BEAHKOT DPOja er30reHHX ¥ eHAOTeHHX AuraHaaa. Aduaurer
BesuBarmba AekoBa 32 HSA, yamvajyhu y 0031p meroBy BHCOKY KOHIEHTPALM]Y Y IIAA3MH, j€ 3HAYA]AH
dpakTop KOjH je TOTPEOHO PASMOTPUTH IPH AH3AJHY H Pa3BOjy (hAPMAKOAOIIKH AKTHBHUX CYIICTAHLIM
[lopea Tora, MCTOBpeMEHO BesHBame BHINE AMraHaAa 3a HSA Mome H3MeHHTH HHTEPAKTHBHE
mapaMerpe M KAIALUTET Be3uBamba Acka 3a HSA U NOTEeHIMjAAHO MOAVAHCATH TepPAIIEYTCKY
echukacHoCT Aeka. VlcToBpeMeHO Be3MBAM€ ABA AHIAHAZ 32 IPOTEHH MOXKE C€ KAACH(HKOBATH ¥
YEeTHPH OCHOBHA THITA: HE3ABHCHO, KOOIEPATHBHO, AHTHKOOIIEPATHEHO U KOHKYPEHTHO BE3HBAME
(73). He3aBuCHO BesMBaEs€ ABA AHIAHAA IIOAPA3YMEBA HCTOBPEMEHY HHTEPAKLHM|Y €A CTPYKTYPHO
pasamauTaM B MehycoDHO yAALMEHHM BESHBHHM MECTHMA HA IPOTEHHY, Opu demy aduHHTET
Be3MBAkLA JEAHOT He Mera achuHuTeT BesuBamba Apyror auranaa (Canka 5)
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AHTHRKOOIIEPATHBHO KounkypenTHo
Besusare jedroz anzarnda cvarsyje agurumen dpyze: Lea auzarda ce maxmuye 3a UcIo 6e3UEHO Mecnio

Camxa 5. Hcrospemeno sajeannuko sesusame (Cobinding) ABa AMTaHAA 32 IPOTEHH

KoA KOOIIEpaTHBHOI Be3HMBAE:A AOAA3H A0 IIO3HTHBHE AAOCTEPHYKE HHTEPAKLHje IIpH
BE3UBAILY IPBOI AHTAHAA M HHAYKOBarba KOH(DOPMALIHOHE HPOMEHE NPOTEHHA KOojoM ce nosehara
apuHITET Be3uBara APyror anranaa (74). Ca apyre crpaHe, AHTHKOOIIEPATHBHUM BE3HBAMEM, AHTAHA
KOJH Ce IIPBH BeikKe 3a IIPOTENH N3a3HBA KOH(OPMALIHOHY IIPOMEHY IIPOTEHHA KOja CMarbyje addIHITeT
BE3UBAA APYIOI AMIAHAA (HeraTHBHA arocTeprja). KoHkypenTHO BesuBamse je ,,HCKAYINBH ™ 0DANK
HHTEPAKLIH]E, KOA KOI' JEAAH AHIAHA MOMKE AA HCTHCHE HAH 3AMEHH APYIH, OAHOCHO, HHTEPAKIIH|A Y
K0joj ce 0Da Aeka Be3yjy 3a HCTO MeCTO, Te Be3UBALE APYIOI AOBOAH AO AHCAOKALIH]e IIPBOT. AUpeKTHA
AHMCAOKAIIHjA AEKA APYIHM Ca HCTOI MECTa 03HAYABA CE KAO AHMPEKTHA KOHKYPEHIH|a, AOK C€ IT0A
HMHAHPEKTHOM KOHKYPEHLIHJOM HOAPA3YMEBAjy CBH OCTAAH 0DAMIN nHTepakiuje n3Mehy AexoBa Koju
ce Beayjy HAa PAasAMYITHM MeCTHMa, aAH HIIAK y3pokyjy Mebycobuy amcaokaumjy. Muanpexrna
KOHKypeHIIHja 00yXBAaTa AHTHKOOIIEPATHBHO BE3HBAIGE, ACAHMHYHO IIPEKAAIIAFE MECTA H APYIe
MeloBATE MexaHusMe. Pain mcnmTuHBaEa UpHpoAe OBHX edheKaTa, HEOIXOAHO j& AHAAHSHPATH
BHIIIECTPYKe HHTepakuuje mnaMehy MAKpOMOAEKyAa M VIIOPEAMBHX KOHLIEHTPAIHjA AHTAHAA HA
moaexyackoM HuBoy. [lpeu kopak jecte yrsphuBame aa an je ,muxudburopan edexar®, 0AHOCHO
CIIOCODHOCT KOHKYPEHTHOI MOAEKYAA AQ HCTHCHE AMIAHA €4 IIOAMMEPA ITOCACAHIA YHCTO
KOHKYPEHTHOI' MEXAHH3MA HAH PE3YATAT IIOCPEAHHX I CAOKEHHJHX rpomeca (75).

36or orpanmyenor Opoja BucokoacduuuTeTHHX Bedyjyhnx mecra HSA, aAeramne MosekyAcke
g opMaLHje CY OA BEAHKOr 3HAYA]A 34 IIPOLEHY KOOIEPATHBHUX eheKATA TOKOM BE3UBALA APYIHX
AEKOBA HAH €HAOTeHUX AuTraHaad. Kao mrro je nperxoAHo HaBEAEHO, ABa OCHOBHA Be3yjyha mecra HSA
cy Cyaroso amecto I (cybaomen IIA, sapdpapuncko mecto) n Cyasoso mecto I1 (cybaomen IITA,
DEH30AHA3EIMMHCKO MeCTO) H BehmHa AekoBa yIrpaBo 3aysuma oba Aa Mecra, Macne kunceanne (MK)
uMajy Brucok acpuauTeT 32 cydsomen LITA, unve Gaokupajy BesuBame AekoBa y Tom peraony. Ca apyre
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CTpaHe, MACHE KHCEAMHE Ce PeAaTHBHO cAado Besyjy 3a IIA cybaomen m wecro Oupajy 3amemeHe
aexosuma (41). Marepakumje npn pesupamby ABa nan surie Aeka 3a HSA majuernthe ce japaajy yupaso
y cybaomeny 1A, jep mecro 1 npeacrasoa Beanky XuApohOOHY IIYILAHHY ¥ KOJY C& MOKE CMECTHTH
BHIIE MOAeKyAd. OBO MECTO MMa NMPETXOAHO (DOPMHpPAH BE3HBHH IIEI Y je3rpy cybaomena [IA, koje
je u3rpaheHo OA HIeCT o-XeAHKCa U IeTse-xeAuxe cermenta (ocratun 148-154 AK) cybaomena 1B,
Vayrpammsoct rena je nperexno xuapodobna (ocramm Trp214, Leu219, Phe223, Leu238, His242,
Leu260, Ile264, Ser287, 11e290 u Ala291) aam caapiu B ABa KAacTEPA HOAAPHHX AMHHOKHCEAHMHA-
yayrpammsu (Tyrl50, His242 n Arg257) u crosmanmsn Ha yaasy y nen (Lys195, Lys199, Arg218,
Arg222) (76). Ilpoctop nemna je OPraHU30BAH KAO BEAHKA LIVILSHHA CA LIEHTPAAHOM 30HOM H TPH
H3ABOjeHE KOoMope. BesmBameMm MacHHX KHCEAMHA A0AQ3H A0 IoMeparsa Tyrl50, mrro nzasmea
porannjy somena [ i 11, nosehapajyhu sanpemuny 11ema i mpoMeHe HOAAPHTETA YHYTPALILOCTH,

PesyATarn  CHOPOBEAEHHX MCTPAKUBAGA Y IIOCACAEUX HEKOAHKO TOAHHA, Y KOjHMa je
HCITUTHBAHO HCTOBPEMEHO Be3UBakbe ABa AMranAa 3a HSA, ykasyjy Ha npHCycTrBO pasAnmduTiX THIIOBA
HHTEpaKIMja. Tako je 1nokasaHo Aa ce BapdapHH M AepUBAT KymapHHa-kymapuH 153, mory
ucToBpeMeHo BeaueaTh 3a CyasoBo mecro I, mpm uyemy BesmBambe jeAHOT He yTHYE 3HAYAJHO HA
ahHHHTET BE3HBAA APYTOI AHIAHAQ, IITO YKA3Yj€ HA HE3aBHCHO BE3HBAILE Y OKBUPY HCTOI BE3HBHOT
mecra. (77). Takobe, caAMIMAHA KHCEAHHA W TEHHIIO3HA CE MOI'Y HCTOBpemeHOo BesupaTh 3a HSA y
pasAHuHTHM cyDAOMeHHMa De3 MehycoOumx mpomena y acpmumrery sesupama (78). Icrospemeno
BesuBare BapdpapuHa u HOyIpodpeHa y IPICYCTBY OACHHCKE KHCEAHHE YKA3yje HA PASANYHITE THIIOBE
uHTepakiuie. Tako je IIOKA3aHO AQ ¥ IIPHCYCTBY OAeaTa A0AA3H A0 IToBehanor achuHITETA BE3HBaMba
papapiHa (KOOIEPATHBHO, CHHEPIHCTHYKO Beanparbe). Ca Apyre cTpaHe, IPHCYCTBO OAEATA CMAIbyje
achHHHTET Be3uBama NOyIpodeHa, IITO yKa3yje HA KOHKYPEHTHO BesmBame ABa auraHaa (79). Kao
Mapkepu Besyjyhux mecra majuerthe ce kopucre sapcpapun (Cyasoo mecro I) m mbynpoden
(CyaroBo mecro 11). MleroBpemeHHM Be3aHBAReM HA PA3AHYITHM MecTHMA oMoryhapa ce He3aBHCHO
KOEI3HCTHPAIbE AHTAHAAA De3 3HAYAJHIX IIpoMeHa Y BesuBHOM acuuHTeTy. MehyTim, asocrepuyne
KOM(POPMALIHOHE IIPOMEHE MOIY CTBOPHTH YCAOBE AEAHMHYHOI IPEKAAIIAFA M KOHKYPEHTCKOT
BE3UBAHHA, [IPH YEMY JEAAH AHTAHA MOMKE CHH3HTH apuHITET Be3uBama Apyror anranaa (80)

M3 cBera HaBeaeHOT ce MoKe 3aKAsyInTH A2 HSA Hitje macupan tpancrioprep, Beh AnHaMmaHm
IPOTENH ca crocobHomhy HCTOBpeMeHOr Be3HBama BHINE AHraHaaza. Ha acmmnrer Besnbarba
anranpa 32 HSA, nopea tHa i oAo#aja Be3SHBHHX MecTa, AQHHHTETA M KOHLEHTPALUjE AUTAHAA,
3HAYAJHO MOTY YTHLATH KOHKYPEHTCKH M KOOIEPATHBHH e(heKTH €a APYIHM MOAEKYAHMA KA0 H
koH(popMALIHOHA (PAEKCHOHAHOCT IPOTENHA.

1.4. ExciepuMeHTaAHE M TEOPHJCKE METOAE Y MCIUTHBAILY MHTEPAKIIH]ja AUTAHAA U
IpoTEenHA

KomOuHOBame eKCIepHMEHTAAHUX M pauyHAPCKUX (#  fificd) MOA€AZ §  IpOyYaBarby
HHTEPAKIIH]A IIPOTEHHA H AUTAHAA IIPY7KA CBEOOYXBATHO PA3YMEBAhE MEXAHH3AMA HACTAHKA IIPOTEHH -
AMTAHA KOMITA€KCA. EKCIIEPHMEHTAAHN IIPUCTYIM, KAO IIITO CY CIEKTPOCKOIICKE, KAAOPHMETPH]CKE 1
xpomatorpadpcke Texumke, omoryhaeajy HAGHTH(HKOBAIE CTPYKTYPHHX H KOH(POPMAIIHOHHX
OPOMEHA [POTEHHA HAKOH BE3HBAIA AHIAHAA KO0 M oapehuBame adunuTeTa BE3UBARA U
KApaKTepU3almjy THIIOBAa uHTepakuuja. Ca Apyre crTpaHe, pauyyHAPCKH MOAEAH, KAO IUTO CY
MOAEKYACKH AOKHHI, CHMYAALH]€ MOAEKYACKE AMHAMHKE M KBAHTHO XCMH|CKO IIPOPAYyHABASHE,
omoryhaBajy BH3yeAH3aLn|y HAYHHA BE3HBAK-A, IIPOLIEHY EHEPIH]ja BE3HBAbA H IIPEABIhame ocTarnx
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nmapaMerapa yEAosy4eHHx y lll—l'I'EpﬂK_Llll]}-'. Kombunopame oBHx KOMITAEMEHTAPDHHUX TIPUCTYIIA IIPYHKA
e('l)llKﬂCH}-' C'I'Pﬂ'{'ﬁl‘ll]}-' y pﬂS]ﬂLLIl—bﬂBﬂl—b}-‘ nponeca MOACKYACKOT ITPETIO3HABAHA.

CIIEKTPOCKOIICKE  METOAE, KAO EKCHEPHMEHTAAHH HPHCTYI, HMAjy Koy4HY YAOTY y
HUAEHTH(PHKALMH 1 KAPAKTEPU3AIN|H HHTEPAKIN]A AUTAHA-IIpOTenH oMoryhaeajyhu aetaman yBuA y
CTPYKTYPHE, AMHAMHYKE H (DPYHKIHOHAAHE ACIIEKTE KOMIIAEKCA. 3acHHUBAjy ce Ha oapehupamy
IPOMEHA § €MHCH]H, alCOPIILIHH HAH pacejamy (DOTOHA (CBETAOCTH), KOJe HACTA]y KAO PEe3yATAT
HHTEPAKIH]e AMraHAa 1 nportenna. Hacrase npomene ce Mory HACHTH(HKOBATH HA OCHOBY H3IACAA
AODH]jEHHX CIIEKTApa, KOje OAPaKaBajy CTPYKTYPHE, EACKTPOHCKE H AHHAMHYKE IIPOMEHE Y IIPOTEHHY,
AMTAHAY HAH H:HXOBOM KOMILAekcy. HajsHauajHuje CrEeKrpockoIIcke MeTOAe Koje ce KOpHCTe y
HCTPAKHBAY IIPOTEMH-ANTAHA HHTepakumja cy dpayopectenTaa crekrpockornja (FS), unpkyiapun
anxpousam (CD), yarpasybuuacro-suasvusa crrexrpockormja (UV/Vis), @operepor pesonanTHi
upenoc enepraje (FRET), nudpanpsena criekrpockonuja ca @ypujeoront rpanccopmanmjom (FTIR)
1 AHMHAMHYKO pacejamse ceraoctu (DLS) (81).

1.4.1. dayopecueHTHA CHEKTPOCKOIIHjA ¥ HCIIMTUBALY AUTraHA-HSA nnrepakuuja

PayopecueHTHA CIEKTPOCKOIHMjA HMa MIHPOKY IPHMEHY Y IIPOYYABAY HPOTEHH-AHTAHA
HHTEPAKIH]a 300T CBOje 0CET/ASHBOCTH M MOryhHOCTH A0DH]aEma ACTAAHHX IOAATAKA O IPOLECHMA
MOAEKYACKOT BeaHBamba. [IpeacTaBisa BpCTy eAeKrpoMarHeTHE CIIEKTPOCKOIIN]E KOjOM Ce aHAAH3HPA
cpayopecennmja yszopka. MeToaa ce sacHuBa Ha yropehmpamy HHTeH3HTETa (PAYOpECLIEHTHE
eMIICH]e HCITHTHBAHE CYICTAHIIE CA EMICH]OM CTAHAAPAHE cyTcTanne. Msaaramem MOAEKyAQ eHEPTH]H
u3 UV/Vis Aeaa eAEKTPOMATHETHOT CIIEKTPA, AOAASH AO EKCLIUTALIH]E EAEKTPOHA KOjH, IIPH IIOBPATKY
Y OCHOBHO CTambe, EMHTY]y €HEPIH]y CEKYHAAPHOI 3paderba Behe TanacHe AyAKHHE § OAHOCY Ha
noOyAHO 3paverse. EHepruja koja ce npu Tom ocaobaba kapakrepucriana je 3a cBaky HOjeAHNHAYHY
cyrictanny. Opa 1ojasa ce HasuBa (POTOAYMHHHCHEHIH|A, AKO C€ 3paderhe jaBaba CAMO TOKOM
ACAOBARSA H3BOPA ITODYAE, Ped je 0 (hAYOPECHEHLIN]H, AOK CE ¥ CAYYA]y AA TPaje M HAKOH HEroBOT
npecranka ropopu o docdopecuenunjin. Vpehaju 3a mepeme dpayopecuennmnje Hasmsajy ce
cpayopmmverpu. Mepemse ayopeciieHInje ce BPIIN TAKO IITO Ce HCITHTHBAHA CYIICTAHIA IIPETXOAHO
pacTBOpeHa y 0AroBapajyheM pacTBapady HAH y CMEIIH IIOTOAHHX PACTBApayva, CTABH ¥ KHBETY arlapaTa
M H3AQKE ACAOBAELY MOHOXPOMATCKOI CBETAOCHOT 3paka oapehene tasache aymume. Y3opak, HAKOH
arcoprnmje, eMuTyje (PAYOPECHEHTHY CBETAOCT PASAHYHTUX TAAACHUX AVKIHA H HHTEH3UTETa I1PH
gemy Hacraje emucuonn crexrap. [Moaanm cobnjenn oBom Meroaom Hajuemthe ce PHKAZY]Y ¥ BHAY
emucHoHUX crrexrapa (82,83). Takap nmpukas peAcTaBsa TpahHYKH OAHOC jAYHHE 3PpAaverha U TANACHE
Ay#&HHe (nm) uAH TaAacHor Gpoja (cm'’).

Wurpunsmuna  (yayrpamrma) dayopecuenmmja HSA mpsencrseno mormue oA ocrarka
rpunrocana (Trp214), koju je soumpan y oasomeny IIA. TTopea Tpurrrodana, dpayopeciennmjn
HSA aonpuroce u ocranm Tuposuna (Tyr), aAH ce HUX0BA EMHCH]A YECTO TACH OO AHAKISHM AMHHO
HAH KapODOKCHAHHM IpylaMa HAH TpHUITOgaHoM, A0K ocTtauu chenusasannna (Phe) seoma mano
aonpuHoce dayopecuenmmju (84). Oanoc peaatuBre hbAyOpecHeHTHE OCETAHBOCTH TpHITO(AHA,
tuposuna ¥ ennsasannna nsnocu 11:2:0,08. Tpn excumrramajn wa 280 nm, dhayopecuenmjy
emutyjy u ocrau Trp214 m Tyr, ca sommampamem Trp214, sox npm exkcumrammjum Ha 295 nm
dbayopecuennmjn  aonpuHoce camo ocrann  Trp214  (85). Kao pesyarar emmcuje HacTaje
dbayvopecuenTan criextap HSA ca kapakTepHCTHYHIM ITHKOM YH]H CE€ MAKCHMYM EMHCH]E IIOjaBAYje
Ha 340-350 nm. IToroxa) m HHTEHZHTET OBOI IIMKA CY BEOMA OCETAHBH HA IIPOMEHE Y
MHKpOOKpykery Trp214 na ce wecTo kopucTH 33 IpoyuaBatbe naTepakiuuja HSA ca anranamva. ITpn
pesuBarby Auranaa 3a HSA aosasm Ao Daokmpama ocrataka Trp2l4, mrro AOBOAM A0 CMamEHbA
uHTeH3UTeTa (DAYOpECUEHIIH]e, OAHOCHO rarnema hayopecuenumje (guenching, Canka 0).

16




Aeokmopexa ducepmaija Jeaena beput

EMHCHJA

red shift

i
:
quenching

DAYOPECIHIEHLIHJA

Cauka 6. CrexTpasse 1mpoMene (pAYOPeCIEHIHe XYMAHOI CEPYMCKOT aAabyMHIHA TP
BE3MBAKLY AHIAHAA (Falllerhe, IPBEHO H ITAABO ITOMEPAHhe EMHCHOHOT MAKCHMYMA)

[Tpu BesuBary AHTraHAS, TIOpEA ralierma hAyopecleHIme, Moxe AORH H A0 IIPOMEHE ITOA0KA]A
emucnoHor ruka ka sehum (red shifl) n marsum (blue shiff) Taracanm aAyxunama. OBe IPOMEHE OITHCY)Y
noAaputeT okpymema Trp214. Blue shift v payopecuentaom criekrpy HSA yxasyje na xuapodobumje
okpyxere Trp2l4, mrro ce vecto Aermapa IIpH OAHCKOM BE3HBAY AHMIAHAA KOJH IUTHTH OCTATKE
Trp214 oa pacteapaua. Red shiff ykasyje na xuapoduanumje, pacrpapavy U3AOKEHO OKPY/KEHbE, IITO
cyrepuie  Ha KOoH(OPMALMOHE IIPOMEHE HAH packaamamee crpykrype  HSA. Tameme
chayopecriennuje De3 IIpoOMEHe MAKCHMyMA eMHCH]e CYTepHIlle Ad AHUTAHA CTYIA Y HHTEPAKIH]Y ca
HSA 6e3 3navajue npoMeHe HOAAPUTETA HEIIOCPEAHOT MUKPOOKpYKera Tpurrrodana (86).

1.5. Xasonepuaoa

Xanomepuaon (HPD) (4-[4-(4-xropodpeHHA )-4-XHAPOKC HITHIIEPHANH- 1 -1A]-1-(4-
bayvopodenua)-byran-1-0H) crraaa y TUHITHYHE AHTHIICHXOTHKE U3 1py1ie Oyrupodenona (Cauxa 7).
cl
/

Camxa 7. Crpykrypa xasoIepuaoaa

Kopucrn ce y Tpervany cxuzodpeHnje, akyTHIX ICHXO3HIX CTAbA H ACAHPHjyMA. AeKaH0aTHH
€CTAP XAAOIEPHAOAA CE KOPHCTH KA0 HH]EKIIH]A KOja CE Adje Ha CBAKe 4 HEAeAdE ITALMjEHTHMA A
cxH30()PEHM]OM KOJHMA j€ ¥ HCTOPH]H DOAECTH 32DEAEKEHO HEPEAOBHO Y3UMAILE Teparrmje. Yeaea
JAKOT AHTATOHUCTHYKOT AEJCTBA HA AOIIAMIHCKE PELeNTope, XAA0IEPHAOA CIIAAA ¥ BUCOKO IIOTEHTHE
Heypoaerruke. MMa cHamHO A€jCTBO Y cysDHjarsy XAaAVIHHALIMjA, HAJBEPOBATHH]E YCACA OAOKaAe
AOIAMHMHCKHX ~ pELIENTOpa V  Me30KopTekcy H  AumOmukom cucremy. Takohe, Oaoxmpa
AOIAMIHEPIUYKO A€JCTBO § HUIPOCTPHJATHUM IIYTEBHMA, IIPH YEMy HACTAjy HYCIIOjaBe KAO IITO CY
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EKCTPAITHPAMHAAAHI CHMIITOMI (AUCTOHH]E, aKaTH3Hje, IIceyaonapkuaconnsanm). [Topea Tora nma u
AHTHXHCTAMHHHYKA M AHTHXOAHHEPITYKA AEJCTBA M CAMHM THM IPOY3PYKYje KApPAHOBACKYAAPHE H
AHTHIXOAHMHEPIHYKE HYCIIOjaBe ITOIYT XHIIOTEH3H]e, CYBHX YCTa, KOHCTHIIALMje, ceaarmje 1 Ap. (87-
90). Xaromepuaoa ce Hajuernhe kKopucTH 3a Aedere IICHXOTHYHUX rTopemehaja, na je MOHHUTOPHHT
KOHLIEHTPALH]e XAAOIEPHAOAA ¥ HAASMH OA KAMHHYKOI 3Hadaja. Y HCTPAKHBAYKO] H KAHHIYKO]
npakcn kopHinheHe cy pasAHYHTE METOAE HCIIHTHBAKA OAHOCA H3Mehy 0AroBopa M KOHLEHTpaLH]e
A€KA Y TTAA3MI. XeMHjCKE METOAE KA0 IIITO je TedHa xpoMaTorpaduja noa Bucokum npuruckonm (High
Performance Liguid Chromatography-HPL.C) wn racno-reuna xpomatorpacpuja (GLC) mmajy aobpy
IPelU3sHOCT H OCeTAHBOCT. Beanmke Ao3e Xanonepuaosa Mory ce 0e3DeAHO NPHMEHHBATH
HHTPABEHCKU H HHTAMYCKYAAPHO IIPH YeMy AOAa3H A0 Opse Heypoaerrusanuje. Buopacroaoxusoct
HAKOH oOpaAHOr yHOca Bapupa oa 60 a0 65%. Mehyrum nocrojun BeAHKa HHAMBHAYAAHA
BAPHjAOMAHOCT KOHLIEHTPAIIMje XaAOIEPHAOAA Y IAasmu, Yy bBehumum  hapMakoKnHeTHUKHX
napamerapa.  Oa  BapujabGMAHOCT — CE€  ACAMMHYHO  MOKE  ODJACHHTH  PEBEP3UDHAHOM
OKCHAALIH]OM/ PEAYKLHJOM METADOAHYKIX IYTEBA XAAOIEPHAOAA: METADOAHIIIE CE IIYTEM PEAYKLIH]e
AO PEAYKOBAHOT XAAOIEPHAOAA KOJH je DHOAOIIKH HeakTHBAH. Pa3AHUYHT CTEIleH eHTePOXEeNaTHIHOT
MeTaDOAM3MA U FEHETCKHX PA3AHKA ¥ MeTaDoAN3My Takohe ce Moike yaeTn y o03up Kaaa je y HUTA:Y
BAPH]ADHAHOCT KOHIIEH TPALIH]E XAA0IEPHAOAA, KAHHIUKH je AOKA32HO A4 PACIIOH KOHLIEHTPALIH]A OA
4 pg/L Ao 25 pg/L xaronepuaoAa y IIAA3ME Adje TEPAIH|CKH OATOBOP. YAOIA PEAYKOBAHOT
XAAOIEPHAOAL ¥ OAPeDHBAY KAHHIYKOI OATOBOPA HHjE€ KAMHHIYKH AOKazaHa. Mepeme npBeHnx
KPBHHX 3PHALA H KOHLEHTPALH]E XAAOIIEPHAOAA ¥ LHEPEDPOCITMHAAHO] TEUHOCTH Takohe cy yseTe Kao
ACTEPMHHAHTE 32 OAPehHBAELE TEPAIIH]CKOT OAOBOPA, AAH HE IPY#KA]y 3HAYAJHY IIPEAHOCT § OAHOCY
Ha npaheme KOHIEHTpaluje y ITAasMH. AICOPIIH]ja XAAOIEPHAOAA j€ CIOpPHja OA HErOBe
eanmuHanmje. Bpeme noayeamvimnanmje XaA0mepuAOAa je 0Ko 3 Heaeme, 2 BpEME 34 CTADHAHO CTakbe
HALH]EHTA, OAHOCHO 32 TEPAITHJCKH OATOBOP je oko 3 mecena (87).

1.5.1. ®apmakoKHMHETHKA XAAOIIEPHAOAA

XaAOIepHAOA Ce IPUMEHsYje HHTPABEHCKH, HHTPAMYCKYAAPHO HAH OPAAHO IAIlHjeHTHIMA Ca
cxusoppennjom. Kao TperMan 3a akyTHY cxu3opeHH]y, HHTAMYCKYAAPHA IIPHMEHA je TI0/Ke/oHa 33
TPEHYTHY KOHTPOAY CHMIITOMA KOA IALIMJEHATA CA ArPEeCHBHUM NoHatambeM. MuTpamyckyaapue Aose
0A 2 A0 5 mg ce reHepaAHO NPHMERY]y Ha cBaknxX 30 MUHYTA CBe AOK C€ IICUXOTHYHHI CHMIITOMH He
cvupe (89). Koa sehune nanmjenaTa XaAolepHAOA Ce Adje OPAAHO Y A03H 0A 6 A0 15 mg kao Teparmja
oapaasama (90). Hakon mmrpaBeHcke npuMeHe KOHLEHTPALIHjA Y KPBH OINAAd AOK CE€ BpeEMe
noayeanvuHanuje Kpehe y oncery oa 14,1 Ao 20,2 waca. Boaymen amncrpubynuje nsnocu 9,5-21,7
1/kg, a kampenc uameby 0,39 u 0,708 1/h/kg (87). Hakon unTpaMyckyAapHe IIPHMEHE, BPEME AQ
MaKCHMaAHe KOHLeHTpaumje y rmaasmu je 20 muayra koa 3apasBux ocoda, a 33,8 mumyra koa
nanmjenara ca mmsodppennjom (91). Xaronepuaoa ce HHTE3HBHO MeTADOAUIIE ¥ JETPH AOK CE CAMO
oko 1% H3AyYyje HEIpOMEHEH Y YpHHY. buoTpancdopamume ce y pasamdHTe MeTabDOAHTE: p-
hayopobenzuanponHoncky kuceAHHY, 4-(4-xa0podpeHHA)-4-XHAPOKCHITNIIEPHAHH, PEAYKOBAHI
XAAOIEPHAOA, IMHPHAHHHIYM MeTaboanTe H  Xasonepuaos raykyponuas (92). Hemoepartan
MeTaDOAHYKH IIyT XaAoHepHAoAa je buorpanccopmanmja HacTasa nenamem C-H o Bese, okcnaanmja
HA ITHPHAHHH]YMCKE BPCTE U KO YIalnja Taykyporuaa. Hacynpor tome, peaykumja xasomepuaoaa va
DeH3HAKAPOOHUA I'PYIIN ¥ AAKOXOA je peBep3OHAAH IPOILEC, KAO IITO II0KA3Yje HMHTEPKOHBEP3H|a
u3Mehy XaroIepHAOAZ M PEAYKOBAHOI XAAOIIEPHAOAA KOA MmYAH. 3a  OnortpaHcdopMmaiimjy
xanronepuaoaa je oarosopan CIP3A4 yjerpu. Caoboana dpaxiimja XaAoIepHAOA Y XYMAHO] IIAA3MH
uznocu 7,5 a0 11,6%. Besupame xasomepHAOAa 32 IPOTEHHE Y ITAA3MH j€ HOAJEAHAKO KOA 3APABHX
OAPACAHX 0c0Da, MAGAHX H CTAPHX 0c0Da ca CXH30hPEHH]OM, 114 9aK H KOA ITAIHjEHATA CA [IHPO30OM
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jerpe (93). XaAomepuAoA ce CAODOAHO AHCTPHOYHPA ¥ PASAMYUTHM TKHBUMA KOA /oYAH, HAKO Ce
XAAOIEPHAOA ¥ BHCOKOM CTEIIEHY BE3Y|e 32 IPOTEHHE [TAA3ME.

1.5.2. Aosupame XaA0IepPHAOAA M KAMHUYKH OATOBOP ITALHjeHAaTa

[MorpebHa A032 XxaA0IEPHAOAA Ad OH CE ITOCTHIAO 3aA0BOASAB A Yhit Tepariujckn OArOBOp Bapupa
IIHPOKO MeDhy HOjeAMHIIIMA H 3aBHCH OA CTAHA KOJE C& A€YH H CHMITOMA. 32 OPAAHO IPHMEHEH
XAAOIEPHAOA, AHEBHA IIPEITOPYYEHA A032 KOA ITALM]EHATA CA YMEPEHHM CHMITTOMHMA je oA 1 40 0
mg, a 32 HAaHjeHTe ca TEIIKHM cuMipomumMa oA 6 Ao 15 mg. Xasomepmaon aexanoaT je Takobe
AOCTYIIAH 33 MHTPAMYCKYAAPHY IIPHMEHY, A2 DU C€ IIOCTHIAO IIPOAYKEHO A€JCTBO. 3DOT PH3HKA 0A
03DHAHIX HEHKE DEHIX AC|CTABA, HAPOYHTO TAPAHBHE AHCKHHE3H]E, CMATpPa ce Aa ce Iosehamem Ao3e
BPEMEHOM [OCTIKE KyMYAATHBHHI e(DEKAT, TAKO A4 CE OITHMAAHOM AO30M CMATPA HAJMAHSA AO32 KOja
AOBOAH AO KOHTpOAe cumirroMa (94).

1.5.3. ITpaheme koHIIeHTpaLIHjeé XAAOIIEPHAOAA Y CEPYMY

[Morennmjaana 030HmsmHOCT 0A HememeHHx edrexara je jeaan oA pasaora 3a npaheme
KOHLEHTpalH]e Xarorepuaosa y kpei. Oanoc nameby Aose n kanamakor edekra je Hejacan. AHaAM3E
KPBH 32 OBE ACKOBE HICY pa3jaCHHAE 0Baj oAHOC. OBaj IPONYCT Ce ACAUMHYHO IPHITHCYje edekTHMa
akruBHHX MeraDoanTa, Crora je IIaximba yCMEPEeHAa Ha XAAOIEPHAOA, KOJH HMa CAMO jeAdaH
HOTEHIM]AAHO BaKaH MeTADOAUT, peAyKoBaHH xasorepuaoa. Heke cryamje cy oapeanae orrrumasan
OIICET 32 HHBO XaAONEPHAOAA Y IAazMu. OaekcnDHAHE CTYAH]e CY AAA€ PAZANYHT TEPAIH|CKH OICer
xaaonepuaoaa: 5-15 ng/ml, 15-40 ng/ml, 20-50 ng/ml, 3-10 ng/ml, 8-17,7 ng/ml, 5-21 ng/ml Ose
AO3€ Cy TOKasase Besy usmeby koHueHTpalmje y KpBH M TEPAIHJCKOT OAIOBOpPA, MOBE3AHHM CA
HODO/BIIAEM CHMITTOMA HAH Ca MABHM 000 A mamenm (95).

1.6. ®raBonouAM U BLuxoBa uaTEepakimja ca HSA

V HoBHje BpeMe yo4aBa Ce 3HA4ajaH IIOPACT HAYYHOI HHTEPECOBAMA 33 IIPOYYABAME
unrepakmmje HSA ca mosekyamma npupoasor nopekia. Behmna mcrpaxmbama Dasupana je Ha
OHO(UIIMYKIM, HAPOUYHTO CIEKTPOCKOIICKUM cTyAnjama. ClIpoBeseHe CTyAHje VKA3Yjy Ad PASAUYHTH
MOAEKYAH IPHPOAHOL ITOPEKAA, YKAYUyjyhil haaBoHONAE, aAKAAOHAE, CTHADEHE, KYMapHHE H OCTaAg,
HCIIOAoaBa)y aDHHHTET Be3nBarba 1 HHTepakimje ca HSA.

[Moandenoan mpeacTaBasajy BEAHKY IPYIY CEKYHAAPHHX OHAHHX MeTaDoOAMTA, KOja ce, ¥
3aBHCHOCTH OA XEMHCKE CTPYKTYpe, Moike IOAeAuTH Ha HajMmambe 10 rpyma. V Omskama mmajy
pasananrte byHKuHje, VKoyayjyhi yaecTBoBame v 0ADpaMOEHNM MEXaHH3MUMA OA IIATOTEHA U
sarnTaTi oa UV spavema. Ca apyre crpane, HOAMMDEHOAHA jEAMELEEA HCII0AaBA]y OpojHe DHO AOIIIKE
AKTHBHOCTH, YKAyayjyhu anTHOKCHAATHBHY, aHTHHHMDAAMATOPHY, AHTHMHKPOOHY, AHTHTYMOPCKY 1
KAPAHOIIPOTEKTHEHY, 114 CY IIOCTAAA IIPEAMET BEAHKOT HAyYHOr HHTepecoBama (96).

Paasonouan ¢y rpymna NOAHDEHOAHHX OHOAKTHBHHX (EAMESEH-A UMY OCHOBHY XEMH|CKY
CTPYKTYPY YHHH cKeAeT 2-henna-Oenso-y-nupoHa (paason), uarpaben oA ABa apomMaTH4HA IPCTEHA
(A u B) nosesana tpehnm, xerepormramaniny C npereHoM, V 3aBHCHOCTH OA CTEIIEHA OKCHAALIM|E 1
sacnhema C-npcreHa, Ka0 H OA IOAOKAja (PEHHA TPYIIe W IIPHCYCTBA XHAPOKCHAHHX HAM APYIHX
CYICTHTYEeHATA, (PAABOHOMAH Ce€ AeAe HA Bulle roarpyna. Hajsnauajuuje kaace cy: dpaasonn (HIIp.
AITNTEHHH, AYTEOAHH), (DAABOHOAH (KBepueTHH, KeMIrdepoa, pyTuH), (DAABAHOHH (XECIIEPETHH,
HAPHHIETHH), (hAABAHOHOAM (TakcHdOAMH, cHANMAPHH), (DAABAHH HMAH KATEXHHH (KaTEXHH,
ENHUKATEXHH), H30(PAABOHH (T€HHCTEHH, AAMA3EHH) H AHTOLUHJAHHAMHH (LIHJAHHAMH, AeA(IHIANH)
(Camka 8) (97).
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Cauxka 8. OcHOBHA CTPYKTYPa U TAABHE HOArpyIe (paaBoHONAA

Crpyxrypre Bapmjanuje paaBoHOHAA 0APehy])y WUXOBa DHOAOIIKA CBOJCTBA, KAO IITO CY
AHTHOKCHAATHBHO, AHTHHH(AAMATOPHO, aHTUMHKPOOHO U KAPAHOIPOTEKTHBHO ACAOBASE, LITO HX
YHHH BAKHIM (PHTOXEMH]CKUM H HyTPHTHBHIM KoMiIonenTama (98). Mory ce Hasasuri y cA0DOAHOM
¥ TAHKO3HAHO BE3aHOM 0DAHKY, YTAABHOM ¢y 000jEHH H OATOBOPHH 32 IIHTMEHTALII]Y 1 VKYC OI/vKe.
DAIBOHOMAH M EHHXOBH ACPHBATH IIOCEAY]Y LIHPOK CIEKTAP OHOAOMIKHX H (hapPMAKOAOIIKHX
AKTHBHOCTH YHME AONPHHOCE TPEBEHLH|H PAa3AHYHTAX XPOHHYHHUX 000Mcema, yisyayjyhn
KAPAHOBACKYAApHE M HEYPOAEIeHepaTHBHE OoaecTH, kao H oapehene Tunose xannepa (99).
®AaBOHOHMAM Cy LIHPOKO PacOpocTpameHH W Mory ce Hahu y BeAukom Opojy Ommaxa, ma ce
CBAKOAHEBHO yHOCE y opranuszam ryrem ucxpade (100). I'aapun uspopu ykmyuyjy sohe (mocebHo
jaroamraacto sohe, murpycw, jabyke), nosphe (UpBeHn AyK, DPOKOAH), 3€ACHH U LPHH 4aj, IPHO BHHO
1 OCTaAM DuAsHA HAIOH, AHEBHU YHOC (DAABOHOMAA 3ABHCH OA THIIA HCXPAHE, KUBOTHHX HABUKA U
reorpadCKOr HOPEKAA, IPH YEMY C€ HAJBHIIE BPEAHO CTH DeAeke KOA ITOTYAALIH]A CA MEAHTEPAHCKOM
HAH TPAAHIIHOHAAHOM HCTOMHOM HcXpaHoM Ooratom DrsnmM HavupHumama (101).

D AABOHOHAH U FHUXOBH METAOOAMYKH HPOAYKTH Y LMPKYAALHJH CTYIIA]y ¥ HHTEPAKIH]Y ca
TpaHcnopTHuM npotenHuma. Muarepakinja ca HSA mwva sHagajuy yAory y mHXOBOM TPaHCIIOPTY,
bropacoA0KHBOCTH U (hapMakokuHeTHHH. DAABOHOHMAM IIOKA3Y]y yMeEpeH A0 BHCOK aPHHHTET
pesuBama 32 HSA. Besupame ce octBapyje pasAmuHMTHM MeXaHHM3MHMA KOJH VKAY4yjy rpabeme
BOAOHHYHHAX M BaH Acp BaacoBux Besza u xuapodobuux marepakuuja. Ha npumep, nnrepakimja
anocmernna (paason) ca HSA je crarmaku mponec y koju ¢y yKmsyyuene xuapodobre naTepakmumje u
poronnude Bese (102). Hajuermhe mecrta Besmsama daasonomaa sa HSA, maenrndurosana
creKTpockorickum cryaujama, cy Cyasroso mecro I u 11, npu yemy achunmnreT Besnpama 3aBHCH OA
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tuma 1 crpykrype dpaasononaa (103). CriekrpoCKOIICKHM CTYAH]aMa j€ IOKA3aHO AQ KBEPLETHH H
MHPHLIATHH HMajy H3paKeHHjH apHHHTET Be3smBama Y IHopehemy ca ocraauM  Ioarpymama
hraroronAa. [AHKO3HAQIIM]A M CTEIIEH XHAPOKCHAALIH]E 3HAYA]HO MOTY YTHIATH HA BE3HBAMLE. Y CAEA
Be3MBaba (PAABOHOMAA MOI'Y IIOCAEAHYHO HACTYIITH CTPyKTypHE mpomene HSA| koje 3aBuce oa Tiia
dhrasononaa u werosux chynknuonasnux rpyrma (104). [Npu unrepakuuju paasonouaa u HSA moxe
AOhH AO KOHKYPEHTCKOI Be3HBAFba €A OCTAAMM EHAOIEHHM HAHM ersoreHuM AuraHauma. [Tpmmvep
KOHKYPEHTHOI Be3UBamba (PAABOHOMAA 32 aADYMUH je HMHTepakuuja OajKAaAMHA Y IIPUCYCTBY jOHA
merasa Cu* m Fe'| y kojoj npucycTBo joHA METAAA CMaFbYje BPEAHOCTH KOHCTAHTE BE3NBAIHA
Dajrkasmna (105). AnTormjanuAnHH, PAABOHOHAHH A€PHBATH, ITOKA3Y]y BUCOK ahHHHTET BE3HBAMA
3a HSA. Aeadpusuann, NHIMeHT NPHCYTAH ¥ ITAOAOBHMA DOPOBHUIIE, TIOKA3yje BHINH apUHHTET
BE3HBALA ¥ OAHOCY Ha KBEPUETHH M KeMepoa, IITO Ce IPHIMCYje HO3HTHBHOM HAEACKTPHCAHY
EbETOBE CTPYKIYPE M MHTEPAKIIH]H CA HEMATHBHO HaeaeKTrpucanum aomennmva HSA (106).

Viammvajyhn y obszup aa je HSA jeaan oA Haj3HAYAJHUJUX TPAHCIOPTHHX IIPOTEHHA BEAHKOT
Dpoja AeKOBA Y IAA3ME, KA0 M BHCOK a(DHHUTET BesuBama (DAABOHOMAA 32 IIAA3MA IIPOTEHHE,
unTepakimja haasoHouaa ca HSA moxe mMmaTH 3HAuYajaH yTHIA] HA BE3MBAME ACKOBA U THME
MOAHHKOBATH BHXO0BY (DAPMAKOKHHETHKY. PAABOHOMAM CY IIHPOKO PACIIPOCTPAMEHA jCAHLEHA
KOja Cy HPHCYTHA Y XPAHH, CYIACMEHTHMA U (DHTONPEIAPATHMA, 34TO HPOYUYABALE BE3HBAA ACKOBA
y NPHCYCTBY (PAABOHOMAA MMA BEAHKH 3HAYA] ¥ HCTPAKHBAKY XPAHA-AEK HHTEPAKIHjA U IIPOLICHN
ecpuracHocTH 1 DezdeanocTn papMakoTEpaIHje.
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2. HNMASEBH U XHUITOTE3E NCTPA’KHMBAHA

2.1. IInveBpn uCTpasKUBaKLA

leHepasHy HHA OBOI HCTPAKHBaE:A je 0ApehuBame adHHITETa BE3UBAKA U KAPAKTEPHCTHKA
unrepakmje xasorepusosa (HPD) u xymanmor cepymckor asbymmma (HSA) v comyampanmv
(puznosrOmKEM ycAoBHMA ka0 H yrama) jona merasa (Ca*, Mg*, Cu*, Fe’) m oaabpannx
cbraBononaa (katexun, kBepueruH, amocmuH) Ha HSA-HPD kommaexe. Ha ocmoBy pesyarara
cbAyopecLieHTHE 1 AIICOPIIIUOHE CIIEKTPOCKOITH]E, KA0 H METOAA MOAEKYACKOI MOAECAUpPaa, Dihe
oapeheHe KOHCTAaHTe Be3WBarba, OPOj Be3yjyhHX MecTa, TEPMOAHHAMHYKH ITApPAMETPH H IIPHPOAA
peayjyhux cmaa y cumcremy HSA-HPD. Tlopea Tora, bGuwhe wnspauymamn dbusmako-xemujckn
ACCKPHIITOPH XAAOTIEPHAOAA U IPOLEHEH FBUXOB YTHIA] HA CTENEH BE3HBAMA XAAOIIEPUAOAA 32
IIPOTENHE ITAA3ME.

Ha OCHOBY I'€HCPAAHHX IIA%CBA, HHOCTABASCHH CY C;‘\EAEhll CIIELlll('l)ll‘lHll HHACBH:

1. OAPEAII’I'II KOHCTAHTE W MeCTa BE3UBaka, KAO H IIPHPOAY BES}-‘]}-‘hllX CHAA 113.\46}3}-‘
xa,-\nueplmn,-\a 154 HSA, HAa OCHOBY pES}’,-\'I'ﬂ'I'ﬂ AOGII]EHIIX ClIEK’I'pOCKOlICKll.\u{ METOAAMA H
MOACKYACKHM MOACAHPALEM, V3 H3PAYYHABAKLC TCPMOAHHAMHYKHX ITapaMcTapa.

2. OapeanTn  apMHHTET M HAYHH Be3WBara xasomepuaosa 3a HSA y  comyampanmw
(pM3HOAOIIKIM YCAOBHMA M H3PAUYHATH PacTojarse HaMehy AOHOpa I akuenropa eHepruje
npmvenom FRET anaanse.

3. Waentudmkoaru Besyjyhe mecto xasonepusoaa y HSA npusenom KoMIreTHTHBHIX Mapkepa
sesyjyhux mecra (Bapdapun n ndynpodpen), xopucrehn hayopectueHTHY M AICO PILIHOHY
CIIEKTPOCKOIIH]Y ¥ KOMOHHALIM]H €A MOAEKYACKHM MOAEAHPAFLEM.

+. WcrmraTn yriuna) jona merasa (Ca*', Mg**, Cu®", Fe®") na esuBame xaronepuaoaa sa HSA
IPUMEHOM AIICOPILHOHE U (DAYOPECLIEHTHE CHEKTPOCKOIIH]E.

5. WcrmraTn yruna) oaabpanux (hAaBOHOHAA (KATEXHH, KBEPLETHH, AHOCMHH) HA BE3HBAILE
xasorepuaoaa 3a HSA npmienom arncoprimone u (pAyopecuenTHE CIEKTPOCKOIIH]E.

6. MermraTu nosesanoct llS.\u{Eh}-‘ (1)11311“11\"0—){8.\.{11](&1){ ACCKPHIITOPA AaHTHIICHXOTHKA B CTEIIeHA
BHXOBOI BE3HBAMA 34 IIPOTECHHE IIAA3ME, KAa0 H IITPHMCHASHBOCT PﬂSBll]EHOl' PErpecHOHOT
MOAEAA HA XAAOIIEPHAOA.

2.2, Xurmnorese HCTpAKUBAKLA

OcHOBHA XHITOTE32 OBOI HCTPAKUBAA IIOAA3H OA IIpeTHocTaBke Aa xasonepuaos (HPD) nma
crrocoOHOCT crieIIHOr U CTADMAHOT Be3HBarba 32 XyMaHu cepymckn aabymmn (HSA), npu gemy
HACTAj¢ KOMIIACKC YHje KAPAKTEPUCTHKE M CTAOHMAHOCT 3aBHCE OA BPCTE MHTEPAKIH|a, (DH3IYKO-
XEMH]CKHX CBOJCTABA MOAEKYAA H IIPHCYCTBA APYTHX AHIAaHAAA ¥ OuoAomkom cucremy. Ioaaszehn oa
OBE MPETIOCTABKE, II0CTaBbeHe €y caeache XHITOTe3e NCTPaKHBAMA:
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6.

V cumyAupanuM i vitro (pU3MOAOIIKUM YCAOBHMA (DOPMHPA CE KOMITACKC XYMAHH CEPYMCKH
arbymmn-xasormepusoa (HSA-HPD);

Ipu bopmuparmsy kommnaexca HSA-HPD raasny yaory mmajy xuapodpobre, eAekrpocTaTHdke
unrepakumie, Ban aep Baacose (Van der Waals) cuae, ka0 1 BOAOHHYHE 1 KOBAACHTHE BE3E;

Mexanuzam ramesa (payopecuennuje HSA y npucycrsy HPD je cratmaxn riponec ramesa;

Cyanoso (Sudlow) mecto 1je necbrrncano kao mpeaoMuHAHTHO Be3yjyhe MecTo XasolepHAO Aa
32 XYMAHH CEPYMCKH AADYMHH;

vV IIPIIC}’C'I'B}’ jOHﬂ METAAA AOAAIH AD IIPO.\{EHE CTEITEHA BE3MBaAHA Xﬂ.-\OlIEPllAO;\ﬂ 3a XyMaHH
CEP}-‘.\:{CK_II El;‘\ﬁ}-'.\-{lll—l;

vV HPHCYCTBY ('l).-‘\ﬂ.BOHOllAa AOAAZH AO ITPOMCHE CTCIHICHA BC3HBALA XaAOIICPHAOAA 34 XYMaHH
CEepPYMCKH ﬂ;‘\ﬁ}-‘.\-ﬂll—l;

I—lapamerpu ;‘\lll[O('l)ll;‘\HOC'I'll H KHCEAOCTH XaAOIIEPHAOAA CY HOBE3AHH Ca CTCIHCHOM HElroBOr
BE3HBakha 3a IPOTEHHE ITAA3ME, IITO CE MOKE KBﬂH'I'll('l)llKOBﬂ'I'll HOPHMEHOM PErpecHOHOr
MOAEAA pﬂSBlliEl—lOl' HA CKyIIY aHTHIICHXOTHKA.
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3. MATEPHUJAA 1 METOAE

3.1. Bpcra cryamje

V OKBUPY AHCEPTALIM]E PEAAN30OBAHA j€ EKCIEPUMEHTAAHA CTYAH]A KPO3 IIPUMEHY EMICHOHE H
ATICOPIIMOHE CHEKTPOCKOIN]E €4 LHAEM HCIHTHBAbA CTEIEHA BE3HBAMA XAAOINEPHAOAA 32
KOMEPLH])aAHO HADABAEHH XYMAHH CepyMCcKH aAbymuH. AHasnse cy pabene i vt ipu cinMy AMpPaHHM
pmnosomxmy yeaosmva, Takobe, nermran je u yrunaj chaaBoHonAa 1 jona merasa va HSA-HPD
BE3HBASE, [IITO MOKE AATH YBHA Y HOTCHIM]AAHE HHTEPAKIHje H3Mehy OBHX CyIICTAHL § OpraHH3My.
Ocum TOra, y HCTPAKUBAKE CYy HPHMEH:EHE TEOPETCKE METOAEC MOACKYACKOI MOACAHPAELA, IITO
oMoryhaga TeMesHO HIPOYYABAK:E H PA3YMEBAH:E MEXAHI3MA HHTEPAKLIH]a, H3PauyHABAKLE [IAPAMETAPA
HHTEpAKLIHje U HOTBphuBame excriepumvenTasnnx pesyatara. OBoM cryamjoM cy oapehenn u
MOAEKYACKH ACCKPHIITOPH XAAOTEPHAOAA IPHMEHOM pasAHunTHX codhrBepeknx makera. OHu ¢y ce
KOPHCTHAH 33 TEHEPHCAGE KBAHTHTATHBHUX ITOAATAKA KOJHMA CE OITICY]Y PA3AHYHTE KAPAKTEPHCTHKE
XAAOIEPHAOAA (CTPYKTYPa, (PH3MYKO-XEMHUjCKE OCOOHHE M APYIe) KOje MOIY YTHLATH HA CTEreH
HETOBOT BeanBarsa 32 HSA.

3.2. Xemukasuje u peareHcu

3a n3soheme excriepumenara kKopuirheHe ¢y KOMEPHHjaAHO HADABSEHE CYIICTAHIIE AHAAHTHYKE
arrcrohe. Kommanmja Sigma-Aldrich (St. Louis, MO, USA) je npounssohau sehune xemukaimja
(cepymckn anbymun xymanor mopexaa, HSA (A1887), aex us rpyne aHTHIICHXOTHKA-XaAONEPHAOA,
HPD (H1512), prasononan: karexmn xuapar, CAT (22110), amocvun, DIO (D3525), kseprerun,
QUE (Q4915), maprepn 3a npeasubame Besyjyhux mecra ma HSA: papdapun, WF (A2250) u
ubynpoden, IP (14883), kao u hocdparan nydep, PBS (P4417)). Coan oaroeapajyhux merasa (MgCla,
CaCly, CuCly, FeCls) 1 eranoa cy kopumthenn 6e3 aaser npeunmthasama. Pactsop PBS (0,01 M, pH
= T74) caapn 0,0027 M KCI 1 0,137 M NaCl i mva yaory Aa OAp#aBa KOHCTAHTHY JOHCKY Ja4HHY
pacTBOpa, 1A je 3aTo kopuirheH 3a IpHIIpeMy CBHX IOAA3HHX PACTBOPA HAH 32 ©OAropapajyha
pasdaakemsa pactBopa. Ocuosau pacteop HSA xonnentpamje 20 uM je HanpasseH pacTBapames y
aydepy 1 ayBan Ha Temmeparypu 0-4°C Oes nasarama ceeTA0CTH, OCHOBHH PACTBOPH XaAOLIEPHAOAL
kouuenTpanuje 2,8 mM, papdapuna n ubynpodrena xonuentpanunje 0,2 mM cy npuirpemsenn
PACTBAPAM-EM Y MAAD] KOAMYHHH eTaHoAa (5%) u pasbaaxenn pacrsopom PBS. Ocuosuu pactsopn
joHa metasa, M (M = Ca™, Mg™", Cu™, u AI'") npumpemmenn cy pacTsapamem y DHAECTHAOBAHO)]
BOAH, 2 3aTHM pasDaazkeHn pacTsopom nydepa.

3.3. EMucuoHa u anCOpIIMOHA CIIEKTPOCKOIIMja

V 1peoj asu oBe eKCIepHMEHTAAHE CTYAHje CY AHAAH3HPAHE IIPOMeHe ¥ (DAYOPEeCHeHTHHM
crrekrpuma HSA y npucycrsy HPD na pasanuntiv tTemireparypama, Ha oBaj maunn ce Mory yrepanti
IOCTOjarbe M IAPAMETPH HHTepakuuje AMrasA-porenH. CBH eKCHEPHMEHTH Cy BpPINEHH HA
dpmnosomxoj pH speanocrn. Beckman @ 72 pH merap (Beckman Coulter, USA) je kopumhen 3a
mepeme pH Bpeanoctn pacrteopa, Aok je Sartorius ME2158 microbalance (Sartorius, Germany) sara
(0,1 mg) kopumhena 3a oamepasame mace cyrcranun. Ha crrextpodayopumerpy RF-1501 PC
(Shimadzu, Japan), koju nma MOryhHOCT KOHTPOAE pasHE TeMIIEPATYPE M ONPEMAEH € KBAPLIHOM
kupeToM mupure 1,0 cm u kcenonckom aamirom jaumnae 150 W cHEMaHH €Y eMHCHOHH CIIEKTPH.
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Excrmranmja je BprreHa Ha TaAaCHO] AVAHHH oA 295 nm, y criekTpasHOM orncery koju obyxpaTa
obaact oa 300 Ao 450 nm. Hakon Tora cy, npumenom mapkepa sesyjyhux mecra, chayopumerpujckim
oapebena BesuBua mecta 3a HPD ma HSA. Cipykrypre mpomene n dopmmpame HSA-HPD
KoMIIAeKca aHasnsupane cy u npmvenom UV-Vis arcoprimmone criektpodoromerpuje. Opa MeToaa
Ce YeCTo KOPHCTH 32 HCHHTHBAGE AWFAHA-TIpoTenmH wuHTepakmmja. Lambda 25 UV /Vis
criexrpocporomerap (PerkinElmer, USA) onpemmen ca AyIIANM CBETAOCHHM CHOIIOM H KBAPLIHOM
kuseToM 1mmpuae 1,0 cm je xopuinhen 3a cHuMarbe CBHX arrcopruuoHux crekrapa. Cnexrpu cy
camvann y oncery oA 220 Ao 320 nm. 3asprna hasa eKCIIepUMEHTAAHOT AGAQ CTYAH]E TTOAPA3YMEBA
hayopmmverpujcko oapehupame yrumaja oaadpannx hAaBOHOHAA (KATEXHH, KBEPIIETHH, AHOCMUH) 1

jona metana (Mg®*, Ca**, Cu™', Fe’") na nnrepakunje HSA-HPD cucrema.

3.4. Murepaxuuje HPD u HSA

IMpunvena dhayopecleHTHE CHEKTPOCKONM|E 33 HCIIHTHBakbe¢ HHTepakumje aexa m HSA ce
3acHHBA Ha Mepemby (ayopectennuje emurobane oA HSA nakon excumranuje eneprujom oapebene
tasacHe ayxmnHe. Koa marepakimje HSA ca aekom, coaasn ao nipomene y dpayopecuennuju HSA,
IITO Ce MOkE KOPHCTHTH 33 KBAHTHTATHBHY aHAAH3Y HHTepakidje. PAYOpECHEHTHH CIIEKTPH Cy
CHHM/AvEHH HA pasamanTiM Temreparypama (298, 303 u 310 K). I[Mpunpesmsene cy cepuje pacteopa
34 CBE TPH TeMIIepaType, npu demy je konnenrtpanuja HSA 6uaa KoHcTaHTHA AOK j€ KOHLIEHTPALIH|A
xasonepuaosa Bapupana (0-7x10° M). Cse cepmje cy uukybupame y mpaky 60 mMumyTa Ha
AepHHICAHHM TeMITepaTypaMa, HakoH 4era je mpaheno rameme dpayopecuenmuje.

3.5. Oapehusame Tepmopnsamuukux napamerapa uamehy HPD u HSA

Tepmoannanmuukn mapaverpn uamehy HSA u HPD oapebhenn cy ma ocHoBy emucnonmx
CIIeKTapa CHHMAaHHX Ha TpH pasamgnre temreparype (298, 303, 310 K). Ceu pactsopu cy
npurnpenmsenn noasehn o koucrantae konnenTpannje HSA (2uM) koja je Tpernpana sapupajyhom
konuentpaunjom HPD (0 a0 7X 107 M). Cepuje pactBopa cy HHKyOHpPAHe Ha PAAHHM TeMIIepaTypama
y Mpaxy 60 mumyTAa.

3.6. Oapehusame mecra Besusama HPD na HSA

Besusua mecta HPD ma HSA cy oapehena Ha OCHOBY KOMIIETHTHBHHX €KCIEPHMEHATA CA
mapkepuMa Besyjyhux mecra (Bapdapun (WFE), cnenndmann mapkep mecra 1 n udynpoden (IP),
crrerdpirann Mapkep mecra LI). TTosasehn oa ocHopanx pacreopa HSA, xasonepmaona m mapkepa
HATIPABAoEHE CY CEpHje PacTBopa ¥ Kojuma je konnenTpanmja HSA u mapkepa dpukcupana (2uM), sox
je KoHLeHTpanuja xaronepuaoAa sapupana (0 a0 7X107 M). Cea Mepersa cy BpIIEHA HA TEMIIEPATY PH
oA 298 K, a cepuje pacrsopa cy nHkyOHpane y mpaky 00 MuHyTa Ha AeDUHICAHO] TEMIIEPATYPH.
ITpaheno je rameme payopecuennmje HSA yapokopano nosehamem KOHIEHTPALIH]E XAAOIIEPHAOAA.
®ayopecuentan crextpu ¢y caumann y orcery 300-450 nm. Cea excriepuMeHTAAHA MeEpPErha Cy
IIOHAB /baHA TPH YT AOK CY PE3YATATH H3PAKEHH KAO CPEAEHE BPEAHOCTH TPH MEPEH:A.

3.7. ¥Yruuaj jona Ca?t, Mg2+, Cu?* u Fe** na HSA-HPD unrepaxiujy

P ayopecuieHTHA CHEKTPOCKOITH]A j& IPUMEhEHA U 33 HCITHTHBAbe HHTepakiuje aeka u HSA y
npucycrsy jona metara Ca®’, Mg®', Cu™ u Fe''. ExcriepumeHT je OCMHIILGEH TAKO A2 je HAIIPABACHA
cepHja pacTBOpa Ca KOHCTAHTHOM KonuenrtpammjoM HSA m joma merasa (2,0 pM), aox je
kouuenTpaurja HPD  papupana (0 a0 7X107 M), Cepuje ¢y npunpemseHe TAKO IITO je PacTBOpPY
HSA aoaara oaropapajyha sanpeMuna joHa MeTaAa H HAKOH HHKyDAnHje y Mpaky 60 MuHyTa, pacTBOpPH
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cy Tpetupann oaroapajyhum konnenrpanujama HPD i nocrynak nakybanmje nmonopsen. Meperma
cy Bpruena ua 298 K.

3.8. ¥Vmnaj opabpanux ¢gpaasonousa na HSA-HPD unrepaxiujy

Mermrusame narepakinja msmehy HSA m HPD y npucycrsy oapehennx paasononaa, sprieno
je cHuMarmseM emucHoHHX crrekTapa Ha 303 Ky obaacta op 310-450 nm. V cBum pacrsoprma cy
pukcupane xonnentpaumje HSA u  Jaasomonmaa (2 pM) u  rperupane Bapupajvhim
kortenTpaunjama HPD (0-7,05 X 1077 M). Oamepero je mo 200 pL. HSA 1 chaaBoHOHAZ 11 HakoH
unkybarmje 60 muHyTa ¥y Mpaky, pactBopy cy aoasate oapehene sanpemmne HPD monasme
koruenrpanuje 3X107 M u PBS nydrep Ao nocrusama oapebene konuenTpanmje.

3.9. Hcrmmusame HSA-HPD unrtepakiipja IpHMEHOM MOAEKYACKOI' AOKHHI'A

Aa Ou ce HcIUTAO HAYMH HA KOJH A0AasH A0 uHTepakiuja nsmehy HSA u HPD, kao u yrumaj
PASAMYHTHX jOHA MeTaAad HAH MoAekyAa (haaBoHOHAA Ha BezmuBame HPD 3a HSA, msepmena je
cuMyAanmja MoaekyAckor sokuara. Marepakumje namehy HSA u HPD ucrmrane cy xopumhemem
codpreepa Autodock 4.2, ompemmenor rpacpmuxum kopucHmukuam uHTepdejcom (GUI) Auto-
DockTools (ADT 1.5.6rc3). 3a npukas pesyarata sokunra kopuinhena je OecriaaTHa Bepsuja
copreepa Discovery Studio Visualizer 3.5.0 (Accelrys Software Inc.). 3a anmasmsy eHeprerckmx
napamerapa HHTepakumje msnmeby npotenna n auranaa npumersen je nporpam PEARLS (Program of
Energetic Analysis of Receptor Ligand System). I'lporpam Accessibility Calculation for Protein (ver.
1.2). je npumermen 3a npoueny aoctyrse nospmmne HSA.

3a ucrmraBame yrunaja gaasononaa Ha uxrepaknuje HSA-HPD, akmero mecro HSA je
oapeheno mporpamonm  AutoGridFR (AGFR) (107). T'eomerpuje MCHHTHBAHHX JEAHESCHA CY
OITHMU30BAHE, A eHepreTcku MuHuMyma cy npouabenn [aycoBum codyrBepekin  1makeTom
kopuithemem Teopuje bynkunonasne rycrude (DFT) n kopmmhemem B3LYP dynkunonasa ca 6-
311++G(d,p) (108-110). Aodnjena je kpucrasna crpykrypa HSA ns Gase Brookhaven Protein Data
bank (PDB ID:1HK1)(111). I'lporenn je npunpemmen 3a soxosame y Discovery Studio 4.0 (112).
[Norapun Boponunm, Kosmanosa (Kollman) nHaesekTpucama B APYIH HAapaMeTpd CY AOAATH
kopuithemem rpachuakor uarepdejca n3 AutoDockTools (ADT) (113). Codpreep AutoDock 4.2 je
kopumheH 3a CHMyAallHje MOAEKYACKOr AOKoBama. Lamarckian Genetic Algorithm (LGA) je
HUMIIAGMEHTHPAH 32 (PACKCHOHAHO CIIajamse IPOTEHH-AHIAHA H  KOMITAEKC-AMIAHA CHCTEMA.
[Mapamerpn 3a LGA meroa cy oapehenn ma caeaehm Haumm: MakcHMaAaH OpOj €HEPreTCKHX
epasyarmja je 6mo 250.000, makcnmasan Opoj remepanmja je omo 27.000, a crome myranmje u
ykprrrama duse cy 0,02 u 0,8, mojeannauno. Asropurmn Ha Kojuma ce sacHuBa codpreep AutoDock
4.2 MOry HpeABHAETH IO3MIH]E AHIAHAA VHYTAp IHPOTEHHCKE METE M IPOLEHHTH HX DOAOBAbEM
ynximja AechHHHCAHUX TIOCTaBbarbeM OkBHpa Mpexe. HSA je cmemrren y permerkacty kyrmjy
AmMensnja A3 yeMepeHHX y -X, -y, 1 -2 IIPABIIIMA TAKO A4 C€ TIOKPHje MECTO Be3HBAFLA 32 IPOTEHH 1
Ad ce AMTaHA MOme cA0DoAHO Kperat. Pasmak mameby ragaka mpexe oa 0,375 A xopumhen je 3a
ayro mpexe. AoOujeHn pe3yATaTH cy aHaAH3NpaHH B HAycTposann y Discovery Studio 4.0.

3.10. ¥T1unaj aeckpunropa cgpusnuko-xemujckux ocoburna HPD (logP, Mw, Vol u pKa)
HA CTEIIECH Er0OBOI BE3UBAbA 34 IIPOTEHHE IAA3ME

MzpauyHaparme MOAGKYAAPHUX — ACCKPHIITOPA  AHTHIICHXOTHKA HA  OCHOBY  FbHXOBHX
MOAEKYAAPHHX CTPYKTYPA H3BPIIEHO je KopUIThemeM HEKOAHKO cO(PTBEePCKHX IaKkeTa. AeckpHITTOpH
moaexyacka maca (Mw) u sanpevuna (Vol) ¢y mspauymarn npuvenom codpisepa 3a IIPHKAZUBALE
(Molinspiration, www.molinspiration.com). Aeckpurrropn AHIOMHAHOCTH, CEAAM PAa3AHMYHTHX
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aorapuramcknx speanocty, logP (AlogPs, AClogP, milogP, AlogP, MlogP, XLOGP2, XLOGP3) u
EbHXOBH ITOAALIH O PACTBOPAHBOCTH Y BoAH (logS), mapauynaTi cy npuameHoM cohTBEPCKOr ITaKeTa
BHpTyeAHe Aaboparopuje 3a pauynHapcky xemujy (Virtual Computational Chemistry Laboratory,
www.veclab.org). Mspauynasame apyror napamerpa aurocpusnocry, ClogP Bpeanocrn, u3Bpiiena je
npienom codreeperor nakera Chem-Draw ultra 12.0. Banka aekosa (DrugBank, www.drugbank.ca)
je kopunrhena 3a m3pauyHaBame Aeckpurrropa kuceaoct (pKa speanocrn). [Tosaun Besnpama 3a
nportenne naasme (PPB), kao u BpeanocTn excriepumenTasnux napamerapa amnodpuanoctn (log
Pexp) wmcrmrrupannx aexoBa, aodujenn cy kopuirhemem moaataka us Oanke aexosa (DrugBank,
www.drugbank.ca). 3a crarncrimdky anaansy nmoaaraka kopuirhen je nporpam Microsoft Fxcel 2003.
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4. PE3YATATHN

4.1. MaTepakiije XaA0II€PHAOAA U XYMAHOI' CEPYMCKOT aAOyMHUHA

V unny pasjannmasama npupoae u kapakrepucruka uatepakunje HSA-HPD u menor 3nauaja
32 BE3NBAILE A€KA 34 IPOTEHHE ITAA3Me, KOpHIITheHe Cy CIIEKTPOCKOIICKE MeTOAe. AHAAH3UPAHU CY
EMHCHOHH H AICOPIIIHOHH CIIEKTPH, MEXAHH3aM Tallema (hAyOopecleHlHje, Kao B IapaMeTpH
Be3HBaHa, VKA Yayjyhu koncTanTe aduraiTera, Dpoj H IPHPOAY MECTA BE3HBALA U TEPMOAHHAMIUKE
HapamMeTpe HHTePaKIHje.

4.1.1. Emucuonu cnexrpu HSA y npucycrsy HPD

Emmrcnonn ciextpn HSA y mpucycrsy pacryhux konnenrpanuja HPD, npu dmsnoaomkoj pH
speanocta (pH = 7,4) u ma tpu pasamdnTe TeMIepaType, ¢y CHHMACHI U IIpeAcTaBsern Ha CAnkaMa
9, 10 u 11. Kaaa ce mosekya HSA nobyan na 295 nm, A0Aa31 A0 YHYTPALIELE EMHCH]E IPOTEHHA 1ITO
j€ pesyATaT HPHCYCTBA OcTaTaka amMHHOKHceAnHa, Tpurrrodana (Trp) u taposuna (Tyr) (114), a npe
ceera ocrarka Tpunrodana y nopsomeny 1IA. Vipaso wa ocHOBY oBe ocoDHHE HCIHTHBAAM CMO
BE3MBALE MAAHX MOAEKyAA (Aeka, paaBoHOHAA M joHa MeTaAa) 32 HSA(115). Ha ceum Cankama cy
npukasann ciuekrpu emucuje 2 pM HSA, y oanocy na criexrpe pacryher oncera koanenrpanuja HPD
oa 7, 14, 21, 28, 35, 42, 49, 56, 63, 70 uM. Kao urro ce uam ma Camkama, mpucycreo pacryhux
konuenTpanrja HPD y3pokyje cmamerme HHTEH3UTETa MAKCHMYMA eMHCH|e IIPOTEHHA KOjH Ce yo4aBa
Ha A»=350 nm, aAM HCTOBPEMEHO HE AOAAZH H AQ IIOMEpPara eMHCHOHOr Makcumyma. Ha ocnosy
AODHjEHHX PEe3yATATA MOKEMO Aa IpernocrasmMo aa npucycrso HPD yapoxyje xomdpopamanmone
IIpOMEHe ¥ MUKPOOKpYyzKery Tpurrrocana u aa HPD unreparyje ca HSA.
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Canka 9. Eyvucnonn crexrpun HSA y npueyersy pasamamrrux konnenrpanuja HPD (T = 298 K, pH
=74). [HSA] = 2,0 uM. Kpupa x emucunonn ciesrap HPD, [HPD] = 70 uM.
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Cauxa 10. Emucnonn cnexrpu HSA y npucycrsy pasamunrux konuenTpaumja HPD (T = 303 K, pH
=74). [HSA] = 2,0 pM. Kpusa x emucnonn crrexrap HPD, [HPD] = 70 pM.
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Cawmxa 11. Evucnonn cnexrpu HSA y npucycrsy pasamunmux konuenrpauuja HPD (T = 310 K, pH
= T74). [HSA] = 2,0 pM. Kpupa x emucnonn crrexrap HPD, [HPD] = 70 pM.

4.1.2. Mexanusam unrepaxuuje uamebhy HPD u HSA

Mexanusam ramrema EMIIICIije IPOTEHHA CE MOMKE PCaAH30BATH HA TPH HAYHHA KAO CTATHYKH,
AHHAMHYEH MAH MEIITOBHTH. KOA CTATHYKOI MEXAHH3MA IAllCHA AOAAIH AOD ('l)OP.\LIfIPﬁH:vﬂ KOMITACKCA
IfISMEhy ['l);‘\yOpO('bOPE I[IPOTEHHA H KBEHYEPA, IIpH YeMY Hﬂl'pﬂhEH KOMITACKC HeMA ['l);‘\}-'OPEC]J,EH’I'Hﬂ
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CBOjCTBA, AMHAMHYKH MEXAHN3aM IAllleka Ce ACIIABA KA0 ITOCAeAHIIa cyaapa usmehy dayopodope n
KBEHYEPA IIPH IPeAacKy y 10OyheHo cTaibe, 2 MEIIOBUTH MEXaHH3AM IIPEACTABbA KOMOHHALIHY ABA
HOMEHYTA MexaHH3Ma. Y IHacy AehHHHCAEa MeXaHH3Ma ramema emucuje HSA cmvanm cy
EMICHOHH CIEKTPH HCIIHTHBAHHX CHCTEMA HA TpH pasandute Temieparype. Ha ocHoy aobujennx
BpeAaHocTa Makcumyma emucuje HSA y npuceyersy HPD, kao u anneapne sapucnocru Fo/F y oanocy
Ha [Q] (Canka 12), Mozke ce HPETIIOCTABHTH AA j€ MEXAHI3AM T'allEHha OCTBAPEH KPO3 AMHAMIYKH HA
crarnukn mpouec. Crepu-Boamepose koncranTe ramrema oapehene cy npuvenom Crepr-Boamepose
jearaunse (1106):

Fo/F = 1+K0[Q]=1+K.[Q] 1))

rae cy Fou F uarensurern eMucnje IpoTenHa y OACYCTBY U IIPHCYCTBY kBeHuepa emucuje (HPD),
KOHCTAHTA OHMOAEKYAAPHOT Talliemka 03HauaBa ce kao K, 1) ce oanocn Ha xusoTHH Bek hayopodope
y oacyctey HPD, 1j. xBenuepa (1o = 107 s), [Q] je xonnenrpanmja caoboanor HPD, aok ce Crepu-
Boanmepopa koHcTanTa ramema ce o3Hauapa kao Ksv (Tabeaa 1). ITpuamkom cBuX m3pauyHaBama 32
KOHLIEHTPALH]Y Aeka je y3era ykyrHa konuerpaumja HPD, sato mrro v mammm ekcriepumenTuMa Hije
1o3HaTa KoHLeTpannja caoboanor HPD.

Ca noeehamen temueparype Aoaasu Ao nosehama Ksy ca 2,05X10° na 3,61x10° urro ykasyje na
AMHAMHYKH MEXaHH3aM ramema emuchje. Mlcroepemeno, BpeaHoctn Ky Ha CBHM HCIHTHBAHHM
TeMIIEPATYPAMA HPEBA3HAAZE PEA BEAHHMIHE 32 IAIIEHhE OCTBAPEHO AMHAMUYKHM MexaHnsmom (2X10%
M " s™") mrro ykasyje Ha akTHBHO yuerthe CTaTHUKOr MEXAHU3MA TAIIEbA,
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A 310K . =
A-/ __l’/ I
L e > el
1.1 4 ot it
w /’;4('/-’./ Q_/
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0.9 . . . v r , . .
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05 5.0E-05 6.0E-05 7.0E-05 8.0E-05

[Q] (mol/L)

Camnxa 12. Crepu-Boamep-oB anjarpam ramrema emucuje HSA y npucycrey pacryhnx konuenTparmja
HPD na pasanyauTism TemmepaTypama

Tabeaa 1. [lapamerpn marepakunje HSA-HPD cucrema Ha pasamantim TeMiieparypama

T/K Ksw/dm®mol™ K,/dm’mol” s R* K,/dm’ mol™ n R?

298 2.05%10° 2,05X 10" 00928 7.94x10° 112 09954
303 3,50%10° 3,50x 10" 09885  407x102 1,02 09920
310 3,61x10° 3,61x10'" 0,9953  195%102 093 0,9900
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4.1.3. OapebuBaime KoHCTAaHTH U MecTa Be3uBaiba usmehy HPD u HSA

Mepeme emucH]e IIPOTENHA Y IPHCYCTBY pacTYhHX KOHIEHTpALH]ja A€KA IIPYKA BPEAHE TIOAATKE
32 N3pAUYYHABAE KOHCTAHTH BesuBama (K.) kao u Opoja mecra BesmBama (n) Ha HSA. Bpeanoctn
KOHCTAHTH BE3UBAMGA YKA3Y]Y HA KOHLEHTPALIH])Y CAODOAHOT A€KA, 4 CAMHM THM U HEIOBY e(PHKACHOCT.
Oanoc namehy HHTEH3HMTETA ralllermha eMHCH]e H KOHIEHTPALH]e KBeHYePa MOKE ce OIHcaTH caeaehom
jeaHaunHoMm (114):

log Fo-F/F = log K.+nlog[Q] 2)

rae ce Fy u F oanoce na natensurere doayopecenumje nporenna 0e3 U y IMPHCYCTBY KBeHYEpa,
K, o3HauaBa KOHCTAHTY BE3MBAA HAH HPHUBHAHY KOHCTAHTY ACOLMjAIIMjE KOja CE€ OAHOCH Ha
HHTEPAKIH]Y H3Mehy AeKka H NPOTENHA, 11 CE OAHOCH Ha DPOj MECTA BE3UBAMA 110 MOAEKYAY Aeka, a [(Q]
IIPEACTAB A KOHIEHTpALH|y kBeH4yepa. Bpeanocrn K, 1 n ce u3pauyHasajy H3 Ipeceka 1 HaruOa Ipase
(Camxa 13) xoja je aobujena Ha ocHoBy rpaduka sapucaoctu asorapurva [(Fo-F)/F] y oanocy na
aoraputam [Q]. Aobujene Bpeanoctu cy npukasane y Tabean 1.

-2.1 -
»
-1.9 4 * 298K ) _,—"/
1.7 4 m 303K i
- 4 310K P 1 M
& 154 g ol
n.:'.:' .3 o /. _
—_ ./"a-' -’/’ __/’/
g! -1.1 : § /1/,
= ¥,
-0.9 - A
0.7 1
-0.5 T T T T T T J
-4.00 -4.20 -4.40 -4.60 -4.80 -5.00 -5.20 -5.40
log [Q]
Cauka 13. Amjarpam aoraputamcke sapuctocti log(Fy — F)/F y oanocy na log [Q] Ha pazananTing
TEMITepaTypaMa

Komncranre Besnpara cy peaa BEAMYHHE 10°-10°, mrro ykazyje Ha TO Aa Komaeke HSA-HPD nuje
HApounTO crabuaan, oaHocHO Aa HPD mma masn admmmrer npema HSA. [Npukasane speanoctn
KOHCTAHTH BesuBarsa Ha 273, 303 u 310 K (7,94x10% 4,07x10% u 1,95X10%) jacHo mnokasyjy aa ca
LIOPACTOM TEMIIEPATYPE CTADHAHOCT KOMITAEKCA AOAATHO OI1aAd, AAH HCTOBPEMEHO je JACHO Ad AOAA3H
A0 nosehama edpukacrocrn HPD), 1rro ce objanmmaea nosehamem KoHIEHTpaje CAODOAHOT AeKA Y
naasmu. Bpeanocrn 6poja Mecra BesuBama Ha npoTenny (n) npukazane y Tadean 1, ykasyjy Ha TO A2
ce HPD Bewe 3a jearo MecTo Ha IpoTeny.
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4.1.4. OapebuBame TepmoanHaMuukux napamerapa uamehy HPD u HSA

Hurepakmmje namehy mportenmna m MaAMX MOAEKYAQ MOIY Ce OCTBAPHTH HA BHIIE HAYHHA
3aBHCHOCTH OA Besyjyhux cuaa xoje meby muma aeayjy. HekoBasenrtne mnrepakumje ce Hajuenihe
IPHITHCY]Y AEJCTBY BOAOHHYHHX BE€33, CAEKTPOCTATHYKHX CHAZ, BaH Aep BaacoBux cmaa mam
xuapodobunx uaTepakmmja (117). Maenrudukannja ocrBapeHNX HEKOBAACHTHHX HHTEPAKIH]A CE
BPIIM HA OCHOBY TEPMOAMHAMMYKUX Iapamerapa (npomene ['mbcoBe caoboane enepruje, AG
npomere enrtasnmje, AH' u mpomene entponmje, AS"). 3a oapebuBame TepMOAHHAMIYKHX
APAMETAPA j€ HEOIXOAHO AHAAMZHPATH MOHAINAME UCHHTHBAHMX CHCTEMA HA BHIIE PA3AMYHTHX
temrrepatypa. Ha ocrnopy emucnonnx criexktapa HSA y npucycrsy pacryhux konunenrtpanuja HPD
CHUMAHUX HA PasAIMHTHM Temrepatypama (298, 303 u 310 K), aobujene cy Bpeanocru 3a AH" u AS”
upumenom san’T Xodose (van’t Hoff) jeanaunme:

In K,= AH°/RT+AS°/R 3)

ka0 pesyarar sapucHocTH InK, oa 1/T, 13 npecexa n Haruba npase (Canxa 14).

10.00 -
9.50
5.00
8.50 -
8.00 -
7.50

InK

y = 108594x - 27.568
7.00 A R?=0.9948

6.50 A

s.m 1 1 L J
0.0032 0.00325 0.0033 0.00335 0.0034

1/T(K?)

Canxka 14. Murepakunja mamehy HSA w HPD na 298, 303 u 310 K npeacrasrena Ban'r Xod-oum
rpadprroM

[Tpomena caoboane eneprmie, AG" aobujena je na ocHoBy ['ubc-Xeamxoauose (Gibbs-
P pruje, ] ] 3
Helmholtz) jeanaunme:

AG'= -RTIn K= AFI-TAS’ (C))

rae je K, koHcTanTa BesuBama Ha oaroBapajyhoj temmeparypu, R je yHuBep3aAHa racHa KOHCTAHTA
1 T je TepMOAHHAMITKA TeMIepaTypa. TepMOAHHAMUYKH TapaMeTpH ¢y tpukazanu y Tabeau 2.

32




Aeokmopexa ducepmaija Jeaena beput

Tabeaa 2. [Napaverpn nurepaknuje HSA-HPD cucrema va tpu Temmepatype

T/K AHYK]J mol™ AS5°/J mol 'K AG°/K] mol™
298 -15,69
303 -89,56 225,94 -15,81
310 -15,96

Mozkemo BuaeTH Aa ¢y BpeaHocTH AG' HeraTUBHE, IIITO YKA3yje AA C€ OCTBAPEHA IHTEPAKLII]a
Aerasa croHTano. Herarusae BpeaHoctn entaanuje (AH") u mosuruehe BpeanocTu entpornje (AS")
ykasyjy Ha TO Aa Besubarbe HSA-HPD vy BeAnko] Mepu 3aBuCH OA €AEKTPOCTATHYKHX HHTEPAKIII]A,
koje 0besbehyjy crabuanoct kommaekca (118).

4.1.5. OapebuBaime aduauTeTa M HaYnHA BesuBama HPD sa HSA

[Tojant mpenoca enepruje payopecuentre pesonanmmje (FRET) ypeo je u maremaTHakm
doparyancao Teopop Poperep (Theodor Forster), Hemauki HAYYHUK 10 KOME CE APYTadymje HA3HBA U
®opcrepor eneprerckn Tpancdep. FRET je mpoiec koA kor ce KBaHT eHepruje IPEHOCH €A MecTa
ATICOPIILH]E ¥ IIOCMATPAHOM CHCTEMY HA MECTO TA€ Ce Ta eHepruja kopucti. OBaj mpouec ce ocTBapyje
IyTeM pe3oHaHTHE HHTepakuuje m3mehy xpomodhopa, Ipu 4emy je HEOIIXOAZH YCAOB A2 CE ITOCMATPAHE
xpomodope Haraze HA PacTojarby Koje je 3HaTHO Behe oA mHTeparoMckor. Ha raj Haunn He ac0Aa3m AO
KHHETHYKHX cyAapa HM3Mehy AoHOpa M akKIenTopa, eMHTOBAA 3PAYEH:A U KOHBEP3Hje Y TOIAOTHY
eneprujy. FRET je paman cusuasn dpeHoMen 3a pazyMeBarse HEKHX OHOAOIIKHX CHCTEMA, 12 HMa
OPaKTHYHY IIPUMEHY 32 OApehuBamse MpocedHHX pacTojama H3Mehy ocraraka aMHHOKHCEAMHA Y
uporenHy (asoHOpa) u Besyjyher aeka (axuerrropa) (119-121). ®opcerep (122, 123) je moxasao aa
ecpuracHocT npenoca enepruje payopecuentae pesonanuuje (EFRET) sapucn ox masepsnor mmecror
cTelreHa pacTojama HaMehy mapa AoHopa 1 aknernrropa (r) H AaTa je jeAHAY HHOM:

6 ®)
R
0
6.6
(RO +r”)
rae ¢y F u Fo nnrensurern cayopecuennmje asoHopa (y Hamem excrepumentTy je 1o HSA) y
IIPHCYCTBY M OACYCTBY akuenTopa (ucnurusa Ack), a Ro je Popcrepos pasnjyc HA KOME ce [HOAOBHHA
nooyhyjyhe enepruje nporenna npenocu Ha xpomodopy xasonepuaoaa. Crora ce Poperepor pasujyc
(Ro) aebunmiire kao pacrojarse Ha Kojen je edpukacHoCT NpeHoca enepruje 50%.

F
EFRETZI_F_OZ

Dopcrepos pasujye (Rg) 3apucn oA kBaHTHOr npeHoca (DAYOPECHEHIIHjE IIPOTEHHA ¥ OACYCTBY
xaronepusosa (D), muaexca mpesamama pactBopa (N), AHIIOAHE yraoHe OpPHjEHTAIM]E CBAKOT
moaekyaa (K°) M CHEKTPaAHOI MHTEIPaAa IIPEKAAlaba AOHOp-akuenTopckor mapa (J) u aar je
JEAHAYIHOM:

Rg =8.79x10° 2K 2N 4ps ©)

bpanna FRET-a 3aBucn oA CTeleHa CIEKTPAAHOL IIPEKAAIIamba HaMehy Imapa AOHOpP-aKIEenTop,
KBAHTHOI [IPHHOCA AOHO P2, PEAATHBHE OPUJEHTALHE [IPEAA3A AOHOP-AKLENTOP, AUITOAHIX MOMEHATA
U pacTojama Koje pasaBaja xpomodope aoHop-akuenrop. Muaterpas mpeksamama (J) mome ce
H3PAYYHATH jJeAHAYHHOM:
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_SHA)e(2)2* 0 @

/ 2F(A)A2

rae je F(A) narensurer payopecuennnje (hAyOPeCeHTHOr AOHOPA HA TAAACHO] AYKHHHE A, 4 &(A)
je MOAAPHH KOeDULIH]EHT allCOPIIIHUjE AKUEITOPa HA TAAACHO) AVAKHHH A, 3a maTepaknujy aek-HSA,
K*=2/3,N=1336u ® = 0,118 (124). Ha Canrm 15 npuxasanu cy ancoprmmonn cinekrap HPD n
emucuonn crekrap HSA cumvmenn ma 298 K. Ilpekiamamem ancoprimuOHOr CIIEKTPA A€Ka €4
EMUCHOHIM CIIEKTPOM IIPOTEHHA AODH]EHH CY MOAALM 33 M3PAYYHABALE HHTErpaAa pexaanarma (1,76
X 10° M 'em 'nm™), ®opcreposor paamjyca (3,55 nm) U epUKACHOCTH IIPEHOCA €HEprHje
hayopecuenTre pesonanmmje (0,149). Ha ocnoy aoOmjennx Bpeanocrn oapebeno je m pacrojame
uamehy Aomopa m akuentopa u usHocu 531 nm. C obsupom aa je pacrojame uameby aoHOpa n
AKLENTOPA MAFE OA 7 NM, MOKEMO Ad H3BEAEMO 3aKAVYAK AA je npeHoc enepruje moryh ca HSA ma
HPD u aa ce oapmja ca Beanxom seposaraohom (125).
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Camnxka 15. [Tpexaaname emucuonor crrextpa HSA u anco prmmonor cnesrpa HPD (a, 6). [HSA] =
[HPD] = 2,0 uM.

4.1.6. AnncopnuuoHa criekrpodgoromeTpuja

ATICOPILIOHA CIIEKTPOCKOIIH]A &€ METOAA KOja C& BEOMA YeCTO KOPHCTH KA0 AOAATHA METOAA 32
AepHHICaE:E MEXAHH3MA TAlleH:A eMHCHje IPOTeHHA. Y Ty CBPXY Ce aHAAM3UPA]Y AICOPIITHOHI
CIIEKTpH HCIHTHBAHNX cucTema. Hamve, kaaa ce rarerbe eMHCH]e ASIIABA AMHAMHUKHM MEXAHH3MOM
(aoAazm A0 cyaapa m3nmeby kapakTepucTiune payopodope IPOTEHHA W HCITHTHBAHOT ACKA) AOAAZH
AO IIPOMEHA CaMO Y ITODYHEHOM Cramsy, 1A TAKO AICOPIIIHMOHM CIEKTPU 33APKABAJY HPBOOHTAH
usraeA. CylnpoTHO, IPOMEHE § H3IAEAY ANCOPILMOHHX CIEKTAPA HEABOCMHCACHO CY MOCACAHIA
CTATHYKOI TIAIlCHA EMHCH]je, Kapa AoAasH A0 opmupama kommaexca usmehy nporemna u
ucrrruBaHor aeka (120).

V okeupy ncnmrusarma narepakumja cucremMa HSA-HPD commvann cy ancoprumnonn crexrpu
y UV obaactn na temmeparypu op 298 K. ExkcrepumeHT je OCMHILWEH TAKO AQ CE ITOPEAE
arrcoprimmonn  cnexrpu HSA vy oacycrey m npucycrsy HPD, kao wu BpeaHocTn mHXOBHX
arrcopuimonux  Makcumyma. Ha cammm 16 ce mory Buaern 4eTupH  allCOPHIHOHE KPHBE.
Ancoprmmonn cnekrap HPD npeacrasasen je kpusom b i aako ce youasa makcumym Ha 247 nm, A0K
arrcoprimmonn crrektap HSA mva caab arrcoprinnonn makcumym Ha oko 278 nm (kpusa L), a peayarar
j€ AIICOPIILI]E KOja IIOTHYE OA OcTaTaka Tpu apomarnane avuHokuceanse (Trp, Tyr u Phe). Kpusa A
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npukasyje ancopruuonu crexrap HSA y npucycrsy HPD, a kpusa A pazanky nameby ancoprmmonnx
crrekrapa HSA-HPD koammaexca u camor HPD. Axo nmocmarpanmo kpuse L n A, ounraeano je aa
arrcoprmons Makcumym HSA (kpupa 1) ma 278 nm ocraje roToBO HepOMEHEH H HAKOH AOAABAHA
HPD (kpusa A), mTo ykasyje Ha TO A2 He IIOCTO]e 3HAYA]HE IIPOMEHE Y AICOPIILMOHOM CIIEKTPY, IITO
HCKAYIYje AOMHHAHTHO CTATHYKO IAILEHhE.

a)
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Camnxa 16. VB-Buc cuextpu HSA y npucycresy HPD: a) ancoprimuonn cirexrap HSA-HPD
Komraekca y oanocy 1:7 1 0) 1:35; A, ancoprimonn criekrpn HSA y mipucycrsy HPD; b,
ancoprumonu crektap HPD; L arrcoprmmonn criextap HSA; A, pasamka namehy ancoprnunonnx
criektapa HSA-HPD kommiaexca m HPD. Ha ymerayTom Aeay npHkasas je aliCOPILIMOHH CIIEKTAP

HSA y npucycrsy pactyhux konnenrpamja HPD. [HSA] = 2,0 uM, [HPD] = 0 - 70 puM.
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4.2. Uaenmudukarmja Bedyjyher/se3yjyhux mecra HPD na HSA

Amnasusom kpucrasne crpykrype HSA orkpuBeHo je aa ce y OBOM MOAEKYAY HAAA3E TPH AOMEHA
(1, I w1 III), y oxBupy kojuX 1ocTOje 110 ABA HoasoMeHa, A u b. Kao najuenthe mere aekopa koju cy y
CBAKOAHEBHO] yIIoTpebH, Ha MoAeKyAy aabymuHa cy maenTudukosann mecto I u mecro 1T (127,128).
Kao cnemmdpmunn mMapkepn Be3smparba, Tj. AGKOBH KOjH ce Bexky 3a mecto | mory aa ce kopmcre
pappapuH, a3anporasol, A3HAOTHMUANH, HHAOMETALIMH U Ap., a 3a Mecto LI, nbynpoden, xaroran,
amazeniam, rponodgoa. Aa 6m ce maeHTHMHKOBAAA MECTAa BE3MBaba MAAHX MOAekyAa 3a HSA,
yODHYAjEHO je CIIPOBOANTH KOMIETHTHBHE EKCIIEPHMEHTE €A CIeIH(DHYHIM MAPKEPHMA BE3UBAKSA,
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- :
H :
= 40 =
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0 o
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Canxka 17. Emucnonn cuexrpu HSA-IP (A) m HSA-WF (B) y npucycrsy pasanmaurux KOHLEHTPALIH|A
HPD (T = 298 K, pH = 7.4). [HSA] = [IP mwan WE ] = 2,0 uM, [HPD] = 0-70 uM. Ha ymerayrom

AEAY je amjarpam Aoraparamcke sapucaocts log(Fy — F)/F y oanocy Ha log [Q].

VvV oxeupy wmcnmmuBama  mHTepaknuja HPD  ca HSA, wusspmena cy xomnernrusHa
EKCIIEPUMEHTAAHA HCITHTHBARA yr1oTpebom Bapdapuna (W), maprepa crrenudprranor 3a mecro I, kao
u noynpodena (IP), mapkepa crrenudpmranor 3a mecro Il (129). Ha Canum 17 cy npukasann eMmucHoHn
crrekrpu cucrema HSA-IP n HSA-WFE y moackom oamocy 1:1 (2 uM), vy npucycyrsy pacryhux
xonuentpannja HPD (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70 uM). Crexrap koju nokasyje
Hajpehn nHTEH3HTET eMucH]e oaHOCH ce Ha ABokommoHeHTHE cucteme HSA-IP, oanocno HSA-WE.
OunraeaHo je aa npucyctso pacyhux konnentpanuja HPD yrige ma cvmameme HHTEH3UTETA EMIICH]E
ABOKOMIIOHEHTHHX CHCTEMA, IITO Y3POKYje CMAF:EHE BPEAHOCTH KOHCTAHTH U TO, ca 7,94 X 10° dm
*mol™" na 6,17 X 10° dm *mol ' y npucycrsy WF u 7,76 X 10* dm®mol ™' y npucycrsy IP. [pucycrso
WF cmamyje KOHCTAHTY Be3uBamba TpokomIoHeHTHOr cucrema (K 3a 22.3%, aok IP xomcramty
Be3HBamba peaykyje 3a 2,27% y mopehemy ca koHcTaHTOM Be3dubBama ApokommonentTHor HSA-HPD
cucrema. OBH pesyaraTn 1oxasyjy aa npucycrso WE 3Hauajumje cMamyje KOHCTAHTY BE3HBAA, AOK
IIOCTOJH CaMO MaAH yruna) noynpodena Ha nocmarpany Bpeanoct. Ha ocHoBy HaBeaeHOr, MOKeEMO
saknmyanT Aa ce HPD aeanmmvirano sesyje 3a mecro I man y merosom oxpymersy Ha HSA.,
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4.3. Murepakiiyje Xar0lepHAOAd U XYMAHOI CEPYMCKOI aA0yMHUHA UCITUTAHE
MOAEKYACKHM AOKHHIOM

Iprvenom KoMITjyTEpCKe METOAE MOAEKYACKOT AOKOBAH:A, HCIIHTHBAHE Cy HHTEPaKInje namehy
XAAOIEPHAOAL B AADYMHIHA. ¥V HCTPAKUBAKHMA OBOI THIIA, KBAAUTET IpeABubama y BeAHKO] Mepu
3ABHCH OA HAYMHA HA KOJH AOKHHI IIPOIPAM HCTPAKYje IMPOCTOP MOryhHX I103a B KAKO OLEmY)e
HSHXOBY €HEPIeTCKY IOBOAHOCT. 3aTO CY ¥ OBO] CTYAH]H IPHMEHEHA TPH PasAHYHTa cOohTBEpPCKA
pemrersa, op kojux AutoDock m AutoDock Vina (130, 131) npumasajy akareMCKHM AOKHHTD
maaTdopMamMa KOje KOPHCTE CTOXACTHYKY TAODAAHY ONTHMH3AMM]Y Y KOMOMHAIINH €A YHAIIPEA
HM3PAYYHATHM EHEPIETCKHM MpEkKaMa pelerrropa, AOK Vina AOAATHO HHTEPHO IE€HEpHINE H
OIITHMH3Y]e MpeKy DOAOBAE:A TOKOM CAMOT IIpoleca AoKoBama. Komepumjasnn nporpan GOLD
(132), ¢ apyre crpane, npuMersyje TeHETHYKH AATOPHTAM IIPETPAKABAKGA, A EHEPIETCKY eBAAYALH]Y
komrraexca sprra CHEMPLP emmnmpujckom dhysknmjom, konmmmnpanom Aa ca sehom npenusnomnhy
IPEABHAH ITOAOKA] AMTAHAA YHYTAP IIPOTEHHCKOL TIETA.

Tabeaa 3. Adunnrern pesnsara HSA-HPD na ocnosy AutoDock, Vina u Gold (CHEMPLP)

T/K Mecrto I Mecro II1
AutoDock” 17,49 (1)

Vina' -34,3 (i)

Gold" 82,32 (iii) 93,73(iv)

* Caoboana €HEPIHjA BE3HBAHA AG"/ kJ mol™

b Dyuxunja yryrHOT DOAOBAKBA

BeauBHo MmecTo I

Canxa 18. AoKHHI aHAAN32 KOMITAEKCA XAAOIIEPHAOA-XYMAHH CEPYMCKH aAGYMUH: (2) IIPHKA3
BE3aHHX KOMIIAeKCA A0DHjeHnx nporpamuma AutoDock, AutoDock Vina u GOLD; (6) najososHuja
1032 XAAOIIEPHAOAA Y BESUBHOM LIeny aADyMuHa IpeABHheHa AOKHHT AATOPUTMIMA.
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Wang u capaannnu (133) cy y jeAHO] OA HAJUUTHPAHU|UX H HAJODYXBATHHJUX CTYAHJA ¥ OBO]
obaactu noxazaan aa GOLD ocreapyje BHCOKY ehHKACHOCT y IPETPAKUBARY 110334 AHIAHAA, AOK
akaasemckn nporpamu AutoDock m AutoDock Vina ncriosasajy Behy moysaanocT y AOMeHy CKOPHHT
(pyHKIITjE, IITO je AOBEAO Yy IIMTAFGE OIIITE YBEPEEE AA KOMEPLIMJAAHH AOKHHI CO(OTBEP HYKHO
HAAMALITYje CAODOAHO AOCTYITHE aKaAeMCKe IAATgropMe. ¥ TOM KOHTEKCTY, PE3YATATH AODH|EHH Y OBO]
AHCEPTAIMH AOAATHO ITOAD/KABAJY CTaB Ad M300pP AOKHHI METOAE MOpa OHTH YCAOBASEH THIIOM
peLENnTOpa U UCTPAKUBAYKIM LHAEM, 4 HE HCKAYyYHBO AocTynHomhy codyrsepa. [lpeasubene
BPEAHOCTH AOKHHT aDHHHUTETA, 03¢ U AOMHHAHTHE HHTEPAKIU]E KOMIIAEKCA Xasomepuaos-HSA
npukasane cy y Tabeam 3 m ma Cammm 18, xoje 3ajeaHO npyiajy CTPYKTYPHY M €HEPIETCKY
HHTEPIIPETANH]Y OCTBAPEHOI BE3UBA:A.

Vnorpebom aoknnr nporpava GOLD naenTidgHKOBaHA Cy ABa HOTEHIHjaAHO HAJIIOBOASHH]A
pesuBHa peruona, Mecto III 1 Mecro I, koju cy mokasasnm BeoMa CAMYHE BPEAHOCTH CKOPHHTL
chynrimje, 1o yrasyje Ha yrmopeans adpHHHTET IIPHXBATAA AHTAHAA ¥ 00a 11erma. Maxko cy oba mecra
CTPYKTYPHO M EHEPIeTCKH BEPOBATHA, pe3yATatH AOkuHra cy y Behoj mepu dasopusoBasn
mukpocpeanny Mecra I, 36or wera je ympaBo oBaj nen u3adpaH 33 Adsy  CTPYKIYPHY 1
TEPMOAHHAMHYKY HHTEpIipeTannjy komiaexca HSA-HPD.,

AHAAHN30M TEPMOAHHAMHYKIX [IAPAMETAPA Be3UBAbA YIBPHEHO je A2 KOMITAEKC XAAOIIEPHAOA -
aADYMUH HHje CTaDUAN30BAH AOMIHAHTHO JAKUM HHTEPMOAEKYACKHM cnaama (AGO=—15,69 k] mol™
ra 298 K), mrro je v ckaaay ca anrepaTypHIM HoaanumMa koju onucyjy camane HSA cucrenme ymepenor
achunHTeTa. 32 Aa/Sy HHTEpPIIPETALH]Y H3abpana je mo3a cobujena AutoDock nporokosom (Tabeaa
3, Canka 186), jep KOpECIOHANPA U €A H3PAYYHATOM EHEPIHJOM CAODOAHOT BE3HBAkhA KOMITAEKCA (-
17,49 k] mol™), kao u ca Hasrasuva Wang u capasHHKA, KOJH CY HOKA3aAH AA AKAAEMCKH [IPOIPaMH
HoCTHAY Behy HOY3AaHOCT y AOMEHY CKOPHHTI €BAAVALIH|E ¥ OAHOCY HA KOMEPIIHjaAHE AATOPHTME.

ITpocropaa opranmsanmja ¥ IPHPOAA OCTBAPEHHX HeKOBaseHTHHX KoHTakata HSA-HPD
npukasane cy Ha Canmm 19, Aok je HajpepoBaTHH]A, AOMHHAHTHA KOH(pOPMALHjA XAAOIIEPHAOAD ¥
xuapodobuom neny Mecra I npuxasana ma Camnm 192, ca jacHO YOUASHBOM OPHjEHTAIH|OM
XAOPODEH3EHCKOI IIPCTEHA KA HETIOAAPHOM Je3rpy Liera,
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Camnxa 19. HajaomunanTnja koH OpMaLja XaAOIIEPHAOAAL AOKOBAHOT Ha aADyMuHYy (a) ocHoBHE 2/

HSA-HPD unrepakuumje (6)

VispheHo je Aa je KoyuHH AOIIPHHOC EACKTPOCTATHYKO] CTADMAH3ALI]H KOMIIAEKCA YCAOBASEH
BOAOHHYHHM Besama mameby dpenoane OH rpyme xaromepmposa m ocrarka Tyrd52, kao m
unTepakiujor uameby gayopopor atoma HPD u Arg222, koja mcnosmapa kapaxkrep ycMmepeHe,
yMEpEHO jake BOAOHH4He/Xasorene Bese. Ocrase crabuamsyjyhe HHTEpaKUHje AOMHHAHTHO
LPUIAAA]Y T-AAKHA M T-AaMHAHHM KOHTaKTHMA u3mehy xaopobensenckor npcrena u ocraraka Lys190
un Ala194, mrro ykasyje Ha u3pakeH XHAPOPOOHH M APOMATCKH AOIPHHOC BE3HBALY, THIIMYAH 32
Cyanos I noasomen HSA niporenna.
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4.4. McrmtuBame yrunaja joua Ca2t, Mg2+, Cu?* u Fe3* na HSA-HPD unrepaxuujy

Burrna yaora HSA je TpaHCIOPT pasHOBPCHUX MOAEKYAA IOIYT AEKOBA, XOPMOHA, BHTAMIHA,
MACHHX KHCEAWHA, jOHAa MeTard. TparoBm joHa MeTaAa, IoCeDHO ABOBAACHTHHX, HEOIXOAHH CY 32
OAP/KABABE XOMEOCTA3€ M IPEACTABba)y BAKHY KOMIIOHEHTY CTpykrype Opojuux mporemna (134).
Bano je nanomenytn aa HSA neceaexrusro sprn tpancnopr n ¢gpusnosomkux (Ca*’, Zn*, Co™ n
Cu™) u rokemunux jona Meraaa (monyr Cd® m Ni*"). Hexkn nssopu HABOAE A2 METAAHHU JOHH MOLY
chopamparn komraexe ca HSA (135, 136). Crora cy y oBoj cryanjn ucrmTann eexTn HEeKux joHa
metana (Fe'', Cu™, Ca® u Mg™") na Besusare HPD ca HSA. TToa Aatim ekcriepuMeHTAAHIM yCAOBHMA,
HHjeAAH OA KATJOHA HHje HArpaAHo Tasor y chocdarHOoM mydhepy.

4.4.1. Emucuonu cnexrpu cucrema HSA-HPD y npucycrsy jona Ca?*, Mg?*, Cu?* u
Fe3+

V OKBHPY OBHX €KCIIEPHMEHATA ABOKOMIIOHeHTHH cucteM HSA-M™, npunpemmses y MoACKoM
oanocy 1:1, usnoxen je pacryhum konuentpammjama HPD (0-70 puM) na temmeparypu oa 298 K.
Aobujenn emucuonn criekTpu aApokomrioHeHTHOT KoMiraekca HSA-HPD, kao u TpokommonenTHnx
cucrema, aaru ¢y Ha Camum 20, PesyaTaTn jacHO ITOKA3yjy Aa IPHCYCTBO JOHA METAAA AOBOAH AO
CMAFbEH-A MHTEH3HTETA EMHCH|E, IITO HEABOCMHCAEHO YKA3yje HA IOCTOjare HHTepakumje uamehy
HICHHTHBAHHUX KOMITOHEHTH.
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Camnxa 20. Evucronn ciexrpu HSA-HPD y npucycrsy Ca*", Mg2+, Cu™ u Fe'" jona merana (T = 298
K, pH = 7,4). [HSA] = [M""] 2,0 uM, [HPD] = 0-70 puM.
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4.4.2. Mexanusam nntepaxuuje cucrema HSA-HPD y npucycrey jona mertasa Ca?t,
Mg?*, Cu?* u Fe*

Ha Caymm 21 npukaszana je AHHeapHa 3aBHCHOCT Fo/F y oanocy nHa [Q] Ha ocHOBY wera ce
32Ky UYje Ad je TAIIe e eMUCH]e OCTBAPEHO KPO3 jeAAH MeXaHH3aM, AMHAMHYKH HAH cTatnaki. Koa
CBUX HCIIHTHBAHKX cucTema BpeaHoctH K, cy peaa Bearante 10" 1m0 HABOAN Ha IIPETIIOCTABKY A4 je
ralIeEhe OCTBAPEHO KPO3 yuenrhe cTaTHYKOr MeXaHu3Ma.

1.40 118
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1.14
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w [ %110
1.20 n— o
:.a " - 1.08 =
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Cauxka 21. Crepu-Boavep-oB anjarpam ramesa emucuje HSA-HPD y npucycrsy jona merasa (Ca™,
Mg™, Cu** u Fe™)

4.4.3. OapebuBame KoHCTAaHTH U MecTa BesuBamba cucremMa HSA-HPD y npucycrsy
Ca2+, Mg?*, Cu?* u Fe3* jona

Ha Cannn 22 npukasan je rpacux log[(Fo-F)/F] y oanocy na log[QQ] 3a cucrem HSA-HPD y
IIPHCYCTBY HCIHTHBAHUX joHA MeTasa. Ha ocHoBy aoDmjenmx moaaraka oapeheHe cy koHCTaHTe
BesuBama komiaekca HSA-HPD y npucycrpy HaBeaeHHX joHa, a pe3yATaT ¢y Ipukasann y Tabean 4.

Kao 1mrro ce Moxe BHAETH, IPHCYCTBO jOHA METAAZ AOBOAH AO CMAH-CH:A KOHCTAHTH BE3HBAH:A
(4,24x10° n 5,67%10° y npucycrsy Mg™'n Ca™) man muxosor nosehama (5,61x10* u 1,81x10° y
npucycrsy Cu®’ u Fe’*) nameby xaronepuaoaa n xymanor cepymckor arbymuna. Aobujene Bpeanoctn
HEABOCMHUCAEHO YKa3yjy Ha moryhe xondopmammone npomeHe y DAH3HHH MECTA BE3MBAHA, ILITO
noTephyje 3HAUa] METAAHNX JOHA ¥ MOAYAALM]H APHHATETa KOMIIACKCA.
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Canka 22, Anjarpan aoraparamcke sapucHocta HSA-HPD y npucycrsy pasamanTux jona merasa Ha
298 K

Ta6eaa 4. Vruuaj jona merasa Ha koHctante cucrema HSA-HPD

System Kw/dm’mol™” K,/dm’mol’s R” K./dm’mol” n R?

HSA-HPD 2,05x10° 2,05x 10" 0,9869  7,94x10° 1,12 0,9954
HSA-HPD-Ca** 2,83 1(° 2,83x10" 0,9988 5,67x10° 1,05 0,9910
HSA-HPD-Mg**  2,78x10° 2,78x 10" 0,9881 424x10° 1,05 0,9854
HSA-HPD-Cu*  2,39x1(° 2,39x 10" 0,0841 5,61x10* 1,26 0,9949
HSA-HPD-Fe'*  238x10° 2,38 10" 0,9841  1,81x10° 1,50 0,9936

4.5. UcnmtuBame yrunaja oaabpanux ¢gpaasonouaa (CAT, QUE, DIO) ua HSA-HPD
HHTE PAKIIH]Y

V oKBHPY OBHX HCITHTHBAFSA AHAAH3HPAH je yTHIa] oaabpannx gaasononsa (CAT, QUE, DIO),
kpepuernHa u anosmuaa, Ha HSA-HPD cucrem. ITperxosno oapehene koHcTanTe ABOKOMIIOHEHTHOT
cucrema (IIPOTEHH-AEK) yrnopeheHe cy ca KOHCTaHTAMAa AODHMjEHHM 32 TPOKOMIIOHEHTHE CHCTEME
(mpoTenn-sek y npucyctsy haaBoHOHAZ). Temireparypa Ha KOjO] CY BPIIECHH EKCIIEPHMEHTH H3HOCH
298 K, nmpu pH=74, A0k cy KOHCTaHTHE KOHIEHTpaluje IpoTenHa H (PAABOHOHAA TpETHPAHE
pacryhum konnentpanujama HPD (0-70 pM).

4.5.1. EMucrnoHu crieKTpH 1 MexaHu3am uHTepakije usmehy HPD u HSA y
HpUCyCTBY 0Aabpanux ¢raasonousa (CAT, QUE, DIO)

Ha Camkama 232, 236 1 238 npukasanu ¢y eMHCHOHH CIIEKTPH AOOH]€HH HAKOH HOOyhHBama Ha
TanacHo] AymuHE 0A 295 nm. Cucrem aabymuna n paaBoHOBAA ¥ MOACKOM oaHOCY 1:1, Tpernpan je
pacryhum konnenrpanujama HPD (0-7,05x10 > M). V cBHM HCIHTHBAHUM CHCTEMIMA yOuYaBA Ce
u3paKeH MakcuMyM emucuje Ha 355 nm. Ca nosehamenm konnenrpanmje HPD, nrrensurer ynyrpanime
eMucHje, IpUITHCcAHe IIpe cBera Tpurodhany, nocreneno omaaa (137). Opa nojasa je kapaxrepucTHYHA
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3a (’popxmpa&.e KOMITAEKCA,

y KOHKPETHOM cAy4ajy TpoxomioHeHTHHX cucrema HSA-QUE-HPD,
HSA-CAT-HPD u HSA-DIO-HPD. V cBum rmmocMaTpaHuM CHCTEMHMA ODAMK ITHKOBA M TAAACHA
AY/KHHA MAKCHMyMa EMICH]E OCTA]y HEIPOMEIeHH Y Iopehemy ca HCIHTHBAHIM ABOKOMIIOH€HTHIM
CHCTEMOM, IIITO YKa3yje Ad IPHCYCTBO (PAABOHOMAAL HE AOBOAN AO 3HAYAJHHX CIEKTPAAHIX ITOMEPAsA,

eBeh HPE CBera yru+e Ha HHTEH3HTeT EMI/ICI/I}E H CTADHAHOCT KOMITAEKCA.
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Canka 23. Emucnonn criexrap HSA-HPD y npucyctey QUE (a), DIO (6) n CAT (8) (T=298 K, pH

TasacHa Ayxuna (nm)

= 74). [MSA] = 2,0 uM, [paasonoman] = 2,0 uM n [HPD] = 0-7,05%10° M.
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Canxka 24. Crepu-Boamep-oB anjarpam ramemma emucuje HSA-HPD y npucycrsy QUE, CAT n DIO
na 303,15 K.

Bpeanoctn Crepu-Boameposux koncranTu npuxasase cy y Tabean 5, a oapebene cy Ha ocHOBY
aechbunncanor mocrynka u sapucHocta Fo/F y oanocy Ha [Q] (Camka 24). Kao u y cayuajy edexra
LPUCYTHHX JOHA METAAA, 4 HA OCHOBY AODHjeHHX BpeAHOCTH K, MOKe ce IIPETIIOCTABHTH Ad CE€ U Y
IIPHCYCTBY (DAABOHOHMAA IAIICHHE MHCH]E OABH]A CTATHYKHM MeXaHH3MOM. OBH PE3yATATH YKAZYjy A4
chbraBOHOMAM, TTONYT JOHA METAAA, MOI'Y YTHLATH HA CTADHAHOCT M IIPHPOAY KOMIIAEKCA, IIITO AOAATHO
noTBphyje 3HAYA] TPOKOMIIOHEHTHHX CHUCTEMA ¥ PASYMEBAH:Y HHTEPAKIIN]A IPOTEHH-ACK-MOAYAATOP.

4.5.2. OapehuBame KOHCTAHTH M MecTa Besubama uamehy HPD u HSA y npucycrsy
¢daraBoHOMAR

Canka 25 npukasyje anjarpam sapucaoctu log[(F-F) /F] oa konunenrpaumje komaexkca HSA ca
QUE, CAT u DIO y oacycrsy HPD, kao n y npucycrsy pacryhux konnenrpanuja HPD. Koncranre
Be3HBAmA U DPO) BeanBHUX MecTa patu cy vy Tabean 5. [1pucycreo ceux anasrnsnpannx daaBoHOHAA
AOBOAH AO CMameHa KOHCTAHTH BesmBama (3,75X10° 540x10° u 624%10%), OpH  4emy je
HajuspameHnjn edhekar youeH y cayuajy ksepuernna. Opaj edpexar yruye Ha noseharme KoHIeHTpaL]e
CAODOAHOT A€KA Y IAA3MH, INTO IOTEHIH)aAHO MOKE AOIPHHETH berosoj Behoj dapmakosomiko]
eheKTHBHOCTIL

Tabeaa 5. [Napamerpn seszusamwa apoxkomnonentTaux (HSA-HPD) u tpokomrionenTnux (HSA-

QUE-HPD, HSA-DIO-HPD, HSA-CAT-HPD) cucrema na 303,15 K.

Cucrem Ksww/dm’mol™ K,/dm’mol's R* K./dm’mol” n R?

HSA-HPD 3,35%10° 3,37x10" 0,9869 4,45x10° 1,03 0,9997
HSA-QUE-HPD  1,18x1(° 1,18x10" 0,9988 3,75%10* 0,88 0,9992
HSA-DIO-HPD  1,30x10° 1,30%10" 0,9881 540x10° 0,91 0,9933
HSA-CAT-HPD  1,50x1(° 1,50x10" 0,9841 6,24x10° 0,92 0,9861
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Cauxka 25. Apjarpam aorapuramcke sasucaoctn HSA-HPD y npucycrsy chaasononaa ma 303,15 K.

Ha Cannm 26 je npukasaHa AOrapuTaMcka 3aBHCHOCT KOHCTaHTe Beampama (log K)) m Opoja
seauBHUX MecTa (n) mamehy HSA u HPD y npucycrsy man oacycrsy dpaasononaa (QUE, CAT u DIO).
Moixe ce younrn aa cy Bpeanoctu log K. nponopuuonasne Opojy Mecra Besupama (n) ca BHCOKHM
koedpummjentom kopeaarnnje (R'=0,9953). Ha ocHoBy oBux pesyaTara MOme ce 3aKAYUHTH A je
IPHMEHEH MATEMATHYKH MOAEA TIOTOAQH 32 HermTHBakbe uaTepakiuja usmehy HPD u HSA (138).
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Caunxka 26. Besa manmehy aorapuramcke BpeAHOCTH KOHCTAHTe BesuBamba (log K) u Opoja BesuBHHX
mecta (n) namehy HSA u HPD y npucycersy man oacycrsy QUE, CAT 1 DIO na 303,15 K.
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4.6. UcnntuBame yrunaja oaabpanux ¢gaasononaa (CAT, QUE, DIO) na HSA-HPD
HHTE PAKIIH]y KOMIjYTEPCKHM METOAAMA

Vrunaj oaabpannx  paasononaa Ha maTepaknmy HSA-HPD wumcnmmaean je nprmenom
KOMITjYTEPCKIX METOAR, MOAEKYACKOT AOKHHIA 1 MOAEKYACKe AHAMEKE. L1 0BHX HernTHBama je O1o
nopeheme EKCIIEPHMEHTAAHHX H TEOPH]CKHX PE3yATaTa, K0 H 00Mme pPa3yMeBarbe OCTBAPEHHX
HHTEPAKIIH]A.

4.6.1. McinruBame yrumnaja oaabpannx gpaasonoupa (CAT, QUE, DIO) na HSA-
HPD unrepaxiujy MOAEKYACKHM AOKHMHIOM

Codeep AGFR1.0 je xopumrhen 3a mnpemosHapame aKTHBHOI MeCTa HA  OCHOBY
KOH(DHUIYPHCARA H H3PAYYHABAHA MATIA ADHHUTETA 32 MOACKYA PELIEIITOPA, 2 AODHjeHE Malle Cy AdAe
kopuithene y npouecy aAokopamba (AutoDock 4.2). Pesyaratn AOKHHIA IOTBPAMAH CY Ad je
HAJIIOBO/SHU)E MECTO BE3HBAMLA Y PELENTOPY 332 MCIHTHBAHE MOAekyae akTuBHO Cyasoso mecto I,
koje ce Harasu y aomeny 11, moasomeny 1A, AobGujenn pesyarar je y AODpOj carnacHOCTH ca OHHM
AO KOJHX C€ AOLIAO eKclepuMeHTaAHHM TyTeMm. ¥ TabeAn 6 IPHKA3AHM CY PesyATATH AODH]eHH Ha
OCHOBY MOAEKYACKOI AOKHHIA aAOYMIHA ¥ ABOKOMIIOHEHTHOM H TPOKOMIIOHEHTHHM CHCTEMHMA. 32
Aoy AHAAM3Y TMOCMATPAHE CY BpeAHOCTH eHepruje cA0DoaHOr BesuBamba (AGiins), KOHCTAHTH
naxudbunmje (Kj) 1 Apyrux TepyMoAHHAMITYKIX IIapaMeTapa KOjH OIucyjy BesuBame Mosekyaa HPD 3a
HSA, xao u BesuBame HPD 3a HSA-QUE, HSA-DIO 1 HSA-CAT komiaekce.

Tabeaa 6. Bpeanocrn sesnpnnx enepruja aAsokomroneaTaor HSA-HPD u tpoxommonenTanx HSA-

QUE, HSA-DIO, HSA-CAT cucrema y upucyctsy HPD.

AG Ve vanfd K AG inter AG v+ fibond+desalv AG elec AGmmf AGmr

Cucren KJ/mol  (nM) kJ/mol  kJ/mol  kJ/mol kJ/mol kJ/mol
HSA-HPD 40,7 756 432 42,8 04 62 8,7
HSA-QUE-HPD 370 3256 -382 37,9 02 76 8,7
HSA-DIO-HPD 372 2984 415 414 0,1 45 8,7
HSA-CAT-HPD =380 2215 -425 42,0 05 43 8,7

R?- KOPeAAIIHOHH KoedhHimjeHT

Ha Cammm 27 je npukaszana nurepakimija HSA ca mcnmmuBaHuM jeAUbEHBIMA HA AKTHEHOM
Cyanosom mecty 1. Pose obojena oppIInHa 03HA49aBa AOHOPE, AOK 3€AEHA IIPEACTABAA AKLEIITOPE ¥
hopmupannm BoAOHHYHHM Besama. Kao mro ce mome Bumaern, mHxubOHumja Besupama HPD
IIPOM3HAA3N U3 YHHHEHHIIE AA NCITUTHBAHH (PAABOHOHAH 32ay3UMa]y UCTO akTUBHO MecTo Ha HSA kao
u HPD. V cxaaay ca T, npucycrso (pAaBOHOHAA ¥ KPBH Y 3HATHO] Mepu HHXHOUpa sesusarbe HPD
3a HSA. Koncranre mnxubnnmje ykasy)y Ha To Aa je Besusame HPD 3a HSA majuspamennje
naxubupano y npucycrsy QUE, sarum DIO 1 majmame v npucycrsy CAT. Opu peayaratin A0Dpo
KopeAupajy ca excriepumMenTasno oapehennm speanoctima. [Tomrro cy chaasononan obuvun, HPD
je DapeM ACAMMHYHO cIIpedeH Aa ce Bexe 3a akruBHO Cyaroso mecto L Ilpema pesyararmva
aobmjennum rmyrem AGEFR-a, HPD he ce Besatu 3a akruBHO MecTO v AOMeHY | Kaaa je akTHBHO MecTO
I Beh saysero haasoromamma, 300r Tora cy pasamke y eHepruju Besubarba usmehy uncror HSA n
hrarononannx kommaekca ca HPD ninke oa ouekmnsanmx, asn BpeanocT Ki 1 Aame yKasyje Ha A0Dap
HHXHOHTOPHH IIOTEHLIH]AA.

Maae pasAnKe y eHeprijamMa BE3HBAKA MOIY C€ HPHITHCATH CTPYKTYPHHM CAHYHOCTHMA Mebhy
HCITITUBAHUM jeAMEeHIMA, OYyAYhI A2 BeAHKI DPO] HHTEPAKIH]A Ca IIPOTEHHOM HACTAje 3axBasyjyhi
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apomaTHaHO] crpykrypu paasononaa (Camka 27). Hapeaeno objanrmaBa cAmyaH MeXaHH3AM
nnxubunuje sesusarba HPD 3a cea Tpu ncnmrusana dhaasononaa. [opea tora, na Canim 27 jacno
ce youaBa Ad CBa HCIIHTHBAHA |EAHHSCIbA HHTEPATy]y €A HCTHM AMHHOKHCEAHHCKHM OCTALIHMA,
HAPOYHMTO OHHMA KOjH Cy OAroBopHH u 3a wmHTepaknmje ca HPD, mro aosatno morephyje
KOHKY PEHTHH KAapaKTeP HHXOBOT Be3HBAIbA.

U238
242
U238
y \ IrYSIe
Fd /"
\ \ /= \‘ LN196 ¥
A\ - p ARG222
[ :
: G .

LAI91

\GLUISS r’hh’SlW
HSA-DIO HSA-CAT

Cauka 27. Unrepakumnje HSA ca mcnmmusanny jeanmermnma Ha akrusaoM Cyarosom mecry 1, pose
000jeHa ITOBPIIIHA YKA3Yje HA AOHOPA, 4 3€ACHA HA AKLIEIITOPA ¥ OCTBAPEHHM BOAOHIYMHIM Be3aMa.

Bucok crenen caarama mamehy ekclepHMeHTAAHO yOueHOr cMamerba apHHHTETA BE3HBALA
HPD (cmamene Bpeanocrn Ki) B pesyaTaTta cHMyAallHje AOKHHIA, OAHOCHO IOBehaHNX KoHCTaHTH
naxubunumje (Kj), norsphyje moysaaHocT MOAEKYAAPHOI IIPHCTYIIA AOKHHIA Y IIpeaBubamsy yrumnaja
daasononaa. Ha nipumep, speanocr K aokommonernor cucrema HSA-HPD caamyje ce Bumre oa
aecer myra y npucycrsy QULE, mrro je y xopesanmju ca wersopocrpykum nosehamem K. Osve
KOPEAALIH|E ¥ BEAHKO] MEPH ITOAPKABA]Y IPEAAOKEHN MEXAHH3AM KOHKYPEHTHOT BE3HBAkhA, 3ACHOBAH
HA TOAANHMA O ramrerby (AyOpecleHIje, H HUCTHYY 3HAYA] MHTErPALN]e eKCIIEPHMEHTAAHHX H
TEOPHJCKHX PE3YATATA § IPOLEHH HHTEPAKIIN]A IIPOTEHH-AEK-MOAYAATOP.
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Maxko cy cBu ncrmruBann (pAABOHOMAHN ITOKA3AAH KOHKYPEHTHO Be3uBame Ha CYAAOBOM MeCTy
I, perarneno mase pasauke y BPeAHOCTUMA AGioumea YKA3Y]y Aa npuvehena mnxuduimja Huje
nocaeanna ImornyHor samemmusamba HPD, Beh mnpe cBera crepHmHX cMeTEHH M ACAMMHYHE
HoNyreHoCTH akTuBHOr Mecta. OBo je nocebro pesesantao 3a QUE, koju dpopyupa Mami 6poj
BOAOHHYHHX BE3a, aAM HCTOBPEMEHO Iokasyje Hajsehm muxuburopHm morennmjas. Takas Hanas
HMIIAHLIPA Ad XHAPO(poOHe HHTEpaKIHje AOMHHHPA]Y HerOBHM HAYHHOM Besubarba. CrabmaHoCT
oBUX HMHTepakumja Omhe AOAATHO IpoLemeHa Y CIenupHYHOM BPEMEHCKOM OKBUDPY IIPHMEHOM
MOAEKYACKO-AHHAMHYKHX CHMYAALHja, mro he omoryhurn IpenusHmuje pasyMeBare MeXaHH3Ma
KOHKYPEHTHE HHXHOHIIH]E.

4.6.2. MciiuruBame yruiaja oaabpannx gpaasonouaa (CAT, QUE, DIO) na HSA-
HPD unrepaxiiujy MOAEKyACKOM AMHAMHUKOM

Ha wcnmrmpane cucreme IPHMEEEH je TEOPHCKH  IIPHCTYII  MOACKYACKO-AHHAMHYKHX
CHMYAALIIjA KAKO DU ce MeIurase HHTEPAKIHje ¥ mocMaTpaHuM Komiaekcuva. Opaj Metoa omoryhaea
AODH]AEbE PE3YATATA KOJH IIPYKAJY JACHH]H YBHA Y CTADHAHOCT U IIPUPOAY HHTepakija HaMehy Aeka u
nporenHa. Y Ty CBPXy AHAAM3HPAHM Cy IapamMeTpH cpeame kpaaparde aesujanmje (RMSD),
chaykryaumje cpeame kBaspaTrae Bpeanocta (RMSF), paaunjyca rupanmje (Rg) i 6poja BoaoHnvHEX Besa
(nHB}).

4.6.2.1. Anasusa cpeamse kBasparue aesujaruje (RMSD)

3a HpoleHy yKyIHe CTPYKTypHe crabuaHocTH KoMmiaekca HSA ca mcnmmuBanny AHraHamMa
(HPD, DIO, CAT, QUE) xopmuhena je cpeama kpasparaa sesmjarmja (RMSD). Cumyaanmje cy
u3BeAeHe ¥ mepuoAy Tpajama op 100 ns, a pesyararn cy npukasann Ha Cannm 28,

, RMSD

M Jmﬂiw W ,u#ﬂ' W’N "M

rJ_ i Hy yj' 'hl *i { 1'11' m,ﬁﬂ\“ \ ! ‘15’! %ﬂlf‘.

HSA-HPD HSA-DIO HSA-CAT HSA-QUE ——HSA-WFR

RMSD (A)

10 20 30 40 50 60 70 80 90 100

Time (ns)

Cauka 28. RMSD speanocrn sobujere 3a komnaekce HSA ca HPD, QUE, CAT, DIO u WFy
Tpajamy oA 100 ns MD civyaarmjon.

CBi 2aHAAM3UPAHH CHCTEMH CY IIOKA3AAN PeAATHBHO Hucke BpeaHoctn RMSD, y pacriony oa
npubamano 1,5 a0 3,5 A, urro ykasyje ma BuCOK cremen crpysrypre crabuanocrn (Canka 28).
Kommaexen HSA ca HPD, CAT u QUE nmvaam cy Hmmke npoceune peanocra RMSD (~2 A), LITO
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yKa3yje Ha HoDosIIaHY CTPYKTYpHY crabuanoct y nopebemy ca DIO, aan u WFE xoju je koputhen
ka0 crasaapann aek 3a mecto L. INopmmena RMSD speanocr npumehena za WE ykasyje na
3HAYAJHU)H CTEIeH KOH(MOPMAIHOHHX IPOMEHA, HAH IIOTEHIH]|AAHY ACAMMHYHY ACCTAOMAH3ALH]Y ¥
nopehemy ca OCTaANM AUTAHANMA.

PesyArari ¢y y CKAAAY ca AHAAM3AMA AOKHHIA, KOjE CY TIOKA3AAE 3HAYA|AH ADHMHITET BE3UBAbA
dpaasononaa u HPD 3a Cyasoso mecto I (moasomen 11A). [lrapmie, ekcriepuMeHTaAHH ITOAAII
chbayopecuiennHje ITOKA3aAM Cy 3HAYAJHE MHTEPAKLM]E KOMIETHTHBHOI Besupamba msmehy HPD u
hrarononaa, Hapounto QUL mrro ykasyje Ha crabDHMAHO M KOHKYPEHTHO BE3HUBAbE HA HACHTHIHOM

mecty y HSA.

4.6.2.2. Anasusa dpaykryanuje cpeamse Kksasparae speanocru (RMSF)

RMSF peanoctu 0besbehyjy Bpeane yBuae y (DACKCHOHAHOCT I0]JEAMHAYHIX AMHHOKHCEANHA
yayrap crpykrype HSA roxom mponeca cimvyaanmje. Pesyararn nmpukaszann wa Canum 29 rokasyjy
yropeAuee (pAyKTyaIje y CBHM CHCTEMHMA, V3 IToBehaHe BPEAHOCTH Y ITOBPIIHHCKH H3AOKEHHM H
TEPMHHAAHHM CEIMEHTHMA, IIITO je ¥ CKAAAY Ca IbHXOBOM HPHPOAHOM (haekcuOnAHOIIhY,

RMSF

=— HSA-HPD HSA-DIO HSA-CAT1 HSA-QUE HSA-WEFR

RMSF (A)
—
-—-——-

Residue number

Camnxa 29. RMSF BpeanocTn ocraraka aMuHOKHCeAnHa v kovriaekcuma HSA ca HPD, QUE, CAT,
DIO u WF.

[Mpmiehero je KOHCTAHTHO CMAELCEbE (PAYKTYALIH]A ¥ ODAACTHMA OKO AKTHBHOI MECTA BE3UBATHA
(moasomen 1IA) 3a cpe amanmsupanme amramae. OBO IPeACTaBoa jacaH AOKA3 O CTAOHAHHM
HHTEPAKIH]AMA €A AMHHOKHCEAHHCKIM octanmMa, yesyayjyhe Tyrl50, Lys199, Trp214 u Arg218,
IITO AOIPHHOCH I10Behamky crabHAHOCTH KOMITAEKCA.

Pesyararn RMSFE anasuse nmorsphyjy pesyarare MOAEKYACKOI AOKHHIA, OTKpHBajyhn sHauajHe
HHTEPAKIH]E AHIAHAAA CA KPHTHYHHM AMHHOKHCEAMHCKHM ocTanuma Ha CyasoBom mecty I
Excriepuvenranan nosauu AopatHo 10TBphyjy dropyuparse crabHAHEX OHHAPHHX KOMIIAEKCA
uamehy paasononaa m HSA| nirro je y nmornynoj caraacuaocru ca pesyararuva RMSE anasuse.
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4.6.2.3. Anasusa paanjyca ruparuje (Rg)

Papujyc rupanmje (Rg) mpeacraBroa KBAHTHTATHBHY MEPY KOMIAKTHOCTH IIPOTEHH-AHTAHA
KOMITAEKCA TOKOM MOAEKYACKO-AHHAMHYKHX CHMYAALHja. CBH HCIIUTHBAHN KOMITAEKCH ITOKA3AAHN CY
crabuane Rg BpeanocT, y pactiony oa npudanxxo 26,2 A 20272 A, ca camo mammm dAyKTyaIH]AMA
koje cy npmvehene (Canxa 30). Hajrommaxramjn koamaexcn cy uaentudukobann koa HSA-HPD u
HSA-QUE, orro je y ckaaay ca nosehanowm crabuanonthy npuvehenosm y RMSD anasnsu. Hacynipor
Tome, MapruaasHo nosumrene Rg speanocrn aodujene koa DIO u WFE kommnaexca ca HSA yxasyjy
HA CMAFbEHE KOMIIAKTHOCTH FbHXOBHX  KOHpOpMammja, aAH  H  HODOMSIIAHY — CTPYKTYPHY
baekcubuanoct.

Radius of Gyration

27.6

i
‘l' HN "y

|

HSA-HPD HSA-DIO HSA-CAT HSA-QUI HSA-WFR

Radms of Gyvration (A)

|
|

i) 1o 20 0 i) 50 i 70 &0 L] (11,1]

Time (ns)

Camxka 30. Paamjyc rupanuje (Rg) kommaekca HSA ca HPD, QUE, CAT, DIO u WF rokom 100 ns
MD cumyaanmie.

Osu pesyararn TOTBPhyjy pobycTaH CTPYKTYPHH HMHTErPUTET HPOTEHHA KAAA CY IIPHCYTHH
AMTAHAH, 9HME IIOAP/KABA]Y HAAA3E AOKHHIA KOJH YKA3Yjy Ha 3HAYjaH apHHUTET AUTAHARA, IIOCEDHO ¥
cayuajy QUE m HPD, 3a xommnaxray crpykrypy Cyasosor mecta I EkcrieppmmvenTasnn mopanm
AODHjEHH AHAAM3OM eMHCHOHHX CIIEKTApA VKA3yjy Ha OCTBapeHe crabHAHe HHTEpakiuje y
HCIHTHBAHNM CHCTEMHMA, IITO AOBOAH A0 cMameHOr aduHuTeTa BesmBamba HPD y mpucycrsy
dhrarononaa, mocebuo QUE, unmve ce motephyjy pesyATaTn MOAEKYACKE AHHAMHKE.

4.6.2.4. Anaanza 6poja BoaoHHuHNX Besa (nHB)

bpoj Bosonmunmx Besza (nHB) mpeacraBsa ampekran Imokasares jaudMHE W TPAJHOCTH
uHTEpakumja uaMmehy amrasaa um nporemna. Pesyararn mpukazannm mHa Canmm 31 mokasyjy aa
komrraekcn ca DIO u CAT mmajy majsehy yuectaroct ¢opMHPaHHX BOAOHHYHHX Be3a TOKOM
cumyAarnja (ABe AO IIeT Be3a), IITO Ce MOXKE INPHINCATH HHXOBHM CIPYKTypama Ooratmum
xuapoxkcnanpm rpynama. Hacynpor rome, kommaexcn ca HPD u QUE nokazasm cy mamp Opoj
CTAOMAHHX BOAOHHYHHX Be3a (jeaHa A0 TpH), aan je QUE yrpkoc Tome saapixao BHCOKY crabuaHOCT,
arro je norepheno nuckum RMSD 1 Rg BpeanocTiva.
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Hapeaeno wmavmammmpa aa je  crabuanocr BesuBamba QUE  npeencrseno mocaeanma
XUAPOOOHIX MHTEPAKIIH], IIITO j€ ¥ CKAAAY €A pe3yATaTuMa AOKHHIra. HrcriepummenTasnu moaarnm
(hAyopecrieHTHE CIIEKTPOCKOIIH]e IOKA3Y]y cMarberse KoHcTanTh Besuparba HPD y npucycrey QUE,
IITO TIOADP/KABA XHIIOTE3Y AA KBEPLETHH 3ay3MMa M OMETA MECTO BE3MBAMA YIAABHOM IIyTEM
XHAPOMODHHX HHTEPAKIIN]A, Y3 MAEH AOIIPHHOC BOAOHHYHIX BE3a.

Number of HB

nHB

:Nil‘ H |

HSA-HPD HSA-DIO HSA-CAT HSA-QUE
| |
L i A
‘ ‘ . Nl
' i
d I Ll I
I

I li v)l

Cauxa 31. Bpoj Boponnunnx eeza (nHB) dopuupannx mmehy HSA n anranaa (HPD, QUE, CAT
u DIO) Tokom 100 ns MD camyaanmja.

1] 20 1] 40 A0 60 90 100

Tune (ns)

4.6.2.5. KoHKypeHTHO Be3UBAIL€ U YAOra XHAPOdOOHHUX HHTEPAKIIHjA

AerarHa aHAAN3A AMHHOKICEAMHCKHX OCTATAKA VKAYYEHUX Y BE3UBAKGE AHIAHAAA IIPYIKA
AYDAH VBHA Y MEXAHH3AM KOHKYpeHTHe nuxudnumje, Peayararn soxknara u RMSF anaansza aocaeano
ykasyjy Ha ydemhe ocraraka Ala261, Lys199, Arg222, Ala291, Leu219 u Arg257 y crabuanzanmjn
nrrepakunja HPD u dpaasononaa yayrap akrusaor mecra 1.

Osu ocraum 3Hauajuo sonpunaoce apuarrery Cyasrosor mecta I, popyumpajyhu xuapodobue
KOHTAKTe M BOAOHHYHE Bese ca amranauma. Meby daasonomamva, QUE je noxasao najehn
acprHITET Be3uBamba. YIPKOC MameM Dpojy BoAoHHYHNX Besa (poceuno 1,05) y nopehemy ca DIO
(2,55) u CAT (1,85), QUE je uzaspao nmajpehy naxubuumjy HPD, wrro je norspheno najpummm K

BPEAHOCTHMA H HAJH3PAKEHH]HM cMarbereM K.

OBu PesyATaTH CHAKHO VKa3V)y Aa ¢y XuapodoDHe HHTEpaKIHje AOMHHAHTHA CTabHAN3Y|yvha
cuna y sesuparsy QULE, Aok crepHe caverme H AGAHMITYHA IONYE-EHOCT aKTHBHOI MECTA AOAATHO
AonpuHoce KoHKypenTcko] nuxudbunmjn HPD. Taksn nasasn HArAaIaBajy CAOKEHOCT HHTEPAKIIH]a
ACK-TIPOTEHH Y HPHCYCTBY (PAABOHOHAA H IIOABAAYE 3HAYA] AHAAM3E HA HHBOY IIOjEAHHAYHHX
AMIHOKHCEAHHCKHX OCTATAKA ¥ TpOLeHH (PAPMAKOKHHETHYKHX edheKara.
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4.7. McrmtuBame yTunaja AecKkpurropa gpusmiko-xemujckux ocobnuna HPD na
CTEIEH IbEroBOT BesuBama 3a HSA

[lns oBor merpammpama DHO je Aa ce IPOLIEHH OAHOC H3Meby Ioaaraka O BesHMBamy 3a
nporente maasme (PPB) xoa 12 0paOpaHnx aHTHICHXOTHKA M HHXOBHX PAYYHAPCKH AODHjEHHX
MOAEKYACKHX AeckpurrTopa. [Tpumenom srmectpyke anneapue perpecuje (MLR) naentndnropann
CY MOAEKYACKH AECKPHITOpH peAeBaHTHH 3a npoueny PPB amrtuncuxortnka, a y 3aBpirao] dhasn
HCTPAAKUBAKLA HAJDOMSE YCIOCTABAEHH MOAEA jE BAAMAMPAH HA TPH AOAATHA AEKA-AOKCAIIHH,
cyArmpua u amucyArupua. Memmupanm anrurcuxoruim ¢y npeacraboenn y Tabean 7(139).

M2 AOCTY M Al M I I XOT VI M HMajy K
[Mpema aocryranM moaanuma (140), BCINTHBAHN AHTHIICHXOTHLIN, YTAABHOM HM2jy BUCOKE H
PEAATHBHO CAHYHE BPEAHOCTH BE3HBALA 32 IIPOTEHHE IIAA3ME, Y PACIIOHY 0A 77%0 32 PHCIIEPHAOH AO
99% 3a ceprumaon (SRD), sunpacuaon (ZPD), dpaydenasnn (FPZ), sykaonenrukcon (ZCP) nan

i / / . A I I AQ3IME ADAQT
100% 3a apurmnpazoa (ARP abeaa 8). Bpeanocrn BesuBama 32 IIPOTEHHE ITAA3ME AOAATHO
YKoy IeHHX, TeCTHPAHHX AHTHIICHXOTHKA, AOKCAITHHA, CYAITHPHAA H aMHCYAIIPHAA ¢y H3HOCHAE 97%,
<40% 1 17%.

3a ucImMTHBAHE AHTHIICHXOTHKE, A0DHjeHO je Bume aeckpunropa aunodmanocta (AlogPs,
AClogP, milogP, AlogP, MlogP, XLOGP2, XLOGP3, ClogP u logPexp) xopuinhemem codpreepernx
IIAKEeTA KOJH YKAYIY]Y PASAHUHTE METOAC H3pavyHaBaba. Pazanke nameby OBUX METOAQ pe3yATHpaAe
cy u pasankanma uzmehy ancoayranx speanoctu logP. Takobe, 3a oaabpane Moaekyae, kopuithemem
HEKOAHKO cOhTBEpPCKUX IaKeTa, AoDujeHn cy MosekyAacka Texmmnaa (Mw) 1 MOAGKYACKA 3aIIpeMHHA

(Vol) (140-142).

Tabeaa 7. MOAEKYACKH ACCKPHITTOPH AHTHIICHXOTHKA

Moaekya pKa Mw Vol logPexp* ClogP  AlogP  XlogP2  XlogP3

ARP 7.40 448 395 4.50 4.63 5.00 4.49 4.04
CLZ 7.50 327 292 3.23 4.10 3.95 3.74 3.08
OLZ 7.24 312 2806 2.00 3.40 3.21 2.32 2.86
QTP 7.00 384 352 2.80 3.37 3.18 2.83 2.14
RSP 8.76 410 374 2.50 2.7 3.32 3.07 2.72
SRD 8.59 441 390 HA** 5.07 4.68 4.10 4.07
ZPD 7.09 413 352 3.80 3.58 4.20 3.77 4.02
CPZ 9.20 319 285 5.41 5.80 4.74 4.92 5.19
FLX 8.51 435 379 4.51 4.34 4.82 4.42 4.51
FPZ 8.21 438 381 4.30 4.62 4.44 4.16 4.30
HPD 8.05 376 337 4.30 3.85 3.89 3.98 3.23
ZCP 8.43 401 361 HA 4.13 4.54 4.12 4.31

* Drug Bank: www.drugbank.ca

# HA - Huje aoctyiHo.

V' mpeanvunapHO] (Da3H HCTpaKHBAKGA, KOPHITNEEM JEAHOCTABHE AHMHEAPHE perpecuje,
HCIHTAaHE Cy KopeAanuje m3Meby BpeAHOCTH BesamBarba AHTHIICHXOTHKA 33 IIPOTEHHE IIAA3ME,
npeyserux u3 Oase DrugBank (140), n mspauynamx moasekysapuux aeckpumnropa (Mw, Vol, logP,
pKa) (140-142). Caabe kopesaunje (R’<0,30) yrsphene cy 3a Mw, Vol, pKa, a0k cy mapaverpn
AHIIO(OHAHOCTH HOKA3AAH YMEPEHY AO H3pazkeHH]y Hosesanoct ca PPB (0,35< R*<0,70). Kopenaumje

ca Hajpuimm R* Bpeanoctinva aobujene cy 3a AlogPs (R°=0,69), AlogP (R*=0,55), milogP (R*=0,49),
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XlogP3 (R=0,47) u ClogP (R*=0,42). Bpeanoctn XlogP2 u logPexp nokazaisu cy ymepeny
kopeaaujy (R* =0,36 1 0,35), aok ¢y koedpuunjent kopesaunje 3a AClogP u MlogP  6uan Huckn
(R*<0,20.)

V mapeanoj dasn, npuvenom MLR, Bpriena je nponena xomMOHMHOBAHOr YTHIAjA ABA
aeckpurrropa Ha PPB.  Aeckpumropn  AMNOQUAHOCTH Cy TECTHPAHH KAO IIPBA  HE3ABHCHA
npomensuBa, AOK ¢y Mw, Vol i pKa nzabpann kao Apyra HesaBucHa 1posmeHsuBa, Aa mapamerpa
ammocpuanoctn, MlogP n AClogP, arcy komOunnopanu ca pKa kao Apyrom He3aBHCHOM BapHjaDHAOM
3bor mehycobue kopesanwmje. [locmarpanm cy ka0 m3ysenm M HHCY C€ MOTAH KOPHCTHTH Ca
IPOMEHAHBOM 1OIITO je muxoBa kopeaamja (R'=0,50), aok cy Mw n Vol nokasase uucky
kopeaatsy (R*<0,40).

Hajnpe cy exkcrepuMEHTAAHH IIApaMeTPH AHIIO(DHAHOCTH U AOAATHH  MOAEKYAAPHHI
aeckpurrropr, Mw, Vol n pKa kao nesasucae npomensuse kopeaucamn ca PPB Bpeanocriva
opabpannx anrurcuxoruka. [Ipuxsaronea Bpeanocr seposaraohe oa P<0,05 n koedmumjenra
kopeaatuje (R°=0,635) aobujena je ys nupumeny logPexp BpeAHOCTH €A AECKPHIITOPHMA KHCEAOCTH
(pKa) kao apyrom npomensubsoM (Jeanaunna 8).

V' HACTABKY HCTPAKHMBAKA, HCIIHTAH jeé KOMOMHOBAHH yTHLA] 6 H3PAYVHATHX IIApAMeTapa
ammocpuanoctn (AlogPs, milogP, AlogP, XLOGP2, XLOGP3 u ClogP) ca AoaaTHIM MOAEKyAAPHIM
aeckpurropuva  (Mw, Vol m pKa). KomOumanmje oBux mapamerapa aAase Cy Moaese ca
koepummjentiva R*>0,55. Cratucriukn snauajuu moaean (P < 0,05) sobujennt cy sa uwernpu
napamerpa AuoHAHOCTH v kKoMOuHanuju ca pKa kao Apyrom HesaBucHOM nponveHsusom: AlogP
(R? = 0,705), XlogP3 (R* = 0,679), ClogP (R* = 0,590) u XlogP2 (R* = 0,567). Ope xopesanmje Mmory
ce eMaTpaTH A0DpIM, ca npuxBaTsuBuM P Bpeanoctuma (141) (Jeanaunne 9-12).

PPByq (%0) = 6,158(+1,804) log P, - 6,064(£2,581)

pKa + 118,263 (£18,097), 8)
n=10; R*=0,635; S.D. = 5,041; F =6,103.

PPBprea (%0) = 9,904(£2,138) Alog P - 4,165(1,936)

pKa + 83,358 (+14,425), 9
n=12; R* = 0,705; S.D. = 4,212; F = 10,766

PPBra (%0) = 7,178(%1,649) X log P3- 5,108(£2,128)

pKa + 108,207(%15,002), (10)
n=12;R*=0,677;S.D. = 4,398; F = 9,502;

PPBpea (Y0) = 7,330(£2,040) ClogP - 4,598(*2.275)

pKa+100,816(£16,753), 11)
n =12; R* = 0,590; S.D. = 4,966; F = 6,484.

PPBprea (V0)=8.434(*2,460) XlogP2-5,267(* 2,553)

pKa+104,196(% 17,285), (12)
n =12; R* = 0,567; S.D. = 5,102; F = 5,905, 1pu uenmy
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N NPEACTAB oA ﬁpﬂ] AHTHIICHXOTHKA YKAYHEHHX Y PEIPECHOHH MOACA.

Ha oBaj naunn aobujene kopeaannje PPB noaaTaka ncrmiBaHix aHTHIICHXOTHKA H HHXOBHX
H3PAYYHATHX MOACKYAAPHHX ACCKPHITOPA Ipukasane cy y Tabean 8.

Tabeaa 8. Bpeanocru crenena BeauBarma aHTHIICHXOTHKA 32 IpoTenHe 1maasme (PPB) npeysere us
Dasze DrugBankk u Bpeanocrtu npeasubene npmienom MLR moaeaa (logPexp + pKa; AlogP + pKa;
XlogP3 + pKa; ClogP + pKa; XlogP2 + pKa).

Bpoj PPB(*) PPB(l) PPB(2) PPB(3) PPB (4)  PPB (5)
ARP 100 101 105 103 100 103
CLZ 97 93 94 92 96 96
OLZ 93 87 88 92 92 86
QTP 83 93 88 88 03 91
RSP 77 81 83 83 80 84
SRD 100 HA** 97 94 08 94
7PD 99 99 99 101 4 99
CPZ 95 96 95 08 101 97
FLX 95 94 99 97 93 97
FPZ 99 95 96 98 97 96
HPD 95 96 91 90 92 95
ZCP 99 HA 96 96 92 95

Peann Bpojesn ce oAHOCE HA AHTHIICHXOTHKE HaseacHe v Tabean 7.
* Drug Bank kosa: www.drugbank.ca
** HA - logPexp nuje aoctyirso.

Hajbose yrephene kopeaammje koje cy aobujene jeanaumnama 8, 9 m 10, oanocno MLR
anasnsom ca logPexp, AlogP ili XlogP3 un pKa xao nesasuchmm Bapmjabaama, IpUKasaHe cy Ha
Cankava 32 u 33.

Oanoc mamehy crenena PPB aobujenor nomohy codreepckor maxkera Drug Bank n onmx
upeapubennx nomohy logPexp m pKa mpukasann cy ma Camum 32. Tlomrro 3a ceprusaos m
3YKAOIEHTHKCOA BpeaHocTH logPexp nucy buae cocryine (140), muxose PPB BpeanocTu Hucy Morae
outh npeapuhene monohy jeanaunne 8, rma 3aro Hucy npeacraboene Ha Cannm 32,
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mCepuja2 O Cepmjal
ZCP

HPD
FPZ

FLX
CPZ
ZPD
SRD

RSP
QTP
OLZ

CLZ
ARP
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PPB %

Cauxa 32. [Nopeheme PPB BpeanocTn antuiicnxornka mpeysertux us base DrugBank
(Cepmja 1) un Bpeanoctu npeapnbennx npumenom MLR moaeaa (logPexp + pKa) (Cepuja 2).

Oanoc usmehy PPB aobujenor nomohy codrrseperor makera (140) m onnx npeasubennx
kopumhemem AlogP nan XlogP3 n pKa xao neszasucunx sapujaban npukazann cy Ha Canm 33.

B Cepuja3 O Cepmja 2 O Cepmja 1

2C
HPD

FPZ

=

|

FLX
CPZ
ZPD

SRD
RS

QTP

OLZ
CLZ

I

I

ARP —

0 B! &0 B0

PPB %

Camxa 33. [Nopeheme PPB Bpeanoctn anruncnxorura npeysernx us dase DrugBank (Cepuja 1) n
BPEAHOCTH upCABuhCHux [IPUMEHOM MLR moaeaa (Al()gp + pKﬂ} (Ccpujﬂ 2} " (Xl()gp_% + pKﬂ)
(Cepwuja 3).
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Hajboma yrephena kopesanmja (jeanaumna 9) aodmjena xopumthemem AlogP u pKa kao
HE3ABHCHUX BapHjaDAH IIpoBepeHA je KopHIThemeM TPH AOAATHA AHTHIICHXOTHKA: THIIHYHOT
AHTHIICHXOTHKA AOKCAIIMHA H ABA ATHIIMYHA AHTHIICHXOTHKA, CYAIIHpHAA H amucyArnpuaa. Ospe
BpeAaHocTH cy Omae Ban oncera oa 77%-100% rae npumasajy BpeaHocTH 3a Moaeanupame PPB.
Mbuxose pKa ppeanocru cy nsnocuae: 3a aokcarmnn 7,18, 3a cyanmpua 9,12 u 3a amucyanpua 9,37
(140). Bpeanocrn muxosor napamerpa annoduanoctn AlogP, koju je mpyxmo Hajboomn MoseA
(Jeanaunna 9), buae cy 3,96 3a rokcarmn; 0,83 3a cyanmpua u 32 amucyanpua 1,13 (142). Kopeaanuja
IIPHKA3AHA JEAHAYNHOM 9 MOIKE A Ce cMaTpa ITOTOAHOM 32 ripeapuhame PPB anrnmcnxoruka, jep cy
upeasubene speanoctn PPB Gnae peaatnsro OGancke nosammma us AuTeparype 3a aokcarms (93%),
cyArmpua, (26%) n amucyarpua (27%).

Hajbomn perpecmonn moaen (jeamaumna 9), sacmopan ma kombmmammjum AlogP m pKa,
IIPHMEESCH je U IIPOBEPeH HA TPH AOAATHA AHTHIICHXOTHKA (AOKCAIIMH, CYAIIHPHA H AMHCYAIIPHA).
tbuxose PPB speanoctn y amreparypu cy 97% 3a aokcanmnm, <40% sa cyammpua u 17% 3a
AMICY AIIPHA H ODYXBaTajy IIHPH PACIIOH ¥ OAHOCY Ha MoaeaoBanu ckyn (77-100%). [Tpeasubene
PPB epeanoctn (93% 23a aokcanmn, 26% 3a cyanmpua n 27% 3a aMHCYAIIPHA) IIOKazaAe Cy
3aA0BOmaBajyhe caarame ca AMTEPATYPHHM IIOAANFMA, INTO YKA3yje HA AOOPY IPEAHKTHBHY
ciocobuocT Mopesa. C oD3MpOM HA TO AQ j& XAAOHNEPHAOA VKAYUEH Y HHHLIMAAHH CKYyII
AHTHIICHXOTHKA H A2 EbErOBe BPEAHOCTH AHIIO(MHAHOCTH U KHCEAOCTH CIIAAA]Y § AOMEH Hajbose
aechunncanor moaesa (AlogP + pKa), sobujenn pesyararn aoaarHo norsphyjy onpaesanocT
LpUMEHE OBOT /7 $iit6 IPUCTYIIA 33 IIPOLEHY CTEIEHA H>eTOBOI BE3UBAH:A 34 HPOTEHHE [TAA3ME.

Viephena sasucuoctr PPB oa mapamerapa AnnodmrAHOCTH M KHCEAOCTH VKasyje Aa
XHAPO(OOHOCT U JOHU3ALHOHO CTAHE MOAEKYAA HMA]y 3HAYA]HY YAOIY Y BE3UBALY XAAOIIEPHAOAA 34
nportenHe 1maasme. AobujeHn pesyAtarn noTBphyjy npernoctaBky aa xuApodobHe HHTepaKLmje 1
JOHH3ALMOHO CTAFE MOACKYAA HMA)y 3HAYAJHY YAOIY Yy IIPOLIECY BE3HBAIbA ACKOBA 33 IIPOTEHHE
IIAA3ME.
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5. AMCKYCHJA

Pesyararn oBe Aucepramuje npyixajy cBeoOyXBaTaH YBHA ¥ MEXAHH3ME BE3NBAIA XAAOIIEPHAOAA
(HPD) 3a xymann cepymckn asbyamn (HSA), kao u yrunaj jona merasa u pAaBOHOMAQL HA CTADHAHOCT
1 aHHATET OBHX KOMIIAeKca. BamHo je nerahm Aa oy HcnmuTHBama 0DYXBaTaAd €KCIIEPHMEHTAAHH H
TEOPH|CKH IPHCTYII H A4 je AODH]EH BHCOK HUBO YCATAAIIEHOCTH PE3YATATA.

CIIEKTPOCKOIICKE aHAAH3E ITOKA3AAE CY AA XAAOIIEPHAOA CTADHAHO H PEBEP3NDHAHO HHTEparyje
ca HSA, npu uemy je yrepheno aa ce npamapno eesyje 3a Cyanroso mecto [y someny I1TA. AoGmjene
BPEAHOCTH KOHCTAHTH BE3NBAMA M H3PAYYHATH TEPMOAMHAMHYKH IIAPAMETPH VKasyjy Aa je
HHTEPAKIH]A YCAOB/ASEHA KOMOHHAIM]OM XHAPO(ODHHX HHTEPAKIN]A M BOAOHHYHHX Be3a, CAndan
MeXAHH3aM BE3HBAba IPH)aBAEH Je M 33 OPOjHE Apyre AEKOBE KOJH Ce Be3yjy 3a aADyMHH, Tae
AOMHHAHTHY YAOIY HMajy HelloAapHe HHTepakimje yayrap xuapodobuor nemna Cyasosor mecra I
(115,118,143,144).

Cymameme unrensurera chayopecuennnje HSA y npueyersy HPD ykasyje ma ampexrtay
unrepakumjy m3mehy moasexyaa aexa m nporemHa. Bpeanoctn Crepr-Boameposux koncTanTi
OKA3Y]y TOpacT ca noBehameM Temieparype, IITO yKasyje HA IPHCYCTBO AMHAMIYKOL MEXAHH3MA
rammera payopecuennuje. Mehyrum, Bpeanoctn koHcranTe ramera (K;) sHadajHO IpeBazmAase
MAKCHMAAHE BPEAHOCTH KAPAKTEPHCTHYHE 33 AH(PY3HOHO KOHTPOAHCAHE KOAH3HOHE IIPOLIECE, IIITO
yKasyje Ha TO A4 CE TALICHHE HE MOMKE NPHIHCATH HCKAYYHBO AHHAMIYKOM MexaHuamy. CAmdHn
PE3VATATH OIIMCAHH CY Wy PAAOBHMA KOjH ce 0aBe HMCIHTHBAEM HHTEPAKIHjA Pa3AHYHTHX
(hapMAKOAOIIKH AKTHBHIX MOAEKYAA €A AADYMITHOM, TA€ j€ TIOKA3aHO AQ BHCOKE BPpeAHOCTH K, yKa3yjy
Ha hopMHuparse CTAOMAHOT KOMIIAEKCA ¥ OCHOBHOM cTamy (145,146). Crora ce Moxe 3aKmy4aHTH AQ
ce ramrerme (hAYOpeCHeHIH|e ¥ OBOM CHCTEMY OABHjA ITyTeM KOMOMHOBAHOI MEXAHM3MA, IPH YeMy
AMHAMITYKO TAlIee AOIPHHOCH TEMIIEPATYPHO 3aBHCHOM IIoBehamy Ksy, AOK CTATHYKO Talllerbe
IPEACTABAA AOMHHAHTAH MEXAHU3AM cAaDmema (hAyopeceHiuje.

Bpeanoctn koncrante BesuBamsa (K,) Hanase ce y oncery 10%-10° M™ 1o ykasyje Ha mocrojarme
peaaTHBHO jakux HHTepakuunonux cuaa uamehy HPD i HSA, Opaj orcer koncranT je ynopeaus ca
BPEAHOCTHMA IIPH]ABAEHHM 33 HHTEPAKIH]e MHOTHX AEKOBA ca aADyMHHOM, 1m0 1ot phyje sHauajny
YAOI'Y OBOI IIPOTEMHA Y TPAHCHOPTY ¥ AUCTPUOYHH]H (DAPMAKOAOIIKH AKTHBHHX CYIICTAHLI ¥
kpeoToky (115). Ca mosehamen TemrepaType yOUEHO je CMAEe CTADHAHOCTH KOMIIAEKCA, IITO Ce
mozke oDjacHnTH Hosehamem audysnonor koedunujerTa 1 caabroereM HHTepAKHHOHEX cuaa. OBa
I10jaBa j€ Y CKAAAY CA AHTEPATYPHIM ITOAALIHMA KOJH YKA3Y]y Ad IIOBUIIIEHA TEMITEPATYPA MOKE AOBECTH
AO AGAMMHYHE ACTADHAM3AIM]E KOMIIAEKCA AeK-aADyMuH 1 rosehama KOHLEHTpalHje cAODOAHOT
aeka y maasmu (146,147). C obsupom Ha TO Aa je HeBesaHa dppakuuja (PAPMAKOAOIIKH AKTHBHA,
nopehame meHe KOHLEHTpAIMje MOKe AOBECTH A0 I0jadaHor papMakoAOIIKor —edpexra.
ExcriepnvenTasnn pesyatarn nokasyjy aa ce HPD na cenm anaananpannM TemMirepaTypama Besyje 3a
JEAHO BE3UBHO MECTO Ha MOACKYAY aabymuna. Ca IOPACTOM TEMIIEPATYpE YOUEHO je DAArO CMase e
BPEAHOCTH HAPAMETPa f, IITO je ¥ CKAAAY €A TPEHAOM OIGAAA KOHCTAHTH BE3HBAKA H AOAATHO
yKa3yje Ha CMAIberbe CTADHAHOCTH KOMITAEKCA ITPH BHIITHM TeMITEPATyPaMa.

VoueH TpeHA IPOMeHA KOHCTAHTH T'allleHa eMHUCH]e H KOHCTAHTH Be3HBAbA KOA XAAOIIEPHACAA
YIIOPEAHB je ca BpeaHOoCTHMA AoDHjeHin 3a oaansanuH (143). OBo ce Moke 0DJACHHTH HHXOBHM
CTPYKTYPHHM KAPAKIEPHCTHKAMA M AOMHHAHTHHM THIIOM HHTEPMOAEKYACKHX —HHTEPAKIIH]A.

57




Aeokmopexa ducepmaija Jeaena beput

IMocmarpann MOAEKYAH ITOCEAY]Y H3pazkeHe XUAPOhOOHe H APOMATHUYHE CEIMEHTE KOjH (DaBopu3yjy
HHTEpaKOHie ca XHAPO(OOHHM PErHOHHMA I[POTEHHA, HITO AOBOAH A0 (QOPMHPAA PEAATHBHO
crabumannx kominekca. Ope uHTepakuunje cy npahene cvamemeM (PACKCHOMAHOCTH MOAEKYAA H
cMamberbeM e(DUKACHOCTH HEPAAH]jATUBHHX PEAAKCAIMOHHX IIpoleca, IITo ce pedaekTyje Kpos
KOPEAHCAHE IIPOMEHE ITOCMATPAHHX KOHCTAHTH. Y TOM CMHCAY, AOMHHAHTAH AOIPHHOC CTATHYKOT
MEeXaHH3Ma TFAllIeHa MOKE AOAATHO ODJACHHTH yo4eHy 3aBHCHOCT H3Mehy oBux mmapamverapa.

CynpoTHO, AYPA3HAOH, AHTHIICHXOTHK APYIE TEHEPALM]E KA0 M OAAH3AIIHH, IIOKA3yje
OACTYHARE OA HaBeAeHOT TpeHaa. OBO ce MOkKe NPHITHCATH CAOKEHH]O] H H3PAKEHH|E NOAAPHO]
CTPYKTYPU AypasuaoHa, ca Behum Opojem (hyHKOHMOHAAHUX Ipymna crocoOHHX 3a hopMHpame
BOAOHHYHHX Be3a. OBe Kapaktepucruke omoryhabajy HHTEH3UBHH|E HMHTEPAKI]E €A PACTBAPAYEM,
KA0 M IIOTEHLHJAAHO APYIauH]H HAYHH BE3UBAbA 32 IIPOTEHH, KOJH HE MOpPA HYKHO VKAYYHBATH
3HauajHy npomeny koHdgopmanuoHe daekcuduanocTH cucrema. Kao mocaeanna tora, 9ak ¥ npu
noseharmy KOHCTAHTE BE3HBALA HE AOAA3H A0 OUEKHBAHE PEAYKLHje ITpolieca Hes emucuje hOTOHA.
Taxohe, npucycrso xerepoaTomMa 1 MOryhHOCT HHTPAMOACKYACKUX charge-fraisfer HHTEPAKIIH)A MOTY
AOIIpHHETH e(DHKACHH]EM FAIIeHY eMUCH]e IIYTeM AATePHATHBHIX HEPAAH]ATHBHUX 1Ty TEBA.

AHaAHM32 AIICOPIIHOHUX CIEKTAPA MOKA3Yje AA KAPAKTEPHCTHYHH AIICOPIILIHOHH MAKCHMYM
HSA na 278 nm ocraje roToBo HellpoMemeH HakOH AoAaBam:a HPD. V ckaaay ca moaanuma y
AHTEPATYPH, 3HAYAJHH ITOMALM Y AIICOPIIIMOHIM MAKCHMyMHMA IIpOoTenHa Hajuemthe ce AOBOAE ¥
Besy ca (hopMUparbeM CTA0OHMAHHMX KOMIIAEKCA ¥ OCHOBHOM CTAELY M H3PAKEHUM KOH(DOPMALIMOHIM
IIPOMEHAMA, AOK OACYCTBO CIIEKTPAAHHX IIPOMEHA YKA3yje Ha CYITHAHHje HHTEPaKIUje HAH
KOEr3HCTeHIIN]Y BHIIE MexaHusanma ramema (145). V tom cmucay, AooOHjeHH PE3YATATH CYTEPHIITY AA
HPD ne unaykyje sHauajHe IpoMeHe y MHKPOCPEAHHH apoMaTHYHHX ocTaTaka HSA, mrro je y craaay
ca CTYAMjaMa KOje VKA3y]y Aa OpOjHH HHCKOMOAEKYACKH AMIAHAHM OCTBApY]y HHTepakuuje Oes
APACTHYHE peopraHusanuje nIporemHcke crpyktype. Mimak, Tpeba Haraacurn A2 HCKAYIHBO
ocaamame Ha UV-Vis CIIeKTpPOCKOIIH]Y MOKE AOBECTH A0 HEAOBO/SHO IIPELH3HOT PA3IPaHHYEHA
CTATHYKOI U AMHAMHUYKOT TAIlIEH:a, 112 ce AODHjEeHH Pe3yATATH MOPAjy TYMAYHTH Y KOPEAALUjH ca
cbayopecienTHIM MepemrMa. Y TOM KOHTEKCTY, IPEAAOKEHH KOMOMHOBAHH MEXaHH3AM IAIICH:A
AGAYjE METOAOAOLIKH ONIPABAAHO U KOH3HCTEHTHO €A CABPEMEHHM HPHCTYIIHMA Y AHAAM3H IPOTEHH-
AMTAHA HHTEPAKIH]A.

Heratusne Bpeanoctn  AG®  y  mCIHTHBAHOM — TeMuepaTypckom — oncery — notsphyjy
TEPMOAHHAMUUKY TOBOASHOCT (hopMEpara KOMIIAeKCa, AOK Kombuuaammja AH® i AS® mapamerapa
yryhyje HA AOMHHAHTAH AOIPHHOC €AEKTPOCTATHYKHX MHTepakimja. OBakaB PesyATaT je y A0DpO]
CATAACHOCTH €A H3BelTajuma 3a Opojue Aek-HSA crcreme, rae je HOKa3aHO AQ €AEKTPOCTATHYKE CHAE
HIPajy KAoYYHY YAOTY ¥ HHHIH]AAHO] (DA3H IPEITO3HABAA AHIAHAA, AOK XHAPOoDHe MHTEepaKIHje
AOIIPHHOCE A2%0) crabuansanmjn komnaekca (117). Mebhyrum, mosurusan AOIPHHOC €HTPOIH|E
MOZKE VKA3HUBATH M HA AecoiBatanmose edpexre u nopehamse ykynae HeypeheHoCTH cucTema, 1ITo je
YeCTO 3AHEMAPEHO Y JEeAHOCTABHUM HHTeprperanujama. Crora ce Momke HPETIIOCTABHTH Ad j€
Mmexannsam Besusama HPD myarndaxropekn, ca oonpuHocom n criennpUYHAX 1 HecHTe N PHYHAX
HMHTEPAKLH]A, INTO j€ Yy CKABAY CA CABPEMEHHM MOACAHMMA ,MHAYKOBAHOI YKAAIIAEA™ U
»KOHMOPMALIHOHE CeAeKIH]e® Y IIPOTEHH-AHTAHA CHCTEMUMA.

Mecro Besmpamsa HPD ma mosexyay HSA wmcnmrano je npumeHOM KOHKYPEHTHHX
exkcrepumenara y3 ynorpedy mapkepa crienmdmannx 3a Cyasoso mecro I m II, Bapdapuna n
ubyripodena (148). Cmamere KOHCTAHTE BE3UBALA Y IPUCYCTBY BapdpapHHa y OAHOCY HA MHHHMAAHY
poMeny y npucycrsy ubyrpodena jacuo ykasyje na npedpepennujasno sesupambe HPD 3a Cyasoro
mecto 1. OBaj moaartak je y ckaaay ca OpOJHHM CTPYKTYPHHM H CIEKTPOCKOIICKHM CTYAH]AMA KOje
noxasyjy aa CyaroBo mecto 1 moceayje uspaxen adpunuTer IpeMa apoMaTHYHHM H PEAATHBHO
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kpyTuM MoAaekyanMma. Mimak, tpeda yzetn y 003Hp Ad KOHKYPEHTHH €KCIEPHMEHTH HE HCKAYUIYjy
MOIYHHOCT ~ CeKYHAAPHHX HAM  AAOCTEPHYHHX MECTA BE3HBAKGA, HAPOYHTO HPH  BHIIHM
KoHLEeHTpanHjamMa Auraiaa. CAmaan peHOMEHH Cy OIHCAHHN ¥ AUTEPATYPH, TA€ je mokazaHo aa HSA
MOZKE AQ BEKE BHIIIE MOACKYAA AHTAHAA CA PAAHYHTIM aDIHHTETHMA I KHHETHKOM BesnBarsa. Crora
ce AODHjEHH PE3YATATH MOTY HHTEPIPETHPATH KAO AOMHHAHTHO, AAM HE H HCKAoYIHBO BE3UBAMGE 32
Cyanos | pernon, mrro AOIPHHOCH KOMITAEKCHH]EM PasyMeBamy nHTepakuuonor npodmaa HPD.

Crabduanoct QopMHPAHOT KOMIIAEKCA AOAATHO je moteBphena amaamsom ®Popcrepopor
pesonanTHor npenoca edepruje (FRET). HMapauynaro pacrojame namehy AoHOpCKOr H akienTopckor
MOAeKyAa (< 7 nm) HAAA3H Ce ¥ OKBHPY THIIHYHOT OIIcera 3a echHKacaH IIPEeHOC eHepruje, IITo yKazyje
Ha IIPOCTOPHY DAHCKOCT H IIOBO/AHY OPHJEHTALIH]Y MOAEKYAA YHYTAp KOoMIIAekca, OBH pe3yATaTu cy
y ckAaay ca Opojamm cryanjama koje FRET mapamerpe kopucre kao nmoysaan naAHKaTOp hOpMHEpama
crabuAHHX OpoTeHH-AHraHs komiaexkca (145). Mehyrum, tpeda maraacutn aa FRET anmasnsa
roapasymeBa oapehene anpoxcumanmie, yKayayjyhn npermocraBke 0 HACYMHYHO] OPHjEHTALIHJH
AHIIOAZ M XOMOT€HO] CPEAHMHH, IITO MOKE YTHIATH HAa IPEIH3HOCT IPOLEHE pacTojama. Y IpKoc
Tome, konaucreHtHocT FRET pesyarara ca TepMOAMHAMITYKHM H CHEKTPOCKOICKHM IIOAAITHMA
AOAATHO OCHAKY]E 3aKnoydak 0 (DOPMHPA:Y PEAATHBHO CTaDHAHOT, AAH AHHAMHYKH PEBEP3HOHAHOT
komrraexca HSA-HPD.

Cymupajyhn  aoDujene pesyararte, mome ce sakvyantn aa marepakmmja HPD ca HSA
IPEACTAB A THIIMYAH TIPHMEP MYATHMOAAAHOI BE3HBAKLA, IAE CE EACKTPOCTATHYKE H XHApOdobHE
uHTepakiuie Mehycodbuo sonymyjy, Aok je Cyaroro mecto I maeHTH(HHKOBAHO KAO IPHMAPHHI PETHOH
pesuBarba. OBAKBH HAAA3M MMAjy 3HAYAjHE HMIAMKALIMjE 32 pasyMeBarbe (DapMAKOKHHETHYKOL
nonamama HPD, mocebno y konTekcty merose AncrpuOyLmnje, TpaHCIOPTA H OHOAOCTYITHOCTH ¥
dbuznoromknn yeaosuva. Pesyaratn ncrrrneama yruuaja Ca™', Mg® ,Cu®' u Fe’* na unrepakuujy
HPD ca HSA ykasyjy aa MeTasnn joHI MOry MembaTH acbuHHTEeT BesuBarma 1 KapakTepucruke HSA-
HPD kommaexca. V npucyctsy npeaasuanx merasa (Cu™™ n Fe™) aonasun o nosehama adpunnrera
BesuBama (K, Bpeanoctu peaa 10 u 107), nrro Mozke 61TH HOCAEANLIA CTAOMAN3ALIM]E KOMIIAEKCA KPO3
creruuYHe KOOpAHHALHOHE HHTepakuuje. [ IpucyTBo semMHoarkaaHnx Metasa (Ca® uMg®") aoBeao
AO DAaror cMamera KOHCTAHTH Be3nBarbka, y3 oapaparbe K. Bpeanoctn peaa 10° Opo ykasyje Ha
ACAMMIYHY KOHKYPEHLH]Y HAH KOH(POPMALIMOHE IIPOMEHE Y OKOAHMHH BesuBHOI Mecrta. OBn
pesyATaTH HOTBPhYjy Aa JOHH METAAZ MOI'Y ACAOBATH KAO MOAYAATOPH (PapMAKOKHHETHKE ACKOBA, KAO
M A2 YTHIIA] jOHA Ha NPOTEHH- AHIAHA MHTEpakuujy Huje yaudopMan, Beh Aa je jor-crrenudmaan. V
CBUM €KCIIEPHMEHTHMA N BPEAHOCTH n3Hoce ~ 1, I1To ykasyje Ha jeAHO AOMHHATHO MECTO BE3HBAkbA,
¥3 CTATHYKH MexaHusaM uHTepakunje. Herpomemene BpeanocTn Dpoja BE3SHBHUX MECTA, Y3 IIPOMEHY
BpeaHoctn K, ykasyjy Aa IPHCYCTBO METAAHHX jOH BEPOBATHO AOBOAH AO MOAHHKAIIHje
MHKPOOKpYkKerba rnocrojeher sesusnor nema. Ilosehamwe K, y npucycresy Cu® u Fe’™ moxe bum
IIOCACAMLIA AAOCTEPHE MOAMDHKALM]E KOja je IIOBOAHA 33 BE3HBAE XHAPO(PODHOr AMIAHAL MAK
dopampama Tpojaor komrraekca HSA-meraa-HPD.

3a pasanky oa HPD, koA anrimasapujckux aexopa y npucyctsy joHa Cu?™ u Fe® youeno je
CMAFbEEhe BPEAHOCTH KOHCTAHTH BE3HBAKLA Y3 3AAP/KABALE JEAHOI MeCTa BesuBama (149), rro ykasyje
AQ j€ YTHIIA]) JOHA HA HHTEPAKIH]y 0 AHTaHA-crienudguyan. Ope pasAHKe ce MOTY 0OJaCHHTH Pa3AMKAMA
Y CTPYKTYPH AHIAHAAA. AHTHMAAAPHjCKH ACKOBH IOCEAY]Y (PYHKIIIOHAAHE IPYIIE KOje MOI'Y IPAAHTH
KOOPAHHATHBHE KOMITAeKce ca MeTaamMa (150), IITO HMOTEHIHjaAHO MOMKE AOBECTH AQ CMAmbeHa
achunnTeTa pema HSA.

Ca apyre ctpane, HPD je anmoduaan MoaexyAa ca orpanmdeHuM OPOjeM KOOPAHHAIIHOHHX
AOHOPCKHX TIPyIIa, Ia je Mama BepoBaTHOha AupexTHOr (QOPMHpaEA CTADMAHIX KOMIIAEKCA €A
meTasuma. M3 tor pasaora, jorn npesasnux Meraaa, kao mwrro cy Cu?* u Fe', npeencrseno nareparyjy
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ca HSA, mzasupajyhn cynruane kondopmanumoHe H asocTepuyHe IpomeHe, De3 dopmmparma
crabuanor TtepHapuor xommaekca HSA-Cu?'/Fe*-HPD. Ope Meras-HHAYKOBaHe CTPYKTYpPHE
moaudpukanmje Mory noseharu XuaApoOOHOCT U IIPOCTOPHY KOMIIAEMEHTAPHOCT BE3MBHOT [IeIA 34
HPD, mrro aosoan ao crabumamsarmje HSA-HPD kommaekca n mopacra speanoctun K. Osn
pesyATaTH yKasyjy aa Om Bapmjanmje maasma xonuentpaumja Cu* m Fe?™ morenmmjaano morae
MOAH(HKOBATH  CAODOAHY  (Ppakiujy XaAONEPHAOAR, INTO OH ce MOIAO OAPa3HTH Ha
chapmakoknnernuke napamerpe HPD.

Jonn merasa mory moandukoBaTH BesnuBame H APyIHX aHTuicuaxoruka 3a HSA. Tako je
nokasano aa npucycrso Ca*, Mg*, Cu®, Zn* u Fe** roBoan A0 cvamema achHHHTETA BE3HBAMA
oAranzarmHa 32 HSA, 1rmo je TymadeHo Kao IMOCAEAHMIA KOHKYPEHLH|e 33 HCTO BE3SUBHO MECTO HAM
METAA-MHAYKOBAHUX KOHpopyaumonux npomena nporensa (143). V cucremy HSA-HPD v
upucycrey Cu®" u Fe®* sabenesxeno je nosehame K, BpeanocTn, 1o AopaTHO OTBphyje Aa je yrumaj
METAAHHUX JOHA AMIAHA-cHEIH(HYAH U YCAOBAEH CTPYKIYPHHM KAPAKTEPUCTHKAMA MOAEKYAA H
MEXAHH3MOM IbErOBOI BE3MBAMLA 33 IIpoTeHH. [IpHCYCTBO pasAmMYHTHX €HAOTEHHX H EI30I€HHX
AHTAHAAA MOMKE MOAYAMCATH Be3HBambe AckoBa 32 HSA u morTeHumjasno yramara Ha Teparmjcku
0AroBop. MAABOHOHAH CY IIHPOKO PACHPOCTPABEHA HMOAMDEHOAHA jeAHE:CH:A IIPHCYTHA ¥
cBakoAHEBHO] Hexpanu u rmnhy (Bohe, mosphe, yajesn, cokopn, BrHO). Takohe cy MMPOKO HIPUCYTHI
y OPOjHHM ACKOBHTHM OHAKAMA H YECTO CE KOPHCTE KAO AHJETETCKH CYHAEMEHTH 3D0T HCIIOAABA LA
PASAHYHTHX OHMOAOIIKHX AKTHBHOCTH, KAO IITO CY AHTHOKCHAATHBHA, AHTHHH(AAMATOPHA,
KAPAMOIIPOTEKTUBHA 1 HeypornpoTekTusHa Acjctba (96). Paasononan ce esyjy 3a HSA, npu uvemy
apMHUTET Be3UBAKA 3ABUCH OA DPOja H ITOAOKA]a (PEHOAHUX IPYIA, OAAPHOCTH MOAEKYAA, KAO U
bHXOBE CTPYKTYPE, IIPH YeMy AAMKOHH YIAABHOM HCIIOAaBajy Behm adpmHmTeT Besnpama.
Aovunantao mecto BesuBama je Mecto I (aomen IIA), aox ce Hekn aepuBati (hAaBOHOMAA MOIY
Besusatu u y okeupy mecta 11 (aomen IITA). Ksepuernn, katexun u amocMuH cy qrAaBOHOHAR Koje
KAPAKTEPHIE IIPUCYCTBO BUINE (PEHOAHUX IPYIA U APOMATHYHHX IIPCTEHOBA, IITO UM oMoryhaea
cbopampame crabuanux uHTEpaKuHja ca nporenHmma kao mrro je HSA (102, 103). AomunantHO
MECTO BE3HBAMA XAAOIEPHAOAA IIOKAANIA CE CA MECTOM BE3MBAWA (DAABOHOMAZ, 1A je Y OBO]
AHMCEPTALINH TIOCTABACHA XUIIOTE32 AQ HCTOBPEMEHO IPHCYCTBO (PAABOHOHMAA MOKE YTHIATH HA
sesuBambe HPD 3a HSA.

®rasononan (QUE, CAT, DIO) nokazasun cy uspakeHy criocOOHOCT Aa yTuay Ha apHHHTET
HSA-HPD xomraexca. EMACHOHN CIIEKTPH YKA3aAM CY HA KOMIIETHTHBHO Besubame y CyasoBom
mecty I, mpu demy je KBepLeTHH HMAO Haju3paxeHHH HHXHOHTOpHN edpekar. BpeanocTn koncranTe
ramesa (Ky) ykasy)y Ha CraTHYKH MEXaHH3aM rallerba, 1ITo yiyhyje Ha 3aKoydak Ad € CMAbEHE
apHHITETA XAAOIEPHAOAA ITOCACAHIA AUPEKTHE KOHKYPEHTHE HHTEPAKIU]E YHYTAP MCTOI BE3UBHOL
mecra. V npucyctsy hAaaBoHOMAL OPO) BESHBHIX MECTA OCTAje MPUDAMKHO jeAHAK jearnmmm (n ~ 1),
Takap HaAa3 yKa3yje AA HE AOAA3H AO II0jaBE HOBHX MECTA BE3MBAA H AOAATHO IOTBphyije
KOHKypPeHTHY 3ayserocT rocrojeher Besusnor mecra. Ca Apyre crpase, y CTYAHJH KOJOM j€ HCIIUTHBAH
yTHLIA] KBEPLETHHA HA HATepakiu]y osansanuua ca HSA (143) yrephena je aoomunanmja arocrepaor
edekTa, IITO YKA3yje Ad MEXAHH3AM HHTEPAKIIH]E MOMKE 3aBHCHTH OA CTPYKTYPE AEKA.

AOKHHT CHMyAQIIHj€ TIOKA3aA€ CY BHCOKY CArAACHOCT €A EKCIIEPHMEHTAAHHM PE3YATATHMA, IIITO
notephyje moysaanocr i silico pucTyna. AOKHHI M MOAEKYACKA AMHAMHKA ITOTBPAHAH CY Ad
cpraBononAN 3ay3uMAajy HCTO akTUBHO MecTo Kao HPD), wive ce cmamyje 6poj AOCTYIIHHX Be3MBHUX
mecra u acpuaurer Aeka. Bpeanocrn K n AG BesuBamsa ykasase cy aa je QUE majjaun konkypenT
HPD-y, sox cy CAT u DIO mvann ymepennju edpexar. Maxo pazauxe y speanoctuma AGpina HECY
H3PA3UTO BEAHKE, BPEAHOCTH K ITOKA3Y]y JACHY TEHAEHIN]Y CMathera apHHUTETA XAAOIIEPHAOAA ¥
npucyctey daasononaa. Masa pasamka y AGuing, ¥3 ucroBpemenn ma K, ykasyje aa crepHuka
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3ay3eTOCT W IPOCTOpPHA KOMIIETHIHja uMajy BehH 3HAuYa] OA caMe EHepreTcke PpasAHKe v
HOJEAMHAYHIM HHTepakumjama, MoAekyAcka AHHAMEKA AOAATHO j€ IHOTBPAHAA CTAOHAHOCT
KOMITAEKCA H YAOTIY crenncpnaHux aMmuHokHcernHcknx ocraraka (Tyrl50, Lys199, Trp214, Arg218)
y crabuamsannjn uaTepakumja. RMSD m RMSF anasmse mokasase cy A2 KOMIIAGKCH OCTajy
CTPYKTYPHO cTabuAaHmM, aam aa ce crabmanocr y cayuajy QUE sacamsa npepacxoano Ha
XHAPO(OOHHM HHTEPAKIH]AMA, Y3 MAHH OPO] BOAOHHYHHIX Be3a.

Cyameme acpmanrtera HPD 3a HSA y npucycisy ¢haaBoHOBAL ITOTEHIH]AAHO MOKE AOBECTH
A0 mopehama caoboane pakumje aexa v maasmp. To  MoKe Pe3YATHPATH —IIOjauaHHM
chapmakosomkmm  edpexrom, umamenama y aucTpudbyimjn u kanpency HPD, kao u nosehanmm
PH3HKOM OA HCIO/AbaBaha HememeHHX edpexara, Mako cy pesyaTaTn AODHjEHH Y i1 2it1n yCAOBHMA H
YKA3y]y HA IIOCTOjarbe OBOI (PEHOMEHA, 33 €KCTPAIIOAALIH]Y HA /# Vil YCAOBE HEOIIXOAHA CY AOAATHA
(hapMAKOKHHETHYKA HCITHTHRAH:A.

AHAAN3A MOAEKYACKHX ACCKPHIITOPA AHTHIICHXOTHKA IOKa3aAa je aa amunoduanocr (AlogP,
XlogP3) u kuceaoct (pKa) nmajy Hajpehn yrunaj Ha crerieH BeauBamba 3a poTenHe maasme. Hajbosn
perpecuonn Moaea Aobujer je kombuuanmjom AlogP n pKa, mrro je norspheno Baamanpamenm Ha
AOAATHHM  ACKOBHMA (AOKCAIIHH, CYAIMpHA, aMucyArnupua). OB pesyAtaTH  ykasyjy Aa
XHAPOGOOHOCT M JOHH3AIMOHO CTAEE MOAEKYAA IPEACTABAA]Y KayuHe hakrope y Iiporecy
sesubarmba HPD 3a HSA.
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6. SAKAYULINU

Ha OCHOBY pﬁS}-’;‘\'{'ﬂ'I'ﬂ oBeE AOK'I'OPCKE AllCEP’I‘ﬂLlll]E MOI'Y C& U3BECTH C;‘\EAEhll JAKS VUL

1.

6.

Xanonepupoa (HPD) ce crabuano u cnenmndpuano sesyje 3a xymanu cepymcku asbyymn (HSA
y oxeupy Cyasop I Besyjvher MecTa, y3 MeXaHH3aM CTATHUKOT raliema (pAyopecLieHIHje;

HPD Besyje 3a jeAHO AOMHHAHTHO Be3HBHO MecTo (n~1), mrro ykasyje Ha cremuduaHOCT
HHTEPAKLHje 1 MOIYhHOCT KOMIIETHTHBHOT BE3HBAMA CA APYTHM AHTAHAHMA;

Wuarepakunja HSA-HPD je cionmana m A0BoaM A0 popampama cTADHAHOT KOMITAEKCA, V3
yaerrhe pasAMYIHTAX HHTEPMOAEKYACKIAX CHAR;

[Tpucycrro jona merasa yruue Ha HSA-HPD marepakiujy rnpu gemy jOHH 3€MHOAAKAAHHX
merasa (Ca*', Mg?") cmamyjy acbumnrer Besuama HPD 3a HSA, rok jonn nipeaasHux merasa
(Cu*", Fe*) me aoBoae A0 mpomena y adpunmrery, y3 Moryh daarn crabuamsyjyhu edexar
KOMIIAEKCA;

[Tpucycrso paasononaa yruve aa HSA-HPD nnrepakumjy, npn dyemy KBepLeTHH, KATEXHH 1
AHOCMEH ACAY]Y KAO KOMITIETHTHBHH AHTAHAM 32 HCTO BESUBHO MECTO, IIITO AOBOAH A0 CMAH-EHA
achuHITETA Be3HBAKLA, IIPH YeMy KBEPLIETHH HCIIOAABA HAJH3pamKeHN|H edpekarT;

ITprvena MOAEKYACKOT AOKHHIA H MOAEKYACKE AHHAMIKe HOTBphyje exkcriepume HTaAHE Hasaze
u omoryhaea aetamHiuje pasyMeparbe MEXaHH3AMA HHTEPAKIH]e H CTAOMAHOCTH (POPMUpPAHIX
KOMIIAEKCA;

Perpecnona aHaAHM3a MOAEKYACKHX —ACCKPHIITOpa omoryhaBa pasBoj M BaAHAALH]Y
HPEAMKTHBHOT MOAEAA KOjH T10Kasyje aa aurnocuanoct (AlogP) u pKa npeacrassajy koyane
dpakrope Besusama HPD 3a HSA;

Murerpanmja crieKIpOCKOIICKHX H i1 §ilico METOAA TIPEACTABAA TTOTOAAH M IIPHMEH Ao UB IIPHCTYIT
32 IIPOYYABAHE MHTEPAKIHN|A ACK-TIPOTEHH, IIPHMEHAHE U HA APyre (DapMaKOAOIIKH aKTHBHE
CYIICTAHIIE.
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je 3aBpimAa kao Hocuaan Bykose ammaowme. [Toxahaaa je cpeamwy Meanmmucky mkoay y Kpasesy,
cMep papMaLIeyTCKH TEXHHYAP, KOJY je 3aBPIINAA €A OAAHYHHM ycrexoMm. laTerpucane akaaeMcke
cryanje papmammje na Meannurckom daryarery vy Kparyjepuy yimcasa je 2006, roamse.
Aunnaomupana je 15.09.2011. roanne ca npoceunom onenom 9,00 (aeper) i cTexaa 3parme MarucTpa
bapmanmje. AOKTOpCKE aKaseMCKe CTYAHjE Ha IIOAPYY]Y MOAEKYACKA MEAMIIHHA, TOAIIOAPYYje
Kamnmaka u excriepivienTasHa (papMakoAoTHja, yrucasa je Ha MeAnnmHckoM pakyATeTy MIKOACKe
2011/2012. roanse. YeMeHH AOKTOPCKH HCHHT HoAOKIAA je 24.10.2014.

[Npunpasarakn crak je oapasuaa y Anorenw ,,29. nosemdap®- Anorexapcke ycranose Kparyjeparr,
Crpyunn ucrmr 3a Marucrpa chapmanmje nosoxuaa je 29. nosemdpa 2012. roanne y beorpaay. Oa
2014. roamne je samonrvena y AY [ @uan Papny® Beanka [Taana Ha nosummju OAroBopHOr
cpapmaneyra. Yaan je Gapmaneyrcke komope Cpbuje, 12 TaKO KPO3 €AYKALM]E U IIPOJEKTE CIIPOBOAN
HAYeAd IIpUMapHe 3apaBcrBeHe samrure. CBaKOAHEBHO caBeTyje IamujeHTe, yodasa Moryhe
HHTEPAKIH]e U H3Aaje aaexBarHy Teparmjy. V mepuoay oa 2012, so 2014, roaune Huaa je akTuBHI
YYECHHK MAKpOIpojekTa: ,,AHaAu32 haKTOpa KOJM AONPHHOCE HACTAHKY KOMIIAMKALIMjA ¥/ HAN
CMPTHOM HCXOAY KOA IOAUTPAYMATH3OBAHHX IAIMJEHATA CA AKYTHHM IAHKPEATHTHCOM ACYEHHM ¥
MHTEH3NBHO] HE3U ™,

Majka je 4eTBOpPO Aele.
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H3JABA AYTOPA O OPHTHHA/IHOCTH JOKTOPCKE JHCEPTAL{HJE

UsjaBmyjem na ZOKTOpCKa AUCEPTAIHja MO HACIOBOM:!

LHcnuTuBame Be3HBamba XaToNepu/oia 3a XyMaHH CepYMCKH alOyMAH CIICKTPOCKONCKHM H
MeTO/IaMa MOMTEKYJICKOT MOE/IOBak:a i HHTEpaKIje ca ofabpaHuM (aBoHON/IHMA U JOHUMA
MerTana‘“

NpeAcTaB/ba OPUSUHAIHO  AYMOPCKO Jeno  HACTaJlo Kao pe3ylTar Concmeexoz

ucmpaXcusaukoez pada

Osom Hzjasom maxohe nomephyjem:

e 1la caM jedunu aymop HaBeAeHEe IOKTOPCKe AUCEpTalHje,
e 2y HaBeIEHO] JOKTOPCKO] IMCEPTALIM]H HUCAM U36PUU0/1a nogpedy ayTOPCKOT HUTH
JpPYror npapa HHTeNeKTyalHe CBOJHHE JAPYTHX JIHLa,

V Kparyjesny, Q} : Ol{- ﬂa% rojiuHe,

@J/BHawfje

ﬂ(ﬂ’THHC ayn Op
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H3JABA AYTOPA O HCTOBETHOCTH LHITAMIIAHE H ETEKTPOHCKE BEP3HJE
JOKTOPCKE JJHCEPTAITHJE

M3jaBisyjeM /a Cy IITAMIIAHA H €IEKTPOHCKA BEP3H)a IOKTOPCKE ANCEPTALIUjE 0JL HACTIOBOM:
McnuTHBame Be3HBALA XATOIEPHIONA 3a XYMaH! CEPYMCKH allyMHH CIIEKTPOCKONCKAM H
METO/IaMa MOJIEKYTICKOT MO/ICOBAbA H HHTEpaKIHje ca ofabpannuM GaBOHOHAUMA K JOHHMA

meTana”

HCTOBCTHE.

V Kparyjesuy, D"l 0% Q‘DQE rOJHHE,

J =
Cfed glia %(”{u D

Yioraue ayropa
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H3JABA AYTOPA O HCKOPHIIIRABAHR Y JOKTOPCKE JHCEPTAILIHJE

Ja, Jenena bepuh,

Vv | HosBosnaBam

HE 103BObaBaM

Vhausepsurerckoj Oubinoreun y Kparyjesiy 1a HauMHHA JBa Tpajiia yMHOMEHA NIPHMEPKA Y

€1EKTPOHCKO] JOPMH JOKTOPCKe JUCEPTAIH]e T0/T HACIOBOM:

~HcrmiTHBae Be3nBamba XaNoMepHIoNa 3a XyMaHH CepyMCKH al0yMHH CIEKTPOCKONCKHM H
METOZaMa MOJIEKYJICKOT MOJIENIOBAIbA W HITEpaKI(Hje ca 01adpaHuM (DIaBOHOHIMMA H JOHUMA
MmeTana*

M TO Y IC/AHHH, Ka0 M JIa 10 jeJad NpUMEpaK Tako YMHOXKeHe JOKTOPCKe JHCepTalnje YIuHHu
TPAJHO JOCTYIHHM JABHOCTH NYTeM [HIHTATHOr PEemO3HTOPHjyMa YHHBEP3HTETa Y
KparyjeBily ¥ LEHTPATHOT DPENO3UTOPHIYMA HALICKHOT MHHHCTAPCTBA, TaKo Ja
TMPHITAHHKIE JABHOCTH MOI'Y HAYMHHTH TPajHEe YMHOMKEHE [IPUMEpPKE Y eJIeKTPOHCKO] hopmMu

HaBeJIeHe JOKTOPCKe JHCEPTAIlHje TyTeM npey3uMdarsd.

Osom M3jasom Takohe

& i TO3BOBABAM
He JI03Bo/haBam’

TPHUITIATHAIAMA jaBHOCTH J1a TAKO JOCTYIHY JAOKTOPCKY AHCEPTALM]Y KOPHCTE 101 YCA0BHMA

yrephennm jensom on cnenchux Creative Commons THLEHIH:

1) AytopeTBo
2) AyTOpCTBO - OCIHTH IO HCTHM YCIOBHMA
3) AyropcTeo - 0e3 mpepaia

4) AyTOpCTBO - HEKOMEPIHJAITHO

! Yronuko ayTop u3abepe 1a He 10IBOMH NPHNAIHHUHMA jABHOCTH JIA TAKO AOCTYNHY IOKTOPCKY AHCEPTALH]Y
KOpHcTe noa ycaosuma yTepliennm jeanom on Creative Commons JMUEHUHM, TO HE HCKJbYHYje npaso
NPUIaAHKHKA JaBHOCTH 1a HapeleHy AOKTOPCKY AMCepTAUHjy KOpHCTE y ckinaay ca oapeadama 3akona o
AYTOPCKOM H CPOLIHM MpaBiMa.
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5) AYTOpCTBO - HEKOMEPLHjAIHO - ISIHTH M0J HCTHM YCJIOBHMA

y’l‘opcmo - HEKOMepLHjaTHO - Oe3 npepaaa’

Y Kparyjesny, C':F 04 {‘L% roJHIE,

e
[edeun @_J

A
noTNHe ayTopa

* MonuMmo ayrope KojH ¢y H3abpanu fa [03BONE NPHNAAHWIAMA JABHOCTH Jla Tako JOCTYNHY JOKTOPCKY
JIMCEPTALIM]Y KOpHCTE Noj veioBHMa yTBplenim jeaHoM on Creative Commons NHUEHIN [Ia 320KPYAKeE jeaHy
o noxyheHux JIHLEHLIH. Jeraman caIpoKa] HaBEJNEeHHX JIHLEHLIH AOCTYNAaH je Ha:
http://creativecommons.org.rs/
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