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Xovoyn

Aouxn Brominpopopiky, eivar o KAGOOS TS PIOTANPOPOPIKNHS O OTOIOS OGYOAEITAL LE THV AVOAVGN KOL TNV TPOYVWON THS
IPIOOIAOTATNG JOUNS TWV PIOLOYIKOV HOKPOUOpIwY, Orws o1 mpwreives, 1o DNA, kai to RNA. Aoyoleitar ue éia to
EMIMEIO. TS AVEAVONS TV TPIOOIAOTOTOV JOUDY, OO THV AVOTOPAOTOCH KOL THY OTTIKOTOINGY, TIC GUYKPIOEIS KAl TIC
OUADOTOITELS TWV JOUMDYV, TIG UEAETES TOV TPWTEIVIKOD NIMADUOTOS, TNV KATOOKEDT LHOVIEAWV, T UEAETH TV eCeKTIK®Y
OYECEDV EWGC KOL TN UEAETH TG OYEONS DOUNS KOl AEITOVPYIOG. Zav KAGDOS Exel 1OIAITEPES TYETEIS e T UOPLOKN PLopvaik]
Kou ™) dopixn Proloyio. Zto kepdloio avto Qo acyoinBodue e tig foocikés uedodoroyies tne dopukng PlomAnpopopikng kol
Bo. dodue Ta TO YVWOTE TOKETO AOYIGLIKOD TOV YPHOLOTOLODVTOL GTOV TOUED. QDTO.

Mpoamartovpevny yvoon
270 KEPGAOLO OUTO OTOPOITHTH EIVOL ] YVAOT TWV EVVOLOV TWV KEPAAALWY TOV ATY0L00VTOL e T 0TI 0ALRAov IV
Kou TV TOALOTAN aTOl 10, 0AAG KoL TIG SOGEIS FEIOUEVWV.

9. Evoaymyn

Aopikn BiomAnpogopikn, givat o kKAAd0g TG flominpo@opikig 0 omoiog aoyoAElTOL LE TNV AVAALGT Kol TNV
TPOYVOOT NG TPIGO1AGTATNG dOUNG TOV POAOYIK®V Hakpopopioy, 6mmg ol TpoTeives, To DNA kot to RNA.
Eivan évog khadoc mov éxel 11 pileg Tov otig mparteg pebodoroyieg Tpocdlopiopod g doung TV PloAoykmv
pokpopopiov and 115 dekaetieg Tov 1950 ko 1960 kon katd cuvémelo givar Evag KAGS0G mov ovamtuyOnke
OAQL VTG TOL YPOVIO, TOPAAANAQ e TNV ovamTuén ¢ poplakng Proroyiog, g dopkng Proioyiog kot g
Blopuoiknc.

To avTikeipevo TG HEAETNG TNG OOKNG PLOTANPOPOPIKNG, EIVOL O TPIGIACTOTES SOUES, ONAMOT| Ol
GUVTETOYHEVEG TOV ATOU®V €vOg Proloyucoy paxpopopiov. H edpeon g tpiodidotatg doung, sivar amd
puovn TS o Wiaitepa emimovn Kot kootofopa 510d1Kacio, ToV aToTELEL TEPLOPIGTIKO TOPAYOVTO GTOV TOUEC.
'Eto1, givar yvootd 6tL ou dwbéoueg tpiodidotateg dopég eivan pio ta&n peyébovg AMyodtepeg omd TIG
dwbéoipeg aAAniovyies. Amod v GAAN, M doun €ivar TOAD GNUAVTIK GTNV KATOVONGT TN Opdong TV
BloAoyik®dV LoKpOHOPI®V KOl EIGIKA TOV TPMTEIVAOV.

Ievicd,  dopukn PLoTANpo@opIkn acyoAeital pe OAo o Enimedo TG OVAALGNG TV TPLEOACTUTMOV
dopav. 'Etol, €yovpe og Tp®dTO €MINEIO TOVG AAYOPIOOVS KOl TO AOYIGUIKO OV YPNCULOTO0VVIOL Yol TNV
OVOTOPAGTOOT] KOl TNV OTTIKOTOINGoT TV Ploloyikdv dopdv. Ta epyareio avtd, ektdOg amd TOVG E81KOVG,
YPTOLOTOLOVVTOL TAEOV Kol atd TOV KOOEVA TOV KAVEL Lol epyacio Tov avapépetat o Ploloyikég doués. 'Eva
GALo emtimedo ivol ol GLYKPIOEIS KOl Ol OLASOTOMGELS TV dopmv. Edd éyovpe to TpoPANpa TG oToiyiong
Kol VEEPHESNC dOUDY, OAAG KOl TO TPOPANUA TNG AVOYVOPLONG TOV TPOTEIVIKOD SUTAMUATOS UE OAEC TIG
emmtdoelg Tov. Ola owtd, 0onyovuv telMkd 610 Pacikd TpoPANHe T TPOPAEYNS TG TPIGOAGTOTNG SOUNG
TPOTEVAOV, TNG KOTOOKELNG ONAAOT HOVTEA®V Y10l Lo, TPOTEIVI Yo TNV 0ol OV VIAPYOVY TEPALOTIKG
dedopéVa. ZE QT TNV TEPITTOOT, VIAPYEL TANODPA pHeBOdWV, 0md TNV amAr TpoTumoToinon pe Pacn v
opoloyia (homology modelling), péxpt v veavon (threading) xai tnv ab initio Tpdyvoon g doune. Télog,
glte e SOUEG TTEIPAUOTIKG TPOGOIOPIGUEVES, EITE LE OOUEC TOV EXOVV TPOKVWEL OO LOVTEAD, OVTIKEILEVO TNG
SoUIKNC PLOTANPOPOPIKNG EIVOL 1) LEAETN TOVG UE GKOTO TNV KATOVOTGT) TOV TPOTEIVIKOD SITADUOTOG KOl T®V
UNYOVICU®DV TOV, TN HEAETN TV €EEMKTIKMOV GYECEMV, OAAQ Kol T HEAETN Yoo TN ox€om SoUNg Kot
Aerrovpyiag, ot omoieg odnyovv otig pebodoloyieg aykvpoPoinong M ehMpevicpov (docking) yio v
Kotavonon TG Jdoung ovumAdkov (g gbpeong OMAadN NG OAANAEMISpacng SLO TMPOTEIVOV 1
apwteiviig/DNA (11 RNA), 1 Tpoteivng/pikpod popiov, pHeETeg Tov gival TOAD ONUAVTIKEG OTO GYESIAGHO
oopudkwv). Puoikd, kol 6To apyIKd GTASI0 TOL TPOGIOPICHOV TNG TPLOOAGTATNG SOUNG, 1| GUUPOAN TV
VIOLOYIOTIK®V LeBOdV givar onuavtiky, kabdc 1 enefepyacio TV SESOUEVOV TG KPLOTOAAOYPOQING, M
KOTOOKELN YOPTOV NAEKTPOVIKNG TUKVOTNTOG, 1| TPOGUPUOYN Kot 1 BEATIoTONOINGT TOV pOoVTEAOL, YivovTal
pe odyop1Bpovg Kot Aoyiopikd, oAAG Ay TG eUoNG avToD ToL eYXEPSion, dev Ba vreicélbove 6 TOAAES
AETTOUEPELEG.
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Y1ig emdpeveg evotnrteg Ha mpoonabnoovue va diepeuvioovpe ta Pactkd pebodoroyucd Oépata mov
TPOKLATOVV OTO, TOPATAV® TPOPANUATA TNG SOMIKNAG BLOTANPOPOPIKNAG, VO TOPOVCIACOVUE T POCIKE
EPYOAEID AOYIGUIKOD TTOV YPNGLOTOLOVVTOL Y10, TNV AVTIGTOLYN EPYOGin, 0ALA KOl VO TPOGPEPOVUE TPOUKTIKES
GUUPOVAEC VIO TNV EKTELECT] TETOLOV EPYACLDV.

9.1. IIpocdropropdg doung

To mpoto Prua ot kabe mpoomdbeln Sopikng PromAnpoPopikng, €ivor o0 1810¢ 0 TPOGOIOPIGHOG TNG
TpLedldoTaTng Sopng TV pakpopopiov. Avtéc ot pebodoroyieg NTov mov odnynooayv Tig dekaetieg tov 1950
kat tov 1960 ot paydaio avantoén g poplakng Ploroyiag, yio avtd kot Oo kdvovpe pio GOVIOUT avopopd,
OV KOLL TO OVTIKEILEVO QVTO EUTINTEL TEPIGCOTEPO GTOV TOUEN TNG SOUKNG Proloyiag Kot Tng PLOQUGIKNG.

levikd, m xotd =wPocéyylon oOOTOOT €VOG TOAVUEPOVG, T.Y. LG TPMTEIVNG o€ oToyEia
devtepotaryos doung (m.y. «n mpoteivn X €xel mepimov 40% a-Ehka ko 20% B-wToxmth emeavelny) gival
kGt wov pmopel vo vmoAoylotel pe @acpatookormio. [o T mpwteiveg, cuvvmbiopéveg pebodoloyieg
eoopotookomiag gival 1 eacpotookonic. vrepiddovs (far-UV, 170-250 nm) pe kokhkd dtypwiopd, m
oacpatoockomnio veepvpov (IR) kot n pacpoatockomio payvntikod Tupnvikov cuvtovicpod (NMR) (Meiler &
Baker, 2003; Pelton & McLean, 2000). Xg OAec TIg TEPUTTMGELS, TO SLOPOPETIKA GTOLYEIDL dELTEPOTAYOVG
dopng (a-éAkesg, B-mToY®TEG EMPAVELES) STVOUV OLOPOPETIKEG KOUTOAES OTOPPOONONG, OO TIG OMOIEG ME
VIOAOYIOTIKT avéAven propovv va. e&oyfovv Tor dedopéva Yoo TNV EKOTOOTINNO GVGTACT TG VIO HEAETNG
TPOTEIVNG (ThvTa pe v Tpotimdbeon OtL £yovpe Kabapod deiypo o€ KATAAANAO S10AVTY Kol GE KATOAANAN
TOGOTNTA).
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Ewova 9.1: Ewova ané  ypiioy pacuatookoriog yio ty Siodediaven mge dowic mpateivay (apiotepd pdouo IR — deéid. pdopuo CD)

H pebodoroyia g kpvotarioypopiog axtivav X gixe apyioet vo. OvVOTTOGGETAL OTTO TIG JEKAETIES
npwv tov 2° Toykoouio TToAeN0, oG Ol TPMTEG TPIEAIAGTUTEG SOUEG TPMTEIVAOVY (TG HVoyAoBivie Kot Tng
apoceapivng), EmMAVONKaY Tpog ta, TéAN TG dekaetiog tov 1950, Alyo petd v gbpeomn g dopng tov DNA.
INo 11¢ epyacieg Tovg avtég, o Sir John Kendrew kot o Max Perutz poipdotnkoy to Bpofeio Noumed to 1962,
v omd tOTE apkeTd AAA0 Ppafeio Noumel xovv 600¢el o€ EMGTNUOVEG TOV TPOGOHLOPIOAV SOUEG CNUAVTIKDV
apoteivov. H Paocwn| apyn ¢ kpvotarroypaoiog oktivav X Poociletor oty 0 apyn He TOLG
peyebuvtikodg @akovg Kot To pikpookomo. H peydAn dwpopd pe 10 OTTIKO OAAG Kol TO MAEKTPOVIKO
HUIKPOGKOTIO0, £YKELTAL GTO YEYOVOG OTL EMOBLUOVUE VO «OOVUE» GE OTOWMKT Ol0KPITIKOTNTO, ONANdT Vo
UTOPOVLE VoL Egxmpicovpe avtikeipeva e andotaon Aya A. Avtd onpaivel Tt | TPOSTINTOVGH 0KTVOPOAiN
TPEMEL VoL £xEL £VO. PINKOG KOUATOG TTOL TNV ToToBETEL 6T0 QAo TV axkTivav X, 0AAL ot aktiveg X dev
LITOPOVV VO, EGTIAGTOVV UE TN YPNON POK®V (OT®G Y10 TOpASEYHO KAVOVUE GTO OTTIKO HIKPOOKOTIO LIE TO.
QOTOVIOL 1] OTO NAEKTPOVIKO HIKPOOKOTIO pE To MAeKTpovia). 'Etol, mpémel va peELETGOVHE TO TPATLTO
nepiblaong tov oktivov X omd 1o delypa Yo vo. UTOPECOVUE VO KATAANEOVIE GE VOl GUUTEPOGUA Y10l TN
dopn tov delypatog.

Amd ) dexoetioo Tov 1990 ko petd, ot péBodot etepdAOYNG EKPPOOT) TPOTEIVOV, N dabecuoTnTa
EMTOYVVIOV NAEKTPOVI®V Y10l TOPOY®DY OKTIVOV X (GUYYPOTPOVIKY OKTIVOBOAIR), Ol OVIXVELTEC TEPLOYNG
tomov CCD oapykd kot amevdeiog HETPMONG POTOVIOV TO TPOCPOTA, OAAG Kot 1 adENGN TG VTOAOYIOTIKNG
1ox00¢, odnynoav otnv ekbetikn avénon tov apBuod TV dwhiciuov TPIeddoTaTOV dopmV. ENUEPQ

308




vrdpyovv TAEOV d100Eaieg TV omd ekatd yAddeg dabioiueg dopég otnv PDB (BéPata, map' 6o avtd ot
dwbéoeg aAnrovyiec, eivar pia TaEng peyébovg meplocOTEPES, OMATE TO YACLO AVALEGH GTOV OPONO TMV
doU@V Kol aVTOV TV aAANAovyldv cuveyilel va av&avet). H kpvotadioypapio tov aktivov X eEakoiovdel
QUoIKG vo. givor M mo Kown HEDOSOG €DpEONG TPLOAIAOTATNG SOUNG, OV KOl TNV TAPOVGO YIMETIO 1
eoopoatookonic NMR cvuppetéyet otabepd pe mepimov 10% tov vémv dopdv (Kuping PIKPOV TPOTEIVOV) TOV
npocdiopilovrar mepapaticd. Tnv televtaio detio (2013-2015) ocvvieleiton po EX0VACTAGT GTO XDOPO TNG
NAEKTPOVIKNG HIKPOGKOTIOG, TOL pmopei mAEov va Tpocdilopicet Sopéc oe sukpivela 2-3A, pe ) yprion vémv
HUIKPOGKOTIOV 0AAG KUPIMG VEDV TEYVOAOYIDV OVIYVEVLTAOV TEPLOYNG NAEKTPOVIOV KOl LEYAATG VITOAOYIGTIKNG
1oyv0o¢ (exatovtadeg emelepyaoTéc, terabyte dedopévav Kot dexadeg gigabyte pviung).

H molotepn aAld kot o axpiPng pébodog kpvotarioypapiog oktivav X gival avty mepibiaong
axtivov X povokpvotdAlov (single-crystal X-ray diffraction), otmv omoia pio déoun omd oxtiveg X
TPOCKPOVEL GTOV KPUGTOALO KOl TOPAYEL UK GEPA OVOKAAGEL Ol OTOIEC KATAYPAPOVTIOL OO KATOOV
aviyveutn. H évtaon kot 1 yovid Tov avokAGCEDV KaTaypaeetol Kadmg 0 KPUGTUAAOG TEPIOTPEPETAL. AV O
KpOOTOAAOG gival EmaPKOVG KaBapOTNTOG KOl KAVOVIKOTNTOG, Ta 0ed0pUEVA amd TV Tepiflact enTpETOVY TOV
TPOGOIOPICUO TOV OTOGTACEMY TOV YNIKAOV ECUOV KOl TOV YOVIDV TOVG HE HEYOAN akpifea (Shi, 2014;
Yaffe, 2005).
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Ewova 9.2:Zynuatikn  ovamopdotacy TS OladIKaolog TPocolopionod Jdouns e kpvotorloypagpio  axtivwv X
(https://en.wikipedia.org/wiki/X-ray_crystallography)

309




Ta Bacwd otddo g kpvotarloypapiog etval tpia.

To np®dTO Kol GVYVA 7O SVGKOAO GTASIO €lvar 1 AVATTLEN €VOG KOTAAANAOL KPUGTAAAOL Yo, TNV
TPOTEIVN N TO GOUTAOKO oV peAetdtol. O KpOOTAAAOG TPEMEL va givall apKeTa peydAog (TUTIKA LEYUADTEPOG
ar6d 10-20pm), pe kabopn cvotacn ympig mpoopi&elg kot xopic ecmtepikés oTéleles (omacitata, K.0.K.).
Katd cvvéneia, o1 mpmteiveg mpénet va. amopovmbovv amd to deiypa, vo kabopiotovy Kot Vo DITAPYOVV GE
peydAn mocotto. Mio emumAéov SLOKOAiM eVTOTILETOL OTO YEYOVOS OTL gV KPLGTOAAMVOVTOL OAEG OL
TPOTEIvES 6T1G 1d1eg ovvinkes. 'Etol, akdpa kot ov vapyel to delypa, 1 KPuoTAAA®ON &ivol ol emimovn
dlodkacio pe TOAD TEWPAUOATIGUO GE OAPOPETIKEG cLVONKeS. Yrdpyovv dvo kOpieg pebodoroyieg ya tnv
KpuoTdAimon (Sidyvon atpov Kot dtomidvon). Néeg teyvoroyieg eELebbepav enttayuvidv nhektpoviov Aélep
EMTPETOVV TN (PO KPLOTAAA®V pIKPOTEPOV atd 1 pm.

210 dg0TEPO GTASI0, O KPUOTAUAAOG TomODETEITAL OMEVAVTL ATd TN SEGUN TOV AKTIVOV X, Ol OT0iEg
ouvnBmg glval LOVOYPOUATIKES, Kot KATOTY GLAAEYOVTOL o1 avakAdoelc. Kabmg o kphotadlhog mepioTpépetal
dMUoVPYOHVTOL TOALATAL GOVOAD OVOKAGGE®MV KUADTTOVIOG SlapopetTiky yovia €kBeong otig axtiveg X.
ZUVOMKA £T61 GLALEYOVTOL EKATOVTASES YIMAdeS avakAdoelc. [ToALEC popég, av 0 KpHOTaALOG Elval PIKPOG 1
LE HEIOUEVT] KOvOVIKOTNTO Umopel Vo KOTaoTpa@el katd ) dadikacioe avt, Tpotod GLuAAexBohv Ola Ta
amopaitnta dedopéva. 'Evag GAAOC TePopIoTIKOC TAPAYOVTOG GE BVTO TO GTASI0 Elval 1) TNYN TOV aKTiveav X,
kaBdg amouteitor GVVAOMOC KATOW GLOKELY] LVYNANG EvépYewg, OmmG To oVYypotpo. Kdabe avaxioon
GLAAEYETAL APKETEG POPES, KO OTATIOTIKEG LEBODOOL YPTGYLOTOIOVVTAL Y10t TN LETPNON TNG LECTG TIUNG KOL TNG
TUTIKNG OTOKALONG TV LETPTOEWDV.

210 Tpito 6TAS10, TO. FEGOLUEVA TOV AVOKAGGEDY GUVOLALOVTOL UE GUUTANPMUOTIKAE YNHKd dedopéva
v va wapoyOel Eva apyikd povtélo kot va fedtiotonondel 6t cuvéyela. To Pacikd TpoPfAnua edm, givar 6Tt
amd TG OvoKAGGEG dgv pmopel va TPOodloploTel povoonuavio m 0éon TV oTopmv Kol o ¥apTNng
NAEKTPOVIKNG TUKVOTNTOG 6T0 dgiypa (To yv®wotd mpofAanua edong). To mpofAinua avtd Advetal pe po cepd
amd peBddoVE OGS 1) EDPEST] PACT|G €K TOV PNdEVOG (ab initio phasing), n poplakn avtikatdotacn (molecular
replacement), n avopoAn okédaon axtivov X (anomalous X-ray scattering) xat ot pébodot fapéwv atopmv
(heavy atom methods), £t01 ®GTE TEMKA VO TPOKOTTEL [0 opyIkn) eKTipunom ywo T @don. Ta exdpeva Pripara,
QAPOPOVV TNV KATAGKELT] EVOG OPYIKOL HOVTEAOL Kol TN PeATiotonoinot tov (refinement).

Ot dodikacieg Kol Tov Tpudv Priudtov oamoitodv diaitepn ypnon H/Y kor odyopiBuwmv. Xty
KpvotdAiwor, ot H/Y ypnoponoobviat yio Tov EAEYY0 POUTOTIKOY HOVAS®V KPLGTAAAMGNG, TNV aVAALOT
EIKOVOV 0O TEPAPATA KPVOTAAAWMOTG, OAAG Kol TO GXESIOGUO TOV PEATIOTOV GUVONKOV Y10 TO TEWPAPOTO
KPLOTAAAWDOTG. XTO SEVLTEPO GTASIO YPNGLOTOLOVVTOL EWVIKA TAKETO AVAAVONG TOV EIKOVOV TTEPiBAaomNg, e
€UPOOT GTOV TPOGOOPICUO TOV CPOAUATOV UETPNONG, TOL Eivol amopaitnta €01KA otnVv emilvon Tov
TPOPAUOTOC TV PACE®Y. YTAPYOUV SLAPOPO TOKETO AOYIGUIKOD SOUIKNG PBloAoyiag Tov S1EVKOADVOVV TIg
dwdikacieg avtég. Xtnv 1otocerida ¢ International Union of Crystallography avogépovtot dekddec té€To1a
ToKéTO, omd To 0moin, KAmolo givol GLAAOYEG He TOAAOTAES YPTNOEIG KOl AN GUYKEKPUYEVEG POVTIVEG LE
gotlaopévo evdowpépov (http://www.iucr.org/resources/other-directories/software). I'evikd ndvimg, o TakéTa
LE TN HeYaADTEPN At0d0)T], TOVG TEPLOGOTEPOVS YPNOTES KO TIG TEPLGTOTEPEG Attovpyieg, eival to CCP4, to
omoio givar daBécyo otn devbvvon http://www.ccp4.ac.uk/ (Winn et al., 2011), to PHENIX, 7o omoio gival
dwPéoo ot devbuvvon https:// www.phenix-online.org/ (Adams et al., 2010) ko1 to X-PLOR (Giintert,
2011), to omoio givar éva amd To TOPASOCIKA TAKETO 6TOV TOpEN, pall pe v Bedtiopévn tov €kdocT mov
oovimpeitor  omd tov  NIH, 710 Xplor-NIH, 710 omoio eivor OSwbéoyo ot  dievbovon
http:/nmr.cit.nih.gov/xplor-nih/ (Schwieters, Kuszewski, & Clore, 2006)

Av 6Lo T0 0TAd10 6TEPHOVV g EMITLYIO, EYOVUE TEAIKA Lo TPIodIdoTOT dopn, ONAadn éva apyeio e
OTOLKES GUVTETAYUEVEG OV OVTIGTOUKEL OTN JOUn NG Mp®Teivg 610 delypa. Zouvnbwg ta apyeio avtd
katatifeviol og dnuocieg Paoelg dedopévav (PDB), kabog €dd kot ypovia givol VIToYpeMTIKN 1 KOTAOEoN
TOVG TPOKEEVOD Ol OVTIGTOLYEG EPYOGIEC TTOV T TEPLYPAPOLY VO, Yivouv dektég mpog dnpooicvon. Exel,
TOALEG POPEG TOL HEGOUEVO OVTA TTEPVAVE KOl GAAOVG OUTOUOTOTOWUEVOLG EAEYYOVS Y10 VO OTOKAEIGTEL TO
evOEYOLEVO GOAMLOTOG Kal VO, O106(QOAMOTEL 1| To1dTNTA. XTNV 10T0ocENida g PDB mopatifeton puo peydin
Alota pe dwbéco TPOoYPAUUATa, Y10 TOV EAEYY0, TNV a&l0AGYNoN Kal TV ET0AN0gvon TPIGOAGTATOV SOUDY
(http://www.rcsb.org/pdb/static.do?p=software/software links/analysis_and_verification.html). To
TPOTOTOPo TPOYpappe o€ avtov tov topéa Ntav to PROCHECK (Laskowski, MacArthur, Moss, &
Thornton, 1993). Ta TpoypapUATH TTOV XPNCYOTOOVVTOL TAEOV EVPEMS YioL AEIOAOYNOT| Kot ETaANBgVoT Evar
t0 MolProbity 1o onoio givar dwwbéoio ot S1evbuven http://molprobity.biochem.duke.edu/ (Chen et al.,
2010) kon to WHATCHECK 710 omoio dwrifeton ot dievbuvvon http://swift.cmbi.ru.nl/gv/whatcheck/
(Hooft, Vriend, Sander, & Abola, 1996). H emoAnfevon tov dopdv &ivor mTAEOV omopoitnTn Yoo TNV

310



dnpocievon Tovg Kot VIAPYOLVV CLYKPEVES 0dnYieg Yo avtd Tov okomd (Read et al., 2011). M véa
OVTIILETOMION, &ival Kot 1] AOYIKH TNG «EVEPYOLS emoAnBevongy dmov ot vadpyovceg dopég dopbmvovtar e
OUTOHOTOTOMNIEVOVG  OAYOpOoVS  povielomoinong pe Pdon To  KPUOTOAAOYPOQKG OedOUEVO OV
katatifevror oty PDB (Joosten et al., 2009).

"Evag evaAloxtikds TpOTOg TPOGIIOPIGHOD TG SOUNG, EIVOL 1] POCUATOCKOTIO TUPTVIKOD HOyVITIKOD
ouvtoviopo (NMR). To NMR ekpetaAledetar Tig pnyovikég 110TTes TV oTOU®mY, 01 0Toieg e&apTmdvTot
omd 10 TEPPAAAOV KOt PE QVTOV TOV TPOTO TAPAYEL TEAMKE £voL APTN TOV AMEIKOVI(EL TOV TPOTO LE TOV OTOT0
GLVOEOVTOL TAL ATOUM, TOGO KOVTA PBpicKOoVIOol 6TO YMPO, KOl ol Eival 1 GYETIKN Tovg kivnon. Ot 1d10tnteg
avtég eival oty ovcio idteg pe T pebodoroyion Tov payvnTIKOD TVPMVIKOV cvvtovicpoy (Magnetic
Resonance Imaging - MRI), aAld £5® £0T10{0NAGTE GE OMOGTAGEI TG TAENG Tov A, o avtifeon pe To mm
7OV OTOTELODV TO AVTIKEIHEVO PEAETNG TV Tov MRI. Eriong, pia aAAn dtapopd eivor 6Tl €d® dev mapdyeton
amevbeiog po ewova, oAAG To dedopéva GLAAEYOVTOL KOl WHE YPNOTN VLTOAOYIOTH KaTtookevaletal &va
TPIOOIAGTOTO HOVIEAD TNG TPOTEIVIG. XTI TEPIGCOTEPES TEPUTTMGELS, TO OEIYUOTA PPIoKOVIOL GE VOATIKO
dtddvpa, oAAd avortbecovtal kot pebodoroyieg otepeds paong. H cvlioyn tov dedouévev yivetor pe tnv
Tom00ETNON TOL OEIYLOTOG GE Evay SLVATO LOYVITN, TN (PNON PASIOKVUAT®V GTO SElYOL KOL T GLAAOYT] TOV
PAcUOTOG amoppOPNoNc. Avaloya pe to TEPPAAAOV (TOGO TOL SLOAVTN, GALG KOl T®V YEITOVIKOV OTOU®MV), Ol
TUPNVES TOV ATOU®MV B0 aTOPPOPNICOVY T KOUOTH GE SUPOPETIKEG CLYVOTNTEG KOl Ol TANPOPOPIEG OVTEG
LIopeEl Vo, cuVEVOGTOOV LE 6KOTO Vo KaBoploTel éva GuVOAIKO LoVTELD TOL popiov. ['evikd, emedn to deiypa
Bpioketat og VIATIKO d1GAVIA Kol GLVLTOAOYILOVTOL TOVTOYPOVE Ol KIVIGELS OA®V TV ATOU®V, 1 LEB0dOC
popel va epapprootel Kuping o PIKpES TpoTEives (av Kkat vdpyovv e€apéoelg). EmmAéov, 1 teyvikn avt
AELTOVPYEL GUUTANPOUATIKE LE TNV KPVOTOAAOYpOQPia, KOOMG Vol TEPIGGOTEPO XPNOIUN OTN KEAETN TNG
Kivnong kot g dvvapukng (sveMéia, KAT) TOV TPOTEIVIKGOV Hopi®V, 6€ GAMAETIIPACELS LETAED TPOTEIVDOV
pe GAAEG TPOTEIVES QAL KOl LKPA POpLaL (QApLOKa, LETOPOATES K.0.K.), GALA KOl OE TEPUTTOCELS TPOTEIVOV
OV &V UTOPOVV VO KPLGTOAA®OOHY EVKOAQL.

"Eva onpoavtio 0épa mov mpénetl va avapephet, gival o Tpdmog Kabopiopol g dgvutepotaryoug doung
amo6 to dedopéva kKpvotorroypagioc. [Tapadooiokd, ot KpuGTOAAOYPAPOL TOPUTNPOVCAV TIG SOUES KOl OTTIKA
amoPaolov molEg TEPIOYEG NTAV G A-EAIKO, TTOIEG G PB-TTuY®T eMPAveln K.0.K. Enedn opmg ot avabicelg
OUTEC, MNTOV VLTOKEWEVIKEG KOl TOMEG (OPEG TMPOKVLTTOV OlopmVieG oakOpa Kot HeToEd Epmelpmv
KPLOTOAAOYPAPOV, avortuyOnkav ovtopatonompévol alyoplBpot ot omoiot dfalovv to apyeio pe Tig
TPLEOLACTOTEG GUVIETAYUEVES KO 0T0dIO0VV OGO TO OVTIKEWEVIKG, YIVETAL TOL GTOLYEID OEVTEPOTAYOVS OOUNG,
KaOdGg Kol GAAN YOPAKTNPIOTIKA OT®G TNV TPOSPUCIUOTNTA TOV daPOp®V KoToAoitmv (dniadn, av sival
extebeéva M O0x1). Avtd mov TPEMEL Vo, TOVIoTEL, €lval OTL o1 aAydpiBpol avtoi dev givar adyopidpol
TPOYVOOTG TG SEVLTEPOTOYOVS OOUNG, OV KAVOLV dnAadn TpdPAeyT Gg KATolo oAANAoLYia GyveOGoTNG SOUNG,
amAd evtomilovV G€ Lo TPOGOIOPIGLEVT TPLOOIAGTOTN SO TO oNpEi0 Tov PpickovTol ot o-EMKeS Kot ot B-
TTVYWOTES EMUPAVELEG, KAVOVTOG YPTOT AVTIKEWEVIK®V KpLTnpiev.

To DSSP (Define Secondary Structure of Proteins), dwbéoyo ot  devbvvon
http://swift.cmbi.ru.nl/gv/dssp/, tav o Tp@OTOG AAYOPIOLOG TOV TPOTAONKE Y10, TO GKOTO 0L TO KOl EIVOLL OKOLLOL
o gupvtepa ypnowomolovpevog (Kabsch & Sander, 1983). To DSSP avayvopiler tov kdplo avOpoxikod
OKEAETO NG TPOTEIVIG KOl €VTOTILEL TOVG OEGUOVG VIPOYOVOL ToL oynuatifovtal, pe Paon évav Kabopd
NAEKTPOGTATIKO OPIGHO. Me Baon Tov evepystoxd vmoioyioud, to DSSP avayvopilel kol kototdocel to
otoyeia devtepotayovg dopung oe 8 katnyopieg. H 3jp-Ehika, M a-éAika, kot 1 m-édko (pe coppora G, H kan
I) avayvopilovior av LVITAPYOLY CLVEYOUEVES ETAVOANYELG TOL Ogopoh vopoyovov pe Prupo 3, 4, 1 5
katdAiowo aviictoyo. Ot B-dopég ympifoviar og B-ttuyot) empavewn (E) ko B-yépvpa (B), To copporo T
YPNOLLOTOLEITOL Y10 TIG OTPOPES KoL TO S Yo TEPLOYEG VYNANG Kopmvlotntag. Télog, meployés mov dev
Taptdlovv pE KOvEVO TPOTLTTO UEVOLV UE TO KEVO oVUPoro. Zuvibmg oTIC TUPUKAT® OVAADGEL, OTWMG Y.
oV TPOYVOGCT SEVTEPOTOYOVS SOUNG To COUPOAN GVTA OHOSOTOOVVTOL KOl GVTO UTOPEL Vo yivel pe 600
TPOTOVG. TTNV TPMOTN TEPImTOON a-EAka pével to H, B-mruymt) emopdveln to E kot 6Aa to dAha yivovtol
Tuyaio dopn (coil) pe ovpPoro to C. O evodhoktikdg Tpdmog meptlapPdvel mv opadomoinorn oto H ot towv
dov elikov (G, I), oto E v npoctnkn tov B, eved ta vrorowra yivovtar C. To 2002 o vedtepn €kdoon
tov DSSP eupaviotnke n omoia mpaypotonolel avdbeon pe mo gvéhikto O6plo (continuous DSSP) n onoia
Qaivetol va TpocPEpel kamola emmAéov mAeovektpota (Andersen, Palmer, Brunak, & Rost, 2002).

To STRIDE (STRuctural IDEntification), to omoio e&ivonr dwbéoywo ot OSievbovon
http://webclu.bio.wzw.tum.de/stride/ eivar €vag GAAOG EVOALOKTIKOC OAYOPIOLOG Yio TOV TPOGOIOPIGUO Kol
v avdBeon tov otoyeiov devtepotayovg doung (Frishman & Argos, 1995). To STRIDE ypnowyionotet pio
moapopoo péBodo pe to DSSP, kabdg epappoletl pia HETpNom EVEPYELNG Y10, TOV TPOGIIOPIGHO TOV OECUDOV

311



VdpoyovoL (éva duvapkd Lennard-Jones), aAAd emmAéov Aopfdver voyn Tov Kot TG dledpeg ymvieg mov
oynuatiCovral. Xto téhog, avabitel devtepotayeig dopég oTig idieg Katnyopieg mov ypnowomotei o DSSP,
OAAG emmAEoV Slvel Kot o avl KatdAouto Tiun yuo Ty a&lomotio g avabeong, n omola £yl TPOKVYEL amd
epmepkés perétes. [apodoro mov To DSSP givan 10 mo mod kon upvtepa amodektd npdypappa, 1o STRIDE
moteveTol OTL givat oxeTIKd KaAvTeEPO Kot d1opbmvel Tnv tdon tov DSSP va opilel KOmmg pkpoOTEPO TUN LT
deVTEPOTAYOVS SOUNG GE GYECT HE TOLG OPIGLOVS OV TPOYLOTOTO00V Ol EUMELPOL KpuoTtorroypdoot. Ta
terevtaia ypovia, To STRIDE ypnowonoteitar ko otnv PDB (mapdAinia pe to DSSP), eved vrdapyet kot
SladkTvoKn gQapproyn dabéoiun yuo dpeon xpnon omd to gupv kowo (Heinig & Frishman, 2004).

9.2. Ontikomoinon Proroyik®v dop@v

Agdopévng g dmapéng e TPIOdIEoTATNG dOUNG HOG TPOTEIVIG, TO TPMTO TPAYUe Tov o evolEpepe
Kamolov Bo T M ontikomoinot. Ot pebodoroyieg amecdVIoNg TV LaKpopopiny, Eekiviioay mapdAnia pe
TIG TPAOTEG EMTVYIES TNG KpvoTaAroypapiog aktivev X and v dekaetio Tov 1950 ko 1960. Apyikd, yio ta
HOVTEAD avTd ypnolpomombnkoy EOAMVEG GOAIPEG YL VO OVOTOPOCTHGOVV T GTOMA Kol pafdot Yo va
OVATOPOGTNCOVY TOVG OEGHOVG. Tétow povTéda, Y¥PNGIUOTOIO0VTOL CKOUO KOl GTILEPO Y10, EKTOIOEVTIKOVS
AOYOLG 0ALG glval TAEOV TAOCTIKA KO UE SLOPOPETIKO YPOUOTIGHO Y10 TO SLOLPOPETIKY €I01 aTOU®Y. AT 1M
avOmopAcTooT, Yivetal TAEOV Kol o€ VToAoylotég kot ovopdletor «ball and sticky. Mio mopopola
OVOTTOPAGTOOT), EIVOL KOl TO OKEAETIKO povtédo (wireframe) oto omoio ameucoviloviol OUmG Hovo ot deGol
®G GVPLOTO, EVD TO, ATOLO CUUTITTOVV LE TIC KOPLPES (Ywvies). TEToleg ovamapaoTdcels ivol puotkd ToAD
OmAEG KOl UImopolV €VLKOAM Vo, TpaypotonomBobv Ge VTOAOYIOT] GAAG KATOEG QOpEc sivol Wdwitepa
ypnopes. TTohdég popéc paiota yio Adyovg amAdtntog avamapictavior povo ot Co (ta acOUUETPA GTOUA
avOpaka, ONAad 0 KOPLOC OKEAETOC TNG TPMTEIVNG) VO GAAEG (QOPEG ovamopioTavTal OA0 TO GTOUO UE
SPOPETIKS YPOUATICUO.

Ewova 9.3: Apiotepd, mlootikd poviélo tomov «ball-and-sticky (htips://en.wikipedia.org/wiki/Molecular_model). A&id,
HOVTELO  €VOC  WIKPOD  HOpPIOv (NH;CH,CH,C(OH)(PO;H)(PO;H)-), onwg mopaystor  and 1o Jmol
(https://en.wikipedia.org/wiki/Molecular_graphics)

‘Evog dAlog tpdmog avamopdoTtoong, £ivol To AEYOUEVO YOPOTANPOTIKO poviédo (space-filling
model), oto omoio ta dtopa avamapicTavTol TAA e CEOIPES, GLVIOWME SLOPOPETIKOD YPOUATOG, OAAA LE TN
onuavtikn TpocHnkn Ot o axtiveg g Kabe ceaipag sivor avdioyeg pe v aktivo van der Waals tov
atopov. Ta povtéha avtd ovoudlovror kot CPK models and tovg Corey, Pauling, kou Koltun, ot omoiot
AVETTLEAY TTPATOL TETOLEG TEYVIKEG OMEIKOVIONG, EVD TAACTIKG HOVTELD 0VTOV TOV €00V YPNCLUOTOIOVVTOL
aKOpO Kol OHEPO Yuo. 01d0KTIKoVG okomovg. Kabdg ot aktives Tmv atOp@v givarl HIKPOTEPEG OO TNV
€VOOLOPLOKT ATOGTACT] OTOV TO ATOLO TO, EVOVEL OUOLOTOMKOS dEGUOC, OL OPOiPEC TPEMEL VO TELUVOVTOL, KO
KOTO GUVETELDL GTOL TAOGTIKG HOVTEAD ALTOD TOL €100V Ol GPaipeg givor KoAoPég kabdg aparpeiton pio
TEPLOYN OOV «KOTAKDY £TCL MGTE TAL ATOUN VO EPYOVTOL G€ emopn. Ta povTéAa avTd gival To PEOAGTIKG,
K00®OG divouv piol OEIKOVIOT TG EMPAVELNG TOV HOPIOV TTOV PBPICKETOL TO KOVTIH GTNV TPOYUOTIKOTNTO. ALV
divouv OpmG KOAN ekOVOL TG dELTEPOTAYOVG SOUNG 1 TNG KaTeLOLVONG TG TOAVTERTIOIKNG aAvcidas. Katd
GUVETELOL EIVOL TTLO YPNOILLO GE SUVOALUKES PEAETEC, TT.Y. Y10 TOV DIOAOYIGUO TG KOEONC 6TO S10ADTN 1 Y10 TOV
VTOLOYIOUO EMPAVEIDV ETAPNG Kol HEAETEG ayKupoPOANonG. M cvvnbiopévn mopordhayn oVTOV TOV
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HOVTEL®V €lval ovT oty omoio 1 EmPAvewW. gUEavileTal TO OHOAN KOU TO GTOHO £(OVV YPOUOTICTEL
avaAloyo Le TNV NAEKTPAPVNTIKOTNTA (KOKKIVO) 1 TNV NAEKTPODETIKOTNTA TOVS (UTAE).

Téhog, évag AAAOG SLaOEDOUEVOS TPOTOG OVOTOPAGTACNG -TTOV £YIVE TOAD SLOOEGOUEVOC LE TN XPNOT
H/Y-, eivar 10 Agydpevo Subypappo kopdélo (Ribbon diagram) 71 xaptodv, to omoio eivor 1diaitepa
TANPOPOPLOKO KO ival i6mG amd Tig dNUoeéotepeg HeBOOOVE OVOTOPACTAONG. X& EVOL TETOL0 SICYPOLLLLOL
amecoviletor 0AOKANPOG 0 OKEAETOC TNG TPMTEIVIG Kot 1 KOTEVOVLVGN TNG TOAVTERTISIKNG OAVGIS0G Kot
oyxedalovtal pe €W0KO Tpdémo TO. oToLyEin devtepoTayovg dounc. ‘Etol, ol d-éhkeg avomapiotoviol cov
Kopdéleg (ribbon) mov oynuatifovv elkoedn] didtatn 1 cov KOAVOPOL, VA Ol P-TTLYMTEG EMUPAVEIEG OOV
nemhatuoopéva BEAN. TELOG, o1 TEPLOYEG LE UM KAVOVIKT OEVTEPOTAYN dOouT, ATEIKOVIOVTOL GOV KOUTVAMTEG
ypoppéc. EmumAéov dg, ta d1apopetikd ototyeio deutepotayo Sopung ypmpatitovial cuvnlmg e S10POPETIKO
TPOTO £TOL MOTE VoL €ival mo €0KOAN M O1dkpion Tovs. H pébodog avtn givor moAd mAnpoeoplakm, yiorl
PAémovpe apéomc ™ ddtaén TV 6TolKEI®V dELTEPOTAYOVS dOUNG KOl TIG LETOED TOVG GYECELS, AAAA KoL TNV
katevbuvorn g aivoidac. o avtovg Tovg AGYoVg To LOVTEAD OVTO YPNOLUOTOIOVVIOL GTIG TEPLOCOTEPES
TMEPIMTOGELG OTIC EMGTNHOVIKEG dNUOGIEVCELG.

Ewova 9.4: Apiotepa, éva mopdoetyuo ywpordnpwtikod uoviéiov tov ATP. Aefid, éva mopaderyuo. ywpominpwtikod
povrélov tov B2 adpevepyikod vrodoyéa, (PDB code 2RHI, omo https://en.wikipedia.org/wiki/Space-filling _model)

ZApepa, vIapxovV S10EGIUO SEKASES TPOYPAUUATO YO LOPLOKT] OTEWOVIOT) TPIOOIAGTUTOV SOUDV.
Ta Tep1ocoTEPA OO AVTA EIVOL OVOLYTOV KOOIKA KO SIOVEUOVTOL dMPEAV, AAAA AEITOVPYOVY GOV OUTOVOUES
EQOPLOYES EVD AALD AEITOLPYOVV Gav TPoOcheTa oTov TepmyNTh 10100, OAa, d€yovTal cav €icodo Eva apyeio
PDB 10 onoio amoterel T0 amodektod TPOTLTO Y10, TETOOV €160VG dedopéva. Ta Tpoypdppata avtd, dtbétovv
TAEOV TTApa TOAAEG AErTOVpYieg Kot 0 KABe ypnotng Umopel va fPel KATOL0 TOv Vo KAAVTTEL TIC AVAYKEG TOV
(xbmotlog pmopel vor evOlopEPETAL Yo TV OTAOTNTA, KOTO0G Y10 TIG VIOAOYIOTIKEG OMALTIGELS, KATO10G Y10
L0 GUYKEKPUEVT AELTOVPYiOL TOV £va SEOOUEVO TTPOYPOLLO EMTEAEL KOAVTEPL K.0.K.). Ta mepioadtepa
TPOYPAUUATE TAVTOG, TOPEXOVY SUVOTOTNTEG OVATUPAUCTACNG HE OAX TO TOPOTAV® HOVTEAQ. Aivovv Tnv
EMAOYN Vo EMAEEEL 0 ¥PNOTNG TO YPOUATIOUO TOV eMBLUEL, eV glvar kal S100pacTIKE KAO®MG EXITPETOVY GTO
YPNOTN VO TEPIOTPEYEL TO HOPLO, Vo PEYEBUVEL Ge KAmolo onpeio, vo emAEEEL KATOW KATAAOUTO, VO TOL
YPOUATICEL SIUPOPETIKA OAAGL KOl VO EMITPEYEL SLUPOPETIKO TPOTO AVOTAPACTOOTNG YIO. KATO0 ETAEYUEVQ,
katdAiowmo. To mdg o ta ypnoyomomoet o kdOe ypnotng, dtapépel kat e&optdrar amd TIc avaykeg Tov. ['a
TOPASELYLLO, KATO10C TTOV EVOLUPEPETOL VAL TTAPEL LDl EIKOVE, Y10, TO SITA®UA TNE TPOTEIVIG KL TO YEVIKOTEPO
oynua e, cuvnbwg Ba emAééerl éva ddypappa ribbon. Kanolog mov 0€AeL va det tnv teTaptoTayn dopr, Ha
EMAEEEL SUPOPETIKO YPOUATIONO OTIC SLUPOPETIKEG TOAVTENTIOEG GAVGIOES, EVAD KATO0¢ oL OEAEL va
peketnoet 1 Aettovpyio evog evidpov, o e0TINGTEL 6TO EveEPYO KEVTIPO Kot Ha YPNOYLOTOMGEL S0y PALLLLTO
wireframe 1} ball and stick ko1 6o ypopoticer diopopeticd ta didpopo dropa. TéAog, mOAAG amd Ta
TPOYPAUUATO, AVTA TOPEYOVY EMTAEOV AELTOVPYiEG OOUIKNG BOTANPOPOPIKNG, OO VITOAOYIGUO OTOCTAGE®DY
OTOUMV KO VTOAOYIONO QOPTIOV KOl ETPAVELDV, PEXPL KoL AEITOVPYIEG dopKNG oToiyiong (PA. mapoakdtm).
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Ewova 9.5: diapopetinéc avamapaotdoeis Tov (0100 Lopiov Umopodyv vo, yproiuoronfody e d10popeTikés TEPIOTAOEIS KOl
e SLopopetikd okomd. Blémovue edw ) dopnj s loouepdong e EvAdlne and tov Planctomyces limnophilus (PDB code
3TVA). Or eikoveg onuiovpynBnxoy ue to PV.

Ymv 1otocedida ¢ PDB moapatifetar pio peydAn Aioto amd tétow mPOypAupaTe To. oToio
KOADTTOUV OAeg s OVAYKEG
(http://www.rcsb.org/pdb/static.do?p=software/software links/molecular_graphics.html). H idwoe n PDB éye1
EVOOUATMOCEL P10 GEIPA 0O TETOWO EPYOAEIN TN SLODIKTVLOKNG TNG TAATPOPLLO. LE GKOTO O OTAOG YPNOTNG VA
UTOPEL VO, OTTIKOTOMGEL AUECHOS TIC OOUEG Y10 TIG OTOIES €xel KAvel avalftnon kol va dgl Ue d100paoTikd
pomo to  omoteAéopata. Ta  epyodrein avtd mowilovv amd to omAd RCSB  Simple Viewer
(http://biojava.org/wiki/RCSB_Viewers:About), To omoio Paciletal otnv te)voroyia Java Web Start ko divel
pio Pacikn SlodpaoTIKOTNTO e AEITOVPYieg TOv TovTIKIon, Héypt To Jmeol (http://jmol.sourceforge.net/), to
omoio etvan epappoyn Java Applet, kou to Jsmol 1o omoio eivor 1 €0 €k60GN TOL TEAELTAIOL KoL
ypnotponotei JavaScript ko HTMLS (http://sourceforge.net/projects/jsmol/). Kou ta 600 televtoio epyaieio
TPOCPEPOLY TTOALEC AEITOVPYIKOTNTES KOl EVKOAIEG OKOLA KOl GTOV TEMEPUUEVO YPNOTN. YTAPYEL AKOUO KO
1o PV 10 onoio Paciletar oty teyvoroyion WebGL kot mapéyet tic Paockég Aettovpyieg pe évo diaitepa
€0YPNOTO HEVOD ETAOYADV.

AMY|  TOpOUO  EQOPUOYH WOV  UmOpEl Vo ypnoylomomosl  kAmolog givor 1o  RasMol
(http://www.bernstein-plus-sons.com/software/rasmol/), 10 omoio givar amd TIC MO TOAES EPAPUOYES Yo
HOPLOKTY OTEKOVIOT, 1 OToio, EEEACOETAL CLVEXMG KOl £YEL OMOKTGEL KOl £KOOGT OVOLYTOV K®MOKO, TO
OpenRasMol (http://www.openrasmol.org/). To nakéto CCP4 mov avagépape mopamdve, TePLEYEL Kol TN
dwn tov avtiotoyn epappoyn, to CCP4mg (http:/www.ccpd.ac.uk/MG/), evdd vmapyovv Kot GAAESG
SOPOOTIKEG EPAPUOYEG TIOV KATACKEVAGTNKOV MG GUUTANPOUOTIKG EPYUAEID GAA®V SL0SIKTLOKOV TOT®V
Kol €QapUOY®V, 6nmg Yo mapdderypo to Swiss-PDBviewer (http:/spdbv.vital-it.ch/), To onoio givon oTeEVd
GUVOESEUEVO e 10 SWISS-MODEL (B TOPOKATO) Ko 10 Cn3D
(http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml) to omoio omoteAel TUAWO TOV EQPOPUOYDV TOV
NCBI ko gival 6tevd cuvdedepévo pe to 1o Entrez, eved mapéyet kot duvatdtnteg alignment editor. Téhog, dev
npénel vo, Eexdoovpe Vo KAVOLUE OvapOpd, GTO TO TETUYNUEVO 1GMG epyaAieio NG Katnyopilag avTNG, TO
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PyMol (http://www.pymol.org/pymol) 1o omoio Bacileral otn yAdooa mpoypappotiopod Python kot kdvet
xpron g teyvoroyiog OpenGL Extension Wrangler Library (GLEW). To PyMol eivon icwg m mwo
EMTUYNUEVT] EQAPUOYN TNG KaTnyopiag, kabmg cuvdValeL Aplotn amdd0CT YPUPIKAOV, TOAAEC ETAOYEG Y10 TV
OTTIKOTOINGT OKOWOL KOL Y10, TOVG OTOLTTIKOVG YPNOTEG KOl PLEYAAT EVKOAIN OTI ¥PNOT AKOLOL KoL Y10 TOVG
apydpovg. Térog, a&ilel po 181K AvapoOpd Kol 6TO TOKETO AOYIGLUKOV Y10 LoVTEAOTTOINGT Kot eneepyaoia
dopdv WHAT IF (BA. Topokdtm) mov fTav yio ToAAG xpdvia To HOVO AOYIGUIKO TO omoio emétpeme v 3D
OVATOPAGTACT SOUMY KAVOVTAG ¥PNoN TV YuoA®v omd ta Pivteomayvidwn (o€ ovtifeon pe ta mOAD mo
akp1Pa cvetipata g SGI mov NTav dwbéoya Yo €1dKd cvotipate Unix).

9.3. Xroiyon ka1 vaépHeon dopav

H Sopwn otoiyon (| otoiyion Sopmv) emiyelpel vo EVIOMIGEL KOL VO TEKUNPIDOGEL TNV Opoioyia 600
TPOTEVOV HEC® TNG OHOWOTNTOG TMOV TPLOOICTATOV JOU®MV TOuG (O€ OVIIOWOTOAN HE TN oToiyoN
OAANAOVYIOV TIOL EMXEPEL TO 1010 HECM TNG OHOOTNTOG TOV OAANAoVY DY), [evikd, 1 dadocio Kol £dm
givon mo odvhetn and TN otoiyion aAAnAov LDV, KaOdG Bo TPETEL VO GUYKPIVOLLE TPIGOLAOTATEG OOUES,
OMAadN GLVIETAYUEVES TOV ATOUMV Kol OYL oAl SVO LOVOSIACTATEG aAANAOVYieG. ATTO TNV AAAN, Ol SOIKES
oTolyloElg ivol TOAD YPNOIUES, YIOTi UWITOPEL VO oG TOKOADYOUV TEPIGCOTEPO. OE GYECT| WE TIG GTOUYIGELS
oAANAOV IOV, KAODG OTMG EYOVHE AVOPEPEL T TPIOOACTAT SOUN GULVTNPEITAL TEPLGGOTEPO OO TNV
oAAnAiovyia. Katd cuvénela, dvo mpoteiveg pmopel vo dlapéPovy oe eMinedo aAAnAovyiog TEPIGGOTEPO AmTO
0G0 UTOPOVUE VO avixveDoovpe pe TG HeBddovg otoiyiong aAilniovyidv, aAld eviovTolg va gupavilovv
EexdBapn dopikn opoldTnTa. DPUGIKE, VITAPYEL TAVTIO O KIVOLVOG VO, EVTIOTIGOVE TPOTdVTO GLYKAIVOLGaS (o€
eminedo doung) eEEMENG Kot OAA AVTA ATOTEAODV TAPAYOVIEG TOV TIPEMEL VoL AdpPdvovtar vToyn. Ot SOpIKES
OTOIOEIS €XOVV Kol TOAAEG TPUKTIKEG EPOUPUOYES, KOODC Omd OVTEG TPOKVTTOLV ONMOC EYOVUE OEL GTO
KepdAowo 4, ot moMomAEG OTOYIGEG AVOQOPEG amd YVOOTEG TPMTEIVIKEG OIKOYEVELEC HE TIG OTOiEg
a&lohoyolpe TIc HeBdd0VE TOALUTANG GTOlYIoNG OAANAOVYI®VY, EVD PE PAOT] [0 SOUIKT] GTOLYIOT) UTOPOVY Vi
yivoov o celpd omd OopkEG HEAETEG Yol TN ox€omn SOUNG/AEITOVPYinG G OEBOUEVIG TPMOTEIVIKNG
OIKOYEVELNG (1] OVO GLYKEKPIUEVMV TPMOTEIVAOV).

O1 TEPITOGELS SOUKNG GTOIYIGEIS TOIKIAOVVY, avaAoYa e TO €I50G KOl TN OYECT TOV TPOTEIVAOV TOV
GULYKPIVOULLE. TNV TO OTAN TEPITTOOT), EYOVLE TNV 1010 GAANAOLYiC LE SOUT TPOGIIOPIGHEV SLAPOPETIKA
(ne dwpopetikn] pébodo 1 oe oOumhoko pe drapopetikés ovoieg). Iapopola givar kKot M wepintwon 600
TPOTEVOV UE UIKPEG SLOPOPES OTO EMImMEdO NG OUWOEIKNG aAAnAovyiag, .. ME Wi OVTIKOTAGTOON OF
KGmolo M kdmola apvoééa. v mepint@on avtr, EEpovpe €K TV TPOTEP®V OTL T0. opvoléa g piog
TPOTEIVNG £XOVLV avTIoTOl IoN UE TO. apvoEéa Tng devtepng (to 1° pe to 1°, 10 2° ue 1o 2° K.0.K.), KOt 0LTO TV
€yovpe vo kavovpe givar po amdn vépbeon doudv (structural superposition). Av Toxdv ot dapopég gival
AMyo mep1ocoTEPES, OAAL GE KADE TEPITTOOT YVOGOTEG EK TOV TTPOTEP®V, HLall pe Tig 600 dopEG TPOUNOEVOVLLE
Kol po otoiyton aAlnAovyov 1 onoio Bo kabodnyel To TPOYpap OGOV 0pOopa To Told (eVYdplo. apvoEEmy
0o ovykpivel. H dodikosio avt) ovopdletal vaépbeon Sopdv Kot gival 1 0TAOVCTEPN TEPITTMOT SOUIKNG
otoiylong (€xel OLMG APKETES SLOPOPES ad TN YevikoTepT pebodoroyia mov Ba Sovpe TOPaKAT®).

H vrépbeon tov dvo dopwv (Ewdva 9.6), mepthapPdverl o dadikocio oyeTIKNG PETAKIVIONG TNG
piog og oyéon pe v 4AAN (yopic opwmc 1 B€om ka1 didtaln Tov atdpov g 100G Tpwteivig vo aAralel) pe
oKOTO 01 dVO doUES va EpyovTol 660 To Kovtd yivetat. H dradikacio avtr, av Kol aivetal amin cov 10éa,
EXEL OPKETEG TPOKTIKEG SvoKOAiec. To HETPO TOV AmOSISEL LTI TNV «OHOLOTNTOY, ONAAST TO TOGO KOVTA givar
M [ Sopn e v GAAN, eivor to RMSD (Root Mean Square Deviation):

N
RMSD =

omov N egivar 0 apBpog tov Levyapidv aTtdUOY TOL GLYKPIVOLLE KOl J; 1] OTOGTAGT GTO YMPO TOV i
Cevyoug.
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Aopn A
YmeépBeon

Z1oiXion

Aopn B

Ewova 9.6: Xynuotiky avomapaotaony e vaépleons doudmv.

2TIC TEPIOGOTEPEG TOV TEPMTMOCENDV, UOVO TO ATOMHO NG Kvplog avOpoakikng oivoidag (Co)
YPTCULOTOLOVVTOL Yl TIG CLYKPIGELS aLTEG KOOMG avTd eivol mov Ba kabopicovv 10 YevikOTEPO GYNUG KOL TN
dopn G TPOTEIVIG Kot Ol vIoAoylopol givar gukoAdtepol. EmmAéov de, 1 oOYKPION TOV OTOU®V TOV
TAELPIK®DY  0ALGIO®V  glvar TPoPANUATIK] OTAV €YOVUE VO KAVOLUE WHE GUYKPIGN UN-TOLTOCT|UOV
aAAnrovyidv. I'evikd, T0 KpLTplo oV Td YPNOILOTOLEITAL EVPEMS, TOGO GTNV VIEPHEST KoL TN dOpIKT GTOlYIoN,
oAAG OTG Bo dovE Kot TOPOKAT® Kol 68 TEPMTMOGELS a&loldynong Bewpntikov poviédwv. H pébodoc tov
ehayiotov tetpaydveov (least squares method) ypnoylomoieital Tapadoolokd amd TOvS GAYOPLOHOVGS
vrépbeong dopmv, oAAd Exovv ovamtuybel kot pebodoroyieg mov Pacilovior 6e avaAboelg UEYIOTNG
mBavopdavewng (maximum likelihood) (Theobald & Wuttke, 2006a, 2006b) oAAd kou ctabepmdv (robust)
pebodoroyinv, 6tmg n least median squares regression (LMS) (Liu, Fang, & Ramani, 2009). Ot pebodoloyieg
™mg TPAOTNG Katnyopiog €xouv viomom el 010 TPOYPOLLLOL LSQMAN
(http://xray.bmc.uu.se/usf/lsgman_man.html), g devtepng oto THESEUS (http://www.theseus3d.org) evd
™mg Tpitng 10 LMSfit (https://engineering.purdue.edu/PRECISE/LMSH{it). To Profit
(http://www.bioinf.org.uk/software/profit/) eivar po GAAN YyVv®OOT S0SIKTLOKY EPAPUOYT Yo VEEPOEOT
SOUMV YPNCOTOIDVTOG TN YPYoPN HEB0dO ehayioTmv teTpaymvmv Tov McLachlan (McLachlan, 1982), evo
to 3dSS (http://cluster.physics.iisc.ernet.in/3dss/) givar pia o cOyypovn EQUPLOYN 1 OTOl0 dUCLVOEETAL LUE
to RasMol evd kdvel ka1 ecotepikd ypnon tov Profit, kot emrpémel petald aAA®v moliamin vrEpbeon
dopdv, vépHeoT) VITOUOVAS®Y ALY Kot GALEG VKOALES Yo TOV TeMKkO ypnotn (Sumathi, Ananthalakshmi,
Roshan, & Sekar, 2006).

Onwg eimape mopamdvo, yio v VTEPHECT] SOUMOV EKTOG Amd TNV TETPLEVT TEPITTMOGCN KOTH TNV OTOoiN
&yovpe 600 dopéc ™G dog axpPdg TPOTEIVNG, €ivol amapaitntn o, oToiyilon TOV oAANAOLYIOV. X
TEPUTTMOGELG TTPOTEIVOV PE PEPIKEG PLOVO PIKPES S1opopEg otV apvo&ikn aAAniovyia, avtd givat KOTL EOKOAO
kot katavonto. Ti yivetor Op®g 060 ot S1apopég HETOED TV TPOTEIVOV OV EMBVUOVUE VA GLYKPIVOLLE
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peyardvouv; Koboc eivar yvootd 61t m dopn ouvvimpeiton mepiocdtepo amd v oAiniovyia, etvor
aVOHEVOUEVO OTL BaL VITAPYOVV TEPMMTAOCELS TPWTEIVAOV UE TAPOUOLN SOUN OAAL Hikpn LOVO Kot TOavAOG pn
aviyveuolun opoldta o€ enimedo aliniovyioc. o tnv akpifeto, ovtodg akpPdg givar Kot 0 AOYOg Yo, TOV
omoio emBvpODE VO KAVOLHE GUYKPIOT SOUMV, Yo VO LTOPEGOVHE dNAOST Vo KATOAREOVE TEMKA o8 o
oToly1oT OAANAOLYIOV KOl VoL LEAETOOVUE TNV atoKANoT dopnc/oAiniovyiog (Ewdva 9.7).

Aopn A . ,
Aopikn oToiyion

Aopn B +

|

ZroiXion aAAnAouxiwv

Ewova 9.7: Zynuotikn avoropioraon e OOpKNS GTOiIoNG.

"Evag amhog TpOTog, Y10 VoL TPOLYLOTOTOGOVLE T GTOiyIo™, OTavV dev VILAPYEL LEYAAT OHO1OTNTA, O
071010¢ YpMoYomTolEital 0md dpopa TPoypAppLaTa, gival va otnptybolue ot devtepotayn doun. H 10€a givar
amAn kot otnpiletol oto yeyovog Ot 1 devtepoTayng doun pmopel va katevbovel ) otoiyion. ‘Evag amidg
TPOTOG VL TO EMITOYOVUE 0VTO, Bo NTAV VO, KAVOVUE GTOIYION T®V 0KOAOLOIDV TV JEVTEPOTAYDY SOUDY
(dNAadn dvo axorovBimv Tov amotehovvral ard tpio copPora: H, E, ko C), evd évag Aiyo mo cvuvletog Oa
NTOV LE KATOLOV TPOTOTOUNEVO 0AYOPIOHO OTOIYIONG, GTOV OTTOI0 1 GUVEIGPOPA GTO GKOP Yol VO OpVOEIKE
katdAoumto Oo avédvetar av  to, dVo katdAoua £xovv TV ida devtepotayn dopun. [Mapodpoteg teyvikég Oa
dolpe ka1 oty TEepinTwon ¢ veovong (threading) mapaxdte. MOMG 1 otoiyion KoTookevaotel, TOTE gival
€0KOAO TTAEOV VO TpaypaTomon0el  VEPHeoT SoUDY OTMG TEPTYPAPETOL TUPATAV® YPTCUYLOTOIOVTOS TN
otoiyton avt) ocav o0dnyd. To SuperPose (http://wishart.biology.ualberta.ca/SuperPose/) givar pion ToA
g0YpPNOoTN S10dIKTLOKY EPOPLOYT Yoo VTEEPBEST dopdv M omoio amartel eAdyiotn mapéupaocn and To Ypnon
(Maiti, Van Domselaar, Zhang, & Wishart, 2004). To mpdypoppo Aetrtovpyei avtopoto. Etol, otav ot
oAANAOVYiES SLAPEPOVY OAAG LITOPOVV VO, 6TOYNOOVV pE KATO0V KAUGIKO 0AyOplOo OpotoTnTOC, AETOVpYEl
LE ToV KAAGIKO TpOTO TTov meptypdyape mopamdve. Otav Opmg ot aAANAOLYIES TOV TPOTEIVAOV SULPEPOVV
wépav TV opiov aviyvevong tov oiyopibuwv otoiyiong, to SuperPose ypnowyomoiel v avoaeepbeion
TeYVIKN pE T Ponbeia g 6ELTEPOTOYOVG SOUNG Y10 VO LTOPEGEL VoL KAVEL TV LIEPBEST TV SOUDV Kot Vo
dmoel KTl Tov potdlet pe dopukn otoiyion. [pémetl va toviotel BERora, 6TL TapdAo oL avTd HolAlel apKETA
pe SOk 6TolyloT, Kol 08 TOALEC TEPIMTAOGELG AEITOVPYEL KOl TOPAYEL TUPOUOLO. OTOTEAECUATA, IE Pdon Tov
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opwlopd M pébodog avtn dev Bempetton Tumiky mepintoorn Sopkng otoiyong, ywti mn otoiyom dev
TPOYLOTOTOLEITAL [UE XPNON TNG SOMKNG TANPOPOpilog GALA LE ¥pNon TS oAAnAovyiag, EV®d T OO0 KEVE
gloayovtol povo pe t Pondeia tng oToiyiong aAANAOLYIOV Kol TOPAUEVOVY GTAOEPH KOTA TNV TPOGUPLOYN
TV SOUDOV.

B Seq A

| ] SeqB

[ ] Seq A
—) M) H—>T—>  ssa
SSB

| ] SeqB

| — — —— SeqA

— | | | SeqB

Ewova 9.8: Xroiyion alinlovyiwv ue t Ponbeio e devtepotayods douns (mapatnpnbeioos n mpoPfrepbeioog). H
uébodog umopei vo. ypnoiporoinlei téco otny vrépBean Joumv 600 KoL aThy DEOVO.

[poympdviog otig mo KAaowég HeBddoVE SOLIKNG OTOiYIoNG, GE OVTEG ONAAdT oL gpapHOlovTaL
KAvovTOog ¥pNoN TG OOUNG TV TPOTEIVOV Kol €ival 1O0VIKEC Y10 TEPUTTOOEL] OTIG OTOIEG OEV VIAPYEL
aviyvevolun opoldTNTo. TV oAAniovyi®v, Bo mpémel va kdvovpe kdmoleg emonudvoels. Katapyniv, 1o
TpOPANpa ™G BEATIOTG VEAVONGS, SNAAST TNG GTOLYIONG oG aAAnAovyiog pe (o doun, Exel amodetytel NP-
complete (Lathrop, 1994), ahAd T0 TPOPANUa TG PEATIOTNG OTOiYIoNG dVO dOUMDV, dNAAOT TG PEATIOTNG
TPOGOPHOYNG e PelTioTonoinon kdmolov mpokabopicuévou kprtnpiov, dev givar NP (Poleksic, 2009). 'Etot,
Bédtiomn Avon pmopel vo Bpebel (ue v mpobmdbeon mhvto OTL WAGUE Y10, KATOO OEOOUEVO KPITHPLO
opoOTNTOG), OAAG T TOALTAOKOTNTO TOV TpoPAnuatog eivor peydAn kot koabiotd v oaxpiPn Avon
OTTOLYOPEVTIKT Y10 TPOKTIKEG Epappoyéc. Katd cvvérela, ot adydpiOpotl mov ypnoyorolovvial otnv Tpaén,
Booifovtal og eVPIGTIKES TEYVIKES, LEPIKEG 0O TIG 0TOTEG Bal TEPTYPAYOLE TAPAKATO.

Towc n mo yvoot) kot weTvynuévn ovyypovn pébodog, eivar to DALI, (distance alignment matrix
method), to omoio eivor dwbBéoyo otn devbuvvon http://ekhidna.biocenter.helsinki.fi/dali_server/start cav
vaNpeEcia, oAAd Kot cov avtovoun éxdoon (DALIlite). H pébodoc sivar amd tig mo maiég (1993), addd Exet
gumlovTioTel pe véo ototyeio kot TAEoV AEitovpyel Kot pe moAamAég Sopés (moAlamAn dopikn otoiyion). H
Pactkn Wéa ¢ pnebddov givar 10 «oTAGYo» NG doUNG o€ O10d0YIKA EEAMENTIOW KOl O VTOAOYIOUOG EVOG
TVOKO OTOCTACE®MY OO TO TPOTLTOL EVOOUOPLOKOV OAANAETIOpAcewY (contacts) mov eueoavilovv ta
Swdoywucd e€omentidia. Ta otoyeion devTEPOTAYOVC SOUNG OTO OTOIN EUTAEKOVIOL GUVEYOUEVO, KOTAAOUTA
gupaviCovrar oty Kopa dydvio. Otav 6Tovg TvaKeg amootdoemv 000 TPMTEIVOVY gupavifovtal Tapopo
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YopaKINPoTIKE oty 11 B€om, ot Tpwteiveg Ba £xovv to 1d10 dimlmpa. 1o gnduevo Prpa Tpaypotomoteitol
OUYKPION TOV EMKOAVTIOUEVOV TIVAKOV 6X6 Kol TOOTION TOLG HE KAmoov olyopifpo Peitictonoinong
(Holm & Rosenstrom, 2010). To DALI &yetl ypnoponomOei yia tnv katackevn g faong FSSP (Families of
Structurally Similar Proteins) otnv omoia 6Aeg ot yvwotég dopég éxovv otoybel yio vo ddGOLY Mo
KOTNYOPLOTOINGT) TOV TPOTEVIKOV SITAMUATOV.

‘Eva d\Ao Wwitepa metvoynuévo mpdypoppa givar to CE (Combinatorial extension), 1o omoio givat
dwbéoo ot SevBuvon http://source.rcsb.org/jfatcatserver/ceHome.jsp kot ypnoipomoteitor amd v PDB.
Eivar ko ovtd o oyetikd modd pébodoc n omoia egglicoetal, v €yl avamtuybel kol epapuoyn yuo
moAlomAég aainiovyieg (CE-MC). To CE poidlel oto DALI ot0 yeyovoc 6TL omdel T doun o€ Pikpotepa
KOUUATIO, KOl UETO EMYEIPEL VO TO. GUVOPUOAOYNOEL Y10 VO KOTOAGKELAGEL TN GTOLYION. XVLYKPICELS TV
Opovopdtov avtdv (aligned fragment pairs —AFPs) ypnoylomolovvtol yuo TV KOTOOKELY TOL TIVOKO
OUO1OTNTOG GTOV OTTOI0 YIVETOL TEMKA 1) €0PECT] TOL KAADTEPOL LOVOTTATION UE SUVOUIKO TPOYPUUUOTIGHO TOV
KoAgital va evaoet e BEATIoTo Tpodmo ta. dradoyikd AFP. To pétpo opoidtntog nrav apykd facicpévo udvo
OTNV 0OOCTACY], GAAQ OTIC UETEMEITO €KOOCEIS TPOTOTOMONKE Yoo Vo TEPIAOUPAVEL TANPOPOPiR Yio TN
devTEPOTAYN SO, TOVG SEGHOVG VIPOYOVOV, TIG biedpeg Ywvieg k.0.K. (Shindyalov & Bourne, 1998).

To SSAP (Sequential Structure Alignment Program) eivai icog n mo mwoAd pébodog, 1 omoia
YPTCLLOTOEL duho duvapko TPOYPOUUATIONO Yo va ototyiosl TG dopég
(http://www.biochem.ucl.ac.uk/~orengo/ssap.html). Ze avtibeon pe tig GAleg pebBddovg, ypnoyomonosi Tov
CP 1o Tovg VTOAOYIGLOVG, £TGL DOTE Vo APl vITOYT Oyt LOvo T BEom oAAG Kat T dEVTEPOTOY SOUN T®V
apvo&ikdv Katoloimwv. Zmv apyn 1 néBodoc katackevalel pa oelpd SlovOHCUATH OTOCTACEMY PETAED TMV
KATOAOIT®V Kol TOV YEITOVOV TOLG Tov Ogv gival cuveyopeva. ‘Enetta, katackevalel pio 6elpd amd mivakeg
OV  WEPLEYOVV T  OWVOOUOTO T®V dPopdV TOV onctdoewv pHeTald yewovov. O duvopkdg
TPOYPOUUATIOUOG OTN GUVEXEWD EQapUOleTal og KAOe mivako Yo Vo SMGEL TIG TOTIKEG GTOLYIGELS, Ol OTOlEG
afpoilovian Eava og €va GUVOAKO Tivaka OToL Kot papproletal Euvd SLVOLKOG TPOYPAUUATIGHOS Yio. Vo
dmoet v tehikn] otoiyon (W. R. Taylor & Orengo, 1989). Opow pe t1g dAAeg pebddovg, £xet tpomomoin el
Yo vo. ivel Kol TOAATAEG GTOLXIOELG EVA ypNoIoToleiTan Yoo TV Ta&vouncTn ToV TPOTEVOV ot Baon
CATH.

To SSM (http://www.ebi.ac.uk/msd-srv/ssm/), givar évag adydpiBpog mov avartdydnke oto EBI yo
va KoAoyet Tig avdaykeg tng PDB. 'Eyel v bioutepotta 01t Baciletar o pia evielmg dapopetikn péBodo,
QLT NG TAOTIONG TOV GTOLEIDV dEVTEPOTAYOVS dOUNG Kol Ol TOV atopuk®v cuvtetaypévov (Krissinel &
Henrick, 2004). H pébodog avt, Swuctntikd Ovpilel avtd mov mepryplyope mopomaved, oAAE TO
HOONUOTIKOTOEL TEPIGGOTEPO KOl TPOYUOTOMOLIEL TN LOVIEAOTOINGT o€ €mimedo OopuNc. XInv apyn To
TPOYPOU EVTOTLEL TO. GTOLYEID SEVTEPOTAYOVS BOUNG, KOl ONUIOVPYEL oL YpapoBempnTiKy ovomapdceToo
g doung pe Paomn awtd. Katdm, kavel xpnon evog ypiyopov olyopiipov yio 0PEGT 1IGOUOPPIGHOD YPaOmV
Y10L VO GUYKPIVEL TIG SVO OVOTOPAGTAGELS TMV SOUMV Ko ETIOTPEPEL TEAK( OTIC ATOUIKEG GUVTETAYUEVES Y10L
va dMGEL TNV TEAKN oTOol)IoN.

To MASS (http://bioinfo3d.cs.tau.ac.il/MASS/), eivor emiong o péB0d0G TOAAOTANG SOMIKNG
otoiylong mov Pacileron otn oToiyon TV ctolyeiwv dgvtepotayovg dopng (Dror, Benyamini, Nussinov, &
Wolfson, 2003). Avo onpavtikd yapaktnpiotikd tov MASS, givat 0Tt TeDTOV EYEL TNV ETAOYN VO OYVOEL TN
oelpd (gite TOV GTOLYEIV dELTEPOTAYOVG OOUNG GTO TPMTO GTASLO, EITE TOV KUTUAOIT®V GTI GULVEXELX), UE
OGUVETELD. VO UTTOPEL VO aviyveDoEL KOO OOMIKG OTOlKElo. OV £XOVV EUQOVIOTEL GE TPOTEIVEG AOY®
ovyKAivovoag eEEMENG OAAG dev £xoUV OUOLOTNTA OTO SITAMUO, Kol OEVTEPOV, OTL £XEL TN OLVATOTNTA VO
aviyvenoetl SopKa pHotifa Tov eppaviovrat HovVo G€ £V VTTOGUVOAO TV SOUMV.

To MAMMOTH eivor poe dAAn metoynpévn pébodog, n omoio €xel emiong emektabel Kor yio
nolhamAég ototyioelg (http://ub.cbm.uam.es/software/online/mamothmult.php). To MAMMOTH ondet ™
doun o€ entomenTiown, Kot EQapUolel kel £va S1OPOPETIKO HETPO aTOGTACNG, TO Unit-vector root mean square
(URMS), 10 omoio éxel apketég emBounté 1010TNTEG, TO UETATPENEL GE GKOP KOl LETA YPTOULOTOIEL Evay
OAYOPIOLO SVVOLIKOD TPOYPALUATIOHOD Y10 Vo PpeL T BEATIOTN oTOoiyIo TOV TUNUATOV Kot HeTd Bpioket T
GUVOAIKY] dopn 7OV KOvoTolEl Kamoleg mpobmobéaelg andotacns. Mia diantepotnta ¢ pebddov givar 6tL
vroloyilel kot 6ToTIoTIKN onpovtikdot e, (Ortiz, Strauss, & Olmea, 2002).

To MUSTANG (multiple structural alignment algorithm) eivor pio gpoappoyn mov oyeddotke
e€opyng ywo moAlamAn dopkn otoiyon (Konagurthu, Whisstock, Stuckey, & Lesk, 2006). Bacileton oe
1EPUPYIKT TOAAATAN GTOlYIoN, Ke TOAAATAG Pripata mov exavorodoyifovtal Yo felticTomoinom. Xtnv apyn
VOAOYILEL TIC TEPLOYEG OLOLOTNTAG KOL TIC GKOPAPEL YPTCULOTOLDOVTOS L0 KTTPOYELPT GTOLYLIOT GAANAOLYIDV,
v omoia PertioTomotel otn cvvéxen. Katom, mpaypotomotel Tig Kotd (g0yn SopIKEG GTOXIoElG pe ypron
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t0v RMSD twv Ca, kot pe Bdorn avtéc S1opfdvel To 6Kop amd TIg GUYKPIGELS OAANAAOLYIDV KOl GTN CUVEXELL
TPOY®PE o€ 1EpapyIKn oToiyion TV dopudv (http://www.csse.monash.edu.au/~karun/Site/mustang.html).

Téhog, Ba mpémer va avapépovpe ko o TM-align (http://zhanglab.ccmb.med.umich.edu/TM-align/)
70 0o7oi0 €ival Lol OO TIG OYETIKA TPOSPOTES HEDOSOVE Kal Exel kepdioel peyddn dnpoeiio To TeElgLTAiL
ypovia (Zhang & Skolnick, 2005). Zto apyikd tov PApo xpnoyomolel SuVOIIKO TPOYPAUHUATIONS Y10, Vo
otoyicet Tig akolovbieg TG devTEPOTAYODS dOUNG, EVD KATOTIV 6TOLYILEL TOVG AVOpOKES TNG KOPLOG 0ALGIdOG
(Ca) ypMoYLOTOIDOVTOG VOV ETOVOANTTIKO EVPLOTIKO 0AyOplOpo. To 1dwitepo YapaKTnPIoTIKO TOL, Eivatl OTL
glvar e€aupetikd ypnyopo (4 popég mo ypryopo amd to CE xot 20 gopég mo ypryopo amd to DALI), ympic
OUMG Vo VOTEPEL G€ TO1OTN T KO a&l0TIoTia.

Onwg avaeEpae TUPOUTAV®, T TPOYPAUIOTO OVTH Elval HOVO £VO LKPO LEPOC TOV TPOYPOUUATOV
mov  eivor  dwbéoya OV EMOGTNUOVIKY  KOwoTnTe. XNV ovtiotoyn oeiida ¢ Wikipedia
(https://en.wikipedia.org/wiki/Structural alignment_software), avoa@épovior Oexddeg ovtioTora epyoAeia,
map' OAoL AVTA, €d® £YVE AvOPOPE GE aVTH oL BePovVTAL MO AEOTIGTO KOl YPTCILOTO0VVTIOL OO TOVG
TEPLOCOTEPOVG £pELVNTEG. L PiPAoypapia Exovv avoeepOel pepkég HOVO GUYKPITIKEG UEAETEC, Ol OTOlEG
OUmG €yovv TO pelovEKTNUO OTL KABe @opd cuvykpivouv Aiya poévo omd ta Swbéoyla epyoreio evad
YPTCULOTOIOVV KO SOUPOPETIKA GUVOAL TPOTEIVOV Kot dtapopetikd kprmpila agloldoynong (Kolodny, Koehl,
& Levitt, 2005; Mayr, Domingues, & Lackner, 2007; Singh & Brutlag, 2000). X& 0vt6 Tov GLUE®VOHY OAOL,
givor 0Tl Ta TEPIGGOTEPO. OO TO. EPYOAEID TOL OVOQEPUUE TAPOTAV®, OT0dIO0VV OPKETE KOAL OTIG
TMEPLOGOTEPES GLUVONKEG, EVAD OTOV Ol TPWOTEIVEG £XOVV L0 GTOLYELDON OHOLOTNTA, Ol GTOLYIGEIS TOVG &ival
napoépotes. I'evikd, to DALI, to CE kot to TM-align ¢aivetot va givat 1o KOADTEPA Kot T TO EVYPTOTA, EVD
To Tehevtaio etvar kot wWiaitepa ypnyopo. Tap' dha avTd, VITAPYOVV EOIKEG TEPUTTOGCELS GTIG OTMOIEG KATOL0
Ao epyodeio pmopei va gvdeikvotal kaAvTePQ, YU AVTO KOl 0 ¥pNotg B Tpémel va. £l KA YvdOoN TOL
Blodoyucol wpoPAUaTOg Kot Vo gival EVAREPOC £TCL MGTE VO UTOPEL VO, YPNOUYLOTOGEL Kol EVOAAUKTIKEG
Hebosovg.

9.4. IIpoyvoon TproddeTaTNS OOUNS TPOTEIVOV

O 1EMKOG GKOTOG TNG VTOAOYIGTIKNG HEAETNG KOl TNG LOVIEAOTOINGONG TOV TPOTEIVAOV, €IVl 1] TPOYVMGT TNG
TPLEOLAOTOTNG OOUNG HOG TPMTEIVIG amd TNV oAAnlovyio TG X& TPOMYoLUEVE KEQAA, &idape Ttnv
TPOYVOOT TNG OELTEPOTAYOVG OOUNG, T Omoio €ivol €va GYETIKG E€UKOAO VTOKOTAGTOTO YO, TNV TEAIKN
TPOYVOOoT TG TpLodidotatng doung. Mia tétola Tpofieyn Oa empéyet Tn SlevEPYEID TOAADV TEPAUATOV in
silico (oYEOGHOG PUPUAK®V, LEAETT TG AEITOVPYIOG TNG TPMOTEIVNG, LEAETN AAANAETIOPACE®Y K.0.K.), VIOl TO
omoia, onpepa ivar amapaitnm N SeEoywyn TOV ETMOVOV Kol KOGTOPOP®V TEPAUATMV TPOCGOIOPIGHOV TNG
dopnc. EmmAéov de, vdpyovv Kot TEPMTOCEIS TPOTEIVMOV TOV OTOSEIKVIOVTOL GVGKOAES OTIG HEAETEG QVTEG
(dvoKoAieg oTNV KPLOTAAAMON K.0.K.) KOl Y10 TETOLEG TEPIMTAOCEIS, Ol VIOAOYIOTIKEG HEAETEC €ivar 1 povn
Swbéoiun evorraktikn. Ot Bacikég apyég Tiom amd Tig HEAETEG povTeEAOomOinoNG ivatl dV0, Kot Eivol YVOGTESG
amd ypovio: o) 1 oAAniovyio puog TpoTeivg Kobopilel povoouavta T SoUn oG TP®TEIVIG, Katl B) ot
TPOTEIVIKEG OOUES GUVTNPOLVTAL TEPICCOTEPO OO TIS OAANAOLYiEG. Mio GUEST) CUVETEN TOV TOPATAVO,
givon 611 SO TPAOTEIVEG L PEYOAT OUOOTITO GE EMimESO aAANAOLYIAG ExovV KaTd Pdon mapopola doun, OAAG
glvar duvatd, mopOUol SOUN VO EYOVV KOl TPMTEIVEG UE W1 aviyvedoIun opototnto (610 teAevTaio,
ONUOVTIKO pOAO TaileL Kot 1) VIapEn TEPLOPICUEVOL OPLOHOD TPOTEWVIKMOV SITAOUATOV).

Me 6lo T0. TOPOTAV®, UTOPOVLE VO, POVIOLCTOVUE EVO GEVOPIO GTO OO0 EYOVUE [ TPMOTEIVN e
ayvoot doun, v omoia. BEAoVUE Vo TPOPAEYOLLLE, Kol EYOVUE EVIOTIGEL piot OpOAoYN TG (Lo TPOTEIvN
OMAadn pe peydAn opoldtnTo o€ eninedo oAiniovyiag) 1 omoia S10bétel Yvmarr TpodidoTatn dour. e pio
avTioTpoPn TopEin Ao QLTV OV giyape 0KOAOLONGEL 6TN SOUIKT GTOlYIoN Kot TV VIEPOEDT), LITOPOVUE Va
(POVTOCTOVUE L0 GEIPA TEPITTMOEMV, GTIC OTMOIEG M TPWTEIVI UE TNV dyvmotn doun (target) povielomoleital
KavovTtog ypnon g SOUNG TS OpOAOYNS TG ooV KaAoVTL 1| TpoTumo (template). Tty mo anAn wepintwon,
av L.y. dopopomoteitar Evo apvo&ikd katdAowmo, eivol Aoyikd vo vrobécovpe 6Tt 1 vdoutn dopn Ba givon
ol kL M povn dtapopd B VEIGTATOL GTO GVYKEKPIUEVO KATAAOWTO Kot 6 0G0, fplokovtal o GpeEST ETOEN
HEe oo (TETOLEG TEPIMTOGELG OV KOl TETPUYLLEVES, LITOPOVV VoL £XOVV CNUAGI0 OTAV Y10 TAPAOELY O LEAETALLE
L0 GUYKEKPIUEVT OAAAYT] GTO eVEPYO KEVTPO €vOG evEDUOV). OG0 TEQPTEL TO EMIMESO OUOIOTNTOG, AVAUEVOVULE
Vo VTAPYOVV TEPLEGOTEPES OAAAYEG OTO TPAOTEIVIKO HOPLO (OL0POPETIKEG TAEVPIKEG OHAOES, SLUPOPETIKES
OAANAETIOPAGELG K.0.K.), OAAG 1 YevikOTEPT doun Ba etvan epimov idwa (Ewdva 9.9). To epdtnua gival dpwmg,
o0 aKpIPmg TiBeTon TOo Op10 KATM® ATO TO OTOI0 deV UIOPOVUE TAEOV VO VTTOBEGOVUE OTL O1 BVO TPMOTEIVEG
&yovv NV ida dopn| pe oryovpid; Ommg £xovpe 6€L 6TO KEPAANLO TNG OTOIYIONG AAANAOVYLDV, 1] ATAVTNGY GTO
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TpoOPAnua awtd (1 omoio 6TV ovcia amavtd 610 TPOPANUA TG CTATIGTIKNG CNUAVTIKOTNTOAS HOG GTOTXIoNG),
e€optdtar amd dHo mapdyoviec: amd TNV OHOOTNTO GE Opvo&én TNG OTOIIoNG, Kol amd TO UAKOG TNG
oTolyloMG, Ta OToio. UTOPOLV VO TOPACTAHOVV YPAPIKA Kol VO GYNUOTIOTEL eKEl pol Ypouun 1 omoio Oa
yopicel 10 eminedo TV MOAVOV OTOYICE®V O OMOJEKTEG KOl M1 omodektéc. o peydio mocootd
opowTog, To omapaitnTo unKog g otoiyong elvor pikpd. o pikpodtepa mOCOGTA OpodtNTag OU®G
amotteiton peyolotepn otoiyton. [evikd, yuo opordtnres kdtw and 1o 30% omoitodvrol HeYAAEG oTOYIoELS,
EVD Y10 OpO1OTNTO KAT® amd 20% dev vapyel amAn uéBodog otoiyiong Yo va dgi&etl Koy auTh TNV opotd T
(n meproyn ovopaletan kot twilight zone).

100 + X = pn emapkric oToixion
| O =kahnf oToixion, mMAavr SoMIKR OPoIGTNTA
80 —
s 60 -
=
o
= .
0
o 40 —
1
] -
=
20 —
0
| I |
0 100 200 300
MnKog¢ TnG oToiXIong

Ewoéva 9.9: H ayéon tne % ouoiotyrag oe pio. otoiyion e 1o puniog e otoiyions kabopilel tyy mo1otnro. t¢ oToiyiong.

MrmnopodLe, OTOG EIMANE TAPATAV®, VO, POVIUOTOVUE £VE OAOKANPO PAGHA TEPITTOCEMY TPOTEIVOV
oV TOHAVOG VO, GUVOVTICOVLE GE U0l TPooTabelo povielomoinong g doung. Kdmoteg Ppiockovion otnv
«KOAN mepLoy, OMAadn &yovv o EexdBopn OUOLOTNTO YO UEYAAO HUNKOC TNG OAANAOLYING TOLG E
TPOTEIVES YVOOTNG dopng (oe dtbpopa erineda, 80%, 50%, 40% k.0.K.), evd Kamoteg eLPavilovy TOAD HKpPEG
opototnteg (<30%) yoo pikpd Tupata Toug N dev Ba eppavilovy kKapio opotdTNTo. AVTEG TIC TEPITTMGELS
£PYOVTOL VO OVTILETOTIGOVY Ol SIUPOPETIKESG TEXVIKES LOVTEAOTOINGNG TNG OOUNG, TIG OTTOIES KOl AVTEG TTPEMEL
VO TIG OVTILETOTICOVUE OE Eva «oLveXEG» edopa. 'ETol, yia T1g TpaTteives Tng TpadTng KT yopiog, LITapyeL M
TEYVIKN 7OV HE oAl AOYI0L TEPIYPAYOUE TOPOTAV®, 1| AEYOUEVN ZpoTLTOTOINoY ue Pdon v ouoioyia
(homology modelling). T'o Tig TepmTOOE TG SHTEPNG KOTNYOPIOG, LIAPYEL 1 TEYVIKN TNG VOAVONG
(threading), oAAG KOl M TEYVIKY NG mpoTvmomOinon ek tov undevog (ab initio modelling), ov omoieg givar
tehelg OlopopeTikég peta&d tovg Ko Bo mapovoiootovv Egywpiotd. [evikd 1 veaven epapuoletor o€
TPOTEIVEG GTOYOVG, TOV APEVOC HeV Oev O100ETovY OpOAOYT TTPWOTEIVI PE YVOOTH doun, apeTépov O gival
dvvatov vo evtomiotel, pe kamown uEBodo avayvwpions NmAMuoTog, 10 TPOTEIVIKO dimA®Ue 6Tt0 0moio
Taptdovv (YU avtd Kot TOAAEG POPEG O OPOL KOVAYVAOPLOT] SITADUOTOS) KOl «DQAVGT)», YPNCLOTO0VVTAL
yopig dtdxpion peta&d tovg). Ot pébodot ab initio TPdHYVOONE, HTOPOHY PVOIKE VO EPAPLOGTOVV GE OAES TIG
MEPIMTAOGCELG, OAAG €mEWdN €ival Kol Ol 7O VTOAOYIGTIKG OMOLTNTIKES, OAAG KOl OUTEG HE TN UEYUADTEPT
EMOGPAAELN, MG TPOG TO AMOTELEGULA, YPNOULOTOLOVVTAL TEPLIGGOTEPO Y10 TIG TPMTEIVES Y10 TIG OTOlEG 0VTE Ko
K010 Thavo SimAmpo dev UTOPEL Vo ovayVOPLOTEL.
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Ewova 9.9: Zynuotikn avoropdoraoy the mpotomonoinens ue faon ty opoloyia.

Ipogpavag, ot 3 pebodoroyieg mapdyovv Kot TPIGIIACTATE LOVTEAD LE J10QOPETIKY 0El0TIoTION Kot
KOTO GUVETEW KOTOAANAO Yo S10QOPETIKEG xpNoels. [ mopddetypa, 1 poviedonoinon pe Pdon v
opoAoyia, €101KA OTOV TO TPOTLTTO £XEL LEYAAT] OLOLOTNTA HE TO 6TOYO (>70%) pmopel vo dMGEL LOVTEA TTOAD
Kovtd oty mpoaypatiky douny (RMSD<1 A), povtéha SnAody mov pmopovv vo ypnoipuomoinfovv yia
AemTopepeig dopkég pehéteg (Yo pehét eviupkav punyavicpuov kAt). Otav n opoioyia givar puikpdtepn, ta
HOVTELD £XOVV PEYOAVTEPT OMOKAIOT OO TNV TPUYUATIKT) OO KOl GTNV TEPITTM®ON TNG VOAVONG MIAGLE
mAéov yio amdkAon g Tééng Tov 2-4 A. Téhoc, otnv mepintwon g ab initio TpdyvmoNG, 6TV KOADTEP
TOV TEPMTOGEDY divovy poviéda pe RMSD tng taéng tov 4-10 A, tyéc mov apkovv yia vo Sdcovy
TANPOPOPIEG LOVO Y10l TO YEVIKOTEPO GYNLLOL TG TPMTEIVIG KOl O)L Y10 AETTOUEPEIS OAANAETIOPAGELS TNG.

9.4.1. Movtehomoinon pe faon Tnv oporoyia

Onwg etnape, n povielomoinon (1 Tpotumonoinon) pe Baon v opoloyia, eivot 1 evogikvoouevn néodog yia
TI§ TEPUITAOOEIS OTIG OTOIEG L0 OHOAOYN TPOTEIVI HE YVOOTH SOUN UTOPEL VO AVOyVOPIOTEL EVKOAO E
puebddovg otoiyiong aAiniovyimv (Ewdva 9.10). Zn pébodo avth, 1 omoio PTOPEL KOl VO YOPOKTNPIOTEL
SN TIKd Kot ¢ To avTiIGTPoPo g VIEPHECNC dopmV, 1 GTOYIoT UAANAOLYIOV Kot HOVO LT vl TOV
katevfover tn dnpovpyio Tov poviéhov. Ta Pacikd Pripata g pLovielomoinong pe faon v oporoyia gival
T €ENgG:
o Eipeon tov TpoTumov Kol TPOYUATOTOINoN THS atolyions. Xovilwc ypnoipuonotovviol pébodot
omwc 10 BLAST kot to FASTA, av kot K4moleg popég 1 OMKY otoiyion ivor mpotiudtepn,
e ov vrapyel Eexdbapn opowdvtra. Emiong, eivor mbavd va avayvopiotodv ToAAG
TPOTLTIOL OTTOTE UTOPOVV VO KATUOKELOGTOVY TOALA EVOALOKTIKA povtéda. TToAAES popég pia
dopbwon givor amopaitnn, €01KG o€ TEPLOYES e pikp opotdotnta. H dtopbmwon pmopel va
yivel gite pe ypnon mpdtepng yvowong €ite pe ) ypnorn oiyopibumv moliaming otoiyiong
(xpnoyonoidvrog dSNAad TV TANPoPopic Kol 0md GAAES OLOAOYES).
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o Katookevy 100 okeAeTod THS KOpLog ovOpoxiknig alvaidag. Xt @don avth «xtiletoam 1 véa
dopn akoAovBdVTOG TO TPOTLTTO KO TN GTOIYION. L€ TEPLOYEG OV Ta. KOTOAOUTA ivat {010, M
katdotoon eivar anin. Exel mov vradpyovv dopopetikd KatdAoua TotofeTodviol Hovo ta
dtopa tov okeretov (C, Ca, N, ko O). 'Eva npofAinua pmopei va vrapéel oe meployég g
doung Tov TPOTOHMOV 7OV OgV E€YOLV TPOGOIOPICTEL KOAG, Kol TOAAG TPOYPAUUATO TO
S10pOHDdVOLV YPNGYLOTOIDVTOG TOALUTAG TPOTVTA.

o Movrtelomoinan twv Ppoywv kol TV TASOPIKOV 0AVGIOmY. LTI TEPIGCOTEPES MEPUTTMCELG
o115 otoyioelg Oo vdpyovv kevd. Otav ta Kevd Ppiokovtol otnv aAiniovyio Tov 6TdYO0V, Ot
TPEMEL TOL KATAAOUTO, TPV KO PETG TO KEVO Vo peTakvnBovv otnv tehkn dopn. Otav Opmg to
kevo PpiokeTal 6NV aAAniovyic TOL TPOTHTOL, dSNANDT EYEL YIVEL EIGAY®YN GTNV dAANAOvYio
010%0, TOTE T0 EMMAEOV KaTdAouwma Bo Tpénet va oynuaticovv Eva Bpoyo (loop), T dopun Tov
omoiov Ba wpémel vo vmohoyicovpe. Emmhéov dg, o1 Bpdyor ovtwe 1| dAA®G givon gvkiviteg
TEPLOYEG Ol OToieg eival TOAD TOAVO Vo S0PEPOVV OPKETE, OKOUO KOl GE TOAD OHOLEG
oAAnAovyiec. o va povielomombel cwotd Evag Ppoyog, vdpyovy dVo PACIKEC GTPUTNYIKES,
N TPOTN 7OV HOWGLEL TEPIGGOTEPO HE VOOVOT KOl TN YPTOCLOTOOVV T, TEPIGCOTEPT,
TPOYPAUUATO, OTNV omoia To TPOYypappe yayvel oty PDB vy meployéc pe mapodpole
Katdlowro, Eved 6Tn 6EVTEPT OV €ival TNV ovoia ab initio péBodog, yivetar elayiotonoinon
EVEPYELOG Y10, TOV VTOAOYIOHO TNG PEATIOTNG SOUNG. TNV TEPIMTOOT TOV TAELPIKOV OPAS®V,
10 {qmmuo. agopd v ekevbepn meplotpopny YOpw amd To deopd Coa-CP. Kdmoieg
npoceyyicelg ompilovior oty aml] HETAPOPE GVTNG TNG OOUIKNG TANPOQOPiag amd TO
TPOTLTO, OAAG OVTO &ival emTLYNUEVO UOVO Yo PEYAAN oupowdtnto (>35%) oe eminedo
aAnrovyioc. TTapdAinia vdpyovv kol dAleg mpoceyyicelg mov Pacilovial o€ aviyvevon
opolwv eploydv otnv PDB aALd Kot o€ evepyEIOKOVG VITOAOYIGLOVG,.

e Beluoromoinon tov poviélov. Xto Prpa avtd yivetar PelticTomoinorm OANG TG SOUNG
TOVTOYPOVA, ETGL MGTE VO ANQOOLY VITOYT TAPAAANAL KOl O TPOGAUVATOAMOHOG TV Co aAAG
Kol Tov Bpdy@v Kol TV TAELPIK®Y aALGId®V (Yati To éva pmopel va emnpedlel To GAAO).
Zuvnbog 10 Puo owtd YivETOl ETOVOANTTIKG KOL OTOLTEL O TPOGEKTIKG CGYEOINGUEVT|
oLVAPTNOT| EVEPYELG (GE GYEOT LLE TO TPOTYOVUEVO PUA), EVO 1 TTLO OTAN TEPITTOOT Eivarn
va ypnoponondei tposopoinon popraxkng dvvapkng (molecular dynamics). AvéAoya pe
GLVAPTNOT] EVEPYEWNG TOV WUmopel va ypnoiwomowmbei, to Pruo avtd pmopei vo givor
VTOALOYIOTIKA OTOLTITIKO.

o Eleyyog morotnrog tov poviélov. Aeod 10 HOVTELO £XEL KATAOKELOOTEL, Eivan amapaitnTog o
éleyyog yio Vv emPePainon Tov. Avtog pmopel va yivel Pacikd pe dvo Tpdmovs, gite pe
YPNON HOPOKNAG SUVOLIKAG HE VTOAOYIGHO TNG GUVOMKNG EVEPYEWS TO Lopiov €ite e
EUTEPIKEG LEBOOOVG TTOL UETPAVE TNV KOVOVIKOTNTO SPOPOV YOPOKTNPIOTIK®OV (UK
dECUMV, OmOOTAGELS, YOVvies K.0.K.). H devtepn pébodog givar mo evypnot kabhg emitpénet
TOV EVTOTMIoUO TOV AABDV 08 GLYKEKPILEVE G UEIR KOTA KOG TG oAAnAovyiag.

To Mo yvootd aAld Kot TO 7O TOAO AOYICUIKO Y10, LovVIELOTTOINGT He fdon tnv opoioyia, sivol to
WHAT IF (http:/swift.cmbi.ru.nl/whatif/), to onoio mopovcidcTnke mpdT™ Qopd T0 1987 amd tov Gert
Vriend (Vriend, 1990). Amd 10te, cuvveyiler va efedicoetal kol amotedel mALOV €vo OAOKANPOUEVO
TEPIPAALOV Y10 TN LEAETN TV TPOTEIVIKAOV dOUDY EVOMLOTOVOVTOG GUVEXMG VEEG AEITOVPYiES (OTTIKOTOINGT,
vépbeon, 3D ypapikd, Eleyyo €ykvupdTNTOC SOUMV, LOPLOKT SUVOLILKT], VTOAOYIGUOVG QOPTIOV K.0.K.), EVA
glvar dtabéoipo ehevbepa 6TV EMGTNUOVIKT KOWVOTNTO Y10 SIAPOPEG TAATPOPUES, OAAG KOl G SLOTKTVLOKY|
epapuoyr. To MODELLER (https:/salilab.org/modeller/) gtvon eniong éva kKAoowd TOKETO AOYIGHIKOV Y10
povtehonoinon pe Baorn v oporoyia (Eswar et al., 2006). To MODELLER eivan aitepa 0ypnoto Kabmg
oTNV Mo amAf €kdoYN 0 ¥pNoTng mpoundevel o id10g o GTolyIoN TOL GTOXOV UE TO TPOTLTO (AVTO givan
waitepa oNUAVTIKG, OTWS Bo SOVUE TUPOKAT®, KOOMG UTOPEL VO KAVEL XP1OT KOl TEYVIKAOV VQAVCTG) KOl TO
AOYIGHIKO VIOAOYILEL avTopoTo TV Tpiedidotatr dopr.. To MODELLER ypnoyomotei v teyvikn tov Sali
kot Blundell (Sali & Blundell, 1993), oAké evoopotdver moAréc dAkec Asrtovpyie 6mwe de novo
povtehonoinon tov Ppoywv, PeEATIoTOTOINGT TOL HOVTEAOV, TOAAMTAN GTOLYION GAANAOLYLDV Kol SOUMYV,
opadomoinon, avalimon oe Pdaoelg dedopévmv, cvykplon dopudv K.0.K. TTapddinio, sivar kol eAevbepa
dwbéoipo yio TG meprocotepeg maateoppes H/Y (Unix/Linux, Windows, kot Mac) eve €xet avamtuyfel kot
éva mopabupikd mepPariov ya tn Aettovpyia tov, o EasyModeller (http://modellergui.blogspot.gr/). Téhog,
10 SWISS-MODEL (http://swissmodel.expasy.org/) oamoterel i0mG TV 70O €0YPNOTY EVOANOKTIKY Yol
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povtedonoinon pe Pdaon v oporoyio. To epyodelo Aerrovpyel cov piol QLTOUATOTOMUEVT SLOSIKTLOKN
EPAPLOYT, TapEYOVTOS TANB0g Acttovpyidv Omwg avtopotn avalnon otg Pacels dedopévov, Eleyyo
TOWTNTOG YO TNV EMAOYN TOV KAADTEPOL TMPOTLTOVL, HOVIEAOTOINGON UE TOAAATAG TPOTLTA Kol EAEYYO
TOOTNTOG TOV TPOKOTTTOVTOG povtédov (Biasini et al., 2014).

9.4.2. Avayvapion SITAONOTOS KOl VPAVGT)

Onwg simtape MM, n Heaven N dAM®G avayvopilon SIMAMUATOG €IVl U0 TEYVIKN TTOL YPTCLUOTOLEITOL G
TEPMTAOGELG KOTA TIS OTOIEG M TPWTEIV GTOYOG OEV £XEL AVIYVELGIUN OLOIOTNTO GE EMMESO UAANAOLYIOG LE
KGO TPMOTEIVN YvOoTNG dopne, oAld popaleton 1o idto dimlwpa pe ovtéc. Me T dladikacio avth, yivetal
€\eyyoc av 1 aAAniovyio propel va Topla&el pe KOmolo amd To YVmOTa SUTADUOTO Kol LETO KATOoKELALETOL
1 otoiyion pe To dimAmpo avtd (pe Tn doun dnraodn). H Baoikn dapopd amd v povighomoinon pe Paon v
opoloyio, otnv omoic To TPOTLIO TO YEPWLONNCTE MG OAANAOVYia, €ival OTL otV VEOVCT TO TPOTLIO
ypnotponoteiton cav dopn. Ot LEBodOL avayvdPIong SIMAMUOTOG EYOVV OTOKTHGEL PHEYOAN SNUOPAid, AOY®
G YVOOTNG apyng OTL 1 dOUN CLVINPEITAL TEPICCOTEPO AMO TNV OAANAOVYIO KO, KATO GUVETELN, OO TNV
TOPOTPNON OTL AKOLO KOt SLOPOPETIKEG TPOTEIVEG UTOPEL va £xovv mapopoto dopn (idto dimimpa). Emmiéov
dg, moTeVETAL YEVIKA OTL 0 aplfuds TV SImAoUdTeV givol TETEPUoUEVOC Kot BpIioKETOL KATOV OVAIESH GTO
1000-2000 (onpepa motedeTon OTL £Yovv eviomiotel 1300 dropopetikd SIMAGUATE). ZOVETMDC, L0 TPOTEIVY UE
L1 aviVELGIUT OUOOTNTO GE eminedo oaAAnAovyiag, sivor mwap’ G0 ovTd TOAD TOUVO Vo, UTopel Vo, TOVTIoTET
LLE KATTO10 Ao To 10T YVOoTd SimAdpoto. Mio GAAN evola@EPOLGO TAPATHPTON TOL TPENEL V. Yivel, eivar OTL
N avoyvoplon SwAdpatog polalel oe Kamowo Pabpd pe TN SOMKN OTOiyIoTN, Kol TPAYHOTL KOTOLES
OAYOPIOUIKES TEXVIKES EYOLV Ypnoponombel kot otig d00 pebodoroyieg (w.y. eldape Tapamdve T oToiylon Ue
T Pondewa tng devTEPOTAYOVG SOUNG).

MNvwoTda SimAwpaTa

[folds]

MpwTEivn Xwpic ywwom @ |

Soun (target) L = < :
{f“”?iz 3

»f:c ‘@

° g

MovTehoTtToinon

Ewova 9.10: Zynuotikn avaropdoroon tng d@avorg.

Ot peBodoloyieg TOv YPNOILOTOOHVIOL OTNV OVAYVOPLOT SIMADUATOG, eueavifovv TepdoTio
€TEPOYEVELN AALA YopilovTal YeVIKA Ge dVO PEYAAES KOTIYOPIEG. TNV TPMTI KATNYOPiol aviiKovv ot puébodot
OV LETATPETOVV TIG TPIGOIACTATEG SOUEG GE Lo povodidoTotn aAiniovyia (1D), og éva gidog mpoeik, Kot
petd otoryiCouv MV mPOTEIVI] 6TOY0 UE AVTO TO TPOPIA cuvnBmg pe YPNoN KANGIKOD SLVOULKOD
TPOYPOUUATIONOD. Zov TPoeik umopel va ypnoomombei minpopopio amd tn devtepotaynq dSoun, v
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TPooPacdTTa 6TO SAVTH K.0.K., EVA Y10 VO EPUPHOCTEL 1] GTOTYION OTONTEITON KO 1] KOTAOKELT KATOLOU
€160Vg TvaKa Y100 TO GKOP, TOL VO, GUVOEEL TOL YPALLOTO TOV VEOU «OAPAPBTOV» GTO 0010 EXEL LETAPPACTEL 1|
doun, pe TG aAdnAovyieg apvo&éwmv ot omoieg Ba ypnoyomonfovy cav otdyol. XN dgvTEPN KaTNyopia,
ypnotponoteiton katevbeiov 1 Tpiodidotarn dour (3D) xor M opodtnTa afloAoyeiton pe GOYKpPLoN TOV
OTOLIK®V 0TOoTACE®Y. ZVVNOmG 68 0T TNV TEPINTMON, KOTOOoKEVALETAL EVal 100G GKOP OV VoL LETPAEL TIG
mOOVEG OAANAETIOPACELS TOV OTOP®V TNG TPOTEIVIG otnv mbavy doun (Simlopa), evd 0 JSuvopkdg
TPOYPOUUATIOUOG EYEL LeYaADTEPT ToAVTTAOKOTNTA. Onwg eivat pavepd, ot pébodot tng devtepng Katnyopiog
YPTOULOTOLI0VV TTEPIOGOTEPT] TANPOPOPia, AAAA EIVOL Ol TO TOAVTAOKES KOl KOGTOPOPES ammd AmoyT Ypovov.
H pébodoc pe 1o mpoeid mpotddnke mpdn Qopd omd tovg Bowie, Liithy kot Eisenberg to 1991 (Bowie,
Luthy, & Eisenberg, 1991) ev® o id10g 0 6pog vpavon (threading) ypnoiporomnie yio TpmdTn Qopd amd Tovg
Jones, Taylor kot Thornton to 1992 (D. T. Jones, Taylort, & Thornton, 1992) xoi apyiké avoeepodTaV
OTOKAEIGTIKG GTN XPNON TNG TPLGOAGTATNG OOUNG. ZNUEP TTap' OAQ QVTA, Ol OPOL VOAVOT] KOl OVOyVAPIoN
SUTAD LLOTOG PN CHLOTOI0VVTOL GLVIOMS YW Pig SLaKpion.

‘Eva amd ta mpdta dnpocia dwwbécipa epyaleio yio voaven, tav 1o THREADER tov David Jones
(d10éo1po otV 1otocelida http://bioinf.cs.ucl.ac.uk/?1d=747), mov vAOTO10VGE TOV 0AYOPIOUO TOV SUTAOV
dvuvapkoy TpoypappaTiopod tov 1992 kot mhéov Ppicketan petd omd didpopeg Tpochnkeg otnv ékdoon 3.5
(D. T. Jones, 1998). Eva and ta ntpmta epyolreio mov gpdppolav tn HEB0d0 pe TN UETATPOTN TNG OOUNG OE
éva povodudotato mpo@id, Ntav to PHDthreader tov Burkhart Rost (Rost, Schneider, & Sander, 1997), to
omoio omotelel TUAMO TOV  EQPUPUOYOV OV  KOAVTmTOvTor omd Ttov  server Predict Protein
(www.predictprotein.org). To PHDthreader wéver yprion tov PHD ywn v mpdyvoon tng devtepotayoic
doung kon petd otoyilet Tig douég (tnv mapatnpnbeioa yo T0 TPOTLTO, LE TNV TPOPAePBEica Yo TO 6TOYO).
Moapopoia otpatnykn ypnoyonotei kol to genTHREADER (D. T. Jones, 1999), 1o onoio Pacileton otnv
npoyvoon devtepotayovg doung tov PSI-PRED, oAAd kot og éva emmAéov Prpo pe xpnon veupmvikov
SKTHOL Yo vo SOGEL pio GUVOMKN T Yoo TV aélomiotia TG pebddov, evd eivar dabéoipo pall pe tig
VROLOUTES TTPOYVACES TOL cvuykekpyévou server (http://bioinf.cs.ucl.ac.uk/psipred/). To genTHREADER
ovvdvaleton gdkoro pe to MODELLER 7ov €idape mopondvem, Yo vo dMOEL TPIoO1IoTATO LOVTEAD OF
TEPIMTOGT UM IKAVOTOUTIKT|G OLOLOTNTOG.

Mo cOyypovn Kot Wiaitepa ikavoromtikn pébodog, ivan to HHpred (Soding, Biegert, & Lupas,
2005). To HHpred Bocileton o pa wdiaitepa amodotikn péBodo yio otoiyion Ko cuykpion peta&d profile
HMM (to HHsearch), kdtt mov emtpénetl diaitepo gvaicnteg avalntoelg Kol €VIOTIONO HOKPIVOV
opordyav (Soding, 2005). H dwdiktvokr epappoyn d€xeton €icodo &ite axolovbio gite pio TOAAOTAN
otolylon kol emtpénel oavalnmon oe Odeopeg Paceg (PDB, SCOP, PFAM, SMART «x.0.x.), ta
OTOTEAECLOTOL EMIGTPEPOVTAL TOAD YPNYOPO. OE KOTOVONTH HOPPN, €V VTAPYEL KOl OAGVUVOEST] HE TO
MODELLER yio v mapayoynq tov tpiodidotatov povtéiov (http://toolkit.tuebingen.mpg.de/hhpred). To
Phyre2 eivot éva dAho Topopolo epyaieio yio avayvapion simhdpoatog (http://www.sbg.bio.ic.ac.uk/phyre?).
H apyu éxdoon, ypnoiponotovoe évav alyopdpo yia otoiyion profile-profile, facicpévo oe PSSM, aidd n
vedtepn €kdoon ypnopomotel ko ot To HHsearch (Kelley, Mezulis, Yates, Wass, & Sternberg, 2015). To
Phyre2 evoopatmvel d16.popeg Aettovpyieg 6mmg Tpdyvmon devtepotayovg doung e to PSI-RPED, npdyvoon
SwpepPpovikov tunudtov pe to MEMSAT, mpdyvoon pn-kavovikdv mepoy®v pe to DISOPRED, evo
EMTPENEL TOALOTAEG OVOAVOELS OTMG LEAETEC TPOGOETAOV, LELETEG U1 CUVOVLU®V TOAVHOPPICUOV OAAG Kot
ab initio Tpoyvdcelg. 'evikd, vt 1 GTPATNYIKY], VO YPNOIHLOTOOVVTOL GE Eva HOVO TEPPAALOV, e amlo
TPOTO YPNONG, OAES Ot drubéoipeg TeyviKég (TPdYvmoT devTeEPOTAYOVG OOUNG, HovteAomoinom pe Paon v
opoloyia, avoyvopion SmAdpatog kot ab initio mTPOPAEYELS), OVIITPOCOTEVEL TNV KLplopYn TOON OTIC
1eBOO0VG OT™G Bol SOVYLE KOl GTIC EMOUEVES TAPALYPAPOVE.

Tehog, TO RaptorX (http://raptorx.uchicago.edu/) Kot TO MUSTER
(http://zhang.bioinformatics.ku.edu/MUSTER) &ivor 6vo omd TOVGC 7O EMLTUYNUEVOLS OAYOPIOLOVLS Yo
VEavVoT, KaODS dOVAEVOLY TKOVOTOMNTIKG OKOMO KOl GE TEPUITMGELS KOTA TIG 0moieg 1 Vmapln oporoymv
eivon mepopiopévn. To RaptorX Pooiletor oe mOovobempnTiKd ypaQucd HOVTEAN KOl YPNOLUOTOLEL
TAPOAANAL Kol TNV TANpo@opic. amd TIC OOUEC OAAG Kol amd TIC aAANAOLYiEG, EVM YPMNOWOMOLEL Kal
mnpogopio. omd oA tao mBava TPOTLTTA Yo Vo XTicEl KaAvTepa To poviédlo (multiple template threading)
(Peng & Xu, 2011). To MUSTER ypnowomotel duvapkd TPOYPOLUOTIGHO, OALL EVOMUATOVEL ETIONG
TOMOTAEG TNYEG TANPOQOpPIaG (devTepoTayng dour, TPosPacldTNTO TOV S10ADTY, VOPOPOPIKOTNTA, TOUVES
diedpeg yovieg K.0.K.), eV KATACKELALEL TO HOVTEAO YPTCLLOTOIDOVIONG OLUPOPETIKO TPOTLTO Yot KGOE
TPOTEIVIKN TTEPLOYN ToL otOYXoL (Wu & Zhang, 2008). Télog, vdpyel Kol 6TV TEPITTM®AN TNG VPAVONG M
nepinTmon g ocvvdvactiky pdyvoons pe 1o LOMETS (http:/zhanglab.ccmb.med.umich.edu/LOMETS/)
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10 omoio givan évag meta-server mov ypnoiponotel 9 dwpopetkd epyareio (FFAS-3D, HHsearch, MUSTER,
pGenTHREADER, PPAS, PRC, PROSPECT2, SP3, kot SPARKS-X) yio vo mapdyer €tor povtéia
peyolovtepng miototnrog (Wu & Zhang, 2007). To LOMETS, ypnowomnotweitor and to I-TASSER
(http://zhanglab.ccmb.med.umich.edu/I-TASSER/about.html), To omoio amotelel onpepa v KAADTEPN Kot
MO OAOKANPWUEV) AVGN oIV TPOHYVEOON TPITOTAYOVS OOUNG, TETLYAIVOVTAG TNV TPpOTN 0éom oTovg
tehevtaiovg dwyovicpovg tov CASP. To I-TASSER avayvopilel To mpodTUTO KoL E TO, SIAPOPO TUNUATOL
Katookevalel Eva HOVTEAO pE [l TEXVIKN ov ovopdaletar replica exchange Monte Carlo simulations kot ot
Bpoyor povteromolovvtan ab initio. Otav kavéva mpdtvmo dev Ppebdei, 10T TO Aoylopkd Bo KoTOoKEVAGEL
povtého pe péBodo ab initio yio OAOGKANPN TNV TPOTEIVN. XT0 TEAELTAIO GTASO YiveTol PEATioTOTOINGT TOL
povtéhov pe mpocopowncelc To I-TASSER, evoopotovel emiong pio oelpd PEATIOCELS TOV EMTPETOVY GTO
YPNOTN VO EIGAYEL SOUIKY TANPOPOPIO. LE TN HOPQN TEPLOPICUDV, OTMG TIS EMAPEG TOV apvocémv, )
devtepotayn doun x.0.k. Ot meplopiopoi avtoi pmopel vo givor Wdwitepa YPCYLOL GE TEPITTOOT TOL TO
TPOTLTO. Eivol Alyo 1 1) TOWOTNTO TNG oTOotyIomG OV givan koA (Roy, Kucukural, & Zhang, 2010).

9.4.3. Ab initio kon de novo npoyvoN doprg

2NV o aKpaio TEPITTOOT, 1 TPOTEIVN 6T0Y0G dev pmopet va tavtomombei o0t pe Pdon v oporoyia aAld
o0te Ko pe Paon 1o dimhopa. To TpoPfAnue 6€ avTh TNV TEPIMTOOT, KATOANYEL GTO TOGIYVOGTO TPOPANUA
0V TPOTEIVIKOD dumhdpartog, (protein folding problem) g npdyvwong dnhadn tng Tpodidotatng SoUng
amevBeiog amd v oapvolikr oAiniovyio. To mpoPfinua ovtd, givar oty ovcio &va amd To peyoAdTEPQ
TPOPApaTO TG GLYYPOVNG Prodoyiag Kot deKAdES EpELVNTEG X0V aGYOANDOEL (TpoPavds, ivarl éva SHGKOAO
TpoPAnua kabmg £xel amodeyytei 0Tt givor NP-complete). ['evikd, vapyovv 600 Gpot Yo va, TEPTYPAYOLV TIG
HebooovVg avTEG, Kol av Kol TOAAES (QOPEG YXPMOOTOOVVTOL adidkpite PeTa&d TOvg, €ivol KOAO va
TPUYUATOTOOVUE TO dlaympiopd. Etol, pe tov 6po ab initio mpdyvwor, Topadociokd ovVapEPOUNCTE GTNV
TPOYVOOT UE XPNOoN HOVO TV BOCIKOV 0pydV TG LOIKNG (OAANAETIOPAGEI OTOU®MV KOl VITOAOYIGHOL
gvépyelng). Amd v GAAn, o 6pog de Novo mpdyvon, ival KAm®e To YEVIKOG KOl OVOPEPETAL GE OAEG TIG
HeBOO0VG OV EMXEIPOHYV TPOYVMGT YWPIG TN XPNON TPOTLTOV e YVmoTh doun. [evikd Tavimg dev vmdpyet
AmOAVTN GLUE®VIO. WG TPOG TO 6€ O, AKPPAOG Katnyopio katatdocetal kbbe puéhodog, edkd OGOV oL
TMEPLGGOTEPES OO CVTEG YPNCLUOTOLIOVV GLVIVAGUO HEBOSOAOYLDV.

MpwTeivn Xwpic ywwot
doun (target)

NN —

MovTehotroinon

Ewova 9.11: Zynuatixy avarwapaotaon e ab initio tpoyvawons te douns

Tevikd 10 Bépa ™G TPOYVOONG TG TPLGOAGTOTNG OOUNG TOV TPOTEIVOV £XEL OTOUGYKOANGEL TOVG
emomuoveg Yo dekaeties. Ov epyocieg tov Anfinsen €d€i&ov pev O0TL 01 dAANAovyieg TOV TPOTEIVOV
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kafopilovv povoonuavia v TPIGAEcTaTY SOU 0dNYAOVTAS OTr SOUN HE TNV EAGYIOTN EVEPYELN, GALA TO
napddo&o tov Levinthal €dei&e pe Eexdbopo Tpdmo OTL 01 TOAVES SIUUOPPDCELS UIOG TPOTEIVNG deV gival
dvvatd va dokactovv OAeg. o mapddetypo, ov po mpoteivn €el 100 apvo&éa (vag KATMG UiKpOg
apOpog), vapyovy 99 mentiducoi deopol kot Kotd ovvémeln 198 S10popeTIKEG YOVies ¢ Kol Y Ol OToieg
LITOPOVV VO, TEPLOTPAPOLV EAEVBEPa. AV vmobécovpe OTL kdBe yovia €xel povo 3 mbavég THEG (TaA Evog
LETPOTAONG VITOAOYIGHOC), TOTE Ol TOAVEC S1opOPPDOGELS OAOKANPOL TOL TPMTEIVIKOD popiov sivar 3", évog
oplBpdc eEOTPAYHOTIKOG. AV 1 TPOTEIVI EMPENE Vo SOKIUAGEL HUE TLYOIEG KIVAOES OAEG TIC TOAVEG
Slopopemacel, T0te dev Oa mpoddPaive va SmAwOel GOOTA AKOUN KOl OV TEPIUEVOUE MG TO... TEAOG TOV
ooumavtog mpootabovioc. v mpdaln PéPata, or mpwrteEiveg dumAdvoviol 6g YpOVOLS NG TAENG TV
microsecond 1} millisecond, kdtt mov onpaivel 6Tt Agrtovpyel KAmMow0g dALog unyoviopods (xovv mpotabel
S1popot TPOTOL, OTWS TO HOVTEALD TNG VIPOPOPIKNAG KATAPPEVOTG, TO LOVIEAO TOV GYNHATICUOD TLUPHVOV
dgVTEPOTAYOVG OOUNC K.0.K.). Xg KAOE mepintmaon, OAn avth 1 ‘culntnon’, ektdg and Bewpnrikn onpocia, £0¢
Ko onpepa Pacikd poro otig Tpocmdbeieg ab initio 1) de novo TpdYvmONG TG SOUNG.

TI'evikd pe Bdon to mopandve, ot Tpoctddeieg ab initio TPOYvmoNg, gival (ToPOAES TIC olyOpOIKES
EMVONGELC), 1010TEPO. AMALTNTIKEG VTOAOYIOTIKG KOl Y10 ¥POVIOL NTAV TEPIOPIGUEVEG GE LUKPEG TPWOTEIVEG
(néypt 50 opvo&éa pNKog), Kol AKOUO KOl GE OVTEG TIG TEPUTTMGELS TO OTOTEAEGUATO XPELALOVTAY TOAD
ypévo. Ta tedevtaio ypdvia TOGO 1 AVOENGCT TNG VIOAOYIOTIKNG 1GYV0G, OAAG Kol VEES OAYOPLOKEG TEXVIKEG
EMETPEYAV TNV TPOYVMOCT] LE OYETIKT aKPiPeln, Yio LEYOADTEPEG TPWTEIVES, KOL GE EDAOYO XPOVIKO S100TN LA
(nepéc dpec N népeg). Ta yevikd Bépata o £xel va avtipeTonicel po tétoa péhodog ivar tpios:

o H avormopdotaon ¢ TPOTEIVIKNG Jdopns. XNV WOOVIKY Tepintwon Oo énpeme oTovg
VTOAOYIGHOVG va AapPdvouy puépog OAa Ta ATOMO TNG TPWOTEIVNG, GAAL KATL TETO0 gival
amoyopeLTIKd amd TALLPAS VIOAOYIOTIKNG 16006, 'ETot, &govv ypnoipomombel dwupopeticég
mpooeyyicelg: and v amhn xpnon povo tov Ca, v tpocHnin tov CP, uéypt ko cbvOeteg
LETPNOELG OTIG 0oieg OAOKANPN 1 TAEVPIKY OUAd0 avTiKabicToTol amd éva onueio pe
ocuvolikn] palo oto ké€vipo Papovg. O emtpentéc ywvieg €ivar emiong €vag oMUAVTIKOG
mapdyoviag o€ avtd to onueio. ‘Etol, kdmoleg pébodot enttpémovv udévo mpokabopiopéveg
yovieg @ kal y, eved dAdec vroloyilovv TN dopn KOUHOTIOV UAKovs 6-7 apvo&émv yio vo
EAOTTAOCOVV OKOLO TEPIGGOTEPO TO YPOVO.

o O vrmoloyiouog g evépyetog. To KOPUATL aVTO agopd to oG Bo a&loloyndel o dopr ©¢
«KoAny. Oo wpémel SnAadN vo VIApYEL Eva KpITHplo Tov va Eeyxwpilel TIg SOUEC EAAYIOTNG
evépyeloc. H mo mpopavig Avon €dd, givar 1 xpnon Kabapd GUOIKOYNK®OV TEYVIKOV KAT
TIG omoieg VITOAOYILOVTOL Ol EAKTIKEG KO OTMOTIKES SLUVAUELS HETAED OADV TV ATOU®V, GE
pio TpoomdOeia va pupnfovpe to SimAwpa TV TpOTEVOY ot evon. Ot LeBodoroyieg ovTig
¢ Kanyopiog meptropfavovv ta nedioc AMBER, CHARMM, UNRES kot ASTRO-FOLD.
H &\ evoloktik) givor va ypnolpomomBel pio epmelpikr] cvvaptnon m onoia Oa €yt
TPOKOWYEL ONO OTUTIOTIKEG WETPNOEL (TETOLEC GLVOPTNGELS YPNOWOTOOVVTAL OO TO
ROSSETA «a1 10 TASSER/I-TASSER).

o H otparyyicn avolntnong. Avtd to onueio avoeépetar oto Tmg Oa yiver n avaljtnon oto
YDPO TOV THAVOV SIUOPPDOCEDV Y10 TNV EVPECT| TNG OOUNG UE TNV eAdyloTn evépyeta. H mo
ovvnOiopévn pébodog €0, givar m Tpocopoimon Monte Carlo, aAdd €xovv ypnoipomomBel
Kol GAAEG OTOTIOTIKEG TEYVIKEG 0w To Simulated Annealing (mTpocopoinon avodTong),
OALG KO TEXVIKEG TNG TEXVITNG VOTLOGVVNG OTT®G Ol YEVETIKOT aAyopOpol. Mio GAAN peydin
katnyopio pebddwv sivor 1 Mopaxn Avvopikny (Molecular Dynamics), katd tnv omoia
emvovtal ol e£l0MGELS Kiviong Tov NeDTmvo Kot TPOCOUOIMVETAL 1] Kivi|oN TV 0TOU®V GTO
xpovo. H teyvikn avti eivar m mo a&omort, oaAld kabdg cuvvbmg cuvovdaletar pe
GUVAPTNOT] EVEPYELNG QUGIKOYNLUKOD TOTOV, Omoutel mapo moArloOg vmoloyiopovg. Katd
GUVETEWN, ElVOL EQPAPUOGIUT TEPIOGOTEPO GE TMEPIMTMOGELS TOV HOG EVOLOQEPEL I Sladikacio
SmA®UOTOC HoG TPOTEIVIG. Moplokn SLVOUIKY €TIONG YPTOLLOTOIEITAL YEVIKA Yo TN
povtehonoinon tov Ppoyov Kot oo TN Peltictomoinomn €voc MON  KOTOGKELOCHEVOL
HOVTEAOV.

To mo 7Yvootd Kol 7OAL  TPOYPAUUOTO  HOplokhg  Ovvapkng, eivar to CHARMM
(http://www.charmm.org/) kot to AMBER (http://ambermd.org/) ta omoia cvpfaivel vo avtioToryovV Kol
oTIG 800 TO YVOGOTEG KOTNYOPieS SUVOUIKOV TEGIOV Y10, VTOAOYIGHOVG poplakng duvopikng. To CHARMM
(Chemistry at HARvard Macromolecular Mechanics) amotelel évo peydAo GUVEPYOTIKO TPOYPOUMO UE
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TOAAOVG epeuvNTéS, VIO TNV KoBodynon tov Martin Karplus oto Harvard (Brooks et al., 2009). Eivor 1o
TOAOTEPO TTPOYPOULO HOPLOKNG Suvapukig Kot Exel e&elyBel pe to xpovia €161 DOTE VO TAPEYXEL TOAAES
SLOPOPETIKEG AELTOVPYiEG KOl EMAOYES (TPOCOUOIMOT, EAAYLOTOTOINGT) EVEPYELNG oG dEdOUEVIC dOUNG, Kol
vroloywopoi poprokng duvapkng). To AMBER (Assisted Model Building with Energy Refinement) Eexivnoe
apYIKE GOV Lo GAAN O1KOYEVELD SUVOUIKGV TTEdiwV Tov avartoyOnkay and tov Peter Kollman 6to University
of California ko1 t0 opdvVLHO TOKETO avamTuyONKE Gav VAOTOINGON aWTOV TV vIoAoyicpmv (Case et al.,
2005). 'Eva peyddo PEOVEKTNIO Kot TV 600 TakET®V glvar 0Tt dev glvar glebbepa drobéoipa. Mia emioyn
Y10 OVTIGTOLXO AOYIGUIKO avolytov kddika, sivar to GROMACS (http:/www.gromacs.org). To GROMACS
TAPEXEL TOALEC dUVOTOTNTEG Y10, LLOVTIEAOTOINGT TOAA®DV KT yopudv Plopopiov pe ypnon OlpopeETIKOV
nediov, evd TapEyel Kot SuvatoOTNTEG TaPdAANANG eneéepyaciag akopo kot o€ cuotpota Windows (Pronk et
al.,, 2013). Avtd mov mpémer vo. toviotel PEPora, €ivar OTL TO. TPOYPAUUOTO OVTE OEV UmMOpohV Vo
YPNOLOTON 00UV GE TPOKTIKEG EQPAPUOYEG Yo ab initio TPOYVMON NG SOUNG TPAOTEIVGOV, OAAG Kupimg Yo
BektioTomoinom Hiag VIAPYOVGOS SOUNG, Yo TN UEAETN TNG S1OIKAGIOG TOV STAMUATOS KOt Yo, LEAETN T®V
OAANAETIOPAGEDV e GALD HOPLOL.

To 7o yvootd amd o Tpoypdppate yio ab initio/de novo mpdyvmon tpledidotatng Souns, eivatl to
ROSETTA (http://robetta.bakerlab.org/). To ROSETTA apyikd avayvopilel Tic TpOTEIVIKEG TEPLOYES, KOl
OTN GUVEYELN TIG LOVTEAOTOLEL PE oL YpiyopT ab initio pebodoroyia mov ¥pNGIUOTOLEL TO LIKPOTEPO, TUAILOTOL
(xvpiog Juepn) and yvootég dopéc g PDB. H pebodoloyia avtr Pooiletar og o 18éa tov Bowie kot
Eisenberg om6 10 1994. To apyikd LOVIELO KOTOOKEVALETAL e YPNOT LOVO TNG KOPLOG avOpaKiKiG oAvcidog
kot tov CP evd otn ovvéyelo kamow amd o KoAvTEPO (amd Amoymn &VEPYELNS) HOVTEAD VLOIOTAVTOL
Beltictomoinon pe OAa Ta dTopa TaPOVTO, KAVOVTaG ¥pNon tpocouoimonc Monte Carlo kot piog GTATIGTIKNG
@VoEwc ouvaptnong evépyelag (Rohl, Strauss, Misura, & Baker, 2004).

Onwg avaeépape non, to I-TASSER (http://zhanglab.ccmb.med.umich.edu/I-TASSER/about.html)
givor o EQappoY TOV TPAYHOTOTOLEL Kol DPAvoT oAAG Kol ab initio poviehomoinon 6tav dev pmopel va
gvromicel dopég pe mopodpoto dimimpa. To I-TASSER, sival ofjuepa 1 kaAdtepn Ko o 0AOKANpoUéEVN Ao
oTNV TPOYVOGCT TPLTOTAYOVG O0UNG, OMMG TIOTOMOLEITAL Omd TNV TPOTN 0éom TOL KATAAAUPAVEL GTOVG
tehevtaiong dtryoviopovg Tov CASP aAld kot oe epmelpikéc perétec a&lodoynong (Helles, 2008). To peydro
TOV TAEOVEKTNLO, Eival EKTOG amd TV akpifela ot TpdPreym, n peydin toydmro otovg vIoroyioovs. Kot
to I-TASSER o1 to Rosetta ypnowomoovv mpocopoiowon Monte Carlo (av kot pe OpOpeTIKEG
TAPOAAAYES), CUVOPLOYT TUNUATOV KOl GTOTICTIKNG PUOEMG GUVOPTNGELS EVEPYELNG, OAAG dLopEPOLY GTNV
OVATOPAGTOCT] TNG OOUNG Kol OTIC OmodeKTEC Oledpeg yoviec, AAleg dnuooia dwbéoiueg péBodol Arydtepo
yowotég eivar 10  ePROPAINOR  (http://www.math.iitb.ac.in/epropainor) kot 10 PROTinfo
(http://ram.org/compbio/protinfo/), ot omoieg dpmg dev givar 1060 emtvynuéveg (tdvta o€ oyéon pe to I-
TASSER kot 1o ROSETTA). Emiong, vmdpyovov pio oepd amd pébodor o6mog 10 QUARK
(http://zhanglab.ccmb.med.umich.edu/QUARKY/), to CABSfold (http://biocomp.chem.uw.edu.pl/CABSfold/),
to PEP-FOLD (http://bioserv.rpbs.univ-paris-diderot.fi/services/PEP-FOLD/) ko1 to BHAGEERATH (
http://www.sctbio-iitd.res.in/bhageerath/index.jsp), ot omoieg Op®G EVOEIKVLUVTOL TEPIGGOTEPO Y10 TEMTIOOL KOLL
pkpég mpoteiveg (<100 apvoééa), KabBmg 0 VTOAOYIGTIKOG ¥POVOS Y10 LEYOADTEPOVG VTOAOYIGHOVG Etval
OTTOYOPEVTIKOG.

Téhog, a&ilel po 101k avagopd oto katavepnuéve (distributed) cvetpota ab initio Tpodyvmong.
Tétoo0v €idovg epappoyés, Eexivinoav pe 1o ROSETTA@home (http://boinc.bakerlab.org/rosetta/) kot to
Folding@home (http:/folding.stanford.edu/). Mg Tig pebBodoroyieg avTég, 0 YPNOTNG TOV EYEL EYKATAGTNOEL
TNV 101K €QOPUOYN «OOVEILEL DTOAOYIOTIKO ¥POVO OO TOV VIOAOYIOTH TOL OTOV 0WTOG dEV AEITOVPYEL, [E
okomd va fonbnoet oty enilvon tov TPOPANUOTOG TOV IMMAMUATOG «OVOKOADVY TPWTEIVOV. TToAhol amd
TOVG EMOTHUOVEG TOV glyav epumiokn oto oy€do Tov ROSETTA@home, amopdcioay apydtepa vo eumAEéEovy
OKOUO TEPIOCOTEPOVS YPNOTEC Kol VO, avorTuéovy €va malyvidl mov Oa TPOGOUoIdVEL TO SimAmpo TV
apoteivov. H 10éa Ntav vo ypnoipomomBovv ot KAVOTNTEG OvVOYVAOPIoNS TPOTOTOV Tov Olnbétel o
avOpOTIVOG EYKEPAAOG, KOl VO EQPOPHOCTOVV GE TaPOpoleg dvokoleg mepmtdoelc. 'Etol avomtiybnke to
FOLDit (http:/fold.it/portal/) oto omoio ot ypnoteg oe €va €idog maryvidov otov H/Y katackevalovv
LOVTEAQ TPLOAIAGTATNG OOUNG YVOOTOV TPOTEIVOV TPOTEIVOVTAG TN dopun LE To KaTdAnio dimhmpa (dnradn,
pe ™ pkpotepn evépyela). H 1déa ival 0T 1o oGO LITOPEL VO KEKTOOEVTED LE TIC ADCELS TTOV TPOTEIVEL O
avOpOTIVOG EYKEPOLOG, £TGL DOTE £VOL OVTOUATOTOMUEVO TOPOUOI0 CVGTNUO VO PTOPECEL Vo VAomow0et
apyotepa.
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9.5. Aykvpoféinon

Me 1ov 6po aykvpoPoinon 1 eApeviopd (docking) evvoodpe ) dadikacio pe v omoio vwoloyilovpe 1
TPOPAETOVIE TOV TPOTIUMUEVO TPOCUVATOAIGUO €VOG Lopiov cg oyéomn pe Eva aAlo otav oynuatifovv éva
ot0fepd cOPTAOKO. TN dradikacio avTn, yivetal 1 vwdBeon 6Tt T0 6Tabepd AVTO GVUTAOKO PpicKeETAL GE La
dwpopemon erdyiomg evépyeloc. To odumioko to omoio Do EMLEPGOVIE VO LOVIEAOTOU|GOVLE LE TN
dwadkacio g aykvpoPoAinonc puropet va etvar peta&d dvo npmteivwv (Bonvin, 2006; Gray, 2006; Sternberg,
Gabb, & Jackson, 1998), aAld Kot pHeTa&d HoG TPOTEIVIG KO EVOG UIKPOD LOPIOL TO 0moio Umopel va givar
opuovm, eapuaxo, avactoréog, frrapivn k.0.x. (R. D. Taylor, Jewsbury, & Essex, 2002). ®vcikd, vrapyovv
Kol TEPTOGELS OAANAemdpdoenv DNA-tpwteivdv adid kot DNA-pikpov popiov. H yvodon avt, propet
va givat YpioIn 610 VO KOTOVOGOVUE TO PLOAOYIKO UNYAVIGUO TNG AEITOLPYIOG TNG TPMTEIVNG, TNV EVIaoN
KOL TNV 16Y0 TNG SEGUEVOTG TOV UIKPOL HOPIOV, TO UNYOVIGHO AEITOVPYING, OAAG KOl TOV UNYOVIGUO LE TOV
01010 OAANAETIOPOLV dVO TPWTEIVES gite cav EVILIO-VTOGTPOUA, EITE GOV VTOSOYEAG-TPOGOETNG, OAAG Kol
YEVIKOTEPOL OTN LEAETN) TOV TPAOTEIVIKOV OAANAETOPACE®V KOl TNG TETAPTOTAYoVS dopnc. Edwd ommv
TEPITTOOT TOV UIKPOV HOPpimV, 1 aykupoPoinon Ppickel TOALEG EQPUPLOYEG OTO GYESIOGHO VEOV QUPUAK®V,
Kol AOY® TG ONUOGIOG AVTNG TNG dldtKaciag, 6T QUPUOKEVTIKN Propunyavia, &xel 00l peydin dbnon oto
nedio amod tétotec avriotoryeg uekéteg (Alvarez, 2004).

Aopn A

AykupoBoAnan

Aopun B

Ewova 9.12: Zynuatikn avarapaotaon e aykopofolinons 0vo TpmTeivikmy douwmv.

To wpofAnpa ™G oykupoPOANcNG UITOPOVUE VO, TO SOVUE OVATPEYOVTOG OTIG YVOOTEG Bewpieg yio ™
dpdon v eviOpmV Kol TOV TPOTEIVOV YeviKoTtepa. Etol,  mo amkn mpocgyyion kdvel Adyo yio T0 LOVTEAO
«KAEO100-KAEIBAPIAGCY, COUPMVO [LE TO OO0 01 EMPAVELES TV OVO0 TPOTEIVOV EIVOL CUUTANPOUOTIKES 1| TO
gvepyo KEVTPO Tov eVEDUOV EIVOL CUUTANPOUATIKO GOV YEMUETPIKO GYNLLOL LLE TO VTOSTP®UA (1], TOL VTOS0YEN
LE TOV TPOGOETT K.0.K.). ZOUP®VO Le avTh TN Bempia, avoartoynkav ol tpdteg pébodot aykvpofoinong, ot
Aeyoueveg pébodor «aykvpoPornong otabepod copatog» (rigid docking), cOppova pe TG omoieg ot
Tprodtdototeg dopég Tov Kabe popiov dev oAralovv (dnAadn ta Gtopd tovg dev aAldlovv KobOAOL TN
OXETIKT TOVG BE0m), aALG amAd petaxvovvton Yo vo, Bpedel n empdveln enapnc. [ap’ 6da avtd, EEpovpe Ot
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TO HOVTELO oWTO dev gival emapkég KaOMG o MOALEG TEpTMGELG 1 TpOGdeon emnpedlet (o€ WKPOTEPO M
peyaAbtepo Pabpd) ™ SpOpe®otn Tov Kkdbe popiov (To HOVTEAD TNG «ETAYOLEVIG TPOGOPHOYNS»). AvTd
00NYNoE € MO GOVOETEG TEXVIKEG ayKLPOPOANONG, TIC Aeyopeves pebodoroyieg «evEMKTNG oyKupoBOAnono»
(flexible docking) o11g omoieg 1 Tp1odIAGTATN SOUN TV popiv aAAAlel (E0Tm Kol EAdIOTA) Yo Vo, emitevyDet
1 KOADTEPT SVVATY AVAYVOPLOT).

ATd dmoyn VToAOYIOTIKNG HeBOSOAOYIOG, Kol COUPOVA LE TO TOPOTAV®D, UTOPOVLE VO S10KPIVOULLE,
00 Kotnyopieg TPoceyyiceE®V GTNV AyKVPOBOANGT. XTnV TPMTN TEPITTOOT, EYOVUE TIG TPOCEYYIGEIS TOL
Bacilovial ot CUUTANPOUATIKOTNTO TOL OYNUATOG. XTiG pebodoAoyieg avtng g kaTnyopiag, To
gUMAEKOEVA PLOPOPLO. AVTILETOTILOVTAL MG TPIGOIAGTATO GYNUATO KOl 1] GUUTANPOUOTIKOTNTA EXTVYYAVETAL
He petakivion Tov doUdV HE TPOTO TOV VO, TIG KAVEL Vo CLUTITTOUV 0G0 T0 duvatd KoAvtepa. Ot
pebodoroyieg ovTAG TG KT yopiag Eivol ypnyopes Kot 6TofepEs, aAAG LE TIC OTAOVGTEDGELS TTOV KAVOLY OEV
pumopobv va ddcovv ta. BéATIoTa amotedéopata. ETol, ypnoioroovviol cuvifog oo apyikd oTadio TV
HEAET®V Y10 MOAVOLG GTOHYOVG Y10 PAPLOKO, OVTOC MGTE VAL YIVEL Lo, YPYOpN SIA0YH TOV TOOVAV GTOYMV.
Aoy tov 0Tt Bacifovior Kupimg OTN YEOUETPIKY AVOTAPACTOOT) TV OOU®V, oTlg pebodoloyieg avtég
YPNOLLOTOLEITOL 1O10HTEPO. 1] TPOGEYYIOT] TOV «PAPLAKOPOPDVY.

X Oevtepn katnyopio pebddwv, avikovv ot pébodor mov Pacilovtar otnv mpocopoiworn. Ot
pebodoroylec avtég eivor mo oOVOETEG KO TO OMOITNTIKEG KOl HOWGLOUV OPKETO WE TIC OVTIOTOLYEG
pebodoroyieg tng ab initio TPOYV®GNG OV €idape GTNV TPoNyovpEevn evotnta. Me Alya Adyla, To LOPLO. TOL
Cevyaplov mpoteivn-npwteivi) | TPOTEIVI-UIKPO LOPLO, OPTVOVTIOL GE [0 KATOW OTOCTAOT] Kol LEG® TNG
npocopoinong enyyepeitol péco omd SdoYIKEG «KvNoeg» va Ppedel n kakvtepn, amd amoyr eievbepng
gvépyelog, oAAnAeniopaon petald tovg. Ot KIVAGEIS UTOPEL VO 0pOpOovV TOGO UETAKIVIGELS OAOKATPOV TOL
Lopiov aAAG kot oxeTIKES peTaPoAEc otn otepeodidtaln Tov £tol dote va Ppebel 1 kakvTtepn mOavn
dwpopemon. Onwg eivor gavepd, ot pebodoroyieg ovtég gival TEPIGGOTEPO PENAIGTIKES, OAAG WOwitepa
¥POVOPOPES Kol OTTMG Kol 6TV TEPImT®AOT TG ab initio Tpdyvmong Lovo to TeELevTaia ¥povia, Pe TN avaTTuén
OYLPOV VTOAOYIGTOV KOl TNV EUPAc otV TopdAAnAn enefepyacia, tétoleg péEBodol amnéktnoav evpeia
xpnon.

A

Ewéva 9.13: Apiotepa, aykvpofioinon TPWOTEIVHG e HIKpO Hopio (oo
https.//en.wikipedia.org/wiki/Docking %28molecular%29). Agcia, ayxvpofolinon dvo mpwteivav, te HDAC3 ue v
NCOR? (a6 http://www.zbi.uni-saarland.de/de/%C3%BCber-bioinformatik/docking. html)

Ot pebBodoroyieg avtég, £x0VV TOALAL KOWE LE TIG AVTIOTOLYEG TTOV YPNCUYLOTO0VVTOL 6TV ab initio
TPOYvo™ Soung Kot EWKE 6To KOUUdTt TG Pedtiotomoinong, kabmg otnv aykvpoPoinon Eekvape oyedov
Tavto and Propoplo YVooTig N oxedov Yvmotig doung. Etot, dvo givar to onpavtikdtepa TpofAnipate otnv
ayKVpOPOANGT: 0 VTOAOYIGUOG TNG EVEPYELNS Kol 1 otpatnywkh avalntnong (Halperin, Ma, Wolfson, &
Nussinov, 2002; Moreira, Fernandes, & Ramos, 2010). Avtibétmg, 1 avoropdotaon g dopng cuvinbwg dev
givar, yroti edm evOL0pEPOLOOTE Y10, LEAETT] OADV TOV 0TOU®V TOL popiov. Emiong, o aAAn dtopopd givor 6Tt
EMYEPOVIE HOVTELOTIOINGT KOl TOV SIOUOPIIKDV OAANAETIOPAGE®DV KOl oYL LOVO TV EVOOLOPLOKDYV.

IMokéta Aoyiopikod KatdAAnda Yo aykvpoBOANGN, VILAPYOVY SEKAOES, TOGO GE VTOVOUES EPUPUOYESG
0060 kol o€ olodkTVaKEG. Mo Wiantepdtnta 6€ oyéomn pe GAAES Kotnyopieg Aoylopuikod Blominpogopiknig
givan 1o yeyovog 0Tl Kabms 1 aykupoPfoinon Ppiokel TOAAES QUpPHOYEG GTO GYESGHO PapUdKoY (computer

330




aided drug discovery), vapyovv Kot TOAAEG EQPUPUOYEG OV €ival EUTOPIKEG. XTNV 10TOGEAIdO TOV SWiss
Institude for Bioinformatics vrdpyet avoivtikny Aioto pe OA0 To AOYIGHIKG Yo To S1GPOopa GTAdW GTNV
aVaKGAVYN POPUAK®V KOl GTNV OVTIOTOLYN KATNYyopia Yo TNV oyKupoBOANGT avopEPovTol dEKAOEG TOKETA
royiopkod (http:/www.click2drug.org/directory Docking.html). TTapakdte 6o ntpocnabnicovps vo kdvovpe
Lo GOVIOUT OVOPOPA GTO O CNUAVTIKG amd oVt To TOKETA, TOPOLGIAlovTag Ta PacIKE TAEOVEKTLLOTOL
Tov kabevoc (Rodrigues & Bonvin, 2014). T'evikd, o1 mapdyovieg mov Tailovv pOAO OTIV ATOTEAEGUATIKOTITO
€VOG TETO10L AOYIGUIKOV giva, o) 1) ToOTNTA, B) 1 GOOTH E0PECT] TNG EMPAVELNS ETAPNS, V) 1 dSVVATOTNTO VO
YEPLOTEL AYKVPOPOANGCT TPOTEIVIG-TPMOTEIVIG, 0) 1 dSVVATOTNTA VO TPOYLUATOTOMNGEL EVEAMKTT 0yKVPOPOAN G
Kol 0) M dvvarotnta vo opilel o ypNotng Tig mMOAVEC EMPAVEIEG EMOENG KAVOVTAG ¥pNon €EMTEPIKNG
TANPOPOPIOG.

‘Eva amd to 1o yvooTd Kol e0pEmG XPNOYLOTOIOVUEVE TPOYPAUUATE Y10 oykKupoPoAnom €ivol to
GRAMM (http://vakser.bioinformatics.ku.edu/resources/gramm/gramm1/). To GRAMM (amd ta opykd
Global RAnge Molecular Matching) ypnoionotel umelpiKy cuvAPTNOT EVEPYELNG KOl EKTELEL EKTETANEVES
TMEPIOTPOPEG KO LETOKIVIGES T®V HOPiOV Yoo vo. gviomicel v mlavy 0éom mpdcdeong Kot Umopel va
ypnopononbel oe evpv @Acua GUVONK®OV, TOCO Yo ayKLPOBOANCN UIKP®V pHopidv, OGO Kol Yo
ayKVPOPOANGCT TPOTEIVOV OALL Kol TPOTEIVIKOV Tteploydv. Emiong, pmopel va ypnoyonombei 1660 yia
dopég vymAng avdAvong 660 Kot Yo SopUEG o YoumAng avdAivonc. H modotnta g mpoPreyng eEaptdton
oumg amd v akpifeia twv doudv. Etot, o aykopofoinon oe doun HEYAANG SOKPITIKOTNTOG HE HIKPEG
oAloyéc otn otepeodiaToln, Oa dmaoel mo a&omioteg TPOPAEYELG O GYEoT LE P TEPITTOOT A.). HE SOUEG
YOLMANG OLOKPITIKOTNTOG, OOV Kot Bo ThpOvLE HOVO TO YEVIKE YOPOKTNPIOTIKA TOV GUUTAOKOV. YTAPYEL
emiong kal pio GAAN éxdoon pe PeAtiopévoug adyoplBpovg yio aykvpoBoinon npoteivov, to GRAMM-X
(http://vakser.compbio.ku.edu/resources/gramm/grammx/), 1o omoio gival 1d10itepa YpNyopo oAAG dev pmopet
VO YEPIOTEL EVEMKTO GOUTAOKO.

To AutoDock (http://autodock.scripps.edu/) givor éva, oAOKANPO TOKETO PE EPYOAELD ayKVPOBOANONC.
Xpnowomoteital Kupig yio TNV aykupoOANcN UIKPOV LOPIOV KOl QLT TN OTIYU VTAPYOVY 600 EKOOCELG
o0V TokéTov: To AutoDock 4 kot to AutoDock Vina. To apmto emitpénel mepioodtepeg mopepPdoeig tov
YPNOTN OTNV OTTIKOTOINOT TOV TAEYLOTOG 6TO 0Toio B yivel 1 aykvpoPfoAnomn, kdrtt Tov propel va Pondnoet
TOVG YNHIKOVG 6T GVVOeST| LIKPAOV popiov. To dhTePO KAVEL VTOVG TOVG VTOAOYIGHOVG ECOTEPIKA KOl Eivarl
mo ovtopatonompévo. Emiong vmapyet ko po ypoaeikn demaen, to AutoDockTools, epyaieio to omoio
BonBdet To ypnom va emAEEEL TOVG SEGOVE OV B0 TEPIGTPEPOVTAL GTOV TPOGOETN KAl GTNV OvAAvGN TNV
ayKvpoPorncmng.

To HADDOCK (High Ambiguity Driven protein-protein DOCKing) sival pio daitepa Snpo@iing
EPAPLOYT Yo aykvpoPfoinon m omoio YpNOWOmOlEiTAL KUPI®WG Yo oAANAemdpacel; mpwteivdv. To
HADDOCK 6wkpiveror omd 11 voroineg ab initio tpoceyyicelg oto 611 déyetan E@TEPIKN TANPOPOpia yioL
Tig mbavég meproyég emaeng (http://haddocking.org/). O ypnotng divel Ta. dVo popla Kot pue Aiota Thavadv
(yvootov 1 TpofAepfiviav) KOTOAOIT®OV TNG EMUPAVELNG ETAPNG YO Vo KATEVOVVEL e ALTOV TOV TPOTO TN
dwdikacio g aykvpofoinone. H dwudiktvaky epaproyn ival 1diaitepo e0ypnoTn Yo THY TPOYUATOTONoN
G avAALONG, EVE LIAPYOLV KOl EMTALOV EMIAOYEC YlOL TNV TANPN EKUETOAAEVOT] TV SLVATOTNT®Y TOV
HADDOCK «ot yuo v e€atoplikevon g dadikaciog.

To FTDock (http://www.sbg.bio.ic.ac.uk/docking/ftdock.html) ivar o 1dlaitepa ypiyopn epappoyn
aykvpoPoinomng 1 omoio PacifeTol oTN GCUUTANPOUATIKOTNTA TV SyNUdTev. O alyopiBuoc eneepydletal To
oYNUE. TOV HOPIOV ¥PNCILOTOWOVTHG peTooynpatiopods Fourier kot mpoaipeticd e@appoler kot Eva
NAEKTPOGTOTIKO PIATPO.

To DOT (http://www.sdsc.edu/CCMS/DOT/) givon pio epopproyn yio aykvpoBoAncn mov pmopei vo
deytel oav dedopéva €16000V 1060 (ELYAPLO TPOTEVOV-TPOTEIVOV 0G0 Kol GAAEG katnyopieg popiov. To
DOT epydleton pe olyoppo otabepng aykopofoOinong mov yayvel avaAvTtikd OAeg Tig THaVES d1evheTnoelg
TOV €VOG HOPiov GE GYECT WE TO GALO. XTOV VTOAOYIOUO TNG EVEPYEWNG LTOAOYILOVTOL TO, NAEKTPOGTUTIKG,
duvopkd oAAG Ko ot aAAnAemidpdoelg van der Waals, evd kdvetl kot yprion petacynpoticpev Fourier.

To ZDOCK (http://www.umassmed.edu/zlab/) sivor éva dAlo metvynuévo epyoieio yo ypiyopm
aykvpoPoinomn kot evpeon TV oAnAemdpdceny petad 000 mpwteivdv. Bacileton oe pio pebodoroyia
«OTEPENSY AYKVPOPOANONG LLE GUUTANPOUOTIKOTNTA CYNUATOV, LE EWOIKEG GUVOPTNGELS Y10 VTOAOYICUO TV
niextpoototikdv aAlniemdpdcemv. To ZDOCK eivon dwaitepo ypriyopo oAAG dev pmopei vo yeiplotel
€LEMKTO, GOUTAOKAL.

To ClusPro (http:/cluspro.bu.edu/), givar €vag GAAog odyopOuog mov €xel OMGEL TOAD KOAQ
amoteAéopata o€ a&lohoynoels. Xtnpiletal o€ o ypnyopn avalmon pe faon m CUUTANPOUATIKOTITO TOV
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oynubtov pe xpnon petacynpoatiopdv Fourier. 1o debtepo otdd10 mpaypotomotel opadonoinon pe faor to
RMSD kot oto téAog Peltiotonotei Tig emdeypéveg dopég pe 1o CHARMM. ‘Eva petovéktnpd tov givor 01t
dev Kavel EVEMKTN aykvupofOAno.

To SwissDock (http://www.swissdock.ch/) etvat pio S1081KTVOKT EQAPLOYT TOV EMLTPENEL [LE EDKOAO
Kot YPNyopo Tpomo v TpOPAEYn TV AANAETOPACEDV HI0G TPOTEIVNG He Eva pkpo popo. To SwissDock
Booiletar oto Aoywopuikd EADock DSS, o aAyopiOpog tov omoiov meplapfavel apyikd Tnv KotooKewn
oM@V povtédav eite og o evtomicpuévn meproyn (local docking) 1 yOpw amd Oieg T mMOBAVEG KOMOTNTEG
Tov mpwTeivikoy popiov (blind docking). TMapdiinia, to CHARMM ypnoiponoigitol yio Tov vTOAOYIGUO
EVEPYELOG KOl GTO TEALOG TO LOVTEAQ UE TIG KOADTEPES TILES EVEPYELOG EMAEYOVTOL KO OLAOOTOLOVVTOL.

To rDock (http://rdock.sourceforge.net/) givar emiong pio epappoyn yio tnv aykvpoforncn WkKpmv
LOPl®V G TPOTEIVEG EGTIACUEVT OTNV TaVTNTA Kot TNV gveMéia. Elvar Aoyiopikd avotytod kd@dka kot givat
oyedlacpévo 01K Yo Tic Agyopeveg dwndwkaciec High Throughput Virtual Screening (HTVS). Eival emiong
waitepa ELa@py cav AOYIGUIKO, Kot pmopel va gykatactadel oe Ao to. cvotipoto Linux, evd pe v
ELENIKTT) OPYITEKTOVIKT TOL pmopel va gykataotadel og cluster Kot vo ¥pnoLOTOGEL amePLOPIoTO apliud
CPUs.

Téhog, to RosettaDock (http://rosie.rosettacommons.org/docking?) givol 1 woapaAAiayn TOL YVOGTOD
alyopipov Rosetta, otnv aykvpofoinon. Baciletar oe po pébodo mpocopoimong Monte Carlo (MC) ko
gpyaletar o 600 PriHaTa: GTO TPAOTO YIVETAL 10 EAOYIGTOTOINGT YOUNANG S1oKPITIKOTNTOG Y10, TN dlevhénon
g KOplag aAveidag (Eekivadvtag eite and tuyaieg Bécelg eite and o Béon emheypuévn amod 10 ¥PNoTY), EVO
o010 0e0TEPO Prpo yiveton Mo ghoylotonoinon evépyelag Yoo T Peitictonoinon g dievbémong tov
TAELPIKDV OUAO®V. XT0, SLOPOPETIKA GTASLML, YPTCLOTOIOVVTOL ENIGNC KOl EUTEPIKES CLUVOPTNGEIS EVEPYELOG
LLE S10POPETIKA YOPAKTNPIGTIKA.

I'evikd M a&loAdynon tov 166V TOAOV Kol S10POPETIKOV PETAED TOVG HEBOd®V Kol AOYIGUIK®OV
givon poe duokoin dwdkacio (Rodrigues & Bonvin, 2014; R. D. Taylor, et al., 2002). Kat’ avoloyia pe Toug
dwyoviopoug CASP kot CAFASP yio v tpdyvoon tng doung ToV TPOTEIVOV, VTAPYEL, EI0IKA Y10 TOV
EVIOTIOUO TV oAANAemdpdoev petald mpoteivov, o dwyovicpog CAPRI (Critical Assessment of
PRediction of Interactions). To CAPRI eivar pio cvveyng dodikacio kotd Tnv omoio. o1 €pevvnTég
epapuolovv Tig pebodoroyieg Tovg Yy aykvpoPoinon mpwteivdy 6T0 10 GUVOAO dedoUEVMV, TOL
OmOTEAEITOL OO TPWTEIVEG TV OMOI®V Ol SOUEG €YOVV TPOGPATH TPOGOIOPIGTEL TMEPUUATIKA, OAAL
TOPOUEVOLY KPVQEG LLE T GUVOIVEST TV EPELVNTAOV TOL £KAVOV TOV TPocdlopicud. To 6ho meipapa sival
SITAOTLPAO, LLE TNV €VvOla, OTL OVTE Ol EMGTIHOVES TTOL KAvouv TV Tpdyvacn EEpovv Tn dour|, 0AAG ovTE Kal
ot 0&oAoyNTéG EEpovv Tov dMovpyd g kaBe Tpodyvmong (http:/www.ebi.ac.uk/msd-srv/capri/).

[Mapoéro mov ot péEBodOL ayKuPOPOANCNG OMEXOVV GPKETO OTO TO VO YOPOKTNPIOTOVV TEAELEG,
e&eliooovTal cuveYMS Kot oVAPEVETOL 0TO, ETOUEVE. ¥pOVIO. Vo VTIPEEL TPOOdOg aTov Topéa. 'ETot, avapévetan
TPO0SOG GTOV TOUEN TNG EVOOUATOONG TEWPAUATIKNG TANPOPOPING, HLE GKOTO TNV TOPAy®Yr OAO KOl 71O
PEOMOTIKOV HOVIEA®V. XTNV TEPINTMOON TNG OYKVPOPOANCNG WIKPGOV pHOopimv, M YPNOWOTNTO OTNV
avakaAvyn eoppakmv givor tpoeovic. ap’ dda avtd, kot 1 aykvpoBoincn TpOTEivC-TpOTEIVIG Eivor vag
laitepa GNUOVTIKOG TORENS, KaOMG Umopel vo dMGEL AMAVTNGES GE TOAAG TPOPANIATA TOL APOPOVY TN
OYE0T SOUNG KoL AELITOVPYIOG TOV TPOTEIVAV (TETOPTOTAYNG OOUT, TPMTEIVIKEG OAANAETIOPAGELS, UNYAVIGHOL
dpdong evidpumv K.0.K.).
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