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ABSTRACT

Modelling binding sites of enzymes is a fundamental but rather demanding task,
of increased complexity since the residues forming these sites are not rigid. Similarly,
binding studies of a ligand at such a site and complex formation raises difficulties mainly
because most of the structural determinants that control binding are not known. Using a
combination of sampling algorithms and statistical analysis techniques, we shall
contribute towards developing much more accurate binding affinity predictions for macro-
molecular docking. To this end, our ultimate aim is to study benchmark protein families
with known 3D structure with the aim to identify specific geometric parameters for
modeling their binding cavities. This is possible by studying the boundaries within which
every residue in those cavities can move, in 3D Euclidean or conformational space. Key
methods employed include structural alignment of secondary structure elements, RMSD
heat-maps, sampling (e.g. in the space of rotamers), standard scoring functions, and
(generously) allowed regions as defined in Ramachandran plot. Our algorithmic tools
involve powerful methods, such as nearest-neighbor search and clustering, which shall
be adapted to the specific context. The developed methods were tested on a subset of
protein kinases with known 3D structure, which offer a number of target sites for one or
several ligands. Different conformers were first produced based on the simulation of chi
angles rotations and then clustered in a 2-level hierarchical process. For each conformer
cluster, representative polygonal shapes were produced which can thereafter be
exploited in ligand screening approaches. To further aid protein analysis a series of
bioinformatics tools were developed and their application is also discussed.

SUBJECT AREA: Bioinformatics

KEYWORDS: Conformers, hierarchical clustering, structural determinants, conformation
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NEPIAHWH

H povtehotroinon Twv TTEPIOXWY TTPOCdE0oNS TwV eVCUPWYV gival €va BeUeNILOEG,
aAAG aTTaITnTIKO €pyo augnuévng TTOAUTTAOKOTNTAG, Oedopévou OTI T QUIVOLED TTOU
OUVIOTOUV QUTEG TIG TTEPIOXEG OeV gival AKaUTTITA. Mapopoiwg, ol HEAETEG TTPOCOEONG O€
Mia TETola TTEPIOXH KAl O OXNUATIONOG CUNTTIAEYUATOG TTAPOUCIACOUV BUCKOAIEG, KUPIWG
ETTEION OI TTEPICCOTEPOI ATTO TOUG DOMIKOUG TTAPAYOVTEG TTOU EUTTAEKOVTAI OTNV OladIKaaia
TTpoodeong Oev  gival yvwoToi. XPNOIYOTTOIWVTAG €évav  ouvluaouo aAyopiBuwv
delyparoAnyiag Kal ueBGdwv oTaTIoTIKAG avaAuong, 8a cupBAaAouphe OTNV AvATITUEN TTIO
AKPIBWV TTPORAEYEWY OTNV TTPOCDEC HAKPO-HOPIWV. ATTWTEPOG OTOXOG €ival N MEAETN
OIKOYEVEIWV TTPWTEIVWV HUE YVWOTH TPIOOIAoTATN OOPN ME OKOTIO va TTPOCOIOPIOTOUV
OUYKEKPIMEVEG  YEWMETPIKEG TTAPAMUETPOI yIA TN  MPOVTEAOTTIOINCON TWwV  KOIAOTATWY
TTPOode0NnG. AuTo Ba kabioTartal duvaTd Pe TN HEAETN TWV OPiwV, EVTOG TWV OTTOIWV KABE
AMIVOEU PTTOPEI Va KIVNOEi o€ QUTEG TIG KOIANOTNTEG, OTOV TPIoOIAOTATO EUKAEIDEIO XWPOo N
OTO XWpPOo diauopewaons. Baoikég péBodol TTou XpnaoiuoTroiouvTal gival n dOUIKA oToiXIon
TNG deuTEPOTAYOUG dOUNG, Ta dlaypdupata RMSD, dsiypatoAnyia (1T.X. OTOV XWPO TwvV
POTANEPWYV), OUVAPTACEIS BABUOAOYNONG Kal ETTITPETTONEVES TTEPIOXEG OTTWGS opiovTal
atmo didypaupa Ramachandran. Ta aAyoplBuIkKa epyaleia pag mTepIAAUBAVOUV 1I0XUPES
MEBODBOUG, OTTWG N avalnTnon TTANCIECTEPWY YEITOVWY Kal N ouoTadoTroinon, Ol OTToIEg
eVIAooovTal OTO OUYKEKPIYEVO TTAdiolo. O1 péBodol TTou avaTrTuxdnkav, doKIuAaoTNKav
0¢ €va UTTOOUVOAO TWV TTPWTEIVIKWY KIVOOWV HE YyVWwOoTH TpiodidoTtarn Oour, TTou
TTPOCPEPOUV MIA OEIPA OTTO KEVTPWY CUVOEONG YIa Evav ] TTEPICOOTEPOUG TTPOCOETEG.
Ala@opeTIKA dlapopopepn dnuioupyndnkav apxikad pe Baon TNV TTPOCOMNOIWCN TWV X
YWVIWV OTPEWNG TWV AMIVOLEWV KAl OTN OUVEXEIA £YIVE N OPABOTTOINGCK TOUG ME OI-
eTTiTTedn 1epapxikry ouotadotroinon. MNa kaBe cuoTdda diapgopPopepwy TTapnxbnoav
AVTITTPOCWTTEUTIKA TTOAUYWVIKA OXAMATA, Ta OTIoid PTTOPOUV OTn OUVEXEID va
aglotroinBouv atnv diadikacia TAOYRS TTPoadETN. MNa TNV TTEpaITépw utToRoNBNCN TNG
avaAuong Twv TTPWTEIVWYV, HIa oEIpd atro epyaleia BIOTTANPO@OPIKAG avaTrTuxonkav n
XPAON TWV OTTOIWV TTEPIYPAPETAI.
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