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Buwoloyikéc Baogic Agdopévemv

Xovoyn

270 Kepdlaio avto, o yiver n omopaitnty E160YWYH 0TS PLOLOYIKES PAOEISC FEDOUEVWV ETOL DOTE O AVOYVAOTHS VO UTOPEL,
OT0. EMOUEVA. KEPGAOLA, VO OVOTPEYEL OTIC THYES TOV YPHOLULOTOIODVTIOL YIO. THV OVALDON TWV avTioTolywv kabe popd,
oedouévarv (axolovlics, JoUES, OIKOYEVELES TPWTEIV@Y, JEIOUEVA EKPPOOHS, TOADUOPPLOUOL K.0.K.) AVAAoya. ie To E100¢ THS
Tinpogopias mov mepiEyovy, Bo mopovaiacTody o1 kKipies Paceis kabe kotnyopios koi Ba tovietovv ta facikd
yopoaxtnplotikd tovg. Eldiké koupdtt oro téAogc tov kepalaiov, Oa apiepwbei otic eleidikevuéves Paocers (kvpiads
TPOTEIVIKDOV) FeIOUEV@V, 01 OTOTES KOTALOUPAVODY GHUAVTIKG LEPIOLO OTNV EPEVVA TV WIKPDV KOl UECAIOV UEYEQOVS
EPEVVIITIKMYV EPYOTTHPIWV KO ATOTEAODY GHUOVTIKG EPYAIEIO OTH FLOTAINPOPOPIKN UEAETH TWV TPWTEIVADV.

Ipoomartovpevn yvoon
Tpoamaitoduevo yio. 1o kepdAaio avto, eivar  eloikelwan e TIG POCIKES YVOGEIS KOl EVVOIES THG HOpLakHS Prodoyios (DNA,
RNA, rnpwreives kAn).

2. Ewoayoy

Ot Proroywcég Paoelg dedOUEVOV, OTOTEAOVLV POCIKO KOUUATL TG oOyypovng PromAnpo@opikig, kabmg
amoTeEAOVV TN PacIKN YN 6£SOUEVOV Ad TNV 0TOoin £VOC EPEVVNTNG AVTAEL Ta. dedopéva ota onoia Ba Paciost
TNV av@Avon Tov. AKOUO Kot Y10 UTOVG Ol 070101 TAPAYOVV Ol 10101 TPOTOYEVN dEdOUEVA, 1) DTTaPEN TOLG Eival
ONUOVTIKN KOODS TIG TEPIOCOTEPEG POPES EIVOL AVAYKAGUEVOL VO, KATAOETOVV TOL SESOUEVO TOVG OE AVTEG, ETGL
®oTte va givon dwbéoya oty emotnoviky Kowvotnto. Otav dnuiovpyndnkav ol tpdteg Pacelg dedopévav o
OYKOG TNG TANPOQOPING NTOV UIKPOG, LE OMOTELEGLO 1] GUVTIIPNGCT] KOL 1) OVAVEDMGT TOV PACEDV VO ATALTEL
LKpO KOOTOG TO6O GE VIOJOUEG 0G0 Kat o€ avOpadmvo duvouikd. H tpdoPaon otig eyypapég yvotav pécwm
EMKOWMVIOG LE TOVG EMOTNLOVIKOVS VTTELODVOVC TNC BAoNC, 01 0Toiol UV OMG EGTEAVAYV GTOV EVOLAPEPOLLEVO
OAN TV Bdon amobnkevpévn og S16KETEG N} LoyvNTOTOWVIO, e GUUPATIKO TayLOPOUETD.

H teyvoloywkn €£EMEN OU®OC 00NYNoE GTNY aENGT TOL OYKOL TMV TEPUUATIKOV EPYUCIOV KoL TNG
SEKTEPAIMONG TOVG, TOL GE GLUVIVACUO LE TOV SL0PKT| TPOGIIOPIGUO YOVISIOUATOV S1POPOV OPYaVIGUOV,
avénoe GMUAVTIKA TOV OYKO TNg TANPoPopiag o€ OAo To emineda kal Woitepa 610 €ninedo g akolovdiag.
21 pépeg pag ot Paoelg mepiEyovv TOAD HEYAAO OYKO SESOUEVOV EVAD EIVOL OMOPOITNTO VO OVOVEDVOVTOL
kaOnuepwvd. H ovvtipnon pwog Paong amaiteiton peydro oplud e&edikevpévov gpevvitav mov Oa
0GYOAOVVTAL OTOKAEIOTIKA e T 610pOmon Aabdv Tov Thavov va VITAPYoLY 1O KAOMG KOl LE TO GYOMACHO
(annotation) TV VEOEIGEPYOUEV®Y SEGOUEVDV.

Avo yapokmpiotikd mapodsiyporto PBacewv amotehovv 1 UiprotKB/SWISS-PROT, n kipia Bdon
TPOTEWVIKOV aK0A0VO1DV ov mepiéyetl 547.599 axolovbieg (Rel. 2015_02 — dePpovdpiloc 2015) xor n EMBL
Nucleotide Sequence Database mov mepiéyet vovkheotidkég aarniovyieg ko Exet 510.014.239 eyypapés (Rel.
122 - Noéupprog 2014). Kabe epguvntig pumopel vo €xel mpooPfacm oTi1g PACEG ovTEG HES® TNG XPNONG
dwadetvov. Apkel n emickeyn oty 16T0GEAIdA TOL dratnpeitol amd Tovg veevhivovg g Pdong, n avalntnon
TOV SEOOUEVOV EVOIIPEPOVTOG KL OTN GUVEXELD 1) 0mofnKeVo Tovg otov VIoAoylotr. [lapdAinia égovv
dnuovpynOei faoeig otig omoieg | TANpoPopia oTo Enimedo TG aKoAoVOioG Kot TG dOUNG elvat TOEIVOUNUEVES
®oTE M TANpoeopia v, givar opyovouévn yuo TV €E0Y®YT] CUUTEPOCUATOV MG TPOG TNV PLOAOYIKT TOVG
onpocio.

Ot Proroyikég Pdoelg dedopévav, yevikd, pumopovv va dtakpidodv ce 2 peydieg kotnyopieg, pe
EMUEPOVS KATNYOPLOTOMGELS, OTMG TEPYPAPOVTOL TOPUKAT®:

1) Tlpwrtoyeveig Paocelg dedopévav, Ol OmOiEG TEPLEYOLV TO TPMTOYEV OESOUEVO OMMOG OLTA
TPocdlopilovtal amd TOVG TEPOUATIKOVGS, KOl 0VOADOVTOL KUPImG GE:

A) Baoeig 6edopévev akolovidv vOuKAEOTISIKGOV akOAOLOLDV
B) Baoeig dedopévav akodovdimv TpmTeivik@v akolovimy

I') Baoeig dedopévav Tpiodidotat®mv Ploloyik®v doudY

A) Baoeic dedopévmv Yovidlokng EKQpacns

E) Bdoeic 6edouévmv YEVETIKNG TOIKIAOLOPPIag

>T) Baoeig 6edopévav Pifloypapiog



2) Agvtepoyeveig Paoelg 0edOUEVOV, OTIG OTOIEC VTAPYOLY KLPIOE TAEIVOUNGELS T®V TPOTOYEVDV
SESOUEV®V, YPTOULES Y10, OVOAVTIKOVG GKOTTOVG, KOl J10KPIVOVTOL TEPULTEPM GE:
A) Bdoeig 6edopEvmv 0IKOYEVEIDV (KUPIMG TPOTEIVAOV)
B) E&edicevpiéveg Paoeig dedopévav

2.1 IIpoTtoyeveig Paoels oedopévmv

O1 mpotoyeveic Pacelg 6edopévov, eivar ot Pacelg mov mepEyovy ta PloAoyikd dedopéva Ommg ovTd
Tpoacdopiloviol omd TOVE TEPOUATIKOVG EMIGTHUOVEG, Kol cLVNOmG TePEYoLV emmAéov Ta&vouncn Kot
oyoAlacpo. Ievikd, 0o pmopodoape va TomofeToOVE GE VTN TV KATNnyopio TiG YEVIKEC PAcELS dedouévmv
aKoAoLO1OV, doudV, dEdOUEVODV EKOPACNG, YEVETIKNG TOWKIAOLOPPIag 0AAG Kal Yo Adyovg mov Ba yivouv
KoTovonTol apyotepa, Kot Tig Bacels dedopévav Pipioypapiog.

2.1.1 Béosgig 0£00péEVAOV VOUKAEOTIOIK®OV 0AAA0V IOV

O dyKkoc g TANpoeopiag Tov TEPLEYETAL OTIG PACELS OEGOUEVOV VOUKAEOTIOIKMY GAANAOVYIOV KAO®DE Kot 0
ek0eTIKOG pLOUOC GLGGHOPELONG TV dESOUEVMDV TOV EUPAVICOVV, TIC £XOVV KOTAGTNOEL MG TIG UEYUADTEPES
Baceig g Broloyioc. H e€€MEn g teyvoloyiag otnv gupeon g olAniovyiog (sequencing) kvupimg tov DNA
oA Kar devtepeLOVTOG Tov RNA 0dnynce otov mpocdlopiopd tng aAiniovyiog 0OAOKANP®OV YOVISIOUAT®V
OPKETOV OPYOVICUOV (T.). 0 AvOP®OTOC) Kat Tn dnpovpyia eEEOIKELUEVOV PAGE®Y OES0UEVMV TTOV TEPIEXOLV
T1G aAAnAovyieg Yo Evav Kat HOvVo amd ouToVC.

O1 tpeig peyorvtepes PAoelg SE00UEVOV VOUKAEOTIOIKGV 0AAN AoV LDV TOV givar eELevBepa d100éo1ieg
omv axkadnuaikn kowotta givar oo GENBANK (NCBI), DNA Data Bank of Japan (DDBJ) kot EMBL
Nucleotide Sequence Database (EBI). Ovtpeig avtég Paoceig, Bpickovon o cuvepyasia, dnradn aviolAdocovy
o€ kafnuepwvn Baon tig eyypaéc mov Kotatifevral aveEaptnto o kabepia, Exovrag 0Ecel mapaAAnio Kowovg
KaVOVEG TAEIVOUNGNC KO GYOALOGHOD dedopévmv. Ao avTiv TNV cuvepyacia £yl dnuiovpynei n International
Nucleotide Sequence Database Collaboration. TTapaxdto mopovcialoviol To PaGIKA YOPOKTNPIOTIKG TOV
Baoewv dedopévmv Tov cuppetéyovv oty International Nucleotide Sequence Database Collaboration :

GENBANK: H GENBANK (http://www.ncbi.nlm.nih.gov/Genbank/index.html) eivor pio Pdon
VOUKAEOTISIK®V oAANAovydv (Benson et al., 2014), dwotibetar ehedBepo TNV ETOTNUOVIKE KOWVOTNTO KO
Bpioketat kot vd TV oryida tov EOvikov Ivetitovtov Yyeiog twv H.IT.A (National Institutes of Health). To
dedopéva g Paong mpoépyoviar amd LTOPOAES OedOUEVEV SloPOPOV EPEVVNTIKDY OUAS®OV O VT
TPOKVTTOVV amd TEWPAUATIKEG digpyacies. H daducacio vrtofoing yiveral pe TV GOUTANPOOT] KATUAANANG
@opuog pEom dradiktvov. Ta dedopéva mov vtofaiiovtat otnyv Pdon ene&epydlovral, oyolaloviot (annotate)
a6 Tovg VIELHLVOVG TNG PACT|G KOL GTI GUVEXELY SILOCLOTOLOVVTOL GE OVTIV. L& GUYVA YPOVIKE H100TLLOTA
T dedopéva ov Eyovv kataympndel otn Pdon enavetetdlovral kot d10pHdvVoVTaL GE TEPITTMON TOV £YOVV
npokvyel véo oedopéva. O aplBpdg Tov VOuKAEoTIOIKGV Pdcemv mov mepiéyovioan oty GENBANK
dumhacialetor kdbe 14 unfvec pe amotédeoua 1 terevtaio €ékdoon (Rel. 206, defpovdprog 2015) va mepiéyel
181.336.445 axohovbieg kot 187.893.826.750 cvuvorkd apBud Pacewv.

EMBL-Bank: H EMBL Nucleotide Sequence Database (http://www.ebi.ac.uk/embl/) amotelel ™
peyolvtepn Baon voukAeoTdkmv aAiniovyiwv otnv Evpomn, Bpicketor vad v aryida tov Evpomraikod
Epyaompiov Mopraxng Broroyiog (EMBL) v edpaleton kot cuvinpeiton and 1o Evponaiké Ivetitovto
Buominpogopucig (EBI) 6to Cambridge, UK. Ot axoiovdieg katatibevtar oty EMBL-Bank péow diadiktvov,
aKoAoVOdVTAG pio oA dladikacio amd aveEAPTNTA EPEVLYNTIKA EPYAGTNPLO. 1} OUASES TTOV 0IGYOAOVVTOL LE TOV
TPOGOLOPIoUO TV YOVISIOUATOV d10.p0pmV opyovicpdv. Avtictorya pe v GENBANK, o1 véeg katoywpnoeig
axorovidv enegepyalovtal, oxoldovtor and Tovg vevduvoug g Paong kat dnpoctomotovvrol. [TapdAinia
dwatifevton dupopa epyareion avdivong akorlovdimv 6mmg To Fasta kot to BLAST. H mapovca ékdoon g
EMBL-Bank (Rel. 122 - Noéufpiog 2014) mepiéyel 510.014.239 eyypapés. O cuvorlkdg optOpog voukAEoTIdimv
otaver to. 1.094.969.877.589.

DDBJ: H DNA Databank of Japan (DDBIJ - http://www.ddbj.nig.ac.jp/) givar 1 povadikn debvag
avayvopiopévn PAacn voukAeoTIdK®V aiiniovyiov oty larovia. 1dpHinke 10 1986 oto EOvikd Ivotitovto
Ievetucng (NIG) ko Bpioketar vod v aiyido tov Ymovpyeiov IMadeiog, Emomuov kot AOANTIGHOD ™G
lanoviag. Bacwr anyn dedopévov g Pdong amotehobv ot epyacies tov landvov epguvntadv. Emmiéov oty
DDIJB &ivar d100éotipo didpopa. epyareios avaluons voukAeoTISIK®V aAAnAovyidv. H mapovsa €xdoon g




DDIB (Rel. 99, AexéuPpiog 2014) mepiéyxer 178.825.615 eyypopés kot cvvoAwkd 184.410.381.191
VOUKAEOTISIKEG BACEIS TOL TTEPIEXOVTAL GTIS oKoAovBies.
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Ewova 2.1 H exbetiki adénon twv axolovdiov ot omoieg eivar katotebeiuéves atnv GenBank, amd to 1982 éwg to tél.0¢
700 2004.

O1 xupidtepeg Pacelg dedopévav pe akorovdieg DNA otov diebv) xdpo, n Genbank, otic HITA, n
DDBIJ oty lanwvia, kot EMBL Data Bank otnv Evpdnn, cuvepydlovtor péow tov International Nucleotide
Sequence Collaboration, pag opydveoong mov ot id1ot dnuovpynoay, Kot £€I6t o, oAAnAovyio agov
katayopnbel o€ po omd avTég pHESO amd po d1ad1Kacio YKPIong, Kataympeital kot otig dAAes. Tpoktikn
GUVETEWD, OWTOV TOL YEYOVOTOG, €ivanl OTL €kTO¢ elayiotwv eEupécewmv, ol 3 Pdoelg mepiéyovv TS 101eg
KOTOY®PNGELS, Apa dev Exel kat TOAD peyGAn onpacio og moa and 116 3 Pacelg dedopévav o amevbuvbodpe
Yol oL EPELVAL
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2.1.2 Béosgig 0£00pEVAOV TPOTEIVIKOV AKOAOVOLAOV.

O1 Baoei 0ed60UEVOV TPOTEIVIKOV 0KOAOVOIDV, 0TOTELOVV TO 3EVTEPO PUEYOADTEPO GE OYKO TUNLLO TOV GUVOAOL
TV Boroyikov Pacemv dedopévev (petd Tig akolovdieg DNA), aAAd amoteAodV (G®MG TO GMUOVTIKOTEPO
TUNUE, KOODG 01 TPOTEIVIKEG akolovbieg mapovotdlovy HeyOAn ToKIAOpOpPio TOGO Gt dour OG0 Kot 6T
Aertovpyia. Kotd ocvvémewn, peydAo pépog tng ovyypovng PlomAnpo@opiknig OVAALONG, OVOQEPETAL OE
TPOTEIVIKEG 0KOAOLOIEC Kol VTAPYEL TEPAGTIOE OYKOC AEITOLPYIKOV OEOOUEVOV TTOV TOPAYOVIOL GUVEYMG
TMEPAPOTIKG, KOL TO, 0TTOi0 amoTteAoVV 1 Oa EXpene Vo amoTEAOVY UEPOC TNG TANPOPOPIOG TOV TEPIEXETAL GE
oTEG TIG PACELG.

H UniprotKB (Uniprot Knowledgebase, http://www.uniprot.org/), arotelel v K0pLa, G€ TOYKOGHO0
eninedo Paom dedopévav mpoteivikmv akolovbiwv (UniProt, 2014). Amoteleital amd 600 vTOGVUVOAQ, TNV
Uniprot/SwissProt 1 omoio mepiéyet T1g kaAd oYoMacpHEVES TPOTEIVIKEG akoAovOieg, kot v Uniprot/ TrEMBL
N omolo TEPIEYEL TIG TPOTEIVIKEG aKOAoVOieg TOV €YOVV TPOKVWYEL Omd AVTONNTN (MAEKTPOVIKY) UETAPPOOT
yovidtopatik®v odiniovyiov. H UniprotKB/SwissProt 1 omoia mepiéyetl 547.599 axolovbieg (Rel. 2015_02 —
Defpovdprog 2015) ov omoieg €yovv mepdoel omd KAmOOL €idovg EAEYYO Kol GUVOOELOVTIOL 0T
GUUTAN PO UATIKA GYOALL OTT®S, PIPAOYPUPIKES avapopEs, YEVIKE oTot el HEVTEPOTOYOVG BOUNG, CUVOEGOL OE
dAhec Pacelg dedoUEVMV GYETIKEG e KAOE eyypapr] KOOMG Kot ONUEIDGELS Yo T froloyikn Aettovpyia (ov gival
Yootég) kabmg kot aAleg yproweg mAnpogopiec. H Uniprot/ TrTEMBL mepiéyetr onuepa (Rel. 2015_02 —
DeBpovaprog 2015) 92.124.243 axorovbieg M omoieg Op®G dev €YOLV VTOGTEL OVOPAOTIVO GYOMAGHO.
Ieprodkd, ot oyohaotéc g UniprotKB evtomilovtog dedopéva and tn Pipioypapio addd kot pe yprion
OVTOHOTOTTOMUEVOV  gpyaleiv, oAAdGlovv TO oYoAoUd TOV KATOXOPNGEOV KOl £TOL L0 TPOTEIVIKY|
oAknAovyia evoéyetarl va "tepdcel” amo tnv Uniprot/TrTEMBL otnv Uniprot/SwissProt. To €id0g, To €0pog kai
1 HEYAAN TOKIAOHOPPIC. TOV GYOAAGHOD TOV UTOPEL VO VIGPYEL GE EMIMEDO TPMTEIVIKNG aAANAoVYioG eival
TEPACTIO (O€ OO KLTTOPIKO OPYOAVIOI0 VTLAPYEL, O TOOV 16TO EKQPALETAL, TOln Elvan ) dgvTEPOTAYNG dOUN TNG,
70106 0 PlodoyKdg TG POAOG, TOL, TO. LLOVOTTATIOL GTO OTTOi0, EUTAEKETOL K.0.K.), KOl KOTO GUVETELQ, O OYKOG TNG
mnpoeopiog otnv Uniprot/SwissProt eivar tepdotiog, O0mmg emiong kot 1 mlavotnta (Topoiec Tig
npoondadeles), N TANpoeopio ot va gival Aabepévn N amhd eddemnc. [lepiocdtepa, avarvovtal oty 01K
EVOTNTO, TOPOKATO TOV 0POPA OTIG eEEOIKEVEVES PATELS dedOUEV@V Kot GTa TPOPALaTe ooAacuo. Eva
Tomikd apyeio Uniprot e Tig EXEENYNOEIS TV TO GNUAVTIKOV TESI®V, TOPOVCIALETOL GTO TOPAPTNLLO.
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Ewova 2.3 H exbetixiy adénon twv npwteivikwv axkolovbiav or oroies gival katateeiuéves otny Swiss-Prot, awo to 1986
éw¢ 10 TéA0¢ Tov 2004.

Iotopwkd, o&iCer va avaeepbel 6t 1 Uniprot mpoékvye 1o 2002 omd pio Guvéveorn Tav 300
peyolvtepmv 10T Phcemv dedopuévay, tng SwissProt kat g PIR. H SwissProt [6p00nke to 1986 6to EABetikd
wotrtovto BlomAnpogopikng (Swiss Institute of Bioinformatics) kot Agitovpyovce ce cuvepyacio pe To



Evponaiké Ivotitovto BiomAnpopopiknc (European Bioinformatics Institute). H Protein Information
Resource (PIR - http://pir.georgetown.edu/) ftav 1 avtictoyyn Apepikdvikn Paon dedopévmv. H €dpa tng nrav
oto [Mavemomuio tov Georgetown kot amotedovoe Tufuo tov EOvikod [dpduatog Buolatpikng Epguvag
(NBRF) tov H.ILA. H xvpiotepn PBdon mov mepiéyet ivan 1 PIR-International Protein Sequence Database
(PSD), ¢ omoiag ta dedopéve mpokvumTovy and tnv cuvepyacio g PIR pe to Munich Information Center for
Protein Sequences (MIPS) ko tnv Japanese International Protein Information Database (JIPID). To 2002, n
PIR og¢ o kowr npoondbeio pe to EBI (European Bioinformatics Institute) kou to SIB (Swiss Institute of
Bioinformatics) oynudrticav to UniProt consortium. Me avtdv tov tpomo ot akorovdiec ng PIR-PSD aiAa kot
0 GYOMGHOC Tovg evoopatomdnkay oty UniProt Knowledgebase. [Tpooténkav dacuvoécelg peta&d tmv
katoywpnoewv tng UniProt kot g PIR-PSD yia va digvkoAvvOel 0 EVIOTIGUOG TOAUIDV KATOXWOPCEDV TG
PIR-PSD. IIpwteiveg mov ftav povadikég oty PIR-PSD 6mmg kot ot avapopég Toug aALG Kot To TEWPOLUOTIKE
d€dOUEVE TTOV VTPYOLV OTIC TYETIKEG KUTAYMPNOELS UTOPOVV TAEOV VoL Bpefovv GTIG OVTIGTOLYEG KUTUYMPTOELS
g UniProt.

2.1.3 Bdosgig 0£00péEVOV TPLOOLAGTATOV BLOLoYIKAV dop@VY.

Ot Bdoeic anTéc mePEXOVV dEGOUEVA TOV EYOVV VO, KAVOLV LE TNV TPLOdIAGTATY SO BLOAOYIKGV LOKPOUOPImY.
Ot Tp1od1oTOTEG OOUEG OMOTEAOVY TO TEMKO GTAO0 MOG EmImOVNG O0d1KaGiog 1) ool HETA T Xpnom
HOPLOKDV TEYVIKOV (KA®VOTOINGT), OTOUOVMOT], KPUOTAAA®MON K.0.K.), 00Nyel TEAIKA OTNV LTOAOYIGTIKN
emiloon g SopNG HECH TNG J1001KAGING TNG KPLOTOALOYPAPias akTiveav X, 1, GE 0 GTAVIEG TEPUTTOGELG LE
eoopotoypagio NMR. To peyoddtepo eviiopépov, BEPata, £xovv ot dOpEG TPOTEIVDOVY, KAOMG Ol TPMOTEIVEG
€1VOIL TOL LOKPOHOPLOL TV OTTOI®V 1) LEYAAT TOIKILOHOPPio TNG SOUNG GUVOEETAL dpesa Le TV BroAoyikn dpdom.
H povadwn Bdon avtdd to gidovg Taykoopiong, eivar n PDB, 1 omoia kot avaldeTol TopoKato.

Protein Data Bank: H Protein Data Bank (PDB, www.rcsb.org ) givon Toykoopimg 1 povadikn Baon
oTNV omoio TEPIEYOVTAL TPLodIdoTaTEG OOUEG Pfrodoyikdv pakpopopiov (Kouranov et al., 2006). [6pvOnke to
1971 ota epyaoctipro. Brookhaven National Laboratories (BNL) tov HITA. Apyikd omotelovvtay amd 7 Sopég
LOKPOUOPI®V 01 OTTOIEG TPOEKLYAY OO KPLGTUALOYPOUPIKES LEAETEG EVD Elye PIKPO pLOUO avENONC EYYPAPDV
péxpt ta TéAN g dekaetiog Tov '70. Tnv dexaetio Tov '80 mapoatnpnOnke onuoviky ovénon tov pvHuod
TPocnKng dedopévav Aoym G TeYvoroyikng e&EMENG oe Kabe 0TAG10 TOV TPOGOHIOPIGHOD TV SOUDY, EVD
mAéov 1 PDB mepiéyet ko dopég mov £xovv mpokvyel Le gacpatockomio [Tupnvikod Mayvnticol Zvvtovicpov
(NMR). Zipepa (Peppovapioc 2015) n PDB weprapfavel 106.858 dopég Propopiov. O eyypaeég tng PDB
TEPLOUPAVOVV EKTOC OO TIC GUVTETAYLEVEG TOV OTOUWOV IOV amapTilovv T doun Kot emmpocheta fondntucd
otoyeio Om®G PPAMOYPUPIKES AVOPOPES, AETTOUEPELIES Y10, TOV TPOGOIOPIGUO TNG doUNG KaOMS Kol GAA
oTolEl0 TTOV TTPOKOTTTOVY Omd TN GuykekplEvn dourn. Kdabe dopn mpiv dnpocievbei oty Paon eAéyyetan yio
TNV 0pBOTNTA TNG LLE TN (P ON ELO1KOV AOYIGHIKOV. XTT) GUVEXELD EPOGOV TEPAGEL TIG SOKLLUES [LE EMITUYIC OTOKTA
£VOL YOPOKTNPIOTIKO KOSIKO Kot TpooTibeTon ot Bao.

[péner va toviotetl, 0tL 1 KoToydpnon oty PDB gival 1 tpiodidotatn doun, kot oyt | tpoteivn. Katd
GUVETELD, EIval SuVATOV Vo VTTAPYEL po Kataympnor g PDB 1 omoio va tepiéyel meplocotepes amd pio (axopua
KoL PEPIKES OeKAOEQ) TPWTEIVIKEG aKoAovBies, OTmg Yoo Tapaderypo 6Tov ovapepOUaoTe o€ TOAEVED KA
GOUTAOKO TO 0TTOl0 TEPLEYOVY TOAAEG VITopovadec. Eniong, eival duvatdv vo vrdpyovv meptocoTepes amd Ui
OOUEG LOG CVYKEKPILEVIG TIPMTEIVIG, KabmG givor duvatdv va £xouv yivel SlpOopeTIKA TepdpoTo gite o€
SLPOPETIKEG GVVONKEC, gite Tapovoia AAAOV TOPAYOVTOV, ETE KOl amAd (e GAAN TEXVIKN Yo va emttevyDel
KaAVTEPN avaivor). DUk, OTMG vl AvaIEVOUEVO, HOVO EVO LIKPO VTTOGOVOAD TOV YVOOTMOV TPOTEV®OV
£YOVV YVOGTN TPIEOAGTATN SOUN, Yot 1) dladikacio exilvong g Soung ivat ypovofopa kat S0GKOAN. Avtd
oaiveror Eekabapa av cuykpivovpe Tov aplBpd tov kotayopnoemv ¢ Uniprot pe avtdv g PDB. Ewdwotepa
O€, Y10l KATOLEG E181KEG KATNYOPIES TPOTEIVAOV OTMS 01 SIOUEUPPAVIKEG TPOTEIVES, TAL TPAYHATO EIVOL OKOLLO TT1O
OVOKOAD OO TEPUUATIKNG TAEVPAG KOl Ol TPIGOAGTATEG OOUEG TOVG, gival akdpa To ondvies. 'Eva tumkd
apyeio PDB e 11g eneénynoeig tov mo onpavtikedv nediov, topovsidletatl 6to mopdaptnua. Télog, a&ilel va
avapepbel, 6TL Tapopola Bacn (MMDB) cuvinpeitar kot otig HITA ota mAaicio tov NCBI, pe cvveyn opwg
emoen Kot evnuépwon amod tnv PDB.
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Ewova 2.4 H cxbetixy adénon twv mpocdiopiouévov mpoteivikmy doumv ot oroies givar kotatebeiueves oty PDB, oro
10 1977 éw¢ 10 téAoc Tov 2004.

2.1.4 Bdosgig 0£00pUEVOV YOVIOLOKNG EKQPOACG

Ext6g and 11¢ Baoelg 6edopévov akolovdidy kot Sopmv, NUAVTIKY gival To TeAevTaio xpovia Kot 1 avamtoén
TV Paoewv dedopévev yovidlokng Ekepacnc. Me v e&EMEN g Te)voloyiog Kot T dnuiovpyio vEmv
OIKOVOUIKOTEP®MV TOUT HKPOGLGTOLL®OV, OAAG KOl HE TNV gueavion tov texvoroyidv Next Generation
Sequencing, To TEWPAPATA AVAAVGTG YOVIOLOKNG EKQPOCTG TPAYLOTOTOIOVVTOL UE LEYOAVTEPO PLOUO Kal £TGL
VILAPYEL OVAYKT amoONKELONG Kol aviALGNG OADV AVT®V TOV dedopévav. Tn Abon oto mapamdve TpdPAN L
£0mG 0V 01 fACELS OEOOUEVOV 01 OTOTEG TEPIEXOVV BEdOUEVE O YIMAdES TEWP AT pikKposvaToylmy. Ot fdoelg
SEOOUEVMV OVTEG EMLTPETOVY TIV KATAYDPT|ON OTOTEAECUATMOV OO TEWPAUNTO PLIKPOGVGTOYL®V, EVD KOTOLES
oo OVTEG TPOGPEPOVY Kot EMTAEOV gpyaAeia avirvong. Emiong, mapéyovv minpopopieg oyxeTikd pe T0 €100¢
TOV SE00UEVOV, TNV TAATQOPLO HKPOGLGTOI®MV OV YPNOLULOTOMONKE 6T0 TEipapo, To yovidlo T omoio
LEAETMOVTOL KOOMG eMioNG KoL TANPOPOPIEG OYETIKA L Ta. €101 T®V dElypdTOV ToL omoia xpnoomomOniay. H
Boowkn dopn owtdv TV apyeiov, SPEPEL TOAD OO CVTA TOV UVOPEPOUE LEXPL TOPO, KOOMS EXOvHE va
KGVOLLE L EVaV TIVOKO, GTOV OTTOT0 ovaypa@ovTal TIHEG "Ekppacng” evog yovidiov yio kGO dtopo. Zvvibwmg
TO TEPAUATO OVTA APOPOVV Alyo ATOUA, OAAG OVAAOYO WE TNV TAATQOPLO, UTOPOVUE VO £OVUE dedouéval
EKQPOOTG Y10 LEPTKEC EKOTOVTAOES £C PEPIKES HEKADEC YIMADES YOVIdLQL.

Enedn o Oykog TV OedOUEVOV YOVIOIOKNG EKQPOONG &ivol HEYOAOG KOl TOAVTAOKOC, Yo Vo
Katoy®pNnOoHV To SESOUEVE TV PIKPOGLGTOLYLDV GTIS ONHOGIEg Bacels dedopévav Ba Tpénel va akolovBovv
£€V0L GLYKEKPIUEVO TPOTOKOALO LE PAoT TO OTOI0 KOTAXWMPEITOUL 1| EAGYLGTN TANPOPOPIO TOL TEPLYPAPEL EVaL
neipapa pikposvotoyyldv (MIAME:Minimun Information About a Microarray Experiment). Ta teAévtaia
xpévio, yivetor peydAn mpoomdbei to TP®TOKOAAD 0vTO Vo "emPAAleTol’ 0TOLG GLYYPAPEIG Ol Omoiol
TPOKELTOL VOL STLLOGIEDGOVV I GYETIKT EpYacio. AnAadT|, Tpw 1 epyacia yivel amodekT amd TO EMGTNUOVIKO
TEPLoOKO, O TPEMEL 01 LYYPAPEIC VO ExoVV KaTabEoEL TO HEdOUEVO TOVG GE Ui, oYETIKN Pdom dedopévav (KTl
TAPOWOL0 oYVEL amd YpoOVIe Yio TG okolovbieg kot Tig dopéc pokpopopiov). Ot To YVOGTES Kol cLyVa
YPTCULOTOLOVEVEG PAGELG OESOUEVOV PIKPOGVGTOLYL®Y EvaL:

GeneExpression Omnibus (GEO): Bdon dedopévov tov NCBI mov mapéyet dedopéva yovidtakng
€KQPAoNG, TOCO amd HKPOGVGTOLYiEG 000 Ko omd aAAniovyton (next generation sequenicng) (Barrett & Edgar,
2006) Eivon d100é01un otnv wotocerido http://www.ncbi.nlm.nih.gov/geo/, eve otnv 1610 dievbvvon vdpyovv




Stob€otpa Kot KATolo, S1odIKTVOK( EPYOAEIN TOV EMITPENOVY AMAEC AVOADGELS TV dEdOUEVOV TNG Pdong. Ta
dedOpEVOL VTTAPYOVY TOGO GE aKATEPYAOTN (raw) 060 kot og emefepyacpévn Hope1| (LE KOVOVIKOTOWGELG
k.0.x.). H Baon mepigyer (tov defpovdpro tov 2015), dedopéva amd 14.031 Sapopetikéc mAATPOPUES
gkppaong, Tpoepyopeve omd 1.357.732 "deiypora”, dnradn dtopo (oto omoio OU®G dEV TEPEXOVTOL HLOVO
avOpwmol, propel va vadpyovv dedopéva amd {da, PLTA 1 AKOUN KOl HKPO-0pYOVIGHOVS), TaEVOUNUEVDL
55.725 "oepéc" (series) ko 3.848 "cvvolo dedopévev” (datasets). To 1010 delypo pmopel vo TePE)ETOL OE
SLOPOPETIKEG GEIPEC Kal 1] 1010 GEIPA GE VAL 1 TEPIGGOTEPO GUVOAD OESOUEVAV.

Array Express: Anpoocia Bdorn 6edopévov [KpoouoTolylov 1 omtoia dtatnpeitol oto Evpomaikd
Ivetirovto BliomAnpopopiknc, EBI, dwabéoyun oty 1otocehida http://www.ebi.ac.uk/arrayexpress/ (Brazma et
al., 2003). Eivan g idwog Aoyikng pe v GEO, v omola mepi€yel mg vwocuvoro PAGEL TNG cuvepyaciog TV
WOPLUATOV. TNV 16TOGEAISA VITAPYOLV ETIGNG S1aBECIN EPYAAELD Y100 AVAAVGT, OOTYIEG Y10 TPOYPOLUATIGTIKT
TpocPacn 611G vanpecieg kat tutorials. Tov defpovdplo tov 2015, n Paon mepiExel dedopéva yoo 57.009
mepdpata (experiments, ta omoia aviiotoryovv ota series T GEO) kau 1.689.237 petproelg (assays, Ta onoia
TEPLEYOLVV £Vl ] TEPLGGOTEPO DETYHATOL).

Stanford Microarray Database (SMD): Bdon dedopévav mov KOTOGKELAGTNKE OPYIKGE Y10, VO,
KOAVTTEL TIC OVAYKEG OOIOPAcHOD apyeimv TV gpevvntav Tov Stanford, adAd peteEeliybnke otadokd o€
éva Onpocio amobemplo dedopévev Yoo pukpocvototyieg, http://smd.stanford.edu/ (Demeter et al., 2007).
[epiéyetl pukpoTepo apBud dedopévav and T vrolowmes Paoelg, Kobdg avth TN oTyUn €yl dedopéva yia
84.051 mewpdparta amd 631 dnpocievoels.

2.1.5 Baocsgig 0€00pEVAV YEVETIKIG TOLKIAOLOP PG

O1 Baoeig avtég, av Kot cuvdéovtal otevd pe Tig Baoelg dedopévmv akorovdiwv DNA, dev amotelodv gvbimg
TAPAYOYAL TOVG, aAAA pOAAov aveEdptnteg ovtdtres. Tovto givor katavontd av okeTOOUE OTL GE M
dedouévn Béom evog yovidimpatog evog €idovg (y Tov avBpmmov), ta Slapopeticd drtopa gival SuvvaTov va
EYOuV O10pOPETIKN Yevetikn mAnpogopia (my A avti yw T, x.0.x.). H Bdon n omoio xataypdeel tovg
TOAVHOPPIGHOVE KAl TIG CLYVOTNTEG TOLG GTOVG dldpopovg TANBvopovg givar 1 dbSNP, eved n Baon wov
KATOYPAPEL TPOTOYEVMG TOLAAYIGTOV TIG AAANAOGVGYETIGELS TMV TOAVHOPPIGU®V avTdV, givar 1 HapMap.

dbSNP: H dbSNP e&ivar 1 dnpoéoioe Pdon Yo TOVG VOUKAEOTIOKOVG TOAVHOPPIGHOVG
http://www.ncbi.nlm.nih.gov/snp (Sherry et al., 2001). Extdc omd voukAeoTid1kohg mOAVHOPPIGHOVG (single
nucleotide polymorphisms - SNPs), mepiéyet ko 6e60péva Y10 TOAVHOPPIKEG OEGEIC TOV OPOPOVV OTAAOIPEG T
gloayoyéc facemv (deletion insertion polymorphisms -DIPs), kafm¢ kot yio évOeta petabetd orovyeio Kot
Lkpodopuopikég emavornyels (short tandem repeats - STRs). Kdébe kataydpnon oty dbSNP mepiéyet
TANPOPOPIES VIO TO TOV PBPioKeTaL O TOAVHOPPIGUOC (ONAadT TNV TEPPdALlovca oAAnAovyia), T cuyvoTnTa
TOV TOAVHOPPIGUOV GE H1APOPOVS TANOVOHODS, GALG Kot Y10 TNV TEWPAPOTIKY HEOOSO, TO TPOTOKOAAN KoL TIG
ouvOnkeg pe T omoieg petpnOnke n mowilopopeio. H dbSNP déxeton emiong vwofoAég Yo KoToy®PNOELS
TOAVLOPPIGUDV amd KAOE 150G, 0ALA KOl 0d SIUPOPETIKA OTUEIR TOV YOVISIOUATOC. AETTOUEPTG TEPLYPAPT
mg Paong dedopévov  vmapyelt oto  ehevbepo  dadiktvokd Pipiio tov NCBI ot dedbvvon
http://www.ncbi.nlm.nih.gov/books/NBK3848/. Xtnv éxdoomn 129 (2008) n Baon eiye ndvm amd 14 ekatopvpio
TOAVHOPPIGHOVS, OALG TPOPAVAOC 0 aplOUOC 0L TOG AVEAVETOL GUVEXDC.

HapMap: To International HapMap Project (http://hapmap.ncbi.nlm.nih.gov/) givot 1o amotédleopa pia
d1ebvoig cuvepyaciog o Lo TpooTadelo vo EVIOTGHOVV KoL VO KOTAYPAPOVV O YEVETIKEG S10.P0PEG AL KoL
o1 opo19tNTEG TV ovBpdTIVeOV TAnBvcpdv (HapMap, 2003). O 6Komdg TOV TPOYPALOTOS EIVOL VO GUYKPIVEL
TIG YEVETIKEG OAANAOVYIES S10POPETIKMOV OTOU®Y (OO SLOPOPETIKOVS TANOVGHOVG) KOl VO EVIOTIGEL [E QVTOV
TOV TPOTO YPOUOCOMKEG TEPLOYEG OTIG Omoieg ot yeverikés moporiayés (ovvibog, vovkieotidkol
TOAVHOPPIGHOL), KAnpovopovvtol poll. ZInv apylkny QAo TOL TPOYPAUUOTOS, £YVE YPYT|ON YEVETIKOV
dedopévov amd 4 mAnbuopovg Appikavikng, Acwotikng kot Evpomaikng Kotoymyne. Xe UETOYEVESTEPES
eKdOGELG, TPooTEON KAV Kot AAAOL TANBVGHO1, G€ pio TpooTadELn Vo VITdpyEL OGO TO SVVATO PEYUAVTEPT] KAALYN
nmaykoopimg. Ta tedikd dedopéva mov eivar dwbéoua omd ™ Pdon avty, elvor or amddtvmol, dSNAdN ot
GLUVOVOGUOL TOAVUOPPIGUDV 7OV GUVKAT|POVOUOVVTOL, KOl OKPYBECTEPO Ol GUVIEAEOTEG OVIGOPPOTIOG
ovvdeong (Linkage Disequilibrium), T@v S10pOp@v TOAUOPPIGUOV TOV 1810V ¥POHOCOHATOS, HETAED TOVG.
Me ) ypnion avtig g TANpoopiag, givor duvatdyv vo oyediootodv pefddotl Kot odydpiOpol GTATIGTIKNG
YEVETIKNG UE TOVG omoiovg Oa emyelpeitol vo amavtnBodv epOTUOTO GYETIKA LE TN YEVETIKN Tpodidbeon o€




acBéveleg Ko TV avtomokplon o€ eapuaka. Emmiéov, tétoln dedopéva gitval oD ¥poyle. 6T UEAETN TNG
YEVETIKNG SOUNG TV avOpOTIVEV TANOVGU®V.

2.1.6 Baosig dogoopévav Pipioypaeiog

[oaporo mov o1 Pacelg avtég dev givar e TV o1evi évvola «BloAoyikég PAcelg 0edopEVOV», IGTOPIKA, OALA KoL
v Adyoug mov Oa pavovy oty mopeia, gival Kodd va yivetal avagopd kot og ovtég. Ot Bdoelc avtég, £xovv
GOV «KOTOYMPNON» TO GTOLYELD LLOG EMLOTNLOVIKNG dNUoGigvonc (cuyypapiag, Teplodikd, Tepiinym k.0.k.). H
Koplotepn Paon tov gidovg, ivar 1 PubMed (http://www.ncbi.nlm.nih.gov/pubmed) 1 omoio oteydleton 6to
NCBI kot mepropfavel mepiocdtepa omd 24 €KaTopOPLO. KATUYMPNOEL; EMGTNHOVIK®OV pBpmv amd
Brotatpikn BiAtoypapio (Exovtag kaivyn g MEDLINE, AA®v Teplodik®v TV emomuev g {oNg aAld
kot omd Kamowe online PiPAia). Ot avapopés pmopei vo, TEPIEYOVY GUVOEGLOVS OTO TANPES KEIUEVO TMV
gpyooclov, gite péom g PubMed Central (to vrocbvolo pe Tig ehevbepa drobécyuo dNUOGIEHGEIG TANPOLS
KEWEVOV), gite amevbeing LECH TV IGTOGEMI®V TV €KSOTIK®OV oikwv. [Tapdro mov ta otoryeia Tng PubMed
glvar dnpodcla dwbéoiua, To va £yl TpOGPaon KAVEIG 6TO TANPEG KEIUEVO UIAG EpYOsing, EEPTATAL OO TNV
TOALTIKT] TOL €KJOTIKOV 0iKOV. LTOV 1010 16T0GEAId M, VGpyovV dabéoya kat kal tutorials yio T ypnom g
vrnpeciog (http://www.nlm.nih.gov/bsd/disted/pubmed.html).

AAAeg Baoelg dedopévay, Tapopotag eoong, eivar to SCOPUS (http://www.scopus.com/) ka1 o Web of
Science (http://webofknowledge.com/). Ot Bdogic ovtég, TAPEYOVY TEPIGOOTEPES TANPOPOPIES, WE TNV
KupLOTEPT Va. givar ot PipAoypapikég avapopés (citations) mov Eyetl mapet kdbe dnpocievpévn epyacio. Avto
EMTPENEL TNV AvTIGTPOPT avalTnom (Y EVPECT] TOL TTOl0L EPYGTIL EXEL OVAPEPEL L0, dEGOUEVT EPYOGIQL), OAAG
Kot TV a&loAdYN G TOV GUVOAKOD £PpYOL (EVOG GUYYPAPEN, EVOG TEPLOOKOD 1| EVOC 10pOHaToG). To Pacikotepo
LEIOVEKTN LA 0VTOV TOV Bacemv givar 0Tt dtatifevtot amd 1810 TIKOHG 0PYOVIGLOVS KoL ATOLTOVY GUVOPOLLT| TOV
XPNOTN EITE TOL WOGTITOVTOL TOV.

H mpocPacn ot Piploypapio, ektOG TOL OTL givon omopaitnTn epyacio. otnv KoONUePOTTA €VOG
EMOTNUOVA, OTOTEAEL EMTAEOV, EVOL 1OLITEPO OVOTTUGGOUEVO KOUUATL TG EMIGTIUNG TNG TANPOPOPIKNG (text
mining), To omoio £yl Bpet 1010iTEPEG EPUPHOYEG 0TN PLOTANPOPOPIKT, KAODG 1) VTAPEN EVOG TEPAGTION OYKOV
JESOUEVMV 0O KEILEVA (TEPIMAYELG EPYAGIDV KVPIMGS), EXEL SDGEL TNV OLPOPUT| Y10, LEAETEG LTAOV TV KEWEVOV
LE OKOTO TNV avaKdAvyn cvoyeticemv kal v e&aymyn Poloyikdv cvpnepacudtov (Ananiadou, Kell, &
Tsujii, 2006; Scherf, Epple, & Werner, 2005).

2.2  Agvtepoyeveic faoeic 0gdopévov

e TV TV PHeYaAN aAAd Kot ETEPOYEVH KoTnyopio mepiiapPdvovtar kuping PAoelg dedopévmy Tov TePLEYOLV
SPopmV VOV 0md TAEIWVOUNGELS TOV TPMTOYEVOV OE00UEVMV, YPNOIUES Y10 OVOAVTIKOVG GKOTOVC, Kol
Srapivovtol TEPUTEP® 08 PAGELS OIKOYEVEIDV Kol 6€ EEEIBIKEVHEVEG BACEIS SESOUEVMV.

2.2.1 Bacegig 0€00UEVAOV OLKOYEVELMV

Onwg gival yvooTd, 01 TPOTEIVES YEVIKA amOTELOHVTOL amTd Lio 1] TEPIGGOTEPES SIUKPITEG AEITOVPYIKES TEPLOYEG
(domains), ot omoieg TOAAEG POPEC eivat kat dopikd avtoteAng. Ot meployég avtég, Bewpeitan 0Tt pmopodv va
Agrtovpynoovy aArG Kot Kot vo, eEglyBovv aveEdpTTa amd T0 VIOAOUTO TUAKO THG TPMTEIVIC. AlPOPETIKOL
GLVOVOGOL TETOLOV TTEPLOYDY O0ONYOVV OE [0, HEYOAD TOIKIAG TOV TPOTEIVOV GTI] QUOT. ZVVETMG, 1
aviyvevor| TETOLMV TEPLOYDV EIVOL GTLLOVTIKT GTIV TPOCTAOELN AEITOVPYIKTG TAEVOUNONG TV TPOTEIVOV. XTO
KEPAAOLO TNG 6TOiYIoMG aKOoAOLODY Bl LA GOV LE AVOADTIKA Y10 TO pOAO OV TailEL VT TO PAVOLEVO GTNV
avalnnomn opotdTnTag 0koAoVOIMY (TOTIKT GTOTYIoN), EVO GTO KEPAANLO TG YOVISIOUATIKNG 00 AN GOV E Yo
TO TG UTOPEL 1 AVIXVELOT TPOTEIVOV LE SLOPOPETIKN GVOTACT| GE TETOLES TEPLOYEG VO SDGEL GTOLYEIN Y1aL T
AeLTOVPYIKN N GAAT aAANAEidpacn petalld TPOTEIVOV P OLolmV HETOED TOVG.

Ot Pdoelg mov AvOADOVTIOL TOPOKATM, ETITEAOVV TOAD CNUAVTIKO pOAO oty TavounoT ToV
TPOTEVIKOV 0KoAOLO1OV o€ oKoYéveleg. EmmAéov dg, mpémet va £yovpe oy Hog, 0Tt Kadmg ot dopég gival
TEPLGGOTEPO  CLVINPNLEVEG amd TiG akoAovbieg, M Vmapé&n avtdv tov Pdcesov Ponddel otnv €dKoAn
TAVTOTOINGCTN KOl KOTIYOPLOTOiNon VE®V TPOTEIVAV, KOl GTIV €0KOAN OVAyVOPIoT €VOG VEOG TPMOTEIVIKOV
dumddpatoc. Ot Pdaoelg dapépovv petald TOvg, KLPI®G ) OTOV TPOTO EVPECNG KOl UOOMUATIKNG
HovteAomoinong g mepoyng (Le tomkn opoldtnta, pe pattern, pe HMM k.0.x.), kou B) otov 1pdmo pe tov



omoio &xetl kaboprotel e€apyng n meployn. Ot CATH ko SCOP Baciloviotl amokAeloTIKA 6€ doUKd KpLTipia,
evo ot PROSITE, PFAM, INTERPRO Aappdavovv voym kvpimg v axoiovbio. Katd cvvéneln, nepiéyovv
peyaAbTEPO 0POd KaToympnoemvy, KoBMG o1 TPOTEIVEG Pe Yvmoth doun eival ToAd Aydtepes. Emmiéov d¢
AOY® 0VTOV TOV YEYOVOTOG, £IVaL SUVATOV, GE KATOIEG TEPUTMGELS O TEPLOYEG TOL EYOVV OPIOTEL VOL S10PEPOLV.

»3p|FP08631 | HCK HUMAN
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Ewova 2.5 Avorapaotaon e oavOpamvns topoowikic kivaons HCK (Uniprot: P08631, PDB: 2HCK_A). ®aiveror i
opvolikn alAniovyio, kot n o1GpOpwaon TV SOMUKOY OVTOTEA®Y TEPIOoYWYV (domains) otny tpiodidotary dourj. Karw, n idia
TPOTEIVY 0TS TV avamaplotody ot faceic PFAM ko1 PROSITE ovtiotoryo. Kabwg o1 mepioyes avtns e mpwteivng ivor
JdouIKG 0TOTEANG, 1010 Ovamapdortacn vropyel koi oty SCOP. Xe GAAeS TEPITTMOTELS, 01 TEPIOYES TOV AVATOPIOTOVTAL OTHV
PFAM ka1 v PROSITE, umopei vo. unv ovtiotoryody o€ JoUIKG OVTOTEANS TEPLOYES, OTOTE DIEGPYEL EVOEYOUEVO OL PATEIS
OVTES VAL A10PVODY UETALD TOVS OGOV APOPE OTO. OPIA. TWV TEPLOYDV.




H PROSITE (http://www.expasy.ch/prosite/) omotelel pwor Pdon TaEWOUNONG TPOTEVIKOV
0KOAOLOIDV Kot ovToTEADV TTEPLOYDV akolovbidv (sequence domains) oe owoyéveleg (Sigrist et al., 2010). H
Ta&IVOUNON GE€ OIKOYEVEIEC TPUYUATOTOLEITAL PAGEL TOV OUOOTATOV 7OV TOPOLGLALOVY Ol  TEPLOYEG TMV
axoAov0iOv peta&d tovg. Ipwteives | TEPLOYEG TOL AVIKOLY GTNV 1810 olKoYEveld Exovy mbavoTaTa TV id1a
Agrrovpyia. Kot wpoépyovtal amd Koo Tpdyovo. Y mhpyouv TUALOTO TOV TPOTEIVIKOV 0KoAoVOIdY Tov gival
TEPLOGOTEPO GLVTNPNUEVA TNV TTopeia TNG eEEMENG TOVG Kol oyeTi{ovTal AUESH LE TN AEITOVPYIO TOVG KOt LLE
T doun TOV TPOTEIVOV 610 Y0po. H avdivon apoteivikdv akolovbimv Tov avijkovy otny idlo otkoyévela,
HEC® Mo TOAAOTTANG oTolyoNG, €ival mBavo va odnynoel o€ €va 'amoTtOHmOUE YOpaKTNPIoTIKO Yo, Kabe
OIKOYEVELQ, IKOVO vaL TN dlaypilel amod TIg TPMTEIVIKEG AAANAOVYIEG TOV BEV AVIIKOVY GE QUTHV TNV OIKOYEVELQ.

Yrdpyovv yevikd 600 TpomTOL Yia T dnpovpyic Tov 'amotvropdtov'. O évag Paciletal otn xpnon pog
YADOGOG TOPOUONG LE OVTNG TOV "KAVOVIKGOV ekepdosmv" (regular expressions), kot givat 0 mo maAOG Ko
gbkolog otn dnuiovpyia, eved o dAAog Paciletoar otnv xotactevn profiles (mivakeg pe edwég avd 0€om
mOavoOTNTEG EPPGVIONG apvo&énv), néBodog 1 omoia givar o cuvheTn aALG kot o gvaicOnt. [lepioodTepa
Yoo TG TEXVIKEG avTéC, Oa avapepbodv og emdpevo kepdiawo. Méypt onuepa n PROSITE mepiéyet
'amoTVT®pHOTO Yo Tepimov 1716 owoyéveleg yuo kabepio and Tig omoieg cupmepAapuPaveTor AETTOUEPNC
avaAvon yo ™ Soun Kot T AEITOVPYio TV TPOTEIVAOV TOV TNV ATOTEAOVV. ZUVOAIKE, VITApy oLy otn Bdon 1308
patterns, 1107 profiles ka1 1105 "kavéveg” (apopodv Kupimg TAnpoopieg yio To mov Oo mpénet va Ppioketal
70 pattern yio, v Oempn0ei £ykvpo oAAd Kot TANPOPOPIEG Yo GUVOLACHOVS ard patterns). [Ipo@avdg, vdpyovv
OIKOYEVELEC Y10 TIG OTOiEG VTTAPYOVV dabféatpa kat patterns kot profiles (GuVNOW®S, N TAAAOTEPES KOTOXWOPTNOELG
apopovGOV TO pattern). Ztnv Baon vadpyovv exione, avaAldGELS Yo Tig TpaTEiveg TG Uniprot Tov avikovv o€
KG0e oKoyéveln 0G0 Kol Yol TIg TPOTEIVEG 6TIG omoieg eppaviletar éva "amotimmpa” (Kupimg 0TV £Yovue va
KGvovpe pe pattern) oAAd givar yvootd 0Tl avTég OV AVIKOUV AETOLPYIKE otV owkoyévela avth. Télog,
vrdpyovv epyodeio yoo v avalitnon Tev patterns kol tov profiles e akoAovbieg, 660 Kol gpyareia
aVOTOPAGTOOTG TNG "omOVOVAMTAG" SOUNG TOV TPOTEIVAOVY, ONANST TNG OVATAPACTACTG TMV TEPLOYDY AVTMV
K01 TNV 0TOTOTMOT] TOVG TAVE G€ [ 0e60pUEVN axolovbia.

PFAM: H Bdomn Pfam (http:/pfam.xfam.org/) amotelel po peydin cuALOYN TPOTEIVIKAOV OIKOYEVELDY
(Finn et al., 2014). (Andreeva et al., 2004)Bacileton otnv id10 Aoy pe tv PROSITE (e1d1d pie To vtoohvoro
¢ mov Pociletar o€ profiles), aALd 1 peydin dwpopd givor 6TL €d® 01 01KoYEVELES YaparTnpilovTol amd Eva
hidden Markov model (HMM), pébodog 1 omoia ivar 7o gvaicOnTn 6TOV EVIOTIOUO HOKPIVOV OPOAOY®V,
YOPIC OUMC VO, VOTEPEL GE TAYVTNTO KOl OTOTEAECUATIKOTNTO. TNV TpéYovca ékdoon (2013), n Pdon mepiéyet
dedopéva yia 14.831 owoyéveleg mopéyovrag kKaAvym yio Tave arnd to 80% TV TPOTEIVIKOV KOTAY®PHCEDY
¢ UNIPROT.

H PFAM anoteleital and 600 vrocvvora, v PFAM-A, kot tv PFAM-B. H PFAM-A oamoteAgitat
a6 KoTo®pNoels (0UK0YEVEIEG) VYNANG «TTOLOTNTAGY, KAOMDG £Y0VV OAEG VTOOTEL GYOMAGHO OO EOIKOVS, EVD
VILAPYOVV avVaPOPES o€ GALEG Phoelg dedopévav Kat kupimg o BifMoypagio. H PEAM-B eivat to vrochvoiro,
TO OTO{0 TPOKVMTEL LE OVTOUATOTOMUEVO TPOTO EVIOTILOVTOG TIG OUOLOTNTEG OVAUESH OTIS TPMTEIVIKEG
TEPLOYES TTOV OTOUEVOVY OTAV 0pOLpeDOVV 01 TEPLOYES TTOV OVTIOTOLXOVV GTIC KaToywpnoelg g PFAM-A. H
PFAM-B ¢ivon dwitepa ypiowym, yoti He GTOXELUEVN OVAALOT OTAV TMOV «OLKOYEVEIDV», UTOPOLV v
TPOKVLWYOLV 01KOYEVELES TTOV peTémeita Ba «mpoayBohv» otnv PFAM-A. To Bacikd yapoktnpiotikd g PFAM,
K0l 0UTO TTOL TNV KAVEL TOGO dNUOPIAY, €lvar 6Tt e TN yp1ion tov HMM (ko €101kd Tov takétov HMMER, BA.
07O AVTIGTOLYO0 KEPAANI0), LTOPEl VoL EMAEYEL Y1 KAOE O1KOYEVELD [idt T S10Y®PLOTIKOD KOTOPAIOV GTO GKOp,
Kot Kath cuvéneln kabe Tpoteivn tagvopeitarl povo o pio okoyEveld (G€ 0T TOV GKOPAPEL TAVE® amd TO
katopAy). [Toapdia avtd, younAodtepn opowdTNTo pmopel vo vIdpyel HeTald MPMOTEIVOV TOL OVIKOVV GE
SLPOPETIKES OIKOYEVEIEG, YILVTO Kot 1) PAom TEPIEYEL Kot Lo avAOTEPT Katnyopia opydvmong, Ty vaep-
owkoyévela (clan).

CATH: H CATH (http://www.biochem.ucl.ac.uk/bsm/cath new/index.html) eivor pw Pdon
1EPUPYIKNG TAEIVOUNONE TPOTEIVIKOV SOUDV IOV amotehovV gyypapés g PDB pe Baon tig avtoteleig Sopikeg
meployés (domains) mov tig anaptiCovv (Knudsen & Wiuf, 2010). H CATH nepiéyetl amokAelotikd TpoTeivikég
douég mov gival TPOOOIOPICUEVEG OE SLOKPITIKOTNTO KOAVTEPT TV 3 Angstroms Kol ¥proLUonolel Kupimg
QVTOUATOTTONHEVEG HeBOOOVG Yo TNV TA&WOUNOT TOVG. X& €101KEG MEPITTMOGELG Kol OTAV avTO KpiveTat
OTOPOLTNTO XPMGILOTO0VVTOL Kot ovOpdmiva kprrhpla. H iepapyio amoteieiton koping and téooepo enimeda:
1) mv Ta&n (Class), 2) v Apyrextovikn (Architecture), 3) v Tomoloyio. (Owoyévewr SmA®UATOS)
(Topology (fold family)) kot 4) v Oudroyn Owoyévelrn (Homologous superfamily). Ov npwteiveg mov
OTOTELOVVTOL OO TAVD Ao pio avToTeEAEIG dopkég Teployég (domains), avaADOVTIOL GTO EXEPOVS GTOLYEIN
aUTOATO LE BAOT) EW0KOVS AAYOPOOVS avayvdpiong TV Tepoy®dv. H avtdpatn avth dtadikacio Kototdoost
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70 53% TV dopmv. Ot vdhomeg SoywpilovTol OTIC ETUEPOVS AVTOTEAEIG DOLIKEG TTEPLOYES LLE TOPATIPTOEL
OV TPOKLATOVV EITE OO TOVG AAYOPIOLOVS AVTOUATOV SLY®PIGHOY gite amd ™ Pproypaeio. H ta&ivounon
Tpaypatomoleital povo otic avtoteAeic dopkég meployés. H avdivon g epapyiog otnv CATH éyxel og e€ne:

C - Ta&n (Class): Ot dopég ta&vopovvral o€ 4 peydies opddes Pacel Tmv otolyeimv deVTEPOTAYOVG
SOUNG TV OVTOTEADV SOLK®V TTEPLOYMV Kot givat ot 1) mainly-alpha, émov Ta ototyeio SgvutepOTOYOVS SOUNG
€lvol 6TNV GUVTPUTTIKY TOLG TAELOYNQia 0-EMKeS, 2) mainly-beta, 6Tov Ta. GTOYEI0 dEVTEPOTAYOVS SOUNG Elvar
Kopiog B-extetapéveg dopég, 3) alpha-beta, 0mov mapaTnpovvTal EVOALUGCOUEVEG o/ Ko o+ douég kat 4)
douég pe yapnAd Tocooto devtepotay®v doudmv. H dadikacio tng ta&vounong yivetal avtopata yio to 90%
TOV TPOTEIVOV VO Y10 T0 VTOAOTo 10% ypnoipomotodviot Kupimg dedopuéva amd ™ Piioypaeia.

A - Apyrtektovikn (Architecture): H ta&ivounon mpaypotonoleital PAcel tng yeviKOTEPMS dOUNG TG
oUTOTEAOVG Jopukng mepoyng (domain), Aappdvoviag vmOYN TOV TPOGAVATOMGOUO TOV OTOLKEI®V
dguTEPOTAYOVG SOUNG OALG OYL TOV TPOTO dlcVVdESN G HeTaEd Toug Y. Papéia (barrels).

T - Tomohoyia (Topology): Ot dopég opadomolovvial He BACT] TOV TPOGOVATOMOUO TMV GTOLKEIWV
dgVTEPOTAYOVG SOUNG KOOGS KAt TOV TPOTO GHVOESTG TOVG,.

H - Oporoyn owoyévewr (Homology superfamily): e avtd 1o emimedo To&vopovvtol 1o SOMKAE
otoyelo Tov &yovv opodTTo 35% otTo emimedo Tng aAAniovyiog TOvg HE amoTELEGHO Vo Bewpeitar OTL
TPOEPYOVTAL aTd £Va KOO TPOYOVO.

S - AAMnAovyia (Sequence family): Ta péin g epeovifovv opordto Tave and 35% oto eninedo TG
axoAovdiog pe amotéhesua va Oewpodviol 0Tt Exovy TapdoLe SOUT Kot AElTovpyia.

SCOP: O Pacikog otdyoc ¢ Baong SCOP (http://scop.mrc-lmb.cam.ac.uk/scop/index.html) givor m
avdAvon ToV SOUIKOV Kol EEEMKTIKOV GYEGEMV TOV TOPATNPOVVTOL HETOED OA®MV TOV TPOTEVAOV YVOGTNG
dopng kotoyopnuévav oty PDB (Andreeva, et al., 2004). H ta&wopunon tov tpoTeivedv mpaypotonoteitot
Bacel avtdv TV dopKkdv kKot eEEMKTIKOV oyéocmv. Ta Pacikd eninedo taivounong eivon téooepa: 1)
owoyévela (Family), 2) n vaep-owoyévela (Superfamily), 3) 1o dimhwpa (Fold) kot 4) n té&n (Class).

Owovyéveln (Family): Meta&d tov ped@v g owkoyévelog mapartnpeital Eexabopn eEehiktikn oyéon. H
opo10TNTO o€ eminedo akorovdiog sivat ion N peyadvtepn Tov 30%. [opdia avTd VITAPYOVY TEPITTMOGELS GTIG
omoieg ot dopéG Kat 1) Aettovpyia ivol TOPOUOIEG VTOSNADVOVTOS KOO TPOYOVO EVD 1 OLOIOTNTO. OE EMITEDO
axoAovBiog givor pukpotepn tov 30% (oparpivee, 15%).

Yrep-owoyéveln (Superfamily): Ot TpoTEivEG TOV KOTOTAGGOVTAL GTIG VIEP-OIKOYEVELEG ERPVIioVY
TOAD LIKPY] OLOLOTITO GTO EMMEDO TNG AKOAOVOTIOG OALA TO SOUIKA TOVG YAPUKTPICTIKG Kot 1] AELTOVPYio TOLG
VTOdNA®VOLY 0Tt TaVA TPoELDEL Ao Koo TPdyoVo.

Aimhopo (Fold): Xe ovtd 10 €mimedo KATATACCOVIOL TPMTEIVEG TOL TOPOVGLALOVY OUOIOTNTO. GE
eminedo dopng. O mpwteiveg mov eppavilovv o id10 dimAmpa Exov ta id1o 6 peyAo Pabuod yapaKInpIoTIKA
dEVTEPOTAYOVS SOUNG, HE KOO TPOGOVATOMGUO KoL TIG i01€G TOTOAOYIKEG CLVOESELG HETAED TOVG. TTpwTeiveg
7ov €yovv 1o 1o dimhmpo oA dev givor Opoleg amd dmoyn opvolikng akolovdiag €YoV OpIoUEVE TEPLPEPELOKA
oToyeio. ™G deVTEPOTOYOLS TOVG SOUNG KOl GTPOPES avOpol kot 6oov apopd oto péyedog kol 6Gov a@opd ot
Supopeoon. Tlpoteives mov gpeovifovy Kowod dimAmpo dev gival omapaitnTo vo €YoV KOwn EEAKTIKY
TPOELELOT).

Taé&n (Class): H ta&wvounon yivetal pe Paon to dimlopo tov otoreimv SguTePOTAyONg dOUNG TV
TPOTEVAOV 6€ TEGOEPIS KVPLES SOUKES Katnyopieg: 1) v all-a, 6mov 1 dopn oymuartileron amd a-EAKeg, 2) Tnv
all-B, 6mov 1 doun omotereiton amd P-mTLYOTEG EmEAveELEG, 3) TV o/f, 6mOV GTNV SOoUN| TNG TPMOTEIVIG
EVOAAAGOOVTOL O-EAKEG Kot B-TTuY®TEG emPaveleg Kot 4) TV 0+, OTov € JUKPITEG TEPLOYES TNG OOUNG
Bplokovrot a-éAkeg Kot B-TTUYOTES ETLPAVELES.

H avayvopion tov oyéoeonv kabng kot 1 taivounon PAcel Tov oYEcemv HETAED TOV TPOTEIVOV
TPUYUATOTOLEITOL OTOKAEIGTIKA A0 E01KOVG EMIGTNHOVES LETA OTO AETTOUEPT] MEAETN KOl GVUYKPION TOV
TPOTEVIKOV SOUDV. AVTOHOTOTOMIEVES LEHOSOL YPNOOTOIOVVTOL LOVO Y10l TV OUOIOYEVELL TOV SESOUEVOV
TOV TEPIEYOVTOL 0T PAoT).
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Ewova 2.6 Tlopaderyuo e iepapyiog oty paon SCOP (tdln, dirdwuo, vrepoikoyéveia, oikoyévela). Ilpoooyn oto yeyovog
otL yia. A0yovg amAotnrog o€ kabe emimedo dev ameikovi{oviar OAeg o1 kaTnyopies, Onladn oTo EMIMEOO TOV OITAMDUOTOS
VEAPYOVY KO GAAES KaTnyopieS EKTOC TV 3 mOL ameikoviCovtai.

2.2.2 EEe10kevpéveg faosig 6e00pévev

Exktog oamd Tic peydieg, dmuocio ObEcEG KOl EVPEMG YPMUOTOS0TOVUEVES PAcEl; dedouévmv Tov
avaEPONKaV TopATdve, CNUOVTIKO pOLO TNV TPO0do NG PlomAnpopopikng mailovv Kot ot eEEIOIKEVUEVES
Baocelg dedopévav. Zuvndmg, aAdd Oyl VIO, 0POPOVY TIG TPAOTEIVIKEC okoAovdies (Yati Yo avTég VITAPYEL
HEYOAN TANO®PO AELTOVPYIK®V SESOUEVAV, GE PEYAAN AETTOUEPELD, TTOV OEV UIOPEl v KaALEOET amd Tic PAcELg
omwc mn Uniprot), Kot TIg TEPIGGOTEPES POPEG, GLVINPOVLVTOL AO UIKPEG 1 pesaiov pey€Bovg epeuvnTiKég
opades. Ztnv evotnto ovt Oa e£€TaGTOOY TPOPANUATA TOV AVTIHETOTILOVV Ol SIUYEIPLOTEG AVTAOV TOV PACEDV
dedopévmv Kot o cuinmBovV 01 AOYOL TOV 01 TEWPAPOTIKOL ETIOTIHOVEG LTOPEL VO TPOTYLOVV VO, SNHOGIEVOVV
Ta 6edopéva TOVG 6€ PACELS OEdOUEVMV OVTL IGTOCEADEG 1 TAPASOGLOKA G APOHPO ETGTNUOVIKDOV TEPLOIIKADV.
Toviletar 1 avaykn OMHovPYidg OO TOVG TEIPOUATIKOVG EMOTNUOVES, TNYDOV eEEWIKEVUEVOY Paoemv
dedoévav, e101KA OTAV TO dEJOUEVA EIval GVGKOAO 1] AdVVITO VO, TUPOVGIAGTOVV OTIC TOPAOOGLUKES TTNYEC.
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2t 11 - 12 Avyovotov 2014 mpaypatonomOnke pe v ypnuatoddtnon tov Wellcome Trust, oto
Hinxton tg AyyAog, pio GuvavTnon koot VO KOPILOV EPELVITAOV OV 0 Kabévag dtatnpel piio e&e1dikevpévn
TPOTEIVIKY Pdon dedopévov 1N deEdyst €pguva OYETIKA pe TNV dlathpnon evog Té€tolov amobetmpiov
(Specialized Protein Resources Network). To 0pa tng cuvavinong nTov 1 xapoén moAITIKNG Yo TV dnpovpyic
KoL 10T PN O™ TPOTEWVIKAOV PACE®V dESOUEVOV KOl ATOTEAOVVTAV 0O TEVTE EvOTNTEG: (1) Booicég TPOKANGELS,
(2) ewoaywyn dedopévav, (3) PEATIOTEG TPOKTIKEG Yo TN S10TPNOT KoL TNV EMUEAEL, (4) pon} TANPOPOPLDV
TPOC Kat amd o, peydo kKEvTpa dedopévav, kat (5) emukovovia Kot ¥pnuatodotnon. Xto téAog cuvoyilovtal
TO GUVOMK(, GUUTEPAGUATO TTOV TPOEKLYAY amtd TN avthv TV cuvavinon (Holliday et al., 2015).

2NV GLVAVTNGY] GUUUETELYOV EPELVNTEG TOL OTNPOVV «EEEIOIKEVUEVEG» TMAEKTPOVIKEG PAoELg
OEJOUEVOV GUYKEKPIUEVDV EWDMV TPOTEIVAOV (0Ttm¢ 0wTég opilovtat amd To EVVUATIKA, AEITTOVPYIK 1] SOUKE
YOPOUKTNPLOTIKE TOVG) OAAG Kot SLUXEPLOTEG PEYOA®V TPOTEIVIKOV amobetnpiov (cupumeplapfavouévoy Tmv
Pfam, RefSeq, Swiss-Prot, kot UniProt). Avtd to peyddo kévipa Oed0UEVOV YPNOLOTOOHV S1APOPES
TPOGEYYIGELS Y10 VO GUVTNPTIGOVV TO TEPLEYOUEVO TOV SESOUEVMV TOVG, OGS 1] VTOAOYIGTIKN avGALG, 1|
GLVEPYOGia, 1 EVOTTOINGT) OEOOUEVOV OO TOAAATAEG TNYEG, KOL 1] EMUELELD OO €101KOVG oyoraotég. Oleg ot
Baoeig dedopévav vrootnpifovior amd 101KO oYOAMAGHO MOTE Vo, E0CPUAIGTEL 1 akpifela Kol 1 TANpOTTO
TOV oToLElV OV Tapovoidlovtal o€ KAOe pkpn 1 peydin tpoteivikn Baon dedopévav. Eva koo mpofinua
OA®V TOV GUUUETEYOVIMV TNG GLVAVTNONG NTAV 1] EMUEAELD KOL 1] AVAVEDGT) TOV BACE®V, dEdOUEVOD OTL Elvar
SVGKOAN M AVAKTNGN TANPOPOPIOV OO SMUOCIEVHEVE GpOpa ETEDN GLYVA OEV AVOQEPOVY  OVOAVTIKEG
OGUYKEKPIUEVES TANPOPOPIES Y10 TOV VIO UEAETT OPYOVIGHO (E101KE Yo TaL strains), ) TIG akpiPeic TAnpopopieg
g aAANAovyiog Tov avaivOnke (Ty 0 Kmdikds tpdoPaocng otn Uniprot 1 to gi). H dievpvvon tov cuvepyooidv
v ™ 010pBwon Aabadv 6T Pacelg dedopuévev Kot 1 814600m TS YVOONS avayvopiotnKay and OAoVg mg
Baoucoi Tpdmot dpdiong, Tov o ®PEANGOVV OAES TIC TPOTEIVIKEG TNYEG OAAG KOl TOVG YPNOTES TOVG.

H onovpyia piog Pdong dedopévav o uropovoe va Bempnbdei evkodn dwdikacio 6tav vadpyovv
Kamowa oTotyeia S100€c1L0, GTNV TPOYUATIKOTNTO OU®S VTAPYOLY TOAAEG TPOKANOELS KO EUTOSIH TOV TPEMEL
va avtipetoniotovv. Kabe Baon dedopévov €xet Tig S1KEG TG HOVOIIKEG TPOKANGELS Kol TPOPALOTO, ALY
KGmoa oo QA €ival Kova o€ OAEG TG PAGELS Kol LTopovV va. cLVLOGTOVV 6€ £vo. factkd epmtnuo: Tt kdvel
Lo BAaor SES0UEVMV OTUAVTIKY;

Kopio mpodxinon givon n a&lomiotio kot 61 1 toc0tNTO TV dedopévev. EEaptdtar eEolokAnpov amd
70 TEdi0 EPaPUOYNC Kot TN Agttovpyia e faong dedopévmv. o mapdaderypo n faon dedopévov ESTHER, wov
g€etalel povo Tig eotepdoec kot ta dApa-frta Eviopa vépordong, kor 1 GPCRDB znov e€etalel uovo ta
GPCRs, dev mpokettal moté va. £xovv tov 010 aptdpd katoywpnioewyv pe tnv UniProtKB, n onoia mepilapfavel
OAeg TIG aAAndovyieg apvo&émy mov €xouy Ppebel péypt Topa. And pio avaAven mov TpaypaTonotinke to
2009 (Schnoes, Brown, Dodevski, & Babbitt, 2009) tpokvmtel 6Tt 0piGpEVES PAGELS dESOUEVMV £YOVV TOGOGTO
oQoAUGTOV/Ad00¢ oyoMacudy (misannotation) mepimov 80%. Avtibeta 1 Swiss-Prot mov givon to TuMqpa g
UniProtKB 670 0moio o oyoAo KoToy®pohvTol XEPOKIVITA 0d TOVG SLUEIPIOTES, EIYE TOGOGTO COAAUATOC
nepinov 0%. Y mhpyovv moArol S10popeTIKOL THTOL GPAAUAT®V TTOL UTopPovV va. Bpefoldv oTig TN YES dES0UEVOV.
Kamoto givai oyetikd €0KOAO Vo EVTOTIGTOVV LEGH OVTOUOTOTOMUEVOV SL0SIKAGIDV, OTTMS Y10 TOPASELY L0, T
opBoypaeikd AaOn 6T0 GYOAAGHE. ZQAAUATO OUMS TOV GYETILOVTOL LUE EXOTNUOVIKEG TAT|POPOPIES ELVOLL TTOAD
710 dVGKOAO va. BpeBovv, 181Kd apoD 1 Yvdor eEEMooeTat TOAD YpIyopa. XopoKTNPLoTIKO TapEdely Lo TETO00
gldovg cpdApatog amotekel 0 evEUUATIKOG UNyaviopog dpdong g Avcolvung. [Na mévo and 50 ypodvia o Kova
modEKTOC UNYaviopog mepielapPave éva evddpeco (edyoc 10viwv. Néo mepdpoto Opmg £6ei&ov OTL
TEPIAOUPAVEL TO GYNUOTIOUO EVOG OLOIOTOAKOD CLUTAGKOL YAvkoovAevivpov (Kirby, 2001). Ondte Tibevtan
Stbpopa. epOTANATO OGS Yo Tapdderypa: O apykog unyavicpos oy Tpaypotikd Adbog; Mmopovue moté va
eamiovpe OtL Bo. pmopécovpe vo mTpoodiopicovpe TéToon €idovg TANpoeopies; ‘Exovv kataywpnbel kot
npowbnBei o1 véeg mAnpopopieg o€ OAec Tig facelg dedopuévav; ITiBavov o6yt aALd To KAEW Yo TNV dlathpnon
TOV BACEOV EVIUEPOUEV®V ElVaL 01 dLoYEPLOTEG (KA YPNOTES) VA avaTpEYoVY cLuyvd ot PiAoypapio dote
VO EVILEPMDVOVTOL Y10 0,TL VEO VILAPYEL EXEL 0ALAEEL | OempEiTot amapyatmpévo.
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1. Lengevity - The one rule to rule them all. Gert asks that unless you
can maintain your database for at least 10 years, then do not start.

2. Users - All databases need users and citations. To gain and kee‘::
users, you need to provide query and browsing interfaces as well as
someone who answers emails.

3. Befriend Nucleic Acids Research and DATABASE journals - The
descriptions of your database are essential to inform new users.
But it is also essential to target publications to the readership.

4. Eollabom‘re - Your collaborators may of fer an exit strategy in the
uture.

4a.Be open - Nobody is going to steal your resource.
5. Give credit - There is more than 100% to go around.

6. Automate - Too much manual intervention makes for an
unsustainable database leading to premature death. You need to
automate roughly 90% of everything every year.

7. No new standards - Don't invent a new standard. Use what exists.
8. Keep it simple - Google is a medel interface.

9. Visibility - Be at the right conferences and be recognizable. Use
the same logo and present a poster.

10. Exit strategy - At some point you will retire. Start planning early to
ensure your database continues.

Ewoéva 2.7 O dexaloyos e "kang leirovpyias” miog foons dedousvav, onws ropovaidatnke oxo tov Kab. Gert Vriend

Yrdpyovv moAAol oKOUO TOTOL GQUAUATOV, YO TOPASEIYUO €va. cLYVO GEAAUN GTNV AVAALOT
TPOTEVIKOV OAANAOVYIDV oyetileTal pe TV omovovAmT) (modular) dopn TOAGOV TPOTEVOV. ZuviBwg
ovvavtdrtal o€ gvepyomompéva Eviupo and voatdvOpakes 0mov Eva péPog ¢ omovavA®TG doung (Module)
oV mPocdével voatavOpakeg (carbohydrate-binding module, CBM) Bpicketor cvyvd mpocoptnuévo oe
KOTOAVTIKEG TEPLOYES TTOV OVIIKOLV GE OLAPOPEC OIKOYEVELEG 1 AKOUT| Kol G€ SOUEG yvmotng Asttovpyiag. Mia
KoAY otoiylon oto Blast, 1 omoio. otoryilel povo to CBM, odnyeil ovyvd oe AavOoopévo GYOMAGHO TV
TAPOKEILEVOV SoUIK®VY TTEploy®@V. To 1010 pumopel va Aertovpynoet Kot e avtifeto tpomo, OTwg yio Tapddsrypo
otav pio mpoTeivn pe pio povo meproyr| (single domain protein) avrtictoyiletatl oe pia TP®TEIVN TOAAATANG
dOUNG KOl O GYOALOGHOG HETOQEPETOL OO TNV doun mov dgv eivar avtiotoyopévn (m.y. to éviupo mov
oyetiCeton pe v opwotpovoeepdon (UniProtKB: BSNM72)). Avt| 1 mpwteivn, TOv gUTAEKETOL OTN
Blocvvleon evdg devtepoyevols petofolitn tHmov-menTdiov, 610 TapPeABOV Bewpodviov OTL NTOV o Un-
pipoocwpikn mentidkn cvvBetdon (NRPS), mbavotata Aoym g HETAPOPAS TOV VTOUOTOV GYOAMAGHOD amTd
Ta OpOAOYA TG mov €youv TN dopn Ko Agttovpyion Tov NRPS. Qot660, e TPOOEKTIKO KOl YEPOVIKTIKO
GYOAMOGHO TV gumAiekopevov tpoteivav (Umemura et al., 2014), damiot@dnke 0TL amd TV TPOTEIVY AL
élewne 1 meproyn NRPS kot 6T 6tny TporypatikdTnTo TV Hio pYpocmpky Tpoteivi. Avtr eival pia tepintmon
OOV aKOuUN Kol €va KpO AdBog pmopel va 0dnynoel TOAAOVG epeuvNTEG GE AAVOAGUEVE GUUTEPACIOTO.
Emtiong yiveton epeavég, y1oti o XEpmvakTikos oxoMacpog ivol amapaitntog otig E&ducevpéveg [pmteivikég
Bdaoeig Asdopévmv (Specialist Protein Resources - SPRs).

"Evag 6AAOG TOTOG GOAALOTOG TPOKOAEITOL 0T TNV VAEPEKTIUNGOT] TOV GUVAYETOL OO TNV "amOdEEN
péca and Ty enavainyn”. Avtd evieyOETOL TEPUTEP® 0O TO YEYOVOG OTL 1| AEITOLPYIN P0G TPMTEIVNG UTopet
VO OPIGTEL OO TO HOPLKO/YNULKO TG pOAO (T.). pio Kvdon oepivng) M amd v gupeia Brodoyikn dadikacio
otV onoio pecorafel (.. n npwteiv N onoio pecoraPel oy TEN Tov aipatog). Fevikd, givarl apketd
d0oKoAo Vo, amokputoypaendei o BroAoyikdg pOAOG TG TPMOTEIVIG GTO EVOOYEVEC TANIGLO YPTCYLOTOIDVTOG
VTOAOYIOTIKEG PEBOOOVG KOl GLVETMG, TéToleg TpoPAréyelg Ba mpémel va ypnowomolobvtar pe tpocoyn. H
avalmon pe to BLAST ot non-redundant Baon dedopévov mpoteivov tov NCBI, cvyvd evromilel éva
LEYGAO 0plOLO TOPOLOIOV TPOTEIVAOV TOV TPOEPYOVTAL GYEOOV OTOKAEIGTIKA OO YOVISIOUOTIKEG AAANAOVYiEC.
E&etdlovrac mpooeyTikd To ovOUATE TOVG TopoTpeitan 0Tt Eival ETEPOYEVEIG Kot OTL yiveTal petdfacm omd tnv
pio otV GAAN xopig enifreyn. Emmhéov moAld opdroya EvOLUOV 6TEPOVVTIOL TV KOOOPIOTIKAOV OUIVOEEDV
KATOAOIT®V 6TO EVEPYO KEVTPO, KAOIGTOVTAG TO PN EVEPYH. ATTO TNV GAAN TAELPA, CPAALOTO GUVAPUOAOYNOTG
yovidiwv (gene assembly errors) TpokoAoOV LTOOETIKEG TPOTEIVEG OTIG omoieg €xel Tovtomonbel Adbog
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gvapktnpo. pebovivn, 1 pe e€dvia mov £yovv maporepbet, Exovrag cov mOAVO aTOTEAEGUN TNV TAUPAAELYT
evepymv xotdlowmmv. [apd to yeyovog 6Tt avtd ta AAON umopodv ot cuvéxeld vo. d10pBwbovv, o Eleyyog Kot
N d10pbmon TV GYOAAGUOV TOVE OTOTELEL TPOKAN O™ Yio. TOVG droyeplotég TV SPRs.

IMwg propovv va d1o0pHwbodv cedipato Tov £xovv evtomiotel 6TiS Pfacelg dedopévov; TToArég Ty,
omwc 1 UniProtKB, d100£t0uv pnyovicpodc dote o1 xpfoTeg vo avapépovv mhava tpofAnuata. AAieg Baces,
omwc 1 PDB, dev emitpémovv v 810pbwon teov dedopévav (av kar 1 PDB_REDO (Joosten, Long, Murshudov,
& Perrakis, 2014) emtpénel v 010pfwon TV atopk®v cvvietayuévov). o ta dAia gidn ceoipdtov
GYOAOGHOD Kot 1laitepo ekeivov mov oyetilovtar pe v aAAniovyio tov apvotéwmv, £govv mpotadel
pebodoloyiec yio Tov evromiond ko v d10pbwaon tovg (Nagy et al., 2008; Wong, Maurer-Stroh, & Eisenhaber,
2010).

Otav 10 opdipa S0pbmbei, moc pmopodue vo, evuepd®oovie OAeS TiG PAcels dedopéveov mov
YPNOLOTOI00V TNV apylkn eyypaon; H mpoélevon tov dedouévev eivar cuyvd dvckoio va evtomioteil. Ot
Swyeplotég Tov Pacewv dedopévav rafav v ainpogopio and v UniProtKB, 7 amd v mpoToyevn
BiBroypapia; Towg va v mipav omd to SFLD, ondte tifeton to epmtnua: ot dayeptotég tov SFLD amd mod
mv mpav; Opopéves mnyég (m.y. UniProtKB) éyouv apyicer va ypnowonowotdv to ECO (Evidence Code
Ontology) (Chibucos et al., 2014), cto omoio meprapfdavovrol kot ot Tyég. H copmAnpwon dpmg anyodv pe
GYOAOGHO TETOOV €l00VG €lvar ovuyvd mepimhokn dwdikacio, kKobmg OAa To dedopévo TPEMEL va
dwotavpmvovtar kot vo. gréyyovtat. ‘Evog and tovg peAAoviikobg otdyovg givar M dnpiovpyio. Kovovev
KoToy®pNong oyoAacspov PBdoewv 6mov Bo givar onpovtikn 1 duvatdTNTO YVOONG TG TNYNG TOLG HE
amotéieopa 1 gprion tov ECO 7 k@motov Topopolon KOdka, vo, ivol amapaitnn.

Me 10ov cuveymg av&ovopevo dyko dabéciumv dedopuévmv, tmg Oa pmopovoe va dratnpndei 1 axdpo
Kot va evioyvBel n a&lomiotio Tov TYdV TV Bdcemv; O 1Ko dyelplotc g Paong (dropo mov gival
EKTAOEVUEVO, GE EVOV GUYKEKPLUEVO Touén) mailel mivto kabopiotikd poro. Ot BAcElg TG OmOlES TIG
Swyepifovrarl avBpmmot Kol TPAYHATOTO100V d106TODPMOGN GToLKEI®V, £YovV peyaldtepn aélomiotio og oyéon
He T1g Paogig Tov o HES0UEVE ATAG KOTOY®POVVTOL GVTOUATO, Kol GuVIOmE avamapdyovy cediuata. Q6tdco,
0 poAOG TV ¥pNoT®V o eivor TOAD onpovtikdg 6to péEALov. o Tapdadetypo, ot ¥pHoTES 6TV EVIOTICOVV
KGmoto oA Oo PTopovV vo, EmKovavovy e Tig fdon dedopévev (divovtag arnodei&elg yio v vroapén Tov
oQAANOTOC) MOTE Vo SopBdvetar 1) Katay®dpnon. YTapyel nepintmon PEPara 0 KOTAAOYOG TOV GRAAUATMV VO
Eemepdoel TOAD ypnyopa TV KovoTNTo TG Pdong dedopévav va ta dtopbmoel. EmmAiéov, ol ypnoteg Oa
UTOPOLV VO, TPOTEIVOVY VEEG KATAYMPTOELS 1 GO KOl VO KOToy®mpovv dedopéva. To peyodlvtepo eunddio og
avtn TN €S0 GYOoMAGHOD EVOL 1] EKTAISEVOT) TV YPNOTMOV Y10, TOV EVIOTIGUO TV COOUALATOV.

‘Evog tpomog (0mw¢ epoppootnke oy d1ebvi] Kowotnto KPLoTaAloypapiog) &ivol 1 glooy@yn
SESOUEVMV VOL OTOTEAEL TTPOOATALTOVEVO TNG OTLLOGIEVCTG TMOV OMOTELEGUAT®V. QGTOCO, YOPIC TNV VTOSTAPIEN
KoL TNV €TPOAT QTHG TNG amdPOOTS 0md TO TEPLOOIKE, €ivor adOvatn 1 amdOKTNON EMAPKOVS AELTOVPYIKNG
mmpopopiog. To dedopéva mov KATOXOPOVVTAL GE TOAAEC TEPTTMGELS OeV Ypeldletor va gival diaitepa
Aemtopepelokd. o mapdaderypa, onuavtiky tpoodog Bo puropovce va givar, pali pe tov apdpd tpoécPacng
aKoAoV01OV vo, cupmepiAappavetar kot o apBudc Enzyme Commission (EC).

‘Evag dAlog tpomog, Bo pmopovoe eivol vo péow g Buamaidewn (WikiPedia). Avt n pébodog
ypnotponoteiton Mo and ™ Paon Rfam. O cuyypaeeig Bo pmopovcav va dnpovpyodv o cerida g
Wikipedia, n omoia 0o ypnoiponoieital yio va copminpwdei n fdon dedopévov Rfam. Qotdéco, moteg myég Oa
givon ol Tpwtoyeveilg cLALEKTES dedopévav; Oa givarn Swiss-Prot 1) povadikn anymn yio GA0VG TovG GYOMAGHOVS
TV apvo&émv mov Bo Eyouv ®g avaopd ol dAAeg TNYEC, Bo GLUEOVIIGOVY OAOL TOL TEPLOSIKA GTNV
npotewvopevn dadikacio; H Swdikacio oyodlacpod o eival apketd omAn kKot OAOKANPOEEVN] BGTE Ol
GLYYPUPELS VL TNV AKOAOVONo0VV; AVGTLYMG HEV VTLAPYEL ATAT OTAVINOY GE AVTH TO EPOTNUATA, OAAE KOODS
avéavetal o 0ykog tv dedopévav, ot onpovpyoi Twv SPRs, ot ypnotec kot o1 ekdoteg O mpémel va ta
OVTILETOTIGOLVV.

INao vo eivar ypriown o anyn, 1n yYAO®OGO 7OV YPNOLOTOOVV Kot ot 6v0 Oa mpémel va givol
tonomompévn. Tlopdderypo evog T€Tolov €yyepnoTog amotedel o gpevvntikd mpoypapupuo EMBRACE
(Pettifer et al., 2010). Avtd mov evvoei pia fdon pe tov 6po superfamily pmopet va unv onpaivel to id10 o€ pio
A Baon. o mapdderypa, o opiopog SFLD amottei o1 tpoteiveg va givat Oyt LOVO EEEMKTIKA GYETIKES, OAAG
Kot va €govv pia ovvinpnuévn ynueio. H TIGRFAM, amd tv GAAN TAevpd, Omoitel amidg vo VIdpyEL
eEelktikn ovyyéveln. H SFLD éyel pa epopyio, n onoia aviiotoryiletor octo PANTHER, aAAd o1 6pot mov
ypMNoLoTolovvTal eival dtopopetikoi (uia vroopdda SFLD eivar to 16odvuvapo pag owoyévetng PANTHER).
Emiong, vmapyet to 0épa g ynpeiac. H mo kown péBodog ta&vounong g ynueiog tov evidpov givar o
apOuog Enzyme Commission (EC). Anuiovpyndnke vy va amo@evydei 1 tAn0dpo e6OTEPIKOV OVOLAGLDV
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(6m¢ WPePTAcT), COVUTTIAGIVY], K.A.TT.) KOl VO GUVOEGEL TOL OVOLOTA e T Lopla (GUVIHOMG Ta VTOGTPMLOTO
KOl TOVG GUVOMKOVG YMIKODS LETAGYTUATICHOVS TOL cupfaivouv, oA Oxt TNV oAiniovyio kot Tnv doun).
Axopn kot peta&d tov Pacewv MACIE kot EzCatDB, o1 omoieg ta&ivopovv avtidpdoeig eviopmy, eivot mhovo
vo ypewdleTal Tumomoinon TG YA®ooog 1 Tov Ae&ihoyiov, dedopévov OTL dloyeiplon Tovg yivetow pe
dwpopetikovg Tpomovc. H Baon MACIE katatdoocetl ta otddo g avtidpaong, eved n EzCatDB to&ivopet
OAOKANPES TIG AVTIOPACELG TOV AmoTEAOHVTOL O £V 1| TEPLEGOTEPO 0TASW0. ['10r apKETA YpdVIa YvoTay pia
apoonddeia. Broynuikod yopaktnpopold v evlduwv, mpocdopiloviag tov avtiotoryo apBpd EC (mov
YOPaKTNPILEL TN YEVIKN YMUKY] ovTidpaoT Tov KoTodver To EvOLo) Yo To KaOe Eva.

Inuovtikd TpoPAnpa amotehel To yeyovog 0t o aplfuog EC opiotnie v dekaetio tov *50. And 101¢
€xel Bpebet 6TL ToOAAG amd To Evlupa mov €yovv apBud EC givan un ewdwkd. Hopdro avtd, o apBpog EC
YPNOLOTOLEITOL PEXPL ONUEPE eV dnpovpyovvtorl okopa kot véor apidpoi EC, pe amotéheopo vo pnv
UTOPOVLE VO 0yVONGOVUE TNV VTTapén Tov ®¢ Eva Xpnoio epyareio. Qotodco, pe v avénon g dvokoriog
¢ SNUOGIEVONG TV XOPUKTNPICU®V TV eVIOUOV GE TEPLOSIKA LVYNANG omynong, N omot) HéBodog
GLGYETIGUOD TOV TPOTEIVAOV LE ToV avtioToryo aplfud EC &xet eEodepbet, kot onpepa ¥pnoponoieitol 6yedov
mOKAEISTIKG 6T0 edio TG PromAnpopopikng. EmmAiéov, o apbpog EC eiyxe og otdyo va yopoktmpicst v
MUK avtidpaon mov exteleitan amd éva Eviupo, Kot Oyl va omodidetonl avaAoyo He TNV OHOOTNTO TOV
oAniovyiov kobmg m Ot avtidpacn pmopel vo KOTOAVETOL 0O TOAAEC UN OYETLOUEVES OIKOYEVELEC
aKoAov01OV (T.y. ot B-Aaxtopdoes) kot TOAAG EvOupo. OpadoTomMpEVO OTNY 10100 OIKOYEVELD KOTOAVTIKMV
avVTIOPACEMV TOV TEPLYPaPovTaL amd drapopeTikong apdpods EC (m.y. ot evoovoukAedoes). Zvumepaivovple
EMOUEVMG OTL 1] aOS00T ToV aptBpod EC eival modd mo mepimhokn dadikacio 6 oo He TNV omAn amddoon
tov EC Bdoer g kaAdtepng otoiyiong oto BLAST. Tétowov €idovg nmuoto UETAQPOPES GYOAOCUOD
QTOTEAOVV TTPOKAN G OYL LOVO Y10, TOVG XPNOTEG TV PACEMV 0EG0UEVOV, OALG Kat Y10, uds. TThg EEpovpe moTE
0o mpémel va d1000000V Kol TOTE O)L Ol AEITOLPYIKEG TANPOPOPIES; Xe UEPIKEG TEPIMTAOGCELS, OTMS M Pdon
dedopévov CAZy, mpotipdtor vo unv Stadidoviol ol AETOVPYIKES TANPOPOPIES Kol amAd avapEPOVY TIG
Aertovpyieg mov €yovv mpocdloplotel mepapatikd. AAlec Pacelg, omwg 1 MACIE ko 1 EzCatDB, amlmg
avaeépovy Tovg oppovg EC tov opordywv, odAd TepAopufavouy Ty TouTtdTNTo TOV GUVINPNUEVOV
KOTAAOIT®YV, £TCL DOTE O1YPNOTEG VO LTOPOHV VO, BYGAOVY T0, STKA TOVG CUUTEPAG AT (O TPOG TNV EYKVPOTITA
TV TPOPAEYEDV.

ITapdro mov dev gival amodekt 1) Aoy 0Tl OAEC 01 TNYEG O TPETEL VOL YPNGLOTOLOVV TNV 1010 YADGGO,
(n Proroyia givar ToAOTAOKY, OTTOTE EVOg 0POC O€ £va, TEDT0 OEV UTOPEL VO LETAPPACTEL PE aKPiPfEln 6 KATO10
Ao medio), mbavotata Oo NTav yprioyo va Ppedet Evag tpomog vo petappdlovtal ot Evvoiec. Ot ovToloyieg
glvar iowg o mo kaTtdAAniog tpémoc. [Tapd 1o yeyovoc 6T 1 ovioroyia yovidiov (GO) eival iowg 1 o gvpémg
YVOOT ovioloyio, otov Topén TG PromAnpopopikne, mpémel vo yvopilovpe 6Tt dev givor n povadikr. Mo
avalmon oto PubMed pe tov 6po "ovioloyia' otov TiTAO TOV £yyploov omodidel mepimov 1.500
OOTEAECLOTO. AV KOl PTOPEL Vo UMV VIapYovV ovToroyieg yio kdbe medio g Proynueiog kol g BroAoyiag,
VILAPYOVV GE TOALA, KoL Y10 LEPIKEG A0 TIG PactkéC Evvoleg (T.y. Eva EvIDUO) VTTAPYEL 1] SLVATOTNTO GOVIESTG
TOV 0e00UEVOV G OLEG TIG TTNYEG TOV Eyovv mapopotla ototyeia. Eivar Ogputd va yvopilovpe mv ovioroyio 1
T0 Ae&IAOY10 OV Ypnoyomoleital, aAAG Bo fTaV TO YPNGIUO Y10 OAOVE, TOVG YPNOTES KOL TOVS JOYEIPIOTEG,
Kot 116 Paoeig ovroroyiag, Omwc n BioPortal (Grosjean, Soualmia, Bouarech, Jonquet, & Darmoni, 2014) ko1 n
OBO Foundry (Smith et al., 2007), 1 GuALoy1 650 TO SLVVOTOV TEPICCOTEPOV TANPOPOPLDY GE UidL EViaio fdo.
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rmatics and Community Resources Retreat. To évouo.
xale emotuova axolovbeitar amo o ovouo e Ce1dikevuEVNS faong dedouévav v omoio. dicvbover.. Iiow oeipa.: David
Landsman (Histone database), Dan Haft (TIGRFAMS), Bernard Henrissat (CAZy), Rob Finn (InterPro and Pfam), David
Craik (ConoServer and CyBASE), Arnaud Chatonnet (ESTHER), Neil Rawlings (MEROPS); Meoaia oeipa: Amos Bairoch
(neXtProt), Gerard Manning (Kinase.com), Michael Spedding (IUPHAR), Gert Vriend (GPCRDB), Milton Saier (TCDB),
Pantelis Bagos (OMPdb); Eurpog oeipa: Narayanaswamy Srinivasan (KinG), Ramanathan Sowdhamini (PASS2), Alex
Bateman (Pfam & UniProt), Patsy Babbitt (SFLD), Kim Pruitt (RefSeq), Claire O’Donovan (UniProt), Gemma Holliday
(MACIE), Nozomi Nagano (EzCatDB).

H Baon dedopévov tov meprodikov Nucleic Acids Research (Fernandez-Suarez, Rigden, & Galperin,
2014) mepieiye 10 2014 cuvolkd 1.552 Baoeig dedopévav omod Tig omoieg ot 58 ftav véeg kat ot 123 maAidtepeg
ov avovemdnkav. H dnuiovpyia piog Pdong dedopévav eivor gdkoln dwdikaoio. o mapdaderypo moriég
Bacelg dedopuévav Exovv dnpovpyndel 6To TAAIG10 S180KTOPIKOV SATPIPDV 1 LETATTUYLOKADV TPOYPOUUAT®V.
H dvokoiia éykerton oty dwtpnon g Mia pedétn mov mpaypatonomdnke to 2008 £6eiée 6TL mepinmov T0
40% tov d1evdiveewv URL 1oV fdcewny 6£d0uEvmv TOL TAV dNUOGIEVUEVES GE ENICTNUOVIKE TEPLOJIKA TAEOV
dev Ntav dabéoipeg (Wren, 2008). Qo16060, N drathpnon e faong dev apopd povo Ty dapén pog 6tadepng
devbvvon URL. To mpdto mpdyua mov ypeldletal kabe Pdorn dedopévav gival 10 Tpooomikd mov Oo v
dwtnpel kou Oa cuveyioel vo TNV avarTuecel. Mepkéc amd ovTEG GLUVINPOHVTOL AT EIGIKOVE EMGTILOVES TOV
gpyalovtor povolr tovg M/kar otov erevbepo ypdvo Tovg, GAAG owtd givar SVGKOAO VO AELITOVPYNGEL
poakpompobeopa. Tt copPaivel 6tav o emoTiHovog mov SoTnpel TV PAcT TPEMEL VO TPOXMPNGEL KoL dEV
VIAPYEL KOVELG VO, TOV OVTIKTOOTNGOEL, Tomg o Abon 610 TpoPAnua avtd eival 1 evomoinon tov PAcewmv.
MMopaderypa amoterei n Interpro, pio 7nyn mov EVEOUATOVEL TOAAES SL0pOPETIKEG TNYES. Ot fdoelg dedopuévmv
7OV TNV OmOTELODV ££0KOAOVOOVY Vo S10TPOVVY T STKN TOLE TAVTOTNTO KOl VO, £(0VV TOV O1KO TOVG POAO YWOPIg
va pmopet vo, dStotnpnoet Tig faceig n Interpro. H e€acpdiion ypnuatoddtnong etvat pio Guveyng Tpoxinomn yo
pkpég N/xon aveEaptnreg (amd peyorvtepeg anyés, 6nwg 1 REFSEQ 1 UniProtKB) SPRs. Yndpyovv apketoi
TpoOTOL AENONG TOV TOPV OV droTibevtar yia Tig SPRS, 61mg Yo mapddety o, o1 EXYOPNYNCELS OPYAVIGUADV,
(m.x. n SFLD ovtf ™ otypnq vrootmpiletor amd pio emyopnynon tov NIH), ypnuoatoddtnon ypnotodv
(epmopucn), (w.x. n KEGG (Kanehisa et al., 2014) otnv ontoia enttpénetor n tpocfaocn 6 Guvopounteg), OnAndn
APNUATOSOTEITAL OO TOVG YPNOTES, EVD €OV TpoTadel kol GALA o cHVOETO LOVTEAQL.

H dwatypnon tov Pdoemv deS0UEVOV OVOVEDUEVOV OTOTEAEL 106G TNV HEYOADTEPT TPOKANGT OV
£Yovpe vo avTipeTomicovpe onpepa. O dyKog TV dedopévav mov datifevion givar TepdoTiog evd 1 avénon
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tov dwbéouwov dedouévov sivar exbetikn. H UniProtKB tov Noéuppio tov 2014 eiye mavo amd 86
EKATOUUDPLOL EYYPOPEG, €K TMV OTMOIMV OYOMACTNKAV YEWPOKiviTa 1 avabewpnOnkoav mepimov cd
gxoToppvplo. Ia kébe TAnpogopio mov yvopifovpe yo pio LOVO TPMOTEIV, VIAPYOLY AKOUN TEPIGGOTEPES
TPOTEIVES Y1 TIG OTOiEC dEV £YOVUE KAVEVA GTOLYEID, EKTOG OO TV TPOTUPYIKT aAAnAovyio apvo&émy. O
OQVTOUOATOC GYOALOGLOG Kol 01 VTOOEGEICEIVOL KPIGIUN G ONUAGING Y10 VO GUVEXLOTEL 1] KATOYDPLoT TG TANODPOG
TOV TPOTOYEVOV GAANAOVY LDV, ALOTL, OKOUN Kot LE AVOADGES VYNANG amdO0oNs, OTWOG GVTEG TTOV TOPEXOVTOL
amd to Structural Genomics Consortium, ol TEPAUOTIOTEG OEV UTOPOVV VO, TPOYWOPNGOVV GE PloynuiKéG 1
OKOUO KOl VDTOAOYIOTIKEG TPOPAEYELS EVD TO TPOTEWVIKO OimAmpo dev mapéyel oxedov moté akpiPeic
TANPOPOPIES YO TNV TPOTEIVIKY Agltovpyion ®ote vo, glvar amevbeiog ypnowes oe évav Prordyo. Ta
TAPASELY L, U0 TPOTEIVI TNG 0moing To Ovopa £xel do0el amd v Tdén Sumhopartog, 6wc 1 «putative glycoside
hydrolase» 1 éva opOAOYO TERTIOAGTG, OEV TAPEYEL GTOV ¥PNOTH KOpL €00VG E18IKOTNA Kol AP0 EXOPKEIS
TANpoopiec dote va yvopilel akpipag t Asttovpyia e, [a mapdderypa, ol kuttapvaoes (to évivpo wov
SGTOVV TNV KLTTAPIVY] TOV SEVIPOV) KoL 1] VEVPALVISAOT] (TOV EMTPENEL GTOV 10 TNG YPIANG VO OLOKANPDGEL
EMTVYDG TOV KOKAO HOALVGNG TOV) €lvar Kot ot dvo yAvkoowddceg (glycoside hydrolases). Eivol emiong
OTUOVTIKO VO, Yiver S1dkpiomn HeTa&d TG Ploynpikng Aetovpyiog (OT®G 1 YNIKT S1G6TACT TG KVTTOPIvIG) Kot
Tov Broloykov porov (6nmg Tapoyn Pondelag og Eva 10 Yo va OAOKANPMGEL TOV KOKAO HOAVVOT|G TOV) KoOmg
o1 Broynuikéc Aettovpyieg oyetilovian TePIocOTEPO UE TPOTEIVIKEG aAAnAovyieg kot douég (A. C. Martin et al.,
1998) and 611 Le Tov Proroycd Tovg poro. o mapdderypo o1 Tp®TEIVEG TOL £YOVV TAV® amd ia. Aettovpyia
(moonlighting proteins) €yovv amOAVTOG OHOLEG AAANAOVYIEG KOl SOUES, OAAG EXOVV SLOPOPETIKODS POLOLG,
oLYVE avaAoyo LE TNV KLTTOPIKY ToVg B€om. Q¢ ek ToVTOV, gival o SVOKOAO VO, TPOGIIOPIGTEL 1| Aettovpyia
H0G TPOTEVNG amd OTL 1 TPIGOIACTAT dOUN TNG KOl 1] LETAPOPE TOL GYOAGHOV UTOPEL TOLAGYIGTOV VO
Bonbnoetl tovg xpnoteg divoviog £va apykd oToLyElo yio TV TEKLopOUEVN Aettovpyia Tng. QoTd60, 01 XPNOTES,
01 S0y EPLOTEG KO 01 dMpovpyol TV Pacewy, Tpémnel 0ot va yvmpilovy Ti¢ S10popég oTov KabopIoHd aTmdV
TOV AETOVPYIKAOV EMMEd®V, OT®G M onpacioloyikn akpifele Bo Bonbnoel tovg ypnoteg va Ppovv Tig
TANPoeopiec Tov BELOVY, GANG 1 AVTOUATY LETOPOPA TOV GYOAGHOL eEokolovOel va amottel Ol HoVo Eva
KOAO LOVTELO Y100 TNV TPAYLOTOTOINOT TOV, GAAG Kol DYNANG TO10TNTOG Kol OGO TO dLUVATOV TANPECTEPA
dedopéva. Emopévac, to pédn g kowotntag SPR wpénetl va epydlovtal omd kool yio vo grayiotoromdei n
EMKAAVYN TOV TPOcTadeldV, £XOVTAS G KOO oTdY0 TNV d1aTpNnom TG TotdTNTaS AAAG Kol THG TOGOTNTOG
TOV SEd0UEVOV MOTE 01 YPNOTEG TOV PAGEDV Vo, £X0VV To, KahvTepa duvota dedopéva. TTordTiun givan emiong
ka1 1 fondeln TV ¥pNOTOV, YOPIC TOVG 0TOI0VE Kapio TNy dev umopet va avortuydel Kot va ESOKIUNGEL.

Mopakdto, divetol o cHVTOUN TEPLYPAPT TOV EEEOIKEVUEVDV BACEDMV TV OTOIOV 01 EMGTNHOVIKOL
VEVOVVOL KOl EKTPOCMOTOL GUUUETEIYAY 6TN GuvavTnor Tov Protein Bioinformatics and Community Resources
Retreat (Ewova 2.8).

TCDB: [ToALG omd T amoBetplo TANPOPOPIDOY OV GLVNBWOS BE®POVVTUL IGTOGEADEG, GTNV TPOYUATIKOTNTO
amoTeLOVV oyectakég Pdoelg dedopévav (Stein, 2013) kot enttpémovy v ddbeon TV dedopévev Kot TV
0pPYAVOOT) TG YVAOOTS, TOVTOYPOVO. fdcel ToALAmA®V Kpithplov. Ot odAniovyies givor mBavo vo Exovv ToAAG
OVOUOTO KO VO, VKOV G€ TOAAEG OpLAdEG, Kabegpia amd Tig omoieg amodnkevetan iepapyucd. ITAgovexthpota
TOV oXECIOKAOV BAcemv dedopévav (structured query language - SQL) amotelovv 1 opydvwon Kot 1 avalitnon
TOV SEJOUEVOV UE TOAAOVG SLOPOPETIKOVS TPOTOVS KOOMG KOl TO YEYOVOG OTL GLVOEOVTAL [UE GAAC GUOTHUATO,
(Jamison, 2003). Xg avt) Vv &votnto, B0 cu{NTNCOLUE CYETIKA pE TO cOoTNHO dloyeipiong g Pdon
dedopévmv Transporter Classification Database (TCDB, www.tcdb.org (M. H. Saier, Reddy, Tamang, &
Vistermark, 2014)). H TCDB &exivnoe o¢ pio omAr 1otooehido e HTML. To 1998 petotpdnnke o pio
oxeowokn (Oracle MySQL) Bdaon odedopévov pe demapr, PHP xor onpepo oteydleton oto San Diego
Supercomputer Center (www.sdsc.edu). [Ipokertor yio po féion €00UEVOV TOV TPOTEVIKOV GUGTNUAT®OV
peTaQopds amd OAovE Tovg (@VTOVOLG OpPYaVIGUOLG 7OV KOTOTAGCOVIOL GUUG®VO WHE TNV Kotnyopid,
VITOKOTIYOPIO, OIKOYEVELDL, VITO-OIKOYEVELN KOL TO GOOTNUA. To GUGTHUATO LETOPOPAS UTOPEL VOL ATOTEAOVVTOL
amd anAég M ouvleteg mpmteives (multi-component), pe péyoto £og nepimov 100 npwteiveg avd cuotnua. H
TCDB ypnoipomoteitar og Koo onpeio avapopds Yo ToV YapokTpiold dyvaotov GLoTNUATOV. AVt
oty meprropfavel 7 katnyopieg, 56 vmepowkoyéveleg, 937 owoyéveleg, 9098 cvotnuata, 11806 TpwTeiveg
kot 12086 Biproypagucéc avapopés. Ta cvotuata £xovv katoywpnbei pe v nuepounvia dNUocisvonc, evo
OAEC Ol Kooy PN oelg empelovvral kot oyoidlovtor amd edkovs. To ovotnuo TC oyxedidotnke pe Pdon to
EC (Enzyme Commission) kot giva wapopoto pe avtd (Bairoch, 1999), pe v dwapopd 611 Paciletor 1060 ot
Aertovpyia (katnyopio kol vrokatnyopia) 6GO Kol TN PLAOYEVEST (OIKOYEVELD, DTO-OIKOYEVELN KOL LITEP-
owkoyéveln). Eivat 1o povo cvotnpa eykekpipévo amd v Atebvi Evoon Bloynueiog kot Mopaxrg Bioloyiog
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(International Union of Biochemistry and Molecular Biology, [UBMB) mov ypnoiuonoieitor onpepa yuo ta
SwpepuPfpavikd popakd cvotuata petapopdg (M. H. Saier, Jr., 2000). To cvotnpa dioyeipiong g TCDB
€xel TOAG mAeovekTnpato: H yvoon ot tepopyikd dopunuévn, vrapyel Tpofreyn yuo dwoyeipion apyeimv
OGQOAEING KOl OVAKTNON OWTAV, eV £XovV avamtuydel Kot e101KEG EPaPUOYEG BLOTANPOPOPIKNG TAVD GTO
ocvotnua tosvounong, onmg 1o TC-BLAST kot Aoyiopikd yuoo tnv oviyvevon HOKPWAV QUAOYEVETIK®V
oyxéoemv, Pdoel g Yrepowoyévewns. Télog, yivovtol mpoomdfeleg yio evomoinon tng TANPoeopiag Le GAAES
Bacelg 6mwg n PFAM ka1 OMPdb.

OMPdb: H Bdaon dedopévov OMPdb (Tsirigos, Bagos, & Hamodrakas, 2011), iotifeton otnv 16t00eAida
http://www.ompdb.org, eivar dwbécyun oto Kowod Kot mepEyel dapepPfpavicd B-Papeiio g eEmTepkng
pepPpavng tov katd Gram opvntikov Poktmpiov. [oapovoidotnke yio tpdTn @opd to 2011 Ko mepieiye
nepimov 70.000 eyypagpéc. Méca ota emdueva 3 ypovia, mepleddpfove mepiocdTepeg amd  500.000
katayopnoes. Oleg ov mpoteiveg g OMPdb ta&wvopodvior o 91 owkoyéveleg, Pacel dopukdv Kot
Aertovpyikov kpunpiov. Kébe owoyéveln yopaktnpiletar and dapopetikd mpoeil Hidden Markov Model
(pHMM), mov v daympilel and tig vworomes. Ot meplocdTepeg amd aVTEG TIC OKOYEVELEG giyav MON
avapepbei otn faon Pfam (Finn, et al., 2014), ektevig Opmg BPAOYpapIKn EpEVVO. ETETPEYE TV AVOYVAOPION
OYL LOVO OIKOYEVELDV TOL OV LINPYAV otnV avtictoryn Pfam clan (MBB clan - CL0193), aALd kot KGmO1mV
mov avayvopilovtav wg teployés ayvootng Asttovpyiag (Domains of Unknown function - DUFs). EmnAéov,
cuvolikd 15 owoyéveleg, Elemav and v Pfam 1 giyav yapaxtmpiotel pe avtépato tpdéno otnv Pfam-B. T'a
KGOe TPMTEIVY, 0 YPNOTNG UTOPEL VO OVOKTNGEL TANPOPOPIEC CYETIKE LE TNV TOPOVOIN TOV CNUATOSOTIKOV
OAANAOVYLOV KOl TOV GYOAMACUO TV SlopeUPpovik®dv Tunudtov. I'a kabe eyypaen okoyEvelng, Kot EpOGoV
givor dwBéoun, mopotifetor AMoTo TPOTEVOV OV £YOVV KPLGTUAAOYPAQIKG TPOocdlopiopévny dopn. O
YOPOUKTNPIGUOG TOV TPAOTEIVOV Pacel Tov Tpopil pHMM kat 1 viofétnon tov cvotipatog tavounong g
Pfam, emtpénel otovg empeintéc vo. akolovbNoovy éva MHI-0VTOUNTO GUGTNHE OVAKTNONG 0EG0UEVOV.
Apyikd, (o owkoyévelo avayvopiletor péom g PipAoypagiknig avalnnong, otn GLVEYXEW OMUOVPYOVVTOL
povtéa pHMM ko cuykpivovton évavtt tng Pdong Pfam, kot téhog, mpocdiopilovrat To LEAN TNG OUKOYEVELNG
Kot amodnkevovtar ot Pdon dedopévav. To cuot e dVTo TOPOLGIALEL Evay o TANPT Kol akpiPr] GYOAAGHO
TOV TPOTEVOV doung PB-Poperion, Aoy tng mpocbetg a&iog Tov YEPMVOKTIKOD GYOANGUOD Kol TMV
Aemtopepdv PPAMoypoeikdv avagopmdv. ATd TV GAAN mAevpd, m ovykplon g OMPdb pe tic dideg
e€edkevpévec Pacemv dedoUEVOV TOV TEPIEXOVV TPMTEIVES dounG B-Paperiol, amokaAdmTel OTL VIEPEYEL OO
OAeG TIC TAELPEG, O10TL O100€TEL TO PEYOADTEPO OPLOUO EYYPAPADV, TPOTEIVOV Kol OIKOYEVEIDV. AlabéTel Ta o
TANPN Kol OmOKAEIGTIKG Oedopéva To StapeuPpavikd P-Papeiia, Kol TPOGEEPEL TNV TO OAOKAP®UEVN
dovvoeon pe Giheg dnuodoleg Pacels dedopévayv, PPAoypaikés ovapopéc, epyaAeic mpoPAeyng Kot
oxolacpob akorovdiwv. H OMPdb cuvepydaletar pe toug empeintés tov pdoewv TCDB kot Pfam (ot ot 00
Baoeic dedopévav TEPIEXOVV TIG OIKOYEVELES TOV TPOTEIVAV dOUNG B-Bapeitod eEmTeptkng HeUPPivNg TV KoTd
Gram apvnTiK®V Baktnpimv), TPOKEWEVOL VA, ETITVYEL T EVOTOINGT) TOV PAGE®V OEOOUEVOV LLE TN O1UGVVIEST
TOV OIKOYEVELDV Kol TI Ol0TNPNOT TOV TANPOQOPIDV EVNUEPOUEVOV (OVTOAANYT GYOALLGUOD, OVAPOPES
k.T.1.). H daductvaxn epappoyn Bacifetor 610 cuvovacud 6o enmédwv. To facikd eninedo eival Eva choTnua
Baomg dedopévaov MySQL, kot to dedtepo eminedo eivar €vag drakopotg epappoydv Apache-PHP mov
AapBaver Tig avalntioelg tov ypnotav. [Hopolo mov 1 wepapyia g Pdong dedouévov givar PAALOV omAn
(dOnhadn vrapyel povo Eva eminedo, N okoyévela), | Pdon amobnkeveror o MySQL, dote va digvkoivviei
dradkacio TV eEEIBIKEVUEVOV EPOTUATOV KOl VO, Yivetal o €0KoAn 1 evnuépmaon g Pdonc. H demaon
10100 ™G OMPADb Tpocpépel 6To ¥protn T duvaTdHTNTA O)L LOVO Vo Ol To. Srféata dedopéva, aALd Kot va
vroPalel eEedikevpéveg avalnToels yio TNV ovaliTnon aVAIESH OTIS EYYPOPEG TV TPOTEIVOV TG fdone. H
vmapén evog 1060 peYOAOL Kal a&OTIOTOL GLVOAOL dedouévav dopeufpavikav B-fapeldv pmopovv vo
YPNOILOTOINO0VV Yio OVOAVGEIS PEYAANG KATHOKAG GYETIKA UE TNV aKkpifela Ta&vOunong ToV VOIGTAUEVOY
TPOYVAOOTIKOV aAyopifuwv, yio v dnuiovpyio vémv pebddwv TpoPreyng Kol Yo HEAETEG LOVTEAOTTOINOTG.
Moakponpdbeco otdyo amoterei n dwatipnon s OMPdAb 660 10 duvaTOV WO EVNUEPOUEVT, AKOAOLODVTOG
TIg ToKTKEG evnuepmoelg ¢ UniProt kot kdvovtag avackomnon tng PipAoypapiog yio vEEC TEPAUOTIKG
emaAnOevpévec Tpoteives doung B-Paperion, Tpokeévoy va, copmeptAnebovv otn Pdon N va eviaybovv oe
véeg owkoyéveles. [lapopota pe drieg Pacelg dedopévov, 1 OMPdAb Bpioketat vd eEEMEN, Ko 1 oAANAETidpach
NG LE TNV KOwoTNnTo TMV 1pNotav ivol Lotikng onuaciog yo v avantuén kot tnv tedetonoinon mge. Extog
OO TN CLVEPYACIO UE TIC VTOAOWTEG OYETIKEG PAcelc dedopévav mov avaeépbnikov moporndve (Pfam kot
TCDB), ot dwyelpiotég evBappdvouy Tovg ¥pnoteg va voPdiovy ototyeia, va dtopbdcovy mhava AdOr, kot
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va dlTuTt®covy Tpotdoelg mote 1 OMPAb vo amokTioEl pHeyaAdTEPT XPNCILOTNTO Y10 TNV EMIGTNHOVIKY
KOWOTNTA.

CAZy: H Bdon dedopéveov CAZy (Www.cazy.org) meptypaoel OIKOYEVELEG TOPOLOLNG KATAAVTIKNG SOUNG Kot
neployng mpdodeons vdotovOpdkmv (carbohydrate-binding modules) towv evldpov, mov dlacmodv,
TPOTOTOOVV, 1| dNHIOVPYOVV YAVKOGIOIKOVG deopoe (Cantarel et al., 2009; Lombard, Ramulu, Drula,
Coutinho, & Henrissat, 2014). H Bdon dedopévaov CAZy onpoocievdnke to 1991, npwv amd omoladfmote
oAnAovyion yovidiopartog (Henrissat, 1991) kot mepiiopfavel Tnv Ta&vopnor e OKOYEVELNG OAANAOVY LDV
TV YAUKo{WIKOV VOpoAacmV. Eekivnoe oTig apyég g oekaetiog Tov ‘90 kot emextdOnke Kol oe GAAES
Kkatnyopieg evihpmv gvepydv vdatavipdkwv 6mmg ot yAvkolvAotpavopepaceg (Campbell, Davies, Bulone, &
Henrissat, 1997). ‘Eywve d100éo1iun opyikd pécom Hog oming 10toceridag tov Zemtéufpio tov 1998, evd
UETATPATNKE GE OLOKANpOUEVT Bdon dedopévav Tomov SQL (to 1999), dote va givar o gukoAn 1 dwyeipion
ToVg Kot va BedTimbei o pOpodg suiloyng Tovg. Tlapd v Tayeia advénon Tev dedopévav, Kabe akolovbia mov
eppaviferor otmv CAZy cuveyilel va eEAEYYETOL OO KATOOV EMYUEANTT, EKTOG €4V 1) VEX oAANAovYyin gival og
CLUE®VIa, YOPIg KavEVA KEVO Kal e TEPIoGOTEPO 0mtd S0% tanTion pe po 11oM ToSvounpuévn aAiniovyio. O
avOpOTIVOG TapAyoVTaG TNV EMUELELN TG BAGTC, OV TEPIAAUPAVEL 510pODGES CEAAUATOV LETA OO Ot
Kamolov ypno, kabdg kot n anddoon opumv EC amoxkdeiotikd ce éviupo mov €(ouv YopoKTnploTel
TEPOUATIKG XOPIG HETAPOPA GYOMAGHOD AOY® opoldtntog aAiniovyios, kobipwoe v CAZy ¢ mnyn
avaeopis vy Tig ylvko-emotipes. Qotéco, Bo Mtav ypriowo, pe tétolo Pdorn dedopévav vo givar
CUUTANPOUEVT] LE o €YKUKAOTOUdIKN @wnyn mov o eivar og Béon vo mapéyel otovg epevvntés axpipn
EMOKONNON TNG YVOONG Y10 KAOE 0tkoyéveLld. AvTh 1) SLOMIGTOOT NTOV TO BAGIKO KIVITPO Yo TV avarTuén e
GUUTAN PO UOTIKNG toToceAIdag CAZypedia (http://www.cazypedia.org), mov amotelel TNV AOYIKN EXEKTACT) TNG
Baong dedopévov CAZy. Yrebbvvog tg CAZypedia givor o kabnyntmg Harry Brumer tov movemompiov
British Columbia gv® vmootpiletar and pia emitpont| EUMEP®V EMUEANTOV amd OAO0 TOV KOGLO, Ol 0Toiol
em{ntovv vmrevbuvoug EMPEANTEG Kot €EEIOIKEVUEVOVG OULVEPYATEC Yoo va oxoAdlovv To. dedopéva
TETVYOIVOVTOG £TCL TNV GUUUETOYN OADV TOV ETGTNUOVOV TOV £X0VV OG TEdi0 £pguvag Tig YAvKoemotieg. Ot
EMOTALOVEG OTOL, TNPOVV TIG GLUPACEIS OVOUATOS0G10G oV d1EmoVV To cvatnua To&vounong CAZy. Katd
GUVETELD, GLYVO VTOL TTOV OVOKOADTTOVV puia vEa olkoyévelr CAZymes, TPy oo Tn SNUOGIEVSN TG EPEVLVAG
Toug, (ntodv amd ™ Pdon dedopévav CAZy tov aplBud TG OWKOYEVEINS, (OTE VO UTOPOLV VO TOV
YPNOLOTOGOVY GtV dNpocievot). Opoing, dtav avaxalvedel po véo dpaoctnpldTTa GE [0, VITAPYOLGO.
OIKOYEVELN, TOAAOL OTTO TOVG EMIGTNUOVEG EVILEPDOVOVV TN BAGT), TPOKEWEVOL Vo GUUTANP®OEL 1) AglTOVPYIKY|
avtn TAnpogopia oty CAZy. [Mapd tig 1pocmddeleg mov £Yovv yivel LEXPL TOPA, Ol TEPUUUTIKEG TAT|POPOPIES
mov mopovoidlovion oty CAZy eivor avaykaotikd eAlumc. O gpgvvntég pumopovv va Bonbnicovv
emonpaivovtag 0edopéva VIOGTPOUATOS / TPOIdVI®OV oV €youv dnpooievbel oAAG dev €xovv KOO
katayopndei otnv CAZy. Eneidn n obyypovn Proynueio otadiokd onpuovpyel ToAd peydio chvoro 6edopévev
LLE TIG EVEPYOTNTEG VO OVAPEPOVTOL GTO. ONHOCIELIEVE. ApOpo 6€ deKAdES (Kot aOvTopa YAddeg) evidpwy, Oa
NToV LEYGAO TAEOVEKTNLOL OV Ol EPEVVNTEC KATEDETOV TOL SESOUEVOL TTOV YPNGUOTOINGAUYV (OG GUUTATPOUATIKO
VAMKO o€ popon mivoka, mov Oa mepleAdufove tn cepd katayopnong ot Pdon dedouévov yio Kabe
YOpaKTNPIoUEVO VDO, TO VTOGTPMLOTO TOV YPTGILOTOWONKAY Kol T TPOidVTO OV aviyveddnkay. Av ta
EMGTNUOVIKA TEPLOSTIKA KAVOLV VITOYPEMTIKO GVTOV TOV OTAO TPOTO KATAYMDPNONG TV dedopévov, Ba gival
duvatn, TPog OPELOG OAWV, L0 TIO OLOKANP®UEVT Kol a&lOTIoT GLAAOYT dedopévav yio T Bdon. H mpaxtikn
vt Ba SlevkOLVVE TV AEITOVPYIKT GLALOYN dedopévav Kot og GAleg Baoels dedopévav ektdg g CAZy.

MEROPS: H Bdon Merops (http:/merops.sanger.ac.uk) amotelei pio fdon ta&vounong Kot ovopaToAoyiog
TPOTEOAVTIKOV EVEOUMV KOl TOV TPAOTEVOV KOl WKP®Y LOPImY avacTOAEDY TTov ennpealovy TV evOLUOTIKN
tovg Opdon (Rawlings, Waller, Barrett, & Bateman, 2014). Ta tpmteolvtikd Eviopa Egouv ToAAES Bloloyikég
Agrtovpyieg, mOV TEPIAAUPAVOVY TNV TTEYT TOV TPOTEIVAOV, TNV OVOKOKA®GT T®V TPOTEWVOV, TNV enelepyocio
KO LETOTOTIOT TOV VEOGUVTIOEUEVOV TPOTEIVOV, TNV 0QAIPEST) TOV GNUATOSOTIKMOV GAANAOVY LDV GTOYEVOT|S,
Vv evepyomoinon (Kot omevepyomoinon) tov eviOu®V, TIG TENTIOKES OPUOVEG, TOVG VTOJOYEIS KLTTAPIKNG
EMPAVELNG KO TOVG VELPOSLOPPACTES, TNV OVASIOUOPO®CT OTIG EEOKVTTAPLEG UNTPEG, TNV TNEN TOV OHILOTOC
Kot TV wmdoAvon. Ot TEnTIOAcEG EUTAEKOVTOL GE EVPV QAo acOevel®V (UK Aoiu®En, El6PoAn Tapdcitwy,
Kapkivo, dtaprtn tomov 11, ooteoaphHpitida ot voco Alzheimer), Kot ypNGIULOTOI0VVTOL GLYVE GTN Bropnyovio.
(Broloywd amopumavtikd, fupcodeyio, TOPACKEDT TUPLOV KOl GAATON GOYIOG YO EPYOGTNPLOKT PO OTNV
TPOTEOUKN  Qaopatookomicc paloc, mpocsdoploud ailniovyiog mpoteivaov). H Pdon dedopévav
dnpovpynOnke to 1996 ko ofjpepa tepropfavel Tave and 400.000 akorovbicg mentidacdv. Ot akoiovbieg
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oV €yovv/popdlovtol TAPOUOL TPOTEIVIKY avadiTAmor opyavovovtal o€ o vrepoikoyévetn (clan). Ot
aKoAovliec mov €YOoVV OUOIOTNTEG GTNV TEPLOYN TNG TEMTIOACNG OPYOVMVOVTOL GE OIKOYEVELEG. XVVOMKA
vrdpyovv 61 vrepowoyéveleg, 251 owoyéveleg ko 4.236 avoayvoplotikd (ek Tov omoiwv povo ta 377
nepiappavovior oto Enzyme Nomenclature). H culhoyn tov dedopévav éxet emektadel yio vo cuopmeptAdpet
naveo amd 28.000 avaoToAEic TENTIOACT|G TOL TPOEPXOVTUL OO YOVISIOKE TPoidvTa, Kb Kot Tave omd 1.200
Kpa poploe avactoreic. Xtn Bdaon mepiiappdvovral avoeopés amd miveo omd 53.000 dnpooievoelg Kot
ocvvepyaletal pe d1apopeg AAAeG PAcEC dEOOUEVOV OAANAOLYING TPOTEWVAOV, GUUTEPILOUPAVOUEVOY TMV
UniProt, Pfam kot Interpro. Onwg cupfaiverl kot o dAdec e€edikevpéveg fAoelg TPpTEIVOV, LITAPYEL EXTYVOOT
TV Abov ot TpToyevh dedopéva Tov dappéovy o€ dAAeg Pdoels. Etvar oxeddv adbvato va dtopdmbovv
GQAALOTO OTIC PAGEIC TPOTOYEVAOV OAANAOVYIOV Y®PIC TN GLYKATAOESN T®V OTONMV OV TIC Kataympnoay. Ot
oXOMOOTEG TOV YOVISIOUATOV B Ttpénel va yvopilovv OtL T évivpa, Kot 10104Tepo Ol TENTIBACES Y10 VL
Umopovv va ypnoiporondovy, TpEmel va GuVOSEVOVTOL OO TV TANP YVAOGCT TOV KATAAOW®OV TOV EVEPYOD
KEVIPOVL, Kol OTL OV GE KATOWL KOTOY®PNOT OAANAOLYioG AEITEL OTO0NTOTE OO OVTA OeV TPEMEL Vol
oyoAaletal g evepyod éviupo. O peydlog kot S10pKmG oEAVOIEVOS OYKOG OMUOGIEVUEVMVY dESOUEVAYV, KOO1GTA
OTTOPOLTNTI TN GLUUETOYN OA®V TV PHEADV TNG EMGTNUOVIKTG KOWOTNTOS 6T0 oYoAacpo. Ta opéin yio tov
gpevvNTN oL cLpPaAdlel o pia Proloyikn Pdon dedouévev gival 1 avayvOPLOT TNG GUVEICQOPAS TOV, 1|
Tpofoin TV MNUOCIELGEDV TOV, 1| BerTioon TV GLALOYOV dedopévav kot 1 dopbwon Aabov, evd emiong
BonBa GALovg EpeLVNTEG TTOV XPTGILOTOIOVV TOL SEGOUEVAL.

neXtProt: H neXtProt (http://www.nextprot.org/) givar o 01001KTLOKT BACT 0£60UEVOV TPOTEIVOV TOL
avOpomvov opyavicpod (Lane et al.,, 2012). Evoopotovelr mAnpogopieg mov TPoEPYOvVIOL omd TV
UniProtKB/Swiss-Prot pe o tAn0dpo dAAov otoyeimv mov mpoépyovtal amd to amobetnplo Kot Baocelg
OedOUEVOV OV TEPIEYOVV OTMOTEAEGUOTO TEPAUATOV VYNANG OOS0GNC OTOV TOUED TNG TPMTEOUIKNG,
LETOYPOPOLIKNG KO YOVISIOUATIKAG. YTTAPYOLV 1ol GEPA amd SUGKOMEG Y10 TN O10THPT|ON TAPOUOI®Y TNYDV
pe v neXtProt. H mpdt &yxerron oty emiloyn kai aloldynon Tng TooTnToS TOV TANPOPOPLDY TOL
Katayopovvtol ot faon. ‘Evag amd toug 610)0v¢ TG opddag empéreiag g neXtProt givat n ta&vounon tov
TMEPAPATIKDV ATOTEAEGUOTOV GE TPELS KATNYOPIES: «YOAKIVO» (> 5% mocootd cpdAnatog), «apyvpd» (1-5%
TOGOGTO GOAALOTOG) Kol «xpuod» (AMydtepo and 1% mocootd ceaApoTog). Ta ydAxwva dedopéva dev
gvoouat@vovtal otnv neXtProt. H a&loAdynon tng modTnTog TV TEPUUATIKOV TOTEAEGUATOV gV gival
YEVIKA TOAD 0KOAO Vol MITELYDEL, SEGOUEVOD OTL GLYVA 1| KATOXDPNGOT LEAETOV 1 dEGOUEV@V GTO. repositories
dgv TAPEYOVVY TO ATOPAiTNTA KPLTPLaL Y10 VoL 0EL0A0YN0El OVTIKEEVIKA 1) TOLOTNTO TG TEPOUATIKNG S1dTaéNg
OAAG OVTE KOL TOV OMOTEAEGUAT®V. TNV WOAVIKT TEPITTMOOT, O1 EKTNGELS aVTEG O Tpémet va emaveetalovtan
0€ TOKTA YPOVIKG dlooTHAT, OTAV Ol TEXVIKEG OAAALOVV KOl £X0VV OVTIKOTOOTOOEL 0o KAADTEPEG KOl 1O
axpiPeic pebddovc. Mo GAAN onpoavTiky TpoKAnon yio Tnyég Topopoles pe v neXtProt Tov Tpocmaboiv va
EVOOUATMOGOLVV PEYOAT TOIKIAMO TANPOPOPLDV TOL TPOEPYOVTAL AO TOALEG ETEPOYEVELS TNYES Elval 1 GLVEYNS
OVAYKT) TPOTOTOINGNG KOl EVIUEPMGNG TNE TANPOPOPIG TTOL TopExeTal amd T Pdon dedopuévov. H neXtProt
npoonadel vo akolovOnoel éva unviaio ypovodidypapipe €K600mG OMNUOGIENGE®Y OAAL 0VTO UEPIKEG POPES
dtapdocetol omd aAlOyEG 0€ TOLVAGYIOTOV pio omd TIC EVOMUOTOUEVEG TNYEC. ZNUOVTIKO TPOPANUa
dpovpyodv oArayéc oty Hopen Tov dedopévav. Télog, onuaviikd TpoPAnpe anotelel 0Tl o1 ANYEG TOL
EVeOUATOVOVTAL 6TV Pdom dev £xovv OAeg TV id1o TpoTuTonoinon. H mapaymyn kot n dtothpnon mviKkmy
VTIGTOIYIOMG HETOED SLUPOPETIKAOV OVIOAOYIDV 1) EAEYXOUEVOV AeEIMOYIOV givar Yevikd amapaitntn. AvTtd To
TpoPANua givar 1d1aitepa 0&D otV TEPinTOOT TOV ovOpdOTIVEOV 060gveldv Kabdg vdpyovy Tave amd 10
OVTOAOYIEG TTOV YPNGUYLOTOLOVVTOL O TIG EMGTNOVIKES KOWOTNTEG TNG WOTPIKNG Kol TOV EMGTNUOV (oS,

PASS2: H Bdon PASS2 mepi€yel ototyioeic S0U®V TPOTEWVIKOV 0AANAOVYIDV GE EMIMEDO VIEP-OIKOYEVEIDV
(Protein sequence Alignments of Structural Superfamilies). H mpdtn éxdoomn tng Pdong avaeépetor og
«CAMPASS» (Sowdhamini et al., 1998). H moAhamin otoiyion oAANAOVYIOV LEADV ULOG VTEP-OIKOYEVELNG
TPOTEVOV TOV SPEPOVY PETOED TOVG, OmoTeAEl SVOKOATN dtodikaoio e&ontiog TNV KPS OHOOTNTOG TOV
OAANAOVY IOV, TOPOAO OV UTOPEL VO VTAPYOLY AVOUEIGPNTNTES eEEMKTIKEC CUVOEGELS, AEITOLPYIKEG KOl
dopkéc opordtnTeg. O Tponyovpeveg ekddoelc g PASS2 ftav o poper HTML, evd ) tpéyovoa ékd0om NG
(PASS2.4) (Gandhimathi, Nair, & Sowdhamini, 2012), Aeitovpyei o pio mhateoppo MYSQL pe diemagpn og
PHP. Avt) 1 éxdoon g Pdong, n omoia givar o dueon avtietotyio pe mv SCOP 1.75 (Murzin, Brenner,
Hubbard, & Chothia, 1995) yo Tov opiopd TOV PEADV TNG VIEP-OIKOYEVELNS, OUTH TN OTIYUN TPOCPEPEL
ototyioelg axolovOimv Bacel g doung 1961 vrepolkoyevel®v. ZNUAVTIKTY TPOKANGN Y10, T SL0TP1oN KoL TV
evmuépwon g Baong, Aappdvovtag vadoy T GLVEX CLGCDPELCT TPOGHETOV HEADV KOl VITEP-OIKOYEVELDV,
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glvar M pelmon TG XEPOVOKTIKNG TOPEUPACNS, KAl 1 OVTOUOTOTOINGN 0G0 TO dUVATOV TTEPIGGOTEPO TNG
Sad1KaGI0G, S10TNPDVTIG OUMOS TV TOLOTNTO, TV OES0UEVOV 68 DYNAD eninedo. AVTo givar TPAyLATL SOGKOLO,
dedouévou ot 1 eEEMEN pépvel pall ™G SopopomomoeLs, Kot avtd onuaivel 0Tt o propodoay v VITAPYOVY
apketd «outliers» (Gandhimathi, et al., 2012), ta onoia €ival SVGKOAO VO EVIOTIOTOVV KOTA T1 SIGPKELL TNG
OQVTOLOTNG OTOI(IONG TOV TPOTEIVIKOV OTOTELDY SOMIKOV TEPIOYDV TV VIEP-OKOYeEvEL®V. H pedém tov
AELTOVPYIKOV OTOKAICE®V TOV KOTOAOIT®V KOl NG €WIKNG KoTtnyopiog Tng @vong Tov dotnpnuévey
KATAAOUT®V 1] LOTIP®V 00 TOVG TEPAUATIOTEG GE EVOL EAEYXOUEVO AEEILOYIO GTIG OVOPOPEG TTPOTIOPICUOD TG
doung tovg, Ba PTopovGE VO KOTAGTHGEL SLVOTH TNV EYKOLPT ovoyvdpion Tev outliers.

KinG: H Bdaon odedopévov Kinases in Genomes (KinG) omotehei pio mmyn xwooov Ser/Thr /Tyr mov
KOSIKOTO00VTIOL 6TO TANPOG GAANAOVYNUEVE YOVISIOUOTO TOV TPOKOPVOTIKMOV, UKDV KOl EVKOPVOTIKOV
xuttdpov (Krupa, Abhinandan, & Srinivasan, 2004). To TAfpeg PENEPTOPIO TOV TPOTEIVIKOV KIVAGDV GE
dtpopa. TANPOG aAAniovynuéva yovidiopoato mapovotdletor oto diktvo Garuda India otnv 1oT0cEAdQ
http://megha.garudaindia.in/king/. To diktvo mapéyer Aemtopepn katdroyo tv Ser/Thr/Tyr ko dtvrov
TPOTEVIKOV KIVOGOV S10(POP®V OPYOVIGUMDY GUVOIEVOLEVA OO YOPAKTNPLOTIKA, OT®G 1 TOEIVOUNGT GE LTTO-
OIKOYEVELEC TPOTEIVIKOV KIVAGOV KOl 1] OPYAVMOOT T®V 0VTOTEADV Sopik®V Tteploydv. H Bdon enttpénel emiong
TNV AVAKTNOT TOV TPOTEIVIKAOV KIVOCHOV TOV 0VAKOLV GE KOOOPIGUEVN VTTO-0IKOYEVELD 1] GE GUYKEKPIUEVOLG
GLVOVUGLOVG AVTOTEADV SOUIKGV TTEpLoymV. O ¥pNotng pmopel avalntioel cuYKEKPYEVEG OAANAOVYiEC DOTE
VO TPOGOHI0PIGEL TNV KOTOAVTIKT TEPLOYT TNG TPMTEIVIKNG KIVAONG KO TO. S10(popa. AEITOVPYIKH KATAAOTO, 6TV
KOTOALTIKT TEPLOYN TNG Kvdong. Ztnv mpdtn ékdoomn g KinG mov dnpooievdnke 1o 2004 (Krupa, et al.,
2004), dnpocievdnkav kwvdoeg povo amd 40 opyavicpovg. H KinG avavedveton kabe ypovo. Or Kwvdoeg
eKQpalovtol éviova, €01KE GTOVG EVKOPLOTIKOVG OpYOVIGHOVG. EmimAéov, kabdc o apiBpog tov mAnpog
OAANAOVYMUEVOV YOVISIOUATOV aEAVETUL LE YpTiYopo puBud, og kdOe avavéwmon g Baong av&avetal Kot o
apUOS TOV KIVOGMV OV TPETEL VOL 10 EPLETOVV. XV TpéYovca £kdoon g KinG peletdvron 12200 opddeg
OEJOUEVOV YOVIOIMUATIKNG E OMOTEAEGLO TOV EVIOTIGHO Kot TV tagvounon 131.921 kwvacwv. Extog amod to
ot wpémel  Paon vo ovuPoadiCel pe v avénon tov apliuod TOV KIVOo®OV, VIAPYOVV HEPIKEG EMMALOV
EVOL0PEPOVOEC TPOKANGELG TTOV TPETEL VO OVTILETOTIGTOVY. H Ta&vOunon tTov Kivacs®v 6€ VTO-0IKOYEVELEG
otV Baon KinG mpaypatonoeiton coppmve pe to cvotnpe ta&vounong tov Hanks kot Hunter’s (Hanks &
Hunter, 1995) npocaploGUEVO LE 0 TPOGEYYIOT TOALUTAGV EWIKOV avd 0éon mvdkmv (multiple position-
specific scoring matrices - PSSM) (Gowri, Krishnadev, Swamy, & Srinivasan, 2006). H opadoroinon tov
OAANAOVYIOV KIVAGTG GE OVTEC TIC VTO-O0IKOYEVELES 00MYEL GE AVAYVMPIGT] YVIOLOV VTTO-0IKOYEVEIDV TOV OEV
TMEPLEYOVTOL GTO OPYIKO TANIG1I0 TaEVOUNonG. ¢ K TOVTOV, TOL GLGTHIATA TAEWVOUNONG AVASL0PYOVMOVOVTOL,
TPOKEWEVOL Vo GUUTEPIANPOODV 660 TO dvvatdv TePlocdTeEPe; Kivdoes. Mo GAAN mpoxkAnon €ivor M
acVUPOVio HeTa D TG TaEIVOUN GG O VTTO-0IKOYEVELEG, ) om0l PacileTal AmoKAEIGTIKG 0TI AAANAOLYIES TOV
KOTOADTIKOV TEPLOYDV, Kl TOVG CLVIVOGHOVS TV TEPOYDV TOV KivaodVv. [Ipdceateg avaivoelg (Deshmukh,
Anamika, & Srinivasan, 2010; Rakshambikai, Gnanavel, & Srinivasan, 2014) enétpeyoav v avayvopion g
epeaviong vppwikmv (hybrid) xvac®mv ol omoieg yopaktnpilovtol omd o VITO-0KOYEVELD KIVAGNG, TOL
avayvopiletar pe fdon povo v aAAnlovyic TOV KOTOAVTIKOV TEPLOY®V, Kot 1 omoia yapakmmpileTol o€ pio
GAAN VTO-0IKOYEVELD KIVAGAV HE PACT TNV OPYITEKTOVIKY TNG KOTOAVTIKNG TEPOYNG. AT M TepimAokn
KatdoTooT Ogv EMTPEMEL TNV TASIVOUNON TNG KIvAong o€ Kopia arnd Tig 600 VITO-0IKOYEVELEG, KOl (OC EK TOVTOV
npoteivetal va Ta&vopodvTol g VPPIOKES KIVAGES LLE YOPAKTNPIOTIKA TV S0 SLOPOPETIKOV VITO-0IKOYEVEIDV
Kivaong. Emmiéov, duokohio 6NV To&VOUNGT TPOKOAEITOL OO TNV EUEAVION KIVOOMV TOV 1) KOTOAVTIKN
TEPLOYT] TOVG GUVOLETOL UE WI0 GLUYKEKPLUEVT] OUKOYEVELD KIVOGMV OAAG 1 GUV-DTOPEN TOV TEPLOYDV deV
yopaktnpiletal amd KAmolw LTO-0KoYEVELD. IV aVTO Ta YOPOUKTNPIGTIKG TOVG OMOKAIVOLV OO QVTE TV
VIOAOITOV PUEADV TNG LITO-0IKOYEVELNG. AVTEG Ot Kivdseg ovopdlovtol Kivaoeg rogue (Deshmukh, et al., 2010;
Rakshambikai, et al., 2014). O oyedlaoUOg TOL TPOTEWVOUEVOL GLOTNUATOG TAEVOUNGCNG TOV KIVOGMOV
S1EVKOAVVETOL IO TNV OVAALGT SEGOUEVOV DYNANG OTOS0GNG TTOL TPOKVTTOVY cuveX®G. Ta dedopéva kat To
ovoTNUO TAEVOUNONG TPOPOSOTOVV TO éva TO AAAO, KUODC PEATIOVETOL GLUVEXDG TO CVOTNUA TAEWOUNGNG
(Bhaskara et al., 2014; Gnanavel et al., 2014; J. Martin, Anamika, & Srinivasan, 2010) 0o cuvveyicel
evmuépwon g Paong dedopévav KinG. H mapodoa éxdoon g KinG éyel dnpovpyn0el ypnoporoidvrag to
NetBeans IDE o€ mopnva Java, JSP, Servlets, AJAX, Jquery, XML, HTML kot CSS &v® to mepidArov g
glvat QIAIKO TPOG TO XPNOTN, KO Ol avalNTOES TPOYUOTOTOLOVVTOL YPTYOPa.

EzCatDB: H Bdon EzCatDB (http://ezcatdb.cbrc.jp/EzCatDB/) onuovpynbnke 1o 2004 pe otdéxo va
amoteAécel Evov 0dMY0 katdtaéng evOLUIKOV avTIOPAGEDY, TOV SOUDY TMV EVEPYDV KEVIP®V TV eviDUOV,
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OAAG KO TOV KATOADTIKOV TOVG punyovicpuov. Bacileta o minpopopieg amo v Biproypapio (Nagano, 2005;
Nagano et al., 2014) kot dweéper oand v Enzyme Commission (E.C.) (NC-IUBMB;
http://www.chem.gmul.ac.uk/iubmb/enzyme/) n omoia to&vopel ta évivpo pe Pdon Tig yMUKES dOpES TV
VTooTpOUATOV Ko twv mtpoidvtwv (Fleischmann et al., 2004; McDonald, Boyce, & Tipton, 2009; Tipton,
1994). Av ko 1 ta&vounon g epoapyikng avtidpaong (RLCP) oty EzCatDB apywd nepieddpfove povo
AVTIOPACEIS TOV TUPNVOPIA®Y VTToKoTooTdce®V (nucleophilic substitution reactions), 67®G VOPOAVGELG Kt
AVTIOPAGEIS UETAPOPAG, OTN GUVEXELN EMEKTAONKE Kol o€ GAAES avVTIOPACEIS OT®G TPOoHNKNC, apaipeong,
1GOUEPIGHOD, HETAPOPAS VOPIBioV Kot peTapopdg nhektpoviov (Nagano, et al., 2014).

H EzCatDB mepilopfavel tig tprrotayeic dopég tav evidpwmv g Protein Data Bank (PDB) (Rose et
al., 2013) kot to avtiototya dedopéva ariniovyiog apvo&émv g UniProt, dwaitepa pe v avrtiotoyn
ta&wopnon CATH (Cuff et al., 2011). Extog amd avtég Tig BAcELS, Yio To SEO0UEVO EVDGEDV OV GYeTIlovTal
pe ta éviopa Aappdavetor veoyn kaim paon KEGG (Kanehisa, et al., 2014). Xtnv EzCatDB ypnocwonoteital to
ocvotnua Sloyeipiong Pacewv dedopévav PostgreSQL. Xvvenmg 1 avalitnon tov dedopévev evog evivpov
umopei va, yivel pe didpopovg tpomovg (Nagano, 2005) 6nwg yio mopddetypa ypnoponoidvrag tov apuod E.C.,
ta IDs and dddeg Baoeig dedopévav, Tovg THTOVS TOV OUWVOEEDY OV BPIcKOVIOL GTO EVEPYO KEVIPO TMOV
ev{OIOV Kol TOVG THTOVG TOV TPOGOETMY TOL UTOPOLV Vo cLVIVAGTOVV Yio TV avalntnon (Nagano, 2005).
Emumiéov, yo kabe eyypagn eivor dvvati 1 onpuovpyio €vOG TIVOKO GYOAGHOD TMV TPOCOETMV Y10, TO.
dedopéva g PDB, otov omoio o popia TpocdEtn Tov cuveEovTol LE TIg S0UEC TOV VDOV £XOVV TEPTYPAPET
YEPOKIVITO MG CLUTOPAYOVIEG, VTOCTPAOUITO, TPOIOVTO 1 EVOIAUEGOL, PUGIKOT TPOGdETESG 1 aviAoyOoL
pocdéteg. Emiong dnpovpyeiton évog mivokag pe TANPOQOpieg OYeTIKO He To OpvOEIKG KOTOAOUTO OV
Bpiokovtar oto evepyd kévipo tov evlbpov (Nagano, 2005). Ta dedopéva avtd givol amapaitnTo yioo Ty
KATOVONOT) TOV KATAAVTIKGOV UNYOVIGUOV TOL EVEOLOV.

Oleg o1 ddkacieg mov oyetilovtal Pe TOV YEPOVIKTIKO GYOAGUO gival ypovoPfopeg, AOY® TOL
HEYGAOL OYKOL T®V dE60UEVOV Kat TNG dLGKOAiNG avalntnong otn Pifioypagio. Zvykekpyéva, 1 e&aymyn
Kot avédAvon TAnpogopiag omd v PifAoypapia givarl n wo ypovoPopa Kot amottel Tomikn amobrkevon g
Motag Tov dnpociedoemy, mapayyerio Tov TANPoVg Kewévoy, avalnmon tov Aéfswv kAewwwv kim. H
EzCatDB mepiéyet onpepa 871 eyypapés éviopmv, mov apopodv 1.610 aiiniovyies tng UniProtKB kot 6.704
gyypoeég g PDB. Eival emopévmg gavepd 61t ta d100éotpo dedopéva eviopmv givor tepropicpéva. Emmiéov
Bpiokovtol 610 otddo g enelepyaciog 300 eyypapég mov OUMC amoterel dVGKOAN dradiKacior AOY® TV
TEPLOPIOUADV GTO OVOPAOTIVO dUVOUIKO KO OTT XPNUATOSOTNON.

MAGIE: H MACGIE (Mechanism, Annotation and Classification in Enzymes, http:/www.ebi.ac.uk/thornton-
srv/databases/MACIE), givat puo faon dedopévav mov mepiéyetl unyavicpovg avtidpaons eviopwov (Holliday et
al., 2012). Zmv MACGIE ovykevipdvovior kot amobnkebovrar mAnpopopieg oyetikd pe to. EvQupo, Toug
GUVOAIKOVG YNUIKOVG HETOOYNUATIOUOVS TOVE, TOVG UNYOVIGUOVS OVTIOPOOTG, TOVG CUUTOPOYOVIEG KOl TO
KkatoAlvTikd Kotaiowma. Kabe eyypaen tg MACIE avtictoyiletot og TovAGYIoTOV [0 KPUGTOAAKT SO GTNV
PDB ka1 og évav kold kabopiopévo punyoviopud omd v apwtoyevy Pifloypagio. Ta dedopéva g MACIE
pumopotv va. OempnBodv ®¢ Lo EVVOI0AOYIKT lEPAPYNOT, N OTOl0 TPOKVTTEL OO TO YEYOVOG OTL £val EviLpO
pmopel va oprotel capds omd To ooyl Tov.

Me avtv v epdpynon éva éviupo pmopel vo. oploTel KOTA TNV O OA] TOL HOPP1, GOV €va,
BlomoAvpepéc mov €xel (o TPOTOTOYH OpVOEIKY OAANAOLYIOL KOU KOTOAVEL £€VOV GUVOAIKO YNUKo
petaoynuatiopd (0 opiopdg avtdg dev mepihapPdver ta  ppoéviopa). ‘Evoag ovvoMKOg  ymukog
LETACYNUATICUOG TPEMEL VO OTOTEAEITOL OO TOVAGYIOTOV £VOL VITOCTPOUA Kot £va TPOIOV, KAl VoL £l Eva
INYaviopd mov Opmg givar mbavo vo unv yvomotdg pe kabe Aentopépeia. To yeyovog 6Tt To dedopéva ovtd
UTopovV Vo S10tayBovV 1EpupyIKa aVASEIKVOEL TNV GYECT] TOV VTTAPYEL LETAED TOVG KOOMG Kol OTL ivat duvath
1 TEPLYPAPT TOVG GE Lo, oxectokn Paon dedopévav. H MACGIE ypnouonotel v avoryty Pacn dedopévov
MySQL. Avtd 10 €minedo TOV GYECIOKOV TANPOQOPLOV EMITPEMEL TNV YPNYopn ektéAeon ovvOetmv
avalnmoenv. Tétoeg epapykés avalntoelg éxovv 1Mo vAomombel TOAAEC POPEC TNV 1OTOGEAIDA. TNG
MACIE (Holliday et al., 2007).

Me 11 xp1ion TV GYEGEDV AVT®V Eivol EDKOAO VO TEPAGOVUE Amd TO £va ded0UEVO 6TO GANO, e TNV
TpodmdOeon OTL Kot Ta dVO gival GToYKElR TOL aTaTOVVTAL V1o TOV Kabopiopod tov evivpov. H MACGIE nepiéyet
HEYGAO 0plOpd HETO-OESOUEVMV TTOV PTOPOVV Vo, GLUVOEDOVV LE Ta EVELHA KOl TOVG UNYOVIGHOVS avTIOpaoNG
toug. Ta PBaocwd otoyeio meptiapfavoovv (1) Tic Aemtopepeic Aeitovpyieg Kabe KoToAvTIKOD Oapvodikon
Kkatdlowtov oty 0éon katdivong, (2) ™V Tapovsia KATAAVTIK®OV dvadmv 1 Tp1admv, (3), T UNYOVIGTIKN
mePLypapn Tov kabe oTadiov avtidpaong, (4) Tig HeTaforég TV deoUOV, (5) Ta KEVIPO TV AVTIOPAGE®DY, TOVG
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GUUTOPAYOVTEG KOl TIC AELTOVPYIEG TOVG, Kal (6) Ta aTotyeio cuVIEONC e EEMTEPIKES PATELS OESOUEVOY, OTTMOC
v Tapaderypo o apiuoc EC, ta avayvopiotikd g UniProtKB, CATH, kot o1 kwdikoi PDB.

Mio teAdikny Pacikr cvvict®co e doung tav dedopévav g Pdong MACGIE eivar n ypnon &vog
avotnpd eheyydpevou AeElhoyiov Kot 0 EKTEVIG EAEYYOG TOV GOOAUATOV Katd TV Kataydpnot. EAéyyetat av
N TpwTeivn £xel oM KotoywpnOel oty MACIE xoi av ta oyoAacpéve apvo&ikd KaTdAoumo vTapyovy otV
KpvoTaAAky dopn. EEapéoelg yivovtal 6tov 1) KaTaALTIKY Lovada, SNAaSN 1) HIKPOTEPT] LOVASH TOL amoTEITOL
v va GupPel 1 KatdAvon, eV avTIGTOLYEL 6TV cOUUETPT Hovada 6to apyeio PDB. Eriong eAéyyetal edv ta
oo TAPLALOVY LE TNV IEPAPYNOT, T.X., OTAV £V, KATAAOUTO €ival oYOMAGUEVO MG AVTIOPOV, OAAL dEV el
oyoAlacpévn Aettovpyia. Ot éleyyotl fonbovv oty ehayiotonoinon Tov avipdmveov Aadmv, 6Ny avabeorn g
AELTOVPYIAG KOL TOL UNYOVIGHOD TV EYYPAP®V, TOL EIVOL TAVTA SLVOTN UE TOV XEPOKIVNTL GYOAGUO.

ESTHER:H Bdon dedopéveov ESTHER (ESTerases and alpha/beta-Hydrolase Enzymes and Relatives) mepiéyet
v avdAvon  TPOTEIVOV 7OV GVIKOUV ~ OTNV  VAEP-OKOYEVEW TV  o/B-vdpordcwv
(www.bioweb.supagro.inra.fr/esther). Ot o/f vVIpoAdcEG OmMOTEAOVV UG GO TIG HUEYOADTEPEG KOl TO
TOAVTIOTKIAEG VTTEP-OIKOYEVELEG TPAOTEIVAOV TTOL YapakTNPilovTol Eva povo €idog SImAdpaTog. Méypt oTiyung
nepropfavel tepiocotepec amd 800.000 axorovbieg (mov aviictoryomvv o€ 42.000 un opoOAOYEG EYYPAPES)
opadomompéveg og 175 vro-owoyéveleg (Lenfant, Hotelier, Bourne, Marchot, & Chatonnet, 2013). Ka6¢ vno-
okoyévela £yet dnpovpyndei coppova pe évo tpoeih HMM (Lenfant et al., 2013). MéAn g vtep-0tkoyEveLog
&xovv Bacikd poro oxedOV oe OAEG TIC PLGLOAOYIKEG J1UOIKAGIEG KOl ATOTEAOVY OTOYOVG PUPUAK®OV Yo, TNV
Oepameio acbeveldv Ommg o Swfnne mn ToXLGOPKID, KOl Ol VEVPOEKPLMOTIKEG drotapayés. [lapd Tig
TPOTEWOEVEG KOIWVEC OVOUAGIEC TOVG, TOAAEG amd ALTES TIG TPMTEIVESG dgv gtvar éviupa, kKabdg KAmoleg amd
OVTEG €XOVV YGoEL OAO TO OVOYKOIOL KOTAAOUTO TTOL SLVITIKG HTOPOVV VO, OTOTEAEGOVV éval EVEPYO KEVTPO
(Lenfant, Hotelier, Bourne, Marchot, & Chatonnet, 2014; Marchot & Chatonnet, 2012). Ot Agitovpyieg Aiywv
EKTPOCOTMV OVTNG TNG TEAEVLTALOG OULASOG EIVOL YVOGTEG: EVOOKVTTAPIKOL VTTOSOYEIS LKPDV HopimV, TpOdpopa
poplo. OppOVOVY, GAANAETIOPOCT LE HLOPLO OE KLTTAPIKES EMPAvVEES K.G. 'Evog amd tovg otd)ovg g facng
givon 1 oOHvdeon TOV PLOAOYIK®V OEGOUEVAOV LE TIG OL0POPETIKEG VITO-OIKOYEVELES, TPOKEUEVOL VO GUUPAALEL
otov kabopiopd g Aertovpyiog tovg. H Pdon ESTHER nuiovpynbnke 1o 1994 e e&umnpetnti Gopher kot
ypMyopa mépace oto WWW (Cousin, Hotelier, Lievin, Toutant, & Chatonnet, 1996). To cbotnua cto omoio
Bacileton eivar 1o ACeDB.

H Bdon dedopévav mepi€yet emiong PIKPA HOPLO. TOV OAANAETIOPOVV UE EGTEPAGESC (O VTOGTPDLOTA,
OVOGTOAEIG ) EvEPYOTOMTEC Kot GAA cuvagn Kivntikd dedopéva (Chatonnet, Cousin, & Robinson, 2001). Xtnv
mapovoo dor yivetal mpoomdbeln eméktoong avthig TG evotntas. Exel evooupatwbei 1o mokéto R,
TPOKEWEVOL VO, EMTPONEL 1] GTOTICTIKN] GUYKPIOT TOV KIWWNTIKOV TOPAUETPOV TOV dpopov eviOpov 7
LETOAAOKTOV LE O1G(QOPO. VITOCTPMOUATO Kol / 1 T®V OVOCTOAE®Y KOT® OO OSL0POPETIKEG TEPOHUATIKEG
cuvOTKeg.

ConoServer: To dnintmpio tov coirykapiov Cone eivor mBava pio PEYOAN TNYN OPKETOV EKATOVIAS®V
YAV EvEPYDV TEMTIOIOV EEAPETIKG EMAEKTIKAOV Y0 TOVC LTOOOYELS KOl WETAPOPEIS TOL VEVPIKOD
GUGTINLOTOG LE EPAPLOYES GE VELPOAOYIKOVS aviyveLTés kot eapuaka (Akondi et al., 2014; Terlau & Olivera,
2004). H mowopopeio avtov tov dnintmpiov (Davis, Jones, & Lewis, 2009) éyel avaivbei og peléteg
yevetikng (Biggs et al., 2010; Chang & Duda, 2012; Puillandre, Koua, Favreau, Olivera, & Stocklin, 2012) ko
oworoyikég (Duda, Chang, Lewis, & Lee, 2009; Duda & Lee, 2009) pehétes. Tov Agképfpio tov 2014, 1 Bdon
dedopévmv ConoServer (Kaas, Yu, Jin, Dutertre, & Craik, 2012) nepieiye neprocdtepa amd 2000 kovo-nentidia,
evd PBondd ot GLGTNUATOTOINGT TOV TPIOV GLOTNUATOV TAEIVOUNCTG TTOL TTEPLYpaPovy TV e&EMEN TOL
KOVOTENTIOI0V, TPIodidcTtateg Sopég Kot poplakovg otoyovg (Kaas, Westermann, & Craik, 2010).

H Béaon ConoServer (www.conoserver.org) dnpovpynnke (6nwe Kot 0 6yoAacpioc) e otodyo v 660
70 duvaTOV PIKPOTEPT amaitnotn avlpodTveav Topmv, nNAadr| éva dtopo. O 6TdY0¢ aVTOC emeTEVYONKE e TNV
ePapLoYn evog emmAéov emmédov. Emvondnke évag yevdo-mivakag mov cuvoéel to. dedopéve Tov givar
amoOnkevpéva oty oyectakn Paon dedopévav MySQL oe mepidiiov PHP. Ta mpotoyev) dedopéva mov
vrootnpifovv v ConoServer tpoépyovrar amd tnv GenBank (Benson, et al., 2014), tv UniProt-KB (UniProt,
2014) kor Tqv PDB (Berman, Henrick, Nakamura, & Markley, 2007), ka0og kot and ) Pifioypaeia | Tov
VIOPOAGY amd Tovg Guyypopeis. Ot TPOSEOTO avaKTUEVES aAANAoVYiES, TPV dNUOGIELTOVY, GYoAalovTol
oamd dudpopo keipevo mov ewodyovv dedopévo ot Paon MySQL, to dedopévo ovtd TN GUVEXELL
avafempoHvTol Kol TPOTOTOOVVTAL YEPOKIVITO LEG® HLOG DIETOPNG CYOAUGLOV.
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‘Evog apOpog aAinrovyidv kovomemtdiov sivor dwbféoyuog povo o€ mivakes, oyNUOTO 1
GUUTANPOUOTIKEG TANPOQOPIES 0d EYKpLTo. EMOTIHOVIKG ApOpa, Kot £xovv gloaydel xelpokivita HEGH HLOG
SlEmaPNG Tov S1dKTHOV. Ol KOVOTERTIOIKEG AAANAOVYIEG TOV TPWTEIVAOV KOl T®V TPOIPOU®V OAANAOVYLDY
VOUKAETKOV 0&EmV oyoMdlovtal BAGEL TOV XOPAKTNPICTIKMV TOV OAANAOVYIOV KOl TOEWVOLOVVTOL COUPEOVOL LE
Tpia Tvmomompéve cvotpata ta&vounong. To ConoPrec (Kaas, et al., 2012) eivat éva dwadiktvaxd pyareio
T0 OO0 EMTPEMEL TN XPNON AVTAG TNG SLodIKOoing oYoAMaouod, Bondmdvtag Tovg ¥PNoTES VO, OVAADGOVY
oAnAovyiec ypnoiponowvtag tpotuno tng ConoServer mpv and Tn SNUOGIELGT TOVS, OTAOTOIOVTING £TGL
apyotepo. TV €i6006 toug atnv ConoServer.

CyBase: O1 p1pocopuikdg cuvTifEueveg KUKAIKEG TPpMTEIVES, £xovv mapotnpndel o OAa to Paciiewn g {ong
(Craik, 2006; Kedarisetti, Mizianty, Kaas, Craik, & Kurgan, 2014). H xvkAomoinon g xoplag oAvcidog
Ka016TA TIC TPOTEIVEG AdOMEPACTEG OTIC EEOTPMTEAGES Ko 00MYEl o€ dpapatikn Pektioon e otabepdtnTdg
TOVG EVOVTL TG EVELUATIKNG 0motkodopunong kabmg kot g Oeppikng 1 yaeotpomov omodidraéng (Trabi & Craik,
2002). H vymAn o100gpdtnTo TV KUKAMK®OV TEXTIOIOV KOl TPOTEVOV EXEL TPOGEAKDGEL £VIOVA TO EVOLAPEPOV
TOV OYXESOTAOV QUPUAKOV Yo TN oTofepomoinon ProdpacTikdv Tentdikdv emtonwv (Poth, Chan, & Craik,
2013). H Bdaon 6edopévev CyBase (www.cybase.org.au) givai pia facn mov mapéyel tpocfact oe TAnpopopieg
GYETIKA PE TNV K®OKOTOINoT TV yovidiov, tnv Kipla aAvcida kol Tig kKukAkég mpoteiveg (Wang, Kaas,
Chiche, & Craik, 2008). A6 Tov Askéufpio tov 2014 1 CyBase mepiéyel mAnpogopieg ya mepimov 420 gpuoikd
dnpovpynuéveg kot mepimov 160 cuvbeTikég KVKMKEG TpmTEIVEG. AVTéG Ol TPpWTEIvES £Yovv ToSvounbel og
evvéa Kopleg katnyopieg, M peyolvtepn tov omoiwv eivor n katnyopio cyclotide, pe 282 eyypagéc. Ot
OTPATNYIKEG KaTa®PNoTg Kot oxoiacpov e CyBase gival mopdpoteg pe ovtég mov meptypdpovral otny fdon
ConoServer. Ztnv CyBase apaypotonoteitol avalitnor ahyopiOpov Tov €400V TPOGUPLOGTEL Y10, TOV XEIPIGHO
TOV KUKMKQOV TPOTEWVOV, EVO TO EPYUAEIN TOV YPNCLOTOLOVVTAL GLYVOTEPQ EIVOL 1] oTOlY IO aAANAoLYiaG KOl
N eaoporopeTpio palag otig avalnmoels orotvropudtov (Wang, et al., 2008). ‘Eva 1010itepo 0poKTNpIoTIKO
g CyBase givain og fabog meptypoen Tov KEWEVOL BLOAOYIKNG 0VAAVGTG KOl PUGIKOYNUIK®Y YOPOKTNPIGUOV
NG KAOE KLKAKNG TPOTEIVNG.

GPCRDB: Ot vnodoyeig mov eivar ovlevypévor pe G-mpoteiveg (G protein-coupled receptors, GPCRs)
OTOTELOVV T1] HEYOADTEPT] OIKOYEVELD, UEUPPOVIKOV TPOTEIVOV GE OPIGUEVOVE EVKOPVAOTIKOVS OPYOVIGLOVG.
PoOpuifouv o 7An0opa puGIoA0YIKOV SIEPYUCIDOV TOL EKTEIVOVTUL IO TO VEVPIKO Kol EVOOKPIVIKO GUGTNLLO,
péypt Kot v aicbnomn tov oocudv, g yebon katl tov eotog (Bockaert & Pin, 1999; Lagerstrom & Schioth,
2008). Amotelobv toug 6TdY0VG TTEPiTOL TOV 30% TV PUPUAK®Y TNG AYopds, OV Kol HEYPL CIUEPT EXOVV
a&lomomOei Bepomevtind Aiyor povo amd tovg vodoyeic (Garland, 2013; Overington, Al-Lazikani, & Hopkins,
2006). H Baon odedopévov GPCR, 1 GPCRDB (http://gpcrdb.org), Eexivinoe to 1993. Exkeivn v emoyn
TovtomomOnke LEcH KA@VOmOinong yovidiov évag peyahog aplBpog akolovdidv vrodoytwv, Kat, Kabmg dev
glyav akoun Exovv dnpovpyndei o1 mepmyntég ToL S1adtctiov, 1 GPCRDB ftav apyikd £va auTOUATO GOGTN O
OKPLONG MAEKTPOVIKOV UNVOUGT®OV TO 0010 UTOPOVGE VO GTEAVEL 0KOAOVDOiEG, GTOLYIoEG KOl HOVTEAQ
opoloyiag. Metd amd 600 dekaetieg, 1 GPCRDB e&ehiynke o éva 0AOKANp®UEVO TANPOPOPIIKO GUGTN LA
(Horn et al., 2003; Horn et al., 1998; Vroling et al., 2011). To 2013, n GPCRDB petagépnie omnv oudda
Gloriam tov [lavemomuiov g Komeyydyng, n omoia vmootnpiletar amd6 to EU COST GPCR Action
‘GLISTEN’. Zqpepa, 1 GPCRDB ctoyglel 6 €va SIEMOGTNUOVIKO KOWO OvTi Vo OOTEAEL TTNYN KUPIWS Yo
Brominpopopikog. Avtd mEPILAUPAVEL TNV ONUOGIELGT] VEOV OS0UEVOV QIAIKGOV TPOS TO YXPNOTH,
Swrypappata Ko epyodeio, KoOMOG Kot avapopEg e OTUOVTIKEG CUUTAN POUOTIKES fdoels dedopévav (Isberg et
al., 2014).

H GPCRDB zepiéyet tig peyaddtepeg GVAAOYEG in vitro pHeToAAdEemv ota, Yovidio TV vITodoyémv ot
omoiec dnuovpynOnKav petd amd apkeTd YpOVIo EXWEAELNG TG EXOTNUOVIKNAG PiPAtoypapiag. AmoteAel pia
avolyt Paomn dedOUEVOV KOl EXITPETEL TN GLUVEICPOPA SESOUEVOV UETAALAELYEVEGNC OTO TOVG EPEVVITEG DOTE
vo avénbei n 61doon TtV dedopévev Kot vor gival duvoTn 1 GOYKPLoT TOvG e dedopéva Tov EYovv MoN
dnpoactevdei. Ot petolAdEelc ocvyva TapatiBevtol HEca oo S10YPAUUOTO KATAAOWT®V TV VTOS0YEMV, TA. OTTOln
pmopovv vo avaktnBodv kot v ypnoiporoinbodv o dnpociedoelg 1 mapovoidoelc. H GPCRDB ermiong
dotnpel CLAAOYN ETPEANUEVOV aVOPOPDY OA®V TV KPLoTaAlKdV dopdv GPCR, ot onoieg éxovv avéndel
ekbeTiKd o€ apOuod, AOYo TV TPOoEATOV TEYVOAOYIKMV ovakaAdyemv (Katritch, Cherezov, & Stevens, 2013).
Ot dopég umopotv va, avaintmBovv kot vo. GIATPOPIGTOVV amd SEGOUEVE, TPOGOETMY Kol VITOSOYEWMY KOl Od
HETPOL OUOLOTNTOG TOV GTOYOV-TTPOTLTOV OAANAOVYIOY. TIpdcheta epyaieio Tov guanpeTnTh TOL JASIKTHOL
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eMTPEMOVV TN doxeipion doudV, yio Topdaderypa vrepHecn ot GLVOAIKY dOUN | VITO-TEPLOYES KATAAOUT®V
OV GLVIGTOVV TEPLOYEG TPOGOESTG TOV TPOGOETT).

H GPCRDB Bpicketon ot dodikacio HeTdPacng o€ mo cOyypoveg texvoroyieg dadiktvov. H véa
demapn ypnoiponotei teyvoroyiecc HTMLS (cvumepiropfavopévov tov CSS3) kot JavaScript dote va Tapéyet
ooV ¥pNoTn éva d10dpactikd mepiPdilov. ' T dnpovpyic S105pACTIKOV S10YPALLOTMY YPNCLLOTOIO0VTOL
Scalable Vector Graphics (SVG), mov pmopovv va amofnkevutodv o vynif oviAlvorn Kol vo UTopovv
TAPOLGCTOVV o€ dnpooievoelc. Ta dedopéva amodnkehoval ypNoYOTOIDOVTIS T oYeotakn Bdaon MySQL,
ev o g&ummpetntg 61diktoov Apache ypnopomoieiton yuo TiG 160T06EAdEG Twv ypnotewv. H GPCRDB
Tpoopépel vanpecieg dadiktvov SOAP ya mpdcoPacn HEC® TPOYPOULOTIGHOV, Kol £XEL GOV GTOYO Vo
KOTOOTNOEL TEPIGCOTEPT] TANPOPOPIO/TEPIEYOUEVO TPOGPAGIUO HECHD GAA®V SLOOIKTLOK®DV 1IGTOTOTMV.

IUPHAR/BPS Guide to PHARMACOLOGY: H Bdon IUPHAR/BPS Guide to PHARMACOLOGY
(GtoPdb, (Pawson et al., 2014)) éyet avamtvydei omd kowov amnd T Aebvr 'Evoon Baocwrg kot Kl
®appaxoroyiog (Union of Basic and Clinical Pharmacology, IUPHAR) ko1 ™) Bpetovikn @appokoroykn
Etaipia (BPS) ywo va mopéxel mpocPacn 6€ vynAng TotdtTog TANpoeopies Y10, QoprOKELTIKOVG 6TOYoVG. H
GtoPdb kataypdpet Tipég cvyyévelog e v yoptoypdonon ProdpacTikdv ynuik®v Sopmv Tav tpoteivoy. H
GtoPdb (http://www.guidetopharmacology.org/) givot pio BAcGT TOV GLYKEVTPMVEL TPOTYOLUEVAS OIOPOPETIKES
OALG CUUTANPOUOTIKEG TANPOQOPiES oV glyov apykd kataywpnbel ot Paon IUPHAR (IUPHAR-DB,
(Harmar et al., 2009) kot 6tov Odnyd Yrodoyéwv kou Kavolav (Guide to Receptors and Channels, GRAC),
oV amoteLEl ogpd dnpocievoewv 610 eplodikd BPS, British Journal of Pharmacology (m.y., (Alexander,
Mathie, & Peters, 2011)).
H GtoPdb &yet1 cav otdyo:

e Tnv mapoyn tpdcPacng oe dEdOUEVE GYETIKA PE OAOVE TOVG YVOGTOVG BLOA0YIKOVG GTOYOVS KAOMS Kot

e Tovg Vodoyeig/KovaAla 1OVI®V

Noa tpoteivel TPoGOHETES Y10 YOUPAKTNPIGUO TOV EV AOY® GTOY®V

e Tnv mapoyn evoc onpeiov 16600V otV PiAloypagio TG eoppraKoroyicg

e  Trnv mopoyn OGS OAOKANPOUEVIC TNYNG EKTOIOELGNG HE DYNAT TOWOTNTO EEAOKNONG OTIC APYEG TNG
Bactkng kat KAMVIKAG QaploKoAoyiog kKabmg Kol TIC TEYVIKES TNG

e Tnv apoddnon KaoTOU®Y QUPHOUKEVTIKOV OVOKIADYEDV

Mepid TpoPANHOTO GTNV TPEYOVGH AVUKOAVYT GAPUAK®OV 0POPOVY TOV APOUO TV UETOPANTOV TOV
EUTAEKOVTOL OTIG OAANAETIOPAGELG PaPLAKOV-VTOd0YEM, TIC VEEG Teployég ncRNAs (og e&éMén, ue HGNC),
otnv emyevetikn (Tough, Lewis, Rioja, Lindon, & Prinjha, 2014), v evaiiaxtikn cvuppaen (Bonner, 2014),
to allostery (Christopoulos et al., 2014), kot TIg avoGOAOYIKEG avTIdpaceElg (o€ €EEMEN), mov cuufdiiovy
oNUaVTIKA oTIC diepyacieg piag vooov (Spedding, 2011). T tov Adyo ovtd 1 cvuPovAn eedikevuévmy
EMOTNUOVOV piopel vo fondnoetl onpoavtikd otnv eniluon SUGKOAMY TOL TPOKVITTOVV.

H GtoPdb mepirappdavel onpepa tavo and 2.700 emPefaiopévong 1§ mbavovg 6Tdyovg GopUaK®Y Kot
OYETIKOV TPOTEIVOV (VItodoyeic ovlevyuévorl pe G-tpwteivn cvumeptrapfavopévov tov opeavoyv GPCRs,
KOO 10VI®V, VTTOS0YEIS TVPTVIKAOV OPLOVAV, KATUAVTIKOL VTTOS0YELS, KIVAGES, TPOTEAGES, LETAPOPEIG KAT),
pali pe mpocdéteg, ol omoiol givar gite apuaka mov datibevtor NN oty ayopd N mOAvE EapuaKe yio
avantuén, M ta kaAdTEPO S100€010 TEPAPOTIKG epyaAeio yioo TV a&lodoynorn tov ev Adyo otoywv. Ot
TEPALTEP® OTOYOL TEPLOUPAVOUV TN GUVTOUN E0AYMOYY] OTNV (QapUakoroyio, avdyvmon vroPddpov, kot
OMNUOGIEVUEVA OEDOUEVA GYETIKA LLE TT) GLYYEVELD TOV TPOGOETMVY KL TOV GTOY®V TOVG. 10l ToL vTOGVVOAN TTOAD
OTUOVTIK®V OTOY®OV TAPEXOVTOL AETTOUEPELS GYOAAGHOT OTt®G Agttovpyia, GuGIoAoYia, Kol PloAoyKéG 1
KMVIKEG OYETIKES TOPOAAAYEG.

H GtoPdb pmopet va punv €xet v éxtaon g ChEMBL (Gaulton et al., 2012), ®61660 cuumAnpdvel
TIG TPOCEYYIOEIS LEYAANG KAMOKAG LLE TO Va. €ival Lol E0TIOGUEVT PAOT) SEGOUEVOV GE TPOGEKTIKA ETAEYHEVOVS
TPOGOETEG KOl GTOYOVS KOl TTOV 0 GYOMOGUOC TG YiveTot and eEedikevpévous emotipoves. [apéyetl faocikég
TANPOPOPIES KO GYOALL TOV TTPOCTiOEVTAL 6TO YEVIKO TANic0. EmumAéov, Tapéyoviol GUVOEGLOL GE AVTIGTOLYESG
eyypapég o dAAeg tnyég, m.y. UniProt, Ensembl, Entrez Gene, KEGG, OMIM. Ot tAnpo@opies GYETIKA LLE TOVG
TPOGOETEG TEPIAAUPAVOVY YMUKEG OOUES, aAlnhovyiec merTdioV, KAVIKE dedopéva Kol OVOHOTOAOYIN, TTOV
ouvvdéovton pe Pacikég myéc, cvumeprapfavopévav twv PubChem, DrugBank kot ChEMBL. Télog, vdpyet
évog dnpoacievpévog 0dnyog pappokoroyiog ‘Concise Guide to PHARMACOLOGY’, mov dnpovpyndnke oty
GtoPdb o6 TEpUMYELS OIKOYEVEIDV GTOYMV, KOl XPTGEVEL G 001YOS YPNYOPNG OVOPOPAS. ANUOCIEDETOL VA
dietio oto British Journal of Pharmacology kot avticafiotd tv GRAC (Alexander et al., 2013).
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Kinase.com: H Kinase.com diepguvd Tic Agttovpyieg kot v €EEMEN TOV TPOTEIVIKOV KIVOODV, Ol OTOIEG
amoTELOVV PaciKoVE pLOUGTES TOV TEPIGGOTEP®V BLOYNUKOV LOVOTOTUDV Kol EIVOL 10101TEPO OTLOVTIKEG Y10l
v vyeio kot TG oobéveieg (G Manning, Whyte, Martinez, Hunter, & Sudarsanam, 2002). Enikevipdvetot 6to
"kinome", dNAad1 6T0 GHVOAO TOV TPOTEVIKGOV KIvac®dV o€ o€ éva yovidiopa. H otocelida g Pdong,
KinBase, givai 6108pactik kot Teplapfavel TAnpopopieg yio tave amd 7.000 yovidio TpOTEVIKOV KIVOGHV
mov Ppickovion 6to avOpmmvo yovidiopa, kabag eniong 14 emmAiéov yovidiouarta (Bradham et al., 2006;
Caenepeel, Charydczak, Sudarsanam, Hunter, & Manning, 2004; Eisen et al., 2006; Goldberg et al., 2006;
Srivastava et al., 2010; Stajich et al., 2010). Ot TpOTEIVIKEG KIVAGEG KOTOTAGGOVTOL 1IEpOpYIKd o€ 10 ouddeg,
287 owoyéveleg ko 356 vroowoyéveleg. H avalntmon omv KinBase umopel va yivel Bacel Tov ovopatog tmv
YOVISi®V, TOV GUUTATNPOUATIKOV SOUIKOV HoTiBmv, | cdupova pe v ta&vounon. EmmAiéov, 1 1otoceridn
mapéyel v vanpecio BLAST oote n avalintnon tov Kivacov vo uropei va apaypatomombei pe faon v
opootnTo aAANAoLYioG.

Kabe mpoteivikn kivaon £xet T O1kn g oeAida mov meplEyel v taSvounon, v akolovbia, Tov
oXOMACHO TNG 0O EEMTEPIKEG TNYEG, TO YPAPN LA TOV GUIOGHOV TOV SOMK®OV HOTIP®V, Kol GUYKEKPIUEVA, TN
oLYKPLoN UE TO ovTioToryo mpoeih HMM tmv opdd®v KivacTg, T®V OIKOYEVEIMV KOl TOV VTEPOIKOYEVELDV.
Kabe xatnyopia mpoteiviknig Kivaong (opudda, oKoyEVELD KOl VITOOIKOYEVELY) £XEL TN OIKN TNG GEAIdA TOV
TEPLEXEL TNV OTOiYNON akolovbiag, To TpoeiA HMM kai 10 pUAOYEVETIKO SEVTIPO TOV TPAOTEIVIKOV 0KOAOVOIDOV
kot Tov potifav kivaodv. Extog amd v 1otocelida KinBase, n Kinase.com mepiéyet éva dnpodcio cvotnua
wiki, to WiKinome, mov gotidlel onv €£€MEn kot ) Aettovpyia t@v Kwvacodv. O andtepog 61d)0g eival 1
dnuovpyio piog oeridog wiki yio KaOg 01koyEveLn KO VTO-01KOYEVELN KIVAGTG.

H Bdon Kinase.com dnpovpynonke 1o 1999 ya v vrootipién g SNUOGIELHEVNS OVAAVLGNG TG
eTopeiag oxedoUOD QapUdKk®V Sugen oyETIKO pPE TIC TPOTEWVIKEG Kvdoeg tov Caenorhabditis elegans
(Bingham, Plowman, & Sudarsanam, 2000; G. Manning, 2005; Plowman, Sudarsanam, Bingham, Whyte, &
Hunter, 1999) kot tov Saccharomyces cerevisiae (Hunter & Plowman, 1997). H Bdon dedopévev KinBase
dnpovpynOnke to 2002 yo TV VIOSTAPIEN TOV TEPALTEP® EPYACIOV AVOPOTIVOV TPOTEIVIKGOV Kivacov (G
Manning, et al., 2002) kot tov poydv tov epodtov (Gerard Manning, Plowman, Hunter, & Sudarsanam, 2002).
‘Exer avoamtuybel ypnoipomoidvrag Paon dedopuévov MySQL xor 1 yAmdooo mpoypappaticpod Perl. H
16TOCEAIDO TNG €xel avavembel mpOGEAUTA UE TN YPNOT GLYYXPOVOV TEYVOAOYL®V OVATTVENG 1GTOGEAID®V
counepropfavopévev towv Model-view—controller web framework, HTMLS, CSS5 kot JavaScript.

Boaowkn dvokoAia amotelel 1 evnuépmon g Paong dedopuévev pe otoryeio vymAng modtrag. [apd
TO YEYOVOC OTL £r0ovV aAAniovyn0el Tavm amd 6.000 svkapvoTiKd yovidiopata,  Kinase.com meptlappdver ta
kinomes pévo tov 15 yovidiopdtov. Exet yivel ipocmdfeio. avtopaTG E0PEGTG KOl KATAYXMDPTONG TPMOTEVIKMV
KIVOODV Y10, OAQ TO YOVISIOUATO, OAAG Oev €xel emitevyDel 1 10100 TO10TNTO, OO TAEVPAG LOVTEAOL YOVIBiO
N/xo ta&wounong, 6mog yo to kinomes tov 15 yovidiopdtov mov avaeépnkav. Xwopic tnv xeypoxivitn
EMPELELD KO GAA®V €PELVNTOV, €lval SVGKOAO VO TPOYUOTOTOOVVTOL TOKTIKEG KOl GUYVEG EVNUEPMDGELS
VYNNG TootnTog TV kinomes.

Structure-Function Linkage Database: H Bdon 6edopévov Structure-Function Linkage Database (SFLD;
http://sfld.rbvi.ucsf.edu/django/), (Akiva et al., 2014; Pegg et al., 2006), mapéxet v 1Epapytkny TaEVOUN o TOV
AELTOVPYIKA SLOPOPETIKMOV VTEP-OIKOYEVELDY TV eVOOUOV Kot GUVOEEL TIG OAANAovyiec Kol To SOIKE
YOPOKTNPIOTIKG Y10 KAOE Eviupo. ANpovpynOnKe Yo, vo. S1EVKOADVEL TV EVVOI0AOYIKT KOTOVOTGT| TOV TPOTO
OV EKTPOCMTOVVTAL Ol SIAPOPEG AVTIOPACELS G VIEP-0IKOYEVELES Tov eEehicoovtar (Gerlt & Babbitt, 2001).
H SFLD eivor 1 povadiky amnd 115 anyég mov oxoMalovv npwteivec 1 omoia ypnoponolel g Paon yuo tnv
GLGYETION TOV GAANAOVYLDV, TNG SOUNG KOL TV KOTOAVTIKMV YOPUKTIPIOTIKOV TO "YNUKE - TEPLOPIoUEVO”
povtého (Babbitt & Gerlt, 1997).

TETOlEC VTEP-OIKOYEVELEG GUVAVTAOVTOL GTN PVCT KoL EKTILATOL OTL AVTITPOCOTEVOVY TOVAGYIGTOV TO
éva TpiTo TOL CLVOAOL T®V VTEP-OIKOYEVELDV TV evibpmV (Almonacid & Babbitt, 2011). Oka ta péAn g
VIEP-OIKOYEVELNG EULPAVILOVY GLVTIPT|ON TOV AEITOVPYIKA GTIOVTIK®Y KATUAOIT®V TOV EVEPYOD KEVIPOV, EVA
TO. VTOGTPOHOTO, TOVG, TO TPOIOVTO KOl GKOMUT KOl Ol GUVOMKEC avVTIOPACELS UTOpEl Vo €ival 0VGIOIDG
SOPOPETIKG. XT0 avmdTePO emimedo G lepapyiog (emimedo vmep-owkoyévelng), n SFLD cuvdéel avtd ta
SUVINPNUEVE, HOTIPO TOV EVEPYOD KEVTIPOL UE YNLUKE YOPOKTNPIOTIKG OV €ival Kowd o€ Ao to péAn. T
TAPASEY LD, OTNV TMEPIMTMON NG EPOUPYIOG TNG VLREP-OIKOYEVEWG €VOAAoNG, Oha Ta €vlvua mov
yopoaktnpilovral HEAN TNG VTEP-OKOYEVELNG EYOVV KOWT| L0 TOPOUOLN OPYLITEKTOVIKT] EVEPYOL KEVTIPOL OV
OUVOEETOL [LE L0 GUYKEKPYEVT] LEPIKT OVTIOPOOT), TNV AQPOIPEST] EVOG TPOTOVIOL TPOG €V, VIOGTPML
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KkapPo&uAikod GA0TOG, Kol TOV GYNUATICUO EVOC KOWVOD TOTOL eVOLOUEGOL EVOAkoD aviovtog (Babbitt et al.,
1996; Gerlt, Babbitt, & Rayment, 2005).

H Baon dedopévmv mapéyel VYNANG TOOTNTOG EMUEAELN TOV AEITOVPYIKDV O10THTOV GE EMIMEDO VITEP-
O1IKOYEVELNG, VTOOLASOG KO OTKOYEVELNG Y10 £VOL LIKPO GOVOAO PEYAAMV Kot TOKIAmV viep-otkoyeveldv (Core
SFLD), podi pe ToAlohg TOTOVG GYETIKMV UETO-3EG0UEVMV KOl OMOTELEGHATOV avaivone. Ta dedopéva kot ot
TANPoPopieg Yo kGOe pio amd TIG VTEP-OIKOYEVELES, VTTOOUAOES, KOl TO EMIMEDN OIKOYEVELDV OloTibevTan
ereblepa PEc® evog eEEATYLEVOL YPaPIKOD TTEPPAALOVTOC dlemapng Tov xpnotn (user interface). To Sabécipo
VAMKO TepAapPdvel apyelo NG LIEP-OKOYEVEWNS TOV dAANAovydv, tov HMMs, tov oyoloacuévov
TOALOTADV GToYyicewV, amelkovicemv Tov 3D doumdV Kol GYOAUGUEVOV EVEPYDV KEVIPMV OV UTOPEL Vo,
eMeEEPYOAOTEL YPMOILOTOIDVTAG TO EAeVOEpa S100éa10 Aoyiopuikd Chimera (Pettersen et al., 2004), kamg kot
OoLVOEGHOVG pe TOAAEG GAleg oyetikég mnyéc. H evotra Extended SFLD mapéyet Aydtepo empeAnpévec
TANPOPOPIES Y10 £VOL LEYOADTEPO GUVOLO AEITOVPYIKA SLOPOPETIKDV VITEPOIKOYEVELDY EVEDU®V.

INo T dedopéva mov datibevtonl otovg ypnotes, 1 SFLD ypnoyonotei to Django, o omoio givar éva
mlaioclo vymlov emmédov Tov Python Web, yia va dnpovpynocet 1o daducvakd tepipdriov. H ypion avtov
TOV TAOLGIOV SIEVKOAVVEL GHOVTIKA TNV avanTLén Tng Slemapng mov oAANAETISpovV o1 ¥pNOTES, KAOMOG Kot
TNV KOToY®PNon 0edoUEVOV amd TOVG EMUEANTEG HEGM €VOC eEEAYUEVOL YPAPIKOD TTEPPAALOVTOC ¥pOTN
(GUI), 1o omoio emitpénet emiong Tov Eheyyo LoDV KOTA TNV KOTOYDPNON TOV O0EG0UEV®Y.

Kabdc to dedopéva mpoteivikmv aArniovyidv cuveyiCovv va ovédvovtal pe exbeticd puOud, £xovv
avénbel Ko To pEA TOV VIEP-OIKOYEVELDV OV GE OPICUEVEG TepmTdoels Exovv Eemepdoel Tig 100.000
axoAovliec. o TV aVIWETOTION AVTAG TG TPOKANGNG KAl TV TOPOYN VTOGTAPIENG Yo TNV EQUPHOYT TOL
epapykov poviélov SFLD cg autég T peydieg kat dopopetikég vraep-otkoyéveleg tov Core kot Extended
SFLD, ypnoyomotovvtal ta diktua opotdtrog tpoteivdv (Atkinson, Morris, Ferrin, & Babbitt, 2009).

Histone Database: H Bdomn Histone (http://research.nhgri.nih.gov/histones/) 16p00nke o0 1996 (Baxevanis &
Landsman, 1996), ®g 0motéAeca EPEVVAG AVOPOPIKE LE TO SITAMU TV IGTOVOV, TPOTEIVOV TTOL TPOGOEVOVY
to DNA (Baxevanis, Arents, Moudrianakis, & Landsman, 1995). Ola avtd ta ypovia Exovv ypnotponomel
S1hpopa. EPYOAEI Y10L TOV EVIOTIOUO TOV 16TOVOV OTIG BAGELS SESOUEVMV aKOAOVOIDVY, CLUTEPIAOUPUVOUEVOV
TV TpoOceoT®V ekddoemv Twv PSI-BLAST (Altschul et al., 1997) kv HMMER (Eddy, 2009). Metd v
TAVTOTOINGY, TO. EPYUAEIN OVTA YPTCUYLOTOLOVVTAL YOl TOV EAEYYO TNG OTOIYIONG TOV GAANAOLYLDV KOl TOV
E0PUAUEVOV KOTOY®PNGE®V OTIS Pdoelg dedopévav. Ta tepiocdTepa amd avtd o Aabn oyetiCovtal pe v
€0QAAUEVN TOTOOETNON TOV KOIKOVIOV Evapéng. Aedopévou 0Tt 01 1IGTOVES Eival AKPMG GUVTNPTUEVES KOl OTL
TO SIMA®UO TOV 1GTOVOV TEPLYPAPETUL KO OYOMALETAL ETOPKDS, Elval OPKETA EDKOAO Vo TawTomoindovv ot
10TOVEG OV €Ivol EGQOAEVO GYOMACUEVEG oTlg OMudoleg Paocelg dedopévav. Ot otoyicelg g ke
owoyévelog (H1, H2A, H2B, H3, H4) eivar dwbéoueg Yo HETOQOPT®OT, EVD Ladpyel eniong pio oeiida
avalimong yo v e&aymyn HOvo TV OAANAOLYIDV Y10 TIG OTOIEG EVOLOPEPETOL O XPNOTNE. OL GTOLYIGELG VTES
€yovv ypnoipomombel yio v tavtonoinon térolwv mpoteivev (Baxevanis, et al., 1995), xabmng kot v
TPOGPATN TPOGHNKT| TNG OIKOYEVELNG T®V 16TOVAV TV Apyotofaxtmpiov (Marino-Ramirez et al., 2011). Avtég
o1 tehevtaieg oVALOYEG TpoTEIVOV TaSvopovviol ot Baon Histone Database wg Eeywpiotég owkoyéveleg. H
Histone Database mepiéyet emiong MoTeG TPOGIOPICUEVOV TPIGOLACTATOV SOUMVY 1GTOVAOVY oV €EAYOVTOL OO
v Protein Data Bank (PDB) (Rose et al., 2014), og eni T0 TA€ioTOV UE TN HOPPT TOV VOUKAEOCHOUATIKOV
dopmv mov Tpocdopifovtar pe kpuotaAroypaio aktivaov-X.

Ot pelhovtikég TpokANoelg Tepthopfavouy v evnuépoon g Pdong pe véeg odiniovyieg omd Tig
duodoieg Pacelg SedoUEVOV Kal TNV LTOSAIPEST) KADE OIKOYEVELNG TOV 1GTOVAV GE H10(POPEG VITO-OIKOYEVELEG
N vmo-tomovg (m.y.kevipopepikés wtoveg (CENP-A kor CSE4), wotoveg H3.3, H2A.B , H2A.Z, H2B.Z,
macroH2A (136) xat, evdgyouévme, d1dpopoug vto-tvimovg t.otovng H1).

AQleg eCE101KEVUEVES PACEIS OEDOUEVWIV

I[Mapdro mov, 6T®G avagépape oM, oL TEPIocOTEPES EEEIDIKEVUEVEG PAGEIS APOPOVY TPAOTEIVIKEC akoAovdieg,
VILAPYOLV deKAdEG GAAeG dnudcLa Sraféaipes PAoels dEdOUEVMV TTOV Eivar SLVATOV VO, OVIKOVV GE OTTOL0ONTOTE
oo TIC KOTIYOPIES TOV TPOTOYEVDY PAGE®Y TOV ovapEPONKAY TAPUTAV®.

Kamoteg and avtég pmopei va givar e&gidikevpéveg pe v évvola 61t GLAAEYOLV OAN TN Sabéctun
TANPOPOPIN Y10l TO YOVISIM O EVOG OPYOVIGUOD KO TIG TPOTEIVEG OV anTd Kmdkomotel (opoto pe tnv nextProt
oV avaeépape mopandve). Térowo mapadeiypoto eivar m SubtiList (http://genolist.pasteur.fr/Subtil.ist/)
(Moszer, Jones, Moreira, Fabry, & Danchin, 2002) yia tov Bacillus subtilis ko1 n EcoCyc (http://ecocyc.org/)
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vy Vv Escherichia coli K-12 (Karp et al., 2002). ITapopoteg PAcelc vdpyovy Kot Yo, GAAOVS 0pYOVIGUOVG,
evdd 1 Genome Online Database (GOLD), mepiéyel katdAoyo pe OAOVLG TOLG OPYOVIGHOVSG WE TANPWOG
nmpocdopiopévo yovidiopa (https://gold.jgi-psf.org/) (Reddy et al., 2015).

INo o 6edopéva YOVISIOKNG EKQPACNG, VITAPYOVV EMIONG OPKETEG EEEIOIKEVIEVES PAGELS OESOUEVMV.
INo napaderypo n ONCOMINE, givat féon 6£50pEVOV TOV TEPLEXEL TEIPAUOTO LKPOGVOTOLYIDV TOV 0POPOVY
dpopovg THmovg Kapkivov. Emiong mopéyel oto ypnotn epyoieio dwxeipiong v dedopEVOV Yo TNV
OmodOTIKOTEPT EVPECT] TOV EMOBVUNTOV TEPOUATOV Kot Yovidiov, http://www.oncomine.org/, (Rhodes et al.,
2004). To RNA-Seq Atlas civor pio onpocia Paon dedopévov yuoo dedopéva amd aiiniovyion RNA
(RNA-Seq). Tlepiéyet dedopéva Ekppaong yo 11 dapopetikods 1otodg amo vyieic avOpomovg. H Bdon mepiéyet
emiong epyodeia yio tn oOyKplomn HeTa&d TV I6TOV KAODC Kol yio TV EDPEST YOVISIWOV UE EVIOTIGUEVT EKQPACT)|
oe xamoov 10td (Krupp et al., 2012). To Next Generation Sequencing Catalog (NGS Catalog) sivar pio
dnuocia Bacm dedopévev yio T cVAAOYR dedopévev Ekppacng arnd peréteg Next Generation Sequencing cg
avlpoamovg kot Baciletor oe cvAloyn dedopévav amd t Pipiloypagpio. H Bdon mepiéyxer Piproypapikd
dedouéva, Ploroyikég TANpoQopieg OTmMG TANPoeopieg Yoo TV achévelr 1 Tov TANOLGUO KOl TEYVIKES
Aemtopépeteg Yo T Sradikooio aAnlovyiong (Xia et al., 2012).

Ewwn ovagopd ailel 611 OMO KOl TEPIGGOTEPO OAVOTTVGGOUEVEG T TeAevToia ypovia, Pdoelg
dedouévov yevetikng ovoyétiong. Ot Paoelc avtég mepiEyovy TANPOPOpiec oL gUTAEKOVY Yovidlo Kol
TOPUALAYEG TV YOVIOI®V (TOVG TOAVHOPPIoHODS dNAadT) pe acBévelec. Tlapadooiakd, vapye 1 OMIM
(Online Mendelian Inheritance in Man), 1| omoio Tepi€yel Kupimg TANPOPOPIEG Y10 VOCTLATE LOVOYOVISIOKNG
aitioroyioc. To tedevtaio ypovie OUMG, He TNV avamrTLEN TNG YEVETIKNG EMONUIOAOYIOG KOl TOV UEAETMOV
YEVETIKNG GLGYETIONG, €YOLV OPYICEL VO OVOTTOGOOVTOL Kol Ol avtioTolyeg Paoelg dedopévav, ol omoieg
Baoifovtat kuping ce aviAvon tov dnuocievpévey epyactav. To tpdto Tapdaderypa ntav 1 GAD (Genetic
Association Database, http://geneticassociationdb.nih.gov/) n omoio GUVEALEYE OAES TIG GYETIKECG ONLOCIEVGELS
a6 v PubMed aAld mAéov otapdtnoe ) Agrtovpyia g (Becker, Barnes, Bright, & Wang, 2004), evéd to
Catalog of Published Genome-Wide Association Studies (http://www.genome.gov/gwastudies/) kot m
GWASdDb (http://jjwanglab.org/gwasdb) €mKEVIPOVOVTOL GTIG EVPVYOVISIOMOTIKEG HeEAETEG (genomewide
association studies), ot omoieg otnpilovtarl 6€ puo TEYVOAOYi VYNANG OTOS00TG AVAAOYNG HE LTIV TOV
pkpocvotoryidv DNA. Emumiéov dg, xovv avamtuydel ko pukpdtepeg faoeig dedopévav, ot 0moieg GuAAEYOLV
Kot eneEepydlovral dedopéva e01KA Yo pio cuYKEKPEV acbévela, dmmg yia Ttapaderypo ) Epilepsy Genetic
Association Database (epiGAD) ywo v emiAnyia (Tan & Berkovic, 2010), n Cancer GAMAdb (Schully et
al., 2011) yw tov xopkivo, 1 AlzGene Yo T véco Alzheimer (Bertram, McQueen, Mullin, Blacker, & Tanzi,
2007).

TéLog, TapdLo TOL TNV EVOTNTA Y10 TIG €EE101KEVLEVEG PAGELG SESOUEVMV TTOV GLUUUETELYAV GTO dIKTVO
SPRN oava@épbnkav kot Teptypaenikay Lo oelpd amd t€toteg PACELS, Eivol TPOPAVES TG VIAPYOVY dEKASES
Aleg Paoelc mov TEPLEYOLY GNHOVTIKA dedopéva Kot a&ilovv meptypagn. Eva kadd onueio avagopdc, eivatl n
ovAloyn Database Collection tov meprodikod Nucleic Acids Research, oto onoio kabe ypovo cg 101k TEVYOG
dnpocievoval apOpa oL TEPLYPAPOVY Baoeig Bloroymv dedopévev
(http://www.oxfordjournals.org/our_journals/nar/database/cap/). Mepikéc tétoieg Bdoelg mov a&ilovv edikng
avaeopdg eivarn PDBTM mov ntepiéyet Tig Tomoloyieg amd TIC TPLoOIAoTATES SOUEG SOUEPPAVIKOV TPOTEIVAOV,
http://pdbtm.enzim.hu/ (Kozma, Simon, & Tusnady, 2013), n ExTopoDB n onoia mepiéyel nepapotikd
dedopévoL Yl TNV TOTMOAOYiOL UEUPPOVIKOV TPOTEIVOV pHe Oyl YvVOOTH TPIGdoTAT  JOUA,
http://bioinformatics.biol.uoa.gr/ExTopoDB  (Tsaousis et al., 2010), kot 1 gpDB 1 onoia Tepiéyet dedopéva
yw. tovg GPCRs kot tig oAniemdpdoeig toug pe tig G-npwrteiveg http://bioinformatics.biol.uoa.gr/gpDB
(Theodoropoulou, Bagos, Spyropoulos, & Hamodrakas, 2008). H DBPTM ecivai puo fdon dedopévev mov
GUAAEYEL  OlPOpPOV  TOT®V  OEOOMEVO.  YlO.  UETO-UETOPPUOCTIKEG — TPOTMOMOMGCEL  TPOTEIVDV
http://dbptm.mbc.nctu.edu.tw/ (Lu et al., 2013), evey 1 DIP wepiéyet dedopéva, mpoepyOUEVA [LE SIUPOPETIKOVG
TPOTOLG, Y10 AAANAETIOPAGELS TPMTEIVOV-TPOTEIVOV http://dip.doe-mbi.ucla.edu/dip/Main.cgi (Xenarios et al.,
2002). Télog, n bioGrid mepiéyet yevikd dedopévo Kot epyoleion avaivong yuo. BoAoyucés aAANAETIOPACELG
http://thebiogrid.org/ (Stark et al., 2006).

Oocov agopd ta voukieikd o&éa (DNA kot RNA), ta mpdypota eivon eniong mapopow. Ymépyoovv
dekadec drobéoipeg e€eldkevpéveg Paoelg dedopévav kot a&ilel edd va avapEPovUE TOLAGYIGTOV OVTEC TOV
nepéyovv miRNA kot oto)0Vg awtdv, onwg 1 MiRBase http://www.mirbase.org/ (Griffiths-Jones, Grocock,
van Dongen, Bateman, & Enright, 2006), n MirTarBase http://mirtarbase.mbc.nctu.edu.tw/ (Hsu et al., 2011)
kot 1 TarBase http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index/ (Sethupathy,
Corda, & Hatzigeorgiou, 2006). AAAec oMUoVTIKEG BACES SESOUEV®V, EIVAL OVTEG TTOV TEPIEYOVY dEGOUEVA Y10
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goovia-eEavia 6mwg 1 EID http://bpg.utoledo.edu/~afedorov/lab/eid.html (Shepelev & Fedorov, 2006), aAld
KOl 0VTEG TTOV OLGYOAOVVTOL HE TOVG VIOKIVNTEG TV Yovidiov omwg 1 EPD http://epd.vital-it.ch/  (Dreos,
Ambrosini, Cavin Perier, & Bucher, 2013) kot 1 MMPROMUdDb http://mpromdb.wistar.upenn.edu/ (Sun et al.,
2006). dvoikd, 1 AMoto dev TEAEUDVEL €00, Kot Yo e&gldikevpéveg avalntnioelg, ol ypnoteg Bo mpénel va
nopakolovbodv T PiProypopic Kol vo, EVUEPOVOVTOL Yo SNUOCIEVGEI TOV TEPLYPAPOVY VEEC PACELS
SEOOUEVV.

2.3  OloKMPOUEVE  GUOGTHUHOTO  OVAKTNGS 7AANpoQopLOv omd Pacseig
ogdoopEvov.

To SRS, &ivar éva €181k Aoyiopkd mov dwotibetan and v etopio. LION Bioscience kot amoteAet éva 1630p06
Kol g0ypnoTo cvotnuo dwuyeiptong Proroyikov dedopévav. Elvar pev gumopikd Aoyiopukd, aArd Stotifetal
dwpedv Yo axadnpoiky xpron. [Hapéyet mv dvvatodtnta avalTnong Kot avakTnong Se00UEVMV GE £Vl PIALKO
TPOC TOV YPNOTN YPAPIKO TEPIPAILOV Kt o€ Teplocdtepeg omd 400 Bdoeic dedopuévav o1 omoieg umopei va ivat
amofnkevpéveg otov 810 Kevipikd vroroyot. To Pacwkd mAeovéktmuo Tov SRS eivar 1 dvvatdmTa
TOVTOYPOVNG AvalITNONG TANPOPOPIDY GE TEPLGCHTEPES 0O ia BAcEIS Ol 0moieg givar mOAvO vo TEPLEYOLV
TANPOPOPIEG SLOPOPETIKOD €I50VG KADDS KOl 1 LOPPOTOiNoT| T®V dedopéV@V o€ Kabepd va gival S10popeTIK.
Emumiéov, Lappdvovog vtoyn tov TEpAcTIo OYKO TANPOPOPIaG Kot ToV pueydio aplfud Pdcewv mov propet vo
dwyepiletor ToLTOYPOVO, GNUAVTIKO TAEOVEKTNUO OTOTEAEL M ToYOTNTA HE TNV OmOlo EKTEAOVVTOL Ol
avalnmoelg. Télog divetat 1 dSuvaATOTNTO GTOV KATOYXO TOV GUOTNUATOG VO EVOMUOTMVEL GE aVTO Kol PACEIC
7OV £XEL ONUOVPYNGEL 0 010G N TPOYPAUATA Yio KAOE 100G VTOAOYIGTIKY avdALGT Y®PIC va exnpedletal M
am6doom tov cvotnuatoc. [Idve oto SRS eiyav ytiotei mamoTepa ot Pdoeig ov EBI kot dAA®v peydimv
EPELVNTIKAV VoTIToVTOV. [Tapodia avtd, TAéov Bempeitat mapoynpévo Kat ot OYypoveg Bacelg Omwe 1 Uniprot
YPNOLLUOTOIOVV EI0IKG KOTOOKEVAGHEVO GLOTHUATA PACE®V dESOUEVMDV Yo TNV omoBnKevoT Tov Olo Kol
UEYOAVTEPOL OYKOV TMV OEIOUEVMV.

To Entrez amotelei éva cvotnpo dtayeipiong dedopévov yo v ovalfitnon Kot avaKtmon
TANPOPOPLOV OA®V TV Pacenv dedopévav mov nepiéxovtal oto NCBI (National Center for Biotechnology
Information) twv HITA. To Entrez givat avaAioyo tov SRS kot mapéyel oTov ypfiotn ) duvatdmra avalntnong
oe Paoelg SeSOUEVOV VOUKAEOTISIKMOV KOl TPOTEIVIKOV 0KOAOVOIDY, doUég Propopiov Kol YoVISIOUATOV.
EmmAiéov, péom tov id1ov ypapwov mepifdilovtog, mapéyel tnv Svvatdmnto avalntnong ot Pdon
Bproypapicg PUBMED xoBd¢ kot mo moAvmAokeg avalnTioeEl VALESO ©T0 oTorKEio. Tovg. Baowkd
HEOVEKTN A 0moTEAEL TO YEYOVOG OTL TTeplopileTal povo otig Phoeic dedopévav Tov NCBI kot 611 dev emtpénet
Waitepa moAvmlokeg avalntioels. [laporo avtd, amotedel yio ypovio TOpa TV SlEmaPr] OOV TV PAcE®V
dedouévav tov NCBI, kot emtpénel pe Tov 1610 amkd TPOTO 0 ¥PNOTNG VO TPUYUATOTOMGEL 0va N TNOEL O
TeAElG S1POPETIKES PAGELS dedOpUEVOV.

A&iler va avapepbet, 0Tt pia omd TI¢ SmMOTOGELS TG cLVAVINGTG ToL diktvov SPRN, 660V apopd Tig
e&e1dcevpéve Paoeig dedopévav, HTav OTL GTIV GUVIPITTIKY TOVG TAEOYNPia, ot BAcels ovTég otnpilovon o
KGmoto yevikd cvotnua Paong dedouévav 6nmg 1 MySQL og cuvdvacud pe PHP. Onog avapépbnke, Tapdro
TOV OTIG TEPLOCOTEPEG MEPITTMGELG 1) LEPOAPYIO. TAV OTTAY, KoL O apKOVOE Kot [iat AT 1GTOGEAIDM, TO GUGTN AL
adyeipiong kot Lovo (y yio va yivovtal YPIYOpeS avovEDGELS TG Pdong 1 avtiypapa acpoieing KAT), fTov
OPKETO Y10 TOVG EPEVVNTEG VIO VO EMAEEOVY OLTOV TOV GYESOUO. L€ GAAEG TEPIMTMOGELG E O TOAVTAOKN
epapyio, N SQL mpocdidel eniong To OmTOPALTTO YOPOKNPIOTIKA GTOVS SIUYEIPIOTEG, KOl ETGL POIVETAL OTL OVTO
TO HOVTEAO givol opKeTA S10€00UEVO (v KOl OV VITAPYOVY TANPT dESOUEVA Y10l OAEG TIC UIKPEG PAoglg mTov
£YOLV OTMLOGIEVTE).
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Ewova 2.9 Aiaypopuoticn ancicovion e oracdvoeons twv dapopetikawv faoewv tov NCBI ot oroieg arnpiloviar oto
Entrez. Ta diapopetika ypauota, aviiaroyovy oe o1apopetiko opifuo kotoywpnoewv. To NCBI diabétet éva olokAnpwpevo
OVOTHUA TOD KOADTTTEL OL0 TO EDPOS TWV ONUOTLWV BATEDYV JEOOUEVWYV, QKOO KOL QVTOV OV TTHPILoVIOL 0€ GAAES TNYEG.
Ta wopaderyuo, n Conserved Domains Database eivoi avtiotoryn tne PROSITE evo n Structure (MMDB) eivar avtioroiyn
¢ PDB.
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HNPAKTIKO MEPOX

1. Na yiver avalitinon g TpmTeivikng akorovBiog ompA tov faktnpiov Escherichia coli 6t
UNIPROT, pe paon to nedio Gene Name ko va kotéface Tnv eyypagr g UNIPROT.
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[KW-0998]")

.

(3
Uﬂipfo.t... outer membrane proteins in bacteria Advanced v

Help Contact

BLAST Align Retrieve/ID mapping

[The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and full: LR Ik B2
information.

- UniRef UniParc Proteomes News va @
. Of CAT tails and protein translation by-products
Swiss-Prot Szslines dlusizi etz e % 1\ @ | Reducing redundancy in proteomes |
(548,208) (.\. s Retirement of UniProt Metagenomic and
"ri Manually (1= — Environmenta...
o UniProt release 2015_04

annotated and

Supporting data

reviewed.
Regulation of translation initiation through
TrEMBL Literature citations Taxonomy Subcellular locations folding | New proteomics mapping files | New
(46,714,516) g ‘-b o FTP repository for reference proteomes |
o UniPa...
Automatically )
Cross-ref. databases Diseases Keywords UniProt release 2015_03
annotated and not _ v
reviewed. = XXX
] archive

Ewova 2.14 Xyv apyixi oelida tne Uniprot av kdvooue pio yeviky exepatnon (oe 0lo. 1o media), Oa mépovue kai morlég
QOYETES OTOVTNOELS
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.
UanrO.t..' outer membrane proteins in bacteria Advanced v
=N
BLAST Align Retrieve/ID mapping Help Contact
Resu Its Quote terms: "outer membrane” © About UniProtke [ IRREE
Filtel’ byx A |..L iy : Il Columns « 1to250f 19,439 p Show ‘25 B
»
'_‘I Reviewed (1,204) Entry T G Gene names rganism
Swiss-Prot
) []: P0O2931 OMPF_ECOLI ﬁ Outer membrane ompF, cmiB, coa, cry, tolF, b0929, Escherichia coli
Unreviewed i
(18,235) protein F JW0912 (strain K12)
TrEMBL [ Q7BCK4 ICSA_SHIFL ﬁ Outer membrane icsA, virG, CP0182 Shigella flexneri 1,102
p | i protein IcsA
opular autotra...
organisms - :
) []: POWIUS = ARFA_MYCTU Ii Peptidoglycan- arfA, ompA, Rv0899, MTCY31.27 Mycobacterium 326
E. coli K12 (107) o= binding protein tuberculosis
B. subtilis (11) ArfA (strain ATCC
25618 / H37Rv)
Human (3)
[] P02930 TOLC_ECOLL ~ Outer membrane tolC, colE1-i, mtcB, mukA, refl, toc, Escherichia coli 493
Bovine (1) “% protein TolcC weeA, b3035, IW5503 (strain K12)
Mouse (1) [] yP0AS10 OMPA_ECOLI L Outer membrane ompA, con, tolG, tut, b0957, JW0940  Escherichia coli 346
: protein A (strain K12)

Ewova 2.15 Xyv apyixi oelida tne Uniprot av kdvooue pio yeviky exepatnon (oe dlo. 1o media), Oa mépovue kot morlég
QOYETES OMOVTHOELS

Searching in UniProtKB x

(Al ‘| | o
Al v | o+

Ewoéva 2.16 Oo mpénet vo emidécovue va kavovue exepwtnocls yio. kale medio Eeywpiora

Searching in UniProtKB ®
Term
o~
Al B | &
Al : [Term
UniProtkB AC -
=
Eniry name [ID] L ] T+
Protein name [DE] B
Gene name [GN] @
Organism [0S
U[Ti=CS Texonomy (OC T T Proteomes o N
Virus host Of CAT tails and protein translation by-products .
Sequence clusters Protel_n Existence [PE] = | o ; i
Function a T @ | Reducing redundancy in proteomes |
(‘\. Subcellular location Retirement of UniProt Metagenomic and
[ =4 Pathology & Biotech Environmenta...
PTM/P"‘,’CSSS'ng UniProt release 2015_04
Expression
Interaction lata
gter:l(jiur:ge Regulation of translation initiation through
Literature citations Subcellular locations i i i 5
Family and Domains folding | New proteomics mapping files | New
g Cross-references e FTP repository for reference proteomes |
Web resource v UniPa...

Ewova 2.17 Oo npéner vo, emidéCovue va kdvovue exepwtiocis yio. kale medio Ceywpiora. Edm, dioAéyovue v talvopukn
Pobuido tov opyovieuod
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Y
UanI'ot : Searching in UniProtKB ®
(X
Term
BLAST Align Retrieve/ID W Bacteria 2]
AND ~ Protein Existence [PE] v| Evidence at protein level v l@l
Filter by’ . - - &
s : AND ~ Subcellular location v|SubceIIular location [CC] V\Subcellular location term ~ .@.
ﬁ Reviewed (357) Term Evidence* Type
Swiss-Prot Cell outer membrane [S| Any assertion method v Any v
Unreviewed (30) 1w rv .
TrEMBL AND ~ Keyword [KW] ~||Outer membrane [KW-0 '@'ﬂ')
Popular Q
organisms
= " - i | P Ty TR ¥
E. coli K12 (67) - protein ArfA (Outer Rv0899, (strain ATCC 25618 / H37Rv)
SHIFL (9) membrane porin A) (Outer MTCY31.27
membrane protein A)
AGGAC (4) (OmpATb) (Outer
MYCTU (2) membrane protein ArfA)
[[] POA940  BAMA_ECOLI Ii Outer membrane protein bamA, yaeT, Escherichia coli (strain K12) 810
ECO57 (4) = assembly factor BamA yzzN, yzz¥, b0177,
Other organisms (Omp85) Jwo172

Ewova 2.18 O npéner vo, emilécovue va kdvovue emepwtioeis yio. kale medio Ceywpiord. Edwm, paivovial kai to. vroAoimo,
TEdIO COUTANPOUEVQL

UniProt ¢
o0

- _
Help Contact

BLAST Align Retrieve/ID mapping

Resu |tS @ About UniProtkB
Filter by’ %, BLAST . Download | & Ad MD «1to250f375 p Show 25 |

O e e I e e e e el

n
& Reviewed (357)

Swiss-Prot

Unreviewed (18)
TrEMBL

Popular
organisms

E. coli K12 (67)
SHIFL (9)
AGGAC (4)
MYCTU (2)
ECO57 (4)

Other organisms

|

|

P39180

POWIUS

POA940

P77774

POA903

AG43_ECOLI

ARFA_MYCTU

BAMA_ECOLI

BAMB_ECOLI

BAMC_ECOLI

N
N

v

o

o

Ewova 2.19 Ta aroreléopazo tne avolitnons

Antigen 43

Peptidoglycan-
binding protein ArfA

Outer membrane
protein assembly
fac...
Outer membrane
protein assembly
fac...
Outer membrane
protein assembly
fac...
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flu, yeeQ, yzzX,
b2000, JW1982
arfA, ompA,
RvV0899,
MTCY31.27
bamaA, yaeT, yzzN,
yzzY, b0177,
Jwo172

bamB, yfglL,
b2512, JW2496

bamC, dapX, nlpB,
b2477, IW2462

Escherichia coli (strain K12)

Mycobacterium tuberculosis (strain

ATCC 25618 / H37Rv)

Escherichia coli (strain K12)

Escherichia coli (strain K12)

Escherichia coli (strain K12)

1,

039

326

502

344



ReSUItS @ About UniProtkB
Filter by’ | & Download | £ columns > @1t0250f375 p Show 24
S Download selected (0
YRR . ..., . JEEeT orvan |
Swiss-Prot [] P39180 AG4y ~ ~owneada Escherichia coli (strain K12) 1,039
. i v D00, JW1982
Unreviewed (18) Format: FAS;Q (canon!cal)
TrEMBL [ POWIUS ARFA o icwt EﬁgTA EEZ:Z::EZ:)& Gsson) A, ompA, Mycobacterium tuberculosis (strain 326
Tab-delimited D899, ATCC 25618 / H37Rv)
Popular Y31.27
organisms [J] POA940 BAMA_ECOLI bamaA, yaeT, yzzN, Escherichia coli (strain K12) 810
E. coli K12 (67) yzzY, b0177,
SHIFL (9) woi72
[] P77774 BAMB_ECOLI emoTa bamB, yfgL, Escherichia coli (strain K12) 392
AGGAC (4) ]
protein assembly b2512, JW2496
MYCTU (2) fac...
POA903 BAMC_ECOLI ~ Outer membrane bamC, dapX, nlpB, Escherichia coli (strain K12) 344
ECO57 (4) "I
- protein assembly b2477, IW2462
Other organisms fac.

Ewova 2.20 H emidoyi) 6Awv yLa Letopoptmon € Lopen KEEVOD (DIGPYOVY KOl GAAES EMIAOYES)

3. Na yiver avalfjtnoen ot Bacn dedopévov Uniprot pe 6komd tTnv avevpeot avlpdTvev vmodoymy
ovievypévov pe G-TpmTEIVEG 01 07T0i0L £Y0VV YVOGTY] (TPOoGIIopLopévn) TPLGoLdGTaT dop):

H ocvvolikr| emepdtnon ivat:
taxonomy: "keyword:"G-protein coupled receptor [KW-0297]" AND organism:"Human [9606]" AND
existence:"evidence at protein level" AND database:(type:pdb)

Ioteg and T1g mpwteiveg £xovv dopn ot Paon dedopévov PDB; Ta Tig Tapandve Tpoteives, vo onpeiwbel
TOIEG GVTIGTOLYOVV OTNV TEPLOYN TNG TPAOTEIVING otV omoio Ppiockovial T0 GUVOAO TOV SLOUEUPPOVIKDV
TUNUATOV, TOLEC OVTIOTOWOVV GE WEPOC TNG TEPLOYNG TOV OOUEUPPAVIKOY TUNUATOV KOl TOEG OEV
TeEPIAOUPAvoVY Kavéve, TUHO TG akolovbiog 1o omoio vo avtictoryel o€ akoAiovbio Stapepfpavikmv
TUNUATOV.
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IMAPAPTHMA (Ilapadciypota amd Tig facels 0£60puéVmv)

1. Eyypagi] Tng GENBANK ywo T0o yovidro g np@Teivng Outer membrane protein A (ompA) a6 Tov opyaviopno
Escherichia coli.

LOCUS NC_000913 1041 bp DNA linear CON 16-DEC-2014
DEFINITION Escherichia coli str. K-12 substr. MG1655, complete genome.
ACCESSION NC_000913 REGION: complement (1019013..1020053)
VERSION NC_000913.3 GI:556503834
DBLINK BioProject: PRJINA57779
BioSample: SAMN02604091
KEYWORDS RefSeq.
SOURCE Escherichia coli str. K-12 substr. MG1655
ORGANISM Escherichia coli str. K-12 substr. MG1655
Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales;
Enterobacteriaceae; Escherichia.
REFERENCE 1 (bases 1 to 1041)
AUTHORS Riley,M., Abe,T., Arnaud,M.B., Berlyn,M.K., Blattner,F.R.,
Chaudhuri,R.R., Glasner,J.D., Horiuchi,T., Keseler,I.M., Kosuge,T.,
Mori,H., Perna,N.T., Plunkett,G. III, Rudd,K.E., Serres,M.H.,
Thomas,G.H., Thomson,N.R., Wishart,D. and Wanner,B.L.
TITLE Escherichia coli K-12: a cooperatively developed annotation
snapshot--2005
JOURNAL Nucleic Acids Res. 34 (1), 1-9 (2006)
PUBMED 16397293
REMARK Publication Status: Online-Only
REFERENCE 2 (bases 1 to 1041)
AUTHORS Hayashi, K., Morooka,N., Yamamoto,Y., Fujita,K., Isono,K., Choi,S.,
Ohtsubo,E., Baba,T., Wanner,B.L., Mori,H. and Horiuchi, T.
TITLE Highly accurate genome sequences of Escherichia coli K-12 strains
MG1655 and W3110
JOURNAL Mol. Syst. Biol. 2, 2006 (2006)
PUBMED 16738553
REFERENCE 3 (bases 1 to 1041)
AUTHORS Blattner,F.R., Plunkett,G. III, Bloch,C.A., Perna,N.T., Burland,V.,
Riley,M., Collado-Vides,J., Glasner,J.D., Rode,C.K., Mayhew,G.F.,
Gregor,J., Davis,N.W., Kirkpatrick,H.A., Goeden,M.A., Rose,D.J.,
Mau,B. and Shao,Y.
TITLE The complete genome sequence of Escherichia coli K-12
JOURNAL Science 277 (5331), 1453-1462 (1997)
PUBMED 9278503
REFERENCE 4 (bases 1 to 1041)
AUTHORS Arnaud,M., Berlyn,M.K.B., Blattner,F.R., Galperin,M.Y.,
Glasner,J.D., Horiuchi,T., Kosuge,T., Mori,H., Perna,N.T.,
Plunkett,G. III, Riley,M., Rudd,K.E., Serres,M.H., Thomas,G.H. and
Wanner,B.L.
TITLE Workshop on Annotation of Escherichia coli K-12
JOURNAL Unpublished
REMARK Woods Hole, Mass., on 14-18 November 2003 (sequence corrections)
REFERENCE 5 (bases 1 to 1041)
AUTHORS Glasner,J.D., Perna,N.T., Plunkett,G. III, Anderson,B.D.,
Bockhorst,J., Hu,J.C., Riley,M., Rudd,K.E. and Serres,M.H.
TITLE ASAP: Escherichia coli K-12 strain MG1655 version m56
JOURNAL Unpublished
REMARK ASAP download 10 June 2004 (annotation updates)
REFERENCE 6 (bases 1 to 1041)
AUTHORS Hayashi, K., Morooka,N., Mori,H. and Horiuchi,T.
TITLE A more accurate sequence comparison between genomes of Escherichia
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JOURNAL
REMARK
REFERENCE
AUTHORS
TITLE

JOURNAL
REMARK
REFERENCE
AUTHORS
TITLE

JOURNAL
REFERENCE
CONSRTM
TITLE
JOURNAL

REFERENCE
AUTHORS
TITLE
JOURNAL

REMARK
REFERENCE
AUTHORS
TITLE
JOURNAL

REMARK
REFERENCE
AUTHORS
TITLE
JOURNAL

REMARK
REFERENCE
AUTHORS
TITLE
JOURNAL

REMARK
REFERENCE
AUTHORS
TITLE
JOURNAL

REMARK

REFERENCE
AUTHORS
TITLE
JOURNAL

REMARK
REFERENCE

AUTHORS

TITLE

coli K12 W3110 and MG1655 strains
Unpublished

GenBank accessions AG613214 to AG613378
7 (bases 1 to 1041)

Perna,N.T.

Escherichia coli K-12 MG1655 ygiK-rfaE intergenic region,
sequence correction
Unpublished

GenBank accession AY605712
8 (bases 1 to 1041)
Rudd,K.E.

A manual approach to accurate translation start site annotation: an
E. coli K-12 case study

Unpublished

9 (bases 1 to 1041)

NCBI Genome Project

Direct Submission

Submitted (26-AUG-2014) National Center for Biotechnology
Information, NIH, Bethesda, MD 20894, USA

10 (bases 1 to 1041)

Blattner,F.R. and Plunkett,G. III.

Direct Submission

Submitted (30-JUL-2014) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA

Protein update by submitter

11 (bases 1 to 1041)

Blattner,F.R. and Plunkett,G. III.

Direct Submission

Submitted (15-NOV-2013) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA

Protein update by submitter

12 (bases 1 to 1041)

Blattner,F.R. and Plunkett,G. III.

Direct Submission

Submitted (26-SEP-2013) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA

Sequence update by submitter

13 (bases 1 to 1041)
Rudd,K.E.

Direct Submission
Submitted (06-FEB-2013)
Biology, University of Miami Miller School of Medicine,
Bldg., Miami, FL 33136, USA

Sequence update by submitter

14 (bases 1 to 1041)
Rudd,K.E.

Direct Submission
Submitted (24-APR-2007)
Biology, University of Miami Miller School of Medicine,
Bldg., Miami, FL 33136, USA

Annotation update from ecogene.org as a multi-database
collaboration

15 (bases 1 to 1041)

Plunkett,G. III.

Direct Submission

Submitted (07-FEB-2006) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA
Protein updates by submitter

16 (bases 1 to 1041)

Plunkett,G. III.

Direct Submission

(sequence corrections)

genomic

(sequence corrections)

Department of Biochemistry and Molecular
118 Gautier

Department of Biochemistry and Molecular
118 Gautier
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JOURNAL

REMARK
REFERENCE
AUTHORS
TITLE
JOURNAL

REFERENCE
AUTHORS
TITLE
JOURNAL

REFERENCE
AUTHORS
TITLE
JOURNAL

COMMENT

FEATURES

source

gene

CDS

Submitted (10-JUN-2004) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA
Sequence update by submitter
17 (bases 1 to 1041)
Plunkett,G. III.
Direct Submission
Submitted (13-0CT-1998) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA
18 (bases 1 to 1041)
Blattner,F.R. and Plunkett,G. III.
Direct Submission
Submitted (02-SEP-1997) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA
19 (bases 1 to 1041)
Blattner,F.R. and Plunkett,G. III.
Direct Submission
Submitted (16-JAN-1997) Laboratory of Genetics, University of
Wisconsin, 425G Henry Mall, Madison, WI 53706-1580, USA
REVIEWED REFSEQ: This record has been curated by NCBI staff. The
reference sequence is identical to U00096.
On Nov 3, 2013 this sequence version replaced gi:49175990.
RefSeqg Category: Reference Genome
FGS: First Genome sequenced
MOD: Model Organism
PHY: Based on Phylogenetics
UPR: UniProt Genome
Current U00096 annotation updates are derived from EcoGene
http://ecogene.org. Suggestions for updates can be sent to Dr.
Kenneth Rudd (krudd@miami.edu). These updates are being generated
from a collaboration that also includes ASAP/ERIC, the Coli Genetic
Stock Center, EcoliHub, EcoCyc, RegulonDB and UniProtKB/Swiss-Prot.
COMPLETENESS: full length.
Location/Qualifiers
1..1041
/organism="Escherichia coli str. K-12 substr. MG1655"
/mol_type="genomic DNA"
/strain="K-12"
/sub_strain="MGl655"
/db_xref="taxon:511145"
1..1041
/gene="ompA"
/locus_tag="b0957"
/gene_synonym="con; ECK0948; JW0940; tolG; tut"
/db_xref="EcoGene:EG10669"
/db_xref="GeneID:945571"
1..1041
/gene="ompA"
/locus_tag="b0957"
/gene_synonym="con; ECK0948; JW0940; tolG; tut"
/function="membrane; Outer membrane constituents"
/GO_component="G0:0009279 - cell outer membrane;
G0:0009274 - peptidoglycan-based cell wall"
/note="outer membrane protein 3a (II*;G;d)"
/codon_start=1
/transl_table=11
/product="outer membrane protein A (3a;II*;G;d)"
/protein_id="NP_415477.1"
/db_xref="GI:16128924"
/db_xref="ASAP:ABE-0003240"
/db_xref="UniProtKB/Swiss—Prot:P0A910"
/db_xref="EcoGene:EG10669"
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/db_xref="GeneID:945571"

/translation="MKKTAIAIAVALAGFATVAQAAPKDNTWYTGAKLGWSQYHDTGF
INNNGPTHENQLGAGAFGGYQVNPYVGFEMGYDWLGRMPYKGSVENGAYKAQGVQLTA
KLGYPITDDLDIYTRLGGMVWRADTKSNVYGKNHDTGVSPVFAGGVEYAITPEIATRL
EYQWTNNIGDAHTIGTRPDNGMLSLGVSYRFGQGEAAPVVAPAPAPAPEVQTKHEFTLK
SDVLENFNKATLKPEGQAALDQLYSQLSNLDPKDGSVVVLGYTDRIGSDAYNQGLSER
RAQSVVDYLISKGIPADKISARGMGESNPVTGNTCDNVKQRAALIDCLAPDRRVEIEV

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
//

Ene

1GES TOV G

atgaaaaaga
gccgctccga
gacactggtt
tttggtggtt
cgtatgccgt
accgctaaac
atggtatggce
tctccggtcet
gaataccagt
ggcatgctga
gctccggcectce
gttctgttca
ctgtacagcc
accgaccgca
gttgttgatt
ggcgaatcca
atcgactgcc
gtaactcagc

KGIKDVVTQPQA"

cagctatcgc
aagataacac
tcatcaacaa
accaggttaa
acaaaggcag
tgggttaccc
gtgcagacac
tcgetggegg
ggaccaacaa
gcctgggtgt
cagctccggce
acttcaacaa
agctgagcaa
tcggttctga
acctgatctc
acccggttac
tggctccgga
cgcaggctta

OVTIKOTEP OV TESIMV ULOC EYYPU

gattgcagtg
ctggtacact
caatggcccg
cccgtatgtt
cgttgaaaac
aatcactgac
taaatccaac
tgttgagtac
catcggtgac
ttcctaccgt
accggaagta
agcaaccctg
cctggatccg
cgcttacaac
caaaggtatc
tggcaacacc
tcgtcgcecgta
a

gcactggctg
ggtgctaaac
acccatgaaa
ggctttgaaa
ggtgcataca
gacctggaca
gtttatggta
gcgatcactc
gcacacacca
ttcggtcagg
cagaccaagc
aaaccggaag
aaagacggtt
cagggtctgt
ccggcagaca
tgtgacaacg
gagatcgaag

¢ oty GENBANK

LOCUS: Iepiéyet éva pukpd GVOLOL Y10 TOV YOpaKTNPOUO TNG EYYPAPNG.

DEFINITION: Mia Aemtopepng meptypapn g akolovdiog.

ACCESSION: K®dikdc mov amoKTd [io VEOEIGEPYOUEVT EYYPUPT YopakTnploTikog o v GENBANK. O kwdikdg

TOPAUEVEL 6TOOEPOS

VERSION: Ed1x6¢ kodikdg mov amaptiletor amd to mpmtapyikd Accession Number, akolovdei To cOpforo g tedeiog

gtttcgctac
tgggctggtc
accaactggg
tgggttacga
aagctcaggg
tctacactcg
aaaaccacga
ctgaaatcgc
tcggcactcg
gcgaagcagc
acttcactct
gtcaggctgce
ccgtagttgt
ccgagcgcecg
agatctccgce
tgaaacagcg
ttaaaggtat

Kot 6T GUVEYELX EvaG aplBdg Tov dNAdVEL TNV £KG00 TG TAPOVGAG EYYPAPNC.

KEYWORDS: Xopoktnpiotikéc AEEeIC-KAELDLA TToV GyeTiCovtat e Ty VOukAeoTIdKT aAAniovyio Kot Tig 10TNTES TV

TPOIOVIOV TG,

cgtagcgcag
ccagtaccat
cgctggtgct
ctggttaggt
cgttcaactg
tctgggtgge
caccggcgtt
tacccgtctg
tccggacaac
tccagtagtt
gaagtctgac
tctggatcag
tctgggttac
tgctcagtct
acgtggtatg
tgctgcactg
caaagacgtt

SOURCE: Bioloyikr| anyn g akoiovdiog 6mov avagépetal o opyaviopds omd Tmv omoio £yl amopovmbet e Ta
Waitepa xopaKTNPLoTIKE ToV (TBovVEG petaAldéels, TAaopidla K.a.).

ORGANISM: Opyaviopds an' 6mov mponide 1 axorovbic. Axorovbeitar ) Suwvoun ovopacio katd Awvaio. Emiong

TopatiOETOL KOl 1| GLOTNHOTIKY TAEIWVOUNGT) TOV OPYOVIGLLOV.

- To mopokdto medio oyetiloviot pe TNV ONLLOGIEVIEVT] EPYOCIN GTIV OTOL0 AVAPEPETOL O TPOGILOPIGLAG TNG TAPOVSUG

axoiovbiag.

REFERENCE: ITepiéyet Tov apiBpd g avapopds kabdg Kot To uKog ¢ akolovbiog mov €xel tpocsdiopiotel otnv

mopovoa Epyacio.

AUTHORS: Avagépovtat ot GOUUETEXOVTEG 0TIV dle&ayyr| TG TapoVoag EPYUCING.
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TITLE: Titlog ¢ dnpocievpévng epyaciog.

JOURNAL: ITepiéyet Aemtopépeloko. atoryeio yio v ovalnTnon g ovapopds 0rms givol o Tithog Tov TEPLOSIKOD TOV
ekd60NKe, TEVLYOG, NuEpOUNVio EKO00MG Kot GELISEG OV KATOAAUPAVEL GTO GUYKEKPLUEVO TEVYOG.

MEDLINE: K®dwdg yio tnv Biprioypapiky avagopd oty fdon dedopévov MEDLINE.
COMMENT: Tlepiéyet KAmOLES YEVIKEG TOPATNPNOELS, | OVALPOPEG KoL 6€ GAleG PAoELs.

FEATURES: ITivaxag mov nepiéyel mAnpopopieg oyeTikd e o TpoidvTa ¢ akolovbiog OTmg moATERTIOIKEG 0AVGIEG
(amd petdppoaon) kot RNA (and petaypaen) kot otoryeio and melpapotikd de30pEve Tov KaTadekviovy ) BloA0YLKN
g onpacia.

BASE COUNT: ApiOuntikn avdivon g akoAovdiog ota empépovs cvotatikd mg. I[lepiéyet To ohvoro kataroinwv
Adevivng, IN'ovavivng, Kvtooivng, Gupivnge.

ORIGIN: Oéon g Tpdg Pdong g katatedepévng akoiovdiag o€ oo LE TO YOVISIOUA 0T0 TO 0010 £XEL

amopovobeti.

Axpipag ané kaTto TopatifeTar 1 akorovdia Tng Tapovoas eyypaPic.

H avamapdotacn g akolovbiog eivat g popeng:

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
//

atgaaaaaga
gccgctccga
gacactggtt
tttggtggtt
cgtatgccgt
accgctaaac
atggtatggce
tctccggtcet
gaataccagt
ggcatgctga
gctccggcetce
gttctgttca
ctgtacagcc
accgaccgca
gttgttgatt
ggcgaatcca
atcgactgcc
gtaactcagc

cagctatcgc
aagataacac
tcatcaacaa
accaggttaa
acaaaggcag
tgggttaccc
gtgcagacac
tcgetggegg
ggaccaacaa
gcctgggtgt
cagctccggce
acttcaacaa
agctgagcaa
tcggttctga
acctgatctc
acccggttac
tggctccgga
cgcaggctta

gattgcagtg
ctggtacact
caatggcccg
cccgtatgtt
cgttgaaaac
aatcactgac
taaatccaac
tgttgagtac
catcggtgac
ttcctaccgt
accggaagta
agcaaccctg
cctggatccg
cgcttacaac
caaaggtatc
tggcaacacc
tcgtcgecgta
a

gcactggctg
ggtgctaaac
acccatgaaa
ggctttgaaa
ggtgcataca
gacctggaca
gtttatggta
gcgatcactc
gcacacacca
ttcggtcagg
cagaccaagc
aaaccggaag
aaagacggtt
cagggtctgt
ccggcagaca
tgtgacaacg
gagatcgaag

gtttcgctac
tgggctggtc
accaactggg
tgggttacga
aagctcaggg
tctacactcg
aaaaccacga
ctgaaatcgc
tcggcactcg
gcgaagcagc
acttcactct
gtcaggctgce
ccgtagttgt
ccgagcgcecg
agatctccgce
tgaaacagcg
ttaaaggtat

cgtagcgcag
ccagtaccat
cgctggtgcet
ctggttaggt
cgttcaactg
tctgggtgge
caccggcgtt
tacccgtctg
tccggacaac
tccagtagtt
gaagtctgac
tctggatcag
tctgggttac
tgctcagtct
acgtggtatg
tgctgcactg
caaagacgtt

- Ta vovikeotidia amecovilovtat pe Tov KOOk EVOG YPAUUATOG avaloya e v alowtovyo Pdon v oroia

OTTOTEAOVVTOL.

- Kabg arxorovdio amoteleital amd 60 apvolikd katdAouma ava Ypopy, o€ ORAdEs TV dEka apvoSIKdV KOTOAOIT®Y,

Eexvavtog mavta omd v 0éon 11 g ypapung. Ot opddeg tov 10 kataroinwv yopilovial peta&d tovg pe Kevo

diotnpa.

- Am6 ™ B€om 9 g YPOUUNG KOt TTPOG Ta 0PLETEPG VTIAPYEL £vag aptBpog mov deiyvel Ty apibunon tov TpdTOoV
KataAoimov Kabe ypounc.

/1 AMEN g eyypogng.
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2. Eyypa¢n g Uniprot yia v tpoteiviki akorovBia Tg Outer membrane protein A (ompA) an6 Tov
opyaviepé Escherichia coli.
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OMPA_ECOLT Reviewed; 346 AA.

POA910; P02934;

20-JUL-1986, integrated into UniProtKB/Swiss-Prot.

20-JUL-1986, sequence version 1.

06-JAN-2015, entry wversion 99.

RecName: Full=Outer membrane protein A;

AltName: Full=Outer membrane protein II*;

Flags: Precursor;

Name=ompA; Synonyms=con, tolG, tut; OrderedLocusNames=b0957, Jw0940;
Escherichia coli (strain K12).

Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales;
Enterobacteriaceae; Escherichia.

NCBI_TaxID=83333;

[1]

NUCLEOTIDE SEQUENCE [GENOMIC DNA].

STRAIN=K12;

PubMed=6253901; DOI=10.1093/nar/8.13.3011;

Beck E., Bremer E.;

"Nucleotide sequence of the gene ompA coding the outer membrane
protein II of Escherichia coli K-12.";

Nucleic Acids Res. 8:3011-3027(1979).

[2]

NUCLEOTIDE SEQUENCE [GENOMIC DNA].

STRAIN=K12;

PubMed=6260961; DOI=10.1016/0022-2836(80)90193-X;

Movva N.R., Nakamura K., Inouye M.;

"Gene structure of the OmpA protein, a major surface protein of
Escherichia coli required for cell-cell interaction.";

J. Mol. Biol. 143:317-328(1979).

[3]

NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA].

STRAIN=K12 / W3110 / ATCC 27325 / DSM 5911;

PubMed=8905232; D0I=10.1093/dnares/3.3.137;

Oshima T., Aiba H., Baba T., Fujita K., Hayashi K., Honjo A.,
Ikemoto K., Inada T., Itoh T., Kajihara M., Kanai K., Kashimoto K.,
Kimura S., Kitagawa M., Makino K., Masuda S., Miki T., Mizobuchi K.,
Mori H., Motomura K., Nakamura Y., Nashimoto H., Nishio Y., Saito N.,
Sampei G., Seki Y., Tagami H., Takemoto K., Wada C., Yamamoto Y.,
Yano M., Horiuchi T.;

"A 718-kb DNA sequence of the Escherichia coli K-12 genome
corresponding to the 12.7-28.0 min region on the linkage map.";
DNA Res. 3:137-155(1995).

[4]

NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA].

STRAIN=K12 / MG1655 / ATCC 47076;

PubMed=9278503; DOI=10.1126/science.277.5331.1453;

Blattner F.R., Plunkett G. III, Bloch C.A., Perna N.T., Burland V.,
Riley M., Collado-Vides J., Glasner J.D., Rode C.K., Mayhew G.F.,
Gregor J., Davis N.W., Kirkpatrick H.A., Goeden M.A., Rose D.J.,
Mau B., Shao Y.;

"The complete genome sequence of Escherichia coli K-12.";

Science 277:1453-1462(1996) .

[5]

NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA].

STRAIN=K12 / W3110 / ATCC 27325 / DSM 5911;

PubMed=16738553; DOI=10.1038/msb4100049;

Hayashi K., Morooka N., Yamamoto Y., Fujita K., Isono K., Choi S.,
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Ohtsubo E., Baba T., Wanner B.L., Mori H., Horiuchi T.;
"Highly accurate genome sequences of Escherichia coli K-12 strains
MG1655 and W3110.";

Mol. Syst. Biol. 2:E1-E5(2005).

[6]

PROTEIN SEQUENCE OF 22-346.

STRAIN=K12;

PubMed=7001461; DOI=10.1073/pnas.77.8.4592;

Chen R., Schmidmayr W., Kramer C., Chen-Schmeisser U., Henning U.;
"Primary structure of major outer membrane protein II (ompA protein)
of Escherichia coli K-12.";

Proc. Natl. Acad. Sci. U.S.A. 77:4592-4596(1979).

[7]

PROTEIN SEQUENCE OF 22-34.

STRAIN=K12 / EMG2;

PubMed=9298646; DOI=10.1002/elps.1150180807;

Link A.J., Robison K., Church G.M.;

"Comparing the predicted and observed properties of proteins encoded
in the genome of Escherichia coli K-12.";

Electrophoresis 18:1259-1313(1996) .

[81]

PROTEIN SEQUENCE OF 22-32.

STRAIN=K12 / W3110 / ATCC 27325 / DSM 5911;

Pasquali C., Sanchez J.-C., Ravier F., Golaz 0., Hughes G.J.,
Frutiger S., Paquet N., Wilkins M., Appel R.D., Bairoch A.,
Hochstrasser D.F.;

Submitted (AUG-1994) to UniProtKB.

[91]

PROTEIN SEQUENCE OF 22-26.

STRAIN=K12 / W3110 / ATCC 27325 / DSM 5911;

PubMed=9629924; D0OI=10.1002/elps.1150190539;

Molloy M.P., Herbert B.R., Walsh B.J., Tyler M.I., Traini M.,
Sanchez J.-C., Hochstrasser D.F., Williams K.L., Gooley A.A.;
"Extraction of membrane proteins by differential solubilization for
separation using two-dimensional gel electrophoresis.";
Electrophoresis 19:837-844(1997).

[10]

MUTANTS RESISTANT TO PHAGE ENTRY.

PubMed=6086577;

Morona R., Klose M., Henning U.;

"Escherichia coli K-12 outer membrane protein (OmpA) as a
bacteriophage receptor: analysis of mutant genes expressing altered
proteins.";

J. Bacteriol. 159:570-578(1983).

[11]

MUTANTS RESISTANT TO PHAGE ENTRY.

PubMed=3902787;

Morona R., Kramer C., Henning U.;

"Bacteriophage receptor area of outer membrane protein OmpA of
Escherichia coli K-12.";

J. Bacteriol. 164:539-543(1984).

[12]

PORIN ACTIVITY.

STRAIN=K12;

PubMed=1370823;

Sugawara E., Nikaido H.;

"Pore-forming activity of OmpA protein of Escherichia coli.";
J. Biol. Chem. 267:2507-2511(1991).

[13]

SUBCELLULAR LOCATION.

PubMed=7813480; DOI=10.1111/7.1432-1033.1994.00891.%;
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Kuhn A., Kiefer D., Koehne C., Zhu H.-Y., Tschantz W.R., Dalbey R.E.;
"Evidence for a loop-like insertion mechanism of pro-Omp A into the

inner membrane of Escherichia coli.";

Eur. J. Biochem. 226:891-897(1993).

[14]

TOPOLOGY .

PubMed=8106193;

Gromiha M.M., Ponnuswamy P.K.;

"Prediction of transmembrane beta-strands from hydrophobic
characteristics of proteins.";

Int. J. Pept. Protein Res. 42:420-431(1992).

[15]

IDENTIFICATION BY 2D-GEL.

PubMed=9298644; DOI=10.1002/elps.1150180805;

VanBogelen R.A., Abshire K.Z., Moldover B., Olson E.R.,
Neidhardt F.C.;

"Escherichia coli proteome analysis using the gene-protein database.";

Electrophoresis 18:1243-1251(1996).
[16]

TOPOLOGY .

PubMed=10368142;

Koebnik R.;

"Structural and functional roles of the surface-exposed loops of the

beta-barrel membrane protein OmpA from Escherichia coli.";
J. Bacteriol. 181:3688-3694(1998).

[17]

DIMERIZATION, AND SUBCELLULAR LOCATION.

STRAIN=BL21-DE3;

PubMed=16079137; DOI=10.1074/jbc.M506479200;

Stenberg F., Chovanec P., Maslen S.L., Robinson C.V., Ilag L.,

von Heijne G., Daley D.O.;

"Protein complexes of the Escherichia coli cell envelope.";
J. Biol. Chem. 280:34409-34419(2004).

[18]

SUBCELLULAR LOCATION.

STRAIN=K12 / MG1655 / ATCC 47076;

PubMed=21778229; DOI=10.1074/jbc.M111.245696;

Fontaine F., Fuchs R.T., Storz G.;

"Membrane localization of small proteins in Escherichia coli.";

J. Biol. Chem. 286:32464-32474(2010).

[19]

X-RAY CRYSTALLOGRAPHY (2.5 ANGSTROMS) OF 22-192.
PubMed=9808047; D0OI=10.1038/2983;

Pautsch A., Schulz G.E.;

"Structure of the outer membrane protein A transmembrane domain.

Nat. Struct. Biol. 5:1013-1017(1997).

[20]

X-RAY CRYSTALLOGRAPHY (1.65 ANGSTROMS) .
PubMed=10764596; DOI=10.1006/jmbi.2000.3671;

Pautsch A., Schulz G.E.;

"High-resolution structure of the OmpA membrane domain.";
J. Mol. Biol. 298:273-282(1999).

[21]

STRUCTURE BY NMR OF 22-197.

PubMed=11276254; DOI=10.1038/86214;

Arora A., Abildgaard F., Bushweller J.H., Tamm L.K.;

"Structure of outer membrane protein A transmembrane domain by NMR

spectroscopy.";

Nat. Struct. Biol. 8:334-338(2000).
[22]

MASS SPECTROMETRY.
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PubMed=10757971; DOI=10.1021/b1i000150m;

le Coutre J., Whitelegge J.P., Gross A., Turk E., Wright E.M.,
Kaback H.R., Faull K.F.;

"Proteomics on full-length membrane proteins using mass
spectrometry.";

Biochemistry 39:4237-4242(1999).

—!—- FUNCTION: Required for the action of colicins K and L and for the

stabilization of mating aggregates in conjugation. Serves as a

receptor for a number of T-even like phages. Also acts as a porin

with low permeability that allows slow penetration of small

solutes.
—!— SUBUNIT: Homodimer.
—!— INTERACTION:

POCOV0O:degP; NbExp=5; IntAct=EBI-371347, EBI-547165;
POA850:tig; NbExp=3; IntAct=EBI-371347, EBI-544862;

—!— SUBCELLULAR LOCATION: Cell outer membrane
{EC0O:0000269 |PubMed:16079137, ECO0:0000269|PubMed:21778229,
EC0:0000269 |PubMed:7813480}; Multi-pass membrane protein
{EC0O:0000269 |PubMed:16079137, ECO0:0000269|PubMed:21778229,
ECO:0000269 | PubMed: 7813480} .

-!— MASS SPECTROMETRY: Mass=35177; Method=Electrospray; Range=22-346;

Evidence={EC0:0000269 |PubMed:10757971;

—-!- SIMILARITY: Belongs to the OmpA family. {EC0:0000305}.

—!—- SIMILARITY: Contains 1 OmpA-like domain. {EC0O:0000255|PROSITE-
ProRule:PRU00473}.

Copyrighted by the UniProt Consortium, see http://www.uniprot.org/terms

Distributed under the Creative Commons Attribution-NoDerivs License

EMBL; V00307; CAA23588.1; —; Genomic_DNA.
EMBL; U00096; AAC74043.1; -; Genomic_DNA.
EMBL; AP009048; BAA35715.1; —-; Genomic_DNA.
PIR; A93707; MMECA.

RefSeq; NP_415477.1; NC_000913.3.

RefSeq; YP_489229.1; NC_007779.1.

PDB; 1BXW; X-ray; 2.50 A; A=21-192.

PDB; 1G90; NMR; -; A=22-197.

PDB; 1QJP; X-ray; 1.65 A; A=22-192.

PDB; 2GE4; NMR; -—; A=22-197.

PDB; 2JMM; NMR; -—; A=23-197.

PDB; 3NB3; EM; —-; A/B/C=1-346.

PDBsum; 1BXW; -.

PDBsum; 1G90; -.

PDBsum; 1QJP; -—.

PDBsum; 2GE4; -.

PDBsum; 2JMM; -.

PDBsum; 3NB3; -.

ProteinModelPortal; POA910; -.

SMR; POA910; 22-192, 209-346.

DIP; DIP-31879N; -.

IntAct; POA910; 11.

MINT; MINT-1308131; -.

STRING; 511145.b0957; -.

TCDB; 1.B.6.1.1; the ompa-ompf porin (oop) family.
SWISS—-2DPAGE; POA910; -.

PaxDb; POA910;

PRIDE; POA910; -.

EnsemblBacteria; AAC74043; AAC74043; b0957.
EnsemblBacteria; BAA35715; BAA35715; BAA35715.
GenelID; 12931038; -.

GenelID; 945571; -.
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DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
PE
Kw
Kw
Kw
Kw
FT
FT
FT
FT
FT
FT
FT
FT

KEGG; ecj:Y75_p0929; -.

KEGG; eco:b0957;

PATRIC;
EchoBASE
EcoGene;

eggNOG; C0G2885;

32117133;
; EB0663;
EG10669;

VBIEscC01129921 _0991.

OmpA .

HOGENOM; HOG000274199; -.
InParanoid; POA910; -.

KO; K032
OMA; EYA

86; —.

LTKN; -.

OrthoDB; EOG6PP9QRB; -.
EcoCyc:EG10669-MONOMER; -—.
ECOL316407:JW0940-MONOMER; -.

BioCyc;
BioCyc;

EvolutionaryTrace;

PRO; PR:
Proteome
Proteome
Genevest
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
GO; GO:0
Gene3D;

Gene3D;

InterPro
InterPro
InterPro
InterPro
InterPro
InterPro
Pfam; PF
Pfam; PF
PRINTS;

PRINTS;

SUPFAM;

SUPFAM;

PROSITE;
PROSITE;

3D-struc

SIGNAL

CHAIN

TOPO_DOM
TRANSMEM

POA910;

POAS10; -.

s; UP000000318; Chromosome.
s; UP000000625; Chromosome.
POA910;

igator;
009279;
016021;
016020;
019867;
046930;
015288;
005198;
006974;
000746;
009597;
034220;
006811;
006810;
046718;

C:
:integral component of membrane; IDA:EcoliWiki.
:membrane; IDA:EcoliWiki.

:outer membrane; IDA:EcoliWiki.

:pore complex; IEA:UniProtKB-KW.

:porin activity; IDA:EcoCyc.

:structural molecule activity; IEA:InterPro.

:cellular response to DNA damage stimulus; IEP:EcoliWiki.
:conjugation; IMP:EcoliWiki.

:detection of virus; IMP:EcoliWiki.

:ion transmembrane transport; IDA:EcoCyc.

:ion transport; IDA:EcoliWiki.

:transport; IDA:EcoliWiki.

:viral entry into host cell; IMP:EcoliWiki.

WYYy YHRHEOQOOQOQOQ

cell outer membrane; IDA:EcoliWiki.

2.40.160.20; -; 1.
3.30.1330.60; —-; 1.

; IPR011250; OMP/PagP_b-brl.

; IPR006664; OMP_bac.

; IPR002368; OmpA.

; IPR006690; OMPA-like_CS.

; IPR0O00498; OmpA-like_TM_dom.
; IPR006665; OmpA/MotB_C.

00691;
01389;

PR01021;
PR01022;
SSF103088;

SSF56925;
PS01068;
PS51123;

1: Evidence at protein level;

ture; Cell outer membrane; Complete proteome; Conjugation;

Direct protein sequencing; Disulfide bond; Ion transport; Membrane;

Porin; Reference proteome; Repeat; Signal; Transmembrane;

Transmembrane beta strand; Transport.

1

22

22
27

OmpA; 1.
OmpA_membrane; 1.
OMPADOMAIN.
OUTRMMBRANEA.

SSF103088; 1.
SSF56925; 1.
OMPA_1; 1.
OMPA_2; 1.

21 {EC0:0000269 |PubMed: 7001461,
EC0:0000269|PubMed: 9298646,
EC0:0000269|PubMed:9629924,
ECO:0000269|Ref.8}.

346 Outer membrane protein A.
/FTId=PRO_0000020094.

26 Periplasmic.

37 Beta stranded.
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FT TOPO_DOM 38 54 Extracellular.

FT TRANSMEM 55 66 Beta stranded.

FT TOPO_DOM 67 69 Periplasmic.

FT TRANSMEM 70 78 Beta stranded.

FT TOPO_DOM 79 95 Extracellular.

FT TRANSMEM 96 107 Beta stranded.

FT TOPO_DOM 108 111 Periplasmic.

FT TRANSMEM 112 124 Beta stranded.

FT TOPO_DOM 125 137 Extracellular.

FT TRANSMEM 138 151 Beta stranded.

FT TOPO_DOM 152 155 Periplasmic.

FT TRANSMEM 156 163 Beta stranded.

FT TOPO_DOM 164 181 Extracellular.

FT TRANSMEM 182 190 Beta stranded.

FT TOPO_DOM 191 346 Periplasmic.

FT REPEAT 201 202 1.

FT REPEAT 203 204 2.

FT REPEAT 205 206 3.

FT REPEAT 207 208 4.

FT DOMAIN 210 338 OmpA-like. {EC0:0000255|PROSITE-

FT ProRule:PRU0O0473}.

FT REGION 197 208 Hinge-like.

FT REGION 201 208 4 X 2 AA tandem repeats of A-P.

FT DISULFID 311 323

FT STRAND 27 37 {ECO:0000244 |PDB:1QJP}.

FT STRAND 41 43 {ECO:0000244 |PDB:1G90}.

FT STRAND 46 48 {ECO:0000244 |PDB:1G90}.

FT STRAND 50 53 {ECO:0000244 | PDB:2GE4}U.

FT STRAND 55 67 {ECO:0000244 |PDB:1QJP}.

FT STRAND 70 81 {EC0:0000244 |PDB:1QJP}.

FT STRAND 93 128 {ECO:0000244 |PDB:1QJP}.

FT STRAND 130 132 {ECO:0000244 |PDB:1QJP}.

FT STRAND 134 153 {EC0O:0000244 |PDB:1QJP}.

FT STRAND 156 165 {ECO:0000244 |PDB:1QJP}.

FT TURN 172 175 {EC0O:0000244 |PDB:1G90}.

FT STRAND 182 190 {EC0:0000244 |PDB:1QJP}.

S0 SEQUENCE 346 AA; 37201 Mw; 195147734CDF8B04 CRC64;
MKKTAIATAV ALAGFATVAQ AAPKDNTWYT GAKLGWSQYH DTGEFINNNGP THENQLGAGA
FGGYQVNPYV GFEMGYDWLG RMPYKGSVEN GAYKAQGVQL TAKLGYPITD DLDIYTRLGG
MVWRADTKSN VYGKNHDTGV SPVFAGGVEY AITPEIATRL EYQWTNNIGD AHTIGTRPDN
GMLSLGVSYR FGQGEAAPVV APAPAPAPEV QTKHEFTLKSD VLFNENKATL KPEGQAALDQ
LYSQLSNLDP KDGSVVVLGY TDRIGSDAYN QGLSERRAQS VVDYLISKGI PADKISARGM
GESNPVTGNT CDNVKQRAAL IDCLAPDRRV EIEVKGIKDV VTQPQA

//

Engénynosic Tov onpuovrikotepov nediov mog yypooins UNIPROT

ID (Identification):

Eivow g popong Entry_name data_class; molecule_type; sequence length

Entry_name: To 6vopa g akolovdiog yapaxtnpiotiko yio m faon UNIPROT.

n.y- OMPA_ECOLL To mpdto TUfpo vtodnidvel To dvopa e aArniovyiog 0nmg eival katatebeipévo oty Paon.
Mmopei va Eyetl pnrog péypt 4 yapaxtipes. To devtepo kabopilel To €idog and To omoio Tpoépyetar  akiniovyia.

Mmnopei va €xet pkog pHéxpt S yopoaKTipes.

data_class: Anhovel av 1 yypoaen €xel oxolactel 1 Oyt pe Paon ta kpurfpia g faong UNIPROT.
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molecule_type: Anhdvel o€ oo opddo pokpopopiov avikel n akoiovdia. o tig eyypapég tng UNIPROT eivor PRT
(Protein).

sequence length: To pufkog g okoAovdiog e apvoéikd katdioma (AA).
AC (Accession number): Eivat évag yopaktnpiotikdg KOSIKOG Tov omoKTd o, TOAVTETTIOKN dAVGido OTov
katatiferat otnv fdon. XpnoevEL oty ovayvopion EYYPOQ®Y OVALESH OTLG SLOPOPETIKEG EKOOELG TG PAoNG OT®G

OVTN OVALVEDVETOL OVEL TOKTE YPOVIKG S1OLGTILATOL.

DT (Date): Avaypoaen nuepopunviog ywo tn dnpovpyia e mopodoag £Yypoengc, TEAELTAING TPOTOTO|GNG, TPOGONKNG
oYoM®V.

DE (Description): ['evikf| meptypapmn yio v akoiovdia.
GN (Gene name): I'ovidio and to onoio pe petdppoon Tposkuye 1 apivo&ikn akolovdia.
OS (Organism Species): Opyaviopog an' 6mov Tponide n akorovdia. Akolovbeitatl 1 didvoun ovopacio katd Awvvaio.

OG (Organelle): Encényei av to yovidio mov K®OKOTOLEL TNV GUYKEKPIUEVT aAANAoVy i £5paleTal GE HITOYOVIPLaL,
YA®POTAGCTEG 1 TAOGUISIO.

OC (Organism Classification): Zvotpotikr Ta&vouncn Tov opyovicpob or'dértov Tponide 1 akorlovdia.

OX (Organism taxonomy cross-reference): [Topamopunn og fdon d€30UEVOV GUGTNUATIKNG TAEIVOUNONG TV
OPYOVIGH®V.

e RN, RP, RC, RX, RA, RT, RL : Ta mopaxdte medio oyetiCovrar pe PIBAOYPOPIKES ovapopEég GYETIKES LLE TV
TPoVCa EYYPAPT|.

RN (Reference number): AVEv aptOpoc avopopig GYETIKNG LE TV TOPOVGO EYYPAPT.

RP (Reference Position): Tlepiéyet Aiyec mAnpo@opiec GYETIKES LE TO TL TPAYUATEVETOL 1] GUYKEKPILEVT] AVOLPOPAL.
RX (Reference cross-reference): [Tapomounég oe Biprloypapikég Baoeig dedopévav n.x. PUBMED.

RA (Reference author): Aiota [l TOVG GLYYPAPEIG TG TOPOVSOG UVAPOPACS.

RT (Reference title): TitAog tng mapodoag epyaciog OT®G ONIOGIELTNKE GE EMOTILOVIKY TEPLOOTKA.

RL (Reference Location): [Tep1odikd 1 fifAio 6mov dnpoctedtnke 1 Topovco EPYUGia.

CC (Comments): To nedio avtd nepiéyet pio cepd amd TAnpopopiec Taong UGEMS GYETIKEG e TV akolovBia.
Xwpiletor o€ vo-nedio OTOG:

CATALYTIC ACTIVITY: Tleprypopn g avtidpaons mov kataddetar av 1 akoAovdia givar Evlupo.

ALTERNATIVE PRODUCTS: Avogépetatl av DTAPYOVY GYETIKEG e OUTH AAANAOVYIES TOV EYOVV TPOKVYEL 0T
EVOALALKTIKO LATIGLLAL.

FUNCTION: Hvtoun meptypapn| TG AELTovpyiag mov GUUUETEXEL 1| akoAovbia.
SUBCELLULAR LOCATION: ®¢on g akolovBiog 6To kOTTOPO.

SUBUNIT: To nedio epoaviletal 6TV TEPITT®OT TOL 1) AKOoAOLOI0 GUUUETEXEL GTNV ONULOVPYI0 TETAPTOTAYOVS SOUNG
LG TPMTEIVNC.
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TIpénet va onpelndel tog o Topandve givarl peptkd amd ta vro-tedio Tov propel va nepieyovtat 6to medio CC
(Comments).

DR (Database cross-reference): To medio avtd divel Stacvvdéoels o ddleg Paoelg dedopévov Tov oyetilovtor pe v
napovoa eyypaen 6twg  PDB, 1 EMBL k.a. pe Tovg avticTolyoug Kmdtkohg Toug.

KW (Keyword): To medio avtd mepiéyet £101k€G AEEEIC-KAELOA Y10 TOV YOPAKTNPIGLO TNG aAANLov)ing OTmG AVTEG
ta&wvopovvtal pe Paon Kprmpio OTmg 1 Aertovpyia Kot 1 SOUT TOVG.

FT (Feature Table): To medio autd mepiéyel oToiyio xopaktnplotikd yio v akoiovdio avt) kabeanth Kot apopd
ovykekpyéve tunqpatd me. Iephappdver mAnpogopies yio:

0. METOUETAPPUCTIKES TPOTOTO|CELG

B. o TpApoTo g akoAovdiog eivar vevBuva ya v déopevon kdmotov popiov (m.y. Receptor-Ligand).

v. oo Tpnpato ¢ 0kolovBiog GLUUETEXOLV Y10 TO CYNUOTIGULO TOL EVEPYOL KEVIPOL av TPOKELTAL Yo EVELLO.
9. Xtoyyeia yia tn dgvtepotayn dopun g aAniovyiag.

€. Emiong pmopei oto nedio avtd Pmopel kot vo onpedvovTal Kot Sopopég otnv alAniovyia £4v £X0VV TPOKLYEL Kal
avaEpovtot o€ AAAES BIBALOYPOPIKES OVaPOPES.

SQ (Sequence): To medio avtd TEPLEYEL TO PNKOG TNG akolovBiag o apvobéa (AA), To poplakd Bapog (MW) oe
Daltons.

AKko0LovOEl N AVOTOPAOTHOY TNS 0KOAOVOING OKOLOVODVTOS TOVG TUPUKATM KAVOVES:

- Kafg apvo&iko katdriorwo ameikovileTar pe Tov KOSIKA 10V €vog ypappatog kota IUPAC.

- KaOg axorovOia amoteieitor amd 60 apivolikd kKatdrowwo avd ypopp, 6€ Opdoes TOV dEKa apvosik®Ov
KATOAOIT®V, EEKIVAVTOG TAvTa amté TV 0Eon 6 TG Ypapunc. Ot opddes Tov 10 kataroinmv ympilovror petad
TOVG PIE KEVO OLAGTN .

/I: Ta oOpfora avTé VITOSNADVOLY TO TEAOG TNG EYYPAPNC.

ILy.
SQ SEQUENCE 346 AA;

37201 MW; 195147734CDF8B04 CRC64;

MKKTAIAIAV

FGGYQVNPYV

MVWRADTKSN

GMLSLGVSYR

LYSQLSNLDP

GESNPVTGNT
//

ALAGFATVAQ
GFEMGYDWLG
VYGKNHDTGV
FGQGEAAPVV
KDGSVVVLGY
CDNVKQRAAL

AAPKDNTWYT
RMPYKGSVEN
SPVEFAGGVEY
APAPAPAPEV
TDRIGSDAYN
IDCLAPDRRV

GAKLGWSQYH
GAYKAQGVQL
AITPEIATRL
QTKHEFTLKSD
QGLSERRAQS
EIEVKGIKDV
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TAKLGYPITD
EYQWTNNIGD
VLENEFNKATL
VVDYLISKGI
VTQPQA

THENQLGAGA
DLDIYTRLGG
AHTIGTRPDN
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PADKISARGM



3. Eyypagn Tng PROSITE ywo v pmteivikny} akorovOia Tng Outer membrane protein A (ompA).

ID OMPA_1; PATTERN.

AC PS01068;

DT NOV-1995 (CREATED); DEC-2004 (DATA UPDATE); FEB-2015 (INFO UPDATE).
DE OmpA-like domain.

PA [LIVMA] -x-[GT]-x~-[TA]-[DAN]-x(2,3)-[DG] - [GSTPNKQ]-x (2) - [LEYDEPAVI]-[NQS]—
PA x(2)-[LI]-[SG]-[QEA]-[KRQENAD]-R-A-x(2) - [LVAIT]-x(3)-[LIVMF]-x(4,5)~
PA [LIVMF]-x(4)-[LIVM]-x(3)-[SGW]-x-G.

NR /RELEASE=2015_04,548208;

NR /TOTAL=55(55); /POSITIVE=55(55); /UNKNOWN=0(0); /FALSE_POS=0(0);

NR /FALSE_NEG=10; /PARTIAL=2;

cc /TAXO-RANGE=??7?P?; /MAX-REPEAT=1;

cc /VERSION=1;

DR  P65594, ARFA_MYCBO , T; A1KH31, ARFA_MYCBP , T; P9WIU4, ARFA_MYCTO , T;
DR  P9WIUS, ARFA_MYCTU , T; Q9S3P9, MOTY_VIBAN , T; P46233, MOTY_VIBPA , T;
DR  Q8U9L5, OMP16_AGRT5, T; POA3S9, OMP16_BRUAB, T; POA3S7, OMP16_BRUME, T;
DR  POA3S8, OMP16_BRUSU, T; Q98F85, OMP16_RHILO, T; Q926C3, OMP16_RHIME, T;
DR  P07050, OMP3_NEIGO , T; Q9S3R8, OMP40_PORGI, T; Q9S3R9, OMP41_PORGI, T;
DR  POAQV2, OMP4_NEIMA , T; POAOV3, OMP4_NEIMB , T; P43840, OMP51_HAEIN, T;
DR  P38368, OMP52_HAEIF, T; P45996, OMP53_HAEIF, T; Q05146, OMPA_BORAV , T;
DR  P57414, OMPA_BUCAI , T; Q8K9L4, OMPA_BUCAP , T; P24016, OMPA_CITFR , T;
DR  POA911, OMPA_ECO57 , T; POA910, OMPA_ECOLI , T; P09146, OMPA_ENTAE , T;
DR  BJ7LNW7, OMPA_ESCF3 , T; P0C8%2, OMPA_ESCFE , T; P24754, OMPA_ESCHE , T;
DR  P24017, OMPA_KLEPN , T; Q827S0, OMPA_SALTI , T; P02936, OMPA_SALTY , T;
DR  P04845, OMPA_SERMA , T; P24755, OMPA_SEROD , T; I2BAK7, OMPA_SHIBC , T;
DR  PODJO6, OMPA_SHIBL , T; P02935, OMPA_SHIDY , T; Q8%2G77, OMPA_YERPE , T;
DR  P38399, OMPA_YERPS , T; Q89AJ5, PAL_BUCBP , T; POA913, PAL_ECO57 , T;
DR  POA912, PAL_ECOLI , T; P10324, PAL_HAEIN , T; P26493, PAL_LEGPN , T;
DR 051886, PAL_PASMU , T; Q9I474, PAL_PSEAE , T; POA138, PAL_PSEPK , T;
DR  POA139, PAL_PSEPU , T; POA914, PAL_SHIFL , T; P13794, PORF_PSEAE , T;
DR  P37726, PORF_PSEFL , T; P22263, PORF_PSESY , T; P38369, TPN50_TREPA, T;
DR  P37665, YIAD_ECOLI , T;

DR  P85410, OMP5_HAEPR , P; P80444, OMPA_ACTLI , P;

DR  D3GSC3, LAFU_ECO44 , N; Q47154, LAFU_ECOLI , N; Q6RYWS, OMP38_ACIBA, N;
DR  A3M8K2, OMP38_ACIBT, N; P84838, OMPC_GLUDA , N; P07021, YFIB_ECOLI , N;
DR  P0C536, YN58_BRUAB , N; Q2YJ83, YP57_BRUAZ2 , N; Q8YDY8, YU36_BRUME , N;
DR  Q9RPX3, YUS58_BRUSU , N;

3D  10AP; 1R1M; 2AIZ; 2HQS; 2K1S; 2KGW; 2L26; 2LBT; 2LCA; 2W8B;

DO  PDOC00819;
!/

Enrgénynosic TV onpuovTikotep®v nediov mog yypoois otnv PROSITE

ID (Identification): Eivat g yevikng popeng
ID ENTRY_NAME; ENTRY_TYPE

To mpmTO TUNA EIVOL 1] YOPOKTNPLOTIKT OVOROGio TOL eUQavilel | eyypapn yapaktnpiotikn o t Bdon PROSITE,
EVM TO 6€VTEPO TUN O VTOSNADVEL TOV TOTTO TNG EYYPAPNC.

AC (ACcession number): [Tpokettat yio Tov YopoKTNPLETIKO KOSIKO OV OTOKTA [0 VEOEIGEPYOLEVT EYYPOPT] OTNV
PROSITE kot xpnoyleel TV avayvmpion Thg YYPOENG avapesa 6TIC SlapopeTikés ekddoels g faong PROSITE.

DT (DaTe): To nedio avtd mePIEYEL TIG NEPOUNViES dNovpyiag Kot TEAeVTaiog avavEé®ong (OXOAAGLAG) TG EYYPOENG.

DE (DEscription): ITepiéyet pia yevikn meptypo@n Yo TNV CUYKEKPLLEVT EYYPOAON.
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PA (PAttern): Xto medio avtd avaypdeetal To Tpdtumo TG akorovbiag (pattern) mov akolovBovv Ta HéEAN ™G
GUYKEKPLUEVNG EYYPOPTG.

O1 cupPacelg mov akolovBolue Yo TV AvoTopAcTAcT) TOV pattern givat:

Ta apwvo&éo anekoviCovtat pe Tov kKddko Tov evog ypapupatog kotd ITUPAC.

. To cbpuPoro x onpaivetl 6t ot 601 VTN UITOPEL VAL DTLAPYEL OTOLOONTOTE AULVOED.

3. [...] Ta apvo&éa mov mepiéyovTal HEGH OTIS 0YKVUAEG Eival To EMTPETTA Yo, T cvykekpévn 0éom. o
napadetypo ov mepiéyetol otig aykvies [ALT] onpaiver 6t 6t ovykekpipévn Béon emtpéneton vo. fpicketon
Alavivn 1| Agvkivn 1 Opeovivn.

4. Ta dyKiotpa VTOINADGVOLV OTL 0G0 AULVOEEN TTEPLEYOVTOL O QLT OEV EMTPENETAL VAL fPICKOVTAL OTIG

OLYKEKPYLEVES BEGELS.

KéBe otoryeio tov pattern ywpiletot and To YEITOVIKO TOV pE it TUOAX (-).

6. Av éva otoyeio emavarappavetot pmopei vo avamapactadei pe Eva apBuntikd deiktn og mopevOEcels Tov
dnAmvel Tov aplBpd Tev enavaryemv T.y. X(3). XtV nepintoon mov eviog TG TapeviEcemg TepiEyovtat Vo
apBpoi wov ympilovrol peta&d Tovg pe KOO TOHTO ONUOiVEL OTL 0 aPBIOG TOV EMAVOAYE®DY UITOPEL VO,
maipvel Eva €6pog TIL®VY ov kabopiletal amd Tig TIES Tov mEPIEXOVTUL 6T Tapevhioelg .. (2,4) O apBudg
TOV ETAVOAYEOV pmopel va givar 2 1 3 1 4.

7. Av 7o pattern neplopiletarl 6To apvoteAkd 1 1o kapPfoluteikd dkpo 1 avamapdotao EeKva e To GOUBOAN
'<' ko ">' avtiotouyo.

8. H teheio vmodnidvet to T€Aog Tov pattern.

DN —

b

NR (Numerical Results): Ta nedio avtd nepiéyovv ototygio TOL TPOKHITOVY AT TNV GApwon (pattern scan) g Pdong
SWISS-PROT pe 1o pattern g PROSITE.

ITwo ouykexpéva meprapfavooy:

/RELEASE: H éxdoon g UNIPROT mov £xet ypnotporombei kabmg kot o aplfpds tov eyypapdv Tov TEPLEYOVTOL GE
auT.

/TOTAL: Zvvohkdg apiBudg eyypaoav e UNIPROT 6nov gaivetat va cuvavtdtot To pattern.

/POSITIVE: ApiOuoc tov gyypapdv mov givol PEPato 6Tt cuvavtdtor To pattern Kot 0viiKOLV G€ OLKOYEVELDL TG
PROSITE.

/UNKNOWN: Apbpodc tov eyypapadv mov mbavda avikel oty owkoyéveta g PROSITE.

/FALSE_POS: Eyypogég g UNIPROT 6mov gupavileton to pattern aALd 6gv oyetifovtot pe Ty cLYKEKPILEVN
OlKOY£VELD.

/FALSE_NEG: ApBuog eyypaeov g UNIPROT mov avijKovv 611 GUYKEKPILEVT] OLKOYEVELX OAAGR dev Bpédnkav KoTd
70 pattern scan.

/PARTIAL: ApOuog axorovbidv tng UNIPROT mov dev eivar mpeig (fragments), oviKouv 6Ty GLYKEKPILEVN
owoyéveln tng PROSITE, oAl dev aviyvedovtar and to PROSITE Aoyw Eddenyng tunpdtov g akolovbiog.

CC (Comments): 1o vro-nedio. tov Comments Tep€yovTat Yevikd oxoia mov oyetiCovrat pe v PROSITE.
DR (Database Reference): Ilepiéyet Oheg 16 eyypapés te UNIPROT mov akoiovBovv 10 Guykekpluévo pattern.

3D (3D Structure): [Tepiéyet Oheg T1g eyypapég ¢ Protein Data Bank mov mepiéyet Tig dopég Propakpopopiov Kot
axoAovBolV To GuykeKpLLEVO pattern.

DO (Documentation): Z0v3eGLOG Yl0 £YYPAPT] TOL AVOAVTIKG GTOLYEID GYETIKG LE TN PLodoyikh Agttovpyia TV
aKOAOLOUDV OV TEPLEXOLV TO GLYKEKPIUEVO pattern KaO®S Kot PAOYpa@IKES AvapOopEC.

/I: AnA®dVEL TO TEAOG TNG EYYPOUPNG.
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4. Eyypaon t™g PDB ywa v dopi} 670 ydpo s Outer membrane protein A (ompA) amé Tov opyavicpod
Escherichia coli.

HEADER
TITLE
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
KEYWDS
EXPDTA
AUTHOR
REVDAT
REVDAT
REVDAT
REVDAT
JRNL
JRNL
JRNL
JRNL
JRNL
JRNL
JRNL
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

o U W W N

O 0 J 0 U W N

3
2
2
1

WWWwWwwwwwwwwwwwwwwwwwwwwwNnlN e

MEMBRANE PROTEIN 03-0CT-98 1BXW
OUTER MEMBRANE PROTEIN A (OMPA) TRANSMEMBRANE DOMAIN
MOL_ID: 1;
MOLECULE: PROTEIN (OUTER MEMBRANE PROTEIN A);
CHAIN: A;
FRAGMENT: TRANSMEMBRANE DOMAIN;
ENGINEERED: YES;
MUTATION: YES
MOL_ID: 1;
ORGANISM_SCIENTIFIC: ESCHERICHIA COLI BL21(DE3);
ORGANISM_TAXID: 469008;
STRAIN: BL21DE3;
GENE: OMPA;
EXPRESSION_SYSTEM: ESCHERICHIA COLI BL21(DE3);
EXPRESSION_SYSTEM _TAXID: 469008;
EXPRESSION_SYSTEM_STRAIN: BL21DE3;
EXPRESSION_SYSTEM_PLASMID: PET3B-171
OUTER MEMBRANE, TRANSMEMBRANE PROTEIN
X-RAY DIFFRACTION
G.E.SCHULZ,A.PAUTSCH

24-FEB-09 1BXW 1 VERSN

22-DEC-99 1BXW 4 HEADER COMPND REMARK JRNL
2 4 ATOM SOURCE SEQRES

14-0CT-98 1BXW 0

AUTH A.PAUTSCH,G.E.SCHULZ
TITL STRUCTURE OF THE OUTER MEMBRANE PROTEIN A
TITL 2 TRANSMEMBRANE DOMAIN.

REF NAT.STRUCT.BIOL. V. 5 1013 1998
REFN ISSN 1072-8368
PMID 9808047
DOI 10.1038/2983
RESOLUTION. 2.50 ANGSTROMS.
REFINEMENT.
PROGRAM : REFMAC
AUTHORS : MURSHUDOV, VAGIN, DODSON

DATA USED IN REFINEMENT.

RESOLUTION RANGE HIGH (ANGSTROMS) : 2.50
RESOLUTION RANGE LOW (ANGSTROMS) : 50.00
DATA CUTOFF (SIGMA(F)) : 0.000
COMPLETENESS FOR RANGE %) : 89.0
NUMBER OF REFLECTIONS : 8328

FIT TO DATA USED IN REFINEMENT.

CROSS-VALIDATION METHOD : THROUGHOUT
FREE R VALUE TEST SET SELECTION : RANDOM

R VALUE (WORKING + TEST SET) : NULL

R VALUE (WORKING SET) : 0.189

FREE R VALUE : 0.235

FREE R VALUE TEST SET SIZE (%) : 5.000

FREE R VALUE TEST SET COUNT : 404

NUMBER OF NON-HYDROGEN ATOMS USED IN REFINEMENT.
PROTEIN ATOMS : 1330
NUCLEIC ACID ATOMS : 0
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REMARK 3 HETEROGEN ATOMS 21

REMARK 3 SOLVENT ATOMS : 39

REMARK 3

REMARK 3 B VALUES.

REMARK 3 FROM WILSON PLOT (A**2) : 49.20

REMARK 3 MEAN B VALUE (OVERALL, A**2) : 60.40

REMARK 3 OVERALL ANISOTROPIC B VALUE.

REMARK 3 B11l (A**2) : NULL

REMARK 3 B22 (A**2) : NULL

REMARK 3 B33 (A**2) : NULL

REMARK 3 Bl12 (A**2) : NULL

REMARK 3 B13 (A**2) : NULL

REMARK 3 B23 (A**2) : NULL

REMARK 3

REMARK 3 ESTIMATED OVERALL COORDINATE ERROR.

REMARK 3 ESU BASED ON R VALUE (A): NULL
REMARK 3 ESU BASED ON FREE R VALUE (A): NULL
REMARK 3 ESU BASED ON MAXIMUM LIKELIHOOD (A) : NULL
REMARK 3 ESU FOR B VALUES BASED ON MAXIMUM LIKELIHOOD (A**2): 3.640
REMARK 3

REMARK 3 RMS DEVIATIONS FROM IDEAL VALUES.

REMARK 3 DISTANCE RESTRAINTS. RMS SIGMA
REMARK 3 BOND LENGTH (A) 0.015 ; NULL
REMARK 3 ANGLE DISTANCE (A) 0.030 ; NULL
REMARK 3 INTRAPLANAR 1-4 DISTANCE (A) NULL ; NULL
REMARK 3 H-BOND OR METAL COORDINATION (A) NULL ; NULL
REMARK 3

REMARK 3 PLANE RESTRAINT (A) : NULL ; NULL
REMARK 3 CHIRAL-CENTER RESTRAINT (A**3) : NULL ; NULL
REMARK 3

REMARK 3 NON-BONDED CONTACT RESTRAINTS.

REMARK 3 SINGLE TORSION (A) NULL ; NULL
REMARK 3 MULTIPLE TORSION (A) NULL ; NULL
REMARK 3 H-BOND (X...Y) (A) NULL ; NULL
REMARK 3 H-BOND (X-H...Y) (A) NULL ; NULL
REMARK 3

REMARK 3 CONFORMATIONAL TORSION ANGLE RESTRAINTS.

REMARK 3 SPECIFIED (DEGREES) : NULL ; NULL
REMARK 3 PLANAR (DEGREES) NULL ; NULL
REMARK 3 STAGGERED (DEGREES) : NULL ; NULL
REMARK 3 TRANSVERSE (DEGREES) NULL ; NULL
REMARK 3

REMARK 3 ISOTROPIC THERMAL FACTOR RESTRAINTS. RMS SIGMA
REMARK 3 MAIN-CHAIN BOND (A**2) : NULL ; NULL
REMARK 3 MAIN-CHAIN ANGLE (A**2) : NULL ; NULL
REMARK 3 SIDE-CHAIN BOND (A**2) : NULL ; NULL
REMARK 3 SIDE-CHAIN ANGLE (A**2) : NULL ; NULL
REMARK 3

REMARK 3 OTHER REFINEMENT REMARKS: DISORDERED REGIONS ARE FROM GLY22-
REMARK 3 GLY28, GLY65-GLU68 AND ILE147-PRO147 WERE MODELED
REMARK 3 STEREOCHEMICALLY

REMARK 4

REMARK 4 1BXW COMPLIES WITH FORMAT V. 3.15, 01-DEC-08

REMARK 100

REMARK 100 THIS ENTRY HAS BEEN PROCESSED BY RCSB ON 19-AUG-99.
REMARK 100 THE RCSB ID CODE IS RCSB008140.

REMARK 200

REMARK 200 EXPERIMENTAL DETAILS

REMARK 200 EXPERIMENT TYPE : X-RAY DIFFRACTION
REMARK 200 DATE OF DATA COLLECTION : 15-JAN-98

REMARK 200 TEMPERATURE (KELVIN) : 298
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REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
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200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
280
280
280
280
280
280
280
290
290
290
290
290
290
290
290
290
290

PH : 5.0

NUMBER OF CRYSTALS USED 1
SYNCHROTRON (Y/N) : N

RADIATION SOURCE : ROTATING ANODE
BEAMLINE : NULL

X-RAY GENERATOR MODEL : RIGAKU RU200
MONOCHROMATIC OR LAUE (M/L) : M
WAVELENGTH OR RANGE (A) : 1.5418
MONOCHROMATOR : NI FILTER
OPTICS : NULL
DETECTOR TYPE : AREA DETECTOR
DETECTOR MANUFACTURER : SIEMENS
INTENSITY-INTEGRATION SOFTWARE : XDS

DATA SCALING SOFTWARE : CCP4 (SCALA)
NUMBER OF UNIQUE REFLECTIONS : 8328
RESOLUTION RANGE HIGH (A) : 2.500
RESOLUTION RANGE LOW (A) : 50.000
REJECTION CRITERIA (SIGMA(I)) : NULL
OVERALL.

COMPLETENESS FOR RANGE (%) : 89.0

DATA REDUNDANCY : 2.100

R MERGE (I) : NULL

R SYM (I) : 0.02800
<I/SIGMA(I)> FOR THE DATA SET : 16.8000

IN THE HIGHEST RESOLUTION SHELL.

HIGHEST RESOLUTION SHELL, RANGE HIGH (A)
HIGHEST RESOLUTION SHELL, RANGE LOW (A)

COMPLETENESS FOR SHELL (%) : 53.0
DATA REDUNDANCY IN SHELL : 1.20
R MERGE FOR SHELL (I) : NULL
R SYM FOR SHELL (I) : 0.11000
<I/SIGMA(I)> FOR SHELL : 6.600

DIFFRACTION PROTOCOL: SINGLE WAVELENGTH

METHOD USED TO DETERMINE THE STRUCTURE: MIRAS

SOFTWARE USED: SHARP
STARTING MODEL: NULL

REMARK: NULL

CRYSTAL
SOLVENT CONTENT, VS %): 66.70
MATTHEWS COEFFICIENT, VM (ANGSTROMS**3/DA) :

X

CRYSTALLIZATION CONDITIONS: 10 % PEG-8000 10

POTASSIUM PHOSPHATE PH 5.0

CRYSTALLOGRAPHIC SYMMETRY

SYMMETRY OPERATORS FOR SPACE GROUP: C 1 2 1

SYMOP SYMMETRY
NNNMMM ~ OPERATOR
1555  X,Y,Z
2555  -X,Y,-Z
3555  X+1/2,Y+1/2,%
4555  -X+1/2,Y+1/2,-%
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REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
290
300
300
300
300
300
300
350
350
350
350
350
350
350
350
350
350
350
350
350
470
470
470
470
470
470
470
475
475
475
475
475
475
475
475
475
475
475
475
475

WHERE NNN -> OPERATOR NUMBER
MMM -> TRANSLATION VECTOR

CRYSTALLOGRAPHIC SYMMETRY TRANSFORMATIONS

THE FOLLOWING TRANSFORMATIONS OPERATE ON THE ATOM/HETATM
RECORDS IN THIS ENTRY TO PRODUCE CRYSTALLOGRAPHICALLY
RELATED MOLECULES.

SMTRY1 1 1.000000 0.000000 0.000000 0.00000
SMTRY 2 1 0.000000 1.000000 0.000000 0.00000
SMTRY3 1 0.000000 0.000000 1.000000 0.00000
SMTRY1 2 -1.000000 0.000000 0.000000 0.00000
SMTRY 2 2 0.000000 1.000000 0.000000 0.00000
SMTRY3 2 0.000000 0.000000 -1.000000 0.00000
SMTRY1 3 1.000000 0.000000 0.000000 34.59000
SMTRY 2 3 0.000000 1.000000 0.000000 38.97500
SMTRY3 3 0.000000 0.000000 1.000000 0.00000
SMTRY1 4 -1.000000 0.000000 0.000000 34.59000
SMTRY 2 4 0.000000 1.000000 0.000000 38.97500
SMTRY3 4 0.000000 0.000000 -1.000000 0.00000

REMARK: NULL

BIOMOLECULE: 1

SEE REMARK 350 FOR THE AUTHOR PROVIDED AND/OR PROGRAM
GENERATED ASSEMBLY INFORMATION FOR THE STRUCTURE IN
THIS ENTRY. THE REMARK MAY ALSO PROVIDE INFORMATION ON
BURIED SURFACE AREA.

COORDINATES FOR A COMPLETE MULTIMER REPRESENTING THE KNOWN
BIOLOGICALLY SIGNIFICANT OLIGOMERIZATION STATE OF THE
MOLECULE CAN BE GENERATED BY APPLYING BIOMT TRANSFORMATIONS
GIVEN BELOW. BOTH NON-CRYSTALLOGRAPHIC AND
CRYSTALLOGRAPHIC OPERATIONS ARE GIVEN.

BIOMOLECULE: 1
AUTHOR DETERMINED BIOLOGICAL UNIT: MONOMERIC
APPLY THE FOLLOWING TO CHAINS: A

BIOMT1 1 1.000000 0.000000 0.000000 0.00000
BIOMT?2 1 0.000000 1.000000 0.000000 0.00000
BIOMT3 1 0.000000 0.000000 1.000000 0.00000

MISSING ATOM
THE FOLLOWING RESIDUES HAVE MISSING ATOMS (M=MODEL NUMBER;
RES=RESIDUE NAME; C=CHAIN IDENTIFIER; SSEQ=SEQUENCE NUMBER;
I=INSERTION CODE) :
M RES CSSEQI ATOMS
HIS A 31 CG ND1 CD2 CEl1 NE2

ZERO OCCUPANCY RESIDUES

THE FOLLOWING RESIDUES WERE MODELED WITH ZERO OCCUPANCY.

THE LOCATION AND PROPERTIES OF THESE RESIDUES MAY NOT

BE RELIABLE. (M=MODEL NUMBER; RES=RESIDUE NAME;

C=CHAIN IDENTIFIER; SSEQ=SEQUENCE NUMBER; I=INSERTION CODE)
M RES C SSEQI

GLY A 22
LEU A 23
ILE A 24
ASN A 25
ASN A 26
ASN A 27
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REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

475
475
475
475
475
475
475
475
475
475
475
475
475
475
475
475
480
480
480
480
480
480
480
480
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

GLY A 28
GLY A 65
SER A 66
VAL A 67
GLU A 68
ILE A 147
GLY A 148
ASP A 149
ALA A 150
HIS A 151
THR A 152
ILE A 153
GLY A 154
THR A 155
ARG A 156
PRO A 157

ZERO OCCUPANCY ATOM
THE FOLLOWING RESIDUES HAVE ATOMS MODELED WITH ZERO
OCCUPANCY. THE LOCATION AND PROPERTIES OF THESE ATOMS
MAY NOT BE RELIABLE. (M=MODEL NUMBER; RES=RESIDUE NAME;
C=CHAIN IDENTIFIER; SSEQ=SEQUENCE NUMBER; I=INSERTION CODE) :
M RES C SSEQI ATOMS
LYS A 64 CB CG CD CE NZ

GEOMETRY AND STEREOCHEMISTRY
SUBTOPIC: CLOSE CONTACTS

THE FOLLOWING ATOMS THAT ARE RELATED BY CRYSTALLOGRAPHIC
SYMMETRY ARE IN CLOSE CONTACT. AN ATOM LOCATED WITHIN 0.15
ANGSTROMS OF A SYMMETRY RELATED ATOM IS ASSUMED TO BE ON A
SPECIAL POSITION AND IS, THEREFORE, LISTED IN REMARK 375
INSTEAD OF REMARK 500. ATOMS WITH NON-BLANK ALTERNATE
LOCATION INDICATORS ARE NOT INCLUDED IN THE CALCULATIONS.

DISTANCE CUTOFF:
2.2 ANGSTROMS FOR CONTACTS NOT INVOLVING HYDROGEN ATOMS
1.6 ANGSTROMS FOR CONTACTS INVOLVING HYDROGEN ATOMS

ATM1 RES C SSEQI ATM2 RES C SSEQI SSYMOP DISTANCE
OD1 ASN A 26 CA PRO A 29 2556 1.44
ODl1 ASN A 26 C PRO A 29 2556 1.68
OD1 ASN A 26 N PRO A 29 2556 1.72
OD1 ASN A 5 CDhl 1ILE A 147 2657 2.03
ODl1 ASN A 26 ] PRO A 29 2556 2.08
CG ASN A 26 N PRO A 29 2556 2.11

REMARK: NULL

GEOMETRY AND STEREOCHEMISTRY
SUBTOPIC: COVALENT BOND LENGTHS

THE STEREOCHEMICAL PARAMETERS OF THE FOLLOWING RESIDUES
HAVE VALUES WHICH DEVIATE FROM EXPECTED VALUES BY MORE
THAN 6*RMSD (M=MODEL NUMBER; RES=RESIDUE NAME; C=CHAIN
IDENTIFIER; SSEQ=SEQUENCE NUMBER; I=INSERTION CODE) .

STANDARD TABLE:
FORMAT: (10X,I3,1X,2(A3,1X,Al,I4,Al,1X,A4,3X),1X,F6.3)

EXPECTED VALUES PROTEIN: ENGH AND HUBER, 1999
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REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

500 EXPECTED VALUES NUCLEIC ACID: CLOWNEY

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

M RES
GLY
GLY
ARG
PRO
PRO
PRO

REMARK:

CSSEQI ATM1

A
A
A
A
A
A

28
148
156
157
157
157

NULL

C
N
CA
N
CD
CA

RES
PRO
GLY
ARG
PRO
PRO
PRO

CSSEQI ATM2

A
A
A
A
A
A

29
148
156
157
157
157

GEOMETRY AND STEREOCHEMISTRY

SUBTOPIC:

COVALENT BOND ANGLES

N
CA
C
CA
N
C

ET AL 1996

DEVIATION

0.
0.
0.
-0.
-0.
-0.

125
090
206
251
368
164

THE STEREOCHEMICAL PARAMETERS OF THE FOLLOWING RESIDUES
HAVE VALUES WHICH DEVIATE FROM EXPECTED VALUES BY MORE
THAN 6*RMSD
IDENTIFIER;

STANDARD TABLE:
FORMAT:

EXPECTED VALUES PROTEIN: ENGH AND HUBER,

I=INSERTION CODE) .

(M=MODEL NUMBER; RES=RESIDUE NAME;
SSEQ=SEQUENCE NUMBER;

C=CHAIN

(10X,13,1X,A3,1X,A1,14,A1,3(1X,A4,2X),12X,F5.1)

1999

EXPECTED VALUES NUCLEIC ACID: CLOWNEY ET AL 1996

M RES
ASP
GLY
ASN
ASN
ASN
GLY
ARG
ARG
ARG
GLU
GLN
ASP
SER
VAL
ILE
ARG
ARG
ARG
HIS
ALA
ALA
HIS
HIS
THR
ARG
ARG
ARG
ARG
THR
ARG
PRO
PRO
PRO
PRO

CSSEQI ATM1

i i S S i i I - T i i i i I i

4
22
25
25
25
28
60
60
60
68
75
90

120
122
135
138
138
138
151
150
150
151
151
152
156
156
156
156
155
156
157
157
157
157

CA
]
C
CA
]
0]
CD
NE
NE
C
CB
CB
N
CB
CA
CA
CD
NE
CB
CA
]
CA
]
C
CB
N
NH1
NE
]
C
CA
N
CB
N

ATM2

QOO z0a0

ATM3
N
N
CA
N
N
N
Cz
NH1
NH2
CA

OoD1
CB

CG2

CZ
NH2
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ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.
ANGL.

DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.
DEV.

18.
11.
-1l6.
-14.
14.
-11.

-3.
-16.
13.

-9.
-12.
15.
14.
10.
-3.
-38.
-16.
17.
-38.
43.
30.
12.
-15.
-6.

-14.
-16.
-25.
-25.
-24.
-33.

OO IO IO VPO NONDNNWIJIOOAANDN IR WW-J00Oo N U Www

DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES
DEGREES



REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

PRO A 157 N - CcA - C ANGL. DEV. = 19.1 DEGREES
PRO A 157 ca - C - 0 ANGL. DEV. -17.2 DEGREES
PRO A 157 C - N - CA ANGL. DEV. = -16.9 DEGREES

REMARK: NULL

GEOMETRY AND STEREOCHEMISTRY
SUBTOPIC: TORSION ANGLES

TORSION ANGLES OUTSIDE THE EXPECTED RAMACHANDRAN REGIONS:
(M=MODEL NUMBER; RES=RESIDUE NAME; C=CHAIN IDENTIFIER;
SSEQ=SEQUENCE NUMBER; I=INSERTION CODE) .

STANDARD TABLE:
FORMAT: (10X, I3,1X,A3,1X,Al,I4,Al,4X,F7.2,3X,F7.2)

EXPECTED VALUES: GJ KLEYWEGT AND TA JONES (1996). PHI/PSI-
CHOLOGY: RAMACHANDRAN REVISITED. STRUCTURE 4, 1395 - 1400

M RES CSSEQI PSI PHI
ASN A 5 57.62 -113.00
TYR A 18 120.18 166.90
ASP A 20 -140.62 -156.38
LEU A 23 150.39 68.74
ASN A 25 -90.55 -9.26
ASN A 26 121.49 -29.94
HIS A 31 175.58 173.40
TYR A 63 102.76 -169.58
SER A 66 52.30 128.49
VAL A 67 90.53 49.93
VAL A 110 -72.06 -67.54
ALA A 150 -164.72 173.09
HIS A 151 -97.21 35.47
THR A 152 -139.61 -128.76
THR A 155 -137.22 -149.83
ARG A 156 -162.43 -178.66

REMARK: NULL

GEOMETRY AND STEREOCHEMISTRY
SUBTOPIC: NON-CIS, NON-TRANS

THE FOLLOWING PEPTIDE BONDS DEVIATE SIGNIFICANTLY FROM BOTH
CIS AND TRANS CONFORMATION. CIS BONDS, IF ANY, ARE LISTED
ON CISPEP RECORDS. TRANS IS DEFINED AS 180 +/- 30 AND
CIS IS DEFINED AS O +/- 30 DEGREES.

MODEL OMEGA
ARG A 156 PRO A 157 -147.47

REMARK: NULL

GEOMETRY AND STEREOCHEMISTRY
SUBTOPIC: MAIN CHAIN PLANARITY

THE FOLLOWING RESIDUES HAVE A PSEUDO PLANARITY
TORSION, C(I) - CA(I) - N(I+1) - O(I), GREATER
10.0 DEGREES. (M=MODEL NUMBER; RES=RESIDUE NAME;
C=CHAIN IDENTIFIER; SSEQ=SEQUENCE NUMBER;
I=INSERTION CODE) .

M RES CSSEQI ANGLE
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REMARK 500 ARG A 156 -11.76
REMARK 500

REMARK 500 REMARK: NULL

REMARK 800

REMARK 800 SITE

REMARK 800 SITE_IDENTIFIER: AC1l

REMARK 800 EVIDENCE_CODE: SOFTWARE

REMARK 800 SITE_DESCRIPTION: BINDING SITE FOR RESIDUE C8E A 172

DBREF 1BXW A 0 171 UNP POA910 OMPA_ECOLI 21 192
SEQADV 1BXW MET A 0 UNP POA910 ALA 21 SEE REMARK 999

SEQADV 1BXW LEU A 23 UNP POA910 PHE 44 MUTATION

SEQADV 1BXW LYS A 34 UNP POA910 GLN 55 MUTATION

SEQADV 1BXW TYR A 107 UNP POA910 LYS 128 MUTATION

SEQRES 1 A 172 MET ALA PRO LYS ASP ASN THR TRP TYR THR GLY ALA LYS
SEQRES 2 A 172 LEU GLY TRP SER GLN TYR HIS ASP THR GLY LEU ILE ASN
SEQRES 3 A 172 ASN ASN GLY PRO THR HIS GLU ASN LYS LEU GLY ALA GLY
SEQRES 4 A 172 ALA PHE GLY GLY TYR GLN VAL ASN PRO TYR VAL GLY PHE
SEQRES 5 A 172 GLU MET GLY TYR ASP TRP LEU GLY ARG MET PRO TYR LYS
SEQRES 6 A 172 GLY SER VAL GLU ASN GLY ALA TYR LYS ALA GLN GLY VAL
SEQRES 7 A 172 GLN LEU THR ALA LYS LEU GLY TYR PRO ILE THR ASP ASP
SEQRES 8 A 172 LEU ASP ILE TYR THR ARG LEU GLY GLY MET VAL TRP ARG
SEQRES 9 A 172 ALA ASP THR TYR SER ASN VAL TYR GLY LYS ASN HIS ASP
SEQRES 10 A 172 THR GLY VAL SER PRO VAL PHE ALA GLY GLY VAL GLU TYR
SEQRES 11 A 172 ALA ILE THR PRO GLU ILE ALA THR ARG LEU GLU TYR GLN
SEQRES 12 A 172 TRP THR ASN ASN ILE GLY ASP ALA HIS THR ILE GLY THR
SEQRES 13 A 172 ARG PRO ASP ASN GLY MET LEU SER LEU GLY VAL SER TYR
SEQRES 14 A 172 ARG PHE GLY

HET C8E A 172 21

HETNAM C8E (HYDROXYETHYLOXY)TRI (ETHYLOXY)OCTANE

FORMUL 2 C8E Cl6 H34 05

FORMUL 3 HOH *39(H2 0)

SHEET 1 S1 1 THR A 6 SER A 16 O

SHEET 1 S2 1 LYS A 34 VAL A 45 O

SHEET 1 S3 1 VAL A 49 ARG A 60 O

SHEET 1 sS4 1 TYRA 72 PROA 86 O

SHEET 1 S5 1 LEUA 91 THR A 106 O

SHEET 1 S6 1 ASN A 114 ALA A 130 O

SHEET 1 S7 1 ILE A 135 TRP A 143 O

SHEET 1 S8 1 MET A 161 PHE A 170 O

LINK OD2 ASP A 149 Cl7 C8E A 172 2657 1555
LINK CB ASP A 149 Cl7 C8E A 172 2657 1555
LINK OD1 ASP A 149 Cl7 C8E A 172 2657 1555
LINK OD2 ASP A 149 018 C8E A 172 2657 1555
LINK CA ASP A 149 018 C8E A 172 2657 1555
LINK CB ASP A 149 018 C8E A 172 2657 1555
LINK OD1 ASP A 149 018 C8E A 172 2657 1555
LINK N ASP A 149 Cl9 C8E A 172 2657 1555
LINK C ASP A 149 Cl9 C8E A 172 2657 1555
LINK CA ASP A 149 C20 C8E A 172 2657 1555
LINK C ASP A 149 C20 C8E A 172 2657 1555
LINK CB ASP A 149 C20 C8E A 172 2657 1555
LINK N ALA A 150 021 C8E A 172 2657 1555
LINK N ALA A 150 C20 C8E A 172 2657 1555
SITE 1 ACl 4 TYR A 43 PHE A 51 LEU A 79 GLY A 99

CRYST1 69.180 77.950 50.930 90.00 91.52 90.00C 1 21 4
ORIGX1 1.000000 0.000000 0.000000 0.00000

ORIGX2 0.000000 1.000000 0.000000 0.00000

ORIGX3 0.000000 0.000000 1.000000 0.00000

SCALE1 0.014455 0.000000 0.000383 0.00000

SCALEZ2 0.000000 0.012829 0.000000 0.00000

SCALE3 0.000000 0.000000 0.019642 0.00000
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.24
.88
.59
.96
.92
.18
.38
.68
.87
.45
.22
.02
.70
.34



Eneénynon mediwv uiac eyypapnc PDB

HEADER: [Iepiéyel vo. Tetpoyn@Lo kwoiko yLo. Ty ovayvaoplon e yypopns oty PDB, wia yeviki) tolivéunon tov
HoKpouopiov kKabw¢ kai v nuepounvio kardOeons e douns atnv Protein Data Bank.

TITLE: Tithog mov mepiloufidver ovviiBwg to. mEPIEYOUEVA. THE EYYPAPHG, Tl EIOOVS TELPOUATIKI J10.OLKO.TIC.
xpnoyomoinOnke, vrapln petolialewv. Emitpénel atov epedvyty mov katébeae T oun Vo, KOTOOEICEL TH GHUOVTIKOTHTO

TG EPYOOIag avTHG.

COMPOUND: To medio compound mepiéyel TANPOPOPIES VL0, TO UOKPOUOPIO IOV OVAPEPETAL TN dOuI] KOS Kat To. dlA.
LOPIO. (LUKPES OPYAVIKES EVATELS, UETAAAA) UE T OTLOLL EXEL TUYOV GVUTAOKOTOIN OEL.

SOURCE: Bioloyixn mpoélevan tov LOKPOUOPIOD TOV OVAPEPETAL TTNV EYYPOPT.

KEYWDS: Xopoxtnpiotikég AéE16-kAELO1A Y10, TOV Yapoktnplopo e Yypapnc.

EXPDTA: [Icipouotiy teyvikn yio. Tov mpocoiopioud ms oouns (X-Ray Crystallography/NMR/Theoretical Model).
AUTHOR: Aioto. ue to 0vOUaTO. TMV EPEDVHTOV TOD GOUUETELYOY GTOV TPOTOLOPIGUO THS OOUIG.

JRNL: [pwtapyixiy PLpAoypopikn avopopa. 1] OToio avapePETaL 0TOV TPOTOIOPIOUOS THS OOUNG TTOD OVOPEPETAL TTHY
OVYKEKPIUEVT] EYYPOPH.

REMARK: To medio REMARK mepidoufaver pio o€1pd. amo mAnpopopies GyeTIkéS e TNV KoTatedeyuévy dour].

Kazopynv wepiéyer Piplioypopinéc ovapopés mov oyetiCoviar GuUeso. Ue TO TPOS UEAETH HAKPOUOPIO.

270 wedio REMARK mepiiouficvoviol kou atotyelo GYeTika. (e TV TEPOUOTIK OLodIKaaio Tov axkolovBnbnke yio thv Abon
TG OOUNG OGS EIVOL TO TPOYPGUUOTO. TOV YPHOIUOTIOLRONKAY, 0L TIUES OLaYOPWY JELKTWY, YEVIKG, TANPOPOPIES TOV

AmOIELKVOOVY TV 0pBoTHTO THS dOMIG.

SEQRES: [epiéyer tqv alinlovyio tov mpog ueAéty uaxpopopiov. I'ia ti¢ mpwteives arxolovbeitar o kadikag twv 3
VPPOUUATOV.

HET: Avagpépetar oto. uopio. (erepodroua) mov dev eivar auivo&éa 1 vovkdeotiola. Avta umopei va. eivoi mpoobetikés
OUBGOES KO LOVTA Y10 TO, OTOLAL EYOVY TPOTILOPLOTEL 01 GOVTETAYUEVES TOVS. Taw aTotyeio mov divovial yia avTd eivar Evag
KWOIKOS Y10, VO, OIEVKPIVICOVTOL 08 GYE0N UE TA GALO KOTGAOLTTO. THE EYYPOPIS, 1 oplOunen Tov Eyovy uéoa oTo apyeio Twv
OVVIETOYPUEVV KO TEAOS 0 0p1OUOS TV aTOU®Y OT0 Ta OTOI0. OTOTEAODVTOL.

HETNAM: Ovouaroloyio twv kotaloirwy mov mepiéyoviar oto nedio HET.

FORMUL: Mopioxog tomog 1wV Kataloinwy oo avapépovial ato nedio HET.

HELIX: Tunuazo tns axodovbiog mov Exovv eAikoeidn dour.

SHEET: Tunpoza s axolovliog mov Eyxovy eKtetouévn douy.

CRYSTI: Iepiéyel TG ToOPOLETPODS LOVOOLALOG KOWEALIOOS Kl THY OUGOO COUUETPIOS YWDPOU.

ORIGXn(n=1..3): ITivaxos Metatpomic omd odothio. ophoymwviewy cOVIETAYUEV@Y GTIC GUVIETAYUEVES TOV KOTATEONKOY
apyika oty PDB.

SCALER: ITivaxog Metatporng arxo abathuo. opBoymviewy covietoyuévay oTic KpOOTOALOYPAPIKES GUVTETAYUEVES.

ATOM: [Iepiéyer tic ovvretayuéves twv atouwy arovg aloves X, Y, Z. Iepilaufaver emione koi alia atotyeio omawg to.
ATOUO. YLOL TAL OTLOLO. OVAPEPOVTOL Ol GOVIETOYUEVES KOl GE TTOLO. KOTALoTTa, avijkovv. Tlpémel va onueiwbet ot kalbe eidovg
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dedouévo mov mepigyetal aro wedio ATOM eivou tomobetnévo ae kabopiouéves Géoels (oTHAES) TS EYYPOAPHS OTWS OVTES
Topovolalovial ToPOKAT®:

2THAEXY [epieyoueva ke otiing

1-6 "ATOM " oniwver on mpoxeirol yia 10 medio ATOM.

7-11  Ab¢wv apiBuos tov atdouov.
13-16  Timog arouov.
18-20  Ovoua karoloirov. T ta opivoléa axolovBeitar o kKOS TV 3 YPOUUATOV.

22 (chainID) Xopoxtipog mov Tavtomolel Thv alvaida, av TEPLEYOVIOL TEPICTOTEPES
00 10, TV EYYPOPH.

23-26  ApiBunon tov kotatoiwov ony alvaido

31-38 x Zvvretayuéves arduov (oe Angstroms) otov aéova X o€ tpicopboymvio coatnue oLovav.
39-46 y Zvvretayuéves arouov (oe Angstroms) atov alova Y oe tpioopBloywvio cdathuo alovav.
47 -54 7z Zvvietayuéveg otopov (o€ Angstroms) arov aova Z o€ tpioopBoymvio coothua oLovov.
55-60 Xvvteleotis katddnyng(occupancy)

61 -66 Ilopdyovrag Gepuokpaociog(Temperature factor)

77-78  Xbupolo tov arduov.

79-80  Doptio tov aropov (Av vaapyet).
TER: To nedio TER dnlaver to té)o¢ s mapadeons twv atopwy oo omxoptilovy wio. aAvaida.

HETATM: Xvvtetayuéves tv etepootoumy. H poppomoinon mopovcioons 1oug axolovbel Tov id100¢ kKavoves Ue 1o medio
ATOM.

CONECT: To nedio CONECT xobopiler ta droua o 0moio, GOUUETEYODY OTOV GYHUOTIONO JeaumV. Kdbe drouo
ovupolileror ue v apiGunon tov omwg eivor kabopiouévny ota medio ATOM.

MASTER: Arotelei éva medio mov ypHoiUoTOIETaL YI0. Uio. ATAN 0pyavawon TS eyypopns. Tlpokeital yio. po. oepa omo
ap1Buoi¢ mov dev eival TIToTe GALO GO TO GOPOLOLO. TWV YPOUUDY VIO, COYKEKPIUEVA TEDLO TS EYYPAPTIC.

END: Yroonlaover t Aién e eyypapic.
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