NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS

SCHOOL OF SCIENCE
DEPARTMENT OF INFORMATICS AND TELECOMMUNICATION

INTERDISCIPLINARY POSTGRADUATE PROGRAM
"INFORMATION TECHNOLOGIES IN MEDICINE AND BIOLOGY"

MASTER THESIS

Investigation of the S427F oncogenic mutation effects on the RXRa structure and
dynamics

Georgia S. Stergiou

Supervisor: Dr. Zoe Cournia, Researcher - Assistant Professor Level,
Biomedical Research Foundation of the Academy of Athens
(BRFAA)

ATHENS

JULY 2019



EONIKO KAI KAMOAIZTPIAKO NMANEMIZTHMIO AOGHNQN

ZXOAH OETIKQN EMIZTHMON
TMHMA NMAHPO®OPIKHZ KAI THAEMIKOINQNIQN

AIATMHMATIKO NMPOrPAMMA METAMNTYXIAKQN ZMOYAQN
"TEXNOAOTIEZ NAHPO®OPIKHZ ZTHN IATPIKH KAI TH BIOAOIIA™

AINAQMATIKH EPTAZIA

Aigpelivnon Twyv emIOPACEWYV TNG OYKOYEVOUG METAAAAENG S427F oTn dopn Kal Tn
Suvapikn TG TpwTEivng RXRa

MNewpyia X. ZTrepyiou

EmBAérouca: Ap. ZwnR Koupvia, EpeuvAtpia [, ‘1dpupa larpofioAoyikwyv
Epeuvwv Akadnuiag ABnvwv (IIBEAA)

AOHNA

IOYAIOZ 2019



MASTER THESIS

Investigation of the S427F oncogenic mutation effects on the RXRa structure and
dynamics

Georgia S. Stergiou
S.N.: PIV0187

SUPERVISOR: Dr. Zoe Cournia, Researcher - Assistant Professor Level,
Biomedical Research Foundation of the Academy of Athens

(BRFAA)
EXAMINATION Dr. Zoe Cournia, Researcher - Assistant Professor Level,
COMMITTEE: Biomedical Research Foundation of the Academy of Athens
(BRFAA)

Dr. Stavros Perantonis, Research Director, Institute of
Informatics and Telecommunications National Center for
Scientific Research “Demokritos”

Dr. Georgia Xanthou, Researcher - Assistant Professor
Level, Biomedical Research Foundation of the Academy of
Athens (BRFAA)

JULY 2019



AINAQMATIKH EPTrAzIA

Algpelvnon Twv €mMOPACEWY TNG OYKOYEVOUG NETANNAENG S427F oTn doun Kal T QUVAIKN)
NG TTpwTeEivng RXRa

MNewpyia Z. ZTepyiou
A.M.: 111B0187

EMIBAEMNOYZA: Ap. Zwn KoUpvia, Epeuvitpia I, 1dpupa
latpoBioAoyikwyv Epguvwv Akadnuiag ABnvwyv (IIBEAA)

EZETAXTIKH Ap. Zwn KoUpvia, EpsuviTpia 7, 1dpupa

EMITPOINH: latpoBioAoyikwyv Epeuvwv Akadnuiag ABnvwy (IIBEAA)
Ap. Zravpog Mepavrwvng, Aicubuvtiig ‘Epeguvag, lvoTiTouTo
MAnpo@opiknG kai TnAetTikovwviwy, EBvikS KévTpo
EmoTtnuovikng Epeuvag « ANUOKPITOG»
Ap. l'ewpyia =avOou, EpesuviTpia I, 16pupa
latpoBioAoyikwyv Epsuvwyv Akadnuiag ABnvwy (IIBEAA)

IOYAIOZ 2019



ABSTRACT

Retinoid X Receptor alpha (RXRa) is a nuclear hormone receptor of the vitamin A
metabolite, 9-cis Retinoic Acid (RA). When bound to 9-cis RA, RXRa can activate the
transcription of specific genes by serving either as an obligate heterodimer partner for many
nuclear receptors (NRs) or as a homodimer partner. These dimers play a significant role in
many physiological conditions such as regulation of metabolic rate, cell growth and
differentiation. However, some of them are involved in pathological conditions such as
premature birth, skin deceases and cancer development.

Studies have shown that 5-8% of bladder cancer patients bear the S427F single point
mutation on RXRa, where a serine is replaced by phenylalanine at amino acid position 427.
Biological experiments demonstrated that this mutation increases the expression of genes
regulated by the Peroxisome Proliferator-Activated Receptor (PPAR). PPAR, in turn,
switches on genes that aid cancer cells growth. Although valuable, biochemical studies
aimed at determining the exact molecular mechanism of how the S427F mutation exerts its
oncogenic action on RXRa in relation to its partners lack sufficient resolution for investigating
the detailed underlying molecular interactions that bring about the observed result.
Computational experiments such as Molecular Dynamics simulations (MD) together with
atomic-level detailed experiments such as X-ray crystallography supplement biological
experiments as they provide atomic resolution of the conformational changes that
biomolecules undergo during a biological process. With the use of MD simulations, details
of conformational changes are sampled to clarify mechanistic characteristics of biological
processes that may otherwise be elusive.

In the present study, following up on a series of experiments that showed that the mutant
RXRa inhibits the transcription of genes regulated by the RXRa homodimer, we investigated
the effects of the S427F mutation on the structure and dynamics of the RXRa homodimer in
the presence and absence of the ligands 9-cis RA. MD simulations were performed in order
to elucidate the structural and dynamical consequences of this oncogenic mutation on the
RXRa protein and its synergistic interaction for both Wild Type (WT) and mutant RXRa
homodimer. Moreover, control simulations were performed to compare with previously
reported data from the WT and mutant RXRa-PPARy heterodimer. Results were also
compared with previously performed RAR-RXRa heterodimer simulations. Furthermore,
Dynamical Network Analysis was used to illustrate differences in the inter-residue pathways
of the three dimers, in order to examine if there is a disruption in the communication.

Our results show that the mutation S427F does not affect the dimerization ability of the
RXRa homodimer neither in the presence nor the absence of the endogenous ligand 9-cis
RA. However, further analysis of the mutant demonstrates an increase of the solvent
accessible surface area of the binding site in both monomers of the dimer in the absence of
the ligands compared to the WT protein, which would prohibit the 9-cis RA from binding.
Finally, we validated our results analyzing the findings of the simulated RXRa-PPARy
heterodimer and compared to previous RAR-RXRa simulations.

SUBJECT AREA: Computational Molecular Biophysics

KEYWORDS: RXRa, PPARYy, bladder cancer, molecular dynamics, dynamical network
analysis



NEPIAHWH

O utrodoxéag Tou peTivoeldoug X aA@a (RXRa) cival £€vag uttodox£ag TTupnviKAG opuovng
Tou UETABOAITN BiTauivng A, 9-cis peTivoikd ou (RA). Otav cuvdéetal pe 10 9-cis RA, o RXRa
MTTOPEI VO EVEPYOTIOINCEI TN PETAYPAPr) CUYKEKPIUEVWYV YOVIOIWV ECUTTNPETWVTAG EITE WG
UTTOXPEWTIKOG CUVEPYATNG ETEPODIPEPOUG YIa TTOAAOUG TTupnVvIKoUg uttodoxeic (NRs) gite wg
ouvEPYATNG OPOBIPEPOUG. AUTA Ta dIPEPH TTAICOUV ONPAVTIKO POAO O€ TTOAAEG QUOIOANOYIKEG
KaTtaoTdoelig OTTwg n pubupion Ttou peTaBOAIKOU pubuol, n KUTTOPIKA avdatrTuén Kal n
dlagpopoTroinon. EvTouTolg, HEPIKOI aTTO AUTOUG EPTTAEKOVTAI O€ TTOBOAOYIKEG KATAOTACEIG
OTTWG N TTPOWPEN YEvvNon, Ol BEPUATIKEG AOBEVEIES KAl N AVATITUEN TOU KAPKIVOU.

MeAéteg €xouv Oeigel 0TI TO 5-8% Twv A0BEVWV PE KAPKIVO TNG OUPODBOXOU KUOTNG PEPOUV
TN METAANAOEN S427F povou onueiou otov RXRa, O1TOU pia oepivn avTikaBiotatar armo
@aivuhaAavivn otn Béon apivoééog 427. Bioloyikd meipduara katédeigav o1 auth n
METAAAAEN augavel TNV €Kppacn yovidiwv TTou puBuifovral ammd Tov TTOAAATTAACIOOTA
UTTEPOLUCWHATOG - evepyoTroinuévog utrodoxéag (PPAR). O PPAR, upe mn ogipd Tou,
EVEPYOTTOIEI Ta yovidla TTou BonBouv TNV avATITUEN TWwV KAPKIVIKWY KUTTApWV. Av Kal
TTOAUTIUEG, BIOXNMIKEG MEAETEG TTOU OTOXEUOUV OTOV TTPOCDIOPICHO TOU OKPIBOUG HOPIaKoU
MNXaviopoU Tou TPOTTOU JE TOV OTToio N PMETAAAaEN S427F aokei Tnv oykoyovo dpdcn TnG
otov RXRa og oxéon pe TOUG OuvepydTteg Tng Oev €Xouv ETTAPKA avdaAuon yia va
OIEPEUVAOOUV TIG AETTTOPEPEIG UTTOKEIPEVEG MOPIOKEG AAANAETTIOPACEIC TTOU ETTIPEPOUV TOV
TTOPATNPOUUEVO  QAIVOTUTTO. YTTOAOYIOTIKA TTEIPAUATA, OTTWG Ol TTPOCOMPOIWOEIS TNG
Mopiaknig Auvauikig (MA) padi ue Ta AeTITodEPN TTEIPAUATA O€ ETTITTEO0 ATOMIKAG avaAuong,
OTTWG N KpuoTaAAoypagia akTivwv X, CUPTTANPWVOUV Ta BICAOYIKA TTEIPAPATA KOBWG
TTAPEXOUV ATOUIKN avAAUCT TWV SIGUOPPWTIKWY aAAQYWY TTOU UQIoTAVTAI Ta BIOPOpIa KATA
TN d1apkela piag BioAoyikng diadikaoiag. Me Tn xprion mmpoocouoiwoewv MA, g¢etddovTal
AETTTOMEPWG OI PETAROAEC TNG OIAPOPPWONG YIa VO OTTooa@nVIoCTOUV Ta PNXAVIOTIKA
XOPOKTNPIOTIKA Twv BIoAoyikwy Olepyaciwyv TTou  OIOQOPETIKA Ba  pTTopoucav  va
atro@euxbouv.

2TV TTapouca MEAETN, akoAouBwvtag pia oeipd Treipaudtwy TToU  €6€1IEav OTI O
MeTaAAayuéEvog RXRa avaoTENAEl TN PeTaypa®r Twv yovidiwv TTou puBuiovTal atrd TO
opodiuepéc RXRa, gepeuviicaue Ta amoTeAéopara TnNG HETAAAAENG S427F otn doun Kal TN
QUVAIKN ToU opodIPEPOUG RXRa Pe Tnv TTapoucia Kal TV atrousia Twv ouvOeTwy 9-cis RA.
Aiggnxdnoav Tpocopoiwaelg MA TTpokelyévou va diacapnvicBouv ol SOMIKES KAl DUVAMIKES
OUVETTEIEG QUTAG TNG OYKOYEVOUG PETAAAaENG oTnv TTpwTeivn RXRa Kal n ouvepyioTikKh TNG
aAAnAetTidpacon 1600 yia 70 opodiuepéS kKaBapou Tuttou (WT) 600 Kal yia PETaAAQyPEVO
RXRa opodiuepéc. EmmmAéov, TTpayuaTotTondnkav TpooouoIwoElS EAEYXOU yia OUYKpPIon
ME TTponyoupeva avagepopeva dedopéva ammd 1o WT kair petaAdayuévo RXRa-PPARy
eTEPOOINEPEG. Ta atToTEAEOUATA OUYKPIONKAV £TTIONG PE TTPONYOUUEVES TTPOCOUOIWOEIG TOU
eTepodipyepous RAR-RXRa. EmTTpocBETwg, xpnoiuotroimdnke Auvauikry Avaluon AiKTowv
yla TNV aTTeIkOVIon TwV dIOQOPWY OTA HOVOTTATIO JETAEU TWV UTTOAEIMPATWY KAl TWV TPIWV
OINEPWV, TTPOKEIYEVOU VA ECETAOTEI EAV UTTAPXEI DIATAPAXT OTAV ETTIKOIVWVId.

Ta amoteAéopatd pag ocixvouv OTI n PETAAAAEN S427F dev emrnpeddel Tnv IKAvOTNTA
OINEPIOHOU TOU OpodIEPOUS RXRa oUTe TTOPOUCia oUTE ATTOUCIa TWV EVOOYEVWIV CUVOETWV
9-cis RA. EvtouToig, mepaitépw avaAuon Tou peTaAAaypévou katadelkvuel auénon Tng
TTPOOTTEAGCIUNG aTTO BIAAUTN ETIQAVEIOG TNG TTEPIOXNAG OECHEUONG KAl OTA OUO UOVOMEPN
Tou OIJEPOUC aTTouCdia Twv CUVOETWV Ot oUykpion pe TV WT mpwrTeivn, n otroia Ba
atmmayopeue Tnv dOéoueuon Tou 9-cis RA. TEAOG, E€TIKUPWOAME TA ATTOTEAEOUATA HOG
avaAluovTag Ta  €uprnuaTa  Tou TTPOCOMoIwuévou  eTepodIuepols RXRa-PPARy kai
OUYKPIVOVTAG T E TTPONYOUUEVEG TTPOCONOIWCEIC TOu RAR-RXRa.
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