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NEPIAHWH

H 2uotnuik BiloAoyia, atroteAei Tov TTAéov paydaia avamTuooOpevo KAAdO Tng
YTtroAoyioTIKAG BioAoyiag kal wg KUpIo OTOXO €xel TV aglotroinon Tng OI1aB€oiung
TTOIOTIKAG yVWonG aAAd Kal TG au&avopevng d1a8eaiudTNTAG TTOAUTTOIKIAWY BIOAOYIKWV
dedopévwy aTrd To POPIAKO ETTITTEDO, yIa TNV dnuioupyia KATAAANAWY paBnuaTtikwy Kal
UTTOAOYIOTIKWYV POVTEAWV TTOU va ETITPETTOUV TNV PEAETN TNG DUVOUIKAG CUUTTEPIPOPAG
TWV BIOAOYIKWYV CUCTNUATWY, aAAG Kal TNV ATTOOOTIKOTEPN £PEUVA ETTI AUTWYV PMECW TWV
MEBOBWYV TTpOCONOIWONG Kal OOKIUAG UTTOBECEWV.

Ta TeAeuTaia Ypovia, €XOUV TIAPOUCIACTEI CNPAVTIKA EUPAMOTA OXETIKA HE TOUG
MOPIOKOUG PNXavVIoPoUG TTou euTTAéKOVTal oTnv avatrtuén tng Néoou Tou lMdpkivoov.
MeTagu autwy, Ol KUPIOTEPEG ETTITUXIEG QQPOPOUV OTNV €UPECN TNG OCUPMETOXNAG TNG
TTPWTEIVNG O-OUVOUKAEIVNG OAAG KAl TWV OUVETTEIWV TNG METAANAENG 11 TNG uTTEP-
EKQPaONG TNG. H ouykekpipyévn TTpwTeEivn €xel OUOXETIOTEN YeVETIKA We TNV N6oo Tou
MapKivoov eV Ta €pyaCTNPIOKA EUPHHATA OUYKAIVOUV OTO OTI BACIKOG INXAVIOWOG TNG
éKQpaong TnG TTaBoyevoug CUUTTEPIPOPAS TNG ATTOTEAEI N dnuIoupyia OAIYyOUEPWV
MOPIOKWY OVTOTHATWV TNG O-OUVOUKAEIVNG. ZUVETTEIO TNG KN QUOIOAOYIKAG AgIToupyiag
TNG O-OUVOUKAEIVNG ATTOTEAEI O KUTTOPIKOG BAVATOG TWV VEUPWVWYV OTOUG OTTOIOUG QUTA
UTTEP-EKPPACETAI 1 eKQPAleTal PETAANNAyUEVN evw  €xel Ppedei Om1 epgavidovral
ONUOVTIKEG ETITITWOEIG O€ OIAPOPOUSG CWTIKOUG PNXAVIOWOUG TwV KUTTAPWYV, KUPIiwGg
TOUG TTPWTEOAUTIKOUG. H €€akpifwan, Twv OXETIKWY PE TNV A-CUVOUKAEIVN, BIOAOYIKWV
MNXAVIOPWY TTOU 0ONYyoUV OTOV OUYKEKPIMEVO VEUPOEKQUAIOWO eival pia 1diaitepa
OUOKOAN diadikacia kal €101, N CUPPBOAR TNG €MOTAPNG TNG MANPOYOPIKAG, HECW TNG
2UOTNUIKAG BloAoyiag, KpiveTal avaykaio woTE VO KATOOTEN €QIKTA n dlaxeipion g
TTOAUTTAOKOTNTAG TOU TIPOPAAUATOG OAAG KOl TNG ETEPOYEVEIOG TWV TTANPOPOPIWV
OXETIKA PE TA TTAPATNPOUMEVA PAIVOUEVA.

210 TTAQioIa TNG TTapoucag OITTAWMATIKAG £pyaoiag, €TIXEIpPAONKav Ta TPwTa BAPOTA
yla Tnv dnuioupyia €vOg UTTOAOYIOTIKOU HOVTEAOU ZuoTnuIKAG BioAoyiag Tto otroio Ba
gival 1Kavd va TTPOCOMOIWVEI TO OXETIKA ME TNV UTTEP-EKPPACN TNG O-OUVOUKAEIVNG
OUVAMIKA @aIvOpeva Kal €I0IKOTEPA AUTA TOU OAIYOUEPIOUOU, TNG ATTOdOUNONG aTTd TOUG
OIGQOPOUG TTPWTEOAUTIKOUG PNXAVIOPOUG TOU KUTTAPOU aAAG Kal TNV KATATTiEON QuTWV
AOYW TNG TTaBOYEVOUC CUUTTEPIPOPAS TNG CUYKEKPIPEVNG TTPWTEIVNG.

To OikTuo BloXNUIKWY avTIOPACEWY TTOU AVOTITUXONKE, €KTTAIBEUTNKE ME TN XPHon
epyaoTnpiakwy Oedopévwy. Tapd Tn OXETIKA TTEPIOPICUEVN TTOCOTNTA OEDOUEVWY, TO
MOVTEAO TTPOCOUOIWVEL IBIQITEPA IKAVOTTOINTIKA T TTAPATNEOUMEVA Qaivoueva. 1diaitepa
ONMAVTIKO ETTITEUYMO OTTOTEAEI N IKAVOTNTA TOU OIKTUOU va TTPORAETTEl TNV dUVAMIKA
oupuTrePIPopd TOou PBIoAoyikoU OuoTAPATOG OTav 0t auTtd  €Xouv yivel OIAQOPES
epyacTnpiakéG TTapeuBdoclg, TapoTi Oev eixe TponynBei Kauia ekTTaideuon Twv
TTOPANETPWY TOU OXETIKA PE QUTEG TIG TTEPITITWOEIG. TO OTTOTEAEOPA AUTO ATTOTEAEI
BeTIKA €vdeIitn 6oov agopd Tnv opBdéTNTa Kai IKaveTNTa TTPORAEWEWY TOU HOVTEAOU.
‘Exoviag w¢ Bdon TO OUYKEKPINEVO HOVTEAO OxedIAleTal n  dnuioupyia €vog
TTOAUETTITTEOOU POVTEAOU TTOU Ba TTPOCOMOIWVEI KAl GANA OXETIKA PE TNV O-OUVOUKAEiVN
Qaivopeva (Tr.X. TNV €KKpIoN TNG TTPWTEIVNG, TNV dpdon TNG OTOV PECOKUTTAPIO XWPO
KTA.), ME TENIKO OTOXO TNV OUVOPOWNN OTIG avadnTAOEIS TWV UNXAVIOUWY avaTrTuéng Tng
Néoou Tou MNMapkivoov.

OEMATIKH MNMEPIOXH: Zuotnuiki BioAoyia

AEZEIZ KAEIAIA: Noocog Ttou [ldpkivoov, a-ouvoukAgivn, OikTua BlOXNUIKWY
avTidpdoewy, yovreAotroinan, in silico eipduara.



ABSTRACT

Systems Biology is the most rapidly evolving field of Computational Biology. Its main
objective is to make optimal use of the available qualitative knowledge and the
increasing availability of a wide variety of heterogeneous biological data from the
molecular level, in order to create mathematical and/or computational models that allow
the study of the dynamical behavior of biological systems and also facilitate the more
efficient research on these systems using in-silico methods, such as simulation and
hypothesis testing.

In recent years, important findings regarding the molecular mechanisms involved in the
development of Parkinson’s Disease have appeared in the literature. Among them, key
successes have to do with the elucidation of the contribution of alpha-synuclein (ASYN)
and the consequences of its mutation or overexpression in neurodegeneration. This
important protein has been genetically associated with Parkinson’s Disease and
experimental findings suggest that the central mechanism of pathogenesis is related to
the creation of oligomeric molecular species of alpha-synuclein. A consequence of the
abnormal function of ASYN is the death of neurons in which the protein is over-
expressed, or expressed in a mutant form. Furthermore ASYN has also been found to
affect in significant ways several key cell operations, most notably the proteolytic
mechanism. However, the verification of the alpha-synuclein related biological
phenomena that lead to neurodegenaration is a very difficult process, so the
contribution of computer science, through systems biology, is crucial so as to make
manageable the complexity of the problem and handle the heterogeneity of information
on the observed phenomena.

In this Master’s thesis, we take the first steps towards creating a Systems Biology
oriented computational model, capable to simulate the alpha-synuclein over-expression
related dynamic phenomena in the cell and especially those concerning its
oligomerization, the degradation by different proteolytic mechanisms and the inhibition
of those due to pathogenic behavior of this protein.

The developed biomolecular reactions model was trained by using available
experimental data from the laboratory. Despite the relatively limited amount of data
used, the model simulates particularly well the observed phenomena. An important
accomplishment is the ability of the model to predict the dynamical behavior of the cell
when various experimental interventions are applied, although no parameter learning
procedure has been applied specific to these cases. This result is a positive indication
for the accuracy of the model and for its predictive capabilities. Starting from this as a
base, a multi-scale model that will simulate additional alpha-synuclein related
phenomena (e.g. the secretion and uptake of the protein as well as its actions in the
intercellular space) is planned, aiming to assist in the elucidation of ASYN’s role in the
development of Parkinson’s Disease.

SUBJECT AREA: Systems Biology

KEYWORDS: Parkinson’s Disease, alpha-synuclein, biochemical networks, modeling,
in silico experiments.



