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1 VYBox

[Iporennn cnajajy y Haj3acTyIl/beHHje OPraHCKe MaKpomoJjekysae y npupojaun. I[lo-
pes Tora, OHU Cy M Haj3HAYajHUJU OPIaHCKM MaKpPOMOJIEKYJIU, jep YYeCTBY]Y Y I'OTOBO
cBuM OuTHUM (yHKIMjama y oparanu3my. Hup. mekun nporeunnu o6e30ehyjy cTpyKTypy
Koja Jaje hemmjaMa 1e10BUTOCT U O0JMK. JIpyru ciy:ke Kao XOPMOHU KOjU IIpEeHOCce
curnaJ oj jejne hemmje o apyre. [Ipumep je mankpeac Koju Jiydu XOPMOH MHCYJIVH,
KOjU CHTHAJIM3WUPAa jeTPH ¥ MUIMIMhHUM heanjama j1a ofHoce Iehep IIyKo3y n3 KpBH.
Taxobe, mporenHu Mory J1a Be3yjy U HOCE PA3JIMUUTE CYyICTAHIE. XeMOIJIOOWH IPEHOCH
KUCEOHUK W3 IIyha /10 y/1a/beHuX JeI0Ba Tejia, JIOK MUOIJIOOUH CKJIAJIUIITH KICEOHIK
y mumuhauM TkuBuMa. [Iporewmnu, Takohe, KoHTposmIly akTUBHOCTH TeHa. Hekn
CJIy’Ke Kao €H3UMH KOju yOp3aBajy XeMHjCKe peakIimje HeolrxojiHe 3a KUBOT. [Ipema
TOMe, Pa3InIuTh NpoTenHn Jajy hesumjama pasaunante yiore [18].

[Iporennu cy wusrpabenn oj janarna aMHHOKUCEIUHA, [MOBE3AHUX HENTUIHUM Be-
3ama. Dpoj, BpcTa W peoc/ie)i aMUHOKUCEINHA Y OBUM JIAHIIMMA IIPEJICTaB/ba IPH-
MapHy CTPYKTypy mnporenHa. OcuMm mpuMapHe, MOCTOje jOII TPU HUBOA CTPYKType
nporenHa. CekyHIapHa CTPYKTYpa Ce OJHOCU Ha TPOIUMEH3UOHAHU OOJINK JIOKAJI-
HUX CerMeHaTa MOJUIENTHIHOT JIaHIa, JOK TepIujapHa CTPYKTYpa Omucyje ypeheme
eJleMeHaTa CeKyHJIapHe CTPYKType y npoctopy. KBarepnapua cTpyKTypa je pe3yiarar
cliajarba BUINE TOJIUIENITHIHIX JIAHAIR Y je/iaH (DYHKIIMOHAJAH IPOTENH.

Kako cy nporennn yk/bydeHu y cBe HajBazKHUje ITPOIECe Y OPTaHU3MYy, TO3HABAILE
IBUXOBE yJIOre U CBOjCTaBa je O OPOMHOI 3Hadaja, Ipe cBera y MeJIUIuHu 1 (apma-
[I1j¥, TPUINKOM Kpenpama JeKOBa W bUXOBe MPHUMeHe, ajl U Y APYIruM objracTuMa,
Kao IITO je MPOM3BO/IIba XpaHe, KO3MeTHKe, KyliHe xeMuje UT/I.

Kako 6u ce onpenmia ¢yHkinja nporenHa, HUje JTOBOJHHO CAMO IO3HABAIHE Ce-
KBEHIIE aMUHOKHUCe/IMHA Koje ra rpajie. OBe CeKBEHIle MOTy Jia Ce, Y 3aBHCHOCTHU O
pasHux pakTopa, YBUjajy y pasjauduTe OOJUKE y IPOCTOPY, IITO MOXKE JOBECTU JI0
pasImauTUX yJora. 300T Tora je moTpeOHO TMPeBUIeTH BUIe 0OJINKE CTPYKTYPE PO-
TewHa, jep HaM OHe Jiajy BuIille nH(OpMaIlija O IeroBoj MYHKIU]H.

b oBor pajsia je ma ce, KopuiithemeM KOpesaluja Kao OlleHe CTPYKTYpPe, Ipeji-
BUJIM CEKYH/IapHA CTPYKTypa IPOTEMHA HA OCHOBY Jjare mpumapue ctpykrype. Cse
IIpeJINKITNje ce Bpie y3umajyhu y o03up ojHOCe KOje aMUHOKUCE/IMHE UMajy Ca Pa3JIu-
YATUM KjacaMma. ¥ pajy he, ocuM ommca ajJropuraMa Koju ¢y KopuirheHu, OuTu jgatT u
YIOPE/IHN MTPUKA3 pe3yJiTaTa Koje OCTBapyjy, Kao U JI0JIaTHE CTATUCTUKe KOje Ou MorJie
OouTH 0O 3HaYAja 33 Ja/ba UCTPAKUBAIbA.

CBa u3pauyHnaBama u 00pajie 1ojlaTaka, Kao U IIpUKa3 pe3y/iraTa, peajn30BaHu Cy
KopHIThemeM MporpaMckor jesuka Python n nmomohuux 6ubmoTeka OTBOPEHOT KOJIA.
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1.1 AMuHOKHCeJInHEe

AmMuHOKUCEIMHE CYy jeuiberba Koja caapzke amuno rpyny (—NHj), KapGOKCUIHY
rpyny (—COOH ) u 6ounn nanai (R-rpyny, pagukan uin R-ocrarak). JTok cy aMuHO
1 KapOOKCH/IHA I'pyla 3ajeJIJHIYKe 3a CBe aMUHOKHce/nHe, R-rpyma je cueruduana
3a cBaky. Mako y npuposgu mnocroju npeko 500 amMuHOKHUCEenHA, camo mux 20 yra3un
y cacTaB T'€HeTUYKOI KOJI[a U OOMYHO Ce€ MUC/U YIIPaBO Ha IUX Kajla ce TOBOPU O
amuHOKucenHamMa. OBe aMIHOKUCEJIMHE ce JOIT Ha3uBajy ¥ ajda-aMuHOKUCe nHe (-
AMUHOKHUCEJIMHE), jep Cy KOJ IbUX aMUHO, KapOoKcmiHa u R-rpyma Besane 3a a-atom
yrbennka (C,). XeMmujcka CTPYKTYpa aMUHOKHCEIMHA MPEJCTAB/bEeHA je Ha CJIUIN
1.1. Ocum 20 “crapgapaanx’ aMUHOKHCEINHA KOje YIeCTBY]Y y U3IPAIibU IIPOTENHA,
mocToje n 2 “HecTaHIAp/IHE AMUHOKHUCE/MHE: CeJeHONncTenH u mupoan3ud. Crmcax
a-aMuHOKHCcemHa fatT je y Tadenu 1.1. Ilopes cBake amuHoKuceMHe, HaJla3e ce IheHa
TPOCJIOBHA, KA0 U jeTHOCJIOBHA O3HAKA.

Cmuka 1.1: Xemujcka CTpyKTypa aMUHOKHACETTHA

ITocToju 9 amMuHOKUCETNHA KOjeé Ce He MOI'Y CHHTETHUCATH y JbYJCKOM OPIaHU3MY,
a HeONXO/He CY 3a IeroBO HOPMAJIHO (PYHKIMOHUCAIbe. 10 Cy ecenuyujante amumo-
Kuceaune U OHe ce Mopajy yHeTw myTeMm xpaHe. Ty cnagajy: dpeHUIaJIaHuH, BaJUH,
TPEOHUH, TPUITO(AaH, METUOHUH, JICYITINH, U30JICYIIUH, JIM3UH U XUcTHAuH. OcuM mhux,
6 aMUHOKHCEJIMHA Ce CMaTpajy 3a YCJIOBHO €CEHIHjaJIHe, jep Ce MOTY CUHTETHCATU Yy
JBYJICKOM OPTaHMU3MYy 1101 OjipeheHuM ycJIoBUMa, Kao IIITO Cy HIP. HEKU KaTaboJIUIKu
nopemMehaju mim npespeMeno pohere Ko jere. ¥ YCJIOBHO eCeHIUjasHe Clajiajy: ap-
IUHUH, IACTEUH, TJIMIWH, [JIyTaMUH, TPOJIUH U TUpo3uH. [Ipeocranux 5 aMuHOKHUCE-
JHa (aJIaHWH, acllaparnHCKa KUCEMHA, aCIapariH, Ty TAMUHCKA KICEJIMHA 1 CEPHH ),
MOI'y C€ CHHTETHCATHU Yy OPraHu3My Y JIOBOJbHUM KOJIMIUHAMA.

1.2 IlenTuana Be3a

[lenrtuiHa Be3a je HajBasKHUja XeMHjCKa Be3a Koja ce ocTBapyje u3Mmely j1Be aMuHO-
KucejauHe. Y mb0j yIECTBYje aMUHO TPYIIA jeJHe aMUHOKHUCEIMHE 1 KapOOKCU/IHA TPyIia
JIpyre aMUHOKWCe/InHe. Y OBOj PEaKINju, aTOM yIJbeHUKa U3 KapOOKCUJIHE TPyIIe, Be-
3yje ce 3a aToM a30Ta U3 aMUHO TpyIe, pu deMmy ce ocjobaba Mosiekys1 Boje (cimka
1.2). TloBesuBameM aMUHOKHCEJIMHA HAa OBaj HAYWH, JIOOUjajy ce TENTHIHU JIAHIH,
KOJU TIPEJICTaB/hajy OCHOBY 3a M3rpajmy nporenna. CrajambeM HEKOJUKO aMUHOKHU-
ceJIMHA TENTHIHUM Be3ama, J00Hujajy ce oauzonenmudu, JOK Ce CIajarbeM BeJIKOT
O6poja aMuHOKHUCEINHA J00ujajy nosunenmudu. llomunenTuann JraHal moceayje CBoj-
CTBO IIOJIAPHOCTH - Ha jeJIHOM Kpajy je a-aMHHO T'PyIia, a Ha JPYroM (-KapOOKCHUJIHA
rpyna. [lo KoHBeHIMjU, Kpaj Ha KOMe ce HaJla3u aMUHO I'pylla, cMaTpa Ce MOYEeTKOM
HOJIMTIENTHTHOT JIaHma [1].
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1.3

Tabena 1.1: CranmapaHe aMIHOKICE/IMHE W IbIXOBE O3HAKE

aJIaHUH Ala A
aprUHIH Arg R
acraparui Asn N
acraparmHcKa KHCeJInHa Asp D
[IACTENH Cys C
dennaaHH Phe F
DJTAITIH Gly G
TJIy TAMUH Gln Q
[Ty TAMUHCKA KUCEJTNHA, Glu E
XUCTUINH His H
U307y ITUH Ile I
JIeyIIMH Leu L
JIN3UH Lys K
METUOHUH Met M
IIPOJIH Pro P
cepun Ser S
TUPO3UH Tyr Y
TpunTodan Trp W
TPEOHUH Thr T
BaJINH Val \Y
ITporennn

Yobuuajenu mosunenTHIHA JaHIM cajp:ke nsdMehy 50 m 2000 amuHOKHCEIMHA, U
HazuBajy ce npomeuruma [1|. IIporentu cy Haj3sHAYAJHUU OPIAHCKU MAKPOMOJIEKYJIH.
HbuxoB Ha3uB noTHye OJ1 TPUYKe pedun proteios, MTo 3HAYU IPBU, HAJBAXKHUjU, TJIABHU.

Hexke

0J1 TJIAaBHUX yJIOTa KOje UMajy y OpraHu3My cy:

€H3UMCKa, - eH3UMHU Cy KaTaJM3aToOpH Koju yOp3aBajy xemmujcke peaxmuje. [Ipu-
Mep eHsuma je GpocdodpyKTOKIHAZA.

peryjaTopHa - PeryJjmily paj ApYyTuX MPOTenHa y 00aB/balby CBOJUX (DU3MOJIO-
mkux GyHKIUja. Jeran o1 HAjIO3HATUUX PEryJIaTOPHUX [IPOTEUHA je€ MHCYJIMH.

TPaAHCIIOPTHA - IIpeHoce ojipehene cymncrTaniie oj1 jeHor JIo JApyror mecta. Hiip.
XeMOTJIOOWH ITPEHOCH KUCEOHUK O/ IIyha JI0 TKUBA.

CKJIQTUITHA - 00e30ehyjy pe3epBoap HeOIXoIHUX HyTpUjeHaTa 3a opranusam. Ka-
3€UH je Haj3aCTYIJbeHU]U IPOTENH Y MJIEKY U TJIABHU U3BOP a30Ta KOJI OJ10]9Ia/IH.
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1.4

amuHokmcennHa (1) amuHoKknCeanHa (2)

OANENTHA

Cmuka 1.2: Usrpajma nentuine Bese

KOHTPaKTH/IHA - OMOryhaBajy HMOKpeT/bUBOCT hesuja, HIP. Ko henujcke jgeobde
U KOHTpakIje Murmuha. AKTUH U MHO3UH Cy IPUMEPU OBE BPCTE MPOTEHHA.

CTPYKTYpHA - CTBapajy u ojpxKkaBajy Ouosorike ctpykrype. Onu 006e36ehyjy
U3JIpXKJBUBOCT UM 3aIITUTY hejujaMa W TKuBMMa. Hnp. KepaTtwn ce Hajasum y
KOCH U HOKTHUMa, JIOK KOJiareH marpalyje Kkoctu, 3ybe, XpCKaBHILy, TUTaMEHTE.

JIANITUBHA - UMAa]y yJIOry Y heJIMjcKuM OJI'0BOpUMAa Ha XOpMOHEe U (paKTOpe pa-
cra. OHE WMajy MOJyJIapHy OpraHW3alljy, TJe MOJIYJIA ITIPENO3Hajy U Be3yjy
osipehene cTpYKTypaJsiHe eJleMeHTe y ApyTre MpOoTenHe, KPO3 HHTEPAKINjy n3Mehy
JIBa TTPOTEHNHA.

ojbpamMbena - y9ecTBYjy y 3allITHTHU hesinja Wik eKCIUIoaTAIlnju. SHAYAJHY YJIOTY
y 3aIlITUTH UMAjy aHTUTeIa, KOja IMPero3Hajy U HeyTpaJsuily ‘cTpaHe’ MoJieKyie,
KOjU Cy pe3y/Tar Hanaja OakTepuja u BUpyca Ha opranuzaMm. [Iporemnn moryT
TpoMbuHa u GUOPUHOreHA YIeCTBY]y y Ipoliecy 3rpyiasama Kpsu [10].

CrpykTypa nporemHa

PaznmukyjemMo geTupu HUBOA CTPYKTYPE NPOTENHA:

IIpUMapHa CTPYKTypa
CEKyHJIapHa CTPYKTYypPa
TeplujapHa CTPYKTypa

KBaTepHapHa CTPYKTypa

Hwusou cy xujepapxujcku ypehenu, Tako jia cBaku IpejcTaB/ba CJIOXKEHUJU OOJIUK
CTPYKTYpPE Y OJTHOCY Ha ITPETXOTHM.
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1.4.1 IlpumapHa cTpyKTypa

Pejiocsien BesuBama ocraTaka aMUHOKUCEIMHA Y HOJUIENITHIHOM JIAHILY IIPEJICTa-
BJ/ba NPUMApHY CTPYKTYPY nporenHa. OCHOBHHM HU3 KOJ HOJUIENTHIHOL JIAHIA je
HCTH 32 CBE MOJIEKYyJIe NMPOTEMHA U CAYUIbEeH je O] HAM3MEHMYHO HopehaHumX MeTHH-
ckux (—C'H—) u menrupuux (amuaanx) rpyna [19]. I'paba ocnosror Husa npukasana
je Ha caunm 1.3.

MeTuHcke rpyne CH

NMenTtaouMHa Be3sa ﬁ

HZN—cle4co—NHFC|H4co—NHH|:H—co— + NH—CH—COOH
/ R1 Ro R3 Rn \
C-kpaj

aMWHOo-Kpaj £
BOYHW HU30EBN ¢
-TepMUHasIHa

N-kpaj
aMMHOKMCeNMHa aAMMHOKMCEerMHa

Kapbokcu nHU-Kpaj

N-TepMUHanHa

Chauka 1.3: I'paha ocHoBHOr HE3a HOJIHIEIITHIA

Kpaj ocnoBror Husa, Ha KOMe ce HaJIa3u CJI000IHA AMIHO I'PyTia, OOUYHO ce HA3MBA
N-Kpaj, TOK ce CYNPOTHU Kpaj HU3aA, ca CJI00OJHOM KAPOOKCUJIHOM I'DYIIOM, HA3WBA
C-xpaj. Kao mro je Beh criomenyTo, 110 KOHBEHIUjU, MPUIUKOM IHCAHA TPUMAPHE
CTPYKTYPE, YBEK ce movnibe o N-Kpaja.

[Ipu rpabemy BHUIUX HUBOA CTPYKTYpe MPOTeMHA, OOYHU HU30BU OCTATAKA AMI-
HOKWCEJINHA Y MOJIUIENITUIHOM JIAHITy UMajy ojutydyjyhy yuory. Ilpu momenn amumo-
KHCeJIMHa Ha OCHOBY YJIOre y cTepeoXeMuju! IpoTerHa, y3uMa ce y 003Up I0JApPHOCT
OOYHMX HHM30Ba, MPUCYCTBO (DYHKIMOHAJTHUX TPYyHa y IbUMa, KAa0 U CIIOCOOHOCT THUX
rpylna y norjejy ejekTposuTuuke auconujaimje’ [19].

1.4.2 CekyHJapHa CTPyYKTypa

CekyHlapHa CTPYKTypa IIPOTENHA IIPEJICTaB/ba TPOJAMMEH3UOHAIHN ODJINK JIe/I0Ba
[IpOTENHA, HACTAO yBUjarbeM MoIuenTuHor tanma. CekyHgapHa CTPYKTypa je y Haj-
Behoj Mmepu ojsipehena BojoHnYHUM Be3ama u3Mely ocTraraka aMUHOKUCETUHA Ca JIPY-
UM aMUHOKHCE/NHAMa, KOje ce HaJa3e PeJATHBHO OJU3Y Yy HOJUIENTHIHOM JIAHILY.
Ba Hajuernrtha ob/MKa CEKyHIAPHE CTPYKYTPE CY a-XeJIUKC ((-3aBOjHUIA) U [-HabopaHa
crpykrypa ([S-mmoda).

Kom a-xenmkca, BojonnvdHe Bese ce 00pa3yjy usMely KHCEOHMKOBOI aToMa U3 Kap-
6okcune rpyme (C' = O) cBakoOr IPBOI' OCTATKA AMUHOKHUCEJIMHE Yy HU3Y U aTOMa BO-
JoHrKa 13 aMuHo Tpyte (N H —) cBakor meror ocrarka. BoJOHUTHE Be3e ce MPOTEKY
[apaJIeJIHO Ca OCOM (-XeJINKCa, Jp:Kehu OCHOBHU IOJIMIIENITU/IHU JIaHAIl Y yBUjEHOM
06Ky, a OOYHU JIaHI Cy YBEK yCMEpeHH OJ] XeJnKca Ka crosbarmmocta [19, 12]. y-

lrpana xeMuje Ko0ja IPOy<aBa IIPOCTOPHY OPTaHU3AIN]Y MOJIEKY/IA
2pasnarame eJeKTpOINTa Ha MO3UTHBHE I HEeTaTHBHE jOHe, MO/ yTHIajeM MOJIeKy/Ia pacTBapata
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JKUHE Q-XeJIUKCa Bapupajy oJ IPOTEeMHa JI0 IPOTEHHa, aju y IHPOCEKY, NPHUOINAKHO
nMamo 10 ocTaTaka 1o CETMEHTY.

[MomumnenTuaan JaHal, Ha3BaH [-1Ji04a, y [-HADOpaHUM CTPYKTypaMma, TOTOBO je
MIOTIYHO W3/Iy7KeH, 33 Pa3/IIKy OJ (-XeJINKCa, KOJjU je YCKO yBHjeH. DovyHU JjaHmm
CyCeHUX aMUHOKHCEINHA Cy CYNPOTHO ycMmepeHu. JejHa (-nHabopaHa CTPYKTypa ce
dopmupa oBe3UBaIbEM JIBE WK BHIIEe [-T11049a BOJOHUYHUM Be3ama. CyceHu JIaHIN
y OBOj CTPYKTYPH MOTY Jia Ce IPOCTUPY Y UCTOM cMepy (TapaJiesine S-CTpyKType) Wik y
cynporaoM (aHTHNIapasente S-crpykrype). Kog anrunapasesnnor ypehemwa, NH rpymna
n CO rpymna cBake aMHHOKHUCEUMHE CY, PECIIEKTUBHO, TIOBE3AaHE BOJOHUTHUM Bee3aMa
ca CO rpymom u NH rpymom mapTHEpPCKOT CyceIHOT JIaHIa. ¥ HapaJjesHoM ypehemy,
Be3e cy MaJjio KOMILTMKOBaHMje. 3a cBaky amuHokucesauny, NH rpyna je nmopesana ca
CO rpymowm jejiHe aMUHOKHUCEINHE Ha cyceHoj mmodn, JoK je CO rpyma mosesana ca
NH rpynom amuHOKHCEIMHE KOja je /Ba ocrarka Jaske Hu3 JjaHar [1]. Ha canmnm 1.4
[IPUKA3aH je U3IJIeJl CeKYHIAPHUX CTPYKTYPa (-XeJIUKCa U [(-TI019e.

XUApOreHcka Be3a
anda xenmkc

C
c Y
o= 7/ X N /
> 507~ e oS8
P 1 o —C \
- 7 \C N—H
of—c Oo—g /LO_C\ /
N ioc __,_...o’/’c\ . =S /
O o " o=c—F¢

H

H
b g e A

N N
) c (o N
sera e Ne—C v i g
nnova V7 /N 4 N 4
ONH Ey 1 e
C\ N/H //0' a P //0" > /H' \xmgporemwa Besa
\ N
o= A A
7 c 7 = 7 r
H @ H o

Cmuka 1.4: CekyHmapHe CTPYKTYpe -XeuKca u [-1109e

[Tpema kinacuduxamuju DSSP (Define Secondary Structure of Proteins®), nocroju
8 TUIOBa CEKYHIAPHUX CTPYKTYpa:

e H - a-xesuke (4-xeMKC); MUHUMAJIHA JyKUHA je 4 pesujyasa
e G - 3jp-xesuke (3-xemKe); MUHUMAJIHA JTyKUHA je 3 pesu/Iyasa
o | - m-xenukce (H-xeMKC); MUHUMAJIHA JyKUHA je b pe3uIyasa

e E - npojykena Tpaka y mapaJieIHUM U/UIM AHTUIIAPAJEHUM [-I109aMa; MU-
HUMaJTHa, JIy>KUHa je 2 pe3ujryasa

e B - ocrarak y uzosioBanom [3-mocty (opMmalija BOIOHUIHE Be3e OJ1 jeJ[HOT mapa
[-cTpyKTypa)

e T - 3aB0j, KpUBMHA IIpeMOITheHa BOJOHUIHOM Be30M; 3, 4 min 5 KpUBUHA

3pasuB mormue ox Pascal mporpana xoju cy Wolfgang Kabsch u Chris Sander 1983. rommme mu-

ILUIEMEHTHUPAJIN C [IMJbEM CTaHAApAU3aIuje KIacupruKoBama CeKyHIAPHUX CTPYKTYPa
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e S - OIITpHUjU 3aBOj, KPUBUHA; jeJIMHA CTPYKTYpa KOja HUje 3aCHOBaHA Ha BOJIO-
HUYHUM Be3aMa

e C - GyaHKO, IPa3HUHA, CBU OCTAJIU pe3uryasu|7].

1.4.3 TepuumjapHa cTpyKTypa

Teprujapaa cTpyKTypa onucyje riodajiny KoHdopMalinjy IpoTenHa, OJHOCHO, Ha-
YUH Ha KOJU Cy €JIEMEHTH ILeroBe CeKyHjapHe cTrpykType ypehenn y mpocropy. Tep-
njapHa CTPYKTypa je ojapehena mnrepakiujama namel)y aMUHOKHCE/JHHA, KOje MOTY
OuTH BeoMa yJasbeHe y MOJUIENTHIHOM HU3Y, aIl ce, 3aXBasbyjyhm yBUjamy mpoTe-
una, Hal)y 6iu3y jenna apyroj [2]. TlosmmentuiHu JTaHIM KOJU UMa]y CJIMIHE CEKBEHIIE
AMUHOKHCEINHA, YIJIABHOM JIajy W CJWYHE TPOJIMMEH3MOHaJIHe CTPYKType. MemmTn-
Balb€ OBUX CTPYKTYpa IMOKA3aJ0 je Jia Cy Xu/baJle MO3HATUX MpOoTenHa u3rpahene o
peJIaTHBHO MAJIOT OPOj PasIMIUTHX CTPYKTYPATHAX MOTHBA 3.

Y crabumsanuju TepiyjapHe CTpyKType IpoTenHa, Mope/l BOJOHUYHE Be3e, OUTHY
YJIOTY UMajy ¥ JIPYTU BHJIOBU WHTepaKIuje O0YHUX HIU30BA aMUHOKHCEINHA, Kao IITO
Cy eJIEKTpOCTaTHYKe U Xu/ipodoOHe MHTEPAKIIje, KAO U YCIIOCTAB/bahe KOBAJIEHTHIX
Besa (HOp. aucysbuine ese) [19).

1.4.4 KBarepHapHa CTPyKTypa

Ksarepnapha cTpyKTypa HacTaje cliajameM BHIIe OJUIENITHIHIX JaHala, Kako On
ce dopmupao jegan ¢yrnknnonanan nporent [2]. Caku JiaHAIL Y OBAKBOM IIPOTEHHY
IIpeJicTaB/ba jeJIHy IOJjeIMHUILY, 11a je KBaTepHapHa CTPYKTypa ojpeheHa mpocTopu-
HUM ypehemeM OBUX MOJIjeIMHIIA 1 TPUPOJIOM BUXOBUX HTepakiuja [1]. 3a pasiuxy
0J1 TeplidjapHe CTPYKTYPe, Iie CMO UM HHTepakKIiije n3Mely 60UHIX HU30Ba OCTa-
TaKa aMUHOKHCEJIMHA KOje MPUTaIajy jeITHOM ITOJUIIENTHIHOM JIQHITYy, Ha OBOM HUBOY
CTPYKTYype, Te MHTepaKIiiuje ce ojBujajy m3Mel)y OOUHUX JraHAIa OocTaTaka aMUHOKU-
ceJIMHa Koje MPUIAJAjy pasauduTuM nojunentuaauM Jjgadnuma [19]. Ha caunm 1.5,
MIPUKa3aH je OJHOC CBa YeTHUPU HUBOA CTPYKTYpPe MPOTEHHA.

Y zaBucHOCTH 0J1 Opoja MOJUIENTHIHAX JaHala, IPOTEUHN MOy OUTH MOHOMEPH,
JIUMEPH, TPUMEPHU UTH. YKOJUKO Ce cacToje O/l MJICHTUIHUX ITOJIUIENITHIHIX JaHala,
TO ce 03HavYaBa MPeMUKCOM XOMO- (HCTH), & YKOJIUKO Ce CACTOje OJ] PA3TMINTHX MTOJIH-
HeNTHHUX JlaHala - npedukcom xerepo- (pasmmant). Hrop. xerepoaumep je nmporens
KOJU Ce CACTOjU OJf JiBa Pa3IMIuTa MOJUIEeNTAnHA JaHia [2].

1.5 Kuaacudukaruja aMUHOKNCEJINHA

Amunokucenune ce pasaukyjy npema npupoju R-rpyre Koja yia3m y mUXOB ca-
craB. OBu O0YHU JIAHIM MOT'Y OUTHU XUIPOMUIHA WK XUJAPOPOOHH, KUuceu, ba3Hu UIn
HeyTpaJIHU. XEeMHjCKU cacTaB jeimHCTBeHe R-Tpyre ojroBopaH je 3a HajBaKHUje Ka-
PaKTepUCTUKE aMIUHOKHUCEJIMHA: XEMUJCKY PEAKTUBHOCT, HACJIEKTPUCATHE U PEJIATHBHY
xuapodobuoct [12].

HaenekTpucane amMmHOKHCe MHEe MOry OMTH Kucesne mim OasHe. IIpm mmckoj pH

BpeHocTn?, IPOTENHN Cy TMO3UTHUBHO HACICKTPHUCAHN 3axBasbyjyhu 6asHEM rpynama,

4Mepa KucesrocTy Wi 6A3HOCTH PACTBOPA,
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Cauka 1.5: HuBou cTpykType nporenHa

Kao IIITO je cIydaj KOJ JIM3WHA U apruHuHa, JOK cy npu Bucokoj pH BpegHocTu, nera-
TUBHO HaeJEeKTPUCAHU, YCJIEN KUCEJIUX I'Pylla, Kao y CJIydajy aclaparuHcke U IyTa-
MUHCKe Kucesmae [12].

OcHoBa HenTHIHOD JIAHIA CACTaB/beHa je O aMHHOKHUCEINHA KOje MMajy IoJIapHe,
HeloJlapHe, apoMaTHIHe U HaeJeKTprcaHe ocraTke [12].

Ocam aMwHOKHCEeTMHA MMa Herojaphe, xuapododbuane R-rpyme. Houx mer moce-
ayje amudarndne XuApoyr/benndne R-rpyte (ajaHus, JIeyuH, W30JI€YIUH, BAJUH U
[POJINH ), JIBE UMajy apoMaTHIHe IPCTeHOBe ((beHMIAIaHIH 1 TPUIITO(hAH ), JIOK METHO-
HUH caJipku cymriop. OBe aMHHOKUCETUHE CYy Makhe PACTBOPJbUBE Y BOJIU 0T TIOJIAPHUX
[12].

[Tonapre aMrMHOKUCEIIHE Cy pacTBOPJbUBHje Y Bomm 300T cBojux R-rpymna koje Mory
Jta popMEpajy BOJIOHUYHE Be3e ca BojoM. llojapHocT cepuHa, TPEOHUHA W TUPO3UHA
je nocnenuna mwuxosux xugpokcwinux (—OH) rpyna, JIOK je KoJ| acrapariia u TiIy-
TaMHKHa TO IIOCJIE/UITa IbUXOBUX YIVbEHO-aMUJIHUX I'PyIlla, a KO HMUCTEHUHAa - ITOCJIEeAUIla
weroBux cyiadxuapuaanx rpyna (—SH). [nunua nogpasymeBaHo craja y OBy IpyILy
[12].

AMUHOKHCe/IMHE KOje HOoce HeraTUBHO HaeslekTpucame 3a pH Bpeamnoctu 6.0-7.0 ca-
JIpzKe JIpyry KapOOKCHJIHY rpyiy. 1o cy Kucejle aMUHOKHCE/WHE - acllaparuHCKa W
IUIyTAMUHCKa KucejnHa. ba3ne ammnokucesnne, Koj Kojux R-rpyne nmajy nosuTuBHo
HaesleKTpucame 3a pH Bpemnoct 7.0 cy Jm3uH, apruHUH U XUCTUJIWH, KOju je cj1abo
6azan [12|. Ciuka 1.6 wiycTpyje nNpHIIQIHOCT TOCMATPAHIUX AMHHOKHUCEIMHA Das/Iv-
9uTHM Kjacama [6)].

Ocum crioMeHyTHX, y OBOM paJjly KopuiiheHe cy W JoJaTHE Kjace Koje IpeJcTa-
BJbajy CKJIOHOCT IIOj€IMHUX aMUHOKHCEJIHMHA Ka M3Trpajibu ojapeheHnx ceKyHIapHUX
crpykrypa. Te Kiyace cy: “CKJIOHe XeJIMKCY ', “CKJIOHe paBHM , ‘CKJIOHE 3a0KpeTy U
“6e3 ckaonoctr’”. Ilema ymmcra Kopumhenux KJjaca Hajasum ce y Tabdenu 1.2, rie je
yjeJIHO TPUKa3aH U OJJHOC aMUHOKMCEINHA ca CBAKOM oJf Kjaca. (CBaka aMUHOKWCe-
JINHA MOYKE UMATH jeJIlaH OJ1 JIBa OJIHOCA Ca KJIacoM - Ipumagajyhu uin nenpuraiajyhu.
VYKOJIUKO aMIHOKHCE/IMHA IIPUIIaIa ITOCMATPaHO] KJIach, TO obere:kaBamMo 3HAKOM 7,
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2 Tlomamm m metone

[Ipeaukimja ceKyHIapHe CTPYKTYPe IPOTErHA, O KOjoj je ped Y OBOM PaJLy, 3aCHUBA
ce Ha padyHarby Kopesallfja HaJi CKYIIOM IojaTtaka jgooujennx u3 lIporenncke Oanke
nonaraka (Protein Data Bank, PDB).

2.1 Ilopamm

[Iporenncka 6anka mogaraka je jeIMHCTBEHU, TJIOOAJHE PEIO3UTOPU]YM, €KCIIepH-
MEHTAJTHO OJIpeheHnX TPOJIMMEH3NOHATHUX CTPYKTypPa OMOJIONIKUX MAaKPOMOJIEKYJIa, 1
muxoBux kKomiuiekca. PDB je ycmocraBbena 1971. romwne, umMe je mocraja IMpBU
JINTUTAJIHU PECYPC Ca OTBOPEHUM IIPUCTYIIOM y OKBUDPY OMOJIOMKHX HayKa. ApxuBa
TpenyTHO O6poju oko 142000 ymoca, a 3a meHo ojpxKaBame 3ajyxkena je Worldwide
Protein Data Bank organization (wwPDB; wwpdb.org) [14, 11]. Tnasma dynkmuja
oBe 0ase je jia Opranmsyje TPOJMMEH3MOHAJHE CTPYKTYPHE MOJaTKe BEJUKUX OMOJIO-
IMIKIX MaKpPOMOJIEKY/Ia, YK/bYydyjyhu mporente m HYKJIENHCKe KHUCE/INHE CBUX OPraHU-
3ama, OaKTepuja, IJbUBa, OM/baKa, UHCEKATA U JPYIUX KUBOTHIbA, Kao u jeyan. Cae
OBe CTPYKType ojapehene cy eKcliepuMeHTaJTHUM MeToJlaMa, IOIYT KpHucTaJorpaduje
X-3palMa, CIeKTPOCKOIIje HyK/IeapDHOM MAarHeTHOM PE30HAHIIOM, €JIEKTPOHCKOM MU-
KpockonujoM ura. [13].

Kopumhenn y3opak, Ha OCHOBY Kora Cy padyHaTe CTaTHCTUKe, (pbopMaTuUpaH je y
dbopmary CSV (comma-separated values), ca cumbosom “|” kao cemapaTopoM (yme-
cro yobmuajenor cumbosa “)’). CBakm pej M3 y30pKa CACTOJU Ce M3 YeTHUPU OJIOKA,
pas3JiBojeHa CenapaTopoM:

e PDBID - werBopoc/ioBan ujeatudukarop nporenna y basu PDB

e SEQID - jemnocyioBHn mieHTH(MUKATOP CEKBEHIIE Y OKBUPY MIPOTEHHA ([IPOTEUHH
YeCTO MMajy BHUINE OJf je/IHe CEKBEHIIE)

e IIpUMapHa CTPYKTypa - HU3 jeJIHOCJTOBHUX O3HAKA aMUHOKHCEJINHA
® CeKyHJapHa CTPYKTYpa - HU3 JeJHOCJIOBHUX O3HAKa CEeKyHJlapHe CTPYKType

CBakoj aMUHOKHCEJIMHE U3 IIPUMapHe CTYPKType J0je/beHa je ojrosapajyha ce-
KyHJapHa CTPYKTypa, Ha ocHOBy ajropurma DSSP. Kao mociemuna Tora, Hu30BH
IpUMapHe U CeKyHJapHe CTPYKTYpe y OKBHUDPY jeJHOr peja, YBEK Cy HUCTe JIyKHUHE.
Kopunrthenn yzopak nma ykymuao 14483 pena, 1j. 14483 cekesentie nporenna. [Ipumep
jeJiHe CEeKBEHIle U3 y30pKa M3IJIe/Ia OBAKO:

1ACW|A|VSaEDbPEHcSTQKAQAKaDNDKbVCEPI | SSHHHHHHHTTT EEEEETTEEEEE




2 HoJAIN U METOJIE 14

lakie, y oBoM ciry4ajy:

1ACW je unentucdukarop nporeunna y 6asu PDB

A je mneHTHUKATOP CEKBEHIE Y OKBHUPY IPOTEHHA

VSaEDbPEHcSTQKAQAKaDNDKbVCEPI je mpuMmapHa CTPYKTypa

LUSSHHHHHHHTTT EEEEETTEEEEE je ceKyHJilapHa CTPYKTypa

Kao mro ce Mmoxke BujieTu, HUCKa CEKYHJApHE CTPYKTYpe MOXKe MMaTH U OJIAHKO
KapakTepe (IIpa3HUHE), IITO 3HAYH JIa 3a TY IO3UIIN]y HUje MO3HATA CeKYHIapHA CTPYK-
typa. [Ipunukom obpajie rojgaTaka, cBaka 1mojaBa 0JIAHKO KapaKTepa y OKBUPY CEKYH-
JlapHe CTPYKTYype, 3aMemeHa je kapakrepom C.

Mauta cjioBa y OKBUPY IpPUMapHE CTPYKType O3HAa4daBajy mocebHe OOJIMKE aMUHO-
KHCeJIMHa U UTHOPUCaHa Ccy OBOj aHaym3u. VcTu ciiydaj je u ca 1mojaBoM Kapakrepa 7,
X, B, J, xoju npejicTaBibajy Helmo3HaTe WIN JBOCMUCTeHe aMruHOKucenHe. CeeHoIm-
crent (U) n muposmsun (O), Takolje ¢y NCK/byUeHe U3 aHAJIU3E, 14 Ce CBE CTATHCTHKE
padynajy kopuirhemeM 20 cTaHIapIHUX aMUHOKHCETHHA.

V30paxk je moje/beH Ha TPEHUHT ¥ TeCT CKyIL, Ipu deMy ce 65% cirydajHo nzabpanux
CEKBEHIIN U3 y30PKa KOPUCTU KO0 TPEHUHI CKYII, JIOK je upeocraanx 35% kopuirheno
Kao TecT cKyi. Kopearuje cy padyHaTe HaJl TPDEHUHT CKYIIOM, & T€CT CKYII Cé KOPUCTH
Kao IIpoBepa KBAJHUTETa, JJOOUjEHUX pe3y/iTaTa IIPeTUuKIII]ja.

2.2 Kopenanuje

Kao omnena crpykType npu npeaukIiiuju KopuiirheHne cy Kopesanuje. Kopemaiuja
IIpEeJICTaB/ba MepPy 3aBUCHOCTHU JIBE IPOMEHJ/bUBE. Y OBOM PaJly, aHAJIM3UPA Ce ITOBe3a-
HOCT ITapa aMUHOKHUCEINHA Ca U3TPAJIIbOM Tapa CeKyHJIapPHUX CTPYKTYpa, a Ha OCHOBY
OJIHOCA KOjU Taj Map aMUHOKHUCEINHA IPaJId Ca CBAKOM OJI KJIaca.

Pasior 360r kora ce He BPINHU IPeIUKIIAja 3a I0jenHATHE AMUHOKUCEINHE je IIITO
ocMaTpameM [apoBa CyCeJIHUX aMUHOKHcesnHa (6urpama) pejgaTuBHO HoBehaBamo
BEJIMYNHY y30pKa KOju he OuTH KopwuilheH 3a MoOJe/Mpamhe W Haj HAYMH J100MjaMo
peJieBaHTHHU]je pe3yaTare. ¥Y3umajyhu JBe 1o JiBe aMUHOKUCEINHE U3 CBAKE CEKBEHIIE Y
Y30PKY, IIOCMATpaH je IUXOB OJIHOC ca CBaKOM oJf Kjaca. Kopucrehu noramujy "+/-",
cBaKHd OUTrpaM y3uMa jeJaH oJ YeTupu Moryha ojHoca ca HEKOM KJIaCOM:

e "++" - obe aMHHOKHCE/IMHE ITPUIAJIA]y KJIacu
e "+-" - IIpBa AMUHOKMCEJNHA TPUIIaJa KJACH, NJOK APYyTra HE TIPUIaIa
e "_+" - IIpBa AMUHOKMCEJNHA HE IIPUIA/Ia KJIACH, JIOK Jpyra IPUIlaia

e "--" - HUjeJTHA AaMUHOKHUCE/JMHA HE MPUNaJa KJiacu

Kako je nmpBu Kopak Ka JIoOHjamby pe/IeBAaHTHUJUX Pe3y/TaTa IMocMaTparbe ImapoBa
AMUHOKHUCEJIMHA YMECTO IOjeIMHAYHIX aMUHOKHUCEINHA, JIPYTH KOpaK je IocMaTpambe
rpylnucaHux Ourpama cekKyHJIapHe CTPYKTYype YMEeCTO KOHKpPeTHHX ourpama. [ 'pyrm-
caHm Ourpam je 6wurpam Koju Ha IIPBOj WU HA JPYToj MO3UIUjH y OUrpamy mma Io-
cMaTpamny, KOHKPETHY, CEKYHJIApHY CTPYKTYPY, JIOK HAM IIPeocTasia MO3UIHja HUje O]
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3HaYaja, Tj. Ha O] ce Moxke Hahm GUIIO KOja ceKyHjapHa cTpyKTypa (Moxe ce Hahu
U UCTa CEeKyHJIapHa CTPYKTypa Kao M OHa KOojy mocMarpamo). Ha mosurujy koja nam
HUje oJ1 3Havaja craB/bamo o3Haky “X”. Huop. 3a cekynmapny crpykrypy G, mBa mMo-
ryha rpymnucana ourpama cy GX n XG. Crucak CBUX IpyHHCaHUX OWTpaMa Jar je y
tabesm 2.1.

Tabena 2.1: Cekynjgapue CTpyKType U ojroBapajyhu rpymnucanu durpaMn

Syt [I'pynucanu 6urpamu
CTPYKTYypa
H HX XH
E EX XE
T X XT
G GX XG
S SX XS
B BX XB
I IX XI
C CcX XC

3a cBaky KJ/Iacy U CBAKM IPYIUCHU OUI'PaM CEKyHJapHe CTPYKTYPEe, PAdyHaAMO de-
TUPHU KOpeJialyje, 1o jeJIHy 3a ¢BaKu oJ1 Moryhux ojiHoca OurpaMa aMUHOKHCEIMHA Ca
KJtacoM (""" M-t o - Jakite, padyHambe Kopesaliije ce He BPIIU 3a KOH-
KpeTHe IapoBe aMUHOKHUCEINHA, Beh ce MapoBu 3aMermbyjy pesaiujoM Kojy OCTBapyjy
ca IMMoCMaTpPaHOM KJIACOM.

Kopenamuja ce paayna momohy IlupconoBor koedwuimjenTa 3a JiBe MPOMEH/bUBE.
OBaj KoeduIjeHT IpeacTaB/ba Mepy JUHeapHe 3aBUCHOCTH M3MeDy IBe IPOMEH/bUBE.
Koedwunujent moxke y3ern BpeaocTH 13 omcera [—1, 1], mpu gemy BpeHocT 1 o3HauaBa
CaBpIeHy TO3UTUBHY JIMHEAPHY 3aBUCHOCT M3Mely NMPOMEH/BUBHUX, JOK BPEIHOCT -1
O3HavYaBa CaBPIINEHY HEraTWBHY JIMHeapHYy 3aBUCHOCT. Bpeanoct (0 roBopu jia He TO-
cToju JmHeapHa 3aBuCHOCT u3Meljy mpomersbuBux [16].

CB0jCTBO CUMETPUYIHOCTH C€ OJTHOCHU Ha TO J1a je KopeJaruja n3mehy mpomMenpuse X
ca TPOMEHJ/bUBOM Y, UCTa KAao M KopeJaluja u3mehy nmpoMen/buBe Y ca MPOMEH/bIBOM
X. Jlpyra BaxKHa OCOOMHA KOpeJallfje je HmeHa OTIOPHOCT Ha JIMHeapHe TpaHcdop-
marmje. To 3HaYM Jla MHOXKEIbE je/lHe MPOMEHJbIBE KOHCTAHTOM ¥/HMJIN cabuparbe ca
KOHCTAHTOM, He yTH4e Ha KOPeJAIUjy Te IPOMEHJbUBE ca JPYyroM MpOoMeH/bUBOM |16].

Ha npumepy penamuje "-+" ca K/jacoMm HaeJeKTpUCaHE U I'PYIHHUCAHOr OUTrpama ce-
KyHjiapue crpykrype XH, y tabemm 2.2, mpukasane cy BPeJHOCTH KoOje je TOTPeOHO
0b6e306euTH 3a padyHaibe [lupconoBor Koedurumjenta.

Tabena 2.2: BpeanocTtu KopuiitheHe 3a padyHame Kopesalinja

Burpam rpaju cekynmapuy crpykrypy XH
Burpam nma oxnoc "-+" ca v «
KJIACOM HAEJIEKTPHCAHE
v A B
X C D

Bpennoctu umajy ciesnehe 3natueme:

e A - Opoj OurpamMa aMUHOKHCE/NHA U3 Y30pKa Koje nMajy "-+" oJIHOC ca KJIacoM
HaeJeKTpHUcaHe, a rpajie CeKyHiapHy cTpykrypy XH
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e B - 6poj burpama aMHHOKUCETMHA U3 Y30pKa Koje nmMajy "-+" 0JIHOC ca KJIacOM
HaeJeKTpHUcaHe, a He T'pajie CeKyHJIapHy cTpyKTypy XH

e C - Opoj burpama aMUHOKHCEJIMHA U3 y30pKa Koje HeMajy "-+" oJHOC ca KJIacoM
HaeJIEKTPUCaHe, a rpaje ceKyHjaapuy crpykrypy XH

e D - Opoj burpama aMHHOKHCE/IMHA U3 y30pKa Koje HeMajy "-+" OJIHOC ca KJIacoM
HaeJeKTPUCaHe U He Tpajie CeKyHIapHy cTpyKTypy XH

BaTum OF ce OIUCAHN IIOCTYIIAK [TOHOBUO U 32 IIPEOCTAJIE OJHOCE (M++" M+ "__")
ca KJIacOM HaeJleKTpucaHe u rpynucanu ourpam XH, a omjia u 3a ocraje rpynucane
ourpame cekyHjlapHe CTPYKTYpe u ocTtaJie Kjace. [Ipema ToMe, Kako nuMaMo 8 THIIOBA
CEeKYHJIAPHUX CTPYKTYPa, IMaMo 1 16 rpymnucannx OurpamMa KOju UM OJIroBapajy, ma 3a
19 xopunrhennx Kjaca u 110 4 0HOCA ca CBAKOM O/JI FbUX, J10JIa3uMo 110 16%19x4 = 1216
KopeJialyja Koje je moTpeOHO U3padyHaTH.

dopwmyita Koja ce KOPUCTHU 3a padyHarme KoeduIlnjeHTa Kopealija je ciemeha:

h_ AD — BC )
- VA+B)(A+C)B+D)(C+D)

117].

2.3 Python

3a paduyHarme CTATUCTUKA, 00pa/ly U IIPUKa3 Pe3y/iraTa, KOPUIIheH je MporpaMcKu
jesuk Python. Python je mporpamcku je3auk BHCOKOT HUBOA, OIIIITE HAMEHE M OTBO-
penor koja. Yecro ce jedunnire kao 00jeKTHO OpjeHTHCAHU CKPUNT je3uk. Ocum
objekTHo opjerrucane, Python nojp:kaBa u Jipyre napajurme, Kao MTo cy HyHKIIIO-
HaJTHA 1 UMIlepaTuBHa. KoprucTu ce Kako 3a CKPUIIT IIpOrpaMe, TaKO U 38 CaMOCTaJTHe
nporpame. @uyiocoduja jesrka MHCHCTHPaA Ha YUT/bUBOCTU KOJa, yorpebu 6ub/imo-
TeKa, Ka0 U Ha apXUTEKTYPH KOja ONTUMU3Yje MPOAYKTUBHOCT IIPOI'paMepa, KBaJIuTeT
codTBepa U MOJPIIKY 3a paziudure miardopme, Mehy Kojuma cy U OHe Hajuerihe
kopurihere - Linux, Windows, Macintosh, Java, .NET, Android u iOS |8, 9.

Y naspeM TekcTy Omhe onmcane HajBakHHUje CTPYKType Mojaraka jesmka Python,
Koje cy kopuriithene 3a 1morpebe oBor paJia.

2.3.1 Jlucre

Jlucra je mpomensbuBa, ypehena cekpenna objekara, YijuM ce YWIAHOBUMA, IIPUCTYIIA
nomohy wuHjekca. FEjiemenTtn Jjimcre cmernrajy ce yHyrap yryactux 3arpaia ([1), a
oznBajajy 3apesoM [9]. JemHa smcra MoKe Jla CaJpXKU eJeMEHTe PA3JININTHX TUIIOBA.

[Ipumepu Kpeuparba JucTe:

- mpa3Ha jucra: []
- JucTa crpuHrona: ['arcade', 'fire']

- JIUCTa Ca eJIEMEHTUMA PA3JIHIUTHX THUIIOBA:
['conversation', 16, ['city', 'middle'], 1.5, {}]
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- JiucTa j0bujeHa oJf eleMeHaTa CTPHHI 00jeKTa:
list('high violet')
(pe3yﬂTa}Tje: [Ihl, |i’, ’gl’ th’ ' l’ 'VI’ Iil, Iol, Ill’ lel, ’-tl])

- jucTa JiobujeHa kao pesyarar “list comperhension” oreparuje:
[i.upper() for i in 'Win']
(pesyarar je: ['W', 'I', 'N'], nobujena npuMenoM merojie upper () Ha cBaku
o/l KapakTepa cekBentie 'Win' (Mmerosa upper () nmperBapa MaJia CJIOBA y BEJIMKA)

EnemenTuma jicre mpucTyma ce Ipeko MHJIEKca, a Opojarme nountbe o 0. Hmp:

a = ['dazed', 'and', 'confused']
-al[2] — 'confused'

Mory ce KOpUCTHTHU U HETATUBHU UHJIEKCH. ¥ TOM CJIy4ajy, Opojame Kpehe ca kpaja
JINCTe, a MpBU UHJIeKe je -1. Hup:

a = ['dazed', 'and', 'confused']
-al[-2] — 'and'

IIpomenspuBOCT JIMCTE OJIHOCU Ce HA TO Jia Ce HheHU €JIEMEHTU MOTY ITPOMEHUTH,
MOT'Y Ce JI0JIaTU HOBH €JIEMEHTH U/ ce MOTy obpucartu mnocrojehn.

a = ['dazed', 'and', 'confused']
-a[1] = '&'" — ['dazed', '&', 'confused']

a = ['dazed', 'and', 'confused']
- a.append(1) — ['dazed', 'and', 'confused',6 1]

a = ['dazed', 'and', 'confused']
-a[1:] — ['and', 'confused']

2.3.2 Topke

Topxka je HempomeH/bUBa, ypeheHa ceKBeHIa o0jeKaTa, YUjuM Ce UJIaHOBUMA IIPH-
cTyna moMohy WHJEKca. 3a pas3juKy OJ JIUCTe, YUjU Ce eJeMEHTU 3amnucyjy unsmehy
yIJIaCTUX 3arpaja, eJeMeHTH TOpKe cMelTajy ce y maste 3arpaje (). Kao m ko ju-
CTH, eJIEMEHTH Ce pa3/iBajajy 3ape30M, a eJIeMEHTH jeJIHe TOPKE MOT'Y OUTH Pa3/IMIUTUX
tumnosa [9).

[Tpumepn Topxu:

npasua Topka: ()

TOpKa OJl jeJIHOr ejieMeHTa (3ape3 je obaBe3aH, mHade OU ce M3ryOMJIO CBOjCTBO
Topke): (6,)

TOpKa oj Tpu ejnementa: (13, 'January', (19, 92))

JIPYTH HAYWH 3aITHCA UCTE TOPKE KAo y MPETXOHOM mpuMepy: 13, 'beaches', (19, 92)
Kao u ko siuctu, npuctyn ejieMeHTHMa ce 00aB/ba MPEKO MHIEKCA:

a = (13, 'January', (19, 92))
- al1l] — '"January'
- al2][0] — 19
- al[-3] —+ 13
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2.3.3 Peununn

Peunuk je meypebhena, mpomeH/bUBa KOJIEKIIHja IOJaTaKa, IJIe je CBAKH €JIeMEHT
obnmuka kljul: vrednost. EjemeHnTn pedHmKa CMeNITeHH Cy YHyTap liapa BATHYA-
ctux 3arpajia {}, a Kao W KOJI JINCTU U TOPKH, pa3jBajajy ce 3ape3oMm. Mebhyrum,
3a paz3J/ImKy O] OBUX CTPYKTypa, KOJ KOJjUX je CBAKU eJIEMEHT MMao CBO]Y IO3UIIH]Y,
OJIHOCHO, CBO] MHJIEKC Y OKBHUDPY CTPYKTYp€ IPEKO KOTa MY Ce MOIJIO IIPUCTYIIUTH, 0~
XBaTambe eJIEMEHTa U3 PEYHNKA 00aB/ba Ce IMPEKO Kibyda. 300T TOra je HEOIIXOJHO Jia
KJbYUEBH y PEUYHUKY Oy/y jeuHcTBeHU. Takohe, K/by4ueBH MOy OMTU CaMO HEITPOMEH-
JpUBU 00jekTH (OpOjeBH, CTPUHIOBH, TOpPKeE) [9].

[IpuMmepu pedHnka:

- mpa3aH peyHuk: {}

- PEYHUK OJT YeTHPH eJIeMEHTA:
{7: 'days', 5: {'a': 1, 'b': 2}, 'four': 'seasons', 12: 1}

- peunuk oj 2 eixemenTa: dict('a': 1, 'b': {'c': 2})
(pesyarar je: {'a': 1, 'b': {'c': 2}})

HpI/IMepI/I IIpUCTYyIlaiba €JIEeMEHTUMa IIPEKO KJ/by4Ya:

d = {7: 'days', 5: {'a': 1, 'b': 2}, 'four': 4, (1, 2, 3): 6}}
-d[7] — 'days'
-d5]['p'] — 2
-d[, 2, 3)] —6

[Tpumepn Memarma pevYHUKA:

d={a:1, 'b': 2, 'c¢c': 3}
-d['e'] =156 —={'a': 1, 'b': 2, 'c': 3, 'e': 15}

d=A{a":1, 'b': 2, 'c¢c': 3}
-del d['b'] — {'a': 1, 'c': 3}

d={'a": 1, 'b': 2, 'c': 3}
-d['a'] = 10 - {'a': 10, 'b': 2, 'c': 3}

2.4 MapKoB/beBU MOAEIN

Mapxkos/bes Mojies1 (MapKOBJ/bEB JIaHaIl) IPEICTaB/ba CTOXACTUIKHI MOJIEJT KOjU OIIH-
cyje cekBeHIy Moryhux jnorahaja, y KoMe BepoBaTHOha cBakor jorahaja 3aBucu camMo
o7, cTarba TocTUTHYTOr y mperxogroM gorabajy [5]. Oo je Mapkomibes mporec mp-
BOT' peJia, IJie paclojesa BepoBaTHoNA 3aBUCH CaMO OJI IPETXOJHOr CTarba, a He U O
ceux ocrammx. OIHOCHO, BepoBaTHONA HApEIHOI CTamba JIUPEKTHO 3aBUCH CAMO O
TPEHYTHOL CTaiba, a IPETXOAHA CTaiba [OCTajy UPEJeBAHTHA JeIHOM KaJla UMAaMO Tpe-
HyTHO cTame [4]. [locroje n mannm Burer (n-tor) pefa, KO KOjUX je HAPETHO CTAMbe
oapeheHor Ha OCHOBY NPETXOJHUX 71l CTAbA.

Ckpusenn Mapkosibes mogen (enr. Hidden Markov Model, HMM) je yommrerse
Mapxkos/beBor Jania, y kome (“yayrpaiime”’) crambe HUje JUPEKTHO BUJIBUBO (J1a-
KJIe, CKPUBEHO je), ajln eMuTyje BIbUBO (“crio/baliie”’) crambe, Koje ce oIl Ha3uBa u
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“emucuja”’ wiam orcepsaligja, Ha OCHOBY JATOI 3aKOHA BepoBaTHOhe. YKOJIHMKO je Opoj
yHyTpammux crama N, BepoBaTHOhe IpesiacKka U3 jeJIHOT CTamba y JAPYro, OIMUCY]Y
ce MaTpuIoM TpaHsuimje, numensuja NxN. 3a 6poj emucuja M, BepoBaTHOhe emucuja
OIKCYjy ce MATPHUIOM eMucuje aumensuja NxM [4].

Heka je:

e T - ;ny)KuHA IMOCMaTpaHe CEKBEHIE OICePBAINja

e N - 6poj cTama y MoJIeTy

e M - 6poj BubEBUX cuMboJia (OncepBaruja)

e Q= {q, @1, ---, qv—1} - pasmmunTa cramba MapKOBbEBOI JIaHIA

o V=4{0,1,.., M- 1} - ckyn moryhux omncepsarmja

e A - BepoBarHOhe npesacka n3mely crama

e [ - maTpuiia BepoBaTHONA OICcepBallnja

e T - IIOYETHA PacIojiesia BepoBaTHoha

e O ={0Oqy, Oy, ..., Op_1} - cexBenna oncepnanuja [15].

[TocToje Tpu ocHOBHA MpobIEMa Koja MoxkKeMo Jia permnmo kopuctehun HMM.

1. 3a gatu momen N\ = (A, B,m) u cexBeniy oncepsaija O, ompeauru P(O|N),
OJTHOCHO, OJIDEJINTH BepoBaTHONY eMuToBara cekBeHre (0, ako je JaT MOIeT .
Onaj mpobJiem ce pemaBa ajropuTmMoM yHampe/ (enr. forward algorithm).

2. 3a gatu momen A = (A, B, ) u cekBeity orcepsaija O, OpeUTH ONTUMAJHY
CEKBEHILy CTarba KOja je eMUTOBAJIA JATy CEeKBEHILy OlcepBallija. 3a pelnaBarbe
oBOI' TpobJIeMa, KopucTtu ce Butepbu asropuram.

3. 3a mary cekseniry omcepsarmja O n gumensuje N u M, oapenutn Momen A =
(A, B,7) koju makcumu3yje BepoBaTHoly emuroBama cekpenne O. Opaj mpo-
6J1eM ce MOKe TIOCMaTPATH Kao TpeHupambe Mojiesia Koju he Hajbosbe ojroBapaTu
eMmuTOBaNoOj cekBennu [15]. 3a meroso pemasaibe, Kopuctu ce Baum- Welch ai-
ropuram (forward-backward algorithm).
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3 HNmnaementarmja

Kako 6u ce ucrpazkuno yTuriaj mpunajfHoCTd aMUHOKUCEINHA ojipeheHnM Kjacama
Ha CeKyHJapHe CTPYKType Koje Te aMWHOKHCEJIWHEe T'Pajie, HAIMCAHW Cy aJTOPUTMU
KOju, KopucTehu pa3/jnanre TeXHUKe KOMOMHOBamba JIOOMjeHNX KOopesaluja, J1ajy mpo-
1eHy “HajBepoBaTHHUjE’ CeKyHIapHEe CTPYKTYpe 3a JaTy CEeKBEHILy IIpUMapHe CTPYK-
Type. Y HapeJIHOM ety Ouhe MpuKa3aHu OBU aJITOPUTMU, KAO U PEIYITATH KOje Jiajy.

3.1 Ilpenukiiuja y ogHOCy Ha AaTy KJIAcy

Metona predict_secondary_structure_using_class 3a JaTy CeKBEHILy IpUMapHe
CTPYKTYype U JIaTy Kjacy, oapehyje cekyHmapHy CTPYKTypy Koja mMma HajBehy yHK-
1ujy orene. Y oBoM ciydajy, dyHKIMja orene je 30up KopeJsaluja udMehy ojHoca Koju
OurpamMm aMUHOKHCEJIMHA OCTBApYjy Ca JATOM KJIACOM U T'PYIUCAHUX OMIpDaMa CeKyH-
Japue crpykrype. Kao mehypesynarar oBe npeaukimje, 100uja ce JINCTa TPYHUCAHUX
ourpama cekyHjaapHe CTPYKType, Jia Ou ce, 3aTUM, JIOJATHOM, TIOMONHOM METOJIOM
concat_summary_bigrams, nmpeTBopuia y KOHKPETHY HUCKY CEKYHJIapHE CTPYKTYDe.

AprymenTtu hyHKIMje Cy HECKA TPUMAapPHE CTPYKTYPE 3a KOjy ce BPIIH MPEIUKIIN]a,
KJIaca Y OJTHOCY Ha KOjy Ce BPIIH IPEeJINKINja, KA0 U J0JaTHU TapaMeTap num_of _max,
KOjuM ce 3ajiaje Opoj HajBehnx Kopesaligja 10 CBaKOj pesalluju, Koju he yuecTBOBaTU
y m3padyHaBamy (0JpasyMeBaHa BpeIHOCT mapamerpa je 1).

[IpBu KOpak y HajlazKermy Haj00Jbe CTPYKType IpeJICTaB/ba HallayKeme CBUX (Ba-
JIMJHEAX) TyTamba, duja JyKUHa ojroBapa JaToj NpuMapHoj cTrpyKrypu. Ilyrama je
ypebena Jmicra penaruja Koje OUrpaMu aMUHOKUCEIUHA OCTBAPY]Yy €& MOCMATPaHOM
kigacom. Hmp. ako mocmarpamo cekBenity GKELRMH y omsocy Ha Kiaacy xuapo-
dune, u3 Tabese 1.2 BuauMmo j1a mwene amunokucenune K, E u R npunanajy kinacu
xugpoduine (mvajy "+" onHoc ca kiacom), 10K G, L, M u H we npunayajy (nmajy "-"
OJIHOC ca KjacoM). Burpamu koje jobujaMo o jare ceKBeHile, moMepajylin ce yBek
3a jeqno mecro yuecuo cy: GK, KE, EL, LR, RM, MH, na je oxrosapajyha myrama
R R T R L L}

Bamuana myrama mogpasyMmeBa Jia CYCeIHH eJleMeHTH 3a/0BOJbaBajy CBOjCTBO A
je 3HaK Ha JIPYTo] MO3UIMjH Yy MPBOM eJIEMeHTY, jeJlHaK 3HaKy Ha MPBOj MO3UIHAJU y
JapyroM ejementy. Hop. myrama ("-+", "++") je BaJujHa, jep ce YHY TPl 3HAKOBU
nokJanajy (Ipsa pejanuja nMa 3HaK "+" Ha Jpyroj HO3UIIjH, JOK JAPyTa pesiaiuja nMa
3HaK "+" Ha npBOj nozunuju). Ilpumep myrame Koja HUje BaauHa Ou O6uo ("+-", "+-"),
jep ce cuM60JII Ha 3aXTEeBAHU MO3UIMjaMa Pa3IUKyjy (3HaK "-" KOJ IPBOI eJIeMEeHTa, 1
3HaK "+" KoOxO ﬂpyror). BaxTeB 3a BaJUHONINY IOTHYE OJT TOTA IITO Ce CBE CEKBEHIIE U3
cKyIa mojiataka oopalyyjy ourpam o ourpam, aji TaKo Jia ce YBEK IOMepamMo 3a jeJTHO
MECTO yJecHO. 300r Tora JiBa cyce/iHa Ourpama yBeK Jejie jeJJHy aMUHOKUCEIUHY, 1a
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caMHUM THM, peJialiija Ha peJjaszy u3Mmel)y Ourpama, oJiHOCHO, cuMOOJI Ha Tpesasy y
[IyTamb, MOpa OUTU MCTU KOJI 00a eJIeMeHTa.

[Iyrame ce 100ujajy 110O3MBOM MeTO/Ie generate_paths, Uuju je apryMeHT JTy?KIUHA
nyrame. JlyKuna myrame je yBeK 3a jejiaH Marba OJf JIy’KUHe HUCKE ITPUMapHe CTPYK-
Type. Y nperxogHoM npumepy, o Hucke GKELRMH, ny:xune 7, nobujamo 6 burpama
(GK, KE, EL, LR, RM, MH), na 6ucmMo y TOM cjiyuajy, TpaxKujiu CBe BaJUjHe IIy-
Tame Jyzkune 6. Metosa generate_paths kKopucTu pekyp3ujy Jia Kpeupa cBe BajujiHe
yTare JlaTe JyKuHe.

[Tyrame ce poHaJaze TEXHUKOM “Tiojiesn Na Biajaj”’> (enr. “divide and conquere”).
SajaTu 6poj, KOju Ipe/ICTaB/ba JyKUHY IIyTambe, /1IN ce Ha 2 U PEKYP3UBHO ce HaJIa3e
BaJIUJIHE IIyTambe 3a Jo0ujeHe kpahe jy:KuHe, HAKOH 4era ce BPIIU IHUXOBO CIIajarbe.
Nznas usz pexypauje je myrama jayzxKune 1, mrro 6u 6uie Haie 6asne pesanuje: "++",
Momon_gnon__n o Jlyrame ce uyBajy y Python smcrama, a 3a cBaky Jay:KuUHY, JIICTE
ce CMeINTajy y jeJHy 3ajeJIHMYKy JIUCTY, KOja Ce 3aTUM YIIHCYje y JAaTOTeKy OOJIMKa
paths_of_length_<duzina_putanje>.txt, y TUPEKTOPHUjyMYy generate_paths_results.

Canpxkaj nmarorexke paths_of_length_1.txt, Koja 4yBa CBe IyTame JIyxKuHE 1,
U3IJIeJIa OBaKO:

[[u++n]’ [||+7||], [||7+u], [uiin]]

JIOK je HIIp. 3a JIyKUHY 3, cajpxaj jJaroreke paths_of_length_3.txt cienehu:

[||++|| L] ll_+_+l|] [||++|| L] ||+_||] [ll++l| ng_mn ||_+||]
s s s s s s s ) s
[||++||, ll+_ll, ||__||], [||+_||, ||_+||’ ||++n]’ [||+_||’ ||_+||, ||+_||],
[||+_||, ll__|l, ||_+||]’ [||+_||, ||__||’ ||__||], [||_+||’ |l++ll’ ||++||],
[||_+||, ||++n’ ||+_||], [||_+||’ ||+_||’ |l_+ll]’ [n_+n’ ||+_||’ ||__||],

[u__u’ ||_+n, n_+_+u]’ [n__u’ "o ||+_n]’ [n__n, n__mn u_+||]’

[u__n , o=ty n__n]

[Ipu cBakoM HapeHOM ITO3UBY METOJie, IIPBO ce IpoBepaBa Ja Jin Beh mocroju jia-
TOTeKa 3a JATy JYKUHY IIyTame. ¥YKOJUKO IIOCTOjH, YUTa Ce IheH CajaprKaj, J0K ce Y
CYIIPOTHOM, IyTaiba HAJIa3W Ha OMUCAHU HAUUH. UyBambeM pe3y/jrara y JaToTeKama,
3HATHO ce yOp3aBajy Jla/ba padyHama, IITO je ToceOHO OUTHO y CIydajy BeJMKOr Opoja
PeKyp3uBHUX 1o3uBa. MehyTum, ca qyKUHOM, €KCIIOHEHIINjaJIHO pacTe Opoj Moryhnx
IyTama 3a JIaTy JIyKUHY, 11a JaToTeKe y KOjuMa ce 9yBajy jako Op30 mocTaHy ‘mpe-
Bestuke”. To 3a moc/ieanily mMa Jia IbUXOBO OTBaparbe, dhTaihe U 3aTBaparbe IocTaje
ciopo. OBo ce nHajBuiite Manudectyje Kaja je moTpedHO MporpaM MOKPEHYTH 3a Be-
JINKY KOJIMYMHY IToJaTaKa, OJHOCHO 3a BEeJUKN OpPOj CeKBEHIIM, Kao IITO je Y Caydajy
TeCTHpama KBAJIATETa METO/a, KOPHUIINemeM M3IBOjeHOT TeCT CKyma. 300r Tora cy
JIyre CeKBeHIIe JieJbeHe Ha Kpahe, IITO je 3Ha4UajHO yOP3aJio IPOBEPYy.

Hakon mrro Hal)emo myrarbe, mpesasn ce Ha IIpoHajaxkKeme HajBelnx Kopesalmje 3a
JIaTy KJiacy, 1o ¢Bakoj oj pesaruja. Kopesaruje ce padyHajy moMohy meToje

SmapagurMma Koja IIompasyMeBa Ja ce HpobjeM Jein Ha MOTIPoGJeMe KOJI ce pellaBajy peKyp-
3UBHO, a bUXBOA PEIIEHa Ce OHIA KOMOWHY]Y y PeIlerhe MOYeTHOr IpodemMa
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calculate_summary_correlations, rje ce, Ha Beh onucanu Ha4YMH, PadyHa]y KOpe-
Janyje u3Mely rpynucanux ourpaMa ceKyHJIapHe CTPYKTYpe U pesialiije Kojy Ourpamu
aMUHOKHCEIMHA UMajy ca mpocjiehenom kiacom, kopucrehn Ilupconos koedurujert
KopeJsalmje.

Pesynraru ce uyBajy y Python peanunuma, koju ce ynucyjy y Jaroreke, U3 KOjux
ce KacHuje MOT'y YNTaTU YMECTO JIa Ce CBAaK! IIyT U3HOBA padyHajy. JeHa jraroreka ofl-
roBapa jesinoj Kiacu. CBaKku OJ peUHUKA CAJIPKU IeTHPH €JIEMEHTa, TaKohe peaHrKa,
II0 jeslaH 3a cBaky penanujy. Hop. pedruk 3a KJacy aMujiHe U3IVIE/Ia OBAKO:

{

Mty {
"HX": 49, "XH": 12, "GX": 40, "XG": 11, "IX": -6, "XI": -6,
"EX": -244, "XE": -242, "BX": -20, "XB": -14, "TX": 202,
"XT": 166, "SX": 82, "XS": 98, "CX": -39, "XC": 31

T,

Ny, {
"HX": -23, "XH": b6, "GX": 41, "XG": 17, "IX": -20, "XI": -7,
"EX": -420, "XE": -321, "BX": -25, "XB": 17, "TX": 316,
"XT": 146, "SX": 140, "Xs": 101, "CX": 97, "XC": 63

T,

", {
"HX": 109, "XH": -14, "GX": 96, "XG": 51, "IX": -12, "XI": -20,
"EX": -308, "XE": -421, "BX": 3, "XB": -27, "TX": 230,
"XT": 328, "SX": 89, "XS": 134, "CX": -104, "XC": 78

+,

n__n, {
"HX": -74, "XH": -33, "GX": -109, "XG": -51, "IX": 24, "XI": 21,
"EX": 584, "XE": 593, "BX": 21, "XB": 10, "TX": -442,
"XT". -382, "SX": -185, "XS": -193, "CX": 14, "XC": -109

b

}

Kao mro ce moxke BujieTH, eJileMeHTH OBUX “TIOJIPEYHUKA’ OJI'OBApajy IMapoBUMa
grupisani_bigram: korelacija. Cse Kopesaluje y peYHHIIIMA IOMHOXKEHE cy (dak-
topoMm 10000, a 3aTuM 3a0Kpy2KeHE Ha 110 OPOj, KaKo Ou pe3ysITaTu OUJIM jeTHOCTAB-
HUJU 33 TyMadermbe.

Metona find_max_correlations Bpaha HajBehe Kopesarnuje 3a JaTy Kjiaacy. Bpoj
HajBehnx Kopesalija U3 cBake KJjace Koju he 6utu BpaheH, ojipehyje ce nmapamerpom
num_of_max. Bpemnoct napamerpa 1, Koja je u mojpasymeBaHa BPEIHOCT, TOBOPH J1a
hemo m3 cBake Kjace y3UMaTH CaMoO IO jeJaH IPYNUCAHN OMTIpaM 3a CBaKy peJIalifjy
U TO OHaj Koju mMa HajBehy Kopesnamnujy ca kKjaacom. 300r Tora, 3a CBaKy IIyTarby
nobujamo Tavuno jegan moryhu pesyarar. Ha rpadunuma 3.1, 3.2, 3.3 u 3.4 mory ce
BUJICTU TPYIUCAHN OUTpaMU KOju UMajy HajBehy KopeJialujy ca CBAKOM KJIacoM, a 3a
TpaKeHy peJiarujy.
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Cmuka 3.1: 'pymucanu Ourpavu ca HajBehuM KopesanujaMa 3a penamnujy "++"
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Cmuka 3.2: ['pymucanu Ourpavu ca HajBehuM Kopesanujama 3a peaamnujy "+-"
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Cnuka 3.3: I'pynucanu durpamu ca xajsehum kopesanujama 3a peaanujy "-+"
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Cnuka 3.4: ['pynucanu Ourpavu ca HajBehuMm Kopesannjama 3a peaanujy "- -"

Kako ysumare nckbyunBo Hajsehe Kopesaluje 3a jeHy pesaiujy U jeJHy KJacy
MOXKe JIa He Jlaje IpaBy CJIUKY, Hjeja je aa ce mapamerpusyje 0poj Hajsehnx Kopestaimja



3 UMIJIEMEHTAIINJA 25

[I0 CBAKO] pesanuju Koju he outu y3er y oo3up. Ha Taj mauwmn, nmocras/bameM Iapa-
Merpa num_of_max Ha BpemHocT Behy oj 1, naje ce NpunKa ¥ OCTAJUM TPYHUCAHUM
ourpamMmMa ceKyHJIapHe CTPYKTYpe Ja YIeCTBY]Y Y CYMU U Y KOMOUHAIUJU Ca JPYTUM
ourpamMmMa, €BeHTYyaJIHO Oy/ly m3aOpaHu Kao HajBepoBaTHuju. [la Oucmo j1obuimm cBe
Moryhe xkombOuHanuje HaheHUX MAKCUMAJHUX T'PYHUCAHUX OUrpama, Koje ojroBapajy
OBUM ITyTarbaMa, HaJaasuMo muxoB [lekapros nmpoussoj. Crenehn npumep miycrpyje
oBe KOpake 3a Kjacy XuJpodobHe u Jiy:KuHy cekBeHile 4 (Tj. JAyKUHY myTame 3) u
BPEJIHOCT TTapameTpa num_of _max 2.
Cge moryhe myTame jgyx)une 3 cy:

(u++n’ n++||’ u++n), (u++n’ ||++||’ ||+_n)’ (u++n’ n+_||’ ||_+||)’
(|r++u’ n+_u, u__n)’ (n+_n, ||_+||’ u++u), (u_,__u’ n_+u, u+_u)’
(||+_n’ n__n, v|_+n)’ (||+_n, ||__||, ||__u), (||_+u’ n++n, ||++n),
(||_+n g ||+_n) (||_+n ngp_n ||_+||) (||_+|| ngp_n ||__||)

2 3 b I b b b 3 b
(u__n, n_+||, ||++n), (n__n’ ||_+||’ ll+_ll)’ (u__n, n__n, ||_+||),
(u__n, n__n, ||__n) .

Jlaxje, y3uMaMo y 003up caMo BaJIiIHE IIyTarke, Tj. OHe KOje HeMajy He03BOJbeHe
npesaze. I[lomohy dynknuje find_max_correlations 3a Hamry Kjacy Xujapodobne
u num_of _max 2, Ha/sa3uMo 1o 2 HajBehe Kopesalmje 3a CBaKHM OJ] OJIHOCA Ca KJIACOM.
Pesynrar je peununk:

net: [{UHX": 1111}, {"EX": 1061}],
"ot [{"EX": 562}, {"HX": 224}],
"o+ [{"XE": 568}, {"XH": 355}],
oo [{"TX": 1256}, {"XT": 1224}]

Hakon Tora, obpabyje ce jeana 1o jejana myTtama, Hajaszehn 3a cBaky /lekapros
IIPOM3BOJI CBUX MOI'yhHx rpynucaHux Ourpama m3 JoOHjeHOr PeYHHKA KOJU MOTY Jia
je dopmupajy. Huop. 3a myramy ("++", "+-"  "--") Ha IpPBOj HO3UIHjU, 38 OJIHOC
"++" ca KiracoM xuapodobue, mory ce Hahu rpymmcanu 6urpamu HX n EX (ca kopesa-
mrjama 1111 u 1061, pecrieKTHBHO), Ha APYTOj MO3UIUjH, 3a OgHOC "+-" Mory ce Hahu
rpynucanu ourpavu EX u HX (ca xopenanujama 562 u 224, pecrieKTHBHO), JIOK ce Ha
nocJie 0], Tpehioj nosunuju, 3a oxnoc "--", mory mahu TX u XT (ca kopesnanujama
1256 u 1224, pecriektuBnO). [leKapToB MPOU3BOJ, 3a OBY MyTamy JyKHUHE 3 U 3a 10 2
moryha rpynucana 6urpama Ha cBakoj oJ IIo3uIMja, Jaje 2° = 8 HauMHA 3a IHUXOBO
KOMOWHOBAIbE:

o HX, EX, TX (cyma kopenanuja je 1111 + 562 + 1256 = 2929

)
e HX, EX, XT (cyma koperammja je 1111 + 562 + 1224 = 2897)

(
(

HX, HX, TX (cyMa kopesanuja je 1111 + 224 + 1256 = 2591)
(

HX, HX, XT (cyma kopenanuja je 1111 + 224 4 1224 = 2559)

o EX, EX, TX (cyma xopemanuja je 1061 + 562 + 1256 = 2879)
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e EX, EX, XT (cyma kopenaiuja je 1061 4+ 562 + 1224 = 2847)
e EX, HX, TX (cyma xopenanuja je 1061 + 224 + 1256 = 2541)
e EX, HX, XT (cyma kopesnarmja je 1061 4 224 4+ 1224 = 2509)

OBu pesysiTaTu ce 4UyBajy y PEYHUKY, & IbErOB JIEO, KOjU CE€ OJHOCU HA IIyTarbe
IIpeJicTaB/beHe U3HAI, U3IJIela OBAKO:

{"sum":2929, "path": ["++","+-","__"] "bigrams": ["HX","EX","TX"1},
{"sum":2897,"path": ["++" "+-" "] "bigrams":["HX","EX","XT"]},
{"sum":2591, "path": ["++","+-","--"] ,"bigrams": ["HX","HX","TX"]},
{"sum":2559,"path": ["++" ,"+-" "--"] "bigrams":["HX","HX","XT"]1},
{"sum":2879,"path": ["++" ,"+-","--"] ,"bigrams": ["EX","EX","TX"]1},
{"sum":2847,"path": ["++","+-" "__"] "bigrams": ["EX","EX","XT"1},
{"sum":2541,"path": ["++","+-","__"] "bigrams": ["EX","HX","TX"]},
{"sum":2509, "path": ["++","+-" -] "bigrams": ["EX","HX","XT"]},

3a cBaky KJjacy, JIy:KHHYy IyTamke n 0poj HajBehux Kopesalmja KOju ce y3uMa 3a
CBaKy O] hUX, JOOUjeHN PEYHUK VIIHCYje ce Y JIATOTEKY, drje je mme 00JIUKa
seq_est_cls_<ime_klase>_length_<duzina_putanje>_num_of_max_<broj_maksimalnih>.txt, a
KOja ce 4yBa y JAUpeKTopujyMy predict_sec_str_using_class_results.

Hakon mro ce u3 peynuka y3me JUcTa Ipynucanux ourpama ca Hajsehnm 36mpom
KOopeJialifja, OTPeOHO je M3BPIIUTHU HBUXOBO Cllajalbe Y KOHKPETHY HUCKY CEKYHIapHe
CTPYKType. 3a TO je 3ajlyzKeHa MeTo/ia concat_summary_bigrams, Koja y3 1momoh moJia-
3HE HUCKE NMPUMapHe CTPYKType hopMupa KOHAUYHY CEKYHJIapHY CTPYKTYDY.

Y 3aBHCHOCTH OJ TOTa Jia JIM NPU Cliajarby JBa IpylucaHa durpama UMamo KOH-
KPETHY CEeKYHJIapHy CTPYKTypy winm o3Haky ‘X’ Ha mpeksanajyhoj mosunuju, pas/in-
Kyjemo 4 cirydaja:

(1) XSl,SlX — _Sl_

(2) (a) XSI,XSQ — _8132
(b) SlX, SQX — 5152_

(3) XSl,SQX — _Sl_ njan _SQ_
(4) SlX, XSQ — 815352

Y npBOM Cily4ajy, CyceJHU IPYyNUCAaHd OUTpaMU J1ajy UCTY CEKYHJAPHY CTPYKTYDPY
Ha YHYTPaIIbuM [o3ulirjama, rna he ona u 6utn nzadpana 3a pesyaryjyhy aucky. Ko
JIpyTOr ciiyvaja, jeJlaH oJI TPYIUCAHNX Ourpama nmMa KOHKPETHY CEeKYHJapHy CTPYK-
TYPY Ha YHYTPAIhO] MO3UIUjH, JOK Jipyru uma ‘X", ma he KOHKpeTHa CeKyHJIapHa
CTPYKTypa OuTn nsabpaHa.

Tpehu u geTBpTH CIyYaj Cy cUTyallije y KOjuMa ce MOpajy MPUMEHUTH JIOJATHE TeX-
HUKe KaKo Ou ce n3abpaJia ceKyHapHa CTpyKTypa. ¥ TpeheM ciydajy mMaMo KOJTU3H]jy
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Ha YHYTPAIIBIM O3UIUjaMa, jep Cy CYCeJHN IPYIUCAHA OUTpaMU JaJId PA3JIMIUTE Ce-
KyHJIapHE CTPYKTYPE 3a UCTy HpuMapHy cTpyKTypy. OBaj mpobsiem ce perraBa Tako
ITO ce n3abepe OHaj IPYIHUCaHu OUIpaM Koju nma Behy cymy Kopesalyja 110 CBUM KJla-
cama 3a Ty no3urujy. /lakie, 3a 0ba KoHdMKTHA Ourpama, paju ce ciejehe: y3me ce
OurpamM aMIUHOKHCE/IMHA KOJU ce HaJla3u Ha TOj MO3UIIA]U U 38 CBaKy KJjacy, Hahe ce me-
T'OB OJIHOC Ca TOM KJIACOM, & OH/JIa ¥ KOpeJIallyja KOjy KOH(MIMKTHU I'PYHUCAHA OUrpaM
nMa ca HahenoMm pesarnujoM un Tekyhom kjacom. Kopenamuje ce cabupajy u jobujern
30Up ce rmopesin ca 30MPOM KOjHU je UCTH MOCTYIAK JIa0 3a JAPYTH KOHMIUKTHUA OUTpaM.
Y cayudajy s1a cy 30MpOBH jeJIHAKH, MOXKEMO n3adpaTh IMPOU3BOJbHU IPYIIHCAHN OUTI'PaM
Kao pe3yJITyjyhu, ma Tako oBJie y3uMaMo CEKYHIAPHY CTPYKTYPY U3 IPBOT I'PYIUCAHOT
ourpama.

Yerpru ciyyaj jaje najmame uHdopMaliija 0 TOMe Koja Ou CeKyHJapHa CTPYK-
Typa TpebaJio Jia ce HaJa31u HA TParXKEHO] MO3UIUjU, jep CY YHYTPAIIbU YJIaHOBU TPY-
nrcaHux Omrpama “X”. 3a pelmraBame OBe CHUTyalldje, IOHOBO C€ KOPHUCTU IIPUMAPHA
CTPYKTypa 0J1 Koje cMo Kpenysiu. Heka cy Hnp. Hamm KOH(MJIUKTHU TPyNHCaHUA Ou-
rpaM¥ MMOTEKJIA OJ1 MpuMapHe cTpykType P P P3. Hanasmmo Kojy ceKyHgapHy CTPYK-
TYpy Ta HHCKA IIPUMapHe CTPYKType Hajuerihe rpaJid y HAIlEM CKyIy rnojaraka. Heka
je To Hucka S49355. Jlakie, Ha Mo3UIKjU KOja je y IuTamy, Hajga3u ce S3, 11a he oHa
ouTn nzabpamna, HE3aBUCHO O] TOT'a IIITO Ce CIOJbHE CEKYHJIapHe CTPYKTYpe He MOKJIa-
11ajy ca OHHMM IIITO Cy JAJIM IPETXOHO ojipehenn rpynucanu Gurpamu.

[Ipeocrann neobpahenu ciaydajeBu cy KaJja MPBU I'PYIUCAHA OUTI'PAM ITOYUIHE CUM-
6osom “X” m KaJla ce MOCJENbU I'pynucanu ourpam 3aspmiaBa cumbosiom “X”. Oba
cllydaja peliaBajy ce Ha cndaH HaunH Kao u ciay4aj (4). Haby ce cekynmapue cTtpyk-
Type Koje Hajderrhe rpajie OMrpamMu NpUMApHUX CTPYKTypa Ha TUM IO3UIMAjaMa, a
KOje ce TOKJIAIlajy ca OHUM INTO Cy TPYIHUCAHA OUTpaMU JIaJId Ha JPYTOj HO3UIUjU Y
IIPBOM CJIy9ajy, OJHOCHO, Ha TPBOj MO3UIIMJH Y JPYTOM cjy4ajy. AKo HIp. go0mjemMo
na je npsu rpynucanu dburpam XG, a ja je burpam mpuMapHe CTPYKType Ha TOj IO-
surimju FL, Tpaxkuhemo Ourpam cekymjapte crpykrype koju FL majuemthe rpasgu, a
KOju Ha Apyroj nosunuju y ourpamy nma G. Hanmazumo na je to durpam GG, na he
G 6uTn pesynarar. YKoIuKO He HaheMo HEjegaH OUrpaM CEeKyHJapHEe CTPYKType KOju
nMa Tpakenn obmK (y oBOM ciydajy, 6urpam koju uMa G Ha JIpyroj mo3uIuju), 3a
pesysnTyjyhy cekyHIapHY CTPYKTYpy cTaB/bamo H, jep ce Hajuemnihe jaBba y CKyIIy
nojiataka (1mro ce Moxke Bujern Ha rpaduky 3.5). CamuaH mocTynak mpuMemyje ce u
3a cJIydaj KaJia je MoC/Ie/Iba CeKyH/IapHa CTPYKTypa y pe3yaTaTry Hejie(puHuCaHA.

Jejian mpumMep Ou OMO criajarbe JIMCTe IPpyNucaHux Ourpama
["xcr, "cxm, "sx", "XT", "GX", "XH"], Koja Jiaje HUCKY CEKYHJIAPHUX CTPYKTypa
CCSHGHH.

Hakon no6ujarma KOHKpeTHe HUCKe CeKyHJIapHe CTPYKTYPe, PaJIH ce “ToNpaB/batbe”
pesyarata. Kao mro ce moxke Bujeru Ha rpacduky 3.5, H u E cy najzacrymbenuje
CeKyHJIapHe CTPYKType y CKyIly IojaTaka, a JI0JaTHO, Hajdelnrhe ce jaB/bajy y JyTUM,
HernpekunyTuM cekBernama. Cekymgapaa ctpykTypa H ce peTko jaBba y cekBeHIama
kpahum o 3-4, 1ok je obmuno Taj 6poj mzmehy 6-10. Ose cekBenre Mory 6utu u
JlocTa Jy2Ke, ajn oomvHo He npesaszehu jayxkumy omx 45. Coumdna cutyaruja je u ca
CEeKyHIapHOM CTpyKTypoMm E - mHajuemthe ce jaBba y cexBenmama jyxuse 4-10 [1].
OBa cBojcTBa ncKopuiiheHa Cy 3a MOTEHINjaJTHO T000/bIITABAILE PE3YITATA.

Hawnwme, ykonmko ce y jgobujeHom pesynraty, nponahe ceksenna H, mpexumyra
jeTHUM TIOjaB/bUBam-eM ceKyHaapHe cTpyKType T mmm 1-2 mojaB/puBama ceKyHIapHe
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600k PEYEre

s (20.36%)

Bpoj nojaemsreaka

(10.81%)

(0.02%) (1.05%)

CekyHaapHa CTpyKTypa
Cruka 3.5: Y4ecTaJiocT MojaB/bUBaba CEKYHIAPHUX CTPYKTYPaA y CKYITy MOjaTaKa

crpykrype C, TH cydajeBu ce cMaTpajy Majio BEPOBATHHUM, IIa je IPETIOCTaBKa Ja
je m Ha TM mosurmjama, takohe, HajepoBarauje H. OBu mpexum, OHOCHO CEKyH-
JlapHe CTpPyKType Koje cy ce nHamuie uamehy H, 6uhe “npersopene” y H. Ucru noctynax
npuMemyje ce n Koj, cekBennu E. Hip. ykoJimKo HakoH criajama JI00UjeMO CEeKBEHILY
THHHHCCHHSS, ona he oBum mnocrynkom 6utu mnpersoperna y THHHHHHHHSS,
quMe je 100ujeH BepOBATHUJU PE3YJITAT.

3.2 Ilpemuknmja y ogHOCY Ha CBe KJace

3a pazimky oj MeTojie predict_secondary_structure_using_class,

Merola predict_secondary_structure_using_all_classes He IpuxBaTa KJacy 3a
Kojy he ce BpmmTH npejuKinja, Beh caMo HUCKY IpUMapHe CTPYKType IIPOTENHa, JTOK
OJIHOC H>eHUX AMUHOKHCEJIMHA Ca CBAKOM O] KJjaca, ydecTByje y upemukimju. Ocum
HIUCKe IIpUMapHe CTPYKTYpe, JOJaTHU apIyMeHT MeTo/ie je U IapameTap num_of _max,
ca NCTUM 3Ha4YemeM Kao 1 JI0 caja - Ja o/peJ Opoj MaKCHMAaIHUX I'DYIHCAHUX OM-
rpama (6poj rpynucaHux GurpamMa ca MaKCHMAaJHHM KOpeJallijaMa) U3 CBake KJace,
Koju he ydecToBaTu y MpeIUKIIN]jH.

Hexka je P, P, P5 naTta HUCKa IpUMapHe CTPYKTYPe U HeKa je num_of _max = 2 u Heka
mocroje camo jBe Kiace - K; n K. 3a cBaky nosurujy y pesyaryjyhoj cekyHmapHO]
crpykTypy (6poj mosuiuja oaropapa JyKUHK MOJIa3He HUCKE MPUMapHE CTPYKTYDE),
nparnheMo OHOJIMKO CyMa KopeJialfja, KOJIMKO Ce Pa3/IMYUTHX CEKYHJIADHUX CTPYK-
Typa jaBW Ha TUM IO3UIMjaMa KpOo3 Irpylucane durpame.
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[IpBo obpabhyjemo durpam P P,. Heka je meros omnHoc ca kiaacom K jeqnax rel;.
[Tomohy merome find_max_correlations 3a kjacy K; u num_of_max = 2 mobujamo
10 2 MaKCHMaJIHa TPYyIHUCcaHa OurpamMa 3a CBaKy pesalujy W OJ HbUX Y3UMaMO CaMO
OHE KOjU MMajy UCTy pesalujy Kao PP, ca K, Tj. y3uMaMO caMO JIUCTY TPYIUCAHUX
ourpama 3a pesnanujy rel;. Heka je ta jmmcra [{"SX": 520}, {"XT": 311}]. VY oBom
CJIy4ajy, 3a MPBY MO3UIH]Y Y KOHAYHO] CEKyH/APHO] CTPYKTYPY, UMaMO CaMO jJeJTHOT
KaHJ/IMJIaTa, Tj. CaMo jeJIHy KOHKPETHY CeKyHJapHY CTPYKTypy - S, ma hemo 36up 3a
upBy nosunujy u 3a S (S1¢), nnummjammsosaru ca 520. 3a Apyry MO3UIMH]y, HMaMO
KOHKPETHY CEKYHJIapHY CTPYKTYpy 1, 1la MHUIUjaJIU3yjeMO 30Up 3a JIPpYTy MO3UIIU]Y
u cexyngapuy crpykrypy 1" (Sar) ma 311. ¥V oBoM TpeHyTKy, nMaMo ciefelie cyme:

e 3a npBy nosunyjy: S g = 520
e 3a Jpyry mo3unujy: S = 311

3aTuM ce MCTH MTOCTYTAK MMOHAB/BA U 3a JIpyry Kiacy. Heka je omnoc PP, ca Ko
jenHak rely w HeKa je JiMcTa rpynucaHux ourpama ca Hajsehmm kopenanujama 3a Ko
u rely jennaka [{"TX": 110}, {"XU": 95}]. Caja hemo 3a npBy MMO3UIHjY PATUTH
u 36up kopesnanuja 3a 1" (S 1) un ununujanusosaru ra na 110. Burpam XU nam gaje
S,y 38 IPYTY IO3UIM]y, IIa HOBE CyMe U3IVIEAjy OBAKO:

e 3a npBy nosunujy: Sy ¢ = 520, S;r = 110
e 3a apyry nozunujy: Ser = 311, Sop = 95

Heka 3a napejiau dburpam npumapne cTpykrype P P3; jnobujemo jucty
[{"TX": 342}, {"VX": 118}] ca kmacom K;. 3a Apyry MO3UIHjy y KOHATHO] CEKyH-
JIapHO] CTPYKTYPH, MOCMATPajynu Moc/Ie/Imby JUCTY, 1001jaMO KOHKPETHY CEKYHIaPHY
crpykrypy T, ma hemo Bpemmocr 342 nmomatu ma cymy Sopr u gobutm 311 + 342 =
653. pyru ejgeMeHT JIMCTe KaxKe Jia ce Ha JIPYTroj MO3UINjU Y KOHYAHO] CEKYHIapHO]
CTpYKTypH Mozxke Hahm u V, ma mHHUNEjagn3yjeMo HOBY cyMy Spy ca 118. TpernyThe
CyMe U3TJIe/Ia]y OBAaKO:

e 3a npBy nosunujy: Si g = 520, S;r = 110
e 3a apyry no3unujy: Sep = 653, Sy = 95, Say = 118

3a knacy Ky u ourpam P, P3 nobujemo jmery [{"XT": 368}, {"VX": 344}], ma
HAKOH ayKypuparba mocTojehnx cyma U WHUIUjaIn30Baba HOBUX, IMaMO:

e 3a upsy nosunujy: Sy g = 520, S;r = 110
e 3a Apyry no3unujy: Sep = 653, Sopy = 95, Say = 462
e 3a Tpehy nosummjy: Ssp = 368

3a cBaKy MO3UIN]y y Pe3yJITaTy y3uMaMoO OHY CEeKYHJIapHy CTPYKTYPY 3a KOjy CMO
jobutn Hajsehu 30up - 3a npBy no3uiyjy To he 6utn S, 3a apyry T u 3a Tpehy, Takohe
T. Ilpema ToMe, KoHadHa cekyHaapHa cTpyKTypa je STT.
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Cismmuno Kao n Koj predict_secondary_structure_using_class u oBJie ce MOXKe
JICCUTHU Jla 32 HEKy IIO3UIUjy HeMaMO HHUjeJHYy CyMy, OJHOCHO HHUjeJHY CEKyHIApHY
CTPYKTYPY Kao KaHjujaTa 3a Ty nosunujy. /Jlo Tor ciydaja jgoa3m Kajia jg00ujeMo
caMo Tpynucane ourpame ceKyHjapHe CTPyKType Koju umajy “X” Ha MO3UIUjHA Koja je
y IUTamy. Y OBUM CHTyallljaMa, KaJia Hifje OYUIJIe/IHO KOju KOHKPETHN burpamu Tpeda
Ja ce Hahy Ha JIaTUM MECTHUMa, MOPaMO Ja YIOTPeOMMO JI0JIaTHE MeToJie n300pa.

Moryhe curyanuje ca nejepuHucannM CeKyHIAPHUM CTPYKTypaMa Cy:

[IpBu ciay4daj ce jaB/ba Kajia je MpBa MO3UIKja Y Pe3yITaTy HeJedUuHUCAHA, JTOK 3a
JIPYTY TO3UINjy UMaMO KOHKPETHY CEKYHJIapHY CTPYKTYDPY. ¥ TOj CUTYaIUju, MPOHa-
JIA3UMO Hajuenthu 6urpam ceKyHIapHe CTPYKTYpe, KOju OurpamM mpuMapHe CTPYKType
ca Te MO3UIje TPAIN, a Ja Ha JAPYroj HO3UIMjH UMa S U y3UMaMO OHO IIITO Ce HAJIa3’
Ha FHErOBOj IMPBOj MO3UIMJU. YKOJMKO He HaheMo OuUrpam KOju Ha JIpyroj HMO3UIHjU
nMma S, mzabpahemo H kao pesynryjyhy cekynmapay cTpyKTypy 3a Ty MO3HUIHU)Y, jep
ce, Kao 1To cMo Bujesnn Ha rpaduky 3.5, H majuenthe jaBpa y ckymy nomaraka, na
“Ma CMUC/Ia TPETIIOCTABUTH JIa Ce U OBJIe HAJIA3N.

Hpyru ciaydaj Hacraje Kajla HAaKOH KOHKPETHE CeKyHJIapHe CTPYKType, UMaMO He-
nedunucany. CaumdHO Kao M KOJ| IIPBOT cJIydaja, HaJa3uMO Hajuernhn OurpaM cekyH-
JlapHe CTPYKType KOju OWrpam IpuMapHe CTPYKTYpe Ha TOj HMO3UIMU Tpajiid, a KOju
Ha IPBOj MO3UIMJU UMa S U y3UMaMO OHO IITO Ce HajJa3’ Ha HeroBOj JPYToj MO3Uu-
nuju. Yronmko ne Hahemo ojrosapajyhu ourpam, monoso dupamo H kao pesynryjyhy
CEeKYHJIAPHY CTPYKTYPY.

o Tpeher ciyvaja 1o1a3u Kaja Cy IIpBe JIBe MO3UIje Y pe3yarary HejleduHICaHe.
[IpumemyjeMo cmYaH MOCTyHaK Kao Yy MPETXOJHUM CHUTyallljaMa - HaJa3UMO Hajtue-
mhu 6urpam cekyHjapHe CTPYKType Koju Ourpam mpuMapHe CTPYKTYpe 3a IpBe JiBe
MO3UIIKje IPAJIN U Y3UMaMO CEeKYHJIapHY CTPYKTYDPY ca merose mnpse nosutuje. Ipyra
[Io3UInja ocTaje HemedUHUCAHA, aJId je IpobaeM caja CBedeH Ha JPYTH CIydaj, IIa
[IPUMELYjEeMO 0JITOBapajynu mocTymnak.

Hakon mnobmjama KOHKpeTHe HUCKe CEKYHJapHe CTPYKType, Kao U KOJ MeTOJe
predict_secondary_structure_using_class, paju ce “onpasibambe’ pe3yiararta. Ce-
KBeHIle ceKyHJapHUX cTpykTypa H m E, koje cy npekmnyTe jeIHIM T0jaB/bUBAHEM
cexkynmaptae crpykrype T wim 1-2 nojaB/buBama cekynjapue crpykrype C, 6uhe Ko-
purosame 3aMemUBaIbeM OBUX “Tpekujia’, crpykrypama H u E, pecriektusno.

3.3 Haj6ospa Kjlaca 3a cBaKMW I'pPyIIACAHU OUTpamM

Metosa best_class He BpIIu UPEIUKIM]y CEKyHIapHe CTPYKType, Beh Ipyka
YBHJI Y YCIIEIITHOCT TIpe/IBUhaiba Ha OCHOBY M3padyHATUX KOPeJallfja U mapaMeTpus3a-
nuje meroge find_max_correlations. Owma 3a jaTu rpymnucaHun Ourpam CeKyHIapHe
cTpyKType u mapamerap num_of _max, Bpaha jBa Python peununka m3 kojux ce moxke
[IPOYUTATH KOJIMKO IIyTa je CBaka KJjaca TadHO, OJIHOCHO HETAYHO, HPEJIBUIECIA JATH
ourpaMm y ckyiy Iojaraka. num_of_max, Kao U y IPETXOJIHO OIMUCAHUM MeToJa, NMa
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YJIOTY Yy KOHTDPOJIMCAIbY Opoja MaKCUMAJHUX Ourpama koju he Omtu Kopwuirhenu 3a
cBaky pesarujy. Pesynryjyhu peunuiy, ocum KjbydeBa KOjU IIPeJICTaB/bajy KJiace,
UMajy M JIOJATHU KJbyd count, KOju O3Ha4YaBa KOJUKO je YKYITHO IIyTa JaTh Ourpam
npeiBuheH TavHo, OJTHOCHO HETAYHO, He3aBUCHO OJ1 KJiace. Jleo pedynunka Koju mpuka-
3yje TauHa mpeaBubhama 3a num_of_max = 1 m3riesa oBako:

{
"HX": A

"count": 1350991

"Hydroxylic": 266535, "Uncharged": 219844, "Turn-pref": 215298,

"Small": 137655, "Hydrophillic": 114412, "Helix-pref": 94057,

"Positive(Basic)": 90164, "Hydrophobic": 64238, "Large": 58623,

"Aliphatic": 42281, "Charged": 28522, "Sulphur Containing": 19362,

"Polar": 0, "Negative(Acidic)": 0, "Amide": 0, "Tiny": O,

"Very Large & Aromatic": O, "Strand-pref": O, "Noss-pref": O

3,
"XH": {
"count": 646767,
"Noss-pref": 303132, "Charged": 130782, "Large'": 83468,
"Helix-pref": 82111, "Negative(Acidic)": 47274, "Polar": O,
"Positive(Basic)": 0, "Hydrophillic": O, "Amide": O, "Uncharged": O,
"Hydroxylic": 0, "Tiny": O, "Small": O, "Aliphatic": O,
"Hydrophobic": 0, "Very Large & Aromatic": O, "Sulphur Containing": O,
"Strand-pref": 0, "Turn-pref": O
3,
}

Peununu cy coprupanu omajajyhe, mo 6pojy TauHux, OJHOCHO, HETAYHUX IPEJIBH-
bama, a ayBajy ce y jarorekamMa oOJInKa
best_class_true_counter_num_of_max_<num_of_max>.txt m
best_class_false_counter_num_of_max_<num_of_max>.txt.

Camo nipebpojaBame obaBba GpyHKIMja find_best_classes, ca mapaMeTpoMm
num_of_max, Koja mpoJia3u KpPO3 CBaKy CEKBEHILy y CKYILy Iojaraka, Ourpam 1o ou-
rpam, y3umajyhu y o63up camo BajuHe durpame nmpuMapHe CTPYKTYPe U HBUMa OJIro-
Bapajyhe burpame cexynmapse crpykrype. O cBakor Ourpama ceKyHIapHe CTPYKType
dopmMupajy ce JiBa rpynucaHa oOurpama, Tako jJa je KOJI jeJHOT 3aJIpyKaBaMoO IPBY Ce-
KYHJIapHY CTPYKTYPY, a Ha JPyry HO3UIKjy cTaB/baMo ‘X JIOK KOJI JIPYyror Ha IPBY
MO3UIN]y cTaB/baMo ‘X, a JPyry ceKyHJIapHy CTPYKTYpy 3ajp:KaBamo. Hip. yko-
JINKO y CEKBEHIIN U3 CKyla mojiaraka Hanhemo Ha burpam TE, on wera dopmupamo 2
rpynucana ourpama - TX u XE.

Barum ce kopuctu MeToja find_max_correlations ga ce 3a cBaKy KJjacy IpoHaly
NIpe/INKITAje - TPYIUCAHN OUTIpaMu Koju j1ajy HajBehe Kopesaruje ca TOM KJIacOM U TO,
OHOJIMKO HajBeNnWX 3a CBaKy peJsalujy, KOJUKO je ojapeheHo mapamerpoM num_of _max.
Hmp. 3a knacy anudaruyane, num_of _max = 2 u penanujy "--", Merosga Bpaha
[({"TX": 1160}, {"XT": 1076}]. Kako je upemukiuja, usmely ocrasor, gajia u Ou-
rpam TX, yBehaBamo 6pojad 3a TpenytHy Kjiacy u TX, Kao u 6pojad Koju Opoju yKy-
rmaH Opoj ycremnnx npeaBubama. Y ciaydajy ourpama X1, Koju ce He TOKJala HU ca
jemrum oy ouekupanux 6urpama (TX u XE), ysehiaBamo 6pojau HeycmenHux mpei-
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Buhama 3a TpeHyTHy Kjiacy u ourpam XT, kao u 6pojau ykymHor 6poja HeyCIernmHux
npejBubhama.
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4 Pesynratu m auckycuja

Y HapemHo Jlesty, JaTa je aHa/JIM3a IOHAIlamha UMILIEMEHTUPAHUX aJropuTraMa 3a
pa3/InduTe BPEJIHOCTU KOPUITNEHNX apaMeTapa.

4.1 AJaropuraM yHaIIpes

Kao mro je criomenyTto y 2.4, ajroputaM yHAIpes ce KOPUCTH 3a ojipehuBaibe Be-
poBaTHOhEe eMHUTOBama JlaTe CEKBEHIE, YKOJIMKO UMaMO MOJEI. ¥ TPEHUHT CKYIY CY
npebpojanu rnpejaciu u3Mehy cramba y OKBUPY CBake KJjace, IJe Cy CTarba 3alpaBo
penammje ("++") NN Mo Mo g 3aTEM je W3BpIIEeHa HOpMasm3anuja. Ha Taj
Ha4dnH, (DOpMEUPAHA je MaTpHUIla TPaH3UIIje. 3a J100ujame MaTpPUIle eMUCHje, YMECTO
BepoBaTHOha, Kopuiithene cy nspadyHate Kopesnamnuje. MehyTum, 300r pesaTuBHO Ma-
JIOI' TPEHUHI' CKyIla, UMILJIEMeHTallija aJropuT™Ma Ha OBaj HAYUH HUje Jlajia 3HadajHe
pesyJsTare, Ia je IPUCTYII HAIYIITEH. YMeCTO Hhera, aklleHaT je CTaB/heH Ha MMILIe-
MeHTallnjy MeTojia predict_secondary_structure_using_class u
predict_secondary_structure_using_all_classes, IJie je IIOKYIIaHO JIpyradnjuM
IIPUCTYIIOM OCTBAPUTU PEJIEBAHTHHUje Pe3yJITaTe 3a JIATH CKYII 110/IaTaKa.

4.2 Ilpenukiimja y oZHOCY Ha JaTy KJacy

Ananuza nonamama MeTojsie predict_secondary_structure_using_class, oba-
BJbEHA je HaJI TECT CKYIIOM, PaHuje OJBOjEHUM 3a IIPOBEPY KBajuTeTa pedyiarara. V3-
BPIIIEHE CY JIBE OIEHE - jeJHa Koja y (POKYyC cTaB/ba CEKYHJApHEe CTPYKType U JIpyTa,
KOja ce 6aBU CEeKBEHIAMA.

3a cBaKy CeKyHIapHY CTPYKTYPY U CBaKy KJacy, U3padyHATe Cy JIBE CTATUCTUYIKE
OIleHe - CTOINa MCTUHCKHU IMO3UTHUBHUX pe3y/iTaTa U CTONA MCTUHCKUA HETATUBHUX pe-
syarara. CTolla MCTUHCKEM MO3UTHBHUX pesyirtarta (OI3UB, eHI. (lrue positive rate,
sensitivity, recall) je yJieo cTBAPHO TO3UTUBHUX PE3YJITATa KOJU Cy MPEMO3HATH KA MO~
suruBHU. CTOIa MCTUHCKY HETaTHBHUX pe3y/rtara (eHr. true negative rate, specificity,
selectivity) je yJieo cTBAPHO HEMATHUBHUX PE3YJITATA KOJU Cy IPEIO3HATH KAO HEIATUBHH.

Y KOHTEKCTY KOjH Ce OBJie KOPHUCTH, CTONa NCTHHCKN nmo3uTuBHuX pesyarata (TPR)
u croma ucTuHCKN HeratuBHux pesyarara (TNR) uspadynare cy 3a cBaky cekHyIapHy
CTPYKTYpY ¥ cBaky Kjaacy. TPR je yieo mocmarpane cekyHmapHe CTPYKTyPe HCIIPABHO
[perno3nare KopucTehu JiaTy Kjacy, y OJHOCY Ha yKYIaH OpoOj IheHUX jaB/batbha Y TeCT
ckymy. Hop. cekynmapua crpykrypa H je y omHocy Ha kitacy culiymue (kopucrehin
Kopesaije nspadynare 3a H n kiracy cuhymme) Tadno npenosaara 40356 myTa u jor
284110 myTa HeTadHO IIPENO3HATa Kao HEKa OJI MPEOCTAJUX CEKyHIapHUX CTPYKTYpa,
na je TPR y oBom ciryuajy 40356/(40356 4+ 284110) = 0, 1244, oxxocHo 12,44%, mro
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ce moxke BujleTn Ha rpaduky 4.1. TNR je yraeo cekyHIapHUX CTPYKTypa PasJInduTHX
0/1 TIOCMaTpaHe, IPEMO3HATHX Kao 3alCTa Pa3JInIUTe OJ IoCMaTpaHe Kopuctehn jgary
KJIACy, a Y OJIHOCY Ha yKyIlyaH Opoj jaB/barba IIPEeoCTaInX CeKyHJIapHUX CTPYKTypa Y
cKyIry. ¥ ciaydajy ceKyHIapHe cTpykType H n n k1ace cuhymine, Taj mporeHaT H3HOCH
90,89%.

Paznmuure Bpemnoctn napamerpa num_of _max HUCY jaje OUTHHje pas3iuKe y pe-
3yJITaTUMA, I1a Cy CBEe HapejHe CTATUCTUKe Jjarte 3a num_of_max = 1.

B Crona MeTMHEKW No3uTHBHMY peaynTata (TPR)
B Crona wcTUHCKM HeratueHuy peanTata (THR)

100

MpoueHar

Cinuka 4.1: Oxnaoc Bpegaoctu TPR u TNR 3a cexkynpapuy crpykrypy H n pasnunaunre
KJ1ace

Ca rpaduka 4.1 BuguMO joIr jia Kjace HEHAeJIEKTPHCAHEe, XUJAPOKCUIHE U KJaca
AMIHOKHCETIMHA 03 CKJIOHOCTH, OCTBAPYjY BUCOKE DE3yJITare 3a TadHy MPEIUKIH]y Ce-
KyHgapHae crpykrype H, amm ca apyre crpame, jocTa Jiotie OTKPHUBAjy CIydajeBe KaJia
uuje y nuramy H. CynporHo o muX, Kjaace mojapHe, HeraTUuBHE, aMUJIHe, CHNYIITHE,
anndaTndHe, OTPOMHE U apOMaTHIHE, CyMIIOPHE, KA0 U KJIaca aMUHOKHUCETHHA, CKJIO-
HUX PaBHU, Ca BUCOKUM IIPOIIEHTOM OTKPHBA]y CEKYHJapHE CTPYKType Koje Hucy H,
aJm ca J1octa MajmM rporieHToM nipeasubajy H. Kiace koje nmajy pesatusHO yjeana-
gene pesyarare 3a onede TPR u TNR (usmeby 40% u 70%) cy naesnektpucate, maje,
BEJIMKE U KJIACA AMUHOKHMCETMHA, CKJIOHUX XEJIUKCY.

Ha rpadunuma 4.2, 4.3 u 4.4 MoxKe ce BUJETH Jia je 3a CEeKyHJApHE CTPYKType
G, I u B, pecriekTuBHO, cTOIIA UCTUHCKU HETATUBHUX PE3y/ITara 3a CBe Kjace usmehy
99% u 100%, a cromna mCTUHCKM TTO3UTUBHUX pe3yiarara Tek 0-1%. U3 oBora ce moxke
3aKJBYIUTH Jla je MeTojia predict_secondary_structure_using_class nHemoliHa y
IbUXOBOM JICTEKTOBAILY.

Kiace momapue, HaejgekTpucane, XupoduiHe 1 Kjaaca aMUHOKUCE/NHA CKJIOHUX
paBHHU Jajy pubmKHO yjeanadene pesyarare 3a onene TPR u TNR (uzmeby 40% u
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B Crona vcTMHCKW noauTHBHMY peaynTata (TPR)
100 B Crona WCTMHCKW HEraTMBHWK peanTata (THNR)
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Cinuka 4.2: Oxnoc spegnoctu TPR u TNR 3a cekynmapuy crpykrypy G n pasinaure
KJI1ace

70%) u cexkynnapuy crpykrypy E. Herarusue, amune u culiyise mo6po npegpubajy E
(70-90%), aJsiu ca JocTa HUCKUM MPOIEHTHMA OTKPHUBA]y OCTaJe CEKYHJIapHE CTPYKTYPe
(15-40%). Yuammuso Bucoke nporenre 3a TNR, a nucke 3a TPR najy ocrase, mro ce
MOXKe BuaeTn Ha 4.5.

3a cexkynapuy cTpykTypy T, Hajoosse pesynrare jajy Kiiace aaudarudne, Xuapo-
¢obHe m K1aca aMUHOKUCETMHA CKJIOHUX PaBHU - IbUXOBU IIPOIEHTHU 3a 00e Mepe cy
usmehy 50% n 70%. Kiace amuHOKHCEIMHA CKJIOHUX 3a0KPETY W CHNYNTHUX aMHUHO-
KuceamHa ca oko 35% yenesajy Ja tauno npeasuie T, a ca 75-80% orkpusajy ma Huje
y mutamy 1. Ocraje Kjiace roToBO Jla HUKaJIa HE JETEKTY]y UCIPABHO CEKYHJIapHY
crpyktypy T, Beh camo ycuemHo oTKpuBajy ciydajeBe Kaja Ccy y IMUTAby OCTaJe Ce-
KYHJapHe CTPYKTYpe, IMTO je IpukKa3aHo Ha 4.6.

Ko cekynmapae crpykType S, Kjiaca CyMIIOPHIX aMUHOKHUCEJINHA je YCIIEITHO MPe/I-
Buha ca nporentoM ox 90,37, anmu jrocta crabo MCHPABHO IIPENO3Haje OCTAJe CEeKYH-
napue crpykrype (11,89%). Ocum e, jeauno jorn Kjiaca mojapHe ycrepa Jia y Majio
3HavajHujoj Mepu upemnosHa S - 29,45%. Ca rpadwuka 4.7 BUIUMO jOII Jia CBE OCTaje
KJIace TOTOBO HUKAJIa UCIPABHO He JIETEKTYjy S, Beh camo ciydajeBe KaJia Huje y mu-
Tamy S.

Ha 4.8 youaBamo 11a Kjtace MaJjie, BeJTUKe U KJaca AMIHOKUCETNHA CKJIOHUX XEJTUKCY
Jlajy Hajbosbe pesysiTara KaJia je y muTarmy npejukimja cekugapue crpykrype C. Kiraca
Masmx gaje 43,95% za TPR u 71,58% 3a TNR, Besuke najy 46,76% 3a TPR u 64,70%
sa TNR, a knaca amunokucesmna ckionux xeaukcy 39,98% za TPR u 71,86% 3a TNR.
OcraJte Kj1ace caMo TI0y3/IaHO OTKPUBA]y HeraTHBHE HHCTaHIE (CeKyHIapHe CTPYKTYpe
pazmante o1 C), a 'y pelaTuBHO 3aHEMapP/bUBOM Opojy ciryudajeBa orkpusajy C.
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B Crona WCTMHCKM NO3WTUBHKMK pesynTtata (TPR)
100 B Crona wcTUHCKM HeratueHuy peanTata (THR)
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Cnuka 4.3: Ognoc Bpegnoctu TPR u TNR 3a cexyngapuy crpykrypy | n pasimmanrte

KJjiace

B Crona WCTMHCKM NO3WUTUBHKMK peaynTata (TPR)

100 B Crona WCTMHCKW HEraTMBHWK peanTata (THNR)
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Cnuka 4.4: Ognoc Bpeanoctu TPR u TNR 3a cekynmapuy crpykrypy B u paznmmanre

KJiace
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B Crona WCTMHCKM NO3WTUBHKMK pesynTtata (TPR)
100 B Crona wcTUHCKM HeratueHuy peanTata (THR)

Ledshod|

Cnuka 4.5: Ognoc Bpeanoctu TPR u TNR 3a cexkymmapuy crpykrypy E u paszimmanrte

4 PE3YVJITATH U JTUCKYCUJA
KJ1ace

B Crona WCTMHCKM NO3WUTUBHKMK peaynTata (TPR)
100 B Crona WCTMHCKW HEraTMBHWK peanTata (THNR)

1eHanod]

Cnuka 4.6: Ognoc Bpeganoctu TPR u TNR 3a cekynnapny crpykrypy T u paszimanre

KJiace
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B Crona WCTMHCKM NO3WTUBHKMK pesynTtata (TPR)
100 B Crona wcTUHCKM HeratueHuy peanTata (THR)

Ledshod|

Cnuka 4.7: Oxanoc spegnoct TPR u TNR 3a cekymjmapay cTpykTypy S 1 pasjmanrte

KJjiace

B Crona WCTMHCKM NO3WUTUBHKMK peaynTata (TPR)
100 B Crona WCTMHCKW HEraTMBHWK peanTata (THNR)

1eHanod]

Cmnuka 4.8: Ognoc Bpeanoctu TPR u TNR 3a cekynnapny crpykrypy C u pasimanre

KJiace
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Ananmsa nonamama MeTojie predict_secondary_structure_using_class ussp-
IIICHA je U Y OJTHOCY Ha CEKBEHIIE U3 TECT CKYIIa. 3a CBaKy CEKBEHILY 3a KOy je U3BPIIeHa
penKIja, npedpojaHe Cy UCHPABHO HOroheHe ceKyHIapHe CTPYKTyPe y OKBUDY Hhe.
YKomKO je Opoj morojaka Behu oj1 HeKOT 3aJIaTOr IIpara, CEKBEHIIa Ce CMaTpa yCIIIIeHO
npeasubenom. Ha rpacdunmma 4.9, 4.10 u 4.11 moxke ce BUJIETH TPOIEHAT YCIIEITHO
npeBuheHuX CEeKBEHIIN, 3a Pa3InduTe BPEIHOCTH 3a/aTOr IIpara.
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Cmuka 4.9: Tlponenar tauno npeJsul)eHUX CEKBEHIIM M3 TeCT CKylla y OJHOCY Ha pa-
simanre Kiace (npar je 75%)

Ca 4.9 Bugumo j1a, 6e3 003upa y OJHOCY Ha KOjy KJIacy PajuMO MPEIUKIIN]y, Po-
IIEHAT CEKBEHI U3 TECT CKyIlla, y KOojuMa je OPOj MCIIPaBHO MOrOheHUX CEKYHIapHUX
crpykKrypa usHan 75%, ne npenasu 6%.

Axo ciycrumo npar ma 65%), nponeHaT ucpasHo npeaBuljeHnX CeKBEHIM ¢e TOTOBO
Jqymmpa 3a cBaky Kiacy (rpaduk 4.10). IMocienma BpemHoCT mpara 3a Kojy je u3Bp-
nrera posepa je 50%. OdekuBaHo, Pe3yJITaTh ce ONeT MOOOJBINABAjY - CaJla MPOoIeHaT
TavIHO HpeABUl)eHNX CeKBEHIN 101a31 10 roToBo 25%. Ipeauknuja y ogHOCY Ha KJIacy
aMuHOKncenHa 6e3 ckionoctu y 24,06% ciayuajesa ycnemno upeasuba cekpeHne u3
TecT cKyna 3a mpar ox 50%, a onMax m3a e M0 YCIEIHOCTH Cy KJIaca XUIPOKCUII-
Hux (23,55%), s3aruM Kiaca aMUHOKHCeMHa CKJIOHUX 3aokpery (21,08%), ma kiaca
nenaestekrpucannx (20,69%). Kiaca amunokncenmua ckioHnx xeaukcy nma 17,75%
yCIennocTy, a Kjaaca Maaux 15,19%. Ilpeauknmja y ogHocy Ha ocTaje KJjace He jaje
HUKaJa BuUlle of 5% yCHeIIHOCTH, IITO ce MoxKe BujeTu Ha 4.11.



4 PE3YVJITATH U JTUCKYCUJA 40

12
| ||||| Ill.lJ||j|ﬂ||
o | ]

MpoueHaT
I o o

[

Do, Mo, Hae ¥ Sy, Moy, Yy Cap M, A, Yy B, O iy, Ok €
D’%.oo E, :: %Oé%ai @o 0# J'wj;f' % % %’ % fd"’?oﬁf, ,,g:rr%@‘t;o .30
p e @w 4 “ %, oy, Vo,
C‘a,,@ e :,-C&#@ ] &D%&r ﬂzyg’ ,o@ Ty
“ry
2
Knace ¢

Cmuka 4.10: Ilporenar Tadno npeaBuleHHX CEKBEHIIM U3 TECT CKyIa Yy OIHOCY Ha
pazymunte Kiaace (mpar je 65%)
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Cmuka 4.11: Ilporenar tadno npegBuheHUX CEKBEHIIM U3 TECT CKYIa Yy OJHOCY HAa
pazymunre Kiaace (mpar je 50%)
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4.3 Ilpemuknmja y oaHOCY Ha CBe KJace

Pesynraru koje meTona predict_secondary_structure_using_all_classes IIOCTUIKE,
HCIIMTAaHU Cy HaJ UCTUM CKYIOM Kao 3a predict_secondary_structure_using_class.
Kao u xoj predict_secondary_structure_using_class u oBJie Cy HU3BDIICHE JIBe
aHaJIM3e - jeJlHa 3a IojeJlMHaYHe CeKYHJIApHEe CTPYKType M jpyra 3a cekserie. OHO

IIITO je Jipyraduje je TO IITO Cy CBe aHaJu3e U3BpIeHe 30MpHO, KopucTehn Kopesaruje
ca CBUM KJacaMa.

M CronawctwHokn noanTuerux peayntata M CTONA WCTMHCKW HETATMBHMK peanTarta
100

MNpoueHaTt

20

CekyHdapHe cTpykType

Cmuka 4.12: Ognoc Bpennoctu TPR u TNR 3a pasnuuaute cekyHIapHe CTPyKType U
num_of_max = 1

Ca rpaduka 4.12 Bujumo jia predict_secondary_structure_using_all_classes Haj-
bospe sierektyje cekyniapue crpykrype H n E. Croma mctunckn mo3uTuBHUX pe3yJi-
tara 3a H mzocn 49,93%, a crona mcruncku merarusnux gaje 71,69%, mox cy kox E
i nporeHTn 48,84 u 64,59, pecuektuuo. Hemro cinabuju pesyiararu mnpenpubarmba
Jobujajy ce 3a cekynaaphy crpykrypy T - 36,61% 3a TPR u 81,84% 3a TNR. Jenuna
Ipeocraja CeKyHJIapHa CTPYKTypa Koja ce Y HEeKHM CJIydajeBUMa YCIIENTHO MpeBuha
je C, anu rek ca cronom o 8,07% (crona oTKpuBama CeKYHPAHUX CTPYKTYPa Pas3jiu-

qurux oj C je 94,68%). Cse ocrase cekynmapue crpykrype umajy 100% za TPR, amu
0% sa TNR, kopucrehu num_of _max = 1.
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. CTona UCTUHCKW NO3WTUBHKMK peaynTata B Crona MCTUHCKW HETETMBHWK peanTata

100

MpoueHar

20

CekyHaapHe cTpykType

Cmuka 4.13: Ognoc spegnoctu TPR u TNR 3a pasiuuunre cekymHgapHe CTpyKType 1
num_of_max = 2

. CTona MCTUHCKW NO3WTUBHKMK pe3ynTara B Crona MCTMHCKK HETETMBHMX peanTara

100

MNpouenaTt

20

CekyHaapHe cTpykType

Cruka 4.14: Oxnoc Bpegaoctu TPR u TNR 3a pasmuaure cekyHmapHe CTPyKType u
num_of_max = 3
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Metojia predict_secondary_structure_using_all_classes HU 3a num_of_max = 2
He ycIieBa Jla TadHo npeauu cexkyngapue crpykrype G, I, B u S. Kogx cBe werupu,
TPR je 0%, a TNR 100%, mro je npukasano na 4.13. 3a BpemnocT mapamerpa 2,
[OTOPINIA0 Ce TIPOTIEHAT YCIIIEHOCTU JeTeKToBama ceKyHaapue crpykrype C - caja
uznocu camo 0,51%, nok je TNR 99,72%. 3a crpykrype H, E u T, onena TPR je 6saro
nosehana u o Ha 53,98%, 53,02% u 39,03%, pecnekrusno. Oaroapajyhe BpearocTH
3a TNR cana nznoce 69,09%, 64,11% u 80,80%.

Cnmany curyanujy nmamo u 3a num_of _max = 3. Ornena TPR xox H je mama Hero
3a num_of_max = 2 u mznocu 40,69%, nok je TNR nosehana na 78,10%. Koz cexyn-
napue crpykrype E, TPR je rakolje nosehana u cama usnocu 65,01%, a TNR cmamena
ua 56,75%. U 3a T, crona nosutuBHUX pe3ynarara je y nopacry (42,60%), a crona He-
rarusaux y najy (78,59%), y omHocy Ha ciaydaj Kaja je mapamerap num_of _max umao
BpenuocT 2. Kao u 3a nperxomnu ciy4aj, cekyumgapue ctpykrype G, I, B u S umajy
100% sza TNR u 0% 3a TPR. Jlome pesyarare umamo u 3a ceKyHmapHy crpykrypy C
- 0,18% 3a TPR u 99,93% 3a TNR. Csu pesynraru npukasanu cy Ha rpaduky 4.14.

[Iponena kBasmTeTa MeTo/e predict_secondary_structure_using_all_classes 3a
1eJie CeKBeHIle, mpuKasana je Ha rpaduruma 4.15, 4.16 u 4.17. Ha cakowm of rpaduka
JIaT je TMPOIEHAT YCIEITHO IIPEIBU)EHNX CEKBEHITN 3a PAa3/IMINTe BPEIHOCTH IIapaMeTpa
num_of _max u paziu4ure rparope. Kao n3a predict_secondary_structure_using_class,
CEeKBEHIIa Ce cMaTpa TadHO IMpeaBul)eHOM YKOJHMKO je Opoj moroheHux CekyHIapHUX
CTPYKTypa y OKBHUDY Ihe Behu o1 Jaror mpara.

08

0.6

04

0.2

MpougHaT TaYHUX Npeaukunja

num_of max=1 num_of_max=2 num_of_max =3

num_of_max

Ciuka 4.15: TIpomenar tauno npeasuheHNX CEKBEHIM M3 TECT CKYIa 34 PasjnduTe
BpesiHocTy num_of _max (mpar je 75%)
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MpougHaT TaYHUX Npeaukunja

15

05

num_of max=1 num_of_max=2 num_of_max=3

num_of_max

Cnuka 4.16: Ilpornenar tadHo mpeaBuheHUX CEKBEHIIM W3 TECT CKyIa 3a Pa3/InduTe
BpeiHocTu num_of _max (mpar je 65%)

MpoueHaT TayHuX NpequkLmja

num_of_max=1 num_of_max =2 num_of_max =3

num_of _max

Crmuka 4.17: Ilpomenar TadHO TpeaBUheHNX CEKBEHIM M3 TECT CKyIa 3a Pa3/INdnTe
BpeaHocTr num_of _max (mpar je 50%)
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Ha 4.15 Bugumo na Hu 3a jeaHy BpegHocT num_of_max u mpar ox 75%, merona
Huje noroauia suine ox 1% ceksennu ns Tecr ckyna. Kama ce mpar ciyceru Ha 65%,
6poj Tauno npensubennx cexkpennu uje 10 2% (rpadux 4.16). YKOIMKO CEKBEHILY
cMaTpaMo TavHO IoroheHom kKaja je 6poj moromaka y okeupy e Oap 50%, omma
MeTo/Ia UMa ycrentHocT of, 6,63% TadHo 1moroljeHUX CEeKBEHIM y CKYIy IoJaraka W
To 3a num_of _max = 2 (rpadux 4.17). 3a cBe TpU BpEJHOCTH NapaMeTpa 3a Koje
je Merojia TecTUpaHa, pe3yJTaTu Cy yBeK Hajoo/bu 3a num_of_max = 2, JIOK ce 3a
num_of_max = 1 u num_of_max = 3 j00Hjajy yrJIaBHOM CJIUYIHU PE3Y/JITATH U TO MPU-
OJIMKHO JTYILIO JIOMIHM)U OJT OHMX 3a num_of _max = 2.

4.4 Haj6oos/pa Ki1aca 3a CBaKH I'PYIINCAHU OUTrpamM

Kako je pauyname Kopesnaluja, a 3aTUM U BUXOBO Jlajbe KOPUIITNEHe Y IPeTUKIN-
jama, 3aCHOBAHO Ha T'PYNHCAHUM OWUTI'DaMHMa, MO3HABAIbe Pe3ysITaTa Koje Pa3InduTe
KJIace JIajy 3a IbUX MOXKe MPYKUTH 3Ha4a] YBU/JL 33 IbUXOBO eheKTUBHUje KOPUIIIhebe.

B Taune npegukumie 3aTX M Hetaude npegukumje 3a TX

400k

Epoj npeaukumja

Ciuka 4.18: OHOC TaHUX U HeTAYHUX peIBuhama 10 KacaMa 3a IPYIIcaHu Ourpam
TX n num_of _max = 1

Ha rpadunuma 4.18 u 4.19, Moxke ce BUJIETU OJHOC TATHUX U HETATHUX ITpeIBuharba
o KJjacama 3a rpynucanu ourpam TX, 3a Bpennoctn napamerpa num_of _max = 1 u
num_of _max = 2, kopucrehm mogarke w3 tect ckyna. Ca 4.18 Buaumo ja rpymnu-
caun Gurpam TX najuemthe Tauno npegsuba kinaca ammudaruane (24,61% ox cBux
yCIIeNTHUX TpenBuhama), 0K Cy OJMax h3a e M0 YCIENHOCTH KJace XuIpodobHe
(20,64%) u ckione 3aokpery (17,44%). Hermro mame TporieHTe MOCTUKY KJace CH-
hymme (11,72%), mane (10,79%), xunpodbusne (9,24%), amuauae (4,16%) u Ha kpajy,
KJjiaca amuHOKucesmna 6e3 ckionocru (1,42%). Tlpeocrase Kiace HUjeJIHOM HUCY HU
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KOPEKTHO, HU HeKopeKTHO npejasuese TX, yaumajyhu ysek camo Hajselly Kopesanujy
usmely pesanuje u Kiace.

Cimuan pejioc/ie]] IpolieHaTa OCTBapeH je M 3a HorpeliHa npejasubamba - Kiaca
armdarndHe je HajBuIie myta morperHo npeapuiena 1TX (25,10% ox ceux neycre-
mHuX npeasuhamba), satum caese xuapododue (19,06%), ckiaone 3aokpery (13,95%),
mase (12,83%), xunpodumne (11,61%), cuhymme (11,51%), amumne (4,23%) n knaca
amuHOKucemHa 6e3 ckiaonocru (1,70%).

B Taune npegkupje 3a TX M Hetaude npegwkunje 3a TX
450k

400k

350k

%6.°6T
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300k
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200k

Epoj npegukumja

%€EB6'6

150k

%928

100k

50k

oy
=~
M =]
=

%08 T

Knace

Cruka 4.19: OgHoC TaUHUX U HETAYHUX IIpeABrhaiba 110 KjacaMa 3a IPYIHCAHI OUrpam
TX u num_of_max = 2

Ykoauko ce y 063up y3umajy 1o 2 Hajsehe Kopesanmje namehy penaruja u Kiaca,
pe3yATaTH Cy JApyraduju, MTo ce Moxke Bujetn ca rpaduka 4.19. Cama najpuiie tad-
HUX TpejBuhama 3a Ourpam TX ocTBapyje Kjaca aMUHOKHUCE/WHA CKJIOHUX PaBHU
(18,27% on, cBux ycnemnux npeasubarma), 10K 3a woM ciefe anudaruane (17,94%),
xuapododue (15,04%), cuhymme (14,86%), ckmone 3aokpery (12,71%), mane (7,86%),
xugpoduine (6,74%), amuane (5,54%) n Ha Kpajy Kjaca aMUHOKHCEIMHA 6€3 CKJIOHO-
cru (1,03%).

Kitaca aMuHOKHCEIMHA CKJIOHUX PaBHU M ajudarhdHe J1ajy HajBHUIe HETAYHUX
npeasubama (19,79% u 17,86%, peciekTuBHO), 0K 3a mbuMa cieje cuhymme (14,44%)
u xujpodobue (13,57%). Hemro matbe mporenTe Jaje Kjaaca aMUHOKUCEJMHA CKJIO-
uux 3a0kpery (9,93%), sarum kinaca masux (9,13%), xunpodbuinux (8,26%), amuiaux
(5,81%) u kiaca amunokucesuua 6e3 ckyronocru (1,21%).

Ha wmapeanum rpadurmma, mpukazanu cy pe3yaTaTh IpeaBuharma ocTaaux Ipy-
caHux OWrpaMa CeKyHJapHe CTPYKType, Kaja je num_of_max = 1. ['pynucanu 6u-
rpavu GX, IX, XI, BX, XB, nukajga #Hucy npeasuheHn HU TAIHO, HM HETAYHO, KOPHU-
crehu BpeHOCT TTapaMerpa 1, 1a cy Tu rpaduiy H30CTaB/beHN.
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B Taune npegukupje saXT M Hetaune npegukupje sa XT
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Cnuka 4.20: OHOC TAYHUX U HETAYHUX IPEIBUDamba 110 KIacamMa 3a TPyIHcaH Ourpam
XT u num_of _max = 1

B Taude npepukumie saHX M Hetaude npegukumie 3a HX
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Ciruka 4.21: OHOC TAa9HUX ¥ HETAMHUX [TPEIBUNarba M0 KJIacaMa 3a IPyIUCAHN Ourpam
HX v num_of _max = 1
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B Taune npegukupjesaXH M Hetaude npegmkumje 3a XH

Bpoj npegukumja
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Cnuka 4.22: OHOC TA9HAX U HETAYHUX IPE/IBUDamba 110 KIacamMa 3a TPyIHcaH Gurpam
XH u num_of_max = 1

B Taune npegukumje saXG M Hetaune npegukuvje 3a XG
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Ciruka 4.23: OHOC TAa9HUX ¥ HETAMHUX [TPEIBUNarba M0 KJIacaMa 3a IPYIUCAHN Ourpam
XG n num_of _max = 1
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B Taune npegukunje 3aEX M Heraune npegukumje 3a EX
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Cnuka 4.24: OHOC TA9HUX U HETAYHUX IPEIBUDamba 110 KIacaMa 3a TPyIHcaH Ourpam
EX u num_of_max = 1

M Taude npegukume 3aXE M Hetaude npegukume 3a XE
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Ciruka 4.25: OHOC Ta9HUX ¥ HETATHUX [TPEIBUNarba M0 KJIacaMa 3a IPyIUCAHN Ourpam
XE # num_of_max = 1
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M Taude npegukume 3a SX M Hetaude npegukume 3a SX

100.00%

g € 8

Bpoj npegukumja
g
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Cnuka 4.26: OHOC TAYHUX U HETAYHUX IPE/IBUDaba 110 KIacamMa 3a TPyIHCcaH Ourpam
SX u num_of_max = 1

B Taude npegukumie 3aXS M Hetaude npegukunje 3a XS
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Ciruka 4.27: OiHOC TAa9HUX ¥ HETATHUX [TPEIBUNarba M0 KJIacaMa 3a IPyIUCAHN Ourpam
XS v num_of_max = 1
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Bpoj npegukumja

B Taune npegukupje 3aCX M Hetaune npegmkumje 3a CX

Cnuka 4.28: OHO0C TAa9HUX U HETAYHUX IIPE/IBUDarba 110 KIacaMa 3a TPyIHcaH Ourpam

CX 1 num_of_max = 1

Bpoj npegukumja

B Taue npepukumie saXC M Hetaude npegukumie 3a XC

Ciruka 4.29: OHOC TAa9HUX ¥ HETATHUX [TPEIBUNarba M0 KJIacaMa 3a IPyIUCAHN Ourpam

XC m num_of_max = 1
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5 3akJ/pyvak

PazymeBame ysiore nmporenHa y cBaKOJIHEBHOM YKUBOTY, 3HAYAJHO je M3 BUIIIE aclle-
Kara, Mehy KojuMa cy HajOUTHHje MpUMeHe y MeJIUIUHA U papMalyju, aau u y odja-
CTHUMa Kao IITO Cy mpexpambeHa mHIycTpuja, KyhHna xemuja, Ko3meruka u cji. Kako je
3a YCIIEIIHO pa3yMeBalbe U KOpHUIhemhe pa3IuduTHX CBOjCTaBa IIPOTEUHA HEOIIXO/IHO
ITO3HABAHE IbUXOBE yJiore, Hamehe ce morpeda 3a aHAJM30M CTPYKTYPe IIPOTEnHa, Koja
6u HaMm jaJsia uHdopMalje o0 Toj Ya03u. Buim HUBOM CTPYKTYpe HOCe BUIIle UHMOP-
Marnuja o (pyHKIUjU TPOTENHA, 1a je MpeJIBUuharbe OBUX, BUIIUX HUBOA, OJ KJbYUHOT
3HaYaja, a MPBU KOPAaK y TOME IPEJICTaB/ba NpelBuharme ceKyHIapHe CTPYKType Ha
OCHOBY IpUMAapHE.

Y oBOM pajty, IIpeICTaB/beHe Cy Pa3JInduTe METOE, KOje UMajy 3a IJb JIa IIPEJIBUIE
CeKyHJIapHY CTPYKTYpy IPOTenHa, mocMarpajyhn ojHoce Koje jaTa mpuMapHa CTPYK-
Typa UMa ca pPasjItduTHM KjacaMa. ¥YMeCTO padyHama BepoBaTHoha, Kao (yHKIHja
orieHe KopwuiitheHne cy KopeJialyja u TO yIpaBo Kopesaluje n3mel)y cekyHapHe cTpyK-
TYpe U OJIHOCA KOjU IPUMapHa CTPYKTYPa UMa ca CBaKOM OJ1 Kjiaca. Paziu4anre metojie,
Ha, pa3jnyuTe HadMHEe KOPHUCTE OBe Kopesalldje, Ia JIajy U pa3jnduTe pesyarare. ¥
roryiaBjby 4 J1aT je IpuKa3 JIOOMjeHuX pe3y/iTaTa U IUXOBO ropeheme.

Ha ocnoBy jm00ujeHux craTucTUKa, 3aK/bydyje ce jla u3padyHaTe Kopesaluje MOry
OuTn 3HAYAjaH HapaMmeTap y IPOIECY Ipe/Buharma CeKyHIapHe CTPYKType, aju Jia,
KopuiiiheHe Ha OBaj HAYMH, caMe HUCY JIOBOJbHE 3a TMOTIIYHO oy3/1aHe pesyiarare. Ha-
UMe, aJrOPUTMH y CBOJUM Ipe/iBuDamuMa yBeK (pOopcupajy CceKyHJapHe CTPYKType
Koje cy mocTurjie Behy Kopesalnjy, oJHOCHO uMajy Behy (yHKIHjy orene, ma ce Ha
Taj HAYMH IOTHUCKY]y Jpyre CTPYKType, Koje cy Hajdelrhe, Marmbe 3aCTYIL/beHE Y KO-
puritheroM y30pKy. OBaj mpobJieM je, y M3BECHO] MepH, YMAbeH MapaMeTpPU3AIjoM
KopumniheHux MeToja, C IMUJ/BEM Jia ce ocjiabu 3Havaj CeKyHJApHUX CTPYKTypa ca Be-
huMm omeHaMa M Tako Jia MPUINKa ocTajnma. MehyTtum, HU TO HHUje Y HOTIIYHOCTU
OTKJIOHIJIO ITpo0OJieM. YIIpaBo 300 TOTa, IMOCTOjU jOIII JIOCTa IIPOCTOPa 3a yHarpeheme
OBUX aJITOPUTaMa, HajBUIIE Yy CMePy KOju OU MOApa3yMeBao JIpyraduju MPUCTYII Mabe
3aCTYIUbEHUM CEKYHJIAPDHUM CTPYKTypaMa. YKOJUKO Ou ce 1moboJbIaie MeTojie Koje
Ha JIpyrayuju HAYUH IPOIEbY]Y U3IVIe/le 3a IUXOBO I10jaB/bUBabE, IIOTEHINjaJHO Ha
OCHOBY HEKWX IOTIIYHO JIPyTUX IapamMerapa, To OM y 3Ha4ajHO] MEpPU MOTJIO Ja IOo-
00JbIIIa OIIITH KBAJUTET U IMOY3JIAHOCT aJrOpUTaMA.
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