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SANITURA (ITPOXAIOPIXMOX XTOXQN KAT ANAIITYEH
KAINOTOMON IMTPOXEITIXEQN I'TA EGAPMOI'EX XTHN YI'EIA
KAI TO IIEPIBAAAON): épyo EXITA (MIS 5002514) ywa TqV €vicyvon TV
gpevvNTIKAOV dpactnprotT@y Tov IBE - IIAPOYXIAXH ITAPAAOTEQN

ITAPAAOTEO 4.5.2 XVVTINPNOT Kol OVATTTUEN OTOTKIMV TEPAUATOLO®V

EKTPO®EIO ITEIPAMATOZQOQN




EKTPO®EIO NEIPAMATOZQQN IBE

Eykaraotaon EKTpo®pnc :
EykataoTraon Mpoundeiag :
Eykaraotaon Xpnong :

EL 25 BIO 019
EL 25 BIO 020
EL 25 BIO 039

NIZTONOIHTIKO

EKE®E "AHMOKPITOY'
EPTALTHPIO EKTPO®HL MNEIPAMATOZX




Zwika MNpotuna Exktpodeiov Netpapatolwwv IBE

ZWwiKA mpoTuTaL:

1. MYEZ SWISS WEBSTER ( CFW) ALBINO
2. MYEZ NOD SCID ALBINO (atvocokateOTOAMEVOL LUEC)
3. MYEZ SKH1 (dtpLyol HUEC)

4. MYEZ C57BI/6j kat mapAAANAEC ATTOLKLEG YEVETIKA TPOTIOTIOLNLEVWV
nuwv AD 5xFAD & TgMMP-9

5. ENIMYE2 WISTAR ALBINO
6. KOYNEAIA NEW ZEALAND ALBINO (avarmapaywyr Kat cuviinpnon)
7. MONAAA THPAIMENQN ZQIKQN NMPOTYMNQN
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2.1 Katavénon pNXoaviohwyv KUTTAPIKAG YRPAVONG Kal Tou pOAou ThG o€
NAIKIOESAPTWHEVEG TTAONOEIG

A_ IN Vitro NEAETN UTTEPYKUKAIMIKWY KAl GAEYHOVWOWYV TTAPAYOVTWY OTNV
a1TOKPIoN TWV IVOBAACTWYV TOU TTEPIOOOVTIKOU cuvdéopou (MAZ) o€
MNXAVIKEG OUVAMEIG

B _ MeA€Tn TnG oXEong HOPPIG AEITOUPYIAG OTA YNPATHEVA KUTTAPO

KuTttapikd povrtéAa

A_ AvBpwTrivol IVOBAGOTEG TTEPIOOOVTIKOU OUVOETHOU

B AvOpWwTTIVOl BEPUATIKOI IVOBAGOTES



KYTTAPIKH rHPANZH

* Ta (pUCIOAOYIKG CWHUATIKA KUTTAPa £XOUV £vVa NENEPACHEVO eUPOC (WNG, HNopoUv dnAadn va
ENITEAECOUV £VAV CUYKEKPIHEVO APIOHO KUTTAPIK®OV OIAIPECEWV , HETA ANO TIC ONOIEC
napapevouv HeTaBoAika evepyd aAAa aduvatouv nAéov va noAAanAaciacOouv. H kataoTaon
auTn ovopaleTal avanapaywyikij ypavaor.

H xuTtTapikn ynpavon gival anoTéAsoua :

**TnC NPOOBEUTIKNAC HEIWONG TOU HAKOUC TV
TEAOHEPMV AOY® TWV CUVEX®MV avadIinAaciaocH®v
(Avanapaywyikn Mpavon, Replicative
Senescence)

Telomeres, end caps that
protect the chromosome telomeres shorten, and eventually cell division stops

***Tn¢ enavaAapBavopevne enidpaonc pn
KUTTAPOTOEIKWV OTPEG ONWG:

OEe10WTIKO OTPEC (PAEYHOVMIEIC KUTOKIVEG, = é P i
UNEPYAUKAIHIKEG CUVORKEG)

UNEPEKPPACT) OYKOYOVISimV
y- ka1 UV akTivoBoAia

AuUTOG 0 TUNOG ynpavong ovopalerar Mpowpn Kuttapikn Mpavon nou enaysral ano
Z1peG (Stress-induced premature senescence-SIPS)



PaIvoTUTIOG TWV YNPACHEVWY IVOBAACTWYV

O1 ynpaopévol IVOBAAOTEG ATTOKTOUV £vavV IBIAITEPO TTPO-PAEYHOVWAN @aIVOTUTTO (Senescence-
associated Secretory Phenotype):

* ‘Exk@ppaon popiwv TToU evéxovTal oTn d1adikacia TG PAEYHOVNG (TTPO-PAEYHOVWOEIG KUTOKIVEG,
m.X IL6, IL8, @Aeypovwdn poépia, m.x ICAM1)

* Augnpévn ék@paon KATABOAIKWV/TTPWTEOAUTIKWY VUMWY (EVCUpO TTOU ATTOIKOOOMOUV ThV
ECM, mr.X peraAAomrpwredoeg, MMP1, MMP9)

!

Etrnpeddouv TRV OJOIOCTACIO TWV ICTWYV OTOUG OTToioug BpiokovTal Kal CUufBdaAAouv otnv
AVATTTUEN TTOBOAOYIKWY KATACTACEWYV OXETICOMEVWYV ME TNV NAIKia.



NepiodovTikog Zuvdeopog (MAZ, Periodontal Ligament-PDL)

Vo OUVOETIKOC 10TOC Nou BpiokeTal ETAEU TNC pidac Tou dovTiou kal ToUu (paTviakou ooTou.

ArroreAgital amro:

KUTTapa Kal EEWKUTTApIa JATPA

IvoBAdoTeg TrEpiodovTiKoU ouvdéopou (Periodontal ligament

fibroblasts- PDLF)

* Xapaktnpifovral atrd TNV EKPPACT OCTEOEIDIKWY YOVIOiwV, TT.X
aAkaAik) ewo@atdon (ALP), ooteotrovtivn (OPN), 00TEOKOATiVN

(OCN), koAAayévo TutTou | (Col1A)

* UTTO TNV ETTIOPACN MNXAVIKWY OUVAUEWYV OIAPOPOTTOIOUVTAI O€

TTPO-00TEOBAAOTEC

* IKOVOTNTA va oxnuaTiouv peTaAAoTroinuévoug 6loug

(mineralized nodules)

U
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AKEPAIOTNTAG KAOWG KAl OTNV avadounon Tou TEPIOdOVTIKOU 1I0TOU.

Z20m™N

n—-H00»®



H enidpaon Tou pnxavikou oTPEG oTnV diagoponoinon TV IVOBAAGT®OV TOU NEPIOSOVTIKOU
OUVA£oHOU

e AOYW TNG B€0NC Tou 0 NEPIOdOVTIKOG OUVOEOHOC UMNOKEITAl O1IdpKWE 0 MNXavikn gopTion (n.x paonon
aAAd kal kata Tn diapkeia TG opBodoVTIKNG Bepaneiac)

e O IVOBAGOTEG TOU NEPIOBOVTIKOU OUVIEGHOU naifouv TO POAO TwV AICBNTAPWY TOU I0TOU OTA
MNXavika epebiopaTa

Mechanical stress

nucleus

Osteobiant-spacific genes Basdra, J Orofac Orthop. 1997

H ouokeun Tou KUKAIKOU (NEPI0BIKOU) HNXAVIKOU
OTPEG
(Auvdapeig TTou TTPOCOMOIAJOUV HE AUTEG TTOU dEXOVTAI TA

O6vTIa Katd Tn dIdpKEIa TG HACNONG KAl TNG £TTidpaong
0pBOBOVTIKWYV dUVANEWV)

2YNOHKE2:

> TpuBAia G1IAIKOVNG ENICTPWHEVA HE PIUNPOVEKTIVI
(2ng/ml — enwaon x72h)

>'EKTaon TWV KUTTapwv 8% ,1Hz




H enidpaon Tou pnxavikou oTPEG oTnV diagoponoinon Twv IVOBAAGT®OV TOU NEPIOSOVTIKOU
OUVA£oHOU
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Short-term
treatment :

Long-term
treatment :

P ETmidpaon UTTEPYAUKOIMIKWY KAl PAEYHOVWI WY OUVONKWY OTNV ETTAYWYN
TPOWPNGS KUTTAPIKNAG YAPAvVoNng Twv IvoBAaocTwy MNMAZ

TNF-a Mechanical
(10ng/ml) stimulation
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A.

Time (h):

> Emidpaon utrepyAUKAIMIKWY Kol QAEYHOVWSWY OUVONKWY oTnV

atrékpion TwV IVOBAaoTwY MNAZ 0TO KUKAIKO HNXAVIKO OTPEG

Stretching
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P Emidpaon UtrepYAUKAIMIKWY Kal QAEYHOVWOWY oUVONKWY 0TV 00TEOBANOCTIKNA
dlagpopotroinon Twv IvoAacTtwy MNAX
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2upTtrepacpata (Mépog A)
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B. MeAETN TNG oXE0NG MOPPNG-AEITOUPYIOG OTOUG YNPACHEVOUS IVOBAAOTEG
Mop@oAoyikéG aAAAYEG TWV YNPAOHEVWY IVOBAACTWYV

*  AmwAsia atpaKToEIdOUG OXNMATOG

In vitro *  AkavévioTo, auinuéVo Kal TTETTAATUCMEVO OXHMA

Young fibroblasts Senescent flbroblasts

Mpaopévol
IVOBAAOTEG in Vivo

Liakou E., et.al. (2016). Aging
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B. MeA£€Tn TNG OoXéONG HOPPNG-ALITOUPYIOG OTOUG YNPACHEVOUG IVOBAAOTES

In situ In vitro
microenvironment microenvironment
Geometry

Architecture

Composition

Infinite,
uniform,
stiff,
static

Mechanics Micropatterning
provides reconstituted

physiological microenvironment

Dynamics

Thery M (2010) Micropatterning as a tool to decipher cell morphogenesis and functions. J Cell Sci 123(Pt24):4201-4213
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Senescent cells on Glass

Si surface Li surface

Li surface-grown Senescent cells
replated on Glass

H avarmTugn Twv
YNPOAOHEVWYV IVOBAACTWYV
ETTAVW OTIG Li-€TIQAVEIEG
ETTAYEl TNV €UOUYPAUHION
TWV KUTTAPWYV Kal TV
ATTOKATACTAON TNG VEAPNAS

Mop@oAoyiag

H atmrokatdoTtaon Tng veapng
Mop@oAoyiag oTOoUug
YNPaouEVOUGS IVOBAACTEG
TTOU avaTrTUX0nkav oTig Li-
EMMIPAVEIEG OEV Eival HOVIUN
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Biogerontology (2020) 21:695-708 ")
https://doi.org/10.1007/s10522-020-09886-8 Check for

updates

RESEARCH ARTICLE

Reacquisition of a spindle cell shape does not lead
to the restoration of a youthful state in senescent human skin
fibroblasts

Adamantia Papadopoulou - Anastasia Kanioura - Panagiota S. Petrou -
Panagiotis Argitis - Sotirios E. Kakabakos - Dimitris Kletsas(
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The role of the stroma in cancer development

Cancer is one of the major causes of morbidity and mortality worldwide

Breast cancer is generally regarded as the most common malignancy and the second
leading cause of cancer-related deaths in women around the world

For many years carcinogenesis and tumor expansion were solely attributed to the
genetic and molecular alterations obtained by neoplastic cells

ECM
The stroma constitutes a high fraction of the solid tumor’s volume ~|:

stromal cells

ECM components
Fibroblasts represent the most important stromal cell type 4 ECM-degrading enzymes
growth factors/chemokines

\5/ NA
lonizing radiation, which is commonly used to treat breast cancer, B\ arnge
inevitably affects stromal cells located within or around tumors and it can
render them senescent < Z

S

=



Cellular senescence

Cellular senescence is a state of an irreversible cell cycle arrest

replicative senescence

There are two kinds of cellular senescence

stress-induced premature senescence (SIPS)

replicative senescence SIPS

Cell culture Oxidative stress

@ &
cell > LQ. )

e &
Cell

Telomeres
end caps that protect
the chromosomes

\k\kvx\

Telomere [ fi p _/_\74_7 ’00 DNA damage
Y - [ pY¢ ) Go; o " »;

ally cell divi

Collado and Serrano, Nat Rev Cancer. 2006 Jun;6(6):472-6

DNA damage response (DDR) is a central motif in replicative senescence and SIPS

Cellular senescence represents a powerful anticancer mechanism

inability to proliferate

All senescent cells are characterized by 4 distinct morphological traits

a catabolic/pro-inflammatory phenotype (SASP)



The role of cellular senescence in tissue remodeling and in the
development of age-related diseases and especially cancer
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Genotoxic drugs
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Mavrogonatou et al., Matrix Biol. 2019 Jan;75-76:27-42

YOUNG CELL Telomere shortening SENESCENT CELL

Oxidative stress

Genotoxic stress
Oncogene-induced senescence
Therapy-induced senescence
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ARREST 5 0
x\ % _soluble
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TUMOR SUPPRESSION A

IMMUNE SURVEILLANCE TUMOR PROMOTION

Mavrogonatou et al., Semin Cancer Biol. 2020 May;62:182-191

The tumor microenvironment has emerged
as a key participant in cancer progression
via the modified synthesis and deposition of
several ECM constituents and via its
complex interactions with malignant cells
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lonizing radiation-induced senescence of breast stromal fibroblasts
contributes to the creation of a tumor-promoting microenvironment

» lonizing radiation results in the accumulation of prematurely senescent breast stromal
fibroblasts both in vitro and in vivo

 lonizing radiation-induced senescent breast stromal fibroblasts are characterized by an
enhanced expression and enzymatic activity of MMPs in parallel to the down-
regulation and decreased biosynthesis of type | collagen
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» This catabolic phenotype is complemented by the overexpression of the cell surface
heparan sulfate proteoglycan syndecan-1, a poor prognostic factor for breast cancer
development
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Overexpression of syndecan-1 is regulated by TGF-p through the
Smad pathway and the transcription factor Spl
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The small leucine-rich proteoglycan (SLRP) decorin has an
antitumorigenic effect when overexpressed in the stroma

Decorin is the archetypical and most extensively studied representative of the 18-member
SLRP family

Decorin is a stromal proteoglycan primarily synthesized by fibroblasts, vascular
endothelial cells and smooth muscle cells and has numerous binding partners, including
ECM components (i.e. collagens) and growth factors (i.e. VEGF, TGF-p, PDGF, FGF,
IGF, CTGF and HGF)

Decorin directly engages and down-regulates multiple receptor tyrosine kinases often
overexpressed in cancer cells

Decorin initiates endothelial cell autophagy and induces tumor cell mitophagy

Overall, decorin constitutes a potent antitumorigenic signal by suppressing tumor cell
proliferation, migration, invasion, metastasis and angiogenesis

!

high stromal decorin expression is a significant predictive marker
of higher survival rates and the good prognosis in patients with breast cancer




fold change in gene expression

lonizing radiation leads to the premature senescence
of human breast stromal fibroblasts, characterized
by the down-regulation of decorin
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fold change in den expression
(compared to untreated control)

fold change in dcn expression
(compared to untreated control)

Decorin expression is decreased in human breast stromal
fibroblasts as a response to exogenous growth factors,
mainly bFGF and VEGF
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fold change in dcn expression
(compared to untreated control)

Decorin expression in human breast stromal
fibroblasts is regulated by VEGF in an intracrine
manner and is autophagy-induced
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bFGF and VEGF inhibition abrogates decorin down-
regulation mediated in human breast stromal fibroblasts
by the paracrine action of MDA-MB-231 cells
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Seminars in Cancer Biology 62 (2020) 182-191
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The role of senescence in cancer development R |
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LIPOPROTEINS

Lipoproteins are complexes of amphipathic proteins with lipids.
Their role is to carry lipids through the bloodstream.
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The Davidson / Shah lab
http://homepages.uc.edu/~davidswm/structures.htmi



Dyslipidemia, Atherosclerosis,
Cardiovascular disease

Lipids are carried in the bloodstream by lipoproteins

Dyslipidemia (high cholesterol, high triglycerides) is a
major risk factor for the development of atherosclerosis

Atherosclerosis: the clogging of the arteries by “plaques’
consisting mainly of cholesterol derived from
macrophages (foam cells)

Atherosclerosis is the underlying cause of
cardiovascular disease (heart attacks, stroke and
peripheral vascular disease) is the leading cause of death
INn men and women after age 50 and 55, respectively,
worldwide.
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Pleiotropic functions of HDL
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[12.2a: Katavonon Twv JOoPIaKWV
MNXAVICUWYV TTOU 00nyouv o€ OIaTapaxXEQ
TOU METABOAIOHOU TWV AITTOTTPWTEIVWV




Regulation of LDL levels: LDL receptor, PCSK9
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Lambert G et al. The PCSK9 decade. J. Lipid Res. 2012;53:2515-2524

Proprotein convertase subtilisin/kexin type 9: PCSK9 ]R.
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PCSK9 inhibitors
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Aigpguvnoape Tn ouvdeon Tng PCSK9 TAaocpartog pe
ocwpaTtidla HDL

H ouvdeon tng PCSK9 ue 1i¢ HDL €€etdoTnKe e pn-peTouoiwTiK) PAGE,

d10d1A0TATN PN-METOUCIWTIKA XpwHatoypagia ayapolns kai PAGE kai
AvVOOOATTOTUTIWON XPNOIUOTIOIWVTAC AVTICWHATA £vavTl Twv apoA-I kal PCSKO.

v Evromricape Tnv PCSK9 o€ utrorrAnuopuoug Twv HDL
TTOU TTEPIEXOUV apOoA-|



4.4: Avag@opd otnv a&ioAdynon Tng
XPNONS CUCTATIKWY 1 6pdacewyv TG HDL

w¢ B1O0OEIKTES YIA TN OlAYyVWON TOU
KapOIayyEIaKoOU KivOUvou




Dysfunctional HDL has been found in
conditions:

Cardiovascular disease
metabolic syndrome

chronic kidney disease

obstructive sleep apnea
surgery
Infections

chronic inflammatory disorders, such as
RA, SLE, AS



HDL quality is more important that HDL
guantity for atheroprotection

Detailed characterization of changes in HDL
composition and function in various pathogenetic
conditions, as well as elucidation of the molecular
basis for these changes —»

successful clinical exploitation of HDL and

identification of new biomarkers for diagnosis,
prognosis and therapy monitoring of cardiovascular
disease




H eKpor] KUTTAPIKAG XOANOTEPOANC aTTo TNV HDL €xel
MEAETNOEI WS TTPOYVWOTIKOC OEIKTNC KAPDIAYYEIAKOU
KIvOUVOU.

MeAETACAME TNV IKAVOTNTA EKPOKNG XOANOTEPOANG TNG
HDL ao0evwy pe o&U 1I0XAIMIKO aYYEIOKO EYKEPAAIKO
ETTEICOOI0 KAl OIEPEUVICAME T CUCXETION ME TNV
BapuUTNTA KAI TNV TTPOYVWOT TOU EYKEPAAIKOU.

v BPAKOLE GUGYXETLON TNC LKOLVOTNTOC EKPONC XOANGTEPOANG
NG HDL pe tn Baputnta tou eykepaAikou Ko tov Baduo
A€wtoupyLlkng e€aptnonc tov aacOevouc oto TEAOG TNC
voonAeiag



[12.2y.1: Katavonon Tou poAou TG atroE4 Kal
TNG OMOIOCTAONG XOANOTEPOANG OTN VOO O
Alzheimer




Apolipoprotein E (apoE)

ApoE is a major protein of the lipoprotein transport system that plays critical
roles in atherosclerosis, dyslipidemia and Alzheimer’s disease (AD)

ApoE’s expression is highest in the liver, followed by the brain

ApoE has three common isoforms (apoE2, apoE3, apoE4) in humans, each
differing in the amino acid positions 112 and 158

1 112 158 299

E2 —)
Cys Cys

1 299

E3

[

Cys Arg

1 299

E4 —
Arg Arg

- ApoE4 is a major risk factor for Alzheimer’s disease



Amyloid peptide 3 (AP ) generation
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Toh et al, Biochem J. 2016
doi: 10.1042/BCJ20160147

B-secretase y-secretase

(BACE1)

B-CTF

oo AICD

e A is a ~4 kDa peptide fragment, generated by sequential proteolytic cleavage of
the transmembrane APP

e The rate-limiting enzyme in the production of AB is the aspartic protease BACE1

» Changes in cholesterol homeostasis have been suggested to affect AP
production and oligomerization



Aiepevvnon tng enidpaonc tnc anok otnv napaywyn AB
kot ta entineda tng BACE1L SAPPB

Lp-NTapoE4

v

v

“/*

oligomers

monomer

B-secretase Y-secretase

AUMOMPWTEIVIKA cwHaTidLa Ttou mepLEXouv anoE avfdvouv tnv napoywyn Kot ToV OALYOLEPLOUO
tou AB kaBwg kat ta entineda tou eviupov BACE]L, pe oslpd toxvog anoE4 = anokE3 > anoE2.

H kapBou-teAkn epLoxn TG ook gival onUAvTKA yla TG mapanavw dpacelg, ool armokorr tng
KopBo&u-teAKN G MEPLOXNG TNG AOE4 pEXPL TO KatAAouto 166 epunodios tnv anoE4 ano 1o va
avavel tnv BACE1 kat ta enineda tou AP o€ VEUPLKA KUTTAPOL.

Ta AutonpwTteivikd owpatidia mou neplexouvv anok cuvelopEpouv oe nopeieg maboyEveong TG
vooou Alzheimer avefdptnta oo tnv LKAVOTNTA TOUG VoL TPOAYOUV EKPON XOANOTEPOANG
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Dafnis I., Raftopoulou C., Mountaki C., Megalou E. Zannis V. I. and Chroni A. ApoE isoforms and
carboxyl-terminal truncated apoE4 forms affect neuronal BACE1 levels and AP production
independently of their cholesterol efflux capacity. Biochem J. 475, 1839-1859 (2018).



OAlyopuepionog kal NeupoToikoTnTa TNG a1ToE4

MeTd TNV emwaon TG apoE4 pe AB42, n apoE4 sugavilel augnuEva ohiyopepn
(otaBepd oo SDS), TTOU TMBAVWGS ATTOTEAOUV CUCCWHATWHEVES HOPPEC.

EmitrAéov, N eCWKUTTAPIKA apoE4 gival KUTTAPOTOCIKA yIa Ta avOpwITIva KUTTAPA
veupoBAaoTwpaTtog SK-N-SH, evw 1o AB42 gvioXUEl TNV KUTTAPOTOCIKOTATA TNG
apoEA4.

Ta kapPocu-TeAIKA kataloitra L279, K282 kai Q284 @aiveTal 0TI EUTTAEKOVTAI OTN
dlauopPwaon TNS atroE4 kai Tov oAlyouePIONO TNG Kal kaBopilouv TNV
VEUPOTOZIKA TNG dpdon.

Q{y Dafnis I., Argyri L., and Chroni A. Amyloid-
&\ ) Y "‘\'“ , peptide B 42 enhances the oligomerization
L 7 Wiy and neurotoxicity of apoE4: the C-terminal

residues Leu279, Lys282 and GIn284
modulate the structural and functional
properties of apoE4. Neuroscience 394,
144-155 (2018).




v ApBpo avaokOTTNoNG JE OTOXO TNV TTAPOUCIiacn Twv
TTPOOPATWY ECEAICEWV OTOV TOMEQ TWV MIMNTIKWY TNG
aTTOE Kal Twv dUVATOTATWY TOUC Yia TN Bepartreia TNC
KapdlayyeIaknNG vOoou

Valanti E.K., Chroni A. and Sanoudou D. The future of apolipoprotein E mimetic
peptides in the prevention of cardiovascular disease. Curr. Opin. Lipidol. 30,
326-341 (2019).
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MeAETN PNXavioPwyY TTpootaociac Kat emBiwong
KUTTAPWV O€ TTABOAOYIKEC KATAOTAOCEIC OTIWC N
VEUPOEKPUALOTIKN vooocg Alzheimer kat o AlaBntng
tutrou |l: O poAog tou ev{Upou MMP-9.

pyaotnplo MaboBloAoyiag Kuttapou & EEwkuttdplou Xwpou
% Ap. ABnva Tlivia

“» Ap. Apxovtia Kapivapn

% NikoAag MNavvakag

% Ap. Owtewviy TolAumapn

. = EXMNA
comosmoons  ETTAVERZOT2020 2
HiQyeo ANTAFONIETIKOTHTA : 2014-2020
OIKONOMIATL & ANANTYZHI ENIXEIPHMATIKOTHTA = o
EIAIKH TPAMMATEIA ETNA & T KAINOTOMIA
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Me tn ouyxpnuatodotnon tng EAAGdac kat tng Eupwnaikng Evwong



ME 2 : TAYTOMNOIHZH KYTTAPIKQN KAl MOPIAKQN ZTOXQN ZE NMAGOAOIIKEXZ KATAZTAZEIZ
Jtoxo¢:  Katavonon Ttwv Kolvwv pnxaviopwy avamtuéng owaBAtn tumou 2 Kat vocou Alzheimer yua tnv
ATTOTEAECHATIKOTEPN BEPATEUTIKA AVTIHETWITION TWV VOONHATWY AUTWV.

2.2.y.2. O poAog tng petaArompwrtedong MMP-9 otnv mpootacia Kat emBiwon KUTTapwy otn voco Alzheimer kat
to OtaBntn tutou 2

» [lapadotéo 2.2.y.2: MEAETN Ekppaocng Kal evePyomoinong MPWIEIVWY OTO LOVOMAtl onuatodotnong tng
IVOOUAIVNG, O€ TTPWTOYEVEIC KAAAIEPYEIEC VEUPIKWY KUTTAPWYV ITTMIOKALTIOU

O  Avantuén mpwTtoyevwV KAAAIEPYEIWY Ao TOV IMMOKAUTIO OlayoVIOIaKWV HUWV.
MEAETN TNG EKPPAons Twv MPWTEIVWY TOU EUTTAEKOVTAl OTO JOVOTIATI oNUAtoo0TNong Tng IVoouAivng.
O  MeAETn TG evepyomoinong Twv MPWTEIVWY TOU EUTAEKOVTAl OTO [IOVOTATI oNEatod0Tnong ths IVGOUAIVNG.

O

ME 4 : ANANTYEIH KAl EODAPMOIH KAINOTOMQN BIOAOTTKQON ZYZTHMATQON T'lA OEPANEYTIKEZ

KAI AIATNQXTIKEZ MNMPOZEITIZEIX

Jtoxo¢:  Katavonon tou poAou tng MMP-9 otnv avactoAn tng dlatapaxng Tou govoratiol onpatoddtnong tng
IVOOUAIvVNG otn vooo Alzheimer in vivo.

4.3.1: MeALTN KOLVWYV TTABOYEVETIKWY UNXAVICHWY TNG VOoou Alzheimer kat tou AtaBitn tumou 2 o€ {wikd
HOVTEAQ Yld TNV avAdel&n VEWY BEPATTEUTIKWY OTOXWY

Mapadotéo [14.3.1.a: MeAETN €kppPaonc kal €vepyoroinong MPWTEIVWY OTO LOVOMATI onuatod0tnong tng
IVOOUAIVNG O€ 10TOUG EVNAIKWY OlayoVvIOIakwV HUwV oTa Oldgpopa otaola avantuénc

Alatipnon OlayoviSIaKwWY HUWYV KAl amopovwaon oTwy amo eviAika {wa ota oldgopa otadla avantuéng.
MEeALTN TNG £EKPPAONG TWV TTPWTEIVWY TTOU EUTTAEKOVTAL OTO HOVOTIATI ONPATO00TNONG TNG LVGOUAIVNG.
MEeAETN TNG EVEPYOTIOINONG TWV TTPWTEIVWY TTOU EUTAEKOVTAL OTO HOVOTIATL GNUATOAATNONG TNG LVGOUAIVNG.
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Juxvotepn popepn avolag ~ 80%

JUXVOTNTA TTOU aVAPEVETAL va TETpamAaoctactel pexpt to 2050
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AmoteAsopata
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Kaminari A, Giannakas N, Tzinia A, Tsilibary EC. Overexpression of matrix
metalloproteinase-9 (MMP-9) rescues insulin-mediated impairment in the
5XFAD model of Alzheimer’s disease. Scientific reports. 2017 Apr 6;7(1):1-2.
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2UVOTITIKA amoteAeopata (in vitro & in vivo)

ITivakag 1: % Atopopomoinon ToOV TPOTEVOY EVOLUPEPOVTIOS GE TYECT Le Tov Mdptupa

Proteins Primary Hippo Cells 3month old 12 month old

Wild tvpe SXFAD SNFAD- Wild tvpe | SXFAD SXFAD- Wild gpe | SXFAD SXFAD-
TeMMP-9 TeMMP-9 TgMMP-9

pSerlR51 100 183 107 100 207 153 100 126 89
pIyrIRSL | 100 47 86.3 100 20 136 ND ND ND
IRS1 100 NC NC 100 NC NC 100 NC NC
IRS2 100 NC NC 100 NC NC 100 NC NC
IR 100 NC NC 100 NC NC 100 125 112
pakt 100 12 103 100 57 a1 100 68 114
pGSE3b 100 78 96 100 80 105 100 67 88
pINK 100 133 89 100 147 106 ND ND ND
pIrkB 100 60 96 100 42 108 - - -
EDNF 100 58 94 100 71 89 - - -

NC: Kopio chhayry, ND: Asv avtyveiTnke




Table 1: Beneficial effects of MMP-9 in Alzheimer’s

disease (AD) and Type 2 Diabetes Mellitus (T2DM)

mice

Alzheimer’s Disease (AD)
System Observation Ref
U373 cells, NO-mediated MMP-9 activity results in A fibrillar degradation in vitro
- o . . 41
APPSWDI/NOS2™" Decreased MMP-9 activity results in increased amyloid deposition in an AD (“1)
mice mouse model lacking nitric oxide (NO)
APP/PS1 mice, Lo . L
i/n \S/i iro o MMP-9 degrades A fibrils in vitro and compact amyloid plaques in situ. (43)
In situ plaques of MMP-9 synthesized in neurons of the human hippocampus is capable of 42)
AD patients degrading the AB (1.40)
PC12 cells, MMP-9 induces sABPPa production via NGF in vitro,
(44-45)
HEK/APP695 cells Overexpression of MMP-9 results in SABPPa production in vitro
TgMMP-9 mice Overexpression of MMP-9 results in enhanc_ed n_euronal plasticity and increased (39)
SABPPa levels in mice
5XEAD mice Overexpression of MMP-'Q results_ln increased SABPPa levels and decreased Af (40)
oligomers in an AD mouse model
5XEAD mice Overexpression of MMP-9 rescues insulin-mediated impairment in an AD mouse (61)
model
APP/PS1 mice MMP-9 expressed by astrocytes mediates extracellular Ap catabolism (68)
Type 2 Diabetes Mellitus (T2DM)
Primary B-cells an . . .
: a. y p-cells and Overexpression of MMP-9 in amyloid-prone islets reduces amyloid deposition and B-
Istets of cell apoptosis (%4)
hIAPP mice pop
hIAPP mice . . . . . L
’ Matrix metalloproteinase-9 r let amyloid formation rading isl
T2DM human atrix metalloproteinase-9 :r?]ucl:ce)?dls §:a eyt?(;;i ormation by degrading islet (95)
islets Viold poTypeptice.
HTC-IR cells Neul and matrix metalloprotglnase-g (MMP_-9) _cross talk is essential for insulin- 99)
induced IR activation.
Transplanted . . . N~ . . .
. MMP-9 is required for islet revascularization and functional integration after
pancreatic islets of . . (85-86)
mice transplantation for diabetes treatment.
Pancreatic islets of
mice of MMP-97 MMP-9 loss of function on pancreatic islets results deteriorated beta cell function 87)




JupmEpacpa

% H MMP-9 oto KNX dpa BeATIwvVOVTAG TO IVOGOUALVO-
e€aptwpevo povomartt otn vooo Alzheimer katd
avaAoyo tpomo pe tn Opdon tng otov dlaBntn
tumou |l.

> H MMP-9 otn vooco Alzheimer:

v Mewwvel tn dnuloupyia Twv Toflkwy AB
OALYOHEPWV

v' Emayet tn onpatodotnon tou BDNF péow tou
urrodoxéa tou TrkB, emaywvtag tn onpatodotnon
TOU (VOOUAIVOEEapTWHEVOU povomatiou.

O H MMP-9 eival £€vag utooxopevog BEpATTEUTIKOC
o0Toxo¢ 1600 yia tn NA 600 Kal ywa tov AT2.

Kaminari A, Tsilibary EC, Tzinia A. A new perspective in utilizing MMP-9 as a
therapeutic target for Alzheimer’s disease and type 2 diabetes mellitus.
Journal of Alzheimer's Disease. 2018 Jan 1;64(1):1-6.
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O coaxyapmong owpnte eivonr €va petafoAlkO cOVOPOLO
OV YopoKTNPILETOL OO LVYNAL ETTEON YAVKOLNG GTO OipLoL
AOY® EALEWYNC TVGOVAIVIG

Acute Insulin Response to IV Glucose:
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Adapted from Robertson & Porte. J Clin fnvest. 1973;52:870-876, with pernmission.




AUEPA, OTav ava@épovTtal aTto OIaBATN MIAOUV TTAEOV yia TravOonuia. 2UYKEKPIMEVA,
oUN@WVa JE Ta oToixeia NG AieBvoug OupooTtrovdiag AiaBnTn (I.D.F.), evw 1o 2000 T
oua pe dIaBATN €@Tavav Ta 151 ekatoupupia, onuepa @BAavouv Ta 425 eKaTouuUpPl

0 apIBu6S avauéveTal va auénBei ota 629 ekatoupupia uéxpl 1o 2045.

EAAada mraoyel To 10-12% Tou yevikou TTAnBuopuou (Trepitrou 1.200.000)

0 2akxapwdnc AiaBAtTng TUtTToU 2 (ZAT2), TTOU XAPAKTNEICETAI OTT
)G «UTTOUAOG», KABWG Ta TTPWTA XPOvIa UTTOPEI va dpa Kpupd
TITWHOTA, aTroTeAEl TN Paocikr aitia BavAaTtou yia TTEPITIO
0€ TTAYKOOMIO ETTITTEOO KOl OUVOEETAI ME ETTITTAOKEG T




Acute Insulin Response to IV Glucose:
Normal and Type 2 Diabetic Subjects
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Adapted from Robertson & Porte. J Clin Frvest. 1973;52:870-876, with permission.

« AuoAsitoupyia Twv B-kKUTTApWY



TEdIO TOU AiaBntn tutrou 2 umr@pyouv e€elieic Tou xapidouv KaAutepn troiotnTa ¢
aobeveic. Ta avaloya rou GLP-1, rou yAukayovouop@ou 1rerTidiou 1 mou BrEONK

€l TA UETAYEUNQATIKA ETTITTEOQ YAUKOLNS OTO aiua, ammodeEixOnkKe OTI UEIWVOUV TV A
oUAiv) aTouc¢ di1aBnTikoug Tutrou 2 — 81011 Kai 1o 30% Twv d1afnTIKwV TUTTOU
00ePATTEUOUEVOI.
; KA dpdaon Tou GLP-1 (Glucagon-like peptide-1) aokeital HEOW TNG OEO
OU OTa B-KUTTOPA.

GLP-1 action and the islet 3 cell

*’ Proinsulin gene expression *
A Proinsulin translation

[ cell profiferation
B cell neogenesis
4 [3 cell apoptasis

agiig, Brogivesang,
UAivng amé Ta B-kKUTTapa
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> MoAAatTAaci100u6g

»EmiBiwon Twv B-Kuttdpwv




lvoouAivo-TTapaywyog KUTTAPIKN oEIpa
TTAYKPEATIKWY B-KUTTAPWYV TTOVTIKOU
(TSV-40 aBavartotroinuéva BTC-6 kKUTTAPQ).
Ta KUTTOpa oxnuariouv in vitro,
OMAOEC 01 OTToiEC JoIddouv JE vnoidia
(weudovnaoidia).

Ta B-TC6 kUTTOpPO:

a) EKPPACOUV TO AEITOUPYIKC
OnNMATOOOTIKO OVOTIO

PI3K/Akt




Liraglutide (nM)
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Liraglutide

time (min)
wortmanin

Ser-473 pAkt Extracellular membrane

Akt

B
Liraglutide (InM) -
time (min) 0 15
wortmanin - -

PFoxO1/Fox03a| % & sun g

tubulin s —
C Inhibition of
Liraglutide (InM) - + Apoptosis

time (min) 0
wortmanin

Ser-136 pBad

ell survival
Bad




Control
(lepr+/-)

60x10x

Diabetic
(lepr-/~)

Control
(lepr+/-)
+
liraglutide

Diabetic
(lepr-/~)
+
liraglutide

Islet area
(arbitrary units)

Diabetic
67g

160000 -

140000 -

120000 -

100000 -

80000 -

60000 -

40000 -

20000 -

0

Islet area

control

control

+
liraglutide

diabetic

diabetic

+
liraglutide




gatlve control Positive control
0o TdT enzyme) (DNase I-treated)

INSULIN

(=]

control control diabetic diabetic
+ +
liraglutide liraglutide

MeAETEG OIT

63x10x

Control+liraglutide Diabetic

H xopnynaon AipayAourtidng odnynaoe otnv avaoToAn THS ammorTTwons Twv B-KUTTapwyv
Kal aIToKATaoTact) Tou UEYEBOUS TwV vNoIdiwv oTa OIaBnTIKA TTOVTIKIA.
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EidIka yia Toug VEQpPOoUG .....

Baoiké 6pyavo yid TV OJOIOCTACIO TOU OPYaVICHOU

O1 AsiIToupyigg Toug €ivai:
MeTaBOAIKEC: aTTEKKPION-ETTAVAPPOPNON-BIATAPNON TNG 0SEOBATCIKAG ICOPPOTTIOG
1700 It aiparog/24wpo TTapdyouv 1 It oupa

déxovral To0 25% TNG KAPSIAKAG TTAPOXNG AiNATOG

PuOuIoTIKEG: PUBION TNG EvEOOYYEIOKNG TTiEONS (PEvivn, ayyEIOTEVTivVN)

EVOOKPIVIKEG: Mapaywyr opHovWwY OTTWG PEVIVN, EPUOPOTTOINTIVN
2TOX0G OpHOVWYV OTTWG AAdooTEPOVI, AVTIOIOUPNTIKA OPHOVN,
vaTp10010UPNTIKO TTETTTION0

Meiwon Twv AEITOUPYIWYV ETTIPEPEI OCNUAVTIKES ETTITITWOEIG



4+ NEO®POX KAI AEITOYPIIKEX TOY AOMEX

YVUC eoTEIpapEV




T Ne@plké CWHPATIO: ZTTEIPAPO KAl KAYO
TOU Bowman

To ve@PPIKO OWMATIO TTEPIAaUBAVE

1) OTTEIPANa—> GUVOAO TPIXOEIDWV
ayyeiwv

1) Kawa Tou Bowman—-> 1repIBAAAEl TO
oTrEipapa

[MpwTo BriMa otn dINenaon Tou
TTAGOMATOC TOU QiaTOC

Parietal
Epithelial
Cells



+ XIIEIPAMA KAI I1I0AOKYTTAPA

E  EmOnAiakd kOTTOpO
uynAng
dlagopoTtroinong
XWPIg IKAVOTNTA

_ TTOAAATTAAC IO MOU.

& ®  Epgaviouv

' £mOnAlaka Kai

TTEPIOPICHEVA

MECEYXUMATIKA

XOPOKTNPIOTIKA.

B OYKWOEC 0PULPLKO KUTTAPLKO WU

m [Ipwtoyevelg noSoaSug nposxﬁo)\sq SKTElVOVT(Xl
mMPOG T TplXOSlST] aQyYela 6Ta omola MPOG@UOVTAL
nE Sevtepoyevelc MPoekPBoOAEC (TOSLokoL)

m O MOS0ELSELG 'ITpOSKﬁO)\SC SlamA£kovTal
a(pnvovrag (xvmxrsc; TIC OXLOMNEG SLnOno'ng mov
Y£(pUp(A)VOVT(Xl amo pa €EWKUTTAPLKN Sopi), TOV
MOpo du16nong




+ XIIEIPAMATIKOX ®PAI'MOX AIHOHXHX

ZTOLXELO TOV (PPAYUOV
SdmOnong:

— [NoSoeldelg TTpoeKPOAEG
TTOSOKLTTAPWV

— ZTTELPAUATIKY BaoIKN
pepppavn

—- OupLdwWTO evSobBNALO

Urinary filtrate

Filtration

Actin slit

cytoskeleton

Podocyte

Endothelial
glycocalyx

Glomerular capillary lumen

atro Ronco, P., J. Clin. Invest., 117 (2007)



+ [IAATYNXZH TQON ITOAOEIAQN
[IPOEKBOAQN

H mAdtuvon twv Todoeldwv TIPoeKPoAwv oxeTIleTal pE SLAPOPES
OTTELPAUATIKEG  TIPWTEIVOVPLKEG  TTAONOEL, OTTWG 1 OLKOYEVNG
VE@EPOTTAOelr  @AavSlkov  TUTTOU, 1)  €0TIOKY]  TUNUOTIKY
OTTELPAUATOOKATIpUVOT] KL 1 SLaSNTIKY) VEQPOTTABELx

Urinary filtrate Urinary filtrate

Filtration 4
A ‘Albumin
Actin N

cytoskeleton Reorganization of

Podocyte fusion
actin cytoskeleton

and collapse

Endothelial
glycocalyx

Glomerular capillary lumen

Glomerular capillary lumen

atro Ronco, P., J. Clin. Invest., 117 (2007



* Aopf TV oYLeROY SN ONC

Podocyte foot Padocyte foot i
process Filtration slit  process ‘

Arp2/3 complex:
Cortactin #
GTPase dynamin




Ne@pookAnpuvon & Yreptaom

XPONIA NE®PIKH NOZOZ (XNN):

* ATTOTEAEOHA TWV TTEPICOCOTEPWYV VEPPIKWY VOONMATWY OAAG Kal
O100EQOUEVWY OCUCTNHUIKWY TTaBNOEwWyY, OTTWG UTTEPTAOTN Kl
S1aBnTNg

* H yApavon tou TAnNOBuopoU KaBw¢ KAl n auéavouevn ocuxvoTnTa
UTTEPTaoNG Kal JIABATN TEIVOUV va QUEHOOUV TO TTOCOOTO TNG
XNN.

« A6 Toug Tmraoyovteg amd XNN utmroAoyiletar 6T 10 1% Oa
odnynbei og otadio 5 yvwoTd kal cav Ne@pikp N6oog TeAikou
21adiou (NNTZ), 61TO0U n Hovadiki BepaTtreia gival N UTTOKATACTAOT
(d1dAuon N yeTapdoxeUON).

 H utreptaoikn ve@pooKARpuvon gival To OEUTEPO TTIO OUXVO aiTIO
NNTZ.



+ |I

MeAETN TWV AAAOIWOCEWYV TTOU U@IioTAVTAl TO TTOOOKUTTOPO KATA TNV
AVATTTUSN TNG TTaB0AOoYiag oTNV UTTEPTACIKK) VEQPOOKARPUVON.

- 'Exppaon kouBikwv popiwv: CD2AP, Nephrin, PODXL, DDR1 og 6Aa 1O
oTadia TG avatTugng TnG VEQPOOoKARpUVONG

- AmomTTWon  TTOdOKUTTAPWY: MEAETN  TTPO-ATTOTTITWTIKWY  OTTWS N
KaTakepuaTiopévn PARP.



4  Z0vVToun TTEPIYPO®N EPYATIWV

ZWIKO MOVTEAO OQUTOMATA UTTEPTUCIKWY APOUPAiWV:
YTTEPTAOIKOI apoupaiol - Spontaneous Hypertensive Rats (SHR)
HAIkieg = 6, 13 kai 20 eBdouadwv.

Apoupaiol yaptupec — Wistar Rats (WKY)

HAIkieg = 6, 13 kai 20 eBdopadwv.

Atropovwon omreipapdatwy amré WKY kar SHR

—_
Y -
— )
T — \..‘\"

Wistar & SHR Rat -



+ Tpagnua peocov Bapouc ota WKY kot
ota SHR

WKY control
M SHR

400.000 -

350.000 -

300.000 -

250.000 -

200.000 -

150.000 -

100.000 -

50.000 -

0.000 -
6 weeks old 13 weeks old 20 weeks old

»  Agv gvToTTI{OVTUL OTATIOTIKA CTUAVTIKEG SLOPOPES



[pa@nua peoTC apTnplakig TTEOTC oTA
kKoL ota SHR

200.0 ~

180.0 -

160.0 -

WKY control
Il SHR

140.0 -
120.0 -
100.0 -
80.0 -
60.0 -
40.0 -

20.0 -

0.0 -

6 weeks old 13 weeks old 20 weeks old

Evtovotepn 1 Sta@opd otig 13 efSopnddeg

H ad&nom ¢ peong aptnplakng mieong ota vrreptaoikd (wa (SHR) twv 6 eBdouddwv
glvat 28,58%

H avtiotoyn avénon ota viteptaocikda {wa (SHR) twv 13 efdouddwv eltval 54,04%

H ad0&nom ¢ péong aptnplakng mmieong ota veptaoikd (wa (SHR) twv 20 eBdopddwv
elva 49,2%



CD2AP/actin

6 wks

13 wks

WKY SHR WKY

¥

SHR WKY

20 wks

SHR

CD2A oy Sl S S Sy —

CD2AP expression (arbitrary units)

P

actin “— T ——————
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1.4

1.2

0.8

0.6

0.4

0.2

WKY 6weeks SHR 6weeks

1 3weeks

SHR 13weeks

20weeks

SHR 20weeks

Aev  TTapatnpnOnke
HetafoAn TWV
EMITES WV ™G
CD2AP ota SHR
(wa 0E OXEOTN UE TA
WKY, o0& «koapia
XPOVIKN TTepiodo.
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NEPHRIN/actin |I

6 eBdopadeg 13 eBSoudbdeg 13 eBSopadec 20 eBSOUASEC

2 o o
B3 o

- Py

=]

Nephrin expression (arbitary
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Zta WKY (wa mapatnpeitar ad&non twv
eMIédwv ¢ Nephrin pe v mmdpodo tovu
XPOVOUL

Zta SHR (wa n Nephrin pewwvetar oe
ovykplon pe ta WKY {wa arto Tig 6 £wg Kal
TIg 20 eBSopudadeg

H peyodvtepn % pelwon twv emutedwv
Nephrin ota SHR {wa o€ cVoykpLon UE TA
WKY (wa avag@opdg Tapatnpnbnke otig
20 eBSopddes kat tav 71%
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% of PARP downregulattion (fold
over basal levels)

20

CLEAVED PARP/actin
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WKY SHR  WKY SHR  WKY SHR

PARP | G o == e

Actin — ey >

It 6 efSouddeg Sev TTAPATNPNOAUE OTATIOTIKA
onuavtikég Stapopes petatv WKY-SHR (wwv

Ztig 13 gBdopddes o Adyog cleaved Parp/actin
SHR (wa avidvel oe ovykplon pe ta WKY

Itig 13 efSopddeg  TTApATNPNOAUE OTATIOTIKA
onuavtiky auénon 38% tou Adyou cleaved
Parp/actin ota SHR {wa oe ovykplon pe ta WKY
wa

Itig 20 eBfdouadeg Tmapatnpnoape avénomn Tov
A0yov cleaved Parp/actin ota SHR J{wa o€
ovykplon pe ta WKY (wa
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DDRI1 expression (arbitary units)
=1

ﬁ 4'?6 E'
ﬁ 4"‘ ff-* & 4;* &
200 -

180
160 -

—
[ I g B = = Y
(== = R = D = I o o |
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DDR1/actin
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WKY SHR  WKY SHR  WKY SHR

DDR1 e Y v |

Actin — — D G T

Agv TTOPATNPNOAUE OTATIOTIKA ONUAVTIKEG SLOPOPES
ota emimeda ék@paong tov DDR1 ota WKY (wa, ue
™V TTapodo Tov xpovou.

Ta emimeda ék@paong tov DDRI1 ota SHR {wa eival
avéinuéva og oVykplon pe ta WKY lwa.

It 6 efdouadeg TTAPATNPNOAUE  OTATIOTIKA
onuavtikn avénomn 35% g ék@paong tov DDRI1 ota
SHR (wa o ovykplon pe ta WKY (wa.

It 13 eBSopddeg TTOPATNPNOAUE OTATIOTIKA
OoTNUaVTIKY auénom 66% ¢ ék@paong tov DDRI1 ota
SHR (wa o€ ovykplon pe ta WKY (wa.

Ztig 20 efdouadeg Tapatnpnoape duinon Tepirmov
80% g éxepaong tov DDR1 ota SHR (wa oc
ovykplon pe toa WKY {wa.



PODXL

WKY_13w_PCL
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IF measurement pf PDCL
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WKY 6 weeks WKY 13  SHR 6 weeks SHR 13 weeks
old weeks old old old

Zta SHR {wa 1 TToSokaAvkivn
LELWVETAL o€ oVYKpLlom pe ta WKY
(wa T000 oTIS 6 eBSouddes 600 Kol
otiS 13 efdouadec, kata 50%



YUUTTEPACHAT

H pelwon mg¢ ékppaong ¢ Nephrin otoug SHR apovpaiovg, kabBwg
KaL 1 a0&non NG EKEPAoTS ToL aTToTItwTikoL deiktn PARP,
eMPBeBatwvouv N SlaTapax TOL OTTEPAUATIKOV @PaYUoV Sidnong.

H avénomn ¢ ék@paong touv DDR1 otoug SHR apovpaiovg
eMPBeBatwvel Ta ATTOTEAETUATA AAAWY (WIKWV LOVTEAWV (TT.X
PEVIVNG-AYYELOTEVGIVNG)

H pelwon m¢ ékppaons ¢ PODXL otoug SHR apovpaiovg eivat
evdelln OTL M VTTEPTAOT EXEL APVNTIKO AVTIKTUTTIO OTOUG VEQPPOUG OE
TTPWLILA OTAOLX
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+
Olfactory ensheathing cells (OECs)

v O KUTTapIKOG TTANBuoudc Tou oo@pnTikou PAevvoyovou [olfactory ensheathing
cells (OECs)] atroteAei €CalpeTIK TTNY TTOAUOUVOUWY TTPOYOVIKWY VEUPIKWVY
KUTTAPWV.

v H atroudévwaon tou oo@pnTikoU BAevvoyovou eival OXeTIKA attAf, Xwpic nBikoug
TTEPIOPIOHOUG.

v' H petapdoxeuon Twv KUTTAPWY TOU 0o@PNTIKOU BAevvoydvou Oev €XeEl OXETIOOEI
ME TNV ENPAVION TTAPEVEPYEIWV OTTWG dnUIoUPYiIa OYKWV.

v Ta avwTépw aToixeia KaBioTouv Tov TTANBUCHO auTd €EQIPETIKA XPAOIUNO OTNV
KAIVIKI} €QapPOYyn KUTTAPIKNG BepATTEiag VEUPOEKPUAIOTIKWY TTaBA0EWY, KaBwg
Kal TTaBnoewyv TTou OXETICOVTAl UE TPAUUATIONOUG TNG OTTOVOUAIKNG OTNANG.



+
Neuronal stem cells for cell therapy in

diseases of the nervous system

self-renewal
NSC-Neural Stem Cell

Progenitor Cells: l

(Proliferation)
Neuronal Progenitor

Specialized Cells:
(Commitment)

Glial Progenitor This line of research includes the
use of specific neuroblasts to

————

to paraplegia/quadraplegia

euron Astrocyte Oligodendrocyte



==

1. Autologous neuroblasts from a specialized tissue: olfaetory mucosa will be obtained
with minor surgical excision and will be cultured to obftain large cell numbers...

‘s : SUDPDOBNG Cal

lumen of nasal cavty
odour molecides £ 2000 Creychpwsa Britveics, be

2....and transplant the cells in the spinal cord of 3....These mice following neuroblast
mice with induced spinal damage (paraplegic, transplantation eventually show

not moving hind legs) restored hind leg movement




==

1. ATropévwon oo@pnTikoU BAevvoyovou atrd eipapaTolwa

olfactory mucosa

2. KaAAIEpYEIO ATTOMOVWHEVWY KUTTAPWY 00@PNTIKOU BAsvvoyovou.

H koaAAigpyeia twv OECs odnyel
otn dnuovpyla veupoo@alpwv
OECE PO (neurospheres) ol ot1oleg
SLaTnpoVVTAL LETA ATTO SLaSOXIKES
AVOKOAALEPYELEG.

OECs pl



4- XpNon KAataGAANAWY POPIWV OEIKTWYV YIO TOV EVTOTTIOUO
TTANBUOUOU VeEUPIKWY BAAOTIKWY KUTTAGpwvV (neural
stem cells (NSC))

Nestin / TuJ1 / DAPI

Overlay

Nestin
Tud1
GFAP
DAPI

TuJ1 / DAPI GFAP /| DAPI

Neural Stem Cells Neurons Astrocytes



H avakaAAiEpyela Twv OECs ptropei va odnynoel otnv
QATTOKTNON €VOGC EUTTAOUTIONEVOU TTANBUCUOU VEUPIKWYV
BAACTIKWY KUTTAPWV

Nestin / TuJ1 / DAPI

TuJ1/ DAPI GFAP /| DAPI

TuJ1/ DAPI GFAP | DAPI

Neural Stem Cells Neurons Astrocytes Neural Stem Cells Neurons Astrocytes



Ammopovwon OECs amdé aobeveic pe oofapég

BAGBeg oTn oTOVOUAIKE OTHAN

Tudl

Tudl

Baoikd o1éxo atroTeAEi 0
ETTAVATTPOYPANUATIONOC TWV
OECs pe okotrd TnVv
ATTOKTNON OMIYyOUG
TTANOUCOU VEUPIKWYV
BAaOTIKWY KUTTApWV [neural
stem cells (NSC)], Ta otroia
Ba diarnpouv TNV IKavoTNTA
TTOAATTAQCIa0UOU KAl QUTO-
avaveéwaong.



==

Epyaotnptlo lMaBofloroyiag Kuttapovu kat Kévtpo Ielpapatiknig Xelpoupykng Kot
EEwkuttdplov Xwpov Metagpaotikig Epeguvag, IBEAA
Tapv@aiia Apocomoviov, PhD Havaywwtng MoAitng, PhD

Ovpavia Tpoyatov, PhD
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Co-financed by Greece and the European Union
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O1 atrokAiocelg amd Tov «2° VOMO 100TIMIOG TOU
Chargaff» wg epyaAgio EVTOTTIONOU HMETAAAAKTIKWV
PUOMWYV TTOU £COPTWVTAI ATTO ‘“TTPWTOUG YEITOVEG,
KOOWG Kal GAAWV YOVIOIWMNATIKWY XOPAKTNPIOTIKWY

KwoTtag ATrootéAou
Xp1oT6@pOpPOg
NikoAdou

Mavvng AApupAavTng




[Hapatnpovtog aAAniovyieg and PAcelc ocdouEvmv, Guyvd
LLOG OLOUPEVYEL 1] AETTTOUEPELDL TN GYEOOV TTAVTOYOV
mopovoog oyeoov-icotntac A~T, G~C :

ID EU196537; SV 1; linear; mRNA; STD; INV; 1562 BP.

XX

AC EUL96537;

XX

DE Capitella sp. I ECS-2004 labial hox protein mRNA, complete cds.
XX

oS Capitella sp. I Grassle & Grassle, 1976
oC Eukaryota; Metazoa; Annelida; Polychaeta; Scolecida; Capitellida;
ocC Capitellidae; Capitella.

XX

XX

S0 Sequence 1562 BP; 421 A; 370 C; 350 G; 421 T; 0O other;
gagagcggct tcatttcagc agtgcacttc gatggctggg gaatacacgc tttgtaattt 60
ggacaatcat acgtacactt caccgtacaa cggcacggag ggtgcaaact acaatggcta 120
cactggagcg gagtatggtg ttcaccacgg cgcaggtcca gggccgcctg gggcatcact 180
ggaactgcat agccccgcgg ggctcggcta cggtgaggcg ggcggcatgt gcgatgggga 240

... H omoia yiveton mo €viovn o€ pokpotePES AAANAOVYIEG:



ID U01317; SV 1; linear; genomic DNA; STD; HUM; 73308 BP.

08 (Rel. 97, Last updated, Version 36)

XX

DE Human beta globin region on chromosome 11.
XX

XX

oS Homo sapiens (human)

oC Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia;
ocC Eutheria; Euarchontoglires; Primates; Haplorrhini; Catarrhini; Hominidae;
oC Homo.

XX

SQ Sequence 73308 BP; 22068 A; 14146 C; 14785 G; 22309 T; 0 other;
gaattctaat ctccctctca accctacagt cacccatttg gtatattaaa gatgtgttgt 60
ctactgtcta gtatccctca agtagtgtca ggaattagtc atttaaatag tctgcaagcc 120
aggagtggtg gctcatgtct gtaattccag cactggagag gtagaagtgg gaggactgct 180
tgagctcaag agtttgatat tatcctggac aacatagcaa gacctcgtct ctacttaaaa 240

ID CH940649; SV 1; linear; genomic DNA; ANN; INV; 20206255 BP.

XX

DE Drosophila virilis strain TSC#15010-1051.87 scaffold 12963 genomic
DE scaffold, whole genome shotgun sequence.

XX

oS Drosophila virilis

ocC Eukaryota; Metazoa; Arthropoda; Hexapoda; Insecta; Pterygota; Neoptera;
oC Endopterygota; Diptera; Brachycera; Muscomorpha; Ephydroidea;
oC Drosophilidae; Drosophila.

XX

XX

SO Sequence 20206255 BP; 5956259 A; 3990075 C; 3984193 G; 5957336 T; 318392 other;
gttgtgattt tagtagtctt cgtagttgaa attggagttg tccttgtagt tgacacagaa 60
gtaggcactg tggttattgg gattggtgtt ggtgttgtca ctgtggttgt agtcggtatt 120

gtgctacaaa ttggtaaatt gggagacgtt gtacaaaggt tacttgtttc tctagttgtc 180



LIST OF NUCLEOTIDE CONTENT OF RANDOMLY CHOSEN MICROBIAL GENOMES

ORGANISM NAME
Acinetobacter
Agrobacterium
Bacillus anthrac.Am.
Bacillus subtilis
Borrelia burgdorferi
Brucella melitensis
Buchnera aphidicola
Campylobacter jejuni

Thermosyn/cus elong.
Thermotoga maritima
Vibrio cholerae
Xanthomonas campest.
Yersinia pestis

A
1072579
581214
1685374
1187714
323079
452846
228624
571694

598906
501834
769234
889264
1219520

T
1071135
573172
1692668
1192801
327196
454173
231258
568338

596397
498348
779567
883916
1217353

G
730970
835436
919244
914988
129646
607001

78130
249577

699842
436953
708931
1652127
1114185

C
723937
851758
930007
919127
130760
603116

77968
251872

698712
423590
703384
1650865
1102670

Source: http://pbil.univ-lyonl.fr/software/Oriloc/

Total
3598621
2841580
5227293
4214630

910681
2117136

615980
1641481

2593857
1860725
2961116
5076172
4653728



O1 yvwoteg oyéoeigc A=T, G=C .
Interstrand basepaliring rule
(BPR)...

... 1IOYVOVV GTOLYEIOUETPIKA OE
Kuttaptkdo DNA, kot
GUVETEIVAV GTNV OVOKAADY
and tovg Watson & Crick
NG OIKAMVNG OOUNG TOV
nopiov Paoel Tne covu-
TANPOUOTIKOTNTOC TOV
Bdoewmv.



http://www.chem.ucsb.edu/~kalju/chem110L/public/tutorial/images/WatsonCrick.jpg

...Kal 0 «deUTEPOC VOUOC IooTIMiac» Tou Chargafft,
“Chargaff’s 2" Parity Rule” (PR2), TTou TTpoTdOnKe
10 1968.

O PR2 tmrpoBAétrel 611: A~T, G~C 0€¢ UOVOKAWVO
DNA. ETTi pakpov n aitioAdynor Tou aTtoTéAETE Eva
QVOIKTO TTPOBANUA YIa TNV YPNYOPA ECEAICOOMEVN
ETMIOTAMN TS MOPIaKNC BioAoyiag

2Nuepa o PR2 atrodidetal pe BeaidotnTa otov
«TTPWTO VOuo 1ooTihiag» Tou Chargaff, “Chargaff’s
1st Parity Rule” (PR1) tTou, atré tnv iIcoduvapia
METACU OCUPTTANPWHATIKWY KAWVWY 000V apopd
KMETAAQKTIKEG» KAl KETTIAEKTIKEG» TACEIG TTOU WE TN
OEIPA TNG OPEIAETAI OTNV AEITOUPYIKNA TOUG
Icoduvauia, ouvayel TNV EAATTWON TWV
METAAAOKTIKWY puBuwyv atrd 12 o€ 6, Bacel Tou
TTAPAKATW OXNMATOG: [see next slide]

[TpocopoIwvoVvTaG apIOUNTIKA TNV METAAAQKTIKNA
Ouvapuikr Tou DNA yia pakpo Xpovo, atro
OTTOIAdNTTOTE APXIKI oUCTAON, TEAIKGA Ba
odnynBouue atnv 1oxVU Tou PR2: A~T & G~C

Erwin Chargaff (1905-2002)



[Tivaxac puOuav petarraemv o oikAwvo DNA. H vobeon
GUUUETPLOC UETACD TV KAOV®V, ONA. 1G0TNTOS TOV
UETAAALOKTIKOV pLOUOV TOV ETKPATOVV (TPDTOS VOUOS 16OTIUIOG
tov Chargaff) odnyei otig 160TNTEC TOV dElYVEL TO TAPAKATWD
oyNua, dpa otnV peimon Tov 6tabepov amd dmoeka o€ £C1
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OL OX£0ELG HETOEY LETOAAOKTLKWY PUOUWV
0ToUC SU0 CUUTTANPWHATIKOUC KAWVOUC
TIOU 0€ oUVONKEC SLAKAWVLKNG OUUUETPLOG
ooov adopd tnv Aettoupyia kat tnv €kBeon
o€ eEWTEPLKOUC TapAyovtec odnyolv otn
HElwoN TwV aveEapTNTWV TIOPAUETPWVY OO
dwdeka oe EEL.

Sueoka,N. (1995) Intra-strand parity rules of
DNA base composition and usage biases of
synonymous codons. J. Mol. Evol., 40, 318—
325.

ISOTYPE SUBSTITUTIONS
A—}T{r,} or T*A{rz) G+C{r11} or C—*G{ru}
T A % G
fy T'rz f11 Tr 12
A T4 G C
T A C G
l,rz' lr,’ L’rz' lrn
A T G Cc
rp=r; n=ry (BPR) ryg=ry3 T2="y (BPR)
If no-strand-bias, If no-strand-bias, .
Fy=ry. Fy=Tyy
Therefore,

Therafora,

(PR1) (PR1)

ALLOYPE SUBSTITUTIONS
A =G or T=>Clhl A —=Clg) or T= Gl
G $ c G
TI-I I"n:I "ﬂ r._r.'
A T, A T,
? —
T A T A
I o L
C G G c
rg=ryg Tg=ry4 (BPA) rg=rg'  rgErg [BPRA)

H nic-strand-bias,
.I" = f_‘.

Theralone,

i mo-strand-bias,

Thesradare,

{PRA1)

r:,_—l"" F
If no-sirand-bass,
rl L

Tharaloe,




Ao tnVv epyacio tou N.Sueoka mou avadepape: OL KIVNTLKEC EELOWOELS YLOL TAL
Hoplaka kKAdopata twv A, T, G, C mtou onwc onwc deixvetal amod aplBuntikni tou
npooopoiwon, 0dNyouV ACUUTTTWTLKA 0TI OXECEICA=T & G=C

Appendix 2: Equations for the Calculation of 4, T,
G, and C at Equilibrium

dd/dt = (-ryrgrgd+rT+r;GHr(l-A-T-G) =0
dlidt = rd+(-ry-rg-r JT+r (1-A-T-Clr C=10
didt = rpd+rg(l-A-G-CH{-ryrp-r )G+, C=10
dCidt = rg(l-T-G-Crr o d+r  GH-rsrg-r2)C=10,



Na onueiwBei ot yia diadikaaoia Tou XwWEEi
«TTAPAAANA» UE TIC HETAAAGCEIC, dnAadn N
ouveXNC yovidiwuartikn avauién (inter- & intra-
chromosomal shuffling) reAika odnyei oro idio
arroréAsoua. Ouwcg, n tnpnon tou PR2 kai o€
ECEAIKTIKA ETTI UAKOOV «TTAYWUEVEC» AAAnAouyiec
(TT.X. UAKOEC KWOIKOTTOIOUOEC AAANAOUXIEC) KQVEI
VEVIKOTEPNC EUBEAEIaC TNV €ENyNon TN Baciouévn
o€ oTaBepEC KIVNTIKNC ueTaAAaéewy. ETTiong,
utrép tnv epunveiac tou PR2 Baoer tou PR1
gival Kal n Urmapén OUYKEKPIUEVWY LUOTIBwV
KAatavoung TwVv atmmokAioewv arro tov PR2 mou
oxeTidovral UE ATTOKAICEIC QTTO ThV ICOOUVaula
TWV KAwvwy, ortwc 1o V-motif ora Bakrnpia, 1o
factory-roof motif oro eukapuwriko DNA K.a.



PR1

A T optouds moootritwy

]
|

D . |G
C [A]+[T] [G]+[C]

Vil QPKOUVTWC UEyaAa povokAwva tunuata DNA

PR2 SAT- 0 kdi-S%€ -0



MeTa TNV KATAPXNV KATAVONGON TNG TTPOEAEUONG TOU PR2 TTOPEUEIVE, KAl GUVEXICEI VO TTOPAUEVEI
EVTOVO, TO EVOIQQEPOV YIQ TN MEAETN TWV ATTOKAICEWYV (Skews) TTou TTapaTtnEoUuVTal, KAl yia Th XPHon
Twv skews WG EPYOAAEIOU YIa TOV EVTOTTIOMO TTAEUPWYV TNG YOVIDIWUATIKAG QUVAMIKNC.

H katw apioTepa eikova (Lobry JR, 1996, Mol.Biol.Evol. 13, 660) 0deixvel TNV TTOOOTIKA £KQPACN
TwV skews o€ TrepIoxr Tou VOVI5IUL)}JGTO§ Tou E. coli. H 1pitn ep@avifouevn skew agopd «Trepio-
oclo» CDS aT1ov éva KAwVO.

AvTi QUTAG TNG TTEPIYPAPNG TWV SKEWS GUXVOTEPA TIPOTIMATAI N OAOKANPWTIKN (aBPOIoTIKN, cumul-
ated) KauTTUAN TTOU TTAPAYETAI ATTO TNV TTPoNyouuevn (avodikr otav gival >0 kal kaBodikn yia <0).

H kaTtw 0€€Id €IKOVA avaTTapioTd aBpOoIoTIKA TIG TPEIC TTAPATTAVW SKews yia 0AOKANPO To yovidlwua
Tou E. coli (http://pbil.univ-lyonl.fr/software/Oriloc/).

M”"'qt:i o i
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! I
Crrigin of replication

Escherichia coli CFT073
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Carboxydothermus hydrogenoformans Z-2901



To TTponyouuEVO Kal TO €OW EIKOVICOUEVO DIAypappa skews
OAOKANPOU PIKPORIOKOU YOVIOIWMNATOC £ival TUTTIKA TWV
eUBaKTNPIWV PE Aiyeg ecaipeaclc. O evIOTTIONOC AKPOTATWY OTA
onMeia Evapgncg kai Anegng Tou avaditrtAaciacuou (ori, ter)
OUOXETIOTNKE NE QOUUUETPIEG METACU TWV KAWVWYV Kl
OUVETTWG PJE AvVaOTOAN TNG BACIKNG TTPOUTTO0ECNC TTOU
TTapdayel Tov PR2. P oore

2TOXO TWV EPYACIWV TG ONAdAG MG
TTOU ocuvoyifouue edw, KaBwWG Kal Sy
GAAWV peEAETWY, aTtToTEAEI N avalnTn-
on TWV AITIWV TWV EUPAVICONEVWV
sSkews Kal TTI0 OUYKEKPIMEVA, TTOIN
@AIVOMEVA Eival CNUAVTIKOTEPA YIA
TNV ENPAVION TOUG, KOBWG Kol CUU-
TMEPACHATA TTOU NTTOPOUV VA EEOX-
Oouv atrd autr Tn digpelvnon.

Cumulated combined skew in K

BA: K.Apostolou-Karampelis, C.Nikolaou & 5 7

Y.Almirantis. A novel skew analysis reveals | | | | Olriloc
substitution asymmetries linked to genetic . >00 400 600 a00

code GC-biases and Pollll a-subunit Map position In Kb

isoforms. DNA Research (2016) 23. DOI (H paupn ypauun omoteAei ouvduaoud AT/GC-skews Trou

10.1093/dnares/dsw021 €AyeTal UTTOAOYIOTIKA)
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C.Nikolaou & Y.Almirantis. Deviations from Chargaff's second parity rule in organellar DNA - Insights into the evolution of
organellar genomes. Gene (2006) 381, 34-41.



ro factory-roof motif

OTO EUKAPUWTIKO
DNA

0 S0 10 130 200 2500 0 S0 1 10 20 25
Marie Touchon et al (2005)
Replication-associated strand
asymmetries in mammalian — » ;& & b
genomes: Toward detection of © ki (&
replication origins. Rl b SRS e
PNAS, 102, 9836-9841

-40

Fig. 5. § profiles along mammalian genome fragments. (a) Fragment of
chromosome 20 including the TOPT origin (red vertical line). (b and ¢) Chro- :
mosome 4 and chromosome 9 fragments, respectively, with low G+C content 20
(36%). (d) Chromosome 22 fragment with larger G+C content (48%). In a and

b, vertical lines correspond to selected putative origins; yellow lines are linear 0
fits of the 5 values between successive putative origins. Black, intergenic
regions; red, (+) genes; blue, (—) genes. Note the fully intergenic regions _y
upstream of TOPT in a and from positions 5,290-6,850 kbp in c. (e) Fragment
of mouse chromosome 4 homologous to the human fragment shown in c. (f)
Fragment of dog chromosome 5 syntenic to the human fragment shown in c.
In e and f, genes are not represented.




VIO OPKOUVTWC UEYAAQ HovOoKAwva Tunuata DNA

[ApA] = [TpT]
[GpG] = [CpC]
[ApG] = [CpT]
[ApC] = [GpT]

[GpA] = [TpC]
[CpA] = [TpG]

Prabhu, V.V. 1993, Symmetry observations in long nucleotide sequences. Nucleic Acids Res., 21,
2797-800.

Baisnee, P.-F., Hampson, S., and Baldi, P. 2002, Why are complementary DNA strands symmetric?
Bioinformatics, 18, 1021-33.




[ApA]
[GpG]
[ApG]
[ApC]
[GpA]
[CpA]

{4

{4

{4

{4

{4

{4

VL aPKOUVTWC UEYAAa povokKAwva Tunuate DNA

[TpT]
[CpC]
[CpT]
[GpT]
[TpC]

[TpG]

OPLOUOC TTOCOTNTWV
GApA-TpT _ ApA| — [TpT]
[ApA] + [TpT]
GGPG-CpC _ GpG| — [CpC
GpG] + [CpC]
GAPG-CpT _ [ApG| — [CpT]
[ApG]| + [CpT]
SA]J'[J—G[JT — [IG!L]-]CI - [GDT]
ApCl + [GpT]
SGpﬁL—TpL‘ — [GD‘A] B [T[JC]
[GpA] + [TpC]
GOPATHG _ [CpA] — [TpG]
[CpA] + [TpG]

Shioiri C, Takahata N. 2001. Skew of mononucleotide frequencies, relative abundance of
dinucleotides, and DNA strand asymmetry. 1. Mol. Evol. [Internet] 53:364—-376.




[ApA]
[GpG]
[ApG]
[ApC]
[GpA]
[CpA]

&R

&

{4

&

{4

&

[TpT]
[CpC]
[CpT]
[GpT]
[TpC]
[TpG]

et

SApA-TpT
SGpG-CpC
SApG-CpT
SApC-GpT
SGpA-THC

A-TpG

yLo oPKOUVTWC UeydAa povokAwve Tunuata DNA

OPLOUOC TTOCOTNTWV
GAPA-TPT _ [ApA] — [TpT]
[ApA] + [TpT]
gGpG-CpC _ [GpG] — [CpC]
(GpG] + [CpC]
GAPG-CPT _ [ApG] — [CpT]
[ApG] + [CpT]
SﬁpC-GpT — [APC] B [GpT]
[ApC] + [GpT]
GOPATHC _ [GpA] — [TpC]
[GpA] + [TpC]
GCPA-TRG _ [CpA] — [TpG]
[CpA] + [TpG]

Shioiri C, Takahata N. 2001. Skew of mononucleotide frequencies, relative abundance of
dinucleotides, and DNA strand asymmetry. ). Mol. Evol. [Internet] 53:364-376.
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YVOVLOLWLLOTIKEG CUVTETAYLEVES

onpeio evapéng avrypadng ori

ANOKALOELG

1.0&l¢06 I 2.0e'4-m
YOVLSLWULATIKEG CUVTETAYHEVES

Carboxydothermus hydrogenoformans Z-2901



OPLOUOC TTOCOTNTWV

OTQUULOUEVEC guYVOTNTEC SLVOUKAEOTLO LWV

XpY _ |XpY]
f T IXIY]

orou X,Y €(A,C,G,T)

Nussinov, R. 1981, Nearest neighbor nucleotide patterns. Structural and biological implications. ).
Biol. Chem., 256, 8458-62.

Nussinov, R. 1984, Strong doublet preferences in nucleotide sequences and DNA geometry. J. Mol.
Evol., 20, 111-9.



Yl apkoUVTWCE ueyala povokAwva tunuata DNA
ohph
p°eC
pReG
pPeC
PCrA

APXIKEZ EKTIMHZEIZ

pCeh

SRR

ETeT
peC
pCrT
pCrT
pTeC

pTeG

tooduvapla Twv oTadUIoOUEVWY CUXVOTHTWV
TWV QVTIOTPOPWC CUUMANPWUATIKWV S 1VOUKAEOTIO LWV

OPLOUOC TTOCOTATWV

PAsATET = g AA_ 5 TeT

PerGtet — o GpG__ o CpC

PAsGCsT = 4 AsG_ 5 CoT

Pphec-GeT _ o ApC__ o CeT

PGeA-TeC — 0 GpA__ 0 TeC

PCrATeG PCpP._ TeG

fe
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2TV napouoa EPYACIN ELOAYOUUE YLo TPWTN POPA Kot UEAETAUE TNV Urtapén
tootATwWV ToU TUnou tou PR2 yia divoukAgotidia uéow moootikonoinong twv
TIPOTIUNCEWYV YELTOVWYV. ToUTo givatl Suvato Ue TNV eloaywyn TwV MOCOTHTWV:
PXY-XY" = pXY . oXY | M autov tov tpomno yivetatl Suvatn (Ue SLapopeg
uedoboAoyicg) n e€€taon tn¢ emidpaonc Twv yeitovikwy Baoswv otoug
HETAAAaKTIKOUG pUuBLOUC TOU yovidiwuatog. Evoeiktika napovotalovue edbw
MHia povov amno tigc uedodoAoyiec mov EYouue loAyEL:

Kataokevaotnke uta ouAdoyn 340 Baktnplakwv xpwUoowuatwy, Anednke n CDS-
ouppapn EKAoTou, katatuntnke oe tunuata 10 knt kot ouykpidnkav kota {eUyn ot

KO TOLVOUEC TOU OUVOAOU TwV armokAioewv twv p (6tvoukA.). lNa ti¢ ouykpioeLC
xpnotwuortotnvnke n cuuuetpikn Kullback—Leibler (KL) artokAton (Kullback & Leibler 1951).
Baoetl twv ouuueTpikwvY KL-amokAIOEWVY, KATAOKEUAOTNKAY KAadoypauuata yLa Kade @uAo
N kKAaon rmou avtimpoowrrtevovtal otn ouAdoyn uoac (kKAadoypauuata arnokAioswy, BA.
Ewkova). AkoAdoUBwc, ouykpiOnkav ta kAadoypouuata armokAioewv twv oTaSULOUEVWV
oUXVOTNTWV UE Ta avtiotolya taélvoulka Sevtpa Kot An@dnkayv ta i TOLC EKATO TOCOOTA
ToroAoyLkn¢ ouototntac twv Sevipwy (“tomoloyikn Baduoloyia”). [ta Adyouc ocUykpLong
LE Eva NN €V XpNOEL UETPO, TTEPIANPUNKE Kal N TtortoAoyikn BavduoAoyio mou avTloTolyEi
ot KAadoypauuata TwV YovVISIWUATIKWY urtoypa@wV. Ertionc yia Adyouc ouykploncg kat
aéloAoynoncg tou poAou Twv TIPWTWV YELTOVWV, yLor KHUE (UAO N kKAaon mmou
QVTUTPOOWITEUOVTAL OTN OUAAoyN, Kataokevaotnkay kKAadoypauuota Bacet tng

KO TAVOUNC TWV UOVOVOUKAEOTIOLKWVY QITOKAICEWV Kal TwV amokAioEwV TwVv SIVOUKAEOTL-
S6lwv kata unkoc¢ twv CDS-cuppapwyv kat mpoadlopiotnke n toroAoyikn tou¢ BabuoAoyia.
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Breast cancer

Ovarian cancer
Prostate cancer

Colon cancer

Kidney cancer

Thyroid cancer

Brain tumors
Osteosarcoma
Li-Fraumeni syndrome




Lifetime breast cancer risk (%)

100%
90%
80%
70%
60%

50%

37%

40%
30%

20%

12.5%

Woman Average
with CHEK2 risk woman
mutation

10%

0%

©2021 FORCE-Facing Our Risk of Cancer Empowered, Inc.




Napavonpatikec mapaAlayec CHEK2 otnv ClinVar
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BloAoylko cuoTtnua

Saccharomyces cerevisiae
W?2105 -17b (amovoia touv RAD53)

(euyevikn dwpead tou Dr. Rodney Rothstein)




Agttovpyikn dokpaoio otn OuN 1

1. EkBetikog moAAamAaolaopog 2.Eneiepyaoia Kol epmAoUTIONOG 3. Metaoynpatiopog

:-*-\ (PCR) Kwaon, Atydon ko Dpnl
/:\ - Q5 Hot Start - 10X KLD
[ \! 2X Master Mix Enzyme Mix
: AVTIKOTROTATEL | \

Y

| g
|III ‘a‘o’
\ &
\I\E',?
5 min oz Beppokpaoia Swyatiou
2A. Dwodopulivwon 2B. Evwon 2C. Amopdkpuvaon
it EKpayeiou
EvBéozsig ﬂ::f © ©
OF X ®
FXF OFNi®

pmh267 (pBAD101, 2u LEU2 GAL-CHEK?2)
(euyevikn) dwped tou Dr. Steven Elledge) W %}
)




Agttovpykn dokipaoio otn LN 2

©©© —>

» Edappoyn MMS (peBul-pebavooouldoviko ofu)
» Méetpnon avantuéng tng L0ung (Oh, 12h, 17h ko 22h)
> Z0YKpLoN TNG avantuéng (BeTIkOC Kal apvnTIKOC LAPTUPOC)

> ZTOTLOTIKN) avaAuon

v @eTiko¢ paptupac: pmh267 (pBAD101, 2 LEU2 GAL-CHEK?2)
v ApvNnTikoG paptupag: ¢.1100delC




Ertidoyn mopaAAaywv

120 mapavonuatikeG mapaAAayec tov CHEK2

+ 2 LEYAAEC YOVLOLOKEC avadLATAEELC
(~6kb amaAoidn Twv e€oviwv 2&3, ~7,5kb anaAoidr) tou e€oviou 6)

= EvtomiotnKav o€ YEVETLKO EAeyxo EAANVwV acBevwv pe Kapkivo
LLaLloToU

" [NpotaBOnkav amnod peAn tov ENIGMA consortium
(Evidence-based Network for the Interpretation of Germline Mutant Alleles)

" EAEXOnkav amo tn Baon dedopevwy ClinVar




Katnyoplonoinon mapaAAaywv

" Mn-emPBAaBeic: mapopola avamtuén Ue To BETIKO paptupa
* MaBoyovol: TopopoLa AVATITUEN LE TOV OPVNTLKO LAPTUPQ

= EvOLAMESNC AELTOUPYLKOTNTOC: OVATITUEN LETOEL TWV U0 TTOPOTTAVW
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o
0.3 ¥ p.R474H
® p.R523C
0.2 M c.1100delC
0.1
0.0

Time (hours)

Ta anoteAéopata npoékuav amo 3 aveéaptnta nelpdpata Ue 4-6 emavaAnPelg tng kabe mapaAiayng oto Kabsva
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2UYKPLON LE UNTOAOYLOTIKA EPYOAELQL

¢ In silico spyaleia:
SIFT/PROVEAN

. Align GVGD d 19 naBoyovol napaAlayeg o€
*  PolyPhen-2 nAnpn ovpdwvia pe 1O
‘ 'VLUtationTaSte" XOPOKTNPLOUO OO ta in silico
* PhastCons /

. Phylop epyaleia

« GERP

e Grantham

** Npoypappa Human Splicing Finder (version 3.1)

& AoyLopIkS PyMOL O 14 T[(?L@OVC')VOL naga)\)\avéq
LE EMUMTWON OTO UATIOUA

s EUpeon tou MAF (Minor allele frequency)




JUMTTEPACHOTO

a ~27% twv mapavonuatikwv mapaAhaywy, Kabwe kal ol 2
YOVLOLOKEC avadLlataéelc Yapaktnplotnkayv we madoyovol.

O H mAslovotnTta auTtwyv €VIOTIL(ETOL OTNV TIEPLOXN TOU EVEPYOU
KEVTPOU TNC KLVvAong Kal tnv mepLoxn dipueptopou tng CHK2.

H Asttovpyikn dokipacia otn OMN eival pla ypyopn, EVKOAN,
XapNnAoU KGoTtouc, aAAd KUpLlwe pLa in vivo peBodoc, mou pmopet va
OUVELOPEPEL CNUOVTLKA OTNV KOTNYOPLOTIOLNON TTOPOLVON LOTLKWVY

napoAAaywv Kot evoEoswv/analowdwyv tou CHEK2
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Abstract

Genetic testing for cancer predisposition leads to the identification of a number of
variants with uncertain significance. To some extent, variants of BRCA1/2 have been
classified, in contrast to variants of other genes. CHEK2 is a typical example, in which
a large number of variants of unknown clinical significance were identified and still
remained unclassified. Herein, the CHEK2 variant assessment was performed through
an in vivo, yeast-based, functional assay. In total, 120 germline CHEK2 missense
variants, distributed along the protein sequence, and two large in-frame deletions
were tested, originating from genetic test results in breast cancer families, or selected
from the ClinVar database. Of these, 32 missense and two in-frame deletions
behaved as non-functional, 73 as functional, and 15 as semi-functional, after
comparing growth rates of each strain with positive and negative controls. The
majority of non-functional variants were localized in the CHK2 kinase and forkhead-
associated domains. In vivo results from the non-functional variants were in
agreement with in silico predictions, and, where available, with strong breast cancer
family history, to a great extent. The results of the largest, to date, yeast-based assay,
evaluating CHEK2 wvariants, can complement and assist in the classification of rare

CHEK2 variants with unclear clinical significance.

KEYWORDS
breast cancer, CHEKZ2 variants, functional assay, yeast
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Olwdnc ZkAnpuvon (Tuberous Sclerosis - TSC)

« Znavia nadnon (eminTwon 1:6.000
81'I’I1I’OAGO'|.|6C 1 . 1 1 . 300— 1 .25.000) Autosomal dominant

Affected Unaffected
father mother

* [eveTIKN - > AUTOOWHIKA ETIKPATAC

* TToAuouoTnpikA - > KaAonBeI¢ OyKol I Unafectd
oTov eyKépaho, Ta veppd, Thv D""“‘e"
Kapdid, Tougc owBOaApolc, Toug AN

ntveUHOVEG, To OépHa

- KAivikn diayvwon

Afrected Unaffected Unaffected Affecled
son daughler son daughter
11.S. National Library of Medicine

« 2ZUHTTWHATIKA Oeparneia, KAl amd TO
~2007, avaoTtoAeic Tou mTORC1




KAivikn diayvwon

Meilova EAdooova
1. ayyeloivwpara mpoowmou 1. moAAamAéC KOIAOTNTEC OTO OHAATO Twv
2. ivwya ota vuxia dovTiwy
3. umopeAavWTIKEC KNAIdEC . moAUTodacg Tou opBou
4. oaypé kKnAidec oTo dépHa . KUOTEIC OoTA OOTa
5. 6loi oTov apipAnoTpoeidn . Ivwyara ora oUAa
6. 6lol oTov eyKeWaAikd pAoI0 . GXpWHEC KNAIdeC Tou ap@ipAnoTpoeidolc
7
8
9.
1

. AOTPOKUTWHA . «<KKOVWETI» OePHATIKEC AAAOIWOEIC

. Kapdiako papdopvwya . TOAAATAEC VEPPIKEC KUOTEIC
AsucpayyelouuwuaTwan . Hn veypikoi olol

0. veppikd ayyelopguoAinwya

ONOOIPL,WN

Avo peilova n éva peifov kai dUo eAdooova




Ta yovidia Tng OZ
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Structural
Domains
Structural Trans- :
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z?%% ; 346371 Gobeeat 15171674 _1740-1755
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Activation of Rho GTPase Interaction with Hamartin- Akt/PKB-dependent phosphorylation sit
Functional 145-510 ER# o oﬁns blndlng ependent phosphorylation sites
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Tuberin-binding
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674-1164 Functional Phosphorylation-dependent 14-3-3-binding sites
Domains

9q34.3 - 53,27 kb (1997) - 16p13.3 - 41,69 kb (1993)

23 e€ovia (21 kwdikomoioUvTa) + 42 etovia (41 kwdikomoloUvTa)
Mnkog petaypagpou: 8.604 bp * Mnkog petaypagou: 6.598 bp

Mnikoc¢ mpwteivng: 1.164 aa (130 kD) Mnhkoc mpwteivng: 1.807 aa (198 kD)




Movorati mTOR

'

Wortmannin
RSK

_J_ ERK

Everolimus ——|
Rapagnygin
Temsirol j- \‘ ' I
4 ) -‘
CelFaE> @5 v &>
SR 3UTR

Curatolo and Moavero (2012) Curr Neuropharmacol. 10(4): 404-415




AvaoTtoAceic mTORC1

everolimus sirolimus




O¢parneia ge avaotoAeic mTORC1

Krueger et al (2010) N Eng J Med 363, 19

- TToAAawAa apgotepormAcupa SEGAs - 3 mo everolimus




MeveTikn avaAuon TSC

M.m M

lovidio

TSC2 (16p13)

TTlapaAAayn

E€ovio 8 (70 perappalopevo)
XapakTnpioTika mapaAAayng
cDNA: c.826delA
TTpwreivn: p.Met276Cysfs*17




Ai1g1odUTIKOTNTA KAl EKPPACTIKOTNTA

* YynAn diciocduTikotnta (100%)
=> Oooi pépouv pia peTalaén ota yovidia 7SCI n
TSC2 vooouv

* TToikiAn ekppaoTIKOTNTA
=> n PaplTNTA TWV CUHTTWHATWY givail d1APopETIKN
aKopa Kal ot maoxXovreg pHéoa oTnv idia olkoyEvela




2 UHTTANPpWHATIKA OTOIXEIA Yid TO mpoypappa

‘Eykpion and tnv Enmitponi HOIkAC ka1 AcovroAoyiac Tou EKEZEA

EAAnvikR Etaipeia OTwdoug ZkAnpuvong

EAAnvikn TTaidoveupoAoyikn Etaipeia

EAAnvikn NeupoAoyikn ETtaipeia

EAAnvikn NegpoAoyikn Etaipeia

EAAnvikA EOvikR ‘Evwon kata tng EmiAnyiac

TTaidoveupoAdyor kai NeupoAdyol and voookopeia 0Ang Tng EAAGdacg

EvnuepwTikA ouvedpia OXETIKA HE TIC dUVATOTNTEC KAl TOUC
TEPIOPIOHOUC TNC HOPIAKAC di1dayvwong

TTpwTOKOAAO TNC HOPIAKNG avaAuong

AnAwon ouykaradeong

ZuyxpnparodoTnon andé To Sanitura, Tou¢ aoOeveic (mpo¢ ToO
Epyaotipio Mopiaknc Aiayvwong Mevetikwyv TTaBRoeswy) kai Tnv
Novartis Hellas




Patient
code

N1
N2
N3
N4
NS5

N7

N8

N9

N10
NI1
N12
NI13
N14
NI15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27

leveTIka Kai

Patient

KAIVIKG XapakThploTika aoBevwy pe OL

Result

| oefinie |

Definite
Definite
Definite
Definite

MRI findings

Subependymal Seizures/
TSC diagnostic Cortical giant cell Subependymal  Infantile Renal
status displasias  astrocytomas nodules spasms [ angiomyolipomas Multiple renal cysts
Definite + + IS +
Definite +
Definite +
Definite IS +
Definite + + +
| possie (. ]
Possible ?2??
Definite + + + +
Possible ?7?7? IS
Possible + IS
Definite + +
Definite + + IS
Definite + + IS + +
Possible +
Definite +
Definite + + 1S/+ +
Definite + + 1S/+ + +
Definite + + + 1S/+ + +
Definite + IS
Possible + IS +
Definite + + IS
Definite + + + 1S/+ ?
Definite + + ?
Definite + + + +
Possible +
Definite + + 1S/+ +
Definite ? +
Possible




Patient
code S

N1
N2
N3
N4
N5

leveTika kail KAIVIKA XapakTnpioTika aoOevwy pe OX

Lymphangioleiomyomatosis

Cardiac rhabdomyomas

Multiple retinal Retinal achromic
hamartomas patch

Angiofibroma

Shagreen Hypomelanotic
patch macules
+

+
+
+

Café au lait
macules

Confetti skin
lesions

Ungual
fibromas

Intraoral
fibromas

Dental
enamel
pits

Learning Mental

disabilities retardation disorder

Attention
Autism  Deficit
spectrum Hyperactivity

Disorder

N7

N8

N9

N10
NI11
N12
N13
N14
NI15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27
N28

? Look at symptoms?

+ |+ |+

+ +
1(1-2cm) -

+
+
+
+
¥
+
+ +
+




leveTika xapakrtnpioTika aoOevwy pe OL

Patien | Gene | Exon [ Variant Codon change Mutation Inheritance LOVD ID Clinva
t type r 1D
N2 TSC1 | 15 Nonsense De novo - 280309
N8 17 Deletion De novo TSC1 000303 | 48894
NI11 4 Nonsense Familial - -
N15 16 Splice-site De novo - -
N28 7 Splice-site Familial - -
N33 11 Duplication | Familial - -
N3 TSC2 | 2 Deletion Familial - -
N4 34 Splice-site | One parent - 373118
missing

N12 11 Missense Familial - 49967
N13 15 Nonsense De novo - -
N16 20 Nonsense De novo - -
N17 34 Nonsense De novo - 65003
N18 20 Duplication | De novo - -
N19 41 Deletion De novo TSC2_000149 | 12402
N20 10 Splice-site De novo - -
N21 17 Missense De novo TSC2_000105 | 12397
N24 27 Deletion Familial - -
N26 37 Nonsense Familial - 50097
N32 10 Deletion De novo - -
N34 17 Splice-site De novo - 546435
N35 36 Nonsense De novo - 49326




AtoTeAfopara

ApIOUOC oikoyevelwv: 32

OpioTikn/mOavh OX: 25/7

ZUVOAIKO T0000TO avixveupévwy peTaAlaewv: 21 (66%)
Ap1Opoc véwv petaMaewv: 11

Oikoyeveic/de novo petaAAaeic: 7/13 (1 acaypnc)
MeTaAAaeic oe aoBeveic He oploTIKA KAIVIKA diayvwon: 19 (76%)
MeTaAAaeic oe aoBeveic pe mBOavi KAIviki diayvwon: 2 (29%)
MeTaAAaleic TSC1/TSC2: 6/15

Mn vonuartikéc (nonsense): 7

TMapavonuartikéc (missense): 2

Oéoeigc ouppapng (splice-site): 5

EvOéoeic/eMAcippara (indels): 5

AiAaoiaopoi (duplications): 2

KAivika ouvprepaopara: MetaAAa€eic Tou TSC2 PpeOnke oTI mpokaAolv
7o ooPapd YaivoTumo and eKeivec Tou TSCI, pe meploooTepa
UTTOETTEVOUHATIKA YIYAVTOKUTTAPIKA dOTPOKUTTWHATA KAl
ayyelojuoAiTwpard, uynAdTepn ouxvoTnTd PApHAKOAVOEKTIKWY
ETMIANTITIKWY KPIioEWY, Kdl ooPapOTEPEC VEUPOYUXIATPIKEC diaTapaXEC

N -
Kp| el
'I'oFi %}} ;




EuxapioT yia Tnv mpoooxn oagl




g{ B-E

s

EKEQE AHMOKPITOL

€ EPAREK 2014-2020
OPERATIONAL PROGRAMME
HELLENIC REPUBLIC COMPETITIVENESS
MINISTRY OF ENTREPRENEURSHIP
DEVELOPMENT AND INVESTMENTS INNOVATION

EUROPEAN UNION

European Regional Development Fund

Co-financed by Greece and the European Union

EPTAXTHPIO XPONOBIOAOI'TAX

= ELIA
=m 2014-2020

avanwén - epyaia - aAAnAeyyin

Partnership Agreement
2014 - 2020



IIpocdopiopdc otéyov kar Avartoén Kawvotopov
IIpoceyyiccov o E@appoyéc ety vysia kot 1o
IMeprBariov (SANITURA)

A. Ilpoumova
Epyoaoctipro Xpovoproroytiog
I12.5,113.3 - 26.4.2021



M2.5: NpoodLoplopog Tou pOAoU TG oyKonmpwteivng c-MYC otn pUOuon
YOVLOiwV KEVIPLKWV OTOLXELWV TOU NUEPOLOV BLoAoyLKOU poAoyLoU o€
KOLPKLVLKEC KOLTOLOTALOELG.

e ZTO0XOG: N dtepevivnon tou poAovu tn¢G oykompwTteivne c-MYC otnv
Ekdpoaon yovidiwv touv nuepriotov BloAoyikou poAoyLov

Yuvepyatng: Ap. AyyeAwkn FaAéou



Nwg ouvdéetal to c-MYC pe to BloAoyikd PoAoL

* To c-MYC eival petaypadlkoc mapayovtac mou anaLteital ywa tnv eilcodo
TOU KUTTAPOU OTOV KUTTOPLKO KUKAO

e Xapoktnpiletal we oyKompwTteivn AOyw TNG UTIEPEKPPAONC OE KOPKLVIKEG
KOTOLOTALOELC

e To 2002 dramiotwOnke OTL 0 KAPKWIKA KUTTapa ekdppaletal puOuika (The
circadian gene Period2 plays an important role in tumor suppression and
DNA damage response in vivo Fu et al., Cell)



* Pubukn ékdppaon tou c-MYC oe ouyxpoviopeva N2A kittapa
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Hours following dexamethasone Hours following dexamethasone

Repouskou et al., 2010



Nwc ouvééetal to c-MYC pe to BloAoyiko PoAotL

In the human genome, C-myc is located on chromosome 8 and is believed to
regulate expression of 15% of all genes through binding on enhancer box
sequences (E-boxes).

O HOPLAKOG KEVTPLKOC TAAAVTWTAG oTa OnAaoTikA

Apdidpoun oxéon?

Nat Med. 2018 December ; 24(12): 17951803


https://en.wikipedia.org/wiki/Human_genome
https://en.wikipedia.org/wiki/Chromosome_8_(human)
https://en.wikipedia.org/wiki/E-box
https://en.wikipedia.org/wiki/E-box
https://en.wikipedia.org/wiki/E-box

Relative luciferase activity

mPerl ~luc
BMALL1/CLOCK
MYC

MAX

EV.

35 4

25 9

20 4

15 4

10 4

Nwg eAéyxeL To c-MYC to BloAoyiko PoAd ?

To c-Myc kataoTteEAAEL oToV Perl
uTtokwvntA tn dpadcn tou

- . s 0

‘
"
LAl

.

+
"o
LA

-

oupumtAokouv BMAL1/CLOCK
UTTOKLVNTA, aveEaPTNTWE TNG
npwteivnc MAX

.- "

Repouskou and Prombona, 2016



Enrichment relative to input (%)

Enrichment relative to input (%)

15 4
W Distal Perl E-box mPerl
0,04 4

# Proximal Perl E-box
10 +

0,03 9 W c-Myc Promoter

mc-Myc3'UTR

Relative mRNA expression

T
.
Ju_._ otov Perl umokLvntA (l,)

002 1 5 1 * To c-Myc npoodévetal
0,01 4
g e - = * Ynepekdpaon tou c-MYC
v——y o o rapouotalst uPnAn
o s . npoocdeon otov Perl
15 - A
- W Distal Per] E-box I .‘pl""“ UT[OK[VITE” (l' ) ,
' w Proximal Per1 E-box : s e To Unepng)paougvo C-
0,08 W ¢-Myc promoter o 10 4 Cry2 ’
] -3 UTh : wotp MYC kataoteAAeL TV
d ; Nrldl , ,
004 | Ekdppaon tou yovidiou
z
o : ' Perl (\l,)
& > T \ ] T
EV. c-MYC e-MYC EV.
48 h after transfection
c-MYC IgG

Repouskou and Prombona, 2016



H c-MYC npwrteivn

Juvtnpnueveg eploxeg ota MYC (MYCN, MYCL, c-MYC)

MYE Cantal portion DNA binding

O MY C e ] 11 [Se—1ir1s|—11r{—] v [S—BR_HLH-LZ

N-MYC n lla It v BR-HLH-LZ

=0 o—O—{mmn

N—

—> MetaAAaélyeveon oe SLadbopeTLKEC TtEPLOXEC TNGS c-MYC
TIPWTELVNC KoL LEAETN TOU POAOU TOUC oTn pUBULON TNC EKbpaoNnC
yovLSLlwV Tou KEVTPLKOU TOAQVTWTH O€ KOPKLVIKEC OELPEC.



MYC, poAOL Kall KALPKLVOYEVEGDH

Circadian gene Profiferation
expression

Low MYC

Shostak et et al., 2016



TL eival to nueprolo BLoAoyLko poAdt

® Evdoyevi|c unyovicuog tov opyavicuov (KvavoPaxtmpia - dvOpwmo) mov mapayet
pLOLOVC e TEPi0d0 ~24 ®P®V (SLOKVUAVGELC GTI GVCIOAOYIO KoL T dpACTNPLOTNTO)

® ['eveTikn Paon: owatpnon Tov puludv ko oe ctaldepéc cuvONKec (GLVEXES PMG T
OKOTAOL) - TEPINLEPT)GLOL 1) KIPKAO101
“circa” = mepimov, “dies” = nuépa

® LuYYPOVIGHOS TOV PVGLOAOYIKDOV AEITOVPYLDOV UE TN POTOTEPIOO0 TOV
ePPAALOVTOC

- anticipation-mpofAleyn TPOETOOGIN TV SEPYUGIOV TOV OPYOVIGLOD Yo, TN UEPO N
TN VOYTO TOV ETEPYETOL

- EMOVOGVYYPOVIGHOGS (jet lag, aAloyn e StpKelog TG NUEPOC)




M3.3: Algpelivnon tng anokplong mapayoviwv touvu HBP o cuvOnkeg
oBLOTLKOU OTPEC KOl TAUTOTOLNON PUOKLOTIKWV TTEPLOXWYV TWV
UTTOKLVNTWYV YoVLdiwv Tou nuepriotov BloAoyikou poAoyLou.

e 2TOXOC: N HLepeivnon TG AMOKELONC YOVLOLwV TOU poAoyLloU 0€ CUVONKEC
oUVEXOUC PWTLONOU

e MeAETn TWV Kvoewv Twv $UAAWV W¢ ‘Asttoupyia avadopadc’ Tou
poloyLou

* MMepapatiki mMPooEyyLlon: 2 GUTA CUYXPOVIOUEVA o€ dwToTEPLodO
HLKPAC vUXTAC edpappooTnKe oUVEXNC PWTLOUOC 0 SLAPOPETLKEC XPOVLKEC
OTLYMEC TNC VUXTOC KOl LEAETONKAV CUYXPOVWE N PUBLLLKN YOoVLSLaKNA
ékppaon (PvLHY, PvTOC1) kat ol puBLLKEC KLVAOELS TV PUAAWV.

Juvepyatng: Ap. AyyeAikn MiAéou



* Kwnoelg dUAAWV ota Ppuxavon pubuLKEC,
aAAd Sev yvwpilouvpe mweg cuvdEovtal e
TO POAOL (VukTvaoTiOL)

» 'EkBeon oe cuvexn dWTLOUO TTpOKAAEL
npoowpLvn dlatapaxn LE 0TOXO TOV
ETIOVOLOUYXPOVLIOUO

* AswypotoAnyia: xpoviko dtaotnua 92-120
wpe¢ (otaBepomoilnuévol pubpuot)

Nelpopatikog IXESLAOUAC yia LEAETN EMOVOLGUYXPOVLIOHOU OE CUVEXEC WG

‘Qpeg tehevtaiog
Bpaduag

CL75 ] 2
CL68 | 14
CL64 I 10
CL60 ] 6
CL57 ] 3
cLs4 [N N ] o

LeDis [ NN NN WENNN BEEN BN 0 oo

0 12 24 36 48 60 72 84 96 108120
Time (h)




AnoteAéopata

o
-
8
S
o«

g

o

L2012

TT T an

92 o6 100 104 [108 112 116 120 124

-N W

N

.

)

3

-

N
relative expression lavels

CL68

O - M M N
relative expression levels

O w N U e RoE N

rolative expression lovels
o - -~ - E w =~ -~

92 9% 100 104 an 12 116 120 124 ! ! : :
92 9 100 104 109 112 116 120 M4 92 56 100 04 108 112 116 120 124 92 % 100 104 108 112 198 120 124

- N

position of leaves

r.ooo— S Time In photoperiod (h) Time in photoperiod (h) Time in photoperiod (h)
.“/ CL64 . . f.
6 CLs4 o CLST o CL6D
92 46 100 104 [108 112 116 120 124 %. ‘ ’ | 3 77/ ' %
— P c 8 -
BRRRRE 17 20 g+
/ : v cLeo . i i
4
S gi 7 4 s 2 2 7
92 9 100 104 [108 112 116 120 124 é R 2 : ~e| £ T
=2 / 5 g
[ ‘g §2 86 100 104 108 112 116 120 124 g 82 96 100 104 128 112 116 0 14

CL57 92 96 100 194 108 112 116 120 124

Time (h} Time (h) Time (h)

»

3

)

3

)

o

3

El

(
@«
-

92 9 100 104 [108 112 116 120 124 " CLB4 4 P CL75
! <§ 1 § ; T 7
e s s 2 2 2 W 6 g
: &5 . :
.....ﬂr \“‘/ CLo4 s g / o Ot
4 Xy
i . ; : . 7 N
92 9 100 104 [108 112 116 120 124 g? %2 ) s, .
s ® . s - H 2 ! LA
essosssvece yeeee § N é" H ; : -
. [4 !
. L12D12 B O T e e T 57 %6 100 104 108 112 116 120 14 82 96 100 104 198 112 116 120 124
Time (h) Time (h) Time (h)
92 95 100 104 [108 112 116 120 124
R 74 . ———ame - -
//' | 4 L6D18 5 e
' P 8 e T -
92 96 100 104 108 112 116 120 124
Dily it bl monermenms arel expression of crcadien thadk geses e @)
" -

Time (h) -.|':|~<~m-|' sireed by lighe . Phassinien Wipard




MetaBoAn PuBuou otic KivAoeLlg pUAAwV

ol vl

88 92 * 100 104 [108 112 116 120 124
88 92 s|e 100 104 [108 112 116 120 124

92

\1’15

100 104 [o8 112 116 120 124

Ay

88

92

96

100 104 108 112 116 120 124
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CL68

CL64

CL54

L6D18

210 CL54 CL64
napoatnpoU e KabuotEpnon
>to CL68 napatnpolpe
TIPOTIOPEVON TOU pUBLIOU



MetapBoAn PuBuou ota yovidia tou poAoyloU
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H epyaoiec avutég vAomolOnkav oto mAaicto tn¢ Mpaénc «MPOZAIOPIZMOZ
2TOXQN KAI ANANTY=H KAINOTOMOQN IMPOZEITIZEQN INA EOAPMOTEZ 2THN
YTEIA KAl TO MEPIBAAAON (SANITURA)» (MIS 5002514) mou evtdooeTal oTN
Apdon Ztpatnylkng Avamtuénc Epsuvntikwy kot Texvoloyikwv Qopewv Kal
xpnpatodotnBnke amnod to Enuxelpnoloko Mpoypappo « AVToywvioTIKOTNTA,
Erixelpnuatikotnta kat Kawvotopia» oto mAaioto tou EXMA 2014-2020, ue tn
ouyxpnuatodotnon tng EANadac kat tng Evpwnaikn¢ Evwonc (Evpwraiko Tapeio
Mepldepelaknc Avamtuénc).

& EPAnEK2014-2020 =2 EX[1A
HELLENIC REPUBLIC O OMPENITIVENESS =2 2014-2020
MINISTRY OF ENTREPRENEURSHIP E- i ,
DEVELOPMENT AND INVESTMENTS INNOVATION avénasta - epyacia - ahknicyyin
EUROPEAN UNION Partnership Agreement
European Regionai Develcoment Fund 2014 » 2020

Co-financed by Greece and the European Union
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L & eEPAnEK 2016200 =2 EXMA

OPERATIONAL PROGRAMME

{
i it HELLENIC REPUBLIC COMPETITIVENESS = -
- * 4 K MINISTRY OF ENTREPRENEURSHIP _- 201 200
DEVELOPMENT AND INVESTMENTS INNOVATION avantutn - epyasia - akknkeyyon
EoE A RARDITEE EUROPEAN UNION Partnership Agreement
- European Regional Development Fund 2014 - 2020

s

Co-financed by Greece and the European Union

EPTAXTHPIO AOMHX ITPQTEINQN KAI
MOPIAKHX MONTEAOIIOIHXHX



Hapovorwaoerg llopadotémv Sanitura

2.6 In stlico Movtéia Tpiooraorarnyc Aounc kat
Avvauirijc Hpwteivikawv Mopiwv mov Eunléxovrar e AcOsveies

& EPAnEK 2012020 =2 EXM1A

OPERATIONAL PROGRAMME
HELLENIC REPUBLIC COMPETITIVENESS = 20]4-2020
MINISTRY OF ENTREPRENEURSHIP = : _
DEVELOPMENT AND INVESTMENTS INNOVATION
EUROPEAN UNION Partnership Agreement
Ewopean Regons Developmen Fund 2014 a2 2020

Co-financed by Greece and the European Union



Hapovaoraceis Hapaodotéwv Sanitura

Ewayoym omnpv TYK2

IFNa IFNB IL-12 IL-23

KvuttopomAoo Lotk Kivaon Tupocivig

Janus Kinases (JAKSs)
EpumAéketor oty evOOKLTTOPIKY HETOY®YT) CNUOTOS TOPOVGIO OPOPOV KUTIKIVOV
counepaiapPavopevev g vtepeepovng tomov I (IFN) ommg kot mpopAeyoveodv
KOL OVTIQAEYLOVOOMV KLTOKIV®V

ZVUUETEYEL OTO HOVOTATL EvEpYOomoinong Tov STAT36

EnmAexetor otnv maboyevelo 010QOp®V QVTOAVOCHOV KOl PAEYLOVOO®V 0GOHEVELDV



Hapovaoraceis Hapaodotéwv Sanitura

Ewayoym omnpv TYK2

FERM Hsuz r pseudokinase I] kinase D—C

“

- ——— Pro os Ala otnyv 6éon 1104

‘Exe1 ouvdebei pe rpooTacia amévavn og didgopa autodvooa voaruaTa, OTwe:

Yywplaoikn apBpitida (Myrthianou et al., 2017)

Ov OoToMIKEC AESTTOMEPEIEC TOV

EpuBnuarwdng Aukog (Diogo et al.,2015) . . ,
UNYOVICLOY TPOCTOCiag, OV Eival

Peupartosidric apBpinida (Diogo et al.,2015) YVOOTEG

2KAnpuvon kartda mmAakag (Dyment et al., 2012)
PAeypovwdng vooog Tou eviépou (Diogo et al.,2015)

Evdounrtpiwon (Peluso et al., 2013)



Hapovaoiaceic Ilapadotéwv Sanitura

_H douIKN npocr’énhan TOU pnxawouoﬂ TPOOTATIaC
EVAVTI TWV QUTOAVOOWYV VOONUATWY, TTOU TTPOKAAAEI n
peraAdayn P1104A

In Silico UEAETEC : ﬂpoaouo:wcmc Mopiakn¢ Auvauikng

P1104
N—[[ FERM ]I SH2 pseudokinase kinase -




Hapovaoraceis Ilapaootéwv Sanitura

N-Te
AoBaoc¢
C- Tepﬁua
Aof6¢
MetaAAayn
P1104A

3D-kpuotaldikn doun tNG TEPIOXNS TS Kivaons tne TYK2, PDB
entry code: 4GVJ (Liang et al., 2013, Eur J Med Chem 67: 175)



Hapovaoraceis Ilapaootéwv Sanitura

MeOodoroyia
Molecular dynamics
Simulations

APO TYK2

MD1 100ns

B \yild type MD2 100ns N wild type

hundreds of ns | MD3 100ns
time-scales concatenation
MD1 100ns
— P1104A P1104A

MD2 100ns ' 300ns

MD3 100ns

In Explicit water

GROMACS software



Hapovaoraceis Ilapaootéwv Sanitura

Alepedvnon: Aopikr Eukivnoia | |

B-factors

Ca aropa mmpwreivng
RMSF_ - RMSF,
———r—

1 T
< 0.5 !
9 ! =
s =
— -
S = |
0.5
3 | —
\Lildtye |
1 A | " | M 1 1 1 P 1 "
900 950 1000 1050 1100 1150

| Residue

H P1104A ¢aivetal Aiydtepo gukivntn oe
oxéon pe v wildtype Tyk2 b-factors



Hapovaoiaceic Ilapadotéwv Sanitura

AlgpelvnoT: ZUVTOVIOHOG ATOHIKWY KIVI|CTEWYV Avarvesic MA

Jmv wilddtype Tyk2 uvmapyst
grukowvwvia petatld twv duadopenkwv
TEPIOXWY TG KWAonG (apvnukog Kau
BeTIKOC CUOXETIONOC KIVI|OEWV)

v P1104A Swtapacostar N
ETUKOWVWVIO PETaé) TWV MEPIOXWV TNC
KWVAOoNC (couwoAsra OUOXETIOUOU
KIVI|OEWV)




Hapovaoraceis Ilapaootéwv Sanitura

A_i;;paﬁvrjan: I1£p|0)“(i-_'| irﬁeong ATP | 2

Fwvia N-C AoBwv
Karavoun

A o+ S

0.08 | Wt Tyk2

W P1104A
0.06 +
H P1104A ¢aivetal va uloBeTEl CUVOMKA TIO Ll
«KAELOTEG» OLapopdwoel oe oxéon HE 1O 0.02 |

wildtype '
80 140 16IO

Distance (
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Hapovaoraceis Ilapaootéwv Sanitura

MeOodoroyia
Molecular dynamics
Simulations

APO TYK2

ps time-
scales concatenation
MD1 1ps
P1104A P1104A
MD2 1us g 3us
Explicit water l / MD3 1us
GROMACS software EBvikn Ytrobour

ARIS@GRNET

project ID: prO06032
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Hapovaoraceis Ilapaootéwv Sanitura

Average Angle: ATPpocket
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LOUTEPACHATA

H aAAayry P1104 og Ala @aiveral va:

Meiwvel Tnv eukivnoia g Tyk2

Mapeummodidel TNV emKovwvia avaueod oTIC OIOQOPETIKEC AEITOUPYIKEC TTEPIOXEC TNG
KATAAUTIKAG TTEPIOXTG TNG KIVAONG

2100€pOoTIOIEl DIQPOPPWOEIS TNG KIVAONC oI otroieg eutrodifouv TNV Aciroupyia TG

lMpoteivoupse OTL O PNXAVIOUOC TIPOOTACIAG EVAVIIA O QUTOAVOOA VOOT|UATA TIOU TIAPEXETAL
aro Vv aAayn Pro 1104 ot Ala, oxetilstal pe v pewwpevn svlupukn dpaon e TYK2 peow
otaBsponoinonc avevepywv StapopPwoswv ¢
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Lesgidou N, Eliopoulos E, Goulielmos GN and Vlassi M (2018) Insights on the alteration of functionality of a tyrosine kinase 2 variant: a

molecular dynamicss study. Bioinformatics 34(17):1781-1786. doi: 10.1093/bioinformatics/bty556. PMID: 30423093.
https://doi.org/10.1093/bicinformatics/bty556

Anpociguorn peer-reviewed

Zuvedpia

N. Lesgidou, E. Eliopoulos, G. N Goulielmos, and Vlassi *; Insights on the alteration of functionality of a tyrosine kinase 2 variant. a
molecular dynamicss study, 17t European Conference on Computational Biology, -ECCB 2018, 8-12 Sept 2018, Athens, Greece

(oral presentation: M.V)

N. Lesgidou and Vlassi M. Investigating the structural consequences of a protective TYK2 gene polymorphism linked to autoimmune
diseases using molecular dynamics simulations. Hellenic Bioinformatics 11, November 15-18, 2018 Thessaloniki, Macedonia,
Greece. Poster published on F1000Research 2019, 8:364 JaltsEuis{sIReI s g IONE =0l g (U0 1ie R RSy 10N

Nastazia Lesgidou, Metaxia Vlassi. Microsecond-scale molecular dynamics simulations of TYK2 kinase shed light on the structural
consequences of a protective TYK2 gene polymorphism against autoimmune diseases. Poster P118, 70th Annual Conference of the

Hellenic Society of Biochemistry and Molecular Biology,. 29 Nov-1 Dec 2019, Athens, Greece. Book of abstracis 222
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The ps-scale molecular dynamics simulations were supported by computational time
granted from the National Infrastructures for Research & Technology S.A. (GRNET) in the
National HPC facility — ARIS — under project IDs: pr006032, pr008030
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NEPIBAAAON
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METAMETAOPAZTIKEZ
TPOMNOMNOIHZEIZ
I2ZTONQN

AAANATEZ 2THN
2TEPEOAIAMOP®QZH
THX
XPQMATINHZ

ENAOKYTTAPIKA
MYNHMATA

AANATEZ 2TO
NMPOTYMNO
TQN IZTONIKQN
NMOIKIAOMOP®IQN
THZ XPQMATINHZ




METABOAEZ 2THN

2TEPEOAIAMOP®Q2H THZ
XPQMATINH2
AANATEZ 2THN ANTIFrPA®H
TONIAIAKH ‘& METAIPA®H
EKOPAzH EMIAIOPOQ2H

AMOPYOMIZH TQN ®OYZIOAOTIKQN
ENIFTENETIKQN AAAATQN 2THN

ANANTY=H XPQMATINH MMOPEI NA ENIDEPEI
AIAQOPOMNOIHEH SOBAPES AYSAEITOYPTIES SE AYTES TIS
FHPANSH BIOAOTIKES AIEPFAZIES MOY OAHIOYN

ZE NAGONOTIKEE KATAZTAZEIZ
ANOnNTQzH



KuUpia xapaktnpIioTIKG Twv H1 utToTUTTWYV TOU
ouvdéTtou DNA

YNOTYMNOZ | MHKOZX ZYITTENEIA XPONOZ MEPIOXH POAOZ-
C-AKPOY | NMPOZAEZHZ | MNMAPAMONHZ | XPQMATINHZ ZYMMETOXH
puUBuIonN,
H1.0 MIKPO EVOIANED eVOIANEDOC EU-/ETEPO- dlagopoTroinon,
XPWHATIVN QAvATTITUECN,
ATTOTITWON
ynpavon
H1.3 METPIO EVOIANED eVOIANEDOC EU-/ETEPO- puBuIoN
XPWHATIVN
H1.1/H1.2 MIKPO XapnAf MIKPOC EUXPWHATIVN EVEPYOTTOINON
yovidiwv
QTTEVEPYOTTOINON
yovidiwv,
H1.4/H1.5 MEYAAO uwnAn MEYAAOC ETEPOXPWMATIVN |  ATTOCIWTTOINON,
OUUTTUKVWON
XPwHATIVNG




AKETUAIGNON

OUBIKITRALTT H2A.X




2KOTTOG

s Algpelvnon TNG ETidPAONG AVAOTOAEWYV TWV OTTOOKETUAQCWY TWV I0TOVWYV
(HDACI) ota emitreda H1 utroTUTTWYV KOl O€ ETTIVEVETIKEG TPOTTOTTOINOEIC TWV
IOTOVWYV O€ AEUXAIMIKA KUTTOPA OUYKPITIKA HE QUOIOAOYIKA AEU@POKUTTAPA
avOpwTTou

s H peAétn auth Ba armroteAéoel TV BAcn OTnNV KATEUBUvVON TAUTOTTOINONG
aAAQYWYV TWV I0TOVWYV WG OEIKTWYV TNG 0ToXEUPEVNG atrodoons Twv HDACIS wg
QVTIKOPKIVIKA JECO KOl O€ oUVOUAOUO JE AAAO XNUEIOBEPATTEUTIKA OXAMATO
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3.1.2a. Tlapaywyh kai ka®©apiopoc avTipgikpoPiakwy memTidiwv He To oUOThUA EKPPACNG

PakTpoiwy
3.1.2p. Aokipyéc avTigikpoPplakhAG Kai

avTi-IikAg¢ 0pdoTIKOTNTAG

TemTIdiwy Tovu ekppdalovTal amod avacuvouaopévouc PakTpoioU

Competent DH10Bac E. coli cells

pFastBac
donor plasmid :
Foreign
pPolh iy
", . Tn7L
e Tn7R 4 Transformation
one
gene of + e
interest
Recombinant
donor plasmid
DAY 1
DAYS 5-7

Transposition
\ ‘ antibiotic
S 00 selection
) B )
IrcZ | [ mini-attTn7 VL
Bacmid

DAYS 2-3

Transfection of
insect cells with
T Celifectin Il

Determine N / Reagent
viral titer by 0000000000 -
plaque assay W
Recombinant
w Infection of baculovirus
0000000000 insect cells particles

o

Recombinant gene expression
or viral amplification

TWV avTigikpoPplakwy

Foreign

pPolh gene

E. coli (lacZ-)

containing recombinant bacmid

Mini-prep of high
‘ molecular weight
DNA

Recombinant
bacmid DNA



Antimicrobial 1. Expression by baculovirus expression system
peptides 2. Potential as antiviral compounds

A _T;“f B c

e V ' . [Vin'on inhibition

o0 | ‘JAK-STAT?) | (Adsorption

\ ; [Viral entry

[Endosomal escape

1

]

)

. J

—> *—’% —>!(Viral uncoating |
%

AVPs Viral genome
transcription and B
translation aﬂi
' E {Release of mature
! virions =8

[Immunomodulatorﬂ

Fat body

Review article

Antimicrobial Peptides as Potential Antiviral Factors in Insect Antiviral Immune Response
Feng, M., Fei, S., Xia, J., Labropoulou, V., Swevers, L., and Sun, J. (2020).

Antimicrobial peptides as potential antiviral factors in insect antiviral immune response.
Front. Immunol. 11, 2020.

Insect Molecular Genetics and
Biotechnology



Antimicrobial
peptides

Baculovirus expression (AcMNPV) of
Bombyx mori AMPs

S S Sol IS S Sol IS
P |
-
Bm Gloverin Bm Attacin Bm CecropinA
25 kDa 25 kDa 19 kDa

Insect Molecular Genetics and

Western blot Biotechnology

S = secreted
Sol = soluble cellular extract
IS = insoluble cellular extract

S Sol
-

.
:

IBP2
33 kDa



Antimicrobial

peptides
/ A: Cecropin \
prT— hydroph'obic
u‘-):e‘l?: a-helix
Virus inhibition (Ac-YFP) by AMPs NH,
40000 . . . .
35000 Antimicrobial activity of
Bm Cecropin A
30000
§ 25000
§ 20000 T
§ 15000 i
B 10000
5000
0 T T T )
Vi(+) CcA IBP2 B2

\ Inhibition of E.coli grovvth/

Insect Molecular Genetics and
Biotechnology




Innate immunity 5 ovi
aCuloviIrus

EXPression
(SVWC) Effect of Vago(s) expression on
SVWC AMPs transcriptional activity
-1 -2 -3
gram~neqanve\blanena ‘ 9
! 8
v 7
e vlvdi';:k .
“Dl(el-l - - é .
Bombyx mori Bm Relish (-d2)
SVWC-1 Bm CecB promoter
SVWC-2
SVWC-3

Insect Molecular Genetics and
Biotechnology



Innate immunity =
proSpiétzle

Bm Spatzle

B P

,\'\
q Pro-domain C-106 ]<>
Signal N }
peptide 6X His - C-mye
1 834

cysteine knot

g
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]
<
=z

—
! 5 15 kDa

i i
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Toll activation ?

Insect Molecular Genetics and . _
Biotechnology AMP induction ?



T13.1.1a: Tlapaywyn peAétn  evQuuikwy 1010TATWY  KadpPofuAeoTepaocwy  Kal
vAUKoCUAOTPavVOYEPAoWY OTNV AVOEKTIKOTNTA OTA EVTOHOKTOVA

T13.1.1p: Zdpwon PIPAIOONKWY XNHIKWY oUCIWV/ QUTIKWY EKXUAIOUATWY YId AVAOTOAEIC

ev{Upwv

. ouvepyaoia pe Tov Ap. I. Bévra
Outline Fewmnoviko TTavenioThpio AGnvwyv
1. Identification of gene of insecticide resistance

2.

Amplification of ORF by RT-PCR from (susceptible and resistant) insects

. Molecular cloning in plasmid (pBluescript)

. Transfer to pFastBac vector (Bac-to-Bac system; Thermo Scientific)

pFastBacl: control of polyhedrin promoter
engineering with MycHis-tag for antibody detection (Myc)
and purification by affinity chromatography (His)

. Generation of recombinant "bacmid” genomes (Bac-to-Bac system; Thermo Scientific)

transposition of expression cassette of the pFastBacl vector

. Transfection of recombinant "bacmid” DNA to lepidopteran insect cell lines

Sf21 and Hi5
generation of recombinant baculovirus that expresses gene of interest

. Analysis of gene expression (Western blot)

Purification (affinity chromatography)

Functional analysis (insecticide metabolism) Insect Molecular Genetics and

Biotechnology



Insecticide resistance

Carboxylesterase: CoEl of Bemisia tabaci (whitefly)
(organophosphate resistance)

IS Sol S IS = insoluble (cellular extract)
up Sol = soluble (cellular extract)
Sup = supernatant (extracellular medium)

70 kDa high expression
— but insoluble protein

60 kDa

no esterase activity above background
(1-naphthylacetate as substrate)

Insect Molecular Genetics and
Biotechnology



Carboxylesterase: CCEAE3 of Aedes aegypti Insecticide resistance

and Aedes albopictus (mosquitoes)
(temephos (organophosphate) resistance)

IS = insoluble (cellular extract)
Sol = soluble (cellular extract)
IS Sol SUP Sup = supernatant (extracellular medium)

high expression in soluble extracts

specific esterase activity
(p-nitrophenyl acetate as substrate)

70 kDa

— >

- Abs (405 nm)
60 kDa

CCEAE3
RPN e = controls
s e ===
time

Insect Molecular Genetics and difficult to purify from cellular extracts

Biotechnology



Insecticide resistance
Carboxylesterase: CCEOQ4 of Tetranychus urticae (mite)

and CCE 493 of Panonychus citri (mite)
(spirodiclofen (acaricide) resistance)

resistant susceptible S C R
IS Sol IS Sol Sup Sup Sup
l
70 kDa IS = insoluble (cellular extract)
— Sol = soluble (cellular extract)
- | - —_— Sup = supernatant (extracellular medium)
60 kD . .
2 S = susceptible strain
R = resistant strain
&5 C = control

high expression
protein is secreted

(contains signal peptide)
Insect Molecular Genetics and

Biotechnology



esterase activity in supernatants protein purification from supernatants

(native polyacrylamide staining) (nickel affinity chromatography)
cC C R M S s £ g 8 8 2 ¢
z 3 & 9 6 & 8 9 9
é = - - = @ @ 0] )
L - N w - [N w IN

S = susceptible strain 70 kDa
R = resistant strain
C = control

. M = molecular weight

silver-stained gel

LSVL RSVP LSVL RSVP
£ =
— EE “ o o :gg o - e —— —i

_— 1) PURIFICATION

WB: anti-myc Silver stain

Insect Molecular Genetics and Biotechnology



UDP-qglucosyltransferase: Insecticide resistance
Ae alboUGT1 and Ae alboUGT2 of Aedes albopictus (mosquito)

and Ag UGT of Anopheles gambiae (mosquito)

(pyrethroid resistance)

GFP Ag_UGT Ae_UGT1 Ae U6GT2

C M C Mm C M C M

cellular extracts

70 kDa detection in microsomes
—
o — (100,000 g pellet)
60 kDa
C = cytosol
— M = microsomes
C = cytosol M = microsomes Insect Molecular Genetics and

Biotechnology



Insecticide resistance

Functional assay: UDP-glucose (donor) and a-naphtol (substrate)

HPLC analysis

[Oparnte
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An_UGT (pink) versus GFP (black)
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e
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d 55

i Dimitra Pipini
(M.Sc. student)

" Dr. John Vontas
(Agricultural University
of Athens)

=

|

Insect Molecular Genetics and
Biotechnology



Cytochrome P450: Insecticide resistance

CYP9Q1, CYP9Q2, CYPI9Q3 of Apis mellifera (honey bee)
(tau-fluvalinate (aciricide) and coumaphos (organophosphate) resistance)

CYPOQ1 Cytochrome
GFP (2 clones) P450 reductase

baculovirus infection
- CYP9Q1 + GFP
80 kDa - CYP9Q1 + CPR
— (different ratios)

l

CO spectrum

50 kDa

7-ethoxycoumarin assay

CPR activity assay

Insect Molecular Genetics and
Biotechnology



Chemosensory protein:

Insecticide resistance

sensory appendage protein 2 (SAP2) of Anopheles gambiae (mosquito)

(pyrethroid resistance)

bioassay
accumulation in supernatants of infected cells displacement of the ligands from SAP2
(secreted pr'otein) by the fluorescent probe

N-phenyl-1-naphthylamine (1-NPN)

~15kDa

Insect Molecular Genetics and

Lanes:

—

marker

2. Hib Serum Free - HisSAP2 (clonel)
cell supernatant,

3. Hib Serum Free HisSAP2 (clone 2)
cell supernatant,

4. SF9 Serum Free HisSAP2 (clonel)
cell supernatant

5. SF9 Serum Free HisSAP2 (clone2)
cell supernatant

6. SF9 SerumFree HisSAP2 (clone3
Crete)

7. SF9 Serum Free HisSAP2 (clone4
Crete)

8. Hib SF HisSAP2 (clonel) cells
extracts

9. Hib SF HisSAP2 (clone 2) cell
extracts

10. control

Biotechnology



T13.1.1y: Ziynon ékppaoncg péow RNAi ev{Upwy oTnv avOeKTIKOTNTA 0€ EVTOHOKTOVA KAl
T0000Td TOLIKOTNTAC 0€ AKAdpEad KAl £évTopda

T15.2a: Zkeudopata dsRNA mou aTtoxeUouv yovidia emipiwong KouvouTioU Kdi TToocooTd

OvnoiuoTnTag
RNAI

RNAi technology
is one of the most recent trends in the field of pesticides

and approaches the "ideal” of the perfect pesticide

-target only the intended pest

dsRNA .

-minimal impact on non-target organisms

"
(pollinators, parasitoids, predators, vertebrates) (M#

N e Y

-biodegradable ik e AP
"
-low toxicity to human health and the environment é
Gene
I\ expression /m\
_ o/ NG N
opportunity:

pesticide regulations are expected to get tighter
which will encourage the development of biological pesticides



Aedes albopictus and Anopheles gambiae (mosquitoes)

RT-PCR: amplification of fragments of UDP-glucosyltransferase (UGT) genes
amplification of fragments of essential genes
(Rab-11, vesicle transport; IAP, inhibitor of apoptosis; HR3, hormone signaling)

Dimitra Pipini
(M.Sc. student)

Dr. John Vontas
(Agricultural University
of Athens)

Cloning in pLitmus 28i or 38i vectors

Production of dsRNA by T7 RNA polymerase
(in vitro transcription)

dsRNA-chitosan

<€ .
nanoparticles

Encapsulation of dsRNA fragments by chitosan <€ dsRNA

Feeding experiments
(food pellets)

Insect Molecular Genetics and
Biotechnology



Publications Sanitura

RNA viruses as delivery agents for dsRNA (RNAi): efficiency and safety issues

 Review: immune response in Drosophila

Swevers, L., Liu, J., and Smagghe, 6. (2018). Defense mechanisms against viral infection in Drosophila:
RNAi and non-RNAi. Viruses 10, 230.

* Review: production platform for RNA viruses

Zhao, Y., Sun, J., Labropoulou, V., and Swevers, L. (2018). Beyond baculoviruses: additional
biotechnological platforms based on insect RNA viruses. Adv. Insect Physiol. 55, 123-162.

 Research: kinetics of infection of a broad-spectrum RNA virus in lepidopteran cells

Wang, L., Cappelle, K., Santos, D., Vanden Broeck, J., Smagghe, 6., and Swevers, L. (2019). Short-term
persistence precedes pathogenic infection: Infection kinetics of cricket paralysis virus in silkworm-derived
Bmb5 cells. J, Insect Physiol. 115, 1-11.

 Research: viral-like particles as non-GMO delivery agents of dsRNA:
transcriptional response of immune-related genes

Zhao, Y., Kolliopoulou, A., Ren, F., Lu, Q., Labropoulou, V., Swevers, L., and Sun, J. (2019).

Transcriptional response of immune-related genes after endogenous expression of VP1 and exogenous
exposure to VP1-based VLPs and CPV virions in lepidopteran cell lines. Mol. Genet. Genomics 294, 887-899.

* Review: immune response against dsRNA viruses in lepidopteran insects

Swevers, L., Feng, M., Ren, F., and Sun, J. (2020). Antiviral defense against Cypovirus 1 (Reoviridae)
infection in the silkworm, Bombyx mori. Arch. Insect Biochem. Physiol. 103, e21616.
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Ta kupLa povoratia tov RNAI ota eviopa

~

6 siRNA pathway
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H xprion cuotipotog avaotpodne YEVETLKAG yia Tnv mapadoon
onpatwv RNAi évavti ALl OMTEPWV EVIOUWV

*H RNA noapeppBoAnn (RNA interference, RNAi) eivol €vac MNXAVIOUOC
YOVLOLOKNAG QMOcLWINONG TTOU UMOPEL va xpnotpomnon0ei wg moAutipo
epyaleio yia tov EAeyxo enBAafwv EVIOUWV OTN YEWpPYLA.

** JuvOEeTIKA vavoowpatidLla;

s H xpnon wv amokta avéavopevo evdladépov oxéon He TNV aflomolnon tng wg
nebodouv mapadoonc popiwv dsRNA => Zootnpa avactpodnc YEVETIKNG (reverse
genetics) To omoio Baoiletol o€ MAaCUISLA yLO TNV TTOPOYWYH TWV LWV.

s lika yovidwiwpata pmopoUv va avacuvdualoviat wote va ekppalouv Kal vo
napayouv popta dsRNA 3 hpRNA, ebika oxedlaopéva Evavtt yovidiwv eviopwy,
HE TOavn xprion otov EAeyxo Twv MANOuouwv eNBAABwWV EVIOUWV.

+* RNA oi: npoodepovtal kKabwc to dsRNA amoteAel UCIKO EVOLAUECO MOPLO TIOU
TIapaAyeTal Katd TN Slapkela tng aviypadnic touc. H mapouvoia ikwv KATAOTOAEWV
tou RNAi (VSRs) Ba pmopolos va maiel avaoTaAtikd polo otnv mapadoon Twv
dsRNA.



N5.2B: Avacuvéuaopévolr Baktpoioi kat RNA ot mou ekdppalouv
otoxevpéva dsRNA kat moocootd Ovnolpotntog

Kataokeun avacuvéuaopEVwY PopEwv
tou oV Flock house (Flock house virus, FHV)
ntov Oa ekdppalouvv dsRNA £€vavti KUTTOPLKWV YOVISiwV
Kota Tt Stapkela Tou KUKAOU poAuvong tou Lou.

- _J

!

4 )

Napaywyn ¢opswv FHV nov otoxevouv Bacika yovidia
o€ nopaotta Aermibontepwyv eviopwv (Spodoptera frugiperda)
ota mAaiolo cuvepyaoiog e To Epyaotrplo tou Ap G. Smagghe
\ (Ghent University, BEAyL0). y.




Xpnron tovu v Flock House Virus wg pebadou napadoong
onpatwyv RNAIi evavtl AEmOONMTEPWYV EVIOUWV

YnoOeon

‘Evtopa emiBAaPr] yLot ONUAVTLKEC YEWPYLKEC KOAALEPYELEC OE TIALYKOOLLOL KALLOLKOL
HUITopoUV VO AVTLUETWTTLOTOUV HECW YOVLOLAKNG OIOCLWTNOoNG AELOTIOLWVTAC TO
unxaviopd RNAi, pe tov oxedlaopd kol Tn XPNOoNn VEWV PLOTEXVOAOYLIKWV
gepyaAeiwy, Ta omola Ba tpogpxovtal amo Lou¢ Kot / i LKA CWHATLAL.

Egg Larva Pupa Adult
5 days 16 days 5 days 5 days
liké cwudrtio FHV KUukAog {wng Spodoptera frugiperda

Odegard et al. (2010), Curr Top Microbiol Immunol Schmidt-Duran et al. (2015), Technologia en Marcha



H opyavwon tou yovidiwpoartog tou ov Flock House virus
(Alphanodavirus)

Nodaviridae
+ssRNA 16¢

Oxnua ywa tnv mapadoon
dsRNA ota Aemudontepa,
KaBwc¢ eival yvwoto otL
OVATIOPAYETOL OE QLUTN
TNV TAEN EVTOUWV

O

RNA-1 (3.1kb)

RNA-2 (1.4kb)

s Capq3~ 5' cap ~{ - >

Polymerase Y Protein A (998aa)
|

Coat protein
Protein o Y precursor (407aa)
)

+ Host factors RNA dependent
assembly
N !
RNA2 (-; RNA RNA2 (+g Provirion
RNA1 (-) Replication RNA1 (+ > (1358)
Not Infectious
& Assembly
g dependent
sgRNA3 (387b) By or ks
5/ cap — - 3 o
* (1358)
Emmmmmm  Protein B1: Function? Infectious

B protein B2: RNAI suppressor

Venter & Schneemann (2008), Cell Mol Life Sci



2TPOTNYLKN

yla tnv napadoon
RNAi onpuatwv pécw
Tou U FHV oe
KUTTOLPOL EVIOUWV

Drosophilacell .~

\

Host genome

Recombinant plasmid
containing FHV RNA1 modified
to express Drosophila target

\ @ gene fragments
/Transfection

-

l Transcription

---(-) RNAl—~—"_

-~
@ C Replication >

/ (+) RNAL ——"_ \
[ / \ \
(-) RNALl~ """ \,\
(+] \
Target gene 9Nsnw o (-) RNAL - —~—_ \
transcription :,1 wT: (-) RNA1—™—"_
/ Dicer 2
RISC {
Target mRNA

\

Taning, Christiaens et al. (2018), Front. Physiol.

\‘\ N

5\

b

M A ™M
N\.
Cleaved target mRNA

= @@ //

siRNAs
lnfectlve Virus

4

RISC protelns ywws

oW
2s% e

O

Virus protein coat 7
+ /

——— >
— == ==
Transfection

Recombinant plasmid containing FHV RNA2

)



Nepoapatikn dtadikaoio

Ta ORFs (RNA1, RNA2, RNA3) tou FHV kAwvonow}0Onkav oe ¢popeic Ekppaong.

O dopeic mepLeiyav TNV KaoEta Tov Ztoxeiov Antokplong otnv Ekduoovn
(Ecdysone Response Element, ERE) amné tov urtokwvntn hsp27 tng Drosophila, tou
KOLTOTILV ETAYWYNC UE TNV oppovn 20-udpotuekduaoovn (20E) umopei va mpoadyet
loxupa ta enineda Eékppaonc Twv KAwvormotnpevwyv ORF.

PERE-bAct-RNA1-Ribo-SV40 PERE-bAct-RNA2-Ribo-SV40
6781 bp 5056 bp

ERE-BAct

ERE-BAct

PERE-bAct-RNA3-Ribo-SV40
4062 bp

ERE-bAct RNA2

RNA1

SV40 Ribozyme

RNA3

Ribozyme
SV40



O avaouvduacopuEvocg Loc FHV

PERE-bAct-RNAL1-Ribo-SV40
6781 bp

ERE-BAct

RNA1

+ eGFP (+polylinker)

+ aAAnAovyia-otoxoc S. frugiperda

m=) | FHV-GFP/dsRNA

PERE-bAct-RNA2-Ribo-SV40
5056 bp

ERE-BAct

RNA2

SV40 Ribozyme

Ztoxeia etoaywyng oto popsa RNAL:

1. eGFP ORF

2. Polylinker (Nsil, AsiSI, BsrGl)

3. AAAnAouxia-oTtOX0G EVaVTL KATIOLOU
yovidiou Aeruibormtépou (S. frugiperda)



Awadikaoia KAwvornoinong

®Dopsag pERE nov nepiéxet to ORF FHV-RNA1
+

egfp + polylinker yia tn peténetta €vOeon twv aAAnAouXLWV-0TOXWV

PERE.bA.RNA1.egfp.Ribo.TS.SV40
7743 bp

ERE-bAct

6488bp — +— 5498bp

«— 1004bp

—775bp 6103

264bp ——>

«—— 128bp

5419 BsrGl

/

1: pERE.bA.RNA1.Rib0.SV40 V40
2: MassRuler DNA Ladder Ribozyme
3: pMT.RNAL.egfp.Ribo target sequence

RNA1

AsiSI

Nsil



Awadikaoia KAwvornoinong

ELdka oxedlaopéveg aAAnAouxieG-OTOXOL TTOU TTPOEPXOVTAL QO TO HETAYPAPWHLOL
tou Spodoptera frugiperda
(Tre, UBQL3)

+
AAAnAovyia-paptupog
(NLuc)
Trehalase (DQ447188.1):
* udpoAUEL TNV TPpEXOAOIN o0& YAUKOIN
* ONUAVTIKO pOAO 0T cUVOeon TG XLTivng
300bp —» B
Ubiquitin Ligase 3 (XM_022959167.1): 1: MassRuler DNA Ladder
* kataAvel/urtoBonBa tn petadopd TnG 2: Ubiquitin Ligase 3 target sequence

ouBkitivne armod to E2 eviupo oto
TIPWTEIVIKO UTIOCTPWHA

3: Trehalase target sequence

4: MassRuler DNA Ladder

5: Nanoluciferase target sequence



Avixveuon tov avacuvduaopévou o FHV

AwapoAuvon kuttapwv SF9 pe ta avaocuvduaocpéva nAacuidia tov FHV

PERE.bA.RNA1.egfp.Ribo.TS.SV40 PERE.bA.RNA2.Ribo.SV40
7743 bp 5056 bp

ERE-bAct

ERE-BAct

1549 "

5419 2323

SV40
Ribozyme 4645 3097
target sequence 3871 :

RNA1

e
gfp SV40 Ribozyme

4

MoAuvon kuttapwv SF9 pe tov avacuvdvacpévo FHV
TtoU CUAAEXONKE amo ta StapoAvopEva Kuttapa

4

Avixveuvon péow PCR ko in situ uBpLSLopoU



Avixveuvon touv avacuvduaopévou Lov FHV peow PCR

PCR yia ta tppota tov RNA1 kat RNA2

Ladder Control Transfected Infected H,O

1 2 3d 7d 5d
w/o SV4(Q eGFP| eGFP

RNA1l

RNA2




Avixveuon tov avacuvduaopévou o FHV
HECW OUVEOTLAKNG LLKPOOKOTILOG

Infected 2.5d

OVERLAY

Infected 5d

OVERLAY




Avixveuvon touv avacuvduaopévou Lov FHV peow PCR
o€ kuttapa Sf9 pe xpnnon FISH kat cUVECSTLAKNAC HLKPOOGKOTILOG

ELS1KA OXESLOOUEVOL AVLXVEUTEC

Control

(Probes:
Cy3-RNA1-206as,
Cy5-RNA2-238as)

/ FHV-RNA1 probes

\ FHV-RNA2 probes

5'-Cy3-RNA1-206as
5'-Cy3-RNA1-3004as

5’-Cy5-RNA2-238as
5’-Cy5-RNA2-1127as




Transfected 3d with WT FHV plasm.
(Probes:

Cy3-RNA1-206as,

Cy5-RNA2-238as)

Infected 7d with FHV-eGFP
(Probes:

Cy3-RNA1-206as,
Cy5-RNA2-238as)




‘Exdpacon tng mpwteivng B2 tou ov FHV péow pmakouAoio

C-
A
o3

AcCMNPV-B2m.h

. . . f m m CD
protein A capsid protein o — =
s O N L L
I translation I translation
() RNA1 76 r e 3 () RNA2 R
(3107 ni) nes W e 3 (1400 nt) -
¢ Treplication ¢ Treplication - _
()RNAT 5 3 5 (-) RNA2 r
()RNA3 & 5

¢ T replication
HIRNAS 76 L5 s “
(387 nt) m—

1 translation . -

B1
B2

FHV B2 16 kDa

* H ntpwteivn B2 deopevel popla dikAwvou RNA (dsRNA) pe upnAn cuyyEvela.

" KataoTEAAEL TNV OVTLIKA QITOKPLON TIOU ETLTUYXAveTal éow RNA amoolwnnong oo tov
Eeviotn, napepnodilovrac tn didomnocn tov dsRNA péow tng Dicer-2 in vitro.



N5.2a: Zkevaopoata dsRNA mou otoxevouv yovidia emiwong kouvouniov
Kol Tocootd Ovnopotntag

5N WIREs
ADVANCED REVIEW S A WILEY

PIWI pathway against viruses in insects
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Jozef Vanden Broeck® ©® | Guy Smagghe’ | Luc Swevers'
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[

Arboviruses and the Challenge to
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OPEN ACCESS Jisheng Liu™, Luc Swevers?*’, Anna Kolliopoulou? and Guy Smagghe?

School of Life Sciences, Guangzhou University, Guangzhou, China, ? Institute of Biosciences and Applications, National
Caentre of Scientific Research “Demokritos”, Athens, Greecs, ? Department of Plants and Crops, Faculty of Bioscience
Enginearing, Ghent University, Ghent, Beigium

Edited by:

Xanthe Vafopoulou,

ACKNOWLEDGMENTS i
We acknowledge support of this work by the project “Target Identification and Development of Novel Approaches for Health
and Environmental Applications™ (MIS 5002514) which is implemented under the Action for the Strategic Development on
the Research and Technological Sectors, funded by the Operational Programme “Competitiveness, Entrepreneurship and Inno-

vation” (NSRF 2014-2020) and co-financed by Greece and the European Union (European Regional Development Fund).



MeA£tn tou mBavou avtlikou poAou tou povonoatiov PIWI
oTO EVIOMQ

Baowot a¢ovec avaokomnong

= H Bloyéveon twv popiwv piRNA og Stadopetikad Eviopa

= Alepevvnon tou mBavol avrtilikou poAou tou piRNA povomnatiol o€
dtapopetikad Evropa (Drosophila melanogaster, Bombyx mori, kouvouTria
Aedes sp., Anopheles sp., Culex sp.) HEow TNG mapaywyng pLopiwv viral-
PiRNA (vpiRNA)

" JUOXETLON UE TOV TUTIO TOU LIKOU yovISLWHOToG

= Avadelén epmAekopevwy PIWI mapoyovtwy oto aviLiko LLovoTaTl

= Evdexouevn cuoxEtion He to povoratt sSiRNA



Ta kupLa povoratia tov RNAI ota eviopa

a siRNA pathway

Exo- or endo-dsENA
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_R2D2or Logs |
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antiviral infection, or
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b miRNA pathway
miRMA gene
g
|

Pri-miRMA

+

Pre-miRNA Iﬂ]]]]]]O
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Zhu & Palli (2019), Annu Rev Entomol




BaoLKA XOLPOLKTNPLOTLKA TOU povoratiou piRNA

oTO EVIOMQ
/piHNA pathway \
niRMA clustar

I
{

initiator piRNA (guide) s 0‘.‘.‘.“@@.“.“.‘.‘.“‘ 3 piRNA precursor  sU-rrrrrTT 3
{antisonse)

57 l  Zucchini |
37 ORI O X5 responder piRNA PIRNA SUTITITITIT SYTITITTITS
Ophinni et al. (2019), Trends Immunol V

| F’iwl-"Auhl

ENIE
l’ 3 end trimming

| Piwi/ Aub |
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Aub-bound piRNAs 1U-rich, antisense (Puwizaub) GMTI
ST S’ _fTma
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Zhu & Palli (2019), Annu Rev Entomol




Awadopornoinon twv povonatiwyv PiRNA petaéy eldwv EVIOpwV

Drosophila sp.

Aedes sp. mosquito

nucleus

&

mRNA Transposons

usayed
uiajoud |MId uoissaidxgy

aJioyadal

VNY ajesnsqng

mRNA

Transposons

Virus

Miesen et al. (2016), PLoS Pathog



MeA£Tn TG AnoKpLonc tTou povoratiov piRNA
O€ WIKEC LOAUVOELC o€ dLadopa MPOoTUTIA EVTIOUAL

VpIKMNA-

sized Ping-Pong

Order Family (renus Name Genome type Host/lcells reads signature Strand orentation bias  Reference
Picomavirales  Dicistrovindae Cripavirus Cricket Paralysis (+) ssRNA  BmS5 cells Mo MN/A MN/A (L. Wang et al., 2019}
Virus (CrPV)
Drosophila C (+) ssRNA  Drosophila (Yes) Mo Sense bias (Petit et al., 2016)
Virus (DCV) adults
055 cells Yes 1U-sense Sense bias (Wu et al., 2010)
Unclassified MNom Virus (+) ssBRNA  Drosophila (Yes) Mo Sense bias (Petit et al., 2016)
(NoraV) adults
Q855 cells (Yes) 1U-zense Mo (Wu et al., 2010)
Mononegavirales Rhabdovindae Merida Virus Menda Virus (—yssRMNA  Hsucells Yes 1U-antizense, Antisense bias (Ruckert et al., 2019)

Sigmavirus

Tymovirales Tymoviridae Maculavirus

Unassigned Bimaviridae

Kolliopoulou A. et al. (2019), WIREs RNA

MERDV)
D. melanogasier (—) ssRNA

sigma virus
(DMelSV)
B. mort Macula- (+) ssRNA
like Virus
(BmMLV)

Drosophila dsRNA
birnavirus
(DBV)

Drosophila (Yes)
adults

BmN4 cells Yes

BmS5 cells MNo
VE-MLV cells Yes
055 cells (Yes)

10A-sense
Mo

1U-sense Siwi-bound,
10A-antisense
Siwi- &
Ago3-bound

NiA

N/A

1U-sense

Sense bias

Sense bias

MNIA
Antisense bias

Mo

(Petit et al., 2016)

(Katsuma et al., 2018)

(L. Wang et al., 2019)
(Katsuma et al., 2018)
(Wu et al., 20000



AvaoKOTINoN TwWV mopayoviwv BloyEveonc popiwv vpiRNA mtou
gUMAEKOVTOL OE EEELOLKEVUEVEC AAANAETOPACELC EVTOUOU-EEVIOTA

Viral genus Virus Host insect  Agod  Piwid Piwis  Piwib  Siwi  Spn-E  Vasa Ven Yb
Alphavirus CHIKV Ae. aegypti v v v
ONNV A. gambiae v
SFV Ae. aegvpti vV v v v v
SINV Ae. aegvpti v v v v v
Cripavirus CrPV B. mori X v
Flavivirus DENV?2 Ae. aegyvpti v v
ZIKV Ae. aegypti v v
Maculavirus BmMLV B mori v v
Orthobunyavirus BUNV Ae. aegvpti vV v v
CVV Ae. aegypti v
SATV Ae. aegypti X
SBY Ae. aepypti X v
Phlebovirus RVFV Ae. aegypti v
Flavivirus / Reovirus / Rhabdovirus  NIRVS Ae. aegypti v v v

Note: The factors of the piRNA pathway that have been confirmed to be involved in the antiviral response of a specific insect host against a particular vims are
presented. Data regarding piRNA factors involved in NIRVS are also presented. Factors that have been confirmed to be or not to be involved in the specific insect-vims
interaction are marked with a " or a *, respectively.

Kolliopoulou A. et al. (2019), WIREs RNA
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Mpotewvdpevo HOVTEAD yia T Aettoupyia Tou povomatiov PIWI
OTO KOUVOoUTIL Ae. aegypti

v

Aedes aegypti
 PolII ’ somatic cells
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Kolliopoulou A. et al. (2019), WIREs RNA



Apumnotoi: AAAnAsenidpaon pe tov RNAi pnxaviopo Ko
ri@avn xpnon tou¢ os cuotnuata VIGS

Baowol aéovec avaokomnong

" Alepevvnon tou RNAi pnXovicpol w¢ avtilkAG amoKpLong Kota
N SLAPKELO LOAUVOEWVY OO QP UTTOLoUC.

= Av kol og molo BaBuo pmopouv oL apumoiol (UTtd eppévouoa
HOAuvon) va Aeltoupynoouv w¢ ¢POPeiC METAYWYAC ONUATWV
RNAi ota kouvounia.

" AvaouvduaouEvol apumnoiol we Likoi popeic yia thv mpokAnon
OLTLOCLWTNONG.



Apumotot

Ou apumnoioi (Arboviruses, arthropod-borne viruses) amoteAouv pla pn
taélvoukn opada wwv, oL omoiol petadidovral otov avBpwmo kat ta {wa
HEow apBpomodwv-dopewv, mou ouvABwg elval €viopa (KouvouTia,
OKVIMEeG, K.A. Almtepa) kot Kpotwveg (Acari, Arachnida).

YuvnBeotepa RNA wot.

Togaviridae (SINV, SFV, CHIKV, ONNV)
Flaviviridae (DENV, WNV, ZIKV)
Bunyavirales (RVFV, LACV, SBV, BUNV)

Mropouv va TtpokaAoUV HAKPOG
SLdpkeLlac ePHEVOVOES (persistent)
MOAUVGELC 0TO KOUVOUTILO, Ol OTIOLEG
dev ennpealouv tn pucloloyia Twv
EVIOHWV-POPEWV.




Ta povornatia tou RNAiI pnxaviopou ota KouvouTLo

A NUCLEUS
viral
Pol II __ integrations
PROSORGRORGRG,. < ingenome
<
transcriptsof _~7 N7 N\
various origins
pri-miRNA VDNA/TE <
transcript transcripts * endogenous dsRNA
Drosha M
\ R2D2
— Decr2 =
7 =7 N
(Der | siRNAs
pre-miRNA v
_
! |
v
(Agol . iRNAs ’
| e
- — ssRNA l
|
v
mMRNA

Translational
inhibition

e T

Endogenous ssRNA
degradation

v

sSRNA /\/\

viral

exogenous
(viral) dsRNA

!

R2D2
7~ N2
vsiRNAs l

|

viral ssRNA
et — B
¥ SiRISC'
—
ST e

Viral transcript
or genomic RNA
degradation

CYTOPLASM

T

PIiRNA cluster / vDNA / TE / cellular gene
transcripts

Primary -’

’

biogenesis 3

(Piwi4
\_ TE-piRNAs
vpiRNAs ., genic piRNAs

/B,

TS Ping-pong cycle
Vpiwis Secontary agos”
5 .
QW'.‘ Ay

biogenesis

\\//

nuage-like
Agg3v structure

| secondary
» PiRNAs

/N\/

pPIRNA signal amplification
regulating the abundance of transcripts
with viral, TE or cellular gene origin

Liu, Swevers, Kolliopoulou and Smagghe (2019), Front Physiol.
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Jupnepaocpata - Mpotaocelg

= [la TNV eykabidbpuon pog eppéEvovoag HOAuvvong, sival amapaitnto va
UTTAPXEL ULt AEMTR Loopporia HeTaéU TOU LOU Kal TOU OLVOGOTIOLNTLKOU
OUGTIMOTOC TOU KOUVOUTILOU, TIPOKELUEVOU val pubuiletal n aviypadn
Kal n éwatripnon Ttou U XwpLC OUwC va TPoKAaAoUvVTOL CoBapEC
ETUMTWOELC TIOU Ba prmopoloov vol EMNPEACOULV TN HeTAdoOONn O€ VEO
EevioTn.

= AvaouvluaopEvol apurmoioi 1 oxetikol e€eldlkeupévol yua  ta
kouvouriia ot (.. Nienokoue virus, Eilat virus) ©a pmopoucav va
avarntuxbolv w¢ amoteleopatikol popeic VIGS ota kKouvouTla, ota
nAaiola ™G avaAuong YoviSloKwv Asltoupylwv i w¢ VEOU TUMOU
EVTOMOKTOVAL.

" [POOCEKTIKOC OXESLAOUOC TWV AAANAOUXLWV-OTOXWV Ylo. amoduyn
dpaonc ektog otoyou (off-target effect) - VSRs
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OPIOID ACTIONS TIHROUGHOUT THIE BODY

Brain Microglia- Neuroinflammation

Spinal cord & Dorsal

Root Ganglia P Lung - Cancer
Pain and sensory
perception PR Pancreas - weight gain

Adrenal gland
Reduce cortisol, Affectimmune
and stress responses

Heart (6-OR, k-OR)
Cardioprotection,
heart rate

Small intestine, Enteric
system - Constipation

Kidney (6-OR, k-OR)

Skeletal muscle , . ,
Renal failure, Urinary Retention

(6-OR, k-OR)

Immune system -lymphocytes,
monocytes, macrophages
Granulocytes- Immunosuppression

Skin - Epidermis,
Fibroblasts, Hair follicles
Slow wound healing



Signaling Lab é\ Q

KAaoolKO ONUATOS0TIKO LOVOTIATL TWV OTLOELO WV UTTOSOXEWV

Opioid agonist\0 / /

Opioid receptor —— ‘

erpolarization

N type
Ca. channel

Decreased release
of neurotransmitter
(&)
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v' M€ moLleC MPWTELVEC TLEPAV TwV G MpwTeivwv aAAnAsridpouv ot

omoeldeic umodoyeig ?

v Eéaptwvtol To OXNUOTWOUEVA TIPWTEIVIKA GUUTTAOKO OLTTO TO
gldoc tou omtosldouc mpoodETn ?

v Tlolog eival poAoc Kot N onpacio Twv dAANAETILO pPACE WV AUTWV
ot PpuUcLoAoyla KoL OLLOLOOTOCH TOU OPYOVICHOU ?



v Me moteg mpwtelvee mépaw twv G rpwteivav eM\Aerpotv
ol omeewelc urodoyels ?

Mazarakou and Georgoussi (2005) Mol. Pharmacol.
Georgoussi et al., (2006) Cell. Signal. 18, 771-81
Georgoussi (2008), Nova Sci. Publ. Inc. 169-206
Leontiadis (2009) Cell.Signal. 21, 218-

Georgoussi etal.,(2012) Curr.Drug Targets,13, 80-102
Fourla etal., (2012) Cell. Signal. 4, 2315-28
Papakonstantinou.et al., (2015) Cell. Signal. 27, 104-14



Mowog eival 0 poAog tng RGS4 atn anuatodotnon twv oroedwv urtodoxewv ?

Resting state

Resting state

M-OR

faRRrany
$dessseids 2008

- COMCHE
RGS4 ) RGSA{ERG S (I RGSA

A , Activation

H RGS4 oxnuatilel e€eldicevpéva RGS4-Gai/o cupumhoka rou e€aptwvtdl ano to 60 Tou
uTtoSOXEQ KOLL TOV EKACTOTE TIPOCOETN
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Georgoussi et al., (2006) Cell. Signal. 18, 771
Georgoussi ( 2008), Molecular Aspects of GPCRs, 6, 169
Leontiadis et al.(2009), Cell. Signal. 21, 1218
Georgoussi et al., (2013) Cur. Drug. Targets 13, 80
Papakonstantinou et al., (2015) Cell.Signal. 27, 104



Xaproypd@neon Twv OEoewy ENaAPHE TOU GUUTAOKOU p@t@&@ TOU 6=©moau6>©@g
unodoxea ue T RGS4 kat Gia mpuwtelveg ’-

palmitoylated
Cys2 and Cys12

modeled N-
terminus of RGS

Glu3238484
Lys399

NT-RGS4

crystallized RGS4 bc
, , B crystallized active (1AGR)
Suvepyaoia Mav/uio Pompeu Fabra, BapksAwvn, lortavia Gi_alpha3 (20DE)

H aMnAemiSpacn thg RGS4 e tov §-omoedi) umodoxéa (§-OR) ylvetan uetal twv auvoEEwy
F329, E323 tg €Mkag 8 tou §-OR xat twv auvogéwv P9,K17 oto NH2-dxpo thg RGS4

Karoussiotis et al.,(2020) FEBS J. https://doi.orq/10.1111/febs.15033
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Zuuuetexel ) RGS4 ety VEURITIKN) QVATTUER amo omeEIdN) aVAaAoya Kal @V val [Ue

WolQ UNXAVICUO?
NH,

6-OR

DSLET +
DSLET DN-STATSB

Georganta et al.(2010), Neuropharmacology 59, 139-148
Georganta et al.(2013) J. Neurochem. 127, 329-341



AANAemSpa n RGS4 e tov yetaypa@iko mapayovra STAT5B ?

Rat brain membrane extracts

IP: STATS ~ NRS INPUT

o I
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RGS4 - - +

DSLET - +
Metaypoadikn evepyoTnTa
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ase activ
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(PSTATSE> \
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N AN\ AN

H RGS4 aAAnAemdpad pe tov STAT5B kai mapepmodilel
TNV HETAYPAPIKN EVEQPYOTNTA TOU



Zuuuetexel n RGS4 oe a\a@yEC ThE VEURITIKNE QVATTUENC @O OMOEISH) 2

CONTROL DSLET

DSLET

Control

pcDNA3

RGS4

Tuj-1/ TOPRO 3
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CONTROL

DSLET

ZUUUETEXEL ) RGS4 e @M\@YES TNE VEURITIKNE QVATITUENE a@mo omoedn) ?

RGS4/-
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- WT RC
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Adult brain membranes
NMS STATS Inputs
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H RGS4 puBuilel Ty avamtu€n Twv YEUPaEOvwY Kal Tov apiBud Twy
VEUPIK@WY SIAKAASWOEWY UECW €VOC UNXAVIOUOU WOU CUUUETEXEL N
©OwoopUAiwon tou STATSB petaypa@ikol mapdyovta

Pallaki et al., (2017) Neuropharmacology 117, 408-421



Cell number (10%)

H RGS4 ouupeTEXEl oV TOAMATAAGIAOUO VEURPIKWY KUTTARWY
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Bel-2 Bel-xl Snx9 Ptk2 Pallaki et al., (2017) Neuropharmacology 117, 408-421



Mevteho Eveg vEou ohuatedotikol yovematiol Ttou G-omoegifolc vnodoxea
LET

5-OR &

DS

H RGS4 aM\nAemBpd ue Ty STATSB

| > peidhvel my peraypawikl evepydtnta
TNE STATSB Kan

> tpomomolg! TV exepacn STATSB
EMayOUEV®Y YoViSiwy mou eUumAEKovTal
Ot VEURITIKN) @VATTUER KAl TOV
MOANATACCIAOUO TLWY VEURWVWY

Cell survival &
_I neurite outgrowth

Pallaki et al., (2017) Neuropharmacology 117, 408-421



RGS4 glvan évac véoc @apUaKOAOVIKOC GTOXOC

N
"0 °
CCG-63802 CCG-50014F

Mixpa uopla TapeuTodIoTES THE RGS4 xphoiuomelolvTal G
TEOKAIWIKES UEAETES
K@l EVOUVAUWVOUY ThY Gpdon TwY eVEoyEvwY OmeEISwY EMTRENOVTAC ETCT TNY

XOPNYNON UIKEOTERLY COCEWY CUVOETIKWY @VAAYNTIKWY UE QNOTEAETUE VA
UEIWVETAL ) @VOXN) 6Ta OMOEIdN
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To onuatodotukd povomdrt twv GPCRs e€aptdran amod to gi6oc Tou mpoodétn

(Biased agonism- functional selectivity-Aewtovpywkr emAexktikoéTnTa)

Balanced Signal

G protein
signaling pathway

N——

p-arrestin
signaling pathway

G protein Biased ligand p-arrestin Biased ligand

G protein
signaling pathway

——

_ P-arrestin G protein p-arrestin
signaling pathway signaling pathway |{_signaling pathway




Chemistry-Letters
pubs.acs.org/acsmedchemlett

Novel N-Substituted Benzomorphan-Based Compounds: From MOR-
Agonist/DOR-Antagonist to Biased/Unbiased MOR Agonists

Lorella Pasquinucci, Carmela Parenti,* M. Carmen Ruiz-Cantero, Zafiroula Georgoussi,
Paschalina Pallaki, Enrique J. Cobos, Emanuele Amata, Agostino Marrazzo, Orazio Prezzavento,
Emanuela Arena, Maria Dichiara, Loredana Salerno, and Rita Turnaturi*

Cite This: ACS Med. Chem. Lett. 2020, 11, 678—685 I: I Read Online
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GH Y/ \
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S,
o Y Biased and unbiased MOR agonists
ol M. 1'.
\. CAMP Inhidition EC, = 24-10-M, Turnaturi et al. (2018). “Synthesis and Structure-Activity
HO i $023% Relationships of LP1 Derivatives: N-Methyl-N-
2 phenylethylamino Analogues as Novel MOR Agonists”,
e ERK1.2 phophoryation Molecules. 16; 23(3).

Pasquinucci et al. (2018) “Synthesis and structure-activity
relationships of  (-)-cis-N-normetazocine-based LP1
derivatives”, Pharmaceuticals 11(2), 40
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+» P. Pallaki, I. Serafimidis, D. Thomaidou, M. Gaitanou, Z. Georgoussi (2018) “A novel requlatory role of RGS4 in neuronal cell

proliferation and sprouting mediated via STAT5B transcriptional responses” FEBS OPEN BIO, 8, 380-380

¢ P. Pallaki, I. Serafimidis, E. Papadimitriou, M. P. Papakonstantinou, D. Thomaidou, M. Gaitanou, Z. Georgoussi (2018)

“RGS4 Requlates Neurite Outgrowth and Cell Proliferation Mediated by STAT5B Transcriptional Responses” The FASEB

Journal 32 (1-supplement), 805.17-805.17

Napouoidoelg o cuvESpLA

» Z. Georgoussi, P. Pallaki, I. Serafimidis, D. Thomaidou, M. Gaitanou, (2018) “RGS4 regulates neurite outgrowth and cell
proliferation mediated by STAT5B transcriptional responses. Experimental Biology 2018, San Diego, 21-25 AnptAiou,
USA (avaptnuévn epyaoia)

> P. Pallaki, I. Serafimidis, D. Thomaidou, M. Gaitanou and Z. Georgoussi (2018). “A novel regulatory role of RGS4 in
neuronal cell proliferation and sprouting mediated via STAT5B transcriptional responses”. 43° FEBS Congress, 7-12
louAiou, Npaya, Toexia (Avaptnuévn mapouvaoiaaon)

> P. Pallaki, I. Serafimidis, A. Symeonof, D. Thomaidou, M. Gaitanou and Z. Georgoussi (2018). “A novel regulatory role of
RGS4 in neuronal cell proliferation and sprouting mediated by opioids through STAT5B transcriptional responses”. Cell

Signaling Workshop, November 12-17, lepoucalny, lopanA (Avaptnuévn mapouaoiacn)

> P. Pallaki, C. Karoussiotis, A. Polissidis, |. Serafimidis, Z. Georgoussi (2019). “The role of Regulator of G protein signalling
4 in neuronal cell death and differentiation”. Forum NE€wv emiotnuwyv Tou 70°° Juvedpiov tng EAANVIKNG Etatpeiog
Bloxnueiog kat Moptakng Bliohoyiag 29 NospPpiou-1 AskepBpiov 2019, ABrva (Mpodopikr mapouaciacn)

> P. Pallaki, C. Karoussiotis, A. Polissidis, |. Serafimidis, Z. Georgoussi (2019). “The role of Regulator of G protein signalling
4 in neuronal cell death and differentiation”. 70° 2uvédplo EAANVIKNG Etatpeiag Bioxnueiag kat Moptlakng BloAoyiog 29
NoeuBpiou-1 AekepPpiov 2019, ABrva (Avaptnu

»  £vnmapouocioon)

> P. Pallaki, C. Karoussiotis, A. Polissidis, |. Serafimidis, Z. Georgoussi (2019) “RGS4 exerts a regulatory role in neuronal

homeostasis through autophagy”. 1t ERNEST meeting, Cost Action 18133, Belfast, Hvwpévo Bacilewo (mootep).
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https://www.fasebj.org/doi/abs/10.1096/fasebj.2018.32.1_supplement.805.17
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FUNCTION OF k-OR IN THE NERVOUS SYSTEM

k-OR and neuronal plasticity

K-OR is localized pre- and post-synaptically
and inhibits neurotransmission via
regulation of GABA or dopamine release.

Sustained k-OR activation decreases
neuronal arborization.

After acute or chronic stress

Dynorphin release and k-OR expression are
increased in hippocampus, striatum and
hypothalamus.

Animal models of PDYN 7~ or KOR /- show
decreased anxiety-like behaviors.

Pharmacological significance

K-OR antagonists are considered as important
pharmacological targets for depressive
disorders and anxiety-like behaviors after
alcohol withdrawal (Aticaprant, Janssen
Pharmaceuticals).
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Regulation of presynaptic neurotransmission by
macroautophagy
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Macroautophagy can press a brake on presynaptic neurotransmission
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Aim: Study the effects of opioid
analogs in the regulation of
autophagy

Pre-autophagosomal Initiation Elongation Maturation Fusion
Structure (PAS)
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DOES U50,488H-x-OR ACTIVATION INDUCE AUTOPHAGY?
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DOES DYNORPHIN AN ENDOGENOUS x-OR NEUROPEPTIDE INDUCE
AUTOPHAGY ?
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WHICH BRAIN REGIONS ARE RESPONSIBLE FOR k-OR MEDIATED
AUTOPHAGY?

Hippocampus B Cortex C Striatum
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CONCLUSIONS

* Endogenous and exogenous k-OR peptides induce the autophagic
machinery in vitro and in vivo.

e U50,488H administration induces autophagy in mice hippocampus
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Epyacotiplo Xnuwking Owoloyiag & Quaikwv Npoloviwv

Naxéto Epyaciag 3
N3.1.3.:Quaowkng mpoeAevang petaBoliteg pe Blogvepyotnta os
EVTOMOAOYLKOUC OTOXOUC

Nakéro Epyaoiag 5:
M5.1.a: Avamntuén texvoloyiag Bpadeiag kat EAeyXOUEVNS
aneAevBepwanc BLoevepywv ouoLwV.

5.1.8: Edappoyn «E€umvwv» EVTOLOKTOVWY OE MPOYPAUQ
oAoKANPwWREVNE SLaxeiplong MANBUOUWV EVTIOUWV.
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Mentha spicata (buoouog)

AiIBépia EéAala aTrd QUTA AVETTTUYMEVO OE
> BioAoyikni/oupBaTiki KAAAIEPYEIQ
» ouvBnkeg EAAsIyng/kavoviKAG apdpeuong

MeA£Tn B10-0paOTIKOTNTAG TWV AIBEPIWYV EAAIWV OE TTPOVUHQPEG 5°Y
otadiou L. botrana pe Birodokipyég eTra@ng (topical application)

Essential Oil LDsg CL 95% Slope £+ SE Intercept = SE x2 p
1st harvest

Conventional /Full CI 52.11 41.23-61.75 0.03 £ 0.001 —1.45 £ 0.09 147.20 0.000

Conventional /Deficit CD 53.29 44.76-61.90 0.03 £ 0.001 —1.70 = 0.83 159.16 0.000

Organic/Full 0Ol 50.84 42.45-59.02 0.03 £ 0.001 —1.67 £ 0.08 151.53 0.000

Organic/Deficit oD 57.72 52.96-62.40 0.03 + 0.001 —1.73 £ 0.08 53.78 0.000
2nd harvest

Conventional /Full CI 51.26 39.73-61.61 0.03 £ 0.001 —1.44 +0.08 225.08 0.000

Conventional /Deficit  CD 47.03 33.49-53.59 0.03 £ 0.001 —1.35 £ 0.08 24457 0.000

Organic/Full 0Ol 51.96 42.00-61.86 0.04 £ 0.001 —1.86 = 0.09 235.51 0.000

Organic/Deficit oD 51.43 44.99-57.36 0.03 £ 0.001 —1.46 £ 0.08 79.50 0.000

YynAn Ovnoipétnta (LDgy; Hg), HN S1aKPITEG Dla@opEG HETAEU DEIYNATWY

EPAnEK201.-2020 =2 EXMIA

OPERATIONAL PROGRAMME E- 20]-20[]

RATIONAL PROGRA We acknowledge support of this work by the project “Target Identification and Development of Novel Approaches for Health and Environmental Applications” (MIS
ENTREPRENEURSHIP
INNOVATION avticetn - yosi - ahlnbeyyin

5002514) which is implemented under the Action for the Strategic Development on the Research and Technological Sectors, funded by the Operational Programme
Salihas foreemet "Competitiveness, Entrepreneurship and Innovation" (NSRF 2014-2020) and co-financed by Greece and the European Union (European Regional Development Fund).

Co-financed by Greece and the European Union



HAekTpoavrevoypaeia - L. botrana

YwnAr atrokpion ota aiBépia EAaia Tou M. spicata
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HAekTpoavrevoypagia pe agpia xpwuaroypaeia (GC-EAD)

L. botrana vs Mentha spicata

KapBovn: Kupio cuoTaTikO, upnAn
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YAIK@ HOP@POTUTTOTTOINC NG ONMUEIOXNMIKWYV KAl EAEYXOG ATTOOETHEUONG

Samples aged
naturally are
collected, placed in
sealed vials and kept
at -20 °C until further
analysis

Application of semiochemical F
carrying flowable polymer on plant / -

/
Determination of residual
semiochemical content by SPME
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AvAatrTuén e@apuoyng «EEUTTVWV» EVTOHOKTOVWYV

Smart farming applications alternative to drone-aided
spraying

Remotely controlled, semi-auto
caulking gun, mountable on drone

for precision dollop dropping.
Prototype
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SANITURA

NPOZAIOPIZMOZ ZTOX(IN KAI ANANTY=H KAINOTOMQN NPOZEMMIZEQN
MA EQAPMOTEZ ZTHN YTEIA KAl TO NEPIBAANON
(MIS 5002514)

Apaon Itpatnywkne Avamtuéne Epevvnuikwy kot Texvohoyuwy Qopewy
Xpnuartodotnon ano to
Emuxelpnowako MNpoypappa « AvtaywvioTikotnta, Emyeipnuatikotnta kol Kawotoplan

Napadotéo MNepiypadn

3.2.1a MetaBoAlko povormatt katoBoAlopol tou AZC

3.2.18 MeA€tn tng pLOULONG TNC EKPpaonC Twv yovidiwv ngn2 kal azhA kal
NG EUMTAOKNC TOUG oTNnNV amotoéikonoinon tou AZC

EPFTAZTHPIO MOPIAKHZ FTENETIKHZ MIKPOOPTANIZMQN

YnievOuvn: Ap. Biku ZodLavonoviouv



EONIKO KENTPO EPEYNAZ OYZIKQN | .

ENIZTHMQN «AHMOKPITOZ» %’(B-E INZTITOYTO BIOENIZTHMQN & EQAPMOIQN

o~

MeA£tn Twv uteLOUVWV yovidiwv yLa tTnv anotoikonoinon tov azetidine (AZC)
Kot Tou KataBoAlcpov tou otov Aspergillus nidulans

Napouciaon: ANTA MNIPATZH
EPTAZTHPIO MOPIAKHZ TENETIKHZ MIKPOOPIANIZMQN
INZTITOYTO BIOEMIZTHMQN KAl EODAPMOIQN
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. PUOXPMIAED "POrPAspey
wserom a ~e O -~
C -~ Y- SHOntteinas  wan 204-2020
PO LA XX/

EPFTAZTHPIO MOPIAKHZ FTENETIKHZ MIKPOOPTANIZMQN



To azetidine (AZC) amoteAel €va dUCLKA TTAPAYOUEVO TOELKO AVAAOYO TNG TTPOALVNG
COOH

COOH

N —N

L-Proline Azetidine-2-carboxylic acid

Nopayetal anod ¢utd TN okoyEVeLlag Twv Astploedbwy (Liliaceae), twv PuxavOwv (Fabaceae) kal amnod dtadopec
ToLKLALEC TeUTAWV (Beta vulgaris), onwc ta {axopOTeUTAA Kal Ta avtiapLa

Liaceae
(Comvallara majals )

o ‘ é{ B-E EPFAZTHPIO MOPIAKHS FENETIKHZ MIKPOOPFANIZMQN
'_'_ } [ ———



) ) Me noto tpomo to AZC
O podog tou AZC otn puon npocotateVEeL Ta GUTA TTOU TO

nopayouv?
1 " > A Z C 2- 3 AZC' tRNA
g aProline__ 3 )* \

Aminoacid —
chain (protein)

chain (protein)

mRNA

AZC- tRNA
replaces
proline

G—

3. g

Amino acid —
chain (protein)




To AZC oToUG ULKPOOPYAVIGHOUC...

1. To AZC xpnotpomnoteitat ano tov Aspergillus nidulans w¢ ptwxn mNynR alWTOU (Gournas et al, 2018)

AZC
L]

U  AZC
WT L R

2. O Saccharomyces cerevisiae anotofikonotei to AZC péow tnc aketvhotpavdoepaonc MIPR1
+AZC +AZC
(0.3mg/ml) (3.0mg/m0)

-AZC

2 1278b
S288C

3. To AZC katapoAiletal and oteAexoc Pseudomonas péow tng AC uépoAaong

AH TS
ﬁ; \ﬁt ‘ B-E EPrAZTHPIO MOPIAKHZ TENETIKHZ MIKPOOPIrANIZMQN
o [




Tautomnoinon twv yovibiwv amotoflkomnoinong Ko
kataBoAlopol tou AZC otov A. nidulans

EPFTAZTHPIO MOPIAKHZ FTENETIKHZ MIKPOOPTANIZMQN



Nepoapatikég Mpooeyyioelg

In silico avayvwpLlon TwV OpOAOYWV TIPWTIEIVWV TWV
Mprlp kat AC-hydrolase otov A.nidulans

Artadoldr Twv opoAoywv yovidilwv

(Mprlp ->ngnA «kat AC-hydrolase -> azhA)

DALVOTUTILKOC XOPOKTNPLOMOC UETOAAQYEVWV
oTeEAEXWV

AH TS
ﬁ; \ﬁt ‘ B-E EPrAZTHPIO MOPIAKHZ TENETIKHZ MIKPOOPIrANIZMQN
o [




Napadotéo Meplypadn

3.2.1a MetaBoAiko povonartt kataBoAlopou touv AZC

3.2.1B MeA£€Tn tnG pLOULONCG TNE EkPpaong Twv Yovidiwv ngn2 kat azhA kal
TNC EUTAOKIC TOUC OoTNV amotoflkomoinon tou AZC

AH TS
ﬁ; \ﬁt ‘ B-E EPrAZTHPIO MOPIAKHZ TENETIKHZ MIKPOOPIrANIZMQN
Tos s ) é“‘l‘m“




To AZC 6ev givail To§Lko yila to otéAexog To AZC Sev katapoAiletal oto To AZC eivol To€LKO yLa To SutAd
ngnAA tou A. nidulans otelexog azhAA tou A. nidulans  petalhaypévo otélexog, azhAA ngn2A

AZC AZC AZC
U AZC +U -N
1 15}

a BN
ey sl P |

Biratsi et al., 2021

EPFTAZTHPIO MOPIAKHZ FENETIKHZ MIKPOOPTANIZMQN




KataBoAiopoc tov AZC otov A. nidulans

Aok % WT
k% %k
b azhAA
— Kk = WT
%" _ azhAA
= 60 x3 ng nAA ngnAA
E 40 T =3 azhAA ngnAA
- azhAA ngnAA
i 20
2 o I —
S —— T — T . .
U AZC+U AZC

Medium Composition

EPFTAZTHPIO MOPIAKHZ FTENETIKHZ MIKPOOPTANIZMQN

Biratsi et al., 2021




KataBoAiwopoc touv AZC péow tou GABA petafoAikov povonatiov otov A. nidulans?

AZC
L-Pro +L-Pro GABA -N

AZC
COOH
o O 7T e
azhAA | 3 .
. L-Proline Azetidine-2-carboxylic acid

ngnAA

gabAA

prnBA

gabAA prnBA
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Napadotéo Mepiypadn

3.2.1a MetaoAko povormatt katoBoAlopou tov AZC

3.2.1B MeA£tn TG pUOMLONG TNG EkPpacnG TwV YoviSiwv ngn2 Ko
azhA ko TnG EUMAOKAG TOUG oTnV amotoéikomnoinon tov AZC
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To AZC petatpencetal oe GABA otov A. nidulans
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EtepoAoyn Ekdppaon tou yovidiou azhA tou A. nidulans oto S. cerevisiae mpoodideL LkavotTnTa
xpnotpornoinong tov AZC w¢ itnyn alwtovu amno tov UHoUUKNTO

@ U U AZC -N AZC
+Gl +QGal +Gal +QGal +Gl
S azhd L EEEXY (LR L L L 20
N
X| empty vector QPSP “100®& A

NH," +AZC
10 @ &

0
0
S
%)

empty vector K PR

To yovidlo azhA ival opBoAoyo tou yovidiou tng AC udpoAdonctne Yevdopovadoc.

Biratsi et al., 2021
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3.2.2

Aigpelvnon wiBavol Tpomov av€énonc TnNC
ougowpeuonc The oakxapolnc ora KUTTApPA
Tou Synechococcus sp. PCC 7942 o¢
ouvonkec apiloTikoU oTpEC

Epyaotipio Bioyuaikic kai BioTtexvoAoyiac Mepppaviv
Ew. YwelOuvog: Ap. Kwv/voc Zraparakng
YroTpowoc: Anuntpne Bayevoc

H epyacia avTtn bAomoinenke oto mAaicio TG Mpagng «MPOXAIOPIZMOX XTOXQN KAI ANANTY=H KAINOTOMQN MPOXEITIZEQN A E©OAPMOTEX 9 EMAVEK 2014- 2020 = EZ"A
ITHN YTEIA KAI TO NEPIBAAAON (SANITURA)» (MIS 5002514) Trou evracoeral otn Apdon ITpartnyikng Avamtougéng EpevvnTik@V Kai TEXVOAOYIKGDV 01K0NOL”.‘§ZZTL’Ann HHHHHHHHHHHHHHHHHHHHHHH = 2014-2020
®Popiwv kal xpnparodorziral améd 1o Emxeaipnoiako Mpodypappa «AviaywvioTikotnra, Emyepnuarkétra kai Kaivotopian oto mAaioio tov EZNA - iiiiens K PAMMATEA A £ T E”'xﬁlﬁ'&’éﬁgﬁ? JJJJ g

2014-2020, pe T ovyXENHaTo86TNON TG ENAsag kal Tng Evpwmaikng Eveong (Evpemaiko Tausio Nepipepeiakig AvanTogng). D oy R ——



HAilakn evépyeia

1. O AAhiog eival pia amepioploTn Thyh evépyelag via Tn 'n kai ©a sivar £Toil yia Ta
emopeva 5-6 dioekaTtoppUpia xpovid. To TepIoTATIKO NAIAKAG eVEPYEIAC
eTnoiwg eival mepimou 3.850.000 exajoules (EJ). (nuepnaio evepyeiakod
1c0dUvapo 20 xiAloTovwy TNT ava 1,5 teTpaywviko piAr)

2. MtopoUue va ppoUpe Evav TPOTIO va HETATPEWYOUHE To hAIAKO pw( og £vda
TETOI0 €i00C evépyeldacg,

3. H ¢uon avakaAuye mtpiv améd 3,5 dioekaTtoppUpia Xpovia gia oAU Xpnoiun
d1adikaacia yid Th ocUAANYN auTRC TNC QWTEIVAC EVEPYEIAC Kal Th oTaOepn
awoOnkevon Tng, dnAadh Th YwroouvOean.



MeAeTdue: dwTtooUvOeon KUGVO[’)GKTanwV n
diadikaoia mou dAAage Tnv "ioTopia" Tng yng".

KuavopakTnpia

« ®wToOoUVOeON: OTTWC TA AVWTEPA PUTA, dAAA pE TO
mAcoverkTnua oT1 0ev Xpeidlovral kaAAiepynaoipn yn.

* KTIPOYOVOC» XAWPOTTAAOTN
+ Gram negative BakTthpia

» Empiwvouv oc e€aipeTika avrifosec
epiPalAovTikéC ouvOnkec (Bepuokpaaiac Kai
XNUIKAC ouaTaonc)

+ Emipiwvouv 3.5 dio. ekar. Xpovia



2.uupoAn TnC pwTooUVOEANC TWV
KuavopakTnpiwv otn ToooTnTd ToU
OCuydvou TnC ATudgpaipac
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Synechococcus elongatus PCC7942

Ynd €1dikég ouvOnkeg (au§npévng aAarétnrag), ato kuavoPaxriplo Synechococcus sp PCC
7942 civar duvaTtdv va ekTpamwouv ol PloouvOeTIKEC 080i mPOC TN oUCOWPEUON wEPITTEIac
oaxkxapdlngc oTo kKutTapdwAaoua.

To yeveTikG Tpowowoinpévo aTéAexog Tou Synechococcus elongatus PCC7942 (PAMCOD)
auavel Thv avOeKkTIKOTNTA OTO OTPEC aAAATAOTNTAC TOu Synechococcus elongatus PCC7942

PAMCOD (Deshnium et al. Zto Plant Mol Biol 29: 897-902, 1995) nepiéxel To yovidio

codA mou Kwdikomolei TNV ofc1daon Tnc xoAivng, To £v{UHO TOU HETATPETEI T XOAivn o€

perdivn Tng YAUKivng. H Perdivn Tng YAUkivne cival évac oupParoc oopHoAuTNG mou aulavel
To aAaToavOeKTIKOTNTA Tou Synechococcus elongatus PCC7942.



2akxapoln évac ouuparoc oopoAUTNC oTa kKuavoPaktnpia
dpa w¢: a) TInyn evépysiac kai P) WOHOTPOOTATEUTIKOC

TaAPAYovTac

Synechococcus elongatus

Synechocystis sp. PCC7942

PCC6803

Anabaena sp.
PCC7120

G-3-P

Sucrose
v

Glc Fru

MeAéTh TwWv  oOTeAexwv Ot
ouvOnkeg wepiParAovTikoU OTPEG:

« AAaroTnra

. pH
« Aiwo€cidio Tou AvBpaka

Me TeAIKO oTOXO TNV mapaywyR Zakxapolnc



1° pAua: TloAAawAaciaopoC KuTTaApwWv
ouvOnkeC oTpeC.

A. Atpoogaipiko CO, (0.04 %, v/v) B. 5 % CO, (v/v) in air
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1° 2 yumépaopa

« O1 TTivakec 1 ka1 2 umodeikvUouv oTI: 1) kai o1 dUo TUTOI
KUTTApwv  (Syn/7942 kai PAMCOD)  avamtUooovrtal
amodoTIkOTEpa ae auvOnkecg eumAouTiopévou CO, (TTivakag 2)
oge oxéon He To atpoopaipikd CO, (TTivakag 1). Ta PAMCOD
KUTTapa <UTTEQIOXUOUV» OTNV IKAVOTNTA ToAAamAaoiaoliov o€
oxéon pe ra Syn/7942, oro supo¢ 7.5 - 8.5 pH ka1 ewg 0.2 M
NaCl. To PEATIOTO Tou KUTTApIKoU TroAAamAaciacpoU Kdai yid
Toug dUo TUTTOUG KUTTdpwYV Ttaparthpeital o pH 7.5 kai amoucia
NaCl. TéAho¢ ato avwTepo opio emipiwonc (0.4 M NaCl) kai o¢
aAkaAikd pHs (8.5 and 9.0) kai o1 800 TUTOI KUTTAPWYV dev gival
IKavoi va TToAAaTtAaciacOouv.



2° Papa: MeAéTn TG QWTOGUVOETIKAC dpaaTnEidTNTaC 0 QUVONKEC aTPEC

2.1 .a. MeAéTn T™nC UVOAIKNC PONC NAEKTpoviwv kata Tnv didpkela TN avanTuéne Twv KUTTApwWv ot
CO, wepiPpaiAovrog

600

= 500 A B
© o 250 C D
< 400 = 200
:n 'flu 150
£ 300 % 100
g EEARRE YRR I
2 € o ii | I I I
783100 I“ I 8 24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96
0 )
£ ° 7942 PAMCOD 7942 PAMCOD
o 24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 96 g Syn79 co Syn79 co
H 8.5 H9
Syn7942 PAMCOD Syn7942 PAMCOD QE:_ P ) P
time,
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2X- 1. ZuvoAkn pwtoouvOeTikn Spactnplotnta, LETPOUUEVN O Opoug ekAuong O, (H,0 = CO,), katd tn diapkela 96
WPWV AAMTUENC TNGS KAAALEPYELAC (TTOAAATTAQCLACUOU TWV KUTTAPWV) cuveXnc €kBeon ag Asuko dwg, og pH 7.5, 8.0, 8.5
n 9.0 (A, B, C, D),twv kuttdpwv Syn7942 kat twv kuttapwv PAMCOD og CO, neptBaAlovtog



2.1.p. MeAéTn TnC GUVOAIKNC PONC NAEKTpoviwv kata Tnv didpkela TG avanTuéne TWV KUTTAPWV OF
ouvOikeg au€npévou CO, (5% v/v aépa)

R,mmole 02 mg chl-alh!
S
o

A

24 48 72

24 48 72
Syn7942

C D

9 24 48 72 96

24 48 72

PAMCOD

pH 7.5
mOoM

m0.2M

24 48 72 96 24 48 72 96

Syn7942

PAMCOD

pH 8.5

HOM

24

m0.4M

24

time, h

N 0.2M

N 0.4M

48 72
Syn7942

48 72
Syn7942

pH 8

pH9

PAMCOD

PAMCOD

Ix. 2. JUVOAKK  $WTOOUVOETIKA
dpaotnplotnNTa, WETPOUUEVN OE OpPOUC
gkAuong O, (H,0 - CO,), kata tn Stapkela
96 wpwv avantuénc TNG KaAALEPYELAC
(moAAamAaoiacpou TWV KUTTAPWV)
ouveXnc €kBeon o Asuko dwg, oe pH 7.5,
8.0, 8.5 1 9.0 (A, B, C, D), Twv KuTtApwV
Syn7942 kaiL twv kuttapwv PAMCOD oe
ouvOnkeg 5% CO, (v/v)



2.2.a. MeAéTn Tne dpaoTnprdTntac Tou Fwrooguotiparogc II kara Tnv didpkela TnG
avantuing Twv kuttdpwv ot CO, wepiPariovrog
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2.2.p. MeAétn Tne dpaotnpidTnrac Tov Ewroouatipato¢ II kara tnv didpkela TnG
avantuing Twv kuttdpwv ot CO, wepiPariovrog
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2° 2 yuttépaopda

Ta amoteAéopaTta ThG HEAETNG TG OUVOAIKAG @WTOOUVOETIKAG O0paoThplOTNTAG
kal TnG OpaoaTnpioThaTt¢ Tou dwroouoThuaro¢ IT deixvouv 0TI kKai o1 dUo TUTIOI
KUTTApwv (Syn7942 kai PAMCOD) aufdavouv Th @wTooUVOETIKA TOUG
dpaoTikoTnTa oc 0,2 M NaCl kUTTapa pe okoTo:

a) Thv Ttapaywyn ocakxapoldng

B) Tnv evepyo amoPpoAn Twv 16vTwy Na *, oe oUykpion pe Ta KUTTAPA TToU dev
UTTEOTNOAV Thv KATAmTovnon aAaToTnTdac.

Qotoéoo, oe 0,4 M NaCl, To katweA aAaToéTnTac vid emipiwon, n
O0paoTNPIOTNTA €ival TTEPIOPIOHEVN.

EmimAéov, oe ouvBnkeg augnuévou CO, kai ol dUo TUTOI KUTTApWYV (Syn7942
kat PAMCOD) au€davouv Tn @wToouvOETIKA TOUC dpaaTnplOTNTA 0€ OAEC TIC
ouvOnKeg aAaToTnTAC.



Ma Tnv mapaywyn Zakxapolng...

A. Atpoayaipiké CO, (0.04 %, v/v)

KutomAaopaTikh oakxapoln (peTphpévn wg sucrose/Chl

a molar ratio).

B. 5 % CO, (v/v)

KutomAaopatikf oakxapdln (ueTpnuévn wg sucrose/Chl

a molar ratio).

------------ NaCl, M pH 7.5 pH 8.0 pH 8.5 pH 9.0 ----————----| NaCl, M pH 7.5 pH 8.0 pH 8.5 pH 9.0

Syn 7942 0.1:0.05 | 0.1:0.05 0.0 0.0 Syn 7942 0.0 0.0 0.0 0.0
0 0

PAMCOD 0.4£0.05 | 0.2+0.05 0.0 0.0 PAMCOD 0.0 0.0 0.0 0.0

Syn 7942 3.4:0.1 1.1:0.1 1.4:0.1 0.810.1 Syn 7942 3.7+0.2 2.7+0.2 2.0+£0.1 1.3+0.1
0.2 0.2

PAMCOD 4,0:0.1 1.620.1 1.8+0.2 0.5:0.1 PAMCOD 6.6+0.2 4.9+0.2 6.3+0.4 1.6+0.1

Syn 7942 5.1x0.2 42+0.1 0.0 -- Syn 7942 6.5+0.3 6.1+0.3 -- --
0.4 0.4

PAMCOD 10.0£0.5 9.4:0.4 0.0 -- PAMCOD 13504 | 10.9+0.3 -- --




2° 2 yuttépaoua

H ouykévrpwaon oakxapdlng eivar au§nuévn ata PAMCOD wurrapa oe oxéon ue ra Syn7942
OE OAEC TIC OUVEHKEC.

BéATioTeC oUVBHKEC €ival:
a)pH75

B) mapouaoia 0.4 M NaCl, kai

v) TTapoucia euTTAoUTIOUEVOU CO, (5% v/v) .




H ouAoyn Tng ooukpdlng amaitei AUon Twv KUTTApWV Kal wepaiTépw emefepyacia yeyovage wou aufavel To
KOOTOC aAAd Kal amalTei guveXWwe véa KUTTAPA.

2° Bapa: Eivar kav@ Tta KUTTApa va WETATPEYoOuv TNV OuUoowpeuOceioa
oakxapoln ot aépio udpoyovo;

Ma Tnv gyerarponil autn araiveitan:

(i) evdoyevic udpodAuon Tng ocakxapdlnc oe €£06lec (YAukoln kai @poukToln) amod evOOKUTTAPIKA IvPepTdon
(Tapovuoa kai aTo Syn/942),

(ii) Zxnuartiopoc NADH péow tng yAukoAuang Twy e§olwy,

(iii) Avaywyn Twv H* og popiaké H, péow tou NADH oTig [Ni, Fel-Ydpoyevdoeg Twv KuavopakTnpiwv (Ttapoloa Kai
aTo Syn/942).

H diadikagia ovopdleTal «okoTelvi» avaspoPpia (Upwon Tmapdyel popiakd H2 kai dev amaitei AUon Twv KUTTApWY,
amaiTei evepyd KUTTAPA.




Mapaywyn H, péow «gxkoteivig» JUpwaong Tng EVOOKUTTAPIKNAG
agakxapdlng aro povokuttapo Syn7942 and PAMCOD.

2 uvOnkeg
KaAAiépyelag

ZuvOnkeg

avagpopiac {Opwong

Syn7’942

PAMCOD

Puwg,

NacCl 0.4M, pH 7.5 Pug H, not detected H, not detected

Suc,

No NaCl, pH 7.5 2 KOTAd! H, not detected H, not detected

Suc,

NaCl 0.4M, pH 7.5 ) 0.76+0.01 nmol H, x mgChla! x | 2+0.01 nmol H, x mgChla! x
T "7 | ZkoTadi

h-l

h-l




MovTélo mapaywyng H, amo kvavofakrnpia Kai n
emAoyn Tov Synechococcus elongatus PCC7942

e H diadpopn pwro-H,: FwrooUvOeon andé H,O péow Twv dUo pwroouoTnuaTtwy (PS) mou amodidouv H* (lumen) kai NADPH (cytosol).
e H digpyasia Jupwoeswg-H,: Zipwon oTo OKOTAd! TWV AvAYWYIKWV mapdywywv avBpaka mou mapdyeral pe @wrtoouvOeon (Tumika

AUKOYOVO).
Y vévo) Méyiotn amodoon 4H, / yYAukoln, pe CO, wg mapampoiov



[TioTeUw OT1 TO vEQRS Ba xonaoiuomoin@si na
LEpa w¢e Kauaitio, EmEIOR To UGpoyoveo Kai
10 0EUYOVO TroU TO OUVEETOUY,
Xpnoiyomorovueva EExwplord i palil, Ga
rapdoxouv Lia aveéavrAntn mnyh
Ccoornrac kar owroc. Tliorevw Aormov
OTI, OTAV 01 OPUKTEC TTOOOTNTEC dvBopaka
ole1dwBouv, Ba (saraBoule e vepd. To
vepo eivar o dvBpakac rou LéAdovroc.”

LoUuAio¢c Béov 1875



TTapadoTéa:

Anpooicsuon og TTep10dIKA HE KPITEC!

Vayenos D., Romanos Em. G., Papageorgiou 6. C., Stamatakis K. (2020) The freshwater
cyanobacterium Synechococcus sp. PCC7942 under salt stress: A cell factory for sucrose and
hydrogen production. Photosynth. Research 146: 235-245

TTapouagiaon oe di1eBvég auvédpio:

D. Vayenos, G. C. Papageorgiou, 6. Em. Romanos, K. Stamatakis (2019) Synechococcus sp.
PCC7942: A cyanobacterium cell factory for producing useful chemicals and fuels under abiotic
stress conditions. 10th International Conference "Photosynthesis and Hydrogen Energy
Research for Sustainability - 2019", 23 - 28 June 2019, Saint Petersburg, Russia

H epyacia avTtn bAomoinenke oto mAaicio TG Mpagng «MPOXAIOPIZMOX XTOXQN KAI ANANTY=H KAINOTOMQN MPOXEITIZEQN A E©OAPMOTEX 9 enavek 2012020 =2 EXMIA
ITHN YTEIA KAI TO MEPIBAAAON (SANITURA)» (MIS 5002514) mTov evracoeral otn Apaon ITparnyikng Avanrtogng Epeovntikedv kai TeKVOAOYIKGOV omouob”.‘ix'i’fiﬁmm Eﬂ'ﬁ'f‘;:ﬁf;},gT'?,fg;mpMA = 2014-2020
DopiwVv Kal xpnuarodorteital amd 1o Emxeipnoiako Mpoypappa «Aviay@VieTIKOTNTA, EmyxeapnuaTtikotnta kai Kaivotopian oto mAaicio Tov EXNA Eupunai Evaan L B ANOTOMA

2014-2020, pe T ovyxpenuarodotnon Tg ENasag kai tng Evpwrmaikng Eveong (Evpemaikoé Tausio Nepipepeiakig AvanTogng). s P T T



5.3

Avadopa yia tnv epappoyn tnc nebodou otnv aélohoynon tnc mbovng
avTLukpoBlaknc 6paonc puoLKWV N CUVOETIKWY OUCLWV KoL
ETILPAVELWV

5.3

Epappuoyn pebodou aélohoynong mbavnc avtipkpoBloknc 6paonc
bUCLKWV N OLUVOETIKWV

AL-lVOTLTOUTIKN cuvEpyaoLa

Epy. Bloduowknc kat Blotexvoloyiag MeuBpavwv (IB-E)- Epyaoctrplo Mepppavwv kat Mikpormopwdwv YALKwv yLa
NepBailovtikoUg Ataxwplopouc (INN)- Epyaotriiplo Asttoupytkwv NavoUAkwv Opyavwpevng Aopncg (INN)- Epyaotriplo
Navotexvoloyiag NMAdopatog kat Epappoywv (INN)



Avarttuén MeBodou eAeyxou avTLULKPOoBLAKAC
OpAonNC VAWV




MéBodoc Tou wBopiauol TNC XAwpowUAANC Twv kuavopaxTnpiwv (CFM)
Qcswpia-Bagika aroixeia Tng MeOddou.

Ta kuavopakThpia gival gram negative pakThpia. EmkoAAWVTaI kal avanTUooovTal g€ omoladAmoTe emipdvela oxnuatiCovrag biofilm. OTav pwriCovTal
0 PB0pI0UAC TNG evdoyEVOUG ToUuG XAwpPoUAANG AauPdver péyiatn Tin o€ sec. H pwtn peTpAoiun Tipn Tou (Us) eival otaBepn Kkai ovoudletal Fy.

Aciape 6T To Fo akoAouOsi Tov woAAawAaciaopd Twv kuavoPaxktnpiwv

A B
1407 --e-Cyanobacteria ] 90 - - & -control
120 A - -o- - Cyanobacteria (DCMU) . % )
e e~ Chl g 70 A =>¢=control+DCMU
100_ ‘," +GL
3
80 1 50 - —~—DCMU
60 - T F,—F
M M, =——%x100 30 -
40 LA R, M,-
20 - é 10 A
8 S EEE S 4SS : 109 3
[} 1 2 3 4 5 6 7 T— T T T
20 L 1 - 1 1
Time, (d) 30 -
time, (d)

Eik.1. KapnUAeg avantuéng Tou M; Twv KuavoPakTnpiwv Tapoucia avactoAéa Tng @wtoouvBeong (DCMU) kaBapng xAwpo@UAAng (Chl a) oe uAiko Tpog e€éTan. FO
9Bopiopdg Tng Chl a Twv kuavopakTnpiwv oe O xpovo. fluorescence of cyanobacterium at zero time. Fo 9Bopiopdc Tng Chl a Twv kKuavopakTnpiwyv kata Thv didpKeia va
1,2,.,/nuepwv. A. Autotpoyo; Synechococcus sp PCC 7942. B. EtepdTtpowo; Synechosystis sp PCC 6714, (20 uM DCMU/5 mM TAuk6Zn)



AioAoynon kar €Acyxoc Tne HeGodov

H AATCC 100-2004 péBodoc xpnoipgomoin®nke w¢ standard péBodoc viatov £Acyxo kai aioAdynon
TWV avTipakTnpiakwy 1010TATWY og pdAAivo Upaopa kia HaAAivo Upaopa apouaia 1ovTwy Cu* .

CFM 1€Bodog AATCC 100-2004 standard pé8odog
140 A~ .
120 - | '
100 - T RW F
---a-- 200 mg/L
80 7 P .E
°--- 750 mg/L e
60 - o .
wod 1000 mg/L a I: .
RTINS & :
204 »ooomat = ;Z 3 1000 mg- I 2000 mg- 11 | 3000 mg It 4000 mg- gt 5000 mg It
- R g
0o - SErSE SR R o : .
0 1 2 3 4 5 6 7
Time, (d)

) ) ) Eik. 3 AvipakTnpiakf dpdon Twv 10vTWY **Cu oe pdAAivo Upaopa pe Th Xphonh TnG
Eik. 2. KapmUAeg avdmrugng oe pdAAivo Upaopa kai ae pdAAivo Upaopa AATCC 100-2004 standard peBédou
euTAouTIOUEVO pE 16vTa **Cu.



E€cTaoOévra YAika:
Textile (Wool), Viscose, Polymethyl methacrylate (PMMA), PMMA with Cu,

plasma nanotextured superhydrophobic surfaces, Water-Soluble Multi-Walled
Carbon Nanotubes

2UUIEPACHOL

1. Ta amoTteAéopara Tng peBodou cival TOOOTIKA KAl HUTTOPOUV va Xpnolpomoin©oUv yid Thv
alioAdynon d1a@opwyV ETIPAVEIWY 0 GUVONKEC TTpayHaTikoU Xpovou.

. 2. H yébodoc epapudletal ota UAIKA Kail PmtopoUv va eAeyxOouv o TipayHaTIKEG OUVONKEG Tou
UAIKOU.

. 3. 'Exel peydAn guaiobnoia kai epappoletal Tautoxpova age TOAAEC UAIKA KaBioTwvTacg Thv Kai
OIKOVOUIKA adTToOEKTN.

. 4. H xpnon opydvou kaiotd Tn péBodo akpiPpn kai n ouAhoyn amoteAeopdtwyv kdBe 10 s
ETTPETTOUV YPAYOPN KAl TAUTOXpOoVN GUAAOYRA TOUG.
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* EkAektikl kuttapotofiky dpdon o€
KUTTapA KOPKivOU TOUu pootol Kol
TWV WobnKwv.

* |kavotnta npocdeong oTLg
apuAoeldeic MAAKEG TNG vOOOU TOU

Alzheimer

ANATTTY=H NES2N
ATATNQZTIKON ‘H/KAT
OEPATIEYTIKSIN
TTAPATONTS2N

* @Bopilel

Duokd TtPoioV pE BEPATIEVTIKEG LOLOTNTEG YVWOTEC ATIO
TG Kivelikeg kat AylouBepSIKEC TTAPASOOLAKES TIPOKTLKEG

MoAuvbuvapo HOpLO HE avtipAeypovwon,
aVTLOEEWOWTLKN,  QVILKAPKLWVLKY, avtl-Alzheimer,
VEUPOTIPOOTATEUTLKN), ETTOUAWTLKN),
QVTLKATOOALTTIKA, avTlBaKkTnpLlakn

ANATTTY=H NEQIN
ATATNSZTIKOIN 'H/KAT
OEPATIEYTIKS 2N
TTAPATONT(AN
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H

loativn (Isa)

Duoko npoiov mou amoTeAEl
TN Soutkr) povada moAAwv
GAPUAKEUTIKWY OUCLWV MLE
QVTL-LLKEC, AVTIKOPKLVIKEC, OVTL-
bAeypovwoELC,
QAVTLBAKTNPLAKEC KoL
QVTLOTIOOPWOLKEC LOLOTNTEC

|

ANATTTY=H NEL2N
ATATNSZTIKOIN 'H/KAT
OEPATTEYTIKS 2N
T[APAFONTﬂg\l
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Amyloid PET Imaging in Aging
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Novel isatin thiosemicarbazone derivatives as potent
inhibitors of #-amyloid peptide (##) aggregation and toxicity
Marina Sagnou, Barbara Mavroidi, Archontia Kaminari, Nikos Boukos, and Maria Pelecanou
ACS Chem. Neurosci., Just Accepted Manuscript = DOI: 10.1021/acschemneuro.0c00208 = Publication Date (Web): 29 Jun 2020
Downloaded from pubs.acs.org on July 1, 2020
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Liposomes Decorated with 2-(4’-Aminophenyl)benzothiazole
Effectively Inhibit Ag,_,, Fibril Formation and Exhibit in Vitro Brain-
Targeting Potential s Ap e

Spyridon Mourtas,® Barbara Mavroidi, Antonia Marazioti, Maria Kannavou, Marina Sagnou
i) '} ) ) )
Maria Pelecanou, and Sophia G. Antimisiaris
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Curcumin and derivatives

O O
0 A Z O
Ho O O o monocarbonyl derivatives pyrazoline derivatives
Curcumin |
O O R4 O Rs /X
HO OH —) O n O m—) X |
Curcumin Il R; R, R R
o o R4 Rg n
A =
O O n=0-3  anti-bacterial
HO OH _ . _
Curcumin Il Rl - R8 = same or different ° antl-fungal
e anti-viral

* anti-parasitic

* anti-tubercular

e anti-inflammatory
* anti-cancer

* anesthetic

e analgesic

* insecticidal

« The yellow-colored bioactive constituent of « Curcumins exhibit low bioavailability,
Curcuma longa : solubility and stability limiting their

« Wide range of clinical application
pharmacological * Monocarbonyl Analogues of Curcumin

properties including - (MACs) show improved properties
antioxidant, anti-inflammatory, antlcancer

neuroprotectlve and anti-diabetic activities
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) Check for u,,dmsi Curcumin derivatives as photosensitizers in
cretnie oo e o, PNOtOdynamic therapy: photophysical properties
202019195 ~and in vitro studies with prostate cancer cells
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(E)-(1-(4-Ethoxycarbonylphenyl)-5-(3,4-dimethoxyphe
nyl)-3-(3,4-dimethoxystyryl)-2-pyrazoline: Synthesis,
Characterization, DNA-Interaction, and Evaluation of
Activity Against Drug-Resistant Cell Lines

Dimitris Matiadis !, Barbara Mavroidi !, Angeliki Panagiotopoulou !, Constantinos Methenitis ?,
Maria Pelecanou ! and Marina Sagnou -*
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Table 1. Effect of curcuminoid pyrazoline 6 on DOX sensitivity in MCF-7 and MCF-7/DOXF,

Compound 1Co (D)
MCEF-7 MCF-7-DOXF
0 53.09+£3.58 85.11+4.68
DOX 522+1.33 7090 +8.75
DOX (pre-incubated with 6) 7.71+1.59 72.55+4.99
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Remarkable brain penetration of cyclopentadienyl M(CO) (M = Tc, Re)
derivatives of benzothiazole and benzimidazole paves the way for their
application as diagnostic, with Single Photon Emission Computed
Tomography (SPECT), and therapeutic agents for Alzheimer's disease

Marina Sagnou, Barbara Mavroidi, Antonio Shegani, Maria Paravatou-Petsotas, Catherine P
Raptopoulou, Vassilis Psycharis, loannis Pirmettis, Minas S. Papadopoulos, and Maria Pelecanou
J. Med. Chem., Just Accepted Manuscript - DOI: 10.1021/acs jmedchem.8b01949 « Publication Date (Web): 15 Feb 2019
Downloaded from http://pubs.acs.org on February 17, 2019

a punch against AD

PN high brain uptake
oc | “co affinity for amyloid plaques & fibrils
' anti-amyloid activity
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Table 1

#aTe-1, #*=Tc-2, and ¥=Tc-3 in Healthy Swiss Albino Mice (n=4)°

Biodistribution of Radicactivity (% ID/g) after Injection of Complexes

=i b 5 STed
organ 2 mia 15 mia 90 min 2 mia 15 mia 90 min 2 min 15 msia 90 min
bed 190207 159=02 047000 | 33067 186:003 048012 | 1E:074 0412008 018=000
lives 1130£179 IEIT:18 1701201325 | 13972213 30662306 IR0B:134 | 4862043  I0&B=189 5302038
- VEI£SH  AW=0M 0013 | TH:IB® 19:03 00005 | 5823 1W=007 0252006
kidomys | 15542430 13612196 1391=134 | 905 S0 157£000 | RD:143 BS9=255 T42:109
sosach 187212 7E3=157  1526:38F | 1@3:04 317043 4E3:056 | 192031 3572098 3181
imeginss | 281205 15702005  1542:241 | 306:008  14B0=025  2304:427 | 10I£0S5  1189=00  226=18
T 195208  331=030  0&T:008 | 2&3:040  1M=009  OITE008 | 1E5:045 068=008 DI6=008
p— 412203 IT=012 00 | SBE0T  1MH=01 015008 | 4102035 1382028 032=006
ngs MEI£54T  ITOT£I06  R4E+1IE | TO9:03 1442039  045:003 | 9102158 3T7=148 1232030
EO0=097  424=035  0Ta0l | S9s06 1862038 0200 | 535131 117s002 038000
| basin To4=146  IM=040 00008 | 3080 0TSO0l D00 | 5362065 0855005 009=002

iTatz expressed as the %5 of the mjected dose per gram of wet tissue (% IDVg) = the standard

deviation of the mean

7.94%

3.99%

18F-florbetapir (7.33% ID/g at 2 min)
18F-florbetaben (4.77% 1D/g at 2 min)

5.36%

" Y1
g .
F15
- i x o
S ELFSEESESY
- BeTe-2
ki I
e visd
P EPFSEES LS
= nTe-3
% ]
i | e

FECFI TP IS




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property =
Organization :

International Bureau /

(43) International Publication Date /

26 September 2019 (26.09.2019)

00 Y RO
(10) International Publication Number

WO 2019/180200 A1

WIPOIPCT

(51) International Patent Classification:
A61K 51/04 (2006.01) AGIP 35/00 (2006.01)
A6IP 25/28 (2006.01) A6IK 103/10(2006.01)

(21) International Application Number:
PCT/EP2019/057235

(22) International Filing Date:
22 March 2019 (22.03.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

20180100128 22 March 2018 (22.03.2018) GR

(71) Applicant: NATIONAL CENTRE FOR SCIENTIFIC
RESEARCH "DEMOKRITOS" [GR/GR]: Patr. Grego-
riou E & 27 Neapoleos Str., 15341 Agia Paraskevi (GR).

(72) Inventors; and

(71) Applicants: PELECANOU ZAMPARA, Maria
[GR/GR]; 19C Paschalias Str., 15452 Palaio Psychico,
Athens (GR). SAGNOU, Marina [GR/GR]; 7 Marathonos
Str., 15235 Vrilissia, Athens (GR). PAPADOPOULOS,
Minas [GR/GR]; 8 Mavili Str., 15351 Pallini, Attiki (GR).
PIRMETTIS, loannis [GR/GR]; 14 Komninon Str., 16452
Argyroupoli, Athens (GR).

(72) Inventors: MAVROIDI, Barbara; 124 Thessalonikis Str.,
18345 Moschato (GR). SHEGANI, Antonio;. 35 Meso-
geion Str., 20002 Krines - Velo (GR).

(74) Agent: ROUKOUNAS, Dimitrios; Dietlindenstr. 18,
80802 Munich (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH,CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT. HN,
HR, HU, ID, IL. IN, IR, IS, JO, JP. KE, KG, KH, KN, KP,
KR. KW, KZ . LA LC.LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE. PG, PH, PL, PT. QA, RO, RS, RU, RW, SA,
SC, SD, SE, 8G. SK, SL, SM, ST, SV, SY. TH. TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW. GH,
GM.KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ. TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES. FL FR. GB. GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK. SM,

(54) Title: TRICARBONYL COMPLEXES OF TRANSITION METALS WITH BENZO-HETEROCYCLIC DERIVATIVES OF
THE CYCLOPENTADIENYL ANION

(57) Abstract: Complex compounds of transition metals according to formula

N ; %3 (1) wherein the M(CO)3+ tricarbonyl-metal core forms a complex with the cy-
§ | \>—Q clopentadienyl anion linked to heterocyclic moieties of the benzothiazole, ben-
C‘*‘D )l( M - zimidazole and benzoxazole families. The compounds exhibit high blood-brain
Ri oc’ EOCO barrier permeability and can be used in the diagnosis and/or treatment of dis-

1 cases of the Central Nervous System.

Patent Application Record

v' GR 20180100128 A 20180322

v' WO 2019180200 A1 20190926

v' EP 2019057235 W 20190322

v CN 201980020996 A 20190322

v/ US 201917040117 A 20190322



g{ B-ER

s

EKEQE AHMOKPITOL

*
e ) EPAREK 2014-2020
* * OPERATIONAL PROGRAMME
i, * HELLENIC REPUBLIC COMPETITIVENESS
* g * MINISTRY OF ENTREPRENEURSHIP
DEVELOPMENT AND INVESTMENTS INNOVATION

EUROPEAN UNION

European Regional Development Fund

Co-financed by Greece and the European Union

TPAIIEZA IXTIKQN MOXXEYMATQN

= ELIA
=m 2014-2020

avanwén - epyaia - aAAnAeyyin

Partnership Agreement
2014 - 2020



E.K.E.®.E. <AHMOKPITOZ»
INZTITOYTO BIOEMNIZTHMQN KAI EGAPMOIQ2N

‘ TPAMEZA I2TIKQN MOZXEYMATQN
(Human Tissue Bank)

‘EPYO: «Mpoodiopiopog oToxwv kai Avantuin Kaivoropwv Mpoosyyioswv
via EpappoyEg oTnv uyeia kai 1o MepiBaAAov (SANITURA)» (E-12177).
EmoTnuovikn YneuBuvoc:
BaBoupdkn EAevn, Ph.D
>UVEPYATEC:

Niviog Iwavvng, Ph. D

€D EPANREK 20142020 = EXIMA

OPERATIONAL PROGRAMME
HELLENIC REPUBLIC

COMPETITIVENESS = —
MINISTRY OF ENTREPRENEURSHIP = 201 200
DEVELOPMENT AND INVESTMENTS INNOVATION avantugn - epyacia - aAAnAeyyin
EUROPEAN UNION Partnership Agreement
European Regional Development Fund 2014 - 2020

Co-financed by Greece and the European Union



‘Epyo0: «Mpoodiopiopdg otdxwy kar AvaTrTuén
Kaivotouwy lNpooeyyioswyv yia EQapuoyeg oTnv
#Vﬁiﬂ Kal To [MepiBaAdov (SANITURA)» (E-12177).

Evépysia 4.5.1 Tpanela lotikwv MooXeupdtwy

Napadotea

N4.5.1.a: Mopaywyn VEWV MPOIOVIWV —VEWV KWSLKWV (ETLOTNHOVLKO, KOWVWVLKO KOl OLKOVOMLKO 0¢EAOG

,OUHLETOXN OE CUVESPLA, AVAKOLVWOELG, SNHUOCLEVOELS)

N4.5.1.8: MeAétn 6pacng mpoioviwv os Stadopeg LATPLKEG KAl 06ovTLATPLKES EPAPLOYVEG
(eEmioTNUOVLIKO, KOWVWVLKO OPEAOG, GUHETOXN OE OCUVESPLA, OLVAKOWVWOELG, SNIUOCLEVCELG)

N4.5.1.y: BeAtiotonoinon tng Stadikaciog mopoywyng LE AMoTEAESUA TRV EVIOYXUON TNG
OVTAYWVLOTIKOTNTOC Ko aUénon Tou aplOpov TwV nNapayouUEVWY NPOoioVIwV ( olkovopiko 0deAog)
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MOXXEYMATA- Opiopoi

+

s Mooyeupa €ival eva opyavo (GUVOAO I0TWV) N
I0TIKO TUNHa (oUVOAO KUTTAPWV) Mou TornoBeTeiTal
ano evav «d0Tn», 0TOV 0pyaviopuo aAAou aTopovu,
TOV «ANATN» 1] «OEKTN>.

m TUMOI HOOXEUNATWY
AuTOPOOXEUNA
AN\ouooxeUua
=EVOUOOXEUNA




M4.5.1.a: NMopoywyn VEWV MPOLOVIWYV —VEWV KWSLKWV
(eEmioTNUOVIKO, KOLVWVLKO KOl OLKOVOULKO 0P EANOC
‘ ,OULLLLETOXN OE CUVESPLA, OLVOLKOLVWOELC, SNOCLEVCELC)

270 TTAPATTAvVW dIACTANA TTAPACKEUAOTNKAV OOTIKA JOOXEUPATA avOpwITIVNG TTPOEAEUONG
atro (wvTeG 06TEC. H TTapaAafr) Twv IOTIKWY TUNNATWY aTtro d1AQOopa VOOOKOMEIA TG XWPAG
,N aTTOONKEUON TOUG KAl N ETTECEPYATIa TOUG, AKOAOUBNOE TIC TTPOdIAYPAPES TWV OXETIKWV
EupwTaikwyv Odnyiwv Kal Tou cuoTriuaTog Trolotntag 1ISO9001/2015, tTou akoAouBei n
Tparmela.

Me Tnv diadikagia TTapaywyrg Tou epapuoleTal oTnv Tpatrela Kal ECEANICOETAI CUVEXWG,
d100@aAieTal OTO PEYIOTO BABPO N ACPAAEIQ TWV TTPOIOVTWYV KABWG Kal n diatipnon Twyv
EMUPBIONNXAVIKWY, OOTEOETTAYWYIKWY KAl OOTEOAYWYINWY IOI0TATWY TOU 00 TOU.
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M4.5.1.a: NMopoywyn VEWV MPOLOVIWYV —VEWV KWSLKWV
(eEmioTNUOVIKO, KOLVWVLKO KOl OLKOVOULKO 0P EANOC
‘ ,OULLLLETOXN OE CUVESPLA, OLVOLKOLVWOELC, SNOCLEVCELC)

Ene€epydoOnkav 100 kepaAég unplaiov ootol Kat avamtuxOnkov kol LEAETABNKAV €KTOC
AAAWV , oL €€NC VEOL KWOLKOL PoilovTwy MPOoKELPEVOU va KaAUDBOUV eLOLKEC VAYKESG OTNV
yvoBoxelpoupyLkn Ko mepLodovtoAoyLkn KAWLKN Ttpaén.

OM 4013 Ootko onoyyoplowwdeg 1*1,

02 4013, Tpippata onoyyodpAowwdoug (<1mm), 0.5cc

02 4014, Tpippata oroyyodpAoiwdoug (<1mm), 1cc

€D EPANEK 2014-2020 = EXINA
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OM 4013 Octiko cnoyyodprowwdec 1*1
E101kNG S1aHOpPWOoNG HOOXEUHATA
AF(customized)

«AvanTu€n veou pAoloonoyywdouc aAAoPooXeUNATOC Yia Xpnon oTnv
Xelpoupyikn ZxioTiwv Maidwv- MNpwipya anoteAeopara»,
119 NMaveA\nvio Zuvedpio EAANVIKNG eTaipeiag BioUAikwv

A. N€0 00TIKO oTToyYoQAOIWdES pOoXeupa dlaoTaoswy 1X1X0,2 cm .

) EPAREK 201é-2020

B.MpoeyxeipnTikr eTEPOTTAEUPN OXIOTIA TTAIBIOU. W OPERATIONAL PROGRAMME

HELLENIC REPUBLIC COMPETITIVENESS

. XeIpOUPYIKF QVTIUETWITION WE TOTTOBETNON Tou VEou customized ¥ MINISTRY OF ENTREPRENEURSHI
. DEVELOPYENT AND NVESTMENTS  INOVATION
HOOXEUHATOG.

EUROPEAN UNION Partnership Agreement
Eoptt e ety 2014-200

A. MeTeyxeipnTikr) 0pBodoVTIKY atTokaTdoTaon (2 PrveG-PeTaKivnon Tou P :
dovTtiou 0Tn B€on TOTTOBETNONG TOU AAAOUOOXEUUATOG. Corfnanced by Greece and the European Ujon

Ta TTpwiha atToTEAETHATA €ival AKPWG IKAvVOTTOINTIKA (augnuévn TaxuTnTa ETTOUAWONG,

ypriyopn oateotroinan). H peAETN TNG e@appoyig Tou aAAOUOCXEUNATOG OTIG OXIOTIEG TTAIOWV

eCeAiooetal TTapaAAnAa pe Tn diadikaaia avdammTugng Tou Bpeépoud/Traidiou.(MeAétn og 10 Tauidid NAIKIGKOU eUpOUG ATTO 6 UNVWV

ewg 10 eTwv ,€xel TTapaATNENOEi HEXPI KAl AVATOAN TOU TTPWTOU KUVOdoVTQ).



0z 4013, Tpippata onoyyopAowwdouc (<1mm), 0.5cc
0z 4014, Tpippata onoyyopAowwdoug (<1mm), 1lcc

+

[Mpoidv €10IKAG ETTECEPYATIOG TTOU ATTAITEITAI VIO TNV
TTapaywyr CTToYYO@AOIWOWYV HOOXEUUATWV.

1.Agv €XEI QVTIVOVIKOTNTA, ETTAYEI OOTEOYEVEDN.

2.ATTOTEAEOUATIKOTEPN ATTOKATACTACN OCTIKOU
eAAgippaTOC.

3. TaxuTtepn TTOUAWON, MEIWON XEIPOUPYIKOU
XPOVOU.

&5 EPANEK 2014-2020
- OPERATIONAL PROGRAMME
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EUROPEAN UNION
European Regional Development Fund
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M4.5.1.8: MeAEtn dpacnc npoiloviwyv o€ SLAPOPEC LATPLKEC
KoL 0OOVTLATPLKEG EPAPUOYEC (ETILOTNHUOVLKO, KOLVWVLKO
0PENOCG, GULLLETOXN OE CUVESPLA, OLVOLKOLVWOELG,

‘ dnuootevoeLc)

Ta mopoyopeva TPOTOVTA, XPNOLLOTIOLOUVTAL KOl LEAETWVTOL O EMEUPAOELS
ETAVOPOWTLKAC XELPOUPYLKNC/avayevvnTIKNC latpkic, otoug akoAouBoug KAadouc:

['VoLOOTIPOCWTILKAC XELPOUPYLKAG
-Epdutevpatoroyiag
.Meplodovtodoyiog
«XTOHOTOAOYLOG

«XELPOUPYLKAG

«OpBomaLdIKAG

«NEUPOXELPOUPYLKAG

€D EPANEK 2014-2020 = EXINA

HELLENIC REPUBLIC O OMPETITIVENESS  TE =mm 2014-2020
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M4.5.1.8: MeAEtn dpacnc npoiloviwyv o€ SLAPOPEC LATPLKEC
KoL 0OOVTLATPLKEG EPAPUOYEC (ETILOTNHUOVLKO, KOLVWVLKO
0PENOCG, GULLLETOXN OE CUVESPLA, OLVOLKOLVWOELG,
dnuootevoeLc)

1) BoaPoupdkn EAévn : Tpameda lotikwv Mooxeuparwy - Néol Opiovreg, AIGAESN
Session: “Novel Concepts in Biomaterials” , 110 MNaveAAvio Zuvédpio EAANVIKAG ETaipgiag BioUAIKwy,

ABAva 23-25/11/2018

2)  Avamtugn véou @AolooTroyywdoug aAAOUOCXEUNATOS YIa Xprion oTnv Xeipoupyik ZxioTiwv MNaidwy - MNpwiya
atroTeAéouara.

> .A.AaCdapou?, 1.IM.Niviégt, E.N.BaBoupdkn?!
ITpamela loTikwv MooxeuudTwy, IBE, EKE®E “AHMOKPITOZ”

2AieuBuvTi MAaoTikAG KpavioyvaBotrpoowikig Xeipoupyikng, Noookopegio”’IAZQ MAIAQN”
110 MaveAAnvio Zuvédpio EAANVIKNAG ETaipeiag BioUAikwy, 23-25 NogpBpiou, E.K.E.®.E. «kxAHMOKPITOZ», ABrjva.

3) HAOMS 2019, TPITO ZYMIOZIO EM®YTEYMATQN KAI XEIPOYPIIKHX X TOMATOZ, 24 — 26 IANOYAPIOY
2019, AGHNA (MOAEMIKO MOYZEIO).

4) 39° MANEAAHNIO OAONTIATPIKO XYNEAPIO, 24 — 26 OKTQBPIOY 2019, HPAKAEIO KPHTHZ.
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Avarntu§n véou ¢pAoloomoyywdoug aAAopooXEUHATOG Yia XPHON 0TV XELPOUPYLKH IXLOTLWIV
Naidwv- Npwipa anoteAéopata

3.A.AaZapou?, I.N.Nwioc?, E.N.BaBoupdkn?®
Tpanela lotikwv Mooxeupdtwv,IBE,EKEQE “AHMOKPITOZ”

4 2 AleuBuvrtiig MAaotikiig KpavioyvaBonpoowrtikig Xelpoupyikri,Nocokopsio “IAZQ NAIAQN”

DE/\/\OKRITOS

EIZArQrH MEOOAOAOTIA
Ta televtaia 25 xpovia Exouv potadei Ztnv Tpamnela lotikwv Mooxeupdtwv(TIM) tou
SLADOPEG TEXVLKEG KAl UALKA yLOL TV QVAKATOOKEU E.K.E.®.E «AHMOKPITOZ», GuAAéyovtat ue
00TIKWY EAAELLPATWY, LETAED TWV OTOLWV KoL Ta. Tiotomnownpéveg Stadikaaieg keparég
autoloya, kot aAAoyevr 0OTIKA pooxeL pata. Mapd tnv unpraiou(Eik.2) oL omoieg udiotavrat

£€ENLEN oto Tedio Twv aAAOPOOXEU LATWY Kat GAAWY
UALKWV, 0AAG KOt OTLG TEXVLKEG TG KATELBUVOpEVNG
OOTLKAG QVAYEVWNONG, KO TIOPA TNV EVIATLKY EPELVAL
KOL TLG OXETLKEG SNMOCLEVCELG GTOV TOPED QUTO,
TIAPOUEVEL TIEPLOPLOHEVN N KALVLKT) EDAPLOYI TOUG.
ELSIKWTEPQ, OTN XELPOUPYLKH OXLOTLWV amtatteltat n
Xprion aAAAOHLOCXEU HATWVY ELSIKWY SLacTACEWY
,TIPOCAPHOGHEVWY oTnV nAtkia Tou Bpédoug /matsol
Ko otny e§eiktikr Stadikacia avamntugng. TOV anapaitnTo HIKpOBLOAOYLKO ENeyXO
Stnv epyacia autr idovtal n mapackeur otelpdTNTag, Srateébnoav yia ehappoyr.
dAoloomoyywoug dANOHOCKED LATOG CUYKEKPIHEVWY g g OXoionaTise mopomum]’ 0 HOOXEU O TOTOBETETAL KATW ATTd TOUG !
Staotdoewy (Etk.1) Kat Ta mpwta aroteAéopata BAeVVOyOVOTEPLOOTEOUG KPNUVOUG OTNV Eik.2 Kedpor pnpraiov ootol
£PAPHOYIG TOU OF UEPOVWHEVD TIEPLOTATLKA OXLOTLWV. TIEPLOXN TNG OXLOTLOG TG Avw YvaBou. MNa

KaAUTEPN pdodu N KaL oTEPEWON

ouvodeletat and CaSO, kat PRP(1).(Etk.2)

eneepyaoia mPog mapaywyr TWY 00TLKWY
OAAOLOOYEU HATWY OTLG SLOOTAOELG TTOU
armattouvrat. H Stadkacia mapaywyng
Tep A BAVEL LETA TOV XELPOU PYLKO
TEROXLOHO , DUOLKOXNHLKN EMefepyaotia, Kat
Avodiinon npog aduddtwon. Ta
Tapayopeva dAAOHOCKXEV HaTaL
QIOCTELPWONKAV e aKTVOBOALa Y , Kat HETA

AMOTEAEZMATA

Tol 0OTLKA LOOXED LOTOLTIOU TIAPrXONoa yLat ThV Iapammavw
edappoyn eixav Slaotdoelg 1x1x0,2 cm, kat oadwg SLakekpLuévn
Kupiwg TNV PpAoLwSN Kat omoyywsdn poipa. Ta MpWLLA ATOTEAEGHATO.
o€ 8 taudLd nAtkiag 6 pnvwv éwg 10 xpdvwv givat
evBappuVTIKaL(Eik.3) Tatpavpata éxouv emoulwBel xwpig
TIPOPANHLOL KOL QVAHEVOUE TOOO TA METAYEVESTEPQ ATIOTEAECHLOTAL
(11X EKKpEUOVV aKTLVOypadies EVBELKTIKEG TOU BaBpoU
00TEOTIONONG) GO0 KAt TNV AVOTOAT ETE TOU TIPWTOU ELTE TOU
Seltepou KuvdSovta.

ZYMMNEPAIMATA

To customized aAAopooxeupa ou mapdyetat otny TIM
XPNOLUOTIOLONKE,EKTOG AAAWY, OTN XELPOUPYLKN) OTTOKATAOTAON
OXLOTLWV Ttaidwv. Ta TPWLHLOL ATTOTEAETHOTA VAL AKPWG
LKaVOTTOLNTLKA (au§npévn TaxuTnToL EMOUAWGNG, YPryopn
ooteornoinon). H pekétn tng epappoyrg tou aAAOHOOKED LATOG OTLG e
oxlotieg naidwv e§eliooetal mapdAAnAa pe tn Stadkaoia avamtugng e f BV
Tou Bpédoug/maidiou.

Ew.3 Al rlposvx:lpnnkn :reponhsupn ux\u‘nu ntmu,

av’ m: r.
i op! i Gt 2 priveg i ToU
Sovtiov otn Béon & Tou oAl O ).
H auTr UA oto mAaiolo tng Mpagng «MPOZAIOPIZMOZ STOXQN KAI ANANTY=H KAINOTOMQN
NPOZEMTIZEQN M1A EGAPMOTEE ZTHN YTEIA KAI TO NEPIBAAAON (SANITURA)» (MIS 5002514) nou evidooetal o Apdon
Irpatnykng Avartuéng Epguvntikav kat Texvohoyikwv Dopéwv Kot Soteitat arno to Ent
«Avtavwvuntxotntu, meslpnp.anxétnm Kot Kuworop.m» oto n}\awm Tou EZMA 2014-2020, pe tn cuvxpnuaro&émon ™mg

+

EAAGSag kat g E ¢Evwong (E 6 Tapeio N ¢ Avantuéng).

enavek 21200 = EXMA

EA ENIXEIPHEIAKO MPOrPAMMA
MOYPIEO ANTATONIETIKOTHTA

OIKONOMIAI & ANANTYZHL
CRONOMEANATIEN  ENIXEIPHMATIKOTHTA

Me t cuyxpnpatodétnon e EAAGSag kat tng EvpwnaikAg Evwang




DEMOKRITOS
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M4.5.1.y: BeAtiotonoinon tn¢ dtadikaciac mapaywync HE
OLTTOTEAEOHA TNV EVIOYXUON TNE OLVTOYWVLOTLKOTNTAC KAl avénon
TOU apLlOpoU TwV MapayorEVWV POIOVTWY ( OLKOVOULKO
odelog)

+

Me Tnv diadikagia TTapaywyng TTou eQapuoleTal oTnv
Tpamela kal e¢eAicoeTal ocuvexwg, dlao@aAifeTal OTO
MEYIOTO BABUO N ao@AAEIQ TWV TTPOIOVTWY KABWG Kal N
d1aTAPNON TWV EURIOPNXAVIKWY, OCTEOETTAYWYIKWY KAl
O0TEOQYWYIMWV IDIOTATWY TOU 00TOU.




MAoingg ApaoTnpioTnTteg T.I.M

+

= [lapaywyn kal 01a0eon HOOYXEUNATWY Ao NOIKIAG I0TIKA
TUAUATA - ZUAAOYN I0TWV, KPITApPIa EMAOYNG O0TWY,
ene€epyaoia ava €idoc 1I0Tou

s AvanTu&n vewv PNEBOdWV Kal TEXVIKWV ENEEEPYaTiag
I0TWV

m AvanTu&n OXETIKNG EPAPPOTUEVNC EPEUVAC —

OepaneuTIKa NPWTOKOAAG

s Exknaidsuon (1aTpwv, ouvepyaTwy, TEXVIKOU
NPOCWMIKOU)

s PuBpuioTiko nAaioio - MpoeToipacia Adeiac AsiToupyiac
Aiadikaoiec noioTnTac ISO

m 2UVEPYAOIEC e AnpOaIoug Kal IBIWTIKOUC (POPEIC.
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