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EYXAPIZTIEZ

TeAewwvovtag tnv didaktopikn pou Statplfr Ba nBeAa va euXapLOTOW OPLOPEVOUG
avBpWMOUG TWV omoiwv N cuUPBoAN RTav KOBOPLOTIKN yla TV TpayaTonoinon tne.
Euxaplotw Aoutov tov topéa Kowvwvikng latpikng Wuxlatpikng kat NeupoAoyiag tng
latpikng XxoAng ABnvwv kot Waitepa  tov  KaBnynty  Neupoloyiog-
Neupoyuxoloyiag k. Mapaockeud MNewpylo kabBwg kat Tnv Kabnyntpia NeupoAoyiag
K. Karmakn EAOOABeT, mou wg MEAN TNG TPLUEAOUG emutpomnng Mou, Bondnoav
onUaAvTKA Kab’ OAn tn Slapkela NG SLATPLPNG LE TA EMOKOSOUNTIKA OXOALO TOUG.
Oa nbela, emiong, va gvxoaplotiow toug Kabnyntn k. BoupBoupakn, Kabnyntn k.
TolByouAn, KaBnynti k. EuBuutomouAo Imupo kot tov AvamAnpwtni Kabnyntn k.
KévoouAa, oL omoiotl padl He TOUG MOPATIAVW CUVATIOTEAOUV TNV EMTAUEAN EMLTPOMN)
kal BoriBnoav otnv oAokAnpwaon autrg tTng StatpiPnc.

MoAU WLaitepa Ba evxaplotiow tov Epeuvntn K. ZkouAdkn EuBU L0, oTOU Omoiou to
€pyooTtnplo mpayuatonoinoa tnv diatpn autr). Tov eUXapLOTW OPXLKWE TIOU HE
SEXTNKE Kal YE gumoTelONnKe yla tnv Slekmepaiwon tng mapoloas SLOAKTOPIKNG
SwatpBnic. H Bonbela kaL n cupmopdctacn mou pou Tipocédepe kab OAn tnv
Slapkela ou BPEBNKA OTO €pYAOTPLO TOU ATAV MOAUTLUN, KABWE Kal N aKOpeoTn
S1a0eon Tou va pou MPoodhEPEL ETLOTNUOVLIKA KaBodrynon kal ekmaibeuon, WoTte va
QTTOKTAOW QVEEAPTNTN KAl LOXUPH ETULOTNUOVIKA oKEYPN. Asv Ba pmopovuoa va pnv
ETUONUAVW TI ATEAEIWTEG WPEC OTO ypoadeilo Tou va UIAAUE ylo ETILOTNHUOVIKA
Bfpata, kol OxL HOVO, TOPAUEAWVIAC TIC OTOLECONTIOTE AAAEC ONUOVTLKEG
UTIOXPEWOELG TOU. HTav MAvTa MopwV OE OTLONTIOTE KAl vV TOV XPELACTNKA, ATAV
TOPWV OTI TIEPUTETELEG TWV TEPAPATWY, Ot OSlddopeg avtiodtnteg mou
OVTIUETWTILON, OTLG ATOYONTEVOELS HoU OAAQ KAl OTLG €MITUXiEG pou. Oa Bupduat
TIAVTO TNV LKAVOTIOLNOT) TOU YLO TO TIPWTO ATOTEAECHUA KABWCE KAl TNV KABE oTyun
mou {noape oto gpyaotniplo. Méoa amo tn Stadpour) autry Ue cuvoSoumopo Tov
Adokalo ylo péva, Tov Makn, §tdaxOnka MOAAA OXL LOVO O€ ETMLOTNHUOVIKO aAAQ Kol
o€ TMPoowWTLKO emtinedo. Quoikd pali tou Ba nBeAa va euxaploTHow Kal OAa Ta PEAN
TOU €pyactnpiou tou, TaALd KoL Kalvoupyla, ylo TNV ApLoTn cuvepyaoia Kol thv
npoBupia va Bonbrjoouv ava maoca oTyun.

Akopua, Ba nBela va suxaplotiow wolaitepa tov avBpwro ekeivo mou tou odeilw
moAA@, Ttnv K. MamavikoAomoUAou Katepiva. To suxaplotw dev PpTaveL yla va tng
ekPppaow OAa 6oa NG odpeilw. Me otriplée NOIKA Kol EMLOTNHOVIKA KoL N Bonbesla
NG NTAV KATAAUTLKA ylot TNV OAOKANpwaon ¢ dtatplprng pou. MNépa Opwe amo tnv
BonBeld tng, ev Ba pmopolca Vo UNV TNV EUXAPLOTACW KOL YL TNV EUNLOTOOUVN
TIou povu £8¢L€e og PEPOC TNG EPELVNTIKAG TNG SouAeldc. H ouvepyaoia pall tng ntav
KATL mou Ba Bupdpal yla mavta. Quoka pall tng, Ba nBeka va euxaploTiow Kal
OAa Ta HEAN TOU gpyactnpiou TnG, ya tnv ajoyn cuvepyaoio mou eiyape OAa autd
TO XpOvlaL.



Ev ouvexeia, Ba nBela va euxaplotiow OAOUC aUTOUC TOUG avBpwWIouG, Toug hiAoug
HOU, TIOU HOU oTABnKav Kol He otApLéav OAQ QUTA TA XPOVL KOL OVEXTNKAV TNV
QIoUsLa LOU AOYW TWV ATEAELWTWVY WPWV OTO EPYACTAPLO.

Agv Ba pmopouca emiong va PNV mw €va PEYAAO EUXAPLOTW OTNV OLKOYEVELA MOU.
ZTOV umapnad pou lwavvn, Tn pntépa pou Aconuiva kat tov adepdo pouv ONAapeTo, oL
ormoiol pe otAptéav 6Aa auta ta xpovia.

To HeYOAUTEPO EUXAPLOTW OUWG TO odeilw otov dvipa pou Mavoaywtn yla TV
ateAelwtn otAplén Tou 6Aa AUTA Ta XPOVLA KOL YLOL TNV TEPACTLO UTIOUOVH TOU KOl
dUOLKA OTNV OoPDN UITEUTA LAG...

A@lepwuévo atov avipa pov lMavayiwtn

Kol OTNV UTTEUTTO UOG UE QYA
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ON4R 384 5238A

ON4R>*%E 5238E

ON4R>%?A 5262A

ON4R>%%E 5262F

ON4R°™

ON4R™** T245A

ON4R™*t T245E

MetaAAayuévn oopopdn t, ON4R, otnv
omoia n oepivn (S) 238 €xeL avtikataotabel

pe alavivn (A)

MetaAhayuévn toopopdn T, ON4R, otnv
omola n oepivn (S) 238 £xel avtikataotabel
HE TOo dWOoDO-ULUNTIKO YAOUTAULVIKO 0V

(Glu)

MetaAhayuévn toopopdn T, ON4R, otnv
orola n ogpivn (S) 262 €xetL aviikatootadel

pe alavivn (A)

MetaAhayuévn toopopdn T, ON4R, otnv
orola n ogpivn (S) 262 €xetL aviikatootadel
UE TO dWODO-ULUNTIKO YAOUTAULVLKO 0EV

(Glu)

MetaAlayuévn woopopdn t, ON4R, otnv
orola UTIAPXEL TAUTOXPOVN AVILKOTAOTOON
NG oepivng 238 kat Tng Bpeovivng 245 pe tnv

oAavivn.

MetaAAayuévn oopopdn t, ON4R, otnv
orola n Bpeovivn (T) 245 €xel

avtikataotabel pe alavivn (A)

MetaAAayuévn woopopdn t, ON4R, otnv
orola n Bpeovivn (T) 245 €xel
avtikataotabel pe to dwodo-pLIUnTIKO

YAOUTQULVIKO 0&U (Glu)
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2N4R™A

3R (three-repeat)

4R (four-repeat)

AD (Alzheimer’s Disease)
AGD (Argyrophilic grain disease)
ALS (Amyotrophic lateral

sclerosis/parkinsonism- dementia

complex of Guam)

AMPK (Adenosine-monophosphate

activated protein kinase)

APP (Amyloid precursor protein)

ARM (Anaesthesia Resistant

Memory)

CAMK (Ca**/calmodulin-dependent

protein kinase)

MetaAlayuévn woopopdn T, 2N4R, otnv
orola UTIAPXEL TAUTOXPOVN AVILKOTAOTOON
NG oepivng 238 kat tnG Bpeovivng 245 pe TNV
aAavivn.

loopopdég TnG mpwteivng T mou mepLéxouv

TPELG emavaAnPeLg otn mepLoxr Mpoodeong

OTOUG ULKPOOWANVIOKOUG

loopopdég Tng mpwteivng T mou mepLéxouv

Téooeplg emavaAnPeLg otn mepLloxn

NMPOOSEDCNG OTOUG HLKPOCWANVIOKOUG

Noococ tou Alzheimer

Avola apyUAODIALKWY KOKKWV

JUPTAEy A TAGYLOG LUATPODLKAG

OKAPUVONG KoL TTOPKLVOOVLIOMOU Tou Guam

MpwTteivikn KWvAon evepyomolnuévn amo tn

povodpwodopikn adevoaoivn

MNpodpopn mpwteivn Tou apuAoeldoug

AvBekTIkr otnv avalobnoia pvnun

MPWTEIVIKEC KLVAOEC EOPTWEVES ATTO TO

aoBeotio/kaApoSoulivn
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CBD (Corticobasal degeneration)

cdk5 (Cyclin-dependent kinase 5)

CK1 (Casein kinase 1)

CSF (Cerebrospinal fluid)

C-akpo (C-terminal)

DS (Down’s Syndrome)

Dyrk1A (Dual specificity tyrosine-

phosphorylation-regulated kinase

1A)

FTD (Frontotemporal dementia)

FTDP-17 (Frontotemporal dementia

with parkinsonism linked to

chromosome 17)

GGT (Globular glial tauopathy)

GSK-3 (Glycogen synthase kinase-3)

GTOs (Granular tau oligomers)

JNK (C-Jun amino-terminal kinase)

@OAowoPaotkn ekdpUALon

Kwaon e€aptwpevn amod tnv KukAivn 5

Kwaon kaleivng 1

Eykedpalovwtiaio vypo

KapBo&u-teAilkd akpo

JUvépopo Down

AuTANG eldkotnTAC pUOULOMEVN ATIO TN

dwaodpopuliwon tupoaoivng kwvaon 1A

Metwrokpotadlkn avola

MeTWMOoKPOTADLKH AVOLA LIE TIAPKLVOOVIOUO

OXETLWIOUEVN HE TO XpWHOoWHa 17

Idatpikn veupoyAolakn T- mpwteivonabela

Kwvdon-3 tng ouvBaong tou yAukoyovou

Kokkwdn oAyopepn tng mpwteivng T

ApwvoteAwkn kwvaon C-Jun
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LTM (Long Term Memory)

MAP (Microtubule associated

protein)

MAP2c (Microtubule associated

protein 2c)

MAPKs (Mitogen-activated protein

kinases)

MARKs (Microtubule-affinity

regulating kinases)

MB (Mushroom bodies)

MetBlu (Methylene blue)

MTB (Microtubule binding domain)

MTM (Middle Term Memory)

NFT (Neurofibrillary tangle)

N-dkpo (N-terminal)

p (p-value)

P301L

MakpompoBeoun Uvnun

MNpwTteivn oxeTlOUEVN UE TOUG

HLKPOOWANVIOKOUG

loopopdn ¢ tng mpwTteivng 2 mou oxetiletal

LE TOUG UIKPOOWANVIOKOUG

MPWTEIVIKEG KLVAOEC TTOU EVEPYOTIOLOUVTOL

amnod pltoyova

Kwvaoeg mou pubpilouv tn ouyyévela Twv

HKPOOWANVIoKWV

Mioxoeldn cwudtia

MrtAe Tou peBuleviou

Meploxn mpoodeong oToug

ULKpOOWANVIioKOUG

MeoompoBeoun pviun

NeupoivLdLKO ALy

AULVO-TEALKO AKPO

TR ONUOVTIKOTNTOC

MetaAlayuévn woopopdn T, 2N4R, otnv

orota n mpoAivn 301 €xel avtikataotabel pe

Aeukivn
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PD (Parkinson’s disease)

PDPK (Proline-directed protein

kinases)

PHFs (Paired helical filaments)

Pl (Performance Index)

PiD (Pick’s Disease)

PKA (Cyclic AMP, cAMP-dependent

protein kinase)

PP1 (Protein phosphatase 1)

PP2A (Protein phosphatase 2A)

PP2B (Protein phosphatase PP2B,

calcineurin)

PP5 (Protein phosphatase 5)

PSD-M (Protein-Synthesis-

Dependent Memory)

PSI-M (Protein-Synthesis-

Independent Memory)

PSP (Progressive Supranuclear Palsy)

Nooocg tou Parkinson

MPWTEIVIKEG KLVAOEC KATEVLOBUVOEVES OO

TNV POALvVN

ZeUyn €AMKOELSWV WVISLWV

Asiktng anodoong

Nooocg tou Pick

E€aptwpevn and to KukAkd AMP (cAMP)

TIPWTEIVIKN KLVAON

MNpwteivikn dwodataon 1

Mpwrteivikn dwodatdaon 2A

MNpwteivikn dwodatdaon 2B, kaAclveupivn

MNpwteivikn dwodataon 5

E€aptwpevn amo tnv npwteivikr) oclvBeon

MVAUN

Avefdptntn oo TtV MPWTIEIVIKY oUvOeon

HVARN

Mpoioloa UTEPTTIUPNVLKNA TTAPAAUGCNH

20



pT, pThr (Phospho-threonine)

p-tau (Phospho-tau)

SEM (Standard error of the mean)

Ser, S (serine)

SFs (Straight Filaments)

STA

STM (Short Term Memory)

Thr, T (Threonine)

TPK (Tyrosine protein kinases)

AB (B-amyloid)

AB4o (B-amyloid 40)

AB4, (B-amyloid 42)

KNZ

MN2

QOwodo-Bpeovivn

QOwodopullwpuévn mpwrteivn T

T TuTikoU odAAPATOC

Yepivn

EuBuypappa widia

MetaAAayuévn oopopdn T, otnVv omnola

UTIAPXEL TAUTOXPOVN QVTIKATAOTOON TNG

oeplvng 238 kat tng Bpeovivng 245 pe tnv

aAavivn

BpoxumpdBeoun pviun

Opeovivn

MNPWTEIVIKEG KLVAOEG TUpPOGivNG

B- apruloeldeg

B-apuAosldég 40

B-apuAosldeg 42

Kevtplkd Neuplkd Z0otnua

Mepidepikd Neupiko uotnua
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OL veupoekdUALOTIKEC aoBéveleg mepllappdavouv €va cUVoAo aoBevelwv TOU
oxetilovtal pe TN MPOoodeUTIKA amwAeLa TNG SouNG A TNG AETOUPYLAC TWV VEUPWVWV
(exkdUALON) Kot 06NyoUuV 0TO BAVATO TWV VEUPWVWV KAl TWV LOTWV KAl GUVETIWG OTNV
eTuKe(peVn SuoAeltoupyia Tou eykepalou. Zxetilovtal AUECH HE TNV NALKLO KoL
e€ellooovtal Xpovika mpokoAwvtag mpofAnuata otnv kivnon (atafia) kat otn
vontikn Aettoupyla (dvola). Mua Slaitepn Katnyopia Twv VEUPOEKPUALOTIKWV
aocBevelwv amotelolv ol T-mpwteivonabeleg, dnAadr oL acBéveleg mou oxetilovtat
He v mpwteivn T (He kupldTEPN T VOoO Tou Alzheimer) kat xapaktnpilovtal anod
unep-dwodopUALWUEVN Kal un puolooyikd pwodopuAlwpévn mpwteivn T f amno
HeTAAAAEEL oTo yovidlo T. H dwodopuliwon ¢ mpwrteivng T Bewpeitat OtTL eivat
€va amo ta mpwipa cupPavia tng naboyéveong mou mpokaAel n mpwteivn T, mpLy
akopa tnv eodaApévn avadimlwaor ¢ n tv dnuoupyla TWV CUCCWHATWHATWY
™. 18laitepo evbladépov ya tnv dwodopudiwon ¢ mMpwrteivng T ekdnAwOnke
Enewta anod tnv avakaAuvdn otL ta {evyn eAikoeldwv widiwv (PHFs) mou Bplokovtatl
oe a0Beveic pe AD amotelovvtal and pwodopuAlwpévn mpwteivn T. Ta teAeutaia
Xpovio €xet Oie€axBel mMANBwpa MPEAETWV yla TNV avadelEn TwV HOPLAKWV
HUNXAVIOUWV UE TOUG omoioug n mpwteivn T odnyel o€ veupoekPpuAlopod. MNa to okomo
auTO €xouv dnuloupynBel dtadopa SlayoviSlakd LOVIEAQ, OTIWE OTO TIOVTIKL KAl 0TN
Drosophila Melanogaster, ota omoia ekppalovtal SLadOPETIKEC LOOUOPDEG TNG
npwteivng T kaBw¢ kot SladopeTikEC HeTAANAYUEVEG HOoPdEG TNG. H €kdpaon NG
avBpwrvng mpwteivng T oto Kevipikd veuptkd Tuotnua (KNZ) tng Drosophila o6nyet
oe auénuévn toflkotnTa, MPowpn Bvnowdtnta Kol oe eAAeippata otn pabnon kat
uvAun.

OL oto)0L TNC Mapouong Epeuvag cuvoilovTal MoPaKATW:

ApXLKOG OTOXOC TNG TOpoUoag epyaciag ATAV O XOPAKINPLOUOG CUYKEKPLUEVWY
Béocwv dwodopuliwong tng mpwteivng T mou kabopilouv tnv ToflkOTNTA TNG. H
KATavONnon TOU TPOTUTIOU Kol TOUu TpOmou pubuiong tng dwodopuAiwong tng
avBpwrnivng mpwteivng T elval onuavtikg yla tnv mapakoAouBnon kot €€EALEN
Slapopwv  T-mpwrteivonmabewwv. H  avayvwplon  OCUYKEKPLUEVWV  Béoswv
dwodopuliwong, oL omoieg Spouv wG «BUPOPUAAKES» yla UL OEPd AAwWV
eTUKE(HEVWY dwodopullwoewy, Umopel va amoteAéoel Eva xprnoo PBlodeiktn yla
™V Mpoyvwon twv T-mpwteivonabeiwv.

ZTn CUVEXELQ, HE YVWHOVO TO YEYOVOC OTL OL SLAPOPETIKEG LOOUOPDEG TNE MPWTELVNG
T eumAékovtal TOWKIAOTPOTWG otn  maboyéveon Twv  OSladopetikwy  T-
npwteivonaBelwv KpiBnke amapaitntn n afloAdoynon twv ¢avotuTwY ToU ival
eldkol yla tnv kabe wopopdn tng mpwreivng T otn D. melanogaster. OL €&l
Sladopetikég LoopopdEg NG Mpwrieivng T mMoAAEG dopég Bewpolvtal we n dla
npwteivn kot mpdypatt TMOAA amd ta ¢uclodoylkd oAAd kot TaBoAoyikd
XOPOAKTNPLOTIKA TOUG €ival mapopola. Qotdéco, umdpyouv cadeic Sladopéc otn
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AelToupylo TwWV LOOHOPPWYV, Ol OTIOLEG TIPOKUTITOUV AT TG HETAPBANTEC N-TEAIKEC
TIEPLOXEG Kal amd TI§ 3 1 4 MePLoXEG MPOodeonG oToug MULIKpoowAnviokoug. Ot
Sladopeg mou e€aptwvtal amo tnv loopopdn, MPEMeL va AapBavovtal umoyn Katd
NV €punvela gpeuvnTtikwyv dedopévwy ota povtéda twv T-mpwteivomabelwy Kal
umnopel va piouv pwg otov dtadopetikd polo Tng kKABe Loopopdn g otn naboyéveaon
TWV A0OEVELWY, ELOLKA OE QUTEG OTIOU HOVO LLOL ATTO ALUTEG TLG LOOUOPPEC KUPLOPXEL.

TEAoG, €va Ao Ta MO KOLWVA XOPOKTNPLOTIKA TWV MEPLOCOTEPWV T-MpwTeivomabeLwy,
cupnepAaUBaAVOUEVWY KOl aUTwV ToU &gV eUMAEKOUV HeTOAAaypEVN TpwTeivn T,
OMw¢ n vooog Tou Alzheimer, gival ta xpovo-gaptwpeva eAAelppata otn pabnon
KOl LVAUN. ZUVETTWGE, WG TEAIKOG OTOXOC TNE tapouoag epyaciag kpibnke amapaitnto
va SlepeuvnBel edv aUTEG oL YVWOTIKEG SuoAsltoupyieg Twv T-mpwrteivomabelwv
elval amoppola SUCAELTOUPYIKWY Kol EKPUALCHEVWY 1 ABLKTWY VEUPWVWY, KABWG
KoL Tou poAou Tou SLadpapatilouv TA CUCOWHOTWHOTA OTLS Slepyacieg mou
amaltouVTaL yLa TNV eEAPTWEVN AMO TNV MPpWTEivoouvBeon pvnun. H mepintwon ta
YVWOTIKA EAAEUHATA TTOU TIPOKUTITOUV VA ELVOL OIMOPPOLA VAL LEV SUCAELTOUPYLKWY
VEUPWVWY, aAAd aBktwv Sopikad, Sivel emiong mBavoTNTEC va eivat ePIKTA KoL N
ovaoTPodn TWV YVWOTIKWY EANELLUATWY PE PApUAKA Kal 0 0.0Develg, TOUAA)LOTOV
TPV T METOYEVEOTEPA EKPUALOTIKA otadla tng vooou. Evw, n Slepelvnon tou
POAOU TWV CUCCWHUATWUATWY OE CUYKEKPLUEVEG YVWOTIKEG AELTOUPYIEG UTOpEL va
umodbeifel mBavoUlC GOPUAKEUTIKOUC oOTOXOoUuG (X ¢AappoKa TIOU EMAYOUV N
OVOOTEAAOUV TN OUCOWHATWON), W KAataAAnAOotepoug yla tnv Bepaneia Twv
YVWOTIKWV SUCAELTOUPYLWV KAl 0TOV AvBpwrto.
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1. NeupoekPUALOTIKEG ACOEVELEG

OL veupoekdUALOTIKEG lOBEVELEC Elval pLa YEVIKNA €vvola, N omola mepA\apPavel éva
oUvolo acBevelwv Tou oxetilovtal Pe Tt MPOooSeUTIKA aMwAELX TNG SOUNAG N TNG
Aettoupylag Twv veupwvwy (ekduAion) kat odnyolv oto BAVATO TWV VEUPWVWV Kall
TWV LOTWV KOl CUVETIWG OTNV ETUKELEVN SuoAeLToupyia Tou gykedalou. Ixetilovral
aueca Pe TNV nAia kol e€eAlocoovtol XPOVIKA TPOKOAWVTAC TMPOoBARUOTO OTnV
kivnon (atafia) kat otn vontikn Asttoupyia (avola). To MOCOOTO TOU TAYKOCHLOU
MANBuopol Tou TPooBAAAETAL amd TIC VEUPOEKDUALOTIKEG aoBéveleg aufavetal
OUVEXWC KOL OVOUEVETOL O SUTAQCLAOMOC TwV TAoXOVTIWV KaBe 20 xpovia. OL mio
OUXVEG VEUPOEKDUALOTIKEG aoBEVELEG elval n vooog Tou Alzheimer kat tou Parkinson,
TLOAUYAOUTOUVIKEG aoB€éveleg Onmw¢ n vooo¢ tou Huntington, n apuvotpodiki
TIAEUPLKN OKARpuvon, N vwtlaia puikn atpodia Kal oL vOoOL TOU KLVNTIKOU VEUPWVA.
Koo XapaKTnpLloTIKO TWV MEPLOCOTEPWVY VEUPOEKDUALOTIKWY acBevelwy gival n pn
owotn avadimlwon Twv TPWTIEIVWY KoL N CUCCWPEUCN QUTWVY ONULOUPYWVTAS
XOPOAKTNPLOTIKA EVEOVEUPWVIKA EYKAELOTA 1 TIAGKEG KABWCE Kal n UTapPEn YVWOTIKWV
SuoAettoupylwyv. H peydAn molkihopopdia mou mapatnpeital ota maboloylka
XOPOAKTNPLOTIKA TNG KABe vooou umodnAwvel TV UTapén SLadoPETIKWY UNXAVIOUWY
naboyéveongc.

Mua Slaitepn katnyopia twv veupoekPUALOTIKWY aoBevelwv amoteAolv oL T-
npwrteivondbeleg, dnAadr oL acBéveleg mou oxetilovral pe TNV MPWTeivn T (pe
KUPLOTEPN TN VOoo tou Alzheimer) kat xapaktnpilovtal anod unep-dwodopuUALwPEVN
Kal un pucloroyikd pwodopullwpévn mpwteivn T and petaAAdelg oto yovidlo T.

2. Npwteivn T
2.1.Tovidlo t

To 1988 amopovwOnke 1o mpwto cDNA yla to yovidio T amod BiBAodnkn ékdpaong
novtikoU (G. Lee, Cowan, & Kirschner, 1988) kal ev cuvexeia akoAolBnoe kal n
KAwvormoinon tou amd ala avwtepa £idn. To avBpwrivo yovidlo T €xel péyebog
100Kb, Bpiloketol oto XpwHOoWHA 17 Kol CUYKEKPLUEVA OTN YEVETIKA B€on 21 kat
neplExel 16 e€wvia (Andreadis et al., 1992); (Goedert et al., 1989b); (Neve et al.,
1986). To e€wvlo -1 amoteAel pépog tou umokvntA. Ta e€wvia -1 (oto 5" dkpo) kat
14 (oto 3’ akpo) petaypadovtal alda dev petadpalovral. Ta e€wvia 1, 4,5, 7,9, 11,
12 kat 13 amoteAouv to KUpLo kopud tou mMRNA (Goedert et al., 1989a); (Goedert et
al., 1989b), evw ta e€wvia 2, 3 kot 10 uTtokelvtaL o eVAAAOKTIKO patiopa (Andreadis
et al., 1995); (Himmler et al., 1989) kat &ivouv yéveon oe €€L Stadopetikd mMRNAS
mou petadpalovral oc £E€L SLaPOPETIKEG LoopopdEG TNG pwTteivng T oto Keviplkod
Neupikd Zvotnua (KNZ) (Ewkova 1). Ou woopopdéc autég Stadépouv amod tnv
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armouaoia ) Tnv mapoucia evog i Vo evBEcewv 29 ApULVOEEWY OTO AULVO-TEALKO AKPO
(N-akpo) mou kwdlkomoLouvTaL Ao To €EWVLO 2 Kol To €WVL0 3 o€ CUVOLOOUO eite
ue tpelg (R1, R3 kat R4) eite pe téooeptg (R1, R2, R3 kal R4) smavaAiyelg oto
KapBofu-teAikd dkpo (C-akpo). H emumpdobetn meplox) mpoodeong OTOUC
HIKpoowAnviokou¢ Kwdikomoleital amo to efwvio 10. Ta efwvia 4A kal 8 eival
eldka ywa to Nepidpeplkd Nevpwkod Zuotnua (MNZX) (Goedert et al.,, 1992b). Ito
eviAiko KNZ evtomilovtal kal ot €€L LoOpopdEC TNG MPWTEIVNG T, EVW OTO EUPPULKO
KNZ evrtomiletal povo n pikpotepn woopopdn peyeboug 352 auwvoééwv (Andreadis et
al., 1995); (Himmler et al., 1989).

16 exons: -1 1 2 3 4 4a 5 6B 7 8 9 10 1 12 13 14

Human MAPT gene
chromosome 17q21

1 Transcription

S SNTIL Y

-1 1 2 3 4 5 7 9 10 1 12 13 14

l Alternative splicing

Tau isoforms Amino acids
e - [ p=
VT
won [ N N 1>
we N -
ON/4R Il E

onam =

Ewkéva 1. IXnuatikr Avanopdotaon Tou avOpwrnivou yovisiou T, TOU TPWLHOU HeTaypddou Kat
Twv 6 woopopdwv TnG NMPwteivng oto KNX. To yoviSio T Bploketal oto xpwuoowpa 17 otn Béon
17921. Nepléxel 16 e€wvia pe 1o €€wvio -1 va anotelel pépog tou umokvnth. Ta etwvia -1 (oto 5°
akpo) kat 14 (oto 3" akpo) petaypdadovratl aAAd Sev petadppalovral. Ta e€wvia 1,4, 5,7, 9, 11, 12 kat
13 amnotelolv To KUpLO KOpUO tou MRNA, evw Ta e€wvia 2, 3 kot 10 umokelvtal o€ EVOAAOKTLKO
patlopa Kot Slvouv yéveon oe €€L Sladopetikd MRNA mou petadpalovral oe €€L SLOPOPETIKEC
Loopopdég oto KNI, Ot oopopdég autég Sladépouv amo tnv amoucia i tnv mopouacia evog i Suvo
evBéoewv 29 apwoléwv oto N-akpo Tou Kwdikomolouvtat arnd to €wvio 2 (moptokaAl mAaiclo) kat
to €€wvlo 3 (mpaotvo mAaiolo) oe cuvbuaouo eite pe tpelg (R1, R3 kat R4) eite pe téooepig (R1, R2, R3
kot R4) emavaAnyelg oto C-dkpo (pavpa mAaiola). H emumpooBetn meploxr) mpoodeong oToug
ULkpoowAnvickoug kwdikomoleital amno to e€wvio 10 (pol mAaiolo). H pikpotepn oopopdn peyeboug
352 apwoéwv eivat n povn woopopdn mou evromniletal oto euPputkd KNI, (Luna-Mufioz et al., 2013)
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2.2. loopopdEg TG mpwteivng T

ZTov AvBpwro uTtapxouVv ££EL SLadOPETIKEG LOOUOPPEC TNG MPWTEIVNG T OTO KEVTPLKO
VEUPLKO oUOTNUO Kal pla oto Tepldeplkd veuplkd ovotnua (Ewkova 1). Ot
LOOHOPPEC aUTEG SladEpouv amo tnv anouacia i TNV mapoucia evog i SUo evBéoewv
29 apwo&éwv oto N-akpo (ON, IN 3 2N) og cuvduaouo ue tpelg (3R) A pe Téooeplg
(4R) emavarapBavopeves aAAnAouyieg apwvoééwv oto C-akpo. OL LoOHOPDEG AUTEG
€xouv pEyebog amnod 352 £wg 441 apwvoééa kal 45 kDa €wg 65kDa (Buée et al., 2000).
210 euPputkd KNI evrtomiletal povo n pikpotepn oopopdr (ON3R), peyéBoug 352
apwoteéwv (Andreadis et al., 1995); (Himmler et al., 1989); (Goedert et al., 1989a);
(Goedert et al.,, 1989b), evw oto eviAwko KNI ekdppalovral mapopola enimeda
(avahoyla mepimou 1:1) twv 3R kat 4R oopopdwv (Goedert & Jakes, 1990). Ot ON,
1IN kat 2N woopopdéc anoteAolv Katd avilotolyia to 37%, 54% kot 9% NG OALKAG
npwteivng T (Goedert & Jakes, 1990). 3to nepLdeplkd VEUPLKO cUOTNUA EVIOTieTaL
HLa akOpa Loopopdn, yvwotn wg ‘ueyain’ mpwteivn T, n onoia £xel oto N-dkpo Eva
eruumAéov peyalo e€wvio (Goedert et al., 1992b); (Couchie et al., 1992). Qotooo, n
€kppaon tng mpwteivng T Sev elval ouvtnpnuévn. Etol, oe GAAOUG OpYaVIOHOUC
OTWG OToV €YKEDAAO VALK TIOVTLKOU evtomilovtal Kupiwe ol 4R LoOUOPDEG, EVW
oTo KOTOmouAo ot 3R, 4R kat 5R woopopdEg (Yoshida & Goedert, 2002).

2.3. KuttapikGg EVTOTLOUAG TwV LoopopdwV TG mpwteivng T.

Ztov avBpwro, n mpwteivn T evtomileTal KUPLWE OTOUG VEUPWVEG KL CUYKEKPLUEVA
otou¢ atoveg (Eikova 2) (Binder et al., 1985); (Kosik & Finch, 1987); (Migheli et al.,
1988), evw o€ MOAU UIKPEC TTOOOTNTEC EVTOTIIETAL KOL OE OGAAQ N VEUPLKA KUTTAPO
(Y. Gu, Oyama, & lhara, 1996), onwg yla mapadelypa os yAotakad kuttapa (S. S. Chin
& Goldman, 1996), ota oAlyodevdpokuttapa kal ota actpokuttapa (Miller et al.,
1997); (Papasozomenos & Binder, 1987). H evbo-veupwvikn mpwteivn T umopel oe
XapnAd enineda va evtomiotel kol ota cwpatodevdpitika Stapepiopata (Tashiro et
al., 1997), ocupneplapBovouévwy tTng MAACUATIKNAC HEUBPAVNG, TOV TTUPHVA KAl Ta
ptoxovépla (X. C. Li et al., 2016).

ot

ElkOva 2. IXNMHOTIKA OTEIKOVION TWV SLAdOPETIKWV EMMESWV
. €ékdpaong tng npwteivng T 0TOUG WPLUOUG VEVPWVEG. H mpwTeivn
T ekdppaletal oe vPnAad emnineda KUPLWE OTOV Afova TWV WPLUWV

veupwvwy (Scholz & Mandelkow, 2014).

Low Tau

IHigh Tau
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Eniong, evtoniletal oe Stadopoug mepldPePLKOUG LOTOUG, OMWE otnV Kopdld, oToUg
vedppoUG, 0TOUG IVEVLOVEG, OTO TIAYKPEQS, O HUEG Kal o€ wvoPAdoteg (Y. Gu et al.,
1996); (Vanier et al., 1998); (Kenner et al., 1994). H npwteivn T nmou ekdpaletal oe
UN-VEUPWVIKA KOTTOpa £xeL tnv (6l Sdopny kot Asttoupyia OmMwe autrh Tou
ekppaletal otov eykédalo (Cross et al., 2000).

2.4. ®uololoyLkog POAoG tnG mpwteivng T.

O KUTTOPLKOG OKEAETOC QUMOTEAELTAL ATIO TPELG KUPLEG VNUATOELSELG SOUECG, TOUG
HULKPOOWANVIOKOUG, TA VEUPOVNUATLO KOL TA HIKPOvVNUATIo aktivng (Doherty &
McMahon, 2008). Ot pikpoowAnviokot dtadpapatilouv kaBoplotikd poAo yla Tov
oxnuatwopd kot tnv Slatipnon Ttou veupafova Kal twv devdpltwv. Kabe
HULKPOOWANVIOKOG QmOTEAE(TAL QMO TA TMPWTOVNUATIA TIOU HE TN OEPA TOUC
amoteAovuvtal oamd {evyn UTIOMOVASWV TOUMTOUAIVNG o kot B (oL omoleg
Sdlatdooovtal YpauUlka). € QVOMTUCGOOUEVOUG VEUPWVECG, OL MLKPOOWANVIoKOL
SLEpxovtal amd KUKAOUG TIOAUUEPLOMOU-ATIOTOAUEPLOMOU (e T PornBela twv
Slpepwv ToupmouAiving) péxpLg 6tou SnuoupynBel n katdAAnAn moAkotnta mou Ba
o6nynoeL oTNV owoTr avamntuén tou veupaova. Ol LIKpoowAnviokol Twv devdpltwv
Kall Twv afovwyv eival moAU otabepol mpodyovtag tn cwotr doun Kal Aettoupyia Twy
wWPWV vevpwvwyv (Baas et al., 1991). Awadpapatilouv onuUaviikd poAo ot
VEUPWVIKEG Slepyaoieg Omweg n mOAwon, n afoviki petadopd, n dwatripnon Twv
VEUPWVIKWV ETEKTACEWY KOL OTN OUVOITTIKY TIAOOTIKOTNTA KOl Taglvopnon twv
npwteivwv (M. Morris, Maeda, Vossel, & Mucke, 2011).

H mpwteivn T avakaAdpOnke to 1975 (Weingarten, Lockwood, Hwo, & Kirschner,
1975) kal To apxLko tng ovopa §66nke amo tov Marc Kirschner wg ‘tapayovtag’ mou
OXETIlETAL ME TNV TOUMMOUALVvn TpodAyoviag Tn OuvapuoAoynon 1Ing o€
HikpoowAnviokoug (Weingarten et al., 1975). Eivat HEAOG TNG OLKOYEVELAG TWV
MPWTEIVWV TIou Tpoodévovtal Pe Toug HkpoowAnviokoug (MAPS). ZULUETEXEL OTO
TIOAUUEPLOUO TWV HIKpoowAnviokwv (Witman et al.,, 1976) kat otaBepornolel tnv
Sdoun toucg (Drechsel et al., 1992); (Bré & Karsenti, 1990). Aladpapatilel onUAVILKO
poOAo otn puBULoN NG Slapétpou Twv veupafovwy (Harada et al.,, 1994) kat otnv
afovikn petadopda (Dixit et al., 2008), otn veupo-yéveon kal Snuoupyia tng
VEUPWVLKAG TTOALKOTNTOG Katd tnv avamtuén (Caceres & Kosik, 1990). Emiong, €xel
avadepbel otL n mpwteivn T mBavov péow tnG oAANAETSpACC TNG UE AAAEC
MPWTEIVEG pTopel var eUMAEKETAL Kol o AAAeC Siepyaoieg. Mo mapadelypa, €xel
Bpebel 0Tl aAAnAerubpa pe ta widla omnektpivng (Carlier et al.,, 1984) kot aktivng
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(Henriqguez et al.,, 1995), esvw é€xeL Ppebel OTL pmopsl va oOuvOEEL TOUC
HIKpOOWANViokoug He AMa  opyavidla OnMwg Ta  MToxovépla  Kal  tnv
KuttopomAaopatiky pepPBpavn (Jung et al., 1993); (Brandt et al., 1995). TéAog, €xel
nipotaBel otL pumopel va ouvdéetal oto DNA 1} to RNA, wotoéco n anoyn autnh dev
dalvetal va emikpatel Wblaitepa (Bryan et al., 1975); (Corces et al., 1980); (Corces et
al., 1978) (Ewéva 3).

Axon
MTs
2
- Involvement in synapsic plasticity sp"""“ m".° “"’l ""'I -

+ Involved in axonal elongation and
maturation

Elkova 3. IXNUATIKA OVANApAoTaon TwV TPOTEWVOHEVWV PpOAwV TNG MPwTteivng T. Ewkdva amo
(Sotiropoulos et al., 2017).

2.5. Aettoupykég Meplox€g tng mpwteivng T.

H npwteivn T anoteAeital ano duo BaoLKES TTEPLOXEC, TNV TTEPLOXN TIPOPBOANG KL TNV
Teplox mMpoodeong otoug MkpoowAnviokoug (MTB) (Ewova 4). H meploxn
npoPoAng umodlalpeital otnv 6&lvn AULVO-TEALKN) TIEPLOXN KOL OTnV TAoUOCLA OF
TiPoAilveg Teploxn. H meploxn mpoodeong otoug UIKpOoowAnviokoug umodtalpeital
otn Baowkn meploxn Kal otnv owvn kapBolu-teAikn meploxn. H Baotkr meploxn ival
QUTA TOU €pXETal o€ emadrn HE TOUG HkpoowAnviokoug (Himmler et al., 1989). H
OULVO-TEALKNA TteEPLOXN TIPORAAAEL HOKPLA ATO TNV ETLPAVELD TWV ULIKPOOWANVIOKWV
Kal Bewpeitatl 0t aAAnAemidpd pe tn MAACHOTIKA HEUPBpAvn. Mia aAAnAemtidpaon
peTalL tou e€wviou 1 pe T avvelives (Brandt et al., 1995); (Gauthier-Kemper et al.,
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2011) BonBasL otnVv KATOVONON TOU EVIOMIOMOU TNG MPwTteivng T otoug afoveg
(Gauthier-Kemper et al., 2018). Eniong, 1o €€wvio 1 tng avBpwmivng mpwrteivng T
TIEPLEXEL ML TIPWLIUN-EBIKN aAAnAouxia, n omoia £xel mpotaBel otL pecoAafel ya
TIC aAANAeTUdpAoELG e AAAEC VEUPWVIKEG TipwTeiveg (Stefanoska et al., 2018). Ta
PXXP potifa otn mAolola o€ mpoAiveg mepLoxr avayvwpilovtal and npwteives Tng
Src OLKOYEVELOG TWV Kvaowv Tou Sev elval urmtodoxeig kal meplExouv SH3 mepLloyEg,
OTWG OL TIPWTEIVIKEG Kwvaoeg Lk, Fgr kat Fyn (G. Lee et al., 1998).

N-Terminal projection Microtubule-binding domain
| |
197
Acidic region Proline-rich domain Repeat domain
— — ——— ————————————

1 45 103 244 368 441

N C

Ewlkova 4. NeTtoupylkéG MEPLOXEG TG MPWTEivnG T. H mpwrteivn T amoteleital and duo PBaolkEC
TEPLOXEG, TNV TEPLOXN T(POBOANG Kal TNV TePLO) TPOOSECNC OTOUG ULkpoowAnviokoug. H meploxn
nipoBoAng unodiatpeital otnv 0lvn QULVO-TEALKN TEPLOXN KoL OTnv TAoUGCLo O TPOAIVEG, Evw N
Tieploxr MPOcdecng oToug UIKpoowAnviokoug umodlalpeital otn Baotk meploxn Kot otnv 6€vn
kapBofu-teAikn meploxn. Etkéva and (Luna-Mufioz et al., 2013).

H meploxn mpoodeonc otoug UIKPOOWANVIOKOUG TIEPLEXEL TPELG 1) TEooeplS (3R A 4R)
enavalappavopeveg aAnlouyxie¢ Twv 31 | 32 auwoééwv. KaBe pia emavainyn
amoteAeital and pla cuvtnpenuévn oAAnAouxia 18 apwvoféwv kat pla Alyotepo
ouvtnpnuévn aAAnAouyia twv 13 A 14 apwoewv (Himmler et al., 1989); (Goedert et
al., 1989b). Ot emavalapuBavopeves aAAnAouxieg kKaBwg KoL KATIOLEG TTAPOKEIUEVES
oAAnAouvyiec pecolaBouv yiwo tnv aMnAenidpacn tng mpwteivng T HeE TOUG
uikpoowAnviokoug (Mukrasch et al., 2007). Ot aA\nAouxieg autég meplhapBdavouv
TG K240SRLQTAPV 48, V275 QINKKLDLS 85 Kat lo97KHV300. ETtiong, aAAnAouyieg onwe to
entanentidlo Ky sKVAVVR,30, TO omoio Bploketal otn mAovola o mPoAiveg mepLoxn
KaBwg kat to K370lETHK375 daivetal va €xouv moAU oxupr) aAAnAenibpoaon pe Toug
HUkpoowAnviokoug (Goode et al., 1997); (Mukrasch et al., 2007); (Sillen et al., 2007).
Ot 3R woopopdEG, oL omoieg Sev mepléxouv TNV SeUTEPN KATA OEpd emavainyn
KaBwg kot T duo aAAnAouxiec V,75QINKKLDLS,g5 Kot lpg7KHV309, OL OTOLEC
KwdLkomolouvtat anod 1o e€wvio 10, mapouoldlouV PELWHEVN LKAVOTNTA TIPOodeon(
OTOUG HIKpOoowANnviokoug oe oxéon Ue TS 4R oopopdég (Lu & Kosik, 2001); (Panda
et al., 2003). MeAéteg €xouv deifel OtL KABe emavaAnydn tng mpwrteivng T cuvdEeTal
He TNV €€WTePIKN EMIPAVELD TWV HLKPOOWANVIOKWY Kol ULOOETOUV LA EKTETAPEVN
doun aAAnAerubpwvtag pe tnv aAda- kat BrAta- toupmouAivn (Al-Bassam et al.,

35



2002); (Kellogg et al., 2018). Ot pikpoowAnviokol €xouv otabepé¢ Kal aotabeic
neploxéc. H mpwteivn T Bpiloketal oe adBovia ot actabeic meploxég toug (Al-
Bassam et al., 2002); (Kellogg et al., 2018) yeyovog nou €xel odnynoeL otnv unobeon
OTL eVOEXETAL VA NV O0TAOEPOTMOLEL TOUC ULKPOOWANVIOKOUG AN VO TOUG ETILTPETIEL
va Bplokovtal o pakpeg aotabeic meploxeg (Black et al., 1996); (Qiang et al., 2018).

2.6. Meta-petadpaocTikEG TPOMOMOLNOEL TNG MPWTEivnG T

H nmpwteivn T, ONwG Kal oL TEPLOCOTEPEG MPWTEIVEG UTIOKELTAL O€ LA CUVOETN OElpa
HETA-UETAPPACTIKWY TPOTIOTIOL|CEWV. Autég ouumneplAappavouv ™
dwodopuliwon (G. Lee et al., 2004), tn yAukoluAiwon (Ledesma et al., 1994), tnv
aketuliwon (Cohen et al., 2011), tnv ofeidwon (Landino, Skreslet, & Alston, 2004),
Tov Loopeplopd (Miyasaka et al.,, 2005), t vitpwon (Reyes et al.,, 2008), O-
yAukoCuAiwon (Arnold et al.,, 1996), tnv moAvauivwon (Wilhelmus et al., 2009),
ocoupoUAiwon (Dorval & Fraser, 2006), tnv ouBikouitiviwon (Cripps et al., 2006) kat
TN MPWTEOAUTIKA amolkodounon (mepikomnn) (Mondragdén-Rodriguez et al., 2008). H
UN PUGCLOAOYLKEG TPOTIOTIOLNOELS TNG TMPWTElvnG T ¢aivetal va ival n kupla attia
TWV TABOAOYIKWY UNXOQVIOMWV TNE MPWTEIVNG T, He BaOIKOTEPN TN KN duUGLOAOYLIKNA
dwodopudiwon NG mou daivetal va mupodotel Tn MABOAOYIK) CUCCWPEUGCN TNG
npwrteivng T otig T-mpwteivonabeleg.

2.6.1. Dwodopuliwon kat anopwaopopuliwon tng mpwieivng T

QOwodopuliwon plag mpwieivng eivat n mpoodnkn wag pwodopikng opadag oe
KatdAowma oegpivng, BOpeovivng Kal tupooivng. AmoteAel tnv TO KO HETA-
petadpaotiki Tpomonoinon ¢ npwteivng T. MEXPLG OTLYUNG £xouv Teplypadel 85
Bfoelc pwodopuliwong otn peyalltepn o€ PUNKOC Lloopopdr tnG mpwtelvng T, TV
2N4R woopopdn (Ewkéva 5). O meplocotepeg BEoelg pwodopuliwaong Bplokovrtal
EKTOC TNG TMEPLOXNG TPOCSECNC UE TOUG PLKPOOWANVIOKOUG KOl CUYKEKPLUEVA OTNV
mAouola epLOXn) o€ MPOAIVEG TOU AULVO-TEALKOU AKPOU KaL oTnV O&vn TEPLOXN TOU
kapBofu-teAikolu akpou. H katdotacn dwodopuliwong g mpwteivng T eivat
amoppPoLO. TNG LooppoTiag HETAED TNG MOoOTNTAC KAl TNG OSpOoTKOTNTAC TWV
TMPWTEIVIKWY Klvaowv Kal Ppwodatacwv mou eival elOIKEC ylo AUTEC TIC BEoelg
(Sergeant et al., 2005).
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Tyr394, Ser396,

Ser198, Ser199, Ser400, Thr403,
Ser202, Ser205, Ser404, Ser409,
Ser208, Ser210, Ser412, Ser413,
Thr212, Ser214 Thr414, Ser416
Ser68,
Thr69, Thri11, Thr181, Ser258, Ser352,
Thr71 Ser113 Ser184, Ser262, Ser356,
Tyr29, Ser185 Thr263  Tyr310 Thr361 Ser422

Th’io Sef‘*ﬁ“ | l ISer293I l | [
[_ I

N1 | N2 IProIine-Rich DomainI R1 R2 R3 R4 I C-terminal

| l\ Vo] shsie |

Thr175
Thr39 Ser56 Thr102 Thr217 Ser305

Thr153  Thr191 Ser289
Thr230, Thr231, Serd433, Ser435
Ser235, Ser237,
Ser238, Ser241

Thr386

Ewkova 5. Ixnuatikn Avanapdaotoaon tTwv 0écewv pwodopuliwong tng mpwrteivng T. OL TILO KOLWVEG
Béoclg dpwodopuliwong, onwe mapoucialovral otnv PeyaAltepn oopopdnig tng mpwteivng T, Tnv
2N4R woopopdn. Ot meplocotepeg Béoelg dwodopuliwong Bplokovtal eKTOG TG EPLOXN G TPOCSEDNC
LLE TOUG HIKPOOWANVIOKOUG KOl CUYKEKPLUEVA OTNV TTAOUGCLO O T(POAIVECG TIEPLOX TOU QULVO-TEALKOU
AKpOU Kal oTnv 6€Lvn meployr tou KapPolu-teAlkol dkpou. Elkdva and (Xia et al., 2021).

2.6.1.1. NMPWTEIVIKEG KLVAOEG TNG MPWTEIVvNG T

OL MPWTEIVIKEG KWVAOEC TOU eUTAEKOVTAL O0Tn dwaodopuliwon tng mpwteivng T
Slakpilvovtal o TPELC KATNYOPLES: TPWTEIVIKEG KIVAOEG KATEUBUVOUEVEG amo TNV
nipoAivn (PDPK), MpwTeiViKEG KIVAOEG Un KateuBuvoueveg amd tnv mpoAivn (uUn
PDPK) kot mpwteivikeg Kivaoeg Tupooivng (TPK) (Martin et al., 2013); (Llorens-Martin
et al., 2014); (Kimura et al., 2014); (Tomizawa et al., 2001); (Matenia & Mandelkow,
2009); (G. Lee et al., 2004); (Derkinderen et al., 2005).

2.6.1.1.1. Kwvaon-3 tng ouvBaong tou yAukoyovou (GSK-3)

H kwadon-3 tng ouvBdong tou yAukoyovou (GSK-3) avrkel otnv katnyopia twv PDPK
KLVOLOWV KAl €lval Lo Kvaon €8Ik yla TG oepiveg/Bpeoviveg, n dpacn tng omolag
puBuiletal emiong pe dwodopuliwon. H GSK-3 amevepyomoleitol HEOW TNG
dwodpopuliwong tng oepivng 21 (woopopdn GSK-3a) i tng oepivng 9 kat 389
(tobpopdn GSK-3B). H evepyomoinon tng e€aptatal and tnv pwodopuliwon g
otnv tupooivn 279 (GSK-3a) r otnv tupooivn 216 (GSK-3B) (Bhat et al., 2000); (Q. M.
Wang et al., 1994); (Giese, 2009). MExpLc OTLYUNG £XOUV avayvwploTtel 42 BEoeLg otn
npwteivn T, oL omoiec PpwodopuAlwvovtal amo Tg GSK-3. Ot 29 amd auTég
napovaotalovtol pwodopuAlwUEVEC oe eykepalou aoBevwy pe Alzheimer (Hanger
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et al., 2009); (Lovestone et al., 1994); (Reynolds et al., 2000). AvaAuon eykedpaAwv oe
aoBevei¢ pe Alzheimer &eixvouv OtL ta enimeda twv GSK-3 auvfavovtal oto
VEUPOEKPUALOUO (Pei et al., 1997) kalL n dpaoctnplotnta twv GSK-3 cuoxetiletal pe
Ta veupoividika mAéypata (NFTs) (H. Yamaguchi et al., 1996); (Leroy et al., 2002).
Evw oe gykedaloug and acbeveig pe vooo tou MNapkivoov €xouv Bpebel auénuéva
enineda dwodopuliwone tne mpwteivne T otn Béon Ser’”® amd tv GSK-3PB
(Muntané et al., 2008). H oxéon petagl tn¢ dwodopuliwong Tng mMpwteivng T Kot
TwV Kvaowv GSK-3 €xel SewxBel emiong kal oe PeAETEG O€ MOVTiKL TTOU UTtEPEKPPATEL
v petoAayuévn avBpwruvn mpwteivn T (P301L, ON4R), petaAlaén n omoia
OUOXETI{ETAL UE TNV HETWTTOKPOTADIKI) AVOLA PE TIAPKIVOOVIOUO TIOU CUVOEETOL PE
T0 XpwHoowua 17 (FTDP-17), omou xoprniynon avaotoAéwv twv GSK-3 obnyel oe
Helwon tTwv emumédwv dwaodopuAiwong tng mpwrteivng T (Noble et al.,, 2005).
Ouolwce, peAéteg otn D. melanogaster €xouv Sel€eL OTL N XOPryNon AvVACTOAEWV TWV
GSK-3B8 pewvouv ™ Pwodopuliwon NG MPWTEivNG T KOl OCUYKEKPLUEVA TNG
toopopdnc ON3R (Mudher et al., 2004).

2.6.1.1.2. E§aptwpevn amnod tnv KUKAivn Kwvaon 5 (CDK5)

H e€aptwpevn anod tnv KukAivn kwvaon 5 (CDK5) eival pla kivacon oepivng/Bpeovivng
(Dhavan & Tsai, 2001) kat avrKel otnv katnyopia twv PDPK kivacwv. Onwg Kal otnv
nepimtwon Twv GSK-3 kwaowv, £€tol kat n Spactikotnta twv CDK5 Kivaocwv
puBuiletar pe PwodopuAiwon. Qwodopuliwon otn tupocivn 15 twv CDK5
daivetal va tig evepyorolel, evw n pwodopuliwaon otn Bpeovivn 14 kal otn ogpivn
159 tg avaotélAel (M. S. Lee et al., 2000). EmumAéov, n evepyomoinon tng CDK5
anattetl T déopevon tn¢ umopovadag p35 eite ¢ umopovadag p25 (M. S. Lee et
al., 2000). H umtopovada p25 £xetl peyaAo Xpovo NUILwNAG Kal GpailveTol va EUMAEKETAL
otnv dpaoctnplotnta twv CDK5 évavtl tng mpwteivng T (Noble et al., 2003); (Cruz et
al., 2003). H p25 daivetal va cucowpevetal o eykedpaloug acBevwyv pe AD, evw ot
p25/ CDK5 dwaodopuAiwvouv thv mpwteivn T, HELWVOVTOG TNV KAVOTNTA TG va
ouVSEETAL PE TOUG PLIKpoowAnviokouc (Patrick et al., 1999). Eniong, ot CDK5 kivaoeg
daivetal va epmAékovral otn pubulon tng pwodopuliwong Tng mMpwteivng T péow
NG AVOOTAATIKNG puBuLonc amnd tig GSK-3 (T. Li et al., 2006); (Plattner et al., 2006).
TéNog, €xel dexBel otL n enibpaon twv CDK5 otn dwodopulAiwon tng mpwteivng T
efaptartal ano tnv npwteivn Pin 1 (Liou et al., 2003); (Kimura et al., 2013).

2.6.1.1.3. ApwvoteAkn Kwvaon C-Jun (JNK)

H apwotehikn kwaon C-Jun (JNK) avhAkel otnv opdda twv Kwvoaowv PDPK kat
TOUTOXPOVA OTNV OLKOYEVELD TWV TIPWTEIVIKWY KIVOOWV TIOU EVEPYOTIOLOUVTAL ATIO
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ptoyova (MAPKs). H JNK €xel BpeBel otL dwodopuliwvel tnv mpwteivn T oe 12
B€oelg, oL omoleg eudavilovrtal Povo oTLG TABOAOYIKEG KATAOTACELS Kal OXL UTIO
duololoyikég ouvBnkes. Me avoooiotoxnuikr) avaluon €xel Ppebel OTL oL KIVAOEC
JNK evronilovtal pall pe ta cuoowpatwpata tng npwteivng T oe Sdeiypata amnod
aoBeveig ue AD, pe vooo tou Pick (PiD), pe MPOOSEUTIKY) UTIEPTIUPNVLKA TTAPAAUCH
(PSP) kat dpAoloPaociko ekdpuAiopo (CBD) (Ferrer et al., 2001). Eniong, os eykedaAoug
aoBevwv pe AD €xel BpeBel otL N evepyomolnpévn popdn tng JNK (p-JNK) evtoniletal
puoll pe v pwodopuAlwpévn mpwteivn T (p-tau) (Mohit et al., 1995); (Zhu et al.,
2001).

2.6.1.1.4. Kwvaon tn¢ kaleivng 1 (CK1)

H kwaon tng kaletvng 1 (CK1) avAKeL 0TNV OLKOYEVELX TWV TIPWTEIVIKWY KLVOLOWV, 1N
PDPK. H CK1 £xel BpeBel o€ in vitro kaAAEpyeleg OTL pmopel va pwodopuAlwaoeL TRV
npwteivn T otg Béoetg Ser’®/Thr’® kau Ser**®/Ser’™ puBpitovtag pe autd tov
TPOTO TN OUYYEVELX TNC MPWTEIVNG UE TOUC PIKpoowAnviokoug (Singh et al., 1995);
(G. Li, Yin, & Kuret, 2004). Entiong, €xeL Bpebel pe avoooioToxnuLKr avaAucn OTL n
CK16 ouv-evtoniletatr pe ta NFTs oe AD, otn PSP, Oto OUUTAEyMO QAvVOLOG
TIAPKLVOOVIoHoU tou Guam (PDC) kat pe ta cwpatia Pick oto PiD (Schwab et al.,,
2000). Entiong, oe eykeddaloug amnod aobeveic pe AD €xouv Bpebel uPnAd mood Tou
MRNA tou CK16 kat ouykekpiuéva umtapxet avénon kata 24,4 tou mRNA tou CK16
OTOV UTMOKAUTO Kal Kotd 8 ¢opég upnAdtepa otnv apuydair o€ oUyKpPLONn ME
duololoykoug eykeddloug (Yasojima et al., 2000).

2.6.1.1.5. Kwvaoeg mou puBpilouv tn ouyyEvela tTwv pikpocwAnviokwv (MARKs)

OL Kwvaoeg mou puBuilouv T ouyyévela Twv pikpoowAnviokwv (MARKs) avrikouv
otnv olkoyévela twv CAMK kKwvaocwv (MPpWIEIVIKEG KIVAOEC €EQPTWHUEVEG ATO TO
aoBéotio/kaApodoulivn) kal avrkouv ot un- PDPK kiwvaoeg. Mepléxouv 4 Kald
Statnpnuéva péAn (MARK1-4). Exel BpeBel 6tL oL MARK kwvaoeg evtomilovtal pall
pe ta NFTs kal Bplokovtal oe auvénuéva enineda os eykedpaloug acbevwv pe AD
(Timm et al., 2008); (J. Y. Chin et al., 2000). Ot MARKSs kivaoe¢ ¢waodopUALWVOUV TNV
npwteivn T oto potiBo KXGS twv emavoAapPavopsvwy TEPLOXWV TNG, HE
arnotéAeopa TNV anodéopevon NG mpwteivng T amd Toug PKpOoowANVIoKOUG Kal TNV
emMakoAouOn amootabepomoincn TOU KUTTAPOOKEAETOU KAl TN OUCCWPEEUCH TNG
npwteivng T (Gustke et al., 1992); (Augustinack et al., 2002); (Drewes et al., 1997).
Eniong, n dwodopuiiwon ¢ mpwrteivng T amod tig¢ MARK kwvaoeg AapBavel xwpa
262 293 ser*® kau Ser®® (Augustinack et al., 2002); (Mocanu et al.,

262

ot B€oelg Ser™™”, Ser

2008). H dwodopulAiwon tng BEong Ser™” tn¢ mpwteivng T mou mpayUATOTOLETAL
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a6 Tig GSK3B kwaoeg Bewpeltal OtL yivetol pe T pecoAapnon twv MARK2
KLVOOWV, UTIOSELKVUOVTOC OTL UTIAPXEL OUVOEDN METALU KOl QUTWV TWV KVACWV
(Kosuga et al., 2005). Ano ta técoepa PEAN TG olkoyévelag MARK, daivetat ot n
MARK4 eivat n oopopdr TOU EUTMAEKETAL TEPLOCOTEPO HE TNV TtaBoAoyikn
dwaodopuAiwon g mpwteivng T (G. J. Gu et al., 2013).

2.6.1.1.6. E§aptwpevn and 1o KukAkd AMP (cAMP) npwteivikn Kwvaon (PKA)

H efaptwpevn amd 1o KUKALKO AMP (cAMP) mpwteivikn kwvaon (PKA) eival pla
TIPWTELVLKN Klvaon ogpivng/Opeovivng mou avikeL otnv katnyopia pun PDPK Kwvaowv.
KataAvel T dwodopuliwon tng mpwteivng T o€ in vitro kat in vivo peAéteg (Sun et
al., 2005); (Liu et al., 2007). H ¢dwodopuAiwon tng Mpwrieivng T amod tig PKA
nupodotel tnv enmakoAoudbn dwodopuliwon g mpwteivng T and tg GSK-3B oe
apketéc Béoelc dwodopuliwone mou oyetilovtal pe thv madoloyia AD (Thr'®
Ser'® ser’® Thr®®, Thr®'’, Thr*®!, ser®®® kau Ser*??) kat tautoxpova avaotéMel Thv
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dwodopuliwon tne mpwrteivne T otic Béoelc ThrX'? kan Ser®™ péow emakdAoudnc

dwopopuliwonc ard tv CDK5 kwdon otn Béon Ser®®® (S. J. Liu et al., 2004).

2.6.1.1.7. NpwTEIVIKN KWVvAoN EVEPYOTOLNEVN anod tn povodwaodopikn adsvooivn
(AMPK)

H mpwTtelvikn Kvaon evepyomolnpévn anod tn povodwodopiky adevooivn (AMPK)
QVAKEL 0TS Un-PDPK kiwvdoeg oepivng/Bpeovivng. OL AMPK kivdoeg emnpealouv tTnv
dwodopudiwon NG mMpwieivng T o€ TOANEG BEoelg pe amotéAeoua  va
Slatapaoostal n 6€opevon TNE otoug pikpoowAnviokoug (Vingtdeux et al., 2011). In
vitro peAéteg €xouv beifel otL ot AMPK kwvaocec dpwaodopuliwvouv ameubeiag tnv

396/494 'H evepyomownpévn AMPK (p-AMPK) éxet

npwrteivn T otg Béoetg Thre*! kau Ser
BpeBel oOt1L Pploketalr oe uvPnAd mocootd ot eykedpdloug OSlwadopwv T-

npwrteivonabelwy, onwg ta AD, PDC, PiD kat FTDP-17 (Vingtdeux et al., 2011).

2.6.1.1.8. AutAng edikotntag puBplopevn and tn ¢wodopuliwon tupoacivng
kwvaon 1A (Dyrk1A)

Ze eykepalou¢ aocBesvwv pe AD, DS, kot PiD é€xet PBpebBel auv&nuévn
avocodpaotikdétnta tnG UN-PDPK kwaong DyrklA. H DyrklA éxeL PpeBel otL
dwodopulwvel T mpwteivn T oe dladopeg BEaelg, cupneplAapBavouévwy Kot Twv
Thri®! ser'®®, ser’®, Thr*®, Thr**?, Thr®’, Thr®!, ser’®®, ser®®, ser*®* kai Ser**?
(Ferrer et al., 2005). H dwodopuAiwon ¢ npwteivne T amod tnv Dyrk1A kwvaon €xel
WG amotéEAeopa TNV enakoAoudn dwodbopuiiwon Tng mpwteivng T amd tnv GSK-3
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otc Béoec Thr®, ser'®, ser?®, Thr?® kau Ser’®® aAAd oxt amd tic CDK5 kat PKA (Liu
et al., 2008); (Ryoo et al., 2007); (Wegiel et al., 2011). H emayouevn and tnv DyrklA
Kwvaon ¢wodopuliwon TG Mpwrteivng T, €XEL WG AMOTEAECHUA TNV OVAOTOAR TNG
Oléyepong ouvaoppoAdynong TwV HIKPOOWANVIOKWV Kol TipowBel tnv auto-
OUVOPHUOAOYNCT) TOUG O€ VIUATLAL.

2.6.1.1.9. TPKI kat TPKIl Kivaoeg

H mpwteiviki kwaon | (TPKI) avikel otnv katnyopia twv pn- PDPK kwvaowv Kat
uropel va ¢wodopulwoel T TPwieivn T TIOU QATIOUOVWVETOL oMo &vav
duololoyko eykédpalo, o omoiog eival én oe kamowo Badbud pwodpopullwpévog,
evw Sev pmopel va dwodopuAlwoel pia MARpwe anodwaodopuAlwpévn npwteivn T.
Je avtiBeon, n mpwrteivikn kwaon Il (TPKI) pmopel va dwodopullwoel Kol ia
TANpw¢ anodwodopulwpévn npwteivn T (Arioka et al., 1993). O Lo KowEg B€oelg
dwodopuliwonc te mpwteivne T amd Tt TPKII kwvdoeg eivat ot Ser’®, Thr?®, Ser?®”
kat Ser*® evid yia tig TPKI kwaoec eivat ot Ser'®, Thr®?, ser®®® kad Ser*®?

al., 1998).

(Imahori et

2.6.1.1.10. Src MPWTEIVIKEG KIVAOEG

ale ’ 14 ’ I 1 2
H npwrtetvn T dwodbopuluwvetal oe mévte katdhouta tupooivng, ta Tyr'®, Tyr®,

Tyr'” Tyr*'® kaw Tyr*®* (Derkinderen et al., 2005); (Lebouvier et al., 2009); (Sato et
al., 2006). Ol MepLOCOTEPEG ATO QUTEG TIG TUPOOiIVEG dwaodopuALwvovTal amo UEAN
TNG OLKOYEVELOG TWV Src MPWTEIVIKWY Kwvaowv, omwe ol Lck, Syk, Fyn kau c-Abl
(Derkinderen et al., 2005); (Reynolds et al., 2008). H dwodopuliwon tne Béong Tyr'
TIPAYUATOTOLETAL amd TNV TPWTEIVIKA Kwvaon Fyn kol €xel mpotabel oOtTL
Stadpapatilel onpavtikd polo otn puBuon tng afovikng petagopag (Cox et al.,
2016); (Kanaan et al, 2012). EmutAéov, €xeL Ppebel o611 n  Kkatdotoon
dwodopUALWONG TWV TUPOCLVWY CUCXETL(ETAL ULE TNV SNULOUPYIO CUCOWLATWHATWV
™¢ npwteivng T (Hanger et al., 2009); (Vega et al., 2005).

2.6.1.2. Npwrteivikég pwodatdoeg tng npwrteivng T

OL mpwrteivikég dwodatdoeg mou ival uneVBUVeC yla TNV anodwaoPopuliwan tTne
npwteivng T elvaw ot PP2B, PP2A, PP1 kal PP5 (Gong et al., 1994); (Liu et al., 2005).
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2.6.1.2.1. Npwrteivikn pwodataon 2B (PP2B)

H mpwrteivikl dwodatacn PP2B (kaAoweupivn) e€ival pla amo TG KUPLOTEPEG
dwodataoceg oepivng/Bpeovivng kat n SpaocTkOTNTA TG efaptdtal amd TN
Ca’*/kaApoSoulivn.. Mehétec  éxouv  Gei€et 6t n  PP2B  dwodatdon

anodwodopullvel TN mpwteivn T ouykekppéva e Béoewc Ser'™, Thr?!’, ser®®,

396 181 202

Ser’® kat Ser*? eviy n anodpwodpopuliwon tne mpwteivng T otig Béoeic Thret, Ser’®,

Thr®®, Thr*2, ser’™ kot Ser*® 6ev Atav aviyveluolun. H anopwodopuliwon twv

22 kat Ser®® umodnhwver mBavry eprmloky ™S Pwodatdong auTthc ot

Ser
naBoloyia tou AD (Rahman et al., 2006). Emiong, evlladpEpov €XOUV OPLOPEVEC
pueAEteg, oL omoieg Selxvouv OtL n dwodatacn PP2B umopel va KataAUosLl TNV
anopwodopuliwon tne Ser’ ot GSK-3B Kol KATG GCUVETELQ TN WETEMELTO
dwodopuiiwon tng mpwteivng T (Kim et al., 2009). Tuvenwg, n dwodatacn PP2B
Umopel va SpAoeL Kal PE EUUETO TPOTO EvavTl TNG dwodopuliwong tng MpwIeivng
T.

2.6.1.2.2. Npwrteivikn pwaodatdaon 2A (PP2A)

H mpwrteivikiy pwodataon 2A (PP2A) eival pia amod tig Kupleg pwodatdoeg mou
evrtonilovtal otov eyképaro kal dailvetal va eumAékeTal otnv anodwodopuliwaon
¢ npwteivng T. H PP2A dwodatdon mepLléxel pia KataAuTik umopovada C, pa
uropovada A kat tnv pudulotiky umopovada PR55/Ba (PP2A1ssy). H puBuiotiki
urtopovada  PR55/Ba tng PP2A  dwodatdone dalvetar va  Stadpapartilet
KaBoplotikd poAo otnv anopwadopuliwon tng mpwteivne T (Landrieu et al., 2011).
H npwteivikn dwodatdon PP2A €xel Bpebel ot anopwodopuAlwvel Tn mpwteivn T
otug Béoerc Ser’®/Thr’®, wc dpeon omoOKPLON OTOV  OUTOTIOAUHEPLOUO TWV
HiKpoowAnviokwv kot otn Béon Thr*' puéow pecoAdBnonc tnc wopepdonc Pinl
(Merrick, Demoise, & Lee, 1996). & peAétec in vitro €xel SeyBei otL To PP2A/Ba
ouvdEéeTal pe TG LoopopdEc MAP2c (Loopopdn ¢ TNG MPWTEIVNG 2 TTOU OXETI(ETAL PE
TOUG HLKpoowAnviokoug). H mpwTtelvikr Kwvaon tupooivng, Fyn, cuvdéstal pe to
mAovolo o€ mpoAive¢ potifo RTPPKSP, to omoio udiotatat téco ot MAP2
(mpwteivn 2 mou oxeTileTal PHE TOUG UKPOOWANVIOKOUG) 600 Kal otn mpwteivn T Ko
avaoteAAeL tnv alnAsmtibpaon tou PP2A/Ba pe tn mpwteivn T KaOwe Kal pE TLG
MAP2c (Sontag et al., 2012). H SucAeltoupyia OAWV TWV MOPATIAVW CUUTTAEYUATWV
elvat mBavd va oupPdaliel otnv amoppuBUlon TG MPWTEivNG T KAl TwvV
HULKPOOWANVIOKWV KAl 0TNV ETUKELUEVN onuatodotnon.
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2.6.1.2.3. Npwrteivikn pwodataon 1 (PP1)

H mpwrteiviky ¢wodataon 1 (PP1) Swadpapatilel onuUavilikd polo oe TOAAEG
KUTTAPLKEG SLEPYACIEC OTOUC VEUPWVEG TIOU e€apTwvtal amod to aoPéoto. H PP1
dwodataon amattel HeETAAAKA LOVTA KAl N MEYLOTN EVEPYOTIOLNGH TNG TMETUXALVETOL
napoucia Tou Mn®*. H anodpwodopuliwon tng mpwteivng T amd v PP1
dwodatdon cupPaivel otic Béoeic Thre2, Thret, Ser®, Ser’® kau Ser*?? (Rahman et
al., 2005). Ev, n anodwodopuliwon e mpwreivng T ot Béoewg Thri®!, Ser'®,
Ser?®, Thr*®, ser®™ kau Ser®™ 8ev eivat avixvetowun. Ertiong, oe dAeC peléteg éxel
Bpebel 0Tl n maboloyikn mpwteivn T avaotEAAEL TNV agoviki HeTadpopd HECW EVOG
HUNXOVIOUOU TIou €UMAEKEL TNV amodpwodopuliwon tn¢ mpwteivng T anod tnv PP1
dwoodataon (LaPointe et al., 2009); (Patterson et al., 2011).

2.6.1.2.4. Npwrteivikn pwodataon 5 (PP5)

H mpwrteiviky ¢wodataon 5 (PP5) eivar pia dwodatdon mou UMAPXEL OE
S10popeTIKOUG LOTOUC TWV BNAACTIKWY CUUMEPIAAUBAVOUEVOU KOL TOU EYKEDAAOU.
MéxptL Twpa €xouv Bpebel moAU Alya umootpwpata mou Spa n PP5 dwodatdon.
Qotooo, oe peléteg €xel Bpebel 6tL n PP5 dwodatdon anopwodopuAlwvel T
npwteivn T og 12 B€oelg mou oxetilovral Pe TAOOAOYLKEG KATAOTACELG OMWE To AD
(Liu et al., 2005). Tuxvotepa anodwopopuliwvovtal ot Bécetg Thr®, Thr**? kat Ser’®

199 o 202 o 214
,Ser, S

e ' , , ; 404
™¢ mpwTteivng T, evw Alyotepo cuxva oL B€oelg Ser—, Ser er er*®* kot Ser*®.

2 ' '
oupPaivel umepPolika

H amodwodopuliwon e mpwteivne T oty Béon Ser®®
onavia. Emiong, n PP5 dwodatdon £xel deixBel o1l Spa ot mMpwrieivec mou
deopebouv 1o acPéotio umodelkvlovtag €vav UNXaviopo amodpwodopuAiwong
efaptwpevo amd to acPéotio. KabotL ot meplocotepeG VEUPOEKDUALOTIKEC
aoBéveleg, ouumepllappavouévou kot tou AD, é€xel PpeBel oOtL  uTApxel
amoppLOuLon NG petaBifaocnc Tou aoPeotiov, Bewpeital 6tL N anodwaodpopuliwon
™C MPWTEivnNg T amo tic PP5 pwodatdoeg mpoyOTOMOLETAL HECW EVOC UNXOVLIOUOU
Tou eumAékeL To aoBeotio (F. Yamaguchi et al., 2012); (Fedrizzi & Carafoli, 2011).

2.6.2. AANAEG pETA-UETAPPAUOTIKEG TPOTIOTIOLNOELG

H kataotaon pwodopuliwong tng mpwrteivng T pumopel va emnpealetal Kal amo o
oelpd AGA\wV peTa-peTadpacTIKWY Tporomnoloswv (Ewkova 6). H xpovikn
oAAnAouxia yAukoluAiwong, vitpwong, ofeibwong, aketuAiwong, moAuvapivwong,
coupoUAlwong kal ouPikouitviwong sival acadng, aAAd AUTEG OL TPOTIOTIOLNOELG
daivetal va cupPaivouv mply anod tnv unep-dwodopuldiwon tng mpwrteivng T kat To
OXNUATLOUO TwV VEUPOIVISIKWV MAeypatwy NFTs (Necula & Kuret, 2004).
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Elkova 6. ATELKOVLON TWV METO-HETAPPOOTIKWY TPOTIONMOLCEWV TNG MPWTIEIvNG T. OL EyXPWHES
MMApEG UTOSELKVUOUV TIG KATA TPOCEyylon BE€oelg KABe META-UETADPACTIKAG TPOTOMOLNGNG Tou
AapBavel xwpa otn peyalitepn woopopdn tng mpwteivng T, tnv 2N4R woopopdn. Elkova amd (T. Guo,
Noble, & Hanger, 2017).

H nmpwteivn T €xel BpeBel OtL pmopei va eivatl yAukolUALwPEVN O in Vitro HeAETEC
(Smet-Nocca et al., 2011), evw in vivo €xel deixBel 0Tl N O-yAukolUAlwon PELWVEL TN
dwaodopuAiwon tng MpwTeivng T 0To GAOLO KAl OTOV UTIMOKAUTTO apoupaiwy (Yuzwa
et al., 2008), katL mou OpwC dev amodeixOnke o MePALTEPW PBLOXNULIKEG LEAETEC OE
novtikia P301L (Borghgraef et al., 2013). e acBeveic pe vooo AD €xel avadepbel
IO apVvnNTIK OUOoXETlon HeTta€y Twv emumedwv  dwodopuliwong kot O-
yAukoluAiwong tng mpwteivng T, umodnAwvovtag ot n O-yAukoluAiwon pubpuilet
apvntikd t dwodopuliwon tng mpwrieivng T (Liu et al.,, 2009). H pewwpévn O-
vYAukoluAiwon mou mapatnpeital oe eykeddloug acBevwv pe AD umopel va
Swkaloloynoel TNV auvénuévn dwodopudiwon Kol cucoWUATWON ™G MPWTEivng T
(Liu et al., 2004). Npoodata £xet dexBel otL To UmMeLBuvo éviupo yla tnv O-
vAukoluAiwon, n tpavodepaon O-GIcNAc, €xel emiong peEwwpéEvn SpaoTIKOTNTA
otou¢ eykepaloug acBevwv pe AD (A. C. Wang, Jensen, Rexach, Vinters, & Hsieh-
Wilson, 2016). Evw og UEAETEG PE TOVTIKIA OTA OTIOlA AMMOCLWTIATE N €KPpacn TNG
tpavodepdong O-GIcNAc, Bp€Bnke OTL AvamMTUOOOUV VEUPOEKPUALOUO KOl UTIEP-
dwodopuliwon tng npwrteivng T (A. C. Wang et al., 2016).

AvtiB€twe, n N-yAukoluAiwon €xel Bpebel avénuévn os eykeddloug acBevwy pe AD
Kol Bewpeltal otL gumAéketal otn Statipnon tng doung twv NFTs (J. Z. Wang,
Grundke-lgbal, & Igbal, 1996); (Ledesma, Medina, & Avila, 1996). H N-yAukoluAiwon
uropet va SteukoAUvel ) dwodopuAiwon NG MPwWTeivne T, KATaoTEAAOVTAC TV
anodwodopudiwon ¢ Kot mbavotata ennpedlet tn dtapopdwon tng (Liu et al.,
2002). O akpBAg unxaviopog tou odnyet otn N-yAukoluAiwon tn¢ mpwteivng T eival
aoadng, wotdoo eival TOavOV 0 KUTTAPLKOC EVIOTILOMOC TNG MPWTEivNg T va odnyel
oe un d¢uolohoyiky YAUukolUAiwon Kal o JETEMETA UTEp-pwodopuAiwon.
Oewpeltal OTL To MPWTO PAMO OTOV KATAPPAKTN TWV YEYOVOTWV Tou odnyel otn
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TeAKN Tpomomoinon tng mpwrieivng T oe maboAoylky amotelel n puBULON TNG
yAukoCUAlwong kat n avénuévn evepyomnoinon Twv GSK3B Kwvaowv, ou e TN oepd
TOUG eMaAyouV TNV umep-dwaodopuliwon tng mpwteivng T (M. Takahashi et al., 1999).

ErutAéov, n yAukoluAlwon mupodotel tnv mapaywyr eAeuBépwv pllwv, oL Omoieg
EVIOXUOUV TO OfELBWTIKO OTPEG KAl TO oOmolo &v ouvexela mpodyel TNV
dwodopuliwon tng mpwteivng T (Su et al., 2010). Me TO PUNXOVIOUO QUTO, N
ofeidbwon otn Cys322 tng mpwteivng T odnyel otn dnuioupyia twv PHFs (Landino et
al., 2004). EnutAéov, To 0LELOWTIKO OTPEG TIPOAYEL KAl TN ViTpwon t¢ mpwteivng T,
urnodnAwvovtag otL n yAukoluAiwon tng mpwteivng T umopet EUeca va TPOKAAECEL
T000 TNV ofeibwon 600 Kal tn vitpwon tng mpwteivng T, odnywvtag o umep-
dwodopUAlwon TNG Kal oTNV ETIKELPEVN cucowpdtwon tng (Y. J. Zhang et al., 2006).
Mn duotohoyikn vitpwon twv Tyr'®, Tyr?® kat Tyr*®* tne mpwreivne T €xet avixveubel
oe aobeveic pe AD kalL oe aAleg T-mpwrteivomdBeleg. H vitpwon autwv Twv
UTTOAELUATWY Bewpeital ot aAAalel Tn dtapdpdwon tng mpwteivng T, LeElwvovTOg
NV IKKAVOTNTA NG v SECUEVETAL OTOUG ULKPOOWANVIOKOUG Kal avaloya e tn B€on
vitpwong umopel elte va mpodyel ite va avaoTENAEL TN cucowpAaTwon TG (Reyes et
al., 2012).

H moAvapivwon pe tn oepd tng €xel Bpebel OtTL Umopel va PodyeL TO OXNUATIONO
Twv NFTs tng mpwteivng T (Singer et al., 2002) kat pall pe tnv yAukoluAiwon Kot tn
vitpwon t™¢ mpwteivng T Mmopel va KATOOTAOEL TNV acuvhbilota umep-
dwodbopuAwpévn mpwteivn T AlyOTepO eMIppeT 0€ BlOoXNULKA armolkodounon amno
To ovotnua ouBkouitivng/mpwrteaocwpatog (Bancher et al., 1991); (Riederer et al.,
2009). 2tn ouvExela, n coupoUAlwon tn¢ Mpwrteivng T umopel va e€oudetepwoel TNV
ouBkouTtviwon Kal va TPOAyeL TN CUCCWPEUOH TNG MPWTEIvNG T. Me autd tov
TPOTO N ooUPOUAlwoN UTopel va EAEYXEL TA EMIMESA TWV CUCCWHOATWHATWY TNG
npwteivng T (K. Takahashi et al., 2008). AileL va onuewwBel 6tL N oufikouitviwon
™¢ mpwteivng T, n omola 08nyel o MPWTEACWULKA amolkodounaon tng, €xel Bpebel
auvénuévn ot T-mpwrteivonaBbeleg. MoAAéc amd TIC O€oelg oufikouitviwong
amoteAouv emniong B€oelg aketuAiwong ¢ mpwrteivng T, umodnAwvovtag OTL n
e€aptwpevn amo tnv ouPikouitviwon anolkodounon tng npwteivng T, Ba pnopoloe
va emnpealetal aueca Kal amo tnv aketuAiwon tng (M. Morris et al., 2015).

Mta dAAN TOAU ONUOVTIKA HETA-PETAPPAOTLKN TpoTmomnoinon ¢ npwteivng T elvat
N aketuAiwon, n omoia ocuoxetiletal TOcO PE GUOLOAOYIKEG OCO KOl UE TIG
naBoloyikeég Aettoupyiec tng mpwrteivng T (Y. Wang & Mandelkow, 2016). H
okeTUAlwon tng mpwteivng T peocoAoPeite amd tnv CBP mpwrteivn kat n amno-
okeTUAlwon amo to SIRT1 kat to HDAC6 (Min et al.,, 2010); (Cook et al., 2014).
Afloonueiwto emiong eival otL n mpwteivn T, €xeL Pl eyyevy Spaotnplotnta
OKETUAOTPpAVOPEPACNC, KATAAUOVTIAG TNV QUTO-OKETUALWON TIOU TtpoKaAEital amnod
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T Cys™ ™ kat Cys™*, oL omoieg Bpiokovtal otn Sevtepn Kal Tpitn mepLloxn Séopeuvong
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TWV HkpoowAnviokwv avtiotolxa (Cohen et al., 2013). MelAéteg £xouv deifel OTL n
QUTO-akeTUAlwon efaptatal and Tig Avoiveg 274 kot 340 (Luo et al.,, 2014). H
akeTUAiwon t™¢ mpwteivng T otig Auciveg 259, 290, 321 kat 353 daivetal va
AapBavel xywpa o€ GuCLOAOYIKOUG eyKEDPAAOUC KAl POCTATEVEL TN MPwTeivn T amnd
Vv untep-dwaodopuAiwaon Kal TNV ETIKEMEVN cuoowpdtwaon tng (Cook et al., 2014),
EVW HELWUEVN OKETUAlWON OTLC AUCLVEG QUTEG €xeL BpeBel oe eykeddloug acBevwy
ue AD kaBwg kal oe PEAETEG 0 Slayovidlaka Tovtikia ou unep-ekppalouv TNV
P301L petdAAaén, n omoia mpokaAei FTLD (Cook et al.,, 2014). H aketuAiwon tng
npwteivng T ot Avoiveg 174, 274 kat 280 Oswpeital OTL ouoxetiletal Me
TIAOOAOYLKEG KOTOOTAOELS KABOTL £xel aviyveuBel oe eykepaiou¢ aoBevwv pe AD,
Pick, FTLD kat PSP (Irwin et al., 2013); (Min et al., 2015). Mpog evioxuon tTwv
Tapanavw, UeAETeg otn D. melanogaster €xouv Sel€el OTL N Kipnon TNg akeTUAIWONG
otn Lys280 emSelvwVEL Tn VEUPOTOEKOTNTA TIOU TPOKOAE(TAL Qmd TNV UTEP-
€kppaon tng mpwrteivng T (Gorsky, Burnouf, Dols, Mandelkow, & Partridge, 2016).
ErmumAéov, oe movtikia mou ekdppalouv TG Peudo-aKETUALWUEVEG Auaiveg 274 Kal
281 (K274/281Q) nmapouoialouv eAAeippato otn UvAun kot oto LTP (Tracy et al.,
2016). AuTA TA EUPNUATO EYELPOUV EPWTNHOTLKA OXETLKA HE TOV TPOTIO HE TOV OMOoLlo
npokaAeital mabBoloyiky akeTuAlwon TG MPWTElvNG T Kal WG ULt TETOLA HETO-
HETAPPACTIKI) TPOTIOTOLNCN EMNPEAIEL TN CUVATTTIKA AEITOUPYLla KOL TNV aVATTTUEN
naBoloyiag.

2.7. 0 puooAoykog poAog tng pwodopuAiwong tng mpwTteivng T

H dwodopuliwon amoteAel (0wWG KAl TOV ONUOVIIKOTEPO TapAyovTa puBuLong TG
6paong tng mpwrteivng T. Awadpapatilel kabBoplotikd poAo otnv mpdodeon NG
MpwTteivng T 0TOUG LKPOOWANVIOKOUG KOl 0TNV KUTTOPLKN MEUBPAVN KABwWC KoL oTov
KUTTOPLKO EVIOTILOMO tTNC. H dwaodopuliwon tng mpwteivng T elval avénuévn kata
™ SLdpKeLa OPLOUEVWY GUCLOAOYIKWY SlEpyaciwy, OTWE KATA TNV avamtuén f tnv
umoBeppuia. Kata tn Oudpkela ¢ avamtuéng, n euPpuiki mpwteivn T eival
dwodbopuhwpévn  oe  peydlo  PBaBud  kalt  oe  TMOAamAEG  Bfoelg
oupnepAapuBavopEvwy Twv Thr®? ser’®® ser®® Thr*®, Thr*®!, ser®*® kat Ser*™
(Brion et al., 1993); (Kenessey & Yen, 1993); (Yu et al., 2009). Meta tnVv avamtulokn
neplodo, n pwodopuliwon tng mMpwteivng T emotpédel oe otabepd enimeda ev
HEPEL, OLOTL oToUC wpLpoUg eykeddloug umdpxel uPnAdtepn SpaocTikOTNTA TWV
dwodatacwv (Yu et al., 2009). Eniong, n dwodopuliwon tng mpwteivng T paivetal
va emMNPeAlel KAl TNV KOTOVOUN TNG. 2TNV CWHATOSEVEPLTIKNA TIEPLOXI] TOU VEUPWVA
evrtorniletal kupiwg n mpwteivn T, n omola gival pwodpopullwpévn otnv mMAoloLd OE
TipoAiveg meploxr. Otav amodwodopUALWVETAL UTIAPXEL HLAL UETOTOTILON OTNV
akpaia afovikn meploxn. Emiong, n mpwteivn T, n onola sivat pwodpopuAlwpévn oto
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KapBoEU-TEAKO TNG AKPO evTtoTileTal otnV akpala afovikr meploxn (Dotti, Banker, &
Binder, 1987).

‘ExeL BpeBetl otL Ta uPnAa enineda pwodopuliwaong tng Mpwteivng T HELWVOUV TNV
LKavOTNTA MPOCGSEDNC TNG OTOUG HIKpOoowANViokoug (Biernat et al., 1993); (Bramblett
et al, 1993); (Lindwall & Cole, 1984). H meploxn mpPOCdeCONC HE TOUG
HLKpOOWANVioKoUuG €lval yevikd Oetikd ¢dopTiopévn Kal aAAnAemibpd HE TOUG
apvNTIKA  GOPTIOPEVOUG  HUIKPOOWANViokou¢. H mpooBrnkn Hlag  opvnTka
doptiopévng dpwodoptkng opdadag péow dwodopuliwong otn mpwteivn T odnyel oe
HELWUEVN KAVOTNTO SECUEVONG OTOUC ULKPOOWANVIOKOUG. Z€ in vitro PeAETeQ €XEL

231y ser®® pewwvel Spapatikd tv

Bpebel 6tL n Ppwodopuliwon twv Béoswv Ser
Lkavotnta mpocdeong ¢ Mpwieivng T oTouC ULIKPOOWANVIOKOUG, EVw OfE in vivo
ueAéteg &g daivetal va eival tkavr) va tnv avaoteilel (Biernat et al., 1993); (Seubert
et al., 1995); (Sengupta et al., 1998); (Fischer et al., 2009). Qotdoco, n
dwopopuliwon dAwv Béoewv Tne mpwteivng T, dnwe n Béon Ser’® daivetar va
obnyel oe auénuévn kavotnta  SECPEUONG  OTOUG  UIKPOOWANVIOKOUG,
umodnAwvovtag HeE autd Tov TPOmo OtL n pudulon tNg SEOHELONG OTOUG
HLIKpoowANnVviokoug e€aptatal oe peyalo Babuo amo tn B6éon dwodopuAiwong tng
npwteivng T (Xia et al., 2020).

EKTOG amo tn déopeuon oToug PIKpoowAnviokoug, n pwodopuliwaon tng mpwteivng
T daivetal va ennpedlel KAl TNV CUVAPHOAOYNON TWV UKPOOWANVIOKWY Kol TNV
oTaBepOTNTA TOUGC. ZUYKEKPLUEVA, €XEL BpeBel O0TL N dwodopulAiwon tng mpwteivng T

231 262 404 '
3 6 3% kau Ser®™, pewover v

Of OUYKEKPLUEVEG BEoelg, onwg ol Thr™", Ser™”, Ser
LKavOTNTA TNG MPWTEIVNG T va TTPOAYEL TN GUVAPUOAOYNON TWV UIKPOOWANVIOKWVY
(Kiris et al.,, 2011). H pn owoty pPUBUWON TWV HIKPOOWANVIOKWY AdOYyw
dwodbopuliwong tng mpwtelvng T Umopel va emnpedcel kKot TNV afovikn petadopd.
Ma mopddeypa n dwodbopuiiwon tne mpwrteivng T otn Béon Tyr'® emnpedlet v
OvVOOoTOAl TNG KWNTIKOTNTOG TNG Klwveolvng 1 kol elval yevikotepa €vog
TIPOOTATEUTIKOG UNXAVIOUOG TTOU Tipoayel tn ¢duatodoyikn afovikr diakivnon (Stern
et al,, 2017); (Kanaan et al., 2012). AvtiBeta, n dwodopuliwon NG MPwTeivng T otn

22 mopel va avaoteilet v oafoviky petadopd e avBpwvouc

422

Béon Ser
eykedaloug pe AD €xel Bpebel 6tL N dwodopullwpévn Ser *” cuvevtomniletal pall pe
To oAyopepn NG mpwteivng T (Tiernan et al.,, 2016). OAeC QUTEC OL UEAETEC
amobelkvlouv OTL N GpucLloAoyikn pUBULON TWV ULKPOOWANVIOKWV Ao TNV MPWTEIVN
T elvat pa moAumAokn dadikaoia kot pmopel va StapopdwBel apdidpoua anod Tig

Sladopeg moAAamAEg BEoels dwodopuliwong tng mpwteivng T.
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3. NaBoAoyia kat tofkotnTa TG MPWTEivNG T
3.1. Mnxaviopoi mtaBoloyiag tng npwteivng T

Ta tehevtaia xpovia €xel Sie€axBel mMANBwpa peAetwv yla tnv avadelln Twv
HOPLOKWY UNXAVIOUWV UE TOUG omoioug n mpwteivn T odnyel oe veupoekPpuALoUO.
Ma to okomd autd €xouv dnuioupynBet Sladopa SlayoviSlakd HOVTEAQ, OTWE TO
movtiklt Kat n Drosophila melanogaster, ota omoia ekdppalovral SLadOPETIKEC
LOOHOPPEC TNG MPWTEIVNG T KABwWG Kot SLAPOPETIKEG LETAANAYUEVEG LOPDEC TNG.

3.1.1. Ynep-pwodopuliwon g npwteivng T

H ¢wodopuliwon Bewpeitat otL eival €va oamd ta mpwipa ocupPavta tng T-
pnecoAafoulpevng maboyéveong, mpLv akopa tnv echaApévn avadimiwaon Tng 1 tnv
dnuoupyia Twv cucowpatwpdatwy tng (Noble et al., 2013). 18waitepo evdladépov
yla tnv pwodopuliwon tng mpwteivng T ekdnAwOnke £melta anod tnv avakaluyn
OtL ta levyn eAkoeldwv wibiwv (PHFs) mou Ppiokovtal oe aocBeveic pe AD
amoteAouvtal and ¢wodpopullwpévn mpwrteivn T (Grundke-lgbal et al.,, 1986a);
(Grundke-Igbal et al., 1986b). & Seiypata eykepdAwv amd acBeveic pe AD €xel
Bpebel otL n mpwrteivn T eival unep-pwodopuAlwuévn oe oxéon pe Sesiypoata
duclohoykwy eykepAaAwv Kol ouykekpluéva eival 3-4 ¢GopéC TEPLOCOTEPO
dwodopuhwpévn ota PHFs (Ksiezak-Reding, Liu, & Yen, 1992). Méxplg OTLYUNAG
€xouv meplypadel 85 B£oelc dwaodopuliwong TnG Mpwteivng T, amod TIg onoieg 45
B£oelg €xouv avadepbel ot gival pwodopuAllwpuéveg o Selypata acBevwv pe AD
(Noble et al.,, 2013). (Ewéva 7). AmMO TIC TLO KAAQ XOPOKTNPLOUEVEG OE0ELg
dwodopudiwong tng mpwrieivng T mou eumAékovtal pe tnv maboyéveon eival ol
Thr'®?, ser’®, Thr*®, Thr*'?, ser’™, Thr*®', ser®, Ser®®, ser’®?, ser®®, Ser*® kat

422
Ser™”.

48



Alz-50 Alz-50 T46

7.51 423 TauC-3

Y O T A Y O L

1 152 T8 $131 Y248 5293 Y316 TH9 351 T

$396

AT100 5231 5404 5422
TG-3 $409
$199 -
ATE

M19 499

Ewkova 7. Ofoelg pwodopuliwong tng npwrteivng T. Anelkovion g Heyalltepng Lloopopdng tTng
npwteivng T, 2N4R, kot twv Oféoewv dPwodopuliwong mou eudavilovral oe ¢uclohoylkoug
eykedaloug (mpdaovo), oe eykedpahoug aoBevwv pe AD (kOKKVO) Kal Twv BEcewv mou epdavilovral
TO00 0t GUOLOAOYIKOUC 000 Kal of eykedpdAoug pe AD (umAe). O B€oelg mou Sev €xouv akodua
anobelyBel in vitro 1 in vivo (pavpo). Me PBEAn umodelkvUovtal OUYKEKPLUEVOL ETTOTOL
avTIoWHATwv. Elkdva and (Luna-Mufioz et al., 2013).

H woppomnia petafld Ppwodopuliwong kat anopwodopuliwong g mpwteivng T
elval 8laitepng onuaociag ya v efachdAiion NG owotng TPOodeons TG
MPWTEIVNG T OTOUG UIKPOOWANVIOKOUG KOl ETLTUYXAVETAL OO €LOIKEG KIVAOEG Kol
dwodataoeg (onwc meplypadnke oto kepalaio 2.6.1). H Suoheltoupyla autwy Twv
Kwvoowv N ¢wodatacwv Bewpeital otL dtadpapatilel kKaBoploTikd poOAo yla TNV
naBoyéveon NG mMpwteivng T. M TETolo Klvaon mou €xel Ppebel ot elval
SuoAettoupyikn otig T-mpwrteivondBbeleg eivat n GSK-3 kwvdon. H kwvdon auth €xel
BpeBel oOTL dwodopulwvel T 29 amd TG 45 Béoelg Pwodopuliwong mou
eumAékovtatl oto AD (Noble et al.,, 2013). Bpioketal auénuévn oto $AOO TwWV
eykedalwv acBevwv pe AD kat ouoxetiletal pe ta NFTs (H. Yamaguchi et al., 1996);
(Leroy et al., 2002). Emiong, €xeL Bpebel OtL oe acBeveic pe AD, n S6paon tNng
dwodatdong PP2A sival pewwpévn (Gong et al., 1993); (Gong et al., 1995); (Kins et
al.,, 2001) pe amotéAeocpa va mpodyetal n unep-dwodopuliwon tng mpwrieivng T
Kabwg kat n 6pacn twv kivacwv CAMK Il, PKA kot MAP, mpodyovtag okouo
TIEPLOCOTEPO TNV umnep-pwodopuliwon tng (Pei et al., 2003); (An et al.,, 2003).
ErmutAéov, oc oplopéveg UeAETEC Tou adopouv Tn voco AD €xel Ppebel otL ta
auvénuéva emimeda tou apuAoeldbolg AP42 umopel va TPOAyouv TNV UTEP-
dwodopudiwon tn¢ mpwrteivng T (Kurt et al., 2003); (Blanchard et al., 2003). Ze
Slayovidlakad movtikia tou ekdppalouv tnv npwteivn T pall pe to apvroeldec AB42
TouTOXpPOVA LE TO apUAoELldEG AB42 Kol Tn mpooeVviAivn mapatnpnBnke evioxuon tng
unep-dwodopuliwong TG Tpwteivng T  kabBwg kat tNg  Snuoupyiag
cuoowpaTWHATWY NG (GOtz et al., 2001); (Oddo et al., 2003); (Boutajangout et al.,
2004).
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H unep-owodopuliwon Bewpeital emiong OTL €UMAEKETAL KoL OTIC AAAQYEG TtOU
napatnpouvtal otn Slapdpdwon NG Mpwteivng T Kot yw TNV €o0dpalpévn
avadimlwon t¢. H mpwrteivn T kavovika 6ev €xel pa dlaitepa Slatetayuévn
Seutepotayn doun (Schweers, Schonbrunn-Hanebeck, Marx, & Mandelkow, 1994).
Awadopeg peléteg €xouv Oeifel otL N mMpwrteivn T o SlaAupa €xel pla xoAapn
Slapopdwon oe popdn “ouvdetnpa”’ n SutAng doupkeétag (Etkova 8), omou n
TMPWTELVN SUMAWVEL e TETOLO TPOTO Wote To C-aKkpo va Bploketal dimAa otn mepLoxn
6éopeuong TwV UIKPOoowANViokwv Kal to N-dkpo SutAwvetal micw mpog to C-dkpo
(Jeganathan et al., 2006).

R R2 RO R4
(291)224 /’ \
23A\9AI %3:\

C

23A

s> N

Ewkova 8. Atapdpdpwon tng mpwteivng T. To C-dkpo tng mpwteivng T SumAwvel SimAa otn meploxn
S8éopeuong Twv MIKPoowAnviokwv kat to N-akpo SumAwvetal micw mpog to C-dkpo. Ewova amd
(Jeganathan et al., 2006).

Me xprion €KWy SLapopPwWTIKWY avIoWUATwWY, onwg to Alz50 kat to MC1, €xel
amobelytel otL n Pwodopudiwon t™ng mMpwrieivng T mpokoAel pla To ooyt
avadimlwon tng mMPwTteivng. Ta QVIIOWHOTO QUTA CUVOEOVTAL TILO EUKOAQ HE TN
npwteivn T mou evtoniletal oe eykedpaloug aoBevwy pe AD 0 CUYKPLON HUE AUTA
Twv ¢uotoroyikwv (Nukina, Kosik, & Selkoe, 1988); (Weaver et al., 2000),
umobnAwvovtag OtL n e€odpaApévn  avadimiwon eilval  XapaKTNPLOTIKO TNG
naBoyéveong tng mpwteivng T. Ta avilowpata autd £xeL deyOet o6tL deopevovtal pe
gL acuvexn aAAnAouxia tng mpwteivng T mou nmeplapPavetat oto N-Akpo Kol otnv
neploxn 6éopevong Twv pikpoowAnviokwv (Carmel, Mager, Binder, & Kuret, 1996).
ErmutAéov, to avtiowpa Alz50 eival evepyd £€vavil tng mpwteivng T otav eival

tautoxpova dwodopuliwpévn otn Béon Ser®

(Mondragoén-Rodriguez et al., 2008),
UTOSNAWVOVTAC pE aUTO TO TPOTO OTL N dpwodbopuliwon otn Béon Ser’”® emiong
Stadpapatilel kKaBopLoTiko poAo oTig aAAAYEC TTOU Ttapatnpouvtal otn Stapodpdwon
™m¢ mpwrteivng T (Ewkova 9). EmumtAéov, in vitro peAéteg €xouv Oeifel OtTL n
dwodopUALlWON KOL OUYKEKPLUEVWY OAwvV Bfoswv emayel aA\ayeCc  otn
Stapopodwon tng mpwteivng T. Na mapddewypa, n dwodopuliwon twv Bécewv
(Ser®®/Thr?® kau Ser®*®/Ser*®) mpokalel pia o obuty avasdimwon the mpwrteivng
T (Ewova 9) kat tnv kablotd npooBaociun oto MC1 avticwua (Jeganathan et al.,

2008), evw o AM\eG in vitro peA£teg £xel SelyBel otL Béoelg dwodopuAiwong Tng
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npwtetvne T, onwe ot Thr”®, ser’®, Thr*®, Thr**? kau Ser*”? mpodyouv TN
oucoowpeuon NG Mpwteivng T kat to oxnuatiopd widiwv (Tiernan et al., 2016);
(Gohar et al., 2009); (Rankin, Sun, & Gamblin, 2005); (Chang, Kim, Schafer, & Kuret,
2011). H tputhj dwodbopudiwon otig Béoelg Ser’®/Thre®/ser’® éxel mpotabel ot
elval évag ouvduaoudg mou odnyel og Taxela cucowpatwon tng Mpwteivng T (Xia et
al., 2020); (Despres et al., 2017). Zuvenwg, n ¢wodopuliwon tng mpwteivng T
daivetal va OSwadpapatilel kabBoploTtikd poAo otnv TPOKANON oAlaywv oTn

Stapopdwon tne.

B
N1 ¢
[R1 |R2 |R3 |R4 |
e
Cond
< PHF1
. [R1 [R2 [R3 [R4 |
D
e
PHF1
Pes |’
[R1 [R2 |R3 [R4 |

Ewkova 9. ANayr) ouvolAikr¢ Siapdpdpwong tng mpwrteivng T, énerta and dwodopuiiwon. H
dwodopuliwon ot Béoelg ATS (Serzoz/Thrzos), PHF-1 (Ser396/5er404) EMAYEL pla TO oLyt
avadimiwon tng mpwteivng T ou tnv KabLotd mpooPactun amd Ta EL6IKA SLAPOPPWTLKA AVILoWLOTA
Alz50 kat MC1. Ewkova ano (Jeganathan et al., 2008).

3.1.2. Zuoowpdtwon npwteivng T.

H npwrteivn T umopel va udiotatal oe mMOAAEG SLAPOPETIKEG LOPDEC, KATIOLEC ATIO TLG
omole¢ OBewpeital OtL eival ToflkEG KoL pecoAaBouv otnv maboyéveon Tou
nipokaAeital ano tnv npwteivn T. Ot popdég autécg (Etkova 10) sival ta povouepn,
Sluepn, tpLluepn, SlaAutd oAlyopepr), Kokkwdn aditaiuta oAyopepn (GTOs), widia,
Cevyn eAkoeldwv widiwv (PHFs) kat ta veupoividika mAéypata (NFTs) (Cowan &
Mudher, 2013).
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Ewkova 10. Aradopetikd €idn tng npwteivng T. Ta povopepr] tg mpwteivng T dwodopuliwvovtal
and KWAOEG O OUYKEKPLUEVEG O€oelg, yeyovog mou obnyel otnv eodaipévn avadimiwon tng
TIPWTEIVNG KL OTOV OTOTOAUMEPLOMO TWV UIKPOOWANVIOKWY KoL 0T OUVEXELD Snuloupyolvtal ta
CUCOWHATWHOTA TWV aSLAAUTWY OALYOMEPWY. TN OUVEXELD, TA OCUCCWUOTWHATA OUTA
nieplotpédovtal To éva yUpw amd to GAAO Snpoupywvtag ta peyaAltepa €i6n, mou ovopdlovrol
Tevyn elkoeldbwv widiwv (PHFs) kat ta veupoivibika mAéypata (NFTs). Ewkova and (Mamun et al.,
2020)

Ynapxouv otolyela mou UTOSELKVUOUV OTL Ta HEYOAUTEPO CUCCWHATWHATA TNG
Mpwteivng T, onmw¢ ta PHFs kat ta NFTs, mpokUmtouv amo tnv Sladoxikn
CUCOWUATWON MIKPOTEPWY E6WV TNG MPWIEivng T, OMwG Ta HOVOUEPH KOl T
SloAutda oAyopepn. Oswpeital Ot HOALG StapopdwBel n pepkw avadimAiwaon Tou
HOVOUEPOUC TOTE TTpoxwpad aubopunta n dtadikacia Snuoupyiag twy dipepwy, pLa
Sladkaoia evepyelaka suvoikotepn (Chirita, Congdon, Yin, & Kuret, 2005). Ma va
SnuoupynBouv ta Suepn amatteital to e€anemntiblo PHF6 otnv tpitn meploxn
npoodeong Twv pikpoowAnviokwv (Sahara et al., 2007); (von Bergen et al., 2000). Ta
Sluepn Bewpeital OTL elval éva ONUAVIIKO €VOLAUECO yla TOV OXNUATIONO TwV
HeyaAUTepwv ocuoowpatwpatwy (Wille et al.,, 1992); (Schweers et al., 1995);
(Kampers et al., 1996) kat Twv peyalwv adldAutwy oAlyopepwyv (Sahara et al., 2007);
(Patterson et al., 2011). Qotooo, Alya eival Ta otolxela yla Tov OXNUOTIOUO TWV
adldAutwy Kokkwdwv oAlyopepwv (GTOs). Oewpeital OTL UMoOpPEL v MPOKUTITOUV
glte amo ta pikpd SlaAlutd oAlyopepr elte ameuBelag amd TO HOVOUEPH TNG
npwteivng T (Maeda et al., 2007). Eniong, oe peléteg in vitro €xel SeiyBel OTL N
avénon tng ouykévipwong twv GTOs TPoKOAEl TO oXNUATIOMO WISlwyY, evw T
SloAutd oAyopepn OxL MNa 1o Adyo auto Bswpeital 6t ta GTOs eival mpodpopot
Twv levuywv eAkoeldwyv widiwv (PHFs) (Maeda et al.,, 2007). Emiong, umdpyxel éva
evdexopevo ta PHFs va pmopouv va SnuoupynBbolv Kal amod ToV MOAUUEPLOUO TWV
LLOVOUEPWYV, WOTOO0O0 SEV €lval yVwaoTO av auTto Urnopel va cupPel ameuBeiag i povo
HEow TNG Snuloupylag twv evllApeowv OAlyopepwyv. O HUNXAVIOUOG yla TOV
oxnUatopd twv PHFs amattel Vo potifa eéamentibiwv otig meploxég déopeuong
TWV HKpoowAnviokwyv, ta PHF6 [(306)VQIVYK(311)] kat PHF6* [(275)VQIINK(281)].
Aoyw autwv Twv Vo potifwy, n mpwteivn T aAdalel Stapdpdpwon Kat and tnv doun
Tuxaila omelpa amoktd doun B-mruxwtwv UAwv (von Bergen et al.,, 2000); (von
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Bergen et al., 2005). AloonpeiwTo emionc eival To yeyovog OTL ot LoopopdEG ou Sev
TIEPLEXOUV TNV KUOTElvN 1 HeTaAAayuévn mpwteivn T mou Sev mepléxel kaBoAou
KUOTEIVEG OTLC TIEPLOXEC IPOCOEDONG TWV UIKPOOWANVIOKWY UIOpoUV va oxnuatilouv
PHFs o€ in vitro peAéteg aAAd pe TOAU To apyo pubpo. Autd umodelkvUEL OTL Ta
Siuepn 6ev amoteAoUV amapALTHTWE EVOLAUESO 0TASL0 HETAEY LovoueEPwWY Kal PHFs
(Barghorn & Mandelkow, 2002). TéAog, Bewpeital OTL Ta VEUPOIVISIKA TAEyUaTA
(NFTs) mpokumtouv amnod tn cucowpeuon widiwv PHFs kat SFs (Bancher et al., 1989);
(Rankin, Sun, & Gamblin, 2008).

3.1.2.1. Movopepn npwteivng T

Ta povopepn tng mMpwrteivng T eival pla e€atpetikd dtalutr) popdr peyEBoug 55-
74 kDa (avaloya pe tnV Loopopdn Kol TNV Kotdotacn ¢wodopuliwong tng
npwteivng T). Exouv kuplw¢ pwoe dopny tuxaiag omeipag (random coil), umod
duololoyikég ouvOnkeg (Schweers et al.,, 1994), evw €xouv emumAéov meplypodel
KATIOLEG MEPLKWG SUTAWUEVEC POopdEC povopepwy, SLadopeTIKEG amd Ta PuoLka
HOVOUEPN TNG MPWTEIvNG T, oL omoieg £xouv HelwpEVOo eTtimedo tuxaiag mepLleAEng
Kal avénuévo eninedo B-ntuxwtwv ¢uAwv (Chirita et al., 2005). Autd Ta cupmayn
povopepn eudavitouv 81ooudddikolg SeopoUG, Yyl TOUG OMOLOUC amatteital n
Kuoteivn mou  evtomiletat otnv  Oeltepn  TEPLOXN TPOOSECNC  OTOUG
HikpoowAnviokoug (Schweers et al., 1995), n omoila eivat amovoa amd Tg 3R
loopopdEC. ZUVENMWG, QUTA Ta CUMIAyYN HMOVouepn evrtomilovtal povo otig 4R

LoopopdEg.

3.1.2.2. Apepn)/Tpiuep npwteivng T

Ta duuepn e mpwteivng T amoteAouvral and Suo LOVOUEPH TIou TomoBeToUVTaL O
avtutapdAAnAo mpooavatoAlopd Kal cuvdéovtal pe S1oouAdLdikoug deopolg. Me
Xpron nAEKTpovIKoU UikpookoTtiou (EM) éxel mapatnpnBel otL polalouv wg papdot
UNKoUG 22-25 nm Kat elval tapopola pe ta povouepn (Wille et al., 1992). Ta Siuepn
UITOPOUV VA OXNUATLOTOUV O OAEC TIG LOOUOPPEC TNG MPpwTEivng T Kat udlotavral ot
SUo Sladopetikég popdéc (Sahara et al., 2007). H mpwtn popdn Sipuepwv €aptartal
oo TNV KUOTE(vN, evw n dgutepn popdn toug ival aveéaptntn amod tnv KUoTeivn,
omou dnuioupyeitat pla Stapoplaki SLooUAPLOLIKA yEéPupa avAPESA OTLG TIEPLOXEC
6éopeuong Twv UikpoowAnviokwv. Kat ot SUo popdég €xouv TtautomolnBel kal o€
Slayovidlaka movtikia (Sahara et al., 2007). Mikpa Stalutd Sipepn 1 TPLUEPN TNG
npwteivng T peyéBouc 140 kDa €xouv amopovwOel og StayoviSlaka movtikia Kal o
eykedaloug aoBevwv pe AD (Sahara et al., 2007); (Berger et al., 2007); (Henkins et
al., 2012).
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3.1.2.3. AtaAuta OAyopepn TG MPpwTeivng T

‘Exouv meplypadel in vitro kat in vivo moAAQ StadopeTika pkpad SLaAuTA oAlyouepn
¢ mpwteivng T Saddpwv poplakwv peyeBwv. Qotoco, elvat duokolo va
TPOooSLOPLOTEL €AV AUTA T SLAdOPETIKA OALYOUEPN TIOU TIEPLYPADOVTAL OTLG LEAETEG
elval to 610 €ido¢ 1 oxL. Ta dladopikd oAyouepn daivetal va cuvictavtal anod &L
£WG OKTW MOpLa MpwTeivng T, poplakol Bapoug mepinou 300-500 kDa (Sahara et al.,
2007).

3.1.2.4. AdLadAuta KOKKWSN oAyopepn tng mpwteivng T (GTOs).

Ta adlaluta Kokkwdn oAlyopepn TnG MPWIEivng T amoteAovvTal KOTA LEGO OPO Ao
40 TUKVA OUOKEUQOUEVOL HOVOUEPH TNG mpwrteivng T, peyéBoug 1800 kDa kat
Stapétpou 20-50 nm (Maeda et al., 2007). Ta kokkwdn oAlyouepn tng mpwteivng T
€xeL Bpebel otL elval avénuéva oe eykedpaloug acBevwyv pe AD mou Bplokovtal oTo
otadlo Braak | oe ouykplon He autoug mou Pplokovtal oto otadlo Braak O,
umodnAwvovtag OTL N CUCCWHUATWON OE OALYOUEPN TIPONYEiTAlL TOU OXNUATLOHOU
Twv PHFs. Ta GTOs €xouv Soun B-mtuxwtwv ¢UAWV Kot TBavov va amoteAouvtal
oo T HEPLKWE SUTAWHEVA povouepr TG pwTteivng T (Maeda et al., 2007)

3.1.2.5. Ividia npwteivng T

H mpwteivn T eival kavy va moAupepiletal oe widla. Ze aoBeveic pe AD, ta
Kuplopyxa widla mou evtomilovral gival ta {evyn eAkoeldwv widiwv (PHFs) kat ta
guBbuypappa widta (SFs). Ouolaotikd o muprvag twv PHFs kat SFs amoteAsital ano
OKTW B-rmtuxwtd ¢uAAa (B1-8) mou SlaTpEXOuV KATA HUAKOC TOU TMpwTtowidiou,
vloBetwvtag pla doun C. Kabe C doun amoteAeital and pia doun B-€Akag, omou
Tpla B-mtuxwtd GUAAa eival SlateTayUéva UE TPLYWVIKO TPOTIO Kal U0 TEPLOXEG UE
otaupoeldn dour, o6mou (evyn B-mtuxwtwv GUAAWV cuokeualovtal avtimapaAAnia
HEeTAL Touc. e aleg T-mpwrteivonabeleg, 6mwg n FTDP-17, undpxel petaBAntotnta
otn popdoloyia Twv widiwv TG MPwteivng T avaloya HE TNV LoOHopdn Tou
eUMAEKeTAL 1) TG peTaAldgelg tng (Crowther & Goedert, 2000), wotdco €xouv doun
B-mtuxwtol GUAAoU, n omola oxnuatileTal HEOW TWV TEPLOXWV TIPOOSECNG OTOUG
HikpoowAnviokoug (Berriman et al., 2003); (Novak, Kabat, & Wischik, 1993).
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3.1.2.6. Nevpoividika mAEypota (NFTs)

Ta veupoivVISIKA MAEYATA ATTOTEAOUV T KAQOGLKA TIAEYLOTOL TIOU TIEPLYPADNKAV yLa
npwtn ¢opad anod tov Alzheimer to 1907. Tafvopouvtal wg mAéypata otadiou 2 Kat
elval peydleg déopeg vwv Tou cuviotavral anod evyn eAkosldwy Widlwv Kot ano
guBbuypappa wvidla (Bancher et al., 1989).

3.1.2.7. Mnxaviopoil cuoowWPRATWOoNG TG MPWTEIvNG T

H cuoowpdtwon tng npwteivng T daivetal va Stadpapatilel ouolaoTtiko poAo otn
naboyéveon Sladopwv T-nMpwteivonabelwv, cupnepAaUBavouévwy TG VOGOU TOU
Alzheimer, vooo tou Pick, tng mpoioloag unepnupnVvikig mapaiuong, TnG vooou Tou
Mdapkivoov, TG Metwmnokpotadlkng avolag Kat tng ¢GAoloBaocikng ekpUALONg
(Ballatore, Lee, & Trojanowski, 2007); (Gendron & Petrucelli, 2009). O oXnUATIOMOG
TWV VEUPOIVISIKWV TIAEYMATWVY daivetal va eival kKaBopLoTikAG onuaciag yla tnv
naboyéveon Twv T-npwrteivonabelwy, wotdoo Alya €lval yvwoTd yla To pUNXoVIoUO
OXNUATLOMOU TOUCG KABWE Kal yla Tov pOAO TwV eVOLAPECWY SLAAUTWY OALYOUEPWV
Kall TwV {euywV EAKOELO WV WVISLwWV.

H unep-owodopuliwon tng mpwteivng T cupPAAAEL oTO0 oxnUOTIONO Twv NFTs,
WOoTO00 N CUCCWPEUCH TOUC OO HOVN TNG UMOPEL va €lval aVEMAPKNAC yla TNV
POKANon Kuttaplkol Bavdtou, kabotL peléteg oe aocBeveic pe AD deixvouv OtTL n
OMWAELA VEUPWVWYV KAl TO YWWOTIKA €AAElpATA TTPONYOUVTAL TOU OXNUATIOMOU
NFTs (Haroutunian et al., 2007). Eniong, peAéteg oe {wikd povtéAa deiyvouv OTL Ta
oAlyopepn ¢ Mpwteivng T, ta omoia gpdavilovral mpwv To oxnUATIopd twv NFTs,
OUUBAA\ouV ota eAAsippata pabnong Kol PUVAUNG KoL O0To BAvVOTO VEUPWVIKWV
KUTTapwv, evw Ta NFTs Sev oxetilovtal e To veupwviko Bavarto (Lasagna-Reeves et
al., 2011a); (Cowan, Quraishe, & Mudher, 2012); (Cook et al., 2015); (Kim et al.,
2016). Mapa TNV MANBwpA TWV EPEUVWV TIOU €XOUV TipaypatonolnBsl, o akplBng
HUNXOVIOUOG e Tov omoio n mpwteivn T mpokaAel TOEKOTNTA TTAPAUEVEL AYVWOTOC.
OL meploootepeC peAéteg o {WIKA povteAa Seixvouv OtL n dtapecolaBoupevn ano
v mpwteivn T SduoAettoupyla kot tofkotnta Sev aAmMAltel CUCCWUATWON OAANG
nipokaAeital amnod t Staduth pwodopuAlwpévn pwteivn T. EMUMA€oV, 0€ OPLOPEVEG
HEAETEG in vivo €xel SewxBel OTL oplopéva cuoowpotwHata TNG Tpwteivng T,
Slaitepa Ta oAlyopepn, UMOpPEL aKOUA KAl va €XOUV TIPOCTATEUTIKO POAO EVAVTL TNG
toflkotntag tng mpwteivng T (Cowan et al.,, 2015). Yo to mpiopa OAWV AUTWV
kaBlotatal avaykn va eviomniotolV ol Baoikég ToEkEC popdEC TN mpwTteivng T Kat
va ovVayvwpLoTel o poAoug Tng kABe piag otn SuoAettoupyia Kal Tov eKPUALOUO. Me
ToV TpOmo auto Ba pmopolvoav va avarmtuxBoUv Mo AMOTEAECUATIKEG Beparmeieg
€VAVTL TWV VOOWV.
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H dwodopuriwon tne npwreivne T edikd otic Béoeic Thr3t, ser®®, ser®? kad Ser®™
dalvetal va MpoAyeL TN QUTO-CUCOWHATWON TG MPWTEIVNG o€ widla (Abraha et al.,
2000); (Haase et al., 2004); (Alonso Adel et al., 2004). Qot6c0, UTIAPXOUV KOl KATIOLEG
in vitro peA€teg, oL omoleg €xouv dei€el O0TL N dwodopuliwon tng mpwteivng T dev
elval anapaitntn ya tnv petatponn tng oe PHFs (Kampers et al., 1996); (Goedert et
al., 1996). AvtiBétwg, n dwodopuliwon Twv potiBwv KXGS otn neploxn mpoodeong
TWV UKPOOWANVIoKWY ¢aivetal va avaoTEAAEL TN CUCCWHATWON TNG MPWTEvNG T
(Schneider et al., 1999); (Khlistunova et al., 2006). EmutAéov, AAAeg peAéteg Seixvouv
OTL TO CUCCWHATWHOTO TNE MPWTEIVNG T TOU AMOTEAOUVTOL QMO AVAOUVOUAOUEVN
un-dwodopuAlwpévn mpwrteivn T umopouv va TPoayouVv TEPALTEPW CUCOWUATWON
ota KUttapa, untodeikviovtag otL N dwaodopudiwon Sev amalteitol TOUAAXLOTOV yLa
Vv npowOnon tng cucowuatwong (Kfoury et al., 2012); (J. L. Guo & Lee, 2013).

ErutAéov, moM\oil GAAoL Tapdyovieg £xouv avayvwplotel otL Stadpapatilouv
KaBopLOTIKO PpOAO OTNV CUCCWHATWON NG MPwTeivng T, TOUAAdXLOTOV O in vitro
peAéteq. MNa mapddeypa, n evlupotiki SLACTIACN TWV LOVOUEPWY TNE MPpwTelvng T
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he meplkomr otnv Béon Glu™" éxel Bpebel OTL oxetiletal pe tn maboyéveon otnv AD

(Ugolini, Cattaneo, & Novak, 1997); (McMillan et al., 2011) kaBwg Kat n MpwTeOAUoN
and TOMOATAEC KOOTAOEC O pLo eEQUPETIKA cuvtnpnpévn Béon, tv Asp*?!, oto
KapBotu-teAikd dakpo (Gamblin et al.,, 2003). H koAoBwpévn mMpwteivn T amd TG
Kaomaoeg dev mepléxel ta 20 tedevtaio apwvoééa Tou KapBOEu-teAKOU AKPOU HE
QMOTEAECUO VO SNLOUPYEL TILO YPHYyOPO KOl EKTEVECSTEPA LVISLa O€ in vitro YEAETEC
(Gamblin et al.,, 2003). Akopa n oadaipeon TOU KAPBOEU-TEAIKOU QAKPOU TNC
npwteivng T o€ in vitro peAéteg €xel delel OTL emayel TOV oXNUATIOUO WLISlwY TG
npwteivng T (Abraha et al., 2000); (Berry et al., 2003) . H adaipeon Aiywv (12) i
moAwv (121) apwoééwv amd 1o KapPOEu-TeAlkd AKpo eixe w¢ amotéAeoua va
QUEAVETAL ONUOVTIKA 0 pUBUOC KaL N €KTAOTN TTOAUMEPLOMOU TNG MPWTEIVNCG T, EVW N
Staypadn erumAéov 7 apwvoéwv (314)DLSKVTS(320) amnd tnv tpitn enavaAnyn tng
TLEPLOXN G TPOCOEDNC OTOUG LKPOOWANVIOKOUG £1XE WG ATIOTEAECUA TNV ATIWAELA TNG
tkavotntag tng mpwieivng T va oxnuatilel widia (Abraha et al.,, 2000). Auto
UTIOSNAWVEL OTL HOVO €va PEPOG TNG TIEPLOXNG TPOOCSECNG OTOUG HLKPOCWANVIOKOUG
(emavaAnelg 1, 2 kot THAMA TG 3) elval KplOWWO yla TOV TOAUUEPLOMO TNG
npwteivng T. TEAOC, N amapivwon otnv acmapayivn 1 tnv yAoutapivn €xel deixOel
OTL €TONG EUMAEKETAL OTO SLUEPLOUO KOL TOV TPLUEPLOUO TNG Tpwtelvng T Kal oto
oxnuatwoud PHFs in vivo (Watanabe, Takio, & Ihara, 1999). EmunpooBétwg, dtadopol
TIOAU-avVIoVIKOL TtapAyovieg Omw¢ ot YAukolapiwvoyAukdves (GAGs) nmapivn kot
veupornapivn (Pérez, Valpuesta, Medina, Montejo de Garcini, & Avila, 1996);
(Goedert et al., 1996), ot couldpoyAukolapivoyAukavec (SGAGs) Kepativn Kat BeLkn
xovéoitivn (Arrasate et al.,, 1997), to RNA (Kampers et al., 1996), to
TIOAUYAOUTAULVLKO 0V (Kampers et al., 1996); (Pérez et al., 1996), Autapd of€a Omwg
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o apoayxtdoviko ofu (Wilson & Binder, 1997); (Gamblin et al., 2000) kat to Belko
aAkUALo (Chirita, Necula, & Kuret, 2003) dalvetal va eunmAékovTal €miong.

Mapd To yeyovog OTL uTdpXel pia TAnBwpa SeSopévwy mou umodelkvUeL Sladopoug
TIAPAYOVTEG OL OTIOLOL T(POAYOUV TN CUCCWHATWON T MpwTteivng T, e€akoAouBouv
Va UTIAPXOUV TIOAAQ EPWTAHOTO OXETLKA E TOV aKPLBR KNXaVIoUO SnuLloupyilag Toug
KOLL TOV OUCXETLOUO TouG He TI¢ Stadope aoBEveLeC.

3.2. Mnxaviopoi to§ikotntag tng npwisivng T

O unxaviopog pe tov omoio n maboyovog npwteivn T odnyel oto veupoekdPpuALloUO
elval apketda aocadng. Qotoco, ta teAeutaia xpovia pe Bdaon mMAnBwpa HeEAETWY
€xouv avamntuxBel apketég Bewpiec. Mo Bewpia gival otL n mpwteivn T mpokaAel
SuoAettoupyia otn Soun Kal opyAvwon TwV UIKPOOWANVIOKWVY KAl KOTO CUVETELQ
TOU KUTTOPOOKEAETOU TWV VEUPWVWV KAl ATIWAEL TWV CUVAEWV HE ATIOTEAECUA TN
SlaKoTm TNG EMIKOWWVIAG LETAEY TWV KUTTAPWY KOL TOV ETILKEIUEVO EKPUALOUO TWV
VEUPWVWV. AUTO €pXeTal O QMOAUTNH cupdwvia HE TA EUPAUATA OTN VOOO TOU
Alzheimer, kaBw¢ n ouvantiky anwAsla Bewpeltal OTL eival éva MPwILo cupBav
otov veupoekduAlopo otnv AD (Terry et al., 1991); (Masliah et al., 2001). Qotoco, n
naBoloyikny Spacn ¢ mpwteivng T Ba pmopolos va attiohoynBel eite and tnv
Aueon TofkotnTa TG €AeUBePNG UTEP-PWODOPUALWHEVNG HoPdNG elte amd TNV
€UMEON TOEKOTNTO TWV OCUCCWHATWUATWY TNG TPWTEIvNG Tou odnyolv o€
VEUPWVIKO Bavato. JuMoyikd n mpwteivn T éxel  deyxBel oOtL  unep-
dwodopulwvetal, avadutAwvetol eodaApéva Kal SnUloupyel CUCOWHATWHOTA.
AUTEC oL aAAayEG ouvadouv otevd pe TNV anwAsla TNG GUOLOAOYIKN G AetToupylog
™¢ mpwteivng T.

3.2.1. AnooctaBeponoinon PKPOoCWANVIoKWVY

H dwodopuliwon Bewpeital OtL €ival to KAewWdl yla tnv otabepomoinon Ttwv
HkpoowAnviokwv. It Staddpoug voocoug, n dwodopuliwon tng mpwteivng T
TIPOKOAEL pEWUEVN oLvdeon NG Mpwteivng T pe toug pikpoowAnviokoug (Ewkéva
11), odnywvtag o amoouvappoloynon/aotdbsla Twv UIKPOOWANVIOKWY Kal OF
HeElwpévn afovikn petadopa (Cowan et al., 2010); (Hempen & Brion, 1996). H
dwodopuNiwon cuyKekpLEvwY Bécewy, Orwe ot Béoec Ser’™, Ser?®?, ser?®®, Thr*®!,

Ser235, Ser3?

kot Ser’>® éyet Seyrtel Ot epmAékovtal Slaitepa ot pEWWHEVN
lkavotnta déopeuong tng mMpwrteivng T otoug UIkpoowAnviokoug (Sengupta et al.,

1998); (Schneider et al., 1999); (Fischer et al., 2009).
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Ewova 11. AnootaBepornoinon MKpoowAnviokwv wg amotéAsopa umnep-pwodopuliwong tng
npwteivng T. Ta eTepodipepn TNG a- KAl B- ToupmouAivng cuvappoloyoluvtal ce MpwToilvidia, Ta
omola otn ouvéxela oxnuatilouv toug pilkpoowAnviokoug. H mpwrteivn T otav eival ¢uololoyikd
dwodopuliwpévn alnAemibpd Ue Toug pikpoowAnviokoug. Otav n mpwteivn T (1) elval umep-
dwodopuMwpévn (2) LELWVETAL N LKAVOTNTA SECUEUONG TWV UIKPOOWANVIOKWVY Kal £ToL n mpwteivn T
QIOKOAAQTOL QMo TOUG MLIKpoowAnviokoug (3). Q¢ amotéleopa oL HIKpoowAnviokol apyilouv va
Katappéouv (3) Kol ouvenwg, N afovikn petodopd KuoTdiwv kot dMwv opyavidiwv otn cvvadn
Slatapdooetal, odnNywviag o€ HELWMEVN OUVOTTIKN Asttoupyla (4). H umep-dwodopullwpévn
npwteivn T apyilel va cucowpeleTal Kal TeAkd dnpoupyouvtal cucowpatwpata (5). Eikéva amnod
(Cowan et al., 2010).

H amootaBepomnoinon Twv PKpoowAnviokwv Adyw tn¢ dwodopuliwong Exel Seiytel
oe TOAA OSladopetikd Hovtéda ocupnepl\apPavopévou Kal tng Drosophila
melanogaster (Cowan, Bossing, et al., 2010); (Mudher et al., 2004); (Quraishe,
Cowan, & Mudher, 2013). H pewwpévn afovikni petadopd Aoyw anoctabepomnoinong
TWV ULIKPOOWANVIoKWV TBavov va ipokaAel kat Tnv évapén Tou veupoekpUuALopOoU.
MNa to Adyo autd €xouv avamtuxBel Slddopec BepaMEUTIKEG OTPATNYLKEG TIOU
oToxeVUOUV OTnNV emavootabepomnoinon Twv PIKpoowAnviokwv. MNa mapadsyua, n
xprnon tng makAltagéAng, MG €vwong mou Bewpeital 6tL otabepormolel Toug
HLIKpoowANViokoug, otav xopnynobnke o€ movtikia mou ekppalouv tnv avOpwrivn
npwteivn T Bp€Onke OTL avaotpédel TNV eMNelPpaTikn afovikn petadopa (B. Zhang
et al., 2005). Mapopola amoteAéopata iye Kal n xopriynon tou nentibiou NAPVSIPQ
(NAP), otav xopnynbnke os pUyec mou ekppalouvv tnv avbpwrivn oopopdry ON3R
™m¢ mpwteivng T (Quraishe et al, 2013), kabwg otabeponoince ToOUC
HLKpoowAnviokoug Kat BeAtiwoe tnv afovikn PeTadopd. ZUVETWE, OL LEAETEG QUTEC

58



Seixvouv OTL n amootaBepomoinon TwV HUIKPOOWANVIOKWY €gival KaBoploTikog
TIAPAYOVTAC YL TNV TOELKOTNTA TTIOU TIPOKOAELTAL amo TV mpwteivn T.

3.2.2. Awadoon tng npwteivng T

‘Evag AAAOG UNXAVIOUOG TOEKOTNTAC TNG MPwTelvng T elvatl n taon t¢ va dtadidetat
Kal va eEamAwvetal otov eyképalo, emnpealovtag SLadOPETIKEG TIEPLOXEG TOU
(Braak & Braak, 1991); (Braak & Braak, 1995). Meplhappavel €L StadopeTika otadla
KOl ouolooTika amodelkvietal otL ta NFTs cuocowpevovtatl kat dtadidovtal otov
eykédalo pe €va ouykekpluévo potifo (Ewkova 12). ta otadia I-II apxilouv va
eudpavitdovrat ta NFTs kuplwG oTIC eVOOPLVIKEG TEPLOXECG KAl KLVOUVTOL TIPOG TO
eYKePOAIKO otéAexoc. Ita otadia -1V, ta NFTs gfamAwvovial ot METALYULOKES
TIEPLOXEG TOU eykeddAou, tov ¢Aold, tov umoBdalapo, tnv CA1l meploxn tou
UTITOKAUTIOU Kol TNV apuySoAn. Zta otadia V-VI, n e€amiwon twv NFTs €xel ptaoet
0T0 veOodAOLO Kal OTIG SOUEC TOU KpoTadlkoU, BPEYUATIKOU Kol HETWILOOU AoBoU.
Zta otadia |-l urtayovtal ot KAWLKA olwrnnAol acBeveig, 6mMou Ta cupmTWUATA SV
€xouv apyloel va eudavilovral, evw ota otadia -1V apyilouvv va epudaviovtal ta
MPWTIA CUMMTWHaTa. 2ta otadia V-VI, ta cupmtwpota tou AD avamtucoovtal
TANPWG. AuTO umodelkvUel OTL N e€amAwon twv NFTs cuoyetiletal oteva PeE TN
ooBapoTNTO TWV CUUMTWHATWY TNG vOoou, amodelkvuovtag pla coadry ouvdeon
HeTAgL Tn¢ Stadoong tng mpwteivng T kat tn¢ maboyéveong tou AD.
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STAGE 1

Uncus
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entorhin, i
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Ewkova 12. Itaéia Braak tng maboloyiag tou AD. Sta otddia I-1l ta NFTs evtoniovtal Kupiwg oTig
€VOOPLVIKEG TIEPLOXEG KAL QVTIUTPOOWIEVOUV CLWTNAEG TIEPLOSOUC TNG VOGOU, OTOU TA CUMMTWUOTA
Sev £xouv apyloel va gpdavidovtal. Sta otadia -1V, ta NFTs sfamAwvovtal OTLG METOLYULAKEG
TEPLOXEG Kal otnv Teplox] CA1l Tou utmokAumou. 2ta otadla autd apyilouv va ekdnAwvovtal Ta
TPWTO. CUUMTWHATO 0Tou¢ acBeveic. Xta otddia V-VI, ta NFTs €xouv mAéov e€amAwOel g OAeg TIg
TEPLOXEG TOU PAOLOU Kol AVTLIPOCWTIEUOUV TNV MANPWC aventuyuévn AD. Elkova amno (Braak & Braak,
1991); (Luna-Mufioz et al., 2013).

O akplBAG UNXaVIoUOC LE Tov oTtolo yivetat n Stddoon tng mpwrteivng T amnod kuTTtapo
o€ KUTTAPO KoL MpokKaAel tnv maboyéveon dev eival yvwotog. Qotdoo, dadopeg
peAéteg delyvouv OtL auto udiotatal kat mbavov va dpa cav prion UNXOVIOUOG,
omou n maBoAoyikn mpwteivn T pmopel va e€amAwBel amd veupwva e veupwva
(Lewis & Dickson, 2016); (Goedert, Eisenberg, & Crowther, 2017); (Ayers, Giasson, &
Borchelt, 2018). ExeL BpeBel 6tL TG00 TA YN TPOMomolnpéva widta tng npwteivng T
(Peeraer et al., 2015) 600 kal ta dwodopuAiwpéva widta tng mpwteivng T (X. C. Li et
al., 2016) pumopouv va mpokaAécouv TNV e€AmAwaon tng maboAoyiag, otav syxéovral
otov eyKEdaAo SlayoviSLakwy TIOVTIKWV. Otav TipaypatonoLeitat
anodwodopuAiwon NG mpwteivng T anod pwodatdoeg, TOTe mapatnpeital Alyotepn
OUOOWMATWON TNG TPWTIEIVNG Kol HEWwWPEVN e€amAwon otov  eyKEDAAO,
urmobnAwvovtag OtL n ¢wodopuliwon TOAVOV va Elvol XAPOKTNPLOTIKO TNG
6adoong ¢ Tmpwtelvng. H  dwodopuliwon  ouykekpluéEvwy  BEoewv,
oupnepapBavopévwv Twy Ser’® kat tou cuvSuaouot Thr3l/Ser?®®, daivetal 6t
gvioxbouv tn &adoon twv NFTs tn¢ mpwtelvng T, evw AGA\eg Béoelg Omwg ol
Ser'®/ser'®/ser®® kau Ser*®/Thr*®/ser®® cuoyetitovtat pe yapnAdtepn Suadoon.
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AuTtO umodnAwvel otL n pwodopuliwon tnG Mpwrteivng T pmopel va pubuiosl
ETEPOYEVWG TNV Lkavotnta Stadoong twv NFTs (Dujardin et al., 2020).

EmunpooBetwg, opKeTEQ HEAETEC Ot KUTTAPOKAAALEPYELEG €Xxouv Oeifel OTL Ta
€EWKUTTAPIKA OCUCOWMOTWHOTA TNG TMPWIElvNG T umopolv va eloéABouv ot
KUTTOPA HECW €VOOKUTTAPWONG Kal va TupodotioouV tnv eopaApévn avadimiwon
KOl TNV ouoowpeuon tng evboyevoug nmpwteivng T (Frost, Jacks, & Diamond, 2009);
(J. L. Guo & Lee, 2011); (Nonaka et al., 2010). e GAAn HeAETn, amodelytnke OTL N
g€yxuon wiblwv mpwteivng T amod movtikia pe petaAlayupévn tn P301S otov
UTIIOKOUTIO TIOVTIKWY Tou ekppalouv povo tnv aypiou tomou mpwrteivn T (umo
dUOLOAOYIKEG OUVONAKEG TOL TTOVTIKLOL aUTA Sev avamtuooouv widla) mpokaAel Tnv
OUOOWPEUCN TOUG OXL LOVO OTO ONUELO TN £yXuong oA KOl O€ YELTOVIKA KUTTOPA
(Clavaguera et al., 2009). Mapopoiwg, Ye xprion Tou Slayovidlakou TOVIIKOU Tou
unepekdpalel Tnv avBpwrivn petalayuévn P301L povo otov evSopwvikd ¢pAolo
Bp€Onke OTL n oxetlopevn pe tnv mpwteivn T maboloyia StafiBaletal and Toug
VEUPWVEC TIou ekppalouv To Slayovidlo o AANOUG KOVTLVOUG VEUPWVEG KAl OTN
OUVEXELQ OTOV LIIMOKAUTO Kol oTto $dAoLo (de Calignon et al., 2012).

OAeg ot mapamavw PeAETeg uTtodelkvuouv OTL n maBoloyikn mpwrteivn T pmopel va
efamwBel amo kUTTaPo ot KUTTAPO, KOBwWG Kol OTL €XEL TNV KOVOTNTA Va
UETATPEMEL TN Puololoyikn mpwteivn T o mabBoloyikr), MpokaAwvtag aAlayr oTn
Slapopdwaon NG MPWTEIVNG KoL CUVETTWG dpa wg prion.

4. T-MpwWTelvonaOEeLEC

OL T-mpwteivonabeleg eival pla opdda veupoekPUALOTIKWY aoBevelwv TOU
TPOOBAAAOUV TIC YVWOLAKEC AELTOUPYIEC KAL TNV UVAUN Kal Yapaktnpilovtatl anod
unepPpwodopUALWHEVN | UN- ducLloAoyikd dwodopullwpévn mpwrteivn T Kol amo
pHeTaAAayég oto yovidlo T. AladopeTikéC LoopopdEC TNG MpwIeivng T €xouv eumAakel
oe Sladopetikég aoBeveleg (Mivakag 1). MNa mapadelypa o oploPEVEC 0LODEVELEC,
Omwg n vooog AD eumAékovtal oL Loopopdég 3R kat 4R, evw otn vooo tou Pick povo
ol 3R woopopdeg. H mpolovoa uneprupnviky mapaiuon (PSP) kat n MAowoBaoikn
EkpUAlon (CBD) eival mapadeiypata T-MpwTeivomabeiwyv mou gUmAEKovVTal HOVO oL
4R oopopdég (Sergeant et al., 2005). Autd umodnAwvel OTL oL SLadOPETIKEG
loopopdéC NG mpwtelvng T €xouv kot SLadopeTikd polo otnv kdBe acBévela.
Qotooo, amnalteital MePLOCOTEPN €PEUvVA yla TNV Katavonon twv dladopwv oTLg
oopopdéc 3R kat 4R tng mpwrteivng T Kal Twg eumAékovial otn Kabe T-
MpwTeivomaBbela. ITIC TIAPOKATW EVOTNTEG TEPLYPAPOVIAL Ol TIO  KOLVEG
QVTUTPOCWTEVUTIKEG T- MpwTEivomAOEeLEG.
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AcBéveiLa

AyyAwkog Opog

loopopdn tng

npwteivng T
TLOU EUTTAEKETOL
otnv acfévela

Noooc tou Alzheimer

Alzheimer’s disease
(AD)

JUMMAEY O TIAQYLOC LUATPODLKAG
OKANPUVGNG KoL TTOPKLVOOVIOUOU

Amyotrophic lateral sclerosis/
parkinsonism- dementia

Tou Guam complex of Guam (ALS)
XpOvLa TpOUHATLKA Chronic traumatic
eykepalonabela encephalopathy

MetwrmnokpotadLki Avola Ue
TLOPKLVOOVLOUO OXETL{OMEVN UE TO
Xpwuoéowpo 17

Frontotemporal dementia with
parkinsonism linked to
chromosome 17 (FTDP-17)

Evkedalikn Mpavon

Aging Hippocampal tauopathy
in cerebral aging

JUvdpopo Down

Down’s Syndrome

, , Familial British dementia 3R & 4R
Apuloeldikn ayyelonaBela " . ,
o, (British type amyloid LoopopdEg
Bpetavikou TUTIOU .
angiopathy)
Owoyevng avola Savikol TUTou Familial Danish dementia
Zuvépopo Nodding Nodding Syndrome
‘Muypoytkry’ dvolo/auTlopog e Dementia pugilistica/autism
oupneplpopd AUTOTPAUUATIOUOU with self injury bahavior
Avola pE mopouaia povo Neurofibrillary tangle-only
veupoivibiwv dementia (NFT-dementia)
Nooog twv Niemann-Pick tumou C Niemann-Pick disease type C
MapKLVOOVLOMOG LE AVOLaL TNG Parkinsonism with dementia of
Ffouadeholmnng Guadeloupe
Metor :
eta sw<e¢a)un§u<oq Postencephalitic parkinsonism
TIALPKLVGOVLIOOG
Mpoyepovtikn Gvola pe veupoividia | Presenile dementia with tangles
KoL aoBeotonoinon and calcifications
Avola 0pyUAODIALKWV KOKKWV Argyrophilic grain disease (AGD)
, . Corticobasal degeneration
®MAowoBaoikr EkduAion I 8 !
(CBD)
Idaipikn veupoyrotakn T- Globular glial tauopathy (GGT)
npwrteivonaBela 4R woopopdEg

MpoioVuoa UTEpTUPNVLKH TIAPAAUGN

Progressive supranuclear palsy
(PSP)

AotpoylolomaBela oxeT{OUEVN HUE
NV nAwia

Age-related astrogliopathy

Nooog tou Huntington

Huntington’ disease

Noooc tou Pick

Pick’s Disease (PiD)

3R woopopdig

Nivakag 1. Katnyoplomoinon twv o kowvwv T-npwteivonabswwv pe Baon tig LoopopdEg mov

eunmAéKovtal o€ KAOe acOévela.
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4.1. Bloxnukn AvaAuon twv T-npwteivonafsiwv

Bloxnuik avaluvon twv T-mpwteivomabelwv Pe NAEKTPOPOPETIKA OavAAUON Kol
XPNON EOIKWV OVTIIOWHATWY €Vavil TG OAWKNAG Kal tNG GwodopUALWUEVNG
MPWTEivnNg T €xel Seifel OTL Ta cuCOWHATWHATA TNE MPWTIEIVNG T KABWC Kal n
uneppwodopuliwaon Toug Sladépel and acbévela oe aoBEvela.

Juykekplpéva, n maboloyikn mpwteivn T otn vooo tou AD Sivel éva XopaKTNPLOTIKO
NAEKTPODOPETIKO TPOodiA, TO OmMolo TPOKUTITEL QMO TN KOTOAVOWUN Twv £EL
Sladpopetikwy Loopopdwy Kot cuviotatal amo Tpels kupleg Lwveg (55, 64 kat 69KDa)
KaBwg kat pa emutAéov axvr) Lwvn ota 74KDa (Goedert et al., 1992a); (Sergeant et
al.,, 1997a). H Twvn twv 74 KDa avixveLeTal LSlOITEPA OTOUG VEOTEPOUG Kl TILO
coBapad mpooPePAnuévoug aocbeveic pe AD kal ¢ailvetal vo QvTLOTOLKEL OTn
pueyaAutepn wopopdn ¢ mpwteivng T, tnv 2N4R, evw n lwvn twv 55KDa
OVTLOTOLXEL OTnNV HIKPOTEPN Loopopdry, tnv ON3R. H Twvn twv 64KDa eivat
ouvbuaopuog Twv 1N3R kat ON4R woopopdwy, evw n {wvn twv 69KDa twv 2N3R kat
1IN4R oopopdpwv ™G TMPWTEivNG T. To OUYKEKPLUEVO NAEKTPODOPETIKO HoTiBO
Slvetal kal o€ pLo oelpd aAwv acBevelwy, omwg n vooog twv Niemann-Pick tumou
C, to FTDP-17, oto OUumAeypa TAQYLOC HUOTPOPLKAG OKARpuvong Kot
TIOLPKLVOOVIOUOU Tou Guam Kal oto cuvépopo Down.

ITI¢ aoBéveleg mou xapaktnpilovrat and 3R maboAoyikn mpwteivn T, OnMwg ivat n
vooog tou Pick, divovtat duo {wveg katd TNV NAeKTPoPopPETIKN) avaAuon, Twv 55KDa
Kal twv 64KDa, oL omoieg avtiotoyolv oti¢ ON3R kat 1N3R oopopdEg tng
npwteivng T avtiotoya. Mwa oAU axvr {wvn ota 69KDa avixveUETOL KOl OVTLOTOLXEL
otnv 2N3R woopopdn (Sergeant et al., 1997b); (Delacourte et al., 1996).

2T aocBéveleg oL omoleg xapaktnpilovtal and 4R maboloywkn mpwteivn T, OnMwg
elval oL aoBéveleg pAolofaocikr ekdUALon, poiloloa UTIEPTIUPNVLIKA TTAPAAUCH Kal N
avola apyulodplikwv KOKKwv, Tapatnpouvtal duo {wveg ota 64 kot 69KDa, ol
omole¢ avtiotolyouv otic ON4R kat IN4R woopopdég TnG mpwteivng T avrioTtolya Kal
pia axvn Lwvn ota 74KDa mou avtiotolyel otnv 2N4R (Sergeant et al., 1999); (Tolnay
et al., 2002).

4.2. H vooog tou Alzheimer

H vooog tou Alzheimer mepiypadnke ywa mpwtn ¢opd to 1907 amd tov Alois
Alzheimer (emionun petadpoaon Alzheimer, Stelzmann, Schnitzlein, & Murtagh,
1995) kat givat n 1o kowr popdrn dvolag oto KOouo. Ektipdtal ot to 75% twv
OTOpWV He dvola &ev SlaylyVWOKETOL, KOL TO TTOCOOTO QUTO MTopel va eival
unAdTEPO O XWPEG UIKPOU 1 peocaiou eloodnuartog, omou n EAAewdn yvwong ya
Vv avola epmobdilel ™ dayvworn. YmoAoyiletal OtL mavw amd 55 ekatoppuplo
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avBpwrol €xouv avola TIayKOOUIwE Kot ot TtpoBAEPeLg ayyilouv Ta 78 ekaToppUpLa
€w¢ 1o 2030 [World Alzheimer Report 2021, (Gauthier, Rosa-Neto, Morais, &
Webster, 2021)].

210 MpwLlo otadlo tng vooou tou Alzheimer (AD) apyilel va ekdnAwvetal anwAeLa
™G mpdodaTnG UVAKNG, LELWHEVN LKavOTNTA EKPABONnonG, SuokoAia otn cuykpATnon
véag mAnpodopiag kal otov Adyo, duckoAia opydvwong tng okEPng, aAAayEC otn
S1aBeon kal otn mMpoowrikOTNTa (KatddAupn, andBela), AMLEG KWVNTIKEG SlaTapaxEg
(T.X. TPOMOC), aAAayEG 0TO KUKAO UTvou/adumviong KabBwg Kot oto Kipkadikd pubuod
(Prinz et al.,, 1982); (Hatfield et al., 2004). Qot600, TO CUUMTWHMOTA Elval TTOAU
opUSpa Kal yla to Adyo autd pmopel va mepdoouv MoAAA €Tn (lowg Kal TTtEPLOCOTEPQL
amo 10) péxpt va aviyveuBel n acBévela. Ito evdlapeco otddlo TG VOGOU UTTAPXEL
coBapotepn  Swatapaxy HUVAUNG TPOOHOTNG KAl TOAALOTEPNG, OMWAELL
T(POCAVATOALOMOU, aduvapia €Aéyxou KWVNoewv Kol coBapeg dlatapaxeg otn
ouumeplpopd  OMwG  KatabAwpn, amopovwon, oamabela, PeuvdaloBnoeLg,
TAPOANPNTIKEG LOEEC, VEUPIKOTNTA KoL E€MBETIKOTNTA. XTO TEAKO oOTAdlo
(mpoxwpnuévo otadlo) umapxel MAAPNG OAMWAELD MVAUNG KOL EKTEAEONG TWV
KaBnuepwwv Spaoctnplottwy Kat aduvapia Aoyou (ampatia, adaoia, ayvwoia). H
palo Kal n Kwntkotnto Huwv emidelvwvovtal oe onueio omou o acBevig eival
HOVLUO 0To KpePartl. TeAlkd emépyxetal o BAvatog, o omoiog mpokaAeital ouvnBwg
oo KATOLO AAAO TIOpAyoVTa, OTIWC AOLUWEELG, KoL OXL amo tnv (dla tn vooo.

H vooog tou Alzheimer Bewpeital pla moAumapayoviikr) vooog kabott Siddopot
TIOPAYOVIEG HIOPOUV VO EMNPEACOUV TNV OvAmtuén Tng VvOoou Kol va
TPOMOMOLooUV TNV NAKLO €vapéng Kal mopeiag tng vooou. TETOLOL TAPAYOVTEC Elval
ol YeVETIKOl, KowwvViKol (.. eminedo popdpwong), o tpomog lwng (m.x. Statpodn,
dUOLIKA Kal TIVEUUATIKY Kataotaon), To neplBdrlov, AAAeg MabBRoeL TOU ATOUOU
(m.x. dAeypovn) kat n xopnynon ¢GopUAKWY ylo QUTEG (Y. TO UNn OTEPOELON
avtipAeypovwdn). Ot mpwteg evdeifelg yla TNV Katavonon tn¢ naboyévelag tou AD
Bpiokovtal otig aAAayEg mou €xouv Ppebel otoug eykedpaloug aoBevwy pe AD, pe
KUPLOTEPN TNV auEnuévn atpodia mou napatnpeital (Etkéva 13).

Healthy Severe

Brain AD
N
= \ .“ » |
,)/‘ ' J{\ / .
. 4
2] \ S

Ewova 13. Yyu)g eykédalog oc oxéon pe eykédalo pe coPapry voco Alzheimer. Aplotepa
anelkoviletal evag uywng sykédalog kat Se€la evag esykédalo¢ pe vooo tou Alzheimer. Itov
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eykédaho pe AD eival epdavic n atpodia cofapol emumédou. Ewkova amd to EOBvViKO Ivotitouto
Yyeiag (National Institutes of Health, NIH).

Ztn vooo tou Alzheimer emnpedlovtal ouykekplUEveG meploxeG (Braak & Braak,
1991); (Braak & Braak, 1995) wbiaitepa tou veodAolol, TnG eVEOPLVIKAG TEPLOXNAG,
TOU UTUTOKAUTOU, TNG OUUYSAANG, TOu MPooBlou BaAdoU Kol KATIOLEG TIEPLOXEG TOU
eykepaAikol oteAéxoug (Ewkova 12). Ito mpwipo otddlo TnG vooou, n ekdUALoN
eudaviletal Kuplwg OTIG €VOOPLVIKEC TIEPLOXEG, €Vw OTo €evOLAUECO otadlo
€EQATMAWVETOL OTIC UETOLXULAKEG TIEPLOXEG KOl KUPLWE OTLG Tteploxég CA1 kat CA2 tou
UTITOKAUTIOU. 2TO TEAKO 0TASL0 TNG VOoOU, N eKPUALoN GTAVEL LEXPL TO VEOPAOLO Kall
oTlG SopEC TOu petwriaiov AoBol. Avo kUpleg maBoloyieg evromilovtal oTov
eykEParo Twv acBevwv pe AD (Elikova 14), oL VEUPLTIKEG 1] YEPOVTIKEG TTAAKEG, OL
OTtoleC amoteAouvTaL oo eEWKUTTAPLEG evarnobéoelg B- apuAoeldoug (AB) (Masters
et al., 1985) kat ta veupoividika mAéypata (NFTs) tng npwteivng T (Grundke-Igbal et
al., 1986a).

Plaques Neurofibrillary Tangles

Ewkova 14. Aneikovion MAAKWV apuloeldoug BrRta (aplotepd) KoL VEUPOLVISIKWY TIAEYHATWY TG
npwteivng T (6&€1a). Eikdva and (LaFerla & Oddo, 2005).

MNa napa moAAd xpovia eBewpeito otL N KUpLa attia Tou AD Atav oL evanoBEoelg Twv
mAokwv AB. To AB amavtatat oe mentiblia twv 40 (AB40) kaiL twv 42 (AB42)
OULWVOEEWY, TOL OTolal TIPOKUTITOUV QTO CUVEXEIG MPWTEOAUCELS TNG TPOSPOUNG
npwTteivng Tou apuvloeldoug (APP) amd tn B-oekpeTdon Kal tn y-csKpeTaon (Haass et
al., 1992); (Esler & Wolfe, 2001); (Hooper, 2005). Anté auta, to AB42 £xel Bpebel otL
mapouotalel peyalutepn taon va dnuoupyel cucowpatwpata (Jarrett, Berger, &
Lansbury, 1993), evw oe ¢duocloloyikég ouvOnikeg to AP40 elval To EMIKPATECTEPO
nentidlo (Kang et al., 1987). MetaA\d€elg oto yovidio tng APP (Goate et al., 1991);
(Tanzi, 2012) r) os yovidla mou gival onuavTtika yla tnv enegepyacio tng APP, omwc n
npeoevidivn 1 kat 2 (Sherrington et al., 1995); (Scheuner et al., 1996) kaBw¢ kat
oaAAnAopopda tng mpwrteivng ApoE (Strittmatter et al., 1993) £xouv tautonownBel wg
YEVETIKOL mapdyovTteg Kivbuvou yila tn vooo AD.
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JTIC YEVETIKEC HOPdEC TNG vOoou daivetal OtL To apulosldeg Stadpapatilel
oNUavtikd polo. H alucida twv yeyovotwv Tou apulosldolg fekva amo ta
auvénuéva emnimeda tou AP, To omoio €v ouvexelo oXNUATI(EL CUCCWHATWUOTO
oAlyopepwv. Autd pokaAoUv SUCAELITOUPYLEG O LD OELPA KUTTAPLKWY SLEPYACLWV
cupnepAaUBAVOUEVNG TNG CUVATTTIKNAG AElToupylag Kat TG afovikng HeTadopac.
Mo oslpd amo €peuveg Seixvouv OTL n mpwtelvn T EUMAEKETAL O QUTAV TNV
aAAnAouxia Twv yeyovoTwyY Tou apUA0ELS0UE, WOTOCO O AKPLBAG UNXAVIOUOG UE TOV
omoio autd ocupPaivel sival aocadn¢ mpog to mapov. Qotdco, 600 adopd TIG
YVWOLOKEC EKTITWOELG TIOU Ttapatnpouvtal otn voco AD dalvetal 6tL cuoyetilovtat
TIEPLOOOTEPO UE TNV taboyéveon TnG mpwteivng T.

Ye aoBeveic pe AD, ta Kuplapxa widia tng mpwteivng T mou evrtomilovtal gival ta
Cevyn eAkoeldbwyv widiwv (PHFs) kat ta guBuypappa widia (SFs). e mpoodatn
HEAETN, BpEBNnKe OTL 0 upnvag Twv PHFs kat SFs amoteAsital anod to UToAsippaTa
V306-F378, unodeikvuovtag tn ouunepiAnn twv enavaAnqPewv R3 kat R4 kat
eruumAéov 10 apwvoééa amnd to kapPofu-teAiko akpo (Fitzpatrick et al., 2017). Autd
ETUTPETEL TNV EVOWHATWON KoL TwV €EL Loopopdwy TG mpwteivng T. Ta PHFs kat SFs
oxnuartilovtal ano dVo mavopolotuna pwtoividia mou dladépouv otov TPOTO e
Tov omnolo cuokevalovtal. Ta mpwtoividia Twv PHFs leuyapwvouv Bdaon mpog Baon,
evw Twv SFs levyapwvovtal pe diemadn mAatn-Baon (Etkova 15a).
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Ewova 15. Alataén Twv npwTowLdiwv npog oxnuatiopnd twv PHFs kat SFs otn voco tou Alzheimer.
a) Ao Twv PHFs kat SFs. b) Napataén aAAnAouxiog Twv TeEcoApwWY EMAVOAAUBAVOLEVWV TIEPLOXWV
npoodeong oToug UkpoowAnviokoug (R1-R4) pe Tig mapatnpoUEVEG OKTW TEPLOXEG B-dUAAwWYV (B1-
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B8). c) Aneikovion tng deutepotayr Soung o tpetg Stadopetikég Stapabuioelc. Eikdva amo (Oakley
et al., 2020) kau (Fitzpatrick et al., 2017).

KaBe mpwtoividlo mepiléxel oktw PB-dUANa, mévie amnd ta omoia Snuwoupyouv duo
{evyn avtutapdAAnAwv B-mtuxwtwv GUAAWV Kat ta dAAa Tpia oxnuoatilouv pa B-
€Aka. Ta B1 kal B2 Statdooovtal évavit Twv B8, Ta B3 Statdcoovtal évavit Twv B7
Katl ta B4, B5 kat B6 Snuioupyouyv TtV B-EAKa XapaKTtneLoTikou oxiuatog C (Ewkova
15 kat Etkova 16). To auivo-teAlkd akpo tng doung oxnuatiletal and to e€amnentidlo
3%yvQIVYK*!! (PHF6), to omolo eivat amapaitnTo ya Tov OAyOHEPLOHO TN TPWTEIVNC
T kat TNV dnuloupyia Twv widiwv (von Bergen et al., 2000). To PHF6 oxnuartilet pla
CUMMANpwHATIKY Slemadn pe ta umoAsippata 374-378 tou P8-dUAOU e
udpodoPoug deopolc. To Seutepo potifo eamemntidiov ToOU aAmalteital ylo to
280 (PHF6*). Ta. P2 Kk B8 oxnpatifouv éva
XOPOAKTNPLOTIKO HoTiBo ‘Ppepuoudp’. Itn ouvéxela, oxnuotiletal pwo otpodr o€
oxebov opbn ywvia péow alnAenidpaong tTwv G323 kat G326 amod tn pla mAeupd
kat Tou potifou ***PGGG*’ otnv dAAn mheupd. Y8podoPikol Seopol petafy L324,
1326 kot V363 auéowg MPETA TNV OTpodr) otabepomololv TNV TEPLOXN Kal

oxnuatopd Twv wisiwv eivat to 2°VQIINK

Slaolvbeon petafl B3 kal B7 eykabidpuetal mepaltépw pe Seopoug udpoyodvou
HETAEL TWV MAEUPIKWV aAucidwv Twv H328 kat T361. Metd Tto B3, T UTMOAEiLpATA
32pGGG* uwoBeTOUV WO KTETOMEVN B-OMElpoedr Slapdpdwon. TéAoc, ol Svo
TIAEVPEG CUVAVTWVTOL HECW HLag dopng B-€Akag, n omola oxnuatiletal ano tpelg B-
KAwvoug (B4-6). OL ywvieg B-totou SUo umoAewupdtwy (E342, K343) kal Tplwv
vrohetpupdtwy (*YKDR**) oxnpatifouv T yewpetpia B-éAkac, n omola eivat KAELOTH
UE pLa meplotpedopevn dtapopdwaon yAukivng ~70° (G355).

4.3. ®AowoPaoikr) EkpuAion (CBD)

H ¢dAowoPaciky ekpuAion (CBD) elval pio omavia, mPoodeuTikd EMLOEWVOUUEVN
VEUPOEKPUALOTIK VOOOC TTou cuvABwg Eekva oTig nAkieg petafy twv 60 kat 70
ETWV. 2UVNOwWG TPOSBAAAEL TN HLa TTAEUPA TOU CWHATOG EVTOVOTEPO OO TNV AAAN
Kall xapoktnpiletal ano BpadlTnta OTIG KWVAOELS, LUIKEC OUOTIAOELG, SUOKOALD oTNV
EKTEAEON TwV Kabnuepwwv Spactnplotitwy, Olatapaxy Ttou Adyou, TOU
MPOOAVATOALOHOU KoL TNG kavotntag AAPng amoddcewv, aAAayéC otnv
ocuuneplpopa (amdbela, MAPOPUNTIKOTNTA, EVEPEOLOTOTNTA) KAl LELWUEVN YVWOTIKN
Aettoupyia.

H amwAeLo VEUPLKWY KUTTAPWV CUUPBALVEL OE CUYKEKPLUEVEG TIEPLOXEC, 0dnywvTaCg o€
oatpodia N CUPPIKVWON OUYKEKPLUEVWY ONUEIWV Tou eykedalou. Emiong, €xel
napoatnpenbsl 0Tt MOAMA amd TA VEUPLKA KUTTOPA TIOU QTOPEVOUV  £lval
XPWHUATOAUMEVQ, MULO KATAOTAON YyVWwoThH w¢ axpwpoocia (Paulus & Selim, 1990).
MNpooBaAAeL Kuplwg TG TtEPLOXEC TOU PAOLOU Tou eyKeDAAOU (KUPLWCE LETWTILALO KaL
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Bpeypatiko AoBo) kabwg Kal Ta Baokd yayyAla, €€ ou kol n ovopacia tTng vooou.
Apxlkwg, n maboloyia cuvavtdatal ot UTIOPAOLWEELG TIEPLOXEG KAl LETETIELTOL OTO
dAol6 yla to AOyo autd €éva amd Ta TPWTA CUUMTWHOTO adopd KLVNTLKEG Kal
YVWOLOKEG SloTapayxeC. ITo TEAKA OTASLO TNG VOOOU TOpaTnpEeital avola. ITLG
TIAOXOUOEC €YKEPAAIKEG TIEPLOXEG €XOUV eviomLoTel WISl TNG mMpwteivng T Kal
OUYKEKPLUEVA TwV oopopdwv 4R. M to Adyo autd, n dAoofactkry ekpuAlon
Katatdooetal ot 4R T- mpwrteivomdbeleg, OnMweg emiong kat n mpolovoa
uneprupnviky mapdiuvon (PSP), n dvowa apyuvlodplikwv kKOkkwv (AGD) kal n
odatpikn veupoylolakn T- mpwrteivondBela (GGT) (Wakabayashi et al., 1994); (Arima
et al.,, 1994); (Sergeant et al., 1999). Me nAeKTPOVIKI] LLKPOOKOTILKY €€ETAON, EXEL
Bpebel 0TL 010 PAOLBaCLKO eKPUALOUO Ta widla TG mpwteivng T elval mepLocoOTEPO
OTPLUMEVA Kal StadEépouv amd auta otnv AD, 6mou eival Ta KAaoowkd {euyapwuéva
eAkoeldn widla. Xtn voco CBD, ta widla eival plkpOtepa o€ UNKOG anod autd oto AD
Kall mapouotalouv meplodikn cvotpodn 169 £€wg 202 nm, dnAadn Suthdoia tou AD
(Ksiezak-Reding et al., 1994). O mupnvag Twv widiwv otn voco CBD mepllapfavel ta
umoAeippata K274-E380 tng mpwTteivng T, Ta omolol KAAUTITOUV TO TEALKO TUAMA TNG
R1 emavalapBavouevng meploxng, oAOkAnpes TG R2, R3 kal R4 meploxég kat 12
opwotéa peta tv R4 mepoxr) (Ewkova 16). OuclaoTIKA HE AUTO Tov TPOTO N
MPWTEIVN VLOBETEL pLa TTTUXN) TECCAPWY OTPWHATWY, TToU ovopdletat rtuxr CBD (W.
Zhang et al., 2020).

R 380 3R + 4R
| _( —_— T
- 4 B

G273/ |

3 G304 /
g E380

CBD fold Alzheimer fold

Ewkova 16. Aopn widiwv tnhg npwteivng T otn vooo CBD kat otn vooo tou AD. H vooog CBD amotelel
pla 4R T- mpwrteivonaBela Kot ta widla ULOBETOUV ULa TTTUXN) OUGCLACTIKA TECOAPWY OTPWHATWY. H
vooog tou Alzheimer amotelel 3R+4R T- mpwteivomaBela e XOPOAKTNPLOTIKY Sopr] (ELYOpWHEVWY
eAlkoeldwv widlwv. Ewova amno (W. Zhang et al., 2020).

4.4. Npoiovoa uneprupnvikn mapdaAuvaon (PSP)

H mpoiovoa umepmupnviky mapdiuvon (PSP) eival po acuviBng veupoloyikn
Slatapayn HopPn¢ ATUMOU TOPKLVOOVIOMOU, N omola UMopel va emMnpedosl TV
Kivnon, to Badlopa, TNV LoopporTtia, TNV opAia, TNV 6pach, TG KIVHOELS TWV HATLWY,
N ouunepldopd Kal TN YVWOoTIK Aettoupyia. Ta cupmtwpata gpdavilovratl
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ouvnBw¢ peta ta 60 £€tn Kal mapouaotalouv Bpadewg emibelvoluevn mopeia (Steele,
Richardson, & Olszewski, 1964). H akpBng attia tng vooou PSP eival ayvwotn,
wWoTO00 N TMpoxwPNUEVN nAwia kat ot meptPaAloviikol mopAyovteg amoteAouv
Bewpntika aitia (Golbe, Davis, Schoenberg, & Duvoisin, 1988); (Golbe et al., 1996);
(Litvan et al., 2016). H veupomnaBoAoyia tn¢ xapaktnpiletal ano anwAeLo VEUPWVWVY
KAl YAOLOKWV KUTTAPWVY KOL TO KUPLO LoTomaBoloylkd elpnua tng elval n
cucowpatwon NG mpwieivng T amoucia evamoBéoewv B-apuloedoug. Ta
CUCOWUATWHOTA TNG ouvictavtal o€ 4R woopopdég (Tomonaga, 1977); (Dickson,
1999). H ekdUALoNn Eekvael and tov PpAold, ennpedlovtac to eYKEDAAIKO OTEAEXOC
Kal tnv mapeykepaAida kal €merta eAMAWVETOL OTOV AVWIEPO eykEdPalo, Tov
KpoTadLKO Kal petwriaio pAolo (Steele et al., 1964); (Hauw et al., 1990).

4.5. N6oog tou Pick

H voooc tou Pick ival pla omavia veupoekdUALOTIK) acBEVELD TTOU TIPOKAAEL TNV
mpoodeuTikn avola. Epdaviletal o nAkie¢ KATw Twv 60 ETWV KAl TA APXLKA
CUUMTWHOTO TNG VOoou eival n ampafia kal adooia Kal PETEMETA aAAAYEC OTN
ouumeplpopd, OSlatapayxy TOu AOyou Kol TEAOG yvwolakda mpoPAnuoata. H
pHeTwrokpotadikr avola odelleTal oTov eKGUALCUO TWV VEUPWVWY TOU HETWTILALOU
Kal Tou Kkpotadlkol AoBou. Emiong, mopouclaletal QMWAELD TWV YAOLAKWY
KUTTOPWV KOl Topoucia SloykKwpéEVwy veupwvwy. Koplo totormaBoloyko evpnua
amoteAel n dnuloupyila eykAeiotwy, ta omola ovopdlovtal cwpadtia Pick mou
amoteAouvtal and €uBbuypappa alAd kat eAwkoeldn wibla tng mpwrteivng T o€
tuxaia Satagn (Delacourte et al., 1996). AnoteAouvtatl ano ta apwvoéea K254-F378
Twv 3R woopopdwv ¢ mpwteivng T (Etkova 17), ta omoia Suthwvovtat SladopeTikd
o€ oUyKpPLoON HE Ta Wvidla mou cuvavtwvrtal otn voco AD (Falcon et al., 2018). xebdv
OAec oL TMAeUpKEC aAucideg apvoéwv o QUTA TNV TEPLOXN €Xouv Tov (6Lo
POooavaToALopO e e€aipeon ta apwvoea C322 kat D348, ta omoia dSnuoupyouv
avtiotpodeg kateubUvoelg. H mAeupikny aluoida tou C322 BploKeTOL OTO ECWTEPLKO
ota widla mou cuvavtwvtal otn vooco AD, evw mpog tnv dltaAuth meploxn ota widia
TIOU CUVAVTWVTAL 0T vOoo Tou Pick kat avtiotpoda n mAeuptki alvuoida tou D348,
ETUTPEMOVTAC LE AUTO TOV TPOTO TN oTtpodr Twv Widiwv cav poupkéta (Ekova 17).
Ta widla otn vooo tou Pick kat otn vooo tou AD €xouv mapopola Seutepotayn
doun, wotoco ol dadopeTikég SlapopPwoels Twv otpodwv Tou dnuloupyouvral
obnyetl og dlakpltn Stapopdwon Twv B-mtuxwtwv GuAAwv (Falcon et al., 2018).
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Pick fold Alzheimer fold

Ewova 17. AopR widiwv tng mpwreivng T otn véco tou Pick kat otn vooo tou AD. Ixnuatikn
avanapaotoon tTwv deutepotaywv Sopwv Twv widiwv otn voco tou Pick kat tn voco tou AD. Ou
TAeUpLKEG B€oelg Twv C322 kat D348 mapouaotdlovtal avtiotpoda PeTafl Twv SU0 AUTWVY VOOWV.
Ewova amo (Falcon et al., 2018)

4.6. Metwnokpotadlkp AvOold ME TOPKLVOOVIOUO OXETLW{OMEVN ME TO
XPWHOowpa 17 (FTDP-17)

Mta oglpd amnod HETAANAEELG OTO XPWHOOWUA 17 KoL CUYKEKPLUEVA OTO YEVETLKO TOTO
17921.2 (Wilhelmsen, 1997) tou yovibiou T Bp£Onke OTL oXeTI{OVTAL UE TNV OLKOYEVH
HETWTOKpoTadlk Avola Kol ylia To Aoyo autod kabBlepwBnke n ovopaocia
HUETWTTOKPOTADIK AVOLA HE TIAPKIVOOVIOUO OXETWOUEVN HME TO XpwHOoWuo 17
(FTDP-17) (Hutton et al., 1998); (Poorkaj et al., 1998); (Spillantini et al., 1998).

4.6.1. MetaAAagelg Tou yovidiou T ou oxetifovtal pe tn voco FTDP-17

JUVOALKA €xouv evtoruotel e€nvra petaAAagelg mov adopouv to FTDP-17 (Ewkova
18), oL omoleg elval cuyKevTpwHEVEG ota e€wvia 9-13 (Mou KwdLIKOTIOOUV yLa TIG
enavalappavoueveg Teploxé¢ R1-R4) kat oto eocwvio 10. OuolooTtikd
KATATAOOOVTAL 08 SUO KATNYOPLEC, AUTEG TTOU EMNPEALOUV TO EVOAAOKTIKO UATIOMO
tou e€wviou 10 Kal AUTEG IOV EMNPEAIOLV TNV LKAVOTNTA MPOSSEONC TNG TIPWTEIVNG
T otoug pkpoowAnviokoug (Hasegawa, Smith, & Goedert, 1998); (Goedert & Jakes,
2005).
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Elkova 18. IXNUATIKN avamopAaotaon Twv HETAAAAEEWY TOU yoviSiou T. ZUVOALKA 60 peTaAAALELS, OL
omolieg elval ouykevipwuéveg ota e€wvia 9-13 kal oto ecwvio 10 €xouv Bpebel OtTL oxetifovral pe TN
vooo FTDP-17. Elkova amo (Ghetti et al., 2015).

MetaAlagelg mou ennpedlouv TO EVAAAAKTIKO UATIOMO €XOUV WC QTTOTEAECUA VOl
ennpealouv TNV avaloyia Twv woopopdwv 3R kal 4R, HE AQUECN OUVETELD TNV
avénon twv emumédwv Twv 4R oopopdwy Kol TN CUCCWHATWON TOUuG Ot Wibla
(Hutton et al., 1998); (Spillantini et al., 1998); (Nacharaju et al., 1999). Miwa povo
HETAAAOEN €xel avadepBel OtL mpokaAel TNV avénuévn ékppaon Twv 3R Woopopdpwv
™G MPWTEvNG T KOlL TN HETEMELTO CUCOCWHATWOTN) TOUuG o€ Widla, N petaAagn AK280
(Tuerde et al., 2018). Avahoya pe TIC LETAAAAEELC OTO YoVidLO T MPOKUMTOUV Widla
Sladopetikig popdoloyiag (Ghetti et al., 2015). Ot petaAAagelg V337M kot R406W
blvouv yéveon oe Telyn eAkoeldwv widiwv (PHFs) kat oe euBuypappa widia (SFs).
AvaAuon eykedpdAwv acBevwy pe petaldatelc ota e€wvia 9-13 (petaAlateilg K257T,
L266V, S305N, G272V, L315R, S320F, S320Y, P332S, Q336H, Q336R, K369I, E372G kal
G389R) Seixvouv OTL MEPLEXOUV CUCOWHOTWHATA KUPLWE Twv 3R Loopopdwv e
XOPAKTNPLOTIKN popdoAoyia cwpatiwv Pick. AAeg petaAldéelg mou ennpedlouv To
EVAAAQKTLKO UATIOHO KOL €XOUV WG QTOTEAECUA TNV AUENUEVN Tapoywyn TwvV
toopopdwv 4R tng mpwreivng T eival ot petaAlagelg N279K, L284L, L284R, N296,
N296D, N296H, N296N, S305L, S205N kat S305S kabwg Kat ot petaAlatelg P301L kat
P301S mou Bpiokovtal oto €wvio 10. Evw HeTaANAEELG TOU BplokovTol EKTOC TOU
efwviov 10, omwg ot petaAddagelg 1260V (e€wvio 9), K317N (e€wvio 11), E342V
(e€wvio 12) kat N410H (g€wvlo 13) emiong Umopouv va emnpedocouV Tnv avaloyia 3R
kal 4R loopopdpwv tnG mpwteivng T.

Ta amoteAéopata Twv HETOAANAEEWY OTO yovidlo T pmopel va mokiAAouv. MELTOVIKEG
HeETAAAAEEL yia mapddelypa oto €€wvio 12 (G335S, G335V, Q336H, Q336R «kat
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V337M) €xouv OSOMIKA SLOKPLTA OCUCCWHATWHATA Kol £€xouv  SladopeTIKa
Aettoupyikd amoteAéopata. H petalagn G335S xapaktnpiletalr and adBovia
CUOOWHOTWHATWY TNG MpwTteivng T o wwidla ota Veuplka KUTTtapa omoucia
owpatiwv Pick (Spina et al., 2007), ot petaAAagelc Q336H kat Q336R divouv yéveon
oe owpartwa Pick (Pickering-Brown et al., 2004); (Tacik et al., 2015), evw n petaAAagn
V337M mapdyel CUCCWHOTWHATA TNG TPWTEivng T mopopold UE OUTA TOU
cuvavtwvtal otn voco AD (Poorkaj et al., 1998); (Spillantini, Crowther, & Goedert,
1996). Me xprion avacuvbuaopévng mpwteivng T yia Tig petaAagelg G335S, G335V
(Neumann et al.,, 2005)  ywa ™ petaAAaén V337M é€xel OeixBel n pewwpévn
lkavotnta otabepomoinong Twv UIKPoowANViokwyv. e avtiBeon ol PeTAAAAEELS
Q336H kat Q336R daivetal va auvfdvouv TNV LKAVOTNTA TG MPWTEIvNG T yla TNV
npowbnaon TG cuVOPUOAOYNONG TWV HKPOOWANVIoKWV. OL petallagelg G335V kal
V337M LELWVOUV TN CUYyKPOTNON o€ Widla mou TpoKaAelTal amod TV nrapivn, evw
ol petaAlagelgc Q336H kat Q336R aufavouv tnv ouvapupoldynon pe Tg 3R
loopopdEC Kal OxL Pe TIG 4R.

4.6.2. NeupomnaBoloyia kat KAwIKA elkova Twv FTDP-17 acBevewwv

H vooog FTDP-17 ennpeadlel €loou Toug AvOPEC KL TIG YUVOLKEG KoL N HEan nAkia
€vapénc Twv CUUMTWHATWY eival Ta 49 €tn. To péco 6po mPoodokipou {wn¢ eivatl
8,5 xpovia PeTa tnv évapén Twv cupntwudatwy (Reed, Wszolek, & Hutton, 2001). H
KAWVIKN €lkova aoBevwy pe tnv idta petdAAafn oto yovidlo t pmopel va motkiAAeL
ONUAVTIKA KoBwG Kal HPETAEU aTOMWV HE OladopeTikéG peTalAdgelc. MBavov,
Sladopol yevetikol tpomomnolnTtég 1 mepLBaAlovTikol mapAdyovteg va amoteAolV TN
Baon autnc tng dtadoplkng datvotumikng petapAntotntacg (Wszolek et al., 2003);
(Bugiani et al., 1999); (Forman, 2004). Ta KUpLO YEVIKOQ KALWLIKA XOPOKTNPLOTIKA
adopouv allayég otn cuumepldopd, dlatapaxr TNG MPOCWIILKOTNTAS, KLVNTIKES
SuoAeltoupyieg (MapKIVoOVIOUO) KOl YVWolaKA EAAElpOTA.

Ztoug oaoBeveic pe FTDP-17 mapouotdletal ofela omwAELD VEUPWVWY OTOUG
HETWTLAlOUG AoBOUG Kal YAOLOKWY KUTTAPWY KOl OE OPLOUEVEG TIEPUTTWOEL OTNV
dald kat ™ Agukn oucia. Kowd YapaktnploTikd Toug €ival n mapoucia umEp-
dwodopulMwUEVWY VISIwV pwTteivng T (Goedert, Crowther, & Spillantini, 1998). H
nopdoloyia Twv widiwv kabopiletal amod to £i60¢ tNC HeTAAAENG, KABOTL QUTEG
ennpealouv eite TNV cuppadrn tou e€wviou 10 pe amotéAeopa tn pn GUCLOAOYLIKN
avaloyia Twv 3R kat 4R woopopodwv eite ™ AsttoupylkotnTa TG Mpwteivng. O
YVWOTEG PETAAAAEELG TOU YoviSiou T mou mpokaAouv tn vooo FTDP-17 bev daivetat
va ennpealouv apeoa tn pwodopuliwaon g MPWIEIVNCS, WOTOOO UTIAPXOUV KATIOLA
otolxela mou Oelyvouv OTL pmopel va obnynoouv €upeca otnv  auénpévn
dwodopuliwon Kot oTov eMakoAovBo oxNUATIONO cucowpatwuatwy (Alonso Adel
et al.,, 2004). ZuvnBwg, xapaktnpilovtal eite and suBeia widla eite amod widla
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gupelog meplotpodng pe popdr) kKopdélag 1 leuyapwpeva eAkoeldn  widla
(Spillantini et al., 1997).

4.7. NoAvpopdiopoi yovidiov t

MéxpLlg otlyung €xouv tautomnolnBeil duo Siadopetikol amAotumol (H1 kat H2) oto
yoviblo T, oL onoiot arnoteAouvtatl ano 8 kowoug moAupopdLopoUs mou adopoulv ot
pova leuyn Baocswv. O amAotunog H1 sival o 1o Kowog Kal ¢aivetal va amoteAel
napdayovta kwduvou yla TG voooug PSP, CBD, voco tou Parkinson (PD) kat tnv
opuotpodkn MAsUpLkr) okAfpuvon (ALS) aAAd oxt yia tnv vooo tou Pick (Baker et al.,
1999); (Conrad et al., 1997); (H. R. Morris et al., 2002); (Pastor et al., 2000); (C. C.
Zhang et al., 2017). H ocuoxétion tou yovidiou pe PD kat ALS mpokalel Slaitepn
EKTANEN KaBOTL Sev Yapaktnpilovtal and CUCCWHUATWHATA TG TPWTEIVNG T.

ALLECN CUVETELX OUTWV TWV TIOAVHOPOLOHWY dailveTal va elval n EUNAOKH TOUG OTN
ouppadn Tou efwviou 10, yeyovoC TOU €XEL WG OMOTEAECHA TNV QUENUEVN
napaywyn twv 4R wopopdwv (Hutton, 2000). O amAdtumog H1 ekdpalel
neploocotepo MRNA mou meptéxel to e€wvio 10 amod tov amAotuno H2, eldika otig
unopAowwdelg meploxég (Caffrey et al., 2006); (Kwok et al., 2004). Ot yvwoTég
HETAANGEELG MEXPLG OTYUNG Oev daivetal va cuoyetilovtal HE TN VOGO TOU
Alzheimer, av Kal UTIAPXOUV KATIOLEG £PEUVECG TIOU cuoxetilouv tnv A152T pe TIg
vooou¢ AD, PSP, CBD kal KAmole¢ GAAEG amd TG OMAVIEG T- MPWTElvomABeLeg
(Coppola et al., 2012); (Kara et al., 2012); (Kovacs et al., 2011); (Pastor et al., 2016),
WOoTO0O0 Ta AMoTEAEoOTA Elval apudIAEYOUEVO.

5. O opyaviopog povtélo Drosophila melanogaster

H Drosophila melanogaster amoteAel ApLOTO MEPAPATIKO HOVTEAO Yl TNV in Vivo
HUEAETN MOPLOKWY KOl KUTTOPWKWV OSlepyacwwv kabBwe kat yia tn Olepelvnon
UNXAVIOUWV  TIOU  OLEMOUV TN VEUPWVLIKA  Asttoupyia/  SuoAsttoupyia,
CUMTEPIAAUPBAVOUEVWY KL XOPOAKTNPLOTIKWY YVWOLOKWY SLOTopaXwy, oVOoLWwV Kal
VEUPOEKPUALOTIKWYV VOowV (Bilen & Bonini, 2005); (Marsh & Thompson, 2006). Kupla
XOPOAKTNPLOTIKA TOU HOVTEAOU aUTOU amoteAoUV n €ALPETIK KAQOLKNA KOL LOPLAKA
YEVETIKI TIOU UTIOPEL va €HAPUOOCTEL, TO ATOKWSOLKOTIOLNUEVO YEVWHA KOL I OXETIKA
€UKOAN dnuoupyia Stayovidlakwyv wwv. I€ OXECN UE TO TIOVTIKL £XEL ULIKPO KOOTOC
Kol UKpO KUKAO Twng (Ewkova 19). EmutAéov, €va OKOUO XOPOKTNPLOTIKO TnG D.
melanogaster €ivat n vPnAn dlatripnon Kot opoAoyila MPWTEIVWY TTou Ttapatnpeitat
HE Ta ONAaoTIKA.
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O opyaviopog D. melanogaster XpnOLLOTIOLEITOL EUPEWC TLG TEAEUTALEG SEKAETIEC WC
HOVTEAO ylo Tn MeEAETN Swadopwv veupoekdpuAdloTikwy aoBevewwv (Marsh &
Thompson, 2006). H opydvwon tn¢ S0UNRG TwWV VEUPWVWV TOU gyKEPAAOU TNG LUYAC
elval moapopola pe ta BnAaoTika eEUTINPETWVTOC OAEC TIG ONUAVIIKEG AELTOUPYIEG,
OMw¢ TNV 00dpnon, TNV Opach, TNV kivnon kal GUOIKA TN CUUTEPLPOPLKN
mAaoTikotNTa. Exouv dnpoupynBel e€alpetikd yeveTika epyaleia, OOV EMLTPEMOUV
TN MeAETN TNG SuoAettoupyiag Stadopwv MABOAOYIKWY MPWTEIVWY UE LOTOELSLKO Kol
Xpovoeldiko tpomo (Brand & Perrimon, 1993); (Brand & Dormand, 1995) kaBwg kat
Sl0dOPETIKEG TIPOOEYYIOELG, OMWG N amoowwnnon evdoyevwv yovidiwv e xprion
RNAi (RNA interference) 1 péow peTAAAOENG TOUG. Zuvenwe, ol dladlkaoieg Tou
VEUPOEKPUALOHOU prmopoUV va PeAeTnBoUV TO00 0To MEPLPEPIKO VEUPLIKO cUOTNUA
000 KOl OTO KEVIPLKO VEUPLKO cuotnua. H ékdpaon mpwteivwv aypiou tUTou N
npwteivwyv ouvéedepévwy pe  avBpwrmive¢ aocBéveleg €xel  PBonBrioel otnv
e€epelivnon TwV KUTTOPLKWY KOl HOPLAKWY HNXAVIOUWV TNG PUOLOAOYLKAG Kall
naBoAoyLkiG Aettoupyiag Toug. e voooug onwce to Huntington (Jackson et al., 1998),
to Parkinson (Feany & Bender, 2000) | oe ataieg 6nwg n SCA1 (Chen et al., 2003),
To Moviédo tnG Drosophila €xel Siadpapatioel kaBoplotikd poAo yla TNV
naBoPloloyia Twv voowv autwv. EmumtAéov, n xprion tng Drosophila yia t peAétn
ocuvoowpevong twv AP40 i AB42 memulbiwv ) ¢ mMpwtelvng T €xel avadeifel
ONUAVTLKEG TITUXEC TNE vOoou tou Alzheimer (lijima-Ando & lijima, 2010); (Khurana,
2008) kaBwg Kat yla TNV avadelen GapUaKEUTIKWY TIPOCEYYLoEWVY yla Tt BeAtiwon
™G toflkdTNTAG Kal Tou ekduAopol (Newman, Sinadinos, Johnston, Sealey, &
Mudher, 2011). EmutAéov, n D. melanogaster w¢ poviéAo €xel Sladpapatioet
KaBoploTikd pOAO OTOV KABOPLOPO TWV HNXAVIOUWV HABNoNng Kal UVAUNG
(Heisenberg, 2003); (Pitman et al., 2009) pe xprion d10pOpwWV UETAANAYUATWY TTOU
eumAékovtal oe autég Tig Slepyaoieg (Skoulakis & Grammenoudi, 2006). H peAétn
TWV ETMUTTWOEWY O€ KWWNTIKEG OAAQ KoL O OUUTEPLPOPLKEG AelToupyieg (T.x.
oodpnTk HABNoN KalL pvAun) €lval onuavtiki KoBOTL QUTEG oL AELTOUPYLEC
OTTOTEAOUV XOPAKTNPLOTIKO CUUMTWHOTO TWV VEUPOEKPUALOTIKWY A0OEVELWV.

5.1. KUkAog {wng tng Drosophila melanogaster

H D. melanogaster éxet pikpd KUKAo Lwrg, mepimou 9-10 nuépeg otouc 25°C, wotdoo
TIOLKIAAEL avaloya pe Tig TepBarlovikéG ouvOnKkeg, omwe n Bepuokpacia (Etkova
19). Ta petapepn otn D. melanogaster, OMwG KalL OTA TEPLOCOTEPA EVIOUQ,
ouvtnkovtal oxnuatilovrtag tpia Slakpltd Taypata, To KedAAL, To Bwpaka Kal tn
KoW\ld. H D. melanogaster aviKeL otnv Katnyopia Twv OAOUETABOAWY EVIOUWY, LE
KUPLO XOPOAKTNPLOTIKO TOUG TO POLVOUEVO TNG HETAUOPPWONC, To omoio cuppaivel
Héoa oto mepiPAnua toug. O kUKAo¢ Twng Olakpivetal oe Ttéooepa otadla.
Anatteital mepinmou pla nUéEpa wote va oAokAnpwOel n euBpulkn avamtuén pe tnv
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ekkOAan tng mpovuudng mpwtou otadlou (first instar larva). Kata tnv mpwtn
€kbuon, n mpovuudn amoPfdlel to Xtivwdeg meP(BANUA TG Kal ovopaletal
nipovLudn deutépou otadiou (second instar larva). Metda anod akoun pia ékduon tou
TEPBAAUOTOC €XOUUE KOL TN UETATPOT TNG O TpovUudn tpitou otadiou (third
instar larva). H mpovOudn tpitou otadiou aklvntomoleital Kol eKKpivel Eva okAnpo
Kall aVOEKTLKO XLITLVWOEC TepiPAnua (puparium) kat petatpEnetal o€ vOudn (pupa).
Méxpl to OTASl0 QUTO amALTOUVTIAL TEPUMOU 7 NUEPEC AMO TNV OTWYUR TNG
yoviuormnoinong. Itn ¢aon tng vuudng cuvteAeital To GpaALVOUEVO TNG LETOUOPDWONG
pHéoa oto XTvwdeg mepiPAnpa omou kat Stadopomolovvtol To KUTTApA WOTE va
nipokLPouv ol avaioyeg SOUEC TOU wPLHOU evnAikou.

Adult

P.‘.H'W Female
i \‘/-\J L

Pupa \
First
/) instar
J larva
» /
2N _A
~ Third \\ \\ ,// Second
instar larva < ).___,(j/instar larva

Ewkova 19. KOkAog {wng tn¢ Drosophila melanogaster. AAA\nAouyia twv otadiwv avamntuéng tg
Drosophila melanogaster ano 1o auyo €wg to eVAALKO ATOWO.

Avo Paowkol tumolL kKuttdpwv OSlakpivovtal katd tn Oldpkeld twv otadiwv
npovOudng, ta Sladopomolnuéva KUTTAPA KoL Ta KUTTOPA OCUYKPOTNONG TOU
CWHATOG TWV EVAALKWY atopwv. Ta dtadopomoinuéva kUTTOpa elval To cUVOAO TwV
KUTTOPWV TIOU €EUTNPETOUV TIG PUGCLOAOYIKEC AE€LTOUpPYLiEC TNG Tpovuudng Kot
kataotpédovtal Babutaio katd T OSldpkela tng petapopdwong. H Seltepn
Katnyopla KUTTAPWV OTOTEAEL OUYKEKPLUEVEC OMAOEC KUTTAPWY, TO omola
napapévouv adladopormointa otn SLAPKELD TwV TPLWV TIPOVUUDLIKWY otadiwv Kal
arno ta omoia Ba mMpokUYPOUV UETEMELTA OL LOTOL TWV EVAAIKWY ATOUWV KAl OTN
mAsloPndia toug amaviwvral otous 19 cuvoAlkd diokoug Twv evnAiKwv.
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5.2. Zuotnpa ékdppaong Stayovidiwv GALA/UAS

Eva amd To ONUAVIIKOTEPA EMITEVYUATA OTOV TOHEN TWV TEXVIKWV €kdpaong
Slayovibiwv  amotédece 1o  Suadikd  ocvotnua  €kppacng  Stayovidiwv
GAL4/UAS(Brand & Perrimon, 1993). Me tn péBodo autr kabiotatal ePiktog o
OKPLBNC XWPLKOG KoL XPOVIKOG €AeyxoG TNG Ekdpaaong omoloudnimote dlayovidiou. To
ouoTNUA aUTO TEPAAPBAVEL TOV PETAYPADIKO TIAPAYOVIA TOU OOKXAPOUUKNTA
GAL4 kal tnv aAAnAouyia mpdodeong tou, UAS, ta onoia Sev ekppalovral oTtoug
aVWTEPOUG opyaviopolg (Ewkova 20a). Ma tn Snuioupyia tng dtayovidlakng oeLpag,
OUCLOOTLKA XPNOLUOTIOLELTAL €vag MAACULOLOKOG POopEG KAWVOTIOLNoNG OTOV OToio
0 LOTOELSIKOG UTIOKLVNTAG TOU yoviSiou eviladEpovTog KATteUBUVEL TNV €kPpacn Tou
yoviSiou tou GAL4 (oslpd- obnyodg, driver). MNa tnv ékdpacn tou yovidiou-paptupa
xpnotgormoteitat pa Seltepn TAACULOLOKY Kataokeur) mou ¢épel tnv  UAS
oAnlouxia ywa tnv mpocdeon Tou GAL4, TOMOBETNUEVN MMPOOTA Omod TO
KateuBuvouevo yovidlo (oelpd amokplong, responder). JUVEMWG, N TPWTIN OELPA
elvatl umevBuvn yla tnv €kdppaocn tou GAL4 petaypadlkol mapdyovia HOVO CToV
loto Tou evéladépovtog Baocsl Tou €181koU uToKVNTH. 2tn &eUTepn MAaouldlakn
oelpd KaBe kuTTapo PEpel TNV aAAnAouyia UAS, wotdoo dev pmopel va ekppoaotel
To Slayovidlo Aoyw amouaciag tou evdoyevolg GAL4A petaypadikol mapadayovia. H
Slootavpwon Twv duo mopamavw ospwv Sivel amoyovoug mou ekppalouv TO
Slayovidlo pévo otoug LoTtoug mou ekdppalouv to GAL4S, onwg kabopiletal and tov
LOTOELSIKO UTIOKLVNTH. TO UEYAAO TIAEOVEKTNUO TOU OUYKEKPLUEVOU CUOTHHUOTOC
glval otL prmopel va dtaotaupwBel n UAS oslpd anodkplon Pe MOAAEC OELPEG-06NYOUG
TIOU EMAYOUV TNV £€Kkdpaon o€ SLAPOPETIKOUC LOTOUC, UE OTMOTEAECHO VA UITOPOUV
€UKoAa va aflohoynBouv ta amoteAéopata UE XWPLKO TPOmo. MAéov umdpxouv
ekatovtadeg Sladopetikoi odnyoi kat UAS oelpég amokpLong mou eival eVKoAa
SlaBéaoiua.
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Driver: GAL4 expressing line Responder: UAS-target gene line
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UAS-target gene silent in absence of GAL4
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Progeny of cross
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Ewkova 20. IXNUOTIKA avormopdotacn Tou cucthpatog ékbpaong GAL4A/UAS Kal TOU GUOTHLOTOC
TARGET. A) Zuotnua GAL4/UAS: pia StayoviSlakn oelp@-08nyog hEPeL To peTaypadkd apdyovia
Tou oakyapopUknta GAL4 umd Tov €heyxo &evdg LoTtoeldikol umokvnth. M Seltepn oslpd
anokplong dépet t UAS aAAnlouxia mpocdeong tou GAL4, tomoBetnuévn Umpootd amd To
Slayovidlo evbladépovtoc. H Slaotavpwon twv Suo Tapamdvw Oslpwv Sivel amoyovoug Tou
ekdpalouv to Slayovidlo KATA LOTOELSIKO TPoOTo. B) ZUotnua TARGET: n oelpd obnyog mepléXeL Th
Beppoguaiodntn mpwrteivn GAL80™, n omoia oe xapnArf Beppokpaocio (18°C) Seopelel to GAL4A
amnotpénoviac thv ékdpaocn Tou Stayovidiou. e uvpnAdtepec Beppokpaociec (29°C) to GAL8O"
OTTEVEPYOTOLE(TAL KOl OUVENMWCG To GAL4 umopel va SeCUEUTEL Kol va €MAYEL TNV €Kdpachn Tou
Slayovidiou. Ewkéva amnd (Elliott & Brand, 2008)

5.3. Enayopevo cvotnpa ékppaocng TARGET

To peydlo pelovéktnua tou Suadlkol ocuotnuatog Ekdppaong Slayovidiwv
GAL4/UAS eilval o xpovikog €leyxoc Ekdppaong tou Stayovidiou, KaBOTL Eva cUVNBOEG
MPOPBANUA TNE EKPpacng lvat n BvNoLUOTNTA TPV Ao TO AVONMTUELOKO OTASLO TToU
pog evoladEpeL Kol oL avamTtuELoKEC avwWHAALEG TTOU UMOpPEL va mapatnpouvTal Kot
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Snuoupyouv mpoBAnua Wlaitepa otig cuUePLPOPIKEC avaAUOELG. MPOoKELEVOU VOl
600el AUon oto mapandavw INTnUa  xpnowuomolnBnke o Bepuoguaicdntn
netoMayn ¢ mpwreivng GAL8O (GAL8O™), To yoviSio tng omoiac ekppdletal oe
OAOUG TOUC LOTOUC UTIO TOV EAEYXO TOU UTIOKLVNTH TOU YoVLSiou TNG TOUUMOUALVNG.
stoug 19°C, n Bepuosuaiodntn GAL80" ekdppaletal kal mpoodévetal otov GAL4
HeTaypadlkd Tapdyovia, KatacTeAAoviag Tn SpactnplotnTd TOU KOl OCUVETIWG
eunodiletat n €kdppaon tou UAS OSuayovidiov (Ewkova 20b). Avénon tng
Beppokpaciac otoug 30°C £xeL WC AMOTEAEGHA TNV AMEVEPYOTOIiNon Tou GAL8O™ Kat
OuUVENWCG 0 GAL4 petaypadlko¢ mapdyovtas Umopel va SEOUEUTEL KaL Vol EMAYEL
eAelBepa tnv €kppaon tou Sdlayovidiou. To cloTnUa auTto €xel ovopaotel TARGET
(Temporal And Regional Gene Expression Targeting).

5.4. H pabnon ko pvpn otn Drosophila melanogaster
5.4.1. Auakpion ¢acewv pvnpung otn D. melanogaster

Mabnon eivat n Stadikacio LECW TNG OMOLOC OUMOKTWVTAL Ol YVWOELG YLO TOV KOO0
Kol amottel va AdBel xwpa £vag CUVELPUOC KATA TN SLAPKELD TNG EUTELPLOG TTOU
poBaivetal. MvAun eilval n Kavotnta TOU €YKEPAAOU VA EMITUYXAVEL TNV
Kwdlkomoinon véwv TAnpodoplwy pEcH amo TIC Oladopeg eumelpleg, va
Slatnpei/amobnkevel NO6N pHabnuéveg mMAnpodopileg LE TETOLO TPOMO WOTE Vo
eVOUVOUWVETAL A VA KATAOTEAAETAL UE TO XPOVO KOL VO aVOKOAEL TTPONYOUUEVEG
EUMELPLEG.

Itn D. melanogaster €xouv avayvwplotel dtadopetikeég paocelg pviung (Etkova 21).
H pabnon, n omola moAAéc dopéc avadeépetal wg dapeon pvAun (Immediate
Memory) kol O&lapKel HEPIKA AEMTA OQMOTEAEL TN OUVIOUOTEPN HETPNON TNC
anodoong Peta tnv ekmaidevon. H BpaxumpoBeoun upvAun (Short Term Memory,
STM) €xeL SLapKeLla ULKPOTEPN TNG LLOG WPAC KaL elval aveEdptntn g Letaypadng
Kal petadpaong véwv Tmpwteivwy. EmutAéov, umdpyouv Ttpila akoua €ibn
eunedwpévng uvnung (consolidated memory). H pecompoBeoun pvnun (Middle
Term Memory, MTM), n omola &lapkel PEXPL KOl TECOEPL WPEC HETA TNV
eknaidevon, kol amnaltel véa mpwrteivoouvBeon amd mpolmapyxovia HNVUOTO.
AKOUN UTtApXEL N avBekTikn otnv avalodnoia pvAun (Anesthesia Resistant Memory,
ARM), n omola Sapkel €wg 24 wpeg Kat elval avegdptntn ¢ MpwteivoolvOBeong.
Kat téAog Stakpivetal n pakpomnpoBOsoun pvnun (Long Term Memory, LTM), n onola
Slopkel amo 24 wpeg €wg efdopadeg kat amattel de novo petaypadr Kot
uetadpaon (Tully et al., 1994).
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Ewkova 21. Ixnuatikr avamnapdctacn tTwv StadopeTtikwy TUnwv pvApng otn D.melanogaster. H
BpayumpoBeoun pvAun (STM) Slapkel €wg pla wpa, n HeconmpoBeoun pvAun (MTM) éxel Sldpkela
£wWG 4 wpeg, n avBektky otnv avawodnoia pvAun (ARM) pe Sudpkela €we 24 WPEC evw h
pakpompdBeoun pvAun (LTM) pmopet va Stapkéoel €wg kal efdopadeg. Ewova amo (Heisenberg,
2003).

H pvnun umopel va katnyoplomolnBel oe §Uo popdEg, TNV €kSNAN Kat tTnv adnin
uvAun. EkSnAn pvAun eivat n amoBrkeuon mAnpodoplwv mou adopolv AToUQ,
B£0elC Kal TPAYHOTO TPOOITA OTn Ouvelbnon, evw n AadnAn pvAun eivat n
amoBrKevon KN CUVELSNTA AVAKAAOUUEVWY 0T VAN TTAnpodoplwy Kal adopolv
ouvnBw¢ cUVABELEG, KLVNTIKEG N AVTIANTITIKEG LKAVOTNTEG. H €kOnAn pvnun daivetat
va xapaktnpilel tov avBpwro kal kamola avwrtepa {wa, aAAd dev ival mpodavig
O€ OPYQVIOMOUG MOVTEAQ TOUAAXLOTOV w¢ onuepa. H adnAn pvAun Stakpivetat
TIEPAULTEPW OTN CUVELPHLKA KOL LN CUVELPHLKNA. 2T CUVELPULKA HLABnon €Xoupe tnv
OUVTEAEOTIKN €€opTnUéEVN HABnon mou meplAappavel tn oulevén Suo epeblopatwy,
EVW OTN UN OUVELPULKA pAaBnon opkel n ékBeon tou atopou pla ¢opd R Kat
enavainyn oe kamoLo epeBLoUQL.

5.4.2. Aokipaoia oodppnTikng padnong kat pvApng otn D. melanogaster

H D. melanogaster amoteAel Aploto HOVTEAO yla TN HEAETN TNG HAONONG Kal tng
puvnung. Eivatl ikavy va padet po mAnbwpa BeTikwy 1 apvnNTIKWV CUCXETWLOUEVWV
OUVELPULKWY ] LN CUVELPUIKWY SOKLULACLWY TIOU XPNOLUOTIOLOUV OTITIKA, 00hpNTIKA
KOl omuka epeBiopata. Apxikd avamtuxbnke pla  Sdoklpaocia  apvnTika
OUOXETIONEVNG evepyd eaptnuévne padnong (QHB paradigm), katd tnv omoia ot
pHUyeG paBaivouv va amodelyouv €TAEKTIKA Hla oo TIG SUO OOPEC, n omola
ouvodeletal pe nAektpoook (Quinn, Harris, & Benzer, 1974). Apyotepa OHWG
avantuxbnke pla mo e€eAypévn Sokwuaoia, avthy tng maBAoflavig apvnTIKAG
oodpntikng pabnong (Tully & Quinn, 1985) cuvbuadlovtag amwOnNTKEG OOUEC WG
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efaptnuévo epéblopa (conditioned stimulus/CS) tautoxpova pe NAEKTPOOOK, TO
omnolo amoteAel to avetaptnto epéBlopa (unconditioned stimulus/US) (Ewkova 22).
Q¢ evioyxuon tou epebiopatog xpnoomnoleital n dgUTePN ooun XwpPLG TN Mapouoia
TOU NAEKTPOOOK. MNa tov KaBoplopd TG UvNUNG Mpayuatonolouvtat moAAol kUKAoL
eknaidbevong ev ouvexela (kaBoplopdg t™¢ ARM pvAuNng) N ME pa mepiodo
adpavelag 15 Aenmtwy HeTal Twv KUKAWV (KaBoplopog tng LTM pviung).

Electric
A shocks
“E odor B [l.
odor A e [
— Il odorA odorB
— m
Training Testing
B Electric
shocks
“E odor A ||
odor B hmﬁ rhT.r
— — —>  odorB IUW”‘1
i L r—h | [“ Al
Training Testing

Elkova 22. IXNMOTIKO SLAYPOHA TNG TEXVIKAG TOU XPNOLUOMOLEITAL yla TOV KaBopLopd tng
napAofLavig apvnTikig oodpntikig Ladnong otn D. melanogaster. Na tnv eknaibsvon (training),
oL JUyeg tomoBetolvtal o cwAnva enevoéedupévo pe NAekTpodOpo MAEyUa Kal ekTiBevtal otnv
npwtn ooun (odor A) oe cuvbuacpo pe emavolapPavopeva NAekTplkd cok. AKoAoUBwG, oL PUYEG
ekTiOevTal o agpa Kal otn ouvéxela otn Seltepn ooun (odor B) xwpig NAEKTPLKA 0OK. AUO OUASEG
LUYWV TOU L6LoU yovoTUTIOU eKMOLEUOVTAL TAUTOXPOVA LIE TPOTIO TIOU N ia opada va anodelyeL Thv
ooun A (A) kat n &AAn opdda va anodelyel Thv oour| B (B), evw n avtiBetn oour xpnoldomnoleitat
KaBs ¢dopad wg ooury eAéyxou. TEAog, oL HUyeg adnvovral otn ocuokeur T-AaBupivBou yua va
emA£EouY PeTal Twv SU0 oopWVY XWPLG Kaveéva NAEKTPLKO ook (testing).

H anddoon twv lwwv (uadnon) umoloyiletat pe Baon tov Seiktn amoédoong
(Performance Index, Pl), o omoilo¢ looUTOL HE TO KAAOHA TWV HUYWV TIOU
amodelyouv tn cuvdedeévn Ue To NAeKTPLKO ook oopn (CS+) peiov To KAAoUa Twv
HUYWV TIou amodeuyouv tnv ooun eAéyxou (CS-) Sapolevo POG TOV GUVOALKO
oplOpo tTwv puywv. O teAkog deiktng anddoong unoloyiletal wg To HECO OPO TwWV
Suo AoV Aoywv ylao KaBe pa amnd tig opadec Twv {wwv ou ekmaldevovtal ota
CUUMANPWHOTIKA epeBioparta kot Kupaivetat amo 0 £wg 100.

Performance index (Pl) = (# C5 flies - # C5° flies) (x100)
(# total flies)
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5.5. H Drosophila melanogaster w¢ MOVTEAO yia Tt HeEAETR Twv T-
NPWTEIvomaBeLwv.

H D. melanogaster €xeL mopAoXel wWC UOVTEAO ONUAVTIKEC TTAnpodopieg yla Tov
TpOmo pe tov omoio n mpwrteivn T mpokaAel toflkotnTa KAl €KPUALOUO oTa
VEUPWVIKA KUTtapa. Me otoxo 1tn Onuioupyia €vog poviéAou Twv  T-
MPWTEIVOTAOELWV KATAAANAO yla YEVETLKA AVAAUGCH, XPNOLUOTONONKE aPXIKWG TO
obotnua UAS/GAL4 yla emaywyn TG LoToelSIKN G €kdppaong tng ON4AR oopopdng tng
npwteivng T og 6A0 TO KEVTPLKO VEUPLKO cuotnua (Wittmann et al., 2001). Ot puyeg
QUTEG avenmTuéav Sladopa XapaKTNPLOTIKA TWV Kowwv T-mipwTteivomabsiwy, Onweg n
avénon ¢ Bvnowotntag. Amo TOTE UEXPL ONUEpPA €XOouv dnuloupynBel TOAAEG
SlapopeTikeG SlayovidlakeG HUYEC TTou ekdpalouv eite TNV avBpwrvn mpwteivn T
aypilou tumou eite petalaypéves popdég Tng mpwteivng T.

Me xprion tou cuotipatog UAS/GALS £xouv peleTnBel oL EMUMTWOELG EKPPAONC TNG
MPWTEIVNG T OE OUYKEKPLUEVOUC VEUPWVLKOUG MANBUOHOUG, OMWG yla TopAadeLlypa
OTOUC KlvnTlkoU¢ veupwveg (Mudher et al.,, 2004) kat ota HLOXOELS CWHATLA
(Kosmidis et al., 2010). H D. melanogaster €xeL xpnowlomolnBel yiwa tn HeAETN
Sladpopwv mruxwv TnG maboyéveong tng mpwteivng T, Onwg o pOAOG TNG UTEP-
dwodopudiwong tng mpwrteivng T (Johnson & Stoothoff, 2004); (Papanikolopoulou
et al., 2010); (Papanikolopoulou & Skoulakis, 2015) kal Twv CUCOCWUATWHUATWY TTOU
dnuoupyet (Gerson et al., 2016); (Cowan, Chee, et al., 2010); (Cowan et al., 2015), Ta
eMelppata otig ouvayelg (Chee et al., 2005) kat otnv agovikn petadopd (Mudher
et al., 2004). Evag peyalog aplBuog Stadopetikwy SoKlpaolwy EXEL XpnoLuomnolnbel
yla tv afloAdynon TOU QVTIKTUTIOU Tou €XEL n ékdppaon tng mpwteivng T o€
Sladpopetikolg  TANBUOHOUC TWV — KUTTAPWY, OCUUMEPAAUBOVOUEVWY — TWV
CUMTEPLPOPLKWV HNXAVIOUWV (LdBnon kat pvAun) (Papanikolopoulou et al., 2010);
(Kosmidis et al., 2010); (Papanikolopoulou & Skoulakis, 2015), tou TPOodOKIUOU
{wn¢ (Papanikolopoulou et al., 2010); (Folwell et al., 2010); (Papanikolopoulou &
Skoulakis, 2015), t™n¢ kivnong twv mpovuudwv (Mudher et al.,, 2004) kot tou
o&elbwtikoL otpeg (Dias-Santagata et al., 2007).

MNna napadeypa, n ékdppaon Twv woopopdwv ON4R 13 2N4R otn Drosophila mpokaAet
EAQTTWHATIKA pAONon KoL HvAUn, evw HE tnv €kppaon ¢ ON3R oopopdng
napapével puatodoyikr (Kosmidis et al., 2010); (Papanikolopoulou & Skoulakis,
2015). EmumtAéov, €xel BpeBel otL n ékdppaon tng ON3R Loopopdng 8KA OTOUG
KLVNTLKOUG VEUPWVEC TWV MPovudwv Slatapdocel Tnv afovikn petadopd, mpokalet
TN OUOOWPEUON TwWV KUOTWOIwV petadopdg kal obnyel ot PELWHEVN KLVNTLKA
Aettoupyia Twv mpovupdwv (Mudher et al., 2004). Inuavtiko eVPNUO ATIOTEAEL OTL N
OUOOWPELON TWV WISlwV UTteEp-PwodopuAlwpévnc TpwTelvng T cuoyxetiletal Pe TNV
To&IKOTNTO TTOU TapaTnpEital otoug avBpwroug (Wittmann et al., 2001); (Steinhilb
et al., 2007a); (Steinhilb et al., 2007b); (Feuillette, Miguel, Frébourg, Campion, &
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Lecourtois, 2010). MNpoodata emniong avayvwplotnkav duo Béoelc dwaodopuAiwaong
™¢ mpwteivng T, ot Ser’® kau Thr245, WG amapaitnTeg yla TN ToflkOTNTA TNG OTA
poxoetdy owpatia  (Mushroom Bodies, MBs) (Kosmidis et al.,, 2010);
(Papanikolopoulou et al., 2010) kat yla TNV poéwpn Bvnaowuotnta (Papanikolopoulou
& Skoulakis, 2015), evw n pwaodpopuliwen tne Béonc Ser’®
va €lval oNUOVTIKA yla TNV VEUPWVLIKA SUCAELTOUPYLA, OTWG QUTH UETPATAL UE T

™G Mpwteivng T daivetal

pnabnolaka eAAeipparta (Papanikolopoulou & Skoulakis, 2015). EutAéov, To HoVTEAO
¢ Drosophila €xeL xpnowomownBel yla tnv peA€tn tou veupoekpuAlopol Téc0 oTo
patt (Shulman & Feany, 2003) 600 kal oe 0AOkANpo Twv eyképaro (Wittmann et al.,
2001) pe amotéAeopa va €XOUV EVIOTILOTEL SLAPOPOL EVIOYUTEC 1 KATAOTAATLKOL
TAPAYOVTEG TNG ToEIkOTNTAG TG MPwTeivng T (Shulman & Feany, 2003). EvSiadépov
€XEL TO YEYOVOC OTL OL SLAPopeG HEAETEG OTN HUYA €XOUV Sei&el OTL uTtApXouV cadeilg
Sladpopeég otn toflkoTNTA Kol SucAettoupyia Tou TpokaAel n kabe woopopdn TG
npwteivng T kaBwg kot ot pwodopUALWOELS TOUC, YEYOVOG TIOU £pXETOL OE cupdwVia
LLE TNV ETEPOYEVELN TWV KALVIKWV KAl yVwolakwv ipodil mou €xouv oL avBpwriveg T-
npwteivonabeleg (Sahara et al., 2008).

ErmunpooBétwe, n xprion petaAlayuévwy yovidiwv t otn Drosophila éxel avadeifel To
pOAO TOUG OTNV VeUPoeKPUALOTIKA vOoo FTDP-17 kat Sivel mBavég e€nynoeLg yia tnv
EVIOYUMEVN TOEKOTNTA TOuG. Mo mapadelypa €xel Ppebel otL n petalafn R406W
™G ON4R 1oopopdr¢ tng MpwTeivng T £XEL OCNUOVTLKA TILO auENUEVN BvnouotnTa Kat
elval Wdlaitepa mo gvaiodnTn oTo 0EELOWTIKO OTPEC O€ OXEDN LLE TNV Aypilou TUTIOU
ON4R woopopdn (Wittmann et al., 2001); (Dias-Santagata et al., 2007). Ze avtiBeon),
oL SOULKEG OAAOYEG OTOL ULOXOELS) CWUATLA TIOU TopaTNPABNKAV ATAV UELWUEVES
€W UNSaULVES yla TG peTtaAAdgelg RA06W kal V377M o€ oxéon e TNV aypilou TUTou
ON4R oopopdny (Kosmidis et al., 2010). EmutAéov, n €kdpacn GCUYKEKPLUEVWV
pHeTaAAaéewv mou oxetilovtat pe tn FTDP-17 vooco amodibel coPfapotepoug
dawvotumoug otn ToflkoTNTa oTov apdIPANCTPOELSN Kal SladopeTIKAG popdoloyiag
(Grammenoudi et al., 2008); (Shulman & Feany, 2003) o€ ox€on UeE TV aypiou TUMOU
ON4R woopopdn. EMoEVWE, OL EMUMTWOELG TNG KABE LETAAAAENG TTOU OXETIETAL IE TO
FTDP-17 oe oxéon ue tnv aypiou tumou ON4R woopopdr, daivetal va sivol eOIKEC
yla TNV Loopopdn KoL ylol ToV TUTO KUTTAPWV OToV omolo ekppalovtal, YEyovog Tou
£pxetal og cupdwvia pe ta KAvika dedopéva (V. M. Lee et al., 2001). O veUupwVIKOG
TUToG Omou ekdpaletal n aypiou tumou mpwrteivn T ) ta peTaAAdypata €ival
OUOLAOTIKNG onuaoiag kabBwg amokaAunrtovtal LoToelSIkeEG Sladopég ota mpoTuTa
dwodopuiiwong (Grammenoudi et al., 2008), kdtL To omoio Ba pumopouce va dwoel
g g€nynon yua tn Stadopetiky evalobnoia Twv VEUPWVIKWY TANBUOUWY OTIC
Sladopeg T- mpwteivomabeleq.

OAa to amoteAéopata Tou Tpokumrtouv amo tn Drosophila katadeikviouv otL
umapyouv cadeic S1adopEC AVALESA OTIC VEUPOEKPUALOTIKEG VOGOUG QKON KAl Qv
oL uToKeipevol maBoAoylkol pnxaviopol eival mapamAnolol. ZUAOYLKA OAEC oL
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HeAETEG KaTadelKVUOUV TNV MAoUaLa otopia Tng Xpriong tn¢ Drosophila w¢ povtédo
yla T MeAETN twv T-mpwrteivonabelwy, mapéxovriag pia mAnbwpa SltadopeTikwv
HOVTEAWV KAl aVAAUGEWYV TIOU UITOPOoUV Vo XpnotpomnotnBouv otn mapouoa UEAETH.
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1. Aswtoupyikég aAAnAerubpaoslg twv Oéoewv PpwodopuAliwong tng
npwteivng T mou SLEMOUV TNV TOSLKOTNTA TNG KoL TNV €AAUTN
pnaonon oto povtéAo tng Drosophila melanogaster

1.1. NepiAnyn

H unep-pwodopuAlwpévn mpwTteivn T €lval To KUPLO CUCTATLKO TWV VEUPOIVISLAKWV
TAEYUATWY, TOU Xapaktnpilel tou¢ ekPUALOUEVOUG VEUPWVEG OTN VOCO TOU
Alzheimer kal oe aA\eg T npwteivonaBelec. H ékppaon tng avBpwmivng mpwteivng T
oto Kevipwkod Neupkd Zvotnua (KNIZ) tng D.melanogaster odnyel oe au&nuévn
To€IKOTNTA, TTPOwWPN BvnoludTnNTa Kol o eAAelppaTa otn HAbnon Kat pvApn. 2tn
napovoa epyacia  xpnowomownOnkav véa  Slayovidlakd OTeEAEXn ylo  va
XOPAKTNPLOTOUV CUYKEKPLUEVEG BEaels dpwaodopuliwaong tng MpwTeivng T, oL omoleg
kKaBopllouv TNV TOEKOTNTA TNG. ZUYKEKPLUEVA Xpnaotpomolnnkav tpia StadopeTika

28 Thr* kau Ser®®, ota onola eite éxel avtikataotabel n Ser/Thr pe

oteAéxn, Ta Ser
mv dwodo-avBektiky aAavivn (Ala), pmAokdpovtag HE QUTO TOV TPOMO TNV
dwodopuAiwon og autn T B€on, eite pe T0 PWOPO-ULUNTIKO YAOUTOAULVLKO 0EV(Glu)
odNywvtag He auto tov Tpomo ot Peudo-dwodopuliwon. Me ta oteAéxn auta,
enoAnBeuTtnke n LTGBEON OTL N dwadopuliwon tne Ser’® eivat amapaitntn yia v
gUdavion TwV paBnolokwv eAAELUPATWY Kal dpa wg «SteukoAuvtig BupodUAakagy»
yla v dwodopuriwon tne Ser’®, n omoia cuvSéetal pe TNV TOEKOTATA TNC
npwteivng T. Emiong, blaitepo evdladépov €xel n amokd@AuyPn tou POAou NG
dwodpopuliwone Thr**®, n omola 6pa wWC  «KATAOTAATIKOC BUPOPUAAKICY,
eunobdilovrag tn dwodopuliwon moAwv Béocewv, ocupneplAapBavopévng Kal Tng
dwodopuliwonc e Ser’® kat katd cuvémela kat e Ser’®. Suvenwe, pe ™
napovoa epyaocio  Steukpwviloupe HovOaSIKEC aAANAemSpdoel PETOED TwWV
dwodoemténwy, ot omoiot  Swadpapatilouv  kaBoploTIKO  pOAo Ot
Stapeocolafolpevn veupwviky Suoheltoupyla kat ToflkoTnTa KAl TOAVOV O QUTEG
va odeidovtal katl ot Stapopdwtikég aldayeg mou udlotatatl n mpwteivn T Adyw

dwodpopuiiwonc.

1.2. Ewaywyn

H mpwteivn T eival po moAU-AElToUpyLKA TPWTELVN, N omola OXETW(ETAL HUE TOUG
VEUPWVLKOUG HikpoowAnviokoug (Sotiropoulos et al., 2017) kal €lval cnUavikn yla
™V puBuwon NG afovikng peTadopdg KAl TOU UAKOUG TWV 0oTABWV TOHEWV TwV
afovikwv pkpoowAnviokwv (Qiang et al., 2018). Ztov eviAika avBpwrmivo eykEpao
UTIAPXOUV 6 SLadOPETIKEG LOOUOPDEG TNG TIPWTEIVNG T, OL OMOLEG TPOKUTITOUV OO
€va Yovidlo pHEow eVOANAKTIKOU patiopatog. Ol .oopopdEC autég SladEpouv amo
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™V anoucia f TV mapoucia evog i SU0 evBECEwWV 0TO apLVo-TEAKO akpo (ON, 1N,
2N), og ouvduaoud pe tn mpoodrkn tou e€wviou 10 1} TOV AMOKAELOUO TOU amod TO
mMRNA (Andreadis et al., 1992). Auto odnyel oe woopopdéc pe 3 (loopopdécg 3R) f 4
(loopopdég 4R) emavalnelg oto kapPofu-teAko akpo, oL omoie¢ dtadpapatilouv
KaBopLOTIKO pOAo OTIG AAANAETILOPACELG PE TOUG UIKpoowAnviokoug (Buée et al.,
2000). Eva kuplapxo XOpOKTNPLOTIKO Kol TwV 6 Loopopdwyv NG Mpwrieivng T mou
umapxouv otov avBpwrivo sykédalo eival To avénuévo doptio pwodopuliwaong,
TO omoio odelletal oTIG avtipponeg SPACELS APKETWY KLVOOWV Kol dwodatacwy
(Johnson & Stoothoff, 2004). MoAAEg kivaoeg €xel amodelyBel 6Tl pwodopuAlwvouv
™ mpwteivn T in vitro kat oe kOTTApa, aAAd av oToxevouv emiong t mpwteivn T in
Vivo Kal UTtO Toleg ouvOnKeg mapapével oe peyalo Babuod ayvwoto (Hosoi et al.,
1995); (Hong et al., 1997); (Zheng-Fischhofer et al., 1998); (Gong et al., 2005).

ISlaitepo evlladEpov £xouv HeAETEG oL omoieg Seixvouv OtL N dwaodopuAiwaon TG
MPWTEIvNG T pmopel va EekvnoeL amod pLo. CUYKEKPLUEVN B€on mpLwv TNV epdavion
emunpooBetwv dwodopullwoswv (Hanger et al., 2009). Me 10 dawouevo
«BupodUAakac» Ppwodopullwoewv Bewpeital OTL UMopEel elte va emTpamouy eite
va avaotalouv SlapopPwoELS OTIG TOTIKEC TPLTOYEVELC OOMEC TNG TMPWTEIVNG
(Uversky, 2015), oL omoleg pmopel otn cuvéxela va emttpePouv f va anotpéPouv tn
dwodopuliwon AAAwv cuxva pakpvwyv Bécswv (Jeganathan et al., 2008); (Sibille et
al., 2012); (Schwalbe et al.,, 2015). Q¢ &k TOUTOU, OUYKEKPLUEVEG OEOELG
dwodopuliwong pnopet va puBuilouv doutkd tnv mpwteivn T KoL TOV KUTTAPLKO
EVTOTILOMO TNG KABe oopopdnc (Sotiropoulos et al, 2017) kal ouvenwcg va
puBuilouv TIg AsLToUpYLKEG LOLOTNTEG TNG (Xia, Li, & Gotz, 2015).

H mpwrteivn T, avefaptAtwc av ivat petalAaypévn i aypiou TUTou, og MOOOAOYIKES
KATAOTAOELG TapouoLlalel avénuéva enimeda dwodopuliwong o B€oelg ou eival
KaTteANUUEVEG duoLoAoyka alAd Kal o BEoelg, oL omoieg kataAapBavovtal pévo
o€ TABOAOYIKEC KOTOOTAOELG KAl avadEpovtal w¢ pwadoemitonol "ocuoxeti{Opevol
ue aoBévela" (Morris et al., 2015); (Arendt et al., 2016). Av koL oL pnxoviopotl mou
nupodotouv TNV umep-dwodopuAiwon elval dAyvwotolL TMpPo¢ TO TAPOV, TO
armotéAeopa elval N VEUPWVLKA evamnodbeon tng unep-dwodopUALWUEVNE TPWTEIVNG
T (Martin, Latypova, & Terro, 2011). Eav oL dwodopuliwoelg dadpapatilouv
oNUAvVTIKG poAo otn Sopiky Slapdpdwon Kol OTIG AELTOUPYLKEC LOLOTNTEC TWV
SL0popETIKWV LWoOHOPPWV TNE MPWTEIVNC T, TOTE N unep-dwaodopuliwon gival oAU
TOavVOV va aVTIKATOTTPI(EL KAl TIC ONUOVTIKEG SLOPOPEC TTOU TTAPATNPOUVTAL OTLG
dLotNTEG TNG MPWTEivng T kal cuoyetilovtal pe tv naboloyia tng (Regan et al.,
2017). Ztnv mpayuatikotnta, n BiBAoypadia odnyel otnv gupéwg Sdradedopévn
avtiAnyn ot n unep-dwodopuliwon elval KaBoploTIKR yla TNV VEUPWVIKN
naBoloyia (Stoothoff & Johnson, 2005) kot mapéxel amodeifelg, 6tL n dtahuth umep-
dwodopuhwpévn mpwteivn T cupBAAeL otn veupwvikrl SuoAsLToupyia, TPV TN
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Snuoupyla Twv cucowpatwpdatwy tne (Fath et al., 2002); (Santacruz et al., 2005);
(Brandt et al., 2009); (Decker et al., 2015).

Mo TNV avayvwplon tng pn- ¢uclohoyikd dwodopullwpévng mpwreivng T, o€
VEUPWVEG aoBeVWV KOl Ylo OUYKEKPLUEVEG Bfoelg (pwodoemitonol), €xouv
avantuxBel €l6lkA avTIOWUOTA KoL Xpnolgomolouvtal w¢ eldkol SlayvwoTtikol
Seikteg Twv T mpwrteivonabewwv (Sergeant et al., 2005). Qotdc0, 0 UNXOVIOUOG TWV
Sladoyikwv yeyovotwv pwaodopuliwong mou eudavilovral otn npwteivn T, kabwg
Kal Toleg O€oelg elval amapaitnteg ywa Tn ouvinpnon Kat tnv e€€EAEN tng
naBoloylag ival akopun acadnc. H tautonoinon twv Béccwv pwaodopuAiwong Tng
npwteivng T, Tou €ite evepyomololy, €ite eival amapaitnteg yia tTnv naboyéveon
elval {wtikng onuaociog, wote va kotoavonBel n veupwviky SuoAsltoupyia Kat
To&LIKOTNTOG OV pecolafeite amo tnv npwteivn T.

H xprion tng D. melanogaster, wg povtéAo twv T-mpwrteivonabeiwy, cupBAarAeL
ONUOVTIKA OTn Kotovonon TOU OUCXETIOMOU TNG TOELKOTNTOG TOU Ttapatnpeital
OTOUG aVvOPWIOUG E TN CUCCWPEUCN TWV UTEP-GWOPOPUALWHUEVWY TIPO —LVLSLWY
¢ mpwteivng T (Wittmann et al., 2001); (Steinhilb, Dias-Santagata, Fulga, Felch, &
Feany, 2007a); (Steinhilbo et al., 2007b); (Feuillette et al., 2010). Npoodara,
avayvwpiotnkav suo Béoelc pwodbopuliwonc te mpwreivne T, n Ser’® kau n Thr*®,
WG amapaitnTeG yla TN ToKOTNTA TG ota Hloxoeldn owpadtia (Mushroom Bodies,
MBs) (Kosmidis et al., 2010); (Papanikolopoulou et al., 2010) kat yla Tnv mpowpen
Bvnowotnta (Papanikolopoulou & Skoulakis, 2015). Ta pwoxoedy cwuadtia (MB)
OIMOTEAOUV TO KEVIPO MAOnoNng kot pvAung otn Drosophila (Davis, 2005).
Afloonpeiwto eival To yeyovac, dtL urmhokdpovtac ™ pwodbopuliwon tne Ser?® kau

25 avtikaBlotwvtoag e olavivee (HetdMafn STA), Sivel wa pe Sopkd

¢ Thr
duololoyika aAAd blaitepa SucAettoupykd MBs, kabBwg emiong kal UUYEG ol
omolie¢ mapouaotalouv MPoBAAUATO OTN CUVELPULKA HudBnon (Kosmidis et al., 2010).
Enuthéov, ta amotehéopatd poc Seixvouv Ot n dwodbopuliwon otn Ser’®
SLOKOTEXEL ONUAVTLIKO POAO OTN VEUPOTOEKOTNTA TNG TPpwTelvng T in vivo. Qotooo, n
VEUPWVLKN SUCAelTOUpYLO, OMIWC UETPATOL HE Ta paBnolakd eAAeippota, ¢ailvetat

va odpeiletat otn pwodopuliwon tne Ser’®? (Papanikolopoulou & Skoulakis, 2015).

OAeg oL mapanavw PeAéteg Baoilotnkav otn xprion tou Suthou dlayovidiou STA kat
ue xpnon Stayovidiwv mou PBpiokovtal oe SladopeTikég BEoeL mAvw oto yovidiwua,
HUE QTMOTEAECUA VA UTIAPXEL PETABANTOTNTA, WG MpPo¢ Ta eminmeda €kdpaong g
npwteivng T. H Swadopetiky mooodtnta €kdpacng NG MPWIEIvNG avapeca ota
Sladpopetika petalaypata, dev adnvel meplBwpla yla akpLpry mMOCOTIKA UETPNON
NG TofIKkoTNTAC Kal TNG SuoAsttoupylag mou efaptatal amo tnv mPwteivn T oto KNI.
Q¢ €k TOUTOU, OTOXOG TNG MOPOUCAG EPYOCLaC ATAV va SLEPEUVIHICOUUE TO POAO TOU

245

KaBevog amnd toug Suo autous dwodoTOmoUS aveEAPTATWS (Ser?® kat Thr’*), kaBdc

Kal pta TiBavr aAAnAemnidpaocn petafl toug, pe xprion dlayovidiwv nou ekdpalouv
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™V TPWTeivn ot womnooa emnineda. Mo To OKOMO auto, SnNULOUPYNOAUE VEQ
Slayovibla, ta omoia eumodilouv TN Pwodopuliwon ot BECELC QUTEG
(avtikatdotaon twv Ser/Thr pe tnv dwodo-avOektiky oalavivn, Ala) 1 mou
obnyouvtal oe Yeuvdo-dpwodpopuliwon (avtikatdotacn HE TO GwWOPO-ULUNTLKO
yAoutapvikd o€y, Glu). Erionc, atdxoc pag ftav n Stepetvnon tou pohou tne Ser?®?
wG «BupodUAaka» yla tnV eUdAvVION ETUKEILEVWYV GWODOPUALWOEWY, OL OTIOLEG
oxetilovtal pe tn vooo, kabwg kat av n pwodopuliwon Tng pubuiletatl amod n

245 .+

dwodopuliwon e Ser?*® f e Thr** 1 avtiotpddwc.

1.3. YAwa kat péodot
1.3.1. KaAAiépyela ko oteAéxn Drosophila melanogaster

Ot Swaotavpwoelg tng Drosophila mpayupatomow}Onkav pallkd o Tpodry mou
TiepLEXel alevpL oltou, Taxapn, alevpt ooylag kat CaCl,. OL SlooTtoupwoelg
npayuatorotidnkav otoug 25°C pe uvypacio 50-70% kat o 12 wpeg KUKAO
dwTtoG/oKoTASLOU, EKTOC TWV MEPLTTWOEWY TIOU UTIOSELKVUETAL KATL SltadopeTikd. OL

155_Gal4 kat to Ras2-Gal4, ot onoiot

EMAYWYELC TOU Xpnolponotndnkav ivat to Elav
€xouv meplypadel ektevwg oto mopeABov (Gouzi et al., 2011). O emaywyéag Elav-
Gal4, o omoiog Bpioketal oto Sevtepo xpwHoowHa eAndOn amd 1o Bloomington
Drosophila Stock center (#8765). O SutAOG emaywyEag Elav*>>-Gal4; Ras2-Gal4 (oto
e€ic Ba avadépetal we emaywyéac Elav; Ras2) kat o Elave>>-Gal4; Elav/CyO (oto
e€nc emaywyag Elav; Elav), kataokevdotnkav pe KatdAAnAeg Staoctavpwoelg. Ot
SlayoviSLakeS HUYEG yla TNV avBpwrivn toopopdry ON4R tng mpwteivng T, oL omoleg
éxouv Kataokeuaotel oe tuxaia ewoaydpevn Béon tou Stayovidiou (hTau®™®, oto
€€n¢ Ba avadépovtatl wg ON4AR puyeg), eAndOnoav amnd tnv M. Feany (latpiki ZxoAn

Tou XapPapvt, Bootwvn, Hvwuéveg MoAlteieg).

Ma t dnuoupyia Twv LayoviSLOKWY HUYWVY TIOU TIEPLEXOUV TLG LOVECG UETAANALELS,
xpnotporowtiBnke to cDNA tng avBpwmivng wopopdng ON4AR tn¢ mpwteivng T
(kataokevaopévo amd tov Ap. Martin Chow, Mavemiot)uio tou Kevtdki) kot
kKAwvomolnOnke otov ¢dopéa pUAS.attB  (Bischof et al.,, 2007) pe xprnion Twv
TEPLOPLOTIKWY  evlUpwv  Bgl 1I/Xbal. Ot petal\a€slg  Snuoupyndnkav e
avtikatdotaon Twv kataloinmwv Ser kat Thr og Ala i Glu pe xprion tou QuickChange
XL kit (Agilent) bavikd yla tn Sievépyela petaAallyéveong KateuBuvopevng amno
Vv 0éon kol cUpPwWvVA PE TIC 08NYLEG TOU KOTOOKEUAOTH. Ta CUUIMANPWHATIKA
puetaldaloyova Levyn oAyovoukAeotiSiwy (5 '€wc 3') mapouaoialovtal TAPOKATW.
OL ocwmnnAég Oéoslc  meploplopol TOU Xpnotpormotlolvtal yo dtaAoyr OeTikwv
KAWVwWV Ttapouctalovtal UTIoypOULoPEVA HE TIAAyLa ypadh, EVW N OVTIKATACTAON
TWV OULWVOEEWV PE EVTOva YpAU AT
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S238A (Pvu Il): 5" CCACCCAAGTCGCCGTCAGCTGCCAAGAGCCGCCTGCAGACAGC

GGTGGGTTCAGCGGCAGTCGACGGTTCTCGGCGGACGTCTGTCG 5’

S238E (Xba l): 5" CCAAGTCGCCGTCTGAGGCCAAGTCTAGACTGCAGACAGCCCC

GGTTCAGCGGCAGACTCCGGTTCAGATCTGACGTCTGTCGGGG 5’
T245A (Sal I): 5’ CTTCCGCCAAGAGTCGACTGCAGGCAGCCCCCGTGCCCATG
GAAGGCGGTTCTCAGCTGACGTCCGTCGGGGGCACGGGTAC 5’
T245E (Sal I): 5 CGTCTTCCGCCAAGAGTCGACTGCAGGAGGCCCCCGTGCCCATG
GCAGAAGGCGGTTCTCAGCTGACGTCCTCCGGGGGCACGGGTAC 5’
S262A (Bgl Il): 5" GCCAGATCTGAAGAATGTCAAGTCCAAGATCGGCGCCACTGAG
CGGTCTAGACTTCTTACAGTTCAGGTTCTAGCCGCGGTGACTC 5’
S262E (Bgl I1): 5 GCCAGATCTGAAGAATGTCAAGTCCAAGATCGGCGAGACTGAG
CGGTCTAGACTTCTTACAGTTCAGGTTCTAGCCGCTCTGACTC 5
STA (Pvu ll): 5’ CCAAGTCGCCGTCAGCTGCCAAGAGCCGCCTGCAGGCAGCCCCCG
GGTTCAGCGGCAGTCGACGGTTCTCGGCGGACGTCCGTCGGGGGC 5’

H owotl aMlAnlouxia twv PeTAAAQYHATWY eTUPEBALWONKE PE TNV TEXVIKA TNG
aAAnAouxlong (sequencing, VBC-biotech). Ot tayoviSlakég puyeg dnuioupyndnkav
pue t PonBela tou phiC31 amd tnv BestGene Inc. (Chino Hills, CA, Hvwpuéveg
MoAtteieg). Ta DNA gyxuBnkav otn 6éon 53B2 TOU YOVISLWUATOG KOl CUYKEKPLUEVA
oto Seltepo Xpwuodowpa (BDSC #9736).

Na tnv Olevépyela TwV TEWPOAUATWY TOU  Teplypadovial  MAPAKATW
ipaypatonoiOnkav ot KAatdAANAeg SLOOTAUPWOELS, XPNOLUOTIOLWVTAS TtapOEVEC
HUYEG amd TOV EMAYWYEA-00NYO KOl QPOEVIKA oo T MUYEG TIOU €XOUV TA
Stayovibla t. OL melpapatikol amoyovol emAéxBnoav katd mnepimtwon, OnMwg
TIEPLYPAPOVTAL TIAPAKATW:

118 (1 Oyec melpapatikol eAéyxou): Emloyr OAWV TwV amoyovwy.

OnAukd Elav X w
OnAukd Elav X apoevikd ON4R f ON4R": Ertthoyr) OAwv Twv aroyévwv.

OnAukd Elav;Elav/CyO X apoevikd ON4R fj ON4R": Eliloyr HOVO TwV 0pOeVIK®V Kat

OnAukwv amoyovwy mou dev meptéxouv CyO.

OnAukd Elav;Ras2 X apoevikd ON4R fj ON4R": Emtloyr) dAwv Twv amoydvwv.
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OnAukd Elav;Ras2 X apoevikd ON4RPZ®A 1 ON4R % 1 ON4R™" 1y ON4R™%F
ON4R>%?* 1 ON4R>?®% 1 ON4R®™: Emtthoyr} OAWV TWV Qroyovwy.
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OnAuka Elav;Ras2 X apoevika w (uOyeg melpapatikol eAéyxou): Emloyn oAwv

TWV OTTOYOVWV.

1.3.2. lotoAoyia

H avoooiotoloyikr] avaAucon eviAikwv kebaAwv Drosophila mpayupatonoldnke pe
ToUEG mapadivng, Omwe mponyoupévwg €xel meplypadel (Kosmidis et al., 2010) pe
XPron Tou anti-Leo mpwtoyevoug avTilowpatog. Ev ouvtopia, Ta KEQAALD TWV HUYWV
povipormolouvtal og Stalupa Carnoy’s (60% aBavoAn, 30% xAwpodoppuio kot 10%
0&LKO 0&U) yla 4 wpeg akoAouBoupevo amod 4 MAUOELS pe atBavoAn Kal oTn CUVEXELD
enefepyalovral pe pebuloBeviolko yia 12 wpeg. TEAOG, EVowHATWVOVTAL OTASLAKA
oe mapadivn kal pe TN Ponbela UIKPOTOHOU CUAAEyovtal TOpEG 5 pum. Adou
anonapadlvoroinBolv oe EUAEVio, OTn OUVEXELD evudatwvovial PE Tn Xpnon
oelpAg StaAuvpdtwy atBavoAng ocuykévipwong and 100% €wg 30% kal £melta anod
XPrion TOU MPWTOYEVOUC aVILIOWHATOG anti-Leo og ouykévipwon 1:4000, akoAouBetl
OVAAUCT TWV OTTOTEAECUATWV.

1.3.3. AvoocoanotUunwon npwIeivwv Katd Western Kot VTILOWHOTOL:

Ta enineda €kdpaong tng OAKAG MPwWTeivng T kabwg kot to emimeda Twv
dwodopuhwoswv NG, Mpoodlopiotnkav pe xprion kedalwv omo 2-5 eVAALKEG
HUYEG, Ta omola opoyevormolouvtal o€ StaAuvpa 1x Laemmli (50 mM Tris pH 6.8, 5%
2-  uepkarmtoalBavoAn, 2% SDS, 10% yAukepoAn, kat 0.01% pmAe NG
BpwpodalvoAng). Ta avilowpata ToOU xpnoldomol)nkav amelkovilovtal oTov

mivaka 1-1.
Avtiowpa Etaipeia O£0£LG MOV avayvwpilel Zuykévipwon
OAwkA mpwtelivn T
MovokAwvVLKO avticwpa T46 Invitrogen avefaptitou 1:3.000
dwaodopuliwong
. , . DOwodopuliwpéveg BEoeLg
MovokAwviko avticwpa AT8 Pierce Endogen 202 208 1:1.000
Ser™ " /Thr
. , . DOwodopuliwpéveg BEoeLg
MovokAwviko avticwpa AT100 Pierce Endogen Thrm/Serm 1:1.000
NoAukAwviké avticwpa pS396 | Source Bioscience | ®wodopuliwon tne Ser’° 1:3.000
NoAukAwviké avticwpa pS262 | Source Bioscience | ®wodopuliwon tne Ser’™ 1:1.000

Nivakag 1- 1. Avtiowpata £€vavit TG OAWKAG TPwTeivng T Kol OUYKEKPLUEVWY Béoewv
dwadopuliwong. Itov nivaka avaypddovtal Ta avVILCWHOTA, 0 TPOUNBEUTAG TOU KABE avTIoWUATOG
KOLL | CUYKEVTPWON OTNV omola Xpnotpomnolnonkav.
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Emiong, kaBotL umdpxet £AAeWpn OTO €UMOPLO TOU OVTIOWHOTOC E£VAVTL TNG
dwodpopuliwone Ser?®, kpivape amapaitntn Tt Snuoupyia TOU AVTIOWUATOC
0UTOU, yla TNV SLEVEPYELA TWV TIELPAUATWY TIOU OITOLTOUVTAL OTN topouoa €PEUVA.
To MOAUKAWVIKO autd avtiowpa Snuoupynbnke oe kouvéAL (Pocono Rabbit Farm
and Laboratory) otoxelovtag évavtl tou mentidiou TPPKSPSpSAKSRLQTAPVPMP.
Mplv TN XPron Tou, To aviiowua KaBapiloTnKe MEPALTEPW KE XPrion XpwHatoypadiog
OUYYEVELQC.

Ma tnv Koavovikomoinon Twv Selypdtwyv Kat tnv edlewn oPoApdTwy Katd TN
dopTwOoN TwV SELYUATWY, XPNOLUOTOLONKE TO TPWTOYEVEG QVIIOWMA cuvtagivn
(mAb 8C3, Developmental Studies Hybridoma Studies), oe cuykévtpwon 1: 3.000. Ta
Seutepoyevn avitiowpata xpnowlonol)dnkav o apaiwon 1: 5.000.

1.3.4. Mpoodloplopog npoodokipou wng os eviAika {wa Drosophila

MNa tov mpoodloplopnd tng ddpkelag {wng xpnoltonotndnkav oL evAALKoL amoyovol

1> Gal4; Ras2 pe to ekdoTote Slayovidlo

oo TG SLACTAUPWOELS TOU enmaywyEa Elav
T. Zav MUYEC TIEWPAMATIKOU €A€yxou, eTAEXOnoav oL amoyovol amd Tnv
c1>> 18 | Oyec (etepoluywrec).

OL Staotaupwoelg ipaypatonotdnkav otoug 18°C kat otn ouvéxela 17 opuddeg Twv

Slaotavpwon Tou smaywyéa Elav"-Gal4; Ras2 pe tig w
20 evAAIKKWV APOEVIKWV HUYWV (340 pUyeg ava yevotumo) petadépBnkav oToug
30°C. K&Be 3 nuépeg, ot plyec petadépovtal o Kawoupylo Glaridia pe véa tpodn,
Kal Kataypadetol o aplBuoc twv puywv mou mebaivouv. MNa tnv eéaywyn tou
QMOTEAEOOTOC TTpaypatonolifnkav Suo avefdptnta MeLPAATA.

1.3.5. O&el6WTLKO OTPEG

Ma tov mpocdloplopd NG enidpaong tou kABe Slayovidiou oTo 0LELOWTIKO OTPES
Xpnolgomnolnke xopriynon tou paraquat, Omwc TPONYOUUEVWC £XEL Tieplypadel
(Dias-Santagata et al., 2007). Ev cuvtopuia, xpnolpomotnonkav evAALKEG HUYEC, Ol
omole¢ mpoékuPav Enelrta amd TG KATAAANAEG SLACTAUPWOEL TOU EMAYWYEQ

1>>.Gal4; Ras2 pe apoevikd, eite omd ta Slayovidla T eite amd TG HUYES
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Elav
MEPOPOTIKOU eNéyxou (w ). OL Stactaupwoelg mpaypatonodnkav otoug 25°C.
Ot eviAkol amoyovol ano kabe Sltactavpwaon dtaxwplotnkav oe SekaTEVTE OUASEG
Twv 20 puywv (nAkkiag 1-2 nuepwv), wote cuvoAka 300 HUYEG Vol UTIAPXOUV ava
YEVOTUTIO. ITIC HUYEG QUTEG, XxopnynBnke pebuloBloydvo 30 mM (methyl viologen,
Acros Organics) padll pe tnv tpodn Kol KATAUETPNONKE 0 aplBuog twv emi{wvtwy
HUywv €merta amo 24 wpec. Na v eoywyn) TOU  OMOTEAECHOTOC
npaypatonotnonkav Suo avefdptnta MELPALOTA.
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1.3.6. Zuunepidpopiki availuon

OAa ta ouunepldoplkd TMEPAUATA TIPAyUOTONOOnkav Uno XaunAo epubpd
dwTlopo, otoug 24-25°C kot og vypaoia 70-75%. Ot pUYeC Tou XPnoLomoiOnkay
Atav eVAALKEG HUYEG 2-5 nUEPWV Kot cUAEXBnoav péow avaloBnoiog und CO,, pa
HEpa TPV TNV Sle€aywyr Tou MEepapatos. Adou xwpiotnkav o opadeg Twv 50-70
HLUYyWV, petadépoviat otou¢ 30°C yia 12 £wg 16 wpec. lNo TNV pétpnon tng
LKavOTNTOG KLABNoNG xpnoLlomolntnke to mapdadelypa t¢ maBAoBLavng apvnTiking
00dpNTIKAG HABnong cuvdualovtag anmwOnTIKEG OOpEC wG e€apTtnUévo epEBLopa
(CS+ kat CS-) pe 1o NAEKTPLKO COK WG Un e€aptnuévo gpgdiopa (US). Ot amwOnTikeEg
OOUEC TOU XpnolponoiOnkav Ntav n BevlaAdeiidn (BNZ) kat n 3-oktavoAn (OCT)
OpaLWHEVEC g AASL (5% v/v yia tn BevlaAdelidn kat 50% v/v yla tTnv oktavoAn). Mia
wpa TpLy TN Sle€aywyr) Tou MELPAUATOC, OL LUYEC HeTadEpovTal o€ Kabapd dLaAidia
He ¢péokia tPodn. MNa tnv ekmaidevon, oL PUyeg tomobetolvial o CwARva
enevdedupévo pe nAektpodopo mMAEypa Kal ektiBevtal oe aépa (500 mL/min). Itn
OUVEXELQ, Ol HUYEC ekTiBevtal otn mpwtn ooun yia 30 SsutepOAenta o cuvdUAOUO
pe emavalappavopeva ook tTwv 90 V (6 ook Siapkelag 1,25 dsutepoléntwy ava
Xpovika Siaotipata twv 4,5 deutepoAéntwy). AkoAoUBwg, ol pUyeg ektiBevral
apXlkw¢ og aépa yla 30 SeutepoAemnta uTd por 500 mL/min Kot oTn CUVEXELQ OTN
SeUtepn ooun yla 30 SeUTEPOAETITA XWPIG OUWG TO NAEKTPLKA COK KOl TEAOG OE aEpal
yla dAAa 30 SeutepoAenta. Auo opddeg puywv tou L8ilou yevotumou ekmatdevovral
TOUTOXPOVA, HE TPOTO Tou N pia opada va amodelyet T BeviaAdelidn kal n aAAn
opada va amodeUyeL TNV OKTAVOAN, evw N ovtiBetn oour xpnollomoleital Kabe
dopd wg oopn €AEyXOU. ITN CUVEXELQ, OL HUYEC HeTadEPOVTAL OE Lo cUOKEUN T-
AaBupivBou kat adrivovtal va emidééouv PeTAlU Twv U0 OoUWV (XWPLG NAEKTPLKO
ooK) yLa 90 eutepoOAenta.

H andédoon twv lwwv (uadnon) umoloyiletat pe Paon tov beiktn amédoong
(Performance Index, Pl), o omoio¢ looUTOlL UE TO KAGOUO TwV HUYWV TIOU
amodelyouv TN cuvdedepévn He To NAEKTPLKO ook oopn (CS+) peiov To KAAopa Twv
HUYWV TIou amodeluyouv tnv oourn eAéyxou (CS-) Slopolevo TPOG TOV GUVOALKO
oplOpo tTwv puywv. O teAkog deiktng anddoong unoloyiletal wg To HECO OPO TWV
6uo AuLou Adywv yla KABe pla amod T opadeg Twv {wwv mou ekmatdevovtal ota
CUUMANPpwHOTIKA epebiopata kal Kupaivetar amd 0 €wg 100. Emedy 6Aa ta
Slayovidla mou xpnolpomotnOnkav €xouv elcaxbel otov (610 YeEVETIKO TOTO, 0 OAQ
TO TELPAMOTO XPNOLUOTONONKaV w¢ HUYEC TEPAUATIKOU €AEyXou HOVO oL
ETEPOTUYEC LUYEC TIELPOUATLKOU EAEYXOU.
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1.3.7. Ztatiotiki AvaAuon

Mo TNV TOCOTIKOMOLNCN TwV SEYUATWY KATA TNV avoooamnotunwon katda Western
TIPOLYLLOTOTIOL BNKE TIUKVOUETPLA KAl UTIOAOYLOTNKE 0 AOYOG TNG OXETLKNG TOCOTNTAG
™G MPWTEIvNG T 0 Ox€ON HE TN OXETIKA TIoooTNTA TNG ocuvtagivng (Syx). O Adyog Twv
Sewypatwv eAéyxou opiotnke w¢ 1 kal OAoL oL AOyolL OXETIKAG TOCOTNTAC
avadépovral oe oxéon He auto. O UECOG OPOG KAl Ol TLUEG TUTILKOU OPAAUATOC
(SEM) ouykpivovtal apxikwg pe tn HEBodo ANOVA kat autd mou €xouv dladopeg
OoTn OUVEXeElo ouykpivovtat pe tn Soklpacio Dunnett’'s. Opoilwg, ol Selkteg
anodoong TnG Hadnong umoloyiotnkav onwg avadepetal mapanavw pe ANOVA kat
ev ouvexela autd pe Betiklp ANOVA avoAuOnkav Tepaltépw ME TIOAAQTIAEG
OUYKPLOELg 1 he tn Sokipacoia Dunnett’s.

Ta Sedopéva amd ta nelpapota emiBiwong (mpoodloplopds mpoodokipov {wng)
HEAETABNKAV ylat TNV KABe pépa pe tn pEBodo Wilcoxon/Kruskal-Wallis. Na autd
TIOU TIAPOUCLACTNKAYV ONUOVTIKEG SladopEC UTIOAOYIOTNKE TO PECO OPO KOL TO TUTILKO
odaApa yla KABe yeVOTUTIO KOl CUYKPLONKE e TG MUYEG TIELPAUATIKOU EAEYXOU UE
Xxpnon tng puebodou Steel. O pEoOC OPOC KAl TO TUTILKO OPAAUO OTA TELPAMOTA
emBlwong pe To 0EELOWTIKO OTPEG UE XPrON TOU paraquat ocuykpibnkav pPe autd Tou
TIELPOLATIKOU EAEYXOU I UE OUTA HETALU SLadOPETIKWY YEVOTUTIWV LE XPHON TNG
neBodou Dunnett’s i mpaypatonotiBnkav MOAAMAEG CUYKpLoELg, £melta and éva
0pXLKO BeTIKO amotéAeopa pe tn uEBodo ANOVA.

1.4. AnoteAéopata

1.4.1. Ta pabnolakd eAAeippata eivat ave§aptnta ano ta enineda ékppaong tng
npwrteivng T otn Drosophila

S€ TIPONYOUMEVEC MENETEC elxe xpnowomownBei to tuxaia ewoayopevo hTau®™, to
omoio eixe dSnuoupynBetl otnv 2N4R wopopdn tng T mpwrteivng (Kosmidis et al.,
2010). lNa va yevikeutolV ol emdpAcEL AUTAG tNG OSUTANG METAAAAENG Kal va
emBeBawwbBouv ta anoteAéopata ou €xouv Ndn dnuoocteuBel (Papanikolopoulou &
Skoulakis, 2015) kpibnke amapaitntn n dnuioupyia evog avefdptntou SutAol
puetaAAaypotog STA otnv toopopdn ON4R tng T mpwrteivne. EmutpooBetwe, og OAa Ta
Tuxaia slocayopeva Slayovidla mou eixav xpnowlonolnOel og TPONYOUUEVEC UEAETEC
elxe mapatnpnBel petapAntétnta twv emunmédwv ékdppaong tng mpwrteivng T.
Juvenwg, Kpibnke amapaitntn n dnuioupyia véwv Slayovidiwv, ota omoia n
ékppaon tn¢ mpwrteivng eival dla 4 mapouola, wote va unopouv va eéaxBolv
00paAr} CUUTIEPACHOTO YO TNV EMISPACN QUTWV OTN VEUPWVIKN AElToupyia Kot
veupotofikotnta. H Snuwoupyia OAwv twv véwv Stayovidiwy, yla thv Loopopdn
ON4R, to STA Kal yla Ta pova pwodo-pHeETAANAYLATA TIPOYHOTOTIOW|ONKE LECW TOU
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phiC3 (Bischof et al., 2007), pe 6Aa ta Tpavomooovia va €xouv slooxbel otnv Sl
Béon Ttou Oeltepou xpwpoowpatog (55B2). OAa autd ta véa Slayovidia
napouaotalouvv mapopola emnineda ékdppaon (ZupmAnpwpatiki Ewkova 1- 1), pe
QMOTEAEOUO va MImopel va TmpaypatonolnBet n mapovoa peAétn. OL Omoleg
dawvotumikég Sladopég petafl Twv Slayovidiwv dev Ba pumopovoav va odeilovtal
ota Sladopetikd emnineda €kdppaong, mapd LOVo OTLG SLadOopPLKEG EMOPATELS TNG
Aettoupylag autwy.

3TN mopouaoa PEAETN BPEONKE OTL TO CUYKEKPLUEVO SLayoViSLO TTOU KATAOKEUAOTNKE
yla tnv woopopdrn ON4AR kal €xel elocaxbel oe ouykekpluévn Béon tou deltepoU
xpwpoowpatoc (ON4R"), éxel duotoloyikd poxoetdr cwpdtia (MB) (Ewkéva 1- 1A2
évavtl Ewkova 1- 1A3) otav ekppaletal UTO €vav TIAV-VEUPWVIKO ETMOYWYEQ, OE
avtiBeon pe TO Tuxalo eloayopevo Slayoviblo TOU  ElXe  TPONYOUMEVWG
xpnotpomnotnBet (Kosmidis et al., 2010). YrnoBétoupue OtL n €vBeon oe Béoelg attp n
OTN CUYKEKPLUEVN B€on 0To eUTEPO XPWHOOWUO TIPETEL VAL EXEL WE ATIOTEAECHA TN
Hewpévn ékdpaon tou ON4R", pe amotéheopa va pévouv GBKTa Ta HLOXOELSH
ocwpata. MNa TtV avTeTwrion autol Kat emeldy OAa ta Sayovidia Tou
KOTOOKEUAOTNKAV €xouv elooxbel otnv (bla xpwpoowuikn B€on, smbwwéape va
auénooupe TNV €kdpacn, WOTe Ta emimeda va MPOcoUolalouv auTd TNG Tuxalag
€vBeong ON4R. A TO OKOTMO QUTO KATAOKEUAOTNKAV SUO VEOL EMOYWYELG TOU
ouviotatal ite ano duo mav-veupwVLKOUG enaywyeis Elav, évag oto X xpwpoowpua
Kal €vag oto deutepo Ypwuoowpa (Elav;Elav), eite amd Suo mav-veupwvikoug
emaywyelg, évag Elav emaywyéag oto X xpwHoowHa Kol évag emaywyéag Ras2 oto
bevtepo xpwpoowua (Elav; Ras2) (Gouzi et al., 2011).

H moocotikonoinon twv enutédwv ékppaonc tou ON4R" umd touc emaywyeic Elav A
Ras2 €dwoe onuavtikes Sladopéc oe oxéon Ue Vv tuxaia €vBeon ON4R. O
Slapopéc autéc ekundevitovtay, otav emdyetat n ékppaon tou ONAR" umd touc
SuthoU¢ enaywyeic Elav;Elav 1 Elav; Ras2 (Ewkova 1- 1B Kot ZUMITANPWHOTIKOG
Nivakag 1- 1), pe ta enineda ékppaonc tou ON4R" umd tov emaywyéa Elav; Ras2 va
TIPOCOOLA{OUV TIEPLOCOTEPO Ta eTtimeda €kdpacnc Tou Tuxaio eloayopevou ON4R.
MNa to Adyo autd o OAO TA TEWPAMATA XPNOLUOTIOONKE O OCUYKEKPLUEVOG
enaywyéag. Qotdéoo, evdladépov eixe to yeyovog OtL mapolo mou ta emimeda
ékppaong tou ON4R" rav mapodpoLa pe Ta enineda tou tuxaio eloayopevou ON4R,
TO HLOXOEld oWUATIA 05 AUTO TO OTEAEXOG mapEpelvav abikta (Ewkova 1- 1A5),
OTWG €Mmiong Kot UTO TNV €kdpaocn tou Sumhol emaywyEa Elav;Elav (Etkova 1- 1A4).
Moootikomoinon twv SevopLTikwy TepLOXwV (KAAUKEG), €Melta amd Xpwon HE TO
avtiowpa anti-Leo, og oteléxn melpapatikol ehéyxou (0.1376 mm?) og oUyKpLON e
auTH Twv otehexwv mou ekdppdlouv thv ON4AR" und tov emaywyéa Elav; Ras2 (0.1268
mm?) Sev £8eife onpavtikéc Stadopéc (Student’s t-test, p = 0.1716, n = 6). Auto
UTTOSEIKVUEL OTL N Sopn TwV PLOXOoEWwWV cwuatiwy gival wblaitepa evalobntn ota
enineda €kppaong tng mpwteivng T katd tnv avantuén toug (Kosmidis et al., 2010).
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MBavov, ta enineda ékbpaonc tou ON4R" und tov emaywyéa Elav; Ras2 va eivat
XOUNAOTEPA TOU QMALTOUMEVOU 0pLlou yla TNV eKGNAWGON SOUKWVY EAAELUUATWY OTA
pLoxoeldn owpatia. EvaAAaKTikd, ol aBikteg SoPEC TwV PLOX0EW WY ocwuatiwy ota
oteNéxn mou ekdpdlouv tnv ON4R" pmopolv va SkatoloynBouv Adyw NG
KaBuoTePNUEVNC CUCOWPELONG TNG MPWTEIVNG 0TOUG veupoBAdoTeG (Bavov otav n
EVOWUATWON YlveTal ot attP B€oelg va mpaypatomnoleital n enaywyn tng Eékdpacng
0pYyOTEPA KATA TNV avamntuén) mou Ba 06nyrnoouv oTo OXNUATIOMO TWV ULOXOEdWY
owpatiwv (Kosmidis et al., 2010).

EmutpooBétwe, n emoywyd TG ékdppaonc tou Siayovidiou ON4R" amd toug
emaywyei¢ Elav, Elav;Elav 13 Elav;Ras2 amédwoe mapopola eAAelppata ot
OUVELPULKA padnon (Ewkéva 1- 1€ kot ZupnAnpwpatikog Nivakag 1- 1). H anodoon
otnv pabnon umo tov emaywyéa Elav;Ras2 nrav oplakd dtadopetikn and autr Tou
Elav (p = 0.002), wotdco Sev Siédepe dtav endyetal n ékdpacn tou ONAR" umd tov
enaywyéa Elav;Elav (ZupnmAnpwpatikdg Nivakag 1- 1). Epocov, n emaywyn g
€kppaong NG MpwTeivng T eixe mapopola podnolakd eAAeippaTA yloa OAOUG TOUG
TIOV-VEUPWVIKOUC ETAYWYELG TIou eAéxOnoav, amodelkvuetal OTL Ta podnolakad
eMEelppOTO TTOU TIAPOTNPOUUE €ival avedptnta Twv erMESWV €kdpaong TNng
MPpWTeivng T kat dev elval amotédeopa aAloiwong tTwv SoHwV TwV HULOXOEWBWY
owpotiwv. Q¢ ek TOUTOU, O€ OAEC TIG TELPAMUATIKEG QVOAUCEL( TIOU
TPAYUATOTOLNONKOV 0T CUVEXELA XpNnoLHomolOnke o emaywyéag Elav;Ras2, kabott
elval o emaywyéac mou mpokalel mapopola enineda ékppaonc tne ON4R" pe to
tuxaia swoayopevo ON4R mou eixe xpnoluomolnbel o MPONYOUUEVEG UEAETEC
(Kosmidis et al., 2010); (Papanikolopoulou et al., 2010); (Papanikolopoulou &
Skoulakis, 2015), yeyovog mou SLEUKOAUVEL TIG OUYKPLOELS LETAEL TOUG.
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Ewkova 1- 1. H ékdppaon tng npwteivng T oto KNI tng poyag Sev tpokadei Sopkd eNAeippata ota
pLoxoeldy owpatia (MB), svw emidpépel padnolakd eAAeippata aAve{apTATWV TWV EMMESWV
£ékppaong Tng MpwIeivng. A) Movipomolnuéveg o StdAupa Carnoy’s PeTWrLOiEG TOUEG Tapadivng
Tou €xouv uTtoBAnBel og xpwon He To avticwpa anti-Leo oto eninedo Twv §evEpLTWV TWV ULOXOELSWV
owpatiwv yla TI¢ pUyeg melpapatikol eléyyou (Elav/+) kat yio tig plyeg mou ekdppdlouvv ta
Stadopetika Stayovidia ON4AR pe xprion Sladopetikwy emaywyéwv. Ta BEAn Selxvouv tnv éAAeun
KOAUKWV OTIC HUyeg Tou ekdpalouv to tuxaia sloayopsevo ON4AR Siayovidlo. B) Moootikomnoinon
Selypatwy amno kehaAéG puywy Tou ekdpAlouv TTOV-VEUPWVIKA UE Xpron SLadopeTIKWY EMAywYEWY
ta Suo Slayovidia ON4R (ON4R" kat to tuyaia eloaydpevo ON4R). To “* uToSelkvUeL TIC SLadopéc
TIOU €lvol OTATIOTIKA ONMAVTIKEG ylo ta Selypata mou ekdpdlouv tnv MPwTeivn T €vavil Twv
Selypuatwv eAéyxou, TOU OTN TIPOKELUEVN TEPIMTWON €ival oL puyeg mou ekdpalouv To TUXAiQ
gloayopevo Slayovidlo ON4R. ZTATIOTIKEG AEMTOMEPELEC MAPOUCLAIOVTOL OTOV ZUMMANPWHOTLKOG
Nivakag 1- 1. C) Anddoon otn Hddnon twv puywv mou ekbpalouv, pe xpron SladopeTikwy
EMaywyEwy, ta umodelkvudpeva ON4R Sayovidla (Halpeg UMAPEG) O OUYKPLON ME TG MUYEG
TELPAUATIKOU eAéyxou (Aeukn pmapa). To “*’ umobdelkviel T Sladopeg mMou €lval OTOTLOTIKA
ONMOVTIKEG amd TIG MUYEG €AEyXOU. ITOTIOTIKEG AETTOMEPELEG TAPOUCLAlOVIaL OTOV
TupnAnpwpatikog Nivakag 1- 1
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1.4.2. Awadopikog poAog twv Ser™ kat Thr™™ otn to§ikdtnTta TG AVOpwILVNG

npwteivng T

ApxkdC oTdX0C fAtav va kabopiotel av n Ser’®® kat n Thr’*, and ta onoia cuvictatat
0 SutAd Slayovidio STA (ON4R™, STA oto yevetkd umdPabpo tnc ON4R
toopopdng), KataotéAouv TNV TOEKOTNTA TNC TPWTElvng T. AUTO QapPXLKWC
TpayUaTomolnOnke Ue HETPNON TNG £€apTwpevnNC amd TNV nAlkia Bvnoluotntag,
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onwe akplBwc eixe mpaypatomnotndeil kat oto STA Siayovidlo, To omoio Bplokotav
ST (Kosmidis et al., 2010). Na to

OKOTIO AUTO, KATAAANAEC SLOCTOUPWOELG TOU EMAYWYEQ LE TO EKAOTOTE Slayovidilo n

He tic w® piveg ((wa mewpapatikoy eAéyxou) mpaypatonowidnkav otouc 18°C,

OTO YeVETIKO utoBaBpo tng 2N4R woopopdng, 2N4R

WOTE Vo Tapapeivel n €kdppacn tng MPwTeivng oTo €AAXLOTO. ITN CUVEXELA, OL
€VNALIKEG HUYEG ool Slaxwplotnkav o€ opadeg Twv 20 {wwv, HeETaPEPBNKAV OTOUG
30°C kot StatnprABnkav os auth tn Beppokpaocia, Ewg OTtou amoBlwoouv OAeG oL
puyes. OL emlnoavieg PUYEG KaTapeTpouvtol kaBe duo nuépeg. OL pUyeg Tou
ekppalouv v ON4R" napouciacav mpdéwpn BvnodTNTa o OXEon He TS HUVECS
TMELPOUATIKOU eAéyxou (Ewkova 1- 2A kot ZUMMANPwpAtikog Mivakag 1-2 A),
TIAPOHOLO OTOTEAECHA E AUTO TOU Tuxaia eloayopevou ON4R (Papanikolopoulou &
Skoulakis, 2015). 2& avtiBeon, n ékdpaon Tou Stayovidiou ON4R*™ Sev mapouaciooe
Sladpopad oto mpodid emiBilwong oe oxéon HME TIG MUYEC TELPAUATIKOU €EAEYXOU
(Ewkdva 1- 2A kat ZupmAnpwpotikog Mivakog 1-2 A). Suykekpuéva, tnv 29" nuépa o
TANBUOUAC Tou €xel emBLDOEL oTLC pUYeC ON4AR" ivan onpavtikd Stadopetikdc amnod
QUTOV TWV OTEAEXWV TIELPAUOTIKOU €EAEYXOU, O OTOLOG €lval pELWHEVOG Katd 50%
(Ewdva 1- 2A), evid ot poyec mou ekdpdlouvv to ONAR™ Sev Stadépouv kabdAou
(ZupnmAnpwpatikog MNivakag 1-2 A). Zuvenwg, ta véa dlayovidia mou £€xouv elooyBet
oTo 6eUTEPO XpWHOOWHA eMaAnBelouv MANPWES Ta amoteAéopata emBiwong mou
glyav kot ta tuyaia eloayopeva Siayovidia (Papanikolopoulou & Skoulakis, 2015).
Eniong, to yeyovog OtL Ta ocuykekpluéva Slayovidla ekdpalovtal oe mapoupoLa
enineda (ZupmAnpwpatiki Ewkdva 1- 1) emuPefatwvel To yeyovog OTL N ToElkoTNTA
mou mpokoAeital eival ave€dptntn twv emumeédbwv €kdpaong TnG avOpwrmivng
npwtetvng T. EmutAéov, emaAnBevetat Kat o oxuptopdc ot n Ser’® i n Thr* A kaw
ol SUo pall amalttouvtol ylad TNV TOEKOTNTA TNG TPWTEivNg T, OMwg outh
ekdnAwveTaL He TNV Mpowpn Bvnowuotnta.

TN OUVEXELR, ylo vo. SLEUKPVLOTEL av Kol ot SVo kai/f mowa amd Tg duo

8 kat Thr?®®

dwopopulioelc (Ser? ) mou eival petaAayuéveg oto Slayovidio STA
pecoAafouv yla tnv toflkotnta NG Mpwieivng T, kpiBnke amapaitntn n avaiuon
WV EMSPAoEWY TOU KABe pepovwpévou petaldypatoc Ser’® 4 Thri®. sta
HETAANGypOTA QUTA, £ite €xel avtkoataotabei n Ser/Thr pe tnv dwodo-avOekTIkA
oAavivn (Ala), pmAokapovtag Pe auTto Tov TPOTo TV dwodopuAlwor tne, £ite Ye TO
dwodo-ULUNTIKO YAOUTAULVLKO o0&V (Glu), odnywvtag pe auto tov tpomo oe Peuvdo-
dwodopudiwon. Ze mponyoUPeveG UEAETEC €xel OelxBel otL N dwodopuAiwon TG
Ser®® AauBdvel xwpa akpBWC mpv To onpeio mou to 50% tou MANBuUGHOU TwV
Huywv mou ekdppalouv tn ON4R amoBlwvel (Papanikolopoulou & Skoulakis, 2015) kat
£xeL 0dnynoeL otnVv UTIOBECN OTL N CUYKEKPLUEVN B€on amotelel deiktng ToIKOTNTOG.
Napaddéwe, otn napoloa épeuva prhokdpovtac tn dwodbopuliwon tne Ser’® dev
3238A (Ewéva 1- 2B), n

omola TAPEUELVE ONUAVTIKA OSladopeTky amd auth TWV HUYWV TELPAUATIKOU

napatnpnbnke BeAtiwon otn tofkotnta ¢ mpwteivng ON4AR
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eléyxou amo tnv 23" nuépa éwc tnv 30" nuépa (Ewkova 1- 2B Kot ZUPTANP WHOTLKOG

S238E napépelve Kol auTod

Mivakag 1-2 B). Eniong, to Yeuvdo-dwodpopuAiwpévo ON4AR
e€ioou To€k6 600 To ON4AR" (Ewkéva 1- 2B kot SupmAnpwpatikdg Mivakag 1-2 B). To
anotéheopa autd urmodSnhwvel OtL n dpwodopuliwon otn Ser’® pmopel va eivat
anapaitntn oAAd 6ev emapkel amd POV TG yla va EMAYEL TN TOEKOTNTA TNG

npwrteivng T.

T245A

InUavtiky emiong elvat n mapatipnon ott n ON4R MPWTEivn, Omou n

25 umhokdpetal oméd TV avTikatdotaon oe olavivn,

dwodopuAiwon tng Thr
napouotdlel avénuévn Bvnopotnta and tnv 23" nuépa éwg tnv 30" (Ekéva 1- 2C
Kol ZupnAnpwpatikog Mivakag 1-2 C), dnAadn vwpitepa oe olykpLlon UE TG LUYEC
nou ekppdZouv tnv ON4R" Kat mapouctdlovv 50% BvnowdTnTa TNV 24n NUéPa Kot
O€ OX£0N HE TIG MUYEC TIEWpOpOTIKOU EAEyxou Ttou dtdvouv tnv 29" nuépa (Etkéva 1-
2C). Autd umtoSnAwvel OTL N GUYKEKPLUEVN Béon dwadopuliwong eival amapaitntn
yla TNV KATAOTOAr TtnNG Ttofkotntag Tou odnyel ot mpwiun Ovnowodtnta.
Enutpoobétwe, to Peudo-dpwodopuliwpévo ONART4E
ouUmEPLPEPETAL LE TOV (610 TPOTIO OTIWGE KAl OL LUYEG TIELPAUATIKOU eAEyxou (ElkOva

BeAtiwvel TNV TofkOTNTA KOl
1- 2C ko ZupmAnpwpatikog MNivakag 1-2 C). Ta amoteAéopata autd utodnAwvouv

4t n dwodopuliwon otn Thr’* Spa MPOCTATEUTIKA | OTTOTPEMTIKA EVOVTL TG
ToELIKOTNTAG, EVW N €AW TNG Elval amapaitnTn yLo TV EMaywyr tn¢ ToEKOTNTAC.
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Ewéva 1- 2. Awadopki enibpaon twv Ser’® kau Thr’*® o npéwpn Bvhowoétnta. KaprmdAeg
emBilwonc twv {wwv Tou ekppdlouv oto KNI ta Stayovisia ON4R", ONSTA (A), S238A, S238E (B),

T245A, kat T245E (C) og oUykplon e Toug etepoluywteg Elav/+; Ras/ + (LUyeg melpapatikol eAéyyou,

1118
)

w). O uéoog 6pog £ SEM umoAoyiotnke amo SUo avefdptnta MELPAPATA KAl amd ouVoALlkd 340 {wa

avd yevoturo. Tnv 29" nuépa umoloyiotnke 4Tl n peiwon tou MANBUCHOU OTIC LUYEC TELPAUATIKOU
eAéyxou NTav 50%. ITOTLOTIKEG AEMTOPEPELEG TAPOUCLAIOVTAL OTOUG CUMIANPWHATIKOUG THivaKeg 1-
2A, B, C.

Mia Stadopetiky HETPNON TNG TOELKOTNTAC, ETELTA QMO TNV CUCCWPEUCH TNC
avBpwrivng mpwteivne T, amoteAel n avtiotaocn oto paraquat ylo TNV KATAUETPNON
TWV eTUMESWV 0EEOWTIKOU OTPEC. MPOKELTAL Yo Pl 0EELS0OVAYWYIKI) ETEPOKUKALKNA
évwon Outupldivng, n omoia €xel Bpebel 6Tl OTOUG LOTOUCG TOPAYEL QAVIOVTA
unepogeldiou kal cUVENWG MpoayeL To AdN umtdpyov ofeldwTikd otpeg (Rzezniczak et
al., 2011). Katd ocuveénela, oL HUYEG TTOU UTTOKELVTOL UTIO auénUéVo oEeldWTIKO OTPEG
AOYWw TNC ocucowpeuong TNG avBpwrivng mpwteivng T, avopévetol va glval 1o
gualobnteg £mMelTa anmo TO OTPEC TOU EMAYETAL QMO TO paraquat (Dias-Santagata et
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al., 2007). Itn mpaypatikotnTa, £Nelta ano £kBeon yla 24 wpeg o 30 mM paraquat
(eloayopevo pe tnv Ttpodn), oL HUYEC TEPAPATIKOU €Aéyxou Tapouctalouv
Bvnowotnta 10%, svw ot pUyec mou ekdpdlouv tv ON4R" mapoucidlouv
Ovnowotnta 40%. e avtibeon, ot pUyeg mou ekppalouv to Slayovidio STA
KATAOTEAAETAL N Ovnowotnta, n omoio TMPocopoldlel Ta €MMESA TWV HUYWV
nelpapatikov eAéyxou (Ewkdva 1- 3 kat ZupmAnpwpatikog Mivakag 1- 2),
urodnAwvovtac ott n Ser’®® f/kat n Thr** Swdpapatifouv kdmowo poAo otn
TOEIKOTNTA 0TO OEELOWTLKO OTPEG.

Eniong, Otav umhokdpetat n ¢wodpopuliwon tnc Ser’®®, émewta amd v

S238A

oavtikataotaon o€ oAavivn (ON4R ) kaBwg kat n YPeudo-dwodopuAlwUEévn

ON4R***® pokadolv ta iSla enineda Bvnowpdtntag 6nwe to ON4R" (Etkdva 1- 3 kot

S238E

ZupnAnpwpatikog Nivakag 1- 2). Qotoéco, n tofkotnta tng ON4R elvat

S238A

ONUOVTIKA MIKPOTEPN autng tng ON4R (ZupnAnpwpatikog Mivakag 1- 2).

EmutpooBétwe, oL piyec otig omolec prmdokdpetal n dwodopuliwon tng Thre®,

, ' ' i T245A
EMELTA QIO TNV avilkataotoon o€ alavivn, ON4R >

, Tlapouolalouv auénuévn
TOEIKOTNTA G CUYKPLON HE TIC MUVEC TIou ekppdlouv tnv ON4R" (Ewéva 1- 3 kan
ZupnAnpwpatikog Mivakag 1- 2). H Yeuvdo-dwodpopuliwon NG OCUYKEKPLUEVNG
Béonc (ON4R™*F) mpokahel peiwon tne tofkdtntog, wotdoo Sev efaleipetal n

To€KATNTOL N oMol TP ALPEVEL GNAVTIKE UPNAGTEPN QUTAC TN ON4AR®™

(Ewkova 1-
3 Kot ZUPIMAnpWHAtkog Mivakag 1- 2). To yeyovog OtL oL puyeg mou ekdppalouv to
SUt\d Slayovidio ON4R’™ mapouotdouy TofKOTNTA 0 XapnAd enineda, mapopola
HE TIC MUYEG TEPAMATIKOU €A€yxou, ot avtiBeon pe ta pova Slayovidia,
umobnAwvel OtL koL ot dvo Bfoelg tauvtoxpova Ba mpémel mbavotata va
urmAokapovtal anod t ¢wodopuliwon, wote va e€aleidetal f va KATACTEAANETOL N
TOEIKOTNTA OTO OELOWTIKO OTPECG, N omola TpoKaAsital amd tnv €kdpacn tNG

avBpwrnivng mpwteivng T.
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Ewéva 1- 3. Awadopikr enidpaon twv Ser’> kat Thr’* oto ofeldwtikd oTPeC. Zwo nAkiac Suo

nuepwv adnvovral oe 30mM paraquat kat kataypadetal n Bvnoluotnta £netta ano 24 wpeg. O
M€oog 6pog = SEM umoloyiotnke amo dUo aveédptnta Melpdpata Kot and cuvoAka 300 {wa avd
yevotumo. Ot yevotumot SAwv Twv {Wwv UTTOSELKVUOVTAL KATW Omtd TIC Urdpec. To “*’ umodelkvieL TIg
Sladopég Twv dlayovidiwy Tou €lval OTATIOTIKA CNUAVTIKEG artd TG HUYEG TIELPAATIKOU €AEYXOU,
evw To ‘# T SladopEg petaf Twv cuyyevwy Slayovidiwv. H xopriynon paraquat yia 24 Wpeg £XEL WG
anoTéAeopa TV avénon tng Bvnodtntog o OAa Ta dlayovidia og ox€on HE TG LUYEG TTELPAPATIKOU
eNéyxou, €KTtOG Tou Olayovidiou ONSTA. ZITATIOTIKEC AEMTOUEPELEC Ttapoudtdlovtal oTov
ZupnAnpwpatikog Nivakag 1- 2.

H Bvnowdtnta mou mapatnpeital and To ofElSWTIKO OTPEC yia TG MUYEC Ser?®® kat
Thr®® givat StadopeTikr amod auTHv o apatnpeital ard v pwipn Bvnopdtnta
ToU €EETAOTNKE TIPONYOUUEVWE, LUTIOSNAWVOVTAG OTL OL SUO QUTEG HETPACELG TNG
TOEIKOTNTOG AVTUTPOCWIEUOUV SLaPOPETIKOUC TTABOAOYIKOUE UNXAVLIOUOUG.

1.4.3. H dwodopuliwon cuyKkekpLlpévwv Bécswv e§aptatal and tnv Kotaotach
Pwodopulinonc twv Béoewv Ser>® kaw Thr*®.

Na va OlepeuvnBel n mpotewopuevn alAnAenidbpaon petaly Twv Oéocewv
dwodpopuliwone Ser’®® kat Thr**® KkaBWC KAl TWV GUVEMEWWV TOUC Ot GAAEC
OTMOUAKPUOUEVEG Bfoelg dwodopuAlwong, XPNOLUOTORONKAV OVTIIOWHOTO YL
OUVKEKPLUEVEC Bfoelc dwodopuliwong ol omoieg oxetilovtol pe TOOOAOYIKEG
KOTOOTAOELS. JUYKEKPLUEVA €TIAEXONKE O emitomog AT8, aviiowpa €L8IKO yla TLG
dwopopulioetc Ser’® kat Thr’®, to avtiowpa AT100, To omoio eivat EL6IKO yLa TLC
dwopopuliwoelc Thret? kaw Ser’™, kabwc kat ta pSer’® kat pSer®® avriowpara. Ta
enineda  ékdppaong NG mpwteivng T, OAwv Twv VEwv Slayovibiwv Tmou
Snuiovpyndnkay, eivat mapduowad pe oautd tou ON4R" (Ewéva 1- 4A—C).
EMutpooB£twe, otn mapoloa HEAETN XPNOLLOTOLONKE KoL To véo avtiowua pSer’®

TIOU KOTAOKEUAOTNKE. H €L6IKOTNTA TOU OUYKEKPLUEVOU QVILOWUATOG £EETAOTNKE
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STA

mpwta o€ pUyeG mou ekdpalouv 1o ON4AR’" (ZupmAnpwpatiki Eikova 1- 2). ITig

HOYEC QUTEG, KaBOTL eivat pmhokaptopévn n dwodopuliwon e Ser?®, ev Ba

ENpene va maipvoupe kapia Lwvn katd tnv nAektpodopnon. Qotdco, o OAa T
Selypata, cupmep\apBaAVOpEVWY Kol Twv Selypdtwy amd T poyec ON4R™
avixveudnke pa Lwvn o vPnAdtepo poplakd Bapog, n omola BewpnBNKe WG pn

el8KN (ZupmAnpwpatikr Elkova 1- 2).

Me tnv avaAuon He XpNon OAwWV TwV TAPATAVW SLOOPETIKWY AVIICWUATWY,
BpéBnke OtL Otav prmlokdpetol n dwodopuliwon g Ser?®®, émewta amd v
avtikataotaon tng o alavivn N pe Pevdo-dwodopuliwor NG, TPOoKAAElTAL

uelwon tng dwodpopuliwong Tou emtdémou AT100 kat avénon g dwodopuAiwong

262

e Ser’® og oxéon pe tn ON4R" (Ewkéva 1- 4A Kot ZUPIANPWHATIKGS Mivakag 1- 3).

AUTS UTIOSNAGVEL OTL N KatdAnn e Ser’® eivat avefdptntn amd v katdotaon

238

dwodpopuliwonc tne Ser’. H dwodopuliwon tne amopakpuopévne Ser’™® eivat

auénpévn oTic MUYEC OTLC omoleg éxel Hmhokaptotel n dwodopuliwon g Ser’,
evl) pével avemnpéaotn otn Yeuvdo-dwodopuliwpévn Ser’® (Ewdva 1- 4A Kkat
TuprAnpWHATIKOS Mivakag 1- 3). Onwe Atav avapevopevo to pSer’*® avtiowpa Sev

avayvwpilet oUte to ONAR®?®A oUte To ONAR® % (Ewkdva 1- 4A).

T245A
T

INUOVTIKO eVpNUa AmOTEAEL ETioNC, OTL MAPA TO YEYOVOC OTL OTIC LUYyeG ON4R (0l

enineda pwopopuliwonc tou Ser’® napapévouv ta idta pe tne ON4R", otnv Peudo-
dwopopuhwpévn  ONAR™™F  pewbvovtar  onpavtkd  (Ewkéva 1- 4B ko

ZupnAnpwHATKOG Nivakag 1- 3). Autd cupdwvel pe tnv UTOBeon OTL N KataAnyn
e Thr*®® kataotéMet tv dwodbopuliwon tne Ser?*®. KaBodt to avtiowpa pThre®
Sev eilval StaBaotpo, dev pmopel va e€etaotel av LoYUeL kKat To avanodo SnAadn av n

245

katdAndn tne Ser®® kataotéMel tv dwodopuliwon the Thre®. Otav umhokdpetat

n dwodopuliwon e Thr®, émewa amd v avikatdotaoh e oe ahavivn

262

npokaeitat avénon tne Ser’® oe oxéon pe tic ON4R" poyec, evd n Peudo-

’ r r I ' 262 ' '
dwodopuNwon TS €XeL we amotéleopa Ta enineda tou Ser?®? va eivat mepinou ta

(Sl e Twv ON4R" (Ewéva 1- 4B kot ZupmAnpwportikdc Mivakag 1- 3). Auto eivat
oUpdpwvo pe TNV Béa OTL N amwAel /| N Kataotoh] te dwodbopuliwone Thr2®
odnyel oe katdAnPn Twv Béoewv Ser?®® kat Ser’® kat ta anoteAéopata evioxyouv

v drodn ot n katdAnin the Béonc Thr®

262

KATAOTEAAEL TN dwodopuAiwon Kal Twy

800 Béoewv, Ser?®® kat Ser?®%. Emopévwe, n Thr’*® Spa we «BupodUAAKACH YLa TIC
' ' . 2 262 .

enakdloubec  dwodopuhoelc Ttwv Béoswv Ser’® kat Ser’®, oL omnoiec

ouoyetilovtal pe maboloyikég kataotaoelg (Papanikolopoulou & Skoulakis, 2015).

O mpotewdpevoc pohoc tne Thri® we kplowoc «BupodUlakac», avtl yia T Béon

238

Ser”™, avtikatontpiletal €miong OTIC CUVETELEG TIOU €XEL O QTIOKAELOMOG TNG N N

Peuvbo-dwodopudiwory NG O  AMOUAKPUOPEVOUC  pwodo-emtdémoug. H
dwodopuliwon twv Béoswv mou avayvwpilovtal and ta aviiowpata AT8 kal

245

AT100 eival emiong pewwpévn kat ota duo Thro™ petaAlayupata (Etkova 1- 4B kou
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SuprAnpwpatikog Mivakac 1- 3), evd n Ser’®® mapapével avemnpéaotn. e
avtiBeon, ota Ser’®® petaldypato napatnpeitol peiwon tou entdmou AT100, v
n dwodbopuliwon tne Ser’®

dwodopuliwon tne Ser?*® (Ewdva 1- 4A ka ZupmAnpwpartikdc Mivakag 1- 3). Auto
245

elval onuavtikd oauénpévn, Otav HUMAOKAPETOL N

UTIOSELKVUEL OTL N KataAnyn tng B€ong Thro™ elval amapaitntn yLa TNV EMKEEVN

dwopopuliwon twv AT8 kat AT100 ertdnwy, evw n dwodopuliwon tne Ser’®

KOTaoTEMeL v KatdAngn ™ Ser’®®,  wa  akdpa  évdeln  Tudavev

OAANAETUOPACEWY HETAEY OMOUAKPUOUEVWY B€cewv dwodopuliwong.

0 oucwwdng pdoc tne Ser’® wg «BupodUlakacy (Papanikolopoulou & Skoulakis,
2015), (Nishimura, Yang, & Lu, 2004) napouotaletal otnv Elkova 1- 4C, 61tou OAEG oL
dwodOPUNMWOELS Elval GNUAVTIKE HELWHEVEC KAt 0T U0 petoMdypota ON4R>26%
kot ON4R®?®%. Mapdtl o amokAeopds e dwodopuliwone tne Ser’® (ON4R%?4)
gVIoYVEL TN amoyPn OTL N KATAAnyPn TNG CUYKEKPLUEVNG BEéong elval amapaitntn yla
v enkeipevn pwodpopuriwon tne Ser’, to avtiBeto avapévetat yo to Peudo-
dwodopuliwpévo Ser’® (ON4R*?°%). To yeyovdc étL n dwodopuliwon g Ser?*®

glval pewwpévn oto ON4R?%

, EVIOYVEL tnv amoyn otL to Glu dev eival éva
QOTENEGHATIKO UTIOKATAOTATO TNC dwodopuliwonc tou Ser’® kat mbavov va €xet

KoL KATToLaL apvnTIKA emidpaocn.
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Ewéva 1- 4. AMnAenidpacn ¢wopopuluwcewv petafd twv Ser?, Thr'* ko Ser’®.

Avtutpoowneutikd Selypata avaluong pe Western omd OUOYEVOTOLNUEVEG KEPAAEG UUYWV TIOU
ekdpdlouv TV ON4R" mav-veupwvikd, oe olykplon pe ta Selypata twv petalaypdtwv Ala kot Glu
LE OUYKEKPLUEVA QVIIOWHATA, OMWG amelkovilovtal aplotepd. To MPWTO OVTIOWHA QVLXVEVEL TO
oAka emineda €kdpaong tng MPpwTeivng T, evw OAa Ta umdAouta eival €8IKA YL GUYKEKPLUEVEC
Boelc dwodopuliwong. H ocuvtalivn (Syx) xpnoLUOMOLELTAL YLA TNV KAVOVLKOTIOLNON KoL emakoAoudn
TOCOTIKOTOINON Twv Selypdtwy Tou ekdpdlouv tnv ON4R", n omola tiBetar oto 1, dmwe
amnelkoviletal pe TN SLAKEKOUUEVN Ypappr). Ot unapeg urtodelkviouy Ta péoa +SEM oXeTika enimedba
TWV PWodopUALWHEVWY UETOANOYUATWY OE CUYKEKPLUEVEG BECELG O OXEon HE Ta emimeda QUTWV
Twv B¢oewv otn ON4R". Statiotikéc Aemtopépelec mapoustalovtal otov ZUPTANPWHATIKOE Mivakog
1- 3. (A-C) NMoootikomoinon Selypdtwy mou ekdppdlouv mav-veupwvikd tv ON4R" oe cUykplon pe
Selypota twv Stayovibiwv S238A kot S238E (A), T245A kat T245E Siayovibiwv (B) kat twv
Stayovidiwv S262A kal S262E (C), pe xprion SLadopeTIKWY AVIICWHATWY OMWE QUTA UTtoSELlKVUOVTAL
oplotepa.

1.4.4. Awadopikoc poroc twv Ser’d, Thr** kau Ser®®? ota padnotakd eAAeipparta,
Ta omoia e§aptwvtat ano tnv ékppacn tng npwieivng T.

EKTOC amtd to poho tou Ser?®? we «BupodpuAakan, EXeL TPOTABEL OTL N GUYKEKPLLEVN
Béon dwodopuAiwong elval amapaitntn ywa T pabnolakd eAAslppata
(Papanikolopoulou & Skoulakis, 2015). H tuxaio évBeon ON4R-Ser’®, mou eixe
xpnotponownBel os mponyoupeveg PeAETeg, eixe BpeOel OTL €xel MOAU YapnAotepa
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enineda £kppaong os oxéon He To Tuxaia sloayopevo ON4R (Papanikolopoulou &
Skoulakis, 2015). Auto BéteL 1o evbexOuevo OtL n €ANewpn Twv padBnoloKwy
eMEPUATWY, EMELTA OO TOV ATIOKAELOMO TNG dwodopUAlwoNG TNG CUYKEKPLUEVNG
Béong pe oAavivn, UMOpel vo ATOV QMOTEAECHA TWV XAUNAOTEPWV ETUMESWV.
JuVeEnwG, Mpo¢ emBeBaiwon Tou MAPATAVW ATOTEAECUATOC XPNOLUOTOLONKE TO
véo Slayovidlo S262A, to omoio ekdpdletol ot (Slo emineSo pe to ON4R"
(ZupnAnpwpatikiy Ewkova 1-1).

Onwg ATOV AVOUEVOUEVO KOL O aUTA Ta VEa Olayovidla, Otav UMAOKAPETOL N
dwopopuliwon tne Ser’® (ON4R**®*) sev mapatnpolvrat pabnotokd eMeippora
(Ekova 1- S5E kot ZupmAnpwpoatikdg MNivakag 1- 4), emPefawwvovrag Tta
nponyoupeva dnuoaotevpéva amnoteAéopata (Papanikolopoulou & Skoulakis, 2015).
Eniong, kaBotL To cuykekpluévo Slayovidlo ekdppaletal ota Sl emineda pe avta
nou ekdpdletat n ON4AR" (ZupmAnpwpatiki Ewéva 1- 1 kau Ewéva 1- 4C),
eTUBERALWVEL TO YEYOVOC OTL N ENEWPN pHaBnoLokwy eNEpdTwY ot ONAR>2?* Sev
glval amotéAeopa PELWHEVWY ETUMESWV EKPPOONG KAl CUVETWG N dwaodopuliwon
TNG OUYKEKPLUEVNG B€ong Stadpapatilel kaBoploTiko poAo otn pabnon.

H ékdpaon tou ON4AR™ SuayoviSiou oe GAouc TOUC VeUPWVEC Sev TPOKOAEL
e\atTtwpata ota poxoeldn cwpdtia (Ewkéva 1- 5A), oe cupdpwvia Pe TPONYOUEVEG
dnuootevoelg (Kosmidis et al.,, 2010); (Papanikolopoulou & Skoulakis, 2015).
Eruthéov, Omwe kat yia to 2N4R*™ (Kosmidis et al., 2010), n ékdppacn tou ON4R®™
TIPOKOAEL ONUAVTIKA €AAElUMOTA OTN OUVELPUIKN MaBnon (Ewkova 1- 5B Ko
TUMTANPWHATIKOCS Mivakag 1- 4), TopopoL pe autd tou ON4AR" (ZUpIANPWHATIKOG
Nivakag 1- 4). Suvenwc to ON4AR™™, av Kot éxel eVIEAWS AOIKTO LLOXOELSH CWHATLA,
napouotalel SuoAsltoupyla OTO KEVIPLKO VEUPIKO ouvotnua. Emiong, onuavtikod
gUPNUA EIVOL TO YEYOVOC OTL N éKdpaon Twv povd petallaypévwy ONAR A kat
ON4R™"" ¢xel wc amotéheopa eficou onpavikkd podnotakd  eAleippara.
AeSopévou OtL ota ouykekpLpéva Stayovidia n Ser?®? eivat unep-pwodopulwpévn,
TO OMOTEAECHATO €VIOXUOUV TNV amoyn OTL N OUYKEKPLWIEVN Pwodopuliwaon
Stadpapatilel kaBoploTiko poAo yla ta poabnotaka eAAsippata (Papanikolopoulou &
Skoulakis, 2015).
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Ewova 1- 5. Atadopikéd eNeippata oth pédnon napatnpovvral yio ta petalAdypara Ser>8, Thr?*

262

Kot Ser™ . A) Movionoiwnpéveg oe Stalupa Carnoy’s HeTwrLAiEG TOPEG Tapadivng Tou £xouv

umtoPBAnOei oe xpwon pe anti-Leo avticwpa oto eminedo twv devéprtwv (Calyx) kat twv afovwyv Twv
MLoX0Ed WV ocwpaTiwy yla TIG HUYeg mou ekdpdalouv ta SladopeTikd Stayovidia tng mpwrteivng T. (B—
E) Anodoon otn padnon twv {wwv mou ekdpdlouv ta Siadopetikd Stayovidia tng mpwrteivng T
(HoOpeG KOl YKPL UIMAPEG) O OXEON ME Ta {wa TELPAUATIKOU eAEyXoU (AEUKEG pmapeg). OL yevotumol
OAWV TwV {wwv avaypddovtal KATw arno Ti¢ purdpec. O pécog + SEM umodeikvietal e KABe umapa.
To “*’ unodelkviel TIG Sladopeg Twv Slayovidiwy Mou €lval OTATIOTIKA CNUOVTIKEG Ao TIG MUYEG
TELPOUATIKOU ENEYXOU. ITOTLOTIKEG AEMITOUEPELEG TTOPOUOLAIOVTOL OTOV ZUMIANPWHATIKOG Mivakag
1-4.

ITn ouvexela, efetaotnke o poAo¢ Twv YPeudo-dwodopullwpévwy Slayovidiwv
ON4R*% kot ON4R™*E. H éxdpaon tou ONAR*E napouoidzet ta idla padnotakd

32382 (Ewéval 1- 5C Kot ZUPIARPWHATIKOC Mivakoag 1-

eMelppata, omwe kat to ON4R
4). K&t o omoio £pxetat oe cupdwvia Kal pe To yeyovdc ot n Béon Ser’®’ oto
ouykekplpévo Slayovidlo eival umep-pwodopuAiwpévn (Ewkova 1- 4A) kot og MARPN
ocupdwvia pe TNV avamotedeopatikotnta tng Glu umokatdotaong w¢ ¢wodo-
HLUNTIKG oTn B€on auth. Z€ avtiBeon pe Ta pabnolakd eAAEUATA TTOU TTAPOUCLATEL
0 ON4R™*A, 1 ékdppacn tou ONAR™*F Sev ennpedlet tn padnon (Ewéva 1- 5D kot
ZupnAnpwpatikog Mivakag 1- 4). Meyovog to omolo €pxetal o mMARPN cupdwvia pe
ta enineda pwodbopuliwone e Ser’®? (pewpéva emineda, Ewdva 1- 4B) kau
urootnpilovtac tnv drodn 4t n pwodbopuliwon tne Thre®® Spa WE KATAGTAATIKAC
mapAyovtag ylo TNV Ttoflkotnta Kot SuocAettoupyia Tou pecoAofeite amd tnv
avBpwrivn mpwteivn T.
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1.5. Xulntnon

MNapott n pwodopuliwaon tng mpwteivng T, To teAeutaio Staotnua dev mapouoldlet
1o evlladEpov Tou €ixe Ta MPONYOUEVA XPOVLA, WOTOCO TOPAUEVEL EVOG LOXUPOG
Blodeiktng Twv TABOAOYIKWY KOTAOTACEWV TIOU OXETWlOVTOL HE TNV UTEP-
dwodopudiwon ¢ npwrteivng T (Blennow & Zetterberg, 2018). MNa to Adyo auto, n
KaTavonon Tou TPOTUTIOU Kal Tou Tpomou puBuong tg dwodopuAiwong tng
avBpwrnivng mpwteivng T elval onuavtikn, yla tTnv mapakoAoudnon kot e€EALEN Twv
naBoAoylwv auTwy Kal §(00U ONUAVTLKA yLa TNV KOTAvOnon Twv SoUkwy aAAaywv
mou daivetat va npokaAolv otn Slapopdwon Tng mpwrteivng T. Ta anoteAéopata
TNG OUYKEKPLIEVNG EPEUVOCG KAl OTO OUYKEKPLUEVO HOvIEAO Tng Drosophila
neplypadouv pia akoAoubia otic dwodopullwaoelg mou dpouv w¢ «BupodUAaKeC
Kal ennpedalouv TO0O TNV TOLKOTNTA TNG MPWTEivng T, 600 KAl TN VEUPWVLIKNA
SuoAeltoupyla QUTAG, YEYOVOG TIOU UMOPEL va XpNOLUEVOEL WG PBLoSeikTNG yla TLg
Sladopeg aobéveleg (Papanikolopoulou & Skoulakis, 2015).

H umoBeon mou té6nke oe mponyouueveg Ueléteg (Papanikolopoulou & Skoulakis,
2015), 6t n Ser’® eivar amapaitntn yw v KotdAndn e Béonc Ser?®,
EMAANBEVTNKE TELPOAUATIKWG KAL OTN CUYKEKPLUEVN €peuva (Ewkdva 1- 4). Emtiong, n

2 24 ) ' ' y
38 > auébelfe éva VEO ONHAVTIKO

Snuoupyia Twv povwv dayovidiwv Ser”™® kat Thr
onueio pubulong, kATL To omoio dev pmopouoe va SexBel OTIC TTPONYOUUEVEG
UEAETEG UE TN Xpron Tou SuTAd petaAlaypévou Stayovidiou STA mou eixe avaAuBel.
JUYKEVTPWTLIKA, N toflkotnta (Ewkdva 1- 2, Ekova 1- 3) KoL Ta QIOTEAECUATA OTh
nabnon (Ewova 1- 5) umo 1o mAaiolo tou mpodih dwaodopuiiwong (Etkova 1- 4),

24 ;o , ,
> e€aoBevel i amokeiet TV KatdAnyn

umodelkvuouv otL n pwodopuAiwaon tng Thr
e Ser’®, n onoia pe ™ oewpd ¢ eival anapaitnt y v pwodopuliwon e
Ser?®®, 08nywvrag oe tofkotnTa. Emopévwe, n dwodopuliwon tne Ser’® mponyeitat

kot Aettoupyel we «BupodUAakacy yia tnv katdAnn the Ser®®®, n omola pe t oepd
NG MPOAYEL TN MPOwWPN Bvnowotnta nmou eéaptatal anod tnv avlpwrivn npwteivn T

i odnyel otn HELWHEVN avTioTaon oTo 0fElOWTLKO OTPEG.

Méxpt twpa dev yvwpiloupe tov akplpn UNXaviopd [ 1o €vauoua yla Tty
anodwaodopuliwon tne Thr®, dnwc emiong Kat TV TAXUTATO KAL TO UNXOVLIOHO TNC
enakdloudne katdAndne e Ser’®?, av kat mBavétata va pecolapeite amd
Sladopeg alhayeg otn Stapodpdwon tng mpwrteivng. MBavwg n dtadkaoia va ival
OpKETA apyr, av AdPoupe ut’ oYLy OtTL Ta paBnolakd eAAeippaTa TPOKUTITOUV
OPKETA apyotepa amnod tnVv Ekppaon tng avBpwrnivng npwteivng T (Papanikolopoulou
et al, 2010); (Papanikolopoulou & Skoulakis, 2015). Asdopévou OTL n
dwodopuliwon tne Ser’® mponyeitat xpovikd auth tne Ser’*®, mBavév oe auto va
odeiletal kat n kabBuotépnon pwaodopuliwong tng teAeutaiag (Papanikolopoulou &
Skoulakis, 2015). Autd Obeiyvel pa e€aptwpevn amd tnv nAkia ekdnAwon g
TOEIKOTNTOG, KOWO XAPAKTNPLOTIKO TwV ekPUAloTIKwY T-mpwteivomabelwy. Auto
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UTIOSEKVUEL OTL 0 éheyxoC tne dwodopuliwone tne Ser’®® umopel va eivat évac
XpPNoog Blodeiktng tng e€EALENG TG vOTOU.

Meploxég OMwG n uPnAd cuvtnenUEVn TEPLOXN TPOCSECNC TWV UIKPOOWANVIOKWV
KOl N OHWO-TEAKN TEPLOXN TNG TMPWIEivNg daivetal va eival Aeltoupykd
e€elbikevpéveg (Trushina et al.,, 2019). Afloonueiwto €lval OTL pe TN Tapouoa
€peuva mpoteivovtal oAANAemISpAocELl €€QPTWHEVEG amO TNV Slopopdwaon Tng
npwtelvng T, pe ta 24 apwvoléa mou Siaxwpilouvv tn Ser?® amd ) Ser® va éxouv
KaBopLOTIKO pOAO OTn TOEIKOTNTA Kol SUCAElToUpyla TIOU pecoAafeite amd Tnv
MPpWTeivn T. Q¢ €K TOUTOU, TIPOTELVOULE OTL N CUYKEKPLUEVN Tteploxn dtadpapatilet
ONUAVTIKO pOAO OTn TOEKOTNTA KoL VEUPWVLIKN SucAettoupyla. Autd pmopel va
ovtikatontpiletal kat oto Tmpodih dwodopuhwoswv o Selypata  amo
eykepahovwrtiaio vypo (CSF) and acbeveig pe Alzheimer, omou gudavilovral upnAa
62 (Russell et al., 2017). EmutAéov, pLo
GAAN épeuva £8eiée dTL oL dwodopuliwpévec Ser?®® kat Ser’® oyetifovral dpeoa e

enineda pwopopuliwonc twv Ser?*® kat Ser

Vv naboloyia oe acBeveic pe Alzheimer (Martin et al.,, 2013). MNpoteivoupe oOTL
OUTEG OL ‘Tteplox€¢ toflkotntag oupPailouv otn Swapopdwaon tng Soung TG
npwteivng T, KaBWS N dwodopuliwon twv Ser??, Thr**, kat Ser’® ennpeddet kat T
dwopopuliwon emutpdodetwy Bécewv, dnwc twv Ser’®?/Thr’® (AT8), Thr’*2/ser™™
(AT100) aM\& kat TG Qopakpucpévne Ser*®®, n omoia Bpioketatl oto kapPofu-
TeAkO akpo (Ewkéva 1- 4), n omoila emiong Pploketat oe vPnAa emnineda
dwodopulwpévn oe deiypata CSF anod acbeveic pe Alzheimer (Russell et al., 2017).
Emeldn) 6Ae¢ oL Béoeic dwodopuliwong mou e€etalovral otn mopouca €psuva
Bpilokovtal o otaBepeg mepPLOXEG, Oewpol e OTL AUTOL OL punxaviopol pubulong mou
nipoteilvou e gival Kool yLa OAeG TG LoopopdEG TNG MpwTeivng T.

ErutpooBétwe, n dwodbopuiiwon tne Thr*® daivetat va eivat avaotahtikd oxt pévo

28 A& emionc kat yia T Ser’%/Thr?®

yla tn Ser?®? kat katd cuvémela ylo T Ser
kat Thr**?/Ser’™ (Ewéva 1- 4B). MBavétata n ouykekpluévn Oéon  va
OVTUTPOOWTEVEL £VaV EUPUTEPO QAVOOTOATIKO TIAPAYOVTA TNC TOELKOTNTAG KAl TNG
VEUPWVLIKAG SuoAettoupylog (Etkdva 1- 6). Q¢ ek toutou, N PpwodopuAiwon TNG
OUYKEKPLUEVNG B€ong odaivetal va Aettoupyel wg «BupoduAakag» evavtiov
eTUMPO0OeTWV dWopopUALWOEWVY TIOU CXETI{OVTAL PE TIG TTUOOAOYIKEC KATAOTACELG.

2 endavitetat

e oupdwvia pe autiv tnv amoyn, n dwodopuAiwon tng Thr
OTTOKAELOTIKA 0€ PpUCLoAoyLKA Selypata amo tov avBpwrivo seyképaro (Martin et al.,
2013). H povn aAAn dwodpopuliwon mou €xel avadpepOel OTL HELWVEL TNV TOEKOTNTA

295 (ttner et al., 2016). AutO épxetaL o€

™¢ mpwteivng T elval aut otn 6éon Thr
avtiBeon pe o poho tne Ser’®?, n omoia daivetat va evepyorotel tn pwopopuliwon
eMUPOoOeTwY BéoewV, oUPMEPAAUPBOVOUEVNC KOt TNG TOEWKAS Ser’®® (Ewoéva 1- 4C)
Kal Tilavotata Kal TEPLOCOTEPWY O€oswv oMo aUTEC Tou e€etdotnkav oOTn

mapovoa epyacia. Mo To Adyo auto yivovtal MoANEG mpooTtaBeleg dSnploupylag Tou
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avtlowpatoc p-Thr*®, to omnoio pali pe avtd twv pSer?*® kat pSer®® pmopet va eivat
ToAUTIHOL Blodeikteg yia TNV e€EALEN Twv T-MpwTeivomabelwv.

JUYKEVTPWTIKA,  dailvetat va  umapxouv Suo  eldwv  «BupodUAaKeg»

dwodopuAlwoewyv, autol oL omoiotl katactéANouv TN dwodopuAilwaon EMMPOCOETWY

245 262 1
. Auto

245

B€oewyv, omwc n Thro™ kat @AAoL oL omolol TNV evepyomololv, Onwg n Ser
avanoapiotatat otnv Elkova 1- 6, 6mou mpoteivoupe 0tL n pwodopuAiwon tng Thr
6pa w¢ «KaTAOTAATIKOG BupodUAakag», eumodilovtag tnv dwodopuAiwon Tou
«8teukohuvtr BupodUlaka» Ser’® kat katd cuvémeta kat tng Ser’®

al., 2004); (Papanikolopoulou & Skoulakis, 2015).

(Nishimura et

Physiological

238
er

S Th

PathologicalA/—\

P P262
ser?3® Thi?%® Ser
premature learning
mortality deficits

Ewkova 1- 6 IXNUATIKA OMEIKOVION TNG TPOTEWVOMEVNG OAANAEMiSPAONG TOU «KOTAUOTOATIKOU
Bupoduraka» Thr**® kat Tou «SteukoAuvtr BupodUlaka» Ser’®. To kOKKWO BEAOC AVTLITPOOWEVEL
Toug «8leukoAuvtég BupodUAakeg». H kateuBuveon tou PEloug Seixvel otL n dwodopuliwon TG
Ser”®® mpayportomnoteitat petd v dwodpopuliwon T Ser’®. Ot apuPAELC YPApUES QVTUTPOOWIEVOUV
TOUG «KATOOTAATIKOUG BupodUAaKEG»

Av kal umtdpyxouv mpodavei¢ GAPUAKEUTIKOL OTOXOL, TIAPOHEVEL UL TIPOKANGCNH O
EVTOTULOMOG KoL n mapéppaon oe dwodpatdoeg KoL KWWACEG TOU OTOXEUOUV
OUVKEKPLUEVOUC PwOdO-EMITOMOUG, €V UEPEL AOYW CUUUETOXAG TOUG KOl O AAAEC
dbuotohoyikéc Slepyaoiec Tou kuttdpou (Martin et al., 2013). Oco adopd ™ Thr’®,
™¢ omoiag n pwodopuliwon daivetal va dpa wG «KATACTAATIKOG BupodUAakag»
yla TIg enikeipeveg dwodopuAlWoEeLg ou oxeTilovtal e TaBOAOYIKEG KATAOTAOELG,
amoteAel Bepamevutiky TPOKANon va pmopel va dwatnpnBsl KatelAnupévn n
OUYKeKpévn Béon. EmupooBétwe, n dnpoupyia aviowpatoc p-Thre® v v
€ykalpn avixveuon tng ano-¢pwodPopuALWHUEVNC KATAOTAONG TNG UMopel va sival
€vag xpnotuog Blodeiktng mpoyvwong tTwv T-mpwTteivomabeLwy.
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1.6. ZUMMANPWHATIKA SES0MEva

A

S238A
T245A
S262A
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c Genotype Mean + SEM [}

ANOVA Fg139) = 0.7679, p=0.5969

Elav;Ras2>0N4R" 1
Elav;Ras2>5238A 0.999 + 0.078 1
Elav;Ras2>S238E 0.922 +0.075 0.925
Elav;Ras2>T245A 0.914 +0.032 0.807
Elav;Ras2>T245E 0.956 + 0.040 0.993
Elav;Ras2>S262A 1.026 + 0.046 0.999
Elav;Ras2>5262E 1.023 £ 0.052 0.999

TupnAnpwpatikr Ewkova 1- 1. lodnoon ékdpacn twv Stapopetikwv petaAlayudtwy Ala kat Glu
Tiou £xouv sloaxOei otn Oéon 55B2 pe tnv npwrteivn eAéyxou ON4R. A) AVTUTPOOWTEVUTIKA Selypata
avéluonc pe Western améd Opoyevomonpéves kedbahéc puylv mou ekdpdlouv v ON4R" mav-
VEUPWVLKA o€ oUyKpLon Ue Ta Selypata Twv petalayuatwy Ala kot Glu, Le xprion ToOU avTiloWUATOC
T46 €vavtl TnG oAknG mpwteivng T. B) Noootikomoinon Twv emunédwyv ékppaong tng mpwteivng T. H
ouvtagivn (Syx) Xpnowlormoleital yia TNV Kovovikomolnon kal emakoAoubn moootikomoinon twv
Setypdtwy mou ekdpdlouv tnv ON4R", n omoia tiBetan oo 1. Ot pundpec unodetkviouy Ta péoca + SEM
OxeTIKA eminedo twv petoMaypdtwy Ala kat Glu oe oyéon pe ta enineda e ON4R". €) Statiotikd
avaluon Tng mocotikomnoinong pe tn uEbodo ANOVA.

" < " 14 m ONSTA
5 & 3 12 OON4RY

Z F4 °

o o

< 0,8

Tau g m— g 0.6

PS238 s ®

@ 0,2

SYyX W= ase— e 0

Tau pS238

STA

TuprAnpwpatiki Ewoéva 1- 2. To ONAR’™ exdpdletar ota idia enineda pe to ONAR" ko Sev éxel

’ 238 . ' I3 . i
Tov emitomo pSer~ . AVTIUIPOCWNEUTIKA Oeilypoata avaluong pe Western ormd OLOYEVOTIOLNEVES
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KEPAAEC LY@V ToU ekdpdlouv Thv ONAR" mav-veupwvikd oe olykplon pe autd tou ON4AR™™, pe

XPNON TOU avTIoWUaTog T46 évavtl TnG oAKAG MPwTEivng T Kal Tou avilowpatog pS238. H cuvtagivn
(Syx) xpnowomotOnke yla TNV KAVOVIKOTIOINON TWV SEYUATWY KAl TNV TIEPALTEPW TTOCOTLKOTOINGN
(omwg amewovitetar 6e€ld) Ttwv oAlkwv erumedwv  €kdpaong TG TMpwteivng T kAl NG
dwodbopuAiwpévne Ser’®®. MNa kdbe moootkd mpocdloplopd ta enineda tou ON4R" opiotnkav we 1.
Ol prdipec uToSeIkVUoLY T péoa +SEM oxetikd enineda tou ON4AR™™ oe oxéon pe ta eninedo e
ON4R". Nepattépw oTaTioTiky avdAuon €ylve pe T Sokaoia Dunnetts’s, Omou Sev UTIOSEIKVUETAL
Kapia otatioTikd onpaviiky Sltadopd ota oAka enineda ékdpaong tng mpwteivng T (p=0,4945), evw
n Stadopd Twv emnédwv pwodopuAiwong tng Ser” givat onpavtkd avénuévn (p<0,0001).

Fevotumog Méoog Opog + SEM
Elav>ON4R" 0,396 + 0,073
Ras2>0N4R" 0,264 + 0,091
Elav:Elav>0ON4R" 0,656 + 0,100
Elav;Ras2>0N4R" 1,108 + 0,039
Ewéva ANOVA: Fiy15= 15.331, p= 2.8703x 10"
1-18 Dunnetts’ p
Elav>0N4R
Elav>ON4R" 35x10°
Ras2>0N4R" 84x10°
Elav;Elav>0N4R" 0,081
Elav;Ras2>0N4R" 0,826
Fevotumog Méoog Opog + SEM
w'®>0N4R" 73.745 + 0.954
Elav>0N4R" 62.497 + 1,349
Elav;Elav>ON4R" 58.454 + 1511
Eucova Elav;Ras2>0N4R" 56.301 + 1.643
11c ANOVA: F3.47= 31.273, p=5.530x 10"
ON4R" > we Elav Elav;Elav Elav;Ras2
t-Ratio p t-Ratio p t-Ratio p t-Ratio p
w' 32,78 | 8.5x107 | 60.60 | 8.2x10™° | 78.86 | 2.2x10™"
Elav 32,78 | 8.5x10” 423 0.045 9.95 0.002
Elav;Elav 60.60 | 8.2x10° | 4.23 0.045 1.20 0.279
Elav;Ras2 78.86 | 2.2x10™" | 9.95 0.002 1.20 0.279

SupnAnpwpatikog MNivakag 1- 1. Itatotikl avaluon swkovag 1-1. Ewéva 1-1 B: M v
TLOOOTLKOTIOLNON TwV OElydATWY KATA TNV avocoomnmotunwon Katd Western mpaypotonolndnke
TIUKVOUETPla KOl UTIOAOYIOTNKE 0 AOYOG TNG OXETIKAG TOCOTNTAS TNG MPWTEivng T o oxéon HE T
OXETIKN ToootTnTa TG ouvtagivng (Syx). O Adyog Twv delypdtwv eAéyxou (Tou Tuxala €L0AYOUEVOU
SlayoviSiou ON4R) oplotnke wg 1 Kal 6Aot oL Adyol OXETLKAG moadTnTag avadEpovtal o OXECN ME
ouTO. O HECOG OPOC Kal OL TLMEG TuTlkoU oddaApato¢ (SEM) cuykpivovtal apxlkwg pe tn péBodo
ANOVA «kalL otn ouvéxela Me Tn  Ookipaocia Dunnett’s. Tpla avefdptnta mnepdauata
TPAYUOTOMOLRONKaV yLo TNV oTATLOTIKA avaAuon. Ewdva 1-1 C: ATEIKOVLON TWV HECWV OPWV KaL TWV
SEM tng anodoong pabnong Twv UmodeIkVUOUEVWY YeEVOTUTIWY (n > 9). EMelta amd mpaypotonoinon
ANOVA, ol péool 6pol cuyKpiBNKaV XPNOLLOTIOLWVTAC TIG UTTOSELKVUOUEVEG TIOAAQTIAEG ETTL HEPOUG

ouykploelg.
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Ewova 1-2A

Wilcoxon/Kruskal-Wallis Z0ykplon péowv Gpwv (Steel pe poyeg
nelpapatikol eAéyyxou)

DAY |y’ (DF,count) | p>7x’ Genotype z p

1 0.000 (2,17) | 1.000 Elav;Ras2>0NSTA
Elav;Ras2>0N4R"

9 4.851 (2,17) | 0.0884 Elav:Ras2>0NSTA
Elav;Ras2>0N4R"

13 6.736 (2,17) | 0.0344 Elav;Ras2>0ONSTA | 0.2991 | 0.9368
Elav;Ras2>0N4R" | -2.4960 | 0.0237

17 12.029 (2,17) | 0.0024 Elav;Ras2>0NSTA | -0.4854 | 0.8434
Elav;Ras2>0N4R" | -3.5005 | 0.0009%

21 18.748 (2,17) | <0.0001 | Elav;Ras2>0NSTA | -0.1071 | 0.9916
Elav;Ras2>0N4R" | -4.0369 | 0.0001%

23 23.222(2,17) | <0.0001 | Elav;Ras2>ONSTA | -0.4987 | 0.8357
Elav;Ras2>0N4R" | -4.5185 | <0.0001*

25 23.710(2,17) | <0.0001 | Elav;Ras2>ONSTA | -1.1512 | 0.4072
Elav;Ras2>0N4R" | -4.5403 | <0.0001*

27 26.808 (2,17) | <0.0001 | Elav;Ras2>ONSTA | -1.3162 | 0.3156
Elav;Ras2>0N4R" | -4.6813 | <0.0001*

29 21.792(2,17) | <0.0001 | Elav;Ras2>0ONSTA | -0.9507 | 0.5346
Elav;Ras2>0N4R" | -4.6309 | <0.0001%

31 8.003 (2,17) 0.0183 Elav;Ras2>ONSTA | 1.7182 | 0.1518
Elav;Ras2>0N4R" | -1.2432 | 0.3545

33 9.000 (2,17) 0.0111 Elav;Ras2>0ONSTA | 1.4759 | 0.2404
Elav;Ras2>0N4R" | -1.7498 | 0.1424

35 15.806 (2,17) | 0.0004 Elav;Ras2>ONSTA | 2.8776 | 0.0077
Elav;Ras2>0N4R" | 0.0000 | <0.0001*

37 10.836 (2,17) | 0.0044 Elav;Ras2>0NSTA | 2.3487 | 0.0353
Elav;Ras2>0N4R" | 0.0000 | <0.0001*

JupnAnpwpatikog Mivakag 1-2 A. Itatiotik avaluvon swkovag 1-2A. Ta Sedopéva amo ta

nepdpata enipBiwong (mpoodloplopog mpoodokipou {wnG) MeAetnBnkav, yla tnv Kabe pépa mou

unodelkvietal, e Th UEBodo Wilcoxon/Kruskal-Wallis. MNa autd mou mapoucldotnkoyv CNAVTLIKEG

sLadopéc (x°) UTOAOYLOTNKE TIEPALTEPW N GNUAVTLKOTNTO TOU AOTEAECHATOC e T HéBoSo Steel, oe

olYKPLON UE TIC HUYEG TElpapaTikol gAéyxou. OL OTATLOTIKA ONUAVTIKEG Sladopéc Twv Sladopwv

SLayoviSiwy amo T LUYEC TELPANATIKOU eAEyXoU davilovTal PE YKPL XpWHLA Kal pe “*’.
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EIKONA 1-2B

Wilcoxon/Kruskal-Wallis I0ykplon Méowv dpwv (Steel pe poyeg
TELPANATIKOU EAEY)OU)

DAY |y’ (DF,count) | p>1 levétumog - p

1 0.000 (3,17) | 1.000 Elav;Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
9 0.803(3,17) | 0.8474 Elav:Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
13 4.485(3,17) | 0.2136 Elav:Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
17 0.735(3,17) 0.8649 Elav:Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
21 2,184 (3,17) 0.5351 Elav;Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
23 12,612 (3,17) | 0.0056 Elav;Ras2>0N4R" | -2.5828 | 0.0269
Elav;Ras2>5238A | -3.3387 | 0.0024*
Elav;Ras2>5238E | -2.2527 | 0.0643
25 17.394 (3,17) | 0.0006 Elav;Ras2>0N4R" | -3.3442 | 0.0024*
Elav;Ras2>5238A | -3.5856 | 0.0010*
Elav;Ras2>5238E | -3.0621 | 0.0063
27 13.619 (3,17) | 0.0035 Elav;Ras2>0N4R" | -3.1389 | 0.0049*
Elav;Ras2>5238A | -2.5576 | 0.0289
Elav;Ras2>5238E | -2.9983 | 0.0053*
29 19.763 (3,17) | 0.0002 Elav;Ras2>0N4R" | -3.3843 | 0.0021*
Elav;Ras2>5238A | -3.2606 | 0.0032*
Elav;Ras2>5238E | -3.9454 | 0.0002*
30 19.554 (3,17) | 0.0002 Elav;Ras2>0N4R" | -3.4931 | 0.0014*
Elav;Ras2>5238A | -3.2680 | 0.0031*
Elav;Ras2>5238E | -3.7314 | 0.0006*
31 6.010 (3,17) | 0.0111 Elav:Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
33 1.526 (3,17) | 0.6763 Elav:Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E
35 2.778(3,17) | 0.4272 Elav:Ras2>0N4R"
Elav;Ras2>5238A
Elav;Ras2>5238E

TupnAnpwpatikog Mivakag 1-2 B. Itatiotikn oavaluvon ewkovag 1-2B. Ta Sebopéva amo Ta
nelpapata emPBiwong (mpoodloplopodg Siapkelag {wng) MeAetnOnkav ywa tnv kABe pépa ToU
urodetkvUetol pe tn uéBodo Wilcoxon/Kruskal-Wallis. Mo outd mou mapoucLldotnKav OnpaVTIKES
5Ladopéc (x°) UTOAOYIOTNKE TIEPAUTEPW N ONUAVTIKATNTO TOU AOTEAEGHOTOC He T HéBoSo Steel, oe
OUYKpLON UE TIG LUYEG TMELPAUATIKOU gA€yXou. Ol OTATLOTIKA ONUAVTIKEG SLopopEC Twv Sladopwv
SLoyoviSiwy amo TIg HUYEC ELPAUATIKOU EAEyXOU gudavilovial e YKPL XPWHO KoL e “*.
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Ewkova 1-2C

Wilcoxon/Kruskal-Wallis Zoykplon Méowv dpwv (Steel pe poyeg

TMelpapotikol eAéyxou)

DAY |y, (DF,count) |p>y levétumog - p

1 0.000 (3,17) | 1.000 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
9 1.975(3,17) | 0.5777 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
13 5.537 (3,17) 0.1364 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
17 4,936 (3,17) | 0.1766 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
21 13.256 (3,17) | 0.0041 Elav;Ras2>0N4R" | -0.8529 | 0.7300
Elav;Ras2>T245A | -2.2792 | 0.0600
Elav;Ras2>T245E | 1.6196 | 0.2496
23 26,712 (3,17) | <0.0001 | Elav;Ras2>0N4R" | -2.5828 | 0.0269
Elav;Ras2>T245A | -4.2948 | <0.0001*
Elav;Ras2>T245E | -0.3894 | 0.9628
25 32.021(3,17) | <0.0001 | Elav;Ras2>0N4R" | -3.3443 | 0.0024*
Elav;Ras2>T245A | -4.6484 | <0.0001*
Elav;Ras2>T245E | -1.6225 | 0.2483
27 26.331(3,17) | <0.0001 | Elav;Ras2>0N4R" | -3.1388 | 0.0049*
Elav;Ras2>T245A | -4.0639 | 0.0001*
Elav;Ras2>T245E | -1.5834 | 0.2665
29 31.289(3,17) | <0.0001 | Elav;Ras2>0N4R" | -3.3841 | 0.0021*
Elav;Ras2>T245A | -4.7469 | <0.0001%*
Elav;Ras2>T245E | -1.2106 | 0.4820
30 31.637(3,17) | <0.0001 | Elav;Ras2>0N4R" | -3.4931 | 0.0014*
Elav;Ras2>T245A | -4.7034 | <0.0001%*
Elav;Ras2>T245E | -1.9241 | 0.1365
31 16.445 (3,17) | 0.0009 Elav;Ras2>0N4R" | -1.4835 | 0.3170
Elav;Ras2>T245A | -2.8833 | 0.0111
Elav;Ras2>T245E | 1.0863 | 0.5671
33 6.322 (3,17) | 0.0970 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
35 1.975(3,17) | 0.5776 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E

TupnAnpwpatikog Mivakag 1-2 C. Itatiotikn avaluvon ewkovag 1-2C. Ta SeSopéva amod Ta
nelpapata emplwong (mpoodloplopdg mpoodokipou Iwng) HeAeTHONKav yla Thv KABe pépa Tou
urodetkvUetol pe tn puéBodo Wilcoxon/Kruskal-Wallis. Mo outd mou mapoucLldoTnKAV CNUAVTLKEG
5Ladopéc (x°) UTOAOYIOTNKE TIEPAUTEPW N ONUAVTIKATNTO TOU AOTEAEGHOTOC He T HéBoSo Steel, oe
OUYKPLON UE TIG UUYEG TELPAUATIKOU gAéyxou. OL OTATLOTIKA ONUAVTIKEG Sladopég Twv Sladopwv
SLoyoviSiwy amo TIg LUYEC TELPAUATIKOU EAEYXOU epdavilovTal e YKPL XPWHO KOt pE ‘¥,
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ANOVA: Fs104=19.7546, p=5.3261 x 10"°

Awayovidia T Evavit w

1118

Fevotumnog t-Ratio p

ON4R" 33.6099 8.2167 x 10*

ONSTA 0.1562 0.6934

$238A 67.8144 7.9778 x 10"

$238E 23.1285 5.4824 x10°

T245A 49.6900 2.5435x10™"°

T245E 17.7771 5.5375 x 10

Glu évavt Ala petaAdaypatwy

Fevétumog t-Ratio p

S238A vs S238E 11.7356 8.9715 x10™

T245A vs T245E 8.0248 5.60149 x 10
MetaAAdypara évavrt ON4R'

Fevotumog t-Ratio p

ONSTA 29.1829 4.6172x10"

$238A 5.9416 0.0165

S238E 0.9765 0.3254

T245A 1.5667 0.2136

T245E 2.4999 0.1170
MetaAAaypata évavit ONSTA

Fevétumog t-Ratio p

S238A 61.4604 5.5674 x 10

$238E 19.4828 2.6125 x10°

T245A 44,2736 1.6464x10°

T245E 14.6001 2.3336 x10™

ZupnAnpwpatikog Mivakag 1- 2. Itatiotiky avaluon elkovag 1-3. H péon Bvnolotnta, Enewta ano
24 wpeg €kBeong oe paraquat, TwV UTIOSEIKVUOUEVWY YEVOTUTIWY CUYKPIONKE pe ekelvn Twv {WwvV
TELPOAUATIKOU €AEyXOU N HE METAU TOUuG olykplon pe ANOVA Kal OTn OUVEXELD LE TIOAOTTAEG

ouykploelc.
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, D tt’s test ¢ ON4R"
AvTloWHO ANOVA unne S(Pe\iala ::;WL
F(2,77=0.4568, S238A S238E
AT8 p=0.6350
AT100 F(2,57/=58.0959, S238A S238E
p=2.7491 x 10 2.3578x 10" | 1.4981x107®
Ewkova 5262 Fi2,30=10.8692, 5238A S238E
1-4A P p=1.9349 x 10™ 49992 x10" | 4.8214x10"
F(2,85= 9.0999, $238A S238E
ps396 p=2.6715x10" | 1.6780x10° 0.7914
S238A S238E
pS238
ATS Fl2,62=128.1423, T245A T245E
p=2.1988 x10-22 | 1.7794x10° | 1.7794x10°
AT100 p=8.5164 x10™" 5.3832x10° | 1.3669x10°
Ewdva 5262 F(2,54=15.4009, T245A T245E
1-4B P p=5.5852x10° 2.6969 x 107 0.3519
F(z 52)=0.6312, T245A T245E
5396 :
P p=0.5354
F(2,25=6.0830, T245A T245E
pS238 p=7.2933 x10° 0.9999 0.0138
ATS Fl2,65=8.9678, S262A S262E
p=3.587 x10™* 2.0874x 10" | 1.3759x 107
Fl2,57=282.5058, 5262A S262E
AT100 p=1.1721x10"% 1.4967 x10° | 1.4967 x10°®
Ewéva 5262A $262E
1.4C pS262
p5396 F(2,54)=280.1379, S262A S262E
p=8.9264x10-32 | 1.8071x10° | 1.8071x10°
p=1.96561x10° | 4.8748x10° | 4.8230x 10"

ZupnAnpwpatikog Mivakag 1- 3. Itatiotik avaluvon wkovag 1-4. Mpayuoatonoinon Sokiuaoiag

ANOVA kat otn ouvéxela Sokipaoiag Dunnett's Twv petaAAaypATWY Ser” kat Thr*®® oe ouyKplon Pe

¢ pOyeC Tou ekdpdlouv tnv ON4R" yior GAoUC TouC Gwodo-eMTONOUC Moy efetdotnkav. Otav ot

NAEKTPODOPETIKESG LWVEG ATAV UNOEVIKEG 1) oXeSOV Unbevikeg ev mpayuatonotiBnke ANOVA.
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Fevétunog Mégog Opog £ SEM t-Ratio p
Ewéva 1-5B. ANOVA Fys = 7.3803, p<0.0001

w ' >0NSTA 78.322 +1.593

Elav;Ras2>0N4R" 58.149 * 3,314 24.81 8.5x10°
Elav;Ras2>5238A 61.783 £ 2.509 15.92 2.2x10°
Elav;Ras2>T2454 62.857 £3.076 14.58 3.8x10"
Elav;Ras2>0NSTA 61.820 £3.130 16.60 1.7x10"
Elav;Ras2>0N4R" 58.149£3.314

Elav;Ras2>5238A 61.78312.509 0.80 0.373
Elav;Ras2>T245A 62.857 £3.076 1.41 0.239
Elav;Ras2>0NSTA 61.8203.130 0.86 0.357
Elav;Ras2>5238A 61.783 £2.509

Elav;Ras2>T245A 62.857 £3.076 0.07 0.792
Elav;Ras2>0NSTA 61.820 £3.130 0.00 0.992
Elav;Ras2>T245A 62.857 £3.076

Elav;Ras2>0NSTA 61.820£3.130 0.06 0.794
Ewéver 1-5C. ANOVA Fi35 = 38.5284, p<0.0001

w 552384 77.327 £1.141

Elav;Ras2>w' " 75.407 % 1.949 0.56 0.456
Elav;Ras2>5238A 55.275 * 2,028 65.63 1.2x10°
Elav;Ras2>5238E 60.028 * 1.665 40.13 2.5x10”
Elav;Ras2>w'® 75.407 £ 1,949

Elav;Ras2>5238A 55.275 £ 2,028 74.6 2.7x10"°
Elav;Ras2>5238E 60.028 £ 1,665 48.0 4.1x10°
Elav;Ras2>5238A 55,275 £ 2,028

Elav;Ras2>5238E 60.028 * 1,665 3.83 0.058
Ewkévar 1-5D. ANOVA F3 43 = 15.3415, p<0.0001

w'®>T2454 78.126 + 1.762

Elav;Ras2>w’ = 78.049 £ 1.564 0.00 0.978
Elav;Ras2>T245A 62.098 £ 2.545 31.74 1.5x10°
Elav;Ras2>T245E 74.956  1.734 1.14 0.29
Elav;Ras2>w™™ 78.049 £ 1.564

Elav;Ras2>T245A 62.098 * 2.545 33.72 8.8x10"7
Elav;Ras2>T245E 74.956 % 1.734 1.26 0.267
Elav;Ras2>T245A 62.098 £ 2.545

Elav;Ras2>T245E 74.956  1.734 21.7 3.5x10”
Ewkévar 1-5E. ANOVA Fi3.33) = 2.7719, p=0.0586

w 52624 74.279 £ 2.556

Elav;Ras2>w'" 78.280 % 2.655 0.99 0.326
Elav;Ras2>5262A 69.640 £ 2.863 4.63 0.039
Elav;Ras2>5262E 68.073 *3.149 6.87 0.013
Elav;Ras2>w' " 78.280 £ 2,655

Elav;Ras2>5262A 69.640 £ 2.863 1.26 0.270
Elav;Ras2>5262E 68.073 £ 3,149 2.39 0.132
Elav;Ras2>5262A 69.640 * 2.863

Elav;Ras2>5262E 68.073 £ 3.149 0.15 0.698

ZupnAnpwpatikog Mivakag 1- 4 Itatiotikr) avaluvon eikovag 1-5. O pécog OpoC Kol TO TUTLKO
odalpa TnG anddoong otnv Hdbnon umodeLlkvUoVTOL OTOV TtivaKa yLol OAOUG TOUG YeEVOTUTIOUGC. MeTd
™V onuavtikp ANOVA, moAOAEG CUYKPIOELS TWV HECWY OPWV TOU KABE YeVOTUTOU UE TPOTO TOU
avarmapiotatal oTov mivaka payatonoonkay.
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Efthimios M. C. Skoulakis™
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# 1st Department of Neurology, Memory and Movement Disorders Clinic, Eginition Hospital, Medical Schooi, National
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Hyperphosphorylated Tau protein is the main component of the neurofibrillary tangles,
characterizing degenerating neurons in Alzheimer's disease and other Tauopathies.
Expression of human Tau protein in Drosophila CNS results in increased toxicity,
premature mortality and learning and memory deficits. Herein we use novel transgenic
lines to investigate the contribution of specific phosphorylation sites previously
implicated in Tau toxicity. These three different sites, Ser?®®, Thr?*°, and Ser?82
were tested either by blocking their phosphorylation, by Ser/Thr to Ala substitution,
or pseudophosphorylation, by changing Ser/Thr to Glu. We validate the hypothesis
that phosphorylation at Ser?®? is necessary for Tau-dependent learning deficits and
a “facilitatory gatekeeper” to Ser®®® occupation, which is linked to Tau toxicity.
Importantly we reveal that phosphorylation at Thr24® acts as a “suppressive gatekeeper”,
preventing phosphorylation of many sites including Ser’®? and consequently of
Ser?3®_ Therefore, we elucidate novel interactions among phosphosites central to Tau
mediated neuronal dysfunction and toxicity, likely driven by phosphorylation-dependent
conformational plasticity.

Keywords: Tau, Tau phosphorylation, toxicity, neuronal dysfunction, learning deficits, gatekeeper
phosphorylation, Drosophila

INTRODUCTION

Tau is a multifunctional neuronal microtubule-associated protein (Sotiropoulos et al., 2017)
important for regulation of axonal transport and the length of the labile domains of axonal
microtubules (Qiang et al., 2018). A single gene gives rise to 6 protein isoforms in the adult human
brain via alternative splicing that results in isoforms that contain 1, 2 or none sequence blocks
at their amino-terminus (ON, IN, 2N), as well as inclusion of exon 10, or its exclusion from the
mRNA (Andreadis et al., 1992). This leads to isoforms with 3 (3R isoforms), or 4 (4R isoforms)
caboxy-terminal repeats, which mediate interactions with the microtubular cytoskeleton (Buee
et al,, 2000). A predominant characteristic of all 6 Tau isoforms present in the human brain is
their highly elevated steady state phosphorylation load mediated by the opposing actions of several
kinases and phosphatases (Johnson and Stoothoff, 2004). Tau has 84 putative phosphorylation sites
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and it is reported more extensively phosphorylated during
development than in mature neurons (Brion et al., 1993; Yuetaal,,
2009). Multiple kinases have been shown to phosphorylate Tau
in vitro and in cells, but whether they also target Tau in vivo
and under what circumstances remains largely elusive (Hosoi
et al., 1995; Hong et al., 1997; Zheng-Fischhofer et al., 1998;
Gong et al., 2005).

Interestingly, studies indicate that Tau phosphorylation might
be primed by occupation of a particular site before the
occurrence of additional phosphorylations (Hanger et al., 2009).
Tau contains multiple “intrinsically disordered regions” (IDRs),
which interfere with structural stability of the protein (Uversky,
2015). Then, this “gatekeeper” phosphorylation effect suggests
that it may enable or inhibit local tertiary structures that
expose or occlude other, often distant, phosphorylation sites
(Jeganathan et al, 2008; Sibille et al, 2012; Schwalbe et al.,
2015). Hence, the effect of specific phosphorylations may be
to regulate this “structural plasticity” of Tau, contribute to the
subcellular localization of Tau isoforms (Sotiropoulos et al., 2017)
and modulate their functional properties (Xia et al., 2015).

Irrespective of whether it is mutated, or wild-type,
pathological Tau presents increased phosphorylation at sites
occupied physiologically, but also on sites occupied only
when pathology is present and are referred to as “disease-
associated” epitopes (Morris et al., 2015; Arendt et al., 2016).
Although the mechanisms that trigger hyper-phosphorylation
are unclear at present, the result is neuronal deposition of
hyper-phosphorylated Tau (Martin et al, 2011). If indeed
phosphorylations modulate the structure and functional
properties of Tau isoforms, then this hyper-phosphorylation is
likely to underlie significant changes in the properties of the
protein that underlie its pathobiology (Regan et al, 2017). In
fact, extensive literature has led to the widely held notion that
aberrant Tau phosphorylation is central to neuronal pathology
(Stoothoff and Johnson, 2005) and provided evidence that soluble
hyper-phosphorylated Tau contributes to neuronal dysfunction
before its aggregation (Fath et al., 2002; Santacruz et al., 2005;
Brandt et al., 2009; Decker et al., 2015).

Antibodies that recognize non-physiologically
phosphorylated Tau at specific sites (phosphoepitopes) in
patient neurons but not in age-matched healthy individuals
have been developed and used as specific diagnostic markers of
Tauopathies (Sergeant et al., 2005). However, the mechanistic
understanding of the sequential phosphorylation events that
occur on Tau and which sites are essential for maintenance
and evolution of pathology are still unclear. Identification
of phosphorylation sites on Tau that either trigger or are
essential for pathogenesis are pivotal to our understanding of
Tau-dependent neuronal malfunction and toxicity.

Drosophila models of Tauopathies contribute significantly
to the concept that accumulation of prefibrillar hyper-
phosphorylated forms of Tau correlate with human Tau-mediated
toxicity in flies (Wittmann et al., 2001; Steinhilb et al., 2007a,b;
Feuillette et al., 2010). Recently, we have identified two novel
phosphorylation sites on Tau, Ser>*® and Thr?¥3, as essential for
its toxic effects on mushroom body (MB) integrity (Kosmidis
et al, 2010; Papanikolopoulou et al., 2010) and premature

lethality (Papanikolopoulou and Skoulakis, 2015). The MBs
are neuronal assemblies that constitute major insect brain
centers for learning and memory (Davis, 2005). Significantly,
blocking Ser**® and Thr*** phosphorylation by substituting them
with alanines (STA mutant), yielded animals with structurally
normal but profoundly dysfunctional MBs, as flies accumulating
the mutant protein exhibited impaired associative learning
(Kosmidis et al., 2010). Moreover, our results strongly suggested
that Ser®*® occupation is a critical mediator of Tau neurotoxicity
in vivo. However, neuronal dysfunction measured as olfactory
learning deficits appeared to rely on phosphorylation at Ser*®?,
whose enhanced occupation appeared to account for the
learning deficits of animals expressing the STA mutant Tau
(Papanikolopoulou and Skoulakis, 2015).

Our previous analyses were performed on the double
mutant STA and with Tau transgenes in different genomic
locations with consequent variable transgenic protein expression,
which attenuated accurate quantitative measures of toxicity
and dysfunction and their dependence on relative hTau
levels in the CNS. Therefore, we aimed to investigate the
contribution of each of these two sites independently and
investigate the potential interplay between them with respect
to neuronal toxicity and dysfunction with quantifiably equally
expressed transgenes. Hence, we generated new single mutants
that block or mimic phosphorylation at these sites. We
also focus on the role of Ser’® as a “gatekeeper” of
disease-associated phospho-epitope appearance and whether as
previously suggested (Papanikolopoulou and Skoulakis, 2015), its
occupation is regulated by phosphorylation of Ser**® or Thr*** or
vice versa.

MATERIALS AND METHODS

Drosophila Culture and Strains

Drosophila crosses were set up en masse in standard wheat-
flour-sugar food supplemented with soy flour and CaCly
and cultured at 25°C and 50-70% humidity in a 12 h
light/dark cycle unless noted otherwise. The Elav<'*>-Gal4
and Ras2-Gald have been described before (Gouzi et al,
2011). The Elav-Gald line on the second chromosome
was obtained from Bloomington Drosophila Stock center
(#8765). The dual Gal 4 driver strains Elav"'**-Gald;Ras2-
Gal4 (henceforth Elav;Ras2) and Elav'*°-Gal4;Elav/CyO
(henceforth Elav;Elav), were constructed by standard
crosses. The hTauM*R (ON4R) transgenic flies were a
gift from M. Feany (Harvard Medical School, Boston,
MA, United States).

To generate the transgenics carrying point mutations, the
hTau®™ 4R ¢DNA (kind gift from Dr. Martin Chow, University
of Kentucky), was subcloned into the pUAS.attB vector (Bischof
etal,, 2007) as a Bglll/Xbal fragment. The mutants were generated
by replacing the indicated Ser and Thr residues with Ala
or Glu using the QuickChange XL site-directed mutagenesis
kit (Agilent) according to the manufacturer’s instructions. The
complementary mutagenic oligonucleotides pairs (5’ to 3') for
each mutant are shown below. The silent restriction sites
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introduced for effective screening of positive clones appear
underlined in italics whereas the amino acid substitution
is shown in bold.

S238A (Pyull): 5 CCACCCAAGTCGCCGTCA

GCTGCCAAGAGCCGCCTGCAGACAGC.

GGTGGGTTCAGCGGCAGTCGACGGTTCTCGGCG

GACGTCTGTCG .

S238E  (Xbal): 5° CCAAGTCGCCGTCTGAGGCCAAG

TCTAGACTGCAGACAGCCCC.

GGTTCAGCGGCAGACTCCGGTTCAGATCTGACGTCTG

TCGGGG5'.

T245A (Sall): 5’ CTTCCGCCAAGAGTCGACTGCAGGCAG

CCCCCGTGCCCATG.

GAAGGCGGTTCTCAGCTGACGTCCGTCGGGG

GCACGGGTACS

T245E (Sall): 5 CGTCTTCCGCCAAGAGTCGACTGCAG

GAGGCCCCCGTGCCCATG.

GCAGAAGGCGGTTCTCAGCTGACGTCCTCCGGGGG

CACGGGTACS".

S262A (Bglll): 5 GCCAGATCTGAAGAATGTCAAGTCCAA

GATCGGCGCCACTGAG.

CGGICTAGACTTCTTACAGTTCAGGTTCTAGCCGCGG

TGACTCS'.

S262E  (Bglll): 5  GCCAGATCTGAAGAATGTCAA

GTCCAAGATCGGCGAGACTGAG.

CGGTICTAGACTTCTTACAGTTCAGGTTCT

AGCCGCTCTGACTCS'.

STA (Pvull): 5 CCAAGTCGCCGTCAGCTGCCAAGAGCC

GCCTGCAGGCAGCCCCCG.

GGTTCAGCGGCAGTCGAC

GGTTCTCGGCGGACGTCCGTCGGGGGC 5.

The sequence of the mutants was confirmed by sequencing
(VBC-biotech). Transgenic flies were generated by phiC31-
mediated transgenesis by BestGene Inc. (Chino Hills, CA,
United States). DNAs were injected into genomic landing site
53B2 on the second chromosome (BDSC #9736).

To obtain flies for experiments detailed herein, virgins from
the driver strains were crossed to males bearing the hTau
transgenes and experimental genotypes were selected from the
progeny as appropriate and as detailed below:

Female Elav X ON4R or ON4R" or w'*® (for controls).

Female Elav;Elav/CyO X ON4R or ON4R": Select male and
female non-CyO progeny.

Female Elav;Ras2 x ON4R or ON4R': Select male and female
non-CyO progeny.

Female Elav;Ras2 x ON4RS23#A or ON4RS2E or QN4RT2454
or ON4RT2F or ON4RS22A or ON4RS%2F or ON4RSTA: Select
male and female progeny.

Female Elav;Ras2 X w'''"®: Select male and female
progeny for controls.

Histology

Immunohistochemistry on paraffin sections of Drosophila adult
heads were performed on paraffin sections as previously
described (Kosmidis et al., 2010) using the anti-Leo primary
antibody at 1:4000.

Western Blot and Antibodies

Total Tau levels and occupation of particular phosphosites
were determined in 2-5 adult female head homogenates in 1x
Laemmli buffer (50 mM Tris pH 6.8, 5% 2-mercaptoethanol,
2% SDS, 10% glycerol, and 0.01% bromophenol blue). The
monoclonal antibodies T46 (recognizing hTau irrespective
of phosphorylation- Invitrogen, 1:3,000), AT8 (recognizing
phosphorylated Ser**?/Thr?**-Pierce Endogen, 1:1,000), AT100
(recognizing phosphorylated Thr?!2/Ser*'*-Pierce Endogen
1:1,000) and the polyclonal antibodies pS396 (Source Bioscience,
1:3,000) and pS262 (Source Bioscience, 1:1,000) were used. We
generated a novel polyclonal antibody against phospho-Ser**®
of hTau, raised in rabbits (Pocono Rabbit Farm and Laboratory)
against peptide TPPKSPSpSAKSRLQTAPVPMP and affinity
purified before use. In order to normalize sample loading, anti-
Syntaxin (mAb 8C3, Developmental Studies Hybridoma Studies)
was used at 1:3,000. Secondary antibodies were applied at 1:5,000.

Lifespan Determination

Flies accumulating hTau?N*R variants under Elav<'33-Gal4;Ras2-
Gald were raised at 18°C and subsequently 17 groups of
20 (340 flies per genotype in two biological replicates), 1-
2 day-old males per genotype were maintained at 30°C
transferring to fresh vials every 3 days until they expired
(Papanikolopoulou and Skoulakis, 2015).

Drug Feeding

Flies accumulating hTau®N*R variants under Elav<'33-Gal4; Ras2-
Gald were raised at 25°C together with control heterozygotes.
Paraquat feeding was performed as previously described (Dias-
Santagata et al., 2007). Briefly fifteen groups of 20, (two biological
replicates of 300 flies total) 1-2 day-old males per genotype were
fed 30 mM of methyl viologen (Acros Organics) in standard food
for 24 h or as indicated and the number of surviving flies per
vial were counted.

Behavioral Assessment

Behavioral assays were performed under dim red light at 24-25°C
and 70-75% humidity. All flies were 2-5 days old, collected under
CO; anesthesia one day prior to the experiment and kept in food
vials in groups of 50-70 flies each at 30°C. Pavlovian olfactory
aversive conditioning was performed using aversive odors as
conditioned stimuli (CS+ and CS—) with the electric shock
unconditioned stimulus (US). The odors used were benzaldehyde
(BNZ) and 3-octanol (OCT) diluted in oil (5% v/v for BNZ and
50% v/v for OCT). One hour before training flies were transferred
to fresh food vials. For training, a group of 50-70 flies were
transferred into a tube lined with electrifiable grid and presented
with air (500 mL/min). Flies were first exposed to an odor for 30 s
paired with 90 V shock (consisting of six 1.25 s pulses with 4.5 s
inter-pulse intervals, so 6 US/CS pairings were delivered within
30 s of odor presentation) and then 30 s of air. Subsequently, flies
were exposed to the second odor for 30 s without shock and then
30 s of air. Two groups of animals of the same genotype were
trained simultaneously such as, one to avoid BNZ and the other
to avoid OCT, while the complimentary odorant was used as
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control odor. The animals were transferred to a T-maze apparatus
immediately and flies were tested simultaneously for preferential
avoidance of the conditioned odorant allowed to choose between
the two odors for 90 s. A performance index (PI) was calculated
as the fraction of flies that avoided the CS+ minus the fraction
that avoided the CS— odors divided by the total number of flies
in the experiment. A final PI is the average of the scores from
the two groups of flies trained to complementary conditioning
stimuli and ranges from 0 to 100. Because all new transgenes
are inserted in the same site we used one of the cognates as
heterozygous controls.

Statistical Analyses
Quantification of all Western blots was performed by
densitometry and the ratio of Tau relative to that of Syntaxin
(Syx) was calculated. The ratio of the control genotype was set
to 1 and all experimental ratios were reported as relative to
that. The means and SEMs were compared following an initial,
significant differences- indicating ANOVA (positive ANOVA),
using Dunnett’s tests relative to the designated control. Similarly,
learning performance indices were calculated for each genotype
as indicated above and following positive ANOVA, means and
SEMs were compared to that of controls using Dunnett’s tests.
Survival data were examined for differences at each assessment
day wusing Wilcoxon/Kruskal-Wallis tests. If significant
differences were uncovered then the means and SEMs from
each genotype for that day were compared relative to controls
using the Steel with control tests. Means and SEMs of survival
upon oxidative stress toxicity were compared to that that of
controls or the variants as designated using Dunnett’s or planned
multiple comparisons tests following an initial positive ANOVA.
All statistical details are presented in Supplementary Tables 1-5.

RESULTS

Learning Deficits Are Independent of

hTau Levels in Adult Drosophila

Because the randomly inserted hTau®™ was generated in the
2N4R isoform (Kosmidis et al., 2010), to generalize the effects
of that double mutation and validate the derived conclusions
(Papanikolopoulou and Skoulakis, 2015) independently, we
generated the STA double mutation in the ON4R isoform. In
addition, comparison of the effects of transgenics on neuronal
function and neurotoxicity is expected to be facilitated if the
protein levels were similar or the same, rather than the variable
levels attained by randomly inserted transgenes. Therefore, we
generated new ON4R, STA and single phosphomutant strains
via phiC31-mediated transgenesis (Bischof et al., 2007), with
all transposons inserted in the same landing site on the
second chromosome (55B2), expected to yield similar expression
levels to facilitate cross variant comparisons. Importantly,
all new transgenes used herein presented similar levels of
expression (Supplementary Figure 1), ascertaining that potential
phenotypic differences among the transgenic proteins would not
be due to differences in expression, but rather reflect differential
functional effects.

Interestingly, unlike for the randomly inserted hTau”N+R
(henceforth ON4R) (Wittmann et al, 2001), pan-neuronal
expression of the same transgene integrated in the second
chromosome landing site (ON4R") did not result in MB ablation
(Figure 1A2 vs. Figure 1A3), as previously reported (Kosmidis
et al., 2010). We hypothesized that integration within the attp
sites, or at the specific location on the second chromosome must
have attenuated ON4R" expression resulting in intact MBs. To
address this and because all phosphosite variants we generated
were integrated in the same chromosomal site, we sought to
increase expression of these transgenes to match that of ON4R.
To that end we combined two copies of the pan-neuronal Elav
driver, the typical one on the X chromosome with an independent
insertion on the second (Elav;Elav), or the pan-neuronal Elav
driver on the X with the ubiquitous adult CNS driver Ras2 (Gouzi
etal., 2011) as detailed in Materials and Methods.

Quantification of ON4R" levels relative to those of the original
ON4R revealed significant differences under Elav, Ras2, but
not the double driver Elav;Elav, or Elav;Ras2 (Figure 1B and
Supplementary Table 1). Importantly, ON4R'! accumulation
under Elav;Ras2 was the closest to the levels of ON4R under
Elav (Figure 1B and Supplementary Table 1) as reported before
(Kosmidis et al., 2010). Therefore, the Elav;Ras2 composite driver
was used for all subsequent experiments. Interestingly, however,
despite the similar levels of expression the MBs remained
structurally intact in animals expressing ON4R" under Elav;Ras2
(Figure 1A5), as they also did under Elav;Elav (Figure 1A4).
In fact quantification of the dendritic areas (calyces) stained
by the anti-Leo antibody in controls (0.1376 mm?) compared
to those in animals expressing ON4R!" under Elav;Ras2 (0.1268
mm?) did not yield significant differences (Student’s i-test,
p = 0.1716, n = 6). This indicates that the structural deficits
of the MBs are highly sensitive to the amount of hTau present
during their development (Kosmidis et al, 2010) and levels
under Elav;Ras2 are likely just under the threshold requisite to
precipitate defects. Alternatively, the presence of the attp sites
flanking the new transgenes may insulate them from non-specific
effects of neighboring chromatin on their levels, or temporal
expression pattern. This likely leads to bypassing the sensitive
period during early embryogenesis when hTau elevation results
in aberrant MBs (Kosmidis et al., 2010).

Importantly, expression of the ON4R'' transgene under the
single Elav, the Elav;Elav or the Elav;Ras2 drivers yielded
similar deficits in associative learning (Figure 1C and
Supplementary Table 1). Although the lowest performance
index was consistently attained under Elav;Ras2, it was
marginally (p = 0.002) different than that under Elav and
not different from the performance of animals expressing
ON4R" under ElavElav (Supplementary Table 1). Since
ON4R"" expression under all pan-neuronal drivers tested
yielded similar learning deficits, these results demonstrate that
the magnitude of learning impairment is not proportional
to the levels of hTau and is not consequent of altered MB
integrity. Therefore, we used Elav;Ras2 to drive ON4R"
for subsequent analyses because it induces expression
levels similar to previously used and reported conditions
(Kosmidis et al, 2010; Papanikolopoulou et al, 2010;
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Papanikolopoulou and Skoulakis, 2015), which would facilitate
comparisons and extrapolations.

Differential Contributions of Ser?®® and

Thr?% to hTau-Dependent Toxicity

Initially we determined whether the Ser’*® and Thr® to
Ala double mutation (STA), on the ON4R isoform suppresses
hTau toxicity measured as elevated age-dependent mortality
as did when on the 2N4R isoform (Kosmidis et al., 2010).
To that end, we raised animals at 18C to keep transgene
expression minimal and then transferred and maintained
the adults to 30C to maximize transgene expression and
scored for survivors every 2 days. Importantly, expression
of ON4RY resulted in premature lethality relative to controls
(Figure 2A and Supplementary Table 2), similar to the
randomly inserted transgene (Papanikolopoulou and Skoulakis,
2015). In contrast, expression of ON4RS™ did not yield

significantly different survival profile from that of controls
(Figure 2A and Supplementary Table 2). Significantly, on
the 29th day when the population of control animals is
reduced by 50% (50% attrition-dotted line on Figure 2A),
the population of surviving ON4R" animals was significantly
different from controls while that of ON4RS™-expressing flies
was not (Supplementary Table 2). Therefore, the new transgenes
on chromosome II fully recapitulate and verify the survival
results obtained with the randomly inserted transgenic strains
(Papanikolopoulou and Skoulakis, 2015). Because the new
transgenes are expressed at the same level (Supplementary
Figure 1), these results confirm that toxicity is independent of
hTau protein levels and the assertion that Ser?*® or Thr***, or
both are required for hTau dependent toxicity manifested as
premature mortality.

To determine whether both, or which of the two
phosphorylation sites mutated in the STA transgene mediate
hTau toxicity, we examined the effects of single substitutions
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FIGURE 2 | Differential effects of mutants on Ser®™ and The®®® on premature
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Statistical dotails in Supplementary Table 2.

of Ser**® and Thr*® either to the phosphorylation-blocking
Ala, or the potential phosphomimic Glu. Ser>*® has been
reported phosphorylated immediately before the 50%
attrition point on ON4R (Papanikolopoulou and Skoulakis,
2015), leading to the hypothesis that its occupation predicts
toxicity. Surprisingly, however, blocking phosphorylation

at Ser™® did not ameliorate the toxicity of the ON4RS¥®4
protein (Figure 2B), which remained significantly different
from that of control flies from days 23 until 30, including
day 29 when the control population reached the 50%
attrition day (Figure 2B and Supplementary Table 2). The
pseudophosphorylated ON4RSZ¥E also remained as toxic
as the parental ON4R" (Figure 2B and Supplementary
Table 2). The results suggest that phosphorylation at Ser?*®
may be necessary, but it is not sufficient to induce of hTau
toxicity underlying early mortality, unlike our prior hypothesis
(Papanikolopoulou and Skoulakis, 2015).

Significantly, the ON4RT25A  protein where Thr?%
phosphorylation was blocked by the Ala substitution presented
consistently elevated mortality from days 23 to 30 (Figure 2C
and Supplementary Table 2), earlier than in animals expressing
ON4R™ and presenting a 50% attrition on day 24 instead of
day 29 in controls (Figure 2C). This suggests that occupation
of this site is essential to suppress toxicity leading to early
mortality. Surprisingly and in accord with this hypothesis,
the phosphomimic ON4RT2%*E mutation ameliorated toxicity
behaving much like controls throughout the curve including
the 50% attrition day (Figure 2C and Supplementary Table 2).
These results strongly suggest that phosphorylation at Thr* is
protective or averts toxicity, whereas lack of occupation at that
site is necessary for hTau toxicity linked to early mortality.

A different measure of toxicity that underlies the level
of oxidative stress upon pathological hTau accumulation is
resistance to paraquat. This is a redox-active bipyridine
heterocyclic compound, which in tissues produces superoxide
anions and therefore exacerbates already extant oxidative stress
(Rzezniczak et al, 2011). Consequently, flies experiencing
increased oxidative stress due to pathological hTau accumulation
are expected to be more sensitive to added paraquat-mediated
stress (Dias-Santagata et al., 2007). In fact, after 24 h of
exposure to 30 mM paraquat-laced food, control flies presented
a baseline 10% mortality, while 40% of ON4R" animals expired
in the same time frame. In contrast, the Ser®*® and Thr** to
Ala double mutation ON4RS™ -expressing animals suppressed
mortality to basal levels similar to that of controls (Figure 3 and
Supplementary Table 3), suggesting a role for both Ser*** and/or
Thr**® in hTau-mediated oxidative stress toxicity.

As for mortality, the ON4RS2**A protein with blocked
phosphorylation at Ser”® and the pseudophosphorylated
ON4RS23E were as toxic as ON4R"! (Figure 3 and Supplementary
Table 3). However, toxicity of ON4RS?*F was significantly
milder than that of ON4RS*%A (Supplementary Table 3).
Blocking Thr**® phosphorylation presented elevated hTau
toxicity compared to ON4R'-expressing animals (Figure 3
and Supplementary Table 3). Interestingly ON4R"?A as
ameliorated to ON4R! levels by pseudophophorylation at
that site, but it was not eliminated to ON4RS™ basal levels
(Figure 3 and Supplementary Table 3). Because expression
of the double phosphoblock mutant ON4RS™ presented only
baseline toxicity unlike the single site mutants (Supplementary
Table 3), these results suggest that both sites likely need to
be occluded from phosphorylation to eliminate or suppress
hTau-mediated oxidative stress toxicity. The dependence of
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Tau vanants except for ONSTA expressing flies. Statistical detals in
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oxidative stress-dependent lethality on occupation of Ser**® and
Thr** is distinctly different from that for premature mortality,
suggesting that the two measures of toxicity may in fact reflect
distinct pathological mechanisms.

Multiple Phosphorylations Depend on

the State of Thr?*® and Ser?®®

Occupation

To investigate the proposed interaction between occupation
of Ser™® and Thr*®> and its consequences on distant sites,
we used phospho-specific antibodies against sites associated
with pathology. We selected the AT8 epitope formed by
phosphorylation of Ser’™ and Thr*®® and AT100 signifying
occupation of Thr?'? and Ser?'* in the Proline Rich Region
of hTau, amino-terminal to Ser”® and Thr**. In addition, we
assayed phosphorylation at Ser’*® near the carboxy-terminus
of the protein. As demonstrated again on Figures 4A-
C, the expression levels of the new transgenes are the
same and equivalent with that of ON4R'. In addition, we
verified the specificity of the new anti-pSer®*® antibody against
ON4R*™  (Supplementary Figure 2). A residual band of
higher molecular mass was detectable in all lysates including
ON4RS™ (Supplementary Figure 2) and is considered non-
specific.

Blocking phosphorylation, or pseudophosphorylation
of Ser’® reduced AT100 phosphorylation (Figure 4A
and Supplementary Table 4) and elevated occupation of
Ser’ (Figure 4A and Supplementary Table 4) relative
to that on ON4R'. This suggests that Ser®? occupation
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FIGURE 4 | Gatekeeper phosphoryiation interactions among Ser®2®, Thr?45,
and Ser®*2, Rapresantative Wastern biots from head lysates of flies
accumulating ON4R" pan-neuronally compared with similar lysates from
site-specific Ala and Glu mutants probed with the antibodies indicated on the
left. The leval of syntaxin (Syx) in the lysates was used as loading control for
quantifications. The first antibody measuras total Tau in the lysates, wherecas
all others target particular phosphorylated residues. Quantification of at least
three independent biological repicates of at least six technical replicates are
shown on the right. The syntaxin-normalized level of ON4R" for sach
quantification was fixed to 1 and represented by the horizontal dotted line

The bars represant the mean + SEM relative levels of mutanis phosphorylated
at the given sites, over that of tha ON4R" control. Bars and their respective
error bars that are not in contact with the dotted line are significantly different
from control. Statistical detais n Supplementary Table 4. (A-C)
Rapresentative Western biots from head lysates of fies accumuating ON4R"
pan-neuronally compared with similar lysates from S238A and S238E mutants
(A), T245A and T245E mutants (B) and S262A and S262E mutants (C)
probed with the antibodies indicated on the left. Dunnett's tasts followed mnital
ANOVA to indicate significant differences from control for all phosphosites

is independent of the state of Ser*® phosphorylation.
Phosphorylation of the distant Ser’® was elevated upon
blockade of Ser**® occupation, but remained unaffected
by pseudophosphorylation of that site (Figure 4A and
Supplementary Table 4). As expected, the anti-pSer?*® antibody
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also did not recognize the ON4RS234  or the ON4RS2SE
proteins (Figure 4A).

Importantly, although Ser**® occupation appeared unaffected
in the ON4RT?¥5A protein, it was significantly reduced in
the pseudo-phosphorylated ON4RT>E  (Figure 4B and
Supplementary Table 4). This is consistent with the notion
that occupation of Thr**® suppresses Ser**® phosphorylation.
Given that Glu substitution provides a single charge at the site vs.
the two charges carried by the phosphate group, the suppression
may in fact be higher in the normal wild type hTau. Because
an anti- pThr*** antibody is not currently available, we cannot
currently directly test whether the reciprocal that is, Ser?’®
occupation suppressing Thr*> phosphorylation may be true
as well. Conversely, blockade of Thr**® occupation enhanced
Ser2%2 relative to that on ON4R", while pseudophosphorylation
left it at control levels if not marginally lower (Figure 4B and
Supplementary Table 4). This is consistent with the notion
that loss or suppression of Thr**> phosphorylation leads to
Ser**® and Ser?®? occupation. Inasmuch as the phosphomimic
substitution may not fully reflect the consequence of bona fide
phosphorylation at the site, the data support the notion Thr?#*
occupation suppresses both Ser®*® and Ser?®? phosphorylation.
Therefore, in effect it acts as a “gatekeeper” for the consequent
pathological manifestations of Ser**® and Ser?®? occupation
(Papanikolopoulou and Skoulakis, 2015).

The proposed role of Thr**® as the critical “gatekeeper”
instead of the Ser™*®, the two residues concurrently changed
in the STA mutants is also reflected in the consequences of
blocking, or pseudophosphorylating it on distant phosphosites.
Phosphorylation at the proximal phospho epitopes recognized
by the AT8 and AT100 antibodies are significantly depressed in
both Thr**> mutants (Figure 4B and Supplementary Table 4),
but Ser’®® occupation remains unaffected. In contrast, only
AT100 occupation is suppressed in Ser®® mutants, while
Ser*® phosphorylation appears significantly elevated when Ser?**
phosphorylation is blocked (Figure 4A and Supplementary
Table 4). This suggests that Thr*** occupation is required
for phosphorylation at the AT8 and AT100 epitopes, while
Ser**® phosphorylation suppresses occupation of Ser**®, another
manifestation of potentially conformation-mediated interactions
among distant phosphosites.

The essential role of Ser?*? as a broad-acting “gatekeeper”
of pathology (Papanikolopoulou and Skoulakis, 2015) in accord
to independently-derived similar proposal (Nishimura et al,
2004) is demonstrated in Figure 4C where all phosphorylations
in question are drastically suppressed on the ON4R52¢2A and
ON4RS252E proteins. This includes pSer®*®, which drastically
reduced, albeit not completely eliminated (Figure 4C and
Supplementary Table 4). Although the effect of blocking Ser*™
phosphorylation (ON4RS2924). supports the notion that its
occupation is required for subsequent Ser**®* phosphorylation,
the opposite might be expected for the phospho-mimic
ON4R®2°2E, The fact that Ser®*® is under-phosphorylated on the
ON4R522E protein argues that the single charge- bearing Glu is
not an efficient substitute for phosphorylated Ser** in mediating
conformational changes promoting phosphorylation at proximal
and distant sites (Figure 4C). Rather it appears that it may in fact

have a negative effect by occluding bona fide phosphorylation at
that site.

Differential Contribution of Ser23® and
Thr?*S to hTau-Mediated Learning

Deficits

In addition to its “gatekeeper” effects, phosphorylation at Ser?*?
was proposed to be necessary for and predict learning deficits
(Papanikolopoulou and Skoulakis, 2015). The Ser’*? variants
were in fact generated for a second reason in addition to
facilitating comparison and validation of the effects of the
Ser’®® and Thr**® variants. Because the expression level of
the previously used randomly inserted Ser?62A variant was low
(Papanikolopoulou and Skoulakis, 2015), it raised the possibility
that the lack of learning deficits upon expression of that transgene
may have been consequent of its low expression.

Pan-neuronal expression of the new ON4RS™ variant did
not precipitate structural defects in the MBs (Figure 5A),
in agreement with prior reports (Kosmidis et al, 2010;
Papanikolopoulou and Skoulakis, 2015). Moreover, as for the
2N4RSTA (Kosmidis et al., 2010), expression of ON4RSTA yielded
significant deficits in associative learning (Figure 5B and
Supplementary Table 5), equivalent to those presented by
ON4R" (Supplementary Table 5), demonstrating that although
grossly intact structurally, the CNS of animals expressing this
hTau variant is dysfunctional. Importantly, expression of the
single variants ON4RS28A and ON4RT245A resulted in a similar
decrease in learning. Given that Ser*®? is hyper-phosphorylated in
these variants (Figures 4A,B), the data support the proposal that
elevated occupation at this site is in fact requisite for the learning
deficits (Papanikolopoulou and Skoulakis, 2015).

Further toward this notion, we assayed associative learning in
animals expressing the phosphomimic variants ON4RS2*E and
ON4R"25E alongside the respective Ala substituted proteins at
these sites. Interestingly, expression of ON4RSZ*E precipitated
a learning deficit equivalent to that of the phospho-blocked
variant ON4RS2*¥4 (Figure 5C and Supplementary Table 5),
as predicted by the hyper-phosphorylation of this protein at
Ser’®? (Figure 4A) and in agreement with the inefficiency of
Glu substitution as a phospho-mimic at that site. In contrast,
unlike the deficit presented by animals expressing ON4RT2454,
expression of the pseudo-phosphorylated variant ON4R"#4°F did
not affect learning (Figure 5D and Supplementary Table 5).
This agrees with the phosphorylation state of Ser’®? on this
variant protein and in support of the proposed role of Thr**
phosphorylation as suppressive of hTau-mediated toxicity and
dysfunction. This in turn suggests that phosphorylation at this
epitope may be constitutive on non-pathogenic hTau.

As expected, expression of the phosphoblocked ON4R5262A
protein did not affect learning (Figure 5E and Supplementary
Table 5), confirming published results (Papanikolopoulou and
Skoulakis, 2015). Moreover, since ON4R52624 is expressed at
the same level as controls (Supplementary Figure 1 and
Figure 4C), this result verifies that lack of deficient learning
was not consequent of lower expression of the randomly
inserted transgene (Papanikolopoulou and Skoulakis, 2015).
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FIGURE 5 | Ditferential learning defects of mutants on Ser?3® and Thr24S and Ser?®2_ (A) Carnoy's-fixed paraffin-embedded frontal sections stained with
anti-Leonardo at the level of MB dendrites in the posterior of the head and of MB axons of the y-subtype-iobe from animails expressing the indicated Tau variants.
(B-E) Leaming performance of animais accumulating pan-neuronally the indicated Tau variants (black bars) compared with driver or transgene heterozygotes (white
bar). The genotypes of all animals are indicated below each bar. The means + standard error of the mean (SEM) are shown. Stars indicate significant differances

Again, lack of the expected learning deficit upon expression of
the pseudo-phosphorylated ON4R5262E is a likely consequence of
the inefficient Glu-mediated mimic of phosphorylation at that
site (Figure 5E).

DISCUSSION

Although hTau phosphorylation and its regulation has received
waning attention lately, hyper-phosphorylation at disease linked
phosphoepitopes remain strong pathology-linked biomarkers
(Blennow and Zetterberg, 2018). Therefore, understanding the
patterns and regulation of hTau phosphorylation is essential
to monitor pathologies and their progression, but just as
importantly, to understand its contribution to the IDR-
mediated structural plasticity of this protein. The results herein
describe a sequence of apparent “gatekeeper” phosphorylations,
which affect both hTau toxicity and neuronal dysfunction in
Drosophila that could also serve as disease biomarkers in patients
(Papanikolopoulou and Skoulakis, 2015).

A hypothesis put forward before (Papanikolopoulou and
Skoulakis, 2015), suggested that Ser*® is required for Ser?*®
occupation, which was verified experimentally herein (Figure 4).
Importantly, generation of the single mutants on Ser?*® and

Thr**> revealed an important new regulatory point not evident
with the STA double mutant analyzed before. Collectively, the
toxicity (Figures 2, 3) and learning (Figure 5) data in the
context of the phospho-profile analyses (Figure 4), strongly
indicate that Thr?*> phosphorylation attenuates or blocks Ser?%2
occupation, which in turn is required for Ser”*® phosphorylation
leading to toxicity. Therefore, Ser?*> phosphorylation precedes
and acts as a “gatekeeper” to Ser’*® occupation, which promotes
hTau-dependent premature mortality or decreased resistance
to oxidative stress, two very likely distinct manifestations
of hTau toxicity.

Currently we do not know the mechanism or trigger of Thr***
dephosphorylation, as well as the speed and mechanism of the
consequent Ser*®? occupation, although it is likely mediated by
conformational changes. As the resultant learning deficits require
time after hTau expression to be manifested (Papanikolopoulou
et al., 2010; Papanikolopoulou and Skoulakis, 2015), the process
is likely relatively slow. Since Ser*®? occupation precedes that
of Ser**8, this may account for the reported significant delay in
phosphorylation of the latter (Papanikolopoulou and Skoulakis,
2015), a potential link to the age dependent manifestation of
degenerative Tauopathies in humans as well. This is turn suggests
that monitoring Ser>*® occupation may be a useful biomarker of
disease progression.
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Domains such as the highly conserved microtubule binding
repeats and the amino terminal region of the protein appear
functionally specialized (Trushina et al., 2019). Notably, the
work described herein suggests IDR/conformation-dependent
interactions with the 24 aminoacids that separate Ser”® just
amino-terminal to the first microtubule binding repeat to Ser?®
within it, with significant roles in hTau-mediated toxicity and
dysfunction. Therefore, we propose that this region defines
a new potential hTau domain of importance to toxicity and
neuronal dysfunction. This may be reflected in phospho-
profiles of Tau fragments in Cerebrospinal fluid (CSF) samples
from Alzheimer’s disease (AD) patients that show significant
enrichment in Ser**® and Ser®®? occupation (Russell et al., 2017).
Moreover, an independent study indicated that phosphorylated
Ser*® and Ser*®? appear specifically associated with pathological
Tau in AD patients (Martin et al., 2013). We propose that
this “toxicity domain™ contributes to Tau structural plasticity,
as the occupation state of Ser®*®, Thr**5, and Ser*®? affects
the phosphorylation state of additional proximal sites such as
Ser?2/Thr? (AT8), Thr?'?/Ser?'* (AT100), but also the distant
Ser'®® at the far carboxy-terminus of the protein (Figure 4),
which when phosphorylated is also enriched in the CSF from AD
patients (Russell et al., 2017). As all the sites under consideration
are in invariant hTau regions, the regulatory mechanisms we
propose are pertinent to all isoforms.

Importantly, Thr?*> phosphorylation appears to be inhibitory
not only to Ser**? and consequently to Ser*® occupation, but
also on Ser?2/Thr2°* and Thr?'?/Ser?'* (Figure 4B) and perhaps
it represents a broader suppressor of toxicity and neuronal
dysfunction (Figure 6). Hence, occupation of this site appears to
act as a “gatekeeper” against additional phosphorylations linked
to pathologies. In agreement with this notion, phosphorylated

Physiological
P
S er238 Th 45 S er262

Pathologicai/—\

P P

ser’3® Thi?®® ser?
premature learning
mortality deficits

FIGURE 6 | A schematic of the proposed phosphorylation-mediated
interaction between “suppressive” and “facilitatory gatekeeper” phosphosite
interactions proximal to and within the first microtubule binding repeat of hTau.
interactions. The direction of the armow indicates that Ser®®® is phosphorylated
after occupation of Ser®2.

Thr?*> appears exclusively in physiological human brain lysates
(Martin et al, 2013). To our knowledge, the only other
phosphorylation reported to decrease Tau/AB-induced toxicity
is on Thr*® (lttner et al, 2016). This contrasts with the
apparent role of Ser’? phosphorylation as an enabler of
phosphorylation at many additional sites, probably a lot
more than we have tested herein (Figure 4C), including the
essential for toxicity Ser*®, To that end ongoing efforts aim at
generating an anti p-Thr**® antibody, which along with either
pSer**®*and pSer?2 may be useful biomarkers in monitoring
progression of Tauopathies.

Collectively therefore, there appear to be two types of
“gatekeeper” phosphosites, those that when occupied suppress
additional phosphorylations such as pThr**> and others like
pSer?®? that enable them. This is reflected in the schematic on
Figure 6, where we propose that abrogation or attenuation of
Thr**> phosphorylation removes the effect of the toxicity and
dysfunction “suppressing gatekeeper,” enabling occupation of
the “facilitatory gatekeeper” phospho-Ser®®? (Nishimura et al.,
2004; Papanikolopoulou and Skoulakis, 2015). In agreement
with others (Trushina et al, 2019), we posit that these
changes in hTau toxicity are manifestations of the IDR-
mediated structural plasticity of the protein with local or
broad conformational changes favored by the presence or
absence of particular phosphorylations leading to physiological
or pathogenic states.

One notable result from the work herein is that the
single charge contributed by Glu replacing the relevant Serines
and Threonines does not mimic the double charge of the
phosphate group in the case of Ser’® (Figures 2B, 3, 4A,
5C) and Ser’®* (Figures 4C, 5E). This indicates that the
proposed local structural plasticity is at least in part mediated
and possibly stabilized by weak charge based interactions,
a proposed characteristic of intrinsically disordered proteins
(Trushina et al., 2019). Interestingly, our data suggests that
with respect to these sites, Glu substitution may in fact mimic
blocking phosphorylation at these sites (Figures 2B, 3, 4A,C,
5C,E), possibly by occlusion and this approach should be
used with caution.

Although they are obvious pharmaceutical targets, it
remains a challenge to identify and interfere with the
phosphatases and kinases that target specific phosphoepitopes
in part because of overlapping consensus sequences and
participation in many other physiological cellular processes
(Martin et al, 2013). For Thr**, whose phosphorylation
appears to function as “suppressive gatekeeper” to subsequent
pathology-linked phosphorylations, the therapeutic challenge
is to maintain its occupation. In addition, development
of an anti-phospho Thr**® antibody for early detection
of its dephosphorylated state may be a good disease
prognostic biomarker.
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ANOVA Fg139 = 0.7679, p=0.5969

Elav;Ras2>0N4R" 1

Elav;Ras2>S238A 0.999 + 0.078 1
Elav;Ras2>5238E 0.922 +0.075 0.925
Elav;Ras2>T245A 0.914 £ 0.032 0.807
Elav;Ras2>T245E 0.956 £ 0.040 0.993
Elav;Ras2>S262A 1.026 £ 0.046 0.999
Elav;Ras2>5262E 1.023 £ 0.052 0.999

Supplemental Figure 1. Mutant and control transgenes inserted at 55B2 are expressed equivalently.
A) Representative Western blot demonstrating the levels of ON4R" and single Tau mutant

accumulation under Elav;Ras probed with the T46 anti-Tau antibody.

B) For the quantifications below, levels of the protein were normalized using the Syntaxin (Syx) loading
control and shown as a ratio of their means £S.E.M. relative to their respective levels in fly heads

expressing ON4R", which is set to 1. Statistical details presented in C.
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Supplemental Figure 2. ON4R*™ is expressed at the same level as ON4R" and lacks the pSerm
epitope.

Representative Western blots from head lysates of flies accumulating ON4R" and ONSTA probed with
the antibodies indicated on the left. The level of syntaxin (Syx) in the lysates was used as control for
quantifications. Quantification of at least three independent blots and extracts are shown on the right.
The syntaxin-normalized level of ON4R" for each quantification was fixed to 1. The bars represent the
mean + SEM relative levels of ONSTA over that of the ON4R" control. Dunnett’s tests indicated
significant difference from control for the phosphosite 5238 (p<0.0001) and no difference in
accumulation of Tau (p=0.4945).
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Supplemental Table 1.

Mean + SEM
Elav>ON4R" 0,396 + 0,073
Ras2>0ON4R" 0,264 + 0,091
Elav;Elav>ON4R" 0,656 + 0,100
Elav;Ras2>0N4R" 1,108 + 0,039
T: ANOVA: F(q 5= 15.331, p= 2.8703 x 10"
Dunnetts’ p
Elav>ON4R
Elav>ON4R" 3.5x10”
Ras2>0N4R" 8.4x10"
Elav;Elav>ON4R" 0,081
Elav;Ras2>0N4R" 0,826
Genotype Mean £ SEM
w5 0NaR" 73.745 + 0.954
Elav>ON4R" 62.497 + 1.349
Elav;Elav>ON4R" 58.454 +1.511
Elav;Ras2>0N4R" 56.301 £ 1.643
Fig 2 ANOVA: F3.47= 31.273, p=5.530x 10"
1C | ON4R"> wh Elav Elav;Elav Elav;Ras2
t- p t- p t- p t- p
Ratio Ratio Ratio Ratio
wiE 32.78 | 8.5x107 | 60.60 | 8.2x10™° | 78.86 | 2.2x10™"
Elav 32.78 | 8.5x10” 4.23 | 0.045 9.95 | 0.002
ElaviElav | 60.60 | 8.2x10™° | 4.23 | 0.045 1.20 | 0.279
Elav;Ras2 | 78.86 | 2.2x10™ | 9.95 | 0.002 1.20 | 0.279

Supplemental Table 1. Statistical details from Fig 1B and C.

Fig 1B. The means and SEMs are shown of the densitometrically determined ratio of hTau
normalized for loading by Syntaxin for the indicated genotypes from 5 independent

experiments.

Following the indicated significant ANOVA the means we compared using

Dunnett’s tests with the means of the accumulation of the randomly inserted ON4R
encoding transgene.

Fig 1C. The means and SEMs for learning performance of the indicated genotypes are shown
(n > 9). Following the indicated significant ANOVA the means we compared using the
indicated planned multiple comparisons.
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FIGURE 2A
1 0.000 (2,17) | 1.000 Elav;Ras2>0NSTA
Elav;Ras2>0N4R"
9 4.851 (2,17) | 0.0884 Elav;Ras2>0ONSTA
Elav;Ras2>0ON4R"
13 6.736 (2,17) | 0.0344 Elav;Ras2>ONSTA | 0.2991 | 0.9368
Elav;Ras2>0N4R" | -2.4960 | 0.0237
17 | 12.029(2,17) | 0.0024 Elav;Ras2>0ONSTA | -0.4854 | 0.8434
Elav;Ras2>0N4R" | -3.5005 | 0.0009*
21 | 18.748(2,17) | <0.0001 | Elav;Ras2>ONSTA | -0.1071 | 0.9916
Elav;Ras2>0N4R" | -4.0369 | 0.0001*
23.222(2,17) | <0.0001 | Elav;Ras2>ONSTA | -0.4987 | 0.8357
Elav;Ras2>0N4R" | -4.5185 | <0.0001*
23.710(2,17) | <0.0001 | Elav;Ras2>ONSTA | -1.1512 | 0.4072
Elav;Ras2>0N4R" | -4.5403 | <0.0001*
27 | 26.808(2,17) |<0.0001 | Elav;Ras2>ONSTA | -1.3162 | 0.3156
Elav;Ras2>0N4R" | -4.6813 | <0.0001*
29 [21.792(2,17) |[<0.0001 | Elav;Ras2>ONSTA | -0.9507 | 0.5346
Elav;Ras2>0N4R" | -4.6309 | <0.0001*
31 8.003 (2,17) 0.0183 Elav;Ras2>ONSTA | 1.7182 | 0.1518
Elav;Ras2>0ON4R" | -1.2432 | 0.3545
33 9.000 (2,17) 0.0111 Elav;Ras2>ONSTA | 1.4759 | 0.2404
Elav;Ras2>0N4R" | -1.7498 | 0.1424
35 [ 15.806(2,17) | 0.0004 Elav;Ras2>ONSTA | 2.8776 | 0.0077
Elav;Ras2>0N4R" | 0.0000 | <0.0001*
37 | 10836(2,17) |0.0044 Elav;Ras2>ONSTA | 2.3487 | 0.0353
Elav;Ras2>0N4R" | 0.0000 | <0.0001*
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FIGURE 2B

0.000 (3,17)

1.000

Elav;Ras2>0N4R

Elav;Ras2>S238A

Elav;Ras2>S238E

0.803 (3,17)

0.8474

Elav;Ras2>0N4R"

Elav;Ras2>S238A

Elav;Ras2>S238E

13

4.485 (3,17)

0.2136

Elav;Ras2>0N4R"

Elav;Ras2>5238A

Elav;Ras2>5238E

17

0.735(3,17)

0.8649

Elav;Ras2>0N4R"

Elav;Ras2>S238A

Elav;Ras2>S238E

21

2.184(3,17)

0.5351

Elav;Ras2>0N4R"

Elav;Ras2>S238A

Elav;Ras2>S238E

12,612 (3,17)

0.0056

Elav;Ras2>0N4R"

-2.5828

0.0269

Elav;Ras2>5238A

-3.3387

0.0024*

Elav;Ras2>S238E

-2.2527

0.0643

25

17.394 (3,17)

0.0006

Elav;Ras2>0N4R"

-3.3442

0.0024*

Elav;Ras2>5238A

-3.5856

0.0010*

Elav;Ras2>5238E

-3.0621

0.0063

27

13.619(3,17)

0.0035

Elav;Ras2>0N4R"

-3.1389

0.0049*

Elav;Ras2>S238A

-2.5576

0.0289

Elav;Ras2>5238E

-2.9983

0.0053*

29

19.763 (3,17)

0.0002

Elav;Ras2>0N4R"

-3.3843

0.0021*

Elav;Ras2>5238A

-3.2606

0.0032*

Elav;Ras2>S238E

-3.9454

0.0002*

19.554 (3,17)

0.0002

Elav;Ras2>0N4R"

-3.4931

0.0014*

Elav;Ras2>S238A

-3.2680

0.0031*

Elav;Ras2>S238E

-3.7314

0.0006*

31

6.010 (3,17)

0.0111

Elav;Ras2>0N4R"

Elav;Ras2>5238A

Elav;Ras2>5238E

33

1.526 (3,17)

0.6763

Elav;Ras2>0N4R"

Elav;Ras2>S238A

Elav;Ras2>5238E

35

2.778(3,17)

0.4272

Elav;Ras2>0N4R"

Elav;Ras2>5238A

Elav;Ras2>5238E
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FIGURE 2C

1 0.000 (3,17) 1.000 Elav;Ras2>0N4R
Elav;Ras2>T245A
Elav;Ras2>T245E
9 1.975(3,17) 0.5777 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
13 5.537(3,17) 0.1364 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
17 4.936 (3,17) 0.1766 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
21 13.256 (3,17) | 0.0041 Elav;Ras2>0N4R" -0.8529 | 0.7300
Elav;Ras2>T245A -2.2792 0.0600
Elav;Ras2>T245E 1.6196 0.2496
23 26.712(3,17) <0.0001 Elav;Ras2>0N4R" -2.5828 | 0.0269
Elav;Ras2>T245A -4.2948 | <0.0001*
Elav;Ras2>T245E -0.3894 | 0.9628
25 32.021(3,17) <0.0001 Elav;Ras2>0N4R" -3.3443 | 0.0024*
Elav;Ras2>T245A -4.6484 | <0.0001*
Elav;Ras2>T245E -1.6225 | 0.2483
27 26.331(3,17) <0.0001 Elav;Ras2>0N4R" -3.1388 | 0.0049*
Elav;Ras2>T245A | -4.0639 | 0.0001*
Elav;Ras2>T245E -1.5834 | 0.2665
29 31.289(3,17) <0.0001 Elav;Ras2>0N4R" -3.3841 | 0.0021*
Elav;Ras2>T245A | -4.7469 | <0.0001*
Elav;Ras2>T245E -1.2106 | 0.4820
30 31.637(3,17) | <0.0001 Elav;Ras2>0N4R" -3.4931 | 0.0014*
Elav;Ras2>T245A -4.7034 | <0.0001*
Elav;Ras2>T245E -1.9241 | 0.1365
31 16.445 (3,17) | 0.0009 Elav;Ras2>0N4R" -1.4835 | 0.3170
Elav;Ras2>T245A -2.8833 | 0.0111
Elav;Ras2>T245E 1.0863 0.5671
33 6.322(3,17) 0.0970 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E
35 1.975(3,17) 0.5776 Elav;Ras2>0N4R"
Elav;Ras2>T245A
Elav;Ras2>T245E

Supplemental Table 2. Statistical details from Fig 2.
Survival results from 17 independent determinations were compared with Wilcoxon/Kruskal-Wallis
tests for the indicated days. When the x* was significant, significant differences from the survival of

Elav;Ras2>w

1118

controls were investigated using Steel with control tests whose z ratio and p values

are shown. Significant differences from controls are highlighter in light gray and emphasized by
asterisks.
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Supplemental Table 3.

ANOVA: Fg,109=19.7546, p=5.3261 x 10"
Tau variants vs w''®
Genotype t-Ratio P
ON4R" 33.6099 8.2167x 10"
ONSTA 0.1562 0.6934
$238A 67.8144 7.9778x10 "
S238E 23.1285 5.4824 x 10°
T245A 49.6900 2.5435x10
T245E 17.7771 5.5375x 10"
Glu vs Ala mutants
Genotype t-Ratio p
S238A vs S238E 11.7356 8.9715x10"
T245A vs T245E 8.0248 5.60149 x 10~
Tau variants vs ON4R"
Genotype t-Ratio p
ONSTA 29.1829 4.6172x10"
S238A 5.9416 0.0165
S238E 0.9765 0.3254
T245A 1.5667 0.2136
T245E 2.4999 0.1170
Tau variants vs ONSTA
Genotype t-Ratio p
S238A 61.4604 5.5674x 10
S238E 19.4828 2.6125x10°
T245A 44.2736 1.6464x 10"
T245E 14.6001 2.3336x10"

Supplemental Table 3. Statistical details from Fig 3

Mean mortalities after 24 hrs of exposure to 30mM methyl viologen of the indicated
genotypes were compared with that of Elav;Ras2>w
indicated highly significant ANOVA with planned multiple comparisons as indicated.

1118

control animals (n=15) following the

169



SUPPLEMENTAL TABLE 4

Antibody ANOVA Dunnett’s p
= F(3,72=0.4568, S238A S238E
p=0.6350
— F(2.57=58.0959, S238A S238E
p=2.7491x 10 2.3578x 10" 1.4981 x10°
Fiy39=10.8692, S238A S238E
Fig 4A pS262 U A . -
p=1.9349 x 10 3.9992 x10 2.8214 x10
p$396 Fi.85= 9.0999, S238A S238E
p=2.6715x 10" 1.6780x 10" 0.7914
ps238 S238A S238E
Fre2=128.1423, T245A T245E
ATS e 2 . .
p=2.1988 x10 1.7794 x 10 1.7794 x 10
— F(2.7651.8107, T245A T245€
p=8.5164 x10* 5.3832x 10" 1.3669 x10°
BT . Fla.54-15.4009, T245A T245E
6 P p=5.5852 x 10°® 2.6969 x 10 0.3519
p§396 Fl262=0.6312, T245A T245E
p=0.5354
Fl2.25=6.0830, T245A T245E
pS238 ¥ 3
p=7.2933 x10 0.9999 0.0138
- F(2.65=8.9678, p=3.587 $262A S262E
x10* 2.0874x 10" 1.3759x 10"
AT100 F257=282.5058, S262A S262E
p=1.1721x10% 1.4967 x10° 1.4967 x10°
$262A S262E
Fig 4C pS262
Fl264=280.1379, S262A S262E
pS396 g 2 - J
p=8.9264 x 10 1.8071 x10 1.8071x 10
F(3.20-68.8786, S262A S262E
ps238 - s - -
p= 1.96561 x10 4.8748 x 10 4.8230x 10

Supplemental Table 4. Statistical details from Fig 4
ANOVAs and Dunnett’s tests p’s for the ratios of densitometrically determined level of each
of the designated phosphoepitopes and total hTau normalized for loading with Syntaxin for
the indicated Ser’®® and Thr*** mutants relative to the ratio in ON4R". When experimental
bands were zero or near zero ANOVA was not performed. When ANOVA was not significant
further comparisons were not performed.
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Supplemental Table 5.

Figure 5B. ANOVA Fiy 5 = 7.3803, p<0.0001

w E50NSTA 78.322 +1.593

Elav;Ras2>0N4R" 58.149 + 3.314 2481 | 85x10°
Elav;Ras2>5238A 61.783 + 2.509 1592 | 2.2x10"
Elav;Ras2>T245A 62.857 +3.076 1458 | 3.8x10"
Elav;Ras2>0NSTA 61.820 +3.130 16.60 | 1.7x10"
Elav;Ras2>0N4R" 58.149 £ 3.314

Elav;Ras2>5238A 61.783 + 2.509 0.80 0.373
Elav;Ras2>T245A 62.857 +3.076 1.41 0.239
Elav;Ras2>0NSTA 61.820 + 3.130 0.86 0.357
Elav;Ras2>S238A 61.783 £ 2.509

Elav;Ras2>T245A 62.857 +3.076 0.07 0.792
Elav;Ras2>0NSTA 61.820 +3.130 0.00 0.992
Elav;Ras2>T245A 62.857 £3.076

Elav;Ras2>0NSTA 61.820 + 3.130 0.06 0.794
Figure 5C. ANOVA F3 39) = 38.5284, p<0.0001
w'¥55238A 77.327 +1.141

Elav;Ras2>w' © 75.407 + 1.949 0.56 0.456
Elav;Ras2>5238A 55.275 + 2.028 65.63 | 1.2x10”
Elav;Ras2>5238E 60.028 + 1.665 40.13 | 2.5x10”
Elav;Ras2>w' 75.407 £ 1.949

Elav;Ras2>5238A 55.275 + 2.028 74.6 2.7x10% |
Elav;Ras2>5238E 60.028 + 1.665 48.0 4.1x10°
Elav;Ras2>5238A 55.275 + 2.028

Elav;Ras2>5238E 60.028 + 1.665 3.83 0.058
Figure 5D. ANOVA F3,43 = 15.3415, p<0.0001
wE5T245A 78.126 + 1.762

Elav;Ras2>w ¢ 78.049 + 1.564 0.00 0.978
Elav;Ras2>T245A 62.098 + 2.545 31.74 | 1.5x10°
Elav;Ras2>T245E 74.956 + 1.734 1.14 0.29
Elav;Ras2>w' 78.049 + 1.564

Elav;Ras2>T245A 62.098 + 2.545 33.72 | 8.8x10”7
Elav;Ras2>T245E 74.956 + 1.734 1.26 0.267
Elav;Ras2>T245A 62.098 + 2.545

Elav;Ras2>T245E 74.956 + 1.734 21.7 3.5x10°
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Supplemental Table 5.

Figure SE. ANOVA F3 33 = 2.7719, p=0.0586
w 552624 74.279 + 2.556

Elav;Ras2>w' 78.280 + 2.655 0.99 0.326
Elav;Ras2>5262A 69.640 + 2.863 4.63 0.039
Elav;Ras2>5262E 68.073 + 3.149 6.87 0.013
Elav;Ras2>w' ® 78.280 + 2.655

Elav;Ras2>5262A 69.640 + 2.863 1.26 | 0.270
Elav;Ras2>5262E 68.073 + 3.149 2.39 0.132
Elav;Ras2>5262A 69.640 + 2.863

Elav;Ras2>5262E 68.073 + 3.149 0.15 0.698

Supplemental Table5. Statistical details from Fig 5
The means and SEMs for learning performance of the indicated genotypes are shown for n >
9. Following the indicated significant ANOVA the means we compared using the indicated

planned multiple comparisons.
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2. Awadopikol pnxaviopol to§kotntag tTwv avlpwnivwv oopopdwv
™MC NMPWTEivng T pE TPELS N TEooepls emavaAnPeLg oTo poviédo T-
npwrteivonaBswwv Drosophila melanogaster

2.1. NepiAnyn

H npwteivn T unapxel o€ 6 loopopdEG oTov EVAALKO avBpwrivo eyKEPAAO, OL OTIOLEC
T(POKUTITOUV OO TO EVAAAOKTLKO HATIOMA €VOG peTaypadou mRNA kal dtadépouv
WG TPOC TNV amoucia A TNV mapouaoia pLag p 800 apvo-teAKwV enavoAnPewv Katl
TPLWV N TECOAPWV TEPLOXWV TIPOCSESNG OTOUG UIKPOOWANVIOKOUG. TUTILKA Kal ot €EL
loopopdéc €xouv BewpnBel wg Astoupylkd moapopoles. Qotdéoco, n dadopikn
EUIMAOKI) TOUC OE OUYKEKPLUEVEG T TpwTteivomabeleg eyeipel tnv mubavotnta va
unapxouv Sladopég otn duacloloyikr Asttoupyla Kal otnv maboyEVeon, OL OTOLEG
elval el8IKEG yLa OpLOPEVEC LoOMOPPEG. Ma va TO SLEPEUVIOOUUE QUTO, CUYKPIVAUE
ToUC GaLVOTUTIOUG TIOU TIPOKUTITOUV amod TtV €kdpoaon twv oopopdwv ON3R kat
ON4R otn Drosophila. H éxkdpaon ¢ woopopdnc 3R mpokoAel mo oxupd
eAattwpata otnV afovikn HETAdOPA KaL OTN KIVNTLKOTNTO KAl KATAARYOUV va. €X0UV
HKpOTepn Slapkela {wng oe oxéon pe ta {wa mou ekdpalouv tnv oopopdn 4R.
AvtiBeta, n ékdppacn NG oopopdng 4R obnyel oe peyaAUTeEPO VEUPOEKPUALOUO
KaBwg Kal og eAM padnon kat pviun. EmutAéov, umapyouv Slakpltéc SladpopEg
oto potifo pwaodpopuliwong Twv dUo WwopopPwv KABWE KAl OTNV LKAVOTNTA TOUG Vol
TiPOoKAAOUV 0&eldWTIKO oTpeC. AuTtéQ oL dladopég dev odeilovtal os SladopeTikd
enineda ékdpaong petaly twv dVo woopopdwv Kal uodSnAwvouv GUGCLOAOYIKES
Sladopég otn Poloyia twv Loopopdwv Kol oto TaBoAoykd SuVaHLKO TOUG.
Juvenwe, umopel va €€nynBoulv ol SL0pOpPETIKOU UNXAVIOUOL TOEKOTNTOG TNG
npwteivng T, avaloya He TNV oopopdn, kat n  Swadopikn evalcbnoia
OUVKEKPLUEVWV TIEPLOXWV TOU EYKEDAAOU 0t SLapOpPETIKEG T- MpwTeivomAOeLeC.

2.2. Ewaywyn

To avBpwrivo yovidio T Bploketal oto xpwpoowua 17 otn yevetikn 6éon g21.1. And
TO €VOAAOKTIKO PATIOpO €VOC peTtaypddou mMRNA TmpokUTTouV £EL LOOUOPPEC TNG
npwteivng T otov eviiAiko avBpwrivo eykédaAo (Andreadis, 2005), mou Kupaivovtal
oe péyeboc amo 352 £wc 441 apwvoééa. To eVOANAKTIKO HATIONO TwV €wviwy 2, 3
kat 10 odnyel otnv anoucia r napouvcia 1 | 2 apwvo-teAlkwy enavoAnPewy kot 3 n
4 meplLOXWV TPOCOEONG OTOUG HIKpoowAnviokoug otn kapPofu-tehkn meploxn
(Goedert et al., 1989). uvnbw¢ avadepovtal w¢ oopopdec ON3R, 1IN3R, 2N3R,
ON4R, 1N4R kot 2N4R. EmutAéov, ol oopopdEC NG mMpwteivng T udlotavtal pla
TIOWKIAlOL  META-UETAPPACTIKWY  TPOTIOTOLOEWY, OCUUMEPNAUBAVOUEVWY — TWV
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dwodopuhwoswv Ser/Thr kat Tyr, T™NC QAKETUAWONG KAl TN OOUHOUAlwONG.
MEpPLKEG MO QUTEC TLG TPOTIOTOLNOEL cupBaivouv ¢uaclohoyka kat puBuilovral
KATA TNV ovamtuén Kal tn ynpovon, evw OAAeG oxetilovtal pe TAOOAOYLKEG
KOTOOTAOEL KOL EUMAEKOVTAL OTN TOEKOTNTA TIOU EMAYETAL AmMO TNV Mpwteivn T
(Medina et al., 2016); (Huefner et al., 2013).

Fevikotepn avtiAnyn amotelel 6tL n pubuLon Tou €VOAAOKTIKOU HOTIOUATOG KOTA
NV avamrtuén, ival évag PnXoviopog yla tn pulikn HeTaBoAn tng Asttoupyiag tng
MPWTEIVNG T. AUTO UIMopEL va avTIKATONTPIlETAL KOl e TNV EKPPAOH TWV LOOUOPDWV
3R vwpi¢ otnv avamtuén tou avBpwrivou eykedpdAou, OmMou amatteltal TLo
TIAQLOTIKOG KUTTAPOOKEAETOG KAl OTN OUVEXELD oTnV €kdpacn Twv Loopopdwv 4R
HETA TNV avamtuén tou veupitn, otav €xel nén &nAadn dnuioupynBel éva o
otaBepo Giktuo (Andreadis, 2005). Mwa kUpla SLAKPLON TWV LOOUOPOWV TNG
npwteivng T nepthapPBavel tn Stadopomnoinon Toug o€ AELTOUPYIKEG TIEPLOXES, OTIWG
oL TEPLOXEG TwV emavoApewv TPOodeong OTOUG MLIKPOOWANVIoOKouG. AuTo
muBavotata umoSelkvUEeL Kal TG StadopEg otn puaolooyia Twv LoopopdwV Kol OTO
maBoAoylkd Suvaplkd Touc, KaBwg davopuevika aAAnAemidpouv pe SladopeTIKEC i
HEPLKWG (Oleg MpwTelveg ou oxetilovtal Ye T MEUBPAVN, HLE KUTTAPOTIAQCUATIKEC
KOl KUTTOPOOKEAETIKEG TIPWTEIVEG. ITNV TPAYHATIKOTNTA, Ol SladopEC OTLG LOLOTNTES
8€0ELONG TWV UIKPOOWANVIOKWV yla KaBe oopopdn elvat yvwotég (Goode et al.,
2000). Qoto0o0, apKETEC UEAETEG £XouV TIAEOV Seifel emunmpooBeteg Sladopég petaly
TWV LoopopdwV TNG MPpWTElvNG T, OMWG N TACN TOouG va cucowpatwvovtal (Adams et
al.,, 2010), n wKavotnTa CUCOWHATWONG Ot SLadOPETIKEC HopdEC avaAoyo HUE TNV
toopopdn tng mpwteivng T (Dinkel et al., 2011), tTnv ev60-VEUPWVIKI OVOKATAVOWUN
TOUG KOTA TOV OXNUATIOMO TWV VEUPOIVIOIKWY mAeyudtwy (Hara et al., 2013); (Liu
and Gotz, 2013), ti¢ alAnAemidpaocel pe SladopeTikolg mMpwieivec-ouvodoug
(Bhaskar et al.,, 2005); (Liu et al., 2016), to Sduvaulkd dwodopuAiwong Kal n
enidpacn OAwv Twv mapamavw Stadopwv otig BloxnHULKEG Toug dLotnTeC (Combs et
al., 2011).

H avaloyia twv woopopdwv 3R mpocg 4R otov eviAiko avBpwrivo eykéPado eival
nepimouv 1. H avaloyia auty Olatapdoostal O OPLOUEVEG OLKoyevelg T-
npwteivondbeleg AOyw HeETAANAEEWY KOTA TO HATIOMA, OL omoieg odnyoluv o€
avénon twv woopopdwv 4R tng mpwteivng T (Andreadis, 2005). Akdun Kal otn voco
tou Alzheimer (AD) umdpyxouv evleifelc pewwpévng avadoyiog 3R/4R otoug
VEUPWVEC TIou pEpouv veupoividika mAéypata (Niblock and Gallo, 2012); (Park et al.,
2016). To yeyovog otL n dlatdapaén tng avaloyiag Twv loopopdwv oxeTileTal pe TIG
a0Béveleg, uTOSELKVUEL TN onuacia dlatnpnong KOG LOOPPOTIAC TWV LoOHopdwWY
3R:4R otoug uyLelg veupwveg. EmuTA£oy, €va XOpaKTnPLOTIKO TTou Sladopomolel TIg
T-npwteivonabeleg, €ival OTL Sev OMOVTATOL OE QUTEC O OXNUOTIOMOG TwV
CUCOWMOTWHATWY amo TI¢ i6leg LoopopdEg tne mpwteivng T. Mo mapddelypa, otn
vooo tou Alzheimer (AD), 6Aeg oL LoopopdEC TNG mpwteivng T oxnuatilouv widla,
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eV 0g AAAeg amotelouvtal Kupiwg amo eite 3R, m.X. vOoog tou Pick, ite amo 4R
LOOUOPPEC, TU.X. OTNV TPOOSEUTLKN) UTIEPTIUPNVIKN TapadAuon, otov ¢Aolofaciko
€KPUALOUO, Kal oTnVv avola apyuAodAikwv KOKKwV (Rabano et al., 2013); (Spillantini
and Goedert, 2013).

ITn OUYKEKPLUEVN €peuva Yivetal xprion tou KoAAd HeAETnUEVOU HOVTEAOU T-
npwteivonaBswv ™G D. melanogaster kal yivetat afloAoynon twv ¢atvotunwv
TIOU TIPOKUTITOUV yla TNV KABe 1oopopdn tng mpwteivng T (ON3R kat ON4R). Me tnv
€peuva autn, Olvovtal ocadeic amodeifelg OtL SLaPOPETIKEG LOOUOPPEG TNG
MPpWTeivng T pmopel va €xouv Kol ONUAVTIIKA OladOpeTIKEG EMOPACEL] OF
TLOVOLLOLOTUTIEG aVAAUOELS. AuTO pmopel va pifel pwe otov Sladopetikd poAo NG
KABe Loopopdng otn maboloyia twv T- mpwteivonabelwy, Olaitepa ot AoOBEVELEC
OTLG OTIOLEG MOVO HLA ATIO QAUTEG TLG LOOHOPPEC KUPLAPXEL.

2.3.  YAwa kaw péEBodot
2.3.1. KaAMépyeia kat oteAéxn Drosophila

Ot dlactavpwoelg tng Drosophila mpaypatonow)Bnkav pallka oe ouvndn tpodn
TIOU TEPLEXEL aAeUpL oitou, Taxapn, alevpt ooylag Kot CaCl,. Ou StaoTtaupwoelg
npaypotonowénkav otouc 18°C ) otouc 25°C, avdAoya pe TNV MepTWaon, KAt Omwe
umoSelKVUETOL OTO Kelpevo, o€ uypaocia 50-70% kat o 12 wpeg KUKAO
dwtog/okotadlov. OL emaywyeic mou xpnoworowibnkav eivat o D42-GAL4
(emaywyéag €161KOG ylo TOUG VEUPWVEG Kivnong), ot Elav*™®>-GAL4 kat Elav'>-
GAL4/TubGAL80" (emaywyeic ékdpacnc oe OAo To VEUPWVIKO cUoTNMA), 0 panR7-
GAL4 (emaywyéag €l8IKOG yla Toug¢ aloBntriploug veupwveg) kat o GMR-GAL4
(etdikog emaywyéac yia toug Pwrtoimodoxeig). Ma v ON4AR wopopdn

*
ON4R KoL hTauON4R

xpnotporowiBnkav dvo Stayovidia, ta hTau , TIPOEPXOUEVA AT TNV
M. Feany (latpikr) ZxoAn tou XapPapvt, Bootwvn, Hvwuéveg MoAteieg). Kat ta dvo
auta dlayovidia mapouaoialouv nmapopola emnineda eékppaonc (Ewkdva 2- 2). OAeg ot
AAAeG SlayoviSLaKEG LUYEC KO OL ETAYWYELS TpoépyovTtal amnod to Bloomington Stock

Centre.

2.3.2. Avocoamnotunwon Npwteivwv kata Western

MNa tnv afloAoynon twv OoAkwv emmedwv €kdppaons g mpwrieivng T kal Twv
emunedwv pwaodopuliwong kat Stalutotntag tng mpwteivng T, mpaypatonotnonke
0VOOOOMOTUTIWON TPWTElVWY Kkatda Western. Mo tnv avaAuon twv Selypdtwy,
xpnotponotibnkav cuvoAikd 10 mpovupdeg 3% otadiov ) keddAia ard eVAAKES
HUYeG nAkiag 1-3 nuepwv Kot opoyevorowBnkav o 20ul pubuLoTtikol SlaAvpatog
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1X Laemmli (50 mM Tris pH 6.8, 5% 2- pepkantoatBavoln, 2% SDS, 10% yAukepOAn,
kot 0.01% prAe g Bpwpodavohng). Ad£dnkav va Bpdoouv otoug 95°C yia 5 Aemtd
Kal ev ouvexela ¢uyokevipnOnkav yia 5 Aemta otig 14000 RPM oe Beppokpaocia
Sdwpatiou. MNa Vv Kavovikomoinon twv Selypdtwy kot TNV e€AAelPn opoApdTwyY
Katd tn PopTwon Twv OSEYUATWV XPNOLUOTIONONKE TO TPWTOYEVEG avIiowHA
ouvtaivn (mAb 8C3, Developmental Hybridoma Bank) og cuykévipwon 1: 3.000. Ta
TIPWTOYEVI] AVIIOWHATA TIOU XPNOLMOToOnkav glvat: €vavtl TG OAKNG TPWTELVNG
T (Dako, oe ouykévtpwon 1:15.000 rj T46 oe ouykévtpwon 1:3000), évavtl e8LKWV
Béoewv dwodopulwpévne mpwteivne T, Ser??/Ser*® (PHF-1) (8wpo amo tov Peter

3% (pS396, Source Biosciences, o€

Davies, USA, oe ouykévipwon 1:500), Ser
ouykévtpwon 1:2000), Ser’®/Thr’® (AT8) (Thermo Scientific, oe ocuykévtpwon
1:1000), Thr**2/ser’** (AT100) (Pierce Endogen, oe ouykévipwon 1:1000), Ser®®?
(pS262, Invitrogen, oe ouykévtpwon 1:1000), €vavtl tng ano-pwodopuALWUEVNC
npwteivng otc Béoetc Sert?/Ser’®/Thr’® (Tau-1) (Millipore, 1:2000), kat téAoC TO
avtiowpa MC1 (suyevikn xopnyeia amo tov Peter Davies, USA), oe ouykévipwaon
1:200). Ta Seutepoyevr aVTIOWUATO XpNoLlomotntnkav og cuykévtpwon 1:5000 kat

TO oA aviyveuBnke pe xnuelopwtavyela (ECL plus).

2.3.3. AoKLHOGLO CUVELPHLIKAG HABNONG KAl VNG O EVAALKEG HUYEG

Mna va mpaypatonolnfolv to MEWPAPATA HABNoNG Kol UVAMNG, OPOEVIKEG WUYEG
UAS-hTau®™® f UAS-hTau®™® Staotaupwbnkav pe BnAukd Elave>>GAL4; TubGAL8O™
A pe w® (noyec mewpapotikol eAéyxou). Tautdxpova e Tpitn Staotalpwon
npaypatorowidnke pe BnAukd amd tov emaywyéo Elav>GAL4;TubGAL8O™ kat

. ' 111
QPOCEVLKA ATTO TIC W 8

HUYEG (LUYEG melpapatikol eAéyxou). OAeC oL SLOOTOUPWOELG
tonoBetriBnkav otouc 18°C. Ot evrAikoL amdyovol GUAAEXBNOCOV O€ VEQ UITOUKAALL
kot Statnpridnkav otoug 30°C yua 12 nuépeg, wote va enaxBel n ékdpaon NG
npwteivng T. KaBe 3 nuépeg, oL HUyeC UeTadEpPOVTOL OE VEQ MTTOUKAALD HE
kavoUpyla Tpodr. Tnv 11" nuépa, oL plyeg xwpilovtal og opddeg Twv 50-70 {wwv
oe dLaAidia pe tpodr kat enavatonoBetovvratl otoug 30°C yia 6An tn voxta. Mia
wpa TepImou mMpwv TN Melpapatiky Sdtadikaoia, ol pUyeg petadEépovial o VEA
dLaiidla pe kawvoupyla Tpodr).

OAa ta ouuTEeEPLOPLIKA TIEWPAUATA TIPAYHOTOMOINONKaV UMO XounAo epubpod
dwtlopo, otoug 24-25° C kat oe uypaocia 65-75%. OAoL oL yevotumoL TOU
EUMAEKOVTAL O €va Teipapa €Aéyxovral tautoxpova tnv da nuépa. MNa tnv
HETPNON TNG WKOVOTNTOG MABNONG xpnoldomol}Bnke TO TOAPASELYUO  TNG
naBAoBLavig apvnTikng oodpntikng pabnong cuvdualovtag T anwONTIKEG OOUEC
Bevlaldelidn (BNZ) kat 3-oktavoln (OCT) apawwpéveg oe AASL (6% v/v yia BNZ kat
50% v/v yla OCT) w¢ e€aptnuéva epediopoata (CS+ kat CS-), He TO NAEKTPLKO OOK WG
un e€aptnuévo epeéblopa (US). MNa tnv ekmaidevon, pwa opdda 50-70 puywv
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eKTIOeTOL OPYIKWG OTN TPWTIN ooun yia 40 OSeuTeEPOAETTO O OUVOUAOUO HE
enavohappavopeva ook Twv 90 V (ouvoAlkd 8 nAektpikd ook Ttwv 1,25
Seutepoléntwy pe Swaotnua mavong 4,5 deutepoAémtwy). AKOAOUBWCE oL HUYEC
ektiBevtal yla 30 dsutepoOAenta o aépa Kal ot cuvexela otn deUtepn ooun ya 40
OeUTEPOAEMTA XWPILGC OMWG TA NAEKTPLKA OOK Kol TEAOG o agpa yiwa aAa 30
SdeutepoOhemnta. KaBe melpapatiky Sokiur meplapfdavel SUo OpAdEG LUYWV TOU
1&lou yevotuTou ol omoieg ekmatdevovtal TAUTOXPOVA LLE TPOTIO TIOU N HLa opada va
amodeLyel tn BevlaAdelidn kal n GAAn opdda va amopeUVyeL TNV OKTAVOAN, EVW N
avtibetn ooun xpnolpomoleital kabe dopd wg oopn eAéyxou. TEAOC UETA TNV
eknaidevon, kat ot Vo ouadeg puywv adnvovral va emdééouv peTaly Twv Vo
00UWV (XWPLg NAeKTPLKO 00K) yia 90 SeutepOAenta.

Mo TN TMPAYUATOTOINON TWV TELPAUATWY €Aéyxou NG eOPTWHEVNG ATO TNV
TMPWTELVIKI oUVBeon PvAUNG, oL HUyeg umoBaAAovtal o 12 nAektpikd ook US/CS
ova KUKAO KOl Of OUVOAKA TEVTE TETOLOUC emMavVaAopBavopevousg KUKAOUG
eknaidevong pe dStaotnua mavong 15 Aemtwv PeTAfY TOUG. TN CUVEXELQ, OL HLUYEG
petadépovrat oe dlalidia pe tpodn kot adrvovrat otoug 18°C yia 24 wpec. TéAog,
ol pUyeg petadEpovtal os pa cuokeun T-AaBupivBou kot agprivovral va eTiAEEOUV
HETAEL TwV SU0 0oHWV (XWPLG NAEKTPLKO ooK) yia 90 deutepOAemnta.

O 6eiktng anodoong (Performance Index, Pl) utoAoyiloTnNKe W¢ TO KAAOUO TWV HUYWV
miou anodelyouv tn cuvOeSepévn Ue TO NAEKTPLKO GOK oapr), CS+, peiov to KAdoua
TWV HUYywV TIou amodelyouv Tnv ooun eAéyxou, CS-, SLalpoUEVO TTIPOG TO GUVOALKO
oplOpo Twv puywv. O teAkog deiktng amodoong (PI) unmoAoyiletal wg To péEco 6po
TwV SU0 NULOU AOYWV yLat KABE pia amo Tig opades Twv {wwv Tou ekmaldevovtal ota
ouUmMAnpwpotika epebiopata (eite pe PevlaAdelibn eite pe 3-oktavoAn) kot
Kupaivetat anod 0 €wg 100.

2.4. AnoteAéopata

2.4.1. Ou woopopdég ON3R kat ON4R tng npwrteivng T mpokaAouv StagopeTikoUG
dawotunoug

MNna t™ Slepelvnon tou polou twv ON3R kat ON4R woopopdwv tng mpwrteivng T
eAéxBnoav ol palvoTumoL yla TNV KWVNTIKOTNTA TwV MPOVUUPWY Kal TNV LKavotnta
avappixnong evAAlkwv HUywv HE TN Soklpaocia Tou apvnTKoU YEWTPOTILOUOU,
aflohoynbnke 10 mMPOoCdOKIwo TwNnAG kol o Pabuog veupoekPuAlopol TwWV
aLoBNTAPLWY VEUPWVWVY Kal N emibpacn otn CUUMEPLPOPLKN LKAVOTNTA TNG KABE
Loopopdn.

JUYKEKPLUEVA, BpEBnke OtL n ékdpacn tng oopopdn¢ ON3R OTOUG KLVNTLKOUG
VEUPWVEC TIPOKOAEL KvNTIKEC avwuaAies (Mapaptnpa A-Ewikova 1A-C), oL omoleg
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T(POKUTITOUV OO TN HELWMEVN afovikn petadopd (Mapaptnua A-Ewkova 1D), evw oe
avtiBeon, n ékdppacn NG oopopdng ONAR Sev MPOKAAEL ONUOVTIKEG KLVNTIKEG
oaMowwoelg i BAaBec otnv afovikn petadopa (Mapaptnua A-Ewkéva 1A-D). Oco
adopd to Mpoodokipo {wng Twv eVAALKWY puywv BpEBnke otL n ékppaon tng ON3R
LoopoPdNG MPOoKAAEL TPOwWPN BvNOLUOTNTA OTIG €VAALKEG UUYEG O OXECN HUE TIG
HUYEG TIELPAUATLKOU EAEYXOU Kal VwpLlTepa amo TiG HUYEeG ou ekdpalouv tTnv ON4R
woopopdn (Mapaptnua A-Ewkéva 2A). EmumpooBétwe, otn Soklaoia opvnTikou
vewtporopou (Mudher et al., 2004) BpéBnke OTL oL eVAAIKEG LUYEG TTOU ekdpalouv
Vv ON3R woopopdn apxilouv va €Xouv HELWUEVN LKOVOTNTO avappixnong amo tnv
npwtn €BSoudda kat Spapatik peiwon kotd T efdopadec 5 kol 6, 6mou ol
TEPLOOOTEPEG MUYEC €lval TAéov akivnteg (Mapaptnua A-Ewkova 2B). e avtiBeon,
oL pUyeg mou ekdpalouv TNV ON4R oopopdr mapouctdalouv HELWHEVN LKAVOTNTA
avappixnong po eBSoudda apyotepa kat akopa kot tnv 5" eBSopdda moAEG pUYEC
AP PEVOUV KIVNTIKA evepyEC (Mapaptnua A-Ewkéva 2B). Mapopola anoteAéopata
napatnpendnkav kat oe €va aAlo avefaptnto Stayovidlo mou ekppalel tnv ON4R
oopopdn (MNapaptnua B, ZupmAnpwpatiky Ewova 2- 1). Oco adopd Ttov
VEUPOEKPUALOUO TWV alodBnTRplwVv VEUPWVWY Tapatnendnke OtL n €kdpacn tng
ON4R oopopdn¢ mapouoLldlel LoXUPOTEPO EKGUALOUO TWV VEUPWVWY CE OXEON HE TLG
HUyeg mou ekppalouv tnv ON3R wopopdn (Mapdptnua A-Ewkdva 3). JuyKekpLUEVQ,
tnv 40" nuépa oL aednTApLol veupwveg mou ekdppdlouv tnv ON4AR Loopopdn eixav
TANPWC ekPuUALoTEL pe Alyoug aoveg va amopévouv (Mapaptnua A-Ewkéva 3J,M),
EVW UE XPAON QVILOWUATOG EVAVTL HLOG LERBpavikn¢ YAUKoTpwTeivng (Hirai-Fujita et
al., 2008) emBefaiwbnke oOtL otnv ON4R wwoopopdr) mapatnpeital LoxupotePN
OMWAELQ TNG AKEPALOTNTOG TNG HEUPBpavnC (Mapaptnpa B, ZupnAnpwpatiki Etkova
2-2) o oxéon pe tnv ON3R woopopdn).

MNna tn Siepevvnon emumAéov Sladopwv mou efoptwvtal amd TNV Loopopdn TG
npwteivng T mou ekppaletal, mpaypatonolnonke PeAETn tng enidpaocnc g kAbe
woopopdng Eexwplotd otn nadnon kat pvAun. Elval yvwotd amd mponyoUpevn
HEAETN OTL n ékdpacn o€ O6Aoug toug veupwveg tng ONAR oopopdnig mpokaAel
pabnolakd eMeippata (Papanikolopoulou and Skoulakis, 2015). Na to Adyo autd
otn mapoloa €peuva €EETAOTNKE O pOAOG TNG oopopdn¢ ON3R otn padnon kat
VAN €netta amno 24 wpeg (MakpompoBeoun pvnun- LTM). Ot eviAkeg PUYEG TTOU
ekdppdlouv tnv ON4R oopopdn mapouotalouv eANNelppatikn padnon (Ewova 2- 1A)
o€ oupdwvia pe Ta mponyouueva anoteAéopata (Papanikolopoulou and Skoulakis,
2015); (Kosmidis et al., 2010) kaBwg kat otnv pakpompoBeoun pvnun (Etkova 2- 1B),
evw n €kppaon tng ON3R oopopdng mapouotalel puoLloAoyLki Lkavotnta Ladnong
KOl LVAMNG, OTIWC OL HUYEC elpapatikoU eAéyxou (Ewkova 2- 1C,D).
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Ewkova 2- 1. Ekdpaon tng avOpwriivng ONAR woopopdrig tng npwrteivng T mpokalel eAeippata otn
HABnon kot uvApn, evaw n ékdpaon tng avlpwrnivng ON3R oopopdng oxL. H ékdppaon kat Twv o
loopopdv  emdyetal UG Tov  emaywyéa  Elav-GAL4;TubGAL80®. OL  SLa0TaUpPWOELC
npaypatonoloUvtat otouc 18°C Kat ot eviALKeSG HUYEC ToroBeTouvTat otoug 30°C yia 12 nuépec, mptv
™ mpaypatonoinon e dokwaotac. H ékdpaon e hTau™® mpokalel coBapd eMeippata ot
pabnon (p<0.001, Dunnett's test, n>12 avd yevotumo) (A) kat otn pvAun (p<0.001, Dunnett's test,
n>16) (B), evw n ékdpaon tng hTau”™® sev ennpedlel oUte TN HAOnon (p=0.4585, Dunnett's test,
n>12)(C), oUte tn pvAun (p=0.142, Dunnett's test, n>14 (D).

JUYKEVIPWTIKA OUTA Ta OmOTeEAEopOTO  Oomodelkviouv  OTL  UTIAPXEL  ULa
Swadopomnoinon petaly twv Svo wopopdwv ON3R kot ON4R, 6co adopd tn
VEUPOTOELKOTNTA, N Omola UTopEl va elval TTOAU Loxuph o€ 0pLoEVOUC GaLvoTUTIOUG
mou e€et@oTNKAV €WG OoVUTIAPKTN. AUTO HE TN OElPA TOU UTOSNAWVEL OTL Ta
amoteAéopata £kppaong TG MPwteivng T otn Drosophila dev elval amAwg n
OUVETELA HLOG HN €0KAG Toflkotntag 1 SuoAsltoupylag mou umopel amid va
odeiletal otnv umep-ékdpaon HOG e€wyevoug TPwTeivng. MBavév n kabe
toopopdn va aAAnAeridpa Stapopetikd e toug idloug 1 pe SlopopeTikoug evdo-
VEUPWVEC, OTIWG TIPOTEIVETAL KOL UE TNV ELSIKOTNTA KOl TO €UPOC TwV GALVOTUTIWY
TIOU TIEPLYPADNKAV TIAPATIAVW.
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2.4.2. Ou woopopdéc ON3R kat ON4AR tng mpwrteivng T endayouv StadopeTikolg
HNXOVIOHOUG TOELKOTNTA.

Ou dawotumikég Sladopég Tou TapATNEOUVTAL MOPATAVW, OVAUECSH OTLG Sduo
LoopopdEg, Ba pumopovoav va odeilovral ota Stadopetika enineda ékbpaong TG
MPWTEIVNG, KATL IOV OpwWG Sev oVEL, KaBotTL ol duo oopopdég mou e€etdoTnKaY
otn mapouoa epyaocia ekppalovral o mapopola enineda (Etkova 2- 2).

ON4R ON3R ON4R*

Total hTau s -——
o

Syx

Relative Amount

0
ON4R ON3R ON4R*

Ewkova 2- 2 MNMapopowa enineda ékdppaong tng npwrieivng T oe tpia avefdptnta Siayovidia. Ta

enineda €kdpaong g mpwteivng T eAéxOnoav oe kepalég evillkwy puywv nAkiag 1-3 nuepwv. H

N3R ON4R

enaywyr) ékdpaonc tne hTau”™* kat te hTau Tipaypatomnollnke umnod tov enaywyéa ElavGal4.

Mo tnv ON4R woopopodn xpnotpomnolndnkav duo Stadopetika Stayovidia, Ta omola onpaivovtal wg
ON4R kot ON4R*. Ta enineda ékppaong elval mapopoLa Kat yla ta Tpla Stayovidia.

Na va amnocadnviotel e€av ot &vo oopopdéc Opouv  Sladopetikd o€
KUTTapKO/poplakd eminedo, aflohoyndnkav ta emnineda Salutotntag Kot
OUOOWMATWONG, N Katdotaon Pwodopuliwaong Kot To SUVOULKO TOU 0EEOWTIKOU
oTpeC KaBwg yvwpiloupe OTL OAA AUTA EUMAEKOVTAL OTO UNXAVIOUO TOEKOTNTAG TTOU
peoohafeite amno tnv mpwtetvn T (Alavi Naini and Soussi-Yanicostas, 2015).

Onwg eival nén yvwoto ta avénuéva enineda ékdpaong tng mpwisivng T odnyouv
otn cuoowpatwon t¢ (Cowan et al., 2015). MNa to Adyo autd otn napovoa Epguva
eAéxBnoav ta emnineda cucowpATwWONG avaloya PeE TNV nAKia kot yia tig dvo
loopopdEC, oL oOmole¢ koL Tmoapouciccav TOPOUOl0  HOTIBO CUCCWHATWONG
(Mapaptnua A-Elkova 4). Itn oUVEXELD, LEAETN TWV eTUNMESWV dwaodopuAiwong os
npovUudeg avedelle kamoleg onUavtikeg dadopég ota enineda pwodopuAiwong
avaloya pe TV KABe woopopdn mou ekppaletal (Mapaptnua A-Ewkova 5). Evw pe
Xpnon twv dtwv aviilowpdtwv oe eviAikeg puyeg (Ewkova 2- 3) Bp€bnke oOTL
umapyouv dladopéc ota enineda pwodopuliwong petafl twv Suo Loopopdwy
KaBwg emiong kot dtadopég mou Sev elyov eVIOMIOTEL 0TN HEAETN TWV MPOVUUDWV
(Mapdptnua A-Ewikova 5). To yeyovog autod umodnAwvel OTL OxL HOVO E€XOUUE
Sladopéc mou odeidovial otnv Ekdppaocn SladopeTikng wopopdng arAd Kot
SladopéGg TmMoOU TPOKUTITOUV avaAoya HE To otddlo avamtuéng tg Muyag Kol
odeilovtal Kal auteg otn SladopeTikn EkPpacn TG KABe oopopdrc. OL dtadopég

QUTEC emBePaLBNKav Kat pe Tt xprion evoc Seltepou Stayovidiov ON4AR (hTau®™*®
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*
kat hTau®V*R

) (Exkova 2- 3). ¥to otadio tng mpovupudng, n ON3R sival meploocotepo
dwodopuAiwpévn otov AT8 emntitomo kat Alyotepo oto TAU-1 oe oxéon pe tnv ON4R
(Mapaptnua A-Elkova 5), evw otig eviAikeg ON3R puyeg mapouoialovral auvénuéva
enineda tou TAU-1 oe oxéon pe ti¢ ON4R puyeg (Etkdva 2- 3). Emiong, ta uPnAa
enineda pwodpopuliwong mou mapatnpouvrtat otig ON3R mpovuudeg yla tov AT100
enitomno (MNapaptnua A-Ewkdva 5) dev epdavilovrat kat otig eviAkeg puyeg (Etkova
2- 3). EmupooBétwg, n ON3R woopopdr) ot eVAALKEG MUYEC €lval TIEPLOCOTEPO
dwodopulwpévn otic Béoelg Ser®/40%
3), katL mou &ev mMapatnpeital ot TTPOVUUPEC. INUOVTIKA TIAPATPNON OMOTEAEL,

(PHF-1) amd tnv ON4R woopopon (Ewova 2-

emiong, otL n ON3R woopopdn €ival MeEPLOCOTEPO AVOCOSPAOTIKY UE TO QAVIICWHA
MC1 oe oxéon pe tnv ON4R woopopdr, umodnAwvovtag OTL UTIAPXOUV OUGCLOOTLKEG
Sladopég otnv avadimiwor toug Kat mpodavwe Kal OTLG ETLKEIUEVEG TTOOOAOYIKEG
KOTOOTAOELC, TTOU OUCXETI{ovTal Ye TNV doun, HeTafL Twv SUOo Loopopdwv.

hTau%™R  hTauo3R KTauoNR* pS262 Tau-1 AT8
4 - - =15 215
pS262 RN, s €15 s H
g E 1 s g
£ < < !
Tau-1 — g s H
— 205 205 205
] & 5
] 9 S
2 o € o £ o
AT8 wwws — ON4R  ON3R ON4R* ON4R  ON3R  ON4R* ON4R  ON3R ON4R*
AT100 PHF-1 pS396
PHF-1 ‘“— —
— 2 15 215 2 15
3 3 3
~ g 1 g 1 * g 1
pS396 < < <
- : g
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3 i ]
[ [} [
AT100 " — —- [ 0 2 o o
ON4R  ON3R ON4R* ON4R  ON3R ON4R* ON4R  ON3R  ON4R*
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5 c
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hTau — em— E 1 E 1
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Ewkova 2- 3. ZUykplon emnédwv dwodopuliwong avapeoa otig U0 toopopd£g ON3R kat ONAR tng
npwteivng T oe ouyKekpluéveg Béoelg. H Ekdpaon tng Mpwtelvng T eMAYETAL UE XPHON TOU TOV-
VEUPWVLIKOU emaywyéa ElavGald. Ta enineda pwodopuliwong eAéyxovtal oe KePAAEG amd eVAALKEC
MUOyeG, nAkiag 1-3 nuepwvy, yla va cuykplBouv n ON3R woopopdn e Vo Sladopetikd Stayovidia tng
ON4R wopopdric (hTau™® kat hTauON4R*). AVTUTPOOWTIEVUTIKEG ELKOVEG OO TNV avAAUcn Twv
erunédwv dwodopuliwong mapouaoidlovial oto (A), pe Tpla avefdptnTa MEPAUOTA VO EXOUV
ON3R _ {FlavGald / +; w /
={ElavGald / +; w/

npaypotomnolnOet yia tnv emakdAoudn nocotikomnoinon toug (B). Omou: hTau
+; UAShtau®™® / +} hTau™*" = {ElavGal4 /+; w / +; UAShTau™*® / +} kot hTau™*"
+; UAShTau™*" / +}.

Juvontika, ta Sedopéva umodnAwvouv OTL ot dU0o Loopopdeg eival SladopeTika
dwoPopUNMWUEVEC O OPLOUEVEC BEaeELG alAa OXL og OAeg Kot Sdladépouv avaloya
HE To avarmtuélakd otddlo. ZUVENWGE, UTIAPXEL N EVOELEN OTL Ta SLadopeTika emtineda
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dwodopuliwong avapeoa ot SU0 LOOHOPPEG UMopPel va MPOKAAOUV KOl TOUC
SLadopeTikoug GatvoTUTIOUG IOV TapATNEHBNKAY, WOTOCO £lval KATL TTOU Ba TIpEMEL
va SlepeuvnBOel 61e€obikad oto pEANov. EmutAéov, ta debopéva autd umootnpilouv
v amoyn o6t ot duo Loopopdeg aAAnAemdpolv pe SLaPOPETIKEG KLVAOEC Kol
dwodataocsg.

Ektog amd tnv dwodopuliwon kol TNV OUCCWHATWON TNG TMPwteivng T, TO
0&elOWTIKO OTPeC amoTeAel Evav AANO pNXAVIOUO TOEKOTNTAG TOU pecoAaBeite amo
Vv mpwteivn T (Dias-Santagata et al., 2007); (Alavi Naini and Soussi-Yanicostas,
2015). Na to AOyo autd, OTn CUVEXELA €EETAOTNKE TO SUVAULKO TOU OEELdWTLKOU
OTPEC O€ MUYEC TIOU €KPpAlOUV TIAV-VEUPWVIKA T duo LoopopdEg aveldaptnta. OL
poyeg mou ekdppdlouv TNV ON4AR oopopdry mapouciacav SutAdowa emineda
ofeldbwong oe oxéon He TG HUyeg mou ekdpalouv tnv ON3R oopopdn (Mapaptnua
A-Ewkova 6), utodnAwvovtag ¢ekabapa OTL Kal maAL untapxel Stadopd avaloya He
NV oopopodr mou efetaletal.

2.5. zulAtnon

Me tn mapouoa £peuva avodpEpoupe PalvotuToug Tou eival eldikol ylo kaBe
Loopopdr oto otadlo Twv Mpovupdwy Kal o€ eVvAAKEG pUyeg Drosophila. NMapolo
Tou Ta enineda ékdpaong TNG MPWTEIVNG UIMOPEL vaL EMNPEACOUV TOUG GaLvoTUTIOUG,
HE TNV apouoa Epeuva anodeiytnke OTL ol SladopEg mou mapaTnpoUVTAL AVAUEC
ot Suo LoopopdEC Sev odeilovtal ota enineda ekppaonc. Ta amoteAéopaTa AUTA
£€pxovtal oe cupdwvia pe AANEG €peUVEG, OL omoleg emiong mapouolalouv SladopEg
oto pualoAoylkd polo TG mpwteivng T kat odeilovtal otnv StadopeTikn EKppaon
NG KABe Loopopdng, CUUTEPIAAUBOVOUEVWY TOU UTIO-KUTTAPLKOU EVIOTILOMOU TNG
KaBe oopopdng, NG Asltoupyilag Toug Kal Twv Bloxnuikwy OSlepyaclwy Tou
ouoyetilovtal pe tic acbéveleg (Liu and Gotz, 2013); (Liu et al., 2016).

ESw kat moAAd xpovia, €xouv avadepBel Sladopég avapeoa ot SLAPOPETIKES
loopopdéC, mou adopolV KUPIWE TN TIO YVWOTH KUTTAPLKA A€ltoupyla TG
npwteivng T, Tn MPOoSeon 0TOUC UIKPOOWANVIoKOUG. Oswpeital otL opeilovtal oto
YEYOVOC OTL oL 4R LOOHOPGEG €XOUV HLA EMUTAEOV TIEPLOXN TPOCOEONC OTOUG
HULKPOOWANVIOKOUG, TIOU €TUTPEMEL TNV 3-dOPEC UEYAAUTEPN OCUYYEVELX YL TOUG
HkpoowAnviokou¢ (Goode et al., 2000). Emtiong, n kapPBofu-teAikn meploxn pubuilet
HE SLOPOPETIKO TPOTIO TNV MPOCSECN OTOUC HKPOOWANVIOKOUG Kol ¢aivetal va
ennpealel Tnv npocdeon Twv 3R oopopdwyv oe peyaAltepo Babuo, os ouykpLon HE
TI¢ 4R oopopdéc (Goode et al.,, 2000). Ektog amd tnv mPoOodecn OTOUC
HLKpOOWANVioKoUG, pla oelpd amd AAAeg Sladopéc mou e€aptwvtol amod TNV
loopopdn €xouv avayvwplotel oe pla mMAnBwpa GAwv PpucLloAoylkwv POAwV Tou
oxetilovtal pe Vv mpwteivn T. Autég meplhapPavouv Slddope¢ mpwteiveg mou
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oAnAerubpolv pe tnv mpwteivn T, pe tnv 2N4R oopopdn va mapouctalet
HEYOAUTEPN OUYYEVELQ VLA TIPWTEIVEG TTIOU EUMAEKOVTAL OTOV VEUPOEKPUALOUO (Liu et
al., 2016), evw kwaoeg o6mwe n Fyn ¢aivetal va Seopevouv kata mpotipunon tig 3R
loopopdég (Bhaskar et al., 2005). AladopéG OTOV UTIO-KUTTOPLKO EVIOTILOUO EXOUV
eniong amokaAudBei, omou ot ON oopopdeg epdavilovtal KATd TMPOTIUNCN OTo
owua Kot Toug agoveg, ol 1N woopopdég otoug devdpiteg kat Tov mupnva Kot ot 2N
LOOHOPPEC OTO KUTTAPLKO owpa Kal toug afoveg (Liu and Gotz, 2013). Tétowa
gupnuoto €pyxovtal o€ avtiBeon He TN Yevikotepn amoyn OtL n mpwteivn T
OUUTEPLPEPETAL KUPLWE WG afOVIKN TIPWTEIVN TTOU EUMAEKETAL 0T oTtaBepormnoinon
TWV HKPOOWANVioKwyY, Kal pall pHE Ta AMOTEAECPOTO TNG TAPOUCOG E£PEUVAC
gvioyuouv tnv amoyn OtL n mMpwrieivn T elval plo TPWTEIVN He TIOAAQTIAEG
Aettoupyieg mou mBavov va Sladopomolovvtal and tnv ekppacn SladopETIKWY
toopopdwv.

Je oupdwvia pe tnv W6€a autn €pxovtal ta dedopéva ou mapEXOvVTaL amo AAAEG
€PEUVEC, OL omoieg Selxvouv OTL OUYKEKPLUEVEC TIABOAOYIKEC KATAOTAOELS E£ival
€l6IKEC WG TPOC TNV Loopopdn, cupnepAapBavopévng Kal TnG Taong yia dnuoupyia
cvoowpotwudatwy (Adams et al., 2010), tng popdoAoyiag TwV CUCOWUATWHATWV
nou oxnuatilovtal (Adams et al., 2010) kat tng dtapdpdwong toug (Dinkel et al.,
2011). AebSopévou OtL n umep-dwodopuliwaon Tng mpwteivng T unmopel va mpodyeL To
OXNUOTIONO OUCOWHATWHATWY, TIOAMEG €PEUVEG €XOUV  EMIKEVIPpWOeL otnv
e€epevvnon tou poAou NG Yeubo-dwodopuliwong ot OCUCCWHATWON TNG
npwteivng T in vitro kot €xouv tautonolnBel evlladépouvoeg Sladopeg eOIKEC yLa
kaBe oopopdry (Combs et al., 2011). NapoAo mou otn Mapovoa EPeEuva EXOUUE
avadeifel Sladopeg elOLIKES e TNV Loopopdn Kal dtadopég mou e€aptwvtal anod to
avantuélokd otadlo, autég dev  daivetat va obnyolv oe Sladopég otn
OUOOWMATWON TNG MPWTEIvVNG T, TOUAGYXLOTOV PE BAon TNV AvAAUGCH TWV TEXVIKWV
TIoU Xpnotdomownkav edw. e enMimedo UMO-KUTTOPLIKOU EVIOTILOUOU £XOUV ETLONG
avadepbel Sladopéc avaloyeg pe v Loopopdn KABwC Kol Mwg ol dAAAYEG AUTES
oupuPaivouv katd tnv Sapkela €€EALENG tng maboAoyiag twv  VEUPOIVISIKWV
mAeypudtwy (Hara et al., 2013). ZuAloyikd, OAeC QUTEG oL peAETeg dalvetal OTL
apxilouv va amnoocadnvilouv yloti SL0POpPETIKEC LoOHOPPEC TNG Tpwteivng T
oxetilovral pe SLapopeTIkEG T- MPWTEIVOMABELEG KAl ylo TNV KUTTOPLKA/HopLaKn
Bdaon tng mpodldBeong SladopETIKWY EPLOXWV TOU EYKEPAAOU OE QUTEC.

OAe¢ oL mapamdavw HeAETEG €xouv Oeifel OTL umapxouv PBLOXNUIKEG SladopEg
avaloya e tnv woopopdn otn maboloyia tng mpwteivng T, wotdoo oxedov kauia
oo aUTEG Oev €XEL CUYKPLVEL Apeoa Kot Sev Exel avTmapaBAAAeL TIG LoopopdEG oTo
(610 povtélo. Me tn peAétn autr deifape OTL oplopévol paLvoTuTOoL TToU eapTwvTaL
amo Vv ékppaon NG Mpwtelvng T, Omwc n Statapaxn tng afovikng petadopag Katl
NG KWNTIKOTNTOG TWwV evnAlkwy, eilval oxupotepol ywa TIc 3R LoOpOpdEC
(Napaptnua A-Elikova 1), evw ywa @AAoug ¢alvotumoug, Omwg n padnon kat n

183



uvnun (Ewkova 2- 1) kat n ekpuAon twv pwrtounodoxéwv (Mapaptnua A-Ewkova 3)

elvat o to&ikn n woopopdn 4R. Emiong, o€ MPonNyoUUEVEG HEAETEG £XEL SELYTEL OTL OL

ON4R 2NIR - e€aheidouv T HLOYOELSH OWHATIA, €VW Oev

ON3R

Loopopdég hTau kat hTau

mapatnpeital KATL T€Towo yla TNV hTau (Papanikolopoulou and Skoulakis, 2015);
(Grammenoudi et al., 2008); (Papanikolopoulou et al., 2010). EmutAéov, n ékdpacn

3R 5uoxetiZetal pe TV SucAettoupyia, XwPLC OUWC VoL EMLPEPEL VEUPWVIKO

™G hTau
Bavato (Mudher et al., 2004); (Cowan et al., 2010). EmutpooBétwg, oe AANEG LUEAETEC
avadépetal ot oupPaivel ekpUALon TwV GWTO-UTIOSOXEWV 1 GAAWV TIEPLOXWV TOU
eYKeDAAOU, WOTOOO O OAEG QUTEC TIC TEPUTTWOELS eKkppalovtal povo ot 4R
toopopdécg (Dourlen et al.,, 2016); (Chanu and Sarkar, 2016). Ar’ 6co yvwpiloupue dev
UTIAPXEL KATIOLL £PELVA, TTEPA ATTO TNV TTOPOUCA, OTNV OTIOLA VOl CUYKPLVETAL AUECT
1o Suvaplkd oeidbwong twv wopopdwyv 3R kat 4R, omou n 4R oopopdn mMpokaAel
LOXUPOTEPO OLELOWTIKO OTPeC amo T 3R oopopdec (Mapaptnua A-Ewkova 6). To
0felbWTIKO OTpeg €xel avoadepBel oOtL umapxel ot T-MpwTeivomABele ToU
gUMAEKOUV gite povo eite kat Ti¢ duo 3R kat 4R woopopdéc (Alavi Naini and Soussi-
Yanicostas, 2015). Ekto¢ amo tig Alyeg €peuveg otn Drosophila, mou cuotnuatikd
ouykpivouv tn moboloyia twv 3R kal 4R woopopdwv, OPLOUEVEG EPEUVEC OTA
Tovtikia €xouv Oeifel OtL n oopporia petafy twv 4R oopopdwv daivetal va
OXeTileTal TEPLOOOTEPO HE TNV Taboloyia tng mpwrteivng T kabBw¢ Kal HE T
ouuneplpopikd eAeipparta (Schoch et al., 2016).

Mpog To TMaPOV, 0 LOPLAKOC UNXAVIOUOG YLIO AUTEG TIC SladopEg ou udioTavtal oTLg
Sl0popEeTIKEG LoopopPEC elval acadnc. Ta enineda ékppaong kat ot Stadopég otn
otaBepoétnta TG TMpwrieivng daivetal va eival oplopévol TAPAYOVIEC TIOU
oUUBAAAoULY o auTo, KABOTL N TolkOTNTA OV pecoAafeital amod tnv mpwteivn T
daivetal va oxetiletal pe 1o doptio NG mpwteivng T evdo-kuttapkd (Ubhi et al.,
2007). Auth n amoyn eVIoXUETAL OO TO ATMTOTEAECUOTO TNG TTAPOUCAC EPELVAG, TA

N3R N4R
ON3R ot hTau™™R av kat

omoia avadvouv Sladpopeg petall Twv Loopopdwv hTau
ekdppalovrat ota ibla emnineda (Eikova 2- 2). Aladopég otoug GpwodopUALWUEVOUG
ETUTOTOUC WMopel emiong va eival évag KaBoploTkOg mapdyovtas KaBOTL TETOLEG
Sladopég Exouv ouoxeTloTel pe T dtadopikn tolkotnta (Brelstaff et al., 2015), i
HELWMEVN TTPpOodeon oToug ikpoowAnviokoug (Biernat et al., 1993), unootnpilovtag

TN VEUPWVIKN SucAettoupyia ou pecolaBeitat and tnv npwrteivn T.

2.6. Iuunépaocua

OL €€L SLadopeTikeG LoopopdEg TNE MpwTeivng T moAAEG dopEg Bewpouvtal we n dla
npwteivn kot mpdAypatt TMOAA amd ta ¢uclodoylkd oAAd kot TaBoAoyikd
XOPOAKTNPLOTIKA TOUG £ival mapopola. Qotdéoo, umapyxouv cadeic diadopéc otn
AelToupylo TwWV LOOHOPPWV, OL OTIOLEC TIPOKUTITOUV AT TG METAPBANTEC N-TEAIKEC
TLEPLOXECG KAl oo TG 3 N 4 MEPLOXEC MPOOdEONC OTOUC HLIKPOOWANVIiokoug. Auto
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ekdnAwvetal pe SladOopPOTMOLNOEL KATA TN HETA-UETAPPAOTIK pUBULION Kal &V
ouvexeia otn puoloAoyLkn KUTTAPLKN AElToupyia toug. Emiong, onwg amodeixtnke
otn mapouoca €peuva SladEpouv Kal wG MPOC TO TOABOOAOYIKO SUVOULIKO TOUG.
JUVETIWG, QUTEG oL Oladopég mou efaptwvtal amd Tnv Loopopdn, TPEMEL va
AapBavovtal urm oYLV KOt TNV €punvela Twv Sladpopwv amMOTEAECUATWY OTa
Hovtéla Twv T-mpwteivonabeiwwv. MeAloviika Ba mpénel va SlepeuvnBel mwg ot
Sladopetikég oopopdeég oupPallouv otn Swadoplky evalcdnoio oplLoUEVWY
TIEPLOXWV TOU €YKEPAAOU KAl OTO UNXAVIOUO TNG TOEKOTNTAC IOV uecoAafeite amo
v npwteivn T otig StadopeTikég T- mpwteivomabeLeG.

2.7. Mapaptnpo A
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Napéptnpa A-Ewéva 1. Exdpaon tne hTau”™F kat éxt the hTau TPOKOAEL KLVNTIKEG AAAOLWOELG
Kot BAGBN otnv agovikn peTadopd. ITATIOTIKA onUAVTIK Sladopd mapatnpeital otig pUyeg mou
ekdppalouv tnv ON3R oopopdn 600 adopd Toug eAlyHOUC LETPOUEVOUC WE N Ywvia ou amokAivel
arnd tnv eubela ava ekatootd mou Slavibnke (A) KaBwWE Kal PELWPEVN CUXVOTNTA CUCTIACEWY TWV
puwv Tou ocwpatog (C). AvtiBeta ot piyeg ou ekdpalouv tnv ON4R woopopdn dev mapouoialouvv
KapLd aAAolwaon o€ ox€on ME TG MUYEC TIELpaaTIKOU eAéyxou. MapopoLla TAon apatnpeital Kot oth
ToXUTNTA Kivnong, XwPLG woTtOo0o va UTIAPXEL OTATIOTIKA onpavtiki dtadopd (B). IToug KvnTikoug
VEUPWVEG TWV MPOVUUIWV BPEBNKAV KUOTIKA CUCCWHATWLATA OTLG POVUUdEG TTou ekdpalouv TV
ON3R woopopdn Kot Oxt otig tpovUupdeg ou ekbpalouv tnv ON4AR oopopdn (D). Mmdpa kAlpakoag =
OM3R 15 = 0.0009; hTau™® évavtt hTau™® p = 0.0001;
O3R  =0.1508 (ns); hTau”™® évavte hTau™* p =
N3R p = 0.0013; hTau”™*® évavt
p =0.803 (ns) (un levyapwpévn dokipaoia 2 oupwv; n = 9-10
MR b = 0.0306; WT vavtt

10 pum. Itatiotikn avaiuon: A) WT évavtt hTau
WT évavt hTau™ p = 0.4801. B) WT évavtt hTau
0.0928 (ns); WT évavtt hTau”™*® p = 0.7304 (ns). C) WT évavrtl hTau®
hTau®™*® p = 0.0001;WT évavtt hTau”™ "
avé Sokwr). D) WT évavtt hTauON3R p = 0.0041; hTau™* évavtt hTau’
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hTauON4R p = 0.0116 (un leuyopwpévn Soklpacia 2 oupwv A Hlag katelBuvong Anova Kol oth
ouvéxela Sokipaoio Bonferroni moAamAdv ouykpicewy, n = 5). Onou: hTau™* = {w / +; D42-GAL4 /
+; UAShtau®™* / +}. hTau™*= {w / +; D42-GAL4 / +; UAShTau®™*® / +}. WT= {w / +; D42-GAL4 / +; + /+}
oe OreR yevetlkd umoPabpo (HUyeg melpapatikol ehéyyou). (ta dedopéva mapnxbnoav oto
€pyaotnpLo Tng kadnyntplag Amritpal Mudher)
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Napdptnua A-Ewkova 2. Atadopetikn TtofikotnTta avaloya pe thv woopopdn mou skdpdaletal os
eVAAKEG LOyeG Drosophila melanogaster. A) KaumUAn smuBiwong aposvikwyv puywv (n = 30) mou
ekdpalouv tnv ON3R kat tnv ON4R Loopopdr und Tov mav-vVeEUPwWVLKO enaywyéa Elav-GAL4 kal puywv
nelpapatikol gléyxou (WT, Elav/+). OL pdyeg mou ekdppdlouv tnv ON3R Loopopdr mapouactdlouv
ONUOVTIKA MLKPOTEPO TTPOCSOKLUO {WNG O OXEDN LE TIG LUYEG TTou ekdpdalouv tnv ON4R woopopdn 1
TIC HUYeG melpopatikol eAéyxou (Log-rank, Mantel-Cox Sokipacio p = 0.0001). B) Métpnon tng
tkavdTtnTag avappixnong péxpLttn 6" edopdda Twv puywv (n = 30) tou ekdpdZouv Thv ON3R KoL TV
ON4R woopopdn KABWE KOl TWV LUYWV TTELpapATikoU gAéyxou, WT. (SumAng katevBuvong ANOVA; p =
0.0002). Omou: hTau”™® = { Elav-GAL4 /+; w /+; UAShtau°N3R/+}. hTau™*® = { Elav-GAL4/+; w/+;
UAShTau°N4R/+}. WT = { Elav-GAL4/+; w/+; +/+} oe OreR yevetikd umoBabpo. (Ta Sedopéva
napnxdnoav oto epyaotrplo tng kadnyntplag Amritpal Mudher)
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Napdptnua A-Ewkéva 3. H ékppaon tng ONAR oopopdig mpoKaAel LoXUpOTEPN TOELKOTNTA GTOUG
awodntiploug unodoxeic (R7 vevupwveg) oe oxéon pe tnv ON3R woopopdn. Ou R7 awoBntrplot
VEUPWVEG OTO OMTIKO clotnpa tng Drosophila ekppdlouv tov deiktn $Bopiuol (myr-RFP) pali pe tnv
ON3R woopopdn (avw oelpd) eite pall pe tnv ON4R woopopdn (evdiapeon oepd) r povo tou (RFP,
KAtw oelpd). OL eykédalol eVAAKWY PUYWV eEETAOTNKOV OTIG 5 nUEPEC (mpwtn otAAn), otig 20
nNUEPeG (6elTeEPN KAl TPLTN OTAAN) Kat ot 40 NUEPES (TETAPTN Ko MEUTTN OTAAR). MItapa KALLOKOG
10 um. (A—C) Ztoug eykedalouc 5 nuepwv Sev emnpedlovtal oL aLeONTAPLOL VEUPWVEG yLa Kapio amd
ON3R (D) kau hTau®VR

MelwpEVo RFP orua o€ oxéon e TOUG EYKEDAAOUG TWV HUYWV TIELpApATIKOU gAéyxou (F), wotdoo ol

TI§ 6U0 Loopopdég. (D-F) H ékdpaon twv hTau (E) yia 20 nuépeg obnyel oe
afovec mapapévouv abiktol (G,H). H ékdbpaon tng hTau”"*® €XeL Wa taon va Snuoupyel
cuoowpatTwWUaTa ot cuvaels. (I-K) Ztic 40 nuepwv MUYEG UTIAPXEL KAl yla TIg SU0 LoopopdEG
onNUavtiky pelwon tou RFP onuatog Kol CUYKEKPLUEVA N €kdpacn TNG hTau®™*® obnyel og mavteln
MR (L, M) 0 oxnHaTOOC
CUCOWHATWHATWY KATA HNKOC TwV afovwy Kal oTig cuvaelg elvat peyaAlTtepog yla tny hTau”*® (L)
o€ OX€on WE TV hTau™ " (M). Omou: hTau™® = {w / +; panR7-GAL4 / +; UAShtau®™*® / +}. hTau®™™*® =
{w / +; panR7-GAL4; UAShTau”™*® / +}. WT = {w / +; panR7-GAL4; + / +} o€ OreR yevetik6 unopabpo.
(Ta dedopéva maprxBnoav oto epyaotrpLo tng kabnyntpiag Amritpal Mudher)

EMeuwpn onpatog oe ula Mo egupeia Teplox oe oxéon Me Tg hTau
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Napdptnua A-Eikova 4. Ou 800 woopopdég tng mpwrteivng T dev éxouv kapia Siadopd oto
OXNHATIONO TWV OSLAAUTWY OALYOUEPWV. A) AVTITPOCWIIEUTIKN aTMELKOVION Tou &laAutol (S1
kAdopa), Tou SDS-Stahutou (S2 kAdopa) kat tou adtaAlutou oto SDS (S3) kKAdopatog mou mpoépyovtal
. . . ' . ON3R ON4R I
ano Kepahla evAAKwyY Huywv Tou ekdpalouv TG hTau kot hTau (mav-veupwvikn €kdpaon
Méow Tou Elav-GAL4) og veapég kat pUyeg 6 eBdopddwy. B) NMoootikomnoinon S3 KAACUATOG O OXEON
. . I . ' . ' . ON3R
LE To aBpolopa OAwv Twv KAaopdtwy dev €6elge onuavtikr dtadopd petaty Twyv puywv hTau Kol
hTau™*® (n=4). Omou: hTau”" = {Elav-GAL4 / +; w / +; UAShtau™® / +h hTau”™*" = {Elav-GAL4; w / +;

UAShTau”™* / +}. (Ta 8eSopéva aprixBnoav oto epyactrplo tne kadnyhitplac Amritpal Mudher).

D42/ D42/
D42/+ _hTau™" hTau™"

Napdptnua A-Eikéva 5. Moootikonoinon twv emunédwv pwodopulimong oe mpovupdeg mou
ekppddouvv tic hTau™® kar hTau™*. H ékdpaon kat twv 500 LOHOPPUV EMAyETAL HE XPAON TOU
enaywyéa D42-GAL4 kot e€etalovtal ta enineda pwodopuliwong oe mpovupudeg tpitou otadiou.
AVTITIPOCWTTEUTIKI QIMELKOVLON TWV dwodopUALWOEWY e Xpon SLladopeTIKWY avVTLIOWHATWY. Kal ot
600 oopopdEc mapouaotalovv mapopola enineda dwodopuliwong yla Tg B€oelg pS262 (A), AT180
(D) kot pS396 (E). Qotooo, n hTauON4R* mapouoidlel xaunAotepa enineda dwodopuAiwong yla Tig
Béoelg AT8/Tau-1 (B kat C) kat AT100 (F). H ékdpaon kot twv SUo loopopdwy Bploketal og mapouoLa
enineda (G). Onou: hTau”™F = {w / +; D42-GAL4 [ +; UAShTau”"® / +h hTau™**" = {w / +; D42-GAL4 /
+; UAShTau™*" / +}.
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Napéptnpa A-Ewkdva 6. Oelbwtikd otpeg oe piyeg rou exdpdlouv g hTau™ katr hTau
LoopopdEg. Mav- veupwvikn ékdpaocn twv SU0 Loopopdwv e xprion tou emaywyéa Elav-GAL4
TipokoAel OEEOWTIKO OTpeg Ot pUYEG nAkiag pag nuépag. Ta emimeda ofelbwong mou
mapatnpouvtal otig pUyeg mou ekppdlouv tnv ON4R toopopdn eival vPnlodtepa amd autd twv
MUywv Tou ekdppalouv tnv ON3R wopopdn. Ito ypadnua amelkoviletal o pécog Opog amd 9
ovefdptnTa MEWPAPATA. ITOTIOTIKA avdluon pe t-6okipacia: poysg melpapatikol ehéyxou (Elav/+)
OMR 5 = 0.0145; hTau™® évavt hTau™, p = 0.04; poyec nelpapatikot eéyxou (Elav/+)
gvavtt hTau  , p = 0.008. Omou: hTau®™® = { Elav-GAL4 / +; w / +; UAShtau®™® / +}. hTau™* = { Elav-
GAL4 / +; w/ +; UAShTau™ " / +}. WT = { Elav-GAL4 / +; w / +; +/ +} o€ OreR yevetikd unopabdpo. (Ta
Sedopéva maprixbnoav oto epyactriplo tng kabnyntpiag Amritpal Mudher)

€vavtt hTau
ON4R
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JuunAnpwpoatiky Ewkova 2- 1. Miyeg mou ekdpdalouv tnv Loopopdry ON3R €xouv MIKpOTEPO
MPOOCSOKLO {WIG KAl LELWHEVN LKAVOTNTA avappixnong oe oxéon pe éva avefdptnto Siayovidio
yta tnv ON4R woopopdr. A) Napopota enineda ékdpaonc mapouotdlouvy ot twopopdéc hTau”™ ™ kat
hTau”™*%, OTWG MAPOUCLATETAL [E TNV AVOoOoamoTUTIWon katd Western. B) To mpoodokipo {wng Twv
hTau HUYWV ElvaLl ONUAVTIKA UELWUEVO OE OXECN HE QUTO TWV UUYWV hTau™* (Mantel-Cox; p =
0.0001, n = 30). H ouykekplpévn melpapatiky Stadlkaoia mpayuotonoteital otoug 23°C, evw o€
vnAdtepn Bepuokpacia mapatnpoluvral Loxupotepol patvotumo yia tnv ON4R oopopdn, Omwe €xeL
nén énuooteuBet (Papanikolopoulou and Skoulakis, 2015). C) 2Uykplon kavotnTag avappixnong yla
TO XPOVIKO BLAoTNHO Twv 6 ePSopddwy, &defe ot hTau”™" poyec mapouoldlouv onpavVTKE
MELWMEVN KAVOTNTA avappixnong oe oUyKpLon ME TIG hTau™* poyeg. (Sokipacia ANOVA Suo

kotevBuvoswy; p = 0.0001, n = 30). (Ta Sebopéva mapnxbnoav oTo €pyactrnplo tNg KaBnynTpLag
Amritpal Mudher)

ON3R
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TupnAnpwpatikn Ewkova 2- 2. ‘Ekppaocn tng mpwteivng T npokaAel BAABN otnv akepaldTnTa TG
MEUBPAVNG. Se eykeddAoug amd HUYEG nAwkiag 6 efSouddwv, n HeUBPAVIK YAUKOTPWTEIVN
(chaoptin, 24B10 antiserum) onuaivel Toug ¢pwTto-umodoxelg Tou omTikoU cuothuatog thg Drosophila.
H yAukompwrteivn aviyveletal oplakd otoug d€oveg rou ekdppalouv tnv ON3R woopopdn (B) kat sivat
EVIEAWG QMOUOA OTLG LUYEG TToU ekdppalouv tnv ON4R woopopdn (C). Mmapa kAipakag = 10 um. (Ta
Sedopéva maprixbnoav oto epyaoctriplo tng kabnyntplag Amritpal Mudher)
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ARTICLE 1'NFO ABSTRACT

Artick history: Tau exists as six closely related protein isoforms in the adult human brain, These are generated from akternative
Received 1 December 2016 spllangofa smgle mRNA transcript and they differ inthe absence or presence of two N-terminal and three or four
Revised 12 April 2017 microtub domains. Typically all six isoforms have been considered functionally similar. However,

Accepted 10 May 2017

Available online 11 May 2017 their differential mvolvemem in panmﬂarmopames raises the possibility that there may be isoform-specific

differences in physiological function and pathological role. To explore this, we have compared the phenotypes in-
duced by the ON3R and ON4R isoforms in Drosop hila. Expression of the 3R isoform causes more profound axonal

;(R ¢t X transport defects and locomotor impairments, culminating in a shorter lifespan than the 4R isoform. In contrast,

4Rt the 4R isoform leads to greater neurodegeneration and impairments in learing and memory. Furthermore, the

Abzheimer's disease phosphorylation patterns of the two isoforms are distinct, as is their ability to induce oxidative stress These dif-

Drosophila ferences are not consequent to different expression levels and are suggestive of bona fide physiological differ-

Isofarms ences in isoform biology and pathological potential. They may therefore explain isoform-specific mechanisms
Tauopathy of tau-toxicity and the differential susceptibility of brain regions to different tavopathies.

Crown Copyright © 2017 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction brain development during axon path finding when a more dynamic cy-

Transcripts from the single microtubule associated protein tau
(MAPT)-encoding gene on human chromosome 17q21.1 are spliced
into six isoforms in the adult brain (Andreadis, 2005). These tau iso-
forms, ranging in size from 352 to 441 amino acids, arise because of al-
ternative splicing of exons 2, 3 and 10 leading to the absence or
presence of 1 or 2 N-terminal domains and 3 or 4C-terminal microtu-
bule binding repeats (Goedertetal, 1989). They are commonly referred
to as ON3R, IN3R, 2N3R, ON4R, 1N4R and 2N4R tau. Furthermore, tau
isoforms undergo a variety of post-translational modifications induding
Ser/Thr and Tyr phosphorylation, acetylation and SUMOylation. Some of
these modifications occur physiologically and are regulated during de-
velopment and aging; others occur in pathological conditions and are
implicated in tau-mediated toxicity (reviewed in (Medina et al,, 2016;
Huefner et al, 2013)).

It has been argued that regulation of alternative splicing during de-
velopment is a mechanism for radically altering the function of tau pro-
tein. This may be reflected in expression of 3R isoforms early in human

* Corresponding author.
E-mail address: AMudher@sotonac.uk (A Mud!rr)
online on SdenceDirect (: com)

hitp://dxdoiorg/10.1016/).nbd 201705003

toskeleton is required and then transitioning to expression of 4R iso-
forms post neurite elaboration, when a more stable network has been
established (Andreadis, 2005). Accordingly, a main distinction of tau
isoforms involves differentiation of the microtubule-binding repeats.
This likely underlies differences in isoform physiology and pathological
potential as they ostensibly interact with distinct or partially overap-
ping membrane-assodated, cytosolic and cytoskeletal proteins. In fact,
differences in microtubule binding properties were well-known
(Goode et al,, 2000), but several studies have now demonstrated addi-
tional isoform-specific differences including: the propensity of tau to
aggregate (Adams et al,, 2010), differential templated seeding capabili-
ties (Dinkel et al., 2011), intra-neuronal re-localisation during tangle
formation (Hara et al,, 2013; Liu and Gotz, 2013), interactions with dis-
tinct cellular binding partners (Bhaskar et al, 2005; Liu et al., 2016),
phosphorylation potential and the impact of these differences on their
biochemical properties (Combs et al, 2011).

The ratio of 3R to 4R isoforms in the adult human brain is approxi-
mately 1. The equimolar isoform ratio is disrupted in some familial
tauopathies due to splicing mutations, which lead to elevation of the
4R tau isoforms (Andreadis, 2005). Even in Alzheimer's Disease (AD)
there is evidence of impaired 3R/4R ratio in tangle bearing neurons
(Niblock and Gallo, 2012; Park et al., 2016). The fact that disrupting

0969-9961/Crown Copyright © 2017 Published by Elsevier Inc. This is an open access artide under the CC BY-NC-ND license (http:/ cre ativecommons.org/Beenses/by-ne-nd/40/).
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the isoform ratio is associated with disease, demonstrates the impor-
tance of maintaining the 3R:4R isoform balance in healthy neurons. Ad-
ditionally, not all isoforms are present in tau aggregates that
characterise particular tauopathies, including sporadic forms. In AD for
example, all tau isoforms form filaments, whereas in others they are
comprised predominately of either 3R (e.g. Pick's disease ), or 4R iso-
forms (e.g. Progressive Supranuclear Palsy, Corticobasal Degeneration,
Argyrophilic Grain Disease) (Rabano et al, 2013; Spillantini and
Goedert, 2013).

When divergent phenotypes are reported in animal models of
tauopathy, the particular isoform expressed is not typically considered
asa reason for the discrepancy. Here we highlight this by systematically
assessing isoform-specific phenotypes in Drosophila and demonstrate
that distinct tau isoforms can have significantly different effects iniden-
tical assays. This may shed light on the role of isoform-specific differ-
ences in the divergent pathogenic profiles of tauopathies where one of
these isoforms predominates.

2. Materials and methods
2.1. Flies

Female Drosophila melanogaster expressing either the motor neu-
ron-specific driver D42-GAL4, pan-neuronal driver Elav®'**-GAL4 and
Elav™'*-GAL4/TubGAL80" (Bloomington Stock Centre), sensory neu-
ron driver panR7-GAL4 or retinal photoreceptor driver GMR-GAL4
were crossed with male flies transgenic for UAS-human ON3R tau
(UAS-hTau™%), or UAS-human ON4R tau (two 4R transgenic lines
were used and they are referred to as hTau™** and hTau”™"; they
are distinct transgene insertions presenting similar expression levels -

75

see Suppl. Fig. 1), or with wild-type Oregon-R male flies (WT). All trans-
genic lines and drivers were obtained from the Bloomington Stock cen-
tre (USA), except the UAS-htau®™** and UAS-htau®™*** lines, which
were originally generated by Prof. Mel Feany (Brigham and Women's
Hospital, Boston, USA).

22, Larval locomotion analysis

As previously described (Sinadinos et al., 2012), wandering third in-
star larvae were allowed to crawl freely ina 10 cm x 10 cm plate, filled
to a depth of approximately 4 mm with dark blue agarose (1% agarose,
0.1% alcian blue), within a bioassay room kept at 21 °C, 30-40% humid-
ity, and controlled lighting conditions. After a 6-minute acdimatisation
period, larvae were placed at the centre of the plate, and were filmed for
2 min using an lkegami digital video camera and 5 mm camera lens
(Tracksys, UK). 4 such plates were filmed simultaneously. Ethovision
movement analysis software (Noldus Information Technology) was
then used to measure the following parameters of locomotion: velocity
(mm/s); meander, measured as the angle deviated from the straight
path per cm travelled (degrees/cm); and angular velodty (degrees/s).
Further, the frequency of contractions of the body-wall musdes (con-
tractions/min ) was measured semi-manually from these video record-
ings, with the experimenter blinded to condition. GraphPad Prism was
used to calculate standard error of the mean, unpaired 2-tailed students
t-test, and/or 1-way ANOVA on the resulting data, as appropriate.

2.3. Adult climbing assay

This assay was performed on cohorts of 15 adult flies, which had
been allowed to mate for 1-2 days after eclosion and then separated
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p = 00001; WT vs hTau™*® p = 0.4801. For velodty: WT vs hTau™*
contractions: WT vs hTau™ p = 0.0013; hTau™*® vs hTad™® p = ouan WT vs hTau®™®

~expressing larvae but not in controls or h'hu”—cxpr&ing larvae. Very few
lOgn. For meander: WT vs hTau™® p 0.0009; hTau”"*% ys hTau™=

- 0.0928 (ns); WT vs hTau™*® p = 0.7304 (ns). For body wall
p = 0803 (ns) (Unparv:d two-taied (-tests; n = 9-10 per assay ). For axond transport:

WT vs HTaud™ ™ p = 0.0041; hTau™® vs HTa™® p — 0,0306; WTvs hTau™ " p = 0.0116 (Unpaired two-tailed (-tests or one-way Anova Bonferroni's multiple comparisons test

n = 5). hTau™® = (w / +: D42-GAL4 / +: UAShtauON3R / + ). HTau™® —
+}on an OreR background.

fw/

+: D42-GAL4 / +; UAShTauON4R / + — parental line KTau™*®) WT =

(w/+:DR-GAL4 [ +: + /
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by sex and housed in their testing cohorts. Eachweek, 6-9 hinto the 12-
hour light cycle of the flies, they were anaesthetised very briefly (<5s)
with CO; and placed in a measuring cylinder in an assay room with con-
trolled lighting conditions, temperature (23 °C) and humidity ( 30-40%).
They were given 15 min to recover from anaesthesia and to acclimatise
to the assay room. The measuring cylinder was tapped 3 times upon a
mouse pad to send the flies to the bottom, a video recording was carried
out and paused 10s later when the analysis was conducted. Flies rested
for 2 min,and the proced ure was repeated 2 more times. Flies were then
placed onto fresh food until the following week.

24. Survival assay

Three cohorts of 10 male flies of each genotype were separated
0-3 days post-eclosion and then transferred to new food twice a week
and scored for deaths three times a week Flies were housed in a room
with controlled lighting conditions, temperature (23 °C) and humidity
(30-40%). A Kaplan-Meier survival curve was plotted and a Log-rank
(Mantel-Cox) test was performed on the data using GraphPad Prism
software.

25, Adult leaming and memory assay

To obtain animals for learning and memory assays UAS-hTau™"®
and UAS-hTau™*® males were crossed en masse with Elav<'**GAL4;
+;TubGALS0" at 18 °C. Upon eclosion they were collected in fresh bot-
tles and tau expression was induced by placing the adult flies at 30 °C for
12 days with bottle changes every 3 days. On the 11thdaythe flies were
separated in groups of 50-70 animals in vials and placed back at 30 °C
ovemight All animals were placed in fresh food vials 1-2 h before con-
ditioning Conditioning assays were performed under dim red light at
24 °C-25 °C and 65%-75% humidity. All experiments were carried out
ina balanced manner, where all genotypes involved in an experiment
were tested per day. Classical learning refers to Pavlovian olfactory aver-
sive conditioning and was performed using the aversive odors benzal-
dehyde (BNZ) and 3-octanol (OCT) diluted in oil (6% v/v for BNZ and
50% v/v for OCT) as conditioned stimuli (CS+ and CS —) with the elec-
tric shock unconditioned stimulus (US). For training, a group of 50-70
flies was first exposed to the CS+ odor for 40 s paired with 90 V
shock (consisting of twelve 1.25 s pulses with 4.5 s inter-pulse intervals,
therefore 8 US/CS pairings were delivered within 40 s of odor presenta-
tion) and then 30 s of air. Subsequently, flies were exposed to the
CS— for 40 s without shock and then 30 s of air. Each experimental trial
included two rediprocal groups, with the CS+ and CS— odors switched.
Three minutes after conditioning, both groups of flies were tested simul-
taneously for preferential avoidance of the conditioned odorant.

For 24-hour memory experiments, flies were submitted to 12 US/CS
pairings per round and five such rounds of training with a 15-minute
inter-round interval. The flies were stored at 18 “C for 24 h and then
transferred to a T-maze apparatus and allowed to choose between the
two odors for 90 s. A performance index (PI) was calculated as the frac-
tion of flies that avoided the CS + minus the fraction that avoided the
CS — odors divided by the total number of flies in the experiment. A
final Pl is the average of the scores from the two groups of flies trained
with either benzaldehyde or 3-octanol as CS + and ranges from 0 to 100.

2.6. Tau solubility assay to enrich for oligomeric tau species

This assay enriches for insoluble oligomeric tau species as described
(Cowan et al, 2015). A total of 10 fly heads were homogenized in 40 pl
of TBS/sucrose buffer (50 mM Tris-HCl pH 74, 175 mM NaCl, 1 M su-
crose, 5 mM EDTA and protease inhibitor cocktail ). The samples were
then spun for 2 min at 1000 g and the pellet discarded. The supernatant
was spun at 186,000 g for 2 h at 4 °C. The resulting supernatant was
“S1" - the aqueous soluble fraction, The pellet was re-suspended at room
temperature in 5% SDS/TBS buffer (50 mM Tris-HCl pH 7.4, 175 mM

NaCl, 5%SDS) and spun at 186,000 g for 2 h at 25 °C. The resulting super-
natant was “S2” - the SDS-soluble, aqueous-insoluble fraction. The pel-
let was resuspended at room temperature in 5% SDS/TBS buffer (50 mM
Tris-HCI pH 7.4, 175 mM NaCl, 5% SDS and protease inhibitor cocktail)
and spun at 186,000 g for 2 h at 25 °C as a wash spin; following which
the supernatant was discarded. This pellet was then re-suspended in
8 M urea, 8% SDS buffer (50 mM Tris-HCl pH 7.4, 175 mM NaCl, 8%
SDS, 8 M urea and protease inhibitor cocktail) and agitated for
12-18 h at room temperature (“S3"). All samples were diluted in
2x Laemmli buffer and boiled for 5 min. “S1” and “S2" were loaded
equally (equivalent volumes) whereas double the amount of “S3" was
loaded compared to “S1" and “S2", The S3 fraction was then quantified
as a proportion of the sum total of all three fractions.

2.7. Protein oxidation assay (OxyBlot)

For each condition, 5 heads of 1 day-old flies were homogenized in
30 ul OxyBlot buffer (150 mM NaCl, 50 mM MES, 1% triton-X 100, 1%
SDS, 2% p-mercaptoethanol, protease inhibitor cocktail). Homogenates
were centrifuged for 5 min at 5000g, and the pellets discarded. 10l ho-
mogenate was used for a carbonyl derivatisation reaction with the
OxyBlot kit (Millipore), according to the manufacturer’s instructions.
Briefly, we added 10 wl 12% SDS, 20 ul DNPH (or negative control
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Fig 2. Differential Tau isoform toxicity in adult Drosophia. (A) Survival curves for Elav-
GAL4 driven hTau®*, hTau™* and WT male flies (n = 30). HTau""®* flies have
significantly shorter lifespan compared with both htau™*® and WT flies (Log-rank,
Mantel-Cox test p = 0.0001). B) Comparison of the dimbing ability with age over
6 weeks for hTau™™®, hTau™ and WT flies (n = 30). (2-way ANOVA; p = 0.0002).
Error bars are plotted as + SEM. hTau™™ = (w / +; Hlav-GAL4 / +; UAShtauON3R /
+). hTau®™ % = (w / +; Hav-GAL4 / +; UAShTau™® / & — parental line hTau"™¥®),
WT = (w/ +:Elv-GAL4 / +; + / +)onan OreR background.
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provided) and incubated 15 min at room temperature; then added 14
of neutralizing solution. 10 ul of this final labelled product was applied
to nitrocellulose membrane (Amersham) using a slot blot apparatus
BioRad). Membranes were probed with anti-DNP antibody (Millipore,
1:150), and signal was detected using fluorescently conjugated anti-
rabbit secondary antibody (LICOR) and a LiCor scanner with Odyssey
software. Resulting band densities were measured using Image |
software,

2.8 Western blotting

Western blotting was performed to assess total tau levels, phosphor-
ylation and solubility state of tau. For Western blot analysis of larval
samples, 10 3rd instar larvae or heads of 1-3d adult flies were pooled
and homogenized in 200 ul 1x Laemmli buffer, boiled at 95 °C for
5 min and centrifuged for 5 min at 14000 RPM, at RT. Proteins were sep-
arated by SDS-PAGE according to standard methods, and transferred to
PVDF membrane by semi-dry transfer Anti-Syntaxin ( Developmental
Hybridoma Bank) at 1:3000 was used as loading control. Primary
antibodies were used as follows: anti-human tau (Dako, 1:15,000
or T46, 1:3000). The phosphorylation-specific anti-tau antibodies
Ser396/Ser404 (PHF-1) (a gift from Peter Davies, USA, 1:500),
Ser396 (Source Biosciences, 1:2000), Ser202/Thr205 (AT8) (Thermo
Sdentific, 1:1000), Thi212/Ser214 (AT100) ( Pierce Endogen, 1:1000),
dephosphorylated at Ser199/Ser202/Thr205 (Tau-1) (Millipore, 1:2000),
pS262 (Invitrogen, 1:1000). MC1 (a gift from Peter Davies, USA), was
used at 1:200. Secondary antibodies were at 1:5000 and the signal de-
tected by chemiluminescence (ECL plus).

20 days
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29. Axonal transport studies

Wandering third instar (L3) larvae (day 5) were anaesthetised by
placing larvae in a chamber containing cotton wool soaked in
diethylether vapour for 15 min, Larvae were immobilised on glass slides
in 1% agarose ventral face up and mounted under coverslips. Peripheral
nerves were analysed between the 2nd and 4th denticle bands. For total
area acquisition, VGFP accumulates were imaged at x63 on an
Axioplan2 Epifluorescence Microscope (Zeiss) and thresholded in
Metamorph software (Molecular Devices, CA, USA). n = 5 for each
genotype.

2.10. Immuno-histochemistry

Anaesthetized Flies were decapitated and the brains dissected in
PBS. Brains were fixed for 20 min with 4% formaldehyde in PBS with
0.4% Triton-X100, 10 mM EGTA and 50 mM MgCL added. Brains were
washed five times and incubated for 1 h with 10% Newbom Calfserum
in PBS-T (PBS with 04% Triton-X100). Primary antibodies (anti-RFP,
mouse, 1:100, abcam; anti-Tau, 1:2000, DAKO; anti-chaoptin, 1:50,
DSHB, lowa ) were incubated at 4 "C. Washing consisted of five repeti-
tions of 3 rinses and 20 min incubation with PBS-T. Secondary antibod-
ies coupled to Alexa 488 or 568 (1:500 in PBS-T) were incubated
overnight at 4 “C. After the final wash brains were embedded in
Vectashield/70% Glycerol (3:1). For every genotype five brains were re-
corded using a Zeiss 710 confocal microscope using. Controls were im-
aged first and experimental brains were imaged with the same
settings. Images were assembled using Photoshop.

40 days

a-Human Tau

a-RFP

i
a-Human Tau
L

Fig. 3. The expression of 4 repeat human Tau disrupts R7 sensory neurons more severely than 3 repeat human Tau, R7 sensory neurons in the Drosophila visud system express the
membrane marker myristolated-red fluorescent protein (myr-RFP) together with hTau®™® (upper row ), hTau™ (middle row) or on its own ( RFP, bottom row), Adult brains were
dissected 5 days (first column), 20 days (second and third column) or 40 days (fourth and fifth column) after edosion. Brains were stained with antibodies against RFP or human tau
indicated at the top of each column). Images show axons in the medulla Scale Bar = 10 um. (A-C) In 5 day-old brains, RFP expression in R7 axons i not affected by the expression of
either tau isoform. (D-F) In 20 day-old brains expression of hTau™"* (D) and hTau™® (E) results in a weaker membrane RFP signal than in controls (F) but axons are stll intact. (G,
H) Expression of hTau™"® (G) is stronger than hTau®™*® (H) and hTau™*® shows a tendency to form aggregates at synapses. (1-K) In 40 day-old brains expressing either isoform (1, ])
membrane RFP is severely reduced (compare L, | with K). In particular, KTau™® expression results in loss of RFP expression in broad areas in the medulla. (L, M) hTau™®® (L)
ageregates along the axons and at synapses and is still expressed stronger than hTau™® (M), hTau™® = (w / +; panR7-GAL4 / +; UAShtau™ % / 4 ) hTau™ — (w / +; panR7-
GAL4; UAShTau™= / 4 — parental line hTau™ %) WT = [w / +; panR7-GAL4; + / +) on an OreR background.
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Fig. 4. The expression of 4 repeat human Tau impairs learning and memory but expression of 3R tau does not. Learning and associative memory was probed in transgenic lines in which
adult spedific expression of hTau™™®, hTa’™® was driven by Elav-GAL4 / TubGALBO®, The transgenes were induced progeny of these crosses raised at 18 *C by transferring to 30 *C for
12 days prior to testing. Expression of hTau™* caused severe impairment in learning (p <0.001, Dunnett's test, n > 12 per genotype) (A), and memory (p < 0.001, Dunnett's test,
n > 16)( B), but expression of hTau™®* did not affect either learning (p = 04585, Dunnett's test, n > 12)(C), or LTM (p = 0.142, Dunnett's test. n > 14 ( D). hTau™®® = (w / + ; Elav-GAlA4
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Fig. 5. No differences between 3R and 4R transgenics in the amount of insoluble tau oligomers formed with age. (A) Representative Western blots of soluble (S1), SDS-soluble (52) and
SDS-insoluble ($3) fractions generated from adult heads following Elav-GALA driven KTa™™ and hTau™* expression in newly eclosed young (0 weeks) and old (6 weeks) flies. Some
insoluble tau oligomeric species are detected inboth young and old flies. B) However quantification of $3 fraction relative to sumtotal of all fractions shows there is no significant difference
in the amount of insoluble tau between hTau™ ® and hTau"™® expressing flies or with age in either line (n = 4), Unpaired, two-tailed -tests used to test for significance. Emor bars are
plotted 4 SEM. hTau™5® = (w/ +; Ev-GAL4 / + ; UASHTau™® / 4 | hTau™® = (w/ +; Elav-GAL4 / + ; UASHTau™® / 4 — parental line hTau™® ). WT = (w/ + ; Elav-GAL4/ +; +

+ ] on an OreR background.
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3. Results

3.1. Human 3-repeat tau and human 4-repeat tau expression present differ-
ent phenotypes

To test whether the ON3R and ON4R isoforms yield identical, similar
or distinct effects on larval mobility (Sinadinos et al., 2012), the UAS-
hTau™*® and UAS hTau™*® transgenes were expressed in motor neu-
rons under D42-GAL4. Using a semi-automated method to track larval
locomotion (Sinadinos et al, 2012), we confimned our previous obser-
vations that expression of hTau®"** in larval motor neurons manifests
in locomotor defects. Significant impairments were evident in two lar-
val locomotor parameters: meander and contractions (Fig. 1A-C),
which arise from impaired axonal transport (Fig. 1D). In contrast, ex-
pression of hTau"™*® did not result in significant locomotor deficits, or
cause axonal transport impairments as profound as those induced by
hTau®""k (Fig. 1A-D).

Isoform-specific phenotypes were also revealed in adult animals
upon transgene expression with Elav-GAL4. Premature lethality was ap-
parent in hTau”"*-expressing adult flies earlier than hTau”™*-express-
ing animals (Fig. 2A). In addition, isoform-specific differential effects
were revealed on a negative geotaxis locomotor assay (Mudher et al.,
2004) in adult flies expressing pan-neuronally the two tau isoforms.
The climbing ability of flies expressing hTau”™*" starts to dedine at
1 week and diminishes rapidly as animals progress to week 5 and 6,
when the majority of the flies are virtually immobile (Fig. 2B). By com-
parison, the dimbing ability of flies expressing hTau™** begins to dete-
riorate significantly one week later (week 2) and even at week 5, many
of the flies remain mobile (Fig. 2B). Similar results were observed with
an independent UAS-ON4R transgene insertion (Suppl. Fig. 2),
supporting the idea that this difference between the tau isoforms is of
biological significance and not because of differential expression levels
due to transgene insertion. Therefore, expression of ON3R tau appears
to precipitate more severe effects than ON4R expression in the same
neurons.

Collectively the results indicate differential effects of the two tauiso-
forms on survival and larval and adult locomotion. Therefore, we won-
dered whether such differential isoform-specific effects may be
revealed in additional neuronal subpopulations.

We selected a subset of eye sensory neurons to assay the effects of
these isoforms since the fly retina has been used extensively to study
tau-dependent neurodegeneration. Each tau isoform was co-expressed
with membrane-tagged RFP (myristolated-RFP) in R7 sensory receptor
neurons ( pan-R7-GAL4). Degeneration was not apparent at 5 days post-
eclosion evidenced by anti-RFP staining of axons following expression
of either isoform ( Fig. 3A-C). By day 20 however, degeneration was ap-
parent in the sensory neurons expressing either of the isoforms, but
with those expressing hTau®™*® (Fig. 3E, H) presenting more extensive
aberrations than those expressing hTau®"®® (Fig. 3D, G). By 40 days
post-eclosion, the sensory neurons expressing htau®™® had largely
degenerated with only few axons remaining (Fig. 3], M). In contrast,
more axons remained in animals expressing hTau™® at this time
time-point (Fig. 31, L). This data indicates that when expressed in the
adult visual sensory neurons, hTau®**® exhibits a stronger neurodegen-
erative phenotype than hTau’™® Interestingly, in 40 day-old hTau”¥“*®
brains myr-RFP expression is nearly absent ( Fig. 3]), but accumulation of
tau along the axons persists (Fig. 3M), indicating loss of membrane in-
tegrity leaving ‘ghost’ axonal scaffolds behind. We confirmed the loss
of membrane integrity by expressing the tauisoformsinall photorecep-
tors (under GMR-GAL4) and using antibodies against the membrane
glycoprotein Chaoptin (Hirai-Fujita et al,, 2008). In 40 day-old hTau**®
expressing optic lobes, Chaoptin is completely absent, whereas al-
though severely reduced in hTau”® expressing neurons, it is still de-
tectable (Suppl. Fig. 3). Therefore, the results from both myr-RFP and
Chaoptin membrane markers confirm that although tau expression dis-
rupts membrane integrity, the severity is isoform-spedfic with

hTau?™* precipitating a stronger neurodegenerative phenotype than
hTau™™3®,

To further explore whether such isoform-dependent differences
persisted in other adult assays, we undertook conditional pan neuronal
expression of both isoforms in the adult CNS because hTau”™* expres-
sion has been reported to yield learning deficits in this assay
(Papanikolopoulou and Skoulakis, 2015). Hence we investigated
whether adult specific expression of ON3R might also precipitate such
deficits in learning and 24 h memory (long term memory-LTM). Sur-
prisingly, while ON4R expression impaired associative learning (Fig.
4A) in agreement with prior results ( Papanikolopoulou and Skoulakis,
2015; Kosmidis et al,, 2010) and LTM was similarly significantly im-
paired (Fig. 4B), expression of hTau™® did not affect either of these
processes (FAg 4C, D).
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Fig. 6 Qualitative asse ssment of phosphorylation state in hTau™™® and hTa®™* lavae.
Tau expression was driven using the D42-GAL4 motor neuron specific driver. Tau
phosphorylation was assessed in wandering third instar larvae. Representative blots are
shown for at least two independent experiments. Both isoforms of tau were
phosphorylated to similar extents at the pS262 site (A), AT180 site (D) and pS396 site
(E). However hTau™ " was less phosphorylated at the AT8/Tau-1 site (B and C) and
AT100 site (F). Expression of both isoforms of ta is comparable (G). hTa®™® = (w/
+: D42-GAL4 / +: UAShTau™® / &) hTau™® = (w / +: D42-GAl4 / +;
UAShTau™* / 4 — parental line KTau™*). WT = (w / +:D42-GAL4 / +; + / +)on
an OreR background.
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Collectively then, our data demonstrate that distinct larval and adult
neuronal populations are differentially sensitive to the neuro-toxic ef-
fects of ON3R and ON4R tau isoforms, precipitating phenotypic strength
differences, or lack of discernable phenotypes. This in tum strongly sug-
gests that the effects of tau expression in Drosophila are not merely a
consequence of non-specific toxicity or dysfunction due to overexpres-
sion of an exogenous protein. Rather it is likely that human tau isoforms
interact differentially with the same or different intra-neuronal clients
as suggested by the specificity and range of phenotypes described
above.

32. Isoforms engage different mechanisms of toxicity

Differences in phenotypic strength can be precipitated by expression
level differences. However this is unlikely to be key for the differences
we report since the expression of the two tau isoforms is comparable
in the transgenic lines we have employed (Suppl. Fig. 1). To investigate
whether the two tau isoforms act differently at the cellular/molecular
level, we assessed their accumulation, solubility, phosphorylation status
and oxidative stress potential because these are other properties impli-
cated in mechanisms of tau toxicity (Alavi Naini and Soussi-Yanicostas,
2015).

We have previously reported that increased tau levels lead to aggre-
gation (Cowan et al, 2015) and accordingly we have found elevated ac-
cumulation of tau with increasing age in both ON3R and ON4R adults
(data not shown). We therefore explored whether the age-dependent
accumulation of tau led to its aggregation. Using a commonly used bio-
chemical insolubility assay that enriches for insoluble oligomeric tau
species (Cowan et al, 2015), we found little evidence of significant
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levels of insoluble tau oligomers in the brains of adult flies expressing
ON3R or ON4R pan-neuronally, even in older flies (Fig. 5A). Though in-
soluble oligomeric tau species were not abundant, substantial isoform-
specific aggregate profiles were not revealed upon fractionation of
brain extracts expressing ON3R or ON4R (Fig. 5B). We did not investi-
gate whether larger insoluble tau aggregates, such as tau filaments are
found in these transgenics, because they have been described in some
(Wu et al, 2013), but not all Drosophila tauopathy models (Wittmann
etal,2001).

Of the six isoforms, ON3R is most highly phosphorylated (Smith et
al, 1995), but whether the other tau isoforms undergo differential
post-translational modifications has been unclear, Therefore we sought
to determine whether the two isoforms were phosphorylated differen-
tially in larval motor neurons implicated in the isoform-specific locomo-
tor behaviours and in adult brains to potentially mirror the isoform-
spedfic learning, memory and longevity differences. Hence, we
expressed ON3R or ON4R spedifically in larval motor neurons or adult
brains and then probed the occupation status of a set of phosphorylation
sites implicated in tauopathies.

Though phosphorylation at many sites was similar in larval motor
neurons, there were some interesting isoform-spedific differences.
Phosphorylation at Ser 262 (Fig. 6A), Thr 231 (AT180 - Fig 6D), and
Ser 396 (Fig 6E) did not appear significantly different between isoforms
in larvae. However, the signal with the AT100 antibody appeared ele-
vated in hTau™*®-expressing larvae (Fig. 6F). Phosphorylation at the
ATS site was also elevated in hTau”**-expressing larvae, while in
hTau™*®_expressing animals AT8 phosphorylation was suppressed as
revealed by the Tau-1 antibody which is reactive to non-phosphorylated
epitopes at the ATS site (Fig. 6 B and C).
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Fig 7. Quantitative assessment of the phosphorylation state of hTau™™ and hTau™ in adult brains, Tau expression was driven using the ELAV-GAL4 pan-neuronal driver. Tau
phosphorylation was assessed in 1-3 day adult brains to compare ON3R tau with two independent p-element insertion lines expressing ON4R tau (referred to as hTau™ and
hTau"'"). Representative blots are shown for at least three independent experiments (A) and their quantification is shown in (B). Both isoforms of tau were phosphorylated to
similar extents at most sites except for the Tau-1 and PHF-1 sites which showed greater immunoreactivity in ON3R tau brains. MCl immunoreactivity, indicative of misfolded tau, was
greater in ON3R tau. Expression of total tau levels was comparable between all three lines hTau™® = (w/ +; ELAV-GAL4 / +; UAShtauON3R / + ) hTau™ = (w / +; ELAV-GAIA /
+; UAShTau™® / 4+ — parental line hTau®™®} and WTau™ ™ = (w/ +; ELAV-GALA / +; UAShTau™® / 4 — parental ine hTau™®*) WT = (w / +;EIAV-GAL4 / +; + / +) onan

OreR background.
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Aswith the larval motor neurons, the ON3R and ON4Risoforms were
similarly phosphorylated at most epitopes in adult brain, but there were
some interesting differences suggesting that developmental stage influ-
ences tau phosphorylation in an isoform-specific manner. These differ-
ences were genuine because they were evident even when the
independent ON4R p-element insertion line hTau™*®" was used (Fig 7).
In larval motor neurons, ON3R tau is more phosphorylated than
ON4R tau at the ATS site (as evidenced by increased AT8 and decreased
Tau-1 immunoreactivity in ON3R motor neurons) whereas in adult
brain, ON4R tau is more phosphorylated than ON3R tau at these sites
(as indicated by greater Tau-1 immunoreactivity in ON3R brains)
(Figs. 6 and 7). Similarly the greater phosphorylation of ON3R tau at
the AT100 site in larval motor neurons is not evident in adult brain
(Figs 6 and 7). Instead, ON3R tau is more phosphorylated at the Ser
396/404 (detected by PHF-1 with an increased trend seen with an anti-
body that only picks up phosphorylation at Ser 396) than ON4R tau in
adult brains but not in larval motor neurons (Figs 6 and 7). Significantly,
the ON3R isoform is much more immunoreactive with the MC1 anti-
body than the ON4R proteins, suggesting differences in folding or pa-
thology-related structure between the two isoforms,

In summary the data implies that ON3R and ON4R isoforms are dif-
ferentially phosphorylated at some but not all sites in different develop-
mental stages. Whether these site-specific phosphorylation differences
underpin the differential phenotypes predpitated by the two isoforms
is yet to be determined, but is consistent with the data. Moreover, be-
cause the phosphorylation profiles of these tau isoforms on tauopathy
assodated sites are not identical, the data support the notion of iso-
form-specific interactions with kinases and phosphatases.

Aside from phosphorylation and aggregation, oxidative stress is an-
other mechanism by which tau mediates toxidity ( Dias-Santagata et al,
2007; Alavi Naini and Soussi-Yanicostas, 2015). We therefore examined
oxidative stress using a commerdal assay to detect oxidised proteins in
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Fig. & Comparison of the protein oxidation induced by expression of hTau™* versus
hTau™ ™ _expressing Drosophila. Elav-GAL4 driven pan-neural expression of either
hTau™® or hTau™"* induces oxidative stress in 1d old adult flies as measured by a
commercial Oxyblot assay. However levels of protein oxidation are significantly greater
in hTau™ versus hTau™* flies. Graph represents the average of 9 experiments.
Results from unpaired (-tests: wild-type vs hTau”*® p = 0,0145; hTau™® ys hTau™<*
p = 0.04; wild-type vs hTau™*® (p = 0.008). hTau™® = (w / +; Elav-GAL4 / +;
UAShTau™®® / 4 ). hTau®® = (w/ +; Elav-GAL4 / +; UAShTau®™® / & — parental
line hTau™<®), WT = (w/ +: Elav-GAL4 / +: + / +) on an OreR background.

brain homogenates from flies expressing either tau isoform pan-
neuronally. Though there was clear evidence of oxidative stress in
brains from both transgenic lines, surprisingly, oxidation detected in
hTau™*_expressing flies was twice as much as of that detected in
hTau®"*"-expressing animals (Fig. 8). This again demonstrates a clear
isoform-specific difference, which may underpin some of the isoform-
specific differences in toxicity and neuronal dysfunction described
here by us and by others in various tauopathy models.

4. Discussion

We report here isoform-specific phenotypes in both larval and adult
Drosophila expressing either hTau™® or hTau?™® transgenes. Although
expression level differences may contribute to the phenotypic conse-
quences, isoform-spedific differences independent of this were uncov-
ered in this study. These results are in agreement with independent
studies, which have also demonstrated isoform-spedific differences in
physiological tau biology, induding sub-cellular localisation and func-
tion, and disease-relevant biochemical properties (Liu and Gotz, 2013;
Liu et al, 2016).

Differences in the best-described cellular function of tau, microtu-
bule binding, have long been known, and believed to anse because the
4R isoforms possess an extra microtubule-binding domain enabling
three-fold greater microtubule affinity (Goode et al., 2000). However,
the flanking carboxy-terminal region also differentially regulates micro-
tubule-binding, and curiously appears to influence binding of 3R iso-
forms to a greater extent than 4R isoforms (Goode et al, 2000). In
addition to microtubule-binding, isoform specific differences have
been identified in several other physiological roles attributed to tau.
This includes interacting partners, with 2N4R isoforms exhibiting stron-
ger affinity to proteins implicated in neurodegeneration (Liu et al.,
2016) and interactions with kinases such as Fyn, which binds preferen-
tially to 3R tau (Bhaskar et al,, 2005). Differences in sub-cellular
localisation have also been uncovered, wherein ON isoforms appear
preferentially in the soma and axons, 1N isoforms in the dendrites and
nucleus and 2N isoforms in cell bodies and axons (Liu and Gotz,
2013). Such results challenge the widely-held view that tau behaves
preferentially as an axonal protein engaged mostly in microtubule
stabilisation, and jointly with the data herein, promote the idea that
tauis a protein of multiple functions which are likely sub-served differ-
entially by distinct isoforms.

Further support for this notion is provided by isoform-spedific differ-
ences in pathological behaviour induding propensity to aggregate
(Adams et al, 2010), morphology of aggregates formed (Adams et al,
2010) and templated seeding (Dinkel et al,, 2011). Templated seeding
of filaments in particular, exhibits striking isoform-specific barriers.
While seeds containing 3R isoforms alone or 3R and 4R isoforms togeth-
er can recruit both 3R and 4R monomers into growing filaments, seeds
comprising just of 4R isoforms can only recruit 4R monomers (Dinkel et
al, 2011).Since hyper-phosphorylation of tau is believed to promote its
aggregation, some studies have explored the impact of pseudo-phos-
phorylation on aggregation in vitro and identified interesting isoform-
specific differences (Combsetal, 2011). Although we have revealed iso-
form-spedific, developmental stage-dependent phosphorylation differ-
ences, these do not appear to lead to aggregation differences, at least
within the resolution afforded by our techniques, but clearly appear
consistent with the distinct phenotypic consequences we detailed. Dif-
ferences have also been reported in the sub-cellular localisation of the
different tau isoforms and how this changes during the evolution of tan-
gle pathology (Haraet al,, 2013). Collectively these studies begin to elu-
cidate why different tau isoforms are preferentially affected in different
tauopathies and the cellular/molecular basis for predilection of different
brain regions therein,

The studies discussed above show dear isoform-specific differences
in the biochemical and pathological properties of tau; however not
many studies have directly compared and contrasted isoform-specific
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phenotypic differences in the same model. Adding to this, we show here
that for some tau-mediated phenotypes, like axonal transport disrup-
tion and adult locomotion, the 3R tau isoform is more detrimental
whereas in other tau-mediated phenotypes, such aslearning and mem-
ory and photo-receptor degeneration, it is the 4R tau which is more
toxic. In line with this, we have previously shown that expression of ei-
ther hTau™4® or hTau™** but not hTau""®*® eliminates Drosophila
mushroom bodies (Papanikolopoulou and Skoulakis, 2015;
Grammenoudi et al., 2008; Papanikolopoulou et al., 2010), and that ex-
pression of hTau®™® is associated with dysfunction in the absence of
neuronal death (Mudher et al, 2004; Cowan et al, 2010). Likewise,
many other Drosophila models of tauopathy report degeneration, main-
ly of photoreceptors or other brain regions, but most studies invariably
express 4R isoforms (Dourlen et al,, 2016; Chanu and Sarkar, 2016).
Moreover, to our knowledge, no other studies have directly compared
the oxidative potential of 3R and 4R isoforms. We provide evidence
that the ON4R isoform is more potent at inducing oxidative stress than
ON3R. Oxidative stress has been reported in tavopathies implicating ei-
ther or both 3R and 4R isoforms (reviewed in (Alavi Naini and Soussi-
Yanicostas, 2015) ). Whether, as our data suggests, it plays a more pro-
found role in diseases involving 4R remains to be determined. In fact,
of the few studies that have systematically compared 3R and 4R mediat-
ed phenotypes in the same model, work in mice suggests that tipping
the balance towards 4R isoforms was associated with greater pathology
and behavioural defects (Schoch et al, 2016).

The molecular mechanism(s) underpinning the divergent pheno-
types of tau isoforms are unclear at present. Expression level and stabil-
ity differences are likely contributing factors because tau-toxicity is
generally believed to correlate with intraneuronal tau load (Ubhi et al.,
2007). This notion is significantly supplemented and enhanced by our
own results uncovering phenotypic differences between hTau”™* and
hTau™*® which persisted even in the face of comparable expression
levels. Differences in the epitopes phosphorylated may be another con-
tributing factor since such differences have been associated with differ-
ential toxicity (Brelstaff et al,, 2015), or reduced microtubule binding
(Biernat et al., 1993) which underpins tau-mediated neuronal dysfunc-
tion (Cowan et al, 2010; Quraishe et al, 2013).

5. Conclusion

The six tau isoforms are often regarded as the same protein. Indeed
many of their normal biological and pathological characteristics are very
similar. However, there are distinct differences in isoform functional
properties arising from the variable N-terminal domains and 3 or 4 mi-
crotubule-binding domains. This manifests in variations in their post-
translational regulation and in turn their normal cellular functions.
Adding to this, we report here that they are distinctly different in their
pathological potential as well. Such isoform-specific differences need
to be taken into account when interpreting data from experimental
models of tauopathy since they will invanably differ from model to
model. It should also inform tau-centric therapeutic approaches. It re-
mains to be investigated how the tau isoforms contribute to differential
susceptibility of brain region and mechanism of tau-toxicity in different
tauopathies.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.nbd.2017.05.003.
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Supplementary data

Supplementary Figure 1
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Suppl. Fig. 1. Tau expression is similar in three independent transgenic lines.
Tau expression was probed in 1-3 day-old adult fly heads in which ELAV was used to drive pan-
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and hTau
0N4R*)

neuronal expression of hTau
ON4R
and hTau

three lines. The hTau®™* line was used in most studies described in this manuscript with only some
ON4R*

(from two independent p-element insertion lines that
we have called hTau to distinguish them. Total tau levels are comparable in the
experiments conducted with the hTau line. The parental line used is always stated in the legend

for all figures.
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Supplementary Figure 2
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Suppl. Fig. 2. hTau”** mediates a stronger lifespan reduction and locomotor phenotype even when

compared to an independent hTau™*® p-element insertion line. (A) Equal human tau expression
demonstrated by Western blots from adult fly heads taken from Elav-GAL4 driven hTau”™** and
hTau™" expressing flies. (B) The lifespan of hTau”*flies is significantly shorter than that of
hTau™*" expressing flies (Mantel-Cox; p = 0.0001, n = 30). This data is generated when the flies were
reared at 23 °C; at higher temperatures, stronger phenotypes are evident, as previously published for
UAS-hTau™**" (Papanikolopoulou and Skoulakis, 2015). (C) Comparison of climbing ability over
6 weeks of hTau™®and hTau”™** expressing flies shows that hTau”"** expressing flies exhibit
significantly increased deficits in climbing over age compared with hTau™*"
ANOVA; p =0.0001, n = 30). Error bars are plotted as + S.E.M.

expressing flies (2-way
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Supplementary Figure 3
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Suppl. Fig. 3. Tau expression destroys membrane integrity.
(A) In 6weeks old brains the membrane glycoprotein chaoptin  (24B10 antiserum)

labels photoreceptors in the Drosophila visual system. (B, C) Chaoptin can barely be detected in
hTau”*® expressing axons (B) and is lost from hTau”™"*" expressing sensory axons (C). Note that gain is
1.8 times higher in B, C than A. Scale Bar = 10 um.
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3. Ta CUCOWHATWHOTA TNE MPWTEIVNG T SPOUV EMUTPEMTIKA EVAVTL TWV
Slepyaoclwv mou amoteAouv TN Baon ywa tTnv €§APTWHEVN OO TNV
npwrteivoouvOeon pvaun, PSD-M, otn Drosophila Melanogaster.

Y16 untooAr| o€ €yKPLTO EMLOTNLOVIKO TIEPLOSLKO

3.1. NepiAnyn

Eva amd T TO KOWA XOPOKTNPLOTIKA TWV TEPLOCOTEPWV T-MpwTeivomabeLwy,
oupnepAaUPBAVOUEVWY KOl AUTWY ToU &gV eUNMAEKOUV PETaAAaypévn pwTeivn T,
OMwG n vooo¢g tou Alzheimer, gival Tta xpovo-e€aptwpeva eAAelppata otn padnon
KOL HMVAUN, Yeyovog mou eudaviletal ekabopa kot oto SIKO poG Hovitédo T-
npwteivonabswv tng D. melanogaster. Qotdco, dev elval cadEg PEXPL TwPA AV
oUTA Tta eAAslppata otn pABnon Kol MVAWN €lval amdppolo KN OvVACTPEWPLUWY
SUCAELTOUPYLWYV N EKPUALCUEVWY VEUPWVWV. A TO OKOTIO aUTO, eykaBldpuoape éva
TIPWTOKOAAO HE TO OTOL0 KATAOTEAAETAL N €kdpacn TNG avOpwrivng LOOUoPdNG
ON4R tng mpwrteivng T, yeyovog TOU €ixe w¢ amotéAeoua TNV avaotpodn tng
EMEWPUATIKAG HABNoNg. Auto TBavOv UTIOSELKVUEL OTL T YVWOTIKA EAAElMpATO
T(POKUTITOUV VAL HEV oo SUCAELTOUPYLKOUCG VEUPWVEG aAAd ABIkToug Kal owg va
elval emiong papuakoAoylkd avacTtpEPLpa Kal o aoBevelg, TOUAAXLOTOV TPV T
HeTayevéotepa eKUALOTIKA oTtadla TNG vooou. ldlaitepa onuavtikgy ATav n
napatipnon OtL n avactpodrn TNG EAAELMMOTIKAG HVAMNG ouvOudletol Kal WE
Toutoxpovn auvénon TwWV CUCOWHATWHATWY NG mpwteivng T. Ta pn SaAutd
cuoowpatwHata TG Tpwtelivng T €xouv  ouvdeBel AppnkTa  HE  TLG
VEUPOEKPUALOTIKEG T- MpwIieivomdbeleg, wotodco eival akopa acadeg mola €i6n
enmakplBws cupBaAlouv otn ToflkOTNTA, KABOTL €xel SelyOel OTL pmopel va emENBEeL
€KPUALON TWV VEUPWVWV Kol Xwpi¢ tnv dnuioupyia twv NFTs. Ta debdouéva otn
napovoa €peuva  umootnpilouv oBevapd TtV amoyn OTL Ta pn  SoAutd
CUCCWMOTWHATA €lvVOL TIPOOTOTEUTIKA OE VEUPWVIKEG Olepyaocieg (A €otw TIg
ETUTPEMOUV), OL omoie¢ amoteAolv tn Pdon ywa tnv efaptwpevn amd TNV
npwteivoolvOeon pvAun, PSD-M. AvaotoAr] oxnuatlopol TwV CUCCWHOTWUATWY
TwVv ON4R kat ON3R toopopdwyv ¢ mpwTeivne T pe To KA Tou peBuleviou, elxe wg
OUVETELQ TNV TIPOKANON €AAEWMUATIKAC MVAMNG, YEYOVOC TIOU UTOSELKVUEL OTL
dapuaka mov mpowbouv TN CUCCWHATWON UMopEel va elval kataAAnAdtepa yla TNV
Bepameia TwV YWWOTIKWY eAAEUUATWY o aoBeveilc pe AD, mapd ta pdpuaka ta
oroia §pouv aVACTAATIKA EVAVTL TNG CUCCWHATWONG, OTw¢ to MetBlu.
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3.2. Ewaywyn

To avBpwrivo yovidio T Bploketal oto xpwpoowua 17 otn yevetikn 6éon g21.1. Anod
TO EVOAAOKTLKO HATIOHA €VOG petaypddou mRNA mpokUMTouv €L LOOUOPPES TNG
npwteivng T otov eviAko avBpwrvo eykédalo (Andreadis, 2005), mou kupaivovtal
oe Uéyebog amd 352 £wg 441 apwotéa. OL oopopdEg autég Stadépouv amod tnv
amouoia f tnv mapouoia evog ) Vo evBécewv oto apLvo-TeAkd akpo (ON, 1IN, 2N),
o€ ouvduaouo Ue tn poodnkn tou e€wviou 10 1} Tov amokAelopd Tou amo to mRNA
(Andreadis et al., 1992). Auté oényeil oe oopopdéc pe 3 (loopopdég 3R) n 4
(loopopdég 4R) enavainelg oto kapPofu-teAlkd akpo (Goedert et al.,, 1989), ot
omoleg Sladpapatilouv KabBoplotikd poAo ot aAANAEMISPACEL HE  TOUG
HikpoowAnviokoug (Buée et al., 2000). Ot Siadopeg WOOUOPPEC EKTOC QMO TNV
Slapopormoinon Toug o€ AEITOUPYLKEC TIEPLOXEC, OTIWG OL TIEPLOXEC TTPOOSEDNC TWV
HKpoowAnviokwv (Goode et al., 2000), mapouvcialouv Stadopég Kat otn duactloloyia
TOUG KABWC Kal 0To MABOAOYLKO SUVAULKO TOUG. APKETEG UEAETEG €XOUV SeifeL OTL oL
SladpopeTikeC LoopopPECG mapouatalouv SLakPLTEG SLadopEC WG TPOG TNV TACH TOUG
va cuoowpatwvovtal (Adams et al.,, 2010), ta €i6n TwWV CUCCWHUATWUATWY TIOU
Snuoupyouv (Dinkel et al., 2011), w¢ MPOG TNV EMAVO-TONMOBETNON TOUC KATA TOV
oxnuotwopd twv NFTs (Hara et al., 2013); (Liu & Gotz, 2013), to SuVOULKO
dwodopuAiwong Toug Kat ToflkotnTag Toug (Sealey et al., 2017).

H avaloyia twv oopopdwv 3R mpog 4R otov eviAiko avBpwrivo eykébado eival
neptmou 1. Awatdpagn autig tng avaloyiag Twv loopopdwv OxeTiletal e TIC
aoBéveleg, umodelkvuovtag Tn onuacia Slatipnong MG LOOPPOTIOG TWV
toopopdwv 3R:4R oOTOUG UYLlElC veupwvec. EmMutAéov, €val XOPOAKTNPLOTIKO TOU
Slagopomotel Tg T- mpwrteivonmdBeleg, eival OtL Sev amavtatol OE OQUTEC O
OXNUATLOUOG TWV CUCCWHATWHATWY armo TiG (bleg oopopdég tng mpwrteivng T. MNa
napadelypa, otn vooco tou Alzheimer (AD), 0Aeg ol LoopopdEG tnG mpwteivng T
oxnuatilouv widla, evw oe AAAeg anoteAouvtal KUpiwg amo site 3R, 1.X. vOOOC TOU
Pick, eite amo 4R 1oopopdEg, T.X. 0TNV MPOOSEUTIKN UTIEPTIUPNVIKI TTAPAAUGCH, OTOV
dAoloBaocikd ekpuAlopo, kal otnv avola apyulodlikwv KOkkwv (Rabano et al.,
2013); (Spillantini & Goedert, 2013).

Ta pun SLKAUTA CUCOWHATWHOTO TNG MPWTEIVNC T €xouv ouvdeBel AppnKTa HE TIC
veupoekPuUALloTikéG T-mpwrteivondBbeleg (Delacourte & Buée, 2000); (Geschwind,
2003); (Trojanowski & Lee, 2005). O oXNUATIOMOC TWV VEUPOIVIOIKWY TAEYUATWV
daivetar va eivat koaboplotikn¢ onpoociag yw TV mnaboloyia twv T-
MPWTEIVOMABOELWY, WOTOCO Alya €lval yVWoTA Yyl TO UNXAVIOUO OXNUATIOMOU TOUG
KaBwg Kal yla tov poAo Twv evOLAUEOWV SLAAUTWVY OALYOUEPWV Kol Twv (EUYWV
ehikoeldbwv wiblwv. H umep-pwodopuliwon tng mpwteivng T oupPaAlel oto
oxnuatopd Twv NFTs, wotdco N CUCCWPEUCH TOUG amd HOVN TNG UMOopPEL va eival
OVETIAPKNG YL TNV TIPOKANGCN KUuTTaplkoU Bavatou, kaBotL peAéteg o€ acBeveig pe
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AD S8eiyvouv OTL N AMWAELD VEUPWVWV KOL TO YVWOTIKA EAAE(pOTO TTPONYOUVTAL TOU
oxnuotwopotv NFTs (Haroutunian et al, 2007). e &uadopa I{wikA HOVTEAQ,
ocuunephapBavopévng kat tg D. melanogaster, €xeL Selytel OTL T OALYOUEPN TNG
npwteivng T, ta omola epdavidovral mpv To oxnUAtiopo Twv NFTs, cupBaiAouv oto
BAavaTo TWV VEUPWVLIKWV KUTTApWV, evw Ta NFTs dev oxetilovtal pe avtov (Cowan et
al.,, 2012); (Lasagna-Reeves et al., 2011a); (Kim et al., 2016); (Cook et al., 2015).
ErutAéov, o€ oplopéveg €peuveg €xel SelyTel OTL pumopel va eméABeL ekdUALON TwV
VEUPWVWV Kal xwpic tn dnuioupyia NFTs (Papanikolopoulou & Skoulakis, 2011);
(Wang et al., 2015); (Wittmann et al., 2001); (Mudher et al., 2004). EmutpooBETwg, ot
o mpoodateg peAéteg deixvouv OTL n StapecoAafoupevn amd tnv mpwteivn T
SuoAeltoupyla kat To€lkOTNTA €V AMALTOUV CUCCWHATWON aAAd TtpoKkaAouvTal anod
™ StaAut dwodopuAlwpévn Mpwteilvn T, EVW O OPLOPEVEG UEAETEG in Vivo €XEL
SelyBel OTL oplopéva cucowpaTWHATA TNG TPWTElvng T, Wblaitepa ta oAlyouepn,
UMOpEel QKOPO KOl VO €XOUV TIPOOTOTEUTIKO POAO £€vavil tTNG TOEKOTNTOC TNG
npwteivng T (Cowan et al., 2015).

H xpnion tng D. melanogaster wg povtéAo twv T-mpwteivomabelwv €xel cUPPBAAEL
ONUAVTIKA OTn KATOVONOon TOU CUGCYXETIOMOU TNG TOELKOTNTAC TOU TopaTnpEital
OTOUG avOPWIOUG LE TN CUCCWPEUCN TWV UTEP-GWOPOPUALWHUEVWY TIPO —LVLSLWV
¢ npwteivng T (Wittmann et al., 2001); (Steinhilb et al., 2007a); (Steinhilb et al.,
2007b); (Feuillette et al., 2010). Mpdéodata, avayvwpiotnkav bSuo B€oelg

& xau n Thr?®

dwodopuliwonc tne mpwrtetvne T, n Ser® , WC amapaitnTec ywa ™
TOEIKOTNTA TNC oTa HLoXoeLdn cwpatia (Kosmidis et al., 2010); (Papanikolopoulou et
al., 2010) kat ywa Tnv poéwpn Bvnowuotnta (Papanikolopoulou & Skoulakis, 2015).
EruumAéov, BpEBnke 6tL n oopopdr) ON4R tng mpwteivng T kot 0L n Loopopdr) ON3R
nipokaAel eAAelppata otn pabnon kat pvnun (Sealey et al., 2017). Evw, kaBopLoTikog
elval 0 pohoc tne dwodopuliwonc otn Béon Ser’®? yia ta padnotakd eMeippara,
adou npoodata anodelyTtnke OTL AVILKATAOTAON TNG UE aAavivn Sivel pualoloyikn

anodoon Twv {wwv otn pabnon (Papanikolopoulou & Skoulakis, 2015).

Qotoo0, éva anod to BAacIKA EPWTHUATA TTOU TPOKUTITOUV OO OAEG TIC TTOPATIAVW
€peuveg elval av ta eMelppata otn pddnon kot PvAun €ival anodppola pn
ovaoTPEP LWV SUCAELTOUPYLWV 1} EKGUALCUEVWV VEUPWVWV. NPONYOUEVEG EPEUVEG
0€ HOVTEAQ SLayOVIOLOKWY TIOVTIKWY PE puBbulopevn €kdpoon Twv HETAAAAEE WV
P301L kat AK280 oto yevetiko umoBabpo tng ON4R wopopdng, €6st€av oOtL n
KATOOTOAN €kdpaong TG MPWTEIVNG T BEATIWVEL TN MVAUN, XWPIG OUWC VO LELWVEL
KOl Ta JeyaAa cucowpatwpoata (Santacruz et al., 2005); (Sydow et al., 2011); (Van
der Jeugd et al., 2012). Qot600, OAEC OL APATIAVW EPEUVEG £XOUV XPNOLLOTIOLNOEL
HeTaAAaypéEves popdég TG mpwtelvng T katl umapyxel EAewpn dedouévwy yla tnv
npwteivn T ayplou TUMOU. JUVEMWC, €VOG QMO TOUC TPWTAPXLKOUC OTOXOUG TNG
mapovoag €peuvag eival va SLEPEUVACOUUE av Tta eAAelppata otn pabnon Kat
UVAUN MmopolV va  avaotpadoUv Kol OTO  TELPOMATIKO HOVTEAO Twv T-

212



npwteivonaBewwv TG D. melanogaster, pe xpnon O6wdopwv LOoHoPdWY TNG
MPpWTeivng T ayplou TtUmMou. H umdbeon mou €xeL tebel elval OTL TA YVWOTIKA
eMelppata mou pokUTTtouv Adyw €kdpaong T MPpwTeivng T TPOKUTITOUV VOl HEV
oo SUCAELTOUPYIKOUC VEUPWVEG aAAd mpodavwg ABIKTOUG Kal (ow¢ autd va
UTIOSELKVUEL OTL Ta €AAElppaTa autd Mmopel va eival emiong doapuakoloylka
avaoTpEPLUa Kol o€ aoBevelg, TOUAAXLOTOV TIPLV TA TEAIKA oTadla tng vooou (Braak
& Braak, 1996); (Lee et al., 2001).

ErutAéov, éva akopa Backo epwinupa mou TiBetal otn mapovoa £peuva, €ival o
POAOG TWV CUCCWUOTWHATWY OE VEUPWVLIKEG dlepyacieg, oL omoieg amoteAouv Tn
Bdaon yla tnv e€aptwpevn anod v npwteivoouvBeon pvnun, PSD-M, otn Drosophila.
Mpog amocadnvion TOU TAPANMAVW EPWTNUATOC EYLVE XPrion TOU QVOOTOALQ
OXNUOTIOUOU CUCCWHATWUATWY, TOU UITAE Tou peBuleviou (MetBlu). To MetBlu éxet
xpnotpomnotnBel o dtadopeg LEAETEC, CUUTIEPIAAUBOAVOUEVOU KOL TOU TIELPAUOTLKOU
HOVTEAOU TIOVTLIKOU TNG METWIOKPOTAPIKNAG Avolag, Kal €xel Selytel OTL n xoprnynon
TOU QTOTPEMEL N eMAVOPEPEL TIG YVWOTIKEG Asttoupyieg (Santacruz et al., 2005);
(Sydow et al., 2011); (Van der Jeugd et al., 2012). Qotéoo, 6tav 1o MetBlu
Sokipdotnke oe aocBeveic pe AD kal mépaoe otig Sokipeg paong I, Sev anédwoe ta
embupunta amnoteAéopata (Gauthier et al., 2016). MiBavotata o Adyog amotuxiag
TOU OUYKEKPLUEVOU GOPUAKOU NTAV OTL OVOOTEANEL OUYKEKPLUEVEG HOPDEC
CUOOWMOTWHATWY Kal OxL yla tapadelypa To oxnuatiopo twv GTOs (Soeda et al.,
2015). e dladopeg pehéteg €xel Seiytel OtL Kal ta GTOs, punopet va dtadpapatilouv
0UOCLAOTIKO pOAo oti¢ Slepyaoieg tofikotntag (Cowan & Mudher, 2013), evw akopa
Kal ta StaAutd oAlyopepn tng mpwteivng T elval unevBuva yla tnv €€EALEN TNG
vooou (Shin et al., 2020).

ZuAloylkd n mapovoa €psuva poll He To amoteAéopata AAAWY EPEUVWV EXEL WG
oTOX0 va amocadnvicel av ol YWwoTlkéG SuoAettoupyieg Twv T-mpwteivomabelwy
glval anoppola SUCAELTOUPYLKWV KoL EKGUALOUEVWVY 1) ABIKTWYV VEUPWVWY, KOBwWG
KaL Tou poAou mou Sladpapatilouv To cucowpatwWUOTa OTlG Slepyaocieg mou
omoLTouvTaL yla TNV €EaptwHevn amod tnv TpwieivoouvBeon pvAun. MBavov
dAapuaKa TTOU OTOXEVOUV TN CUCCWHATWON TNE MPWTIELVNG T, KOL CUYKEKPLUEVA TNV
eMAyouv, va ivat KataAAnAdtepa yla tnv Bepameia Twv YVwWOoTIKwY SUCAELTOUPYLWY
otov avBpwro.

3.3.  YAwa ko péBodot
3.3.1. KaAAiépyela kaw oteAéxn Drosophila melanogaster
OL Swaotavpwoelg tne Drosophila mpaypatomownOnkav pallkd oe cuvndn tpodn

TIOU TEPLEXEL QaAgUpL oltou, Taxapn, oAeupt ocoylag kat CaCl,. Ou KaAAEpyeleg
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npaypatonow|nkav otoug 18°C pe vypoaoio 50-70% oe 12 wpeg KUKAO
dwTt6G/0oKoTASLOU, EKTOC TWV MEPLTTWOEWVY TIOU UTTOSEIKVUETAL KATL SladopeTiko. Ot
EMAYWYELC TTOU YPNOLHoToWONKAV €ivat Lot TNV TaV-VEUPWVLIKA £ékdpacn o Elavt>-
Gal4; TubGal80"™ kat yia TNV ékppacn oe OAA Ta. HLOXOELSH cwHdTa, 0 LeoMB-Gal4;

TubGalg0®.

MNa ™ dnuoupyia Twv dtayovidlakwy puywv tng avBpwrivng ON4R woopopdrg mou
éxeL elooxBel oe ouykekpuévn Béon (ON4AR® kot ON4R®?) xpnotpomolbnke o
Baktnplakog mMAacutdlakog dopéag pGEX-5x mou ekdppalel tnv oopopdry ON4AR tng
npwteivng T, o omolog eAdOn amd tov Ap. Martin Chow (Mavemot)ulo tou
Kevtakl). To cDNA kAwvomnolnOnke otov popéa pUAS.attB (Bischof et al., 2007) pe
XPNon Twv TEPLoPLoTIKWwY evivuwv Bgl II/Xbal. H owot aA\nAouxia Twv
pHeTaA aypaTwy erBeBalwdnke pe TNV TEXVLKN TNG aAAnAouxiong (sequencing, VBC-
biotech). Ot StayoviSlakeg puyeg dnuoupyndnkav pe tn Bonbela tou phiC31 amo
v BestGene Inc. (Chino Hills, CA, Hvwuéveg MoAwteieg). Ta DNAs glonxbnoav otn
Béon  53B2 kat ZH-86Fb TtOU YyOVISLWUATOC KOL OUYKEKPLUEVA OTO OeUTEPO
XPWHOOWHO Kal Tpito xpwpoowua avtiotowya (BDSC #9736 kat BDSC#24749). To
SU\d SlayoviSlako otéhexoc yia tv ON4R woopopdr tne mpwteivne T (ON4R?)
KATAOKEUAOTNKE HE KOTAAANAEG SLACTAUPWOEL TwV dV0 Mapamavw Slayovidiwv
(ON4R?! kat ON4R?%) kat cuvemwc mepléxet to ON4R™ Siayovidlo oto Seltepo
XpwHOoWHA Kot To ON4R? oto Tpito XpwHdowpa. Ot StayoviSLlakée HUVES Yo TV
avBpwrivn oopopdry ON4R tn¢ mpwteivng T mMou €Xouv KATAOKEUOOTEL O TUYOLA

ON4R

gloayopevn 6€on (hTau ", ON4R) eAndOnoav anod tnv M. Feany (latptkr ZxoAn tou

XapBapvt, Bootwvn, Hvwpéveg NoAtteieg).

MNa tnv Olevépyelad TwV TEWPOAUATWY TOU  Teplypadovial  MAPAKATW
ipayuatonotionkav ot KAtdAANAeg SLACTAUPWOELS KAl OL TIELPAUATIKOL amoyovol
eMAEXONoAv Katd nepimtwaon, Onwc neplypdadovtol mapakaTw:

MUyeg melpapatikol eAEyxou. Emloyrn 6Awv Twv amoyovwy:

— —_—

Elav*'*>-Gal4; TubGal80"

1118

—

OnAuka ] A X Aposvika w

| LeoMB-Gal4; TubGal80" |

MUyeg melpapatikol eAEyxou. Emloyn OAwv Twv amoyovwy:

OnAukd w''® X Apoevikd ON4R fj ON4R®! j ON4R®? fj ON4R*

214



MNelpopatikeg MUyec. Emloyn OAWV TWV amoyovwy:

Elav*'*>-Gal4; TubGal80™

1

OnAukd — N — X Apoevikd ON4R rj ON4R?*!

LeoMB-Gal4; TubGal80" Al ON4R®? fj ON4R*

3.3.2. Avocoanotunwon Npwteivwyv katda Western

MNa tnv afloAdoynon Twv OUVOAKKWV eTuMESwWVY ékdpaong NG mpwrisivng T
TipayHOTOMOLBnKe avoooamotunwaon Mpwteivwy katd Western. Ma tv avaiuon
TwV SelypdTwY, CUVOALKA 4-5 KePAAla amo evAALKEG HUYEG NAKLOG avaAoya PE TV
TEPUMTWON KL OMWC UTIOSEIKVUETAL TAPAKATW, opoyevomoldnkav os 20ul
puBulotikov StoAupatog 1X Laemmli (50 mM Tris pH 6.8, 5% 2- pepkantoat®avoAn,
2% SDS, 10% yAukepoAn kat 0.01% pmAe tng Bpwpodatvodng), kat adebnkav va
Bpdoouv otoug 95°C yia 5 Aemtd Kal eV ouvexeiot puyokevtpRBnkav yia 5 Aemtd oTig
14000 RPM og Bepuokpacio Swuatiou. Ma TNV KAVOVIKOTOINoN TwV SELYUATWY Kal
v e€dhelPn opoApdtwy Katd tn Goptwon Twv SEYUATWVY XpNnoLUonoLlOnke to
MPWTOYeVEC avtiowpa ocuvtaéivn (mAb 8C3, Developmental Hybridoma Bank) oe
ouykévtpwon 1: 5.000. To MPWTOYEVEC aVTIOWHA TIOU XPNOLUOTIOLRONKE £vavTl TNG
oAwkng mpwtelvng T elvat to T46 (Invitrogen) oe ouykévipwon 1:3000. Ta
Seutepoyevn avtlowpata xpnowdomnowtnkav o cuykévipwon 1:5000 kal To onua
avixveuBbnke pe xnuelopwrtavyela (ECL plus).

3.3.3. Aokipacia SiaAvtotntag NG MPwTeivng T ylad EUMAOUTIONO TWV
OALyopEpWV

H O6wdkaocio aut XpnOWWOMOLETAL Yyl TNV KATAUETPNON Twv adldAuTtwy
oAlyopepwv tng mpwteivng T, Omwc mponyoupévwe £xel meplypadet (Cowan et al.,
2015). ZuvoAwka 30 kedaAla oo TIG MELPAPOTIKEG LUYEG EAEYXOU OLOYEVOTIOLOUVTAL
o€ 120 pl puButotikol Stadvpatog TBS/coukpolng (50 mM Tris-HCl pH 7,4, 175 mM
NaCl, 1 M ocoukpoln, 5 mM EDTA kal piypa ovaoTOAEWV TIPWTEACNC). ITn CUVEXELQ,
ta Selyparta puyokevrpouvtal yla 2 Aemtad ota 1000 g kot to ilnpua amoppintetal. To
umepkeipevo ¢uyokevtpeital ota 186.000 g ywa 2 wpeg kot otoug 4°C. To
UTIEPKELEVO TIOU TIpOKUTITEL avadépetal we delypa "S1" - udatodlaAutod kKAdaoua. To
ilnua enavalwpsitol os pubuotikd StdAvpa 5% SDS/TBS (50 mM Tris-HCl pH 7,4,
175 mM NaCl, 5% SDS) kat puyokevipeitat ota 186.000 g yia 2 wpeg otoug 25°C. To
UTIEPKELEVO TIOU TipokUTTEL avadépetal w¢ deiypa "S2" - SlaAuto oe SDS, un
vSatobLOAUTO KAAopa. TéAog, pla TAUON Tou WNAUATOG TPAYUATONOLE(TOL e
enavadldAuor tou og puBbuLoTIKO StdAupa 5% SDS/TBS (50 mM Tris-HCl pH 7,4, 175
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mM NaCl, 5% SDS kal HiypHa OVOOTOAEWV TPWTIEAONG) KOl OTN OCUVEXELX
duyokevrpeital ota 186.000 g yia 2 wpeg otoug 25°C. To unepkeipevo anopplntetal
Kal To Wnua enavadlalveTal o pubuLoTtiko StaAupa oupiag 8 M, 8% SDS (50 mM
Tris-HCl pH 7,4, 175 mM NaCl, 8% SDS, 8 M oupia kol piypa ovooTtoAéwv
MPWTEAONC) Kat adrvetal untd avadeuon yla 12-18 wpeg oe Bepuokpaocia Swuatiov
(6elypa "S3"). OAa ta Selyparta apatwvovtal oe 2X puBULoTIKO Stalupa Laemmli kat
adnvovralr va Bpacouv ywa 5 Aemta. To "S1" kat 1o "S2" doptwvovtal o€
Looduvapoug 0ykoug), evw n SutAddoia moootnta tou "S3" poptwvetal og olyKplon
pe 1o "S1" kat to "S2".

3.3.4. Efaywyn tou RNA ko RT-PCR

H Stadikaciao autr xpnoLlomoleital, Onwe £xel meplypadel mponyoupévwg (Prifti et
al,, 2021). To oAik6 RNA &&nxbn amod TG kePAAEC HUYWV XPNOLUOTIOLWVTAG TO
avtidpaotipo TRI Reagent® (Sigma-Aldrich) kat akoAouBwvtag tig odnyieg tou
Kataokevaoth. H avtidpaon avtiotpodng petaypadng amd oAikd RNA mou £xel
unootel emnefepyacioa pe DNase | 8le€nxdn xpnolomowwvtag tv avtiotpodn
Tpavkpurttaon SuperScript® Il (Invitrogen). Asiypota 1 pl cDNA ano kabe avtidpaon
RT umoBAnOnkav otn cuvéxela oe PCR xpnolpomowwvtag tnv Go Taq® Flexi DNA
moAupepdon (Promega, Madison, WI, USA). Ot nui-moootikég avaAuoel PCR
TPAYUATOTONONKOV ~ XPNOLUOTIOLWVTAG  TIC  OKOAOUBEC OUVONKEG:  apyKa
pHetovoiwon otoug 95°C yla 10 Aemtd kat akoAoUBw¢ 28 KUKAOL, 610U 0 KABe KUKAOG
ouviotatal oe éva PBApa amnodidtaéng tou DNA otoug 95°C yia 1 Aemtd Kal otn
ouveéxela uBpldomnoinon Twv ekkvNTWV otoug 62°C yla 40 SeutepOAEmTa KAl EMELTA
ETUUNAKUVON TOU €KKWNTA otoug 72°C yla 1 Aemto. Ma TNV KAVOVIKOTOlnon Twv
Selypatwv xpnowuorowiBnke to plpoowplkd yovidlo rp49. OL eKKIVNTEG TOU
xpnotpornownkayv eivat ot €€N¢:

Tau-F: 5'-CCCGCACCCCGTCCCTTCC-3'
Tau-R: 5-GATCTCCGCCCCGTGGTCTGTCTT-3'
rp49-F: 5'-GATCGTGAAGAAGCGCAC-3' kat

rp49-R: 5'-CTTCTTGAATCCGGTGGG-3'.

3.3.5. Npocdloplopdg npoodokipou {wng o€ evijAka {wa Drosophila

MNa tov mpoodloplopod tn¢ dlapkelag {wng xpnolonolibnkav oL apoevikol eviAikol
andyovol amd TIC SLoTAUPWOELS Tou emaywyéa Elave>>-Gald; TubGal80® ue to
ekdotote Slayovidlo T f pe TG MOyeC mewpapatikol ehéyxou (w'®). O
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Slaotaupwoelg mpaypatonot)dnkav otoug 18°C kat otn cuvéxela 15 ouddeg twv 20
eVAAKWY 0POEVIKWV HUYWV (300 poyeg avd yevotumo) petadépdnkav otoug 30°C.
KaBe 3 pépeg ol puyeg petadépovtal o kawoupyla dlaiidia pe véa tpodn Kat
kataypddetal o aplOuog twv puywv mou nebaivouv. MNa tov mpoodloplopd tou
npoobokipou {wng unmd xopnynon MetBlu, ta ¢loAidla mepleiyav TNV avtiotolyn
ouykévtpwon MetBlu ava nepimtwon péoa otn tpodn. MNa tnv eaywyn TOU
QMOTEAECUATOG MpayaTonotOnkav Suo avefdaptnta nelpapata.

3.3.6. Xpnon ¢apupakouv

Na tov npoodloplopod tng enidpaonc tou MetBlu, eite oto mpoodokipo Lwng eite ota
ouumEepLPOPLKA TIELpApATA, XopnynOnke pmAe tou pebuleviou (Sigma-Aldrich), otig
OUYKEVTPWOELS ToU avadépovtal ava mepimtwon. To UmAe tou peBuleviou
xopnyndnke pall pe tnv teodn. Ol CUYKEVIPWOEL( TIOU Xpnolpomoldnkav oava
nepintwon Arav 10, 50, 100, 250, 500, 1000uM.

3.3.7. AoKlpaoia CUVELPHLIKAG HABNONG KAl UVANG 0 EVAALKEG LUYEG

Mo va mpaypatononBolv ta MelpApata HAbnong Kal HVAKNG, APOEVIKEG LUYEC TTOU
gxouv ta OSlayovibta t™¢ ON4R n t¢ ON3R wopopdng tng mpwrteivng T
Slaotaupwdnkav pe OnAukd Elav>>GAL4;TubGAL8O™ 1 pe LeoMBGal4;TubGal80™
kot TomoPetiBnkav otouc 18°C. Ou evAAikeg uUYeC amd TIC TOPATIAVW
SLaoTaUPWOELS, UMEXBNKaV ot véa prmtoukdALa Kot TormoBetBnkav otoug 30°C yia
12 nuépeg, wote va enaxBel n ékdppaon tng mpwteivng T. KaBe 3 nuépeg, oL HUYEC
HeTadEpovTal o VEa UmoukdAa pe kowvoUpyla Tpodr. Tnv 11" nuépa, ot pOyeg
xwpilovtat oe opadeg Twv 50-70 Iwwv ot o¢laAibla pe  TPOdn KAl
enavatonoBetovvrat otou¢ 30°C yia OAn t voxta. 1-2 WPEC TPV TN TELPAUATLKN
Stadkaoia, ol puyeg petadepovtal oe véa pLaiidla pe kawvoupyla Tpodn.

Mna va mpaypatonotnbolv ta MEPAPATA aAvaoTPodrC tTNG EAAELUUOTIKAG UVANG,
adou akoAoubnBnke n mapandvw Swadlkooia, oTtn  CUVEXELM OL HUYEC
petadépdnkav otoug 18°C yia 10 nuépec. Kabe Vo nuépeg oL piyeg petadépovral
oe Véa Tpodr. ITI( TEPUTTWOEL TIOU xpnoldomow}bnke to MetBlu yua ta
ouuneplPopka Melpapata, xopnynodnke pall pe tnv tpodn oTIC CUYKEVIPWOELG TTOU
avadépovral ava nepintwon. Ot cuvBnkeg Slatrpnong Twv puywv oto MetBlu ntav
oL (61leg e TIG ouvBnKeg XwpPLg xopnynon papudakou.

OAa ta ouuTEPLOPLIKA TIEWPAUATA TIPayHOTOroOnkav umd XopunAd epubpo
dwtlopo, otoug 24-25°C kal o€ uvypacia 65-75%. OAoL oL yovotumoL Tou
eUMAéKovTal oe éva Telpapa eAéyxovtav ava nuépa. lMNa tnv péETpnon tNng
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lkavotntag pabnong (immediate) xpnolpomolnOnke TO TMOPASELYHA  TNG
naBAoBLlavig apvnTikng ooppnTikng pabnong cuvbualovtag TiG anwOnTIKEG OOUEG
Bevlalbelidn (BNZ) kat 3-oktavoln (OCT) apawwpuéveg oe AadL (6% v/v yia BNZ kat
50% v/v yia OCT) w¢ e€aptnuéva epebiopata (CS+ kat CS-) e TO NAEKTPLKO COK WG
un e€aptnuévo epéBlopa (US). MNa tnv ekmaibevon, pa opada 50-70 puywv
EKTIOETAL OpXKWE OTn TPwTn ooun ywa 40 SeutepOAenta o€ ouvluaouO HE
enavohappavopeva ook Twv 90 V (ouvoAlkd 8 nAektpikd ook Ttwv 1,25
SeutepoAéntwy pe Swaotnua mavong 4,5 deutepoAémtwy). AKOAOUBWCE oL HUYEC
ektiBevtal yia 30 SsutepoOAemrta o a€pa Kal oTn cUVEXELa otn deUTePn ooun yla 40
SeutepOAenTa XWPILG OUWC TO NAEKTPIKA OOK Kol TEAOG ot aépa yla aAAa 30
SdeutepoOhenta. KaBe melpapatiky Sokiur meplapfdavel SUo opAdEG HUYWV TOU
t&lou yevotuTou, oL omoleg ekmatdevovTol TAUTOXPOVA UE TPOTIO TIOU N HLa opada
va anogevyel Tn BevlaAdeidn kat n AAAn opdda va anodpeUyeL TNV OKTOVOAN, EVW N
avtibetn ooun xpnowpomoleital kabe dopd wg oopn eAéyxou. TEAOC UETA TNV
eknaidevon, kat ot U0 ouadeg puywv adnvovral va emdééouv peTaly Twv Vo
00UWV (XWPLG NAEKTPLKO ooK) yia 90 deutepOAenta.

Ma tov mMPooSloplopd eAEYXOU TNG AMOS00NC TWV HUYWVY, ETIELTA OO EKTETAUEVN
eknaidbevon (immediate 5X), ot puyeg umofaMovtal otnv dla dadikaocia Tou
neplypadnke mapandavw Ue tn dtadopa otL yivetal xprion 12 nAektpikwyv ook US/CS
oe 60 deutepolenta kat n dtadikaocia emavalapBavetal GUVOALKA TIEVTE POPEC LE
peoodlaotnua mavong 15 Aemtwv. TEAOG, Ol HUYEC AUECWG META TNV ekmaideuon
adnvovtal va emidééouv petatl Twv dU0 oopwv (XWPLG NAEKTPKO ooK) ylor 90
bdeutepOAemTa.

Ma ta nelpapata eA&yxou t¢ €EAPTWHEVNG OO TNV TMPWTEIVIKN ouvBeon UVAUNG
(PSD-M, 24hr spaced), ot pUyec umtoBaAAovtal og 12 nAektpikd ook US/CS ava kUkAo
KOL OE OUVOALKA TIEVTE TETOLOUG emavaAapPavopevoug KUKAOUG ekmaideuvong e
Staotnua mavong 15 Aemtwv peTatly toucg. Evw yla ta melpapata EAEyxou NG
ave€aptntng amo tnv mpwrteivoouvBeon pvAung (PSI-M, 24hr massed), ot pUyeg
urtoBaMovtat o€ 12 nAektpkd ook US/CS avd KUKAO KoL 0E CUVOALKA TEVTE TETOLOUC
enavalappavopevoug KUKAOUG ekmaibeuong, xwpig opwe to Sidotnua mavong 15
AeMTWV PETOEL TWV KUKAWV. ITIC MEPUTTWOELG EAEyXou TNG PSD-M kat PSI-M pvAiung,
ol pUyeg PeTA tnv ekmaidevon, petadépovral oe LaAidla pe tpodn kot adrivovral
otoug 18°C yiwa 24 wpec. Téhog, oL plyeg petadépovial o M cuokeun T-
AaBupivBou kat adrivovtat va emihééouv peTall Twv SU0 oopwV (XWPLE NAEKTPLKO
ooK) yla 90 eutepoOAemra.

O 6eiktng amodooncg (Performance Index, Pl) urtoAoyiloTnKe wg To KAAGHA TWV HUYWV
mou amodelyouv TN cuvOeSEUEVN HE TO NAEKTPIKO 0OK oour, CS+, peiov To KAAopa
TWV HUYywWV TIou amodelyouv Tnv ooun eAéyxou, CS-, SLaLPOUEVO TIPOG TO GUVOALKO
oplOpo twv puywv. O teAkog deiktng amddoong (Pl) unmoAoyiletal wg to péEco 6po
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TWV SV NULOU AOYWV yLat KABE pia armo TIg opades Twv {wwv Tou ekmaldevovtal ota
OUMMANPwHATIKA epebiopata (eite pe PeviaAdelibn elte pe 3-oktavoAn) kat
Kupaivetot amno 0 €éwg 100.

3.3.8. Itartiotikr) AvaAuon

Mo TNV TOCOTIKOMOLNGCN TwV SEYUATWY KATA TNV avocoamnotunwon katd Western
TIPOLYLOTOTIOL BNKE TIUKVOUETPLA Kal UTIOAOYLOTNKE 0 AOYOG TNG OXETLKNG TOCOTNTAG
™G MPWTEivng T 0€ Oox€on E TN OXETIKN moootnTa TnG ouvtagivng (Syx). O Adyog Twv
Sewypatwv eAéyxou opiotnke w¢ 1 Kat OAoL oL AdyolL OXETIKNG TOCOTNTAC
avadépovral oe oxéon HE auto. O PECOG OPOG KAl Ol TIUEG TUTILKOU OPAAUATOC
(SEM) ouykpivovtal apxkwg pe tn HEBodo ANOVA kot autd mou €xouv dladopeg
OTN CUVEXELA ouyKpivovtal pe Tn Soklpacio Dunnett’s.

Ta debopéva amo ta CUUTEPLPOPLKA TIELPAUATA aAVOAUONKAV TIUPAUETPIKA HUE TO
OTATIOTIKO Tpoypapupa  JMP 7.1 (SAS Institute Inc.) kat umoAoylotnke n
ONUAVTIKOTNTA Tou amoteAéopato¢ pe ANOVA. Meta tnv apxtkn Betiky ANOVA,
T(PAYLATOTIOLONKOV TPOYPAUUATIOMEVESG TIOAAATIAEC CUYKPILOELG, XPNOLLOTIOLWVTOG
p-TLun=0,05. Z& OPLOPEVEG TEPUTTWOEL HeTA Tt BOetikp ANOVA akoAouBnoe
Tepaltépw avaAuon pe t Sokipacio Dunnett’s.

Ta Oebopéva amd Ta TEPAPOTO TPOOOLOPLOHOU TOU TPOCOOKIHoU WG
avaAlBnkav yla tnv kaBe nuépa pe tn BonBeLla TOU OTATLOTIKOU Ttpoypdppato JMP
7.1 (SAS Institute Inc.) pe tn HéBodo Wilcoxon/Kruskal-Wallis. Na avtd mou
TIOPOUCLACTNKAV ONUAVTIKEG SLadOopEG UTMOAOYIOTNKE TO PECO OPO KAl TO TUTIKO
odalpa yla KOs yeVOTUTIO Kal CUYKPLONKE HE TIG HUYEC TIELPAUATIKOU EAEYXOU LE
xpron tng uebodovu Steel.

NETITOUEPN OTATIOTIKA OTOLXELD OAWV TWV TEWPAUATWY avodEpovtal £(Te oTo
KelPEVO €lTE OTOUG CUUMANPWHATIKOUG TIVAKEG.

3.4. AnoteAéopata

3.4.1. Ekdpaon ™ avlpwrmivng woopopdrnc ON4AR tn¢ mpwrteivng T oto KNI
EVNAIKWYV MUYWV TPOKOAEL EAAEpOTA OTN OUVELPHIKR HAOnon Kat otnv
€£QPTWHEVN Ao TN MPWTEIVOCUVOEDN UVAN.

H e\t ¢ ocuvelpulkn padbnon €xel BpeBbel otL epdaviletal petd amo 12 nUEPEG TTav-
VEUPWVIKAC €KPpaonc TS avBpwmvng toopopdrc ON4R ¢ mpwteivng T (hTau™ )
OTLG eVAAKEG HUYeG (Papanikolopoulou et al., 2015); (Sealey et al., 2017). Meta amnoé

6 NUEPEC Ekppaonc TS avBpwrvng wopopdric ON4R tne mpwteivne T (hTau™F), n
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nadbnon eivat ducloloyikr, eV Mapouoldlel Loxupd podnotakd eAeippato tnv 12"
nuépa (Ewkdva 3- 1A), emaAnBelovtag £T0L KAl 0TO HOVTEAO T-MPWTEIVOMABELWVY TNG
Drosophila, tn xpovika e€aptwpevn ekdNAwon TG VEUPWVIKAG SducAeltoupylag,
onwg epdaviletal kot otoug avBpwroud. MNa va mpoodloploTel €AV KTOC Amod TNV
eA\ pabnon, n ékdpaon g woopopdng ON4R g mpwrteivng T odnyel kal oe
Tapopola eAAE(MUATA OTN UVAUN HE SLAaKPLTO TPOTO €EAPTWHEVO OO TO XPOVO,
afloloynbnke n amodoon Twv HUYWV 24 wWPEG UETA TNV ekmaibevon He 5
enavohappavopevouc kKUKAoug ekmaidsuong, pe 12 nAektpikd ook CS/US ava KUKAO,
Kal pe 15 Aemtd pecodlaotnua mavong Hetafy Twv KUKAwv (Spaced Training). H
HEBoSOGC auT XpnoloToOLlEiTal yla TN HETPNOn TtNG €€APTWHEVNG OO TNV
npwteivoolvBeon pvAung (PSD-M) (Tully et al.,, 1994). H PSD-M eudaviotnke
dUGCLOAOYIKI LETA OO 6 NUEPEG, EVW TTAPOUCLACTNKE LOXUPO EAAELUUO LETA Ao 12
nuépec éxbpaonc tne hTau™*® (Ewéva 3- 1B).

A IMMEDIATE B 24HR SPACED
ElavGal4; ElavGal4; ElavGal4; ElavGal4;
80 1 Galso® > Galgo: > 50 1 Galgo® > Galso® >
45 -
5701 g
T 60 - g0
S 535
g 50 1 830 |
g a0 525 1
§ 30 | §20 ;
15 20 - 1515 1
& ., | 6 DAYS 12 DAYS al0 7 6 DAYS 12 DAYS
5 4
1L T 5
AL 2 n: AL 2 [ A n: ] n: A n: 2 o
2 a < 2 o b o« 2 of 3 < 2 o a <
0 Z 2 = 0 Z 2 = 0 Z 2 = 0 Z 2 =z
2 Q [=] 2 Q (=] 2 [=] [=] 2 Q [=]

Ewkova 3- 1. Ekdppaon tng avOpwriivng ON4R woopopdrig tng npwrteivng T mpokalei eAAeippata otn
HABNnoN KoL otV €SOPTWHEVN OO TN MPWTIEIVIKA 6UVOEON UVARN LE TPOTO £APTWHEVO QMO TO
Xpovo. H ékdbpacn tng ON4R woopopdic tng mpwrteivng T mpaypatomnoleital uno tov emaywyéa Elav-
GAL4;TubGAL80®. OL SL00TOUPWOELS TPAYHATOTOOUVTAL oTouc 18°C kot ot eVANKEC HOYES
tomoBetouvtal otou¢ 30°C yia 6 | 12 nuépec mpwv T Tpayuatonoinon tn¢ Sokwaoioag. (A) H

MR rpokaet coBapd eMeippata otn pddnon (IMMEDIATE), £netta and enoywyn

€kdpaon tng hTau
™G ékdpaong yia 12 nuépeg (p<0.001, Dunnett's test, n>12 avd yevoTumo), evw Kapio oTATIOTKA
onuavtiky Sladopd dev mapouctdletal £netta and enaywyn tng ékdpaong ywa 6 nuépes. (B) H
€kdppacn g hTau™*® nipokaAel coBapd eAAeippata otnv eEOpTWHEVN ATO TNV MpwTEivoolvBeon
pvAun (24HR SPACED), énetta amo enaywyn tng ékdpaong yia 12 nuépeg (p<0.001, Dunnett's test,
n>14 avd yevoTuTO), VW Kapia OTATIOTIKA onuaviikn Stadopd Sev mapouclaletal £Melta amno

EMaywyn tn¢ ékbpaong yLa 6 NUEPEG.

Ta anoteAéopata autd BETouv To epwTNHa €&V n cucowpeuon ¢ hTau™® énerta

oo 12 nuépeg, eMIOTMEVSEL L YEVIKOTEPN VEUPWVLIK SUOCAELTOUPYLO 1} VEUPO-
TOEIKOTNTA, TTOU aVTLIKATONTPLlETAL UE TA LoXUPA EAAElHpOTA OTN LABNON Kal UvAun,
N XEPOTEPEVEL OUYKEKPLUEVEC OLASIKAOIEC TAAOTIKOTNTOAG KOL CUUTIEPLDOPLKECS
Slepyaoiec. MNa 1o Adyo auto, StepeuviOnke n dueon anodoon (LaBnon) peta ano 5
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KUKAOUG eKTETAUEVNC ekmaidevong e 12 nAsktpka ook CS/US ava KUKAO Kal pe 15
Aentd pecodldotnua mavong METaly Twv KUKAwv (Gouzi et al., 2018). H dueon
anodoon twv {wwv, EMELTA OO TNV EKTETAUEVN ekmaidevon (Immediate 5X) ntav
MR v 12 nuépeg
napouotalouv Sl anddoon pe ta {wa Tepapatikol eAéyxou (Ewkova 3- 2A).

duooloyikn, &nAadnp ta Iwa mou ocucowpevouv hTau

ErutAéov, n avetaptntn and tnv npwreivikr ouvBeon pvnun (PSI-M), mou mapdyetal
Enerta and 5 enavolappavopevoug KUKAouG ekmaibeuong xwpig OpwG va
pneoohafel to pecodlaotriparta twv 15 Aemtwv (Tully et al., 1994), dev ennpealetal

ON4R (Ewdva 3- 2B). EMOpévwe, Qv KOL N GUGCWPEUCH TNC

amnod tnv ékppaon tng hTau
hTau®™® oto evihiko KNE tnc Drosophila mpokoAei pabnotakd eMeippota énetta
anod 12 nuépeg emaywyng tng €kdpaong, auto To EAAelUpa Unopel va avaotpadel
ETIELTOL OO EKTETAUEVN eKTaidevon Twv {wwv, utoSnAwvovTtag Pe auTtd Tov TPOTOo
OTL €lvalL QTOTEAECUA MELWHUEVNG VEUPWVIKNG QTTOTEAECUATIKOTNTAG. EMumAéoy, ano
T Suo popdEG pvRung (PSD-M kat PSI-M), povo n e€aptwpevn anod tnv MPwTeiviki
ouvBeon pvAun (PSD-M) mapouctalel eMelppata, EMETA QMO TNV EMAYWYN

ékdppaonc te hTau™® yua 12 nuépec, umodnhwvovtag 4Tl n CUGCWPEUCN TNC
hTau™®  emnpedlet ™ petddpoon, Omwe mpdodata  €xel  avadepbel

(Papanikolopoulou et al., 2019) kat adprvel apetaBAntn tnv PSI-M.

A IMMEDIATE 5X B 24HR MASSED
EIavG:I4; ElavGal4;
80 Gal80* > 50 Gal80ts >
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Ewkova 3- 2. Ekdpaon tn avOpwrivng ON4AR woopopdng tng npwreivng T napouctalel puotoloyikn
Habnon £newta and eKTetapévn eknaideuon kot ¢uotodoyikry PSI-M. H ékdppaon tng ON4R
LoopopdAC TG TPwteivne T mpaypatonoteitat umd tov emaywyéa Elav-GAL4; TubGAL8O®™. Ot
Sla0TAUPWOELS TtpaypoTonotolvtat otouc 18°C kat ot evAAtkeg pUyec tomoBstovvtal otouc 30°C yla
12 nuépec Tpw TN Tpaypatonoinon tne Sokwoaoiac. H ékdpacn e hTau™® napouoidiet
duololoyiky pabnon €neita amo ektetapévn ekmaibevon twv {wwv (Immediate 5X) (A) kat
ducololoyikn HvAun avefdptntn ™G MPWTEivikAG olvBeong (PSI-M, 24HR Massed) (B). ZTOTLOTIKEG
AeMTOUEPELEG TAPOUCLATOVTOL OTOV ZUMMANPWHATLKOG Mivakag 3 - 1.

MNa tnv emoAnBguon OAwWV TwV MOPATAVW AToTEAEoHATWY, Snuloupyndnkav dvo
avedptnta Stayovisia mou kwdkomotovv yia tn hTau™F, ta ON4R?! kat ON4R?, oe
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600 SLadOPETIKEG XPWHOOWULKEG O€oelg (attp9A kal attp86F). Qotdoo, n ekdpaon
¢ npwteivng T, n omola mapatnpnOnke ota cuykekplpéva Slayovidia Atav moAu
XOUNAN, He amotéAecpa va KpBel amapaitntn n Snuwoupyia pe KAtAAANAeg
SLOOTAUPWOELS £VOC véou ON4R (ON4R*) mou cuvictatat and autd ta Vo (ON4R™
kat ON4R). To emineda ékdpoaonc tou véou ONAR™ mpooeyyilouv ta emineda
€kdpaong tou apykou Slayovidiou ON4R mou xpnotponolBnke mapandavw (Etkova
3-3), e anotéAeopa va eivat ePIKTA N LETALL TOUG cUYKPLON.

Tau - Cm—
Syx
o 1,5
=
(=]
E 11
<
]
20,5 4
Lo
L
()
4 04 - o o o L
[ [} N
[+ o -4 <
< < < 4
b4 r4 4 (=]
o o o

Ewkova 3- 3. Enineda ékdppaong npwrteivng T oe Stadopetika Siayovidia ON4R. Moootikonoinon
Selypatwy anod kedpalég puywv mou ekdpAlouv TaV-VEUPWVIKA StadopeTikd Stayovidia tnv ON4R
Loopopdn¢ yla 12 nuépec. H €kdpaon OAwv Twv Slayovidiwy mpayUoTonoLeital und Tov enaywyéa
Elav-GAL4; TubGAL80". Tar StayoviSia ONAR™ kat ON4R™ mapouctdlouv onpavIiké, PELwpEVa eTimeSa
ékdpaonc e mpwteivne T oe oxéon pe ta Sayovidia ONAR kat ON4R™. Mapamhiola enineda
£€kdppaong tng mpwteivng T mapouaotalouv ta Stayovidia ON4R kat ON4R”. JTOTLOTIKEG AETITOUEPELEG
mapouctalovtal oTov ZUMIMANPWHATIKOG MNivakag 3 - 1.

Ye oupdwvio He OAO TO TTIAPOTIAVW ATIOTEAECUATA, N TTAV-VEUPWVLKN £KPPOON TOU
véou Slayovisiou ON4R? oe evAAKEC HUYEC YLal 12 NUEPEC, EiXE WC ATOTENECHO TNV
AU paBnon, énetta and Hovo éva KUKAO 8 nAektplkwv ook CS/US (Ewkova 3- 4A),
n omoia eadeidetal Enetta and napatetapévn pabnon pe 5 emavalapfavopevoug
KUKAOUC Twv 12 nAektplkwv ook CS/US ava kUkAo (Ewéva 3- 4B). Emiong, ta {wa
oUTA Tapouciooay, OnMwc Kal To mponyoUpevo ON4R Stayovidlo mou e€eTAoTNKE,
eAty PSD-M (Ewkova 3- 4C), kat duotoloyikr) PSI-M (Ewkéva 3- 4D).
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A IMMEDIATE B 24HR SPACED C IMMEDIATE 5X D 24HR MASSED
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Ewéva 3- 4. Ekdppaon tou Stayovidiov ONAR™ ¢ mpwreivng T npokalei eMAeipparta otn pédnon
KoL otnv PSD-M. H ékdpaon tou Stayovidiou ON4R% ™¢ npwteivng T mpaypatonoleital und tov
EMOYWYEQ EIav-GAL4;TubGAL80tS. Ot SLaoTaupwoELg TipaypatonoloUvtat 6toug 18°C kot ot eVAALKES
HOyeg tomoBeTovvTal otouc 30°C yia 12 nuépeg mpLv Tn paypatonoinon tne Sokipaciac. H ékppaon
™G avBpwrivng ON4R% npokoAel coPfapd eMAeippata otn pabnon (Immediate) (A) kat otnv
efaptwpevn and TNV MPWTEIVIKA ouvBeon uvAun, PSD-M (24hr Spaced) (B) , evw Kapio oTatioTikd
onuavtiky Stadopd Sev mapatnpeital oe cUYKPLON UE TIG MUYEG TIELPAUATIKOU EAEYXOU EMELTA Old
MAPATETAPEVOUG KUKAOUG HaOnong (Immediate 5X) (C) A otnv ave€dptntn amd thv MPWIEIVIKA
olvBeon pvAun, PSI-M (24hr massed) (D). To ‘*” umobelkvuel TIG SladopEG OV Elval OTOTLOTLKA
ONUOVTIKEG Omtd TIG HUYEC TELPAUATIKOU EAEYXOU. ITOTLOTIKEG AEMTOUEPELEG Ttapouatdlovtal oTovV
TupnAnpwpatikog Nivakag 3 - 2.

Emopévwe, n ouoowpeuon te hTau®™®

O£ OAOUG TOUG VEUPWVEC TWV EVAALKWVY
HUYWV €XEL WG OAMOTEAECUA TNV HElwon, oAAA OXL TNV TAVIEAN KATAPYNnon TNg
OUVELPULKAG HAaBnong kabw¢ kot tnv peiwon edika tg PSD-M pvAung. H
eMEUPOTIKA HABNnon umd ouvlnkeg MeElwpEVNG ekmaideuong kabwg koL n
EMEUPOTIKA PVAUN Tou emépxetal edika otnv PSD-M kat oxt otnv PSI-M
umodnAwvouv OtL Ta eAAsippota autd Sev elval OMOTEAECUO HLOG YEVIKOTEPNC
TOEIKOTNTOG KOL VEUPWVLIKAG ONMWAELAC TNG TAV-VEUPWVLKAG OCUCCWPEUCNG TNG
hTau®™®  aM\d& ™ €€aoBévnonc OpLoHEVWY CUYKEKPLUEVWY EVEO-VEUPWVIKWV
Slepyaclwy, Omwe n petadpacn HeTall AAAwV.

3.4.2. H cuoowpeuon aSLAAUTWV CUCCWHATWHATWY MPWTEIvNG T cuoxeTileTon pe
v avtiotpodn tov eAAEPHATOC OTNV EEAPTWHEVN QMO TNV MPWTEIVIKA oUvOeon
MvAun, PSD-M.

Eneldfy ta amoteléopata cuoowpevonc tng hTau®™®

elvat edka ywa Vv
e€apTwpEVN Ao TNV MPWTIEIVIKN ouvBeon pvnun, PSD-M, kal kaBw¢ ta padnolaka

eMelppota ¢ailvetal va avilotpePovial MLt and TNV EKTETAPEVN eKTaideuon
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TWV pUywv, urmtoBEtoupe otL To KNI eival amiBavo va dp€peL HOVLUN KOl EKTETAUEVN
veupoekpUALoTIKN BAAPN. ZUVETIWG, N KATAOTOAN €kppacng tou Stayovidiou ON4R

Ka n entkeipevn peiwon e npwreivne hTau®™™

oto KNZ tng pouyag mbavov va €xel
WE¢ ATOTEAECUO TNV AVTIOTPOdN AUTWV TWV EAAELUUATWY UVAUNG, oUWV KOL PE
T(PONYOUUEVECG LEAETEC OE OVTEAQ OTIOVOUAWTWY TIOU €KPPATOUV TN HETAANQYHEVN
hTau®™*®, n onola oxetiletat pe T petwnokpotadiki dvola (Santacruz et al., 2005);
(Sydow et al., 2011); (Van der Jeugd et al., 2012). lNa to okomd autd, adou smayOel
ONR via 12 npépec otouc 30°C, OmMwe Kot
nponyoupévwe (Papanikolopoulou et al., 2015); (Sealey et al., 2017) kaL 6nmwg

daivetal otig Eikova 3- 1 kat Ewkova 3- 4, otn ouvéxela akoAouBel Siaotnua 10

TIAV-VEUPWVIKA N €kdpaon t¢ hTau

NUEPWYV, OToU oL pUyeG tonoBetouvtat otoug 18°C. H xaunAr Bspuokpacia, onwg
elval yvwoto, dev euvoel tnv enaywyn ékppaocng Twv Slayovidiwv. Tautdxpova pia
beltepn opada puywv tou Blou yevotumou, adol tomobetndel yia 10 nuépeg
otou¢ 18°C, otn cuvéxela petadépetat yia 12 nuépec otoug 30°C yia va emaxBel n
€kppaon tou Slayovidiou (Ewkova 3- 5A). Emopévwe, o aUTEG TIG Suo OUAdEC TOU

ON4R e {te kataoTéNeTaL

1&lou yevotumou Kal mapopolag nAkiag, n ékppacn tng hTau
ya 10 nuépeg otoug 18°C, énetta amd ¢ 12 nuépeg ékdpaong otoug 30°C (OFF),
eite emdyetal n ékppaon ouvexopeva yla 12 nuépeg otoug 30°C (ON). Ta emnineda
éxkppaong twv Stayovidiwv oe auTéC TG ouvBnkes eAéxBnoav tnv 22" nuépa pe
avtiotpodn petaypadn akoAouBoupevn amd PCR. Itig puyeg mou PBpiokovral umo
KatootoAn ékdpaong (OFF) Bpebnke touAdxlotov 50% peiwon ota petaypada
htauON4R

AvtiBeta, evlladépov €xeL To yeyovog OTL Ta enimeda €kdpaong Twv MPWTEivwy

o€ oX€on WE TIG LUYEG OTIC oToleg euvoeital n ékppacn (ON) (Ewkéva 3-5B).

TMAPEUEWVAV KAl OTlG SUo ouvOnkeg oxedbov mavopowotuna (Eikova 3- 5C),

ON4R

urnodelkvuovtag otLn hTau eival paAlov otaBepr oto KNI tng poyac.

Mapatetapévn cuoowpeuon tne avBpwrmivng mpwteivng T otn puya (Cowan et al.,
2015); (Papanikolopoulou et al., 2015), 1 oto CNS omovbuAwtwv (Santacruz et al.,
2005); (Wang et al., 2015) €xel WG AMOTEAECUA TO OXNHUATIOUO CUCCWHATWHATWV.
Q¢ ek TOUTOU, EMOMUEVOC OTOXOG ATV N Slepevvnon av outd Ta GOLVOUEVIKA
otaBepd enineda ékdpaong tng mpwteivng T mou mapatnpndnkav, mapd TaA
HElwpEva emimeda petaypadwy, odeilovtal 0Tn CUCCWPEUCH CUCOWUATWUATWV.
S€ OpOYEVOTIONHEVEC KebOAEC amd HUYEC yia Ta StayoviSia ON4R kat ON4R? mou
elval petaypadikd evepyd yia 12 nuépeg (ON) i avevepyd ywa 10 nuépeg (OFF),
payuatonoitnke kAaopatonoinon KoL Toootikomoinon Twv SlaAutwv  Kal
adldAuTwy KAaopdtwy tng mpwteivng T. Evdladépov mapouciaoce To yeyovog OTL Ta

ON4R

enineda tng StaAutng mpwteivng hTau TapEUeLVaY oXeSOV Ta 8La, av oL KATIWG

HEwwpéva, avefaptritou av ta Stayovidia ON4R kat ON4R* eivat ON 1§ OFF (Ewéva

3- 5D). Qotdoo, ta enineda tnc adidAutne hTau™™®

ATAV ONUAVIIKA auénuéva
(Ewrkova 3- 5E), otav ta Stayovidia eival petaypadikd avevepya (OFF). Zuvenwg, ta

cuoowpOTWHATA cuoowpevovtal oto KNI tng puyag, alvopevViKA amo TN
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npoundpyxovoa Sohutry hTau®™™®

Kal mBavotata va suBuvovtal yla ta otabepd
enineda €kppaong TG MPWTEIVNG TTOU TAPATNPOUVTAL, OKOUN Kol META amo 10

NUEPEG, XWPLG OUWG VE peTaypadn Twy Stayovidiwv (Etkova 3-5B).

Asoc ¥ 12d 10 d
18C OFF

30C J 10d | i2a ©°N
18C
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rp49 I 1 SYX smmms a—
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- -
£ 1 4 c 1.2 4
3 3
£ 0.8 - E 1]
[ M 0.8 1
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[ Il 2 o 2
» 0.2 - 0.2
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0 1]
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TAU e o w— — T e——
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go.s E )
£ 1.2
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Ewkova 3- 5. Au§nHéEVoG OXNHATIONOG CUCCWHATWHATWY TG MPWTEIvNG T, £Melta and KOTaoToAR
€KPPAONG TNG. IXNMATIKA ATELKOVLON TOU UNXAVIOMOU KATAOTOANG €kdppacng thg mpwteivng T (A).
Avtiotpodn petaypacdr akoAouBoupevn and PCR Kol eVOELKTIKN OVATIOPACTACH OE TINKTH ayapolng.
OL plyeg mou PBplokovtal umd kataotoAn éEkdpacng (OFF) tng mpwrteivng T mapoucialouv
TouAdylotov 50% peiwon twv petaypddwv oe oUyKPLOn ME TIG MUYEG OTLG OMOLEG guvoEiTal N
ékppacn (ON). To rpd9 xpnolwuomolndnke w¢ e0WTEPLKOG E€Aeyxog TnG RT-PCR kal yw tnv
Kavovikomoinon kalt emakoAouBn moooTtikonoinon twv detypdtwy (B). Evw, Ta enineda ékdppacng oe
eninedo npwrteivng mapapévouy ta dla avefaptntwg ouvBnkwv ON r OFF, onw¢ ¢aivetal anod v
ToooTIKoTtolnon Selyudtwy mou £€xouv avaluBel pe Western kat evdelktikd avamapiotavtal (C).
KAaopdtwaon opoysvomoltnpUévwy Selyudtwy amo Kedalég puywv mou ekdppalouv ) Bpilokovtal umo
KOTaLoTOAR £kdpaonc Twv StayoviSiwv ONAR kat ON4R™ oe Stahuty (D) kot oe adtéhutn popdr (E).
Ta enineda StaAutng mpwrteivng T mapapévouv otabepd o OAeG TIG ouvBnKeg Kol yla ta duo
Slayovidla mou avaAlBnkav, evw To €nineda CUCCWHATWHATWY lval auénuéva otn cuvenkn
KotaoTtoAng ékdpaong (OFF) oe oxéon pe autd t¢ ouvBnkng ON. To “* umobelkvUel TIG Sladopég
TIOU €lvOl OTOTIOTIKA ONUOVTIKEG OVAPECA OTOUG (SLouGg yevotuToug, oAAd oOTI SLOPOPETIKEG
ouvOnkeg ékdpaong ON r} OFF. H ékdpacon tng MpwTeivng T MPAYUATOMOLETOL UTIO TOV EMAyWYE
Elav-GAL4;TubGAL80"™ oe OAEC TIC TMEPUTTWOELS. STATIOTIKEG AETTOPEPELEC TIOPOUCLAIOVTAL GTOV
JupnAnpwpatikog Nivakag 3 - 3.
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TN ouveéxela, evlladEpov Tapouclalel TO YEYOvOC OTL N QMOCLWNNCN TNG
Hetaypodic twv StayoviSiwv ON4R kat ON4R?® (OFF) €xel wC QrotéAeopa tnv
ovtlotpodn Twv eANEWPUATWY OTNV EEAPTWHEVN OO TNV TPWTEIVIKY oUVOeon
pvnun, PSD-M, oe oUykplon pe ta {wa mou sival petaypadika svepya (ON) kot
€xouv eMeippata (Ewkova 3- 6 A,B). Ta anoteAéopata autd cuvadouv UE TNV WO
OTL N VEUPWVLKN OuoAeltoupyla TOU Tapatnpeital 8ev elval CUVEMELX [N
avaotpePluwy PBAapBwv f ekpuAlopévwy veupwvwyv tou KNI tng Drosophila, aA\a
HOAAOV pla avaoTpEPLUn Kotaotaon 000 adopd TOUAAXLOTOV TwV SLEPYACLWY TIOU
elvaL amapatitnteg yia tnv PSD-M.

Aso ElavGal4, B ElavGal4,
Gal80' > Gal80' >

Performance Index

Ewkéva 3- 6. Metaypadikr KatactoAr] tou Stayovidiov tng avBpwrivng ON4R woopopdig tng
npwteivng T npokalei avaotpodr) Twv eAAelppdtwy otnv PSD-M. H kataotoAn Tng petaypadng tng
hTau™"*

avaotpod Twv eAEUHATWY otnv PSD-M kot yia to ON4R Siayovidio (A) kot yia to ON4R™

T(PAYLLOTOTIOLEITOL UE TO MNXOVIOUO TIOU QTIELKOVIIETAL OTNV €lKOVO 5A Kol TtpoKaAel

Slayovidlo (B), og cUYKPLON UE TIG LUYEG TIELPAMOTIKOU EAEYXOU (AEUKEG UMAPEG) KABWCE KOl O€ oxEon
ME TIC MUyeg mou elval petaypadika evepyeg (ON, ykpL HUmAPQ). ITOTIOTIKEG AETITOUEPELEG
TapoucLalovTal 0ToV ZUMNANPWHATIKOG MNivakag 3 - 4.

AapBavovtag unoPy, otL n petaypadlky KAtaoTtoAn twv dtayovibiwv aufdvel ta
enineda ¢ adldlutng popdng tng avbpwrivng mpwteivng T, mpodavwg TEToLA
CUCCWHOTWHATA UMOPEl OTN MPAYUATIKOTNTA OXL HOVO va PNV €MoTEVSOUV TN
VEUPWVLIK SuoAettoupyia oAAG UTTOpel KoL va TNV KATAOTEAAOUV 1 va TNV
OTOTPEMOUV. EVAANQKTLKA, N VEUPWVLIKA SUCAELTOUPYLO TTOU eKSNAWVETAL WG EAALTT
HVAMN propel va mpokoleital amd tn petddpaon véag Stahutic hTau®™® kat
avapevetal va e§acBeveite onuavtikd Katd tn petaypadikni kataotoAn (Etkova 3-

58B).
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ON4R

3.4.3. AvaotoAn oxnpatiopol twv adtaAutwv hTau CUOCWHOTWHATWY 08NnyEl

o€ eAAeippata otnv PSD-M.

Me BAon Ta MapAMAvVW ATTOTEAECUATO YEVVATOL TO EPWTNHA AV E(VOL N CUGCWPEUON

ONR efva uTtevBuVN Yo TV AvacTpodr TNC EMELUHOTIKAC

OUCOWHATWUATWY hTau
uvnung PSD-M, n eivat n éANewdn véag SlaAutic mMpwTelvng KaTA T HeTaypodLKi
amoolwwrninon tou Stayovidiou. TMa va StadseukavBolv autég ol SUO EVAANAKTLKEG
T(POOEYYIOELS, KplBnke amapaitnto otn ocuvéxela va HeAeTnOel TL cupPaivel av
QTOTPATEL O OYXNUATIONOG ASLAAUTWY CUCCWHATWHATWY hTau 1 av mpokAnBel n
SLaAuon Toug UG ouvBnKeg LeTaypadLKNG amoolwnnong Tou dtayovidiou. lNa to
OoKOTIO auTo, {wa mou ekppalouv tnv Loopopdr ON4R tng mpwteivng T yia 12 nuUéPEG
otou¢ 30°C petadépovtal otoug 18°C yia 10 nuépe (OUVORKEC KOTAOTOAAG TNG
uetaypadng) mapoucio MG OElpAC  OLOPOPETIKWY  OCUYKEVIPWOEWV  €VOG
napaywyou tng ¢atvobelalivng, to UmAe tou pebuleviou (MetBlu). To ddapuako
QUTO €ilval yvwoto OtL TPoobEveTal OTLG EMOVAAAUBOVOUEVEG TIEPLOXEC TNG
npwteivng T Kal avaotéAAel Ti¢ aAAnAemibpdoslc hTau-hTau, ol omoleg kal givat
QIMOPAITNTEG YlO TOV OXNMOTIONO TwV (euywv eAkoeldwv widiwv (PHF) kal twv
cvoowpoatwpdatwy (Wischik et al., 1996) kat €xet dexBel otn MPAEN TEPAUATIKA OTL
OVAOTEAAEL TO OXNUATIOUO cucowpatwuatwy (Hosokawa. et al., 2012). KaBotL ta
SlayoviSia ON4AR kat ON4R? améSwoav mavopoldtuna amote\éopato o OAa T
TOPOMAVW TIEPAUATA TIOU TEPLypAdPNKaV, O OAd TA EMOUEVA TELPAUATO
xpnotpornowifnke povo to apxtkd ON4R Siayovidlo tuyaiag €évBeong (Wittmann et
al., 2001).

APXIKWG, OE MUYEC TIEPOHATIKOU eAéyxou (etepoluywteg Tou ElavGald;TubGal80")
xopnynotnke éva gupl ¢aopa SLaPoPETIKWY CUYKEVIPWOEWV Tou MetBlu otoug
30°C, wote vo TPooSoploTEL N TOEIKATNTA TOu Of oxéon MHE TNV TPOwpPNn
BvnooTnNTa, TPWTOKOAAO TIOU TUTIKA XPNOLUOTIOLELTAL Yyl TNV avaAucn Tou

N4R T
ON4R (Keramidis et al.,

PoodOKLIpoU eMIPBlwong Twv Huywv mou ekdpalouv tnv hTau
2020); (Papanikolopoulou et al., 2015). H xoprjynon tou MetBlu péow tng tpodng,
bev ennpealel onuaviikd to PBabud emPiwong Twv HUYywv Otav Xopnyeitol oe
OUYKEVIPWOELG 10-250uM, evw O€ PEYAAUTEPEG CUYKEVTPWOELS TIPOKAAEL TIpOwWPN
BvnoldTNTA KoL CUYKEKPLUEVOL OTNn Ouykévipwon 500 pM to 50% twv puywv
amoBlwvel vwpitepa Katd 16 nUEPEC Kal O0Tn CUYKEVTIpWON 1mM Katd 22 nUEPEC
(ZupmAnpwpatikg Ewkova 3 - 1A Kat ZUPIANPwRATikog Nivakag 3 - 5). EmutAéoy, n
xopnynon MetBlu oe ocuykevtpwoelg 10-100 pM dev alhalel To xpovo tng 50%

ONR Ge oxéon pe TIC HUYEC TToU Bev

emBiwong o poyeg mou ekdpadalouv tnv hTau
€\afav MetBlu, wotdoo TO HEWWVOUV KATA 5 NUEPEG O OX€oN UE AUTO TwV {WWV
TIELPOLLATLKOU EAEYXOU. Z€ GUYKEVTPWOELG 250 UM kot 500 UM MetBlu, tO MOCOOTO
50% tnG emPBlwong eAattwvetal Kata 15 nUEPEG, EVw 0 ouykeEvtpwon 1 mM katd
17 nuépec (ZupnmAnpwpatikn Ewkova 3 - 1B kat ZupnAnpwpatikog Nivakag 3 - 6).

JUVeEnwG, o€ oupdwvia Kot pe mponyolueveg peAéteg (Gillman et al., 2011), to
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MetBlu mopouolalel ToElKOTNTA €€APTWHEVN QMO TNV CUYKEVTPpWON, Avw Twv 250
UM otoug 30°C, yeyovog Tou eivoal eviovdTepo oTIg HUYEG Ttou ekdpdlouv tnv ON4R
(ZupnAnpwpatikiy Etkova 3 -1 A kau B).

MNa va mpoobloplotel n emnibpacn tou MetBlu oto oxnuatiopd adldAutwy

ONIR tor o petadépdnkav o€ Ttpodr TOU TEPLEXEL

OUOCWHATWHATWY TNG hTau
MetBlu oe StadopeTikéc ouykevtpwoels amd 50 éw¢ 1000 uM otoug 18°C ywa 10
NUEPEC WOTE va  €MEABeL n  petaypadlkn KOTaotoAl tou Siayovidiou.
Ouoyevomolnuéveg Kepalég amd ta {wa UMEoTnoav KAaopatomoinon ywa To

ON4R o ta SLadopeTikd

SLoXWPLOUO TwV SLaAuTtwv amnod Twv adldAutwy popdwv hTau
KAQOPOTA TTPOoSLOpLloTNKAV TTOCOTLKA O 0XE0N UE TO avtiotolya KAdopata and {wa
mou KaAAlepynOnkav otig Sle¢ ouvOnkeg oANd Xwpi¢ mpooObnkn dapudakou.
EvSladépov mapouctdlel to yeyovog Ot ta emimeda tng Stahutric hTau™R Sev
ennpealovratl oxedov kabBoAou amod kapia cuykévipwon tou MetBlu (uikpn avénon
napouotaletal ota 250 UM xwpig OUWE va €lval OTOTIOTIKA CNUAVTLIK OE OXECN HE
ta {wa mou Sev toug eixe xopnynOel MetBlu) (Ewkdva 3- 7A), evw ta enimeda Twv

N4R . I y
ON4R eival onuavtikd pewpéva povo otn

oSl AUTWY cuoowpoTWHATWY TG hTau
ouykévipwon 250 uM (Ewkéva 3- 7B). O akptBri¢ Adyog ylo auth TV €L8LKI aVACTOAN
SnuloupylaG CUCCWHATWHATWY OTN CUYKEKPLUEVN OUYKEVIpWON eival acadng,

wotoco umnpée opat ot E€vav HeEYAAo aplBuo TEXVIKWV Kal PBLOAOYLKWV

emavaAnPewv.
A Soluble B Insoluble
MetBlu(uM) 0 ©0 50 100 250 500 1000 MetBlu (M) 0 0 50 100 250 500 1000
TaAU " e e c— — — — TaU s s s — — —
SYX s cmm c— c— — — — SYX wwww e — — ——
1.6 1 1.6 -
—
- 14 g 1.4 1
§ 1.2 4 O 1.2 4
g 1 < 14 *
: 0.8 - _“2’ 0.8
> ] = .
2 06 mos
% 0.4 w & 0.4 w
& 9.2 B 0.2 1 3 (]
N OFF o OFF

Ewova 3- 7. Mogotikomnoinon StaAvtwv Kat adlaAutwyv popdpwv hTau™*®, énecta anéd Xopriynon
Stadopetikwv ocuykevipwoewv MetBlu. KAaopdtwon opoyevomolnuévwy KebaAwv amd PUYEG TTOU
ekdpalouv v hTau™® yia 12 npépec otouc 30°C kat ev ouvexelo kaBiotavtal petaypadkd
avevepyég yia 10 nuépeg otoug 18°C umd SladopeTikéc oUYKeVIPWOEeLS MetBlu. A) 2to KAGOUA TG
Stohutng hTau 6ev mapatnpeital KOO OTATIOTIKA ONUAVTIKA Sladopd yla KOl CUYKEVTPWON
MetBlu, evw mapatnpeltal pla (wikpn Taon yla avénon tng mPwIeivng otn ouykévipwaon 250uM. B)
3T0 KAQOUO TwV adLAAUTWY CUCOWUATWHATWY tTnG hTau mapatnpeital Spapatiky peiwon oe
ouyKEVTpwaon 250uM, n omoia avamapiotatol pe To ‘*/. ITOTIOTIKEG AEMTOUEPELEG TTapouaLalovTal
OTOV ZUUNMANPWHATLKOG Mivakag 3 - 7.
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ErutAéov, n xopniynon MetBlu oe cuykévtpwon 250 puM yia 10 nUEPEG KoL OTOUC
18°C 8ev mpokdleoe avénon otn Bvnowdtnta twv {Wwv Tou ekdpdlouv ThV
hTau®™*® (Ewéva 3- 8) oe oxéon pe TIC HUYES OTLC omoieg Sev xopnyrOnke Gbappako,
KaOwG OUTE KAl O€ OXEON HE TIG LUYEC TMELPAUATIKOU €AEyxou (mocooto emiPBiwong
TIAvw amo 98% ylo OAEG TIG LUYEG) O avtiBeon pe TNV auénuévn Bvnoluodtnta mou
napatnpendnke otou¢ 30°C (ZupmAnpwpoatikr Ewoéva 3 - 1B). Autd épxetal oe
oupdwvia pe mponyoupevn HeEAETN (Schirmer et al., 2011), mou €xeL Sel€el OtL n
tolkotnta Tou MetBlu mBavwg va e€aptatal and tov petafoAlopd. lMNa tnv
nowAdBepun Drosophila avapévetatr vPpnAdtepog petafoliopdc otoug 30°C oe
oxéon pe toug 18°C katl autd mBavov va avtavokAdtal otnv EMewpn tofikdtnTag
TOU PpapuaKoU oTn XapnAotepn Bepuokpacia oe AUTEG TIC TPWTeG 10 NUEPEG.

O ElavGal4; TubGal80t>w?!!1® O ElavGal4;TubGal80%>w!'18 +250 pyM MetBlu
@ ElavGal4;TubGal80*>0N4R mElavGal4;TubGal80*>0N4R + 250 uM MetBlu

100 { — — — T
98 -
96 -

94 -

9% Survival

92 1

90 T T
2 4 6

DAYS TREATED @18C

10

Ewkova 3- 8. Kapia petafoln oto mocootd emPiwong, éncsita and xoprynon MetBlu og piyeg
hTau0N4R

nuépec otouc 18°C Sev mpokalel kapia oMayy Tou mocootol emBiwong, olte Twv IWwV
1118 ON4R :o}\a

ta {wa aveéaptnTou YOVOTUTIOU N Xopnynong n un tou MetBlu mapouaotalouv mocooto emiBiwong

otoug 18°C. H xopriynon tou dapudkou o ouykévipwon 250uM pali pe tnv tpodr yia 10

nelpapatikol eAéyyou (ElavGal4;TubGal80ts>w "), oute Twv {wwv ou ekdpalouv tnv hTau

TTAVwW oo 98%.

Eniong, onuavtiko eival otL xopriynon MetBlu yia 10 nuépeg oe ouykévtpwon 250
UM 1} 500 uM 6ev mpokaAel Kapia OTOTIOTIKA onuavtiki dtadopd otnv anddoon
TwV {WWV TELPOAHUATIKOU €AEyxou otnVv €EOPTWHEVN amd TNV MPWTEIVIKA olvBeon
puvAun, PSD-M (ZupmAnpwpatiki Ewkéva 3- 2 A ko B). Emopévwg, umd auTéG TLG
ouvOnkec, To papuako dev paivetal va MPokaAsl SUCAELTOUPYLO OTOUG VEUPWVEG N
OTOUG UNXAVLOHOUC Ttou epmAékovtal otn PSD-M. Entiong, ev mapatnpnOnke kapia

ON4R it AapBdvouv to

Slagpopa otnv anddoon twv {wwv mou ekppalouv tnv hTau
MetBlu yla 10 nuépeg o€ ouykévtpwon 250 uM, énetta and 5 KUKAOUG EKTETAUEVNC
eknaidbevong (5X), oe oxéon pe ta idla {wa mou dev Aappdavouv to pdppako (Etkova
3- 9A). QOTO0O, OTOTIOTIKA onuavtiky S&lwadopd mnapouoidlouvv Tta {wa TOU

ON4R

ekppalouv TNV hTau kot AapBavouv to MetBlu og oxéon pe ta idta {wa mouv dev

AapBavouv to dapuaKo otnv eEQPTWHEVN ATTO TNV MPWTEIVIKN) cUvOeon pvAun, PSD-
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M, (Ewkova 3- 9B) kal OxL otnVv avefaptntn anod Vv MPWTEiVIKr) ouvBeon pviun, PSI-
M, (Ewodva 3- 9C). Ta SeSopéva autd unootnpilouv Tnv UTOBeon OTL N Lelwon Twv
oSLAAUTWY CUCOWUATWHATWY TNG TMpwteivng T ennpealel tig dadlkaoieg mou
EUMAEKOVTAL N OmOLTOUVTOL ylo va pla ¢uctodoyikry PSD pvAun. EmutAéov, n
xopnynon peyaAltepng ouykévipwaong MetBlu, 500 UM, cuykévtpwong otnv omoia
Sev mapatnpeital peiwon twv adldAuTwy cucowpatwpdtwy (Ewkdva 3- 7B), dev
eTudEpeEL kKauld dtadopa otnv anodoon Twv {wwv otnv PSD-M og oxéon pe ta {wa
mou 6ev AapPavouv 1o dpappako, unootnpilovrag ta dedopéva otL to MetBlu dev
TiPOKAAEL yeVIKOTEPN VeELPwWVLKA SuoAeltoupyia (Etkova 3-9D).

100 \JMMEDIATE 5X 50 124hr SPACED 50 124hr MASSED 50 124hr SPACED
% 90 4 45 45 45
[ | | l |
.E 80 S 40 * 40 40
- 70 A 35 I 35 4 . 35 T
8 60 30 4 30 A T 30 4 1
c 50 4 25 25 1 25 4
E 40 4 20 4 20 1 20 A
° 30 A 15 15 A 15
t 20 10 4 10 { 10 4
g 10 1 5 4 5 1 5 4
0 0 0 T o
OpM 250pM opM 250pM opM 250puM OpM 500pM

Ewkova 3- 9. Xopriynon OUYKEKPLUEVNG Cuykévipwong MetBlu, oe {wa mou Bpiokovrat umnod
petaypadikrp KataotoAl Tou Siayovidiov tg avOpwrivng ON4R wopopdng tng mpwrieivng T
npokalei peiwon Twv ASLAAUTWY CUCOWHATWHATWY Kal auv§npéva eAAeippata otnv PSD-M. H

KOTAOTOAN TNG HeTaypadng TNG hTau™*®

TPAYHLATOTIOLELTAL LE TO HNXOVIOUO TIOU aeLlKovileTal otnv
€lkOVa 5A Kal pokaAel avaotpodn Twv eAAeLUHdTwWY otnv PSD-M (Ewkova 6A). H xopriynon MetBlu,
OUYKEVTpWONG 250 UM, katd tnv petaypadiky KataotoAn Sev mpokaAel peiwon ¢ anodoong Twv
{wwv autwy, €nelta ano 5 kUkAoug ektetapévng ekmaibeuong (A), evw €xel wg QMOTEAECHA TN
Snuloupyia cofapwv eEAAELUUATWY 0TNV €EQPTWHEVN ATIO TNV MPWTEIVIKY oUvBeon pviun, PSD-M, oe
olykplon pe ta {wa Wbilou yovotumou mou Sev €xouv AdPel dpdpuako (B) kal kapia Stadopd otnv
avefaptntn and TNV MPWTEVIK ovvBeon uvAun PSI-M (C). H xopnynon MetBlu oe cuykévipwon
500uM mapouctdlel pucloloyikp PSD-M (D). H ékdpaon thg ON4AR woopopdng tg mpwrteivng T
TpayHATONOLEiTal UG Tov emaywyéa Elav-GAL4;TubGAL80™ o€ OAeC TG Meputtwoelc. To ‘*
uTtodelkvUEL TIG SLadopEG IOV €lval OTATIOTIKA ONUAVTLKEG AVAESA OTLG LUYEG L6loU YOVOTUTIOU LE N
Xwpig tn xopnynon $apudkou. ITATIOTIKEC AEMTOUEPELEG MAPOUGCLAIOVTAL OTOV ZUMMANPWHOTLKOG
Nivakoag 3 - 8.

JUVETIWG, N OXETIKA aU&NOn TwWV CUCCWHATWHATWY TIOU TAPOTNPEITOL KATA TNV

Hetaypadiky kataotoh tne hTau®™ R

mbavotata va eival umevBuvn Kal ywa Thv
npokUTItouca  avaotpodn Twv eAelpdtwy otnv PSD-M mou mapatnpnénke
vwpitepa (Ewkova 3- 6 A kat B). ZuAloykd, OAa ta TAPATIAVW QTOTEAECUATA
UTTOSELKVUOUV évTova OTL v Ta cusowpatwpata tne hTau®™® eivat mpootateutikd
000 adopd TwV SLASIKACLWV/UNXOVIOUWYV TIOU EUMAEKovVTOL oTnv PSD-M, ta StaAutd

popLa TnG mpwTteivng eivat e PAafn.
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ON3R

3.4.4. O puyeg nou ekdppalouv hTau napouvcialouv ¢puciodoyikiy PSD-M ko

aUENUEVO OO0 ASLAAUTWY CUGOWHATWHATWV.

ONR o1 pUyec mou ekdpdlouy Thv

Y€ avtiBeon pe TG puyeg mou ekdppalouv Tnv hTau
wopopdry  hTau™®  napoucidlouv  puctoloyik cuvelppik  HEOnon  Kat
duololoyikn e€aptwpevn and TNV MPWTEVIKY ouvBeon pvAun, PSD-M, akoun kat
HETA amd emaywyn tg ékppaonc ya 12 nuépec otoug 30°C (Sealey et al., 2017).
MoooTtikomoinon TwV KAOCUATWY TIOU TIPOEPXOVTAL ATIO OLLOYEVOTIOLNUEVES KEPAAEC

N3 anédwoe 6 dopég uPnAdtEpa MOCA TWV

ON4R

{wwv mou ekdppalouv tnv hTau
aSLAAUTWY CUCCWHATWHATWY O oxéon He Ta {wa mou ekdpalouv tnv hTau
(Ewkdva 3- 10A), énetta amd enaywyr] tng ékdpaonc ywa 12 nuépeg otoug 30°C. Me
Bdaon OAa ta Mapamavw amoteAéopata, n dwadopd otnv amoddoon Twv WwvV
avapeoa otic Suo SladopeTikéC oopopdEC tng mpwteivng T, odnyel oto eVAoyo
epwtnua av n EMNewpn eMeppdtwy otn pddnon kot otn PSD-M yia tv hTau”™ R
elval amoppola NG auENUEVNG CUYKEVTPWONG TWV OSLAAUTWY CUCCWHOTWHATWY
TIOU Tapouctalovial OTn OCUYKEKPLUEVN Loopopdr. MNa to Adyo auto, Kpibnke
amopaitntn n peiwon oxnUATIOHOU adlGAUTWY CUCCWHATWHATWY ota {wa Tou

ekdppatouv tnv hTau” R pe xprion tou MetBlu.

Onwc éxeL R8N avadepbel (Sealey et al., 2017), ta {wa mov ekdpdouv tnv hTau’

mapouotalouv CNUAVTIKA HELWUEVO BaBuod emiBiwong katl n katd 50% Bvnopodtnta
eudavitetalt 7 nuépeg vwpltepa amd TG MUYEC TELPAMATIKOU  €AEyxou
(ZuprmAnpwpatikr Etkéva 3 - 1C). Xopriynon MetBlu og autég tig puyeg (otoug 30°C)
Kal o€ OLOPOPETIKEG OUYKEVIPWOEL 08AYyNoE o€ akOpa UeyaAltepn Tpowpn
Bvnowotnta, pe 1o 50% Tou Mocootol BvnoloTnTag va epdavileTal KATa 8 NUEPEG
vwplitepa og cuykevipwoel¢ MetBlu avw twv 250 uM (ZupnAnpwpatikn Etkova 3 -
1C Kot ZupnAnpwpatikdg Mivakag 3 - 9). H xopriynon ywa 12 nuépeg otoug 30°C
HLKPOTEPWV CUYKEVTIpWOoewV MetBlu, ol omoieg bev eival toco TofkEG pe Bdaon TNV

ON3R (Ewova 3-

Bvnowotnta, dev emnpéace onuavtikd ta enineda tng dStaAutig hTau
10B), svw ta enimeda Ttwv aSIAAUTWYV OCUCCWHATWUATWY BpEOnKavV apKeETA
HELWHEVA, OLALTEPWCE OTN ouykEvtpwon 50 uM MetBlu (Ewkdva 3- 10B). Onw¢ Atav
avapevouevo, o Babudc emPBiwonc twv puywv mou ekbpdlouvv tnv hTau”™ R uno
Tautoxpovn xopnynon 50 UM MetBlu Atav apKeTd PELWUEVOG OE OXEON LLE TIG LUYEG
eAéyxou, wotooo povo tn 12" nuépa, kat dxt vwpitepa, mapatnpBnKe onUAVTKA

ON3R

Slapopa os oxéon Ue TG HUYEG ou ekdpalouv tnv hTau kat 6 AapBdavouv to

dappako (Etkova 3-10C).
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Ewkova 3- 10. Xopriynon tou MetBlu oe poyeg nou ekdpalouv tnv hTau ywa 12 nuépeg otoug

30°C mpokalel peiwon TOU TOCOCTOU TWV GCUCCWHATWHATWY TNG. A)  KAAoUdTwon

i i i ' . ’ ON4R ON3R
opoyevonolpatog and kepalég puywv mou ekdppalouv eite tnv hTau

glte TNV hTau vyl 12
nuépec otou¢ 30°C Kol TOGOTIKOMOLNGN TWV CUCOWMOTWHATWY. Ol pUyeC mou ekdpdlouvv Tnv
hTau"*"
ekppalouv Tnv hTau™*®, B) KAQOUATWGN OLOYEVOTIOLLATOC Ao KePAAEC LUYwWV TTOU ekPpalouv TV
hTau"*"

(10, 50 kalL 100uM). AploTtep@ QTELKOVIIETAL N TTOCOTLKOTIOLNGN TOU KAACUOTOG TNG SLAAUTAC Hopdng
ON3R

TmapouacLalouv 6 Gpopeg HeyallTepn MOCOTNTO CUCCWHATWHUATWY OE OXECN LE TIG LUYEC TTOU
yla 12 npépeg otoug 30°C pe TAUTOXPOVN XOPAYNoN SLapOPETIKWY CUYKEVTPWOEWY MetBlu
kot 6gfld TOU KAAOMOTOG TWV ASLAAUTWY CUCOWUOTWHUATWY TnG hTau UTO  SLOPOPETIKEG
OUYKeVTpWOoeLS MetBlu. C) Amewkovion Tou mocootol eMBlwong TwV HUYWV TIELPAPOTIKOU gAEyXOU
(ElavG4;G80"°>w™® ON3R

S50UM. ZTIG LUYEG TIELPAUATIKOU EAEYXOU SEV UTIAPXEL Kapia eMiSpacn Tou Gpapudkou, EVW OTLG LUYEG
mou ekdpalouv TNV hTau™

) Kol Twv puywv mou ekdpalouv Vv hTau Xwpi¢ kaL pe xopnynon MetBlu

napatnpeital avEnon Tne TofikdtnTac novo v 12" nuépa xoprynong
dapuakou. H ékdpaon tng ON3R kat ON4R woopopdng tng mpwteivng T mpaypaTonoleital umd tov
emoywyéo Elav-GAL4 / TubGAL80® o0& OAeC TIC TEPUTTWOELC. STATIOTIKEC AEMTOMEPELEC
napouolalovtol 6Tov ZUMNAnpwaTIKOG Mivakag 3 - 10.

Edv o auénuévocg aplBpog Twv adlaAUTWY CUCCWHATWHATWY £lval OVIwg UTteLBUVOG
yla v ENewpn Ekmtwong otnv PSD-M yia Tic poyeg ou ekdpdlouv thv hTau”R
yia 12 nuépeg, tote n xopriynon tou MetBlu kat n emakoAoubn pelwon twv
OUOCOWMOTWHATWY TIOU Ttapatnpeitol og auteg TG puyec (Etkdva 3- 10B) avapévetal

va TIPOKAAEoel eAAsippata otn pvAun outh. MNa to Adyo autd, o€ PUYEG ToU
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ON3R otoug 30°C xopnynOdnke ya 12 nuépec MetBlu 50uM. 3tn

ekppalouv tnv hTau
OUYKEVTPWON auth BpéBnke otL dev emnpedletal n anodoon twv {wwv ENeLta anod
eKTETAMEVN ekmaideuon oe olykplon He ta {wa bilou yovotumou ota omoia dev
xopnynbnke ¢dapuoko (Ewkéva 3- 11A). Qotoéco, n PSD-M pewwBnke onuavika
ETELTO QIO TN XOPNYNON TNG CUYKEKPLUEVNG OUYKEVTIPpWONG MetBlu (Etkova 3- 11B),
o€ avtiBeon pe t PSI-M mou mapépeve apetafAntn (Eikova 3- 11C). H eldikotnta
¢ 6paong Tou GAPUAKOU YL TNV EEAPTWHEVN aTtd TNV MPWTEIVIKA oUVOEoN VAN,
PSD-M, unmodnAwvel 6tL Ta eEAAelppaTa TOU Ttapatnpouvtal ival aniBavo va eivat
amotéAeopa Un €L8IKAG ToEKOTNTAC TOU dapudkou. MNa tnv emaAnBeuon autng TG
umoBeong, xopnynbnke dpdapuako biag ocuykévtpwong (MetBlu 50 uM) oe plyeg
MEPOPOTIKOU eAéyxou yia 12 nuépeg otoug 30°C, dnAadr otig idleg ouvlrKeg ou
TipayLATOTOONKAY KoL TA TIOPONMAVW TEPAMATA KAl O ouvOnkeg mou &ev
ennpealetal n emPBiwon toug (ZupnAnpwpatikn Ewkova 3 - 1 A) kat BpEOnke otL Sev
ennpealetal n PSD-M og oUykplon pe Ta {wa ota omola ev xopnyndnke dapuako
(Exkova 3- 11D), umodeikvUovtag OtL Ta eAAE(UUATA TIOU TIPOKUTITOUV E£MELTA OO
Xopriynon tou dappdkou ot pOyec mou ekdpdlouvv v hTau®™® Sev eivat
QMOTEAECA TOEKOTNTAG TOU papudkou. EmumAéov, oe ocuykevipwoelg Tou MetBlu
(10uM kot 100uM) mou Sev PELWVOVTAL CNUOVTIKA TO aSLAAUTA CUCOWHATWHATO
(Ewéva 3- 10B) tnc hTau™ ® ev napatnpeitat kapio petaBoli otnv anddoon twv
{wwv otn PSD-M (Ewéva 3- 11 E kat F). Juvenwg, ta eAeippata otn PSD-M yua Tig
noyec mou ekdpdlovv tv  hTau®™® epdavitovrar poévo émewta amd xoprynon
MetBlu oe ouvbnKeg TOU EAOTTWVETAL O OXNUATIONOC OCUCCWUOTWUATWY,
emBeBawwvovrtag aveéaptnta OTL N CUCCWPEUCN CUCCWHATWHATWY hTau dev eival
OVOOTOATLKH KO UTOPEL OTN TPAYUATIKOTATA VA £IVaL KL TIPOOTATEUTIKH EVOVTL TWV
SlEpy0oLWV/UNXOVIOUWY TIOU SLETIOUV TN €EQPTWHEVN ATIO TNV MPWTEIVIKA olvOeaon
uvAun.
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Ewkova 3- 11. Xopfiynon cUYKEKPLUEVNG CUYKEVTPWONG MetBlu, n onoia avaotéAAEL TO GXNUATIONO

y . ON3R
adldAutwy cucowpatwpdtwy tng hTau

, TPOKaAel eAAeippata €W8WKA w¢ MPog TNV anodoon
twv {wwv otnv PSD-M. H ékdpaon twv ON3R kot ON4R oopopdpwv tng mpwrteivhg T
T(PAYHOTOTIOLELTAL UTIO ToV emtaywyéa Elav-GAL4; TubGAL80®. Ot SL00TOUPWOELS TIPAYUATONOOUVTAL
otoug 18°C kat ot evAAKEG pUyeg TomoBeTouvTal otoug 30°C yia 12 nuépeg pe 1 Xwpic TN xopnynon
MetBlu. Xoprjynon 50uM MetBlu og piyeg mouv ekppalouv tnv hTau”™"*® yla 12 nuépeg Sev ennpedlel
v anodoon Twv {wwv EMELTA AmMo ekTeTapévn ekmaidevon (A). Qotoéco, TPOKAAEL ONUAVTIKA
eMelppata otnv PSD-M oe olykplon pe ta {wa wbilou yovotumou ota omnoia 6ev xopnynbnke
dapuoako (B) oe avtiBeon pe tv PSI-M mou moapapével apetapAntn (C). Xoprnynon diag
OUYKEVTpWONG MetBlu kal oTLg 18Le¢ cUVBNKEG OTLG LUYEC TIELPALATIKOU EAEyXou Sev MpoKAAEL Kapia
aMayr] otnv anodoon twv {wwv otnv PSD-M (D). Emiong, xoprnynon S1adopeTIKAG CUYKEVTPWONG
MetBlu, 10uM (E) 4 100uM (F), n omoia 6&v PELWVEL CNUAVIIKA TOV OXNUATIONO aASLAAUTWV
CUCOWHATWUATWY, 6ev TpokaAel Kapla petaBoAr otnv amddoon Twv {Wwv mou ekbpdlouv TV
hTauONSR

CUCOWHATWUATWY oTNV ON4R oopopdn embelvwvel ta én undpyovta eAelppata otnv PSD-M (G),

otnv PSD-M (E,F). Xopriynon MetBlu o ouykévipwon TOU HELWVEL TO OXNUATIOUO

evw Sev umapyxel dtadopd oe peyalUtepn cuykévipwon dappdkou, 100uM, omou dev petafarietatl
0 OXNUOTIONOG cucowpatwpdtwy (H). To “* umodelkviel T Sladopég TOU €lval OTOTLOTIKA
ONUAVTIKEG OTLG LUYEG LBLOU YOVOTUTIOU UE N XWpPLG Tn Xopnynon GpapUAaKou. STATIOTIKEG AEMTOUEPELEG
napouolalovtol 6Tov ZUMNANPWATIKOG Mivakag 3 - 11.

Avtiotolya, n EAAELLUOTIKA UV TIou Ttapouaotaletol ota {wo 1mou ekppalouv TV
hTau™® yia 12 npépeg otoug 30°C (Etkdva 3- 1B) eMSEWGMIVETAL KOO TEPLOCOTEPO
Enelta. ano xopnynon MetBlu ouykévipwong 50uM (Ewéva 3- 11G), evw begv
ennpealetal éneta ano xopnynon MetBlu cuykévipwong 100uM (Ewkova 3- 11H),
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OUYKEVIPWOEL oL omoiec ©&ev emnpealouv TtO Pabuo emPiwong Toug
(ZupmAnpwpatik Ewkova 3 - 1 B) kal povo n mpwtn and outég emnpedlel Tn
OUOCWPEUON CUCCWUATWHUATWY. ZUUMEPOCUOTIKA, N AVAOTOAN OXNUATIOMOU TwV
aSLAAUTWY CUCOWUATWUATWY Yla duo SladopeTikég LoopopdEG NG avBpwrvng
npwteivng T (ON4R kat ON3R) €xel wg anotéAeopa eAAeippata e6IKA WG MPOG TNV
e€apTwUEVN Ao TNV MPWTELVIKN oUvVBeon puvnun, PSD-M.

3.4.5. O OXNUATIONOG OSLAAUTWY OCUCCWHATWUATWY OTA HLOXO0ELS OwHATLA
npokaAei ¢puolodoyikrp PSD-M, evw n €AATIWON TOUG £XEL WG QUMOTEAECUA TN
Snuoupyia EAAELUUOATIKAG LVANG.

Ol VEUPWVEG TWV ULOXOEWSWV cwpatiwv (MBs) gumAékovtal otn Snuoupyia g
€€APTWUEVNG Ao TNV MPWTELVIKN ouvBeon pvAung (PSD-M), (Cognigni et al., 2018);
(Davis et al., 2005), evw n ékdpaon tn¢ hTau oe autd €xel avadepOel OTL €xel WC
amotéAeopa tn dnuioupyia eAAEWWUATWY 0Tn padnon kat BpaxunmpdBeoun UvAun,
adrivovtag OUwWG TOUG VEUPWVEG auTtoug doplka ¢ualoloylkoug (Mershin et al.,
2004). Qotooo, dev €xeL efetaotel pEXPL TwPA av N £KkPpacn TNG avOpwrvng
TMPWTEIVNG T EVTOC TWV VEUPWVWY TWV ULOXOEOWV CWHATIWY £L6IKA o0& eviAka {wa
odnyel og eAewppatiky pvAun. Na va npoodloplotel eav n PSD-M petaBaiAetal,

ONIR eVTAC TWV VEUPWVWV QUTWV XPNOLLOTIOLABNKE EVag

otav ekdppaletal n hTau
LOXUPOC EMaywYEnC ELSIKOC YloL TA HLOXOEWSH owudtia, o LeoGal4;TubG80™
(Messaritou et al., 2009). Ot SlaoTaUPWOELS Tipaypatonotdnkav otoug 18°C kat n
€kppaon tng ON4R woopopdng tng avBpwrmivng npwteivng T Ste€NxOn Eneta amnod
HeTadopd Twv evnAikwv puywv otoug 30°C yia 12 nuépec. Ta entineda ékdpaong tng
npwteivne T umd tov emaywyéa LeoGal4d;TubG80™ mapatnprinke OtTL givat TOAY
auEnUéEva o CUYKPLON UE QUTA TIOU TIPOKUTITOUV UTIO TOV TIOV-VEUPWVIKO ETTAYWYEQ
ElavGal4;TubG80" (Ewdva 3- 12A) kot autd emoAnBelTnKe KAl e €vo SeUTEPO
SLayovisio, To ON4R* (Ewkdva 3- 12B). AapBdvovtac umopn OtL n ékdpacn und Tov
enaywyéa LeoGal4 yivetal oe pikpo aplBuo veupwvwy (Messaritou et al., 2009) o€
OUYKPLON HE TOV TAV-VEUPWVIKO emaywyéa ElavGald (Robinow et al.,, 1988),
UTtOSEIKVUETOL OTL pLa TTOAU HEeYAAn Tepioosla tnG hTau cuocowpelETAL O AUTOUC
Toug ~4500 MB veupwveg (Aso et al.,, 2009) oe auTEC TIGC 12 nNUEPEC EMOYWYNC
€kppaong Tou dltayovidiou. Qotdoo EKMANEN amoteAel To yeyovog OTL Tapd TtV TIOAU
HEYAAN cucowpeuon tnG hTau oe autolC TouG VEUPWVEG, Sev emnpedletal n PSD-M
ouTte ota {wa mou ekppalouv to dlayovidio ON4R (Eikdva 3- 12C) oUte 0 QUTA TTOU
ekppalouv o Slayovidio ONAR? (Ewkéva 3- 12D). SUYKEVIPWTIKG QuTd Ta SeSopéva
umootnpilouv tnv W6£a otL Ta enineda eékdppaong tng hTau and pova toug dev eivat
ETAPKNA YLa TN VEUPWVIKN SUCAeLTOUpYiQ.
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Ewkova 3- 12. Ta vPnAd enineda ékppaong tng ON4AR Loopopdng tng mpwteivng T ota HLOXOELSN
cwpdatia Sev eival emapkh ywa tn Snpoupyia eAAsippdtwy otnv PSD-M. Mocotikomoinon
SelypdTwy amd Kepahéc HuYWV Tou ekdpElouv mav-veupwvikd (Elav-GAL4 /TubGAL80™) fj o 6Aa ta
HLOYOELSH owpdtia (Leo-GAL4; TubGAL80"™) yia 12 npépeg otouc 30°C eite to StayoviSio ON4R (A) eite
10 Slayovisio ONAR™ (B). H ékdppoon uTd TOV EMAYWYLN-ELSIKO YLOL TA LLOXOELSH OWHATIA ETLbEpEL
ONUOVTIKA auénuéva emineda ékdpacng tng mpwteivng T oe clyKpLlon e Ta emineda €kppaong mou
EMAYOVTAL UTO TOV TIOV-VEUPWVIKO EMOYWYEQ KOL N OTATIOTIKA OnUavtiky authy Sladopd
avanapiotatat pe * (A,B). H ékdpacn twv Stayovidiwv ON4R (C) kat ON4R™ (D) urd Tov el8kd yia
o MLoYOELSH owpdtia emaywyéa Leo-GAL4;TubGAL8O™ yia 12 nuépec otouc 30°C Sev emudpépet
eMeipparta otnv PSD-M (C,D) og oxéon Ue TIG LUYEG TIELPAUOTIKOU EAEYXOU. STOTLOTIKEG AEMTTOUEPELEG
mapoucLalovtal oTov ZUMNANPWHATIKOG Mivakag 3 - 12.

ErmumAéov, €metta amd KAAOUATWON TwV MPoilovtwy AUoNG amd OUOYEVOTIOLNUEVES
kedaléc {wwv mou ekdpalouv tnv ON4R oopopdn tng mpwrteivng T, umod tov
enaywyéa LeoGald, Bpébnkav vPnAdtepa enineda twv adldAutwv popdwv NG
npwteivng T o oxéon HE EKEVA TIOU TIPOKUTITOUV ETIELTA QMO EMAYWYH €Kdppaong
UTO Tov enaywyéa ElavGal4 (Ewkova 3- 13A) kal miBoavov og autd va odpelletal n
ENMeWpn g e€aptwpevng amd tnv mpwieivn T SuoAeltoupylag ota pLOXOELdN
ocwpatia. Asdopévng ™G €€aptwpevng amo tnv Beppokpaocio TtoflkdTNTOG TOU
MetBlu kol Tou TEPLOPLOUEVOU OPLOPOU TWV VEUPWVWVY TIOU OTOXEVOVTOL UE TN
Xpnon tou enaywyéa LeoGal4, xpnowpomotnbnke n ocuykévipwon 10 uM MetBlu yia
TNV QVOOTOAN OXNUOTIOHOU TWV OCUCCWHOTWUATWY TNV TPwTeivng T, uHLag
OUYKEVTPWONG N omola 8ev €XEL ONUAVTLKEG EMUMTTWOELG O0TNV eMBiwon TWV HUYWV
TIELPAUATIKOU €AEyxou (ZupmAnpwpatiki Ewdéva 3 - 1A) i twv PUYywWvV TOU

ON4R

ekdppalouv nav-veupwvika tn hTau (ZupnAnpwpatikn Etkova 3 - 1B).

H xopriynon tou MetBlu cuykévtpwong 10 uM otig puyeg, mpaypatonolidnke emni 12
nuépeg otouc 30°C kat Sev mpokdleoe kapio petaBoln otnv anddoon Twv {Wwv
£MeLTa ano napatetopévn eknaidevon (Ewova 3- 13B), umodetkvuovtag tnv ENewdn
TNG YEVIKOTEPNG TOELKOTNTAC TOU PappaKoU Kot tn puctoloyikn Aettoupyia tou KNI,
OTWG KOl TIPONYOUHEVWC. AVTiOeTa, n €€apTtwWHEVN AMO TNV MPWTEIVIK olvOeon
puvnaun, PSD-M, nmopouciooce onuavtikd eAAeippaTa OTIG HUYEG TIou ekdpalouv To
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Slayovislo ON4R (Ewéva 3- 13C) eite to Slayovisio ONAR? (Ewkdva 3- 13D) oe oxéon
ue ta {wa iou yovotumou mou dev éAafav pApUaKO.

A B C D

Tau — . 8OIMMEDIATE 5X s0 24hr SPACED 50 24hr SPACED
SyX e I
. . % 70 1 I % : *
- 0 | .
* S & 40 1 40 T
O 5 = l
— -
% i 8 50 1 30 A 30 A
~ g 40 A
[
> 3 £ 30 4 20 4 20 A
1
8 2 8 ON4R
2 ‘5 10 - 10 A
11 o 10 -
0 A (4] o
ElavG4; LeoG4, OpM  10pM OpM  10pM OopM 10pM
G80* G80* LeoG4,G80* LeoG4,G80* LeoG4,G80*

Ewkova 3- 13. Xoprynon CUYKEKPLUEVNG OUYKEVTPWONG MetBlu, n onoia avaoTtéEAAEL TO OXNUATIONO

ON4R

adlaAuTWV cucowpatwpdatwy tng hTau  , mpokaAel eAAeippata otnv PSD-M. H ékdpaon twv

Slayovidiwv ON4R kat ON4R™ mpayuatonoteital umd tov emaywyéo Leo-GAL4;TubGAL8O® f tov
EMOYWYEQ EIav—GAL4;TubGAL8OtS. Ot SLa0TAUPWOELS TpaypaTonoloUvtal otoug 18°C kat ot eVAMKES
HOyeC tomoBeTtovvTat otouc 30°C yia 12 nuépeg pe A xwpis T xopriynon MetBlu. A) KAaopdtwaon twv
TPOIOVTWY AUONC amod opoyevomolnpéveg Kepaléc {wwv mou exkdpdalouv tnv ON4R Loopopdr TG
npwteivng T umd toug emaywyeic Elav-GAL4;TubGAL80™ kat Leo-GAL4;TubGAL80". H emaywyn
£kdpaong ota HULOX0ELS) ocwpaTia €Xel w¢ amotéleopo uPnAotepa enmimeda Twv adldAutwv
CUCOWHATWUATWY TG TPWTEvNG T 0 OUYKPLON ME €KE(VOL TIOU TPOKUTITOUV QMO TNV €Maywyn
£€KPPACNC LE TOV MAV-VEUPWVLIKO enaywyéa. B-D) Xopriynon 10uM MetBlu o plyeg nou ekdpalouvv
T Stayovisia ON4R kat ON4R™ yia 12 nuépec otouc 30°C Sev emnpedlel TV and800n Twv {Wwv
EMELTA ATO eKTETAMEVN ekmaibevon (B), evw mpokalAel onuavtikd eAeippata otnv PSD-M (C,D) oe

’

olykplon He ta {wa wWiou yovotumou ota omoia Sev xopnynbnke ddapuako. To * umodelkviel Tig

SL0popéC TOU €lval OTATIOTIKA ONUOVTIKEG OTLG MUYEC L6lou yovotumou e 1 XwpLg Tn xopnynon
dUPUAKOU. STATLOTIKEG AEMTOUEPELEG TTOpOUCLAOVTOL 0TOV ZUMIANPWHATIKOG Mivakag 3 - 13.

JUUTMEPAOUATIKA, N OUCCWPEUON TWV aSLAAUTWV OCUCOWHATWHATWY hTau ota
pLoxoeldn ocwpadtia dev emidpépel veupwvikr Suohettoupylia, n omola ekdnAwvetatl
w¢ eNetlpparta PSD-M, og avtiBeon pe tn dtaAuth hTau kat mBavov kat ta GTO mou
daALVOUEVIKA ETILDEPOUV.

3.5. XulAtnon

3.5.1. Avtiotpodn €AAELHUATWY OTNV EAPTWHEVN QMO TNV MPWTEIVIKA cUVOEDN
MvAun og eviAika {wa tov ekppalouv tn npwteivn T.

Ta eMelppata otnv PvAun Tou  elval xpovo-e€aptwpeva kal mbavotata
avtikatontpilouv tnv €€EAEN TNG vOoOU, €lval XOpOAKTNPLOTIKO TWV TEPLOCOTEPWV
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onopadikwyv T-mpwrteivomabelwyv, cupnep\apfavopévwy Kol autwv Tou Ogv
EUMAEKOUV peTaANaypéVn TpwTelvn T, omwg to AD (Delacourte et al., 2005); (Lee et
al.,, 2001). Ta eAAeippato OTN CUVELPULKA HABnon kot otn pvAun PSD pe tpomo
Xpovo-e€aptwpevo eudavilovtal £ekABapa Kal OTO OCUYKEKPLUEVO HOVIEAO TNG
Drosophila pe tnv emaywyn €ékdpaong tng mpwteivng T o€ eviAwka dtopa [Ewkova 3-1
kat (Sealey et al., 2017)]. Qotooco, 6ev eival cadeég HEXPL TwPA €AV AUTA Ta
eMelppata otn pvARn €ival anodppola Un avaotpeéPluwy SUCAELTOUPYLWV N
EKPUALOUEVWY VEUPWVWV. [PONYOUUEVEG E€PEUVEC OE HOVTEAQ SloyoviSlakwy
TIOVTIKWV UE puBulopevn ékdppaon twv petaAragewv P301L kot AK280 oto yeVeTLKO
umtoBaBbpo tng ON4R woopopdn¢, oL omoieg oxetilovtal pe tn FTDP vooo, £€6el€av otL
N KataotoAn ékdpaong TG hTau BEATIWVEL TN HVAKN, XWPLE OMWE VA LELWVEL KOl TO
HeyaAa cuoowpatwpata (Santacruz et al., 2005); (Sydow et al.,2011); (Van der
Jeugd et al., 2012).

H mapoloa épsuva, amd o600 yvwpiloupe, €lval n TPWIN TOU TAPOUCLAlEL
ovaotpodn TNG €ANEWPUATIKAC UVAMNG EMELTA Amd KOTOOTOAN TNG €kdppaong tng
avBpwrnivng mpwteivng T aypilou tumou. Mall pe ta dedopéva amo TG EPEUVEC OTO
TIOVTIKL, TO. AMOTEAEOUATA QUTA uTtooTnpilouv TNV UTOBeon OTL Ta EAAElppOTO OTN
HUVAUN 8ev elval amoppola pn avacTpEPLUWY KATECTPAUUEVWY VEUPWVWY OO TNV
€kdpaon ayplou tumou 1 petalayuévwy popdwv tng mpwrteivng T. MBavov, ta
YVWOTIKA €AAE(HHOTA VO TIPOKUTITOUV amto  SUOAEITOUPYLIKOUC OoAAG ABlKTtoug
VEUPWVEC KL low¢ va glval emiong ¢pappaKoAOYIKA avaoTpEPLUO Kal 0 aoBEeVELS,
TOUAQXLOTOV TPV Ta UETOYEVEOTEPQ €KPUALOTIKA otadla tng vooou (Braak et al.,
1996); (Lee et al., 2001); (Papanikolopoulou et al., 2020).

ErutAéov, pe tn mopovoa £peuva amodeKVUOUE OTL N TIEPLOCELA TWV LoopopdwV
ON3R kat ON4R oto KNZ Snuioupyet eAeippata edikd yia tnv PSD-M (Ewkova 3- 4 A-
D, Ewkova 3- 9 A-D, Ewkdva 3- 11 A-C). Ta amoteAéopata autd evioxUouv tnv anoyn
OTL n mepioosla tnN¢ Mpwteivng T dev 0dnyel oe yevikn Suohettoupyia tou KNI tng
poyag aAla npodavwg emdpa o€ CUYKEKPLUEVEG Slepyacieg cupmepAapBavopévwy
KOLL TWV [NXOVLIOUWV TIOU €lval amapaitnTol yla To oXNUATIOMO TNG EEAPTWHEVNC ATt
™V NMPWTeivik olvBeon HvAUNG. Ze poodatn peAETn pe xpnon {wwv Drosophila
ota onoia €xel e€aleldBel n evboyevig mpwteivn T, Bp€Bnke OTL €xouv auénuévn
uetadpaon kal evioxupévn PSD-M evw n umepékdpaon NG Tapouclalel
nipoPAnpata Kot otic SU0 SLadIKOCLEC, Ue AMOTEAETUA VO TTOPEXEL oadr ¢ amodeifelg
yla 10 pOoA0 TNG TMPWTEivng T otnv apvntikn puBWwon NG petddpaong
(Papanikolopoulou et al., 2019). Z& avtiBeon, otn cuyKekpLUEVN Epeuva BpEBnKe OTL
n aveédptntn amd TNV MPWTEIVIKA ouvBeon pvAun, PSI-M, pével avemnpéaotn,
TapEXOVTOG EMUTAEOV OTNPLEN TNG WOEag OTL N epiooela NG SLaAUTAG mpwteivng T
Sev eival autn kabavutr tofikn oto KNI tn¢ poyag. EmutAéov, €xel avadepbel os
AaAAn £€peuva OTL N PSI-M g€aptatal TOUAAXLOTOV €V HEPEL QMO TN oTABepOTNTA TNG
vnuatwdoug F-aktivng (Kotoula et al., 2017) kat oe cuvAptnon UE TO YEYOVOG OTL O€
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OM\ec €peuveg €xel avadepBel otL n neploosla hTau oto KNI tng poyog
otaBepomnolel tnv F-aktivn (Fulga et al., 2007), UMOPOUHE VO KATAVOICOUE TO AOYO
yla Tov omoio n PSI-M mapapével aBLkTn umd aUTEG TG OUVONKEG.

3.5.2. H av§npévn cuocowpdtwon ¢ nMpwieivng T oto KNI evnAikwv puywv
OUOYXETI{ETOL LE TNV KATALOTOAN TWV EAAELHpATWY PSD-M.

Je ouvpdwvia HeE TA AMOTEAECUOTO QMO TO HMOVIEAO TOVIIKOU Yyl TNV
HETWTOKpoTadLky avola, otn Drosophila Bpébnke OTL T CUCOCWUATWHATA TNG
npwteivng T mapapévouv yla TouAdxlotov 10 nUEPEG UETA TNV QAMOCLWTINON TNG
€KPPOONG TNG KA TTPOdaVWE AOTEAOUV Kal TO KUPLO KAdoua Tn¢ toopopdng ON4R
¢ mpwteivng T (Ewkdva 3- 5 C kaw D). EmunpooBétwg, otnv woopopdry ON3R tng
TMPWTEIVNG T, TO CUCCWHATWHATA ATOTEAOUV TO KUPLO KAACMO 0T HUya aKOUA Ko
otav 1o dlayovidlo eival mAnpwc petaypadikad evepyo yia 12 nuépeg (Ewkova 3-
10A). H auvénuévn taon tn¢ woopopdng ON3R tng mpwteivng T yla CUCCWHATWON
unopetl va odeiletatl otnv avénuévn dwodopuliwaon TG EvVavil TNG AVILOTOLKNG
dwodopuAiwong tng ON4R oopopdng tng mpwrteivng T oto KNI tng Drosophila
(Sealey et al., 2017). Eva GAAo evOeXOMEVO yla TNV AUENUEVN CUCCWHATWON TIOU
napatnpeital otnv wwopopdrp ON3R pmopel va elvat To yeyovog OTL N CUYKEKPLUEVN
loopopdn €XEL LELWHEVN OCUYYEVELA YLO TOUC ULKPOOWANVIOKOUG OE OXECHN HE TNV
ON4R oopopdn pe amotéAeopa va kabiotoatol €va PeEYAAO TTOOOOTO QUTAG TNG
loopopdn¢ abECUEUTO KOL TILO ETUPPETH OTn cucowpdtwon (Goode et al.,2000).
Evéladépov emiong €xeL To yeyovog otL otav n ékdpacn tng Loopopdng ON4R tng
npwrteivng T meplopiletal povo otoug ~4500 VEUPWVECG TWV ULOXOELOWV cwuaTiwy
(MB), pe xprion tou MOAU Loxupol emaywyEa LeoGal4, mapatnpeitat avénon twv
OUCOWMOTWHATWY aKOUA KAl XWPLE TNV amoowwnnon tou dtayovidiou os oxéon e
Ta enineda mou mapatTnEnBnKav PE Xprion Tou mav-veupwvikol enaywyéa ElavGald
(~1x10° veupwvec) o TapOHOLES cuvOrKeS (Etkova 3- 12 A Kat B). Autd umoSelkviet
OTL N OUCOWMATWON EUVOE(TOL LE TN OUCCWPEUON TNG TPWTEIvNG T €VIog
OUYKEKPLUEVWV VEUPWVWYV, OMWG £XeL TpotaBel kal amo AAAeC UEAETEC in vitro
(Montejo de Garcini et al.,, 1986); (von Bergen et al., 2000). EmutAéov, auto
Sikaloloyel tnv emhoyn pag va cuvduaocoupe ta Suo véa Stayovidia ON4R £tol
Wwote n ékdppaon hTau tou pokUtovtoc ON4R? va mpooeyyilel ekeivn Tou apxtkoy
tuxaiwg eloaxBévtog Stayovidiou ON4R (Wittmann et al., 2001) (Ewéva 3- 3).

Ta pn SLoAUTA cucowpaTWUATA TNG MPWTEivNG T €xouv ouvdeBel AppnKTa HE TIC
veuPoeKPUALOTIKEG T- mpwteivondBeleg (Delacourte et al., 2000); (Geschwind et al.,
2003); (Trojanowski et al., 2005) kot Ta HEYOAUTEPO CUCCWHATWHATA, OTIwC Tl NFT
Bewpeital 0Tt cupBAaAAouY oTn TofkoTNTA AN OE peTayevEoTEPO otadlo. QoToo0,
TMOAAG elval Ta otolyelo TAEoV TTOU UTTOSELKVUOUV OTL Tl SLAAUTA OALYOUEPN TNG
npwteivng T Kal mBavwe Kal T KKPA pn SLoAUTA cucowHATWHATA OTtwG Ta GTOs
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(Cowan et al., 2013), éSwadpapatilouv Baockd poAo otn SucAeltoupyiar Ko
TOEKOTNTA, &VW QUECEC €VOELEelG yla TO pOAO TwV HEYAAWV Hn SlaAlutwv
CUOOWMOTWHATWY 0 auTEC TG dladikaoieg mapapévouv elayloteg (Arendt et al.,
2016); (Cowan et al., 2013); (Wang et al., 2015). Ztnv nmpaypatikdétnTa £Xel SewxBel
OTL Uropel va emépyetal ekPUALON TWV VEUPWVWV Kal Xwpig tn dnuoupyia NFTs
(Papanikolopoulou et al., 2011); (Wang et al., 2015); (Wittmann et al., 2001).

Ta debopéva otn mapovoa €peuva umootnpilouv cBevapd tnv amoPn OTL TA pn
SLOAUTA CUCOWUOTWHOTA €lVaL TIPOOTATEUTIKA OE VEUPWVIKEG Slepyaoieg (I €0Tw
T €TUTPEMOULV), oL omoleg amoteAoUv Tn Pdacn ywa TNV €€APTWUEVN QMO TNV
npwteivoolvOeon pvnun, PSD-M. Auto €pxetal o cupdwvia, v PEPEL, UE AANEG
EPEUVNTIKEG UEAETEC TTOU SElXVOUV OTL OTO HOVTEAO UETWITOKPOTADLKAG AvVOLAC TOU
TIOVTLKOU, TO. CUCCWHATWHATO TIAPAUEVOUV, EVW N YVWOTLKNA AElToupyia BeATLwveTal
(Santacruz et al., 2005); (Sydow et al., 2011); (Van der Jeugd et al., 2012).

I1n mapovoa €peuva amodelape OTL N amoowwnnon tng dtayoviSlakng Ekppacng o
{wa mou ekdppalouv tnv Loopopdn ON4R tng mpwtelvng T €XEL WG AMOTEAECUA TNV
avaotpodn Twv eAAEUPATWY otV PSD-M pvrun Kot cUoXeTIleTal AUeca UE TNV
avénon twv pn SdtaAutwyv cuoowpatwpdtwy (Etkéva 3- 5 E kat Ewkéva 3- 6).
AvtiBeta, n eAAELUPOTIKA UvAUn Slatnpeltal EMeLTa amo TNV avVaoToAr OXNUATIOUOU
TWV CUCOWUOTWHATWY ME Xopriynon tou MetBlu kat tautoxpovn Slayovidlakn
anoownnon (Ewéva 3- 9B). Evw, 0€ OUYKEVIPpWOEL Tou MetBlu mou &ev
EMNPEALETAL O OXNUATIONOC TWV CUCCWHOTWUATWY TNG oopopdng ON4AR 1tng
npwteivng T dev emnpealetatl n PSD-M (Ewova 3- 9 D). EmutAéov, n xopriynon
MetBlu o€ CUYKEVTPWON TIOU QAVOOTEAAETOL O OXNHATIOMOC TWV CUCCWHLOTWLATWY
KoL 0€ oUVORKeC xwpic Stayovidiakr amoowwnnon (ékppacn 12 nuépeg otouc 30°C:
ouvOnkeg otig omoieg n ON4R woopopdn tng mpwrteivng T Snuioupyet eAAeippata otn
PSD-M) €xeL wg anotéAeopa tnv emavénon tou eAeippatog otn PSD-M (Ewkova 3- 11
G). EmumpooBetweg, n €kdpaon TG oopopdng ON4R tng mpwteivng T evidg twv
pwoxosldwv owpatiwv anédwoe ¢uolohoyiky PSD-M, miBavotata Adyw NG
unepPoAknc cuoowpatwong t¢ (Ewkéva 3- 12 A-D), evw onuavtikd eAeippata
mapoucldotnkay Emelta and xopriynon tou MetBlu o€ cuykévipwon n omoia
QVAOTEAAEL TO OXNMUATIONO TWV cuocowHaTwATWY (Etkova 3- 13C ko D).

ErumAéov amodeifelg Evavtl Tou pOAOU TWV CUCCWHATWHATWY, €8KA yla tnv PSD-
M, anédwoe n xprion pag deutepng Loopopdng tng mpwteivng T, n ON3R woopopdn.
H ékdppaon tc ON3R toopopdic yia 12 nuépec otouc 30°C, anodidetl duotohoyikn
pnabnon kat pviun ota {woa avtd (Sealey et al., 2017), evw og ouykplon pe tnv ON4R
toopopdn mapouaotalel avénuéva emnineda cvoowpatwpatwy (Ewkéva 3- 10A). H
xopriynon tou MetBlu otig poyeg autég mou ekdpdlouv tnv ON3R Loopopdn eixe wg
anotéAeopa tn Snuioupyia eAAelupdtwy otnv PSD-M (Ewkdva 3- 11 B) akplBwg Omwg
KAl otn Tepimtwon ¢ ékbpaong tng ON4R oopopdrg ota ULOYXOELS CwATLa
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(Ewkova 3- 13 C). Kowvo XopaKktnploTiko Kol ot SUO OUTEG TEPUTTWOELG NTAV N
OXETIKN adBovia TwvV CUCoCWHATWHATWY TNG TPWTEVNG T (Etkdva 3- 10 A kat Eltkova
3-13 A).

JUMMEPACUATIKA, TA KN SLAAUTA cucowpaTwHATA TNG MPwTeivng T Sev epnodilouv
TIC VEUPWVIKEG Olepyacieg mou amattouvtol ylo tnv eopTWUEVN amod TV
npwteivoolvBeon pvAun PSD-M otn D. melanogaster koL pmopel akopa Kal va
5pOUV MPOCTATEVUTIKA EVAVTL TWV KUTTAPLKWY OIMOKPLOEWV TIOU EMEPYOVTAL AOYW TNG
auvénuévng dwodopuliwong g MPWTIEivNG T, OMWCE TPOTEIVETAL KAl O QAAEG
ueAéteg (Wang et al., 2015). AvtiBeta, Ta HIKpA SLAAUTA OALyOUEPN N TA LOVOUEPN,
OSluepn Kkal TPUEPn TNG mMpwrieivng T umopel va Spouv MOAPEUTOSIOTIKA OTLC
Slepyaoieg mou amattovvtal yla tnv PSD-M. EmutAéov, n avaotoAr) oxnNUATIOUOU
TWV CUCOWUATWUATWY TwV ON4R kat ON3R oopopdwv tng MpwTeivng T, o€ OXETIKA
XOUNAEG OUYKEVIPWOELG Tou MetBlu kal umo ouvBnkeg pEyLotng €kdpaong Twv
Siayovidiwv  (30°C) peiwoe  Spopotikd Tn  Sdpkela  IwAG TWV  MUYWV
(ZupmAnpwpatiky Ewtkéova 3 - 1). JUVEMWG, N OVAOTOAR OXNUOTIOHOU Twv
CUCOWHOTWHATWY f N TPOKUNTOUOO TIEPLOCELA TwV SLOAUTWY OALYOUEPWV I O
ouvduaopog Kal Twv U0, €XEl WG amotéAeopa tnv Tofikotnta oto KNI, omwc autn
dalvetal pe tv npoéwpn Bvnolpotnta.

Ye 81adopeC UEAETEG OTO HOVIEAO UETWIOKPOTAMLKAG AVOLOG TOU TIOVTLKOU E€XEL
Selytel otL n Bepanceia | n mMPoOAnYn pe MetBlu amotpémel i emavadEpeLl TIG
YVWOTLIKECG Aettoupyieg (Santacruz et al., 2005); (Sydow et al., 2011); (Van der Jeugd
et al., 2012), aAAd ol emdpdaoelg Tou dappdakou dev £xouv MARPwG afloloynBel.
Qotooo, to MetBlu 6tav dokpdotnke os aoBevei¢ wg Beparmeia yla TNV AvaoToAn
NG oUCOWHATWONG oto AD kal mépaoce ot doklpég paong lll, dev anédwoe ta
emBupunta anoteAéopata (Gauthier et al., 2016) mBavotata eneldr) dev avaoTEAAEL
TO oxnuatlopo twv GTOs (Soeda et al., 2015), Ta omoia cucowpevovtal o LPNAQ
enineda. Méxplg otyung dev yvwpilouvpe tn Sopopdwon TwV CUCCWHOTWHUATWY
KOl TwV OAlyopepwV Tou oxnuatilovtatl oto KNI tng piyag, Umo TIC CUYKEKPLUEVEG
TIELPOLOTIKEG OUVONKEC OV peAeTAONKav otn mapovoa epyacia. Q¢ ek Toutou Sev
yvwpilovpe edav ta GTOs mepllapfavovial p OxL OTd CUCCWHOTWHATA TIOU
amopévouy Emetta tnv enefepyacia pe MetBlu kat av sival autd f ta StaAutd
oAlyopepn mou mpokaAoUv Ta eAAeippata otnv PSD-M pvhun. Qotéoo, npocdata
omoTeAEopOTO Amd TO HOVTEAO Tovilikol FTDP umodelkviouv OTL ta SloAutd
oAlyopepn tng mpwrteivng T mou dpEpet tn petaAlaén P301L, eivat urtevBuva yla tnv
€€€NLEN NG vooou (Shin et al., 2020).

JuAOYIKA TO amoteAéopata TG mapoloas €peuvag pall YE TA OMOTEAECUOTO
aMwv epeuvwy umodelkviouv OTL ddppaka Tou Mpowbolv Tn CUCCWHATWON
(Dominguez-Meijide et al., 2020) umopel va gival kataAAnAotepa yla tnv Bepamneia
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TWV YVWOTIKWV EAELPPATWY o€ aoBeveig pe AD mapd ta ¢pappaka to onoia dpouv
QVAOTAATIKA TNG CUCCWHATWONG, 0w To MetBlu.
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3.6. ZuuMANPWHATIKA Asdopéva
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SupnmAnpwpatik Ewkova 3 - 1. Awadopiki enidpacn otnv Bvnowwdtnta twv StadopeTKWV
OCUYKEVTPWOEWV Tou MetBlu yia Tig HUYEG MELPAPATIKOU EAEYXOU Kal yLa TIG LUYEG Tou eKdpalouvv
TI§ oopopdég ON3R kat ON4AR tng mpwrteivng T. KaumuAeg emiPiwong £€metta amd xopriynon
Sladopetikwy ouykevipwoeswv MetBlu (0, 10, 50, 100, 250, 500 kot 1000puM) o€ pOYEC MELPAUATIKOU
eAéyxou (A) kal oTLG HUyeg Tou ekdppalouv tnv woopopdn ON4R (B) 1 tnv toopopdry ON3R (C) tng
npwteivng T. A) H xopnynon tou MetBlu péow NG TPOPNG OTIC UUYEG TELPAUATIKOU €AEyXOU

1118
)

(etepoluywtec ElavGald;TubGal80™>w'®), Sev emnpedlel onpavtikd o Padpd emPiwons Twv puywv

0€ OUYKeVTPpWOEeLG 10-250uM, evw o0€ PEYAAUTEPEG OUYKEVTIPWOELG TIPOKAAEL MPowpn Bvnolpotnta
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KOl CUYKEKPLUEVA OTN CUYKEVTpWON 500 UM to 50% Twv LUYWV amoBLwVEL vwpitepa Katd 16 nUEPES
KOl 0Tn ouykévtpwon 1 mM kata 22 nuépes. B) H xopriynon MetBlu og cuykevipwoelg 10-100 uM
5ev aM\&ZeL To onpeio, dmou éxoupe To 50% emBiwonc otic pUyec mou ekdpdlouv Ty hTau™ ™ oe
oXéon UE TIg puyeg mou dev éAafav MetBlu, woTOCO TO PELWVOUV KOTA 5 NUEPEG OE OXEON ME AUTO
Twv {WWV TELPAUATIKOU €AEyXOU. X€ OUYKEVTPWOELS 250 UM kat 500 uM MetBlu, TO MOOOGTO
eruplwong 50% shattwvetal Kotd 15 nUEPES, EVW O€ oUYKEVTpWon 1 mM katd 17 nuépeg. C) Ta {wa

ON3R ‘ ' . i ' I3
TAPOUCLAIOUV CNUAVTIKA HELWHEVO BaBud emPBiwong kat n katda 50%

mou ekdpalouv tnv hTau
Bvnowotnta gudaviletal 7 nuépeg vwpltepa amo TG HUYEG TElpapaTkoU eAéyxou. To 50% tou
nococotol Bvnoluotntag eudaviletal katd 8 NUEPEG vwpitepa oe cuykevtpwaoel MetBlu dvw twv
250 M. ZTOTLOTIKEG AETMTOUEPELEG TAPOUCLALOVTAL OTOUG ZUMMANPWHATLIKAG Mivakag 3 - 5, 3- 6 Ko

3-9.

A B

24hr SPACED 24hr SPACED
50 - wlll.B S0 - w].l.lﬂ
X a5 1 I 45 1
Ta{| | 40 |
';; 35 1 35 A
'E‘SU 1 30 4 1
Ezs 1 25 1 1
& 20 20 1
15 4 15 -
& 10 | 10 1
5 1 5
0

opM  250uM ° ° T opM " 500uM

TupnAnpwpatikr) Ewkéva 3- 2. H xopriynon MetBlu og piyeg nelpapatikol eAéyxou 8ev npokalei
aMayéc otnv anédoon g PSD-M. H xopriynon MetBlu o piyec metpapatikod ehéyxou, w' =, yia
10 nuépeg otouc 18°C kat o ouykévtpwon 250 UM (A) f 500 UM (B) Sev mpokael kapia otatiotikd
onpavtkn dtadopd (A: p=0.6584, Dunnett's test, n>12 ava ouvBnkn, B: p=0.4115, Dunnett's test,
n>12 avad ouvBnkn) otnv amodocon otnv e€0pTWHUEVN ATMO TNV MPWTEWVIKA cuvBson pviun, PSD-M

(24hr Spaced).
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Fevotumog Méoog 6pog + t-Ratio p
SEM

Ewéva 3-2 A. ANOVA F, 40 =3.136, p=0.0549

wiES0N4R 65.774 +1.955

ElavGal4;Galg0™> w'™® £8.305 + 1.583 1.053 0.3112

ElavGal4;Galg0™ >0N4R 71.697 £ 1.567 6.179 0.0174

ElavGal4;Galg0o™> w''™® £8.305 + 1.583

ElavGal4;Galg0™ >0N4R 71.697 £ 1.567 2.026 0.1628

Ewkéva 3-2 B. ANOVA F, ;;) =3.202, p=0.0501

w'®>0N4R 17.937 + 1.609

ElavGal4;Galg0™> w''® 27.051 +3.348 5.574 0.0226

ElavGal4;Gal80™ >0N4R 25.300 + 2.854 3.874 0.0552

ElavGal4;Galgo™s w'® 27.051 +3.348

ElavGal4;Gal80” >0N4R 25.300 +2.854 0.2116 0.6477

Ewéva 3-3. ANOVA F3,5 =135.648, p=4.3164e-11

ElavGal4;Galg0™ >0N4R 1

ElavGal4;Gal80™ >0N4R™ | 0.08779 +0.0199 | 272.781 | 4.9499e-11

ElavGal4;Gal80™ >0ON4R™ | (.05450 + 0.0059 | 293.052 | 2.9662e-11

ElavGal4;Gal80™ >0ON4R* | 0.64758 + 0.0804 | 36.188 | 2.36462e-5

TupnAnpwpatikog Nivakag 3 - 1. Ztatiotiki avaluon eikovwy 3-2 Kat 3-3.

3-2 A-B: O H€COG OPOC KOl TO TUTILKO odAApa TNG amodoong otn Uabnon €melta amod eKTETAUEVN
eknaibevon twv {wwv (Immediate 5X) (A) kaL otnv avedptntn TG MPWTIEIVIKAG oUVBECONC HVAUN
(PSI-M, 24HR Massed) (B) umodeilkvUovtal oTov Tivaka yla OAOUG TOUG yevoTUTIouG. MeTd thv
onuavtikp ANOVA, moA\amAéG oUYKPLOELG TwWV HECWY OPWV TOU KABE yevoTUTIOU LLE TPOTO TOU
ovarnapilototal oTov mivaka paypotonotonkay.

3-3: M@ TNV TOOOTIKOMOLNoN Twv OJSElyUdTwV KATA TNV avocoamotunwon katda Western
T(POYLATOTIOLONKE TIUKVOUETPLOL KAl UTTIOAOYLOTNKE 0 AGYOG TNG OXETIKAG TTOCOTNTAG TNG MPWTEIvNG T
O€ OX€0N WE TN OXETIKN ToooTNTA TNG ouvtalivng (Syx). O Adyog Twv Selypdtwy eAéyxou (Tou tuyaia
gloayopevou Slayovidiov ON4R) oplotnke wg 1 Kot OAoL oL AdyoL OXETIKAG moodTnToC avadEpovTal O
oxéon Ue auto. O pHéoog 6pog Kal oL TLEC TUTkoU odaAuatog (SEM) cuykpivovtal apxXkwe HE T
pEBoSo  ANOVA kal otn ouvéxela pe tn Sokwacio Dunnett’s. Tpila avedptnta melpdpota
TPAYUOTOMOLRONKAV yla TNV OTATLOTIKA avaAuon. Mg éviovo Haupo avamopioTovtal ol OTOTLOTIKA
ONUAVTIKEG SLoPOPEG.
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Fevétumog Méoog 6pog + t-Ratio p
SEM

Ewéva 3-4 B. ANOVA F(, 4, =13.829, p=2.7206e-5
wi®>0N4R* 27.926 +1.731

ElavGal4;Galg80"™> w™ 26.202 £ 2.079 0.5018 0.4828
ElavGal4;Gal80" >0N4R* 16.326 + 1.246 23.4966 | 1.92352e-5
ElavGald;Galg0™> w'''® 26.202 £ 2.079

ElavGal4;Gal80" >0N4R* 16.326 + 1.246 17.0308 0.0001

Ewéva 3-4 C.

ANOVA F, ,; =3.119, p=0.062

w¥>0N4R* 66.526 + 2.471
ElavGal4;Gal80™> w'*® 72.845 + 4.099 2.5096 0.1257
ElavGal4;Gal80” >0N4R™ |  62.930 + 1.753 0.9146 0.3480
ElavGal4;Gal80™> w'*® 72.845 + 4.099
ElavGal4;Gal80” >0N4R™ |  62.930 + 1.753 6.1794 0.0199

Ewkova 3-4 D.

ANOVA F(;34 =2.963, p=0.0659

wi®>0N4R* 20.437 +2.228
ElavGald;Galg0™> w'''® 25.966 + 1.669 5.021 0.0321
ElavGald;Gal80™ >0N4R*® 25.598 + 1.250 4.3752 0.0445
ElavGald;Galg0™> w'''® 25.966 + 1.669
ElavGald;Gal80™ >0N4R*® 25.598 + 1.250 0.0272 0.8701

TupnAnpwpatikog Nivakag 3 - 2. Ztatiotikr) avdAuon gikovag 3-4. O pécog OpoG Kol TO TUTILKO
obaApa ™G anddoong otn pABnon kat otnv €€aPTWUEVN QMO TNV MPWTEIVIKA oUVOEONH MVAUN
UTtOSELKVUOVTOL OTOV TtivaKa ylo OAOUG TOUG YEVOTUTIOUG. Metd tnv onuavtiky ANOVA, moAAamA£g
OUYKPLOELG TwV HEOWV OpwWV TOU KABE YEVOTUTIOU HE TPOTO TIOU QvaAmaploTaTal OToV Tivaka
nipayuatonolfnkav. Me évtovo HaUpo avanaploTavtol oL OTATIOTIKA ONUAVTIKES StadopEg.
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Fevotumog Méoog 6pog Dunnetts’ p
SEM

Ewkéva 3-5 B. ANOVA Fy 13 = 99.548, p=3.67003e-7
ElavGal4;Gal80" >0N4R ON 1 1
ElavGal4;Gal80" >ON4R OFF 0.5436 + 0.0457 1.10368e-8
Ewkéva 3-5 C. ANOVA F, ;, =1.012, p=0.3327
ElavGald;Gal80" >ON4R ON 1 1
ElavGald;Gal80" >0ON4R OFF 1.205+0.114 0.332
Ewkéva 3-5 D. ON4R: ANOVA F; ;) =0.145, p=0.711

ON4R>*: ANOVA F ;3 = 4.262, p=0.061

ElavGald;Gal80™ >ON4R ON 1

ElavGal4;Gal80" >ON4R OFF 1.009 £ 0.107 0.7114
ElavGal4;Gal80"™ >0N4R** ON 1

ElavGal4;Gal80™ >ON4R*® OFF 0.836 + 0.046 0.0612
Ewéva 3-5 E. ON4R: ANOVA F,,;,=9.191. p=0.0126

ON4R™: ANOVA F, 0 = 11.556, p=0.0094

ElavGal4;Gal80ts >ON4R ON 1
ElavGal4;Gal80ts >ON4R OFF 1.656 £ 0.197 0.0126
ElavGal4;Galg80ts >ON4R* ON 1
ElavGal4;Galg80ts >ON4R** OFF 1.879+0.183 0.0094

TupnAnpwpatikog Nivakag 3 - 3. ZTatiotiki avaAuon ewovag 3-5.

B: M tnVv mocotikomnoinon Twv dstypdtwv tng RT-PCR umoloylotnke o AOyog TNG OXETIKNAG TOCOTNTAG
Twv MRNA gmumédwy g MpwTteivng T o€ oxéon HUeE T OXETIKA moootnta Twv MRNAs tou rp49. O
AOyog tou belypartog eAéyyxou (ON4AR ON) opiotnke wg 1 kat o AGyog TNG OXETIKAG tocotntag tou ON4R
OFF avadépetal oe oxéon Me auto. O HECOG OPOC KAl OL TLMEG TUTLKOU odaApatog (SEM)
ouykplvovtal apylkwg pe tn néEBodo ANOVA kal otn cuvéxela pe tn dokipaocia Dunnett's. Tpla
ave€apTNTO TELPALOTO TIPAYHOTOTOLBNKaV yLa TNV OTATLOTLKA avaAuon.

C-E: Na TNV moooTKomoinon Twv O&elyudtwv KOTA TNV avoooamotunmwon katd Western
T(PAYLOTOTOLONKE TTUKVOUETPLa Kol UTIOAOYIOTNKE 0 AOYOG TNG OXETIKN G TOOOTNTAC TN MPpwTeivng T
O€ OX£0N UE TN OXETLKN ToodTnTa TG ocuvtadivng (Syx). O Adyog Twv Setypdatwv eAéyxou (ON4R ON kot
ON4R2a ON) opiotnke w¢ 1 kot OAoL oL AOyOoL OXETLKN G ToooTNTAS avadEpovial o€ oxéon He auto. O
MECOG OPOG KOl OL TLUEG TUTILKOU addaApatog (SEM) cuykpivovtal apXkwg pe T uEBodo ANOVA kal
oTn ouvéxela pe tn dokwdaoia Dunnett’s. Tpila avefdptnta Mepapata TPAyUOTONOLONKAV yla TNV
OTATLOTLKN avaAucon. Me €vtovo Haupo XpWHA aVOmapioTavTal oL OTATIOTIKA oNUAVTIKEG SladopEd.
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Fevotumog Méco 6pot | t Ratio p
SEM

Ewéva 3-6 A. ANOVA F330) = 12.466, p=9.64504e-6
w**>0N4R OFF 30.701 +2.261
ElavGal4;Gal80™> w''*® OFF | 41.380 +2.698 | 11.240 0.0019
ElavGal4;Gal80” >0N4R OFF | 32.962 +2.346 | 0.504 0.4825
ElavGal4;Gal80” >0N4R ON 22.034 +1.548 | 7.405 0.0099
ElavGal4;Gal80™> w'*** OFF 41.380 *+ 2.698
ElavGal4;Gal80” >0N4R OFF | 32.962 +2.346 | 6.985 0.0120
ElavGal4;Gal80™ >0N4R ON 22.034 +1.548 | 36.891 | 5.5383e-7
ElavGal4;Gal80” >0N4R OFF | 32.962 + 2.346
ElavGal4;Gal80” >0N4R ON 22.034 +1.548 | 11.770 0.0015

Ewkova 3-6 B.

ANOVA F3 43 =17.761, p=1.53441e-7

w ' ¥>0N4R* OFF 25.398 +2.722

ElavGal4;Gal80™> w'''® OFF 33.028 +1.944 | 7.395 0.009
ElavGal4;Gal80™ >0ON4R* OFF | 21.768 + 0.991 | 2.061 0.159
ElavGal4;Gal80™ >0N4R*™ ON | 13.839 + 1.765 | 19.541 | 7.06971e-5
ElavGal4;Gal80™> w™'® OFF 33.028 + 1.944

ElavGal4;Gal80" >ON4R* OFF | 21.768 + 0.991 | 18.625 | 9.80285e-5
ElavGal4;Gal80” >0N4R* ON | 13.839+1.765 | 50.777 | 1.09544e-8
ElavGal4;Gal80™ >0N4R** OFF | 21.768 + 0.991

ElavGal4;Galg80” >0N4R*™ ON | 13.839 % 1.765 | 10.892 0.002

TupunAnpwpatikog Mivakag 3 - 4. ITAtloTiki avaluon eikovag 3-6. O HECOC OpOC KAl TO TUTIKO
obaApa g anddoong otnV EOPTWEVN ATIO TNV MPWTEIVIKA ocUVBeoN VAN UTtoSElKVUOVTAL OTOV
Tiivaka yla 0AoUG TOuG YeVoTUTIouG. Metd tnv onpavtiky ANOVA, moAAQmAEG CUYKPLOELG TWV HECWV
OpwV TOU KABe yevotUTOU HE TPOTO TOU Ovamaplotatal oTov Tivaka mpaypotonotiénkav. Me
£VTOVO HaUPO XPWHO OVaaploTOVTAL Ol OTOTLOTLKA ONUAVTIKEG SladopEG.
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Wilkoxon/Kruscal-Wallis Means comparison (Steel with control)

DAY 1%, (DF, count) py Genotype (uM MetBlu) z ]
2 17.015 (6,17) 0.0092 Elav;G80%>+ 0

Elav;G80%>+ 10

Elav;G80%>+ 50

Elav;G80°>+ 100

Elav;G80°>+ 250

Elav;G80>+ 500 0.4029 0.9975

Elav;G80">+ 1000 2.9594 0.0161
6 £.044 (6,17) 0.2349 Elav;G80">+ 0

Elav;G80">+ 10

Elav;G80">+ 50

Elav;G80%>+ 100

Elav;G80%>+ 250

Elav;G80%>+ 500

Elav;G80%> + 1000
10 44.54 (6,17) <0.0001 Flav;680°>+ 0

Elav;G80%>+ 10

Elav;G80°>+ 50

Elav;G80°>+ 100

Elav;G80°> + 250

Elav;G80">+ 500 -2.9765 0.0153

Flav;G80°>+ 1000 -4.9758 <0.0001
14 60.578 (6,17) <0.0001 Elav;,GB0">+ 0

Elav;G80%>+ 10

Elav;G80%>+ 50

Elav;G80%>+ 100

Elav;G80°>+ 250 -2,6753 0.0372

Flav;G80%>+ 500 -3.8591 0.0007

Elav;G80%>+ 1000 -4.9943 <0.0001
18 53.859 (6,17) <0.0001 Elav;,G80">+ 0

Elav;G80%>+ 10

Elav;G80%>+ 50

Elav;G80%>+ 100

Flav;G80%>+ 250 -2.4139 0.075

Flav;680°>+ 500 -4.2418 0.0001

Flav;680°>+ 1000 -5.0056 <0.0001
22 58,397 (6,17) <0.0001 Elav;G80%>+ 0

Elav;G80%>+ 10

Elav;G80%>+ 50

Elav;G80%>+ 100

Elav;G80">+ 250 -1.8873 0.2439

Elav;G80">+ 500 -4.3894 <0.0001

Elav;GB0">+ 1000 -4.9321 <0.0001
26 43.698 (6,17) <0.0001 Elav;G80%>+ 0

Elav;G80%>+ 10

Elav;G80">+ 50

Elav;G80%>+ 100

Flav;G80>+ 250 -1.0555 0.7870

Elav;G80">+ 500 -3.4394 0.0032

Flav;680%> + 1000 44177 <0.0001
30 39.271 (6,17) <0.0001 Elav;680°>+ 0

Flav;680°>+ 10 -2.1832 0.3149

Elav;G80%>+ 50

Elav;G80%>+ 100

Flav;G80°>+ 250 -2.1833 0.1287

Elav;G80°>+ 500 36036 0.0018

Elav;G80">+ 1000 -4.1500 0.0002
34 26.7302 (6,17) 0.0002 Elav;GB0">+ 0

Elav;G80°>+ 10 -2.6180 0.0436

Elav;G80%>+ 50

Elav;G80%>+ 100

Flav;680°>+ 250 -2.0723 0.1642

Flav;G80°>+ 500 -2.1460 0.1398

Elav;G80">+ 1000 -2.6181 0.0436
38 0.0000 (6,17) 1.0000 Elav;,G80°>+ 0

Elav;G80">+ 10

Elav;G80">+ 50

Elav;G80°>+ 100

Elav;G80%>+ 250

Elav;G80°>+ 500

Elav;G80%>+ 1000

JupnAnpwpatikog Mivakag 3 - 5. ITATOTIKA aVAAUON OCUUMANPWUATIKAG €lkovag 3-1A. Ta
6ebopéva amo ta nelpapara eniBiwong (mpoodloplopog diapkelag {wrg) HeAeTAONKAV yLa TV KAOe
Mépa ToU uTtoSelkvUeTal He Tt HEBoSo Wilcoxon/Kruskal-Wallis. Tta autd mou mapoucildotnkav
ONUAVTIKEG SLOPOPEG (X2) UTOAOYIOTNKE TEPALTEPW N CNUAVIIKOTNTA TOU QTMOTEAECUATOC HUE TN
uéBobo Steel, oe olykplon UE TIG LUYEG TIEPOUATIKOU gAEyXoU. OL OTATIOTIKA CNUOVTLKEG SLadopEg
Qo TG MUYEC TIELPAUATIKOU eAEyXoU edavilovtal e €VTovo HoUpo XpWHA.
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Wilkoxon/Kruscal-Wallis Means comparison (Steel with control)

DAY %%, (DF, count) it Genotype (UM MetBlu) z p

2 13.5961 (6,17) 0.0834 Elav;G807> ON4R 0
Elav;GBO™> ON4R 10
Elav;G807> ON4R 50
Elav;G80"> ON4R_ 100
Elav;GR0™> ONAR 250
Elav;GR0%> ON4R 500
Elav;GR07> ON4R 1000
6 184831 (6,17) 0.0051 Elav;G807> ONAR 0
Elav;GE07> ON4R 10
Elzv;6807> ONAR 50
Elav;680%> ONAR 100
Elav;G807> ONAR 250

Elav;G80™> ONAR 500
Elav;G80"> ON4R 1000 -2.1034 0.1536
10 65.901 (5,17) <0.0001 Elav;G80™> ONAR 0

Elav;680%> ON4R 10

Elav;GB0%> ON4R__ 50

Elav;GB0™> ON4R_ 100

E\av;GEO“> ONAR 250 -3.0928 0.0106

Elav;GB0™> ONAR_ 500 -3.8612 0.0006

E\au;GSO“:; ONAR 1000 -4 8594 <0.0001
14 76.510 (6,17) <0.0001 Elav:GB0™> ON4R__ 0

Elav:G80™> ON4R_ 10
Elav;6807> ON4R 50

Elav;G80"> ON4R 100 -1.7623 0.3028

Elav:G80"°> ONAR 250 -3.7252 0.0011

Elav:G807> ONAR 500 -4.9123 <0.0001

Elav;G80"> ONAR 1000 -4.8496 <0.0001
18 73.901(6,17) <0.0001 Elav;GR0™> ONAR 0

Elav;GB0™> ONAR 10
Elav;G80"> ONAR_ 50

Flav:6807> ONAR 100 -1.5947 0.4017

Elav;G807> ON4R 250 -3.4581 0.0030

Elav:GR07> ONAR 500 -4.8533 <0.0001

Elav;G80"> ONAR 1000 -1.9939 <0.0001
22 70.196 (6,17) <0.0001 Elav;G80""> ONAR 0

Elav;G80%> ON4R 10
Elav;G207> ONAR 50

Elav;G807> ON4R_ 100 -0.7294 0.9497

Elav;G807> ON4R__ 250 -3.6844 0.0013

Flav:6807> ONAR 500 -4 8786 <0.0001

Elav;G80"> ONAR_ 1000 -4.9503 <0.0001
26 30.019 (6,17) <0.0001 Flav:G807> ON4R 0

Elav;G80%> ON4AR 10
Elav;G20%> ON4AR 50
Elav;G207> ONAR 100

Elav;G30°> ONAR 250 15003 0.4648

Elav;G80™> ONAR 500 -2.9561 0.0163

Elav;G30> ONAR 1000 36461 0.0015
30 15.404 (6,17) 0.0173 Elzv:GB0> ONAR_ 0

Elav;G807> ONAR 10
Elav;G80> ONAR 50
Elav;G80"> ONAR 100

Elav;G80"> ONAR 250 -0.9155 0.8626

Flav;G80"> ONAR 500 -2.2021 0.1204

El2v;680%> ON4R 1000 -2.2018 0.1204
34 5.1170(6,17) 0.5289 Elav;GB0">ONAR 0

Elav:G80™> ON4R 10
Elav;GB0"> ONAR 50
Elav:G80%> ON4R 100
Elav;GB0"> ONAR 250
Flav;G80"= ONAR 500
Flav;GRO™> ON4R 1000
38 0.0000 (6,17) 1.0000 Flav,G80">ON4R_ 0
Elav,G80">ONAR 10
Flav,G80%> ON4R_ 50
Elav;G80%> ONAR 100
Flav;G80 = ONAR 250
Flav;G80"> ON4R 500
Flav:G&0> ONAR 1000
Elav:GB0"> ONAR 1000

JupnMAnpwpatikog Mivakag 3 - 6. ITATLOTIKA OVAAUCNH CUMMANPWHATIKAG £wKovag 3-1B. Ta
6ebopéva amo ta nelpapata eniBiwong (mpoodloplopog diapkelag {wng) HeAeTAONKAY yLa TV KAOe
Mépa Tou uTtoSelkvUeTal He Tt HEBoSo Wilcoxon/Kruskal-Wallis. Tta autd mou mapouacidotnkav
ONUAVTIKEC Sladopéc (x°) UTIOAOYLOTNKE TEPALTEPW N ONHAVTIKGTNTO TOU QTOTEAEOHOTOC HE TN
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uéBobo Steel, o olykplon Pe TG LUYEG TIElpOUATIKOU gAEyXou. Ol OTATIOTIKA CNUAVTLKEG SLadopEg
artd TG LUYEC TTELPAATIKOU eAEyxou epdavilovtal pe €VvTovo HaUpo XpwHa.

levotumog Méoog 6pog £ SEM | t-Ratio p

Ewkova 3-7 A. ANOVA Fg 40 = 0.323, p=0.9204
ElavGald;Gal80"™ >0ON4R OFF 1
ElavGald;Gal80" >ON4R ON 1.091+0.172 0.128 | 0.7223
ElavGal4;Gal80"™ >0N4R OFF 50uM Met Blu 1.080+0.121 0.0998 | 0.7539
ElavGal4;Gal80" >ON4R OFF 100uM Met Blu 0.99345 £ 0.153 0.00065 | 0.9796
ElavGald;Gal80"™ >0N4R OFF 250uM Met Blu 1.245+0.211 0.927 | 0.3425
ElavGal4;Gal80" >ON4R OFF 500uM Met Blu 0.952 +£0.219 0.035 | 0.8521
ElavGald;Gal80™ >0N4R OFF 1000uM Met Blu 0.959+0.186 0.023 | 0.8794

Ewova 3-7 B. ANOVA Fs 44 =4.142, p=0.0027
ElavGald;Gal20" >ON4R OFF 1
ElavGald;Gal80” >ON4R ON 0.591 £ 0.090 5.1285 | 0.0293
ElavGal4;Gal80” >0N4R OFF 50uM Met Blu 0.942 £0.118 0.0839 | 0.7736
ElavGald;Gal80"™ >0N4R OFF 100uM Met Blu 0.822 +0.103 0.7924 | 0.3789
ElavGal4;Gal80" >ON4R OFF 250uM Met Blu 0.269 £ 0.069 13.3013 | 0.0008
ElavGal4;Gal80"™ >0N4R OFF 500uM Met Blu 1.034 £0.208 0.029 0.8e4
ElavGal4;Gal80" >ON4R OFF 1000uM Met Blu 0.892 £0.158 0.289 0.593

ZupnAnpwpatikog Nivakag 3 - 7. Itatiotik) avaluon €ikovag 3-7. Mo TNV TOCOTIKOTOLNGN TwV
SEYHATWY KATA TNV QAVOOOOMOTUTIwon KkKatd Western mpaypatonolBnke TUKVOUETpla Kol
uTtoAoyioTtnke o AGYOG TNG OXETIKAG TOOOTNTOG TNG MPWTEVNG T 0 OXEON ME TN OXETIKI TOCATNTA TNG
ouvtagivng (Syx). O Adyog twv Selypdtwyv eréyxou (ON4AR OFF) oplotnke wg 1 kot O0AoL oL Adyol
OXETLKNG MOoOTNTAG avadEpovtal oe oXEon e auto. O PECOG OPOG KAL OL TIUEG TUTILKOU 0DAAMATOC
(SEM) ouykpivovtal apxikwg pe tn péBodo ANOVA katl otn cuvéxela He tn dokipaoia Dunnett’s. Tpia
avefApTNTA TELPALATA TIPAYLOTONOONKAVY Yla TNV OTATLOTIKA avaAuon. Me €vtovo paupo Xpwpa
QVOUTAPLOTAVTOL OL OTATLOTIKA ONUAVTLIKEG SladopEC.
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lFevotumnog Mé£cog 6pog £ SEM | Dunnetts’ p
Ewova 3-9 A. ANOVA F(, ;5 =0.138, p=0.7154
Ela\.fGaIni‘r;GaISOts >0N4R 77.210+1.779 1
ElavGal4;Gal80" >0N4R + 250uM MetBlu 78.161 +1.834 0.7154
Ewova 3-9 B. ANOVA F1 57 =10.435, p=0.0033
ElavGal4;Gal80™ >ON4R 34.005 + 1.815 1
ElavGal4;Gal80™ >ON4R +250uM MetBlu 23.804 £2.479 0.0033
Ewova 3-9 C. ANOVA F; 39 =0.0016, p=0.9681
ElavGal4;Gal80™ >ON4R 30.585+1.619 1
ElavGal4;Gal80" >0N4R +250uM MetBlu 30.487 £1.817 0.9681
Ewova 3-9 D. ANOVA F(,14) =2.056, p=0.1752
ElavGal4;Gal80"™ >0N4R 30.584 £3.218 1
ElavGal4;Gal80™ >ON4R + 500puM MetBlu 37.413 £3.521 0.1752

TupnAnpwpatikog MNivakag 3 - 8. Ztatiotikr) avdAuvon gikovag 3-9. O pécog OpoG Kol TO TUTILKO
odaApa tng anddoong otn Habnon £metta ano ektetapévn eknaibeuon (A), otnv e€aptwuevn amod
TNV MPWTEIVIKN oUvBeon pvnun (B kot D) kat otnv avefdaptntn amo tnv MPWTEIVIKY) oUVBeon UvUn
PSI-M (C) umodelkvUovtal otov TivaKa Yyl 6AOUG TOUG YEVOTUTIOUG. MeTA tnv onuavtikp ANOVA,
TIOAAOMAEG CUYKPLOELS TWV HECWV OpwWV TOU KABE YEVOTUTIOU HE TPOTO TIOU QvOmapioTatal otov
nivaka mpayuotonoifnkav. Me évtovo pHalpo XPWHA avVOTaploTAVTOL Ol OTOTLOTIKA ONUOVTLKES
Sladopéc.
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Wilkoxon/Kruscal-Wallis

Means comparison (Steel with control)

DAY

11, (DF, count})

Genotype (pM MetBlu)

z

2

14,6455 (6,17)

0.0232

Elav;G20"> ON3R

0

Elav;G80°> ON3R

10

Elav;GB0"> ON3R

50

Elav;GBO"> ON3R

100

-0.6696

0.9657

Elav;G80%> ON3R

250

-2.5453

0.0530

Elav;G30°> ON3R

500

Elav;G80"> ON3R

1000

83,7625 (6,17)

<0.0001

Elav;GBO"> ON3R

Elav; G307 > ON3R

10

Elav;G80°> ON3R

50

Elav;G20%> ON3R

100

-0.7908

0.9280

Elav;G80"> ON3R

250

-4,5530

<0.0001

Elav;G80"> ON3R

500

-4.6673

<0.0001

Elav;G80"> ON3R

1000

-1.9777

<0.0001

10

99.929 (6,17)

<0.0001

Elav;G80%> ON3R

Elav;G20°> ON3R

10

Elav;G80"> ON3R

50

-0.8020

0.9208

Elav;G80°> ON3R

100

-3.9799

0.0004

Elav;G20°> ON3R

250

-5.1601

<0.0001

Elav;G80"> ON3R

500

-5.2584

<0.0001

Elav;G80°> ON3R

1000

-5.2050

<0.0001

14

104.714 (6,17)

<0.0001

Elav;G80°> ON3R

Elav;G80"> ON3R

10

0.2637

0.9998

Elav;G80°> ON3R

50

-3.1629

0.0084

Elav;G80"> ON3R

100

-4.9986

<0.0001

Elav;GBO" > ON3R

250

-5.3209

<0.0001

Elav;G30"> ON3R

500

-5.2584

<0.0001

Elav;G80"> ON3R

1000

-5.3209

<0.0001

18

108.364 (6,17)

<0.0001

Elav;G80°> ON3R

Elav;G20°> ON3R

10

-2.3846

0.0799

Elav;G80"> ON3R

50

-4.9932

<0.0001

Elav;G30"> ON3R

100

-5.1725

<0.0001

Elav;GBO"> ON3R

250

-5.3345

<0.0001

Elav;G30"> ON3R

500

-5.2713

<0.0001

Elav;G80 > ON3R

1000

-5.3345

<0.0001

22

90.179(6,17)

<0.0001

Elav;G80%> ON3R

Elav;G80 > ON3R

10

-1.9251

0.2222

Elav;GB0"> ON3R

50

-3.7813

0.0009

Elav;G80"> ON3R

100

-4.9185

<0.0001

Elav;G80%> ON3R

250

-5.0693

<0.0001

Elav; G207 > ON3R

500

-5.0693

<0.0001

Elav;G80"> ON3R

1000

-5.0609

<0.0001

26

21.133(6,17)

0.0017

Elav;G80°> ON3R

Elav;G80"> ON3R

10

Elav;GB0"> ON3R

50

Elav;G80"> ON3R

100

Elav;G20"> ON3R

250

Elav;GB0" > ON3R

500

-1.3926

0.5432

Elav;G80%> ON3R

1000

-1.3926

0.5432

30

6.000 (6,17)

0.4232

Elav;G80°> ON3R

Elav;G80%> ON3R

10

Elav;G307> ON3R

50

Elav;G80°> ON2R

100

Elav;G20%> ON2R

250

Elav;G80°> ON3R

500

Elav;G80°> ON3R

1000

34

0.000 (6,17)

1.0000

Elav;G80%> ON3R

Elav;G80 > ON3R

10

Elav;G80%> ON3R

50

Elav;GBO"> ON3R

100

Elav;G80%> ON3R

250

Elav;G80°> ON3R

500

Elav;G80"> ON3R

1000

38

0.000(6,17)

1.0000

Elav;G20 > ON3R

Elav;GBO"> ON3R

10

Elav;G80°> ON3R

50

Elav;G80%> ON3R

100

Elav;G80°> GON3R

250

Elav:G80°> ON3R

500

Elav;G80"> ON3R

1000

253



JupnAnpwpatikog Mivakag 3 - 9. ITATIOTIKA OVAAUCH CUMMANPWHATIKAG £wkovag 3-1C. Ta
Sedopéva and ta nepapata enBiwong (mpoodloplopdg dapkelag {wng) LEAETAONKaV yLa TV KAOe
pépa Tou uTtodelkvueTal pe Tt HEBodo Wilcoxon/Kruskal-Wallis. Tta autd mou mapoucidotnkav
ONUOVTIKEG SLadopEg (xz) UTTOAOYIOTNKE TEPALTEPW N ONMOVIIKOTNTA TOU QTMOTEAECHATOG UE TN
uéBobo Steel, oe olykplon Ue TG HUYEC TTELPAUATIKOU gAEyxou. OL OTATIOTIKA ONUAVTLIKEG SladopEg
artd TI¢ MUYEC TTELpAATIKOU eAEyxou epdavilovtal pe €VvTovo HaUpo XpwHa.

Fevotumog Mécog 6pog + SEM Dunnetts’ p
Ewova 3-10 A. ANOVA F(1 ) = 51.036, p=9.76687e-5
ElavGald;Galg0” >0N4R 1 1
ElavGal4;Gal80" >0N3R 6.049 £ 0.516 7.66145e-5

Fevotumog Méaog 6pog + SEM | t-Ratio p
Ewkova 3-10 B. Soluble: ANOVA F; 5, =0.495, p=0.6927

Insoluble: ANOVA F, ,; =3.013, p=0.0397

Soluble
ElavGal4;Gal80” >0N3R 1
ElavGal4;Gal80” >0N3R 10pM Met Blu 1.042 £ 0.154 0.0377 | 0.8492
ElavGal4;Gal80™ >0N3R 50uM Met Blu 1.071 + 0.146 0.107 | 0.7495
ElavGal4;Gal80” >0N3R 100uM Met Blu 1.246 + 0.159 1.280 | 0.2799
Insoluble
ElavGal4;Gal80™ >0N3R 1
ElavGal4;Gal80™ >0N3R 10uM Met Blu 0.816 £ 0.115 1.704 | 0.1984
ElavGal4;Gal80" >0N3R 50puM Met Blu 0.578 £ 0.058 8.970 | 0.0044
ElavGal4;Galg80" >0N3R 100uM Met Blu 0.782 £0.133 2.484 | 0.1219

ZupnAnpwpatikog Nivakag 3 - 10. Ztatiotikr avaiuon gikovag 3-10. MNa Thv TOCOTIKOMolnoN TwvV
SEYHATWY KATA TNV QAVOOOOMOTUTIwon Katd Western mpaypatonolBnke TUKVOUETpla Kol
uToAoyiotnke o AOYog NG OXETIKAC TOCOTNTOC TNG MPWTElvNg T 0 ox£0N WE TN OXETLKN TOCOTNTA TNG
ouvtagivng (Syx). O Aoyo¢ twv Selypdtwv eAéyxou oplotnke w¢ 1 kaL OAoL oL AGyolL OXETLKNG
noootnTag avadEpovral o oxéon Pe autd. O HECOG OPOC Kal OL TLUEG TUTILKOU oddApatog (SEM)
ouyKkpivovtal apylkwg pe tn péEBodo ANOVA kat otn ocuvéxela pe tn Sokipaoia Dunnett’s. Tpia
ave€apTNTO TELPALOTO TIPAYLOTOMOLBNKaV yLa TNV OTATLOTLKA avaAuon.
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Fevotumog

Méocog 6pog + SEM | Dunnetts’ p

Ewova 3-11 A.

ANOVA F(123 = 0.107, p=0.7470

ElavGal4;Gal30™ >ON3R

61.532 £2.4079 1

ElavGal4;Gal80" >ON3R + 50uM MetBlu 62.742 +2.815 0.7470

Ewkova 3-11 B.

ANOVA Fyy 5, = 9.407, p=0.0049

ElavGald;Gal80" >0N3R

33.772 £ 2.1357 1

ElavGal4;Gal80® >0N3R + 50pM MetBlu 24,232 £2.2006 0.0049

Ewkova 3-11 C.

ANOVA Fy,5q = 4.120, p=0.0566

ElavGald;Gal80" >0N3R

30.408 £3.872 1

ElavGal4;Gal80™ >ON3R + 50uM MetBlu 36.975 *+ 2.589 0.0566

Ewkéva 3-11 D.

ANOVA F;, ;= 0.028, p=0.8666

1118
W

23.464 +£2.337 1

W1118 +50uM MetBlu

22,9251 2.174 0.8666

Ewkova 3-11 E.

ANOVA F(;35 = 0.0018, p=0.9661

ElavGald;Gal80" >0N3R

34.286 £ 3.519 1

ElavGal4;Gal80™ >ON3R + 50uM MetBlu 34.066 £3.762 0.9661

Ewova 3-11 F

ANOVA F, ;; = 0.546, p=0.4646

ElavGal4;Gal80™ >0ON3R

39.670 £2.295 1

ElavGal4;Gal80" >0N3R + 100uM MetBlu 37.321+2.202 0.4646

Ewkova 3-11 G.

ANOVA F, 3 =7.211, p=0.0135

ElavGal4;Gal30™ >ON4R

24.318 +£3.448 1

ElavGal4;Gal80™ >0N4R + 50uM MetBlu 12,492 +£2.739 0.0135

Ewkova 3-11 H.

ANOVA F1»;) = 2.576, p=0.1234

ElavGal4;Gal80" >0N4R

27.778 £2.615 1

ElavGal4;Gal80™ >ON4R + 100uM MetBlu

22.875%£1.420

0.1234

ZupnAnpwpatikog MNivakag 3 - 11. Itatiotiky avaluon ekovag 3-11. O PEcoG OPOG KAl TO TUTILKO
odalpa tng anodoong otn Habnon £nelta ano ektetapévn eknaibsuon (A), otnv faptwpevn amo
™V MPWTEiVIkA ouvBeon pvrun (B kat D-H) kal otnv ave€dptntn amo tv NPWTEIVIKA cUVBEaN UVhN
PSI-M (C) umtoSelkvUovtal oTov Tivaka yLo OAoUC Toug Yyevotumout. O HEGOC OPOC KAl OL TLUEG TUTILKOU
odbahpatog (SEM) cuykpivovtal apxkwg Ue tn néBodo ANOVA Kol 0T GUVEXEL UE T Sokiuaocia
Dunnett’s.
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Fevotumog

Mécog 6pog + SEM

Dunnetts’ p

Ewova 3-12 A.

ANOVA F, ;) = 37.416, p=0.0001

ElavGal4;Gal80™ >0N4R

1

1

LeoGal4;Gal80"™ >0N4R

14.199 +1.586

0.0001

Ewkova 3-12 B.

ANOVA F(;,11) = 34.926, p=0.0001

ElavGal4;Gal80"™ >0N4R* 1 1

LeoGal4;Galg80™ >0N4R* 4.341 +0.671 0.0001
levotumog Méoog dpog £ SEM t-Ratio p

Ewoéva 3-12 C. ANOVA F, 35 =1.527, p=0.2306

LeoGal4;Galg0"™ >W**e 37.573 +3.367

W > ON4R 31.291 +2.029 2.308 | 0.1372
LeoGal4;Gal80"™ >ON4R 31.915+2.564 2.201 | 0.1463
W8 5 ON4R 31.291 +2.029
LeoGal4;Gal80"™ >0N4R 31.915+2.564 0.0234 | 0.8792

Ewéva 3-12 D. ANOVA F, 35 =2.706, p=0.0799

LeoGal4;Galgo™ >w e 35.773 + 3.475
W8 5 ON4R?? 29.079 + 2.046 3.2223 | 0.0808
LeoGal4;Gal80™ >ON4R* 27.518 +2.306 4.9009 | 0.0331
W > ON4R* 29.079 + 2.046
LeoGal4;Gal80™ >0N4R* 27.518 + 2.306 0.1899 | 0.6655

TupnAnpwpatikog Nivakag 3 - 12. ITatioTiki avaAuvon eikovag 3-12.

A kau B: Na tnv moootkomoinon Twv SelypdTtwv KATA TNV avoooamotUmwon katd Western
T(PAYLOTOTOLNONKE TIUKVOUETPLa Kal UTIOAOYLOTNKE 0 AOYOG TNG OXETLKI G TOCOTNTOC TN MPWTEivng T
O€ OX€0N UE TN OXETIKA moadtnTa TNG ouvtadivng (Syx). O Adyog Twv Selypdtwy eAEyXOU OploTNKE WG
1 kot Aot oL AGyoL OXETIKNG MOOOTNTAC avapEPOVTAL O OxEon Ue auto. O HECOG OPOG KAl Ol TLUEG
tunikol odaAuatog (SEM) cuykpivovtal apxlkwg pe tn néBoSo ANOVA Kol OTn CUVEXELX HE TN
Sokwuacio Dunnett’s. Tpla ave€dptnTa MELPAATA TTPAYLATOMOLONKAV yLa TNV CTATIOTIKA avaAuaon.

C ko D: O péoog 6pog Kal To TUTKG odaApa TG anddoong otnv e€APTWHEVN Ao TNV MPWTEIVIKA
ouvBeon pvAun UTOSELKVUOVTAL OTOV TIVOKA yLo. OAOUG TOUC YEVOTUTIOUG. META TNV ONUAVTILKN
ANOVA, oAamA£EG CUYKPLOELG TWV HECWVY OpWV TOU KABE yevoTUTOU HE TPOTO TOU avamapiotatal
OTOV Tivaka mpayuatonotionkav.
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Fevotumog Méoog opog £ SEM | Dunnetts’ p
Ewoéva 3-13 A. ANOVA F; ;;) =49.499, p=0.0000356
ElavGald;Gal80™ >0N4R 1 1
LeoGal4;Gal80" >0N4R 4.445 £ 0.447 0.00003097
Ewoéva 3-13 B. ANOVA F(, ;5 =0.517, p=0.4797
LeoGal4;Galg0"™ >0N4R 72.327 £2.333 1
LeoGal4;Gal80" >0N4R + 10uM MetBlu 69.959 +2.324 0.4797
Ewoéva 3-13 C. ANOVA Fy .3 =6.768, p=0.0163
LeoGal4;Gal80" >0N4R 37.588 +3.709 1
LeoGal4;Gal80" >0ON4R + 10uM MetBlu 26.842 +1.816 0.0163
Ewoéva 3-13 D. ANOVA Fy 55, =6.192, p=0.0209
LeoGal4;Gal80"™ >0N4R™ 40.723 & 2.455 1
LeoGal4;Galg0"™ >0N4R™ + 10pM MetBlu 30.747 + 3.169 0.0209

ZupnAnpwpatikog Nivakag 3 - 13. ZTatioTikn avaivon eikovag 3-13.

A: la Tnv Tmoootkomoinon Twv OelyHATwV KOTA TNV avocoamotunwon kata Western
T(POYLATOTIOLONKE TIUKVOUETPLAL KAl UTIOAOYLOTNKE 0 AOYOG TNG OXETIKAG MOOOTNTAG TG MpwTeivng T
O€ OXE0N UE TN OXETIKN ToooTtnTa tng ouvtagivng (Syx). O Adyog Twv SelyUATwVY EAEYXOU OPLOTNKE WG
1 kat 6AoL oL AGyoL GXETLKNG TOcOTNTAG avadEpovTal o oXEon UE auTO. O HECOG OPOG KAl OL TLUEG
TuTiikoU odaipatog (SEM) ocuykpivovtal apxltkwg pe tn HEBodo ANOVA Kal OTn CUVEXELM HE TN
Sokipacio Dunnett’s. Tpla avefaptnta nelpApaTa MPAyLATONOONKAV yla TNV OTATLOTIKA avAaAuaon.

B-D: O HECOG OpPOG KAl TO TUTILKO OPAAUa TNG amodoong otn PAONnon €melta anmd EKTETAUEVN
eknaibeuon (B) kal otnv gfaptwpevn amo tnv nMpwteivikn cuvBeon pvnun (€ kat D) untodelkviovtal
OTOV TIvVaKO Ylot OAOUG TOUG YeVOTUTIoUuG. O pECOG OPOG Kal oL TWEG TuTiikoU oddApatog (SEM)
ocuykpivovtal apxlkwg Ke tn pEBodo ANOVA kal otn cuvexela Ue t Sokipaoia Dunnett’s.
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OL veupoekpUALOTIKEC aoBéveleg mepllapBavouv €va oUVoAo acBevelwv Tou
oxetilovtal pe TN MPOoodeUTIKA anmwAeLla TNg Soung A TG AEToupylag TwV VEUPWVWY
(exkdUALON) Kot 06NyoUuV 0TO BAVATO TWV VEUPWVWV KAl TWV LOTWV KAl GUVETIWG OTNV
emukeipevn OuoAetoupyla tou eykeddalou. Mia Slaitepn Katnyopio Twv
VEUPOEKPUALOTIKWY 0aoBevelwv amotelovv ol T-mpwteivonabeleg, SnAadn ot
aoBéveleg mou yapaktnpilovtal and unep-dwodpopuAlwHEVN Kol KN GUCLOAOYLKA
dwodpopuAlwpévn mpwteivn T R amd HeTAAAAEELS 0TO yoVvidLo T.

H eupfabuvon tng yvwong mMAvw OTOUG MOPLOKOUG HNXAVIOUOUG Tou adopolv
veupoekpUALOTIKEG TaboAoyieg elval Slaitepa onpavtikn Kuplwg Aoyw 1INng
epapuoyng Ttoug otn Slayvwon Kol OTo OXeOLOOMO VEWV BEPATEUTIKWY
npoogyyioewv. Me yvwpova autd Kal Pe xpnon tng D. melanogaster, wg
TIELPAUOTLKO LOVTEAO PEAETNG TwV T-MpwTteivonabelwy, n mapoloa Epeuva KvROnKe
o€ TEooepLg mMapAAANAoug Agovec:

i.  Xapaktnplopog cUYKEKPLHEVWVY BEoswv dwadopuliwong tTng mpwteivng T, oL
omnoieg kat kaBopilouv TNV TOEKOTNTA TNG. H avayvwplon GUYKEKPLUEVWV
Béoewv pwodopuliwaong, oL omoieg Spouv WG «BupPodUAAKES» Lo HLOL OELPA
OMwv  emikeipevwyv  pwodopuAlwoewy, €lval  ONUOVTIKA  yla TNV
napoakoAouBnon kot €€EAEN Sladopwv T-mpwrteivonmabelwy Kal UMopel va
QamoTeAETEL Xpr OO BLlodeikTn yla TV mpoyvwaon Twv T-Mpwteivonabelwv.

ii. MeAétn punxaviopwv to§kotntag twv 3R Kat 4R woopopdwv tnG MPwteivng T.
OL Slagopeg mou efaptwvtal amd tnv wopopdn, TPEMEL va AapBavovtal
umoyn Kata TNV gpunveia epeuvnTKwv OSedopévwyv ota POVIEAA Twv T-
npwteivonaBelwv Kat pmopet va pifouv dwc otov Stadopetikd polo TG KABe
Loopopdng otn maboyEveon Twv acBeveLwy.

iii. MeAétn TwWv YyVWOTIKWV OSUCAelToupywv Twv T-mpwrteivontabeiwv. H
Slepelvnon €av to eAAs(ppOTO TTOU TIPOKUTITOUV €£lval amoppola Vol HEV
SUGCAELTOUPYLKWY VEUPWVWY, 0AAA ABIKTwV Sopka, divel mBavotnteg va ival
ePKTA KAl N avaoTpodr TWV YVWOTIKWY EAAEUPATWY UE DAPUAKO KoL OF
00Bevelg, TOUAGXLOTOV TIPLY TA LETOYEVEDTEPA EKGUALOTLKA oTAdLA TNG VOCOU.

iv.  Algpglivnon Tou pOAOU TWV KN SLOAUTWY CUCOWHATWHATWY TG MPWTIEivNG T
oe Oiepyaoieg mou amotovvtor yw TRV €§APTWMEVN OMO TV
npwteivoouvOeon pvApn. H peAétn auth umopel va umodeifel mBavoulg
dapUaKEUTIKOUG oTtOXoUuG (m.x ¢dAapuoKka TOU €MAYOUV 1} AVOOTEAAOUV TN
CUOCWMATWON), WG KAtaAAnAOTEPOUC yla TNV BOeparmeia Twv YVWOTIKWV
SUGCAELTOUPYLWV KaL OTOV AvOpwWTO.
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1. XopoKTnplopog oUYKeEKPLHEVWV BEoswv dwodopuAiwong tng MPWTEivNg
T, oL ontoigg Kat kaBopilouv TNV TOELKOTNTA TNG.

Ta tehevtaia xpovia €xel Sie€axBel mMANBwpa PEAETWV yla TNV avadelen twv
HOPLAKWVY KUNXOVLOMWYV LE TOUG omoioug n mpwTteivn T odnyet og veupoekduUALouo. H
dwodopudiwon Bewpeltal OTL elval éva amd Ta TMPWLLN ocuppavta g T-
peoohafoupevng maboyéveong, PV akopa tnv eodaApévn avadimlwon Tng R TNV
Snuoupyia Twv cuoowpatwudtwy tng (Noble et al., 2013). IStaitepo evdladépov
€Xouv UEAETEC, oL omoieg delyvouv OTL N dwodopuliwon NG MPwTeivng T umopel va
EEKLVNOEL QMO MLOL OUYKEKPLUEVN B€on kal va emayel TV dwodopuAiwon AAAwY
emunpoobetwy Bécewv dwaodopuliwong (Hanger et al., 2009). Zuvenwc, OpLOUEVES
B€oelc dwaodopuliwong Spouv wg «BupodUAAKES» dWOPOPUALWOEWVY KAl UTTOPOUV
va mpodyouv i va amotpéPouv TNV Pwodopuliwon AMwv Bfoswv, ouxva
amopakpuopévwy (Jeganathan et al., 2008); (Sibille et al., 2012); (Schwalbe et al.,
2015). Auto Bewpeitat 6tL cupPaivel SLOTL N PwoPopuUAlWGCN CUYKEKPLUEVWY
Béoewv pmopel va aAldagel tn Stapdpdwon g mpwieivng T, Ye amMoOTEAECUA VA
Qmoktnoel pa 1o odt) avadimlwon kat va emaxBel 1 va avaotalel o
OXNUATLOUOC TOTUKWV Tpltoyevwy Sopwv (Uversky, 2015).

Eav n dwodopuliwon ouykekpluévwyv Béocwv emnpedlel tn Slapodpdwon NG
npwteivng T, tote mBavov va Stadpapatilel KaBopLoTIKO pOAO Kal OTIC SOULKEG KOl
Aewtoupyikeég Sladopéc twv €€l Loopopdwy TNG OMWEG AVIIKATOMTPL{ovTal OTLC
Sladopetikeég T-mpwteivonabeleg (Regan et al., 2017). Qotdoo, 0 PNXOVIOUOG TWV
Stadoxkwv yeyovotwv pwodopuliwong mou epdaviovratl otn mpwteivn T kabwg
Kal Tole¢ B€oelg eival amapaitnteg ywa tn ouvinpnon kot tnv €€EAEn g
naBoloylag eivatl akopn acadnc. H tautonoinon twv Bécewv dwodopuliwong otn
npwteivn T mou elte dpouv w¢ «SleuKOAUVTEG BupodUAakeg», dnAadr emayouv tn
dwodopuliwon BEcewv Tou oxetilovral Le TNV ToEKOTNTA TNE MPWTEIVNG T, €lte W¢
«kataotoAtikol BupoduUAakacy, SnAadn eumodilouv ™ PwodopuAiwon AAwv
B€oswv mou eival appnkta cuvdedepéveg pe Tnv maboloyia Tng mpwteivng T, eival
{WTIKNG onuooilag ylwa Ttnv Kotavonon tnG T-HeCOAABOUMEVNC VEUPWVLKAG
SuoAeltoupyiag Kat TofkoTnTag.

Me yvwpova OAa Ta Mopamnavw, n mapovoa HMEAETN €0TIACE OTOV XOPAKTNPLOUO
OUVKEKPLUEVWY BE0ewv, oL omoleg kal kabopilouv TNV TofIKOTNTA TG MPWTEIvNG T.
JuvoAlkd, dnuioupynBnkav oktw OSlayovidlakd oteAéxn, €va yla tnv avOpwrivn
wopopdri ON4R tng mpwteivng T (ON4R"), tpla otedéyn ota omoia éxet
avtkatootadei n Ser i n Thr twv Béoswv Ser’®, Thr*®® kat Ser®®, pe v dwodo-
avBektik adavivn (Ala) PmAOKAPOVTAC HE QUTO TOV TPOTOo TNV dwaodopuAiwaor g
(ON4R%# ON4R™*"" koL ON4R®®%), tpia oteléxn ota omoia éxel avtkataotadei n
Ser fj n Thr twv Béoewv Ser?®, Thr*® kat Ser’® pe 1o dwodo-HpNTkd YAOUTAHWVIKO

0€0(Glu) odnywvtac pe autd Tov TPomo oe Peubo-pwopopuliwon (ONARZZEE,
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ON4R™*F kar ON4R®®%), kabw¢ kat t0 Slayovibio STA, oto omoio éxoupe
TAUTOXPOVN avTKaTdotaon twv Ser/Thr twv Ser?® kat Thr**® oe ohavivn (ON4R®™,
STA38A T84 Oha ta mapomdvw SiayoviSia SnuoupyrdnKkav OTO YEVETIKO
umoBaBpo ™G ON4AR oopopdng, KaBOTL oe TPonyoUUEVEG MEAETEG Eixe
XPNoLuomnolnBel, o€ opLoUEVA ATIO AUTA, TO YEVETIKO UTIORaBOPO TNG 2N4R oopopdng
(Papanikolopoulou et al.,, 2010); (Kosmidis et al., 2010); (Papanikolopoulou &

Skoulakis, 2015).

H peAétn tng toflkdtntag oAwv Twv mapandavw diayovidiwv otn D.melanogaster
TipaypotonolOnke pe SU0 TPOMOUG, HUE KOTAUETPNON £(TE TOU MPOOSOKIUOU TWNG
elte tng avrtiotaong oto ofeldwtikd otpec. Ooo adopd 1o TMPOOdOKpo IwNg,
evBladépov eixe n mapatipnon ot otav prhokdpetal n dwodopuliwon g Ser?®
(ON4R*®4) i eivar Peubo-dpwodpopulwpévn (ONAR ) Sev emépyetal Behtiwon
0Tn TOgKOTNTA TNG MPWTEVNG Kal mapapével e€loou TofLkr) 600 otnv aypiou TUMOU
npwteivn T, umoSelkvuovtag 0Tt n dwodopuliwon otn Ser?®® pmopel va eivat
amopaitntn, aAAd Sev emapkel amo MOV TNC Yyl val €MAYEL TN TOEKOTNTA TNG.
EnutAéov, dtav pmhokdpetal n pwodbopuliwon tne Thri*® (ON4R™*) enépxetan
avénuévn Bvnowotnta, eve n Yeudo-bwaodbopuliwor] T (ONAR™*F) anodisel Lwa
TIOU CUUMEPLPEPOVTAL OTIWG OL LUYEC TTELPAUATIKOU eAEyXoU. AUTO urtodnAwvel OTL
OUYKEKPLUEVN Bfon dwodopuliwong elval amopaitnin yld TNV KOTOOTOAN TNG
ToIKOTNTOG ToU 06nyel o mMpwiun Ovnowotnta, svw n €Aewpn NG elvatl
amopaitntn ywa tTnv emaywyn tng toflkotntac. 0co adopd TNV KATAUETPNON TNG
oavtiotaong oto ofeldWTIKO OTPEC, £MELTA ATO TNV CUCCWPEEUCHN TNG avOpwrLvNg
npwteivng T, PpéBnke OtL dtav prhokdpetat n dwodopuliwon tne Ser’3® (ON4RZ2A)
A elvar Pevdo-pwodbopuhiwpévn (ONAR ) Sev emépxetat BeAtiwon otn
To€dTNTAL TG TPWTELvNG Kat apapével fioou tofikA 6o Kkat otic ONAR" poyec.
Ev, Otav prhokdpetat n dwodpopudiwon tne Thri* (ON4R™*) napouoidletat
auénuévn ToEKOTNTA O GUYKPLON ME TLC HUYEC TTou ekppdlouv Tnv ON4AR", n onoia
opwg bev e€aleidetal, émetta and Peuvdo-dwodopuliwon TnG CUYKEKPLUEVNG BEDNG
(ON4R™*F). Ta amoteAéopata autd umodnAwvouy 4Tt kat ot U0 BECELS TaUTOXpOVa
Ba npémnel mBavotata va UAokapovtal, wWote va eEaleidetal ) va KATAoTEAAETAL N
TOEIKOTNTO OTO OEOWTIKO OTPEG, TIOU TPOKOAE(TOL amd tnv €kdpacn TNG
avBpwrivng mpwteivng T. Ou Swadopéc mou avadubnkav o6co adopd TNV

2 qudpeca oTn KATOUETPNON TOU

Bvnowdtnta twv puywv Ser’® kat Thr
TPOoodOKLUOU WG KoL TNG avTioTaoNG 0TO OEELOWTLKO OTPECG UTIOSELKVUEL YLaL OKOUOL
pot popd OTL AUTEG OL PETPAOELS TOEKOTNTAC QAVIUTPOOWTELOUV SLadopPETIKOUC

maBoAoyLlkoUg LNXaviopoug.

Ma v Stepedivnon pac bavrc alnAeniSpaonc netaft twv Béoewv Ser?®, Thr?®

kat Ser’® kaBwC Kol TWV OUVEMEWWV TOUC Ot GANEC OTMOMAKPUGHEVEC BEOELC,
XPNOLUOTIOONKAV QVIIOWHATA Yl OUYKEKPLUEVEG BEoelg dwodopuliwong, ot
omolie¢ oxetilovtal pe maboloyia. INUAVTIKO gUpnUa ATIOTEAEL TO YEYOVOG OTL N
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245

OMWAELA A N KATAOTOAN TNG dwaodopuliwong Thre™ obnyel oe katdAndn twv

238 262

Béoewv Ser’® kat Ser’®. KaBotl to avtiowpa pThr*®® Sev eivar Stabéopo, Sev

KATEOTN €DLKTO va LEAETNBEeL av LoxUEL Kat To avtiotpodo, dnAadn av n kataAndn

e Ser’®® kataotéMel v pwodbopuliwon tng Thre®
245

. EmutAéov, BpéBnke OtTL n

elval amapaitntn yw tnv emkeipevn dwodopuiiwon
8

kataAnyn tng B€ong Thr
Twv AT8 kat AT100 emutonwy, svw n dwodopuliwon tng Ser?® kartaoctéMel v
katdAnPn g Ser®, yeyovdc mou mopéxel ocadeic evbeifelc  TOavev
oAnAerudpdcewyv  HETAEL  OMOUOKPUOUEVWY  Béoswv  dwodopuliwonc.
EmumpooBétwe, n KatdAngn tne Béong Ser’® eivat avefdptn amd tnv katdotoon
dwodopuliwone ™c Ser’®®, evw n katdAndry tne eivatr amapaitnTy yw Tt
emukelpevn pwodpopuriwon tne Ser?®. Tuvenwg, n pwodpopuriwon tne Thre®
daivetat va ivat avaotoAtkr oxt HOvo yia th Ser?®? kot Katd CUVETELD KOt YLa T

28 aM& emionc kat ywa T Ser’®/Thr*® kot Thr*2/Ser’™ kot mBavie va

Ser
OVTUTPOOWTEVEL £VaV EUPUTEPO QAVOOTOATIKO TIAPAYOVTA TNCG TOELKOTNTAG KAl TNG
VEUPWVLIKAG SuoAsltoupyiag. Q¢ ek touTou, N GWOPOPUALWGN TNG CUYKEKPLUEVNC
Béong daivetal va Asttoupysl wg «BupodUAakag» evavtiov enupdobeTwy
dwodopuliwoewv oe BEoelg mou oxetilovral pe MOOOAOYIKEG KATAOTAOELS. AUTO
¢pxetal ot TAAPN oupdwvia pe To yeyovdc OtL n dwodopuliwon tne Thre®
eudpaviletal amokAelotikd o Selypata amd ¢ucololoyikd avBpwrivo eykédalo

(Martin et al., 2013).

OAa T TOPAMAVW  ONMOTEAECHOTA  TEPLYpAdOUV Pl akoAoubBia ot
dwodopullwoelg ou Spouv we «BupodUAaKES» Kal eEMNPEAIOUV TNV TOELKOTNTA TNC
npwteivng T. Na tnv PEAETN TWV ETUMTWOEWV TWV TOPATIAVW akKoAouBlwv o€
eninedo veupwvikng SuoAettoupyiag peAetnOnke n andédoon Twv mMAPATTAVW {WWV

™A npokaAel onpavtikd eMelppata ot

otn uabnon. H éxkdpaon tou ON4R
OUVELPULKA MaBnon, mapdpola pe autd tou ON4R". snuaviko evpnua amotelei o
yeEyovoc OTL n ékdpaon twv Stayovidiwv ONARZ®A kot ON4AR™™* éxel wc
amotéAeopa  e€loou onuavtikd pabnolwakd eAAeippata. Aebopévou OTL oTA
ouyKkekptpéva Slayovisia, n Ser?®? eival unep-PpwopopuAlwEVN, TA amoTEAESHATA
gvioxouv tnv amoyn OTL n ouykekpeévn Pwodopuliwon Sladpapatilel
KaBoplotikd poAo yla ta padnolaka eAAsippota (Papanikolopoulou & Skoulakis,
2015). Mpaypatt, OMwE ATOV AVAUEVOUEVO, OTaV UIMAoKApeTaL N dwodopuliwaon tne
Ser?®? (ON4R**®%) §ev mapatnpovvtal padnotakd eMelppoata, enBepalwvovtos ta
nponyouueva dnuoctevpéva amnoteAécpata (Papanikolopoulou & Skoulakis, 2015).
Ot ON4R™*F napouctdlovv ductohoyikly pddnon, yeyovdc to omoio £pyetat o€
m\pn cupdwvia pe ta enineda pwodopuliwonc tne Ser’® (uewwpéva enineda) kat
gvioyUovtac tv drmodn 6t n dwodbopuliwon e Thri® Spa we KATAOTAATIKOC
TIAPAYoVTIAC yla TNV Toflkotnta Kot SuoAsltoupyila Tou pecoAafeital amd tnv
avBpwrivn mpwteivn T.

268



JUYKEVIPWTIKA, Ta OMOTEAEopOTO amod TG  Soklpaoieg ToflkotnTog — Kal
SuoAeltoupylag, unod to mAaiolo Tou podid pwodopuliwong, umodelkviouv OTL n
dwodopuliwon tne Thr** e€aoBevel 1§ amokAeiel Tnv katdAnn ™ Ser’®, n onoia
HE TN oelpd TNC elvan amapaitnTn yia thv pwodbopuliwon tne Ser?*®, odnywvtag oe

262 mponyeitat kot Aettoupyel we

toflkotnTa. Emopévwg, n dwodopuliwon tng Ser
«BupodpUAaKac» yia tnv KatdAnn tng Ser’®, n omola pe T oepd ™¢ Mpodyet TN
Mpowpn Bvnoluotnta nou efaptatal anod tnv avBpwrnivn npwteivn T i odnyet otn
HEWWMEVN avTioTtaon oto OfelOWTIKO OTPEC. ZUVEMWCE, ¢alvetal va umapyxouv duo
eldbwv «BupodUAakes» PwodPopuAlwoswy, autol oL omoiol KATAOTEAAOUV TN

2% kat dM\ot ot omoiot TtV

dwodopuliwon emumpocbetwv Béoswv, o6nwg n Thr
EVEPYOTIOLOVY, OMWG N Ser’®. Supmepaopatikd, N pwopopuliweon e Thre®® Spa wc
«KATAOTOATIKOG  BupodUAakag», eumodilovtag tnv  dwodopuAiwon  ToUu
«8teukoAuvtr) BupodUraka» Ser?®? 238

bev yvwpiloupe tov akplpy pnxoviwopod n 1o €vauopa yla tnv akoAouBia Twv

KOl KOTA CUVETELD Kal TNG Ser™™°. MéEyxpl Twpa
dwodopUALWOEWY TIOU TapaTnPOoUVTAL, av Kal Tbavotata va pecolafeital amo
Sladopeg aAlayég otn dapdpdwon g mpwteivng T, He ta 24 auwvoféa Tou
Slaxwpilouv tn Ser’® and ) Ser?®® va éxouv KaBopLotikd pdAo ot TOEKATNTA Kat
VEUPWVLIKN SucAettoupyia.

2. MeAétn pnxoviopwv tofikotntag¢ twv 3R kat 4R woopopdwv NG
npwrteivng T.

Turukad kat ot €€l Loopopdég NG mpwteivng T €xouv BewpnBel wg Asttoupyka
mapopole. Qotdéoco, n  Sladoplkry EUMAOK TOUG OE OUYKEKPLUEVEG T
Mpwteivondbeleg eyeipel TNV mBavotnTa va umdpxouv dladopeg otn GUCLOAOYLKN
Asttoupyia Toug Kat oto TaBoAoylkO SUVAULKO TOUG. TNV TPAYUOTIKOTNTA, Ol
S10hop£EC OTIC LOLOTNTEG HECUELONC TWV UIKPOOWANVIOKWV yla KaBe toopopdn ival
YyVwotég (Goode et al., 2000) kat Bswpeital otL odeilovtal oto yeyovog otL ol 4R
LoopopdEC €xOUV pLa ETUTAEOV TIEPLOXN TTPOOCOEDONG OTOUG UKPOOWANVIOKOUG, TTIOU
ETUTPEMEL TNV 3-POPEC HEYAAUTEPN CUYYEVELA YLO TOUG UIKPOOWANViokouc. Emiong,
n KapBofu-teAikn meploxn pubuilel pe SLOPOPETIKO TPOTIO TNV MPOCSECN OTOUC
HLKpOOWANVIoKoUG Kal paivetal va emnpealel TNV npocdeon Twv 3R loopopdwv oe
pueyaAutepo Babuod, oe ovykplon pe tig 4R oopopdég (Goode et al., 2000). Ektog
arnd tnv mMpocdeon otoug HIKpoowAnviokoug, Olddopeg peAéteg €xouv Oelfel
emuunpooBeteg Sladopég petall twv loopopdwyv, 660 adopd tnv TACH TOUG VA
cuvoowpoatwvovtat (Adams et al., 2010) kot TRV LKAVOTNTA CUGCWHATWONC TNG KAOE
Loopopdng os Stadopetikeg popdec (Dinkel et al., 2011).

MNa tnv afloAoynon twv dtadpopetikwv doatvotumwy twv ON3R kat ON4R woopopdpwv
™M¢ mpwteivng T HEAETAONKE 1N KWNTIKOTNTA TwV TPOVUUPWY, N Kovotnto
avappixnong evAAKKWY pUywv PE tn Sdoklpacia Tou apvnTkoU YEWTPOTILOUOU, O
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BaBUOG vEUPOEKDUALOHOU TWV aLoOnTrpLwV VEUPWVWV Kal N EMLPPOr TNG EKdpacnc
KaBe Loopopdng otnV yvwolakn cupmnepidopd. Evw yla tnv LEAETN TWV UNXAVICUWY
TOEIKOTNTOG TNG KABe oopopdng afloAoynbnkav ta emimeda SLAAUTOTNTOG KO
cuoowpatwong, n koataotaon ¢wodopuliwong Tto TMPoodokwo IwNg KoL To
SUVOULKO TOU OEELOWTIKOU OTPEG.

ISlaitepo evbladépov mapouaoiace n datvoturikr avaiuvon, umodsikvuovtag OTL
unapxel oadng Sladopomnoinon petaly twv Svo wopopdwv ON3R kat ON4R. H
ékdppaon tng ON3R woopopdng tng mpwrieivng T Pp€Onke OTL MPOKAAEL KLVNTIKEG
OVWHaALEG, OL omoleg MPOKUMTOUV amd TNV HEWWMEVN afovik MeTadopd, ot
avtiBeon pe tnv ékdppaon t™¢ ON4R woopopdng tng mpwrieivng T, n omoia dev
TIPOKOAEL ONUOVTIKEG KIVNTIKEC aAAowwoel 1 BAABEG KatA tnv afovikn peTadopd.
EmutAéov, oL evnAikeg pUyeg mou ekdppalouv tig ON3R kot ON4R oopopdég
napouolalouv PEWWHEVN LKovOTNTA avappixnong, HMe TG ON3R plyeg va
napouclalouv eVToOVOTePN Helwaon amo tnv mpwtn KOAag eBSoudda og oxéon UE TG
ON4R puyeg kal va kaBiotavtal oxedov mAnpwe akivnteg Emetta ano 5 eBéopadsc.
0c0 adopad tov veupoekPUALOHO TwV aLoBNTAPLWY VELPWVWY, TtapatnpnOnke OtL n
€kppaon NG ON3R Loopopdrg emayel acbevry ekPUALOUO TWV VEUPWVWV KOl OL
afoveg otnVv oucia Mapapévouv ABLKToL €melta Kol amo 20 NUEPEG EMAYWYNS TNG
€kdppaong. Qotoco, mapouactalel auEnUevn TAON yLo OXNUATIONO CUCOWMOTWHATWY
KOTA UAKOG Twv afdvwv Kal ot ouvael. Xe avtiBeon, n €kppaon t¢ ON4R
LoOMOPPAC TAPOUGLALEL LOXUPOTEPO VEUPOEKGUALOUO. SuyKeKkpLuéva, Tnv 40" nuépa
oL awoBntpot veupwveg mou ekppalouv tnv ON4R oopopdn €xouv TANPWC
ekpuAloTel pe Alyoug doveg va amopévouv, eV TOPATNPELTAL KOL LOXUPOTEPN
QMWAELA TNG aKeEPALOTNTOG TNG UEUPBpAvNG. TEAog, Wblaitepo evbladépov eixe n
mapatipnon OtL oL &VAAKEG HUyeC¢ Tou ekdbpdlouv tnv ON4R oopopdn
napouotalouv eAAELPUPATIK pABnon o€ oupdwvia Kol PE TA TPONYOUUEVA
anoteAéopata (Kosmidis et al., 2010); (Papanikolopoulou & Skoulakis, 2015) kaBwg
KOl 0TNV LOKPOTIPOBeoUn UvhRun, evw o€ avtiBeon n ékppaon tng ON3R oopopdnig
Oev TPOKAAEL YVWOLAKEG EKTITWOELG.

Aebopévou otL N dwodopuldiwon Stadpapatilel kaboplotikd polo otn maboyéveon
mou pecoAafeital and v mpwrteivn T, kpibnke amapaitntn pla cUyKpLon TwV
emunédwv ocuoowpdtwong kot dwodopuAiwong cuykekpluévwy Béocswv twv dvo
loopopdpwv o MPOVUUDEG Kal o eVAALKEG HUYEG. MOAAEC in vitro €peuveg €xouv
eTuKevTpwOelL otnv bilepevvnon Ttou polou tng Yeudo-dpwaodpopuliwong otn
cuoowpatwon t¢ mpwteivng T katl €xouv TtautomolnBel evdladpépouoes dladopég
elOIKEC yLa kaBe woopopdn (Combs, Voss, & Gamblin, 2011). NapoAa auvtd, pe Bdon
TNV OVAAUCN TWV TEXVIKWV TIOU Xpnolgomowidnkav otn mapouvca €psuva, Oegv
urmopeocav vo avixveuBouv OSladopég ota emimeda cucowpdtwong Twv Svo
loopopdpwv oe oxéon HeE TNV nAwkia. Oco adopd ta emnineda dwopopuliwong
OUYKEKPLUEVWY Béoewv avapeoa otig SUo oopopdég ON3R kat ON4R tng mpwteivng
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T, avadeixbnkav ocadeic Swadopég, umootnpilovtag tnv amoyn oOtL ot dvo
loOHOPdPEC  aAAnAemibpolv  pe  SLAdOPETIKEG KWVAOEC Kal  PwodaTAOEG.
Afloonueiwto emiong sival OtL ol dladopEg auTéG e€aptwvTal Kal amd To otadlo
ovamntuéng Tng puyag, kabott Stadpopeg avapeoa ot SUO LOOUOPPECG TTOU UTIPXOV
oto otadlo Twv mpovupdwyv eéadeidovtav otig eVAAIKEG HUYEG | avtiotpoda. MNa
mapadelypua, ot eVAAKEG pUyeg Tou  ekdppalouv tnv ON3R oopopdn
napouctdotnkav auinuéva enineda pwobopuliwonc twv Béoewv Ser®*®4% (PHF-1)
oe oxéon UeE TG puyeg mou ekppalouv tnv ON4R woopopdr), KATL TO omoio dev
napatnpnbnke oto otddlo twv Tmpovuudwv. Emiong, onuovtikn mapatrpnon
amoteAel To yeyovog ot n ON3R woopopdr elval mMePLOCOTEPO AVOCOSPATTIKY LE TO
avtiowpa MC1 oe oxéon pe tnv ON4R woopopdr, umodnAlwvovtag OTL UTAPXOoUV
ouoLaoTIKEG Sladopeg otnv avadimiwor) twv §Uo Loopopdwy.

H Stadopetikn Stapopdwon twv Svo oopopdwy, UToSeKVUEL OTL Tpodavwe Ba
umapxouv kot Sladopég kal oto maboloylkd Toug Suvaulko. Mpog amooadrvion
outoU peAetnOnke n tofikotnta tng mpwtelivng T e SUo peBodoug, TNV
KATAUETPNON Tou MPocdoKipou {wNnG Kal TG avtiotaong oto ofeldwTiko otpec. Ooo
adopd to MPoodokipo Lwng Twv eVAALKWY Huywv Ttou ekppalouv eite tnv ON3R elte
Vv ON4R woopopdn, Bpédnke OTL n ékdpaon Kat Twv SUo Lopopdwv Mapouactalel
auénuévn Bvnouotnta o oXEon UE TG LUYEG TIELPAUATIKOU eAEyxou. QOTO0O0, OTav
ouykpivovtal ot SUo woopopPég petafl Toug, mapatnpeital otL N Bvnowuotnta ival
pueyaAutepn otig ON3R puyeg, oe oxéon pe tigc ON4AR puyec. Ze avtiBeon, Enetta ano
HETPNON TNG AVTIOTAONC 0TO 0&ElOWTLKO OTPpEG PpEOnKe OTL oL pUYyeC Ttou ekdppalouv
Vv ON4R oopopdn napouctdalouv Sumhdola enineda ofeidwong, o€ oxéon e TG
puyeg mou ekdpalouv tv ON3R oopopdr. OL SUo aUTEG HETPAOELS UTTOSEIKVUOUV
Eekabapa OtL umtdpyouv cadeis Stadopég avapeoa otig Suo LWwopopdPEG 660 adopa
TO MaOOAOYIKO SUVOLILKO TOUG.

JUYKEVIPWTIKA OAQ TOl TOPATIAVW QTOTEAECUATA UTTOSELKVUOUV HLO. OELpA OO
SlapopeTIkOUG GaLVOTUTIOUG AVAUESA OTLC SUO LOOUOPPEC TTOU €EETAOTNKAV KABWC
Kal oadeic Sladopec oTo pUNXAVIOUO TOEIKOTNTOG TIOU €MAYEL N KAOe Loopopdn.
MEeAETEG OTIWG QUTH, EYELPOUV OTOXEUMEVA EPWTNATA TIOU UTOpEl va piouv pwg
otov Sladopetikd polo tng kdBe woopopdrg otn maboyéveon twv Sladodpwv T-
npwteivonaBelwv kat Ba mpémnetl va Aappavovtal urt 0PV KOTA TNV EPUNVELD TWV
OTTOTEAECUATWV.

3. MEeA£TN TWV YVWOTIKWV SUCAELTOUPYLWV TWV T-NpwTEivomtaOeLwv.

Eva amd ta MO KOWA XOPAKTNPLOTIKA TWV TEPLOCOTEPWV T-Tpwteivomabelwy,
ouunepAaUBAVOUEVWY KOL QUTWY TIou Oev eUMAEKOUV peTalAayuévn mpwteivn T,
OMwG n vooog tou Alzheimer, gival ta xpovo-e€aptwueva eAAelppata otn padnon
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KOL MVAMN, yeyovog mou epdaviletal fekabopa kol oto SIKO pog Hovtého T-
npwteivonabswwv tng D. melanogaster. Ol eVALKEG LUYEG, OL oTtoleg ekppalouv TNV
ON4R oopopdn tng mpwrteivng T yla 6 nuépeg €xouv ducololoyikn padnon kot
uvnun (e€aptwpevn amod tv npwteivoolvBeon pvnun, PSD-M), evw €neta and 12
NUEPEC apouaLalouv Loxupd eAAeippata, emMaAnBeloviag TNV XPOVLKA EQPTWHEVN
ekbNAwon NG veupwvikng SuoAeltoupylag, OMwg aut epdaviletal Kol OTOUG
avBpwrouc.

Ta anoteAéopata autd BETOUV TO EPWTNUA, EAV N CUCCWPEUCN TNG MPWTIEvNG T
TIPOKOAEL MO YEVIKOTEPN VEUPWVIK OUCAELTOUPYLA N EMNPEATEL OUYKEKPLUEVEG
ouuneplPoplkeg Slepyaoiec. Na to okomod auto, eAéyxBnke n amnddoon twv {WwvV
OUTWV KOl Ot Mo OElpd AAwv oupnepldpoplkwy Slepyactwy, OMwe n AUEON
anodoaon, €nelta and ektetapévn ekmaibeuon kat n anodoon oe éva SLAPOPETIKO
€l6o¢ pvnung mou amaviatalL otn D. melanogaster, Tnv avefdaptnin amo Tnv
npwrteivoolvBeon  pvAun, PSI-M.  Evlladépov  elyav ta  amoteAéouara,
umoSelkvlovTag OTL N CUCOWPEUON TNG TPpwTeivng T dev emnpedlel tnv andédoon
Twv wwv €nelta and ektetapévn eknaibevon, vnodnAwvovtag otL mbavotata ta
eMelppoTa mou mapatneouvTal otn Hadnon kot pvApn 8ev elval anmotéAeopa pag
YEVIKOTEPNG SuoAeltoupyiag kat mOavov va pmopoUv Kal va avaotpadoulv.
EruutAéov, to yeyovog otL ta {wa autd noapouciacav pucloloyikn anodoon otnv PSI
puvnun, umtodnAwvet otL ta eAAeippata eivat e181ka yia tTnv PSD pvAun. EmutAéov, to
YEYOVOC OTL N CUCOWPELON NG MPWTEivnG T emnpedlel pOvo TNV €EQPTWUEVN OO
NV MPWTEIvOooUVOEDN UV KoL OXL TNV avefdptntn amo TNV MpwieivoolvOeon
pHvAun, urodnAwvel OtL emnpedletal Kal n petadpacn, Onwg mpoodata E€xEL
avadepbei (Papanikolopoulou et al., 2019).

MéxpL Twpa, dev eival cadég edv autd ta eAAelppaTa 0Tn LABNON Ko WvApn ivat
anoppola pn avaotpEPLUwY SucAeLtoupylwv i eKkPUALCUEVWY VEUpWVWV. Exovtag
w¢ 6edopévo OtL n cuoowpeuon tng ON4R wopopdnc tng mpwrteivng T Sivel
duololoyikn anodoaon, EMELTA AMO €KTETAPEVN eKTTAISELON KAl TOUTOXPOVA UE TA
OQTOTEAECLLOTO TIPONYOUEVWY LEAETWV O€ TovTiKla (Santacruz et al., 2005); (Sydow
et al., 2011); (Van der Jeugd et al., 2012), eivaL padA\ov aniBavo 1o KNI va ¢pépel
HOVLUN KO EKTETAUEVN veEUpOoeKDUALOTIK BAAPN. Me yvwpova OAa Ta Tapamavw,
gywav dladopeg mpoondbeleg avaotpodn twv eAAelpdTwy otn PSD-M pvAun,
£MELTa anod KATaoTtoAn ékdppaong tou Stayovidiou ON4R. Mua miBavr) avaotpodn
TWV YVWOTIKWV EAAELUPATWY Sivel TIBAVOTNTEG AUTO Vo UIMOPEL va. elval EPLKTO Kal
oe aoBevei¢ pe xopnynon ¢OapPUAKWY, TOUAAXLOTOV TPV TO UETAYEVECTEPQ
€KPUALOTIKA oTadla TG vooou.

Evlladépov eixe to yeyovog OTL oL pUyeG, oL omoieg Bplokovtal umd CUVONRKEC
KATAOTOANG Tapouciacav Touldxlwotov 50% peiwon ota petdypada  ng
avBpwriivng ON4R woopopdng, o oUyKPLON UE TG HUYEG OTLG OTIOLEG €UVOELTAL N
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£kppaon ¢ mpwrteivng, wotdoo dev unnple petaBoln ota enimeda kdppacng g
OALKNG TPWTEIVNG. To yeyovog auto, uttodelkvuel otL n ON4R eival otaBepr) oto KN
™¢ puyag. Afloonuelwto emiong sival, OTL 0TI MUYEG QUTEG BpEBnkav auEnuéva
EMiMeda CUCOWUATWHATWY Kal TBavov o€ autod va odeilovial to GALVOUEVIKA
otaBepa enineda ékdpaong tNg Mpwteivng T mou moapatnendnkav, mapd Ta
HEWMEVA emimeda petaypddwy. H mapatipnon auth, £pxetal o CURPWVIO PE
Sladopeg peléteg otn Drosophila kal oto movtiki, ol omoieg Seixvouv OTL n
TIOPOTETAUEVN OUOOWPELON TNG Tpwtelivng T odnyel koL oOtOo OXNUATIOUO
ocuvoowpotwudtwy (Cowan et al., 2015); (Papanikolopoulou & Skoulakis, 2015);
(Santacruz et al., 2005). EmunpooBétwe, To yeyovog OtL Sev mapatnpnbnke Kapia
HeTaBoAnl ota emimeda NG  OSlOAUTAC Tpwtelvng uUmModelkvUEL OTL  Ta
cucowpatwuata mlavov va ocuoowpevovtal oto KNI tng upuyag amod 1n
npoiUmnapyxovoca StaAutr) ON4R woopopdn tng mpwteivng T. TEAOG, OTIC OUVONKEG
KATAOTOANG €Kkppaong Ttou Slayovidiou (pelwpéva petaypada Kol auEnuévog
OXNUOATIONOC CUCOWHATWHATWY) UTHPEE avaotpodr) Twv eAAElUpATWY otnv PSD
UvAUn. To OMOTEAECUO QUTO, UTIOSELKVUEL OTL N VEUPWVIKN SuoAslToupyia ToU
napatnpeitat 6ev eival ouvémela pn avaotpéPluwv BAaBwv 1 eKPUALCHEVWY
veupwvwv Tou KNI tn¢ Drosophila kat mBoavév Ta OCUCCWHATWHATO VA
Stadpapatilouv kKaBoploTikd pOAo TOUAAXLOTOV 000 adopd TIG Slepyacieg ou eival
amopaitnteg yio tnv PSD-M pvAun.

4. To CUCCWHATWHATA TNG MPWTEIVNG T £XOUV MPOOTATEVTIKO POAO £vavTl
TWV SlEpyaoilwyv Tou  amotouvtal yla TtV €§apTWHEVN amd TNV
NPWTeivoocUVOEon HVAN.

AapBavovtag um oYLy, otL n petaypadiky kataotoAn twv Slayovidiwv auvfdvel Ta
enimeda Twv pn SLAAUTWYV CUCCWHATWHATWY TNG avBpwrivng mpwrieivng T, pe
Toutoxpovn avaotpodn TNG EAAELUMATIKAG UVAMNG, YEVVATAL TO £PWTINUA AV T
CUCOWMOTWHATA OUTA OTN TIPOYHOTIKOTNTA UIMopel OxL LOVo va pnv entoneudouv
™ Veupwviky OuoAeltoupyiat oAAG lowg Kal va TNV KataoTtéEAAouv R va tnv
amotpémouy. [po¢ amdvtnon TOU TMOPATIAVW EPWTAHOTOC TIOU  TEONKE,
xpnotgorotBnkav aveéaptnta Tpelg SladopeTIKOL TPOMOL TPOCEYYLONG TOU
B£partog.

O npwrtoc adopad TNV PeEAETN TNG PSD-M pvrung £meLta amo xoprnynon evog yvwaotou
OVOOTOAEQ TWV CUCOWHATWHUATWY, TOU UIMAE Tou peBuAeviou, og PUYEG OL OTIOLEC
opXIKWG ekdpalouv TNV ON4R oopopdn tne mpwrieivng T 0 OAOUG TOUG VEUPWVEG
Kol €v ouvexela tiBevtal umd petaypadlkl KATAOTOAR, OnMwg Tmeplypddnke
mapanavw. Me Tov TpOTO AUTO, OUCLAOTIKA MEAETATAL OV I AVO.OTOAN OXNUATIOUOU
OUCOWMOTWHATWY, UTIO CUVONKEC KOTOOTOANG KAl EMELTA Ao TNV dnpiloupyla Twv
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eMeUpATWY otnv PSD-M pvAun, Stadpoapatilel ouolaoTikd poAlo. Mpdaypatty, n
XOPNyNnon tou UMAe Tou HeBUAeViOU O€ QUTEG TG HUYEG TIPOKAAEL ENelppaTa OTNY
PSD-M pvAun, umodelkvuovtag OTL N Uelwon Twv aSAAUTWY CUCCWHOTWHATWY
ennpealel T¢ Olepyaociec mou amattouvtal yla Pl puctodoyikry PSD  pvnun.
ErutAéov, n xopriynon tou pmAe tou pebBuleviou dev mpokalel kauia enintwon otnv
anodoon Twv Huywy, 0tav HeAETAONKE Yo AAAN popdr) UVANG TIOU QmavTATAL OTh
Drosophila, otnv avetdptntn otnv mpwieivoolvBeon pvAun. To yeyovog auto
UTIOSELKVUEL  OTL Ol  EMUTTWOEL TNG QAVOOTOANG TOU  OXNUOTIOMOU  TWV
CUOOWMOTWHATWY gival el8IKEG yia Tnv PSD-M pvnun kot dgv eival andppola pLog
YEVLKOTEPNC TOEKOTNTAC TTOU Ba Urmopouoe va eTLPEPEL N XOPHYNON TOU UITAE TOU
HeBUAeviou. ZUVETIWG, N AUVENON TWV CUCCWLATWUATWY TIOU TtapatTnpeeital KATA TNV
uetaypadiky kataotoAn tng ON4R woopopdng mbBavotata va eival unevBuvn Kal
yla TNV TPoKUTtouoa avaotpodn Twv EAAELUUATWY otnv PSD-M, énwg meplypadnke
T(PONYOUHEVWCE. ZUAAOYLKA auTtd ta dedopéva eysipouv TV mBavotnta ta adldluta
CUCOWUOTWHOTO Vva 6pouv TPOOTATEUTIKA 000 adopd Twv Sladlkaowv/
HUNXAVIOUWV TIou eUMAEKovTaL oTtnVv PSD-M 1 £€0Tw va TG ETUTPEMOUV.

O b8eutepog TpoOMOC adopd TNV Xopnynon €apxng tou UIAE Tou peBuAeviou oe
HUYEG oL omoleg ekppalouv eite tnv ON4R eite tnv ON3R oopopdn Tng mpwteivng T
0€ ONO TO VEUPIKO oUOTNUO. Me Tov TPOMO QUTO, HUEAETATAL AV N OVACTOAR
OXNUATIOUOU TWV CUCOWUATWHATWY £€QPXNC O HUYEC OL OTIOLEG £lval YyvwoTo OTL
€xouv eMewpatikn pviun (ON4R wa) n oe pouyeg pe duaotoroyik pvnun (ON3R
{wa) mpokaAel emibeivwon 1 epdavion Twv eAEPUATWY avtiotolya. NpaypaTL oTLg
pUyeg mou ekdppalouv tnv ON4R oopopdr oto veuplkd cuoTnua yla 12 nuépPeg Kat
elval yvwoto otL mpokalouv eAAewupatiky PSD-M napatnpnbnke embeivwon tou
dawotimou, EMETa AMO AVAOTOAN OXNUOTIOMOU TWV OCUCCWHOTWHATWY TNG
npwteivng T. EmutA£ov, ol puyeg ou ekdppalouv tnv ON3R toopopdn ya 12 nuépEC,
omnwg delytnke MpwtUTEPA MAPOoUCLAlouV GUCLOAOYIKN) MVAUN Kal auénuévo Babuo
OXNUOTLOMOU CUCOWHATWHATWY 0€ oxéon He Ti¢ ON4AR puyeg. Xopriynon tou UAE
Tou peBuAeviou 0g QUTEG TIC MUYEG, €lXE WG aMOTEAEOUA TN HElwWON OXNUATIOMOU
CUOCWHOTWHATWY Kal tnv amodoon €AAEWWUATIKAG UVAKNG, UTtodelkvUuovTag yla
oKkopa pa dopd OTL Ta cucowpatwpota Stadpapatilovv KaBopLoTiko poAo.

T€AOG, HUE yvwHOvVa TO YEYOVOG OTL N ékdppacn tng ON4R oopopdng ota pLoxoeldn
OWHATIO EMAYEL TOV QUENUEVO OXNUOTIOUO OCUCCWHOTWHATWY Kot amodidel
duololoyikn puvnun, Bewpndnke okOMPO WC pa Tpitn anodel€n tou poAou Twv
CUOCWHOTWHATWY va Xopnynbel oe aUTEG TIG HUYECG UTTAE Tou peBuleviou. Me tov
TPOTIO AUTO, MEAETATOL OV N QVACTOAN OXNUATIOMOU TWV CUCCWUOTWHATWY
€€apxNg, akopa Kal o€ évav UKpo aplBud veupwvwy otn Drosophila, oL omolot gival
YVWOTO OTL eumAékovtal otn Snuoupyia tng PSD-M pvnung (Davis, 2005); (Cognigni,
Felsenberg, & Waddell, 2018) mpokaAel tnv eudpavion EAAEUUATWY OTNV LVAUN.
Mpdyuatt mpog evioxuon OAwvV Twv TMopaAmMAvw UTOBEcEwY, 1N  aVOOTOAN
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OXNUOTIOHOU TWV OCUCCWHATWHATWY OTa  MLOXOELS) OwMATIa, anédwoe
EMELUATIKA LV, emBeBatlwvovtag avetaptnta tnv anoyn OTL N CUCGCWPEUCN
CUCOWUATWUATWY Sev §pa avaOTAATIKA £vaVTL TwV SLEPYACLWV TIOU EUTAEKOVTAL
otnv PSD pvAun.

JUVETIWG, UE TPELG SLADOPETIKEG TIPOCEYYLOELG TOU BEUATOC, uTtoSElkVUETAL 0BeVapd
n anmoyn OtL Ta PN SLOAUTA CUCCWHOTWHATA ELVOL TIPOOTATEUTIKA OE VEUPWVIKEC
Olepyaoieg (N €otw TG €mUTPEMOUV), OL OmMoleg amoteAouv TN Pdcn ywa TNV
e€aptwuevn anod tnv npwteivoouvOeon pviun, PSD-M. Auto €pxetal og cuudwvia,
EV UEPEL, UE AANEG EPEUVNTIKEG LEAETEG TTOU SEIXVOUV OTL OTO HOVTEAO TOVTIKOU yla
TNV UETWTTOKPOTADLIKN AVOlA TO CUCCWHATWHOTO TIAPOUEVOUV, EVW N YVWOTLKA
Aewtoupyia BeAtwwvetal (Santacruz et al., 2005); (Sydow et al., 2011); (Van der Jeugd
et al.,, 2012). EmutAéov, pe TN mapoloa £Peuva TPOKUTITOUV cadeig evOelfelg otL
lOWG T PLKPA SLOAUTA OALYOUEPT) 1) TOL LOVOUEPH, SLUEPN KaL TPLUEPN TNG TPWTEIVNG
T umopel va §pouv MapeunodLoTIKA oTLg SlEpYaoieg TOU amattouvtal yia tnv PSD-M.

Méxplg otyung, dev yvwpiloupe tn SLApOPpPWON TWV CUCCWHOTWHATWY KAl TWV
oAlyopepwv Tou oxnuoatilovtat oto KNI tng pUyag, UMO T OUYKEKPLUEVEG
TIELPOLATIKEG OUVONKEG TTOU PEAETABNKAV 0T tapouoa epyacia. Qg ek TouTou, eV
yvwpilovpe gav ta pn dtalutd kokkwdn oAlyopepn (GTOs) meplappavovral i oxL
OT0 CUCOWUOTWUOTO TIOU OTOUEVOUV, E£MELTOL TNV XOPNynon TOU WUTTAE TOU
pueBuleviou, kal av eivalt autd [ to SLAAUTA OALYOUEPH TOU TIPOKAAOUV Ta
eMelppata otnv PSD-M pviun. Qotéoo, mpdodata amoTEAECUATO OO TO LOVIEAO
TIOVTIKOU YLO TNV UETWITOKPOTADLIKY Avola UTTOSEIKVUOUV OTL Ta SLOAUTA OALYOUEPN
™¢ npwrteivng T mou dpEpet tn petalhagn P301L, eivat umevBuva yia tnv e€EALEN TNG
vooou (Shin et al.,, 2020). Evw, o0t OplOUEVEC UEAETEG in vivo €xel delyBel OTL
OpPLOUEVO CUCOWHATWHATA TG TpwTelvng T, Wolaitepa T OALyoUEPT], UTTOPEL aKOUA
KOl vaL €XOUV TIPOCTATEUTIKO POAO EVaVTL TNG TOEKOTNTAG TNG tpwTeivng T (Cowan et
al., 2015). MeAMovtik@ 6a ntav xpnowo va amocadnviotel To €ido¢ TwvV
CUCOWHOTWHATWY TIOU OXNUATI(OVIOL KATA TIC TIELPOUATIKEG SLadLkaoleg TG
napovoag €peuva kaBotL Ba pifel amAeto Pw¢ oto SlapOopeTKO pOAO TWV
CUOCWHOTWHATWY 0€ PUGCLOAOYLKEG 1) TTAOOAOYIKEG KATAOTACELC.
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Tuunepaocporta:

Tig teleutaieg Oekaetieg €xouv Sokipaotel Oladopetikéc Bepameieg ywo TNV
avtipetwrnion Sadopwv T-mpwrteivonabelwy. QotO00, TAPA TIC EKTETOUEVEG
HEAETEG, T onuavtika £€oda Kkal TIg Sladopeg KAWIKEG TpooTdbeleg Sev €xouv
eYkplOel véeg Bepameiec. H kUpla attia yla autiv TNV amotuxia eival n HeyaAn
ETEPOYEVELD. TWV KAWIKWYV OCUUMTWHUATWY OTI VOOOUC QUTEG Kol N €ANewdn
BloAoyilkwyv Selktwy yla tnv €ykatpn kot €ykupn dtayvwon. H xprion Blodelktwv yla
€161KOUC HOPLAKOUC OTOXOUG UIMOPOoUV va xpnoltomnownBouv yia va mpoBAedOel n
mbavotnta evOG ATOLOU VO TTOPOUCLACEL Lot CUYKEKPLUEVN T-Mpwteivomabela npv
aKOpa epdavioTouV Ta cupntwuata. H mpwteivn T kat WSlaitepa n dwodopuliwon
NG €XEL AmMOTEAEOEL €vav LOlaitepa EAKUOCTIKO OTOXO yla TNV aveupeon Slapopwv
Blodelktwy, SLOTL EUTAEKETOL OTNV TPWLUN €EEALEN TwV vOowv Kal Ldlaitepa NG
vooou tou Alzheimer. Ou mpoodateg e€elielg otnv avantuén BLodelktwy aipatog
Kall TTAdopatog, cupmneplhappavopévwy Twv pThrl81, pThr217 kat pThr231, £6e€av
otL untnpéav kalol mMpoyvwoTikol mapdyovieg tng €€EAENG TNG vooou Kat BonBouv
otnv Sladopomnoinon twv voowv AD kot FTD. EmutAéov, oe mpdodatn HeAETN
Bpébnke OtL N dwodopuliwon e Béonc Ser’*® amouctdlel XopPAKTNPLOTKG Ao
OAEC TIC UNn TOSKEC popdEC tng mpwrteivng T otn D. melanogaster, ota veapd
OOUUMTWHATIKA TovTikla Kol o€ OSelypata amd eykeddaloug PuoLoOAoyIKwY
Sewypatwv amd avBpwmoug umodelkvuoviag OTL N OUYKEKPLUEvVn Béon
dwodopuliwong Ba pmopouoe va amoteAéosl évav KO SlayvwoTiko PBlodeiktn
yla Ti¢ T-mpwrteivondBeleg tedikol otadiov (Papanikolopoulou & Skoulakis, 2015).
sTn mapoloa pelétn, avadeixtnke i emuthéov Béon, n Thr?®®, ¢ omoiac n
dwodopudiwon daivetal va Spa w¢ «KATAOTOATIKOG BupodUAaKag» ylo TLG
eTukelpeveg pwodopuAlwoel mou oxetilovtal Pe TOOOAOYIKEC KOTOOTACELG,
avadelkvuovtag T B€on auth wg évav mbavo xprnowo Blodeiktn mpoyvwong Twv T-
npwrteivonabetwv. H avadelén véwv Blodewktwy Ba BonBnoeL tnv €ykatpn avixveuon
Kal mapakoAolBnon twv Stadopwv T-mpwteivomabewwy, kKaBwc emiong Kal otnv
Toutonoinon Twv KAatdAnAwyv acBevwy yla KAWVIKEG SOKLUEG, woTe va eEakpLBwOel
n BéAtiotn Bepareia yia tov kaBs acBevn).

0oo adopd tn vooo tou Alzheimer, ta teAeutaia xpovia, StadopeG OTPATNYLKEG TTIOU
oToxXeVOUV TO B-apuAoeldég i TN MPWTEivn T €xouv avamtuxBel kal €xouv eL0EADEL
oe KAWLIKEG doklpég (Ballard et al., 2011); (Bachurin et al., 2017); (Hey et al., 2018);
(Hung & Fu, 2017). ME€XpLC OTLYUNG, OL TIEPLOCOTEPEC KALVIKEC SOKLUEG TTOU OTOXEUOUV
1o af memntidlo £xouv Swaoel apvnTKA anoteAéopata. Q¢ ek TOUTOU, OL TIEPLOCOTEPEC
€peUVEC eoTLdlouv TAEOV OTN OTOXEUON TNG MPWTEivNG T w¢g evaAlakTikr Bepamneia
(Hoskin et al., 2019). H dwodopuliwon tng mpwteivng T €xel amoteAéoel TBavo
OTOXO Yyl KAWLKEG Oeparmeieg. Alddopeg katnyopieg¢ dappdakwv Ppilokovtol o€
KAWVIKEC SOKLUEG, OTWG AVOOTOAEIC KLVOOWV KOl EVEPYOTIOINTEC GWOPATOOWY KoL
daivetal va €xouv kamola BeTika anoteAéopata otnv enBpaduvon tng e€EAENC TNG
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vOOOU, WOTOoOo dailvetal va £xouv SLAPOoPEeC EMMTWOELS AOyw SpAong KoL o€ AANEC
TMPWTEIvVEC €KTOG TNG T. EMUMA£0V, MOAAG QVTLOWHATA TIOU XPNOLUOTIOLOUVTAL YL ThV
avoooBeparneia p-tau Bplokovral akopa otn aon | kot Il Twv KAWIKWY SOKLUWY, UE
o debopéva PEXPLG OTLYUNG va delxvouv OTL eival acdaléotepa Kal PUE ALyOTEPEC
TIAPEVEPYELEG OE OUYKPLON WE TOUG OVOOTOAEIG KIVAOWV 1 TOUG EVEPYOTIOLNTEG
dwodatacwv. Tig emopeveg SdeKaeTIEG, TteEPLOOOTEPA SeSOUEVA QTIO TIG KALVIKEG
SOKLUEG Ba MapACYOUV ULt KAAUTEPN ELKOVA OXETLKA LLE TO €AV Ta GAPHAKA EVAVTL
NG p-tau elval amoteAeopatikd évavtl Twv T-MpwTteivomabelwy Kal Twv mbavwy
OPVNTIKWYV ETIMTWOEWV TOUC.

Ta tedevtaia xpovia TNV Mo eVPEWC Sladedopévn oTpatnyLki ylo tnv Bepamneia tng
vooou tou Alzheimer amoteAel n avactoAr) TNG CUCCWUATWONG TNG MPWTEivng T
(Jouanne et al., 2017). Qotdoo, n Xopriynon tou UmAe tou pebBuleviou, evog yvwotou
OVAOTOAEQ TOU OXNUOTIOUOU TwV cucowpatwuatwy (Hosokawa et al., 2012), otav
Sdoklpaotnke oe aoBevelg wg Bepameia yla TNV avaoToAr) TNG CUCCWHUATWONG OTO
AD kal mépaoe ot SokLpEG dpaong lll, dev anédwoe ta emBUUNTA AMOTEAECUOT
(Gauthier et al., 2016) mBavotata eneldn 6ev avacTEAAEL TO OXNUOTIONO Twv GTOs
(Soeda et al., 2015), Ta omola cucowpevovtal oe vPnAa enineda. MNpog evioxuon
autol, otn mapovoa £peuva amodeifape OTL oplopéva €idn CUCCWHATWHATWY
UTOPEL VA €XOUV TIPOCTATEUTIKO POAO EVOVTIL CUYKEKPLUEVWY Slepyactwy. Feyovog
TIOU WIMOPElL HEPLKWG VA SIKOLOAOYAOEL TNV QMOTUXIO TWV QVAOTOAEWV TWV
OUOOWMOTWHATWY OTLG KALWVIKEG SOKLUEG. JUVETWG, MEAETEG OMWCE QUTH, EVELPOUV
OTOXEUMEVO EPWTAHOTA TIOU MIopel va pifouv pwc otov Sladopetikd poAo Twv
CUOCWHOTWHATWY TG MPWTEeivng T ko Ba mpémel va AapBavovtal utt 0Ly Katd tTnv
€punVvela TwV AMOTEAECUATWY. ZUANOYLKA Ta AmoTeEAEoUATA TNE TIAPOUCAG EPEUVAG
poll pe Tta ormoteAéopata AAAwV €peuvwy UTOSEIKVUOUV OTL PApUAKA TIOU
npowBolv T cucowpatwon (Dominguez-Meijide et al.,, 2020) upmopeil va eivat
KataAANAOTEpa yla TNV Bepameia TwV YWWOTIKWY EAAELUUATWY o€ acBeveic pe AD
mapa ta ¢pappoka Ta onoia Spouv AvVOOTAATIKA.

Ev katakAeldl, Ta amoteAéopata TG MapoUoac UEAETNG OE oUVAPTNON HE TNV AdN
UTIAPXOUCOL ETLOTNMOVLKN yvwon, Ba umopoloav va Ponbricouv apxlkwg otnv
Katavonon Twv T-mMpwtelvomabelwy Kal v ouvexeia otnv €ykalpn Stdyvwon kat
OVTLUETWITILON TOUG OToV AvBpwrTto.
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The Two Cysteines of Tau Protein Are Functionally Distinct
and Contribute Differentially to Its Pathogenicity in Vivo

Engie Prifti,'” Eleni N. Tsakiri,'"" Ergina Vourkou,' George Stamatakis,” Martina Samiotaki,” and

Katerina Papanikolopoulou'

'Institute for Fundamental Biomedical Research, and “Institute for Bio-innovation, Biomedical Sciences Research Centre “Alexander Fleming,” Vari,
16672, Greece

Although Tau accumulation is clearly linked to pathogenesis in Alzheimer’s disease and other Tauopathies, the mechanism
that initiates the aggregation of this highly soluble protein in vivo remains largely unanswered. Interestingly, in vitro Tau can
be induced to form fibrillar filaments by oxidation of its two cysteine residues, generating an intermolecular disulfide bond
that promotes dimerization and fibrillization. The recently solved structures of Tau filaments revealed that the two cysteine
residues are not structurally equivalent since Cys-322 is incorporated into the core of the fibril, whereas Cys-291 projects
away from the core to form the fuzzy coat. Here, we examined whether mutation of these cysteines to alanine affects differ-
entially Tau mediated toxicity and dysfunction in the well-established Drosophila Tauopathy model. Experiments were con-
ducted with both sexes, or with either sex. Each cysteine residue contributes differentially to Tau stability, phosphorylation
status, aggregation propensity, resistance to stress, learning, and memory. Importantly, our work uncovers a critical role of

Cys-322 in determining Tau toxicity and dysfunction.

Key words: aggregation; cysteines; dysfunction; Tau protein; toxicity; ubiquitination
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ignificance Statement

-

Cysteine-291 and Cysteine-322, the only two cysteine residues of Tau present in only 4-Repeat or all isoforms, respectively,
have competing functions: as the key residues in the catalytic center, they enable Tau auto-acetylation; and as residues within
the microtubule-binding repeat region are important not only for Tau function but also instrumental in the initiation of Tau
aggregation. In this study, we present the first in vivo evidence that their substitution leads to differential consequences on
Tau’s physiological and pathophysiological functions. These differences raise the possibility that cysteine residues play a
potential role in determining the functional diversity between isoforms.

\

4

Introduction

Tau is a microtubule-associated protein that occurs mainly in
neurons, crucial for the elongation of microtubule labile domains
(Qiang et al., 2018) among several other physiological functions
at the synapse and in the nucleus, as well as interactions with the
plasma membrane and the actin cytoskeleton (Sotiropoulos et
al, 2017). In the adult human brain, alternative splicing of a
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single-copy gene generates six Tau isoforms that differ by the
number of N-terminal insertions and microtubule-binding
repeats (MBRs). Tau has 85 potential phosphorylation sites
that regulate its affinity for microtubules, with excess steady-
state phosphorylation being associated with disease (Wang
and Mandelkow, 2016).

Intracellular Tau aggregates are the defining feature of a
group of neurodegenerative dementias called Tauopathies, pre-
senting varying clinical symptoms (Arendt et al., 2016). In addi-
tion to serving as markers for differential diagnosis, Tau
aggregates can mediate disease propagation (Peng et al., 2020)
and serve as direct drivers of toxicity (Ballatore et al., 2007). In
recent years, studies in animal models have shown that Tau
oligomers correlate with synapse loss and behavioral deficits
much better than the appearance of mature fibrils and prefibril-
lar events have gained considerable attention with respect to
their toxic potential (Santacruz et al., 2005; Berger et al.,, 2007).

Tau presents conformational flexibility, rendering it highly
soluble; and it is therefore surprising that it assembles into fila-
ments (Wang and Mandelkow, 2016). It has been proposed that
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Tau fibrillization may be associated with folding events, which
allow Tau monomers to acquire partially folded, pB-sheet-
enriched structures that further self-assemble to form highly or-
dered fibrils (Jeganathan et al, 2008), potentially mediated by
two hexapeptide motifs in the MBR (von Bergen et al., 2005). In
addition, cysteines appear capable of forming disulfide-linked
dimers that accelerate the conformational conversion of Tau into
fibrillary aggregates in vitro (Schweers et al., 1995; Bhattacharya
et al,, 2001) and compounds that target these residues prevent
Tau aggregation (Soeda et al, 2015). However, the specific events
leading in Tau aggregation in vivo are not yet established.

Of the two Tau cysteines, Cys-322 is present in all isoforms,
whereas Cys-291 is found only in 4R species. A recent study
revealed the ability of Tau to perform thiol/disulfide exchanges
with tubulin and brought new insights into the role of these two
residues in the correct localization of Tau on microtubules
(Martinho et al., 2018). In the two C-shaped protofilaments con-
stituting the Tau filaments from AD brains, Cys-322 is incorpo-
rated into the core of the fibril, whereas Cys-291 is in the
disordered portion of the protein forming the “fuzzy coat”
(Fitzpatrick et al., 2017). This was evidence that two Tau cys-
teines are not structurally equivalent Based on this distinction,
we aimed to determine whether they were equivalent or contrib-
uted differentially to Tau-mediated neuronal toxicity and dys-
function in vivo using the established Drosophila melanogaster
Tauopathy model (Papanikolopoulou and Skoulakis, 2011).

Materials and Methods

Drosophila culture and strains

Flies were cultured in standard sugar-wheat flour food supplemented
with soy flour and CaCl, (Acevedo et al,, 2007). Pan-neuronal transgene
expression was achieved using the Elav“"**-Gal4;Ras2-Gald driver
(Robinow and White, 1988; Walker et al., 2006; Keramidis et al., 2020).
The double driver was constructed using standard genetic crosses.
The gstD-ARE:GFP (antioxidant response element [ARE] of the
gstD gene) reporter transgenic line was a kind gift from Prof. D.
Bohmann (University of Rochester). Experiments were performed
at 25°C unless noted otherwise. To generate the new equivalently
expressing transgenes within the same attp site, we used the UAS-
htau"™ 4N \which has been described previously (Kosmidis et al.,
2010). The same cDNA was subcloned into pUAS.attB (Bischof et
al., 2007) as EcoRl/Xbal fragment. The Cys mutants were generated
by replacing Cys-291 and Cys-322 with Ala using the QuikChange
XL site-directed mutagenesis kit (Agilent Technologies) according
to the manufacturer’s instructions. The mutagenic oligonucleotides
for each mutant are shown below. The silent restriction site BamHI
introduced for effective screening of positive clones appears under-
lined in italics, whereas the amino acid substitution is shown in
bold. The mutagenic oligonucleotides for C291A 5'-GCAACGTCC
AGTCCAAGGCTGGATCCAAGGATAATATC-3' 5'- GATATTAT
CCTTGGATCCAGCCTTGGACTGGACGTTGC-3' and for C322A
5'-CCTGAGCAAGGTGACCTCCAAGGCTGGATCCTTAGGCAACA
TCC-3" 5'- GGATGTTGCCTAAGGA TCCAGCCTTGGAGGTCACC
TTGCTCAGG-3' were annealed onto the pUAS.attB UAS-htau/™ 2%
plasmid template. For the ;fnqration of the double Cys mutant, the
PUAS.attB UAS-htau™?'* "AFINE sorved as a template for cloning
with the C322A primers. The sequence of the mutants was confirmed
by dsDNA sequencing (VBC-Biotech). Transgenic flies were gener-
ated by phiC31-mediated transgenesis by BestGene. DNAs were
injected into genomic landing site attP2 on the third chromosome
(BDSC #8622).

RNA extraction and RT-PCR

Total RNA was extracted from Drosophila heads using TRI Reagent
(Sigma Millipore) following the manufacturer’s instructions. Reverse
transcription reaction from DNase I-treated total RNA was conducted
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using SuperScript I1 Reverse Transcriptase (Invitrogen). Aliquots of 1 ug
cDNA from each RT reaction were then subjected to PCR using the Go
Taq Flexi DNA Polymerase (Promega). Semiquantitative PCR analyses
were run using the following conditions: a denaturation step at 95°C
for 10 min, followed by 28 cycles of denaturation at 95°C for 1 min,
primer annealing at 62°C for 40 s, and primer extension at 72°C for
1 min. The ribosomal gene rp49 was used as a normalizer. The pri-
mers used were as follows: Tau-F:5'-CCCGCACCCCGTCCCTTCC-
3'; Tau-R:5'-GATCTCCGCCCCGTGGTCTGTCTT-3"; rp49-F:5'-
GATCGTGAAGAAGCGCAC-3'; and rp49-R: 5'-CTTCTTGAATC
CGGTGGG-3'. Four independent experiments were performed. PCR
products were analyzed by agarose gel electrophoresis, and quantifica-
tion of gels was performed by scanning densitometry for the digital
image analysis of PCR amplicons using the freely available Image]
software.

Western blotting and antibodies

For Western blotting, adult female at 1-3d after eclosion were homoge-
nized in 1x Laemmli buffer (50 mm Tris, pH 6.8, 100 mm DTT, 5% 2-
mercaptoethanol, 2% SDS, 10% glycerol, and 0.01% bromophenol blue),
the extracts heated for 3 min at 95°C, centrifuged at 11,000 x g for
5min, and separated in 10% SDS-acrylamide gels. For Western blotting
with phospho-antibodies, adult male heads at 1-3d after eclosion have
equally been used. Proteins were transferred to PVDF membranes and
probed with mouse monoclonal anti-Tau (5A6, Developmental Studies
Hybridoma Bank), anti-Ub (P4D1, Santa Cruz Biotechnology), anti-
GFP (B2, Santa Cruz Biotechnology), AT270, AT100, and ATS from
Thermo Fisher Scientific, and the polyclonal antibodies anti-pT212
(BioSource), anti-pS214 (BioSource), anti-pS262 (ProSci), and anti-
pS396 (Cell Signaling). All Tau antibodies were used at 1:1000, whereas
the appropriate anti-mouse or anti-rabbit HRP-conjugated secondary
antibody was applied at 1:5000 dilution. Anti-Ub was used at 1:5000
dilution and anti-GFP at 1:1000 dilution. To normalize for sample load-
ing, the membranes were concurrently probed with an anti-syntaxin
(Syx) primary antibody (8C3, Developmental Studies Hybridoma Bank)
at a 1:3000 dilution or anti-tubulin (E7, Developmental Studies
Hybridoma Bank) at a 1:500 dilution. Proteins were visualized with
chemiluminescence (Immobilon Crescendo, Millipore), and signals
were quantified by densitometry with the Image Lab 5.2 program
(Bio-Rad). Results were plotted as mean * SEM from at least three in-
dependent experiments. The data were analyzed by standard paramet-
ric statistics (f tests) as indicated in the figure legends.

Py, orkeibei YR "
Pr

Young transgenic flies (2d after eclosion) were cultured for 2 d at 25°C
in standard fly food with or without 20 pm bortezomib (Sigma
Millipore). After that, treated flies were transferred in normal food for
5d (Tsakiri et al, 2017). Four female heads from each group were ho-
mogenized in 1 Laemmli sample buffer and analyzed by Western blot.

LC-MS/MS analysis

Fly heads were homogenized in lysis buffer consisting of 50 mm Tris
HC], pH 7.4, 150 mm NaCl, 1 mm EDTA, and 1% Triton X-100 supple-
mented with protease and phosphatase inhibitors. After centrifugation
at 11,000 x g for 10 min, supernatants were incubated overnight at 4°C
with anti-FLAG-coated agarose beads (Sigma Millipore) using a roller
shaker. After washing the beads 3 times with 50 mu Tris HCI, 150 mum
NaCl, pH 74, elution was performed under acidic conditions using 0.1
s glycine HCl, pH 3.5, following immediate neutralization of the sample
according to the manufacturer’s instructions. The eluent samples were
subjected to the sp3 protein purification and digestion protocol (Hughes
et al., 2019). Briefly, the immunoprecipitated eluates were subjected to
alkylation with iodoacetamide at a final concentration of 100 mm and
then mixed with 20 ug of a hydrophilic paramagnetic bead mixture at a
final concentration of 50% ethanol. The samples were placed on a mag-
netic rack, and the supernatant was discarded. The beads were washed 3
times with 80% ethanol. The proteins were digested with trypsin/LysC
mix (Promega) in 25 mym ammonium bicarbonate solution at an enzyme
ratio of 1:50 overnight at 37 C on a shaking incubator. The next day, the
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supernatant was kept and vacuum-dried. Finally, the samples were solu-
bilized in 0.1% formic acid (FA) in water.

LC conditions. The samples were preconcentrated on a PepMap C18
trapping column at a rate of 30 ul of Buffer A (0.1% FA in water) for
1 min. The samples were injected on a 50-cm-long PepMap column, and
the LC gradient used was 8% Buffer B (0.1% FA in acetonitrile) to 40%
in 81.5 min followed by an increase to 90% in 0.5min. The gradient was
kept for 2 min, and the column was equilibrated for 15 min before next
injection.

MS conditions. A full MS scan was acquired on a Q Exactive
Orbitrap HF-X mass spectrometer operated in the range of 390-1400 m/
z using 60K resolving power with an AGC of 3 x 10° and max IT of
45ms, followed by MS/MS scans of the 15 most abundant ions, usin;
15K resolving power with an Automatic Gain Control (AGC) of 2 x 1
and max Injection Time (IT) of 22 ms. All survey scans were internally
calibrated using the 445.1200 background ion mass. Selected ions were
then dynamically excdluded from further selection during 30 s.

Data analysis. The spectra were analyzed by MaxQuant 1.6.14.0
(Tyanova et al., 2016) using the wild-type Tau 2N4R FASTA sequence
and the mutated 2N4R Tau at positions 291 and 322. The search was
looking for fully tryptic peptides potentially modified by ubiquitination
of lysine residues, deamidation of asparagines and glutamines, oxidation
of methionines, and with FDR filtering at 5% (peptide, PSM and protein
level).

Microtubule-binding assay

Endog microtubules. Microtubule-binding experiments were
based on established methods (Feuillette et al., 2010; Gorsky et al.,
2017; Papanikolopoulou et al., 2019) that use Taxol-stabilized micro-
tubules isolated from head extracts (50 fly heads) by ultracentrifuga-
tion at 100,000 x g for 1 h. Soluble and insoluble fractions were
probed with anti-Tau 5A6 and E7 B-tubulin 97EF at 1:1000 dilution
from Developmental Studies Hybridoma Bank.

Exogenous microtubules. Determination of Tau binding to exoge-
nously added bovine microtubules was performed according to the
manufacturer’s instructions (Cytoskeleton). Briefly, 50 heads were ho-
mogenized in 175 ul lysis buffer consisting of 80 mum PIPES, pH 7.0, 2
mym MgCly, and 0.5 mm EGTA, including protease and phosphatase
inhibitors. Extracts were clarified with a low spin at 4000 x g for
5min followed by a high spin of 7500 x g for 20 min at 4°C. Upon
addition of Taxol at 20 g, the supernatant was incubated with 10 ul
of paclitaxel-stabilized in vitro polymerized microtubules (1 mg/ml) at
room temperature for 30 min. Following incubation, fractions were
loaded onto 300 ul of 50% glycerol gradient in 80 mum PIPES, pH 7.0, 2
mym MgCly, 0.5 mm EGTA, 20 v Taxol, and centrifuged at 110,000 x
g for 45min. The supematant and pellet fractions were collected and
analyzed by immunoblotting with 5A6 to estimate the amount of Tau
bound to microtubules.

F-actin precipitation assay

Total F-actin has been isolated as in Papanikolopoulou et al. (2019).
Briefly, after dissection, eight brains from each genotype were homoge-
nized in 25 ul of 100 mm Na,HPO,-NaH,PO, at pH 7.2, 2 mm ATP,
and 2 mm MgCl, buffer supplemented with phosphatase (Sigma
Millipore) and protease (Thermo Fisher Scientific) inhibitor cocktails.
Biotinylated phalloidin (Invitrogen) was added to a final concentration
of 0.15 units per brain followed by precipitation with streptavidin-
coupled Dynabeads (Invitrogen). The precipitated material and superna-
tant were probed with 5A6 (1:1000) and anti-actin (1:1000, Sigma
Millipore).

Tau solubility assay

As described by Sealey et al. (2017), 10 fly heads were homogenized in
100 gl buffer (50 mm Tris-HCI, pH 7.4, 175 mm NaCl, 1 m sucrose, and 5
mm EDTA suppl d with p and phosphatase inhibitors).
The samples were then spun for 2 min at 1000 x g, and the supernatant
was centrifuged at 186,000 x g for 2 h at 4°C. The supernatants were
retained and regarded as the soluble S1 fraction. The resulting pellets
were then resuspended in SDS buffer (50 my Tris-HCl, pH 7.4, 175 mum
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NaCl, 5% SDS) and centrifuged for 2 h at 200,000 x g (25°C). The super-
natants were collected as the SDS-soluble (S2). S1 and S2 fractions were
diluted in 2 x Laemmli buffer, boiled for 5 min, separated by SDS-PAGE,
and analyzed by immunoblotting as described previously using 5A6 and
8C3 antibodies.

For the extraction of aggregates with Formic Acid (FA) as described
previously (Feuillette et al, 2010; Papanikolopoulou and Skoulakis,
2015), flies were raised at 25°C and then aged for 10d at 30°C. Thirty fly
heads were homogenized in 100 ul RIPA buffer (50 my Tris-HCI, pH
8.0, 150 mm NaCl, 20 mm EDTA, 1% Nonidet-P40 supplemented with
protease and phosphatase inhibitors). Samples were agitated for 1 h at 4°
C and then centrifuged at 11,300 x g for 20 min at 4°C. The supematants
were retained and regarded as the RIPA fraction. Pellets were resus-
pended in RIPA buffer as a washing step and recentrifuged. The result-
ing pellets were then re-extracted with 50ul of 70% FA. The
supernatants were collected as the FA fraction after centrifugation at
11,300 x g for 20 min at 4°C. FA was removed by Speed-Vac centrifuga-
tion, and 50 ul of SDS buffer (240 mm Tris, pH 6.8, 6% SDS, 30% glyc-
erol, and 0.06% bromophenol blue) was then added to the samples.
RIPA and FA fractions were separated by SDS-PAGE and analyzed by
immunoblotting as described previously (Papanikolopoulou and
Skoulakis, 2015). MC1 antibody was a kind gift from P. Davies and used
at 1:100.

Lifespan determination

Animals accumulating wt and mutant Tau protein under the control of
the pan-neuronal Elav“"**-Gal4;Ras2-Gal4 driver were raised at 25°C to-
gether with control driver heterozygotes. Groups of 20 young male flies
(1-3d old) were collected and were maintained at 29°C until they
expired. Flies were transferred to fresh vials every 3 d. Two independent
experiments with a total of 300 flies were assessed per genotype. Survival
curves were compared using log-rank tests (JMP 7.1 statistical software
package, SAS Institute Inc).

Paraquat and H,0, sensitivity

Animals accumulating wt and mutant Tau protein under the control of
the pan-neuronal Elav“"**-Gal4;Ras2-Gal4 driver were raised at 25°C to-
gether with control driver heterozygotes. Oxidative stress tests were per-
formed at 25°C using medium containing 10% sucrose, 1x PBS, 0.8%
low melt agarose, and 5% H,0,. Twenty young males (1-3d old) were
transferred to fresh medium every 24 h (Svensson and Larsson, 2007).
Paraquat feeding has been performed as described by Dias-Santagata et
al. (2007). Groups of 20 male flies (1-3 d old) were fed 30 mm of methyl
viologen (Acros Organics) in standard fly food. At least 300 flies were

assessed per genotype.

Heat stress assay

Animals accumulating wt and mutant Tau protein under the control of
the pan-neuronal Elav“'**-Gal4;Ras2-Gal4 driver were raised at 25°C to-
gether with control driver heterozygotes. Groups of 30 young male flies
were collected in vials containing fresh medium. The next day, flies were
incubated at 40°C in empty vials, and the time until all individuals were
paralyzed was recorded. Assays were videotaped for scoring, and at least
150 flies were assessed per genotype.

Behavioral analyses

Mixed sex population flies were trained with classical olfactory aversive
conditioning protocols (Tully and Quinn, 1985) as previously described
(Sealey et al., 2017; Papanikolopoulou et al., 2019). The aversive odors
used for conditioning were benzaldehyde (5% v/v) and 3-octanol (50%
v/v) diluted in isopropylmyristate (Fluka). Training and testing were
conducted at 25°C and 75% relative humidity under dim red light. To
assess leamning, flies were tested immediately after a single training cycle
consisting of 30 s Odor A with six 90 V shocks at 5 s interstimulus inter-
val, 30 s air, and 30 s Odor B without reinforcement. For limited train-
ing, flies were tested immediately after a single training cycle consisting
of 15 s Odor A with three 90 V shocks at 5 s interstimulus interval, 30 s
air, and 15 s Odor B without reinforcement. For long-term memory
(LTM), flies underwent five training cycles spaced at 15min rest
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intervals, and tested 24 h later. For LTM-anesthesia-resist-
ant memory (ARM), flies were submitted to five massed
conditioning cycles, and memory was tested after 24 h. In
each cycle, flies were exposed for 1 min to Odor A paired
with twelve 90 V electric shocks at 5 s interstimulus interval,
followed by 30 s of air and 1 min Odor B without reinforce-
ment. To obtain animals for both learning and memory
assays, UAS-hTau transgenes were crossed en masse with
Elav""*-Gal4;Ras2-Gal4 driver at 25°C. Upon edosion,
they were separated in groups of 50-70 animals in vials
and placed at 30°C overnight. All experiments were con-
ducted in a balanced manner, where all genotypes
involved in an experiment were tested per day. Data were
analyzed parametrically with the JMP statistical package
(SAS Institute) as described previously (Sealey et al,, 2017;
Papanikolopoulou et al., 2019).

Experimental design and statistical analysis

For all experiments, controls and experimental genotypes
were tested in the same session in balanced design. The
order of training and testing these genotypes was random-
ized. We required an experimental result to be significantly
different from both genetic controls. Data are mean *
SEM. Data were analyzed parametrically with the JMP 7.1
statistical software package (SAS Institute) as described
previously. Following initial ANOVA, planned multiple
comparisons were performed using p=0.05. The level of
significance was adjusted for the experiment-wise error
rate. Detailed results of all ANOVA and planned compari-
sons are reported in the text. Detailed results of all ANOVA
and planned comparisons using the Least Squares Means
(LSM) approach are reported in the text.

Results
Cys-322 plays a dominant role in regulating tau
stability
To unravel the effect of each cysteine mutation in
vivo, we used a site-directed integration strategy to
generate transgenic fly lines expressing the WT
human Tau 2N4R isoform, as well as its single
(C291A and C322A) and double (C291A/C322A,
hereafter called Cd) cysteine mutants. The attP/attB-
targeted integration system has previously been
shown to ensure comparable expression levels among
transgenes (Markstein et al, 2008). However, despite
comparable levels of transgene-encoded messenger
RNAs (Fig. 1A, for C291A, C322A, and Cd, respec-
tively: p = 0931, p = 0994, p = 0.996, n=4), their
protein levels appeared significantly altered com-
pared with wt Tau (Fig. 14, for C291A, C322A, and
Cd, respectively: p = 0.839, p = 0.00053, p = 6.72¢-12,
n=4). Mutation of Cys-322, but not of Cys-291,
resulted in decreased Tau levels, suggesting that Cys-
322 is one key residue involved in stability of the pro-
tein. Noteworthy, mutation of both cysteines led to a
dramatic decrease of total Tau levels.

It has previously been reported that mutation of
both cysteines abolished the auto-acetylation activity
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Figure 1. (ys-322 substitution alters Tau stability. A, Left, Representative blot from head lysates of flies
accumulating wt Tau pan-neuronally compared with similar lysates from site-specific (ys mutants. For the
quantifiations, total Tau levels (revealed with the 5A6 antibody) were normalized using Syx and shown as
ratios of their means = SEM relative to their respective levels in fly heads expressing wt Tau alone, which is
arbitrarily set to 1. *p < 0.05, signifi@ntly reduced levels of the indicated mutant from wt Tau (Dunnett’s).
Right, Representative RT-PCR of Tau mRNA levels in flies expressing pan-neuronally the indicated Tau trans-
genes. The RP49 RNA served as an internal reference gene for the reaction and has been used as a normaliza-
tion control for the quantifications. The normalized level of wt Tau for each quantification was fixed to 1.
Emor bars indicate mean * SEM relative mRNA levels of mutant transgenes, over that of the wt Tau. B, Flies
expressing pan-neuronally the Tau transgenes were treated with 20 M of the proteasomal inhibitor bortezo-
mib for 2 d and after transferred in normal food for Sd to allow recovery of proteasome function. Lysates
were immunoblotted with anti-ubiquitin to probe the accumulation of ubiquitinated proteins on inhibition of
the proteasome. C, Representative Westem blots demonstrate the Tau levels for each condition as desaribed
in B (untreated, treated with the inhibitor, and after recovery of proteasome function). For the quantifications
below, leveks of the protein were nomalized using the Syx loading control and shown as a ratio of their
means = SEM relative to their respective levels in fly heads treated with the inhibitor, which is set to 1.
*p < 0,05, significantly altered levels compared with -+inh. *p < 0.05, significant differences between levels
after the drug is removed and predrug levels (rec vs —inh) (each pair Student’s ¢ test). Detailed statistics can
be found in the text

-inh  +inh rec

rec

(Tsakiri et al, 2017) for 2 d, to block proteasome function as
indicated by the accumulation of ubiquitinated proteins (Fig. 1B,

of Tau (Cohen et al, 2013). Since Lys-directed modifications
play key regulatory roles with respect to rates of Tau turnover
through the ubiquitin-proteasome system (Min et al., 2010), we
hypothesized that cysteine-deficient Tau may be more prone to
ubiquitination, which subsequently could enhance its proteaso-
mal degradation (Morris et al,, 2015). To test our hypothesis, we
first treated flies with the proteasome inhibitor bortezomib

+inh). This resulted in a twofold increase in the levels of all four
Tau lines (Fig. 1C, -inh vs +inh, WT p = 0.00105, C291A p =
0.00798, C322A p = 5.66e-05, Cd p = 7.22e-05, n=4). Five days
after removing the inhibitor and hence reactivation of the pro-
teasome, we measured the amount of Tau present in the cell. We
detected persistently elevated wt Tau levels over the pretreated
Tau levels (Fig. 1C, rec vs —inh, p = 0.0006, n =4) with only 20%
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Table 1. Relative ubiquitin occupancy ratios for the indicated lysine residues from each one of the four biological replicas per genotype
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Ratio ubiquitinated/unmodified peptide

K87 K254 K280 K281 K290 K3n BN K340 K369 K370
Tau 0.01408 0.06801 0 0.12651 001316 0 0 0 0.080482 0.090157
Tau 0 0.0788 0 0.20541 0 0 0 0 0.13288 0.10792
Tau 0 0 0 0.09234 0.00753 052086 0 0 0.07066 0.27483
Tau 0 0 0 0.15705 0.01631 007942 0 0 0.10758 0.2004
291A 0.01695 0.06085 0 0.16463 0.01826 0 0 0 0.089301 0.066477
(2914 0.01131 0 0 0.2876 0 020959 0 0 0.060651 0.053265
(2917 0 0 0 0.09248 0 0.5864 0 0 0.084816 0
(2914 0 0 0 0.04654 0 029649 0 0 0.04709 0.19023
G2A 0.01756 0 0 0 0 0.04257 0.73966 028838 0.10684 0.0087613
€2} 0.02865 0.0649 0 0.20924 0.01769 0 07793 031489 0.13978 0.2778
G2A 0 0 0 0 0 0.04826 081804 035677 0.11204 0.084214
G2A 0 0 0 0.06676 0 0 030261 0 0.0855 0.061038
] 0.02242 0.07693 0.11869 0.13441 002257 0 038529 0 0.099263 0.072858
d 0 0 3.4am 0.09718 0.0036 024817 03703 0 0.085122 0.064483
] 0 0 4.6141 0.2954 0.00292 0.03007 1.6025 0 0.10357 0
d 0 0 0.67599 0.16907 0.00284 0.02692 0.19647 0 0.083227 0.046969

being degraded (+inh vs rec, p = 5e-10, n=4). Similarly, a 20%
reduction was observed for the C291A mutant (+inh vs rec, p =
9.64e-06, rec vs -inh, p = 0.0008, n=4), 40% reduction for
C322A (+inh vs rec, p = 1.8e-07, rec vs —inh, p = 0.0051, n=4),
and 50% reduction for the double mutant (+inh vs rec, p =
5.9e-05, n = 4), which reached its initial expression levels before
addition of the inhibitor (rec vs —inh, p = 0.8805, n=4).

To explore the biochemical mechanism underlying Tau
destabilization induced by Cys substitution, we decided to per-
form mass spectrometry analysis for potential differences in the
ubiquitination profile among the different Tau lines. The
approach for the present investigation was to use FLAG immu-
noprecipitation to enrich for Tau and perform LC-MS/MS to
localize ubiquitin modification to specific lysine residues.
When the conjugated ubiquitin is cleaved with trypsin, it leaves
two Gly residues on the modified lysine residues, generating a
“ubiquitin signature peptide” (Peng et al., 2003). The LC-MS/
MS analyses from four biological replicas yielded tryptic pep-
tides from the Tau protein with a sequence coverage of ~80%.
It should be noted here that it is particularly challenging to
identify ubiquitination sites because of the low abundance of
ubiquitinated proteins under normal conditions in the cell
mostly because they are rapidly degraded by the proteasome
(Wilkinson et al., 1995; Mann and Jensen, 2003). In congru-
ence, as shown in Table 1, for each biological replicate, the ra-
tio of ubiquitinated/unmodified peptide for Lys-87, Lys-254,
Lys-281, Lys-290, Lys-311, Lys-369, and Lys-370 is particularly
low in all samples. In that table, zero denotes that peptides con-
taining the ubiquitinated residue were not captured in the pro-
teomic experiments. Interestingly, ubiquitinated peptides for
Lys-331, which is the first lysine residue downstream Cys-322
(Fig. 2D), have been detected only for C322A and Cd mutants
with relatively high ratios. Representative spectra of detected
modified and unmodified peptide species for Lys-331 are
shown in Figure 2B, E. To further validate this result, we
decided to include in our analysis three additional biological
and two technical replicas for wt Tau reaching 93% coverage of
the protein sequence. Only in one sample, we have detected
ubiquitinated peptides for Lys-331 (Fig. 2A) with the ratio of

ubiquitinated/unmodified peptide being equal to 0.07 and 0.05
in the two technical reElicas of this sample. Moreover, peptides
of the sequence “C(A)GSLGNIHHK™'PGGGQVEVK™’
containing two diglycine-modified lysines have been positively
identified only in the samples of the C322A mutant (Table 1,
Lys340; Fig. 2C). A final striking difference is the particularly
high ratio of Lys280 ubiquitination observed only for the Cd
mutant (Table 1; Fig. 2F) and not for the other Tau lines.
Given the critical role of ubiquitination in Tau turnover
(Petrucelli et al., 2004; Tan et al., 2008), the above differences
in the ubiquitination profile likely account for the decreased
stability of the C322A and Cd mutants. Because we focus on
the potentially differential contribution of each Cys to Tau
properties and pathogenicity and also because of the decreased
stability and particularly low Cd protein levels, the double mu-
tant was not incdluded in subsequent analyses.

Both cysteines impact the interaction of tau with
microtubules, but only cys-322 affects tau actin-binding
properties

One of the most important physiological functions of the Tau
protein is to regulate assembly, dynamic behavior, and the spatial
organization of microtubules (Barbier et al, 2019). Therefore,
microtubule-binding affinity was tested for the three Tau con-
structs using two different assays. First, endogenous microtu-
bules were sedimented by ultracentrifugation from fly head
lysates in the presence of the microtubule stabilizing agent Taxol
(Fig. 3, top) (Papanikolopoulou et al., 2019). The second assay
was conducted by incubating lysates of wt or mutant Tau with
preformed Taxol stabilized bovine microtubules (Fig. 3, middle).
The pellet and supernatant fractions were subsequently probed
for Tau and tubulin. Quantification of at least four independent
experiments representing the relative level of Tau in the superna-
tant and pellet fractions showed that, in contrast to wt Tau, both
cysteine-mutated proteins remained mostly in the supernatant
and did not coprecipitate with microtubules (Fig. 3, top; C291A
p = 2.35¢-06, C322A p = 0.0005, n = 4; Fig. 3, middle; C291A p =
0.01,466, C322A p = 8.59%-06, n=5). In congruence with the
recently published Tau-binding mode to Taxol-stabilized
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Figure 2.  (ys-322 substitution affects the ubiquitination of Tau. A-C, E, F, Annotated spectrum of the indicated peptides unmodified or carrying the motif GlyGly (114.0429 Da) on the high-
lighted in bold lysine residues, characteristic of the ubiquitin remnant after tryptic cleavage. The annotation is done in the MaxQuant viewer, and the MaxQuant score is displayed together
with the precursor ion mass. A, Modified Lys331 identified in wt Tau samples. B, Modified Lys331 identified in (322A samples. €, Modified Lys340 identified in (322A samples. E, Modified
Lys331 identified in Cd samples. F, Modified Lys280 identified in (d samples. D, Amino acid sequence of the Tau protein with the mutated cysteine residues shown in blue. Lys-87, Lys-281,
Lys-290, Lys-254, Lys-311, Lys-369, and Lys-370 display low ubiguitination in all Tau variants and are highlighted in green. Red represents the lysine residues with high ubiquitinated snmodi-

fied ratios identified in (322A and (d samples.

microtubules (Martinho et al, 2018) suggesting that Cys-291 in
R2 interacts with Cys-347 of a-tubulin and Cys-322 in R3 with
Cys-131 of B-subunit, substitution of any of these two residues
dramatically decreases the affinity of Tau for microtubules in
vivo. Interestingly, these tubulin cysteines are conserved in verte-
brate and invertebrate species (Little and Seehaus, 1988), and
both Drosophila and bovine microtubules possess them.

In addition to microtubules, Tau is also implicated in the reg-
ulation of actin cytoskeleton (Elie et al., 2015), and in vivo
human Tau interacts with endogenous filamentous actin in
Drosophila neurons (Fulga et al., 2007). Therefore, we tested the
potential effects of cysteine substitution on actin-binding affinity.
F-actin was isolated from fresh brain extracts using biotinylated-
phalloidin, and the precipitated material was probed for Tau. As
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Figure 3. Effect of individual cysteine mutations on the assodation of Tau with the cyto-
skeleton. Top, Endogenous microtubules were purified from fly head lysates expressing pan-
neuronally the indicated transgenes in the presence of Taxol. Pellet (p) and supernatant (s)
fractions were analyzed by Western blotting using antibodies against Tau (5A6) and tubulin
(E7). The ratio of the relative level of Tau in the supematant to the Tau in the pellet fractions
was used for quantification and shown as ratios of their means = SEM relative to the ratio
of wt Tau, which is arbitrarily set to 1. *p << 0.05, significantly reduced levels of Tau copreci-
pitated with micotubules for both Cys mutants (Dunnett’s) compared with wt Tau. Middle,
Preformed bovine microtubules have been added to fly head lysates expressing pan-neuro-
nally the indicated transgenes and have been probed and quantified as above. *p < 0,05,
significantly reduced levels of micotubule-bound Tau for both Cys mutants (Dunnett's) com-
pared with wt Tau. Bottom, Phalloidin-bound F-actin was isolated from fresh brain extracts
of flies expressing pan-neuronally the indicated transgenes, and pellet (p) and supematant
(s) fractions have been probed for Tau and actin. The ratio of the relative level of Tau in the
supernatant to the Tau in the pellet fractions was used for quantifiation and shown as ratios
of their means * SEM relative to the ratio of wt Tau, which is arbitrarily set to 1.
*p < 0.05, signifiantly increased levels of Tau copredpitated with actin for (322A mutant
(Dunnett’s) compared with wt Tau.

shown in Figure 3 (bottom), quantification of three independent
experiments representing the relative ratio of Tau in the superna-
tant and pellet fractions did not reveal differences between wt
and the C291A mutant (p = 0.3929, n = 3), but a striking fraction
of the C322A protein coprecipitated with F-actin (Fig. 3, bottom;
p = 0.0009, n=3). These results indicate that, although both cys-
teine residues are equally important for the interaction of Tau
with microtubules, Cys-322 seems to be a differential negative
regulator of Tau binding to actin filaments.

Cysteines regulate phosphorylation of tau at disease-
associated epitopes

Since the cytoskeletal interactions of Tau depend critically on the
phosphorylation status of the protein (Wang and Mandelkow,
2016), we hypothesized that, apart from making critical contacts
with tubulin, cysteine substitution could alter the phosphoryla-
tion state of Tau, and therefore its ability to interact with the
microtubules. To address this, we examined whether cysteine
residues affect the overall phosphorylation pattern of Tau pro-
tein. All variants, of both sexes, were probed with a panel of anti-
bodies targeting specific phosphorylated sites, and phospho-Tau
levels were normalized against total Tau levels (Fig. 4). These
phospho-antibodies recognize sites that are reported to be highly
enriched AD brains and include pT181 (AT270), pS202/pT205
(ATS), pT212/pS214 (AT100), pT212, pS214, pS262, and pS396.
Among these epitopes, only occupation of pS396 follows total
Tau levels (Fig. 4, pS396: females, C291A p = 0.9584, C322A p =
0.4894; and males, C291A p = 0.4009, C322A p = 0.9971, n=6),
indicating no specific effects of loss of either Cys. However, all
other sites appeared significantly suppressed in both mutants
regardless of the fly sex (Fig. 4, pT212: females, C291A p = 9.16e-
06, C322A p= 1.73-06; and males, C291A p = 5.37e-05, C322A
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p = 3.03e-05, n=4; AT8: females, C291A p = 3.77e-09, C322A
p = 2.32e-09; and males, C291A p = 1.25¢-08, C322A p = 2.32e-
09, n =6; AT270: females, C291A p = 5.22¢-08, C322A p = 1.48e-
09; and males, C291A p = 3.19¢-06, C322A p = 1.22e-06, n=4;
and pS262: females, C291A p = 7.19e-06, C322A p = 5.63e-09;
and males, C291A p = 6.91e-05, C322A p = 3.38¢-07, n=4). An
exception was phosphorylation at pS214, which appears elevated
in the C291A mutant (Fig. 4, pS214: females, C291A p = 0.0004,
C322A p = 0.0167; and males, C291A p = 0.0002, C322A p =
0.0073, n=5). Such quantitative effects may be mediated by local
conformational changes precipitated by cysteine substitution
potentially constraining access of kinases or phosphatases to
these epitopes.

Phosphorylation at pT212 and pS214 in the proline-rich
region creates a phosphoepitope recognized specifically by the
AT100 antibody, which is prominent in the paired helical fila-
mentous form of Tau, and often used in histopathological assess-
ments (Zheng-Fischhofer et al., 1998; Regalado-Reyes et al.,
2019). Interestingly, both mutants lack AT100 immunoreactivity,
but apparently for different reasons. Reduced Ser-214 and Thr-
212 occupation probably abolishes the AT100 signal in the
C322A mutant, whereas a skewed ratio of phosphorylated pT212
to pS214 (Fig. 4, pS214 is highly occupied but not pT212) is
apparently not conducive to recognition by the AT100 antibody
(Papanikolopoulou and Skoulakis, 2015) in the case of C291A
mutant. In addition to ubiquitination, this finding reveals further
subtle differences in the biochemical profile of the mutants.

Cys-322 affects tau aggregation propensity
It has been reported that formation of intermolecular disulfide
bonds accelerates Tau aggregation in vitro (Schweers et al., 1995;
Bhattacharya et al, 2001; Sahara et al, 2007; Furukawa et al.,
2011). Hence, it is anticipated that Cys substitution would affect
Tau aggregation propensity in vivo, so we assessed the solubility
profile of the mutants. Head lysates from animals expressing pan-
neuronally these proteins were fractionated into soluble and insol-
uble materials and were probed for Tau. As shown in Figure 5A,
Cys-291 has no effect on Tau solubility, whereas the ratio of solu-
ble/insoluble fraction greatly increases on Cys-322 substitution
(Fig. 54, C291A p = 06181, C322A p = 3.30e-07, n=5). Similar
results were obtained with a different method on RIPA fractiona-
tion and extraction of the insoluble material with 70% FA (Fig. 5B,
FA insoluble fraction). These results clearly differentiate the role
of each cysteine residue in regulating Tau aggregation propensity.
Finally, to evaluate potential conformational alterations
induced by the mutation of cysteines, we probed the immunore-
activity of the mutants with the MC1 antibody (Fig. 5B). MC1
targets a disease-specific conformational modification of Tau
(Weaver et al., 2000) formed when discontinuous residues in the
amino terminus become proximal to the MBRs (Jicha et al,,
1997). Interestingly, both mutants were immunoreactive with
the MC1 antibody, suggesting no differences in folding or pa-
thology-related structure with wt Tau. Given that all Tau variants
share common structural elements, this implies that other factors
are likely modulating Tau self-assembly in vivo affecting the sta-
bility of the aggregates (i.e., post-translational modifications,
such as ubiquitination, formation of disulfide bonds, etc.)
(Dickey et al., 2006; Park et al., 2018).

Differential contribution of cysteine residues to tau-
dependent toxicity

Does blocking these two cysteines have phenotypic consequences
to Tau-induced toxicity? To address this, age-dependent
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mortality as well as fly survival to heat and oxida-
tive stress were assessed. Neuronal homeostatic
responses to environmental stressors are essential
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for maintaining robust behavioral outputs, and
Tau-induced toxicity has been shown to be

accompanied by impaired neuronal fitness and
function (Papanikolopoulou and Skoulakis, 2011).
Flies experiencing increased oxidative stress
because of pathologic hTau accumulation have
increased susceptibility to oxidative injury (Dias-
Santagata et al., 2007; Keramidis et al., 2020). To
that end, we first tested whether Tau mutant
transgenic flies manifest altered responses to oxi-
dative stress. Compared with the nontransgenic
controls, flies pan-neuronally expressing wt Tau
and the C291A mutant presented significantly
higher sensitivity to the exogenous reactive oxygen
species inducers H,O, and paraquat (Fig. 64,
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control and wt Tau-expressing flies (each pair
Student’s t test, C291A vs WT, H,0,: p = 0.011
and paraquat: p = 5.15e-05). In contrast, adminis-
tration of H,0, over 52 h and 30 mm paraquat
over 28 h induced the same lethality in control
and C322A mutant flies (Fig. 64, H,O,: C322A
p = 0.7181 and paraquat: C322A p = 0.2908).

One of the defense mechanisms against oxida-
tive stress as well as other stressors is the activa-
tion of the Nrf2 pathway (Sykiotis and Bohmann,
2008). Upon oxidative injury, the transcription
factor Nrf2 is released from its repressor Keapl
and is transferred to the nucleus where it binds to
AREs and activates its targets (antioxidant genes,
mitochondrial biosynthesis genes, etc.). Because
the mutants present differential resistance to oxi-
dative stress, we investigated the status of the
Keap1/Nrf2 antioxidant pathway in Tau-express-
ing flies by crossing them with a GFP reporter line
bearing the ARE of the gstDI gene (Sykiotis and
Bohmann, 2008). Detection of ARE-dependent
GFP expression by Western blot revealed that,
compared with nontransgenic control flies, wt
Tau caused potent induction of Keap1/Nrf2 signal
transduction system (Fig. 6B, WT: p = 7.46e-07,
n=4). Interestingly, the antioxidant response was
significantly suppressed in C291A-expressing flies
(Fig. 6B, C291A: p=2.11e-05, n=4), suggesting
that the wt and this mutant protein decrease the
resistance to paraquat and H,0,-mediated oxidation via differ-
ent mechanisms. Significantly, in the C322A-expressing flies,
activation of genes under the regulatory control of the ARE pro-
moter sequence was similar to that of control flies (Fig. 6B,
C322A: p = 0.6181, n=4), indicating that the presence of this
Cys contributes to Tau-mediated oxidative stress.

We next analyzed fly survival under constant conditions of
hyperthermia. To this end, Tau-expressing adult flies were sub-
jected to a sustained 40°C heat shock to assess neuronal robust-
ness by determining their ability to withstand environmental
stress. Nontransgenic control flies were gradually affected by the
thermal stress such that, by 30 min, almost 50% of the population

“WT  C291A

C322A WT C291A  C322A

Figure 4.  Effect of individual cysteine mutations on Tau phosphorylation at disease-assodated sites. Schematic
representation of human microtubule-associated protein Tau and the serine (S) and threonine (T) residues tar-
geted by the phosphor antibodies used in this study. Most of the Ser and Thr are located in the proline-rich region
flanking the four micotubule-binding repeats (R1-R4), and include T181, S202, T205, 1212, 5214, 5262, and $396.
Representative Western blots from head lysates of flies accumulating wt Tau pan-neuronally compared with simi-
lar lysates from single Cys mutants probed with the antibodies indicated on the right are shown below together
with quantifications of at least four independent biological replicates for both female (%) and male (.3) flies.
Levels of the phosphorylated protein were first normalized using the Syx loading control and then against total
Tau leveks. The normalized level of wt Tau for each quantification was fixed to 1. Eor bars indicate mean =+ SEM
relative levels of mutants phosphorylated at the given sites, over that of the wt Tau. *p << 0.05, significantly
altered levels (Dunnett's).

was unresponsive (Fig. 6C). By comparison, wt Tau-expressing
flies succumb more rapidly to heat stress starting at 18 min of
continuous stress, with nearly 90% of the animals affected after
30 min (Fig. 6C, WT at 18 min p = 0.0024 and at all time points
p <0.001). Flies expressing the C291A mutant Tau also became
catatonic and unresponsive more rapidly than control flies (Fig.
6C, C291A at 18 min p = 0.2287, at 22 min p = 0.0074, and at all
time points p < 0.01). Finally, flies expressing C322A presented
similar sensitivity to heat shock with control flies (Fig. 6C,
C322A at all time points p > 0.05).

Tau toxicity ultimately results in the death of the organism,
which can easily be scored by counting the number of surviving
flies over time (Wittmann et al, 2001; Colodner and Feany,
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Figure 5. Effect of individual cysteine mutations on Tau conformation and aggregation

propensity. A, Representative Westem blots of aqueous soluble and insoluble fractions gener-
ated from adult heads following pan-neuronal expression of the indicated transgenes. Syx
was used as loading control. The Syx-normalized level of wt Tau in the soluble fraction over
the insoluble fraction was fixed to 1. Error bars indicate mean = SEM relative sol/ins ratios
of the mutants, over that of the wt Tau. *p < 0.05, significantly low amount of the (322A
mutant in the insoluble fraction (Dunnett’s). Detailed statistics can be found in the text. B,
Transgenic flies expressing wt Tau or the single cysteine mutants under the control of the
Hav;Ras-Gal4 driver were aged for 10d. Proteins from adult heads were sequentially
extracted with RIPA buffer and 70% FA and probed for Tau (5A6). Soluble RIPA fraction has
also been probed with the conformation-spedfic MC1 antibody, and all transgenes displayed
positive immunoreactivity. Syx was used as loading contral.

2010; Papanikolopoulou and Skoulakis, 2015; Sealey et al., 2017).
Assaying lifespan at 30°C, wt Tau-expressing animals start to
expire around day 18 (Fig. 6D, WT day 18 prob y* = 0.0005
and until day 29 prob y* <0.0001) with 50% attrition occur-
ring at day 24 (prob xl = le-07). In contrast, 50% attrition in
controls required at least 4 additional days (Fig. 6D, day 28). A
reduction in lifespan was also observed for C291A starting at
day 18 (Fig. 6D, C291A day 18 prob x* = 0.00315 and until day
29 prob y~ < 0.01) with 50% attrition occurring at day 26 (prob
Xx>=0.001), yet the effect of C291A on decreasing lifespan was
more modest than that of wt Tau (Fig. 6D, C291A vs WT day
21 prob x* = 0.0236, day 25 prob y* = 5.68e-06, day 27 prob
x> = 0.001, and day 28 prob y* = 0.0405). Finally, survival of
C322A-expressing animals was statistically indistinguishable
from that of control flies (Fig. 6D, C322A prob x*>0.2 at all
time points).

Collectively, these results indicate that Cys substitution is
sufficient to alleviate Tau neurotoxicity in vivo. Abnormal Tau
phosphorylation has traditionally been implicated in mediating
Tau-induced toxicity (Wittmann et al., 2001; Nishimura et al.,
2004), and the reduced toxic effects of both cysteine mutants
compared with wt Tau could in part be correlated to their phos-
phorylation profile (Fig. 4). Drosophila models (Chatterjee et
al,, 2009; Feuillette et al., 2010; Talmat-Amar et al,, 2011) pro-
vided further evidence that an optimal level of Tau phosphoryl-
ation is required to achieve a balance in the level of “free” and
“microtubule bound” Tau. Both free cytosolic hyperphosphory-
lated forms of Tau with low affinity for microtubules and hypo-
phosphorylated forms of Tau with abnormally high affinity for
microtubule-binding cause an imbalance in the function of
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microtubules, eventually leading to toxicity. In the case of the
cysteine mutants, it appears that the presence of unbound hy-
pophosphorylated forms of Tau (Fig. 3) supports their lower
toxicity compared with wt Tau. However, the mutants possess
distinct biochemical characteristics that lead to differential
ARE response (Fig. 6B) and actin-binding properties (Fig. 3),
although it is not documented if and how the binding of
hypophosphorylated forms of Tau to actin filaments affects its
toxicity. Finally, differences in the biochemical profile of the
mutants, such as ubiquitination (Table 1, Lys331 and Lys340),
which leads to reduced Tau stability and expression levels, may
also account for the benign character of C322A mutant com-
pared with C291A.

Both cysteine residues impact hTau-associated dysfunction
Insights into Tau-mediated neuronal dysfunction can be assayed
in the Drosophila model systems through investigation of learn-
ing and memory (Kosmidis et al., 2010; Papanikolopoulou and
Skoulakis, 2015; Sealey et al, 2017). Interestingly, phosphoryla-
tion at Ser-262 was proposed to be necessary for and predict
learning deficits (Papanikolopoulou and Skoulakis, 2015;
Keramidis et al., 2020); and given that this site is hypophosphor-
ylated in the two mutants, we hypothesized that cysteine substi-
tution could impact the cognitive performance of animals. To
examine associative learning and memory, we used the olfactory
classical conditioning paradigm (Tully and Quinn, 1985) and
tested control and Tau-expressing animals immediately after
training to assess 3 min memory and 24 h later to probe consoli-
dated memories. Two forms of consolidated memories can be
assayed in Drosophila: the protein synthesis-dependent LTM
induced after multiple rounds of spaced training; and the protein
synthesis-independent ARM, elicited after repeated massed
training cycles (Tully et al., 1994).

Animals accumulating pan-neuronally the Tau transgenes
were first subjected to an olfactory-associative learning task in
which flies were presented with either 3 or 6 odor/shock pairings
(Fig. 7A). In both conditions, wt Tau-expressing flies presented
impaired performance compared with controls (Fig. 7A, 6 pair-
ings ANOVA: Fiy04) = 3.7120, p = 0.0023; subsequent LSM: p =
0.00007876 and p = 0.003932 vs controls, respectively; and 3
pairings ANOVA: Fg9s) = 4.8434, p = 0.0003; subsequent LSM:
p =0.001984 and p = 0.001123 vs controls, respectively). In con-
trast, expression of the C322A mutant did not precipitate learn-
ing deficits (Fig. 7A; 6 pairings ANOVA: Fg 104 = 3.7120, p =
0.0023; subsequent LSM: p = 0.9312 and p = 0.2107 vs controls,
respectively; and 3 pairings ANOVA: F; g5,= 4.8434, p = 0.0003;
subsequent LSM: p = 0.8718 and p = 0.1268 vs controls, respec-
tively). Interestingly, flies expressing the C291A mutant per-
formed equally well with controls at 6 pairings but limited
training with just 3 pairings resulted in deficient learning (Fig.
7A, 6 pairings ANOV A: Fg 104 = 3.7120, p = 0.0023; subsequent
LSM: p = 0.0758 and p = 0.4481 vs controls, respectively; and 3
pairings ANOVA: F9s) = 4.8434, p = 0.0003; subsequent LSM:
p=0.001 and p = 0.0106 vs controls, respectively). In agreement
with previous reports (Sealey et al., 2017), pan-neuronal expres-
sion of wt human Tau resulted specifically in impaired LTM
(Fig. 7B, ANOVA: Fa9) = 17.9823, p<0.0001; subsequent
LSM: p = 2.37e-06 and p = 0.000031 vs controls, respectively),
whereas ARM remained unaffected (Fig. 7C, ANOVA: F,35) =
3.8899, p = 0.0304; subsequent LSM: p = 0.9170 and p = 0.0257
vs controls, respectively). In contrast, the memory performance
of flies expressing the two cysteine mutants was not significantly
different from controls (Fig. 7B, C291A ANOVA: Fu3) =
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Cysteine substitution affects Tau neurotoxidty in vivo. A, Response of flies expressing pan-neuronally the indicated transgenes to oxidant molecules. Flies have been treated either

with 5% H,0, or with 30 mu paraquat, and mortality was scored after 52 and 28 h, respectively. Data are mean * SEM from two independent experiments, with a total of 300 flies assessed
per genotype. *p << 0.05, significant difference (Dunnett’s) from control driver heterazygote flies (Elav/+; Ras/+). B, Representative Westem blot of gstD1 (ARE)-GFP reporter expression in
nontransgenic control flies and flies overexpressing pan-neuronally the indicated human Tau transgenes. For the quantifications below, levels of GFP expression were normalized using the tubu-
lin (Tub) loading control and shown as a ratio of their means =+ SEM relative to their respective levels in nontransgenic fly heads, which is set to 1. #p << 0.05, significantly altered levels
(Dunnett’s). C, Flies expressing pan-neuronally the indicated Tau transgenes and control driver heterozygotes Elav/+; Ras/+ were subjected to a sustained 40°C heat shock. The rates at which
flies of different genotypes succumb to heat shock are shown. Data are mean = SEM from two independent experiments, with a total of 150 flies assessed per genotype. Increased susceptibil-
ity to heat shock was revealed for wt Tau and (291A-expressing flies (p < 0.05, Dunnett's). D, Survival curves for animals expressing pan-neuronally the indicated transgenes at 30°C, in com-
parison with Elav/+; Ras/+ control heterozygotes. Data are mean = SEM from two independent experiments, with a total of 300 flies assessed per genotype. Statistical analysis using the
log rank test indicated significant differences in longevity after accumulation of wt Tau and (291A mutant (day 18 and until day 29 prob y* < 0.01). Detailed statistics can be found in the

text.

6.0886, p = 0.0062; subsequent LSM: p = 0.0015 and p = 0.1429
vs controls, respectively; and C322A ANOVA: F, 39, = 14.5887,
p < 0.0001; subsequent LSM: p = 0.2914 and p = 7.52e-06 vs
controls, respectively). These results indicate that blocking
cysteines of Tau confers a crucial role for this protein in
neuronal dysfunction and support the proposal that ele-
vated occupation of phosphor-Ser262 is indeed requisite
for the learning deficits (Papanikolopoulou and Skoulakis,
2015; Keramidis et al., 2020).

Discussion

This work highlights the importance of cysteines to protein
structure stabilization and to specific physiological and patho-
physiological functions of Tau, including association with the cy-
toskeleton, neuronal toxicity, and dysfunction in vivo. How these
residues influence such a range of functions is quite remarkable
and is probably related to their redox-active nature and a com-
plex array of intermolecular interactions with a variety of pro-
teins (Bechtel and Weerapana, 2017). Our results point toward a
synergistic interplay between cysteines to regulate Tau stability.
Elimination of Cys-291 by itself cannot destabilize Tau, whereas
Cys-322 substitution led to a significant reduction of Tau protein
levels. This effect on stability was further exacerbated on

concomitant mutation of Cys-291, as a consequence of differen-
tial protein degradation involving the ubiquitin-proteasome sys-
tem (Fig. 1; Table 1).

Intriguingly, the elimination of cysteines seems to trigger per-
turbations to their local structural environment since blocking
Cys-322 markedly influenced the ubiquitination of only its two
proximal downstream lysines, namely, Lys-331 and Lys-340
(Table 1; Fig. 2D). It has also been reported that mutation of
both cysteines abolishes Tau’s intrinsic enzymatic acetyltransfer-
ase activity at lysines located only in the microtubule-binding do-
main (Cohen et al, 2013). Consistent with this observation,
cysteine-deficient Tau was the only to present enhanced ubiquiti-
nation on Lys-280 located on the second MBR upstream of Cys-
291, probably promoting proteasome-mediated Tau degradation
and accounting for the extreme low protein levels of the mutant
(Min etal., 2010; Tracy et al., 2016).

Tau protein is known to undergo highly regulated phospho-
rylation, which negatively regulates its affinity for microtubules
(Morris et al, 2011). Interestingly, despite their decreased phos-
phorylation at disease-associated epitopes (Fig. 4), both single
cysteine mutants bind very poorly to microtubules (Fig. 3),
which, in agreement with structural studies (Kellogg et al., 2018;
Martinho et al., 2018), highlights the role of these residues in
making critical contacts with tubulin. It is worth mentioning,
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however, that Drosophila Tau does not possess any cysteine resi-
dues within its microtubule-binding repeats (Bouleau and
Tricoire, 2015), indicating that it is not a conserved mechanism
of interaction of Tau proteins with tubulin. That difference
between Drosophila and human Tau could account for the ob-
servation that the two proteins do not compete in vivo for the
binding to Drosophila microtubules (Feuillette et al., 2010).
How phosphorylation impacts the interaction of Tau with F-
actin remains to be elucidated; however, hyperphosphorylated
forms of Tau have been shown to stabilize F-actin promoting
Tau neurotoxicity in vivo (Fulga et al., 2007; Bardai et al., 2018).
Strikingly, Cys-322 appears to be a negative regulator of the
Tau-actin interaction (Fig. 3), in contrast to Cys-291, which
appears to play no role, suggesting that, although the binding of
Tau to both actin and microtubules is mediated by the MBRs
(Elie et al., 2015), it clearly involves different mechanisms.

The recently identified cysteine-modifying MAPT mutation
C291R in a patient diagnosed with corticobasal degeneration
(Marshall et al,, 2015) further highlights the importance of
Cys residues in Tau physiology and pathology. Although this
genetic form of corticobasal degeneration has not yet been stud-
ied postmortem, in vitro studies revealed that a C291R mutant
Tau construct containing only the four MBRs aggregated into
different kind of protofibrils than wt Tau construct (Karikari et
al,, 2020). In our in vivo model system, although all Tau variants
adopt the MCI1 conformation (Fig. 5B), a well-established
marker that labels otherwise normal-appearing neurons early in
disease progression and before neurofibrillary tangle formation
(Hyman et al., 1988; Jicha et al., 1997, 1999), they present signifi-
cant changes in their solubility. Both wt Tau and C291A mutant
accumulated in the insoluble fraction, suggesting that modifying
Cys-291 is not sufficient to change Tau aggregation propensity
in vivo. In contrast, Cys-322 played an inhibitory role in the pro-
cess since its elimination greatly reduced the formation of aggre-
gates (Fig. 5).

Collectively, our results imply that, for the mechanism of
Tau aggregation in vivo, several contributing factors may be
envisaged, including a complex cross-talk of post-translational
modifications (PTMs; i.e., ubiquitination, phosphorylation,
acetylation, oxidation) that may not necessarily alter the con-
formation of Tau but reverse the stability of aggregates by
weakening the Tau-Tau binding interactions needed to main-
tain the structure of the core of the aggregate and probably
facilitating their degradation (Arakhamia et al., 2020). Still, it
remains to be elucidated which combinations of PTMs can
be considered as the rate-limiting step of Tau fibrillization,
although considering the enormous heterogeneity of Tau
PTMs, it is unlikely that there are only one or two triggering
combinations.

Importantly, cysteines modulate Tau-induced neurotoxicity
in vivo mainly because of their impact on Tau phosphorylation
and microtubule-binding properties. What should be noted from
the work herein is that targeting these residues may be one way
to modify the early steps of Tau neurotoxicity. Blocking Cys-322
mutation significantly abolishes Tau toxicity as revealed by the
increased resistance to oxidative injury, thermal stress, and lon-
gevity (Fig. 6). Upon Cys-291 substitution, Tau retains its toxic-
ity, yet flies are not as severely affected as flies expressing wt Tau.
It seems that a delicate balance between Tau modifications exists
(i.e., ubiquitination), any deviation from which may lead to toxic
effects of Tau. These subtle distinctions affecting Tau stability
could contribute to the differences between the mutants.
Interestingly, wt Tau and C291A mutant seem to follow different
pathways to eventually trigger neurotoxicity, as suggested by
their opposing effects on the activation of the Nrf2/Keap1 path-
way (Fig. 6B). Nrf2 enables the cell to maintain redox balance
under conditions of oxidative injury, whereas both pathway inhi-
bition and overactivation can induce detrimental effects. For
example, Nrf2 is inhibited in AD (Ramsey et al., 2007) as well as
in animal models of AD (Kanninen et al., 2009; Kerr et al., 2017),
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while its unregulated activation shortens lifespan in Drosophila
(Tsakiri et al, 2013) and promotes cancer development in
humans (Ohta et al., 2008; Shibata et al,, 2008). Strikingly, it has
been reported that expression of the hTau ON3R isoform in the
Drosophila CNS suppressed Nrf2 signaling similarly to hTau-
2N4R C291A mutant (Fig. 6B). These results point toward a
dominant role of Cys-322 in regulating the response of Nrf-2
and on its substitution Nrf-2 activity remained at control levels
(Fig. 6B). However, the outcome of the response depends crit-
ically on Cys-291, since its absence (mutation or lack of the sec-
ond MBR in ON3R) suppressed the Nrf2 signaling, whereas its
presence led to activation and upregulation of Nrf2 target genes.
Therefore, our collective data strongly support the notion that
cysteine-mediated interactions could define isoform-specific dif-
ferences (3R vs 4R) (Goode et al., 2000; Sealey et al., 2017; Kadas
etal., 2019).

In addition to dissecting mechanisms of Tau toxicity,
research efforts are also focused on understanding aspects of
Tau-mediated dysfunction mostly manifested as behavioral
phenotypes, which have been key in dissociating Tau-mediated
toxicity from Tau-mediated dysfunction (Mudher et al., 2004;
Santacruz et al., 2005; Ubhi et al., 2007; Papanikolopoulou and
Skoulakis, 2015). Along this line, we observed that, while wt
Tau expression impaired associative learning (Fig. 7A) and
LTM (Fig. 7B) in agreement with prior results (Kosmidis et al.,
2010; Papanikolopoulou et al., 2010; Sealey et al., 2017), elimi-
nating cysteines did not affect either of these processes. Only af-
ter limited training with three odor/shock pairings, the C291A
mutant presented learning deficits (Fig. 7A), suggesting that
this mutation potentially affects the efficiency of learning, but
not learning ability per se.

It is interesting that, although blocking Cys-291 does not
appear to affect the conformation or aggregation propensity of
Tau, the mutant is less toxic than wt protein, and its accumula-
tion in the insoluble fraction does not result in memory deficits.
A possible explanation will be that the C291A mutation leads to
aggregated forms of the protein with distinct structural charac-
teristics and reduced toxicity compared with wt Tau (Cowan et
al, 2015; Shammas et al, 2015). This again demonstrates the
complex interplay of Tau PTMs (i.e., differences in phosphoryla-
tion) underpinning the differences in toxicity and dysfunction
described here. Similar observations were made for the ON3R
isoform that, although it assumed an MC1 conformation with
concomitant accumulation of aggregates, its overexpression in
the Drosophila CNS did not precipitate impairments in learning
or LTM (Sealey et al., 2017).

In addition to the structural information of Tau aggregates
(Scheres et al., 2020), elucidating what defines isoform-specific
molecular and physiological differences and what triggers the
transition of Tau from a highly soluble form to insoluble toxic
forms is imperative to identify an underlying pathogenic mecha-
nism that occurs during the onset or progression of Tauopathies.
It is a challenge of future work to elucidate, for example, the
mechanisms mediating the effect of Tau isoforms on Nrf2 activ-
ity. Such studies could help to elucidate the apparent differential
involvement of Tau isoforms in different Tauopathies and con-
tribution to neuronal dysfunction and toxicity.
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